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IHTEPAKTUBHUU BNNUB
CMNEKTPAJIbHOIO CKNALQY
AOOATKOBOI'O OCBITJIEHHA
TA TEMNEPATYPU KOPEHEBOI
30HU HA MNMPOOYKTUBHICTb
rNoPOMNOHHOIO CAJATY

lidponoHHe supobHULUMEO canamy 6 mernnuusx Habyeae
ronynsipHocmi 8 YkpaiHi, npome AocioxeHb, sKi 6 ouiHosasu
8rs1u8 criekmpig ceimna, memnepamypu KOPeHe8oi 30HU, PI3HUX
B8UPOBHUYUX cucmeM | copmie canamy Ha epoxalHicmb,
HedocmamHbo. Lle docnidxeHHs CrpsMosaHe Ha 6U3Ha4YeHHS
iHmepakmueHo20 erugy HiYHO020 000amKo8020 OC8IMIIeHHS,
memrepamypu XususlbHO20 PO34YUHY ma 8UpOobHUYOi cucmemu
Ha picm | npodykmusHicmb PIi3HUX copmie canamy 3a yMo8
cybonnmumarnbHOI memnepamypu nogimps, xapakmepHoi Ons
3UMOBUX mennuup.

Y  OocnidxeHHi  sukopucmosysajsiu  mpu  pexumu
0odamkogo20 OC8IMIIeHHs: gidcymmHicmb 0oc8imreHHs
(koHmporsb), gionemosi ceimnodiodu (cnekmp R90:G0:B10) ma
menni  6ini  ceimmodiodu  (cnekmp R35:G42:B23). [si
memrepamypu XugusbHo20 po3quHy — 12,6 °C (6e3 nidiepigy) i
18,8 °C (3 nidiepisom), a makox 08i eupobHu4i cucmemu —
memod noxusHoi rinieku (NFT) i cmin nocmiliHo2o 3amornsieHHs
(CFT) — 3acmocosysanucs 0Onsi  8uUpoWyeaHHS canamy.
Locnidxysanu 4epeoHi ma 3erieHi copmu 4Yomupbox muriie:
nucmoei, kadaHosi, Oy60ucmHi ma poMeHosi.

Pesynbmamu noka3anu, ujo eidcymHicms Aodamkogoao
oceimieHHs1 ma nidiepigy 3Ha4yHO 3HUXYE 8poxaliHicmb, modi 5K
Ix KombiHauis MO3UMUEHO erfueana Ha Cyxy Macy racoHis.
Hadeuwy npodykmusHicmb 3abesnedyuna cucmema CFT,
0cobnueo y noedHaHHI 3 ghioriemosumu ceimnodiodamu, sKi Manu
binbWy Yacmky 4epB8OHO20 ceimiia, Wo CMUMYIIOE picm POCIIUH.
BusieneHo, ujo ¢ghionemoese oceimrneHHs1 3Ha4yHO nepesepuwye bini
ceimnodiodu, ocobriugo 3a ymMoe nidiepisy XueuUsIbHO20 PO3YUHY.

Haduymnusiwumu 00 yMO8 KOpeHesoi 30HU ma
oceimrieHHs1 susieunucsi copmu canamy AdpiaHa, Kedp, YepgoHi
eimpuna ma  Canbeil. 3okpema, nid  ¢hionemosumu
ceimnodiodamu 80OHU OemoHCcmpysanu Hausuwy
npodyKkmueHicmb 3a yMog sukopucmarHs cucmemu CFT.

HocnidxeHnHss ~ nporioHye  eghekmueHi  cmpameaii
onmumisauii 2idpornoHHoO20 8upouly8aHHS caflamy 8 3UMOo8UX
ymoeax mennuub 6 YkpaiHi. Mo2o pedynsmamu mMoxyms 6ymu
KopucHumu Onss  ¢hepmepis, sAKki  npasHymb  nidsuwumu
gpoxaliHicmb ma sikicmb npolyKuii, a makox O0ns onmumisaujl
gumpam 3a yMmo8 0bMexeHUX pecypcie.

Knroyoei cnoea: maca pocnuH, naowa  nucms,
KopeHega cucmema, 2i0pOornoHHUlU Memod, 0804e8i Kynbmypu,
ycmaHoeka, cybcmpam, MiHeparbHULl pO34UH, 2i0POrioHiKa.
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Bcmyn. BupoLyyBaHH4A
CiNbCbKOrocnoaapcbknx KynbTyp Yy  BiOKPUTOMY
I'PYHTI B3UMKy Ha 3axofi YKpaiHu yCKnagHIETbCS
yepes3 HU3bKi TemnepaTtypu, KOPOTKWM CBITNOBUN
OeHb Ta HedocCTaTHIM  piBEHb  NPUPOLHOro
OCBITNEHHSA. Y Uux ymoBax Bce Binblu akTyansHUM
crae BUKOPUCTaHHSA cucTem CinbCbKOro
rocnogapcrea 3 KOHTPOMNbOBaHWM cepefoBULLIEM
(CKY), siki go3BonsoTh NiATPMMYBaTK ONTUMarbHi
YMOBW ONS  BUPOLLYBaHHA POCAUH MNPOTAroM
ycboro poky. OgHUM i3 HaneeKTUBHILLMX MeToAiB
y pamkax CKY € rigponoHika cuctema
BUPOLLYBaHHS POCIWH y cneuianbHOMY
NOXWBHOMY PO34MHi 6€3 BUKOPUCTAHHSA I'PYHTY.

