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MpepcTaBneHbl pesysibTaTbl CPABHUTEIbHOIO
aHanun3a BAUSAHUS OTUYECKUX XapaKTepUCTuK
o6nyyaTesibHbIX NPU60POB pa3HOM KOHCTPYKLUMU
Ha pOCT U YpOXKaKHOCTb pacTeHuii (orypuos
copTta Mega F1). ONTMMM3MpOBaHa KOHCTPYKLMA
CBETOAMOAHbIX CBETU/IbHUKOB U MOCTPOEHa
cBeTOTeXHUYecKas Mojesb AN CO3AaHUSA
nabopaTtopHOro cTeHAa A/ UccnefoBaHus
BO3J,eNCTBUS ONTUYECKOTrO U3Jly4YeHUs

Ha npouecc BbipaliMBaHUs pacTeHUN

B YC/I0BUSIX 3aKPbITOro rpyHTa. M3roToB/IEHbI
3KCnepumMeHTasbHble 06pasLbl 06/1y4aTeNbHbIX
npuéopos Ha OCHOBe CBETOANOA0B, KOTOpble
o6ecneynBaeT NpoAYyKTUBHOCTb pacTEHUI NpuU
MeHbLLeM pocTe cTebns.
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BBEAEHUE

CorymacHo [JJOKTPHHe IIPOJOBOIBCTBEHHON Oe3orac-
HocTH Poccurickon ®enmepauuu [1], ypoBeHb caMo-
obecrieueHHs OBOLIAMU B CTPaHe AOJIKEH COCTAB/SAThH
He MeHee 90%. IIpOM3BOACTBO TEIIMYHBIX OTYPLIOB
Ha TeppUTOpHH Poccuiickon PerepalldH COCTaBHIIO
885,7 ThIC. TOHH, YPOBEHb caMoobecriedyeHus - 95% [2].
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The comparative analysis results of the
influence of the optic specifications of
irradiation devices with different designs on the
plant growth and yield (Mewa F1 cucumbers)
are given. The design of LED lamps has been
optimized, and a lighting engineering model
has been prepared to make a laboratory bench
for studying the optical radiation effect on
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conditions. The experimental prototypes of
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with a smaller stem growth.
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INTRODUCTION

According to the Food Security Doctrine of the
Russian Federation [1], the level of vegetable self-
sufficiency in the country should be at least 90%.
The production of greenhouse cucumbers in the ter-
ritory of the Russian Federation amounted to 885.7
thousand tons, the self-sufficiency level was 95%
[2]. The total area of greenhouses used in winter
in the country is 3,298 hectares. To ensure profit-
ability, the yield should be 50 kg per square meter
on average with an area of at least five hectares [3].
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Obmas mIoImanb TeIINL], SKCIUIyaTUPyeMBbIX B 3UM-
HUHN I[Iepuoj, B CTpaHe, cocTaBiasgeT 3298 ra, nng
obecrieueHHs peHTabeIbHOCTH YPOSKAKHOCTD LO/IKHA
COCTaBJIATh B CcpefHeM 50 KI' ¢ OZHOIO KBAaJpaTHOIO
MeTpa, IUIOIAJb — He MeHee ITSITU rekTap [3]. DHep-
rornotpebyieHHe OJHOTO reKTapa TEeIUIMIIBI CK/IAfbI-
BaeTCs K3 IOTpebleHHs OLHOIO MeraBaTTa 3JIeK-
TPOSHEPrUU M [BYX MeraBaTT TeIlJIOBOM 3Hepruu,
npeobnamaromasi 9acTb 3JMeKTPOIHEPTUH 3aTpadyrBa-
eTCsl Ha [OoCBeYHBaHMHEe PacTeHHH. DHeprosaTpaTsl
COCTABISAOT 10 60% B ce0eCTOMMOCTH TEeIJIMYHBIX
opomeit [4]. CornacHo maHHBIM GreenTalk.ru, xpym-
HeHIIMMU TeIUIMYHBIMU XO03SHCTBaMH PocCHUM IO
IUIOIIALK TeIUIMIL B rekrapax B 2020 roxmy siBJISUIKCE:
AO «ArpoxombuHaT «HOKHBIN» - 144 ra, OO0 «Arpo-
HHBecT» - 105 ra, OO0 «TK «3eneHast TUHHS» — 83 ra.
B TenIMYHBIX XO35MCTBAX, 3KCIJIYyaTHPYEMBIX B 3UM-
HUMN IIepUoJ, IS NOCBEYHBAHHS PACTeHHUH IIPH-
MEHSIIOTCSI HaTpHeBble JaMnbl (JHaT) Wiu HaTpue-
Bble 3epKaJibHBIe naMIIbl (JHa3), HampuMep, namiia
IOHa3 Pednakc, MperMYILeCTBeHHO C MOLIHOCTSIMU
ot 600 Bt mo 1000 Br. OHa3 Pedpnakc 600W umeet
CBETOBOM IIOTOK A0 90000 1M, CpPOK cny>1<6b1 - [0
25000 yacoB, mpenHasHayeHa [JIsg OCBeLIeHUS [0
6,5 M? IOIIAAM TeIlIMIEL [5].

CoBpeMeHHBIe NOCTHKEHHSI B II0JIYIIPOBOLHHKO-
BOM CBETOTeXHHKe II03BOJISIIOT CO3[aBaTh 0bayda-
Te/JbHBIe TIPUOOPHI ISl BBIPALMBAHUS PACTeHUH
c bonee BBICOKOM 3Hepro3dhdeKTUBHOCTHIO. MMeHHO
3a CYeT CBETOAMOMOB MOKHO KOHCTPYHPOBATh 00Iy-
YaTesbHble IIPHOOPHI C BBICOTKOM KBAHTOBOM 3bdex-
THBHOCTBIO, Ooslee 2 MKMOJIB/[IK U CPOKOM CTY>KOBI
nopsanka 80000 4acoB B HOpMAaJIbHBIX KIHMMaTHYe-
CKHUX YCIOBUAX: TeMIlepaTypa OKPY>KaloIlero BO3-
ayxa (20+10) °C, oTHOCHTe/IbHAs BIa’KHOCTb BO3/lyXa
(ot 45 mo 80) %, atmocdepHoe nmaBneHue (oT 630 mo
800) MM PpT. cT. Paboure xapaKTepHUCTHUKU 0byda-
TeJIBHBIX IIPUOOPOB OKA3BIBAIOT IIPSIMOe BIHSIHHE Ha
POCT, YPOSKAMHOCTD U APyTHe II0TpebuTeNlbCKIe Kade-
CTBa IIPOAYKTOB, KpOMe IIOTPeOHUTeNbCKHX KadecTB
5pPeKTUBHOCTb, U CPOK CIyKO6BI 06/1yuaTenbHBIX
pubopoB HAIIPSIMYIO BIHsIeT Ha ce6eCTOMMOCTb IIPO-
OYKUMH. DTU LaHHbIE II0KA3bIBAKOT, YTO HCCIe0-
BAaHHUS KU pa3paboTKy IIOIYITPOBOAHUKOBBIX 00myda-
TeJbHBIX ITPUOOPOB MAJIsi BBIPAIIMBAHUS PACTeHHUM
AKTYaJIbHBI.

