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AnHoTanus. IlpuBeneHBl pe3ynbTaThl MCCIEIOBAHUS TNPOCTPAHCTBEHHOI'O pAacCHpeAesieHUs CHIIBI CBETa
U IIBETOBBIX XapaKTEPUCTUK CBETOAMOIHBIX JAMII pa3IMdHOM KOHCTpykuuu. IlokazaHo, 4TO H3MEpeHue
YIJIOBOT'O pPACHpENENCHUsI CHIIbI CBeTa 0oJice TOYHO OTPakaeT XaAPAKTEPUCTUKH H3IY4EHHs CBETOIMOIHBIX
JIaMIl, 4YeM HM3MEPEHHOE 3HA4YeHHE CHJIbI CBETA BJOJb HANpPABICHUS HMX MEXaHWYECKOH Ocu. YCTaHOBIIEHO,
YTO 3asABJICHHbIC IPOM3BOAUTEISIMA LBETOBBIC XApaKTEPUCTUKU HCCIECJOBAHHBIX CBETOJHOAHBIX JIAMII
OTJIMYAIOTCS OT HOPM, YCTAHOBJICHHBIX JEHCTBYIOIIMMU TEXHUUYECKMMHU HOPMATUBHBIMHU TIPABOBBIMH aKTAMHU.
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Abstract. The results of investigation of luminous intensity distribution and color quantities of LED lamps
of different design are presented. It is demonstrated that measurement of angular luminous intensity distribution
is more accurately indicates characteristics of LED lamp emission than measured luminous intensity value
alongside its mechanical axis. It is established that color quantities of investigated LED lamps declared
by manufacturer are different from values defined by applicable normative documents.
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BBenenune

WnuTeHcuBHOE pa3BUTHE CBETOMMOAHBIX TEXHOIOTUH O0YCIIOBHIIO IIMPOKOE PACTIPOCTPAaHEHNE
Pa3IUYHBIX CBETOTEXHUYECKUX U3JENUIl Ha OCHOBe cBeTom3mydaromux aunonos (CHU/I), mocternenHo
BBITECHSI C pbhIHKA HE TOJIBKO TPAAWIMOHHBIE JaMIbl HAaKaJWBaHUS, HO M KOMIIAKTHBIE
sHeprocOeperatromue Jamiibl [1]. B crity 9TOro cranu akTyaabHBIMH 331241 KOPPEKTHOTO U3MEpEHHUS
MapaMeTpoB UX W3JIYYEHHS M OLEHKH CTENEeHW €ro OMAacHOCTH IS dernoBeka (PpoToOHomornydeckoi
6ezomacHocTH). [Ipobiema BbI3BaHA TeM, 4TO sl u3Mepenus xapakrepuctuk CUJl u u3menuii Ha ux
OCHOBE JIOJITOE BpeMsl MPUMEHSITH (POTOMETPUIECKHE METOJIbI M3MEPEHUH, pa3paboTaHHBIE B paMKax
KJIaCCHYeCKOW (OTOMETpHH, KOTJa Tela HaKaJMBaHWS OBUITM OCHOBHBIM THIIOM HCTOYHUKOB
usnydeHus. Kak cieicTBue, 3TH METO[bl HE YUYUTHIBAIOT XapaKTEPHBIX OCOOCHHOCTEH M3ITy4deHUs
CBETOJMOAOB, B YaCTHOCTH, MX CHJIBHBIE OTJIIMYUS OT JaMOEpPTOBCKHMX H3NydaTeinei. Hampumep,
MIPOCTPAaHCTBEHHBIE PACIIPENIEIEHUS MOIIHOCTH U3Ty4eHus pa3nnaHeix CH/] MoryT nMeTs 3HaYUMBIE
OTJIMYMS, YTO OKa3bIBAET BIMSIHME Ha OIEHKY WX (POTOMETPHYECKHUX XapaKTepUCTHK M3ITydeHus [2].
CU/I-namMnbl KOHCTPYKTHBHO SABIISAIOTCS Oojiee CIOKHBIMH HM3JIEMUSMH, B KOTOPBIX MOTYT
ucronb3oBaThes mecsitku CUJ[-ummos. [l obecrieuenus kadecTBa M 0€30MAaCHOCTH B NMPUMEHEHHH
CH/I-namn HeoOXOIMMO TOYHO, a TJIABHOE, KOPPEKTHO M3MEPATh MX ONTHYECKHE XapaKTEPUCTUKH,
YTO OCOOEHHO BaXXHO IPHM KOHCTPYHMPOBAHUH, IPOU3BOACTBE U TEXHUYECKOM OOCIYKUBaHUU
cBeTOoTeXHUUeCKnx wm3aenuit Ha ocHoBe CUJI. JlamHas pabora TIIOCBAIIEHA HWCCICIOBAHUIO
IIPOCTPAHCTBEHHOI'O PacIpele/IeHNs] CUJIbl CBETa U LBETOBbIX XapakTepucTuk CHJI-nmammn pa3indHoi
KOHCTPYKIIMH.

