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MOAEJIOBAHHSA CBITJIOBOT' O IPUJIAAY 3 HETOYKOBUM
JOKEPEJIOM CBITJIA

Pe3tome. 3a ymosu Gucokux 6umoz 00 AKOCHMI OC8IMJIEeHHS Ma eHepeo30epediCeHHsl, VYCMAHOBKU
306HIULHBO20 OCBIMeHH, OJi 3a0e3neyeHHs Yyux NOKA3HUKIE HeOOXIOHO NepeoCHACmUmu 8UCOKOeMeKmMUGHUMU
ceimnogumu npunadamu (CII) i3 enepeoszbepiearouumu oicepenamu cgimna ([JC). Buxopucmanns ceimunonuxis
Ha ocnosi makux HAC eumaeac nogux nioxoodie 0o npoexmysannss CII. Ha eiominy 6i0 Oowcepen cgeimina,
npeodcmasieHux y 8u2na0i mouko8o2o abo NiHilIHO20 c8iMHO20 Mina, npu po3PAXYHKY OAHUX CEIMA08UX NPuIadie
HeoOXiOHO 8paxogysamu ceoMempuyHi po3mipu eunpominiosaya. Lle 0038onume nokpawumu ceimnosi
XapaxkmepucmuKu cnpoeKmos8anux CeimunbHUKIS.

Pospobneno npocpamy ons nobyoosu ceimnopo3nodiny oxcepena cgimaa iz 3a0aHUMU 2eoMempuyHUMU
napamempamu 8 cepedosuwyi MatLab.

Ilobyoosy nogepxui siobusaua 30iicHeHo Memooom mparcgopmayii pomomempuurnoeo mina JC y
omomempuune mino c8imnogoeo npunady.

Kniouosi cnoea: ceimnoguii npunad, Oodcepeno cgimia, c8imaoGuill 8eKmop, cuia ceimia,
omomempuune mino.

V. Andriychuk; S. Potalitcyn

MODELING OF LIGHT DIVICE WITH
NON-POINT LIGHT SOURCE

Summary. The usage of energy-efficient light sources (LS) is offered for providing high quality
illumination and energy efficiency of outdoor lighting installations. Exploitation of the illuminators basing on
such LS requires new approaches in the light devices (LD) designing. On the contrary to the light sources
presented as spot or linear luminous body the geometric size of the radiator calculating light devices data are
taken into account. This allowed us to improve the light illuminators specifications.

Two methods for light devices calculation are used: direct calculation and an inverse calculation. Most
LD calculating methods do not take into account light distribution dissymmetry of the light sources. This reduces
accuracy of the illuminator reflector calculations. The task of this paper is to develop calculation method for
light devices with set geometric parameters and to create automatic calculating software of light devices with set
initial parameters basing on the MatLab package.

The photometrical body of specified LS at the first stage of our work was constructed. The light source
as equally bright cylinder, which was determined by the equations, which make passible to characterize emitter
position in space was presented. Light vector was the basic value measure, which characterized emitter
luminous field. Emitter calculating was required to determine the distribution of the light source luminous
intensity. The software was created basing on the MatLab package for calculating luminous intensity curve of
light source. The photometrical body and luminous intensity curves were constructed in the meridian and

equatorial planes of fluorescent lamp with emitting surface brightness L=2000 cd / m*, diameter D =0.02 u
and length h=0.1 m .

- Calculation of the light device reflector with non-spot light source is:

- - to determine the laws of the luminous intensity distribution from light sources;

- - to find the distribution of the incident and reflected luminous flux;

- - to design a form of reflecting surface, which provides the transformation of photometric light source
body into specified photometric body.

