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INCREASING THE LEVEL OF PHOTO BIOLOGICAL SAFETY OF THE EMISSION
SPECTRUM OF AN LED LIGHT SOURCE

The subject of research is the emission spectra of light sources based on LED structures. The purpose of the work is to formulate
proposals to improve the photo biological safety of LED lighting systems. The article solves the following tasks: analyzing the
situation in the field of photo biological safety of light sources based on LED structures, proposing a concept for improving it in
sources based on LED modules with a two-component phosphor. Methods such as comparative analysis, spectrometric method are
used. The following results were obtained. A brief analysis of the factors affecting the photo biological safety of artificial light
sources based on LED modules and a review of modern technological developments aimed at improving it is carried out. Since the
implementation of these developments has a limited volume in the structure of the production of LED modules and a high cost, the
concept of increasing the photo biological safety of light sources using cheap white light modules with a two-component phosphor
and additional color modules to fill the gap in the spectral characteristic of white light has been proposed. A simple criterion is
proposed for calculating the required ratio of white and color modules based on their spectral characteristics to activate the natural
mechanism of eye protection due to pupil constriction. The work investigated color modules at wavelengths 480 nm, 492 nm and 503
nm. It has been shown that color modules with a shorter peak wavelength are needed less in relation to the number of whites to create
a safe emission spectrum. The paper also estimated the fraction of the emission power with a wavelength of less than 450 nm in the
emission spectra of the three investigated variants of combinations of white and color modules and four SunLike modules with
different color temperatures. The share of the blue part of the spectrum in the emission power distribution of SunLike LED modules
turned out to be higher than in traditional modules with a two-component phosphor at similar color temperatures. Conclusions. The
proposed method increases the photo biological safety of the spectrum of LED light sources to the level of natural illumination due to
adequate regulation of the pupil diameter and does not increase the total fraction of the emission power in the region A < 450 nm,
which is dangerous for vision. This fraction is even less than in SunLike modules at close values of color temperature, since their
emission spectrum is expanded to the region of shorter wavelengths and starts from A =~ 370 nm). Considering that the CVC
characteristics of color and white LEDs are close, but not identical, their series connection leads to a redistribution of the emission
power. In addition, LEDs from different manufacturers differ in energy efficiency and electrical parameters, therefore calculations in
practice need to be adjusted in each specific case.

Keywords: Emission spectrum; photo biological safety; wavelength; LED; module; energy efficiency; colorful temperature;
color rendering; illuminator; design; CVC.

Introduction

As you know, the protective functions of the retina
are adapted to the conditions of sunlight and the main
defense mechanism is the constriction of the pupil, which
reacts to the intensity at the maximum of the sun's
emission spectrum in the region of 480 nm [1].

The emission spectrum of white light LEDs, based
on the Iluminescence of the LED crystal, has a
characteristic blue peak (445 to 460 nm), the so-called
"Blue peak" and a blue-green notch (480 nm). A dip at
480 nm, which is absent in the solar spectrum, leads to an
inadequate response of the pupil to illumination: an
increase in the area of the pupil, and hence the "photo
biological™ danger from excess power in the blue part of
the spectrum [2, 3, 4].

Emission in the blue part of the spectrum with a
wavelength shorter than 450 nm has a destructive effect
on the cells of the elements of the optical system of the
eye and especially the retina in the long term 25-30 years,
and the effect is cumulative [2]. In addition, one of the
factors on which the quality of vision depends is the
proportion of blue in the spectrum, since blue is scattered
in the optical environment more significantly than yellow
or red light. In the optical system of the eye, blue light is
scattered more strongly and this is perceived as a decrease
in visual acuity [1, 2].

There is an international Eye Safety certification
based on spectrum analysis. It is defined in the
international standard CIE S 009: 2002 and takes into

account the factors of exposure to the eyes and skin
described in the IEC/EN 62471 standard. The highest No
Risk level corresponds to sources that do not pose a
"photo biological" hazard to humans. An RG1 (Low
Risk) level means there is no risk in normal daily use. An
RG2 (Intermediate Risk) level means there is no risk but
may feel uncomfortable due to bright light or heat. The
RG3 (High Risk) level indicates that the light source is
dangerous even with short-term exposure [6].