IkcnepuMeHTAIBHBIE 00pa3u bl CU/L-namn

Juig  SKCepruMeHTanbHBIX  HCCIENOBAaHWN OB OTOOpAaHBI CEPUHHO BBHITYCKaeMbIE
CU/l-nammbl  pa3nuyHONM KOHCTPYKIMH, KOTOpBIE TIPENCTaBIEHB Ha pBIHKE B bemapycu:
Nel — LED G45 3,5W E14 4800K (H.E.H.I Co., Itd); Ne 2 — GLD-MR16-3-230-GU10-6 (General
lighting Co., Ltd); Ne 3 — SGL5E27 (Industrial CO, Ltd, ); Ne 4 — GLD-MR16-2-230-GU5.3-6500
(General lighting Co., Ltd); Ne5 — G4-3W-220V (Geniled). OcHOBHBIE XapaKTEPHCTHKH JIAMIIL,
3asiBIIEHHBIC M3TOTOBUTEISIMHU, TIPUBEICHHI B TaO. 1. BHem Ui Bua 0TOOpaHHBIX AJISl UCCIENOBAHUI
JIAMIT TIpeIcTaBIieH Ha puc. 1.

Taéauua 1. OcHoBHBIe XapakrepucTiku CH/I-mamm
Table 1. Main characteristics of LED lamps

Ne CHJI-nammbi Hanpsoxenne [otpebnsiemas CBeTOBO¥ MOTOK, o wokosst
nuTanusg, B MOIITHOCTH, BT M
1 220 3 210 G4
2 100-240 2 150 GU5.3
3 100-240 3 220 GU10
4 220 3,5 280 El4
5 220-240 5 468 E27
OCHOBHBIE KOHCTPYKTHBHBIE OCOOEHHOCTH JlaMIl ciefyromue: B yammax Nel — 4

CUJl-unnel  pacHoNOKeHbl IMEPIEeHAUKYISIPHO MEXaHW4YecKod ocu Jsamn, a B Jjamme Ne5
OHU pacnoyiokeHsl Bronb. PaccenBatenu namm Nel w3 MMEIOT MOIOYHOE MAaTOBOE MOKPBITHE.
PaccenBatenn nmamm Ne 2 m 4 umeroT monynpo3padHoe MatoBoe MokpeiTHe. Komba mammbr Ne 5
npo3payHas. Jlammbl Tak Ha3pIBaeMOro (PUIIAMEHTHOTO THIIA B paboTe He U3y4aIHCh.
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Puc. 1. BHemnuii BUJ ncclielyeMbIX CBETOMOIHBIX JIAMII Pa3INYHON KOHCTPYKIMU
Fig. 1. The appearance of the investigated LED lamps of various designs

