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Introduction. Light pollution (LP) is recognized as a global environmental problem. The need of reducing the level of LP is
emphasized not only for the external environment, but also for residential premises.

The aim of the study — is to analyze the literature data and normative-methodological acts regarding LP, its negative impact on
the environment and human health, prevention measures of justification of measures to reduce the levels of light pollution
from outdoor lighting systems, and development of recommendations for their further improvement.

Materials and methods of the research. An analytical review of scientific publications over the past 20 years was performed using
the databases EuroPub (Great Britain), Science Direct — Scopus — Web of Science — Core — Google Scholar "Google
Academies”, Hinari Access to Research for Health, National Library of Medicine, U.S. Environmental Protection Agency,
National Library of Ukraine named after V. 1. Vernadskyi, as well as scientific publications taken from open sources.

Results. Light pollution is a broad concept that refers to all problems caused by unnecessary, excessive or ineffective use of
artificial light. With regard to the impact on people, light pollution is proposed to be considered as the presence of an excessive
amount of light (over-illumination), which exceeds the regulatory documents for a given territory, room, time of day and
lighting regime. In addition to the "glow" of the sky (sky glows), which is caused by the light scattered in the lower layers of
the atmosphere from outdoor lighting systems, buildings, illuminated advertising, vehicles, etc., the following forms of light
pollution are qualified: glare caused by excessive brightness of light; penetration of light (light trespass) beyond the necessary
limits and negatively affects the living environment of people; "clutter” caused by powerful light sources that create excessive
lighting. Light pollution is also widespread indoors, which increases the risks to people’s health. The most negative conse-
quence of artificial lighting at night for a person is the violation of biological rhythms due to the inhibition of nighttime
melatonin secretion. Measures to mitigate the negative impact of light pollution in connection with the transition to LED
lighting were considered taking into account the characteristics of the parameters of light-emitting diode (LED) light sources.
To reduce the level of light pollution, the concept and principles proposed by the International Dark Sky Association (IDA)
are taken as a basis. A list of measures to reduce the level of light pollution carried out in Ukraine is recommended.
Conclusions. Based on the analysis, conclusions were drawn regarding the need for further research on reducing the level of
light pollution and its impact on the environment and human health, improving regulatory documents on LED lighting sys-
tems and implementing outdoor lighting projects according to the principles recommended by 1DA.

Key words: light pollution, LED sources of light, circadian rhythms, spectrum of light, brightness, lighting,
photo-biological danger of light

Introduction has contributed to the recognition of light pollution as

a global environmental problem. One of the main

The creation of artificial light sources is one of the
most significant achievements of mankind. But night
lighting also has negative consequences. Most of
them are caused by so-called light pollution. The
growing awareness of the scientific community about
the negative effects of artificial lighting at night and
the lack of natural darkness in nocturnal ecosystems
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tasks of this review is to provide concise information
about modern ideas about light pollution and its
impact on the environment and human health.

Life on Earth developed in accordance with the
natural cycle of day and night. At the same time, most
organisms, including humans, have developed internal
functional "oscillators” that are precisely tuned to
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daily (circadian) changes in lighting. The behavior and
physiology of the majority of living organisms is
controlled by this cycle. It should be noted that the
natural level of night darkness has significantly
worsened in recent years in large cities due to irrational
artificial lighting, especially after the widespread
introduction of energy-saving LED light sources.
Today, the "glow" of the sky, which is created by the
external lighting of cities, illuminated advertising,
lighting of buildings, transport, etc., exceeds the level
of natural twilight. Rapid changes in light levels at
night have a devastating effect on organisms,
populations, and ecosystems[1]. The potential impact
of light pollution on human health extends from sleep
disorders to many serious diseases [2].

An urgent problem for research is also the
assessment of the features of the nighttime impact on
people of light not only from lighting systems, but also
from the use of electronic displays, the impact of
artificial light penetrating into the home during the
period of rest and sleep.

