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3AJIEZKHICTh HOMIHAJIBHUX CBITJIOBUX BIJUIAY JKEPEJL
CBITJIA BIJl HOMIHAJIBHUX MOTYX XKHOCTEHA

Peswome. Ha ocHosi ananizy ma y3azcaneHeHHs OnyONiKO8AHUX OGHUX OMPUMAHO AHATIMUYHI 8Upaszu O
QDYHKYIOHATBHUX 3aNeAHCHOCI el HOMIHAIbHUX C8IMIOBUX 8I00aY 810 HOMIHAILHUX NOMYAUCHOCMEN 015l 8CIET 2amu
icHyiouux Ooicepen cgimiua. Lle 0ano modxcnugicms ycmanogumu, wo cimnosa 8id0aua 3i 3p0CMAaHHs NOMYIHCHOCI
ooicepen c8imaa aMIHIOEMbCSL 3a 2INEPOOTIMHUM 3AKOHOM. J1s1 6UBHAYEHHS KOHKPEMHUX 3HAYEHb MONCTUBUX 3MIH
cgimnogux 8idoau (3pocmauHa abo NAOIHHA) i3 3POCMAHHA HOMIHANLHOI NOMYMHCHOCMI Odcepen ceimia
PO3POONECHO CheyianbHy MemoOUK).

Knrouoegi cnosa: csimnosa giodaua, nomyasicHicms, dxcepena ceina.

M. Tarasenko; K. Kozak

DEPENDENCE OF THE NOMINAL LUMINOUS EFFICIENCY FROM
THE NOMINAL POWER

Summary. Based on the analysis and generalization of the published data there have been received
analytical expressions for functional dependencies of nominal luminous efficiency on the nominal power for the
whole range of available sources of light. Analysis of the received data testified that the nominal luminous
efficiencies of light sources, regardless of the physical principles of their operation, are changed along side with
the growth of nominal power under the same law — the hyperbolic one. For most of light sources these are
growing hyperboles. They are falling only in three types of them: tubular lamp bulbs, electrodeless fluorescent
lamps ENDURA and metal halide lamps with ceramic burners. All functional dependencies are characterized by
the following three areas: 1 — a fast growing (declining) luminous efficiency; 2 — a slowing down one; 3 —
transient to saturation. The less significant is the second area, the less likely is the prospect of improving the
efficiency of light sources not only of a low but also of a high power. It is absolutely obvious that the traditional
way of improving the efficiency of thermal light sources by increasing the temperature of the tungsten
incandescent body is no longer efficient. The only possible way of solving the problem is a transition to a
tantalum-carbide incandescent bodies. The coefficient of efficiency of incandescent bulbs can grow up to 20-
30%, which is equivalent to the luminous efficiency of 60-90 Im/W with the lifetime up to 10,000 hours. With
these indices they could compete not only with modern fluorescent lamps that need start-control devices and
toxic mercury, but also with some types of LED lamps. To determine the specific values of possible changes of
nominal luminous efficiency with the growth of nominal capacities there has been developed a special technique.
It has been found out that the possibility of increasing the luminous efficiency for most types of compact
fluorescent lamps has almost been exhausted, though for some types of them it is still feasible. It concerns, first
of all, the following lamps: DULUX L LUMILUX PL, DULUX T/E PLUS and DULUX SUPERSTAR MICRO
TWIST. The most promosing in this respect are LED lights and metal halide lamps with a quartz burner.

Key words: luminous efficiency, power, light source.

IlocranoBka mnpobGaemun y 3araapHomy Buriasagi. CydacHi mpobiemu
eHeproeeKTHBHOTO OCBIiTJIEHHSI 0araTorpaHHi. IXHIM BHpIIIEHHSM 3aliMaeTbCs BETHKA
KUIBKICTh NEpeOBUX KOMIIAHIM Ta oprasizamiii, 10 Mpamio0Th B 00JacTi CBITIOTEXHIKU. 3
METOIO0 PO3IIMPEHHSI iICHYIOUOTO aCOPTUMEHTY CBITIOTEXHIYHOI IMPOMYKIIil BOHU 3aKJIaIaf0Th
B OCHOBY HOBITHIX pO3p0OOK HaWaKTyalbHIIy Ha CHOTOJHI TEHACHIIIO: 301TbIICHHS
eHeproe(PeKTUBHOCTI OCBITJIIOBAIBPHUX YCTAHOBOK. Y pe3yjbTaTi Ha CBITOBOMY PHHKY
MOCTIHHO 3’ SBJSIFOTHCSI IHHOBALIHHI JPKepes CBITJIa, CBITJIOBI MPUIIaH Ta CUCTEMH KEpyBaHHS
CBITJIOBUM ITOTOKOM OCBITJIIOBAJILHUX CHCTEM SK JUIsl BHYTPIITHBOTO, TaK 1 30BHIIIHBOTO
ocBiTIeHHsA. OJHUM 13 OCHOBHHMX IapaMeTpiB, SKUH BH3HAYa€ €HeproeeKTUBHICTH
OCBITITIOBAJILHUX YCTAaHOBOK, € CBITJIOBa Bitada jpkepen ciTia (JIC). Bona 3anexuth Bij
GI3MYHMX TPUHIMIB  iXHBOI POOOTH (TEIJIOBi, pPO3PSAHI UM  HAMiBOPOBIIHUKOBI),
MOTYKHOCTI, HAIPyTyd MepeXki (HU3bKOBOJIbTHI UM BHCOKOBOJIBTHI), PEKUMIB eKCILTyaTarii i
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TEMIIepaTypd  OTOUyHOUoro  cepemoBuiia. OCTaHHS  KPUTHYHA  BHUKIIOYHO  JIJIS
JFOMIHECIICHTHHMX JIaMII Ta HATPIEBUX JIaMII HHU3BKOTO THUCKY. TeIioBi W pO3psaHI JIaMITH
BHUCOKOT'O THCKY JIO KOJIMBaHb TEMIIEPATypH HABKOJMIIHBOTO CEPEJOBHUINA HE YYTJIHBI.
Bonnouac sk HamiBmpoBigHuKOBI JIC (CBITJIOBUIIPOMIHIOIOYI JIIOJHM) OCOOJIMBO UYTJIMBI
BUKITFOYHO JIO ITiJIBUIIICHHS TEMIIEPATyPH OTOUYIOUOTO 1X CepeIOBHIIA.

