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HeJb351 UCKIIOYUTH YIIPABIEHYECKUX PEIICHUH M0 000pyIOBaHUIO KOPAOEIbHBIX MTOMEIIEHUH
MOHBIMA MCTOYHHKAMH CBeTa. Ha OCHOBe aHanmm3a CTaHAAPTOB, CAHWTAPHBIX NMPaBUI U

pe3ynbTaTOB  WCHBITAHWK,  BBINIOJHEHHBIX  HAYYHBIMH  YUPEXKACHUSMH  Pa3IMIHOU
BEIIOMCTBEHHOM NMPUHAIICKHOCTH, TPEIIOKEHB MEIUKO-TeXHUIeCKHe TpeboBanus BM® k

JIOTHBIM CBETHIILHUKAM TSI KOPaOeThHBIX TIOMETIICHUH.
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Hp06neMa THTHCHUYCCKOH periaMCHTallu MapaMCcTpOB CBETOBOM Cpcabl B KOpa6eHBHBIX
NMOMCHICHUAX AKTyaJIM3UpOBaJIaCb B Hadalc XXI Beka kak CIICOCTBUC IIOABJIICHHUA H
B3pI>IBOHO,Z[06HOFO IMOBCEMCECTHOI'O PpaCIIPOCTPAHCHUS TMPUHIHUIHAAIBHO HOBBIX MCTOYHHKOB
CB€Ta. HpI/I 9TOM BHCAPCHHUEC HOBBIX CBCTOBBIX TexHoJioru B Poccuu HOCUT HpCBCHTI/IBHBIf/’I
XapaKTep, MOCKOJIbKY 3aKPCIJICHO IoCyAapCTBCHHBIM 3aKOHOM [1] OCHOBHBEIM KpUTCpUCM,
OMIPCACIIAIOIIUM HCO6XOI[I/IMOCTI> rocyaapCTBCHHOT'O

peryjinpoBaHus MMpoOu3BOJACTBA

HCTOYHHKOB CBCTAa, ABJIACTCA 3Heproc6epe>1<eHI/Ie.

THE PROBLEM OF HYGIENIC RATING
OF THE PARAMETERS OF THE LIGHT ENVIRONMENT
AT THE FACILITIES IN RUSSIAN NAVAL SHIPS
A. A. Bogdanov, V. V. Voronov, A. V. Smurov, V. F. Belyaev
Research Institute of Navy Shipbuilding and Armament,
N. G. Kuznetsov Navy Academy, Saint- Petersburg, Russia

In the Russian Federation, under the banner of energy efficiency project, new
light technologies are preventively introduced. Due to the particular urgency of
the energy efficiency problem for Navy ships, saturated with electronic
armament, management solutions for equipping rooms, posts, locations,
corridors, accommodation facilities and other facilities in the ships with the
light-emitting diode lamps can be ruled out. Based on the analysis of standards,
health regulations and test results carried out by organizations of various
departments, the medical and technical requirements of the Navy for the light-
emitting diode lamps for the facilities in the ships are proposed.

Key words: naval medicine, hygienic regulations, light-emitting diode (LED),

photobiological safety, emission spectrum.

The problem of hygienic rating of the parameters of the light environment at a
facility in a ship was actualized at the beginning of the 21* century as a
consequence of appearance and explosion-like widespread extensive use of
principally new light sources. In this connection new lighting technologies
implementation in Russia is of a preventive nature, since it has been enshrined in
legislation [1]. The main criterion determining the need for state control over

production of sources of the light is energy saving.




[Ipobnema 3HEprocOEpeReHNsT 0c000 aKTyalbHa I Kopabieit BM® B cBs3U ¢ HEMPEPHIBHO

HapacTaloNIMM  KOJWYECTBOM M  KadeCTBOM  PaJUO3JICKTPOHHOTO  BOOPYXKEHHUS U
OTPaHUYEHHOCTHIO MOITHOCTH MCTOYHUKOB 3Hepruu. [Ipu sTOM 3HaUmMTETHHAS IO SHEPTUU
(mo 30 %) pacxoayercst Ha OCBellIeHUE KopabenbHBIX MmoMelleHui. Kpome Toro, BCiiencTBue
Mpo0JIeM ¢ yTHIIN3aluel TFIOMUHECIICHTHBIX CBETHIILHUKOB, HanboJiee pacpoCTPAaHEHHBIX Ha
KOpaOJIsiX, BO3HUKIIA HEOTIOXKHAsi TOTPEOHOCTh MX 3aMEHBI HAa allbTEPHATUBHBIC MCTOYHUKU
CBeTa.

Kopabau BoeHHOro (hiota Bcerga OBUTM OCHOBHOHM IUTOMIQAKOW JJIE BHEAPSHUS HOBBIX
texHonoruii. [lepBele B Poccuu MCTOYHMKHM CBETa C AJIEKTPOINMTAHUEM — 3JICKTPOIYTOBBIC
nmamnbl («cBeun S10moukoBay) — Obuth ycTaHoBieHHI B 1880 1. Ha cynax ¢uioTa, B TOM 4uCIie
Ha UMIIEpaTOpPCKON sixTe «JIuBagus», TNpPU aKTUBHOM COACHCTBUM Te€HEpal-aJMHpala
Koncrantnna HukomaeBnda. OmHako BCKOpe OBIIIO 3aMEYEHO, YTO CBET BOJIETOBOHM IyTH
BBI3BIBAJl MOPAKCHUS OpraHa 3peHUs (POTOBHUIGI M XPYCTAIMKA) W KOXH (dpurema) [2].
[ToBpexmaroriee AEHCTBHE CBETa BOJILTOBOM IYTH CBS3BIBAIN C MPEOOSaTaHUEM B CIIEKTPE

M3IyUYeHUS YIbTPahHOISTOBOM COCTABIIAIOICH.

OcHOBa CHEQYIOIMIEro TOKOJEHHS OCBETUTENBHBIX TPUOOPOB — Jlamma HaKaJHBaHS
JlompiruHa-Oaucona. C MOMEHTa TOSIBIICHHS TIEPBOTO MPOMBIIUICHHOTO oOpasma (1879 1.) u
IO HACTOSIIETO BPEMEHH JIaMIla HaKaJMBaHHsI OLIEHUBACTCS CHEIHAINCTaMU KaK 0e30MMacHBIN
HCKYCCTBEHHBIH HCTOYHUK cBeTa [3]. IlepBbld OTEUECTBEHHBIM I'MTMEHUYCCKUU periamMeHT
OCBEIIEHHOCTH KOPaOEIbHBIX MMOMEIIEHUIN B BHUJIE PYKOBOJACTBA JJIsI HAUCOCTaBa CAaHUTAPHON
ciyx0b1 PKK ®@nota 6bu1 onyoninkoBan B 1934 1. [4]. JlokyMeHT ycTaHaBJIMBal HAMMEHBIITHEC
BEJIMYUHBI OCBEIICHHOCTH, CO3JaBAacMOM JlaMIlaMU HaKalMBaHWS, Uil Pa3IMYHBIX TPYyHI
MIOMEIICHU.

TpeTbe MOKOJCHHE OCBETUTEIBHBIX MPUOOPOB COCTABWIA JTHOMUHECIICHTHBIC JIAMITBI. DTO

HUCTOYHUK CBCTA, B KOTOPOM 3J'IeKTpI/I‘l€CKI/If/’I paspdaa B MHEPTHOM Ta3€, HACBIIICHHOM IIapaMu

The problem of energy saving is especially relevant for Navy ships in
connection with continuous increase of quantity and quality of radio-electronic
weapons and limitation of energy sources. At the same time, a sizeable portion
re of energy (up to 30%) is spent on lighting a facility in a ship. In addition, due
to problems with disposition of the fluorescent lamps, which has been the most
common onboard illuminators, there is an urgent need to replace them with
alternative light sources.

The naval ships have always been the main platform for implementing new
technologies. The first Russian sources of the light from electric power — electric
carbon arc lamps (Yablochkov candles) — were installed in 1880 onboard such
naval vessel as Imperial yacht “Livadia” with an active assistance of Grand
Duke Konstantin Nikolayevich Romanov, Admiral General of the Russian Fleet.
However, it was soon noticed that the light from voltaic arc caused damage to
visual organ (in cornea and lens) and skin (erythema) [2]. The damaging effect
of the light from voltaic arc was associated with ultraviolet component
predominating in the emission spectrum.

Lodygin-Edison incandescent lamp formed the base for the lighting devices of a
next generation. Since introduction of its first production prototype (in 1879), an
incandescent lamp has been estimated by experts as a safe artificial light source
[3]. The first domestic hygienic regulations for quantity of illumination at ship
facilities in the form of manual for the Workers’ and Peasants’ Red Fleet’s
medical (sanitary) service commanding staff were published in 1934 [4]. The
document established the lowest acceptable level of illumination from an
incandescent lamp for different ship facilities.

