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B cBSi131 C HEO6XOAMMOCTbIO MOBbILLIEHUS
YPOXXarMHOCTU PaCTEHUN U CHUXEHUS
3HepronoTpe61eHUss UCTOYHUKOB U3JYYEHNS,

Mbl BBOAUM KOHL,EMNUUIO LLUKI0aAanTUBHOIO
dotopexuma (LLADP), KOTOpbii aganTupyercs

K noacTaauam (3tanam) pasBuUTUs pacTeHui,
AVHaMUYeCKU U3MEeHSsIeT NapamMeTpbl OCBeLLeHNs s
ONTUMM3ALLIMM UX POCTA U Pa3BUTUS U CNOCO6CTBYET
YBe/INYEHUIO CUHTe3a GPOTOCUHTETUYECKUX
nUrmMeHToB. Mo pe3yabTaTam OLLEHKU BAUSHUS
CMeKTpa/IbHOro cocTaBa CBeTOAMOAHbIX

YCTPOMCTB Ha pasBuTHe Lactuca sativa L. 6b110
onpeaeneHo, 4To CBeToU3JlyyatoLLee YyCTPOUCTBO,
OCHOBAHHOE Ha aBTOMATU3MPOBAHHOM U3MEHEHUN
CNeKTpasIbHOro CoCTaBa MU3Jly4eHust U NIOTHOCTU
dpoTocuHTeTUYECKOro GOTOHHOIO NOTOKA

B 3aBUCMMOCTW OT 3Tana pasBUTUS pacTeHUs

B COOTBETCTBUM C LMK/10aJaNTUBHOWN METOAMKOMN
OCBeLEeHUS, MPUBOAUT K YBEIMYEHUIO YPOXKANHOCTU
KyNbTYpblI Lactuca sativa L. B 2 pa3a, a Tak)Xe CHUXKEHUIO
KOJINYeCTBa UCNO/Ib30BAHHOW BOAbI, HEO6X0AMMOW
Ans 06pasoBaHus 1T Cyxoro BewwecTsa, B 2,5 pasa

Mo CPaBHEHMUIO C eCTEeCTBEHHbIM OCBeLLeHMeM.

Knto4yeBble cnoBa: CBETOAMOS, CEKTpasibHas
XapaKTepuCTUKa, LMKI0aAAMTUBHBIV GOTOPEXUM,
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In order to increase plant yield and reduce
radiation sources energy consumption, we
introduce the concept of the cycloadaptive
photomode (CAPM), which adapts to the plant
development substages (steps), dynamically
changes lighting parameters to optimize

their growth and development, and promotes
increased photosynthetic pigments synthesis.
Based on the results of assessing the spectral
composition of LED devices effect on the Lactuca
sativa L. development, it was determined

that the light-emitting device based on the
automated change in the spectral composition
of radiation and the photosynthetic photon
flux depending density on the stage of

plant development in accordance with the
cycloadaptive lighting mode leads to increase
Lactuca sativa L. yield by 2 times, as well

as a decrease in the amount of water used

to form 1 g of dry matter by 2.5 times compared
to natural lighting.
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BBEAEHUE

CBeTou3ayyaromye CTPYKTYPEl Ha OCHOBE IIOJYIIPO-
BOJHHUKOBBIX COeJMHEHUN M HUX TBePIbIX PacTBOPOB
AKTHUBHO MCIIO/NB3YIOTCA B YCTPOMCTBAX HCKYCCTBEH-
HOT0 OCBeIeHHUsI PaCTeHUMN 6/1arofgaps BO3MOKHOCTH
reHepallMd H3jlydeHHd BO BCeM BHAHMMOM [OHaIla-
30He, a Takke BbICOKOMY KIIJ ¥ Ma/IoMy 3HEpPIrOII0-
TpebneHuo [1]. Posb CrIeKTPaJbHOIO KauecTBa CBeTa
B y[IOBJIETBOPeHUH CIeludHUUecKUX MOoTpebHOCTel
Ha Pa3sIMYHBIX CTAAUSIX Pa3BUTHS pacTeHUH (IIpo-
pacTaHMe, BereTallus M LiBeTeHMe) OCTAeTCsl Heflo-
CTaTOYHO OIIpesle/IeHHOM U HCCIeNoBaHHOM [2]. s
obecrieueHust 3QPeKTHBHOTO PA3BUTHUSL PACTEHUM
HeobXO0IHMO OTC/IeXHUBATh MHOXKECTBO I1apaMeTpoOB,
TaKHUX KaK JSHEprysi IpopacTaHus, obpasoBaHHUe
JINCTbeB, OJIHMHA KOPHEM M THUIIOKOTHUIIS, IUIOIIAAb
JINCTbEB, YPOBEHb CTpecca PaCcTeHHUH W Psf, OPYTHUX
daxTOopoB.

Ha cerogHAIIHUMN JeHb CyIleCTByeT JUHaMUYecKoe
ocBellleHHe [3-6], KOTOpoe peryaupyeT HHTeHCHBHOCTh
CBeTa, JUIMHY BOJIHBI K GOTOIEPHO/ U HaIlpaB/ieHo Ha
MMHTALMIO yCJIOBUM eCTeCTBeHHOro ocemeHHs (EC)
B Te4YeHHe OCHOBHBIX CTQMN POCTa PACTeHHUH (IIpo-
pacTaHHUe, BereTallUsl U LiBeTeHUe) Oe3 yueTa ocobeH-
HOCTeN H3MeHeHHs 6HoMeTpHUYecKUX IapaMeTpoB
pasBUTHS. [ JOCTHKEHHsI BBICOKHX IIOKa3aTeleH
YPOKAaMHOCTH PAcTeHHH U YAy4IleHHUs IOTpebrTens-
CKHX CBOMCTB, a TakKKe [JIs CHH’KeHHSI 3HeproIlo-
Tpeb/IeHHUsI UCTOUHUKOB H3Ty4eHHUs MBI IIpefaraem
KCIIO/Ib30BaTh LMK/IOALANTUBHBIN PeKUM OCBellle-
HHS, KOTOPBIM YYHUTBHIBAeT IIOACTAAUKM TPATHMIIMOH-
HbIX $a3 pa3sBUTHUS. LIMK/I0aJaITUBHBEIN GOTOPEKUM —
3TO PeXKHM OCBellleHHsI, KOTOPBIH aJallTHPYeTCs
B 3aBMCHMMOCTH OT LIMKJIa WU IOACTaAHH Pa3BUTHS
PacTeHHUSI U OCYIIeCTB/IsIeT JHHAMHYeCKoe H3MeHe-
HHe IIJIOTHOCTH (OTOCHMHTETHYeCKOro II0TOKa $oTo-
HOB, COOTHOIIEHHUS JJIMH BOJIH U JJIMTEIbHOCTH OCBe-
IIeHKS B 3aBUCHMOCTH OT TeKyLIero 3Talla pa3sBHUTHS
pacteHusi. TepMUH «IJUKI0AJANTUBHBIN» OTHOCHUTCS
K MeTO/ly OCBeIleHHUsI, aJalITHPOBAHHOMY K 6HOIOrH-
4eCKUM LIMKJIaM Pa3BUTHS PaCTeHUH, YTO I103BOJISET
YAY4YLIUTb POCT U Pa3BUTHE PACTeHHH Ha Pa3HBIX 3Ta-
ax KyJbTHBHUPOBAHUS, YBeIUUHNBAs UX YPOSKAKHOCTb
U QUTOXMMHYECKHI COCTaB. B cBeTe aKTHBHOIO Pas-
BUTHS arpOIPOMBIIIIEHHOIO KOMIUIEKCa BO3HHKaeT
HeobXOAMMOCTh CO3/IaHHS CBeTOOUOAHEIX obiydaTe-
ner, obnamarmoinux 6ojee BBICOKOK 3dPEKTHBHOCTHIO
[I0 CPaBHEHHIO C TPaSHULMOHHBIMH HCTOYHHKAMH
OCBelLlleHHSI B TeIJIMYHOHW IIPOMBILIJIEHHOCTH, MIJIS
[IOBBIIIEHUS YPOKAMHOCTH CeIbCKOXO03SMCTBEHHBIX
pacteHuil [7-10]. Llensto paboThbl sIBISIETCS CO3AAHHe
LMK/I0aJAIITUBHOIO PEeKKMMa OCBeLIeHMs JISl YBeJIK-
YeHHU s yPOsKaKMHOCTH Lactuca sativa L.