Key words: light device, light source, light vector, luminous intensity, photometric body.
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IlocranoBka mpo6Jemn. bineimicts Metoauk po3paxyHky CII (mampukian, MeTon
OayaHCy TaJarouoro i BiAOMTOTO CBITJIOBHX ITOTOKIB, J€ JDKEPENIO CBITIa BBAKAETHCS
TOYKOBUM), HE BPAaXOBYIOTh HECUMETPUYHICTH CBITIOPO3MOILTY CaMHX JDKEpeN CBITIa, dyepe3
MO 3HWKYETbCS TOYHICTH y  PO3paxyHKY BiJOMBavya CBITHJIbHUKA. ACHMETpis
¢oromerpuunoro Tina JIC  3ymoBieHa  crnenu@ikod  TEOMETPUYHHUX  PO3MipiB
BHITPOMIHIOBAYiB, MPUKIIAJIOM SKHX € KOMIIAKTHI JFOMIHECIICHTHI JIaMIi a00 CBITJIOIOJHI
Matpuiri. OCKiIBKH BUXITHUMU pe3yabTaTamu 1mpu poektyBadHi CIT e po3momin cuim cBiTiia
CBITHJIbHUKA, SIKW 3amaetbes kpuBumu cwm  cBimia (KCC) y pisHux mepepizax
(OTOMETPHYHOTO TiJla, BpaxXyBaHHS aCHMETPHYHOCTI cBiTiopo3moairy JIC 103BOIUTH
30IJIBIIUTH TOYHICTH PO3pPaxyHKiB, IO, B CBOK UYepry, IiJIBUIIUTh EHEPreTUUHY
e(eKTUBHICTh OCBITIFOBAIBHUX YCTAaHOBOK.

AHaJi3 ocTaHHIX JocaiLKeHb 1 myOaikaniii. [l po3paxyHKy CBITJIIOBHX NPHJIAJIIB
3aCTOCOBYIOTH J[BA THUIIM METOJIIB: TPSMUI PO3paxyHOK (3a 3aJJaHAMH MapaMeTpamMu JpKepesa
1 BigOmBaua pO3paxoBYIOTh KPHBY CHJIHM CBiTJa, OCBITJEHICTh Ta 1H.) Ta OOEpHEHHI
pPO3paxyHOK (pO3paxoBYIOTh IapaMeTpH BiJOMBava 3a 3a/J[aHOI0 KPUBOIO CHJIM CBITJIA i
napamerpamu jpkepena) [1]. Jlo mepmoro Tumy HajgexaTb METOAM €JIEMEHTapHUX
BiOOpaXkeHb, Ta NPSMOrO 1 3BOPOTHOIO XOJy IPOMEHIB [2], A0 apyroro — MeToau
OJITHOYACHOTO CTBOPEHHS MHOXHHHHX MOBepXoHb (Simultaneous multiple surfaces) [3] Ta
nigronku noBepxonb (Tailoring surfaces) [4].

Meta po6oTu. CTBOpEeHHSI MaTEMaTHIHOT MOJIEITi CBITJIOBOTO MPUIIATY 3 HETOYKOBHM
JDKEPEJIOM CBITJIA Ta PO3pO0JIEHHS] METOIUKU PO3PAaXyHKy HOTo mapaMeTpiB.

ITocranoBka 3agauvi. Po3pooutn meroauky po3paxynky CII i3 mxepenamu cBiTia 3
3aJaHUMH T€OMETPUYHUMH [apaMeTpaMd Ta CTBOPUTH IporpaMHe 3a0e3neueHHs
aBToMaTtn3oBaHoro po3paxyHky CII y cepemoBumi MatlLab mpu 3ajaHuX MOYaTKOBHX
napameTpax.

Buknaa ocHoBHoro marepiaiay. CpitimorexHiuni xapaktepuctuku CII 3amaroTees
rapaMeTpaMHu JKepesia CBiTIa Ta BiiOMBarodoro enemMeHTa (puc.1).

Pucynok 1. XapakrepucTku cBitTiioBoro posmonairy CII:
a) potomeTpuuHe Tino J =J (6, @) ; 6) nonepeuna i nozaosxHa KCC

Figure 1. Luminous distribution characteristics of photometric device:
a) photometric body J =J(8,¢) ; b) transverse and longitudinal of luminous intensity curve

Ha nepmmomy etani MoJieroBaHHs cTaBUiIacs 3aa4da mo0y10BU (POTOMETPHYHOTO Tija
3amanoro JIC. Jkepemo cBiTJIa MpeACTaBISUIM PIBHOSCKPAaBUM MHIIHAPOM (puUC.2), IO
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3aJIa€ThCSl MApaMETPUIHUMU PIBHSHHSIMHU, SKi JO3BOJIIOTH OXapaKTEPH3YBaTH MOJIOKCHHS
BHITPOMIHIOBaYa B IMPOCTOPI:

x=h
y = Rsin(u) (1)
z=Rcos(u),

ne R — pazaiyc nuiiHpa;
h — TOBXWHA IAJIHpA.

