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Resume

In the postgraduate thesis work: “Optimal planning of implementation of
up-to-date energy saving systems in artificial lighting”, practice for
implementation of energy efficiency activities in world developed countries are
deeply and detailed studied. Deriving from the analyses results, assessment of
efficiency of implementation of up-to-date energy saving systems in artificial
lighting and solution upon the deep scientific complex survey of their practical
realization problem in Georgia is put on front place. According to the results of
carried out survey, criteria for assessment of efficiency is elaborated and
accordingly multi factorial mathematic model for assessment of efficiency of
implementation of up-to-date energy saving systems in artificial lighting is
established as well. With the complex approach to the solution/solving the raised
problem, calculation algorithm of optimal planning of energy saving means’
implementation is established.

Presented postgraduate thesis work consists of introductory, tables and list of
drawings, abbreviations applied in the work, four basic chapters — corresponding
subparagraphs, conclusions and recommendation, applied literature and annexes.
Analyses of implementation results of energy efficiency activities in world
developed and post-soviet union countries is conducted at the first stage of survey.
Special attention is paid towards the survey of efficiency for energy saving means’
implementation in artificial lighting. On its hand situation in Georgia is studied.
According to the analyses, actuality of contemporary energy saving means’
implementation in artificial lighting of the country and necessity for creation of
legal base required for its fast fulfillment is determined. Practical result of this
survey is selection of energy saving high efficient means for artificial lighting in
different fields of Georgia and establishment of perspectives for their
implementation.

Next step of survey is elaboration of new method for assessment of efficiency of
up-to-date energy saving means implementation in artificial lighting. With the
purpose to solve the problem, new criteria to determine the efficiency is chosen
upon critical analyses of existing method of modern energy saving implementation
in artificial lighting. This criteria is formed with the maximization principle of net
discounting income, foreseeing all possible factors acting on this. Deriving from
the criterion request, multi factorial mathematical model for assessment of the
efficiency of modern energy saving means’ implementation in artificial lighting
and corresponding counting algorithm that is certified on the sample of outdoor
lighting of Georgian Railway is established. With the calculation performed by
applying the program software Excel, list of energy saving means due to
implementation in outdoor lighting of Georgian Railway is chosen and their
technical-economic efficiency is assessed. It is stated that by implementing of these
means, Georgian Railway can reach the significant decrease of expenses in outdoor
lighting in following two years.



At the third stage of survey, issue of optimal planning of modern energy saving
means’ implementation in artificial lighting subjected to the deep and detailed
scientific survey of complex achievement for the problem solution. This first task
of the survey is choosing the criteria for planning optimality and elaboration of
corresponding calculation algorithm with its ground. By scientific analyses of
world experience for solving the noted problem is confirmed that this issue is not
studied in scientific way entirely. Together with the assessment of efficiency of
implementation these systems for solving the optimal planning of modern energy
means implementation in artificial lighting, task for selection of the optimal
number of the lamp and their optimal disposition should be solved, as well as the
relevance of indicator of calculating lighting stream inclination and generalized
indicator of discomfort with the euro standard. Foreseeing the mentioned factors,
multi factorial mathematical model for optimal planning of contemporary energy
saving means’ implementation in artificial lighting and calculation algorithm are
established. Algorithm is certified in JSC “Energo-Pro Georgia” Head Office as
example of optimal planning of modern energy saving means’ implementation.

With the calculation conducted by program software Excel and Dialux is
confirmed that optimal planning of artificial lighting system and replacement of
acting artificial lighting system with the high effective energy saving system is
possible to be carried out completely with offered method. With these activities
any organization will have artificial lighting relevant to the high quality modern
standards and will get significant economic effect.

Main scientific result of conducted survey is the fact that first time in Georgia
there is the entire method for optimal planning of modern energy saving means’
implementation in artificial lighting that has universal character and utilization of
it is possible in any field inteh process of optimal planning of modern energy
saving systems’ implementation of artificial lighting. By certifying this method its
huge practical importance is clearly shown.
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y39wsbg  8600369wm3zsb0  obsbosmgdgwos  6gdoldogHo  Loddgbgderm
009JGoLom30L  (Fogooms dgbmds, ULEsombo 6 a%s). bgdobdogMo
L0339 LOSE 3HMZOMIL S FYFsMdL 5060 MBS 0gml M3EH0T>IMS©
3obomgdMmo.  sMLGdIMIL  bgwmzbmEmo  2obsmgdol @Mbol 296 339Mwo
LogMModmMobm  bmMdgdo  GMMIWgdol oobbol 3963 sg3emdsTdo
Bo3Myo0dgdme00s, 09d3s OOM @S O™  5M0S  AdIMMOEbwo oMo
(33LOYOD.

b9wm3bm®o 49650930l fgotrml  sboliosmgdl dmdol F9dcrmbademo
33900053900l 3obmbo. 5009 3650006 [odmbyaro  Lobsomerols
06@&9bLbogmds M3193MHM3MMO(30v)0s 53 Md0gJEod©) 856dool 3350MSEHOUS.
396500900l Mbg 0BMIGds yJl9ddo (Wb lux-bobsmang)

1 edgbo

1 335063¢ 7 39&6DY

BobsBbo 3. @ydgbo Lm - dmdol bszool ghmgmeo

gb®ow (1)-do dmEgdmmos bbgoslbgs GHodol Ksdmgddo dmdols
639000l gmmMgMegdol 35639690 gd0 LogMmsdmMobem bm®mIgdol dobgzom
[21].
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gb®oo 1. 8gdols bsgzool ghmgmyergdols 9sB396908egd0 Lsgmsdm@oliem bmMdgdols

dobgzom
59560565 Madm sl gdYmMad9d0 LagbmaMgdgmo G96md9d0
396500gd0l 39650900l
oo3bo Ba6ds,emdio oo3bo 6635, @i

