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Masen GEJOPULLEB

[1aBHBIN pegakTop,
VUCTIOTHUTEIbHBIV TUPEKTOP
PHK MKO

Jloporue yutatenu!

Ilepen Bamu — >XypHan «VIHHOBalMOHHAS
CBETOTEXHUKAY, B OCHOBYy  KOTOpPOTO
TPagULMOHHO JIerJIM CTaTbM YYaCTHUKOB
exerogHoro  MeXOyHapoJHOr0  KOHKypca
«Momnozple CBETOTEXHUKIU», OPraHN30BaHHOTO
PoccuiickuM  HalMOHAAbHBIM ~ KOMUTETOM
MeXayHapoAHOM KOMUCCUM II0 OCBELIEeHUIO
(MKO).

TpyaHO He 3aMeTUTb, YTO MHOTME W3 ITUX
cTaTeif ~ TapMOHMYHO  BITMCHIBAIOTCS B
OCHOBHbIE  MMPOBBIE  CBETOTEXHUYECKUE
TPeH[Ibl, 03BYUEHHbIE B MIOJIe 3TOTO Troja Ha
[JTABHOM COOBITMM B CBETOTEXHUKE —
koHdepentuyn MKO-2025 B Bene.

KimoueBble M3 HUX —  MHTerpaTMBHOE
ocBellleHMe, 3JKOIOTMs cBeTa M IudpoBas
Tpancopmarius  cBetoTexHuku.  Ocoboe
BHMMaHMe yIensieTcst MIPUMEeHEeHUIO
MCKYCCTBEHHOTO  VHTEJJIEKTa,  KOTOPbIi
CTAHOBUTCS  MOIIHENIIMM MHCTPYMEHTOM
OyIoyInero  MCKYCCTBEHHOTO  OCBeIeHMS:
CIOCO6CTBYET OTNITUMU3ATUU 3HEepro-
noTpe6yieHns, aBTOMAaTU3alUM  ITPOEKTU-
pOBaHMS, aHaIU3y BIUSIHUS CBeTa Ha
yeyjoBeKa U CO3IAHUIO  TepCOHAJN-
3MPOBAaHHbBIX CBETOBBIX CI[€HApMeEB, a TaKkKe
TOBBIMIEHNIO  TOYHOCTU  U3MEPUTEIbHbBIX
TEXHOJIOTUIA.

PaboTbl MOJIOIBIX MCCAeHOBaTeneil B 3TOM
BBINYCKE HAIISAHO AE€MOHCTPUPYIOT, KaK 3TU
TpeHAbl peanu3yloTCs Ha TMPAKTUKE — OT
JVHaMUUYECKOr0 OCBellleHMs], BAMSIOLEero Ha
COCTOSTHME YeJioBeKa, A0 WHHOBALMOHHBIX
TEXHOJIOTUIA  YIbTpaduoieTOBOl  He3MH-
dexuuM M aJanTUBHBIX CUCTEM YIpaBieHUs
CBETOM C IIPMMEHEHNEM HelIPOHHbBIX CeTell.
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CBETOIOP

MNepepnoBbie peleHnsa TENTMYHOro OCBELEeHNA
Ha 6a3e NHHOBALMOHHbIX CBETOANOAHbIX
obnyudatenen CBETOIOP.

Mbl noMoraem BbipacTuTb Bawy npubbine!

> 200.000 LED cBeTuUnbHUKOB > 1+ MNTH HaTpUEBbIX CBETU/TbHUKOB
Ha nnowagm 200+ IMa Ha nnowagu 700+ Na

* [lokasaHHoOe Ka4ecTBO U cTabunbHOCTb paboThbl
o6opygoBaHUS.

* Ucnonb3soBaHMe KOMMNOHEHTHOMN 6a3bl MUPOBbLIX Nnaepos
B OTpac/imn acCMMUNALMNOHHOIO oCcBeLleHus.

svetogor.info +7 (495) 788-80-23
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Nnana BEPHULL

l'eHepasnbHBIN
cekpeTapb
MesxkayHapOogHOM
KOMMCCHUH TI0
OCBEIleHUIO
(MKO), Ph.D.

Ot umenu MKO ¢ paga npuBeTCTBOBATh
BaC B HOBOM HOMepe >XypHaja Poccmiickoro

HallMOHaJbHOTO KOMUTeTa MKO! OH
IEeMOHCTPUPYET BbIJaloMIMecs paboThI
YYaCTHUKOB KOHKypCa «MoJogbie
CBETOTEXHMKUY, ITOCBSIIIIEHHOTO HOBBIM

TaJaHTaM, OTIpeesoIuM Oyayilee HAyKu 06
OCBEIIeHUN.

B asTom romy pokiambl OXBaThIBAIOT
OIMPOKMIT  KPyT TeM, aKTyaJbHbIX [JJIs
rinobanpHOi muccuy MKO. Cpeou Hux —
aJalTUBHbIE U MHTE/IEKTyaJlbHble CUCTEMBI
OCBeIlleHUs], BIUSHME CBETA Ha KOTHUTUBHbIE
GYHKUMM, SMOIMOHAIBHBIA  KOM@OPT U
dbusmonornueckoe 300pOBbE, CBETOBOE
3arpsisHeHNe, YCTONUYMBbIE CUCTEMBI
yIpaBaeHUs 3AaHUSIMU U MPOCTPAHCTBAMMU.
WccnemoBaHue  3TMX Te€M  CIIOCOOCTBYET
mocTiskeuuo neneir MKO B ob6iactu
OpPUEHTUPOBAHHOTO Ha YyeJioBeKa,
9Hepros3¢pGeKTUBHOTO " 9KOJIOTUYUECKU
OTBETCTBEHHOI'O OCBellleHMs. B psme crarteit
MOJYEPKMBAETCS POJb HOBBIX TEXHOJIOTUIMA,
BKJIIOUasl yIIpaBjieHue Ha ocHoBe WU wu
HelpoceTeil, IIOKa3biBas,, KaK WHHOBAIUU
CTUMYJUPYIOT pa3sBUTHE aOaNTUBHBIX U
MHTEJUIEKTYAJIbHbBIX CBETOBBIX PEIIEeHMUIA.

Hagerocb, UTO 3T CTaTbyM BOOXHOBST
yuTaTeiell Ha Ja/IbHellIee yBjaeueHe CBeTOM
n ocsenieHnem. CepaedyHO MpuU3bIBaKD Bac
MIPUCOEIUHUTHCSI K TT106aTbHOMY COOOIIECTBY
MKO, yuacTBOBaTh B HalllMX 06pa3oBaTeIbHBIX
MepONpUITUIX ¥ OOMEHMBATbCS UIESIMU
yepe3 rpaHullbl. TakKe I C HeTepIEeHUEeM XAy
BO3MOXXHOCTU TIPUBETCTBOBATb Bac Ha 31-i
yeTbipexieTHeil Ceccum MKO B HaHkuHe
(Kurait) 9-17 nrons 2027 r.! Tlo3gpasisiio Bcex
MOJIOABIX  YUEHBIX —  BamuM  pabOThI
BIOXHOBJISIOT M JBMKYT MMPOBYIO HayKy O
CBeTe BIiepéen!



A.N. WANAEB

PykoBoputenb
depnepanbHOro
areHTCTBa 110
TeXHUYECKOMY
peryinmMpoBaHMIO
Y METPOJIOTUY
(Pocctanmapr)

Jloporvie y4acTHUKM W 0praHu3aTopbl KOHKYpCa
«Monoabie CBETOTEXHUKN»!

Koukypc «Monopgble CBeTOT@XHUKU» —
3TO He IIPOCTO IpodeccroHaabHas TUIONAIKa,
a IpOCTPaHCTBO, The POXOAITCI UAen
oymyliero, 3aK/IaIbIBAETCS dbyHIaMeHT
MHHOBaIMii M (GOpMUPYIOTCS CTAHOAPTHI, IO
KOTOPBbIM OyZeT paboTaTh BCS OTPACb.

CBeTOTeXHMKA — OTpacjb, 0bJamatonas
KOJIOCCa/IbHbIM BJIVSTHUEM Ha HaIry
MOBCEIHEBHYIO JKM3Hb, Ha 0€30IaCHOCTbD,
KoM®opT, MMPOU3BOAUTENbHOCTD,
9KOJIoTHUYecKoe BO3[€iiCTBHE. PasButue
HOBBIX TEeXHOJIOT UM OCBeIleHMS],
9Hepro3hPeKTUBHBIX pelleHnit, UDPOBHIX
CUCTEM VIIpaBJIeHUSI — BCE I3TO TpebyeT
COBpPeMEeHHBIX TEXHUUECKUX HOpM u
CTaHIApPTOB, 0OecmeYnBaloMX KavyecTBO,
6e30MacHOCTb, COBMECTUMOCTDb U YCTONUMBOE
pa3BUTHeE.

CraHpmapTu3alius B CBETOTEXHUKE — 3TO
rapaHTusi TOTO, YTO MHHOBAIIMM OOXOLST OO
M0JIb30BaTeseil, MPOMBIIIEHHOCTH, TOPOLOB
u MHQPACTPYKTypbl, He Tepssl KauecTBa,
HaZesKHOCTH M 6e301aCHOCTN. ..

JKemato xkaxkgoMy M3 Bac yoauu B
KOHKypCe, ITyCTb MobeasIT camble TOCTOMHbBIE!
A PoccraHgapT Bcerga TOTOB IOAJepPsKaTh
BalllM UM, MHUIMATUBBI U IIPOEKTHI, UTOOBI
BMeECTe CTpPOuTb Oymayinee COBpeMEHHOI
CBETOTEeXHUKM — Oe3omacHoi, 3PdeKTUBHOM
Y MHHOBAILIMOHHOI1!

Cracu60 3a Ballle BHMMAaHMe, 3a Balll
TPYL W Ballle CTpeMJeHMe K PasBUTUIO
OTpacin. YciexoB BaM 178 HOBBIX
npodeccrMoHaNbHbIX TOCTVKEHMIA!



Anexcanap
KOHJZIPATEHKO

ITepBoIit
3aMeCTUTEeb
PYKOBOOUTES
HdenaptameHTa
JKKX r. MOCKBBI

Jloporue apy3bs!

Or wumenu J[emnaprameHTa KKX
MOCKBbBI IIPUBETCTBYI0 BaCc Ha CTPaHULAX

SKypHasia «/lHHOBalLIMOHHAA
CBeTOTeXHMKa», Ha CTpPaHUIaX KOTOPOro
cobpaHbl IOKJIaIbl MOJIOJIBIX
ucciaenoBaTesnein u VH)XEHEePOB —
Y4aCTHUKOB KOHKypCca «Moionbie
CBETOTEXHVIKI».

VIMeHHO OHM OIpefensiT Oyayiee
CBETOTEXHMUECKOV OTpacaM U  OOJMK
3aBTpallHuX  ropomoB. OrTBeuasd  3a
pa3BuTHe KOMMYHAaJIbHOM
MHOPACTPYKTYPhl CTOJMUIIBI CETromHs, S
paccMaTpMBal CUCTEMbl OCBeIIeHUS B

KauecTBe KJIIOUeBOTO 3jleMeHTa
COBPEMEHHOI0 ropojga —  «yMHOTO»,
9HeprosdGeKTUBHOTIO, 00J1a4a01Iero
HaJAEXHON U KOMQOPTHOI  CBETOBOIA
Cpeno.

Konkypc «MoJiogbie CBETOTEXHUKU»,
KOTOPbIN [IPOBOAVUT Poccuitckuii

HalyoHaabHbI KoMuter MKO, cBS3bIBaeT
HAyKy ¥ CMeJible UIeu MOJIOIbIX YUEHBIX C
peasbHbIMM IIOTPEOHOCTSIMM ropoja. Buas
B YUAaCTHMKAX KOHKypca OymyIIuX JMIepoB
OTpaciiv, PYKOBOAUTEJIE U WHXEHEepPOB,
HenaprameHT JKKX  MOCKBBI  T'OTOB

TTO/IIe P>KUBATD BHeJIpeHe
IepCHeKTUBHBIX pa3paboTOoK.
Kenarw BCEM y4yaCTHMKAM

rpodecCuoHaJIbHOTO POCTa U peanusalum
uaen B ropoaCcKuUX ImpoeKkrax!



Jimutpuit GAYCTOB

OupekTtop
I'VII «MoccBeT»

YBaxaemble y4acTHUKM MexxayHapoAHOro KOHKypca
«Monoabie CBETOTEXHUKN»!

Bamu poksiagpl, mpencTaB/leHHble Ha
KOHKYpPC U Terepb MybAMKyeMble B 3TOM
V3O aHUN, — pesynbTaT TTyOOKUX
MCCIIef0BaHMIA, CMeJIbIX VIH>)KeHePHBIX
pellleHMII M TBOPYECKOTO IMOuUCKa. Bce oOHM
BBITIOJIHEHBI HA BBICOKOM IPOGhecCHOHATbHOM
YPOBHe UM 3TO JIydlllee CBUAETENbCTBO TOrO,
yTo Oyaylnee pOCCUIICKOM CBETOTEXHUKU B
HaJeXHbIX pyKax!

Vyactue B KoHkypce PHK MKO
MOAYEpPKMBAET Ballly [PUHAJJIEXHOCTh K
MeXIYHApOLHOMY HAy4YHOMY COOOGIIEeCTBY U
CTpeMJIeHHe COOTBETCTBOBATh CaMbIM
BBICOKMM CTaHJapTam npodeccun.

Mwuccus T'VIT «MoccBeT» 3aKkioyaeTcs B
obecrieueHun Oe3ornacHocTu, KkKomdopra u
3CTeTUKMU FOPOJICKON Cpelibl uepes3 rnepenoBble
penieHust B obnactu YJIVMYHOTO,
apXUTEKTYPHOTO " GbyHKUMOHATBHOTO
ocBellleHMs. Mbl Cc 0COGbBIM BHUMaHUEM
cJIleqMM 3a pa3BUTHEM HAayKu M 06pa3oBaHUS B
Hamel cdepe, U MOHMMaeM, UYTO pelleHNe
CJIOKHEeMIINX 3azau COBpPEMEHHOTO
TOPOJICKOTO OCBellleHUsI TpebyeT IMOCTOSTHHOTO
IIPUTOKA HOBBIX 3HAaHMUI, WHHOBALMOHHBIX
MIei u, rIaBHOe, TaJaHTIMBbIX CIIeLVaINCTOB
— TaKUX, KaK Bbl.

JKenmaro BceM yYaCTHMKM KOHKypca
OAJbHEMIINX  yCIIeXO0B B HAy4YHOM U
MPaKTUUeCKOM [esSTeNbHOCTH, CMeJOCTU B
MTOCTaHOBKe U pellleHnM aMOUIIMO3HbIX 33/1aY,
becTsieit peanu3anumn uaein U, KOHEYHO Ke,
SIPKUX TpodeccuoHaNbHbIX Tobes!

[lycTb Ball MyTb B CBETOTEXHUKe OyneT
OTMeUeH 3HAaUMMbIMU  OTKPBITUSIMU U
NpU3HaHKem!
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Kondepenuus MKO 2025 B Bene: rnaBHbIe TPEHAbI B HayKe 0 CBETe

Dedopuiues I1.A.; PoibuHa B.A., K.m.H.
Poccuiickuii HauuoHabHbLii Komumem MexicdyHapoOHOli Komuccuu
no oceeuleHuIo

C 7 o 9 uionst 2025 r. B BeHe cocrosimach HayuyHass KOHpepeHLMs
MexayHaponHoii komuccuu 1o oceunlenuo (MKO). Ha Tpu gHS cronumiia
ABCTpuM cTajia LIEHTPOM MPUTSDKEHMSI [JISI MCCaemoBaTesieli CBeTa U
ocBeleHus co Bcero mupa. 430 uenoBek 3 40 cTpaH coOpaanuch, UYTOOBI
O0OMEHSIThCSI UIEeSIMU M TIEPEHSITh OIBIT BeIyIIMX SKcIepToB. KoHbepeHLys
CcTajla «SIApoM» ellé 6ojiee MacIITabHOTO COObITHSI — IIPOMEKYTOUHOI
BcTpeun MKO, BKmIouaBiieili B cebsS TakkKe 3acefaHue TreHepabHOIM
accaMmbjier M MHOTOUMC/IEHHbIE COBEIaHMSI TEeXHUUEeCKUMX KOMMTETOB,
pabouux rpymir u otaenenniit MKO.

ITIporpamMMa KoHQepeHIMM Oblla HACBIIIEHHOJ: TPU IUIEHAPHBIX U
6osee 100 ycTHBIX HOOKIAmOB B 18 ceKUMSsIX, IOCBSIIEHHBIX MIIUPOKOMY
CTIEKTPY BOIIPOCOB — OT CBETOBOro [nu3aiftHa 10 ¢GOTOMETpUM U
paguoMeTpui, IIeCTb IMPaKTUUYeCKUX CEMMHApOB C ydacTHMeM BemyIllux
skcriepToB MKO, a Taxke Be MacIITaOHbIe [IOCTEPHBIE CECCUM.

Ocoboe mMecTo B IporpaMme 3aHSIIM TPU KITIOUEBBIX JOK/Iala BeayIIUX
MEKIYHAPOJIHbIX 9KCIIEPTOB, KaXKAbIi M3 KOTOPBIX OCTAHOBMJICSI Ha OIHOI
u3 Haubojee SKUBOTPENEIIYIIMX IIpobJieM CBETOTEXHUKU: CBETOBOM
3arpsiI3HeHMUM, MCKYCCTBEHHOM MHTeJIIEKTe M HeBU3YyalIbHbIX 3ddeKTax
cBeTa.

CBeToOBOe€ 3arpsisHeHMe: 3BE3THOe He00, KOTOpPoe MbI IIOTePSIIN

Hayunyio mnporpammy KoHdepeHuyuu MKO OTKpbUIO BBICTYIUIEHME
IIepBOr0  KJIOUEBOTO JOKJIaaumka — Iipodeccopa [urmapa Xarepa
¢ kadenpel VYHUBepcuTeTa TPUKIAAHBIX HayK ABcTpuu. Ero moxmnap
“The Multifaceted Impacts Of Light-Pollution” 0 CBeTOBOM 3arpsiI3HEHMI CTaJI
He TIpOCTO HayuyHOI IIpe3eHTanueir, HO MaHMUPECTOM, KOTOPBHIA
pe3I0MIPOBaJI BCe HAKOIMBIINMECS TTPOOIEMBI.

JlekTOp TpenCcTaBWI CBETOBOE 3arpsi3HeHMe KaK IIeJiblii KOMIIJIeKC
npo6seMm. C 1990-X IT. CTOMMOCTb CBETa, IMPOU3BOAMMOIO OOHUM BaTTOM
SHepruM, ymeHbllwiachb modytv B 10 pas, M Mbl CTaau CBUAETEISIMU
JIaBMHOOOPA3HOro0 pPOCTa TOPOJCKOTO ocBemeHusi. IIpu 3TOM MupoBast
9KOHOMMKA €XeJHEeBHO TepseT MWUIMapAbl — TOpoja M TpeanpuUsITUs
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CKUTaIOT SHEPIUIO Ha «OCBellleH/e HOUHOIo Heba»: o cjioBaM Xarepa, J0Js
TaKOro «becItojie3Horo cseta» gocturaet 50 %!

CBeToOBOe 3arpsi3HeHue CTaJ0 OJHMM U3 CAMbIX OBICTPOPACTYIIUX
9KoJIorMuecKkux 3arpssHenuit. Tak, 6onee 80 % HaceyleHUsST MUpa XUBYT B
YCJIOBUSIX «CBeTSIerocsl Heba», a IUIONIAIb HEOCBEIIEHHON ITOBEPXHOCTU
3eMJIM €XKeroJiHo cCoKpaiiaeTcs Ha 2 %.

OKOJIOTMYecKe TOC/HeICTBMS He MeHee IpaMaTUYHbI: M30bITOUHBIN
CBeT [e30pUEeHTUPYET HOUYHBIX HACEKOMBIX, ITUI[ MU MOPCKUX XXUBOTHBHIX,
HapyllaeT IIpPOLIeCCbl MX  pPasMHOXEHMS UM MUrpaluii, MeHSeT
dboTonepuoguecke IMKIbBI pAacTeHU, HEraTUBHO BJMSS Ha UX
MPOOYKTUBHOCTh U POCT. Bcé 3TO BeméT K HeusOeKHOI Aerpamauymn
9KOCHUCTEM B 1I€JIOM.

HamoMHMJI JIeKTOp ¥ O BAMUSIHUM CBeTa Ha 3J0pOBbe CaMOro UejoBeKa:
«/I30BITOUHBIN CBET HOUbIO, OCOOEHHO B CMHE} 00/IaCTH CIIEKTpa, CII0COOeH
HaApyIINUTD BBIPAOOTKY MeJIaTOHMHa, peryJupyloliero COH "u
MOAAEP>XKUBAIOIIETO UMMYHUTET».

Ocoboe BHMMaHMe 1podeccop Xarep yaeana KyJbTYpHOMY 3HAaUE€HUIO
TEMHOro Heba: «Ha IMPOTSDKeHUM ThICSUEIeTUI ueJIoBeK Oj1aroroBesi mepej
TEMHBIM He60M. CBeT 3BE37, IT03BOJISIT OPUEHTUPOBATHCS, ObLI MCTOUHMKOM
BIOXHOBEHMSI U OOpeTeHMs] MecTa uejioBeka B Mupe. CeromHs Mbl TepsieM
3TOT OITBIT, & BMECTE C HMM MOXXEM IOTEPITh CeOsI».

B 3akiioyeHMe CBOEro BBICTYIUIEHUSI JIEKTOP IIPU3BAJII  BCEX
coOpaBIIMXCS K TIOMYJSIpU3allUMM  PallMOHAJIBHOTO M  OTBETCTBEHHOI'O
IIPUMEHEHMS] UCKYCCTBEHHOTO CBETa HOUbI, OTMETUB, UTO 3HAUMM KaKIbIi
mar — OT BBIKJIIOUEHHOI'O CaIOBOTO CBETUJIbHMKA-«Cepbl» M0 ydacTus B
0011IeCTBeHHbIX MHUIIMATUBAX.

CBer u 3mopoBbe: nupkagHbie putmbl Ha MKC wm Oyayimee
Tepanuu

Ecau OTKpBIBIIMIA TMepBbI TeHb KOHbepeHLMM Ipodeccop Xarep
SKMBOIIMCAJI OITACHOCTM HEKOHTPOJIMPYEMOTO OCBelleHUs], TO KJIIYeBOi
IOKJIQAUMK 3aBepIIaloliero AHS pacckasal O TOM, KakK CBET CIOCOOeH
JIEUUTD.

ITpodeccop Ixkopmk K. BpeitHapn, pyKOBOOUTENb IIPOrPaMMBbI
ucciaenoBaHuii csera M Iipodeccop HEBPOJOTMM U  HeHpOHAYKU
yuusepcutera Tomaca [Ixeddepcona, B moknazme “Light And Human Health”
IMOAPO6GHO paccKasasl 0 TOM, KaK UeJIOBeUeCKuii I71a3 1mpeobpasyeT CBETOBYIO
SHepruio B (GU3MOJOTUUECKME ¥ TIOBeIeHUecKue peakuuu. JlabopaTopus
npodeccopa bBpeiiHapga MHOro JeT wu3y4yaeT, Kak CBeT BIuseT Ha
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IMpKagHble, HENPOIHIOKPUHHBIE WU HeNpOIoBeleHUeCKre MPOIeCCh
yejioBeKa.

«[Tormagasi Ha ceTyaTKy IJla3a, CBeT BO3[ENCTBYeT HE TOJIbKO Ha
KIaccuyeckue (GoToperenTopbl — MAJOUKM M KOJOOUKM, — HAIIOMHIII
bpeiiHapga, — HO ¥ MepefaeT CUTHAJIBI IO [OBYM MYTSIM:  XOPOIIO
U3BECTHOMY BCEM  3DUTEIbHOMY UM  PETUHO-TUIIOTAIAMUUECKOMY».
[Tocnegunii BeAET K CyIlpaxya3MaTUUeCKOMY SIIPY — MO3TOBOMY II€HTDY,
PacIlOIOKEHHOMY B TUIIOTaJaMyCe M VIIPaBJSIONEeMY OMOJIOTrMUeCKUMU
yacamu. VIMeHHO 3TO Sapo ob6pabaTbiBaeT MHPOPMALMIO O CBETOBOM
OKPYKeHUM U BIMSIET Ha (GU3MOJIOTMUeCKIe TIPOLIeCChl U TTOBeIeHHeE.

[lo cioBaM [OK/IaAuMKa, MOXHO BBIIEJIUTh IJIaBHble (Qu3uueckue
rapaMeTpbl CBeTa, KOTOpble BIMSIIOT Ha (U3MOJOTUUECKYIO PEeTryJIsinio:
KOJIMYECTBO CBETa, €ro CIIeKTpaJbHble XapaKTePUCTUKU, IJIUTETbHOCTDb
BO3J€eCTBUS U BpEMSI CYTOK, KOTla CBET BO3/AE/CTBYET HA OPraHMU3M.

CeromHs AOKAa3aHO: CBET BJIMSIET He TOJbKO Ha CMHTE3 MeJIaTOHMHA, HO
U Ha TeMIIepaTypy TeJia, YypOBeHb KOPTU30J1a, a TakKKe MOXEeT IPUMEHSIThCS
I7s1 perynupoBaHus GU3MOJIOTMM CHA U LMPKALHBIX PUTMOB, B Tepamnuu
Ce30HHbIX JIeTripeccuit U psiga Apyrux 3ab0eBaHMIA.

ITIpodeccop BpeitHapn pacckasan o coTpygHuuecTBe ¢ NASA,
HaIpaBJI€eHHOM Ha yJIyullleH)e CHa U [IUPKagHOM perymsiyunu aCTpOHaBTOB Ha
MKC. Pexomenmaiiuu NASA o BOCbMM Yacax CHa B CYTKM Ha OpouTe He
BBITIOJIHSUIMCh: KOCMOHABTBI CIJIM B CpelHEM OKOJIO IIeCTM YacoB, YTO
MIPUBOIMIIO K CHIDKEHUIO OOUTENbHOCTM U paboTocrmocobHOCTH. Bpaun
HasHauaJi¥ MM IIpenapaTtbl, HO UX 3(PEPEeKTUBHOCTbL OCTaBajaach
OTrpaHUNUYEHHOIA.

Pemnth mpobneMy ymasoch bBpeitHapgy M ero komaHze. OHu
paspaboTasu CBETOAMOMHYIO CUCTEMY IMHAMMUUYECKOTO OCBEIeHMSs, KOTOpast
yuUnThIBaja HYXIbl epcoHasia MKC u umesna Tpu peskuma paboTsi: «Ob1ee
ocBelnieHme», «bompcrBoBaHue/caBur ¢asel» u «Ilepem cHom». 99 %
cBeTWIbHMKOB Ha MKC ObUIM 3aMeHeHbl Ha HOBble — C DPEryIMpyeMbIMU
CIIEKTPOM U MHTEHCUBHOCTBHIO. Kpome Toro, Ha OOpTy CTaHIMM ObLI
YCTAaHOBJIEH CHENMaJbHO paspabOTaHHBI IMOPTATUBHBIN  (GOTOMETp-
paguomeTp, € MOMOIIbI0O KOTOpOro KomaHmaa bpeitHapma cobpana 6osee
600 ThIC. M3MepeHUIi OCBEIEHHOCTU pa3HbIX yuacTKoB MKC.

OTU W3MepeHMus TOATBEPAW/IM, UTO OCBeIlleHMEe COOTBETCTBYET
peKOMeHAyeMbIM IlapamMeTpaMm Mjisi LMpKagHOM peryasuuu. Hoas
IMHAMMUUeCcKasl yCTaHOBKA MIOMOTJIa CTabMIM3UPOBATh OMOPUTMBI, YIIYUIIUTD
COH ¥ MOBBICUTb OAUTENBHOCTD MePCOHAJA. DTOT OIIBIT CTAJ 3HAUYUTETbHBIM
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maroM K CO3JaHui0 HedapMaKOJOIMUYECKUX METOMOB CTabuMaM3alum
610JIOTMUYECKUX YACOB B YCJIOBUSX IJIUTENIbHBIX KOCMUUECKUX TIOJIETOB.

TaKue TeXHOJIOTMM MMEIOT IOTeHLMaI IPMMeHeHUs ¥ B MeAuIIMHe Ha
3emisie: Hampumep, OIS TIOMOIIM MalMeHTaM ¢ TpaBMaMy MO3ra,
MHCYJIbTaMM M HapylIeHMSIMM CHa M LMPKAagHOro putMma. IIpu sTom
npodeccop BpeitHapa  IMOOUEpPKHYI: BHEOPSITh  CBETOTEpaluio B
MEeIMIIMHCKYIO TPaKTUKy MOKHO TOJIbKO ITOC/Ie BCELeJOr0 M3YydeHus u
HayYHO-000CHOBAHHOTO JOKa3aTeJbCTBA €€ 3(PhHeKTUBHOCTM.

«Hayka 0 cBeTe, — 3aK/II0UMI IIpodeccop, — CTOUT Ha ITOpPOre HOBOJ
9pbl, KOI[la CBET CTAHOBUTCS HE TOJIbKO CpPEICTBOM OCBEIeHMsI, HO U
MOII[HBIM MHCTPYMEHTOM [IJIs1 3J0POBbSI UeJI0BEKa».

Tpu nipe3ugeHTa ¥ HOBAasI 9pa UCKYCCTBEHHOTO CBEeTa

B HOBBIN 3Tan BcTtynwia U cama MKO: B xoe LiepeMOHUM 3aKPbITUS
KOHbepeHIIMMU ObUIM  OOBSIBJIEHBl BaKHbIe M3MEHEHMSI B  COCTaBe
PykoBopsiero copeta KOMUCCUMN.

B cooTBeTCTBMM C yCTaBOM IOKMHYJI COBET IIPEeNbIAYIINI TPe3UIeHT
MKO (CIE Past President) — noxrtop IIutep biaTTHep, yI0CTOEHHbII BbICIIE]
Harpaabsl MKO — 3osoToit 6ynaBku Bormenku (Wyszecki Gold Pin Award), a
taroke CepebpsiHoii OymaBku MKO, Bpyu€éHHOJ B 4YeCTb €ro yxoja Wus3
npasineHus. Harpazma crajsia mpu3HaHMEM ero MHOTOJIETHeN MpedaHHON
CJTY3KOBI M BBIIAIOMIETOCS BKJIala B paboTy 1 yIIpaBjieHe opraHu3alueii.

CaM BiaTTHep npusHascs, uto 25 yset padborsl B MKO 1 ueThipe rozia B
KayecTBe e€ Impe3uieHTa ObUIM O0JIBIIO YeCThIO U YA0BOJIBCTBUEM [IJIS HETO.

Ha TOlt Xe clieHe neicTBywOIMil MpesuneHT [[keHuudep BeiiTu
00bsSIBIIIA, UTO B pe3yJbTaTe TIOJOCOBAHMS HAUMOHAJbHBIX KOMMUTETOB,
HOBBIM M30paHHbIM IpesugeHToM MKO ctan moktop ODHTOHM bBepren
(ABcTpanus). XOpoIllo M3BECTHbII B IIpodeccMOHAIbHOI cpele Kak
TexHMUeCcKMit BuUlle-TIpe3uaeHT u sKc-raaBa Otgenenus 2 «OoToMeTpust u
paguoMeTpus», OH BO3IIaBUT KoMmuccuio B 2027-2031 rr.

MIMeHHO emy TIpPefCTOMT IIPOBECTM OpraHm3aluio Yepes3 3II0XY
rnepeMeH: I1MGpPOBMU3ALINIO, BHEIpPEeHME WCKYCCTBEHHOTO WHTEJIEKTa,
pa3sBuUTHE KOHLENUMM MHTErPAaTUBHOTO OCBEIleHUS, YUYUTHIBAIOIIEro
BJIMSIHME CBeTa Ha 30 0POBbE, SKOJIOTUIO U SHEPTETUKY.

MKO ocTaéTcsl aBTOPUTETHOJ TI7100a/IbHOJ HAyYHOI OpraHusaiyein B
chepe crangaptuzauyu. B 2023-2025 rT. ObUIM IPUHSTH HOBBIE CTaHIAPThI
MCO/MKO, akTMBHO pa3BuBasoch coTpynumnuectso ¢ MCO! 1 MIOK?, a Takke

! MeskmyHapoaHast opraHu3saiiys 1o crangaptusauum, ISO
2 MeskmyHapoaHas l1eKTpoTexXHuyeckast komuccust, I[EC
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COBMECTHbIe MHMIIMATVMBBI ¢ MBMB® wu #apyrMmu MeXIyHapOIHBIMMU
opraHmsanusIMu.  OTa  JeSITeJIbHOCTh  II03BOJIIET  pa3pabaThiBaTh
MeXIyHapOHbIE CTaHAAPTHI, OCHOBAaHHbIE Ha pe3yJbTaTax
dbyHmameHTaNbHBIX MccienoBanmii MKO.

MKO crana yaensitb BCé 6ojblile BHMMaHMUSI 00pa3oBaHuio, paboTe ¢
MOJIOOBIMU YUEHBIMM M TIOMyJsipu3aliuyu 3HaHUI O cBere. Co3maHa
[locTostHHasi rpymma 1o obpasoBanuio (Standing Panel on Education),
MMOAEPXKUBAIOTCS MHUIIMATUBBI HAIIMOHAIbHBIX KOMUTETOB, B YACTHOCTU —
mexayHaponHbiii  KOHKypc PHK  MKO  «Mosogble  CBETOTEXHUKU»,
PasBUBAIOTCS OHJIAMH ITPOrPaMMbl U IIPogeCCUOHATbHbIE TPEHMHTHA.

Kpome Toro, my6nukauyyu MKO Terneppb OymyT BK/IIOUYEHbI B HAyUHbIE
6a3pl maHHBIX Scopus u Google Scholar, UTO 3HAYUTETHHO YBEIUUUT
Y3HAaBaeMOCTb U IUTUPYEMOCTb TPYLOB OpraHm3aln.

Takum o6pa3oM, KoHbpepeHLIMsI B BeHe cTasa He TOJNbKO IUIOMIAIKOM
st oOMeHa MCCeq0BaTebCKUM OITBITOM M IMCKYCCUIA, HO U TTOBOPOTHBIM
py6eskom B pasButum camoit MKO. Opranmusaiiys BblliIa Ha HOBbBIi YPOBEHD
HAay4YHOJ M 00pa3oBaTeJbHOI pabOThl, YKPEIIMB CBOJ CTATyC I/T00AJIHbHOIO
9KCIIEPTHOTO IIeHTPa HAayKU O CBeTe.

* MexxmyHapoaHoe 610po Mmep u Becos, BIMP
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BMAHWUE AUHAMUYECKOIO OCBELLEHUA HA KOTHUTUBHbBIE
OYHKLMHU

Illauneesa I1.B., mazucmpanm; Typauoe C.b., K.m.H., doueHm
HauuonansHhetii uccnedosamenwsckuti Tomckuii nonumexHuueckuti
yHueepcumem, 2. Tomck

THE EFFECT OF DYNAMIC LIGHTING ON COGNITIVE FUNCTION
Shachneva P.V., Master's student; Turanov S.B., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AHHOTaI M

Hacrosmiee  ncciemoBaHue — IIOCBSIIIEHO — U3YUYEHUIO  BIIMSIHUS
IUHAMMYECKOr0 OCBeIleHUsI C MepeMeHHO} I1IBeTOBOI TeMIlepaTypoil Ha
KOTHUTMBHbIE (QYHKIMM 4YejoBeKa. B 3KCIlepyuMeHTe NPUHSIIM ydyacTue
UCIIBITYyeMble B Bo3pacTe  18-24  jerT,  BBIMOJIHIBIIME  CEPUIO
CTaHIAPTU3UPOBAHHBIX HENPOIICUXOIOTUYECKMUX TECTOB IMPU Pa3INMIHBIX
peskumax ocBemeHust (3000, 4000, 5000, 6000 K). ITosyyeHHble HaHHbIE
CBUIETENbCTBYIOT O BJIMSHUM IIBETOBOJ TeMIlepaTypbl Ha IIOKasaTesu
KOTHUTUBHOJ [OesTeNbHOCTU: XomomHbiii cBeT (6000 K) crocobcTBOBaI
TIOBBIIIEHUIO  CKOPOCTM  00pabOTKM  MHGpOpMauumM U yBeIMUMBal
KOHIIEHTpaluio, Torga Kak Terviblii cBeT (3000 K) ymaydimiaa TOYHOCTH
BBITTOJTHEHUSI  CJIOKHBIX ~KOTHUTMBHBIX OIleparuii ¥  CIocoO6CTBOBA
pacciiabjeHnIo.

Ha ocHOBaHUM BBISBIEHHBIX 3aKOHOMEPHOCTel ObLT chopMMUpPOBaH
CLieHapuii M3MeHeHUs 1IBETOBOJ TeMIlepaTypbl B COOTBETCTBUM C TUIIOM
BBITIOJIHSIEMOJ KOTHUTUBHOM 3afauy. CpaBHUTEIbHBIN aHAIM3 TTI0Ka3aJsl, 4YTO
TaKOJi TOAXO0M, 0becIieunBaeT COKpalleHue BpeMeH! BbIIIOJHEHUSI TeCTOB Ha
5% n 25 % 1o cpaBHeHMIo co cratuueckumu pexkumamu 4000 K 1 5000 K
COOTBETCTBEHHO, a TaKkKe CII0OCOOCTBYET CHIDKEHUIO CYObEKTMBHBIX
roxKasareJsiei yCTaJIOCTH.

PesyibTaThl  MCCAE€NOBaHUS  TMOATBEPXKAAKT  MEPCIIEKTUBHOCTh
MIpMMEHeHUs] amalTUBHBIX CUCTEM OCBENIeHMsI B 00pa30BaTeIbHbIX U
MpodeCcCMOHANIbHBIX CpelaX, OJHAKO TPeOyIoT maJbHENIIero Wu3ydeHUs
BOIIPOCOB OINTUMMM3AaLMM [MapaMeTPOB CBETOBOJ Cpelbl AJISI MUHUMMU3ALUU
MOTEeHIIMAIbHOTO 3pUTEBbHOTO AMckoMdopTa.

Abstract
This study examines the effect of dynamic lighting (3000-6000 K) on
cognitive functions. The experimental results show that cold light (6000 K)

20



increases data processing speed, while warm light (3000 K) increases accuracy.
Based on the revealed patterns, a scenario for changing the color temperature
was formed in accordance with the type of cognitive task performed. A
comparative analysis showed that this approach reduces the test execution time
by 5% and 25% compared to the static modes of 4000 K and 5000 K,
respectively, and also helps to reduce subjective fatigue indicators.

KimioueBble cioBa: OMogMHaMMUeCKOe OCBeNIeHWe, I[BeTOBasI
TeMIlepaTypa, KOTHUTMBHbIe (QYHKINM, UeJIOBEKO-OPMEHTHPOBAHHOE
OCBelleHre

Keywords: biodynamic lighting, color temperature, cognitive functions,
human centric lighting

BBenenue

COBpeMEeHHYI0 JKM3Hb CJIO)KHO IIpeICTaBUTb 0e3 MCKYCCTBEHHOTO
oCBellleHNsI, KOTOpoe HeoOX0AMMO He TOJIbKO B TEMHOE BpeMsi CyTOK, HO U B
nmacmypHyio morogy. CBeT COMNpPOBOXIaeT uejsoBeKa BO Bcex cdepax
IesTeJIbHOCTH: B paboTe, yuébe, OTIbIXe U MOBCEeIHEBHO Xu3HU. OCOOEHHO
3aBJMCUMbI OT MCKYCCTBEHHOT'O OCBelleHUS YXUTeJIU TOpOJOB, KOTOpbIE II0
IaHHbIM Ha 2021 rom COCTaBIAIOT yKe OKOJIO TpeTu HaceneHus Poccunm [1].
MHOrouuc/ieHHble MCCIeNOBaHMs IIOATBEPKIAIOT, YTO [apaMeTpbl CBeTa
HaIMpPSIMYIO BIMSIOT Ha OPraHM3M 4ejioBeKa, BKIIloUasi ero HepBHYI0 CUCTEMY,
peryanpysi BbipaboTKy rOpMOHOB, OTBeYaloIIuX 3a 60IpCTBOBaHMe U COH [2].
IIpy 3TOM ecTeCTBEHHOE OCBEIleHMe CUMTAETCS HamboJsee O6JIarompUsITHBIM
COJIHEUHBIVI CBET He TOJIbKO YJIyYIllaeT KOTHUTUBHbIE (YHKIUM, HO U
CHIKaeT ypoBeHb cTpecca [3]. B TeueHne nHs ero napaMeTpbl MEHSIIOTCS, YTO
dbopmupyeT ecTeCcTBEHHBIE IIMPKATHbIE PUTMBI.

IToCcKOJIBKY JIIOJIM, OCOOEHHO B 3MMHMIA TI€PUO/I, ITPOBOISIT OOJIBIIYIO
YacTh BpEMEHU [pU MUCKYCCTBEHHOM OCBeIleHMM, BO3HMKAeT 3amada
amanTypoBaTh €ro TaK, YTOObI OHO MaKCHMMAaJIbHO IPUOIVDKAIOCh 10
BO3J€eMCTBUIO K COJIHEUHOMY CBETY, HO TIPU 3TOM He YCUJIMBAJIO HEraTUBHbBIE
addekTbl. Vke M3BECTHO, HAIpUMMep, UTO IIBeTOBasl TeMmIlepaTypa CBeTa
BaMsieT Ha cocTosiHMe yenoBeka: nmpu 6000 K (X0J0oHBIN CBET) MOBBILIAETCS
KOHIIEHTpalusl, BHMUMATEJIbHOCTb M CKOpPOCTb peakumu, a mpu 3000 K
(TETUIBI/A CBET) CHWXKAETCSI YPOBEHb CTpecca U YCUIMBAETCS UYBCTBO
Kom@oprTa [4]. MoxkeT moKa3aTbCsl, YTO XOJOAHBIN CBET UAeaIbHO MOIXOIUT
IUJTS TIOBBIIIEHUS TIPOAYKTUBHOCTM, OLHAKO OH >Ke MPUBOAUT K YCKOPEHHO
YTOMJISEMOCTH, 3PUTEJBHOMY AUCKOM@POPTY ¥ TOBBIIIEHHOMY CTpeccy.
[TosTomy wmcronb3oBaHMe TOJBKO OOHOM  LIBETOBOM  TeMmIlepaTypbl
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HepalMoHaabHO. Heobxoauma aAuHaMuueckast cucTeMa OCBelleHMsl, KoTopasi
CMOKeT TIOBbIIIATh 3(P(PEKTUBHOCTh pabOThl, HE XEPTBYS IMIPU ITOM
KoM(OopTOM U 3I0pOBbEM UeJIOBEKA.

MeTopa ucciemoBaHMA

Iist paspabOTKM ONTUMAJIbBHOM CHUCTEMbI OCBEIIeHUS] HeoOXO0IVMO
ompenenuTb Hambosiee d¢deKTUBHbIE IMapaMeTpbl  OCBETUTEIbHOI
YCTaHOBKM. B TiepBoii cepum 3KCIIEPUMEHTOB TPUHSIIM yyactue 20
UCIIBITYeMbBIX B Bo3pacTe OT 18 mo 24 sner, sxutesneit Tomcka (14 >keHIIVH U
6 mykumH). Llenablo MccienoBaHMs ObLJIO BbBISBAEHME BIUSHUS 1IBETOBOI
TeMIlIepaTypbl Ha BBIIIOJIHEHME PA3JIMUYHBIX 3a4ady. OKCIIEPUMEHTBI
MMPOBOAWINCh Ha CHelMaJbHOM YCTAaHOBKe, ITO3BOJISIONIEN PeryaupoBaTh
MHTEHCUBHOCTb M IIBETOBYIO TeMIlepaTypy ocBeleHUs [5]. OCBeléHHOCTD
IIJISI BCEX TeCTOB NoAAepsKuBaiach B rpeaeax 500-550 k.

X0z sKCcIIepuMeHTa:

1. Ilepen HauaJiOM TeCTUPOBAHMS ITPOBEPSIONINIA BKIOUAT CUCTEMY
KOMITBIOTEPHOTO 3peHUSI U 3aKpeIvisii Ha MUCIbITYeMOM HarpyIaHbIA
ITyJIbCOMETD.

2. VcribITyeMblii HaXOOWIICS B TIOTHOCTBIO 3aTEMHEHHOM KOMHATe B
TeueHue 3 MUHYT I afarTaluyy 3peHnsl.

3. 3aTeM BK/IIOUQJIOCh OCBellleHMe C MepBOil 3aJaHHOI I1IBETOBOJ
temmneparypoii (S1 — 4000 K).

