76

PASPALOTKH

CENbCKOE XO3AHCTRO

NMpumeHeHue

CBeToAMOAHbIX CBETUJIbHUKOB
ANY OCBelleHUs TenauL:
pPeanbHOCTb U NEepPCNEKTUBDI

Wnbs baxapes, AnekcaHap [Npokodrees, AHapesi TypkuH, AHapesi Sdkosnes

B cratse paccMaTpueaeTca KoHuenuMsa npuMeHeHnsa CBeTogmMon0B B CeJIbCKOM X035MCTBE

M 06OCHOBBLIBOETCA BO3MOXHOCTb €€ peann3aumm onga oceelleHms pGCTeHVIFi B Tenamuax.
anBOJJMTCSI OMnMMUCaHune mn 06C)’)K,|10IOTC9I pe3ynbTaTbl 3KCNEPMMEHTA NO OCBELLEHNIO pCICTeHMﬁ
CBeTOAMO4HbIMU CBETUJIbBHUKAMMU B ﬂOGOpOTOprIX ycnosuax. ﬂ,déTCﬂ oueHkKa
3KOHOMMYECKOro Bd)d)eKTG MX NPUMEHEeHNA NO CPABHEHMIO C TPAANMULMOHHBIMU

MCTOYHUKAMM CBETA HO OBBEKTAX CENIbCKOro XO35MCTBA.

BBEAEHMUE

HeBo3MOXHO mpeacTaBuTh COBPEMEH-
HOE O00I1ecTBO 0e3 MOBCEMECTHOIO HUC-
rmoyib3oBaHusT cBeTa. CBET co3maéT HOp-
MaJIbHbIE YCJIIOBUS [UIsl pabOThl U y4YEOBI,
yIydIinaeT ycJioBus ObiTa. be3 ocBeneHust
HEBO3MOXHA paboTa IMPOMBIIUICHHBIX
MIPEATNPUSITUIA, TpaHcTIOpTa. bes nckyccr-
BEHHOT'O CBeTa HE MOXET OOOUTHUCH COB-
PEMEHHOE TOPOACKOE XO3SMCTBO, HEJIb3sI
BBITIOJTHATh CTPOUTENIBHBIE U CEJTBCKOXO0-
3SMCTBEHHBIE PAOOTHI B TEMHOE BPEMSI Cy-
ToK. CBeT obOecrieuynBacT BO3MOXHOCTh
KOCMUYECKUX TTOJIETOB, OCBOCHUST MUpo-
BOTO OKeaHa, MPOHUKHOBEHMS B MOIA3EM-
HbIC IIaXThl U Teimepbl. ONTUYeCKoe U3-
JIydeHMe BCE B OOJIBIICH CTETTEHN UCTIONb-
3yeTcs B COBPEMEHHBIX TEXHOJOTUYECKUX
Mpoleccax B MPOMBIIUIEHHOCTH U CEllb-
CKOM XO3SIICTBE, CTAHOBUTCSI HEOThEMIIE-
MO 4YacTbl0 (HOTOXMMUUYECKMX ITPOM3-
BOJICTB, MTPAcT BCEBO3PACTAIOIIYIO POJIb B
TTOBBIIIEHUHU TTPOAYKTUBHOCTU XXKMBOTHO-
BOJICTBA M TITUIICBOJACTBA, YPOXANHOCTU
pacTUTeNbHbIX KYJAbTYp [1].

B xoH11e 18-ro Beka aHTJIMICKKE U TOJI-
JIaHJICKME YYEHBIC MMPUIILINA K BBIBOY, UTO
pacTeHusl TMTAIOTCS BOMOM, BO3IYXOM,
CBETOM M B MaJioif yacTu 1mouBoii. [Tytém
CepUM OIBITOB OHM OTKPBLIW SIBJIEHUE
dorocunrteza. DoTocHHTE3 — IJIaBHBII
MPOLIECC XKU3HEAEATETbHOCTU PACTCHUM,
OTBEYAIOIINI 32 UX POCT U pa3BuTHe. bo-
nee 95% cyxoro BelllecTBa pacTeHUI CO3-
naéTcsl B peayJibTaTe 3TOro mpoliecca. Y-
paBieHue (GOTOCMHTE30M — Haubojee
3 deKTUBHBIA TyTh BO3ACUCTBUSA Ha

MPOAYKTUBHOCTh U YPOXKAMHOCTH pacTe-
Huii. Pycckuit uccnenoBatens K.A. Tu-
MUpPsI3eB J0Ka3ajJ, YTO MCTOYHMKOM
9HEPruu sl HOTOCUMHTE3A CIYKUT Tpe-
MMYIIECTBEHHO JIMHHOBOJHOBAs 4YacTb
crekTpa (KpacHble JIydd), a BIUSIHUE KO-
POTKOBOJIHOBOM 4YacTu (CUHE-3eJEHOI)
MEHee CyILIeCTBEHHO.

[MpoBoauauch U Apyrue UCCIENOBAHU
BO3IEUCTBUI U3TyYeHUST BUAMMOM YacTU
CMEeKTPaJIbHOTO Arana3oHa Ha pacTEeHMS.
B paborte [2] uccinenoBany BAUMSHUE UH-
TEHCUBHOCTU M CIIEKTPaJbHOIO COCTaBa
cBeTa Ha 3(pHeKTUBHOCTL (POTOCUHTE3a U
MPOAYKTUBHOCTb PAa3JUUYHBIX PACTEHUI.
V pacteHuit 3a MOMJIOLIEHWE CBETa OTBE-
YaloT creuuaibHble MUTMeHTbl. OCHOB-
HbIe U3 HUX — XJOpoGUJIJIbI a U b U Kapo-
TUHOUIBI. XJIOPOGMWIIbI MOTJIOIIAIOT CBET

CDBPBJ‘A&‘HHEJ}J ABTOMUTABNDOBL I T2

CHHEro M KPacHOro IUarna3oHoB, a Kapo-
TUHOMIBI — CUHEro auamnaszoHa. CBert, rmo-
JIYYEHHBII Pa3HbBIMM MUTMEHTAMH, pac-
XOIlyeTCsl Ha Pa3Hble LIeJU: TTUTMEHTHI C
MUKOM YyBCTBUTEILHOCTH B KPaCcHOi1 00-
JIACTH CIIEKTpa OTBEYAIOT 3a Pa3BUTHE
KOPHEBOM CUCTEMBI, CO3pEBaHKeE TUIOIOB,
LIBETEHHE PACTEHUI; MUTMEHTBI C TTUKOM
MOIJIOILEHHUST B CUHEH 00JIaCTH OTBEYAIOT
3a yBeJIMYEHME 3eJIEHON Macchl; 3eaéHast
4yacTh CIEKTpa M3JIYYCHUS IMOJIe3HA ISt
(oTocuHTE3a MIOTHBIX JTUCTHEB U JINCTh-
€B HUXKHMX SIPYCOB, Kyla CUHME U Kpac-
HBbIE JIy4YU [TOYTH He TPOHUKaIOT. OcTab-
HbIE YaCTH CIEKTPa PACTEHUSIMU MTPAKTH-
YECKU HE MCIOJIb3YIOTCSI.