Fluorescent lamps represented the third lighting devices generation. A

fluorescent lamps is such a light source, at which electric discharge within inert




PTYTH, HHUIIUHAPYET YIbTPAdHOICTOBOE H3ITyUCHNE, KOTOPOE PeodpaszyeTcs B BUIUMBINA CBET
¢ momoiblo JoMuHodopa (Hanpumep, ragodocdaTta kaapuus M oprodocdara KambIus-
LUHKa). BriepBrie ONMBITHBINA 00pa3el] JaMIlbl THEBHOTO CBeTa ObLJI M3TOTOBIICH B J1a00opaTopuu
Oamynna ['epmepa B 1926 r., a IpOMBILIIICHHOE TIPOU3BOJCTBO 32 PyOEk)OM OBLIO OCBOCHO K
1938 1.

B Coserckom Corose mepBbie 00pa3ibl JIOMUHECIICHTHBIX JIaMIT ObLITH cO37aHbl B 1947 1. B
naboparopun B.A.DabpukaHT, U BCIEACTBHE MX SKOHOMHUYHOCTH TOTJA K€ 3aHMHTEPECOBAIN
Kopabnectpouteneil. BHeIpeHWIo JIIOMUHECLEHTHBIX CBETWJIBHUKOB Ha Kopabmu BMO
MpEeNIIeCTBOBAIN THIHEHWYECKHUE HCIBITaHus, Hadatele B 1947-1948 r.r. B HayuHo-
HCCIIEIOBATENBCKOM METUIIMHCKOM HMHCTHTYTE MOJ pyKoBoAcTBoM A. M. UsmawmnbneBa u
A.®.ITaxomoBa u ipofoibKeHHBIC B 50-¢ TosI [5].

bbul0 yCcTaHOBIEHO, YTO JIFOMHHECLICHTHBIE JIaMIlbl OOJaJaroT pPsIOM IHPEUMYILECTB I10
OTHOILICHHIO K JaMmiaM HakanusaHus. CBeroBas oTAaya (CBETOBOW IOTOK HAa EIUHHILY
3aTpaueHHONW MOIIHOCTH, JIM/BT) JIIOMHHECHIEHTHBIX JIaMII B 5 pa3 BhIIIE, YeM Yy JaMI
HakanuBaHus. biaronaps Oosblieil BEIMUYMHE CBETSAILEHCS MOBEPXHOCTH JIFOMHUHECLIEHTHBIX
JaMI CBET pacmpesensercst Ooinee paBHOMEpHO. [IpuMeHeHne pa3myHBIX JFOMHHO(GOPOB
MTO3BOJISICT BapbUPOBATh CBETOBYIO Temrepatypy ot 3200 mo 6200 K. 3purenbHas
paboTOCIIOCOOHOCTh IPU  OCBEIIEHUM JIFOMHHECLICHTHBIMM JIaMIIaMU  BBIIIE, 4YE€M IIpU
OCBELICHUY JIJaMIIaMH1 HaKaJIUBaHUS.

OCHOBHBIM HEJOCTATKOM JIIOMHUHECLEHTHBIX JIAMII SIBJISIETCS] IPUCYTCTBUE MApPOB PTYTH, YTO
CO3aeT TMOTEHIHMAJIbHYI0 ONACHOCTh 3apaXeHUsi aTMocdepbl 3aMKHYTOro o0beMa IpH
MOBPEKICHUSAX CBETHJIbHUKA, a TakkKe TpeOyeT AOCTaTOYHO CIOXHBIX CHCTEM yTHIIH3ALUH
0TpabOTaHHBIX JIAMII.

3HauynTeNnbHas A0S YIbTPa(UOIETOBOrO M3IYUYEHUS! B CIEKTPE JIIOMHUHECLUEHTHBIX JIaMII
OLIEHUBAJIaCh TUTUEHUCTAMU HEOHO3HAUHO. C OIHOW CTOPOHBI KOPOTKOBOJIHOBOE M3JTy4EHHE

OKa3bIBAJIO MOJIE3HOE ACHWCTBUE B YCIOBUAX H30JALUU OT COJHEYHOrO CBETAa, C JAPYrol —

gas saturated with mercury vapor initiates ultraviolet radiation converted into
visible light by means of a luminescent material (for example, calcium
halophosphate or calcium orthophosphate-zinc). For the first time a prototype of
the daylight fluorescent lamp was manufactured in the laboratory of Edmund
Germer in 1926, and industrial production abroad had been mastered by 1938.

In the Soviet Union, the first sample of the fluorescent lamp was created in 1947
at the laboratory headed by V. A. Fabricant. These lamps were so cost-effective
that the shipbuilders interested in them. Implementation of fluorescent light
fixtures at the facilities in the naval ships was preceded by hygienic tests begun
in 1947-1948 at Scientific Research Medical Institute under the leadership of A.
M. Izmailtsev and A. F. Pakhomov and continued in the 50s [5].

It was found that a fluorescent lamp has a number of advantages over an
incandescent lamp. Light output (luminous flux per unit of power expended,
Ilm/W) of a fluorescent lamp is 5 times higher than that of an incandescent lamp.
Due to the larger value of the luminous surface of a fluorescent lamp, the light is
distributed more evenly. Implementing various luminescent material makes it
possible to vary the light temperature from 3200 to 6200 K. Visual performance
under illumination with a fluorescent lamp is higher than when illuminated by
an incandescent lamp.

The main disadvantage of a fluorescent lamp is presence of mercury vapors,
which creates a potential danger of contaminating the atmosphere of a closed
room in a ship in the event of damaging the luminaire, and also requires rather
complicated systems for used lamps disposal.

Hygienists ambiguously assessed a significant proportion of ultraviolet radiation
in the spectrum of a fluorescent lamp. On the one hand, short-wave radiation had

a beneficial effect under conditions of isolation from sunlight, but on the other




cItocoOHO OBLTO BEI3BATH MOBPEIKICHNE OPTaHOB 3PCHHUS.

Takum oOpazoM, TpW BHEAPEHHMH Ha KOpaOJIM  JIOMHHECIIEHTHOTO  OCBEIICHUS
KOHCTPYMpPOBaHME M THUTMEHUYECKAs OLIEHKA HOBBIX HCTOYHHMKOB CBETa BBINOJIHINCH
napamiensHo. OqHOBpeMEHHO ObUTH pa3padoTaHbl TEXHUYECKUE TPeOOBaHUS K CBETHIILHUKAM
W TUTHEHUYECKUI perjaMeHT JUIsi HOBOW ONTHYECKOW CpeAbl KOpaOeNbHBIX MOMEIICHHH.
Bricokas cBeTooTnaua TIOMMHECLIEHTHBIX JIaMII ITO3BOJIMJIA B 2 pa3a MOBBICUTH MUHUMAJIbHBIN
YPOBEHb OCBELLIEHHOCTH [6,7].

K 1981 r. TpeboBaHHMA K MCKYCCTBEHHOMY OCBEIICHHIO Ha CyAax MOpcKoro ¢uota ObUTH
JIOTIOTHEHbI HOBBIMH ~ TIOHSTUSIMH. PeriaMeHTHpoBaiMch IOKa3aTelnn JucKoMQopTa,
OCIIETICHHOCTH, KO GUIMEHT MyJbCAllUHU, CTETICHh PABHOMEPHOCTH OCBEILCHHS HA Pa0OYHX
MOBEPXHOCTSIX, 3aLUTHBINA YIOJI AJIs1 CBETHIIBHUKOB MECTHOI'O OCBEILEHHUS.

CoBpeMeHHasi PEBOMIOLUS B CBETOTEXHUKE BBbI3BAHA IIOSIBJICHUEM CBETOUCITYCKAIOIIUX

(cum.

MpeoOpa3oBaHUEM HYHEPTHH AJIEKTPOHOB B IMOTPAHIYHOM CJIOE Maphl MOJIYMPOBOAHUKOB. [Ipu

HOJYIPOBOAHUKOBBIX  JIHOJIOB IIpupona cBeueHuss [uOJOB  00yCJIOBJIECHA
3TOM DJIEKTPOHBI TEPSIOT DHEPIHIO, KOTOpas M3IydaeTcss B BHIEC MOTOKAa (OTOHOB. DTOT
sddexr Obu1 OTKpHIT B 1907 1. I'enpu Paynmom u3 mabGopatopum Mapkonu. Hcropus
MOCJICAYIONINX HCCIEeNOBaHNi (peHOMEHa CBEYEHHs TBEPIOTENBHBIX KPUCTAJUIOB CBSA3aHA C
nMeHamu poccuiickux yuenbix O. B. Jlocesa (1927 r.) u XK. U. Andeposa (cemuaecsaToic
roasl XX Beka). CBETOU3Iy4aroIUe AUObI C MOLTHOCTBIO, JOCTaTOYHOM ISl UCIIOIb30BaHUS
B OCBETUTENBHBIX mpudopax (60 mm/BT), 6putn nomydensl B CIIIA B 1999 r. mpodeccopom
Cron3u Hakamypa. Uepes 2 rosia B Mupe HACUUTBIBAINCH YK€ AecATKH pousBoaurenein CU/,

HayaJiaCb I/IH(i)OpMaL[I/IOHHa}I KOMIIaHUA 110 IMporaranac ux NpeumMymicCTB.