AHaJi3 ocTaHHIX JOCTiKeHb i myOaikamiii [1, 2, 3, 4] mokazaB, o0 B iCHYIOUHX
myOmiKaIlisX JOCUTh JOKJIAJHO BUKJIAJCHO MaTepian IMOoJ0 OCHOB poOOTH, pO3paxXyHKY Ta
KOHCTPYIOBAaHHS 3TaJlaHUX BHIIE JUKEPEIT CBITIIA 1 BiIBEpTO ¢1ab0 MpeICTaBIeHI JOCITiKEHHS
[[OJ0 BCTAHOBJIEHHS MATEMATHYHUX 3aJIEKHOCTEH HOMIHAIBHHX CBITJIOBUX Biggad Bij
HOMIHQJIBHAX TOTY>KHOCTeW. HasgBHICTh TaKMX JOCIHIJKEHB JacTh MOXKIIUBICTE 3JIIHCHIOBATH
MPOTHO3HE OIIHIOBAHHS IIIOJI0 TPAHWYHUX 3HAUCHb CBITJIOBHX BiJJiad SIK iCHYIOUMX, TaK i
MEPCIIEKTUBHUX JDKEpEeNT CBIiTJa Ta BH3HAYATHUCAd 3 TaKOK HOMEHKJIATYPOIO IXHIX
MOTYXKHOCTEeH, sika O J103BOJsUIa peasli3oByBaTH TMPUHIUN JUCKPETHOTO, a HE IJIaBHOTO,
PETYJIIOBAaHHS CBITJIOBOTO IOTOKY OCBITIIOBATBHHX YCTAHOBOK 3a pPAaxXyHOK BUMHUKAHHS
MEeBHOI KIJIBKOCTI JJaMII y Harepel BU3HAUYeH1 Iepioiu Jyacy J00u.

Came TOMY MeTOI JaHOI CTATTI i CTaj0 BCTAHOBIICHHS MaTeMaTHYHHUX 3aJI€KHOCTEH
HOMIHQJIBHUX CBITJIOBHX Bifafau (H,,) Bl HOMIHAIBHUX MOTYXHOCTEH (P, ) AN ICHYIOUNX
JOKEpeIT CBITIA.

PesyabTaTn mociaigxkens. JlociKeHHS TPOBOAMINCS HA OCHOBI aHANI3y KaTaTOrOBUX
JAHUX TEPeIOBUX CBITIOTeXHIYHUX (ipm Philips ta Osram [5, 6]. Ile mamo MOXIUBICTH
BCTAHOBUTH (YHKITIOHATBHI 3aJIe)KHOCTI HOMIHATBHUX CBiTIOBUX Bimmau JIC Bim ixHIX
HOMIHQJIBHAX TIOTY)KHOCTEH, sKi HaBeleHO B Tabn. 1 —6. 3a maHuMu IUX TaOJHIb
moOyI0BaHO BiAMOBIIHI TpadiyHi 3a1eKHOCTI, SKi HaBeJeHi Ha puc. 1, 2, 3, 4.

Taoauus 1
OyHKIIOHATBHI 3AJIeKHOCTI HOMIHAIBHUX CBITJIOBUX BiJiIad BiJl HOMiHATbHUX
MMOTY>KHOCTEH IS TeTUIOBUX JKepe cBiTia (puc. la)

gj\ ;Ei:?ill;a Tun mxepena cpitia AmnaniTuuHnil Bupas3
1 JIP SPECIAL A, 3 TepM03axucTOM H, =-25147/P,, +1690
2 KT JIP xmacy P EKO H,, =-15195/P,,6 +17,20
3 KI" JIP knacy A EKO H,, =-18982/P, 6 +19,63
4 KI" JIP HALOLUX CERAM EKO H, =-270,58/P,, +2109
5 HALOLINE EKO KT JIP ninifinana 230 B | H,, =-30094/P, , +22,01
6 KI" JIP HALOSTAR EKO (xarnc. va 12 B) H,, =-8333/P, , +2690
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Taoaunsa 2

OyHKIIIOHATBHI 3AJIEKHOCTI HOMIHAIBHUX CBITJIOBUX BiJiZIad BiJl HOMiHAJTbHUX
TTOTY>KHOCTEH IS pO3psAHUX JiaMIl (puc. 16)

Ne
rpagika Tun mxepena cBitina AHaniTH4YHUN BUpa3
Ha puc. 10
1 Pryrri nammu HQL (STANDART) (JIPJI) | H,, =-1031,02/P,, +57,99
Mertayio-raJloTeHHI JIaMITK 3 KBapIOBHUM
nanmpHukoM POWERSTAR HQI-TS 06e3
2 30BHINHKLOT  Kombu  gug  sakpurux | H,, =-20000/P,, +110
CBITHJIBHUKIB (ISl TIPOXKEKTOPIB CTaIi0HIB
230 B)
Mertayio-raJloreHHI JIaMITK 3 KBapIOBHUM
3 1;IaJ'IBHI/IKOM POWERSTAR HQI—E, npo3opi H. =-8000/P  +113,67
1 3 TIOKPUTTSAM JIJISL 3aKPUTHX CBITHIIBHUKIB . o
(230 B)
Hatpiesi mamnu Bucokoro tucky VIALOX
4 NAV-E SUPER 4Y (230B, enintuuna | H,, =-3376,38/P,, +139,73
K0J104a)
5 Hatpiesi namnu Hu3bKoro tucky tamy SOX | H,, =-141283/P, , +1753
Tao6auus 3
OyHKIIOHATBHI 3aJIKHOCTI HOMIHAJIGHUAX CBITJIOBUX BiJUIad BiJl HOMiHAJTbHUX
MTOTYKHOCTEH JIJIS JIIOMIHECIICHTHUX JIaMT (puc. 2a)
Ne
rpadika Twun joKepena cBiTiIa AHaTITHYIHUT BUpa3
Ha puc. 16
1 TpyGuacti SA T12 H,, =-39893/P, 6 +7995
2 Tpy6uacti LUMILUX T2 FM H,, =-170,01/P, , +85,08
Tpybuacti JIJI LUMILUX T5 HO __
3 CONSTANT H, =-274,08/P, 6 +9231
4 Tpy6uacti JIJI LUMILUX T8 H,,6 =-337,09/P,,k +95.28
5 Tpy6uacti JIJI LUMILUX T5 HO H, =-28487/P,  +9738
6 Tpy6uacti JIJT LUMILUX X XT T8 H,, =-42799/P, 6 +99,82
7 Tpy6uacti JIJT LUMILUX T5 HE H,, =-191,56/P,, +109.85
Taoauus 4
OyHKITIOHATBHI 3aJIeKHOCTI HOMIHAJIGHUX CBITJIOBUX BiJUIad BiJl HOMiHAJTLHUX
MOTYKHOCTEH JIJIs1 KOMITAaKTHUX JTroMiHectieHTHHX Jiamn (KJLJT) (puc. 26)
Ne rpagdika T ) Asai .
wa puc. 26 U1 JDKepelia CBiTia HAJIITHYHUN BUpa3
DULUX SUPERSTAR MINI GLOBE
o H =-7558/P +6221
1 15 000 rox, 220-240 B, mapomoi6Hi - i
OSRAM DULUXSTAR STICK 10000
H =-7 P +62
2 rox, 220-240 B, 6-xa"anbHi - 6,30/P,, +62,90
3 DULUX STAR MINI TWIST 8 000 rox, H,, =-8409/P,, +6618