B pesynbrate uccieoBaHUil ObLIO TMO-
Ka3aHo, 4To Haubojee OJaronpusiTHBIMU
JUTS1 BBIPALIIMBAHKSI CBETOJIOOMBBIX pacTe-
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Puc. 1. CnekTp arpapHoi HaTp1eBoii IamMnbl

HUI SIBJSTIOTCSI MHTEHCUBHOCTH B TIpeIe-
nax 150—220 Br/m?2, a ONTHUMAaIbHBI CO-
CTaB M3MYYEHUST UMEET CJIEMYIoIIee COOT-
HOILIEHWe 3Hepruit mo cnektpy: 30% — B
cuHeit obnactu (380—490 um), 20% — B 3e-
néHon (490—590 um) u 50% — B KpacHOM
o6nactu (600—700 HM). C UCTIONB30BaHN -
€M TaKOTO MCKYCCTBEHHOTO OCBEIEHUS
TIOJTy9eHBI YPOKau, B HECKOJIBKO pa3 bosee
BBICOKME, YeM TIpU OOBIYHOM OCBEILEHUH,
npu4éM 3a 6osiee Kopotkue (B 1,5—2 paza!)
CPOKU.

BO3MOXHOCTb
NMPUMEHEHUSA CBETOAUOAOB
B PACTEHUEBOJACTBE
[MpuBen€HHBIE PE3yTBTATHl YKA3bIBAIOT
Ha BO3MOXHOCTbH TIPUMEHEHUSI CBETOIM-
OITHBIX CBETUJILHUKOB [JISI OCBEIICHUS
pactenuii. CoBpeMeHHBIE CBETOIMOJIBI
TePeKPHIBAIOT BeCh BUAUMBIN AUATIa30H
OTNITMYECKOTO CIEeKTpa: OT KPacHOTO IO
duoneroBoro uBera. JmamazoH IJIUH
BOJTH U3JTyUYeHUs CBETOIMONOB B KPACHOM
obyiacT criekTpa coctasisier ot 620 1o
635 HM, B opaHxeBoii — 0T 610 10 620 HM,
B kénroit — ot 585 mo 595 HM, B 3emé-
Hoi#1 — ot 520 mo 535 HM, B roiry6oit — oT
465 mo 475 um u B cuHeir — or 450 mo
465 um. TakuM 06pa3oM, COCTABIISAST KOM-
OMHAIIMY U3 CBETOIMOIOB PAa3HBIX I[BETO-
BBIX TPYIII, MOXHO TIOJTYYUTh UCTOYHUK
CBETa C MPAKTUIECKH JIIOOBIM CIIEKTPATb-
HBIM COCTaBOM B BUJMMOM JHWama3oHe.
Crnemyer OTMETUTb W JOPYTHE TIPEUMY-
IIECTBA CBETOAMOIOB, HAIPUMED, MATYIO
MOTPEeOIsIEeMyI0 DIEKTPUIECKYI0 MOIII-
HOCTb U, KaK CJIeCTBUE, HU3KOE MOTped-
JIEHUE 3JIEKTPOIHEPTUU YCTPOIICTBAMU Ha
ocHOBe cBeToanonoB. Kpome Toro, ctout
YYUTBIBATh, YTO U3TyYeHUE CBETONUONOB
HaIpaBJIeHHOE, a 3TO T03BOJIsIET 2 deK-
THUBHEE MCMOJIb30BaTh UCTOUHUKU CBETa
Ha uXx ocHOBe. Takske Hago MPUHUMATH BO
BHUMAaHUE, YTO BPeMsI XKU3HU CBETOIUO-
JIOB TPEBBIIIAET BPeMsI KU3HU JIaMIT MU-
HUMYM B HECKOJIBKO pa3, YTo JeJaeT Mpu-
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Puc. 2. OTHocuTenbHas cnekTpanbHaa 3(hGeKTMBHOCTL (PoTOCUHTE3A

MEHEHHUE CBETOINO-
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HOrO CBETUJIbHUKA,
MpUYEM OTHOCUTEJTb-
HO JIETKO — ITyTEM M3-
MEHEHMSI 3HaYeHMUsI
toka. Ecnu wucnonb-
30BaTh B CBETUJIbHUKE CBETOAMO/bI C pa3-
HBIMU 3HAYEHUSIMU ITTUHBI BOJIHBI U3JTy4e-
HMSI, TO, U3MEHSISI TOK JIJIs1 pa3HbIX CBETO-
JIMOMIOB, MOXHO TOJIy4yaTh pa3jMyHbIE IO
COCTaBY U UHTEHCUBHOCTHU CIIEKTPBI U3y~
YeHUs] U TakKuM o0pa3oM mnoadupaTh
CIIEKTP CBETUJIbHMKA B 3aBUCHUMOCTH OT
KOHKPETHOTI'O 3Tara pa3BUTHsI pacTeHUs.
31ech Hesb3sl HEe CKa3aTb O TOM, YTO
COBPEMEHHDbIE TEIUIMLIBI NPEACTABISAIOT
c000ii CJIOXKHbIE TEXHUYECKUE KOMILIEK-
Cbl, B OOJbllIeil yacTu pPOOOTU3UPOBAH-
Hble. YIpaBJeHHe MMM OCYIIEeCTBIISIETCS
IPY TIOMOIIY aBTOMATU3UPOBAHHBIX CHC-
TeM, B KOTOPBIE JOCTAaTOYHO OPTaHUYHO
MOXHO T00aBUTh U YIIpaBJIeHUE OCBEIIle-
HHMEM, TIPUYEM KaK 10 WHTEHCUBHOCTH,
TakK ¥ I10 CIIEKTPAIbHOMY COCTaBY M3JTyde-
HMSI, U TIPOM3BOAMTH TaKWe YIPAaBJISIO-
IMe OIepaIry 1Mo IporpaMMam, YIuThI-
BafoIM a3y pa3BUTHsI PACTCHUH.

