__ HOBbIE TEXHONOTN N OBOPYAOBAHUE ~ NEW MACHINERY AND TECHOLOGIES

YAK 621.321 ()52 DOI 10.22314/2073-7599-2020-14-1-50-54

CpaBHVITeﬂbHaSI OLleHKa OCHOBHbIX XapaKTepUCTukK HatpuesbiX U
cBeToOAUOAHbIX TEMNJINYHbIX o6nyanenel7|

Hanesxxna Ierposna Konaparbesa', Iagesa Bajepbesuu Tepentbes’,
JIOKTOp TEXHUYECKUX HayK, mpodeccop; KaHAUAaT TEXHUYECKUX HayK;
Jimutpuii Astexceesny ®uaatos’, Aunexcanapa Cnupo Aab-XeJio’,
KaHJAUJaT TEXHUYECKUX HayK, JIOIEHT, MarucTpaHT

e-mail: filatov_da@inbox.ru;

YWkesckas rocyJlapcTBEHHas CEILCKOX03sMCTBEHHAs akajieMus, I. VkeBck, Poccuiickast @enepanus;
2H1/1>1<er0poz[c1<a;[ rocyJapCTBEHHAS CEIbCKOX035WCTBeHHAs akanemus, I. Huxuuit HoBropon, Pocculickas @ene-
pauus

Pedepar. [Tokazany, 4To Ha CMEHy TPaAULMOHHBIM HATPHUEBBIM TEIUIMUHBIM O0IydaTeNnsM IpUXORIT Oonee 3 EeKTHBHBIE CBE-
Toguonuble. (Lenb uccnedosanus) IIpoBecTH CpaBHUTENBHYIO OLEHKY OCHOBHBIX XapaKTEPHCTHK HATPHEBBIX H CBETOAMOIHBIX
TeIUIMYHBIX 00ydareneif Ipu paBHOM (OTOCHHTETHYECKOM (OTOHHOM ToToKe. (Mamepuanst u memoost) Cobpaiu 6a3y TaHHBIX
0 79 HarpueBbIX 00TydaTessix (34 obmyyarens ¢ AMeKTPOHHON MyCKOPETyIMPYIOIeH anmapaTypoi # 45 — ¢ 3NEeKTPOMAaTHUTHOI)
u 118 — cBetomonHbIX. CpaBHUTENBHYIO OLICHKY IIPOBENH B JBa 3Tana. Ha mepBoM 3Tare MOMydiin MaTeMaTHIecKiHe MOJIENH
3aBHCUMOCTH MOI[HOCTH, MAaCChl, TNIOIMAAN U CTOMMOCTH 00JTy4aTebHbIX YCTAHOBOK OT T€HEPHPYEMOT0 UMH (POTOCHHTETHIE-
CKOT0 ()OTOHHOTO ITOTOKA. Ha BTOpOM 3Tare pemiiy CHCTeMBI ypaBHEHHH HAaTPHEBBIX M CBETOAMOIHBIX TEITHYHBIX 00TydaTenei
TI0 KaXK10H XapaxTepuctuke. (Pesynomams u 06cyscoenue) [loTpebdiseMas akTHBHAS MOIHOCTb CBETOJIMO/HBIX 00TydaTenei o
CPaBHEHHIO C HATPUEBBIMH B cpeiHeM Ha 33 mpolieHTa MeHbIne. [1nomans cBeToanoaHbIX oOmydarenei B 2,5 pasa Oonblie, yeM
HAaTPUEBBIX C EKTPOHHBIM 0ainacToM, H Ha 44 mporieHTa OoMble, YeM HaTPHEBBIX 0OMydaTelnell ¢ 3MeKTPOMAarHTHBIM Oall-
nactoM. Macca cBeToRHOHBIX 00mydareneil B 3,5 pa3a Ooblie, 4eM HATPHEBBIX € ANEKTPOHHBIM OamiacToM, 1 Ha 20 IpoLeHToB
OombIIe, 9eM HaTPHEBBIX C MEKTPOMATHUTHBIM OamtactoM. CTOMMOCT CBETOAMONHBIX OOMydaTeNel Jopoxke, COOTBETCTBEHHO
B 3,5 u 4,3 paza. (Bvigoosr) CBeTomuonanbie obmyyarenn 6onee 3Hepro3heKTHBHBI O CPABHEHHIO ¢ HATpHEeBbIMHU. OIHAKO U3-3a
BBICOKOH CTOMMOCTH HX BHEIPEHHE TPeOyeT TeXHHKO-IKOHOMHYECKOT0 000CHOBAHMS, BKIIOYAIOMIETO JOIONHUTENbHBIE KPUTE-
PUH OLEHKH: CPOK CITyKObl, 3KCILTyaTallHOHHBIE 3aTPAThI, LIEHA AIEKTPOSHEPIUY U PyTHe.

