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CBeToanoaHoe
ocBeLlleHve pnn
pacTeHNeBOACTBa

. Cncrembl Ha oCHOBe TBEPAOTE/IbHOIO OCBELEHNA BCE Yallle€ NCNOJb3YyOTCA

B PaCTEHMEBO/CTBE, B TOM YMC/IE ANA TEMINL U 3aKPbITbIX «BEPTUKAIbHbIX
depm». ina ynosnetBopeHma NoTpebHOCTEN pacTeHNEBOAYECKOW Npo-
MbILLTIEHHOCTN pa3paboTunKkam Taknx cuctem HeobxoanMmMo NOHMMATb
TpeboBaHMsA, KOTOpble NPeabABAAITCA K CNeKTpanibHOMY pacrnpege-
NeHuno 3Heprum ana GpoTocnHTesa, obecneymBaloLeMy onTMManbHoe
COCTOAHME PACTEHUI N X POCT. B cTaTbe Npeanaraetca 0630p BANAHNA
CMeKTPasibHOro COCTaBa OCBELLEHNs Ha pacTeHMA 1 06Cy»KAaeTcst BOMPOC
KOHBepTaL My loMeH 1 oK B eguHuubl PAR 1 PPED.
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BEP/IOTENIBHOE OCBEII[eHNE B PACTEHTE-
BOJICTBE HMeET XOPOIIIHE EPCIIEKTHBEL.
OnHaKO TTPOU3BOUTENH OCBETUTEIh-

HBIX IPUOOPOB U CHEIHATUCTHI B 061aCTI

PacTeHNeBOICTBA «Pa3rOBAPUBAIOT HA PA3HBIX

A3BIKax». Y CIIeX JKe Ha 9TOM pPhIHKe OyzieT 3a-

BHCeTb OT 6a30BOr0 TOHUMaHUA HOTOCHHTE3A

PACTEHHII U CIIEKTPAILHOTO pacIpeeeHus

MOIITHOCTH OCBEIIeHNs, KOTOpoe TpebyeTcs

IS CO3MTaHUs OTITUMAIBHO KOM(MOPTHBIX

YCIIOBUIA, 00€CIIeINBAIOIINX 3/[0POBbE U POCT

pacrenuit. [IpousBOAUTENN HCTOYHHUKOB

TBEPIOTEIHHOTO OCBEIIEHHS U padpaboT-

YUK JOJKHBL TAKKe 9eTKO IOHUMATh,

KaK KOHBEPTUPOBaTh (POTOMETpUIECKHE

eIUHUIIBI JTIOMEH U JIIOKC B (DOTOCUHTETH-

YeCKM aKTUBHOE U3JIYIeHUE U IJIOTHOCTD

dorocurTeTHYECKOTO (DOTOHHOIO TTOTOKA

ILJISL Pa3/IMIHBIX UCTOYHUKOB CBETA, BKIIOYAs

CBETOIMOMBI 6€JI0r0 CBeTa X KBASUMOHOXPOM-

Hble. [IJis 1esielt pacTeHHeBOICTBA HATTHIHe

MHOTOKaHaJIbHBIX CBETAILHUAKOB Ha OCHOBE

peryJanupyeMsbIxX 110 [[BETY TBEPIOTENbHBIX

HCTOYHUKOB CBETA, TO €CTh C ITepecTparBae-

MBIM CIIEKTPAJIbHBIM PaCIpefieSieHueM MOLIL-

HOCTH, TIPEIOCTABUT HOBbIE BO3MOKHOCTH

IJISL U3YYeHUS YHUKAJIbHBIX TpeOOBaHUH

B YaCTH CIIEKTPATbHBIX XapaKTEPUCTUK

OCBEIIIeHUS /ISl PA3JINUHBIX KYIbTYP U UH-

TETrpaIyio TAKUX TBEPAOTENbHBIX CUCTEM

OCBEII[eHUS C CUCTEMaMU MTAPHUKOBOTO

KJIMAT-KOHTPOJIA.