B nmomepiieHue BCero CBETOOMONBI, B
OTJIMYME OT JIaMII, He SIBJISTIOTCST XPYTIKHU-
MU, TIO3TOMY YCTPOIMCTBA Ha MX OCHOBE
MOTYT OBITh BaHIAJTOYCTOWYMBBIMU, a
BO3MOXHOCTh HU3KOBOJIBTHOTO TTUTAHMUSI
neJtaeT ux 0e30TacHBIMM, TO €CTh HE SIB-
JISIOIIMMUCS TIOTEHILIMATbHBIMU UCTOY-
HUKaAMWU BO3HUKHOBEHWS TIOXapa WIN
B3phbiBa [3].

arpocBeTunbHuka XLight
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Puc. 3. Ipapuk cooTHOWweHUA cneKTpoB 3¢(heKTUBHOCTH (POTOCUHTESA,
HaTpMeBOW JlaMNbl BbICOKOrO AaBJIEHUA U CBETOAUOAHOIO

Bcé mepeuuncneHHoe nenaeT CBETONM-
OITHbIE CBETUJILHUKM KpaifHe TpUBJIeKa-
TEJIbHBIMU TSI UCTIOJIb30BAHUST B TETUTAY -
HOM ocBellleHUM. 119 TOro 4toOBI OlLie-
HUTh UX BOBMOXHOCTH, HY>KHO CPaBHUTH
rmapamMeTpbl CBETONMOMHBIX MCTOYHUKOB
CcBeTa U HBIHE TIPUMEHSIEMBIX B TETLTUY-
HOM XO3SICTBE JIAMIL.

B Hacrosiiiiee BpeMst TSI MCKYCCTBEH-
HOTO OCBEILIEHUsI PACTEHUI MCITOIb3YIOT-
CsI JTaMIThl 0COOO0TO TUTIA, KOTOPBIEe Ha3Ba-
fotcst arpapHbiMu. Ha puc. 1 pencrasier
CIIEKTp arpapHOil HaTpueBoii amrbl. Ha
puc. 2 TipuBeneHa KPUBas OTHOCUTEIb-
HOI crieKTpanbHON 3(GEeKTUBHOCTH (PO-
TocuHTe3a [4]. Ha kpuBoii puc. 2 4éTko
BUIHBI MaKCMMYyMBbI B JWaTia3oHe [UTMH
BoaH 400—500 HM, KOTOpBI COOTBET-
CTBYeT CUHEH CIeKTpadbHOU o00iacTu
(JIeBBII IIMPOKUIT MAKCUMYM), U B TUATIa-
30He 600—700 HM, KOTOPBIZ COOTBETCTBY-
€T KPacHOU CTIeKTpaibHOI 06acTu (Tipa-
BBII IIMPOKUI MAKCUMYM).

DddeKTUBHOCTH MCTOYHMKA CBETa
MOXHO OLIEHUTbH MO KOJTMYECTBY JIIOMEHOB
U3]Ty9aeMOTO CBETOBOTO TMOTOKA, MPUXO-
TISIIIXCST HA OIUH BATT MOTPEOIIsieMOit nc-
TOYHUKOM MolHOCcTA. OIHAKO B TaHHOM
ciay4yae 9T0 OyleT He COBCEM KOPPEKTHO.
Hamnpumep, r1a3 yenoBeka BOCIIPUHUMAET
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LIBETa MO-Pa3HOMY, MUK €r0 YyBCTBUTEIb-
HOCTU JIEXUT B 3€JIEHOU 00JaCTU CIEKT-
pa, TakuM 00pa3oM, MCTOYHUK CUHETO
WM KPACHOTO CBETa HaM OyIeT Ka3aTbCs
0oJiee TYCKJIBIM, YeM UCTOYHUK 3€JIEHOTO
TaKoi Xxe ontuyeckoit MomHocTu. Kier-
KW PacCTeHUil TOXe He BCE IJIMHBI BOJH
BOCITPUHUMAIOT OIMHAKOBO, Pa3HbIE T1a-
Ma30HbI U3TYyYEeHUs BIUSIOT Ha MPOTeKa-
HMEe TIPoIeccCoB (hOTOCMHTE3A TTO-CBOEMY.
[MosToMy Mcmionb30BaHUE CBETMITHHUKOB
OITHOU U TOIf e MOIIIHOCTH, HO pa3nda-
IOINUXCST TIO CTEKTPaJTbHOMY COCTaBY,
TIPUBOIUT K pa3HbIM pesynsrataM. C yué-
TOM D3TOTO TI0 aHAaJOTWU C KpPUBOU
YYBCTBUTEJLHOCTU YEJIOBEUECKOTO TIja3a
cTpouTcsl ycpenHEHHass kpuBas 3bdex-
TUBHOCTU (POTOCHHTE3a (pUC. 2), U C T0-
MOIIIBIO 3TOW KPUBOU OlLIEHWBAeTCS -
(beKTUBHOCTD MCITONB30BAHUS CIIEKTpa
HMCTOYHUKA CBETa.

Wznyyenue B muamazoHe BoiH oT 400
1o 700 HM OKa3bIBaeT HAMOOJbILIEEe BIUSI-
HUE Ha TpoTeKaHue (HOTOCUHTE3a U Ha-
3bIBaeTCsl (DOTOCMHTETUUECKH AKTUBHBIM.
Cyl1iecTByeT CTaHIAPTHBIN TapaMeTp, Xa-
PaKTEPU3YIOLINI <«IPKOCTb» HMCTOYHUKA
CBeTa IS PaCTeHUsI, — KOJIMIEeCTBO (HOTO-
HOB ¢ minHOM BoJIHBI OT 400 1o 700 HM,
M3JTy4aeMbIX 32 OJHY CEKYHay. DTa BeJu-
YMHA Ha3bIBaeTCsl (OTOCUHTETUYECKUM

XOPOLLUO no COJNHLUEM, ECJIX Tbl LITEMAX!

¢doronHbpIM TIOTOKOM (Photosynthetic
Photon Flux — PPF) u usmepsercsa B
MMKPOMOJISIX (POTOHOB B CEKYH]Iy, @ OTHO-
mwenue PPF k morpebisieMoit MOLIHOCTU
paccMarpuBaeTcs Kak KO3(ULUMEHT 3¢-
(eKTUBHOCTU MCTOYHMKA U3TYyYSHUS.