KaroueBnle c10Ba: ocBelleHHE B TEIUIMIAX, HATPUEBBIE 00TydaTeNy, CBETOAUOAHBIC 00MyyaTeny, SKOHOMHIYecKas 3p(eKTHB-
HOCTb TeIUTMYHBIX 00ITydaTenei.
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Abstract. The authors showed that traditional sodium greenhouse irradiators are being replaced by more efficient LED ones.
(Research purpose) To conduct a comparative assessment of the main characteristics of sodium and LED greenhouse irradiators
with an equal photosynthetic photon flux. (Materials and methods) The authors collected a database of 79 sodium irradiators (34
irradiators with electronic ballasts and 45 — with electromagnetic) and 118 — LED. A comparative assessment was carried out in
two stages. At the first stage mathematical models of the power, mass, area and cost of irradiation facilities dependence on the
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photosynthetic photon flux generated by them were obtained. At the second stage the system of equations of sodium and LED
greenhouse irradiators for each characteristic were solved. (Results and discussion) The consumed active power of LED irradiators
is on average 33 percent less compared to sodium. The area of LED illuminators is 2.5 times larger than sodium irradiators
with electronic ballast and 44 percent more than sodium irradiators with electromagnetic ballast. The LED irradiators mass is
3.5 times more than sodium with electronic ballast and 20 percent more than sodium with electromagnetic ballast. The cost of
LED illuminators is 3.5 and 4.3 times higher. (Conclusions) LED irradiators are more energy efficient compared to sodium ones.
However, due to the high cost, their implementation requires a feasibility study, including additional evaluation criteria: service
life, operating costs, electricity price and others.

Keywords: greenhouse lighting, sodium irradiators, LED irradiators, economic efficiency of greenhouse irradiators.
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MOCTIeTHUE 5 JIET B MHPE PACTET HHTEPEC K CBETO-

JIAOJTHBIM O0JTydJaTeNIsIM JUTSI KyJIbTHBAIIMOHHBIX

COOPYXKECHHM, CTPEMHUTEIFHO Pa3BUBAETCS PHIHOK
MIPOU3BOIUTEIICH U MOJIeNIel 00JTyYaTeTbHBIX YCTAHOBOK.
[Iporuosupyercs, 4TO [0 TEIINL CO CBETOIUOTHBIMH
obrygaremsimu k 2022 1. Oyznet coctaBnarts 4,8% [1].

AKTHUBHO IPOBOIATCA Ja00paTOPHBIE U IPOMBILIJIEH-
HBIE UCCIICIOBAHUSI CBETOJUOTHBIX 00TyUaTeNei 1 uX co-
MMOCTABJICHHUE C TPAAUIIMOHHBIMU HATPHEBBIMU TIPH BbI-
palMBaHUU Pa3IUIHBIX KYJIBTYD.

