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TepHoninbcokuil HayloHANbHUL MexXHIYHULl YHisepcumem imeni leana llyniosn

BIIVIMB KOMBIHOBAHOI'O OITPOMIHEHHSA HA POCJIMHHA
3AKPUTOI'O I'PYHTY

Pestome. IIpedcmagneno pesynvmamu 00Cniodcenb YMO8 ONPOMIHEHHS. POCTIUH Y 3aKPUMOMY TPYHMI,
npogedeHo aHaniz odcepen CEIMIAA 3 YPAXY8AHHAM CHeKmpd GUNPOMIHIOBAHHS mMaA U020 6NIuey Hda
CBIMNIOKYIbIYPY, HABEOCHO CHEKMPU SUNPOMINIOGAHHS GUKOPUCMIAHUX NPUCMPOI8, NIOIOPAHO eHep2oouaoHi
onpomintogaui. IIpogedeno eumiploganus napamempie pocmy i po3euUmKy pOCIUuHU ma HageoeHi ix NopiGHsIbHI
Xapaxkmepucmuku 3a pisHUX ymMo8 onpomineHHsa. Pospaxosano enepzosumpamu KOMCHO20 ONPOMIHIO8ATbHO20
npucmpoto (OIl). [loxazano, wo kKoMOIHOBAHUL ONPOMIHIOGANbHULL NpUCMPIll npu pieHi onpominennss 3 KIK
3abe3neyye Kpawyi NOKA3HUKU NApaMempié pocmy ma pOo3GUMKY pPOCIUH, ale NpU YbOMY U020 CHONCUBAHHS
enexkmpoenepzii Ha 26% meHute.

Knwuosi cnoea: xombiHo8aHuli onpomMiHIOBaNbHUL NPUCMPIl, CEIMIOKYIbMYpa POCIUH, Oxdcepend
ceimna, ceimnooioou.

M.I. Gnatovych

INFLUENCE OF COMBINED IRRADIATION ON THE INDOOR SOIL
PLANTS

Summary. The research results of plants irradiation conditions in the indoor ground are presented.
The analysis of the light sources taking into account the irradiation spectrum and its influence on the
lightculture has been carried out. The energy-saving irradiators were chosen and the irradiation spectrums of
used devices have been presented. The «Flora» — type mini-greenhouses were chosen for the experiments. Two
types of irradiated devices were used. They were formed from the compact luminescent lamps of Osram
Duluxstar 18W — type and red and blue LED strip lights of SMD 3528 — type. LED strip lights were used as side
lighting because the possibility to use the energy-saving and semi-conductors light sources has broadened the
possibilities of their application in the lightculture and the effect of their irradiation on plants growth in the
indoor ground is actual Two levels of irradiation were provided: 3000 lux and 5200 lux. The seeds of Extrosa
lettuce cultivar and the seeds of Claudio F1 pepper cultivar were grown. The measuring of plants growth was
held, green and dried mass of overground part and leaves, the growth index in particular, the area of leaf
surface, the pure photosynthesis efficiency and the pigmental composition (chlorophyll a, chlorophyll b and
basic carotenoids) under 16-hour light regime and constant temperature of the environment. The comparative
characteristics of different irradiating conditions are presented. The light regime is caused by the plants growth
due to the photosynthesis processes. It was determined that the net photosynthesis efficiency and the pigmental
composition in the leaves of Claudio F1 pepper cultivar under the combined compact luminescent lamps and
LED strip lights irradiation has increased by 45%, which makes possible to recommend such type of irradiators
for growing of this culture seedlings. The energy consumption of every irradiated device has been calculated. It
was shown that combined irradiated devices with the irradiation level of 3000 lux provide better growth
parameters or the same as the irradiated devices with the compact luminescent lamps, but the consummation of
electric energy is by 26% less. Taking into account all mentioned above it is reasonable to use combined
luminescent lamps.

Key words: combined irradiated device, plants’ lightculture, light sources, light-emitting diode.