PI/ICYHOK 2. FeOMeTquHe NpeaCTaBJIC€HHA CUCTEMU «KEPEIIO CBiTJIa — OCBIT/IIOBAJIbHA MIOIIMHA»

Figure 2. Geometric presentation of «light sources — lighting area» system»

OcHOBHaA BeJIMYWHA, IO XapaKTEPU3ye CBITJIOBE IOJIe BHIIPOMIHIOBAYA, € CBITIOBUI
BeKTOp. JIJis1 BUpIIIEHHS MOCTABJICHOTO 3aBJaHHS HEOOXIJHO MPOBECTH WOTO PO3PAXyHOK Y
KOXKHIH TOYIll MPOCTOPY HABKOJIO BHIIPOMIHIOBAYa. 3alMINEMO PIiBHSHHS, IO BH3HAYAIOTH
HOT0 OPTOTOHAJBHI MPOEKIIii [5]:

de, =dE, cos(0,)
de, =dE, cos(%,) 2)
de. =dE, cos(9,),

ne dE, — MakcUMalbHa OCBITJIEHICTb €JeMEeHTa dS IUIOmMMHU S, IO CTBOPIOETHCA
€JIEMEHTAPHOIO JUITHKOIO dA BUIIPOMIHIOIOYOT MOBEPXHI A ;

¥,,0,,¥, — HampaBisO4i KyTH MIX CBITJIOBUM BEKTOPOM Ta BiIMOBITHHMH OCSIMHU
KOOpJIMHAT.

OcsitneHicts dE, BU3HAYaEMO 3a (POPMYIIOO

dE, = L|d% 3)

9

ne L — sckpaBiCTh BUIIPOMIHIOBAYA;

d€) — BEeKTOp €NeMEHTApHOTO TIJIECHOTO KyTa d€), Mij SKMM BUIHO €JIEMEHTAPHY AiISTHKY
BHUIpoMiHIOBaYa dA 3 Touku O.
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Monyne BekTOpa TijlecHOro Kyta d€2 JOpIBHIOE TilecHOMY KyTy d€), a HampsMoK
IIOTO BEKTOpa CITBIAJa€ 3 BICCIO TUIECHOTO KyTa W OpIEHTOBAHHWMA I10 HAMPAMKY

BHHpOMiHIOBaHHSII

-

-yt

T dA )

2

o 5 '
ne b, — OMMHUYHHUN BEeKTOP HAPSIMKY BUIIPOMiHIOBAHHS;

N, — onuHNYHUN BEKTOpP, HOpMAJILHUH 10 dA ;

-

b, — BeKTOp, HAIPaBICHAH BiJ €leMEHTAPHOI IUITHKY BHIIPOMiHIOBa4a dA 10 TIJIOMIAIKH

dS 10 HampsSMKY BUIIPOMIHIOBAaHHSI.
Hampapiisirodi KOCHHYCH CBITJIOBOTO BEKTOPA JIOPiBHIOIOTH

cos(ﬁx):@,cos(ﬁy):@

‘l;‘ ,cos(ﬂz):T, &)

ne i, j,k —optu oceii koopauHat X,Y,Z BiJMOBIIHO.
[Inomy enemenTapHoi TUIIHKU dA BUIIpOMiHIOBaYa A BHU3HAYAa€EMO PIBHSIHHSIM

dA = Rdudh . (6)

BpaxoByroun Bupasu (3),(4),(5) i (6), piBHsSHHS (2) HaOy/Ie BUTIISATY

L) | UC)
gl

de, = LR (v Tﬁ )‘S b) dudh 7)
bi

de, W T’;)‘gk' ’)dudh
b

Toxi opToronanpHi MpoexIii cBITIOBOT0 BEKTOpa BiJl BUIPOMIHIOIOYO] MOBEpXHI A B
JOCTIDKYBaHI{ TOYIlI CBITJIIOBOTO OIS JIOPiBHIOIOTH
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e, = LR il 'bi)gi 'b")dudh,
h o ‘bl‘

