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Abstract. The vast majority of modern LED lighting systems for poultry
use pulse-width modulation to control illumination in the poultry house.
This work studied the vitality and productivity of laying hens under
different frequencies of light flickering of LED lamps. The 113-day-old
hens of the SP-789 cross were used to form 4 groups of 144 heads each.
All groups of chickens were kept in the cage batteries up to 320 days of
age, 8 hens per a cage. The light mode was 1L:4D:4L:2D:3L:10D (L-light,
D-darkness), the luminance was 10 Ix. The lamps in the control group No.1
had no light flickering, while in the experimental groups Nos. 2, 3, and 4
the lamps had light flickering frequencies of 120, 488, and 977 Hz,
respectively. The study results showed that in groups Nos. 1, 2, 3, and 4,
the livestock livability was 97.2%, 91.7%, 95.8%, and 95.8%; the egg
production per the initial hen was 151.7, 144.4, 151.1, and 150.6 pcs., the
average egg weight was 59.3, 59.5, 59.0, and 58.8 g; the yield of egg
weight per the initial hen was 9.013, 8.635, 8.940, and 8.895 kg; the feed
consumption was 1.43, 1.46, 1.39, and 1.40 kg for 10 eggs and 2.40, 2.43,
2.35, and 2.37 kg for 1 kg of egg weight. It was concluded that it is
advisable to use LED lamps with light flickering frequency not less than
488 Hz for laying hens.

1 Introduction

Artificial lighting is one of the key factors of the microclimate affecting the vitality and
productivity of poultry in intensive poultry farming. The duration of daylight, the
alternation of day and night, light intensity, spectrum and color temperature of radiation,
and light flickering can be changed under the conditions of artificial lightning.

Flickering is the most important parameter of illumination, characterized by the
frequency of periodic change and the coefficient reflecting its depth.

The light flickering effects in humans are well studied, since in this case the information
can be got using various devices, as well as based on the man’s feelings and the state of his
body [1].

It is known that the light flickering has a critical flicker fusion frequency (CFFF), the
minimal frequency of a flickering light source at which the light appears to be continuous.
According to [2], this value is 60-100 Hz. Flickering frequencies below 25 Hz coinciding
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with alpha and theta rhythms of human brain are especially dangerous [3, 4]. Flickering at
frequencies higher than CFFF is not visible, is not fixed in consciousness, but can have a
negative effect [5, 6].

Different studies have different values for the frequencies of light flickering, which
have no adverse effects on humans. The standards adopted in Russia (GOST R 54945-
2012) state that the threshold value of light flickering frequency for humans is 300 Hz,
above which any value is acceptable. The critical frequency of light flickering (CFLP)
equal to 5.4 kHz is specified in the recommendations of the Institute of Electrical and
Electronics Engineers IEEE PAR 1789, above this value a comfortable light for a person
will be guaranteed [7].

Threshold values of light flickering frequency for poultry are not defined. The responses
of humans and chickens to the same exposure to a light stimulus with different frequency
and depth of flickering are compared in [8, 9].

The poultry sensitivity to light flickering was determined for several levels of
brightness, and was compared with human sensitivity measured under the same conditions.
The critical flicker fusion frequency of chickens (40.8, 50.4, 53.3, 58.2, and 57.4 Hz) was
either similar or slightly higher than that of human (39.2, 54.0, 54.0, 57.4, and 71.5 Hz). At
the same time, the visual system of chickens showed faster signal processing compared to
humans [9].

Bird vision differs from human vision and is more developed in some aspects. Humans
have trichromatic color vision, which includes three types of photoreceptors - cones in the
retina with maximum absorption (Amax) at 420 nm, 530 nm, and 560 nm. They are
commonly referred to as cones, sensitive to the blue, green, and red portions of the
spectrum. Birds have four special types of single cones and double cones [10]. An
additional type of a single cone in the bird retina theoretically allows it to distinguish twice
as many colors as human [11, 12]. The fourth type of single cone can be sensitive to
ultraviolet and violet [13], and birds possessing each of these types of cones are classified
as ultraviolet [14] or violet sensitive [15, 16], respectively. Birds use UV vision to decide
about mate selection [17] and search for food. Besides differences in color perception, birds
have demonstrated detection of light flickering at higher frequencies than in humans [18],
and have also shown a faster response to visual stimuli [19] because of the shorter
conductive pathway of the nervous system.

At present, LED lighting is widely used in poultry farming in Russia. It successfully
replaces incandescent and fluorescent light sources, and has the unconditional advantages
of energy efficiency, uniformity and creation of the same light microclimate for all poultry
[20]. The effective control of the light flux and other characteristics of LED light sources
depend on pulse-width modulation (PWM) of their supply voltage, which is characterized
by the maximum flicker factor of 100% and the frequency of amplitude changes from
several hundred Hz to several kHz [21]. So, it is relevant to study the effect of the light
flickering frequency in the poultry house on the behavioral response of poultry and its
zootechnical indicators.

This work aims to study the vitality and productivity of laying hens at various
frequencies of LED light flickering.

2 Materials and methods

The studies were carried out at the Selection and Genetic Center "Zagorskoe Experimental
Breeding Farm", the department of poultry production technology and biochemical analysis
laboratory of the Federal Scientific Center “All-Russian Research and Technological
Institute of Poultry” of Russian Academy of Sciences.
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Four groups of 144 heads each were formed from 113-day-old SP-789 chickens. Poultry
up to 320 days of age were kept in cage batteries of Stimul Inc, 8 birds per cage. The light
mode was 1L:4D:4L.:2D:3L:10D (L-light, D-darkness) for all groups, first light turned on at 3
a.m., the luminance was 10 Ix. In the experimental groups Nos. 2, 3, and 4, the pulse-width
modulation was used to regulate illumination, with light flickering frequencies of 120, 488,
and 977 Hz, respectively. In the control group No. 1, PWM was not used, and the average
luminance of 10 Ix was maintained by selecting LEDs of suitable power.

During the study, the following indicators were assessed:

— livestock livability (%) by daily counting of dead birds;

—live body weight (g) by individual weighing of all chickens from each group at the
beginning and end of the experiment;

—egg production per initial and average laying hen (pcs.) by calculation of daily record of
laid eggs by groups;

—weight of eggs (g) by individual weighing of all eggs from each group laid by hens on
three consecutive days in the middle of each month;

—vyield of eggs by category (%) by weighing and inspection of eggs laid by hens on three
consecutive days monthly according to the interstate standard GOST 31654-2012 "Food
chicken eggs. Technical conditions™;

—feed consumption (g) by monitoring the specified feed and its residues on three
consecutive days in the middle of each month;

—feed consumption per 10 eggs and per 1 kg of egg weight (kg) according to the record
of feed consumption, egg production and yield of egg weight;

— weight of egg white, yolk, eggshell (g);

—egg shape index and eggshell thickness (ium) by conventional methods (15 eggs from
each group), monthly;

—content of carotenoids, vitamins A, E and B; in yolk (ug/g); vitamin B. in egg white
(ug/g); calcium in eggshell (%) by conventional methods at the beginning, middle and end
of experiment;

— weight of heart, liver, ovary, oviduct (g) and length of oviduct (cm) by anatomical
cutting after slaughter of 5 hens (averaged by live body weight) from each group at the end
of experiment;

— content of egg white and lipids (%), carotenoids, vitamins A, E, B, (ng/g) in liver by
conventional methods at the end of experiment;

—illuminance (Ix) by luxmeter;

—flickering frequency by pulsometer.