Llenbio paboTsl sBiseTcs pa3paboTka obmydarens-
Horo npubopa ¢ KBAaHTOBOM 3)PEeKTHUBHOCTBIO K CpPO-
KOM cny>1<61>1, IIpeBhIIIAIOIKMHU JIHa3.

I OOCTM>KeHMS IIOCTaBJIeHHOM Lielu cllefyeT
PeLInTh CJIeAyIolMe 3a0aum:

* TIIPOBeCTH aHa/lH3 COBPeMeHHOH

TeXHHUYeCKOMH JTUTepaTypHl;

Hay4HO-

il 4

The energy consumption of one greenhouse hect-
are consists of the consumption of one megawatt
of electric power and two megawatts of thermal
energy. The predominant part of electric power is
consumed for the supplementary lighting of plants.
The energy expenditures account for up to 60% of
the cost of greenhouse vegetables [4]. According
to GreenTalk.ru, the largest greenhouse facilities
in Russia in terms of greenhouse area in hectares
in 2020 were Multi-unit Agricultural Enterprise
Yuzhny JSC - 144 hectares, Agro-Invest LLC - 105
hectares, Green Line TC LLC - 83 hectares. The
greenhouse facilities operated in winter, use the
sodium lamps (DNaT, high-pressure sodium arc
lamps) or sodium reflector lamps (HPS, high-pres-
sure sodium arc lamps), for example, a Reflax HPS
lamp, mainly with the power from 600 watts to
1000 watts. The HPS Reflux 600 W lamp has a lumi-
nous power of up to 90,000 Im, a service life of up
to 25,000 hours, and is designed to illuminate up to
6.5 m? of greenhousearea [5].

The present-day developments in the field of
semiconductor lighting engineering make it pos-
sible to develop the irradiation devices for plant
growing with higher energy efficiency. It is due to
the LEDs that it is possible to design the irradiation
devices with high conversion quantum efficiency,
more than 2 pmol/ and a service life of about 80,000
hours under normal climatic conditions: ambient
temperature (20+10)°C, relative humidity (from 45
to 80)%, atmospheric pressure (from 630 to 800) mm
Hg. The operating capabilities of irradiation devices
shall have a direct impact on the growth, yield and
other consumer qualities of the products, in addi-
tion to the consumer qualities. The efficiency and
service life of irradiation devices directly affect
the production costs. These data show that the
research and development of semiconductor irradia-
tion devices for plant growing shall be relevant.

The purpose of this paper is to develop an irradia-
tion device with quantum efficiency and service life
exceeding those of HPS.

To achieve this purpose, the following tasks shall
be solved:

e To conduct an analysis of the up-to-date scien-

tific and technical literature;

« To manufacture the experimental prototypes
of irradiation devices based on the LEDs;

« To conduct a study of experimental prototypes
of irradiation devices based on the LEDs in
comparison with HPS in terms of yield and
changes in the photosynthetic specifications
during the period of operation.
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* H3TOTOBUTb 3KCIIEPUMEHTAIbHBIE 06pa3Lbl 00I1y-
yaTe/bHBIX IIPUOOPOB Ha OCHOBE CBETOLHOOB;

* IIPOBeCTH HCCIeOBAHHUS 3KCIIePUMEHTAIbHBIX
06pasioB obaydaTespHBIX IPHOOPOB HA OCHOBE
CBETONMOZOB B CpaBHeHUHU ¢ JIHa3 mo ypo>1<a1?IHo-
CTH U HU3MeHeHHI0 QpOTOCHHTETHYEeCKHX XapakK-
TePUCTUK B IIPOLIecce SKCIUIyaTallkH.

TEOPETUYECKASA YACTb

CeeT, HapsAy C IOJIMBOM M Ta30BbIM COCTaBOM BO3-
AoyXa, WUIpaeT KIIOUYEeBYK POab B QU3MOJIOTHH pac-
TeHUH. POTOCHHTe3 - 3TO IpoliecC, IPU KOTOPOM
B KJIeTKAaX PacTeHUH, COAepKallluX XJIOPodH/I, IIOf,
IenCTBUeM SHepruu obnydeHus B 061acTH ONTHYe-
CKOro crekTpa 350-800 HM o0b6pa3yloTcs opraHudue-
CKMe BelllecTBa M3 HeopraHu4deckux. IIpu $oTtocun-
Te3e pacTeHHe IIOIJIOIAeT YIJIeKMCIBIM ra3 U BOAY,
CHHTe3UpyeT OpraHHYecKHe BellleCTBA M BBIIe/seT
KUC/IOPOZ, KaK MOOOUYHBIN MPOAYKT GoTocHHTe3a [6].
YnpTpaduoneroBoe usnydeHue (YP) oTHOCUTCS K 6ak-
TepULIUAHOMY U IPUMeHsIeTCs 11 06e33apaskiBaHHU S
BO3/lyXa, IIOBEePXHOCTeH K BoApl [7]. HM3BecTHO, 4TO
Y®-13nydyeHHe PasHbIX JUana3oHoB (YO-A 315-400 HM,
YO-B 280-315 M 1 YP-C 100-280 HM) OKa3bIBaeT pas-
HOe BO3/eLICTBHe Ha pacTeHHUs. [Juamnas3oH 210-300 HM
Y®-13/1yuyeHHs COOTETCTBYeT eCTeCTBeHHOMY BO3JeH-
CTBUIO IIPUPOJHBIX MCTOYHHKOB Ha IIPOLICC BhIPAIH-
BaHMS pacTeHHH. FiMeHHO Y®-u3/lyuyeHHe BBI3bIBAET
y pacTeHHUN OHWOCHHTe3 BTOPUYHBIX MeTaboJIHTOB,
TaKUX KaK GraBoHOUIbI. PIaBOHOUIBl YCUIHMBAIOT
BKYC, IIUTaTeJIbHOCTb U YPOSKAMHOCTb pacTeHHH [8].
MHdpakpacHoe H3/ydeHHe TaK K€ OKa3blBaeT ecTe-
CTBeHHOe IPHPOAHOe BO3JeHCTBHEe Ha POCT M pas-
BUTHEe PpaCTeHHM, 0cobo oTmedaeTcs 3HAUYHMOCTh
H3/y4YeHHs Ha IPaHHMIIe KPACHOIO M MHPPaKPACHOIro
H3/ydeHHUs Ha JyIMHaX BoyiH 750-800 HM [9]. Bo3gmen-
CTBHe Ha pacTeHHSs OIITHUYEeCKOro U3JIy4yeHHs B CHHeH
obacTu onTHYecKoro crekrpa 430-500 HM yKperuisieT
KOPHEBYIO CCTeMy U CTebeslb, U3ydeHHe B KPaCHOM
06J1aCTH ONTHUYECKOro CIeKTpa 620-760 HM CTHMYJIH-
pyeT poCT pacTeHHs, a H3/lydeHHe B KeJTO-3eJIeHOU
obnacTu omTuveckoro crekrpa 500-620 HM HUrpaet
Pery/IsiITOPHYIO PoJib B IIPoliecce BereTalluK pacTeHUH,
a TaKKe CIIOCOOCTBYeT yBelHUeHUI0 3QPpeKTHBHOCTU
doToCcHHTe3a 3a CUeT BBICOKOM ITPOHHMKAIOIIEH CI10C0o6-
HOCTH, 671arofapsi 4eMy HIDKHHE CJIOM KPOHBI pacTe-
HUH TOKe II0/1y4aloT ONTHYeCKyIo 3Hepruo [10-13].