3Me9x900L 5 1B039MLOGIEHIOOL bogwslim

30Ls0gdO MMabo, Laghmem

mmabgbzzgfg?gjggigé banewob 500 LoEbM3MmIOIO MM abYdO 150
Ls0bBMMIs30m BHdbarmyogdols 3dobgBgdo 200 b5IbsOIMEMIdO 150
bsH30L o bo@zol babfagwm sdobg@gdo 500 053339006 MM sbgdo 200
J030496H0 WBMOIGHMOH0YO0 400 3900693300, d0dWOM™MY3gd0 300
@GOl 39d0bgBgdo 300 0060l dos yMgBbIdo, 3nwgdo 50
B3O GO OBSBIdO 200 Labsfgmdg dzomg mmsbgdo 300
063963500l dgbababo mmabgdo 50 350 IOMdIdO 75
QbMOMO 579DIdO 150 bambgdo, dobsbogwgdo, s9bo 100
Lo BHM EIMBSHBYDO, 306MPOGHMOH0YdO 200 LoBMBogMOM sMdsBYdO 150
LosdB™ EIMBSHBdOL Lzgbgdo 300 505%bs - BroegBHgoo 50
95LFo3agdegdol J9dobg@gdo 400 3000l )xMgIdo 20
LMo MEgdol M IBbgdO,
BoG93M o300 MmMabYdO 150 390G0d0MEgd0, WoBEHOL J0dEYdIY 30
3IOOGHMO0s
350003MBOL B IBOL 25935b0MBdOL,
153m6x39M 96 30M GBIBIdO 300 99dBHOM5Y3560wMdOL ©s 20
§9odmBotaggdol gsGgdo
0503760 xR0 100 dofjobgzgds @‘;ngggg’azbo@mm@gbob 20
babsoEm EIMdSHO 300 LM 53900, Lbggbgdo 20
GPWIGHIO0 50 @oBEOL 50 sMMIdO 5
bsmgobg goGmo X96©s330L mALsbyBHgdol byghHhm
mobo sﬁfab?qawbgo;bo @odbo ng;ﬁgjgﬁbn

3900693900, mxobgdo 500 9J0d900l 3900693 goo 300-500
L3O MgdBHMO™, b;i;t;b(%ﬁ)agjgom 5 bsbgol 500 B303)GE0m @ADL 400
BB 05, 363gsM0s 500 @obm@o@m@(‘;‘%ﬁgaigbafg@Bb@mbob, 300
BEGIBOL BobsngBO Mo sbdO 400 b”l? fﬁi‘;‘gi‘)‘;iﬁbﬁfﬁggxb 200
Lobsfgmdg BoGomo 75 LM 9Ebo s LEHIOOWOBIE00L MMbgdO 200
babsfymdg B0 LEGHIWgIO0 gobeoggdom 200 9mbd3IWO EIMBIBID0, 35¢oGHIO0 150
B06BLINGEM @a0300030b @ bingeob 200 390035896900 B63b3gol MosbgdO 150

R3O0

BMgoboby 39bGHMIdo 400 ©96986900, 30d0L MXOIIOO 100
15306 839696300 O3B0 300 d3Begeo, @iggi%%i"' dmbafiggo 75
$9d6037960 MxGI©IO0 100 b5dbs39900, Jobobgwgdo, 3009900 50
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2.3. bgemzbmMo 39650980l 0sbsdgMm™m3zg LoliGgdgdo.

505595 X9 30093 BIONMO odM0oygbgds 99990 GHodol dzgwo
396509080l LolBgdgdo:

e High Intensity Discharge (HID) Lights/ds@oco 0b@&gbbogmdols
50625639b #3500 bs0¥M9d0, HID $Hoddo 99056
9@ m3sermygb®o MH (Metal Halide), IPJI, Bs@®owmdols
dowoo (bg30L JHaT HPS (High Pressure Sodium) 65009969930 o
51939 boB®0dol sdsEo 6930l (Low Pressure Sodium Lamps)
Bommgdo. HPS boomrmgdo dobo 95399@wercmdols godm
doM0MII®, o3Mm0Yygbgds Jmhols,
©oMLdgLs60db5mdYdOL/dgRgd0Ls S BEHIOMBYdIOL Q9B DY.

e Fluorescent Lights/g3eomégligab@nero bosov®gdo. 53 Godol
BommM9d0  2o3MEIXgdMWos MMaMGE 3®Mdog0 dool, 1939
303w wo gm®dol, 56 CFL (Compact Fluorescent Light)
30335dAHeo  BomvEgdol  Lobom.  9goMgdom  Bo®owro
96960295394 GHMOMdOL s boba®dwogo  dmbds®mgdol 3ol
3990, 3o 93m-bs0MHgdL Mfm©9d9b.

e Incandescent Lamp 3esbo3«@Mo 3563565 Boomv®s Gmdgerois xge
300093 BIOOMP 5MOL g5dmygbgd o Lobmz®mgdgw Lobegddo.

e Halogen lamps 35¢0m969960 BoormEro.

BobsBo 4. oo 06EHgbliogmdol s06M9963MbE3s0 LEbsmo
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e (P S

BobsBo 7. 3senmynby®o Lsbsoo

239630bomm v HMAMOHO §9990MmEOHO bsMYd0 sOLYIMIL LILLLIMIOm:

BobsBo 8. Bmgompe®o Lsbsmo
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Bsbs®o 9. Led COB (chip on board) Lsbsomo

COB - 89doom@n®mo dm33m (led filament). domdo dMo35¢00 FJOMOO
396053L90905 30boL BMEgdBY S WIBIOIE0s WFObMBMOO.

Bobo®o 10. Led COB (chip on board) bsbsmo - 2
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A more view at LED Encapsulation:
Glass Substrate:

o) ]

LED Chip Fixed:

W 22000220022 0000220V RRTOORRD m

Fluorescent Glue Encapsulation

Finished Product:

Bobo®o 10. Led COB (chip on board) lsbsomo - 2

wobeglbo smdol LED bsov@gddo (Crystal Ceramic MCOB) 8v1jomgdo
d3L90ME0s 259F0MZ5¢g 396090030Ly906 ITDOYIM MR EHJODY.

High PC
pervious cover

Unique MOCB
light source

The fashionable
and gentle lamp
body design

Steady rectifier

Aluminum material
module

lamp body, best heat

dissipate

Bobsbo 11. Led Crystal Ceramic MCOB Lobsono
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51939 96OLYdIMBL 3MrMg9gdEMMdo COB dmjoompgdby

BobsBbo 12. Led COB 36Hmyggd@mMo

9B900 3MM:19dBH™MO0 BMmobIsML Fbmewmo 50 353U, bmwm sBsmydl

63 300 3530560 3semaqbm@o 36Omggd@Bmemo. Lyemoom 13-0o dm39dmeE0s

LED bsom6Mgdol 999dob bs3ool 9339dGHmemdol  gob3005609d0l 26013030

fargdols dobgzom:

350
300
250
200
150
100
50
0

218333 NOMd, 8bo/35d0

Femgdo, 1979-2020

_& 9njoomento
BsormBgdo

= ergBoBobGadmEo
S

T 3sepgbuto
Boorégdo

3503565
Bsor®gdo

BobsBo 13. LED bsoryvyégdols 3wggol 6s3sc00l 98399@w®Hmdol 963000009080l 36533030.