IlocranoBka mpo6JemMH. AHaII3 EHEProCIOXWUBAaHHS TEIUIUIh IIOKa3aB, IO
HaOLIbII €HEeProEMHUMH € TPOIIECH ONpPOMiHEHHs Ta o0irpiBaHHs pociuH. bauspko 40%
€JIEKTPOEHeprii, $Ky CIOXXKHUBAIOTh TEIJIMYHI TOCIOJAPCTBA, BHUKOPHCTOBYETHCS IS
ompomiHeHHs. ToMy palioHaJIbHO TIYKaTH IDISXH  ITJIBHIIECHHS  PEHTAO0CIBHOCTI
HiJIPUEMCTB, a BiITaK — 1 30UIBIIEHHS OBOYEBOI MPOIYKIII 3a PaxyHOK YHPOBaKEHHS
€HEProoIIaIHAX OIMPOMIHIOBATBHUX MPHUCTPOiB. KpiM TOro, HEOOXiqHO MMaM’sATaTH, IO Ha
CHOTOJIHI OCHOBHHM HANPSMKOM PO3BUTKY CLTHCHKOTO TOCHOJAPCTBA € iHTeHCH(IKaIlis, sSKa
nepeadavae MiJBUIICHHS! BPOKAHOCTI KyJbTYp 3aMicTh HAapOUIyBaHHs IUIONI Mia HUMU. B
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IIbOMY BIiJTHOINICHHI BaKJIMBE 3HAYCHHS Ma€e 3a0e3MeUYCHHS ONTHMAJIbHHUX IapaMeTpiB
MIKpOKJIIMATy TeIUIHIlb, JIO SKHX BITHOCHTBCA 1 SIKICTh OIPOMIHEHHS pOCIHH. Tomy
aKTyaJbHHUM € TaKO)X BUBYCHHS BIUIMBY SIKICHMX IapaMeTpiB OCBITJIICHHS Ha TPOLIECH POCTY
Ta MOP(OIOTIYHOTO PO3BUTKY POCTTHH. BI/IKOpI/ICTaHHSI y TEXHOJIOTISIX OMPOMIHEHHSI POCIUH
MPUHIIUIIOBO HOBHX JDKEpENl CBIiTIa — CBITJIOMNIOMNIB, MOXE JIO3BOJIMTH 3HAYHO 301TBINIUATH
MMOKa3HUKH KiHI[EBOT BpOKaiiHOCTI [1].

AHaJti3 ocTaHHIX JocaizkeHb i my6uikamiii. Y 2012 pori B YMani Oyna cTBopeHa
mepia mpomMuciioBa Temmns Ha cBiTiomionax (CJI). Ilioma IiasHKA TpH 3MIIIaHOMY
ocBiTiienni CJI 1 HaTpieBUMH IlaMmamMu CcTaHOBWJIa 6 THC.M™. YChOro B TeIUHii Oyyo
BcranoBieHo 1230 CJ] moxyniB ta 870 cBitwipHUKIB 3 Jlammamu JIHaT. I{pomy mpoekty
nepeyBau nociimpkenns, ge CJ] Oyiu BHKOPUCTaHI B SIKOCTi JIOAATKOBOTO OCBITJICHHS Ha
Teputopii 1 THC. M2 EKCHepI/IMeHTI/I MOKa3aJiv, 10 BPOXAWHICTh TOMATIB 3pOCTaE i MOXKE
nocsrati 73 kr/M” Ha pik. 3a JaHHM IPOSKTOM BTLICHO B JKHTTS Ipoekt B Himeprmammax, je
Ha twiomni 3 ra Oyno BcTaHoBleHO nBa psau CJI miHifioK, 1m0 mpu3Beno A0 30iIbIIEeHHS
BpokaitHocTi y 2013 poui Ha 30%. Ananoriudi npoektu Oyiu BOpoBajpkeHi B AHrmii, JlaHii,
Kanani, Snownii, Kutai ta inmmx kpainax [2].
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Pucynok 1. CpiTjioBa Bifgaua pisHUX TUMIB JKepel CBiTIa

