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Abstract

The analysis of scientific publications and research on the photobiological safety of artificial light sources is carried
out. It is established that optical radiation can affect the general and hormonal state of the body. The main criterion for
taking into account the limits of photobiological radiation hazard is the integral energy of brightness on the surface of the
human eye or skin, and to determine it, it is necessary to create specific photometric devices. To study the photobiologi-
cal indicators of radiation from lamps and lamp systems, it is necessary to create specific equipment and develop special
measurement techniques. The article discusses the standard and alternative methods for determining the photobiological
indicators of optical radiation. These methods make it possible to determine the main factors of the photobiological effect
of radiation from light sources, such as the spectral composition of the light, the duration of action and the luminance
of the light source in the corresponding spectral range. The necessity of developing a national standard of photobiological
hazard of radiation sources and its harmonization with the international standard IEC 62471, which requires a number of

studies, has been established.
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Formulation of the problem

In scientific circles, the issue of radiation safety
of solid-state light sources is rising ever more. As is
known, the photometric data of light sources are based
on the spectral sensitivity of the human eye. Scientists
have proved the blue component of radiation, which is
particularly pronounced in LEDs [1, 2]. Melanospastic
processes in the body have also been established, which
are influenced by the spectral composition of radiation
and the level of illumination, which in turn affects the
human hormonal state. Some studies [3] also show the
effect of the optical radiation of solid-state light sources
on the function and condition of the human brain and
even their bactericidal action. In connection with this,
there is a problem of determining indicators of radiation
of artificial light sources of their photobiological effects
on the body and taking into account these parameters
when designing LED lighting installations.

Analysis of research and publications

The main normative document that classifies light
sources for their photobiological safety is the stand-
ard IEC 62471 “Photobiological safety of lamps and
lamp systems” [4]. Based on this standard, SSTU IEC
62471:2009 has been developed in Ukraine. The main
requirement of these standards is to reduce the human
limiting radiation from lamps and lamp systems within
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the established limits and, thus, the standard divides
all sources of optical radiation into four risk groups
with the established exposure limit value:

» Zero risk group. The effect of radiation from
such light sources may occur in 10000 seconds or more.

* The first group of risk. Maximum radiation
exposure time from 100 to 10000 seconds.

* The second group of risk. The maximum ra-
diation exposure is possible within the range of 0.25
to 100 seconds.

* The third group of risk. The time of radiation
exposure does not exceed 0.25 seconds.

Thus, the limits of photobiological safety of ra-
diation of light sources are defined by the standard
as the integral energy luminance on the surface of
the human eye or skin. Therefore, the determina-
tion of the parameters of photobiological indica-
tors of the radiation of lamps and lamp systems
requires specific equipment and techniques. Such
techniques are being developed by scientists from
different countries, but new discoveries require their
constant improvement and even revision of existing
norms and standards.

Due to the extensive use of solid-state light
sources in people’s everyday life, the question is in
how safe their radiation is and what photobiological
effect they can give to the body. In order to study
the photobiological radiation indicators of LED light
sources, a number of studies have been developed in
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different countries. In particular, a comprehensive as-
sessment of the photobiotic safety of solid-state light
sources, conducted by German scientists, shows that
the use of LEDs in workplace lighting systems does
not pose any danger [5]. Scientists note that when
selecting lamps, it is necessary to pay attention to
their luminance, and high-power LEDs should always
be used to avoid direct exposure to their radiation
from a short distance.

In particular, as noted in one of the studies, opti-
cal radiation in the range of 380—1400 nm easily passes
through the eye environment and is absorbed by the
retina. In this case, the danger to the retina may be
caused by energy illumination on it or energy exposure
[6]. To determine the energy of the retina of the eye,
the expression is proposed:

_ 2 2
E=T L -Tdg /(4 f7), (1)
where E. — energy of the retina; L — energy luminance
of the light source; T — coefficient of transmission of
the environment of the eye; d, — pupil diameter; /' —
effective focal length of the eye.