QoTtocuHTes pacTeHui
doTocuHTE3 — 3TO IPOIECC, KOTOPHIi
UCIIOJIb3YeTCs paCTeHUAMHE IS peobpa-
30BaHUS JIEKTPOMATHUTHOTO H3TydeHUs
(cBeTa) B XUMHYECKYIO 9HEPIHIO, HEO0XO-
LHEMYIO JUISl X pocTa ¥ pasButus. Bee, uro
HY’KHO IJI 3TOTO MPOIlecca, — AHOKCHUTT
yriepona (CO,), mATaTeNbHbIE BEIeCTBA
u Boxa. Cam TIporiecc He ABAAeTCA 0060
abdexTuBHBIM; TOTBKO 4—6% OT 1MO-
[JIOLIeHHOTO U3NydeHHs Ipeobpasyercs
B XUMIYeCKyio oHepruio [9]. Tem He MeHee
9TO HIMEHHO TOT [BUTATeJb, KOTOPBIN
B HAHOOJIBIIIEH CTelIeHN YIIPABIISET KU3-
HBIO Ha Halllel IJIaHeTe.
DoToCUHTETHYIECKH aKTUBHOE H3TTydeHUe
(Photosynthetically Active Radiation, PAR)
OIIpefiesISIeTCsT KaK 3JIeKTPOMATrHUTHOE
U3JIy4eHUe B CIIeKTPAJIbHOM JHAaNla30He
400~700 HM, KO0TOpOE (POTOCUHTEIUPYIOLIHE
JKUBBIE OPTaHU3MBI CIIOCOOHBI HCITOb-
30BaTh B Iporecce GOTOCUHTE3A, ITOOBI
npeBpaTuTh yriaepos u3 CO, B yIieBoabL.
HM3smepenue pOTOCHHTETHYECKT AKTHBHOTO
U3JIy4YeHHUs B PACTeHUEBOACTBE, KaK [JIs
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“aVYHO-HMCCIEeTOBATENbCKUX IIeJIell, TaK ¥ AJIs IPOeKTUPOBAHUS
“1CTeM TTAPHUKOBOTO OCBEIIeHMs, OCYIIeCTBIACTCA CIIelHaNb-
<simu poromerpamu [1].
VenoBHAS equHnIa u3Meperus 11 PAR — 9T0 doTocHHTe T ecKast
10THOCTH ToToKa (poToHOB (Photosynthetic Photon Flux Density,
“PFD), KOTOpast BRIPAKAETCS B eMHNITAX MOJIb Ha KBaPATHBIIA METP
cexyHpy'. B atoM cirywae Kaxpiit GOTOH HOTIONIAETCS, HE3aBUCUMO
T eTO JUIMHBI BOJHBI (U, CJIeI0BaTeNbHO, QHEPTUL ), H, KaK TTPefIo-
“araeTcs, B paBHON Mepe YIacTBYeT B mmpolecce porocunTesa. DTo
“DOUCXOIUT B COOTBETCTBHH ¢ 3akoHOM IllTapka — DHUHINITENHA,
“OTOPBIH TJTACKHT, YTO MEXKIY JJIHHAME JJIeKTPOMATHUTHBIX BOJIH
- 1rranazose 400 u 700 HM KaskabIil HOTOH (wIu KBaHT), KOTOPBIH
‘oraontaercs, Oyuer Bo30yKaaTh OUH 3TEKTPOH, HE3aBUCUMO
7 saeprum dpotona. [To 370l MprdHHe II0TOK (POTOCHHTETHIECKIX
S OTOHOB TaKXKe HA3bIBAIOT KBAHTOBBIM IIOTOKOM.
[ToroIeHe TUCTbAME pacTeHHH 000T0 GOTOHA C NTAHHOM
" 1MHOH BOJIHBI 3aBUCHUT OT CIEKTPAILHOIO KoddduiuenTa
JTJIOILEHHS IUCTA, KOTOPBIH, B CBOIO O4epe[lb, OIpeesseT-
©% B OCHOBHOM €r0 ONTHYeCKUMHU CBOUCTBAMH, B TOM YHCJIE
COHIIEHTpaIuell PacTUTENbHBIX POTOMUTMEHTOB, TAKUX KaK
Topodunibl A u B, pagnudmbie KapOTHHOUAL! (KaPOTHUHBI
“CaHTO(GWIUIBI) ¥ AHTOIHAHBL. XJIOPO(UITHI HECYT OTBETCTBEH-
)CTh 32 XapaKTepPHBII 3eJIeHbLI 1[BET JINCTLEB; KAPOTHHOMUIBI
2HTOLMAHBI BHOCST BKJIA/I B JKEJITHIH, OPaHKEBBIN U KPaCHBIN
‘3eTa, KOTOPbIe MPOSIBIISIOTCS B OCEHHUX JIUCThAX MIOCTIE Pas-
KeHUs XJIopodua.
THIIYHBIe CIIEKTPHI OTIOTIeHNs Xnopoduinia A, xiopoduna B,
-Ta-KapoTHHA U IBYX u30(opM PUTOXpOMA MOKa3aHbI Ha puc. 1.
“27TyeT OTMETUTh, OJHAKO, YTO ITH CIIeKTPHI ABIAIOTCA IIPUOIH-
renbHBIME. OHYM U3MEPSUTUCD B IIPOOUPKE IIyTeM PaCTBOPEHNUS
TMEHTOB U3 9KCTPAKTOB B PACTBOPHUTENE, KOTOPBIH OKa3bIBaET
TigHME Ha Morjolmenue crextpa. OOBIYHO [ONIAaraercs, 9To
“70Tb30BAHMA CMHUX U KPACHBIX CBETOIHMONOB OyeT BIIOJIHE
CTaTOYHO JJid IeJiefl paCTeHHEBONCTBA. B NeACTBUTENIbHOCTH
10 06CTOUT TOPA3I0 CIOKHEE.

3nnsAHKE crnekTpa Ha poTocmHTes
\faxKpu (McCree) B uccienoBanuu [4] moxasam usmepenue
-2HTOBOTO BBIXO#a mornomenus CO, mist IucTheB 22 BUIOB
THbTYPHBIX pacTeHuii’. MICIoab3ys n3MepeHns ¢ HHTepBAIOM
5 HM [Ji BCEX BUIOB PaCTeHUil, OH Beieaul 9 OeKTHBHbBII
<2CTOK crekTpa (puc. 2), KOTOpPBIH sBIIsieTcsl Hanboee Xapak-
“DHBIM [JI OONBIINHCTBA KYNbTYPHBIX PACTCHUIL.
eiicTBHE, OKa3bIBAEMOE CIIEKTPOM, 31€Ch IIPENCTABIEHO IIPOCTEIM
~2hMKOM, OKA3bIBAIOLIIIM €T0 GHOIOTIIeCKy 0 3(hHeKTUBHOCTD
2BIICMOCTH OT [JIMHBI BOJTHBI TTATAIOIIIETO CBETA.
{ak ormevaetr MakKpu B [4], PPFD He aBisieTca uaeanbHBIM
zazaresieM (DOTOCUHTETHIECKU AKTUBHOTO N3TYUEHHUS 110 TOH
~119IIHE, 9TO B 3TOM CJIy9ae CUCTEMATIYECKH 3aBBIIIAeTC (-
-~ “XTHBHOCTb CHHETO CBeTa 10 OTHOIIEHHIO K KpacHOMY. Tem
- \[eHee OTO MPeJICTABICHIE BeCbMa [10JIe3HO, XOT OBl IOTOMY,
1 3TOT MOKa3aTelb He 3aBUCUT OT KaKOTO-IMO0 KOHKPETHOTO
7a pacTeHmit ¥ MOJKeT OBITh H3MePeH KaK B 1a60paTOpUH, TaK

