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? LmcTeMbr Ha ocHoBe TBepAoTeflbHoro ocBer4eHrf Bce qau.le rcnonb3ytoTcF
B pacTeHmeBoEcTBe, B ToM qilcI|e Eaf TennHq r 3aKpbrTbrx (BepTilKaflbHbtx

Qepnr. lnn y4oanerBopeHrr norpe6Hocrefi pacreHHeBoflL{ecKori npo-
MbruneHHocrra paspa6orqilKaM TaKhx cilcreM Heo6xogrnno noHilMarb
rpe6oea H rr, Koropbre n pe4bn Bnfl torcfl K cneKTpafl bHoMy pacn pege-
fleHilo 3Heprilil gnn QorocilHTe3a, o6ecneqNsatou.leMy onrilManbHoe
cocroflHile pacrenmir yr yrx pocr. B crarue npegaaraercn o6sop BnnflHVfl
cneKTpanbHoro cocraBa ocBeu{eHurfl Ha pacreHilF ra o6cyxgaercfl Bonpoc
KoHBeprallmil flloMeH H flroKc B erqilHmLlbr PAR rrr PPFD.

BepAoreJrbHoe ocBerIeHr.re B pacTeHrre

BOACTBe rrMeeT XOpOIIIrre repcfl er(rtrBbr.

O4uaxo [por.r3BoAr4renlr ocBerrlren],-

Hr,rx npu6opoB a cleqr.raJr[rcur r o6:racrrz

pacreHrreBoAcTBa (pa3roBaprrBarcr Ha pa3Hbrx

-s3brKax). Ycnex xe Ha 3ToM ptrHxe 6yger sa-

Br.rcerr, or 6asosoro [oHr.rMaHI,rs $orocunresa
pacreHr.rrl rr cleKTparbHoro pacfipeAeneH[s

MorrIHocrr4 ocBeilIeHlr-s, Koropoe rpe6yerc-a

Ar-s co3AaHr.rq olrr.rMaJrFHo xouSoprHsrx
yc.nonzu, o6ecne.rusatoqr.rx 3AopoBbe 14 pocr
pacreuuli. llpor,rsno4rlrenr4 r,rcrorrHlrKoB

TBepAorenbHoro ocBerrleHux u paspa6or-
TIIIKIzI AOII)I{HbI TaK)Ke TIeTKO [OHI4MaTb,

KaK KoHBeprrlpoBarr, Soronerplrvecxue
eAr,rHrrrlbr ,rrroMeH rr JrroKc r $oroclrureru-
IIECKI4 AKTI4 BHOC U3NYTIEHI,IC I,I IIIOTHOCTb

SorocunreulqecKoro $orouHoro rloroKa

Anq pa3Ir.rrrH[,rx LIcTor{Hr.rKoB cBeTa, BK"uoqa.f

cBero4rroAbr 6eroro csera rr KBa3rlMoHoxpoM-

usre. .{rr qe.nerl pacrenueBoAcrBa HaJrrrque

MHOTOKAHAJIbHbIX CBCTUJIbHI]KOB HA OCHOBC

peryJrrrpyeMbrx IIo uBery rBepAorenr,HErx

rrcroqHrrKoB cBeTa, ro ecTb c flepecrpa[Bae

MbrM crreKTPa,ribHbrM pacnpeAe,'ieHrreM Morq-

HOCTr4, rrpe[ocTaBrrT HoBbre Bo3MoxHocTr.r

lnfl Llcy.r.e:u:r,.rr yHuKanbHbrx rpe6onauurl
B rIaCTLl CIIeKTpanbHbIX xapaKTePIlC'114r.

ocBeII{eHI,t.s An, pa3n[r{HElx KynbTyP LI I4H-

TerPaqurc raKr{x TBepAoTeJrbHbrx cacTeM

ocBelIIeHrl-,I c cucTeMaMIl napH14KoBoro

KnIIMaT- KOHTPOJTIS.

(Dorocmxre3 pacreHHrl
Oorocaures - oro [poqecc, xoropsrrl :

rlclonb3yerc q pac't eHr4s.Mz 4:rr npeo6pa-
JOBaHilfl IneKTpOMaTHHTHOI-OLI3nyqeHil9 :

(cnera) B xr.rMr4rrecKyro gHeprr4ro, ueo6xo-

ArrMyro An.lt rrx pocra r4 pa3Brrrrrf. Bce, vro :

HyxHo AJl_s SrOrO [pOUeCCa, 
- Ar{OKCI4A

yrnepoAa ( COz), rrr4rarerrE,Hbre BerrlecrBa

u BoAa. Caira npoqecc ne ssrserc.s oco6o
e$SerrznurrM; rorrbro 4-60/o or no-
rnorrleHHoro v3ny.uetrs. npeo6pasyerc.a
B x[Mrzrrecryro gHeprr4ro [9]. Teu He MeHee : ,

3TO Il MeH HO TOT nBU taTerlb, XOrOpsttl
s Haz6orL,uert crenesz y[paBnrer xr43-
Hbro Ha narueii flriaHere.

OorocltrteruqecKl4aKTr4BHoe[3nyqeHr4e ]

(Photosynthetically Active Radiation, PAR) )

onpeAen.rreTc_rr KaK 3neKTpoMarHr4THoe l

v3 nyseHvre B cneKTpanbHoM Ar4a[a3oHe
400-700 HM, Koropoe QorocuHresupyrcrqlre
xrzBEre opraHr{3MEr cnoco6nr,r r4cflorrb-

3oBarr, B npouecce Sorocunreea, vro6rr
rpeBparr4rb yrnepoA uz CO2 B yrneBoAr,r. ,il' :

vsnyleHr4fl B pacTeHIIeBoAcTBe, KaK Anfl .;
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--.1\'lIHO-r4CCJreAOBaTenbCKr.rX qenerl, TaI( r{ An.fi rIpoeKTIIpoBaHI4-s

,' : icreM IIapHrrKoBoro ocBeuleHLI.q, ocyruecTBnrIeTcfl cIIeuuaJrb
.:lrMrr ooroMerpaMu [ 1 ].

