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Abstract

The relevance of the introduction of HCL systems in production conditions, in which the dynamics of changes in
the characteristics of light flux can be synchronized with the circadian biorhythms of the human body. This is determined
by the fact that the unsatisfactory characteristics of industrial lighting increase the risk of injury and occupational morbi-
dity. It is shown that providing only normative quantitative characteristics of illumination is not enough, since its qualita-
tive characteristics — ripple coefficient, spectral composition cause non-visual effect of light. They can affect the psycho-
physiological state of a person, his\her performance, fatigue by affecting the circadian biorhythms of the body. The com-
parison of standard values of the level of artificial lighting of jobs in different countries with natural ones. Based on the
analysis, recommendations were developed aimed at improving artificial lighting. The analysis of the results of the study of
non-visual effect of the pulsation of the light flux on the psychophysiology of a person was carried out. Its main negative
consequences are given, the necessary tasks for the implementation of the HCL program in a production environment in
this aspect are identified. The results of analysis of studies of the influence of the color temperature of the light flux on the
psychophysiological state of a person are also presented. Recommendations on the regulation of this parameter for various

types of production activities have been developed.
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Introduction

Human production activity is realized, most com-
monly, in the conditions of action of a complex of
negative factors of the production environment. The
result of their action is manifested in the occurrence
of occupational injuries and occupational diseases,
reduced occupational productivity [1, 2]. According
to statistics, this fact leads to the occurrence of an-
nual industrial accidents in the world totaling about
250 million, of which about 220 thousand are fatal.
In addition to the social component of this situation,
at this time the economic losses from industrial acci-
dents, occupational diseases and occupational diseases
are about 4% of world GDP.

Formulation of the problem

According to the International Labor Organiza-
tion (ILO), working conditions characterized by the
increased risk of injury, occupational disease also in-
clude those characterized not only by the presence of
chemicals, noise, etc. in the work area, but also un-
satisfactory characteristics of artificial lighting. In dif-

ferent types of production activities, the number of
accidents associated with unsatisfactory lighting is
30...50% of their total number [1, 2].

As practice shows, when designing lighting in-
stallations in most cases the main attention is paid to
ensuring the quantitative characteristics of the lumi-
nous flux, i.e. to ensure the normative illumination
of the working area — E . At the same time, studies
show that the qualitative characteristics of light flux
(spectral composition, pulsation coefficient) not only
affect the formation of human visual perception, but
also Non Image Forming Effect [3, 4]. That is, it is
determined that the nerve channels of the human vi-
sual analyzer transmit complex information that en-
sures the implementation of not only visual functions,
but also, depending on the qualitative characteristics of
light flux, can positively or negatively affect the physi-
cal and psychological state of a human. In relation to
working conditions, it is the efficiency, the level of
fatigue of the employee. It follows from the above that
to ensure proper lighting of the workplace only by the
level of illumination, i.e. by quantitative characteristics,

* Human Centric Lighting (HCL) is artificial lighting, the characteristics of which are adapted to the human body
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is insufficient. Taking into account the quality indica-
tors of artificial lighting is especially important at the
present time, when fundamentally new light sources are
used in lighting systems — LEDs, the use of which,
without proper consideration of their characteristics,
can lead not only to the deterioration in the vision of
workers, but also to the violation of his/her psychologi-
cal, physical state of health.

The modern direction of providing effective, safe
for humans, artificial lighting, taking into account
the features of the human visual analyzer, is the de-
velopment of lighting systems, the characteristics of
which are adapted to the human body (HCL) [5].
The available publications in this area of research are
mainly aimed at solving the problem in the system
“human — living environment” or do not contain the
integrated approach to solving the problem. There-
fore, the analysis and systematization of published
research results on the influence of both quantitative
and qualitative characteristics of the luminous flux on
the physical and psychological state of the human in
order to implement HCL program in the production
environment is relevant.

Analysis of recent research and publications

During the evolution of a human, his/her visual
analyzer and organism have adapted to the natural
diurnal and seasonal changes of natural light — the
level of illumination, spectral composition. As a re-
sult, natural changes in natural light during the day
formed the system of circadian biorhythms of the hu-
man body. In this system, the elements of the retina,
which are not involved in the formation of the visual
image, transmit light energy to the non-visual parts of
the brain, which regulate the neuroendocrine system
of the body and determine its circadian biorhythms
(Fig. 1) [6]. As a result, this system, responding to the
characteristics of the light flux, controls and regulates
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blood pressure, hormonal secretion — in total about
300 physiological functions of the human body.