Therefore, the energy of the retina of the eye is
directly related to the integral energy luminance of the
light source in sight [7].

Most medical and biological data suggest that me-
dium blue light does phototoxic effects, which lead to
a gradual irreversible loss of visual functions. The lens
is a natural protector of the eye from photo-rejection
of the retina by medium blue radiation. It should be
noted that the lens with age loses its transparency and,
accordingly, less light passes to the retina. This compli-
cates the process of determining and generalizing the
photobiological effect of radiation, since one must take
into account the age and physiological characteristics of
the human’s vision. This is evident from the spectral
and age dependences of the transmission coefficient of
the lens (Fig. 1) [8].

Another parameter that arises when taking into
account the photobiological effect of radiation on the
body is the synthesis of melatonin. As it is known,
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melatonin is produced by an epiphysis that is sensitive
to the radiation spectrum. Reducing or increasing the
level of melatonin is controlled by the amount of light
that gets to the eye. In turn, melatonin regulates the
general condition of the body, the hormonal level,
body temperature and affects circadian rhythms. The
active generation of melatonin in the body begins at
night, and with a bright daylight, its production is
suppressed. The wavelength of 450—480 nm most
inhibits the generation of melatonin and, therefore,
the blue color of the radiation is most sensitive to
melatonin. This creates a photobiological danger of
radiation at night, especially in the short-wave range.
The dependence of the relative spectral sensitivity of
melatonin on the wavelength of optical radiation is
shown in Fig. 2.
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Fig. 2. Spectral sensitivity of melatonin

Recent studies from the University of North
Carolina have shown that light with a wavelength of
405 nm imposes certain groups of bacteria on surfaces
with a radiation duration from 1 to 96 hours [7]. As
previously known, the bactericidal action is manifes-
ted by ultraviolet radiation. However, radiation with
a wavelength of 405 nm is visible and most expressed
in solid-state light sources. So in the Mauri Medical
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Fig. 1. Average statistical spectral and age dependences of the transmission coefficient T of the eye-lens of people
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Center, it was found that a year later in an opera-
ting room that was illuminated by light-emitting diode
light sources, the number of bacteria was reduced by
85 percent, and the number of chronic infectious di-
seases — by 73 percent. In this way, blue radiation
can provide continuous disinfection of the room. Ho-
wever, the question of to what extent such radiation
exposure is safe for the human body remains open.
Therefore, another important parameter of the pho-
tobiological effect of radiation is the exposure time
and radiation dose that a person can receive from
radiation with a wavelength of 405 nm.

Thus, the decisive factors of the photobiological
effect of radiation of light sources are three inde-
pendent factors that together define the “dose of blue
light”: the spectral composition of light, the duration
of action and the luminance of the light source in the
corresponding spectral range.

Determination of spectral density of radiation of light
sources

The main characteristic of the photobiological
effect of radiation of light sources is the spectral den-
sity, which makes it possible to estimate such possible
radiation hazards as the thermal effect of radiation on
the retina and its photochemical damage.

For the origin of damage to the retina of the eye,
the size of the irradiated surface of the retina is of
decisive importance by the light source. The mini-
mum image on the retina is limited to an angle of
1.7-8.5 mrad. Fixation of the eye is carried out very
quickly within 150—400 ms and can spontaneously in-
terrupt, moving the field of view within the angle of
1-5 degrees two or three times per second. Such eye
movements lead to the fact that the radiation of the
light source extends over a large area of the retina in
a short time. With radiation duration of more than
10 seconds, the image of the point source of light
covers the retinal area corresponding to an angle of
approximately 11 mrad. The ability to look at one point
for more than 100 seconds disappears, which leads to
the distribution of light on the retina, and the diameter
of the irradiated surface of the retina increases. When
exposed to radiation for 10000 seconds, a direct image
of the point source of light appears on the retina, and
the angle reaches 100 mrad. At the same time, eye
movement increases the exposure time, reducing the
risk of damage to the retina.

