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PO JMHAMIYHE HUPKAJHE OCBITJIEHHSA

Posensinymi numanmns He30p08020 6nausy C8IMaAA HA OP2anizm JOOUHU N0 Yac pobomu OQICHUX NPAYIGHUKIE
ma YuHi@ HABUANbHUX 3aKk1a0ie. OOIPYHMOBAHO HeOOXIOHICMb CMBOPEHHS AKICHO20 C8iMmi08020 cepedosuiyd
YyubosUX npumiwjeHb ma ogicie WIAXOM BIONOBIOHO20 CYEHAPII0 OUHAMIYHO20 OCBIMIEHHS 3 YPAXYBAHHAM
Hezoposux egpexmie euoumozo ceimaa. Iloxazano HeobOXiOHicmb nepeensioy pISHIE 0CEIMIeHOCmi Ha poboYux

NOBEPXHSAX 3 YPAXYBAHHAM YUPKAOHUX eheKmis.

Knrouosi cnosa: yupkaduuii pumm, Ceimiosuil Ou3auH, CYeHapiu OCGIMIEeHHs, OUHAMIYHE OCEIMJIeHHs,
€8iM.100i00i3ayis, I1I0OUHOYEHMPUYHE OCIMIEHHS, KOPelbO8aHa KOLIPHA memnepamypa, HegizyaibHuil 0io102iuHull

eghexm.

IMocTanoBKka npodeMmu

OcTaHHI /Ba JecATHPIYYS Big3HAYCHI PEBOIIOIIN-
HUMH 3MiHAMH B 0O0JIacTi OCBITJIFOBAJIBHOTO TU3aifHY,
cepen SKUX € OypXJIMBHA PO3BUTOK 1 BCe OiNbIIe
3pOCTaHHSI CBITIOIOJHOTO OCBITICHHS, IO J03BOJISIE
OTPUMYBATH JWHAMIYHI CBITJIIOBI CIEHH, a TaKOX
mporpec B 3HAHHAX (i3i0JOTIYHMX MEXaHi3MiB, SKi
PETYIIOITh  IUPKAIHI
CBITJIOBUMH CTUMYJIAMH.

CBITIIOBE OTOYEHHS HE TIUILKM BIIMBAE Ha

puTMH, Ta iX 3B'SI30K 3i

Bi3yalIbHI XapaKTEPUCTHKH, [TPOTE MA€ CYTTEBH BILIHB
Ha JIIOJICH Yepe3 Tak 3BaHi HeBi3yalbHi e(eKTH ado TaKi,
mo He ¢dopmyrote 300paxenHs (BO3-edpextn) -
HACTpiii, 6aILOPICTh, IIMPKATHI PUTMH TOIIIO.

CrporomHi m00pe MiATBEPHKEHO, CBITIOTEXHIKH-
IM3aliHEepH Bce 1€ KepYIOThCsl HOpMaMHu, SIKi 3aCHOBaHi
Ha sKicHOMY HaOmwkeHHi. CKIAQIHICTh YacTKOBO
MoJiArae y TOMY, IO BiJICYTHI BCTaHOBIICHI METPHUKH,
MPUIHATI HAYKOBOIO CIUIFHOTOX. barato mociimkeHb
Oyino omyOJiKOBaHO TPO «IHPKAIHI» METPHUKH, 1 5K
MEPEeHECTH HAayKOBi 3100yTKH B IPAaKTHUKY OCBITIIIO-
BaJIBHOTO JM3alHY.

3BHYAfHO  BENWKHHA  iHTEpeC  MPEICTaBIIE
OPUMIIIeHb, J¢  JIFOJIU
NPOBOASATH OlNBIy YacTHHY 4acy, Taki sK poOoui
IITATANI, PEe3UASHIN] st

BaxnuBuM € noegHaHHS

OCBITJIEHHSI ~ BHYTPILIHIX
MPUMIIICHHS, —IIKOJH,
MOXWIMX JIFOJAEH TOWIO.
Bi3yaJlbHUX Ta HEBi3yaJbHUX BUMOT i3 iHHOBaIliHHUMHU
CBITJIOBUMH CHCTEMaMH.

lupkamHe OCBITICHHA TOBHHHO 3aBXIU OYyTH
OIIIHEHO Ha piBHI OdYeH, B THIIOBOMY pO3TallyBaHHI
JIIOJICBKOTO  OyTTS B crenu(ivyHOMY BHYTpPILIHEOMY
oToueHHI. Bci eneMeHTH  CBITIOBOro  u3aiiHy,
BKJIIOYAIOUHM CTiHM Ta MeOJIi, BIUIMBAIOTh HAa OCBITJICHHS,

CydacHi TEXHOJNOTII MOXYTh B OyIb-IKOMY
BUIAJKy HaJaTH IHCTPYMEHTH JUIs JW3aiiHy CHCTEM
LUPKATHOTO OCBITJICHHS. B 1IbOMY CEHCI, CBITIOIiOAM
3a0e3meuyroTh (PyHIAMEHTANbHI XapaKTepUCTUKH, 00
CTBOPIOBAaTH OCBITJIIOBAJIbHI CUCTEMH, 1110 HE BAABAJIOCS
3po0OMTH IHIIUMHM THIIAMH JDKeped  CBiTia, abo
BIaBaJIOCS YaCTKOBO.