Hampumep, mpoBeieHBI UCCIICAOBAHUS BIUSHUS 00-
nyuarens ¢ HaTpueBoii tammoin JJ[Ha3-400 Cynep u ce-
TOAMOIHOTO 00ITyYaTes C MPOICHTHBIM COOTHOIICHU-
eM 11BeToB: 30% — B cuneM, 20% — B 3emeHoM 1 50% — B
KpacHOM Ha JIUCTOBOM cajaT copTa A(UIIMOH IPH BbI-
palluBaHUK METOJIOM MaJI000BEMHOM THIPOTIOHUKH MTPH
MOJTHOM UCKYCCTBEHHOM 001yuenuu [2]. [Ton HaTpueBoit
JTAaMTION YpOKalHOCTh cocTaBuia 3,92 Kr/M?%, uto Ha 21,3%
Oomplie, YeM NPy UCIOIb30BAHUHU CBETOUOIHOTO 00-
mydarens. [Ipr 3ToM BBIXO CYyXOT0 BeeCTBA B TUCThIX
cazaTa mpaKTHYecKH He oTamgancs: 187,19 r/m” u 185,90 /M’
COOTBETCTBEHHO. B TUCThsX canaTa moj HaTpueBO Jam-
ol cozrepkaHue HUTPATHOTO a30Ta ObLIo Ha 7,14% HU-
e, YeM IPU UCTIONIb30BAHUH CBETOJJUOIHOI0 00IyyaTe-
ns (2857,9 u 3077,8 mMr/KT).

BEISIBJICHO MOJIOKUTEIBHOE BIIMSTHUE CBETa CBETOH-
OJIOB Ha POCT U (hopMUPOBAHUE PACTEHHI paccabl TO-
mara F; brnarosect u orypna F; Kypaxx B ”HTEHCHUBHOM
cBeTokynbType [3]. Paccaga mon cBeTOAMOAHBIMU CBE-
THJIBHUKaMU ObLJIa TOTOBA K TOCAJIKe Ha TIOCTOSTHHOE Me-
cTO Ha 5-9 nHel paHsblie, yueM noj samnamu /J{Ha3-400
Cynep. OKOHOMHUS 3JIEKTPO3HEPT UM Ha | T cyXoro Bellie-
cTBa Macchl pacteHus coctabmia 38,8-40,3%.

CuHte3 GOTOCHHTETHYECKUX MUTMEHTOB B JINCTHIX
TOMaTa ¥ caJiaTa MoJ] CBETOU3TY YaIOIUMHU TUOJaMH UH-
TEHCHBHEE, 4YeM 0] HATPHEBbIMU JlaMniaMu [4]. Ypoxkaii-
HOCTh TOMATa MpPH O00JTyYCHU N HATPUEBBIMH JIAMIIAMH
Huxke Ha 37%, orypua — 5%. IIlpuMeHeHue cBeTou3yya-
FOIIUX THOJIOB B cOCTaBe (PUTOOOTyUaTe CHU3UIIO dIIEK-
TpornoTpebieHue B 2 pasa.
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[Ipu cBETOAMOAHOM OCBEIIEHUH YPOKAIHOCTH TIJI0-
J0B pacTeHuit Tomarta copta Toppepo Beipociia Ha 7-10%
[5]. Conepxanue cyxoro BeniecTBa U caxapoB B IJIOJAX
BapbUPOBAJIO HecymecTBeHHO. Ho o xommuecTBy Gern-
Ka, TMKOMWHA, aCKOPOMHOBOW KHCIIOTHI, COSTUHEHUH-aH-
THOKCHIAHTOB IO/ TOMaTa pu LED-n0cBeTKe, 3Ha-
YUMO MPEBOCXOAMIN KOHTPOIbHBIE.

