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AHoTauis

AHami3yl0TbCsd pe3yJibTaTu AOCHIIXEeHb BIUIMBY MUITIHHSI SICKPABOCTI [IKEpes CBIiT/Ia, 110 >XKMBIASTHCS Bill Mepexi
3MiHHOTO CTPYMY, Ha CaMOIIOUYTTSI Ta 3M0POB’s JoAeit, 0COOJMBOCTI MUTTIHHS CBITJIOMIONHUX OCBITIIOBAJILHUX YCTAHOBOK
Ta peKOMeHALlil 1IoA0 Oe3MeYHOTo PiBHSI MUITIHHSI SICKPABOCTI JlaMIT Ta CBITWJIbHUKIB ISl 3arajJbHOIO OCBITJICHHS.
Posmisinaiotbesl cyyacHi MeTOAM OIiHIOBAaHHSI MapaMeTpiB MUTTiHHS.

BuMipioBaHHSI NIMOMHU MOIYJSILIT SICKPABOCTI Ta iHAEKCY MUITIHHSI B YaCTOTHOMY jAiarna3oHi g0 3 kI mpoBoauianch
BignoBinHo 10 pekomeHnauiii crannapty IEEE 1789:2015, KopoTKOCTPOKOBOI 1031 MOAYJSLIi — BilTIOBITHO A0 Mi>XKHAPOJHOTO
crangapty IEC/TR 61547-1:2017, moka3HMKa BMIMMOCTI CTPOOOCKOINIYHOrO edeKTy — BiAMOBIIHO MO pPeKOMEHIAIliii
IEC/TR 63518:2018. [lus BuMipioBaHHSI BUKOpPHUCTaHO crekrpopamiomerp MK350S i3 mporpamMHuM 3a0e3Ie4eHHIM
JJISE po3paxyHKy (OTOMETPUUHHUX i KOJIOPUMETPUYHUX IapaMeTpiB, MapaMeTpiB MUITIHHSI i CTPOOOCKOITIYHOTO edeKTy.
[loka3aHo, 1110 cBiTJIOAIONHA TIPOAYKILiS ISl 3arajlbHOrO OCBITJIEHHSI, SIKa TMOCTYIA€ Ha CBITVIOTEXHIYHUI PUHOK YKpaiHu,
Ma€ TMepeBaXXHO Oe3MeYHUIl piBeHb MUITIHHS sSICKpaBOCTi. PiBeHb MUTTIHHS SICKPaBOCTi Cy4aCHMX CBITJIOMIOMHUX JIaMIT Ta
CBITUJIbHUKIB € HMXXYMM, HiX Yy iHIIMX JDKEpea CBITIA, IO XUBJSATHCS Bill 3MIHHOTO CTPyMy, B TOMY YHUCJi W PO3PSIAHUX
JIaMIl i3 BUCOKOYACTOTHUMU EJEKTPOHHUMM MYCKOPETYIIOBAIbHUMM anaparamu. 3po0JieHi BUCHOBKU IMPO HEOOXiqHiCThb
BHECEHHSI B HOPMATHMBHI JOKYMEHTU Ha CBITJIOAIONHY MPOAYKIIiIO 3arajJbHOTO OCBITJIEHHSI BUMOT /10 T'PAHUYHUX PiBHIB
MUTITIHHSI Ta METOMiB BUMIpIOBaHHS MapaMeTpiB MUTTiHHS.

KniouoBi ciaoBa: MUTTIHHS; TIMOMHA MOMYJSALIi SICKPABOCTi; iHAEKC MUITIHHSI; KOPOTKOCTPOKOBA 1032 MOMIYJISILIL;
CTPOOOCKOMIUHUI e(heKT; CBITIIONIOAHI CBITWIBHUKU (JTaMITH).
Otpumano: 08.08.2022
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ITocranoBka npoosiemMu
MurTiHHS SICKPaBOCTiI CBITJIa 3aBXIU SIBJISIIIO

3MiHa $SICKpaBocTi (abo KoOJipHOCTiI) CBiT/Ja, 110
Oe3rnocepeqHbO  CIPUIMAETHCS  CIIOCTEPIirayeM.