[NokpameHnii crieHapiif OCBITJICHHS TIPHUITYCKA€e
CHHXPOHI3alil0 CBITJa 3 aKTHUBHICTIO 1 LUPKaJHUMHU
pPUTMaMH CIIOKMBAYiB HA MPOTA3i 24-TOAUHHOTO IUKILY.
[loBmHHI OyTH BpaxoBaHi CE30HHI 3MiHH, SKi
BHU3HAYAIOTh TPHUBAJICTh JHSA, Ta IOTOMAHI 3MIiHH, SIKi
BIUIMBAIOTh HA MPUCYTHICTh Ta TPUBATICTH HPUPOTHOTO
cBiTNa. BuKopHCTaHHS IIMPKaIHOTO OCBITJIEHHS, TOOTO
CBITJIA, sIKE CHHXPOHI3YE JIIOICHKY LIUPKAJIHY CHCTEMY,
B TOMEIIKaHHI, MOKpAIly€e SKICTb MXHUTTS, JOIoMarae
Kpaiie BiANOYMBATH BHOYI 1 3aJMIIATHACS aKTUBHUMHU
MPOTATOM ycboro aHs. Lle Takoxk mHoJsierurye CUMITOMHU
Jernpecii.

IlupkamHa cucTeMa OCBITIIEHHS, CIIPOEKTOBaHA
JUIT  LUX [iJed, TOBHHHA TPEJCTABIATH 3MiHH
OCBITJIEHHA 3 4YacoM 1 B BIJHOIIEHHI 10 Micus
npoxuBaHHa. llupkagHa cucTeMa IOBHHHA TaKOX
BITHOCUTHCS JO NPHUPOTHUX IHMKIIB JCHB-HIY, NiFOYH
4yepe3 KOJIpHY KOJBbOPOBY TeMmIlepaTypy 1 piBHi
ocBiTieHoCTi. OCBIT/ICHHS MOBHHHO OYTH CTHUMYJIIO-
109MM (DaKTOPOM HPOTATOM CBITIIOBOTO IHS, 3 OIHOTO
00Ky, Ta JECTUMYJIIOIOUYHM BBEUEpi Ta BHOYI, 3 IHIIIOTO
060ky. Oco0mMBO, 1€ CTOCYETHCS NPUMIIIEHBb ISt
neperisiy TejeBizopa abo 4YHTaHHS, B CHAJIBHAX.
Cucrema, sika 3a0e3redye OCBITIIIOBAJIbHI CIeHapii
MOBMHHA 3MIHIOBATHCS aBTOMATHYHO, BIAMOBIZHO 0
yacy, y BIIOBIZHOCTI, HaIpUKIAL,
Iporpami, sika po3paxoBaHa Ha 100y.

Acomiarnis CBIiTIOTeXHIKIB €BpomnH, sika 00’ €IHYE

BCTAHOBJIEHIH

CTBOpCHC B NPUMIICHHI T4 HAaBIAKW, OCBITICHHA  ypoqui  pupoGHMKIB B OCBITIIOBAIBHOMY — CEKTOpI
BIUIMBA€E HA CIIPUHHSATTS OTOYEHHS.
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€sponeiicbkoro Coro3y, Aekiapye 4YOTHpPH oOJacTi
JIOCITIJ[)KEHB 1 PO3BUTOK 5K (DyHIAMEHTABHUX:

- cBiTomiomizamist (LEDification),
PO3BUTOK Ta BIPOBAHKECHHS CBITJIOMIONHUX TEXHO-
JIOTH;

- IHTeJeKTyalbHi OCBITIIOBAJbHI CUCTEMH;

- momuaonentprure (Human Centric Lighting
(HCL)), To6T0 Opi€HTOBaHE HA JIIOAUHY OCBITICHHS,

- «koioBay» exkoHomis (Circular economy).

Tema moxunonenTprunoro (HCL) ocsiTnenus
PO3TIIAAAETHCS (PYHAAMEHTATBHO BaXKIMBOKW. BaxkinBo
BIIMITHTH, IO B [bOMY KOHTEKCTi, B MifCHOCTI,
Bm3HaueHH HCL € myxe momiOHMM 10 KOHIETmii
OUpKagHOTO  OCBiTIeHHA.  LlupkamHe — OCBITIICHHA
MOBHHHO OYyTH OJHMUM 3 KJIIOYOBHX €JCMEHTIB 1
niiicHoro pyHaameHTanbHo0 yactuHoo HCL.

TOOTO

AHaJI3 0OCTAHHIX JOCTIIAKeHb i myOaikami

CraH 3HaHb Ha ChOTOJHI BKa3zye Ha Te, IO I
3arpy3kd  OIlOJIOTIYHOTO TOAWHHUKA 1 AN TPAMUX
OiosoriyHuX edekTiB (10 BIUIMBAIOTh HAa aKTUBHICTH 1
KHUTTEBI MOKa3HUKN) MiHIMaJIbHA OCBITJICHICTh Ha OYi €
nopsanky 400-500 nk. Lle BUTpuMyeTbea Ui JKEpeEl
CBITJIa 3 KOPEIHOBAHOIO KOJIIPHOIO TEMIIEPATypOI0 MiX
npudamnzHo 3000 i 4000 K.

Jlns BUIUX KOJIIPHUX TeMIIepaTyp, BEIUUUHA, SKa
motpiOHa, € HIk4oro. Jnsa 3HaueHp Oimst 6500 K
HEeoOXi/THe 3HAueHHs1 MOXKe OyTH Ha IOJIOBHHY MEHLIE:
200-250 nx. Jlamnu 3 KKT 3000-4000 K marots haktop
MEJIaHOIIYHOTO eKBiBaJieHTa JAeHHOTO cBitTia (J165) 0,4-
0,6 i mammu 3 6500 K npubnuzsuo 1,0 (puc.1).
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Puc. 1. OnrtuyHe BUNTPOMIHEHHS Pi3HUX THIIB JaMI Ha
1000 mroxc Ha 30BHIIIHINA TOBEPXHI OKa

IIi piBHI OCBITJIEHOCTI O4Yell TaKUM UYHHOM
BIAIIOBIAIOTh MEJIAHOIIYHUM €KBIBaJIEHTAM JEHHOIO
citna (J165) oceitnerocti (Eeye, mel D65eq) TPHOIH3HO
200-300 k.