B rennune amepuxanckoit komnanuu Galema’s Green-
house Inc., pactionoxxeHHo# B mtate MHaMana n3yvanu pas-
BUTHE KaJICH]yJIbl, IETYHbU, IUHHUU, TepOepBI, epia,
0anmp3aMUHa IPU OCBELICHUH YTHMH JOTIOTHUTEIBHBIMA
HUCTOYHHMKAMHU CBeTa. AKTUBHAS paJHalis COCTaBsia
70 MKMOJIB'M ¢! It 000MX UCTOYHUKOB cBeTa. Cyiie-
CTBEHHBIX Pa3JIMYMil B IOKa3aTeNIX Ka4eCTBa PaCTEeHUH B
3aBUCHMOCTH OT HICTOYHHKOB OCBELICHHS HE YCTaHOBJICHO.

Kak BunuM, mpuMeHeHNEe CBETOIHOIHBIX 00Iydaro-
mux ycrpoiicts (O0Y) B cpaBHEHHH ¢ HATPUEBBIMH MO-
JKET IPUBECTH KaK K I10JI0KUTEIILHOMY, TaK U OTpHLIATENb-
HOMY pe3yJbraTy. OueBUIHO, YTO 3HAYCHHUE UMEET CIIeK-
TpaJIbHbII JUana3oH U3ly4yaeMoii cBeToBoi 3Hepruu. Hau-
Ooublee 3HAYCHUE UMEIOT CHHUH U KPACHBIH CIIEKTPHI U
WX cOYeTaHue B 00ydaTenbHOM ycTaHoBke [6-10].

LLENb UCCNELOBAHNS — MPOBECTH CPABHUTENBHYIO
OLIEHKY OCHOBHBIX XapaKTEpUCTUK HATPUEBBIX U CBETO-
JIMOJTHBIX TETTMYHBIX 00Jy4aTesell mpu paBHOM (oTo-
CHHTETHYECKOM (DOTOHHOM ITOTOKE.

MaTEPMANBI M METOABI. CoOpaHa 0a3a JaHHBIX Te-
naudHbeIX O0Y (CBHAETENHCTBO O FOCYAapCTBEHHOM pe-
ructpanuu 6a3sl JaHHbIX Ne2019622399). Ha MmomeHT
TIPOBEACHUSI CPABHUTEIHLHON OIICHKY YUCIUIUCH 79 Ha-
TpueBbx O0Y: 34 ¢ 3IeKTPOHHOH ITYCKOPEryIupy oI
anmapatypoii (JI1TPA) u 45 — ¢ alIeKTpOMarHuTHOU
(OMITPA), a Takxe 118 cBeTomnonasix. U3yumniau xapak-
TEPUCTUKHU TEIUTUYHBIX O0Y: aKTUBHYO MOILITHOCTb, (hO-
TOCHHTETUYICCKUN (POTOHHEIH MMOTOK, IIUHY, ITUPHHY,
BBICOTY, Maccy, CTOUMOCTb. [IpoBeu CpaBHUTENBHYIO
OIICHKY B JiBa dTamna. Ha mepBom 3Tare moxydniy Mare-
MaTHYECKUE MOJEIH 3aBUCUMOCTH MOLIHOCTH, MaccChl,
nJomany u crouMocte O0Y OT reHepupyeMoro uMu ¢o-
TOCUHTETHYECKOTO (POTOHHOTO NOTOKA (photosynthetic
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photon flux — PPF). Ha BTopoM 3Tarne pemeHs! CHCTEMBI
YPaBHEHH I HATPUEBBIX U CBETOAUOAHBIX TCILIMYHBIX
OO0V 10 KaxXJI0i XapaKTepUCTHKE.

PE3YNbTATLI U OBCYXAEHUE. C pOCTOM TeHEepHpye-
MOT0 (POTOCHHTETHYECKOT'O (POTOHHOTO IMOTOKA YBEIIH-
YuBaeTCs NOTpedisieMast akTHBHAS MOITHOCTE HaTPHE-
BbIX O0Y ¢ DMIIPA (puc. 1).