coboi0 mpobsieMy, 10 BJIACTUBA €IEKTPUUHUM JIKE-
penaMm CBiTJa, SIKi KUBJSITbCS 3MiHHUM CTPYMOM.
[lIBuako TmOBTOpIOBaHa 3MiHa $ICKPaBOCTi CBiTJIa
B yYaci CIIPUYMHSIE TaKi BigoMi SIBUILA, SIK MUITiH-
HSI SICKPaBOCTi Ta CTpOOOCKOIMIUYHUI edekT. 3araib-
Ha Ha3Ba LIMX $SIBUMII 3arporoHoBaHa B [1] — 4JacoBi
cBiTnoBi apredaktu (temporal light artefacts, TLA).
Tepminom  “mwurtinusa”  (flicker) Bu3HauyaeTbcst

© HHIL «Inctutyr merpoJorii», 2022

“Crpobockoniunuii epekt” (stroboscopic effect) — e
edexr, aK1it MOXe CTaTu BUIUMUM [JIsI CIIOCTepiraya
MPU OCBITJIEHHI pyxoMoro o0’ekra. [[xxepena cBitia,
SJKi CTBOPIOIOTH MMUTITIHHS ab0 CcTpoOOCKOMiYHUI
edeKT, He MOXYTb 3a0e3MeuyBaTH SIKICHEe OCBITJIEHHSI.
AKX MiHIMyM MUTTIHHSI CTBOPIOE HAUCKOMMDOPT, aje
BOHO MOX€ CTaTU i Hebe3neKow IJs 310pOB’ST —
CIIPUYMHSITU BTOMY, HaIlPy>KEHIiCTh OYell, 3HMXYBaTu
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OPOAYKTUBHICTH 30pOBUX pOOIT, MPOBOKYBaTU TIO-
JIOBHUIA OUTb, MirpeHi, CTBOPIOBATU HEBPOJIOTIUHI
npobiaeMu, Taki SIK eIiJIeNITUYHI Haraau, MOCUJIIoBa-
TH ayTUYHY MOBEIiHKY B HiTel Ta iH. [2—6].

HoBoi akrtyanbHOCTI mpobjieMa MUTTIHHS SICKpa-
BOCTi CBiTJIa HaOyJia Micis IIMPOKOTO BOPOBAIKEH-
HSI B TEXHOJOTii OCBITJIIEHHSI CBITJIONIOAIB, OCOOJUBO
MpU BUKOPUCTAHHI IIMPOTHO-IMIYJIbCHOI MOMYJSI-
uii (IIIM) B cucteMax ynpapiaiHHS ocBiTieHHSIM. [Ipu
IIIM, gk mpaBuao, BUKOPUCTOBYIOThCSI YaCTOTHU Bif
100 mo 400 I'u, mpuyoMy rIMOMHA MOMYJSLI J0Cs-
rae 100%. B mopiBHSHHI 3 JaMmaMy poO3XKaproBaH-
Ha (JIP) ta pospsaHumu jamramu (PJI) MuUTTiHHS
CBITJIa CBITJIOMIOMHMX JIaMIT Ta CBITUJILHUKIB MOXYTb
CYTTEBO BiJIPi3HATUCH 4Yepe3 HaA3BUYAHO LIBUIKY
peaxliilo 3MiHU CBITJIOBOIO MOTOKY Ha 3MiHY CTpyMy.
Lle Moxe mnpusBecTH 10 TOOIYHUX edeKTiB, Ki
OyJIM MEHII TOMITHUMU TIPU OCBITJIIEHHI JaMIlaMu
po3XaploBaHHS Ta PO3PSIAHUMMU JIaMITaMU.

V [5] Big3Hava€eThCs, 110 3apa3 BaXKJIMBO 3PO3yMi-
TH, K MOIYJISLIST SICKPaBOCTi CBiTJa CBIiTJIONioniB
BIUIMBA€E Ha 3A0POB’S JIIOAWHU i SIK BIUIMBAIOTH
TEXHOJIOTIYHI (paKToOpyu Ha MOIYJSLII0 SCKPaBOCTI
CBiTJIa LUX XKepeJ.