Cepen HaNoLUMpPEHILLINX TEXHOMOTIN
rigpONOHHOrO  BMPOLLYBAHHA  BUAINAOTb  METOq
noxusHoi nniskn (NFT), rnvbokoBoaHy KynbTypy
(DWC) Ta crin nocTinHoro 3atonneHHa (CFT). L
MeToau [03BOMA0TbL 3Ha4YHO nigBuLLATK
e(EeKTUBHICTb BUKOPUCTaHHSA pecypcis i
NMPOAYKTMBHICTb, WO pobutb iX igeanbHUMK Ans
3MMOBOrO  BUPOLLYBaHHA. Y  Takux cuctemax
ocobnmee Micue nocigalTb JNUCTSHI  KyNbTypw,
cepen SKMX canaT  3anuwaeTbCsl  HambinbLu
MONyNSAPHOK KyNbTYpPOK 3aBASKM CBOIM BUCOKUM
CMOXMBYUM SIKOCTSIM | 34aTHOCTI aganTyBaTucsa A0
Pi3HMX YMOB BMPOLLLYBaHHSI.

OpHak 3umoBe BMPODHUUTBO canaTy Ha
rigponoHilLi  noTpebye  3HAaYHUX  EHEepreTUHHUX
pecypciB. [logaTkoBe OCBITNEHHA Ta ob6irpiB y
TENNMUSAX B3MMKY 3HA4yHO 30iMbLUylOTb OnepauiviHi
BUTpaTW. BupollyBaHHa canaty B rigpOnoHHUX
cuctemax noTpebye BinbLue eHeprii, Hbk TpaguuiiHe
BMPOLLYYBaHHs B MOfi, O 3yMOBJIEHO HEOOXIQHICTIO
CTBOPEHHHA ONTMManbHUX YMOB [Ans 3pOCTaHHS,
Taknx K NigBULLEHHST IHTEHCMBHOCTI OCBITNEHHSA Ta
NiATPMMaHHA CTabinNbHOro TeMnNepaTypHOro PeXnMy.

BigomMo, WO iHTEHCUBHICTb i ChekTpanbHUi
cKrnagj CBiTna marTb BUpILLANbHUA BMMUB Ha PICT i
AKicTe canaty. OnTumanbHUiA piBeHb OCBITIIEHHS
3abe3nedye akTuBHe 3pocTaHHA Giomacw, Todi sk
HeOCTaTHE OCBITNEHHS CMOBIMNBHIOE PICT i 3HUXYE
AKICTb NPOAYKUiT 4epe3 HaKONUYeHHsA HiTpaTiB |
aediumTt NoXxmeHMX peyoBuH. KpiMm Toro, noegHaHHA
Pi3HNX CMEKTPIB CBITMa, TakMX K CUHIA, YePBOHWUN i
AaneKko4YepBOHUH, cnpusie NoninLWeHHo
diToximiyHoOro cknagy canary.

HesBaxkatoum Ha YNCNEHHI OOCTIAKEHHS, SKi
CTOCYIOTbCA [OEHHOrO OCBITNEHHS, BMMMB HIYHOMO
OCBITIIEHHSI Ha TrigpOMNoHHe BUPODHMLTBO canarty
OOCi 3anuLIAETbCA HEAOCTAaTHbO BUMBYEHMM. Takox
oOMeXeHi AaHi Woao BrnmuBY Pi3HUX CMEKTPanbHUX
cknagiB CBiTNa, $Ki BUKOPUCTOBYHOTbCA BHOMI, Ha
BPOXaMHICTb Ta 4HKiCTb canaty. Baxnueum € i
NUTaHHA B3aEMOMii MK CReKTpanbHMM CKIlagom

CBiTNa, TEMNepaTypHUM pPEXMMOM, CUCTEMOIO
BUPOOHMLITBA Ta  COPTOBMMW  OCOGNMBOCTSMMU
canarty.

Ontumizauis umx ¢akTopiB € KPUTUYHO
BaXKITUMBOIO A1 MOKPaLLIEHHS BPOXaMHOCTI, SIKOCTi Ta
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€KOHOMIYHOI  [OLiNbHOCTI  BUpOOHMLUTBA canaty
B3UMKY. KomnnekcHui nigxig OO BMBYEHHSA BMvBY
[0OaTKOBOrO OCBITIIEHHS, TEMMepaTypyn MOXUBHOIO
pPO34MHY, CUCTEMWU BMPOLLYBaHHS Ta COPTOBUX
ocobnueocTen Moxe 3abesneuntn  edekTuBHE
BUKOPUCTaHHA pecypciB i nigsmLWLnTU
KOHKYPEHTOCTPOMOXHICTb BUPOBHMKIB.

AHaniz ocmaHHix docnidxeHb ma
ny6nikayiti. OcTaHHi OOCHMKEeHHs B ranysi
BMPOLLLYBaHHS canaty B KOHTPOSbOBaHNX
cepefoBuLax OEMOHCTPYIOTb 3HAYHUIW nporpec y
PO3YMiHHi BMAMBY dakTopis OCBITIEHHS,
Temnepatypu Ta BUPOOHMYMX CUCTEM Ha PICT i
BPOXaWMHICTb L€l  KynbTypu. BcraHoBneHo, Lo
[oOaTkoBE  OCBITIEHHS B 3MMOBWUA  nepiog €
KMOYOBUM AN OOCSATHEHHST BUCOKOI MPOAYKTUBHOCTI.
3okpema, 30inblUeHHA iHTEHCMBHOCTI CBiTra B
OEHHWA 4Yac 3HayHo nigBuwye Oiomacy canarty,
NOKpaLLYye MOro SIKICTb i 3HWXKYE BMICT HiTpaTiB y
nncti. MpoTe JoCnimKeHHA ChnekTpanbHOro cknagy
HIYHOrO OCBITNEHHS 3anULLATECA 0OMEXEHNMMU.

