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oraa B 2009 1. CBETOAUOABI TPEOAOAEAN

npeaea cBeTootpauu B 100 AmM/BT, ux mc-

MOAB30BaHNE BMECTO AIOMUHECIIeHTHBIX

AA@MII CTAAO DKOHOMUYECKH BBITOAHBIM.
Aecarb AeT TOMY Hasaa srtoHckas komnanus NICHIA
IIPEeACTaBHUAQ CEPUIO CBETOAMOAOB 757, B HEM OBIAA
TOIIOBAsi MOAEAD, BIIEPBLIE B MUPE AAS CEPUMHOM IIPO-
AYKITMU nMeBIas ceetoorpady 200 am/Br. B 2021 1.
OBIA OCBOEH CEepPUHHBIN BBIITYCK CBETOAMOAOB CO CBe-
TooTAauer 210 AM/BT, 110CAe 4ero B HOBOCTSX Iepe-
CTaAM IIOSBASTHCSI COOOIEeHUsT 00 OUepPeAHbBIX PeKop-
pax B aToM cepe. [To cocrosauio Ha 2024 r. camas
OOABIIIask CBETOOTAQUA Y CEPUMHO BEITYCKAeMEIX CBe-
TOAMOAOB HaXOAUTCS Ha ypoBHe 211 am/Bt. Heyskean
AOCTUTHYT IIPEAEA AT AQHHOTO TTapaMeTpa? AAs Toro,
9TOOBI IOHSITH, TAK AW 9TO, CHaYaAd PaCCMOTPHUM, OT
KaKux (paKTOPOB 3aBUCUT CBETOOTAAYA.

CeeTtoBas a¢pPpeKkTUBHOCTD

CBeToOTAaUa ONpeAeAsieTCcsd KaK OTHOIIEHUe CBe-
TOBOI'O IIOTOKa K MOIIJHOCTH, IOTpebAsIeMOMN UCTOU-
HUKOM CBeTa. B cBOI0 ouepeab, CBETOBOM IIOTOK IIPEA-
CTaBAsIET COOOM CBETOBYIO BEAUUHHY, OlleHUBAIOIIYIO
IIOTOK M3AYUYEeHUS II0 €70 AeUCTBUIO HA CEAeKTUBHBIN
TTPUEeMHUK CBeTa (YeAOBeYeCKNU TAa3), CleKTpasbHas
YYBCTBUTEABHOCTHL KOTOPOTO ONPeAeAsieTcsT (PYHKITU-
€l OTHOCUTEABHOU CIIEKTPAABHOU CBETOBOM 3 dek-
TUBHOCTU U3AYUEHUS.

AOCOAIOTHOE 3HaUeHUe CBEeTOBOU 3(p(HEeKTHBHOCTH
n3aydeHus K (A) AAST MOHOXPOMATHYECKOTO HMCTOY-
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Ha MPOTAKEHNM MHOTUX NeT rnporpecc B CBeTonn-
OOHbIX TEXHONOIMAX N3MepAasICd INMaBHbIM O6pa3OM
MaKCVMMaJibHbIM 3Ha4YeHMeM CBeTOOTAauN. Ot a70-

ro NnapameTpa BO MHOIroM 3aBK/Cena 3Heproad>—

bekTnBHOCTb cBeTuNbHMKOB. CHavana cBe-
TooTHoa4ya 6bICTPO pocna, MOTOM CKOPOCTb
pPOCTa YMeHblLanach, a ceryac oHa Booblle
CTOWUT Ha MecTe. B naHHOM cTaTbe Mbl Mo-
npobyeM pa3obpaTbCe, C YEM STO CBA-
3aHO U Kakuke byayT nocnencTsusa ans
CBETOTEXHUYECKOM OTPaCIN.

HUKa CBETa BEIYUCASETCS O (DOPMYAE:
K (A = KuV(), (1),

rae Km — Koa(ddurueHT, CBI3aHHEBIN C CUCTEMOU U3-
mepenunit, V(A) — OoTHOCUTEAbHAS ClIeKTPaAbHast CBe-
TOBast 9PPEKTUBHOCTh, MPUHUMAIOIIAs 3HaueHune 1
IPU AAWHE BOAHBI, TA€ YyBCTBUTEABHOCTH TAd3a Hau-
OoAblIasg. AAST MESKAYHAPOAHOU CHUCTEeMBI M3MepeHuN
CU npunsito Ky = 683 Am/Br, pynknus V(A) onpe-
penseTcss Me>KAyHapOAHOM KOMUCCHEH II0 OCBellle-
HUIO, MUK YyBCTBUTEABHOCTU YEAOBEYECKOI'0 TAa3a
TMTPUXOAWTCS Ha 555 HM.

