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Masen OEAOPULLEB

['maBHBI pegakTop,
UCIIOTHUTEIbHBIV OUPEKTOD
Poccuiickoro HallMOHAJbHOTO
komuTeta MKO

Ot pepakropa

B 2023 romy MexnyHapomHasi KOMUCCUSI TIO OCBELIeHUI0
(MKO) mpencraBuia MUPY CBOIO  OGHOBJIEHHYIO
UccnenoBarenbckyo CTpaTeruio, OXBaThIBAIOILYIO
nepuofn 1o 2027 roma M HaNpaBJeHHYIO Ha ylaydylleHue
CBETOBOI Cpelbl M [OOCTIDKeHMe ILieell yCTOMUYMBOTO
passutusg OOH.

CTpaTerusi mpusbiBaeT McCCiefoBaTeseil CO BCero Mupa
COCPEeIOTOUUTHCS Ha KIIOUEBBIX TeMaX, (popMUpyoImx
dyHmameHT aia 6ymynMx MeKIyHapPOAHBIX CTAHIAPTOB
u pekomenaauuii MKO.

CrpaTeryus, OCHOBaHHAs Ha OBYX OOLIMX MPUHIMIIAX —
unbpoBoit TpaHchOpMaLMM M UHKIIO3MBHOCTU, —
ompezenseT  WIECTb  aKTyaJbHbIX  HaIlpaBJIeHMIA
uccnenoBauuii. OHM OXBATHIBAIOT BOMPOCHI M3MeEpPEeHMit
" KaJMOPOBKH, MHTErpaTMBHOTO OCBeIIeHNSs,
9KOJIOTMYECKM OTBETCTBEHHOIO HAPYKHOTO OCBEIEHMNS,
(orobroniornn B CeJIbCKOM XO3SIICTBE U aKBaKyJbTYpE,
6€30I1aCHOTO ¥ TIOJNIe3HOTO IPUMEHEHMSI OITUYECKOro
M3IYUEHUsI, a TaKkKe M3IMEpPeHus, MOIeIUPOBAHM,
BOCITPUSITHST M BOCTIPOM3BEIEHMS 1IBETA.

Oco60e BHMMaHME YAeJISIeTCs] BOIIPOcaM SKOJIOTMM CBeTa
M MHTETPATMBHOMY OCBEIIEHUI0 — CpPaBHUTEIbHO
HOBOMY Te€pMMHY, OIMCHIBAIOIIEMY CBETOBbIE pelleHMs,
«00BeaMHSIONME KaK BU3Ya/lIbHbIE, TAK M HEBU3YaIbHbIE
a¢ddexThl M oKasbIBalOIIME (GU3MOJOTUUECKOE U/UITU
TICUXOJIOTUYECKoe BO3[eiiCTBMe Ha Jwopaei». TepMmuH
«MHTErpaTMBHOE OCBelleHMe» BIIEPBbIE TIOSIBUJICS B
2020 romy B HOBOM wu3JaHuM MeKOyHapOIHOTO
CBETOTEXHMUYECKOrO cjoBaps, a B 2023 romy Obu1
BkiaoueH B 'OCT P M3K 60050-845-2023 «OcBeleHue.
TepMuHbl ¥ OlpeneneHus». BO3MOXKHO, TO3TOMY
«MHTETrpaTMBHOE  OCBellleHue»  eleé He  CTajlo
ITOBCEMECTHO YIIOTPEGISIEMBIM TEPMMUHOM, XOTSI €ro
[JIaBHBI MPUHIVUIT — PaBHOe BHMMAaHME K BU3YaTbHOMY
U K HEBU3YyaJIbHOMY BJIMSHUIO CBeTa Ha uejioBeKa —
OTPaKEH B LIEJIOM pSifie JOKIAZOB MOJIOABIX YUYEHBIX,
y6JIMKYyeMbIX B HaIlIeM XypHaJie.

XoueTcss HafesATbCs, UTO TeMbI, IMOJHSITbIE B CTpaTerumu
MKO u Hamefuime OTpakeHMe Ha CTpPaHMIAX HAIIero
KypHasia, BOOXHOBST uyMTaTesneil U aBTOPOB Ha HOBbIE
WccieI0BaHus, pa3paboTKu n MPOEKTHI,
Crocob6CTByONME  co3maHui0  6Goyee  KOMQOPTHOIA,
6e30I1aCcHO# 1 YCTOUMBOIT CBETOBOI Cpe/Ibl /ISl BCEX.
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UCCNENOBATE/IbCKAA CTPATETUA
MEXAYHAPOJHOW KOMUCCWK N0 OCBELLEHUKD
HA 2023-20217 IT.

BBenenue

MexxayHapoaHas komuccus o ocsenienuio (MKO) — rimo6aibHasi HEKOMMeEp-
yecKasl OpraHmsanysi, 3aHMMaloNasics paclipocTpaHeHeM 3HaHWMIi U obeciieueHreM
CTaHIAPTU3AIMN AJIS YAYUIIeHUs CBeTOBO cpembl. CBeT U ThMa (hOPMUPYIOT OCHO-
BBl pUTMa MMOBCELHEBHO XXU3HU IIJIAHETHI, ¥ CBET PACKPbIBaeT eTaau OKpyKalolie-
ro Hac mupa. MKO cTpeMUTCS K CIpaBedjiMBOMYy M OTBETCTBEHHOMY Yy OBJIETBOpE-
HMIO TIOTPEGHOCTM B HaAJIeKalleM CBeTe TaM M TOr[a, TAe OH Heob6XoauMM. DTO
CTpeMIeHMe SIBJISIeTCSI KpUTUUECKM BaskHO COCTaBJIsIONIel OTBETa UejloBeuecTBa Ha
I‘J'IOﬁaJIbeIE 9KOJIOTMYeCKMe Kpns3nuchobl, B TOM UMcjie M3MeHEeHNMe KJIMaTa.

Bosee ThICSUM 3KCIEPTOB YyUaCTBYIOT B KoMmuteTax MKO, UTO6bI TOGUTHCS MM-
POBOTO HAyYHOTO KOHCEHCyca MO (yHIAaMEHTAJTbHbIM M MPAKTUUECKMM BOITPOCAM
CBEeTa U OCBelleHMsI. Pe3ynbTaThl 3TOi paboThl MyOIMKYIOTCS B GOpPMe TEXHUUECKUX
3aMeTOK, TEXHUUECKUX OTUETOB U MeXIyHapoAHbIxX cTaHAapToB MKO. I[TocTosiHHBII
MpoTrpecc B 06JIaCTY HAyYHbIX 3HAHUI 006eCIeurBaeT OCHOBY JIJIS1 CO3JIaHNUSI HOBbIX U
aKkTyaqm3aluuM Yyxke OMyOJMKOBaHHBIX HOOKymMeHTOB MKO. Hccnedosamenvckas
cmpamezusa MKO ornipefieisieT TeMbl, KOTOpbIe UCCIEIOBATENSIM HEOGXOIMMO U3Y-
YaTh CerofiHsi, YToObI 3HAHMSI OBLIVM SOCTYITHBI /IS GOPMMUPOBAHUS CJIEAYIOIIETro Mo-
KoJIeHusT oTueToB 1 cTaHgapToB MKO. Briepsbie ony6inkoBaHHast B 2015 1. Hcciedo-
samenvckas cmpamezus MKO nonyunia Hebosbiime o6HoBieHust B 2019 u 2020
ropax. Mzmanme 2023 roga 6b110 CylecTBeHHO MepepaboTaHo U OTpaxkaeT CTpemiie-
Hue MKO BHeCTH BKIaJ B OCTMKEHME Uyeell ycmotivueozo paseumus (LIYP), ycra-
HOBJIEHHBIX OpeaHu3ayueti O6sedunenHbix Hayuti Ha epyuon g0 2030 roma, 1, B 4acT-
HOCTH, (JIEAYIOLIUX:

KAYECTBEHHOE YUCTAA BOJA 8 [I0CTOAHAA PABOTA WHOYCTPUANU3ALIMA,

0BPA30BAHUE W CAHUTAPHA W IKOHOMUYECKMI WHHOBALIMK U
MHOPACTPYKTYPA

W BNATONONYYUE

2 TMKBUEALMA XOPOLLIEE 330POBbE
ronofA

1 YMEHBIEHNE
HEPABEHCTBA

A

(=)

13 BOPbEA 1 COXPAHEHHE 1 COXPAHEHHE

CH3MEHEHVEM MOPCKHX IKOCHCTEM CYLLIK

KNUMATA IKOCUCTEM

Puc. 1. IIYP: 2 — nuKBUAAIMS TOMONA; 3 — XOpoIilee 30POBbe 1 G1aromnonyume; 4 — KaueCcTBeHHoe 06-
pasoBaHue; 6 — UyKcTas BoJA ¥ CAaHUTapust; 8 — JOCTOIHAs paboTa ¥ SKOHOMUYECKUI POCT; 9 — MHAY-
cTpUanusauys, VHHoOBauyM 1 uHdpactpykrypa; 10 — yMeHbllleHVe HepaBeHCTBa; 11 — ycToiiuuBbIe
ropojia M HaceleHHbIe TYHKTHI; 12 — OTBETCTBeHHOe MoTpebieHne 1 Mpou3BoACTBO; 13 — 6opbba ¢
M3MeHeHMeM KIumMaTa; 14 — coxpaHeHye MOPCKUX 9KocucTeM; 15 — coxpaHeHue 9KOCUCTEeM Ha CyIile.



Crparerusi opraHM30BaHa MO TEMATUUECKOMY MPUHIMITY ¥ BKJIIOUAeT B CeOst
JIBa OOIIMX IIPUHIINIIA, OTHOCSIIVXCSI KO BCEM MCCIeA0BATeIbCKMM HaIIPaBAeHUIM, a
TaKKe LIEeCTh aKTyaJbHBIX TEM, XapaKTepU3YIOLMX KOHKPETHble HaIlpaB/lIeHUs UC-
crenoBaHuii. Tam, Ime 9TO BO3MOKHO, B TeKCTe Jajiee B Cko6kax ykasaHbl IIVP, moc-
TUKEHUIO KOTOPBIX OYIeT Croco6CTBOBATh PaboTa B COOTBETCTBYIOLIEM HarpaBiie-
HUN.

1. OO6iuMe MPUHLMIIBI:
1.1  Ludposas TpaHchopmaius METPOIOTHUM, HAYKM U TIPOMBIIIJIEHHOCTH;
1.2 JocTukeHye MHKIIO3MBHOTO U CIIPABEIJIMBOTO OCBEIIEHMSI.
2. AKTyanbHbIE TEMBI:
2.1 JlocTukeHMs B 06/1aCTV M3MEPEHMIA U KaTMOPOBKM;
2.2 VHTerpaTuBHOE OCBEleHMeE [IJ1s1 JIIIein;

2.3 BbICOKOKaueCTBEHHOE Hapy)KHOE OCBellleHNe, OTBEYaloIee SKOJI0Tnye-
CKMM TpebOBaHMSIM;

2.4 OcHOBBI (HOTOGMOTOTMY AJISI CETTBCKOTO XO3S/CTBA M aKBAKYJIBTYPBI;

2.5 O6ecrieueHye BO3MOXKHOCTHU MMpMMeHEeHUA 6e301aCcHOr0 ¥ MMOJIe3HOTO
OIITUYECKOT'O U3JIYyUEHNS;

2.6 I/I3MepeHI/Ie, MOaeJIpoBaHMe, BOCIIpUATHE M BOCIIPOM3BedeHMe 1IBETA.

WccnemoBaTeny M3 Bcex obmacTeii HayKu, TEXHUKYU, MEOUIIMHBI, TICUXOJIOTUHA,
Iu3aiiHa, MHGOPMAIMOHHBIX TEXHOJIOTHIA, IIPOMBIIIIEHHOCTY M CMEKHBIX obacTeit
MOTYT 4YepraTb BAOXHOBEHME B 3TUX TE€MaX. MKO IIPpU3bIBAET BCEX M KaXXAOro, KTO
dbuHaHCHpPYeT MCCTIenOBaHMS, MOOIIPSITh VCCIENOBAHMS B 3TUX HaIpaBieHusx. CBeT
U OCBellleH}e KacaloTcsl BceX acleKTOB KM3HU Ha 3eMJie, U YCIIellHOe ITpeoioeHne
COBpPEMEHHBIX BbI3OBOB HOTpQGY&T 3H3HI/II7[, IIOJTYY€HHBIX IIPU U3YUEHUM YKa3aHHbIX
HampaBjeHMit. YuacTue ucciefoBaTesieil B COOTBETCTBYIOMIUX TeXHMYeCcKuX KOMUTe-
tax (TK) MKO Ha 11060M 3Tare MccIeqoBaTelbCKOTO MPoLiecca JO/DKHO GbITh YaCThIO
TJIAHOB 10 HaKOTUIEHUIO U Tlepefaye UCCae0BaTebCKUX 3HAHWIA.

1. OOGIIMe IPUHIIUIIBI

BHe 3aBMcUMOCTH OT TeMbI ycItemHoe noctiskeHne IIVP morpebyeT BHUMaHMS :

— K obecreuyeH0 pasHoobpasus, ClIpaBeIMBOCTI U MHKIIO3MBHOCTH;
— K pa3paboTKe MepenoBbIxX HMEGPOBBIX MHCTPYMEHTOB [jisI o6MeHa MH(pOpMa-
yei 1 3SHaHUSIMU.

OTU IBe TEMbI JO/DKHBI CTaThb OCHOBOW AJIS1 UCCA€N0BAaHUI IO BCEM aKTyallb-
HbeIM LIVP, nipencraBieHHbIM HIKE.



1.1. IIundposas TpanchopManyusi METPOJIOTUM, HAYKYU U MPOMBIIIIEHHOCTH

{OCTOAHAA PABOTA WHIYCTPHATM3ALIMA, 1 YMEHBLUEHHE A7) OTBETCTBEHHOE 1 3 BOPb6A
W IKOHOMUYECKHM MHHOBALIMH HEPABEHCTBA . NOTPEBNEHHE CH3MEHEHUEM

POCT UHOPACTPYKTYPA Ao W TPOI3BONCTEO KAMMATA
&= O &>

XXI Bek 03HaMeHOBaH IM(poBM3alMelt MPoLeccoB, MAIIMHHBIM 00y4eHMEM U
MCKYCCTBEHHBIM MHTEJ/UIEKTOM. [Ipy MpaBMIBHOM MCIOAB30BaHUM I[MGPOBBIE TEX-
HOJIOTMM MOTYT CITOCOGCTBOBATH CO3AHMIO YCTOMUMBOI MHGPACTPYKTYPhI U COBEP-
meHcTBoBaHMO ob6miectBa (I[VP 8, IIVP 9). OcBellieHne MUrpaeT BaXKHYIO pOJib B
3HepreTnueckoit nHdpacrpykrype ropogos (LIYP 11). Haipumep, BRymMunBOe mpo-
eKTUPOBaHMe CUCTEM THEBHOTO OCBEIleHMsI MOXET CHU3UTh MOTpebieHre SHeprun
u pecypcoB (IIVP 12, ITVP 13). MKO nognucana «CoBMeCTHOe 3asiBJieHMe O Hamepe-
HUSIX T10 1IMDPOBOI TpaHCchoOpMaLMM MEKIYHAPOIHOV HAYUYHOV MHGPACTPYKTYPhI U
MHQPPACTPYKTYpbI KauecTBa»!. 3asiBjieHNe TTOAUYEPKMBAET BaKHOCTh MOAIEPKKM HO-
BbIX Pa3paboToK, BHeApsieMbix MKO kak ujieHOM MekayHapogHOTO KOMUTETA Mep U
BecoB (CIPM) u LeneBoii rpymibl 1o Lndposoit CU (CIPM-TG-DSI). LieneBas rpyia
o 1mdposoit CU miaHupyeT paspaboTaTh M BHEIPUTDb eIVHBIN 1 Ge30MmacHblit hop-
MaT o6MeHa JAHHBIMM BO BCEM MMpPEe, OCHOBAHHbIN Ha MEXAYHAPOIHOI CuCTeMe
eqyHul, (ITYP 10). Bo3MOXXHBIMM IpUMepaMu AesITeTbHOCTU SIBJISTIOTCS :

e OIpemeeHye HOBbIX (OPMATOB TaHHbIX;

e MeTombl, 06ecIeurBaloIie COOTBETCTBME TEePMMHOB, OIpPeNe/eHUii U CTaH-
JIapTOB B 11€JI0M;

e IOCTYITHOCTb CTAHJAPTOB M TEXHUYECKMX OTUETOB [IJIT MAIIMHHOI 06paboT-
KI;

e IIpefocTaBjieHe HabOPOB CIIPAaBOYHbIX JAHHbBIX M [IOKa3aTes1eli OLeHKM.

IOna nopmepskku myudposoii TpaHchopmaiuy MKO mpusbIBaeT ucciemoBaTe-
JIeii:

— co6upaTh CBOM JaHHbIE B COOTBETCTBUM C MTPM3HAHHBIMY Ha MEKIYHAPOTHOM
YPOBHE MOAE/JIAMM NJaHHBIX;

— TMPEeACTaBIATh OTUEThI B COOTBETCTBMM C IIPU3HAHHBIMM Ha MEXKIYHAPOAHOM
YpOBHE METOAMYECKMMMU peKOMeHIalusIMK, BKIoYas MNpuHOuNbl FAIR
(Findability, Accessibility, Interoperability, Reusability — «<HaXOAMMOCTb, TOCTYII-
HOCTb, COBMECTMMOCTb U TEePEUCIIONb30BAHME), IJiT 06eCIIeYeHsT OTCIeXKM-
BaeMoOCTH, COIIOCTaBMMOCTU U IIOBTOPHOI'O MCIIO/Ib3OBAHMSA PE3Yy/JIbTaTOB Ha-
YUHBIX VICC/IEIOBAHMIA.

I mocTuskeHMSI MaKCUMMaIbHOM 3¢ derTrBHOCTY IMGPOBOI TpaHchopMaUm
Heo6X0[YIMO TIOHMMATh MOTPEOHOCTY 3aMHTEPECOBAHHBIX CTOPOH, U IMdpoBMU3a-
IIMIO0 OCYIIECTBJISITh ITPY BCEOOLIEM COTPYIHUYECTBE.

! Cm.: https://www.bipm.org/en/-/2022-08-25-cie-digital-statement



1.2. Ha nyTu K MHKJIIO3MBHOMY U CIIpaBeJIBOMY OCBeLIeHII0

XOPOLLEE 3[10POBbE [H0CTOAHAA PABOTA 1 YMEHBILEHHE
W BNATONONYYHUE W 3KOHOMUYECKHI HEPABEHCTBA

/\/" =)

HccnemoBaTenbcKas MpaKTYKa pa3BMBajIach ¢ Hayaua u 1o cepennHbl XX B., KO-
roa MKO paspa6oTtana cBou IepBble COIIACOBaHHbBIE JOKYMEHTHI, B TOM UKCIIEe MMy6-
mukanuio «OTHOCUTENbHAS CIIEKTPaIbHAS CBeTOBAsT 3(PHEKTUBHOCTD MOHOXPOMATY -
yeckoro usnydeHusi V(L)». IIpy HeBbICOKOM YPOBHe Iobanu3anuy o60061ieHne gaH-
HBIX JIJIS1 CPeSHEeCTATUCTUUECKOTO HAGIIomAaTeNs JelaaiCh Ha OCHOBE OTHOCUTETbHO
He6OJIbINO0I BBIOOPKM, COCTOSIIIENl B OCHOBHOM M3 MYKUMH €BPOTIEOUIHON pachl U3
CeBepHolt AMepuku miu EBporbl.

v

OpmHako, Terepb Mbl IOHMMAEM, YTO 3TOT MOAXOJ, VCKITIOYAET GOJIBIIYIO YacTh
HacejeHus: 3emiu. OrpaHuyeHHast BHIOOpKa He MOXKET B IOJIHOM Mepe oXapaKTepu-
30BaTh MEIYIO TOMYJ/ISIINIO, a OTIpee/ieHNe TI0 Heli CpeJlHeTr0 3HaUeHNST MOXKeT ITpu-
BeCTM K MCKaskeHMIO LIEHTPAIbHOM TeHAEHUMM BCeli COBOKYITHOCTM Ha Heolpene-
JIEHHYIO0 BelnunuHy. Kak pe3yabTatr — peKoMeHA ALy 10 OCBellleHNI0, OCHOBaHHbIe Ha
TAKOJ OTpaHMYEHHOV BHIOOPKE, MOTYT OKa3aThCsSl HEITOAXOASIIMMMA JIJIST YaCTy Hace-
JIeHUSI, KOTOpasl He y4acTBOBajIa B MCC/IeOBaHMM. DTO IPUBOAUT K HelpegHaAMepeH-
HOMY, HO CUCTeMaTHYeCKOMY HepaBeHCTBY, KOTOpPOe MOXKET CIIPOBOIMPOBATh Hera-
TUBHbBIE TTOC/IEICTBIS [IJIS 3I0POBBS M KaueCTBa KU3HU JTIOIEN.

YToObl MPemoTBPaTUTh COXpaHeHMe IMomo0HOI mpakTuku, MKO pekomeHAayeT
crenymouee:

e MKO mnpusbIBaeT ucciemoBaTebCKoe COO6IeCTBO MPAaKTUKOBATh MHKIIIO3MUB-
HYI0O HAayKy, a MMEHHO, CTapaTbCsl BK/IIOYAThb PasHOOOpA3HYI0 BBIGOPKY: IO
BO3DAcCTy, TeHIepy, 3pUTETbHBIM CIIOCOOHOCTSIM, KY/IBTYPHO! MIEHTUIHOCTH,
JIMYHOCTHBIM, MEIULIMHCKUM U IpyTuM ocoberHocTtsiM (IIVP 10). Crenyet:

o IIpoBoguTh OBTOPHbIE UCCENOBAHMUS B IPYTUX JTa60OPATOPUSIX B IPY-
roM reorpa@uueckoM peruoHe C ADPYTMMM KYJAbTYPHBIMM OCOOEHHO-
CTSIMM HacesneHus. Hampumep, MpuBIeKaTh K yUaCTUIO MCCIIeI0BaTeNei
M3 CTpaH I0OKHOTO IMOMYIIapusl, a TaKKe CTPaH, KOTOpble UCTOPUUECKU
UTHOPUPOBAINUCH UM B KOTOPBIX OTCYTCTBYET MCCIENOBATETbCKAS MH-
dpacrpykrypa. [Jis 3TOr0 MOTYT MOTPe6OBaThCS HOBbIE MeXaHM3MBbI
dbuHaHCHMpPOBAHMS.

o W3yuaTpb HempencTaBIeHHbIE PAHEe IPYIIIILI AJIS TOTIOTHEeHMS I7106aTb-
HOIt 6a3bl 3HAHUI JAHHBIMM 110 PA3HOOOPA3HBIM MHAUBUILYYMAM, JII0-
ISIM C Pa3IMYHBIMU 3PUTETLHBIMYU CITOCOGHOCTSIMU Y UYBCTBUTEIBHO-
CTBIO.

Bonbiree pasHoobpasue TpebyeTcss M MpM IUIAHUPOBAHUM MCCIEIOBaHUIT Ha
JTarax MOCTAHOBKY 3a[auM, OMpPeNesieHUsT YCIOBUIT TTPOBEAEHUST UCCIeNOBaHUS U
Tpe/CTaBIeHUs pe3yabTaToB. Hampumep, 1yt paboT 1Mo ecTeCTBEHHOMY OCBEIIEHUI0
BXHBIMU (DaKTOpamMu SIBIISIIOTCS pa3HOOOpasye reorpaduueckoro MmoyoskKeHus, ce-
30Ha ¥ BpeMeHM CYTOK. [TpuTOM uKcamys pe3yJabTaToB, OMMCHIBAIONINX PA3INUHbIE
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MOLe/In 1noBeneHms (Haan[Mep, (1)]/[3]/IOJ'IOI‘I/I‘«IECKI/IG TI0Ka3aTeJan B COUeTaHUU C KOr-
HUTUBHBIMM II0Ka3aTeISIMM ¥ CAaMOOTYeTaMM 06 3MOIMOHATbHOM COCTOSIHMM) I10-
MOJKET CYIIeCTBEHHO pacuimputh 6asy sHaumii (IIYP 3, 8, 9). Takum 06pa3oM, BO3-
MOKHO TTOBBICUTb YPOBEHB 0606IIaeMOCTM BBIBOJIOB JJISI UX IMOCIEMYIONIETO MUPO-
BOTO MIPUMEHEeHMsI.

HWccmemoBaTeNbCKMM TPYIIIaM TakKke MOXKET He XBaTaTh pasHOOOpasusi He-
CMOTDSI Ha TO, UTO 6ojiee pasHOOGpa3Hbie KOMAHbI IIPUBOIAT K GOJIbIIEMY KOTMYE-
CTBY MHTepecHbIX pe3ynbraToB (VP 10).

e MKO pexomMeHyeT BceM UCC/Ie0BATENIbCKUM IPYTIIIaM, HE3aBUCHMMO OT TEMBI,
IIOMHUTD O PaBeHCTBe ¥ pa3HOOOpas3uy B CBOEM COCTaBe, aKTMBHO CTPEMSICh
BKJIIOUUTD B HEI'O CaMbIX Pa3HbIX WIEHOB, BKIIOUAsl TIOXKMUIIBIX ¥ MOJIOIBIX UC-
CJlefoBaTeseii, aoell pasHoro noja U KyJIbTyPHOWM MIEHTUYHOCTY, a TaKKe
OTIMYHBIX APYT OT IpyTa 110 APYIUM XapaKTepUCTUKaM.

2. AKTyajbHbIe TeMbI

2.1. TocTv>keHUsI B 00/IaCTU M3MePEeHUiIT U KaTMOPOBKIU

XOPOLLIEE 3[J0POBBE 8 JOCTOAHAR PAGOTA
W ENATOMOMYYHE 1 3KOHOMMYECKMi

ST COOTBETCTBMS MpaBMIaM CHUCTEMbI MEKAYHAPOIHOM TOPrOB/IM HEeOo6Xomu-
MbI OTC/IEXKMBAEMbIE ¥ OTKATMOPOBaHHbIE M3MEPEHUST XapaKTePUCTUK CBETOTEXHU-
Yeckoro o6opymoBaHust u cucrteM. [lo mepe pasBuTHsS OGOPYIOBaHMS U CUCTEM
IO/DKHBI COBEPIIEHCTBOBATHCS M M3MEPUTETbHbIE CUCTeMbl. CTOUT 3aMETUTb, UTO
MCCIemoBaTeau B 06/1aCT METPOJIOTUMM MOTYT HaiiTV BIOXHOBEHME BO BCEX aKTyallb-
HBIX TEMaX, paCCMaTPUBAaEMbIX B JAHHOM AOKyMEHTE.

AKTya/lbHBIMM TIpO6GEIaMyM B METPOJIOTMUECKMX UCCINOBAHMSIX SIBISTIOTCS CIe-
IyIoNIye:

1. Ha mpoTspkeHMu MocieqHnx cTa uiamn 6ojee et GOTOMETpPbI (JIIOKCMETPhI) U
CIIEKTPOMETPHI (KOJIOPUMETPBI) KaTu6pOBaIyCh C MCIIOMb30BaHMEM JIAMIT Ha-
KaJIMBaHMsI, KOTOPbIE JOTO€ BpeMs ObLIM AEIIeBbIMM, JIETKOJOCTYIHBIMU U
HazesxkHbiMK. OMHAKO, B MOCTeOHNE NeCITUIETUS CBETOOVONHbIE UCTOUHUKA
CBETa ¥ CBETOBbIE MPUOOPBI CTAM JOMUHMPOBATh HA PbIHKE M3-3a XOPOIIIei
9Hepro3hPeKTUBHOCTY U IJIUTEIHHOTO CPOKa CIYKOBI. B TO ke BpeMs IIpou3-
BOJICTBO M MCITOJIb30BaHMe JJAMIT HaKaIMBaHUS COKPATUIIOCh IO TAKOi cTere-
HM, UTO 3aTPYIHSET UX UCITOIb30BAHME JIJIT HAYYHBIX IIeJIel.

CymiecTByeT MOTPE6GHOCTh B HOBBIX 3TAJOHHBIX CBETOMMOMHBIX VICTOUHMKAX
CBeTa, KOTOPbIe MOTYT 3aMeHUTb JaMIIbl HaKaJIMBaHMS B KauecTBe CTaHHapT-
HbIX UCTOYHMKOB. MKO HemaBHO OIMyGIMKOBa/ia STAJIOHHbBIN CIEKTD CBETO-
I1onoB Ajis KanubpoBku poromerpa (MKO 251:2023) u mpMBETCTBYET pa3pa-
GOTKY TAJIOHHBIX MCTOYHMKOB, 06€CIIeUBaIOIIe STOT CIIEKTP.
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OmHako, He 3aKpbITa MOTPEGHOCTh B CBETOAMOIHBIX MICTOUHMKAX HEMPephIB-
HOTO M3ay4eHus, oxBaTbiBapomux YO u MK ob6acTy criektpa, AJjis KaauopoB-
KU CIIEKTPOPagOMETPOB.

DTO MOMOKET 06eCIeunTh BBICOKOE KaueCTBO KaIMOGPOBKYM U TIOBEPKM UCIIBI-
TaTeTbHOTO ¥ U3MEPUTEIBHOTO 060PyI0BaHMS, YTOOBI UCITBITATENbHbIE JIA00-
paTopuM MOIJIM OCYIIECTBSATH MPOBEPKY MPEACTABIEHHOI Ha PbIHKE IMPO-
nykiyu (IIYP 8), Ha COOTBETCTBME OKUAAHMUII TTOTPEOUTENEl U BBITOIHEHNE
3ajay, IJisl pelleHusl KOTOPbIX OHa NpeaHasHavyeHa (LIYP 12).

st obecrieueHust TPaBUIBHOM U 6e30MacHoi paboThl HOBOJ CBETOTEXHUYE-
ckoit mpoaykuuy (I[VP 12) Heo6X0omyuMo IIpOBefeHle KaueCTBEHHbIX M3Me-
peHMit Ux XapakTepucTuk. Hampumep, TpeGyIOTCS UCC/IeLOBaHUS XapaKTepu-
CTUK MHIMKATOPOB Ha JIOOOBOM CTEKJIE, TAPHUTYP MOMOJHEHHOI U BUPTYaslb-
HOJ peaJibHOCTM, a Takke A03MMETPOB [JiSI U3MepeHUs MHAVBUAYATbHOTO
BO3[IeJiCTBUS ONTMUUECKOTO M3TyUYeHUS U YCTPOICTB AJIs1 TOUHOTO M3MepeHUs
BpeMeHHOI Mmogynsiuu ceeta (TLM — Temporal Light Modulation) (ILYP 3).

Mup craHOBUTCS Bce Gosiee B3aMMOCBSI3aHHBIM Oyiarofapsi JaTyuMkam, KOTO-
pbIe OTCIEXMBAIOT OCBEIlleHMe Ha MeCTe U MepefaloT JaHHbIe B IleHTPa/IbHbIE
CUCTEeMBbI YIIpaBJIeHUs [Jis1 PeryIMPOBKM YPOBHS OCBEIEHHOCTU U, B HEKOTO-
PBIX CITyuyasx, XapakTepa OcCBellleHUsI (HalpuMep, HacTpauBaeMoe OCBellleHye
C peryampyeMoii KOppeIMpoBaHHO 1IBETOBOI TeMmepaTypoit). HekoTopsie n3
9TUX IATUMKOB TAKKe aKTUBHO M3MEPSIOT KOMOVHMPOBAHHOE OCBEIlleHNE OT
JMICKYCCTBEHHBIX MCTOUYHMKOB U €CTEeCTBEHHOTO CBETa C LIeJIbI0 ONTUMMU3ALUU
OCBellleHMsI B COOTBETCTBMUM C 3aavYaMy, MHAUBUAYATbHBIMU MOXKETaHUSIMU
win BpemeHeM cyToK (IIYP 12). Crieunaqn3upoBaHHbIe TIPUIOXKEHUS MOTYT
TaKKe BKJIIOYATh ONMTUYECKME CUCTEMBI [IJIS TeIEKOMMYHUKALIVOHHBIX U Me-
muiuHckux ueneit (LYP 3). Kak gaTumku, Tak ¥ CUCTEMbI YITpaBIeHUS SIBJISI -
I0TCSL aKTUBHBIMU OGIaCTSIMM UCCIENOBaHMIT U pa3paboToOK B o6macTu obiie-
CTBEHHO MHPACTPYKTYPHI.

st obecrieueHMs HaJJIekalleii paboThl ITUX CUCTEM TPe6YIOTCS OTKanIn6po-
BaHHbIE JATUMKM, YTO B I[M(POBOM MMUpe O3HAYAET MAIIMHOUYUTAEMbIE Cep-
TUOUKATHL KaaubpoBKu. MccmemoBaHus M pa3paboOTKM, HaAIpaBieHHbIE Ha
Pa3paboTKy MOAXOASIINX M(POBbIX KOMIIOHEHTOB /ISl MU3MEPEHUsI U Kaino-
POBKM U UX BHeJpeHMe B CJIOKHbIE CUCTEMbI YIIPaBIe€HUSI U aBTOMAaTU3ALUN
3maHuit, 6yayT MMeTh OCHOBOIIO/Aramiee 3HaueHue IJs1 obecrieueHus: pa-
3YMHOJ 9KCIUTyaTalluy JOMOB, COOPYKEHMII U OOILIECTBEHHOI MHDpacTpyK-
TYPbI, M36erasi Ipy 3TOM Upe3MePHOro UCIOIb30BaHus pecypcoB (I[VP 12).

2.2. IHTerpaTuBHOE OCBelLlleHNe 171 JII0Aein

XOPOLUEE 3/10POBbE JOCTOAHAA PABOTA
W BNATONOnYyYUE 1 3KOHOMUYECKHA

1 YMEHBLWEHHE
HEPABEHCTBA

A

w

=)
v

IMocnegHMe MOCTVOKREHMS B IIOHUMMaHUY paboThl (POTOpPELIENTOPOB I/1a3a Yyeso-

BeKa ITOKa3a/in, 4YTO CBET BJIMAET Ha MHOIrue (bI/IBI/IOI[OI‘I/I‘—IeCKI/Ie " IICUXO0JIOTU4YeCKue
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npoiieccel. MHmezpamusHoe ocgeujeHue, TEpMUH, N06aBAeHHbI B MexdyHapooHblli
ceemomextuueckuti cnosaps B 2020 romy, orpaxkaeT 3TO moHMMaHue: «OcBelleHMe,
o6bemuHSIIONIee Kak BMU3yadbHbIe, TAaK U HeBU3yalibHble 3(PPEKThI M OKa3bIBaloIlee
dbusnonornyeckoe 1/mam MCUXOJIOTUUECKOE BO3ZENCTBIE HA TH0eli»2. COBpeMeHHbIe
peKOMeHIallM| TI0 OCBEeIIeHNI0 PA60UMX MECT SIBISIIOTCS XOPOIIMUM MOACIIOPhEM IS
MO epsKaHus 300POBbS U XOPOIIEro CaMOYYBCTBMS, HO MHOTOE€ €eIlle MPeACTOUT y3-
HaTbh O BAMSIHUMM CBeTa Ha IPOLIeCcChl, BLIXOMASIIME 32 paMKM BU3YaJIbHOTO BOCIIPU-
SITUS, TIpeXKIEe YeM MOXKHO OymeT pa3paboTaTbh BCeOObEMITIONIME PEKOMEHAAINU U
CTaHJapThI.

B kauecTBe IMPUMEPOB MPUOPUTETHHIX TEM MCCIAEIOBAHNUI MOXHO IIPUBECTU
cIepyloIue:

1. CBeT uMeeT OCHOBOIIOJ/IAralnee 3HaYeHue 1718 GyHKIVOHMPOBAHUS 1 6J1aro-
IIOJIyYMs YesIOBeKa, UTO [ejlaeT 5TO HallpaBjleHye MCCIefOBaHUI KiI0YeBbIM
(akTOpOM HOCTVIKEHMST XOPOIIMX PE3y/abTAaTOB B 001aCTV 34 paBOOXpaHEHMS
(IYP 3). Tema 3TOrO MCCIeqOBaHMUSI OXBATbIBA€T BECh CIIEKTP MCUXOIOTMYe-
CcKUX U pusmonorndeckux 3(pdeKToB cBeTa: OT ornpeneneHuss He06X0IUMOro
CYTOYHOTO COOTHOILIEHUS] MHTEHCUBHOCTHU, CIEKTPAJIBHOTO paclpeneneHus,
IIPOJOJKATEIBHOCTY CBeTa U ThbMBI JIJIS UPKASHOM peryasauumu — 40 OHMMa-
HUSI TOTO, KaK CBETOBAsI Cpelia MOXKET BbI3bIBATh JUCKOM@OPT M HApYIIEHWS
3peHys, a TaKKe BaKHOCTU 3CTETUKU B IMOBCEAHEBHON XXU3HU U €€ BIUSHUU
Ha caMo4yBcTBMe. HoBble TeMbl B 3TOJ 06JIaCTM BK/IIOUAIOT HEBU3yaJbHOE
BO3/IE/ICTBYE ONTUYECKOTO U3TYYeHMs B 6IVsKHEM MHGPAKPACHOM Juana3oHe
Ha (u3nonoruoo, 340POBbe U TOBeJeHNEe YeoBeKa, a Takke BIMSHUE Bpe-
MEHHOV MOZY/ISIINY CBeTa Ha KOTHUTUBHBIE CITOCOOHOCTY UM Heitpohm3noIo-
0. PakTUUeCKMe JaHHbIE U3 9TOM 06J1aCTU MOTYT CITYKUTh OCHOBOJA /JIsI pe-
KOMEH/IAIMIi 110 CO3AaHUI0 GIarOTPUSITHBIX YCIOBUIA TPY/Ia, CIIOCOOCTBYIOIINX
671aTOIOYUYNI0 PAaOOTHMKOB M TTOBBIIIEHNIO MX MPOU3BOIUTEIBHOCTY TPYyIa
(IO YP 8, 11YP 9).

2. CyuiecTBYIOT Mpo6esbl B IOHMMaHUY MOTPe6GHOCTel pa3aMuHbIX JIO#eH, po-
SKMBAIOUIMX BHE YMepEeHHBIX IMPOT CEBEPHOTO MOMYIIapys.

3. s obecrevyeHys MOJHOCTHIO MHTETPATUBHOIO OCBelleHus 6ymeT BocTpebo-
BaHO MPOEKTMPOBaHME OCBeIllleHMSI C YUYETOM KakK MHIUBUAYAJIbHBIX, TaK U
rpymnmnoBbiX norpebHocreit (LLVP 3, 10), uto craHeT dyHIaMEHTaTbHbIM U3-
MeHeHMeM B punocoduu nusaiiHa ¥ cepbe3HOI 3aaveii uccaenoBaHuii B 00-
JIaCTU M3a/iHA OCBeILeHUS.

4. Bonee 3¢dexTMBHOE MCIIOIb30BaHME ECTECTBEHHOIO CBETA B 3MaHUSIX TPeGyeT
KOMITPOMMCCOB C APYTMMMU CTPOMTEIbHBIMM TPeOOBaHMUSIMM (Harpumep, C
TpebGOBaHMUSIMY TI0 OTOTIEHNIO/KOHANIIVMOHMPOBAHNIO ¥ BeHTUJISIIIUN), U CO3-
JaHue GajaHca MeXOY MoAaepsKaHueM MOAXOSIINX YCIOBUIA IS Ye/loBeKa 1
9KOHOMMEN 3/IeKTpOo3Heprum. sl peanmsauyy KOHIEIIMM >KM3HECI0Co0-
HbIX, 6€30IaCHbIX, MHKITIO3UBHBIX M YCTOWUMBBIX 3[aHUIi, TOPOIOB U CO06-

2 Onpepenenne uutupyetcst mo TOCT P MK 60050-845-2023 «OcBemienne. TepMuHbI 1 OIpeiene-
HUSI» (npum. pead.)
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mects (IIVP 11), KoTOpble TakkKe OTBETCTBEHHO WMCIIO/Nb3YIOT PECYPChI
(ITYP 12), moTpebyITCSI MEXXIUCHUIUIMHAPHBIE UCCIIENOBaHMS.

5. HoctmkeHus B 06/1aCTV CBETOAVOMHBIX TEXHOJOTUII M TEXHOJIOTUI yIIpaBie-
HUSI OCBEIEHNEM CHEaIM BO3MOKHBIMM YCTAHOBKYM IMHAMUYECKOTO 3JIeK-
TPUYECKOTO OCBELIEeHMSI — HallpuMep, CUCTEMBbI 3JIEKTPUUECKOTO OCBEIIeHMS,
KOTOpbIe 06ECTIeUNBAIOT Pa3IMUHbIE CIIEKTPhI M YPOBHM OCBEINEHHOCTH NGO
10 paciucaHuio, 160 Mo TpeGOBaHMIO, — HO OCTAeTCS OTKPBITHIM BOIIPOC,
JIOCTATOYHBI JIM ITPEVMYILIECTBA MCITOIb30BaHMS STUX TEXHOJIOT U, UTOOBI OIT-
paBIaTh UX CTOMMOCTb M CIOXKHOCTb. [IpeuMylecTBa MOTYT GbITh Pa3HbBIMMU
[T paOOTHMKOB HOYHOJ CMEHBI M [IJI TeX, KTO paboTaeT B JHEBHYIO CMEHY.
dyHmaMeHTaIbHbIE MCCIeA0BAHNSI MOTYT IaTh HaM MHGOPMAIMI0 0 He06XO-
IVIMOCTY OITpeIeEéHHbIX KOMOMHALIMIA CIIEKTPa, MHTeHCUBHOCTH, IIPOIOJIKM-
TEJIbHOCTY M BpeMEHM JJISI AOCTVSKEHMS SKeJIaeMbIX Pe3y/IbTaTOB, a MPUKIIAI-
HbIe UCCIeOBAaHMS OCBEIeHNSI HEOOXOAMMBI, YTOOBI AATh HaM MHMOOPMAIINIO
00 YCTOMYMBOCTY ITUX TEXHOJIOTHIA.

2.3. BbICOKOKaueCTBEHHOE Hapy;KHOe OCBellleHle, OTBeualllee 3KoJIormye-
CKMM TPe6OBaHUIM

' XOPOLLIEE 30POBbE [OCTORHAR PABOTA (HAYCTPHANIM3ALIAA, 1 YMEHbILIEHHE 1 (COXPAHEHVE 15 (COXPAHEHHE
W BMATOMONYYHE 1 IKOHOMHHECKWA HEPABEHCTBA MOPCKMX IKOCHCTEM YL
IKOCHCTEM

/*/|' 2 & &=

v

ApXUTEKTYpHOE M YTWINTAPHOE HApYKHOE OCBEI[eHMe MOKET ObITb 3CTeTUY-
HBIM ¥ ITPU 3TOM IOBBINIATH 6€30MIaCHOCTDb, HO OHO TPEOYET 3aTpaT U MOKET OTpUIIa-
TeJIbHO BIMSITh HA OKPYKAIOIIYIO Cpelly ¥ U3JIMIITHE 3aCBeUnBaTh HOUHOE Hebo.

OcBelieHMe JOPOT U OOILECTBEHHBIX I'OPOJCKMX IIPOCTPAHCTB ObecrieunBaeT
6e3oIacHoe TepelBIKEeHNE TI0C/TIe HACTYIIEHUS TEMHOTHI U CO3[AHMe MPUSTHOI
aTtMocdepsl AJis1 HOUHbIX MepONIPUSITUIA Ha OTKPBITOM Bo3ayxe. Cpeny MOIOKNUTeNb-
HbIX 3((EKTOB — COKpalleHNe NOPOKHO-TPAHCIIOPTHBIX MPOMCIIECTBUI, TTOBBIIIE-
HMe JIMYHOV 6e30TaCHOCTU M COENCTBYE aKTUBHOMY MEPEIBISKEHUIO — B YaCTHO-
CTU, TelIMM Tporyinkam U Benmoesne. CopmelicTBMe aKTUBHBIM ITepeOBIOKEHMUSM, B
CBOIO ouepenb, BHOCUT BKJIAJ B Gosee 3m0poBbiii 06pas skusuu (LIYP 3) v cHuKaer
KOJIMYeCTBO JOPOXKHBIX 3aTOPOB M YPOBEHb 3arpsi3HEHMI, CBI3aHHBIX C MOTOPU30-
BaHHBIMM TPAHCIOPTHBIMMU cpefcTBamu (LIYP 11).

CoGmiofenne 6ajaHca MeXAY MOTPEGHOCTIMM pas3/JIMYHBIX Hab/IomaTenein u
9KOJIOTMYECKUMM COOOPAKEHUSIMM TPeOyeT 3HaHMIA T10 CIeAYIOLIMM TeMaM:

1. CBeT — 3TO MOHSTHE, IPYMEHSIEMOE, TIPEKIE BCETro, C YUETOM OCOOEHHOCTEI
YeJI0BeUeCKOro 3peHus, HO MCII0Ab30BaTh V(1) K paCTEHMSIM U KMBOTHBIM He-
KOPPeKTHO. YTO6BI TOIKHBIM 00pa3oM cH6aaHCUPOBaTh MOTPEGHOCTY TPUPO-
IIbI U YeJloBeKa, HaM TpebyeTcst 6osbiile MHGOPMAIMK O BO3AEACTBUYU ONTH-
YeCKOro U3JIyUeHMs Ha PacTeHMUs U KMBOTHBIX, a TAK’Ke HOBbIE BEIMUMHBI U
eIVHULIBI M3MepPeHMs, COOTBETCTBYoIIMe cTaHmapty CU, mas obecreyeHus
OCHOB 3KoJIornuecky 6esoracHoro ocseiienus (I[VP 14, 15).

2. HeO6XO,Z[I/IMO ITOHSATDb, KaK OOJIKHBI MBMEHUTDHCA KPUTEPUN ITPOEKTUPOBAHUA
OCBelleHusd, YTOObI VAYUYIINUTD KAaYE€CTBO OCBEIIEHMA C TOYKM 3PEHUA BBICOKOJI
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BU3YanbHOM 3(h(EeKTMBHOCTM, XOPOIIero BU3yaJlbHOTO KoMdopTa u, TAe 3TO
MPUMEHNMO, 3CTETUYECKON IeHHOCTH. ViccieJoBaHusl B 9TOM 06/1acTH TOMK-
HbI BK/IIOUATh M3yUEHME TTOIOKEHNMsI HaGMIOfaTe s, yriaa HaGMogeH s, TUTIOB
BU3YalbHbIX 3a7jay, OTPAKAIOUMUX CBOVCTB OCBEIEHHO! Cpenbl, IPYTUX MUC-
TOYHMKOB OCBeIleHUsI MO6AM30CTU (BKIIOUAs CBETSIIMECS] BbIBECKMU), TIOTO/I-
HBIX YCJIOBUIA, @ TaKKe — JJIS1 YTUIAUTAPHOTO HAPY)KHOTO OCBEIeHUsT — KOJIU-
YecTBa M OTHOCUTEIBHOM CKOPOCTM YUYACTHMUKOB JOPOKHOTO [BVIKEHMS
(IIVP 3,11).

OcgellleHMe, afaNTUPOBAHHOE K peaJibHbIM BHEIIHMUM YCJIOBUSIM (HampuUmep,
JOPOKHBIM CUTYaLMSIM, @ TAKKe TPeOOBAHMSIM U MPEIIIOUTEHUSIM Pas3IMUHbIX
YYaCTHMKOB), HEMBIJIMMO 6€3 MCII0/Ib30BaHMSI CIIOXKHBIX TEXHOIOTHUI YIIpaB-
JIeHUs1 OCBellleHueM JJ1s1 ONITUMAaJIbHO afanTaly rnapaMeTpoB OCBeleHUS U
MCIIO/Ib30BaHMSI CPeJCTB KOMMYHMKaLVM IJisl 0becriedeHns] B3auMO el CTBHUS
OCBEIleHMSI C APYIMMM CTyk6aMM B paMKax KOHIIEMIMM «YMHOTO TOpoia».
BHenpeHle HOBBIX IEPEIOBBIX TEXHOJIOTMUIA, Takux Kak Li-Fi (Light Fidelity),
6eCIMIOTHBIX aBTOMOOWIIEN U JIeTAaTeIbHbIX allllapaToB, YMHbBIX KOJTOHOK WU
MICKYCCTBEHHOTO MHTEJUIEKTA, SIBJISIIOTCS MHOTOOGEIIANneil OCHOBOW ISt
pa3paboTKM MHHOBAIIMOHHBIX BbICOKOTEXHOJIOTMYHBIX OCBETUTENbHBIX MPU-
60pOB ¥ CO3[AHMS MPOYHBIX M HAJEXKHBIX CETeil IJIT YCTONuMBOI MHppa-
ctpyktypbl (IIYP 9, 11). [IOCTYTHOCTb, 3KOHOMMSI SHEPIuu, CMIr4YeHne BO3-
IEeMCTBYS Ha OKPYKAIOIIYI0 Cpeny, obecrieueHre 6e30MacHoi U 340pOBOIt TO-
PO CKOJ Ccpelibl SIBJISIIOTCSI OCHOBHbIMY Liensimu (IIVP 3, 8, 13). Boicokokaue-
CTBEHHOE OCBellleHVe TOKHO YAOBIETBOPSITh 0COOBIM MOTPEGHOCTIM JTIoAelt
BCEX BO3pacToB U criocobHocTelt (I[YP 10).