Goldman Sachs

Statista  Loo9b@™ML  Bmbs3gdgdol dobggom  [22]

AbmRwom gobsmgdol BB FmdomMGo  Fgdbmemyogdol Tgofiogzs

2010 Heroqsb 2020 Fersdog 9999abs0M5 4963000560 gds.
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70%

60%

50%

40%

30%

20%

10%

0%

-10%
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

65bsbo 14. Goldman Sachs Statista ssggb@GHmU 8mbs3g8900, 9650930l dsBsOIBY
39300mEO0 BYgbmemyogdol geffass.

d99doomMo  Boommeol  B3gd@®o  BoBggbgdos  LmGso  14-%g.
3658030056 Bsbl ™I LED 650096H0ob L3gdGoMo Maemm sbanmbss dwbgdmog
LObYNWILMIB s F5M1Z3565 BoIMYMSLMD 30M W MBoboL3gBHYIM0 by
139JGH®o.

Speoctra

Spectra

350355 BommGd

)306obLggAH GO
‘ Boomr®o

Spedtra
-~ (' . 9doomEGo Bomnmés
o 48

BsbsBo 15. 3503505, dobmb3gd Mo ©s 8domEnMo BamryMgdol L3gdE®o.

d0bge350 90bodbmols LED  8mdoom©gdo 56 5ol dmgom
bo®ygzs 096s8900mm3g  9696M3maxgd@B e gobomgdsdo  [23,24,25]. 219
b59939960L LEOMWOOSE B, 39ML39dBH0ME S LETMTSZW ™ FJIbmEMmA0S©
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sbg39 omzgds OLED (organic light-emitting diode) dwdol godmalboggdgero
©OMQO. F5GM03900, ®MIJo3 35650900l LolEgdoLm30L, s5eMg Bomfhgzge
©mbgbg  2oL3wol  LodoEgdsl. 0dolomgol, MmA d9oddbsl  MmMsbrwo
399925958b0390900  ©oMm©gd0-OLED  9530m0949gbgds  obgewrobgosdocmrwo
36535300560 LEBHMMJGHMOS, MMIgEo3 99agds 3ME0dgMgdol MHsdgbody

92396005b.

6sbs®bo 16. OLED 8s¢Mogol Levyd@uyds: 1. 3s0mo, 2. gddobomo ggbs, 3.
95903535¢00 259mbb0ggds, 4. 503500 §B9bs, 5. sbm©o

doMomos© OLED  @gdbmemyos  998m0ygbgdmos  oldeggdols
§o60mqdsdo, ™MI3s dmerm MM Bbgsalbgs fo®mdmgdergdds oofiygl
D90mmblgbgdeo  FHgdbmemaools 4963096905 @S 9egdBHMsbsmgdols
LobGHYdgddo sbgMags. OLED 3sbgwqdol fo6mdmgdsdo 860d3bgwmgsbo
Dom35@gdoL doefgzs dgderm 3mGmgeds 3md356050 LG Chem [26] sboewro
050l gobomgdol OLED 3s69wqdds 2017 ferol dmermbsmgol 140
99960/35¢ B9 doswfos.

399900 ©gd0LYsb  goblibgszgdom OLED 56500900l 9603369¢0m356
M306M5GJIMOIE 0M3Wgds  FIOEGH0WM3560 obsmgdol sM9MLYdIMBS. slig3g
ol 9hmA35MmMm356  Mdoew  FMJu  499mbgds s  dolbo  Lodzzgo®ols
932906905, LogggbMgdoL A5Mgdgs Tglodergdgero. AbysgLbo FoBsMGdOL
LoLBHYIJOO 56 BHMZgOL POHOL O SO LOFOMMIIL MJRWIJEH™MMGOL, FoJol
0008350390 90L s b3S M3EH03MM 383mbgbEgoU.

OLED Usbsongdol 860d36900m356 m3065@glmd® 00m3wgds MO0
3999ob 6535000 s FJ0MEIdOLAL 2oblibgsgzgdom FomEHowwm3zs60 F5bsmgdols
3M5MLYOMBS, S193g  B8gMMZg BH9IbMWMY0gd0  15TMSEGOIL  0deErggzs
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890436l Men@es mbgwo dldmdo OLED 356gangdo, 8son dmMob - dmdbogro

©5 398330035¢).

Bobs®bo 17. OLED (organic light-emitting diode) Lsbsoro

mbs 500b0dbml, Hmd OLED ULsbsogdol UL3gd@®o LED bsomwémgdol
1399dBHODY 253009000 ©39009L0s. dsomo CRI (Colour rendering index, CRI 56
Ra) 0bgduo 90-bg 39 os. CRI 3obsgm g3gmol 25dmbs@zol 0bgduo, (53960b
3°©dMm39d0L  3m9x30309630) b MOl 356589BHO0, GMIGEOE  SHILOLMYOL
Lbgeols 069060030 339Gl gbodsdolmdol mbgls 53 Lbgmeol bgwmgbmemo
09560000 gobsmgdols oMm.
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Spectral Distribution

<Conventional Solid State Lights Sources> <LG Chem OLED=>

Bobs®o 18. OLED CRI - 3960l 3503m3gdol 3mgno30gb@o

Sbgmo  Lsbsmgdo  s®olL  9x39d@Geo, dbwdmdo @S LOgMOME 5O
L5F0MmMGOL  gogMogdsL.  MobsdgM™3g  3H9dbmwmyogdo  LsdoEgdsL
04935 9904absls glmgBHO3MEMOE FoBIMMIEO BMMTJIOL MEBHGmS Mbgwo
dbmddo OLED 356gengdo, dson dmGol - dmdbowwo s 4993306M35¢09.
dbmgomdo  3bmdowo  d93bogMgdol  sHMoo  [23]  sbosewo  OLED
&99bmemyos, Lo0bsgobOM  MZLsBOOLomsg Ibzgfowos, Qo
MBoRMMbMYdOL 3Mmbomsi Hob gowoydwo bsdoxos.

535L096 gOH™Mo©, AMBEOML 565¢0EH03MO LooagbE™mgdo [22] gemo
bds 3OHMbmBoMgd96 LED/OLED ¢gdbmammaoqdol @s ds0 {o®mdmgdsby
©OEO IME3MWMdol 0639LE0MYOL MobMmgl dmds35¢0do. GHMIPOEOEO
BomMgdol  fowmsb Fgsdgdom  smbodbwo  BomMgdol  LodsBM®
fool BHob obsdozs 2012-2020 fargddo ImEqdmeros bobs® 19-by.

