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CBITJIOTEXHIYHHI PO3PAXYHOK CBITJIOBUX ITPUJIAJIB I3
JKEPEJAMM CBITJIA 3AJAHUX 'TEOMETPUYHUX PO3MIPIB

Pe3ztome. [Ipogedeno Oocniodcenus 0oyineHOCMI NPAMOI 3aMIHU MPAOUYITHUX Odcepen Ceimna Ha
CYYacHi eHep2oouaoHi odxcepena ceimia iz 3a0aHUMU po3MIpamu CGIMHO20 Mila HA OCHOBI aHaNi3y c8imaI08020
pos3nodiny ma KK/ ceimnogoco npunady o0nsa 308HiuHvo20 ocsimnenna muny PKY-JKKY-Helios 21.
Bemanosneno, wo ocnosnoio npuvunoio snuscenns KK npu euxopucmannui KJIUJI y gynuunux ceimunvHukax €
NOIUHAHHA 4ACTUHU CGIMI0B020 NOMOKY GHACTIOOK 0A2amoKpamuux Gi0OUanv cimIo8UX NPOMEHIE MIdiC
6EpXHbOIO  YACMUHOIO  gl0bueaua ma nogepxHeio  ceimHo20 mina Oocepena. s — nNokpaujeHHs
enepeoeghexmuernocmi  cgimnosozo npunady 3 KJJI pospobreno mamemamuyny MoOeib, KA 0036075€
npogooUmMYU MOOEepHi3ayilo ONMUYHOI cucmemu cgimnaogo2o npunady i 3 CIMHUM MINOM 3a0aHUX pO3MIpI8 3a
PAXyHOK 3abe3nedeHnss ONMUManbHo20 nepepo3nooiny Ceimioeo20 NOMOKY 8 306HiuHI0 obnacme. Jlana modens
onepye SUXIOHUMU OAHUMU PO3PAXYHKY GI0OUBAIOYOI NOGEPXHI, MOMY MOdice Oymu 3acmocos8ana pazom iz Oyov-
AKUMU MEMOOAMU CEIMI0MeXHIYHO20 PO3PAXYHKY .

Knwuosi cnoea: csimnosuii npunad, eHepeemuuna egexmugHicme, Koeiyicum ropucHoi Oii,
omomempuure mino, c8IMAOMeXHINHUL PO3PAXYHOK, CGIMHe Milo.

L. Kostyk, S. Potalitcyn

LIGHTING ENGINEERING CALCULATION OF LIGHTING DEVICES
WITH GIVEN GEOMETRIC DIMENSION LIGHT SOURCES

Summary. Power efficiency of lighting sets (LS) is determined by lighting engineering parameters of
light sources and optical system of light devices that provide their basic characteristics — light distribution and
efficiency. Nowadays there are lots of light devices for street illumination that are designed for high pressure bid
sources of HPS type. Promising sources for outdoor lighting from the point of view of power efficiency and
improvement of lighting engineering parameters are power-saving compact luminescent lamps (CLL) of high
capacity (45-240W) with high enough efficiency (50-80 Im/W), possibility of “warm start” and range of
operating temperatures from — 30 to +45 C. Besides, there is no need to use additional elements for lamp
operation (ballast and pulsed light devices are needed for HPS) it reduces its weight, decreases expenses for
installing and maintenance of luminaires. The use of traditional base E27 or E40 in such lamps makes possible
to use them for direct replacement in extant light devices, improvement of luminaire circuit being held, optical
system stays unchangeable. Nevertheless, shape, dimensions and arrangement of luminescent source body
relatively the optical system, determine light distribution of luminaire, protective angle and accordingly
influence on parameters of light field, indexes of discomfort. That is why the development of LS with light
sources of given dimensions is actual from the point of view of improvement of light engineering sets power
efficiency. Reasonability of direct replacement of traditional light sources by modern energy efficient light
sources with desired size of the luminous body by analyzing light distribution and efficiency lights for outdoor
luminaire of PKY-JKKY-Helios 21 type is researched. It is established, that the main reason of efficiency
decrease, when compact fluorescent lamp (CFL) are used in outdoor luminaires is absorption of luminous flux
due to multiple reflections of light rays between the top of the reflector and the luminous body source surface. To
improve the efficiency of light device (LD) with CFL the mathematical model that allows to modernize the
optical system of LD with given sizes luminous body by providing optimal redistribution of luminous flux in the
outer region has been developed. This model operates on output data calculation of reflecting surface, that is
why it can be used with any means of lighting engineering calculation.