AAsl CITEeKTpa, UMeIolero KOHEYHYIO [IIUPUHY, CBe-
TOBad 3(P(PEKTUBHOCTD BEIYUCASETCS 110 (POPMYAE:

780 nm
[ e (WV(NdL
K = Ky 380mOO (2),
f@e,k()\.}d?&
0
rae P () — crekrpasrbHasi HAOTHOCTH IIOTOKA M3-

AyHYEeHUs NCTOYHUKA CBeTa.

Ba>xHO, uTO CcBeTOBasg 3P(PEKTUBHOCTH 3aBUCUT
TOABKO OT IIapaMeTpPOB CIEeKTpa U3AYUeHUS U KPU-
BOU CIIEKTPAABHOU YyBCTBUTEABHOCTH rrasa. Cae-
TOOTAQUA MOJKeT OBITh BEIUMCAEHA HA OCHOBE AQHHBIX
110 CBETOBOU 3(Pp(heKTUBHOCTHU COIAACHO (DOPMYAe:!

n = NiK, (3),

rae Ng — KITA ucTouHMKa cBeTa.



B ToM caydae, ecAn MBI ©UMeeM AEAO C MCTOYHU-
KoM cBeTa, TAe 100% moTpebasgseMOn dAeKTposHep-
AV IIpeBpallaeTcss B BUAMMOE H3AyUYeHWe, 3Hade-
HIUE CBETOOTAQYM OyAeT PaBHO 3HAUYEHHMIO CBETOBOM
5P PEeKTUBHOCTU. AAT PEarbHO CYIIECTBYIOMIHUX
WCTOYHHUKOB CBETAa CBETOOTAQYA OYAET BCETAQ MEHb-
111e 3HaYeHUs CBETOBOM 3(P(PEeKTUBHOCTHU, TaK KaK UX
KITA menbre 100%.

Camoe OoABIIIOe 3HaYeHUe CBeTOBOM 3(pheKTUBHO-
ctH, paBHOe 683 AM/BT, COOTBETCTBYyeT MOHOXpPOMA-
TUYECKOMY UCTOUYHUKY C AAMHOU BOAHBI 595 HM (LIBET
MOAOAOM AUCTBHI). B cAydae IMHMPOKOTO CIEKTPa, Xa-
PaKTEPHOTO AAST OCBETUTEABHBIX CBETOAMOAOB, K mipu-
HUMaeT 3HAUYUTEABHO MeHbITHEe 3HaYeHU .

B 1] npuBeaeHBI pe3yAbTaTEl MaTeMaTHYeCKOTO
MOAEAVWPOBAHUS AAS UACANBHBIX MCTOYHUKOB CBETQ,
MTPEeACTaBASIONINX COO0M abCOAIOTHO YepHBIE TeAa.
IMpu MOAEAWPOBAHUYM OTCEKAAUCH COCTABASIONIHE,
CIIeKTpPaAbHAsI MAOTHOCTb KOTOPBIX, HOPMUPOBAH-
Hasg Ha KPUBYIO 4yBCTBUTEABHOCTH IAa3a (Tak Ha-
3biBaeMasi pOTonMYecKasi OIleHKa), AeKara HUKe
3aAQHHOTO IIopora. Bapbupys 3HaueHHe YKa3aHHOTO
mopora, ObIAW TTOAYYEeHBI pa3ANMYHbIe 3HaYeHUs HH-
Aekca 1Betomniepepaun CRI. Kpome aToro, orceduenue
YaCTU CHEKTPa IPUBOAMAO K CABUT'Y KOPPEAMPOBAH-
HOW IIBETOBOW TeMmIilepaTyphbl. Hamboaee Ba>kHBIE
AAS HaC AQHHBIE U3 3TOTO UCCAEAOBAHUS IIPUBEAEHEI
B TabA. 1.