HeBizyanpuuii OiojoriuHuil eeKkT CBiTIa He
IIPSIMO KEPYETHCSI OCBITIICHICTIO HAa po0OYiii MOBEpXHi, a
CBITJIOM, sIK€ HAamXOAWTh B OKo. Jlna pam3aiiHepa
OCBITJICHHS, TPOTE, OUIBII 3PYYHO TMPAIFOBATH 3
OCBITJICHICTIO Ha TOPU3OHTAJbHIH pPOOOYii IMOBEPXHI.
Takum 9rHOM, € HEOOXiTHIM ITePETBOPUTH HEOOXiTHUIT
piBEeHb OCBITIIEHOCTI Ha OKO (1A BCIX JIOKaliif B
pocTopi) B HPHUONH3HO CepelHE 3HAUYCHHS T'OPU30H-

TaXbHOI OCBITIIEHOCTI poOodoi moBepxHi. ToOTO
CepemHs TOPHU3OHTaJIbHA OCBITICHICTH HA PiBHI pOOOYOi
MOBEPXHI  BIANOBiZae rpydo TpbOM  3HAYCHHIM

BEPTUKAJIbHOI OCBITIIEHOCTI Ha piBHI oka. Ha ocHOBI
nporo B Tabn. 1. maHa MiHIMambHO HEOOXiTHA cepermHs
TOpU30HTaJIbHA OCBITJICHICTh Ha POOOYii IIOMIKHI.

Tabmums 1.
MiHimManpHa TOPH30HTAIBFHA OCBITICHICTE Ha POOOUin
MOBEpXHi 0(ICHUX MPUMILIICHB

KKT, K Eeye, JIK Eeye, mel Ehor, JIK
D65eq, JIK
3000-4000 500 250 1500
6500 250 250 750

B OinpmocTi oiciB i IPOMUCIOBUX MIPUMILICHHIX
i piBHI OCBITJICHOCTI HE MOJIHMBI JJIsI IEHHOTO CBITIIA,
SIKC HaIXOAWTh B MPHUMILICHHS, OCOOJIMBO B 3MMOBHUI
yac Ha TpomiyHux wmmporax [1-4]. 3a uux ymoB
OITYYHOTO OCBITJICHHA HEOOXiTHO MIKIyBaTUCS TIPO
HeoOximHicTs  jmomarkoBoro  (extra)
CueHapiil OCBITJICHHS, SIKMI AUHAMIYHO 3MIHIOE PiBEHb

OCBITJIEHHS.

OCBITJICHOCTI ¥ KOJIpHI MOXIUBOCTI ONTHUMI3allii Mix
CHePreTHYHUMH moTpebamMu 3  OJHOro OOKy, 1
norpedamMu Bi3yaJIbHUX 1 HEBI3yaJbHUX e(QeKTiB, 3
iHIITOTO OOKY.

Puc. 2 mokasye mpukian CIICHapiIo
JUHAMIYHOTO OCBITJICHHS B ICHHHMU 4ac JjIsi poO0OYOro
nHs mounHarouu 3 8.00 Bpanmi i 3akiHayroun B 17.00.

PaHKOBE OCBITJICHHS TIOYMHAETHCS 3  PIBHS
TOPU30HTAIBHOTO OCBiTICHHS B 750 JIK 1 XOJIOMHUM

TaKoro

6imum kospopoM (mpubimsno 6500 K). Ls curyaris
BignoBigae rpy6o 250 Ik MemaHOMIYHIN eKBiBAJICHTHIH
neaHomy cBiTiry (D65) ocitnenocri. Lle momomorae
3aBaHTAXXUTH OI0JIOTTYHMIN TOJAMHHUK 1 BUKIIMKAE MPSIMi
¢dorobionoriuni edekTH, sKi 3a0e3MeUyr0Th 0abOPICTH
i TIOTCHIIANBHI JKHUTTEBI IOKa3HUKH. Taki yMOBH
OCBITJICHHSI TPOJOBKYETHCS 2,5-3 roguHM, BiAMOBIIHO
TPHUBAJIOCTI ()a30BOTO PO3BUTKY MiKa KPHBOi (Pa30BOro
BIJIKJIIKY, IIIO MTOKAa3aHO Ha PUCYHKY 2.
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Puc. 2. IIpuknan crieHapito AWHAMIYHOTO OCBITIICHHS
JUTSL OPIEHTOBAHOTO Ha JIIOIMHY OCBITICHHA B oicax
(mpOTSIrOM CBIiTIIOBOTO [THS)

Ilicns wporo piBeHb OCBITVIEHHS IIOCTYIIOBO
3MEHIIIYETBCSA 1 KOJIp TMOCTYIIOBO CTAa€ TEIUIIIINM.
[Moynnaroun 3 o0O0imy, Ol wacy JaH4a, piBEHb
OCBITJIEHOCTI JocArac HanHmK49oro 3HadeHas B 500 Ik,
B TOH JXe Yac KOJip Ma€ HaWTEeIUTIHH BiITiHOK (0L
3000-4000 K). Lst cutyauis Bimnosimae rpydo 85 ik
MenaHomiyHii  ekBiBanentHii (D65) ocBiTieHOCTI.
PiBeHp TOpPM3OHTANBEHOI OCBITICHOCTI HIKOJMM HE CTaE
HkunM 3a 500 1K, Oyayyd MiHIMaNBHHUM piBHEM
PEKOMEHIIOBAaHUM JUIsl Bi3yaJbHUX XapaKTEPHCTHK 1
koMpopTy. CHuTyalis B cepeinHi THS 32 HU3bKOTO PiBHA
OCBITJIICHOCTI 1 TEIUIOTO KOJNBOPY MHiITPUMYE pelakca-
L0 HABKOJIO yacy JiaH4ya. Lle Takox cripusie KOpOTKUM
JpIMaHHsIM Uil TUX, KoMy Le notpioHo. [Ipu 1pomy,
rOOKi JpiMaHHA 32 Yac JIaHYy ITOKa3alHd BiTIyTHE
BIZIHOBJICHHS] JKUTTEBUX CHJ 1 TOKpAILAHHS JKUTTEBUX
MOKa3HUKIB poTsarom 2-3 rox B o6ix [5, 6]. Lli kopoTki
IOpiMaHHA TOBUHHI TpuBaTH 3-20 XB 1 BigOyBaTHCS IO
15.00 roguamn.