Key words: light device, energy efficiency, efficiency, photometric body, lighting engineering
calculation, luminous body.
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ITocTanoBka mpobaemu. ExeproedekTHBHICT OCBITIIOBAIBHUX YCTaHOBOK (OVY)
BHU3HAYAETHCS CBITIIOTEXHIYHUMH TlapaMeTpaMH JDKEpEeN CBiTJa Ta ONTHYHOI CHCTEMH
CBITJIOBHX IPUJIAJIiB, sIKi 3a0€3MeUyIOTh iX OCHOBHI XapaKTePUCTUKU — CBITJIIOBHI pO3MOALT Ta
koe¢imienT kopucHoi mii (KKJ[). Ha manuwit yac icHye BelMKa KUTBKICTH PIi3HOTO THITY
CBITJIOBHX MPHJIAAIB JUIsI BYJIMYHOIO OCBITJICHHS, CIIPOEKTOBAHUX JJISI PO3PSIIHUX JUKEpel
Bucokoro tucky tuny JIHaT gm JIPU. IlepcnekTWBHHMHE JDKepelIamMH IS 30BHIIIHBOTO
OCBITJICHHS 3 TOUKH 30py €Heproe)eKTUBHOCTI Ta MOKPAIEHHS CBITIOTEXHIYHUX apaMeTpiB
€ CyYJacHI eHeproomajaHi kKommakTHi JromiHecneHTHI jJammu (KJIJI) Benmukoi moTyKHOCTI
(45-240 Bt) 3 mocuTh BUCOKMMH 3HaueHHsMHU cBiTioBimmadi (50-80 mm/BT), mMoxnuBicTIO
«TEIIJIOro 3aIyCKy» Ta Jiana3oHoM podounx Temrepatyp Big —30 g0 +45°C. BukopuctanHs B
TaKuX JlaMIax Tpaguiiiaux nokoiis E27 abo E40 no3Bossie BUKOPHCTOBYBATH 1X JJISl IPSMOL
3aMiHH B iCHYIOUMX CBITIOBHX Tpmianax. [Ipw mpomy, SK IpaBHIIO, MPOBOJMTHCS TiTBKH
MOJIEpHI3allisl eNeKTPUYHOI CXEeMHU CBITWJIbHUKA, a ONTHYHA CHUCTEMa 3aJIMIIA€THCS
He3MiHHOIO. [IpoTe dopma, po3Mipu 1 poO3MIIIEHHS CBITHOTO Tijla JpKepena BiJTHOCHO
ONTHYHOI CHUCTEMH BH3HAYAIOTh CBITIIOBHH pO3MOJINT CBITWIBHUKA, 3aXUCHHH KyT 1,
BIJIMTOBIJTHO, BIUIMBAIOTH HA IapaMeTPH CBITJIOBOTO IIOJIA, IMOKA3HWKH 3acCIINICHOCTI Ta
muckomdopty. Tomy pozpobaenns CII i3 mxepenamu cBiTia 3aJjaHUX PO3MIPIB € aKTyaIbHUM
3 TOYKH 30py 30UIBIIICHHS €HEProe)eKTUBHOCTI CBITIOTEXHIYHUX YCTaHOBOK.