HCO6XOI[I/IMOCTB TLL[aTCHBHOﬁ OLICHKU BJIUSHHUSA OINTUYCCKOI'0 U3JTYUYCHUA JUOAOB HAa 310POBLE

YyenoBeka ObLma BIepBble oco3HaHa B [epmanmu, rae yxe B 2001-2002 r.r. mosBHIUCH

hand it was capable of causing damage to a visual organ.

Thus, when fluorescent lighting was introduced onto ship facilities, the design
and hygienic estimation of the new light sources were carried out in parallel. At
the same time, technical requirements for luminaires and hygienic regulations
for a new optical environment at ship premises were developed. High luminous
efficiency of fluorescent lamps allowed increase the lowest acceptable level of
illumination twice [6, 7].

By 1981, requirements for artificial lighting in the facilities at the naval ships
had been supplemented by new concepts. The parameters of discomfort,
blindness, ripple coefficient, uniformity of illumination on working surfaces,
protective angle for local lighting fixtures were rated.

The modern revolution in lighting equipment has been conditioned by the use of
light-emitting semiconductor diodes (LEDs). The nature of the luminescence of
the diodes is stipulated by electron energy transformation in a boundary layer of
a pair of semiconductors. In such event, the electrons are losing their energy,
which is emitting in the form of photon beam. This effect was discovered in
1907 by Henry Round from Marconi’s laboratory. The history of subsequent
studies of the phenomenon of luminescence of solid-state crystals is associated
with the names of Russian scientists O.V. Losev (1927) and Zh. 1. Alferov
(seventies of the twentieth century). Light-emitting diodes with a power
sufficient for being used in lighting devices (60 Im/W) were obtained in the
USA in 1999 by Professor Shuji Nakamura. After 2 years, there were already
dozens of LED manufacturers in the world, and information campaign was
launched to promote their advantages.

The need for a thorough estimation of the effect of optical radiation from LEDs

on human health was first realized in Germany, where in 2001-2002 there were




JIOKYMEHTBI, PETJIAMEHTUPYIOIUE TUTUECHUUYECKH 3HAYMMBIC KOHTPOIUpPYEMbIC MapaMeTphl
HOBBIX OCBETUTEILHBIX MPUOOPOB [8].

B Poccunm u 3a pyOexoM OBLI BBIIOJNHEH pSJ HAYYHBIX HCCICIOBAHUHA 10 H3YUYCHHIO
Ouonormueckux IPQPEKTOB OT BO3MCHCTBUS W3IYYSHHUS CBETOIUOJOB. 3aKITFOUCHUS
CIIEIUATUCTOB O BO3MOXHOCTH MTPUMEHEHUS 3THX UCTOYHUKOB CBETA B PA3IMYHBIX YCIOBUSIX
HEOJIHO3HAYHBI, OJIHAKO BEAYIIME HAYYHBIC IIKOJBI O0palaroT BHUMAaHUE HA CICKTPaTbHBIN
COCTaB HM3JIYYCHUS U €ro OTJICbHBIC KOMIIOHEHTHI. [loaToMy menecooOpa3HO COMOCTaBUTH

CIICKTPBI U3JTYy4YCHUA HaunboJee pacnnpoCTpaHCHHBIX UCKYCCTBCHHBIX MCTOYHUKOB CBCTa (pI/IC

1)
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CBeToaHObI

claborated the documents, which rated hygienically meaningful controlled
parameters of new lighting devices [8].

In Russia and abroad, a number of scientific investigations were carried out to
study the biological effects of radiation from light emitting diodes. The experts
gave ambiguous conclusions on the possibility of using these light sources in
different conditions are ambivalent, but the leading scientific schools pay their
attention to spectral composition of radiation and its components. Therefore, it
makes sense to compare the emission spectra of the most common artificial light
sources (Fig. 1).

The tungsten filament of an incandescent lamp radiated light with a spectral
minimum in the blue range and a smooth increase to a maximum in the red and
infrared ranges. The radiation spectrum of a fluorescent lamp is characterized by
unevenness with several spikes and peaks in the green and red ranges. The most
common white LEDs have radiation maximums in the wavelength range from
blue to pale blue (440-460 nm) and in the wavelength range from yellow to
green (560-620 nm), and the radiation minimum for the visible light with a
wavelength of 480 nm.

The biological effect of radiation from an incandescent lamp is estimated by the
experts as a favorable, since its spectrum is close to the spectrum of sunlight at
sunset. Spectra of a fluorescent lamp are usually disregarded, except for the
ultraviolet range. The quality of lighting for this group of instruments is
estimated at a correlated light temperature.

Special attention of the experts is paid to special features of a light-emitting
diode. In 1991, ipRGC (intrinsically photosensitive Retinal Ganglion Cells)
were detected in the retina, which contain a photosensitive pigment, the

melanopsin [9, 10, 11]. The signal from melanopsine-containing retinal




BonbhpamoBas cimpanb JlaMIbl HAKaTUBaHUS U3Yy4aeT CBET CO CHEKTPAIIbHBIM MUHHMYMOM
B CHHEM JWana3oHe M IUIaBHBIM HapacTaHHEM 0 MakCHMyMa B KpacHOM M MH(paKpacHOM
nuanazone. CHEeKTp M3My4YeHHUsS JTIOMHHECHCHTHBIX JIaMI OTJIUYAeTCs HEPaBHOMEPHOCTBIO C
HECKOJBKMMH BBIODOCaMH M MaKCHMyMaMH B 3€JICHOM M KpacHOM nuama3oHax. HamOonee
pacmpocTpaHeHHble OeJble CBETOIUOIBI MMEIOT MAKCUMyMBl H3JIyYeHHs B CHHE-TOIYyOOM
(440460 um) u xento-3eneHoM (560-620 HM) AMana3oHaX, 8 MUHUMYM — TIPH JAJHUHE BOJHEI
480 HM.

Buonornueckoe aeicTBHE M3IyUeHHS JaMIl HAKAJHMBAHUS OLEHHUBACTCS CHEHUANINCTaMH, KaK
OnaronpuaTHOE, MOCKOJIBKY €Tr0 CHEKTp OJIM30K K CIEKTPY COJIHEYHOI'O CBETa Ha 3aKare.
CriekTpsl JIIOMHHECHEHTHBIX JIaMIl, KaK TNpPaBWIO, HE NPWHUMAIOTCS BO BHHMaHHUE, 3a
WCKJTFOUCHHEM yIbTPaQHONIETOBOrO Juama3oHa. KadecTBOo cBera 3TOHM Trpymimbl HMpUOOpPOB
OIIEHUBAETCA 110 KOPPETUPOBAHHOM CBETOBOW TeMIIEpaType.

Haunbonpilyfo  HACTOPOKEHHOCTh ~ CIICIMATICTOB  BBI3BIBAIOT  OCOOEHHOCTH  CHEKTpa
cBeroanonioB. B 1991 r. B ceTuatke ObUTH 0OHAPYKEHBI CBETOUYBCTBUTENbHBIC KiIeTKH ipRGC
Cells),

10,

(intrinsically ~ photosensitive ~ Retinal ~ Ganglion KOTOpEIE

11].

coJiepKar

CBETOUYBCTBUTCIBHBI ~ NMHMIMEHT  MEJIAHOIICHUH [9, Curman  oT
MEJIAHOIICMHCOAEPIKAIIIMX PELENTOPOB CETYaTKH IIOCTymaeT B ONUGU3 H  PEryIupyer
KOHIICHTPAITMIO TOPMOHA MEJIaTOHMHA B KPOBH. bHollormueckoe MEeWCTBHE CHHETO CBETa C
nnuHoU BosHbI 440—460 HM 3aKII0YAETCs B TIOJIaBICHUU CEKPELIMU MEaTOHUHA U aKTUBAIIUHI
opranu3ma. COOTBETCTBEHHO MpU HEAOCTATKE CHUHETO0 CBETa W IOCTYIUICHUH B KpPOBb
MEJIATOHUHA CHUXKAETCSI TOHYC OPraHu3Ma U HACTYIAET COH.

Kpome Toro, ompenencHHBIN nucOamaHc B MPOLECCH PETYISIMA MPOAYKIIMA MEJIaHOIICHHA
BHOCUT OTHOCHUTENIBHO HM3Kas IUIOTHOCTh M3Iy4YeHUs ¢ JJuHOM BoOJHBI 480 HM,
perynupyomasi AuaMeTp 3padka. TakuMm o0pa3oM, MPHU pacHIMPEHUN 3padyka yBEITUIUBACTCS

MOIMHOCTh MOTOKA U3JTY4YCHUSA, TPOHUKAIOMICTO BO BHYTPCHHUC CPCABI I'Jla3a U Ha CCTYATKY,

receptors enters the epiphysis and adjusts concentration of the hormone
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Fig.1. Relative spectral radiant density distribution of the main artificial light
sources.