According to the features of the emission spectrum
noted above, the LED lighting modules belong to the RG3
level. The smaller the dip in the spectrum at 480 nm in
relation to the peak in the blue region, the longer you can
stay in the light environment formed by artificial sources
with such a spectrum.

In [5], based on the analysis of the IEC/EN 62471
standard, recommendations are given for choosing a less
hazardous LED illuminator, where it is indicated that it is
advisable to use LED lamps with a spectrum in which the
emission intensity in the dip is at least 40% of the
intensity of the short-wave peak (a situation when spectral
characteristic corresponds to a color temperature from
2700K to 3000K). However, it should be noted that as the
color temperature decreases, the energy efficiency of the
light source decreases.

Undoubtedly, in the general trend of increasing the
energy efficiency of light sources for the formation of
luminous fluxes in a wide power range, there is no
alternative to universal LED-based illuminators, therefore,
leading manufacturers are engaged in the technological
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implementation of modern concepts of organizing the emission spectrum close to the sun to create a safe light

structure of LED modules to eliminate the shortcomings  environment. Their mass production was launched in early
of the spectral characteristics. 2017.

This technology allows you to use light that is

Analysis of the latest achievements and publications comfortable for the eyes with correct color reproduction,

which is characterized by clarity and absence of glare.
Analyzing the situation in the LED market, Seoul ~ Since the blue part of the spectrum negatively affects the
Semiconductor concluded that the race for cheap and  perception of light and human health, the new technology
efficient lumen makes no further sense, since the small ~ makes it possible to eliminate the intense peak in the blue
benefit from LEDs on the scale of the entire luminaire is  part of the spectrum. This technology uses LED structures
small. At the same time, the quality of light and safety ~ Wwith an emission peak in the violet zone, which is
suffer noticeably [7]. converted into full-spectrum emission with red, green and
Seoul Semiconductor, together with Toshiba blue components of the spectrum by a three-component
Materials, has developed fundamentally new products phosphor [8, 9, 10] (fig. 1).
using TRI-R technology - SunLike LED modules with an
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Fig. 1. The structure of SunLike LEDs and traditional lighting LEDs, as well as their corresponding emission spectra [10]

Unlike traditional LEDs that form a white light with the correct color rendering, where until recently
stream, with a CRI (70-85) units, SunLike LEDs have a  halogen lamps were used [8].

high CRI (98). Lighting with a high color rendering index In addition, SunLike LEDs allow you to create
is used in the work of personnel and industries associated illuminators with a changing color temperature in the
range of 2700-6500K (fig. 2) [8, 9, 11, 12, 13].
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Fig. 2. Emission spectra of SunLike LEDs with different color temperatures [8]
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It should be noted that the SunLike lighting LED,
whose spectrum is closest to the spectrum of sunlight, has
received the RG1 Eye Safety certification. This is the
highest level of safety among 25 W COB LED modules
[9].

Currently, the production volume of SunLike
products accounts for a small share of the total LED
production volume. While this is an expensive product, its
share is constantly growing; in 2020, Seoul
Semiconductor planned to increase the market share of
SunLike products to 10-15%. This technology is just
developing, so lamps based on it are still an order of
magnitude more expensive than traditional lamps with a
two-component phosphor [7, 9].

Seoul Semiconductor is not the only company to
launch the next generation of LEDs. Chinese Yuji LED
also began to produce modules with violet LEDs and RGB
phosphor, giving light with CRI 97, but the violet peak in
the spectrum is much larger and the efficiency of the
modules is less - 65-85 Im/W versus 85-105 Im/W for
SunLike [6].

Based on the foregoing, it is clear that in the coming
years, a significant change in the balance of produced
lighting LEDs in favor of modules with an RGB phosphor
with a safe emission spectrum is not expected due to the
complexity and high cost of the technology.

Proposed solution to the problem. Objective of the
work

There are two ways to increase the photo biological
safety of the light environment created by artificial light
sources. One involves the use of filtering the emission of
the lighting system to reduce the proportion of the blue
part of the spectrum and is implemented as a means of
personal protection in the form of glasses with glasses
such as BlueBlocker [15]. Another way is related to the
alignment of the spectral characteristics for the natural
functioning of the pupil, as in SunLike modules.