4.  UcnsiTyemblit crepsa 3aITOJIHSIIT OITPOCHUK OLIEHKU
3MOLIMOHAJIbHOTO COCTOSIHUSI M 3aT€M BBITIOJNHSI CEPUI0 U3 IIECTU TECTOB
I7IS1 OLIeHKM KOTHUTUBHBIX QYHKIMIL. TecTbl B3SIThI U3 apXUBa KIMHUUECKOI
HEeMPOTICUXOJIOTUNA:

— CuMBOJbHO-LIM(PPOBOI TECT — MBIIILJIEHME U BOCIIPUSITHE;

— Tect cnexxenus tuna A (puc. 1a) — 3puTesibHOE CIeXXeHue;

— Tecrt cnexxennsi Tuna b — 3spuTenbHOe Clie>KeHUE U MbIIIIEHUE;

— Tect CTpymna — uBeTOBOE BOCIIPUSITHE;

— Tect Ha pasnmune (puc. 16) — MbIIIEHME ¥ BHUMaHNE,

— 3ajaua Ha Kjaaccu@uKalyo — BOCIIPUSITIE M BHUMAaHMe.

BpeMs perreHMst KaXXmoro Tecta (GUKCHMPOBAJIOCH IPOBEPSIOMIMM Ha
oymare.

5. Tlo 3aBeplileHMM TeCTOB WCIBITyeMbIii ITOBTOPHO 3aIlOJIHSII
OMPOCHUK OLIEHKM 3MOLMOHAJIbHOIO COCTOSIHMUSL (TI. 4) [Jis  OLIeHKU
U3MEHEeHMIA.

6. Bcg npouenypa (. 1-6) moBTOpPSIaCh OJ1S1 TPEX OPYTUX PEXVMOB
ocsenieHus: S2 — 6000 K, S3 - 3000 K, S4 - 5000 K.

22



0 © ® A)>H#@0 | @) # @0
>AOOA | D AOEHA

® . O m#E#00 | m# #00
@® v@ O»>»AD>O | OD> A DO
@@‘ """" @ B AAN) | N AAR)
®® ® >ooen | »oO#DO
® @ @ >PHOHE | PAOH B
®® ® O AON EHOAOR
@O > | @# O # D

®@ ®® O # m A A ® i m A A

a) 0)
Puc. 1. Tect cnexenuns Tuna A — cOeanHUTBL Lnpbl B MOpsaKe Bo3pacTaHus (a),
TECT Ha pasnuyne — 06BECTU B Kpyr CUMBOSIbI, OTIIMYAIOLMECS B NEBOM 1 NpaBoM cTonbuax (6)

B pesysbTaTe 3KCIIEpUMEHTOB ObLIM COOpaHBI CAEIYIOIINE JaHHbIE:
— BpeMs BBIIOJHEHUS KaKIOrO TecTa IIPpU Pa3HBIX IIBETOBBIX
TeMIlepaTypax;

— KOJIMYECTBO JOMYIIEHHBIX OIINOOK;

— CyOBbeKTUBHbIE OIIEHKM COCTOSTHUS IO U ITOCJ/Ie TECTUPOBAHMS;

Ha  oOCHOBaHMM TIOJIyYEHHBIX  Ppe3yJIbTaTOB  IIepBOIi  cepum
9KCIIEpMMEHTOB (puc. 2), ObUIM OIpenejeHbl OITMMAJIbHbIE PEeKUMBI
OCBeIlleHMsI [JI1 Pa3jIMUHbIX TUIIOB KOTHUTUBHBIX 3amau (tabm. 1).
OnTuMasibHas I[BETOBasl TeMIIepaTypa OIpenessyiach MUCXOs U3 CpeIHero
BpeMeHM pellleHUs] TeCTa, KOJMUEeCTBA OLIMOOK ¥ 3SMOIMOHAJIbHBIX
usmeHenmit. IIpy 006pabOTKe MAaHHBIX OBbUIM MCIOJb30BaHbl METOJIbI
OMMCATENIbHOM CTaTUCTUKM U AUCIIePCUOHHBIN aHannu3 (ANOVA) s OLleHKU
3HaUMMBbIX pasanunii (p <0,05).

Tabnuna 1. CuieHapuii U3MeHeHUsI IIBETOBOI TeMITepaTypbl

Tecr 1 CUMBOJIBHO-1IM(POBOIL TECT S2 - 6500 K
Tect 2 TecT cnexxeHus Tuma A S1-4000 K
Tect 3 Tect cnexxennst Tumna b S2 - 6500 K
Tect 4 Tect CTpyna S3 - 3000 K
Tect 5 TecT Ha pa3nnune S2 - 6500K
Tect 6 3amava Ha KaaccupUKaLMIO S2 - 6500 K

BTOpaH cepust 3SKCIIEpMMEHTOB 6bL1a HalipaBJIeHa Ha IIPOBEPKY
TUIIOTE3bI (6} IIpenumMyniecTBe OVMHaAMMN4YeCKOro OCBeIeHMA Iiepen,
cTaTU4YeCckuM. MeToauka nposeneHusd TeCTOB COXpPaHMIACh aHAJIOTUYHOM
HEpBOf/I cepuM, HO B OaHHOM C(CJIy4yae HpOBepHIOIJ_[I/Iﬁ U3MEHSJT LIBETOBYIO
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TeMIlepaTypy B peaibHOM BpeMeHU B COOTBETCTBUM C TUIIOM BBITIOJIHSIE€MOT'O
TecTa, cjaeaysl CIieHapMIo ONITUMAIbHBIX PeKMMOB (TabJr. 1).

PesynbTaThl

[TpoaHamm3upyem MUTOrM II€PBOM UM BTOPOM CE€PUM IKCIIEPUMEHTOB
(puc. 2).

OCHOBHBIM PE3YJIbTATOM ABYX CEPUil TECTOB SIBJSIETCS 3aBUCUMOCTD
BpeMEHM TIPOXOKAEHUSI KaKIOTO TecTa OT IIBETOBOM TeMIlepaTypbl U
CYMMapHOTO TIPOXOKIE€HMSI ~0OJIoka TeCTOB IS  CTaTUYECKUX U
IUHAMMUUECKOTO pexkuMoB. OlieHWBasi CyMMapHO€ BpPeMsl, MOJYUMIN, UTO
IVHAMMWUECKUI PEXXUM JefCTBUTEIBHO ITO3BOJISIET YIYUIIUTh KOTHUTUBHBIE
dbynkiuu. O6paboTka pe3ylbTaTOB CYObeKTMBHBIX aHKET COCTOSITHUSI
MO0Ka3asa, YTo GOJBIIMHCTBO YUaCTHUKOB OTMETUIIN CHUKEHME COHJIMBOCTH,
CHIDKEeHME TPEeBOTY U YBeJIMUeHMe MHTepeca K 3ajauaM.

Pe3synbTaTbl TecToB CymmMa

123:2 44.9 51.8 56.9 46.0 26.8 348.2

3000 K

- 100
109.8 276 458 50.2 46.9 23.1 302.4

4000 K

48.1 73 67.4 47.0 28.1 384.2

5000 K

-60

TeMmnepaTypHbIf PEXUM
BLUOLRERMOL BUHBhBHE

6000 K

34.6 43.9 47.2 43.9 24.0 300.1

------------------------------------------------------ -40

28.7 56.7 46.7 40.0 25.0 289.2

JuHamny.
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Puc. 2. Tennoeast KapTa pe3ynbTaToB USMEPEHNA BPEMEHU NPOXOXAEHNA BCEX TECTOB

Oo6cykoeHme

Inst cTaTU4eCckuxX peXMMOB, YCTAaHOBJEHO, UTO BBICOKAsl IIBETOBAsI
temmeparypa (6000-6500 K, «XomomHbIi» CBET) CIIOCOOCTBYET ITOBBIIIEHNUIO
OUTENIbHOCTY ¥ KOHIIEHTPALMM BHUMAHMS, 38 CUET ITOJaBJIeHUSI CeKpeLun
MeJIaTOHMHA. B yacTHOCTHM, TIpU BBIIOJIHEHUM CMMBOJIBHO-LIM(POBOTro TecCTa,
TpeOyIOIero MoBbIIIEHHOro BHMMaHMs, ocBemenne 6000 K rmoTeHLaabHO
aKTUBYPYET PETUHO-TUMOTANIAMUUECKUIT TPaKT, CTUMYIUPYST BBIPAOOTKY
mopamuHa M HOpaApeHaaMHa, UTO IIOJIOKUTEJIbHO BJMUSIET Ha CKOPOCTh
peakin.
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HampotuB, pnnst 3amad, CBSI3aHHBIX C KOTHUTUMBHBIM KOHTPOJIEM
(Hanmpumep, Tect CTpyma), MpeanouYTUTeIbHee OKa3ajics TeIlUIblii CBeT
(3000 K), KOTOpBIiI CIIOCOOCTBYET CHIDKEHMIO YPOBHSI CTpecca U
TPEBOKHOCTY, UTO OCOOEHHO BaXXHO [IJIT TOYHOI'O BBITIOJIHEHUS] CJIOXKHBIX
KOTHUTUBHBIX 3aJIaHUIA.

B TpaauiMIOHHOM I10IXOJ€e K OCBeIlleHMI0 BHYTPEHHUX MPOCTPAHCTB
yalle BCero ImpuMeHsoTcsl ctaTuuHbie peskumbl — 4000 u 5000 K. OpHako
IMHaMMuyeckasi CUCTeMa, WCIOJb3yIollasi OcCBellleHue OITUMaJIbHOI
LIBETOBOI1 TeMITepaTyphI [IJIs pa3HbIX TUIIOB 3a7au, IT0Ka3aja 60jiee BbICOKYIO
3¢ GeKTUBHOCTh. B X0me TecTMpOBaHMS YUACTHUKY BBITIOJHSUIM 3aJaHMUs Ha
5% ObicTpee mo cpaBHeHUIo ¢ pexxuMom 4000 K u Ha 25 % ObIcTpee mpu
cpaBHeHuMu c¢ 5000 K. Takoit pesynbTaT OOBSICHSIETCSI KOMIUIEKCHBIM
BAMSIHMEM JIMHAMMUYECKOTO CBeTa Ha KIoueBble (U3MOJOTMUECKUE U
IICUXOJIOTMUeCKe IIPOIlecChl, BKIIOUAsi KOHLIEHTPalMI0 BHUMAHUS U
CKOPOCTb PeaKIInn.

Bo-mepBbiX, MepeMeHHas I[BeTOBasl TeMIlepaTypa BiMseT Ha
HelipouU3MOoNIornMUecKie MeXaHu3Mbl, PeryIupys BbIpab0OTKy MeJJaTOHMHA U
CEepOTOHMHA, a TAKXKe CTUMYJIUPYST HEMPOHHYIO aKTMBHOCTb. ITO OCOOEHHO
BaXHO TIpM BBITIOJIHEHMM KpaTKOBpeMeHHbIX 3amau (oT 30 ceKyH[
10 2 MUHYT), TIe CTaTUYHOe OCBellleHe CHIpkaeT 3¢ eKTUBHOCTD [4].

Bo-BTOpbIX, AMHAMMUUYECKOE OCBEIeHNE ONTUMU3UPYET OaaHC MEXKIY
akTuBaLMein u pacciadnenneMm. Xononublii cseT (6000-6500 K) moBeImiaeT
KoHUeHTpauio, a Témnblii (3000 K) cHmkaer cTpecc. KioueBoe
MIPeUMYIIEeCTBO — agalTUBHOCTh. CMeHa mapamMeTpOB CBeTa IpeJoTBpalliaeT
IIPUBBIKAHME U MOAAeP>KMUBAET BOBJIEUEHHOCTb.

Iake He3HauMTe/JIbHble M3MEHEHMsS OCBeIleHMS MOTYT YCUJIUBATh
MHTepec K 3amave. Hampumep, peskuit repexon ¢ 3000 Ha 6500 K Bo Bpems
TECTOB VJydllaeT BHMMaHMe [6]. OgHaKO BaXHO COOMOIATH GajaHC —
CAUIIKOM 4YacCTble WM pe3Kue M3MEeHEeHUSI MOTYT BbI3BaThb BU3YyaJbHbIi
IucKoM@OPpT U MpeKIeBPeMeHHYIO YCTalIOCTh.

BopiBOaBI

IOuHaMuyecKue peKUMMbl OCBEIIeHMS CIIOCOOCTBYIOT —YJIYULIEHUIO
KOTHUTUBHBIX QYHKLMI M CHIDKEHMIO YTOMJISIEMOCTH IIPM OJHOBPEMEHHOM
TOBBIIIEHUMM KOHLieHTpauuu. Ilpenjio)keHHBI ClieHapuili M3MeHeHUs
1IBETOBOJ TeMmIlepaTypbl B MpOliecce BBIIOJIHEHMS] TeCTOB, IOKa3aj CBOIO
spdekTBHOCTL. OmHAKO, BaXHO HaOMpaTh CTATUCTUUECKME [TaHHbIE U
MCCIeI0BaTh ApyrMe KOMOMHAUMM OJISI PasjIMUHbIX 3aJad. ITO ITO3BOJIUAT
BBISIBJIATh HauboJiee ONTUMaIbHbIE CBETOIIBETOBbIE aJITOPUTMbI, KOTOPhIE B
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MOC/IeAYIOMIEM CTaHYT OCHOBOJM 4e/I0BEKO-OPMEHTUPOBAHHBIX CUCTEM
OCBEIIEHMS.

VcciaemoBaHye BBIIOJHEHO 3a CYET IpaHTa PoCCuiiCKOro HayuyHOro
donma N? 25-28-20162, https://rscf.ru/project/25-28-20162/ u rpaHTa B
dopme  cybcuauu,  BbifensgeMoro  JlermapTaMeHTOM 110  HAay4yHO-
TE€XHOJIOTMUECKOMY PasBUTUIO M MHHOBALIMOHHONM mesaTebHOCTM TOMCKOI
obsactu (Cornamenne N202/7/2025).
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B/INAAHUE LLBETOBOH TEMNEPATYPbI OCBELLEHUS HA
NCUX0IMOLLUOHANLHBIN OTKJIUK

Konecnukoea B.A., cmydenm; Typauoe C.B., K.m.H., doueHm
HauuonanwvHultii uccnedosamenwvckuti Tomckuii IlonumexHuueckuti
YHueepcumem

INFLUENCE OF COLOR TEMPERATURE OF LIGHTING ON
PSYCHOEMOTIONAL RESPONSE

Kolesnikova V.A., student; Turanov S.B., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AnHoTanus

B paboTre rmpexncTaBiieHbl Pe3yabTaTbl MCCIEIOBAHUSI  BJIUSIHUS
1IBETOBOII TemmnepaTypbl ocBemienus (2700, 4000, 5000, 6000 K) Ha
TICUXO5MOIIMOHAJIbHOE COCTOSIHME YeslOoBeKa. JKCIepUMEeHTalbHasl rpyIina
coctosiyia U3 20 YUaCTHMKOB, BBITIOJNHSBIIMX TE€CThl HA BHMMaHME, CKOPOCTh
peakuyuu M MaMsTh B PaHIOMM3MPOBAHHOM IIOPSIIKE, YTOOBI MCKIIOUUTD
BJIMSIHME TIOPSIAKOBBIX 3(PDEKTOB M YCIOBUSIX CTAHIAPTHOM OCBEUIEHHOCTHU
(500 1x). OuenuBanuchb, mnapameTpsl IKagbl NASA-TLX (ymcTBeHHasi
Harpyska, ¢pycrpaiusi, 3GpdeKTUBHOCTb), a TaKKe CYyObeKTUBHbIE
ToKasaTey 3puTeabHOro IuckoMdbopTa (COHIMBOCTD, YCTAIOCTD IVIa3).

Anann3 paHHbiX (ANOVA, omnucaresibHas CTaTUCTUKA) BBISIBUJI, UYTO
4000 K obecrneunBaeT ONTUMAaIbHbBIN OallaHC: MUHMMAIbHYIO YMCTBEHHYIO
HarpysKy u GpycTpanmuio, YTO CBSI3aHO C IPUOIMKeHMEM K eCTeCTBEHHOMY
JIHEBHOMY CBE€TYy U CHIDKEHMEM CTpPeCCOBBIX peakiuuii. TemrmepaTypa
5000 K, HecMoTpsi Ha aKTUBM3alMI0O OOJPCTBOBAHMS, IIOBbILIAET
dpycTpalnnio, BepoSITHO, M3-3a M3OBITOUHONM «XOJIOJHOCTU» CIIEKTpA,
HeraTMBHO BIMSIOINIEN Ha IJIUTENbHYI0 KOHIeHTpanuio. 6000 K cHmskaeT
CyObEeKTUBHbIE OIIYIIeHMUS] TPYCTH, OQHAKO YXyAIIaeT BHMMaHME, UTO
MOXeT ObITb OO0YC/JIOBJIEHO Upe3MepHON SIPKOCTbI0 U CIIEKTPaJIbHBIM
IycbaJaHCOM.

[TomyyeHHble MOaHHbIE IIOAUEPKMBAIOT HEJNMHENHYIO 3aBUCUMOCTD
MeXIy IIBETOBOI TeMIlepaTypoii U MCUXOJOTUUECKUMMMU TOKa3aTeNsIMU,
Tpebys yueTa KOHTEKCTa MCIIOJb30BaHMS cBeTa. IIpakTuueckas
peanusanus pe3yJIbTaTOB BO3MOXXHA B IIPOEKTMPOBAHUM afaIllTUBHBIX
CUCTEM OCBeIeHUs OJjis1 0DMCOB, YUeOHBIX ayaUTOPUl M MeIULMHCKUX
yUYpeXXAeHUii, Iae OUHaMuuyecKash peryaMpoBKa IapaMeTpoB cBeTa (C
yY4eTOM BpPeMeHM CyTOK, TUIIA 3aJauy ¥ MHAUBUAYAJIbHBIX 0COOEHHOCTEI)
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MMO3BOJIMT MUHUMMU3UPOBATH YCTAJNOCTh, ITOBBICUTH MPOAYKTUBHOCTb W
COXPaHUTb SMOIMOHAIBbHBII KOMGPOPT. ITO OCOGEHHO aKTyaJbHO B
yCIOBUSIX TUOPUIOHON paboTbl M LMdpoBU3aLMMU 006pasoBaTebHbIX
MIPOIIECCOB, IIe 3pUTeIbHas Harpy3Ka JOCTUTAeT KPUTUUECKUX 3HAUEHUIA.

Abstract

This study presents findings on the impact of lighting color temperature
(2700, 4000, 5000, 6000 K) on human psychoemotional state. The experimental
group comprised 20 participants who completed attention, reaction speed, and
memory tests under standardized illuminance (500 lux) in a randomized
sequence to mitigate order effects. Assessed parameters included NASA-TLX
scale metrics (mental workload, frustration, and perceived performance
efficiency), as well as subjective visual discomfort indicators (sleepiness, eye
fatigue).

Data analysis using ANOVA and descriptive statistics revealed that 4000 K
provided an optimal balance, characterized by minimal mental workload and
frustration, likely due to its proximity to natural daylight and reduced stress
responses. While 5000 K promoted wakefulness, it increased frustration, possibly
due to excessive spectral "coolness” negatively affecting sustained concentration.
Although 6000 K reduced subjective feelings of sadness, it impaired attention
performance, potentially linked to excessive brightness and spectral imbalance.

These findings underscore a nonlinear relationship between color
temperature and psychological outcomes, emphasizing the need for context-
sensitive lighting design. Practical implementation of these results could inform
the development of adaptive lighting systems for offices, classrooms, and
healthcare facilities, where dynamic adjustment of lighting parameters
accounting for time of day, task type, and individual physiological traits may
reduce visual fatigue, enhance productivity, and maintain emotional comfort.
This is particularly relevant in hybrid work environments and digitized
educational settings, where visual strain frequently reaches critical levels,
necessitating personalized lighting solutions to support cognitive performance
and well-being.

KiioueBble cJIOBa: IIBETOBAsl TeMIIepaTypa, IICMXO0IMOIMOHAIbHOE
COCTOSTHME, 3PUTETbHBI IMCKOMQOPT, CBETOIMOIBI

Keywords: color temperature, psychoemotional state, visual discomfort,
LED
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BBenenue

WccnenoBaHus  MOKAa3bIBAKOT, UTO  ONpelleieHHble  IBETOBbIE
temriiepatypbl (2700-3700 K), moryr crocoO6cTBOBaTh paccjiabaeHuio u
dbusuueckoit cTabMIBHOCTY BO BpeMs oTnbixa U uTeHus [1]. Kpome Toro,
6osiee BbICOKasl IIBeTOBasi TemIiepaTtypa (Harpumep, 6000 K) B oducHbIx
TOMeEIeHUIX CBsI3aHa C VIydlleHMeM HaCTPOeHUs, UTO II03BOJISIET
MPEIIONOXNUTb, UTO OCBeIlleHMe MOKET OINTUMMU3UPOBATh KOTHUTUBHbIE
crioco6HOCT [2]. YTpeHHee Bo3peiicTBue cBeTa Ipu TemmepaTtype 8500 K
OKa3aJlo 3aMeTHOE IIOJIOKUTEJIbHOE BAMSIHME Ha HaCTpOeHUe U
6IUTeTbHOCTD, XOTSI YPOBEHb KOM(OpPTa MOKET MEHSITHCSI B 3aBUCUMOCTU OT
tTemieparyp [3]. Takum o6pa3oMm, CYIIeCTBYIOIINME PabOThl MMOTUEPKUBAIOT
CJIO’KHYIO B3aMIMOCBSI3b MEK/Y 1IBETOBOI TeMIIepaTypOil, OCBEIEHHOCTBIO U
TICUXOJIOTUUECKUMU peakiusimu [1-5].

CymiecTByoniue MCCAeNOBaHUS PacCMaTpUBAalOT, KaK IBETOBas
TeMIlepaTypa  OCBellleHMS ~ BjMsSeT Ha  (¢uU3nMYeckoe  COCTOSTHUE,
9MOILIMOHAIbHOE BOCIIPUSITME ¥ KOTHUTHUBHbIe QYHKIIMM YesoBeKa. OJHAKO
OOJIBIITMHCTBO M3 HUX COCPeNOTOUEHBbI Ha KpaiiHMX 3HAUEHUSIX (HarpuMmep,
2700 u 6000K), Torma Kak TIIOIyJsIpHble B OQUCHBIX ITOMEIIeHUSIX
temnepaTypbl (4000-5000 K) ocTatoTcsi HeAOCTaTOUHO M3yueHHbIMU. Kpome
TOr'0, OTCYTCTBYIOT J@aHHbIE O BJAMSIHUU STUX [IPOMEXYTOUHBIX TeMIlepaTyp
Ha crenudmyeckue KOTHUTUBHbBIE 3aauy U 3MOIMOHAIbHBIN KOM@OpPT B
YCJIOBUSIX CTAHIAPTHOM OCBEIEHHOCTH.

MeToauka ucciaegoBaHusa

V3yyeHue BIAMSHUS LBETOBOJ TeMIlIEpaTypbl OCBelleHMSI Ha
MCUXoU3MOIOTUUECKUIT OTKAMK UejioBeKa IMPOBOAMIOCh B 3BYKO- U
CBETOM3OJIMPOBAHHOM KOMHAaTe B CTAaHOAPTHBIX YCIOBUSIX OQUCHOI
ocseméHHOCTH 500 JIK, UTO COOTBETCTBYET HOPMATUBHBIM TPEOOBAHMUSM
cormnacHo CIT 52.13330.2016 [6].

it TIpoBeZeHMsT SKCIIEPUMMEHTOB OBIJIO BHIOPAHO UYEThIpE I[BETOBBIE
TeMIIepaTypbl, Haubojee MOMYJISIPHbIE ¥ aKTUBHO MCITOIb3yeMble B paboueii
cpene: 2700, 4000, 5000 1 6000 K (puc. 1).
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Puc. 1. Cnelcrpaanble XapPaKTEPUCTUKK SKCNEPUMEHTaNbHbIX MICTOMHUKOB CBETA

OcCBelEéHHOCTh  TOAAEpPKMBAIaCh  IOCTOSSHHOW  C  TIOMOIIBIO
CIlelajabHO pa3paboTaHHON CBETOOMOMHONM ycTaHOBKM [7]. IlapameTpsr
OCBeILIeHUS KOHTPOJIMPOBAJINCH criekTpodoToMeTpomM PST-SVM
OHSP350LFA mepen KaXObIM 9KCIIEPUMMEHTAJbHbBIM CEaHCOM, UTO
06ecITeunBag0 TOYHOCTh BOCITPOM3BEIeHMS YCIOBUIA.

B uccinemoBanuu npuHsin yuyactue 20 yeysoBek B Bo3pacte 18-26 jer.
YyactHuku B yTpeHHMe dacel (¢ 9:00 mo 12:00) BBINOJHSIM CEPUIO TECTOB:
T€CT CUMBOJIBHBIX IMGp, TecTbl ciexkeHus, Tect CTpymna, 3agaHus Ha
pasjnueHue CMMBOJIOB U Kaccudukalimio BusyanbHolit nHbopmanuu. Iocie
KaKJIOT0 SKCIEPMMEHTAIbHOTO 6jI0Ka yYAaCTHUKM 3aIlOHSUIM OIPOCHUKU
3MOLIMOHAJIbBHOTO COCTOSIHUSI.

[ aHanMsa BAUSHUS [IBETOBO TeMIlepaTypbl OCBellleHUs Ha YPOBEHbD
COHJIMBOCTU WM 3MOLIMOHAJIbHOE COCTOSIHME WCIIOJb30BAJIMCh METOMbI
KOJIMUECTBEHHOI 11 KaueCTBEHHOI 00pab0OTKM JaHHBIX. YPOBEHb COHJIUBOCTU
Y SMOILIMOHAJIbHbIE MTapaMeTPbl OIeHMBAIMCh 110 10-6a//IbHBIM IIKaJIaM JI0 U
I0Cjie BO3MAENCTBUS OCBelleHMs, I0cje Yero IpOoBOAMUIICS OUCIIePCUOHHBIN
aHanu3 (ANOVA) njsi BbISIBJ€HMSI CTAaTUCTUUECKM 3HAUMMBIX pasinumii
Mmexny rpymnmamu (p<0,05). [Iyig Bu3yanmusaluy M3MeHEHUi MPUMEHSIIUCH
TUCTOTPAMMBbI U TEIUIOBbIe KapThl, OTpaXkawoluye JMHAMUKY ITapaMeTpOB [0
U TI0CJIe OCBeIlleHUsI.

PesynbTaTnl
Pe3ynbTaThl MCCIeIOBaHME BIMSHUS IBETOBOM TeMIlepaTypbl Ha
YPOBEHb COHJIMBOCTH ([10/TIOC/IE OCBEIeHNs]) [IPeICTaB/leH Ha PUC. 2:
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Puc. 2. MycTorpamma 3aBMCUMOCTY YPOBHSI COHMMBOCTM OT L{BETOBOI TEMMepaTypbl

WUccnenoBaHusl BIAMSHMS 1IBETOBOI TeMIlIepaTypbl OCBEIeHUsS Ha
YPOBEHb CYACTbsl, TPYCTU, TPEBOTU, CIIOKOMCTBUS, SHEPTUU, YBEPEHHOCTHU,
pasAapakeHusl, YOOBJIETBOPEHHOCTM WMHTepeca U COCPefOTOUYEHHOCTU
(pasHuila 0o0/mocse OCBelleHys ) MpeaCcTaBleHbl Ha PUCYHKAX 3 U 4:

N3meHeHns napaMeTpoB (Nocne - 4o oCBeLlleHUs)

- 0.4
CyacTbe - -0.2 0.2 0.1 0.1 .
- 0.3
rpycTb - 0.2 0.1 -0.1 -0.5

- 0.2
Tpesora - 0.1 0.1 -0.1 -0.2

CnokoncTeue - 0.2 0.2 0.1 ‘ O

Puc. 3. TennoBas kapTa pasHuLibl 4O ¥ NOCNe OCBELLEHNS

IiseToBasi Temmeparypa 5000 K wM3HauajbHO CBSI3aHA C BBICOKUM
ypoBHeM coHyMBOCTU (5,2 6asia), KOTOPbIi CHUKAETCS T10C/ie OCBELIeHMSs.
[Ipu 4000 K coHamBOCTh yMeHblaeTcss ¢ 4,3 no 4,0, ykaspiBasg Ha
nonoxkuTenbHblii 3 dexTt. Temmnepatypsr 3000 u 6000 K meMOHCTpUPYIOT
CTaGMJIBHOCTD YPOBHSI COHJIMBOCTMH.

IiBeToBasg Temriepatypa 5000K roBbImIasia  yooBA€TBOPEHHOCTH
y4acTHMKOB Ha 0,4 e IMHUIIBI, YTO IIPEBBIIIAJIO ITOKa3aTe/u IPYyIUX PesKMMOB,
HO OJJHOBPEMEHHO BbI3bIBaJIa MAaKCMMaJIbHOE yBeJIMUeHMEe Pa3gpaskKeHHOCTH.
Pesxum 6000 K cHMKan rpycThb U pasapakeHne, OOHAKO CTUMYJISILIVS SHEPTUN
B 9TOM ciyyae Obula MMHMMaAbHONI. Temmepatypa 4000 K ob6ecreunBasa
yMepEeHHbIe TO0JIOKUTEebHbIE M3MEHEHMS: IIOBBIIIeHME CIOKOWCTBUS U
YA,0BJIETBOPEHHOCTH MPU HE3HAUUTEIbHOM CHVKEHUM Pa3gpaskeHMsI.
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TemnepaTypa ocBelleHna (K)
Puc. 4. Tennosas kapTa pasHuLbl O 1 NOCMEe OCBELLEHNS (MPOOMKEHIE)

Oo6cyRoeHue

ITpn 2700 K 3aduKCcUMpOBaHO CHUKEHME CUYACTbS, YBEPEHHOCTU U
criokovictBus Ha 0,2, 4TO coryacyeTcs ¢ JaHHbIMU [1, 8], CBA3bIBAOIIUMU
TEIUIBII CBET C Paccjab/ieHHOCThIO, HO He MPOAYyKTUBHOCTHIO. 4000 K
IMPOIeMOHCTPUPOBAJIa YMEPEHHbI POCT CYACThs U criokoiicTtBus (+0,2),
OTCYTCTBME BJIUSIHUSI Ha YBEPEHHOCTb UM CHMK€HME COHJIMBOCTU Ha 9 %,
TTOJITBEPsKIasl KOHIETIIMIO HeTpaJbHOIO CBeTa KakK b6anmaHca komdopTta u
6ompcrBoBaHusg [4, 5]. 5000K ob6ecrieumna HamOOJNBIINIA  POCT
yanosiaerBopeHHOCcTH (+0,4), yBepeHHoctu (+0,1) m criokoictBus (+0,1).
OpHako yBennueHue paszapaxeHus (+0,3) ykaspiBaeT Ha BO3MOXKHBIN
nuckoMdopT, UTO COMIaCcyeTcss C  MCCIeIOBAaHUSIMMU  CTUMYISIIUU
XOJIOLHBIM CBETOM [2, §].

CHmkeHMe CcOHMMBOCTM Ha 17 % coorBeTcTByeT 3ddexTy
nomapieHus MenatTouumHa [8]. 6000 K cuusmia rtpycth (-0,5) u
pasapaxenue (-0,3), HO yXyaluimia coCpegoTo4yeHHOCTh (-0,2) rpu pocrte
COHMMBOCTU (+3 %), UTO MPOTUBOPEUUT psmy paboT [4, 8] um TpebdyeT
U3y4eHUs HeJIMHEMHbIX peakiiyii Ha BbICOKME 1IBETOBbIE TeMIIEPATYPhI.

BopiBOaBI

Ananu3 BbiSBMI  AuddepeHIMpPOBAaHHOEe BMSHMUE  I[BETOBOII
TeMIepaTypbl Ha 3MOIMOHaJbHOE COCTOSIHME, 3aBUCsIIee OT TUIa
peakuuyu 1 guanasoHa. B sone 5000-6000 K HabomaeTcss HEIMHETHOCTb:
coueTaHMe ITO3UTUMBHBIX IMOLMI (CHMKeHMe TPYCTH, pasapakeHus) C
KOTHUTUBHBIM JycbamaHcoM (YXyOIIeHMe BHMMAaHMS), UTO MCKIIOYaeT
YHUBEPCAJIbHYIO OINTUMAaJbHYIO TeMIiepaTypy. 9¢bdeKTUBHOCTD
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OCBellleHUsI ompeesseTcss B3auMOJleiicTBeM KOTHUTUBHOWM aKTUBAIUN,
SMOIIMOHAIbHOTO COCTOSIHMST ¥  MHIOUBUIAYAJbHBIX  IPEeINOUYTEeHUIA.
[IpoekTupoBaHMe CBETOBBIX Cpel MHO/DKHO YUYUTBIBATH HE TOJIBKO
dbusuonornueckue  roxkasaTeau  (ypoBeHb  COHJMBOCTM), HO U
cyObeKkTUBHBINE KOM@OPT, a Takke crenuduky 3amau. KomInieKcHbI
MoAXoM, OaJaHCUPYIOIINUI CTUMYJSIIUIO BHMMAHMS, SMOLIMOHAJIbHOE
6ylaromosiyuye U IepPCOHAMM3ALMIO, CO3IaeT OCHOBY ISl pa3paboTKu
OIMHAMUUECKUX aTallTUBHBIX CUCTEM, CIIOCOOHBIX MMHUMM3UPOBATD
YCTQJIOCTh UM TNOAAEPXKUBATb MPOAYKTUBHOCTb B 3aBUCUMOCTU OT
KOHTEKCTa MCIT0/JIb30BaHMUSI.

WcciemoBaHue BbBINIOJIHEHO 3@ CUET IpaHTa POCCUMIICKOTO HAayuyHOro
donma N2 25-28-20162, https://rscf.ru/project/25-28-20162/ u rpaHTa B
dbopme  cybcumum,  BbimensieMoro  JemapTamMeHTOM 110  HAy4yHO-
TEXHOJIOTMUECKOMY PasBUTUIO M MHHOBAIIMOHHON HesiTeJIbHOCTU TOMCKOI
obsactu (Cornamenne N202/7/2025).
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UCCNELOBAHUE BIUAAHWA YCI0BUA OCBELLEHHUS HA 3PUTEJILHYIO
PABOTOCMOCOBHOCTb U YTOMJIEHUE NMPU PABOTE 3A HACTOJIbHbIM
KOMNbHTEPOM

I'ycees A.B., cmydenm; Kucmenésa A.B., cm. npenodasames
HauuonansHhetii uccnredosamensckuii ynusepcumem «M3U», 2. Mockea

STUDY OF THE INFLUENCE OF LIGHTING CONDITIONS ON VISUAL
PERFORMANCE AND FATIGUE WHEN WORKING AT A DESKTOP COMPUTER

Guseev A.V., student; Kisteneva A.V., Senior Lecturer
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTa M

[IpoBeeHO  3KCIIEpUMEHTAJIbHOE  MCCIefOoBaHMe, I[M03BOJISIOIIEe
OIIEHUTD BJIMSIHME COOTHOIIEHMS SIPKOCTY SKpaHa HOYTOyKa U IpKOCTH (poHa
3a 9KpaHOM Ha 3puUTeIbHYI0 paboTocrocobHocTsb (3PC) n yromnenue (3VY) B
YCJIOBUSIX, MMUTUPYIOIINX AOMAIIHIOW pabouyi cpemy. B skcrepumeHTe
UCTIONIb30Banach mporpamma Test Vision pns ouenkun 3PC u 3V y 14
UCTIBITYEMBIX MPU TpeX peXumax OCBelleHus: 1) OTCYTCTBME OCBEIeHMS
(apxocTb oHa 0 k1/m?); 2) paBeHCTBO SIPKOCTEN 3KpaHa 1 ¢oHa (238 ka/m?);
3) MoBbIIIeHHasT IPKOCTh (hoHa (432 ku/m?) [1-3]. st cO3maHUsI OCBELeHNs
dboHa MCIIOMB30BAJICSI HACTOJbHBIA CBETMJIBHMK C  BO3MOXXHOCTBIO
M3MEHEeHUSI TIOJIOXKEHUSI B IPOCTPAHCTBE, KOPPEJIMPOBAHHON I1IBETOBOJA
temmneparypsl (KL[T) u cBetoBoro noroka. [Ipu npoBegeHnn mccienoBaHus
KOppeJMpoBaHHAs ILBeToBas TeMIiepatypa coctasisiia 4200 K. Pe3ynbraThl
IMOKa3aJi, UTO IIPU BBIMOJHEHUN JIETKUX 3PUTENIbHBIX 3a[auy, TaKMX Kak
TIOUCK ¥ MPOCMOTpP MHDOpMALIMK B MHTEPHETE, 32 HEOOJIbIION ITPOMEKYTOK
BpeMeHU (He Oosee 30 MMHYT) 3pUTENIbHOE YTOMJIEHME CHIDKAEeTCs, a
3puTe/ibHasE PaboOTOCIIOCOOHOCTh YyBennuuBaeTcs. Hambosiblliee CHIDKEHME
3PUTEIBHOTO YTOMJIEHMSI 3a(MKCUPOBAHO B pexkmmax 2 u 3 (y 71%
ucrbiTyeMbix). MakcumanbHbli mpupocT 3PC (93 % ydaCTHMKOB) JOCTUTHYT
npu  (GOHOBOI gprocTu 432 Ku/m?. PaspaboTaHbl peKOMEHIaLyyu 110
MUCTIOMb30BAaHUIO PEryJIMPYeMbIX HACTOJNbHBIX JIAMIT [JISI ONTUMMU3aLUU
JOMAaIIHMX paboumx MecCT.

Abstract
An experimental study has been carried out to assess the effect of the ratio
of laptop screen brightness and background brightness behind the screen on
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visual performance (VD) and fatigue (LW) in conditions simulating a work
environment at home. In the experiment, the Test Vision program was used to
assess the air defense systems and memory in 14 subjects under three lighting
modes: 1) no lighting (background brightness 0 cd/m?); 2) equality of screen and
background brightness (238 cd/m?); 3) increased background brightness
(432 cd/m?). For background lighting a table lamp with the ability to change
position in space, correlated color temperature and luminous flux was used.
During the study, the correlated color temperature was 4200 K. The results
showed that when performing light visual tasks, such as searching and viewing
information on the Internet, in a short period of time (no more than 30 minutes),
visual fatigue decreases, and visual performance increases. Maximum VF
reduction occurred in conditions 2 and 3 (71 % of subjects). The greatest
reduction in visual fatigue was recorded in modes 2 and 3 (in 71 % of the
subjects). The maximum increase in the air defense system (93 % of participants)
was achieved with a background brightness of 432 cd/m? Recommendations for
the use of adjustable desk lamps have been developed to optimize home
workspaces.

KimioueBble  cjoBa:  3puTelbHOe  yTOMJIEHMe,  3pUTeJIbHasI
pPaboToCITIOCOOGHOCTD, OCBENIeHYE pa60Uero MeCTa, HaCTOJIbHbBIE JTAMITbI.

Keywords: visual fatigue, visual performance, workplace lighting, desk
lamps.

BBegenue

PocT BpeMeHM paboThI UeJI0BeKa 32 SKPaHOM KOMITbIOTepa HeM30eXKHO
MIPUBOIUT K YBEJIMYEHUIO HArPy3KM Ha 3PUTEJIbHYI0 CUCTEMY, YTO MOKET
MPUBOIUTh K  TIOBBIMIEHUIO 3PUTEJBHOIO  YTOMJIEHMS, CHVKEHUIO
3pUTEeIbHOM  PabOTOCTIOCOOHOCTM, UTO B CBOK OuYepelb CHIDKAeT
3¢ dekTUBHOCTL paboThl. CucTeMaTHuecKas MOBBIIIEHHAs] Harpy3ka MOXKeT
MIPUBOJINTH K TIOCTEIIEHHOMY CHVDKEHMIO OCTPOTHI 3PEHMSI, TOJIOBHBIM 60JISIM
U [OPYTMM HeXeJaTeJbHbIM IOCaeACTBUAM [4]. VYcaoBUSI OCBelleHus
pabouero Mecta HEOCPeCTBEHHO BIMSIIOT Ha 3G(EKTUBHOCTb 3pUTETHHOIM
paboTel. IIpyM MPOEKTHMPOBAHMM OCBelleHMs B oducax U YUeOHBIX
ayauUTOPUSIX YUUThIBAIOTCSI HopMaTuBHbIe mokyMeHThI (TOCT P 50948-2001,
I'OCT P NCO 9241-8-2007) [5-6], koTOpble permaMeHTUPYIOT OCBEI€HHOCTD
Ha paboueM MecTe. B mocsiemHee Bpemst Bce Gosibliie Jiofieii paboTalT B
IOMAIlHUX YCJIOBUSIX, TIPU 3TOM YCJIOBMSI OCBEIeHUS B OOJIBIIMHCTBE
clyyaeB He KOHTPOJIMPYIOTCS ¥ He YUYUTHIBAIOT (DU3MOIOTUIO 3PUTEIbHOI
paboTsl. Lleab MpoBemeHMS] MCCAeTOBAHUSI COCTOSIJIA B OIIEHKE BIIMSTHUS
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rmapameTpoB ocBelnieHust Ha 3PC u 3V npu paboTe 3a HOyTOYKOM B YCIOBUSIX,
OMM3KMUX K TUIIOBBIM JOMAIIHMM ¥  pa3paboTKe IpaKTUUECKUX
peKOMeH a1t IJIs1 CO34aHMsI OCBEIlleHMS TAKOW CpeIbl.

MeToabI McCIeOBaAHUS

IIng mpoBemeHMsT MUCCIeNOBaHMUSI ObIa CO3JaHa SKCIepUMMEHTaIbHas
YCTaHOBKA C TUIIOBBIMM YCJIOBUSIMM PabOTHI 38 JOMAITHUM HOYTOYKOM. ITpn
TIOMOIIY HACTOJIBHOTO OCBETUTEIBHOTO ITpMOOopa ObLIM CO3IaHbl IBA peXXuMa
OCBeIlleHUsI, TPeTuil pekMM COOTBETCTBOBAJ] paboTe 6e3 MCKYyCCTBEHHOIO
ocemieHuss. C mnomompo IO Test Vision MTPOBOAMINCH M3MepPeHUS
3pPUTENIbHOI PpaboOTOCIIOCOOHOCTM (TOYHOCTh M CKOPOCTb peakuuyu IIpu
OOHApy>KeHUM M3MEHEHUII B TEeKCTe) M 3pUTeJbHOEe YTOMJIeHMe (MeTO[
SIPKOCTHOM aJMCIIapOIINN).

Puc.1. BHeLWHWIA BUA 3KCNepUMEHTaNbHOM YCTaHOBKM

B wucciemoBaHMM TIpUHSIIM  y4yacTue 14 MCOBITYyeMbIX (CTYAEHTBI
HIY «MDW») 6e3 opTaJbMOJIOTUUECKUX ITATOJTOTUIA.
Hcnonb3yemoe obopygoBaHme:

— HOYTOYK ¢ (OMKCUPOBAHHO SIPKOCTHIO 3KpaHa (238 k1/m?);

— CBETOOMOJHAs HACTOJbHAs JiaMIla C PperyjupyeMbIM CBETOBBIM
rotokoMm (5 yposneit: 20—100 %) u KIIT (5 sHauenuii: 3000-6500 K), a
TaKKe HaJIMuyeM [MOBOPOTHOTO MeXaHMU3Ma;

— crnekrporounodotrometp Viso LabSpion;

— mwokcmeTp TKA-TTKM 09;

— spromep LS-110.

[Ipouienypa TeCTMPOBaHUS BKIKOYAJIA JaHHYIO [10CI€I0BATEIbHOCTD:

— apganTanusi K yciaoBusM ocBemeHus: (5-10 MMHYT) BO BpeMs
IIPOBeIeHNsI UHCTPYKTaXkKa;

— wucxonHble usmepenus 3Y u 3PC B riporpamme Test Vision (7,5 MUHYT);
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— BBITNIOJIHEHME 3a/lay, MMUTUPYIOIIMX HeHalpsbkeHHYI0 paboTy 3a
HOYTOYKOM (15 MUHYT);
— KoHTposibHble udMepeHnust 3Y u 3PC nociie Harpysku (7,5 MUHYT).
Bce pecrioHZeHTbl IOAIMCHIBAIM  COIVIaCMe Ha  y4yacTue B
UCCIIeOBAaHMUM. DKCIIEPUMEHT IIPOBOAMIICS B pa3Hble IHU U B pa3HOE BpPeMSl.
B ovH IeHb y4aCTHUKY MOTJIU IIPOVTU TOIIBKO OLHY CeCCUIO.