METOAOJ10I'A SKCMNEPUMEHTA

PazpaboTaHbl [[Ba THIIA CBETOAMOLHBIX obIydaTresert
anst pacTeHUM (tabn. 1), pa3paboTaH CBeTOTeXHHUe-
CKHMH IIPOeKT JabopaTOpHOIro CTeHJA /sl HCC/IeloBa-
HUSI BO3JEHCTBUS OITHYECKOTO M3/IyuyeHMsl Ha IIpo-
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Fig. 1. Compartment layout

THEORETICAL PART

Along with watering and gas composition of the air,
light plays a key role in the plant physiology. Photo-
synthesis is a process when the organic substances
are generated from inorganic ones in the plant cells
containing chlorophyll, under the influence of irra-
diation energy in the optical spectrum (350-800) nm.
During photosynthesis, the plant absorbs carbon
dioxide and water, synthesizes organic substances
and releases oxygen as a photosynthesis by-prod-
uct [6]. Ultraviolet radiation (UV) is of bactericidal
nature and is used to disinfect air, surfaces and
water [7]. It is well-known that UV radiation of vari-
ous ranges (UV-A (315-400) nm, UV-B (280-315) nm
and UV-C (100-280) nm) has different effects on the
plants. The UV radiation range of 210-300 nm corre-
sponds to the common influence of natural sources
on the plant growing process. It is UV radiation
that induces the biosynthesis of secondary metabo-
lites in the plants, such as flavonoids. Flavonoids
enhance the taste and favor, nutritional value and
yield of plants [8]. Moreover, infrared radiation also
has a natural effect on the plant growth and devel-
opment. The importance of radiation at the border
of red and infrared radiation at the wavelengths
of (750-800) nm is especially noted [9]. Exposure of
plants to the optical radiation in the blue region of
the optical spectrum (430-500) nm strengthens the
root system and stem, radiation in the red region
of the optical spectrum (620-760) nm stimulates the
plant growth, and radiation in the yellow-green
region of the optical spectrum (500-620) nm plays
a regulatory role in the plant vegetation process, as
well as contributes to an increase in the photosyn-
thesis efficiency due to its high penetrating ability,
as a result of which the lower layers of the plant
head receive optical energy [10-13].



Puc. 2. Busyaausauus omcekos
Fig. 2. Visualization of compartments

LlecC BbIPAIlMBAaHHUS PACTeHUU B YC/IOBUSIX 3aKPBITOrO
rpyHTa. O6pasipl pacTeHHI - oryper «Mesa F1» -
npenoctaBieHsl OO0 «KAB AmKUHCKUe TerlIHIibD.
Orypuer «MeBa F1» gBIAIOTCS OOMHHUMHM H3 CAMBIX pac-
[IPOCTPAaHEHHBIX KYJIbTYp Oryplid, BbIpalllMBaeMBbIX
B KPYIVIOTOAUYHBIX TEIUIULIAX. DTOT THOpU, BeIBeleH
B lotanguu. COPTOTUII: CpefHEIIOAHBIN I[JIafKHUH.
BrlpamuBaHHe pPeKOMeHZyeTcs IJisl IIepBOM KU Tpe-
TheH CBETOBBHIX 30H. COPT OTHOCHUTCS K IIO3LHHUM pas-
HOBUJHOCTSIM, ITOCKOJIBKY II€PBbIe IIIOABI JOCTHUIAIOT
IIOJIHOI'O CO3peBaHus ciycTs 50-55 cyrok. Koxypa
3esieH1IeB 6/1eCTUT U o61aflaeT TeMHO-3e/leHBIM LiBe-
TOM CO Cpe[lHel OyropuaToCcTbio K 6e/IbIM OIyIIeHHEeM,
IJIOABl LIMIMHIAPUYECKON GOpMEI. MSKOTH IIJIOLOB
Mesnl F1 ympyras, xpycrdamas, ciagkas M CoYHas.
Macca ogHoro orypra B cpegHeM 182-209 r, pasmep
IOCTUTaeT B cpenHeM 17-20 cM B Hayajle BereTalyu,
20-24 cm B KOHIIe BereTallMH U BBIPACTAIOT 40 40 MM
B auaMerpe. Orypubsl MeBa Fl OTIHM4YaiOTCA Kperl-
KHUM HMMYHHUTETOM, IIOCKOJIBKY 067afaloT CTOHKO-
CTBIO K MYUYHHCTOHN poce, KOPHEBOM U CEPOI THUIISIM,
a TaKke K ¢py3apuosy. O61afaroT BBICOKOM pereHepa-
THBHOM CII0COOHOCTBIO [14-16].

Co3maH 1abOPaTOPHBIN CTeH[ [JISI HCCIeSOBaHMUS
BO3[EHCTBUS OITHYECKOr0 H3/JIy4eHHs Ha IIpoliecc
BBIPAIIMBAHMUSI PACTeHHH B YCIOBHSAX 3aKpPBITOIO
IpyHTa, obecreyMBAIOMINI HOpPMalbHble KIHMATH-
YecKHe YCIO0BHS B IIpollecce IMIPOBeJeHHS HCCIe0-

BIOPHOTONICS

EXPERIMENTAL METHOD

Two types of LED irradiation devices for the plants
have been developed (Table 1). A lighting engineering
design of a laboratory bench has been developed to
study the optical radiation effect on the plant grow-
ing process in the under cover conditions. The plant
specimen (Mewa F1 cucumber) were provided by KDV
Yashkinskiye Teplitsy LLC. The Mewa F1 cucumbers
are among the most common cucumber crops grown
in the year-round greenhouses. This hybrid was bred
in Holland. Its variety is medium-fruited and smooth.
Cultivation is recommended for the first and third
light zones. The variety belongs to the late types, since
the first fruits reach full ripening after 50-55 days. The
button shell is shiny and has a dark green color with
medium tuberosity and white pubescence, the fruits
have cylindrical shape. The Mewa F1 fruit pulp is elas-
tic, crispy, sweet and juicy. The weight of one cucum-
ber is on average 182-209 g, the size reaches an average
of 17-20 cm at the beginning of the growing season,
20-24 cm at the end of the growing season. The cucum-
bers are able to grow up to 40 mm in diameter. The
Mewa FI cucumbers are specified by strong immunity,
as they are resistant to the powdery mildew, root and
gray rot, as well as fusariosis. They have a high regen-
erative capacity [14-16].