The article proposes a low-budget way to increase
the photo biological safety of light sources based on
traditional LED modules, in which additional modules
with an emission spectrum that partially fill the gap are
used to reduce the gap in their spectral characteristic.
Although such a solution seems obvious, the criteria for
calculating the required ratio of the number of white and
additional color modules are unclear. In addition, the
proposed method is justified, according to the authors, for
the following reasons.

First, in terms of design and operating conditions.
The use in mass production of designs of LED lighting
lamps with standard bases E27, E14, GU10 and others is a
transitional option for combining new light sources with
traditional lighting equipment. The desire to reduce the
cost of production forces developers to place a substrate
with modules, a modest-sized cooling radiator and a
power driver within the size and shape of incandescent
lamps from the appropriate form factor. At the same time,
the modules overheat due to the insufficient area of the
radiator, which reduces their light output during the
operation period, moreover, the driver functions in a

difficult temperature regime. In general, such a general
standard design does not provide a long service life of a
lamp with stable light characteristics, although the service
life of the modules themselves under recommended
conditions is guaranteed by their manufacturers for at least
50 thousand hours.

At the same time, the market of components for LED
lighting products allows, using a wide range of heat-
conducting substrates, LED modules of various powers
and sizes, drivers, to calculate and design LED custom
lighting devices of any power and with an arbitrary
emission spectrum. This is a modern practice of creating a
light environment in rooms for various purposes, and it is
used to solve the problem posed in the article.

Second, although the color rendering index of an
LED illuminator with complementary LED modules
varies, it can be used in situations where safety for vision
is preferable to accurate color rendering. An example is
long-term work with printed documents or the creation of
a background light environment in a room where people
are constantly staying.

The modern energy-saving approach to the
organization of artificial lighting in premises assumes the
presence of local lighting in the workplace, which forms
an adequate color picture, and general background
lighting for confident movement. Energy-efficient LED
lamps and strips on white LED modules with a high color
temperature (from 4500K to 6000K) or RGB LED lamps
and strips are used as background lighting to regulate the
overall emission spectrum. In any of these background
illumination options, there is a gap in the spectral response
between the blue peak and the right side of the spectrum,
which leads to visual impairment.

The immediate goal of the work is to determine the
required ratio of the number of additional color LED
modules and white modules with a color temperature of
3200K to increase the photo biological safety of the
emission spectrum of LED lighting modules.

Concept and solution methods

As a criterion for the required ratio of the number of
color and white modules, it is proposed to use the intensity
ratio at A = 445 nm (the wavelength of the maximum
emission of the white module in the blue part of the
spectrum) and at A = 480 nm in the resulting spectrum of
the illuminator, which is characteristic of the solar
emission spectrum, and namely, approximately 0.7 to 1.0,
i.e.:

leol (445)+ N - Iy (445)
lco (480)+ N - Iy (480)

=0,7, 1)

where Igo) (445) — emission intensity of the additional

color module at a wavelength of 445 nm; 1.y (480) —
emission intensity of the additional color module at a
wavelength of 480 nm; Iy (445)— emission intensity of
the additional module at a wavelength of 445 nm ("Blue
peak"); lyy (480)— emission intensity of the additional
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module at a wavelength of 480 nm (dip); N — the number
of white modules per color.
Then:

- 0,7 Igo1 (480) — I¢o1 (445)
~lwH (445)-0,7- lyyh (480)

By measuring the emission intensity 1) (480)of

the additional color module at A = 480 nm and the
spectrum of the white module under the same conditions,
we can calculate the required ratio.

Various manufacturers in the range of produced
modules offer LEDs with emission wavelengths in the dip
region from 460 nm to 505 nm, which can be selected as
additional ones. To fill the gap in the spectrum of a white
LED, it is reasonable to use an LED with Auax, located to
the right of the Amin dip, SO as not to increase the fraction

)

of emission at wavelengths less than 450 nm due to the
left tail of the emission spectrum of the additional LED.