The size of acceptance angle is associated with
eye senses that distribute power radiation sources on
the retina. It does not depend on the size of the light
source. To assess the thermal and photochemical re-
tinal hazard, scientists suggested comparison shown
in Table [7]. With this, for the light sources with
radiation angle greater than the angle of 100 mrad,
measurement results do not depend on the acceptance
angle of eyes.

Table
The acceptance angle for determination of
radiation density at photochemical and thermal
danger for retina of the eye

Dangerous Exposure duration Acceptance
angle, mrad
Ph hemical 025s<t<10s 1.7
otochemical ™67 < 100 s 11
danger
100 s < t < 10000 s 100
025s<t<10s 1.7
Thermal danger 10s <t<100s 1
Thermal danger t>10s 11

To determine the spectral density of radiation, the
following two methods can be used:

* the acceptance angle is determined by the
field board installed in front of the detector (stan-
dard method);

» the acceptance angle is determined using the
field board installed in front of the source of radiation
(alternative method).

With a standard measurement method, the optical
system displays the light source on the detector or the
circular panel. The acceptance angle is set through the
field diaphragm, and the measuring aperture operates
on the pupil of the eye. In this case, the minimum di-
ameter of irradiation of the diaphragm must be equal to
the determined and averaged pupil diameter — 7 mm.
For light sources having a spatially uniform radiation
density, the diameter of the measuring diaphragm may
exceed 7 mm.

Fig. 3 shows a fundamental scheme for measuring
the density of radiation by the standard method. In
this case, the acceptance angle will be determined by
the formula:

d
y=% 2)

where d, is the diameter of the diaphragm field; b —
the distance from the aperture to the receiver.

Circular annular
diaphragm, d

LED

Receiver

Measuring distance Distance

Fig. 3. Optical circuit for measuring the density of radiation
by the standard method

An alternative method of measuring the density of
radiation is to determine the radiation density at a pre-
determined acceptance angle. Such a method should
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only be used if the acceptance angle is formed at small
distances of the receiver of radiation to the source. In
this case, the diaphragm with a diameter d, is located
directly in front of the source of radiation (as shown
in Fig. 4).

Circular field stop Circular
hole
€D |
Receiver

Measuring distance

Fig. 4. Optical circuit for measuring the density of radiation
by an alternative method

Small acceptance angles with an alternative me-
thod are determined by the formula:

Y==—r" 3)

where » — measuring distance.

The relationship between the illuminance E being
measured and the luminance L of the source in the
field of view of the observation will be determined by
the expression:

E=L-Q, C))

where Q is the solid angle formed by the acceptance
angle y. For small spot light sources, this solid angle
is determined by the formula:

Q=" (5)

Therefore, the luminance of the light source in
the field of vision can be determined by the formula:

L=-E-4_

Taking into account the last formula for the ac-
ceptance angle of 11 mrad, the coefficient between lu-
minance L and illuminance FE will be approximately
10000.

To measure the spectral density of the light sourc-
es in the UV and the visible range of the spectrum, a
double monochromator is used. It provides an oppor-
tunity to reflect both bandwidth and wavelength accu-
racy, which is important for analyzing the assessment

of photobiological security. One of such monochro-
mators is the Czerny-Turner monochromator (Fig. 5)
[9]. Spherical mirrors are used in the monochromator.
The optical radiation of the light source passes through
the entrance slit and falls on the spherical mirror S,.
The diffraction grid decomposes the beam at separate
wavelengths, and the mirror S, focuses on the expan-
ded optical radiation on the output slit. The diffraction
grid determines the wavelength that is transmitted to
the output slit.

—l— Diffraction lattice

Entrance slit

Output slit

Fig. 5. Principle of Czerny-Turner monochromator

In [5], an experimental setup was proposed for
the determination of photobiological radiation safety
indicators based on a dual monochromator. In par-
ticular, for the determination of spectral irradiation,
an installation is used, in which, as a radiation re-
ceiver, an Ulbricht sphere with a diameter of 150 mm
and an optical winding of 7 mm are used. This sphere
is connected to the monochromator by optical light
guide. The calibration was carried out with a band-
width of 5 nm, a step size of 1 nm. Using a PC,
an evaluation of the corresponding spectral density
function and the corresponding wavelength range was
performed (Fig. 6).