“75 — eAMHMLA W3MEPEHMS, UCMOMb3yeMas B XUMUM [NIA BbIPAKEHUA KONNYEeCTBA aToOMOB
:=_2CTBE, KOTOPOE SKBMBANIEHTHO YMCNY aTOMOB B 12 T 130TOMNa Yrepoda-12, uto COOTBETCTBYeT
4= ABOragpo, 3HaueHue Kotoporo, o6o3Hauaemoe Kak Ny, paBHO 6,022x10% aTomos (8 AaHHOM
22 OTOHOB) Ha MOfb.
z=70BbIl1 BbIXOA GOTOCUHTE3a ONpPefenaeTCca Kak MKMONb ABYOKCH YIepoaa, accCuMUIMpoBaH-
~OrNOWEHHOI) NINCTOM B pacyeTe Ha Kax/blil NOrNOLLEHHbI M KBAHT CBeTa.

TIPUMEHEHHE  NPOEKTHI

U B TIOJIEBBIX YCJIOBHSIX C IIOMOIIBIO CIIEKTPOMETPA CO CIEKTPAIbHO-
KaTuOpOBaHHBIM KBAHTOBBIM MATIMKOM, TAaKuM Kak LI-190SA
ot xommaruu LI-COR [5].

W3 nwkcos B PPFD

Kak pazpaborunkam cucreM OCBEIIEHUsS, HAM HYXHO UMETh
HeKHU crioco6 mepesoza 10oMeHOB B PAR u ocsenennocTu
B PPFD. Ho MBI MOXeM chesaTh 3TO TOJIBKO B TOM CJIydae,
eC/TM HaM M3BECTHO MJIM MOJKeM OIeHUTH CIeKTpPaJbHOe pac-
npenenenue moiuoctu (Spectral Power Distribution, SPD)
HCTOYHUKA CBETA.

Wrak, IycTh MBI IMeeM HEKHH UCTOYHUK CBETa C U3BECTHBIM
orHOCHTENbHbIM SPD, HapuMep TUIITHBIN «XOIOTHBIN OENBII»
CBETOIHO] C [IBETOBOM Temmeparypoit 5000 K (puc. 3).

1 BT MOIIHOCTY M3Iy4YeHNU Ha JJIMHE BOJHBI 555 HM, 110 ompe-
NeNeHnIo, paBeH 683 M. YunuTsiBag npusesieHnyio 8 CIE 1931
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Puc. 3. OtHocuTenbHOE CnekTpanbHOE pacnpefesieHie MOLLHOCTH
M31y4eHus ceeToaMoa ¢ LsetoBol Temneparypon 5000 K

(bYHKIHIO OTHOCUTENBHOM CBeTOBOM adderTuBHOCTH (puC. 4),
MBI MOYKEM BBITHCIUTH CIIEKTPANBHYIO IUIOTHOCTD JTYIUCTOTO
moToxa 9(A) B BATTaX Ha HAHOMETP JJIA KAKIOTO JIOMEHA:

I/Vrel(k)
683 x zzng(x)VV,,d(x)Ax

D)/ Im =

rae: W (A) — OTHOCHUTETbHOE CIEKTPAIbHOE paclpeeneHe
motHocTH; V(L) — a9t dekTuBHOCTS CBETOBOM (QYHKIIUH Ha IIHHE
BOJHBI A; A\ — HHTepBaJI IJIMH BONH (KaK IPaBUIIo, 5 um). s
IIPUBEJEHHOIO BBIIIIe IIPUMepa CIeKTPaIbHBINM TOTOK U3y Te-
HUS Ha HAHOMETP IJIA K&XKIOTO NIOMeHa pu 440 HM cOCTaBIIseT
22,5 MKBT, a IO OTHOLICHHIO K OOIIIEMY MOTOKY U3TydeHUS
Ha qroMeH — 3,18 mBr.

ITpu 3TOM MBI MO’KEM BBIYHCIUTD (DOTOCHHTETHIECKUTT POTOHHBIH
notoxk (Photosynthetic Photon Flux, PPF) za Hanomerp B eftuHuIIIax
MKMOJIb B CEKYH/Ty Ha HAHOMETP:

- VAR
0,8 \
0,7 \
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AD(A
PPF /nm=10"" x——(g—,
(N, x10™)he
rae N4 — 2To 9ncio ABorampo. A BOT CYMMUPOBaHUE B IUaMa3oHe
400-700 um maet PPF Ha roMeH 1S TAHHOTO MCTOYHIKA CBETa:

700

10°
PPF = T D o AP(VAL ~

700
400

~8,359x10° x Y. ADMW)AL.

YaureiBas saHadeHune ocBereHHocT (1M/Mm?) u 31asg SPD uctou-
HHKa CBETa, Mbl MOKEM Takke BbIyuciauTb PPFD B MxMob/c/M?
IJISL TAHHOTO MCTOYHMKA CBeTa. [lJ1s1 IpUBeIeHHOro BhIlIie mpruMepa
OIMH KWJIOJIOKC paBeH 14,62 MKMOIb/c/M?.

Koadduumentol nepecuera

B Texmudeckoit IuTEpaType IOCTATOYHO JIETKO HalTH rpadude-
CKHe IIPeJICTaB/IeHUs CIIEKTPAIbHOTO PaCIIPeeIeHIs SHEPTUU UC-
TOYHUKA CBETa, HO 3HAYUTEIBHO TPYIHee HANTH 3Ty UH(DOPMALIUIO
B TabJTIraHOM (hopMe, IOAXOMISILIEN Ul YKA3aHHBIX BbITIIe PACIETOB.
K c9acrrio0, 9Ta mHDOpPMALYS Oy 6IMKOBAHA B crargapre CIE 15: 4
«Konmopumerpurst» [2]. O He BK/TIOUACT B ce0s1 CBETONMOMBI C Uy YeHHUEM
«OebIif CBET», HO 3Ta MHMOPMAIIIS MOXKET OBITh IOy deHa ITyTeM OLud-
POBKM [IAHHBIX U3 KATaJIOTOB IIPOU3BONUTENIEH (HATIprMeEp, U3 [6]).

