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Abstract. The article discusses the influence of light pulsation on the physiological state of humans and
birds, some aspects of its occurrence, the main characteristics and the alleged role in the deterioration of
chickens’ zootechnical indicators under the conditions of using light sources with light flux pulsations of
different frequencies. The current state of lighting equipment in poultry farming is characterized by the
rapid development of technologies and the active introduction of LED lighting. Having undeniable
advantages, LED lighting systems have some technical features that are currently insufficiently studied and
can affect the zootechnical indicators of poultry. A clear definition of the threshold values of the
characteristics of the pulsation of illumination in the poultry house will make it possible to produce lighting
equipment for poultry farming with a safe value of the pulsations of the luminous flux of light sources in
their composition. The analysis of numerous literature sources has shown that the influence of light
pulsation on the physiological state of humans and zootechnical indicators in birds is associated with a
complex effect, depending on such characteristics as the depth and frequency of the pulsation of the light
flux of light sources. Despite some differences in the values of the threshold impact of light pulsation, the
nature of its impact is similar in humans and birds, which allows us to develop and apply targeted measures
to reduce the impact of light pulsation on poultry and the deterioration of its zootechnical indicators.

1 Introduction

Currently, LED lighting is widely used in the Russian
poultry industry, successfully replacing incandescent
lamps and fluorescent light sources, having absolute
advantages in improving the energy efficiency of
lighting, improving the uniformity and creating the same
light microclimate for the entire poultry population, as
well as in choosing the color temperature (wavelength)
of light sources [1-5]. However, the condition for
effective control of the light flux and other
characteristics of LED light sources is the use of pulse-
width modulation (PWM) of their supply voltage, which
is characterized by a maximum ripple coefficient of
100% and a frequency of amplitude changes from
several hundred Hz to several kHz [6]. For incandescent
lamps and fluorescent light sources that are out of
circulation but are still used in poultry houses, the ripple
of the luminous flux reaches a ripple coefficient of 50 %
with a frequency from 100 Hz to several hundred kHz
[7]. In the poultry houses where these light sources are
used, the chicken and the person who maintains the
equipment and ensures its vital activity are in the same
light microclimate. Therefore, the influence of lighting
characteristics, including light pulsation, on poultry
enterprises should be considered not only from the point
of view of zootechnical indicators of poultry, but also of
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employees who spend a large amount of time inside the
poultry house.

The aim of this work was to generalize and analyze
the current available scientific knowledge about the
influence of light pulsation on birds and their
characteristics, which lead to a deterioration in
zootechnical indicators, and which can form a
conceptual basis for our understanding of the
mechanisms associated with this phenomenon.

The effect of light pulsation is best studied on a
person, which is quite natural due to the accumulated
knowledge about the structure of their own body,
biological and physiological processes, as well as the
ability to obtain information about the impact not only
with the help of devices, but also directly from the
subject.

The effect of light pulsation on poultry is much less
studied, but the current development of poultry farming
requires an intensive increase in poultry productivity,
and such lighting characteristics are becoming an
important element of the overall system of efficiency of
poultry farms. The most rational way to determine the
threshold values of the light pulsation parameters for a
bird is to conduct studies based on its behavioral
reactions at different values of flickering lighting, as
well as on its direct impact on zootechnical indicators.
The analysis of the obtained results should be carried out
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in comparison with the well-known influence of this
factor on humans, taking into account the peculiarities of
the bird's visual system.

It is believed that the pulsation of illumination by a
person can be consciously recorded up to a certain
frequency, which is called the critical frequency of the
merger of light flashes (KCHSSM). According to some
works [8, 9], its value is in the range from 60 to 100 Hz,
and the specific value of the CCSSM is individual for
each person. Light pulsations below this frequency can
cause pronounced negative effects — malaise, impaired
coordination and sleep, headaches, epileptic seizures,
etc. Especially dangerous are the pulsation frequencies
below 25 Hz, which coincide with the alpha and theta
rhythms of the human brain [10, 11].

Pulsations at frequencies higher than KCHSSM are
not visible, are not fixed in consciousness, but can have a
negative impact, the principle of which is of the
following nature [12-14]:

1) When looking at objects, the eyes constantly make
extremely small and very fast movements, called
saccades (from an old French word translated as "the
clap of a sail"). The pulsation of illumination leads to the
fact that the saccades are lost, their number increases, a
person sees an intermittent trail of phantoms of
illuminated objects. This causes overexertion of the eye
muscles and disrupts the normal functioning of the brain.

2) The light reflected from the object under
consideration hits the retina, which sends electrical
signals to the brain. If the light turns out to be pulsing,
the spectrum of the generated signals changes, which
disrupts the normal electrical activity of the brain. This
causes fatigue and reduces concentration.

Light with high-frequency pulsations is detected by
human visual receptors. At the same time, it is not
processed as visual information, but directly affects the
suprachiasmatic cells, the parventricular nuclei of the
hypothalamus and the pineal gland. In turn, this directly
affects a person's hormonal background, circadian
rhythms, and related emotional well-being, performance,
and fatigue [15].

The value of the light pulsation frequency, at which
there are no negative consequences for a person, has
different values in different studies. In one of the sources
[16], the threshold is a frequency of 300 Hz, above
which any depth of illumination ripple is allowed, and
the recommendation of the Institute of Electrical and
Electronics Engineers IEEE PAR 1789 calculates the
value of the critical frequency of illumination ripple
(CEP) equal to 5.4 kHz, above which comfortable
lighting for a person will be guaranteed.