HocnimkeHHa edbeKTUBHOCTI pi3HMX CNEeKTpIiB
CBiTNa NiATBEPAWN, LLO CUHIN | YePBOHMI CNEKTPU
HanbINbLW NO3UTMBHO BMNNMBAaKOTb HA (POTOCUMHTES |
picT canaty. Hanpuknag, noegHaHHS YepBOHOMO Ta
CMHLOTO CBiTMa Yy cniBBigHOWeHHI 4:1 cnpusie
MaKCUManbHOMY HakonuyeHHo Giomacu. Y Ton xe
yac, [oJaBaHHA [aneko4yepBOHOrO CrnekTpy Ao
LbOro CniBBIiOHOLLEHHS MOXe MOKpaLlyBaTu BMICT
BTOPUHHWUX MeTabonitiB. OpHak BNAMB  Pi3HMX
CrnekTpanbHuUX KOMOIHaLiA  BHOYI  3anMLLIAETHLCS
HeOCTaTHbO BUBYEHWM, LLIO CTBOPKOE MPOranuHy y
3HaHHAX WOA0 iXHbOI eEKTUBHOCTI MOPIBHSAHO 3
OEHHUM OCBITMNEHHSAM.

Logo Temneparypu, OinbLiicTb OCNIIKEHb
nigTBEPIKYIOTL, WO ONTUMI3auis TemnepaTtypu
KOPEHEBOI 30HM € KPUTUYHO BaXNMBOK AnA
niaTpumaHHsa ePeKTUBHOIO POCTYy POCIUH. 30Kpema,
nigirpis noxvBHOro posdmHy Ao 18-20 °C B3umky
Crpusie KpaLoMy 3aCBOEHHIO MOXMBHUX PEYOBUH i
NiOBULLEHHI0  BPOXAWHOCTI. Y  MOPIBHAHHI 3
TpaguuinHUMK MeTogamMm nigTpMMaHHs
TemnepaTtypu NoBiTPs, Nigirpis NOXMBHOIO PO3YNHY €
Binbl eHeproedeKTBHUM CNocobOM perynioBaHHs
TENsoBOro pexunMmy.

Y KOHTEKCTi TigpOonoHHMX CUCTEM, HanbinbLL
NOLUMPEHi MeToaM, TaKi SIK TEXHOMOris MNOXMBHOI
nniskn (NFT), rmubokosogHa kynbTypa (DWC) Ta
cTin noctiHoro 3atornneHHsa (CFT), AeMOHCTpyOTh
pi3HWIA BMIUB Ha BpOXaWHiCTb canaTty. Hanpwuknag,
cuctema CFT nokasana kpawi pesynbTatv LOAO
NPOAYKTUBHOCTI B YMOBaXx [0OAaTKOBOIro OCBITNEHHS
nopieHsHo 3 NFT. Lle moxe 6yTu noe’sisaHo 3
MOCTIMHMM  3a0e3neyYeHHsIM KOPEeHEeBOi  CUCTEMMU
MOXWUBHUM  PO3YMHOM |  Binbll  cTabinbHUMMK
TemnepaTypHuMn ymosamm B cuctemi CFT.

Hesiki copT canaty AEMOHCTPYOTb GinbLuy
afanTuBHICTb [0 MNEBHMX BMPOOHMYMX YMOB, HiX
iHWi. Hanpuknag, nuctoBi copTu, Taki SK "YepBoHi
BITpUNA", Kpalwie aganTyloTbCsd [0 YMOB HU3BKOro
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OCBITIIEHHS,, TOAI $SK POMEHOBI COPTW, TaKi $K
"CanbBiyc", Kpalle pearyloTb Ha OMNTUMI30BaHi
YMOBWU TemnepaTtypu Ta AOOATKOBOrO OCBITIEHHS.
BignosigHo, BMGip copTy Bigirpae BaxnvBy ponb Yy
3abe3neyeHHi cTabinbHOT BPOXaMHOCTI.

Takum  4YMHOM, Cy4vacHi  [OCHiDKEHHS
BKa3yl0Tb HA HEOOXiAHICTb KOMMIIEKCHOrO Miaxoay A0
onTuMmi3auii akTopiB BMPOLLYBaHHA, BKIIHOYaOYn
CMEKTP | iIHTEHCMBHICTb OCBITSIEHHS, TeMNepaTypHUii
pexuM i Tun BupobHu4oi cnctemu. Npote obmexeHa
KINbKICTb AaHWX LOAO iHTEPaKTMBHOMO BMMBY LIMX
dakTopiB, 0COGNMBO B YMOBaX HiYHOIO OCBITIIEHHS,
cTBOpIOE NoTpedy y noganbLunx JocrimpkeHHsx. Lle

[o3sonuTb  Binbll  edbekTMBHO  aganTyBaTu
TEeXHOMOrii  FiAPONOHHOIrO BUPOGHMUTBA OO0 YMOB
3UMOBMX Tennuub Ta  NABUWMTU  EKOHOMIYHY

e(PeKTBHICTb BMPOLLYBaHHS canary.

Memoro docnidxeHb. MeTolo paHoro
OOCTIIKEHHS € BU3HAYEHHS iIHTEPaKTUBHOMO BMNIMBY
HIYHOrO [J0OATKOBOTO OCBITIIEHHS, TeMmnepaTypu
NOXWBHOTO PO34MHY Ta BUPOOHMYOI CUCTEMM Ha PICT
i MPOOYKTUBHICTb PIi3HMX COpPTIB canaTy B yMoOBax
Tenmuub i3 cybonTMMarnbHOK — TemnepaTypolo
noBiTps. [ocnigkeHHs cnpsiMoBaHe Ha ONTUMI3aLito
KIMOYOBUX hakTopis BMPOLLlYBaHHSI ans
3abesneyeHHst BWCOKOI BPOXAWHOCTI Ta  SAKOCTi
canaty B 3MMOBMWI Mepiog, WO € akTyarnbHUMm Ans
PETiOHIB i3 XONO4HUM KNiMaToM

Mamepianu ma memodu. Y [OCHiMKeHHI
BMKOPUCTOBYBanu Bicim copTiB canaTty (Lactuca
sativa L.), siki HanexaTb [0 Pi3HMX MOpPKONorivyHmNX
rpyn: nuctoBui (cortm Red Sails Ta Black Seeded
Simpson), kayaHoBun (cortn Alkindus Ta Adriana),
aybonuctuii (cortm Navara Ta Cedar) i pomeHoBui
(cortn Breen Ta Salvius). CopTtn Gyno BigibpaHo Ha

OCHOBi  IXHbOI ~ BPOXAWHOCTi,  BU3HA4YeHOi Y
nonepegHix ekcnepumeHTax, wWwob 3abesneunTtu
pEenpeseHTaTMBHICTb  OOCNIMKEHHs  (OaHi  He

npeacTasreHi).