Double
monochromator

Source of
power

Source of
light

Dazzle sphere

Fig. 6. Experimental installation for measuring the intensity of
radiation [7]

To measure the spectral luminance, a dual mono-
chromator with a calibrated quartz halogen lamp with
a capacity of 50 W with a throughput of 5 nm and a
step size calibrated to 1 nm is used. Measurement is
carried out with a diaphragm of 7 mm with an input
optics located in front (Fig. 7).
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Source of LED

power

Double monochromator

Telescope

Fig. 7. Experimental installation for measuring the spectral
density of radiation [7]

For the measurement of photobiological safety in-
dicators, BELGIMTA LLC “Cersis Analyst” (Belarus)
offers the installation of Phoebus-1 [10]. The structure
of the installation includes a spectrum diode and a tube
unit. An integrating sphere with a light guide are used
as the radiation receiver. From the source of light, the
light through the registration system is transmitted to a
monochromator with a CCD receiver. With the help of
software, the spectral density of energy illuminance is cal-
culated, and the limit dose according to the risk groups
of standard IEC 62471 is determined. The lamp unit is
intended for placement of test and reference lamps. It is
a light-proof box consisting of three sections. In the first
section there is a test lamp. In the second section is a light
bulb FEL-1000, designed for calibrating the photometer.
In the third section, the Oriel lamp is placed, with which
the calibration of the spectroradiometer is performed.

Conclusions

1. Research of photobiological optical radiation
exposure is a relevant problem, as the analysis of a

number of publications shows that optical radiation can
affect the hormonal and overall health. The medium
blue light makes phototoxic effects, which lead to a
gradual irreversible loss of visual functions. It has been
shown that the synthesis of melatonin is regulated by
the amount of light that gets into the eye. In some
studies, it is argued that the blue component of the ra-
diation of solid-state light sources can negatively affect
the structure of the brain and effect bactericidal action.
All this requires comprehensive research, development
of national standards for photobiological safety and the
creation of specific photometric facilities.

2. Summing up the indicators of photobiological
influence of optical radiation, three main factors can
be distinguished: spectral composition of light, dura-
tion of action and luminance of a light source in the
corresponding spectral range.

3. To determine the level of damage to the retina
of the eye, it is necessary to determine the size of the
irradiated surface of the retina by a light source that is
limited to the angle of the eye. The size of the accep-
tance angle is associated with eye senses that distribute
the radiation source’s power across the retina, but it
does not depend on the size of the light source.

4. In the experimental installations for the study of
spectral density of radiation, which is the main indi-
cator of photobiological radiation safety in accordance
with IEC 62471, scientists shall use two methods:
standard and alternative. In the standard method, the
acceptance angle is determined using the field board,
which is installed in front of the detector, and in the
alternative one, the field panel is installed in front of
the source of radiation. In this case, for measuring
spectral density and radiation of light sources in the
UV and visible range of the spectrum, the best option
is to use double monochromator.
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AHoTanjis