Modern commercial LED lighting lamps contain
from 3 to 18 on the board, and LED strips contain several
dozen white emitting modules, depending on the power.
Some of them can be replaced by modules that
complement the spectrum. We used additional modules of
the same power and standard size as the white glow
modules. This makes it possible to include them in the
serial switching circuit of a standard board for mounting
modules and to evenly distribute the input power between
the modules. The forward voltage drops across additional
LEDs with a spread of the nominal value, according to the
technical specifications, approximately corresponds to the
forward voltage drop across the white light module at the
same forward currents. Some of the measured optical and
electrical characteristics of the white and optional modules
are presented in table 1.

Table 1. Emission intensity at the extrema of the spectral characteristics of LEDs

. . . . Intensity
No. AMAX, Peak |nter_15|ty, Dip |nten_5|ty, in green-red reg., B AU at
nm rel. units rel. units . 1=300 mA, V
rel. units
1 White 1355 at 623 at 2900 at 2,98
446 nm 480,23 nm 594 nm
2 480,76 14563 — — 3,05
3 492,24 14410 — — 3,01
4 503,6 14164 — — 2,95

The emission spectra of the modules were measured
using an LR1 USB spectrophotometer designed for
measurements in the wavelength range from 300 nm to
1050 nm. An optical attenuator was used to match its
sensitivity with the emission intensity of 1W LED module
samples [16].
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Research results and their discussion

Fig. 3 shows the spectral characteristics of emitters
containing additional modules with different AMAX
(tab. 1), constructed from the results of measurements and
calculations.

4000
3500
3000
2500
2000
1500
1000
500
0

400 600 800 A , nm

800 A . nm

Fig. 3. Spectral characteristics of light sources with additional modules with different Amax against the background of the emission
spectrum of white modules in relative units: a) Amax = 480.76 nm; b) Amax = 492.24 nm; ¢) Amax = 503.6 nm
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Table 2 shows the results of the measurements and
the calculated ratios of the required number of additional
color modules to the number of white ones based on them.

Obviously, the closer the wavelength of the
maximum emission of the color module is to the
wavelength of the minimum dip in the spectrum of the
white module, the less additional color modules are
required to fulfill relation (1).

The paper also estimated the fraction of emission
power with a wavelength of less than 450 nm in the
emission spectra for the three investigated variants of
combinations of white and color modules. Similar
calculations were carried out for the spectral
characteristics of four SunLike modules with color
temperatures of 3000K, 3500K, 4000K and 6500K. The
calculation results are summarized in table 3.

Table 2. Measurement results and calculated ratios of the number of white LEDs to the number of colored LED modules

No. AMAX, nm 1 . (480) . I A (445) _ 1 X (480) calpulated, Color LEDANhite LED
measured, rel.units | measured, rel.units rel.units Ratio
1 White 623 1355 - -
2 480,76 14560 408 1895 1/7,7 or= 2/15
3 492,24 7520 52 1387 1/540r=2/11
4 503,60 1795 22 1344 1/1,30r=3/4
Table 3. Results of calculating the power fraction of the short-wavelength part with A <450 nm in the full spectrum of the studied
light sources
White with
Emitter type con?p?c?r_lent 2:15 2:11 SunLike SunLike SunLike SunLike
luminophor (480nm) (492nm) (503nm) 3000 K 3500 K 4000 K 6500 K
pho
3200 K
Emission
power
fraction with 4,21 3,92 3,55 2,15 ~43 ~6,0 ~71 ~ 15,7
A <450 nm, %

The share of the blue part of the spectrum in the
emission power distribution of the SunLike LED modules
turned out to be higher than in traditional modules with a
single-component phosphor at similar color temperatures.
Their photo biological safety is ensured by the form of the
spectral characteristic that triggers the natural mechanism
of eye protection due to constriction of the pupil, at least
up to a color temperature of 4000K (fig. 2).

Conclusions

Based on the results of the measurements and
calculations, the following conclusions can be drawn.