3 Results and discussion

The results obtained (Table 1) showed that the flickering frequency of LED lighting had a
definite impact on the vitality of chickens of the productive flocks of cross SP-789. The
maximum livestock livability (97.2%) was in the control group No. 1, where LED lamps
had no flickering. The lowest index (4.1-5.5% lower than in other groups) was in the
experimental group No. 2 with the light flickering frequency of 120 Hz. The experimental
groups Nos. 3 and 4 with light flickering frequencies of 488 Hz and 977 Hz did not differ
from each other in livestock livability (1.4% less than in the control group No. 1).
Observations showed that in the experimental group No. 2 the hens had increased
aggressiveness, which resulted in increased mortality of chickens because of pecking and
cannibalism.

Live body weight at the age of 113 days (at the beginning of the study) was the same in
all groups. However, at the age of 320 days (at the end of the experiment) this parameter
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was 2.7-5.7% higher in group No. 2 than in other groups, the difference from groups Nos. 3
and 4 was reliable (P<0.05-0.001). It can be assumed that the increase in live body weight
in the experimental group No. 2 was driven by the increase in the floor area, feeding and
drinking per head due to the higher mortality of livestock in this group. This caused an
increase in feed consumption at the periods of 261-290 and 291-320 days of life: 147.5 and
114.3 against 140.1 and 108.6; 135.6 and 110.8; 136.3 and 109.5 g/hen/day in groups Nos.
1(c), 3 and 4, respectively.

The egg production per initial and average laying hens was the highest in the control
group No. 1 (no flickering) and experimental groups No.3 (flickering frequency of 488 Hz)
and No.4 (flickering frequency of 977 Hz) with no significant differences between them.
The egg production per initial and average laying hens in these groups exceeded that of the
experimental group No. 2 by 4.3-5.1% and 2.8-3.2%, respectively.

Table 1. Main results of the study

https://doi.org/10.1051/bioconf/20224803004

Group
Characteristics
1(c) 2 3 4

Livestock livability, % 97.2 91.7 95.8 95.8
Live body weight (g) at the age of, days:

113 1151+8.9 115349.5 1151+8.3 11514£9.8

320 1591+16.6 | 1634+14.6 | 1587+16.6 | 1546+20.2
Egg production (pieces):

Per initial hen 151.7 144.4 151.1 150.6

Per average hen 153.6 149.0 153.8 153.1
Average weight of eggs, g 59.3+£0.12 | 59.5+0.14 | 59.0+0.12 | 58.8+0.13
Egg yield (%) by category:

Supreme 0.1 11 0.6 0.3

Selected 15.2 16.1 14.5 13.3

1 60.5 57.7 57.3 58.1

2 221 22.4 25.6 25.2

3 0.3 0.5 0.4 0.7

Breakage and check 1.8 2.2 1.6 2.4
Egg weight yield (kg):

Per initial hen 9.013 8.635 8.940 8.895

Per average hen 9.121 8.911 9.019 9.054
Feed consumption:

per head per day, g 121.8 120.4 118.6 119.2

per 10 eggs, kg 1.43 1.46 1.39 1.40

per 1 kg of egg weight, kg 2.40 2.43 2.35 2.37

The results show that the light flickering frequency of 120 Hz has a depressing effect on
the vitality and productivity of poultry.

On average, the highest weight of eggs was recorded in the experimental group No. 2
(0.3-1.2% higher than in other groups). The difference in this indicator was reliable
between groups Nos. 1 and 4 (P<0.01); 2 and 3 (P<0.01); 2 and 4 (P<0.001).

The higher weight of eggs in the experimental group No. 2 contributed to an increase in
the yield of selected eggs by 0.9-2.8% compared to other groups. This indicator was
minimal in the experimental group No. 4 (1.9% lower than in the control). The maximum
yield of eggs of the first category was recorded in the control group No. 1 (2.4-3.2% higher
compared to other groups, which differed little among themselves). This group had the
lowest yield of eggs of the second category (0.3-3.5% lower than in the groups Nos. 2-4).
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The groups did not differ significantly in the number of eggs of the selected and the third
category as well as damaged eggs.

The highest yield of egg weight per initial and average laying hens was observed in the
control group, 0.8-4.4% and 0.7-2.4% higher than in the experimental groups. These
characteristics were minimal in the experimental group No. 2, at light flickering frequency
of 120 Hz, which was associated with a lower egg production in this group compared to
other groups.

The best feed conversion to production was recorded in the experimental groups Nos. 3
and 4, at light flickering frequency of 488 and 977 Hz, with a slight advantage of the group
No.3. In these groups, the feed consumption per 10 eggs and 1 kg of egg weight were 2.1-
4.8% and 1.3-3.3% lower than in groups Nos. 1 and 2, respectively. These characteristics
were the highest in the experimental group No. 2: 2.1 and 1.3% higher than in the control.

The morphological and chemical analysis of eggs (Table 2) showed that the average
absolute and relative yolk weight was 0.2-0.4 g and 0.4-0.7% higher in control group No. 1
and experimental group No. 3 than in the experimental groups Nos.2 and 4, respectively.
The absolute and relative egg white weight was 0.3-0.5 g and 0.4-0.7 % higher in the
experimental group No.2 than in other groups. The listed differences between the groups in
the weight of yolk and egg white were a trend and were statistically unreliable.

Table 2. Morphological parameters of eggs

Characteristics Group
1(c) 2 3 4
Weight:
yolk, g 15.0+0.25 14.7+0.22 15.1+0.26 14.8+0.22
% 25.2 24.6 253 24.8
egg white, g 37.7+0.16 38.2+0.20 37.9+0.15 37.9+0.14
% 63.3 64.0 63.4 63.6
eggshell, g 6.9+0.05 6.840.06 6.8+0.07 6.9+0.06
% 115 114 11.3 11.6
Eggshell thickness, pm 381+3.14 375+3.29 37843.22 383+2.83
Egg white to yolk ratio 25 2.6 25 2.6
Egg shape index, % 78+0.25 77+0.24 77+0.21 78+0.21
Content:
calcium in the eggshell, % 36.93 37.25 36.91 36.95
in yolk, pg/g:
carotenoids 441 4.68 4.54 4.28
vitamin A 4.65 4.58 4.88 4.45
vitamin E 94.24 92.05 86.59 88.77
vitamin B2 5.47 4.98 5.28 5.58
vitamin Bz in egg white, pg/g 3.79 3.50 3.85 3.68

Because of the higher yolk weight, the egg white to yolk ratio of eggs in groups Nos. 1
and 3 was 3.8% lower than in groups Nos. 2 and 4.

The groups did not differ significantly in absolute and relative eggshell weight, eggshell
thickness, and egg shape index.

In terms of calcium in the eggshell; carotenoids, vitamins A, E, B2 in yolk; vitamin B2
in egg white, the groups did not differ significantly and the differences between them were
within the error of analysis.