220-240 B, cnipaJbHi
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3akinuenns Tadauni 4

DULUX INTELLIGENT LONGLIFE.
H,  =-7219/P, +
4 20 000 rox, 220-240 B, 6-xaHanbpHa e A97F,,. +66,90
DULUX SUPERSTAR MICRO TWIST _
> 12 000 roz, 220-240 B, cripabha H,, =-8917/F,, +7099
6 DULUX T/E PLUS UL ENEKTPOHHUX | p  __14089/P 478,55
TTIPA, 6-xanannH1 A M-
7 DULUX L LUMILUX PL H, =-430,38/P,  +92,66

Tao6auus 5
OyHKIIOHATBHI 3AJIEKHOCTI HOMIHAIBHUX CBITJIOBUX BiJiZIad BiJl HOMiHAJTLHUX
MOTYKHOCTEH JIJIsl CBITJIOAI0JHUX JIaMII MPSMOT 3aMiHU JIaMTl po3KapeHHs (puc. 3)

L\f:l p;f .a(1b6i1<a Tun mxepena cBitina AHanmiTH4YHUN BUpa3
1 LED STAR CLASSIC P H, =-14]14/P  +6550
2 PARANHOM CLASSIC B H, =-2330/P,, +69,55
3 LED STAR CLASSIC A H, =-9995/P,, +76,75
4 PARANHOM CLASSIC A ADVANCED | H,, =-206,35/P,, +87,25

Amnani3 puc. 1 —4 cBiTUUTH TIPO Te, 10 HOMiHAIBHI cBITIIOBI Bigaui JIC, He3anexxHOo Bif
(GI3MYHUX TPHUHITAIIB IXHBOT poOOTH, 31 3pOCTaHHS HOMIHAIBHOI MOTYXKHOCTI 3MIHIOIOTHCS 32
OJTHUM 1 THM caMHUM 3akoHOM — rinepoomuaum. s Oimemocti JIC (puc. 1,2,3) — 1e
3pocrarodi rinmepoonu. | Timpku st Tprox tumiB JIC (tpyduactux JIP, Gesenextpognux JIJI
ENDURA Ta MeTalio-TaJIoOTeHHHX JIaMI 3 KepaMiyHUMH MaJlbHUKaMH (puc.4) BOHH €
Ma/IAF0YNMH.

Tabauus 6
AHomaubHi (magarodi) GyHKITIOHATBHI 3aJIe)KHOCTI HOMIHAJBHUX CBITJIOBHX
BiJITa4 BiJl HOMIHAJILHUX MOTYKHOCTEH Jiu1st okpemoi rpymu JIC (puc. 4)

Ne rpagixa Tum mxepena cBitia AHanmiTHYHUN BHpa3
Ha puc. 4
1 Tpy6uacti JIP Special Linestra H,, 6 =36,76/P,, +6,58
2 Besenexrpoani JIJI OSRAM ENDURA H,, =175453/P,, +66,20
Mertaso-ranoreHsi JjamMnou 3 KepaMidYHUMHU
3 naneaukamu POWERBALL HCI-T gna | H,, =84,31/P,, +100,17
3aKPUTUX CBITHJILHUKIB

Jliist BCiX (YHKIIIOHATBHHUX 3aJIC)KHOCTEH XapaKTepHi TakKi TPH JIJISHKA: | —IIBHIKOTO
3pocTaHHs (MaiHHs) CBITIOBOI BiAgadl (IUIsHKM Moi0HI k-t Ha puc. 5); 2 — yOBUIBHEHOTO
(minsHKA TOAIOHI t-m); 3 — mepexoay M0 HAacWYeHHs (MUISHKU TOMIOHI m-o0). YuM MeHIn
BaroMoIo € Jpyra JiITHKa t-m (To0To YuM OrkdYe KyT MK JoTHIHMMHE d Ta e Ha puc. 4 10
90°), TMUM MeEHII BIpOTiTHAa TEpCHEeKTHBA IMiJBUIIECHHS e(QEKTUBHOCTI HE TUIBKU
MaJIonoTyXHHX, aie i BucokonotyxHux JIC. Cepen TC (puc. 1a) HalOIbII TepCHEKTHBH
IOJTO TTiABHMINEHHS e(heKTHBHOCTI MOTyXHuX Jamn MatoTk JIP SPECIAL A (kxpusa 1), KI" JIP
kimaciB A EKO (2), HALOLUX CERAM EKO (6) ta HALOLINE EKO (5). Haiimenmi — KI”
JIP xnaciB P EKO (2) ta au3bkoBonbTHI Karncynbai HALOSTAR EKO (6).
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Pucynoxk 1. 3anexxHiCTh HOMiHATBHUX CBITJIOBUX Bignad (H,, ) Bin HOMiHaTbHUX MOTYXHOCTEH (P, ) IUIs:

a) reroBux mkepen cBitma (TJC); 6) pospsmaux mamm (PJI). TAC: 1 — mammm pozxkaperas (JIP)
SPECIAL A, 3 tepmo3axuctom; 2 — kBapuoBo-raiorenti JIP (KI' JIP) knacy P EKO (3amina JIP); 3 — KI" JIP
kiacy A EKO (3amina JIP); 4 — KI' JIP HALOLUX CERAM EKO (3amina JIP, uuninap. koib6a); 5 — HALOLINE
EKO KT JIP, niniitna Ha 230 B; 6 — KI' JIP HALOSTAR EKO (kancynsHa Ha 12 B). Po3psiani Jamnu: 1 —
prytHi jgammu HQL (STANDART) (APJI); 2 — wMerano-rajJloreHHi JjaMmnd 3 KBAapLOBUM MajJbHUKOM
POWERSTAR HQI-TS 6e3 30BHIIIHbOT KOJOU 1JI 3aKPUTHUX CBITWIBHUKIB (IUIA MPOKeKTOpiB cTadioHiB 230 B);
3 — MmeTtano-rajoreHHi jamnu 3 kBapuoBuMm nanbHUkKoM POWERSTAR HQI-E, npo3opi i 3 HOKpUTTAM IJIs
3akpuTHX cBiTWIbHUKIB (230 B); 4 — Hatpiei mammu ucokoro Trcky VIALOX NAV-E SUPER 4Y (230 B,
eninTr4Ha Kosba); 5 — HaTpiei tamnu HU3bKOro THCKY SOX (B TyMaHi OifTbIll KOHTPACTHE OCBITIACHHS)

Figure 1. Dependence of nominal luminous efficiency (H,, ) from the nominal power (P, ) for: a) thermal
light sources (TLS); b) discharge lamps (DL). TLS: 1 — incandescent lamp (IL) SPECIAL A, with thermal
protection, 2 — quartz-halogen IL (QHIL) class P ECO (for replacement of IL); 3 — QHIL class A ECO (for
replacement of IL); 4 — QHIL HALOLUX CERAM EKO (for replacement of IL, cylinder. bulb); 5 — HALOLINE
EKO KG IL linear for 230 V; 6 — QHIL HALOSTAR EKO (capsule for 12 V). DL: 1 — arc mercury lamps HQL
(STANDART) (AML); 2 — metal-halide lamps with quartz burner POWERSTAR HQI-TS without outer bulb for
enclosed fixtures (for stadiums spotlights 230 V); 3 — metal-halide lamps with quartz burner POWERSTAR HQI-
E, clear and coated for indoor lighting (230 V); 4 — high pressure sodium lamp VIALOX NAV-E SUPER 4Y
(230, elliptical bulb); 5 — low pressure sodium lamp SOX (more contrast in fog lighting)

Ile TOSICHIOETBCS TUM, IO TPATUIIHHUN NmUISX migBuineHHs edektuBHOCTI TJIC 3a
paxyHOK 30iIbIIEHHS TeMIIepaTypu BOJb(PAMOBOIrO Tijla po3KapeHHS TOOIr CBOTO KiHIIS.
BibImn cyTTeBe MiTBUITICHHS IXHBOI €()EKTHBHOCTI MOJKJIMBE TiIBKH HA OCHOBI IEPEXO0]Yy JIO
HaIiBOPOBIAHUKOBUX TUI pO3KapeHHs (TaHTal-KapOiTHUX Ta CeJIeKTUBHO-BIIOMBAIOYNX
iHppayepBoHe BHNpoMiHioBaHHS ILTBOK [9, 10]). KKJI Takmx jgamm moxe 3pocte a0 20 —
30 %, mo exBiBaieHTHO cBiTHoBUM Bimmadyam 60 — 90 mv/Bt mpu Tepmin ciayxObu — 10
10 Tric. roa. Bpaxomyroum Ttoit ¢akr, mo TJIC He mOTpeOYIOTH CTPYMOOOMEKYBATLHUX
OanacTiB, BTpaTH B SKUX ciAratoTh 10 — 25 % BijJ MOTYKHOCTI JIAMIIH, 1 € €KOJIOTIYHO YHCTUMH,
BOHH MOTIJIM O CKJIACTH KOHKYPEHIII0 He TiMbKH cydacHuM JIJI, s skux 0OOB’SI3KOBO
MOTPiIOEH IYCKOpPEryJTIOBaIbHUN amapaT 1 TOKCHYHA pTyTh, ajlié ¥ JeIKUM THIaM
CBITJIOIIOTHUX JKEPEIT CBITJIa, MMiABUINECHHS e(DeKTHBHOCTI SKUX (MOBa e PO CBITIOIIOHI
JIAMITH 3 BHCOKHUM 1HJIEKCOM KOJbhOporepeaaBanHst sl mpsmoi 3aminu Tpaauiiiaux TJC) €
Takox mpodaematuyHuM (puc. 4a, kpua 1 — LED STAR CLASSIC P).

Ile mosICHIOETBCST TUM, IO €HEeProePeKTUBHICTh CBITIOIIOMHUX JIaMI MPSMOI 3aMiHU
(CJUIIT3) momiTHO HIKYE, HDK Y OKpeMo B3aTHX cBiTiomiomiB [11]. CsitioBa Bimmada
CBITJIOJIIOTHUX JIaMIT BU3HAYAETHCS 32 (POPMYIIOI0
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HCﬂﬂ:H(zz'ﬂe,q'ﬂon'ﬂm (1)

ne H cr s
MpsIMOi 3aMiHU, BUTOTOBJICHOI 3 TIEBHOI KIJIBKOCTI OKPEMO B3ATHX CBITJIOMIOMIB, TIPU TEBHIN
temuepatypi 7, Kopmyca;

H cn — CBITJIOBI BiJjIaui OKPEMO B3SITOTO CBITJIOAIONA Ta CBITIOMIOAHOI JIAMITH

n, . N, —KKI exexrpuunoi (77,,=0,75-0,80) ta ontuynoi 77,, =0,50—0,95 mnigcucrem
CIUII3 [11, 12];

1, —xkoedimieHT e(eKTUBHOCTI TEIUIOBiABEACHHS, KM XapaKTepu3ye 3MEHIICHHS
CBITJIOBOrO NOTOKY IPH IIiIBUIIEHHI TeMIepaTypH Kopiycy cBitiomiona Big 7, y cepenuni
nparoroyol gamni (77, =0,85—-0,98).