A laboratory bench has been developed to study
the optical radiation effect on the plant growing
process in the greenhouse conditions that provides
normal climatic conditions during the research:
ambient temperature 25+3 °C, relative air humidity
(45-80) %, atmospheric pressure (630-800) mm Hg.
The average irradiance level in all experiments was
101 pmol s/m?, the lamp operation mode: turning on
for 12 hours from 8:00 a. m. to 08:00 p. m., turning
off for 12 hours from 08:00 p.m. to 08:00 a.m., no
natural light, daily watering. During the research
process, the temperature and humidity values were
monitored daily at the laboratory stand using the
TKA-PM device. The number of fruits, fruit dimen-
sions, stem height and leaf size were controlled. The
fruit and leaf sizes were measured using a caliper
gauge. The emission spectra and photosynthetic
irradiance were measured using a UPRtek PG200N
spectrometer.

The structure of Diora Unit Agro and Diora Quadro
Agro LED irradiation devices is patented (patent No.
209987 Ul dated March 24, 2022 “LED irradiation device
for plants”, Phystech-Energy).

The LED irradiation device consists of a square-
shaped aluminum LED board with the dimensions
195x195mm, and the board thickness of 3mm. The
irradiator does not have a heatsink. The LED board

PHOTONICs vOL. 17 N25 2023 411
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BaHUM: TeMIIepaTypa OKpysKarwImei cpemsl 25+3 °C, || is applied as a heatsink, since it has sufficient area
OTHOCHTeNbHAsl BIKHOCTh Bo3zmyxa 45-80 %, atmoc- || and thickness for efficient heat dissipation. The
depHoe maBneHue 630-800 MM pT. CT., CpegHHUM ypo- || irradiation device uses two types of LEDs: these
BeHb OOJIy4eHHOCTH BO BCeX 3KCIIepHMMeHTax coctas- || are red LEDs with an emission peak of 660 nm
ns1 101 MRMonb-c/mM?, PeskumM pabotbl cBeTuapHUKOB || and white LEDs with a correlated color tempera-

Tabnumua 1. XapakTepucTukm CBETUIbHUKOB
Table 1. Specifications of the lamps

HanmeHoBaHue [JHa3 250 BT Diora Unit Agro Diora Quadro Agro

Name

BHeLwWHunn Bua,
Appearance

FabapuTbl CBETUNbHUKA, MM 550x180x170 305x165x25 390x195x70
Lamp dimensions, mm

HanpskeHne 230 230 230
nutaHms (50 Iy), B
Supply voltage (50 Hz), V

MoTpebnsiemas 263,8 80,92 113
MOLHOCTD, BT
Power consumption, W

MOTOK POTOCUHTETUYECKN 302,25 238 248,78
akTueHoM paanauunu (PPF),
MKMOb/C

Flux of photosynthetically
active radiation (PPF),
pmol/s

KBaHTOBas 3 PEKTUBHOCTD, 1,15 2,94 2,2
MKMOb/[K
Quantum efficiency, pmol/)

CreKTp v3ayyeHws 579 HM | nm G , 662 HM | nm
Emission spectrum 438,68 MBT/M?| mW/m? 681,28 MBT/m* | mW/m: 183,12 MBT/M? | mW/m?

- o 180°
Kpusas cunsi ceeta (KCC) 180 00 180 5000
Lightintensity curve (LIC) <ibo 1200 4000
4000 800 3929
2000
2000 #04 1000

4] Q 0

. = e 270° 90 | 270° 90°
270 —_ 90
0 0° [
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12 yacoB Briw4veH ¢ 8:00 mo 20:00, 12 4acoB BBIKJIIO-
4qeHbI € 20:00 1o 8:00, ecTecTBeHHOE OCBeIlleHHe OTCYT-
CTBYeT, II0JIMB eXXe[THeBHBII . B IIpoliecce mpoBeleHUsI
HCC/IeOBaHUI eXKeHeBHO OCYILeCTBIISITICS KOHTPOJIb
TeMIIepPaTypsl U BILKHOCTU B TaDOPaTOPHOM CTeH[e
¢ momompo mpubopa «TKA-TIM». OCyIIecTBISICS
KOHTPOJIb KOJIMYECTBA IIJIOJOB, pa3MepoB ILIOJOB,
BBICOTHL CTeb/IsI U pa3mepa JIUCTheB. Pa3mepsl IIJIOfOB
Y JIUCThEB U3MEPSIIMCH C IIOMOIIIBIO IITAHI€HIIUPKYJIS.
H3MepeHHS CIIEeKTPOB H3Iy4eHHS U OTOCHHTETH-
YeCKOM 00JIy4eHHOCTH OCYIIEeCTBIISIUCh C ITOMOIIBIO
criekrpomeTpa UPRtek PG200N.

KOoHCTpYyKUHS CBETOAHOMHBIX o6nyanene171 Diora
Unit Agro u Diora Quadro Agro 3amaTeHToBaHa (IIaT.
Ne 209987 Ul ot 24.03.2022 r. «CBeTOLUOIHBIH oﬁnyqa-
Tesb /151 pacTeHUN» AO «Pur3Tex-DHepro»).

CBETOOMOAHBIN 001ydaTesnb COCTOMT K3 ATIOMHU-
HHeBOU CBETOJMUOJHOM ILIATBl KBAaAPAaTHOHM (GOPMBI,
195x195 MM, TOJNIIKMHA IUIATH - 3 MM. Obydartens He
MMeeT KaK TaKOBOTO pajuaTopa, B KayecTBe pajua-
TOpPa BBHICTyIIaeT CaMa CBETOAMOJHAs IIaTa, TaK Kak
OHa MMeeT MOCTATOYHYIO IUIOMaAb M TOALIKMHY IJIS
3$PeKTUBHOrO O0TBOAA TeIlIa. B obinydyartene HUCIIONB-
3YIOTCS [Ba BHUJA CBETOAMOMOB, 3TO KPAaCHBIE CBETOMM-
OBl C ITMKOM H3/1yueHHUst 660 HM U 6esble CBETOIHO/IbI
C KOppe/IHMpOBaHHOM 11BeTOBOK TeMIlepaTypoi 5000 K.
Ha maTy ycTaHoB/IeHA IPYIIIOBas JIMH3a W3 IIOJIK-
KapboHaTa /7151 OPMUPOBAHUS AHUATPAMMBl HAIlPaB-
JIEHHOCTH H3/ydeHHs. K BepxHeH 4YacTH IUIAThl Kpe-
IIMTCS paMa, Ha KOTOPOM YCTAaHOBJeH KPOHIITeHH
C KpemneXXHBIMH 3JIeMeHTaMH M [parBep MNHUTaHHUS
CBETOLMOMOB.