As shown in Table 3, at 320 days of age, there were no significant differences between
the groups in absolute and relative weights of heart, liver, ovary, oviduct and oviduct
length; differences between the groups in all parameters were statistically unreliable. The
increased absolute and relative weights of heart and ovary and oviduct lengths registered in
the experimental groups Nos. 3 and 4 over the other groups were a trend.
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Table 3. Results of anatomical cutting of chicken carcasses at 320-days of age

Group
Characteristics
1(c) 2 3 4
Weight:
heart, g 6.5+0.13 6.4+0.48 6.8+0.24 6.7+0.34
% 0.40 0.38 0.43 0.42
liver, g 35.6+1.46 36.4+1.22 33.8+1.10 37.0+4.06
% 2.21 2.16 2.12 2.34
ovary, g 46.24+2.40 46.0+4.00 50.1+£2.83 50.8+1.46
% 2.86 2.73 3.15 3.21
oviduct, g 61.2+2.28 63.6£3.02 63.1£1.23 62.3£3.26
% 3.79 3.78 3.96 3.93
Length of oviduct, cm 60.8+4.12 57.4+3.61 64.24+2.43 64.6+5.25

The data presented in Table 4 show that at 320 days of age, the contents of moisture,
crude egg white, fat, vitamins E and B2 in the liver of chickens of various groups
practically did not differ and the differences between them were within the error of
analysis. However, at the illumination flickering frequency of 120-977 Hz (groups Nos. 2-
4), there was a 6.4-24.7% increase in vitamin A and 1.33-2.28-fold increase in carotenoid
content in the liver. The maximum content of vitamin A was observed in the experimental
group No.2, and the maximum content of carotenoids was in the experimental group No. 4.
So, it can be concluded that the mobilization of the most important nutrients for the visual
system (vitamin A and carotenoids) occurs under the flickering of LED lamps.

Table 4. Results of chemical analysis of chicken liver at 320 days of age

Group
Characteristics
1(c) 2 3 4

Content of

moisture, % 66.41 65.78 67.27 66.78

crude egg white, % 54.66 55.55 56.51 56.62

raw fat, % 39.13 38.65 37.12 36.76

vitamin A pg/g 495.3 617.4 526.8 527.2

vitamin E pg/g 7.49 7.03 7.23 7.29

vitamin B2 ug/g 10.68 10.48 10.86 10.56

carotenoids, “g/g 0.86 1.14 1.51 1.96
4 Conclusion

The results obtained show that the use of LED lamps with lighting flickering frequency of
488 Hz and higher while keeping hens of the productive flocks does not result in the
decreased vitality and productivity of poultry compared with keeping under lamps without
flickering. The 120 kHz light flickering frequency has a negative effect on the hens'
organism compared with other studied illumination options (without flickering, 488 and
977 Hz). This effect is justified by the 4.1-5.5% decrease in livestock liveability, the 4.1-
4.8% and 2.7-3.1% decrease in egg production per initial and average laying hens, the 2.9-
4.2% and 1.2-2.3% decrease in yield of egg weight per initial and average laying hens. At
the same time, the feed consumption per 10 eggs and 1 kg of egg weight was increased by
2.1-5.0% and 1.3-3.4%, respectively, without substantial changes in the morphological,
market and chemical qualities of eggs.
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When keeping laying hens, it is advisable to use LED lamps with flickering frequency
of at least 488 Hz.
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KUBHECHHOCOBHOCTD U HPOAYKTUBHOCTD SIMYHBIX KYP-HECYIIEK ITPA
PA3JIMYHOU YACTOTE IIYJIbCAIMU OCBEINEHHOCTHU CBETOJAUOJAHBIX
CBETUJIBHUKOB
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JAmutpuii BuktopoBuyu Cnagun’

2000 «TEXHOCBET I'PVYIIIIy», Yepemnoaerr, Poccus, e-mail - gdv72.72@mail.ru

AnHoTamusi: B a0comoTHOM OOJBIIMHCTBE COBPEMEHHBIX CBETOJIUOJHBIX CHCTEM
OCBEILIEHUS IS ITUIIEBOJICTBA HCIIOJIB3YIOT B KAYECTBE CIIOCO0a PETryIMPOBAHUS OCBEIIEHHOCTH
HIUPOTHO-UMNYJIbCHYI0 Moayisiuio (IIMM), npuBomsmIyr0 K MyJbCallid OCBEIICHHOCTH B
NTUYHUKE. B Hacrosimel paboTe M3ydeHo KU3HECIIOCOOHOCTh M MPOYKTHBHOCTh STMYHBIX KYp-
HECYIIIEK MMPH Pa3IMYHON YacCTOTE MYJIbCAIIMH OCBEIICHHOCTH CBETOIMOIHBIX CBETHIIHHUKOB. M3
113-gueBHBIX Kypouek kpocca CII-789 Ovumm chopmupoBansl 4 rpymnmbsl mo 144 TonOBBI B
kaxaou. [Ituny Beex rpynm 1o 320-7HEBHOTO BO3pacTa COAEPKANU B KIETOYHBIX OaTapesix mo 8
rosnioB B kietke mpu pexume 1C:4T:4C:2T:3C:10T u ocemennoctu 10 nx. B xoHTpoOIbHOM
rpynne | CBETHIIBHUKH HE UMEIU MYJbCAllUU, a ONBITHBIX Tpymiax 2, 3 u 4 yacToTa MmyibCcaluu
ocselleHHocTH coctaBisuia 120, 488 u 977 ' coorBercTBeHHO. Kak mokazamu pe3ynabTaThl
uccienoBanus B rpynmnax 1, 2, 3 u 4 coxpaHHOCTh MOTroJioBbsi coctaBuia 97.2, 91.7, 95.8 u
95.8%; siIICHOCKOCTh Ha HadalnbHYI Hecymky — 151.7, 144.4, 151.1 u 150.6 wr., cpenss
Macca auil — 59.3, 59.5, 59.0 u 58.8 r, BbIXO AUYHON Macchl Ha HaYalbHYyIO Hecymky — 9.013,
8.635, 8.940 u 8.895 kr, 3aTparsl kopMma: Ha 10 siu — 1.43, 1.46, 1.39 u 1.40 xr, Ha 1 KT AUYHOI
Mmacchl — 2.40, 2.43, 2.35 u 2.37 kr coorBeTcTBeHHO. ClielIaHO 3aKJIF0YCHHE O 11eJIeCO00pa3HOCTH
WCIIOJIb30BAHUS TIPU COACPKAHUM SIMYHBIX Kyp-HECYIIEK CBETOJMOJHBIX CBETHJIHBHHUKOB C
4acTOTOM MyJbCallUM OCBEIIEHHOCTH He MeHee 488 1.

KiaoueBble cioBa: KYpPBI-HCCYIIIKH, CBCTOAUOJHBIC CBCTUJIbHUKH, HaCTOTa IIyJIbCallUA
OCBCIHICHHOCTHU, COXPAHHOCTb, IPOAYKTUBHOCTD, 3aTPATEI KOpMa, Ka4CCTBO SAUII.