NEW MACHINERY AND TECHOLOGIES
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Puc. 1. 3asucumocmo akmuenoii mownocmu Hampuesvix O6Y ¢
OMITPA om zenepupyemozo umu pomocunmemuyeckoco pomon-
HO20 nomoka

Fig. 1. The sodium LED irradiating devices active power with
electromagnetic ballasts dependence on the photosynthetic photon
flux generated by them

C nomotpto porpammel MS Exsel monydwin maTe-
MaTHYECKOE BRIPa’KCHIE H3MECHEHUS MTOTPEOIIeMOi aK-
THUBHOM MOITHOCTH Pypg OT POTOCHHTETUUECKOTO (POTOH-
Horo notoka (PPF) HarpueBsix O0Y ¢ OMITPA:

Pyps =0,5042-(PPF) + 66,535, Br;

R*=0,9807,
rie R’ — koG GUIHEHT JeTepMUHALIUH, O.€.

ITnomans Hatpuesix O0Y ¢ OMITPA SHPS mnpsmo
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Puc. 2. 3asucumocmo niowaou nampuesvix O6Y ¢ OmIIPA om
2eHepUpPyemMo20 UMY POMOCUHMEMUYECKO20 POMOHHO20 NOMOKA

Fig. 2. Sodium LED irradiating devices area with electromagnetic
ballasts dependence on the photosynthetic photon flux generated
by them

Ta ke TeHACHINS OTMEYAETCs U B 3aBUCHMOCTH MacChl
u croumoctH HatpueBslx O0Y ¢ OMIIPA mHPS (puc. 3, 4).

Omnpenenuiny MaTeMaTHYECKOE BEIpasKeHUE H3MEHe-
HUS MacChl:

Mmyps = 57-10(PPF) + 4,7266, kr;

R*=0,8008.

©)
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Puc. 3. 3asucumocmov maccol nampuesvix O0Y ¢ OMIIPA om 2ene-
PUpPYemMo20 umu oOmocuHmemuiecko2o GomoHHo20 NOMOKA

Fig. 3. Sodium led irradiating devices mass dependence with
electromagnetic ballasts from the photosynthetic photon flux
generated by them

[Moy4unaun MaTeMaTHYECKOE BIPAKEHNUE H3MEHCHHS
cTOoUMOCTH Cippg:

Cups = 9,6895(PPF) + 1364,6, py0.;

R*=0,8033.
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Puc. 4. 3asucumocms cmoumocmu Hampuegvix O0Y ¢ OmIIPA om
2eHepupyemMozo umu homoCcUHmemuyecko2o PoMoHHO20 NOMOKA
Fig. 4. Sodium LED irradiating devices with electromagnetic
ballasts cost dependence on the photosynthetic photon flux
generated by them

AHaOrUYHBIE UCCIIETOBAHMS TPOBEICHBI JIJIsI CBETO-
nuoxHeix O0Y (puc. 5-8).

AKTUBHAs MOIITHOCTH cBeTONUONHBIX O0Y B 3aBUCH-
MOCTH OT T€HEPUPYEMOT0 IMH (POTOCHHTETHIECKOTO (ho-
TOHHOT'O [IOTOKA PaBHA!

Prep = 0,3634(PPF) +16,105, Br;

R*=0,9381.
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Fig. 5. LED irradiating devices active power dependence on the
photosynthetic photon flux generated by them

Ornpenenuiy TakXKe TIIOoIIab CBETOAUOAHBIX O0Y:
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Fig. 6. Led irradiating devices area dependence on the
photosynthetic photon flux generated by them

s pacuera maccel cBeToquogHbIX O0Y omnpenenu-

1 Gopmymy:
Mg = 0,0161 (PPF) + 0,3373, kT 7
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Fig. 7 LED irradiating devices mass dependence on the photo-
synthetic photon flux generated by them
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Fig. 8. LED irradiating devices cost dependence on the photo-
synthetic photon flux generated by them

CrouMocTHy cBeTonuoaHbIX O0Y BEIYHCIISIEM COrJIac-
HO YPaBHEHHIO:

R*=0,8565.