IIpoBeneHo aHai3 HayKOBUX MyOMiKalliii i JOCTIIKEHb MIOAO (OTOOIOIOTIUHOI Oe3MeKM INTYYHHUX Kepesa CBIiTa.
BcTaHoBneHO, IO ONTUYHE BUIIPOMIHIOBAHHS MOXKE BIUIMBATH Ha 3araJlbHUN i TOPMOHAJIBHUI CTaH OpraHizMmy. Y Tiepiry
yepry lie MOB’sI3aHO 3 CMHTE30M MEJIaTOHiIHY B opraHi3mi joauHu. OCHOBHUM KPUTEPIEM s 00Ky MeX (OTOOi0I0riuHOT
HeOe3MeKn BUMPOMIHIOBAHHS € iHTerpajibHa eHepreTuyHa SICKpaBiCTh Ha MOBEPXHi OKa abo0 1IKipu JoauHU. BcTaHoBieHO,
10 €HepreTMYyHa OCBITJICHICTh CITKIBKM OKa IMPSIMO IOB’SI3YETHCS 3 IHTErpajibHOIO €HEPreTUYHOIO SICKPaBIiCTIO JiKepesa
CBiTJIa, SIKE 3HAXOMUTHCS B MOJi 30py. ['0JOBHOK XapaKTepUCTUKOI (POTOOIOIOTIYHOTO BILUIMBY BUITPOMIHIOBAHHS JXKEpes
CBITJIa € CIIEKTpasibHa IIIJIbHICTD, SIKA Ja€ 3MOTY OLIIHUTU TaKi MOXJIMBI HeOe3MeKu BUIIPOMiHIOBAaHHS, K TEIUIOBUI BILJIUB
BUIIPOMiHIOBaHHSI Ha CITKiBKy Ta 11 (poTOXiMiuHe MOIIKOIXeHHs. s BU3HAueHHS KpUTepiiB (oTobiosoriyHoi Oe3rneku
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BUITPOMIHIOBaHHS JIKepeJl CBiTJIa HEOOXiTHO CTBOPIOBATH CIieliadbHi (DOTOMETPUYHI MPUCTPOI. Y CBOIO YepTy MOCITiIKEHHS
($oTOOI0JIOTIUHMX MOKA3HUKIB BUIIPOMIHIOBAHHS JIaMIT i JJAMIOBUX CUCTEM Iepeadavyae CTBOPEHHs crieuudiuyHoro ooau-
HaHHS i pO3pOoOKM CHeliaIbHUX METOAMK BUMipIOBaHb, OOPOOKM Ta OOJIIKY JaHUX. Y CTATTi pO3IJsnaloThCs CTaHAAPTHUMN
Ta aJIbTepHATUBHUI METOAM BU3HAUCHHSI (POTOOIOJOTiYHUX MOKA3HUKIB ONMTUYHOIO BUIlpoMiHIoBaHHS. Lli Meromu maioThb
MOXJIUBICTh BU3HAYMTHU TOJOBHI YMHHUKU (POTOOIOIOTIYHOrO BIUIMBY BUIIPOMIHIOBAHHS JIKEpeEs CBITJIA, TaKi K CIEKTPaib-
HUI CKJIal CBiTJIa, Yyac Jii BUIIPOMiHIOBAHHS i SICKPaBiCTh JKepesia CBiTIa Yy BiAIIOBIIHOMY CIEKTpaJlbHOMY diana3oHi. Po3-
JISTHYTO METPOJIOTiUHI OCOOJIMBOCTI BUMIpIOBAHHS i 0OpOOKM pe3ysbTaTiB MpU CTAaHAAPTHOMY i aJIbTepHATHBHOMY METO/aX.
BcTaHoB/IEHO HEOOXiHICTD CTBOPEHHS HALIOHAIBHOTO CTaHAAPTY (hOTOOIOJOTIYHOT HEOE3MeKU JKepesl BUIIPOMiHIOBAaHHS Ta
iioro rapMmoHnisarii 3 mixkHapogHum cranzaptoMm IEC 62471, akuii BUMarae psny AOCTiIKEHb Ta IIMPOKOrO BIPOBaIKEHHS
min yac ceprudikaliii, B mepury 4epry, TBepAOTUILHUX JXKepes CBiTJa.

Kmouosi cioBa: ortobGionoriuna Gesreka; BUMPOMIHIOBAHHS; CIIEKTpaTbHA MIUTBHICTh, KYyT MPUIIOMY; CTaHTAPTHUMN
METOJI; aJbTepPHATUBHUI METO.I.