Beenenue

B WHTEHCHBHOM NTHUIIEBOJICTBE OJHUM M3 OCHOBHBIX (DAKTOPOB MHUKPOKINMATA,
OKa3bIBAIOUIMX BJIMSHHE HA JKU3HECNOCOOHOCTh M MNPOAYKTUBHOCTH MTHIIBI, SIBJISETCS
UCKYCCTBEHHOE OCBELICHHE, KOTOPOE BKIIOYAET B ce0sl MPOIOJIKUTEIBHOCTh CBETOBOIO THS U
XapaKkTep €ro M3MEHEHUs, MHTEHCHUBHOCTb OCBEIIEHHUS, CHEKTP M IIBETOBYIO TEMIIEpaTypy
U3JTy4EHUS, TYJIbCALUIO OCBELICHHOCTH.

BaxkneimuM mnapaMeTpoM OCBEILIEHUS CUYMTAETCS €ro IyJbcallus, XapakTepuzyemas
4aCcTOTOM MEPUOINYECKOTO U3MEHEHUS U KOAPPHUIIMEHTOM, OTOOPAXKAIOLIUM €€ TITyOUHY.

BnusiHue mynbcanMM OCBEIIEHHOCTH YENIOBEK JIydllle BCEro M3y4ymsl Ha cebe, mosrydas
UHGPOPMALIHIO O BO3/IEHCTBUM HE TOJBKO C MOMOIIBIO IPUOOPOB, HO U Ha OCHOBE COOCTBEHHBIX
OLIYIIECHHI ¥ COCTOSIHUS opranu3ma [1].

W3BecTHO, YTO MyJbCallds OCBEIIEHHOCTH OO0JagaeT KPUTHYECKOH YacTOTOW CIUSHHS
cBeToBbIX MenbkaHui (KUCCM), Bhilie 3Hau€HUS KOTOPOM YEIOBEK HE MOXKET OCO3HAHHO €€
¢ukcupoBarb. CormacHo [2] ee 3HaueHue paBHO 60-100 I'm. OcoOeHHO oOmacHBI YaCTOTHI
nyascanuil Hiwke 25 ', coBnagatonye ¢ anbda- U TeTTa-puTMaMH TOJIOBHOTO MO3ra 4eloBeKa
[3, 4]. Iynbcanuu Ha wactorax Beiie KHCCM He BUAHBI, HE (QUKCHUPYIOTCS B CO3HAHUH, HO
MOTYT OKa3bIBaTh HEraTUBHOE BiHsHUE [5, 6].

3HaueHHE YaCTOThl MYIbCAlMU OCBEUIEHHOCTH, MPU KOTOPOM HET HUKAKMX HETaTUBHBIX
MOCNEACTBUM ISl YeJOBeKa, B Pa3HBIX HCCIEAOBAHUAX MMEET pa3jiMuHble 3HaueHus. Tak, mo
HopMmaMm, mpuHATEIM B Poccuu (COCT P 54945-2012), moporoBbiM 3HAYEHUEM YaCTOTHI
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MyJIbCAIIUN OCBEIICHHOCTH s yenoBeka siBnsiercss 300 ['1, BhIlie KOTOPOW JOMYCTHMO JH000€
€e 3HaueHue. B pekoMeHalu MHCTUTYTAa MHXKEHEPOB AJIEKTPOTEXHUKU U AnekTpoHuku IEEE
PAR 1789 npuBoautrcs pacyeT 3HAU€HUS KPUTHUECKON YacTOThI IYJIbCALUU OCBELIEHHOCTU
(KYIIO) paBHoit 5.4 k['11 1 BeIIIe KOTOPOH OyAeT rapaHTHPOBAHO KOMGOPTHOE OCBEIICHUE IS
yesoBeka [7].

[ToporoBbie 3HaU€HHS YACTOTHI MYJIbCAIIMM OCBEUICHHOCTH JUIS NMTHULBI HE OINpeneeHbl U
JUIIb CYHIECTBYIOT OTJEIbHBIE MCCIEAO0BAaHNUS, MO3BOJSIOLUIME CPAaBHUTHh PEAKIUIO YEIOBEKa U
KypULIbl Ha OJIMHAKOBBIE BO3JIEHCTBUS CBETOBOTO CTHMYJA C pPa3HOM YacTOTOW U TIyOMHOU
nysbcanuu [8, 9].

YyBCTBUTENBHOCTh NTHIIBI K MYJIbCAI[MH OCBEUICHHOCTH OINpEAeNsiach sl HECKOJIbKUX
YPOBHEN SPKOCTH CTUMYJIA, U CpPAaBHUBaJachb HENOCPEACTBEHHO C YPOBHEM YYBCTBUTEIbHOCTH
YyelloBeKa, M3MEpPeHHOW B TeX XKe caMbIX ycloBusiX. KpuTuueckuil mokaszareiab CIUSHUS
MEpUAHUi y KypHll ObLI MJIM CXOX, WJIHM CJErKa BBIIIE YPOBHS KPUTHYECKUX ITOKazaTesei
yenoseka (40.8, 50.4, 53.3, 58.2 u 57.4 I'n) B cpaBHenuu ¢ (39.2, 54.0, 54.0, 574 u 71.5Tm) y
ntullsl. [Ipu 3TOM 3pHuTenpHas cUcTeMa KypHIl Ioka3ana 6oiee OBICTPYIO0 00pabOTKy CUTHAJA TI0
CpaBHEHHIO ¢ YeaoBekoM [9].

3peHue NTULbl OTINYAETCS OT 3PEHUs YEJIOBEKA U SBJISETCS 00Jiee pa3BUTHIM B HEKOTOPBIX
acmeKkTax. Y 4elloBeKa TPUXPOMATUYECKOE IIBETHOE 3pEHUE, KOTOPOE BKIIIOYAET B C€Osl TPU THUIIA
doTopenenTopoB — KOJOOYEK B CETYATKE IIa3a ¢ MAaKCHMAJbHBIM TOTJIONICHHEM (Amax) Ha
ypoBHe 420 uM, 530 HM u 560 HM. VX npuHATO HA3BIBaTh KOJIOOYKAMHU, YYBCTBUTEIHHBIMU K
cuHel, 3enéHol M KpacHoM yactu cnekrtpa. IITuipl o0nanaroT 4eThlpbMsi OCOOBIMH BHJIaMU
OJIMHAPHBIX KOJIOOUEK U ABOMHBIX KonOouek [10]. JlomoaHUTenbHBINA TUIT OJUHAPHBIX KOIOOYEK
B CETYaTKe IJla3a MTULIbI, TEOPETUUECKU MO3BOJISET €l pa3iauyaTrh B JBa pa3a OOJbllI€ 1IBETOB,
yem yenoBek [11, 12]. YeTBEpThIil TUIT OJMHAPHBIX KOJOOYEK MOXKET OBITh UYBCTBUTEIIBHBIM K
yIbTpaduoIeTOBON 1 (hPHMOJIETOBOM YacTu criektpa [13], a mTui, 001aaroniux Kax/abIM U3 dTHX
TUTIOB KOJIOOYEK, OTHOCAT K OCOOSM, UYyBCTBUTENIBHBIM K YyinbTpaduoneroBoin [14] wiu k
¢uoneroBoii yactu cnektpa [15, 16] coorBercTBenHo. [ITHIBI Mconb3ytoT Y@ 3peHue amns
OPUHITUS pelieHus: o BeiOope maptHépa [17] u moucka nunm. Kpome paziuuus B IIBETOBOM
BOCIPUATHH, NTHUIBI JEMOHCTPUPOBAIN OOHApY>KEHUE IyJIbCAallud OCBEUIEHHOCTH Ha Ooiiee
BBICOKMX YacTOTax, yeM y uenoBeka [18], a Takke mposBisiiM 0ojee OBICTPYIO peakiHio Ha
BU3yalibHBIe CTUMYNBI [19] Onaromapss Oosiee KOpPOTKOMY TIPOBOISINEMY ITyTH HEPBHOU
CUCTEMBI.

