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Annotamms. [IpefcTaBieHbl pe3ybTaThl HCCICIOBAHUN CIICKTPAIbHBIX XapaKTCPUCTHK JaMII-PeTpopuToB GpopMm-pakropa
tuna A60: KoppeTupoOBaHHON IIBETOBOM TEMIEPATyphl U CIIEKTPATBLHOTO PaCIPEIeICHHs TNIOTHOCTH MTOTOKA U3JTy4YeHUs B
TeUeHHUe BpeMeHH ropeHus nam. [IpoaHann3npoBaHbl U3MEHEHHUs CIIEKTPAIbHBIX XapaKTEPUCTUK UCCIIEAYEMbIX CBETO/IU-
OJTHBIX JIaMI-peTpoduToB B TeueHre 6000 4 U omnpeiescHa 10 CUHEH COCTABIISIONICH HCCIeAyeMbIX JTaMIl. Vi3MepeHus
MapaMeTPOB JIAMIT POBEICHBI ¢ TOMOMIBIO (DOTOKOJIOPUMETPUICCKON H3MEPHUTEIIEHON YCTAHOBKH IIPH HAIIPSDKCHUN CETH
220 B; mpu BEIYHCICHUN KOOPAWHAT IBETHOCTH H IIBETOIIEPEIAYHN UCCIISTYEMBIX JIaMII IPUMEHEH CIICKTPOPaIHOMETPHYC-
CKHif MeTo[I. Pe3ynmbraThl HCccIeJOBaHUH ITOKAa3BIBAIOT IIEJIECO00Pa3HOCTh 3aMEHBI TPAUIIMOHHBIX JIAMIT Ha CBETOHOTHBIC
HCTOYHUKH CBETa C OIATONIPHUSTHBIMA JIJIS YEIIOBEeKa MapaMeTpaMHu.

Knrwouegvie cnosa: c6emoouodnas 1amna, cnekmp usiyuerust, Cpox ciyicowl, hopm-ghakmop, yeemosas memnepamypa

Ccebliaka aasa uutupoBanus: Hecmepxuna H. 1., Kosaneuxo O. IO., Kenesnuxosa O. E., Konmaesa O. A., Kypas-
zesa FO. A. ViccnenoBaHne CIIEKTPaTbHBIX XapaKTEePUCTUK CBETOMOMHBIX JTAMIT-PETPOPHUTOB B TEUCHHUE CPOKA CITYKOBI //
WU3B. By30B. [Ipubopoctpoenue. 2024. T. 67, Ne 5. C. 417-424. DOI: 10.17586/0021-3454-2024-67-5-417-424.

STUDY OF SPECTRAL CHARACTERISTICS OF LED RETROFIT LAMPS DURING THE SERVICE LIFE
N. P. Nesterkinal, O. Yu. Kovalenko?, O. E. Zheleznikova', O. A. Koltaeva', Yu. A. Zhuravleva23*

1 Mordovia State University, Saransk, Russia
2 MIREA — Russian Technological University, Moscow, Russia
3 National Research University ,Moscow Power Engineering Institute®, Moscow, Russia
* ulypil@mail.ru