=

INTRODUCTION

Light-emitting structures based on semiconductor com-
pounds and their solid solutions are actively used in
artificial plant lighting devices due to the ability to gen-
erate radiation in the entire visible range, as well as high
efficiency and low energy consumption [1]. The role of
light spectral quality in satisfying the peculiar manifes-
tations at various stages of plant development (germina-
tion, vegetation and flowering) remains insufficient and
research [2]. To ensure effective plant development, it is
necessary to take into account many parameters, such as
germination energy, leaf formation, root and hypocotyl
length, leaf area, plant stress level and a number of other
factors.

Today, there is dynamic lighting [3-6] that regulates
light intensity, wavelength, and photoperiod and is
aimed at simulating natural lighting (NL) conditions
during the main stages of plant growth (germination,
vegetation, and flowering) without taking into account
the peculiarities of changes in biometric development
parameters. To achieve high plant yields and improve
consumer properties, as well as to reduce the radiation
sources energy consumption, we propose using the cyclo-
adaptive lighting mode that takes into account the sub-
stages of traditional development phases.

Cycloadaptive photomode is a lighting mode that
adapts depending on the cycle and substage of plant
development and dynamically changes the photosyn-
thetic photon flux density, the wavelengths ratio and
the illumination depending duration on the plant devel-
opment current stage. The term “cycloadaptive” refers
to a lighting method adapted to the plant development
biological cycles, which improves the growth and plants
development at different stages of cultivation, increasing
their yield and phytochemical composition. In the light
of the rapid development of the agro-industrial complex,
there is a need to create LED irradiators with higher effi-
ciency compared to traditional lighting sources in the
greenhouse industry to increase the agricultural plants
yield [7-10]. The aim of the work is to create the cyclo-
adaptive lighting mode to increase the Lactuca sativa L.
yield.

MATERIALS AND METHODS

To assess the plant lighting efficiency at development
different stages when creating universal light-emitting
devices that are effective for plant growth, we proposed
a study of changes in the biometric parameters of agri-
cultural crop development during the vegetation cycle.
The Lactuca sativa L. seed germination installation con-
sists of 63 boxes (9x9 cm). As the study part of the
LED light sources effect on the Lactuca sativa L. variety
“Vyuga” growth, 15 experimental light-emitting devices
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J1s1 oLleHKHU 3P HeKTHUBHOCTH OCBeIlleHUs pacTeHHUH Ha
Pa3HBIX CTafWAX Pa3BUTHS IIPH CO3JAHHUU 3P eKTHB-
HBIX JIJIS1 pOCTa PaCTeHUN YHUBEPCATIbHBIX CBETOU3NY-
YAOUINX YCTPOMCTB HAMH IIPeAJIOKeHO UCC/IefloBaHe
M3MeHeHUsI 6oMeTpHYecKUX IIapaMeTPOB Pa3BUTHS
CeJIbCKOXO3SIICTBEeHHBIX Ky/JIbTYpP B TedeHMe BereTa-
LIMOHHOTO LMKJIA. YCTaHOBKAa [/ MPOPAIlMBaHHUSI
ceMsiH Lactuca sativa L. cocTtouT U3 63 6okcoB (9x9 cm).
B paMKax Hccael0OBaHUS BO3IEHCTBHSI CBeTOMOLHBIX
HCTOYHUKOB CBeTa Ha PocT Lactuca sativa L. coproo-
6paser «Bprora» 6p110 paspaboraHo 15 sKcIepHMeH-
TaJbHBIX CBETOM3/IY4alOUIMX YCTPOMCTB Ha OCHOBe
cBeTOOUONOB 445 HM (c) B 660 HM (K) C pa3IMYHBIM
CIIeKTPJIBHBIM COCTaBoM Hu3iydeHHUs (100c, 75c/25Kk,
50c/50k, 25c/75k, 100K) ¥ 3Ha4YeHHEeM IUIOTHOCTHU
dotocuHTeTHUYECKOr0 PoToHHOrO mnoroka (PPFD) 100,
200 1 300 MKMOIB-M~2-C7L,

CeMeHa Lactuca sativa L. BBICA)KMBaJIMCh B YalIKU
IleTpu Ha OUIBTPOBAABHYI0 OyMary s yAepsKa-
HUs Blard. GoTomepuon B KaMepe s IIPOpallHdBa-
HUS cocTaBysil 14/10 vacoB (meHb/HOUB) € 8:00 yTpa
n0 22:00 Beuepa. ITouB ceMsH B IepBele 10 JHEH IPoO-
pallliBaHUS OCYLIeCTB/ISICA JBa pas3a B JeHb 10 5 MJI
npy Temrmeparype 15 °C, B masbHeHIIeM ObUI yBeNIH-
4yeH 70 15 mu. TeMIepaTypa IoAJep>KUBalack B JHa-
mmasore ot 19 °C gmo 21 °C. Bce 3KCII@pHMEHTHI IIPOBO-
OUITHCh B COOTBETCTBHUM C TPeOOBAaHHUSIMU CTaHAAPTA
FOCT-12038-84.

Jist sKcriepuMeHTa 6bUIo oTob6paHO 1980 pacre-
HHUM, U3 HUX COOPMHUPOBAHEI 22 TPYIIIHI I10 30 pacTe-
HMH IIPU TPexX [OBTOPHOCTSIX U IIOMeIlleHbl B Pa3Hble
YCJIOBHS OCBeIleHHOCTH. [lapaMeTpEl pa3sBUTHS aHa-
JTU3UPOBAIH OTHENIbHO ISl KaXKIOro pacreHusi. Cra-
THCTHYeCcKoe IMpOorpaMMHoe obecriedeHHe UCIIONb-
30BaJIOCh JJIs1 BCeX CTAaTHCTHYEeCKHX aHa/lM30B IIPU
yPOBHe H0CToBepHOCTH p=0,05. [lJaHHbIe OLleHHBaIU
Ha IIpefMeT HMX HOPMAaJIbHOCTH C HCII0/b30BaHIHEM
Tecta Ilanupo-YHIKa M BIIOCAe[CTBHU IIOZBEep-
ralyu OgHOPAKTOPHOMY AMCIIEPCHOHHOMY aHAIHU3Y
(ANOVA) ¢ moc/efyomuM alloCTepHOPHBIM TeCTOM
ThIOKH.

