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Abstract. The influence of smooth switching the light on/off on the
productivity and viability of laying hens of the SP-789 cross was studied.
In the experiments, three identical groups of 120-day-old birds were
formed. In the first preliminary experiment, poultry was raised up to 410
days of age, in the second main experiment it was raised up to 350 days of
age. All birds were kept in cage batteries under intermittent LED lighting.
The light was turned on at 2-3 am, 8-12 am, and 2-5 pm. In both
experiments, lights were switched on and off instantaneously in the control
group. In the first preliminary experiment, the sunrise and sunset imitations
took place each time the light was switched on and off, and lasted 3
minutes in the experimental group No.1 and 6 minutes in the experimental
group No. 2. In the second main experiment, in the experimental group
No.1 the mode of imitation of sunrise and sunset was similar to that of the
experimental group No. 1 of the first preliminary experiment. In the
experimental group No. 2, sunrise was simulated only during the first light
turn on, and sunset was simulated during the last light turn off (3 min). The
best results were obtained in the group with smooth switching the light on
at the beginning of the first photoperiod and smooth switching the light off
at the end of the last photoperiod (for 3 min). As compared with control,
this group showed an increased livestock livability (91.7%) by 1.9%, egg
production (171.6 eggs) and yield of egg weight (9.81 kg) per initial and
average laying hen by 7.3% and 6.5%. Feed efficiency per 10 eggs (1.33
kg) and 1 kg of egg weight (2.32 kg) decreased by 5.0% and 4.5%
respectively.

1 Introduction

Light is one of the main exogenous regulators of the physiological state, growth,
development, behavior, and productivity of poultry [1-6].

When raising poultry in windowless poultry houses, artificial lighting is the only source
of light. Artificial lightning is characterized by the lighting system, the duration and
frequency of alternation of light and dark periods, the intensity of lighting and the radiation
spectrum [1, 7-9].
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Until recently, incandescent and traditional fluorescent lamps were mainly used for
lighting poultry houses. The beginning of the production of lighting systems with LEDs can
be considered as a revolutionary stage in the lighting of poultry houses [10]. LEDs have
long service life and can be of various wavelengths [11, 12]. They are characterized by low
power consumption [13], the possibility of providing local lighting of poultry, low
maintenance costs [14]. The high efficiency of LED lighting sources in keeping laying hens
is shown in numerous studies [6, 15, 16].

At present, the intermittent light day (17-20) is mainly used in the Russian industrial
poultry farming for the cage keeping of egg hens. The long-term studies of traditional and
LED lighting sources in keeping egg hens in closed windowless poultry houses have shown
that repeated abrupt switching the light on/off in intermittent daylight conditions resulted in
increased nervousness and stress of birds and, therefore, inhibits the achievement of high
genetically determined vitality and productivity of hens.

This work aimed to study the effect of smooth switching the light on/off (simulation of
sunrise and sunset) under intermittent LED lighting on the productivity and viability of egg
hens of the productive flocks and to establish a rational mode of light simulation.

2 Materials and methods

To achieve the set aim, two experiments (the first preliminary and the second main) were
carried out using the hens of the productive flocks of cross SP-789 in the vivarium of
Federal Scientific Center “All-Russian Research and Technological Institute of Poultry” of
RAS.

The 120-day-old hens were divided into 3 groups of 216 heads each. The hens were
kept in cage batteries (6 animals in a cage) up to 410 days of age in the first preliminary
experiment and up to 350 days of age in the second main experiment. Intermittent
1L:5D:4L:2D:3L:9D (L-light, D-darkness) light regime was used in the experiments. The
light was turned on at 2-3 am, 8-12 am, and 2-5 pm. White warm spectrum LED lamps with
color temperatures of 2700-3200 K were used; the illumination intensity at the level of the
feeders was 10 Ix on average.

In both experiments, lights were switched on and off instantaneously in the control
group.

In the first preliminary experiment, the sunrise and sunset imitations took place each
time the light was switched on and off, and lasted 3 minutes in the experimental group No.1
and 6 minutes in the experimental group No. 2.

In the second main experiment, in the experimental group No.1 the mode of imitation of
sunrise and sunset was similar to that of the experimental group No. 1 of the first
preliminary experiment (the best group). In the experimental group No. 2, sunrise was
simulated only during the first light turn on, and sunset was simulated during the last light
turn off for 3 min each.

Other keeping and feeding conditions were identical for all poultry groups and met the
recommended standards.

3 Results

The results of the first preliminary experiment (Table 1) show that gradual switching the
light on/off (imitation of sunrise and sunset) in the experimental groups Nos.1 and 2
resulted in increased livability of laying hens by 2.8% compared with the control, where
lighting was instantaneously turned on and off (without imitation).
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The live body weight of laying hens was not influenced by the light switching mode, no
reliable differences between the groups were recorded at all age periods.

The egg production per initial and average laying hens was the highest in the
experimental group No.1 (lights were smoothly switched on and off for 3 minutes). These
indicators were 3.6-6.6% and 2.6-4.5% higher than in the control and the experimental
group No.2, respectively. The lowest egg production was recorded in the control group.

The average egg weight in the control group was 0.5-0.6 g or 0.87-1.05% worse than
that in the experimental groups Nos.1 and 2, but the difference between the groups was not
statistically significant.