Absract. Presented results of studies of the spectral characteristics of retrofit lamps of the A60 type form factor include
correlated color temperature and spectral distribution of radiation flux density during the burning time of the lamps.
Changes in the spectral characteristics of the studied LED retrofit lamps are analyzed over a period of 6000 hours and
the proportion of the blue component of the lamps under study is determined. Measurements of lamp parameters are
carried out using a photocolorimetric measuring setup at a network voltage of 220 V. When calculating the chromaticity
coordinates and color rendition of the lamps under study, the spectroradiometric method is used. Research results show
the feasibility of replacing traditional lamps by LED light sources with parameters favorable to humans.
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BBeIleHI/Ie. H_[I/IpOKOC HUCITIOJIB30BAHUEC CBECTOAMOIHBIX HOJIYHpOBOI[HI/IKOBBIX HNCTOYHHUKOB CBCTA
00ycioBieHO X YHEprodhHEeKTUBHBIMH XapaKTepuCcTUKaMHu. ViccrenoBanus Mo BO3IEHCTBUIO U3TyUe-
HUA UICTOYHUKOB CBETA HA 3pI/ITe.IIBHyIO pa6OTOCHOCO6HOCTB HOIITBep)K,Z[aIOT 6HaFOTBOpHO€ BIINSIHUEC
cBeToMoAHOro ocBemlenus [ 1, 2]. K HegocrarkaM CBETOIMOAHOTO U3JIyYEHUSI HA HACTOSAIIUIA MOMEHT
BpeMeHI/I MOKHO OTHECTHU 60JIBH_IYIO COCTaBJI}IIOH_IyIO CHHCTO IIB€Ta CBCTOAUOJHBIX NCTOYHUKOB CBCTA,
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a MCCIIeIOBaHUS B MEAUIIMHCKON 00IaCTH MOATBEPKAAIOT (DAaKT pa3pylIeHHs MEIaTOHUHA [TPU UHTEH-
CHBHOM BO3/ICHCTBHM CIIEKTpa CUHETO 1BeTa B nuana3zoHe 430—470 uMm. [IpoBeaeHHbIE POCCUNCKUMHU
HCCIIeIOBaTeNsIMU OMBITHI [3] mokasanu, yTo Hanboee MoJaBIsIIoNIee BO3CHCTBUE HA MEIaTOHUH
BBISIBJICHO IIPU OCBEIIICHUU UCTOYHMKAMU CBETa ¢ IBETOBOM Temneparypoi 6400 K, B koTopbIx npu-
CYTCTBYET roy0asi COCTABIISIONIAsl CIIEKTPA, B OTIMYHE OT JIaMIl C [[BETOBOW Temmeparypoit 2700 u
4000 K. ITpu onpenesieHNU BIUSHUS IBETHOCTH U3IyUYCHHS] HA MEJIATOHUH TAK)KE YCTAHOBIIEHO, YTO
[IPU IJTUTEIBLHOM BO3JIEUCTBUM CUHETO CBETA Y UCIBITYEMbIX MOBBICUIICS YPOBEHb TPEBOKHOCTH, a
Ouonornyeckue yacel cABUHYIUCHh Ha 1,2 1 [4]. [To manasiv SCHEER*, mpu HaxoXaeHUU UCTIBITYE-
MBIX CBBIIIE 3 U B IOMELIEHUH, KOTOPOE OCBEUIACTCS CBETOAMOAHBIMU UCTOYHUKAMU C CUHEH COCTaB-
JISIOLIEH U3TydeH s, HaOI0AaeTCs yBEIMYEHUE PUCKA HEraTUBHOTO BO3AEHCTBUS (POTOXUMUUECKUX
MPOIIECCOB HA CETYATKY IJla3a COMIACHO YCTAaHOBJIEHHBIM HOpMaM MexayHapOoaHOW KOMUCCUU TIO
3amuTe oT HenoHm3upyomux uznyderuit (ICNIRP) [5].

B pab6otax [6—12] oTpaxeHbl pe3yiabTaTbl UCCIAEIOBAHUN XapaKTEPUCTUK CBETOIMOIHBIX JaMIT
JUIsi OBITOBOTO OCBEIICHUs. AHAU3 UCCIEIOBAaHUM XapaKTePUCTUK CBETOJMOAHBIX JIaMII pa3HOM
MOIIHOCTH B TeueHue BpeMenu roperust 3000 u npencrasnen B [13]. OnHako cornacHo CTaHIapTy,
M3MEPEHMsI XapaKTEPUCTHK JIaMII IIeJIECO00pa3HO MPOBOIUTH MPH dKcIuTyaramnuu coime 6000 4, uTo
1 OBUIO C/IeTIaHo B JJAaHHOU padore.

[lenb HacTosIIel CcTaTbUu — U3MEPEHHE U aHAJIU3 U3MEHEHMSI CIIEKTPAJIbHBIX XapaKTePUCTUK
UCCIIETyEMbIX CBETOAMOIHBIX JIAaMI-PEeTPO(GUTOB pa3IuuHbIX IpousBoautenei B reuenue 6000 u;
OIIpe/ieIeHre Ha OCHOBE MOJTyYEHHBIX PE3YJIbTaTOB LEIeCO00Pa3HOCTH UCIIOIb30BAHUSA JAHHBIX JIaMIT
B KaU€CTBE 3aMEHbI TPAIULIMOHHBIM JIAMIIAM HAKaJIMBAHUS; ONPEICIICHUE JI0JI CUHEH COCTaBISIONIEH
UCCIIEyeMbIX JaMIl, CIOCOOCTBYIOLIEH MOAABIECHUIO MEIATOHUHA.