)-crosHa.s eAr4ur4rJa r{3Mepeur.r.a gnr PAR - ero $orocuurerr'Ivecxax
-rorHocrr norora Sorouon (Photosynthetic Photon Flux Density,

, ?FD), roropa.s Bblpaxaercq B eAI{HI{IJax MoJIb Ha xoa4parnr'rn lterp
. :exyu4yr. B sroN{ cnyqae KaxAbllr Sorou florilouaerc.s, He3aBI4cLIMo

. ero AJrrrHEr BoJIHrI (tI, cre4orarerlbHo, gHeprlru), u, xax rrpe[[o-
:raercq, B paBHorr Mepe yqacrByer B npouecce Sorocuuresa. Dro

:loucxoAr{r B coorBercrBlllt c 3aKoHoM Illrapi<a - Drinurreftua,
. rroprul rJracrrr, qro MexAy AJTLIHaML{ SnerTpoMarHrrrHblx BoJrH

j -irrala3oHe 400 lr 700 nu raxgr,rfi Sotou (unu rnant), xoroprtu

. -r rJrouraercs, 6yuer noe6yx4arr, oAtt H gneKTpoH, He3aBI'IcrrMo

. 3Heprrrrr Sorona. llo sroir rrpuqrlue noror Qorocl4HrerlrrIecKl'Ix
: .TTOHOB TAru(C HA3bIBAIOT KBAHTOBbIM IOTOKOM.

Ilornorqeuue JIIIcrbsMI,I pacteuull :rro6oro Qoroua c Aansor:i

-.: r r uori BoJrHbr saB:,z,cr4T or crleKTpanE,Horo roe$Sr'rquenta
. -rr,roiltreHIrg lrric'ta, roropsrrl, B cBoIo oqepeAb, ottpeAen-ger-

. . B OCHOBHOM ero OrrrrlqecKl{Mlr CSOICTSaN,ILI, B TOM rII4CrIe

' rHrIeHTparlueil pacturerlbHblx SoronLrrueuroB, TaKlrx r<ar

..opo$urur,r A u B, pa3rllrrrHble KaporrrHorrAr,r (xaporxur,r

:.canro$urrrlr) u aHroquanu. X.rropoSlr;rnbl Hecyr orBercrBeH-

- rarb 3a xapaKrepHblrl sereHbrrl IIBer JIIrcrbeB; KaporI,IHoI'IAII

,:HTOrIrraHbI BHOC.sr BKnaA B Xertr,Ift, Opauxeerrrt r.r xpacnlrrl

-.e ra, KOTOpLIe IIpOflB.]IsIoTc{ B OCeHHIIX Illlcrb.sx [Ocne pa3-
' .,+.eurr.s xnopoOllnna.

Irrn[.{Hrre cfleKrpbr flor,roueHr.rs xropo$lr.nna A, xlopo$urua B,

: . a-(aporr.rHa u AByx u:o@opru,I suroxpoua [oKa3aHbI Ha pl{c. 1.

.3lyer orMerrlTb, oAHaKo, tITo orlr cfler<rpbl -{BrqIorc-[ npu6tu-
r - e,rrbHbrMrr. oriu usltepxJlI4ct, B npo6upre rIyTeM pacrBoPeHI'I-f,

- :- \leHroB Irs 3KCTpaKTOB B paCTBOpIrTeJre, ItoTopblil oKa3bIBaeT

i -',tflHrle Ha fiornorqeHlre cfIeKTpa. O6r,r-ruo roraraercq, rITo

:-ro;rb3oBaHrr fl cLtHLtx I4 KpacHblx cBeroAI{oAoB 6yAer nnonue

: .rarorlHo [n.s uenel'I pacreHI4eBoAcrBa. B Aerircrnr'rrenr,nocrz

-::o o6crour ropa3Ao cJloxHee.

l"lurRxr*e enexrpa Ha &oTecl,tHTe3
:.larKpu (McCree) B lrccrreAoBa:r.wu 141 rIoKa3arr llsMepeHlre

: rHroBoro BbIxoAa norrollleHu.tl co2 4nx rrrcTbeB 22 PuAos

. - brypHbrx pacr ewuft2. tr4cto nrsy t Ir3Mep eHlrs c rrHrepB anoM

, -: Hr.r Ans Bcex BLIAoB pacreuull, oH BbIAenIr,II e$Serrunuur:i
j :.roK cneKTpa (pvc. 2), Koropr,Il4 .trBrsercf narz6onee 'xaPaK-

: I HbrM g.rra 6onrIIruHcTB a KynbrypHblx pacreHI4l.I.
- ericrsze, oxa3blBaeMoe cleKrpoM, 3Aecb rlpeAcraBneno fipocrblM

:.Qurolr, [oKa3bIBaIoLqIrM ero 6nororu.Iecxyro e$SexruBHocrb

i :BI{CIIMOCTI{ OT AJII'IHbI BOJIHbI IIaAaIOUeIO CBeTa.
':,ax orMe.raer MarKpu n [4], PPFD He sBrlsercfi rrAeanbHblM

: ::a3areJleM $otocltmerlrqecru aKTIrBHoro u3nyqeHrr{ no rofi
' I ilqr{He, rITO B 3TOM Cnyqae cI4CTeMaTIIrIecKI{ 3aBblruaercx a@-

: :-{T}IBHOCTb CI4HeIO CBeTa IIO OTHOIIIeHTIIO x XpaCnOlty. Teu
; : \1eH€e 3TO npeACTaBIeHIIe BeCbMa rIoiIe3HO, xOrs 6r,I IOTOMy'
: - 3TOr rroKa3arejrb He 3aBuclrr or KaKoro-JII{60 xourperuoro
i ,a pacreHrrrl u ltoxer 6rtru uslrepeH KaK B la6oparopuu, rar

:-: - eAl4Hrlqa il3MepeHilr, [CnOnb3yeMafl B xrlMl,4I Anfl BupaxeHrlfl KOnrlL]eCTBa aTOMOB

i :-:crBe, Koropoe rKBIBaJteHTHo qilcny aroMoB B 1 2 r il3orona yrflepoAa-1 2, qro coorBercrByer

., -, ABoraApo,3HaqeHffe KoropoTo, o6o:saqaemoe xax Na, paauo 6,022x1023 aroMoB (e AaHHom
- -:: $oroxoa) na moru.