PE3YJIbTATbI N UX OBCY)XXAEHWUE

B TeueHHe BereTalMOHHOTO II€PUOAA MBI OIIpele/siIu
clefyooLide IIapaMeTpbl PpoCTa 3KCIepHUMeHTaJIb-
HbIX 00pa3LioB: SHepPrus MPOpPACTaHUs, %; IOSIBIIe-
HUe CeMSIONBHBIX JIUCThEB, %; M3MepeHHe CIIeKTPOB
dbnyopecieHIIMY XJIOpOGUIUIA; CPeNHSS AJIMHA KOPHS
Y TUIIOKOTHJISI, CM; IIOSIBJIeHIe IIePBOr0 U II0CIeNyIo-
IIUX JINCTBEB, %; CTPeCcC pacCTeHUE ; IIIOIAlb IHCTHEB,
CM?; Macca JIMCTOBOM YacTH, I'; Macca CyXOro Belle-
CTBa (JIMCTOBAS 4acTh), I'; YPOSKAHMHOCTD, KI/M?; TPaHC-
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were developed based on 445 nm (b) and 660 nm (1)
LEDs with different spectral compositions of radiation
(100b, 75b/25r, 50b/50r, 25b/75r, 100r) and photosyn-
thetic photon flux density (PPFD) values of 100, 200 and
300 pmol-m=2-s7L.

Lactuca sativa L. seeds were planted in Petri dishes on
filter paper to retain moisture. The photoperiod in the
germination chamber was 14/10 hours (day/night) from
8:00 am to 10:00 pm. Seeds watering in the first 10 days
of germination was carried out twice a day with 5 ml at
a temperature of 15 °C, later it was increased to 15 ml. The
temperature was maintained in the range from 19 °C
to 21 °C. All experiments were carried out in accordance
with the COST-12038-84 standard requirements.

A total of 1980 plants were selected for the experiment,
of which 22 groups of 30 plants were formed with three
replicates and placed under different lighting conditions.
Developmental parameters were analyzed separately for
each plant. Statistical software was used for all statisti-
cal analyses at a significance level of p=0.05. Data were
assessed for normality using the Shapiro-Wilk test and
subsequently subjected to one-way analysis of variance
(ANOVA) followed by a post hoc Tukey test.

RESULTS AND DISCUSSION

During the growing, we determined the following experi-
mental samples growth parameters: germination energy,
%; cotyledon leaves emergence, %; chlorophyll fluores-
cence spectra measurement; average root and hypocotyl
length, cm; the first and subsequent leaves emergence,
%; plant stress; leaf area, cm?; leaf part weight, g; dry
matter weight (leaf part), g; yield, kg/m?; transpiration
coefficient; chlorophylls a and b, carotenoids content.

Seeds germinated under HPS lighting were used as
a control group (three boxes of 30 seeds), since the sam-
ples grown under GOST conditions showed low results.
After the germination period was complete, the seed-
lings were transplanted into the soil. The full growth
cycle in this study was 35 days.

Based on the study results, the most effective light-
ing modes of the universal light-emitting device at dif-
ferent Lactuca sativa L. development stages were deter-
mined. Based on the data obtained, the cycloadaptive
photomode program was developed, which is given in
Table.

At step 1 of germination, 50b/50r lighting mode is
actively absorbed by plant photoreceptors. A high PPFD
value is not required for activation, otherwise abscisic
acid (ABA) is formed, which slows down seed germina-
tion. At step 2 of germination, the best growth stimu-
lation was observed under natural sunlight (5.8 times
higher than HPS). When moving to the stage of coty-
ledon leaves active emergence and photosynthetic pig-



NMPaLlMOHHBIN KO3QPULIMEHT; cofepkKaHHe XJIO0po-
dunoB a 1 b, KAPOTHHOMUIOB.

CemeHa, mpopamiMBaeMble B YCIOBUAX OCBEIeHUS
JHaT, HCIonb30BalHUCh B KadecTBe KOHTPOJIBHOMU
rpymnsl (Tpu 6okca 1mo 30 ceMsiH), IIOCKO/IBKY 00pa3iibl,
KyJabTHBHpYeMble B yoroBuax ['OCT, moxasanu HH3-
Kye pesynbraThl. Ilocse 3aBeplleHHs IIepUOfa IIPO-
pacTtaHus, POCTKU IIepeca>kKuBa/liMCh B IPyHT. Iloi-
HBIM LMK/ POCTa B JAHHOM HCC/Ie[OBAHHUH COCTaBHII
35 nHewn.

[To pe3ynapTaTaM HCCAeIOBaHHUS OBIIM oOIlpefe-
neHsl Haubosee 3ppeKTUBHBIE PEKUMBI OCBeLIeHUS
YHHBEpCa/IbHOI'O CBeTOM3/y4alollero yCTPOMCTBA Ha
PasHBIX 3Tallax pasBUTHS Lactuca sativa L. Hcxons us
II0/Ty4eHHBIX JAHHBIX, ObIa pa3paboTaHa mporpamMma
LMK/I0AJANTHBHOIO (GOTOpeXXHMMa, IIpUBeAeHHAas
B TabnuIie.

Ha osrame 1 mpopacTaHusi u3nydeHhe 50c/50K
aKTHUBHO IIOIVIOMIAeTcsi pOoTopeLleITOpaMU PacTeHHUH.
st akTUBallMM He TpebyeTcst Gosnblloe 3HaUeHHe
PPED, mMHa4ye IIPOMCXOOHT O6pa30BaHI/Ie abcLr30BoOM
KUCI0Tel (ABK), 4TO INPUBOAMT K 3aMelJIeHHIO IIpO-
pactaHusa ceMsaH. Ha 3Tame 2 mpopacTaHHS HaHIyd-
masi CTUMYJISLUS pocTa Habmioganack B YCIOBHSX

Ta6auua. XapakTepucTUKn LMKN0aAanTUBHOIO GoTOpexXmnmMa
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ments synthesis, more light is required, otherwise cell
elongation and plant extension occur, which leads to
the stem high fragility. At step 3 of germination, 100b
lighting mode with a high PPED value leads to the delay
in plant extension, which contributes to an increase in
leaf area. Increasing the blue light proportion reduces
plant growth, but increases the chloroplasts number
and the photosynthesis efficiency. At step 1 of veg-
etation, plants enter the active growth stage, requiring
a high PPED value. The 50b/50r lighting mode stimu-
lates the chlorophylls and carotenoids synthesis, which
leads to an increase in the photosynthesis rate. At
step 2 of vegetation, a high PPFD value begins to cause
plant stress, which leads to the reactive oxygen species
(ROS) formation, which cause lipid peroxidation in cell
membranes and lead to a decrease in the photosyn-
thesis activity. A high proportion of UV, B and G light
promotes the econdary metabolites formation, which
reduce ROS. Far red (FR) light increases the photosyn-
thetic apparatus size. At step 3 of vegetation, after the
ROS formation has decreased, the phytoirradiator is
switched to the 50b/50r lighting mode to reduce energy
consumption. At step 4 of vegetation, a decrease in
the PPED value and an increase in the red light 25b/75r