Figure 1. Light efficiency of different light sources

[IpoBeneHO aHami3 CBITJIOBiIIAadi JDKEpPEN CBITIA, SKI BHKOPHUCTOBYIOTHCS JUIS
CBITJIOKYJIBTYpH pociuH (puc.l). Haifkpaimoro CBITIOBOIO Bifjiayeio BOJOIIOTH HATpPieEBi
JIAMITH BUCOKOTO THICKY Ta CBITJIOJIOAHI JDKepelia CBiT/a. JIIOMiHEeCIIEHTHI JaMITH, a came
KoMIakTHI JromiHecneHTHI Jammu (KJIJI) MaroTe Jgemo MeHImy CBITJIIOBY Biggady B
MOPIBHSHHI 3 HATPIEBUMH JUKEpENaMU, MPOTE BOJOIIIOTH MOMIJIHMBICTIO PpEryIIOBaHHS
CIEKTPaAILHOTO CKJIAJAy BHIPOMIHIOBAHHS 3a PaxyHOK 3acTOCYBaHHS Pi3HUX JFOMiHO(OPIB
[3]. Ax KJUJI Tak 1 CJ[ BimHOCSATBCS 10 KaTeropii eHeproomagHux JHKepes CBiTia. 3HA4YHO
MEHINy €HEepreTHYHy e()EeKTUBHICTh MAOTh PTYTHI JIAMIN BHCOKOTO THCKY Ta JIAMITH
pO3KapeHHsI.

HamiBrnpoBiTHUKOBI JpKepena CBIT/Ia JOIUIBHO BHKOPUCTOBYBAaTH MpH OIYHOMY
OIPOMIHEHHI, OCHOBHA ITepeBara sIKoro IoJIArae B TOMY, 110 3HAXOSYNCh Y HIDKHIN YacTHHI
BEPTUKAIHHO BHPOIINYBAaHUX POCIHH, CBITIO TMOTpPAIUIsE€ HA HUXHI APYCH JIUCTKIB, sKi, 5K
MpaBWJIO, HE JOCTAaTHHO OTPUMYIOTh BEPXHBOrO CBiTia. lle copuse miBUINECHHIO
IHTEHCUBHOCTI ()OTOCHHTE3Y Ta MO3UTUBHO BILTUBAE HA PICT i pO3BUTOK poCivH [2].

VY pociuH 3a MOTJIMHAHHS CBITJIA BiJIOBIIAOThH TaKi IMIMEHTH, K Xjopodimu a i b
Ta KapoTUHOiIU. XJIOpO(ITM MOTIMHAIOTH CBITJIO YEPBOHOIO Ta CHUHBOTO JIialla3oHIB, a
KapOTHUHOIMM — JuIie CHHBOro. OJHAaK MaKCUMyMH TOTJIMHAHHS XJIOpO(iTiB — TOJOBHUX
(OTOCHHTETHYHUX MITMEHTIB, 3HAXOSIThes B Mexkax 640—680 HM, a KApOTHHOIIIB — y MeKax
470-480 um [4,5.6].
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Mera po6oru. Bupumtu BrumB BumnpomiHtoBanHs KJIJI Ta xomOiHoBaHOTO
ocsitienns (CJ{ ta KJIJI) Ha mporiecu pocTy 1 pO3BUTKY POCIIHH.

ITocranoBka 3aBaanHs. [loka3aTu, o KOMOIHOBaHHA OIIPOMIHIOBAIILHUHN MPUCTPIi
JIOL1TbHO BUKOPHCTOBYBATH B TEIUIMYHOMY T'OCIIOAAPCTBI.

PesyabraTn nocaimkeHnsi. J[s TpoBeJACHHS JIOCTIDKEHb OYyJ0 BHOpaHO MiHi-
termuil tany «®mopa» 3 KJIJI 1 komGinoBanuM ocBitiaeHHsM (KJIJI+CJI), mpuaomy CJ]
JDKepesia CBITJIa BUKOPUCTOBYBAJIUCH y POJIi OIYHOTO ONPOMiHEHHsI pociuH. ExcriepuMeHTH
MPOBOIMIIMCH TIPH TOCTIHHIA TeMrepaTypi cepemouma — 19-21°C Tta cramomy pexumi
pobotu (16 ToauH onpoMiHeHHs). By10 BUKOPHCTAHO TaKi JiBa OIPOMIHIOBAJILHI TIPUCTPOI:

1) OIT1 — 4 KJUJI Ty Osram Duluxstar 18W/840, piBenb onpominensst 5200 Jik;

2) OI12 — 2 KJUI tumry Osram Duluxstar 18W/840 Ta 3 cBiTyiomionHi crpiuku: 1
CHHsI Ta 2 4epBOHi, piBeHb onpominenHs 3000 k.
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Pucynok 2. Cnektp BunpomintoBantst KJIJT Osram Duluxstar 18W/840