N3mepenne GhoTodOMOIOrHYEeCKMX MOKa3aTeei
M3JIy4eHus MCTOYHUKOB CBETA
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AHHOTAIMSA

IMpoBeneH aHaM3 HAYYHBIX MTyOIMKAIIMIA U UCCIEAOBAHUI 110 (hOTOOMOIOIMUECKOi 6€30ITaCHOCTA UCKYCCTBEHHBIX UC-
TOYHMKOB CBeTa. YCTaHOBJIEHO, YTO ONTUYECKOE M3JTydeHHEe MOXET BJIUATh Ha 00llee ¥ TOPMOHAIBHOE COCTOSIHHE OpraHu3-
Ma. OCHOBHBIM KPHUTEpPUEM IIJIsT yueTa rpaHull (hOTOOMOIOrMUYECKOM OIMACHOCTU M3JTyYeHUS SIBJISICTCS MHTETpabHAsT SHEPTUS
SIPKOCTM Ha MOBEPXHOCTH 4YeJOBEYECKOIo Ila3a MM KOXH, a Ul ee OIpelesieHUs HeOOXOAMMO CO3laBaTh KOHKPETHbIE
doromeTprueckue ycrpoiicta. st uccienoBaHus (pOTOOMOIOTMYECKIX TToKa3aTe et N3 TydeHHS JIAMIT U JJAMITOBBIX CHCTEM
HEeoO0XOIMMO co3laBaTh creluduueckoe odbopynoBaHue U pa3padaThiBaTh CIElMaJbHbIE METOAMKU U3MepeHuii. B craThe
paccMaTpUBAIOTCs CTaHAAPTHBIE W aJbTEPHATUBHBIE METOIbI OIpeaeeHuss (HOTOOMOIOIMYECKHX ITOKA3aTeIeil ONTUYeC-
KOTO M3JIy4eHUs1. DTU METOAbl Hal0T BO3MOXKHOCTH OIPENEIUTh IaBHblE (aKTopbl (hOTOOMOJOTUYECKOTO BO3MEHCTBUS
M3JIy4eHUs] UCTOYHMKOB CBETa, TAKWME KaK CIEKTPAJbHBIA COCTaB CBeTa, BpeMsI NEHCTBUS U SIPKOCTh MCTOYHMKA CBETa
B COOTBETCTBYIOIIEM CIIEKTPaJbHOM Iuara3oHe. PaccMOTpeHbI METPOJIOrMYecKre OCOOCHHOCTH M3MepeHUsl M 00paboTKK
pe3yJIbTaToOB IIPY CTAHOAPTHOM M ajJbTePHATMBHOM METOAAX. YCTaHOBJIEHA HEOOXOOMMOCTH pa3pabOTKM HAILMOHAILHOIO
craHgapTa (OTOOHMOIOTMYECKON OIMAaCHOCTH MCTOYHMKOB M3JIYYEHUS M €ro rapMOHM3ALUK C MEXIYHAPOIHBIM CTaHIapTOM
MDK 62471, xoTopblii TpeOyeT psiia UCCIIEIOBAHMIA.

KmoueBbie caoBa: (orobuosornyeckasi 0e30IacHOCTb, M3JIydeHHUE; CIIeKTpajbHas IUIOTHOCTb, Yroj ImpueMma;
CTAHJIAPTHBII METOJ; aJbTepHATUBHBIA METOI.
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AnoTaujis

KonboponepenaBaHHs mkepes CBiTJa Ma€e BaXJIMBE 3HAYEHHS K y cepTudikallii, TaKk i B TPaKTUYHOMY 3aCTOCYBaHHi

IDKEpeN CBiTaIa y pisHux cdepax. [Hmexc xompoponepenadi R € OCHOBHMM HOPMOBAaHMM IIapaMEeTPOM, IO BilIOBimae 3a
KOJIbOpOTIEpEeIaBaHHS CBITJa Ta € 000B’SI3KOBUM [UIsl cepTUdikallii Jami. ToMy BaXiauBO, 1100 METOA BUMIPIOBAHHS i po3-
paxyHKy iHIeKCY R sKoMora TOYHille BilIIOBilaB Bi3yaJbHili OLIHII CIOXMBAYiB.