PesynbTaTsl

PesysibTaThl 5KCIIepUMMEHTa I0Ka3aJiM, UYTO YCJIOBUS OCBelleHUSs, IIpU
KOTOPBIX SIPKOCTh (oHAa paBHA WUAM OOJbIle SIPKOCTM 3KpaHa B
KPaTKOCPOUHBINi mepuon BpeMeHu (He Oosiee 30 MMHYT) CIIOCOOGCTBYIOT
YIYUIIeHMIO II0Ka3aTesieil KauecTBa 3PUTEIbHONI pPaboTbl. 3puTeabHOE
yTOMJIEHVE CHU3WIOCh ¥ 71 % y4aCTHUKOB MPU pexkMMax OCBeIleHus 2 u 3.
Ha puc. 2 npencrasieHa rumcTorpaMmma, KOTOpasi MIIIOCTPUPYET IMPOLIEHTHOE
COOTHOIIIEHNEe YYAaCTHMUKOB JKCIIepUMeHTa ¢ yiayuiieHuem (1) win
yxynmeHuem (|) mokasareseir 3V mociie paboThl 3a HOYTOYKOM B TpEX
pexXumax OCBEIeHMS

100
90
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60
50

40 7 71

30 57 13y lay

10
0

[poueHT yyacTHUKOB, %

3YnpulLf=0  3Y npu Lf=229 3Y npu Lf=432
ka/m2 Ko/m2 kao/m2

Puc. 2. PacnpeaeneHne y4acTHUKOB SKCMEPUMEHTa MO AUHAMMKE 3PUTENBHOMO YTOMITEHUS
(3Y) B 3aBMCUMOCTY OT pexmma ocBelLeHnst (T3Y — 3puTenbHoe YToMIEHe NOBLICUIIOC:
43Y — 3puTenbHoe YTOMNEHNe MOHN3NOCh)

3puTtenbHas paboTOCIIOCOOHOCTD MOBbICHIACH Y 64 % yUaCTHUKOB MIPU
pexxume ocBeleHUs 2 Uy 93 % y4aCTHUKOB IIpU pexxume ocBelleHus: 3. Ha
puc. 3 mpencraBjieHa TUCTOTpaMMa, KOTOpas WJUTIOCTPUPYET MPOIIEHTHOe
COOTHOIIIEHNEe YYaCTHUKOB OKCIIepUMeHTa C TMOoBbIlleHueM (1) win
cHiskeHeM (|) mokasaTeseir 3PC mociie paboThl 3a HOYTOYKOM B TPEX
peXXnumMax OCBeIeHMs
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Puc. 3. PacnpeaeneHne y4acTHUKOB 3KCMEPUMEHTA MO AYHAMUKE 3pUTENbHONA paboTocnocobHOCTH
(3PC) B 3aBucumocTy oT pexmma ocselenns (T3PC — sputenbHas paboTocnocobHOCTL
noebicunacs; +3PC — 3puTenbHas paboTocnocoBHOCTb MOHM3MMACH)

O6cykmeHMe
CHmskeHMe TIpolleHTa omubok B Test Vision K KOHIIy TeCTUPOBAHUS
CBUETENIbCTBYET 00 YIIyUIIeHMM 3PUTEIbHOII paboTOCIOCOOHOCTM, UTO
MOXXeT OBITh CBSI3aHO KakK C ajarTalyeii K Harpy3Ke, TakK M C MO3UTUBHBIM
B/IMSIHMEM SIpKOTO (hOHA Ha KOHI[eHTpalyio BHMMaHus. [IMHaMuKa BpeMeH!
peakuuu TIpU U3MepeHUM 3pUTeIbHOTO YTOMJEeHMSI IJjisi 3 pexuma,
ToKa3asia, YTo y OOJIBIIMHCTBO UCITBITYeMbIX 3Y YMEHBIIMIOCH, YTO TOBOPUT
0 BOCCTaHOBUTEe/IbHOM 3 deKTe rmpu pabore.
dusuoornyeckoe obocHOBaHME OTNITUMAaJIbHOTO pexxumMa
(L=432 ko/M?): cyskeHMe 3pauka yBeJIMUMBaeT [IYOMHY Pe3KOCTM, CHYDKas
HarpysKy Ha aKKOMOZAILIMOHHbIN aIlltapaT M aKTUBUPYS KOJIOOUKMN.
Iass  cosmaHus Haubosiee KOMGOPTHBIX YCJIOBUII  OCBEIEHMSI,
peKOMEeHIYeTCs MCIT0Ib30BaTh OCBETUTE/IbHbIE ITPUOOPDI, MUMEIOIINE:
1) BOBMOKHOCTb PEryJIMpPOBKM CBETOBOIO IIOTOKA, 0OOecreumBalomnii
OCBEIIEHHOCTDb Ha (poHE 32 9KPaHOM MOHUTOPA;
2) KUT npubmmkenHoit k 4000 K;
3) HaJiMuyMe IMOBOPOTHOTO MeXaHM3Ma C MaTOBBIM pacceuBaTesnem, IJsi
HalipaBJieHUs Ha cTeHy ((POH) ¥ paBHOMEPHOTO OcBelleHMs: PoHa.
[TepcCrieKTMBbI JalbHEMIINX UCCIeJOBAHUIA:
— WU3ydyeHMe  JOOJNTOCpouHbIX  3pdexkroB  (6osee 30  MMHYT)
peKOMeH0BaHHbIX PeKMMOB OCBEIeHMS;
— JMCCIeJOBaHME TIapaMeTPOB IIPUM MMMTAIMM peaybHOI paboueit
Harpysku (MHTEHCUBHAsI 3pUTeJibHas paboTa);
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oueHka BoszeictBug Ha 3PC m 3V cMeHbl TuUlla OeSITeJIbHOCTU —
repexosie OT HEHANpPSDKEHHBIX 3adad K HaIpSDKEHHOM KOTHUTUMBHOM
pabore;

pacuiMpeHe BBIOOPKM MCIIBITYEMBIX C pa3fiejeHrMeM Ha TPYMIIbI 10
BO3pacrTy, HaJIMUNIO 0 TaTbMOJIOTMYECKUX [1aTOJIOTUI u
mpodeCcCMOHaIbHOM CrIealIn3aiumn.

BoiBOaBI

. Haubosbiiiee cHIDKeHME 3pUTEIbHOTO YTOMJIEHUSI HOCTUTAeTCs TIpu

dboHOBOM OCBeleHUM (PeXXUMBI 2 U 3; 71 % UCTIBITYyeMBbIX).

. MakcuUMaJbHBIII TPUPOCT 3PUTENIBHOI paboTocrocobHoCcTH (93 %)

sadukcupoBan 1pu sipkoctu ¢ona 432 ko/m> (B 1,8 pasa Bble
SIPKOCTU 3KpaHa).

. g momairHux pa60q1/1x MeCT peKOMeHOO0BaHbl HACTOJIbHbIE€ JIAMIIbI C

peryjainpyemMbiM CBE€TOBbLIM IIOTOKOM U K]_[T, HaIllpaBJIEHHbI€ Ha CTEHY
OJId CO3OaHMA paBHOMEPHO OCBEIIEHHOT'O Cl)OHa.

. Hopmatusel mas  opucusix  momemenuin  ('OCT)  TpeGyooT

aKTyaM3aluuM € YYETOM creuuduKM JoMallHeil cpedbl U
COBpEMEHHBIX JUCIIJIEEB.
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BJIMAHWUE OCBELLEHWUSA C U3MEHAEMbIM CNEKTPAJIbHBIM COCTABOM
HA 3PUTENIBHOE YTOMJIEHUE

Onuwyk A.B., maeucmp; @omuH A.I., K.m.H., doueHm
HauuonanwvHuili uccnedosamensckuti ynusepcumem «M3IU», 2. Mockea

EFFECT OF VARIABLE SPECTRUM LIGHTING ON VISUAL FATIGUE
Onishchuk A.V., M.Sc.; Fomin A.G., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AnHoTanus

B paboTe paccMOTpeHO BIMSIHME O€JIOTO OCBelleHMs C Jo0aBjeHueM
IIBETHOTO Ha 3PUTEJbHOE YTOMJIEHME U 3PUTEIbHYI0 PaboTOCIIOCOOHOCTH
yejioBeKa B YUIOBUSIX O(duUCHOI paboThl. lccimemoBaHue BBITIOJHEHO C
aKLleHTOM Ha IepudepuitHoe BO3JOENCTBME I1IBETHOIO CBeTa, He
U3MeHsollee ITapaMeTpbl OCBellleHMSI B 30H€ BbIIIOJHEHMSI 3PUTEIbHOI
paboTel. Co3maHa SKCIIEpMMEHTAJIbHAsl YCTAaHOBKAa Ha 0ase CBETOAMOMHBIX
RGB neHT 1 pa3paboTaHO IIpOrpaMMHOe oOecrieueHle, BKIIUAIOIIee TeCThI
Ha 3PUTEJIbHYI0 PabOTOCIIOCOOHOCTh M 3PUTENIbHOE YTOMJIEHME, a TaKKe
paspaboTaHO AaHKeTUPOBaHME OO U TIIocjae Bo3geicTBus. IIpoBenéH
3KCIIePUMEHT C yJacTeM 18 uesoBeK, pe3yJibTaTbl KOTOPOIO MOKa3aiy, YTO
BHeIpeHMe I1IBeTHBIX CIleHapMeB OCBelleHMs, OCHOBAHHbIX Ha MPUPOTHbBIX
SIBJIEHUSIX, TTO3BOJISIET ITOBBICUMTD 3pUTEIbHYIO pab0TOCIIOCOOHOCTH Ha 15 % 1
CHU3UTH YPOBEHb 3puUTeIbHOr0o yromseHuss Ha 30 %. IlosiyueHHbIe JaHHBIE
IMOKAa3bIBAalOT, UTO [JAHHOE pelleHure MOXXeT IOJO0XUTEeNbHO BIUSIThL Ha
yeJl0OBeKa IIPU BO3OENCTBUM TaKMX ClieHapueB B TeueHMe vaca, OOHAKO Mpu
6oyiee IIMTEJILHOM BJIMSIHUM HEOOXOAMMO IIPOBECTM [IOIIOJHUTE/IbHbIE
MUccaen0BaHMsl.

Abstract

The paper examines the effect of white lighting with the addition of color on
visual fatigue and visual performance in office work. The study was carried out
with an emphasis on the peripheral usage of colored light that does not change
the lighting parameters of the visual task area. An experimental setup based on
RGB LED strips was created and software was developed that included tests for
visual performance and visual fatigue, as well as a questionnaire before and after
testing. An experiment was conducted with the participation of 18 people, the
results of which showed that the introduction of color lighting scenarios based on
natural phenomena can increase visual performance by 15 % and reduce the level
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of visual fatigue by 30 %. The data obtained show that this solution can have a
positive effect after a one hour exposure, but for longer periods, additional
research is necessary.

KimioueBble  cjioBa:  3puTelbHOE  yTOMJIEHME,  3pUTEJIbHasI
paboToCIIOCOOHOCTD, IIBETHOE OCBelleHNe, 0(DUCHOe OCBellleHNe

Keywords: visual fatigue, visual performance, colored lighting, office
lighting

BBegenue

B coBpeMeHHOM MUpe MHOXeCTBO Mpodeccuii CBSI3aHbl ¢ TTOCTOSTHHOM
paboroit B oduce Mpyu MCKYCCTBEHHOM OCBeIeHNM, KOTOpPOe BIUSIET He
TOJbKO Ha BBIMIOJIHEHME 3pUTEeJbHbIX 3a7au, HO U Ha Oojiee TOHKUE
nicuxodusmonornyeckyie mpoiecchl. B yCIOBUSIX OTCYTCTBUSI €CTeCTBEHHOTO
OCBeIeHMsI, 0COOEHHO B CEBEPHBIX PeTMOHaX WM B TIOMENIeHMSIX 6e3 OKOH,
TIPOUCXOINUT YXYAIIeHMEe CaMOUYBCTBUS, CHUKEHME MPOAYKTUBHOCTH, POCT
yTOMJIEHUSI U [e30pueHTaluu BO BpeMeHM CyTok. Hambosmee ocTpo 3TO
MPOSIBIISIETCSI B CUTYyalMSIX MOHOTOHHOW 3PUTENbHOM [eSaTeJIbHOCTU U
ITUTeIbHOI paboThl 32 KOMITbIoTEpOoM [1].

OIHUM M3 pellleHuii MaHHOW IPOOJEeMbI SIBJISIETCS MOZEIVPOBAHME
CBETOBOII CpeJibl, UMUTUPYIOIIeV TpUpPoIHbie sBaeHus [2]. B nanHoit paboTe
UCCIIeIYIOTCS BO3OEVICTBUS Ha COCTOSIHME 3PUTEIbHOM CUCTEMBbI UejioBeka 3a
CU€T mobaBiieHMs 1BETHOTO CBeTa Ha CTEHbI M TOTOJOK, MMUTUPYIOIIEro
pasHble (asbl CyTOK, 0e3 U3MeHEHMSI OCBEIIeHHOCTM W IIBETOBOI
TeMIlepaTypbl OCHOBHOTO OCBellleH1sI Ha paboyeM MecTe.

MeTtop, ucciegoBaHUA

OKCIIEPUMEHT IIPOBOAMIICS B YCJIOBUSIX CIIEIMabHO OPraHM30BaHHOTO
0(dMCHOTO IMPOCTPAHCTBA C BO3MOSKHOCTBIO YIIpaB/ieHMsI OCBellleHeM. beroe
ocsemreHne ¢ T = 3500 K obecreunBaaoch IOABECHBIM CBETUIBHUKOM, B TO
BpeMs Kak RGB nenTta ¢opMmupoBaa 1IBeTHYI0 nepudepuio. O6mas cxema
SKCIIePMMEHTAJIbHOM YCTAaHOBKM IIpelcCTaBjeHa Ha puc. 1. 3a cyér
IIPMMEHEHMS YIIPaBJSIEMbIX OpaiiBepOB M KOHTpoJuiepa craHmapta DALI
ObIO peasM30BaHO TpPU CIEHApuUs: YTPEHHMIT, JTHEBHOM ¥ BeUYepHMUI,
OCHOBaHHbIE Ha peasIbHbIX M300pakeHUsIX Heba (puc. 2a—a).

[JisT 06bEKTUBHOM OLIEHKM BIAMSIHMSI MCITOTb30Bajlach pa3paboTaHHbIe
IMPOrpPaMMBbl:

e TecT Ha 3puTeabHOe yToMiieHMe (3Y), ocHOBaHHbBIM Ha 3ddekTe
SIPKOCTHOM agucnaponuu (puc. 3a);
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e TeCT Ha 3PUTENIbHYI0 paboTocrioco6HOCTh (3P), OCHOBaHHBIN Ha
CpaBHEHUM CMMBOJIbHBIX CTPOK (pUC. 30).

Puc. 1. Cxema aKcrnepumMeHTansHoW ycTaHoBkU: 1-3 — neHTbl RGB, 4 — nofBecHON CBETUMBHWK C
koppenuposaHHon LgeTtoBon Temnepatypoit 3500 K, 5 — cBeTUNbHWUKM BCTpamBaeMble Tvna
WallWasher ¢ xoppenupoBaHHoii LiBeTosoi Temnepatypoit 3000 K ans ocBeLLeHns CTeHbI

6)

Puc. 2. CueHapun ocBeLLeHNs: YTPEHHWNA (&), AHEBHOM (6), BeYepHwit (8)



Tect 3Y Tect 3P — cpaBHeHMe CTpoK

Tect: 596 ¢
B3apaHue: 6¢

Oxwupanue: 2 ¢

EYJIO3BM®3X0310XW3¢C1 39T IMABMS 5

EVIMO3BM®3X0310XU3$C1 39T AMABMS 5

_d OAVHAKOBbI PA3HBIE

3achMKCUPOBaTL BpeMS 3asepuiTs TecT
a) 6)

Puc. 3. Tectbl a) Ha 3Y 1 6) Ha 3P

[Jist cyObeKTMBHOM OLIEHKM MCIT0/Ib30BajIach aHKETa C pa3BePHYTHIMU
OoTBeTaMM M Oa/IJIbHOM OLIeHKOIA.

Y4aCTHUKOB pa3feiniv Ha TPYIIIbI M0 ClieHapusM. B Kaxkmoit rpyrire
ObI0 10 6 yYyacTHMKOB. Ilepem  TecTMpOBaHMEM  IPOBOAVAICS
TPEHUPOBOUHBII peskuM. Bce 3kcmepuMeHTbI NPOBOIMIMCH C 3aKPBITHIMU
OKHaMM 0e3 BJIMSIHUSI €CTeCTBEHHOI'O CBeTa.

BHauase UCIIBITYyeMble HaxXOOWINCh B 0e/loM CBeTe, 3aIlOJIHSUIA
CTapTOBYIO aHKETY CO CBOMMM TaHHBIMM, 3aTe€M ITPOXOIAUJIN TPEHMPOBOUHBI
TecT. [Tocse 5TOro mpucTynain K BbIIIOJHEHUIO TecTa Ha 3V, najee TeCT Ha
3P m s3akmwunTenbHbIi TecT Ha 3Y M aHKeTupoBaHue. Ilocie 3TOroO
BKJIIOUAJICSL CII€HApUii, COOTBETCTBYIOLINIA BpeMeHU CYTOK. MCIbITyembie
rojiyaca OTHbIXaldM, 3aTeM Takke Impoxonunu Ttect Ha 3V, 3P, 3V nun
3aIlI0JIHSIJIM @aHKEeTHI 110 3aBepIIeHUI0 TecTa.

Pe3yabTaThl

Cpennuit nipupoct 3P 110 yTpeHHeMy ClLieHapuio coctaBun 14 %, 1o
IHeBHOMY 15 %, a B BeuepHeM HaOJI0Ja/oCch yBeJmueHne Ha 16 %, XOoTsd B
rocyienHeM ciayJae 3aduKCUpoBaH 60jee BhIpaKEHHbIN pa3dpoc 3HAUEHMIA,
BIUIOTh A0 JIOK&JILHOTO CHMKeHUS 3P y OTHe/NbHBIX UCIIBITYeMbIX (puUC. 4).
OTO CBUAETENbCTBYET 00 MHAMBUAYAJbHO! BapUMAaTUBHOCTU peakiuili B
KOHIle pabouero AHS, CBSI3aHHOW C HAKOIUIEHHOI YCTAJOCTBhIO M Pa3HOi
CTEIeHbI0 HAarpy3Ky B T€UEeHNe JHSI.

CHmkenre 3V oKa3ajJoch OCOOEHHO BBIPAKEHHBIM B YTPEHHEM U
IHEeBHOM ClieHapusx — B cpegHeM Ha 30-40%, ¢ MaKkCHMMaJbHbIM
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yiyuiieHueM a0 68 %. IIpy 3TOM B BeuepHEM ClieHapuMM HabJomaeTcs
60JIbILIOI Pa36poc pe3yabTaTOB, Kak u ajist 3P.

CorsacHO aHKEeTMPOBAHMIO, OOJIBIIMHCTBO MCIIBITYEMbBIX OTMETUIIN
yJIydllleHMe HAaCTPOeHMs, TOBbIlIeHMe KOMGpOpPTa U KeJaHUSI UCIO0JIb30BaTh
MoJI06HOEe OCBellleHMe B peasibHbIX YCIOBUSIX. Takke, MOXXHO CKasaTb, UTO
CBET He BbI3bIBAJI Y JIIOJIEl KaKUX-TMO0 OTPUIIATENbHBIX SMOLMIA, IIPU 3TOM
IIOMOTaJI OpMEHTUPOBATHCSI BO BpeMEHU CYTOK.

..................

0°0%894a, Tett

4 4 ’ K & g
& o e & £ 4 i
o 5 o

3) % e

Puc. 4. PesynbTaTbl TECTOB: «SLMKK C ycamuy a) ans 3P u 6) ons 3Y

l3-3a MaJjoit BbIOOPKM MCIOJb30BAaH HeIlapaMeTpPUUeCKUil KPpUTEPUii
BuiKoKkcOHa MIj1s1 MapHBIX CpaBHeHMit. Bce pes3ynbTaTbl CTATUCTUUECKU
3HAUMMBbI, KpOMe TToKa3aTesieit Ha 3V B BeuepHeM CIleHapUu.

Oo6cyRmeHue

B yTpeHHeM M OHEBHOM CII€HapMUsX MCII0JIb30BAJIOCh OCBEIleHME C
BBIP@XE€HHBIM KOPOTKOBOJIHOBBIM (CMHMM) KOMIIOHEHTOM CIEKTpa, YTO
obecrieumsio ycroitunmBoe yayuiieHue 3P U CHMKeHMe yTOMJIEHUS. DTuU
pe3yJbTaTbl COTJIACYIOTCS C TIOJIOKeHUAMM cTaHpgapta DIN [3], coriacHo
KOTOPOMY  KOPOTKOBOJIHOBOe  u3jyyeHue 3(DGeKTUBHO  aKTUBUPYET
BHYTpUIJasHble (dortopenenTopsl ipRGCs, CIOCOOCTBYET IOAABJIEHUIO
BbIpaOOTKM MeJIaTOHMHA ¥ IIOBBIIIAET YPOBEHb OOIPCTBOBAHUS U
KOHILIeHTpalMn.

[ToryueHHbIe TaHHbIE TAKXKe IMOATBEPXKIAIOT pe3yabTaThl IPEeIbIAYIINX
uccaenoBaHuil, MpoBeAEHHBIX Ha Kadeape «CBeroTexHuka» MOU [4].
OpgHako BaXHO YUMTHIBATh, UTO UYPE3MEPHOE WM MPOIOJIKUTETbHOE
BO3JI€/iICTBME HACBIIIEHHOTO CUMHET0 CBeTa MOXXEeT BbI3bIBATb 3PUTEIbHOE
repeyToMyieHre U TIOTeHUMaJIbHbIA OUCKOM@OpPT. ITO IOZUEpPKUBAET
He0O0X0IMMOCTb 6aylaHCUPOBATh CTUMYJIUPYIOIIEee IeicTBye c
TpebOBaHUSIMM 3PUTEIBHOIO KOMGOpPTa U 3PUTENbHOI 06e30I1acHOCTH,
0COOEHHO IPY IJIUTEIBHOM IIPUMEHEHNUY CBETOBBIX CIIEHAPWEB.
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BoiBOaBI

Cpennuii ipupocT 3P coctaBmi 14 % B yTpeHHeM clieHapuu, 15 % — B
JIHeBHOM U 16% — B BedyepHeM, IIpM 3STOM BedyepoM OTMeuascs
3HAUUTEJIbHBI pa3bpoc, BKIIOUAsI CHIDKEHME Y OTHe/bHBbIX MCIThITYeMbIX.
OTO yKa3blBaeT Ha MHIAMBUIYAJIbHbIE DPA3JIMuUMsl peakiuii B KOHIE [HS,
CBSI3aHHBIE C YCTAJOCThIO M Harpyskoit. CHskeHue 3V ObIJI0 BbhIpaskeHHbIM
yTpOM M gHeM — B cpenHeM Ha 30-40 %, makcumym Oo 68 %. Beuepom
TaKKe HabJI0gaMach BbICOKas BapUaTUBHOCTD, Kak U 13 (0)
paboTocroco6HoCcTH. IIpy 3TOM CTaTMCTHYECKasl IIpOBepKa IT0Ka3aja, uTo
BeuepHMe U3MeHeHNs] YPOBHS YTOMJIEHUSI HE3HAUMMBbI.

AHKeTMpOBaHMe TIIOATBEPANIO YCTOMUMBBIE aCCOLMALMM CBETOBBIX
cueHapueB ¢ dasamu OHSI: YTPO — paccBeT, AeHb — SICHOe Hebo, Beuep —
3aKaT. OTO TOBOPUT O MOTEHIMAJIbHON OPUEHTUPYIOIIEN PO OCBEIeHUS
IIPU HEJJOCTATKE eCTECTBEHHOTO CBeTa.

[IBeTHOe oOCBellleHMEe He BbI3bIBAJIO0 HETraTUMBHBLIX peakluii, Jalle
TIPUBOIMIIO K YIYUIIEHUIO PAaO0TOCIIOCOOHOCTH U CHMKEHUIO YTOMJISIEMOCTH.
OnmHako M3-3a OTpPaHMUYEHHONM IIPOAOJIKUTEIBHOCT BO3HEMACTBUS (OKOJIO
yaca) HeoOXOOMMbl [IOMOJIHUTE/bHbIE MCCAeOOBaHUSI, OCOOEHHO II0
IUINTEJIbHOMY BJIMSIHUIO.

Takke yCTaHOBJIEHO, UTO OyMaskHbIII BapMaHT TecTa Ha YTOMJIEHUE
OoJjiee HaJleskeH M BbI3bIBA€T MEHBIIYI0O HArpy3Ky, 4eM 3KpaHHBIN, YTO
cegyeT YUUTHIBATh B OYIYIIMX SKCIIEpUMEHTAX.
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AuHoTanmus

VccnemoBanusl BAMSIHMS TTapaMeTpPOB 00JIyUeHUsI Ha POCT U pPa3BUTHE
MMKpO3eJIeHM [MaiflkoHa ¥ YCOBEPIIEHCTBOBAHME DPEKMMOB OOyUEHUST C
LIeJIbI0 TIOJyuYeHMsT OOJIbIIIero umucja YposkaeB B eIUHUILY BpPEMEHU U
ToJIe3HO 6MoMacchl TP MUHUMMAIbHBIX 3aTpaTax 3JIeKTPO3Heprumn. Bbuio
npoBefieHO 6ojiee 50 3KCIIEPUMMEHTOB [0 BbIPAIIMBAHUIO MUKPO3eJIeH!U
IaiikoHa TIpU PasIMUHbBIX pesKMMax oOJIydeHMsl ¢ Bapuaumeii gpoTomnepuosa,
BpeMeHMU KYJbTUMBUPOBAHMS, JJIUTENbHOCTM (a3 oOJyuyeHUsS ¥ TeMHOTHI U
OT/JIOKeHHbIM (Ha 2-3 CYTOK) HadaJioM OOJyYeHMsI. OKCIIePUMEHTbI
MMPOBOAMJINCh  HA  TUAPOIOHHONM  YCTAHOBKE €  CUMHE-KpPaCHbIMU
CBETOOMOOHBIMM OOydaTensiMu. Ha ocHOBe 3KCIIepMMEHTa/NbHBIX JTaHHbIX
paspaboraHa HelipoceTeBasi MOJeb JJisI TTPOTHO3MPOBAHMSI ITapaMeTpOB
00myueHMsT (KaTeropMajbHbIii TUIT CIIEKTpa; BpeMsI BbIPAIIVBAHMSI,
doromnepnoa, u/cyT), obecrieuMBaOIIMX 3aJaHHYI0 OMOMACCY JIMCThEB
(cpenHsis abcomioTHasT ommmbKa: goTorepuon — 3,5 4, BpeMs BbIpaliiBaHMSsI
— 1,2 nHg). B pesynabTaTe ucciemoBaHMii ObIJIO YCTAHOBJIEHO: OTJIOXKEHHBIN
Ha 3 OHSI cTapT OOJyueHUs COKpalllaeT SHeprornorpedsneHue Ha 42 % mpu
He3HAuNUTeJIbHOW roTepe ypoxkainHocTu (8—10 %). Hawmmydiime pe3yiabTaThbl
1nmo Ouomacce JMCTbeB MMKpPO3eJeHM U 3IHeprodap@eKTUBHOCTM ObLIU
TOJTyYeHbl MPU peXuMe C uepesoBaHMeM 64 0OJyuyeHMs/6 U TEMHOTBI U
OT/JIO’(KEHHOM CTapTe OOJIyueHMSI Ha 3 CYTOK. PeXMMbI € IJINTeIbHBIMU
HeIpepbIBHBIMM  ceaHcamy  oosmyueHust (20-244)  JeMOHCTPUPYIOT
HaWIyJIlIMe pe3ysabTaThl 110 M0JIe3HBIM O0MoMaccaM M COOTHOILIEHUIO CYXOif
MAaCCHhI K ChIPOIA.
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Abstract

Studying the influence of irradiation parameters on the growth and
development of daikon radish microgreens, improve lighting regimes to maximize
yield frequency and high-quality biomass with minimal energy consumption.
Over 50 experiments were conducted with daikon, varying photoperiods,
cultivation time, delayed irradiation (by 2-3days), and light/dark cycles. A
neural network model was developed to predict optimal lighting parameters,
demonstrating high accuracy. Key findings: Delayed irradiation start (3 days)
reduced energy consumption by 42 % with minimal yield loss (8—10 %). The
6 h/6 h light/dark cycle with delayed irradiation showed the best balance of
biomass yield and energy efficiency. Extended continuous light exposure
(20-24 h) achieved superior biomass productivity and highest dry matter
accumulation.

KiioueBbie C/I0OBa: CBETOKY/IbTYpa pacTeHU, MUKPO3€Ie€Hb, PESKUMBbI
o6yueHus, poronepuom, sHepro3adPeKTUBHOCTD, TMAPOIIOHHAST YCTAHOBKA,
dotocuHTeTMUECKM akTMBHas pamuauusi (DAP), doTocuHTeTHMUECKAS
dbotonHas o6;yueHHOCTD (PPFD), CBeTOOMOIHbIE 00TydaTe N

Keywords: light-based cultivation, microgreens, irradiation regimes,
photoperiod, energy efficiency, hydroponic system, photosynthetically active
radiation (PAR), photosynthetic photon flux density (PPFD), LED grow lights

BBegenue

POCT UMCIIEHHOCTM HaceleHuss U HeUIUT CeTbCKOXO3SCTBEHHbBIX
pecypcoB, 0COOEHHO B CEBEPHBIX IMIMPOTaX, 00yCIaBAMBAIOT aKTYaJbHOCTb
pa3paboOTKM METOMIOB PAaCTEHMEBOJCTBA C MPUMEHEHMEM OOIOJIHUTEIbHOIO
obnyuenus. OOHMM U3 TIPEMMYIIECTB TaKUX TEXHOJIOTUIl SIBJISIETCS
BO3MOKHOCTh MHOTOSIPYCHBIX TI0CaJIOK, UTO IOBBIIIAET IPOIYKTUBHOCTD Ha
eIMHUILy IUIOINaAy. AHaIM3 JIMTepaTyphbl II0Kas3aj, UYTO MMKPO3eJeHb
penyica, BbIpallleHHasl IIPY MCKYCCTBEHHOM OCBeIIeHMM, OT/inuaeTcs: 6oee
HACBIIIEHHOM  OKPacKoil M YJAYUIIEHHBIMM  OPTraHOJIENTUUYECKUMU
cBOJicTBaMM. MaKCMMaJIbHbIE ChIpble ¥ CyXMe OMOMAacChl MUKPO3eJIeHU
penyica 6bUIM OTMEUEHBI IIPU KPYTJIOCYyTOUHOM ob6syueHum [1]. KombuHarms
6onee HuM3Koro 3HaueHuss PPFD (180 mkmonb-M 2-c!) M [IIMTEIBHOTO
doronepuomga (24u) obecreunBasia OOJIBIIYIO OMOMAacCy cajiaTa, 4YeM
koMOuHaimst PPFD: 270 mKMoiab-M 2-ct u ¢otomepuon: 164 [2]. Takum
o6pa3oM, IIpM yCOBepIIeHCTBOBaHMM KoMOuHauuu PPFD u doTtonepuona
CTOUT OTHOaBaTh MPEANOUTEHME YBEIMUEHNIO KOJIMUECTBA YaCOB OOyUeHMSI,
a He ypoBHs PPFD. Ilpu paBHOW BereTalMOHHON m03e O0JyueHusT
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MIPOAYKTUBHOCTb PaCTeHMII oTiperesisieTcs couetanueM PPFD, njiuTeIbHOCTU
dotoneproga ¥ BpeMeHM Beretaluu, UYTO TpedyeT KOMILJIEKCHO
OIITUMM3AaLIMM CBETOBOTO pexxuma [3].

Llenpro ucCAemOBaHMIA SBJSIETCS WU3yyeHMe BIUSHUSI I[IapaMeTpOB
o0JiyueHMsT HAa  POCT M  pasBUTHME  MMKpO3eJeHM JaiikoHa U
YCOBEPIIEHCTBOBAHME PEKMMOB 00JTyUeHUS.

ABTOpBI cTaBWIN Mepe] co00ii 3aauy: Ha OCHOBE SKCITepYMEHTAa/IbHbIX
IaHHBIX BBISBUTb 3aBUCHMMOCTM MEXAY TIapaMeTpaMy OOJyueHUS W
XapaKTepUCTUKaAMM MUKPO3eJIeHH, MMpPOaHaaN3MPOBaTh
9HeproapPeKTUBHOCTh U CPOPMUPOBATH PEKOMEHIAIIMM T10 BhIPAIMBAHMIO
MMUKpO3€eJeHU JaliKOHa.

MeToabI McCIegOBaHUS

Iisg  ucciemoBaHMii 110 BbIpallMBAaHMIO MMKpPO3eJieHM  Oblia
MUCIOIb30BaHa TMIPOIIOHHASI YCTaHOBKA C pelMPKYJslieit MuTaTelbHOTO
pacTBopa C KpacHbIMM M CUMHMMM cBeTtommuomamu (puc. la, 16). CpemHee
3HaueHMe PPFD yCTaHOBKM ObUIO PacCUMTaHO, MCXOHS U3 U3MepsSieMOro
CIIEKTPa M COCTABIUIO 284 MKMOJIb-M 2-C"1, 3HaueHMe 6bLIO OJVHAKOBBIM
IJIS1 BCEX PEXKMMOB 00TyueHMs.

B KkauecTBe MccileoyeMOil KyJIbTypbl ObLI  BbIOpaH  JaiiKoOH.
OOYyCJIOBJIEHO 3TO IpeIBapUTEIbHBIM aHAIM30M, TTOKa3aBIIMM HaMBBICIINIA
MPOIIEHT BCXOXECTM U MaKCUMaJIbHYI0 IUIONMIAb JIUCTBbEB Cpeau
TeCTUPYEeMBbIX 00pa3I0B, UTO oOecreunBaeT 0ObEKTUBHYIO OLIEHKY BJIMSIHUS
BO3JIeiCTBUSI 00JTyUeHMS Ha POCT pacTeHMIA.

CnekTp ycTaHOBKMW BepX, HU3 1 kpueasa McCree

1 ~ ——Bepx 1
0,9 - ~ / . L 0,9

| ] / = =Kpuean McCree
0,8
0,7
0,6
0,5
0.4
03
0,2

0,1

CneKTpanbHas NAOTHOCTL 0BNYYEHHOCTH, O.€.
CnexkTpanbHblid KO3hOULMEHT NOMMOWEHWA, 0.6

AnvHa BoAHBI, HM

6)
Puc. 1. TugponoHHas ycTaHoBKa 151 BblpalliyBaHUA MUKPO3eNeHN fankoHa:
BHELLHWIA BUL, (&), CNeKTpbl YCTaHOBKM (6)

[Tpn c6ope yposkasi TPOU3BOAMUIIOCH B3BeIIMBaHMe KaXKIOTO pacTeHus,
a Tarxke crebsieil (oceBoii uacTu Ii0bera OO Yy3Ja) U JIACTbEB C
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MCITOJIb30BaHMEM IOBEJIMPHBIX BeCOB € TOYHOCTBIO Ao 0,01 r. OreHka
IUIONIAaAM JIMCThbeB MPOM3BOAMIACh IO MOJe/JM JIUCTa JailkoHa U
U3MEpEeHUSIM [OJAMHbI ¥ IIUMPUHBI JIMCThEB, TaKXKe WU3Mepsaach [IJIMHA
cTebneit, cyxass M cbIpass Macchl yposkaeB. Kakmyio Hemeso MpPOBOAMICS
KOHTpPOJIb OcCBellleHHOCTU JIIoKcMeTpoM LMT POCKET LUX-2 u KOHTPOJIb
CTIeKTpa obsyuaTtesieit mopTaTUBHBIM criekKTpoMmeTpoM UPRtek MK350N pa3s B
MecsI1I.

WccnemoBanoch  BausiHMe — GoOTOIEpMOma, pexkumMa  OOJIyudeHUs
(IIMTEIbHOCTD CBETJIBIX ¥ TEMHBIX LIMKJIOB, UX KOJIMUYECTBO, OTI0XKEHHBIN 10
TIOSIBJIEHMSI BCXOJIOB CTapT OOTyUeHMs), BpeMeHM BereTalum.

PesynbTaThl

XOTS TOMCKY TIPeAIIOUTUTETLHOTO BpeMeHM Beretaluy HauMHaIUCh C
14 pueit, Hambojee O6IATONPUATHBIMM ObUIM IIPM3HAHBI BapUAHThI C
MIPOJOJDKUTEIbHOCTBIO BhIpallMBaHUSI He 6ojiee 7 CYTOK, IO IIOSIBJIEHMSI
TPeTbero HacCTOsIIero JMCTa, TOrJa IIepBble CeMSIOJIbHbIE JIUCThS,
obOnajarome HauOOJIbIIel IUTaTeNbHO! I1IeHHOCThIO, ObUIM Haubojee
KaueCcTBeHHBIMM. Macca JIMCTheB MCI0Jb30Bajach KaK Hauboiee 3HaUMMBIii
rapaMeTp JJist OLIEHKM KauecTBa YPOsKaeB.

Macca pacTeHWi B 3aBUCUMOCTY OT hoTonepuoaa (4-7 fHel pocTa)  Macca NUCTLER B 33aBUCUMOCTU OT (hoToneproaa (4-7 AHER pocTa)
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Puc. 2. 3aBUCMMOCTb MacChl pacTEHUIA U Macchl NIMCTLEB OT (hoTonepuosa

HecmoTpss Ha TO, uYTO Haubomee mjuTe/bHbIe (HOTOIIEPUOMIbI
obecreunBaayM HaMIyUullMe pe3yabTaThl II0 MaccaM pPacTeHMii M JIMCTbeB
(puc. 2), apdbeKTUBHOCTH IMpeoOpa3oBaHMsI CBETOBOI SHEPTUM (BbIpasKeHHast
KaK OTHOIIeHMe OMOMAacChl JIMCTbEB K CYMMAapHON ITPOAOJIKUTEIbHOCTHU
00sryueHMst) OblIa CYIIeCTBEHHO HIDKE 10 CPAaBHEHUIO C IPYTUMM peXMMaMu
(puc. 3), Mo3TOMY OBUIO peLIeHO MCCAeI0BaTh M HECTAaHAAPTHBIE PESKUMBbI
obsryueHus (puc. 3, 4).
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33BMCMMOCTE OTHOLEHUA Macchl IMCTbEB K 06wemy uncny 3aBMCHMOCTb OTHOLLIEHMA CYXOi Macchl K CbIpoi oT PexuMbl 06ny4eHna:

4acos o6nyyeHus ot pexuma obnydeHna pexkuma obny4enna I 1. CranpapTHbIK. N 4 0Bnyy-4a B cyT
2 30 oaz N 2. 64 0BnyNenusi B 4 TemHoTa
8 (5 UMKnOB €BETa, 7 CYT BereTaumu)
i 26,4 = I 3. 64 obnyyesnal 3 Y TemHoTa
] 25 2 01 0,0970,096 (8 yukno. ceeTa, 6 cyT BereTayuH)
H 3 0,088 B 4. 64 obnyyenusl 3 4 TemHoTa
- = (7 umknos ceeTa, 5 cyT Beretaumm)
§ 2 g 008 5. 244 obnysennel 6 4 Temmoral
El 125 181 3 4 oBnyuenne. (2 unkna ceera,
D & g -mnn BereTaynn|
=3 3 hos9 0,058 0,061 6. 24 4 oGnywenve/ 10 4 Tewnoral
I 123 147 £ 008 — 5 0,056 1,05, 244 uanmnue (2 unkna ceera,
£ S ] 0,05 7 cyT BereTaLum)
H § £ 0,043 0,044
7 0 5 004
8 =]
g £
H 4 7 49 o
H 5 0,02
I
i
-
2 0 0
S o 6 12

Honuuectso uacos obAyueHnn B CYTKH Honuuectso uacos oﬁnyuelmn B CYTKH

Puc. 3. 3aBucumocTu napamMeTpoB MUKPO3ENEHN OT PEXNUMOB 06J'IyLIeHVIF|

3aBUCUMOCTL MacChl IMCTbEB OT TUNa CNEKTPa U PeXMMa 06NYYeHUA  Pexumbl 0BnyveHNs:
(pacrenuns pocnu 4-7 gheid) I 1. CrannapTHbiA. N 4 06nyY-HA B CyT

B 2. 64 obnyyenmsl By TemHoTa
722,4 7038 (5 umxnos ceera, 7 cyT Beretaumn)
691,1 4

B @ 64 obnyyennal 3 4 TemHoTa
(6 umknos ceera, 6 cyT BereTaumuu)

77, I 4. 64 obnyvennnl 3 4 TeMHoTa
(7 umKnoB ceera, 5 cyT sererauum)

5. 24y obnyuennel 6 u Temmoral
24 4 obnyyenwe. (2 uMkna ceeta,
4 pHn Beretaumm)
6. 24 4 obnysenne/ 10 4 TemHoTal
24 4 obnyveHme. (2 uukna caera,
304,8 7 eyT seretaunm)

609,3

595

CpepHan macca IUCTbes, Mr
=N W § ] § )
8 8 8 8 g8 8

(=]

BepXHMA ApyC HWKHWIA Aapyc TeMHasa KomHaTa (6es
YCTaHOBKM YCTaHOBKMN o6ayy-na)

Tun cnektpa

Puc. 4. 3aBMCMMOCTb Macchl NIUCTLEB OT PeXMMOB 06n1ydeHms. [1ns pexuma 1 dotonepuos
coctansan 16 y/cyT Ans BEPXHEr0 N HUXHETO APYCOB YCTaHOBKM

Ha ocHOBaHMM 3HAUUTEIHLHOTO OOBEMA SKCIIEPUMEHTATbHBIX TaHHBIX
O6bta  paspaboraHa  HeMipOHHasT  CeTb,  IIpeJHA3HAuYeHHas]  JJIsl
MIPOTHO3MPOBAHMUSI HEOOXONMMBIX 3HaueHuii ¢oTorepuona, BpeMeHU
BBIPAlIMBAHMUSI M TUIIA CIIEKTpa (KaTeropuajbHbII TapaMeTp) C LeJblo
IOCTYDKeHMS 3aJJaHHOM MacChl JUCTbeB. TUIT Monenau — IIOJHOCBSI3HAsI C
MHOXXeCTBEeHHbIMM BbIXOAamu, (pyHkuus aktuBauuum — ReLU. PasgeneHue
naHHbeix: 80 % — obyuenue, 20 % — TectupoBaHme. CpemHsISI abCOMIOTHAS
ommbka (MAE) pjis ¢doTorepuona coctaBuiia 3,5 u, [yl BpeMeHU pocTta —
1,2 nHSI, TOUHOCTDb OompeneeHus Tuia crnekrpa — 92 %. boula mpousBegeHa
OLIEHKA S5KOHOMMM 3JIEKTPOIHEPTUM TIPU OTIOKEHHOM CTapTe Ha 3 CyTOK IS
7 mHei BbIpAIIMBAHMSI ITyTEM pacuéTa pasHUIBI (B %) MEXIy OOIIUM
KOJIMUECTBOM 4acoB 00JryueHus ¢ 1-ro gHs U ¢ 3-ro. Beiroga cocrtaBmiia 42 %
IJIS1 CTaHAAPTHBIX poTomepnomoB N u/CyT.

Oo6cyRmeHue

PesynbTaThl IIPOBEIEHHbIX MCCIIeIOBaHMIA I€MOHCTPUPYIOT
3HAUUTEJIbHOE BJMSIHME PEKMMOB OOIyuYeHUS Ha POCT U PpasBUTHUE
MMKpO3€JIeHM  [aiikoHa, a TakKke [OATBEPXKIAIOT  BO3MOXKHOCTD
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YCOBEPIIEHCTBOBAHUSI IHEPTOIOTPeOIeHNsT 6e3 CYIIeCTBEHHOTO CHVDKEHUS
ypoxkaiHocT. HammM pgaHHble COMVIACyIOTCS € BBIBOOAMM  APYIUX
UCCIIeIOBAHNI, IIOCBSIEHHBIX CBETOKY/JIbTYpE MMUKPO3€Je€HM, HO TaKKe
BBISIBJISIOT YHMKaJIbHbIEe 3aKOHOMEPHOCTM, TpeOymlnye majabHeNIIero
usyuenusi. B pabore CoboseBoit O.M. 66110 TOKA3aHO, YTO KPYIJIOCYTOUHOE
obsyueHme (24 4y) obecrieurBaeT MaKCHMMAaJIbHYIO0 OMOMAacCcy MMKpPO3eJIeHU
penuca [1], 4To cornacyeTrcs ¢ HallMMM pe3yiabTaTaMu IJ1s1 gaikoHa. OgHako
TaKoOil PpeXUM oOKasajcs HaumeHee 3sHeprodpderkTuBHbiM. 00630
JUTepaTypbl TAKKe IOKasaja, UTO PEXKMM C 5 mHsSIMM 6e3 cBeTa ITOCiIe
TpopacTaHusi, a 3aTeM OOJIydeHMEM B TeueHMe 7 MHeit KOMOMHMUPOBAHHBIM
criekTpoM (85 % Kpachoro: 15% cunero, PPFD: 100 mrmonb-m2-ct) ¢
doromnepnogom 24 yaca Crroco6CTBOBAJI POCTY TUIIOKOTWIISI Y MUKPO3€IeHU
TOACOTHEYHUKA U PYKOJIbI, YBEJIMUMUBAJ IIPOLYKTUBHOCTD OLCOTHEUHMUKA U
CHIDKQJI IPOOYKTUMBHOCTb ¥ pasMep CeMsILoJieii Yy  PYKKOJIbL  [4].
HepmoctaTounbie ypoBHu PPFD (110 MmkMoab-M2c ') MOIyT NOZaBiISTh
HOPMaJIbHbIII POCT MUKpPO3eJIeHU ceMeicTBa KpecTouBeTHbIX, PPFD ot 330
mo 440 MkMOJIb-M 2-c! mpuMBOIAMIA K YBEJIMUEHUIO IUIOWIAAM JIMCTHEB, a
BBICOKMIT ypoBeHb PPFD 545 MKMOJIb-M 2-c! He OKasal CYIIeCTBeHHOIO
TIOJIOKUTEIBLHOTO BIMSIHUS Ha XapaKTepPUCTUKM MUKPO3eJieHu [5].