AHai3 ocTraHHIX JocaiKeHb i mybOaikamifi. HaiiBaxiusimuMm — etarnom
MIPOEKTYBaHHS CBITJIOBOTO HpPUJIAy € €Tall CBITIIOTEXHIYHOTO pPO3pPaxyHKY, OCKUIBKH HOTO
pe3yJIbTaTH 3HAYHOIO MIpOI0 BH3HAYAIOTH (OPMY i pO3MIpH ONTHYHOI CHCTEMH CBITIIOBOTO
MpuiIaay, a TaKoX Horo cBiTIOTeXHi4YHI mapameTpu [1]. MeTa CBITIIOTEXHIUHOTO pO3paxyHKY
MoJIATae 'y BCTAHOBJICHHI MmapameTpiB onTu4HOi cucteMu CII 3aieHO BiJi T€OMETPUIHHX
pPO3MIpiB Ta CBITJIOTEXHIYHMX TapaMeTpiB JpKepena CBiTIa, o Oyae 3abe3medyBaTé
HeoOXiaHi poromeTpruHi Xapaktepuctuku CII. Ha maHnii yac BAKOPHCTOBYIOTH JIBA IT1IXO0IN
710 cBiTIOTeXHIYHOrO po3paxyHky CII: mpsimuii, mo mossirae y po3paxyHKy (OpMH KpUBOL
CHJIM CBiTJIa TOTOBOTO TIPWJIATy, Ta 3BOPOTHIM, 3aBJaHHSAM SKOTO € PO3paxyHOK
reOMETPUYHUX TapaMeTpiB moBepxHi BimOmBaua CII 3a 3amaHuMu  (HOTOMETPUYHUMHU
XapaKTePUCTHKAMH.

[cHye GaraTo MeTO/iB BHpIIIEHHS SIK MPSIMOi, TaK i 3BOPOTHOI 3a]a4i MPOEKTYBaHHS
CBITJIOBMX TpwianiB. J[o mepmioro THIy BiJHOCSATH METOIW OaNaHCYy CBITJIIOBHX IOTOKIB,
€JIEMEHTApHUX BiJI0OOpaXKeHb, MPSIMOTO 1 3BOPOTHOTO XoJy mpomeHs. Jlo apyroro tumy —
MeTo1 Simultaneous multiple surfaces (SMS) [2], MmeTox miaronku moBepxous [3]. Lli MmeTon
nepe0avyaroTh NEBHI CIPOIICHHS 11010 (GOPMHU CBITHHUX T JUKEpEI CBITJIA Ta XapakTepy iX
CBIYCHHS 1 HE MOXKYTh 3a0€31eUNTH HEOOX1THY TOYHICTh PO3PAXYHKIB.

Merta poGorn. Po3poOieHHs MeTOIUKH CBiTIOTeXHIYHOro pospaxynky CII i3
3aJIaHUMU PO3MipaMH CBITHOTO Tijia JII1 OTPHMAHHS 32JIaHOTO CBITJIOBOTO PO3IOJILTY.

IloctanoBka  3amaui. [l migBUIIEHHS — €HEPreTU4YHoi  e€(EeKTUBHOCTI
CBITJIOTEXHIYHAX YCTAHOBOK 3a paxyHOK onTumizamii ¢opmu ontmunoi cucremu CII
HEOOXITHO pO3pOOMTH MaTeMaTU4YHy MoOJeNb, ska OyJe TOB’s3yBaTd HEOOXiTHI
CBITJIOTEXHIYHI ITapaMeTpd Ta PO3MIpPH CBITHOrO TiJIa JpKepeida 3 (GopMoIo BiTOMBAOYOl
MOBEPXHI 3 ypaxyBaHHsIM HaIlPaBJICHOTO THITY BiIONBaHHS BiOMBayva.

PesyabTraTn jgociaikeHHs. Y poOOTI TPOBEICHO JIOCHIKCHHS CBITJIOBOTO
posnoainy ta KKJI cBitmoBoro mpunamy Juisi 30BHIIIHROTO ocBiTieHHs Tumy PKY-XKKYVY-
Helios 21 nmpu nipsimiit 3amini mamrmm JIHaT ma KJIJL.