There are studies that allow us to compare the
reaction of a human and a chicken to the same effects of
a light stimulus with different frequency and depth of
flickering [17]. It is reported [18, 19] about the
psychophysical operational study of the sensitivity of
chickens to flickering, it is proposed to improve the
model of human sensitivity, which allows it to be
consistent with the data of observations of chicken. Also,
for comparison, data on human sensitivity to flickering,
collected under the same light stimulus as in chickens,
are presented. In humans, the sensitivity to photopic

flicker, as a function of its limiting modulation depth,
shows a high-and low-frequency drop in the sensitivity
level, reaching a maximum in the region of 10-15 Hz
[20, 21]. Two important processes that occur in the
retina of the eye are included in the determination of
sensitivity to light pulsation in humans. The first process,
which performs the function of a low-pass filter,
involves signal processing. During this processing, the
photoreceptors act as the main elements. The second
process, which acts as a high-pass filter, consists of
inhibitory feedback, formed mainly from the connections
of the horizontal cell and the amacrine cell in the inner
and outer layers of the retina.

This inhibitory process is also responsible for the
effect of brightness differences [22, 23]. The flicker
sensitivity characteristic of each filter in a quantitative
ratio can be described by the corresponding modulation
transfer function (FPM). Early mathematical studies of
flicker sensitivity demonstrate that FPM data is
transmitted in cascades in order to reveal a person's
perception of flicker over a huge range of different
stimulus configurations. More recent studies of human
sensitivity to flicker have led to a method of modeling
FPM, including internal noise of sensorineural origin,
the response to a signal detection filter located in the
brain, as well as external noise of the stimulus itself.

In the course of the study, thirteen 8-month-old
laying hens were placed under incandescent lamps in the
conditions of natural day and night change (12T:12C)
with illumination in the range from 5 to 50 lux. Before
that, the chickens were raised under natural light in a
special fenced area and in the open air. 12 volunteers
were also selected, including women and men with
normal vision aged 20 to 30 years. This age group was
chosen in order to reduce the stated influence of age on
the sensitivity to light pulsation [24].

The sensitivity of the bird to light flicker was
determined in a range of stimulus brightness levels and
compared directly with the level of human sensitivity to
light flicker, measured under the same conditions. It was
found that at five brightness levels (10, 100, 200, 500
and 1000 candelas per square meter), the overall
sensitivity of the bird to light pulsations is higher than
that of a human, including high frequencies. The highest
level of frequency tuning was found in the reaction of
chickens. The critical CPSCM index in chickens (39.2,
54.0, 54.0, 57.4, and 71.5 Hz) was on average higher
than the level of similar indicators in humans (40.8, 50.4,
53.3, 58.2, and 57.4 Hz) under conditions of increasing
light stimulus brightness. The visual system of chickens
demonstrates faster signal processing compared to
humans.

Bird vision is different from human vision and is
more developed in some aspects. On the one hand,
humans have trichromatic color vision, which includes
three types of photoreceptor cones in the retina with
maximum absorption (Amax) at 420 nm, 530 nm, and
560 nm. They are commonly called cones that are
sensitive to the blue, green and red parts of the spectrum.
On the other hand, birds have four special types of single
and double cones [25]. An additional type of single
cones in the bird's retina, which is involved in color
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vision, makes the bird's vision tetrachromatic, that is,
theoretically, it can distinguish twice as many colors as a
human [26, 27]. The fourth type of single cones can be
sensitive to the ultraviolet and violet parts of the
spectrum [28], and birds with each of these types of
cones are classified as individuals sensitive to the
ultraviolet [29] or to the violet part of the spectrum [30,
31], respectively. In both cases, sensitivity refers to short
waves and allows birds to see in the region close to the
ultraviolet spectrum, in the part that is invisible to
humans. Birds use UV vision to make decisions about
choosing a mate [32] and to search for food. In addition
to the difference in color perception, birds showed the
detection of flickering light at higher frequencies than in
humans [33], and also showed a faster response to visual
stimuli [34], due to a shorter pathway of the nervous
system.

The interest in the sensitivity of the chicken to
flickering light arises from a person's concern about the
quality of life of poultry. Fluorescent lamps produce
flickering light at 100 or 120 Hz. If flickering is detected
by a bird, it can create discomfort and increase stress.
There are opposite results on the question of the bird's
perception of lighting from a fluorescent lamp as
flickering. In [35], we measured the critical frequency of
flicker fusion and assumed that a flicker of 100 Hz is not
perceived by a chicken, and in another source [36], the
illumination and modulation coefficient of fluorescent
light sources do not seem sufficient to perceive flicker,
even at high brightness. The results obtained by
extrapolating the function of the critical frequency of
light pulsation fusion indicate that the chicken can
perceive light from low-frequency fluorescent lamps as
flickering. The results of the study [37] seem to be based
on the conclusions that broilers exposed to low-
frequency light showed less physical activity.

Measurements of the critical light pulsation
frequency in white laying hens were carried out using
LED light of four different radiation spectra (white,
white with the addition of the ultraviolet range (UV),
yellow (590 nm) and only the ultraviolet range (UV)
with a wavelength of 400 nm), at four levels of light
intensity [38]. The light intensity levels (290, 174, 86,
and 43 candelas per m2) were adapted to the relative
sensitivity of the domestic chicken eye cones to achieve
equally active stimuli for different spectra. The results
show significantly higher CCSSM values for white light
with ultraviolet (74, 65, 57, and 47 Hz) compared to just
white light (63, 57, 50, and 45 Hz), to relatively high
critical light ripple frequencies (76, 70, 60, and 58 Hz)
for yellow and (83, 75, 65, and 55 Hz) for pure UV light.
The results for white light with ultraviolet compared to
white light showed that, despite raising a chicken in
artificial lighting conditions, its visual system responds
better to the light conditions to which they were initially
adapted in the external environment. In addition, there is
reason to believe that the presence of UV light, used to
find a partner and food, may also be an important
condition for visual functions, such as sensitivity to light
fluctuations.