3HaueHus cBeTtoBoM 3dpdeKTUBHOCTH,
npueeaeHHble B Tabn. 1, onpepensiotcs
dyHAaMeHTaNnbHbIMU GU3MUYECKUMU 3aKO-
HaMM U He NPUBA3aHbl K KOHKPETHOMN TexX-
HUYECKOW peanusauum UCTOUYHMKA CBeTa.
Ecnu Ha cMeHy cBeTOAMOAaM npuayT na-
3epHble U 3KCUMEPHbIe UCTOYHUKM CBETA,
ceeTtoBasa 3¢pPeKTUBHOCTb ByaeT Toun Xe.

CUITA CBETA

n pepenbHoe 3HaYeHUe ceeTooTAauYun

Suauenue KIIA cBeToaAnOAOB O6E€AOTO CBeUEHUS
pPaBHO:
Ns = NchNr, (4),

rae Ne — KITA uuna cuHero (proreToBoro ceeueHus),
Np — KIIA aromunodopa, Ny — KITA orpaskareas.

DoTobaHk Jlopu

Yepes npospauHbiii KOPNyc 3TOro CBETOANOAA MOXKHO YBUAETD
BHELWHIO CTOPOHY OTpa)kaTens, BbINOIHEHHOro B BUAE MeTan-
NMYECcKoro KoHyca

OTAEABHO CAEAYeT OCTAHOBUTHLCS Ha napaMerpe Ni.
B nopaBasironieM OOABIIMHCTBE CBETOAUOAOB OIITH-
JecKasl OCh HallpaBAeHA IIePIEeHAUKYASPHO AUIEBOU
IIOBEPXHOCTHU IIOAYIIPOBOAHMKOBOrO uumna. Ho ocHoB-
HOM MOTOK CBETOBOT'O U3AYUEHUSA UAET U3 TOPIEBBIX
TMOBEepXHOCTeN unma. YToOhl HalpaBUTh CBET B HYK-
HYIO CTOPOHY, YWII pa3MeIaioT BHYTPU MHHHUATIOP-
HOTrO OoTpaykaTreas. KITA 3Toro oTrpaskaTeass IpuOAU-
3uTeABHO paBeH 80%.

Ha MoMeHT HamucaHUs CTaThU HaWMOOABIITHME 3Ha-
YeHMS AT CEPUHWHO BBITYCKAEeMBIX CBETOAMOAOB CO-
craBasiad Ne = 83% u Np = 97%. CoraacHo hopmy-
Ae (4), Ns = 64,4%. bepem u3 Taba. 1 MakcUMaAbHOE
3uauvenue K = 348 Am/Br.

TABNMMUA 1. 3HaueHus cseToBoit 3¢pPeKTUBHOCTU, NONTyUeHHbIe NOCPEACTBOM MaTeMaTUUECKOro MOAENNPOBaHUS
" Mopor oTceueHuns KoppenupoeaHHas CeeToBas
CTOYHUK
CneKTpanbHbIX uBeToBas CRI 3¢ deKTUBHOCTD,
manyvyeHus o
cocTasnsowmx, % Temnepartypa, K nm/Br
0,5 5784 99,4 260
AbconoTHO YepHoe 1 5756 98,8 274
Teno c TeMrepaTypon
5800 K 2 5653 96,5 292
5 4646 68,6 348
0,5 281 99,4 256
Ab6contoTHO YepHoe 1 2821 98,7 276
Tesno c TeMnepaTypomn
2800 K 2 2839 97,2 299
5 2831 82,7 343
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[MoactaBasis B hopmMyAay (3), TOAydIaeM IpepAeAbHOe
3HaUYeHHe CBETOOTAQUU, KOTOPOe MOXKHO IIOAYYUTH OT
CBETOAMOAQ TP HBIHEITHEM YPOBHE Pa3BUTHS TEXHO-
aorumi: M = 224 Am/Bt. DTO 3HaUeHHE COOTBETCTBYET
CRI na yposHe 68,6 u nBeTOBOM TeMiieparype 4646 K.
PekopaHOe 3HaueHUe AAS CEPUMHO BBINIYCKAEMBIX
cBeTopnopoB ¢ CRI Ha yposHe 70 1 1IBETOBOM TeMIle-
parypou 5000 K cocraBasier 211 am/Br. Pazuuna mo
CBETOOTAQYE MEJKAY PACUETHBIM IIPEAEAOM K PEAABHO
AOCTUI'HYTBIM MaKCHMaAbHBIM 3HaueHUEM — B IIpe-
AeAax pazdpoca IapaMeTpOB TPU TPOU3BOACTBE.