: : --oguri aurxo4 Qotocrrre:a onpeAennercff KaK MKMonb AByoKilctr yrnepoAa, acc,lMilntrpoBaH-

-:., -cr,roqeuror7)rffcroMBpacqereHaxax4utitnornoqeunuttlilvxeaxrceera.

rr B rroJreBr,rx ycnoBr{_sx c noMorrlbro crreKTpoMeTpa co crreKrpanbHo-

rarr.r6ponanHbrM KBaHToBITM Aarqrr(oM, TaKr4M xar LI-190SA
or r(oMrlaHllr LI COR [5].

M: nmxeos B PPFD
Kar paapa6orrrrrKaM crrcreM ocBerrreHrr-s, HaM HyxHo rrMerb

neruir cnoco6 nepeBoAa nroMeHoB e PAR u ocBerleHHocrrr
s PPFD. Ho l,rr,r MoxeM cAenarb gro roJrbKo B ToM cJryrrae,

ecJrrr HaM LI3BecrHo r.rrl{ MoxeM oueHurb crreKTpanbHoe pac-
npeAeneHr{e MoulHocrrr (Spectral Power Distribution, SPD)

ucTorlHuI{a cBeTa.

I4rar, nyctr, MbI uMeeM Hexurl ucror{Hux cBera c rr3BecrHblM

orHocr{rerrbHrrlr SPD, HanprlMep tunr.r-rHrrlr,,xo,roAnr,rrl 6e,rr'tir>

cBeroArroA c r{BeroBort reMreparypoll 5000 K (pnc. 3).

I Br uorqHocrrr u3JryqeHr{s Ha Aruue BoJrHbI 555 ult, rro oflpe-

IerreHrrro, paneH 683 rr,r. Y.rrrsrsa.s [pLIBeAeHnyro e CIE 1931

500 600 700

lnuua eonnur, nu

Puc. 1. CnexrparbHbre xapaKrephcr,rKH noTrouleHta, Soronrrvenroe

80

i70
o6us-o_-
f50
tr
640
E

30

20

10

0,9
q
ox 0.8T
o,= 0.7j
o
P o,oI
(E

I 0,5
,S

I o,+
j
L

P 0,3
so
9. 0,2
Fo 

0,1

\

\

Pttc.2.Bnnnaue cneKrpa na $orocrnres An, KynbrypHbtx pacrexril

https://tl-shop.ru/catalogs/fitosvetilniki/


\
\

0,9

O,B
o
b 0,7
0)

I 0,6
j

E o,u
s
8 o.+a
Fo 0,3

PPF lnm: to 'r ro(r)
(N^ x10 6)rc'

rge N1- oro qucro Asora4po. A sor cyuuupoBaHr4e B Ar4arra3oHe

400-700 HM Aaer PPF ua JrroMeH Ans AaHHoro r.rcrorrHr4Ka cBera:
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Y.Iurbrsaq 3HalreHr{e ocBeu1eHHocru (nlr/u2) Lr raafl SPD [cro.r-
HLIKa cBera, Mbr Mo)r(eM Tarxe Bbrrr[cnr.rrr PPFD s NarNaorE,/c/Na2

An.{ AaHHoro [cror{Hr.rKa cnera. [la npr{BeAeHHoro Bbrrrre flprrMepa

oILIH KrrrorrcKc paBeu 14,62 wxxt-ottt IcIv.).

Ho:$cp i,r q i.re i{rbr n e tlecq ei a
B rexnu.recxoli .nu:reparype AocrarorrHo lerr<o uartru rpaQuve-

cKrre npelcTaBJreHu.s cneKTpanr,Horo pacnpeAeneHu.rr sHepruz I,Ic-

Tor{HuKa cBera, Ho 3Harrrrre,rrbHo rpyAHee uartru ery rauSopr,aaquro
s ra5r[qHor:i $oplre, no4xoLsr]ert Anfi yxa3aHHbrx Br,rlre pacrreroB.

K cvacrrro, sra zu$opuaqux ony6luroBaHa B craHAapre CIE 15: 4
<Ko.rropnr,rerpr4r, l2). OH ne surc.raer s ce6s cseroArroAbr c r43Jrf{eHr.reM

<6e.nr,rir cner>, uo sra r.tr$opruaqiu uoxer 6srrb flonyrreua nyreu oqus*
poBr{x AaHHbrx r,rs KaraJroroB rrpor43BoArrreneft (nanpzuep, us [6]).

Y.rurrrea-s raxyrc un$opMaurrro, MolrHo paccqurarb xoe$Sr.r-
ulreurr,r An-fi nepecrrera KrrrroJrro(coe s PPFD 4;ra 6o.tr,ruuncrsa
ucToqHI{KoB cBeTa.