Takum ymHOM, sKIio B CJIJITT3 BHKOPUCTOBYIOTHCS CBITJIOIONM 31 CBITJIOBOIO Bi/IIauecto
100 mv/BrT, To cBiTNIOBa Bijy1a4a Takoi JaMnu Moske OyTH BiJ 32 no 74 mv/BT, a B cepeiHbOMY —
om3pko 53 iM/BT. V' cywacamx CJUUIII3 cBitimoBa Bimmada He mepesuirye 75 mv/Br, a
MaKCHMalbHa CBITJIOBA Bi/ylada OKPEMO B3SITOTO CBITJIOAIO/A 3 XapaKTEPHOIO JOBKUHOIO XBUIT
BunipoMiHioBaHHsS 611 HM (me pokeBuit komip) — 160 1M/Bt. Tomy mepeBurmmTe pyOix
120 /Bt mpu ctBopenni CIIJIII3 3 Bucokum iHmekcoM KombopomepenaBanus (R,>90) ta
HU3BKOIO KoutipHOIO Temrieparyporo (T = 2700-3500 K) Oyie 1ocuTh CKITaaHo.

3’sicyBaiocsl TaKoXK, IO HU3bKa CHOXKMBaHA IOTYKHICTh HE 3YMOBIIOE BIJCYTHICTbH
pamiaropa y CJUIIT3. JlocmipkeHHS TTOKa3ad, Mo cepeaHst TpuBamictb cBitinas CJJII3 6e3
pamiatopa He mnepeBuirye 1000 rox. OcoGmuBO rocTporo € mpoOiieMa BiJBEAEHHS TeIia y
notyxaux CJIJITT3. 3acTocyBaHHs TMOTYKHAX PaiaTOpiB MOMITHO 301IBINYE iX pO3MipH i Bary.
10 Br CJJIII3 Baxuts 409 rp., B To#t yac sk maca 11 Br KJIJI, 3 TakuM camuM CBiTIIOBUM
motokoMm, He mepepmiye 60rp., a JIP — 35rp. HeoOximHicTe 3acTocyBaHHS pajiaTopiB i
0COOJIMBICTD BUITPOMIHIOBaHHS CBITJIOAIO/IB B OIHY HiBc(epy (HIKHIO) YTPYAHIOE CTBOPEHHS Ha
iX OCHOBI JpKepeN CBITJIA 31 CBITJIOPO3IOJLIOM, ITOMIOHHAM JIO JIaMIT PO3KApPEHHS 3arajibHOrO
npusHaueHss (JI3IT) [11].

IIlo crocyeTbcs pPO3PSMHUAX JIAMIT BHUCOKOTO THCKY (pHc. 10), TO 0 TepCreKTuB
MiABUIIECHHS I1XHBOI e(QEKTHBHOCTI HAWOUTBIN CXWJIbHI METAJO-TAIOTeHHI JIaMOH TUITY
POWERSTAR HQI-TS (xpuBa 2 na puc. 16) ta POWERSTAR HQI-E (3). Bonu me marotb
JEeSKAN pe3epB IIOJO0 MiABUINEHHS €(QEeKTUBHOCTI BUIPOMIHIOBAHHS CTOBIA pO3pPSAy HE
TITBKKA 3a PaxyHOK 3MEHIICHHS JI0JIi TEIUIOBHMX BTpAaT B 00’eMi W Ha CTIHKAaX pPO3PSIHOL
TpyOKH, ajie i 3a paXyHOK MEPepo3NoALTy eHeprii B CIeKTpl BUIPOMiHIOBAHHS, K€ BUKIIUKAE
HaWOUIBITYy PeakKIlifo JIOACHKOro oKa. Y JIYroBHX PTYTHHX Jamiax 3 Jrominodopom (HQL
STANDART (1)) Taki MOXJIHMBOCTI BHKOpPUCTaHI MOBHICTIO. ToMy He CIiJ OYiKyBaTH
3pOCTaHHS HOMIHAJTBHUX CBITJIIOBUX BiJIJIa4 SIK TaKWX, TaK i MU 301IbIICHHI HOMIHAJIBHHIX
MOTYKHOCTEH IMX JIaMII.
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PucyHok 2. 3anexHiCTb HOMiHAJIbHUX CBITJIOBUX Bifnau (H,, ) Bil HOMiHaJbHUX MOTYXHOCTEH (P, ) IId:

a) niniianx JIJI; 6) xomnaxktaux JIJT (KJLJT) pipmu OSRAM. Jiwiiini JIJI: 1 — tpy6uacTi JIJT SA T12; 2 -
Tpy6uacti JUI LUMILUX T2 FM; 3 — tpy6uacTi JIJI LUMILUX T5 HO CONSTANT (30BHIITHE OCBiTJICHHS); 4 —
tpy6uacti JIJI LUMILUX T8 (26 mm); 5 — tpy6uacti JIJI LUMILUX TS5 HO (Bucoka cBitiioBa Bigmaua); 6 —
tpy6uacti JIJI LUMILUX X XT T8 (75 tuc. ron); 7 — tpy6uacti JIJ LUMILUX T5 HE (Bucoka ehekTHBHICTB).
KJIJI: 1 - DULUX INTELLIGENT LONGLIFE. 20 Tuc. rox, 220 — 240 B 6 xananbna; 2 — DULUXSTAR STICK
(10 Tuc. rom), 220 — 240 B, 6 xanansHi; 3 — DULUX STAR MINI TWIST (8 Trc. Tox), 220 — 240 B, cmipanbhi; 4
— DULUX INTELLIGENT LONGLIFE (20 Tuc. rom), 220 —240 B, 6 kananbHa; 5 — DULUX SUPERSTAR
MICRO TWIST, (12 tuc. ron), 220 — 240 B, cnipansHa; 6 — DULUX T/E PLUS IJIA EJIEKTPOHHUX ITPA; 6
kaHaneHi; 7— DULUX L LUMILUX PL