Figure 2. Spectrum of CLL Osram Duluxstar 18W/840 radiation

Ha puc.2 maBeneno crektp BunpomintoBanas KJIJI tumy Osram Duluxstar 18W/840.
Ha nanomy crekTpaipHOMY Jiana3zoHi CHOCTEPIraloThes IUPOKI CMYTH BHUIIPOMiHIOBAHHS
JroMiHO(Opa Ta BY3bKi JIiHI, IO BiJIMOBIIAIOTH IIEPEX0aM B aTOMax PTYTi.
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Pucynok 3. Criektp BunpomiHoBaHHs yepBoHoi CJI cTpiuku

Figure 3. Spectrum of red LD tape radiation
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Pucynok 4. Cnextp BunpominioBanHs cuHbo1 CJ cTpiukn

Figure 4. Spectrum of blue LD tape radiation

Ha puc.3 Ta 4 HaBeeHO CEKTpU BUIIPOMIiHIOBaHHS 4YepBOHOI Ta cuHbOi CJ cTpidok.
Crektp CJI 49epBOHOTO KOJBOPY CBiYEHHS 3 MakcHMymoM mpu 630 HM CKIagaeTbes i3
JIOCTaTHBO BY3bKOi cMyTH HiBIupruHOIO 30 HM. Y criekTpi CJI cHHBOT CBITIONIONHOT CTPIUKA
MO’KHA BHJILJIUTH 2 CMYTH: OJHY 3 MakcuMyMoM 1ipu 440 HM Ta miBmupunoro 30 HM, iHIIY — 3
MakcuMyMmoM 1pu 470 HM.

ExcnepumeHTH TNpOBOAMINCS 3 BUKOPUCTAHHSM BiJOIpHOTO HACiHHS cajary
Excrtpo3sa ta nepito Claudio F1 i 6ynu noBeneni 1o etammy po3caju.

2 NMepeub > Canar
g 02 2 0,6
g 2
S S
g 015 ——0n1 & 04 ——on
g 0,1 2! on § \
2 onz
2 0,05 N g %2 —
% i g 0 t
o 1518 2227 29 32 36 39 \g 13 17 22 24
<
AHi pocty < AHi pocty

PucyHok 5. J[uHamika 3MiHN aOCOFOTHOT INBHAKOCTI POCTY POCIIUH 3aJI€KHO
BiJl yMOB OTIPOMiHEHHS

Figure 5. The dynamics of variable absolute rate of plants growth according to the conditions of radiation

Ha puc.5 HaBeneHa quHamika 3MiHH a0COIFOTHOT IMIBHJIKOCTI POCTY MEPITIO Ta caslaTy
i aiero onpomintoBanbHUX mpucTpoiB OIIl Ta OI12. [lokazHuku nepiro, OTpUMaHi npu il
OII1, nepeBaxaroTe Hajx mokazHukamu OII2 y Bci gHI 3amipiB, okpiM 29 mHS, TpoTe iX
pizHuIs Ha 39 neHb He3HAYHa, He3BAXKAOYH Ha Te, 10 piBeHb onpoMineHHs OI12 maibke y 2
pasu MeHImd. [loka3HUKA calaTy, HaBMAKW, HAa MEPIIUX CTamisX pocTy mia maiero OI12 Bummi
Bij mokasHukiB OII1, a Ha 22 Ta 24 1HI He BIAPI3HIAIOTHCS OJTHI BiJ] OJTHHX.

Yucra MOpOAYKTUBHICTH (POTOCHHTE3Yy, IO BijoOpaxkae 30iTbIIEHHS 3arajibHOT
OioMacu pOCJIHH 3a TMEBHUHM MPOMIKOK Yacy BiJIHOCHO MOKa3HHWKAa CEpeAHBOI IJIOII JIMCTKIB
3a el camuit nepiof Ui Nepiio Ipyu KoMOiHOBaHOMY OIIpoMiHeHH1 Ha 45% Oinblna, a canary
Ha 35% wmenma. OCKiJIbKH YUCTa MPOAYKTUBHICTH (POTOCHMHTE3Y cajlaTy HpH ONPOMiHEHHI
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OI2 wmenmra, Hidk npum omnpomineHHi OIIl, To MoXHA 3pOOHTH BHUCHOBOK, IO B3STE
CIIBBIIHOIIICHHS MIXK CIIEKTpaMH He ITiIXOIUTH JIUIS JaHoil pociuHHA. J[aHi HaBeJieHO B TalII. 1.