Ta6nr.rqa 1 ne sKnro.{aer n ce6-s raxfie roMMeprrecrr4e [poAyKTbr, KaK

Sylvania SHP-TS Grolu-x (c qeeronorl reuneparypou 2050 K), roroMy
rrro KoM[aHr.{.q Sylvania, xan u 6o.ru,urzHcrBo Apyrr.fi npousno4rlre,nert

JraM[, He ny6.rruryer xapaxTepr4crrr(u B rracr[ SPD 4nx cBorrx naMn

s ra6rr.rHofr $oprrle. Ho t,rMeercs eo3MoxHocrb oqr.r$porarr rpa$u-
rrecKoe [peAcrasreHue 6emrx cBeroAlzoloB, rloroMy rITo [olloca cl{Hrrx

cBeroArro[oB HaKaarxrr paBHa, no xpauuert r,repe, 15 nlr. A nor oqu$po-
earr, ony6lrzxoBaHnbre AaHHrre no SPD 4.ru HarprreBbx rraMfl Bbrco(oro

AaBreuu-fi lr Mera,'IJIofaJ]oreHHbIx iIaM[ HeBo3MoxHo. 3ro cnxsano c reu,
rrro r4x pa3perxeurre [o AJrrrHe BorHbr Her.r3BecrHo. Cy6nanolrerpoeaN

rxr4puHa nr.rHrrrlLl3rryl{eHfifl,IlallprrMep, Mox(eT Bapbr4poBaTbc.s B cTopoHy

yBenuqeHr4q Ao [.rrru pa3, B 3aBrrclrMocrr.r or 6irHuunra (pas6paxonxr.r),

roropr,uz uoxer 6rrrr, paseu I ranu 5 Hra.

f a6 n u qa I . Kos$$hLlheHrbt nepecqeraocBeuleHHocrr (xr,rnonrorc)
e PPFD (r'rxuonu/c/ru')

CIE A {naMna Ha{anreaurr, 2856 K) I 7,0

CIE 5000K 4reeHorl caer (D50) 28,5

CIE 5500K stiealofi cser {D5 5) 28.0

CIE 6500K sseasoi caer (D65) 25.2

CIE 75001( 4uesroil cser (D75) ,19
CIE HPI (craH4aprHan Harp,4eBafl naMna

eutcoxoro 4aaletrr, 1 959 K)
3.9

CIE HP? (HarptreBa, raMna BHcor{oro AaBneHhfi
pacurpeHHblM cfleKrpou, 2506 X) 13,0

CIE HP3 (uerannoranorennan, 3 1 44 K) 0,
CIE HP4 (uerarnoranoreraae, 4002 K) 0n

Cl E HP5 (merarroraroreruan, 4039 K) 3.9

2700 K 6erui caeroaraoA 16,9

3000 K oenbla cBeroAiloA 18,2

3500 K oenbril eBeroAr,loe 7.4

4000 K 6ensrfr ceeroaroa 177

5000 X 6eaurft cserolroa 14.6

0 )-
400 450 500 550 600 650 700

flnrna eonnur, uu

Pnc. 3. OrxooareribHoe cneKrpanbHoe pacnpe4eneHhe Mou.lHocrh

r43ry,.reHhfl cBeroAhoAa c qeeroaoil reuneparypoi 5000 K

@yHxquro orHocr.rrerrr,Horl cBeroBort eSSerrunnocru (puc. 4 ),
MbI MOXeM BErrrr4CIr[Tb CneKTpanbHyIO IIIOTHOCTb nyrrUCTOrO

floroKa S()") s Barrax Ha HaHoMerp [n.rr KaxAoro JrroMeHa:

@(X) llm=
o a: x | ]ii rz1 ))w,"t ()") Lx

rge:. Wrrl()") 
- orHocrlreJrbHoe c[exrpanbHoe pacrpeAeneHr.re

MorrlHocrrr; y(1.) 
- sSSerrunuocrb cBeroBort $yuxilutz Ha [nrrHe

BoJrHbr )"; A)" - r.rHrepBan Anr.rH BonH (xax npanulo, 5 nl.). .{lx
npI4BeAeHHoro Bbrrxe npr{M ep a c[eKTpanbHbrrl noror rr3nyqe -

r:;zs,Ha HaHoMerp An.s KaxAoro JrroMeHa r'pw 440 HM cocraB;rser
22,5 *txBr, a no orHorxeHr{ro K o6rqeuy florory vzny-vetr4tr
Ha JrroMeH - 3,18 lrBr.

llpr.r erora Mbr MoxeM BE rrrr4crurr, $orocuurerr.r-recrr.rfi SorouHurt
norox (Photosynthetic Photon Flux, PPF) Ha HauoMerp B e4rrHrrUax

MKMOJTb B CeKyHAy Ha HaHOMeTp:
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I mcrennar cBerofl !:oAiloro ccBerqeH ilB
t,rrt FVs

B rracrorrqee npeux nau6onee pacnpocrpaHeHHbrM r{crorrH[KoM

- ts era A;r.fl ocBeu1eHr{.rr rapHrrKoB, xoropufi o6r,FrHo ucflonb3yerc-s

a lolorrHeHrre K AHeBHoMy cBery B TerIeHue 3LIMHITX MecfueB, fiBrqloTcq

:arpr.reBEre naMrrbr BricoIroro AaBreHz-s (High Pressure Sodium Lamp,

.-{PS, HJIBA). Telr ne MeHee, c pocroM lrHrepeca K ropoAcroMy pac-

aHr.reBoAcTBy) Koropoe ollr.rpaerc-s [cKnroq[TenbHo Ha 3neKTp[qecKoe
.aBerrleHr,re, cBeroAlro4bl o6,ragarot unorl{Mll npellMyrqecrsann. 3ro
:o6enuo nepuo AJrfl crrcreM Bbrparqr{BaHr{s onoulett n unoroypoBHeBblx

. anlrl,Iqax, rAe tlcnonr,3yrorc.s 6rusxo pacnonoxeHHrre cror:txu c no4

,,lHaMrr, Ha KoTopbrx BbrpalurrBarorcs pacTeHu.s B BI4Ae MHofoypoB-

- a Bbrx BeprrrrairbHbrx KoHcrpyr<qul:i. B rarurx yoroulfix [pLIMeHeHLIe

- :rTprleBbrx JraMn BblcoKoro AaBreHus -gBrserc-fi He[paKTI4rIHbIM.