ITomumo noka3zateineit 3¢ hHeKTUBHOC-
T OOJIbIIIOE 3HAUYEHME MMEET COCTaB
criekTpa usnydyeHusi. PaHee yxe mpuBo-
IUJIOCh ONTUMAJbHOE COOTHOIIEHUE
sHepruii mo crekrpy: 30% — B cuHeli 00-
nactu, 20% — B 3enénoit u 50% — B Kpac-
Hoii. Takoe cooTHollleHUe obecreyrnBaeT
BbIpALlBaHNE MOJHOLEHHbIX PACTEHUIA,
a CWJIbHOE HapyllleHUWe ero MpUBOIUT K
OTKJIOHEHHUsIM B pa3BuTuu. Hampumep,
ecJiu 0OJIblIasl YaCTh SHEPTUU M3ITyYEHMS
MPUXOAUTCS] Ha CUHIOK 00J1aCTh CIIEKTpa,
9TO MPUBOIUT K (POPMUPOBAHUIO HU3KO-
POCJIBIX PACTEHUI C BHICOKUM (POTOCHUH-
T€30M, HO HU3KOU MPOAYKTHUBHOCTBIO.
CusbHasg Hakauyka KpacHbIM, HA00OpOT,
MPUBOAUT K M3JIUIIHEMY POCTY BereTa-
TUBHBIX OPTaHOB B YIIepO reHepaTUBHbBIM.

Takum o6pa3om, ABa TUIA UCTOYHUKOB
CBeTa — HaTpUEBbIE JIAMIIbI U CBETOIUO/ -
Hbl€ CBETUJILHUKM — HA/I0 CPaBHUBATh 10
ciaenylonuuMm napameTpaM: 3bbeKTUB-
HOCTb UCITOJIb30BAHUST CIIEKTPa UCTOYHM-
ka, coortHoumieHue PPF/Bt u cocras
CITeKTpa.

Aucnnen cBepxBbICOKON APKOCTHU

O®UUNANbHBIA AUCTPUBLIOTOP NPOAYKLMN LITEMAX

®
I)ROSOFT TenedoH: (495) 234-0636 | dakc: (495) 234-0640 | E-mail: info@prosoft.ru | Web: www.prosoft.ru

Ha puc. 3 npeacraBiaeHbl CIEKTPbI HAT-
pYEBOM JIAMITBI BBICOKOTO TaBJICHMSI, CBE-
TOAMOIHOTO cBeTWIbHUKA XLight u kpu-
Bast a(pHeKTUBHOCTU (HOTOCUHTE3A.

HatpueBble jlaMIbl MMEIOT BBICOKOE
cootHomenue PPF/Br — He wMeHee
1,8 MxMoub/(cxBTt). PacuéTHoe 3HaueHMe
3G HEKTUBHOCTH MCIOTB30BAHUS CITEKT-
pa ucrouHuka cocrasisier 0,92. B crniekr-
pe HATPUEBOU JIaMITbl CPEeIHUN YPOBEHb
MHTEHCUBHOCTU B CUHEU obiactu Oosee
yeM B TPU pa3a HUKe, YeM YPOBEHb WH-
TEHCUBHOCTH B KPACHOI 00J1aCTH, UTO TO-
BOPUT O HEOOXOMUMOCTH MCTIOJIb30BAHMS
0oJiee MHTEHCUBHOM JTAMIIbI, a 3HAYUT, O
HEeOOXOIMMOCTH MOBBIIIEHUS TTOTPedIsie-
MOU MOLIHOCTH.

CBETONMOMHBIN arpapHbIi CBETUITBHUK
XLight 6bL1 pa3pabdoTaH ¢ yuétom Tpebo-
BaHUIl K TEIUIMYHOMY OCBEIICHUIO, U
€ro CIeKTP MaKCUMAJIbHO MPUOIITKEH K
ontuMaibHOMy. Pacu€TtHoe 3HaueHUe
PPF/Bt — 2 mMxmonb/(cxBt). PacuétHoe
3HaueHne 3((PEKTUBHOCTU WCIIOIbH30Ba-
HUS crieKTpa ucrouynuka — 0,83.

N3 cpaBHEeHMS IPUBEAEHHBIX IS ABYX
TUTIOB UCTOYHUKOB NaHHBIX MOXHO Clie-
JIaTh BBIBOJ, YTO CBETOMMOIHBIN CBe-
TribHUK XLight mo cBoeMy criekTpy 611-
K€ K ONTUMATbHOMY TSI BhIpAIIMBAHUS
pacTeHU, XxapaKTepu3yeTcsi 6oJiee BBICO-

Il XK-gucnneu fapkocTbio
ot 700 go 2200 ka/m2

Il Pasmepbl no gnaroHanu
ot 6,4 no 52"

M PaspeweHue 10
1680x1050 (WSXGA®)

M Yron o630pa no BepTukanu
1 ropu3onTanu 178°

M Mopgenu ans MOHTaxa
B NaHenb ynpasnexus
M B HaCTONbHOM UCMONHEHNN

M MNocTtasnstotes XK-aucnneun
€0 CBETOAUOJHON NOACBETKON

M Bo3moxHa ycTaHoBKa
CEHCOPHOro 3KpaHa,
3alUTHOrO cTekna

E Peknama
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CBETOAMOAHbIE CBETUNBHUKN
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Puc. 4. Cxema 3kcnepMmeHTa N0 NPUMEHeHMI0
CBETOAMOAHDBIX CBETU/IbLHUKOB
ANA BbIPAWMBAHMA PacTeHUi

Kol otnaveit (h)OTOCUHTETUYECKU aKTUB-
HOTO U3JTy4YEeHUSs, YeM HaTpueBas Jiammna,
W MUMeEeT COIMOCTaBUMYIO ¢ Heil adhdek-
TUBHOCTb MCITOJIb30BAHUS CIIEKTpa MUC-
TouHUKa. Bc€ aTO cBUAETENBLCTBYET O
BO3MOXHOM 0osiee 3G (PEeKTUBHOM MpU-
MEHEHUU AAHHOTO TUIAa CBETWJIbHUKOB
JUTS OCBELIEHUSI pacTeHUWIl B Tipoliecce
BereTaluu.

OnNUCAHME 3KCNEPMMEHTA
DKCIePUMEHT IT0 UCTIOTH30BAHUIO CBE-
TOMWOMHBIX CBETUJILHUKOB JUISI OCBEIe-
HUs pacTeHWi TMPOXOAUT Ha Kadenpe
OBOLIEBOJICTBA M TUIOJOBOJCTBAa Ha Oase

CNRONOTHH g,
f ,,"

m ) BbltTABlﬂl (=

Monb3a. TPaAHUHH. ABTOPHTeT.

5-7 OKTAODA

MockBa
LIBK «3JKcnoLeHTp», NaBuiboH 3

WWw.pta-expo.ru

Opranxsatop: Dlsclouponulia

Puc. 5. CBeToauopHblin cBeTUNbHUK XLight
XLD-Line50-Agro

Ypasibckoii rocyaapCTBEHHOM CEIbCKOXO0-
3S9ICTBEHHOU aKaJeMUU.