Craguns passutus lMpopacTtaHue Beretaunsa
Moactaauna (3tan) STtanl oTan 2 oTan 3 ST1anl oTan 2 JT1an 3 oTan4
Mepwopa, AHN 1-2 2-3 3-5 5-8 8-14 14-21 21-35
PPFD, MKMO/b-M~2-c!  RKe]e] 200 300 300 200 100 100
Pexxnm oceelleHuns 50c/ 50K A%YD+ 100c 50c/ 50K A%YD+ 50c/50«k 25c/75k
32%C+ 32%C+
35%3+ 35%3+
28%K+ 28%K+
1%0K 1% 0K
Table 1. Cycloadaptive photomode characteristics
Plant development  HeiulliElelly Vegetation
stage
Substage (step) Stepl Step 2 Step 3 Step 1 Step 2 Step 3 Step 4
Period, days 1-2 2-3 3-5 5-8 8-14 14-21 21-35
PPFD, pmol-m=2-s7! 100 200 300 300 200 100 100
Lighting mode 50b/50r 4%UV+ 100b 50b/50r 4%UV+ 50b/50r 25b/75r
32%B+ 32%B+
35%G+ 35%G+
28%R+ 28%R+
1%FR 1%FR
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eCTeCTBEHHOTO COJIHeUHOro ocBelleHUs (B 5,8 pasa
npesbimaeT JIHaT). IIpu nepexofie K 3Tamy aKTHBHOIO
BBIXOZIa CeMSTOJIbHBIX JIMCTheB U CUHTe3y GOTOCHHTe-
THUYeCKUX IUTMeHTOB TpebyeTcs 6omblile cBeTa, MHAYe
IIPOMCXOMUT PaCTsKeHHe KJIeTOK M BRITATMBaHMe pac-
TeHHM, YTO NPHUBOSUT K BBICOKOM XPYIIKOCTH CTebIs.
Ha srame 3 mpopacranus usnydeHue 100c ripu 60ib-
oM 3HaueHHH PPFD IIpMBOAMT K 3aJepskKKe BBITS-
THBAaHHUS PAaCTeHHH, YTO CIIOCOOCTBYET yBeIHYeHHIO
IUIOLIASX JIMCTheB. YBeJIMYeHHe JOIH CHHero CbeTa
CHIDKaeT POCT PacTeHHM, HO yBeJIMYHBaeT KOJIHYe-
CTBO XJIOPOIUIACTOB U 3QPeKTUBHOCTL HOTOCHHTE3A.
Ha srare 1 BereTaliiu pacTeHUs IIepexofdT K CTaIuU
aKTHUBHOI'O POCTa, TpebyeTcs: BBICOKOe 3HaUeHUe PPED.
PesxuM 50c¢/50K CTHMYIHUPYeT CHHTEe3 XJIOPOQHILIOB
Y1 KapOTHHOUMOB, YTO IIPUBOAUT K YBeIIMYEHHUIO CKO-
poctu doTocHHTe3a. Ha 3Tame 2 Beretalliu BBICOKOE
3HayeHre PPFD HauyuHaeT BBI3BIBATH CTPeCcC pacre-
HHU, YTO IPUBOAUT K 00pa30BaHUIO AKTUBHBIX GOPM
kucnopoga (A®K), KoTopble BBI3BIBAIOT IepeKHCHOe
OKHCJIeHHe TUIIH/IOB B KIETOYHBIX MeMbpaHax U IIpHU-
BOOST K CHIDKEHHIO aKTUBHOCTH POTOCHHTe3a. Brico-
Kas gons Y®, C u 3 cBeTa cr1ocobCcTByeT 06pa3oBaHUIO
BTOPUYHBIX MeTabO0NIHUTOB, KOTOpble CHIHKAIOT APK.
JanpHHUM KpacHBIM CBeT yBelIHUYHBaeT pasmep ¢oro-
CHUHTETHYECKOIo amrmapaTta. Ha 3Tame 3 BereTauuu
I10C/Ie CHIDReHU S 06pa3oBaHust APK /1715 yMeHbIIeHU s
3HepromorpebneHus ¢uTOO6IyYaATENb I1€PEBOSUTCS
B PE&XKUM ocCBelleHHUs 50c/50Kk. Ha stame 4 Beretauuu
CHMKeHHe 3HadyeHHd PPFD u yBe/llnvyeHHe JOIM Kpac-
HOTO cBeTa 25C/75K BbI3bIBaeT HaKoIlJieHHe (OTOCUH-
TEeTUYeCKUX [UTMEHTOB, YTO CIIOCODCTBYeT CHILKe-
HHUIO BIIUSIHUS CTPECCOB M HAKOIUIEHH IO OHOMAacCCHI.
st onieHKH 3PeKTHBHOCTH paboThl LIMKI0ATAII-
TUBHOIO (OTOPEXKHMa MBI pa3paboTanu CBETOH3-
Jy4arollee yCTPOMCTBO, COCTOAINee M3 Tpex OCHOB-
HBIX YacTeH: CBeTOM3/ydaloIlero MOIYJsl, MOAYJS
3JIeKTPOHHUKH, COAepsKalllero MeTOOUKHA CTUMYII-
LIMYU IIOBBIIMIEHUS YPOSKAaHHOCTH PacTeHHI, U KOp-
nmyca mpobopa. CBETOM3NTYyHAIOMUH MOIY/Ib BKIIO-
4gaer ynbprpaduoneroBrie (YO) cBeroguoasl 370 HM
C MHUPUHOM CHeKTPA/IbHOM JTHUHHK 8 HM, OIpeless-
eMOM KaK PasHOCTb [JIMH BOJIH, COOTBETCTBYIOIIMX
II0JIOBUHHOMY YPOBHIO OT MaKCHMaJIbHOM MHTEHCHUB-
HOCTH M3/Ty4YeHHs H3MepsIeMOro HCTOYHHKA (A) s),
criocobHble BBI3BIBATh M3MEHEHHUS B CTEIleHU aKTHB-
HOCTH pa3jIM4YHBIX TOPMOHOB U (epMeHTOB pacTe-
HUM, BCIeICTBHE Yero H3MEeHSIOTCS aJTOPUTMBI
CHHTe3a MMUIMeHTOB M aJITOPUTM IIPOTeKaHHUsI HOTo-
cuHTe3a [11]; cMHHe cBeTOOHOIbI 445 HM (A}\o,s 19 HM),
IpefHasHaveHHble O HWHHUIHALMK CUHTe3a XJI0-
podrisia y pacTeHHH U CIOCOOCTBYIOLIHE YBeIH-
YeHHWIO TOJIIMHBL JIUCTHEB; 3eJIeHble CBeTOAMOJbI
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proportion causes the photosynthetic pigments accu-
mulation, which helps to reduce the stress impact and
accumulate biomass.

To evaluate the cycloadaptive photomode efficiency,
we developed the light-emitting device consisting of
three main parts: the light-emitting module, the elec-
tronics module containing methods for stimulating the
increase in plant yield, and the appliance case. The
light-emitting module includes ultraviolet LEDs 370 nm
with the spectral line width of 8 nm, defined as the
wavelengths difference corresponding to half the maxi-
mum radiation intensity of the measured source (A), ),
capable of causing changes in the various plant hor-
mones activity and enzymes, as a result of which the
pigment synthesis algorithms and the photosynthesis
algorithm change [11]; blue LEDs 445 nm (AA 519 nm),
designed to initiate chlorophyll synthesis in plants and
contribute to an increase in leaf thickness; green LEDs
525 nm (AA, 5 35 nm), which have an effect on stimu-
lating photosynthesis in shaded leaves [12]; red LEDs
660 nm (A, 520 nm), which promote plants vegetative
growth, phytochrome activation, increase in fresh and
dry weight, stem elongation and leaf growth in many
plant species; far red (FR) LEDs 730 nm (AA, 5 36 nm),
which in combination with 660 nm LEDs allow for the
photomorphogenic effects regulation associated with
the phytochromes stimulation [13]. The study of the elec-
trical and spectral-energy LEDs characteristics (Epistar,
Taiwan) used in the light-emitting device was conducted
(Figure 1).