KopoTka eKCcro3ulIlist AICKPaBOro CBITJIA MICIsl 4acy
JIaHYa TAKOXK MA€ XXUTTEBITHOBIIOIOUNiT edekr [7].

Takum  umHOM, KOpoTKOoTpmBami (30  XB)
micIsUIaHYeBl 3pOCTaHHS PIBHS OCBITJCHHS KOMOIHY-
I0ThCS 3 BHIIOI KOJIPHOI TEMIIEPATyporo, BKIIOYa-
IOTBCS B clieHapiil puc.l. Sk 00roBoproBanocs, BUCOKHIA
piBeHb OCBITJIEHOCTI Ma€ HiK4l epekTd 0aabopocTi i
MTOKPAIICHHS KUTTEBUX MOKA3HUKIB B 001, HI’ BPAHII.
Uu mae Takwuii xe edext Bucoka KKT ocBiTieHHs B 0011
30BCIM € CYMHIBHUM.

TakuMm 4MHOM, MICJIsI IJAHYOBOTO 3POCTAHHS PiBEHb
OCBITJICHOCTI 3HIDKYEThCS 3HOBY, B TOH K€ Yac KoJlipHa
TeMIepaTypa IOCTYHnoBO moBepTaeTscs 10 3000-4000
K. BincyTHICTh SICKpaBOTO XOJIOJHOTO CBITJIa B 0011 He
3aBayka€ MOCTYIIOBOMY 3POCTAHHIO MEIATOHIHA IMI3HIIIE
B 00111 200 paHHBOTO PaHKY.

JuHaMi4HAH CIIGHApii JCHHOro 4Yacy,
iTFOCTpy€e puc. 1 3acHOBaHWI HA MiHIMaJIbHUX BUMOTaX
JUISL TIOBCSKJICHHUX O(ICHMX 30pOBHX 3aBlaHb. Jlis
CKIaTHUX 30pOBHX 3aBJaHb MiHIMAJIBHUA pPIBCHb
ocBiTieHocti Mae Oytm BummM HiK 500 1k y

SIKUH

BIIMTOBIAHOCTI i3 CIiBBiAHONICHHSIMH MK Bi3yaJlbHUMHU
XapaKTepUCTHKAMHU, PO3MIPOM 1 KOHTPACTOM TaKOTO
30poBOrO 3aBAaHHsA. s 3aBIaHb, IO MPU3BOIATH JIO

CYBOPHMX HACHiJKIB y BHIagKy IOMHIIOK, BHMOIH
0agbopOCTI Ta JKUTTEBHX IOKa3HUKIB MOXYTb OyTH
HaA3BUYAIHO BUCOKI.

e 3BWUaifHO NPHUTPUMYETHCSA [UIA MOTCHIIHHO
PHU3HKOBHX YMOB B HPOMHCIOBOMY OCBiTIeHHI. s
TaKMX 3aBJaHb a00 YMOB PiBEHb OCBITJICHOCTI IIOBHHEH
Oytu 30impmenun#t mo 750 nk, i moBMHHA OyTH
PO3MIITHYTa KOpENbOBaHa KOJipHA TeMIlepaTypa BHILA
Hix 6500 K.

®opmy/II0BAHHS METH CTATTi

®opMyBaHHS KOHLEMILIi CTBOPEHHS SIKICHOTO
CBITJIOBOTO CepeIOBHUINA YIOOBUX MPHUMIIICHb Ta 0(iciB
LIULIXOM  BIANIOBIJHOTO  CLEHApil0  JHUHAMIYHOTO
OCBITJICHHSI 3 ypaxyBaHHAM HE30pOBHX edeKTiB
BHUIMMOTO CBITJIA.

Buxkiax 0cCHOBHOTO MaTepiaiy

OCBIiTIICHHS B ayAWUTOPisAX OCBITHIX YCTaHOB
MOBHHHO, B TIIepPITy Yepry, BUKOHYBaTH HEOOXimHI
30pOBI BHMMOTM 1 CTBOpIOBaTH KOMQOPT Y4YHAM i
cryneHtaMm. DyHKIIOHATbHE OCBITIICHHS Ui o(iciB
MOXe OyTH BHKOpDHCTaHE SK pPEKOMEHIOBAHE I
ayaAuTOpHOTO oOcBiTIeHHs. [IpoTe € omHa KpuTHYHA
BIIMIHHICT. MoJOIUil BIK INKOJISAPIB 1 CTY/JCHTIB
poOWTh BHMKOHAaHHS 30pOBOTO 3aBIAHHS [UII HHX
nermuM. lle Tomy, mo QyHKuOii oka JAWTHHU
¢Gi310JIOTIYHO  Kpallli, HDK OKa JOpOCNIOl JIOIUHH, 1
MOJIOAII JIFOAW MaroTh Kpamuil 3ip Ha KOPOTKHX
BinctaHax. JliThm B OIHCHOCTI pyXarTh TOJIOBOIO
BIJIMIOBITHO /O 30pPOBOTO 3aBIaHHS, IO POOHUTH iX
3aBIaHHA Bi3yaJbHO IIETIINM. DBiTBIIICTH CBITIOBHX
CTaHIAPTIB TOMY BIPHO BH3HAYAIOTh HIKYI piBHI
OCBITIIEHHs1 sl KinacHuUX KimHat. Ilpore, Tam Moxe
Oytn mactka s 1poro. DikcoBaHi HHU3bKI pIiBHI
OCBITJICHHS B KIACHHX KIMHArTaX, 3py4Hi Ui
BUKOPHCTAHHS AITbMH 1 CTYAEHTaMH, MOXYTh HE OyTH
3PYYHUMH JJIs1 TOPOCIOrO BBEYEpi.