IMpocTpancTBeHHOE pacnpeiesieHHe CHIIbI CBETa CBETOHOTHBIX JIAMIT

Wsmepenne mnpocTpaHCTBEHHOrO pacnpeneneHust cwibl cBera CHUJl-mamn mpoBomuiioch
Ha ycranoBke «lIpoctop JII-CU/I» [3]. YcraHoBka BKIIIOYAET: TOHHOMETPHUYECKYIO CHCTEMY,
dboToMerpuueckuii  Oyok, OJOK cHCTeMBbl mHTaHus, KOoHTpois Temmeparypel CUJl. OcHoBHBIC
Merpoiorndeckue xapakrtepuctuku «lIpoctop JII-CHU/I»: cheKkTpanbHBI Iuana3oH H3MEpCHH
MomHOCTH wm3nydeHuss oT 350 mo 1100 HM; jmWama3oH BOCHPOM3BENCHUS yIjla ITOBOPOTA
or —110° mo +110°; oTHOCHTENBHAS paciIHpeHHas HeompeneneHHocTh (K = 2) BOCIpon3BeneHus yriia
noBopotra 0,08 %; oTHOCHTENbHAS pAacCHIMpeHHass HeompeneaeHHocTh (K =2) Bocmpou3sBeneHus
pPacCTOSTHUS OT UCTOYHHKA JI0 BXOAHOM amepTypbl npuemanuka 0,04 %; muama3oH W3MEpEeHHs CHITBI
ceera or 0,01 mo 60 Km; OTHOCHTENBHAs CyMMapHas CTaHAApTHAs HEONPEIEICHHOCTh W3MepeHUi
MIPOCTPAHCTBEHHOTO pacIpenecHus CHIbI cBera paBHa 1,04 %.

[pn moxroroBke m3mepenmii Kaxayro CH/l-mamiry ycTaHaBMMBaIM Ha CIEMANBHBIA JIepKaTedb,
KOTOpBI, B CBOIO O4Yepenb, 3aKpernuics Ha ToHMOMeTpe. lccrmemyemass JiaMma — pacrofiaraiach
B TOPU3OHTAJIFHOM TIIOCKOCTH BIONB onTHiaeckod ocu ycraHoBku «lIpoctop JII-CHl» Takmm obpa3zom,
YTOOBI ONTHYECKas OCh MPOXOIWJIAa Yepe3 LEHTP HITYYarolled MOBEPXHOCTH Jammbl (Tumbl 1-4) mibo
COBITaJaJIa C OCHI0 CHMMETPHUH JIaMIThI (THIT 5). POTOMETpHYecKas TOIOBKA YCTAHABIMBAIACH HA PACCTOSHUM
15m or mammel Ilepen m3MepeHWsSMH JaMIbl BBIICPKUBAIMCH B TedeHHe 30 MHH TIpH HOMHUHAITBHBIX
napaMerpax 3JICKTPONMTAHUS UL BBIXOA HA CTALMOHAPHBIA TEMIIEPATYPHBIA U 3JEKTPUUECKUN PEKUM.
N3mepenne mnpocTpaHCTBEHHOro pachpeneneHuss uamydenuss CHJ-mamm npoBoamwsioch € marom  2°
Y TIOBTOPSUTIOCHh B Kakaod Touke 10 pa3. Uncno MOMHBIX IHKIOB M3MEPEHHS JUIsl KKIOW JIaMIlbl ObLTO
BBIOPaHO paBHBIM 5. 3areM wHccreqyeMas Jjamia cMmemaiach Ha 30° B BEPTUKAIBHOW IUIOCKOCTH
TIEPIIEH/INKYISIPHO  ONTHYECKOW OCH, W W3MEPEHWs] TOBTOPSUICh. |luTaHme 5aMm  OCyIIecTBISIIOCh
OT 00bI4HO# cetr ruTanust 230 B. Y cioBust poBe/IeH st K3MEPEHHI COOTBETCTBOBAIN PEKOMEH TaIsiM [4, 5].