The proposed method increases the photo biological
safety of the spectrum of LED illuminators to the level of
natural illumination due to adequate regulation of the
pupil diameter and does not increase the total fraction of
the emission power in the region A < 450 nm, which is
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MIIBUIIEHHA PIBHA ®OTOBIOJIOTTYHOI BE3IIEKHU CIIEKTPA
BUITPOMIHIOBAHHSA CBITJOAIOAHOTI'O JKEPEJIA OCBITJIEHHS
IIpeaMeToM JOCTIKEHHSI € CIEKTPU BUIIPOMIHIOBaHHs Jkepen cBiTia Ha ocHoBi LED ctpyktyp. MeTa po6otn — (opMyBaHHS

NPOMNO3UILIH 3 MiIBHIIEHHS (OTOOIONOTiUHOT Ge3MeKH CBITIONIOAHMX OCBITIIOBATBHUX CHCTEM. Y CTaTTi BHUPILIYIOThCS HACTYIHI
3aBIaHHS: aHami3 cutyauiid y cdepi ¢oTobionoriuHol Ge3mexu mKepen CBIiTia Ha OCHOBI CBITJIOAIOJHUX CTPYKTYpP, HMPOIO3HUIIis
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KoHIenuii moyo ii migBuIeHHs B JKepenax Ha ocHOBI LED MonymiB 3 JBOKOMIIOHEHTHUM JIIOMiHOGOpPOM. BUKOpUCTOBYIOThCS Taki
METOAHM, K MOPIBHAJIBHUN aHami3, CIEKTpOMETpHYHUH Meron. OTpuMaHi HAcTymHi pe3yabTaTu. [IpoBeneHuit KOpOTKUil aHami3
(axTOpiB, 10 BIUIMBAIOTH Ha (OTOOiIONOriuHy Oe3neKy WITYYHHX JpKepen cBiTina Ha ocHoBi LED MomymiB Ta orman cydacHHX
TEXHOJIOTIYHHUX pOo3po0OK, CrIpsMOBaHUX Ha ii migBuimeHHs. OCKUIBKY peatizallis DUX po3po0oK Mae 0OMEXEHUH 00CsT y CTPYKTYpi
BupoOHnnTBa LED MOIyIiB Ta BUCOKY BapTicTh, 3alIpONIOHOBaHA KOHIIEMIsS MTiABUIICHHS (oToOioNoriyHOT Oe3MeKH JKepel CBiTia,
II0 BUKOPHCTOBY€E JEIIeBI MOMyJl OLIOro CBiTIa 3 JBOKOMIIOHCHTHHM JIOMIHO(QOpPOM Ta JOJAaTKOBI KOJLOPOBI MOXYJi JUIS
3alOBHEHHSI NPOBAIY CIIEKTPAIbHOI XapaKTePHCTHKH Ouroro. 3alporOHOBAaHMH IPOCTHH KpUTEpid po3paxyHKYy HEOOXiIHOTo
CHIBBiAHOUICHHS OUTMX Ta KOJHOPOBHX MOJIYJIB 32 IX CHEUialbHUMM XapaKTepUCTUKAMH AJSI aKTHBAIil MPUPOAHBOTO MEXaHi3MY
3aXUCTy Ouei 3a PaXyHOK 3BY)KCHHs 3iHHUIb. B po6OTi J0CHiKyBaKCh KOIbOPOBI MOy Ha HoBxXHHY XBuib 480 uM, 492 HM i 503
HM. [TokazaHo, 10 KOJBOPOBI MOAYJ 3 MEHIIOK MIKOBOIO JOBKHHOIO XBHJII MOTPEOYIOTh MEHINOI KIIBKOCTI MO BiAHOLICHHS 1O
KUIBKOCT1 OUMMX JUId CTBOPEHHs O€3MEeYHOro CHEeKTpa BUIPOMiHIOBaHHS. JloNs CHHBOI YAaCTHHH CIIEKTPa Yy PO3MOIUI MOTYKHOCTI
BunpominioBanHs LED monyniB SunLike BusBHIIacs BHINE, HDK Y TpaguIiifHUX MOIYJIB 3 ABOKOMIIOHEHTHUM JIOMiHO(OpOM IIpn
ONMM3BKNX TeMIeparypax koisipHocti. BuBoau. Ilpencrasiennii croci6 minsuiye ¢oTobionoriuny Oesnexy crnekrpa LED mxepen
CBITJIa 10 PiBHS HNPUPOIHBOTO OCBITJIIEHHS 3a PaXyHOK a/IeKBATHOTO PETYJIIOBAHHS JiaMeTpa 3iHUIN Ta He 30LIbIIye CyMapHy HOJIIO
MIOTY’KHOCTI BUIIPOMiHIOBaHHS B 00acTi A < 450 HM, 1o € HeOe3neuHoro Jutst 30py. LIt nons HaBiTh MeHIe, HiX y Moayisax SunLike
npu ONM3BKUX 3HAYCHHSIX TEMIIEPAaTypH KOJIPHOCTi, OCKUIBKH iX CIIEKTP BHUIIPOMIHIOBAaHHS PO3LIMPIOETHCS B 00MacTh OilbII
KOPOTKHX XBWJIb 1 mounHaeThes 3 A ~ 370 HM. BpaxoByroun, mo BAX konbopoBux Ta OLIHMX CBITIOAIONIB OJHM3bKI, aje HE 11eHTHUYHI,
iX MOCHiIOBHE 3'€JHAHHS MPU3BOAUTH A0 MEPEPO3MOAULY MOTYKHOCTeH BuIpoMiHioBaHHA. Kpim mporo, LED pisHHX BUPOOHHKIB
BiJPI3HAIOTHCS CHEPrOe(EKTUBHICTIO 1 CICKTPUUHUMH MapaMeTpaMu, TOMY Ha MPAaKTHUIl PO3PaxyHKH MOTPeOYIOThH KOPETYBaHHS B
KOJKHOMY KOHKPETHOMY BUIAJIKY.