Presentation of main material

Influence of quantitative characteristics of light flux
on the human in production conditions. According to the
regulations in force in Ukraine, EU countries, the level
of illumination of the working area when performing,
for example, design and construction work, is regulated
within E =300...750 lux [7, 8]. The levels of natural
light, to which the human visual analyzer is adapted,
are characterized by the following values: — summer
noon (1:00 p.m.) with the clear sky — 100 000 lux;
— summer noon (1:00 p.m.) with the darkened sky —
50 000 lux; — autumn-winter period (1:00 p.m.), the
sky is covered by clouds — 3000...2000 lux. That is, if
illumination E = 2500 lux was provided at the work-
place, then this would be correct for the human light
sensation, which corresponds to the conditions of natu-
ral lighting on the cloudy autumn day. Based on this,
it follows that the established normative values of the
illumination level of the working area are much lower
in comparison with the natural conditions of operation
of the human visual analyzer.

The results of experiments [9] confirm the need to
increase the level of illumination in production condi-
tions. According to publications, increasing the level of
illumination to E,= 2000 lux in the metallurgical in-
dustry has reduced the level of injuries by 52%. When
conducting the similar experiment in the conditions of
assembly production, the illumination of the working
area was set within E = 1500...2500 Iux. Under such
conditions, the percent of defective goods decreased by
the average of 25...30% while increasing productivity.
So, it is obvious that in addition to reducing the level
of industrial injuries, ensuring such quantitative charac-
teristics of the illumination of the working area, taking
into account the features of the human visual analyzer,
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Fig. 1. Circadian biorhythms of the human body*

* For the basis of Fig. 1, the information was used from https://bud-v-forme.ru/news/tsirkadnye-ritmy-tema-udostoennaya-nobelevskoy-

premii/
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allows not only to increase labor safety, but also to
improve the economic performance of production.

Influence of pulsation of the light flux on the hu-
man in industrial conditions. The human visual analyzer
perceives light pulsations as visual sensations if their
frequency does not exceed a few tens of Hertz [10,
11]. That is, if there is the pulsation of the light flux
in the visual information perceived by the human vi-
sual organs, the frequency of which is lower than the
indicated one, then it affects the human retina, then
enters the optic tract and is analyzed in the primary vi-
sual cortex of the brain. Such information is presented
in the form of direct visual sensation of the human.
If the pulsation frequency of the light flux is higher,
then the visual analyzer of the human as a whole con-
tinues to perform the functions of perception of visual
images. But, in this case, such information causes the
so-called NIF effect, and affects the human nervous
system. In this case, the light flux that enters the hu-
man eye spreads through non-visual nerve fibers to
the circadian system of the hypothalamus, which is
the non-visual part of the brain. As a result, its ele-
ments are forced to function in the unusual rhythm
of nervous activity. Ultimately, this negatively affects
the circadian rhythms that are characteristic of the
body of each individual (Fig. 1). As a result, the light
flux controls the human state at the level of hormonal
changes, affects his/her psyche, performance, can lead
to “circadian stresses” [10].

The result of the negative non-visual impact of
the pulsation of artificial lighting on human health is a
feeling of discomfort, premature fatigue, headache, dif-
ficulty concentrating on complex work. Moreover, such
symptoms occur when performing production tasks in
the normative level of illumination (E ). Experiments
have shown that as a result of reducing the pulsation
of light flux from 55% to 5...7%, there is an increase
in productivity within 30% [2, 11].

Influence of spectral characteristics of light flux on
the human in production conditions. It is known that
the results of basic research have made it possible to
detect a new, fifth photoreceptor in the retina of the
human eye — melanopsin. It is significant that mela-
nopsin can significantly affect the level of melatonin
in the blood — a hormone of fatigue or sleep, which
depends on the spectral components (color temperature
of radiation) of the active light flux [3, 5]. Functio-
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nally, melanopsin cells are able to generate such nerve
impulses, acting on those parts of the cerebral cortex,
which represent the main center of regulation of the
human autonomic nervous system. That is, melanopsin
cells perceive the time of day (day or night) entering
the organ of vision along with light, transmit it through
non-visual neural channels to the hypotolamus, which
directs biological and mental processes in the human
body, including regulating hormonal balance (levels of
melatonin, cortisol and serotonin) [3, 5, 12]. Cortisol is
a hormone, the amount of which depends on the level
of energy supply of the body. In humans, the highest
concentration of cortisol is observed in the morning.
With the approach of evening time, the intensity of the
production of this hormone gradually decreases. The
consequence of this process is a gradual decrease in
productivity. Serofonin is a hormone that is biologically
designed to support, regulate the psycho-emotional
balance of the human body. According to research,
serotonin deficiency can cause depression in humans.