2500

2000

1500 -
1000 - 997
861
724
soo | e I

2012 2013 2014 2015 2016 2017 2018 2019 2020

LED/OLED AGO@OEoo oG gdo

65bsbo 19. LED/OLED Ub565080L Lsdsb®m ool Béol obsdozs
2012-2020 fergddo.
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393609690  doBbosm, MHMI 3OMAILMO ©Y30© JgHmeEol dogH
3949600 #gdbmemaos dmdsgsdo bsdazwos Bosbs3zergdl LED s
OLED 956smgd0l Loli@gdgdl. gl aobewsgor FIPEL (Field-induced polymer
electroluminescent) [27] &9dbmamaos (3900m 35dmf39Meo 3merodgdols
999 EHOM@Mdobolggbaos)  sbowo  Lobsmwol  fgomm  Ibosgds
bbgoollbgs  dogosh  obgwo  3wsbBozmmo  3969d0Lasb  ,  Loog
0000Mg)o 39bs 110 000 x96 obgwros, 300069 5sdosbol Mol Mgco.
139309M0 3030l 3EsbFH030 FoBMIgLYdME0s MG JEgEOMEL FmMob,
90990 9MHDO 5GOL sEdobols, s gMmEY - 505D 2odF30M35(g
©9659@5M0.  Fmfymdomdsbg  ©@gbol  Fofimgdolsl  3sbGozo
b3H0FMEXOMYdS s FgLodgdgEo bgds Jobo dwdol 6350l bgwmgbme
3obomgdsdo  o9mygbgds. sbgzg FIPEL (39dbmermaoom  ©sdbogdmwo
LoBomgdol HomBmgdol MM 56 25dm0yggbgds M50dg Lobol Jodozs@gdo
d9L50530boE 98 B9dbmeMyo0m  IFBIPIdMO  Lobsmgdo  vE30WH©
390dg0s M9(30300MOIO 0Ymb, M50 0lobo 3eslid03wWemos.

Bsbsbo 20. FIPEL (Field-induced polymer electroluminescent) bsbsomo

330 gd9w0s 9306036mm CNT (Carbon Nanotube-Based Lights) [28]
BsbdoMmdoemo 65bmTowgdols @gdbmemyos, HmIgeoa d9oddbs 0s3mbools
mb039MLboGYEH GHMbm3-do. CNT 9obomgds godmoMbBgds  dmdomomeo
39650 gd0Lsb MM Jomso 9b9MYMIRGIEBHOMIOm, T Q95BB0s doe0sb
Q5050 9b9GMHMAMbTocgds, MMIgerog 99503966 osbwmgdom 0.1 35@U
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Losando. gl momgdol 100-x96 bozergdos LED Lobsmgool §gstrmgdmsb
39056M9000.
CNT 256500900L LobGgdol 36Mob3odo 899Ia0s - 00MMYIEO

BobdocmdsmEo BsbmBogro 999 BHOMLESGH0ZMWO 390l
B90mJd9gdobsl  ghHmo  J0TsMmEgd0m  5foMIMgdL  gagd@®mmbgdol

653500b. OHMOgLoE gergd@®mbgdo b3zgds dobmxm®mom GG ©s
3537990 9gmg 936096%Bg olobo 0f39396 ol FoBsmGASL. Edoboligg@eo
936960 8mgddggdl MMM 3 s6m©o, bmwm bsbdo®dsmwo bsbmdowgdo
HMQMOEF 3500MPO.

BosbsBo 21. CNT (Carbon Nanotube) Lobsamo

deem  3960m©Ido OO 3obgomaMgds 33mgs [29] 3og3 9OTs
3960L399dBHomwds  BHgdbmemaosd - Osram Laser Light (cosbgeoyeno
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3obomgds  Fg0mm935Hgdo  0dbs dolo  godmambgdolmsbogg, Dopasd
3654BH03M0  H9oobo3os d0oMm Msbsdgdmgg ©Mmdo). Osram oym
306390 3033605, OHMIGds3 WIHIMOL  FMEMEGO0m  SWFMIMIOWO
9993 GHOMQ96500900L  B9dbmemmyogdo  [odMmoaobs — MRG™  35@96M9,
Bomgmo s 9o 9bgeymgngd@co, 3069 LED Lsbsmgdo. Osram
Laser Light  533mdmdowqgdol  9sbsmgdol  LoLEgdolb  dmogzsMO
9005MmM¥Igds 0ym, 0)d3s IHocmdmgdwgdds dmembiwo s by3dsm
d3065 ©0MJO0 BIOOXO 25IEYIL, HMEILsE o0fiYgl 9bmdgdols s
30900L6 LED gobsmgdol 35PsmBg dgligams @o @oBgeol ¢gdbmenmaools
5693 (Bob. 22).

39bbs3MPOgdom 918399BHM0s WsDYHIo 39dbmema0q00L
3990yggbgds 45609 gobsmgdol LoLGHIgddo. WIBIMMEO 2569 ABIMGdOL
3OMGHMEGH03900  OMmIWgddoz  WsHghIwo  gobomgdol LobEgds
Ammo3L90ME0s  gMBol  gobomgdol bggBolb do®do s Lggdol Bgdmo

dmmoglgde  dobmgzmmeo  bLobsmwol  (gommdg 29993909

139305 MMO0 R8GO M3BH0ZNO0  J9BJOm,  MOE3  JOBOLJOOM
5050 3H0390L 35000  9Ju3ESESE00L  TMALsbumgdsl. Osram Laser Light

WsHgOHM Il 595595 9MLYdIM  dmfobsgzg Jugbmbols 56 LED
LB YIMIB FgsMgdom Fgmdeos 2-xq6M d9¢ 85630 DBy gosbsommls B
Bogargdo 969MamImbdsmgdom.