OKkpiM CTBOpPEHHS 30pPOBHX YMOB 1 KoMdopTy,
OCBITJICHHSI MOXE TAaKOXX MO3WTHBHO BIUIMBAaTH Ha
SKICTh CHY B HIYHMH Yac, aKTHBHICTb BJICHb,
penakcariito i eMOLIHH!I CTaH Y4YHIB Ta CTY/IEHTIB.

SIK HacmioK, OCBITJICHHS MOXE BIUIMBATH HAa
yuboBi moka3HuKU. Ha puc. 3 mokasaHi aBa NUIIXH
orpuMaHHs X edexTiB. s MIKONApIB Ta CTYAEHTIB
mell muiax BiApi3HsAETbesA. TpH pi3HI OUIAXH TaKOXK
BIJIHOCSATBCS /10 eeKTiB TphoX nopsakis [8]:

— x| (edexTH meprioro MopsAaKy) — MpsiMi
edexTu MpsSIMO ~ BIUIMBAIOTh Ha
aKTHMBHICTB, yBary, KOHIIEHTPAIIO 1 HACTPIH;

—  1mux 2 (edexTH APYroro MOPSAKY) — JOBTOTPH-
BaJIi IMpKaaHI e(heKTH PUTMY JCHb-HiY, AKi IiIOTh,
30KpeMa, Ha SKICTb CHY BHOYI, SKI TaKoX
BIIMBAIOTH HA aKTHBHICTH, YBary, KOHIIEHTPAIIIO i

CBiTIa, sKi

HACTpill y4HIB HACTYITHOTO JTHS,
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—  uwiax 3 (edeKTH TPeThOro MOPSIIKY) — OCBITICHHS,
SIK€ Ma€ TO3UTUBHMH €(EeKT MepIIoro i Jpyroro
MOPSIAKIB MOXKE 3MEHIITYBAaTH 30yDKEHY MTOBEIIHKY
JEeSIKUX YyYHIB, HABIIAKW TO3UTHUBHHUHA e(peKT Ha
yBECh KJIac TIOBHICTIO.
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Sleep
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v v

Night-time Sleep
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Route 2 (direct effect)

Daytime Light
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v

Direct Photobiological
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!

Alertness and Performance
today

Puc. 3. /IBa nursixwu, gepes AKi JEHHE CBITIIO MOXKE
BIUIMBATH Ha JICHHY MIIBHICTH Ta €(peKTUBHICTD
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Puc. 4. CriBBiTHOWICHHS MK CBITJIOBUMH €(PEKTaAMH,
SIKi B CYKYITHOCTI BIUTMBAIOTh Ha YCHIIIHICTb Yy IIKOJI Ta
J00pOOYT yUHIB Ta CTYACHTIB

Puc. 4 nokasye cxemy, 3anponoHoBany Mott et al
[9], mo moka3sye BimHOIIEHHS OLIBLIIOCTI €(EKTIB TPHOX
IIUIIXIB 3 TOKa3HUKaMHM 1 CAMOIIOYYTTSIM YUHIB.

Byno mnpoBexeHo pekigbKa JOCTIKEHb OO
BIUIMBY CTAJOr0 1 JHHAMIYHOTO ayJAWTOPHOIO OCBIT-
JICHHAd Ha TOKa3HWKM Y4YHIB 1 CTydeHTiB. JlnHamika
OCBITJICHHSI CTOCYETBCS SIK PIBHS OCBITJICHOCTI, TaK i
xomipHOi Temmepatypu (KKT). Tak, panime B 1981p.,
¢iziosoriyAi 1 TOBEAIHKOBI 3MIHH B OCBITHBOMY
npocropi (B BuUHAagKy 3 IiTBMH 3 Bajamu) Oyiu
npoaHanizoBaHi 3a pi3HUX yMmMoB ocBiTieHHs [10]. Lle
nocrmimpkenast B 1993 poui orpumano possurok y PhD
JNOCTI[UKEHHI B TNPUMIMCHHAX 3  IIECTHPIYHUMHU
nitemu [11].

OcBiTJIeHHS 1 KOJBbOPH CTiH B HPUMILICHH]
3MIHIOBaJIKCh 3 pa3u Ha HpoTs3i 30-1€HHOr0 TECTOBOTO
niepiony. [loBeninka yuniB Oyna BimoOpakeHa Ha Bife€o,
¢ikcyBamacsi B TyX caMy TOAWHY KOXXKHOTO IHS i
BIJINIOBITHO aHami3yBanacs. KpoB’sHUI THUCK BHMIipio-
BaBCsl KOXKEH JIEHb TaKOXK B TOW ke cammuii yac. Yepes
10 mHIB 3 TOBHUM CIIEKTPOM OCBITIICHHS i OMaKUTHUMH
CTIHaMU, KPOB’SHUAN THCK OyB MCHIIWN, HiX TOH, IO
O0yB y 10-meHHMi Tiepiof 3 JFOMIHECIICHTHHM OCBIT-
neHHaM 1 Oimmvu crinamu. Jlo BunpoOyBaHHS BiH OyB
Ha 22 % HIK4e.