KauecTBo OcBeleHMsT ABJISIETCs IIPO6IeMOit it pabounx MeCT Ha OTKPbITOM
BO3[yX€ B HOUHOE BpeMs, KOT/Ia TeMHbI (HoH (6m3Kast K HY/II0 GOHOBAs sIp-
KOCTb) YBEJIMUMBAET PUCK TOSIBJIEHNST OJIMKOB, 0COGEHHO B COUETAHUM C Tpe-
60BaHMSIMM K BHICOKOMY YPOBHIO OCBEIEHHOCTY Ha OTHOCUTETBHO GOJIBIINX
momaasax. TouHoe peryinpoBaHye OCBEIEHHOCTY, afaliTUBHOE YIIpaBIeHe
OCBellleHeM U TIpefoTBpallleHe MonamaHus MOCTOPOHHE 3aCBETKM — BOT
BO3MOKHbIE 06IMe pelreHus, TpeGyoolye CIeluaabHbIX MCCIeNOBaHUIL C
YUETOM PasIMYHBIX 3a7ja4, HACTPOEK ¥ MECTOIOIOKEHNIA.

HexkenaTenbHble MOCIEACTBYUSI HABSI3UMBOIO CBETA BKIIOYAIOT CHUKEHME Ka-
YyecTBa aCTPOHOMMYECKMX HAOIIOMeHIT M3-3a 3aCBeTKM Heba, BO3/IeiicTBME HA
3[I0pOBbBE JIIOME/ U HapylleHue cpen ooutaHus GIopsl U GayHbl HAa YPOBHE
KaK OTHeIbHbIX BULOB, TAK ¥ 9KOCUCTEM. DIIEKTPUUECKOe OCBelleHe U3MeHS -
€T OUKJIbI Pa3SMHOXXEHMSA M OIIbUICHWS, TIOBEACHYECKNMEe MOAC/TIN U DPUTMBI, YS13-
BMMOCTb Ilepel XUIIHMKAMU ¥ YPOBEeHb TOPMOHOB Y IIMPOKOro Habopa BUIOB
pacTeHMit U KMBOTHBIX. M3-3a OrpOMHOTO pa3HOOOpa3us BUIOB Ipobiema
CJIOKHA U MOTpebyeT MPOBeIeHNsT UCCIeNOBaHMII BO MHOTUX MECTax C Mpu-
BJIeUeHVeM MHOTUX CIIeIMaauCTOB-610m0roB. Kak 1 BO BCex aKTya/lbHbIX Te-
Max, K/IIOUYE€BBIMU IIapaMeTpaMM, KOTOpPbIe HGOGXO,ZU/IMO M3YUNUTDh, ABJIAIOTCA
CTIIEKTP, UHTEHCUBHOCTbD, TTPOJOKUTETBHOCTD, BpeMSI U XapaKTep BO3MeiCT-
Bus ceeta (IIYP 3, 14, 15).
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2.4 OcHOBBI (GOTOOMONIOTMY IS CeTTBCKOTO XO3SIACTBA ¥ aKBaKY/IbTYPBI

1 YMEHbIEHVE I 3 13 BOPbBA 1 COXPAHEHHE 1 COXPAHEHUE
HEPABEHCTBA | CU3MEHEHUEM MOPCKUX IKOCHCTEM CYILIK
A | KIUMATA IKOCHCTEM

«BHyTpeHnHee dhepmepcTBO», BKIOUYAS aKBAKY/IbTYPY, SBISIETCSI OAHOBPEMEHHO
CpeACTBOM CMSTUeHMSI TOC/IeNCTBMII M3MEeHeHUs KaumaTa M afanTaluyuu K HeMy,
MPeNoCTaBsIsl BO3MOXHOCTb BbIPAUIMBATh MPOAYKThI MUTAHUS U Pa3BOOUTD KUBOT-
HBIX B UMCTBIX YCJIOBMSIX, YACTO HeOa/leKo OT MecCTa MX MHOTpebieHus. DTO MOXKeT
MIPUBECTU K YIYYIIeHMI0 MUTAHMUSI MECTHOTO HacelieHus, 0COOeHHO B MeCTaX, yha-
JEHHBIX OT PETMOHOB C 6GoJiee YMEpPEHHBIM KIMMATOM (HAmpuMep, apKTUUECKUX
paiioHOB, ITYCThIHb), & TaKKe B 3MMHME MeCSIibl B peTMOHaX ¢ YMepeHHbIM Kauma-
TOM, ¥ MOXET CHU3UTh MMOTPEGHOCTh B TPAHCIIOPTUPOBKE Ha GOJIbINNE PACCTOSTHUS
U3 paiiOHOB IIPOM3BOJCTBA IIPOJOBOJILCTBUSI B MECTa IOTPeO/IeHNsT TPOAYKTOB MU~
tauust (IIYP 2, 10). CTpOUTENbCTBO CEIbCKOXO3SICTBEHHBIX O6BHEKTOB 3aKPBITOTO
TUIIA Ha 3a6PONIEHHBIX 3€MJIIX WJIM Ha OBIBIIVX IMPOMBIIIIEHHBIX 00BEKTaX MOXKET
CHU3UTb HEOOXOAMMOCTD Pa3pyLIeHNS CYIECTBYIONIVX 9KOCUCTEM [IJIS PACIIMPEHMS
o6pabatpiBaeMbix 3eMenb (IIVP 12). Verex sTux pabot 6ymeT B 3HAUUTENbHOI CTe-
IIeHV 3aBMCETh OT YCIIELIHOrO CO3aaHus SHepro3dPeKTUBHbIX YCIOBUIA 111 COOTBET-
CTBYIOIIMX BUIOB PACTEHUI MU KUBOTHBIX.

HpI/IMepaMI/I KOHKPETHBIX UCC/IeJOBATE/IbCKMX TEM ABJISIIOTCSA:

1. He3aBuCMMO OT TOTO, HAXOASTCS JIV SKMUBOTHbIE B ITOMEI€HUY TIOCTOSTHHO WJTU
TOJIbKO HEKOTOPOE BpeMs, YCIOBMSI CBETOBOI Cpefibl B GOJIBIIMHCTBE KUBOT-
HOBOJUECKMX TTOMENIEHMII 3HAUNTENBHO OTJIMYAIOTCS OT €CTECTBEHHON cpe-
IIbI, B KOTOPOJi 9BOTIOIMOHMPOBAIM Pa3INUHbIe BUIBI JKMBOTHBIX (JOMAIIHSIS
MITUIIA, CBUHbU, KOPOBBI, OBI[bI, PbIObI, HACEKOMbBIE U T.H.). ITO MOXKET Hera-
TMBHO CKa3aThCs Ha 6Jaronosyyui sKMBOTHBIX . [IpaBuiabHas creruduramnms
M OIIEHKAa OCBETUTENIbHBIX YCTAHOBOK MOTYT 00ECIIeUMTh CBETOTEXHUYECKMUE
XapaKTepPUCTUKU, KOMPOPT U obecrieueHme 6Iaromoaydusl B TaKUX MOMeIle-
HUSIX, COQTAHCUPOBAB MOTPEOGHOCTM KaK KUBOTHBIX, TaK U JIIOZei, KOTOpbie 3a
HUMU YXaXKMBAIOT. [TOCKOBKY O TPeGOBAHMSIX K OCBEIEHMIO [JIs Pa3IMUHbIX
BUJIOB PACTEHMIT M3BECTHO HEMHOTO, TTOJIyYeHMEe ITUX 3HAHUIT TpeOyeT 3HAUM -
TeJbHBIX MCCIenoBaTenbckux yowmit (VP 14, 15).

2. YnbrpacdmoneToBoe, BUAMMOE U MHGPPAKpacCHOe U3JydeHMe UCTIONb3YIOTCS B
CEeTbCKOM XO3SIIICTBE IJISI COAENCTBUS 6bICTpOMY U 3 HEKTMBHOMY POCTY pac-
TEeHUIT ¥ IrpuboB. XapaKTePUCTUKYN MUCIIOIb3yeMOTO ONTUYECKOTO U3JIyYeHUS
M3MEHSIIOTCS Ha Pa3HbIX Tarax IMK/Ia POCTa PacTeHMIA, TOCKOIbKY UM MOXET
MOTpPe6oBaTLCS pasHOe BpeMsI IJI POCTa KOPHe, TUCTheB, LIBETOB U TVIOMOB.
OnTrueckoe M3TydyeHNe Takke MOKHO MCITOMb30BaTh AJIS1 3aIIUThI PACTeHU
(oTTIyrMBaHMS BpeOuUTeei) My oberdieHus X onbuUIeHus (IpUBJIeYeHNs Ha-

% Bnaroronyune kMBOTHBIX (Animal welfare) — TepMuH, o3HavawLIMIt 3a60Ty 06 YCIOBUSIX SKU3HU
SKUBOTHBIX C YUYETOM UX (GM3MUYECKMX, ITONOTMYECKUX M IPYTUX EeCTECTBEHHbIX MOTpPeGHOCTel
(npum. ped.)
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CeKOMbIX). ITpOM3BOICTBEHHBIE MOIHOCTM TAKKE MOTYT OBITh MCIIOTb30BaHbI
IUISI BHIPAIIVBAHMSI PACTEHMIT OT CEMSH IO CTaAyu, Ha KOTOPOit X MOXKHO OY-
JIeT BbICAKMBATh B JMKOI MPUPOAE IJIST BOCCTAHOBJIEHMS TOIMY/ISILMIA pacTe-
HMi1 ¥ 60PbOBI C OITYCTBIHMBAHKMEM U yTPaTOil 61MopasHoobpasusi. Yto kacaert-
€Sl PacCTeHMit ¥ KMBOTHBIX, Mbl HAXOIMMCSI Ha HAYa/IbHO CTaauy MOHUMAaHMUSI
TOT0, KaKoe ONTHYECKOe M3JTyueHue TpeOyeTcsl IJi KaKIOro KOHKPETHOTO
Bupa (I[VP 14, 15).

3. Ilo mepe pacuiMpeHus: HalIUMX 3HAHMI B 3TUX 06/IaCTSIX HaM OygeT Heo6Xom -
MO pa3pabaTbhIBaTh MOAXOSAIIME TEPMUHbBI, BEIMUYMHBI, TPOTOKOJIbI M3Mepe-
HUI U CTAaHZAPTHI KATMOPOBKM, COOTBETCTBYIOIIME cTaHaaptam CU, oy mog -
JIeP’KKU CEeJTbCKOTO X03511CTBa U akBaKyabTypsl (LIYP 9).

2.5. OGecrieueHne BO3MOKHOCTU IIpMMEHEeHUS 6e30MacHOr0 ¥ MOJIe3HOTo OIl-
TUYECKOI'o U3JTYyYCeHUA

XOPOLLEE 3[10POBbE
W BNATONONYYHE

KAYECTBEHHOE YHCTAS BODA {OCTOAHAR PABOTA
OBPA30BAHHE W CAHUTAPUR W SKOHOMUHECKHM

R

BausHue ONTUUECKOTO U3MYYeHUsT Ha OMONIOTMYecKye — MIOMMUMO 3PUTENbHbIX —
MIPOLIECCHI SIBSIETCS OTHUM 13 (DaKTOPOB, OpeAeSIOINMMK 30POBbe U Or1a-
ronoayuue (ITYP 3), u oxkumaercs, YTo OymyT pa3paboTaHbl HOBbIE CTAHIAPTbI
B CpeJlHe- ¥ JOJITOCPOYHOI ITepCIIeKTHUBE.

1. B mHeBHOe BpeMs BbICOKMIT YPOBEHb OCBEIIEHHOCTY MOMOraeT HaM COXPaHSTh
OOUTETBHOCTD ¥ «CMHXPOHM3MPOBATh» HAIY BHYTPEHHME Yachl C COTHEUHBIM
JIHEM M Ce30HHBIMM M3MeHeHUSMU. bosiee HM3KMIT YPOBEHb OCBELEHHOCTU
BEUEPOM «CUTHAIU3UPYET» 06 OKOHUAHMM pabodero JHs, a HOYHAas TeMHOTA
CITOCOOCTBYET XOPOIIEMY CHY, BO BpeMSI KOTOPOTO ITPOMUCXOAUT BOCCTAHOBIIE-
HMe opraHmsma. Bcé 3To M3BeCTHO, HO OCTaeTCs GoJIbliasi HeoIpeaeaeéHHOCTh
B OTHOIIIEHMM TOr0, KAKO€e KOJIMUYEeCTBO CBEeTa, KAKOTO CIIEKTPa/IbHOTO COCTaBa,
Kak JOJITO U B KaKoe BpeMsl TpeOyeTcs, a TakKKe B OTHOIIEHUY MPaBUJIbHOTO
criocob6a obecIievyeHyuss TaKOTO BO3HEMCTBMUSI C HaMMEHBIIMMM 3aTpaTaMu
9HEepIrun.

2. B mocremnue rompl 3a6osieBaeMOCTh Muommeii (61M30pyKOCTbIO) 3aMeTHO
BO3pocia. Muonusi, Kak IpaBuUa0, BOSHUKAET B IIKOJIbHbIE TOABI U IPOrPECCH-
pyeT B paHHEM B3POCIOM BO3pacTe, YTO YBEINUYMBAET PUCK CAETIOTHI U IPYTUX
OCJIOKHEHUM CO CTOPOHBI OPTaHOB 3PEHMS B Ja/JIbHENIIEN XU3HM. YUUThIBAS
BO3MOJKHbIE TIOKM3HEHHbIe MOCTeACTBUS HeaqeKBaTHOTO BO3[elCTBUS CBeTa
B IETCTBE, 3HAHMUS 110 3TOJ TeMe HeoOXoAMMbI B cpouHOM Mopsigke (I[VP 3).

3. VCTOYHMKM CBETa C M3MEHSIOIIEeics BO BPEMEHM MOIIHOCTbIO MOTYT Hera-
TUBHO BJIMATDH HA 3PUTEIbHOE BOCIPUATIE, KOTHUTUBHBIE CIIOCOGHOCTH, IBY-
SKeHMS I71a3 M MO3TOBYIO aKTMBHOCTb. HekoTopble oy 60/iee UyBCTBUTENbHBI
K 3TUM BO3[€CTBUSAM, UeM APYTie, HO OCTAeTCS HeOoIpeneléHHOCTh B OTHO-
HIeHUM TOro, KTO Haubojee UyBCTBUTENEH, M MHOroe IMpPeINCTOUT y3HATh O
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TOUHBIX XapaKTEePUCTUKAX 8PEMEHHOL MOOYAAYUU C8emd, KOTOPbIE€ BbI3bIBAIOT
Hau6osbIye mpodiemsl (ITYP 3, I[VP 8).

4. CoBpeMeHHble UCTOUHMKM CBETa MCKIOYAIOT M3TyuyeHMe KaK B KOPOTKOBOJI-
HOBOM, TaK " B JJMHHOBOJHOBOM [AMana3oHe ONMTUYECKOTO U3JTyyeHMs], I7IaB-
HbIM 06pa3oM /151 SKOHOMMUM SHEPIUM U YaCTUYUHO 151 YMEHbILIEHUST PUCKOB.
VabrpadnoneToBoe U3TydyeHWE Y OU€Hb MHTEHCUMBHOE KOPOTKOBOJIHOBOE M3-
Jy4eHue MOTYT IPUBECTY K HEeGIaronpusiTHIM aKTMHMYECKMM 3ddeKTam:
KaHIleporeHe3y, KOXXKHOM 3puTeMe (COMTHEUHBIN OKOT) U MOBPEXIEHUIO I/1a3 B
pe3ynbraTe (OTOKEpPATUTA U BO3IENCTBUS CMHETO cBeTa*. OmHAKO peryssip-
Hble HU3KMe N03bl YO u3ryueHus: 6J1arOTBOPHO BIMSIIOT Ha BbIPabOTKY BUTa-
MuHa D B Ko3Ke, ¥ eCTh HEKOTOPBIE T0Ka3aTeIbCTBa 6J1arOTBOPHOTO BO3IEICT-
BuUs YO M3mydeHMs] Ha IICUXUUECKOE COCTOSTHME M KOHTPOJIb KPOBSHOIO JTaB-
neuusi. TIpaBuwibHOE BO3[ENCTBMeE, TTO3BOJISIONIEe COATaHCUPOBATDH MTPEUMY-
IIeCTBA M PUCKM aKTUHMYHON paayualyy, IOKa Heu3BeCTHO. 31eCh GbIIO Obl
TOJIe3HO PacCIIVPUTh COTPYIHMUYECTBO MEXKIY CHelyaaucTaMyu B 001aCTy Me-
IouivHbl 1 ocBemieHus (LIYP 3).

5. Kpowme Toro, ynbrpadioneToBoe MU3IydyeHNe MOKET UCIIONb30BaThCsl IS Ca-
HUTAPHBIX 1eel, 06e33apaskBaHNs BO3yXa U MTOBEPXHOCTEN OT BUPYCOB U
JIPYTUX MaTOT€HHBIX MMKPOOPTaHM3MOB, a TaKKe JJIs1 OUMCTKM BoAbl. Onpeme-
JIeHVe XapaKTepPUCTUK YAbTPaduoaeTOBbIX YCTPOVICTB M CIOCOOOB UX 6e30-
TacHOTO MCIO/Ib30BaHMS B JKWIbIX MOMELIeHMSIX TIpeCTaBIsieT MHTepec s
VAyUIIeHys] OOIeCTBEHHOTO 34PaBOOXpaHeHUs. B cBOIO ouepensp, 6osee mu-
pOKO€e MCII0/Ib30BaHKe GakTepuuuAHOro YO-usnydeHus morpedyeT ycoBep-
HIEHCTBOBAHMS MTPOTOKOIOB YO-pammuomeTpun 1 Kaanoposku (IIYP 6).

6. Usnyuenue 6mokHero MK nuamasoHa (ONTMYECKOe U3JTyYEHME B AMaIia30He
npubnusuTeabHo oT 780 mo 1000 HM) OGBIIIO MCKIIIOUEHO M3 COBPEMEHHBIX M C-
TOYHMKOB CBETA, IMOCKOJIbKY (DOTOPEIENTOPHI I/Ia3 YeJIOBeKa HEeUyBCTBUTEb-
Hbl B 3TOM JAyana3oHe JJIVMH BOJH. TeM He MeHee, HeJaBHME MCCIeOBaHMS
(BKJIIOUAs liejieHarpaBieHHOe McIonb30oBaHMe KK u3iyueHuss B MeOUIMH-
CKMX IIeJISIX) MMOKa3aJIv, YTO OHO MOYKET OKa3bIBaTh GIAronpusiTHOE GMOJIOT M-
Yyeckoe BO3[IeVCTBME MPU OOIEM OCBeIeHMM, BO3MOKHO, 32 CYET MOIJIOoIe-
HMSI KOKei uiy TKaHsIMU. Bosee rry6okoe nmoHumaunme sddexros UK usmyue-
HMS TIO3BOJIUT PAaCIIMPUTh HalllX 3HAHUS O [IPaBWJIBHOM OCBellleHUY U pa3pa-
60TaTh CUCTEMBI OCBEIeHMS 1J1s1 0becrieueHust ux nmpumeHenus (LIYP 3).

7. B MemuiiMHe ONTHYECKOE M3JTyYeHMe MIVPOKO MPUMEHSETCS AJIsl JIeUeHUs OT-
JelbHBIX 3a60/1eBaHMIi. XOPOIIO M3BECTHBI TPUMEpHI:
— JICIIOJb30BaHMSI CBETOTEpANUM JJIs IeUeHUs] pacCTPOICTB HACTPOEHUS
U CHA,
— TpUMeHeHUs] HallpaBaeHHOTo u3ayueHus 6mkauM UK mas 3axubie-
HUSI paH;

4 Jlyist 6osiee MOTHOTO MOHMMAaHMs (heHOMeHa «CMHEro CBeTa» peKOMEH/IyeM 03HaKOMUThCS ¢ Oduiin-
anpHOM nosunyeii MKO mo onmacHOCTM CMHEro CBeTa, BbIylleHHOJ B ampesne 2019 roma u cymmu-
pymoleit MesKIyHapOoHbI/ HAyUHBbIiA OIIBIT 110 M3YYEHMIO 3TON MpobieMbl. TeKCT (B TOM umcie 1 odu-
LMAIbHbIN rnepeBof, Ha  DYCCKUII  $3BIK) OMy6IMKOBaHbI Ha  caiite MKO -
https://cie.co.at/publications/position-statement-blue-light-hazard-april-23-2019 (npum. ped.)
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— KOMOMHMPOBAHHOJ Tepamnuyu C UCIOIb30BaHKEM IcopaneHa u YO o6-
JYIeHUs 1J1s JIedeHMsT KOSKHBIX 3a001eBaHMiA.
JanbHeilne uccienoBaHms JeXallux B OCHOBE 3TUX MeXaHM3MOB MOTYT I10-
BbICUTH 3 PekrTrBHOCTD TeueHus (LIYP 3).

8. HccimemoBaTeny HYsKIAOTCSI B HAIEKHBIX M XOPOIIO OTKaIMOpOBaHHbIX (HOTO-
MeTpax ¥ HOCMMBIX CBETOBBIX MPUOOPaX C MHAMBUIYATbHOM CIIEKTPATbHOI U
HaIpaBAeHHOM YyBCTBUTEIbHOCTbIO, KOTOPbIE YUUTBHIBAIOT KaK 3PUTENbHBIE,
TaKk ¥ Opyrue HelipoO3HIOKPUHHbIE PeaKlMy Ha CBeT (BK/IKYasl, B TOM 4ucie,
LMPKagHYIO0 peryisinuio). MHOroe emjé mpencTOUT y3HATh O CHEKTPaIbHbBIX
yHKIIMSIX ¥ MecTax HOCKM, COOTBETCTBYIOIIUX Pa3IMUYHBIM IMpPOIeccaM, pas-
paboTaTh MOIXOSINE U3MEPUTEIbHbBIE BeIMUMHBI U eOUHUIIBI U3MEpeHNus, a
TaKKe CO3JaTh IMPAKTUYECKNE YCTPOIICTBA, KOTOPbIE OGYIYT OTCAEKUBATH OII-
TUYECKOe U3JIydeHue IJig MoAJepsKaHMs O6aronoayunsi U 3L0pPOBbSI Tak Ke,
KakK ¥ ApyT¥e yCTPOMCTBA U IIAT(OPMBI I TTepCOHATBHOTO MOHUTOPUHIA
300poBbs (LLVP 3).

2.6. I/IsMepel-me, Moage/JIMpoBaHue, BOCIIpUATHUE M BOCIIPOM3BEAECHME IIBETA

XOPOLLEE 300POBbE HOCTOHHAR PABOTA 1 YMEHBIWEHNE
W BNATONONYYUE W IKOHOMHYECKMA HEPABEHCTBA

L N
v/~ I >

Kaxk mpoMbllIeHHOCTh, TAK ¥ YacTHbIE JINiia IPUAAI0T 60JIbIlIOe 3SHAUeHMe [Be-
Tomnepenauye MCTOYHMKOB CBeTa, MCIIONb3yeMbIM MaTepuajiaM UM BCEBO3MOXKHBIM
oucruiessM. OmpenesieHye 1BeTa M BHEIIHETO BUa 0O0bEKTOB M M300pakeHMii CITo-
COOCTBYET YIYYIIEHUIO TOBCETHEBHOTO CAMOUYYBCTBMSI, HATIPUMED, YIydllasi KauecT-
BO M300pakeHs B OHJIAiTH-KOMMYHMKAIUSX, YBEIMUMBAST BO3MOXKHOCTM MEIUIIMH-
CKO TMATHOCTUKM U obecreunBasi KOHTPOJIb KauecTBa Ha mpousBogacTee (IIYP 3, 8,
9,12).

XoTs1 KOJIOpUMETPUSI, KaK IMPaBUIIO, SIBJSIETCS YCTOSBIIENCS OUCHMUIUIMHON C
KOMMEpPUYECKUMIU MpubopamMu Ijiss M3MEpPEHMS] CIeKTPajbHbIX BEIMUMH, B HAIIUX
(byHZaMeHTa/IbHBIX 3HAHUSIX U TPeOOBAaHMSIX €CTh ITPOOEJbl, BOSHUKIINME C PAa3BUTU-
€M HOBBIX TeXHOJIOTHi1, HallpuMep, TBePIOTEIbHBIX MCTOUHUKOB CBETa C Y3KMMMU T10-
nocamy usmydennsi. MKO cTpeMuTcs pvB/ieYb BHUMAaHME UCCIe0BaTeNel K onpe-
IeIeHUIO TToKasaTeseil, MHCTPYMEHTOB M3MepeHMsI, MeTOMIOB [epeHoca, YTo6bl oxa-
paKkTepM30BaTh COBPEMEHHBIE TIOBEPXHOCTM ¥ OOECIEeUNTh MPOCIEKMBAEMOCTDb U 3-
Mepenuit B cucreme CU, TeM caMbIM ITOAePKUBasi KOHTPOJIb KauecTBa. KOHKpeTHbIe
1[eJieBbIe 06/IACTY BKITIOUAIOT:

1. HocTuskeHUs B TOHMMAaHUM GU3NOIOTUYM 3PEHMS CITOCOOCTBOBAIM pa3paboTke
KoopumeTpuyrn MKO, oCHOBaHHO Ha (yHIAaMEHTaTbHbIX QYHKIMIX KOJIOO-
yeK, HO HaM MPeICTOUT elllé MHOroe y3HaTb O POJIM CBETOUYBCTBUTEIbHBIX
TaHT/IMO3HbIX KIeTOK ceTyaTku (ipRGC). MexXuHaMBUAyaabHOE pa3jindne oc-
TaeTcsl HeJOCTATOUHO M3BECTHBIM, OCOOEHHO B YaCTU €T0 BIMSHUS Ha MeTa-
MepusM Hab/opaTess. [IoHuMaHue 3Toi BapuabeTbHOCTH SIBJISETCS IaroM K
CHVKEHMIO HEPaBeHCTBA IyTEM CO3JAHMUS CUCTEMBI, CIIOCOOHOM YUMTHIBATD
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pasmuuus B 3peHun (LIYP 10) u noggepskuBaeT o61nyio Temy 1.2 «HHKa03U8-
HOe U cnpaseonusoe 0ceeueHue».

V3mepeHre mapamMeTpOB BU3YaJbHOTO BOCHPUSTUS — B YaCTHOCTHM, IVISHIIA,
TEKCTYpPbI, TPO3PauyHOCTH, Ojecka U GelINu3HbI, a Takke GoJIblliee YMCIO Teo-
MeTpUUYeCKUX IapaMeTpoB, YeM 3TO ObLJIO IIPMHSTO paHee, — IMO-IIPEKHEMY
MMeeT MepBoCTeneHHoe 3HaueHue s ucciegoauuii (IIYP 9, 12).

DKCIePThI He TPUIIJIMA K eITHOMY MHEHMIO O TOM, Kakast reoMmeTpust GyHKIUU
pacripefeneHus AByHarnpasieHHoro orpaxenus (BRDF) (pasmep, nonspusa-
s, Gopma M OFHOPOIHOCTh OCBEIEHHOM 061acTy) GyaeT MOmXOasIeit i
crangapTtHbiX o6pasios (LIYP 9). Kpome TOro, ecjiy UCIOIb30BaTh YIPOILEH-
HYI0 TeOMEeTPHIO, TO BO3HMKAET HeOOXOOMMOCTh B KOJIMYECTBEHHO OIleHKe
MOTPEIHOCTY U3MEPEHUIA.

IMokyrmast ToBaphbl OHJIAIH, TOTPEeGUTENM IPY BbIOOPE OJIAraloTCs Ha YCTPOii-
cTBa oTobpaxkenus: nHbopmanunu. OHU OKUAAIOT, UTO M306paskeHMe, KOTOPOe
OHU YBUIST, GyIET TOYHO COOTBETCTBOBATb TOBAPY, KOTOPHIN i OHU IOTYUAIOT.
[Tepemauva 11BeTOIEpEAAUM C PEIbBHOTO 00beKTa Ha YCTPoiicTBO (hopmupoBa-
HMST M300pakeHNs, a 3aTEM Ha YCTPOVICTBO OTOOPAKEHMS SBIISIETCS CJIOXKHOI
3a/1aveii, M B CyIIeCTBYIOIIMUX MojensX 1iBetonepenaun MKO nmeroTcs mpo6e-
JIbl B 3HAHUSIX, HAaIpyMep, B OTHOLIEHUY 3KCTPEMaIbHBIX YCIOBUIA SIPKOCTU U
60Jiee CIIOKHBIX YCIOBUIA MPOCMOTPA. MOKHO OKMAATH, YTO MOBBILIEHNE TOY-
HOCTU 1[BeToIepefaun NMpuBefeT K COKpallleHMI0 YKcia C1ydaeB, CBI3aHHbIX C
pasouapoBaHueM norpebureneit (IIYP 12).

Jlj1s yCelTHOTO BHEAPEHUS YCTPOICTB AOMOJIHEHHONM peanbHOCTU (AR), BUp-
TyasnbHO peanbHocTU (VR) U pacuiMpeHHo peanbHocTH (XR) TpebyeTcs BuU-
3yaynbHasl MHGOPMAIMS 0 BHEITHEM BUE K&XKOOT0 0TO6PaskaeMoro 3j1eMeHTa
(IIVP 9). OTu HOBBIE TEXHOJIOTUM TAKXKe BBIUTPAIOT OT MCIOJb30BaHMS OaH-
HBIX O peaJbHbIX IIBETOBBIX TAMMAaX KOHKPETHBIX ClIeH 1 U300paskeH nil.

i1 HeomHOPOAHBIX 3D-06beKTOB HEOOXOAMMa CUCTeMa MeTPOJIOTHM, KOTO-
pas o6bemuHseT 3D-dopMy, JIOKATbHYIO TEKCTYPY U CBOJCTBA, BAMSIONIME Ha
BHenrHMi1 Bua. Co3maHue YCIOBUIA IJIT BOCIIPOM3BEAEHMS KeJlaeMbIX (GOpMm,
LIBETOB ¥ BHEIIHETO BUAA MTOBEPXHOCTU 3D-06HEKTOB SIBJISIETCS CIOXKHOI 3a-
Jaueit, HO TIpe[CTaBisieT 6OMbIION MHTEpeC sl TPOMBINIEHHOCTHU. V3Mepu-
TebHbIE TPUGOPHI, TPOTOKOJIBI U CPENCTBA KATMOPOBKYM TaKKe SIBJISTIOTCS Ya-
CTBIO 3TOW 3amauy. XOoTs 3D-MeuaTrh COMPSDKEHA C OCOOBIMU TEXHUYECKUMMU
TPYAHOCTSIMM, 3TU YCUIUS ONpPaBIaHbl COIMAIBHBIMM U IKOJOTUUECKUMU
npeuMyllecTBaMyu TOYHOM 3D-1evyaTti. BO3MOXXHOCTh MECTHOTO MPOU3BOJCT-
Ba TOBApOB, BK/IIOYAsI KOMILJIEKTYIOIIVE IJiT 060pyIOBaHMs TI0 3a1pocy, 6buia
6Bl TOpPa3lo MeHee 3aTpaTHOI, YeM ITPOM3BOMACTBO, TPAHCIIOPTMPOBKA U TO-
clenyloliee XxpaHeHue 60JIbIIOTO KOIMYECTBA, BOSMOKHO, HEHYKHBIX TOBAPOB
(IIYP 9, 12).
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HNCCIEAOBAHUE CYBBEKTUBHOI'O BOCIIPUSATHSA
XYJIO’)KECTBEHHBIX TPAOUYECKUX ITPOU3BEJEHUN ITPU
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THE STUDY OF THE SUBJECTIVE PERCEPTION OF ARTISTIC
GRAPHIC WORKS UNDER DIFFERENT LIGHTING CONDITIONS
AND BRIGHTNESS CONTRASTS
Dvoretskova E.A., student; Lyezhova E.S., Head of the museum lighting
department of the company ""Tochka Opory''; Makarov D.N., Ph.D.,
senior lecturer, NRU "MPEI'', Moscow

AHHOTAIUSA

Jannas pabora TOCBSIIEHA WCCIEIOBAHUIO TOTO, KaKWe BapHaHTHI
OCBEIICHUS KapTHH, BBHITIOJHEHHBIX B TpaduKe, M KaKoil SPKOCTHON KOHTpacT
MeXTy H300pakeHHeM U ()OHOM SIBISIOTCS HauOoJee MPeaIOYTHTEIbHBIMU
uis HaOmogarened. B nmampHeimem, Omaromapsi JaHHOMY HCCIEIOBaHUIO,
MOYKHO OyZIeT BhIpa0OTaTh HOBBIH MOJIXO/ K My3€HHOMY OCBEIIICHHIO.

B xoxe nanHOW paboThl OBUIO TMPOBEACHHOTO HCCIENIOBAaHUE Ha
MpeIMeT BBISIBICHUS 3aBUCUMOCTEH TIpeNNouTeHWH HaONroaaTeneii mpu
BBIOOpE IIBETOBOW TEMIIEPATYpPHI, OCBEHICHHOCTH M SIPKOCTHOTO KOHTpAacTa
MEXIy N300paKeHUEM U (POHOM.

Jns  NOCTIKEHHS TIOCTABICHHOW MeNW OBUTH TPOaHAN3UPOBAHBI
JUTEpaTypHBIC JaHHBIC, KOTOPHIC MO3BOJIMIM KAa4eCTBEHHO TMOATOTOBHUTHCS K
OKCTIICPUMEHTY. bbllla CIIpOCKTHpOBaHA M CO3J[aHa JIabOpaTopHas yCTaHOBKA
JUIsl TIPOBEJICHHsI DKCIepuMeHTa. Takke Obuia paszpaboTana W co3gaHa
nporpamma B cpene MATLAB mo o0paboTke 3KCepUMEHTANBHBIX JTaHHBIX
JUTSL  BBISIBJICHHMS 3aBUCUMOCTEH mpeamnouyTeHuit Habmogareneii. Ilocie
MOJTOTOBKMA OBUT TPOBEJEH OSKCIIEPUMEHT C Yy4YacTHEM HaOJroaaTenen
METO/IOM SKCIIEPTHBIX OIICHOK.

B pe3ynbTare uccnenoBanus ObLIH IMOJYYEHBI HCKOMBIE 3aBUCHMOCTH U
C/IeTIaHbI BHIBOJIBI, KACAIOIIUECS MPEANOYTCHUN HAOII0IaTeNIeH, a TaKkKe JaHbl
PEKOMEHIAlMU TPU MPOCKTUPOBAHUH MY3EHHOTO OCBEIICHHS JUis paboT B
rpaduke Ha OCHOBAaHUH JIAHHOTO UCCIICIOBAHUSI.

Abstract

This work is devoted to the study of which lighting options for paintings
made in graphics and which brightness contrast between the image and the
background are the most preferable for observers.

In the future, thanks to this research, it will be possible to develop a new
approach to museum lighting.
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In the course of this work, a study was conducted to identify the
dependencies of observers' preferences when choosing color temperature,
illumination and brightness contrast between the image and the background.

To achieve this goal, the literature data were analyzed, which made it
possible to prepare qualitatively for the experiment. A laboratory facility for
conducting the experiment was designed and created. A program was also
developed and created in the MATLAB environment for processing
experimental data to identify the dependencies of observers' preferences. After
the preparation, an experiment was conducted with the participation of
observers using the method of expert assessments.

As a result of the study, the desired dependencies were obtained and
conclusions were drawn regarding the preferences of observers, as well as
recommendations were given when designing museum lighting for works in
the schedule based on this study.

KuaroueBbie cjoBa: MysellHOE  OCBEIIEHHE, SIPKOCTHOM  KOHTPACT,
rpaduueckue n300paskeHus, IBETOBAs TEMIIEPaTypa, OCBEIIEHHOCTb.
Keywords: museum lighting, brightness contrast, graphic images, correlated
color temperature, illumination.

Beenenne

OcBelieHre My3eeB — OJHAa M3 CaMbIX CIOXKHBIX 3ajad, TpeOyromas
NPUHLMIIMAIBHO pa3HbIX IOAXOJOB B  3aBUCUMOCTHM OT XapakTepa
NPEJCTABICHHBIX JKCIIOHATOB, ApPXUTEKTYpPHBIX OCOOCHHOCTEH 3aaHMA,
0COOEHHOCTEH TOCTPOCHHS OKCHO3MIWHU. [Ipy OCBEHmIEHMHM HKCIOHATa
HEOOXOMMO YYUTHIBATH MHOKECTBO (PaKTOPOB, TAKUE KaK: OCBEIICHHOCTh Ha
9KCIIOHATE, [[BETOBYIO TEMIIEPATYPY, A€MOHCTPAIMOHHYIO TOJOBYIO CBETOBYIO
9KCIO3UIHIO, U T.1.

Ha naHHBII MOMEHT BpeMeHH, Bce TpeOoBaHMSA, KOTOpbIE
npeabsBisitorcs B ['OCT P 70835—2023 «My3seiiHoe OCBEIIEHHE.
Ocgemenne cetoguoaamMu. Hopmbe» [3], HampaBieHbl Ha COXpPaHHOCTH
MY3E€HHBIX JKCIIOHATOB M YIOOCTBO HMX PACCMOTPEHHUS Ui IOCETHTENen
My3€eB, B TO BpeMs KaK C TOYKH 3PEHHs 3CTETHKH CIEAYyeT YUUTHIBAThH TO,
HACKOJIbKO TPaBWJIBHO TMPENOAHECEH MY3€HHBI OSKCIIOHAT 3PUTEIIIO,
HACKOJIBKO MpEeJICTaBIeHHE PACKPBIBAET 3alyMKy aBTOPa WU OPTaHHU3aTOPOB
BBICTABKHU.

JUis pacKpbITHS STHX MOMEHTOB clielyeT oOpaliaTh BHUMAaHUE Ha TaKue
BELIM Kak: SPKOCTb HKCIIOHATA, SIPKOCTHOM KOHTPACT MEXIY IKCIIOHATOM M
¢doHOM, Kakas KOppeNIMpOBaHHAs I[BETOBas TEMIEpaTypa JIydlle BCEro
MOAXOIUT JIJIsl OCBEUICHHSI JAHHOTO 00BEKTa U T.1.

MeTtoabl uccief0BAHUS
Jns  wccnemoBanusi Oblla co3naHa jabopaTopHash — yCTaHOBKA,
BKJIIOUArOIias B ce0s sKcrmo3uiuonubie ceTuinbHuku JJCO80-02 015 3000K u
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JICO80-02 025 4000K, cBerunpHuk obOmero ocsemenuss FM-TR65-C20W
TpU W300paKEHUS Pa3HOW CBETIOTHI W TpU (oHA pa3HOH CBETIIOTHI
OKCIIEpUMEHT MPOBOJIWICS B TMOMEUICHWH, H30JMPOBAHHBIM OT BHEIIHUX
HCTOYHUKOB CBETA.

CxeMa OKCIIEPUMEHTATBHONH YCTAaHOBKH, pa3Mephl H B3aUMHOE
pacnojoxeHne o0beKTa HaOmoeHusl (KapTHHa B rpaduKe), OCBETUTENBHBIX
MpUOOPOB M HaOJIOIaTE s IIPEICTABICHBI HAa PUCYHKE 1.

Puc. 1. Cxema sKkCniepuMEHTAILHOW YCTAaHOBKHU: | — 3KCIIO3UIIMOHHBIE
CBETHJIBHHKH; 2 — CBETWIBHHK OOIIEro ocBelieH s ; 3 — muHonposoa i OIT;
4 — cMmeHseMbIi (OH; 5 — 00BEKT (IKCMOHAT) HAOMIOACHUS; 6 — HabJII0JaTeNh

B kauectBe 0OOBEKTOB HCCIENOBaHUS ObUIM BHIOPAHBI TPH KapTHHBI
BBITIOJTHEHHBIX B TpaduKe, CMEHAUIMecs Ha (oHaxX HYEepHOro, Ceporo u
0enoro 1mMBETOB.
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Tak ’xe mepea HayajaoOM HPOBENEHUS SKCIIEPUMEHTa OBUIM HW3MEPEHBI
SPKOCTH W300pakeHUH W (OHOB TMpPH BCEX BapUaHTaX OCBEIICHUS U
paccuynTaH SpKOCTHOW KOHTPACT MEXKITY HUMHU.

Tak Kak Mpu U3y4E€HUU METOIOB MY3€HHOTO OCBELEHHS MPEICTABISIOT
WHTEpEeC B3aMMOJEHUCTBUE YEIOBEKA C MY3€HHBIM IKCIIOHATOM U €r0 peakuus
Ha pa3Nu4yHbIE CLEHApUHM OCBEHICHHS, B KA4yeCTBE METOJa OLCHUBAHHUS
pe3yabTaTOB ObLT BEIOpaH METOJI CyOBEKTUBHBIX OLEHOK.

B kauectBe HaOmronaTenei-skCnepToB JUIsl SKCIEpUMEHTa ObUIN
BBIOpaHBl CTYJIEHTBl M IpernojaBaTeNu Kadeapbl CBETOTEXHUKU. B poim
KOMIIETCHTHBIX HaOIIoaTeNeil BBICTYMAIOT MPENoJaBaTe W CTYACHTHI,
nMeroniee o0pa3oBaHue W/WIM pabdOTAIONINE B CBETOTEXHUYECKOW oTpaciiu. B
PO TPEHUPOBAHHBIX HAOOAATENeH BEICTYIAIOT CTYACHTHI, HE TIOJTYYHBIIHEC
o0Opa3oBaHue U HE padOTAIOINE B CBETOTEXHUYECKONH OTPACIIH.

OKCIepUMEHT TPOBOAMIICS CIEAYIOMIMM 00pa3oM: DJKCHEepTy MpH
NONAJIaHUM B TIOMEUICHHE, TJe MPOBOAWICA OSKCHEPUMEHT, JaBajioCh
3-5 MHHYT Ha aJanTaudio K HHU3KHUM YpPOBHSIM oOcBeuleHHOcTH. [locme
OKCTIEPTY 3aYUTHIBAJIACh MHCTPYKIHS JUISA TPOBEACHUS HKCIEPUMEHTA, 3aTeM
JaBaiach CepHsl NPEABSIBICHUI, COCTOSIIAas W3 TPEeX KapTUH DPa3TUIHOM
CBETJIIOTHI Ha TpeX ()OHAX PA3IUYHON CBETIIOTHI MPHU BAapUAHTAX OCBEUICHHS
Ty = 4000K, E = 50 nx; Ty, = 4000K, E = 70 nk, T, = 3000K E = 50 ik,
Ty = 3000K, E = 70 nk. Ilepen kaxAapIM HpeIbsSBICHUEM MNPOU3BOJNIACH
IIpOBEpKa BBICTABJICHHOIO YPOBHS OCBELICHHOCTH. Bcero Ha kaxaoro
HaOIoIaTeNs MPUXOAWIoch 36 mpembspienuii. OlieHUBaHUE TPETbIBICHUN
MPOBOJAMIOCH Ha OCHOBE ISTHOAJUIBHOW mIKanbel. Bcero B skcmepumente
npussio yyactue 31 yenoBek. M3 Hux 24 SBISUIMCH TPEHUPOBAHHBIMHU
HaO0JII01aTeNIIMY, 7 KOMIIETEHTHBIMH HAa0MI0AAaTEIISIMHU.

Pe3yabTaTnl

B pesynbrate 00pabOTKM JaHHBIX C TIOMOIIBIO TPOTPAMMBI,
HamMcaHHOW B cpeae Matlab, ObTM TONyYeHBI TpadUKd 3aBUCUMOCTEH
Y4acTOTHl BBIOOpA TEX WJIM WHBIX NPEIbSIBICHUI OT SIPKOCTHOTO KOHTpACTA.
Jiis 06paboTku Opairch TaHHBIE IO KaKAOMY MPEIbSIBICHUIO, OLIEHIBAEMBIE
KaK «XOpOIIO» WA «OTIMYHO», YTOOBI IO TIONYYEHHBIM 3aBUCHMOCTSIM
MOXXHO OBUIO TOHATH, KaKOW NPOIECHT HaONromaTeNneil cyYuTaeT JIaHHBIC
TPEIbSBICHNS KaK MUHUMYM «XOPOIITHMM.

Ha rpajuxe kpuBble, oOO3Hayaromue T€ WIM MHbIE BapUAHTHI
OCBEIICHHUS, pACIOJIOKEHBl BBIIIE, €CIM HMX TpeArnoyuTaeT Oosbliee
KOJINYECTBO HalironaTteneil W, COOTBETCTBEHHO, HIDKE, €CIIM MX BBIOMpaeT
MeHbIlee KOMn4ecTBO Halmronarteneil. Takum o0pa3om, MBI MOXKEM TTOHSTH,
KaKye BapUAHThI OCBEICHHS SBISIFOTCS 00JIee PEANOYTHTEIbHBIMH.

[lpu paccMoTpeHnn rpaduKoB, MOXKHO 3aMETHTh, YTO IMPEANOYTCHUE
oThaercss Ooyiee BBICOKMM I[BETOBBIM TeMIlepaTypaM U 0osiee BBICOKMM
YPOBHSIM OCBEIIEHHOCTH HA TOBEPXHOCTH KapTHHBI.
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0 1 2 3 4 5 8 T 8 9
Puc. 3. 3aBuCHMOCTB 4aCTOTHI BBIOOPA OT SIPKOCTHBIX KOHTPACTOB
JUIs BCEX BAPUAHTOB OCBEIICHUS

Eciu roBopUTh O SIpKOCTHBIX KOHTPAcTaX, U O TOM, KaKO€ BIUSHUE OHU
OKa3bIBAIOT Ha BHIOOp HaOMOgaTeNs, BUIHO, YTO KPHBBIC PACIOJIOKECHHBIC
HIDKE, a, CIIEOBATEIbHO, MEHEE IMPEINOYTHTENbHBI, U3MEHSIOTCS B Ooee
3HaYUMOU CTENEeHH, YeM KpHUBBbIE PacIoioKeHHbIe Bbllle. COOTBETCTBEHHO,
MOJKHO CJHIeaTh BBIBOJ O TOM, YTO SPKOCTHOW KOHTPAcT MMeeT Ooiibiiee
3HAYEHHE JJIs1 MEHEee MPEANOYTUTENBHBIX BAPUAHTOB OCBEILICHHUS.

O06cy:xnenne

Ha xondepenmum «CeT B My3ee» 2024 ronma ObULIO TpEACTAaBICHO
UCCIIEIOBAHUE 110 BOCHPUSATUIO MACISTHOM >KMBONHMCH B 3aBHCHUMOCTH OT
IBETOBOW TeMIieparypbl. DkcrnepuMeHT npoxoaun Bo BHUCH, B Hem Obu1O
3aJIeCTBOBaHO Oosee cTa 4enoBeK. JlaHHBIN SKCIEpUMEHT IMOKas3all, 4TO
HaOJII0/IaTeNId OTHAIOT MPEANOYTeHHE OoJjiee BBHICOKMM YPOBHSIM I[BETOBOM
TEMIIEPATYPHI.

JlaHHbBIE 3TOrO 3KCIEPUMEHTAa COBIAAAIOT C TEMHU, YTO MPEACTABICHB! B
HACTOALLEM MCCIIEIOBAaHUM, OJHAKO, OCTaJbHbIE IapaMEeTpbl TaKHe Kak
SAPKOCTHOH KOHTpPAcT MeXIy (OHOM M H300pakeHHEM, a TaKke YPOBEHBb
OCBEIICHHOCTH Ha KapTHHE B MOJJOOHOM KITIOUE paHee HE HCCIIEOBAIHCH.

BroiBoasl

OO0mye TeHIEeHIIUN, KOTOpPhlE MOXXHO BBISBUTH TPH H3yYEHUH
rpaduKoB, TOTYYEHHBIX MPU 00PaOOTKE PE3yNbTATOB, CIEAYIONIHE:

1) TIlpu paBHBIX 3HAaYEHUAX OCBEIICHHOCTH Ha  KapTHUHE
KoppenupoBaHHas — 1BetoBas Temmeparypa 4000K  sBnsercs  Gomee
MPEATIOYTUTENHHOM 1715 HaOmomareneit, yem 3000K.

2) IIpu paBHBIX 3HAUCHUAX LBETOBOW TEMIEpaTyphl HAOIIOIATETh
OTJIaeT MPEANOYTEHNE BAPUAHTY € OOJIbIIIEH OCBEIIEHHOCTHIO HA KaPTHHE.
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3) Uem Oosee mpeaNOYTHTENHHBIM SIBIISIETCS BapUAHT OCBEIICHUS
JUIs HaOmofarens, TEM MEHbIIee 3HAaYeHHE HMEeT SPKOCTHOW KOHTpAacT
MEXIy H300paKeHUEM U (POHOM.