Yuureisas Taxkyio mHOOPMAIINIO, MOKHO PaccauTath K0ohdu-
IIUEHTHI IJIs mepecyera KMIoaokcoB B PPFD mia 6onpimucTBa
HUCTOYHUKOB CBETa.

Tab6nmrra 1 me BRmIOYaeT B ce6st TaKIe KOMMepPYECKHeE POTYKThI, KaK
Sylvania SHP-TS Grolux (c iiBeroBoit Temmeparypoit 2050 K), motomy
9TO KOMIAHKA Sylvania, Kak 1 GOJIBIIMHCTBO IPYTUX TPOU3BONUTENEH
JaMII, He TTyOIUKyeT XapaKTepUCTUKU B 9acty SPD JuIs CBOUX JTaMII
B Tabyanoi popme. Ho mMmeeTcst BOSMOXKHOCTD orudppoBath rpadu-
YeCKOe MPefICTaBieHye 6eITbIX CBETONIOIOB, ITOTOMY YTO I10JI0CA CHHIX
CBETOIMO/IOB HAKAIKH PaBH4, 110 KpaiiHer Mepe, 15 Hum. A BoT orudpo-
BaTh OITy6JIMKOBaHHbIe NaHHBIE 110 SPD [T HaTpUeBbIX JIaMIT BRICOKOTO
JABJICHUA U METJUIOTATIOTEHHBIX JTAMIT HEBO3MOYKHO. DTO CBA3aHO C TEM,
9TO UX paspellleHue 110 IIIHE BONHBI HendBecTHO. CyOHAHOMETPOBAs
ILIPUHA JINHAY U3JTy eI, HAIPEMED, MOKET BAPUPOBATHCS B CTOPOHY
YBEJIMYEHNS JIO TATH Pa3, B 3aBUCHMOCTH OT OUHHUHTA (pasbpakoBKu),
KOTOPBII MOKeT OBITh paBeH 1 wiu 5 HM.

Ta6nuua 1. KoaduuneHTl nepecueta ocBelLeHHOCTH (KUOMIOKC)
8 PPFD (MkMosb /¢ /M?)
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OTHocuTenbHas ceeToBas 3 HEKTUBHOCTb

Puc. 4. CIE 1931 otHocHTeIbHas ceeToBas achdpexTusHocTb V(1)

0.6 CIE A (namna Hakanusaus, 2856 K) 17,0
’ / \ CIE 5000K aHeBHott ceet (D50) 285
0,5 CIE 5500K gHesHoit cset (D55) 280
/ \ CIE 6500K gHesHol caet (D65) 25,2

0.4 CIE 7500K aHesHom cget (D75) 228

CIE HP1 (cTanaapTHas HaTpueBas namna

BbICOKOro Aanenns, 1959 K) 39

CIE HP2 (HaTpueBas namna BbICOKOrO AaBieHus 130
pacumpenHbiM criektpom, 2506 K) .