On the horizontal axis - wavelength, nm

Incandescent lamp

Fluorescent lamp

LEDs

melatonin in the blood. The biological effect of blue light with a wavelength of
440-460 nm is to suppress the secretion of melatonin and activate the organism.
Accordingly, if there is a lack of blue light, and melatonin enters the blood, the
tonus of the body decreases and the person fell asleep.

Besides that, melanopsin production control processes are in some degree
imbalanced by relatively low density of light radiated with a wavelength of 480
nm, which adjusts the diameter of the pupil. In view of this, when the pupil

dilates, the power of the radiation flux penetrating into the internal media of the
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YTO, 10 MHEHHUIO psifa aBTopoB [12, 13], ycuiamBaeT HETaTHMBHOE BIMSHHUE CHHETO CBETA C
niuHou BoaHBI 440—460 M.

UccnenoBanus BIUSHYSI HCKYCCTBEHHBIX HCTOYHUKOB CBETA HAa KOHIICHTPAIMIO MEJIATOHUHA B
KpOBH (NP pAaBHBIX YCJOBUSAX [0 OCBEIICHHOCTH M KOPPEIMPOBAHHON TeMIleparype)
MOKa3ajd, 4YTO HauOOJbIIEe BIMSHUAC OKA3bIBAIOT XOJIOJHO-OCNbIC  JIIOMUHO(OPHBIC
ceeromuonel (6000 K). Mx Bmusaue B 2,3-3,1 pasza BeIlie MO CpPaBHEHUIO C JIAMIOH

HaKaJTUBaHUs, a Y HeUTpabHO-0enbix cBeTouooB (4500 K) 6oneme B 1,2-1,5 paza [14].

Takum 06p8.30M, HaMMCHEC ONAaCHbIMU 1Jid 3pCHHUA MPCACTABIAOTCA AHUOAbI C

KOppenupoBaHHOH 11BeToBoM TemnepaTypoi He Bbiie 4000 K, y KOTOpBIX ypOBEHb U3ITyUEHHS
B CHHE-TOJIy0OM 4acTH CIIEKTpa He 0OJIbIlIe, YeM B JKEITO-OPaHIKEBOA.
JICUCTBYIOIIMM  HayajioM

(I)OTOXI/IMI/I‘-ICCKOFO CCTYATKH

Jpyrum

KOPOTKOBOJTHOBBIM BHIUMBIM H3ITyd€HUEM SBISETCS JUMOPYCIUH — (OTOTOKCHYHBIN

TMMOBPEKIACHUA

IMATMEHT CTapOCTH, KOTOPBIH M3-3a N30UPaATEIIHFHOTO MOTIIOMEeHHS cBeTa B mojioce 440—460 am
TCHEPHUPYET CBOOONHBIC PATUKAIBI, OTPABIAIONIAC MUTMEHTHBIA DIUTEIHNA ceTdaTtku [15].
dotoTokcnuHbie 3((HEKTH CHHE-TOyOOro CBEeTa SBISIFOTCS KYMYJISITHBHBIMH U MPUBOIAT K
MEJICHHOMY HeOOpaTUMOMY MaJACHUIO 3pUTENIbHBIX (yHKIui [13].

B 2013 r. B Poccun B paMkax rocymapCTBEHHOH MPOrpamMMbl ObLIO BBIMOJHEHO HECKOJIBKO
MPOOJIEMHO OPUCHTUPOBAHHBIX MOMCKOBBIX HAYYHBIX PA0OT C LENbI0 CO3TaHUsT KOMIUICKCHON
METOJIUKH OIICHKH 3(PPEKTHBHOCTH M 0€30MACHOCTH JJIsl 3JI0POBHS YEIOBEKA CBETOUOIHBIX

HCTOYHHUKOB CBCTA. I/ICCHCI[OBEITCHI/I CKOHICHTPUPOBAJIUCh Ha MCTOJUKAX OLUCHKU COCTOSHUSA

3pUTEIBHOTO  AQHAIM3aTOpPa,  HEKOTOPHIX  MCHUXO(U3UOJOTHYCCKMX  (GYHKIUH |
paboTOCIIOCOOHOCTH.
Pe3ynbTaThl  MCTBITAHWH, BBIMOJHCHHBIX B PA3IMYHBIX  HAYYHBIX  YUPESIKACHUSIX,

HCOJHO3HAYHBI. CHCL[I/IaJ'II/ICTBI oo )I(CJ'ICBHO,Z[OPO)KHOﬁ TUTUCHE, KOTOPBIC HCCICAOBAIN

eye and into the retina increases, which, according to a number of authors [12,
13], enhances the negative effect of blue light with a wavelength of 440-460 nm.
Studies of influence of artificial light sources on the concentration of melatonin
in the blood (under equal conditions for quantity of illumination and correlated
temperature) have shown that the greatest effect is exerted by a cold-white
phosphor LED (6000 K). Its influence is 2.3-3.1 times higher in comparison
with that of an incandescent lamp, and in a neutral-white LED (4500 K) it is
more by 1.2-1.5 times [14].

Consequently, LEDs with correlated color temperature of no higher than 4000
K, in which the radiation level in the wavelength range from blue to pale blue is
no more than in that from yellow to orange, appear to be the least dangerous for
eyesight.

Another factor of photochemical damage to the retina by shortwave visible
radiation is lipofuscin — phototoxic age pigment, which, due to selective
absorption of light in the wavelength range from 440 to 460 nm, generates free
radicals that poison retinal pigment epithelium [15]. Phototoxic effects of visible
light in the wavelength range from blue to pale blue are cumulative and lead to a
slow irreversible fall in visual functions [13].

In 2013, in Russia in the framework of a government program, several problem-
oriented researches were carried out to create a comprehensive methodology for
estimating efficiency and safety of LED luminaries for human health. The
researchers were concentrated on the techniques for estimating the condition of

the visual analyzer, its psychophysiological functions, and performance.

The results of the test performed in various scientific institutions are diverging.

The experts in railway hygiene, who investigated functioning of operators




OTIEPATOPCKYI0  JIEATENBHOCTh B  YCIOBHAX TPATUIMOHHBIX (JlamMma HaKaJlWBaHUS,

HIOMHHCCHCHTHBIﬁ CBCTI/IJ'H:HI/IK) N HOBBIX CBCTOAMOAHBIX HWCTOYHHUKOB CBE€TA, BBIABUIHN

HU3MCHCHUS  HCTAaTHUBHOI'O  XapakKTepa. 910 BbIpa3nuJOCb B  HCKOTOpPOM  CHHXXCHHUU

(YHKIMOHANBHOW YCTOWYMBOCTH K LBETOPA3IMYEHHIO 3€JICHOT0 W KPAacHOTO CHUTHAJIOB, a
TaKXKe B YBEJIMUCHUH BPEMEHH PEardpOBaHUs IPHU CIOKHON 3pUTEILHO-MOTOPHOM peakuy U
3HAYMMOM CHHMKEHHU TOTOBHOCTH K DKCTPEHHOMY JEHCTBHIO Y OOCIEIOBaHHBIX ONEPaTOPOB
[16].

B HUU ruruensl n oxpassl 310poBbs feTeil u noapoctkoB PAMH u3yuanu cpaBHUTENBbHYIO
OUHAMUKY  TICUXO(QYHKIHOHAIBHOTO  COCTOSHHA  JOOPOBOJBLEB-BOJIOHTEPOB  IIpU
3HAUUTENIFHOW 3pUTENFHOM M YMCTBEHHOW HAarpy3ke B YCJOBUSX OOILEro OCBEIICHHS,
OpraHM30BAaHHOTO CBETOMMOJAMHM U JIIOMHHECIICHTHBIMH JammamMu [16]. B pesymprare
HCCIIEAOBAHMA OBLTO YCTAaHOBJICHO, YTO PabOTOCIIOCOOHOCTh HE 3aBHUCHUT OT HCIIOJIB3yEMBIX
WUCTOYHUKOB cBeTa. JIlMHaMuka psja mMokazaTeled NCHUXO(QU3NOIOTHUECKOTO COCTOSHHUS
paboTaMMX TOCIe WHTCHCHBHON TOJyTOPAa4acOBOH 3PHUTEIHLHON M YMCTBEHHOW HArpy3KH,
MMUTHPOBABIIEH TOTHBINA paboumii JeHb, UMENa TOJOXKUTEIBHYI0 HalPaBIEHHOCTh, KOTOpas
MpH CBETOJUOJHOM OCBEUICHMH ObUta Ooyiee BBIPAKEHHOW, YeM TPH JIOMHUHECIIEHTHOM.
WNnTeHcuBHAas yMCTBeHHass Harpy3ka B OOOHX Ciydasx TNPUBOAWIA K CHIDKEHHIO
aJaNTaIMOHHOTO MMOTEHIINANA Y BOJIOHTEPOB, OJTHAKO B YCIOBHUSIX CBETOINOIHOTO OCBEIICHNS,
10 CPaBHEHHWIO C JIFOMHUHECIICHTHBIM, TOYTH B 2 pa3za pexe OTMEYaJioch HaIlpsLKeHHE
amantaumd. [lo MHeHWIO wWccienoBaTeNel, 3TO

CBUACTCIILCTBYECT O TOPMOKCHHUU

TOPMOHAJILHOI'O  BKJIaJa (CHI/I)KCHI/II/I CHUMITATUYCCKHX BHHﬂHHﬁ) u JOMUHHUPOBAHHUU

«HeﬁporeHHOﬁ» COCTaBJ’IﬂIOH.[Cﬁ PEryjidnuun, 4YTO XapaKTCpU3yCT NOBBIIICHUC aJallTAlIMOHHBIX
BO3MOXKHOCTCH U YIy4dlIcHue (byHKLII/IOHaHBHOFO COCTOAHUA OpraHru3Ma.