UeM MeHee MTpPEIIOYTUTEIBHBIM SIBISETCS BapHAHT OCBEINEHHS IS
HaOmoaTenss, TeM OoJiblliee 3HAYEHHE MMEET SIPKOCTHOM KOHTPACT MEXIY
n3o0paxeHneM 1 (HOHOM.
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AHHOTAIUA

B Hacrosime#t paboTe MPOBEACHO BCECTOPOHHEE HCCIICOBAaHUE
napameTpoB Oe3anekrponHoit CBY pryTHO-aproHoBo# yibTpaduoIeTOBON
(Y®) maMmbl HU3KOTO  JIaBJCHHS, KOTOpas TPEACTaBIsAET  CcOOOM
NEPCHEKTUBHBI HMCTOYHUK OAKTEPUIIMTHOTO HM3IYYeHUS U Ne3UH(EKIHN
BOIBI W BO3ayxa. PaspaboraHHas aBTOpaMH TEOpPETHYECKas MOJEINb
OXBaThIBaeT KJIIOUEBBIC (PU3UUECKUE MPOIECCHI, Takhe Kak audys3us, 3axsar
(TuteHeHne) 1 peabCcopOITsa U3TYICHHS], UTO TTO3BOJISIET C BEICOKOW TOYHOCTHIO
NPOTHO3UPOBAaTh  A(P(PEKTUBHOCTh  KOMOMHUPOBAHHOTO  BO3JCHCTBHS
CBY-m3nydenns, Y®-uznyuenuss u ozoHa (O3). B mogenu yuuThiBaeTcs
BIUSHUE DPa3IMYHBIX BXOJHBIX MApaMeTpPOB JaMIlbl, TAKHX KakK JaBIICHHE
PTYTH ¥ aproHa, a TaKXKe YCIOBHS Ta30BOTO paspsja Ha BBIXOJHBIC
XapaKTepUCTHKA CHUCTEMBL. TakoW TOAX0N OOecreynBaeT BO3MOXKHOCTD
ONTUMH3AIHNN PAad0YHX IMapaMeTpOB JIAMIIBI JJISl TOCTHIKEHUSI MaKCHMaIbHOM
MPOM3BOJUTEIBHOCTH W TOBBIMICHUS J(PPEKTUBHOCTH OAKTEPUIHIHOTO
neiictBus. MccnenoBanue IMokKasano, YTO MOBBINICHHE TABICHUS PTYTH IO
0.15 Topp u aprona no 0.85 Topp IPUBOAUT K yBeIWYCHHUIO KO3pPuIrenTa
noneznoro geiictBust (KIIJ) mammer, mocturas 3Hauenudt jgo 70%. Otn
pe3ynbTaThl ~ MOT'YT  OBITh  HCIIONIB30BaHBI  MpH  pa3paboTke U
COBEPIICHCTBOBAHUM TEXHOJOTHHA Je3MH(EKIMH BOIBI W BO3AyXa, UYTO
0COOCGHHO Ba)XKHO B YCJIOBHUSX YXYAIIAIOIICHCS HKOJOTHYECKOH CHUTYAIlHH,
pocta uucna WH(EKIMOHHBIX 3a00JeBaHUN ¥ YCWICHUS TpeOOBaHHN K
caHutapHoii  Oe3omacHocTu.  [lomydeHHBIE  JaHHBIE  TOAYEPKHBAIOT
MPAaKTHYECKYI0 3HAYMMOCTh W HEOOXOJAMMOCTh JAbHEHIIMX HCCIeI0BaHUMN
JUTst co3fianust Ooiiee A (HEKTUBHBIX U HAJIEKHBIX HCTOYHUKOB Y D H3ITydeHusI.

Abstract

This study presents a comprehensive investigation of the parameters of
a low-pressure electrodeless microwave (MW) mercury-argon ultraviolet
(UV) lamp, which serves as a promising source of bactericidal radiation for
water and air disinfection. The theoretical model developed by the authors
encompasses key physical processes such as diffusion, trapping, and
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reabsorption of radiation, allowing for a more accurate prediction of the
effectiveness of combined exposure (MW+UV+03). The model accounts for
the influence of various input parameters of the lamp and gas discharge
conditions on the system's output characteristics. This approach enables the
optimization of the lamp's operating parameters to achieve maximum
performance and enhance bactericidal efficiency. The study revealed that
increasing the mercury pressure to 0.15 Torr and argon pressure to 0.85 Torr
leads to a significant increase in the lamp's efficiency, reaching up to 70%.
The results of this work can be applied in the development and improvement of
water and air disinfection technologies, which is particularly important in the
context of environmental pollution, the rise in infectious diseases, and the
increasing demand for sanitary safety. These findings underscore the practical
significance and necessity of further research to create more efficient and
reliable UV radiation sources.

KaroueBsble ciioBa: 6e331eKTpoaHas pTyTHO-apronosas CBY mamma, nepeHoc
V3ITY4YCHUS
Keywords: electrodeless mercury-argon microwave lamp, radiation transfer

Beenenune

B mocnennue necstunerus mpobiieMa Ae3MH(EKIUU BOJIBI U BO3AyXa
cTama oco0eHHO akTyanpHOW. C  POCTOM UHUCIEHHOCTH HAaCEJICHMS,
W3MEHEHUEM KJIMMaTa M YBEJIWYEHHEM IIPOMBILIUIEHHOTO IPOU3BOJCTBA,
KAauecTBO BOJABI M BO3[yXa 3HAYUTENBHO YXYIIIMIOCh. OJTO MPHUBEIO K
MOBBIIICHUIO PHUCKA BO3HUKHOBEHHMS W PACHPOCTPAHEHHUS Pa3IMYHbIX
MHQEKIMOHHBIX 3a001eBaHnil. B CcBSA3M ¢ 4yeM, BO3HHKAaeT HEOOXOIMMOCTH B
Pa3BUTUM HOBBIX TEXHOJIOTHH, OCHOBaHHBIX Ha NPHUMEHEHWH HMCTOYHHUKOB
OaktepunuaHoro Y® wuznyuenus. B nmaHHOM Kiroue 0coOBI  HHTEpec
JIEMOHCTPUPYIOT 0e33JeKTpoaHble IumuHIpuueckue (Tpybuateie) CBY
PTYTHO-aprOHOBBIE JIAMIIBI, KOTOPBIE MOIYT COCTaBUTb KOHKYPEHLUIO
TPaZMLMOHHBIM TIa30pa3psAHbIM JlaMIaM € BHYTPEHHUMH 3JIEKTPOAAMH, a
TaKKe OMNEepeX alT 10 HHEPro-3KOHOMUYECKHM  IOKa3aTelsiM  OypHO
pasBuBaromuecss B Hacrosimee Bpemss Y® cBeromunoapl. OTIMYMATENbHAS
0COOEHHOCTH JaHHOrO wucTtouHuMka wusnydeHuss (MU) 3axmrouaercss B
KOMOMHHPOBAaHHOM BO3JICHCTBUH CBUY+Y®+03 U3JIy4YEHHUS Ha
obpabareiBaeMyto cpeny. JiMHa W AuMaMeTp TakuX JaMI MOTYT OBITh
MPaKTHYECKH  JIOOBIMH, B 3aBHCHUMOCTH  OT  THma  KojeOaHui
anekrpomarautHo BoiHBl (TEM, TE, TM) [1]. Opnako, mpu MaccoBOM
BHE/IPEHUN TaKUX YCTPOWCTB, BO3ZHMKAeT OCHOBOIOJAraiomas mpoodiema,
KOTOpasi 3akKoYaeTcs B ONPEACICHHHM M 00ECNeYeHMH MaKCUMAalbHO
BO3MOXKHOTO KO3(ppUIMEeHTa TIepejaud SHEPTUU HAKAYKH B TOPEJIKY BO BCEM
WHTEpBalie BPEMEHH — OT MPEACTApPTOBOTO COCTOSHUS JI0 YCTaHOBIICHUS
CTallMOHAPHOTO pexuma 0e33JeKTpoAHoro paspsaga. K coxaneHuto, Ha
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JIaHHBII ~ MOMEHT  HW3BECTHO  KpallHe  Mallo  TEOpeTUYECKUX |
OKCIEPUMEHTAIBHBIX ~ MCCIEOBAaHUM,  MO3BONAIONIMX  JaTh  BHITHOE
000CHOBaHNE MOBEACHUIO JIAHHOTO HUCTOYHUKA Y ®-n3nyueHusl.
Heonpenen€HHbIME OCTAIOTCS BIHMSHUS TAaKUX KITIOYEBBIX (PAKTOPOB, Kak
reoMeTpuyeckue mnapamerpsl (paamyc R wm gmmHa L ymammel, mapameTpsl
paspsiza (JaBIeHUE PTYTHU Pyg U APTOHA Pya), @ TAKAKE MPOLIECCHI peadcopOuuH,
TieHeHus u audys3un u3nydenus Ha GyHKIIMOHUPOBAaHUE JIaMIibl. B cBsi3H C
3TUM, OCHOBHOE€ aKILIEHT JeJaeTcsi UMEHHO Ha pa3paboTKe TeopeTHYecKoil
MOJIeJIM, KOTOpas IO3BOJUT OCYLIECTBUTh OTOOp Haubojee ONTHMAaJIbHbIX
ycIoBHI pabOThI TaMIBl M CO37aBaTh BBICOKOI((PEKTHBHBIE UCTOUHUKU Y D
M3ITyYEHHs] Ha OCHOBE pa3ps/ia JAaHHOTO THIIA.

MeTton ucciief0BaHUA

Jnst GopmMupoBaHUs MOJIENH BBIACIMM €€ OCHOBHBIE (HU3UYECKHE
npuHIMNbl. Pedb moizer o0 3MeKTPOMarHMTHBIX Ipoleccax B aHcamOre
YacTHIl, KOTOPbIE MOTYT OIHCHIBATECS KHHETHUYECKUMH YPAaBHEHHSIMH B
NpUOIMHKEHUH JIOKAIBHOTO TepMoanHamudeckoro pasHosecust (JIT/IP) [2]. B
TAaKOM CJIyda€ MOKHO MPHHITb, YTO MEXaHWU3M IIEPEHOCAa H3IYUYCHHS He
OKa3bIBaeT 3HAYMTEIBHOIO BIUSHUS HAa HM3MEHEHHE paclpeiesieHus
TEMIIEpPaTypbl BHYTPU JIaMIbl, HMeEMOIeld ¢GopMy UWIHHIpPAa C HEKHM
paauycoM R. DTo naeT BO3MOXKHOCTH MPEACTABUTH CUCTEMY YpaBHEHUH
KUHETUKHM M TEepeHoca M3JyYyeHHs Ha OCHOBE MNpOCTelIIel IBYXypOBHEBOU
cucreMsl [3]:

1 . .
Zoiity = Ayt =Wty + m, + V(DY) + [z, . D[B 1, —B,n, | P(v)didv,

A.V)L, (D =K, (0)B, () - &, (") L, (x.D), )
rne  Z, — 4YacTOThl peaKIHii, COOTBETCTBYIOIINE CTOJKHOBHTEIHHO-
paIuanoHHbIM IIpoIieccaM 3acelieHus ypoBHA 2, P(v) — (QYHKLUS KOHTypa
CTIEKTPANbHOW IJIMHUU W3Iy4YeHus, Ay;, B, u By — K03QUITHMECHTHI
Ditamreiina, » — xodpduuuenT pdy3un aTOMOB COpTa 25 w, U w, —

BEPOSTHOCTH CTOJKHOBEHUH aTOMOB NP yJIAPHOM BO30YKIEHUH U TYIICHUH.

Jlis pemieHuss JaHHOW CHUCTEMBI YpaBHEHHMH aBTOPBI MpPEIJIaraloT o0JacTh

o0péMa nHMIMHApPUYECKOW Jyammbel V' pa3dutb Ha M KyOMYecKHX

nogo0bEMOB — BoOkcene (puc. 1), rae KaxaoMy TaKOMy BOKCEIIO
M

COOTBETCTBYET CIMCOK OOBEKTOB, HAXOISIIMXCS B HEM: V=Y AV,, rae AV; —

i=1

KyOHnueckue 3JieMeHTHI (BOKcenn) nekapToBoil 3D-ceTku.
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(xy,2) > 1

N

s

xy.2) >k
Puc. 1. KyOuueckas quckpernsanus nuinHapudeckoro M

B Takom cnyyae paccTosHuME MeXIy TOYKaMH I U I Oyzder
ONpeeIAThCS KaK:

pAr—t ==X + (=Y +(z=2) Al )
€ X,y,Z — LeJOYUCICHHBIE KOOPAMHAThI BOoKceseit, a A =YAV _ nnuna

pebpa Bokcensi. COmoOCTaBUM BEKTOpaM KOOPIWHAT (X,Y,7), (X,y,z) UHIEKCHI I
U k JUTs KaXKIOW Tapsl AeMeHToB: (x,y,2) — i; (x,y,2) = k; ,k=1,..M

Pu =5 —x )+ (=3 +(5,—2,)" Al (3)

Jns yuera Bcex mepecedyeHHBIX BOKCENE Ha ITyTH MEKIY DJIEMEHTAMH |
u k pa3paboTaH cleAyIOUi aJropuT™ TPaCCUPOBKH JTyUeH:

. YcranaBnuBaroTcs ~— HayalbHas W KOHEYHas  KOOPJUHATEHI,
COOTBETCTBYIOIIUE 3JIEMEHTAM C UHAEKCAMH I U K;

2. PaccuuthIBaroTCA yribl HaKkiIOHa ayda £X = p/ max (p.py.p.), £Y W
27

3. Boruucnsrores paccrosnus (hyhy,h;) 13 HauyaJlbHON TOYKU 10 rpaHel
IIEPECEYEHHUs] C COCEAHMMHM 3JIeMEHTaMM. MUHMManbpHas M3 3THX
BEJIMUUH ONpeeIsieT PACCTOSIHUE, KOTOPOE BO3MOXKHO IPONTH BIOJb
nyya k — i, IpH 3TOM OCTaBasICh B IIpe/ieax TEKYILEro 3JIeMEeHTa;

4. PaccuuThIBalOTCS HMHKPEMEHTBHI I K&KIOM U3  KOMIIOHEHT
Ah, = Al/2X, Ahy n Ah,, K MHHUMallbHOMY Ha JaHHBII MOMEHT
paccrosHuto  min  (hy,hy,h;) TpuOaBiseTCs ~ MHKPEMEHT, a
COOTBETCTBYIOI[Asl KOOPAMHATA YBEIMYMBAETCA Ha (PUKCHUPOBAHHBIN
mar y ;

5. OcyrecTBasieTcs: Mepexo] B APYyrol BOKCEIb;

6. ILyHKTBI 2 — 5 TIOBTOPSIIOTCS JI0 TE€X IMOp, IMOKa He OYAET TOCTUTHYTA
KOHEYHas TOYKa B BJIEMEHTE .

Torma mocie Bcex TONCTAaHOBOK perieHue cuctemsr (1) Oymer
MPENICTaBIATh CIeAyIolIee:
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— K, eXp [—K‘w r— r'|]¢13r'P(a))da) =n,(r)Z,, (4)

’

A, n, —w,n, +w,n +V(D,Vn,) A [
4z, e-r

n, "
|

o€ ,-Y~"Va — Kpyromas 4acToTa, 4TO0 P(w)=27zP(v),Av — MOIyLINPHUHA
Av

CHEKTPAJILHOW JIMHUH, 3aBUCSAIIAS OT (POPMBI KOHTYpA.
B Takom ciay4ae MBI MOXKEM JIETKO TIEPEHTH OT MNPOCTEHIIEro
JBYXYPOBHETO CiIy4as K MHOTOYPOBHEBOM cHCTEMe aToMa PTyTH:

r 6
Agn — Ao I % K, exp[—&, [t —r |l rP(@do =Y n (0)Z,, + wn —w,n +V(DVn), (5)
r—-r s=1

4z,
3aech uHAEKehl 0 M s 0003HA4YAIOT HIDKHEE M BEpPXHEE HJHEPreTHUecKoe
COCTOSIHHE aTOMa PTYTH.

Takum 00pa3oMm, A KaXIOTO 3JIEMEHTApHOTO oObeMa (BOKCels) B
MTMHIPAYECKOW TEOMETPHH PElICHHEe ypaBHEHUS (5) MO3BOJSIET MPOBECTH
OLICHKY pacClpe/eieHUs] KOHIIGHTPAIMM  BO30YXKJCHHBIX aTOMOB IO
HHEPIreTHYECKUM YPOBHSAM. B OTiMuUMe OT M3BECTHBIX OAHO- M JABYMEPHBIX
MoJiesIeH, MPEIOKEHHBIN 1OAX0/] MO3BOJISIET YYUTHIBATh MPOCTPAHCTBEHHBIC
HEOJHOPOJHOCTH, HEIMHEMHOCTH W HecTanumoHapHoctu B CBY paspdane, a
UMEHHO peabcopOIuio, «IUIeHEHUEe» W «IUQQy3ur0» H3IYYCHUS, a TakKe
B3aUMOJECUCTBUE C OKPYKAIOIIEH Cpefoi, 4YTO 3HAYNUTEIBHO pacIIupsieT
BO3MOKHOCTH MOJIeTTUpoBaHus (puc. 2).

Terepb ycTaHOBUM CBSI3b MEX/Y MapamMeTpaMu paspsiia u jammbl. s
ATOTO 3alMIIeM BBIpAXECHUE, onpeaensionee 3PPEeKTHBHOCTh BBIXOJIHOTO
U3Iy4eHus #. BaxkHO oTMeTUTb, YTO IpU (HOPMUPOBAHUU MOJENN aBTOPAMHU
ObUIO TPOBENCHO JETaJbHOE HCCIEIOBAHME BKIA/Ja KaKIOro KOMIIOHEHTa
(CBY, YO u 0O3) B 00m1yto 3pPeKTUBHOCTD CUCTEMBI. J{JIs1 KaKI0r0 U3 HUX
BBITIOJTHEHA TINATENbHAS OIEHKAa WX HHIWBUIYaJIbHOTO BO3ICHCTBHSA, UYTO
MO3BOJIMJIO  TOYHO  YYeCTh B3aUMHOE  BJIHMSHHE  KOMIIOHGHTOB M|
CUHEPTeTHYECKUH 2 (EeKT, BOSHUKAIOMINN B IIPOLIECCE UX B3aUMOJICHCTBHSI.

HpeI[CTaBI/IM n 4YepC€3 BBIXOJHOH IIOTOK HU3JIYUCHUIA (DCB’{+Y®+O3 n

BXOJIHYIO MOLIHOCTE P -

n= @CB’1+Y<D+O3 (6)

6x00
[IpencTaBuM OTOK BBIXOHOTO M3JIYYCHHUS B CIICAYIOIIEM BHJIE:

o B ) Do
q)cgq+y<p+03=B'(pAr) '(pHg] L-R?, ™)

rae B — smnupuueckuid ko3 ULIMEHT; p,, — JaBlIeHHE aproHa, Topp;
Prg — Jasienue prytu, Topp; L — 1yiMHa KOJIOBI JaMIlbl, cM; R — paauyc
KOJIOBI TaMIIBL, CM; o, B, Y, ¥ 0 — SMIIUPHUYECKUE TIOKAa3aTeNU CTETICHH.

Bblpazum BXOAHYIO MOIIHOCTh, KOTOpasi OyIeT NponopIHOHATIbHA
YIETBHOU MOIIIHOCTH U 00BEMY:
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V= -wR?-L, ®)

Psxob = Py() vV Pyb vV

P 3
rae 9 - ynenbHasi MOIIHOCTh M3NTydeHus, BT/m”.
[MoncraBum (7) u (8) B Beipaxenue st d3dpdexruBaocTH (6):

B-(pA,)a-(pHg)p-Ly-Rd

= )
1 P yov R L
IIpuBens nog00HbIE YIEHBI M BKIIOYUB P, BB, ooyyaem cieayromee:
=B (p,) " (py) I RO2, (10)

o o . P
rae B’ — HOBbIf SMOupuuecKuil KO3 GUIUCHT, yIuThIBaAOIHi "
IMpeobpasyem (10) mis norapuMUUECKON pETPECCHH:
lg(m=Ig(B")+a-lg(p,)+B-1g(p,)+(y—1)-I1g(L)+(0-2)-Ig(R) (11)
Moncrasue B (11) mapamerpel nammer K =120 L =200
Pug =0.05Topp, p,, =0.75Topp

U paspanga

, TIOJy4YeHHbIE B XOJE¢ OSKCIEPHUMEHTAIBHOTO
uccienosanus [4, 5], npu kortopeix 1=44% :

N=9.1:(py, )07 (py, )04 - L0 - RIS (12)

[Ipn momouM 1aHHOTO BBIPAKEHUS BO3MOXKHO OIpeneiuTh 3(()EeKTHBHOCTH
koMmOuHMpoBaHHOTO CBUY+Y®+03 wuznyueHus 0e33JIEKTPOJHON JaMIbl B
3aBUCUMOCTH OT JIaBJIEHUs aproHa, JaBJIeHHs pTYTH, JUIMHBI U paguyca KOJObI
JIaMIIBL.

Pe3yabTaThl M 00Cy:KAeHUE

[lokaxkeM pe3ydabTaThl PEIIEHUS! CHCTEMbl ypPaBHEHUH KHHETUKH U
HEPEeHOCa, O3BOJIUBILINE IIPOBECTU MOAEIUPOBAHUE IPOLECCOB peadcopOLuH,
nuddy3un U TUIeHeHusT u3nydeHus B jamme (puc. 2). Jns sTtoro 3amuiiem
ypaBHeHue, onuchiBaromee uznydyenue CBU paspsna B pTyTHO-aproHOBOI
I1a3Me:

W(r,2) =W, -5(r)-107, (13)

3nech Wyax — MakcUMyM QYHKIMH W(r,z), 0 = const, o(r) — QyHKOus
BO30YXJeHHs, KOTOpas HUMUTHpyeT u3inyueHue TEM-BonHbl MarHeTrpoHa,
WCIIONB3YEeMOT0 JJis 3aXuranusi kKoakcuaipHoro CBY pTyTHO-aproHOBOro
paspsijia B KBapleBON MWIHMHIPHUYECKON TpyOKe MunHOH 20 CM Npu JaBICHUH
aprosa pa,= 0.75 Topp, u prytn py, = 0.05 Topp [5].
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log(ny(r)/no(r))
0,000
1000

2,000

r/R
r/R

-3.000

4,000
I +5.000
-6.000

ol o O
1.0-0.806-0.4-0.20.0 0.2 0.4 06 08 1.0
/R

a

10

-1.0-0.8-06-04-0.200 0.2 04 0.6 08 1.0
'R
B

Puc. 2. Pe3ynbraTsl MogenupoBanus: peabcopouus (a), muddysus (0),
JIeHeHue (B)

[ToyyeHHBIC 3aBUCUMOCTH XOPOIIIO COTJIACYIOTCS C pe3yabTaTtaMu [6, 7].
Paccmotpum, KaK Ooyner BapbUPOBATHCS 3¢ (HEeKTUBHOCTH

KOMOWHHPOBAHHOTO M3Iy4eHHS B 3aBUCHUMOCTH OT YAEIbHOH MOIIHOCTH

JIaMIIbl IPU U3MEHEHUH BXOAHBIX [IaPaMETPOB JIaMIIbl U pa3psaa (puc. 3).

—  pa=0.75 Topp, pus=0.05 Topp, L=20 cm, R=1.2 em
90 | A | A [ — I —  pa=0.85 Topp, pue=0.15 Topp, L=20 em, R= 1.2 cm
— pa=0.85 Topp, pu:=0.15 Topp, L=30 em, R=1.2 em

— pa=L1 Topp, pus=0.7 Topp, L=40 cm, R= 1.6 em

50 =1 pa=1.3 Topp, pue=0.75 Topp, L=50 cm, R= 1.8 em
40 !
30 i

620 630 640 650 60670 680 690700710 720730 740 750 760
P, Br/m?

Puc. 3. Pezynbrarsl Mogenuposanus 3apucumocty KIIJI ot yaensHo#
MOIITHOCTH U3ITydeHHS

CornacHo MoJly4eHHBIM Pe3yJIbTaTaM MPH TOH k€ KOHCTPYKIHHU JIAMIIbI
3a CYeT yBeJIW4eHHs naBieHus pTyTd U aprona go 0.15 Topp u 0.85 Topp,
COOTBETCTBEHHO, MOXXHO HOOHMTHCS 0OoJee paBHOMEPHOTO paclpeieiIeHus
TEMIIepaTypbl CTCHKH W CHU3UTH TEMIIEPATypy XOJIOJHOW TOYKH JIAMITBI, UTO
MPUBEET K TOBBIIICHUIO YPPEKTHBHOCTH BBIXOTHOTO U3ITy4deHUs 10 69—70%.

Takum oOpazom, pa3paboTaHHass MOIENb TO3BOJNIMJIA 32 CYET
peryJIMpoBaHUsT BXOJIHBIX ITaPaMETPOB, KaK HMCTOYHHMKA H3JIyYCHUs, TaK H
camoro paspsna Ipe/ICKa3bIBaTh 3¢ HEKTUBHOCTD BBIXO/ISIIIIETO
koMOuaMpoBaHHOT0 CBU+YD+03 n3nyuenus.
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Pazpaborannas  Teoperhueckas MOJEIb  TO3BOJSET  yYUTHIBATH
nporiecchl  audy3un, TUICHEHUS U peadCcopOIUM W3IYYCHHUS, a TaKxkKe
MIPEICKa3hIBATH 3¢ HEeKTHBHOCTH BBIXO/ISIIETO KOMOWHHUPOBAHHOTO
CBU+Y®+03, urto cnocoOCTBYEeT ONTUMHU3ALMU BXOIHBIX MapaMeTPOB Kak
MCTOYHUKA M3TYUSHHS, TAK U CAMOT0 Ta30BOT0O pa3psia.
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AHHOTAIHSA

B nmanHo# paboTre OBLIO MpOaHATM3UPOBAHO JIBA CIOCO0A BHEIPCHUS
aBTOMAaTH3UPOBAHHBIX CHCTEM VIIPABJICHUS YIHYHBIM OCBEIICHHEM TOPOJIaMU
W CpaBHEHBI MEXJy cO00# pasinuyHbIe MPOTOKOJBI, KOTOPHIE HUCIOJB3YIOTCS
IIS. YOPaBJICHWS YIWUYHBIM OCBEIICHWEM. bBITM TMPOBENEHB H3MEpPCHUS
CpelHel OCBEIIEHHOCTH Ha JIOPO’KHOM MOJIOTHE ISl MPOBEPKU BBITIOJTHEHUS
HOPMATHBHBIX 3HAaY€HUH MO CpeJHEeH OCBEIIEHHOCTH TMpPH CHIDKEHUHU
CBETOBOI'O MOTOKA CBETHIBLHUKOB. [lo pe3ynbTaTam paboThl ObUT MpEsIOKEeH
Croco0 yBIIEYEHHsI SKOHOMHUU JICHEKHBIX CPEJICTB OT JKCITyaTallid CHUCTEM
ynpaBlieHus. B Xole TpoBeJCHHBIX W3MEpeHUi B paboTe ObLia BBISBICHA
MOTPENTHOCTh MEXAY PacueTHBIMA W M3MEPEHHBIMH MapaMmeTrpamu B 6—7%,
KOTOpBIE CJEAYEeT YYUTHIBATh MPH MPOEKTUPOBAHUHU. Tak ke OBLIO OICHEH
craj cpeaHed OCBEIIEHHOCTH 3a 5,5 JeT JKCIUTyaTallid OCBETUTENBHOM
YCTaHOBKH.

Abstract

In this paper, two ways of implementing automated street lighting
control systems in cities were analyzed and various communication
technologies used to control street lighting were compared. Measurements of
the average illumination on the roadbed were carried out to verify compliance
with the standard values for average illumination with a decrease in the
luminous flux of the lamps. Based on the results of the work, a method was
proposed to increase money savings from the operation of control systems.
During the measurements carried out in the work, an error between the
calculated and measured parameters of 6-7% was revealed, which should be
taken into account when designing. The decrease in average illumination over
5.5 years of operation of the lighting system was also estimated.

KaroueBble cioBa: YiInuHOE OCBEIIEHUE, CUCTEMBl YIPABICHUS YIMYHBIM
ocsemmennem, PLC, NB-IoT, LoRa WAN.
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Keywords: Street lighting, lighting asset management, PLC, NB-IoT, LoRa
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Beenenue

CylecTBYIOT pa3iuyHble NPOTOKOIBI 151 obecliedeHus Inepenadu
JAHHBIX W KOMaHJ, MEXAY KOHTPOJUIEpAaMH CBETWJIbHHKA YJIHMYHOTO
OCBEIIIEHUS! M IICHTPAJIBHBIM yNPaBISIOMUM y31oM. OHHM Jensarcs Ha
IPOBOJHbIE U OecrpoBOAHbIE. B Xoae nuTepaTypHOro aHanau3a, OCHOBBIBASICH
Ha [1], [2] ObumM BBIABIEHBI HaMOOJEe PACIPOCTPAHEHHBIE MPOTOKOIBI
YIpPaBJIEHUs CPEAU ITPOU3BOIUTENEH:

e PLC (Power Line Communication): mepemada JaHHBIX 110
CYLIECTBYIOIIUM JIMHUSM OJJeKTporepenaud. s BHEApEHUS HYXKHBI
TOJIbKO KOHTPOJUIEPHI Ha CBETUIBHUKU U IIKa( yIPaBICHUS;

e [LoRaWAN (Long Range Wide Area Network): mepenaua naHHbIX Ha
OojblIMEe  PAcCTOSHUS C  HUCIOJB30BaHHMEM  pajMoO4YacToT B
HEJIMIICH3UPOBAHHBIX Juamna3oHax. HeoOxoxmMa ycTaHOBKa 0a30BBIX
CTaHUMU AJis1 pabOTHI CHCTEMBI,

e NB-IoT (Narrowband Internet of Things): mnepemada HaHHBIX C
HCIIOJIb30BAHUEM Y3KOIOJIOCHOW TEXHOJIOTMM B JIMLEH3UPOBaHHBIX
YaCTOTHBIX JMANa3oHaX, HpUMEHseMas Uil CBSI3U YCTPOMCTB C
cotoBeiMH ceTsaMU. [lpuHmmn paboter cxox ¢ LoRaWAN, HO He
TpeOyeT ycTaHOBKHM Oa30BBIX CTAaHIMHA, TaK Kak ONepaTopbl COTOBOU
CBSI3M TPEJOCTABISIIOT CBOM BBILKH C BBIACIECHHBIM JIHANAa30HOM
4acToT.

Metoasl ucciaeroBaHus

Jnst oueHkH skoHOMUYecKoi s dpextuBHOCTH ACYHO 1 BO3MOKHOCTH
UX BHEAPEHHS B TOPOJaxX OBLIM NMPOBEICHBI pacdeTsl B mporpamMax Matlab,
Excel. Ha puc.1 npeacrasien anroputm pacuera.

Pacuer nns ompeneneHust 3KOHOMUYECKOW 3(G(EKTHUBHOCTH  OBLI
BBITIOJTHEH B JIBYX BapHaHTax: MEPBBIA - TOPOJ 3a OIO/PKETHBIC CpEICTBa
3ameHsieT cBeTwIbHUKH U BHeApser ACYHO, BTopoit - ropoj HaxoauT
KOMIIaHUIO-UHBECTOPA U PEaJIM30BBIBAET C HEHM OJITOCPOUHBIN KOHTPAKT.

OKOHOMHYECKHE pacyeThl OBUIM OCHOBAaHBl HA PEaJM30BaHHBIX
KOHTPAKTax 10 MOJEPHHU3ALMH YIMYHOTO OCBEelIeHHA B ropojax CMOJIEHCK
[3], WmaroBo wu HoBoky3nenk. B HMnaTtoBo 3amMeHa CBETHWJIHBHHKOB
MPOBOAMJIACH MPEHMYIIECTBEHHO Ha MpOoe3Jax BHYTPU YACTHOW >KHUIIOH
3actpoiiku. B HoBoky3Hellke — B OCHOBHOM Ha YJHIIaX OOIIETOPOACKOr0 U
paiionHoro 3HadyeHus. B Cwmonencke 60% 3aMEHEHHBIX CBETUJIBHUKOB
HNPUXOIUINCH Ha NPOE3/lbl BHYTPU YACTHOW *WI0H 3acTpoiiku, a 40% — Ha
YIUIBI 00IIEropoICKOT0 U PAiOHHOTO 3HAYECHUSI.
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WcxoaHble AaHHbIe:

1. CTOMMOCTs eAMHULLl 3nekTposHeprin ¢ HAC, pyd za 1 kBr*uac

2. CneyuduKaLmMA CBETUNEHUKDR YIWYHOTD OCBELLEHWA (TUMbl CBETUIBHMKOE U MX
KOMWYECTED)

3. Tpachuk patoThl CUCTEMB! YITMYHOTO DCESILEHNA N0 MecRLiaM (KONMYeCTBO Yaco
pafoThl CEETMMNEHMKOE B MECALL)

i

[

ok

=

3aTpatkl ropogda 40 MOASPHUZALMK YNIUHHOTO OCEEIeHUA:

CyMMapHaA MOLUHOCTE CBETUITEHMKOE, KBT = KONWYECTED CBETUNLHMKOE N0 HOMMHANAM * CPEAHAA MOLWHOCTE
Konu4ecTeo NoTPednexHOM 3NeKTPOIHEPrUM, KBT YaC = CyMMBPHEA MOLUHOCT: CESTUNEHNKOE * KOMWUECTEO 4acos padoTsl & rog

. CToMmocTs 33 & rog, pyd = KonuuecTeo noTpefneHHO 3NekTposHeprun = CTOMMOCTE SLMHMLBI 3NekTposHeprn ¢ HOC

SKCMNYaTaUMOHHEIE PACcX0as!
KonwyecTso, BEILLELLIMY W3 CTPOA, MamMM, WTYK & rof = KONWYeCTEO ceeTuneHKoE/(20000/konuyecTeo yacoe padoTsl B rog)
CTOMMOCTs Mamn, pyf = CPEarAR LUEHa y UCTPHESHTOPOE * KOMMYECTE0, BRILLEALUMY U3 CTPOA, MamMn
CTOMMOCTs padoT No 3aMeHe, pyd = KOMWUECTE0 NEMN * CPEAHIDK CTOMMOCTE 33MEHE! MMM (LISHa N0 3aNpocy Y CTPOMTENEHO-
MOHTEXHBIX OPraHkzaUMit)

CymmapHele 2aTpatel B rog Ha CYO0, pyd = CToumocTe 33 B rog + CTOMMOCTE Namn + CToOMMOCT: padoT no 3ameHe
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Pacyer zaTpaTt Ha 3aMeHy CEETHNbLHWUKOE

CTOVMOCTS BCEX CEETUMEHWKOE, PYG = KOMWUECTED 3BMEHREMBLX CBETUMEHWKOE * CPEHRARA LIEHa Y AWCTPUDLTOpOS
CTOMMOCTG KOHTDOMNNEPOE Ha cBeTUNsHMEM (PLC, LoRa WAN, NB-loT), pyD = KomM4ecTeD yNpaEnAeMblx CBETUIEHUKDS *
CPEeOHAA LieHa ¥ AMCTPUORKTOpOR

CToumocTs padoT no 3ameHe, pyS = KONWYECTBO CBETMNEHMKOE * CPEIHIOKD CTOMMOCTE 3aMeHE! Nawmn (LieHa no sanpocy y
CTPOMTENEHO-MOHTEHEDX OpraHn3aLmil)

3arpatsl Ha nokynky ¥ MoHTax LWYHO, pyS = (Konuuecteo LWYHO * croumocTs LWWYHO) + (konvyecteo WYHO* cToumocTs
MOHTEHE)

r

L

=

1

PacyeT npegnonaraeMelX 3aTpaT Ha 3NeKTPOOCBELLEHHE NOCNE 3aMeHb]

1. KonuuecTeo noTpednexHoM anexkTposHeprii, kBT*uac = CyMMapHan MOLHOCTE CBETUMEHMEDE *
KOMMYeCTED Yacos padoTH B rog

2. CToumocTs 33 & rog, pyd = KonuyecTeo noTpedneHHoi anekTposHepritn = CTOUMOCTE 0MHULLI
3MeKTpo3Hepriv ¢ HOC
3. 38TPaTs! Ha OMNaTy CEA3M (B CMYYAE MCTION308aHWA NB-10T), pyd = KONWYECTE0 KOHTPONNEPOE *

CTOMMOCTE Tapida & rog

1

PacyeT cpoka OKyNaeMoCTH 3aMeHkl

EeroHanR IKOHOMWA, pyS = 3aTPaTel Ha OCESLUEHWE B o 40 38MeHbl - 3aTPaThl HA OCBELLEHWE B TOJ NOCME 3aMeHsl
CyMMapHEIe 33TPATH HA B2Cs NPOEKT, pyS = 3aTPaTsl HA OCEELSHNUE B rOf A0 3aMeHE! + DE3EPEHsIN hoHT

Cpok okynaeMOCTH NPOEKTa, NeT = CYMMAPHLIE 33TPATH! Ha Beck NpoekT/ EXEroIHER SKOHOMUR

Mpudeins Ge3 y4eTa MHONALMKY U HANoroE, pyd = EXerooHas 3KOHOMKA * CPOK OSHCTEWRA KOHTPAKTa, NeT - CYMMapHLIE 3aTpaTkl
Ha BeCh NpoeKT

3KOHOMWA MOLWHOCTK, % = 1 - (KonuuecTeo NoTpeGneHHoN 3NeKTPOIHEPTMM NMOCHE 3aMeHEIKONHYECTBO NOTPeGneHHoi
3MEKTPOIHEPTM 10 3aMeHkl)

MpuSLIns Nocne BelyeTa Hanora Ha npudsins 1 HOC, pyG = YMCTHIA QUCKOHTUPYeMBIA goxog * 1,242

UMCThIA UCKOHTUPYEMEIA Joxoa, pyG = MpuBkine NOCNe BLIYETA HANOra Ha NpULINs U HIC/ (1+0 1) cpok OelCTBUA KOHTPaKTA,

[

=@
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Pac4eT OkynaemocTH NPOSKTa NPW NPAMBIX 2aTPpaTax ropoda u3 DmxeTa

1. CyMMapHaR 3KOHOMNR 33 CPOK PACCMOTDEHUA CUCTEMEI, DYD = EXErOAHaR 3KOHOMMA * (1 - pocT
CTOMMOCTH 33 B FofLcPon paccmarpe M(1 - pOCT CTOMMOCTH 33 B rog)

2. YWCThI A0X0A ropoda, pyS = CYMMapHan 3KOHOMWA 38 CPOK PACCMOTDEHUR CHCTEMS! - CYMMapHLIe
33TPETE Ha B6Ck NPOSKT

Puc. 1. AnropuT™ 5KOHOMHYECKOTO pacyera




B pacuere cpaBHUBaNIOCh KOJIMYECTBO YIPABISEMBIX CBETHJIBHUKOB U
UX OKyHaemocThb AJisi ropoJoB. Takke cpaBHUBAJINChH 3aTpaThl HA BHEAPEHUE
JUISL TPEX BBIMICYITOMSHYTBIX IIPOTOKOJIOB.

Pe3yabTaTsl

Tabmura 1. Pesynmbsrarsr pacuetoB s I. CMOIEHCK, CPaBHEHUE JJOJIH
YIPaBIAEMbIX CBETUIBHUKOB

KommuecTBo yrpaBiseMbIx cBeTHIBHUKOB (LoRa)
[Tokazarenn
0e3 mummupoBanus, 5% | 10% | 15% | 20% | 33%

DKOHOMHUS ropoJia, MIIH pyo. 685,5 696,8705,2(712,4|718,1{730,5
YBennueHue 3Kk0HOMuH, %o 0 2 3 4 5 7
YnyieHHas BbIroJja MHBeCTopa, % 0 0,5 1 3 4 10
YBenuueHue 3arpart, % 0 4 8 11 15 24

Joxon ropoaa, MiH pyo. 1122,9 1134,3|1140,2|1143,4{1144,11139,5

B tabnuue 1 mpencraBieHsl pe3yabTaThl SKOHOMHUYECKOTO pacueTa Ha
6a3e ropoga CMoieHCK. 3aKOHOMEPHOCTH MO pa3HHIE YKOHOMHM M 3aTpat
OJIMHAKOBBI ISl KaXJoro ropoaa. PaccmarpuBaiock pa3HOE KOJHUYECTBO
YIPaBISEMBIX CBETHIBHUKOB OT 5% 10 33% ot obmiero odbema, Tak Kak
KOJIMYECTBO CBETWJIBHUKOB, KOTOPBIE Pa3pelieH0 TUMMHUPOBATh COTJIacHO [4]
He npesbimaet 30-35% ot o611ero KoauuecTBa.

Ta6J'[I/IIIa 2. Pe3y.TIBTaTLI pacyeToB JIA T. CMOJ'IGHCK, CPaBHCHHEC IMPOTOKOJIOB

Kpurepuu orieHKH 3)PEeKTHBHOCTH BapuanTsl ncnomnHenus
peIIeHuA 6e3 nummupoBanus | LoRa | NB-IoT | PLC
DKOHOMMSI TOpoJia 3a 5 JIeT, MIIH pyo. 696,6 743,3 718,6 | 7433
VBenuuenue skoHoMuH, % 7 3 7
VBenuuenue 3aTpar, % 22 23 18

Hnst cpaBHenusi BapuaHToB wucnoiHenuss ACYHO Obu1 mpoBenen
AHAJOTMYHBIH SKOHOMHYECKHMH pacdueTr Ha 0aze ropoga CmoneHcka.
PesynbpTaTel mokazanu, 4To HauMeHee Joporoi sensercsa texHosorus PLC, a
HanMmenee BbirogHOM — NB-IoT. Texuonorus LoRaWAN sBasercs
ONTUMANbHOM  Omaromapss  MEHBIIMM  3aTpaTaM Ha  BHEJIpPEHUE U
YHUBEpcalbHOCTH. YHUBepcaibHOoCcTh LoORaWAN 3akirouaercs B TOM, YTO ee
MOXXHO pa3BepHYTHh B JIIOOOM HACEJICHHOM IyHKTE, NPH 3TOM HE OBITh B
3aBHCHMOCTH OT KaueCTBa AJIEKTPOCETEH U MOKPBITUS OmepaTopa.

B xone 3KOHOMHYECKOro pacuera MOSBHIACH THIOTE3a O TOM, YTO B
nepBble rofpl dkciuryatauun OY MOXKHO HCHOJIB30BaTh OOJIBIIMNA MPOLEHT
JUMMHPOBAHHS H3-3a MPUMEHSEMOTrO INPH MPOEKTUPOBAHUU KOXPHULIHMEHTA
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skciutyaTtanuu 0,7 11 CBETOAMOAHBIX CBETHJIBHUKOB. OJHAKO HYXKHO
yOeauThCs, YTO JOMOJHUTEIbHOE CHUKEHHUE CBETOBOTO MOTOKA HE TOBJICYET
craj cpenHed oceemeHHOCTH Ha ITY Huke HOpMAaTMBHBIX 3HA4YeHUH. BBUIO
BbIOpaHO 2 ydvacTKa AJii MPOBEACHUS M3MEPEHM: yiula ¢ 2 MOoJIocaMH
OHOCTOPOHHHUM PAacCIONIOXeHHeM orop kateropuu Bl u ynuna ¢ 4 nonocamu
C IBYCTOPOHHHM pacIioNoKeHneM onop kareropuu bl.

Tabnuma 3. Pe3ynsraTsl IpOBEACHUS N3MEPEHUH

HanmeHnoBaHue XxapakTepuCTHKH VYyacrok Bl VYyacrok b1

YpoBeHb CHIKEHUS] MOIITHOCTH, %0 100 70 50 100 70 50

W3mepeHHast CpeHsIsE OCBEIICHHOCTh
Ha ydacTke nocie Beojga OY 22,5 - - 39,9 - -
B DKCILTYaTaIHIO, JIK
V3amepeHHast CpeHsisi OCBEIICHHOCTh Ha
y4acTKe B paMKax paboThl, JIK
PacuerHast cpeiHsIsi OCBELICHHOCTh Ha
yuactke npu MF=1, ik

Pa3Huna 3HaYeHUI MEXITy PACUCTHBIMH U
M3MEpEeHHBIMU 1ociie BBoja OY B 6 - - 7 - -
9KCILTyaTauuio, %

Pa3ﬂy1ua MECXIAY UBSMCPCHHBIMU 3HAYCHUAMU,
%

20,6 | 13,8 | 93 | 36,3 | 244 | 16,3

23,9 - - 43 - -

85 | - - 9 - -

B Ttabmune 3 mpencraBneHBl pe3yibTaThl M3MEPEHUH W PAaCUETOB.
Hcxonst u3 pe3ynbTaToB 3KCIEPUMEHTA, Oblla MOATBEPKIAeHA TUIIOTe3a, YTO B
MepBble  TOABI  AKCIUTyaTallud  OCBETUTEIBbHOM  YCTAHOBKM  MOYKHO
WCIIONIBb30BaTh JOMOJIHUTENbHOE TUMMHUpoBaHue. [lpeninoxeH oOHOBIECHHBIH
rpaduk paboThl yTUYHOTO OCBELIeHUS B Ta0nuIe 4.

Tabmura 4. I'padux paboOTE YITHIHOTO OCBEIICHUSL

ypOBeHB CHMXKCHHA MOIITHOCTHU BKII OTKII BKII OTKII

. »
100 % meroxms3yeme1id 710 22:00 | 22:00 | 6:00 | 10 BeIKTIOUCHES YHO
90 % npemaraembrit

70 % ucnonb3yeMslii

50 % npesnaracmiii 22:00 |23:00| 4:00 6:00

50 % 23:00 | 4:00

Oo6cyxaenne

Pe3ynbpTathl H3MEpeHUi MOKa3aaH, 4YTO CYIECTBYET MOTPEIHOCTE 6-7%
MEXIy M3MEPEHHBIMU W PAaCUETHBIMH 3HAYCHHUSIMHU CPEJHEH OCBEIICHHOCTH.
3a 5,5 ner skcruryatanyuu OY MOKHO 3aMETUTh YMEHBILIEHUE OCBELIEHHOCTHU B
paiione 9%. CpenHsil OCBELIEHHOCTh IPEBBIIAET HOPMHUPYEMbIE 3HAUCHUS
IIpY MOJHOM MOILIHOCTH CBETHJIBHUKOB. Ilpyu cHmwxeHuu momHoctu Ha 30%
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YPOBEHb CpeAHEH OCBEIIEHHOCTH OCTaeTcsl OJIM3KMM K HOPMHUPYEMOMY HIIU
MIPEBBIIIACT €e.

W3 3x0HOMHMYECKUX pacueToB BUIHO:

e Uepes 7 5er mocie YCTAaHOBKM CHUCTEMBI OCBCIICHMS, BapuUaHT C
JTUMMHUpPOBaHHEM CTaHOBHTCS Ooyiee BBITOJHBIM, Ye€M BapuUaHT 0e3
mumMmupoBanus. Jlo 3Toro cpoka BapuaHT 0e3 JAMMMHPOBAHMUS
IPUHOCUT OOJIBIINH JOXO FOPOY;

e [lpu ycranoBke 20% ot o0miero o0bemMa yrpaBiIsIeMbIX CBETUIHHUKOB
JOXOJ] TOPO/a SBIISIETCS MAKCUMAIBHBIM.

OOHOBNIEHHBI SKOHOMHUYECKHUH pacueT MOKasaj, 4YTO MpeasioKeHHBIN
rpapux nossimaer goxoq or ACYHO wa 7 wuH  pyOseit  mpu
CaMOCTOSITEIbHOM BHEAPEHUM TOpPOJOM MM Ha 3 MIJH IpU BHEIPEHUH
MHBECTOPOM.

BriBoabl

1. IIpoBeneHHBINI B paboTe 2KOHOMHYECKHH pacueT IoKa3aj, dYTo
PacCMOTPEHHBIM TOpOJAaM IIeJIECO00pa3HO M 3KOHOMHMYECKHM  BBITOJTHO
BHEnpsATE ACYHO. Jlnsg kaxkmoro ciydas MOXHO BBIOpaTh ONTHMAaJIbHBIN
MPOTOKOJ YMpaBlI€HUA, a pa3IUYHbIM KOMIIAHUS BBITOJIHO 3aHUMAThCS
BHEJIPEHUEM, HECMOTPS Ha OOJIbIIINE 3aTPATHI

2. W3mepeHnst OCBEMIGHHOCTH BBISIBUIM TOTPEIIHOCTH MEXIY
pacyeTHBIMH W W3MEPEHHBIMH TapameTpamMu B 6-7%, KOTOpBIE CleIyeT
YYHUTHIBATH PY MTPOCKTUPOBAHHH.

3. IIpemyioxennsiii rpadguk padotsl YHO Ha oCHOBE MPOBEIECHHOTO
W3MEPEHHU, MO3BOJISAET MONyYaTh AOMOIHUTENbHYIO Beiroly oT ACYHO.

Cnmcok JuTepaTypbl

1. Cair MIPOU3BOUTENS ACYHO 000 «OMOHNOT»:
https://ambiot.io/smartcity (mata oOpamenuns — 16.12.2023).

2. Maiiopos, II. B. BbIOOp CEeTeBOW TEXHOJIOTHH MJII CUCTEMBI YMHOTO
ocBemieHust 3aropoansix gopor / II. B. Maiiopo, C. A. Twopun //
ABTOMATH3MpPOBAaHHBIC CHCTEMbl ympaBieHus W HMH(popMmaiMoHHbIC
TEXHOJIOTHH: Marepuansl BCEPOCCUICKOM Hay4YHO-TEXHUYECKOHN
koHpepenuuu. B nByx tomax, [lepmb, 09—11 urons 2020 roga. Tom 2. —
Ilepmb: IlepMckuil HALTMOHATIBHBIN HCCIEA0BATENbCKUN NOJIUTEXHUUECKUAMN
yausepcutet, 2020. — C. 356-362. — EDN YNASVO.

3. Kaprouka mpoekra, r. Cwmonenck: https://zakupki.gov.ru/epz/contract/
contractCard/common-info.html?reestrNumber=3673007528919000210
(mara oopamenus — 16.12.2023).