Jnst cpaBHeHus TennuuHbix O0Y mo norpebasemoit
AKTHBHOM MOIITHOCTH, TIJIOLIA 1, MACCE U CTOMMOCTH pe-
MIEHBI CHCTEMbI YPaBHEHHUH MO KX I0M XapaKTEPUCTUKE
JUJISL IBYX Pa3HBIX HCTOUYHUKOB.

[IpuBenemM nmpuMep CpaBHUTEINHHON OIIEHKH SHEPTo-

@®
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3((HhEeKTHBHOCTH CBETOAMOMHBIX U HATPUECBBIX TEILITNY-
HbIX O0Y. Jls1s 3TOro HeoOXOAMMO PEIIUTh CUCTEMY U3
ypasuenuii (1) u (5). Beipasus hoTocuHTeTHYECKUH (HO-
TOHHBIH MOTOK U3 IEPBOT'0 YPaBHEHHUS U TIOACTABHUB €T0
BO BTOPOE, TTOJTyYHM BEIPAKEHUE B3aMMOCBSI3H MOIITHO-
CTH CBETOIMOIHBIX HATPHEBBIX 00ydaTeIei:

PLED: 0372'PHPS - 31,85 (9)

OrnpeaenuM COOTHOIIEHHE MOIIIHOCTEH CBETOIUOI-
HBIX U HATPHEBBIX YCTAHOBOK IO CTAHJAPTHBIM BEJTHIH-
HaMm HaTtpueBbix O0Y (mabn. 1). B cpeaneM oHO cocTaB-
nset 0,67.

COOTHOIWEHWE MOLWHOCTEN CBETOANOAHBIX U
HATPUEBBIX OBJTYYATENEN, BT
PoweR RaTIO oF LED AND sobium IRRADIATORS, W

Prep Prps Prep/Pups
256 400 0,64
400 600 0,67
688 1000 0,69

AHAJOTHYHO OLICHUJIN COOTHOILICHUS MOKa3aTesel
Macchl, MJIOIAIN H CTOMMOCTH HATPUEBBIX H CBETOHO/I-
HBIX O0Y (mabx. 2).

Ta6bnuua 2 Table 2

YCPEIHEHHbBIE XAPAKTEPUCTUKW CBETOAVOMAHbBIX U HATPUEBBIX
TEMANYHBIX OBNYYATENEA NP PABHOM ®OTOCUHTETUHECKOM
®OTOHHOM MOTOKE
AVERAGED CHARACTERISTICS OF LED AND SODIUM GREENHOUSE
IRRADIATORS WITH EQUAL PHOTOSYNTHETIC PHOTON FLUX

Hatpuessie O6Y
Sodium led irradiating devices
XapaKkTepHCTHKHU
Specifications ¢ SMPA ¢ ImIIPA
electronic electromagnetic
ballasts ballasts
%/IOLHHOCTL Prep / Pups 0,67 0,67
ower
ll;lﬂomama Step / Strs 2,5 1,44
rea
Macca mygp / myps
Mass 3,5 1,2
Croumocth Cigp / Crps 3.5 43
Cost

BuiBoghl. TToTpebiisiemast aKTHBHASI MOIIHOCTE CBE-
TOIUOIHBIX 00TyJaTeselt MeHbIe Ha 33% 10 CpaBHEHHIO
C HATPUEBBIMH, MTPH PABHOM (POTOCHHTETHYESCKOM (po-
TOHHOM TTOTOKe. OJTHAKO M3-3a BRICOKOM CTOMMOCTH HX
BHEIIPCHHE TPeOyeT TEXHIKO-IKOHOMHUYIECKOT0 000CHO-
BaHUs, BKJIOYAIOIIETO IOTIOJHUTEbHBIE KPUTEPHH OLIEH-
KU (CPOK CITy>KOBI, 3KCIIITyaTAllHOHHBIE 3aTPAThI, ICHY
3JIEKTPOIHEPTUH U JP.).