BumiproBaHHSI CBITJIOBOTO PO3MOJILITY MPOBOJIMIN 3a JIOTIOMOTOI0 MOJEPHI30BAHOTO
po3moaiIbHOrO (hoTOMETpa, IO JO3BOJSB 00EpPTaTH CBITJIOBHM NMpHUIaX y JIBOX IUIOIIMHAX
onnouvacHo. 3Hauenus KKJ[ Bu3nauanu 3a popmymnoro
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ne @, — CBITJIOBUH MOTIK CBITHIBHUKA; P, — CBITJIOBUH IOTIK JIAMII i3 CBITWIbHUKA; [, —

Q.

cuia CBIiTJIA CBITWIbHMKA B HAmpsaMKy (o;f); Q,, — TilecHHH KyT, B MeKax AKOTO

PO3HOAIISIETHCS BUIPOMIHIOBAHHS; O, , B, — MaKCUMallbHe 3HAYE€HHs KYTiB I103I0BXKHBOI
Ta MOTIePEYHO] IJIOIHH, TIPH SIKUX CBITIIOBHIA MPHIIa]l BUTIPOMIHIOE.

Ha puc.l naBeneno orpumani ¢oromerpuuni Tina cBitwipHuka PKY-)XXKVY-Helios
21 nns BynmmaHOTO OCBiTIIeHH 3 Tammamu JIHaT ta KJIJI.

a)
Pucynok 1. ®oromerpuuHi Tina BynuuHoro ceitmisHIKa PKY-)KKVY-Helios 21:
a) 3 mammoro JIHaT-100; 6) 3 nammoro KJ1JI-45

Figure 1. Photometric body of PKY-JKKVY-Helios 21 type luminaire
a) with lamp HPS-100; b) with lamp CFL-45

3a pesyipratn obunciaenb KKJ]I cBitmibpamka 3 mammnoro JIHaT cranosus 70,8%, 3
KJUI — 51,5%. KKJI cBituiehuka 3 jammnoro KJIJI 3HayHO 3MeHIIYeThCS BHACIHITOK
00’eMHIIIOT (OPMH CBITHOTO Tijla, €KpaHYBaHHS YAaCTHHH CBITJIOBOTO TOTOKY BEPXHBOIO
YaCTHHOIO BiJIOMBaYa Ta MK PO3PSIHUMHU KaHajJaMu jamnu. Lle mpu3BOaUTE 10 3HWKEHHS
MOKa3HUKIB PIBHOMIPHOCTI PO3MOJLTY OCBITJIEHOCTI Ha JIOPOKHBOMY TOKpHTI [4] Ta
3HIKeHHS eHepreTuaHoi epextuBHOCTI CII. Sk 6aummo, npsima 3amina mammu JIHaT ma KJIJI
B ICHYIOYOMY CBITJIOBOMY INPHJIJli HE € PalliOHATHHOIO 3 TOYKH 30py €Heproe(eKTUBHOCTI.
Tomy mpu BHOOpPI CydacHUX JDKepesl CBITJIAa JUIS 3aMiHH B CBITHJIBHUKAX 30BHIIIHBOTO
OCBITJICHHST HEOOXIJIHO KOMILIEKCHO BpPAaxXOBYBAaTH CBITJIIOBHU PO3MOAUI CaMoOi JIaMITH Ta
HEOOXIi/IHI MapaMeTpH CBITIOBOTO TOJS, CTBOPIOBAHOTO CBITJIOBUM IPUIAJOM, Ha OCHOBI
YOro CNiJi TPOBOJUTH PO3PAXYHKH TEOMETPUUYHHMX ITapaMeTpiB  CBITIOPO3MOIIIEHIX
IIPUCTPOIB.

[IpoBeneno ciTinoTexHiyHnit pozpaxynok CII i3 3aganumMu po3mipaMu CBITHOTO Tijia
okepena. [lomepenHi po3paXyHKH IMPOBOJMIIHCS 13 TMPUITYIIEHHSAM, IO JDKEPENIo CBITIa €
TOYKOBUM. )11 po3paxyHKiB BUKOPHCTAIN METO]] OalaHCy CBITJIOBUX MOTOKIB, KM TOJISITae
Yy PO3paxyHKY CBITJIOBOTO TOTOKY, BHIIPOMIHIOBAHOTO CBITJIOBUM IPHJIAZOM Y Pi3HI 30HH