4. TOCTP 55706—2013. Ocseuienue HapykHOoe yTtunurtapHoe. Knaccugu-
Kalys 1 HOPMBL.

41



OCBEIIEHUE U OBE33APA’KUBAHUE INIOMEIIIEHUI
CAHATOPUSA
Kyxnoeseuy E.K., cmyoenmxka;
HayuHblil pykoeooumeny — Cuemkos B.1O., k.m.H.,
ooyenm, HUY «M3H», 2. Mockea

LIGHTING AND DISINFECTION OF SANATORIUM PREMISES
Kukhnovets E.K., student;
Snetkov V.Yu., Candidate of Technical Sciences,
Associate Professor, NRU MPEI, Moscow

AHHOTaUA

B pabote omnucanbl BbIOpaHHBIE OCBETHTEIBHBIE YCTAHOBKH TS
TIOMEIICHUSI CAaHATOPHs, BapHUaHTHl I[BETOBBIX OGMOPMIICHUI ITOMEIICHHS,
obmyyatenu  nmus o0e33apakuBaHMS ~— BO3AyXa M IOBEPXHOCTEH,
W3MEPUTENbHBIH ~ MPUOOP, METOAMKH  HWCCICIOBAaHHWS W WU3MEPCHHIA,
OKCTIEPUMEHTANIbHBIE JaHHbIE MO I[BETOBOMY IpEaNOYTeHUIo moxeid. Hamm
ObUTM  W3MEPEeHBl  DHEPreTHYECKHE  OCBEHIEHHOCTH  OT  peajbHBIX
o0TydaTeNnbHBIX MPUOOPOB, PACCUUTAHBI AMANA30HBI BPEMEHU OOYYCHUS H
000CHOBaHBI 7151 HUX BapuaHThl npuMeHeHus. Tak, oomyyatens GALAD BBO
Mbl PEKOMEHJyeM HCIOJb30BaTh Ha pacctosHuu oT 0,30 (mpuuém mroam
MOTYT HaxOJUTCS Ha 3TOM paccrossuuu He Oonee 0,3 uaca) mo 0,60 m (He
6onee 1,2 yaca) B HEOONBIIMX MO MJIOMAAN MOMEIICHUIX, HAlpUMEp, B
Kopumopax, a jus paccrosaus 0,85 M (He Oonee 2 4YacoB) Ay OOJBIIMX
nomenteHuil. CeetrmiibHuk GALAD Bua LED pexkomeHmyem NpHUMEHSTH B
pekuMe 00e33apakMBaHUS BO3AyXa Ha PACCTOSIHUSX OT JIFOJACH 2 M M OOJbIIe
B TIOMEIIEHHSX CIEIUATFHOTO Ha3HaYeHHs (CMOTPOBBIC, MPOIECAYpPHBIC WU
T.I.). ¢ 0OOCHOBaHHBIM HaMH BpeMEHeM oOiydeHusi. bbum omnpeseneHsl
JMy4lIne ISl BOCTIPUSTHSI BapUaHTHI IIBETOBOTO O(GOPMIICHUS MPOCTPAHCTBA
MPOIEAYPHOTO KabWHETa MO pe3yibTaTaM CYObEKTHBHBIX W3MepeHuid. Mmu
0Ka3aJICh CBETIIbIC CEPhIE M OeIbIe IIBETA WIIH CEPhIE U CBETIIO-TONYORIE.

Abstract

The paper describes the selected lighting installations for the
sanatorium premises, variants of colour design of the premises, irradiators for
air and surface disinfection, measuring device, research and measurement
methods, experimental data on colour preference of people. We have
measured the irradiance from real irradiators, calculated the ranges of
irradiation time and justified the application options for them. Thus, we
recommend to use the irradiator GALAD BBO at a distance from 0,30 (and
people can be at this distance no more than 0,3 hours) to 0,60 m (no more
than 1,2 hours) in small rooms, for example, in corridors, and for a distance
of 0,85 m (no more than 2 hours) for large rooms. GALAD Viva LED
luminaire is recommended to be used in air disinfection mode at distances
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of 2 m and more from people in special purpose rooms (examination rooms,
treatment rooms, etc.). with the irradiation time justified by us. The best for
perception variants of colour design of the procedure room space were
determined according to the results of subjective measurements. These were
light grey and white or grey and light blue.

KiaroueBbie ciaoBa: o00ydyaTelld, OCBETHTEIbHBIC YCTAaHOBKH, IIBETOBOC
odopMmIIeHrE, TIBET, 3pUTEILHOE BOCIIPUSATHE.

Keywords: irradiators, lighting installations, colour design, colour, visual
perception.

BBenenue

OTCyTCTBHUE JTOJDKHOTO BHUMAaHHMS K MIPaBUIILHOCTH BEIOOpPA OCBEIICHUS
MMOMEIICHUI CaHaTOPUS MOXKET BBI3BIBATH IPOOJIEMBI CO  37I0POBBEM.
[IpaBunpHOE OCBEIIEHHE OUYE€Hb BaXKHO, TOCKOJIBKY OT HETO 3aBUCUT CKOPOCTh
BBI3JIOPOBIICHUS, TIOJJICp)KAHUE CTAaOMIBHOTO  COCTOSTHUS,  YIydIlleHHE
camouyBcTBUsl Jonei [1], [2]. Heobxomumo coderatp KauyeCTBEHHOE
OCBEIIEHUE C MPABWIBHOW OpraHm3aiueill mpocTpaHcTtBa. Kak u cBeT, IBET
TOXKE€ OKa3hIBACT BIUSHHE HA COCTOSHHEC YCIOBEKA HA IICUXOJIOTHYCCKOM,
TepaneBTUYeCKOM U mpodrraktudeckom yposue [3], [4]. Kpome Toro, B cBs3M
C HEIaBHEW NaHAEMHEH CieayeT VYACHATh BHUMaHHUC 00€33apaKUBAHUIO
npoctpaHcTBa [1]. BakHBIM acmeKkToM SIBIIETCS CBETOOHOJIOTHYECcKas
0e30IMacHOCTh, TaK KAK OCHOBHOM HaIlIeH 1B SIBIISICTCS CO3daHue Hanboiee
OIaronpusTHOM cpeabl Juist itojielt [5]. B aTol pabote craBuTcs 3a/aua HalTH
W BBIOpaTh pealibHbie 00MydaTenu N 00e33apa)KMBaHMs BO3JyXa, a TaKkKe
W3MEPUTHh JHEPTEeTUYECKYI0 OCBEIMICHHOCTH IS Pa3HBIX PACCTOSHHUHA 10
monelt. Hamu mpeamosaraercss paccyuTaTh JOIMYCTUMOE BPEMS DKCIIO3UIIHH
YIbTPaQHUOJECTOBBIM HM3IYYCHUEM W NPEIJIOKHTHh IMOAXO0J K IPaBUILHOMY
pasMeniennro oonydareneid. Emeé onHa 3amava — co31aTh BapUaHThI [IBETOBOTO
odpopmienus (panee — 1{O) ¢ mpenoxkeHHOW HAMHU KOHIIEIIMEH OCBEIICHUS
JUTSl TIOMEIICHHSI CAHATOPUS M C TMOMOIIBI0 CYOBEKTUBHBIX HCCIIEIOBAHUIMA
OTIPENIENTUTh JYUIIYI0 OpTaHWU3AIMI0 MpocTpaHcTBa. [loxxon, HampaBIeHHBINH
Ha KOMIUIEKCHOE peIIeHne MpoOieM 370pOBbS, HaM TNIPEICTABISACTCS U
B2)KHBIM, U JIOCTATOYHO aKTyaJIbHBIM.

Merton ucciaeroBanusi

Jnst Toro, 4ro0bl paccMOTPeTh MHTEPECYIOIIUE HAc BOMPOCHI, OBLIO
HpPOBECHO JiBa HccienoBaHus. [lepBoe BKirouano B ceOsl MONMHBIA KOMILIEKC
paboT 1mo pacdy€Ty U MPOEKTHPOBAHUIO OCBETUTENIbHBIX YCTAHOBOK, HAUMHAS
0T 000cHOBaHHOrO BbIOOpa cBeTwiIbHUKOB 10 KCC, MomHocTH, nu3aiiHy u
CTOMMOCTH JJIsl Pa3HbIX IIOMEILEHU! CaHATOPHUs C IMOMOLIBIO INPOrPAMMBI
DIALux evo 12.0 1 3akaHuYMBas aHaJIM30M PE3YJIbTaTOB, COOTBETCTBYIOIIMX
OTE€YECTBEHHBIM HOPMaM OCBELICHMA. bbUIM MOJy4YEHBl BU3YyalU3aLHH
OCBETUTEIbHBIX YCTAaHOBOK pa3HbIX BAapUAHTOB IBETOBBIX O(OPMIECHUIL
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MOMEIIEHUSI CAaHATOPUS C MOCJEAYIOIIUM OINpeeleHHeM JTyUllero BapuaHTa
Ha OCHOBaHMM «Me€ToJa Kareropuit» [7]. B kayecTBe mpumepa Ijsi JAaHHOTO
JOKJIaJla W3 BCEX HCCICNOBAHHBIX IIOMEIIEHHH HamMu ObUT BBIOpaH
nmpoleAypHbIl kaOuHeT. HaOmromatensmMu ObUIM S5 MYXYMH W 5 KCHIIUH
Bo3pactom ot 33 mo 48 mer. [l mpoBeneHUsT UCCIeTOBAHUNA UCIIOIh30BaJICs
HoyTOyk Huawei MateBook D16, na ném Obul co3man TecT ¢ 3
BU3yaIHM3allMsIMU  [IBETOBBIX BapwaHTOB odopmieHuss mnomenieHus. B
SKCIIEPUMEHTE MBI UCIIOJIB30BANHM 9 MpeAbsIBICHUN KaxJA0W BU3YyaJU3alMH.
Jnst  ocBelieHMsT TPOUEAYPHOTO KaOWHETa Mbl BBIOpANM CBETHJIBHHUKH
GALAD 3BxkoHoM (Tabm. 1).

Tabmuna 1. XapakTepUCTHKH CBETHIIBHAKA

Haszga- Tum T'aGapurtsi, KCC D, P, | KT, coso | P | Ra | t,u Kon-
HHE MM JIM Br K BO
IloTo-
g?g}ﬁﬁ JI04- 1195%295%x77 b 3600 35 4000 | 0,95 |54 | >80 | 10° | 4 wr
HBII

[anee Mbl paccmaTpuBanu Tpu BapuanTa 1O nns mpouexypHoro
kabuHeTa. [lepBbIli OBLT BBHIMTOJIHEH W3 HAHJICHHON MHPOpPMAIIVH B CTAaThiX [3],
[4]. ABTOpPBI pEKOMEHAYIOT CBETIIbIC U OeNble I[BETa — TA0JI. 2, TOCKOJIBKY OHH
OKa3bIBAIOT YcIOKauBatouiee neiictue. Bo Bropom Bapuanre (tabn. 3)
WCIIONIB30BANIOCH COYETAHUE 3€NEHBIX W PO30BBIX IIBETOB M WX OTTEHKOB,
KoTOpoe ObuI0 BHIOpaHO € TOMOIIBIO «1BeTOBOro kpyra» WM. Hrrena.
CuuTaercs, 4YTO 3€JE€HBIH W PO30OBBIA BBI3BIBAIOT YYBCTBO CIOKOWCTBUS U
JoBepusi y nmojed. TpeTuidt BapwaHT BBIOpaH HaMU IO PEKOMEHJIOBaHHOM
HAJIUTPE U [BETOBBIM COYETAHUSAM U3 aJb0OMa TUIOBBIX IPOEKTOB IIBETOBOIO
odopmiieHus [6].

Tab6muna 2. KoopanHaThl IBETHOCTH ¥ [[BETA JUIS IEPBOTO BaAPHAHTA [BETOBOTO
odopmieHns kabuHeTa

Koopaunats! ieta Koopaunats! nBeTHOCTH
et
X Y Z X y

O 68,74 69,39 59,13 0,3485 0,3517
O 70,05 69,45 51,95 0,3659 0,3627
| 93,81 94,69 80,69 0,3485 0,3517
O 56,21 55,96 47,56 0,3519 0,3504
O 75,35 76,05 64,814 0,3485 0,3517




Tabmuma 3. KoopauHaTs! IBETHOCTH U I[BETA JJI BTOPOTO BapHaHTa I[BETOBOTO
odopmMieHUs KabrHETa

Koopaunats! nseta KoopauHnats! nBeTHOCTH
Hper X Y Z X y
O 65,33 75,15 31,63 0,3796 0,4366
O 86,22 81,10 69,67 0,3638 0,3422
O 92,98 91,68 80,27 0,3510 0,3461
O 48,38 42,57 28,06 0,4065 0,3577
= 14,85 16,68 7,48 0,3806 0,4276
O 63,01 56,95 45,06 0,3818 0,3451

Ta6muma 4. KoopauHaTE IBETHOCTH U I[BETA [UIS TPETHETO BAPHAHTA IIBETOBOTO
odopMiIeHUs KabHHETa

Koopaunats! usera Koopnunate! nBeTHoCTH
Heer X Y Z X y
O 43,04 50,32 43,66 0,3141 0,3672
O 88,70 90,60 67,11 0,3600 0,3677
O 93,81 94,69 80,69 0,3485 0,3517
O 72,08 73,07 52,45 0,3647 0,3698
= 16,09 19,03 21,66 0,2834 0,3351
= 22,14 28,26 27,38 0,2846 0,3633
= 24,61 25,53 46,02 0,2559 0,2655

[onmyuuBmuecst BapuaHThl LIBETOBOTO O(GOPMIICHUS I IPOLETYPHOTO
KaOHMHeTa MpeICTaBIeHbI Ha PUCYHKE |.

Puc. 1. Tpu Bapuanta I11O: a — mepBbIii BapuaHT, 6 — BTOPOi BapHaHT,
B — TPETHH BapuaHT.
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Bropoe uccnenoBanue — U3MEPEHUE SHEPreTUIECKOM 0CBEIEHHOCTH E,
W OIpeleNeHHue JOMYCTHMOro BpeMeHH oOmydeHus Y® wnznydenuem. B
KagecTBE OOBEKTOB [UIA HCCIEJOBAHUS BBICTYyNAIH OaKTEpUIUIHBIC
obnmyyatenu GALAD Busa LED u GALAD BbO123-60 (cMm. puc. 2). [dns
HU3MEPEHHUS SHEPreTHUECKUX OCBELIEHHOCTEH HCIIOJIB30BaICs
komOuaupoBanHbl Tipubop TKA-IIKM (06) — JlrokcmeTtp+Y @-Paaromerp.
CHexTpanbHBIl JMANa30H U3MEPEHMH SHEPreTUYEeCKOHM OCBELIEHHOCTH:
280 - 400 uMm (30HBI A+B). M3MepeHus: npoBOIUIUCH HAa PA3HBIX PACCTOSHUAX
1o ocu o0ITydaTess.

Puc. 2. GALAD Busa LED (a) ut GALAD Bb0O123-60 (0)

Pe3yabTaTsl

U3 pacuéra B nporpamme DIALux MbI MOSy4niIu, 4TO paccUyUTaHHbBIE
3HaueHus ocBeuieHHocTel: 503 ik — ans nepsoro Bapuanta 1O, 520 nk — mia
BTOpPOTO, 511 K — )1 TPETHEro — OTIMYAIOTCS OT HOPMUPYEMOTO 3HAYCHUS
500 nx Ha 4%. 3HayeHHe yAEeIbHON MOIIHOCTH HE MPEBBIIIAET HOPMUPYEMOE
3HaueHue (9,46<14 BT), To e MOXXHO CKa3aTh O TOKa3zaTelie nTuckoMpopra
UGR (17,1<19). Ilpm o00paboTke pe3ynbTaToB, MOJYYEHHBIX B XOJE
CyOBEKTUBHOIO HCCIIEIOBaHUS, PACCUUTHIBAIOCH CpEJHEE KBaJpaTHUYECKOe
oTKJIOHEHHE — Taba. 5. M3 pe3ynpTaTtoB ciemyer, 4TO MPEANOYTHUTEIbHBIMH
BapuanTtamu sBistroTCs L{O 1 u 1O 3 (pasuuma B 2%).

Tab6muna 5. Cpennee apudmMernyeckoe 3HAYCHHE OLICHOK HaOIroIaTeNIeH U cpeiHee
KBaJIpaTHYECKOE OTKIOHEHHE

CpeHee apuMeTHIECKOE 3HAUEHHE Cpenree KBaapaTuIecKoe OTKIIOHEHHE
o 1 10 2 110 3 o 1 10 2 IO 3
4,55 4,15 4,45 0,371 0,734 0,588

Jis BTOporo uccienoBanus ucnonb3oBaitachk Gopmyna u3z TOCT 62471
[5] mms pacu€ra mOmMycTHMOTO IJsi TIOAEH BpemMeHU ¢ oOmydenus YD

max
nsnyueHueMm. llpexen oOmydenuss Juisi 3PQPEKTUBHOW DHEPreTHIECCKOH
9KCIIO3ULMH B Mpeaenax §-4acoBoro nepuoja paset no [S] 30 JIx/M°.
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30
s max = ’
E

K

6]

2
rae E, - 3¢pdexruBnas YO snepreTndeckas OCBEIICHHOCTb, BT/M”.

B Tabmmme 6 mpencraBieHBl W3MEPEHHBIC 3HAYCHHS SHEPTETHYCCKHUX
OCBELICHHOCTEH sl KaXKI0r0 U3 00Iydarenei B 3aBUCUMOCTU OT PacCTOSIHUS
Y PacCCUMTAHHOE JAOIYCTUMOE BPEMS HKCIIO3UIIMH U3ITYYEHUEM.

Tabmmma 6. Pe3ynpTaTs! m3MepeHuit

PaccrosiHue, M E Br/m® !0 » MUH E_, Br/m® Lo s 4

GALAD Busa LED GALAD BB0O123-60
0,30 0,285 2 0,029 0,3
0,42 0,178 3 0,015 0,6
0,60 0,108 5 0,007 1,2
0,85 0,062 8 0,004 2,1
1,20 0,031 16 0,002 4,2
1,70 0,014 36 0,001 8,3
2,40 0,014 36 0,001 8,3
3,00 0,014 36 0,001 8,3

N3 mnonydeHHbIX pe3yabTratoB cienyer, uro GALAD BBO wm
PEKOMEH/IyeM MCIOJb30BaTh Ha paccTossHUAX oT 0,30 (mpuuém Jroau MOryT
HaXoAWTCS HAa 3TOM pacctosHuu He Oonee 0,3 waca) mo 0,60 M (He Gonee
1,2 gaca) B HEOOJBIIUX IO TUIOMAAN MMOMEIICHUSX, HAIPUMEpP, KOPHUIOpax,
cany3nax #u T.1. Jnsa paccrosnuit ot 0,85 M (He Gosee 2 4acoB) U BBILIE — IS
0O0JIBIINX TOMEIICHUH W C BPEMEHEM IpeObIBaHUS JIIOEH B COOTBETCTBUU C
tabn. 6. GALAD Busa LED pexkomeHayem HCMOIB30BaTh HA PACCTOSHUSIX OT
2 M ¥ BBHIIIE B TOMEIICHUIX CIEHUAIBHOIO Ha3HAYEHUS (CMOTPOBBIC,
OpoLeaypHblE W T.I.) WJIM MCIOJIb30BaTh JaHHBIA 00dy4yaTeab B HHBIX
MOMEIIEHUSX, HO C TpaUKOM OOJIYYEHHUS B COOTBETCTBUU C Ta0JI. 6.

Oo6cyxaenne

[lo mrtoram Hamei pa6otsl B monHoM cooTtBeTcTBuu ¢ [OCT P MOK
62471 ObUTO HAWAEHO JOMYCTHMOE [UIS JIFOJACH BpeMS 3KCIO3WUIHH
yIbTpadHoIeTOBBIM H3NydeHueM st obmyuatened ¢upmbel GALAD mpu
obe33apakuBaHuM Bo3ayxa. Hamm Ha ocHoBanum Bcex tpeboBanuit ['OCT
26320 ompeneneHbl MPEANOYTHTEIbLHBIC BapUAHTHI I[BETOBOTO O(GOPMIICHUS.
Takum 00pa3zoM, TOCTOBEPHOCTh PACUETOB M M3MEPEHHI oOecreymBaeTcs
CTPOTHM COOJIOICHEM HOPM U CTaHAapPTOB.
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BoiBoabl

B nanHnoit paboTe ObUIM OmMpeneNeHbI TOMYCTUMBIE 3HAYCHHUS BPEMEHU
skcnozui Y@ wu3nydeHueMm JUid JABYX OONydaTenedl W IpeIosKeHBI
BapHaHTBl WX NPUMEHEHHUS B TOMEUICHHSIX caHaTopusi. CIpoeKTHpOBaHO
OCBEILIEHUE TPOLEAYPHOTO KaOWHeTa, TA€ BCE pacuy€THhIE 3HAUYCHUS
COOTBETCTBYIOT HOopMaM. llpuuém mnBetoBbie odopmienue 1 (puc. la) u
3 (puc. 1B) craqum Haubojee MPENNOYTUTEIBHBIMU IO MHEHUIO
10 nabmogarenei.
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PA3BPABOTKA KOHCOJIBHOI'O TIPUKPOBATHOI'O
CBETWJIBHUKA JJISI MEJUIIAHCKHUX YYPEXJIEHUI
C ®YHKIIMEN BUOCBETOBOM KOPPEKIIMA
Yuocosa /I.A., macucmp, xagpedpa Ceemomexnuxu HUY «MIH»;
Hayunwlil pykogooumenv — Anekceee E.A., cm. npenodasament,
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DEVELOPMENT OF A CANTILEVER BEDSIDE LAMP FOR
MEDICAL INSTITUTIONS WITH THE FUNCTION OF BIOLIGHT
CORRECTION
Chizhova D., master’s degree, Department of Lighting Engineering
NRU “MPEI”’, Moscow;

Scientific supervisor Alekseev E., senior lecturer,
Department of Lighting Engineering NRU “MPEI”, Moscow

AHHOTAIUSA

CraTtbs mOCBAIIEHAa pa3pabOTKe HOBOW KOHCTPYKLIUH HACTEHHOTO
MIPUKPOBATHOTO CBETWJIBHMKAa M HOBOM KOHIECNIMHM pEaIu3alud 3J0pPOBOH
CBETOBOW CpeIbl, COBMECTHO pealH3ylomas JJOTOJIHUTENbHbIE (YHKINH,
CBSI3aHHBIE C MOBBINIEHUEM KAauyeCTBAa OCBELIECHUS W YCKOPEHHEM IMPOLECCOB
O0onbHUYHOW Tepamuu. [IpUKpoBaTHBIE CBETHIBLHUKU IMPEACTABISIIOT COOOM
ycTpoiicTBa OOIIEro WJIM MECTHOTO OCBELICHMs, NpeAHa3HA4YeHbl [UIs
UCTIOJIb30BaHMs B MaylaTax JJsl JISKauuX OOJIbHBIX B TOCIUTANAX, OOJIBHULIAX
U IPYTUX MEIUKO-PeabMINTAIMOHHBIX YUPEKICHUSX.

B cratbe paccmaTpuBaroTCsi OCOOCHHOCTH IMPUMEHEHUS TEXHOJOTHI
9KOJIOTUYHOTO OCBELICHUS ISl pPeaji3aliu 370pOBOH cpenbl B OOIBHUYHON
najate. B 4YacTHOCTH, NPENNIOKEHBI HOBBIE TPUEMBI OCBELIEHUS H
CBETWJIBHUKM OOIIETO W MECTHOTO OCBCUICHHsSI, JIs TepaneBTHUYECKOM
OMOCBETOBOM KOPPEKLUH Ipollecca BBI3JOPOBICHUS NallMEHTOB. B maHHOI
pabote mpencrtaBieHa pa3paboTKa KOHIENTa MPUKPOBATHOIO CBETHIIBHUKA,
COCTOSIIIAsI U3 TPEX Pa3AEIbHO PETYIUPYEMBIX CEKTOPOB, KX bl U3 KOTOPBIX
CBETAT HE3aBUCHMO JApPYr OT JApyra, HUMEIOT CBOMCTBA WHIWBHIyaJIbHOU
HaCTpOWKM YPOBHEN SAPKOCTH M ILBETOBOW TEMIEPATYphl MOJA KaKIOTO
nanuenTa ajs obecredeHns HyKHOTO YPOBHSA OCBEUICHHOCTH. CBETHIIbHUK
obecrieunBacT MaKCHUMallbHYIO peanusamnuio TexHonorun HCL. IlpoBenen
OKCIEPUMEHT, LENbI0 KOTOPOro OBbUIO BBISBIEHHE OCOOEHHOCTEH BBIOOpA
CBETOIPOITYCKAOLIUX MaTepuaos, UCIOJIb3YEMBIX B KauecTBe
pacceuBareneil.  IlpennokeHo  yuuTHIBaTH  U3MEHEHHE  (POPMBI/CABUT
CIEKTPAJbHBIX KPUBBIX W3iIydeHusa, npu peanuzanun HCL-texHOnOrHit
9PrOHOMHYHOI'O OCBELICHUS.
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Abstract

The article is devoted to the development of a new design of a wall
bedside lamp and a new concept for the implementation of a healthy light
environment, jointly implementing additional functions related to improving
the quality of lighting and accelerating the processes of hospital therapy.
Bedside lamps are devices of general or local lighting, designed for use in
wards for bedridden patients in hospitals, hospitals and other medical
rehabilitation institutions.

The article discusses the features of using environmentally friendly
lighting technologies to create a healthy environment in a hospital ward. In
particular, new lighting techniques and lamps for general and local lighting
have been proposed for therapeutic biolight correction of the healing process
of patients. This paper presents the development of a bedside lamp concept,
consisting of three separately adjustable sectors, each of which shines
independently of each other, and has the ability to individually adjust
brightness levels and color temperature for each patient to ensure the desired
level of illumination. The luminaire provides maximum implementation of
HCL technology. An experiment was conducted, the purpose of which was to
identify the features of the choice of light-transmitting materials used as
diffusers. It is proposed to take into account the change in shape/shift of
spectral radiation curves when implementing HCL technologies for ergonomic
lighting.

KawueBble ci1oBa: MEIUIIMHCKHI TPUKPOBATHBIA CBETUIIBHUK, OMOCBETOBAS
KOPPEKIIUs, HEBU3YaJIbHOE JICHCTBUE CBETA, 3I0pOBas cpejia

Keywords: medical bedside lamp, light correction, non-visual effect of light,
healthy environment

Beenenune

B coBpeMeHHOM MHpe Ba)KHO HE TOJIBKO Kaue€CTBEHHOE M KOM(pOpPTHOE
OCBEILIEHUE, HE TOJbKO pa3IMYHble KOJNYECTBEHHbIE MU KauyeCTBEHHbIE
XapaKTePUCTUKU OCBELICHHUS, HO M TaKHe MapaMeTpbl, Kak OMOIIOTHYECKUE U
MICUXOJIOTMYECKHE XaPaKTEPUCTUKU OCBEIICHUS.

Jlrogu, HaxodsiCh OOJIBLIYIO YAaCTh BPEMEHU B MOMELICHUS X, [TOJTY4arOT
KpaiiHe Majoe KOJMYEeCTBO €CTECTBEHHOT'O OCBEILEHHS, YTO MOXKET HaryoHO
BIUATH HA WX 3/IOPOBBE, HEOOXOAMMO BHEAPSTH B CHCTEMY MCKYCCTBEHHOTO
OCBEILIEHUS CBET, OPHUEHTUPYIOLIUIICS Ha LHUPKAIAHBIE PUTMBI YEJIOBEKA.
OcsenieHye ABISETCS OAHUM U3 Ba)KHEHILMX 3JE€MEHTOB, IO3BOJISIOIIUN HAM
HaiiTh OajaHc MeXAY NOTPEOHOCTSIMH TAIMEHTOB M MEIULUHCKOTO
nepcoHana. JlMHaMUYECKOe OCBEIIECHHE OJaromnpuiaTHO BO3JCHCTBYET Ha
OMOPUTMBI 4YEJIOBEKAa, YTO CIIOCOOCTBYET YIIYYIIECHUIO BOCCTAHOBJICHHS H
perenepanmu kietok [1]. C momornisto 3Heprod3PGeKTUBHBIX PEIIeHUH MOKHO
no0uTHCST HanboJee BHICOKMX Pe3yNbTaTOB B MEAUIMHCKON cdepe. B nanHoi
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pabote mpearaercsi paccMOTpeTh BIMSHUE MaTepHaja pacceuBarens Ha
nmapaMeTpsl «BBIXOAAIIETO» HU3ITy4eHHUs (CIEKTpaJbHBIM COCTaB, LBETOBas
TEMIIEpaTypa) U NPEACTaBUTh KOHLENLHIO KOHCOJBHOIO MPHUKPOBATHOTO
CBETHJIBHHKA TSI IOMEIIEHUS TUTIOBOH OOJBbHUYHOM IMaaThl.

MeToauka uccie 0BaHUsA

B mporniecce ucciieoBanus yCTaHOBIEHO, YTO MaKCUMAIbHOE BIIHMSIHUE
Ha pealn3alyuio KIYeBOH Hen OJaroTBOpPHOro (akTopa HEBU3YaJIbHOTO
JNEHUCTBUS  CBETa HA  IPOLECC  BBI3AOPOBJIEHMsI  4YEJIOBEKAa  MMEIOT
XapaKTEepUCTUKU  CBETOAMOAOB  (CHEKTPAJIbHBIM COCTaB M MHIEKCHI
[BETONIEpEIayr), W TapaMeTPbl CBETOMPOMYCKAIOIINX/CBETOOTPAKAIOIINX
MaTepraioB (CTa0MILHOCTh MapaMETPOB BO BPEMEHH, MHAEKCHI >KEITHU3HBI,
BIUSHUE Ha BBIXOAAIIUN CHEKTPaJbHBIA COCTaB M3Ty4YeHHs] CBETUJILHUKA B
HAYaNpHBIA TEpUoa W B Mepuoj dKkciyaraiuu). C yd4eToM HMEIOIInUXCs
HAy4YHBIX JaHHBIX [2] mo TpeOyembIM JJIMHAM BOJH IS MaKCHMalbHOU
3¢ PEKTUBHOCTH BO3ACHUCTBHS HAa €CTECTBEHHbBIE IMPKAIHBIE PUTMBI YEJIOBEKA,
BbIOpaHbl CBETOAUOJHBIC JIMHEWKH [UIsl KOMIUIEKTAMH, W HapaMeTpsl
peryiaupyeMoro 0JioKa MUTaHUs/IpaiiBepa MOJICITUPYEMOTO CBETHIIFHHKA.

st sxcneprMeHTa 1mogo0paH CBETOAMOAHBINA TMHEHHBINA CBETUIILHUK C
HAa0OpOM CBEMHBIX pacceWBaTelel ¢ pa3IUYHbBIMH KO3 UIHEeHTaMU
ceeronpomyckanusi (ot 56% no 97%), KOTOpble TOOYEPETHO MEHSUIHCH C
LENbI0 U3MEPEHMs CIEKTPAIbHBIX XapaKTEPUCTUK CBETOBOIO IOTOKaA. [
W3MEPEHHU HCTOJIb30BaJICS cnektpo-ronnodoromerp Ibsen Photonics
Freedom Viso ¢ 6a3oBoii cucremoii LabSpion.

PesyabTaTsl

Marepuan pacceuBaTelisi MOXKET WU3MCHSATh CIEKTp, M3-3a TOTO 4TO B
Hayaje »JKCIUTyaTalluh HMeeT HeOOJbIIYI0 CEelIeKTUBHOCTh, KOTOpas B
MPOIECCe WCIOIB30BaHMUS MOXET Bo3pacTaTh. s Hamboiee sddexTruBHON
peanu3alMd  TEXHOJIOTUM  4eloBeKo-leHTpuyHoro ocsemienus (HCL-
TEXHOJIOTHH), €CTh BO3MOXXHOCTh CIIPOTHO3HPOBATH 3apaHee JaHHOE
U3MEHEHHE CHEKTPAIbHBIX XapakrepucTuk. CBerommon oOmajgaer, B
YAaCTHOCTH,  [apameTpaMH  CIEKTpa, KOPPEIUPOBAaHHOM  IIBETOBOM
TEMIIepaTypoil W YIJaoM paccesHus. VIMEITCS JMH3BI M pacceuBaTellb,
KOTOPBIC JJAIOT HY>KHBIC YIIIbI paccesHusI M OPMUPYIOT CBETOpACIIpEICIICHNUE,
yOHpalOT «TOYEYHOCTH» H  OJIECKOCTh CBETOAMOJOB, HO €CTh H
OTpHLATENBHBIA A(PGEKT OT HalMyusl pacceuBareis, B YaCTHOCTH -
U3MEHSETCS KayecTBO CHEKTpa (yXyHAlIaeTcss KpacHas COCTaBIAIONIAs B
CHekTpe, W uBertomepexada). Ha pwuc.l mokasan mnpumep o00paboTKu
pe3ynbTaToB M3MepeHui (paccenBatenb Nel).

B Xome »kcmepuMeHTa MPOUCXOIUT CMEIICHHE KOPPEIUPOBAHHON
I[BETOBOW TeMIIepaTypbl B CTOPOHY OoJiee TEIUIONW IBETOBOM TeMIepaTyphbl.
OTO MNpenaTcTBYeT co3JaTh MeXaHu3M 3(P(EeKTHBHOrO  HHUPKAIHOTO
perynupoBanus.  [looToMy  m1puW  NPOEKTUPOBAHMM  NPHKPOBATHOTO
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CBETHJIbHHMKA, MbI JOJDKHBI y4YUTBIBATH O3TO M (AKTOp HM3MCHCHHS
XapaKTEePUCTUK paccerBaTeNsl B MPOLIECCE IKCILUTyaTallK (MHIEKC KEITH3HBI).
HauGonee 3ameren manublid 3(pdekr Ha MaTOBOM pacceuBarene. B 1o xe
BpeMsi, JAHHBI THIT paccewBaTeNIi MaKCUMabHO 3()QeKkTuBHO yOWpaer
OJIECKOCTh, «TOYEYHOCTH» OT JIMHEEK CBETOAMOJIOB, CO3/aBas HamOolee
KOM(OpPTHOE MSITKOE paBHOMEpHOE OcBelieHue. OCBETHTENbHAs yCTaHOBKA

BKJIIOYAaeT B ce0s HACTEHHBIH CBETWIBHUK Ha 0a3e HSKCTPYIUPOBAHHOIO
AIIOMUHHUEBOT0 IpoduIs.

CnekTphl ¢ pacceHeatenamu Nol-4

i J”IL.L:i JflL

ﬁ:' i ot aEen
yesz

Ne KCC, CRI, Tus. Jloxyc
CBETOBOH ITOTOK,
IMHKOBaA

HHTEHCHEHOCTE

i Vo yam

e . ) * csnn CIE 1931 20O

~_" . W

- 116,80

Puc. 1. [Ipumep o6paboTku pe3yabTaToB (paccenBatensb Ne 1)

3

Puc. 2. Koncrpykuus npoduis
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[Tpodune MMeeT CEKUMOHHYI0 KOHCTPYKIHIO, COCTOSIIYI0O HX TpPex
OCHOBHBIX CEKTOpOB (puc. 2). bruoamHamuuecknii HACTEHHBIM KOHCOJIBHBIN
CBETWJIBHHK MMEET JIMHEHHYIO (opMy Koprryca. | 0003HAYEHBI — IUIAThI LIS
CBETOAMONHBIX JIMHEEK (MOTYT OBITh pa3MENIeHbl HECKOJBKO INTYK, APYT 3a

IPYrOM WA WMETh HECKOJBKO PSAJO0B B CEKIMH), 2 — pacceuBaTeb,
3 — MeTaJUIMYECKHE TICPETOPOAKUA MEXIy CEKTOpaMH, IOKPHIThIE Oeoit
CBETOTEXHHYCCKON  muddy3HO-OTpakamIien sManplo, 4 —  KOpIyc

CBETHJIbHMKA C OJokoM muTaHus. Komiuiekranus CBETHUJIBHUKA: HMKHSA
CEKIMsI CBETHJIbHUKA 00ECIeYrBaeT OCBELICHHOCTh MPUKPOBATHOM 30HBI IS
yreanss — 300 nk. CpenHss CeKIUs CBETWJIBHHMKA oOecreunBacT oOIee
ocemenue He wMeHee 100 71k, Ha ypoBHe mona. Bepxusas cekuwus
obecreynBaeT BepXHee OCBEIEHNE, COBMECTHO C CHCTEMOI MPsIMOTro OOIIETO
ocBemeHusi (OymeT paccMoTpeHa ganee). B kaudecTBe H3mydarommx
CBETOJIMOJIOB:  CEpPUSl  UYETHIPEXKAHAIBHBIX CBETOAMOAHBIX JIMHEEK C
WCIIOJIb30BaHUEM BBICOKOA( (D EeKTHBHOU COB-texHonoruu u
ONTUMHM3HPOBAHHBIM CHEKTPAJIBHBIM COCTABOM OCBeIICHUs. OTIMYUTETHHOM
O0COOEHHOCTBIO JTOW Cepuu  SBISIIOTCS  TpeOyeMble  XapaKTepUCTUKH
U3ITyYEHUs, UMEIOLIUE MHUKH YYBCTBUTEIBHOCTH B JHAaNa3oHE [UIMH BOJH
470 — 477 am u 580 uM [3]. OCOOEHHOCTE PTHX CBETOIHOIHBIX JIMHEEK —
MOJIHBIA CIEKTP M3JyYeHUs] W TpeKpacHas Iepeaada KpacHOro IBeTa
(R9: me menee 80), naaexc useronepegaaun CRI > 95.

BHyTpu cBeTHIBHHMKA B KaKIOM M3 TPEX CEKTOPOB (PacroIoKEeHHBIX
O] YIJIOM) 3aKPEIJIeHbl MO0 HECKOJIBKO CBETOJMOAHBIX JIMHEEK TEIIOro U
XOJIOTHOTO CBEYEHHS, CIIEKTP M3IYUEHHUSI KOTOPHIX CKOPPEKTHPOBAH C YIETOM
MOJIyYEHHBIX 3KCHEPUMEHTAIbHBIX JaHHBIX. B 3aBHUCMMOCTH OT KOJIMYeCTBa
JIUHEEK MOXKHO mo00paTh HEOOXOANMBIE napameTpsl ()
MOIIIHOCTH/CBETOBOMY MOTOKY, pa3padoTaTh CLIEHAPUHN YIIPABICHUS CBETOM, U
HEoOXOAMMYI0 LIBETOBYIO Temmeparypy. lIpm 3Tom ympaBieHue STUMHU
napaMeTpaMM OCYIIECTBIISETCS Pa3/ielbHO MO KaKAOH M3 Tpex cekiui. J{is
peanu3aluy TaKoro YeJIOBEKO-LEHTPUYHOI0 OMOAMHAMMYECKOIO OCBEICHHS
HYXKHa CHCTeMa YIpaBlIeHHs, HMEIoUas CJIEAYyIOIINe 3JIeMEHTHI: JaT4HK
OCBEIICHHOCTH/MYJIBTUCEHCOP, OJIOK MUTAHUS, KOHTPOJIJIEP, C BO3MOKHOCTBIO
ynpasieHus (mo npotokonry DALI2), u coOCTBEHHO — cUCTEMa OCBEIICHHS
OOJIBHUYHOM MaNaThl.

O6cy:xnenne

s DONHOLEHHOM pealn3alid CHCTEMBI  YEJIOBEKO-LUEHTPUYHOTO
OCBCIICHUSI B YCIIOBUSX OOJIBHUYHOW Manatbl, HEOOXOJUMO TPEAYCMOTPETh
pean3annio BCeX IPUEMOB OCBEIICHUA: IPSIMOE BEpXHee ocBelleHue (oodiee
OCBEILIEHUE), HACTEHHOE KOMOMHHMPOBAHHOE OCBEIEHHE (PACCMOTPEHO
paHee), U CKpbITad TIpaauCHTHad IMOACBETKA CTCHLI (,Z[J'IH CO3aHusA
BEPTUKAIBHON OCBEHICHHOCTH M YIYYIIEHHUS YCIOBHI BOCHPHUSITHS JIEKauero
6onpHOrO). Ha puc. 3 mnpencraBieHbl BapuaHThl yKa3aHHBIX IPUEMOB
OCBEIIIEHUSI HAa MOJIENI MHTEphepa OONpHWYHOHN manatel. O0Iee ocBelIeHHe
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MpeAJiaraeTcsl peajn30BaTh IOCPEACTBOM pacHpe/leICHHBIX IOTOJIOYHBIX
CBETWJIBHUKOB. [IpH 3TOM momyunM Jdydmunii KoMGopT u OoJiee Ka4eCTBECHHbBIE
CBETOTEXHUYECKHUE MMapaMeTPhl OCBEIEHUA: JIyUIlle PABHOMEPHOCTH, MEHBIIIE
0JIECKOCTh, TIPUBJICKATEIBHBIN MU3aliH CUCTEMBI OCBeNIcHHs. JleKOpaTHBHBIM
MMOTOJIOYHBIN CBET BBIMOJHEH B BHUAE 3HAKa 307uaka (pucyHOok Ne 3),
COCTOSIINN U3 BU3YaJIbHO MHTEPECHOW CUCTEMBI MOTOJIOYHBIX CBETUIILHUKOB,
COEJIMHEHHBIX B €IMHYIO BU3yalbHYIO opMy.

>

Puc. 3. BI/I3yaJ'II/ISaI.[I/I$[ MajaTbl U IPpUEMOB OCBCIICHUSA

BrIBOABI

Pa3paborana ocBeTHTENbHAS YCTAHOBKA OONBHUYHOW MajaThl, & TAKXKE
MPUKPOBATHBIM CBETWJIBHHUK, B COBOKYITHOCTH MAaKCHUMAaJbHO peaTu3yIoUIui
BCE COCTAaBJIAIONINE YEIOBEKO-IIEHTPUYHOTO OcBelleHHus. CBET BO3/IEUCTBYET
Ha UUPKAIHbIE PUTMbI, UIMUTUPYET CyTOUYHBIE PUTMbI COJTHEYHOT'O CBETA — BCE
3TO MO3BOJUT YCKOPUTh BBI3OPOBICHHE MAIMEHTOB. boliee KOpOTKOE
npeObIBAaHUE O3HAYACT MEHBIIHME 3aTPAThl M SKOHOMHUIO PECYpPCOB, YTO JIS
KIUHUKA ~ OyZeT Cephe3HBIM apryMeHTOM B TIOJb3y  IPUMCHEHUS
Ka4eCTBEHHOT0 YPrOHOMUYHOTO OCBEIICHUSI.

Cnmcok aurepaTypbl
1. /. K. Bpetinapo, K. A. bepuexep. Bnusinue cBeta Ha (PU3UOIOTHIO H
noseaeHue deaoseka // Ceerorexuuka — 1996. - Nel-2. — C. 10-13
2. Peter Boyce “Human Factors in Lighting”// v3, CRC Press, - 2014.
3. Ceemomexnuueckas komnanus Vossloh-Schwabe — «4-x KaHanbHas

muneiika HCL» [DOnextponnblii pecypc]: www.vossloh-schwabe.com.
(lata obopamenus: 16.04.24).

54


http://www.vossloh-schwabe.com/

CXEMA BKJIFOYEHUS BE3JIEKTPOJHOM BEC®EPPUTHOMN
UHJIYKIIMOHHOM PTYTHOM JIAMIIbI HU3KOTI'O JABJIEHUSI,
PABOTAIOIIEM HA YACTOTE DJIEKTPHUYECKOI'O
MmOoJIsA 1,7 MI'y
IHllaexynoe A./l., cmyoenm; Hnukeeea P.A., cmapuwiuii npenodasamenn,
HUHY «MD3H», 2. Mockea

CONNECTION DIAGRAM OF AN ELECTRODE-FERRITE-FREE
LOW-PRESSURE INDUCTION MERCURY LAMP OPERATING
AT AN ELECTRIC FIELD FREQUENCY OF 1.7 MHz
Shavkunov A.D., student; Ilikeeva R.A., senior lecturer,

NRU "MPEI'", Moscow

AHHOTAIUSA

B nannoli pabore wuaeT pedb O Pa3pabOTKE CXEMbI BKIIOUYCHHS
0e3ameKkTpoHON OeceppuTHON WHIAYKITMOHHOW PTYTHOW JIAMITBI HHU3KOTO
JlaBleHus, padoTaromieil Ha yacToTe snekrpudeckoro nons 1,7 MI'm, B cets
nocrosinHoro Hanpspkenus U, = 0 — 60 B. Pa3zpaboTka mycKoperyampyomnero
anmnapara JUTST 3P PEKTHBHOTO HMCTOYHUKA OaKTEepPUIIUIHOTO
yIBTPa(UOIETOBOIO H3IyYCHUS SBISETCS TEPCIIEKTUBHBIM HAIPaBICHUEM,
MOCKOJIbKY ~ JAHHBI  THUI  JIaMII UMEET BBICOKYIO  AI(PPEKTHBHOCTH
yIbTpadHOIETOBOr0 u3nyueHus 7 = 43 — 65% Ha qyuHE BONHBI A = 254 HM H
001b10# cpok cimyx0bl 7 =~ 100 Thic.uac. OgHAKO M3BECTHBIC B HACTOSIIEE
BpeMsi 0e33JIeKTpoaHble OeceppuTHBIE JaMIbl UMEIOT Pl HEIOCTATKOB,
TJIABHBI M3 KOTOPBIX — CIIO)KHOCTh W BBICOKAs CE0ECTOMMOCTH CXEMBI
BKJIIOUEHHUS JIaMII B JJIEKTPHUECKYIO CceTh. B paboTe paccMoTpeHa cxema
BKJIIOUCHUS, KOTOpash BKIIOYaeT B ceOs BBICOKOYACTOTHBIH TE€HEpaTop C
HacTpauBaeMON YacTOTOM, YCHJIMTEIb, PAOOTAIOIIMA Ha MOIIHBIX IOJICBBIX
TPaH3UCTOPAX, U BBIXOJHOW KACKaJl, COCTOSIIIMIA M3 MOJIEBBIX TPAH3UCTOPOB U
JIByX0OMOTOYHOTO TpaHchopmaTopa. MoaenupoBaHue dJIEKTPUUECKON CXEMBI
npousBoAmIocs B mporpamme MicroCap. Pe3ynbTaThl, IMOJNIydeHHBIE TpU
MOJICTTUPOBAHUH MYCKOPETYJIUPYIOIIETO anmapara, CIOCOOCTBYIOT
JanpHeWme pa3paboTke OO0ydaTembHOHW YCTaHOBKH C O€33JIEKTPOIHOM
OecheppuTHON WHAYKIIMOHHOW PTYTHOW JIAMIIOW HU3KOTO JIaBJICHUS,
paboTaroliei Ha 4acToTe pa3psaaHoro Toka f= 1,7 MI.

Abstract

This work deals with the development of a circuit for connecting an
electrodeless, ferrite-free, low-pressure induction mercury lamp, operating at
an electric field frequency of 1.7 MHz, into a DC voltage network Uc = 0 — 60
V. The development of a ballast for an effective source of bactericidal
ultraviolet radiation is a promising direction , since this type of lamp has a
high efficiency of ultraviolet radiation n = 43 — 65% at a wavelength A = 254
nm and a long service life T = 100 thousand hours. However, currently known
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electrodeless ferrite-free lamps have a number of disadvantages, the main one
of which is the complexity and high cost of the circuit for connecting the lamps
to the electrical network. The work considers a switching circuit that includes
a high-frequency generator with an adjustable frequency, an amplifier
operating on powerful field-effect transistors, and an output stage consisting
of field-effect transistors and a two-winding transformer. The electrical circuit
was simulated using the MicroCap program. The results obtained from
modeling the ballast contribute to the further development of an irradiation
installation with an electrodeless, ferrite-free, low-pressure induction mercury
lamp operating at a discharge current frequency of f = 1.7 MHz.

KuaruesBsie ciaoBa: Ilyckoperymupyromuii anmapar, BBICOKOYACTOTHBIN
TeHepaTop, MOJCIMPOBAHME CXEM MUTaHWsl  Ta30paspsiAHBIX  JIaMIl,
OecepputHas 0e3dNEKTPOAHAS WHAYKIIMOHHAS JIaMIla, PTYTHBIA paspsif
HU3KOTO AaBjieHus, Y D-uznydeHue.

Keywords: Ballast, high-frequency generator, modeling of power circuits for
gas-discharge lamps, ferrite-free electrodeless induction lamp, low-pressure
mercury discharge, UV radiation.

Beenenne
WnaykuuoHHslid OeceppuTHBIN PTYTHBIM paspsii HU3KOTO JaBJICHUS
(PHg = 1Tla) SIBIISIETCS BECHMa MEPCIEKTUBHBIM HMCTOYHHUKAM

yaeTpaduoneroBoro (Y®) OGakTepUIMIHOTO PE30HAHCHOTO HU3ITYYEHUS Ha
mHax BoJH 253,7 u 184,9 uM. OCHOBHOE JOCTOMHCTBO JAHHOTO THIIA JIAMIT -
OTCYTCTBHE DBJEKTPOAHOTO Yy3/a, pa3pylleHHe KOTOpOro B Mpolecce
IKCIUTyaTallid CTaHJIAPTHBIX TPYOYaTBIX PTYTHBIX JIAMII HU3KOTO JaBICHHS
(H/I) oka3piBaeT HETATUBHOE BIUSHUE HA UX CPOK CIYKOBI [1].