Pesynbratel n3mMepenuil nmpeacrasieHsl Ha puc. 2 i gamn Ne 1, 2, 4, 5. 13 pucyHka BUIHO,
YTO MPOCTPAHCTBEHHOE PACIIPE/IENIEHNEe CHIIBI CBETa MMEET HEOMHOPOJIHBIN XapakTep B 3aJaHHBIX
IJIOCKOCTAX M3MepeHud ana Bcex TunoB CU/I-mammn. [ns nammbel Ne 1 co CIUVIOINIHBIM MAaTOBBIM
MTOKPBITHEM paccerBaTels] MaKCHMalIbHOE OTHOCHTEIBHOE OTKIOHEHHE CHIIbI cBera mpu yrie 30°
OTHOCHTENNBHO ONTHYECKON ocu cocTaBmwiio 9,5 %. st mamn Ne 2 u 4 ¢ momynpo3padHbIM MaTOBBIM
MOKPEITHEM pacCceuBaTelll MaKCHMalIbHOE OTHOCHTEIHHOE OTKJIOHEHWE CHJIBI CBETa IIpH yIiie
OTHOCHTENbHO onTuyeckor ocu 30° cocraBuno 2,7 u 3,4 % coorBerctBeHHo. s mammoel Ne 5
HaOJIoaeTcsl CYIIECTBEHHOE OTKIOHEHHWE HWHIUKATPHC CHJIBI CBETa MEXIy cOO0OH B 3aJlaHHBIX
IUTOCKOCTSAX U3MEPEHHMsI, IPH 3TOM MaKCHUMaJbHOE OTHOCUTENHHOE OTKJIOHEHHE CHIIBI CBETa IPHU yIJie
OTHOCHUTEIIHHO OITHYECKOM ocu 75° cocrasuio 37,7 %.
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Puc. 2. IIpocrpancrBenHsbie pactpeaeienus cuibl ceera CU/I-nmamn Ne 1, 2, 4 1 5 115t pa3iuyHbIX YIJIOB MEXKIY
0ChI0 (DOTONPHEMHHKA U OCBI0 CHMMETPHUH JIAMITBI
Fig. 2. Spatial distribution of light intensity of LED lamps No. 1, 2, 4 and 5 for various angles between the axis
of the photodetector and the axis of symmetry of the lamp

[ony4eHHBIE pe3yIbTaThl IO3BOJAIOT CAEIATh CIECAYIOIINE BHIBOIBL:

— OTHOCHUTENIPHO PaBHOMEPHOE MPOCTPAHCTBEHHOE PpACIPEACICHUE U3Iy4EHHs JaMIl
Noel — 4 mo cpaBHeHuto ¢ jammoil Ne 5 0OyCIOBIEHO B TEPBYIO OdYepenp HaJIMYUeM MaTOBOTO
paccenBaTens JaMmil;

— Oonee 3HAYMMOE OTKIIOHEHHE CHIIbI cBera, mpu yrie 30°mis mammer Ne 1 mo cpaBHEHHIO
¢ mammamu Ne 2 u 4, 00yCIIOBJIEHO BIUSHHAEM (POPMBI pacCcerBaTENs;

— CYILLECTBEHHBIE OTJINYMA B MHAWKATPUCAX CHIIBI cBeTa JaMibl Ne 5 00yClioBII€HO BIMSHUEM
MPOCTPAHCTBEHHONW HETOYHOCTBHIO MTOCAAKH CBETOAMOIHBIX KPHCTAIJIOB U Je()EKTOB KOJIObI JIaMIIbl;

— Y4eT IMPOCTPAHCTBEHHOI'O PpAaCHpelNeNieHHsI CHIIBI CBETa IO3BOJIUT Oo0jee TOYHO CYAUTh
o xapakTepuctukax usnydeHuss CHJ[-mamn, uem cuma cBeTa, W3MEpEHHAsl BAOJIbL HalpaBiCHUS
MexaHuueckoi ocu CH/I-namri, Kak TOro TpeOyroT HEKOTOpbIE HOPMATHUBHBIE TOKYMEHTHI.

— IpsAiMast 3aMeHa JIaMIl HaKaJIMBaHWS Ha CBETOJUOIHbIEC, MMEIOIINE KOHCTPYKLHUIO, CXOAHYIO
c TakoBOil y nammnbl Ne 5, B ONTHYECKMX 3JIEMEHTaX, PACCUMTAHHBIX IIOJ JIaMIIbl HAKaJMBaHUS,
(HamprMep, Ha TPAaHCIOPTE) MOXKET JaTh OTPHULATEIbHBIM pe3ynbTaT. OTO OCOOEHHO Ba)KHO
B CUCTEMax HHIMKALMK M CUTHAIM3ALMM, NPUMEHSIEMBIX Ha TPAHCIOpPTE, a TaKKe B Cilydasx,
Koraa Tpedyercss paBHOMEPHOCTh OCBELIEHHOCTH, HampuMmep, pabouero Mecra. K coxkanenuro,
B HACTOALIEE BPEMs OTCYTCTBYET HOpMaTHBHas 0a3a, OrpaHUUMBAIOIIAsl BO3MOXKHOCTH TaKOH 3aMEHHBI.
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]_IBeTOBbIe XApaKTEePUCTUKH CBETOAUOIHBIX JIAMII