[Mpubanzno micnst 2000 p., KOIM OCBITIIOBaNbHA
rpomMaja mo3HaiioMunacs 3 (pyHIaMEHTaJIbHHAMH MeXa-
Hi3MaM¥ HeBi3yallbHUX OionorigHux edexris, Habarato
OiIplIIe BUBUEHO Y BiTHOIICHHI NOKA3HHKIB 1 IIKIJIHHOTO
oceinenns: [12-20]. ExcrnepuMeHTadbHI YMOBH IHX
JOCITI/DKEHb BIAPI3HAIOTBCS CYTTEBO B JIOKAIisAX Ha
3eMITi; AW3aiHOM BiKOH B OymiBIAX; MOpor poky (i,
TaKMM YMHOM, BIUIMBOM JICHHOTO CBITJa) 1 TAWMHHIOM
eKCIIepUMEHTIB. [HIII BiIMIHHOCTI TOPKAalOThCS PiBHIB
OITYYHOTO OCBITICHHA B  KOHTPOJBHIA  CHTYyamii
(miama3zoH ropu3oHTaIBHOI ocBiTiieHocTi Bix 300 sk 10
500 71K, KOpempOBaHOi KONipHOI TeMmepaTypu Big 3000
K mo 4000 K); B excriepuMeHTalbHIN cuTyarii (riana-
30H TOPHU30HTAIBHOT OcBiTIeHOCTI Bia 500 mo 1000 ik i
KKT Big 4000 K mo 17000 K); Tum ocCBiT/IrOBaIbHOL
iHCTANAMmil 1 KoeQilieHT BiAOWTTA KIMHATH 1, TaKUM
YHHOM, SICKPaBOCTI KiMHaTH. OCTaTOYHO, TaKOX THUII
TECTOBUX MEPCOH (ITH 1 CTYyIEHTH, BIINOBIAHO) i THI
TECTIB YYHIB i CTYICHTIB, 10 MPOBOIMINCS, BiAPI3HAB-
Cs: Bi XapaKTepHHX TECTIB HA YHUTAaHHS, ITMCBMa,
MaTeMaTHUKH, 1O TECTiB Ha YyBary, KOHIICHTPAIIiIO,
MOTHBAIIIIO 1 HACTPIi.

JeranizoBaHe B3a€MHE TIOPIBHSHHA €,
YHHOM, HEMOXJIMBE. Xoua JIEsAKi 3 [UX PE3yJbTaTIiB €

TaKUM

KOHQUIIKTYIOYHMH, OUIBLIICT JOCIIIKEHb [TOKA3ye, 10
MiABUICHHS PIBHA OCBITICHOCTi, OCOOJHMBO B PaHKOBI
YacH IOKPALIyIOTh pPe3yJbTaTH HAaBYaHHS 1 HACTpiil.
[MokpaiieHHs pe3yJibTaTiB HaBYaHHS MOXKYTb Bke OYyTH
olepXaHi  30UTbIIEHHSM  pIBHA  TOPH30HTAIBHOI
ocsiTienocti Bix 300 ik g0 500 nk [14]. Hocmimkenns,
B SIKAX TAaKOXX BUBYaBCs e(eKT KOJIIpHOI TeMmIiepaTypu
TOJIOBHUM YHMHOM JEMOHCTPYBaJIO, IO MOKPAIICHHS
pe3ynpTaTiB  HABYAaHHS 1 HACTPOIO CIIBHAamae 3
pe3yiapTaTaMy, HaWOLIBII SICKPAaBO BHPAKEHHUMH B
TEMHI 3UMOBI Micsii 1 0O0iaHi romauHu. I[lo3uTHBHI
pe3ynpTaTH HAaWOIMBII SCKpaBO BHUpPAKEHI B TEMHI
3UMOBI Micsli 3 JIU3aiflHOM BIKOH 1 Micus po3Tamry-
BaHHS, sKi 3a0e3medyioTh OifblIe NPOHUKHEHHS
JICHHOT'O CBiTJIa B IPUMIIIIEHHS.

3a yuboBux mpoueciB, nepiogn QoxycyBaHHS i
KOHIIEHTpAllii THOBWHHI OyTH  aJbTePHATHBHUMH
mepiogam  penakcamii. OcBiTneHHS Moxe OyTH
BUKOPHCTAHE JUIs CIIPHUAHHS IbOMY IPOLECY: HIKYUH
piBeHb, TeIUTiIIe JUIS peNlakcalii i BUIIUH piBEHB,
XOJIOJTHIIIE CBITIO AJIsi KOHIIEHTpamii i (OKyCyBaHHS.
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OnHe NOCHiJKeHHS 1OKa3ajo e(eKT OCBITICHHS Ha
OocHOBi  GaxkaHoi akTuBHOCTI 1 Hactporo [20].
JocmimKeHHS IOKas3ajgo, IO TaKHH OCBITICHHS B
JiFICHOCTI TIO3WTHBHO BIUTMBAE€ Ha HABUAHHS i HACTpii
CTY/ICHTIB.

Bucunosxu

TakuM YMHOM, OCBITJIIEHHS ayJUTOpPii MOXE CTaTH
OUThII eEeKTHBHAM BiI IWHAMIKH OCBITIICHHS, TOOTO
OUHAMIYHAX  pIBHIB ~ OCBITJIHHA 1  KOJipHOL
TEeMIIEpaTypH.