EkcnepumeHT npoBogunmucss B yMOBax
Tennuui 3  KniMaT-koHTpornem B YHiBepcuTeTi
Mepabto, posTawosaHoMy y Bect-NadpanerTi, wrat
lHOiaHa, y 3uMoBWMIA nepiog — 3 CiYHA MO NIOTUK
2019 poky. Tennmua nnoweto 111,5 m® 6yna
OCHallleHa cuctemamu perynsaudil TemnepaTypy Ta
OCBITNEHHA ansa 3abe3neveHHst cTabiflbHUX YMOB
BMpOLLyBaHHA. Temnepatypy MoBiTpSA NiagTpumysanu
Ha piHi 15 °C BaeHb (£ 0,19 °C) i 10 °C BHoui (£
0,15 °C), wo Bigobpaxano cybonTumanbHi yMOBU
ONsi BUPOLLYBaHHsI canary.

CepegHin  piBeHb  LLOAEHHOI  CBIT/IOBOI
iHconsuii (DLI) Big coHsiyHOro ceitna cknagae 4,2
Monb M2 geHb ' (£ 0,49 mMonb M2 pgeHb '), WO
BiANOBiAae TMNOBMM YMOBaM s PerioHy y 3MMOBUI
nepiog. HaciHHs canaty BuciBanuM Yy cneujianbHi
KOHTenHepu, a Yepe3 10 gHIB nicrns NpopoLLyBaHHS
pPOCNVHU nepecapkyBann [0 eKCcrnepuMeHTarnbHUX
cuUCTeM, Oe BOHW POCHM MNPOTAroMm HactynHux 40
OHIB.
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Take TpvBane BMWPOLLYBaHHA [OO3BONUIIO
OUHUTU He nulle paHHIn piCT poCcnuH, ane n
OVHaMIKy IXHbOrO PO3BUTKY OO TOBAPHOI 3PifocTi B
yMOBax, WO MOAENIOTb pearnbHy  TenmnuyHy

NPaKkTUKy 3MMOBOIo ceaoHX.
a1 | | [

_Puc. 1. EKcnepMMeHTaanMﬁ OW3aliH B

pamMKkax opHiei cBiTnoBoi 00poGkM B
pennikauii, ,mAe TrigponoHHi cuctemMn 3
nigirpisom i ©6e3 nigirpiBy, cucremmn

Bupo6HuuTBa CFT i NFT, a Takox pi3Hi coptu
KyNnbTyp Oy paHaoMi3oBaHi.

Ona 3abesneyeHHs onNTUMAarbHUX  YMOB
BMPOLLYYBaHHsI BMKOPVCTOBYBanu criewianeHo
NiArOTOBIEHUI XUBUMBbHWI PO34MH, OO CKNady SIKOro
BXOOMINM  KOMMrekcHe p[aobpveo 5-11-26 (Peters
Professional, ICL Specialty Fertilizers, I3painb) Ta
kanbuiesa cenitpa 15,5-0-0 (YaraLiva, Yara North
America, CLUA). [Ons  CTBOPEHHA  PO34MHY
3acTocoByBanu ixxektop Aobpus (D14MZ2, Dosatron
International, CLUA), skvn 3abe3nedyBaB TOYHE
3MilLYBaHHA MAaTOYHOrO pPO3YMHY 3 BOAOK [0
HeobXiaHOT KOHLeHTpaLlji.

Ons 3POLLEHHS BVKOPWCTOBYBaNu
nigKkucneHy BOOOMNPOBIAHY BoAly 3
enekrponposigHicTio  (EC) 0,7 gCm™. Bnpogosx
nepwmx ABox TwkHIB EC >XMBUMBHOMO po3unHy
nigtpumysanu Ha pieHi 1,0 £ 0,24 aCm™, a nicns
3aMiHM pO34MHY Lier nokasHuK nigsuwmnu go 1,7 +
0,2 oCm™. Ons perynauii pH posuuHy (B mexax 5,5—
6,5) 3actocoByBanm 85% cipyaHy KWCIOTY, OCKiMbKu
novaTkoBui piBeHb pH Boau nepesuLLyBaB 7,5.

MOHITOPUHTF napametpis XUBUINBHOIrO
pO34MHy 34iIMCHIOBaNM 3a JOMOMOrow gaTtyukis pH Tta
EC, a TakoX CyyacHMX peecTpaTopiB OaHuX, SKi
dhikcyBanu NokasHWKN y pexxuvmi peansHoro Yacy. Ans
YHUKHEHHSI HAKOMWYEHHs1 HebaxaHux conen Ta
3abe3neveHHst CTabinbHOro cknagy po34MHYy KOro
3aMiHlOBany CBDKMM Ha [pyromMy Ta 4eTBepTomy
TWXKHSX eKcrepumeHTy. Ycs cuctema npawioBana Ha
NPVHLMNI peumpKynsLii po3ynHy, LWo 3abesnevyBarno
MOCTIVHUIA  JOCTYN [0 MOXMBHUX PEYOBUH Ans
POCHWH.