In the applied aspect, the fact that the greatest
sensitivity of melanopsin cells is observed in the blue
region of the visible spectrum of radiation (wavelength
range A =446...477 nm) is important for solving this
problem.

Therefore, based on the above, it follows that
a significant number of body functions and its circa-
dian rhythms are related and largely determined by the
dynamic changes in the qualitative characteristics of
natural light. It is obvious that the parameters of light
flux under artificial lighting can also have a significant
impact (both positive and negative) on the circadian
rhythms of the human body. For example, lighting
of the working area during the day (during working
hours), in the spectrum of which there will be a high
level of the blue component, can lead to a significant
underestimation of the level of melatonin produc-
tion — the so-called fatigue hormone, which increases
the likelihood of an accident.

In addition, the so-called “light history” of the
human body is of great importance in terms of health,
well-being, and level of efficiency. It reflects the range
of changes in the level and spectral components of the
light flux influencing it during the day [12]. This cha-
racteristic actually regulates the amount of hormones
produced by melatonin throughout the day. The pa-
rameters of this biological cycle depend on the diffe-

i)

400 500 600 700
Wiave lenth, nm

400 500 GO0 700
Wave lenth, nm

a b c g

Fig. 2. Spectral characteristics of light sources: a — natural (Sun); b — with filament; ¢ — luminescent;
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g — cold white LED; d — warm white LED*

* For the basis of Fig. 2, the information was used from https://elektrik-a.su/osveshhenie/pribory/osveshhenie-dlya-rastenij-

svetodiodnoe-285
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Fig. 3. Color temperature of white LED light sources and healthy human visual perception*

rence between the amplitudes and spectral characteris-
tics of artificial lighting during the day. The results of
research show that the human well-being and ability to
work depend on the amplitude of the circadian rhythm
of melatonin production: human activity increases with
increasing amplitude.

The color temperature of the Sun’s radiation varies
from 2500...3000 K in the morning and in the evening,
and up to 5500...6500 K during the day. Comparison
of the correspondence of the spectral parameters of
artificial light sources with natural ones is presented
in Fig. 2.

Applied aspects of HCL program implementation
in production conditions. Based on the above theoreti-
cal foundations, it follows that the ideology of HCL
program is based on the following two main provi-
sions: — the working person must be influenced by
the luminous flux of artificial light with the necessary
quantitative and qualitative characteristics at the right
time; — the level of illumination of the working zone
needs to be regulated according to the performed pro-
duction tasks and mode of work and rest.

Currently, the development of the lighting in-
dustry is focused on the use as a main artificial light
source — white LEDs, the light flux of which is formed
by the spectra of blue (450...460 nm) crystal radiation
mixed with green-yellow-red phosphor glow. Moreover,
modern technology allows to design LED light sources
to obtain any color. According to the characteristics of
color temperature, the following classification of white
LEDs is used [13].

« WW (Warm White) — warm white color of
radiation, the color temperature of the light flux is in
the range of 2700...3300 K.

e NW (Neutral White) — neutral white co-
lor of radiation with the color temperature range of
3300...5000 K.

« CW (Cool White) — cold white color of light
flux, the color temperature of which is above 5000 K.

According to human visual perception, the light
flux of the first type of LEDs corresponds approxi-
mately to the illuminance created by the sun, which
is on the horizon. The light flux of the second type is
perceived by the human as sunlight at 12...13 hours in

clear weather, and the third — at the beginning of the
range approximately corresponds to the light flux of the
sun at its zenith, and at 6500...7500 K — natural light
during the day and cloudy weather (Fig. 3).

The second important characteristic of the artifi-
cial light source is the Color Rendering Index (CRI)
or Ra. This indicator shows the degree of adequacy
of the reproduction of natural shades of color of the
lighting object [14]. Regarding LED light sources, the
color rendering index is divided into the following four
classes [14]:

Class 1 — the value of Ra (CRI) = 100. This value
characterizes the maximum color rendering, that is,
such artificial lighting is equivalent to the perception
of color when illuminating the object with the natural
light source.