Table 1. Zootechnical parameters obtained in the first preliminary experiment

Group
Indicator ; ;
Experimental | Experimental
Control No.1 No.2
Livability of laying hens, % 90.3 93.1 93.1
Live body weight of laying hens (g) at the age of:
20 weeks 1445+13.9 1466+14.8 1477+14.3
30 weeks 1524427.5 1533+18.7 1542+11.8
40 weeks 1582+13.0 1593+24.1 1556+25.9
50 weeks 1631+33,6 1646+27.2 1669+28.4
60 weeks 1656+31.5 1670+23.8 1688+31.8
Egg production per initial laying hen, pcs. 199.3 212.4 205.1
Egg production per average laying hen, pcs. 211.2 220.6 215.0
Average weight of eggs, g 56.8+0.20 57.34£0.20 57.4+0.23
Yield of egg weight per initial laying hen, kg 11.26 12.20 11.82
Yield of egg weight per average laying hen, kg 11.93 12.67 12.39
Feed efficiency per 10 eggs, kg 1.42 1.36 1.39
Feed efficiency per 1 kg of egg weight, kg 2.51 2.37 242

The yield of egg weight per initial and average laying hens was the highest in the
experimental group No.1. These indicators were 3.2-8.3% and 2.3-6.2% higher than in the
control and the experimental group No.2, respectively. The lowest values were in the
control group.

Poultry received complete fodders according to the norms recommended for the SP-789
cross, so the feed consumption per head per day in all groups was almost the same (111.0-
111.1 g). However, the feed efficiency per unit production was the lowest in the
experimental group No.l, 2.2-4.2 and 2.1-5.6% lower for 10 eggs and 1 kg of egg weight
than in the control and the experimental group No.2, respectively. The laying hens of the
control group spent the most feed per unit of production.

The second main experiment (Table 2) showed that during the whole period of keeping
chickens the highest livability was registered in the experimental group No.l with imitation
of sunrise and sunset at each switching the light on and off. This indicator was 0.9-2.8%
higher than in the control and the experimental group No.2. This indicator was the lowest in
the control group, with instantaneous switching the light on and off.

As in the first preliminary experiment, smooth switching the light on/off had no effect
on the live body weight of hens, in all age periods the groups did not differ significantly in
this indicator.

The laying hens of the experimental group No.2 reached the 5%, 25%, 50%, 75% and
peak egg production 2-3, 1-2, 3, 5-6 and 35-77 days earlier, respectively, than those in the
control and experimental group No.l. The control and experimental group No.l differed
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little by the age of achieving the specified levels of productivity. However, the hens of the
experimental group No.l reached the egg production peak 42 days earlier than in the
control group.

Table 2. Zootechnical parameters obtained in the second main experiment

Group
Indicator Experimental | Experimental
Control No.1 No.2

Livability of laying hens, % 89.8 92.6 91.7
Live body weight of laying hens (g) at the age of:

20 weeks 1422+16.5 1445+17.5 1436+13.6

30 weeks 1579+20.5 1547+20.1 1534+17.8

40 weeks 1614+27.5 1659+23.8 1646+17.6

50 weeks 1702+28.0 1727£31.2 1715+29.2
Age of laying hens (days) at different levels of egg
production, %:

5 129 128 126

25 134 135 133

50 140 140 137

75 148 147 142

peak 247 205 170
Egg production per initial laying hen, pcs. 159.9 167.7 171.6
Egg production per average laying hen, pcs. 166.7 172.9 176.4
Average weight of eggs, ¢ 57.1+£0.25 56.7+0.23 56.8+0.24
Yield of egg weight per initial laying hen, kg 9.21 9.49 9.81
Yield of egg weight per average laying hen, kg 9.61 9.79 10.10
Feed efficiency per 10 eggs, kg 1.40 1.35 1.33
Feed efficiency per 1 kg of egg weight, kg 2.43 2.39 2.32

During the experiment period, 2.3-7.3% and 2.0-5.8% more eggs were obtained per
initial and average laying hens in the experimental group No.2 than in the control and
experimental group No.l1, respectively. The lowest values were observed in the control
group, when the light was turned on and off without imitation of sunrise and sunset.

There were no significant differences in egg weight between the groups. However, the
experimental group No.2 showed a higher egg production, so 3.4-6.5% and 3.2-5.1% higher
egg weight was obtained per initial and average laying hens than in the control and
experimental group No.1, respectively. These indicators were minimal in the control group.

The maximum egg production and yield of egg weight in the experimental group No.2
had a significant impact on the conversion of feed to products, the feed efficiency per 10
eggs and 1 kg of egg weight were, respectively, 1.5-5.0 and 2.9-4.5% lower than in the
control and the experimental group No.1. The feed efficiency per unit production was the
highest in the control group.

Morphological and chemical analysis of eggs showed that, on average, the groups did
not differ significantly in the absolute weights of yolk, egg white, eggshell and shell
thickness during the experiment. The advantage of the experimental groups Nos.l1 and 2
over the control by 0.6-0.7% in the relative weight of the yolk and the lag by 0.3-0.4% in
the relative weight of the egg white and by 0.3% in the relative weight of the eggshell were
tending.
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Table 3. Morphological and chemical parameters of eggs in the second main experiment

Group
Indicator Experimental Experimental
Control No.1 No.2

Absolute weight of egg yolk, g 14.0+0.40 14.7+0.41 14.2+0.43
Relative weight of egg yolk, % 24.8 255 254
Absolute weight of egg white, g 36.2+0.38 36.8+0.51 35.8+0.39
Relative weight of egg white, % 64,2 63.8 63.9
Absolute weight of egg shells, g 6.2+0.07 6.2+0.06 6.0+0.08
Relative weight of egg shells, % 11.0 10.7 10.7
Eggshell thickness, pm 354+3.8 354+4.3 355+6.2
Calcium content in eggshell, % 37.55 3741 37.40
Content in egg yolk, pg/g:

Carotenoids 13.10 12.95 12.89

Vitamin A 7.43 7.14 6.53

Vitamin E 92.24 92.45 92.96

Vitamin B2 5.65 5.68 5.72
Vitamin B2 content in egg white, png/g 4.45 4.84 4.93

There were practically no differences between the groups in the content of calcium in
eggshell, carotenoids, vitamins A, E and B2 in yolk, vitamin B2 in egg white. The existing
differences were within the error margin.