2 Conclusion

Thus, the analysis of available literature sources shows
that the impact of light pulsations on the bird in the
conditions of artificial lighting of poultry houses is
diverse and can affect its zootechnical indicators.
Domestic chicken quite often acts as a model organism
in various biomedical, physiological and behavioral
experiments, and its visual system is sufficiently studied.
Studies of determination the critical frequencies of light
pulsation fusion for chickens are based on the analysis of
the behavioral response of chickens and adults and make
it possible to compare the results with the response to a
similar effect for humans. The development of modern
artificial lighting systems in poultry farming makes it
possible to produce them with parameters that reduce the
negative impact of light pulsations on the economy of
the farm to a safe level.
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Almomauu;l: B crathe pacCMaTpuBArOTCsA BIIMAHUC ITYJIbCAllMK OCBCIICHHOCTHU
Ha (1)I/I3I/IOJ'IOFI/I‘—ICCKOC COCTOSAHHUC HYCJIOBCKAa MW IITHIIbI, HCKOTOPBIC AaACIICKTbI €C
BO3HHKHOBCHUS, OCHOBHBIC XapPadKTCPUCTUKM MW IIPCAIIOIaracMyro poJjib B
YXYAICHUHU 300TCXHUYCCKUX ToKa3aTenei Y Kypull B YCJIOBHAX HCIIOJIB30BaAHUA
HCTOYHUKOB CBCTa C IIyJbCallUsIMH CBCTOBOI'O IIOTOKa pa:manoﬁ HaCTOThI.
COBpeMeHHOG COCTOsSHHEC OCBCTHUTCIBHOI'O O60py,Z[0BaHI/I}I B ITHOCBOACTBC
XapaKTCPpU3yCTCA CTPECMUTCIIbHBIM  PAa3BUTUCM TEXHOJIOTHH u AKTUBHBIM
BHCAPCHUCM CBCTOAHNOAHOTI'O OCBCIICHUA. O6J1az[a$1 HCOCIIOPUMBIMHA
MpCuMyIIcCTBaMu, CBCTOAUMOAHBIC CHCTCMbI OCBCHICHHUSA HMCHOT HCKOTOPLIC
TCXHHUYCCKHUEC OCO6CHHOCTI/I, KOTOPBIC B HACTOAIICC BPEMA HEAOCTATOYHO M3YUCHBI U
MOI'YT BJIHATbL Ha 300TCXHHYCCKHC IIOKA3aTC/IM IITHUILI. Yetkoe OIIpCACIICHUC
IMOPOTOBBIX 3HAYCHUM XapaKTCPUCTUK ITYJIbCAIMHU OCBCIICHHOCTU B IITUYHHUKC OACT
BO3MOJKXHOCTb IIPOHU3BOAUTH OCBCTHUTCIBHOC O60py,Z[OBaHI/Ie 1 IITHOEBOACTBA C
0Oe30macHBIM 3HAUCHHUEM nynbcauﬂﬁ CBCTOBOI'O IIOTOKAa HCTOYHHKOB CBCTa B HX
cocTaBe. AHaaW3 MHOTOYHCICHHBIX JUTCPATYPHBIX HMCTOYHHMKOB IIOKa3all, 4TO
BJIMSIHUC ITYJIbCAIUN OCBCHICHHOCTHU Ha (I)I/IBI/IOJIOFI/I‘—ICCKOC COCTOAHUC YCIIOBCKA U
300TCXHUUYCCKUC TIIOKa3aTCin y NTUOBI CBA3aHO CO CJIIOKHBIM BOSJICI\/’ICTBI/IGM,
3aBUCAIIMM OT TaKHUX XapaKTCPHUCTHUK, KakK FJ'IY6I/IHa N 4YacCTOTa IIyJIbCalluu

CBCTOBOI'O ITIOTOKa HCTOYHHKOB CBCTA. HGCMOTpH Ha HCKOTOpPOC pa3jiniuc B
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3HAUCHHUAX IIOPOIrOBOIo BOBHGﬁCTBHﬂ myJbCalliku OCBCHICHHOCTH, IIPHUPOJa €€
BOSI[GfICTBHH CXOXa Yy YCIOBCKa M ITHIBI, YTO IIO3BOJISCT pa3pa60TaTL u
MPpUMCHATL HOCJIICHAIIPABJICHHBIC MCPBI II0 CHHJKCHHIO BIIMAHHA IIYJIbCAllUU
OCBCHICHHOCTH HA IITHUIY U YXYIHICHUC €C 300TCXHUICCKHUX roKazaresieu.
Knroueewie cnosa: ImyJbCanns OCBCUICHHOCTH, FJ'Iy6I/IHa M 9acCTOoTa ITyJIbCallhHu,
MCpHaHus  CBCTA, HNCKYCCTBCHHOC OCBCIICHUC IITUYHHUKOB, CBCTOIHUOJIHOC