Figure 2. Dependence of nominal luminous efficiency (H,,.) from the nominal power (P,,,) for:

a) linear fluorescent lamp (LFL) b) compact fluorescent lamp (CFL) of company OSRAM. LFL: 1 —
tubular FL SA T12; 2 — tubular FL LUMILUX T2 FM; 3 — Tubular FL LUMILUX T5 HO CONSTANT (external
lighting); 4 — tubular FL LUMILUX T8 (26 mm); 5 — tubular FL LUMILUX T5 HO (high luminous efficiency); 6
— tubular FL. LUMILUX X XT T8 (75 thousand hours); 7 — tubular FL. LUMILUX T5 HE (high efficiency). CFL:
1 — DULUX INTELLIGENT LONGLIFE. (20 thousand hours), 220 — 240 V 6 channel; 2 - DULUXSTAR STICK
(10 thousand hours), 220 — 240 V, 6 channel; 3 — DULUX STAR MINI TWIST (8 thousand hours), 220 — 240 V,
coil; 4 — DULUX INTELLIGENT LONGLIFE. (20 thousand hours), 220 —240 V, 6 channel; 5 — DULUX
SUPERSTAR MICRO TWIST (12 thousand hours), 220 — 240, spiral; 6 — DULUX T/E PLUS for electronic
ballasts, 6 channel, 7 — DULUX L LUMILUX PL
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PucyHok 3. 3ajiexHicTh HOMiHAIBHUX CBITJIOBUX Bimgau
(H,,) Big HOMiHalBLHUX  TOTYyXHOocTelt  (P,,)
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PucyHoxk 4.  AHomanbHi  (magaroyi) — 3aJ€KHOCTI

NIl HOMiHANBHMX CBiTIOBUX Bimmau (H,,) Big HOMiHaJbHUX

CBITJIONIOAHUX JIaMn TpsiMOi 3aMiHM JIaMIT pO3XkapeHHs MoTyxHoctel (P,,) misa: 1 — tpyouactux JIP Special Linestra

(CIUTII3):

CLASSIC B; 3 - LED STAR CLASSIC A;
4 — PARANHOM CLASSIC A ADVANCED
Figure 3. Dependence of nominal luminous efficiency

(mns mepkadn); 2 — 6esenextpoauux JIJI ENDURA (230 B, 250

1 — LED STAR CLASSIC P; 2 - PARANHOM «klm);
KepaMiYHUMHU TaJbHUKaMK JUTS 3aKPUTHX CBITWIBHHKIB THITY
POWER-BALL HCI-T

3 — MeTaJlo-TaJIOTeHHUX JIaMI  BUCOKOTO TUCKY 3

Figure 4. Anomalous (falling) Dependence of nominal

(H,,,) from the nominal power (P;,) to LED lamps for direct luminous efficiency (H,,,) from the nominal power (P,,) for: 1

replacement of incandescent lamps (LEDLDR):

1 — LED STAR CLASSIC P; 2 — PARANHOM
CLASSIC B; 3 - LED STAR CLASSIC A;

4 — PARANHOM CLASSIC A ADVANCED
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Pucynok 5. Ilpukmax rpadidHoro BU3HAUSHHS

XapaKTepHUX CBITJIOBHX Bigmad H, Ta TOTyXHOCTe P,
IoKepen cBitina B T. A, B ta C mist moOymoBY BiAMOBiqHAX
HOPMOBAHUX 3aJIeKHOCTEH [Tt KpuBUX 2, 4, 5 (puc. 16)
Figure 5. Example of graphical definition of typical
luminous efficiency H, and power P, of light sources in
points A, B and C to construct the corresponding
normalized dependency for curves 2, 4, 5 (fig. 1b)

— tubular ILSpecial Linestra (for mirror);

2 —electrodeless CFL ENDURA (230 V, 250 kHz);
3 — metal halide high pressure lamps with ceramic burners

for closed lighting such as POWER-BALL HCI-T

Hu=H/Hx, B.0.
2

1' =

0.8

Tt

0.7

06

PH=P/Px B.o.
[} 2 4 [:3 8 10 12 14 18 18 20 2 24

PucyHok 6. 3ajexHiCT HOPMOBaHMX CBITJIIOBHX
BiZlau BiJ HOPMOBAaHWX TOTYKHOCTEU IDKepes CBIiTia Ui
KpuBUX 2, 4, 5 (puc. 10)

Figure 6. Dependence of normalized luminous
efficiency from normalized power light sources for curves
2,4, 5 (fig. 1b)

05

Hesnauni nepcrekTHBHY 111010 TiIBUIIEHHS CBITJIOBUX BlLIa4 IpH 30UTbINEHH] OTY>KHOCTI
€ 1 y HarpieBux Jammnax sk Bucokoro (tumy VIALOX NAV-E SUPER 4Y (xpuBa 4 Ha
puc. 10)), Ttak 1 Hum3pkoro (tumy SOX (5)) Ttucky. | me He3Baxarounm Ha Te, IO B
eKCIIEpUMEHTAIFHUX JTa00paTOPHUX 3pa3kax MaKCUMallbHE 3HAUEHHsI CBITIIOBOT BiJladi CTOBIA
pO3psily HATpieBHX JlaMIl HHM3BKOro THUCKY mpu cTpymi 100 MA i mTy4dHOMY mifirpiBaHHi
po3psiaHoi TpyOku csrae 360 — 420 mv/BT, a y jmammax BHUCOKOTO THCKY — 166 nm/Bt [4,
C. 452, 614]. PeanpHi CBITJIOBI Bija4l y HATPIEBUX JIaMIlaX HU3BKOTO THUCKY JOPIBHIOIOTH
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177 am/Bt, a y nammax Bucokoro THcKy — 139 nm/Bt. Takum umHOM, cepiiiHi 3pa3zku
HATPIEBUX JIAMII BHCOKOTO THCKY BIPHTYJI HAOMM3WIKCS JO eKCIepUMEHTAIBHUX
1a00paTOpHUX 3HAYCHB CBITJIOBHMX BiJJIad 3a paxyHOK ympoBaipkeHHs PIA TexHoIoTii, a y
HATPIEBUX JIaMIIaX HHU3BKOTO THCKY IIed TMOKa3HWK Maike BJIBiUl MEHIIMU BiJ JOCSTHYTHX
JTabopaTOpHUX 3HaUeHb. L{e MosSICHIOEThCS THM, 1110 B peallbHUX 3pa3Kax MOKH 10 HE BAAETHCS
NpH HU3BKUX TYCTHHAX CTPYMY WiATPUMYBATH BUCOKI 3HAYEHHS TeMIepaTyph pO3psIHOL
TpyOKH Ha onTUMaIbHOMY piBHI 270 — 290°C.