The cutting of hens showed that both at 20 and 40 weeks of age, the best development
of reproductive organs was observed in hens of the experimental groups Nos. 1 and 2. The
superiority of the experimental groups over the control was: at the age of 20 weeks in
absolute and relative weight of the ovary 4.6-7.4 g (36.7-39.5 g) and 0.27-0.58% (2.51—
2.82%), absolute and relative weight of the oviduct 5.5-5.9 g (5§1.7 -52.1 g) and 0.31-
0.48% (3.54-3.71%), oviduct length 6.3—8.7 cm (62.3—-64.7 cm) or 11.3—15.5%); at the age
of 40 weeks in absolute and relative weight of the ovary 8.3-8.9 g (50.7-51.3 g) and 0.43—
0.50% (3.07-3.14%), absolute and relative weight of the oviduct 7.1-8.0 g (63.7-64.6 g)
and 0.33-0.42% (3.86-3.95%), oviduct length 6.1-10.1 cm (65.3-69.3 c¢cm) or 10.3-17.1%,
respectively. However, the difference between the groups was not statistically significant.

4 Conclusion

Based on the results obtained in two experiments, we can conclude that when keeping
laying hens under intermittent LED lighting, the most effective mode was when the sunrise
and sunset imitations took place each time the light was switched on and off, and lasted 3
minutes. The smooth switching the light on/off in comparison with the instantaneous
switching the light on/off made it possible to increase the livestock livability by 1.9%, egg
production and yield of egg weight per initial and average laying hens by 7.3%, 5.8%,
6.5%, 5.1%; as well as to reduce feed efficiency per 10 eggs and 1 kg of egg weight by
5.0% and 4.5%, without significant changes in the quality of eggs.
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KiroueBble c¢jI0Ba:  Kypbl-HECYIIKH, IPEPHIBUCTOE  OCBELIEHUE, CBETOAMOIHBIC
CBETMJIbHUKH, IUIABHOE BKIIOYEHHE M BBIKJIIOYEHHE CBETA, COXPAHHOCTb, NPOJYKTHBHOCTb,
3aTpaThl KOpMa.

AHHOTaIUA.

B paGore wu3yyeHO BIMSHHE IUIABHOTO BKJIIOYEHHMS U BBIKJIIOUYEHHUS CBeTa Ha
IPOAYKTHBHOCTh M JKM3HECIIOCOOHOCTh Kyp-Hecymiek kpocca «CIT 789». B ombitax uz 120-
CYTOYHOH NTHUIBI ObIIIO chopMupoBaHO 1o 3 uaeHTHUYHbIE rpynmsl. [Ituny no 410-cyrounoro
BO3pacTa B MEPBOM PEKOTHOCUHUPOBOYHOM MU 350-CyTOYHOro BO3pacta BO BTOPOM OCHOBHOM
OMBITAX COJEPIKAIHU B KJIETOUHBIX OaTrapesx Ha ()OHE MPEPHIBUCTOIO CBETOUOJHOIO OCBELICHUS
(dboronepuonsr: 2-3, 8-12 u 14-17 4). B 00oux ombITax B KOHTPOJIBHOW TPYIINE OCYIIECTBIISIIN
OJTHOMOMEHTHOE BKJIIOYEHHE M BBIKIIOYEHHE CBETa, a B OIBITHBIX TIpyHHax — IUIaBHOE
BKJIIOUEHUE M BbIKIIOYEHHE. B ombiTe 1, miaBHOE BKJIIOYEHWHM U BBIKJIIOUEHUU CBETA
OCYILECTBIISUIM MPH KaXKJ0M (POTONEPHO/IE MPOIOJHKUTEIBHOCTBIO B 3 MUH B I1EPBO U 6 MUH BO
BTOPOI1 ONBITHOM Ipynmnax. B oneiTe 2, B mepBOi ONBITHOW IPYyMIE PeXUM ObUI aHAJOTUYHBIM
PEKUMY IIEPBOM OINBITHOM IPyMIIbI OIbITA 1, @ BO BTOPOM ONBITHON IpyIiIe MIaBHOE BKIIOUYEHUE
CBETa OCYIIECTBIISIN B HA4aje MepPBOro GOTONEepHoAa U OTKIIOYCHHE CBETA B KOHIIE TIOCIICAHETO
¢doroneproaa MPOAOKUTENBHOCTBIO B 3 MMH. Jlydiine pe3ynbTaThl MOTy4eHbl IPU IJIaBHOM
BKJIIOUEHUHU CBETa B Hayaye MepBOro (oTornepuoja M IMJIABHOM OTKIIIOUYEHHH CBETa B KOHILIE
nocienHero (oronepuoja JUIMTENBHOCTBIO B 3 MUH — B CPaBHEHUHU C KOHTPOJBHOH IpymNIoi
MOBBICHJIACh COXPaHHOCTh ToroyioBbst (91,7%) na 1.9%, sitneHockocth (171,6 WIT.) U BBIXOJ
auyHoi Macchl (9,81 Kr) Ha HayabHYIO Hecyllek — Ha 7.3 u 6.5%, CHU3WINCH 3aTpaThl KOPMOB
Ha 10 s (1,33 kr) 1 1 xr ssmuHoM Maccesl (2,32 kr) Ha 5.0 1 4.5% COOTBETCTBEHHO.