OCBCIICHUC

BBenenue

B Hacrosmee BpemMs B NTHLEBOACTBE PoOCCMM MIMPOKO HMCHOJIB3YETCS
CBETOJIMOJHOE OCBEIIECHHE, YCHEINIHO 3aMEHsAd JIaMIbl HaKaJlWBaHUS U
JIOMUHECIICHTHBIE UCTOYHUKH CBETA, 00J1a7ast 0€3yCIOBHBIMU MTPEUMYIIIECTBAMU B
MOBBIIIEHUNU HHEPTOIDPEKTUBHOCTA OCBEIICHUS, YJIYYIICHUU PaBHOMEPHOCTH U
CO3JIaHUH OJIMHAKOBOI'O CBETOBOTO MUKPOKJIMMATA ISl BCETO MOTOJIOBbS NTHUIBI, a
TaKk)Xe B BBIOOPE IIBETOBOM TeMIepaTypbl (IJIMHBI BOJHBI) U3TyYEHUSI UCTOYHUKOB
ceta [1-5]. OnHako ycinoBreM 3(pPEKTHBHOTO YIIPABJICHUS CBETOBBIM IMIOTOKOM H
OPYTMMH  XapaKTepUCTUKAMH CBETOAUOJHBIX HMCTOYHHKOB CBETA SIBISETCA
WCTIOJB30BaHUE MIUPOTHO-UMITYIbCHON Moaynsiuu (LIIMM) ux mnuraromero
HaATNPSHKEHUS, JJIsT KOTOPOW XapaKTepeH MaKCUMAaJIbHbIN KO3(POUIIMEHT MyIbCcalluu
100 % u yacToTa N3MEHEHUST AMIUIMTY/IbI OT HECKOJIBKUX COTEH I 11 10 HECKOJIBKUX
k[t [6]. JIms BRIXOASIIMX M3 OOpAIleHMs, HO BCE €IIIe NCITOJIb3YyEMbIX B MITHYHUKAX
JaMIiaX HaKaJlWuBaHUS M JIIOMUHECUEHTHBIX HMCTOYHUKOB CBETa, IMYyJbCAllUH
CBETOBOTO IIOTOKA JOCTHTAlOT 3HaueHus kodddurmenta mynbcaruu 50 % ¢
gactotod oT 100 I'm mo Heckombkux coteH kl'1y [7]. B nTuuHuMkax, e
UCIIOB3YIOTCS. ITH MCTOYHUKHM CBETA, KypHIla M YEJIOBEK, OOCTYKHBAIOIIUN
obopynoBaHue u OOECHEUMBAIONIMN €€ JKU3HEICITEIBbHOCTh, HAXOAATCA B
OJIMHAKOBOM CBETOBOM MHKpokiumare. [loaToMy BIMSIHUE XapaKTEPUCTHUK
OCBCILEHUSI, B TOM YHUCJE W IyJbCallUM OCBEIICHHOCTH, Ha MTUIIEBOAYECKUX

NpCAIPpUATHUAX H606XOI[I/IMO paccMaTpuBaTb HC TOJIBKO C TOYKH 3PCHHA



300TEXHUYECKHUX IMOKa3aTelIeh I[ITUOBbI, HO U COTPYIHHUKOB, IIPOBOIAIINX 0obIIOE
KOJIMYCCTBO BPCMCHH BHYTPH IITHIHHKA.

He.]'lbl() H&CTOHHICI?I pa60T51 SABJIAJIOCH O606HICHI/IC N aHaJIn3 COBPCMCHHBIX
AOCTYIIHBIX HAYYHBIX 3HAaHUU O BJIHUSIHUM IIyJbCallii OCBCUICHHOCTHU Ha IITUIY U €C
XapaKTCPUCTUKH, IIpU KOTOPBIX Ha6moz[aeTc;1 YXyAICHUE 300TCXHHUYCCKHX
HOKaBaTeJ]Cﬁ, N YTO MOXKCT COCTABUTL KOHICITYAJIbBHYIO OCHOBY IJI HAIICTO

IIOHHMMAaHUs MCXaHU3MOB, CBA3aHHBIX C OTUM SABJICHHUCM.

BnusgHue mynbcanid OCBEIIEHHOCTH JIyYIlle BCEr0 M3Y4YEHO Ha 4eIOBEKeE,
YTO BIIOJIHE €CTECTBEHHO Oiarofaps HAKOIJICHHBIM 3HAHUSM O CTPOCHUU
COOCTBEHHOT0 OpraHu3Ma, OHOJIOTMYECKUX U (U3MOJIOTMUYECKUX Ipoleccax, a
TaK)K€ BO3MOXKHOCTU TOJNYYUTh HH(POPMAIUIO O BO3JICHCTBUU HE TOJBKO C
MOMOIIIBI0 IPUOOPOB, HO M HETTOCPEACTBEHHO OT UCIIBITYEMOTO.

BnusiHue mynbcanuy OCBEIIEHHOCTH Ha MTHUILY W3Y4YEHO TOPa3lo MEHBbIIE,
OJTHAKO COBPEMEHHOE pAa3BUTHE MTHUIIEBOJICTBA TpeOyeT HMHTEHCHUBHOTO pPOCTa
NPOJYKTUBHOCTU TMTUIBI W TaKUE XapaKTEPUCTHKU OCBEIIEHUS CTAHOBSTCS
BaYKHBIM 3JIEMEHTOM 00111el cucTeMbl 3(h(PEKTUBHOCTU MITUIIEBOAUYECKUX XO3SIMCTB.
Haubonee panvoHanbHBIM CHOCOOOM  ONpENENeHUsT MOPOrOBbIX 3HAYEHUU
napaMeTpoB MyJIbCALIMM OCBELIEHHOCTU JUIsl NTHUIIbI MPEACTABISAETCS MPOBEICHUE
WCCJICIOBAaHU, OCHOBAaHHBIX Ha €€ TMOBEACHUYECKUX PEaKIUAX TMPH Pa3HBIX
3HAYEHUSIX MEPLIAHUS OCBEILEHUS, a TAKXKe M0 €ro HEMOCPEACTBEHHOMY BIMSHHUIO
Ha  300T€XHUYECKHE  [OKa3aTeld. AHalu3  MOJYyYEHHBIX  PE3yJIbTaTOB
1enecoo0pa3Ho MPOBOJUTH B CPAaBHEHWH C JOCTATOYHO HM3BECTHBIM BIIUSHHUEM
TOro (hakTopa Ha 4YEJIOBEKa, YYUTHIBasE OCOOEHHOCTH 3PUTEIbHOW CHUCTEMBbI
IITUITBI.