Usmepenne uBeroBbix xapaktepucTuk CHJl-mamMn npoBOIMIOCH € HCHONBb30BAaHUEM
YCTaHOBKHM, CO3JaHHOM Ha 0aze oOopynoBaHus mpousBoxacTBa ¢upmbel Bentham Instruments Ltd.,
BKJIIOYAIONICH: HMHTETPUPYIOLIYI0 JBOWHYIO  CIIEKTpopaauomerpuueckyto cucremy IDR300,
unTerpupyoomy chepy IS1800, wucrounuk mnurtanus Extech 6720, u3Mepurelb MOIIHOCTH
Yokogawa WT210, stanonnyto nammny TSRF-1800-250 W. Bce obopymoBaHne UMENO aKTyalbHbIC
ceprudukatel 0 KanmuOpoBke. [Ipu mpoBeqeHUM W3MEPEHUI KOOpAMHAT LBETHOCTH (X, V),
KoppenupoBanHoi 1BeroBod Temmeparypsl (CCT) m mHaekca uBeronepenaun (Ra) mpuMeHsITUCH
METO/Ibl M3MEPEHHUH, OCHOBaHHBIC HA HCIIOJNL30BAHUHM HWHTEIPUPYIOLIEH chepbl, peKOMEHIOBAaHHBIE
B[6-9]. Ilpum mOArOTOBKE K U3MEpPEHMsM, Kaxaelii obpasery CHJl-maMm  ycTaHaBIHBAIH
HAa CIICIMATIBHBIA JiepiKaTeNb BHYTpU uHTErpupytomieit cdepbr IS1800 u BblmepkuBanu B TEUEHHUE
30 MUH NPY HOMUHAJIBHBIX TIaApaMeTpax JIEKTPOITUTaHMS. Pe3ybTaThl N3MEpEHHIA PE/ICTABIICHBI B TA0. 2.

CormacHo TtpeboBanusam [9], mms CUJl-mamm oOmiero HasHa4deHWS PEKOMEHIOBAH Pl
cnenyrorux 3HaueHnii CCT B KenpBHHAaX € COOTBETCTBYIONIUMHU KOOPIWHATAMH ITBETHOCTH:
CCT = 6400, x=0,313, y=0,337; CCT =5000, x=0,346, y=0,359; CCT =4040, x=0,380,
y=0,380; CCT =23450, x=0,409, y=0,394; CCT =2940, x=0,440, y=0,403; CCT =2720,
x=0463, y=0,420. HMuumekc uBeromnepenayd MOXET HMETh OTKIOHEHHE He Oosee =3 %
ot 3asBiieHHoro usroroButeiaem. CornacHo [7], CCT CHU/-namn He aomkHa mnpeBbimatsh = 10 %
OT YCTaHOBJICHHOI'0 HOMHHAJa, a Ra He nomwkeH umerhb 3HaueHuit MeHee 80 %.

Tab6auna 2. Pe3yapTaThl H3MEpEHUI LIBETOBBIX XapaKTEPUCTUK
Table 2. Color measurement results

Homep CHJI-namnbt X y CCT, K Ra, %

Hom.Y 3 3 3 -3
3W G4 Nel 0,3503 0,3592 4837 70,8
(Ne 5) Ne 2 0,3693 0,3793 4332 67,9
Ne 3 0,3512 0,3568 4784 70,6
Hom. Y =3 =3 4800 > 85
3.5WE14 Nel 0,3733 0,3645 4112 70,9
Ne 1) Ne 2 0,3697 0,3600 4190 71,6
Ne 3 0,3719 0,3628 4143 71,5

Hom. V) =3 =3 4300 =)
5W E27 Ne'l 0,3663 0,3637 4324 68,7
Ne 3) Ne 2 0,3142 0,3199 6491 70,3
Ne 3 0,3141 0,3203 6495 70,5

Hom. V) 0,313? 0,337? 6500 )

3W GU10 Nel 0,3151 0,3333 6347 70,6
Ne 2) Ne 2 0,3163 0,3337 6284 70,7
Ne 3 0,3167 0,3348 6258 70,6

Hom. V) 0,313? 0,337? 6500 )

2W GU5.3 Nel 0,3258 0,3416 5800 71,1
Ne 4) Ne 2 0,3333 0,3539 5468 70,5
Ne 3 0,3302 0,3487 5599 70,6

) HomMuHanbHOE 3HaYEHHE, 3asBICHHOE H3TOTOBUTEIEM.