npoctopy [1]. IIpu ubomy nouatkoBuii cBitioposnoain CII 3anatots dyskiiero / (a) ,1e o
— KyT MDK ONTHYHOIO BIiCCIO CBITHJIBHHKAa Ta HampsMKoM cwid cBiTia /. llotim
PO3paxoBYIOTH (YHKLiIO HEOOXIIHOrO X0y IPOMeHiB & (@) (puc. 2).
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PucyHok 2. ®yHk1iT He0O0XiTAHOTO X0y TPOMEHiB: | — 3aJIe)KHICTh BiIOUTOTO CBITJIOBOTO MOTOKY Bifl BEJIMYUHU
KyTa ¢ ; 2 — 3a/IeXKHICTh Mafaro4yoro BiJl JxKepesa CBITI0BOro MOTOKY Y HAMpPsMKY ¢

Figure 2. Functions of required rays: 1 - dependence of reflected light beam from the angle « ; 2 - dependence
on the source of the incident light flux toward ¢

Koopaunatu npodinbHoi KpHBOi BiOMBaua BH3HauaeMo 13 JudepeHiiaaIbHoro
PIBHSIHHS, SIKE€ Ma€ BUTIISIATH

& tg(—a _(p)dco
r 2
Jie 7 — pajiyc - BEKTOp IMOBEPXHI BiOMBaYa;
@ — KYT BiIOMBaHHS CBITJIa Bi/I TOBEpXHi BigOWBayva.
besnocepenHs 3amiHa TOYKOBOTO JKepesa CBITJIa Ha JPKEpeNlo CBITJa i3 3aJaHUMH
TFEOMETPUYHUMH PO3MipaMH CBITHOTO Tijla MPU3BEJIE JI0 MOTJIMHAHHS CBITHUM TiJIOM YaCTHHH
BiJIOUTOrO CBITJIIOBOTO MOTOKY, 1110, B CBOO 4epry, 3HWKye KK/ cBiTiioBoro mpmianay. Tomy,
mo0 po3paxyBaTd NpaBWIbHY (OpMY BinOHMBava, sika O HalpaisUia CBITJIO MOB3 TOBEPXHIO
CBITHOTO TijIa Y 3a/JaHOMY HAIpPsMKY, HEOOXITHO CIIOYaTKy BU3HAYMTH «KPUTHUHY JJISTHKYY,
siKa CIIPSIMOBY€E CBITJIOBH MOTIK Ha CBITHE TLJIO.
JUist 1poro 3ajamMo IOBEPXHIO CBITHOTO Tila A,, SKa ONHUCYeTbCs (YHKIIEIO

£ (x,»,2) 1 Mae sICKpaBiCTh, IO OIHCYETHCS CKATSIPHUM moseM L = L(x,y,z) . PosrisHemo

eJleMeHTapHy IUITHKY dA, BinOuBarodoi mosepxHi A4 (puc.3). CBITIOBHI MOTIK, 10 Nafae HA

IO eJIEMEHTapHY JUISHKY, B1Jl IOBEpXHI A, OyJlie TOpiBHIOBATH

do, =¢gd4,,
e & — CBITJIOBUH BEKTOp, IIO CTBOPIOETHCS BHUIIPOMIHIOIOUOIO IIOBEPXHEWO A, Ha
eJIEMEHTapHIH JUISHIL dA, ;
d4, — BEKTOp, HalpaBJCHUU Y3/10BK OJUHOYHOIO BEKTOpa HOpMall 7 1O dA4, 1 Mae

a0COJTFOTHE 3HAYECHHS ‘dAl‘ =d4,.
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PucyHok 3. — ['eomeTpuuHa MOJIENTb CUCTEMH «CBIiTHE TiJIO — BitOMBau»

Figure 3. — Geometric model of "luminous body — reflector" system
ITpu upomy
£=[1da,,
il

ne d@, — BEKTOp €JIEeMEHTApHOIO TUIECHOTO KyTa dm,, y MeXax sKOIro 30CepeKeHa
eJleMeHTapHa BHUIIPOMiHIOIOYA NOBEpXHA dA4,. Moylb BEKTOpa €JIeMEHTapHOIo TiIECHOTO
KyTa d¢, YUCeNbHO JIOPIBHIOE TUIECHOMY KYTY d@,, a HAIIpIMOK BEKTOpa CIiBIIAJa€ i3 BicCio