B 10 e BpeMs, nammbl TpaHC(HOPMATOPHOTO THIIA, UCIOJIB3YIOIINE B
Ka4ecTBE MHIYKTOPOB KATYIIKA HWHIYKTHBHOCTH C (peppOMarHUTHBIM
YCWJICHHEM, WMEIOT HECKOJBKO BeChMa CYIIECTBEHHBIX HEJIOCTATKOB!
BBICOKHE TpeOOBaHUS K KadeCTBY «CTBHIKYIOUIMXCS»  ITOJMPOBAHHBIX
MOBEPXHOCTEH JIBYX TIOJIOBUHOK MarHUTONPOBOZAA, a TaKKe JIOPOTOBH3HA
MPOM3BOJICTBA 3aMKHYTOW TpyOkH Oouiblioro nuamerpa. JlaHHbie (akTopsl
00yCIIOBIWIIM HHM3KYIO KOHKYPEHTOCTIOCOOHOCTH JIaMI TpaHc(hOpMaTOpHOTO
TUMAa CpPeAM TMPOYMX HCTOYHUKOB HW3IY4YCHHSA, KaK BUAMMOTO, TaK H
yIbTpauoIeTOBOrO  Juama3oHoB  cmektpa. OpHako,  OecdeppuTHbIE
VMHIYKIIMOHHBIE JIaMIIbl 3aMKHYTOTO THIIa JIMIIEHBI BBIIICTIEPEUNCICHHBIX
HEIOCTATKOB,  OTIMYAIOTCS  IMPOCTOTOW  MPOM3BOJACTBA W BBICOKOU
TEXHOJIOTHYHOCTBIO OJarogapsi MCHOJIb30BAHUIO KOJO MEHBUIETO IHhaMeTpa
(d = 16,23 mmM). Taxxke, Oarogaps OTCYTCTBHIO MarHUTONPOBO/A, JaHHBIC
TUMBl UCTOYHUKOB Y@ H3mydeHHs HMEIOT Ooyiee HU3KYI CTOUMOCTh H
BBICOKYIO HaJIe)KHOCTbD.
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Takum o0pazoMm, HWHAYKIHMOHHAs OecheppuTHas pTyTHas Jamrma
aBIseTCs  A(PGEKTUBHBIM HCTOYHUKOM OaKTEPUIIMIHOTO PE30HAHCHOTO
U3ITyYeHUs Ha JUIMHAX BOJH 253,7 u 184,9 HM, CyLIECTBEHHBIM HENOCTATKOM
KOTOpO#l  SIBIISIETCS  JIOPOTOBM3HA ¥  TEXHOJOTHYECKAas  CIOKHOCTD
nyckoperynupyomero anmnapara (IIPA)[2]. CnemoBatenbno, pa3paboTka
ITPA, o6ecneuynBaromero pasropaHue IUIasMbl U [OJJEPKHUBAIOIIETO
YCTOWYMBBIA PEXKUM pPAOOTHI JIAMITBI B 3JICKTPHUYECKOM KOHTYpPE SBIISCTCS
aKTyaJbHOM 3a7aueil.

Merton nccienoBaHus

Hns  obecriedeHusi CcTaOWIBHOM W YCTOMYMBOW pabOTHI  JIaMITBI
HeoOXOAMMO TMOJaBaTh HA KAaTyIIKy WHAYKTHBHOCTH, NOAKIIOYEHHYIO K
JamIe, MePeMEeHHOE HamnpssKeHWe C 3aJaHHON aMIUTUTYIAOW HampsyKeHHs U
yactoroi 1.,7 MIn. Ilutanue mnycKoperyaupymooIlero amnmapara B XOJe
JKCIIepUMEHTa olecneunBall J1abOpaTOpPHBIM  OJIOK TMUTAaHUS, KOTOPBIH
BbIIaBaJl Ha BbIXOJE IMOCTOSIHHOE HamnpsbkeHue 60 B nns cuinoBoit wacTu
redepatopa u 15 B jmns ynpamnstomiei. Jlns obecriedeHUss HEOOXOTUMBIX
XapaKTePUCTHK CXEMbl BKIIOUYEHHS B XoJe paboTbl ObUTM pa3paboTaHBI
HECKOJBKO OJIOKOB MPUHIMITMAIBEHOW CXEMBI, COCTOSIIME W3 TeHepaTopa
4acTOThl, MpeoOpa3oBaTelsi CHUTHAJIA, YCWIMTENsl CUTHala, KOHBEpTepa,
npeoOpazoBatens 15-5 B u 3amuTel mo ToKy. biok-cxema BEICOKOYaCTOTHOTO
reHepaTopa npejacrasieHa Ha puc. 1.

1 2 3 4

IIpeobpazosarens
CHTHaza

I'eneparop 4acToTh Veunurenn Huseprop

h

15V -5V
npeobpasoBareib

Jammra mo T OKY

Puc. 1. biaok-cxemMa BbICOKOYaCTOTHOTO reHepaTopa

Cxema pabotaer cieayromuMm oOpa3oMm. I'eHepaTop 4YacTOTHI 3ajaeT
MPSMOYTOJIbHBIN JIOTHUECKHUI CUTHAN aMIUTUTYyA0M 5 B ¢ 3aaHHON 4acTOTOH,
KOTOpasi HacTpauBaeTCsl CIBUIOBBIMU pe3ucTopamMu. CHUTHal Ha BBIXOAE
reHepaTopa 4YacTOThl yKa3aH Ha puc. 2.
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Puc. 2. Curnan Ha BbIX0/ie TeHEpaTopa 4YacTOThI

[IpeobpazoBaTens CcUTHanza pa3aBavBacT CUTHAI Ha [[BA CHTHAIA,
KOTOpBIE CIBHHYTHI JPYr OTHOCHUTENBHO JIpyra Ha 7T, Aanee (opma curHama
Koppektupyercs. [locne curnan ycunmBaetcs 10 3HaYEHUs aMIUTUTYAsl 15 B
W TPUXOJHWT HA JABYXOOMOTOHYHBEIN TpaHcopMmarop, Ha BHIXOJIE KOTOPOTO
MOJIy4JaeTcs IBa CUTHaja, KOTOpble CMEIIEHB! APYT OT Apyra Ha HaIpsSKEeHUE
nutanus uaeBepropa U, WHBepTOop mpeoOpasyeT curHal, NpUXOISLINM Ha
3aTBOPHI TPAH3UCTOPOB B BBICOKOBOJIBTHBIM CUTHaN HampspkeHHeM Uy,
3amuTa o TOKy oOecreunBaeT He JOMYIICHUE BBIXOJa U3 CTPOSI CXEMBI U3-3a
neperpy3ku Ha cuioBod uyactH. IIpeoOpazoBarens Tpanchopmupyer
MOCTOSHHOE HampsbkeHue 15 B B mocTosgHHOe HampspkeHue 5 B s nutanus
JIOTUYECKON YAaCTH CXEMBL.

OneHka cxXeMbl MHUTAaHWUS MPOU3BOAMIACH B CpEAE€ MOACIUPOBAHUA
Micro-Cap [2]. Dnexrtpudeckass MOJE€Ib BbICOKOYAaCTOTHOIO I€HEpaTopa,
pa3butast Ha 6JI0KH U3 OJIOK-CXEMBI Ha puC. 1, MpeacTaBieHa Ha puc. 3.

Puc. 3. SHCKTPI/I‘ICCKaﬂ MOZ€CJIb BBICOKOYAaCTOTHOI'O reéHepaTopa
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PesyabTaTni

[Tocne pa3pa®oTKu U MOIEIMPOBAHHS MyCKOPETYIMPYIOLIETO anmapara
ObUIM  TIONyYeHBI CIICAYIOIIME pe3yJbTaThl: Ha BBIXOJE TeHeparopa
¢dopMupyeTcsi  OPSIMOYrOJIbHBI  CHUTHAX C  3aJaHHOW  COBUTOBBIMHU
pe3ucTopamu 4actoTod v U amruutyaoi 60 B. ®opma BBIXOAHOIO CUrHaia
MpeJcTaBieHa Ha puc. 4.

100.00

2050 2000 2.00u 5000 8000 10,00y

T(Sees

Puc. 4. BeIxogHOM cUTHAI

O0cy:xnenne

B name Bpemsi, B ocobennoctu mnocie mangemun COVID-19, kpaiine
OCTPO CTOMT BOMpOC 00e33apakWBaHMsl BO3[AyXa W IMOBEPXHOCTEH B
MOMEIIEHUSX MEIULIUHCKUX YUPEKIECHUMN, MUIIEBBIX MPEANPUATUIX, a TaKKe
MecTax Oonpmioro  ckoruieHuss  moaed.  CoBpeMEHHbIE  MCTOYHWKHU
OAaKTEpUITMTHOTO M3ITYUYCHUS, TAKUE KaK TpyOuaThie pTyTHBIC Jammbl HJ[ nnm
Y®-cBeToanoAbl, UMEIOT CYIIECTBEHHbIE HEIOCTATKH, TAKHE KAaK HEBBICOKHIA
CPOK CITy’OBI 1 oTHOCUTeNbHO HeOobmoi KIT/I renepanun Y ®-usnydeHus

M6 1w = 30 — 50%. TBepmoTenbHbIE HCTOYHUKU UMEIOT 04eHb HU3KHMA KIIJT

rerepannn Y O-u3nydenus M,yc ,, = | — 3% 1 BBICOKYIO CTOMMOCTB. B T0 ke
Bpemsi, OeceppuTHBIE 0€33JIeKTPOIHbIE MHAYKIMOHHBIE jJamnbel HJ[ umeer
Boicoku# KIIJ[ renepauun VY ®-usnydenus 1, . = 43 — 65%, BHICOKHI CPOK

CIyOBbl U BBICOKYIO TEXHOJOTHYHOCTh MPOM3BOJACTBA. OJHUM H3 CaMBIX
CYIIECTBEHHBIX €€ HEJIOCTATKOB SBISETCS JOPOTON ITyCKOPEryIUPYyIONTHit
ammrapaTt. PemmB  gaHHyr0 TmpoOiemy, OyIeT BO3MOXKHO W BBITOJHO
WCIIONIB30BaTh  JIaHHBIH HMCTOYHWUK  OAKTCPUIIUIHOTO  W3IIYYCHHUS  JUIS
00e33apaKuBaHUs BOJIbI M IIOBEPXHOCTEH.

BbiBoabI

B pabGore mpenacTaBieH IYCKOPETYJHMPYIOIIMNA  ammapaTr — JiIs
O0ecepputHO 6€337eKTPOHON WHAYKIMOHHOU Jammiel HJI, paboTarommii B
MerarepIioBoM juana3oHe. B TreHepaTrope HCIHONB3YETCS MHHHMAIBHOE
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KOJINYECTBO JIOTMYECKUX 3JIEMEHTOB M CHUJIOBBIX TPAaH3UCTOPOB, UTO JENaeT
ero JIEmEeBbIM U MPaKTHYHBIM. CTOMMOCTH KOMIIOHEHTOB JJISl TAHHOW CXEMBI
He npesbimaeT 5000 py0., mpu 5TOM cXema JOBOJIIFHO MPOCTa B peasin3aliim.

1.

2.

3.
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BOIIPOCHI MPOEKTUPOBAHUSA BHYTPEHHEI'O OCBELLIEHUSA
MOPCKHUX ITACCAXKUPCKUX JAMHEPOB
Hllecmepuxosa U.C., baxanasp
Hayunuiit pykosooumens — @Pomun A.I., K.m.H., doyenm,

HUY «M23H», 2. Mockea

INTERIOR LIGHTING ASPECTS OF MARINE PASSENGER LINERS
Irina A. Shesterikova, B. S. E.; Alexander G. Fomin, Ph.D. of Engineering
Sciences, National Research University MPEI, Moscow, Russia

AHHOTaNIUA

B crarbe aHanu3upyeTcs CUTyalusi, CIOKHUBIIAICS C TPOEKTUPOBAHUEM
OCBEIIIEHUS] KPYITHBIX MOPCKUX MACCAXUPCKHUX JIAWHEPOB B HAIICH CTpaHE Ha
naHHbIE MomeHT. OOpalraercss BHUMaHHE Ha HEPa3BUTOCTh Ha JTaHHBIN
MOMEHT COOTBETCTBYIOIIEH OTEUECTBEHHOM OTpaciu, 3aHHMaroIlieiics
MOCTPOUKOW CYJOB TakKOTo Kiacca, a Takke (HaKTHUECKOE OTCYTCTBHE
aKTyaJIbHBIX HOPM OCBEIICHUS JIJISl )KUJIBIX M OOIECTBEHHBIX IMOMEIICHUN Ha
MacCaXKUpCKUx JnaiiHepax. IIpoBen€H CpaBHUTENBHBIM aHAIN3 HOPM
BHYTPEHHETO OCBEIICHHS] KPYHU3HBIX JIAWHEPOB B COBETCKOE BpeMs U B
HacTosee BpeMs. BripaOoTaHbl MpeqIoXKeHHs] MO aKTyalu3aluHu JTaHHBIX
HOpM, Ha HMX OCHOBE pa3paboTaH TpHUMEp MPOEKTa OCBEHICHUs NalyObl
pEANIbHOTO KPYHM3HOTO JaifHepa. YCTaHOBIEHO, YTO IMPOEKT YyIOBIECTBOPSIET
COBPEMEHHBIM TPeOOBaHMIM BHYTPEHHET'O OCBEICHUS CYJOB, YTO TO3BOJISET
PEKOMEHIOBaTh HOBBIC HOPMBI JIJISl BHEAPEHHS B MPAKTUKY IPOCKTHPOBAHUSL.

Abstract

The article analyzes the current situation with the design of lighting for
large sea passenger liners in our country at the moment. Attention is drawn to
the current underdevelopment of the relevant domestic industry involved in the
construction of ships of this class, as well as the virtual absence of current
lighting standards for residential and public spaces on passenger liners. A
comparative analysis of the standards for interior lighting of cruise ships was
carried out in Soviet times and at present. Proposals for updating these
standards have been developed, and on their basis an example of a deck
lighting project for a real cruise ship has been developed. It has been
established that the project meets modern requirements for interior lighting of
ships, which allows us to recommend new standards for implementation in
design practice.

KiaroueBble cjioBa: HOPMBI OCBEIICHHS, BHYyTPEHHEE OCBEIICHUE, OCBEIIICHHUE
CYZIOB, OCBEIICHUE KPYU3HBIX JIAHHEPOB, OCBELICHHUE >KUJIBIX IOMEILCHUH,
OCBCILCHUE OOIICCTBEHHBIX TOMEIICHHH.

Keywords: lighting standards, interior lighting, ship lighting, cruise ship
lighting, residential lighting, public lighting.
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Beenenne

OcHoBHBIM HampasieaueM B cynoctpoennn CCCP 0bu10 moctpoeHue
MaJIOMEpPHBIX H OBICTPOXOJHBIX MOPCKMX M pe4HbIX cynoB. Ho Tak
HUCTOPUYECKH CIOKUIIOCH, YTO KPYITHBIEC MACCAXUPCKUE Cyla TPATULIUOHHO 110
3aKa3zy CTPOMJIMCh Ha 3apyOeKHBIX CyIOCTPOMTENBHBIX 3aBOJAX CTpaH
comnarepst (I'’IP, Bearpun, YUexun u ap.) u B ABctpun [1].

B nmepuon kpusuca oreuecTBeHHOM 3KOHOMHUKHM 1980-x — 90-x romos
IIPOU30ILIO PE3KOE COKpalleHHE 3aKa30B Ha CTPOUTENIBCTBO CYAOB, YTO
IIPUBEJIO K TSDKEJIOMY 3KOHOMUYECKOMY IOJIOKEHHUIO BCEX CYIOCTPOUTENBHBIX
3aBOJIOB CTpaHbl. ODKOHOMHYECKOE IIOJIOKEHHE HACEeIeHUsI TOXE OBLIO
TsOKENbIM. J{7Is1 TypHUCTHYECKUX MapUIpyTOB XBaTalO CYIOB, 3aKYIUJICHHBIX
eme CCCP.

Ha paHHBIE MOMEHT CpPOK CHYXOBI CTapbhiX MMAacCaXXHUPCKUX CYIOB
MOAXOAUT K KOHIy, a WHTEPeC K BHYTPEHHEMY BOJHOMY TYpHU3MY
CTpEeMHTENbHO pacTeT. [l Toro, 4roObl OHUM MOIJIM COOTBETCTBOBATH
COBpPEMEHHBIM TpPeOOBaHMAM, HEOOXOAMMO HX LEIUKOM MEpecTpauBaTh WIN
3aMeHUTh. [IpoOiiemMa 3akirodaeTcs B TOM, 4YTO CBOCH TMacCaKUPCKOU
CyJIOCTPOUTEIBHON NpOMBILUIEHHOCTH B Poccun Her [2].

ONEeKTpUYECKOEe OCBEIICHHE Ha CcyJax pas3feisieTcsi Ha OCHOBHOE
(BHYTpeHHEE U Hapy>KHOE), aBapuiiHoe U nmepeHocHoe. OCHOBHOE BHYTpEHHEE
UCIIONB3YyEeTCsl BO BHYTPEHHHMX TMIOMEIIEHUSX Cy/AHA, a aBapuUiHOE
MPUMEHSIETCS U1 BPEMEHHOTo 00ecreueHUs] MUHUMAJIbHOW BUJIUMOCTH B T€X
MOMEIIEHUAX, € MPU HPEKPalIeHUH OCHOBHOI'O OCBELICHHS HEOOXOIUMO
obecrieyenne 0e€30MacHOrO BBIXOJAA JIIOAEH W3 momenieHus. CBETWIBHUKU
ABAPUMHOTO OCBELIEHUS HWMEIOT OTJIMYMTENbHBIE 3HAK{, BKIIOYAIOTCSA
LEHTPAJIN30BAaHHO M MMUTAIOTCS OT aBAPUUHOMN CyTOBOM DIIEKTPOCTAHIUU.

Jnst  ocBemieHHs KaXIOTO BHAA TPAHCIOPTAa CYMIECTBYIOT CBOU
BEJIOMCTBEHHBIE Y MECTHbIE HOPMATUBHBIE aKThl, IPaBUJIa U 3aKOHBI.

Jns maccaXXupcKux CyAOB TaKXe CYIIECTBYIOT CBOM HOpMBL. OHH
onucanbl B CIT 2.5.3650-20 «CaHuTapHO-3MHIeMUOTIOTHIECKHE TPeOOBaHUS K
OTJEIbHBIM BUJAM TpaHcopra u 00BEeKTaM TPaHCIIOPTHOM
unppactpykrype» [1] B Ilpumoxenun 1, Tabmumsr 4 — Hopwmer
HCKYCCTBEHHOI'O OCBELICHMsI CYAOBBIX NoMeleHnd. OIHaKko aHajau3 3TOH
TaOJIMIBl TIOKa3bIBAE€T, YTO B HEH OTCYTCTBYIOT HOPMBI OCBEILIEHUS IS
MHOTUX OOIIECTBEHHBIX IOMEIIECHUH, TaKWX KaK KHHO3AJbl, Mara3uHbl,
OacceilHbl, JEKIMOHHbIE 3ajbl, OWOJMOTEKH, IpayeyHble, IJAJAUIbHBIE,
CaJIOHBI KPacoThl U Tak jaainee. Bee 3T 00BEKTH 0053aTeNbHO NPUCYTCTBYIOT
Ha OONBIINX CyJaX, TAK KaK OHM HEOOXOJHMMBI JJIT KOM(POPTHOTO OTIbIXa U
npoBeaeHus pazHooOpasHoro nocyra. Cymectyromue Canurapasie [IpaBuna
ONpEAEISIOT B OCHOBHOM HOPMBI OCBELICHHS JJIsl CIYKEOHBIX U TEXHUYECKHUX
MOMEIIEHUH, TaKUX Kak I[ITYpMaHCKHE, PaAHOPYOKH, aKKyMYJSTOPHBIE,
MallMHHbIE TOMEIICHUS, MOMEIEHUS PaclpeleIUTeIbHBIX [UTOB, MOCTHI
ynpapieHusl. PyKoBOACTBYACHh JaHHBIMH HOpPMaMHu, HEBO3MOJKHO OCBETHUTH
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BCE€ MOMEIIEHUSI KPYHU3HOTO JaifHepa, MOATOMY ISl KOMIUIEKCHOTO OCBEIICHHS
Cy/IHa 5T HOPMBI HETOCTATOYHBI.

B 1981 rogy Munsnpasom CCCP Obun  yrBepkaeHsl «Hopwmbl
HMCKYCCTBEHHOTO OCBEIICHHS Ha cyjgax Mopckoro ¢mora» [4], rae
MPUCYTCTBOBAIM HOPMBI OCBEIICHUS KaK CITy’KEOHBIX, TaK U Pa3HOOOpa3HBIX
JIOCYTOBBIX MOMEILICHUH, HO B CBSI3U C MPUHATHEM IMOCTAHOBICHUS ['1aBHOTO
roCyJ1IapCTBEHHOTO caHuTapHoro Bpada P® ot 25.11.2020 maHHBIM TOKYMEHT
yTpaTuil cuiy. B3zameH 3Toro MOKyMeHTa HOBBIX HOPM [UJIsl JaHHOTO BHJA
TpaHcropTa BBeZieHO He Obuto. [loaToMy Ha JaHHBIE MOMEHT KOMILIEKCHBIX
HOPM OCBEIIEHHUS KPYIMHBIX MACCAKUPCKUX CYJIOB HET.

MeTton ucciie0BaHuA

B xome wamelr paboThl ObIT TPOBENEH CPAaBHUTENBHBIN aHaIu3
Crpoutensabix HopM u npaBun (CHull 11-4-79) «EctectBenHoe w
UCKYCCTBEHHOE ocBelleHue», Cpona npasui EcTecTBeHHOE U UCKYCCTBEHHOE
ocemenue (CIT 53.13330.2016) u [4] ¢ uenpio ompeaeneHUs OONIUX
TEHACHUUN B U3MEHEHUH HOPM OCBELICHMS 32 MPOILE/IIee BpeMs.

Tak Kak B HEKOTOpPHIX HOpPMax TMpPEACTaBIIEH TAKOW MapameTp, Kak
nokazarenb nauckompopra mo meromy MOU (M), mns Oonee Jerkoro
cpaBHeHHS OH Obl1 TpaHchopMupoBaH B OOBEAMHEHHBIH TOKa3aTelb
nuckomdopta (UGR) cornacuo taba. 1.

Ta6muma 1. CoorHomenne Mexay UGR n nmokasarens guckomgopra (M

M 40 60 70
UGR 21 24 25

B mepByto ouepenr Obuto mpoBeneHo cpaBHenue CHull 11-4-79 ¢
JIEWCTBOBABIIMMHY B TOT K€ MEPUOJ HOPMaMHU UCKYCCTBEHHOTO OCBEIIEHUS HA
cynax [4]. B Tabnurie HuXe NMPUBEIACHBI HOPMBI JUII HEKOTOPHIX MMOMEIICHUH
OJIMHAKOBOT'O Ha3HAYCHUS.

Tabmmma 2. CpaBHeHHe CTapbIX HOPM UCKYCCTBEHHOTO OCBEIICHHSL

Tun nomereHus CHulI 1I-4-79 Hopwmbr No2506-81
En En UGR Uy En Eu | UGR | Uy

Howmep (karora) r-0,8 - - - I-0,0 - - -
100 100

CropTHBHBII 3aI I'-0,0 - 21 - 1-0,0 - 21 -
200 200
B-2,0
75

Marazun r-0,8 100 21 - r-0,8 - 25 -
300 300

Pectopan I-0,8 75 24 - I-0,8 25 -

(obGeneHHbIE 3aITbI) 200 200

YuranbHbIN 3211 I'-0,8 100 21 - 1-0,8
300 200

Kopuznopsl I-0,0 - - - I'-0,0 - - -
50 75
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Kak BuaHO M3 TaOaMibl, OOLIErpa)kAaHCKUE M CYIOBBIC HOPMBI TOT'O
BPEMEHHU TNPAKTUYECKH WIACHTHYHBI, OJHAKO B HOPMaX HCKYCCTBEHHOTO
OCBEILEHUSI Ha CyJax OTCYTCTBYET TaKOH IOKa3aTellb KaK LMIMHApPUYECKas
OCBEIICHHOCTh, YTO B&XHO JUII HEKOTOPHIX BHIOB OOIIECTBEHHBIX
MOMEIEHUH, TAKMX KaK Mara3uHbl, YUTAIbHBIE 3aJIbl, CIOPTHUBHBIC 3aJIbI U T.1.
Kpome »stOoro, Ha cymax jomyckaics Oosiee  BBICOKMI  ypOBEHb
JTUCKOMGpOPTHON OJIECKOCTH.

I[lo cpaBuenuto co CHull 1I-4-79, B HbIHE JAEUCTBYIOIINX
obmerpaxnanckux Hopmax (CIT 52.13330.2016) ™MHOrHe dYHCIIEHHBIC
3HA4YeHUS OBUTM TMOBBINIEHBI, a TaKke OBUIM BBEICHBI JIOTIOJHUTEIBHbIC
HOPMHUpPYEMBIE XapaKTEPUCTHKH (PaBHOMEPHOCTb, MHACKC ILBETONEPEHAuH,
Oonpmie crano momemieHui, rae Hopmupyercs UGR, nmnmazpuueckas u
BEpPTHKaNIbHAsI OCBelIeHHOCTH). COBpeMEHHBbIE HOPMBI OCBEIICHHUS CTaJIH
ropaslo JeTajbHee M CJIO0XKHEEe, MO3TOMY MOXHO CKa3aTb, 4YTO HOPMBI
HMCKYCCTBEHHOTO ocBemleHus 1981 roma st MOpPCKHX CYIOB 3HAYUTEIBHO
yCTapes.

Tabnuia 3. CpaBaenue Hopm Ne2506-81 u CIT 52.13330.2016

Tun nomenienus Hopmsr Ne2506-81 CII 52.13330.2016
En En UGR |UO | En En | UGR | U0
Howmep (karora) r-0,0 - - - r-0,0 - 22 -
100 300
CHopTHBHBIN 3a1 1'-0,0 - 21 - I'-0,0 B- |22 0,6
200 300 2,0
75
Marasun r-0,8 - 25 - '-0,8 100 | 19 0,4
300 400
Pecropan r-0,8 25 - r-0,8 - 22 0,4
200 300
YuTanabHbIE 311 r-0,8 I-0,8 150 | 19 0,6
200 500
Kopunopst r-0,0 - - - r-0,0 - 25 0.4
75 100
Pe3yabTaThl
Jlst OILIEHKU BO3MOKHOCTH NIPUMEHEHUS COBPEMEHHBIX

o0mierpakJaHCKMX HOPM  OCBELIEHHS KO BHYTPEHHEMY OCBELICHHUIO
MACCAXHUPCKUX CYIOB ObUl  pa3paboTaH JIEMOHCTPAIMOHHBIM  MPOEKT
OCBEIICHUS] TMATOW mamyObl Kpym3Horo daiiHepa «MSC Belissimay,
comepxamieil 23 KaloThl OTABIXAIOMHMX (KIacca «IIOKC» U OOBIUHBIX) C
CaHy3JlaMH, KOPHUIOp, JIECTHUYHBIE IPOJIETHI, TPEHAKEPHBIA 3aJl, MarasuH,
UTPOBOU KTy, KOMIBIOTEPHBIM KIyO, TIOMEIIEHHE sl IPOBEACHUS MacTep
KiaccoB. B kauecTBe OCHOBBI [Uisi pacu€ToB OBUIM  HCIIOJNB30BAHBI
Hopmupyemble 3HadeHuss u3 CI152.13330-2016, comocTtaBneHHble ¢ [4]
(Tabm. 3).
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B mpoekte OBLIM HCIONB30BAHBI CBETHJILHUKHA OT MPOU3BOJUTEICH
SEAES, AMD0O, QUICK u GALAD na nanpsixenue 24 u 230B, nmeromue
ceprudukar Mopckoro peructpa [5]. [lmaH paccTaHOBKM CBETHIHLHUKOB
Mmoka3aHa Ha puc. 1.
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Puc. 1. ITman paccTaHOBKH CBETIJIBHHKOB Ha manyOe naitHepa. [{nppamn o603HaueHbBI
OCHOBHBIE IOMEILEHHS: | — KaloThl KJlacca «3KOHOMT», 2 — KalOThl KJ1acca «3KOHOMY,
3 — KaroTHI Kiacca «KoM(popT», 4 — OHOINOTEKA, 5 — YUTATBHBIH 3a1, 6 — TpeHaKEPHBIH
3aj1, 7 — MarasuH, § — HITpOBO¥ KITy0, 9 — KOMIIBIOTEPHBIN calioH, 10 — MacTepckasi.

Jlnst Bcex moMeIeHnid ObLT BBITTOJIHEH CBETOTEXHUYECKUN PacuéT BceX

HOPMHPYEMBIX XapaKTepUCTHK, a Takke ObUIa TpOBEJCHAa NpOBEpKa Ha
COOTBETCTBHUE IOCTUTHYTHIX 3HAYCHUI TPEOOBAaHUSIM HOPM.
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BoiBoabl
[IpoBenénnbie pacuéTsl MOKa3aiH, YTO MapaMeTpbl CBETOBOM cpenbl BO

BCEX TMOMEIIECHHUIX OTBEYAIOT COBPEMEHHBIM TPEOOBAaHHUAM K OCBEICHHIO IS
COOTBETCTBYIOLINX BHIOB 3pHUTEIbHON paborel. Ha puc. 2 mokasana

BU3yaJIN3allKsl OCBEIICHHsI TPCHAKEPHOTO 3aJ1a.

- _—— e

Puc. 2. Buzyanuzanus ocBenieHus TpeHaXKEPHOTO 3aj1a

HOJ'Iy‘IEHHBIe PE3YIAbTAaThl IMO3BOJISAIOT PEKOMEHAOBATH IIPUMCHCHHUC

00IIerpakIaHCKUX HOPM  OCBEIICHUS JUIS aHAJOTHYHBIX ITOMEICHUH
KPYM3HBIX CyloB. BMecTe ¢ 3TMM, HM HX OCHOBE OBLIO OBI II€TIeCO00pa3HO
pa3paboTath HOBBIE OTpACiEBBEIE HOPMBI JJIT BCEX BHUIOB IOMEIICHHMA
TYPUCTHUYECKHUX CYJIOB, C YYETOM BCEX COBPEMEHHBIX ()aKTOPOB M TPEOOBAHMIA

K

OCBEIICHHIO. OJTO TOMOXET KOMIIIEKCHO OCBEIIaTh HOBBIE cyaa,

co37]aBaeMbIc B HaIllCH CTpaHC B HACTOALIEC BPEMI.
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AHHOTANUSA

B nmamHOii pabGore pa3paboTaH WHHOBAaIMOHHBIA  MOIXOA K
MPEJCTABICHAIO PAa3IMYHBIX BapUaHTOB OCBEIICHHSA, O00eCIICYNBAIOIIMIA
WHTEPAKTUBHYIO CPEAY MEXKIY MOJIb30BaTeNIeM H 00BbEKTOM MPOEKTUPOBAHHUS.
bnaromapss mpuMeHeHuIo pa3pabOTaHHOW METOAUKH, MOKHO 3HAYUTEIBHO
COKpaTUTh BpeMs, HEOOXoauMoe [UIsi Tpollecca pPEHIEPHHra, a TakKe
CYIIECTBEHHO ONTHMU3HPOBATh HCIIOJIE30BAHUE PECYpCOB, TPU O3TOM HeE
npuberass K  yXyIOIIEHHIO KadyecTBAa KOHEYHOTO TpOayKTa. MeTox
BU3YyaIH3alliK, KOTOPBIM OBLI TIIATENLHO HM3YYCH B XOJIe HCCIEIOBaHUS,
OTKPBIBACT IEpe] MOTPEOUTEISIMU IIUPOKHE TOPU3OHTHI IS TIYOOKOTO H
BCECTOPOHHEIO aHajM3a U OLEHKH Pa3IUYHBIX MPEIJIOKEHHBIX BapHAaHTOB
ocBelleHUsl. JTO MOaéT BO3MOXKHOCTh KaXKIAOMY KIHEHTY YyOeIuThCs B
BBHIOpDAaHHOM pEIICHHH W YYBCTBOBATh CE€0S TMONHOMPABHBIM YYaCTHUKOM
mpoliecca MPOSKTHPOBAHUS.

Kpowme Toro, B pabore ObIITH pPacCMOTPEHBI M TIPEJIOKEHBI CTPATETHH U
MOJNXOJbI, HAIMpaBJICHHbIC Ha AKTUBHOC pa3BUTHE W  TPOJBIDKCHUE
ApPXUTEKTYPHOTO M JIAHAMA(QTHOTO OCBEIIECHUS B pallOHAX MPOBHHIIUH HAIIEH
ctpanbl. HccrnenoBanue BKIOYaIO B ce0st pa3paboTKy 3¢PGEKTUBHBIX U
WHHOBAIIMOHHBIX BApUAHTOB HAPYXXHOTO OCBEIIEHUS JJs1 OOMIECTBEHHBIX
MPOCTPAHCTB, a TaKXKe JEeTalbHOE PACCMOTPEHUE MyTeH WX MPaKTHYECKOM
peanuzanuu. OTH Pa3pabOTKH MOTYT CTaTh BaXXHBIM IArOM B YIYYIICHUH
KauecTBa KU3HU W TIPUBJIEKATEIBHOCTH TOPOJICKUX B CEITLCKUX TEPPUTOPHUH.

Abstract

This paper develops an innovative approach to presenting different
lighting options, providing an interactive environment between the user and
the design object. Thanks to the application of the developed methodology, it
is possible to significantly reduce the time required for the rendering process,
as well as significantly optimize the use of resources, without compromising
the quality of the final product. The visualization method, which was carefully
studied during the study, opens up wide horizons for consumers to deeply and
comprehensively analyze and evaluate the various proposed lighting options.
This allows each client to be convinced of the chosen solution and feel like a
full participant in the design process.
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In addition, the work examined and proposed strategies and approaches
aimed at the active development and promotion of architectural and
landscape lighting in the provincial regions of our country. The research
included the development of effective and innovative outdoor lighting options
for public spaces, as well as detailed consideration of ways to implement them
in practice. These developments can be an important step in improving the
quality of life and attractiveness of urban and rural areas.

KawueBbie cioBa: HapyxkHoe ocBelieHHe, OOIIECTBEHHOE IMPOCTPAHCTBO,
TOCTHHUYHBIA KOMIUIEKC, BHUPTyajbHas pEaJbHOCTb, TYp BHPTYAIbHOM
pEATBHOCTH, METOJABl  MPOCKTUPOBAHUS, APXUTEKTYPHOE  OCBEIICHUE,
nanamadTHOE OocBeleHue, VR.

Keywords: Outdoor lighting, public space, hotel complex, virtual reality,
virtual reality tour, design methods, architectural lighting, landscape lighting,
VR.

BBenenune

B HempepplBHOM pa3BUTHM YEJIIOBEYECTBA KaXIblil HOBBIA JECHB
MPUHOCUT C COOOM mporpecc, KOTOPBIH HEW3MEHHO MEHSET Hally
MOBCEIHEBHYIO >KM3Hb. Bcero mnmimp mnapy JeT Has3aa, ACMOHCTpaus
JBYXMEpPHOH BH3yallM3alldd C KOHIICTIIMEH OCBEIICHHS, CUHTANACh
HACTOSIIINM MpopbIBOM. Ho BpeMsi HE CTOUT Ha MecTe, U CEeroAHs, ITOT METO
y)Ke HE MOXET MPETeHI0BATh Ha CTATyC KOHKYPEHTOCTIOCOOHOTO. C KaXKIbIM
JTHEM PBIHOK TpejasaraeT BcE 0ojee COBEpIICHHbBIE PELICHHUs, H TO, YTO OBLIO
YAMBUTEIBHBIM HECKOJBKO JIET Has3ad, Temepb YXKEe HE B COCTOSHHUH
YAOBJETBOPUTHh MOBBIIAIOIINAECS TPeOOBaHUS COBPEMEHHOM WHAYCTPHUH.
OnHo#t W3 KITIOYEBBIX Ieled JaHHOW paboThl sBisieTcss pa3paboTka
WHHOBALIMOHHOTO TOAX0/Aa K MPEJICTaBICHUIO PAa3IMYHBIX BapHAHTOB
OCBEUIEHUS.

OcBellleHHEe UTpaeT KIIOYEBYID pOJIb B IOBCEAHEBHOM KU3HU
COBPEMEHHOTO YeNOBEKa, OKa3blBasi 3HAYUTENbHOE BIUSHHUE HA €ro
JesTesbHOCTh. OHAKO, CBET MOXKET YJOBJIETBOPUTH HE TOJBKO YTHJIUTApHbIE
MOTPEOHOCTH, HO M 3CTETHYECKHE. YK€ HE OIUH ACCATOK JIET B KPYIHBIX
ropogax Poccun akTMBHO pa3padaThIBAalOTCA W BHEAPSIOTCS MPOrPaMMBI IO
HApYKHOMY OCBEIIEHUIO [EHTPATbHBIX YIHUIl U TUIONIaIeH, YTO TO3BOJISET HE
TOJILKO  TIOBBICHTH 0€30MacHOCTh TMEpeMEIIeHU, HO U  CcO37aBaTh
HETMOBTOPHUMBII TOPOJICKON aHCAMOITh.

B MeHpmux ropomax W peruoHax, 3TOMY HE YJelseTcs BHUMAaHUE.
OpnHako, TOTPEOHOCTh B  KAaueCTBEHHOM  OCBEIICHWH, KOTOpOe OBl
CHOCOOCTBOBAJIO HE TOJBKO ymoOCTBY M 0€30macHOCTH, HO M KpacoTe
OKPYAaIOIIETO MPOCTPAHCTBA, CYIIECTBYET Yy MECTHBIX KUTelel. B manHOM
paboTe ocymiecTBiIsieTcsl pa3padoTKa Ka4eCTBEHHON KOHIETIIMKA OCBEIICHUS
JUTs1 00IIIeCTBEHHOTO MPOCTPAHCTBA B IPOBUHIINH.
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MeTtoasbl uccae0BaAHUS

OOBEKTOM TNPOCKTHUPOBAHUS OBUT BBIOPAH TOCTUHUYHBIA KOMIUIEKC
«Pp10arkas nepeBHsI», KOTOPBI HaxonuTcs B nepeBHe Lllymams B Ps3anckoit
obmacti. IT0 MecTo OBUIO CO3aHO JUISI COBPEMEHHOTO YEIIOBEKA, KUBYIIETO
B TOPOJICKOM PHUTME, JIJIsl BOZMOXXHOCTU €IMHEHUS ¢ IPUPoIoi (puc. 1).

Puc. 1. T'ocTuHUYHBIH KoMILIeKC «PpIOarikast JepeBHsD

VY IUBUTEAbHBIA TOCTUHUYHBIA KOMIUIEKC OYEHb 3aBOPAXHUBACT U
BJIOXHOBJIIET, HO C 3aX0JOM COJIHIIA BCS KpacoTa KaMEHHOW IOCTPOMKHU
TacHET, Belb TaM COBCEM He MpoayMaHo ocBelleHue. [lo cmoBam ocHoBarens
«Pop10ankol JepeBHU», APXUTEKTYpHOE OCBEIlEHHE HE OBUIO 3aJI0)KEHO B
MOCTPOWKY H3-32 JIIEMEHTAPHOTO HE3HaHWsI 00 DCTETUYECKOW Ba)KHOCTHU
CBeTa.

[lepBrIii 3Tan NPoOEeKTHUPOBAHUS BKIIOYAeT B ceOs cO3JaHNE BapHUaHTOB
ocBemieHust. [yt 3Toro OyneT UCIOIb30BaH MOIIHBIA TpaduiecKuil perakTop
Adobe Photoshop.

CoBMECTHO €  BIaJieNiblleM TOCTHHHYHOTO  KOMIUIeKca  ObuH
pa3paboTaHbl TEpBbIE BapHaHTBl OCBEHIEHUS KoMIUIekca. (OCHOBHBIM
MO’KeIaHueM ObUT TIOJTHBIA OTKa3 OT YCTAHOBKH OCBETHTEIHHBIX MPHUOOPOB HA
semutto. [lo MHEHMIO Blajenblia, JHEM OCBETUTENbHBIC MPUOOPHI HUKAK HE
BITMCBHIBAIOTCS B CO3J[aHHBINA MPHUPOIHBIHN JIAHIMIAPT ¥ TOPTIAT BHEIIHUN BHT
MPUPOJHOTO KOMIUIEKca. Takke, Biajenel] KOMILIEKCa MPOCHI CO31aTh
3 PeKT <KUBBIX» OKOH, YTOOBI IMOCENOK OBLI HAIOJHEH XW3HbI0.[lo3xke
BapHaHTHl OBUIM OTPENAKTUPOBAHBI M yCOBEPIIEHCTBOBAHBI. BBUIO MPHHATO
penieHue MOJIEIUPOBATh TpHU BapuaHTa OCBEUIEHUS TJIaBHOU
JIOCTOTIPUMEYATENIbHOCTH — MasKa, a TAaK)Ke TPU BapHaHTa OCBEIIEHUS JKUITBIX
nocTpoex (puc. 2 u puc. 3).
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Puc. 2. BapuaHTbl OCBEILIEHUS MasiKa: @ — IEPBbI BAPUAHT; O — BTOPOH BapUaHT;
6 — TpeTuil BapuaHT

a B
Puc. 3. BapuaHTHI OCBEIICHUS IOMHUKOB: @ — ICPBEI BapHaHT; O — BTOPOH BapHaHT;
6 — TpPETUl BapHaHT

Ha BTOpOoM sTame mpoeKTHpPOBaHUs 00ECIEUNBAIOCh MOJICIMPOBAHUC
TOCTHHUYHOTO KOMIUIeKca. Biajenen koMIuiekca mpeoCcTaBil YePTEIKH BCEX
noctpoek B mporpamme AutoCAD. MopaenmupoBaHue TNPOU3BOAMIOCH B
nporpamMmmMHoM oOecrieuennn Autodesk 3dsMax (puc. 4).

N

TR

Puc. 4. Moaenb roCTHHUYHOTO KOMILIEKCa IIPU THEBHOM OCBEILIEHUH.

OCHOBBIBasiCh Ha KOHLENIMSX, MPEJCTABICHHBIX paHee, ObUTH
nogoOpaHbl CBETOTEXHMYECKHWE MPUOOpPHI OT JHAMPYOMHUX Poccuiickux
pou3BoAuTeNeH (puc. 5).
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VARTON REGULA2.0  VARTON OLYMP 2.0  GALAD ABPOPA GALAD ABPOPA

MouwHocTb: 20 Br/m MouyHocTb: 100 BT MouwHocTb: 14 BT MouHocTb: 28 BT
CseToBOM notok: 1900 nm/m CBETOBOW NoToK: 15000 M CBeTOBOI NOToK: 1450 nm  CBETOBOW NOTOK: 2550 /im
KLT: 4000 K KLT: 4000 K KUT: 4000 K KUT: 4000 K

CTeneHb 3awuTbl: IP66 CreneHb 3awmTbi: IP65 CreneHb 3awmTsi: IP65 CreneHb 3awmTbl: IP65

Puc. 5. CeroTexanueckoe 000pyI0BaHNE

Hns  cozmanms  d>ddexTa <«KUBBIX OKOH» OBIT  CMOAEITHPOBAH
cBeToTexXHHUYeCKuil npubop B mporpamme SolidWorks. 3atem Monmens Obuia
3arpy)keHa B MPOrpaMMHOE OOECIIEYCHHE JUIS ONTHYECKOW HHIKCHEPHH
TracePro s pacuera KpuBoii CHITBI cBeTa (pHC. 6).

SUPER DUPER 1.0

MouwHocTb: 5 BT
CeeToBo# noTtoK: 600 im
KUT: 3000 K

CreneHb 3auimThl: IP66

Puc. 6. CMoienmmpoBaHHBINA CBETOTEXHUYECKHUI TPUOOP

Taxxe, JUIsi OCBelleHHWS Maska Obula mojxoOpaHa Kiaccuyeckas
TepMETUYHAs CBETOJUOJHAS JIEHTa OT KoMmmaHuu BaptoH cepun VLS.
Momnocts nentsl 14.1 Bt/m. KoppenupoBanHasi 1BeTOBas TemIepaTypa:
4000 K. Crenens 3aumuThs! [P68.

Tperuit 3Tan NPOEKTUPOBAHUS MOAPa3yMEBaET pacdeT OCBEIIEHHUS H
Buzyanu3anuu. OTcTpoeHHble Mojaenu B mporpamme Autodesk 3dsMax
TOCTMHUYHOTO KOMIUIeKca «Ppiarkast nepeBHs» TNpeACTaBICHHBIE paHee
ObUTH TIepeHeceHBbl B MpodeccHoHalbHOEe MPOrpaMMHOE OOecCTieueHUe ISt
npoextupoBanusa DIALux Evo mis npoBepounoro pacuera.

Ilocne aHanm3a pa3IUYHBIX KOHIEMIMHA OCBEUICHUS W TOJy4YCHUS
COOTBETCTBYIOIIMX 3HAYEHHWH, OTBEUAIOUIUX HOpPMaMm, OBLIO MPOU3BEIICHO
MpPOEKTUpPOBaHWE OcBemleHHWss B  mporpamMe  Autodesk 3dsMax ¢
WHTETPUPOBAaHHBIM JBUKKOM pengepunra Corona Renderer. Jlns Goree
HArJSIIHOW JIEMOHCTpPAIlMM BapHaHTOB OCBEUICHUS ObUTH cOOpaHbl Typhl
BUPTYaJIbHOM pEAJIbHOCTH C TOJyYEHHBIMH BH3YyalH3allUsIMH B CEpBHCE
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Kuula. loctaTouno mpocTo HaBecTH Kamepy TenedoHa Ha KO, MEpelTH Mo
CCBUIKE W HACIAXIAThCS MPOTYJIKON 1O TPOESKTUPYEMOMY 00BEKTY (pucC. 7).

Puc. 7. Ilony4ueHHble BapuaHTHI OCBELICHUS KOMIUIEKca «B HekoTopoM mapcTBey (a),
«Bmepen B mpoumoey (6), «KocMmudeckast cTaHIusD ()

B pe3ynbraTte omnpoca cpeay MOTEHIMAIbHBIX MOCETHTENEH KOMILIeKca
nobennina KOHLENIMA ocBelleHus: «B HexkoTopoM mapcTBe». bbuto mpunsTO
pelIeHre BBIOJIHUTE MPOCKTUPOBAHUE 3TOM KOHLENIHU B UTPOBOM
mewkke Unity. B momydenHoit wurpe Obiia go0aBieHa BO3MOXHOCTD
CcBOOOAHOTO MepeMeNIeHrsl IO KOMIUIEKCY B OYKaxX BUPTYaJIbHON peajbHOCTH

(puc. 8).

Puc. 8. I'paduueckuii ko1 Ha CKAUUBAHUE UT'PHI ISl ONIEPAIMOHHON cucTeMbl i0S

PesyabTaTsl

Hdns  roctmHM4yHOrO  Komiiekca «PwiOanikas — jgepeBHs» — ObuH
pa3paboTaHbl TpU KOHIEMLUU OCBELICHUS C Y4eTOM TpeOoBaHM BIajeiblia
KOMILIEKcA. IIpumenen WHHOBALIMOHHBIN ONTUMAJIbHBIN yTh
MIPOEKTUPOBAHHUS, ONPABIBIBAIOIINN PECYPChl U CO3NAIOLIUMN HHTEPAKTUBHYO
cpely MeXAY IOJb30BaTeIeM U 0O0OBEKTOM NMPOEKTHPOBaHUS. [IpOEKT BhI3BaI
axnotax cpeau CMMU u yacTHBIX npeanpuHuMateneil Poccrun, 4o npusesio K
MOMYJSIPU3allid aPXUTEKTYPHOIO W JaHAIMA(THOTO OCBEIICHUS B paloHax
NpoBUHIMU. Ha NaHHBIM MOMEHT Y€ HECKOJBKO MPOEKTHBIX OpraHHu3aluil
3alpaliuBalOT MPOEKTUPOBAHUE HAPYXKHOTO OCBEUIEHUS HMMEHHO JTUM
METOJIOM.

Oo6cyxnenne
Emé B KOHILE mpouwioro ctojetuss B KHuUre «CBETOBAast apXUTEKTypay
(1973 r.) Huxonaii Muxaiinosuu ['yces u Banum ['puropseBny MakapeBud
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0003HauMIM TPOOJIEMy CIOKHOCTH IPUEMOB U METOAOB IMPOEKTHUPOBAHUS
HapyxkHoro ocsemieHus. B 1990-x romax o0macte apXUTEKTYpPHOTO
NPOCKTHPOBaHUS  ObUTa  TpeoOpa3oBaHa B pe3yiabTaTe  IIMPOKOTO
pacnpoctpaHenust KommbioTepoB u mnporpamm CAD. 3Ota peBomronus
MOBIIMSATIA HA BECh MPOILIECC NMPOEKTHPOBAHHM OT Hayaja A0 KOHOA. Tema
MPOEKTUPOBAHUS OCBELICHHS] B UTPOBBIX JBMKKAX €lI€é Majio 3aTPOHYTa, HO
Havano moyuoxkeHo. B cratee «JlomonHeHHass W BUPTyalbHAs PEaTbHOCTH B
CBETOBBIX MHCTAULALMUAX M HOYHOM TIOpPOACKON Cpeney», BhILEAIIEH B
xypHane «Cpetorexauka» (2022, NoS5), Kapnenko Brnagumup EBrenbeBnu
pPacKpbIBa€T TEMY pa3BUTHA TEXHOJIOTMU JOIOJHEHHOW W BHPTyaJIbHOU
peasibHOCTEN B MPOEKTUPOBAHUN HAPY>KHOT'O OCBEILIEHUSI.