JlabopaTOpHBIN CTeHH, COHLEPKUT TPHU OTCeKa,
B KOTOPOM IIOIapHO pa3sMeIleHbl CBEeTH/IbHUKM:
JTHa3 250 Bt, Diora Unit Agro u Diora Quadro Agro.
FabapuTHble pa3mepsl oTcekoB JxIIxB: 1x0,7x2,6 M.
CTeHKH OTCeKOB UMeIOT 6e/IyI0 MaTOBYIO [I0BEPXHOCTb.
B Kak[oM OTCeKe pasMelleHbl II0 JBa Ca’KeHIla Oryp-
110B. MoOIIHOCTb 0b/y4yaTesell HaCTpalBalach TaKUM
obpa3omM, 4TO6Bl ypoBeHb OOTy4eHHOCTH COCTABIISI
B cpefiHeM 100 MKMOJIBb- ¢/M?.

C IOMOIIBI0O CBETOTEXHHYECKOH IIPOrpaMMEBl
«DiaLux 4.13» 6bIT IpoMU3BeleH CBETOTeXHHUYeCKUH
pacueT HeobxoIHMOTo ypoBHSI 061yueHHOCTH. IIo
pesysbpTaTaM pacdera 6bUIM BBIOpaHHEI 0bnydarenu
¢ ¢doTomMeTpHUUYeCKMMHU IapaMeTpaMM, IIpeacTaB-
JIeHHBIMH B Tabi. 1 /1 HOCTH>KEHUSI HeOOXOAHMMOTro
YPOBHS 06/TyIeHHOCTH.

bty npou3sBefeHbl OTOMETPUYECKHEe U3MePeHHUs
BbIOpaHHBIX 0b/ydaTeserl U IOMy4YeHBl 3HAUEHUS UX
CBETOBOIO IIOTOKA, 3aTeM 3HAYeHHMs CBeTOBOIO II0TOKA
OBIIM IIepeCUUTaHBbl U3 CBETOBBIX BeJIMUMH B SHepre-
THYeCKHe JJIs1 BBlYMCIeHUs I10ToKa PAP, a Takoke 3Ha-

il 4
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ture of 5000K. A group lens made of polycarbonate
is installed on the board to generate the radiation
pattern. A frame is attached to the top of the board,
on which a bracket with the fasteners and an LED
power driver are installed.

The laboratory bench consists of three compart-
ments, where the lamps are placed in pairs: HPS
250 W, Diora Unit Agro and Diora Quadro Agro. The
overall dimensions of the compartments (LxWxH) are
as follows: 1x0.7x2.6 m. The compartment walls have
a white blind surface. Each compartment contains
two cucumber seedlings. The power of irradiation
devices was adjusted in such a way that the exposure
level was on average 100 pmol s/m?.

The lighting engineering program “DiaLux 4.13”
was used for a lighting calculation of the required irra-
diance level. Based on the calculation results, the irra-
diation devices with photometric parameters given in
Table 1 were selected in order to achieve the required
exposure level.

The photometric measurements of the selected irra-
diators were performed and their luminous flux values
were obtained, after which the luminous flux values
were recalculated from the luminous quantities into
the radiation quantities to calculate the PAR flux, as
well as the irradiance level values that were recalcu-
lated from the illuminance values obtained as a result
of lighting calculation in the DialLux program. The
conversion was performed in the Matchad 14 program
according to the formula I:

800 E. -\
Fopp= Loo hé NA dl, o)
where Fy,p is the photosynthetic photon flux, pmol/s;
E, is the spectral concentration of the device
radiation energy distribution, J/nm;
A is a wavelength, nm;
his a Planck’s constant;
¢ is the speed of light;
N, is Avogadro’s constant.
The quantum efficiency calculation of the irradia-
tion devices in the PAR range was carried out accord-
ing to the formula 2:

nq;= FQ% [18] y (2)
where 1, is the device efficiency in the PAR region,
pmol/J;
Fyap is the photosynthetic photon flux, pmol/s;
P is the power consumed by the device, W.
Table 1 also shows that in comparison to HPS 250 W,
the LED lamps consume less electric power: Diora Unit
Agro by 69.33%, Diora Quadro Agro by 57.16%.
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YeHHUsl YPOBHS OOIyuYeHHOCTH, KOTOpble ObLIM Iepe-
CYMTAHBl U3 3HAUeHHH OCBEIeHHOCTH, I10y4eHHBIX
B pe3y/IbTaTe CBETOBOI'O pacyera B ITporpamme Dialux.
I[TepeBox ocymIecTBISIN B Imporpamme Matchad 14 o
dopmyie 1:

For= Jljooooh].ggj\;A dh., ()
rze Fgpap -~ POTOCHHTETHUECKU T [I0TOK GOTOHOB,
MKMOJIB/C;
E, - ciekTpasbHas IVIOTHOCTD pacIipeeeHus
SHepryuu U3lydeHus pudopa, [Hk/HM;
\ - I/IMHA BOJTHBL, HM;
h - mocrossHHas [InaHKa;
€ — CKOpPOCTb CBeTa;
N, - 4umnc1o ABorazgpo.
PacueT KBAaHTOBOM 3QQPeKTHUBHOCTH H3jIydaTesler
B obactu AP mrpou3BogUICs IT0 GopMmyte 2:

Ny F“’% 18], @)

r7ie Ny, ~ 3GdeKTUTHOCTH prbopa B obnactu ®AP,
MKMOJIB/JI3K;
Fpap~ GOTOCHHTETHYECKUH II0OTOK GOTOHOB,
MKMOJIB/C;
P - motpebnsiemast mpr60poM MOLTHOCTSH, BT.
Taxke u3 Tabn. 1 BUAHO, YTO OTHOCUTENbHO JJHa3
250 BT, cBeTOmMOAHBIE CBETHJIPHMKU MeHbIIe IIOTpe-
6/1s110T 371eKTposHepruio: Diora Unit Agro Ha 69,33%,
Diora Quadro Agro Ha 57,16%.

OBCYXAEHWE PE3YJ/IbTATOB
SKCMNEPUMEHTA

Ha puc. 3-5 mpuBeseHbI 06pasIibl OTYPLIOB B CTEHAAX
c obnyuarensamu. Ha puc. 6 mpuBeseHa ¢oTorpadus
THUIIOBBIX OTYPLIOB, BBIPOCIIMX B IIpOLiecce HKCCIIeo-

Ta6nunua 2. KonmyecTso cCObpaHHbIX MI0A40B OrypLOB 1 BbiCOTA CTebNEN

obpasuos

Table 2. Number of picked cucumber fruits and the specimen stem height

[JHa3250 BT Diora Unit Agro

HanmeHoBaHMe

NeTl Ne 2 Ne 3 Ne 4

KonuyectBo cobpaH-
HbIX NI0A0B OrypLOB,
wT 2 2 2 2
Number of picked

cucumber fruits, pcs.

s AW svovoToHMKA
R

Puc. 3. Obpa3supbi o2ypuos N2 1, 2 6 cekmope /(abopamopHo20
omceka ¢ aamnamu JHa3 250 Bm

Fig. 3. Cucumber specimen No. 1, 2 in the laboratory com-
partment with HPS lamps 250 W

DISCUSSION OF THE EXPERIMENTAL
RESULTS

Figures 3-5 show the cucumber specimen on the
benches with irradiation devices. Figure 6 demon-
strates a photograph of typical cucumbers grown dur-
ing the research. Table 2 indicates the number of
picked cucumber fruits and the height of sample
stems. Figures 7-9 show the radiation spectra of the
irradiators.