B Vxpaini 3 01.01.2019 p. BBemeno ACTY CIE 013.3:2017 “Meton BUMipioBaHHSI Ta BU3HAYeHHST KOJbOpOIIepea-
BaHHs mxepen cBitna” (CIE 013.3-1995, IDT) Ha 3aminy OCT 23198—94 “Jlammnbl aiekTpuueckue. MeTonbl M3MepeHust
CITEKTPaJIbHBIX U IIBETOBBIX XapaKTepHUCTUK TapaMeTpoB”. YnciieHHI HayKoBi ImyOikarlii cBimyaTh mpo Hemojiku craHaapty CIE
13.3-1995, 1e nop’si3aHO 3 HOBUMM JOCTIIXKEHHSIMU B (Di3ioorii J0AChKOro oka Ta B KOJOPUMETpIi B Lijiomy. Pesynbrat
LIMX Ta iHIIMX OOCIimkeHb Oyso BpaxoBaHo B Mmeromi IES TM-30-15, a sromom y meroni CIE 224:2017 ta B IES TM-30-18.

IIpoBeneHo MOPiBHSIBHUI aHali3 METOMiB po3paxyHKy iHmekcy kosnbopornepenadi CIE 13.3—1995 ta 1ES TM-30-15,
a takox myomikaniii 3BiTiB CIE 224:2017 ta IES TM-30-18, B sIKMX BpaXoBaHO HETOYHOCTI MomepenHix metoniB. Haseme-
HO XapaKTepUCTUKU, 32 SKUMU TTPOBOAUBCS aHali3, OCHOBHI BiIIMiHHOCTI METOJiB pO3paxyHKY iHIEKCY KOJIbOopoIliepeaadi.
[TpoaHanizoBaHO pe3yabTaTU CBITOBUX JOCJIIKEHb LIOA0 HOBUX METOMIIB.

B pesynbrati aHani3y BusBieHo, 1o HoBuilt meton IES TM-30-18 mae psin nepesar y nopiBHsiHHI 3 CIE 13.3-1995.
Lleit meTon BpaxoBye BCi 3ayBaxke€HHsSI TOINEPENHIX METOMIB Ta Haga€e KOpPUCTyBayaM OiIblI JIeTalbHy iH(opmalio mpo
JIXKepesIo CBiT/Ia 1100 3MillleHHSI HACUUYEHOCTi, KOJIbOpY Ta BIiATIHKY.

KurouoBi cioBa: iHnekc kosboponepenayi; iHIeKC TOYHOCTI; iHAEKC HACUYEHOCTI.
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Beryn

Y 3B’43Ky 3 IIMPOKMM BUKOPUCTAHHSIM CBiTJIO-
NIOAHUX JXKepea CBiTIa B pi3HUX cdepax disIbHOCTI
BUHUKJIA TpoOjeMa II0J0 BCTAaHOBJIEHHSI BHUMOT IO
iXHiIX XapaKTepMCTUK Ta METOMiB BMUIIpOOYBaHb y MO-
PiBHSIHHI 3 TpaAMUiiiHMMM, 110 BUKJIMKAHO PiZHUMU
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MPUHLMITAMU BUIMIPOMiHIOBaHHS, KOHCTPYKIII€IO Ta iH.
3 2019 poky B YKpaiHi BCTYIMWIN B [Iif0 TapMOHi30Ba-
Hi 3 €BpONENChKUMHU Ta MiKHAPOAHUMHU HalliOHAJbHI
CTaHIApTH, B SIKUX 3HAYHOIO MipOlO TIPOIMCaHi BM-
MOTH J0 XapaKTepUCTHUK Ta METOIN BUIIPOOYBaHb CBiT-
JIOMIOMHUX JIKepesl CBiTJIa Ta CBITUJIbHUKIB.
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