8Y—LRhZ o b: )Sf b’)dudh, ®
b0 ‘bl.‘

£, _1g| il ’; )Sk b’)dudh.
h 0 ‘bl.‘

PiBastHHS (8) BU3HAYAIOTH OPTOTOHAIBHI IMPOEKINI CBITIIOBOTO BEKTOpa BiJl YCi€l
MOBEpXHI IMIIHJAPUYHOIO JiKepena CBiTIAa. B pealbHuX yMoBaxX OCBITIIEHICTH Oyne
CTBOPIOBATHCS TiNGKM BHIPOMIHIOBAaHHSM 30BHIIIHBOI YAaCTWHH IOBEPXHI IWIIIHApA, SKa

HanpaBlieHa N0 jAociiixyBaHol auisHkE dS. Tomy kyr @, Mix HopmMawwmo N; [0
BUIIPOMIHIOKOYOI €JIEMEHTApHOI AUISIHKA dA Ta BEKTOpoM b, Oyze 3MIHIOBATHUCS B IPOMIKKY
-7/2<Q, <7/2.

Buznaunmo po3monin cunm cBitina [ = 1(6,¢) Bix aKepena cBiTia 3aaaHoi GopMu Ta
po3MipiB.

OcBiTieHicTh dE eneMeHTapHOT IUIOMAIKA dS JTOpiBHIOE
(¥s-5)

;

ne dl — cuna cBIiTNIa y HAPSIMKY JI0 dS BijJ eJeMeHTapHOI TUISHKA dA .

dE = dl, )

3

OckinbKH
~ dE
‘dg‘:(ﬁs.;;io)’ (10)
Tomi
dl = LR(N,b)dudh. (11)

Jns po3paxynky KCC mxepena cBiTiia 0yio po3po0ieHo mporpaMHae 3a0e3nedeHHs B
cepenoBuini MatLab [6]. Ha puc.3 HaBeneHo (oTomMeTpuuHe TijO Ta KPUBI CHJIM CBITJIa B
€KBAaTOpiabHIA Ta MepUialbHIM IUIOMMHAX JIFOMIHECIIEHTHOI JIaMIH, SICKPaBiCTh
BHIIPOMiHIOIOUOT TIOBepxHi skoi L =2000x0/m*, miamerpom D =0.02m i JOBXKHHOIO
h=0.1m.
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Pucynok 3. Xapakrepuctuku cBiTioBoro posnoaity JC:
a) poromeTpuune Tino I = I(6, ) ; 6) momepeuna (1) i mos3gorxus (2) KCC

Figure 3. Luminous distribution characteristic of LS:
a) photometric body I = I1(6,¢) ; b) transverse (1) and longitudinal (2) luminous intensity curve

Hactymnuuii etan MojeIrOBaHHsI MMOJSTae y TpaHCGOpMyBaHHI (POTOMETPUYHOTO Tijia
Bin joKepena cBiTia [ =1(6,¢) y ¢oroMmerpuuyHe Tijno cBiTiioBoro mpwiany J =J(6,9)
(puc.4).

Biooueay

PucyHok 4. TpanchopmyBaHHs (pOTOMETPUUYHOTO Tina kepena citna I = 1(6,¢) y GoToMeTpuUHe
TiJIO cBiTHOBOTO TipTany J = J (6, )

Figure 4. Transformation of photometric body of light source I =1(6,¢) into photometric body
of photometric device J = J(6,¢)

BcTaHOBITFOEMO TTOCITIIOBHICTE MepeTBOPeHHS (hoTOMeTpHYHUX Tija. DoToMeTpHdIHe
Tino I =1(6, ) BU3HAYAETHCS IBOMA CBITJIOBUMHU MOTOKAMH:

1. CeitioBmit moTik P', kit Ge3mocepeTHBO MOMIMPIOETHCS Bij JPKepelia CBITIIa B
HIDKHIO YaCTHHY IIPOCTOPY Ta OMUCYEThCs poToMeTprdHuM TitoM ['=1'(6,9):