CuuTaercs, 4TO MyJNbCALUS OCBEUICHHOCTH YEIIOBEKOM MOXKET OCO3HAHHO
¢ukcupoBaTbcs A0 OMNpENeNCHHOW YacTOThl, KOTOpas HOCUT Ha3BaHUE
KpUTHYECKass dYacToTa chusHusi cBeToBbix Menbkanuii (KYCCM). CornacHo

HEKOTOPBIM padoTam [8, 9] ee 3Hauenue Haxoautes B npeaenax oT 60 mo 100 I'm, a



koHKpeTHOe 3HaueHne KUCCM uMHIMBUAYAIBHO [UISi KaXJOTO YEJIOBEKA.
[lynbcanuu OCBEIIEHHOCTH HHUXKE 93TOM YacTOTHl CHOCOOHBI BBHI3BIBATH SIPKO
BBIPAKEHHbIEC HETaTUBHbBIE 3(PHEKThl — HEAOMOTaHUE, HAPYIIIEHUS KOOPAUHAIIUU U
CHa, TOJIOBHblE OOJM, SNWIENTUYECKUE NpUNAagKh U T.IM. OCOOEHHO OIacCHBI
4acTOThl Mmynbcanuii Hiwke 25 I, coBmagaromue ¢ anbpa— U TeTa—pUTMAMU
rOJI0BHOIO Mo3ra 4enoBeka [10, 11].

[Tynecaruu Ha uvactotax Bbiie KYCCM He BUAHBI, HE (QUKCHUPYIOTCS B
CO3HAHWH, HO MOTYT OKa3blBaTh HETATUBHOE BJIUSHHE, IPUHIUII KOTOPOTO UMEET
cienyoinyio npupoay [12—-14]:

1.) Ilpu paccmarpuBaHuK OOBEKTOB IJ1a3a MOCTOSIHHO COBEPIIAIOT KpaiiHe
Masble U OYEHb OBICTpBIC JBH)KEHHS, Ha3blBa€Mbl€ CakKalaMu (OT CTapUHHOTO
(GpaHITy3CKOTO CIIOBa, IMEPEBOJAMMOrO KakK «XJOMOK Tmapyca»). Ilymbcamms
OCBEIIEHHOCTH NPHUBOJUT K TOMY, YTO CaKKaJbl COMBAIOTCS, UX YHCIO PAaCTET,
YeJIOBEK BUJAWUT IMPEPHIBUCTBHIA clie[] U3 (PAHTOMOB OCBEIIEHHBIX OOBEKTOB. DTO
BBI3BIBAECT NEPEHANPSIKEHHUE TJIA3HBIX MBI U HAapyWIaeT HOPMAIbHYIO padoTy
MO3ra.

2.) OTpakeHHBII OT pPaccCMaTpUBAcMOr0 OOBEKTa CBET TIONagacT Ha
CETYATKy, DJIEKTPUUYECKUE CUTHAJIbI C KOTOPOMl HampamisitoTcs B Mo3r. Ecnu cBer
OKa3bIBACTCsl MyJIbCUPYIOIIMM, CIIEKTP C(HOPMUPOBAHHBIX CUTHAJIOB MEHSAETCS, YTO
HapyllaeT HOPMaJbHYIO BJEKTPUYECKYI0 AaKTUBHOCTh MO3ra. OTO BbI3bIBAET
YTOMJIEHUE U CHUKAET KOHIIEHTPALIMIO BHUMAHHS.

CBeT ¢ BBICOKOYACTOTHBIMH ITYJIbCALMAMHU JIETEKTUPYETCS 3PUTEIbHBIMU
peuentopamMu 4enoBeka. Ilpu 3ToM OH He 00palaThiBaeTCs Kak BHU3yajbHas
uHpopMalus, a HaOpsSAMYyIO BO3ICHCTBYEeT Ha CymnpaxuazMaTHUECKHE KIIETKH,
NapBEHTPUKYJIAPHBIE sipa TUNOTajJaMyca M IIMIIKOBUIHYIO jkene3y. B cBoro
ouepesib, 3TO HEMOCPEACTBEHHO BJIMSET HAa TOPMOHAJIBHBIM ()OH 4YelloBeKa, Ha
LIUPKaJHbIE PUTMBI M, CBSI3aHHBIE C HHUMH 3MOLHMOHAIBHOE CaMOYYBCTBHE,

paboTOCIOCOOHOCTh, yTOoMIIIeMocTh [15].



3HAYEHHUE YACTOTHI IyJIbCALMKU OCBELICHHOCTH, IIPU KOTOPOM HET HUKAKHUX
HETaTUBHBIX IOCJIEACTBUI /I YEIOBEKAa, B PAa3JUYHBIX HCCIIEIOBAHUSIX HMEET
pa3Hble 3Ha4eHus. B ogHOM 13 nctounukoB [16] moporom siisercst yacrora B 300
I'u, BbIIE KOTOpOU JomycTuMa Jiro0as IiyOMHa MyJibCallMM OCBELICHHOCTH, a B
PEKOMEHJAMN WHCTUTYTAa WHXXEHEPOB JIIEKTPOTEXHUKH U 2eKTpoHuku I[EEE
PAR 1789 npuBoguTcs pacdyeT 3HAYEHUsS KPUTUYECKOM 4YacCTOTHI ITyJbCalluU
ocsemenHoctu (KYIIO) paBnoit 5,4 kI'1, BbIlle KOTOPOil OyneT rapaHTHPOBAHO
KOM(OPTHOE OCBEIIECHUE JIs1 YETIOBEKA.