BOo3MOXHO TIpOJO/DKEHME UM3YyYeHUSI HeCTAaHIApPTHBIX PeXXUMOB
00JyueHMsI, a TaKKe [IOIOJHUTEIbHbIE 3KCIIEPUMEHTHI C HeIpepbIBHBIM
o6sryueHmem 24 4 ripu 6osiee HU3Kom PPFD.

BopiBOaBI

[TpomoskuTeNbHBIE dboTomnepnomb (20-24 9) obecrieunBaIu
MaKCUMaJbHble TIOKasaTejyu OMOMAacChl M COOTHOIIEHMSI CyXOi MacChl K
CbIPOI, HO  XapaKTepMU30BaJMCh  HU3KOM  9HEProdpdeKTUBHOCTHIO.
Haunyumime pe3ybTarThl, YUYUTBIBAIOLI M€ Maccy JINCTHEB "
9HeproapbeKTUBHOCTD, IIOKa3aaa cxema oOJyuYeHUs] C uepelOBaHMEM
6yacoB O00JyyeHMSs M 64YacoB TEMHOTbI B TedyeHMe 7-MU JHeI
KyJIbTUBMUpOBaHMS. [IpMMeHeHMe OT/IOKEHHOTo CcTapTa obiyueHus (Ha
3 CYyTOK) IIO3BOJIMJIO CHUM3UTH JHEpromorpebsieHue Ha 42% npu
MMUHUMaJIbHOM YMeHbIIeHUN yposkaitHocT (8—10 %).

PaspaboTaHHasi HEMPOCETh MPOAEMOHCTPUPOBAIa BbICOKYIO TOUHOCTD
MIPOTHO3MPOBaHMS ITapaMeTpoB obimyuenust (MAE: 3,5 u gist poTonepuona,
1,2 cyTOK [njs BpeMeHM BbIpalllMBaHMSI), YTO IIOATBEpPXKOAaeT ee
IIPUMMEHMMOCTb B HAYUHBIX UCCIeJOBAaHUSIX.
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NEPCNEKTUBbI PA3BUTUSA TEXHOJIOTUI Y-AESUHDEKLLUM HA
OCHOBE BE3JJIEKTPOAHBIX IKCUMEPHBIX JIAMI

JKenesnos U.U., k.m.H., cmapuuii npenodasameJib
HauuonanwHuiili uccnedosamenvckuti ynusepcumem «M3HU», 2. Mockea

PROSPECTS FOR THE DEVELOPMENT OF UV DISINFECTION TECHNOLOGIES
BASED ON ELECTRODELESS EXCIMER LAMPS

Zheleznov L.I., Ph.D., Senior Lecturer
National Research University «Moscow Power Engineering Institute»,
Moscow

AnHoTanus

B Hacrosieli paboTe mpencTaBJeHbl pPe3yJbTaThl KOMIUIEKCHOTO
uccaeqoBaHusl 6€3371eKTPOAHBIX IKCUMMepPHBIX jamil ¢ CBU-Bo30yKIeHMeEM
Ha rnepexonax KrCl (222 um) u XeBr (283 HM) aj1st cucteM 06e33apakMBaHUST
BO3/IyXa M BOAbl. PazpaboTaHa opurMHagbHasi KOHCTPYKIINSI KOAKCUATbHOTO
CBY-pe3oHaTopa C MMIIYJIbCHBIM peXMMOM Hakauku (2,45 IT),
obecreunBawInasi cTabmiIbHOCTL paspsiaa 1 KII[ mpeobpa3oBaHus SHEPIUU
10 9,1 %. YcraHoBIeHO, uyTO XeBr-naMiibl 1eMOHCTpUpYIoT Ha 30—-40 % 6oJee
BBICOKYIO OaKTepULIUITHYIO 3 PeKTUBHOCTD B OTHOIIIeHUU
IrpaMOTpUIIATEIbHBIX MUKPOOPTaHM3MOB 10 cpaBHeHUI0 ¢ KrCl-nammnamMu u
TPAAUIIMOHHBIMM PTYTHBIMM JiaMIlaMy Hu3Koro pasieHust (PJIHI) npwu
COTIOCTaBMMBIX  SHeprosaTpaTax. OJTO OOYCJIOBJIEHO  ONTUMAaJIbHBIM
CHEeKTPaJIbHBIM  COOTBETCTBMEM  M3JyueHuMr0 XeBr (283 HM) MUKy
nornomenns THK (265 HM) M MMHMMaIbHBIM YpOBHEM (OTOpeakTUBaLIUU
(<8 %). IlpoBemeH CpaBHUTEJIbHBIV aHA/JIU3 CIIEKTPaIbHO-3HEPreTUUYECKMX
XapaKTepUCTUK, pecypca paboThl (merpamanys MOIIHOCTM Ha 12 % mocie
5000 yacoB 3KCILTyaTalyu) M 3KOJIOrMUYeCKoi 6e30MacHOCTH pa3paboTaHHBIX
UCTOYHUKOB. Pe3yibTaThbl TMOATBEPKIAIOT MEPCIeKTUBHOCTb IIPUMEHEHUS
6e3371eKTPOAHbIX 3KcuMepHbIX jaMn ¢ CBY-Bo30ykmeHMeM B KauecTBe
95b¢heKTUBHON UM 3KOJIOrMUecky 6e30I1acHOi aJbTepPHATUBBI PTYTHBIM
JlaMITaM B CUCTeMaxX OYMCTKU BO3yXa U BOJIbI.

Abstract

The present paper presents the results of a comprehensive study of
electrodeless excimer lamps with microwave excitation on the KrCl (222 nm) and
XeBr (283 nm) transitions for air and water disinfection systems. An original
design of a coaxial microwave resonator with a pulsed pumping mode (2.45 GHz)
has been developed, providing discharge stability and an energy conversion
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efficiency of up to 9.1%. It has been found that XeBr lamps demonstrate
30-40 % higher bactericidal efficiency against gram-negative microorganisms
compared to KrCl lamps and traditional low-pressure mercury lamps (LPML) at
comparable energy costs. This is due to the optimal spectral match of XeBr
radiation (283 nm) to the DNA absorption peak (265 nm) and a minimum level of
photoreactivation (<8 %). A comparative analysis of the spectral and energy
characteristics, service life (power degradation by 12 % after 5000 hours of
operation) and environmental safety of the developed sources was carried out.
The results confirm the prospects of using electrodeless excimer lamps with
microwave excitation as an effective and environmentally safe alternative to
mercury lamps in air and water purification systems.

KraoueBble cjoBa: 3KcuMepHble Jjamibl, CBY-Bo3OyKmeHMe,
VO-nesundexims, 6akrepuriyaHas 3G(eKTUBHOCTb, (GOTOpeaKTUBaIMS,
9KOJIOTMYeCcKast 6e30MacHOCTb

Keywords: excimer lamps, microwave excitation, UV disinfection,
bactericidal efficiency, photoreactivation, environmental safety

BBepenue

B mociemHue TOmBI BOIIPOCHI 00€33apakMBaHMSI BOABI M BO3IyXa
npuobpenu 0coOyl0 3HAUMMOCTb. POCT Hace/leHMs, KIMMaTUJIeCKyue
M3MeHeHusT U MHTeHCUbUKAIMS  TPOMBIIUIEHHON  NesiTeIbHOCTYU
CYIIECTBEHHO CHM3WJIM KauyeCcTBO BO3AYIIHOM ¥ BOAHOM Cpenbl, UYTO
TTIOBBICMJIO YTPO3Y PacpocTpaHeHMs] MHPEKIIMOHHBIX 3a00eBaHmuitl. B aTux
YCJIOBUSIX OCOOYIO Ba)XHOCTb IIpMoOpeTaeT pa3paboTKa MHHOBALMOHHBIX
peleHuit C MCIIOJAb30BaHMEM OaKTepUUMAHBIX YiabTpadmoaeToBsix (YD)
usnyJdaresieii. HecMoTpsd Ha OOMMHMPYIOIIEE IIOJOKEHME PTYTHBIX JIaMIl
Huskoro namiaenusi (PJIHI) Ha pbIHKe OaKTePUIIMIHBIX TEXHOJOTUI, UX
MIpUMeHeHMe COMpPSDKEHO C  psSaoM (GyHIZAMEHTaJIbHbIX OrpaHUYeHU,
BKJIIOUAsl Ha/IUMe TOKCUMYHOM PTYTU B COCTaBe, UTO CO34aeT CYlLeCTBeHHbIe
Mpo6IeMbl YTUIU3AIUM B COOTBETCTBUM C TpeboBaHMSIMM MuHaMaTCKOi
KoHBeHuumu (2013 1), a TakKke sBjeHMe  (OTOpeaKTUBALIUU
MMKPOOPTaHM3MOB ¥  OTpPaHMUEHHBII pecypc pabOThl  BCJIEICTBUE
97IeKTPOAHOM nmerpamauyyu. OcoOblii HAyUHbBIA M IPAKTUUECKUII MHTepec
TIPeICTABJISIIOT 6€33/1eKTPOIHbIE SKCMMepHbIe JaMiibl ¢ CBU-B036yKIeHMeM,
reHepupylolye y3KornojJocHoe Y®-u3iaydyeHue Ha Iepexolax 3KCUMMEPHbBIX
mosiekyn (KrCl, XeBr) [1], KoTopble 067aal0T MPUHLIUIIMATbHBIMU
MpeuMyllecTBaMy, TaKMMM KaK OTCYTCTBME 3JIEKTPOLHON  3PO3UMH,
BO3MOXXHOCTh PabOThI B MMITYJIbCHBIX PEXMMAX C BBICOKOH IJIOTHOCTHIO

56



MOIIIHOCTH, OBICTPBINA BBIXOH (~ 3—5¢) B paboumii peskuM ¥ 3KoJiormuyeckast
6e301acHOCTh. VIHTepecC K JaHHOM TeXHOJOTUM MOATBEPKIAEeTCSI aKTUBHBIMU
MEXIYHAPOJIHBIMU U OTE€UeCTBEHHBIMU UCC/IeAOBAaHMUSIMM, HAIIpaBJI€HHbIMU
Ha ONTUMM3ALVIO [IapaMeTPOB pa3psiia M KOHCTPYKLUIA pe30HaTOpoB [2, 3],
a TaKkkKe Ha M3yueHMe MX IPUMEHEHMUs B Pas3JIMUHbIX 00JACTSIX, BKIHOUYAs
OUMCTKY OKpYXKalolei cpenpl [4, 5].

Tem He MeHee, HECMOTPSI HA OYEBUIHDLIN IOTEHIMAJ, B COBPEMEHHO
HAy4YHO! JMTepaType [0 CUX TIOp OTCYTCTBYIOT KOMIIJIEKCHbIE,
CTAaTUCTUYECKM CTPOTME CpPaBHUTEIbHbIE MCCAeAOBAaHMS OaKTePUIMIHOM
3 GEKTUBHOCTU Pa3JIMUHBIX TUIIOB 3KCMMEPHBIX JaMI (B YaCTHOCTM, Ha
nepexonax KrCl u XeBr) B coOmoCTaBleHMM C TpaguiMoHHbiMu PJTH]I,
0COOEHHO B YacCTM OLIEHKM KITIOUEBBIX JJISI IMPAKTUUECKOTO ITPMMEHEeHWSI
acrekToB: MeXaHU3MOB U YpOBHS (OTOpeakTUBALMM TIOBPEXKIEHHDBIX
MMKPOOPraHM3MOB, a TaKKe JOJITOCPOUYHOM CTaOMIBHOCTY UX CIIEKTPATbHO-
9HepreTUYECKUX XapaKTePUCTUK B YCJIOBUSX, PeJI€BAHTHBIX IJISI PeaIbHbIX
cucTeM obe33apaskMBaHMs BO3ayxa M BOAbl. BocriosmHeHMe 3TOro Ipobesa
SIBJISIETCS BAYKHOM HAYUHOM U IIPAKTUYECKONM 3aaveit.

MeTtopn ucciegoBaHus

[IpoBeneHre 3KCIEPUMEHTAIbHBIX MCCIeL0BaHUIT OCYIeCTBIISIOCH
Mpy TMOMOIIM CHeIMaTIM3UPOBAHHOTO J1abopaTOpHOTO KomIuiekca [6],
cocrosiero u3 CBYU-reHepaTOpHO! CUCTEeMbl Ha OCHOBE MarHeTpoHa C
paboueit yactoroii 2,45ITIH M peryJiupyemoii BBIXOJHOJ MOIIHOCTBHIO B
nuamnaszone 0-1000 Bt, xapakrepusyiomerocss kKo3@duiimeHToM CcTosuein
BojHbI 10 Hampspkenuio (KCBH) < 1,5 u BO3MOXKHOCTBIO pPabOThl B
UMITYJIbCHOM peXuMe C PeryampyeMoi CKBaXHOCTbIO OoT 1 mo 100 %. s
BO30OYKIEHMSI Ta30BOrO paspsiia IpemyiokKeH KOAKCHaJIbHbBIII pe30HaTop
YeTBePTHBOJIHOBOT'O TUIIA C BHYTPEHHUM IIPOBOSHUKOM AMaMeTpoM 12 MM u
BHEIIHMM IIPOBOOHMKOM AuameTpoMm 80 MM, OCHAIlEeHHbII CUCTEMOI U3
BOCbMM IIleJIeBbIX M3JIydaTesieit ¢ ImaroM 25MM U TPeXIITbIPbKOBBIM
TIOHEPOM 111 TOUHOI HACTPOVKU Pe30HAHCHBIX XapaKTepUCTUK (puc. 1).

Ucern | 1 2 3 4 5 6

o—

Puc. 1. Briok-cxema akcnepuMeHTanbHoM 06nyyaTernbHON YCTaHOBKM Ha OCHOBE 3KCUMEPHOM
namnbl. 1 - Wctounnk nutanus, 2 — CBY-renepatop, 3 — CBY-agantep, 4 — CBY-TpakT,
5 — CBY-B03byauTens namnbl, 6 — akcMMepHas namna.

l'a3opaspsgHblii MOIYJIb COCTOSUI U3 KBapleBbIX KOJO IJIMHOIM
200%0,5 MM c BHyTpeHHUM auamMeTpoMm 40*0,2 MM M TOJIIMHOM CTEHKMU
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1,5+0,1 MM, MOIK/IIOUEHHbIX K BaKyyMHOJ CUCTeMe, oOecIieuuBaloniei
ocraTouHoe mnasjeHue menee 107 Topp. [na KrCl-namil mcmoab3oBaiach
rasoBasi cmecb Kr/Cl; B cootHomenuyu 200:1 mpu pabouem daBiIeHUMU
6,0+0,2 Topp, MOATrOTOBKA KOTOPOJM BKJIIOYAJIA IMPeaBApPUTEbHYI0 OTKAUKY
no 10° Topp ¢ mocienylOUMM II03TAllHbIM BBeJeHMeM KOMIIOHEHTOB WU
30-MMHYTHOI TroMOreHM3alMeil IIpu BpallleHuM KoOJIObl. XeBr-aaMIibl
3aIOJIHSINCh cMecblo Xe/Br, B cootHomeHuu 100:1 npu nmaBieHun
5,0£0,2 Topp c mpemgBapuUTeIbHBIM II0JOTpeBOM Opoma nmo 40°C mag
cTabuamMsanum TaBJIeHUST rapoB " KOHTPOJIEM CoCTaBa
MacC-CIeKTPOMEeTPUUECKUM MeTOAOM. IMarHOCTHKa IapaMeTpoB paspsiaa
OCYIIECTBJSIaCh €  MCIIOJIb30BAaHMEM  KaJIOPUMMETPUUECKOTO  METOZa
usmepenuss CBYU-MoOIIHOCTM C mOrpemrHocThio *1,5%, ocuumnorpada
Tektronix DP0O4104 (11ITu) mjag KOHTpoOJsI IlapaMeTpoB  paspsa,
CBY-getekTopoB B auamnasoHe 1-3ITi u meroma pedsieKTOMETPUM IJIsT
usMepeHus umnenaHca. ONTMYeCKMe XapaKTePUCTUKN UCCIIeLOBAIUCH TIPU
romoiny crekrpomerpa Ocean Insight HDX c¢ paspemenuem 0,5HM B
nuarasoHe 200-400 HM, KaJaMOPOBAHHOIO IO CTaHJAPTHBIM MCTOUHMKAM
NIST, n paguometpa ILT1700 ¢ TepMONapHbIM AEeTEKTOPOM [IJISI U3MEPEHUS
MomHoCcT Y®-uznydyenus B auarazoHe 200-280 HM ¢ MOTPEUTIHOCTHIO
*3 9% [7]. Ouenka OakTepuiiuaHoi 3bdeKTMBHOCTM TMPOBOAMIACH Ha
TecT-KynbTypax Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Staphylococcus aureus ATCC 25923 v Bacillus subtilis ATCC 6633,
MOATOTOBJIEHHBIX B BUAE CycHeH3Mii ¢ KoHueHTpauueir 10°KOE/Mn B
dbuspacTBOpe ¢ KOHTPOJEM MCXOOHOV KOHIEHTpaluM KJIETOK II0
ontuyeckoii 1oTHOcTH (OD600). O6iyueHMe OCYIIECTBISUIOCh B KaMepe
o6beMoM 1 M* mpm KOHTponmpyembIx ycioBusx (23+1°C, 455 % RH) c
CUCTEMOJM adpaluu [Jisi PaBHOMEPHOTO pacIpeneseHusl aspo30iisl U
(buKCUMpOBaHHBIM paccTOsiHMEM A0 McTouHuka 50%1 cm, mpu Bapuaium 03
or 1 mo 500 Ix/M? ¢ KOHTpOJIEM OSKCHO3MIMM C marom 1c. AHamms
BbDKMBA€MOCTM MUKPOOPTaHM3MOB BKJIIOYAJA TIOCEB Ha CeJIeKTUBHbIE
nurtaTtejibHble cpenbl (arap MakKoHKM [JisI TpamMOTpULIATe/NbHbIX U
MaHHUTO/-CONIeBOJ arap IS  T'PaMIIOJIOKUTE/NbHBIX  IITAMMOB) C
rnocaenymoiein  24-yacoBoit  mHKybaumeit mnpu  37°C M 1OACYETOM
Kkosiouneo6pasytonux eauutl (KOE) B cooTBeTcTBUM ¢ [8]. UccienoBaHue
dboTopeakTMBaALIMM ITPOBOAMIIOCH ITyTEM paszeeHus 00JyueHHbIX 00pa3I[0B
Ha KOHTPOJIbHYIO (MHKyOaIMs B TeMHOTe TIpu 37°C) U 3KCIIepUMEHTAIbHYIO
(mpu  ocBemenHocty 200 1K) rpymnnel ¢ Iocjaenymouiein  24-4acoBoit
MHKyDalMeil M KOHTPOJEeM B BpeMeHHbIX Toukax 0, 6, 12 u 24u.
KonnuectBeHHas orieHka Briawdaia mnoacuer KOE uepe3s 244 um pacuer
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MPOIeHTa PEeaKTMBUPOBAHHBIX KJIETOK, KauyeCTBEHHAass — MMKPOCKOMNMUIO C
OKpammuBaHMeM I10 I'pamy ¥ aHaimu3 MOpPGOJOTrMUEeCKUX W3MEHEeHUIA.
Cratuctuueckass o0OpaboTKa HAaHHBIX IMPOBOAMIACH C MCIIOJb30BaHMEM
ogHodakTOpHOTO  aucrepcuoHHoro  aHammsza  (ANOVA),  kpurepusi
CtplofeHTa C IonpaBkoit boHdepponu mnpu ypoBHe 3HaummocTu p<0,05,
pacueTa JOBepUTEeIbHBIX MHTEPBAIOB (95 %) 1 MOCTpOEHUS perpecCMOHHbIX
Mopeneil B mporpaMmMHOM mnakete OriginPro 9.1. Bce 3sKcnepuMeHTbI
BBITIOJIHSIZIUCh B IISITU  TIOBTOPHOCTSIX C  €XKeTHEBHOI KaJnOpOBKOI
M3MEPUTETLHOTO 060PYIOBaHMS, VICIIOJIb30BaHMEM KOHTPOJIBHBIX 00Pa3IoB
B KaXKIIOii Ccepuu, CJIEIIbIM METOJIOM OILIeHKM MUKPOOMOJIOTMUECKUX IIpob U
BHEIIHMM ayIMTOM METOAMK aKKpeAMTOBAHHON Jaboparopuein st
obecrieueHMs JOCTOBEPHOCTY Pe3yJIbTaTOB.

Pe3yibTaThl M MX OOCYKIEHME
Pe3ynbTaTbhl TMPOBENEHHOTO WCCAeNOBAaHUS IIPOLEMOHCTPUPOBAIN
CylleCTBEHHbIe Pa3jinuusd B XapaKTePUCTUKAX UCCIeAyeMbIX WMCTOUYHUKOB
V®-usnyuenus (tabi. 1).
Tabnuia 1. CpaBHeHMe MapaMeTpOB JIaMIT

Mapamer KrcCl XeBr PJIHII
pameTp (222 1Mm) (283 1Mm) (253,7 um)
MoiHocTs Y@, BT 452+2.3 52,1£2,6 58,0 £3,0
KIII ripeo6pa3oBanus, % 8,2+0,4 9,1+0,5 12,5+0,6
JaBieHue HaoJHSIIONIei 6.0 5.0 0,01
KOJI6BI cMecy, Topp
Temrepatypa ko651, °C 85+5 78 4 40 %2
OKcuMepHast JaMmIiia  XeBr (283 HM) TMokKasajia MaKCUMMaJIbHYIO
BBIXOIHYI0O  MOIDHOCTh  Y®-msmayuenus  52,1¥26 Bt npm  KIIJ

npeobpasoBauust CBY-sHeprum 9,1£0,5%, uto Ha 15% TIpeBbIIIaeT
a”HajornuHble 1okasatenu KrCl-nmammbl (45,2%2,3 Br nmpu KIII, 8,2+0,4 %).
IIpeBbillleHNe MOIIHOCTY XeBr-jaMiibl 00bSCHSETCS 0ojiee  BBICOKOI
3pdeKkTUBHOCTBI0O  00pa3oBaHMSI  IKCUIIEKCOB B Ta30BOM  CMecCHu
Xe/Br; (0,3/0,1 Topp) mo cpaBuHenuio ¢ Kr/Cl; (0,2/0,05 Topp), a Taxke
MEHBIIVMM ITIOTEPSIMM SHEPTrMM Ha peabcopOLMi0 M3JIyYeHUS C IJIMHOM
BOJIHBI 283 HM. O6a THIMa 3KCMMEPHBIX JIAMIT YCTYIIA/IM 10 S9HEePreTUUeCcKoit
apdekTuBHOCTU TpamunuonHoii PJIHII, (58,0+3,0 Bt mipu KII, 12,5+0,6 %),
UTO CBSI3AHO C OoJiee COBEPIIEHHO TeXHOJIOIHel Ipeoopa3oBaHmsl SHEPIUU
B PTYTHBIX JITaMIIax, OJHAKO IIPU UMITYIbCHOM peskMMe HaKauku (CKBaXKHOCTD
50 %, wuactora 100Tu) pasuuia B KIII cokpamanack mo 1,5-2%.
Tepmorpaduueckue mccaegoBaHMUS TTOKA3aIM, UYTO TeMIIepaTypa KBaplleBoii
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KOJIOBI B YCTAHOBUBIIIEMCS PeXXMMe cocTaBiisia 78+4°C mist XeBr-nmamIibl U
85+5°C mnsa KrCl-nmamiIibl, UTO CyleCTBeHHO Bblle, uem y PJIH/I (40+2°C), HO
He T[peBbINIAJI0 KPUTUUECKMX 3HAUeHMiIt [Jis KBapleBOro CTeKsa.
CrniekTpasbHble M3MepeHUs] TOATBEPAWIM  Y3KOMOJIOCHBIN  XapaKTep
MU3JIydeHUsI IKCUMMEpPHBIX JIaMIl: TIOMYUIMPUHA CIIeKTPaJIbHOM JIMHUU
coctaBwia 4 HMm mjas KrCl (2222 um) u 6 HM mis XeBr (283+3 HM), UTO B
3-5 pa3 yxke, uem y PJIH]I (ocHoBHas JuHMS 253,7 HM C IOJYIIMPUHONM
15 um). AHanus 6akTepuIUIHON 3(DGEKTUBHOCTY BBISIBWI 3HAUMUTE/IbHbIE
pasauMumus B UYBCTBUTEIBHOCTM MMUKPOOPTaHM3MOB K pa3HbIM TUIIAM
u3mydeHus (Tabs.2).

Ta6nuua 2. To3bl vHakTUBaUMY Dog% AJis pa3AIMUHbIX MMKPOOPTaHM3MOB

[Itamm Jlosa (/)
KrCl XeBr PJIH]I
E. coli 85 60 55
S. aureus 370 150 130
P. aeruginosa 110 70 65
B. subtilis 190 120 100

I rpamoTpuiatTenbHbix Oaktepuit (Escherichia coli, Pseudomonas
aeruginosa) XeBr-namiia ToKazaima Ha 30-409% 6Gomee  BBICOKYIO
sddexTMBHOCTD MO cpaBHeHMIo ¢ KrCl-nammoit u PJIH]I: mo3a MHAKTUBALIU
D99% cocTasmna 60 IIxx/m? ms E. coli u 70 IIxx/m? mjist P. aeruginosa, Torma Kak
11 KrCl-maMIibl COOTBETCTBYIONIE 3HaueHus 6bumi 85 u 110 x/M?, a miis
PJIHII, — 55 m 65 Ixx/m2. Ctonb BbicOKast 3pGeKTUBHOCTb XeBr-u3aydeHus
(283 HM) OOBSICHSIETCSI €r0 ONTMMA/IbHBIM CIIEKTPAJIbHBIM COOTBETCTBUEM C
nukoM rnorsomenuss [JHK (265 HM) — mepeKpbiTHe CIIEKTPOB COCTaBUJIO
45 %, B To Bpems Kak miisg KrCl (222 HM) 9TOT 1okasaTtesb paBeH 30 %, a miis
PJIHI, (253,7 um) — 60 %. IlapamokcajJbHO, HO HECMOTPSI Ha «Iyulee»
cnekTpasibHOe  cootBercTBMe, PJIHI  ycrymanma — XeBr-yjamme 10
6akTepUIIMIHON 5P(PEKTUBHOCTU, UTO OOBSICHSIETCS HBYMSI (aKTOpaMm:
BO-TIEpPBBIX, SIBJIeHMEeM (oTopeakTuBaiuy, kotopoe mjiast PJIHI mocTturano
18 % uepe3 24 yaca MHKyOaUuu, TOTHA Kak 1Jiss XeBr-jaMIibl He MIPeBbIIIAo
8%, a  BO-BTOpBIX, Oojiee  paBHOMEPHBIM  IMPOCTPAHCTBEHHBIM
pacrpenenenueM Y®-usnyuenus B ciaydae CBU-Bo3Oykmenms. st
IrPaMIIOIOKUTENIbHBIX MUKpoOpranmsamoB (Staphylococcus aureus, Bacillus
subtilis) Tpebyemble 03Bl OOIyUeHNST O6bUIM 3HAUMTENbHO BbImre: 150 JIx/Mm>
s S. aureus v 120 IIxx/m? nist B. subtilis ipy ucrionb3oBaHmy XeBr-aMIibl,
370 u 190 Ix/m? pna  KrCl-nmammbr, 130 m 100 Ix/m2 mias  PJIH],
COOTBETCTBEHHO. Takoe pasauuye OOBSICHIETCS HaJIUMYMEM TOJICTOM
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MeNTUIOTIMKAHOBOM CTEHKM Y TPAMITOJIOKUTETbHBIX OaKTepuii, co3maroIei
IOIIOJHUTEIbHBI ~ Gapbep S  TIPOHUKHOBeHUsS — YO-U3myueHus.
WccnegoBanue ¢GoTOpeakTUBALMM II0KA3aj0, UTO IIOCjae 24-4acoBOii
MHKyOanuu B yoioBusx ocBemeHus (300-500 um, 200 JIK) IIPOLIEHT
peakTUBUPOBAHHBIX KJIEeTOK sl XeBr-ymamiibl coctaBua 8+1,2 %, n#ms
KrCl-namnbr — MeHee 5+0,8 %, Torma Kak mias PJIH], sToT IokasaTesb
mocturan 18+2,5 %. CToib CylIeCTBEHHOE pasjinuye OObSICHSIETCS TeM, UTO
usnmyuene XeBr u ocobeHHo KrCl BbI3bIBaeT 0oJjiee 3HAUUTEJIbHbIE
nospexgenuss [JHK (mpeumylieCTBEHHO OMMeEpPbl TUMMHA), KOTOpPbIEe
TpyIHee pernapupyoTcs (epMeHTHBIMU CUCTEMaMU MUKPOOPraHU3MOB.
JlomiomHUTEe/IbHbIE 3KCIIEPMMEHTBI II0 OIIpeliesieHMI0 pecypca paboThl
rmoxkasanu, uto rmocjae 5000 yacoB HeINpepbIBHONM 3KCILTyaTallMM MOIIHOCTD
V®-usnyuenuss XeBr-nammbl cHM3mwiach Ha 12+1,8 %, KrCl-mammbl — Ha
15£2,1 %, Torma Kak y PJIH]I aHaJOrMYHBI ITOKa3aTe/lb COCTaBUI 25+3,2 %,
YTO MOATBEPKIAET IIPEUMYILECTBO 0€33JIEKTPOIHOI KOHCTPYKLIMNA.

[IpoBeneHHbIe MCC/IEIOBAHMS OEeMOHCTPUPYIOT, UTO pa3paboTaHHbBIE
0e3371eKTpogHbIe 3KCcUMepHbie jamIilbl ¢ CBY-Bo36yKIeHMeM, 0COOeHHO
XeBr-tuma, TmpeBOCXOOAT TpaaulioHHble PJIH 10 COBOKYIIHOCTHU
rmapamMeTpoB: OakTepUIIUAHON 3(PPEKTUBHOCTY (OCOOEHHO B OTHOIIEHUMU
IrPaMOTPUIIATEIbHBIX MMKPOOPIaHM3MOB), CTaOMIBHOCTU XapaKTEePUCTUK,
pecypcy pabOThl U IKOJOTMUECKOi Oe30MacHOCTM, UTO [dejaeT uX
MepCIeKTMBHBIMU  OJISS  MCIOJb30BaHMUSI B COBPEMEHHBIX CUCTeMax
ob6e33apakMBaHMsI.

OnHako, B HAaCTOSIMIAT MOMEHT, [OJsS IIMPOKOTr0 KOMMEpPUeCcKOro
BHeJIpeHMsI 6e33JIeKTPOIHBIX SKCUMepHbIX Jlamn ¢ CBUY-Bo30ykmeHMeM, Bce
elle HeoOXOAMMO pellleHMe psfa TEXHOJIOTUMUYEeCKuX 3amad. KiroueBbIMM
BBI30BAMM OCTAIOTCSI 60jiee BbICOKAsi CTOMMOCTDb CUCTEMbI IO CPaBHEHMIO C
TpaguuoHHbiMy PJIH]I, o6yciioB/ieHHas: HEOOXOIMMOCTBIO MCIIOJIb30BaHMS
CBUY-renepatopa M IpPeLM3MOHHOTO pPEe30HATOpa, a TaKXKe OIMTUMMU3ALMS
cocTaBa M  JaBJIeHMSI Ta30BBIX CMeceil, O0COOeHHO CcojepsKallyux
rasiorenbl (Cly, Bry), uTo TpebyeT TIIaTeJIbHOTO KOHTPOJISI MIJisi obecriedeHmst
CTaOMIILHOCTY XapaKTePUCTHUK U IJINTEJIbHOTO pecypca.

BopiBOaBI

IIpoBenmeHHbIe MCCIeAOBaHMS YOeIUTENbHO IeMOHCTPUPYIOT, YTO
6e32/IeKTpOIHbIE SKCUMepHbIe JiaMItbl ¢ CBU-BO36YKIeHMEeM MPeICTaBISIIOT
cob0ii  TepCHeKTMBHYIO  aJbTePHATUBY  TPAAMUIIMOHHBIM  PTYTHBIM
UCTOUHMKAM Y®-u3jayyeHnsl B cucTeMax obessapaxkuanmsl. IIpenyioxkeHHast
KOHCTPYKIMSI KoakcuanbHoro CBU-pe3oHaTOpa € MMIIYJIbCHBIM DPEXUMOM

61



Hakaukyu Ha uactore 2,45TTI ob6ecrieunBaeT CTaOWIBHOCTh Ta30BOTO
paspsma ¥ 3hGeKTUBHOCTh IIpeobpa3oBaHus SHeprum no 9,1 % nns
XeBr-namn (283 HM), UTO II0 CBOMM XapaKTepUCTUKaM IpuUOIMKaeTcsl K
IOKa3aTe/siM PTYTHBIX JIaMIT HU3KOTO [OaBJIeHUS B MMITYJIbCHOM pPeXuMe
pa6otel. Ocob6oro BHMMAaHMS 3aCAYKMBAeT BbISIBJ€HHAss  BbICOKasI
6akrepunuaHasg 3ddekTUBHOCTL XeBr-nami, Kotopass Ha 30-40%
IpeBbIllIaeT  aHaJorMuHble  1okasatenu  KrCl-nammm (222 HM) U
TpaguiMoHHbix PJIHI[ 1mipu comocTaBUMMBIX 3HeprosarpaTax. [laHHbBII
addekT o00ycioBlIeH TpeMsl KIIOUeBbIMM (paKTOpaMiu: ONTUMAaIbHbIM
CTIEKTPJIbHBIM COOTBETCTBUEM (45 %) nsnydyeHuto XeBr MUKy TOTIOMIEHUS
IOHK (265 HM), MMHUMaJbHbBIM YypoBHeM d¢doTopeakTuBauuu (<8 %) u
PaBHOMEPHBIM  IIPOCTPAHCTBEHHBIM pacrpepeneHuem Y®@-uU3nIydeHUsI.
Pe3ynbTaTbl  peCypCHBIX  MUCIIBITAHUMA  TOATBEPAMIM  IIpeUMylecTBa
6e3371eKTPOJHOM KOHCTpYyKIMM — 1ociae 5000 uacoB HeIpepbIBHOI
3KCIUIyaTaluu Jerpagauusg MOUIHOCTU Y®-u3i1yuyeHUss COCTaBuia BCEro
12£1,8 % nnst XeBr-nami u 15+2,1 % nyst KrCl-namii, 4To CyIIeCTBEHHO HIKe
aHaJIOTMYHOTO  mnokasatenst masg  PJIHO ~ (25%3,2 %). BaskHeimmm
IOCTOMHCTBOM pa3pabOTaHHbIX MCTOUHMKOB SIBJISIETCS MX SKOJIOrMYecKasi
6e30IaCcHOCTh, OTCYTCTBME  TOKCMUHBIX KOMIIOHEHTOB M  IIOJHOE
COOTBETCTBME TpeboBaHMSIM MMHAMATCKOM KOHBEHIIMM, UTO [eJlaeT UX
Ype3BbIUAHO MEepPCIeKTUBHBIMU IJiSI IIMPOKOTO BHEOPEHUS] B CUCTEMBI
BOJO- M BO3OYXOOUMCTKU. IlojlydeHHbIE pe3yJbTaTbhl OTKPBIBAIOT HOBbIE
HampaBjaeHUs AJs1 OAJbHEMIIUX UCCIeOBAaHWUIA, BKIIOYAs ONTUMMU3ALUIO
cocTaBa ¥ [mdaBjieHMS pabouMx Tra3oBbIX CMeceil, COBepIIeHCTBOBaHME
KOHCTPYKIIMM PpPe30HATOPHBIX CHUCTEM, pa3paboTKy 3HeproahpdeKTUBHBIX
CXeM YVYIIpaBJIeHUs M pacliMpeHyue CIeKTpa NpUMeHeHUS B pPa3IMUYHbIX
TEeXHOJIOTMYECKMX IIpolleccax. IIpencTaBiieHHass TeXHOJIOTUSI oOiamaer
3HAUUTEJIbHbIM IIOTEHUMAJIOM ISl CO3JaHUS COBPEMEHHBIX CUCTEM
V®-ne3uHdeKIM HOBOTO MOKOJIEHNSI, KOTOPbIE COUETAIOT B ce6e BHICOKYIO
9 PEeKTUBHOCTh, IJIUTENbHBII pecypc paboThl ¥ 3KOJOTMUECKYIO
6e30I1aCHOCTb, YTO OCOOEHHO aKTyaJbHO B YCJIOBUSX YKECTOUEHMSI
9KOJIOTMYECKUX HOPM U TpeGoBaHMIT K cucTeMaM o6e33apakMBaHMs.
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MEASUREMENTS OF CHARACTERISTICS OF UV IRRADIATION DEVIGES ON A

FAR-FIELD SPECTROGONIORADIOMETER
Abramov M. V., lecturer of the lighting engineering department;
Prytkov S.V., Ph.D., Associate Professor,
Head of the lighting engineering department
National Research Ogarev Mordovia State University, Saransk;
Tertychny M.S., design engineer, JSC "ASTZ", Saransk

AnHoTanmusa

B maHHOJ cTaTbe paccMaTpMBaeTCs] KOHCTPYKLMS M IIPOTrpaMMHOE
obecrieueHue paspaboTaHHOTO Ha 06ase  Kadegpbl CBETOTEXHUKU
@®I'b0OY BO «MIY um. H.II. Orapé€sa» CIeKTpOrOHMOPamuMOMeTpU4eCcKOro
U3MEPUTETBHOTO KOMIUIEKCA [OaJbHEro IIOJisl, MO3BOJSIONIEr0 MPOBOIUTD
M3MepeHMs] CBETOTeXHUUECKMX XapaKTePUCTUK OOydyaTeNbHbIX IPUOOPOB
pas3MYHOTO HasHaueHusT. C ero TOMOIIBIO ObUIM TTPOU3BEIEeHbI M3MEPEHUS
o6ydaTenbHbIX TTprbopoB ICI102-2x30-001 HealthyLight n 3CI102-1x30-001
HealthyLight. Inss HUX ObBUIO TIOJyYe€HO CHEKTpaJibHOe pacipezeseHne
U3JTyueHUsT U TIPOCTPAHCTBEHHOE paclipefiejieHNie CWIbl 3PUTEMHOTO
usnyuenus. I[lo pesynbTaTamM M3MepeHUI MOXKHO CYAUTb O MaJioi
9 GEeKTUBHOCTH 3MajIM B KaUecTBe MMOKPBITUS IJIsI OTpakaTesIsi SpUTEMHOTO
obsryuaTesisi BCJIEACTBME Manoro Kosdduimenta orpaskennst B YD-obmactu
CrleKTpa. B pmanpHejimeM pa3pabOTaHHBII  KOMIUIEKC IIAHMPYETCS
MPUMEHSITh JjisI  paboTel ¢ yAbTPAbMONETOBBIMM ¥  TEIUINUYHBIMU
00yyaTebHBIMM TIPMOOpPaMM C 1IeJIbI0  MCCAeOOBAHUSI CIIEKTPAJIbHOTO
COCTaBa WM3JIydeHMS], MPOEKTUPOBAHMSI CBETOTEXHMUECKON apMaTypbl OJIs
06sTyuaTeIbHBIX TTPUMO0POB. Takke MAHHBIN KOMIUIEKC TO3BOJUT TOJIOXKUTH
HauaJio  pa3paboTKe  COBPEMEHHO/  METOOMKM  ITPOEKTUPOBAHMS
06TyJaTeTbHbIX YCTAHOBOK KaK OaKTePUIIMIHOTO, TaK ¥ BUTAIbLHOTO
IeCTBUS.
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Abstract

This article discusses the design and software of a far-field
spectrogonioradiometric measuring complex developed at the Department of
Lighting Engineering of the National Research Ogarev Mordovia State University,
which allows for measurements of the lighting characteristics of irradiation
devices for various purposes. The developed complex is planned to be used for
work with ultraviolet and greenhouse irradiation devices for the purpose of
studying the spectral composition of radiation, designing lighting fixtures for
irradiation devices. This complex will also allow the beginning of the development
of a modern methodology for designing irradiation installations of both
bactericidal and vital action.

KiioueBble cjoBa: TOHMOPAAMOMETD, IIOTOK WM3JydeHUs, Cuia
9PUTEMHOIO  U3JIyUeHUS, OSPUTEMHBINi IIOTOK, CIIEKTPOPaAVOMETD,
CTIeKTpasIbHasl TUIOTHOCTh TOTOKA M3JTyUYeHUs, KpMBasi CUJIbI CBETa, KpuUBast
CUJIbI 9PUTEMHOTO U3JTyUeHMs], YIbTpadoseToBoe U3TyueHmne

Keywords: gonioradiometer, irradiance, erythemal irradiance, erythemal
flux, spectroradiometer, spectral irradiance, luminous intensity curve, erythemal
intensity curve, ultraviolet radiation

BBegenue

[IpM TIpOEKTUPOBAaHUM COBPEMEHHBIX OCBETUTEIBHBIX YCTAHOBOK
IPOKO TIPUMEHSIIOTCS CrielaIn3upoBaHHbIE CUCTEMBI
aBTOMAaTU3UPOBAHHOTO ITPOEKTUPOBAHUS (CAIIP), TT03BOJISIONI Ve
CYIIECTBEHHO CHU3UTD TPY03aTPaThl IIPU BBITIOJTHEHUM CBETOTEXHUUYECKOTO
pacyera, cpeay KOTOPbIX CTOUT BbiAeanTb: DIALux 4.13, DIALux evo 1 HOBYIO
OTeueCcTBEHHYIO pa3paboTky — «CBeT-B-Houm». Bce oHM Mpou3BoasT pacyer
Ha OCHOBe IIOMEIeHHOro B MporpaMmy daivia ¢ (GoToMeTpuUeCKUMU
OaHHBIMU OCBeTUTeNbHOro mpubopa (IES-daiina) [1]. IlepBbie nBe wu3
TepPeuNCIeHHbIX TPOrpaMM NpeJHa3HaueHbl TOJbKO IJISl IIPOeKTUPOBAHMS
OCBETUTENIbHBIX YCTAHOBOK, Torma Kak «CperT-B-Houm» 1mo3Bosser
MPOEKTUPOBATb  TEIUIMYHbIE KOMIUIEKChI UM  TIPOM3BOOUTHL  pacyer
HeoOXOIMMOIr0 KOJIMYEeCTBa OaKTepUIMAHBIX objyuateneit. Ilpu sTOM
obsyyaTesbHasl TEXHMKA HAXOAUT IIMPOKOE IPUMMEHEH)e B COBPEeMEHHOI
IesiTeTbHOCTY 4YeJIOBEeKa: TPOEKTUPYIOTCS CIelalbHble (UTOOOTyUaTe N
IJIS1 OCHAIlleHMS MU TeTUIUI] M BepTUKalIbHbIX (epM [2], KOpOTKOBOJTHOBOE
yIbTpadMOIeTOBOE M3JyUeHMe OKasbIBaeT OaKTepuIlMaHOe neiicTBue [3],
yIbTpadMoNIeToBOe U3JIyUueHMe B Iuana3oHax A u B mpumeHsieTcst B 06yacTu
KMBOTHOBOJICTBA, B  CONSPUSIX M O KOMIIEHCAlIMM  COJIHEUHOM
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HEeJIOCTAaTOUHOCTU, YTO aKTyaJIbHO IJis Hallei cTtpaHbl [4]. Taxke coBcem
HelmaBHO ObLT OTKPBIT perientop Y®-usnyuenuss (UVRS) IOJOKUTEILHO
BAMSIIONIMIA Ha MMMYHMUTET y pacTeHuii [5]. HecMoTpsi Ha CcTO/Mb LIMpOKOe
IpuMeHeHMe OOyJaTe/NbHOM TEXHUKU IIPOEKTUPOBaHME OOIyyaTelbHbIX
YCTAHOBOK CUMJIBHO OTCTAeT B PasBUTUM OT OCBETUTEebHBIX. [laHHas paboTa
HallpaBj/ieHa Ha pellleHue 3STOoil MpoOaeMbl IyTeM IIPOEKTUPOBAHMS
CIIEKTPOTOHMOPAANOMETPUUECKOTO KOMILJIEKCa, I103BOJISIIOIETO
dopmupoBaTh IES-daitibl B 1100071 cucteme 3DGEeKTUBHBIX BEJIMUUH, ITOCTIE
yero OHM MOTYT ObITh ITOMelleHbl B J00yio CAIIP g mpoBemeHust
JIaJIbHeNIIero CBeTOTeXHUUYEeCKOro pacuera. Takke IpuBeneHbl pe3ybTaTbl
M3MEpEHMS]  IPUTEMHBIX  OOJlyuaTe/JbHbIX IPUOOPOB  ITPOM3BOMACTBA
000 «<HMNUNC nmenu A. H. JlogpirnHa».