For efficient light-emitting device operation with
CAPM, the photosynthetic photon flux density should
be at least 300 pmol-m=2-s7L. The spectral composition of
the radiation and the PPFD level were measured using
a Spectral PAR PG200N spectrometer at the 19 cm plant
height (Figure 2).

The light-emitting device photosynthetic photon flux
was measured using the fast-scanning USB4000-UV-VIS
spectrometer (USA) connected via the fiber-optic cable to
the AvaSphere integrating sphere (Netherlands), which
is a hollow sphere with an inner part coated with fluoro-
plastic with high reflective and scattering properties [14].
The luminous flux absolute value for calibrating the LED
emitters was measured using the LS-1-CAL-IN reference
lamp (USA) with the reliably known luminous efficiency
and spectral composition of the radiation, AvaSphere
integrating sphere (Netherlands), USB4000-UV-VIS spec-
trometer (USA), and the P600-2-VIS-NIR optical fiber
(USA). The LED current values, voltage, and power read-
ings were also recorded. All measurements were carried
out at the stable temperature of 25 °C and the humidity
of 70%. The photosynthetic photon flux calculation was
carried out according to [15]. The integration limits of
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525 HM (A)‘o,s 35 HM), OKas3bIBaloI[He BIUSIHUEe Ha CTH-
My/IHpOBaHHe OTOCHHTe3a 3aTeHeHHBIX IHCTheB [12];
KpacHble CBETOAMOABL 660 HM (A?\O’5 20 HM), CII0C00-
CTBYIOIIE BereTaTUBHOMY POCTY pacCTeHHHM, aKTH-
BalUlMM QHUTOXPOMA, YBEJIHWYEHHIO Beca B CBeXeM
M CyXOM BHJe, YIIMHEHMIO CTeO/Ist U pa3pacTaHUIO
JIUCTBEB Y MHOTHX BHU/IOB PAacTeHHM; Aa/JbHHe Kpac-
Hele (JK) cBeTomuonasl 730 HM (A)\o,s 36 HM), KOTOpBIe
B COUYETAHHH CO CBeTogHodaMU 660 HM II03BOJISIOT
perynupoBaTth poToMopporeHHbe 3PpPeKThl, CBSI3aH-
HbIe CO CTUMY/sILIMer PUTOXpoMOB [13]. Beu1o mpose-
JIeHO HCCIeloOBaHHUe 3JIeKTPUYECKUX U CIIeKTPalIbHO-
SHepreTUYeCKUX XapaKTepPUCTHUK CBeTOLHUOJ0B
(Epistar, TariBaHb), HUCIIONIB3yeMBIX B CBETOH3/Iy4alo-
IeM yCTpoHcTBe (puc. 1).

Inst 3¢deKTHBHON pabOTEl CBETOM3/IYYAIOIIEro
yctporictBa ¢ LA®PP IJIOTHOCTE (POTOCHHTETHYe-
CKOro GOTOHHOIO IOTOKA [O/DKHA OBITH He MeHee
300 MKMOnb-M~2:c’l. CHeKTpa/lbHBIN COCTaB H3/lyue-

i g
11T

400-700 nm correspond to the photosynthetically active
radiation range, where the light has sufficient energy
to excite electrons in chlorophyll molecules and other
photopigments, which is necessary to initiate photosyn-
thetic reactions, growth and plants development.

700 A
1:PAR:J T ¢

400 h’NA'C )\d}\:J

700

™ GhAdA,

where Fp,, - the photosynthetic photon flux PPF,
pmol-s;
A - the wavelength, nm;
h=6.623-1073* - the Planck’s constant, J's;
@A - the radiation power distribution spectral density
of the device (in the PAR region), W-nm;
N,=6.022-10V is Avogadro’s number, pmol;
c=3-10Yis the light speed, nm-s%;
K=8.36-107 is the coefficient, pmol-nm1-J1.

The developed light-emitting device efficiency was car-
ried out according to [15].
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HUSA U ypoBeHb PPFD HM3MepsIIKMCh C IIOMOIIBIO CIIeK-
TpoMetpa Spectral PAR PG200N Ha BBICOTe PaCIIOTIONKe-
HHUS pacTeHUH 19 cm (puc. 2).

DOTOCMHTETUYECKHUM MOTOK (GOTOHOB CBETO-
H3/y4aloLero YCTPOMCTBA OBUI HM3MepeH IIpH
IIOMOIIM CIIeKTpoMeTpa OBICTPOro CKaHHPOBA-
Hus USB4000-UV-VIS (CIIA), coelnHEHHOIO uepe3
BOJIOKOHHO-ONITHYEeCKUI Kabelb C HMHTerpHpYyIOLleH
coepoir AvaSphere (Hupmeprmanpnel), KoTopas Ipen-
cTaBnseT coboil monyo cdepy, BHYTPEeHHSS HacTh
KOTOPOM IIOKpBITa (TOpOoIIacToM, O0b6nIafaromuUM
BBICOKOM OTPa’KaloIled K PacCeHBAIOIIEl CIIOCOOHO-
cTeio [14]. M3MmepeHUe abCONIOTHOMN BEeTUYKUHBI CBETO-
BOTO IIOTOKA [/1s1 KATHOPOBKK CBETOJHMOIHBIX H3/1yda-
TeJIed MPOBOJMJIOCH C IIOMOIIBIO 3TaJIOHHOM JIaMIIBI
LS-1-CAL-IN (CIIA) ¢ OOCTOBEPHO H3BECTHOH CBETO-
BOM OTJa4del M CIeKTPaJbHBIM COCTAaBOM HM3/yYeHHS,
HHTerpupyoouern coepsl AvaSphere (Hupepnanpsl),
criektpomeTrpa USB4000-UV-VIS (CIIIA) ¥ OIITUUYECKOrO
BOJIOKHa P600-2-VIS-NIR (CIIA). Taxke QUKCHPOBA-
JIACh TeKyIlllKe 3HaYeHMs TOKa Ha CBeTOOHOJaX, II0Ka-
3aHHUS HAIpPsOKeHUs M MOIIHOCTH. Bce M3MepeHUs
IIPOBOAMJIMCh IIPU CTabmibHOM TeMmiepatype 25 °C
U BiIaXHOCTU 70%. PacyeT QOTOCHMHTETUUECKOTO
[I0TOKa (OTOHOB OCYILECTB/S/ICS cornacHo [15]. Ilpe-
Jenpl MHTerpupoBaHusa 400-700 HM COOTBETCTBYIOT
Oyana3oHy GOTOCMHTeTUYeCKH aKTUBHOMN paJHallbH,
IJe CBeT MMeeT [OCTaTOYHYIO 3HepPruio sl Bo3byxk-
[leHHs 37IeKTPOHOB B MOJIEKY/IaX X/JIOPOQMIIIa U APY-
rux QOTOIUTMEHTOB, YTO HEOOXOAMMO ISl 3aIlycKa
$OTOCHHTETUYEeCKUX PeaKLHH, pocTa M Pa3sBUTHUS
pacTeHHH.