MarepuaJjbl 1 MeTOAbI. B KauecTBe UcClieayeMBbIX JIaMIl ObUTH 0TOOpaHBI IPOU3BOIUMBIC Pa3-
HBIMHM KOMITAHUSIMU CBETOJIMO/IHBIE JIAMITBI-PETPOPUTHI CO CTaHIAPTHHIM LOKosieM Tuna E27 paznuu-
HOH LBETOBOH TeMmeparypsl, ¢ popM-Ppakropom A60, 6a13kuM K HopM-(haKTopy JaMIibl HAKAITUBAHUSL.
Buemnuii BUA ncciieyeMbIX JaMIl peACcTaBiieH Ha puc. 1. CBETOBOM MOTOK M KPUBAsl CHIIbI CBETA
JAHHBIX JIAMTI OTPaKeHBI B pabote [8§].

PrIUPS

g4 B8 B

Uniel LED JazzWay Philips Ecola Wolta LX

Al
aw

PLED-SP Essential LED Classic LED
Puc. 1

N3mepenust xapakTepUCTUK UCCIIEAYEMBIX JTaMI ObUTH BBIMIOJHEHBI B U3MEPUTEIBHO-UCCIIEN0-
BaTeILCKOM JTabopaTopuu MopaoBCKOTro rocyaapcTBeHHoro yuuepeurera (Capanck) [14] cormacHo
I'OCT IEC 62612-2019 u I'OCT P 55702—2013 ¢ nomor1ipo (hoOTOKOIOPUMETPUIECKON U3MEPUTEIh-
HOM YCTaHOBKH NMPOM3BOACTBa Kommnanuu ,,Gooch & Housego* (Bemukoopuranus, CIIA). Jlannas
YCTaHOBKA BKJIFOYAET B ce0s MPEIM3MOHHBIA HCTOYHHUK IMTOCTOSHHOTO TOKA, apMarypy (A5 KperuieHus
JIaMIT), PETYJIUPYMBIN (IJIs1 K3MEHEHUS HAIIPSKEHUS TUTAIOIIEH CeTH) aBToTpaHc(opmarop, ONToBO-
JIOKOHHBIH Kabelb, (hotomerpuyeckuii map moaenu OL IS7600, MHOrOKaHAIBbHBIN CIIEKTPOPATHOMETD
moznenu OL 770 UV/VIS u 6ok mynsrumerpoB UNI-T UTD890D (puc. 2). Texuuueckue xapakrepu-

* Scientific Committee on Health, Enviromental and Emerging Risks (SCHEER) — Hay4HbIif KOMUTET 110 prcKamMm
JUISL 30POBBSI U OKpY’KarowIeil cpesbl.
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CTHKHU KOMIUIEKTYIOIINX (POTOM3MEPUTENBHON YCTAHOBKU U IIPHHIIHIL €€ ISHCTBUS HOAPOOHO OMHCAHBI

B JIOKyMEHTAIuu. *

Puc. 2

CrniekTpasbHble U LIBETOBBIE XapaKTEPUCTUKHU JIAMIT U3MEPSIINCh IPY HOMUHAJIBHOM PEXKHUME B
teyenue 6000 4 ropenus ¢ narepasioM kaxapie 1000 4 npu Hanpsbkenuu cetu 220 B. B xone uccie-
JO0BaHUs JJaMIIbl BBIKJIFOYAJINCH 4 pa3a B CYTKHU U ITOBTOPHOC BKIIFOYCHHUEC OCYUICCTBJIAIIOCH HC MCHCC,
yeM uepe3 15 MuH nociie BbIkitoueHus. [1pu BbIYMcIeHuN KOOpAMHAT IBETHOCTH U LIBETONEPEAAUYH

HCCIIeTyeMbIX JIaMIT IPUMEHEH CIIEKTPOPATUOMETPHUSCKHI METO/.

Pe3yabTarnl ncciaenoBanuid. Pe3ynbraTbl U3BMEPEHUS CIEK-
TPaJIbHBIX U IIBETOBBIX XaPAKTEPUCTHK UCCIICAYEMBIX CBETOAUOTHBIX
JaMn-peTpodUTOB, a TAKXKe MapaMeTpbl JaHHBIX JIaMII, 3asiBJICHHbIE
IPOU3BOAUTENIEM, IPEACTABIEHBI B Ta0l. 1 (31ech Ty, — Kopeu-
pOBaHHas LIBETOBAsl TEMIIEPATYPa, A, — AOMHUHUPYIOLIAs AJIMHA
BOJIHBI).

B Taln. 2 npeacraBiieHbl pe3ynbTaThl K3MEHEHHS CIIEKTPATIbHBIX
XapaKTePUCTUK MCCIENYEMbIX JIAMII B TIPOIIECCE TOPEHUSI.