Taoaumsa 1
UpicTa pOlyKTUBHICTE (POTOCHHTE3Y POCIIHH, MI/M’ 3 100y
YucTa NpoayKTUBHICTH (DOTOCHHTE3Y

Hazsa pociauau OIT1 OI12
[Tepens 1,12 1,63

% 00 KOHMpPO.10 — 145,54
Caar 1.44 0,93

% 00 KOHMpPO.10 — 64,58
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Ilepens Claudio F1 Canart Excrpo3a
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PucyHok 6. 3anexxHicTb MOpHOMETPUYHNUX NOKA3HUKIB BiJl yMOB OMPOMiHEHHS:
a) 3aJIeXKHICTh XJI0podiiy a nepiito; 6) 3aNekHICTb XJI0podiny b nepiro;
B) 3aJIeXKHICTh OCHOBHUX KapOTHHOIIIB MEPLIIO; I') 3aJeXKHICTh XJI0podiny a canary;
1) 3aJISKHICTH XJI0podity b canaty; €) 3aJeKHICTh OCHOBHIX KapOTHHOINIB caaTy

Figure 6. Dependence of morphometric indexes on conditions of radiation:
a) dependence of pepper a chlorophyll; b) dependence of pepper & chlorophyll;
¢) dependence of main pepper carotenoids; d) dependence of lettuce a chlorophyll;
e) dependence of lettuce b chlorophyll; f) dependence of main lettuce carotenoids

Ha puc.6 nonani pe3ynbTaTté JOCIiIKeHb KOHIIEHTpAIlii MIrMeHTiB, sIKi BiIIpalOTh
BaXXJIUBY pOJIb y mporieci porocunTesy. Sk 6aunMo 3 pUCYHKIB, KOHIIEHTpAIlii XJ10podiiiB a i
b Ta OCHOBHHMX KapOTHHOIIB K MEPIO, TaK 1 canary npu onpominerHi OI12 Bumi, HiX mpu
ompominerHi OIIl 3aBasku 30a7aHCOBAHOMY CIEKTPATBHOMY CKJIaay. AJDKE CHEKTPH
BHITPOMIHIOBAHHS CHHBOI 1 Y€PBOHOI CTPIYOK, IO BXOJATE 710 ckiamy OIl2, mexaTs y Mexax
MaKCHMAaJILHOTO TOTJIMHAHHS XJIOPO(QIIiB a Ta b 1 OCHOBHHX KapOTHHOIJIB, IO Ja€ HaM
MO>KJIUBICTh OTPUMaHHS KpaIuX pe3ybTaTiB mpu onpomineHHi OI12.
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Ha pwuc.7 HaBeeHO pe3yIbTaTH BUMIipIOBaHb POCTOBHX IMOKa3HUKIB. OTpuMaHi gaHi
o mepiro: 6iomaca pocyman mpu OI12 Ha 29 Ta 39 nHi meHme Ha 40%, ipoTe Ha 49 AeHb il
MTOKa3HUKH 3poci Ha 25% BigHocHo BukopuctanHs OIl1 (puc.7a), cyxa Oiomaca pocavuHH B
nepii jiBa 3amipu nipu OII2 Oyna B 2 pa3u MeHIma, a Ha 49 neHb — Taka x sk i nmpu OIT1
(puc.76), mnomra aucTKoBoOi moBepxHi pociuuu npu OI12 wHa 29 1 39 nHi MeHIa npuOIU3HO
Ha 20% 1 5 % BiamoBigHO, a HA 49 nenp — Outbma Ha 80% BimHocHO OII1 (puc.78). biomaca
Ta cyxa Olomaca camaty mpu ompomiHeHHi OII2 MeHImi Bii BIAMOBIAHUX NaHUX TIpU
ornpominentni OIIl (pue.7r,n), a moma JIMCTKOBOI MOBEPXHI B MepIli JBa 3aMipH HpU
onpominenHi OI12 taka i, six 1 npu onpominenHi OII1, a Ha 31 neHp — Aenio MeHIa.
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PucyHok 7. 3anexHiCTh pOCTOBUX MOKa3HUKIB BiJl yMOB OTPOMiHEHHS:
a) 3aJIeXKHICTh OioMacH Mepito; 0) 3alIeKHICTh CyX0i OioMacH Neplito;
B) 3aJIEKHICTh TUIOILI JIMCTKOBOT MOBEPXHI MEPIIO; T) 3aJIeXKHICTh OioMacu canaty;
) 3aJIeXKHICTh cyXoi 6iomacy cayaTy; €) 3aJeXHICTh TUIOLIi JJUCTKOBOT MOBEPXHI cajary