€JIEMEHTAPHOTO TIJIECHOTO KYTa.
OdeBHIHO, IO CBITJIOBHM MOTIK, SIKUM MOTJIMHAETHCS MOBEPXHEIO BUIIPOMIHIOBAYA,
30CcepeKEHUI y TIIECHOMY KyTi @, , IO YTBOPEHUH NEPETHHOM TiIECHUX KyTiB @, Ta ®, i

BH3HAYAETHCS 32 (POPMYIIOIO
d®, = Lo,dA, .

Sxmo TinecHU# KyT ;>0 I i-TOI eleMeHTapHOl AUIAHKH dA,, TO CBITJIOBHI
notik d®, > 0. Jlana ymoBa /103B0JIsI€ BU3HAYUTH MHOKHHY BCIX €JIEMEHTAPHUX ALISHOK, IO

YTBOPIOIOTh «KPUTHUHY JIIJISTHKY.
[IpoBememMo 3MiHY (GOpMH «KPHTHYHOI IiISHKA». JIJIs Toro, 1mo0 BU3HAYUTH
PIBHSIHHSI HOBOTO BiJI0MBava, ckopuctaemocs popmyoro [5]

Xy Vi %k
f(x,p,2)= j W(x,y, z)dx+IM(x0,y, z)dy +I R(x,,¥,,2)dz+C,

Rl N a

K _+P K +P K _+P
e C:f(xO,yO’ZO)’ W:al_ X; X; M 8f V; v R= af _ B 2,

ox 2-2cosy _5_«/2—%051//’ _5_«/2—2%51//’

(RC‘,PM,PZ‘) — KOOpAWHATH BEKTOpa TIJIECHOTO KyTa @, (TUIECHHH KyT, B SKOMY

30cepeKeHUH Mafaoduil cBiTaoBul NOTIK d P, B OKOI TOUKH X,,);,Z; );
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—

(Kx‘ K, .K, ) — BEKTOp K , IO 3a7a€ HAPAMOK, B IKOMY OyJie epPEHaNpPaBIATUCS CBITIOBUM
IOTIK;
W/ — KyT MIX [IUMHU BEKTOPAMHU.
Ha ocHoBi 3ampomoHoBaHOI MoOJelni MpoBeAeHO po3paxyHok BimOusawa CII mms
BYJIMYHOTO OCBITIICHHSI.
AJNTOPHUTM pO3paxyHKy TaKHiA:
- 3QJIaEMO  BXIJIHI JIaHI JUIS pPO3paxyHKy (TCOMETPHUYHI pPO3MIpH CBITHOTO TiNa,
¢doromerpuune Tizo CII);
- PO3PaxOBYEMO MHOXHHY MPO(DIIEHAX KPUBUX BijouBava 3 ToukoBuM JIC y pi3HHX
nepeTuHax GOTOMETPUYHOTO Tijla 32 METOI0M OalaHCy CBITIOBUX MOTOKIB;
- popmyemo moBepxHIO BiTOMBaYa i 3 C(hepUIHUX CETMEHTIB;
- yTouHI0eMO (opMy BiOMBaya 3aJIe:KHO BiJl reoMeTpuyHuX po3mipis JIC.

Jlkepeno  cBiTIIa MPEACTABIAEMO Y  BUIIAAI MHJIIHApPA, MO0  OINHUCYETHCS
napaMeTPUIHUMU PiBHIHHSIMU

x=h,
¥ = Rsin(u),
z = Rcos(u),

R —paaiyc ocHOBH LUJTIHJIA;
h — Bucora muIiHIpa.

Kepyrounce Bumoramu [4], 1m0 CTaBIATBCS JO PIBHOMIPHOCTI  OCBITJICHHS
JIOPOKHBOTO TIOKPUTTS, BHOUpaemo Taky (opmy dotomerprunoro tina CII, mo 3abe3nedye
ITUPOKHN CBITIOPO3IOILT Y ITO3IOBXKHIH IIOMUHI Ta NIHOOKUH — B TIoNepeyHii (puc. 4).