B TemHi mepiogm poky i cutyawii 3i ciraOKuMm
MPOHUKHEHHSM  JICHHOTO CBITIAa PEKOMEHAYETHCS
30UIBIIYBaTH  pIBEHb  OCBITJIGHHS  BiA  4acTo
PEKOMEHIIOBAaHOTO MOBCSIKAEHHOTO piBHA B 300 1K
TOPHU30HTAIBHOI OCBITIICHOCTI 0 MO KpaiHii mipi 500
JK 13 30ipmeHHaM KoJipHOi Temrepatypu go 6500 K
Ha mnporsa3i mepmmx 2 roxuH BpaHui. CueHapii
OCBITJICHHSI, NIPE/ICTABIICHUI Ha pHC. 2, MPUUHATHIL 10
500 7K, MOXKe CIYyXHUTH SK KepiBHUNTBO. Jlns
npumimens BH3, crenapiii ocBiTiIeHHs MOBUHEH OYyTH
npuitasaTii 10 750 nk. 1106 natm MOKIMBICTE BUNTEIIO
MiAJAIITOBYBAaTH PIBEHh OCBITIICHOCTI 1 KOJipHOL
TeMmepaTypu OO0 OakaHOi aKTHBHOCTI 1 HAacTpoIo,
MOBUHHI OyTH 3po0JieH] Mo KpalHii Mipi IBI MOXIHBI
cienu ura Buntens. OqHa «penakcarliifHay CIeHa, sKa
3a0e3nedye 3MCHIICHHS OCBITJIEHOCTI 1  KOJipHOL
TEeMIlepaTypu 1 IHIIA «CIleHa KOHIGHTpalii», sKa
3abe3mneuye 30UTBIICHHS PIBHSI OCBITICHOCTI 1 KOJIpHOT
TEeMIIepaTypH.

O00B’s13k0BOIO
ABTOMATHYHHUI KOHTPOJIb OCBITJICHHS, IO 3aJICKUTh Bij
QUHAMIKH JCHHOTO CBiTJa Ta 3BHYAHO Mae OyTH
BOyIOBaHMII B CMapT IHCTAIALIIO JHHAMIYHOTO
OCBITJICHHS.

YMOBOIO IIOBUHCH CTaTHu

Jlitrepatypa

1. Aries M (2005) Human lighting demands, healthy lighting
in the office environment. Public presentation of PhD
thesis/ University of Technology Eindhoven, Eindhoven.

2. Hubalek S et al (2010) Office workers daily exposure to
light and its influence on sleep quality and mood. Lighting
research and Technology 42 : 33-50.

3. Smolders KCHJ, De Kort YAW, Van Den Berg SM (2013)
Daytime light exposure and feelings of vitality/ Results of
a field study during regular weekdays. Journal of
Environmental Psychology 36: 270-279.

4. Figueiro MG, Rea MS (2016) Office lighting and personal
light exposures in two seasons: impact on sleep and mood.
Lighting research and Technology 48 : 52-64.

5. Stampi C (ed) (1992) Why we nap; evolution,
chronobiology, functions of polyphasic and ultrashort
sleep. Springer Science Business Media, New York.

6. Takahashi M et al (2004) Post-lunch nap as a worksite
intervention to promote alertness on the job. Ergonomics
47 : 1003-1013.

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kaida K et al (2013) The effects of short afternoon nap
and bright light on task switching performance and error-
related negativity. Sleep Biological Rhythms 11: 125-134.
Novotny P, Fischke H (2014) Lighting for health and well-
being in education, work places, nursing homes, domestic
application and smart cities. SSL-erate consortium,
Brussels, Belgium.

Mott MS, Robinson DH, Walden A, Burnette J, Rutherford
AS (2012) Illluminating the effects of dynamic lighting on
student learning. SAGE Open 2 : 1-9.

Wohlfarth K, Sam C (1981) The effects of color/lighting
changes on severely handicapped children. Planning and
Research Branch. Alberta education.

Cranguard EM (1993) Effects of color and light on
selected elementary students. Dissertation University of
Nevada, Las Vegas.

Winterbottom M, Wilkins A (2009) Lighting and
discomfort in the classroom. Journal of Environmental
Psychology 29 : 63-75.

Figueiro MG, Rea MS (2010) Lack of short-wavelength
light during school day delays dim light melatonin onset
(Dimo) in middle school students. Neuro Endocrinol Lett
31:92-96.

Goven T et al (2010) Influence of ambient light on the
performance mood, endocrine systems and other factors of
schoolchildren. Proceedings of the 27t Session of the CIE,
Sun City.

Rautkyla E et al (2010) Effects of correlated colour
temperature and timing of light exposure on daytime
alertness. In lecture environments. J. Light Vis Env 34 :
59-68.

Barkmann C et al (2012) Applicability and efficacy of
variable light in schools. Physiol Behav 105(3) : 621-627.
Sleegers PJC et al (2013) Lighting affects students
concentration positively : findings from three Dutch
studies, Lighting research and Technology 45 : 159-175.
Keis O et al (2014) Influence of blue-enriched claasroom
lighting on students cognitive performance. Trends
Neuroscience Education 3 : 86-92.

Gentle N et al (2018) A field study of fluorescent and LED
classroom lighting. Lighting research and Technology 50 :
631-651.

Morrow BL, Kanakri SM (2018) The impact of fluorescent
and LED lighting on students attitudes and behavior in the
classroom. Adv Pediatr Res 5 : 15.

References

Aries M (2005) Human lighting demands, healthy lighting
in the office environment. Public presentation of PhD
thesis/ University of Technology Eindhoven, Eindhoven.
Hubalek S et al (2010) Office workers daily exposure to
light and its influence on sleep quality and mood. Lighting
research and Technology 42 : 33-50.

Smolders KCHJ, De Kort YAW, Van Den Berg SM
(2013) Daytime light exposure and feelings of vitality/
Results of a field study during regular weekdays. Journal
of Environmental Psychology 36: 270-279.

Figueiro MG, Rea MS (2016) Office lighting and personal
light exposures in two seasons: impact on sleep and mood.
Lighting research and Technology 48 : 52-64.

167



Komynanvne zocnooapcmeo micm, 2021, mom 1, éunyck 161

5. Stampi C (ed) (1992) Why we nap; -evolution,
chronobiology, functions of polyphasic and ultrashort
sleep. Springer Science Business Media, New York.