3Baxaloun Ha aKTyalbHICTh TpobneMu, Mix-
HaponHa Kowmicisg 3 ocitneHHs (MKO) y 2011 p.
crBopuna TexHiyHuit komiter TKI-83, gakuit po3-
poOOUB MOPOXHIO KapTy AOCHIIKEHb, MOB’SI3aHUX i3
MOMYJISILIE CBiT/a, 110 HEOOXimHI s pPo3pOO0JIeH-
HSI MiXKHApOJIHUX CTaHAapTiB. Pe3yabTaTu moCHigKeHb,
HaBeleHi B POOOTi, CTOCYIOTbCSI caMe L€l MpoOIeMu.

AHaji3 oCTaHHIX MOCTiIKeHb i myO.ikamiit

VYV [1—6] aHami3yioTbCs pe3yabTaTU AOCIIIIKEHD
0i0JIOTIYHUX e(MEKTiB MUTTIHHS B HOBMX TEXHOJOTIsIX
CBITJIONIOOHOTO OCBiTAeHHsI. B [1—3] y3arajabHeHO
pe3yJabTaTu AOCTIIXEHb BIJIUBY MUTTIHHS SICKpaBOC-
Ti Ha OiOJIOTiYHI TpolleCH Ta YMOBU iX BUHUKHEHHS.
3okpeMa, BiA3HAYa€ThCs, 110 B MAiara3oHi 4acToT
3—70 T'u mo puM3uMKiIB HajiexXaTh CyIOMU B 0ci0, sKi
MalOTh JiarHO3 eIJIeNCil, a TaKOX HesIKi crenudiyHi
HEeBPOJIOTiYHI CUMIITOMM, B TOMY YMCJIi HE3Ay>KaHHS
Ta TOJOBHUU Oinb. MeHII o4YeBUIHI OioJoriuHi
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e(peKTU BUHUKAIOTh MPU il HEBUAMMOTO MUTTIHHS.
Lle nmepeHanpyXeHHsI oueil, BToMa, TOJIOBHUI Oijb.

ToukoBi mxepejia CBiTIa MalOThb MEHILY KHMO-
BipHICTh BUKJIMKY CYyIOM Ta TOJOBHOTO 0OJIIO, HiX
pO3CisiHE CBITJIO, $SIKE OXOIUIIOE OilbIlly YacTUHY
ciTKiBKM oka. Haiibinbima MMOBIpHICTh BUHUKHEH-
HS eMUIENTUYHUX CYIOM Ma€ MicClle Ha YacToTax
15—20 Tu. MurtiHHS 4epBOHOIO CBIiTJa 3 BEJIUKOIO
TIMOMHOIO MOMAYJISLII Ta YepryBaHHS YepPBOHUX 1 CUHIX
crnajaxiB MOXYTb OYyTU OCOOJMBO HeOE3MeUHUMU.

VY [6] chopmyaboBaHi Kputepii, Ki MOXYTh ITO-
M’IKIIUTUA OioJIOTiYHI e(eKTU MUITIHHS CBIiTJIa NpU
BUKOPUCTAHHI CBITJIOAIOAHUX JIaMIT Ta CBiTUJIbHUKIB.
MUrTiHHS SICKpPaBOCTI 3aJIeXXUTh Bil IapaMeTpiB
npaiiBepiB (ITPA), 1110 3aCTOCOBYIOTBCSI B JIaMIlax Ta
CBITMJIBHUKAX, CHUCTeMaX YMpaBJIiHHSI OCBITJIEHHSIM
(nuMepa) Ta IHIIMX 30BHILIHIX BIUIUBIB (SIKOCTI
HaIlpyTu B €JIEKTPOMEPEXKi, eACKTPUIHUX 3aBai, IO
CTBOPIOIOTHCS PI3HUMMM CITOXMBayaMu eJIeKTpOeHeprii
Ta iH.). [IpoGieMu 3 MUTTIHHSM JIOLJIBHO BUPILIyBaTH
B KOXHOMY BUNAAKY iHAWBiAyaJibHO. MUTITIHHSI Mae
Hali0iJbllle 3HAYEHHsI B 3araJJbHOMY OCBIiTJIEHHi XXUT-
JIOBO-ITOOYTOBUX TIPUMIILIEHb, IUTSIUYUX, LIKIIBHUX Ta
MEIWYHUX 3aKJadiB, MPOMUCIOBUX MPUMILIEHHSX i3
PYXOMOIO TEXHIKOIO Ta poOOUYMX MiCLb i3 HAIPYy>KeHOO
30pOBOI0 poOOTOIO TOIIO. Bumoru 1omo HM3LKOTO
PU3MKY MWITIHHSI CBiTJIa Ta METOAM iX OLIiHIOBaHHS
TaKOX PEKOMEHI0BaHiI B AoKyMeHTax [7—11].