2 JlanHble KoopauMHATHI IBeTHOocTH cooTBercTBYloT CCT =6500 K B coorBercTBum c Ilpunoxenuem D
cranpapra IEC 60081 [6], anst apyrux 3naveHuit CCT B cuily MX HECTAHAAPTHBIX BEUYUH TAKHX 3HAUYCHUN
HET, U HET BO3MOXXHOCTH UX OLICHUTB.

% JlanHbIe MapaMeTphl He 3asBJIEHbBl H3TOTOBUTEIIEM.

W3 panHpIX Tabm. 2 BUIHO, YTO IIBETOBBIE XapaKTePUCTHKH ucciemnoBaHHbIX CH/[-mamm
HE YJIOBJIETBOPSIOT PEKOMEHJANUAM JEUCTBYIOMINX TEXHUYECKUX HOPMATHBHBIX TPABOBBIX aKTOB
(THIIA) [6-9], pernamMeHTHpYFOIIMX SKCILTyaTalMOHHBIC XapaKTePUCTUKH n3imydaterieil Ha ocHoBe CH/I, maske ¢
Y4ETOM TOT'0, YTO HE BCE XapPaKTEPUCTUKH 3asiBJICHBI M3rOTOBUTENEM. JTO TpeOyeT pa3paboTKu v BHEIPEHUS
Oonee xxecTkux mpouenyp koarpons CHU/-nmamm, noctynaroyx Ha peiHOK PecryOmuku benmapych, ¢ nenbio
3aIUTHI HACETIEHUS OT BO3MOXKHBIX MOCIIEICTBUN MPUMEHEHHS HEKAYeCTBEHHOM POTYKIHH.
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3akaouenne

Takum o00pazom, B pe3ylbTaTe MPOBEIEHHBIX HCCIENOBaHUH OBUIO yCTAaHOBJIEHO,
YTO KOHCTPYKTUBHOE HCIONHEHHE, B YaCTHOCTH, TIOKpHITHE W (OpMa pacceuBaTens Jamil,
ucnionp3yommx miaHapasle CUJ[-uumer, a takxke cxema pacnonoxkenuss CUJ[-uumoB B mamme
CYLIECTBEHHO BIHSIOT Ha IPOCTPAHCTBEHHOE pacHpeAeseHre WHTEHCUBHOCTH HX H3IydeHHs.
[lokazaHo, 4TO W3MEpEHHE YIIIOBOI'O PACHpPEAENEHHUS CHIIBI CBEeTa TO3BOJsiET Oojiee TOUYHO CYIUThH
o xapaktepuctukax usznydenus CH/[-mamn, yeM wu3MepeHHOe 3Hau€HHEe CHJIBI CBeTa BJOJb
HaTpaBJICHUs] WX MEXaHMYECKOH OCH, KaK TOro TpeOYIOT TpaaulMOoHHbIE MeTonbl. [Ipsmas 3ameHa
JaMII HaKaJMBaHMWs Ha CBETOAMOAHBIE, HMEIOIIME CJOXHYI0 JWarpaMMy HaIlpaBJI€HHOCTH,
B ONTHYECKHUX DJIEMEHTaX, HE PaCCUUTAHHBIX JUIS CBETOIMOIHBIX JIAMIl, MOKET J1aTh OTPHULIATENbHBIH
pesynbTar, TodTOMYy IiermecoobpasHa paspaborka THIIA, orpaHMuYMBaOMMX TaKyl MPAKTHKY.
VYCcTaHOBIEHO, YTO 3asBIIEHHBIE MPOU3BOJIUTENSAMHU I[BETOBBIE XapaKTEPUCTUKHU HCCIETOBAHHBIX
obpasioB  CU/I-mamm He COOTBETCTBYIOT HOpMaM, YCTaHOBJIEHHBIM jeiictByrommmu THIIA,
9To TpeOyer  COBEPIICHCTBOBAHUS  IpOLENyp  MOATBepkAeHUst  coorBerctBusi  CUJI-mamm,
MOCTYMAaroMKX Ha peiHOK Pecniy6nuku benapyce, neficTByIonmM HOpMam.
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