CymiecTByrOT HCCIEA0BaHMS, TO3BOJISIONIME CPABHUTD PEAKIUIO YEIOBEKA U
KypHILbl Ha OJJMHAKOBBIE BO3JIEHCTBUSA CBETOBOIO CTUMYJIA C PA3IMYHON YacCTOTON
u riyounorn Mepranmii [17]. Coo6Omaercs [18,19] o mncuxodusuueckom
ONEPAaTUBHOM  HCCIEAOBAaHUM  YYBCTBUTEIBHOCTH KYypUIl K  MEPIAHMIO,
MPEAJIaraeTcsi YCOBEPIICHCTBOBAHUE MOJIEIM YYBCTBUTEIBHOCTH 4YEJIOBEKA,
KOTOPOE MO3BOJIIET COIVIacoBaTh €€ C TaHHBIMU HaOM0eHul 3a Kypuleil. Takxke
JUISl CpaBHEHMsS] NPEJICTABIICHbl JAaHHbIE IO YYBCTBUTEIBHOCTH YEJIOBEKa K
MEPILIaHNI0, COOPAHHBIE B YCIOBUIX TOTO K€ CaMOr0 CBETOBOI'O CTUMYJIA, YTO U Y
Kypull. Y J0Jel 4yBCTBUTEIBHOCTh K (POTOMMYECKOMY MEpLaHHIo0, KaK (yHKLUS
€ro MpeAesibHOM  TIIyOMHBl ~ MOJYJISILIMM, JE€MOHCTPUPYET  BBICOKO— U
HU3KOYAaCTOTHOE NAJCHUE YPOBHS YYBCTBUTEIBHOCTH, JOCTUIash MAaKCUMyMa B
parione 10-15 I'rg [20, 21]. [IBa BakHEWIINX MpOLECCaA, POUCXOISIINX B CETYATKE
rjia3a BXOJAT B OINpPEACIICHHE YYBCTBUTEIBHOCTH K ITyJIbCAL[MU OCBEILIEHHOCTH Y
yenoBeka. [lepBbIii mporiecc, KOTOPBIN BBITIONHIET (QYHKIHIO (PUIbTpa HIKHHUX
4acToT, BKJIOYaeT B ceds o0paboTky curHana. Bo Bpems »Toil 00paboTKu
(oTopeLienTopsl BBICTYHAIOT B POJIM IJIaBHBIX 3JIEMEHTOB. BTopoil mporuecc,
KOTOPBIN BBICTYNAET B POJHU (PUIBTPA BHICOKUX YACTOT, COCTOUT U3 UHTHUOUTOPHOMN
oOpaTHOM CBSI3M, (POPMUPYIOIICICS B OCHOBHOM U3 COCAMHEHUN TOPU30HTAIBHOMN
KJIETKM 1 aMaKPUHHOW KJIETKH BO BHYTPEHHUX U BHEIIHUX CJIOSIX CETYATKU.

DTOT MHTUOMTOPHBIN MPOIECC TAKXKE OTBEYAET 3a BIMSHHE MEpenajoB

sproctu [22, 23]. XapaKTepUCTHKa YyBCTBHTEIBHOCTH K MEPIAHHIO KaXKI0TO



¢uabTpa B KOJMYECTBEHHOM  COOTHOLIEHWHM  MOXET  OBbITh  OINKCaHa
COOTBeTCTBYIOImEH  (QyHkuerd mepemaun Moxyisimuu  (PIIM).  Pannue
MaTeMaTUYECKHE UCCIEIOBAHNS YyBCTBUTEIBHOCTH K MEPLIAHUIO JEMOHCTPUPYIOT
To, yto naHHble DIIM mnepenatorcs KackagaMu MJis TOTO, YTOOBI BBISIBUTH
BOCIIPUSITUE  MEPUAHHUS  YEJIOBEKOM OrPOMHOTO  JMana3oHa  Pa3IudHbIX
KoH(puUrypauuii ctumyina. boiee coBpeMeHHbIE HCCIIEIOBAaHUSI YyBCTBUTEILHOCTH
YEJIOBEKA K MEPLAHHIO TPUBENN K MeToly moaenupoBanuss OIIM, Brirrouaroniero
BHYTPEHHHE IIYMbl HEUPOCEHCOPHOTO MPOMCXOXKICHUS, PEAKIUI0 Ha (UIBTP
OOHapy’>KEHMsI CUTHAJIOB, PACIOJIOKEHHBIM B MO3re, a TAaKXKE BHEIIHUE IIyMBI
CaMoOTro CTUMYJIA.

B xone wuccienoBaHus TpUHAALATH 8-MECSYHBIX KypHI[-HECYIIEK ObLIH
pa3MenIeHbl o1 JIaMIIaMU HaKaJMBaHUS B YCJIOBHUSIX €CTECTBEHHON CMEHBI JTHS U
Houu (12T:12C) npu ocBeniénnoctu B auanazone ot 5 mo 50 nk. Ilepen stum
KypHULbl BBIPAIIMBAIIACH IPU E€CTECTBEHHOM OCBEUICHWH Ha CIEHUATbHOM
OTOPO’KEHHOM YYacTKE M OTKPBITOM Bo3Ayxe. Takke ObUIM BBIOpaHbl 12
J0OPOBOJIBLIEB, CPENIM KOTOPBIX JKEHITUHBI U MYXYUHBI C HOPMAJILHBIM 3PEHHEM B
Bo3pacte ot 20 mo 30 ner. JlanHas Bo3pacTHas rpyia Oblia BeIOpaHa JJisi TOTO,
yTOOBl YMEHBIIUTH 3asBJICHHOE BIMSHHE BO3pacTa Ha YYyBCTBUTEIBLHOCTH K
MyJIbCAIlMU OCBEIIEHHOCTH [24].

UyBCTBUTENIBHOCTh NTHUIBI K MEPIIAHUIO CBETA OINpEEsiach B JIUala3oHe
YpPOBHEH SIPKOCTH CTUMYJa, M CpPaBHUBAJIACh HEMOCPEICTBEHHO C YPOBHEM
YyBCTBUTEJIBHOCTH YEJIOBEKA K CBETOBOMY MEPLAHHIO, U3MEPSIEMBIM B TEX XK€
cambIX ycioBusx. OOHApyKHIIOCh, YTO Ha MATH ypoBHAX spkoctu (10, 100, 200,
500 u 1000 xanmen Ha KBaapaTHBIA METp) 00IIas 4yBCTBUTEIHHOCTh NTHIIBI K
MyJIbCAIlMSM OCBEIICHHOCTH BBIIIIE YEJIOBEKA, B TOM YHCJIE€ U BBICOKMX YacTOT.
HaubGonpmuii ypoBeHb NepecTpauBaHUM 4YacTOT ObLI OOHApyKeH B peakiuu
kypul. Kputnueckuii nokazarens KUCCM y kypun (39.2, 54.0, 54.0, 57.4 u 71.5
I') Obu1 B cpeAHEM BBIIIE YPOBHSI aHAJTOTUYHBIX IMOKa3ateieil denoBeka (40.8,

50.4, 53.3, 58.2 u 57.4 I'm) B ycClIOBUSIX YBEIMYUBAIOUIETOCS YPOBHS SPKOCTH



CBETOBOTO CTUMYJa. 3pUTeNIbHAs CUCTEMA KYPHIl IEMOHCTPUPYET OoJiee OBICTPYIO
00paboTKy CHUTHAJIa IO CPABHEHHIO C YETOBEKOM.