Figure 7. Dependence of growth indexes on conditions of radiation:
a) dependence of pepper biomass; b) dependence of dried pepper biomass;
¢) dependence of pepper leaf surface; d) dependence of lettuce biomass;
e) dependence of dried lettuce biomass; f) dependence of lettuce leaf surface

Takox OyJIO OIIIHEHO BHTpaTH €JIEKTPOCHEPrii BHKOPHCTAHUX OCBITIFOBATHHUX

MPIIIAIIB 3 PEKAMOM poboTh 16 roamn onpoMineHHs. [ToTyxHicTs OIIl cTranoBuTh 72 BT, a
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OI12 53,3 Br (KJIUI — 36 Bt ta CJl mniniiiok 9,6 BT Ha 1 Metp). Y pe3yiabTaTi OTpUMAIH, 110
3a micsae podotu OIIl crmoxwuBae mpubausno 35 kBr*rom, a OII2 3a meit xe mepiox —
26 kBr*ron. I[lpu mpomy, He3Bakaroum Ha Te, SKHM caMe MPUJIAJOM OIPOMiHIOBAIUCS
POCIMHH, 1X MOKa3HUKH 3MiHHM a0COIOTHOI IIBUAKOCTI POCTY MPAKTHYHO HE BiJPi3HSIOTHCSL.
SAxmo Bukopuctanus OII2 103BOMUTH HaM 3MEHIIMTH CIHOXHBAHHS €JIEKTPOEHEpril
npubim3Ho y 1,5 paza.

BpaxoByroun  mepepaxoBaHe,  JIONJIPHO  BHUKOPHUCTOBYBaTH  KOMOiHOBaHi
OIPOMIHIOBAJIBHI TPHJIAIH.

BucnoBkn. MiHiMaTpbHUN piBeHb ONpPOMiHEHHs KoMOiHoBanoro OIl mpm
BHpPOIIyBaHHI KyJbTypu caigaty Excrpoza Ta mepiro Claudio F1 B 3akputomy TpyHTI
ctanoButh > 3000 5k, mpu 1pbomy piBeHb ompomineHHi CJI minifiok = 400 nk. Ywucra
MPOAYKTUBHICTH (POTOCHHTE3Y B JHcTKax KynbTypu nepmto Claudio F1 npu kombiHoBaHOMY
onpominenHi jgammamu KJUJI ta CJI nminidikamu 30inbmmnack Ha 45%, Tomy Takuil THn
ONPOMiHIOBaYa MOXXHA PEKOMEHAYBAaTH JUIS BHPOIIYBaHHS pO3CaaAU JIAHOT KYJIBTYpH.
Komb6inoBanwmii onpomintoBansHuit npuctpiii (KJIJI + CJI minifiku) BUKOpucTOBY€E Ha 26%
eIIEKTPOCHEPril MEHINe, HiX ONMpOMiHIO BainbHHMU npucTpiit mwme 3 KJUI, mpu kparmmx
MOKA3HUKAX POCTY i PO3BUTKY POCITHH.

Conclusions. The minimal radiation level of conbined irradiated device while
growing lettuce Extrosa and pepper Claudio F1 in the indoor soil is >3000 luxes, the radiation
level being LD = 400 luxes. Net photosynthesis productivity of pepper Claudio F1 leaves
increased by 45% under combined radiation by CLL and LD tape, that is why such kind of
irradiator can be recommended for growing seedlings of this crop. Combined irradiated
device (CLL + LD tape) consumes electric power by 26% less than irradiated device only
with CLL under better plants’ growth factors.
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