Kak MOXXHO m3MeHUTH cuTyanuio? [Ipeamono-
JKUM, TaKoM BapuaHT. BAOKUB OOABIIIME CPEACTBA
B Hay4YHBIE UCCAEAOBAHUS, KAKUM-TO 00paszoM yaa-
AOCh CHM3UTH IIOTEPU B IIOAYIIPOBOAHUKOBOM YUIIE
B 2 pasa. Toraa moayuuMm Ne = 91,5%. KITA cBeTopm-
opa pocturHer 71%, MakKCMMaAbHO BO3MOXKHOE 3Ha-
YeHHe CBEeTOOTAAYM HOBBICHUTCS A0 247 AM/BT, T. e.
yBeanuuTcs Bcero Ha 10%. Bpsia Av BAOKeHUS B IIO-
BBEIIIEHNE CBETOOTAQYM HAa CTOADb MAAYIO BEAUYHUHY
OKYIISITCS 3@ CYEeT DKOHOMUU IAEKTPOIHEPTUHU.

OTcropa cAepyeT BBIBOA — BO3MOXKHOCTU POCTA
CBETOOTAQUM AASI CBETOAUOAOB AEHUCTBUTEABHO HC-
yepnadbl. POpMarbHO AQHHBIM ITOKA3aTeAb ellle He
AOLIEA AO CBOETO (PU3UYECKOro IIPEeAeAd, TeEM He Me-
Hee AaAbHeMIllee yBeAndeHHe oTpedyeT 3HAaUUTEeAb-
HBIX 3aTPaT, KOTOPBIE ce0s He OKYTIAT.

KpomMme aToro, Bce OoAblllee BHUMAHUE YACASIETCS
Ka4eCTBY CIIEKTPa OCBellleHus, B TOM YUCAEe U B CBA3U
C 3alMTOM IIPUPOABL. IHampumep, He caepyer ycra-
HABAMBATh HA MaruCTpassix CBETUABHUKU, UMEIOIe
uBeroBylo Temueparypy sbiue 4000 K, mOCKOABKY
OHM IIPUBAEKAIOT HACEKOMBIX, KOTOpPble TUOHYT U TeM
CaMBIM IITHTBLI AMIIQAIOTCS KOPMOBOM 0a3bl. B Poccun
YAMYHBIE CBETUABHUKH C IIBETOBOM TeMIlepaTypoun
Boire 4000 K 3amperiedsbl Ha TpaccaxX, HaXOAIIIIXCS
B BepeHUU PocaBTOAOPA, @ TaK)Ke B HEKOTOPBIX TOPO-
AAX, TAe TAKOM 3allpeT CYIIeCTBYeT Ha YPOBHE IIPUHSI-
TBIX KOHIIEIIIUM CBETOIBETOBOU cpeabl. [Tpu aToM B
MocKBe 1 HEKOTOPBIX APYI'MX F'OPOAAX MCIIOAB3YIOT-
CsI YAUYHBIE CBETOAUOAHBIE CBETUABHUKH, AQIOIINE
TETABIA OTTEHOK OeAoro mBeTa. B oducHOM ocBere-
Huu 3HaueHue CRI Goabire 90 mocreneHHO CTAHO-
BUTCSI CTAHAQPTOM Ae-(PakKTo. Aa U Ha HPOU3BOACTBE
C Pa3BUTUEM BLICOKOTEXHOAOTUYHBIX OTPACAEH TOXKE
BCe Yallle CTPEeMSTCS YCTaHABAUBATH CBETUABHUKH
c CRI 6oasnre 90, Tak Kak 3TO IIO3BOASET YAYUYILIUTH
pa3ArdYeHUEe MEAKUX AeTarelr. TeM caMbIM IIOBBIIIA-
€TCsl IPOU3BOAUTEABHOCTD TPYAQ, YTO 110 HBIHEITHUM
BpeMeHaM mMeeT OOABIIOe 3HadeHue. AAST TEIAOTO
Oenaoro nBera U Boicokux 3uHadeHui CRI cBeToBas
3(pPeKTUBHOCTD, COTAACHO TabauIle 1, He TpeBHIIIaeT
300 AM/BT, 4TO B pEaAbBHOCTHM AQET CBETOOTAQYY HE
6oaee 193 Am/BT.
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MocnencTBua Ana cBeTOoTEXHMYECKOMN OTpacnum