B 2016 T. BBIIIOJIHEHBI HUCIBITAaHUSI CBETUWJILHHUKOB MPOU3BOJICTBA AO

«BHCKTpOpaZ[I/IOaBTOMaTI/IKa», YCTAHOBJICHHBIX B OJHOM M3 TOA3CMHBIX COOpy)KCHI/Iﬁ

MunoGoponbl P®. JlnutensHoe (B TeYeHHE TOja) MEpHOAMYECKOe (CYTKH dYepe3 Tpoe)

illuminated with the traditional (incandescent, fluorescent) and new (LED)
luminaries, revealed some changes of the negative nature. These changes
resulted to a certain decrease in functional resistance to coloration of the green
and red signals, as well as in increase in reacting time for a complex visual-
motor reaction and a significant reduction in the readiness for emergency action

in the tested operators [16].

The Institute of Hygiene and Health of Children and Adolescents of the Russian
Academy of Medical Sciences studied comparative dynamics of psycho-
functional conditions of volunteers with significant visual and mental workload
illuminated with light-emitting diodes and fluorescent lamps [16]. As a result of
the study it was established that a volunteer’s operability does not depend on a
source of light used. The dynamics of a number of indicators of the
psychophysiological state of people working after an intense hour and a half
visual and mental workload, imitating a full-time work, had a positive
orientation, which was more pronounced under LED illumination than under
luminescent lighting. Intensive mental workload in both cases led a volunteer to
reduction in his or her adaptive potential, but under LED illumination as
compared to luminescent lighting the stress of his or her adaptation reduced
almost twice. According to the researchers, this is evidence to inhibition of the
hormonal contribution (reduction of sympathetic influences) and dominance of
the “neurogenic” component of the control, which characterizes increase in
adaptive capacity and improvement in functional state of the body.

In 2016 tests were carried out with the luminaries (the light-emitting diode
lamps) manufactured by JSC “Electroradioavtomatika” installed in one of the

underground structures of the Ministry of Defense of the Russian Federation.




BO3/ICIICTBHE MUOTHOTO M3ITyYeHHUs Ha OINEpPaTOpOB OIEHWBAIOCH CIEIHaTUCTaMHu BoeHHO-
Menuuunckoit akanemun uM. C. M. KupoBa ¢ npuMeHeHHEM paCHIMPEHHOTO MEPEUHS
METOJIUK OLIEHKHM COCTOSTHHSI OpraHu3Ma B LIEJIOM M 3pUTENBHOIO aHaJM3aTopa, B YACTHOCTH.
BripakeHHBIX HETaTHBHBIX TPEHOB OLIEHMBAEMBIX [TOKa3aTeNel B HCIIBITAHUSIX HE BBISIBICHO.
I'pynna aBropoB [14] «Hay4HO-TEXHOJIOTMUECKOTO LEHTPA MHUKPOIJIEKTPOHUKH U
CyOMHKpPOHHBIX reTepocTpykTyp PAH» oleHHMBana pacyeTHBIMH METOJAaMH MOTEHIHATBHYIO
OMMAaCHOCTh JHOJHOTO M3ITyYEHHs MO KPUTEPUIO «MEATOHMHOBBIN (akTop». Brlio mokasaHo,
YTO HWCTOYHUKM CBETa MOTYT 3aMeTHO (0 6 KpaT) pa3iuyaThCsl 1O OHOJIOTHYECKOMY
9KBHUBAJICHTY M3JIy4a€MOro MU CBETa B 3aBUCMMOCTH OT MX THIIA U L[BETOBOM TeMIIEpaTypbl
Ja)kKe TPU OJHOM H TOM K€ 3puUTeNbHOM aedcTBUH. (OCOOEHHO BBICOKHE 3HAYCHUS
OHMOJIOTUYECKOTO JKBHUBAJICHTA MPHUCYIIH JIOMHHO(DOPHBIM CBETOIUOAAM XOJIOTHO-0EI0ro
cBera (¢ T >6000 K).

HeomnpeneneHHOCT, COBpPEMEHHBIX TpeACTaBIeHHH 00 OmacHOCTH WM Oe30MacHOCTH
JINOJTHOTO M3ITyYEHHS OCIOXKHSIET MPOIlecC THTHEHNYECKOl perfiaMeHTalliy ero napaMeTpoB.
Jlo oxrab6ps 2008 1. orpaHWYEHHUS II0 KpPUTEPHUIO OWOJIOTHYECKOW Oe301MacHOCTH
perymupoBanuck eponeiickum ctagmgaprom IEC 60825-1, ckommMpoBaHHBIM C HEMEIKOTO
craugapra DIN EN 60825-1. B aTom cranmapTe ycTaHAaBIUBAIUCh TPEOOBAHUS K HICTOUYHUKAM
CBETa Ha OCHOBE JlazepoB U cBeTomnonoB. Omuako IEC 60825-1 Bxoawms B IpOTHBOpEUHE C
amepukanckuM ctangaprom ANSI Z 136.1 (2000 r.), KOTOpeIi HE OTHOCHJI IHOJHBIC
VCTOYHHUKH CBETA K YCTPOWCTBAM C ONACHBIM JIJISl UEOBEKA KOT€PEHTHBIM H3ITyUYEeHUEM.

B nanpHeimeM aMepuKaHCKHE CTaHIApThl ObUIM TepeHeceHsl B EBpomy B Buze
MexayHapoaHoro crangapra IEC 62471:2006 «CeeroOuomornyeckast 0€30MacHOCTh JIaMIT U
nammnoBbIx cuctem» (Photobiological safety of lamp and lamp systems). Jlannblif ctanaapt B
nonHoM obOwveme Obul mpuHAT B Poccum kak 'OCT P MDK 62471-2013. Crangapt

YCTaHaBJIUBACT MPCACIIbI 06J'Iy‘l€HI/I$I OT BCCX JJICKTPUYCCKU HC CBA3AHHLIX HIMPOKOIIOJIOCHBIX

Long-term (during a year) periodic (day after three) exposing the operators to
diode radiation was estimated by experts of S. M. Kirov Military Medical
Academy under condition of the use of an expanded list of techniques for
assessing the state of the body as a whole and the visual analyzer in particular.
Negative trends of the assessed indicators were not revealed in the trials.

The group of authors [14] of Scientific and Technological Center of
Microelectronics and Submicron Heterostructures of the Russian Academy of
Sciences estimated the potential danger of diode radiation by calculating on the
criterion “melatonin factor”. It was shown that sources of the light can
appreciably (up to 6 times) differ in the biological equivalent of the light emitted
by them depending on their type and color temperature, even with the same
visual effect. Especially high values of biological equivalent are inherent in
phosphor-based light-emitting diodes of cold white light (with Tc> 6000 K).

The uncertainty of modern ideas about the danger or safety of diode radiation
complicates the hygienic rating of its parameters. Until October 2008, the
restrictions on the criterion of biological safety were regulated by the European
standard IEC 60825-1, copied from the German standard DIN EN 60825-1. This
standard established requirements for the illuminants based on lasers and light-
emitting diodes. However, IEC 60825-1 was in conflict with the American
standard ANSI Z 136.1 (2000), which did not refer diode illuminants to devices
with human-hazardous coherent radiation.

Later American standards were transferred to Europe in the form of the
international standard IEC 62471: 2006 “Photobiological safety of lamps and
lamp systems”. This standard was fully adopted in Russia as GOST R IEC
62471-2013. The standard sets the irradiation limits from all electrically non-

connected broadband light sources, including light-emitting diodes, in addition




HUCTOYHUKOB OINTHUYECKOI'0 M3JIy4EeHHUs, BKIIOYas CBETONUOIbI, KPOME Ja3€poOB C AJIMHOU
BostHBI 0T 200 HM 10 3000 HM. Bee aMIibl M TaMITOBBIE CHCTEMBI pa3fieNIeHbl HA TPU TPYIIIBI
M0 CTETEeHU PUCKA: Malbli, yMEpPEHHBIH 1 0OJbIION. MICTOYHMKH CBETa ¢ KOPPEIMPOBAHHOM
uBeroBoil Temmneparypoil Huxke 4000 K oTHeceHs! k 1 rpymnmne Manoro pucka.