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14 + N1+ 2020




-

MuI  HOBbIE TEXHONOTIAN M O6OPYA0BAHUE

NEW MACHINERY AND TECHOLOGIES

BUBNNOrPAGUYECKIIA CMUCOK

1. ITpukynen JI.b. CBeToANOIBI B TEMITMYHOM OCBEIICHUU:
BO3MOXKHOCTH U peanbHoCTh // Ceemomexnuxa. CrienuanbHbIi
Bbimyck. 2019. C. 8-12.

2. Mumanos A.Il., Mapkosa A.E. Bnusuue pa3nnuHbIx TH-
1oB o0y4aresel Ha K03 (QUIUEHT SHEPrO3KOIOTHIHOCTH B
CBETOKYNbTYpe canara// Texnonoeuu u mexHuyeckue cpedcmsd
MEXAHUZUPOBAHHO20 NPOU3BO0CMEA NPOOYKYUU PACTEHUEB00-
cmea u scugomnosodcmsa. 2017. N92. C. 25-31.

3. Paxytero C.A., Mapkosa A.E., Cynauenxo B.H., Konsno-
Ba T.B. Onpenencune 3GekTHBHOCTH CBETOIHOTHBIX HCTOY-
HHKOB 00Ty 4eHH S TPH BEIPANINBAHUH PACCA]IBI TOMATA U OTYP-
a // Texnonozuu u mexnuueckue cpedcmea Mexanu3upo8aHHo-
20 NPOU3800CMBaA NPOOYKYUU PACMEHUEB800CINEA U JHCUBOMHO-
goocmea. 2013. N84. C. 82-89.

4. CmupnoB A.A., ITpomkun F0.A., Cokonos A.B. Ontumu-
3aIHs CIIEKTPAJIBHOTO COCTABA M SHEPreTHUCCKOH I PEeKTHB-
HOCTHU (puTO00IyUaTenelt // Dnexmpomexnonozuu u s1ekmpo-
obopyoosanue 6 AIIK. 2019. N1(34). C. 53-60.

5. Momuan O., O6yxockas JI., Tpopumos 0., [TyrayeBckuii A.
LED-ocBenienne B IpOM3BOACTBE IPOAYKIUH PaCTEHUEBO-
CTBa 3aKphITOro rpyHTa // Hayxa u unnosayuu. 2018. N5(183).
C. 38-43.

6. Pardo G.P., Aguilar C.H., Martinez F.R., Canseco M.M.
Effects of light emitting diode high intensity on growth of lettuce
(Lactuca sativa L.) and broccoli (Brassica oleracea L.) seedlings.
Annual Research & Review in Biology. 2014. 19. 2983-2994.

7.Fan X.X., XuZ.G.,Liu X.Y., Tang C.M., Wang LW., Han X L.
Effects of light intensity on the growth and leaf development of
young tomato plants grown under a combination of red and blue
light. Scientia Horticulturae. 2013. 153. 50-55.

8. Lin K.H., Huang M.Y., Huang W.D., Hsu M.H., Yang Z.W.,
Yang C.M. The effects of red, blue, and white light-emitting
diodes on the growth, development, and edible quality of
hydroponically grown lettuce (Lactuca sativa L. var. capitata).
Scientia Horticulturae. 2013. 150. 86-91.

9. Schwend T., Prucker D., Peisl S., et al. The rosmarinic acid
content of basil and borage correlates with the ratio of red and
far-red light. European Journal of Horticultural Science. 2016.
81.5.243-247.

10. Chen X.-L., Xue X.-Z., Guo W.-Z, et al. Growth and
nutritional properties of lettuce affected by mixed irradiation of
white and supplemental light provided by light-emitting diode.
Scientia Horticulturae. 2016. 200. 111-118.

REFERENCES

1. Prikupec L.B. Svetodiody v teplichnom osveshchenii: voz-
mozhnosti i real’nost’ [LEDs in greenhouse lighting: opportu-
nities and reality]. Svetotekhnika. Special’'nyy vypusk. 2019. 8-12
(In Russian).