CIE HP3 (metannoranorenHas, 3144 K) 92

CIE HP4 (vetannoranorentas, 4002 K) 9,0

CIE HP5 (metannoranorexHas, 4039 K) 139

2700 K Benbin ceetoamon 16,9

3000 K Genbiit cBeToamon, 18,2

3500 K 6enbiit ceeToanos 17.4

4000 K 6enbiit ceetoanos 17,7

5000 K 6enbiit ceetoamon 14,6
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CucTembl CBETOANOAHONO OCBeLeHnaA
ONnA pacteHneBonCcTBa
B Hacrosiee BpeMs Hauboee paclipOCTPaHeHHBIM HCTOYHUKOM
BeTa IJIs1 OCBEILIeHNUS [TAPHUKOB, KOTOPBIH OOBIYHO HCIIOIb3YeTCs
3 JOTIOJIHEHYE K THeBHOMY CBETY B TedeHUe 3UMHUX MeCSLIEB, ABJIAI0TCA
HaTpHeBble JJaMIIbI BEICOKOTo faBierus (High-Pressure Sodium Lamp,
HPS, HIIBJI). Tem He MeHee, ¢ pocTOM HHTepeca K TOPOICKOMY pac-
TeHHEBOZACTBY, KOTOPOE OIMPAETCS UCKIIOUUTEIPHO Ha JJIEKTPHIECKOe
)CBEIIEHNME, CBETOAUOMBI 00JIaIAI0T MHOTIMH TIPEAMYIIIECTBAMH. DTO
C00eHHO BepHO JULT CHCTEM BBIPAIIMBAHUS OBOILEH B MHOTOYPOBHEBBIX
TeTUTHITAX, TTIe UCTIOIB3YIOTCS GIU3KO PACIIONOKeHHBIEe CTOMKH C IT0J1-
“OHAMH, Ha KOTOPBIX BBIPAII[UBAIOTCA PACTEHNUS B BHJIE MHOTOYPOB-
“¢BBIX BEPTUKAIBHBIX KOHCTPYKIHI. B TaKUX yCIOBHUAX IPUMeHeHMe
~aTPHMEBBIX JIAMII BBICOKOTO JIaBJICHIS SIBJIIETCS HEIIPAKTUYHBIM.
MaxKpu B [4] 0TMedaeT, 9T0 OTHOCHTENIbHDIH KBAHTOBBIH BBIXO]
“3Ty9eHUs CIIeKTPa, BIMSIONIEr0 Ha YPOKANHOCTD (DOTOCHHTESA,
veeT IBa NMHUKa ¢ giuHaMu BoJiH B 440 um 1 620 am. OH Takke
TMETHIL, Of{HaKO, addert Pobepra Dmepcona (Robert Emerson),
“OTOPBIY 3aKJIIOYAETCS B TOM, YTO KPACHBIU CBET C JUINHOU BOIHEI
s1ee 700 HM, OTHOCUTETHHO ManodddekTUBHbIA B (OTOCHHTE3E
“5ICIINX PACTEHUH, CTAHOBUTCS BIOJIHE 3D (DEKTUBHBIM, eCITH FIC-
“07b30BATh €TI0 COBMECTHO C 60JIee KOPOTKOBOJIHOBBIM KPACHBIM
“zeTOM. DTO sIBIEHNE, Ha3BaHHOE 9P (HEKTOM YCUNeHHI DMepPCOHa,
51710 [IOJIO’KEHO B OCHOBY TMIIOTE3BI, COTJIACHO KOTOPOH POTO-
“1HTe3 BKJIIOYAeT Be Pa3Hble CBETOBBIE PEaKIUH, U ONITUMAJIbHbIE
“T0BHSL CO3[AIOTCA IJISL HETO B TOM CJIydae, KOT/a IB€ 9TU PeaKI[uK
DOTEKAIOT OIHOBPeMeHHO. B wactHOCTH, T06aBIeHIe 6€JI0TO I
~7Hero CBeTa K HCTOYHUKY JJITHHOBOJIHOBOTO KPACHOTO CBETa MOKET
‘CIIeXOM YBEIUIUTh CKOPOCTh GOTOCHHTE3A.
3eTeHbII CBET TAKKE MCIIOTB3YeTCs B IIpoliecce pOTOCHHTE3a, KaK
0 MO’KHO BHJIETh U3 Pe3yJIbTaTOB BO3NEHCTBHUA CIIEKTPA HA YPO-
< 2ITHOCTB KYJIBTYP (pHC. 2). BBLI0 yCTaHOBIIEHO, UTO 3€JI€HbIH CBET
31eficTBYeT Ha (POTOCHHTE3 B CAMOM TeJte Jircta 6ostee 9P HeKTUBHO,
=vt KpacHbI# win cuuui [8]. KpoMe Toro, HacekoMble, KOTOPbIE
TIONTB3YIOTCS B TEIUINIAX IJIS OIBIIEHHS U B KauecTBe CPeliCTB
:07I0TMIECKON 60PBOBI ¢ BpeIUTENIAMHY, JIYUIlle BUAAT B 3€JI€HON
" 1bTPaHOIETOBOM 00IACTAX CIIEKTPA.
3110JIHE BEPOSITHO, YTO UMEHHO 110 3TOU IpUYNHE MHOTHE Ca-
50IYeCKUe CBETOAMOLHBIE OCBETUTEIbHBIE MONYIH COfEPIKaT
- zaN-cBeToguozb ¢ 9P PEeKTHBHOM NTUHOU BOTHBI 450 HM, a Takxke
=ite ceeronuonsl U AllnGaP TeMHO-KpacHBIe CBETOTNO/BI C AU~
i1 BOJIHBI 660 HM. THIINYHBIM IPUMEPOM TaKUX CBETONMOIHBIX
1vieit seistercs Philips Luxeon, KoTopsle coYeTaroT B cebe «Kopo-
-=CKUI CHHU» U «HACBIIIIEHHBI KPaCHBI» [[BET U3IydeHus [7].
"2 OTUX MCTOYHHUKA CBeTa BeCbMa 3((EKTUBHBI, TaK KaK Ipe-
~ZI1AI0T B BUJUMBIN CBET OKOJIO 45% OT IOOBOTUMOM K HUM
“ZXTPHYECKON MOILTHOCTHU. 3eJIeHble CBETONUO/bI, XOTA U ABIAETCA
--5Ma TI0JIe3HBIMH, PEIKO UCIIOIb3YIOTCA H3-3a UX FOPA3N0 MEHb-
=70 KI1[I usny4enus. OnHako B GuIIpKaiIee BpeMs 9Ta CHTYalnsa
£eT B KOPHE U3MEHUTHCS, NOCKoIbKy kKomnanus OSRAM Opto
-7aBHO 00BbsBUIA 0 padpaboTke InGaN 3esleHBIX CBETONUO0B
~3% BHEIIHEro KBAaHTOBOTO BbIXOIA Ha JJINHE BOJIHBI 530 HM.
"Ipu 9TOM, OJHAKO, IPO6IeMa 3aKITI0UaeTCS B TOM, UTO JJIHHEI
<2 450 1 660 HM 6IU3KH K IpeIesiaM Halllero IIBeTOBOTO 3peHH
~:ic. 4). CnepoatensHo, komnanus Philips u gpyrue mpousso-
TeTH, KaK [IPaBHJIO, BEIPAKAIOT ONTUYECKHE XapaKTePUCTUKH
211X TIPOIYKTOB B PaiOMETPUIECKUX TePMUHAX, a HE B TEPMHUHAX
TOMETPHH, 8 UMEHHO — B MUJUTHBATTaX Ha JIOMEH.

Takum 06pasoM, Iporece IPOEKTHPOBAHIS OCBEIEHHS CTAHOBUTCA
HEMHOTO cJIo’KHee. CHaTama Hy»KHO OIidpOBaTh ONyOIUKOBAHHDIE
CBETOIMOJTHBIE CIEKTPAIbHBIE PACIIPEie/IeHUsT MOIIHOCTH IS
omnpepeneHus k03P UINEHTOB [lepecieTa MeXXTy MUTTUBATTAMU
1 JIIOMeHaMT. DTo OyfeT HeoOXOAUMO /IS MOLeMPOBAHUS TIPH
MPOEKTHPOBAHIN OCBeTHTENbHOM cucteMbl. Koadduuuent onpene-
asgercs mo popmyire:
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rae: @ — cBeToBo HOTOK; O (L) — OTHOCUTETBLHBIN CIIEKTPAIbHBII
IIOTOK u3nydenns; V() — QYHKIUS CIEKTPaTbHON IyBCTBUTEIb-
HOCTH 3PHUTEJIBHOTO aIapara.