The aim of the research — is to analyze the
directions of light pollution research and its impact on
the environment and human health, as well as to
develop proposals for improving the regulatory
framework regarding the environmental friendliness
and safety of LED lighting in Ukraine.

Materials and methods of the research

An analytical review of scientific publications over the
past 20 years was performed using the terms "light
pollution”, "LED lighting", "circadian rhythms"
according to the databases EuroPub (Great Britain),
Science Direct — Scopus — Web of Science — Core —
Google Scholar "Google Academies” Hinari Access
to Research for Health, National Library of Medicine,
U.S. Environmental Protection Agency, National
Library of Ukraine named after V. [. Vernadskyi,
as well as scientific publications taken from open
sources.

Results of the research and their discussion

Light pollution (LP) is a broad concept that refers to
all problems caused by unnecessary, excessive or
ineffective use of artificial light. There is still no
generally accepted definition of the concept of "light
pollution". The International Dark-Sky Association
(IDA) gives the following definition: light pollution is

an artificial change in the level of illumination created
by inappropriate or excessive use of artificial light.
Light pollution is often understood as an increase in
the natural brightness of the night sky due to artificial
light emitted into the lower layers of the atmosphere
[3]. A negative feature of LP is also the deterioration of
darkness, which is caused by excessive or unwanted
use of light. Some researchers suggest distinguishing
between the astronomical concept of LP, which
impairs the visibility of celestial objects, and ecological
LP, which has negative consequences for wildlife and
people due to the disturbance of the night environment
[4]. With regard to the impact on people, light pollution
can be considered as the presence of an excessive
amount of light, exceeding the amount regulated by
the relevant regulatory documents for a given territory,
room, time of day and lighting mode.

In addition to the "glow" of the sky, IDA qualifies
several other forms of LP: excessive and unnecessary
use of light (over-illumination); glare caused by
excessive brightness of light, which creates visual
discomfort or blinding; penetration of light (light
trespass) beyond the necessary limits, which creates
unnecessary lighting and negatively affects the living
environment of people; "light mess" (light clutter)
caused by powerful, bright, randomly placed light
sources, which creates excessive illumination and
light scattering.

It is recognized that LP has a negative impact on
the environment and is the most distorting element at
night [2—5]. Since the corresponding physiological
processes are triggered by natural light stimuli,
research on the impact of artificial lighting at night on
human health is mainly aimed at studying the
mechanisms that lead to negative biological, medical
and environmental consequences and determining
preventive measures. Research on improving the
quality of light and its photobiological safety,
preventing such negative phenomena as brightness
flickering, the occurrence of stroboscopic effect is also
ongoing.

The most negative consequence of artificial lighting
at night for men is a violation of biological rhythms,
due to the suppression of the night secretion of
melatonin. Disruption of circadian rhythms caused by
night lighting is associated with an increased risk of
developing various diseases, including cancer and
diabetes, affects sleep, digestion, causes migraines,
headaches, irritability, chronic fatigue, and others [2,
3,6, 7—10].
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Light pollution is also widespread in office,
industrial and household premises, which directly
increases the risk to human health. The number of
digital devices (computers, smartphones, tablets,
etc.) that use LED matrices and emit a significant
amount of blue light, which can significantly affect the
human visual system, is increasing in everyday life
and at workplaces. The use of LED light sources with
a high correlated color temperature in residential
premises also causes concern. The potential impact of
light pollution on human health can manifest itself in
sleep disorders, excess weight [11], mental disorders
[12], and cancer[13]. Some studies indicate a potential
connection between light pollution at night and early
symptoms of Alzheimer’s disease [12]. Considering
the biological aspects of the effects of light pollution,
circadian rhythms are the most important target,
which is associated with a variety of health
consequences. Studies of the impact of light pollution
over the past five years (2018—2022) indicate a strong
connection between this factor and human health
risks [2].