Mertop, ucciegoBaHUA

Pa3paboTaHHbI CIIEKTPOTOHMOPATMOMETPUUYECKIUIT KOMIIJIEKC COCTOUT
U3 aBTOMATMU3MPOBAHHOTO TOHMOMETpPA, TPEX ONTUUECKUX HUPPOBHIX
naTunkoB «TKA-IIOLl» nnst muara3oHOB YAbTPadMOJETOBOTO M3TYUEHMS
VO-A, YVO-B, YOD-C, crexrpopaguomerpa OceanOptics SR-2XR250-25,
U3MepUTeIsl JIeKTPUIecKoit MoltHOCTU GPM-78213, MCTOUHMKA MOUTAHUS
IIepeMeHHOTr0 M IIOCTOSSIHHOrO Toka ASR-72100R, HoyTOyka IIO[
yIpaBjieHeM orepaioHHoi cucteMbl Windows. Jloruka paboTsl mpubopa
peanu3oBaHa Ha 6ase MUMKpOKOHTpo/utepa ATmegal68. Tlpemensr
IIOITyCKaeMOil  OCHOBHOJM OTHOCUTEJIbHOM  [IOTPEIIHOCTU  U3MEpPEeHMS
s dekTMBHBIX BemunH coctasisgeT + 10,0 %, TOUHOCTD IMO3ULIMOHMPOBAHMS
coctasysieT + 5,0 % yrioBoro mara. B HacTosiee Bpems pa3pabaTbiBaeTCsI
mogenb usmepenus HeonpeneneHHocTy 1o I'OCT 34100.3-2017.

Ha puc. 1 npusemeHa 3D-monesnb pas3pabOTaHHOIO KOMILIEKCA.
B oCHOBaHMM PACIIONIOKEH ABUTrATesb, OCYIIECTB/SIONNI BpallleHMe paMbl
TOHMOMETpa B 00J1aCTM MepUAMOHAJIbHBIX YIVIOB. Ha MOBOpPOTHOIT pame
pacriojio)keHo [Be CTOMKM, OOHA U3 KOTOPBIX SBJISETCS ChbeMHOIA.
OHM HeoOXOOMMBI  IJIsI  KpeIuIeHMsI MUCTOUHMKA  M3JIYIeHUS  WIU
obiyuyatenpHOoro mpubopa. K omHOi M3 CTOEK MpUKpEIUIEH IBUTATEJb,
KOTOPBIN OCYIIECTBJISIET TIOBOPOT WM3MepsieMOTro 00beKkTa B 00yacTu
9KBATOPUAJIbHBIX YIVIOB. 3a CUET IIPUMMEHEHMS UEePBSIYHOI Iepeaun CTONKA
MOTYT IlepeMeIaTbCs 10 paMe, BCIeACTBYE Uero MOTYT OBbITh ITPOM3BEIEHbI
M3MepeHus: 06IydaTeIbHbIX IIPMOOPOB M MCTOUHMKOB CBETA C PA3IMUHBIMU
rabapuramm.
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Puc. 1. 3-D mogenb paspaboTaHHOMo komnrekca

AyroputM paboThl KOMILIEKCA COCTOMT U3 CAeAYyIINUX STalloB:
M3MEpeHMe CIIEKTPAJbHOIO pacnpefeeHns] WU3JIydeHusl WUCCIeayeMOoro
oOpaslia, M3MepeHMe TPOCTPAHCTBEHHOTO paclpeesieHusT U3TyYeHUs C
IpUMeHeHeM  TpeOyeMbIX  MHTETPaJbHBIX  IIPMEMHUKOB,  3aIluCh
TIOJTYUYeHHBbIX JAHHBIX B MacCuB, Ilepexof, K HeoOxomumoil 3¢ @eKTUBHOI
BeJIMUMHE HAa OCHOBE TOTYYE€HHBIX JaHHbBIX O CIIEKTPAJIbHOM paclpeeeHUn
usmydenus, gopmupoBaHue urtoroporo IES-¢daiia ¢ MpocTpaHCTBEHHBIM
pacripefiejieHeM U3TydeHUs B TpedyeMoii cucteme 3DGeKTUBHBIX BeTMUMH.
Bonee mompo6HO mepexod K 3(GEKTMBHBIM BeJIMUYMHAM Ha IIpUMeEpe
3PUTEMHOI'0 U3JTy4eHUs IIpefCcTaBiieH B [6]. [yl M3MepeHus CIIeKTPaJibHOro
pacmpeniesieHUsT U3MyUyeHUSI UCTIONb3yeTcsl criekrpopaauomeTp OceanOptics
SR-2XR250-25. OcobeHHOCTM pPabOThl € MMHUCIIEKTPOPAAMOMETPAMU
nipuBefieHbl B [7]. [Ipy 06paboTke pe3yabTaTOB M3MepeHUi UCIIOIb30BaJICs
dwibTp CaBuiikoro-Toses [8].

JlJis1 B3aMMOJeiCTBUSI C KOMILJIEKCOM ObLJIO pa3paboTaHO MPOrpaMMHOe
obecrieueHne Ha sI3bIKe IporpaMmMupoBanust Python. IlporpamMmma peanusyer
KOMIUIEKCHOe yIpaByieHne (GOTOMEeTPUUECKOl YCTAHOBKOI, BMU3yaIM3alyio
manubpix  (KCC, 3D-doTtomeTpuueckoe Tejlo, CIIEKTp), pabotry ¢
COM-niopramu, HACTPOWKY IapaMeTpPOB M B3aMMOIEMCTBME C BHEIIHUMMU
ycTpoiicTBaMu (puc. 2).

OCHOBHBIMYM KOMIIOHEHTaMMU SIBJISIIOTCSI:

e xnacc ExampleApp: riaBHOe OKHO TIPWIOXKEHMS, WHUIMIN3ALNS
uHTep(deiica, 3arpyska maHHBIX, MHTerpamus rpadukos, obpaboTka
COOBITHIA;

e KJacchl OKOH HacTpoek: SettingsWindow, PowerSupplySettings,
StepperControl, ConnectSettings — OTHeJIbHbIE OKHA [JIsI HaCTPOIKU
rapamMeTpoB, YIIPaBJI€HUS YCTPOMCTBAMMU U TIOOKITIOUEHNS ;

e xmacc MeasurementThread: aCMHXPOHHBI/ TOTOK [JIsI BBITIOJIHEHMSI
M3MePEeHMIA C IIaroBbIMU JBUTATENISIMHA.
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Busyanusaimusi  OCYIIECTBISETCS  C MOMOIIbIO  CIeTYIOIINX
MHCTPYMEHTOB:

e KCC — unrerpauus B graphics ViewCSS uepes matplotlib;

e 3D-doTtomerpuyeckoe Tej0 — uHTerpamus B graphics ViewCSS3D uepes
plotly (WebGL/QWebEngineView);

e CIIeKTpaJibHOe paclipefesieHue — MHTerpauus B graphicsViewSpectrum
yepe3 matplotlib.
OcobeHHOCTH:

e TOAJEPKKA AaCMHXPOHHBIX oOIepauuii (asyncio) pasi paboTsl ¢
000pyIOBaHUEM;

e aBTOMAaTHYecKas IoAroHKa rpa@uKoB oA, pasmep BUIKETOB;

e paboTa c HACTpPOVIKaMu yepes settings.ini.

Puc. 2. [naBHoe OKHO Nporpammbl

PesynbTaTnl

C nmnomorpio pa3paboTaHHOTO KOMILIEKCa ObUIM  IPOM3BeAeHbI
MU3MepeHust ABYX 00JyuaTebHbIX MPUO0PoB (mpomssogurens OO0 « HUMC
um. A.H. Jlogsruna)y : OCI102-2x30-001 HealthyLight (puc. 3a) ocHallleHHbIA
2 namnamu JI9 30 Human wn 3CII02-1x30-001 HealthyLight ocHameHHbI
1 nmamroit JID 30 Human (puc. 30).

‘g

a) 6)
Puc. 3. ObnyuatensHbin npubop ICM02-2x30-001 HealthyLight (a),
obnyyatenbHbin npubop ICM02-2x30-001 HealthyLight (6)

Ha puc. 4a u 46 npuBemeHbl TOJyYeHHbIe ITPOCTPAHCTBEHHOE
pacripefiejieHlie SPUTEMHOI CUJIbI U3JIydeHus 00yJyaTessl U CIIEKTpaJbHOe
pacripeneneHnue usaydeHust ajist oomyvaresns ICI102-2x30-001 HealthyLight.
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CnekTpanbHas NNoTHOCTL n3nyyenus 3CM02-2x30-001 HealthyLight
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a) 6)
Puc. 4. MNpocTpaHCTBEHHOE pacnpeaeneHne SpUTEMHON CUMbl U3NyYeHNs
obnyyatens 3CM02-2x30-001 HealthyLight (a), cnekTpanbHoe pacnpefeneHne UanyyeHus
obnyyatens JCM02-2x30-001 HealthyLight (6)

Ha puc. 5a u 56 mpuBemeHbl IOJyYeHHbIE IIPOCTPAHCTBEHHOE
pacrpeesieHe 3PUTEMHOI CUJIbI U3JIyUeHUsI 00yJaTesiss U CIIeKTpaJbHOe
pacripeeneHnue usaydeHust ajist oomydaresns ICI102-1x30-001 HealthyLight.

AR i
p, BECSR 210 CnekTpansHan NNOTHOCTL W3nyyeHus ICN02-1x30-001 HealthyLight

OTHOCUTENbHAA CNEKTPANLHAR MNOTHOCTL MINYHEHNUS, OTH.EAL.

—v T 00 g 100 250 300 250 400
e €90C270 Anana BonHb, HM

a) 6)
Puc. 5. MpocTpaHcTBEHHOE pacnpefeneHe SpUTEMHON CUMbl U3MyYeHNs
obnyyatens 3CM02-1x30-001 HealthyLight (a), cnekTpanbHoe pacnpefeneHune UsnyyeHns
obnyyatens 3CM02-1x30-001 HealthyLight (6)

Oo6cykoeHue

Vi3mepeHust 06ydaTeIbHbIX ITPUOOPOB ObLIM IPOU3BENEHbI C 1I€JIbIO
IeMOHCTpPaIUA BO3MOXKHOCTe pa3paboTaHHOTO
CIIEKTPOTOHMOPAIYOMETPUUECKOTO KOMILJIEeKCa. Wtorom paboThI

U3MepUTEeIbHOr0 KOoMIUIeKkca siBjasieTcss [ES-¢aiti ¢ MmpocTpaHCTBEHHBIM
pacripeneneHneM usiaydeHUs: B 3¢G@EKTUBHBIX eIUMHUIAX. ITO I03BOJISIET
YBeIMUUTD 3D PEKTUBHOCTD ITPOEKTUPOBAHMS 00TydaTeIbHBIX YCTAHOBOK.

BbiBoabI
B pesyJbTaTe paboThI OBLT paspaboTaH
CIIEKTPOTOHMOPAAMOMETPUYUECKUIT M3MEPUTETbHbIN KOMILIEKC [IaJbHEro
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TOJIsI, KOTOPBIM TI03BOJISIET OIpeneisiTb II0OTOK U3JMy4eHUsS WU IIOTOK,
BBIpaKeHHDINT B 3()(GEKTUBHBIX eOMHUIIAX [JIsT 00JydaTeNbHBIX ITPUOOPOB
pa3IMUHOrO HasHaueHus. Takke M3MeEpPUTENIbHbINI KOMILUIEKC I103BOJISIET
dopmupoBath IES-daitm  IpPOCTPAaHCTBEHHOTO  pacIipellesieHus]  CUJIbI
U3JTyueHus], BbIpaKeHHO! B 3(Q@deKTUBHBIX BeqnuuHax. B maHHOI paboTe
PaboTOCIIOCOOHOCTh KOMILIEKCA TIPOBEPEHA MyTEeM M3MEPEHUS SPUTEMHBIX
obsryuaTeneii. B pmanbpHeimeM pa3pabOTaHHBI KOMILIEKC ILIaHUPYETCS
MIPUMEHSTb IS  paboTbl C  yAbTPAadUOJETOBHIMM UM  TEIUIMUYHBIMU
00yyaTebHBIMM IIPpMOOpaMM C I1IeJIbI0 MCCAeOOBAaHMSI CIIEKTPaJbHOTO
CcoCTaBa WM3JIy4YeHUS], MPOEKTUPOBAHUSI CBETOTEXHUUECKOV apMaTypbl IJist
00sTyyaTeIbHBIX TTPUO0POB. Takke MAHHBIN KOMIUIEKC TO3BOJUT IOJIOXKNUTH
HauaJio  pa3paboTKe  COBPEMEHHOM  METOOMKM  ITPOEKTHMPOBAHMS
00TyyaTebHBIX YCTAHOBOK KaK OaKTepUIIMIHOTO, TaK ¥ BUTAIbHOTO
IeCTBUSL.
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METOAMKA OLLEHKW QHEPT0I®DEKTUBHOCTU YCTAHOBOK
CMOPTUBHOI0 OCBELILEHUSA

Cepuxkosa B.C., maadwuii npodakm-meHedxcep; Kapes A.B., K.m.H.,
dupexmop no Hayke, 000 «MTI'K «Ceemoeusie TexHonozuu»;
Domun A.T., K.m.H., doueHm
HauuoHanwvHuili uccnedosamensckuti yHusepcumem «MIU», 2. Mockea

APPROACH TO EVALUATING THE ENERGY EFFICIENCY OF SPORTS LIGHTING

SYSTEMS
Serikova V.S., Junior Product Manager; Karev A.V., Ph.D., Director of
Science, Lighting Technologies IGC LLC; Fomin A.G., Ph.D., Associate
Professor, National Research University «Moscow Power Engineering
Institute», Moscow

AHHOTa M

Pabora TTOCBSIILIEHA paspaboTke METOIVIKU OLIEHKU
95Hepro3@GeKTUBHOCTY  YCTAHOBOK  CIIOPTMBHOIO  OCBellleHMS.  Bbumu
MIpOaHaIM3MPOBAHbI CYIIECTBYIOIIE HOPMATUBHBIE TPeOOBAHMSI, BbISIBJI€HbI
HeIOCTaTKM B  BOMpOcax  dHeprocOepeskeHMST U IKOJOTUUECKOI
6e3omacHocTy. [TpenaraeMbiit OAXOM, MIO3BOJISIET KOJMUYECTBEHHO OII€HUTD
9 PEeKTUBHOCTb OCBETUTEJIbHOM CHCTEeMbI, pasfiesissi ToJe3HbliI CBeT,
OOCTUTAIOIIMI IIeJIeBbIX 30H, M IIapasuTHbIE II0TEPM, CIIOCOOCTBYIOIIME
CBETOBOMY 3arpsi3HEHUIO.

MeTtoauka peannsoBaHa B Iporpamme DIALux evo M BKIOYaeT IBa
0JIOKa pacyeToB — JJISI OTKPBITBIX M 3aKPBITHIX CIIOPTUBHBIX COOPYKEHMIA.
[TosiyyeHHbIe pe3y/bTaTbl JE€MOHCTPUPYIOT MPaKTUUYECKYI0 IPUMEHMMOCTD
MpeJIO’)KeHHOTO0 MOoAxoda [JiS OITUMMM3allMM TIPOEKTHBIX pelleHuid,
T03BOJISIS MOCTUTAaTh 3HAUMUTETHLHOIO CHIDKEHMSI SHEProInoTpedjeHus Mpu
coXpaHeHuM TpeOyeMbIX HOPMAaTUBHBIX ITOKa3aTesIeii OCBeIIeHHOCTHA.

Abstract

This study focuses on creating an approach to evaluating the energy
efficiency of sports lighting systems. We examined the current regulatory
standards and identified areas for improvement in terms of energy conservation
and environmental sustainability. Our approach allows us to quantify the
effectiveness of the lighting system by separating the beneficial light reaching the
intended areas from the wasteful losses that contribute to light pollution. The
methodology is implemented in the DIALux evo software and consists of two
calculation modules — for outdoor and indoor sports facilities. The results
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obtained demonstrate the practicality of our approach for optimizing design
solutions, enabling substantial energy savings while maintaining the required
regulatory illumination standards.

KiioueBbie cj1oBa: CIIOPTMBHOE OCBellleHMe, 3HeproddheKTUBHOCTD,
CBETOBOE 3arpsi3HeHue, sHeprocbepexkeHe, OCBETUTEIbHbIE CUCTEMbI

Keywords: sports lighting, energy efficiency, light pollution, energy saving,
lighting systems

BBegenue

CoBpeMeHHbIe POCCUIICKME U €BPOIIEVICKME CTaHAAPThI U TEXHUUYECKUe
peKOMeHAAUM T0 TIPOEKTUPOBAHUIO CIIOPTUBHOTO OCBEIIEHUS OCHOBHOE
BHMMAaHME YIEJSIOT JOCTWOKEHUI0O HOPMMUPYEMBIX CBETOTEXHUUECKUX
rapaMeTpoB C IIEeJbI0 CO3JAaHMUSI 3PUTEIbHOr0 KoMmdopTa, BbICOKOI
3pUTEIbHOM paboTOCIIOCOOHOCTM M aJIeKBAaTHOM BUAMMOI «aTMocdepsi» [1].
Bmecte ¢ 3TuM, TpebGoBaHUS K 3Heprodd@eKTUBHOCTM OCBEIIEHUSI U ero
9KOJIOTMYECKOIi 6e30TacHOCTM OCTAlOTCSI Ha Tepudepun BHUMAaHMS,
orpannunBasicb pekomenganusamu CIT 440.1325800.2023 [2] «...npUMEHSTb
ocBeTtuTenbHble Tpubopbl (OIT) ¢ HaMOOJBIIMMM 3HAYEHUSIMM CBETOBOI
OTHAuUM M CPOKa CJIYKObI», MPUUYEM He B yiuepd 1Beroriepemaue. IIpukas
Mwunucrepctsa crnopra P® [3], HampaB/leHHbIiI Ha [OBbIIIEHUE
9HeproahGeKTUBHOCTH 00BHEKTOB criopTa, OrpaHNUYMBAETCS
peKOMEHJAMSIMN T10 3aMe€He MCTOYHMKOB CBeTa U ITyCKOPEryaupyroliein
anraparypsl, a TakKe 10 BHEIPEHUIO JaTUMKOB IIPUCYTCTBUSL.

IIpenjiaraeMasi MeTOAMKa OLIEHKM 3Hepro3d@eKTUBHOCTU YCTaHOBOK
CIIOPTUBHOT'O OCBelleHus I103BOJISIET KOJINUeCTBEHHO OLIeHUTD
9 GeKTUBHOCTD TOCTABKM CBETA Ha IIeJIEBYIO TJIOIIAAKY M MUHUMU3UPOBATH
ToTepu, IMIPUBOIIINE K CBeTOBOMY 3arpsi3HEHUIO.

MeTopa uccjiemoBaHMsA

[pyrnmnodi mo M3y4eHUI0 TBEPAOTENbHBIX OCBETUTEbHBIX CUCTEM W
texHosioruit ASSIST (Alliance for Solid-State Illumination Systems and
Technologies) nnst oueHKU 3(PEdEKTUBHOCTM OCBEIIeHUsI ITapKOBOK U
VJIUUHOTO OCBellleHus1 ObLT TpeJjioskeH IiokaszaTeab 3hQGeKTUBHOCTU
IIpUMeHeHUs] CUCTeMbl CBeTWIbHUKOB LSAE [4]. OH omnpepensercss Kak
OTHOIIIEHNE T10JIE3HOTO CBETOBOTO MOTOKA Drask-conforming, LOCTUTIIETO 1€JIEBOIA
IUIOIMIAZKM M  COOTBETCTBYIOIIEro TpeOGOBaHMSIM pelllaeMoil  3aaaun
(ocBelleHMe KOHKPETHOTO 00BEKTA), K ITIOTPeOIIIeMOii MOIITHOCTH P:

LSAE — q:'task—c;nformjng (1)

72



Ha ocHOBaHMM pacueTa JaHHOTO KpUTEPUST BO3HUKIIA MAesT pa3paboTKu
METOOMKM OIEHKM 3SHeprodpdeKTMBHOCTM YCTAHOBOK CIIOPTMBHOIO
ocBemenusi. IIporpamma DIALux evo ob6iamaer HabOpoM HeOOXOIMMBbIX
MHCTPYMEHTOB, HJisi cpaBHeHUSI 3(PHEKTMBHOCTU CUCTEM OCBEIEeHMS II0
KpuTepuio «CBEeT Ha MeCTe».

Kpurtepuit «CBeT Ha MecTe» (KO3(pdUIMEHT IT0JI€3HOTO CBETOBOTO
II0TOKa) 3aK/I04yaeTcs B OIpelesleHUM KOoJMyecTBa CBeTa, OCTaBJIE€HHOI'O
HEMOCPeCTBEHHO Ha  paCyeTHYl IUIOMAAKYy WM  COOTHOIIEHUS
«IOCTaBJIEHHOTO  CBeTa» K OOIeMy CBeTy, CreHepupOBaHHOMY
oCBeTUTENbHOM ycTaHOBKOM (OV). CBeT, «IIOTEpSIBIIMIICS TIPU AOCTaBKe»,
SIBJISIETCSI HEXeJlaTeJbHbIM UM CO3JAI0NMUM AUCKOM@OPT, a TakKe CBETOM,
3arpsi3HSIIIMM OKPYXXawInylo cpeny. [IpyM 3TOM Takoil KpUTEpUil MOXXET
TIPUMEHSITCST KaK K OTKPBITBIM, TaK M K 3aKPBITHIM CIIOPTUBHBIM OOBEKTAM.
PacueTHas MeToAMKa BK/IIOUAeT B ce0s IBa G/I0Ka:
1)Onpepenenne xKpurepusi «CBeT Ha ™mecTe» I OTKPBITBIX

CIIOPTUBHBIX O0OBEKTOB:
a) PaccumurpiBaeTcs cpemHsIsI TOPU3OHTaJIbHAsE OCBelleHHOCTb (Es) Ha

UTPOBOI MIoNIaAKe (S) U YCIOBHBIM CBETOBOV IMOTOK, AOCTaBJIEHHBIN

Ha Hee:

® . =E *S (2)
6) Co3maroTcs TOITOTHUTEIbHbIE BePTUKAIbHbIE PACUeTHBIE TTIOBEPXHOCTU

10 IIepUMeTPy UTPOBOI TUIomanKu (A, B, C 1 D i1 4eTBIPEXYTOIbHOM

IUIomaaky). BeicOTa OaHHBIX ITOBEPXHOCTEN paBHA MaKCUMaJbHO

BBICOTE PaCIIOIOKEHUS OCBETUTETbHBIX Mpuobopos (H) (puc. 1).

Puc. 1. PacnonoxeHue pacyeTHbIX NIOCKOCTEN NS OTKPbITbIX CNOPTUBHBIX 0GBEKTOB

B) Ha [OIOSHUTENbHBIX ITOBEPXHOCTSX BBIAENSIETCS HIDKHSIS 4YacThb
BbICOTOI 1,5 M. [I/o1agb MOBEPXHOCTEN, COOTBETCTBEHHO, Sai, Spi, Sci
u  Sp;. JlaHHbBIE  YYACTKM  JOIOJHUTEIbHBIX  BePTUKAIbHBIX
TIOBEPXHOCTEN CUMTaeM I10Je3HbIMMU, HAPSIAY C TOBEPXHOCTbIO UTPOBOIA
TUIOLI K.
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Ha moTo/IHUTeIbHBIX ITOBEPXHOCTSIX BBIAEISIETCS BEePXHSISI OCTaBIIAsICS
yacThb BricoTOM G = H-1,5 M. ITno1maab MOBepPXHOCTE, COOTBETCTBEHHO,
Saz, Sp2, Sc2 vt Spy.
PaccunThiBaeTCsl CpedHsISI OCBEIlleHHOCTDb Ha KaXKA0M TOMOJHUTEIbHO
pacyeTHON ITOBEPXHOCTU (HVDKHSISL YaCTb) Eas, Egi, Eci, Epi i Eaz, Ep2, Eca,
Ep>.
OnpenesisieTcsl YCJIOBHBIN CBETOBOM IMOTOK, HOCTABJIEHHBIN HAa KaXXIYIO
IOTIOJTHUTEIbHYIO PACUETHYIO ITOBEPXHOCTDb, HAIIPUMeED:
D41 =Ea; *Sa1 <)

CooTBeTCTBEHHO, A1l HUKHEN 4acTu Pa1, Dpi, Oc1, Op1 M A1 BepxXHEN
yacTu a2, Dp2, Dc2, Ppa.
PaccunThiBaeTCsl YCJIOBHBIM CBETOBOM IIOTOK, [OOCTABJIEHHbI Ha
UTPOBYIO TUIOMIAIKY M HVOKHME YaCTU AOIIOJHUTE/IbHBIX BEPTUKAIbHBIX
pacyeTHBIX IIOBEPXHOCTEN

Doy = Ds + Dyy + Dy + Dy + Dy 4)
PaccuMThIBaeTCsl YCJIOBHBIM CBETOBOM IIOTOK, He IOCTaBJIEHHBIN
(mapasuTHBI) HAa  WUIPOBYIO  IUIOMIAAKY WM HUWKHUE  4YacTu
TIOTIOJTHUTEJIbHBIX BePTUKAJIbHBIX PACUETHBIX ITIOBEPXHOCTEI:

Doy = Pyp + Py + Pz + P ©)
PaccunThiBaeTcss 3HaueHMe Kod3p@duiMeHTa TI0Je3HOT0 CBETOBOTO
TI0TOKA:

Fen

T (6)

2)OnpepeneHue Kpurepuss <«CBer Ha MecTe» IS 3aKPBITHIX
CIIOPTUBHBIX OOBEKTOB:

IIyHKTBI @) — T) BBIIIOJHSIOTCS IIOJIHOCTbIO AQHAJOTMUHO OTKPBITHIM
o6bekTaM. PacIoyio)keHue pacyETHBIX IUIOCKOCTEI [T 3aKPBITHIX
00bEKTOB ITOKAa3aHO Ha PUC. 2.
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PacuéThl mjiI TYHKTa 1) [JIS HIWKHE YacTM BepTUKaJIbHBIX
IIOBEPXHOCTEN BBIMIOJIHAIOTCA C YYETOM MHOTOKPATHBIX OTpPaKeHUil B
IIOMEIlleHMM, a IJIsI OCTAJIbHBIX ITOBEPXHOCTEI — TOJbKO C YUETOM IPSIMOIi
cocTaBsiionieii. ITYHKTBI €) — 1) BBIIOJHSIOTCS aHAJIOTMUYHO OTKPBITHIM
obbekTaM, 3HaueHue KodpduiyeHTa I[10Je3HOI0 CBETOBOIO IIOTOKa
paccunTbiBaeTcs 1o popmyiie (6).

PesynbTaTsl

IOanHasg MeTonuka Obula MpUMeHEHA IS OLeHKM 3G EeKTUBHOCTU
Pa3IMIHBIX OCBETUTENIbHBIX YCTAHOBOK KPBITOIM BOJIEMOONBHON IIIOMAIKN
(MEeHSITUCh TUIIBI OCBETUTEbHBIX MPubopoB (OIT), cxeMbl UX PaCIIOI0KEeHUS
U KOJIMYECTBO) M OTKPBITOTO (QyTOOJBHOTO ITOJIST (MEHSUIMCh BHICOTA MAUThI U
KoymmuuectBo  OII). PesynabTaThl mpuBeOeHbl B Tabmmumax 1 u 2
COOTBETCTBEHHO.

B mepBomM ciiyuae HamboJsiblllee 3HaueHMe Ko3hduimeHTa I0Je3HOro
cBetoBoro moToka K=0,624 3adukcupoBano mig OV 4, dro
CBUETENILCTBYET O Haumbosiee 3hPEeKTUBHOM paclipele/ieHU CBeTa Ha
UTPOBOII TUIOIIAKE U TMPWIETralwliuxX MOJe3HbIX 30HaX. Takke CpaBHEHUE
10Kas3ajo, UYTO IIPU OAMHAKOBOI 006Ieit mMomHocTM P, 3¢(eKTUBHOCTD
MOXeT pas3anyaTbCsd, UYTO IIOAUYEPKMBAET BAXKHOCTb IIPABUJIBHOT'O
pasmenienus OII.

Ta6nuia 1. PesynbraThl olieHKM OV KpbITOI BOJIEIO0TbHO IIOMIAIKN

ov1 ov 2 0ov3 ov4 oy 5
K. 0,538 0,594 0,589 0,624 0,545
P_,Br 3408,8 1069,2 1060,2 1033,3 1008,2
P, Bt 6336 1800 1800 1656 1850
Bo Bropom ciayuae MakcuManbHast 3ddekTMBHOCTL  (Kow=0,75)

OJOCTUTaeTCd IIpM BbLICOTE MauT 20 u 25 M, UYTO CB4A3aHO C OIITMMaJ/IbHbIM
VIJIOM IIad€HUsd CBE€Ta U MMUHUMMU3aLuen pacceBaHMS 3a IIpeneibl I/II‘]DOBOVI

30HDBI.

Tabnuia 2. Pe3yabTaThl olieHKM OV OTKPBITOr0 yTOOIBHOTO OIS

Bricota maurt, M 10 15 20 25 30
Kew 0,65 0,72 0,75 0,75 0,73
P_,KBT 90 91 107 131 153

P , kBT 138 126 143 174 209
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Bo Bcex cIyyasx MeTOIMKa I03BOJIMIA BBISIBUTH OV ¢ HaMIyUIIUM
6asaHCOM MesKIy SHeproroTpedaeHreM 1 3QGeKTUBHOCTHIO. DTO ITO3BOJISIET
yTBEPKIAaTh, UTO IPEIJIOKeHHAss MEeTOAMKa 06ecrieuBaeT TOUHYIO OLIEHKY
9HeprodPGeKTUBHOCTY CIIOPTUMBHOIO OCBELIEHMSI U MOXKET CIYKUTh
MHCTPYMEHTOM [JIS OITUMMM3ALMM CYIIECTBYIOIIMX U IIPOEKTUPYEMBIX
CUCTEM.

OO6CyKaeHVe U BbIBOJbI

ITpennokeHHaAs MeToIyKa OIIeHKU 9HeproahGeKTUBHOCTU
CIIOPTUMBHOTO  OCBEIIEeHMs]  IT03BOJISIET  KOJMYECTBEHHO  OIMpPeIe/NTh
53¢ }PeKTMBHOCTh [OCTaBKM CBeTa Ha IIeJIEBYI0 IUIOMIAAKY, a TaKkKe
KOJIMUECTBO I1apa3smMTHOTO CBeTa, BEAYIIEro K CBETOBOMY 3arpsi3HEHUIO TP
OCBEIIEHUY CIIOPTUBHBIX OOHEKTOB.

[IpenjioxkeHHass MeTOAMKA pacIIvpsieT MPUHIINIT OIpeieJieHus] paHee
BBeJIEHHOTO IToKa3aTess LSAE, anganTupys ero IJjsl CIOPTUBHBIX OOBEKTOB U
TO3BOJISISI  YYECTb BakHble IlapaMeTpbl: COOTBETCTBME  MOIIHOCTU
OCBETUTEJIbHOTO Mpubopa M TUIla CBeTOpaclpeneaeHms pelraeMoit 3amaue;
ONTUMAJIBHOCTh  ITapaMeTpoB  MpoekTtupoBaHus OV U TOUYHOCTH
TTO3UIIMOHMPOBAaHMS TIPUOOPOB; XapaKTePUCTUKMU MHTepbepa MoMeIleHUs U
BKJIaJi OTPa’kKeHMSI CBeTa IIPM pacueTax M ITPOEKTUPOBaHMM. IloydueHHbIe
JIaHHbIE MOTYT OBbITh MCIIOJIb30BAHbI MPY ITPOEKTUPOBAHUN U MOAEPHU3ALINNA
YCTAaHOBOK  CITOPTMBHOTO  OCBEIIEHMSI, UTO MOXET CII0COOCTBOBATh
TIOBBIIIEHMIO X 3G HEKTUBHOCTHU U 6€30TIaCHOCTH.
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PEAJIU3ALINA CUCTEMBI AAANTUBHOIO YNPABJIEHWUA OCBELL EHUEM
HA OCHOBE HEAPOHHbIX CETEA JJ11 ABTOCAJIOHOB

Kpsinos A.3., cmydenm; Makapoe JI.H., K.m.H., doueHm
HauuonanwvHuili uccnedosamensckuti ynusepcumem «M3IU», 2. Mockea

IMPLEMENTATION OF ADAPTIVE LIGHTING CONTROL SYSTEM BASED ON

NEURAL NETWORKS FOR CAR DEALERSHIPS
Krylov A.E., student; Makarov D.N., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AnHoTanus

PaspaboTaHa 1 5KCIIePUMEHTAIBHO MMOATBEPKIEHA MHTEIJIeKTyaIbHasI
cucTeMa afaliTUBHOTO VYIIPaBJIe€HUS OCBElleHMeM [Jisi 30Hbl BbIAAUM
aBToCcajoHOB. CuctemMa aBTOMAaTUMYECKM OIpenenseT ILBET Ky30Ba
aBTOMOOWJII C MCIIOJIb30BAaHMEM HEPOHHOM ceTu (CBEepPTOYHAsl CeTb
SqueezeNet, mooOyueHHas Ha maTaceTe U3 12 I1IBeTOB) M YyCTaHAB/IMBAET
ONTUMAJIbLHYIO KOppPEeIUPOBAHHYIO 11BeTOBYI0 TeMiepaTtypy (KL T) cBeToBOoro
nmotoaka ot 2700 mo 6500K. B kauecTBe 00BbEKTa MCCIeOOBaHUS
paccMaTpMBaeTCsl ~ CTaHOapTHas  30HAa  BbIAAUM B aBTOCAJIOHE,
MIpeICTaB/IAIOIIasl M30/IMPOBAHHOE TTOMeIe e TUIOMAanbio 51 M? ¢ BHICOTOI
MOTOJIKA 3 M C YCTAHOBJIEHHBIM HAa HEM PABHOSIPKON CBETOBOI IIaHEJIbIO,
pasmepoM (6x3 M) Ha ocHoBe 50 cBeTOAMOAHBbIX Monyneit Samsung LM301B
(Tunable White), vympaBasieMblx 10 TipoTokony DALI DT8 uepes
25 npaiiBepoB. IIpy HaxoXIeHUM B TOMEINEHUM aBTOMOOWIIS 3aITyCKaeTCs
aJTOPUTM: CerMeHTalusl aBTOMOOMJISI uepe3 BbluMTaHue ¢GOHA, aHAIU3
JTOMMUHMPYIOIIIETO OTTeHKa B TMpocTpaHcTBe HSV, knaccudukaiusi iiBeta
HelipoceTbi0 (TOYHOCTb 94,6 %) u ycraHoBka Heobxomumoii KIIT cBeueHmst
CBETOBOJ ITaHeJN. Pe3ynbTaTbl BU3YaJIbHOIO TeCcTUpoBaHus B DIALux evo
IOKa3ajaM 3HAUMTE/IbHOE YJIyUullleHMe BOCIIPUSITUSI LIBeTa aBTOMOOWJSI TpuU
aJanTUBHOM IIOJICBETKE [0 CPpaBHEHMIO CO craTuueckum cBetoM B 4000 K.
Cucrema OeMOHCTPUpPYET TOTOBHOCTh K BHeIpeHUI0, obecrieunBast
TePCOHAIM3UPOBAHHbBII CBETOBOJM CIIeHapuii ¥ TOBbINIAS KIMEHTCKYIO
JIOSIIBHOCTB. [lepCrieKTMBBI BKIIIOUAIOT pacliMpeHue IIBETOBON MaJUTPbl U
IIpPMMEHeHMe B My3esiX U puUTeiie.

Abstract
An intelligent adaptive lighting control system for vehicle handover areas
in car dealerships has been developed and experimentally validated. The system
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automatically identifies a vehicle’s body color using a neural network
(SqueezeNet CNN fine-tuned on a 12-color dataset) and sets the optimal
correlated color temperature (CCT: 2700-6500 K) for an overhead luminous
ceiling. Key components: a) An isolated room (51 m? with a luminous ceiling
(6x3 m) featuring 50 Samsung LM301B LED modules (Tunable White),
controlled via the DALI DT8 protocol through 25 drivers; b) Vehicle segmentation
via background subtraction, dominant hue analysis in HSV space, and color
classification by the neural network (94.6 % accuracy); c) The recommended CCT
is displayed for operator confirmation before sending commands via DALI DTS.
Visual testing in DIALux evo confirmed significant improvement in vehicle color
perception under adaptive lighting versus static illumination (4000 K). The
system demonstrates readiness for deployment, enabling personalized lighting
scenarios and enhancing customer experience. Future work includes expanding
the color palette and extending applications to museums and retail.

KmoueBble cjoBa: afalTMBHOE  YIIpaBIeHME  OCBEIIeHUEM,
HellpOHHbIE CeTHu, pacllo3HaBaHMe I[BETa, KOPpPeJMPOBAaHHAS I[BETOBAs
TeMIiepaTtypa, Mmpotokon DALI DTS, 30Ha BblAauM aBTOCAJOHA, CBETOBO
TTOTOJIOK.

Keywords: adaptive lighting control, neural networks, deep learning,
vehicle color recognition, correlated color temperature, DALI DT8 protocol, car
dealership handover area, luminous ceiling.

BBegenue

WHTenneKkTyalbHble CcUCTeMbl yripaBieHus1 ocBeljeHueM (CYO)
CTAQHOBSITCSI  KJIIOUEBBIM  3jleMeHTOM LMbpoBMU3alMu  KOMMepUeCKux
npoctpaHcTB.  CoBpeMeHHble  TpebOBaHMS  BBIXOAAT 332  PaMKU
9HeproapdbeKTUBHOCTY, BKIIOUAsT aJalTUBHOCTb, TMEPCOHAIU3AIUIO U
BU3yanbHbIt  KoMdopTr. Ocoboe 3HaueHMe 3STO IpuobpeTaeT B
MPEe3eHTAlMOHHBIX 30HAaX, TaKMX KaK aBTOCAJOHBI, TIle OCBelleHue
HampsIMyIO BJIMSIET HAa BOCIIpUSITHE ToBapa U GOpMUPYET KIMEHTCKUI OIIbIT.
TpagunonHsie CYO He CHOCOOHBI JMHAMMUUECKM afanTUpPOBaTbCS K
BU3YyaJIbHBIM XapaKTepUCTUKaM 00beKTOB, TAKMM KakK I[BET aBTOMOOWJIS, JJIs1
ero OINTUMAaJIbHOTO mNpencTaBieHusi. TexXHOJOTUM MAIIMHHOTO OOy4YeHMsI
(MO), B uactHOCTM HelipoHHble ceTu (HC), mpemyaraior pelieHue [jisl
aBTOMAaTU3alMu 3TOM 3agaun [1, 2].

ITesbro pabOTHI SIBJISIETCSI pa3paboTKa M SKCIIepUMeHTa/bHAsT POBepKa
MMPOTOTUIIA CUCTEMbI aBTOMATUUECKOTO YIIPABIE€HMS OCBelleHUEM [IJISI 30HbI
BbIJIAUM aBTOCAJIOHA, CITOCOOHOIA:
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1. OmpenensiTh 1IBET Ky30Ba aBTOMOOWIIS TI0 M300paskeHUIO C KaMepbl C
UCII0JIb30BAaHMEM HEPOHHOM CeTH.

2. ABTOMaTHYyeCKM  YCTaHaBIMBATh  KOPPEIMPOBAHHYIO  I[BETOBYIO
temneparypy (KIIT) cBeTOBOro T1iOTOJIKA B  COOTBETCTBUU C
pacrO3HaHHBIM LIBETOM.

3. OGecrieunBaTh WMHTErpalMi0 aJIrOpUTMa MAIIMHHOTO 3peHUs C
IIPOMBIIIJIEHHBIM IIPOTOKOJIOM yIIpaBjieHus ocBelennem DALI DTS.
PaboTa 00benuHsIET COBpeMeHHbIe TOAXO/Ibl KOMITbIOTEPHOTO 3peHMSsI

(cermeHTaLMsI 0OBEKTOB, KJIaccupMKaIMs B [IBETOBOM IpocTpaHcTBe HSV) u
rry6okoro obyueHus (Mcrosab3oBaHue npenodyueHHoit CNN SqueezeNet) [3]
C TpaKTUYeCKOi peajmsaimeil Ha 06ase  CTaHZAPTU3UPOBAHHOTO
cBeToTexHMUueckoro rnporokona (DALI DTS8) [4]. Cucrema mpepjaraet
pelieHue JIJist TIOBBIIIEHNST BU3YaJbHOI IPUBJIEKATEIbHOCTY aBTOMOOWIIEN B
MOMEHT MX  IlepefauM  KJIMEHTY, IIOTeHIMaJIbHO  yBeJIMuMBasi
YI,0BJI€TBOPEHHOCTD TOKYyIIaTeseil. [IpOTOTUIl [eMOHCTPUPYET BO3MOXKHOCTD
CO3/IaHMST SKOHOMMUYECKU KM3HECITIOCOOHBIX aalITMBHBIX CBETOBBIX CPeI,.

MeToapbl

Cucrema COCTOUT M3 TpPEX OCHOBHBIX KOMIIOHEHTOB: armapaTHOM
r1aTdopMbl (ITOMelleHye, CBETOBOV MOTOJIOK, YIIPaBJsOIlasl 3JIeKTPOHMUKA),
aJrOpUTMa MALIMHHOTO 3peHMsl (HeiipoceTeBast Kiaaccudukauus liBeTa) U
CUCTeMBI yIipaBieHus (mpoTokos DALI, uuTepdeiic onepaTopa).

MogenupoBanach 30Ha Bbigauy aBrocajoHa (51 m2, Beicota 3 M, 6e3
okoH). CteHnl (k03¢d. oTpakenmusi 0,5 wu mon (0,3) BBIIOJTHEHb B
HeNTpaJibHbIX TOHAX JIJjs1 MMUHMMM3aLuM (OHOBBIX IOMeX. B KkauecTBe
MCTOUYHMKA CBETa MCII0JIb30BAJICS CBETOBOI IOTOJOK pa3MepoM 6x3 M Hap
30HOM TO3ULIMOHMPOBaHMS aBTO. OCHOBHbBIE 3JIEMEHTHI CBETOBOI'O IMOTOJIKA:
cBetoamonHbie moxmyiau 50 mT. Ha ocHoBe Samsung LM301B (CRI>90).
Kaxxnpiit Mmomynib (560x280 MM) comep>kuT 14 CBETOAMOMIOB TEIIOrO 6eyloro
(WW, 2700K) u 14 xomoghHoro 6enoro (CW, 6500 K), o6beauHeHHbIX B
rpymiisl Tunable White (TW). CBeToBoi# moToK Momysst ~1700 M (Tok 50 MA).
VhpaBieHye U nuTaHue obecrmeumBaiay apaiiBepel: 25 mT. (1 mpajiBep Ha
2 monys) ¢ mognepskkoit DALI DTS (700 mA, 90-150 B Ha kaHaum).

PacceuBaTesib CBETOBOrO ITIOTOJIKA IPEACTaBIISIET COO0I TPEeXCIOHYIO
CBeTOpacCceMBaIyl0 TKaHb (CBeToIpomnyckaHue 60-75 %) — apMUPYIOIINIA,
MaTUpPYIONMii, Y®-3alIMTHBIN cja0M. BpibpaHa 13 cOOOpaskeHMit OGOJIbIINMX
pasMepoB, paBHOMEPHOCTM CBETa U IMPOCTOTHI OOCTYKMBaHMS. YIIpaBaeHe
ocylecTBisieTcsl KoHTposuiepom DALI  DT8, O0JI0K [UTaHUSI IIMHbI
DALI (16 B, 250 MA), poTopHasi ITaHeJIb AJisl pyYHOTO yIIpaBJIeHMS].
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CucteMa 3axBaTa M300paskeHMsI IIPeACTaB/ISIET C0007 OOBIUHYIO KAMEDPY
(Full HD 1920x1080) B (pMKCHMPOBAHHOM IIOJIOXKEHUM C OTKJIIOUEHHO
aBT000paboTKOI OasaHca 6eyoro.

O6paboTka HAHHBIX IMPOBOAUTCS HAa KOMIIAKTHOM KOMIIbIOTEPE C
IMOMOIIIbI0 IPOTrPaMMHOI'0 KOJIa, HAIIMCAaHHOTO B mporpamme MATLAB.

KomribroTepHOe MOJeIMpOBaHMe IIPOIIECCOB UCCIeTOBAaHUM
nmpoBoamwioch B cpeme DIALux evo, B KOTOpOii OBbLIM pPacCUMTAHbI
cBetoTexHuueckme mnapaMmeTrpbl (~55000-60 000 1M O OCBEIIEHHOCTU
1500-1700 51k Ha KaroTe aBTOMOOMJIST) ¥ BU3YyaIM3all.

Anroputm MammHHOrO 3peHmst (OrnipepelieHue 1iBeTa) MPOBOOWMIICS B
HECKOJIBKO 3TaIloB:

1. 3arpyska TeKyIlero Kajapa ¥ 3TaJJOHHOTO M300paskeHUsI ITyCTOM 30HBbI.

2. Brruuranue pona.

3. bunapmsauus, MopdoJormueckue orepanuy (OTKPBITIE/3aKPBITHE),
BbIJleJIeHMe  KOHTYpoB. @wibTpaumsi obnacTeii 1o  IUIOIaau
(>300 nu1Kc.) ¥ COOTHOLIEHUIO CTOPOH (<4,0).