Class 2 — the value of Ra (CRI) = 100...90. It
is recommended to use light sources with this value
of Ra to illuminate places where the most accurate
color reproduction is required (art workshops, lighting
laboratories, architectural design departments).

Class 3 — the value of Ra (CRI) = 90...80. Light
sources with this value of Ra (CRI) are recommended
for use in general lighting systems of computer and
information centers.

Class 4 — value of Ra (CRI) < 80. Light sour-
ces of this class are recommended for illumination of
premises with a short stay of human.

Conclusions

The ideology of “Human Centric Lighting” pro-
gram in production conditions can be implemented by
the artificial lighting system with the function of regu-
lating the color temperature of light sources. During the
standard production process in working hours, the light
sources must provide the color temperature of about
4000 K. In the case of important negotiations, artificial
light sources must provide the color temperature within
5000 K. Light sources with the higher color tempera-
ture — 8000...11000 K is recommended for use after the
field test, as white light with the blue tone may not be
acceptable for all workers. In the rooms intended for
rest and relaxation it is recommended to provide color
temperature of light sources about 3000 K.

* For the basis of Fig. 3, the information was used from http://www.altie.ru/articles/351-tsvetovaya-temperatura-svetodiodnih-lamp-i-

svetilnikov.html
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TeopeTnyHi i NMPaKTHYHI ACHEKTH peaJizaiili mporpamu
“Human Centric Lighting” y BupoOHMYMX ymMoOBax

A.0. Cepikos, K.C. CepikoBa

XapkiscbKull HaujoHanbHUl yHigepcumem Micbko2o eocriodapcmea imeHi O.M. Bekemosa,
syn. Mapwana baxaHoea, 17, 61002, Xapkie, YkpaiHa
s0509088828@gmail.com

AHoTamis

OOIpyHTOBaHO aKTyaJIbHICTh BIPOBAIKEHHSI Y BUPOOHUUYMX YMOBaX MpOrpaMM peajizallii KepoBaHUX CUCTEM IITYYHO-
TO OCBITJIEHHSI, B SIKUX XapaKTEPUCTUKU CBITIOBOTO TIOTOKY MOXYTh AMHAMIUHO 3MIiHIOBATUCS BiITIOBiTHO IO TIPUPOTHUX
npoileciB opraHizmy moauHu (nporpama HCL). AKTyanbHICTh BIPOBAIXKEHHSI BU3HAYAETLCS TUM, 110 HE3aJOBiJIbHI Xapak-
TEPUCTUKU OCBITJICHHS poOOUYOi 30HM MPU3BOIATH O MiABUILIEHHS PU3UKY ONEP>KAaHHS TPaBM, MPoQeciiiHuX 3aXBOPIOBAHb.
BusHaueHo, 110 3a6e3nevyeHHs TiIbKM HOPMAaTUBHUX KiJIbKICHMX XapaKTepUCTUK OCBITJIEHOCTI poOOYOi 30HU € HENOCTATHIM,
TOMY IO 11 SIKiCHi XapaKTepMCTUKU — KOEMIIliEHT IyJbcallii, CIIeKTpadbHUI CKJIaJ BUKJIMKAIOTh HEBi3yalbHY Jil0 CBIiTJIA
(NIF). BoHu MOXyTb AisiTH Ha 1cuxodi3ioNoTiYHMi CTaH JIOAVMHU LIJISIXOM BIUIMBY Ha LMPKAAHi OiIOpPUTMU i1 OpraHiamy Ta
BIJIMBATU Ha Ipale3JaTHICTh, piBeHb CTOMJIEHOCTI IpaliBHuKa. lle oOyMOBiIeHO TUM, 1O LMPKaAHi OIOPUTMU OpraHizMy
MPOTSATOM HOro eBOJIIONIT 3ajieXkaTh Bill JUHAMIKM 3MiHU KOMILUIEKCY XapaKTepUCTUK CBITJIOBOTO MOTOKY. Ha ocHOBi mo-
PIBHSIHHS i3 MPUPOIHUM OCBITJIICHHSIM IMpOaHai30BaHO HOPMATUBHI 3HAYE€HHSI PiBHSI IITYYHOTO BUPOOHUYOIO OCBITJICHHS
y pi3Hux KpaiHax. Ha ocHOBI aHasizy po3po0sieHO peKoMeHaallii, 110 CIpsIMOBaHI Ha afanTallilo ITYYHOrO OCBITJIEHHS J10
opraHiaMy npaupiouoi jJoauHu. [1poBeaeHo aHaji3 pe3yJbTaTiB JOCTiIXKEeHHS HEBi3yaJlbHOIO BIUIMBY IyJibcallii CBiTJIOBOro
MOTOKY Ha TcuxodiziosoriyHuil craH JoauHu. HaBeneHo OCHOBHI HEraTMBHI HaCJiAKM Takoi [1ii, BU3HAYEHO HEOOXimHi
3aBAaHHs 151 peanizauii nporpamu HCL y BUpOOHMYMX yMOBax y LIbOMY acmekTi. BukJaneHo TakoxX pe3yabTaTh OOCIi-
IKeHHS BIUIMBY KOJIpHOI TeMITepaTypy CBIiTJIOBOTO MOTOKY Ha TICMX0di3iooriynmii ctaH moanHu. Po3pobieHo pekoMeHaalii
3 peryJloBaHHsS I[bOTO TapaMmeTpa ISl Pi3HUX BUIIB BUPOOHUYOI HisSIBHOCTI.