Llesnbio 3KCriepuMeHTa SIBJSIETCS MPO-
BepKa CIOCOOHOCTM pacTeHUU pa3BuU-
BaTbCS IOl CBETOM OT MOJYIPOBOIHUKO-
BBIX MCTOYHUKOB M3Iy4eHUs (CBETOMMO-
IIOB) OT CTaauy TIPOpAIIUBaHUS IO CTa-
NIV TUTOJIOHOIIIeHUS (TIOSIBJICHU T 3aBSI3eit
TIJIONOB).

CxeMa TIpoBeIeHUs SKCIIEPUMEHTa T0-
Ka3zaHa Ha puc. 4. Ha nBe cocemHue 1mos-
KM TOMelIaloTcsd €MKOCTHU, 3acesiHHbIe
cemMeHamu pacteHuit. Ha obGeux moskax
MpollecC BblpalllMBaHUs PacTeHUI Ipo-
UCXOAUT TMOJHOCTBIO TOJ MCKYCCTBEH-
HBIM OCBelllcHHUeM. B rmepBoM ciryyae mc-
MOJIb3YIOTCSI CBETOAMOAHbIE CBETUIbHUKU
XLight XLD-Line50-Agro (puc. 5), BO
BTOPOM CJIyyae — CBETUJIbHUKHU C JIOMMU-

HecueHTHbIMU Jlammiamu Osram  Fluora
IUIsL pacTeHuil. PacTeHust HAXOMSITCS MpU
BKJIIOUEHHOM OCBEILlEHMH 110 16 JacoB B
cyTku. [lnoimmans OCBEMIEHHOTO yJacTKa
cocrapsier mpuMepHo 0,5 M2,

DKCIEPUMEHT COCTOUT U3 IBYX ITOBTO-
PSIOIINXCS ATATIOB TSI TIOATBEPXKICHUS
MPaBUILHOCTY TOJTYUYEHHBIX PE3YIBTATOB.
B Hacrosiiiee Bpemsi 3aBepIIEH ITEPBBIt
9Tall: paCTeHUSI TIOJTHOCTHIO PAa3BUJINCH OT
CTaany TIPOpAIINBaHUS U3 CEMSH IO CTa-
IIAU TIOJOHOIIEHUS B TAOOPaTOPHBIX yC-
JioBUsix. BTopoii aTanm momkeH ToAaTBep-
IIATH TIPEVMYIIIECTBA NCTIOJIb30BAHMSI CBe-
TOIMOIHBIX MCTOYHUKOB OCBEILICHUS IS
PACTEHUI YK€ B peaIbHbIX YCIIOBUSIX TETI-
JIMYHOTO XO3SIIICTBA.

Ve ceiiuac DKCIIEPUMEHT I10Ka3al,
4YTO, B OTJIMYME OT JIIOMUHECLEHTHBIX
JIAMII, CBETOIMOIHBII CBETWILHUK 00ec-
[eYMBAET CIIEKTP U3JIydeHUsI, HEOOXOMM-
MBIl [IJIS1 TIOJIHOTO LIMKJIA BbIPAIIMBAHMS
paCTeHMIt OT MPOPAIIUBAHKS 10 LIBETEHUS
U IJIOAOHOLIEHMS, A CIIEKTD JTIOMUHECLIE-
HTHBIX JIAMII HE II03BOJIIET PACTEHUSIM
IJIOAOHOCHUTD, ITIOTOMY 3TH JIAMIIBI IIPU-
TOIHBI TOJIBKO IS BhIpAIMBAHMS pacca-
nbl. JIpyruM MperMyILecTBOM CBETOIMOI -
HBIX CBETUJIbHUKOB SIBJISIETCSI HU3KOE BbI-
[eJIeHKe TeIlla, IIO3TOMY MX MOXHO pac-
[10JIaraTh B HEIIOCPEACTBEHHOI GIM30CTU

X MexpyHapoaHas cneynanM3mpoBaHHas BbiCTaBKa
1§{'W TNepenosbie TexHonorHH ABTOMATH3aUHH
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Tabauya 1

TexHUKO-3KOHOMUYECKUMN pacqé'r, 060CHOBbIBaIOI.I.lMi"I npumMmeHeHue CBeToAUOAHbIX CBETUJIbHUKOB

XLight c notpe6nsemoit MowHoCTbI0 166 BT

XAPAKTEPUCTUKHU

JIAMNOBbIA CBETORUOAHBIN
CBETUAbHUK  CBETUJIbHUK

OCHOBHbIE TEXHUWYECKUE, 3KCNJIVATALUUOHHBIE U CTONMOCTHBIE XAPAKTEPUCTUKHU
3AMEHAEMbIX TAMNOBbIX N YCTAHABJIUBAEMbIX CBETOANOAHbIX CBETUIbHUKOB

‘ TN UCTOYHMKA CBETa B CBETU/IbHUKE

‘ MNoTpe6nsiemast MOWHOCTb UCTOYHMKA CBET], BT

‘ HOTpeﬁnﬂemaﬂ MOLWHOCTb CBETUNbHUKA, BT

‘ Bpems paboTbl B CyTKM, 4 (B pacy€Tax NpuUHATO, 4TO B rofy 365 CyToK

‘ MoTpebnsiemas 3neKTpoO3Heprus B cyTku, KBT-y
‘ KonnyecTtBo namn B CBETU/bHMKE

‘ KonuyecTBo cBeTUNbHUKOB

‘ Croumoctsb KBT-y, py6.

‘ LleHa ocBeTuTenbHOM apmarypsl, py6.

‘ LieHa namnbl, py6.

‘ LleHa cseTunbHuKa, py6.

‘ LieHa 3ameHbl namnbl, py6.

‘ LleHa ytunusaumu namnsi, py6.

‘ LieHa ycnyr no ytunusauyuu namn*, py6.
‘ KonnyectBo 3ameH namn 3a rop,

[apaHTWIAHbI CPOK 3KCMIyaTaLum, net

‘ Ha;g:ﬁzan ‘ CseToanopbl ‘
\ 600 \ 144 \
\ 648 \ 166 \
) E |
\ 9,72 \ 2,49 \
I R
\ 192 \ 192 \
\ 3,32 \
| 300000 | 0,00 \
70000 | 0,00 \
| 370000 | 2560000 |
15000 | 0,00 \
1416 | 0,00 \
320000 | 0,00 \
I
S

‘ MoTtpe6nsiemas 3neKTpo3Heprus B rog, KBT-y

JKOHOMMUA 3JIeKTpo3Hepruu B roj, KBT-y

PACYET 3KOHOMWM 3NEKTPOIHEPTUN NPU 3AMEHE OJJHOTO CBETUJIbHUKA

| 354780 |
\ 2638,95

908,85 \

‘ 06uwas notpeGnsemas 31eKTPO3IHeprus B rof, KBT-y

0613 IKOHOMMUA 3NEKTPOIHEPrum B rof, KBT-y

PACYET 3KOHOMUMN INEKTPOIHEPTUU NPU 3AMEHE CBETUJIbHUKOB

| 68117760 | 17449920 |
\ 506 678,40

‘ IKOHOMUA PACXOAOB Ha INEKTPOIHEPruio B roa, pyo6.