KnarwuoBi ciaoBa: cnektp BumpoMiHioBaHHS; (oTobionoriuHa Oesmneka; mumHa xBwii; LED; Momynb; eHeproe()eKTUBHICTS;
TeMIiepaTypa KOJipHOCTI; Iiepeaada KoJIbopy; OCBITIIOBaY; KOHCTPYKIis; BAX.

MOBBIIEHUE YPOBHS ®OTOBHUOJIOTI MUECKOM BE3OITACHOCTHU CIEKTPA
N3JIYYEHUSA CBETOAUOJHOI'O UHCTOYHUKA OCBELINEHUA

IIpenMeToM wucclieoBaHUS SBISIOTCS CIEKTPhl W3JIy4eHHs HCTOYHHKOB cBera Ha ocHoBe LED crpykryp. Ilean paGoTter —
(dopMupoBaHUE MPEMIOKECHUH IO MOBBIICHUIO (OTOOHONIOrHIEcKOH OE30IMacCHOCTH CBETOAMOJHBIX OCBETHTENBHBIX cHUCTEM. B
CTaThe PEMIAlOTCs CICAYIOINE 3aJa4M: aHAINU3 CUTyalluu B cdepe GpoTodnomornyeckoil 6€30MacHOCTH NCTOYHUKOB CBETA HA OCHOBE
CBETOJIMOJIHBIX CTPYKTYp, NpPEUIOKEHUE KOHIENLUKM 110 €€ IMOBBIIIEHWI0O B HCTOYHMKaxX Ha ocHoBe LED wMopyneir ¢
JBYXKOMIOHEHTHBIM JIIOMHHO(GOpPOM. ICIOmb3yIoTCsl Takue METOABI, KaK CPAaBHHUTEIBbHBIH aHAN3, CHEKTPOMETPHUIECKHH METOJ.
[Monyuens! cnenyromye pe3yabTaThl. [IpoBeneH KpaTkuil aHanu3 (akTOpOB, BIMSIONIMX Ha (POTOOMOJOTHMYECKYI0 0e30MacHOCTh
HCKYCCTBEHHBIX HCTOYHHUKOB cBeTa Ha ocHoBe LED moumyseit u 0630p COBpeMEHHBIX TEXHOJIOTHYECKHX pa3pabOTOK, HAaIlPaBJICHHBIX
Ha ee HoBBIIIeHNe. [I0CKOBbKY peanu3anust TUX pa3paboTOK MMeeT OrpaHHYeHHbBIH 00beM B CTpyKType nmponsBoactBa LED moxyneit
U BBICOKYIO CTOMMOCTb, TPEMJIOKEHA KOHILEMIUS MOBBIIIEHHs (HOTOOHOJIOTHUECKOd Oe30MacHOCTH HMCTOYHHUKOB —CBETA,
HCTIONB3YIONIUX JEIIeBbIe MOAYNHN OEloTo CBeTa C JBYXKOMIIOHEHTHBIM JIIOMUHO(DOPOM H JOIOIHUTENbHBIEC [[BETHBIE MOTYIN JUIS
3aMOJHEHNS [IPOBasa CHEKTPAIBHOH XapakTepucTuku Oenoro. IIpeoxkeH mpocToil kpuTepuit pacdeTa HE0OXOIIMOTO COOTHOIICHUS
OEeJBIX ¥ IIBETHBIX MOJYJIEH M0 MX CHEKTPAIBHBIM XapaKTePUCTUKAM I aKTHBAIMHA €CTECTBEHHOTO MEXaHM3Ma 3allUTH IJIa3 33 CUET
Cy)KeHHs 3padkoB. B pabote mccienoBamich MBeTHBIE MOAYIH Ha UTMHBI BOH 480 HM, 492 HM 1 503 HM. [loka3aHo, 4TO IIBETHBIX