The spectral structure of the
irradiation devices differ from
each other. The spectral structure
of HPS radiation is mostly in the
long-wavelength region of the
optical range of 570-630 nm. In
other words, HPS emits the light
quanta in the red region of the vis-
ible spectrum. The Diora Unit Agro
irradiator has emission peaks in

Diora Quadro Agro

Ne 5 Ne 6

BbicoTa cTebnsg, Mm

Stem height, mm Al

2220 2600 2750

: 2 the blue (450 nm) and red (660 nm)
regions, while the red region of the
spectrum is about 10 times more

2170 1200 intense. The Diora Quadro Agro

irradiator also has a peak in the
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Puc. 4. Obpasubl o2ypu06 N2 3, 4 8 cexmope AabopamopHo20
omceKa co ceemoduodHbIMu 0bay4yamensmu Diora Unit Agro
Fig. 4. Cucumber specimen No. 3, 4 in the laboratory com-
partment with Diora Unit Agro LED irradiators

Puc. 5. Obpasupl o2ypuosN2 5, 6 8 cekmope AabopamopHo20
omcexa co ceemoduodHbiMuU 0baydamensimu Diora Quadro Agro
Fig. 5. Cucumber specimen No. 5, 6 in the laboratory compart-
ment with Diora Quadro Agro LED irradiators

BaHUN. B Tabn. 2 mpuBemeHO KOIHYeCTBO cobpaH-
HBIX IIJIOfIOB OTyPLIOB K BBICOTA CTebseri ob6paslioB.
Ha pucyHke 7-9 mnpuBeneHBl CII@KTPHI H3/Iy4deHUs
obny4aTernes.

CIleKTPaJIbHBIF COCTaB M3y4YeHHUs obnydaTenen
OTJIMYAIOTCA APYT OT Apyra. CIeKTpaJabHBIM COCTaB
usnydyenus JJHa3 B GOJIBIIIEN CTEIleHU COCTaBJISIeT
IOJIMHHOBOJHOBAasE 06J1aCcTh ONITHYECKOro JHara-
30Ha 570-630 M. lpyrumu cioBamu, [JHa3 usny-
4yaeT KBaHTHI CBeTa B KPacCHOM 067acTH BHAHMOIO
crexTpa. Obnyudarens Diora Unit Agro mmeer ImUKHU
H3jydyeHHUs B cuHeH (450 HM) U KpacHoH (660 HM)
0671aCcTH, IIPU 9TOM KPACHBIH YYaCTOK CIIEeKTpa IIPHU-
MepHO B 10 pa3 6osee MHTeHCUBHBIH. Obay4dartesnp
Diora Quadro Agro Taxke MMeeT IIUK B KPAaCHOM
(450 HM) u cuHer (660 HM) 067aCTSIX IIPHMEPHO
B OJMHAKOBBIX IPOIOPIHUIX, HO C HobaBieHHEM
CIUIOIIHOIO CIIeKTPa B 3esleHOH obnactu oT 480 mo
620 HM. TakuM 06pa3om, MMes pa3Hble CIIEKTPasb-
Hble XapaKTepPUCTHUKH oblydaTesner, MOSKHO BBIS-
BUTh Haubomee 3pPeKTUBHBIN mjig GOTOCHHTE3a
CIIeKTPa/IbHBIM COCTaB.

H3MepeHHe CIIEKTPaJbHBIX XaPAKTEPUCTHUK HK3/1y-
YeHHs IIPOBOJMIIOCH udepe3 200-400 4acoB, YTOOBI

red (450 nm) and blue (660 nm) regions with approxi-
mately the same proportions, but with the addition of
a continuous spectrum in the green region from 480 to
620 nm. Thus, having various spectral specifications

i,

Puc. 6. [1100bl, 8bIpaLEHHbIE 8 IKCNEPUMEHMANbHbIX OMce-
Kax U 20mosble K ynompebaeHuto

Fig. 6. Fruits grown in the experimental compartments and
ready to eat
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OTCIeANTh U3MeHEeHHE CIIEKTPAJIBHOTO COCTABa B IIPO-

L1ecce 3KCIUIyaTallkH. § 45;(5)2 | oy
ITo pesynbTraTaM HCCIeLOBAHUH YCTAHOBJIEHO, UTO % 00 | — 180
Gonplie Bcero IaomoB (5 mT.) 6BUIO ITONYYEHO IIOJ E 350l — 6004
usnydyeHrueM obnydartenst Diora Quadro Agro. Ilox " - 10004
usnydeHreM Diora Unit Agro u JHa3 250 Bt 6bL10 5250 B
[I0JIy4eHO paBHOe KOJHYeCTBO IIJIOAOB, II0 4 IIT. £ 500 -
B KaKAOM oTceKe. Tarke OBLIO YCTaHOBJIEHO, YTO EISO L
o, u3nydeHueMm Diora Quadro Agro, HecMOTpsl Ha ‘gmo L
OONBINMI YPOSKaK, CpeqHss AJIMHA CTebIer oka3anach 50 - |
orypua Mesa Fl1 okasanack Ha 93 cM MeHbIIIe, e e —
TIpM MCCIeNOBAHUM Herpajallid (pOTOMeTpUte- 350 400 450 500 550 600 650 700 750 800
CKHX XapaKTepHUCTHK obsydarenelr 6BUIO YCTaHOB- JUHEE2 BOTIHEI, HM
7eHo, 4To 3a 1000 4acoB CIIeKTPaJbHBIN COCTaB BCeX, Puc. 7. Cnekmp u3say4eHus aamn [lHa3
IpHMeHsSIeMbIX B 3KCIIePUMEHTe o6nyanene171, He Fig. 7. Emission spectrum of HPS lamps
U3MEHMUJICH.
3AKJTKOYEHUE
[IpoBenen aHanu3 COBpeMeHHOH Hay4yHO- 800 — 04
TeXHUYEeCKOM JIUTepaTyphl, II0LOOpPaHBI CIIeKTPHL 7001 1804 A
M3Ty4eHUs] CBeTONUOAHBIX ObnydaTener, M IIOCTPO- 600 - — 6004 [
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PaTOPHOIO CTeHJA AJI1 KMCCIeNOBAHMS BO3JEHCTBUS
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aTaluH. YCTAaHOBJIEHO, YTO CIEKTPbl H3Iy4YeHHS, Fig. 8. Emission spectrum of Diora Unit Agro LED irradiators
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Official website of the Security Council of the Russian Federation.
URL: http://www.scrf.gov.ru/security/economic/document108.