Ananus 1iseta 06beKTa:

1. BoimeneHue o61acTyt aBTOMOOWIIS.

2. IIpeobpasosanue B HSV.

3. MackupoBaHMe TIMKCeJiell ¢ HU3KOM HachIeHHOCThI0 (S<0,2) u
siprocThIo (V<0,2) J1s1 UCKITIOUEeHUS TeHEe U GJIMKOB.

4. TlocTtpoeHue rucTorpaMmmbl OTTeHKa (H) [ MacKMPOBAHHBIX
TUKCeen.

5. OmpepneeHne TOMUHUPYIONIETO OTTEHKA.

6. Co3paHue nartya CIUIOIIHOTO JOMUHMUPYIOIIETO 11BEeTa.

Cucremy yripaBiaeHus1 M MHTepdeiic MOXHO TaK ke IpelCTaBUTb B BUJIE
oIrpefeeHHbIX TPOLeayP:

1. CraproBag ciena: KIIT = 4000 K (HeiiTpa/bHBII O€JIblif).

2. Tlpu Bbe3me aBTOMOOWISE KaMepa JiejlaeT CHUMOK.

3. Asiroput™M omnpepensieT JOMUMHUPYIOIINUIA 1iBeT U pekoMeHayeT KIIT
(Kpacubiit -> 2700 K, Cunnii -> 6000 K, u T.13.).

4. TIpu noarBepxkaenun IIK ormpasisier KOMaHAy IO MpoTokomy DALI
DT8 uepe3 USB-DALI 111103.

5. HpaiiBepsr DTS paccunThiBaoT mmponopuynu WW/CW niasa ueneBoit KIIT
U PETyIUPYIOT TOK.

PesynbTaTnl
ITocie ob6ydyeHus: Ha KOMOMHMPOBAHHOM JaTtaceTe (IUIAIIKU +
aBTOMOOMIM) HeMpoceTb MOCTUIIA TOUHOCTM 94 % Ha BaJUAALMOHHOM
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BbIOOpKe. OYHKIMST TTOTEPh (LOSS) CTaOMIM3MpPOBAIach Ha HU3KOM YPOBHE,
TIPpU3HAKYU TTepeoOyueHUs] OTCYTCTBOBAJIN.

Cucrema yCIIeIIHO CeTMeHTMPOBaia aBTOMOOM/IM B CMO/IEIMPOBAHHOI
ClieHe ¥ KOPPEeKTHO omnpenennia ux 1BeT B 92 % ciiydaeB Ha He3aBUCUMOM
TeCTOBOM Habope. [Ipumep pesyabTaTOB BuU3yajmM3auum Ijist 12 1IBETOB
npeacTaBiieHbl Ha puc. 1. CucTeMa KOPpPeKTHO obpabaTbhiBajia pas3MyHbIe
(opMbI ¥ OTTEHKM B paMKax 3aJaHHBIX KJIaCCOB.

OfGHapyxeH LBeT: green —> YCTaHOBMTH Temnepartypy: 4500 K

a) 0)
Puc. 1. PacnosHaBaHue 3eneHoro LpeTa:
opuriHan nsobpaxerus (a), pesynbtat paboTbl HerpoceT (6)

CpaBHeHMe WM300pakeHUit aBTOMOOUJIEN TIPpU <«HYJIEBOM YCIOBUN»
(KII'T=4000 K) n nmociie npumeHeHus: pekomengosaHHoi HC KIT, cm. puc. 2
IeMOHCTPUPYET 3HAUMUTEJIbHOE YTyUllleHMe BU3YaJIbHOTO BOCTIPUSITUSI.

Puc. 2. OpaHxeBblii aBTOMOOUb:
CcTapToBas cleHa (a), pesynbTat paboTsl HermpoceTn — 2800 K (6)
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a)
Puc. 3. ®otorpadum pasnuyHoOro BU3yanbHOro BOCMPUATMA LiBeTa aBToMobuns (cepebpo):
KTL| ceeToBoro notonka 2700 K (a), KTL, cBeToBoro notonka 6000 K (6)

Pa3paboTaHHbIif aJITOPUTM PabOThI U CXeMa MHTerpalyum IMoATBe paUIIN
paboToCIOCOOHOCTh Tepemauu kKoMaHI oT MATLAB uepe3 BUPTYya/IbHbIi
COM-tiopt u USB-DALI uuto3 K npaiiBepam DTS8. Posib oriepatopa B
TOATBEPXKAEHUM  MUHUMMM3UPYET PUCK  OMMOKM  aBTOMATUUYECKOIO
pacro3HaBaHUsI.

Oo6cyRkaeHue

Pa6oTa monaTBepAmIia BO3MOKHOCTb M 3(PGhEKTUBHOCTh MPUMEHEHUS
HEVPOHHBIX CeTel [MJisi CO34aHusl amalTUBHBIX CUCTEM VIIpaBJIEHUS
OCBellleHMEM B CHEMaIM3UPOBAHHBIX KOMMEPYECKMX IMMPOCTPAaHCTBAX.
KitoueBbie JOCTUKEHWS :

1. PaspaboraH QYHKIMOHAIbHBII MPOTOTUII CUCTEMBI JIJIST 30HBI BbIIAUM
aBTOCAJIOHA C TOYHOCTbIO pacrio3HaBaHusI 1iBeTa ~95 %.

2. OO6oCcHOBaH M peaJM30BaH BbIOOP CBETOTEXHMUUECKOTO 000PYIOBaHUS
(momynu Samsung LM301B, npaviBepbl DT8, TKaHeBbII paccenBaTesib) U
rnmpoTtokona yrpasieHus (DALI DT8) Kak ONTUMAJIbHOTO pellieHus IJist
3agau TW.

3. [lokaszaHO Bu3yaJibHOe npeumyliectBo apanrtauuy KIT ocsereHust
IoJ LiBeT 0O0beKTa (aBTOMOOWMJSI) II0 CPaBHEHUIO CO CTAaTMUECKUM
HEMTpaJbHBIM OCBEIEHMEM.

4. Peanmu3oBaHa IpakTudecKas uHTerpamus aiaroputma MO (MATLAB) ¢
IIPOMBIIVIEHHOM cuctemoi ocemeHns (DALI).

[Ipeumy1iecTBa MpeajiosKeHHOTO pPelleHus :

1. AmanTuBHOE  OCBellleHMEe T[OJUYEpPKMBAET TOCTOMHCTBA  IlIBETa
aBTOMOOWJISI, CO37aBasi yCWIeHMe BU3YaJIbHOTO BIEYATIEHUS MIJIst
KJIM€HTA.
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2. CHmwKeHMe PYTMHHBIX OTlepaluii o HacTPoiike CBeTa MePCOHAIOM.

3. UcnonbsoBanue DALI DT8 obecrieunBaeT COBMECTUMOCTb, HAJIESKHOCTD
Y BO3MOKHOCTb YITpaB/IeHMsI OOJIBIIMM UMC/IOM YCTPOJCTB.

4. TlopTBepKaeHMe OIIepaTOPOM ITOBbIIIAET HaAeKHOCTb CUCTEMBbI.

5. KOHCTpyKIMsSI CBETOBOTO IIOTOJIKA M KOMIIOHEHTbI ITOA0OpaHbI C
YU4eTOM peasIbHbIX TPeOOBaHMIT U JOCTYITHOCTM.
BoiBOaBI
PaspaboraHHast cucrema, VHTETrpUpYoIIas HelpoceTeBbIe

TEeXHOJIOTMM, KOMIIbIOTEpHOE 3peHMe ¥ COBPEMEHHbIe ITPOTOKOJIbI
yrpasienust ocseuieHem (DALI DT8), nipencTasisgeT coboii adpdeKTuBHOE
pelieHne IJiS  3amay  aJallTMBHOTO OCBeIleHMSI B KOMMEPUYECKUX
MTPOCTPaHCTBAX.

IlokasaHHasi BbICOKAsl TOYHOCTb KjacCMPUKAUMU U BU3YaJIbHBIN
BeIMTphIIT OT apanrauuu KIIT moaTBepsKIaroT ITPaKTUUECKYI0 I€HHOCTb
nogxona. lanbHeiilliee pa3BUTME CUCTEMbl CBSI3aHO C IIPeoJoJieHMeM
TEeKYIIMX OrPaHUYEHUI U paciIiMpeHneM ee PyHKIMOHAIBHOCTU U obJacTeit
TIpUMeHeHMs].

PaboTa BHOCUT BKJIAJ[ B Pa3BUTHE KOHIEMIINY «yMHbBIX» ITPOCTPAHCTB,
CITOCOOHBIX MMHAMMYECKM PearupoBaTh Ha BU3YyaJbHbIE XapaKTE€PUCTUKU
00BEKTOB [IJISI CO3MIaHMSI ONITUMAIbHOM CBETOBOI CpeIbl U SMOIMOHAIBHOIO
OTIBITA.
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GOPMAT CLLEHHYECKOr0 OCBELLEHUS B MY3bIKANIbHOH
WKONE-CTY AUU

Caiikoea I1.A., cmydeum; I'peukuna T.B., K. ¢p.—Mm. H., doueHm
HauuonansHhetii uccnedosamenwsckuti Tomckuii nonumexHuueckuti
yHueepcumem, 2. Tomck

THE FORMAT OF STAGE LIGHTING AT THE MUSIC SCHOOL-STUDIO
Saikova P.A., student; Grechkina T.V., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AHHOTaI M

HampaByiieHusi TBOpUeCKMUX OOBbEeIVMHEHMII U IUIOIIAAOK B HaCTosIee
BpeMsI JTOCTaTOUHO MHOT000Opa3Hbl. My3bIKajJbHble 00pa30BaTe/IbHbIE
3aBeleHMs PacCIIUPSIOTCS BO3MOKHOCTSIMM  3aHMMATbCS BOKaJOM U
MHCTPYMEHTaMM, KaK pa3BUTHE U TIOCTVKEHME 3TUX HaABBIKOB B JIIOOOM
BO3pacTe. boJbllloi MHTepecC y AeTei 1 B3POC/IbIX Ceituyac BbI3bIBAIOT 3aHSTUS
C BO3MOKHOCTBIO BBICTYITaTh, IIOKA3bIBATh CEOS ¥ CBOE TBOPUECTBO Ha CIIEHE.
JIJisI 3TOTO ClIeHMYeCcKoe TIPOCTPAHCTBO HYKIAETCSs B OITpeieJIeHHOM 00JINKe,
cBeTOBOM oOdopMIeHMN. 1le/bl0 JAaHHOTO IPOeKTa SIBJSIeTcsl IMpopaboTKa
BOIIPOCA MOCTAaHOBKY CIIEHMUYECKOTO CBeTa JIJIsl [TPOBeleHUs] MePOIpUSITUIL U
MVHM KOHIIEPTOB YUYE€HMKOB MY3bIKaJIbHOI IIKOJBI-CTYAUM BOKaja B
00JIBIIIOM 3aJIe.

B paboTe mpoBefeHa OLIEHKA COCTOSIHMS OCBEIeHMs OOJIbIIOTO 3ajia
MY3bIKQJIbHOM  IIKOJBI-CTYAMM C yUYETOM 3pUTENbHBIX 3amady U
dbyHKUMOHMpPOBaHMUST BCceX IoMeleHuit. Jlamee Obuta cosmaHa 3D Mojesb
00beKTa MUCCIeNOBaHMSI C  MCIIOJb30BAaHMEM  CIELMATIU3UPOBAHHOIO
IIPOTPaMMHOTO0 obOecrieueHusI 11 MOAeIMPOBaHUS paclpee/ieHns CBeTa.

PaccMOTpeHbI  CXeMbl  pasMellleHus] CBETWJIbHUKOB, BbIOpAHBI
ONTUMAJbHbIE WUCTOUHMKM M pa3spabOTaHbl CIeHApUM OCBEIIeHUS OJIs
perieTULIMIA UM TIpOBeAeHUS] BBICTYIUIeHUiA. [IpenjioskeHbl pelieHuUsT C
peryJiMpyemMbiMy  CBETWJIbHMKAMM,  aKIEHTHbIM UM  [Ie€KOPaTUBHBIM
OCBellleHVeM, a Takke peskMMaMM yIIpaBjieHUsI.

Abstract

The directions of creative associations and venues are currently quite
diverse. Musical educational institutions are expanding their opportunities to
practice vocals and instruments, as well as to develop and comprehend these
skills at any age. Children and adults are now very interested in classes that offer
the opportunity to perform and showcase themselves and their creativity on
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stage. For this, the stage space requires a specific design and lighting setup. The
purpose of this project is to study the issues related to staging stage lighting for
events and mini-concerts of students at the vocal music school studio in a large
hall.

The work involved an assessment of the lighting conditions in the music
school studio, taking into account visual tasks and the functioning of all rooms.
Next, a 3D model of the object of study was created using specialized software to
model the distribution of light.

Lamp placement schemes were considered, optimal light sources were
selected and lighting scenarios for rehearsals and performances were developed.
Solutions featuring adjustable luminaires, accent and decorative lighting, as well
as control modes, are proposed.

KiioueBble CJIOBa: CIIeHMYECKOEe OCBellleHMe, TOCTAaHOBKAa CBETa,
MOJIeJIMPOBaHMe OCBeIlleHNsI, IPOEeKTYPOBaHNE CBETOBO CpeIbl

Keywords: stage lighting, lighting arrangement, lighting simulation,
lighting design

BBepenue

Ponb cBeTa, 6€3yCJ0OBHO, BaXHbIIf KOMIIOHEHT CII€HMYECKOTO
npoctpaHcTBa. Co3maHue CBeTOBOV aTMocdepbl B IPOLIECCE BbICTYIIEHUS
IOTIOJIHUTEIbHOE BIIeUaTIeHMe M ocobasi Kpacka B TAJUTPE IEeJIOCTHOTO
HOMepa U uaeu TBopuecTBa. OcBellleHMEe IPOCTPAHCTBA B 3TOT MOMEHT
B/MSIeT He TOJIbKO Ha BU3yalbHbII KOMGOPT, HO UM Ha 3IMOILIMOHAJIbHOE
COCTOSTHME BCEX YUACTHUKOB, KaK UCITOJTHUTEJS, TaK U 3pUTEJIEIA.

CoBpemeHHble MY3bIKQJIbHbIE YUPEXAEHUST PACIIMPSIIOT BO3MOXHOCTU
3aHSITUI, YPOKU IMPOXOIST B MHAMBUIYAIbHOM opMaTe, B MMHM TPYIIIaxX U
IeTCKUX KojuleKTuBaX. CIIeHMUeCKM 3TO TakKe TpebyeT agalTUBHOIO
cBeTOBOrO OoGoOpMJIeHMS IJjisI IIOATOTOBKM HOMEpPOB U  MTOTOBBIX
BBICTYTIJIEHUIA.

VccnemoBaHys MMOKa3bIBAKOT, UTO IPUMMEHEHME COBPEMEHHBIX METO0B
MIPOEKTUPOBAHMS CBETOBOM cpenbl CITOCOOCTBYET YIY4YIIeHUIO
(byHKIMOHATBHOCTM 3a/lay ClieHudyeckKoro IviaHa [1]. B cBsism ¢ 3Tum,
CBETOTEXHMUECKas] 3amaua paboThl COCTOUT B pa3paboTKe IPOEKTa
CIIEHMYECKOTO OCBEIEeHMsST OOJIBIIOrO 3a/la MY3bIKaIbHOM IKOJIBI-CTYIAUN C
TIOMOIIbIO MOJIEIMPOBAHMS i COBPEMEHHBIX TEXHOIOTUIA.

MeTon uccieJoBaHUS
B paboTe mpoBedeHbl aHAIM3 M OLIEHKA CBETOBOI Cpeabl HAa OCHOBE
HaOJII0IeH I U TIPOBeIeHMST MU3MEePEHM YPOBHS OCBEIIEHHOCTH C IIOMOIIbIO
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mokemeTpa «TKA-ITKM» ¥ mOCTpOeHHOo# 3D Mopeau moMelleHus! 60/IbIIOro
3aj1a B mporpamme DIALux evo.

[TomemieHue OOJBIIOrO 3ajia IIPEACTAB/SIET CO00J MPOCTPAHCTBO
MIPSIMOYTOJIbHOM (OPMbI, OTAEJIKA CTE€H BBIIIOJHEHA B CEPHIX U CBETJIbIX
TOHAaX. B 3ajie pacrnosiokeH ClIeHUYecKui mnoamuym BbicoTolM 20 cM, Ha
IIPOTUBOIIOJIOKHOI CTOPOHE — OOJIBIIOE 3ePKaJIO, PSIIOM CO CLIEHO C OHOI
CTOPOHBI — paboyee MeCTO MPeIoaaBaTesIs C My3bIKaJIbHbBIM MHCTPYMEHTOM,
C Ipyroit CTOPOHBI OT CI€Hbl — OOJIBIIO OKOHHBIN mpoeM. OO6Iiee
OCBellleHMe B IIOMEIeHUM OCYIIeCTB/SIETCS IIpM TMOMOIIM UeTbIpex
CBETOAMOIHBIX ITOTOJIOUHBIX CBETUJILHMKOB C XOJIOAHBIM CBETOM CBEUEHUSI.

BornbLuoii [3an

[ |
AR

Puc. 1. V3obpaxeHue BonbLuoro 3ana B Buaax B nnaHe (a), oto obbekTa (6, 8),
pacyeTHas BU3yanusaums TeKyLLero coctosHus ocselleHuns (2) u 3D mogens (0,e) B DIALux evo

Ha ocHOBe uepTeXXeil M BU3YaJbHOrO OCMOTpa OblIa IIOCTPOEHa
TpexmMepHas MoeJib romeleHus B mporpamme DIALux evo (puc. 1). Moneib
YUUTBIBAET T€OMEeTPUIO0 IIOMeIlleHUs], PacliojoXKeHue OKOHHOIO IIpoeMa W
nBepeit, Mmeben, a TaKKe TUIIA M MUCXOIHOTO PacCIIOIOKeHMEe CBETUIbHUKOB.
OTO IIO3BOJWIO IIPOBECTU CBETOTEXHUUYECKUI pacueT M BU3YaIU3UPOBATh
pacripezejieH e OCBEIeHHOCTH B pealbHbIX YCJIOBUSIX (pUC. 12).

PesynbTaTnl

OpmHoVi M3 3amau ucciemoBaHus Oblla 3amaua  GOpMUPOBAHUS
KOMIUIEKCHOTO MOAXOJla B peanu3alyi CBETOBOTO peIllleHUs] B [OMEIeHUU
MY3bIKaJIbHOM IIKOJBI-CTYOUU, C YUYETOM CLI€HMUYECKOrO0 MPOCTPAaHCTBA.
[IpoekTHpoBaHME BeJOCh C YYETOM HOPMATUBHBIX TpebOBaHMII K
OCBEIIeHHOCTU U 0COOEHHOCTEe TTOCTAaHOBKY CBETA.
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B KauecTBe 11eJIeBbIX ITOKa3aTe el IPOeKTUPOBaHMS ObUIM BHIOpaHBI:
— OCBeIIeHHOCTH cieHbl — He MeHee 500 ik (CIT 52.13330.2016);
— PpaBHOMEPHOCTb  OCBEIIeHHOCTM ClleHbl — He MeHee 0,6

(CIT 52.13330.2016);

— MHIEKC LBeTomnepeaaun CBeTUIbHUKOB Ra > 90;
— 1BeToBas tremrieparypa 2700-4000 K.

ITIpu GopMMUPOBAHUM CIIEHMUECKOTO OCBEIIeHMSI ObLIM PacCMOTPEHbI
HEeCKOJIbKO BapMaHTOB C MCIIOJb30BaHMEM pPas3HbIX TUIIOB CBETUIbLHUKOB,
CXeM pa3MellleHMs] U PeryJiMpoBKM OCBelleHHOCTU. Kaxkmplii BapuaHT
OIIEHMBAJICSI C TOYKU 3PEHMSI COOTBETCTBMUSI HOPMATMBHBIM TPeOOBAHUSIM,
BU3YaJIbHOI BbIPA3UTEIbHOCTU U BO3SMOKHOCTH peayin3alyi.

B mepBoM BapuaHTe IIPOEKTHOIO pelleHMs] MpMMeHeHa CuUcTeMa Ha
06a3e MarHuTHBIX TpekoB (puc. 2). B ommmume or PAR-TIpOKEKTOpPOB, OHA
obecrieunBaeT BBICOKYI0 TMOKOCTh B pasMelleHMM U PperyJaupoBaHUMU
CBETWIbHMKOB. Takad cucrtemMa TO3BOJISIET U3MEHITh  I[BETOBYIO
TeMIepaTypy U SIPKOCTb CBETUJIbHMKOB, UTO AAET BO3MOKHOCTb CO3[1aBaTh
pasHooOpasHbie CBETOBbIE CIIEHAPUM M alaliTUPOBATh CBETOBYIO aTMocdepy
T10J1 pa3Hble PeXXMMbI pabOThI.

B

CBEeTUNBHUKN 0DLLEr0 OCBELLEHNS

a)

Puc. 2. CueHbl OCBELLEHNS NpU BU3yanu3aLyi CLIEHMYECKOTO OCBELLEHMSI C UCTOMNb30BaHNEM
MarHUTHOrO TPeka U LIBETHbIX MPOXEKTOPOB: CXeMa PacronoXeHMst CBETUMBHUKOB (a), PEXnM
peneTuuus (6) v BbICTYNNeHe (8)
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Ta6nmua 1. Texuuueckue XapPaKTEePUCTUKNU TPEKOBBIX CBETUIBHIMKOB

MOIHOCT®D, CBeTOBOI Yron usnyueHus, NHpexc
HasBanne
BT ITOTOK, JIM rpaf. 1BeTONepesaun
Mag-orient-
16 1200 80 90
flat-L465
Mag-orient-
g 12 730-890 24 94
spot-R45
Tabnuia 2. [TapaMeTpbl OCBELIEHMS CIIeHbI IIPU PesKMMax paboThl
perneTuins U BbICTYIIJIEHME
PaBHOMEpHOCTD
Pexxum OcCBelIeHHOCTb
OCBeIIeHHOCTU [Tpumeuanne
paboThI CI[E€HBI, JIK
CIIeHbI
Ucnionb3yroTcs
Penetunuga 510 0,6 TPEKOBbI€ CBETUJIbLHKU U
001 It CBET
OO611IMi1 CBET BBIK/IIOUEH,
He pernameHTpyeTcs
s UCITOJIb3YIOTCS LIBETHBIE
BricTyrieHne 266 MIPOKEKTOPbBI U
XyI0KeCTBEHHOTO
TOUEYHbIE TPEKOBbIE
OCBellleHUs
CBETUJIBHUKU

VY1iipaBjieHMe OCBellleHMeM peaan3oBaHO 10 mpotokony TUYA,
MHTEIPUPOBAaHHOMY B JKOCMCTEMY YMHOTO J[0OMa, UTO obeclieunBaeT
YIOOHBIN ¥ MHTYUTUBHO TOHSITHBIN KOHTPOJIb PEKMMOB Uepe3 MOOWIbHOE
npuiokeHue. TpekoBas cucTemMa CIIOCOOCTBYeT IIOCTaHOBKeE CBeTa:
TOUEUYHbIE€ CBETUMJIbHUKM BBIJEJSIOT BBICTYIIAIOIIETO aKIIeHTHBIM CBETOM, a
JVHe}Hble  CBETWIbHMKM  00eclieuyBalOT paBHOMEpPHOe OCBellleHNe
peneTULOHHbBIX 30H [2].

HobaBneHue I[BETHbIX IIPOXKEKTOPOB 3HAUYMUTENbHO paciiupsier
BapMATUBHOCTh [OCTYITHBIX CBETOBbIX 3(ddeKToB, TMO3BOJSAS CO3[aBaTh
atmMocdepy, uaeasbHO COOTBETCTBYIOIIYI0 HACTPOEHUIO MY3BIKM MU TUITY
Meponpusitust  [3]. Takasgs komOMHaiusi obecrieuMBaeT He TOJIbKO
(YHKIIMOHANBHOCTh, HO M BBICOKYIO 3CTETUUECKYI0 I1I€HHOCTh, [east
CBETOBYIO Cpefly ITO-HaCTOSIIEeMY IMHAMMUYHON U BbIPa3UTEJIbHOM (pUC. 2).

PacueTHoe  3HaueHMe  OCBEIIEHHOCTM CIEHbl Mpu  0bOIIem
MCKYCCTBEHHOM OCBellleHuM mocturaeT 560 K. B mHeBHOe BpeMs CBET OT
OKHAa JKeJlaTeJbHO VYCTPAHAThb C TIOMOIbIO IUIOTHBIX IITOP WM
MHOT'OYPOBHEBBIX JKa03M.
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| Sasamnn :
PMC. 3. Bapl/IaHT I'IpoeKTHOFO peLLIeHVIFI C UCNONb30BaHNEM I'IpOd)ECCMOHaJ'IbHOFO
CLieHN4eckoro 060pya0BaHms

Ha puc. 3 npeacraBjieH BapuMaHT OpTaHM3aLiMM CBETOBOI aTmMocdepbl
TIPU UCTIO/Ib30BaHUM TTPODECCHOHATBHOTO CIIEHMYecKoro obopymoBaHus. B
[IPOEKTe COXPAaHEH MAarHUTHBLIA TPeK C YIIpaB/sieMbIMU CBEeTUJIbHUKAMMU.
VHUBepcaabHbIe CTOVKM C ITPOXKEKTOPAMU MO3BOJISTIOT CBOOOTHO MEHSITh UX
pacrioyio)keHue, a OOKOBble aKIIeHTHbIe ITPOKEKTOPbI 0OeCIeunBaioT
MHOTO(YHKIIMOHAJIbHOE YIIpaBjeHue CBeTOM. JIMHeliHble ITPOXKEKTOpPhI 3a
CIIEHOI CIIOCOOHBI CO3HATh CBETOBble 3(PGheKThl, He meperpyskas 3amaHuUi
TUIaH.

Oo6cykoeHue

IToyyeHHbIE B XOME IIPOEKTa pPe3y/lbTaThl IE€MOHCTPUPYIOT, KaK C
ITOMOIIIbIO CIIEHMUECKOT'0 OCBeIleHNs ITpeobpasyeTcsl IPOCTPAHCTBO CIIEHbI U
3a/ia. B yacTHOCTHM, IpUMEHeHMe TMOKMUX CUCTEM Ha 6a3e MarHUTHBIX TPEKOB
M CBETOOMOIHBIX CBETWJIBHMKOB C VIIpaBjieHMeM M0 IpoTokony TUYA
MOATBEPKAAET TEHAEHLMI0O K BHEIPEeHUI0 SHeproap@eKkTUBHBIX U
aIaIlTUBHBIX TEXHOJIOTMIA, YTO OTMEYAeTCs] B COBPEMEHHbBIX MCCIIeIOBAHMSIX

[4].

BbiBoabI

BoimmostHeHa pa3pabOTKa CUCTEMbBI OCBEIIeHMSI IS OOJIBIIOTO 3ajia
MY3bIKQJIbHOM IIKOJBI-CTYOIUM C JI00aBJIeHMEM CII€HMYECKOro Ipoduist
OCBellleHMsI Ha 0a3e MCITOJIb30BaHMS MArHUTHBIX TPEKOB, PEryIMpPyeMbIX
CBETOAMOOHBIX CBETWJILHUKOB M COBPEMEHHbBIX TEXHOJIOTMI1 YIIpaBJIE€HMS.
KoMIuiekcHbBIM  TIOAXO[M, BK/IOUAIOIMIWIA  MHCTPYMEHTJIbHbIe  3aMephl,
MOIe/JVpOBaHMe CBETOBOM Cpenbl M aHajJu3 ClieHapueB OCBelleHus],
MO3BOJIMJI BBISIBUTb OIITMMAaJ/IbHble pellleHus [JisI TIOCTAaHOBKU CBeTa,
aKIIEHTHOTO U JIeKOPaTUBHOI'O OCBEIIeHMSsI, a TaKKe IJIST CO3JaHuUs TMOKOi 1
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BIIOXHOBJISIIONIE aTMocdepbl, COOTBETCTBYIOIIEN pa3JIMYHbIM BUIAM
MY3bIKQJIbHO JesSTeTbHOCTM.

Hpe,U,JIO)KEHHbIe IIPOEKTHLIE DEIICHNUA MOIYT OBITb MCITOJIb30BAHbI JJIs

MOJEepHM3AllMM CBETOBOII cpeabl B 00pa3oBaTENbHBIX M KYJIbTYPHBIX
VUPEeKAEHUSIX, a TaKkKe CIyKaT IIPUMEPOM MHTErpalyuy COBPEMEHHBIX
TEXHOJIOTMi1 YIIpaBJIEHUSI CBETOM B IIPAKTUKY IIPOEKTUPOBAHMUS TBOPUECKUX
MIPOCTPAHCTB.
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PA3PAGOTKA MACTEP-TI/IAHA OCBELLEHUS TOPOACKOH CPEZBI HA
NPUMEPE IBOPOBOH TEPPUTOPUM I. TOMCK

Illaunesa I1.B., mazucmpaum; Kopxcnesa T.I'., K.m.H., doueHm
HauuonansHetil uccnedosamensckuili Tomckuti noaumexHuueckuii
yHueepcumem, 2. Tomck

DEVELOPMENT OF THE MASTER PLAN OF URBAN ENVIRONMENT LIGHTING

ON THE EXAMPLE OF THE YARD AREA OF TOMSK
Shachneva P.V., Master's student;
Korzhneva T.G., Ph.D., Associate Professor
National Research Tomsk Polytechnic University, Tomsk

AHHOTaI M

B pabore mpeacTaBiieH Ipolecc pa3paboOTKM CBETOBOTO MacTep-IiaHa
st 6JaroycTpoiicTBa ABOpPOBOI TeppuTopuM Mo agpecy r. Tomck, yiI.
TBepckas, 14. IIpoeKT BK/IOUAeT 30HUPOBaHME IIPOCTPAHCTBA C BbIIEeJIeHUEM
TpEX (YHKIMOHATbHBIX 30H: CIIOPTUBHON IUIOIIAAKM, UTPOBOI 30HBI U
rmapkoBoit Tepputopun. Ocoboe BHMMaHME YIeJ€HO CBETOBOMY IM3aiiHY,
KOTOpBIi  BU3Y@IbHO pasrpaHMUMBAEeT 30HbI, IIOBbIIIAS KOMQOPT,
6€30IaCHOCTb U 3CTETUUECKYIO ITPUBJIEKATEIbHOCTb TEPPUTOPUN.

Vcrionb3oBaHMe pas3IMUHBIX TUIIOB OcCBeleHMs ((PYHKIIMOHAIBHOTIO,
JIIeKOPATUBHOI'O, aKIIEHTHOI'0) MTO3BOJIMJIO OAUEPKHYTh Ha3HAYeHMe KaKI0
30HBI ¥ CO37JaTh TapMOHMYHYK CBETOBYIO Cpely, aJalTMPOBAHHYIO K
MOTPeOHOCTSIM T0JIb30BaTeseil. B pabore mpoaHaaM3MPOBAHbI ITPYHIIMIIBI
BbIOOpPA OCBETUTEJbHBIX HPUOOPOB, MX PAaCIIOJOKEHMEe U I[BETOBbIE
peleHusi, obecrieunBaolie MHTYUTUBHYIO HaBUTalMi0 U KOMGOpPTHOE
MCIT0JIb30BaHMe IPOCTPAHCTBA B TEMHOE BpeMS CYTOK.

CBeTOTeXHMUYECKUI pacuer u IIPOEKTUPOBAHNE CBETOBOI'O
IIPOCTPAHCTBA MPOMU3BOAMIOCHh HA OCHOBAHMM HOPMATUBHON TOKYMEHTALIUN
U TIOKeJIaHUiA cTeitkxo mepoB. [TociegHye ObLIM OIIpeIe/ieHbl 110 CPeiCTBaM
BU3YaJIbHOTO HAOJIIOIEeHMsI, C MCIIOJIb30BaHMEM MeTo/1a repcoHaxei. Takum
obpa3oM ymajoch TOAYEPKHYTh aiiIeHTUKY ABOPOBOrO IIPOCTPAHCTBA,
cliejiaB aKIEHTHOE OCBellleHMe Ha BOJONaze, MOCTUKE M CMOTPOBOI
romaake. Kpome TOro, CIpPOEKTMPOBAHHOE OCBEIlleHMe CTaHOBUTCS
MHCTPYMEHTOM [IJISI MCII0JIb30BaHMSI ABOPOBOI TEPPUTOPUN B TEMHOE BPEMSI
CYTOK 1 (hopMupyeT 6e301acHoe MPoCTPAHCTBO.
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Abstract

The paper presents the design of a master plan for lighting a courtyard
area (Tomsk, Tverskaya St. 14). Zoning has been developed with the allocation of
sports, gaming and park areas. Functional, decorative and marking lighting has
been applied for safety and comfort. The standards and wishes of the residents
are taken into account. Special attention is paid to highlighting key objects
(waterfall, bridge, observation deck). The project allows you to use the space
around the clock, creating a comfortable and safe environment for all user
groups.

KiaroueBble cioBa: CBETOBONM MOu3aliH, MacTep-IUIaH, OCBelleHue,
6J1aroyCcTpoiiCTBO, CBETOBOE 30HMPOBaHME, TOPU30HTAIbHAS OCBEIEHHOCTbD.

Keywords: lighting design, master plan, lighting, landscaping, light
zoning.

BBenenue

CoBpemMeHHbIe [BOPOBble TEPPUTOPUM WUTPAIOT BaXHYIO pOJIb B
TOPOICKOi cpefe, CIy’Ka He TOJIBKO JJIS TPAHCIIOPTHOI'O COOOIIEeHMs, HO U
KaK IPOCTPAHCTBA IJIs1 OTAbIXa, OOLIEeHMS M AOCyra. B ceBepHbIX permoHax,
rae TeMHbIi Iepuopd, roja IIPOAOJDKUTENeH, OCBellleHMe CTaHOBUTCS
KJII0UeBbIM (aKTOpOM, BIMSIIOIIMM Ha KoMdopT, 06e30IacHOCTh U
(YHKIIMOHATBHOCTD 3TUX 30H. HecMOTps Ha BHMMaHMe K 6J1arOyCTPOIICTBY,
MHOTM€ JIBOPbI OCTAIOTCSI C€Ia00 OCBEIIeHHBIMM, UTO CHICKAET UX
MCITOTb30BaHMe B TEMHOE BpeMsI U CO3aeT OIIyleHe HeOe30MacHOCT.

AXTyasbHO 3a7aueii sIBsieTcsl pa3paboTKa MeTOMIOB ITPOEKTUPOBAHMS
BeUuepHeil cpeabl IBOPOB, 00eCIeunBAIONIMX MHOTO(GYHKIMOHAIBHOCTD,
SMOILIMOHA/IbHBIN KOM@OPT 1 6€30MacHOCTh Uuepe3 MPOIyMaHHbI CBETOBOI
ousaiiH. DTO TpebyeT yueTa HOPMATMBOB, MOTPEOHOCTEN pPasHBIX TPYIIII
HacejleHUS U COXpaHeHUSI UAeHTUUYHOCTY MecCTa.

MeTopa ucciemoBaHUsA

WcciemoBaHue BeuepHel cpenbl OBOpPOBOM Tepputopumn (r. ToMmck,
yi. TBepckas, 14) MpoBOANIOCH C UCIIOJIb30BAHMEM KOMIUIEKCHOTO MOAX0Aa,
COUYeTawuero MHCTPYMEHTAJIbHbIE 3aMepbl OCBeIIeHHOCTU "u
COLIMOJIOTUYEeCKYe MeTOAbI. B 11essiX OlleHKM TeKYIero COCTOSIHUSI CBETOBO
cpenbl ObUIM TIPOBEeIEHbl HOUHbIE 3aMepbl YPOBHSI TOPU3OHTAIbHOI
ocBemeHHOCTM (Ep) Ha ypOoBHe 3eM/iM C MCIOJb30BaHMEM JIIOKCMeTpa
TKA-JItokc. IlomydyeHHble [OaHHbIE I103BOJIMJIM BBISBUTh HECOOTBETCTBUE
dakTHueckoit E; HOpMaTMBHBIM TpebOBaHUSIM (ITpoe3nbl — 5 JIK, IeTcKasl
wiomanaka — 10 K, crioptuBHOe Toje — 50 JIK, TapKOBKU — 6 JIK, 30HbI
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oTabixa BO ABopax — 10 JIK, TpoTyapsl U MPOXOAbl — 4 JIK [4]), 0cO6EHHO B
30HaX aKTMBHOTO MCIIOJIb30BaHMS IIPOCTPAHCTBA, TaK KaK TEePPUTOPUS
OCBelleHa IBYMs CBETUIbHMKAaMM Ha YIJTy KuIoro goma (puc. 1). [Ipoesnbl u
ITapKOBOYHbIE MECTa PSIAOM C MCTOUHUKAMM CBETA MMEJIM OCBEI€HHOCTh He
6oJiee 6 JIK, HA APYIUX oObeKTax 3aUKCUMPOBAHA OCBEIIEHHOCTh HA YPOBHE
TOTPEIIHOCTY ITPUbopa.

Puc. 1. metowmecsi UCTOUHNKM OCBELLEHUS HA 0OBbeKTe

[ljist 60Jiee TOYHOTO MMOHMMAHMUS TI0JIb30BATE/bCKUX ITPEATIOUTEeHNI U
TOBeIeHUEeCKUX MOJeJieil IPUMeHSICS MeToJl nepcoHaxka (Personas Method),
3aK/IIOYAIONIMIACS B CO3JaHUM TUIIM3MPOBAHHBIX 00Pa30B OCHOBHBIX T'PYIIII
TOCeTUTeNel —  CTEeMKXOJAepOB Tepputopun. Kakaplii  mepcoHax
XapaKTepu30BajICsl COOCTBEHHBIMM ILIeJISIMM, ITOTPEOHOCTSIMU U CIIOCOGaMuU
B3aMMOJEMCTBMUS C TIPOCTpaHCTBOM. Takoii moaxond obecrmeuma YYET
pasHooOpa3susl MHTEePEeCOB U TMO3BOJWI COPMUPOBATH CBETOBOE pellleHMe,
MakCMMaJIbHO  OTBedawIlee  OXMIAAHMSIM  pa3/JIMUHbIX  KaTeropui
T0JIb30BaTeJIe.

PesynbTaTnl

K uncity KiroueBbIX CTEMKX0JIAEPOB OTHECEHDI JKUTEJIN A0Ma, POAUTENN
C IeTbMM, BJaesblbl JXMBOTHBIX U CJIyyaliHble IIPOXOXUe, BKIIHOYas
TYPUCTOB, KaKIbIii M3 KOTOPBIX MMeEET CBOK CITeIM(PUKY MCIIOIb30BaAHMS
MPOCTPAHCTBA U OXUAAHUSL OT ero ocpelieHus. OCHOBHBIMU 3aJayaMu,
BBITEKAIOUIMMM W3 UX MOTPeOHOCTEl, CTanu obecrieueHre BO3MOKHOCTM
MICITOTb30BaHMSI AETCKOI ¥ CIIOPTMBHOMN IIIONIAIOK, CO3MaHue 6e30I1acHOro
“ KOM@OPTHOTO IPOCTPAHCTBA MJisl TlepelBMKeHUS UM OTAbIXa, a TaKke
MOJYEePKMBAHME WAEHTUUYHOCTM MeCTa 4Yepe3 aKIeHTHOe OCBelleHue
XapaKTepPHbBIX 37IEMEHTOB — BOJOMNaZa, MOCTMKA M CMOTPOBO TIOMIAIKMA.
O™ TpeboBaHMS JIeVIM B OCHOBY IIPOEKTa ¥ HANUIM OTpaskeHue B
nuddepeHITMPOBaHHOM TIOAX0/le K OCBEIIeHMI0 pPas3JIMyHbIX 30H ABOpa
(puc. 2, 3).

94



Puc. 2. Mapkosas 30Ha Puc. 3. 3oHa geTckomn UrpoBoi NroLasku

Tak, Ojsi pomuTeneil ¢ OeTbMM ObLIO 06eclieueHO pPaBHOMEPHOE,
MSITKOe OCBellleHMe WUIPOBOM 30HbI C MpPUMeHEHMEM CBETUJIbHUKOB C
samuToil IP65 w 1BeToBOi TemIiepaTtypoii 3000 K, cIToco6CTBYIOIMX
SMOILIMOHAJIBHOMY KOMGOPTY ¥ 0e30ITacHOCTM aKTMBHOTO JI€TCKOTO
B3aMMOeiicTBUS. [JIs1 CIIOPTCMEHOB U JiloouTenei Gpu3ndeckoii akKTMBHOCTHU
MpeayCcMOTPeHO 00Jiee MHTEHCUMBHOE HeTpaabHOEe OCBellleHre CIIOPTUBHOIM
miomanku (4000 K), obecrieunBaromiee XOpoOIIye YCJIOBUSI BUIAVMMOCTU U
BO3MOXKHOCTDb 3aHSITUI B BeuepHee BpeMs (puc. 4). IIporysiouHble MapLIpyThl
M 30HBI OTAbIXa TOAYUYWINU [IPUITYIIEHHOE JTEeKOPaTMBHOE OCBelleHNe,
cospatoniee atmocdepy yioTa M PUTMA, OJHOBPEMEHHO TapaHTUpYIOIee
6e30I1aCHOCTH ITepeMeIIeHNS.

Puc. 4. 3oHa CnopTUBHOM NNOLLAAKM

Ocoboe BHUMAaHME YOeJE€HO II0JICBETKE OOBEKTOB, (GOPMUPYIOUIUX
YHUKAJTBHOCTD ITPOCTPAHCTBA: BOAOMAAa, MOCTUKA U JIePEBSIHHON Teppachl,
UYTO YCMJIWJIO BU3YATbHYIO MIAEHTUUYHOCTb JBOpPA M MOMOTIO ChOPMUPOBATD
y3HaBaeMYI0 CBETOBYIO Cpe[y.
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[TonyueHa cpennss Er, corsiacHO HOpMam: mpoe3nbl — 8,3 JIK, AeTcKast
iomanka — 18,6 JK, cCriopTMBHAs IUiomanka — 51,2 IK ¢ paBHOMEPHOCTHIO
0,4, Tporyappi — 6K (puc. 5). KosddwuimeHT >KcIuyaTauum mnopu
pacuete — 0,67.

154 191 238 296 368 457 568 707 678 1" r 7 Y] % 2 40 50 334 2240 15000

Puc. 5. [1BopoBasi Tepputopust

Oo6cyRmeHMe

Ocoboe BHMMAaHME B IIPOEKTUPOBAHMM HEOOXOAMMO VYIOEISITh
COLIMAJIbHO-TIOBEJ€eHYeCKMM acmekTaM. ['opofackas cpefa CylIeCTBYeT He
cama 1o cebe, a uyepe3 B3aMMOEICTBME C €€ II0JIb30BATEISIMM.
CoBpeMeHHbIe ITOAXOAbI K (OPMUPOBAHMIO IIPOCTPAHCTBA BCe yalle
YUMTBHIBAIOT HE TOJIbKO (PYHKIMOHAJIbHBIE M 3CTETHMUECKME TTapaMeTpPbl, HO U
CcolLMaJIbHbIE, TICUXOJIOTUUYECcKue " IoBeJleHUeCKMe aCIIeKThI
B3aMMOJENCTBUSI 4YesioBeKa C OKpyKarolieil cpenoil. B 3TOM KOHTeKCTe
ocoboe 3HaueHMe IpuoOpeTaeT I'PaMOTHOE ITPOEKTUPOBAaHME CBETOBOIO
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pelieHus, KOTOPO€ CTAaHOBUTCS BaXHbIM MHCTPYMEHTOM OpraHu3anuun
TOpPOICKOTO IBOpa KakK MHOTO(MYHKIIMOHAIbHO ¥ JOCTYITHOM TepPUTOPUMN.

[IpenrpoeKkTHbIVI aHaAM3 IIpeACTaBisieT Co60i (QyHIaMeHTaTbHYIO
CTaIMIO  TPOEKTUPOBAHMS, OPMEHTUPOBAHHOTO Ha  GopMUpPOBaHME
KauyeCTBEHHO ropojickoit cpenbl. ETo posib 3aKi0UyaeTcsl He TOJIbKO B cOope
UCXOOHBIX [AHHBIX, HO ¥ B BbBIIBJIEHUM CKPBITBIX 3aKOHOMEPHOCTEN
(GyHKUMOHMPOBAHMUSI  TIPOCTPAHCTBA, UTO I103BOJiseT CcHOpMUPOBATH
000CHOBaAHHBINM, IlieJieHAaNpaBJeHHbIi ¥ COIMAJIbHO OPUMEHTUPOBAHHBIN
IPOEKTHBI TMoAxon. braromapsd [aHHOMY IIOOXOAY CHMKAETCS PUCK
HEKOPPEKTHOTO IMPUMEHEHUSI CBETOTEXHUUECKUX pellleHUi, KOTOpble MOTYT
MPUBECTU K AucOaIaHCy MeXny (QYHKIMOHAIbHOCTbIO, KOMGOPTOM U
9HeproahGeKTUBHOCTHIO.