700 A 700
Fonp=] oo @hdh=[ " @A,
400 h-N a'C 400
rae Fpap— OTOCHUHTETHYECKHU M IOTOK GOTOHOB PPE,
MKMOJIb-CL;
A - AJIMHA BOJIHEL, HM;
h=6,623-1073* - mocTosiHHag I[I;1aHKa, XK C;
(A - crieKTpasIbHas IVIOTHOCTH PacIIpesieIeHus
MOIIHOCTH U31y4deHHs (B obnactu PAP), Br-uHM;
N,=6,022-10" - uncno ABoragpo, MKMOJIb ;
c=3-10Y - ckopoCTh CBeTa, HM C};
K=8,36-1073 - ko3dPUIIHeHT, MKMOIb-HM - [IK L,
9¢PeKTUBHOCTE pa3paboTaHHOIO CBETOU3IyYalo-
ILIeTr0 YCTPOMCTBA PAaCCUYMUTHIBAIACh COIIAcHO [15].

Foap
Noap= P’

IIe Neap ~ 9PdexTrBHOCTE B 06mactu PAP, MKMOIB KL,
Fpap — POTOCHHTETHUECKU I IOTOK GOTOHOB PPF,
MKMOJIb C L,

P - moTpebsieMast MOIHOCTb, BT.
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Fpar
NparR= P’

where 1,y — the efficiency in the PAR region, pmol-J;
Fpag — the photosynthetic photon flux PPF,
pmol-s;
P - the power consumption, W.

The device efficiency in the photosynthetically active
radiation region is 2.3 pmol-J-!, which is 28% higher
than the efficiency in the PAR region of the traditional
greenhouse radiation source - HPS. The device photosyn-
thetic photon flux is 149.4 pmol-s with the 65 W lamp
power.

For the developed light-emitting device, we also cal-
culated the illumination uniformity coefficient based on
the PPFD value at different distances from the radiation
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Puc. 2. 3asucumocmu PPFD CW /[ om moka

Ha paccmosiHuu 19 cm (a) u om paccmosiHuS npu paéoux
mokax (b)

Fig. 2. LED PPFD dependences on current at a distance
0f19 ¢cm (a) and on distance at operating currents (b)
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dddexTuBHOCTE npubopa B obnactu GoTOCHH-
TeTU4YeCKHM aKTHUBHOM paJHallUd COCTaBJseT
2,3 MKRMOb- k!, uTo Ha 28% mpeBbImaer 3pdex-
THUBHOCTB B o6macTu ®AP TPaJHIMOHHOIO TeIINY-
HOTO HMCTOYHHKa H3nydeHUsd - JJHaT. PoTocuHTe-
THU4YeCKUU IOTOK (QOTOHOB YCTPOMCTBA COCTaBseT
149,4 MrxMonb-c1 IIpH MOIIHOCTH JIAMIIBI 65 BT.

Jlsist pa3paboTaHHOTO CBETOM3JyUYaIOIero YCTPO-
CTBA MBI TaK’Ke PACCUUTHIBAIN KO3QPHUIIMEHT paB-
HOMEPHOCTH OCBeIlleHHSA MO0 3HavyeHHI0 PPFD Ha
Pa3sHBIX PACCTOSSHUAX OT HMCTOYHHKA H3JIydeHUS
Io mpueMHHKa (puc. 3). [is pacctosHus 19 cm
K039 OHLIMeHT paBHOMEPHOCTH cocTtaBun 0,87,
o pacctogaHusa 40 cm - 0,94, mns pacCcToAHUA
60 cm - 0,96.

[TporpaMMBbl PaboTsl YCTPOKCTBA YCTAHABIMBAIOT
OIITMMaJIbHble IIapaMeTpPhl CBETOBOILO M3JIy4YeHUs,
CIIeKTPAJILHOIO cocTaBa, PPFD U AIHTEIBHOCTH CBe-
TOBOro Iepuofda A1 30 eKTHUBHOIO BO3[EeHCTBUSA
Ha QOTOpelleNITOPbl PacTeHUM, obeclieueHHUs ONTH-
MaJbHOIO Pa3sBUTHS, a TaKKe HaH/Iydlled MOpPQo-
JIOTHUH CeJIbCKOXO3SMCTBeHHBIX KyJIbTyp. Hcmosnb3o-
BaHHe PuToobnydarens ¢ LIAOP CHUKaeT 3aTpaThl
Ha 3J1eKTPO3HEPrUI0 [0 IATH pa3 [0 CpPaBHEHUIO
c JHaT 6narogapsi BO3MOKHOCTH I10Jy4yeHHs Heob-
XOJHUMBIX IIapaMeTpOB IIPOCTPAHCTBEHHOIO pacIipe-
JleJIeHHUs [I0TOKA, ero MHTeHCUBHOCTH U CIIeKTPaJIb-
HOTO pacmpefieieHHs B 3aBHCHUMOCTH OT CTafUHU
PoCTa U BHUJA pacTeHHUs.

Pa3paboTaHHOe CBeTOM3Jydalollee YCTPOHCTBO
C UMK/I0aJalTUBHBIM PEXKMMOM OCBeILIeHUS I103BO-
JIUJIO YBeIHMYUTh YPOSKaKHOCTD JIMCTOBON OBOIHOL
KyJAbTYpHI Lactuca sativa L. B 2 pa3a ¥ CHU3UTb TPaHC-
NUPALMOHHBIMN K03QPHUIMEHT B 2,5 pasa IO CpaB-
HeHu ¢ EC (puc. 4). YcTpoHcTBO Takke obnajaer
6osee BBICOKOM 3)PEKTHUBHOCTBIO MCIIOIb30BAHHUS
3/1eKTPOHePruu, IIpe/CTaB/sIoNner cobor oTHoIIe-
HHe BBIXOZA CBIPOM MacChl PacTeHHH K HeproIlo-
TpebJIeHHI0 UCTOUHMKA H3IydeHHUs (B 9 pa3 adpdek-
TuBHee [JHaT).

[ToMHMO BBICOKOM yPOKaMHOCTH, Ba’KHOM 3aJa-
4Jell $BJISIeTCS IOBBIIIeHHEe COJepsKaHHS (OTOCHH-
TeTUYeCKHUX [UIMEHTOB, BIHAIOMMUX Ha CKOPOCTh
dotocuHTe3a [16]. KoHLeHTpalud XI0POPHUIIOB
0 TIPH MCII0/Ib30BaHUU IUKI0aJAITUBHOIO peXkKuMa
ocBemeHus (puc. 5) 6pi1a HaubonbIIer U IIPeBBI-
mana C, nisa obpasuos JHaT Ha 85%, mus obpas-
LI0B, BBIpAallleHHBIX IIPU eCTeCTBeHHOM OcCBelle-
HUU, Ha 55%; KOHLIEHTPaLUs XJIOPOOU/UIOB b mpu
LIA®P 6onbie Ha 64% u 92% 110 cpaBHeHHUIO ¢ [JHaT
U EC cOOTBeTCTBEHHO; KOHL@HTPallMs KapOTHHOH-
IoB Tarke g HAGP makcuManbHa (Ha 99% u 60%
6onpiie JHaT u EC cCOOTBETCTBEHHO).
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Puc. 3. Kapma pacnpedenerus PPFD Ha 06ay4aemol nogepx-
HOCMU HA PACCMOSIHUSIX OM UCMOYHUKA U3Ay4eHuUs 00 npu-

emHuka 19 cm (a), 40 cm (b), 60 cm (c)