In addition to the biological activity of light, which
depends on the radiation spectrum, people’s health
and psychological state can be affected by high
brightness of light, which creates visual discomfort
and temporary blindness [14, 15], and the photobio-
logical danger of blue light with a wavelength of
435—440 nm, which creates risks of damage to the
retina [16,17]. Photobiological risks to the eyes that
blue light can cause depends on the accumulated
dose, which can be formed both during short-term
intensive exposure and as a result of low-intensity
exposure to light for a long time. At the same time,
children and workers whose activities take place in
conditions of a high level of lighting by sources with
a high correlated color temperature (CCT) are at
greater risk.

One of the negative effects created by artificial light
sources is the flickering of light brightness. The
biological impact of this factor on men is a function of
modulation depth, flicker frequency, brightness, and
other factors. The studies [18—20] summarize the
results of the influence of flickering on biological
processes and the conditions of their occurrence. It is
noted that in the frequency range of 3—70 Hz,
potential risks include convulsions, especially in
persons with a diagnosis of epilepsy, as well as some
specific neurological symptoms, including headache.
Biological effects that occur under the action of

invisible flickering (beyond the frequencies of visual
perception) are less obvious. They include eye strain,
fatigue, and headache. Point light sources are less
likely to cause seizures and headaches than diffuse
light that covers most of the retina. Insignificant risks
also occur at low brightness (< 1 cd/m?) and increase
monotonically with increasing brightness. Red flicker
with a large modulation depth and alternating red and
blue flashes can be particularly dangerous.

Flickering brightness causes a negative impact not
only on the well-being and health of people, but also
on other living organisms. In [21] it is shown that
diurnal species are primarily at risk, since in the
studied nocturnal species, the threshold frequencies
at which animals stop perceiving light flickering as a
series of flashes (Critical Fusion Frequency — CFF)
are very low to perceive flickering, and many nocturnal
species avoid places illuminated by artificial light. It
was found that flickering affects behavior and
movement patterns, the visual system and stress
level. A. Jechow et al. (2020) established that
brightness flicker from light pollution has an active
impact on the environment and requires further
research [22].

There is no doubt that LP is a growing environ-
mental problem. The gradual "loss of night" spreads
over large areas of unlit regions as a result of the
return of light scattered in the atmosphere to the
Earth’s surface. The brightness of the sky can in some
cases exceed the brightness of the light of the full
moon [22], and the direct radiation of the outdoor
lighting system at night creates illumination on the
Earth’s surface hundreds of times higher than that
caused by the glow of the sky. The consequences of
artificial lighting at night (created by both direct light
from lighting systems and the glow of the sky) are
important at all levels of biodiversity - from individuals
to ecosystems [5]. Interventions in biological pro-
cesses may be associated with unnatural levels and
duration of illumination, spectral composition of light,
time of day, which leads to disruption of biological
rhythms [23]. In addition, artificial light at night can
increase susceptibility to other stressors. In urban
settings, light pollution usually occurs simultaneously
with heat and noise pollution, and often with water
pollution with nutrients, synthetic chemicals, and
heavy metals. All these stressors can affect physio-
logy, behavior, abundance, as well as species
interactions and ecosystem processes. To date, it is
not clear how artificial lighting and these stressors
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interact and whether the results are additive,
synergistic or antagonistic [24].

Light is of fundamental importance for all living
organisms, being a source of energy and information
for them [24]. The most important processes caused
by light for animals and humans are vision and
regulation of biorhythms due to changes in daily,
monthly and seasonal cycles [25]. Almost all orga-
nisms have genetically determined internal clocks that
are adjusted by periodic changes in lighting to balance
the body’s functions and behavior depending on the
time of day, the phase of the month, or the season of
the year. The most important are circadian rhythms,
which play a central role in ensuring homeostasis in
the body, including the restoration of physiological
functions and are controlled by the daily change of
light and darkness and control the synchronization of
the sleep-vigor cycle, changes in body temperature
and heart rate, hormonal balance, etc. [7, 26].