Beenenue

CBeT — OAMH U3 OCHOBHBIX 3K30T€HHBIX DPETYISATOPOB (U3HUOJOTHUECKOTO COCTOSIHUSA,
pOCTa, pa3BUTHS, IOBEICHUS M TPOTYKTUBHOCTH NTHIHI [ 1-6]

[Ipu pa3BeneHMHM  CENbCKOXO3SHCTBEHHOW MNTHUIBI B  O€30KOHHBIX NTUYHUKAX,
HCKYCCTBEHHOE OCBEIICHME SIBJISIETCS €AMHCTBEHHBIM MCTOYHUKOM CBETA, /I OCHOBHBIMHU €I0
(dakTOpaMH CUYMTAIOTCS CHUCTEMAa OCBELICHMsS, PEKUM H3MEHEHHs] NPOJIOJKUTEIbHOCTH U
KpaTHOCTU 4YEpEeJOBaHUSl CBETOBBIX M TEMHOBBIX IEPHOJOB, WHTEHCHUBHOCTb OCBEILEHUS U
criekTp uznydenus [1, 7-9].

Jlo HexpaBHEro BpeMEeHH ISl OCBEUICHMS] NTUYHUKOB B OCHOBHOM HCIOJIb30BAIM JIAMIIbI
HaKaJMBaHUS W TPAJULUOHHBIE JIIOMUHECLICHTHBIE JIaMIIbl. PEBOJIOLMOHHBIM 3TalloM B
OCBEILIEHUU  MTUIEBOAYECKUX IOMELIEHMHM MOKHO CYMTaTh Hayajlo MPOU3BOJICTBA
OCBETUTENBHBIX cucTeM co cBeroguogamMu [10] B cBs3M OONBIIOrO MX Cpoka CIyXObl U
JOCTYITHOCTH pa3HOW JUTHMHBI BOJIHBI [11, 12], Hu3kOMy moTpeOneHuro 3ekrposueprun [13],
BO3MOXHOCTH O0€CIeUeHHUs JIOKAIBHOTO OCBEIIEHHs NTHUIbI, HE3HAYUTEIbHBIM 3aTpaTaM Ha
obcrmyxuBanue [14]. B MHOTOUYMCIEHHBIX HCCIIENOBAHMIX, TMOCIECIHUX JIeT ObljIa IMOKa3aHa
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BBICOKAA Bq)(beKTI/IBHOCTB CBCTOAHUOAHBIX MCTOYHHUKOB OCBCHICHHA IHPHU COACPIKAHUU SHNYHBIX
Kyp-Hecyek [6, 15, 16].

B HACTOAIICEC BpPpCMA B MPOMBINIJIICHHOM HNTHUIICBOJACTBC Hameu CTpaHbl IpU KICTOUYHOM
COJIEP)KaHUH Kyp SIMYHBIX KPOCCOB ITOBCEMECTHO IPHMEHSIOT PEXHUMBI C IPEPHIBHCTHIM
cBeToBbIM AHEeM (17-20). MHoroseTHue HAOIIOCHHS TIPU UCIIOJIb30BAaHHH KaK TPATUIIMOHHBIX,
TaK W CBETOJMOJHBIX HMCTOYHMKOB OCBEINCHHS IPHU COJCPIKAHWU Kyp SHYHBIX KPOCCOB B
3aKpBITHIX OE30KOHHBIX MNTHYHHMKAX ITOKAa3add, YTO MHOIOKPATHOE pEe3KOe BKIIOYCHHE U
BBIKJIIOYEHHE CBETAa B YCJOBHSX MPEPHIBUCTOIO CBETOBOIO [HS IMPHUBOIMT K ITOBBIMICHHOM
HCPBO3HOCTH, CTPECCOTCHHOCTU ITUIBI U, CJICAOBATCIBHO, CACPKUBACT HOCTUKXCHHUC BBICOKOH
TEHETHYECKH OTPEICIICHHOMN KM3HECTTOCOOHOCTH U ITPOyKTHBHOCTH KYP.

Heﬂb Hamen pa60TbI 3aK/II049ajlaCb B HU3YYCHMU BJIMAHHA IIJIABHOI'O BKJIHOUCHUA U
BBIKJTIOYEHHsT CBeTa (MMHTAIMM BOCXOJa W 3aKara COJIHIA) B YCIOBHSX IPEPBHIBHCTOTO
CBETOIHOHOTO OCBEIIEHHS Ha MPOJYKTHBHOCTh W KH3HECIIOCOOHOCTh SIMYHBIX  KYP
IPOMBIIIIEHHOTO CTa/la U YCTAaHOBJICHUH PAI[MOHAIBLHOTO PEXKUMa HMUTAIHH.

MarepuaJj u MeTObI

Jna noctumxenus nocrasieHHod nenu B BuBapuun OHIL «BHUTUIL» PAH na kypax
POMBIIIUIEHHOTO cTaaa kpocca «CI1-789» mpoBenu nBa omnbita (MEPBBIA PEKOTHOCIHPOBOYHBIN
Y BTOPOU OCHOBHOM).