MeTtoarka OLEHKH PUCKa MOCTPOCHA Ha OCHOBE (U3MUYECKUX W3MEPEHHH CBETOBOTO MOTOKA
Ha pacctosHud 200 MM OT HM3IydYaromlero ajieMeHTa npu 3kcno3umuu ot 0,25 mo 10000
ceKkyH/. Puck nmoBpexeHus opraHa 3peHus ONpeaesIaeTcs Ul CIydaitHoro MpsMOTo B3IJIAa
Ha MCTOYHUK M3IY4YEHHS, TO €CTh AJIS1 HEECTECTBEHHBIX YCIOBUH. [Ipr 3TOM He y4nThIBaeTCS
npeoOpa3oBaHue (B TOM 4YHCIE IO CHEKTPaJbHOMY pacHpeiesiCHHUI0) CBETOBOTO Jiydya
Pa3NUYHBIMUA ONITUYECKUMH DJIEMEHTAMHU CBETWJIBHUKA M OTPaXKAIOIIMMHU MOBEPXHOCTAMU. B
OTHOLIEHUU COOCTBEHHO OHOJIOIMYECKOr0 MAEHCTBUS CTaHAApT JOIYCKAeT JIOBOJIBHO
HeoTpeeNieHHble  ()OPMYTHPOBKH, Hanmpumep: «CBETOXHMMHUYECKAass PpEeakuus —SBISCTCS
HayaJoM Lenu OHOJOrMYECKMX peakLuii, KOHLEHTPUPYIOUIUXCS B 3IUTEIMH IMIMEHTa
ceTyaTKu. JleTaau He MOHSTHBDY.

CanlluH 2.2.4.3359-16 [17] paspemmaer TpuUMEHEHHE I HCKYCCTBEHHOTO OCBCIICHUS
(oOrmmero, MECTHOTO M KOMOWMHHPOBAHHOTO) Pa3psSAHBIX HCTOYHHUKOB CBETA, CBETOMINOJOB,
jJaMinn HakanuBaHus. OroBapuBaeTCsi, YTO HCTOYHUKU CBETa, CO3/aBacMble II0 HOBBIM
TEXHOJIOTHSIM, TPEOYIOT IPOBEICHUS CAaHUTAPHO-3IUAEMHUOIOIMYECKOI 3KCIIEPTU3BI IIEpes UX
UCIIOJIb30BaHUEM B CHCTEMAax MCKYCCTBEHHOI'O ocBellleHHs. IIpu 3TOM OTCYTCTBYIOT CCBUIKH
Ha JIOKyMEHTBI, YCTaHABINBAIOIINE OPSA0K SKCIIEPTHU3EI.

EnvHCTBEHHBIM JOKYMEHTOM, KOTOPBIH COACPIKUT OTpaHUYECHUSI HA OMOTOTHUECKH 3HAYMMBIE
napameTpsl IUOJHOTO M3Iy4YeHHs, siBisieTca nmiucbMo Pocmotpednanzopa ot 01.10.2012 [18].
OcHoBaHHEM A PEKOMEHJALMH 1O BHEAPEHUIO CBETOAUOJHOIO OCBELIEHUS IOCITYKHIN
MPUBEACHHBIC BBINIE pE3yJIbTaThl WCHBITAHWH, BbIMONHEHHBIX B HUW rurneHsl U oxpassl
310poBbsl Aeted M moapoctkoB PAMH. Pexkomennyemslil yCcIOBHBIM 3alllUTHBIN  yroi

CBCTHJIBHUKOB JOJI2KCH ObITh He MeHee 90°. Fa6apHTHa$[ SPKOCTh HC NOJDKHA MNPCBBIMIATH

to lasers with a wavelength of 200 nm to 3000 nm. All lamps and lamp systems
are divided into three groups according to the degree of risk: small, moderate
and large. Sources of light with a correlated color temperature below 4000 K are
classified as a low risk group.

Risk assessment technique is based on physical measurements of the light flux at
a distance of 200 mm from the radiating element with exposure from 0.25 to
10,000 seconds. The risk of visual organ damage is determined for casual direct
look at the radiant that is for unnatural conditions. This does not take into
account the transformation (including on the spectral distribution) of the light
beam by the various optical elements of a luminarie and reflecting surfaces.
With respect to the biological effect itself, the standard allows for rather vague
formulations, for example: “A light chemical reaction is the beginning of a chain
of biological reactions concentrating in the epithelium of the retinal pigment.
Details are not clear.”

SanPiN 2.2.4.3359-16 [17] allows the use for artificial illumination (general,
local, and combined) gas discharge lamps, LEDs, incandescent lamps. It is
stipulated that the illuminants created using new technologies require the
sanitary-epidemiological examination before using them in artificial lighting
systems. At the same time, there are no references to documents establishing the
procedure for examination.

The only document that contains restrictions on biologically significant
parameters of diode radiation is the letter of Rospotrebnadzor dated 01.10.2012
[18]. The basis for recommendations on LED lighting implementation was the
above results of tests performed in the Research Institute of Hygiene and Health
of Children and Adolescents of the RAMS. The recommended conditional

protective angle of the luminaries must be at least 90°. The overall brightness
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5000 km/M”. 3ampeIeHo HCIIOTb30BATh CBETHIBHHK C OTKPBHITBIMH CBETOXHOAAMH IS OOIIEro
OCBEILIEHUS TNoMelleHn. [lomycTiMas HEpaBHOMEPHOCTh SPKOCTH BBIXOJHOTO OTBEPCTHUS
cBeTHIbHUKOB Lmax:Lmin momkna coctaBnsath He Oozee 5:1. LiBeroBas KoppenupoBaHHAs
TeMIIeparypa cBeToJHOA0B 0esioro cBeTa He JoJrKHa mpeBbimats 4000°K.

Takum 00pa3oM, HU pe3yNbTaThl HAYYHBIX WCCIIEIOBAHWH, HU IEHCTBYIOIIME HOPMAaTHBHBIC
JOKYMEHTBHI HE BHOCSAT SCHOCTH B IpoOJieMy T'MTHEHHYECKOH perjiaMeHTallid U CaHUTapHO-
SMHUAEMUOIOTHYECKON SKCIEPTU3bI AUOAHBIX UCTOUHUKOB CBETa. TeM HE MEHee, STOT KJIAcc
CBETOU3ITYYAIOMINX MPHUOOPOB MIMPOKO BHEAPSETCS B CUCTEMBI IPOMBIIIJIEHHOTO, 0(UCHOTO 1
OBITOBOTO OCBEIEHHS, a TAaKKe Ha TPAHCIOPTE, B TOM 4YHcIe MOPCKOM. [IpoBoammuch
SKCHEPUMEHTHl C YCTAHOBKOW JAMOIHBIX CBETHJIPHUKOB Ha OOHMTAaeMBIX KOCMHYECKHX
crannusx [19, 20].

C 2005 r. nnomHbBIC CBETHIHHUKH yCTaHABIHMBAIOTCA Ha kopadisix BMC CIIA [21]. ITepBoe
[IOKOJIGHUE AMOJHBIX JIaMII IO (pOpMe KOIMPOBAJIO JIIOMUHECLIEHTHBIC. B npo3pauHoil TpyOke
a KOHTAaKThI

pasMeliajiacb AUOJHas JICHTa, TaM XK€ MOHTUPOBAJICA 010K IIUTaHUA,

COOTBCTCTBOBAIN KOHTaKTaM JIIOMHUHCCIHCHTHBIX J1aMiIl, qTo IIO3BOJIMJIIO 6I>ICTpO

MOJCPHHU3UPOBATh BHYTPHUKOPAOEITbHBIE CHCTEMbI OCBEIICHHUI. B manbHeeM KopaOenbHbIe
IAOMNHBIC CBETWIBHUKH JUISI OOINETr0 OCBEIICHUS JBAXKABI MOJCPHU3HPOBAIHCH, a
MPUKPOBATHBIE C PETYJUPYEMOWM SAPKOCTHIO M LIBETOBOM TeMIIEpaTypod MPOXOIUIN
pacIupeHHbIe UCTIBITaHus [22].