JlocnimkeHHs: Oyay MPOBENeHI 3 ypaxyBaHHSM CYYaCHOTO HAIpsIMKY PO3BUTKY MXKepeJs CBiTJa — CBITJIOMIOMNIB.

KmouoBi cioBa: BupooHuue ocitieHHs; NIF-edekT; BUpoOHUYMIT TpaBMaTU3M.

TeopeTnyeckue M NMPaKTHYECKHE ACHEKTDI
peamm3anuu nporpammbl “Human Centric Lighting
B NMPOU3BOJACTBEHHBIX YCJIOBHUSIX

A.A. Cepukos, K.C. CepukoBa

XapbKkogckull HayuoHasbHbIU yHU8epcumem 20po0cko2o xosslicmea umeHu A.H. bekemoea,
yn. Mapwana baxaHosa, 17, 61002, Xapbkos, YkpauHa
s0509088828@gmail.com

b

AHHOTaIMS

O0ocHOBaHa aKTyaJbHOCTh peanu3auuu IporpaMmbl HCL B NpoM3BOACTBEHHBIX YCIOBHUSIX. DTO BBI3BAHO TEM, YTO
HEeyIOBJIETBOPUTEIbHbIE XapaKTePUCTUKK MPOM3BOACTBEHHOIO OCBEIIEHUs MOBBILIAIOT PUCK TPaBMUPOBaHUs, Tpodeccro-
HaJIbHOU 3a0ojeBaeMocTd. IlokazaHO, YTO OOecCIle4eHHE TOJbKO HOPMATUBHBIX KOJMYECTBEHHBIX XapaKTEPUCTUK OCBE-
IIEHHOCTH HEIOCTaTOYHO, TaK KaK ee KauyeCTBEHHbIC XapaKTePUCTHKU — KO3GhMUIIMEHT ITyIbCalliK, CIIEKTPAJIbHBINA CO-
CTaB BBI3BIBAIOT HEBHU3yaJbHOE AeiicTBUEe cBeTa. OHUM MOTYT BIMSATH Ha ICHUXO(MU3MOJIOIMYECKOE COCTOSIHHE 4YeIOBeKa,
ero paboToCITOCOGHOCTh, YPOBEHb YCTAJIOCTH, BO3MEWCTBYSI Ha IIMPKaIHble OMOPUTMBI opraHu3Ma. [1poBeneHO cpaBHEHME
HOPMATHUBHBIX 3HAYEHMII YPOBHS MCKYCCTBEHHOIO OCBEIIEHUST pab04YMX MECT C €CTECTBEHHBIM, pa3dpaboTaHbl PEKOMEHIALUN
IIJISE €T0 COBEpIIeHCTBOBAaHMS. [IpoBelleH aHaIn3 HeBU3YaJbHOTO IEWCTBUS IMyJIbCALIMM CBETOBOTO IMTOTOKA Ha MCUXO(PU3NO0-
Joruio yesnoBeka. OrpenesieHbl 3amaun 1ist peaausannuu nporpaMMbl HCL B IpoM3BOACTBEHHBIX YCIOBUSX B 3TOM acIICKTe.
W3noxeHbl pe3ylbTaThl UCCICAOBAHMIT BIUSHUS 1IBETOBOI TeMIlepaTypbl Ha IMCUXO(MU3NOJOTUIECKOE COCTOSTHUE UeoBeKa.
PaspaGoTaHbl peKOMEHIAIMH 10 PEryJIMpOBaHMIO 3TOrO Iapamerpa Ul Pa3InYHbIX BUIOB IPOM3BOACTBEHHON AeSITEIbHOCTH.