B ombitax u3 120-cyTOYHOrOo pPEMOHTHOIO MOJOIHSKA CchHOpMHUpPOBAIN (METOIOM
aHasioroB) 1o 3 rpynnsl (216 roioB B Ipynie), KOTOPHIX COAEpKalu B KJIETOUHBIX OaTapesx (1o
6 ronoB B Kkierke): A0 410-cyTouHoro Bo3pacTta B IMEPBOM PEKOTHOCHHPOBOYHOM U 350-
CyTOYHOTO BO3pacTa BO BTOPOM OCHOBHOM OMbITe. Bo ombiTax HCIONB30BAIM PEKUM
npepbiBUCTOr0 cBeToBOro nHs 1C:5T:4C:2T:3C:9T, npu 3TOM CBET BKIIOYAIM B MEPUOIBI
BpeMeHH CyTOK: 2-3, 8-12 m 14-17 4. [Insi oCBEIIeHUs MCTIOIB30BAIH CBETOINOIHBIC JIAMITHI
0enoro TEMIOro CHeKTpa ¢ uBeToBoil Temmnepatypoii 2700-3200 K, ocBeIIeHHOCTh B CpeIHEM Ha
YpOBHE KOpMyIIeK cocTasisiia 10 Jik.

B 06oux ombITax B KOHTPOJIBHOW TPYIIE OCYIIECTBISUIM OJHOMOMEHTHOE BKIIOUYECHHUE U
BBIKJIFOYEHHE CBETA.

B pexorHocuupoBOYHOM OMbITE€ 1, B OMBITHBIX Tpynmnax MpU KakJIOM BKIIOUEHHH CBETA
MMUTHPOBAIM BOCXO/] COJHIIA U BBIKJIIOYEHUH CBETA — 3aKaT COJIHLA IPOAOIKUTEIBHOCTBIO 110 3
MUHYTBI B IEPBOM U 6 MUH BO BTOPOI1 IpyIiIe COOTBETCTBEHHO.

B ocHOBHOM orbITe 2, B IIEpBOM OMBITHOM TpyIIe peXUM UMHUTAIMM BOCXOJla U 3aKaTa
CoJNHIa ObUT aHAIOTMYHBIM PEXXKHUMY TMEPBOM OMBITHOW TPYIIBI PEKOTHOCIIUPOBOYHOTO OMbITa 1
(myumiast rpymnma). Bo BTOpoil ONBITHOM Tpyrme BOCXOJA COJHIA UMHUTHPOBAIM TOJBKO TPH
NMEepBOM BKIIIOYEHUM CBETa, a 3aKaT COJHLUA — [pH TMOCIEAHEM BBIKIIOUEHUU CBETa
MIPOJIOJKUTENBHOCTRIO 110 3 MUH.

Jpyrue ycioBus coiep:KaHus U KOPMIIEHUS ObUTM WACHTUYHBIMU JIJISl ITUIBI BCEX TPYIIIL,
Y COOTBETCTBOBAJIM PEKOMEHIYEMbIM HOPMaM.

PesyabTarsl uccjie10BaHUuM

Pesynbrarel pexorHocuupoBoyHoro ombiTa 1 (TaGn. 1) moka3pIBalOT, 4YTO IUIABHOE
BKJIFOYCHHE U BBHIKIIFOUCHHE CBeTa (MMHUTAIMSI BOCXOJa U 3aKaTa COJHIIA) B EPBOM U BO BTOPOIi
OTIBITHBIX TPYNIAx MPHUBENA K IMOBBIIICHUIO COXPAaHHOCTH IMOTOJIOBBSI Kyp-Hecymiek Ha 2.8% 1o
CPaBHEHHMIO C KOHTPOJEM, IJI€ OCBEIIEHHWE BKIIOUAIM M BBIKIOYAIM OJHOMOMEHTHO [0
3aJJaHHOTO YpOBHS (0€3 UMUTAIUN).

Ha xwuByro Maccy Kyp-HECYyILIEK IJaBHOE BKIIOYEHHE U BBIKIIOUYEHUE CBETA BIIMSHUE HE
0Ka3ajo, BO BCE BO3PACTHBIE MEPUOJbI JOCTOBEPHBIX PA3IMYMI MEXIY TPYyNIaMU MO 3TOMY
noKa3aresro He 3a()UKCUPOBaHHbI.

B pacuere Ha mepBOHAUYANbHYIO M CPEIHIOI HECYLIKY IO SHWIIEHOCKOCTH JHAWpOBaja
nepBasi OMbITHAs TPYIIA IPU IUIABHOM BKJIIOUYEHHH M BBIKIIOUYEHUH CBETA JIUTEIHHOCTHIO B 3
MUH — TTOKa3aTelIn ObUIH COOTBETCTBEHHO Ha 3.6-6.6 u 2.6—4.5% BbIlIe, 4eM B KOHTPOJIBHON U
BTOPOW ONBITHOW TpyIIe, MpH 3TOM HaUMEHbIIas SIMIIEHOCKOCTh ObLIa 3aperucTpupoBaHa B



KOHTPOJILHOM T'PYIIIIE.

Hecymku koHTposbHOU Tpymiibl 1o cpenneid macce suil Ha 0.5-0.6 T wim Ha 0.87-1.05%
yCTyNajau MTUIE TEPBOM M BTOPOM OINBITHOM TPYII, HO PAa3HOCTH MEXIY TpyHNnamu ObLIH

CTaTUCTUYCCKHU HEAOCTOBCPHEIL.