B Hacrosimee Bpemss B NTHIEBOJACTBE Poccuu HIMPOKO MCMONB3YETCS CBETOAHMOAHOE
OCBEILIEHUE, YCIIEIIHO 3aMEHss JIaMIIbl HAaKaJUBaHUS W JIIOMMHECLIEHTHBIE MCTOYHHMKH CBETA,
oOnanas  O€3yCIOBHBIMH  NPEUMYILECTBAMH B JHEProdpQEeKTUBHOCTH  OCBELICHMS,
PaBHOMEPHOCTU U CO3JAHMM OAMHAKOBOI'O CBETOBOTO MMKPOKIMMATa Il BCETO IOTOJIOBBS
ntunbl [20]. Opaako ycnoBueM 3¢ (EKTUBHOTO YIIPABJICHUS CBETOBBIM TOTOKOM W JIPYTUMHU
XapaKTEepUCTHUKaMHU CBETOJUOJHBIX MCTOYHMKOB cBeTa sBisgercs MM ux mnwuraromniero
HanpsDKEHUs, M KOTOPOM  XapakTepeH MAaKCUMalbHBI  KOI(PQHUIMEHT  MyJbCaluu
ocemeHHocTH 100 % W wacToTa HM3MEHEHMs AaMIUINTYIbl OT HECKOJBKMX cOoTeH Il no
HeckouibkuxX KI1p [21]. B cBsi3M ¢ 3TUM B HacTosllee BPEMsi CTAHOBSTCS aKTYyallbHBIMH
UCCIICIOBaHMs, HAINpPaBJICHHbIE HA WM3Y4YE€HUE BIUSHUS YacTOThl MYJIbCALMU OCBEIEHHOCTH B
NTUYHUKE HE TOJIBKO Ha MOBEJAEHUECKYIO PEAKIUIO MITUIIBI, HO U €€ 300TEXHUYECKUE TTOKa3aTelH.

[lenpto Hamiel pa®OTHI SABIAJIOCH U3YUYEHHE JKU3HECTIOCOOHOCTH M MPOAYKTHBHOCTH KYp-
HEeCYIIEK MPH Pa3INdHOM YacTOTe MyIbCAIlMM OCBEIIEHHOCTH CBETOANOHBIX CBETHIHHUKOB.

MartepuaJj 1 MeTObI MCCIEIOBAHUM
Uccnenoanune mpoeaeHo B BuBapuu CI'Ll «3aropckoe JOIIX», oTaene TeXHOJIOTUU
MPOM3BOJICTBA TPOJAYKTOB MNTHIIEBOACTBA M JabopaTopuu Omoxmmuyeckoro anammza OHI]
«BHUTUII» PAH.
st atoro m3 113-gHeBHBIX Kypouek kpocca CII-789 Obutn chopmMupoBaHsl 4 Tpymimsl 1mo
144 ronoBel B kaxaoi. [Ituny mo 320-1HEBHOTO BO3pacTa COAEPIKAIM B KIETOYHBIX OaTapesx



HIIO «Crumyn Muk», no 8 roios B kieTke. Bo Bcex rpymnmnax MCHOIb30BAIA OJUHAKOBBIN
pPEeKUM TIpepbIBUCTOrO ocBemieHus mo cxeme 1C:4T:4C:2T:3C:10T (mepBoe BKIIIOYEHHE CBETA B 3
4 HOYM), @ CPE/IHSS OCBEILIEHHOCTh Ha YpOBHE KOpMylliek cocTapisuia 10 k. B onbITHBIX rpynmax
2,3 u 4 1ns perynupoBaHus OCBEIIEHHOCTH HCIIONb30BAIN IIUPOTHO-UMITYJIbCHBIE MOJYJIALIUU,
KOTOpbIE CO3AaBaIM YacTOTy myibcauuu ocBerieHHocT 120, 488 u 977 'l cooTBeTcTBeHHO. B
KoHTpodpHOM Tpynme 1 IIIMM He npumMmeHsMch, a CpEAHIO OCBEHIEHHOCTh 10 1K
NOJICP>KUBAIH ITyTEM 110A00pa CBETOIMOI0B MOIXOSIIEH MOIIIHOCTH.

[Ipy mpoBeneHUM HCCIEIOBAaHUS YUUTHIBAIM M OMNPENCISIN CIEIYIolIUe MOoKa3aTelu:
COXPaHHOCTh MOTOJIOBbs, % — ImyTeM eXeJHEBHOTO yuéTa MaBIICH MTULBL, )KUBAs Macca ITHIIbI,
I — IyTéM MHJIMBUyaJIbHOTO B3BEIIMBAHUS BCETO MOTOJIOBbS Kyp U3 KKIOW IPYIIBI, B HaUyale
Y KOHIIE OIIBITA; SULIEHOCKOCTh HA HAYAJIHYIO U CPEHIOI0 HECYILIKY, LIT. — paCYETHBIM IIyTEM, I10
JaHHBIM E€XKECYTOYHOro Yy4€Ta CHECEHHBIX SHUI[ IO TpydmaM; Macca SHl, I — MyTEM
WHUBUIyaJIbHOTO B3BEIIMBAHUSI BCEX AMIl OT KaXJOW TPYIIIbI, CHECEHHBIX KypaMu TpHU IHS
MOJIPSi/, B CEPEAMHE KaXKIOT0 MECAIa; BHIXOJ SIUII [0 KaTeropusM, % — Mo JaHHBIM B3BEUIMBAHUS
U OCMOTpa sMI, CHECEHHbIX KypaMd TpU [JHA [OAPA]  €XKEMECAYHO, COIJIACHO
MexrocyaapctBeHHoMYy ctanaapty ['OCT 31654-2012 «fliina kypuHnblie nuieBbie. TeXxHuyeckue
YCIIOBUS»; NIOTpeOJIEHNE KOpMa, I' — IIyTeM KOHTPOJILHOTO ydeTa 10 IpyIaM 3aJaHHOro KopMma
U €ro OCTaTKOB TPU JHS MOAPSI B CepeiMHEe KaKI0ro Mecsia; 3aTpaTsl kopma Ha 10 sui u Ha 1
KT SIMYHOM MAacChl, KI' — pacu€THBIM NyTEM, IO JaHHBIM y4€Ta MOTPEOJICHUS KOpMa,
SUIIEHOCKOCTH M BBIXOJa SIMYHOM Macchl; Macca Oelika, >KeNnTKa, CKOpIyMbl siuil (T); UHIEKC
(OpMBI SIH11L, TOJIIMHA CKOPJIYIIBI (MKM) — IO OOLENPUHSITHIM METOAMKAM (110 15 sui ot kaxaon
TPYMIBI), ©KEMECSIUYHO; COACpkKaHHUE B )KENTKE KapOTUHOUIOB, BUTaMUHOB A, E u B (MKI/T); B
Oenke — BuTamuHa By (MKI/T); B ckopiyne — kKainpius (%) — Mo o0IenpuHATHIM METOJAUKAM B
Hayaje, CepeMHe U KOHIIE OMbITa; Macca (T) cepAla, MeYeHH, sIMUHUKA, SUeBOa U JJIMHA (CM)
SMIIeBOJIa — TyTEM aHATOMUYECKOU pa3esiku mociie yoost 5 Kyp (CpeaHux Mo KMBOM Macce) U3
KOKIOW TPYIIbl B KOHIE OMBITa — MO OOIIENPUHATON METOAMKE; COAEpNKaHHE B IEUYCHU
nporenHa u JunuaoB (%), KapoTUHOUI0B, BUTaMUHOB A, E, By (MKI/T) — 10 0OmICIpUHATHIM
METOJIKaM B KOHIIE OIbITa; OCBEUICHHOCTH (JIK) — C IIOMOIIBIO JTFOKCMETPa; 4acToTa MyIbCalluu —
C TIOMOMUIBIO ITYJIbCOMETPA.