®'= [[ sin(0)dodg. (12)
(6:9)

2. CeitnoBwmii notik " majarounii Ha J3epKalibHy MoBepxHIO BigOmpauda CII, sxwmii
omucyeTbest poromerpuynuM Tinom ["=1"(6,¢):
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@'= [[ sin(6)dodg. (13)
(6.9)

Bubpapiny JesKkuii eeMeHTapHuil CBITIOBHI NoTik d’®", mepeHanpaBiIseMo Horo y
HAMPAMKY CBITJIOBOTO HOTOKY d°®' Tak, 1106

d°® =d°®'+d°D" (14)

Jac
d*®'=1'(8,9)sin(6)d6dy, (15)
d*®"=1"(6,¢)sin(6)d6dy, (16)

d’® — enemeHTapHMil CBITIOBUIA MOTIK BiJl CBITIOBOTO NpUIAy, IKUi JOPIBHIOE

24 .
d*®=1J(6,9)sin(0)d6dy. an

Tomi

J(68,9)sin(8)dBdp=1'(8,9)sin(8)d0dp+1"(6,9)sin(8)dOde. (13)
dopma moBepxHI BigOMBaya CBITJIOBOrO MpHJIaAy Oyjae BH3HAYATHUCS KYTOBHUMH
Koe(dinmieHTaMl HOPMAJIBHOTO BEKTOpa 7i; JI0 IIi€i IMOBEpXHi B TOUIl MaJiHHS CHIH CBiTHa I,

Ky HeOoOX1JJHO B1IOUTH y HanpsiIMKy Bektopa J,. KoopauHaru Bektopa 7, JOPIBHIOIOTh

e FaE N A T A g I
\/2—2cosy/i ’\/2—2cosyfi ’\/2—2cosl//i

n =

1

(19)

X Y zZ . o . T
ne 17,117 —xyrosi koedilieHTH BekTopa 1, ;
X Y VA . . . . -
J7,J; ,J” —KyToBi koedilienTH BinOuTOro Bekropa J, ;

W, — KyT MiX najarodoro /, Ta Bizouroro J, cuiamu CBITIA.

i

BucnoBkmu. 1. [IpoBeneno anamiz METOIiB pO3paxyHKY CBITIOBHUX MPUIIA/IIB.

2. Po3poOseno mporpamHe 3a0e3nedeHHs Al TOOYAO0BU CBITIOPO3MOALTY JpKepena
CBITJIAa 3 3aJlaHMMH T€OMETPUYHHMHU MapaMeTpaMHU 13 BUKOPHCTAHHSIM HPOTPaMHUX 3aco0iB
MatLab. [lanuif anropuT™M po3paxyHKY BpaxOBY€ BHUIIPOMIHIOBAaHHS TUIBKU 30BHIIIHBOL
cTopoH# Bix cBiTHOro Tina JIC.

3. PospaxoBano KCC B exBaropiaipHiil Ta MepuIianbHIi IIOMMHAX TFOMIHECIICHTHOT
JIAMIH, SCKPaBiCTh BUIIPOMiHIOK0YOT HOBepXHi sKkoi L =2000x0/ m”, niamerpom D =0.02x i
NOBXUHOIO h=0.1m .

4. IlpuHnmMn po3paxyHKy IOBEepxHI BiOMBaya CBITJIOBOTO MpHIALy TMOJSITaE Y
TpaHchopMyBaHHI (HOTOMETPHUHOrO Tijla JpKepeda cCBiTIa y (OTOMETpUYHE TiJIO
CBITHUJIHHHKA.

Conclusions. 1. Light device calculation methods were analyzed.

2. The software for determining of light source luminous distribution with specified
geometric parameters were constructed basing on the MatLab package. This calculating
algorithm takes into account outside emission of LS photic body.
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3. The luminous intensity curves were calculated in the meridian and equatorial planes

of fluorescent lamp with emitting surface brightness L =2000cd / m*, diameter D =0.02m
and length A =0.1m.
4. Principle of the LS emitter surface calculating is the transformation of the light
source photometric body into the illuminator photometric body.
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