\{axKpu e [4] orrtrevaer, qro orHocr.rrenbHblri xeauroeE'rl1 BbIxoA

r l.lyrreH[rr crreKTpa, BnI'I.qrcxlero ua ypoxarauocrt $orocuntesa,
:r,reer ABa nrrKa c AnLIHaMII BoIIH B 440 nlr u 620 Hrtq. Ou tarxe
.,\rerrrrr, oAHaKo, e$$em Po6epra Euepcona (Robert Emerson),

. troptltl 3aKJIIoqaeTc.g B ToM, rITo xpacurrn cBer c AJluHorl gorHr,I

' r.ree 700 HM, orHocrrre;t,no rta;rosSQexrunur,rii n @orocirrnese
: : i clrrr{x p acr eruurt, craHo BI4Tc.s BIroJrHe s$Sexrunur,rM } ecJrLI uc-

],Ib3OBATb CIO COBMCCTHO C 6ONCC KOPOTKOBONHOBbIM I{PACHbIM

,.eroM. Oro gereuue) Ha3BaHHoe a$$exrou ycvne:r.ilfl.Euepcoua,

:,.ro nororreHo B ocHoBy rrrrore3br, couacHo xoroport Soro-
- ::{Te3 BItrIIOqaeT ABe pa3Hble CBeTOBbIe peal(q[I'I, I4 OITIIMaJIbHbIe

--.roBrr.s co3Aarorc.fl Anrr Hero B ToM cnyqae, KorAa ABe 3rI4 peaKI{I4LI

roreKaroT oIHoBpeMeHHo. B .{acruocrra, 4o6anneHLre 6eroro u.rru

" .-iero cBera K [croqH[Ky AnrrHHoBonHoBoro KpacHofo cBera Moxer
' aflexoM yBeII4TILITL CKOpOCTT, $OrOCUnreSa.
le-lesr,rrt cBer raru(e [clonb3yerc.a B rrpoqecce $orocunresa, xax

-r \roxHo Br4Aerb rr3 pe3ynbraroe nos4ertcrrns crreKrpa Ha ypo-
. :;lHOCrb Kynbryp (pvc.2). Bsr.no ycrauoBreHo,.rro se.[enlrrl ceet

,ler.icrByer Ha ooroc[Hre3 B caMoM rene nLICra 6onee 30oeKruBHo,

.r.i xpacnrrrl vum cvttuh [8]. Kportte roro, HaceKoMble, Koropble

,.lOXb3yIOTC-g B TeEnuUax ,{JLs OII,IJI€HII-f{ u B KarIeCTBe CpeACTB

t-r.rofrr.{ec(ort 60pr6rr c BpeAr.rren-qMl{, JIyrIlIe BI{Aqr B genenorl

.lbrpaor4onerosoft o6racrqx cfieKrpa.

lno:rse Bepo-{THo, rITo IrMeHHo no groil rrplrquHe MHorIre ca-

i OIqeCKue CBeTOAI'IoAHLIe OCBerlIreJlbHbIe Mo,qynI'I COAepxaT
- ,aN-coeroguogrr c e$$exruanott gnltroir sorrmr 450 nu, a raKxe

:rre cBerolrroasr u AlInGaP reMHo-KpacHble cBeroArroAbl c [nlr-
:: BoJrHbr 660 Hu. T[uu.rurrN{ [prrMepoM Taxrrx cBeroAIroAHbtx

.,r.rer1 qsr.serc-t Philips Luxeon, Koropr,ie corleralor B ce6e (Kopo-

::iKrrri cvHttft>> II (HacbrrUeHHuri xpacur,Iii> IIBer II3nyqeHunl7).

': 3rilx ficrorrHura cBera BecbMa a0$exrunnu, TaK KaK rrpe-

::Lrraror n nuguur'rr2 cBer oKorro 45o/o or rogno4r.rlrolt K Hr4M

' : -{TprreecKof MouHocru. 3e;renr,re cBeroAr.roAbr, xorfi u .qBr.fi erc.s

: -':llO [O,II€3HbIMII, peAKO ITCnOJIb3yIOTCg.113-3a IIX ropa3[O MeHb-

: rr KIII [3ryrreHi.r.s. OAuaro s 6rlaxairuee BpeMr sra crlrya\r4s.

ier B nopue rr3Meurlrbc.s, nocKonb(y KoMlaHIr.a OSRAM Opto

: -.rBHo o6:'sevra o paspa6offie InGaN 3eJIeHbIx cBeroALroAoB

. - i:o eHerxHero KBaHToBoro Br,IxoAa Ha ArI[He BoJIHrI 530 Hu.

l:rr etolt, oAHaKo, [po6neMa 3axrloqaercs B ToM, rITo AnIrHbI

.r -150 u 660 nn 6Jrusrr K rrpeAenaM Halrlero uBeroBoro 3peHl4fl

,:. 4). C;re4onateruHo, KoMlraHrrx Philips LI Apyrue npol43Bo-

- e.lII, KaK npaBIInO, BbIpaXaIOT OrITUTIeCI{Ue xapaKTepLICTIIKII

., ,:\ [poAyr{ToB B paArroMeTpl4rlecK[x TepMIrHax, a He B TepMLIHax

'- !r\leTpI'II{, a I{M€HHO 
- 

R MUJIJII{BaTTaX Ha JIIOMeH.

Taxul,r o6pasoM, Epouecc [poexrrrpoBaHufi ocBerlleHr.rfl craHoBr4Tc-rr

HeMHoro cJ,rolr(Hee. Cna-rara HyxHo oqu$poears ony6.nurorannue
cBeroArloAHbre cneKTpanbHl,re pacnpeAereHu_s MorIHocTr.r An.s

oflpeAeneHr.r.fi roe$$uquenroB [epecrrera Mex(Ay Mr.r;r;rrrBarraMr.r

lr JrroMeHaMr{. 3ro 6yaer neo6xo4r.ruo Anr MoAenupoBaHrr-rr [pr{
[poeKrr4poBaHr4rr ocBerrrrelruoii cucrelrr,r. Kos$$uqreHr onpeAe-

r.serc;r no $opuy,re:

or = 0,683 x l-iio,o.rrrrrr
;liiror

r4e: 01 - cnerosori norox; Ox(),) oruocr{rerrbHr,rrt cnexrpa:t,ur,ru

noro( r3nyqeuus; V()") - $ynxqzx c[exrpanbHon vyscrsure,rr,-
HOCrrr 3pr.rrenbHof o annapaTa.