Pucynok 4. ®oromerpuune tisio CI1, 11 SKOro MPOBOAUTLCSA PO3PAXYHOK

Figure 4. Photometric body of luminaire for which calculations are performed
Ha puc. 5 mpencraBiaeHo mepetuH ¢ortomeTpuyHoro tina CII mpodinsHIME
IomHaMu. Po3paxyHOK MHOXHHHA MPOQUIPHUX KPUBUX BiIOMBada MPOBOIIIIA B Pi3HUX
nepeTnuHax (pOTOMETPUYHOTO Tijla MpH 3MiHiI kyTa £ Ha 30° 3a MeTo/I0OM OanaHcy CBITIOBHX
MOTOKIB.
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Pucynok 5. Ilepetun ¢poromerprdanoro Tina CIT npodinbHOO MIOMKUHOIO

Figure 5. Luminaire photometric body cross-section be profile plane

Ha pwuc.6 mpencraBiaeHo mpodiibHI KpHBI BigOWBava JUIS PIi3HAX TIEPETUHIB
(hOTOMETPUYHOTO TiJa.

— p=0p*
H, s . —_——p =0

e

—
50 100 150 200 250 300 350

| e e pt el TR

Pucynoxk 6. [Tpodinbhi kpusi Binbusaya CI1 s pisHUX TepeTHHIB ()OTOMETPUIHOTO Tijla

Figure 6. Profile curves of reflector for different photometric body cross-section
3a oTpuMaHUMH PO ITPHAMHA KPHBUMHE TTOOYI0BaHA 3arajibHa MOBEPXHS BiJOMBava
CII 3 nammoro KJIJI-45 y cepenosumii nmporpamu SolidWorks (puc.7). PozpaxyHkoBe cBiTHE

TIJIO 3aJlaHe y BHIJISII FEOMETPUYHOTO 3aMiHHHMKA pPeaJlbHOTO Tijla MPH YMOBI PIBHOCTI iX
MaKCHUMalbHUX TEOMETPHUYHUX PO3MIpiB Ta CBITIOBUX MOTOKIB.
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Pucynok 7. IToBepxHs Binouaua CIT i3 po3paXyHKOBHM CBITHHM TiJIOM

Figure 7. Reflector surface with calculation luminous body

Jliis toro, mo6 migsumut KKJ[ cBiTioBOro mnpuiany, NpoBeA€HO 3MiHY ONTHYHOL
CHCTEeMH CBITJIOBOTO NpPWIAAy 3TiAHO 3 TMPEACTABICHOI0 MaTeMaTHYHOIO MOJIEIUTIO.
OTpumaHHi pe3y/IbTaTH HaBEJCHO Ha puc. 8.

(]

1

U

a) 0)

Pucynok 8. ITpodinbHi kpusi Binbusauis CI1, po3paxoBaHoro 3a MeTooM OanaHcy noTokis (1) Ta i3
MOJIEpHi30BaHOO BiJOMBaIOUYOI0 MOBEPXHEO (2): a) B MOB3JOBXKHIil IIIOIIHHI;
0) B momepeyHil MIomMHi

Figure 8. Profile curves of the light device reflectors calculated by the method of balance of streams (1) and
with the modernized reflecting surface (2): a) in longitudinal plane; b) in transversal plane

JlocmipkeHHST TaHOT MOJeNi TPOBEJeHO B cepejoBmii mporpamu TracePro. Ilpm
po3paxyHkax KoedillieHT BigOuBaHHS nopiBHIOBaB (0,85, aHANOTiYHO SK JUIsI pEaTbHOTO
BimOmBava. JIyig BijiOMBava, ssKUi OyB pO3paxOBaHHWM HA OCHOBI METOIMKH OaJlaHCy ITOTOKIB
KKJI nopiBatoBaB 53,2%. Ilpu 11poMy OCHOBHA YacTKa CBITJIOBOTO IOTOKY BTpPAda€ThCs
BHACJIIIOK ITOTIa/IaHHs Ha MOBEepXHIO cBiTHOTO Tinma JIC.