Ta6JII/IHa 1. 3o0oTexHnuecKue IMOKa3aTeCJiv, IOJTYYCHHBIC B PEKOTHOCIIUPOBOYHOM OIIBITE 1

['pynima
ITokaszarens
KOHTpOJIbHAs | onbITHAst 1 | onbITHAs 2
CoXpaHHOCTH MOTOJIOBBS Kyp-Hecymiek, % 90.3 93.1 93.1
JXKusas macca Kyp-Hecy1iek (I') B Bo3pacTe:
20 Henenp 1445+13.9 1466+14.8 | 1477+14.3
30 nenenp 1524+27.5 | 1533+18.7 | 1542+11.8
40 gwenenn 1582+13.0 1593+24.1 | 1556+25.9
50 Henenn 16314£33,6 | 1646+£27.2 | 1669+£28.4
60 Henenb 1656+31.5 1670+£23.8 | 1688+31.8
SMIIEHOCKOCTh Ha IEPBOHAYAIBHYIO HECYIIKY, LIT. 199.3 212.4 205.1
SM1EHOCKOCTh Ha CPENIHIO HECYILKY, IIIT. 211.2 220.6 215.0
CpenHsisi Macca Ul Kyp-HEeCyIieK, T 56.8+0.20 57.3+£0.20 | 57.4+0.23
BbIxop ssmuHO# Macchl Ha EPBOHAYAIBHYIO HECYIIKY, KT 11.26 12.20 11.82
Brixon ssmuHOM Macchl Ha CPEHIOI0 HECYIIKY, KT 11.93 12.67 12.39
3aTpaThl KOpMOB Ha 10 su1l, KT 1.42 1.36 1.39
3aTpatbl KOPMOB Ha 1 Kr SIMYHOM MaccChl, KT 2.51 2.37 2.42

B pacuere Ha NEepBOHAYAIBHYI0O M CPEOHIOK HECYIIEK BBIXOJ SIMYHOW MACChl HMEN

MaKCHMaJlbHOE 3HAYEHUE B MEPBOM OMBITHOM Tpymie, a UMeHHO Ha 3.2-8.3 u 2.3-6.2% Bblie,
YeM B KOHTpPOJIbHOW M BTOPOH OIBITHOM Ipymmnax COOTBETCTBEHHO. CaMbIMU HU3KMMH ObUIM
IIOKAa3aTeNId B KOHTPOJIBHOM TpyIIIE.

Kopwmiienue ntuibl NOJTHOPAIMOHHBIMM KOMOMKOPMaMH 10 HOpMaM, pEKOMEH/I0BaHHBIM
qutst kpocca «CIT 789» cTano mpuunHON NpakTUYECKU OJMHAKOBOIO Pacxojia KopMma Ha | romoBy
B cyTKkH BO Bcex rpymmax (111.0-111.1 r), HO 3aTpaThl KOPMOB Ha €AMHHILY MPOAYKIIMU OBLIH
HAaUMEHBIIMMHU B MEPBOM ONBITHOW rpynmne — Ha 2.2—4.2 u 2.1-5.6% Huxe Ha 10 aun u 1 kr
SAUYHOM MAaccChl, YeM B KOHTPOJBHOM M BTOPOH ONBITHOW Ipymnmax COOTBETCTBEHHO. boibmie
BCEro KOpMa Ha €AMHUILY NPOAYKLIUHU TPATUIN KYpPbl-HECYIIKH KOHTPOJIbHON IPYTIIIHI.

OcHOBHO#1 ombIT 2 (Tabl. 2) MoKa3an — 3a BeChb MEPHOJ] COJCPIKAHUS Kyp camasi BHICOKast
COXpPaHHOCTh ObLIa 3apEeTUCTPUPOBAHA B TEPBOM OMBITHOM TpyNIe C MMHUTAIMEHd BOCXOJa U
3aKaTa COJHIIA MPU Ka)KJIOM BKJIFOUEHUH U BBIKJIIOUEHUH CBETa, a UMEHHO, Ha 0.9-2.8% Gobiue,
YyeM B KOHTPOJIbHOM M BTOpOM ONBITHOM rpynmax. HaumeHbImMM 3TOT mokasareib ObLI B
KOHTPOJILHOM IpyMIie, Ipyu OJJHOMOMEHTHOM (0€3 MMHUTAIMH) BKJIFOUEHUH U BBIKIIIOUCHUN CBETA.

Kak 1 B pekOrHocIMpOBOYHOM ONBITE 1, MJaBHOE BKIIIOUEHHE U BBIKIIOYEHHE CBETa HE
0Ka3ajo BJIMSHHME Ha XUBYIO Maccy Kyp, BO BCE BO3PAaCTHBIE IEPUOJBI IO ITOMY ITOKA3aTENII0
IPYIIbl OTINYAIUCH HECYIIECTBEHHO.

Kypspi-Hecymiku BTOpoil onbITHOW rpymmsl Ha 2-3, 1-2, 3, 5-6 u 35-77 aneil panblie
nocturim 5-, 25-, 50-, 75%-y10 u UK SIMIIEHOCKOCTH COOTBETCTBEHHO, YeM B KOHTPOJIHHOU H
NIEPBOM ONBITHOM TIpynmax, KOTOphIE IO BO3pacTaM JOCTH)KEHHS YKa3aHHBIX YpPOBHEU
MPOAYKTUBHOCTH MaJIO OTJIMYAIKNCH 32 UCKIIIOUEHUEM €€ NMHKa, KOTOPbIi NTHIla IEPBON ONBITHON
TPYIIBI JOCTUTIIA HA 42 THS paHbIIE, YEM B KOHTPOJIBHOM rpymIe.