Artificial light at night affects the circadian clock,
shifting it back. When circadian rhythms are
synchronized with the solar day — they cause alertness
during the day and sleepiness at night, and when they
are desynchronized due to artificial lighting at night —
alertness can occur at inappropriate times, and
sleepiness may not coincide with the time allotted for
sleep. If the light perceived at night is brighter than a
certain level, it will affect the biological clock, which
is designed to respond to sunlight. The level of
illumination before bedtime is important for the quality
of sleep [26]. A reasonable limit for suppression of
melatonin secretion at night would be approximately
30 minutes at 30 lux. However, any given limit value
will vary depending on the spectral composition of the
light [27]. Suppression of the secretion of melatonin,
the main marker of the circadian rhythm, occurs most
intensively for the spectral range of light 446—477 nm
[28]. This means that a light source with a high
proportion of blue light will have a high potential to
shift circadian rhythms and affect sleep if such light is
used at night.

Measures to mitigate the negative impact of light
pollution

Mitigation of the negative impact of light on the
environment at night must be considered taking into
account that there is no safe level at which anthro-
pogenic light will simultaneously satisfy humans
and not have any negative impact on the ecological
system. Circadian rhythms in wildlife can be

synchronized at light levels well below the threshold

for effective human vision. Thus, mitigation is the task

of providing a sufficient amount of light, which is
necessary for human safety and minimizing the impact

on the environment [29].

Outdoor lighting systems are one of the biggest
sources of light pollution. The levels of illumination
created by them range from 5—10 lux to 150 lux,
which is much more than necessary [30]. Artificial
light, scattered in the lower layers of the atmosphere,
due to the increase in the brightness of the sky, creates
illumination on the Earth’s surface up to 0.15 lux.
At the same time, the area illuminated on the Earth’s
surface due to the increase in sky brightness is much
larger than the area of the radiation source.

Due to the mass transition to LED lighting, which
is relatively new compared to other types of lighting, it
is important to consider any potential impact on the
environment and human health [27]. One of the
specific properties of LEDs used for general lighting is
that they have intense radiation in the blue region of
the spectrum, which roughly coincides with the
maximum of the spectrum of suppression of melatonin
secretion (446—477 nm) and the spectrum of
photochemical damage to the retina by blue light
(photo maculopathy), with a maximum at 435—
440 nm [16]. At the same time, LED lamps and
lamps, if light diffusers are not used, can have high
brightness (>1 Mcd/m?), which creates a feeling of
discomfort and blinding lightning [17, 27].

One of the negative effects created by LED lamps
and lamps for general lighting is brightness flickering
and stroboscopic effect. The problem of flickering has
gained new relevance after the widespread introduction
of LED lighting technology, especially when using
pulse width modulation (PWM) to control the power
of LED lamps. To limit the levels of flickering and the
visibility of the stroboscopic effect, the Commission
Regulation (EU) 2019/2020 [31] sets new
requirements for LED light sources: short-term flicker
index (Pst LM) < 1; stroboscopic effect visibility index
(SVM) < 0.4.

The use of lamps with LEDs for outdoor lighting
has caused concern among supporters of the fight
against environmental and astronomical light pollution
due to their following characteristics [27,29]:

— a large proportion of blue light in the light flux.
LEDs, even with CQT 3000 K, have a radiation
spectrum that is more dangerous for the environ-
ment than the spectrum of high-pressure sodium
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lamps, which were mainly used for outdoor lighting

(in sodium lamps, there is practically no radiation

in the blue region of the spectrum, which makes

their light less biologically active)[30];

— LEDs differ from sodium lamps in the level of
flickering and the size of the emitting surface with
high brightness of blue light, which can negatively
affect the environment, well-being and health of
people [20, 21];

— LED lighting becomes less expensive and people
have increased the use of LED light sources, which
becomes a serious problem in reducing light
pollution [29, 32].