MOJyJlel C MEHbIIeH NHKOBOW JUIMHOW BONHBI HEOOXOAMMO MEHBIIE IO OTHOIICHHIO K KOJNMYECTBY OCNBIX ST CO3JAHHS
0e30macHOr0 CrieKTpa u3iydeHus. B pabote Takxke ObLIa MpoBeIeHA OIEHKA JOJIM MOIIHOCTH M3JTy4YEeHUs C JUIMHOW BOJIHBI KOpOYe
450 HM B CrIieKTpax M3JIy4eHHs TPEeX MCCIEIOBAHHBIX BAPHAHTOB KOMOMHAIMI OENBIX U IIBETHBIX MOJYJIEH U YeThIpeX MOayJed THIa
SunLike ¢ pa3auyHBIMM LBETOBBHIMH TeMmeparypamu. [loyisi CHHeW YacTH CIeKTpa B PAacCIpeleleHHH MOLIHOCTH H3JIy4eHHUs
cBeToquoHBIX Moxynei SunLike okaszamach Belle, 4YeM B TPaJAWIMOHHBIX MOJIYJSIX C JBYXKOMIOHEHTHBIM JIOMHHO(OpPOM Ipu
OJIN3KMX LBETOBBIX TeMmeparypax. BeiBoabl. [IpemmoskeHHbIN cIOCO0 MOBBIIAET GPOTOOHONOTHYECKY IO Oe30macHoCTh cnektpa LED
HCTOYHHKOB CBETa J0 YPOBHS €CTECTBEHHOTO OCBEIIEHHMS 3a CUET afeKBAaTHOTO PETYIMPOBAHMS JHAMeETpa 3padka U He yBEeININBaeT
CyMMAapHYIO JIOJIO MOIIHOCTH H3IydeHHs1 B obOmactu A < 450 HM, omacHyro Ui 3peHHus. DTa JOJs JaXe MEHbIIe, YeM B MOIYIIAX
SunLike mpu OMU3KUX 3HAYEHHUSAX LBETOBOH TEMIIEPATypHhl, MOCKOJIBKY MX CIHEKTP M3IY4YEHHs pacIIupeH B 001acTh Oojiee KOPOTKUX
JUTHH BOJIH W HauuHaeTcs ¢ A = 370 um). YuutbiBas, uto BAX 1BETHBIX U OENbIX CBETOTUOIOB OJNM3KH, HO HE WACHTUYHBI, MX
MOCJIEZIOBATENILHOE COCIMHEHHE TMPUBOJUT K TepepacnpefesieHHI0 MOUIHOCTH wu3nydeHus. Kpome ostoro, LED pa3ubix
MIPOU3BOJUTENCH OTIHYAIOTCS 110 SHEProd(h(HEKTUBHOCTH M MIEKTPUUECKHM MapamMeTpaM, MOITOMY PacyeThl Ha MPAKTHKE HYKIAI0TCS
B KOPPEKTHUPOBKE B K)KIOM KOHKPETHOM Cllydae.

KnaioueBble ciaoBa: CIeKTp H3IydeHHUs; (oroOmornormdeckas Oe3omacHOCTh; anmHa BoiHe, LED; mMomyis;
9Hepro3(h(HheKTUBHOCTB; I[BETOBAsI TEMIIEPATYPa; I[BETOIIEpeIatda; OCBETHTENb; KOHCTpyKIns; BAX.
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