21939  bgwrmzbme  qobomgdsdo  dmerm  3gMomdo  godmoygbgds
060d306M0 mBobgb3gbBH Mo 6wy Mgmgd@dmom bsmmEmgdo. olbobo
995050 Lobdo®ol (225 KIMu) 35030056 Fmdomdgh, 3esBIol Bomgds
bm®309wgds  IBMEM©  99dGHOMogbod Mo  3gwom,  dglsdsdoliso
99dGHOM©IO0L  5MMLGdIMOOL 25dm 100 000 ULssmnbg dgBHo Mdomdols
M9LMOLO 59300 s 93MmbMT0NOMBOM 56 BIFMYZ5MYB0SD MbsFgEM™M3Y
399900 O 25650m900L LobEYIgdL (bsb 23).
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L N\

Linse
Lens

Transmissive conversion approach

Phosphor Element
Phosphor element

Mikrospiegel \%\4\
Micro mirror

Beam-splitters Chromatic
lasers  and detectors beam-combiners Mirror

=9
i
0§

Optics
and
diffusers

mirror

Collimated beam to road
| H
Ceramic phosphor 2

Transparent .
substrate \ Luminescent region

—

Focused pump
laser beam

:

Secondary
optic

Bond

Bsbs®o 22. Laser Light Lsbsoo
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0MdEs 95003 90758500  godmygbgdmwo  LsbsmgdmMeb  Fgsmgdom
85000 Lofyolo 0009 gds 3998b0sm. 90bgo350
B90005006036)ols 53 3030l gobsmgdol LobGHgdgdo ML Yoo
5@ 9MbsBH03s  3903boLfyol, BosGMomdol, dg@Eowwm3semagbols o
0bos3 d999om©o PN ORtelell LolGgdgdob. 9390
B900m050b600b0db o Lobomgdoligob  asbbbgeggdom  0bwdsommo
Lobomgdo  8MBsmdol O™ 96O s8mYmBIb o  Ggd3gmo@GeSL.
0600999309960 25650900l LobGHYIgdo LsFwYsEgdSL 0deg3s MBEOWB3gEYmU
A9IO0GHMM0900LS s F96Mdgd0L 3MIBMOEGHMEO gobomgds dBol Fmdomsb
905bM390wo 13gdGHMoL s Mol 6535OL 3MELsEoOL QoMgdg. 53539
@OMU, 0l 2odm®mBg3s oo 9bgMymgngddwmemmdom [30, 31, 32].

BobsBo 23. LVD 0bvdsgom®o wmgemgd@oam bsbsoo

06©vd309600  256smgdol LobBHgdgdo  godmoygbgds [30, 31, 32] -
Loog3BMAMdOMm  Bgdol,  LoHymdgool s  LEIMGH39E™  BygOIMdJOOU,
330650900V, LEoombgdol, 59MHM3MEE 90U, 096B0bgslsdsmm
LoYMMGOoL, LoM30boaBMm Loym@Mgdol, Fgbmdgdol, o3@MLoEYMIgdOL,
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bm396356393H9go0b, 3530¢0Mbgdob, Logodmabm ©MBHYOOUL,
LogobsbsmEgderm 509L9dw9d9gd0L Qo LOBMASOMIIO0Z0
560869900l sfgl9dMEgd9d0L by mzb® gobsmgdsdo.

39bL03MPMGd0m bsBo Mbs Ao9L35L 08 BogBHL, MM derenm 39MH0Mm©AO
b9wm3bm®o 25650900l LobBgdsdo godmygbgds @sofym - 308GoIo
LED-Solar (helio HSL) Lsboomgdol s3@mds@d™o dsGmzgol Lobidgdoom [33,
34].

LED-Solar Lob#gdsdo  0bGHgam0omadmeos  dbolb  396906MH030 o
399JoomOHo  bgarmgbmmo  gobomgds, ol  gobdogermdsdo  dBol
Lobomeng LobmEs30006 gos93gds B39E0IWMMO 898G M3EH03MMO
dowom, bmmm 3ol Bosmgddo  Asbsmgdol  BMBJzosl  SLOYIEgBL
399©00m©gd0 HMIWYdo3 oMmEGH035© dglodwgdgwos Bsbs3awgde 0dbgl
OLED 56 000vd3060 bsomegdoom.

LED-Solar Lolb@gds 5390l 896MmdgdL 3MIBMOEHM, 1bs3wm g
d999dob 653500000 s 53539 MM YBOHMB39ymgBL  gEgdBOM9bgeyools
95gdL0oE MO 65300gd FMmbIsGgdsls, Folo GBYMHRMIBMY30L 3MmEHYbEosE0
09500996 70%-U.  9m3sgz5¢0d0,  QobsmgdoLlm3zol  5TP39M0  A9bSMYOOL
Lob39dgdols Q5bgM35 439wy LolO3ga0s Lbgoolibgos
LOBMYPOOMJIM030  IB0TEMWGdOL  Mmd09]3HJddo,  LoQSBTBsMEGI M
50990 gd9gddo, Lofymdgddo, JoMbbgddo, Lo353OM  Md0gdEH9ddo,
Mx30Lgddo s LyEbM3zMdgE LobeErgddo.
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Essential
71 25074 K Im
Philips g 86965_50 600K 800 G13/T8 8 800 111 6500 73 3.5 |220-240 34 24 15000
EcoFit 8W M
. 8718696697511 | 6500K 1050lm
Philips MAS SW M G13/T9 8 1050 137 6500 80 45 |220-240| 42 24 50000
71 7 4000K Im
Philips 8718696 5,3606 000K 800 G13/T10 8 800 108 4000 80 45 |220-240 37 24 30000
Essential 8W M
LED SubstiTUBE
4000K 800Im
Osram Value ST8V-0.6m 3.0W M G13/T11| 8.9 800 100 4000 80 35 |220-240| 41 30000
-8.9W-840-EM -
LED LT-T8-10-600 | 4000K 600Im
Technology NW-C-CM LoW G13/T12 10 600 99 4000 35 220 40000
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6000K 900Im
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4000K
Saffit 55058 e G13/T15 10 750 80 4000 35 230 37 12 25000
10W M
PLED T8 - 600GL
4000K 800Im
Jazzway 10w FROST 10W M G13/T16 10 800 71 4000 75 1.8 [185-240( 42 12 35000
4000K 230V/50Hz
DKoHOMKa e G13/T17 9 850 85 6500 2.8 |220-240| 40 12 30000
5 OW M
FL-LED T8-600 | 4000K 1000Im
Foton 10W G13 4000K 10W M G13/T18 10 1000 73 4000 80 1.4 [220-240 37 24 30000
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G13/FR/FIX/N
4000K 800Im
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LED-E-T8-600mm!
3 000K 800lm
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11|  o6powszosbo BsdOmz9wo LEGRAND 13042397 56 5.01 281
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20| Mbsg3mnbmgdol 3gre3e@do 8 9.28 74
Yarpozhinvest
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©5 )BHo0BrEool ababstixgdo fawoffsedo: 8.0 o 0 0
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fawo &o6og0 dmp9ds 10.0% o3 10.0% o8