3peHre NTUIBl OTIMYaeTCsl OT 3pEHHs] YeJoBeKa U ABisieTcss Oosee
pa3BUTBIM B HEKOTOpbIX acrnektax. C OIHOM CTOpPOHBI, Yy 4YeJOBEeKa
TPUXPOMATUYECKOE LBETHOE 3pPEHHE, KOTOPOE BKIIOYAET B ce0s Tpu THUIIA
doTopenenTopoB — KOJIOOYEK B CETYATKE IJIa3a ¢ MaKCUMAJbHBIM MOTJIONICHUEM
(Amax) Ha ypoBHe 420 HM, 530 HM 1 560 HM. X puHATO HA3BIBATH KOJOOYKAMH,
YyBCTBUTEJIBHBIMU K CHHEH, 3€JEHOM M KpacHoM wactu cnekrpa. C npyrou
CTOPOHBI, ITUIBI 001a/1al0T YETHIPbMS 0OCOOBIMU BUIAMH OJMHAPHBIX M JIBOWHBIX
kosi0ouek [25]. JlomonHHUTEbHBIA THI OJMHAPHBIX KOJIOOUYEK B CETYATKE rjas3a
NOTULBI, YYaCTBYIOIIMA B  LBETHOM 3pEHUH, JEIAeT 3pPEHUE  MTHUILIbI
TETPaXpOMaTUUYECKUM, TO €CTh TEOPETUYECKH OHA MOKET pa3ihyarh B JBa pas3a
OoJbIie 1BETOB, 4eM 4esioBeK [26, 27]. UeTBEPTHI THII OAMHAPHBIX KOJIOOUYEK
MOXXET OBbITh UYYBCTBUTEIIBHBIM K YJIbTPA(pUOJIIETOBOM U (PHUOJETOBOM YaCTU
crnekTpa [28], a nTur, o0nmagarommX KaXIbIM U3 STHX TUIOB KOJOOYEK, OTHOCAT K
0c00sIM, YyBCTBHUTEIBHBIM K yibTpaduoneroBoi [29] wim x (uoseToBo# yactu
cuektpa [30, 31] coorBercTBeHHO. B 000MX ciaydasiX, 4YyBCTBUTCIBHOCTH
OTHOCUTCA K KOPOTKMM BOJIHAM M TIO3BOJISIET NTHUIAM BUJETh B 001acTH OJU3KOM K
yIbTpadUOIECTOBOMY CIEKTPY, B TOM YacTH, KOTOpas SABJISETCS HEBUIUMOU s
yenoBeka. [ltuipl ucnonbzyror Y® 3peHue sl MPUHSITUS PEIICHUST O BBIOOpE
naptHépa [32] u moucka numm. KpoMe pa3indus B IBETOBOM BOCIIPHUSTHH, MITUIIBI
JE€MOHCTPUPOBAJIM OOHApyKEHHE MepIaHHusi cBeTa Ha Ooyiee BBICOKMX 4YacTOTaXx,
yeM y udeinoBeka [33], a Takxke mnposBisuin OoJjiee OBICTPYIO pPEaKIMIO Ha
BU3yalibHbIe CTHMYJIbI [34], Gmaromapss 6ojiee KOPOTKOMY MPOBOISIIEMY ITyTH
HEPBHOW CHUCTEMBI.

WNHTepec K 4yBCTBUTEIBLHOCTH KYpPHIIbI K MEPLIAIOIIEMY CBETY BO3HUKAET B
pe3ynbTaTe 00ECIOKOSHHOCTH YeJOBEeKa O KauecTBE >KU3HHM JOMAIIHEH MTHUIBL.
JIxoMUHECLIEHTHBIE JaMITbl IPOU3BOAAT MepLaromunii ceeT Ha ypoBHe 100 mmm 120

['n. Ecniu meprianue oOHapy»KUBaeTCs NTUIIEH, OHO MOXET CO37aTh JUCKOMDOPT U



yBeIMUUTh cTpecc. CylEeCTBYIOT MPOTHUBOIOIOXKHBIE PE3yIbTaThl MO BOIMPOCY
BOCHPUSATHS NITUIENA OCBELICHHS OT JIOMUHECIIEHTHOM JIAaMITbl KaK Mepluaromero. B
pabore [35] wu3MepssIM KPUTHYCCKYIO YAaCTOTy CIUSHHS ~MEpUAHHA |
Peanoiaokuiu, uro Mepuanue B 100 I'n He BocipuHUMAETCS KypHIIeH, TaKkxke B
apyroM  uctouHuke [36] oCBEeMIEHHOCTP ©  KOIPOUIUCHT  MOIYJISIHHA
JIOMHUHECIICHTHBIX UICTOYHUKOB CBETa HE KaXYTCS IOCTATOYHBIMU JJI1 BOCIIPUSTHUS
MEpIaHUs, NaXe TPU BBICOKOW SPKOCTH. Pe3ynbTarhl, JOCTHTHYTBIE METOJIOM
AKCTPANONIAIMKY  (PYHKIIMM  KPUTHYECKOM  YacTOThl  CIMSHUS — IyJbCallud
OCBEIICHHOCTU YKa3bIBaIOT Ha TO, YTO KYypHIla MOXXET BOCIPUHUMATH CBET OT
HU3KOYACTOTHBIX  JIIOMHHECIICHTHBIX  JlaMI ~ Kak  Meprarmommid. JaHHBIE
uccienoBanus [37], mo Bcel BUIMMOCTH, OCHOBBIBAIOTCS HA BBIBOJIAX, CACIaHHBIX
0 TOM, 4TO OpOWJIephI, HAXOMSIINUECS B YCIOBHIX BO3JACHCTBUS HU3KOYACTOTHOTO
CBETa JEMOHCTPHUPOBAIH MEHBIITYIO (PHU3NUECKYIO aKTUBHOCTD.