6. Takahashi M et al (2004) Post-lunch nap as a worksite
intervention to promote alertness on the job. Ergonomics
47 :1003-1013.

7. Kaida K et al (2013) The effects of short afternoon nap
and bright light on task switching performance and error-
related negativity. Sleep Biological Rhythms 11: 125-134.

8. Novotny P, Fischke H (2014) Lighting for health and well-
being in education, work places, nursing homes, domestic
application and smart cities. SSL-erate consortium,
Brussels, Belgium.

ISSN 2522-1809 (Print); ISSN 2522-1817 (Online)

concentration positively : findings from three Dutch
studies, Lighting research and Technology 45 : 159-175.

18. Keis O et al (2014) Influence of blue-enriched claasroom
lighting on students cognitive performance. Trends
Neuroscience Education 3 : 86-92.

19. Gentle N et al (2018) A field study of fluorescent and
LED classroom lighting. Lighting research and
Technology 50 : 631-651.

20. Morrow BL, Kanakri SM (2018) The impact of
fluorescent and LED lighting on students attitudes and
behavior in the classroom. Adv Pediatr Res 5 : 15.

Penen3enT: IOKTOp TEXHIYHUX HayK, Mpogd., 3aB. Kad.

9. Mott MS, Robinson DH, Walden A, Burnette J,
Rutherford AS (2012) llluminating the effects of dynamic
lighting on student learning. SAGE Open 2 : 1-9.

10. Wohlfarth K, Sam C (1981) The effects of color/lighting
changes on severely handicapped children. Planning and
Research Branch. Alberta education.

cBiTioTexHiku Ta JKepen cBitina [LI. Heexxmakos,
XapKiBCHKUH HAI[IOHANBHUH YHIBEPCUTET MICBKOTO
rocrionapcrsa imeni O.M. bekerosa, YkpaiHa.

ABtop: HABAPEHKO Jleonin AuapiiioBuu

11. Cranguard EM (1993) Effects of color and light on ~ OOKMOp  mexwiunux — Hayx, npogpecop  Kagedpu
selected elementary students. Dissertation University of — céimiomexuiku ma doicepen ceimna
Nevada, Las Vegas. Xapxiecokuil HAYIOHANbHULL  YHiIBepcumem MiCbK020
12. Winterbottom M, Wilkins A (2009) Lighting and  2ocnooapcmea imeni O.M. Bexemosa
discomfort in the classroom. Journal of Environmental — E-mail — Inazar@ukr.net
Psychology 29 : 63-75.
13. F_igueiro _MG, Rea MS (2010) L_ack _of short-wa\_/elength Asrop: CYBOPOBA Kpuctuna Iropisna
Ilght durlng _school day delays dim light melaton_m onset o Sudam  mexmiunix nayk,  Ooyewm  Kagedpu
(Dimo) in middle school students. Neuro Endocrinol Lett . . .
31 92-96. C8IMJIOMEXHIKU ma ()chepeﬂ ceimia
Xapxkiecokuil HAYiOHANbHULL  YHiBepcumem MiCbK020

14. Goven T et al (2010) Influence of ambient light on the
performance mood, endocrine systems and other factors of
schoolchildren. Proceedings of the 27th Session of the
CIE, Sun City.

15. Rautkyla E et al (2010) Effects of correlated colour
temperature and timing of light exposure on daytime
alertness. In lecture environments. J. Light Vis Env 34 :
59-68.

16. Barkmann C et al (2012) Applicability and efficacy of
variable light in schools. Physiol Behav 105(3) : 621-627.

17. Sleegers PJC et al (2013) Lighting affects students

eocnooapcmea imeri O.M. bexemosa
E-mail — kisuvoroval7@gmail.com
ID ORCID: https://orcid.org/0000-0001-8687-3547

Asrtop: BIUIMK Onena BikropisHa

acnipanm, Xapxiecokuil HayiOHANbHUL YHigepcumem
Mmicbkoeo eocnodapcmea imeni O.M. Bexemosa,
inoicenep I xameeopii, HayionanbHuil HAYKOBUL YeHMp
"Incmumym memponozii”

E-mail — olena.bilyk@metrology.kharkov.ua

ABOUT DYNAMIC CIRCADE LIGHTING
L. Nasarenko, K. Suvorova, E. Bilyk
O.M. Beketov National University of Urban Economy in Kharkiv, Ukraine

The issues of light non-visual influence on the human body during the work of office workers and students of educational
institutions are considered. The necessity of creating a high-quality lighting environment of educational premises and offices by
means of the corresponding dynamic lighting scenario taking into account non-visual effects of visible light is substantiated. The
necessity of light levels revision of on working surfaces taking into account circadian effects is shown. The rapid development
and increasing growth of LED lighting, which allows to obtain dynamic light scenes, as well as progress in knowledge of
physiological mechanisms that regulate circadian rhythms, and their relationship with light stimuli allows to implement really
high quality artificial lighting. The light environment not only affects the visual characteristics, but also has a significant impact
on people through the so-called non-visual effects or those that do not form images (BOZ-effects) - mood, vivacity, circadian
rhythms and more. It is important to combine visual and non-visual requirements with innovative lighting systems. Circadian
lighting should always be evaluated at eye level, in the typical location of human existence in a specific internal environment.
The improved lighting scenario involves synchronizing the light with the activity and circadian rhythms of consumers over a 24-
hour cycle. Lighting in the auditoriums of educational institutions should meet the necessary visual requirements and create
comfort for pupils and students. Audience lighting can be more efficient than lighting dynamics or dynamic lighting levels and
color temperature. Automatic lighting control, which depends on the dynamics of daylight and should usually be built into the
smart installation of dynamic lighting, should be a must.

Keywords: circadian rhythm, light design, lighting scenario, dynamic lighting, LED, human-centered lighting, correlated
color temperature, non-visual biological effect.
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