The following outdoor lighting principles have been
adopted by the International Dark Sky Association
(IDA) to mitigate the negative impact of light pollution
on the environment:

— the light should be directed only where it is
necessary;

— the light should not be brighter than necessary;

— light should be used only when it is useful;

— if possible, it is necessary to use light of warm
tones;

— external lighting must comply with the
recommendations of EN 12464-2 standards, EN
13201, EN 12193.

In[30, 33]it is noted that not all minimum levels of
illumination are established by standards developed
on the basis of reliable empirical data, so in some
cases it is advisable to establish scientifically based
minimum levels of illumination.

For outdoor lighting, IDA also recommends the
use of shielding, which allows you to direct light more
precisely to the illuminated surface, while reducing
illumination in areas where lighting is not needed. The
light should not be directed upwards from the lighting
area (at an angle of more than 900) and at angles of
80—900 from the vertical, as the radiation at these
angles can spread over long distances. It is also
undesirable to illuminate billboards and signs with
spotlights. It is recommended to use reflective signs
and signs with internal illumination.

Recommendations for outdoor lighting provide for
minimum levels of illumination that are several orders
of magnitude higher than the limit levels of influence
on the synchronization of circadian rhythms in wildlife.
Therefore, any reduction in the level of illumination
will be useful for reducing the negative impact of light
pollution on living organisms of wildlife. Ensuring
the required level of illumination is achieved due to

lamps with the required light distribution and light
flow, lighting systems with automatic control, etc. It is
possible to ensure the use of light when it is uselul
through the use of timers, motion sensors, automatic
lighting control systems. This is one of the most
effective ways to reduce the level of light pollution.

Recommendations regarding the use of light sources

with warmer light tones are justified by several

reasons:

— sources with warm tones of light have more long-
wave (green, yellow, orange, red) light compared to
short-wave (violet, blue). Short-wavelength light is
more intensively scattered in the atmosphere and,
accordingly, makes a greater contribution to the
glow of the sky;

— the peak sensitivity of the circadian systems of most
species, including humans, falls on blue light with
a maximum at a wavelength of 470 nm. Avoiding
the use of blue light reduces the impact on the
circadian system, especially for species with a low
threshold for impact on the synchronization of
circadian rhythms;

— in most groups of wild animals, the visual response
is more sensitive to light with shorter wavelengths
compared to human vision[30]. The peak sensitivity
ofthe human eye, at which light is mainly perceived,
corresponds to a wavelength of 555 nm, although
people also see well in the yellow and red regions of
the spectrum. Therefore, the absence of blue light
in the spectrum does not significantly affect the
sensitivity of people’s vision to external lighting and
reduces the impact on the circadian systems of
people and living organisms of wildlife. IDA
recommends the use of light sources with SST not
higher than 3000 K for outdoor lighting.

In real conditions, light pollution affects the
environment not separately, but in combination with
air pollution by solid particles, chemicals, physical
effects of electromagnetic fields, noise, etc. Combined
pollution can increase the effects of individual types of
pollution due to synergy.

Considering the prospects of LED lighting, the
Lighting Europe association, which unites more than
1,000 companies in the field of lighting, has identified
4 most important areas of research [7]:

— replacement of traditional light sources with LED
ones;

— development of intelligent lighting systems;

— human-oriented lighting;

— closed cycle economy.
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The introduction of LED technology makes it
possible to replace analog lighting technology with
digital and implement the concept ol intelligent
lighting systems. Human-oriented lighting systems
together with the implementation of an intelligent
lighting system are of fundamental importance. They
are aimed at minimizing the negative effects of artificial
light on a person’s normal circadian rhythm and will
help increase work productivity, improve sleep quality,
and ensure comfortable visual function. Lighting
design aimed at the needs of visual perception will be
carried out by determining the lighting necessary for
various types of activities and the environment.
Circadian lighting, depending on the environment,
dynamically adapts to prevent circadian stimulation in
the evening and night hours and to promote it during
the day when there is insufficient daylight.