Fig. 3. PPFD distribution map on the irradiated surface at

distances from the radiation source to the receiver of 19 cm (a),

40 cm (b), 60 cm (c)
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Fig. 4. Plant yield (a) and transpiration coefficient (b) of Lactuca sativa L. (Vyuga variety) on the 35th day of growth under dif-
ferent lighting modes (p < 0.05). Asterisks indicate the level of significance of differences in yield for different light sources and
natural light (:p<0.03; = p < 0.001)
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Ha 35-1i deHb (== p< 0,001)
Fig. 5. Chlorophyll a, chlorophyll b, total carotenoids content in Lactuca sativa L. samples on the 35th day (== p < 0.001)

162 ®OTOHUKA TOM 19 Ne2 2025



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
= BIOPHOTONICS
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

Ha puc. 6 IOKa3aHO, YTO CBS3b MEXIY CofepsKa-
HUeM XJIOPOQU/UIOB d, b, KAPOTHHOMJOB M YPOKaK-
HOCTBIO pacTeHHs Ipu PPFD 100 MKMonb-M~2-c7l,
COOTBETCTBYIOIIeH MAaKCHMaJAbHBIM 3Ha4dYeHHUSIM
YPOKaMHOCTH B 3KCIIepHUMeHTe, GOpMHUPYyeT JTHHeM-
Hble 3aBUCHUMOCTH C KO3QPHIIMeHTaMH JeTepMHHA-
uuu R? = 0,69 (koppensius r=0,833, p<0,05), R*=0,65
(roppensnus r=0,805, p<0,05), R2=0,59 (koppensius
r=0,768, p<0,05) cooTBeTCTBeHHO. MCII0/Ib30BaHHE
LA®DP 3ppeKTUBHO CTUMYIHPOBAIO OHMOCHHTE3 $OTO-
CHHTETHYeCKHX [IMTMeHTOB, UTO IIPUBEJIO K yBelHYe-
HUIO YPO>KANHOCTH Lactuca sativa L.

3AK/TIOYEHUE

B pesynbTaTre paboThl MBI pa3paboTasy LUKIOAJAI-
THUBHBIM (OTOPEXKHUM, KOTOPBIHM YBeIHYHJI YPOKaH-
HoOCTb Lactuca sativa L. B gBa pasa, CHU3WI TPaHCIIH-
PalLlMOHHBIA KO3QPULILEHT B 2,5 pa3a 10 CPpaBHEHUIO

=

source to the radiation receiver (Figure 3). For the 19 cm
distance, the uniformity coefficient was 0.87, for the 40
cm - 0.94, for the 60 cm - 0.96.

The device’s operating programs set the light radiation
optimal parameters, spectral composition, PPFD and
light period duration for plant photoreceptors effective
impact, ensuring optimal development, as well as the
best agricultural crops morphology. The use of phytoir-
radiator with the CAPM reduces energy costs by up to five
times compared to the HPS due to the ability to obtain
the necessary spatial flow distribution parameters, its
intensity and spectral distribution depending on the
growth stage and plant species.

The developed light-emitting device with the cyclo-
adaptive lighting mode made it possible to increase the
leafy vegetable crop yield of Lactuca sativa L. by 2 times and
to reduce the transpiration coefficient by 2.5 times com-
pared to the NL (figure 4). The device also has a higher

3,0 3,0
y=1,1551x-1,2152 y=1,646x-0,4348
2,5 - ) 2,5 - @
L. P
2,0 - s .8 2,0 : -®
8 @ ® .- a ® ®
o o e
<3} . [<3ra)
ZEE1,5F ° ERL5F €
cR= [ =) R
% 5 3 % 5 O
E e ® , @' @ :
S0 BT © YDPOSKarmHOCTb S0 L g O YDPOXKaMHOCTh
© @ Yield % Yield
05l \ O YpOsKaHOCTb (ITPOTHO3) 05k P O YpOsKaiHOCTb (IIPOrHO3)
’ © Yield (estimated) ’ @® Yield (estimated)
0 1 1 | 1 1 | 1 O 1 | | 1 1 1 1 | | |
06 07 08 09 L0 L1 12 1,3 14 0,7 08 0,9 1,0 1,1 12 1,3 1,4 15 1,6 1,7 1,8
a) Xnopoduinn a | Chlorophyll a b) Xnopodbunn b | Chlorophyll b
0,7
y=2,1742x-0,6155
0,6 -
= @
0,51 g0
W L Leet "
5 RO
O o 0.4 ..
)E £ TR
o ... oo
s 0,31 D) @
aE & oo ook
> GO . O YpOKakHOCTh
0,2 - @ Yield
O O YPOSKaMHOCTb (IIPOrHO3)
0,1~ Yield (estimated)
0,0 | | 1 1 1 1 |
0,6 0,7 0,8 0,9 1,0 1,1 1,2 1,3 1,4
c) KapotuHouppl | Carotenoids
Puc. 6. 3asucumocms ypoxatiHocmu om codepxkaHus xnopoguaaa a (a), xnopoguaaa b (b) u kapomuHoudos (c) 8 Lactuca sativa L.
Fig. 6. Dependence of crop yield on the content of chlorophyll a (a), chlorophyll b (b) and carotenoids (c) in Lactuca sativa L.
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C eCTeCTBeHHBIM CBeTOM. CTpecc pacTeHHH ObII CHU-
SKeH B 3,7 pasa 1o cpaBHeHHIO ¢ IHaT u B 1,5 1o cpaB-
HEeHMIO C eCTeCTBeHHBIM OocCBellleHHeM. KoHIleHTpa-
Ly xaopoduiia a, xnopodrina b U KapOTUHOULOB
IIPA HCIIO0JIb30BAHHUH CBETOM3/Iy4YaIOIlero YCTPOHCTBa
C LIMK/I0aIAIITUBHBIM OTOpesKHMOM bbljIa yBeTHUYeHa
Ha 85%, 64% u 99%, COOTBeTCTBEHHO, I10 CPaBHEHHUIO
C KOHTPOJIBHOM I'PyIIION. Pa3paboTaHHOe yCTPOMCTBO
obnamaet 6osee BHICOKOM 3PEKTUBHOCTHIO KCII0b30-
BaHUS JeKTPO3HEPruu (B 9 pas abdextrBHee [THaT).
Hcnonb3oBaHue GUTO0OIyUaTeNs] CHUKaeT 3aTpaThl
Ha 3JIeKTPOSHEPrUI0 [0 HATH pa3 biaromaps Bo3-
MOKHOCTH IIOJIyUYeHHSI HeoOXOIMMBIX I1apaMeTpoOB
[IPOCTPAHCTBEHHOIO paclipefe/leHHs] II0OTOKa, ero
MHTEHCUBHOCTH M CIIeKTPAJIbHOTO pacIipeleeHUs
B 3aBHCHMOCTH OT CTaJHH pPOCTa U BHJA paCTeHHS.
PaspaboTaHHOe CBeTOH3/ydalollee yCTPOMCTBO obe-
CIie4yuBaeT MJIOTHOCTh (POTOCHMHTETHUYECKOro MOTOKA
doToHOB He MeHee 300 MKMOJAb M~2:Cc’l; B oTau4ue
OT CTaHJAAPTHBIX KOMMeEpUYeCKUX GUTONAMII [IJIs pac-
TeHUN 3bPeKTUBHOCTh Ipubopa B obmactu dorto-
CUHTeTHUYEeCKH aKTHBHOM PpaJHaLlMH COCTaBJseT
2,3 MKMOIb KR!, uTo Ha 28% mpeBblmaer 3ddek-
TUBHOCTh B obnactu QAP TPafiHLIMOHHOIO TeIUIHY-
HOTO MCTOYHMKA M31ydyeHUd - JJHaT. Hcrionb3oBaHHe
3GEeKTUBHBIX METOAMK OCBEIeHHUS CeTbCKOX035M-
CTBEHHBIX KYJIBTYP B arPOIIPOMBIIIIeHHBIX [IPeAIIPHs-
THSX [103BOJIUT CHHU3UTD 3aTPAThl Ha 3JIEKTPO3HEPTHIO
U BomoCHabOXeHHe 61aromapsi BO3MOXKHOCTH IIOJY-
YeHHUsI HeoOXOIMMBIX I1apaMeTPOB HHTEHCHUBHOCTH
M CIIeKTPaJIbHOIO paclipefiejieHUs] B 3aBUCUMOCTH OT
CTaIWM POCTa U BHUJA PacTeHHs, a TakKe obecrieqnT
IoJly4eHHe BBICOKHX [T0Ka3aTelel YPOKalHOCTH.
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energy use efficiency, which is the ratio of fresh plant
mass yield to the radiation source energy consumption (9
times more efficient than HPS).