I4cnormyx n xaqecrBe [pr4Mepa AaHHbre An.s PhiJips Luxeon c r]BeraMr{

<xoporencxr.rrl cunuii> r4 (HacbrrrIeHHrrr:i rpacurrir>, Kog00uqueHTbr

flepecrrera cocraB-sr [plrMepHo 0,07 u 0,03 nM/MBr coorBercrBeHHo.

Telt ne uenee, x srulrr qu$paM HyxHo [oAxoAr.rrb c irexoroporl ocro-
poxHocTElo, Tar rar onu oTHoc.sTcs ToIbKo I( cBeToAIIoIaM, r{MerorqrrM

r.r3nr{eHrre c Aruuou sorHrr 450 u 660 nrr. Ec.r[r, Hanprauep, nuKoBa.[

A,rI4Ha BonHbr HacEru-leHHoro rory6oro (cltrero) cBeroAr.rola 440, a ne 450

nu, ro roe$QrallreHr fiepecqera 6yler paBeH 0,05,rn/uBr. AHaJrorrrrHbrM

o6pasou, ecrr4 nr{r{oBarr MrrHa BorHbr HacbrrrleHHoro Kpacnoro cBero[r.roAa

6rua 650, a ne 660 Hu, ro ros$$r.rur4eur repecarera 6yAer paBeH yxe
0,06 ma/ruBr. B xounauura Philips 6ununHroBbie Alrala3oHr,r cocraB-

tsror 44V460 nu u 650-670 HM coorBercrBeHHo. Taxur,r o6pa3oM,

HeonpeAenenHocru Ar-r roe$$uqueHra npeo5pasoBaHr4.,r cocraBsr

or +75 Ao -50o/o Axfl.rorry6oro rr or +60 lo -300lo An-rr KpacHoro cBero-

ArroAoB. llosrolry [puBeAeHHr,re nuure roe$$uurreHrbr nepecrrera

-rrBrsrorc-fl BecbMa npr.r6;rr.rstrreri6HEIMII. Otueruu, qro HeKoropbre

lpol{3BoAl{Tenrr cBeroArloAurrx l.ogynefi 4.tr.rr pacreHrreBoAcrBa pa3-

6paxonrmator cBorr cBeroAuoAbr c MeHbrxuM 5unor,r. To ecrr, rax, vro6sr

rruK cABLIra uaxcurrryua 6brrr KaK MoxHo MeHbrrrrrM, nocKonbKy Aaxe
c,uBlrr B 10 nlt, xax 6ruo noxagauo, oKa3blBaer Becr,Ma HerarrrBHoe

Br[.sH[e Ha pocr pacreunrl. Taruu o6pasolr, ecnrr AaHHbre no 6uu-
HrrHry He yKa3aHbr B TexHurrecKolr Aoxyueuraqr{[ npor{3BoIu'terq,
3TO rrprrBoAr{T K HeorrpeAeneHHocTr{.

Heo6xograuo frrrrbrBarb e[Ie oArrH saxHbrii MoMeHr, a rrMeHHo:

Aaxe nfrrxrle r.r3Meprrrenu yponneu ocBerueHHocru uoryr 5r,rm

e sr,rcurell crefleHr.r HerorrHbrMrr npu rr3NrepeHrrrr B Taxrrx Arra[asoHax
clexTpa, KaK HacbrueHHrrfi rony6ou (cunurl) u HacbrlleHubrrt xpacurrrl.

Kouuepvecxr.i locrynlnre $oroMerprrrrecrulre r.r3Mepr.rre,rrr4, KaK rrpaBrr;ro,

rcuaccu$lrqrlpyrorc-s B coorBercrBrrrr c ux vucrou fl ' (f7' <3o/o nxrrnercn

npeArrorrrfiTemur,rlr), Koropoe B ocHoBHoM o[pegen-ser, Hac(oJrbKo

6,u.rsxo cnexrpanr,Harr xapa(Teprrcrr4Ka rrpr.r6opa conna4aer c.racrororl

$oronu-iecxorl $yurqun sprrreJrbHoro Bocrtprtfrrrrfi (puc. 4). Kar or-
Merraerc.fi B CIE127:2007 <tr4swepeHr.re cBeroArrogos> [3], oro rone3Ho

To.[bro An-s r.r3ueperulrl cneroArroAoB 6e;roro ceera. B AoKyMeHTe yxa-

sauo (qurara) : <B c,ryrae oAuoqBerHbrx cBeroAr.{oAoB cfleKrpanr,Hbre

ouur6rn HecoorBercrBu-fi Moryr 6lrt, o.reHb cylqecrBeHHbrMrr, Aaxe
ecmt J1' nerrxercs orHoc[Terr,Ho Ma]IbIM. 3ro cssgaHo c reM, r{To rrr4r{r.r

cnerrpa Heroropbrx cBeroguoAoB pacnonoxeHbr Ha rpaur.rqax Qyurqzu

T a6 n u q a 2. Kog$$rL4keHrbr nepecqeraocBeuleHHocl4 (r<r,rronroxc)
e PPFD (vruonu /c/u2) p,na cBeroAr4o,qoB

HacblqeuHbrfi mry6ofi (cunafi), 450 rts 14.3

3e,leHsrfr,525 sy 1,0

Hacsrqerru& xpacusrri, 660 nm 15.6

I
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V(),). Orr<noneHl4s B orlrx goHax oKa3blBalor MaJIoe BrIu-aHwe ua fl',
Ho Moryr nprlBecrlr r 6o.rr,uruinl ourlr6rau>.

Teneps, uuex rosQ$uql4eHrbl flepec'rera, MbI MoN(eM Bblrruc]Iurb

npu6:uaeurerl,Hble coorBercrBl4.s An.s ypoBHfi ocBeureHHoctu x PPFD

Ans cBeroAuonoB, rlcrorIt,3yeMblx B pacreHrreBoucree (ra6r. 2).