Pe3yabTaTsl HcciiefoBaHUi U X 00Cy:KIeHHe

PesynbTatsl nccrnenoBanus (tabn. 1) mokasany, 4To 4acToTa MYJIbCAllUM OCBELIEHHOCTH
CBETOJIMO/IHBIX CBETUJILHUKOB, OKa3aj0 OMNPEEIICHHOE BIMSHHUE Ha >KU3HECIIOCOOHOCTh KYp
IpOMBIIIIEHHOT0 cTaja kpocca «CIT 789». Tak, MakcuManbHas COXpaHHOCTh MOTro10Bbs 97.2 %
Oblla B KOHTPOJBHOW rpynme 1, rae CBETOAMOAHBbIE CBETWJIBHUKUM HE HMEIH IYJIbCALUU.
HaumMenplMM 3TOT mOKa3aTenb ObT B ONBITHOM Tpynme 2 NOpH YacToTe IyJIbCAllUH
ocsemieHHocTH 120 'y — Ha 4.1-5.5% Huxke, yeM B ocTanbHbIX rpynnax. OneITHBIE TPyHIbl 3 U 4
P 4acTOTE IYJIbCALUUA OCBELIEHHOCTH COOTBETCTBEHHO 488 m 977 I'm mo coxpaHHOCTH
MIOTOJIOBbSl MEXJly COOOW HE OTIMYaINCh U He3HauuTenbHO Ha 1.4% ycTynmanu KOHTPOJIbHOU
rpynne 1. HaGnromeHus mokasainy, 4TO B OINBITHOW rpymie 2 NTHIA XapaKTepu3oBajach ¢
MOBBILICHHONW arpecCUBHOCTBIO, YTO MPUBENIO K YBEIMYEHHUIO OTXO0/a IOrOoJOBbs Kyp IO
IpUYMHE PacKieBa U KaHHHOAIU3MA.

Kupas macca B 113-gHeBHOM BO3pacTe NTHILBI (B Hauaja UCCIIEOBAHUS) BO BCEX TPYIax
6buta oquHakoBoil. OxHako, B 320-1HEBHOM Bo3pacTe (B KOHIIE OMbITa) BTOpas rpymnmna Ha 2.7-
5.7% mnpeBocxoausia O 3TOMY IOKa3aTeal0 OCTajbHbIE TPYIIbI, B TOM 4YHCe Tpymmsl 3 u 4
noctosepHo (P<0.05-0.001). MoHO IpeanonokuTh, YTO IPUIMHON YBEIUYEHUS KUBOU MaCChI
B ONBITHOM rpymnme 2 sBWJIOCh NOBBIIIEHHE IJIOLAAN T0Ja, (PPOHTa KOPMIIEHUS U TMOEHUS B
pacuere Ha OJIHY TOJIOBY B CIIEICTBUH 00jee BBICOKOTO OTXOa MOTr0JOBbs B JAaHHOH Tpymre, U
CBSI3aHHOE C ATHM YyBEIWYEHHUE TOTpeONeHUsT KopMa NTHIleld B mepuoabl 261-290 n 291-320
nHeit xu3Hu kyp — 147.5 u 114.3 t mporuB 140.1 u 108.6; 135.6 u 110.8; 136.3 u 109.5
r/ron/cytku B rpynnax 1(k), 3 u 4 COOTBETCTBEHHO.



[To sAIIEHOCKOCTH HA HAYaJIbHYIO M CPEIHIOI0 HECYIIKY JHIUPOBAIN KOHTPOJIbHAS TPYIIa
1 (6e3 mymnbcanuu) W OMbITHBIE Tpynmbl 3 (yactota mynbcamuu — 488 I'm) m 4 (wactora
nyiabcanuu — 977 '), 6e3 CyImecTBeHHbIX OTIMYHA MeXAy co0o0il. IIpeBoCX0nCTBO yKa3aHHBIX
TPyON HaJ OMNBITHOM TPYNION 2 1o SHIEHOCKOCTH HAa HAa4YallbHYI0 M CPEAHIO HECYIIKY
coctaBmio 4.3-5.1 u 2.8-3.2%, COOTBETCTBEHHO.

Taoauna 1. OCHOBHBIE PE3yJIbTAThl UCCIICTIOBAHUS

I'pynna
IHoka3areanb
1(k) 2 3 4

CoXpaHHOCTb MOT0JIOBBSA, %o 97.2 91.7 95.8 95.8
Kupas macca (r) B Bo3pacTe NTHILIbI, THEH:

113 1151+8.9 | 1153+£9.5 | 1151+£8.3 | 1151+9.8

320 1591+16.6 | 1634+14.6 | 1587+16.6 | 1546+20.2
SliiteHockoCTh (IIT.) HA HECYIIIKY:

HavyaJIbHYIO 151.7 144.4 151.1 150.6

CPEIHIOI0 153.6 149.0 153.8 153.1
Cpenssisi Macca siull, T 59.3+0.12 | 59.5+0.14 | 59.0+0.12 | 58.8+0.13
Breixon suit (%) 1o kareropusim:

BBICIIIAs 0.1 1.1 0.6 0.3

oTOOpHast 15.2 16.1 14.5 13.3

1 60.5 S57.7 57.3 58.1

2 22.1 22.4 25.6 25.2

3 0.3 0.5 0.4 0.7

0ol 1 Haceuka 1.8 2.2 1.6 2.4
Brixon ssmuHO# Macchl (KT') Ha HECYIIKY:

HaYaJIbHYIO 9.013 8.635 8.940 8.895

CPETHIOIO 9.121 8.911 9.019 9.054
Pacxon kopma:

Ha | rojgoBy B CyTKH, I 121.8 120.4 118.6 119.2

Ha 10 suI, kr 1.43 1.46 1.39 1.40

Ha 1 KT ASMYHON MACCHhI, KT 2.40 2.43 2.35 2.37

[TomyueHHble pe3ynbTaThl JalOT OCHOBAHHWE YTBEPXKAATh, YTO YacTOTa MyJIbCallUH
ocemieHHocTH 120 ' oka3pIBaeT JeNpecCHMBHOE BIMSHUE Ha HKM3HECIIOCOOHOCTh U
IPOAYKTUBHOCTh NTHIIBI.