In addition to high yields, an important task is to
increase the photosynthetic pigments content that affect
the photosynthesis rate [16]. The chlorophylls a concen-
tration when using the cycloadaptive lighting mode
(figure 5) was the highest and exceeded concentration for
the HPS samples by 85%, for the samples grown under
natural light by 55%; the concentration of chlorophylls b
under CAPM was 64% and 92% higher compared to HPS
and NL, respectively; the concentration of carotenoids
was also maximum for CAPM (99% and 60% higher than
HPS and NL, respectively).

Figure 6 shows that the relationship between the chlo-
rophylls a, b, carotenoids content and plant yield at PPFD
of 100 pmol-m=s, corresponding to the maximum
yield values in the experiment, forms linear dependen-
cies with the determination coefficients R?=0.69 (cor-
relation r=0.833, p<0.05), R?=0.65 (correlation r=0.805,
p<0.05), R?=0.59 (correlation r=0.768, p<0.05), respec-
tively. The CAPM use effectively stimulated the pho-
tosynthetic pigments biosynthesis, which led to the
increase in the Lactuca sativa L. yield.

CONCLUSION

As a result of the work, we developed the cycloadaptive
photomode that increased the Lactucasativa L. yield by two
times, reduced the transpiration coefficient by 2.5 times
compared to natural light. Plant stress was reduced by
3.7 times compared to HPS and by 1.5 times compared to
natural light. The chlorophyll a, chlorophyll b and carot-
enoids concentration when using a light-emitting device
with the cycloadaptive photomode was increased by 85%,
64% and 99%, respectively, compared to the control group.
The developed device has a higher energy use efficiency (9
times more efficient than HPS). The phytoirradiator use
reduces energy costs up to five times due to the ability to
obtain the required parameters of spatial flow distribu-
tion, its intensity and spectral distribution depending
on the growth stage and plant species. The developed
light-emitting device provides a photosynthetic photon
flux density of at least 300 pmol-m2-s71; unlike stan-
dard commercial phytolamps for plants, the device effi-
ciency in the photosynthetically active radiation region
is 2.3 pmol'J-}, which is 28% higher than the efficiency of
a traditional greenhouse radiation source - HPS. The use
of effective lighting modes for agricultural crops in agro-
industrial enterprises will reduce energy costs of electric-
ity and water supply due to the possibility of obtaining
the necessary intensity parameters and spectral distribu-
tion depending on the growth stage and type of plant,
and will also ensure high yields.
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JOpoO>KHasA KapTa CO3aaHHUA
poccuickoro EUV-nurorpada

B Poccuv pa3paboTaH naaH Co3gaHns 060pyA0BaHuS ANsS NPOM3BOLCTBA COBPEMEH-
HbIX YMOB, KOTOPOE ByAeT Aelwesne v IPHeKTUBHE., YeM YCTAHOBKM CErOAHSLLIHEro
MOHOMOAMCTA pbiHka ASML. SkcnepTol komnaxui TSMC, Samsung v Intel noareepx-
Jator, 4to EUV-nuTorpadms akoHommyeckin 3¢ dexTveHa. OBHAKO HAAO YHUTBIBATD,
470 372 3(PEKTUBHOCTL 0BYCOBAEHA TMFAHTCKUM PLIHKOM YMMIOB, 3aHMMAeMbIM
3TUMK KOMNAHUAMM, MO CYTK, MOHOMOAUCTAMU. KpOMe 3TUX rWraHToB, a Takxe
amepukaHckoi Micron Technology u kopeitckoit SK Hynix Korea, BXogswwx B 5-Ton
MpOM3BOAWTENEA YMMOB B MMpe, Takoe 06OpyAOBaHME BOMbLIE HUKTO He npuob-
Pen 1 cornacHo nporHo3am ASML Ha bamxailuee byayliee v He NAAHUPYET. ABTOPbI
MPOEKTa CYMTAIOT, YTO CEroAHs HeLienecoobpasHo WATH NyTeM HUAEPNAHACKOA KOM-
MaHUK, TaK KAk 3T0 TpebyeT BbiCOKuX duHAHCOBLIX 3aTpar. Moatomy Poccus byzet
034aBatb EUV-yCTaHOBKM C UCTOYHUKOM C AIMHON BOMHI 11,2 HM, 3 He 13,5 Hu. Oxu-
JAETCA, YTO 3TOT NOAXOA CHU3NT 3aTpaTbl HA M3rOTOBNEHME BAKYYMHbIX 37eMeHTOB
W CUCTeM, co3gaHue nMTorpada v Ha CTOMMOCTD IKCNAYaTaLUK. B poccuitckoii ycTa-
HOBKE MNAHMPYETCA 3aMEHUTb ONIOBSAHHBIA Na3ePHO-NNA3MeHHDIA MCTOYHMK Ha Kee-
HOHOBbIN. 3T0 AOMKHO HA MOPAAKY YMEHBLIUTb 3arPS3HEHIS ONTUHECKUX 3NeMEHTOB
MPOAYKTaMi pa3neta YacTuL, pacriasieHHoro 0/10Ba.

CpaBHUTENIbHO KPYMHOE MPOM3BOACTBO N1a3epoB 1S NMTOTPaduu, KOTOpble
ByayT UCNONL30BATLCS A4S BLINYCKA MUKPOCXeM, HauHeTcs nocne 2026 roga. Mna-
HUpYeTCA COopKa Kak MUHMMYM NSTK Takux /1a3epoB B rog. 3a paspaboTky nasepa
oTBeyana MK «/laccapp». TecToBble UCMbITAHUS B COCTaBE MTOrpada HasHaueHb! Ha
2025 rop. TMpOBOAMTDL TECTUPOBAHME BYAYT COTPYAHUKY «3eNeHOTPAACKOr0 HAHOTeX-
HONOrMYECKoro LieHTpa (3HTLY).

o mamepuanam https://www.cnews.ru/news/top/2024-12-13_v_rossii_razrabotali_dorozhnuyu
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