«OueHp CKOPO BBl BOHAETE B HOBYIO PEaJbHOCTHY», UMEHHO C TaKUX
cnoB XeneH [lanarmannuc HauuHaeT KHUATY «JlomonHeHHas peanbHOCTH. Bee,
YTO BBl XOTENH y3HATh O TEXHOJOTMH Oyaymiero». Bo3MOXKHO, 3TO «CKOPO»
y>K€ HacTYIIUJIO.

BriBoabl
Buenpenne BUpPTyallbHOH PeajbHOCTH B CBETOTEXHHKY MPEICTABISET
c000i1 MOTEeHIMAIBFHO PEBOJIIOLMOHHOE PAa3BUTHE B JaHHON 00JIaCTH.
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PRINCIPLES OF THE FORMATION OF THE ENVIRONMENT OF
THE FESTIVAL OF LIGHT IN THE CITY OF VELIKY NOVGOROD
Krayushkina A.L., student
scientific supervisor — Zaeva-Burdonskaya E.A., Ruzova E.I.
Russian State Stroganov University of Design & Applied Arts, Moscow

AHHOTAIUSA

B cTarbe maHbl OCHOBHBIE ACIIEKTHI 1 OCOOEHHOCTH CBETOBOTO JU3aiHa
B KadecTBe BakKHeWIero (axtopa B pa3BUTHH COBPEMEHHOTO TOpoja Ha
npumepe Benukoro Hosropoga. Cperoau3ailH HO3BOJSET HE TOJBKO
MOBBICUTh KOM(OPT W KOMMYHUKATHUBHBIC (DYHKIIMH >KU3HH TOPOKAHWHA
Onarojiapss TpaMOTHOM HaBHUTrallid, aKIICHTHOTO BBIJEICHUS OTPECIICHHBIX
O0OBEKTOB, HO W TIPUBHECTH TapMOHHIO, MAKCHMaJIbHO HCIOJIB3YS
BO3MOXKHOCTH 3CTETHKHU cBeTa. McTopuueckast TpaAUMOHHAS Cpefia PYCCKOTO
ropoja HyKJaeTrcs B HOJJAEpXKe W peHoBauud. Mojenb ¢ecTuBais CBeTa,
(dhopMupyemMass MEKIUCIUILIMHAPHAS CPEACTBAMH CBETOBOTO JU3aiiHa pelaeT
MOCTaBIICHHBIC 33/1a4d C TOYKH 3PEHHUS TYMAHHTAPHOTO M OICTETHUYECKOTO
Havajia pa3BUTHS rOPoJa U COXPAHCHHS ayTEHTUYHOCTH. [IpOEKT 0XBaThIBacT
cpeny mnpoBeneHHs (ecTHBansd B IEHTPAJIbHOM M mepupepuitHON dacTIX
ropoga. IlpoekTHoe wuccienoBaHHME  BKIIOYAET TMOMUMO  3JIEMEHTOB
CBETO/IM3aliHa OOBEKTHI TOPOJICKOTO AM3aiiHa, WIPAIOIIUE 3MOIMOHAILHO-
ACTETUYECKYI0 pOib. Ha OCHOBE MPENNPOEKTHOro aHaiu3a ObUIH
c(hopMyIMpPOBaHbI MPOCKTHBIE MPEAJIOKEHNUS, BKIIOYAIOIINE B ceOs CIOKHbBIE
CpelloBble MHCTAJUTSIIIAM W apT-OOBEKThI HAa 3eMJie M Ha BOJIE, CIIOCOOHBIC
npeoOpa3uTh (GparMeHThl TOPOJCKOM cpeAbl HCTOPHYECKOTO Tropoja.
OO0BEIUHSIONTIM HAa4aJIOM CHCTEMHOT'0 00BhEKTa MPOCKTUPOBAHUS BHICTYITHIIO
ennHOe cOaTaHCHPOBAaHHOE OOPa3HO-CTHIMCTUYECKOE PEIICHHE, OCHOBAHHOE
Ha 0Opa3HOM MPOTOTHIIE KOJOKOJIA, OMPEAETUBIICT0 Ha3BaHHE (ecTUBAISL
«Kamnan». DOMouuoHaTbHO HACBIIIEHHAs TOPOJACKas cpena MpU3BaHa
MOBBICUTh TYPUCTHUYECKYIO MPHUBICKATEILHOCTh TOPOJA, CHOCOOCTBYS ee
YCTOWYMBOMY 3KOHOMHYECKOMY Pa3BUTHIO.

Abstract

The article is the main aspects and features of lighting design as the
most important factor in the development of a modern city on the example of
Veliky Novgorod. The lighting design allows not only to increase the comfort
and communicative functions of a citizen's life thanks to competent navigation,
accentuating certain objects, but also to bring harmony, making maximum use
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of the possibilities of the aesthetics of light. The historical traditional
environment of the Russian city needs support and renovation. The model of
the festival of light, formed by interdisciplinary means of lighting design,
solves the tasks set in terms of the humanitarian and aesthetic beginning of the
city's development and the preservation of authenticity. The project covers the
environment of the festival in the central and peripheral parts of the city: The
Kremlin of Veliky Novgorod, historical buildings and cultural monuments,
interconnected by walking and cycling routes. The design study includes, in
addition to the elements of lighting design, urban design objects that play an
emotional and aesthetic role. Based on the pre-project analysis, project
proposals were formulated, including complex environmental installations
and art objects on land and on water, capable of transforming fragments of
the urban environment of a historical city. The unifying principle of the system
design object was a single balanced figurative and stylistic solution based on
the figurative prototype of the bell, which determined the name of the festival
«Kampany. An emotionally saturated urban environment is designed to
increase the tourist attractiveness of the city, contributing to its sustainable
economic development.

KaroueBble cjoBa: CBeToBOM AM3aiiH, cBeToBas cpeda ropoja,
CBETOTCXHUYECKHUE TapaMeTPhl, ICUXO(MU3UOJIOTHS BOCIIPUATHS, COIUATBHBIN
noaxoJ, ecTuBaIb CBETa

Keywords: Design, lighting design, city light environment, lighting
parameters, psychophysiology of perception, social approach, festival of light

Beenenne
Llenbl0 MPOEKTHOTO HWCCICIOBAHUS SBISCTCS IMOMCK IPOCKTHBIX
NPUHIMIIOB (POPMHUPOBAaHUS CBETOBOH (PECTUBAIILHOW Cpelbl Ha MpuUMepe
ropona Benukuii Hosropoa.
3aauu NPOEKTHOTO UCCIIeIOBAHNUS
—  TpoBeIeHHE MPEIIPOCKTHBIX UCCIEI0BaHNH (ecTUBAIIS CBETA;
—  UW3yYCHHE WCTOPHH pa3BUTHUS TPOCKTHPYEMOW CpeIbl; aHaln3
HCTOPUKO-KYJIbTYPHBIX U COIUAIILHBIX aCMIEKTOB;
—  HCCIIeIOBaTh M CHUCTEMAaTH3UPOBATh OTCUYECTBEHHBIM M 3apyOeKHBIN
OTIBIT OpTaHu3au (ECTHBAJICH CBETA; BBIIBUTH CUCTEMY MPOCKTHBIX
MPUHIHAIIOB GOPMHUPOBaHUS (PECTUBATEHOT'O MapIIPyTa;

—  chopMynupoBaTh 00pa3HO-COAEPIKATENBHYIO KOHUENIINIO
BBIOPaHHOI'O MapIlIpyTa U pa3paboTaTh Ha €€ OCHOBE TeMaTW4eCKHUH
CLICHAPHI;

—  ONpeneNuTh EAWHYK  OO0pa3HO-CTHIIEBYIO  KOHICIIHIO  CpPEIbI
pa3pabaTbiBaeMOro MapIipyTa;
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—  pa3paboTraTh THUIOBYIO MOJCIbL Cpelbl KOHKPETHOTO MapIipyTa Ha
OCHOBE ONTHMAJLHOW (DYHKIMOHANBHOW CTPYKTYphl W 0OpasHo-
CTUJIEBOW KOHUEILIHNU.

[ocne MPOBENICHUS aHanusa MOCIIETHUX peann30BaHHbIX
aJMUHHUCTPATUBHBIX TNPOTpaMM 10 OJaroyCTpOHCTBY MOXKHO clienarth
HECKOJIbKO 3aKiIio4eHud. «MyHWIMNalbHas NporpaMma pa3BUTHS TOpoja
«DopMHUpOBaHUE COBPEMEHHOM TOPOJCKON cpelbl Ha Tepputopun Bemukoro
Hogsropoma» 2017—2024 rr. BriodaeT B ceOS TIOBBIIICHUE YPOBHS
OnaroycTpoicTBa MPUAOMOBBIX TEPPUTOPHNA MHOTOKBAapTHUPHBIX IOMOB U
MOBBIIICHHE YPOBHS 0JaroycTpoiCTBa MYHUIMNAIBHBIX TEPPUTOPHIA 0OLIETO
nonb3oBaHus» [2]. COBpEeMEHHOE COCTOSHHE TOPOACKHX OOIIEeCTBEHHBIX
TEPPUTOPHUI HYKIAETCs B KOPEHHOH PEHOBAIMM, B TOM YHCIE M B 00JacTu
CcBeToAM3alHa.

«ITocnenHee «oOIIECTBEHHOE OOCYKIACHHE MPOEKTOB MYHUIIMITATBHBIX
nporpamM (MOJMPOrpaMM), HaNpaBIeHHBIX Ha (JOPMHUPOBAHHE COBPEMEHHOMN
TOPOJCKOM cpenbl» coctosmoch B 2019 romay, 4YTO CBHIETENBCTBYET 00
OTCYTCTBHHM HOBBIX MPEIJIONKCHUHN IS CO3/MaHUs KOM(OPTHOH TOpOJCKOMH
cpens» [2].

17 wHos0pss 2022 TOonma OOIIECTBEHHAsT KOMHCCHUS MYHHUIIUIIATBHBIX
Mporpamm, HampaBieHHas Ha POPMHUPOBAHNE COBPEMEHHOM TOPOICKON Cpeibl
Benukoro HoBroposa, Beiienuia cpe/icTBa TOIBKO Ha MPOEKTH MapKoB. BHe
chepsl WHTEpeca oOcCTaeTcsi TEpPCIEKTHBHAsE O0JIACTh PAa3BUTHS CBETOBOMH
TOPOJICKOM Cpenbl, KOTOpas MPeIOCTaBUT TOPOY BO3MOXKHOCTHh Pa3BUBATHCS
«B HOTY CO BpPEMEHEM», MO3BOJUT YIYYIIUTh KAa4e€CTBO >KM3HU HACEJCHUs
ropoja u 00ecnedyruT BO3MOKHOCTBIO COBEPIICHCTBOBATHCS B CBETOJIM3AlHE.
Pa3BuTHe HOBOW KOHUIENIMHM TMPOBEICHUS CBETOBOrO (hecTUBAIS Ha 3emiie
Benukoro HoBroposa He TOIBKO CO37aCT MEPCTIIEKTUBY JJISi MPOCKTUPOBAHUS
OpenaupoBanust (ectuBansi, momodbnoro «Kpyry ceray. Ilpoektr craner
COIMANTbHO 3HAYMMBIM M HAYKOEMKHM, TaK KaK MMEET CBs3b HE TOJIBKO C
IU3alflHOM, HO W C HAyKOH, pa3BUTHUEM CBETOTCXHUKH, YTO ITO3BOJIUT
VIIYUYIINTh JKA3HH PETHOHAIBHBIM TPEICTABUTEISIM W KUTEIIM Bemmkoro
Hogropona.

CnenoBaTenbHO, 1O CHX I[Op HET KOMIUIEKCHOTO MPOEKTHOTO
WCCIeIOBaHMsI, 0000IIAONIeT0 MPOCKTHBIE TOJX0Abl M MPHUHIIUIBI PEIICHUS
CBETOBOH (heCTUBAIBHOM CpEIbI.

MeToa uccjieg0BaHus

B [1aHHOM OpOEKTHOM UCCICHOBAHUM MPUMEHEHBI CIEAYIONIUE
TEOPETUUECKUE U SMIIUPUUECKUE METO/IbI:
HcTopuko-KynbTypHBIH U COLUANBHO-KYJIBTYPHBIM  aHadu3, METOA
COIIMOJIOTHYECKOT O aHaJm3a: aHKETHUPOBaHHE u ompoc, METO/I
CpPaBHHUTEIBHOTO aHanu3a, MeToj, poTodukcanmu, ¢yHKIUOHATBHBIA aHAU3
HCCIEelyeMON CpeJibl, CHUCTEMHO-CTPYKTYpHBIM aHaiu3 u (hopmanbHO-
CTUJICBOM aHaJIN3.
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Pe3yabTaTnl

Konnenmust ~ gectuBanbHOr0  Mapmipyta  OOBEAMHSICT — JIOKAIWN
CBETOTEXHHUYECKOW BBICTaBKH B eAMHYIO 00myo cuctemy. CozmaBaeMblid
MapIipyT - 3TO COBPEMEHHAas BBICTABKA MYJIbTUMEAUIHBIX TEXHOJIOTHIA,
KOTOPBIA CHOCOOCH 00eCneunTh BCEMHU HEOOXOJUMBIMH YCIOBUSMHU IS
BCECTOPOHHETO U KAYECTBEHHOT'O Pa3BUTHSI.

«Kamnan» - Ha3Banue ¢ectuBang csera B Benukom Hosropoge.
«Kamnanel — Ha3BaHWE KOJIOKOJIOB, BcTpevaromieecs B IlepkoBHoM YcTaBe.
[Ipoucxoaut ot HazBaHus MectHocTH B Wrtamuu — Kammanu, e BmepBbie
Havajy M3roTOBIATH Kojiokoja (B Hau. VII B.). TepMuH Bolien B rpeyeckuil
SI3BIK C 3aMMCTBOBAaHMEM KOJIOKOJIOB ¢ 3amana B Buzaaturo B koH. [X B.» [1].

[IpoextHbie MPUHIIMIIBI MIPOEKTa BKJTIOYAIOT: MPUHIIAIL
TEPPUTOPUATBHOTO OpEHANHTa, MOOWIILHOCTH 00OPYIOBAaHUS M CBETOU3ANH.

Coznana cxema Jokanmii mapupyta: ynuna Wneuna, HaGepexnas
Anekcannpa Hesckoro, Hosropoackuit xpemnb, KpemneBckuii mnapk,
3nameHckuii cobop, Aamunauctparys Benukoro HoBroposa, 6anau 1 MOCTHI
Hosropoackoro kpemist u ['opbateiit mocT y Kpemiist (puc.1).
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d = G
:
Puc. 1. 3onupoBanue Tepputopuu Puc. 2. ®dynkuuonanpHoe 30HHpOBaHHé

DyHKIMOHAIBHAs CTPYKTYpa (pecTUBas CBeTa COCTOUT (pHc. 2):

30HBI — MacTep-KJIACCOB, IKCIO Cpea, 30Ha MPOMEHa a, 30Ha M0y Ha
BOJIE W 30HA JOMOJHHUTEIBHBIX MOAYJIEH MaBWILOHOB IS TPOBEICHHS
OTKPBITUS (pecTUBAIISA U T.1.

PesynbTaThl M HCCIIEOBATEIILCKAE MaTepHaibl MOTYT CTaTh YacThIO
o0pa3oBaTeNbHBIX MPOTPaMM W METOIUYECKUX MaTepHaIOB B CHCTEME
BBICIIICTO U CPEJIHETO CIIEIHATIBHOI0 00pa30BaHuUsI.

Oo6cyxnenne

I/ICCJ'IGI[OBaHI/IC IMOKa3ajo, 4YTO KOHULECITYaJlbHOC PCHICHUE CHCTCMbI
00BEKTOB CBCTOZ[HBafIHa B ropoa€ HE€ TOJBKO OCBETUT I'OpOJ, HO U HACBITUT
SMOLIMOHAIBHO, BHOCUT B OKPY’KAIOILIYIO CPELy 3JEMEHT KU3HEPaJOCTHOCTH

(puc. 3).
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n cpeast caera & ropope Benukwit Horopon

« He wanyiics Ha TbMy.
CTaMb ManeHLKHM UCTOUHUKOM CBETa 3= 47

KAMMA] e ——
N —

K .‘:AMFIA}\—I
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Puc. 3. I'padmueckas mogaya «IIpoekTHBIE TPHHIMIB GOPMHUPOBAHUS Cpeabl (HeCTHBAIS
cBeTa B ropoJie Benuxuit HoBropony»

PazpaboranHast mpoekTHas cpema QectuBayisi OyIeT CrocoOCTBOBATH
(dbopMHupOBaHUIO OpEHINHTA TEPPUTOPUH B IIETIOM, IOBJIHSIET HA Pa3BUTHE €TO
TYPUCTUYECKOTO UMUK M IPOSKTHO-XY/10’KECTBEHHBIX 2JIEMEHTOB CPEIbI.

BrIBOABI

B xoHTekcTe B3auMocBsi3u PecTuBais U ropojia OblI0 0COOCHHO BaXKHO
coOmogaTh  TapMOHHMIO  MEXIy  HOBBIMH  CPEIOBBIMH  OOBEKTaMH,
00OTaIeHHBIMI CBETOTEXHHYECKUMH TEXHOJOTHAMH, MPHEMaMH OIl-apTa H
aTMoc(epoii peaTbHBIX TOPOJCKUAX MPOCTPAHCTB; OPTaHUYHO BIMCATh HOBBIC
OOBEKTHI B WCTOPUYECKUH ICHTP. BHITIOJHEHHBIE TPOCKTHHIC PpEIICHHUS,
CO3JIaHHBIC C TIPUMCHEHUEM MPHEMOB CTHUJIM3AIIMA HAa OCHOBE MCTOPHYCCKUX
IIPOTOTHUIIOB, OTBEYAIOT HAa IOCTABIEHHYIO 3adauy, oOoramas M co3gaBas
KOM(OPTHYIO Cpely HOUHOTO ropoJia.

IIpoekr HaIpaBJIeH Ha YBEJIIMUCHUE TYPUCTHYECKOHN
NPUBJIEKATEIBHOCTH TOpPOJA, TOBBIIIEHUS HMHTEpeca K CBETOAM3AMHY U
CIOCOOCTBOBAHHIO €TI0 YCTOWYMBOMY SKOHOMHYECKOMY Pa3BHTHUIO.
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OBIIME ITOJIXO0/Ibl K ®POPMUPOBAHUIO CBETOBOM CPE/IbI
MPUBPEXHBIX TIPOCTPAHCTB I'. BIAJUBOCTOKA
(HA MIPUMEPE BYXTbI IMUOMMU)
Caxapoe II.M., cmyoenm; Kapnenko B.E., k.apxumekmypul, npogeccop,
AB®Y, . Bhaousocmok

GENERAL APPROACHES TO THE LIGHT ENVIRONMENT
FORMATION OF THE VLADIVOSTOK COASTAL SPACES
(ON THE EXAMPLE OF DIOMID BAY)

Sakharov P.M., student; Karpenko V.E., candidate of architecture,
professor, FEFU, Viadivostok

AHHOTAIHUA

PabGora mocBsmeHa HCCIEAOBaHHWIO  OCOOEHHOCTEH  HAapy>KHOTO
OCBEINICHUSI B YCJIOBHSX MPUOPEKHON TOPOJCKOH cpensl BmamuBocToka B
paiioHe MPOW3BOJICTBEHHBIX TeppuTopuil B OyxTe J[nommm. AHamu3upyrorcs
COBpPEMEHHBIE CIIOCOOBI PEKOHCTPYKIUH CBETOBOM CpEIbl B CBSI3U CO CMEHOU
MOPTOBO-TIPOM3BOJICTBEHHON (YHKIIMU TEPPUTOPUH, MEPEyCTPOICTBO €e B
MEIIeX0THO-00IIECTBEHHOE MPOCTPAHCTBO M (HOpMHUpOBaHUE JaHIMIA(QTHOTO
OCBelICHUs. PaccMaTpuBaroTCs COBPEMEHHBIE TEOPHM U TOAXOIBl K
MPOCKTUPOBAHUIO CUCTEM OCBELICHHS NMPUOPEKHBIX MPOCTPAHCTB, KOTOPBIC
OCHOBBIBAIOTCS Ha KA4YECTBEHHBIX M KOJMYECTBEHHBIX CBETOTEXHHUYECKHX
MOKAa3aTeNsAX, BHEAPEHUH  DHEProcOEperammux U JKOJIOTHUYECKHX
TEXHOJIOTHH, YTO MPUBOJUT K WJEE JIOKAIU3aIllMU, COKPAIECHUS CBETOBOTO
W3ITy4eHHUS,, MHHAMHU3AIMA W PAMOHAIN3AIMA OCBETHUTEILHBIX YCTPOWCTB,
WCTIONIb30BaHNH HMHTEJUIEKTYaJIbHBIX CHCTEM YIIPaBICHHS, OCCIpPOBOIAHBIX H
MHTEPAKTHBHBIX TEXHOJIOTHH B OCBETUTEIBHBIX YCTpoiicTBaX. OJHOBPEMEHHO
MOBBIMIACTCS ~ BKHOCTh  (DOPMUpOBaHHSI  CBETOBOIO KON, HWMHIDKA,
WJCHTUYHOCTU TENIEXOJHBIX MPOCTPAHCTB, CO3JaHUS W TPUMEHEHUS
CBETOKOMITO3UITMOHHBIX MPUEMOB U 3PPEKTOB B apXUTEKTYpHBIX (opMax u
MPOCTPAHCTBAX HAOEPEKHBIX C YYETOM OCHOBHOTO OOBEKTa OCBEICHUS
(GUTYpBI W JHIA YEJOBEKa U Pa3IMYHBIX apXUTEKTYPHBIX 00BEKTOB. JlaroTcs
PEKOMEHIAINH U TIPEIUIOKEHUS 110 CO3TAHUI0 TAPMOHHMYHOTO apXUTEKTYPHO-
XY/I0’KECTBEHHOTO OCBEIICHHS TPUOPEKHOTO MPOCTpaHCcTBa B OyxTe Jrnomu.

Abstract

The work is devoted to the study of the features of outdoor lighting in
the conditions of Vladivostok coastal urban environment in Diomede Bay
industrial territories area. Modern methods of the light environment
reconstruction in connection with the change of the port and industrial
function of the territory, its conversion into a pedestrian and public space and
the formation of landscape lighting are analyzed. Current theories and
approaches to the design of lighting systems for coastal spaces are
considered, which are based on qualitative and quantitative lighting
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indicators, the introduction of energy-saving and environmental technologies,
which leads to the idea of localization, reduction of light radiation,
minimization and rationalization of lighting devices, the use of intelligent
control systems, wireless and interactive technologies in lighting devices. At
the same time, the importance of light code forming, image, identity of
pedestrian spaces, creating and using light composition techniques and effects
in architectural forms and spaces of embankments increases, taking into
account the main object of illumination - the figure and face of a person and
various architectural objects. Recommendations and proposals are given for
the creation of harmonious architectural and artistic lighting of the coastal
space in Diomede Bay.

Kuarwuesslie cioBa: BrmanuBoctok, OyxTta Jlnomua, CBETOIMOIHBIC CHCTEMBI,
9Heprod((PeKTUBHOCTH, CBETOBOE 3arpsi3HEHUE, apXUTEKTYPHOE OCBEIICHHE,
CBETOKOMIIO3ULIMOHHBIE  IIPUEMBI, CBETOBOM  KOI, HMMHIXK  Cpeibl,
UIAEHTUYHOCTh

Keywords: Viadivostok, Diomede Bay, city lighting, outdoor lighting, LED
systems, energy efficiency, light pollution, architectural lighting, light code,
environment image, identity

Beenenune

Tepputopuss OyxTel JluoMua wurpaja KIIOYEBYIO poOjb  Kak
CTpPaTEerMYeCKUi MYHKT JUIsI COBETCKOTO M POCCHUUCKOrOo  (hIIOTOB.
[TepBoHayanbHO OCBEIIEHHE OOECIIEYMBAIO TMPOU3BOACTBEHHBIE MPOIECCHI.
OpHako, BOMPOCHI ACTETHKH, oOecredeHus: Komdopra U Oe30MacHOCTH,
CBETONPOCTPAHCTBEHHBIX M  CBETOOOBEMHBIX IapaMETPOB  OCBEILEHUS
HaOepexxHOH M ee OOBEKTOB Ha PEKOHCTPYHUPYEMOW TEpPpUTOPUU OYXTHI HE
craBminch. CyllecTByoliee OCBEUICHHE HE YYUTHIBAET COBPEMCEHHEIC
TEXHOJIOTMM M 3KOJIOrM4Yeckue TpeOOBaHUs 110 CBETOBOMY 3arpsi3HEHHIO,
sHeprodddextuBHocTH. [lemexoaHoe, naHgmadTHOE H APXUTEKTYpPHO-
XYJ0XKECTBEHHOE OCBelleHne He Obuim paspaboranbl (puc. 1). Hayunas
3ajja4a JIaHHOTO MCCJIeIOBAHUS COCTOUT B aHAIN3E CYIIECTBYIOIINX METOI0B
JIOCTIDKEHHST TapMOHMYHOTO OCBEUICHHS TNPHOPEKHOH 30HBI TOpoAa H
MPUMEHEHHUS COBPEMEHHBIX CPEACTB CBETOBOTO [M3aiiHa W TEXHOJOTHH:
PacKpbIBAIOTCS KAaueCTBEHHBbIE M KOJWYECTBEHHBIE IIOKa3aTeld OLEHKU
CBETOBOH cpejibl TOpoJia, KOTOPhIe MOTYT OMPEJENHUTh MEePCIEKTUBHBIC IIeTTH
OCBEULICHUS C UCIOJIb30BAaHUEM HOBBIX CBETOJUOIHBIX, YCTOWYMBBIX U
OKOJIOTHYECKUX  TEHACHIUH, MUHHMHU3ALUT U palMOHAIH3aIlUU
pacnpezesieHusl CBETOBOTO OTOKa U sipkocTtu OY B HOYHOM TOPOACKOM cpere.
Konuenuust UAEGHTUYHOCTH, JAWT-KOAA, UWMHIKA CBETOBOM  CpeJbl
SMOLIMOHATEHO-TICUXOJIOTHYECKH MOBBIMIAET 0e30MacHOCTh u
MPHUBIIEKATEILHOCTh HAOEPEKHOW BeYepOM [UIsl KHUTENEeH, TYpUCTOB H
pabOTHUKOB MPEIPUSTHIA.
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Puc. 1. CymecTBytomas TeppHTOPHS, BUIBI U OCBEICHNE OyXThI J{noMuU:
a — cymectByomas gotorpadus queBHON mopToBoit Tepputopuu (poto I1.C. Caxaposa);
6 — THeBHas TaHOpaMa MPOEKTUPYEMOH TEPPUTOPUN
(ucrounuk 2I'MIC, aBTop 305 JlopoxuHa)

MeTton ucciien0BaHuA

1. Onpedenenue meopemuyeckux u c8emMoOmMexHUYecKux npeonocvlioK
oceeweHusi NPUOPEdCHLIX 30H, COBPEMEHHble MeHOeHYUU OCBeujeHUs.
CoBpeMEeHHbIE TEOPHH U MOAXOMbI K MPOECKTHPOBAHHIO CHUCTEM TOPOACKOIO
OCBEIICHUSI OCHOBBIBAIOTCA Ha KIIIOYEBBIX KPUTEPUSX OIICHKH CBETOBOM
cpeasl TOpoJa: KadecTBa OCBEMIeHHA W KonmmdecTBa cBera [1]. Jloctmxenue
HEOOXOJUMBIX CBETONPOCTPAHCTBEHHBIX XapaKTEPHCTHK HCKYCCTBEHHOTO
OCBELICHUS U MapaMeTPOB CBETOMOAEIMPOBAHUS (HOPMHUPYIOT HEOOXOIUMYIO
3pUTENBHYIO U TICHXOAMOIMOHANBHYI0 KOM(QOPTHOCTH cpenbl. CoBpeMeHHbIE
TEHIEHIMU 3aKirodarorcss B npumeHeHun OY ¢ HcHosiIb30BaHUEM
HKOJIOTMYECKUX MAaTepHalioB M HX KOHTEKCTHOE BKJIIOUYEHHE B Cpeny.
[Tapagurma ycTOWYMBOTrO pa3BUTHS MPHUBOAUT K HEOOXOAMMOCTH CHMKEHUS
SPKOCTH W OCBEIIEHHOCTH B TOPOACKOH Cpele CpelCTBAMH E€IMHUYHOTO M
JIOKaJbHOTO pa3MemeHHs CBETHIHLHUKOB, MOBBIIICHHUS MX d(PPEKTHBHOCTH C
WCIIONb30BAHUEM aJIbTEPHATHBHBIX HCTOYHHUKOB JHEPrUM U  CHoco00B
TeHepalil CBETOBBIX M3IYUYCHMI, CHIDKEHHsS CBETOBOTO 3arpsi3HEHUs
CHeLMaIbHBIMU CBETOBBIMU 3P eKkTamMu u ycTpoiictBamu. Konuenuus «raiim-
k0008» (light code) TOpOOB 3aKiOYaeTcs B MHTEPIPETAIUU apXUTEKTYPHO-
CBETOBOW cpenbl KaK CHCTEMbl CEMHOTHYECKHX 3HAKOB B IPEICTABICHUH
rOpOKaH, KOTOPYIO MOKHO PAaclO3HATh M MPEATIOKHUTH CIIOCOOBI €€ CBETOBOTO
odopmienus [2]. HekoTopsle mprOpeKHBIE POCTPAHCTBA KPYITHBIX TOPOIOB
SIBIISIIOTCS «IUKUMIY, 320POIIEHHBIMH 3€JIEHBIMU TEPPUTOPHUSIMH, ITYCTHIPSIMH,
OJIHAKO SIBJISIFOTCS] YHUKATbHBIMU U IICHHBIMU MECTaMU OT/IbIXa B MELIEX0HON
JIOCTYIHOCTH. Takue ydacTKh MOTYT OBITH JIE€KOPHPOBAHBI HCKYCCTBEHHBIM
CBETOM  Hapsaly C  YTWINTapHBIM  OCBEIIEHHMEM  JUIsI  CO3JaHHS
NpUBJIEKaTeNbHON aTMocdepbl. B umccnepoBaHuM akIEeHTUPYETCS HOHSATHE
UMHJDKA TEPPUTOPUH, TOPOJCKON MASHTHYHOCTH KaK (PaKTOPOB OE30MaCHOCTH
cpenbl, MpeIararTcsl pazIuuHble cueHapuu ocBemienus [3]. B apyroit
paboTe MOAYEPKUBAETCS, YTO CBET SIBIAETCA XYJOKECTBEHHBIM U
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I'PaloCTPOUTEIBHBIM CPEIICTBOM HMPOEKTHPOBAHUS OCBEIIECHHS HAOEpEKHBIX,
OCHOBAHHOE Ha XYIOKECTBEHHBIX 00pa3ax MOpckod mnpuponsl. IIpu sTom
putm OV TOAYEpKHBAET W AaKUEHTHPYET OEperoByI0 JHMHHUIO U penbed,
MENIEXOJHbIC HAMPABICHUS W BEJIIOAOPOXKKH. CBET SBISETCS KOMIIOHEHTOM
cpenoBeiXx (OpM B COUYETAHHM C MPO3PAYHBIMH, OTPAKAOIMMIMH H
paccenBaromiuMu  Matepuanamu, MC BBISBISIOT KOHCTPYKUUIO W Y3JIBI
COTPSIKEHHST aKYPHOU KOHCTPYKIIUU MPUOPEKHBIX COOPYKEHHUH U 0OBEKTOB,
CO3J1al0TCsl pa3nuyHble 3G GEKTh U UITI03UU CBeTa [4].

2. Memoowr ceemonanopamHozo U  C8EMONPOCMPAHCINBEHHO20
Modenuposanusi Habepedichoti 6 Oyxme Juomuo, cozdanue C6emogvix
oomunanm u aumcamoner. HouHOW MaHOpaMHBIA BHI 00JIaTaeT CHIBHBIM
XYJ0KECTBEHHO-SMOLIMOHANIBHBIM ~ BO3JciicTBUEM. Beuepom  maHopama
TPaHCIUPYET  CBETOIUIAHUPOBOUHYIO  CTPYKTYpPY  HaOEpeKHOW,  ee
APXUTEKTYpHBIC  DJIEMEHTHI  SIBJSIIOTCS.  CBETOBBIMH  NPOCKLIUSMUA U
OCBELICHHBIMU O00BEKTaMu. B cBeToBOil maHopame MoXeT OBITh 3ajaH
CBETOBOWM pHUTM, CHIIy3T, CBETOBbIC IOMHUHAHTHI, AKLEHTbI, BBISBISIOTCA
CBETOBBIC WM BHU3yaJbHBIC IUIaHBL, (POH, BBOISTCS CIIEHApHBIE CPEACTBA U
CBETOpEXHCCYPa, MOJIETTUPYIOTCS Pa3HOIUIaHOBBIE CBETOLIBETOBbIE
KOMIIO3UIIMH, TMOPSAJOK KHHETHKH C OIpENCJICHHEM BpPEMEHHBIX H
MPOCTPAaHCTBEHHBIX CBETOBBIX MHTEpBaNOB [5]. Ilpu BeIOOpE apXHUTEKTYypHBIX
00BEKTOB M COOPYKEHUH /I OCBEIIEHUS MOTYT HMCIOJb30BaThCS TeOTETH
SAunexc Kapt (puc. 2a) ¢ 1enbl0 OLEHKH MPUBJIEKATEIBHOCTH T'OPOJICKOTO
MecTa M 3HAYUMOCTH APXUTEKTYPHBIX COOPYKEHUH U OOBEKTOB C MOJCUETOM
MOJIOKHUTENBHBIX U OTPULATEIBHBIX KOMMEHTapueB. OObEKTaMH pa3IuyeHus
B OOIIECTBEHHBIX MPOCTPAHCTBAX SBJSIOTCS JIMIO U (UTypa yenoBeka. B xone
9KCIIEPUMEHTAIBHON OLIEHKH OBLIM BBISIBICHBI ONTHMAJIbHBIE SIPKOCTHBIC
COOTHOILIEHHS B OCBEIIEHHOH M TeHeBOW 30He nHua L, Ly, oT 3:1 no 5:1 mpn
HAJIMYUHN HECKOJIBKUX TJIaBHBIX U OTPAKECHHBIX MTOTOKOB CBETa [6].

3. I'padocmpoumenvuulli  anaiu3  Cywecmeyroujeco  0c8eujeHusl.
CornacHo reHepalbHOMY TUTaHY BiaanBocToka B MPUOpPEKHON 30HE OYXTHI
Jlmomun pa3mermieHsl MPOU3BOJICTBEHHBIE 30HBI, 30HBI WH)KEHEPHOW H
TPAHCIIOPTHOM UHPPACTPYKTYD, penxue 00IIECTBEHHO-/IETIOBBIE
MPOCTPAHCTBA CO CMEIIAHHOW 3acTpoiikoit [7]. BusyambHbIl Oacceitn
HaOepeXHOW 3aMKHYT KwibiMu paioHamu. CormacHo [8] cpenHss
OCBEIIIEHHOCTh B TOPU3OHTAIBHOM IUIOCKOCTH TUIOHIAJIOK MPENNpHUITHI Ha
YPOBHE 3€MJIM WM JIOPOKHBIX IOKPBITUH Bapbupyercs oT 5 mo 20 ik B
3aBUCHUMOCTH OT THIIA IPOE3[a, OCBELIAeMOro OOBEKTa, HMHTEHCHUBHOCTH
IOBIDKEHHS,  peXuMa  ucrmonb3oBaHusa. C y4yeToM  MEIIEeXOAHOTO
MEePEeyCTPONCTBA TPUOPEKHOW TEPPUTOPUH TOKA3aTEIU TOPU3OHTAIBHON
OCBEIIEHHOCTH FE, JOPOKHOTO MOKPBITHS MOTYT COCTaBIsATH oT 1-20 5k,
cpenHss ApKOCcTh pacanos Ly ot 3-5 KI/M’, aKI[CHTHOE OCBEILICHHE 3aHHi C
APKOCTBIO OT 10-15 K1/M°, OKATBHOE OCBEIICHHE 0OBEKTOB C SPKOCTBIO OT
3-5 k/m? [1].
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CeronHsi Ha PUOPEKHON TeppUTOPUH TpeodnanaeT GyHKIMOHATBHBIN
TeIIbli cBeT HaTpueBbIX nami (1,,=1900-2100 K, R,=21-23, A=560-610 nm)
(puc. 20).

a
Puc. 2. CymiectByromiasi TS ppUTOPHSI U BeuepHee OCBelIeHue OyXThl JJlnoMuI: a — cxema u
TPaHUIIBI TEPPUTOPHH TPOSKTUPOBAHNUS CBETOBOM cpenbl (Sunekc Kapthl);

6 — cyliecTByoIIee OCBENICHUE TeppuTopHHn 0. JlnoMu
(ucrounuk Annexc Kaptel, aBrop [1éTp K.)

PesyabTaTsl

Pexomenoayuu npu opmuposanuu ceemogou cpedvbi HaAOEPe’CHOU
oyxmol J[uomuo, oceewjeHus apxXumeKkmypHviX O00BbEKMO8 U COOPYI’CEeHUl,
NAHOPAMHBII NPUHYUN 8bIOOPA apXUMEKMYPHLIX 00vexmos ocgewjenusi. B
HOYHOM MpPOCTpaHCTBE HaOepe:kHOW 0. JlmoMuma HeoOXoJMMa HHTETpanus
CUCTEMBI OCBEIICHUSI C MHTEIUICKTYaJbHBIMHU MPHHIUIIAMU YIPABICHHUS IS
ONTHMHU3AIMA JHEPTrONOTPeOICHMsI, CO3aHUS KWHETHKH HCKYCCTBEHHOTO
OCBEINCHUS W COKpAIICHMsS CBETOBOTO 3arps3HeHus. B QoHapsx MoryT
UCTIONIb30BaThCS  COJTHEUHBIE Oarapen, BETPOr€HEPaTOphl, AKKyMYJISTOPHI
AIIEKTPUYECKON sHeprud. Vcmonp30BaHWE HANMPABICHHOTO W JIOKAJIBHOTO
CBETa MHHHMHU3UPYET CBETOBOE 3arps3HeHre. CrelnuanbHOe CHTHAJIBHOE H
(YHKIMOHAIBHOE  OCBEUICHHE  HCIIOJNB3YIOTCS B MPOM3BOJCTBEHHBIX
MPOCTPAHCTBAX MOPTA, CKIAJI0B ¥ MPOMBIIIJICHHBIX 30H.

B mumaHupoBOYHON CTpyKType HaOEpeKHOW HaxXOJATCS TOPTOBBIC,
oOpazoBaTenbHble, OQUCHBIE 3laHUS W MHOTHE TPOU3BOJCTBCHHBIE
COOpPY)KEHHS TIPH CBETOMOJEIHPOBAHUU — 3TO TOPU3OHTAIbHBIE CBETOBBIC
JOMUHAHTBI W CBETOBBIE AaKLEHTHI. 3aaHWe HHKONBbCKOM HEepKkBU C
KOJIOKOJIbHEH W TISITHTJIABHEM, CTPEJBI MIOPTOBBIX KPAHOB MOTYT UTPATh POJIb
BEPTUKAIBHBIX CBETOBBIX JTOMHHAHT. OKpyKalolue 3elIeHble HACAKICHUS H
KHJIast 3aCTpoiika BOKPYT OYXThl MOT'Y OBITh CBETOBBIM (poHOM. [IpakTHueckoe
MPUMEHEHNWE KOHIICTIIUA WIACHTUYHOCTH, JIAWT-KOJIOB MOXET IieXaTh B
obnmacT HeBepOATLHOM KOMMYHHWKAIMW, KOT/a BBIOpAaHHBIE OOBEKTHI
CBETOBBIX TOPHU3OHTAJBHBIX W  BEPTHKAJIBHBIX JIOMUHAHT  BBI3BIBACT
OTIpENIeICHHBIE ACCOLMAIMA M OT3BIBBI, KOTOPHIE MOTYT OBITh BBIPAKECHBI
ceetoM. Hanpumep, B uepksu Huxonas UYyporBopua, MO MHEHHIO
MOJIb30BAaTEIICH, TIPUBJICKACT BHEIIHSAS M WHTEPbEPHAsl dCTCTHUKA, OCBEUICHUE
MOJET OTpakaTh 00pa3 CBATOrO C MPUMEHEHHUEM KOHTPACTA TEILIOTO JKEJITOTO
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U XOJIOJTHOTO T0JIy0O0ro cBeTa NMpH OCBEIICHUH KOJIOKOJIBHH U KYIOJIOB. Psiom
CTOSIIIME TIPOW3BOACTBEHHBIC 3/aHUS BKIIOYAIOT COBPEMEHHOE MOPTOBOE
MIPOM3BOJICTBO, OCBEIIEHHE MOXET OBITh MO MPHHIUIY KOHTpoOpasza c
COBpeMEHHBIMU TpueMaMH. COLMOJOTHYECKHH ONMpOC MOXKET YTOUYHHUTH
CHUMBOJIBI M accouuanud. JlekopaTuBHbIE cBeTOBBIE 3()(EKThI, CBETOBOW KO,
UMUK HOYHOU TEPPUTOPUH, WIACHTHUYHOCTb HCIOJIB3YIOTCSA ISl CO3JaHus
MCUXOJNOTHYECKH  KoMdopTHO  cpenbl.  JlanamadTHOoe — ocBelieHHe
MOJUYEPKHET BEUYEpPOM TIpYIIbl JACPEBHEB M IMapKoBble OOBEKTHl. CBETOBBIE
MHCTAUIILIMYA HATOJNHAT PEKpealuio U IUISHKU HEOOXOIUMBIMH CBETOBBIMU
¢dopmamu. B cBs3u ¢ n3mMeHeHneM (QYHKIIMH MPOCTPAHCTBA C MPOMBIIUICHHOMN
Ha oOmecTBeHHYI0 npezaraercs Beectd CJl ¢ HEWTpanbHO OEIIBIM CBETOM
Ui OOIIECTBEHHO-JICIIOBBIX, PEKPEAllMOHHBIX U  Ppa3BJICKATEIbHBIX 30H
HaOepexHOM 0. Jluomua, cCyliecTBYIOLIME IOKa3aTelIM OCBELUIEHHOCTU H
SIPKOCTH MOTYT OBITh ITOBBIIIICHBI, BBEJICH IIBETHOM CBET.

Oo6cyxnenne

B cnenyromux wuccinenoBaHMAX MOIYT ObITb H3MepeHnl E,, E,,
MOJICYUTAHBl KOHTPACT M CBETOMOJACTHPYIOMMA 3(PQeKT, paBHOMEPHOCTH
OCBEILICHHUS C BBISIBICHUEM 3aKOHOMEPHOCTEH M IMpeNJIOKEHHUEM MPUHIIUIIOB
OCBEIIIEHUS] HAOEPEKHBIX C YUETOM JIOKAJTU3alUU CBETUIILHUKOB, COKPALICHHSI
CBETOBBIX M3IIYYCHUH, MCIOIH30BAHHEM SHEPTro3(PPEKTUBHBIX U YCTOWUMBBIX
texHonoruii, coBpeMeHHbix CJI B HWC, HOBBIX CBETOBHIX (HOpPM,
XY10’KECTBEHHBIX dP(PEKTOB U CBETOKOMIIO3UIIMOHHBIX MPHEMOB B CBETOBOIA
naHopame.

BriBoabI

KonuuecTBo cBeTa M XapakTep €ro paclnpeieseHus B TOPOJCKOM
IIPOCTPAHCTBE, IIBETHOCTh, KMHETHKA ONpPENEISIOT 00lee IMOIMOHAIBHOE U
3pUTEIbHOE BO3JIEWCTBHE OCBEIIEHUS Ha dYeloBeka, mpu 3tom OV
UCTIONB3YIOTCSI KOHTEKCTHO C YYETOM KOJIOTMYECKUX TPeOOBAHUHM, CHIKACTCS
SPKOCTh M MUHUMHU3HUpYETCSi HUX KojudecTBO. OcBelieHne 0OBEKTOB
OTIpeIeIEHHON TOPOJICKOM MECTHOCTH (hOPMUPYET YCTOWUYMBBIE aCCOIMAIIH U
MOKET OBITh BBIPaXEHO MPU MOMOILIK CBETOBBIX KOAOB, UMHU/IKa TEPPUTOPUHU
U uIeHTHYHOCTH. DOpPMHpPOBAaHHE CBETOBOH Cpelbl HAOEPEHKHBIX MOXKET
BKJIIOYaTh MOPCKYIO CHUMBOJIMKY, €€ CTPYKTYpa BBISIBIISIETCS PACIOJIOKEHUEM
(doHapell B COOTBETCTBUU C IUIAHUPOBOYHOU CTpyKTypoil. OcBelieHUE BO
BrnanuBocToke MOXKeT ObITh HMOAYMHEHO CE30HHBIM KOJICOAHMSAM KiMMarta
CpelcTBaMHU aBTOMaTHW3auuu. lIpum 3TOM cBeToBas maHopama HaOepeKHBIX
BKJIIOYACT PAJl AapPXUTEKTYPHBIX JOMHHAHT M AaKLEHTOB, OCBEIICHHbIC
CIIEHMAJbHBIMU  CBETOKOMITO3WLIMOHHBIMU TpuemMaMu. IIpocTpaHCTBEHHBIE
napaMeTpsl MCKYCCTBEHHOTO CBETa HAmpaBlieHbl HAa OCHOBHBIE OOBEKTHI
OCBELICHUS 4YelloBeKa U  apXUTEKTypHble 00BekThl. CylecTByoliee
OCBElIeHHE MNPHOpEeKHOro mpocTpaHcTBa 6. J(MOMHMI MOXKET YYHUTHIBATh

85



KOMIIJIEKCHOE apXUTEKTYPHO-XY0KECTBEHHOE, YTWINTapHOE, JaHAma(THOe
U CKOPaTUBHOE OCBELIEHUE.
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IPUEMBI CBETOBOI'O JMU3AVHA ITPH O®OPMJIEHUN
UHTEPLEPHOM CUCTEMbI OCBEIIIEHUSI
Cyamanoe M.HU., cmyoenm; Anekceee E.A., cmapuiuii npenooasames,
HUY «M3H», 2. Mockea
LIGHTING DESIGN TECHNIQUES IN THE DESIGN
OF AN INTERIOR LIGHTING SYSTEM
Sultanov M. 1., student; Alekseev E.A., senior lecturer,
National Research University MPEI, Moscow

AHHOTAIUSA

JaHHBIA OKIAJ TOCBAILICH HWCCIEIOBAHUI MPUEMOB CBETOBOTO
JIU3aiiHa, TNPUMCHICMBIX TpH  OQOPMIICHUHM HMHTECPHEPHON  CHUCTEMBI
ocBemeHusi. B paboTre paccmaTpuBaeTcss pa3iHyHbIE CBETOTEXHUYECKHE
pEIIeHNs1, HAalIpaBJICHHbIE Ha CO3/IaHUE JKeJTaeMOol aTMoc(ephbl U BU3YAIbHOTO
BOCTIpUSTUS  TPOCTPAaHCTBA. B Xome  BBIMONHEHWsS TpoekTa  ObLI
MPOAHATM3UPOBAH KXKIBIN 3TAll pa0OThI: OT aHAJIM3A IEJIEBOH ayJAUTOPHUU JIO
CO3/IaHHS PEATUCTHYHON MOJEIH, C YK€ BBIOPAHHBIMU CBETOTCXHHUECKUMU
penieHusMU. B paboTe aHaNM3UPYIOTCS TaKUe MPHEMBI, KaK HCIIOJIb30BaHUE
JIOKAJIbHBIX ~HMCTOYHHUKOB CBETa, Wrpa C KOHTPACTaMH, 30HUPOBAHHE
TTOMEITCHUS, TTyTeM OCBEIIEHUS, TPUMEHEHNE JIEKOPATUBHEIX CBETHIIBHIKOB U
aKIIEHTHOTO  OcBelleHusa. brnarogaps  COBpeMEHHBIM  MPOTPAMMHBIM
MPOAYKTaM MBI MOXXEM BOCCO37]aTh MOJIENb TaKOTO 3aBEJIEHUS U MPOBECTH
KOPPEKTHBIE CBETOBBIE PACUETHI, YTOOBI TPAMOTHO OILEHUTH BO3MOXKHOCTH
peaM3anuy BEIOpaHHOW KOHIENIUK ocBemeHusi. COBpeMEHHBIC TEXHOJIOTHH
CMOTYT TIOMOYh B pEHNICHWW YIPABICHUS OCBEIIEHHUEM, KOHTPOIHUPYS
CO3JaHHOE  CBETOBOE  MPOCTPAHCTBO,  NPEAOCTaBIsSIl  MaKCHMAalIbHO
KOM(OpPTHOE  BPEMSIPENPOBONKACHUE ISl  KaXKIOTO  MOCETHTES,
MOJICTPAaUBASCh MO HYKJIbI U KETIaHUsI OHBIX.