W3mepeHne crieKTpaibHOro pacipeesieHus! IJIOTHOCTH TIOTOKa
M3ITyUYEHUS UCCIIEYyEMBIX JIAMII BBITIOTHSUIOCH C IOMOIIBIO CIIEKTPO-
pamuometpa turma OL 770 VIS/NIR (puc. 3). MI3amepenust npoBoau-
auch nocie kaxaplx 1000 4 ropenus B reuenue 6000 u.

[Tepen usmepeHrueM JaMIibl OTXKUTAIUCh TP HOMUHAJIbHOM
HanpspkeHUU B TedeHue He MeHee 15 muH cornacHo ['OCT IES
622162019 1o MOMEHTA TOCTHIKEHUS TEIJIOBON CTAOMIBHOCTH.

Puc. 3

Tabnuya 1
. T K, sammncmbie/ | o KoopauHaThl BETHOCTH,
asBaHune KCTIEPHUMEHTAILHBIE acToTa | Amays 3asBIICHHbIE/IKCTIEPHMEHTAIIbHBIE 3HAYCHHS
NaMIIbI uBera HM
3HAYEHHUS ¥ y u v

Uniel LED 10W 4000K 4000/4200 0,292 592 | 0,380/0,3808 | 0,380/0,3829 | —/0,2229 | —/0,3362
JazzWay PLED-SP 5000/5250 0,064 | 453 | 0,346/0,3386 | 0,359/0,3496 | —/0,2079 | —/0,3217
10W 5000K
Philips Essential LED 6500/6740 0,072 448 | 0,313/0,3129 | 0,337/0,3297 | —/0,1977 | —/0,3125
9W 6500K
Ecola Classic LED 4000/3985 0,280 | 591 | 0,380/0,3803 | 0,380/0,3796 | —/0,2239 | —/0,3352
10.2W 4000K
Wolta LX 12W 3000K 3000/2994 0,533 595 | 0,440/0,4362 | 0,403/0,4076 | —/0,2486 | —/0,3484

* [Ipunoxxerne k cBu. No 64752 00 yTBepKICHUHN TUITAa CPEICTB M3MepeHi. OTIcaHue THTIa CPEICTBA M3MEPEHHH.

YcranoBka (hoTOKOIOpUMETpHUECcKas m3MepHTeIbHas. M., 2017.
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Tabnuya 2
Bpewms ropenus, u
Ha3zsanue namiisl XapaKTepI/ICTI/IKa

0 1000 2000 3000 4000 6000

Uniel LED 10W 4000K D HM 592 592 594 595 597 599
T K 4200 3800 4125 4120 4118 4121

JazzWay PLED-SP Aemacs HM 453 451 451 450 449 448
10W'5000K T K 5250 5260 5375 5334 5261 5228
Philips Essential LED Aemas HM 448 447 447 445 444 441
OW 6500K T K 6740 6525 6500 6508 6510 6512
Ecola Classic LED Anaxs HM 591 592 594 596 598 601
10.2W 4000K T, K 3985 3985 4190 4012 4018 4022
Wolta LX 12W 3000K D HM 595 595 596 597 598 602
T, K 2994 2997 3120 2998 3002 2995

Pesynbrarel npeacrasiensl Ha puc. 4—6: puc. 4 — cnekrpsl usnydenus jamn Uniel LED 10W
4000K (a, 06), JazzWay PLED-SP 10W 5000K (s, ¢), a, 6 — 10 Hauaja UCIBITAHUH, O, 2 — TIOCIE
3000 4 ropenus; puc. 5 — crexTpsl uznydenus jgami Philips Essential LED 9W 6500K (a, 6), Ecola
Classic LED 10.2W 4000K (s, 2), a, 6 —n0 Hauana ucubsITaHuu, 6, ¢ — mocie 3000 4 ropeHus;
puc. 6 — crnexrpsl uznydenus Jamnsl Wolta LX 12W 3000K, ¢ — 1o Havyana ucneltanuii, 6 — nocie
3000 9 ropeHus.