[IpoBeneHsl 3aMepbl KPUTHYECKOM YaCTOTHI IMyJIbCAI[UU OCBEIICHHOCTU Y
IBITUIAT OENBIX Kyp-HECYIIeK, C UCIOJIb30BaHUEM CBETOJIMOJIHOTO CBETa YETHIPEX
Pa3HBIX CIEKTPOB U3IIy4eHUs (Oeblii, OenbIil ¢ 100aBIeHHEM YIbTPadUOIECTOBOIO
nuanasoHna (Y @), xénteiit (590 HM) 1 TONBKO yibTpaduoseToBsiit nuama3oH (Y D)
¢ muHOM BOJHBI 400 HM), Ha 4YEThIPEX YPOBHSIX WHTCHCUBHOCTH cBera [38].
YpoBHu cBetoBoi uHTeHCHBHOCTH (290, 174, 86 u 43 xanmen Ha M?) ObUIH
aanTUPOBAHBI K OTHOCUTEIIBHONW YYBCTBHTEIBHOCTH KOJIOOYEK IJ1a3a JOMalrtHeH
KypHIIbl JJIS JOCTH)KEHUSI OJMHAKOBO AKTHUBHBIX CTUMYJIOB [UJISi Pa3IMYHOTO
cniekTpa. Pe3ynbrarhl IEMOHCTPUPYIOT 3HAYUTENBHO O0Jiee BBHICOKHE TMOKa3aTelu
KUCCM nns 6enoro ceera ¢ ynbTpaduonerom (74, 65, 57 u 47 ') B cpaBHEHUU
npocto OenbiM cBetoMm (63, 57, 50 m 45 I'm), K OTHOCHUTEIBHO BBICOKHUM
KPUTHYECKUM 4YacToTaM MyJjbcaluu ocBerieHnoctu (76, 70, 60, 58 I'm) mis
xénroro u (83, 75, 65, 55 I'm) nns gucroro Y® cBera. Pesynbrarhl ais 6eaoro
cBeTa ¢ ynpTpadroieTOM B CPAaBHEHUHU C OCJIBIM CBETOM MOKa3aj, YTO, HECMOTPS
Ha BBIpAlIMBAaHWE KYpHIIBI B YCIOBUSAX MCKYCCTBEHHOTO OCBCIICHUS, €&

S3PpUTCIIbHAA CHUCTEMA JIYyHIIC pCarupyet Ha CBCTOBLIC YCJIIOBHUA, K KOTOPBIM OHHU



W3HA4YaJIbHO OBLIM aJanTHUpOBaHbl BO BHeEIHeW cpeae. Kpome Ttoro, ecthb
OCHOBAHUS ToJIarath, 4to npucyrcreue Y ® cBera, MCIOJIB3YIOMIETOCS /I MOUCKA
napTHépa W MHIIH, MOXET OBITh TaKXKE BaXXHBIM YCIOBHEM JJIA 3PUTEIIbHBIX
GbyHKIUH, TAKKMX KaK YyBCTBUTEIHHOCTD K IMYJILCALIMAM OCBEIICHHOCTH.

3akiloueHue

Takum oOpa3oMm, aHalIW3 JAOCTYIHBIX JIMTEPATYPHBIX  HCTOYHUKOB
MOKA3bIBAET, YTO BO3JCHCTBHUE MYJbCAIIMI OCBEIICHHOCTH HAa MTHUILY B YCIOBHUSX
HMCKYCCTBEHHOT'O OCBEIIECHUS NTUYHUKOB HOCUT Pa3HOIUIAHOBBIM XapakTep u
MOXKET BIIUSATH Ha €€ 300TEeXHHYECKHUE MoKazaTenu. JloMalmHsasl Kypuiia JOBOJBHO
YacTO BBICTYMAECT KakK MOJEIbHBI OpPraHu3M B Pa3IMYHBIX OUOMEIUIIMHCKHX,
(U3HONIOTUYECKUX U TOBEJECHYECKUX OINbITaX, a €€ 3pUTelbHas CHUCcTeMa
JIOCTATOYHO M3ydeHa. MccnenoBanus B LENSIX ONPEASIeHUS KPUTUUECKUX YacTOT
CIUSIHUSI TyJIbCAllMd OCBEIICHHOCTH Il KYpHUIlI OCHOBBIBAIOTCS Ha aHaJIU3e
MOBEJACHUYECKON peaklUy IBIUISAT U B3POCIBIX OCOOEH, M Jal0T BO3MOXKHOCTH
CpaBHMBAThH PE3YJIbTAThl C PEAKIMEH HAa aHAJIIOTUYHOE BO3CHCTBHE JIJIsl YEJIOBEKA.
Pa3BuTHE COBpPEMEHHBIX CHCTEM MCKYCCTBEHHOTO OCBEUICHHS B MTHUIIEBOACTBE
MO3BOJISIET TPOU3ZBOAWTH MX C TMapaMeTpaMy, CHIDKAIOIIMMH J0 Oe30MacHOro
YPOBHSI HETaTMBHOE BIIMSIHUE TYyJIbCAllMd OCBEIIEHHOCTH Ha HKOHOMHUKY
XO35IUCTBA.
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