‘ IKcnnyaTalumMoHHbIE PACXOAbl MO 3aMeHe namn B rog, pyo.

‘ Pacxoppl N0 yTuAM3aLmMm namn B rof, py6.
‘ 061wasn 3KOHOMUA CPeacTB B roa, py6.

‘ CToMMOCTb CBETUNLHUKOB, py6.
pacxopoB, net
pacxopoB, net

6e3 yyéTa IKCnNyaTaLMoHHbIX PAaCXOfoB, py6.

© y"léTOM 3KCNnayaTalyMoHHbIX pacxonos, py6.

3KOHOMUYECKAA IO®EKTUBHOCTb MPOEKTA M0 3AMEHE CBETUJIbHUKOB

CpoK oKynaemocTu BnoxeHuit 6e3 yuéra aKcnayaTaumoHHbIX
CpoK OKyNaeMoCTH BNOXKEHUN C YYETOM IKCMNYATALUOHHbBIX
IKOHOMUS B TEYEHME rapaHTUIHOrO CpoKa 3KCryaraumnu

JKOHOMMSA B TEYEHUE FapaHTMVIHOFO CpoKa 3Kcnayartaumn

\ 1682 172,29 \
| 16320000 | 0,00 \
591872 | 0,00 \
\ 1851 291,01 \
| 71040000 | 491520000 |

2,50
2,30
841 086,15

1295 903,71

* 1leHa ycIIyT 10 yTHJIU3AlMK JIaMIT BKJIIOUaeT B ce0s1 CTOMMOCTb TPAHCTIOPTHBIX yeiuyr — 3000 py6. u apeHIsI

KoHTeiHepa utst Jamt — 200 py6.

OT pacTeHuii 6e3 pucKa HaHeCTH UM TIOB-
PEXIEHUS.

Pe3ynbratel 3aKOHUEHHOTO TIEPBOTO
aTarna dKCMepruMeHTa ToKa3aiu, 4To ce-
MeHa, OCBelllaeMble CBETOINOTHBIMU CBe-
TUJTLHUKAMU, TIPOIIUTA 32 BPEeMsT DKCIIe-
pUMeHTa TIOJHBI UMK OT TPOpaIlu-
BaHUS N0 TUTOMIOHOIIIEHUSI, TOT/Ia KaK ce-
MeHa, OCBelllaeMble CBETUJIbHUKAMU C
JIIOMUHECTIEHTHBIMU JIAaMTIaMU, 33 aHAJIO-

TUYHOC BpEMA NOLLIM TOJIBKO OO CTaauun
IBETCHMA.

MPOEKT NEPEOCHALLEHUSA
YHACTKA TEMNULbI
CBETOAVWOAHBIMHU
CBETUJIbHUKAMM

JIJI1 OLEHKM TEPCIEKTUBHOCTU BHEI-
peHusI CBETOAMOAHBIX CBETUJILHUKOB B
PacTEHUEBOACTBE ObLT BBLIITOJIHEH MPOEKT

TePeOCHAIeHNUsT UMW y4acTKa TEeTUTULIBI.
B xauecTBe mpuMepa THUIIOBOTO OOBEKTa
BHEIpeHUsT ObUTa B3sITa TEILIMIIA OJHOTO
W3 arpOKOMOWHATOB, HAXOMSIIMXCS Ha
1oro-3ananae MoCcKOBCKOI 00J1acTH.

7151 pacy€ToB ObUIM MPUHSTHI CJIEAYIO-
1€ UCXOTHBIC TaHHBIC:

@ BBICOTA TIO[BECA CBETWJIHBHUKOB HaI

pacTeHusiMu — 3 M;
® wiomangs — 60x12 m2;

@ KOJIMYECTBO MOMEPEUHbBIX OAJIOK (MecTa

KpETUIEHUST CBETUIIBHUKOB) — 16 11T, ;

@ pacCTOSTHUE MEXIY OamkaMu — 4 M;
©® KOJIMYECTBO WCITOJIB3YeMBIX CBETHIIb-

HUKOB — 192 . (1o 12 mT. Ha 6anKy).

B pamkax mpoekTa Tpenrnojaraioch
MPOBECTU 3aMEHY MMCIOIINXCS CBETUIIb-
HUKOB C HATPUEBBIMU JIaMITaMH TIOTpeO-
neHreM 648 BT Ha cBETOOMOIHBIE CBE-
tunbHuKM XLight motpe6ieHuem 166 BT.
B cBeropumonHoMm cBetwibHuke XLight
HAIlUTM BOILIOIICHUE pPe3yJIbTaThl UCCIIe-
JMIOBAaHWI BIUSHUS Pa3JIMUHOTO OCBElle-
HUA Ha pocT pacTeHnid. CIIeKTp CBETUITb-
HUKa Hamboyiee MPUOIMKEH K CIEKTPY
MOMJIONIEHUST pacTeHuit. Ero KOHCTpyK-
U OTJIMYACTCS TPOCTOTOM M HamEX-
HOCTBI0. Moy TbHasI CTPYKTYpa CBETUIIb-
HUKa TI03BOJISIET MCIIOJB30BaTh €ro IS
pPa3HBIX TUITOB TETUIMII.

[Tpumep
pacuéTa sl JaHHOTO MPOEKTa MPUBEIEH
B Tabs. 1.

[J1aBHBIM TIPEMMYIIIECTBOM CBETOIMO/-
HOTO OCBEIICHUS JJIS ITaHHOTO IPOEKTa
MOXHO Ha3BaTb MOAOOpP MPaKTUUYECKU
WIeaTbHOTO ISl POCTa PACTEHUI CIIEKTpa
n3nydyeHus. CIeKTp pacIiojioXKeH KakK B
CUHEH, TaK U B OpPaHXEBO-KpacHOU 00-
snactax. KpacHblii cBET HeoOXoauM Uist
pocTa KOpHEBOW CHCTEMbl, CO3pEBaHUSI
TUIO/IOB, LIBETEHUSI, & CUHUM — /11 pPa3BU-
THSI JTUCTBEB, pocTa pacTeHuii [4]. Y Har-
PMEBOI1 JIaMITbl OCHOBHAsI YacTh CIIEKTpa
MPUHALICKUT OpaHXeBO-KpacHOU 00-
JJaCTU M SIBHO HEIOCTAaET CHHErO CBETa;
M3-3a He0CTaTKa CUHETO CBETa pacTEHMSI
TSIHYTCSI BBEPX, CTAHOBSITCS OoJjiee XpyI-
KUMU U TUIOXO TEPEHOCST TPAHCIIOPTH-
DOBKY.