Joknan OyneT MpencTaBisiTh WHTEpEC JUIsl CIEIUAIMCTOB B 00JIACTH
JM3ailHa WHTEPhEPOB, CBETOBOTO JM3aiiHA, a TaKXkKe /I BIaJeibIeB H
VOPAaBISIONIUX ~ PAa3IMYHBIX  THIOB  OOIIECTBEHHBIX  IPOCTPAHCTB,
3aMHTEPECOBAHHBIX B CO3JaHUM YHHUKAJbHOW M IPUBICKATEIbHOW CBETOBOU
Cpenbl.

Abstract

This report is devoted to the study of lighting design techniques used in
the design of an interior lighting system. The paper considers various lighting
solutions aimed at creating the desired atmosphere and visual perception of
space. During the implementation of the project, every stage of the work was
analyzed: from analyzing the target audience to creating a realistic model
with already selected lighting solutions. The work analyzes such techniques as
the use of local light sources, playing with contrasts, zoning of the room, by
lighting, the use of decorative lamps and accent lighting.
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Thanks to modern software products, we can recreate the model of such
an institution and carry out correct lighting calculations in order to
competently assess the possibilities of implementing the chosen lighting
concept. Modern technologies will be able to help in the solution of lighting
control, controlling the created light space, providing the most comfortable

KinwueBble cjoBa: MHTepbepHOE OCBEIIEHHUE, NPUEMBI  OCBEIICHUS,
CBETOIUIAHUPOBKA, CKOJb3SIIEE OCBELICHHE, MpPSIMOM CBET, CKpbITOE
OCBELICHNE, TOMUHAHTA, CBETOBOI ITOTOJIOK

Keywords: Interior lighting, lighting techniques, light planning, wall grazing,
direct light, hidden lighting, dominant, luminous ceiling

Beenenune
B coBpemeHHOM Mwupe TOABIsSeTCS Bce  Oonblie  OOBEKTOB
TOCTENIPUUMCTBA, YIeNSIONINX ocoboe BHUMaHHE CBETOBOMY

0IIaroyCcTpOWCTBY HMHTEPBEPHOW Cpelbl, TPHUBJICKAIONIET0 BcEe OOJBIIE
MOCETHTENEH, KOTOpBIE IIEHAT AMOIMOHAIBHBIC BIECUYATICHHUS HapaBHE C
Ka4ecTBOM KyxHH. PecTopanel m Kade CTpeMATcs Co3IaBaThb OCOOBIE
MPOCTPAHCTBA, KOTOpble  (OPMUPYIOT y TOCETUTENeH  IMO3UTHBHBIC
BIICUATIICHUS U accoruanuu. [IpaBuiibHO 0J00paHHOE OCBEUICHNE CIIOCOOHO
CO3/1aTh YIOTHYIO, pacciaOsonlyt0 atMocdepy, MOAYEPKHYTh UHTEPhEp H
0c00YyI0 ICTETHKY 3aBe/leHHs. Y POBEHb OCBELICHHOCTH, PACIIOIOXKEHUE U THII
CBETWJIBHUKOB CYIIECTBEHHO BIHMSIOT Ha BOCIPHUITHE IPOCTPAHCTBA,
HMOIMOHAIEHOE COCTOSIHUE | MTOBEJICHHE JII0/IeH B KabiHHON. OT OCBELIeHUS
3aBUCUT W TIPAKTHYECKas COCTABIAIOMIAs - YyJOOCTBO M 0E30MacHOCTb
HaXO0XKJICHUS ITOCETUTENEH.

Merton nccienoBaHus

IIpu paspaboTke CcBETOBOrO [W3aiiHa ISl KaJbSHHBIX HEOOXOIUMO
MIPOBECTU PSA WCCIEAOBAHHUMN, MO3BOJSIOMIMX ONTUMH3HPOBATH PEIICHUS U
nobutecst xkenmaemoro 3ddekra. IlepBbIii acmekT, Ha KOTOPBIM clieayeT
o0paTUTh BHUMAHHE 3TO AaHAIM3 IEJIEBOM ayAWTOPUH, WHBIMH CIOBaMH
BBISIBJICHHE BO3PACTHBIX, T€HAEPHBIX M COLMAIBHBIX OCOOEHHOCTEH IIeTIeBOM
TPYNIIbI, M3y4eHHE UX MPEIINOYTeHUI, OXUAAaHUH U MOTpeOHOCTeH OT
JaHHOTO 3aBefeHus. VicXoas U3 3TOro BO3HMKAeT HEOOXOIMMOCTh B aHAIIM3e
YK€ CYIIECTBYIOUIMX CBETOBBIX PELICHUH, NPUMEHSEMBIX B KaJbSHHBIX.
AHanu3 peaknMM IIOCETHTENeH Ha pas3iW4Hble CBETOBBIE CIIEHApUU B
KaJbSHHOM TaK jK€ HEMAJIO BayKEH.

IMoaxoxast kK BOIpocy MOJAETUPOBaHHs, HE00X0auMO co3aath 3D-Monens
UHTEpbepa KaJIbsSHHOH C HPOpPabOTKOW CHCTEM OCBEIIeHMs. Busyamusanums
CBETOBBIX CLIEHAPHEB IO3BOJUT HAMVIAAHO ITO3HAKOMUTH IOTEHIIMAIBHOTO
MIOCETUTEJII CO CBETOBOM cpeAod. DTO MO3BOJIUT y3HATh OLEHKY BOCIPHUATHS
IIPOCTPAHCTBA 1IeNIeBON ayAuTOpuH. MoennpoBaHue TakkKe HEOOX0IUMO ISt

88



pacuera TOKaszaTelel OCBEIEHHOCTH, 3JHEProdQQPEeKTUBHOCTH U JIPYTUX
apaMeTpoB.

Pe3yabTaThl

BaxkneilmnM acnekToM, MpW CO3JaHUM KapTHHBI CBETOBOTO JM3aiHa
SBIIIETCS. BBIOOpP TONXOJSIICH [Jsl 3aBelCHUS KOHUENIUH. [ JTaBHBIM
JpaiiBepoM CO37aHMsI KOHIEMIMH 3aBEJCHUS MOCITY>KWIa Takas CTpaHa, Kak
SAnonus. fAnoHus - He TONBKO cTpaHa ¢ OOratoil MCTOpuUeH, KyIbTypod u
TpazuLUsAMH, HO U MECTO, I[Ie HACTOSIILEE UICKYCCTBO B CJIAXKEHHOM COUYETaHUU
C YIOBOJBCTBHEM YIOIICHMS CIMBAIOTCS BoeluHO. OZHAKO HapsAy C 3TUM,
SlnoHusa Takxke SABIAETCS OJHOW W3 CaMbIX IMEPENOBBIX M TEXHOJIOTHYECKHU
pPa3BUTHIX CTpaH B MHUpE. JTa YyHHUKalbHAas IyalbHOCTH JAenaeT SmnoHuto
YBJIEKATENbHBIM MECTOM Ui IYTEIIeCTBUA W HWCCIEIOBAHUM, TO3BOJISS
MOTPY3UThC B aTMocepy CTapuHHBIX TpPajulii W  OJHOBPEMEHHO
HACJIaJUThCsl COBPEMEHHBIMM JOCTHXKEHHUSIMM 4YEJIOBEUYECKOI'0 TBOPUYECTBA.
OcHOBHOI naeem SIBJISITIOCH CO3Jl1aHuE IBYX JIAaMETPAIBHO
MPOTUBOIOIOXKHBIX IO HACTPOEHHUIO, HO OOBEAMHEHHBIX OOLIEH TeMaTHKOMN
3aja. B xome BeIMoOMHEHMs pPabOTHl OBUT pa3paboTaH AHM3aliH TPOEKT
ocBemeHus (puc. 1) I KaXXI0ro u3 MoOMeIIeHUH.

Puc. 1. ABTOpCKUI1 1M3aliH POEKT 3aBEICHUS KaJIbsIHHON

Hns nawana paccmorpum «HeoHOBBIN» 3an 3aBencHus. B kauecTBe
OCHOBHOTO 3JIEMEHTAa OCBEIEHUS HEOHOBOTO 3ana OyAeT BBICTYNaTh TMOKUI
HeoH. CBETOAMOIHBIN TMOKUH HEOH — 3TO CBETOAMOIHAS JIEHTA B 000JIOUKE,
TpyOKe u3 MaToBoro cuiukoHa iaubo I[IBX, cBeueHne koTopoil paBHOMEpPHO
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pacrpenensercs o Bceil MOBEPXHOCTH, MaToBast 000I04Ka MIPU ITOM MIPaeT
POJIb pacceuBaTess, 4YTo MO3BOJISET CKPBITh KPUCTAIUI CBETOANOIOB.

OnHUM W3 TIABHBIX TIPHEMOB OCBELICHHSA JAaHHOTO 3aia CTallo
«CKpbITOE OcBemieHrne». OCHOBHAas OCOOCHHOCTH 3aKIIIOYaeTcsi B TOM, UYTO
WCTOYHUK CBETa HE BUJCH HAIPSIMYIO, a BUJICH TOJIBKO DPACCESIHHBIA CBET
(puc. 2). CkpoiToe ocBemieHre GOPMHUPYET CTHIb U JOOABISIET COBPEMEHHBIH
BUJI B UHTEphep moMenieHusi. OCBETHTENbHBIC PUOOPBI OyIyT PaCcIIONOKEHBI
B IIATH KaOMHKaxX, HaXOASLIMXCS B OOLIEM 3aie, TaK, CKPhITOE OCBEIIEHHE
MOJYEPKHET IMPUBATHOCTh JAHHBIX MPOCTpaHcTB. OHAKO, €CIH caeNaTh BCIO
MOJCBETKY MCKIIOYUTENBHO CKPBITOH, TO MBI HE CMOXEM HaONIonaTh 3a
paccemBaHHEM CBeTa MOJ BIHMSHHEM Iapa OT KajbsHa. TakuMm oOpas3om, B
CO3/IaHMH KapTUHBI B3aUMOJACHCTBUS JbIMa M CBETa, HEMAJOBAXKHYIO POJIb
urpaer npsimoe ocselieHue. HambGonee nenecooOpasHbIM pelieHHeM OynaeT
HaNpaBUTh MYYOK CBETAa Ha CTOJBI (PHC. 3), TaK MOCETUTENIM CHAaYajla CMOTYT
CKOHLIEHTPUPOBATbCS HAa MEHIO, a BIOCJIEACTBUU JHLE3peTh 3ddexr
"cBeTsmierocs" BO3ayxa, KOTOPbIH 00BOJIAKUBAET MPOCTPAHCTRO.

Puc. 2. CkpbiTO€ 1 IpsIMOE OCBEIICHHE

UroObl mpuaaTh MOMEMICHWIO 00BeM, a TakKe aKIEHTHPOBATh
BHUMaHHE Ha TEKCTypax CTeH, BocmoisdyeMmcs «wall grazingy wim
CKOJIB3AIIMM OCBeleHHeM. CBETHIILHUK pa3MeIaoT MPAaKTUYeCKH BIIOTHYIO
K CTEHE M HaNpaBlsAlOT CBET MoJ Y3KkuM yriaoM (puc. 3). Ilpu Takom
OCBEILICHHH BCE HEPOBHOCTH M BBINMYKIOCTH HAa IMOBEPXHOCTH JAIOT TEHH,
KOTOpPhIE MOXHO CHENaTh pe3de MM CMSTUYUTh, H3MEHSS YTOJI HallpaBIeHHS
CBETOBOTO ITOTOKA.
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Puc. 3. ITpumeps! peanuzanuu npuéma Wall Grazing

JloMHHaHTa — OCHOBHOW aKLEHT B JHW3aiiHE, AJIEMEHT, HA KOTOPHIA B

MEPBYIO OYepelb o0pamaeTcs BHUMaHUe. JTO KIFOUYECBOW 3JIEMEHT, KOTOPBIN
OpraHu3yeT U CTPYKTYPHUPYET MPOCTPAHCTBO, CO3/IaBasi BU3yaJIbHBIA (HOKYC U
TapMOHHUIO B HHTEPHEPE.
B Mo0éMm cnyuae, B kauecTBe IOMUHAHThI BBICTYIAET, pa3MeIlleHHasd B LIEHTpE
3ama mupma (puc.4). IllupmMa wuMeeT HE TONBKO OMOIMOHAIBHBIA U
ACTETUYECKUN CMBICH, HO U TIPAKTUYECKUH, TaK KaK BHYTPU TAKKE €CTh MECTO
TS TIOCAJIKH TOCTEH.

Puc. 4. lomunanta
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Ilepexons k « TpaguIIMOHHOMY» 3aJly, [IOTOBOPUM O TJJaBHOM 3JIEMEHTE,
OepymuM medCTBO HAJ BCEMH OCTAIBHBIMH — O CBETOBOM IIOTOJIKE.
CeTrsluiicss HATSDKHOM IIOTOJIOK OJHOBPEMEHHO SBISIETCSI IOTOJIKOM U
OCBETUTEJIBLHBIM NMPHUOOPOM. B BBIKIIOUEHHOM COCTOSSHUM OH HPEICTABIISET
coboii Oermyl0 MaTOBYIO TIOBEPXHOCTh, a IPH BKIIOUYEHHH HAIOJIHSIET
MOMEIEHUE PAaBHOMEPHBIM SPKUM W OJHOBPEMEHHO MATKUM CBeTOM. Bces
MOBEPXHOCTh TAKOTO TMOTOJIKA SIBIISIETCSI UCTOYHUKOM CBETA, SIPKOCTh MOKHO
peryJinpoBarts.

VYipapieHue cBETOM MOXHO CHIeNaTh KaK C IIPOCTON KJIaBHUILIH, TaK U C
MOMOIIBI0 TyJibTa WIM CcMapTgoHa. MOXHO YCTAaHOBHUTH PETYIHPOBKY
sspkocTH. CBETOBOM MOTOJIOK MOKET 3aHUMATh BCIO IJIOLIA/Ib TOMEIIEHUS WIH
KOMOMHHMPOBATBCSI C APYrUMHU Tmotosnkamu. OIHAKO, B JAaHHOM ITOMEILEHUHU
HaubosIee 1es1eco00pa3HbIM peleHreM OyAeT YCTaHOBUTH CBETOBOM MOTOJIOK
HE Ha BCEl MOBEPXHOCTH 3ajia, a JIMIIb B IICHTPAJIBHON €ro 4acTH, TIe
HaXOJATCS IOCaJO4YHble MecTa (pUcC.5), 9TO NMOMOXET pa3feiuTh 3aj Ha
LEHTPAIbHYIO 30HY U Ha IIYTU NepEMEIIECHUS.

Puc. 5. CBeToBO#1 ITOTOJIOK

Oo0cy:xaennst

IIpencraBneHHsbIH NpOEKT JUIsl  KalbIHHOM  JAEMOHCTPHUPYET
WHHOBALIMOHHBIA TOAXOA K OpPraHU3alid OCBEIICHUS B OOIIECTBEHHOM
MPOCTPAHCTBE JIaHHOW KaTeropuu. B oTIHYMe OT MHOTMX KalbsSHHBIX, TE
npeoOyiafjaloT MO0  SPKHE, KOHTPACTHBIE CBETOBBIE pEIIEHUS, JHOO
UCKJIIOYUTEIBHO TEIUIBIE IPUIVIYIIEHHbIE OTTEHKH, JaHHBIH  IIPOEKT
OTIMYAETCs €IWHEHHEM O0OMX »HTHUX KpalHOCTEeW, NPeaOCTaBISIOMNX
MOCETHUTENSM BBIOOD, B 3aBUCUMOCTH OT UX MPEINOYTEHUH WM HACTPOCHHUS.
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JlaHHBIN MPOEKT AEMOHCTPUPYET TBOPUECKUH MOJXO0J K CBETOBOMY
JM3aiilHy  OOIIECTBEHHOTO MPOCTPAaHCTBA, codeTas (QYHKIIMOHAIBHEIC
TpeOOBaHUS K OCBCIICHUIO KAJIbIHHOW C KYJBTYPHBIMH OCOOCHHOCTSMU
SITIOHCKOW 3CTETHKH. JTO TO3BOJSET CO3JaTh YHUKAIbHYIO, TaPMOHUYHYIO
CBETOBYIO CpEAy, OTIMYAIOIIYIOCS OT CTAHAAPTHBIX PEIICHUNA B JaHHOH
KaTErOpHUH.

BriBoasl

B 3axnroueHuu, yaanock NpoaHaIM3UPOBATh COBPEMEHHBIE TEHACHLIUU
B 00J1aCTH CBETOBOTO JAM3aliHa JJISi WHTEPHEPHOTO MPOCTpaHCTBA. VTOTOBBIiA
MPOEKT TPEACTaBIsAeT cO00H CIPOSKTUPOBAHHBIM JAW3aliH MPOEKT 3aBEICHUS
KallbTHHOM, HJI€albHO MOAXOMASIIEH sl MPOBEAEHUS J10Cyra, BbIOpaHHON
LIEJIEBOM ayIUTOPUM, a UMEHHO, OPUEHTALM HAa MOJIOJEKHYIO ayAUTOPHIO.
Kanpsinnas KynbTypa TpaJWLHMOHHO TMOJIb3yeTCAd TMOMYJISIPHOCTHIO CpEeIu
MOJIOZBIX JIIOACH, HEHSIIUX HE TOJBKO paccialisiomuil puTyal KypeHus
KallbsiHa, HO M 0coOyio atMmocdepy Takux 3aBeneHui. [losToMy cosnmaHue
CBETOBOHM Cpelbl, OTBEUAIOLICH 3ampocaM W MNPEANOYTCHUSIM MOJIOJCKHOU
ayJIUTOPUH, CTAHOBUTCS BaXXKHBIM (DAKTOPOM ycIiexa.
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WHISPER - MOTHER-BABY FRIENDLY BEDROOM
LIGHTING SYSTEM DESIGN

Killian Auyeung, student,
China Academy of Art

Abstract

This study aims to design a lighting system for maternal and infant
bedrooms that protects infants' vision while meeting adult needs. Given the
reliance on indoor lighting in modern society, we conducted a market survey
and historical background research to propose an innovative solution. Our
design simulates natural light changes, adjusting brightness and color
temperature over time to minimize blue light and strong light damage to
infants' retinas. We considered user convenience through intelligent control
technology, remote operation, and timed shutdown features. Survey insights
revealed parental concerns about lighting impacts on their babies' eyesight and
preferences for easy-to-use lamps. The resulting prototype uses advanced LED
technology, aligns with circadian rhythms, and integrates aesthetically
pleasing designs compatible with modern home decor.

Keywords: maternal and infant lighting, lighting system design, natural
light simulation, LED technology, intelligent control

Introduction

With the progress of society and the development of science and
technology, indoor lighting has become an important part of people's daily
life. However, improper use of lighting equipment for a long time may have
adverse effects on people's visual health, especially for newborns and infants,
whose eyes are more sensitive and therefore require special protection
measures. Many "eye protection lamps" or "night lights" products on the
current market, although providing a certain degree of solution for parents,
often cannot fully meet the needs of family night lighting, and also lack design
concepts for the special requirements of mothers and babies. Therefore, it is
particularly important to develop a mother-and-child friendly bedroom
lighting system that can provide a safe and healthy lighting environment for
infants and young children, meet the needs of adults, and have good
operability and aesthetic design.

Research Method

To understand the current status and needs of maternal and infant
bedroom lighting, we designed a series of survey questionnaires to collect the
needs and satisfaction of different family members with bedroom lighting. The
survey results show that most parents are dissatisfied with the brightness,
color temperature and operation mode of existing bedroom lighting to varying
degrees, emphasizing the need for adjustable and soft light sources. In
addition, functions such as intelligent control, automatic dimming and night
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mode are also widely expected. These findings provide valuable data support
and direction guidance for our design.

Material Selection
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Fig. 1. Case Characteristics Analysis

Results

The innovation of this study is to propose and design a mother-child
friendly bedroom lighting system that simulates the changes of natural light
sources. The system not only takes into account the impact of light brightness
and color temperature on infants' vision, but also takes into account the usage
habits and aesthetic requirements of adults. The system uses advanced LED
technology, which can automatically adjust the brightness and color
temperature according to the circadian rhythm, simulate the changes of natural
light, and reduce damage to infants' vision. At the same time, the system
includes functions such as intelligent control, remote control switch and timed
shutdown, which simplifies the operation process and improves the user
experience. In terms of appearance design, we refer to the popular home
decoration styles on the market to ensure that the new product is not only
comprehensive in function, but also has good market competitiveness.

Discussion

This paper successfully designed and preliminarily implemented the
mother-infant friendly bedroom lighting system. By simulating the changes in
natural light sources, the system can protect the eyesight of infants and young
children while meeting the needs of adults. The survey results show that users
are highly interested in and satisfied with the functions and design of the
system. Future work will further optimize the intelligent control function of
the lighting system, enhance the interactivity and personalized settings of the
system, and expand the product line to meet a wider range of market needs. In
addition, we also plan to conduct more in-depth user feedback research to
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continuously improve product design and ensure that lighting system can
better serve the mother and baby groups and improve their quality of life.

Conclusions

In short, this lighting system corresponds to the ancient Chinese
imagination of lights: "The clear rainbow is the lamp." It imitates the sun
rising in the east and setting in the west, and imitates the eternal brilliance of
the torch when the night falls. It forms an appearance structure similar to the
alternating movement of the sun and the moon, and recombines and weaves
the originally suspended lights in the room, and designs the light source to be
a floor-standing street lamp. This system takes the user object as the subject,
investigates the object in the design process, and tries to communicate with the
user in the process of investigation. Translate and understand "baby language"
with an exploratory design attitude, solve the captured daily needs to the
greatest extent possible, reinvent the daily life, from abstract concepts to
specific investigations, extract objective laws from data, and redesign
humanity. At the same time, in view of the fact that users and consumers do
not completely overlap, a truly mother-and-child friendly lighting system
design is designed.

Questionnaire interview

Survey Results Mother and baby room layout survey

- The survey shows that there are a variety of lamps in the maternal

and infant room (floor lamps, wall lamps, desk lamps, etc.), which

are mostly placed near the feeding table and the crib to ensure the

lighting during the night.

Fig. 2. Questionnaire interview
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Light source blind

LGP (light guide plate)
& Multi-angle diffusion uniform luminescence
P e Anti-dazzle film

Hide highlights and eliminate high-angle glare

Microrhombic plate

Refracts light and filters out glare

Fig. 3. Detail design

Summary Of User Pain Points

Light sti Bright light sti the baby @

and mother and affects sleep.

Inconvenient Light Source Adjustment: It is difficult to
easily adjust the brightness or color temperature of the

light and can not adapt to different scenes.

@ Turn The Lights On And Off Frequently: Frequent switching of lights affects

rest and operation, resulting in inconvenience and confusion

Fig. 4. Summary of user pain points

Light for sleep -Get out of bed at night for -Option to control lighting and ~The lights can be adjusted
lighting customization with APP throughout the day to read or play

Fig. 5. Usage scenario Introduction



Fig.6. Presentation of achievements1

Fig.8. Presentation of achievements3
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Fig.9. Presentation of achievements4

Fig.11. Presentation of achievements6
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VIRTUAL REALITY FOR DESIGNING OUTDOOR LIGHTING
Ivanova A.E., student; Makarov D.N., Candidate of Technical Sciences,
senior lecturer, National Research University MPEI, Moscow

Abstract

This work brings out an innovative approach to presenting different
lighting options providing interactive surroundings between the user and the
design object. Thanks to the application of the developed methodology, it is
possible to significantly reduce the time required for the rendering process, as
well as importantly optimize the use of resources, without compromising the
level of the final product. The visualization method, which was carefully
studied during the work opens up wide horizons for consumers to deeply and
comprehensively analyze and evaluate the various proposed lighting options.
This allows each person to be convinced of the chosen solution and feel like a
total participant in the design process.

Moreover, the work examined and proposed strategies and approaches
aimed at the dynamic development and promotion of architectural and
landscape lighting in the different regions of our country. The research
included the development of effective and innovative outdoor lighting options
for public spaces, as well as detailed consideration of ways to implement them
in practice. These developments can be an important step in improving the
quality of life and attractiveness of urban and country areas.

Keywords: outdoor lighting, public space, hotel complex, virtual
reality, virtual reality tour, design methods, architectural lighting, landscape
lighting.

Introduction

In the continuous development of mankind, each new day brings with it
progress that invariably changes our daily lives. Just a couple of years ago, the
demonstration of two-dimensional visualization with the concept of lighting
was considered a real breakthrough. But time does not stand still, and today,
this method can no longer claim to be competitive. Every day, the market
offers more and more advanced solutions, and what was amazing a few years
ago is now no longer able to meet the increasing demands of the modern
industry. One of the key goals of this work is to develop an innovative
approach to the presentation of various lighting options.

Lighting plays a key role in the daily life of a modern person, having a
significant impact on his activities. However, light can satisfy not only
utilitarian needs, but also aesthetic ones. For several decades, large cities of
Russia have been actively developing and implementing programs for outdoor
lighting of central streets and squares, which allows not only to improve the
safety of movement, but also to create a unique urban ensemble.
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In smaller cities and regions, this is not paid attention to. However, local
residents have a need for quality lighting that would not only contribute to
convenience and safety, but also to the beauty of the surrounding space. This
work is aimed at developing a quality lighting concept for public space in the
province.

Research methods

The design object was chosen to be the hotel complex "Fishing
Village", which is located in the village of Shumash in the Ryazan region.
This place was created for a modern person living in the urban rhythm, for the
possibility of unity with nature (fig. 1).

Fig. 1. Hotel complex "Fisherman's Village"

The amazing hotel complex is very fascinating and inspiring, but with
the sunset, all the beauty of the stone building fades, because the lighting there
is not thought out at all. According to the founder of the "Fisherman's
Village", architectural lighting was not included in the building due to an
elementary ignorance of the aesthetic importance of light.

The first stage of design includes the creation of lighting options. For
this, a powerful graphic editor Adobe Photoshop will be used.

Together with the owner of the hotel complex, the first options for
lighting the complex were developed. The main request was a complete
rejection of installing lighting fixtures on the ground. According to the owner,
during the day, lighting fixtures do not fit into the created natural landscape
and spoil the appearance of the natural complex. Also, the owner of the
complex asked to create the effect of "living" windows so that the village was
filled with life.

Later, the options were edited and improved. It was decided to simulate
three options for lighting the main attraction - the lighthouse, as well as three
options for lighting all residential buildings (fig. 2 and fig. 3).
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Fig. 5. Lighting equipment
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The second stage of design involved modeling the hotel complex. The
owner of the hotel complex provided drawings of all buildings in the
AutoCAD program. Modeling was performed in the Autodesk 3dsMax
software (fig. 4).

Based on the concepts presented earlier, lighting fixtures from leading
Russian manufacturers were selected (fig. 5).

To create the “living windows” effect, the lighting fixture was modeled
in SolidWorks. The model was then loaded into TracePro optical engineering
software to calculate the light intensity curve (fig. 6).

[ 5% emfl 4 SUPER DUPER 1.0
ij'vv‘v j/ Power: 5 W

“ Q¢ | luminous flux: 600 Lm

CT: 3000 K

1P66

Fig. 6. Simulated lighting device

Also, for the lighting of the lighthouse, a classic sealed LED strip from
the VLS series from Wharton was selected. The power of the strip is
14.1 W / m. Correlated color temperature: 4000 K. Protection class IP68.

The third stage of the design involves the calculation of lighting and
visualization. The previously presented models of the hotel complex "Fishing
Village" in the Autodesk 3dsMax program were transferred to the professional
design software DIALux Evo for verification calculation. to reduce the
calculation time.

The main focus was on the comfortable stay of guests in the houses. To
this end, all three concepts exclude excess light from entering the windows.
The calculated brightness on the glass of the window frames does not exceed
0.01 cd/m?. The porch of the houses is highlighted with light, the illumination
varies from 50 Ix to 100 Ix. The brightness of the facades smoothly decreases
from top to bottom from 8 cd/m? to 1 cd/m?. At the same time, the average
illumination of the landscape in all three concepts is 50 Ix.

After analyzing various lighting concepts and obtaining the
corresponding values that meet the standards, the lighting was designed in the
Autodesk 3dsMax program with the integrated Corona Renderer rendering
engine.

For a more visual demonstration of the lighting options, virtual reality
tours with the resulting visualizations were collected in the Kuula service.

It is enough to simply point the phone camera at the code, follow the
link and enjoy a walk around the designed object (fig. 7).
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Fig. 7. Received lighting options for the complex (a) "In a Certain Kingdom", (b) "Forward
to the Past", (c) "Space Station"

An online survey was conducted among potential visitors to the hotel
complex. A total of 100 people of different age categories, from 20 to 80 years
old, were surveyed. They were provided with links to the virtual tours
described earlier. After the walk, they had to rate the lighting provided. The
ratings were graded from 1 to 5, where: 1 - "don't like", 2 - "rather don't like",
3 - "I find it difficult to answer", 4 - "rather like", 5 - "Like".

He lighting concept "In a Certain Kingdom" won the survey with an
average score of 4.7. It was decided to design this concept in the Unity game
engine. Unfortunately, the Unity game engine does not yet have a correct
setting for lighting equipment and calculation of lighting parameters. There
are only 5 types of emitters in the catalog, but you can make absolutely any
lighting device from them. The resulting game added the ability to move
freely around the complex and the ability to play in virtual reality glasses

(fig. 8).

Fig. 8. Graphic code for downloading a game for the IOS operating system

Results

Three lighting concepts were developed for the hotel complex "Fishing
Village" taking into account the requirements of the owner of the complex.
During the work, popular software for lighting modeling was analyzed. An
optimal design path was found that justifies resources and creates an
interactive environment between the user and the design object. A virtual
reality game, as a way to demonstrate the lighting concept, provides
consumers with an opportunity to fully appreciate the proposed lighting
concepts. The game is a novelty in the lighting design industry, which is why
it has caused a great deal of public interest. The media began to publish the
project and reviews in local Internet publics. Accordingly, the customer, in
addition to a high-quality lighting project, also receives a working advertising
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campaign. The project caused a stir among private entrepreneurs of Ryazan
and the Ryazan region, and also emphasized the importance of outdoor
lighting as an aesthetic need of people. All these factors together led to the
popularization of architectural and landscape lighting in the regions of the
province. At the moment, several design organizations are already requesting
the design of outdoor lighting using this method.

Discussion

Back at the end of the last century, in the book "Lighting Architecture"
(1973), Nikolay Mikhailovich Gusev and Vadim Grigorievich Makarevich
identified the problem of the complexity of the techniques and methods of
designing outdoor lighting. In the 1990s, the field of architectural design was
transformed as a result of the widespread use of computers and CAD
programs. This revolution affected the entire design process from start to
finish. The topic of lighting design in game engines has not yet been touched
upon, but a start has been made. In the article “Augmented and Virtual Reality
in Lighting Installations and the Night Urban Environment”, published in the
magazine “Svetotekhnika” (2022, No. 5), Vladimir Evgenievich Karpenko
reveals the topic of the development of augmented and virtual reality
technologies in the design of outdoor lighting.. “Very soon you will enter a
new reality”, these are the words with which Helen Papagiannis begins the
book “Augmented Reality. Everything You Wanted to Know About the
Technology of the Future”. Perhaps this “soon” has already arrived.

Conclusions

In the future, we plan to develop a script that will allow us to calculate
lighting characteristics directly in the game engine. According to preliminary
calculations, the add-on will reduce the design time using this method without
losing quality by about 40%. We plan to create a library of lighting devices
with prescribed technical parameters for ease of design. We plan to conduct an
experiment comparing human perception of lighting and color rendering of
identical scenes in virtual space and in reality. The introduction of virtual
reality into lighting technology is a potentially revolutionary development in
this field.
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CHOICE OF COLOR DESIGN FOR A MUSICAL FOUNTAIN
Kirillov I.Eu., student; Snetkov V.Yu., Candidate of Technical Sciences,
Associate Professor, NRU MPEI, Moscow

Abstract

In existing colour-musical installations, there is often a lack of a
systematic relationship between notes or musical tonalities and colours. This
paper presents an experiment aimed at determining the extent to which a
system linking colours and musical tonalities affects human perception. Two
systems of colour tonalities are considered: the first based on A.N. Scriabin's
system, and the second based on subjective associations of people. For the
creation of the second system of colour tonalities, articles on the emotions
evoked by colours and musical tonalities were used. The lighting design of the
park area near the fountain was implemented, from the selection of lighting
fixtures to the results of calculations and design in the DIALux software. An
audit was conducted in Tsaritsyno Park in Moscow, measuring the emission
spectra of colours in the musical fountain using a Konica Minolta CL-70F
spectrophotometer. Experiments in this study were conducted on an ASUS
TUF Gaming Al5 laptop's LCD display. The chromaticity coordinates of
primary colours and the reference white colour of the display were measured
with the aforementioned spectrophotometer. The colour design of the fountain
model in DIALux, based on the synaesthesia of colour and music, was
evaluated using the category method. The results of the study show a
significant impact of systematic colour transitions on viewer perception and
confirm the effectiveness of the synaesthesia-based approach. Overall,
A.N. Scriabin's concept received the highest score (3.63 points), while the
association-based concept ranked second (3.05 points). Fragments without
systematic connection received significantly lower scores (2.77 and
1.85 points, respectively).

Keywords: color musical installations, color design, emotional
perception, color tonalities, Alexander Scriabin

Introduction

Over the past two decades, color musical installations have become
widely used in public spaces such as parks, theaters, and concert halls. These
light shows combine elements of color and music, creating spectacular and
emotionally rich performances that attract a wide audience. However, a lack of
harmony between color effects and musical accompaniment is often observed.
Transitions from one color to another often occur chaotically and do not
correspond to musical chords and notes, which can reduce the overall
impression of the performance.

The aim of this work is to study the impact of a system linking colors
and musical notes on the perception of light and music installations. The study
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includes the development and application of two fountain lighting concepts:
one based on Alexander Scriabin's color tonalities system[1], and the other on
associative links between colors and emotions evoked by music. The second
system is based on research on emotions triggered by music and colours [2].
An audit of the musical fountain in one of the parks is also planned, as well as
the creation of a festive light-color environment using lighting installations in
the park area around the fountain, and experiments to evaluate the
correspondence between music and color with the participation of observers.
We believe that harmony between music and color can significantly enhance
the emotional perception of viewers, confirming the relevance and
significance of this work.

Research Method

The work implemented the lighting of the park area near the fountain,
starting from the selection of lighting fixtures to the results of calculations and
design in the DIALux program, corresponding to standards. An audit was
conducted in Tsaritsyno Park in Moscow, measuring the emission spectra of
colors in the musical fountain using a Konica Minolta CL-70F
spectrophotometer. The main focus was on subjective research conducted on
an ASUS TUF Gaming A15 laptop LCD display with a 15.6-inch screen and a
resolution of 1920x1080 pixels. The chromaticity coordinates of the primary
colors and the reference white color of the display were measured with the
aforementioned spectrophotometer. Experiments were conducted with the
participation of 10 observers (7 men and 3 women) aged 21 to 25, who
evaluated the correspondence of color transitions and musical accompaniment.
For the convenience and objectivity of the experiment, Alexander Scriabin's
work "Prometheus: The Poem of Fire" was used, which contains a score for a
color organ [3]. Observers evaluated the presented video fragments on a
categorical (five-point) scale [4], considering personal impressions of the
combination of colors and music. There were a total of four video fragments
with different color transition concepts. Two concepts used color tonality
systems, and two had no systematic connection between music and color. The
first concept was based on Alexander Scriabin's color tonality system, where
each musical tone corresponds to a specific color. The second concept was
developed by us and built on associative links between colors and emotions
evoked by music. To create the second concept, musical tonalities were
correlated with emotions and colours with emotions separately. Then,
tonalities were matched with colours based on similar associations.
Correspondence tables of notes and colors were compiled for each concept
(Table 1 and Table 2).
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Table 1. System of Color Tonalities by A. N. Scriabin

Tonalities Color
C major (C*) Red g
C minor (c) Gray
D major (D) Yellow
D minor (d) Pink
E major (E) Pale blue
E minor (e) Blue
F major (F) Pink
F minor (f) Swamp green -
G major (G) Orange
G minor (g) Gray
A major (A) Swamp green
A minor (a) Red |
B major (B) Gray ]
B minor (b) Dark violet \

* The tonalities are indicated in parentheses. Uppercase letters denote
major scales, while lowercase letters denote minor scales.

Table 2. System of Tonality-Color Associations

Tonalities Color

C major (C) Yellow

C minor (c) Violet

D major (D) Orange

D minor (d) Dark blue

E major (E) Light green

E minor (e) Blue

F major (F) Green

F minor (f) Brown

G major (G) Blue

G minor (g) Dark violet

A major (A) Pink

A minor (a) Gray

B major (B) Violet

B minor (b) Black
Research Results
Observers evaluated 4 video fragments (link to URL:

https://drive.google.com/drive/folders/1Et3Q3MvHS5t1trv-QF_Rhs-psXIKdL
Rn5?usp=sharing) with the same musical accompaniment but different color
transitions. Each observer was presented with three series of four video
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fragments in random order. As a result of the experiments, the following data

were obtained:

Table 3. Arithmetic Mean Value of Observers' Ratings. First Series

.. L Without Without
Associations Scriabin
System 1 System 2
Total 2,95 3,55 3,00 2,05
Musicians 2,67 3,00 4,33 2,67
Non-musicians 3,07 3,79 2,43 1,79

Table 4. Arithmetic Mean Value of Observers' Ratings. Second Series
.. L With With
Associations Scriabin thout ithout
System 1 System 2
Total 3,10 3,50 2,55 1,85
Musicians 2,67 2,83 3,67 2,17
Non-musicians 3,29 3,79 2,07 1,71

Table 5. Arithmetic Me

an Value of Observers' Ratings. Third Series

.. L. Without Without
Associations Scriabin
System 1 System 2
Total 3,10 3,85 2,75 1,65
Musicians 2,83 3,33 3,67 1,83
Non-musicians 3,21 4,07 2,36 1,57

Table 6. Final Results of the Arithmetic Mean and the Root Mean Square
Values (indicated in parentheses)

Associations Scriabin Without Without

System 1 System 2
Total 3,050 (0,116) 3,633 (0,103) | 2,767 (0,255) | 1,850 (0,132)
Musicians 2,722 (0,194) 3,056 (0264) | 3,889 (0.567) | 2.222(0,289)

Non-musicians

3,190 (0,149)

3,881 (0,095)

2,286 (0,304)

1,690 (0,152)
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Fig.1. Histogram of the Observers' Ratings Over All Series

In the overall aggregate, Scriabin's concept received the highest score
(3.63 points), the association-based concept took second place (3.05 points).
Fragments without systematic connection received significantly lower scores
(2.767 and 1.85 points), especially from non-musicians. Although the scores
of musicians (3 people) slightly reduced the gap, the difference between the
best ("Scriabin") and the worst results (i.e., "unsystematic 1 and 2") remained
significant — 0.9 and 1.8 points, respectively. We explain the second, not the
first place of Scriabin's color music in experiments for musicians by the fact
that they did not have experience with such perception of the composer in
traditional training, which was unusual for them. Therefore, in our subjective
research, they gradually changed their scores, and the difference between the
first and second places among musicians significantly decreased: in the first
series, it was 1.3; in the second — 0.8, and in the third — only 0.3 points.

Discussion

We consider this study as a starting point for subsequent broader
studies. There is nothing to compare our results with, as all known studies are
exclusively humanitarian in nature. Therefore, for further research, we
propose the following. First, it is advisable to conduct additional experiments
using other musical fragments, works, and color tonality systems. This will
help identify the universality of the results and determine which systems of
color-musical associations are most effective. Second, we propose using more
complex and diverse visual effects. In this study, simple color transitions were
used, and adding dynamic changes, such as more significant changes in
brightness or movement of water jets, can improve the audience's impression.
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Conclusions
The study showed that systematic color transitions linked to musical

notes significantly enhance viewer perception. The concept based on

A.

Scriabin's color tonality system received the highest scores — 3.63 points

(0.9 and 1.8 points more than fragments of unsystematic use of color),
confirming the effectiveness of the synesthesia-based approach. Further
research in this area could lead to the creation of more captivating and
emotionally rich color-musical installations, capable of attracting a wide
audience and significantly improving cultural and entertainment events.
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SELECTION OF LIGHTING INSTALLATIONS AND COLOUR
DESIGN OF THE SANATORIUM PREMISES
Kukhnovets E.K., student;
scientific supervisor — Snetkov V.Yu., Candidate of Technical Sciences,
Associate Professor, NRU MPEI, Moscow

Abstract

This paper presents selected lighting installations of sanatorium
premises, irradiators designed for disinfection of object surfaces and indoor
air, explains the choice of colour design options. Also described are the
measuring installation, research and measurement techniques, and
experimental data on people's colour preference. With the help of the
measuring device it was possible to obtain irradiation values from real
irradiators of GALAD trade mark, and then to calculate the ranges of
permissible time of irradiation with bactericidal radiation and justify the
options of their application in practice. Thus, it is recommended to use LED
irradiator GALAD Viva in the mode of air disinfection at a distance of 2 m or
more from people in rooms for special purposes (treatment rooms,
examination rooms, doctors' offices, etc.) with a reasonable exposure time. It
is recommended to use GALAD BBO in small rooms at distances from 0.30 m
to 0.60 m, with maximum exposure time at these distances of 0.3 hours and
1.2 hours respectively. For larger rooms, it is recommended to use at distances
from 0.85 m (irradiation time not exceeding 2 hours). According to the results
of subjective measurements, the preferred colour variants of perception of
colour design of the space of the treatment room were determined. These were
white and light grey or light blue and grey.

Keywords: irradiators, lighting installations, colour design, colour,
visual perception, irradiance, exposure time

Introduction

A sanatorium is a place where people of different ages can come for
treatment and prevention of diseases or for recreation. The choice of the right
lighting is very important, because the speed of recovery, maintenance of
stable condition, improvement of people's well-being depends on it. [1], [2]. In
addition, due to the recent pandemic, attention should be paid to sanitising the
space to avoid the spread of infectious diseases [1]. Light and biological safety
is an important aspect, as our main goal is to create the most favourable
environment for people [5]. In addition, it is necessary to combine quality
lighting with the correct organisation of space. Like light, colour also
influences the human condition on a mental level [3], [4]. In this work, the
objective is to find and select real irradiators for air disinfection and to
measure the irradiance for different distances to people. It is necessary to
calculate the permissible time of exposure to ultraviolet radiation and propose
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an approach to the correct placement of irradiators. Another task is to create
colour design options based on our proposed lighting concept for the
sanatorium premises and, using a subjective study, determine the preferred
colour solution for the space. The approach aimed at a comprehensive solution
to health problems seems to us to be important and very relevant.

Research Method

Two studies were carried out to address the issues of interest. The first
involved a full range of work on the calculation and design of lighting
installations, from the justified selection of luminaires by distribution curve
(of luminous intensity) (hereinafter - DC), power, design and cost for different
rooms of the sanatorium using DIALux evo 12.0 software to the analysis of
the results complying with Russian lighting norms. We obtained visualisations
of lighting installations with different variants of colour design of sanatorium
premises with subsequent determination of the preferred variant based on the
method of subjective assessment [7]. As an example, for this report, a
treatment room was selected from all investigated rooms. The observers were
5 men and 5 women aged between 33 and 48 years. The laptop used for the
study was a Huawei MateBook D16, on which a test with 3 visualisations of
colour variants of the room design was created. There were 9 presentations of
each visualisation in the experiment. GALAD Econom luminaires were
chosen for lighting the treatment room (Table 1).

Table 1.
Characteristics of the luminaire
Title Type Dimensio | DC F., P, | CCT, | cos 1P Ra t,h | Quan
ns, mm Im \4 K [0) (CRD tity

GALAD | Ceiling | 1195x295

S
Econom 77 I | 3600 | 35 | 4000 | 0.95 | 54 >80 | 10 4

*t — service life, h; DC — distribution curve (of luminous intensity); F, — luminous
flux, Im; P — power, W; CCT — correlated colour temperature, K; cos ¢ — capacity factor;
IP — Ingress Protection Rating; Ra (CRI) — Color Rendering Index.

Three options for the colour design of the treatment room were then
considered. The first one was made from the information found in articles [3],
[4]. The authors recommend light and white colours - Table 2, because they
have a sedative effect on the nervous system. The second variant (Table 3)
used a combination of green and pink colours and their shades, which was
chosen with the help of 1. Itten's colour wheel. It is believed that green and
pink evoke a sense of peace and trust in people, they get rid of negative
emotions. The third variant (Table 4) was chosen by us according to the
recommended palette and colour combinations from the album of typical
colour design projects. These are blue and white colours, which are believed
to have a favourable effect on people's psyche, reduce stress and blood
pressure [6].
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Table 2.

Chromaticity coordinates and tristimulus values (of a colour stimulus) for the first room
colour scheme

Tristimulus values (of a colour stimulus) Chromaticity coordinates
Colour
X Y Z X y
O 68.74 69.39 59.13 0.3485 0.3517
O 70.05 69.45 51.95 0.3659 0.3627
O 93.81 94.69 80.69 0.3485 0.3517
| 56.21 55.96 47.56 0.3519 0.3504
| 75.35 76.05 64.81 0.3485 0.3517
Table 3.

Chromaticity coordinates and tristimulus values (of a colour stimulus) for the second room
colour scheme

Tristimulus values (of a colour stimulus) Chromaticity coordinates
Colour
X Y Z X Y
[l 65.33 75.15 31.63 0.3796 0.4366
| 86.22 81.10 69.67 0.3638 0.3422
[l 92.98 91.68 80.27 0.3510 0.3461
O 48.38 42.57 28.06 0.4065 0.3577
B 14.85 16.68 7.48 0.3806 0.4276
O 63.01 56.95 45.06 0.3818 0.3451
Table 4.

Chromaticity coordinates and tristimulus values (of a colour stimulus) for the third room
colour scheme

Colour Tristimulus values (of a colour stimulus) Chromaticity coordinates
X Y Z X Y
O 43.04 50.32 43.66 0.3141 0.3672
O 88.70 90.60 67.11 0.3600 0.3677
[l 93.81 94.69 80.69 0.3485 0.3517
| 72.08 73.07 52.45 0.3647 0.3698
= 16.09 19.03 21.66 0.2834 0.3351
= 22.14 28.26 27.38 0.2846 0.3633
= 24.61 25.53 46.02 0.2559 0.2655

The resulting colour options for the treatment room are shown in Figure 1.

Fig.1. Three variants of CD: a - the first variant, b - the second variant,
¢ - the third variant.
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The second study — measurement of irradiance E. and determination of
permissible time of UV irradiation. GALAD Viva LED and GALAD
BB0123-60 bactericidal irradiators served as objects for the study (see Fig. 2).
A combined device TKA-PKM (06) - illuminance meter +UV-Radiometer
(A+V) was used to measure energy illuminances. Measurements were carried
out in the showroom of ILS ‘BL GROUP’ at different distances along the
irradiator axis.

Fig. 2. GALAD Viva LED (a) and GALAD BBO123-60 (b)

Results

From the calculations in DIALux programme it was revealed that the
obtained illuminance values: 503 lux - for the first variant of the central office,
520 lux - for the second, 511 lux - for the third - do not exceed 20% of the
standardised value of 500 lux. The value of specific power does not exceed the
maximum permissible value (9.46<14 W), the same can be said about the
UGR discomfort index (17.1<19). When processing the results obtained
during the subjective study, the arithmetic mean of the evaluations and the
mean square deviation were calculated - Table 5. From the results obtained, it
follows that the preferred options, in the opinion of the majority of observers,
are the colour solutions in Fig. 1a and Fig. 1c (2% difference).

Table 5.
Arithmetic mean of observer and standard deviation estimates
Arithmetic mean Standard deviation
colour colour colour colour colour colour
designl design2 design3 designl design2 design3
4.55 4.15 4.45 0.371 0.734 0.588

For the second study, the formula from IEC 62471 [5] was used to

calculate the time allowable for people 17,

X

irradiation to UV radiation. The

irradiation limit for effective energy exposure within an 8-hour period is
30 J/m® [5]. And the maximum permissible exposure time 7,

Where E, - effective UV irradiance, W/m?.
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Table 6 shows the measured irradiance for each of the illuminators as a
function of distance and the calculated allowable exposure time.

Table 6.
Measurement results
Distance, m E_, mW/m’ !0 » MIN E_, mW/m® too D

GALAD Viva LED GALAD BBO123-60
0.30 285 2 29 0.3
0.42 178 3 15 0.6
0.60 108 5 7 1.2
0.85 62 8 4 2.1
1.20 31 16 2 4.2
1.70 14 36 1 8.3
2.40 14 36 1 8.3
3.00 14 36 1 8.3

From the obtained results it follows that it is recommended to use
GALAD BBO at distances from 0.30 (and at this distance people can stay no
more than 0.3 hours) to 0.60 m (no more than 1.2 hours) in small rooms, e.g.
corridors, bathrooms, etc. From 0.85 m (not more than 2 hours) and above -
for large rooms and when people stay in them according to Table 6. GALAD
Viva LED is recommended to be used at a distance from 2 m and above in
special purpose rooms (examination rooms, treatment rooms, etc.) or to use
this illuminator in other rooms, but with exposure schedule according to
Table 6.

Discussion

Based on the results, in full compliance with IEC 62471, the permissible
time of human exposure to ultraviolet radiation was determined for GALAD
irradiators for air disinfection. Based on all the requirements of Standard
26320, the preferred colour design options were determined. Thus, the
reliability of calculations and measurements is ensured by strict compliance
with norms and standards.