0 fgeofoo 94,873 oo 94,873 oo -118,105 st
1 fgmofso 0.210831 80,654 oo 73,322 @ostr0 61,067 @stho
2 ffgeofioo 0.217156 261,447 a0 216,072 mstro 213,232 @mato
3 fgofoo 0223670 194313 @stho 145,990 @360 153,763 @sho
4 fgeofoo 0.230380 191,803 @stro 131,004 @360 138,282 @mst0
5 figeofioo 0237292 197,557 @sio 122,668 @60 129,482 a0
6 ffgeofoo 0.244410 211,580 ematio 119,431 @610 125,813 @60
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Net present value
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©@BHOL
©6HOL
®mdbo - 1
o3060ba0dIG0 500 500 75] 65 48.75 1.25 0.51 4 2000 7 0.6 4
LED - 8¢)domoréo 800 500 75| 65 48.75 1.25 0.51 4 3200 9 5 0.6 3
LED Slim Panel 3400 500 75| 65 48.75 125 0.51 1 3400 4 0.6 2
3000l XG0
r3060bagHIH0 500 500 3.91] 6.46 25.26 125 0.51 4 2000 4 0.6 2
LED - 39)domoro 800 500 3.91| 6.46 25.26 1.25 0.51 4 3200 2 2 0.6 1
LED Slim Panel 3400 500 3.91] 6.46 25.26 1.25 051 1 3400 2 0.6 1
®adbogn®o vxGao
@8060bE)HIO0 500 500 0.91] 6.38 5.81 1.25 051 4 2000 1 0 1
LED - 3¢)domoyco 800 500 0.91] 6.38 5.81 125 0.51 4 3200 1 1 0 1
LED Slim Panel 3400 500 091] 6.38 5.81 1.25 0.51 1 3400 1 0 1
@mdbo - 2
@B060bG) B0 500 500 6.35] 658 41.78 125 051 4 2000 6 06 4
LED - 37jom@mto 800 500 6.35] 6.58 41.78 1.25 0.51 4 3200 6 4 0.6 2
LED Slim Panel 3400 500 6.35| 6.58 41.78 1.25 0.51 1 3400 4 0.6 2
@msbo - 3
30600 dIH0 500 500 6.47] 6.58 4257 1.25 0.51 4 2000 7 0.6 4
LED - 89)domo6o 800 500 6.47| 6.58 42.57 1.25 0.51 4 3200 6 4 0.6 2
LED Slim Panel 3400 500 6.47| 6.58 42.57 1.25 0.51 1 3400 4 0.6 2
mmsbo - 4
o3060b0dIG0 500 500 3.14] 6.58 20.66 1.25 0.51 4 2000 3 0.6 2
LED - 89doomo®o 800 500 3.14| 6.58 20.66 1.25 0.51 4 3200 3 2 0.6 1
LED Slim Panel 3400 500 3.14| 6.58 20.66 1.25 0.51 1 3400 2 0.6 1
mosbo - 5
93060b3gBHTIG0 500 500 3.05] 6.58 20.07 1.25 0.51 4 2000 3 0.6 2
LED - 89)domoe6o 800 500 3.05| 6.58 20.07 1.25 0.51 4 3200 3 2 0.6 1
LED Slim Panel 3400 500 3.05| 6.58 20.07 1.25 051 1 3400 2 0.6 1
@mosbo - WC1
99060b3g B0 500 300 3.00] 658 19.74 1.25 0.51 4 2000 2 0.6 1
LED - 89)domoem6o 800 300 3.00| 6.58 19.74 1.25 0.51 4 3200 3 1 0.6 1
LED Slim Panel 3400 300 3.00| 6.58 19.74 1.25 0.51 1 3400 1 0.6 1
®mmsbo - WC2
99060b3g B0 500 300 3.00] 6.58 19.74 1.25 0.51 4 2000 2 0.6 1
LED - 89)domoem6o 800 300 3.00| 6.58 19.74 1.25 051 4 3200 3 1 0.6 1
LED Slim Panel 3400 300 3.00| 6.58 19.74 1.25 0.51 1 3400 1 0.6 1
@050 6 - bdBOYIEDM
93060b3g B0 500 500 2.40] 658 15.79 125 4 2000 2 0.6 1
LED - 9v)jeom@yi6o 800 500 2.40] 6.58 15.79 1.25 0.51 4 3200 3 2 0.6 1
LED Slim Panel 3400 500 2.40| 6.58 15.79 1.25 0.51 1 3400 1 0.6 1
3080 P1XGI0 2
93060b3gBTIH0 500 500 3.60] 6.58 23.69 0.51 4 2000 4 0.6 2
LED - 3v)jeom@yito 800 500 3.60] 6.58 23.69 1.25 0.51 4 3200 2 2 0.6 1
LED Slim Panel 3400 500 3.60| 6.58 23.69 1.25 0.51 1 3400 2 0.6 1
mosbo - 7
93060b30GTIH0 500 500 3.90] 6.50 25.35 125 0.51 4 2000 4 0.6 2
LED - 9v)j0on@yito 800 500 3.90] 6.50 25.35 1.25 0.51 4 3200 4 2 0.6 1
LED Slim Panel 3400 500 3.90| 6.50 25.35 1.25 0.51 1 3400 2 0.6 1
®moobo - 8
93060b30GHTIH0 500 500 3.27] 455 14.83 125 0.51 4 2000 2 0.6 1
LED - 3»doomom®o 800 500 3.27| 455 14.88 125 0.51 4 3200 4 1 0.6 1
LED Slim Panel 3400 500 3.27| 4.55 14.88 1.25 0.51 1 3400 1 0.6 1
®msbo - 9
)3060b30HTIH0 500 500 2.93] 455 2243 125 0.51 4 2000 3 0.6 2
LED - 3¢)jomoro 800 500 4.93| 4.55 22.43 125 0.51 4 3200 5 2 0.6 1
LED Slim Panel 3400 500 4.93| 455 22.43 1.25 0.51 1 3400 2 0.6 1
®mosbo - WC3
@98060b3gH IO 500 300 2.65| 6.30 16.70 1.25 0.51 4 2000 2 0 2
LED - 87)dconyi6o 800 300 2.65[ 6.30 16.70 1.25 0.51 4 3200 2 1 0 1
LED Slim Panel 3400 300 265 6.30 16.70 1.25 051 1 3400 1 0 1
®msbo - 10
ydobobiggd®o 500 500 6.35| 9.65 61.28 1.25 0.51 4 2000 9 0.6 6
LED - 8v)dconyito 800 500 6.35[ 9.65 61.28 1.25 0.51 4 3200 9 6 0.6 4
LED Slim Panel 3400 500 6.35] 9.65 61.28 1.25 051 1 3400 6 0.6 3
momosbo - 11
r3060begHTI0 500 500 6.40] 9.65 61.76 125 051 4 2000 9 0.6 6
LED - 3¢)domoro 800 500 6.40| 9.65 61.76 1.25 0.51 4 3200 9 6 0.6 4
LED Slim Panel 3400 500 6.40| 9.65 61.76 1.25 051 1 3400 6 0.6 3
®m;sbo - 12
r3060begHTIH0 500 500 6.40] 9.65 61.76 125 051 4 2000 9 0.6 6
LED - 8¢)domoro 800 500 6.40| 9.65 61.76 1.25 0.51 4 3200 9 6 0.6 4
LED Slim Panel 3400 500 6.40| 9.65 61.76 1.25 051 1 3400 6 0.6 3
®;sbo - 13
r3060bagHTIH0 500 500 6.40] 9.65 61.76 125 0.51 4 2000 9 0.6 6
LED - 8¢)domoro 800 500 6.40| 9.65 61.76 1.25 0.51 4 3200 9 6 0.6 4
LED Slim Panel 3400 500 6.40| 9.65 61.76 1.25 0.51 1 3400 6 0.6 3
@mo;osbo - 14
r3060begHTIH0 500 500 6.35] 9.65 61.28 125 0.51 4 2000 9 0.6 6
LED - 8¢)domoréo 800 500 6.35] 9.65 61.28 1.25 0.51 4 3200 9 6 0.6 4
LED Slim Panel 3400 500 6.35| 9.65 61.28 125 0.51 1 3400 6 0.6 3
93060 ©9Ga60
98060bagHTIH0 500 500 150] 8.50 12.75 125 0.51 4 2000 2 0.6 1
LED - 8¢)domoréo 800 500 1.50| 8.50 12.75 1.25 0.51 4 3200 1 1 0.6 1
LED Slim Panel 3400 500 1.50| 8.50 12.75 125 0.51 1 3400 1 0.6 1
©)H9R560
@dobobggd o 500 250 2.90|32.90 142.41 1.25 0.51 4 2000 11 0.6 7
LED - 89)domom6o 800 250 2.90|32.90 142.41 1.25 0.51 4 3200 8 7 0.6 4
LED Slim Panel 3400 250 2.90|32.90 142.41 1.25 0.51 1 3400 7 0.6 4
15650000 Ho30 SOLBTIE@o No KEO KEO
%380 @ndobobggdndo Lo N 112 68
%530 LED - 89130000760 x38060 960> g0 o 110 70 3
%580 LED Slim Panel 66 40
LsBsomol Godo SOLgdRIE@o No KEO KEO
%380 emBaboliggd B %38mG0 Gsagbebs Bgbabds 898 546
%580 LED - 8j@omoanéo 880 561 341
[%380 LED Slim Panel 532 324
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3bGoo 16. 36H0myMs3wo 30mdEo EXCEL-ols 39dggmdoo 896mdols dg-6
L3Om0 BY LosbM0TM 3356507900 533500l FMMBMZbILMSE 0510093580 3EIBOOL
56356 0d0L 890093900 396986030 35650930l 3mg8030g6EGOL omzeolfiobgdom