Pambire AmapepaMu CBETOAMOAHOM WHAYCTPUM OBIAM
xomnaHuu u3 CIIA u ctpan EBpocoroza. banzocTts
K BEAYIIUM MHPOBBIM HMCCAEAOBATEABCKHUM II€HTPaM
IIO3BOASIAQ UM OII€PATUBHO IIOAYYATh CaMble COBpe-
MeHHBIE TeXHOAOTUH, IOCTOSHHO YBEAWYUBAS 3Ha-
JeHHe CBETOOTAQUU AN CBOeM mpoaykKuuu. Koraa B
roHme 2010-x ropOB TEMIEI POCTa CBETOOTAQUU 3a-
MEAAUAUCH, OBIABIE aMepPUKAHCKUe U eBpPOIleNCKue
AVIAEPHI VIIIAM C PBIHKA CBETOANOAOB IIIMPOKOTO IIPH-
MeHeHUs. Tellepb KOHKYPeHIUSI UAET B OCHOBHOM
110 AMHUM COOTHOIIIEHUS I1eHa/KadeCTBO, a 3AeCh KH-
TaliCKUe KOMIIaHUU — 0e3yCAOBHBIE AUAEPHIL.

[ToBrIlllenre sHepProa(pPeKTUBHOCTU B HAIIU AHU
CBSI3@HO TAABHBIM 00pPAa30M C BHEADEHHEM «YMHBIX»
CHCTeM YIPaBAEHUs, KOTOPbIe BKAIOUYAIOT CBET TOAb-
KO TOTAQ, KOTAQ HYJKHO, U IIOAAEP>KUBAIOT OCBellleH-
HOCThb Ha ONTHUMAAbLHOM ypoBHe. [IpEMeHUTEeABHO K
YARYHOMY OCBEIleHHIO — CHUCTeMa YIIPaBA€HUS IPO-
THO3UpPYeT IAOTHOCTH ABWJKEHUSI aBTOMOOHAEHN IO
AQHHOM yAUIle U 3apaHee YCTAHABAUBAET OCBeIeH-
HOCTb Ha COOTBETCTBYIOIleM eMy ypoBHe. I, KcTaTy,
MHOIHEe U3 OBIABIX «IPAHAOB» CBETOAUOAHOM IIPO-
MBIIIIA€HHOCTH CeM4ac aKTUBHO BKAAABIBAIOT A€HBI'U
B Pa3BUTHE «YMHOTO» OCBeleHUs. [IpoponrskaeTcs
COBEpIIEHCTBOBAHNWE CBETOAMOAHBIX APAaWBepOB B
HanpasaeHum noseireHus KITA,.

HecmoTpst Ha TO, 9TO BepXHsis TPAHUIA CBETOOTAA-
YU Y CBETOAHOAOB A@BHO y>Ke He MEeHSIeTCs, €CAU MBI
BO3bMEM CpeApHee 3HaueHUe CBEeTOOTAQYM KOHEUHOTO
000pPYyAOBAHUS, TO OHO IIPOAOA’KaeT pacTu. CBsasa-
HO 3TO CO CHIJKEHHEM I[eH Ha CBETOAMOABI, MMEFO-
1e MaKCUMAABHO BBICOKOE 3HaUeHMe CBETOOTAQUM.
B pesyabraTe oHu GoAee IIMPOKO UCIOAB3YIOTCS B
CBETHUABHUKAX.

[To MHeHUIO aBTOpA CTATBH, €CTh ellle OAWH MOIII-
HBIU (paKTOP MOBBIIIEHUS dHEProdPPEeKTUBHOCTU OC-
BellleHUs, KOTOPBIM IOKAa IIOYTU He 3aAeHMCTBOBAH —
COBEPIIEHCTBOBAHME ONITUIECKUX CUCTEM CBETUAD-
HUKOB. Peub HAET He TOABKO U He CTOABKO O ITOBBIIIe-
aHun KITA, CKOABKO O TOM, YTOOBI HAIPABASATE AYIU
CBeTa TOABKO TYAQ, TAe Hy’KHO. TaKoe yAydIlleHUe I10-
3BOASIET IIOBBICUTE 3HePro3(@deKTUBHOCTh YCTAHOB-
KU Hapy’KHOIO OCBellleHUs Ooaee yeM B 1,5 pa3za. [Tpu
9TOM CHMJKAETCsI CBETOBOE 3arpsi3HeHHe OKpPYIKafo-
1Ie} CPeABl, YTO AeAdeT CBEeTUABHUK I10-HACTOSAIIEMY
5KOAOTUYHBIM, &)
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