The concept of a closed-loop economy is used to
create a system that is self-regenerating and in which
material resources, energy consumption, waste and
emissions to the environment are minimized. The goal
of the concept is to reduce the impact of artificial
lighting on the environment, including reducing the
level of light pollution.

The International Association of Lighting Designers
(IALD) also published a technical document aimed at
achieving the goals of creating human-centered
lighting [8]. The central role here is also given to the
topic of circadian lighting; among other topics —
innovations of LEDs, reduction of the flickering level,
improvement of photobiological safety of light and
quality of color rendering [34, 35].

Modern achievements in the development of LED
technology have made it possible to solve a number of
important problems, such as replacing low-efficiency
incandescent lamps and environmentally hazardous
discharge mercury lamps in almost all areas of their
use, improving the quality of artificial light, creating
intelligent lighting systems, and getting closer to
solving the problem of creating circadian systems
lighting. As for reducing the level of light pollution and
mitigating its impact on the environment and human
health, a lot of attention is paid to these issues,
although there are still no significant achievements
here. On the contrary, the expansion of the use of
LED sources for outdoor lighting has increased the
level of light pollution. To solve this problem, a large
amount of research is currently being conducted,
legislative decisions are being made to limit the
impact of light pollution on the environment and

human health, limit levels of illumination are being

established, and lighting equipment is being improved.

In Ukraine, measures are also being taken to reduce

the level of light pollution:

— for outdoor lighting, national standards of Ukraine
have been implemented, harmonized with Euro-
pean standards (DSTU EN 12464-2:2016 [36],
DSTU EN 13201-2:2015 [37], DSTU EN 13201-
4:2016 [38]);

— the State Building Regulations of Ukraine DBN
V.2.2.5-28:2018 [39] were developed, which set
requirements for the maximum permissible para-
meters of external lighting installations to prevent
light pollution. These requirements are harmonized
with the European standard EN 12464-2;

— the National Standard of Ukraine DSTU 8546:2015
[40] was developed, which sets requirements for
light distribution, protection angles, maximum
values of light forces and brightness, and other
parameters of LED lamps for indoor and outdoor
lighting.

The main parameters of outdoor lighting instal-
lations, which are subject to control in order to prevent
light pollution of the environment, are: vertical illumi-
nation of the object, the power of light in a potentially
blinding direction, the light flow into the upper hemi-
sphere, the average brightness of facades and signs
[39]. It should be noted that the maximum allowable
parameters of outdoor lighting installations depend
on: a) the type of illuminated area; b) lighting mode.

All requirements related to light pollution were
developed almost 20 years ago and from the point of
view of extreme studies of the impact of LED light
sources on the environment and human health do not
correspond to the current level of knowledge. In
particular, there are no requirements for the spectrum
of radiation (for the biological activity of light) for
sources used in outdoor lighting, too high a proportion
of light emitted into the upper hemisphere (up to
25%) and high values of light intensity in the blinding
direction (up to 25,000 cd), no new requirements
have been established for the level of brightness
flickering and stroboscopic effect, in accordance with
the EU Commission Regulation 2019/2020, the
method of determining brightness using the
generalized discomfort index (UGR) does not meet
the CIE recommendations for LED lamps with non-
uniform brightness [31].

Current issues for Ukraine today are the
organization of scientific research aimed at reducing
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the level of light pollution, the establishment of
scientifically based limit values of parameters for LED
outdoor lighting systems, the use of automatic lighting
control systems. Since light pollution also affects
residential premises, it is necessary to establish safe
limit levels of light pollution during rest and sleep. An
important task is the substantiation of the integrated
assessment of light pollution, taking into account
stationary and moving light sources.