st CIT 13 MosiepHi30BaHOIO BiIOMBAIOYOIO MIOBEPXHEIO, TIPU PO3PAXYHKY SKOi OYyII0
BHKOPHUCTAHO JIOAATKOBO po3polsieny monenb, KKJI CII 3 mammoro KJIJI-45 mopiBHIOBaB
75,1%, mo Ha 23,6% Oinplne, HIX JUISI OpUTiHATBLHOTO BinOuBaua i Ha 4,3% Oijblie, HiX TS
icayrouoro CII 3 mammoro JIHaT. Orxke, nmanuii BigOmBau 3a0e3redye Mepepo3IoJIiia
CBITJIOBOI'O MOTOKY IOB3 MOBepXHIO cBiTHOoro tiga JIC, mo B CBOI0O uepry MiJBHILYy€E
E€HEPreTHIHY e(PeKTUBHICTh CIIPOSKTOBAHOTO TIPHIIAIY.

BucnoBkmu. IlpoBeneno mocnipkeHHsT ToUIBHOCTI mpsiMoi 3aminu jamn J[HaT Ha
KJUI mist BynWYHOTO OCBITJIICHHS Ha OCHOBI aHaii3y cBiTioBoro posmomiry ta KKJI
ciTiioBoro npmiany tuny PKY-XKKVY-Helios 21. Beranosneno, mo Bukopuctanus KJII y
BYJIMYHUX CBITHJIBHUKAX POOWUTH CBITJIOBHH pO3moain piBHOMIipHIimHIM, mpote KKJI
CBITWJIPHMKA 3MeHInyeThcss Ha 19,3% BHachigok o00’emuimoi ¢opMu CBITHOTO Tina,
eKpaHyBaHHS YaCTHHHU CBITJIOBOTO IIOTOKY BEpPXHBOIO YACTHHOIO BiOMBada Ta MiX
PO3PSTHUMU KaHAIAMH JIAMITH, 10 MPU3BOJUTH JI0 3MEHINEHHS eHepreTuYHOl e(heKTHBHOCTI
CII. Po3pobneHo MaTeMaTHYHy MOJICIb, SIKa JTO3BOJISE MPOBOIUTH MOJICPHI3aIlil0 ONTHYHOI

172 184



[IPHUJIAJIOBY IVBAHHSI TA IHOOPMALIIMHO-BUMIPIOBAJIBHI TEXHOJIOTTi

CHCTEMH CBITJIOBOTO MPMJIALY 1 3 CBITHUM TLIOM 3a/iaHuX po3MmipiB juist nigsuimeHHs KK CII
3a paXyHOK 3a0e3IeYeHHs] ONTHMAILHOTO IEePepO3NOIiTy CBITIIOBOTO TMOTOKY Y 30BHIITHIO
o6acth. [lana MoJielnb onepye BUXIAHUMU JaHUMH PO3paxyHKY BiZIOMBaIOYOi HOBEPXHi, TOMY
MO’Ke OYTH 3aCTOCOBaHA Pa30M i3 OyIb-IKHM METOJaMHU CBITJIOTEXHIYHOTO PO3PaXyHKY.

Conclusion. Reasonability of direct replacement of traditional light sources by
modern energy efficient light sources with desired size of the luminous body basing on the
analysis of light distribution and efficiency lights for outdoor luminaire of PKVY-XKKYVY-Helios
21 type is researched. It is established, that the main reason of efficiency decrease, when
compact fluorescent lamp (CFL) are used in outdoor luminaires is absorption of luminous
flux due to multiple reflections of light rays between the top of the reflector and the luminous
body source surface. To improve the efficiency of light device (LD) with CFL the
mathematical model that allows to modernize the optical system of LD with given sizes
luminous body by providing optimal redistribution of luminous flux in the outer region has
been developed. This model operates on output data calculation of reflecting surface, that is
why it can be used with any means of lighting engineering calculation.
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