6) 2)

Amax = 448 HM Amax = 445 HM Amax = 591 HM Amax = 596 HM
Puc. 5
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0)

Amax = 595 HM

Puc. 6

CriekTpanbpHOE pacnpe/iesieHie MHTEHCUBHOCTH W3Ty4eHus (/) TaMIibl HAKaTUBaHUS MOIITHOCTBIO
40 BT, n3MepeHHOE ¢ MOMOLIbIO CIEKTPOPAAUOMETPA, TOKa3aHO Ha puc. 7. CreKTp JlaMIl HaKajIuBa-
HUS HETIPEPBIBEH, B OTIINYHE OT CIIEKTPOB CBETOIMOIHBIX JaMIl-peTpouToB. CHIEKTp CMEIIEH B Kpac-
HO-)KENTYI0 00macTh. Mi3sMepennas xoppeanpoBanHas UBeToBas remneparypa 7, = 2628 K B ominuue
OT HUCCIIEYEMBIX CBETOAMOIHBIX JAaMII-PETPO(UTOB, HAYAIBHOE 3HaYEHUE T}, KOTOPHIX COCTABISET

6740, 5250, 4200, 3985, 2994 K.
1, BT/(M*HM)
4,6710°
44107 -
4,0-102:
3,410 -
3,0'102:
2,610 -
2.210° -
1,810 -
14102 -
1,0-10° -
6,010° -
2,010°

[ .

460 500 540

i 1

380 420

1 I ] 1 1 1

580 620 660 700 740 A, HM

Puc. 7

3akiiloueHue. AHau3 pe3ysbTaTOB CPABHUTEIBHBIX MCCIIEIOBAHUNM CBETOAMOAHBIX JIAMII T10-
KasaJ cliefyroliee:

— B TedyeHue Bpemenu ropenus y gamn Uniel LED 10W 4000K, Ecola Classic LED 10.2W
4000K, Wolta LX 12W 3000K HabnromaeTcsi cMEIeHHe MaKCUMyMa CIIEKTPaIbHOM IIOTHOCTH MTOTOKA
U3Jy4YeHUs B JIJIMHHOBOJIHOBYIO oOnacTh criekrpa Ha 7, 10, 7 HM COOTBETCTBEHHO, y Jamn JazzWay
PLED-SP 10W 5000K, Philips Essential LED 9W 6500K, Ha060poT, — B KOPOTKOBOJIHOBYIO 00J1aCTh
CIIEKTpa Ha 5 U 3 HM COOTBETCTBEHHO;

— TIPOCIIC)KUBACTCS YMEHBIIICHHUE I[IBETOBOW TeMmIepaTypsl Jami-peTrpoduto Uniel LED
10W 4000K, JazzWay PLED-SP 10W 5000K, Philips Essential LED 9W 6500K na 1,9, 0,4 u 3,4 %
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COOTBETCTBEHHO; L1BeTOBas Temneparypa jgammnsl Ecola Classic LED 10.2W 4000K yBenuuuBaercs
Ha 0,9 %, nuBetoBas Temmneparypa Jamisl Wolta LX 12W 3000K npaktuuecku He U3MEHUIIACh; U3Me-
HEHHE 1IBETOBOI TeMIIepaTyphbl CONPOBOXKAAETCS MEpepacpeieieHUEM CIIEKTPATIbHOTO U3TyYCHUS:
YBEJIIMYCHHE IIBETOBOW TEMIIEPATYPhI CBS3aHO C YBEIHMUECHHEM JOJIA KOPOTKOBOJTHOBBIX H3JTyYCHUIH
(¢uoneroBoro, roy0Oro U CUHEro IBETOB), & YMEHBILIEHHE — CO CMEIIEHUEM CIIEKTpa B JKEJITO-0-
paHXeBYIO 00JIaCTh.

Omnpenenenue 3pHEKTUBHOM CBETI0-TOIY00H SHEPTeTHUECKOM APKOCTH UCTOUYHHKA IPOU3BOAN-
nock coracao 'OCT P MOK/TO 60825-9-2009.

AHanu3 pe3ynbTaToB SKCIIEPUMEHTOB MOKA3BIBACT, UTO JUISl UCCIIEIOBAaHHBIX Jiamnl JazzWay
PLED-SP 10W 5000K u Philips Essential LED 9W 6500K, umeronux OOJIbIIYIO COCTaBIISIOIIETO
CHHETO0 U3JTYYEHUs, IPOIOKUTEIIBHOCTh SKCIUTYaTallii BO BKIIFOUEHHOM COCTOSIHUM HE JTOJKHA Tpe-
BBIIIATH 2,8 4, PEKOMEH/IYETCsI MCTIONB30BaTh UX 32 HECKOJIBKO YacOB JI0 CHA B IENISIX 0€301MacHOCTH
JUIS TJ1a3; AJis OBITOBOTO OCBEIEHUSI MOKHO pekomennoBarh Jiamiibl Uniel LED 10W 4000K, Ecola
Classic LED 10.2W 4000K, Wolta LX 12W 3000K.
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