KmoueBbie ciioBa: rpou3BoacTBeHHoe ocBeleHue; NIF-addekr; npou3BoACTBEHHBIN TpaBMaTU3M.

44 Ukrainian Metrological Journal, 2021, No 1, 40-45



Ya. Serikov, K. Serikova

References

L.

Syerikov  Ya.O., Kozhenevski L.F. Bezpeka
zhyttyediyalnosti — sekyuritolohiya. Problemy.
Zavdannya. Shlyakhy vyrishennya: monohrafiia
[Life safety — securitology. Problems. Tasks. Ways
to solve: monograph]. Kharkiv, KNAMG, 2011.
Part 1 — 165 p. Part 2 — 346 p. (in Ukrainian).
Okhrana truda v tsifrakh i faktakh. Napravleniya
sovershenstvovaniya global'noy kul'tury okhrany
truda: doklad Mezhdunarodnoy Organizatsii Tru-
da [Labour safety in figures and facts. Directions
for improving a global occupational safety cul-
ture: Report of the International Labour Orga-
nization]. 29 p. (in Russian). Available at: http://
base.safework.ru/safework?print&nd=444400036
&spack

Berson D.M., Dunn F.A., Takao M. Phototrans-
duction by Retinal Ganglion Cells That Set the
Circadian Clock. Science, 2002, vol. 295(557),
pp. 1070—1073. doi: 10.1126/science.1067262
Hattar S., Liao H.-W., Takao M., Berson D.M.,
Yau K.-W. Melanopsin-Containing Retinal Gan-
glion Cells: Architecture, Projections and Intrin-
sic Photosensitivity. Science, 2002, vol. 295(5557),
pp. 1065—1070. doi: 10.1126/science.1069609
Halper M. Human-centric lighting set to drastical-
ly improve workplace and individual performance
(MAGAZINE). LEDs & SSL Design, 2016. Avai-
lable at: https://www.ledsmagazine.com/special-
ty-ssl/article/16696131 /humancentric-lighting-
set-to-drastically-improve-workplace-and-individu-
al-performance-magazine

Prezentatsiya na temu Bioadaptivnoye osveshcheni-
ye_ HCL [Presentation on Bioadaptive Lighting

10.

11.

12.

13.

14

HCL] (in Russian). Available at: http://agi32.com/
blog/tag/biologically-effective-lighting/

DBN B.2.5-28:2018. Natural and artificial lighting.
Kyiv, 2018. 137 p. (in Ukrainian).

EN 12 464-1. European standards. Workplace
lighting. Part 1. Indoor workplaces, 2011. 62 p.
Industrial Lighting and Productivity. 2002. 16 p.
Available at: https://hosting.iar.unicamp.br/lab/
luz/1d/Arquitetural/interiores/ilumina%e7 %e30%20
industrial/industrial _lighting and_productivi-
ty%5b1%5d.pdf

Pulsatsii osveshchonnosti i yarkosti [Ripple in il-
luminance and luminance] (in Russian). Available
at: https://ekosf.ru/stati/525-pulsacii

Serikov Ya.A., Nazarenko L.A., Serikova K.S.
Non-Visual Exposure to Light as a Production
Factor of the Influence of Lighting of the Working
Area on Labor Productivity and Safety of Workers.
Metrology and Instruments, 2019, no. 6, pp. 35—39.
doi: 10.33955/2307-2180(6)2019.35-39
Proyektirovaniye ofisnogo osveshcheniya s uchotom
Human Centric Lighting [Office lighting design
with account for Human Centric Lighting] (in
Russian). Available at: https://galad.ru/helpful/ar-
ticles/1426955/

Tsvetovaya temperatura svetodiodnykh lamp i sve-
tilnikov [Color temperature of LED lamps and fix-
tures] (in Russian). Available at: http://www.altie.
ru/articles/351-tsvetovaya-temperatura-svetodiod-
nih-lamp-i-svetilnikov.html

. Indeks koloroperedachi: RA, CRI ta CQS [Color

rendering index: RA, CRI and CQS] (in Ukrai-
nian). Available at: https://ledtest.vestum.ua/uk/
study/indeks-koloroperedachi-ra-cri-ta-cqs/

Ykpaiucokuii memponoeiunuii ucyprnan, 2021, Ne 1, 40-45 45