890929%0 L3696080 g6sm9d0L bs3sob 99093900 L5656080 3365m9dOL b 3ool
N-bsBsmgdol 300begbsliosb dodstrongdsdo N-bsbsmngdols 9007bmgbsbimsb dods6r00gds80
Lsbs0b Godo G5mgbmds 3503bOOL 6330030 Lsbsor0b Hodo ©5000960d5 3503bOOL 36330080
B69dB0g0 3363mgbol | AP - KEO-b googseobfjobgdom dbyd@ogo 3sbsmgdol | AD - KEO-b gsmgserobfiobgdoo
©OOL Ol
©005bo - 1 ©00bo - 7
)dobolizgBeo 4 22% @)dobobizgBrOo 2 26%
LED - dv)jomnto 3 36% LED - 89domto 1 41%
LED Slim Panel 2 9% LED Slim Panel 1 11%
3000l x6y0 0obo -8
@8060b GO0 2 26% @8060b3g@IO0 1 44%
LED - 819jom@to 1 41% LED - 99dometo 1 70%
LED Slim Panel 1 11% LED Slim Panel 1 19%
9976037960 HxGg0 aosbo -9
3060l de)Oo 1 25% 8060bggé oo 2 29%
LED - 313d0m@¢H0 1 30% LED - 35dom@eHo 1 47%
LED Slim Panel 1 20% LED Slim Panel 1 12%
00500 - 2 m0sbo - WC3
@¢8060b3gA IO 4 16% @8060b3g@IO0 2 25%
LED - 313d0m©®0 2 25% LED - 891d0m@¢60 1 30%
LED Slim Panel 2 7% LED Slim Panel 1 20%
©005b0 - 3 ®odbo - 10
B060LgGHOO 4 15% @8060L3gGHMOO 6 11%
LED - d1)jomnto 2 25% LED - 99domato 4 17%
LED Slim Panel 2 11% LED Slim Panel 3 5%
©005bo - 4 ®0)obo - 11
@doboliggdrdo 2 32% @8060b3gGHMOO 6 11%
LED - 9v)jcoomviHo 1 51% LED - 3ndeomoa®o 4 17%
LED Slim Panel 1 13% LED Slim Panel 3 4%
mmobo -5 @0obo - 12
@ydoboliggByto 2 33% @80bobgBryco 6 11%
LED - d7)jomnto 1 52% LED - 99dometo 4 17%
LED Slim Panel 1 14% LED Slim Panel 3 4%
0sbo - WCL ®odbo - 13
@ydoboliggBydo 1 28% @ndobobiggBryOo 6 11%
LED - 8s9j00m@s)60 1 33% LED - 893d@0m@¢60 4 17%
LED Slim Panel 1 13% LED Slim Panel 3 4%
mosbo - WC2 mmobo - 14
wBobobggdedo 1 28% @8060bEgGmOo 6 11%
LED - 813d00m@¢H0 1 33% LED - 35dom@¢Ho 4 17%
LED Slim Panel 1 13% LED Slim Panel 3 5%
0)5b0 6 - LsdbaGgryen 93069 ©9M9Bs60
wg8060bgA e 1 41% @g060bagBHO0 1 51%
LED - 8s)jcom@6o 1 66% LED - 89dometo 1 82%
LED Slim Panel 1 18% LED Slim Panel 1 22%
05bo - 3080b XMy 2 ©9M9%360
wg8obobggdreo 2 28% @g8060bag@HO0 7 9%
LED - 8s9jc0om)6o 1 44% LED - 893dom@eto 4 15%
LED Slim Panel 1 12% LED Slim Panel 4 4%

gbco

16-0 3539690930 LGNGO,

Omd  BssbysModm

396500900l 6535000l 3OHME96GME0 25sbGs [5] BqlosMgdger 3500563700
439Dy 653009005 899doommMo 356geol PHILIPS SmartBright Slim Panel
6930l  890mbgzg3s80, @O 93059MmBOgdL  93MM3MEo  LEGHIBIMEHOL
dmmbmgzbgdl [41,55,56].