Mcnons3ys B kadectBe mpumepa manusbie mst Philips Luxeon ¢ Beramu
«KOPOJIEBCKHI CHHUI» U «HACBIIIIEHHBIN KPACHBIN», K03 hurneHToI
nepecdeTa coctaBaT npumepHo 0,07 1 0,03 mM/MBT cOOTBETCTBEHHO.
Tem He MeHee, X 9TUM 11 pPaM HYKHO OAXOMUTD C HEKOTOPOIT OCTO-
POKHOCTBIO, TAK KaK OHH OTHOCSITCSI TOTIBKO K CBETOMMONAM, UMEIOIITM
U3JIy4eHue ¢ IUIMHOU BosHb! 450 1 660 HM. Ectn, HarmpuMep, TMKOBas
IUTHHA BOJIHBI HACBILLIEHHOTO Toy60r0 (CrHero) ceeronmona 440, a He 450
HM, TO Koaduriuent nepecuera Oyner paser 0,05 1M/MBT. AHaTOrHaHbIM
06pa3oM, eC/Ti TMKOBAS [UTHHA BOTHBI HACBIIIEHHOTO KPACHOTIO CBETO/IUO/IA
6b11a 650, @ He 660 HM, TO K0adduIueHT epecyera GyIeT paBeH yiKe
0,06 mv/mBrt. B xommanmnu Philips GuHHIHTOBbIE MHMATA30HBI COCTAB-
7s110T 440-460 BM 1 650-670 HM cooTBeTcTBeHHO. Takum 06pasom,
HEOIPeIeTIeHHOCTH 171st Koo putineHTa Ipeo6pasoBaHst COCTABSIT
ot +75 10 —50% mst rosry60ro u 0T +60 10 —309% /17151 KPACHOTO CBETO-
1uonoB. [ToaToMy mpuBeneHHbIE BBIIIe KO3 DUIMEHTHI TlepecieTa
ABJIAIOTCA BeChbMa MpUONU3UTeNbHbIMIL. OTMETHM, 9TO HEKOTOPHIE
IIPOM3BOAUTEINN CBETOTMOAHBIX MOTYJIEH IJIsl PACTCHMEBOICTBA Pa3-
OpaKOBBIBAIOT CBOM CBETOMOMBI C MEHBITTIM GHHOM. T0 eCTh TaK, IT0GBI
IIK CABHTa MAKCUMYMa OBLI KaK MOKHO MEHBIITNM, TIOCKOJIbKY JaKe
coBur B 10 HM, Kak ObUIO ITOKa3aHO, OKa3bIBAaeT BECbMa HETATUBHOE
BJIMSIHUE Ha POCT pacTeHuil. TakuM 06pasoMm, et JaHHbIe 110 OHH-
HUHTY He YKa3aHbl B TEXHUYIECKOH TOKYMEHTALINHU [IPOU3BOSUTEILS,
9TO IPUBONUT K HEOTIPeIeIeHHOCTH.

Heo6xommMo yauThIBaTh elrle OIUH BAKHBIN MOMEHT, & UMEHHO:
Ia)xe JIy4IIIe U3MEPUTENTN YPOBHEHN OCBEIIIEHHOCTH MOTYT OBITh
B BBICIIIEH CTENIEHN HETOYHBIMH ITPY N3MEPEHNH B TAKUX [IHAITa30HaX
CITEKTPA, KaK HACBIIEHHBII TOMYOO0 (CHHII) 1 HACHIITIEHHBIT KPACHBIIL.
Kommepuecku focTymHble GOTOMETPIYECKITe H3MEPHTENH, KaK IPaBIIIO,
KIACCUPUIUPYIOTCS B COOTBETCTBIH € nx IuciIoM f17 (f1'<3% sasrsiercst
IIPeAIIOYTUTEILHBIM), KOTOPOE B OCHOBHOM OIIPENIeNsieT, HACKOIbKO
OJIM3KO CIIEKTPAIbHAS XAPAKTEPUCTHIKA TPUOOPA COBIANAET C YaCTOTOM
coromumdeckoit pyHKIMM 3prTENLHOTO BocpusiTys (puc. 4). Kak ot-
meuaerca B CIE 127: 2007 «V3mepeHue cBeTOIMOmOB» [3], 3T0 MOJTE3HO
TOJIBKO JIS U3MEPEHHUI CBeTONMOOB 6esoro cBera. B mokymenTe yka-
3aHO (1uTara): «B cirydae OfHOIBETHBIX CBETONMUONOB CIIEKTPAIbHbIE
OIIMOKY HeCOOTBETCTBHUS MOTYT OBITh OUEHb CYITIECTBEHHBIMU, TAKe
eci f1” SIBJISIETCST OTHOCHTENBHO MAJIBIM. DTO CBA3AHO C TEM, YTO [TUKH
CIIEKTPa HEKOTOPBIX CBETOINOIOB PACTIONIOXKEHbI Ha IPAHUI[AX (DYHKITHN

Ta6bnunuya 2. KoachdHumeHTbl nepecyeTa OCBELLEHHOCTH (KMNOMIOKC)
8 PPFD (mMkmonb /c/M?) ans ceetonuonos

e ~ Koapduumenrnepecyera

HacbitlieHHbii ronybow (cutuit), 450 Hm e 14,3
3eneHblit, 525 HM 1,0
HacblujeHHblit kpacHblil, 660 HM 15,6
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MPUMEHEHUE U IPOEKTbI

V().). OTKJIOHeHNs B 9THX 30HAX OKa3bIBAIOT MaJioe BiusAHue Ha f1°,
HO MOTYT IPUBECTH K GOJIBIIIIM OIIHOKaM».