Konxperunrl nr,r6op ocnerqeHu-t Ha ocHoBe 6alanca coorHolleHfl-fl

or l{pacHoro Ao clrHero cBera, Bepo.rrHo, 6y4er 3aBlrcerr, or BI'IIa

Kynbryp, Koropble BblpailIuBalorcq) I4 or craAI414 I'Ix pocra. Hexotopsre

pacTeHl{.fl [peAlotIIITaroT pacTI'I B TeHI{) B TO BpeM-ti KaK Apyl[e
ruo6sr nparroa colueqHmit cBer, c pa3nI{rrHbIM[ rpe6onaHr'ralru

fIo rrJlorHocrrr MolrIHocrrr. Hecnorpx Ha 3To, yKa3aHHbIe Bblrtte

rosssuqneurbl repecrlera Bce paBHo 6yAyr necllra rore3Hbl.

B Aonolneuue K ynoMflHyrblM Bblrrre x,ropo@zuaM r'1 KaporI'I-

HorrAaM' pacreHlrs 4lx Sorocuure3a r{cflo;rE3yror I'r gpyrrle $o-
Tonr{rMeHTr,r c [tlrpoKltM Auana3oHoM $yurqurl. @raroxponr'I

ruuoe Pr u Pfr, uanpul.ep, r{yBcrBI{TenbHbI K AJrrrHe BorIHr}I 660 nlt

Kpacuoro u 735 urr uHSpaxpacHoro [3nyr{eH[.q coornercrseuHo. OHlr

OorocnHtes u enguttulfi ceer

flnn rnxenepos, pa6oraroqux s o6nacru ocBeqeHilfl, Moxer noKa3arbcff

noAo3prrefi bHbtM, qro Bce SorocunreruuecKu aKrilBHoe il3rlyqeHile Haxo-

Arlrcfl B cneKrpanbHoM Ailana30He or 400 Ao 700 utvt. lzlmeHno :ror gilana30H

uut o6utqHo 6epela aa Ailana3oH 3reKrpoMarHilTHblx BorlH, BocnpuHilMae-

Mblx HauJfiM qenoBeqecKLlM 3peHreu. A rar nacqet 6olee roporrux aonu?

Kor4a MaxKpn [4] rarrvrepun ceon 22 BilAa cerbcKoxogRticrsennutx

Kynbryp KaK B nore, rar u e na6oparopHblx KaMepax Afin BblpaulnBaHilr

pacrenuil (c oqeHu noxoxl4Mvl ycnoeuntavr), oH norlyqrir cnegyoqrari aQ-

Serruenurtl a uacrt,t so:geticrBilf cneKrp.

B puana:oue AflrtH BonH nraxe 400 HM cyqecrByer prlcK/ qro npil

Qorooxucneuuu o6paayrcrcn roKcl,'lt{Hbre paAuKanbl, Koropble Moryr

pa3pytxt4Tb xlopoQr,rnn KfierKil t4 Apyrr4e KfleroqHute romnoxenrut. llog

cr4flbHblM ynbrpaofioneroBblM t43rlyqeHileM BilOnaKCaHrUU, rOroputtit

yqacrByer B npoqecce Qorocrure:a, npeo6paayercn c noMollbto qvlK,la

xcanroQrnna B 3eaKcaHTrlH. flpu rrom oH nonyqaer 3Hepruo or x'lopo-

$wnna u oceo6oxgaer ee B Bufle renna. ]ror npoqecc, rarnu o6paaom,

ocyLqecrenner $oro3a qilry pacrenu fi or yr urpaQr'ronera.

B ro xe apemn gpyrrae QoronrarMeHrbl pacreHr{ti, e rol\4 qilcrle Kpilnro-

xpoMbr v1 $ororponrnur, He uMeor raxofi uyscreurenbHocrul (npta rame-

peHuu B npo6rapre) il He pearilpyror na ynurpa$raoner n/ BeponrHo, Aarcr

peaKquo B ycnoBrlflx Hanilqun Hegocrarovnoti ocBeqeHHocrrl. Teu ne lte-

Hee aKTI4BHOCTb 3Tt/tX COCTaBnflOUll4x, BepOfTHO, nOAaBnReTCfl B ycnOBlzlrx

eutcorotl oceeqeHHocrt4 6narogapn cuHre3y rcauroSunna.

llplr gnrauax eolH autue 700 Hr'il aneprrn QoroHa nBrffercr c,lt4tllKoM Ht43-

roft, qro6u aKruBt4poBarb npoqecc Qorocuure3a c noMol{b}o xnopoQr'rnnoa

h pa3nilqHbtx Kaport4Ho,4AoB. Tem ue meHee Qraroxporr'rnutu QoronurneHl

xoropurfi orBeqaer 3a Bbtxog e rpy6xy, pa3BepruBaHile rr4crbeB, a raKxe

yKroHeHile or 3areHeHilfl, BocnphflTne coceflHero pacreHilfl, npopacraHile

ceMfl H, crrMynilpoBaHile Haqara qBereHilf , ilMeer ABe il3oQopmut, uaautaae-

uue Pr m Pfr. B ocHoeHoA cocrorHrltl $raroxporrit Pr ulaeer n[4K nornou]eHilR

cnerrpanuuott nrorHocrt4 660 nrr,t. Korga nornoqaercR rpacnuttl Qoron,

on npeo6pa:yer $rmoxpomHurta QoronurmeHr B cocroflHile Pfr, roropoe

uMeer cneKrpafluxuttl nux nornoqenrn 730 xtvt. Korga uonexyna $ilToxpoMa

nornoqaer ranQparpacruui QoroH, ona npeo6pa3yercn o6parno B cocrofl-

Hue Pr, Bbr3btBar npr rron QuauororilqecKile il3MeHeHilF B pacreHil,l.