B cpennem 3a nepuoa onbITa Haubosee BRICOKasi Macca sIUIl 3aperuCTpUPOBaHa B ONBITHON
rpymie 2 — Ha 0.3-1.2% BbIlIe, 4eM B OCTAJBHBIX Tpynmnax. PasHOCTH MO 3TOMY MOKa3aTesto
noctoBepHa Mexay rpynmnamu 1 u 4 (P<0.01); 2 u 3 (P<0.01); 2 u 4 (P<0.001).

bonee BbicOkas Macca AMIl B ONBITHOM rpymmne 2 crnocoOCTBOBANO MOBBIIIEHHUIO BBIXOA
au1 oTO0opHOU kateropuu Ha 0.9-2.8% 1o cpaBHEHHIO ¢ JPYTUMH IpynnamMid. MUHUMaIbHBIM
ATOT TOKa3aTeslb ObLT B ONBITHOU rpyrmime 4 — Ha 1.9% Hike, yeM B KOHTpoJsie. MakcuMallbHBIN
BBIXO/I UL IEPBOI KaTEerOpuM 3aperuCTPUPOBaH B KOHTPOJIbHOI rpymnne 1 — Ha 2.4-3.2% Bblie
110 CPAaBHEHUIO C APYTUMU TPYIIaMU, KOTOPbIE MEXAY co00M MpakTUYECKU MaJlo OTINYaIuCh. B
3TOH rpymre ObUT HAaMMEHbIINH BbIX0A sl 2 kareropun — Ha 0.3-3.5% Huxe, 4eM B ONBITHBIX
rpynnax 2-4. Ilo konuuecTBY sull OTOOPHOM M 3 KaTeropui, a TaKKe MOBPEKICHHBIX SHIL
TPYIIBI OTINYAIUCH HECYIIECTBEHHO.

CaMbIil BBICOKUI BBIXOJ SMYHOW MAacCChl Ha HAYAJIbHYIO U CPEIHIOK0 HECYIIKY OTMEUYEH B
KoHTponbHOM rpymme 1 — Ha 0.8-44 u 0.7-24% Bblmie, YeM B ONBITHBIX TIpyIax.
MuHNUMalbHBIMU 3TH TIOKa3aTeNd ObUIM B OMNBITHOM Tpymme 2, MpH YacTOTe MyJbCallUu
ocsemieHHOCcTH 120 I'1y, 9TO OBIIO CBSI3aHO C MEHBIIEH 10 CPAaBHEHUIO C JPYTUMH IpyNIaMu
SIMIEHOCKOCTBIO KYp B 3TOW rpymie.



Jlyumiass KOHBepCHUsl KOpMa B MPOIYKINIO 3apUKCHpOBaHA B OMBITHOW Tpymie 3 u 4, mpu
4acTOTE IMyJbcaluu ocBemeHHocTr 488 u 977 T'ii ¢ HEOOIBITMM TIEPEBECOM TPETEH TPYIIIBI.
Tak, B yka3aHHBIX rpynmnax 3aTparsl kopma Ha 10 st u 1 kr ssmaHo# Maccel Obun Ha 2.1-4.8 u
1.3-3.3% nmke, ueM B rpynmnax 1 u 2, coorBercTBeHHO. CaMMMM BBICOKMMH 3TH MOKa3aTeNH
ObUIM B ONBITHOW TpyIIme 2, MpHU 4acToTe mynbcanuu ocBemenHoctd 120 ['m — na 2.1 u 1.3%
COOTBETCTBEHHO BBIIIIE, YeM B KOHTpOJIE, O3 MyIbCcallii OCBEIICHHOCTH.

Mopdosiornueckuii ¥ XUMHYECKAN aHaNM3 sUIl TMOKaszan (Tali. 2), 4To B CpeaHEM 3a
Nepuoj, OMblTa MaKCcHMajbHas aOCOJIOTHAsT W OTHOCHUTEIbHas Macca JKelTka Obuia B
KOHTpOJIbHOU rpynne 1 u onbitHOM rpynme 3 — Ha 0.2-0.4 r u 0.4-0.7% BbIlIe, YeM B OIBITHBIX
rpynnax 2 u 4 coorBercTBeHHO. [0 aGCONMIOTHON M OTHOCHTENIHHOW Macce Oelika OIbITHAs
rpymmna 2 Ha 0.3-0.5 r u 0.4-0.7% npeBocxoauna npyrue rpynnbl. OTMEUeHHBIE PA3HOCTH MEXKITY
rpynnamM Mo Macce eJTKa U Oelika HOCHIIU XapaKTep TEeHJCHIMH U OBbLIM CTAaTHCTHUYECKU
HEJ0CTOBEPHBI.

Tabauua 2. Mopdosornueckue moka3aresu sSuil

IHoka3zareanb I'pynna
1(k) 2 3 4
Macca:
JKENTKA, T 15.0+0.25 14.7+0.22 15.1+0.26 14.8+0.22
% 25.2 24.6 25.3 24.8
Oeclnka, T 37.7+0.16 38.2+0.20 37.9+0.15 37.9+0.14
% 63.3 64.0 63.4 63.6
CKOPJIYTIBI, T 6.9+0.05 6.8+0.06 6.8+0.07 6.9+0.06
% 11.5 114 11.3 11.6
TonmuHa CKOPIYIBl, MKM 381+3.14 37543.29 378+3.22 383+2.83
CooTHolleHue 6enKa K JKeJITKY 2.5 2.6 2.5 2.6
Wunexc dopmer s, % 78+0.25 77+0.24 77+0.21 78+0.21
Coneprkanue:
B CKOpJIyIE KaJbIHs, %o 36.93 37.25 36.91 36.95
B JKEJITKE, MKI/T:
KapOTHHOMIOB 4.41 4.68 4.54 4.28
BHUTaMUH A 4.65 4.58 4.88 4.45
BUTaMuH E 94.24 92.05 86.59 88.77
BHUTaMuHa B2 5.47 4.98 5.28 5.58
B Oenke BuTamuna B2, Mxr/r 3.79 3.50 3.85 3.68

B cBs3u ¢ Gonee BRICOKOM Macchl kKeJTKa, COOTHOLIEHHE OelKa K KEJNTKY sUll B rpynnax 1
u 3 6b11a Ha 3.8% HuKe, 4yeM B rpynnax 2 u 4.

[To abcomoTHONW M OTHOCHTEIBHOM Macce CKOPIYIbI, TOJNIIUHE CKOPIYIbl M HHIECKCY
(GOpMBI UL FPYHIBI OTINYATIUCH HE3HAYUTEIBHO.