2. Official website of the Information and analytical agency “Institute of ch. 9. Cnekmp u3ny4eHus 06ny4amenel
Agricultural Market Studies”. URL: http://ikar.ru/lenta/754.html. Diora Quadro Agro
3. Official website of the “Greenhouse industry of Russia - 2022". Fig. 9. Emission spectrum of Diora Quadro Agro irradiators

URL: https://www.apk-news.ru/teplichnaya-otrasl-rossii-2022-3.
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of irradiators, it is possible to identify the most effi-
cient spectral structure for photosynthesis.

The spectral specifications of radiation was mea-
sured after 200-400 hours in order to track any changes
in the spectral structure during the period operation.
According to the research results, it was found that
most of the fruits (5 pcs.) were obtained when using
the Diora Quadro Agro irradiator. Radiation of the
Diora Unit Agro and HPS 250W was used to receive an
equal number of fruits, namely 4 pcs. in each com-
partment. It was also found that under the radiation
of Diora Quadro Agro, despite the larger yield, the
average length of the Mewa F1 cucumber stems turned
out to be 93 cm less.

When studying degradation of the photometric
specifications of the irradiators, it was found that the
spectral structure of all irradiation devices used in the
experiment has not changed during 1000 hours.

CONCLUSION

The analysis of up-to-date scientific and technical lit-
erature was performed, the emission spectra of LED
irradiation devices were selected and a lighting engi-
neering model was developed to make a laboratory
bench for studying the optical radiation effect on the
plant growing process in the greenhouse conditions by
the example of Mewa F1 cucumbers. The experimental
prototypes of irradiators based on the light-emitting
diodes have been prepared. The experimental proto-
types of LED-based irradiation devices were studied
in comparison with HPS to determine the yield and
any changes in the photosynthetic specifications dur-
ing operation. It was found that the emission spectra,
mainly in the red region, accelerated the plant growth
and performance. The emission spectrum of Diora
Quadro Agro provides for the plant performance with
less plant stem growth. It has been determined that
during the studies, the emission spectra of irradia-
tors and their photosynthetic flux have not changed
significantly, and that the further examination of the
degradation of irradiators requires a more in-depth
study with a longer operating time. The most suitable
irradiation devices for growing Mewa F1 cucumbers
are Diora Quadro Agro.
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Developed the draft design documentation for Diora Unit Agro and Diora
Quadro Agro LED irradiators, arranged research into the effect of optical
parameters of irradiators on the plant growth and performance.
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ConpartknH Bacunuit Cepreesuy, K. T. H., AOL. Kadeapbl pafn03neKTPOHHbIX
TEXHONOTMIA W 3KONOrNYeCKOro MOHUTOPUHTA TOMCKOTO rOCYAAPCTBEHHOTO
YHUBEPCUTETA CUCTeM YNPaBNeHUS U PAZIM03NeKTPOHNKK. 3roToBuA
NabopaTopHbIA CTeHA AN UCCNeL0BAHNA BO3AEACTBUS OMTUYECKOTO U3Ny4eHNs
Ha NPOLLeCC BbIPALLMBAHNA PACTEHMIA, 06eCneynn pexumbl NPOBESeHNs
NCCNeoBaHNA BANSHWUS ONTUYECKUX MapaMeTpoB 06ayyaTenbHbIX npubopos Ha
POCT 1 YPOXANHOCTb PacTeHMN.

Nlasapesa AneHa OneroBHa, MHX. kageapbl paANo3NeKTPOHHLIX TEXHONOT U
11 3K0/I0rN4eCKOro MOHUTOPUHTA TOMCKOTO roCy/apCTBEHHOTO YHUBEpCUTeTa
CUCTEM YNIPABAEHNS 1 PAANO0INEKTPOHIKN. [POBeaa MCCNe0BaHMS
B03/eCTBIS ONTUYECKOrO M3Ny4eHNS HA NPOLLECC BbIpALLMBAHMS PACTEHWA.

LLikapyno AHactacus MeTpoBHa, CT. npen. kageapbl PaAN03NeKTPOHHbIX TEXHONOT U
11 3K0NI0rNYeCKoro MOHUTOPUHIA TOMCKOTO FoCyAapCTBEHHOTO YHUBEpCUTeTa
CUCTEM YNIPAB/IEHNS 1 PaANO03NEKTPOHIUKN. PpoBeaa nccneoBanms
BO3/1eCTBIS ONTUYECKOrO M3/ly4eHNs HA NPOLIECC BbIpaLLMBAHWS PACTEHWA.

Llenetkuu Erop Cepreesuy, r. 3Hepretuk OO0 «K/B AwkuHckne Tenanwp»
0CyWECTBASA BLIOOP COPTA KYNbTYPbI OTYpLA U OCYLLECTBIA TEXHONOMNYeCKoe
COMpOBOX/EHNe B MpoLiecce IKCNepuMeHTa B 4acTi pa3paboTkit METOAMUK YXOAa
11 NPUTOTOBNEHNS PacTBOPA ANS NOAMBA PACTEHUA.

Soldatkin Vasiliy Sergeevich, Ph.D. in technical sciences, associate professor
of the Department of Radioelectronic Technologies and Environmental
Monitoring, Tomsk State University of Control Systems and Radioelectronics.
Prepared a laboratory bench for studying the optical radiation effect on
the plant growing process, provided the research conditions to study the
effect of optical parameters of irradiation devices on the plant growth and
performance.

Lazareva Alena Olegovna, Engineer of the Department of Radioelectronic
Technologies and Environmental Monitoring, Tomsk State University of
Control Systems and Radioelectronics. Conducted research on the effect of
optical radiation on the plant growing process.

Shkarupo Anastasiia Petrovna, senior lecturer, Department of Radioelectronic
Technologies and Environmental Monitoring, Tomsk State University of
Control Systems and Radioelectronics. Conducted research on the effect of
optical radiation on the plant growing process.

Schepetkin Egor Sergeevich, chief power engineer of KDV Yashkinskiye Teplitsy
LLC, selected a variety of cucumber and provided process support during the
experiment in terms of developing the care and solution preparation methods
for plant watering.