For the successful solution of these actual problems
in Ukraine, it is very relevant to establish scientific
cooperation with European scientific institutions and
use their best experience in reducing the impact of
light pollution on the environment in EU countries.

Conclusions

1. Over the past 20 years, there has been a significant
increase in research on the ecological consequences
of light pollution on the environment and human
health.

2. The most negative effects of artificial lighting at
night with the use of LED light sources is the
disruption of biological rhythms due to suppression
of the nocturnal secretion of melatonin.
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CBITAOBE SAGPYAHEHHSI BIA CBITAOAIOAHNX CUCTEM OCBITAEHHS1
TA WWASIXU SMEHLUEHHS1 NOro EKOAOr4YHUX HACAIAKIB

MOATaBCLKNIM AEPYKABHWM arpapHUl yHiBepcuTeT, M. MoATasa

2HauioHanbHWUIN yHiBepcuTeT «MoATaBCbKa NOAITEXHIKa imeHi IOpia KoHapaTioka», M. MNoATasa

3AepykaBHa ycTaHoBa «IHCTUTYT MmeAnuvHM npadi imeHi 0. |. KyHaieBa HauioHaAbHOT akasemii MeAnHHUX HayK
YKpaiHn», m. Knis

Bcmyn. CsitnoBe 3abpynHeHHs (light pollution) BuM3HaHe mI00OalbHOIO €KoJOTiYHOW Tpobiemoro. [linkpecieHo
aKTYaJbHICTh 3HUXXEHHS PiBHS CBITJIOBOrO 3a0pYJIHEHHS HE TiIbKU IS 30BHILIHBOTO CEPENOBUILIA, ajle I IS KUTIOBUX
MPUMILIEHb.

Mema Odocnridocenns — aHami3 HaHUX JITEPaTypu Ta HOPMAaTUBHO-METOAWYHUX aKTiB MIOAO CBITIOBOTO 3a0pyIHEHHS,
MONEePeIKeHHsST HACIAKIB M0ro HEraTMBHOTO BILIMBY Ha JOBKIJUISI Ta 340POB’S JIOAWHU, OOIPYHTYBAHHS 3aXOJiB ILLOAO0
3HWXKEHHS PiBHIB CBITJIOBOI0 3a0pYAHEHHS BiJl CUCTEM 30BHIILIHBOI'O OCBITJICHHS Ta pO3p0o0Ka peKOMeHAalliii 11010 IXHbOro
MOJAIBIIOTO YIOCKOHATEHHS.

Mamepiaru ma memodu 0OocaioxncenHs. AHATITUIHUN OIS HAyKOBMX TyOJiKaiiii 3a octanHi 20 poKiB BUKOHAaHO 3
BUKOpHUCTaHHAM 0a3 maHnx EuroPub (BemukoOpuranus), Science Direct — Scopus — Web of Science — Core — Google
Scholar «Axanemii Google» Hinari Access to Research for Health, National Library of Medicine, U. S. Environmental
Protection Agency.