XnopoQrann nilcrbeB flBnflercfl npo3paqHblM pnn uu$paxpacHoro 
'43-

ryuenuR. Tarnm o6paaon, QuroxporuHutla MexaHM3M c14rHanu3aqiltlt onril-

Bbr3brBaror fl popacraHue ceMqH Ir IIBeTeHLIe, perynlrp)'Ior pa3BopaquBaHlie

nrrcrbeB rr ypnnegue cre6.net1. Oun raxxe orBerralor 3a ([ep€KrIIog€HruI,'

$oronepuo4oB rr Aaror orBerrrylo peaKr{rxo Ha sareHeHI{e.

fipyrue $ororurueurbl orBerralor 3a perynupoBautle Sororpo-
nrlar,ra (opueuralluxl JrLIcrbeB u cre6.rrerl) u III4pKaAHbIe prlruu (4lx

Koropblx curtttu cBer rlBrserc;l Hau6orlee s$Qerrnnur,lr"r), Soro
r,rop$oreuea (Sopna pacreuux), pocr ropueeofi clrcreMbI, orKpr,IrIle

ycrE,rrq, [epe[BLIxeHIrq xnopo[nacroB I'I T. A. Oror nepe-reur, MoxHo

IIpoAonxaTb, IIocKonE,I{y I4CCJIeAOBaTe]II,I, pa6oTaloru]re B o6nacTI'I

PacreHr{eBoAcTBa, rlpoAon)Kalor u3yqarb 3aBIICI{MOCrr UeX4y SPD

IIaMI, OITIIMaJIE,HbIM COCTO-fIH14eI'I paCrennt't I{ UX pOCTOM.

Burxogur
Hanouuur,l, vro $orocunrerlrqecxu aKrI4BHoe I'rs.nyueHue (PAR)

He O3HarIaeT OTKJIUK paCreuirr'r Ha CneKTpanE,HyIO XapaKTePIICTI'IKy

(pwc.2). Eror napar,rerp npocro npeAcraBnqer rrl{c.lro $orouon
(xnauroe) Ha e[I4HI{I]y [no[IaAu B ceKyHAy B AI'Iala3oHe sneKrpoMar-

ManbHo nogxoAr4T flnff qeneil uyscrarreflbHocrvl K t/3MepeHilflM ycnoettfr

ocBeu.leHun Ha flecHbtx sTaxax h B npilcyrcrBut4 coceAHrlx pacrenntl, co-

peBHytorL1t,rxcr 3a EocrynHocrb npFMblx cofl Heqnulx nyueti.
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irrrHbrx BoJrH 400-700 HM. lIpI4 HanI4rrI4LI flepecrparlBaeMblx [o qBery

- BeTOAr4OAHbrx MOAyneIl An{ OCBeIqeHLI-fi [apHIrKa Cneq[anllcTaM

. o6nacrr4 pacreHrreBoAcrBa, Bepo.srHo, 3axorlerc-g IIogKcrIeprrMeH-

. ;IpOBaTb C pa3nurIHbIMII CIIeKrpanLHbIMI4 COCTaBaMII usnyqeHl1fi

-t.s KoHKpeTHbrx Kynbryp Ir uBeTyIqI4x pacTeHI{Il, a rarcKe B o6nacTl4

:.lr1fr]drts HalpaBneHHocrl{ cBeToBoro Iroro(a Ir BpeMeHHbIMI4 pexll-

1 r\rr4 pa6orbr cBerIr./IbHIrKoB (pnc. 5). Bogr,roxnocrr, riporHo3lrpyeMo

. 
"Jeo6pa3oBbrBarb Ir3MepeHHbIe 3HaTIeHLIS OCBeqeHHOCTU AO 3Harle-

-.,tri PPFD Ans o6rqux IrcrorIHIIKoB cBera, 6e3ycnoBuo, yMeHr,[rLIT
'.': o 6neMbr Bo B3arrMolroHI4MaHI4I{ MexAy pa3pa6or-rl4KaMI'I crrcreM

r-Beu{€HI{E I4 Cne4rftUIr4CTaMLr B O6naCfI4 pacTeHlzeBoAcrBa. {&
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Ha 6aee poccllfr crtdx rexHorrorufr
u KoMnoHeHTOB 6yRyt BblnycKarbcf

Quucrue cBerof, t{of,ilble cBerlrrtbH]lrtll
{oynxefiunft poccmficruil ceerogr4oAHblil 3aBoA (CBernaHa-

3nro>nexrpoHfi Ka> 3aKnloltHa naprHepcKoe cornaueHHe

: $nxcxuur npoH3BoAI4TereM cBerogklognbtx cBerunbHmKoB

-a hcnofib3oBaHHe cBol4x KoMnfleKTytolql4x il TexHorlorllft

3 d3AenHflx. B r{fic,e nocraBrfleMbrx KoMnoHeHToB cBeroflt4ogHble

-,rarbt 14 KopnycHue Aeraril. Ha 6ase rexHonorfift xongt4Hra

,{eernaHa-Onroefl eKTpoHuxa> $nucxmti nponraopurenu
t(yqecrBnner $rauanunyn c6opKy, aAanft qillo H3Aenfi fi
-og rpe6oeaHi4fi erpofi eftcKt4x craH,qaproe, Tecrfl poBaHI4e

,, ynaKoBKy. flpogyxqran BblnycKaer$ c MapKHpoBKotl Made
r Finland.

-a nepBoM sTane HaqaT BHnycKynHqHblx H npoMbltrrleHHblx

:BerHflbHr4KOB, KOTOpbte yxe ycneuHo npouJjtt4 Bce recTbl

aa coorBercrBl4€ HOpMarmBHblM TpeSoBaHI4nM eBpoeraH-

33proB no 3rreKTpo6e3ofl acHocTl4, g$Qexrrexocru, creneHu
jet4Hrbt or Bo3AeficrBt4fl BHeuHeli cpegu {lP}, axonorilqHocrt4

,, orcyrcrBl4ro BpeAHblx BerqecrB {RoHS). Hannque ceprm-

ofi KaroB Ee poneticxoro Coro3a no3rorner ocyqecrBrlf rb
aooEaxm cBeTmnbHnKoB Bo Bcex esponeftcxnx cTpaHax.
!€ npoAyKql4lo npeAocTaBrlfleTcfl rapaHTHfl 4O 7 ner.
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