Ha xopabnsx BM® Poccun nuomHbIe UCTOYHHKH CBETa yCTAHABIMBAIOTCSI B HEOOMTAEMBIX
MEPUOANYECKU TOcemaemMbix momenieHusix ¢ 2007 r. Jus pacmmpeHus o0iacté wx
MPUMEHEHUS], BKJIOYasl TIOMEIICHUS C MOCTOSHHBIM MPEOBIBAHUEM DSKHUIAXKa, HEOAHOKPATHO
IJIAHUPOBANIUCH CTeHAOBbIe wucnbIiTaHus. B 2016 r. HavanbHUKOM [7aBHOTO BOEHHO-
MEIUIIMHCKOTO ynpaBieHuss MUHOOOpOHbI PD ObLIM yTBEPKIEHBI METOAUYCCKUE yKa3aHUS
[0 OpraHU3allMd U METOJaM HCCJIEIOBAaHUS BIUSHUA CBETOJUOJHBIX HCTOUYHHMKOB CBETa Ha
(YHKIIMOHAIBHOE  COCTOSHHUE  KOpaOelbHBIX OnHako

CIICOaJInCTOB. HHUIaTuBa

should not exceed 5000 cd/m”. It is forbidden to use a luminarie with open LEDs
for general lighting of the facilities. The permissible unevenness of the
brightness of the outlet of Lmax:Lmin luminaries should not be more than 5:1.
The color correlated temperature of white LEDs should not exceed 4000° K.

As can be seen from the above, neither the scientific research results nor the
effective regulatory documents clarify the problem of the hygienic rating and
sanitary-epidemiological examination of the diode illuminants. Nevertheless,
this class of light-emitting devices is widely introduced into industrial, office
and household lighting systems, as well as in transport, including maritime.
Experiments were carried out by installing the diode luminaries on manned
space stations [19, 20].

Since 2005, the light-emitting diode lamps have been installed at the ships of the
US Navy [21]. The diode lamps in their first generation were identical in form to
the cold light lamps. A diode tape was placed in a transparent tube, the power
unit was mounted in the same place, and the contacts corresponded to the
contacts of the fluorescent lamps, which made it possible to quickly upgrade the
in-ship lighting systems. Subsequently, the LED lamps for general lighting the
ship facilities were upgraded twice, and the bedside ones with adjustable
brightness and color temperature underwent extensive tests [22].

In the facilities uninhabited but periodically visited at the ships of the Russian
Navy, the diode illuminants have been installing since 2007. To extend the
scope of their application, including the facilities in which the crew stays
permanently, bench tests were repeatedly planned. In 2016, the chief of the Main
Military Medical Directorate of the Ministry of Defense of the Russian
Federation approved methodological guidelines for getting arrangements and

elaborating the techniques for diagnostics of influence of the LED illuminants
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MEIUIIMHCKOW cIy’)kOpi BM® He modydmiia TOJDKHOM TIOMIEPKKH B CTPYKTypax

Muno6oponsl P®, 0TBeTCTBEHHBIX 32 (PMHAHCHPOBAHUE HAYYHBIX HCCIIEIOBAHHM.

B crnoxuBmMXCA YCIOBUSX AKTUBHOI'O MPOJBUKEHHUSI HOBBIX CBETOTEXHUYECKUX CHCTEM
CYIIECTBYET BEPOSITHOCTh MPEBEHTUBHOTO BHEAPEHUS HA KOPAOJIU TUOIHBIX CBETHIILHUKOB,
HE MPOMISANINX UCTIBITAHUN Ha (POTOOMOIIOTHUYECKYIO O€30IMacHOCTh U JIOJDKHBIM 00pa3oM He
ceprudunmpoBaHHbIX. ONTUMAIBHBIM BBIXOJIOM W3 CJIOKHBIIEHCS CHUTyalldd MOXET OBITh
(hopMUpOBaHHE KOMIUIEKCHBIX MEAMKO-TEXHUYECKHX TpeOoBanmii BM® k auomHBEIM
CBETWJIBHUKAM JUTsI KOpaOEIbHBIX IMOMEIICHUH Ha OCHOBE aHajW3a CTaHJApTOB, CAHUTAPHBIX
MpaBUJI U PE3yJbTATOB HCIBITAHWH, BBITTOJIHCHHBIX HAYYHBIMH YUIPEKIACHUSIMHU Pa3IHIHON
BEIIOMCTBEHHON TPUHAIICKHOCTH. V37I0KEHHBIC BBINMIC CBEACHHUS ITO3BOJISIOT BBIICIHUTH
CBETOTEXHUYCCKHIE XapaKTePUCTHKH, TONISKAIINE TUTHCHUYSCKON peTJaMeHTAITNH, a TaKKe
HX KOJIMYECTBECHHBIE TTapaMEeTPBI.

HanGonpmass ruruneHudeckas 3HAYAMOCTh NPHHAMICKHUT KOPPETHPOBAHHON ITBETOBOM
temmepatype (T.), Kak BeTU4HHE, ONMpEAeMIonell CIEKTPaTbHOS PACIPEICICHIE H3TYICHIS
CTaHJAPTHBIX MCTOYHHUKOB C CHHHMH JHOJAMH W JKCJITHIM JIIOMHHOGOpOM. T, IHOIHBIX
CBETHJILHUKOB JIJIs1 oOecriedeHusT 00MmIero OCBEMICHUS KOMaHIHBIX ITYHKTOB, OOCBBIX MTOCTOB,
OOIIIECTBEHHBIX, CAHUTAPHO-OBITOBBIX, MEAWIMHCKAX IOMCIICHHHA, a TaKXe KOPHIOPOB H
BCIIOMOTATENbHBIX MOMelleH He pomkHa mnpesbimath 4000 K; cBeTWIBHHKOB i
obecrieyeHns1 OOILIETO OCBELICHMS JKWIBIX TOMeEIIeHWH (kaloT U KyOpukos) — 3000 K;
NPUKPOBaTHBIX cBeTWIbHUKOB — 2700 K. HWuHpmekc useromepenayud My BCEX THUIIOB
CBETWJIBHUKOB JIOJDKEH ObITh He MeHee 80 eIMHUII. Y CJIOBHBIN 3aIUTHBIA YTOJl CBETHIILHUKOB
nobkeH ObiTh He MeHee 90°. ['abapuTHas SAPKOCTh CBETHJIHHHKOB HE JIOJDKHA MPEBHIIIATH
5000 xx/M°. CBETHIBHHKM JOKHBI HMETh B CBOEM COCTaBe d(D(EKTHBHBIC PACCEMBATEIH,
CHIWKAWIIUE TabapuTHYK SPKOCTH  JI0 3HAYCHUH.

BBIIIICYKAa3aHHBIX I[OHyCTI/IMaH

on the ship crew functional conditions. However, this initiative of the medical
service of the Navy has not received adequate support in the structures of the
Ministry of Defense of the Russian Federation responsible for funding scientific
research.

In the existing conditions of an active promotion of new lighting equipment,
there is a chance on preventive adoption of the LED lamps at the ships that have
not undergone tests for photobiological safety and are not properly certified. The
optimal way out of this situation can be making a definition for integral system
of medical and technical requirements of the Navy regarding the LED lamps for
the ship facilities on the basis of analysis of the standards, health regulations,
and results of the tests carried out by scientific institutions of various
departmental affiliations. The information given above makes it possible to
distinguish the illuminating characteristics subjected to hygienic rating, as well
as their quantitative parameters.

The most important hygienic significance belongs to the correlated color
temperature (T.), as the value determining the spectral distribution of radiation
from standard sources with blue diodes and a yellow phosphor. T, of LCD lamp
for providing general illumination at command posts, combat posts, public
rooms, sanitary and amenity facilities, and medical locations, as well as
corridors and auxiliary rooms should not exceed 4000 K; T, of LCD lamp for
providing general illumination at the accommodation facilities (staterooms and
crew quarters) - 3000 K; T, of bedside lamps - 2700 K. The color rendering
index for a LCD lamp of any type should not be less than 80. The conditional
protective angle of a LCD lamp must be at least 90°. The overall brightness of a
lighting fitting should not exceed 5000 cd/m”. A lighting fitting should contain

an effective scatterer, reducing the overall brightness to the above value. The
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HEPaBHOMEPHOCTh SPKOCTH CBETHIHLHMKOB Lmax:Lmin momkHA COCTaBIATH HE Oomee 5:1.
JlomycTrMble 3HaueHWs TOKa3aTellss JAUCKOMGOpTa, TOKa3aTels OCICIICHHOCTH u
KO3 (UIMEHTa  IMyJbCAIlMM JIOJDKHBI COOTBETCTBOBATh PETJIAMEHTY, YCTaHOBJIICHHOMY
JEHCTBYIONUMH CaHUTApHBIMH TIpaBWiIaMHu. OCBETHUTEIbHBIC YCTAHOBKH, HE3aBHCHMO OT
WCTIONb3YEMBIX HCTOYHHKOB CBETAa U CBETOBBIX TNPUOOPOB, JIOJDKHBI 00ECIEUHBATH
HOpMaTHBHBIC TpeOoBaHuss BM® Kk 001ieMy 1 MECTHOMY HCKYCCTBEHHOMY OCBEIICHUIO.