Teneps, nMest K09(GUIUEHTEI IEPECTETA, Mbl MOKEM BEITHUCITUTD
IpUOM3UTEbHbIE COOTBETCTBILS [ YPOBHS OCBelieHHOCT! K PPFD
IUTS CBETOLUOMIOB, HCIIOB3YeMbIX B PACTeHIHEBOACTBE (TalM. 2).

KoHKpeTHbIit BBIOOP OCBEIIICHIs Ha OCHOBE OaaHca COOTHOLICHNA
OT KPAacHOTO JI0 CHHETO CBETA, BEPOATHO, GyleT 3aBICeTh OT BUMA
KyJIbTYP, KOTOPBIE BBIPALIUBAIOTCS, M OT CTauK Hx pocTa. Hekoroprre
pacTeHus IPEJIIOINTAIOT PACTU B TEHH, B TO BPeMs KaK Jpyrue
JOGST TIPAMOIl CONTHETHBIIT CBET, C PA3ITIHBIMU TPEOOBAHUAMH
110 IJIOTHOCTH MOIITHOCTH. HecMoTps Ha 3TO, yKa3aHHBIE BBIILIE
k09 DHUIMEHTBI IepecdeTa Bce PaBHO Oy T BECbMa [OJIE3HbL.

B f0MI0THeH e K YIOMSHYTBIM BBIIIIe XJIOPO(UILIAM 1 KapOTH-
HOMJAM, PacTeHus /s GOTOCHHTESA UCIOMB3YIOT U Ipyrue ¢o-
TOIMTMEHTEL C ITUPOKUM IHAMa30HOM (yHKIHI. PUTOXPOMBI
tunos Pr u Pfr, Hanpumep, IyBCTBUTELHBI K JUTHHE BOTHBL 660 HM
KPacHOro 1 735 HM HHQPAKPaCHOTO U3JTyIeHH COOTBETCTBEHHO. Onn

doTocnHTe3 N BUAMMbIN CBET

[Ins vHxeHepoB, paboTaioLyyx B 061acTi OCBELLEHIsA, MOXKET MOKa3aTbCA
NOO3PHUTENbHbIM, UTO BCE QOTOCUHTETUYECK aKTUBHOE M3JTy4eHne Haxo-
AWTCA B CNEKTpanbHOM uanasoHe o1 400 40 700 HM. ViIMeHHO 3TOT Anana3oH
Mbl 0BbIUHO Bepem 3a AnanasoH MeKTPOMarHUTHbIX BOMH, BOCPUHUMAae-
MbIX HaLLVIM YeNOBEYECKIM 3peHmem. A Kak HacueT 6onee KOPOTKUX BONH?

Korpa MakKpu [4] namepun cBou 22 BiAa CeIbCKOXO3ANCTBEHHDIX
KynbTyp KaK B Mofe, Tak 1 B 1abopaTopHbiX Kamepax ANA BblpaliuBaHmua
pacTEHMiA (C oueHb MOXOKIMY YCTIOBUAMIA), OH MONYUMn ClIEAYIOLNI 3¢-
GEKTMBHBIN B 4acTV BO3[ENCTBUA CNEKTP.

B guanasoHe AnvH BOMH Hupke 400 HM CywlecTBYyeT puUcK, 4To npw
$OTOOKNCTIEHU 0BPa3yIoTCA TOKCMYHbIE paduKanbl, KOTOpbie MOryT
Pa3pyLUIUTL XNOPOGUIN KIETKN 1 APYTVe KNeTouHble KOMMOHEHTI. Tog
CUIbHBIM  YNIBTPAdUONETOBBIM M3NYYEHNEM BUONAKCAHTIH, KOTOPbIV
yuacTByeT B npouecce $poToCuHTe3a, NpeobpasyeTca ¢ NOMOLLbIO LKA
KcaHTOdW/INA B 3eaKCaHTUH. [Tpy 3TOM OH MoMyyaeT SHepriio OT X10po-
dunna n ocsoboXaaeT ee B BUAE Tensa. ITOT NPOLECC, Takim obpazom,
ocylecTBAAeT GOTO3ALUTY PACTEHMIA OT ynbTpaduoneTa.

B 70 xe Bpems Apyrie GOTOMUIMEHTbI PACTEHMIA, B TOM YWCIe KpUNTo-
XPOMbI 11 GOTOTPONMHbI, HE UMEIOT TaKoW YyBCTBUTENbHOCTY (MpK M3Me-
peHnM B MPObIpKe) 1 He pearupyioT Ha ynbTpaduonert 1, BEpOATHO, AatoT
peaKLyIo B YCNOBUAX HANMYNA HEOCTATOUHOI OCBELEHHOCTA. Tem He Me-
Hee aKTVBHOCTb 3TVX COCTABAAIOWMX, BEPOATHO, MOAIABAALTCA B YCIIOBNAX
BbICOKOI1 OCBELLIEHHOCTM 6narofapa CUHTe3y KcaHTopuna.

Mpw fHax BONH Bbie 700 HM 3Heprus GOTOHa ABIAETCA CINLLIKOM HA3-
KA, 4TOGbI aKTUBMPOBATH MPOLECC YOTOCKHTESA C MOMOLLbIO XIOPOGUIIIOB
11 PasNiAYHbIX KAPOTMHOMAOB. TeM He MeHee GUTOXPOMHbIN GOTOMMIMEHT,
KOTOPbI/ OTBEYAET 3a BbIXOZ B TPYOKY, pasBepTbiBaHie JINCTbEB, a Takxe
YKMOHeHWe OT 3aTeHeHWs, BOCMIPUATIE COCEHEr0 pacTeHs, npopacTaHie
CeMAH, CTUMYNPOBaHME HAYana LIBETEHNS, VIMeeT Be M30GOpMbl, HasbiBae-
mbie Pr u Pfr. B ocHOBHOM cOCTOSHUM GUTOXPOM Pr MMeeT nuK noroLyeHua
CrieKTpanbHoin mnoTHocT 660 HM. Korha normnoliaeTcss KpacHbii GpoToH,
OH MpeobpasyeT GUTOXPOMHbIN GOTONUIMEHT B cocTosHue Pfr, koTopoe
VIMeeT CrieKTpasbHbIi nuk norsolieruna 730 Hm. Korga Monekyna dpuToxpoma
nornoLaeT MH PaKpacHsbIii GoTOH, OHa MpeobpasyeTca 0bpaTHO B COCTOR-
Huie Pr, Bbi3bIBas NPV 3TOM GU3NONOTNYECKIE U3MEHEHVA B PAaCTEHUN.