Yro ke KacaeTcs cofepkKaHMsl B CKOPIIYIE KaJIbLUs, B )KEITKE KAPOTUHOUIOB, BATAMUHOB
A, E, By, B Oenke BuTamMuHa By, Tpynmnbl oTIMYanuch HECYIIECTBEHHO M PA3IMUUs MEXAY HUMU
HaXOJWJINCh B IIPEJENIax MOrPEeUIHOCTH aHaIN3a.

Kak moka3piBatoT ngaHHBIe TaOmUIBl 3, B 320-IHEBHOM BO3pacTe MO aOCONIOTHOW M
OTHOCHUTENIBHON Macce cepaua, MeUeH!, SMUHUKa, SHIEeBoa U JUIMHE AHIEBOAA CYILECTBEHHBIX
pa3auuuii MeXay IpynrnaMu He 0OHapyKEeHO, pa3HOCTH MKy TPYINIIaMHU 110 BCEM MTOKa3aTesIM
CTaTUCTHUYECKU OBbLTH HeA0CTOBEpHHBI. [IpeBOCX0ACTBO OMBITHBIX Ipynn 3 U 4 MpHU YacToTe
nynascauu 488 u 977 ' Hajg npyrumu rpymnmnaMyd Mo aOCOJIIOTHOM M OTHOCHTENBHOM Macce
cepaua U IMYHUKA, OTHOCUTEILHOM Macce U JUIMHE AHIIEBOAA HOCHIIO XapaKTep TEHACHLINN.

Taéauna 3. Pe3ynbraThl aHATOMHYECKOH pa3JIeKy TyIek Kyp B 320-THEHOM Bo3pacTe

I'pynna
1) | 2 | 3 | A

IToka3aTean




Macca:
cepaua, r 6.5+0.13 6.4+0.48 6.8+0.24 6.7+0.34
% 0.40 0.38 0.43 0.42
IEYEHHU, T 35.6+1.46 36.4+1.22 33.8+1.10 37.0+4.06
% 2.21 2.16 2.12 2.34
SIMYHUKA, T 46.2+2.40 46.0+4.00 50.1+2.83 50.8+1.46
% 2.86 2.73 3.15 3.21
SIEBO/A, T 61.2+2.28 63.6+3.02 63.1+1.23 62.3+3.26
% 3.79 3.78 3.96 3.93
Jnuna sitieBoaa, cM 60.8+4.12 57.4+3.61 64.2+2.43 64.6+5.25

Jlannsle, mpezacraBieHHble B Tab. 4 mMokas3bpiBalOT, 4yTo B 320-IHEBHOM BO3pacTe IO
COJIepXaHUsl TEYEHU Kyp BJIard, CHIPOTO MPOTEWHA M kupa, BuTaMuHOB E u by rpynmbi
MPAKTUYECKH HE OTIMYAJIUCh W Pa3IUuMs MEX]Iy HUMH HaXOJWIHCh B Mpelenax OIIHMOKH
aHanu3a. OAHAKO MPU YacTOTE MYJbCALUU OCBEIIEHHOCTH CBETOAMOJHBIX CBETUJILHUKOB 120-
977 I'l B rpynmax 2-4 HaOJIOAAIOCH YBEIWYCHUE COACP)KAHUS B MEUEHU Kyp BUTaMHUHA A Ha
6.4-24.7% wn xkaporuHoupoB B 1.33-2.28 paza. MakcuManbHOE cOAEp)KaHUE BHUTaMHUHA A
OTMEUYEHO B OTBITHOU TpymIe 2, a KApOTUHOUOB B ONBITHOM rpymie 4. Mcxoast u3 pe3ynpTaToB
UCCJIEIOBAHMSI MOXKHO IIPEIIOJIOKUTh, YTO MPU NYJIbCALMM OCBELUIEHHOCTH CBETOJUOIHBIX
CBETWJIbHUKOB MPOUCXOAUT MOOMIM3AIIMS BaXHEHIINX AJIs 3pUTEIHHON CHUCTEMBI HYTPUEHTOB —
BUTaMHHA A ¥ KAPOTUHOUIOB.

Ta6auna 4. Pe3ynbTaTsl XMUMHUYECKOTO aHaIK3a MeueHu Kyp B 320-1HEeHOM BO3pacTe

I'pynna
IToxa3aTeinb 1() 5 3 1

Coneprkanue:

BJard, % 66.41 65.78 67.27 66.78

CBIPOTO IIpOTEeUHA, % 54.66 55.55 56.51 56.62

CBIPOTO XUpa, %o 39.13 38.65 37.12 36.76

BUTaMHHA A MKT/T 495.3 617.4 526.8 527.2

putamuHa E MKr/T 7.49 7.03 7.23 7.29

Burtamuna B, Mkr/T 10.68 10.48 10.86 10.56

Kapotunonios, MKr/r 0.86 1.14 1.51 1.96
3akiaiouenue

Takum o0pa3zom, MO pe3yabTaTaM MPOBEACHHOTO MCCIEIOBAHUS MOXKHO 3aKIIIOYMTh, YTO
IpPU COJIEP)KaHUU SUYHBIX Kyp IPOMBIIIJIEHHOIO CTaJa MHCIOJIb30BAHUE CBETOIMOTIHBIX
CBETWJIBHMKOB C 4YacTOTOW IyJbcalMu oOcBenleHHOCcTH 488 ' M BbIIE IO CPaBHEHMIO C
KOHTpoJieM (0e3 MyJbcallii) He TPUBOJAUT K CHIDKEHUIO KU3HECTIOCOOHOCTH U TIPOTYKTUBHOCTH
ntuisl. [lynscanusa ocsemennoctu ¢ yacrotor 120 I'l mo cpaBHEHUIO ¢ APYTMMH U3YYE€HHBIMU
BapraHTaMmu (6e3 mysbcaruu, 488 u 977 I'11) oka3bIBaeT HETATUBHOE BIMSHUE HA OPIraHU3M KYyp,
YTO OTpaXaeTcsi B CHIDKEHHMHM COXpaHHOCTH morojoBbs Ha 4.1-5.5%, sifueHockocTH Ha
HauyalbHYI0 W cpenHion Hecymky — Ha 4.1-4.8 um 2.7-3.1%, BeIXOJa SIMYHOW Macchl Ha
HAyaJIbHYIO U CPEAHIOI HecymKy — Ha 2.9-4.2 u 1.2-2.3% npu NoBBIIIEHUH 3aTpaT KOPMOB Ha
10 s m 1 kr stmuHOi Maccel Ha 2.1-5.0 u 1.3-3.4% cooTBEeTCTBEHHO 0€3 CYIIECTBEHHBIX
U3MEHEHUH MOP(OIOrHUECKUX, TOBAPHBIX U XMMUYECKUX KAueCTB SIHII.

[Tpu copepkaHuM Kyp-HECYIIEK 11eJIeCO00pa3HO MPUMEHSTh CBETOANOHbIE CBETHIIBHUKHI
C 4acTOTOM MyJIbCAallMM OCBEIIEHHOCTH HEe MeHee 488 I'm.
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