Tabmuia 2. 300TeXHUUECKHE TTOKA3aTeNH, TOJyIeHHBIE B OCHOBHOM OIIBITE 2

['pynna
KOHTPOJIbHAs ‘ onbITHas 1 ‘ OIbITHAs 2

Tloka3arenn




CoxXpaHHOCTH MOTOJIOBBS Kyp-Hecymiek, % 89.8 92.6 91.7
Kupas mMacca Kyp-Hecyuiek (T) B BO3pacre:

20 Henenp 1422+16.5 1445+17.5 | 1436+13.6

30 nenenp 1579£20.5 | 1547420.1 | 1534+17.8

40 gwenenp 16144275 1659+23.8 | 1646+17.6

50 Henenn 1702+£28.0 | 1727431.2 | 1715429.2
Bospact kyp-Hecymiek (CyT.) TpH JOCTH)KECHHH
pa3IMYHbIX YPOBHEH SIMIIEHOCKOCTH, Y%:

5 129 128 126

25 134 135 133

50 140 140 137

75 148 147 142

UK 247 205 170
SNEHOCKOCTh Ha IEPBOHAYAJIBHYIO HECYIIKY, IUT. 159.9 167.7 171.6
SIAIEHOCKOCTh Ha CPETHIOI0 HECYIIKY, IIT. 166.7 172.9 176.4
Cpenusist Macca siii] Kyp-HECYIIeK, T 57.1+0.25 56.7+0.23 | 56.84+0.24
Ermxon SMYHON MacChl Ha MEePBOHAYAIBHYIO HECYIIKY, 9.1 9.49 9.81
BbIxoJ ssMuHON Macchl Ha CPEIHIOK HECYIIKY, KT 9.61 9.79 10.10
3atpatel KopMoB Ha 10 su, kr 1.40 1.35 1.33
3arpaTsl KOPMOB Ha | KI' IMYHOMN Macchl, KT 2.43 2.39 2.32

B pacdere Ha mepBOHauaIbHYIO M CPEIHIOI HECYIIEK BO BTOPOW OMNBITHOHM Tpymme 3a
MEPHUOJ] IKCIIEPUMEHTa OBUIO MOJYYeHO cooTBeTCTBeHHO Ha 2.3-7.3 m 2.0-5.8% Oonpiie s,
4YeM B KOHTPOJIBHOW M IEpBOM OMBITHOW rpynmnax. HauMmeHbline mokasatenu HaOMIOAaluCh B
KOHTPOJIbHOM TIpyIIe — NPU BKJIIOYEHUHU U BBIKJIIOUYEHUH CBeTa 0€3 MMUTALIMM BOCX0/1a U 3aKaTa
COJIHIIA.

JlocTOBEpHBIX pa3inyMil MO Macce ULl MEXKAY IpyIIlaMud HE OTMEuanoch, HO, B CBSI3U C
0oJiee BBHICOKOW SIHIIEHOCKOCTHIO BO BTOPOI OMBITHOW TPYIINE B pacyeTe Ha MEPBOHAYATIBHYIO U
CPEIHIOI HECYNIKY OBLJIO TOJydeHO COOTBeTCTBeHHO Ha 3.4—6.5 m 3.2-5.1% OombIe suIHON
Macchl, Y€M B KOHTPOJIbHOW M IEPBOM ONBITHOM rpynnax. MUHUMaJIbHBIMU 3TH IOKa3aTeln
OBLIIM B KOHTPOJILHOM IpymIie.

Cy1iecTBEHHOE BIUSHUE HAa KOHBEPCUIO KOpPMa B IPOAYKIMIO OKa3ajld MaKCUMAaJIbHbIE
3HAQ4YECHUS SIMIIEHOCKOCTH M BBIXOJA SIMYHOW MacChl BO BTOPOM OMNBITHOM TPYIIIE, 3aTpPaThbl
KOpMOB B pacyete Ha 10 suil U 1 Kr sMYHONW Macchl ObLTM coOTBEeTCTBEHHO Ha 1.5-5.0 u 2.9-
4.5% Huxe, yeM B KOHTPOJbHOW M IEPBOM ONBITHOM Ipymmax. 3aTpaTbl KOpMa Ha €AUHHILY
IPOAYKIIMH CaMbIMH BBICOKMMH OKa3aJINCh B KOHTPOJIBHOM TPYTIIIE.

Mopdonornueckuii ¥ XUMHUUECKMH aHAJIW3 SUI[ MOKa3all, YTO B CPEAHEM 3a IEPUOJ
HKCIEPUMEHTA TPYNIBl HECYLIECTBEHHO OTIMYAIMCh MO aOCOJIOTHOM Macce JKelTka, Oelka,
CKOPJIYIIBI ¥ TOJIIMHE CKOpAyIbI sinll. [IpeBocXoacTBO NMEpBOM M BTOPOU OIBITHBIX I'PYIIT HAJl
koHTposieM Ha 0.6-0.7% mo oTHOCHTENBHON Macce KenTka, a Takke orcTaBanue Ha 0.3-0.4% no
OTHOCUTENbHON Macce Oenka W Ha 0.3% MO OTHOCHTENBHOM Macce CKOPIYIbI SUI] HOCUIIO
XapakTep TeHICHIINH.