BupobHuyi cuctemm

[apornoHHi BMPOBHWYI cuctemu
pO3TalLOBYBanucsi Ha criedianbHUX CTeHaax Yy
Tennuui. Ona pocnigpkeHHa BUKOPUCTOBYBanu Asa
MM cuctem: mMetog noxueHoi nniBkn (NFT) i cTin
nocrTiviHoro 3atorneHHs (CFT).



Ne 4 (115) Bibpauii 8 mexHiui

Cvcrtemn cknaganucs 3 pesepByapiB ans
XMBUIBHOrO po3vnHy ob’emom 76 niTpiB, Hacocis,
kaHanis NFT (1,52 m gosxwHoto, 0,12 M LUMpUHOLO) Ta
notkie CFT (1,22 m goBxuHoto, 0,31 M wmpuHoto). B
cucteMi NFT kaHanu ©ynu nigHsTi Ha 15 cm gng
CTBOPEHHS yxuny, WO 3abesnedyBano CTiKaHHS
po34uHy 3a rpagieHToM. Y cuctemi CFT piBeHb Boan y
noTkax KOHTPOIOBaBCH cnevjanbHUMK
noJoBXyBayaMu, LLIO A03BONANO BOgj NigHiMaTucsa o
3,8 cM nepep, 3nMBOM.

KoxHa oauHuusi  BMPOBHMYOI  cucTemm
BMmillyBana 16 pocnuH, sk poamillyBanuca 3
BiactaHH 0,18 M x 0,13 My NFT ta 0,17 M x 0,13 m
y CFT. ina BucamKyBaHHSA BUKOPUCTOBYBanu kybu 3
MiHepanbHOi BaTM abo ciT4acTi ropwmkn, siKi
3abesnevyBany HanexHy gikcaLlito pOCnvH.
[opoatkoBe OCBITNEHHA Ta MiAirpiB - XXMBUIBHOIO
PO34UHY

[na pocnimpkeHHst 3acTocoByBanu Agsa Tvnm
CBITNOZIOAHMX flamn 3 Pi3HUM  CreKTpanbHUM
cknagom. CBITUNbHUKM Bynn 3rpynoBaHi y Oroku, siki
posTawoByBanmcss Ha Bucoti 0,61-0,91 m Hag
pocnMHamm, 3abe3neyyoum piBHOMIPHY iHTEHCUBHICTb
ocCBIiTNeHHst (145 Mmkmornb M2 ¢ ™).

HopaTkoBe ocBiTNeHHs npautosano 14 roguH
Ha poby (3 16:00 po 6:00), wo p[o3BonsAno
KOMMEHCYBaTN HEeJOCTaTHIO NPUPOAHY OCBITNEHICTb.
TemnepaTtypa XVBWIBHOMO PO34MHY peryntoBanacs
3a JOMNOMOroK0 akBapiyMHMX HarpiBadiB MOTY>KHICTIO
200 Bt, ski 3abesnevyBanu NOCTIHWA Migirpi..
HarpiBayi posmilwlyBanmca Ha [fHi pesepByapiB i
npautoBann  GesnepepBHO, WO  MiHimMi3yBarno
KONVMBaHHS  TeMnepaTypy  pO34vMHy  MpPOTSIrOM
€KCMEPUMEHTY.

:

MIEHOARCTL

Losmsa 2wl (o)

Puc. 2. CnektpanbHi curHatypHi KpuBi
Ans ABOX CBiTNnoAiogHMX AoAaTKOBMX MixTapiB,
BUMKOPUCTaHUX Y JOCHIAXKEHHI

EkcnepumeHT  OyB  OpraHizoBaHuiA 32
CKNagHo pO3LLENNEHO0-PO3LLEMIEHOIO-
PO3LLEMNMIEHOI0 CXEMOID 3 YOTMPMAa MOBTOPEHHSMW.
AinsHkn ©ynu po3TalloBaHi NepneHauKynspHO Ao
rpagieHTa TemnepaTtypy B Tennuuj, wWob MiHimizyBaTm
BMSIMB MIKPOKMIMAaTUYHNX 3MiH. OCHOBHNM (haKTOpPOM
06pObKN BUCTYMAB TWM OCBITIIEHHS, LLO BKITHOYaB TP
pexumn: 6e3 gopatkosoro ceitna (HOJT), dionetose
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popatkoBe cBitno (PSL) i Gine gopaTkoBe CBITNO

(WSL).

Y pexumi HOJT pocnvHm oTpumyBanm
nuwe 4,2 monb M~2-4~! CoOHsAAYHOro CcBiTNna.

Y pexumax PSL (cnektpanbHui cknag:
R90:G0:B10) i WSL (R35:G42:B23) popaTkoBO
3abesnevyBanu 7,3 Monb M 2-47! CBiTNa B Hi4YHWI Yac,
[oBoasaum cootonepios Ao 24 roavH.

Ona MOHITOPUHIY OCBITNEHOCTI Ta
TemnepaTypu nig yac €KCMEPUMEHTY
BMKOpUCTOBYBanu cBiTrosi gatunkm (SQ-110 SS) 1a
TemnepatypHi gatuuku (ST 110), nigknioyeHi go
peecTpaTopiB JaHuX, Lo 3abe3nevyBarno MOCTiMHWN
36ip iH¢hopmalLlii.

KoxHa ginsHka mana nnowy 1,5 x 2,5 m 1a
BKNOYana Agi TemnepaTtypHi 06pobku KUBUMBHOMO
po3uMHy: 3 nigirpiBom (cepeaHs Temnepatypa 18,8 +
0,42 °C) Ta 6e3 nigjrpisy (12,6 £ 0,37 °C). XKvBunbHui
pO34YMH MoJaBaBCA 4Yepe3 pesepByapu [0 [ABOX
BMpOBbHMUMx cuctem: NFT (4otupu kaHanu) ta CFT
(oBa noTku).