BbiBoabI

IIp paspaboTKe CBETOBOrO MacTep-IIaHa IBOPOBOI TEPPUTOPUN
YIOBJIETBOPEHbI BCE TOTPEOHOCTM CTEMKXOJIIEPOB M 0C000€e BHUMAaHME
yAe/ieHO COXpaHeHUIO UAeHTUYHOCTY MeCTa: CBEeTOBbIe aKIeHThI JeJMKAaTHO
BBIZIEJISIIOT K/IIOUeBble 3JIeMeHTbhl — Teppacy, BOIAOMAal, MOCTUK U JIepeBO C
noauymoMm. IIpencTaBiieHHOe pellleHME COOTBETCTBYET HOPMATUBHBIM
TpebOBaHUSIM.
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MPOEKT OCBELLEHWUSA CAJIOHA ICTETUYECKUX YCAYT

IlTununoea /.E., 6axkanasp; @omun A.I., K.m.H., douenm
HauuoHanwHuili uccniedosamensckuti yHusepcumem «MIU», 2. Mockea

LIGHTING DESIGN FOR A BEAUTY SALON
Shipilova D.Y., B.S.E.; Fomin A.G., Ph.D., Associate Professor
National Research University «Moscow Power Engineering Institute»,
Moscow

AHHOTa M

BoIsIB/IeHbI OCHOBHbIE TpeOOBaHMSI, IIPeNbSIBIASEMbIE K OCBEIIEHUIO
COBPEMEHHBIMM CaJIOHAMU 3CTeTUYECKMX yoiayr. OrpenenéH OCHOBHOM
(YHKIIMOHAT OCBETUTEIbHBIX YCTAaHOBOK, ChopmMyIMpoBaHbl TpeOGOBaHMSI K
yIIpaBJIe€HUIO OcCBelleHueM. [l OAHOTO M3 CYIIEeCTBYIOIMIUX CAJIOHOB
pa3paboTaH MPOEKT CUCTEMbI OCBELeHMsI, MAaKCYMMAaJIbHO 3aKPbIBAIOIINIT BCe
CYIIECTBYIONIME OTPEOHOCTM KaK KIMEHTOB, TaK U COTPYIHUKOB.

Abstract

The main requirements for lighting in modern beauty salons have been
identified. The main functionality of the lighting installations has been defined,
and the requirements for lighting control have been determined. A lighting
system project has been developed for one of the existing salons, which maximally
covers all the existing needs of both clients and employees.

KiioueBble c/IO0Ba: oOCBellleHMe CAJOHOB KpPacOThbl, aJalTUBHOE
OCBellleHNe, TMPUEMBI OCBEIeHMs, peryiupyemasi 1BeTOBasi TeMIlepaTypa,
yIIpaB/IeHNs] OCBelleHUEeM

Keywords: beauty salon lighting, adaptive lighting, lighting techniques,
adjustable color temperature, lighting control

BBegenue

B HacTosIiee BpeMsl, C POCTOM MHTepeca COBPeMEHHOI MOJIOJEXM K
cdhepe KpacoThl ¥ yXoaa 3a co00it, yBeJIMUMBAETCS CITPOC HA MHHOBAIIMOHHbIE
MOJXO0Mbl B CAJOHAX KPacOTbl, COOTBETCTBYIOIIME PA3BUTUI0 TEXHUUECKOTO
rporpecca M WM3MeHEHMSIM B o00iecTBe. Bce OOJbIIYI0 IOIYJISIPHOCTD
MpuobpeTaloT CaJoHbI, IIpeiiaraolye YHUKalbHble YCIYTY, OCHOBaHHbIE Ha
COBpeMEHHbBIX TeXHOJIOTUSX, T/le aKleHT JejlaeTcsl He TOJIbKO Ha pesyJbTarT,
HO ¥ Ha 5MOIMM KJIMEHTOB, BbI3BaHHbIE 0c000i1 aTMocdepoii, apdexTamm u
TepCoOHaIM3UPOBAHHBIM ITOIX0IOM.
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Ilespt0 maHHOIM pabOTHI SIBUMJICS aHANM3 CYIIECTBYIOIINX CHUCTEM
OCBeIlleHMSI CaJloHOB KpacoThl ¥  paspaboTKa JeMOHCTPAIlMOHHOIO
CBETOTEXHMUECKOTrO ITpOeKTa ISl TIOJyYeHMs] HaWwIydIuX pPe3yabTaTOB
BU3YaJIbHOTO KOM(OpTa, C YUETOM OCOOEHHOCTEl OCBeIIeHMs IJISI pa3sHbIX
BUIOB 3CTETUYECKUX YCIIYT.

MeToabI McCIegOBaHUS

ITIpoeKT ocBellleHMs caJilOHa pellaeT IIeJiblii HabOp BakKHBIX 3aau.
I'maBHOI M3 HUX SIBJISIETCS BJIMSIHME CBeTa Ha KJIMEHTOB, TaK KaK OCBellleHMe
HalpsSIMyl0 BJIMSIET HA BOCIPUSITME MMM CBOEro BHeIIHero BUIA.
IIpaBWIbHBI BBIOOP CBETOLIBETOBBIX XapaKTEPUCTUK OCOOEHHO KPUTHMUEH
P BbIOOpE OTTEHKOB [JIs OKpaIlMBAHMSI BOJIOC, MAaKMSDKA MJIM MaHMKIOpA.
BO3MOKHOCTh KJIMEHTA OILEHUTb pe3yJbTaT TMpOoleayp B OCBEIIeHUMN,
MIPUOJIKEHHOM K eCTeCTBEHHOMY, TOBBIIIAET JOBepue K KauecTBY YCIIYT.
Kpome 3Toro, pasHble 30HBI CajiOHA TPEOYIOT pPa3JIMUHBIX ITOIXOIOB K
ocBenieHno0. KompopTHO MOMKHO OBITh KaK KIMEHTY, TaK U COTPYAHUKY
cajoHa. PabGoure 30HBI MacTepOB TpPeOYIOT MHTEHCUMBHOTO aKII€HTHOI'O
OCBellleHUsl [Ji TIOBBIIIEHUS TOUHOCTU IIpolienyp. B TO ke Bpems, 30Ha
OTIbIXa, pPECeIlH ¥ KabMHEeThl CHa-TIpoleayp TPeoyioT 06ojiee MSITKOTO
CBeTa, CO3JaI0IIero paccyabisionyio atMmocdepy.

B uucie CBeTOTEXHUUECKUX XAPAKTEPUCTUK BaKHYID pOJIb UTpaeT
WIMHIPUUYECKass  OCBEIleHHOCTb, WUrpawilas KIKYEeBYID pPOJib B
MOJeNUPYIOIIeM  eCTBUM CBeTa U BOCHPUSITUM  OKPY’KAIOIIEro
npocrpaHcTBa. Jlake mOpM  OOCTaTOYHOM YPOBHE TOPMU3OHTAJIbHOI
OCBEIIEHHOCTHU, HM3Kasl IMJIMHAPUUECKasl OCBEIEHHOCTb MOXET IIPUBECTU K
TOMY, UTO JIMIIO YeJIOBEKA OKaXKeTCS B TEHU.

B pesynbTaTe IMpOBeNEHHOrO aHaMM3a MHGOPMAIIUY U3 JTIUTEPATYPHBIX
UCTOYHMKOB [1-5] 6buM chOpMyIMpPOBaHbI  CJIEOYIONIME OCHOBHBIE
TpebOBaHMUS K OCBEIEHNIO:

— BBICOKUIT MHHAeKC 1Betornepenaun (CRI) [T TOYHOTO OTOOpaskeHUS

IIBETOB KOKM, KOCMETUKU U BOJIOC;

— OJIHOPOAHOE paclipeieieHe SIPKOCTU 0e3 pes3Kux IMepernajioB CBeTa u

TeHel, YTOOBI UCKITIOUUTD BU3Ya/IbHbIN AMCKOMMOPT;

— BO3MOXXHOCTb PEeryJMpPOBKM YPOBHSI OCBEIIEHHOCTM M I1IBETOBOII

TeMIIEPATyPhl B 3aBUCUMOCTH OT BBITIOJIHSIEMBIX ITPOLIENYD;

— JMCKII0UeHMe OJMKOB Ha 3epKajax, CTeKISTHHBIX ITOBEPXHOCTSIX U KOXKe

KJIMEHTOB;

— KoMdopTHbIe YPOBHU OCBEIIEHHOCTEIA, He BbI3bIBAIOII/IE

OTpULIATEIbHBIX SMOIIMIA Y KIMEHTOB U COTPYIHUKOB.
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BbIJI0 yCTaHOBJIEHO, UTO 00Ilee OcCBellleHWe [MOMeINeHUT TaKKe
IIOMOTaeT ITOAYEPKHYTb CTW/Ib ¥ KOHIEIIMI0 MHTepbepa cajoHa. IJTO
obecrieuMBaeT KIMEHTY MPUSITHOE HaXOXIeHUe B cajoHe, IIoJTydyeHue
S5MOIMOHAIBHOT'O YIOBJIETBOPEHMS M paccaabiieHus, olyIieHe aTmocdepbl
yIoTa U npodeccruoHanM3Ma, YTO 0COOEHHO BasKHO OM3HeCy IJIs yaAepsKaHUSs
KJIMEHTOB.

B xome paboThl ObIT TakKe MPOBENEH ayOuUT OCBelleHMs ¢uamana
CaJIOHA KpacoThl IIpeMuaabHOro cermeHTa MA&MI, pacmnosnararonierocs 1o
azmpecy: r. MockBa, Huskamii CycanbHbiii riep. 5¢13. [1jis1 ero rnmomelineHmuii 6but
paspaboTaH IeMOHCTPALMOHHBIN IMPOEKT OCBEIeHMs, YUUTHIBAIOIINI BCe
CcOBpeMeHHble TpeOOBaHMS ISl PasAMUHbIX BUIOB Ipolenyp. IIpoekT
OXBaTbIBAET CJIeYIOIIE 30HbI:

1. MaHMKIOpHO-TIeAUKIOPHAs 30HA, Ipexroaramnias BbICOKOTOUYHYIO
3puTeNbHYI0 paboTy. OcBelleHMe TO/DKHO ObITh MHTEHCUBHBIM, HO He
OCNeIUIAIIIMM, C  HalpaBJeHHbIM, TOYEYHbIM  paclpejejieHueM.
KoppenmuposanHas 1isetoBasi remrieparypa (KLT) u nugexkc nperonepenaumn
IOJIKHBI 00ecIieuMBaTh MaKCUMMaIbHO TOUHYIO Tlepeavy IIBETOB ITOKPBITHUIA
10 CPABHEHMIO C COJTHEYHBIM CBETOM.

2. 30Ha CTUJIMCTOB, pa3aeeéHHas Ha IBe HeOOJIbIINe TTOA30HbI: KPecyo
KJIMEHTa U Kpecyio IJisi MbIThbSI TOJIOBbI. B MepBOM cCjiyuae KpaiiHe BaKHA
TOYHasg IiBeTorepesaya M OTCYTCTBUE TeHel, MeIllanluxX MacTepy.
Bo BTOpoM ciryuae CBeT He MOJDKEeH ObITh OC/EIUISIONIMM M HaIlpaB/IeHHbIM,
TaK KakK rojioBa KJIMeHTa 3allPOKMHYTa HaBepX.

3. 30Ha BU3AXMCTOB, TPeOYIOIast BLICOKOIO MHAEKCA IIBeToIepeqaun u
paBHOMEPHOIO pacmpeneneHus cBeta. OT 3TOro 3aBUCUT ITOAOOP
IeKOPaTUBHOM KOCMETUKU U BU3yaJibHas OlleHKa [IBeTa KOXKU KJIVEHTOB.

4. MaccakHbplii KabuHeT, MpeaIojaralomuii  0coOblii  ITOAXOI.
OcHOBHOJI 3amayeii IB/ISIETCSI CO3aHMe MSITKOM 1M KoM(pOPTHOI aTMocdepsl,
B KOTOPOJ KJIIMEHT CMOKET ITOUYBCTBOBATh CeOSI CITOKOIHO M pacciabaeHHo.
BaskHO yuMTBHIBAaTh O0ObEeIVHEHHBIN TIOKasaTesb OMCKOMGOPTa, YTOOBI CBET
He ObII HAITpaBJIeH B I71a3a.

C yu€TOM BbIIIeIIepeUMCIeHHBIX 0COOEHHOCTEM KaskI0i 30HbI, a TaKKe
HOPMATUBHBIX JOOKyMEHTOB [6, 7], ObulM oOIpeJeseHbl XapaKTepUCTUKU
OCBETUTEJIbHBIX YCTAHOBOK, IIPMBEIEHHbIE B TA0OI. 1.

Pe3ynabTaThl

IIng  paspaboTaHHOrO TIIpOeKTa ObLI  BBIIMOJHEH ITOBEPOUHbIN
CBETOTEXHMUUYECKUI1 PACUET M BU3yalam3alus OCBEIeHUS BCeX IMOMEeIeHUIA.
[Tpumep BU3yanmsalum MpUBEIEH HA puC. 1.
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Ta6JII/II_[a 1. CBeToTexXHMUECKUE ImapamMeTpsbl 411 pA3JIMUHbIX 30H Ca/IOHA KPAaCOThbI

3oma OCBemzf('“oc“’ KIIT, K Ra | UGR | TumKCC
MaHuKiop 500 4000-5000 | 95 | 21 | Kecuyemast
riry6oKast
Meuxiop 500 4000-5000 | 395 | 21 | KocumycHas+
riry6oKast
CTUIUCTBI 400 4000-5000 295 21 [Monyumpoxkast
Matsii i 500 4000-5000 295 21 KocunycHas
6poBU
Maccax 300 3000 >80 22 KocunycHas
Tenunsuus 500 4000-5000 | 95 | 21 | KecuHyemas+
riry6oKast

Puc. 1. Buzyanusauus ocBeLLeH!s OCHOBHOIO 3ana

Ilisi maHHOTO OOBeKTa TakkKe IpeaycMOTpeHa CUCTeMa YIIpaBJIeHMUsI
obecrieunBamImas paboTy
OCBETUTEIbHbIX YCTAaHOBOK B CJIEAYIOIIMX peskuMax (peaqn30BaHHbIX B BUe
CBETOBBIX CLI€H):
1. «ITomHas mocanka»: BkiioueHbl CBeTWJIBHUKM Ha HIMHOIIPOBOZE,
TOUeUHble TOABeCHbIe CBETWIbHMKYM HaJ MaHUKIOPHBIMM CTOJIaMH,
TOpIIEPHI VIS 30HBI IEeAUKIOpa M MOACBeTKa 3epKaja. HacTpoeHa

KIT 3500 K, Bce 30HbI paBHOMEPHO OCBeIleHbl, MUHUMU3UPYIOTCS

TEHU ¥ YCWIMBAeTC BHMMaHMEe K JeTajssM. Bo3MoskeH yueT
BpeMeHM paboThl MacTepOB.

ocBelljeHMeM Ha 0ase

nmporokona DALI,
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2. «<YTpO BBIXOJHOTO HHS»: OOmMii cBeT 3amMMMupoBaH Ha 50 %.
BoikioueHa peKopaTUBHasl IIOACBeTKa. MSTrKuii CBeT CHMKaeT
3pUTEJIbHYIO0 HaTPy3Ky M HacTpauBaeT KJIMEHTOB Ha pacciabiieHue.

3. «[leMOHCTpalMsl pe3yJbTaTa OKpallMBaHMUs»: PeXUM [03BOJISIET
KJIMEHTY OIIEHUTb HOBBI/ IIBET BOJOC B YCJIOBUSIX OCBEIeHMS,
VMUTUPYIOIIMX €CTECTBEHHBI/ THEBHOM CBET, MAaCMYypPHbIN JI€Hb U
cosiHIle Ha 3aKkaTte («Golden hour»).

4. «BeuepHsiga aTMocdepa 3akKpbITMS CaJIOHa»: BKiIloueHa TOJIBKO
IeKOpaTUBHAS TIOMICBETKA. YIOTHBIV CLieHAapuii, KOTOPbI/i CHUKAaeT
YPOBEHb CTpecca nmepes 3aKpbITUEM CaIOHa.

Oo6cykoeHme

BakHOi1 ~ 0COOEHHOCTBIO  pa3pabOTAaHHOrO  IIPOEKTa  SIBJISIETCS
CTielMalbHbI CIeHapUii JeMOHCTpALMy Pe3yJbTaTOB PabOThl CTUIIMCTOB,
BKJIIOUAIONINIi B ce06sI HECKOJIBKO 9TAIIOB.

ITepBbIM 3TAIIOM SIBJISIETCS UMUTALIMSI COJTHEUHOTO JIHS. B 9TOM peskume
ucronbsyercss cBeT ¢ KIT 4500-5000 K. Takoit cBeT MaKCUMMaabHO
MpUOISKEH K €eCTeCTBEHHOMY COJHEUYHOMY OCBEIeHMIO, UYTO II03BOJISIeT
KJIMEHTY YBUIETb UCTUMHHbIE IIBETA BOJIOC.

[anee MPOUCXOOUT TIepeKIIOUeHMEe Ha PeKUM MacCMYpPHOIO IHS, THe
KIIT nossermaetcs go 5000-6000 K. B aToM peskume CBET CTAHOBUTCS MSIye
u 6ojiee HENTPaATbHBIM, UMUTUPYSI PACCESTHHBIN THEBHOI CBET B OOJIAUHYIO
TIOTOIy.

3aBeplIalIMM 3TalloM CTAaHOBUTCS aTmocdepa 3aKaTa C TeIIbIM,
HaCbIIIeHHbIM OpaHXeBO-XENTbIM OoTTeHKOM M KIIT 2700-3000 K. Taxkoe
OCBeIlleHMe CO3JaeT YIOTHYI0O M POMAaHTHYHYI0O OOCTAaHOBKY, IIO3BOJISIS
KJIMEHTY IIpeCTaBUTh, KaK OYAEeT BBIIVISIIETh LIBET BOJIOC B YCIOBUSIX TaK
Ha3bIBaeMoro «300Toro uaca (Golden hour)».

AXTUBaALMS CLieHapuUsl MPOMU3BOIAUTCSI CTUJIMCTOM IIOC/Ie 3aBepIleHMsI
OKpallMBaHMS, IIPM IIOMOIIM CEHCOPHON I1aHeaM yrpaBjaeHus [JaHHbII
ClleHapuil T03BOJISIET MaKCMMAJIbHO ITOJIHO IMPOAEMOHCTPUPOBATh PaboTy
MacTepa U MOBBIIIAeT JOBepUe KIMEHTa K CaJIoHYy.

BoiBoabI

Pa3paboTaHHbBII  MIPOEKT  OCBEIIeHMSI YUUThIBAeT  CIeludUuKy
MHOTO(YHKIMOHAJIBHOTO 3aj1a, B KOTOPOM PacIIOJIOsKeHbI 30HbI MaHUKIOPA,
MeIyKiopa, paboThl CTWINCTOB U BU3&XKMUCTOB. JIST KaKmOi 30HBI ObLIU
TIpeJIOKeHbl pellleHus], obecrieunBalole Kak o0Ilee, TaK U aKIEHTHOe
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OCBeIlleHMe, CIIOCOOCTBYIONIEe TOUHOV paboTe CIenyuaaucToOB M KOMGPOPTY
KJIMEeHTOB.

B pamkax rmpoexTa 6blIa pa3paboTaHa KOHIEMNLMSI OCBEIIeHMsI CaloHa
3CTETUUYECKUX YCIYT C UCIIOJIb30BAaHMEM CUCTEMbI YIIPaBJI€HUS OCBEIlleHUEeM.
bnarogapsi maHHOM CHUCTEME CTaJI0 BO3MOXHBIM pPeaiM30BaTh CBETOBbIE
CIIeHbl C aBTOMAaTUYECKMM WM PYYHBIM YIIpaBJIe€HMEM, B TOM UMCJie C
nsmenenuem KIUT, nuMMupoBaHueM, a TakKe BKIIOUEHNEM U OTK/IIOYEHUEM
OTIEeJbHBbIX CBETUJIBHMKOB B 3aBMCMMOCTU OT pPacIiMCaHUs U aKTUBHOCTU B
nomemenun. ChopmupoBaHHOe pelleHKe obecreuyBaeT KauyeCTBEHHOE U
rMbKoe ocBellleHMe CajloHa KPacoThI C YUETOM BceX (YHKIIMOHATbHBIX 30H.
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BHEAPEHUE KOM®OPTHOI0 310P0OBOI0 BHYTPEHHEI0 OCBELLEHUSA B
A3PONOPTY NYJIKOBO I. CAHKT-NETEPBYPT, KAK CNTOCOB
TNOEANILHOH TEHAEHLLMU PASBUTUSA CEPBUCA B IPAXXLAHCKOW
ABUALIMU B COBPEMEHHOM MUPE

Epodgpees E.A., yuenuk 10 knacca «B»; Huxkonenko H.A., yuumeo
O6uieo6pasoeamenbHblii apxumeKmypHo-mexHuueckuii auyeti ®@I'60Y BO
Camapckozo zocydapcmeeHH020 MexXHU4ecK020 yHueepcumema 2.0. Camapa

THE INTRODUCTION OF COMFORTABLE, HEALTHY INDOOR LIGHTING
AT PULKOVO AIRPORT, ST. PETERSBURG, AS A WAY TO GLOBAL TRENDS IN

THE DEVELOPMENT OF CIVIL AVIATION SERVICES IN THE MODERN WORLD
Erofeev E.A., a student of the 10th grade "B"; Nikolenko N.A., teacher
General Educational Architectural and Technical Lyceum of Samara State
Technical University, Samara

AHHOTa M

B craTbe pacCMOTpPEH IIPOEKT CO3JaHMs BU3YaJbHOIO MakKeTa
BHYTPEHHEIO OCBEIeHMsI 3aJI0B OXKUIaHMUS B asporopTy IIyakoBO
r. Ca"kTt-IleTepOypr ¢ MpUMEHEHMEM COJIHIIETIOJIOOHOTO MCTOYHMKA CBETA,
KaK CIocob TI006aJbHOM TeHAEHLIMM pasBUTUS CepBUCa B TpaskgaHCKO
aByaluyM B COBPEMEHHOM MUpe. AKTYaJbHOCTb ITaHHOTO ITPeIIOsKEeHMSI
3aK/II0YAeTCs] B CHIDKEHMM CTpecca IacCaXyupoB, B HOBM3HE BHYTPEHHETO
BUIa OCBENIEHMSI adpoIropTa — KakK IS 3[0POBOTO 3peHMs, TaK M sl
KOMGMOPTHOTO BOCIIPUSITUSI M JOTIOJIHEHMSI K apXUTEKTYPHOMY OOJIMKY
asporiopta. CTpecc BO3MOXKHO MCKITIOUUTH ITOCPEICTBOM BCTpaMBaHMS
MIPaBUJIbHOIO IICMXMYECKOTO COCTOSIHMSI C IMO3ULIVM ITOCTOSIHHOM 3alllUThI, a
MMEHHO coueTaHusi (akTOpoB KOoMOPTHOI 6e30MmacHOCTM M M3b6eraHmst
HETraTUBHBIX MCTOUHMKOB 3PUTENbHON CTUMYISUMU. OZHMM U3 CIIOCO60B
CHIDKEHMSI CTpecca B OOIIeCTBEHHBIX MeCTaxX SIBJISIETCSI KOMMOpPTHOe
3M0poBOoe ocBemieHue. llesb [OaHHOTO IMPENJIOKEHUSI —  CO3TaHue
BM3YyaJIbHOTO MaKeTa 3aji0B OXWUAAHMUS aspoIiopTa C MCII0JIb30BaHMEM
KOM(GOPTHOIO 3J0POBOrO0 BHYTPEHHEIO OCBELIeHMsI, KaK OJHOIO W3
(akTOpOB CHIKEHMSI CTpecca IaccakuMpoB. Pe3ynbTaToM JaHHOTO HOBOTO
penieHus OymeT IOBBIIIEHME YPOBHS OKa3bIBA€MbIX YCIYT IAacCaXkupam 3a
CUeT TEeXHUUYECKON MOAEepHM3aLyMM aspoIlopTa, HaIlpaBJeHHBIX Ha
MOBbIIIEHE KOMGMOPTHOCTM II€PEBO30K, a TakKe, HaIpaBJIeHHOI Ha
CHIDKEHMe uycia aBMae6oIIpoB.
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Abstract

The article considers the project of creating a visual model of the interior
lighting of waiting rooms at Pulkovo Airport in St. Petersburg using a sun-like
light source, as a way of the global trend of service development in civil aviation
in the modern world. The relevance of this proposal lies in reducing passenger
stress, in the novelty of the interior type of airport lighting — both for healthy
vision and for comfortable perception and complementing the architectural
appearance of the airport. Stress can be eliminated by embedding the correct
mental state from the position of constant protection, namely, a combination of
factors of comfortable safety and avoidance of negative sources of visual
stimulation. One of the ways to reduce stress in public places is comfortable
healthy lighting. The purpose of this proposal is to create a visual model of
airport waiting rooms using comfortable healthy interior lighting, as one of the
factors reducing passenger stress. The result of this new solution will be an
increase in the level of services provided to passengers due to the technical
modernization of the airport, aimed at improving the comfort of transportation,
as well as aimed at reducing the number of air hooligans.

KiaroueBbie c/IoBa: IpakgaHCKasi aBMalusi, 6e30MacHOCTh, KOMQOPT,
3I0POBbE, CTPECC, COJHIIETION00HOE OCBelleHe, HeaBMUAIIMOHHbIE TOXOTbI

Keywords: civil aviation, safety, comfort, health, stress, sun-like lighting,
non-aviation income

BBegenue

CoBpeMeHHas XKM3Hb UeJIOBEKA MMEET OUeHb ObICTPBIN TeMII, KOTOPBIi
00yCJIOBJIEH MEHSIIOIIVMMMUCSI YCJIOBUSIMU JKM3HM ¥ BBICOKMM TEMIIOM
PasBUTUS HOBBIX TexHoyioruit. OOHMM M3 CaMbIX OBICTPBIX CIIOCOOOB
rnepeBYKeHUSI yeji0BeKa SIBJISIETCSI aBMaIriepeBO3KH, KOTOpbIE
OCYIIECTBJISIIOTCS M3 a’3pOIOPTOB. A3POTOPT — IapagHble BOpOTa JII0OOTro
ropoga u 5KOHOMMUYECKUil OpaiiBep pnjas pa3sButus ropoga [1]. OpHaxko, ¢
pa3sBUTHEM TPAHCIIOPTHBIX MapUIPyTOB M POCTOM 4YMCJIa aBUaIllepeBO30K B
TeueHMe TMOCHeIHMX IBYX JIeT pacTeT UMCI0 aBUameOoIIpoB, YTO HECeT
60J1bIIyI0 (PMHAHCOBYIO HAarpy3Ky Ha aBMakommnauuu. ITo manusim CMU MB/I
Poccun, B 2023 romy ¢ caMoJieTOB CHsUIM 1,65 ThIC. XyJIUTaHOB — 3TO Ha 14 %
oosnpire, uem B 2022 romy. Cratuctuka 3a 2024-2025 rombl Ha HTAaHHBIN
MOMEHT IIOKa He ONyO6JMKOBaHa, HO, C YYEeTOM BHEIIHEITOJUTUUYECKUX
COOBITMIT M IOCTATOUHO YAaCTHIX I€PEHOCOB UJIM OTMEHBI PeiicoB B LIEJISIX
6e30IacHOCTHM TIojieTa B YCIOBUSIX «IImaH KoBep», CKOpee BCero, 4mcio
aBMazeO0MMPOB OyIeT YBETMIEHO.
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OCHOBHOI TIPUYMHOJ YBeJIMUeHMsT uucjaa aBuameOomupoB B Poccun
SKCIEpPThl CUYMUTAIOT TIOBBIIIEHHBIN YpPOBEHb CTpecca HaceneHus. Cpenn
cepbe3HbIX (PAKTOPOB CTpecca CTOUT OTMETUTb IJIMTE/IbHOE ITIpeObIBaHMe
IIpU  3JEeKTPUUYECKOM OCBellleHUM, KOTOpOe HapyllaeT eCTeCTBEHHbIe
IMpKagHble pUTMbl cHa. CBeTOBbIE peLENTOPbl B IJIa3aX pearupyrT Ha
YpPOBEHb OCBeIlleHUs, 3aITyCKasl OIpelesieHHble TOPMOHAJIbHbIe peakliuu B
opranusMme. HacTyrieHue cymepeK M TEMHOTbBI 3aCTaBjsieT 4dejIoBedeCKUil
OpraHM3M  BbIpabaThiBaTb T'OPMOH  MeJIATOHMH,  CIIOCOOCTBYIOIINIA
3acpinanuio. [Ipy mJMTETbHOM MCKYCCTBEHHOM OCBEIEHUM 3aMeJjIsieTcs
BbIpaOOTKa MeJIaTOHMHA, YTO IPEITSITCTBYET ITepexoay B KaueCTBEHHbI COH.
[TosTomy B wmaealbHOM MMpe 3ajJaua XOpOIIero asporopra — CBOEn
apXUTEKTYPOit U MHGPACTPYKTYPOi MaKCHMMaJbHO CHMU3UTb 3TOT CTpecc. A
MIpaBUJIbHOE WMCKYCCTBEHHOE OCBEIleHMe B adspOoIIOPTy MOXKET ChIrpaTh
BaYKHYIO POJIb B YIIYYIIEHUM CaMOUYBCTBUS M CHYDKEHUSI cTpecca [2].

OcBellleHMe aspoIiopTa JO/DKHO obecreuuBaTh  YCAOBUSI IS
adekTMBHOI pabOThl KaKIOro IIOApas3AeleHus U  [AOIOJTHUTEIbHO
CIIoco6CcTBOBAaTh KOMQOPTY IMACCaXXMpPOB, KOTOPBIM YaCTO HPUXOIUTCS
IIPOBOAUTD B 3a/1aX OKMAAHNUS MHOI'O BpeMeHH [3].

Ha pmaHHBII MOMEHT BpeMeHM HaOIIofaeTcs TeHAEHLMS Iepexoja K
06ojiee OKOHOMMUYHBIM OCBETUTEJIbHBIM IIpUOOpaM — CBETOAMOIHBIM
CBeTWJIbHMKaM. WX He TOJbKO YCTaHABAMBAKOT BO BHOBb CTPOSIIUXCS
a’poBOK3ajiaX, HO U UCIIOJb3YIOT IPU MOJAepHMU3aluu ocselrenuns. OgHako,
CBETOOMOMHbIE MCTOUHMKM CBE€Ta He MBJSMIOTCS 3I0pPOBOM CUCTEMOIL
OCBeIleHUSI.

MeTopa ucciienoBaHUsA

B pesynbraTe IpuxoAa CBETOOMOAHON LVBWIM3ALUMM OIACHOE
CBEeTOBOE 3arpsisHeHMe 3a nociaeguue 20 JyeT yxe IIPUBEJIO B MHUpPe K
KaTacTpoduueckoMy CKauKy 3aboJjieBaHMiI B BuUAe OUCTPOGUM MaKyIbl —
naxke 6oyiee TPO3HOMY 3a00JIeBaHMIO, UEM TVIAYKOMa. YUEHBIMU OTMEUEHO
MOIITHOE BJIMSHME HU3KOMHTEHCUMBHOTO CBETA KpACHOTO CIIeKTpa Ha
CKOPOCTb 3aXXMBJIEHUSI paH U OXOILOB B pe3yjbTaTe TIPAXIAHCKUX WIN
60€eBbIX TPaBM. B psifie cTpaH 3TO SIB/SIETCS YoKe Y3aKOHEHHOM KIMHUYECKOi
TEXHOJIOTMEl ¥ O0COOeHHO IIMPOKO IipumeHsiercsi B Kwurae. Crano
OUYEeBUIHBIM, UTO HMU3KOMHTEHCUBHBII CBET KPaCHOTO CIIEKTpa SBJSIETCS
€CTeCTBEeHHbIM ITPUPOAHBIM YCKOPUTEJIEM MeTabOIMUeCKUX IIPOIIECCOB B
SKMBOJ TKaHU U JKM3HEHHO HeOOXOIMM OpraHM3MY U IJIa3aM uejIoBeKa.
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PesynbTaTsl

B cTaThe paccMaTpuBaeTCs MMPOEKT CO3MaHus 300pPOBOro KOMMOPTHOTO
BHYTPEHHEIr0 OCBellleHus] 3aJ0B  OXUIAHUSI  ajspoIliopTa, KOTOpbIe
MpeIycCMaTPUBAIOT OIArOMPUSITHOE 3PUTEIbHOE BOCIPUSTUE UM CHIUKEHUE
CTpecca acCakupoB € BOCIIPOU3BeLeHMeM ITPUPOIHBIX YCIOBUIL COTHEYHOTO
ceeTa. 90% mMHbOPMALIM U3 OKPYKAIOIIEro HaC Mypa 4ejoBeK MOayJyaeT C
IIOMOIIIbI0 3peHMs, MO03TOMY [J1a3 — CaMblil BaXXHbI/I U3 OpPraHOB YYBCTB
YyejioBeKa.

BosbIlioe KOJMMUeCTBO MCKYCCTBEHHBIX CBETOBBIX TAbJIO U yKa3aTesieii B
a’3pOoIOPTy  SBJISIETCS  IOOMOJHUTEJbHON 3pUTENIbHOM HArpyskoi, 4To
CITOCOOCTBYET yBeIMUYEHUI0 cTpecca. [09TOMY OJHOI M3 COCTaBJISIIOMIVIX
CHIDKEHUSI CTpecca MacCakMpoB CTAHOBUTCS BOIPOC O KOM@OPTHOM U
3I00POBOM 3PUTEJIbHOV HAarpy3Ke B epUo, OXKUIAHUS B a3POIIOPTY.

Oo6cykoeHue

[To cratuctuke aspomnopt Yanrm B CHHrarype CUMTaeTcsl CaMbIM
KOM@OpTHBIM ¥ ymoOHBIM B Mupe. OCHOBHBIM KpuTepueM KomdpopTa B
a’pOIOPTY MOKHO Ha3BaTh CO3[laHMe YCJIOBUIT aTMochepsbl, TpUOIKeHHO
K TIPUPOLHBIM, TIOMUMO CepPBUCA TOPTOBJIU U Pa3BI€UeHUI.

CaMbIM yIAUHBIM II0 COUETAHUIO apXUTEKTYPHOTO OOIMIKA U CUCTEMBbI
BHYTPEHHEro OCBellleHus TIpu3HaH aspornopt bapaxac B 1. Manpup,
(Ucnanus). Vpges apxuMTeKTOpa COCTOsIa B TOM, UTOObI HAIlIOJHUTH BCe
BHYTPEHHee I[POCTPaHCTBO TepMMHAjAa CBeTOM. TO eCTb OCHOBHAasl uues
KoMdopTa TakK Xe COCTOMT B CO3JAaHUM YCIOBUIA, OIM3KUX K eCTeCTBEHHO

pupoJe.

BbiBoabI

B Poccum ¢ ee OOMMPHOI  TeppuUTOpHMEN, KIMMATUUECKO
O0COOEHHOCTPIO ¥ BCEMM UYaCOBBIMM ITOSICAMM BO3MOXKHO CO3JaHKe
KOM@OPTHBIX  YCJAOBMII B  a’3pomopTy C IIOMOIIbIO  BHeApeHMsI
COJIHIIETIOA0OHOTO BHYTPEeHHero ocBelleHus. B Poccun cucremy ocBeleHust
C BOCIIPOM3Be[EeHMEeM COJIHEUHOI'O CBeTa MOTYT MPeIJIOKUTb B KOMIIAaHUN
LEDWINDOW. TIpoayKumsl 3TOM KOMIAaHUU TIPOU3BOAUTCS B IPY>KECTBEHHON
Hamieit crpaHe Kwuraiickoii HapomHoii pecryonuke. B uione 2024 B
Mockosckoit Toproso-IIpoMbIlVIEHHON T1ajiaTe TIPoIlesa KPYIJIbIA CTOJ
«KoMmdopTHOE ocBelleHIe TOPOICKNX 00BEeKTOB». B X0ome JaHHOI IUCKYCCUU
03ByuYeHa MpobsieMa OrpOMHOTO pocTa 3abojeBaHMiT opraHoB 3peHmsi. Ha
IaHHBII MOMEHT Poccust 1o 611M30pyKOCTM cpeau MoJogexku u3 50 crpaH
MMpa HaXOAUTCS Ha 3 MecTe.
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B omiinuun OT TpaguUIIMOHHBIX MCTOUHMKOB CBETOAMOAHOTO CBeTa Ha
CYMHEM KpUCTa/Ule, CBETUJIBbHMKM C BOCIpPOU3BEIEeHMEM MaKCUMaIbHO
OJIM3KOr0 K COJIHEYHOMY CBETYy MMEIOT ITOJIHOIIEHHBIN crekTp. [aHHasi
CUCTeMa OCBeIeHMsT 06ecrieunBaeT B IIOMEIIEHUM COTHIIEITOA00HbBIN CITEKTP
¥ BO3MOKHOCTb M3MEHSITh 1IBETOBYIO TeMIIepaTypy B TeUeHUM JHSI.

B npupome — 3TO J1eCHOV BO3AYyX, KOTOPBIN MOBbBIIIAET UMMYHUTET
yeJIoBeKa ¥ aHTUOAKTepUaTbHYI0 aKTUBHOCTb.

[ToMHOIIEHHBIV CIIEKTP U BO3MOXHOCTb M3MEHEHMS I[BETOBOIA
TeMIlepaTypbl MMOMOTal0T BBICTPOUTH 300POBBIM LMPKAAHBIN PUTM U, KakK
CJIeICTBME, XOPOIIMI peKUM CHa M OOIPCTBOBAHMSI, OTCYTCTBME CTpecca.
BoipasutenbHoe ¥ KoM@OpTHOe OcCBellleHWMe B COYETaHUM CO BCEMU
HeOOXOAMMBIMM yOOOCTBAaMM CTAHOBSITCSI TapaHTOM TOrO, UTO JaxKe
MacCaXMUpPbl TPAH3UTHBIX PEICOB, MMeWIIMe OOCTaTOYHO BpeMeHMH,
MPeNNoYNTAIOT He IIOKMAATh 3JaHue ajspoBOK3aia. BpeMmsi oxXuaaHus,
COBMeEIlleEHHOEe C IIONMMHIOM M pa3BlieUeHUSIMM, TIO3BOJISIET IaccakuMpam
MOJIYYUTh YOOBOJIBCTBME, KOTOPOE HAMOJITO OCTAHETCS B IaMSTH, @ CaMOMY
aspoIIopTy MPUHOCUT MOTOJHUTENbHYIO TTpUObUIL. 3aTpaThl HAa BHeApeHMe
MHHOBAIIMOHHOTO BHYTPEHHEro OCBelleHMsI C 1ieJibl0 CHIDKeHMs cTpecca
OYyIoyT MOKPBITHI MCKIIOUEHMEM 3aTpaT Ha yCTpaHeHMe aBuameboIIMpcTBa U
HeaBUALIMOHHBIMU JOXOAAMM C Yy4eTOM KOMGOPTHOrO pasMelleHust
IMacCaXMUPOB B 3aJIaX OXKUAAHWUS.

CaMbIM KPYITHBIM a3pOIIOPTOM C HU3KMM COJTHEUHBIM OCBeIlleHUeM B
Poccun sBnsetcst [TynkoBo r. CaHkT-ITeTep6ypr. CpeIHETOI0BOE KOJIMUECTBO
cosiHeuHbIX nHei B CaHKT-IleTepOypre cocTaBjsieT BCEro OKOJI0 62. OTO
O3HauaeT, uTo OoJjblIas YacTh rojla IPOXOAUT B YCJIOBUSX OOJaUHOIM,
IMaCMypPHOI1I MOroabl. PacCessHHBINI CBeT, MSTKME€ TOHa — 3TO TO, UTO
ompenensieT OOJMK CEBEpPHONM CTOJMUIIBI B TeueHMe MHOTMX MeCsIEeB.
3a 2025 rom asporopT IIyJIKOBO BBINIOJHUI OFPOMHOE KOJIMUYECTBO
TepeHaripaB/JeHHbIX B IeJSX 0e30MacHOCTM PeicoB, TOITOMY B IENSIX
MOJEepHMU3alNM B CTaThe MMEHHO [IJISI 3TOTO a3poIiopTa CO3[aH BU3YyaJIbHBI
MakeT BHepeHUsI COJIHIIETIOI06HOTO OCBelleHMsI. BHepnpenne
COJTHIIETIOZOOHOTO MCTOUHMKA CBeTa Co37acT 6osee KOMMOPTHYIO U MeHee
CTpeccoByw cpeny. JlaHHass MonepHm3anmsi asporiopra IIylkoBo
r. CaukT-IleTepbypr, HalipaBJieHHass Ha 300pOBOe 3peHue U CHIUKeHUe
YPOBHSI CTpecca, BO3MOXKHO OymeT uMeTb «I¢deKT 6a60uKN» B INI0OATbHBIX
TeHJEeHLMSIX Pa3BUTUSI CEpBUCA B TPAKIAHCKOVM aBUAlMM B COBPEMEHHOM
mupe (puc. 1).

108



109



Puc. 1. BusyarnbHbiin MakeT ocBeLLeHs aspornopTa [ynkoBo: 3an oxuaaHns 6e3 okoH B I1ynkoso (a),
BM3yanbHbI MakeT 3ana oxuaaHust 6e3 okoH B [yNKoBO C NPUMEHEHNEM CUCTEMbI OCBELLEHUS
BOCMPOM3BEAEHNSI COMHEYHOrO CBeTa (AeHb/Bevep) (6), 3an oxmaaHus 6e3 okoH B I1ynkoso (8),
BM3yanbHbI MakeT 3ana oxuaaHust 6e3 okoH B [yNKoBO C NPUMEHEHNEM CUCTEMbI OCBELLEHUS
BOCMpPOW3BEAEHNS COMHEYHOTO CBeTa (LeHb/BeYep) (2), 3an oxuaaHus 6e3 okoH B Mynkoso (0),
BM3yanbHbI MakeT 3ana oxuaaHust 6e3 okoH B [yNKoBO C NPUMEHEHNEM CUCTEMbI OCBELLEHUS

BOCMPOW3BEAEHMS COSTHEYHOrO CBETa (LeHb/Beyep) (e)
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NCUXO0NOrMYECKOE BOCNPUATUE, CAMBOJIUKA U OBPA3HOCTD NMPU
MOAENUPOBAHUH CBETOBBIX MHCTANINSALUA W APT-GOPM B VR

Boudape /1.C., cmydenm; ITocadosa O.A., cmydenmka;
Kapnenko B.E., K. apx., npogeccop
JanvHesocmouHelii (pedepansHulli yHUBepcumem, 2. Bnadueocmox

PSYCHOLOGICAL PERCEPTION, SYMBOLISM AND IMAGERY IN
MODELLING LIGHT INSTALLATIONS AND ART FORMS IN VR

Bondar D.S., student; Posadova O.A., student;
Karpenko V.E., Ph.D., professor
Far Eastern Federal University, Vladivostok

AHHOTaI M

B crarbe mnpenacTaBiieHa METOAMKA BUPTYAJIbHOTO MOIEIUPOBAHUS
CBETOBOJ MHCTA/UISLMKU WM apT-GOpMBbI € IIOMOIIbIO IIPOrpaMMHOIO
obecrieueHsI UTPOBBIX IBMKKOB M BU3YaJIM3aTOPOB B pea/ibHOM BPEMEHMU C
nmomMoinplo VR-oukoB. Ilpu co3gaHmyM Xy[IOKECTBEHHOTO OCBeIeHMS
CBETOBOI MHCTAJISIIIUU M CBETOBOI CKYJIBIITYPbI MCIIOIb30BAIMCH CITIOCOObBI
UHTepripeTanyy  (aHTACTUUYECKOTO KMHOIIPOCTPAHCTBA U CBETOBOIO
BbIp@KEeHUSI TeOMeTpUUYeCKOM IUIACTUKM TeXHUUYeCKMMM CpedcTBaMU
MMPOEKIIMOHHOTO, IIBETHOIO0, KOHTYPHOTO W 3aJMBalOLIEro OCBeIeHMs.
B gmaHHOM McciaemoBaHMM IIpM  pa3paboTKe O0OpasHOCTM OCBEIeHMsI
MUCTIOMb30BaINCh Trpaduyeckas CUMBOJIMKA B PasIMUHBIX KyJbTypax U
obpa3sHas UMMUTALVS KMHOKAAPOB puabMa.

Abstract

The article presents a methodology for virtual modeling of a light
installation and art form using game engine software and visualizers in real time
using VR glasses. When creating artistic lighting for a light installation and a
light sculpture, methods of interpreting a fantastic cinematic space and light
expression of the geometric plastic were used by technical means of projection,
color, contour and flood lighting. In this study, graphic symbols in various
cultures and figurative imitation of film frames were used when developing the

imagery of lighting.