3Baxaroun Ha Te, mo y JIJI y cBiTino moxe meperBoputucs Big 0,37 go 0,44
Oinoro ceitnma B 320 ;M/BT, TeopermuHo Moxe popiBHroBatm 120 — 140 mv/Bt [8]. Lle
BKa3ye Ha Te, I[0 MOKJIMBOCTI CTOCOBHO ITiIBUINCHHS SK B3araji CBITIOBOT Biijadyi, Tak i 3i
3poctanHsM notyxkHocTi JUJI mokm mie € (puc. 2a). Haitbinpme 110 1iboro exuiabHi mpsvi JIJT
tuny SA T12 (puc. 2a, xpuBa 1), a Takooxk LUMILUX T5 HO (5), LUMILUX X XT T8 (6)
ta LUMILUX T5 HE (7).

MoskmuBocti 301bmeHHs cBiTIoBo1 Bigadi KJIJI y ixapomy cydacHOMY BUTTISL TSt
OUTBIIOCTI THUMIB JIAMIT Maike BHYEpIlaHi — Il HEe TUIbKH BHCOKOYACTOTHE >KHBIICHHS,
3aCTOCYBaHHS Cy4YacHHUX 0ararocMyroBHX JIIOMiHO(OPIB, Mepexis A0 MEHIIUX JiaMeTpiB
pPO3pSAHUX TPYOOK, ajie ¥ 3acTOCYyBaHHS CYYacHOTO aprOH-KpUITOHOBOTO HANOBHEHHS M
amayibramu pryTi. He 3Bakaroun Ha 1ie, ik 6aunMo 3 rpadikis puc. 20, me € aeski tamu KJIJI,
CBITJIOBA Bijy1aya SIKMX 31 3pOCTaHHS MOTYXKHOCTI Ma€e TeHJIEHIIT 10 3poctanHs. Lle, B meprry
yepry, Jamnu DULUX L LUMILUX PL (kxpuBa 7 Ha puc. 26), DULUX T/E PLUS (6) Ta
DULUX SUPERSTAR MICRO TWIST (5).

VY mporeci anami3y 3’scyBaiocs, IO € W Taki Jpkepesa cBiTia (adCoTIOTHO Pi3HI 3a
GI3MYHUMHE TpUHIUNAMH iXHBOI poOOTH), y SKUX CBITJIOBa Bijjada 31 3pOCTaHHS
MOTYXXHOCTI 3MeHInyeThest (puc. 4). Haitbinpine ne BimHocuThbest 10 Oeszenekrponuux JIJI
tury ENDURA (xpuBa 2 Ha puc. 4), HaitMeHIe — 10 Tpyodactux JIP Special Linestra (1)
Ta METaJIO-TAJTOTeHHUX JJAMIIU BUCOKOTO THCKY 3 KepaMiyHuMHU nanbHukamu tuiy POWER-
BALL HCI-T (3).

AHaii3 mokasas, mo 3 TpadikiB, HaBeJIeHWX Ha puc. 1,2, 3,4, BaAXKO BHU3HAYUTH
KOHKpETHI 3HA4YCHHS MOJMIIMBHX 3MiH (3pocTaHHS a00 3MEHINCHHS) CBITJIOBHX Bijgad 3i
3pocTaHHs HOMiHaJIBHUX moTyXHocTedt JIC. Came ToMmy MjIsI LBOTO MH PO3POOHIH
cnemiagbHy MeTomuKy. CyThb iX mojsirae y HacTynmHoMmy. JIs BH3HauYeHHS KOHKPETHHX
3HaUeHb MOJKIMBHX 3MiH CBITJIOBHX Bijyiad (3pocTaHHs ab0 3MEHINECHHS) 31 3pOCTaHHS
MOTYKHOCTEH HEOOXi/THO:

1) BU3HAYNTH XapaKTepHI 3HAUYCHHS CBITIOBUX Bijytau H , Ta motyxkHocreit P, JIC, siki

Hac IikaBisATh. s mporo no rpadiunmx 3anexHocred H = f(P,,) JAC HeoOxinHO

MMPOBECTH JIOTUYHI d Ta e Tak, K IIe MOKa3aHO Ha pHUC. 5. Y TOYKax MEepeTHHY HOTUYHUX (Ha
puc. 5 Touku A, B 1 C) BU3HaunTH KOHKpeTHI 3HaueHHs H , y aM/Br ta P, y BrT;

2) B n To4ykax (n =5-10) Ha xpuBux H ,, = f(P,,) BU3HAYUTH KOHKPETHI 3HAYECHHS

CBITJIOBHX Bijytad H; ... H; Ta notyxHoctew P; ... Pjy;

3) BH3HAYATH HOPMOBAHI 3HAYEHHS CBITIOBMX Bimgad Hy, Ta TOTYXHOCTEH Py,
MOJUIMBINY OTpUMAaHi B M. 2 JaHI Ha XapakKTepHI CBITJIIOBY Bijyady Ta noTyxHicts J[C
(H]-H = H]/HX... HH]O = H]g/HXTa P]-” = P]/PX P]()/PX );