LASYS 60/blIe He 6yaeT MPOBOAHTHCA KaK OTAE/IbHAS

TOProBas AspMapkKa

C momeHTa npembepbl B 2008 rofy BbiCTaBOYHOMO
meponpusTis LASYS B LUTyTrapte (Fepmanus) npo-
wnol5 net. SApKUMI COBLITUAMM NEpBbLIX BLICTABOK
CTa/u BOSIOKOHHbIE /1a3epbl ¥ CUCTEMbI HA X OCHOBE.
LLlen npoLiecc BHeApeHus N1a3epos B pasHble 0bna-
CTU NPUMEHEHNS, W N1a3epHas UHAYCTPUS aKTUBHO
pa3sBuBa/aCh. HbiHe N1a3epbl CTa/IN TPaAULIMOHHLIMA
MHOTOGYHKUMOHANbHBIMI W TUOKUMU MHCTPYMEH-
TaMu N9 PasHbIX TEXHOMOMMYECKUX MPOLIeCCOB:
B MPOM3BOACTBE aBTOMOOM/ILHBIX Ky30BOB, aKKyMy-
JNISTOPOB, MEANULIMHCKOrO MHCTPYMEHTapus, B nony-
MPOBOAHMKOBOW MPOMbILLIEHHOCTH, NPY CO3AAHMN
3NeMEHTOB CO/HEYHOW SHepreTuku. Tenepb Mpous-
BOAWTENN 1a3ePHbIX CUCTEM WLLYT HOBble 06M1acT
ANS UX NPUMEHEHNA. 3 NOC/IeAHNE HECKONMbKO SIeT

(OKYC BHUMAHWS pa3paboTyMKoB Na3epoB CMe-
CTUNCA Ha Jpyrue BaXHbIE AN NPOMbILLNIEHHOCTH
BOMPOCbI. B mpotiecce noucka ONTUMAILHOA KOH-
CTPYKLMK HaxoasTca Tonbko EUV-nasepul. bonee
BXKHLIMW CTa/M Takue TeMbl Kak LmppoBM3aLms,
aBTOMATv3aumMs M MpON3BOACTBEHHbIE MPOLIECChI
C NOAAEPXKKOM MCKYCCTBEHHOTO MHTENNeKTa.

YTobbl Y4ecTb LWMPOKMIA CMeKTp MOTeHLu-
ANbHLIX MpUMeHeHui, Messe Stuttgart pewmna
UCNoNb3oBaTb 1 LieNeHanpasieHHo pa3BuBaTh
TeMy na3epHoii 06paboTKM MaTepuano B npo-
MbILLIEHHBIX YCNOBUSX HA WMHBIX TeMaThyeckux
MepOonpuATUSX. ITO 03HA4aeT, 4To LASYS bonblue
He byheT NpOBOAMTLCS KaK OTAENbHAS TOProBas
ApMapka.

MnaHupyetcs, 4To Tenepb nasepbl He 6byayT
MpeacTasneHbl HA OTAENbHOM BbICTABOYHON MAaT-
dopme, a BLIZENSTCS B TeMaTuyeckue Hampasne-
HUSI ¥ COLePXAHNS TEXHUYECKX NPOrpamMM Apyrix
MPOMbILLAEHHBIX TOPTOBbIX SPMAPOK M BbICTABOK:
Quantum Effects, NORTEC, AMB, VISION, TecStyle
Visions, Wetec n Molding Expo.

«Jlazepbl, ONTMKA M QOTOHWKA MO-MpeXHeMy
4ype3BblYaitHO BaxKHbl Ang Messe Stuttgart. Ml
XOTMM CMOAL30BATh HAWM CETH Ans npeobpaso-
BaHMS HaLWNX KOHTAKTOB W MPeLOCTaBNEHNS Tema-
TUYECKUM 061acTIM NAATGOPMLI, KOTOPOM OHM
33CYXMBAIOTY — pe3tomupoBan CebacTbsH LLimng,
BuLie-npe3ndeHT Messe Stuttgart.

Www.messe-stuttgart.de

ATOMHBIE Yachl B MEXAYHAPOAHOH LIKa/Ie BpEMEeHH

CerofHs MeXZyHapoAHast LKana BpeMeHn (OpMUPYETCS HA OCHOBE AAHHbIX
bonee 80 naboparopuid 1 3TANOHOB NO BceMy MMpY. Ha 1x ocHoe MexayHapoa-
Hoe 6topo mep 1 Becos (MBMB) paccunTbiBaeT MexxayHapoaHYHO KAy BPeMeHu
(UTC). Mpw 3T0M npu onpedeneHi BKAZA KaXaoi f1abopaTopuu YunThiBa-
€TCs KaK TOYHOCTb PAcyeToB, Tak W OCTOBEPHOCTL NPESOCTABASEMbIX AAHHDIX.
C 2022 roga, cornacHo umpkynsipam MbMB, Poccuitckas Gegepauns crana nep-
BbIE B CTOPUM BHOCUTH Haubonee CylecTBeHHbIN BKIag B GOPMMPOBAHIE Mex-
[YHApOZHOM LuKanbl BpeMeHn UTC— 0kono 20 NPOLLEHTOB, YTO CBIAETENLCTBYET
He TObKO 0 BLICOKMX TEXHUYECKVX XapaKTepUCTMKAX TOYHOCTI POCCUACKOM 1abo-
paTopu BPEMEHH, HO 1 O BLICOKOW CTENeHy J0BepHs MeXZAyHapoAHOrO Hay4HOro
C00bLLeCTBA K POCCUIACKON METPONOTIK. PaHee iaepamu B 3701 061aCTH 4OAT0e
Bpems cyutanuco CLLA.

MoNyyeHHbIX PesynsTarTos yaanoCch AOCTUTHYTD 38 CYET COBEPLUEHCTBOBAHMS
[0CYAAPCTBEHHOMO MEPBUYHOIO 3TANOHA eANHWL, BPEMEHM, YaCcTOTbl M HALMO-
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HaNbHOW LUKA/Ibl BPEMEHY, B TOM YWCTe, 33 CHeT CO3AaHNS aTOMHLIX CTAHAAPTOB
YaCTOTbl HOBOTO MOKOMEHWS — BOJOPOAHLIX CTAHAAPTOB YaCTOTbI, CTAHAAPTOB
YaCTOTbI POHTAHHOTO TUNA, OMTUYECKVX CTAHAAPTOB YACTOTbI.

PaspabarbiBaemoe HoBOE MOKONEHMe aTOMHLIX 4acoB, B TOM YWC/E, ONTHYe-
CKMX, TOYHOCTb KOTOPLIX B Pa3bl NPeBbILLAET TOYHOCTb CYLLECTBYHOLLMX CUCTEM,
no3sOAT B bkaiLume 10 f1eT GopMMpPOBaTh HALMOHALHYIO LLKANY BPEMEHM
P® Ha ypoBHe IyuLLMX MUPOBLIX 1abopaTopuit

CeroHs ONTUYeCKUe CTAHAAPTLI YACTOTbI NO3BONSIOT ONPEAENsTb CeKyHAY
C TOYHOCTBIO Aydwe 1-1077. Takast TOYHOCTb MO3BOSET MONHOCTbIO YAOBAET-
BOPUTb TPeboBaHMs MoTpebuTeneit, NS KOTOPbIX WUHGOPMALMS O TOYHOM
BPEMEHI KPUTUYECKU HeobXOAMMa: HABMraLms, CBA3b, TeneKOMMyHUKaLmi,
pasBUTUE TEXHONOTUN LUPPOBOI TPAHCHOPMALMK IKOHOMUKM, HOBbIE BUAbI
6ecnunoTHOro TpaHcnopra.

WWW.ISE.gov.ru
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