KinroueBbie cJIoBa: VR, BUPTYyaJIbHOE MOJleJIMpOBaHME,
CeMaHTUUeCKUM KON, KyJAbTypHas cCpela, COLMaJIbHOE IIPOCTPAHCTBO,
UTPOBOM IBUXKOK
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BBenenue

AKTyaJIbHOCTh MCCAEOOBaHMS TIOAKpervieHa pa3paboTKoil Teopun
IIpegMeTHO-TIPOCTPAHCTBEHHOTO HAIIOJIHEHUS apPXUTEKTYPHOIl Cpenbl B
HOUHBIX YCJIOBUSIX. IIpM MCIIOb30BaHMM TapHUTYpPhl VR MOTYT OBITb
BbIpaOOTaHbI ¥ TIPOBEPEHBI TeOpeTUUeCKue djeMeHTapHble ITPUeMbl
OCBellleHUs, KOTOpble COCTABJSIOT PSL MOAYJIbHBIX CBETOKOMITO3UIIMIOHHbBIX
npuémMoB. B manbHelilmemM HalileHHble TPUEMBI OCBEIIEHUS U UX
CTPYKTypHOEe uUepefloBaHME B CBETOBbIX (GopMax WIM MOIYJISX,
MIPUMEHEHHBIX B pea/ibHbIX OO0BEKTax CBETOBOI apXUTEKTYpbl, MOTYT
COCTaBUTb FAaDMOHMYHYIO BeUepHEe-HOUHYIO Cpely U YMEHbLIIUTb CBETOBO
Xaoc. B xome aHanmM3a COBpPEMEHHbBIX MCCAeNOBAHMUIA C MCIIOJIb30BaAHMEM
BUPTYaJIbHOCTM OOHAapPYKMBAE€TCS MHTEPAKTUBHbBII METOH IMpencTaBIeHUs
Uaen UCKYCCTBEHHOI'O0 OCBellleHMs IJIsl CBeTOAM3aliHepa U I10JIb30BaTes, B
pesyjibTaTe KOTOPOrO MOXHO OINTUMM3MPOBATL  BUSYAIU3ALUIO U
3pUTEIbHYIO OIIeHKY cBeToBoro rpoekta B VR [1]. Ipyrast paboTa rocssiieHa
METOOYy MOAEIMUPOBAHUSI MYJIbTUMEAUITHBIX ¥ CBETOBBIX (GOPM TOPOJICKOI
cpenbl B CHelMaNbHBIX KOMIIBIOTEPHBIX IIPOTPAMMHBIX UM  Cpefax
BUPTYAJILHOM  peaJibHOCTUM C aKIeHTOM Ha WU3yuyeHue CeHCOPHO-
TICUXOJIOTUUECKOTO BO3[eiCTBUS apXUTEKTYPHBIX 00BEKTOB,
MYJIbTUMEIUMHBIX U cBeTOBbIX ¢dopm [2]. Taxke B ucCCIegOBaHUSIX
MpencTaBjeHa  METOOMKA  OCBelleHMS  ITIO3e€MHBbIX  IelleXO[HbIX
IIPOCTPAHCTB  CpeACTBAaMM  LIBETOBOM  MAJUTPbl XYL OK€CTBEHHOI'O
MPOU3BeNEeHUs, CTPUT-apTa U CBETOLUOLHBIX TexHojorui [3]. B Hameit
paboTe CTaBUTCS 1ieJib IPeBaPUTENbHOIO VR-MOIenMpOBaHMUSI CBETOBBIX
3pdeKkTOB B CBETOBBIX MHCTAUISIMUSIX M apT-dopmMax C IIOMOIIbIO
oripeneneHHbix MC s 1mociaepymooniein BO3MOXKHOCTM —peanm3aliiM B
CYILIECTBYIOIIE TlellleXomaHOM cpeme ropopga. IIpu 3ToM mposepsieTcs
TICUXOJIOTUUECKOe BO3[ENCTBME MOOeNIVpPyeMbIX CBETOBBIX WIIIO3UNA U
CBETOKOMIIO3MIIMOHHBIX IIPMEMOB, OCHOBAHHBIX Ha CE€MaHTUYECKOM U
KYJIbTYPHO-XYOXE€CTBEHHOM WHTepIpeTallMyM CBETOBOM WHCTAUISLIUU U
CKYJIBIITYPBI Yepe3 BU3YaJIbHO-IICUXOJI0TMUeCKoe BOCIIpUsITHEe B VR-0OuKkax.
B pesynbTaTe IPOBEIEHHBIX OSKCIIEPMMEHTOB ObUIM IIPOBEPEHbI U
MOATBEPXKAEHbl JOCTOBEPHOCTh MMMePCUBHBIX 3(h@deKTOB, BbI3BAHHBIX
CBETOBBIMM MJUTIO3USIMU U dPdeKTaMu.
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MeToabI McCIefOBaHUS

B paHHOV  paboTe  MCHOJb3YIOTCS ~ METOAbl  BUPTYaJbHOTO
MOZEeJVPOBAHNUSI B COBPEMEHHBIX MIPOBBIX OBMKKAX M BU3yaIM3aTOpax
peasbHOrO BpemeHmu Unreal Engine u Twinmotion. IIpegBapuTeNbHO B
rpaduueckux pepaktopax 3D TmOCTpoeHMsT ObUIM CO3[aHbl 1MGPOBbIE
MOZe/M CBETOBOJM MHCTAJUISLMU Ha OCHOBE CYIIECTBYIOIIErO IOA3€MHOr0
repexoga 1 abcTpakTHasi opMa CBETOBOI CKY/IBIITYPbI — apT-(pOpPMBI.

Pe3yabTaThl

Upes mpoexkTa CBETOBOM WMHCTAIAUMUU «Jlec maHeTwsl IlaHmopa» B
MOJA3€MHOM TMIPOCTPAHCTBE IIEIIEXOJHOTO Iepexofla 3aKIIuaeTcsl B TOM,
yTOOBI TEepemaTh (daHTacTUUeCKyl0 aTMocdepy IUlaHeThl U3 ¢uabma
«ABaTtap». HeoObIuHbIE pacTeHMs, CBETSIIMECS B TEMHOTE, «IPEBO IyII»
CO3JIAI0T Marnuyeckyio arMmocdepy 1 IepeHOoCsIT MenexXoa0B B YAMBUTEIbHbIN
Mup. BupTyanbHOe MoenMpoBaHe CBeTOBOV MHCTAJUISILIY TPOM3BOAMIIOCH
B Twinmotion u Unreal Engine. CBeTWIbHUKM pPa3MeIleHbl B Pa3HbIX UaCTIX
repexosia ¥ BBIMOJHSIOT pa3sHyi0 (QYHKIIMIO: CBET HaJ, BXOJOM BBITIOJIHEH B
BHUJle HallpaB/ieHHbIX CBETMJbHMKOB Ha CKpPBITOI HalpaBisiolleif, 4To
TI03BOJISIET HeTaJIbHO HACTPOUTDH 3aJMBAIONIMI CBET IJISI KaskIOro OObeKTa
OoTHeabHO (TabI. 1).

HekoTopble  YacTM  MHCTUISLMM  BBITIOJTHEHBI B KauecTBe
CaMOCTOSITeJIbHBIX ~ CBETOBBIX 00BEMHBIX GopM. KOHTypHbII  CBeT
MICITOTb3YEeTCSI B BUE JIEHT C IIBETHBIM CBETOM M PACITOJIOKEH 33 00bEKTaMM.
Bosblllyl0 poOJib WUTpaeT HEeCKOJbKO CBETOBBIX IIPOEKTOPOB, KOTOpbIE
MO3BOJISIIOT TTOJTHOCTBIO MOKPBITh CTEHBI ITPOEKIMell KOCMOCa, YTO CO3OaéT
addexT norpykeHus U CBeueHUs 3BE3M, U MO3BOJISIET BHIBOJAUTh HE TOJbKO
CTaTMUHble, HO ¥ JOMHAMMUuHble clleHbl. OCHOBHOI CBETOLBETOBOJI
KOMIIO3UIIMOHHBIN 3ddeKkT 3akiaouaeTcss B IIpUuEMe KOHTPOBOTO U
HaIpaBJeHHOTO cBeTa (puc. 1).

BupTyanmpHOe MOJeMpOBaHMe CBETOBOTO apT-o0bekTa B Unreal Engine
TECHO CBSI3aHO C CMMBOJIMKOI COT M (OPMOI1 IIeCTUrpPaHHMKA, KOTOPBIi
accolMupyeTcsl C TMOPSIAKOM, TapMoHuel, 3(QdeKTMBHOCTBIO, 3allUTON,
U3006MIMEM U 6JIaTOIIOYyUMEM B Pa3IMUHBIX KyJIbTypax U Tpaguusax. Cuamit
(rommy60it) 1IBET CO37aeT CIIOKOMCTBIME ¥ TapMOHMIO. B cOBpeMeHHbBIX ropojiax
C OBICTPBIM TEMIIOM >KM3HM ¥ TIOBBIIIEHHO! TPEBOKHOCTbIO Y TOpPOXKAH
IaHHbBI apT-00beKT MOKeT (OPMUPOBATDH UYBCTBO O€30ITaCHOCTM.
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Tabnuna 1. CBeToTexHnUeckuii aHanu3: napamerpsl VIC, cBeToBbie 3¢ deKThbI
VI CBETOBOJ IIOTOK NPU AOCTVKEHUY XyJIOKECTBEHHOT'O OCBEeIlleHMS

CBeTOBOI1
Tun OV KCC MOTOK,
@ (1m)

CsetoBast Gopmbl /
cBeTOBOI 3ddexT

> . ‘ OcBellleHHbIE
t& KOHCTPYKIIMM CTEH U
| 2500 TeperpbITUil / CJ'IO)KUHOG
e ] ; CBeUueHMe pasHoil
VHTEHCUBHOCTH U
LIBETOBBIX OTTEHKOB

CBeTOonpoeKIMOHHbIE
dopmbl
(BUI,€OMSIIINHT) /
CBETOBOE
npoeLypoBaHue
(ro60 MPOeKTop)

670

CseToBOI1 QOH /
MoJicBeuMBaHMue
orpezneEHHOMN
TIJIOCKOCTY SIPKOCTHBIM
rpagyieHTOM BBEPX MU
BHM3

350

Puc. 1. BupTyanbHoe MogenupoBaHie NoA3eMHOro neLLexogHoro npocTpaHcTea. BupTtyansHas
akcnosuums B VR-oukax (astop ctyaeHT AB®Y [.C. BoHaaps)
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Bnarogapst cBoeMy IIBETOBOMY peIIeHMI0 UM BbIOpaHHBIM (opmam,
3aJI0’KEHHOM CUMBOJIMKOM, CBeTOBasl CKYJIbITYypa MOXET IOJIOXUTEIbHO
BJIMSTh Ha SMOILMOHAJIbHOE M IICUXOJIOTMUYECKOEe COCTOSIHME uUesiOBeKa
(puc. 2). CBeTOTeXHMUECKMII aHaAM3 B Tabd. 2 COHEPXKUT TUIIbI
UCIIOJIb3YEMbBIX CBETUJIbHUKOB, CBeTOBbIE 3 deKThl U GOPMbI, KOTOPbIE OHU
CO3aI0T.

Puc. 2. BuptyansHoe MO,EI,eJ'IVIpOBaHVI CBEeTOBOW apT-hopmbl. BupTyansHas akcnosvums B VR-oukax
(aBTop ctygeHTka IB®Y O.A. Mocaposa)

Tabnuia 2. CBeToTEXHUUeCKMIA aHamM3: mapameTpsl VIC, cBeToBbIe 3¢ deKThbI
M CBETOBOJ IIOTOK NPU AOCTVDKEHUY XYL 05KeCTBEHHOTO OCBeLeHUSI

CBeTOBO1
Ty OV KCC morok, | CPeTOBai dopma/
® (1) cBeTOBOI 3¢ deKT
Cserorpaduxka /
250 MOJICBEUMBAHYE CUHUM
CBETOM II0 TIEPUMETPY
IeCTUTPAHHUKOB
CBeTOBOI GOH U
837 aTMoccbepua / POBHbIIA
TETUTbIiA CBET Ha
Heb6O0JIBIIIO BbICOTE

Oo6cykaeHMe
JanbHeiilme uccaeJoBaHNus B 00/1aCTH MOJE/IMPOBAHMSI OCBEIleHNs B
BUPTYaJIbHOM PeanbHOCTM U TOPOACKON cpele MOTYT BKIIOUYaTh 3J1€MEHThI
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TEOpUM KMHO, THAe JBWKeHUe BU3YyalbHbIX 00pa30B, COCTABJISIOMINX
MOBECTBOBATENbHbI DPSf, XYLOKECTBEHHOro ¢GuiabMa, MOTYT CTPYKTYPHO
COOTBETCTBOBAaTh TMOPSIAKY BOCHPUSITUSI BUIEOKaLpPOB Ppa3pabOTaHHOI
CBETOBOV MHCTa/UIAUMKU. Pa3nnyHoe ocBelleHNe 3JIeMEeHTOB MHCTaJUISLUU
OXUBJISIeT «UIbM», KOTOPBIV POCMATPUBAET IelleX0, epeBUTaIoINIiCcs
B [10JI3¢MHOM CBE€TOBOM IIPOCTPAHCTBE [4].

BoiBOaBI

OCHOBHOI1 BBIBOJ, MCCIeJOBaHMS TMOKa3bIBaeT, UTO IMOIMOHAIbHAs,
KyJbTypHas U ceMaHTUuUecKasi COCTaBJISIIONIAsi CBETOBOI MHCTAJIISIIIUY U apT-
dbopMbl MOMKET YAyUIIaTh IICMXOJOTMUYECKUIT KIMMaT OOIeCTBEHHOTO
TOpPOICKOTO BEUEpPHEro MPOCTPAHCTBA, CO3/IaBaTh KOMGOPT M 6€30MaCHOCTb.

[IposiBieHMe CUMBOJUKM B XYHAOKeCTBEHHOM OCBeIlleHUM CBETOBO
MHCTAJUISIIMU U CBETOBOI CKYJIBIITYPbl MOTYT BbIpaxkaTbcsl uepes 3ddekT
CBeUeHMsI pasHO MHTEHCUBHOCTM, CBETOBOE IPOEIMPOBaHMEe BU3YaJbHBIX
00pa30B, SIPKOCTHO I'PaJiieHT, CBETOBYIO rpaduKy, 3aJUBAIOIINI TEIUIbIN U
CBET Pa3/IMYHBIX IIBETOBBIX TOHOB.

OKCIIepUMMEHTBI BUPTYAJIbHOTO MOJEIUPOBAHMS ITPOIEMOHCTPUPOBAIIN
yOoenuTeNbHbII MMMEPCUBHBIN 3(GEdEKT ¥  BO3MOXKHOCTb  OILYTUTh
MCKYCCTBEHHOE CBETOBOE apXUTEKTypHOe ITPOCTPAaHCTBO B VR ¢ ydeToM
CBETOKOMITO3UIIMOHHOM U XyIOXXECTBEHHOI MHTepIIpeTaluu BUIEOKAIPOB
KMHOMUIbMA, CEMaHTUKY U CUMBOJIMKY CBETO(OPM.
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A LONGITUDINAL STUDY ON RESIDENTIAL LIGHTING AND

PHYSICO-EMOTIONAL STATES OF WOMEN DURING THE PERINATAL PERIOD
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Wang T.Y., Ph.D.; Wang Y.N., Ph.D.; Li ].], student; Shao R.D., Ph.D.;
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Abstract

Due to changes in hormones, physiological and behavioral
characteristics, women in different perinatal stages experience alterations in
their emotional states, sleep, and lighting preferences. This study conducted
an 8-to-10-month follow-up survey on lighting illuminance, emotions, sleep,
duration of staying at home and exercising of 11 Chinese pregnant and
postpartum women using luxmeters, sleep trackers, and self-assessment
scales. The results revealed differences in lighting and physico-emotional
states of women during different perinatal stages. During the postpartum
period, lighting showed a significant increase in nighttime illuminance levels
(P < 0.05), which may be related to the increased nighttime activities caused
by the need to care for newborns. The sleep structure deteriorates
significantly during the third trimester of pregnancy and the postpartum
period. Regarding emotions, the second trimester of pregnancy showed the
best emotional state, while the postpartum period was characterized by both
high joy and fatigue indices, suggesting the interactive effect of sudden
hormonal changes and parenting pressure.

Keywords: pregnant and postpartum women, home lighting, sleep,
mood, follow-up survey

Introduction

During the perinatal period, significant physiological changes in
women (e.g., hormonal fluctuations, uterine enlargement) induce
adjustments in daily behaviors (e.g., limited activity, altered circadian
rhythms), leading to changes in emotional state, sleep quality, and home
lighting preferences (Lancaster 2010). These changes affect not only the
physical and mental health of pregnant and postpartum women but also
potentially impact fetal development. As a key zeitgeber for the human body,
light influences the regulation of the circadian rhythm system through
non-visual pathways in the eyes, thereby exerting significant effects on
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emotions and sleep (Rea 2018). Due to their physiological specificity,
perinatal women may show heightened light sensitivity. To systematically
explore the characteristics of home lighting behaviors among pregnant and
postpartum women during different perinatal periods (including the first,
second, and third trimesters of pregnancy, as well as the postpartum stage)
and their intrinsic associations with physical and mental conditions (such as
sleep and emotions), this study selected 11 Chinese pregnant and
postpartum women as research subjects and conducted a longitudinal
follow-up survey lasting 8 to 10 months. A total of 308 valid lighting datasets
and 308 valid questionnaires, 2,464 valid sleep records, and 1,540 valid
emotional data entries were collected.

Method

The pregnant and postpartum women under follow-up were required to
complete a one-week self-assessment report covering sleep conditions
(bedtime, wake-up time, number of awakenings, wake-after-sleep onset, total
sleep duration, sleep quality, etc.), emotions (fatigue, stress, depression,
irritability, joy), duration of staying at home and exercising during four key
perinatal stages: the first, second, and third trimesters of pregnancy, and the
postpartum period (Fig. 1). They also wore a sleep bracelet (HUAWEI Smart
Band 8 Pro) while sleeping to monitor objective sleep data. The combination
of subjective questionnaires and objective sleep data reflects the real sleep
conditions of the participating women. Luxmeters (Qingping, Motion &
Ambient Lighting Sensor) fixed on vertical walls at eye level were used to
continuously measure vertical eye illuminance data during the daytime
(6:00-18:00) and nighttime (18:00-6:00 the next day).

PR, W B0 0 Y

Fig. 1. Experimental methods (Top left: Luxmeter; Bottom left: Gateway for Luxmeter; Middle:
Sleep bracelet; Right: Self-assessment report on sleep, emotion and health status)
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Results

1. Results of illuminance

From the results of daytime illuminance tracking, there was no
significant difference in vertical eye illuminance among the four stages, with
the average value ranging from 100 to 150 Ix (Fig. 2). In terms of nighttime
illuminance distribution, the average vertical eye illuminance in the
postpartum stage was significantly higher than that in the first trimester
(P<<0.001), second trimester (P<<0.05), and third trimester (P <<0.1) of
pregnancy, with a median (25 %-75 % IQR) of 15.30 (9.46-25.8) Ix.
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Fig. 2. Tracking results of daytime and nighttime illuminance values

2. Results of emotion

In terms of emotional dimensions (Fig. 3), the period with the lowest
mean scores for negative emotions was the second trimester, during which
the scores for fatigue, depression, irritability, stress were all the lowest.

maen value
(point)
(%]

HI-=

Eomtion scores

Fatigue Stress Depression Irritability Joy
= 1st trimester & 2st trimester 3st trimester E Postpartum
Fig. 3. Tracking results of emotion scores

Interviews with the tracked parturients revealed that in the first
trimester, some parturients were mainly worried about the stability of the
fetus; in the third trimester about their own physical condition and the
delivery process; while in the postpartum period, their main anxieties were
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about the care and health status of the newborn. The scores for joy and
satisfaction were relatively high in the postpartum period and the first
trimester, which were positive emotions generated by the parturients due to
the conception and birth of a new life.

3. Results of sleep
SLEEP DURATION
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Fig. 4. Tracking results of sleep

The sleep data of the 11 participants across the four research stages
showed that their average daily sleep duration in the first trimester, second
trimester, third trimester, and postpartum period was 550 minutes, 537
minutes, 470 minutes, and 449 minutes respectively, with the average awake
duration being 5.9 minutes, 8.6 minutes, 22.1 minutes, and 76.6 minutes
(Fig. 4).It can be seen that as the perinatal period progresses, the sleep
duration of pregnant and postpartum women gradually decreases, while the
nighttime awake duration gradually increases. Due to the need to get up at
night to take care of the newborn, the postpartum sleep duration is
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significantly shorter than that during pregnancy, with the most frequent
awakenings and the longest total awake duration. Most participants had 3-4
nighttime awakenings, and the time out of bed exceeded half an hour each
time. In terms of bedtime and wake-up time, most participants had a
relatively regular schedule during the three stages of pregnancy, but
significant changes occurred in the postpartum period: half of the
participants went to bed earlier, while the other half went to bed later.

4. Duration of home-stay and exercise

Statistical analysis of exercise duration and home-stay time among 11
tracked parturients before and after childbirth reveals obvious patterns of
change (Fig. 5). To prevent excessive weight gain, relieve physical discomfort,
and facilitate smooth delivery, most pregnant women intensify their exercise
during the prenatal period, resulting in peak exercise durations in the second
and third trimesters. However, in the postpartum period, exercise duration
drops sharply due to factors such as insufficient sleep, the need to care for
newborns, and physical recovery. It is worth noting that in this follow-up
study, most postpartum questionnaires were collected within one month
after delivery, during which all participants were in the postpartum recovery
period. As a result, their daily home-stay time was basically 24 hours.
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Fig. 5. Tracking results of stay home and exercise duration
Discussion

The long-term longitudinal tracking results of this study show that
postpartum women have increased nighttime light use, abnormal sleep, and
emotional fluctuations. Multiple studies have confirmed that sleep
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abnormalities during pregnancy and childbirth—such as insufficient sleep,
poor sleep quality, and increased awakenings—can worsen postpartum
emotional issues, affecting physical recovery and mother-infant relationships.
The National Sleep Foundation (NSF) recommends 7-9 hours of daily sleep
for adult women aged 18-64, but some participants in this study only had 5-
6 hours of nighttime rest.

Additionally, the position statement by CIE suggests that: the eyes
should be exposed to at least 250 Ix of mEDI (melanopic equivalent daylight
illuminance) during the day; the maximum light exposure to the eyes should
be 10 Ix of mEDI within 3 hours before bedtime (Brown,2022). However, this
study found that the average daytime eye illuminance for the participants
was only about 130 Ix, while nighttime illuminance in the postpartum period
exceeded 10 Ix. The lighting imbalance—caused by increased rhythmic light
stimulation to the eyes from nighttime infant care and insufficient daytime
rhythmic stimulation due to long-term home confinement—may increase the
physical and mental burden of postpartum women.

Conclusion

Affected by infant care behaviors, there are significant differences in
maternal behaviors and lighting preferences during different periods.
Therefore, the lighting design of mother-infant rooms should be
differentiated according to the needs of different stages. For postpartum
women, staying outdoors as much as possible during the day to ensure
sufficient exposure to natural light is beneficial for reducing the risk of
postpartum depression and improving sleep quality. At night, the selection of
lighting equipment in mother-infant rooms should be cautious, and warm
yellow, low-brightness lights are advisable.
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CLASSROOM LIGHTING IN COLLEGES
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Abstract

This study presents an evidence-based lighting optimization approach
to address classroom illumination deficiencies and meet students' visual
health needs. Preliminary investigations involved lighting measurements in
representative  classrooms and subjective  assessments through
questionnaires (n=41) and interviews with long-term users. The analysis
revealed insufficient desktop illuminance, uneven light distribution, and
inappropriate correlated color temperature (CCT). To resolve these issues, a
novel dual-lighting system was developed featuring indirect upper emission
for ambient illumination and direct lower beams for task lighting.
Post-intervention evaluations conducted 12 months later demonstrated
significant improvements: desktop horizontal illuminance increased to 607.4
Ix with enhanced uniformity (0.9), while 90.24 % of users perceived optimal
brightness levels. Subjective assessments revealed multidimensional benefits
beyond visual performance. Although sleep duration remained unchanged,
they reported improved sleep quality. Psychological evaluations showed
notable reductions in depressive symptoms, with Self-Rating Depression
Scale (SDS) scores decreasing from 34.66 (pre-intervention) to 29.28
(post-intervention). These findings suggest that human-centric lighting
design can enhance visual ergonomics, emotional well-being, and
neurophysiological regulation in educational environments.

Keywords: evidence-based research, classroom, integrative lighting,
post-occupancy evaluation

Introduction

The classroom is the "main site" for the implementation of myopia
prevention and control among children and adolescents, and a poor light
environment can affect the working condition and development of the visual
system of students, causing not only instantaneous hazards such as fatigue
and cognitive decline [1], but also long-term cumulative effects such as poor
visual acuity, sleep disorders and reduced academic performance [2]. Existing
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classroom lighting mainly has insufficient illumination, low uniformity and
color rendering index, lamp glare, and other problems, it should be based on
meeting the visual efficacy, pay more attention to the effective use of
daylight, reduce glare, and improve the quality of the classroom light
environment [3]. In order to meet the learning needs and physical health of
students, the study carried out research-based design of lighting products to
improve visual efficacy and adapt to the health needs of adolescents,
developed classroom lamps with up and down light output to make the light
distribution in the classroom more reasonable, and proposed intelligent
control modes that consider teaching activities, rhythmic health and daylight
supplementation. Eventually, the classroom lighting in the Tongji University
were renovated in the field to improve students' learning efficiency and
visual comfort, improve sleep quality, alleviate negative emotions, and
promote students' physical and mental health.

Light environment of university classrooms

Through the data of the lighting status of classrooms and lecture halls
in Building D (Fig. 1), the desktop illuminance values are lower than the
lighting standard, the average uniformity is only 0.5, the average color
rendering index is only 74, the CCT of the LED lamps is high (7000 K), and
there are some problems such as lamp glare and individual lamp damage
(Table 1), where the color rendering index Ry of the saturated red is far
below the requirement of WELL building standard of not less than 50. Among
them, the art classroom color rendering index and illuminance value
requirements higher than ordinary classrooms, we should make full use of
daylighting with good color rendering, and avoid direct light. It is appropriate
to use the north-facing skylight lighting. Electrical lighting should choose a
light source with good color rendering, use indirect lighting to realistically
represent the shadows of objects, and also locally increase the floodlights as
accent lighting.
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Table 1. Classroom light environment measurement data in Building D (before renovation)

[lluminance Average . .
Current Status (Ev, 1) CCT (K) CRI /Ra R9 Uniformity
Classroom 273.7 6868.9 73.9 -17.8 0.5
Lecture hall 197.5 6022.9 74.9 -45.5 0.6

On-site interviews and questionnaires were conducted with students
before the classroom lighting renovation, 35 valid questionnaires were
collected, and it was found that 54.3 % of students thought the classroom
light environment was too dark, 60.1 % thought the classroom light color was
cold white, 54.29 % wanted yellow-white light but not warm yellow light
(8.57 %), and 51.43 % thought the classroom light environment is more
uneven. Therefore, there is a need to use lower CCT and change the number
and arrangement of lamps to improve the illumination and uniformity level
of the work surface.

Design study of classroom lighting luminaires

Based on the behavior patterns and lighting needs of students, a
research-based design of lighting products was used to improve visual
efficacy and health needs of youth (Fig. 2).

!
=
|

Fig. 2. Health lighting lamps design scheme of classroom

The new LED luminaire adopts a streamlined line design, breaking the
traditional impression of straight and angular classroom luminaires, with a
softer image. It adopts an up-and-down light distribution, making the light
more reasonable and improving visual comfort. Through its own shape
design and microcrystalline anti-glare surface, it plays an anti-glare role to
protect students' eyesight. The luminaire can be loaded with daylight sensing
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device to adapt to changes in time, and can dynamically adjust the
illuminance and CCT through the control system. In addition, the modular
design of the luminaire can be combined and spliced according to the actual
situation.

The intelligent control system can intelligently control the lighting
from the following four aspects to achieve different effects. (1) Teaching
activities: according to different teaching activities such as class, morning
and evening study, projection playback and other different teaching purposes,
it can set different lighting modes. (2) Circadian health: according to the
human rhythm, the illuminance and spectrum can be intelligently controlled.
(3) Daylight fill light: according to the different daylight sensed, the
classroom illumination can maintain uniformity and achieve the effects of
energy saving. (4) Climate adaptation: according to different seasons and
climate, the intelligent adjustment of CCT, illuminance, and light patterns
can meet the requirements of students' visual work and psychological needs.

Post-Occupancy Evaluation (POE) of new classroom lighting
luminaires

The newly developed LED lighting luminaires were selected for field
renovation, with a CCT of 5000 K and an up-and-down light output to
improve the uniformity of the desktop, taking into account that the
classroom in Building D is an art classroom, with high requirements for color
rendering. Six months after the completion of the renovation, the classroom
light environment was measured and interviewed on site again, and 41 valid
questionnaires were collected (Fig. 3). The average desktop illuminance of
the renovated classroom was significantly improved to 607.4 1x, the CCT was
reduced to 5376 K, the average CRI and the special Ry were significantly
improved, and the illuminance uniformity of the desktop was significantly
improved after adopting the lamps with up and down light output.

Fig. 3. Classroom health lighting luminaires after the renovation
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Table 2. Classroom light environment measurement data in Building D (after renovation)

[lluminance Average . .
Current Status (Ev, Ix) CCT (K) CRI /Ra R9 Uniformity
Classroom 607.4 5376.6 93.4 73.5 0.9
Lecture hall 397.2 4817.1 94.5 80.7 0.7

The group conducted a preliminary use evaluation of the classroom lighting
before and after the renovation. The students' evaluation of the brightness of the
classroom shifted from 48.57 % slightly dark before the renovation to 90.24 %
moderate after the renovation, and the illuminance of the working surface
improved significantly. The evaluation of the lighting color shifted from 17.14 %
too cold white and 42.86 % slightly cold white before the renovation to 73.17 %
moderate. Evaluation of desktop uniformity from 51.43 % more uneven before the
transformation to 7.32 % more uneven, the overall lighting satisfaction improved
significantly. On the basis of visual function evaluation, students' sleep and mood
were evaluated subjectively respectively. The overall self-evaluation of sleep
quality became better, and the change of sleep duration was not significant, but
students' depression self-rating scale (SDS) score was significantly lower and
depression was alleviated.

40.00

34.66

35.00

29.28

30.00
25.00
20.00
15.00
10.00 .
0.00

Sleep duaration/h SDS score

M Before renovation  m After renovation

Fig. 4. Comparison of students' sleep duration and SDS scores before and after renovation

Conclusion

This study developed classroom lighting luminaires with upper and
lower light output through the design of new classroom lighting luminaires,
resulting in a more rational distribution of light in the classroom. The
changes in students' visual comfort, subjective satisfaction, sleep quality, and
emotional state were evaluated through field modifications in university
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classrooms. Changing the CCT and lighting method of the luminaires to
improve the illuminance and uniformity of the working surface is significant
to improve the visual efficacy of students with meeting the visual and mental
health needs of adolescents. In addition, it is necessary to further optimize
the lighting parameters such as spectrum and illuminance, and to study
appropriate dynamic lighting patterns in different behavioral scenarios
according to the characteristics of seasons, regions and students' ages and
professions.
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INDOOR LIGHTING INTELLIGENT CONTROL USING
CONTEXT-AWARE-BASED LLM AGENT AND DOMAIN KNOWLEDGE BASE
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Abstract

Aiming to realize the demand of healthy, comfortable, biorhythms,
personalized and adaptive lighting environments, human-centric lighting
has become hot-spots issue. Fortunately, Large Model technology have
already presented its prominent advantages and great application prospect in
many fields. This paper proposes a novel indoor lighting control framework
with context-aware-based Large Language Model (LLM) and domain
knowledge base. The multi-source information perception, fusion and
decision-making mechanism is established, which collects occupant behavior
and environment parameter, and enable dynamic modeling of lighting
environment and indoor lighting intelligent control. The domain knowledge
base is constructed by integrating national standard files in the field of
lighting, and also Building Information Model (BIM). The context-aware
prompting strategy is developed to achieve indoor lighting dynamic control
with domain knowledge base. An experiment was implemented in an office
scenario, which employed to validate the feasibility and effectiveness of the
proposed ideas. This research can provide new ideas to improve human-
centric lighting system.

Keywords: indoor lighting intelligent control; large language model;
agent; context-aware prompt; domain knowledge base

Introduction

In recent years, intelligent building technologies have advanced rapidly,
and human-centric lighting has gained increasing attention. Therefore,
indoor lighting control is evolving toward greater intelligence and
personalization. A number of researchers have explored novel methods to
enhance contextual awareness and user adaptability in lighting systems.

Large Language Models (LLMs), as an emerging Al technology, have
demonstrated remarkable capabilities in language understanding, contextual
reasoning, and knowledge-intensive tasks, etc. Recent studies have
promoted their integration into domains, such as smart home systems,
semantic perception, and behavior modeling. For instance, Yonekura et al. [1]
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proposed a novel approach to smart home simulation by integrating Large
Language Models (LLMs) for generating human daily schedules and activities
of smart home simulator agents. Yonekura et al. [2] also contributed to the
creation of human-centered digital twins that closely mimic real-world
human cognition and interactions by leveraging the reasoning capabilities of
LLMs. Chen et al. [3] proposed an automatic modeling method for smart
home devices that utilizes a Large Language Model (LLM) to assist end users
in modeling their devices. These efforts suggest that LLMs have the abilities
of human-like cognitive expression and semantic understanding, making
them a promising foundation for developing intelligent control systems with
human-centric awareness.
Up to now, little research has focused on the application of LLMs in the
field of indoor lighting control. To address this gap, this study proposes a
novel indoor lighting control framework that integrates context-aware LLM
agents with a domain-specific knowledge base. The proposed approach
exploits the contextual reasoning and natural language inference capabilities
of LLMs to process real-time environmental data, invoke a pre-constructed
lighting knowledge base, and generate semantically informed control
strategies that align more closely with human factors. The main
contributions of this study are as follows:
(1) A novel LLM-driven intelligent lighting control framework is
proposed.
(2) A domain knowledge base is constructed, integrating national
lighting standards and BIM-based environmental models.
(3) A context-aware prompt engineering is developed to generate
lighting control strategies with LLMs on Cloud platform.

The Proposed method

This study proposes a lighting control approach that integrates a
context-aware large language model (LLM) with a domain knowledge base.
The overall system architecture, as illustrated in Fig. 1a, comprises three
main modules: the perception unit, the cognition unit, and the control unit.

In the perception unit, a multimodal sensing system is set up to collect
real-time indoor and outdoor lighting environment parameters and
constructing a digital twin model. This system captures contextual
information such as environment illuminance (E), human activities (H), and
working status (W). The collected data are uniformly formatted by the
lighting environment perception module and then passed to the cognition
layer as input for semantic reasoning.
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Fig. 1. The Proposed Method. (a) The proposed indoor lighting intelligent control framework;
(b) Context engineering template

In the cognition unit, the prompt engineering process (as shown in
Fig. 2b) encompasses role setting, functional description, and standardized
output formatting to ensure that the generated results are directly
executable. Moreover, two types of LLM-based agents are designed:

(1) A knowledge generation agent parses building information models
(BIM) and lighting standard documents. Guided by the three
elements—<Role Setting>, <Function Description>, and <Output
Constraints>—it generates a structured lighting knowledge matrix
containing recommended illuminance values, color temperature
ranges, and scene characteristics;

(2) A lighting control agent constructs context-aware prompts based on
the current perceptual inputs and the previously generated lighting
knowledge. It then generates optimal control strategies through
natural language reasoning mechanisms.

The control unit executes the lighting strategy output by the LLM,
driving the physical lighting controller to perform specific actions such as
dynamic adjustment of illuminance (* x Ix) or color temperature (* x K), thus
forming a closed-loop control mechanism. The overall control flow can be
expressed as:

LLM = f (Context (E,H,W), )~ S

where S denotes the final optimal lighting control strategy, while E, H, and W
represent the sensed environmental illuminance, human behavior features,
and device status, respectively.
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This method not only leverages the structural advantages of BIM and
standardized knowledge bases, but also fully exploits the semantic
understanding and contextual reasoning capabilities of large language
models. It creates a complete semantic closed-loop mechanism for lighting
control, from data perception to intelligent strategy generation.
Experimental results demonstrate that, compared with traditional rule-based
control approaches, the proposed method exhibits superior performance in
adaptability, personalization, and response speed, indicating its strong
potential for widespread application.

Results

This study validated the proposed LLM-based lighting control method
in a laboratory setting, and the experimental results are presented in Fig. 2.
As shown in Fig. 2a, a lighting knowledge base was first constructed. This
knowledge base was generated by integrating the national standard GBT
50034-2024 with BIM information from the laboratory and meeting room,
yielding a recommended lighting design matrix. According to the standard,
the recommended illuminance for laboratories is 500-750 Ix with a correlated
color temperature (CCT) of 4000-5000 K, whereas for meeting rooms the
recommended ranges are 300-500 Ix and 3500-4500 K, respectively.

Subsequently, the lighting state was assessed, and an optimal control
strategy was derived from the knowledge base (Fig. 2b). In the laboratory
scenario, the initial state was 450 Ix and 3000 K, both below the
recommended ranges. The system generated an optimal adjustment strategy,
suggesting an increase of 50-300 Ix in illuminance and 1000-2000 K in
correlated color temperature (CCT), so as to gradually reach the target range.

As shown in Fig. 2c, the experimental platform consisted of light
sensors, lighting control terminals, a digital twin model, and an LLM-based
inference module. The sensors continuously collected illuminance and CCT
data, which were coupled with the BIM model to form the digital twin input.
The LLM then parsed this input and produced control commands to drive the
luminaires. The lighting state progressively converged toward the
recommended values through continue iteratives.
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The model response time was approximately 1.34 s, indicating rapid system responsiveness.

Fig. 2. Experiment and results. (a) Knowledge base construction; (b) Optimal control strategy
generation; (c) Experiment setup; (d) Experimental results

The results are depicted in Fig. 2d. During continuous regulation, both
illuminance and CCT exhibited stable upward trends and eventually
approached the target values of 600 1x and 4500 K. The adjustment process
was smooth, and the system exhibited satisfactory convergence performance.
The model response time was approximately 1.34 s, indicating rapid system
responsiveness.

To further assess the advantages of the proposed approach, a
comparative analysis was conducted with conventional control methods. The
results indicate that rule-based control often requires more adjustment steps
to reach the target when the initial deviation is large, and is prone to over- or
under-regulation. PID control, in contrast, suffers from limited response
speed and limited accuracy in multi-parameter coupling scenarios. By
comparison, the LLM-based method simultaneously incorporates standard
constraints and environmental semantic information, demonstrating faster
convergence and smaller steady-state errors in dual-parameter regulation of
illuminance and CCT. These findings highlight the superior capability of the
proposed approach in meeting lighting standards, enhancing regulation
efficiency, and maintaining visual comfort. Moreover, the experimental
evidence confirms that the LLM-based controller achieves both rapid
responsiveness and reliable stability, underscoring its potential for real-time
deployment in intelligent lighting systems.

Conclusion
The results demonstrate that the proposed control strategy achieves
rapid adjustment of target lighting parameters while maintaining strong

134



stability and convergence. The entire process relies on LLM-generated
semantic instructions, eliminating the complexity and inflexibility of
conventional rule-based systems. Compared to traditional approaches, the
proposed framework demonstrates clear advantages in adaptability,
generalization, and semantic reasoning, offering a promising pathway
toward personalized, knowledge-driven indoor lighting control.
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Abstract

The discovery of intrinsically photosensitive retinal ganglion cells
(ipRGCs) inaugurated a new era in human-centric lighting. These cells
primarily respond to short-wavelength light (Amax~480 nm), mediating non-
image-forming visual functions such as circadian rhythm regulation,
pupillary light responses, and modulation of emotional states. While ipRGCs
possess intrinsic photosensitivity, they also receive significant synaptic input
from classical photoreceptors (rods and cones). This study investigated
whether preceding synaptic inputs from cone photoreceptors influence the
intrinsic light responses of ipRGCs, as assessed by pupillary light photometry
in humans. Pupillary light responses were recorded during intermittent
stimulation with short-wavelength (454 nm) and long-wavelength (627 nm)
light, with the latter being spectrally distant from the peak sensitivity of
ipRGCs. Our results indicate that the intrinsic light responses of ipRGCs are
largely independent of preceding synaptic inputs from cone photoreceptors
under the tested conditions.

Keywords: retina, human, wavelength, pupillary light response,
human-centric lighting design

Introduction

In 2002, Berson's team made a seminal discovery, identifying a novel
type of retinal ganglion cell in the rat retina capable of intrinsically
responding to light [1, 2]. These cells, termed intrinsically photosensitive
retinal ganglion cells (ipRGCs), contain melanopsin, a photopigment
responsible for converting photons into an electrical signal through a
G-protein-coupled cascade. In both humans and rodents, ipRGCs exhibit
peak spectral sensitivity to short-wavelength light (Amax*480 nm) [2, 3].
Although ipRGCs are intrinsically photosensitive, they also receive
substantial synaptic input from classical photoreceptors (rods and cones) via
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bipolar and amacrine cells within the retina [4], suggesting that their activity
is also modulated by these conventional visual pathways [5].

Cone photoreceptors are categorized into three classes based on their
distinct spectral sensitivities. A notable spectral divergence exists between
ipRGCs (Amax=480 nm) and long-wavelength-sensitive (L) cones (Amax=563 nm)
[3, 6]. Consequently, long-wavelength light can elicit robust responses in
L-cones while having minimal direct impact on ipRGCs. In humans, it is
feasible to differentiate light responses originating from classical
photoreceptors versus ipRGCs using pupillary light responses [3, 7, 8.
Specifically, pupillary constriction during light exposure is largely driven by
classical photoreceptors, whereas the subsequent post-illumination pupillary
redilation are significantly influenced by ipRGC activity. Building on this
established methodology, our study aimed to investigate whether preceding
synaptic inputs from cone photoreceptors modulate the intrinsic light
responses of ipRGCs, utilizing pupillary light photometry in human
participants.

Research method

The experimental protocol for this study largely adhered to
methodologies reported in our previous work [7, 8]. Briefly, adult college
students (n=11, mean age 20.9 years, range 20-22 years) were recruited as
participants in this study. Each participant was seated in a chair positioned
at 56 cm in front of a tangential whitish diffuser. This diffuser was back-
projected by independently controlled blue and red LED lamps (Solar 2-ETZ,
Yanjian inc., Guangzhou, China). The spectral distributions of the blue LED
lamp (Amax 454 nm, half bandwidth 21nm) and the red LED lamp (Amax 633 nm,
half bandwidth 18 nm) are depicted in Fig. 1. After dark adaptation for
15 minutes, the red and blue lights were projected alternately for 0.5 seconds
each for 10 seconds, with 18 seconds of darkness after the light stimulation.
Light luminance intensity of red light was set at 118.5, 212.7, 313.2 cd/m?,
while light luminance intensity of blue light was same in all experiments
(213.0 cd/m?). Each participant experienced three sessions, in each of which
red light intensity was different.

Pupil area was recorded using a custom-built eye goggle (T.K.K. 2960,
Sanka inc., Niigata, Japan) equipped with a small infrared LED light source
and an infrared camera. Pupil images were sampled at 30 Hz and analyzed
online with a computer. Two-way ANOVA with repeated measures was
performed using SPSS 19.0 (IBM Japan Itd., Tokyo, Japan). The study protocol
was approved by the institutional ethical committee.
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Result and Discussion

As illustrated in Fig. 2, the pupil exhibited a prominent constriction
during light exposure, followed by a gradual redilation upon light offset
(F,50=172.2480, p=0.000). Crucially, both the pupillary area and the time
course of pupillary redilation remained consistent, irrespective of the
luminance intensity of the preceding red LED light (Fig. 3; F(, 20=0.299,
p>0.05, n.s.). There is also no statistically significant interaction between the
pupillary redilation and the luminance intensity (Fo, 100=1.878, p>0.05, n.s.).

These findings indicate that the intrinsic light responses of ipRGCs, as
reflected by the pupillary redilation response, are independent of preceding
synaptic inputs from cone photoreceptors under the conditions tested. This
independence suggests that, for human-centric lighting designs, it may not
be necessary to extensively account for preceding light exposure, particularly
when the preceding light wavelength is sufficiently far from the ipRGC action
spectrum so as not to directly stimulate melanopsin. This simplification
could streamline lighting design principles aimed at optimizing non-image-
forming responses [9, 10].
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Fig. 3. Pupillary constriction ratio after light exposure. Each line corresponds with the radiance
intensities of the red LED lamp

Conclusion

This study demonstrated that the intrinsic light responses of ipRGCs
are largely independent of preceding synaptic inputs from cone
photoreceptors under the tested conditions. This finding indicates that red
light does not stimulate ipRGCs when its spectral distribution is sufficiently
distant from the ipRGC action spectrum.
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APXUTEKTOPOB, AMSaﬁHepOB N 3N1IEKTPOMOHTa>XHNKOB

+7 495 649 87 75 = interlight@gefera.ru = interlight-building.ru An-ﬂ—GEFERA M=DIA

«Ha npaBax peknambi»




IMoanucano B meuath 08.10.2025. ®opmat 70x100/16
IMevaTh 1MdpoBast. Tupaxk 500 3K3.
3aka3 N2 0409/25-1-U

772949 7 405254

OTmeyaTaHO € FOTOBBIX AMAaNl03UTUBOB B COOTBETCTBUY C IIPe0CTaBlIeHHbIMIM MaTepuataMi 3aka3umka.
Wsgnarenscrso «HUL APT». 198097, r. CankT-IleTep6ypr, yn. Mapmana l'osoposa, 1. 29 2.
E-mail: izdat@nic-art.ru. Temn.: +7(812)715-05-21