Ha KoxHin BUpOOHWUI cncTemi BUpOLLYBarm
BiCiM copTiB canaTy (Mo YOTMPW POCIIMHM Ha COpT).
Takum YnHOM, ANst eKCrepUMeEHTY Byrno BUKOPUCTaHO
nBi oamHuui koxHoi cuctemn NFT ta CFT, 3aranom
BMpocTUnn 1536 pocnuH:

4 NOBTOPEHHSI X 3 PEXMMW OCBITNEHHHA X 2
TeMnepaTypHi PexrMn x 2 CUCTEMU BUPOLLYBaHHS X
8 copTiB * 4 pOCnNHM Ha CopT.

Posnogin AinsHOK y MexXax eKCnepuMeHTy
oyB BMMaAKOBUM, Lo 3abesnevyBano
penpe3eHTaTUBHICTb OTPMMaHUX pe3yrbTaTiB.

MMicns 3aBepLUeHHA eKCNepPUMEHTY MarcoHU
POCIUH i3 KOXHOT rpynu 3 YOTUPLOX POCIMH (OOHOro
copTy) 30upanu onst BU3Ha4YeHHs cBibxoi macu. oTim

3paskM BucyllyBanuM |y CywunbHin - wadi npu
Temnepatypi 80 °C ansa B1usHa4YeHHs Cyxoi Macw.
CnoxwviBaHHSA enexkTpoeHeprii KOXHUM

KOMMOHEHTOM CUCTEMMU (CBITNOZIOAHI Namnu, Hacocw,
HarpiBayi) BMMIpIOBaNocsi OKPeMO 3a [JOrNOMOro
€NMEKTPUYHMX NiMnnbHUKIB. EHepreTuyHi Butpatn ang
[0aTKOBOrO OCBITIIEHHS PO3Pax0BYyBanuCs Ha OCHOBI
CMOXWTOI NMOTY>KHOCTi Ta TpMBanocTi poboTy namn.

Harpitiin >XMBMnbHUIN PO34nH NogaBaBcs A0
nBox notkiB cuctemn CFT | 4oTUMpbOX KaHanie
cuctemn NFT 3 ogHoro pesepsyapa. Yepes OinbLunii
ob'em Boaw, WO npoTikae 4vepe3 cuctemy CFT, i
€HEProcrnoXnBaHHA BUSIBANOCS BULLMM MOPIBHAHO 3
cuctemoro NFT.

[nsi  OKpemMoro BM3HAYEHHs BUTPAT Ha
onaneHHst Ans KoxkHoi cuctemmn kaHanm NFT i notku
CFT Oynu nigkntoyeHi 0O OKpeMMX pesepByapi.
EHeprocnoxveaHHa BMMIptoBanoca npoTsarom 24
roouH Onsi KoxHoro pesepsyapa. Lo npoueaypy
noBTOpOBaNM Tpwdi, WOO oOTpyMaTn YycepedHeHi
MOKa3HUKN €HEeProcnoXmnBaHHS s KOXKHOI CUCTEMU.

PesynbTaTtin nokasanu, LWo:

CepegHe  CNOXWBaHHA  erekTpoeHeprii
cuctemoto NFT (4otvpm kaHanum) cTtaHoBuno 2,35
kBT-rog Ha goby.
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CepeoHe  CMoOXMBaHHA  erEeKTpoeHepril
cuctemoto CFT (gBa notku) ctaHoBuno 3,17 kBT-rog
Ha poby.

Lle Bignosigae posnoginy
€HEepProcrnoXnBaHHS:

42,5% Big 3aranbHoro obcary  eHeprii

cnoxmeana cuctema NFT.

57,5% — cuctema CFT.

Lli paHi gemoHcTpytotb, Wwo cuctema CFT
Mae BULLi eHepreTnyHi BUTpaTh Yepes Ginblumin obcsr
LUmpkynsauii Bogn. Taka iHpopMauis € KpUTUYHOK Ans
onTumisauit eHeproedeKTNBHOCTI rigpPONOHHMX
BMPOBHMYMX CUCTEM, OCOBNNMBO B YMOBaX OBMEXEHMX
pecypciB.

Pesynbtatn EeKCNepUMEHTY BMSIBUMU
3HauyLLly TPUCTOPOHHIO B3aEMOZj0 MK JOAATKOBUM
OCBIT/NIEHHSIM, TEMMNEPATYPOKD PO3YMHY Ta TUMOM
BMPOBHMYOI CUCTEMM Ha HAKOMWUYEHHSI CyxOi Macu
naroHiB (SDW) y camaty. Y cuctemi CFT 6yno
3apikcoBaHO BULLY Macy NaroHiB Yy MOPIBHSHHI 3
cuctemoro NFT 3a ymoB sk nigjrpitoro, Tak i He
NigirpiToro  >XMBMIMBHOTO PO34YMHY, ane nuwe 3a
HasiIBHOCTI  OOAATKOBOrO  OCBIiTNEHHs. Y  pasi
BiACYTHOCTI O0AaTKOBOIO OCBITIIEHHS!, 3HAYYLLMX
BiAMIHHOCTEN y Maci MaroHiB M ABOMa cuctemamm
BMPOLLYBaHHS He CrnocTepiranocs.