Taxke CTOUT OTMETUTh Majioe IHEPTo-
noTpebeHre CBETOAMOIOB: OPUEHTHUPO-
BOYHO TPU MACHTUYHBIX CBETOTEXHMU-
YeCKMX XapaKTEepUCTUKAX OIWH CBETO-
JIIMOMHBIN CBETUIBHUK MOTPEOISIET B TPU
paza MeHbIIIe 3JIEKTPOIHEPIUM MO CpaB-
HEHUIO C TUTIOBBIM CBETUJIBHUKOM C HaT-
pueBoii nammoii. [Ipu BcéM 3TOM cBeTO-
IUOIbl MMEIOT MOJrMi CPOK CIyXObI
(100 000 yacoB), yem obecrmeuuBaeTCs
OOJIBIION TapaHTUMHBIM CPOK CIIY>KObI
CBETOJIMOIHOTO CBeTUJIbHUKA (3 roma) u

TEXHUKO-3KOHOMHNYECKOTO

www.cta.ru
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MPOJOJDKUTENIBHBINA CPOK IKCILTyaTaIlK
(10 neT).

B oTHOIIEHUM CBETOAMOTHBIX CBETHITb-
HUKOB CJIeTyeT 0CO00 YITOMSIHYTh UX 9KO-
JIOTUIECKYIO YMCTOTY U OTCYTCTBUE Y HUX
npobjeM ¢ yruiusauueil. JJaHHble oco-
OCHHOCTHU CBSI3aHBI C TEM, YTO B COCTaBe
CBETOIMOIOB HET BpeAHBIX BemlecTB. [To-
MMMO 3TOTO TIPU 3KCIUTyaTallii OHU He
HarpeBaloTCsS TaK CWIbHO, KakK JIaMIIbI,
YTO 00JIeTYaeT MoAAepKaHUEe TPEeOYeMBbIX
KIMMATUIECKUX YCJIIOBMI TIPU BBIpAIM-
BaHUU PACTCHUI.

K HemocTaTkaM CBETOAMOIHOTO OCBE-
IIEHUS MOXHO OTHECTH OTHOCHUTEIHHO
OoJIBIIME pa3Mepbl CBETUJIBHUKOB, 4YTO
MMPOAMKTOBAHO CTPEeMJICHUEM JOOUTHCS
BBICOKOII MHTEHCUBHOCTU M3JTy4eHUS 3a
CYET OOJIBIIET0 KOJHUYECTBO CBETOIMO-
OB, U CPaBHUTEJIBbHO BBICOKYIO CTOM-
MOCTb CBETWJIBHMKOB Ha TI€pBOHAYallb-
HoM 3Tare. [1epBbIit HeIOCTaTOK HE SIBJISI-
€TCSI KpUTUYHBIM UISI TETUTMIHBIX 00BEK-
TOB TPAIUIIMOHHOM KOHCTPYKIIUM, a BTO-
pOii KOMIIEHCUPYETCS, KaK 9TO BUIHO U3
TabJ. 1, KOPOTKUM CPOKOM OKYITaeMOCTHU
(ropsinka 2,5 JeT) M JOCTaTOYHO IJIMH-
HBIM CPOKOM 3KCILTyaTalluu MOCJIe 3TOTO,
YK€ B YCJIOBUSIX TIOJTHOCTBIO BO3BpPAIIIEH-
HBIX 3aTpaT Ha MPUOOpEeTEeHNE U HapacTa-
oIl BKOHOMUM 3a CYET HU3KOTO DHEP-
ronoTpebIeHUsI, XapaKTepHOToO MJIsI CBe-
TOIMOJIHBIX CBETUILHUKOB.

BHe 3aBUCMMOCTM OT THUIIa MPUMEHSsIE-
MBIX UICTOYHUKOB CBETa B TEIJIUYHBIX OC-
BETUTEIbHBIX CUCTEMaX UMEET CMBICIT UC-
MOJIb30BaTh MOACUCTEMY YIIpaBICHUS, Ha
KOTOPYIO MOTYT OBITb BO3JIOKEHBI He-
CJI0XHbBIE (DYHKIIUM KOHTPOJISI COCTOSTHUS
CBETUJIbHUKOB U OOECIeYeHUsI PEXUMOB
yOpaBJIeHUST BKJIIOUEHUEM,/BBIKIIOUEHM -
€M B 3aBMCUMOCTHM OT C€30Ha, BpPEMEHU
CYTOK, KOH(MUTypaluu 3a1elicTBOBaHHbBIX
rJiolaneit, TpedyeMoro crekTpa musiyde-
HUS U T.11. Takue MoacucTeMbl MOTYT ObITh
KaK aBTOHOMHBIMHU, TaK Y BXOASIIMMU B
COCTaB LIEHTPaIM30BaHHOM CHUCTEMBI aB-
TOMaTM3aluM Teruiipl. Kak mokassiBaeT
aHaJIM3 TMOMOOHBIX PelleHUl, 31eCh Mpe-
00J1a1a10T aBTOHOMHBbIE TTOJICUCTEMbI, KO-
TOpPbIE UCMOJB3YIOT TPOCThIE U OUYEHb HE-
JIoporve KOHTpoJiiepsl, Kak To: RTU188-
BS (FASTWEL), ADAM (Advantech),
WAGO [I/0, LOGOQO! (Siemens) [5] u ap.
CrenyeT MOJYEPKHYTh, YTO TTPUMEHEHUE
MOACUCTEMBI YIIPABJIEHUS B COCTaBE CUC-
TEMbl OCBELLIEHMS OKa3bIBaeTcs 6ojee a(h-
(beKTUBHBIM UMEHHO B CJTy4ae MCITOJIb30-
BaHMS CBETOIMOIHBIX CBETUJILHUKOB, TaK
KaK 3TU CBETUJIbHUKU B CHJIy CBOel (bu-
3UYECKON TPUPOIBI  TPEIOCTABISIOT
06JIbIIE BO3ZMOXKHOCTHU MO PEryjIupoBa-

HWIO M YCTAaHOBKE CBOMX ITapameTpoB. Ha
0a3e TaKoil ITOJACUCTEMBI YIpPaBICHUS
BO3MOXKHO pelLIeHHe BOMPOCOB Moabopa
CBETWJIBHUKOB C TPeOYeMBIMU CIIEKTpa-
MU U U3MEHEHUST 3TUX CIIEKTPOB C Teve-
HHEM BPEMEHU B COOTBETCTBUM C TIPOTe-
KaloLUMMU OUOJIOTMYECKUMHU Tpoliecca-
MU B XOJIe ONTUMU3ALINKA PEKMUMOB OCBe-
LIEHWS C 1IeJIbIO0 TOJIYYEHUsI OIpPe/IeIEH-
HBIX CBOMCTB PaCTCHUI.