Ta6mmia 3. Mopdosnorndeckrne 1 XUMUIECKHE TTOKA3aTENH SIUI] B OCHOBHOM OTBITE 2

I'pynima
ITokazarenn

KOHTpOJIbHAs | ombITHas 1 OmBITHAS 2
AOCOIIOTHAsA Macca )eNTKa Sull, T 14.0+0.40 14.7+0.41 14.2+0.43
OTHOCHUTEIbHAs Macca KeJITka suil, % 24.8 25.5 25.4
AoOcomoTHas Macca Oelka Suil, T 36.2+0.38 36.8+0.51 35.8+0.39
OTtHOocuTenpHasa Macca 0enka auty, % 64,2 63.8 63.9
AOCOTIOTHAS Macca CKOPJIYIIBI SUII, T 6.2+0.07 6.2+0.06 6.0+0.08




OTHOCHUTENBHAs Macca CKOPJIYIBI stull, %0 11.0 10.7 10.7
TonmmAa CKOPITYIIBI SUI], MKM 35443.8 354+4.3 355+6.2
CopepxaHue B CKOPIIyIE SIUI KaIblus, % 37.55 37.41 37.40
CopepraHKe B KEJITKE SHII, MKI/T:
KapOTHUHOMJIOB 13.10 12.95 12.89
BUTaMHHA A 7.43 7.14 6.53
BUTaMuHa E 92.24 92.45 92.96
Burtamuna B2 5.65 5.68 572
Copepxanue B Oenke sl BUTaMuHa B2, MKT/T 4.45 4.84 4.93

OTnuuust B rpynmnax MPaKTUYECKH HE OBUIO 1O COJEPIKAHUI0 B CKOPIYIE KaubIus, B
KENTKE — KapOTUHOMIOB, BUTaMuHOB A, E u B,, B Oenke — Butamuna Bj, a cymectByromue
pa3uurs HaXOWIMCh B TIPE/IesiaX TOrPEITHOCTH aHAI3a.

Kak B 20-, Tak u 40-HenenbHOM BO3pacTe, KaK MOKa3ajdu pe3yJibTaThl aHATOMUYECKOU
pa3feNku Kyp, Jy4IIMM pa3BUTHEM PEMPOAYKTUBHBIX OpPraHOB XapaKTEPU30BAIHCH KYpPbI
NEepBOl M BTOPOW ONBITHBIX TPYII, C HEKOTOPHIM MpeBaJupoBaHueM mochennei. Tak,
IPEBOCXOJICTBO OMBITHBIX TPYII HAJ KOHTPOJEM COCTaBWIIO: B 20-HEIENbHOM BO3pacTe IO
a0COJIIOTHOM M OTHOCUTEIbHOU Macce simunuka 4.6-7.4 r (36.7-39.5 r) u 0.27-0.58% (2.51-
2.82%), siinieBona — 5.5-5.9 r (51.7-52.1 r) u 0.31-0.48% (3.54-3.71%), nnune siineBoaa 6.3—
8.7 cm (62.3-64.7 cm) wmu 11.3-15.5%; B  40-HemenbHOM BoO3pacTte MO abOCONIOTHON |
oTHOCHTENbHOM Macce smunmka 8.3-8.9 r (50.7-51.3 r) u 0.43-0.50% (3.07-3.14%), siineBoaa —
7.1-8.0 r (63.7-64.6 1) u 0.33-0.42% (3.86-3.95%), mo mnune siineoaa 6.1-10.1 cm (65.3-69.3
cM) wm  10.3-17.1% cootBerctBeHHO. OaHaKo, pPa3HOCTh MEXIYy TIpyIlnamu Oblia
CTAaTHCTHYECKU HEJOCTOBEPHA.

3akiaro4eHue

Ha ocHOBaHWU MOJYyYE€HHBIX B ABYX 3KCIEPUMEHTaX Pe3yJbTaTOB MOKHO 3aKIIFOUUTh, YTO
IIPH COJCPKAHUH STUYHBIX Kyp-HECYIIeK Ha ()OHE MPEPBIBHCTOTO CBETOJMOJHOTO OCBEICHUS
Haubosee 23((EKTUBHBIM SBISETCS PEKUM UMHUTAIIMHM BOCXO/a COJHIIA IPU MIEPBOM BKIIOUYEHUU
CBETa U 3aKaTa COJIHIIA — MPU TOCIEAHEM BBIKIIOYEHUN CBETA JITUTEIHHOCTHIO B 3 MHUHYTHI.
Hcnonb3oBaHue yKa3aHHOTO PeXUMa IIABHOTO BKJIIOUEHHUS W BBIKIIOUYEHUSI CBETA B CPAaBHEHUHU
C KOHTPOJIbHOW Tpynmoil (OJJHOMOMEHTHOE BKJIIOUEHHE CBETA) I[I03BOJIUJIO TOBBICUTH
COXpPAaHHOCTh TOrosioBbsi Ha 1.9%, SHIIEHOCKOCTh M BBIXOJ SIMYHOM Macchl B pacyeTe Ha
MEePBOHAYAIILHYIO U CPEJHION Hecymiek — Ha 7.3, 5.8 u 6.5, 5.1%, cHu3uTh 3aTpaThl KOPMOB B
pacuete Ha 10 sum u 1 kr suyHoi Maccel Ha 5.0 u 4.5% COOTBETCTBEHHO, 0€3 3HAYMMBIX
M3MEHEHUIN Ka4eCTBEHHBIX MMOKA3aTeNIeH SULI.
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