Xnopopunn AUCTbEB ABAAETCA NPO3PaUHbiM ANA UHOPaKPacHOro ns-
nyyenns. Takm 06pasom, GUTOXPOMHbIA MEXaHN3M CUrHa3aLmK onTh-

MNepenTu Ha canT www.tl-sgop.ru

BBIBIBAIOT IPOPACTAHIE CEMSTH U 1IBETEHIIE, PETYIMPYIOT PagBOpaIHBaHie
JCTReB 1 yunHenwe crediert. OHU Takske OTBEYAIOT 32 «IEPEKITIOYEHIL
(bOTOTIEPHONOB ¥ JATOT OTBETHYIO PEAKITHIO Ha 3aTeHEHHE.

Jlpyrue bOTOMUIrMEHTHI OTBEYAIOT 3a peryIupoBanue pOTOTpO-
nu3Ma (OpUEeHTAINIO JINCThEB U CTebIei ) ¥ IUPKaIHble PUTMBI (11718
KOTOPBIX CHHHIT CBeT siBystercs Hanboee o dexTuBHBIM ), hOTO-
mopdorenes (hopma pacTeHus ), POCT KOPHEBOM CUCTEMbI, OTKPBITHE
YCTBHII, [epeIBIKEHIS XJIOPOIIACTOB | T. I. DTOT IlepedeHb MOKHO
IIPOAIOIIKATh, MTOCKOIbKY UCCIIENOBATEINHN, paboTafonue B 061acTH
PacTEeHHEBOJICTBA, IIPOJODKAIOT U3ydaTh 3aBUCUMOCT Mexzy SPD
JIAMII, OIITUMA/IbHBIM COCTOSIHIEM PACTEHUI U UX POCTOM.

BbiBopgbi

Hamomuunm, 910 GOTOCHHTETHICCKI AKTUBHOE U3JTyIeHHE (PAR)
He 03HaJaeT OTK/IMK PACTEHUI Ha CIIEKTPAILHYIO XapaKTePUCTHKY
(puc. 2). DTOT TIapaMeTp IIPOCTO HMPEICTABIIET YUCTO (POTOHOB
(KBaHTOB) Ha e[MHUITY [UTOIIA[M B CEKYH/Y B IHaIla30HE dJIeKTpoMar-

ManbHO NOAXOAMUT ANA Leneil YyBCTBUTENBHOCTY K U3MEPEHNAM YCIIOBUI
OCBELLEHUA Ha NIECHBIX 3TaXaXx 11 B MPUCYTCTBUU COCEHNX PaCTEHWIA, CO-
PEBHYIOLLMXCA 33 BOCTYMHOCTb MPAMbIX COMHEYHbIX SIyYen.
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NPUMEHEHUE U NPOEKTDI

=1 THBIX BOJTH 400-700 HM. ITpy Hanm4ny 1nepecTpanBaeMbIX 110 IIBETY
CBETOIMOMHBIX MOMYJIel IJI OCBEIeHNA [TapHIKa CIelHaTnCTaM
= 00J1aCTH PacTEHUEBOJICTBA, BEPOSATHO, 3aX0YeTCS MOIKCITEPUMEH-
TIPOBATH C PA3IUYHBIMU CIEKTPAIbHBIMA COCTaBAMU U3JTYyICHUSI
=15 KOHKPETHBIX KyJIbTY P ¥ [BETYIIIX PACTeHMI, a TAKKe B 0071acTH
= THSHUSI HAlIPaBJIEHHOCTY CBETOBOTO ITOTOKA U BpEMEHHBIMU PEKH-
avu pabOoThI CBETHIBHUKOB (pPHC. 5). BO3MOKHOCTL IPOTHOSUPYEMO
"pe06pa3oBBIBATH U3MEPEHHbIE 3HAYEHNSA OCBEIIEHHOCTH 10 3HAe-
=711 PPFD ms 061X HCTOYHHUKOB CBETA, 6€3YCIOBHO, YMEHBIITUT
n06JIeMBI BO B3aUMOIIOHMMAHUY MKy pa3paboTIMKaMU CUCTEM
CBEITICHUS U CHEIUAIICTAMI B 00J1aCTH PaCTeHNEBONICTRA. &
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Ha 6a3e poccuiickKux TeXHONOruni
" KOMNOHEHTOB 6yAyT BbinycKkaTbcsA
dmucmne cBeToaunoaHblie CBeTUIbHUKN
<pyNHERLLNA POCCUICKNI CBETOAMOAHDIV 3aBOf «CBeTNIaHa-
DnTO3MeKTPOHMKa» 3aKMoums1 NapTHEpCKoe cornatleHvie
- DUHCKUM NPOU3BOAMUTENIEM CBETOANOAHBIX CBETUIIbHUKOB
=2 VICMOMb30BaHKeE CBOUX KOMIMIEKTYIOLLMX 1 TEXHONOI A
= y3menuax. B uucre nocTaBnsembix KOMNOHEHTOB CBETOANOHbIE
~naTbl M KOPMYCHble aeTany. Ha 6ase TexHonorui XonauHra
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acyulecTBAAeT GuHaNbHYI0 COOPKY, afanTtaumio U3aenui
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~00a3KU CBETUIbHIKOB BO BCEX eBPOMENCKIX CTPaHax.
~2 NPOAYKLMIO NPefoCTaBIAETCA rapaHTuA [0 7 NeT.
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