3AKIOYEHME

B Hacrosiiiee BpeMsi B OOJIBLIIMHCTBE
TEIUIMYHBIX OCBETUTEJbHBIX CUCTEM MC-
TTOJTB3YIOTCSI AMAITUPOBAHHBIE TSI pacTe-
HHMEBOJICTBA HATPUEBBIC JIAMITBI BHICOKO-
ro pasjieHust [4, 6] — Tak Ha3bIBacMbIe
arpapHble HaTpueBble JamIibl. OMHaKO Y
9TUX JIaMIT TOJBKO TPeTh 3aTpavyeHHOU
SHeprum TipeobOpasyercss B WM3IydeHUe,
a¢pdekTuBHOE 11 (POTOCUHTE3a, a 3TO
03HAYaeT, YTO BBIPAOATBIBAETCSI TaKXKe
MHoOro JiniHero Teria [6]. CornmacHo uc-
CIeNoBaHUSIM WHCTUTYTa «[UTpOHU-
CEJIBITIPOM», JUIS TIOTYYEHUsI ONTUMATb-
HOU HOPMBI OCBEHIEHHOCTUA B TEILTUIIE
IJIST BBIpALIMBAHUST PACCAlbl, PaBHOM
40 Br/M2 [4], HEOOXOMMMO HMCIIONB30BAT
HaATPUEBYIO JIaMIly MOUIHOCTbIO MUHHU-
MyM 120 BT, a Ut ostydeHust HOPMBI OC-
BELIEHHOCTH B TETUTUIIE /IS BBHIPAIIVBA-
HMST Ha MpomyKumio, paBHoit 100 Br/m?
[4], — mamIly MOIIHOCTBIO MUHUMYM
300 Br. [Tpu poToneprone BeipaliiBaHUs
paccansl 14 4acoB W BBIpalIMBaHUS Ha
npoaykiuio 16 vacoB [4] morpebicHUe
5IEKTPO3HEpruM Ha | M2 COCTABUT 3a CyT-
KU BEJIMYUHY B HECKOJIbKO KBTu. B me-
pecyéTe Ha BCIO MPOAYKTUBHYIO UIOLIAb
TEIUIMLIBI BEJIMUMHA MOTPEOJECHUS IJIEKT-
pOHEPTUN JIaMIIaMU BBUIUBAETCSI B OT-
pOMHOE 3HaUeHNe, CYIIECTBEHHO BIIUSIO-
1ee Ha POCT ce0ecTOMMOCTH TIPOAYKIIAH.

[MpuMeHeHre CBETOMMOMHBIX CBETWIIb-
HUKOB MOXET CHU3UTD 3Ty BEJIMUNHY, KaK
MUHUMYM, B 3 pa3a. Kpome cyiiecTBeHHO
MEHbIIIel MOTpedasieMoli MOIUIHOCTH,
CBETOOMOABI  CIIOCOOHBI  00eCcTIeunTh
OoJTblllee COOTBETCTBUE CIIEKTpa M3ITyde-
HUSI arpapHOTO CBETWJIbHUKA CIEKTPY
addexTBHOCTU HOTOCUHTE3A, YTO T103-
BOJISIET CHU3WUTH TPeOyeMylo0 MOIIHOCTh
U3ITyIeHUST Ha eAVMHUILY TUIOIAIN TeTUTH-
1IbI, a CJIeIOBaTebHO, M MOIIHOCTH CBe-
TUJTbHUKA, B PE3YJBTaTe YeTro MPOVCXOANT
TIOTIOJTHUTENIbHOE CHIDKEHWE TOTpebie-
HUST 2JIEKTPOIHEPTUM U, KaK CJIEeICTBUE,
COKpaIleHHe 3aTpar.

OnucaHHBI B CTaTbe IKCIEPUMEHT
MOKa3aJ, 4TO MPU OCBELICHUU CBETONIU-
ONHBIMU CBETWJIbBHUKAMU CEMEHa TIpo-
LIUTA TIOJIHBINA LMK Pa3BUTHSI, TOTIA Kak

MPU OCBEIICHUU CBETWIBHUKAMU C JIIO-
MWHECLIEHTHBIMU JIAMITAMU OHM JOCTHUT-
JIA JIMIIb CTAJAWU LIBETEHUSI. DTO OTKPbI-
BaeT BO3MOXXHOCTb YMEHBIIECHUST BpeMe-
HU TIOJTHOTO LIMKJIa Pa3BUTHSI pACTCHUS 1
YBEJIMYEHUST KOJMYECTBA MEPUOIOB TIO-
JIOHOIIIEHUST TOJbKO OJjlaromapst moabdopy
CMEKTPAJIbHOTO COCTaBa CBETOAMOIHOTO
ocBeleHusl. Ecnm ydecThb emig u 3KOHO-
MMUIO 3JIEKTPOIHEPTUHM, a TAKKE BO3MOXK-
HOCThb YIpaBJI€HMSI MHTEHCUBHOCTHIO U
CHEKTPaJbHBIM COCTABOM U3JIydYeHUs B
3aBUCUMOCTHM OT (ha3bl pa3BUTHUSI pacTe-
HUSI, YTO BO3MOXHO TpU MNPUMEHEHUU
CBETOAMOIHBIX CBETUILHUKOB, TO 9KOHO-
Mu4eckuit a(ppekT OoT BHEIpPEHUs TaKMX
CBETWJIbBHUKOB MOXKET OBbITh OYEHb CYIIIE-
CTBEHHBIM.

B monb3y mpuMeHeHHUsI CBETOAMOAOB
BBICTYIAIOT TakXKe UX KOHCTPYKIIMOHHAsI
MPOYHOCThb, HAAEXKHOCTb, OOJILIION pe-
CypcC, 9KOJIOTUYHOCTb.

[IpoBen€HHble MCCIeNOBaHUS TOJ-
TBEPXKAAIOT, YTO Oyaylllee OCBEIICHUS
TEIUIMI] 32 CBETOAMOAHBIMU CBETUJIbHU-
KaMu [6]. M HauuMHaTh NMpUMEHEHHUE Ta-
KHUX CBETWJIbHUKOB 11€JIeCO00pa3HO YXKe
cerojHs. @
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