2. Mishanov A.P., Markova A.E. Vliyanie razlichnyh tipov
obluchatelej na koefficient energoekologichnosti v svetokul'ture
salata [The influence of various types of irradiators on the co-
efficient of energy-ecological compatibility in light culture of
lettuce]. Tekhnologii i tekhnicheskie sredstva mekhanizirovan-
nogo proizvodstva produkcii rastenievodstva i zhivotnovodst-
va.2017.92. 25-31 (In Russian).

3. Rakut’ko S.A., Markova A.E., Sudachenko V.N., Kolyano-
va T.V. Opredelenie effektivnosti svetodiodnyh istochnikov
oblucheniya pri vyrashchivanii rassady tomata i ogurca [ Deter-
mination of the effectiveness of LED radiation sources for grow-
ing tomato and cucumber seedlings]. Tekhnologii i tekhniches-
kie sredstva mekhanizirovannogo proizvodstva produkcii ras-
tenievodstva i zhivotnovodstva. 2013. 84. 82-89 (In Russian).

4. Smirnov A.A., Proshkin Yu.A., Sokolov A.V. Optimizatsiya
spektral’nogo sostava i energeticheskoj effektivnosti fitooblucha-
teley [Optimization of the spectral composition and energy ef-
ficiency of phytoradiators]. Elektrotekhnologii i elektrooboru-
dovanie v APK. 2019. 1(34). 53-60 (In Russian).

5. Molchan O., Obuhovskaya L., Trofimov Yu., Pugachevskiy A.

KoudaukT untepecoB. ABTOPEI 3asBISIOT 00 OTCYTCTBHH KOH-
(muKTa HHTEPECOB.

CraTes noctynuia B peaaxkuuro 28.01.2020

The paper was submitted
to the Editorial Office on 28.01.2020

CEIbCKOXO3AMCTBEHHBIE MALIAHbI 1A TEXHONIOTMM + Tom 14 N1 + 2020

LED-osveshchenie v proizvodstve produktsii rastenievodstva
zakrytogo grunta [LED lighting in the production of indoor crop
production]. Nauka i innovatsii. 2018. 5(183). 38-43 (In Russian).

6. Pardo G.P., Aguilar C.H., Martinez F.R., Canseco M.M. Effects
of light emitting diode high intensity on growth of lettuce (Lactu-
ca sativa L.) and broccoli (Brassica oleracea L.) seedlings. Annual
Research & Review in Biology. 2014. 19. 2983-2994 (In English).

7.Fan X.X,, XuZ.G.,Liu XY, Tang C.M., Wang LW., HanX.L.
Effects of light intensity on the growth and leaf development of
young tomato plants grown under a combination of red and blue
light. Scientia Horticulturae. 2013.153. 50-55 (In English).

8. Lin K.H., Huang M.Y., Huang W.D., Hsu M.H., Yang Z.W.,
Yang C.M. The effects of red, blue, and white light-emitting di-
odes on the growth, development, and edible quality of hydro-
ponically grown lettuce (Lactuca sativa L. var. capitata). Scien-
tia Horticulturae, 2013. 150. 86-91 (In English).

9. Schwend T., Prucker D., Peisl S., et al. The rosmarinic acid
content of basil and borage correlates with the ratio of red and
far-red light. European Journal of Horticultural Science. 2016.
81. 5.243-247 (In English).

10. Chen X.-L., Xue X.-Z., Guo W.-Z., et al. Growth and nu-
tritional properties of lettuce affected by mixed irradiation of
white and supplemental light provided by light-emitting diode.
Scientia Horticulturae. 2016. 200. 111-118 (In English).

Conflict of interest. The authors declare no conflict of
interest.

Crartbs npunsTa K nyoaukanuu 19.02.2020
The paper was accepted
for publication on 19.02.2020

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 14+ N1+2020