OpHieto 3 knovoBmx BigMmiHHOCTEN Mk CFT i
NFT e obcar gocTtynHoi Boau Ta NOXUBHUX PEYOBWH,
0cobnmMBO Ha paHHIX cTagisx pocty. Y cuctemi CFT
KyOuvKM MiHeparnbHOi BaTW MOBHICTIO 3aHypeHi Y
XMBUIbHUIA PO3YNH, HACUYEHNIN KUCHEM | MOXUBHUMMN
peyoBuHamu. Y sunagky NFT kopiHHA oTpumye Bogy
yepes KaninsapHy Aito, OCKiNbKA KyOUKM po3TalloBaHi
Ha TOHKIM nNnNiBUi >KMBWUMBHOrO pPO3unHy. Takui
0BMEXEHMWI KOHTAKT MOXE CMPUYUHATU HAKOMUYEHHS
COMnen y BEpXHi YacCTWHI KybuKiB Yepes KaninspHy
Ait0, LLIO0 CTBOPHOE PU3MK COMNBOBOIO CTPECy, 0COBNNBO
Ha CTagii po3caam, KOnu piCT KOpeHiB OBMeXeHUN.

Y cucrtemi NFT KOpiHHSI pocnuH nouvnHae
aKTVBHO MOrMMHaTV BOAY TiNMbKW MNiCMsi TOrO, IK BOHO
Jocsrae gHa kaHany. 3a CrOCTEPEXEHHSAMM, Liewn
npouec Moxe TpuBaT OMNM3bKO TWXKHSA  Micns
nepecagkun. Take BiACTaBaHHs B NOrMWHaHHI BOAW Ta
NOXMBHUX PEYOBUMH MOXE OyTW OfHIE0 3 MPUYMH
MOBIMNbHILLOro pocTy pocnuH y cuctemi NFT.

Ule ogHum BaxnmeBuM ¢hakTopom, LWO
BNNMBaE Ha NPOOYKTUBHICTb, € TemnepaTypa noBiTps
BcepeauHi  kaHanis  NFT. BwmiptoBaHHs  nicns
€eKCMepUMEeHTy nokasanu, Lo Temnepatypa B
kaHarnax NFT Habnwkaetbcss [0 Temnepartypu
HaBKOMULLIHBOMO CepefoBuvlla B Tennuui, HaBiTb Yy
pasi nigirpiBy >KUBWMBLHOTO po3yMHy. B ymoBax
XOnOAHOro MOBITPS KopeHeBa cuctema pocnuH y NFT
MOXe 3a3HaBaTW HeoNTUMarbHOro TemnepaTypHOro
BNNMBY, LLIO HEraTUBHO NO3HAYaETbCA Ha POCTi.

Y cuctemi CFT uelt baktop MeHLL CyTTEBUN
yepe3 MOBHE 3aHYPEHHs KOPEHIB Y >KUBWUMbHUA
PO34KH, TeMepaTypa skoro GinbLu cTabinbHa.

BnnuB [00OaTKOBOrO  OCBITIIEHHST  3HAYHO
niaCUIMIOE  PIBHMLKD  MPK  ABOMA  BUPOOHUYMMU
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cuctemMamn. Y  BIACYTHOCTI  [OOATKOBOro CBiTNa
piBeHb coHsiuHoro DLI ctaHOBUMB nuvwie TpeTuHy Bif
onTumarnbHoro ansa canaty (12-15 mone'm™=247"). Y
Takmx ymoBax nepesarm CFT Hag NFT He
NposIBNANMUCA 4Yepe3 HedoCTaTHICTb eHepril  Ans
aktmeHoro pocty. OpHak 3a ymMOB [O00aTKOBOrO
OCBITNEHHS Ui nepesBary ctany MOMITHAMW 3aBASKA
KpaLlomy 3abesneyvyeHHI0 KOPEHEBOI CUCTEMM BOLOHD
Ta NOXXMBHUMM pevoBuHamm y cuctemi CFT.

Takum 4YvMHOM, B3aemodis [A04aTKOBOrO
OCBITNIEHHS, TemnepaTypu po34MHy Ta  Tuny
BMPOBHMYOi CUCTEMM MaE BUpILLArnibHE 3HAYEHHS Ons
onTuMmisauii  pocTy canaty Ta  NigBULLEHHSA
ed)eKTUBHOCTI MAPOMNOHHNX CUCTEM.

- ERCT [EWT (@R mENT | BT EmNA

Whate

126°C
TemnepaTypa, °C

Puc. 3. TpucTOpoHHA B3aemoaia Mix
[OOaTKOBUM OCBITNEHHAM (6inum, dionetoBum
Ta 6e3 40JaTKOBOro OCBITIIEHHS), TeMNnepaTypoto
XuBunbHoro po3uuHy (18,80 C; 12,60 C) Ta
BUpobHu4or cuctemoro (CFT; NFT) Ha cepegHro
cyxy Macy naroHis (r/m-2 ) (P<0,001).

Pesynbtatv ekcnepMmeHTy nokasanwu, Lo
pocnuHM  canaTty, BupoweHi nig  dioneTosum
ceiTnogiogHnm  ocaitrneHHam  (R90:G0:B10) Ta
3abe3neyeHi NigirpiTM  XXMBUIbHUM  PO3YMHOM Y
cuctemi CFT, Manu HarBuLly CyxXy Macy naroHis
(TMNB) cepen ycix ymoB pgocnigy. Kpim TOro, y
cuctemax CFT i NFT pocnvHu Oynu Ginbwmmm nig
oioneToBMMKM  CBiTNoAiogamn, Hik nig  Ginvmu
(R35:G42:B23), 3a ymOBW Migirpitoro >KMBWIMbHOIO
po3uuHy. Lle cBigunTb nNpo nepesary iorneTosoro
cnekTpa, GaraTtoro Ha 4YepBOHE CBIiTMO, Hag Ginum
CNeKTpoM, e YacTKa YEepBOHOrO 3Ha4YHO MeHLUa,
Ans CTUMynsuii pocty canary.

BucHoeku ma HanpsiMku nooasbwux
docnidxeHb. PocnvHu canaTy, BMWPOLLEHi nig
hioneTtoBMMHM cBiTNoAiogamu, 3abe3nedyBany BULLY
cyxy Macy naroHiB (TIB) nopiBHAHO 3 6Ginvmu
ceiTrnogiogamu. Lle 0oO6ymoBneHo GinbLUOK 4acTKoK
YepBOHOro CBIiTNa Yy ioNeToBOMYy CMeKTpi, Lo
CTUMYIIIOE BEreTaTUBHUIA PICT.