CrnenyeT 0co00 MOMAYEPKHYTH, YTO MPHUBEICHHBIA 3/16Ch TMTHEHUYCCKUHA PETTIAMEHT JOJKHBI
pacIlCHHBAThCS KaK BPEMEHHBIC BCICJICTBUE TPOJOJDKAIONICTOCS HAyYHOTO TIIOMCKa B
Pa3IMYHBIX O0NACTAX 3HAHWN C MOCIEAYIONICH KOPPEKTUPOBKOW cTaHmapToB. Ha ocHoBe
MOCTIKCHUA (PU3UKA MEHSIOTCS COCTaB MATEPHAIOB M KOHCTPYKIMS H3ITyYaroluX

3JIEMEHTOB, YTO CYIIIECTBEHHO MOAUMDUIIUPYET CIIEKTP CBETOBOrO IMOTOKA (puc.2).

Texnonorus FT Texnonorus ynanensoro Texnonorus TRI-R
komnanuu Cree JoMHHO(popa
1 11 11
0,8 0,8 1 0,8 1
0,6 0,6 1 0,6 1
04 04 1 04 1
0,2 0,2 1 0,2 1
0 ) T 0 T
400 500 600 700 400 500 600 700 400 500 600 700

Puc.2. Pacnpenenenne OTHOCHTEIHLHOM CIIEKTPATBLHOM INTIOTHOCTH

HU3JIYUYCHHA NCPCIICKTUBHBIX JUOJAHBIX HCTOUYHHUKOB CBCTAa

ITo ropu3oHTaNBEHON OCH — IJIMHA BOJIHEI, HM

permissible luminance variance of a lighting fitting, L., : Lun, should not
exceed 5: 1. The permissible indexes of discomfort, blindness ripple must
comply with the regulations established by the effective sanitary rules. Lighting
installations, regardless of the light sources and lighting fixtures used, should
ensure the Navy’s regulatory requirements for general and local artificial
lighting.

It should be emphasized that the hygienic regulations listed here should be
regarded as temporary due to the ongoing scientific search in various fields of
knowledge with subsequent correction of the standards. Based on the
achievements in physics, the composition of materials and the design of

radiating elements change, which substantially modifies the spectrum of the

light flux (Fig. 2).
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Texuomorust FT kommanuu Cree
TexHosoTHA yIaNEHHOTO TFOMUHO(DOPa

Texnonorusa TRI-3R

HaunOonee OnarompusTHBIM AJisi OpraHa 3peHHS W OpPraHu3Ma B LEJIOM SIBJSIETCSl CIIEKTP
n3nydeHusi ucrounuka no texuosorun TRI-R, co3mannoro B fAmonum xommanueit Toshiba
Material Co., LTD. KoncrpyktuBHoii ocHoBoii TRI-R sBmisiercss kpuctamia (HOIETOBOrO
cBeueHns (420 HM), Ha KOTOPBIH MMOCIIECOBATEIPHO HAHECCHBI CHHUM, 3€JICHBIA M KPACHBIN
momuHOQoOpel. [logoOHass koMmOMHALUS (QUONETOBBIX KPUCTAIIOB M JIOMHHO(OPOB
MO3BOJISIET CHHTE3MPOBATH CBETOAMOIBI CO CIEKTpaMH, OJM3KUMH K CIIEKTPY COJIHEYHOTO
cBeTa C PAa3IMYHON I[BETOBOM TEMIIEPAaTypoi, U TaKuM 0Opa3oM YCTPaHHUTh HEIOCTATKH,
CBOIICTBEHHbIE THIIOBBIM W HamOOJee pacipOCTPAaHEHHBIM CBETOAMOAAM (CHHHUM KPHCTAaI,
MOKPBITBIN JKEJNTHIM JIIOMUHOPOPOM).

Jlpyroe TmepCcrneKTUBHOE HaINpaBJICHUE CO3JaHus 370POBOM CBETOBOM CpENbl CBSA3AHO C
HOBBIMH TE€XHOJIOTHSIMH OCBEIEHHS, Oa3UPYIOIIUMHUCS Ha JUOJHBIX NCTOYHHUKAX, MEHSIOINX
SPKOCTh M CHEKTp B TEUEHHE CYTOK: OoJiee TEIIBIE TOHA — YTPOM M BedepoMm, a Ooiee
XOJIOJHBIE — B cepeaune aus [23]. JlaHHOe TeXHUYECKOE PEIICHHE MOYKET ObITh ONTUMAIbHBIM
JUIS.  TIOBCETHCBHBIX OBITOBBIX YCJIOBHM, JJIi MEAUIUHCKHX YUPSKICHUNH WU IS
KOCMHYECKHX CTAHIMHA, OJHAKO HeleIecooOpa3Ho sl KOpaOeldbHOW cpeibl OOWTaHWS C
IIOCMEHHBIM HECEHHMEM BaxThl, 3a HCKIIOUCHHEM WHAUBUAYAJIbHBIX MPUKPOBATHBIX
CBETWJIBHUKOB.

CoBpeMeHHBIC MPEACTABICHUS 00 OMACHOCTH AUOJHBIX OCBETUTEIBHBIX MPHUOOPOB CBA3AHBI C
HEONarompusaTHEIM BO3JCHCTBHEM Y3KOM IOJIOCHI CHHETO CBeTa M HE TNPHHUMAIOT BO
BHUMaHuEe Owuonoruueckue 3((EKTel OT APYrHX COCTaBISIIOIIUMX BHIAMMOTO CIIEKTpA.

IIcuxonorudeckoe u (1)I/I3I/IOHOFI/IIICCKOC BIMAHHUC KOMIIOHCHTOB HBCTOBOﬁ TraMMBbI HU3BCCTHO

naBHO [24]. OmHaKo B MOCIEIHHUE TOJbl HMEHHO B CBSI3U C IOSBIICHHUEM CBETOJHOIOB, Kak

Texnoxorus FT TexHonorns ynaennoro Texunonorns TRI-R
komnanuu Cree JoMHHOBOpPa
1 1 17
08 0,8 0,8 1
0,6 0,6 0,6 1
04 0,4 0,4 1
0,2 0,2 0,2 1
400 500 600 700 400 500 600 700 400 500 600 700

Fig.2. Distribution of the relative spectral radiation density of
promising diode illuminants
On the horizontal axis - wavelength, nm

The most favorable for a visual organ and the body as a whole is the emission
spectrum from the light source using TRI-R technology, created in Japan by
Toshiba Material Co., LTD. The structural basis of TRI-R is a crystal of violet
glow (420 nm), on which blue, green, and red coating phosphors are
successively applied. Such combination of violet crystals and phosphors allows
synthesizing the LEDs having spectra close to spectrum of sunlight with
different color temperature, and in such a manner eliminate the drawbacks
typical of the typical and most common LEDs (a blue crystal coated with a
yellow phosphor).

Another promising direction for creating a healthy light environment is
associated with new lighting technologies based on diode illuminants that
change the brightness and spectrum during the day: warmer tones in the morning

and in the evening, and colder ones in the middle of the day [23]. This technical
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HUCTOYHUKOB HCEKOTCPCHTHOI'O MOHOXPOMATUYCCKOI'0 M3JIY4C€HHS, CYIICCTBEHHO BO3pOCia
HMHTCHCHUBHOCTDH KaK (byH,Z[aMeHTaJ'H:HBIX, TaK U NPUKIAJHBIX I/ICCJ'IC,Z[OBaHI/If/’I B (1)0T06I/IOJ'IOFI/II/I.
Ilo MCPC HAKOIUICHHUA I/IH(l)OpMaLII/II/I 0 ﬂCﬁCTBHH CBCTA Ha OpraHu3M 4YCJIOBCKa 6y£[yT
HU3MCHSATHCA TCOPCTUYCCKUC MTPCACTABIICHUA O POJIX OTACIBHBIX CIICKTPAJIbHBIX KOMIIOHCHTOB
B €ro XU3BHCACATCIIBHOCTHU. CHCLII/IaJ'II/ICTaM B oOmacTu MOpCKOfI MEAUIIMHBI HCO6XOI[I/IMO

MOCTOAHHO MOHUTOPHUPOBATL 3Ty AOWUHAMUKY C ICJbIO CBOCBpeMCHHOﬁ KOppCKIHHN

TUTUCHUYCCKOI'O pCTriIaMCHTAa OIITHYCCKOI CpcablL KOpa6€J’IBHBIX HOMCH.[CHI/If/’I.
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solution can be the optimal for everyday living conditions, for medical
institutions or for space platforms, but it seems inappropriate for a ship’s habitat
with shifting watch, except for individual bedside lamps.

Modern ideas about the dangers of diode lighting devices are associated with the
adverse effect of a narrow band of blue light and do not take into account
biological effects from other components of the visible spectrum. The
psychological and physiological effects of color-gamut components have been
known for a long time [24]. However, in recent years, precisely because of the
appearance of LEDs as the sources of incoherent monochromatic radiation, the
intensity of both fundamental and applied research in photobiology has
significantly increased. As information about the effect of light to the human
body accumulates, the theoretical ideas about the role of individual spectral
components in its vital activity will change. Naval medicine professionals
should monitor this dynamic constantly with a view to timely correcting the
hygienic regulations of the optical environment of ship spaces.
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