bgwwmgbm® 39bs0905d0 0565990MM™39 9696msdBMm0
L53v)oe0g00L OBYMY30L  MIFHOTo MO ORJRTog30L  YBMHMB3gEygmzgOL

dgmmby 306:Mmd0L glermegdol dgbodm{dgds 3MHMYMFMEo 3GMEMIEO
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DIALUX-0l  g58myggbgdoom  Bo@o®s  olzmdnm®@ol  456Bmysgdmemo
9563969090l sbgot0do. 9BsM0dol Lofigobo 0bmMTsz0s s F9wYEd0
39056005 3660 18,19-00 s 65B3969305 bobsbo 41,42-%y.

300 17. 396mdols 9M0-gMH00 mmsbol s igolbo 0bgm@mTszos

8969080030 39650 gdoL o0
13B50rols 030 mmsbol ®mmsbol mbols S - mmsbol 396500900 bobgdsdo 50?7) Fols
o bop™dg bogoby bodsweg BOMNMd0 M2 [FgLsdemgdemd | bsbsogdols 9
ddobls bogso
N ©50096mds
LED Slim Panel 6.47 6.58 2.80 4257 + 4 3400

gb®ogo 18. bl gbgegm-3Mm xmMx 0l Lyorsm mgoliol Jg6mdol gHm-gMHmo mmsbols
bgmgbmmo  39650980L Ool3MIBMOGHOL  396BMmYsgdmmo  BsB3z9bgdgEol
56256030l Lsfigolo 0bxgm®mTozos

Lo gosd 3adob dnozabnds UGR-ob dobgyogoon

p Ceiling 7O 70 50 S0 30 70 T 20 20 30
p Walls 50 30 50 30 30 S0 30 20 30 30
p Floor 20 20 20 20 20 20 20 20 20 20
Room size Wiewing direction at right angles Viewing direction parallel
X A to lamp axis to lamp axis
2H 2H |15.1 16.2 154 165 16.7 |16.0 17.2 16.3 174 17.6

3H 159 17.0 162 172 117¥.5 (16,7 17.F 170 18.0 18.2
4H |16.4 17.3 167 176 179 [17.0 180 174 183 18.6
EH |16.9 17.8 17.3 181 184 (174 183 177 186 18.9
8H |17.1 180 17.5 183 186 (176 184 179 187 19.1
12H |17.3 181 117.¥ 184 188 |[17.7 186 181 189 19.2

4H 2H |15.4 164 158 167 17.0 (16.2 117.2 165 175 117.7
3H |16.5 17.3 168 176 179 [17.2 180 175 183 18.6

4H 171 17.8 17.5 182 183 (17.¥ 184 181 187 19.1

EH |17.8 184 182 188 192 (182 188 186 19.2 19.6

8H |18.1 18.7 186 191 1953 (185 191 189 195 19.9

12H |18.4 189 188 193 19.7 |[187 192 192 19.7 20.1

8H 4H (174 179 178 183 187 (1¥v.9 185 183 189 193
BH |18.3 18.7 18.7 192 196 [186 191 191 195 20.0

8H |18.7 19.1 192 1895 200 [(19.0 1924 1895 199 203

12H |19.0 19.4 195 199 204 |194 197 198 202 207

12H 4H |17.4 179 178 183 188 (1v.9 184 184 1848 193
EH |18.4 18.8 188 192 19.F7 (187 1821 182 196 20.0

8H |18.8 19.2 193 197 202 (191 1895 196 200 20.5

Wanation of the observer position for the luminaire distances S

S5=1.0H +0.3 f 04 +0.4 f 0.5

5 =1.5H +0.6 [/ -1.0 +0.8 f/ 09

S=2.0H +1.4 f -11 +1.6 { -1.5
Standard table BHKOS BrO4
FosTection Surmemand -0.1 0.0

Corrected glare indices referring to 3400 Im Total luminous. fiux
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©OoL3MIBMOEGHOL 3o6BMYsgdMmo BsBgz9bgdgmol sBaM0Tol Lsfigolo 0bgm®Tsz0s

BobsBo 39. 3HmaMsdmmo 3MmEwd@o DIALUX-ob  3933gmdom Ll gbgtam-36e
XOOROL Bsmsm mBobol dgbmdols gm-gHhmo mmsbol Msbsdgmmgg bgermgbamo
39650900 ddols 6s3zsol 3D 3oBaEobBsEos.
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©0U3MIBMOEOL 356BMYsgdmero dshz9bgdgwol 565600l 999agd0.

OmamO3 BobsBo 40-sb BBl OoLZMIBMOEHOL  2o6DMYsgdmwo

9563969090 (UGR<19) 90mmo35D9deo dmdoomomémo 356gcol PHILIPS

SmartBright Slim Panel @sbgMg30L6 d90mbgg3zsdo Tobowgdos s dobo

860093690 ™ds 6mMIoL BoMawgddos [44,49,51].

LU 96962m-36m xmOX0sL Losmom maolol bawmgbme asbsmgdsdo

056589000Mm39  969MHMITBMA0  LOLFHYIGOOL  IBYMAZ0L

©53933030L 99090000 5650 BoL F99ga900 dm39dos 3bGow 19-Jo.

M33H08ser M0

gb®owo 19. Ll gbgem-36Hm xmexosl bsmsm myolbol  dgbmdsdo bgermzbay®
396500g80L LolEdgdols EsbgMa3z0L G9009a980L 89sMYd0MO SBsgobo

LEobsdEGHId0m sMLgdo 0900005359090
dmombmgbogro Philips TL-D | PHILIPS RC091V Led
GIUIGIAS 18W Slim Panel
{0 —max 0 @sto 1,119,539 ¢oséo
<« min dmmbmzbowo
©5©9bmds N 3565893 M9d0b 880 608
39656mbmbgdom
Lo5bYIMOTM 2B JdOL
-10%:;20% 9-41% 4-20%
653500 Qo@obMs A D
©0b3MIRMOHEOL
396Bmys9gdmwo UGR<19 >22-28 <19
053969090 UGR
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