JonaBaHHs OOOATKOBOrO OCBITNIEHHS Mario
BMPILLANBHUA BMUMB Ha MPOAYKTUBHICTE CUCTEM
BMPOLLYBaHHS  He3amnexHo Big  TemnepaTtypu
XMBUIBHOIO PO34nHy. 3a yMOB OOMEXEHNX pecypcis
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npioputeToM Mae OyTu iHBECTyBaHHSI B J0OOATKOBE
OCBITIEHHS.

Cuctema CFT npogemoHcTpyBana 6inbLuy
NPOAOYKTMBHICTb Yy nopiBHAHHI 3 NFT, ocobnuneo 3a
YMOB [0JaTKOBOrO OCBITNIEHHS Ta  Nigirpitoro
XVBWUMBHOTO po3unHy. Lle nosacHioeTbca GinbLluvm
06’eMOM OOCTYNHOrO MOXUBHOMO PO34MHy Ta GinbLu
CNPUSTIIBMMW YMOBaMW A1 PO3BUTKY KOPEHIB.

MigirpiB  XXMBUNBHOTO  PO34YMHY  3HAYHO
niaBuyBaB NPOOYKTVBHICTE POCIMH Yy CUCTEMax
BMPOLLIYBaHHs, arne 1oro BnfvB MOCTynaBCcs BrnvMBy
000aTKOBOro OCBITNEeHHs. BigcyTHicTb nigirpisy B
yMOBax [04aTKOBOrO OCBITNEHHSI TaKoX
3abe3nedvyBana NPUNHATHUN PiIBEHb POCTY.

3a BiOCYTHOCTI O0OaTKOBOrO  OCBITIIEHHS
BiaMiHHOCTI Mk cuctemamn CFT i NFT 6ynm
MiHiManbHuMn. OfHak i3 [0AaTKOBUM OCBITNEHHSM
nepesara cuctemun CFT cTtana 6inbLu BUpasHoto, Lo
CBiguMTb Mo i Kpally aganTtauito O IHTEHCUBHOrMO
BMPOLLYBaHHSI.

Y 3uMOBMX yMOBax HaredEeKTUBHILLNM
nigxogoMm Ans 30inblEeHHA NPOAYKTMBHOCTI €
3abe3neyeHHs ontumarnbHoro DLI (4060BOI KinbKOCTi
CBiTNa) 3a paxyHOK [OAATKOBOIO OCBITIIEHHSI, siKe
3Ha4yHO MepeBakae BMNMB MIGIrPIBY MNOXUBHOIO
PO34KHY.

Y paHHiX hasax pocTy, Yepe3 ObMexXeHuin

obcAr  MOXMBHOMO po3uMHy  Ta MOXNunBe
HakonuyeHHs conen, cuctema NFT BusBunacs
MEHW  edEeKTMBHOW,  OcobnmmMBO  3a  yMOB

HeonTUMarnbHOI OCBITNEHOCTI Ta TemMnepaTypu.

3MEHLLUEHHS 4YacTKu YEepBOHOrO CBiTNa Ta
30iNbLUEHHS] YaCTKM 3eNieHOro i CMHLOro B Binomy
CBiTNi 3HWXKYyBanNo MpPoOAYKTUBHICTb pocrnuH. Lle
BKadye Ha HeoOXigHiCTb peTenbHOro BuOOpY
CBITNOAIOAHMX Namn AN AOCATHEHHS MaKCUMarbHOI
eeKTMBHOCTI BUPOLLYBaHHS.
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INTERACTIVE IMPACT OF THE SPECTRAL
COMPOSITION OF ADDITIONAL LIGHTING
AND ROOT ZONE TEMPERATURE ON THE
PRODUCTIVITY OF HYDROPONIC LETTUCE

Hydroponic lettuce production in
greenhouses is becoming increasingly popular in
Ukraine. However, there is a lack of research
evaluating the impact of light spectra, root zone
temperature, production systems, and lettuce
varieties on yield. This study aims to determine the
interactive effects of nighttime supplemental
lighting, nutrient solution temperature, and
production system on the growth and productivity
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of various lettuce varieties under suboptimal air
temperatures typical for winter greenhouses.

The study used three lighting regimes: no
lighting  (control), violet LEDs (spectrum
R90:G0:B10), and warm white LEDs (spectrum
R35:G42:B23). Two nutrient solution
temperatures—12.6 °C (no heating) and 18.8 °C
(with  heating)—as well as two production
systems—Nutrient Film Technique (NFT) and
Constant Flood Table (CFT)—were applied for
lettuce cultivation. Red and green lettuce varieties
of four types were studied: leafy, heading, oakleaf,
and romaine.

The results showed that the absence of
supplemental lighting and heating significantly
reduced vyield, while their combination positively
influenced the dry mass of shoots. The highest
productivity was achieved with the CFT system,
especially when combined with violet LEDs, which
had a higher red light component that stimulates
plant growth. It was found that violet lighting
significantly outperformed white LEDs, particularly
when the nutrient solution was heated.

The most sensitive lettuce varieties to root
zone conditions and lighting were Adriana, Cedar,
Red Sails, and Salvia. In particular, under violet
LEDs, these varieties showed the highest
productivity when the CFT system was used.

This research suggests effective strategies
for optimizing hydroponic lettuce cultivation in
winter greenhouse conditions in Ukraine. The
findings can be useful for farmers aiming to
increase yield and product quality, as well as for
optimizing costs under conditions of limited
resources.

Keywords: plant mass, leaf area, root
system, hydroponic method, vegetable crops,
installation, substrate, mineral solution,
hydroponics.
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