4) 3a OTpUMaHUMK HOPMOBAHWMH JAaHUMHU MOOYIyBaTh Tpadik (Y BiIHOCHUX OJMHHIISIX)
sanexsocti (Hy = Hi/Hy ) = f(Py 1 = P/ P, ) Tax, sK 1ie TIOKa3aHo Ha puc. 6;
5) BU3HAYUTH BEJIMYMHY MOJIMBUX 3MiH CBITJIOBHX BiJau (3pocTaHHS ab0 3MEHINECHHS)

31 3pOCTaHHS HOMIHAJBHHUX TMOTY)KHOCTEH. SIKIIO OTpUMaHa 3aJeXHICTh 3pOocTae i: a)
MPOXOJIUTh BHUIIE TOPU3OHTAIBHOI MPSMOi, MPOBEJAEHOI Yepe3 OpAuHATy 1, TO MOXKJIUBE
3pOCTaHHS CBITJIOBUX BifJad 31 3pOCTaHHS IOTY)KHOCTI Oyne XapakTepH3yBaTd Ta YacTHHA
KpHUBOi, sIKa 3HaXOJUThCS BHIE opAuHATH | (Ha puc. 6 — 3aTiHeHa Iuloma). TakuM YMHOM,
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3pOCTaHHs HOMIHAJIBHOI CBITJIOBOI BiJjladi 31 3pOCTAaHHSIM HOMIHAJIBHOI IMOTY>KHOCTI
PO3PSIHHX JIAMIT BUCOKOTO THCKY MOKHA OYiKYBATH TUTBKH JUISI METAJO-TaJOTCHHUX JIaMIT 3
kBaprioBuM naibHEKOM POWERSTAR HQI-TS (xpuBa 2 Ha puc. 16 ta puc.6); 6) He
BUXOJUTH 332 MEXI TOPU30HTAJIBHOI MPSIMOI, MPOBEAEHOI uepe3 opAMHATY 1, TO 3pocTaHHS
CBITJIOBOI BiJiiaui 31 3pOCcTaHHs MOTYKHOCTI O4iKyBaTH He ciij. Lle HaTpieBi 1amMmu BUCOKOTO
Ta HU3BKOT'O TUCKY (KpuBi 4 1 5 Ha puc. 10 Ta puc. 5 BiIOBIAHO).

AHaJIOT14HI MipKyBaHHS CJIiJl BAKOPUCTOBYBATH 1 IPU aHAJI31 MaJalounX 3aJIeKHOCTEH
HOMIHQJIBHUX CBITJIOBUX BiJIJIa4 BiJl HOMiHAIBHUX noTyx)HOcTel J[C.

BucHoBKH. YCTaHOBICHO, IO HOMiHANBHA CBITJIOBA Bijjiada 3i 3pOCTaHHS HOMiHAIBHOT
MOTY)KHOCTi JDKEpeNl CBITJIa 3MIHIOETHCS 3a TinepOoiiuauM 3akoHOM. Jlns Gimbmocti JIC 11s
3aNIEKHICTh 3pOCTaloy¥a 1 JMIe ISl TPhOX, aOCOMIOTHO PI3HUX 3a (i3UYHUMU HPUHIMIIAMH
pobotu (tpybuactux JIP Special Linestra, 6e3enexrpoaaux JIJI tTummy ENDURA Tta merano-
raJIOTeHHUX JIaMIT BUCOKOT'O TUCKY 3 kepaMiunumu najgbHukamu tTuity POWER-BALL HCI-T),
— Majaoya.

OrpumaHO aHAMTUYHI BUpa3d IS (YHKIIOHAIBHUX 3aJIe)KHOCTEH HOMIHAIBHUX
CBITJIOBHX BiJIay BiJl HOMIHAJIBHHUX IMOTYXKHOCTEH IS BCI€ET TaMU iCHYIOUHX JIKEpes CBITIIA.
3’scyBanocs, mo s JIC 31 3pocTarodoro 3ajeKHICTIO HOMIHATFHUX CBITJIIOBUX BiJgad Bif
HOMIHQJIBHUX TOTY)XKHOCTEH MepImuid MTOJaHOK, 31 3HAKOM MIiHYC, BHM3HAYa€e IIBUIKICTh
3pOCTaHHS, a JPYTHid — MaKCHMajbHe 3HAYCHHS HOMIHaIBHOI cBiTNIOBOI Bimmadi JIC maHoro
tany. Jng JIC 3 aHamoriyHow Majarovor0 3aJeKHICTIO BCe HaBMAakW. YuM  OijbIie
BiJIHOIIEHHSI YHWCENbHUKA TMEepIIOro JO0JaHKa J0 JPYroro, B OTPUMAHUX MaTeMaTHYHHUX
3Ie)KHOCTSAX, THM OUIBIIOIO € BIpOTiJTHICTH 3MIiHU CBITJIOBHX Bijiad JpKepeN CBITIIA TpH
30UTBITICHH] TXHBOT HOMIHAIBHOT TTOTY>KHOCTI.

3anponoHOBAaHO METOJMKY JUIsI BH3HAUEHHsS KOHKPETHHUX 3HAUEHb MOXIUBUX 3MiH
HOMIHAJBHUX CBITJIOBUX BiJad (3pocTaHHs abo0 NajaiHHSA) 31 3pOCTaHHS HOMiHAJIBHOL
MTOTYHOCTI JDKEpeIT CBITIa.

Conclusions. It was established that the nominal luminous efficiency with increasing
nominal power of light sources varies according to the hyperbolic law. For most of the LS this
dependence is growing and only for three completely different by physical principles of
operation (tubular IL Special Linestra, electrodeless CFLL. ENDURA and metal halide high
pressure lamps with ceramic burner type POWER-BALL HCI-T), — is falling.

Analytical expressions for functional dependencies of nominal luminous efficiency
from the nominal power for the whole range of existing sources was received. It was found
that for LS with growing dependence of nominal luminous efficiency from the nominal power
first term with a minus sign, determines the rate of growth, and the second — the maximum
nominal luminous efficiency LS type. For LS with a similar falling dependence is the
opposite. The first term, with a plus sign, determines the speed of falling nominal luminous
efficiency, and the second — the minimum of its value

The article suggests a method for determining the specific values of possible changes in
nominal luminous efficiency (increase or decrease) with increasing nominal power light
sources.
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