Pesyavmamu. CBiTI0BE 3a0pyIHEHHS — 11€ LIUPOKE MOHSITTS, SIKE BiITHOCUTHCS A0 BCiX MPOOJIeM, BUKIMKAHUX HEMTOTPIOHUM,
HaIMipHUM a00 Hee(EeKTUBHUM BUKOPUCTAHHSIM IITYYHOTO CBiT/Ia. CTOCOBHO BILIMBY Ha JIIOAUHY CBITJIOBE 3a0pyIHEHHS
3aMPONIOHOBAHO PO3IJISIAATH SIK HasIBHICTh HAIMipHOI KiJIbKOCTI cBiTJIa (over-illumination), 1110 mepeBUIILy€e periaMeHTOBaHe
HOPMaTMBHUMM JIOKYMEHTAMU JUIsl JaHOI TepUTOPii, MPUMIILLIEHHS, Yacy 00U Ta pexXuMy OCBiTIeHHs. KpiM «CBIiTiHHSI»
Heba (sky glows), 1110 CIPUYMHSIETHCS PO3CITHUM Y HIKHIX I1apax aTMochepy CBITJIOM CUCTEM 30BHILITHBOTO OCBITJIEHHS,
OyaiBesib, CBITJIOBOI peKJaMM, TPAHCIIOPTHUX 3aco0iB Ta iHILe, K (DOPMU CBITIIOBOTO 3a0pyIHEHHs KBali(hiKyIOThCs:
Bimosucku (glare), 1110 BUKIMKAIOThCS HAAMIPHOIO SICKPaBIiCTIO CBiTJIa; MPOHUKHEHHs cBiTia (light tresspass) 3a mexi
HEOOXiIHOTO, 1110 HEraTUBHO BIUIMBAE HA CEPEAOBUIIE MPOXUBAHHS JIOAUHM; «CBITIOBUIT Oe3nan» (clutter), BUKITMKAHUI
MOTY>XHUMMU JKEPETaMU CBIT/1a, 1110 CTBOPIOIOTh HaJAMipHE OCBiTeHHS. CBiT/10Be 3a0pYyIHEHHS MOIIUPEHE i1 y MPUMIlLIEHHSX,
IO 301JbIIYE PU3UKHU JI 300pOB’S MoAWHU. HaliHeraTUBHIIIMMM HACJIiIKAMU IITYYHOTO OCBITJICHHS B HiYHWI 4yac JUIst
JIIOIMHU € TIOPYIIEHHS Gi0JIOTIYHMX PUTMIB Yepe3 IMPUTHIUEHHS HiYHOI CeKpellil MeJaTOHiHy. 3aX0I1 11010 TTOM’ SKIIIEHHS
HEraTMBHOTO BILIMBY CBITJIOBOIO 3a0pyJHEHHSI B 3B’SI3KY 3 IEPEXOJOM Ha CBITIIOAIOAHE OCBITIEHHS PO3IISIAINCh 3
BpaxyBaHHsIM ocoOiuBocTeil mapameTpiB cBimiogionnux (LED) mxepen cBitina. s 3HMXKEHHSI PiBHSI CBiTJIOBOTO
3a0py/IHEHHS 32 OCHOBY B3sITa KOHIICIILIiSI Ta TIPUHLIMITU, SIKi 3arpornoHoBaHi MiXHapOIHOIO acollialieo 30epekKeHHs
TeMHoro Heba (IDA). PekomMeHI0BaHO TepestiK 3aXO[liB 3i 3HVXKEHHS PiBHS CBIiTJIOBOro 3a0pyIHEHHS, SIKi MPOBEACHI B
YkpaiHi.

Bucrnoexu. Ha ocHOBI MpoBeneHOro aHajizy 3po0JeHi BUCHOBKM 1I0AO0 HEOOXiAHOCTI MOJaMbIIMX AOCIIIKEHb CTOCOBHO
3HUKEHHSI PiBHSI CBIiTJIOBOrO 3a0pyZHEHHsS Ta MOro BIUIMBY Ha HABKOJIMIIHE CEPEJOBUIIE Ta 3A0POB’Sl JIOAWHM,
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BIIOCKOHAJIEHHSI HOpMaTUBHMX IOKYMEHTIB Ha CUCTEMU CBITJIOAIOMHOTO OCBITJICHHS Ta peasli3allilo MPOEKTIB 30BHIllTHHOTO
OCBITJICHHS 32 MIPUHIIUIIAMHU, 5IKi peKoMeHmoBaHi [DA.

KuarouoBi cioBa: cBiTI0Be 3a0pygHEHHS, CBITIOMiONHI IKepesa OCBITIE€HHS, IMPKATHI PUTMH, CIIEKTDP
BHUIIPOMiHIOBAaHHS, SICKPaBiCTh, OCBiT/IEHicTH, (pOoTOGIOMOTiUHA HeGe3meKa cBiTia
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