Conclusions

Lighting installations for the sanatorium premises have been selected
and justified. The lighting of the treatment room was designed, where all
calculated values meet the norms. Irradiance from real irradiation devices
were measured, irradiation time ranges were calculated and application
options for them were justified. For example, it is recommended to use the
GALAD BBO irradiator at a distance from 0.30 (and at this distance a person
can stay no more than 0.3 hours) to 0.60 m (no more than 1.2 hours) in small
rooms, such as corridors, and 0.85 m (no more than 2 hours) in large rooms.
Based on subjective measurements, the best colour schemes for the perception
of the treatment room space were identified. These were light grey and white
(Fig. 1 a) or grey and light blue (Fig. 1 b).
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RESEARCH ON THE PREVENTION AND CONTROL OF URBAN
NIGHTTIME LIGHT POLLUTION FROM THE DARK SKY
PROTECTION: A CASE STUDY OF SHENZHEN XICHONG

INTERNATIONAL DARK SKY COMMUNITY
Yushan Liu, engineer; Zheng Liang, professorate senior enginee
China Academy of Urban Planning and Design Shenzhen, China

Abstract

Taking the lighting renovation design during the Shenzhen Xichong
International Dark Sky Community declaration process an example, this thesis
discusses the influence of electrical lighting on the dark sky. It also combines
on-site lighting environment research and the luminance of the night sky
measurement of typical space, based on the needs of dark sky and night
ecological protection, it proposes The Regulations on the Management of
Lighting Environment in Xichong International Dark Sky Community.
Through the Phase I lighting renovation project of municipal roads and
advertising signboard lighting exemplification, the night sky brightness of
Xichong is reduced, and the sky glow is controlled. To ensure the safety of
nighttime use, the light pollution caused by electrical lighting construction is
avoided. Finally, Xichong became the first International Dark Sky Community
in China and the second in Asia, providing references dealing with the
relationship between lighting construction and dark sky and ecology in other
dark sky communities.

Keywords: electrical lighting, light pollution, dark sky protection,
international dark sky community, lighting renovation

Introduction

Urban lighting construction has improved the safety of night travel and
enriched the public’s nightlife but has unintended consequences. The improper
or excessive use of electrical lighting produces light pollution, affecting
human circadian rhythms and ecosystems

There are growing concerns about the impact of electrical lighting on
human health (Miao Cao et al., 2023), ecosystems (Justine Mushobozi
Katabaro et al., 2022), and astronomical observation (Antonia M et al., 2023).
Xichong International Dark Sky Community, obtained the certification of
DarkSky International in April 2023, located at the southeast end of Shenzhen,
with superior natural ecological background conditions. Xichong community
contains eight villages, Xichong Beach, and Shenzhen Observatory, which is
located at the top of the cliffs on the east side of Xichong Beach, with better
quality starry sky under clear sky conditions, professional stargazing
equipment, and science popularization explanation services, and has carried
out several night starry sky themed activities, which is the best place for
stargazing and activity planning (Fig. 1). However, in recent years, light
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pollution from urban lighting construction in the Xichong community has
caused interference with nighttime astronomical observation. Therefore, there
is a need to find urban lighting planning and design strategies that can satisfy
the public's recreational needs at night while controlling the interference of
electrical lighting in the urban night environment, especially mitigating the
impact on nighttime astronomical observation.

Yashan Village *,

xiyangwei Village
S TR e\

; Getian Village

2 Ml % _:%'

Nanshe Village

Legends
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Xigong Roge
& Beach
B villages
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Municipal roads

Internal Roads and Plank Roads of Shenzhen
Astronomical Observatory

Boundary Line of Xichong Dark Sky Community

Method

A field survey was conducted on the lighting environment of typical
Xichong International Dark Sky Community spaces. It includes municipal
road lighting and advertisement lighting. The municipal road survey consists
of the number of luminaires, installation spacing, height, light type and
shielding, average illuminance, illuminance uniformity, and correlated color
temperature, which are measured and recorded using an illuminance meter.
The investigation of advertisement lighting includes the number, installation
location, and lighting method, average luminance is measured and recorded
using a luminance meter. Based on the results of the field research, problems
in the lighting environment of the Xichong community were identified, which
led to the summary of the design strategy for urban light pollution prevention
and control based on dark sky protection.

According to the national standard and the lighting requirements of the
international dark sky community from DarkSky International, The
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Regulations on the Management of the Lighting Environment in the Xichong
International Dark Sky Community and the lighting renovation program for
different urban spaces within the Xichong International Dark Night
Community is proposed. Phase I lighting renovation is carried out using
municipal road lighting and advertisement lighting in Xinwu village as a pilot
project.

To understand the impact of electrical lighting on the quality of the night
sky within the Xichong International Dark Sky Community, several typical
spaces were selected to measure and record the luminance of the night sky per
mouth using a sky quality meter (SQM) and aerial photograph, detecting the
change of night sky quality and sky glow before and after lighting renovation.

Result

In April 2022, a survey was conducted on the current lighting
environment of certain spaces in the Xichong community, in order to assess
the extent of light pollution. The light pollution we talk about in this article are
the “sum total of all adverse effects of electrical light” (CIE 2022), including
direct upward light (Wesotowski, 2019), upward reflected light (Gaston et al.,
2015), direct glare (Coaton, Marsden, 1997) and spill light (Van Bommel,
2015).

For municipal road, 25W, 80W, and 90W nonshielded lights are arranged
on one side, with more direct upward light, upward reflected light and spill
light, which affects the quality of the night sky. The average illuminance of
the road ranges from 5.21x-16.41x, and the average correlated color
temperature ranges from 3900K-4600K. There is no change in low
illuminance patterns during late-night mode or special sky phenomena, which
cannot meet the requirements of energy saving and stargazing. Among them,
the Xinhai road for lamp testing and acceptance has an average illumination of
11.51x and a correlated color temperature of 4009K. The main lighting source
used in advertisement lighting is LED, which is mostly set up on the roof of
the building and the upper end of the building fagcade, with high luminance
and no shading facilities, with more direct upward light, direct glare and spill
light, causing a great impact on the night environment.

According to the requirements of the national standard and the dark sky
community declaration requirements, for all kinds of lighting, the initial
luminous flux of the light source exceeds 1000lm must be fully shielded. The
correlated color temperature of lighting must not exceed 3000K. The average
1lluminance of the road surface is 101x, and the maximum illuminance is 30Ix.
Take Xinhai Road as an example, the municipal road was renovated with full
shielded street lamps with a power of 75W. For advertisement lighting,
Luminance levels for operation between sunset and sunrise shall not exceed
100 nits (100 candelas per square meter) as measured under conditions of a
full white display. The luminous/illuminated surface area of an individual sign
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shall not exceed 200 square feet (18.6 ). Taking the advertisement lighting
in Xinwu Village as an example, the brightness was controlled to be less than
100 cd/m’ through dimming under laboratory conditions. When applied to the
actual scene, a better lighting effect was achieved.

The measurement of lighting data was carried out after the renovation.
The average illuminance of Xinhai Road is 12.31x, the correlated color
temperature is 2736K (Table 1). The illuminance and correlated color
temperature matching degrees are good, effectively control the overflow light
above the horizontal plane. The advertisement lighting rectification
demonstration is measured (Table 2), and the average luminance of the
advertisement lighting pilot is 53 cd/m?, effectively controlling the sky glow.

Table 1. Comparison of renovation and upgrading of lighting fixtures on
Xinhai Road

Location View Before Replacement After Replacement

Car View
Xinhai (h1.5m)
Road

CCT 4009K 2736K

Illuminance 11.51x 12.31x

Table 2. Comparison of advertisement lighting improvement in Xinwu Village

Location Before Replacement After Replacement

Freedom Surf

CCT 5732K 2745K
Luminance 359 cd/ni 53cd/nt
Discussion

The sky glow condition of Xinwu village observed through aerial
photographs has been significantly improved. Comparing the sky quality
index measured at Shenzhen Observatory and Xinwu village shows a gradual
growth trend after the first phase of the lighting renovation(Figure 3), which
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proves that the sky glow has been controlled compared with the situation
before the renovation and meets the requirement of declaring an international
dark sky community(Fig. 2).
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Fig. 3. Comparison of typical spatial sky quality index

Conclusion

The lighting renovation of Xichong International Dark Sky Community
pays attention to the comfort of human settlements and the protection of dark
sky. In the end, with unique creativity and exploration in the dark sky
protection lighting design, Xichong community was certified by the DarkSky
International as an International Dark Sky Community in April 2023. This
certification is the first in China and the second in Asia. The lighting
renovation work in Xichong International Dark sky community will be
completed within five years, and the night sky quality will be continuously
tracked and tested. After the first phase of lighting renovation, the firefly
population in Xichong International Dark Sky Community showed an
increasing trend, and further studies are needed to determine the impact of
light pollution on the surrounding ecosystem.
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DIURNAL CHANGES OF THE PUPILLARY RESPONSE TO
FLICKERING LIGHT STIMULI IN HUMAN
Ryuma Semba, Yu Maruyama, Hajime Nakajima, Masanori Kuroha,
Shota Matsukawa, Genta Tsuchihashi, Motoharu Takao
Department of Human and Information Science, Tokai University,
Hiratsuka, Kanagawa, 259-1292, Japan

Abstract

The circadian rhythm is related to cells called intrinsic photosensitive
retinal ganglion cells (ipRGC) which are strongly influenced by light.
Pupillary responses during light stimulation are attributed to photoreceptors,
while pupillary responses after light exposure are attributed to ipRGCs.
This study explores the characteristics of pupillary response to flickering light
stimuli, indicating diurnal changes in chromatic sensitivity of ipRGCs by
measuring the pupillary light reflex after exposure to flickering light. The
results showed that, overall, no relationship was found between the time of
day and wavelength. There was no significant difference between the three
time zones of 10:00,13:00, and 16:00. However, there were significant
differences in wavelength comparisons during and after light exposure. The
results indicate that pupillary light response to the middle wavelength
(517 nm) was larger than short and long wavelength (454 nm and 627 nm),
therefore indicating that green cone photoreceptors are involved in flickering
light, while light response after short wavelength light exposure took longest
time to recover.

Keywords: fricker light, intrinsically photosensitive retinal ganglion
cells (ipRGCs), Photoreceptor

Introduction

Most living organisms, including humans, possess an internal biological
rhythm with an approximate 24-hour cycle, known as the circadian rhythm.
The circadian rhythm is generated in the retino-hypothalamic tract (RHT),
which serves as the body’s internal clock. The retino-hypothalamic tract
manages numerous physiological functions such as temperature regulation,
sleep, and stress [1].

Intrinsically photosensitive retinal ganglion cells (ipRGCs) are newly
discovered ganglion cells, in addition to rod and cone cells. ipRGCs contain
melanopsin, which is essential for converting light into electrical signals.

Research in ipRGCs has increased dramatically since it was identified in
the mammalian retina in 2002 [2]. Some studies have revealed that ipRGCs
are involved in non-visual effects such as circadian rhythm synchronization
and pupillary light reflex [3], and their impact on visual functions has also
been reported [4].
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Pupils also follow a circadian rhythm and are known to be significantly
influenced by light exposure [1]. The pupil constricts when exposed to light
and gradually returns to its original size after the light stimulus ends.

Initial and sustained pupillary constriction during light exposure is
primarily transmitted by photoreceptors, while the contribution from ipRGCs
is minimal. However, the post-stimulus pupillary response has been shown to
be controlled by ipRGCs [3].

This study will explore the characteristics of pupillary response to
flickering light stimuli and will indicate diurnal changes in chromatic
sensitivity of ipRGCs by measuring the pupillary light reflex after exposure to
flickering light.

Methods

Ten college students (8 males and 2 females; 21.3yrs old; 21-23 yrs old)
participated in this experiment. Informed consent was obtained from all the
participants after the purpose and procedures were explained. They were
identified as intermediate chronotypes based on their responses to the
Morningness Eveningness Questionnaire[S]. To measure proper reactions in
pupil, participants were asked to avoid caffeine and alcohol consumption and
to get ample sleep the day before the experiment. In our experiment, a light
source with three different wavelengths was set to a 1 Hz flicker light (Araizu
Corporate Co., Ltd., Tokyo, Japan). The conditions for the light stimuli used
in the experiment are shown in Figure 1. Table 1 shows the characteristics of
the short, middle and long wavelength LED lights used in this experiment
(Amax: 454 nm, 517 nm, and 627 nm, respectively).

The experiment was conducted in a shielded room with a dimmed
illumination room (16.1 1x). The order of wavelength exposure during the
experiment was randomized to eliminate any bias. A diffuser was placed
between the LEDs and the participants. The distance between the diffuser and
the participants was 56 cm. A chin rest was used to control the distance
between his eyes and the display.

spectral Wavelength

A
Fig.1. Panel A and B show the experiment. Panel C shows Spectral Wavelengths of
three LEDs.

128



Tablel. Spectral properties of LEDs

Amax(nm) Half-band width(nm)
Long wavelength 627 15
Middle wavelength 517 33
Short wavelength 454 19

Procedure

The participants were adapted in the dimmed room for 15 minutes after
wearing the pupillometers (Takei Scientific Instruments Co., Ltd., Niigata,
Japan). First, the pupil area was measured for 30 seconds using a 1 Hz
flickering light. Afterward, the flickering light was turned off. To eliminate
the influence of the previous lights, each participant waited until pupil to
return to its original size (it took about 3 to 4 minutes) before changing the
wavelength. The three wavelengths of light were measured continuously. The
process of exposure was repeated at three different time in a day which were
10:00, 13:00, and 16:00 respectively. All the procedures were approved by the
ethical committee of Tokai University.

Results

The measured pupil data (Figure 2) were analyzed in two separate
analyses, one during illumination and the other after illumination. During
illumination, the pupil data were subjected to FFT (Fast Fourier Transform)
using Origin Pro2024 (Light Stone Co., Ltd., Tokyo, Japan) to measure the
height of the first period of the output data (Figure 3). Subsequently, the pupil
data were analyzed using SPSS (ANOVA IBM SPSS Statistics 23) to conduct
a two-way analysis of variance.

A significant difference was found in the wavelengths comparison
(F(2,18)=13.997, p<0.05). Figure 4, Panel A shows that the middle
wavelength stimulus is significantly more responsive during flicker light
exposure. More detailed comparison of the wavelengths result during light
exposure show significant differences in short wavelength-middle wavelength
(p<0.01) and short wavelength - long wavelength (p<0.05), as shown in Figure
4, Panel A.

However, no significant difference by time was found during light
exposure (F(2,18)=0.726, ns). No significant difference was found in the
interaction between wavelength and time (F(4,36)=0.502, ns).

The data of the after-illumination (12-second period) were divided into
two 6-second segments and then outputted. Afterwards, the area of The Post-
Illumination-Pupil-Response (PIPR) was analyzed for two-way ANOVA in
SPSS. During the first 6 seconds of redilation after illumination, a significant
difference was found among the wavelengths even after illumination
(F(2,18) = 10.517, p < 0.05). More detailed comparisons by wavelengths each
resulted as follows (Figure 4.B). However, no significant time-related
differences were observed (F(2,18) = 0.312, ns). In addition, no significant
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difference was found in the interaction between wavelength and time
(F(4,36)=0.351, ns).

During the second 6 seconds to 12 seconds after illumination, a
comparison by wavelengths (F(2,18)=15.333, p<0.05) showed significant
differences. The more detailed comparison of each of the wavelengths showed
the following (Figure 4, Panel C). Figure 4, Panel B and C show that the
PIPRs are significantly more responsive to short wavelength. However, no
significant difference was found in the interaction between and time
(F(4,36)=0.680, ns). There was no significant difference in time
(F(2,18)=0.303, ns).

#1 1300 shortwavelength

#1 1300 middle wavelength

B

#1 13:00 long wavelength

Timems]

C

Fig. 2. Panels A, B, and C represent participant’s pupil data
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Fig. 4. Power of main component (1Hz)

Panel A shows a comparison of power values within wavelengths
during flicker light exposure. Panel B and Panel C show a comparison of pupil
area among three wavelengths from immediately after the end of flickering
light exposure to 6 seconds later and a comparison of pupil area within
wavelengths from 6 to 12 seconds after the end of flickering light exposure,
respectively. The three wavelengths are represented on the horizontal axis,
with Panel A showing power values on the vertical axis, and Panels B and C
representing the pupil area after the end of light exposure.

Discussion

Our results showed that there was no significant difference between the
three time zones of 10:00,13:00, and 16:00, both during and after light
illumination. Our results suggest that light stimulation of the pupil does not
affect the circadian rhythm during the day.

One possible reason for this is that our experiment involved university
students as subjects, making it difficult to conduct the experiments early in the
morning or late at night. Since the sun was up during all the experimental time
points, there were no significant differences in conditions across these periods.
Therefore, if we were able to expand the experimental measurement times to
cover the entire day, we might observe differences related to time.

It has already been reported that photoreceptors and ipRGCs are
involved in visual and non-visual functions, respectively [6]. Moreover,
Pupillary responses during light stimulation have been attributed to
photoreceptors, and pupillary responses after light exposure have been
attributed to ipRGCs [3]. In our experiment, photoreceptors were found to be
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dominant at middle wavelengths, while ipRGCs were found to be dominant at
short wavelengths. Therefore, middle wavelength is essential for visual
functions, while short wavelength is important for non-visual functions.

It is concluded that the middle wavelength stimulus, which showed the
largest response during the light exposure, was highly responsive to
photoreceptors, while the short wavelength stimulus, which showed the largest
response after light exposure, was most responsive to the ipRGC. However,
this study has two limitations. We investigated only intermediate chronotypes.
It is necessary to collect data from morning and evening chronotypes to
investigate the effects of chronotypes on diurnal photosensitivity. Moreover,
we need record pupillary photoresponses from children and elderly people,
because age-related changes are reported in circadian rhythm [7].
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Abstract

An algorithm implemented in the MATLAB system has been developed
for calculating the S/P factor as a ratio of luminance at night and day
conditions and selected on the basis of literature analysis the actual CIE MES2
model for calculation of twilight or mesopic values. We propose a complex
approach to determine these mesopic values, based on the measured emission
spectra of the luminaire in absolute units, using the program developed by us
in MATLAB and using the program of calculation and design of street
lighting Light-in-night road (LIN). The last one “loads” all the known
characteristics of the lighting installation and asphalt surface, calculates
illuminance and luminance in this or that place of the roadway in the direction
of the vehicle driver. As a result, it was possible to determine the twilight
luminance for LED street lighting fixtures with different correlated color
temperature T, For example, for T,,=5000 K, a mesopic luminance 9%
higher than the daytime luminance was obtained and for T.,,=4000K the
mesopic luminance increase with respect to the daytime luminance was 7%.
For the variant with T,,=5000K we have established a possible reduction in
the number of luminaires by 5 pieces per kilometer of the roadbed and energy
savings of 9% while meeting the standards and maintaining the necessary
uniformity of illumination of the road class B2.

Keywords: mesopic vision, spectral luminous efficiency, outdoor
lighting

Introduction

Twilight (mesopic) vision is something that people encounter every day.
However, mesopic conditions are practically not taken into account in the
calculation and design of lighting installations. Experiments [1] show that
lamps with low S/P factor ratio (ratio of luminance for night and day
conditions), such as HPSV, demonstrate lower efficiency in the mesopic zone
than light-emitting diodes (LEDs) with higher S/P ratio. In [2], the danger of
foveal vision degradation was investigated if one reduces, for example, the
normalized luminance. When recognizing targets with foveal vision at a
luminance contrast range of 0.3 to 0.13 and at a background luminance of
0.5 cd/m2, the percent of target recognition does not change and remains
100%. What is important for us is that for a significant number of applications
the transition to mesopic values can be considered reasonable according to
these results, since the foveal vision does not deteriorate. In the twilight vision
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system, it is necessary to measure the light luminance and the so-called
"night" luminance. There is no Russian device with state registration and
receiver corrected for V'(A) to measure the latter. There is another approach
based on measuring the spectral radiance to then calculate the "night"
luminance using formula (5). The use of more effective, including due to the
assumed excess of mesopic luminance over photopic luminance, LED lighting
in twilight can improve, for example, the work of transport drivers and safety
of people, as well as reduce economic costs for the organization of street
lighting without deterioration of the visual system. Therefore, the objectives of
this work are to develop a program that allows to calculate all the necessary
mesopic values; and to evaluate on a real practical example the possible
quantitative effect of taking into account the peculiarities of mesopic vision.
Scientific Russian domestic and international publications in this area are few,
mesopic values in the calculation and design of lighting installations are
practically not taken into account, so the topic of the report seems quite
relevant. We expect that the results of such mandatory accounting will lead to
significant technical and economic effects. This will be the main scientific
value of our work.

Research methods

On the basis of the literature analysis [3-5], we have chosen an
algorithm (formulas 1-7) for the calculation of mesopic quantities in
accordance with the MES2 CIE system, which affects a wide range of
applications and was obtained on the basis of a large number of experiments:

M@m) - Vpes D) =m -V + (1 —m) - V' (D), €Y
where M(m) - normalizing function such that V., (A) becomes equal to 1,

Vines (M), VA, V'(A) — mesopic luminous efficiency function, photopic
luminous efficiency function and scotopic luminous efficiency function.

m - parameter, which takes values from O to 1.

L 683
T Vnes (o)
where L. spectral radiance,

wavelength A5 = 555 nm.
Analytically, L,,.s and m,, are described in MES2 as follows:
L _Man Lyt (1 —mg-1y) - LV (o)
e Mep-1) + (1 = Mgu-1)) - V' (A)
my, =a+b-lgLlpesn (4)
83

. . ' 6
where n - iteration step, V (4¢)= 1699

Le,ﬂ. (/‘D Vmes (A) da, (2)

: (3)
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In the MES2 system, the values of m,, my, a, b are calculated as follows:

at Lyes > 5.0 cd/m? mp= 1; at L, < 0.005 cd/m? m,= 0; a=0.767;
b=0.334;

at Lyes > 3.0 cd/m? m= 1; at L, < 0.01 cd/m? m= 0; a=0.807;
b=0.404.

We suggest using the Light-in-night road lighting calculation and design
program to determine day and night luminance. In it you can "load" the
selected luminaire, all known characteristics of the lighting installation and
asphalt surface, and thus get illuminance and luminance in this or that place of
the roadway in the direction of the driver. To calculate the luminance under
mesopic vision conditions, the S/P factor of the light source used must be
known.

The S/P ratio is characteristic of a lamp’s spectral composition and is
defined according to the CIE methodology as:

S L
S_ L (5)
P L,
where L, L, - photopic and scotopic luminance, respectively:
780
L, = 683 f Lo, (OV(R)dA, (©)
380
780 ,
L, = 1699 f Lo, OV (DdA, )
380

The program was developed in MATLAB environment. It uses
equations (1) through (7). For V(1)and V' (1) were taken tabular given at 1 nm
from [7]. Sequence of program operation:
1. Import of the measured or modeled spectrum of the LED from a .txt
file.

2. Using formulas (6), (7), calculates the photopic and scotopic

luminance Lp and Lg;

Using formula (5), finds the S/P factor;

Inputs the calculated photopic luminance Ly;, obtained from LIN.

5. Calculates the night luminance Lg;, by multiplying the calculated
photopic luminance L,;;, by the S/P factor;

6. Using formulas (3) and (4) and the corresponding coefficients a and b,
calculates the mesopic luminance L, ;

7. Substituting in (4)—(1) and the found m, constructs mesopic luminous
efficiency function V¢ (1).

Rl
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Fig. 1. Photopic, scotopic, mesopic luminous efficiency function
lighting conditions

We have calculated the mesopic luminance using the developed
program. Spectra, selected on the basis of comparison of different lighting
devices (with the help of experts in calculation and design), street lighting
luminaires GALAD Galeon XS LED 40 W and GALAD Urban M 140 W

. . w . . .
were measured in absolute units of W(Flg. 2 and 3) in the accredited and

licensed laboratory of the Test Center for Lighting Products of VNISI named
after S.I. Vavilov
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Fig. 2. Spectrum of luminaire GALAD Fig. 3. Spectrum of luminaire GALAD
Urban M 140 W Galeon XS LED 40W
Results

A program in MATLAB environment has been developed, which allows
to calculate the most important characteristics for mesopic illumination
according to all CIE recommendations. Using the possibilities of changing the
emission spectra of LED luminaires we managed to obtain mesopic
luminance, relative spectral efficiency at mesopic vision and other parameters
at correlated color temperature T, from 3000 K to 7000 K (Table 1). The
highest excess of mesopic luminance over daytime luminance amounted to
11.6% and was obtained for LED radiation with T, = 7000 K.
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Table 1.
Results of calculation by the program at change of radiation spectrum

Mesopic luminance gain in relation to

Te, K S/P Lmes, cd/ m? daytime luminance, %
7000 2.0666 0.68 11.6
6500 2.0130 0.68 11.1
6000 1.9545 0.67 10.6
5500 1.8875 0.67 9.9
5000 1.8114 0.67 9.3
4500 1.7247 0.66 8.4
4000 1.6209 0.65 7.4
3500 1.4945 0.64 6.0
3000 1.3297 0.63 4.2

Several programs for calculation and design of lighting installations of
street lighting were studied. As a result, the domestic program Light-in-Night
with the available database of indicatrix of luminance factor for real asphalt
typical for Russia was selected. According to our proposed method of finding
mesopic characteristics were made calculation and design of lighting
installations of street lighting in the program Light-in-Night. For the design of
lighting with a luminaire GALAD Urban M 140 W was selected road category
A, class object A3. (6 lane roadway in the city center). For lighting design
with luminaire GALAD Galeon XS LED 40 W - road category B, object class
B2. (4 lane residential lane in the city center). Lighting standards were taken
from SP 52.13330 2016 with the updated edition of 2022, and at the end of the
calculation was successfully met. Thanks to the emission spectra in absolute
units for the selected luminaires obtained in the testing center of lighting
products, it was possible, as it seems to us quite accurately, to approximate the
real conditions of street lighting.

Discussion

Using the MATLAB program for spectrum modeling, we determined
the mesopic luminance for luminaires operating at T, = 5000 K, 9% higher
than the daytime luminance. Besides, it was possible to confirm the
information from [1], that at higher daytime luminance the increment of
mesopic luminance is less than at decreasing daytime luminance: at L,=1.54
cd/m?: the increment of mesopic before photopic luminance is 2.7%, and for
L,=0.61 cd/ m? — 5.6%. This fact, together with the application in our work of
all CIE recommendations [3-5], including the one we translated from English,
speaks for the reliability of the results obtained.

Conclusions

We propose a complex approach to determine mesopic values, using
emission spectra of the luminaire in absolute units, by our developed program
in MATLAB using the program of calculation and design of street lighting
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Light-in-night road. So, we can get rid of some disadvantages that would be in
the variant with the measurement of night luminance or emission spectra, for
example, parasitic backlights and the difficulty of measuring these
characteristics in the direction of the motorist. From the results, first of all, we
note the largest and most significant excess of mesopic luminance over
daytime luminance for street lighting luminaires of 11.6%, which was
obtained for LED radiation with T, = 7000 K. It is also important for practice
that it was possible to find the mesopic luminance for luminaires with T, =
5000 K by 9% exceeding the daytime luminance. For this variant we obtained
a possible reduction in the number of luminaires by 5 pieces (each luminaire
costs 29 thousand rubles) or by 9% per kilometer of road class B2 and energy
saving also by about 9% while meeting the standards and maintaining the
required uniformity of illuminance of the B2 class road. When switching from
4000 K to 5000 K it is possible to reduce the number of luminaires by 2 pieces
(by 3.5%) per kilometer of road.
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Abstract

The prolonged darkness and monotonous environmental colours
exert detrimental effects on mood during the Antarctic night. A dynamic
coloured lighting experiment was conducted at the beginning, middle,
and end nodes of the polar night in the Antarctic Health Cabin, where
ECG signals, Semantic Differential Scale (SD), and Self-Assessment
Manikin (SAM) were collected. The results indicated that as polar night
time increased, HRV in DCL1 exhibited a decreasing trend while it
initially increased and then decreased in DCL2. Subjective evaluations of
both lighting patterns were positive. In DCLI1, pleasure at the end of
polar night was significantly better than in the middle (P<0.05), and
arousal levels at both middle and end nodes were significantly higher
compared to it at the beginning of polar night (P<0.05). In DCL2,
pleasure was significantly higher at the beginning than in the middle of
polar night (P<0.05). This study revealed the potential impact of dynamic
coloured lighting on enhancing the emotional well-being of the Antarctic
Research Expedition during the polar night.

Keywords: Dynamic coloured lighting, Antarctic Health Cabin,
Occupants in Antarctic, Polar night, Mood state

Introduction

The Antarctic is an extremely isolated environment, which often
affects the mood of the Antarctic Research Expedition. This isolation is
not only manifested in the physical environment, but also includes long
periods of polar nights, extremely cold climates, and psychological
isolation from home and loved ones. Together, these factors lead to
emotional problems such as loneliness, anxiety and depression. In polar
regions, mood disorders are common diagnoses and are significantly
associated with gender, occupation, and residency, and social
environment may have a greater impact on mental disorders than physical
environment [1]. However, adaptation to long-term isolation and
restriction in extreme environments occurs in multiple stages, and
emotions show nonlinear changes. The tension and anxiety decreased
first and then increased in the Antarctic winter [2, 3]. In line with the
“third quarter phenomenon”, the mood of people in the isolation
environment decreases shortly after the middle point of their stay [4].
Antarctica is known as the "White Desert", the lack of vegetation and
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other colour changes makes the visual diversity greatly reduced. This
visual deprivation is exacerbated by prolonged darkness during polar
night. Indoor lighting environment design plays a crucial role in the polar
environment. Different lighting colours have a significant impact on
mood, among which red light has the most significant emotional arouse,
causing calm, irritation, relaxation, tension, stability and pleasure
changes [5, 6]. Dynamic lighting had a significant effect on the
perception of atmosphere. More saturated LED lights lead to a less tense,
more comfortable, safer and more lively atmosphere perception, and a
moderate rate of change can provide the most active and ideal
atmosphere [7]. Human psychological domains are related to colour
specific light effects, and heart rate variability is considered a useful tool
for detecting acute effects of light on the autonomic nervous system. It
also plays an important role in social communication and is positively
correlated with performance on emotion recognition tasks [8, 9].

In this study, we conducted three experiments during the Antarctic
winter, using two dynamic coloured lighting interventions to assess the
mood changes of the expedition members during continuous polar
darkness. The purpose of this study is to explore the effects of dynamic
coloured lighting on the mood of the expedition members at different
stages of polar night.

Research Methods

The lighting experiment was carried out in the Antarctic Health
Cabin at Zhongshan Station. Thirteen male subjects (aged 37.92+8.68)
were recruited as the Antarctic Research Expedition for the
overwintering mission. Two dynamic coloured lighting patterns
(DCL1/DCL2) were set up in the experiment. Each pattern included
5000K functional lighting and 6 colours ambient lighting (Tablel). This
study was reviewed by the Medical and Life Science Ethics Committee
of Tongji University (No.tjdxsr036), and all participants provided written
informed consent.

Table 1. Chromaticity Coordinates of dynamic coloured lighting

Patterns %}ggrrgi:;:sy Colourl | Colour2 | Colour3 | Colour4 | Colour5 | Colour6
X 0.2667 | 0.2894 | 0.1951 | 0.1484 | 0.1612 | 0.1802

DCL1 y 0.5730 | 0.1272 | 0.0836 | 0.0629 | 0.1048 | 0.1963
X 0.1357 | 0.2873 | 0.2055 | 0.6966 | 0.1797 | 0.4455

DCL2 y 0.0580 | 0.5842 | 0.3082 | 0.3041 | 0.0768 | 0.4592

The experiments were conducted during the Antarctic polar night
from May to July, and three lighting experiments were performed during
the beginning, middle, and end of the continuous night at Zhongshan
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Station. The single lead wireless ECG monitor was used to collect the
ECG data of the subjects, focusing on the high frequency spectrum (HF)
and low frequency spectrum (LF). A Semantic differential scale was used
to describe participants' subjective feelings, and the scale has 14 sets of
adjectives, including the satisfaction degree of the overall atmosphere,
the feeling of lighting and colours. The Self-assessment Manikin was
used to measure the mood state of the subjects, which used a 9-point
scoring system and scored from three dimensions of pleasure, arousal and
dominance. Through the comprehensive analysis of subjective and
objective data, the effects of these two dynamic coloured lightings on the
mood of expedition members in different periods of polar night were
evaluated.

Results

Figure 1 shows that at the beginning of polar night, the HF under
DCL1 was lower than that in DCL2, and the LF in DCL1 was higher than
that in DCL2. At the middle and end of polar night, both HF and LF were
higher in DCL2. With the increase of polar night time, HF and LF under
DCLI1 showed a decrease trend. HF and LF in DCL2 increased first and
then decreased, and were the highest at the middle of polar night.
However, there were no significant differences in ECG parameters under
different lighting patterns (P>0.05).
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Polar night - Beginning Polar night - Middle Polar night - End
Fig. 1. Heart rate variability under different lighting conditions

Figure 2 shows that the subjective evaluations of both lighting
patterns were positive. In DCLI1, the lighting environment at the
beginning and middle of polar night was warm, while was energetic and
clear at the end of polar night. In DCL2, the lighting environment at the
beginning and middle of polar night was bright, while was satisfied at the
end of polar night. The number and changing speed of colours in the two
lighting environments were moderate.
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Fig. 2. Semantic differential scale scores under different lighting conditions

Figure 3 shows that in DCL1, pleasure at the end of polar night was
significantly better than at the middle (P<0.05), and arousal at the middle
and end were significantly better than at the beginning of polar night
(P<0.05). In DCL2, pleasure was significantly better at the beginning
than at the middle polar night (P<0.05). The pleasure in DCL1 was
significantly better than that in DCL2 at the end of polar night (P<0.05).
With the increase of the polar night time, arousal increased, pleasure and
dominance decreased first and then increased.
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Fig. 3. Self-Assessment Manikin scores under different lighting conditions
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Discussion

In terms of heart rate variability, the decrease of heart rate
variability is related to anxiety, depression and other moods, often
accompanied by the decline of emotional regulation ability. Increased
heart rate variability is associated with the arousal of moods and with
better mood states and emotional regulation. In DCL1, the HRV was the
highest at the beginning of polar night, and gradually decreased with
time, while in DCL2, the HRV first increased and then decreased.
Overall, during the polar night, the HRV was higher in the DCL2 than it
in the DCLI.

In terms of subjective evaluation, both lighting patterns were
positive, and the number and speed of colours change were moderate. In
DCLI, the lighting environment was warm, clear and energetic. In
DCL2, the lighting environment was bright and satisfied.

In terms of emotional latitude, the changes of the three emotional
latitude scores under the two lighting patterns were similar. With the
increase of polar night time, the arousal showed an upward trend, while
the pleasure and dominance decreased first and then increased. The score
of pleasure in both patterns was highest, while the score of arousal was
lowest. The score of pleasure exhibited a higher magnitude in DCLI1
compared to DCL2, while the arousal and dominance scores
demonstrated a greater intensity in DCL2 than those in DCLI.

Conclusion

The overwintering personnel of the Antarctic Research Expedition
face the physical and psychological challenges of visual and colour
deprivation during the polar night. Appropriate coloured lighting can
help to regulate the mood and improve the psychological state. The
results showed that there were significant differences at the mood state of
expedition members in different coloured lighting patterns, highlighting
the importance of lighting pattern design. The combination of science
and technology with humanistic care, such as the introduction of the
Antarctic Health Cabin, provided effective emotional support and health
protection for the expedition members. At the same time, it pointed out
the need to further explore the optimization of light parameters and the
necessity of personalized healing programs in the future research.
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AN FIELD STUDY ON ENERGY USAGE AND HUMAN COMFORT
IN A SMART LIGHTING OFFICE
Songbo Zhang, Hang Su, Mingxuan Wu, Biao Yang,
School of Architecture, Harbin Institute of Technology, Shenzhen, China

Abstract

Intelligent control systems can effectively reduce energy consumption
during building operation, but there is a lack of rigorous empirical research of
its energy-saving effects and impact on comfort. This study carried out a 129-
day four-stage study by intelligently retrofitting the OCC intelligent system in
real office spaces, while introducing an initial baseline and a parallel control
group into the experimental design. A total of 69 volunteers participated in the
empirical experiment. During the demonstration period, the data of
environment sensors, human perception sensors and wireless intelligent
controllers were collected, and structured questionnaire surveys were carried
out for the treated group and the control group in four stages respectively. The
comparative analysis results show that the intelligent retrofitting effectively
reduces lighting energy consumption by 11.8% without compromising
comfort.

Keywords: smart lighting; human factor; energy usage control

Introduction

The area of public buildings in China exceeds 15.2 billion square
meters. The growth of large-scale public buildings and the increase in energy
demand have caused an increase in the unit energy consumption of public
buildings from 17 kgce/m2 (in 2001) to over 26 kgce/m2, indicating a rapid
growth in energy consumption intensity. Heating, ventilation, and air
conditioning (HVAC) systems and lighting systems are the key contributors to
building energy consumption. The comfort and work efficiency of users are
also significantly influenced by the thermal and visual environments from the
ergonomics perspective [1]. To achieve a green and sustainable built
environment and reduce carbon emissions, it is important to reduce energy
consumption during building operation. Nowadays LED replacement have
significantly reduced the lighting power density, hence the detection, control,
and optimization of equipment operating becomes critical. In public spaces,
especially in typical open-office scenarios, integrating intelligent lighting
control and human-centric lighting is necessary to achieve energy efficiency
while satisfying the comfort needs of occupants [2].

In this paper, building upon relevant prior research, we conducted an
Intelligent Integrated Occupant Centered Control (IOCC) retrofitting within a
real open office space around 200 m2. The office layout comprised an open
office area and three individual offices, which accommodated workforce of
100 individuals. The primary goal for this retrofitting was to conduct
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empirical research aimed at evaluating the impact of the system on both
building energy consumption and human comfort. Throughout this study, we
assessed user satisfaction levels concerning the built environment before and
after implementing the IOCC. Furthermore, we evaluated changes in both
energy consumption and equipment usage time as results. Ultimately, we
developed the IOCC framework that combined occupants' satisfaction with the
air conditioning and lighting while simultaneously reducing energy
consumption.

2. Methods

2.1 Experimental Design

We employ an empirical research approach within an interior design
company located in Shenzhen, Guangdong Province, China. The study was
conducted between July 26, 2022 and December 8, 2022.Two open office
spaces located on the same floor, similar in size and symmetrically arranged
along the central axis, were selected for our research. Specifically, the
experimental group faced west, while the control group faced east.

The project is located in Shenzhen, having subtropical monsoon
climate. Summer in Shenzhen is hot with rainfall, while winter is mild with
little rainfall. The average monthly highest temperature ranges between 26°C
and 32°C with high humidity levels, while the coldest month averages between
12°C to 20°C. The environmental needs indicates high need for HVAC system
to meet cooling and dehumidification requirements. The yearly average
sunshine hours in Shenzhen are 1980 hours. October is the most sun-filled
month with an average of 223 hours of sunshine per month while the least
sunny month is usually March with an average of 136 sunshine hours per
month. Having adequate sunshine hours, however, the site choose close
shading curtains regularly, with lighting fixtures left on. The experiment
process was partitioned into four stages labeled A-B-C-D. During Stage A, the
OCC system was installed but not operated, and users were not informed.
During Stage B, the OCC system was installed, and users were informed of its
operating, yet it was not activated. During Stage C, the smart control system
was actively running. During Stage D, the OCC system was disabled, and
users were not informed.

Both sites’ occupants participated in this study. The primary
experimental site was the Department A of the company, comprising a four-
row open office space accommodating approximately 40 occupants, along
with three additional offices, particularly a personal office (office 1), a
meeting room (office 2), and a storage room (office 3). The control group has
an east-facing orientation, accommodating approximately 50 occupants with
similar layout and spatial proportions.

The intelligent OCC system contains four parts, including Occupant
Detection Sensors, Environmental Information Sensors, Wireless Smart
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Switches, Smart Meters. To achieve space management, firstly, the Occupant
Detection part relies primarily on millimeter-wave radar to analyze personnel
occupants and deliver signals [3]. Then ,combining the information received
by Environmental Information part, the system uses these signals to determine
the corresponding disturbance pattern in the area, generate its trajectory, filter
out invalid disturbances, interpret the behavior trajectory of personnel, and
utilize it as the basis for activating the corresponding Wireless Smart Switches
in the given space [4]. Also, system utilizes intelligent switches to gather
hourly air conditioning and lighting fixture operation hours data and site-wide
energy usage by Smart Meter. The equipment will deactivated after TD once
the system detects that the personnel have departed.

To minimize the influence of extraneous variables, we utilized a
difference-in-differences (DID) method in our experimental design [5]. Data
collection during each stage involved observing the duration of lighting fixture
and air conditioning hourly usage [6],user occupancy, and environmental
parameters (i.e., temperature, humidity, illuminance, and air quality) for the
experimental group. Moreover, questionnaire was collected during each stage
for both groups, the control group received no other interventions except the
questionnaire. By applying the difference-in-difference approach, the impact
of applying interventions on users’ comfort perception was ascertained by
contrasting the outcome differences between the experimental group and the
control group before and after the intervention.

2.2 Site Retrofitting

To enhance the intelligence of the experimental site, the retrofitting
project involves installing various equipment and sensors. In summary, the
smart retrofitting project involves installing smart meters, environmental
information sensors [7], millimeter-wave radar and PIR sensors, and wireless
smart switches. These are designed to obtain energy consumption data,
environmental parameters, and personnel behavior status, as well as to
remotely control lighting, air conditioning, and window pushers the real
scenario and its digital twin model [8] are shown in Fig. 1.

Fig. 1. Real retrofitting scenario(left) and its digital twin model (right)
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After installation of the equipment, control strategies was configured
according to realistic scenarios and specific requirements. The purpose of
these strategies is to reduce inconsistencies between occupant behavior and
operation of the equipment. The IOOC system controls the operation of the
equipment based on the presence of occupants, turn on lights and air
conditioning when recognize the occupants and turn them off when they leave
[9]. In order to avoid causing inconvenience to users, several strategies are
also set to prevent misjudgments. For example, the time delay (TD) strategy of
10 minutes will be implemented before turning off the equipment.
Additionally, environmental parameters are used to determine whether
immediate activation of air conditioning is necessary when personnel are
detected [10], for example, if the temperature is below 26 degrees, the air
conditioning will not activate immediately [11].

2.3 Analysis of Users’ Comfort

To investigate the comfort situation of the occupants, we conducted the
questionnaire survey throughout the entire experiment and mainly consists of
five parts: basic information; sleep quality; Perceived Stress; Subjective
vitality; environmental perception and psychological feelings.

The basic information section of the questionnaire mainly collects the
seat number, gender, age, and work intensity of the subjects this week, with a
total of three questions. The personal factors section mainly investigates the
subjects’ personal situation this week, including subjective performance with a
total of three items.

Sleep quality and sleepiness with a total of ten items. The PSQI
questionnaire [12] was used as the international standard questionnaire for
sleep (a score greater than or equal to 8 indicates poor sleep quality).Perceived
stress with a total of 14 items. The Perceived Stress Scale questionnaire [13]
was used for perceived stress (<=28 means “low,” <=42 means “moderate,”
<=56 means “high,” and <=70 means “very high”). Subjective vitality with a
total of seven items. The Subjective Vitality Scale questionnaire [14] was used
for wvitality (the higher the score, the more positive emotions). The
questionnaire design is based on Hedge’s Sick Building Syndrome model [15],
and it primarily consists of four parts: personal basic information,
environmental factors, environmental perception, and psychological feelings.

The environmental factors section is mainly recorded by the
experimenters, including indoor temperature and humidity, special point
illuminance, etc. The investigation of environmental perception and utility
includes thermal environmental quality with a total of three items, light
environmental quality with a total of six items, and other factors with a total of
two items. Two open-ended questions about optimization suggestions were
included.
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3 Results

3.1 Electricity consumption analysis

The power consumption analysis of the venue: After collecting the total
daily power consumption for Phase B and Phase C (i.e., before and after the
strategy was implemented) and excluding holidays, the average daily power
consumption before the strategy was implemented was approximately
77.34 kWh. After the implementation of the strategy, the average daily power
consumption was 68.16 kWh, which represents an 11.87% reduction. When
further excluding weekends, the power consumption before the strategy was
implemented was 83.65 kWh, and after implementation was 75.69 kWh,
which leads to a reduction of 9.52%. The power consumption comprises the
indoor socket power. Energy-consuming equipment, such as computer hosts,
monitors, and water heaters, remain in a long-term power-on state, and thus
the actual energy-saving rate may be underestimated to some extent.

Based on the analysis of power consumption before and after the
strategy was implemented, it can be concluded that the intelligent control
system is effective in reducing the energy consumption of office building
operations, and the energy-saving effect is more significant on weekends,
possibly due to the more dispersed presence of personnel on weekends.

3.2 Energy Usage of lighting fixtures

The usage time of lighting fixtures in the open space has reduced for
fixtures 1, 3, and 4, with a maximum reduction rate of 30.25%. Fixture 2's
usage time has increased by 8.23%. Before implementation, the average usage
time was 14.50 hours with a sample variance of 3.0. After implementation, the
average usage time was 12.55 hours with a sample variance of 0.73,
representing a decrease of 13.36%. Fixture usage time after the strategy was
uniformly lower, which may be because people have certain preferences when
manually operating the equipment, while the intelligent control system can
control the equipment opening more objectively.

For individual offices, the intelligent system is more effective in
reducing energy consumption when people leave, achieving a reduction rate of
56.09%. In meeting rooms, the reduction rate was 25.89%, while the usage
time reduction in the storeroom was negligible for comparison purposes.

3.3 Energy Usage of air conditioning

For the open space, the usage time of air conditioning units 1, 2, and 4
has decreased, and the highest reduction rate has reached 51.08%. The usage
time of unit 3 has increased by 19.73%. The average usage time before
implementation was 12.39 hours with a sample variance of 18.6. The average
usage time after implementation decreased to 9.2 hours with a sample variance
of 1.0, indicating a decrease of 25.96%. The usage time of air conditioning
equipment after the strategy's implementation was more uniform, probably
because people have certain preferences when manually operating the
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equipment, while an intelligent control system can control the equipment more
objectively. In individual offices, the reduction rate of usage time was 86.45%.
In the meeting room, the reduction rate of usage time was 34.02%, while the
overall usage time in the storeroom was too low to be meaningful for
comparison.

3.4 User Questionnaire Analysis

A total of 233 questionnaires were distributed to both experimental and
control groups at four different stages. 24 valid questionnaires (96 pages) were
fully completed in all four rounds of the survey. Detailed information on the
questionnaire collection process are shown in Fig. 2.

@
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UBB0

Stage D

—_—— Every black box represents one
T occupanis, and every specfic green
block means that the valid
b s questionnaire was collected during

Treated Group Control Group respective stage

Fig. 2. Questionnaire distribution and collection statistics

The distribution and collection of survey questionnaires are statistically
summarized in Fig. 2. The Double Difference Estimation (DID) analysis
method was used to analyze the questionnaires collected to evaluate the
subjective effects of the intelligent system on user comfort. The specific
results are shown in Table. According to the survey results, the overall
temperature  (p=0.000), excessive sunlight (p=0.043), and thermal
environmental comfort (p=0.003) were significantly improved (p<0.05) in
Stage C compared to Stage A. However, no significant differences were found
in the content of research between Stage B and Stage C or between Stage C
and Stage D, which may be due to the Hawthorne effect, wherein users had an
improved perception of the thermal environment [16]. Based on the
questionnaire results, it was found that the glare near the window was
significantly stronger. This is one of the reasons why curtains are commonly
closed in such scenarios and artificial lighting is used. It also provides a
reference for integrating daylighting and artificial lighting in the next step.
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Conclusion

This study is based on intelligent retrofitting in real scenes, and through
the analysis of human behavior and environmental information, explores the
energy-saving potential and environmental comfort impact of intelligent
retrofitting. According to the analysis of energy consumption and user
behavior data in the experimental site for 129 days, it was found that after the
experimental group used the intelligent strategy to automatically control
lighting based on personnel detection, the electricity consumption was reduced
to a certain extent. Before opening the strategy, the average daily electricity
consumption was about 77.34 kWh, after opening the strategy, it was
68.16 kWh, a decrease of 11.87%. The average lighting time of the open
office space decreased by 13.36%, the average air conditioning time decreased
by 25.96%, and the uniformity of the equipment’s opening time significantly
improved. The lighting equipment usage time in personal offices decreased by
56.09%, and the air conditioning equipment usage time decreased by 86.45%,
greatly reducing the usage time of terminal devices. The lighting equipment
usage time in the conference room decreased by 25.89%, and the air
conditioning equipment usage time decreased by 34.02%, which significantly
reduced the usage time of terminal devices.

Using the DID method to analyze the impact of the intelligent control
system on user perception, a questionnaire survey was conducted on both
groups in four stages to collect individual factors and environmental
perception conditions, including work performance, sleep quality, alertness,
perceived pressure, subjective vitality, physical fitness, and indoor
environmental impression. The survey results showed that compared with the
situation before the strategy was informed and opened, the actual opening of
the strategy significantly improved the thermal environment perception
conditions and utility (p<0.05), and there was no significant difference
between the actual opening before and after the strategy, indicating that
thermal comfort was not affected by the physical environment terminal
intelligence retrofitting.
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IMopnucaHo B mevatsb 15.11.2024. ®opmat 70x100/16
IMeuaTs undposas. Tupask 500 k3.
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OTIevyaTaHo ¢ FOTOBBIX JMANIO3UTMBOB B COOTBETCTBMY C TIPeJOCTaBIeHHbIMM MaTepuasaMy 3aKa3umka.
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