AMEPUKAHCbKUI iHCTUTYT iHXEHEpiB 3 eJIEKTPO-
TEXHIKM Ta eJIEKTPOHiKK B [6] y3arajipHUB AaHi Oa-
raTbOX He3aJeXHUX MOCTiIKEeHb i chopMyTIOoBaB Taki

KpuTepii:

1) rmbuna momynsiuii MD (%) = (L., — L....)/
/(L — Lyy) % 100,
ne L., L . — BIIMOBiTHO MakcMMaJbHa Ta MiHiMaJlbHa

SICKpaBicTh (puc. 1), IO BIiAIIOBimae HU3BKOMY DPiBHIO
PU3UKY Ha 4yacToTax, Huxuux Hix 90 I'u, mae He me-
PEBUIIYBATA YHMCIOBI 3HaueHHS (y BiZCOTKax), IO
BU3HAYalOTbCS 3 BUPaA3y

MD % < 0,025f, (1)

ne f — gacTora MomyIIsIIIii;

CepelHE IHAYEHHA

0.02 0.025 0.03

Puc. 1. [lo BU3Ha4YeHHs rMnbuHmn Mogynsiuii sckpaBocTi Ta iHaeKcy MUrTiHHA Fl
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2) mpu f > 90 I'm momycTtrMa TTMOMHA MOIYJISIIIIT
BU3HAUYAETHCS i3 BUpazy

MD % < 0,08f. ()

PiBenb Monmynsuii, mpu SIKOMy BiICYyTHi 6ioJoriv-
Hi BIJIMBU Ha OpraHi3M JIOAWHU, Ma€ OyTu B 2,5 pa-
31U MEHIIWI, HiX BU3HaYeHU Bupazamu (1) ta (2).

st BpaxyBaHHSI KOJMBaHb (DOPMU XBWJII BU-
KOpUCTOBYeThCs iHAekc MurTiHHS (FI). Bin Bcra-
HOBIJIIOE 3MiHY $SICKPaBOCTi TIpOTSTOM Tiepiody IO
BiZHOILIIEHHIO A0 ii cepegHboro 3HauyeHHs. FI Bu-
3HAYA€EThCS SIK BiMHOLIEHHS rutonli S, o cymu S,+S,
(puc. 1). Ins vHusbkoro pus3nky FI He moBuHEH me-
peBuiyBatu 3HayeHHs 0,1.

Ha ocHoBi kpwurepiiB, BKaszaHux y [6], peko-
MEHJ0BaHi TakKi MpaKTUKU:

1. Jnss oOMeXeHHS MOXJIMBUX HECIPUSITIMBUX
GiosioriyHux edeKTiB rMOrHA MOAYJISILII HE MOBUHHA
nepepuiryBatu 0,025f niag yactor, Huxkumx 3a 90 I'm.

B intepBani uvactor 90—1250 T'i rubuHa Mo-
nynsiii Mmae 0yt yucenbHOo MeHiuow 3a 0,08f; Bulle
1250 Ty mo rmmbuHi MomynsLii oOMeXXeHb HeMae.

2. dxumo notpioHo 3abe3neyntu piBeHb NOEL
(No observable effect level — BinmcyTHilt Oymb-sIKmit
OioJIOTiYHMIT BIUIMB Ha OpraHi3M JIIOAWHU), TO CJil
3MEHIIUTH MOAYJSLii B 2,5 pa3u y IIOpiBHSIHHI
3 PEKOMEHJOBaHOI MpakTUKolo 1, TOOTO: HMXKYe
90 I'm — rIMbuHA MOIYJALii Mae OyTM MEHIIOI 3a
0,01f %; y mexax Bigx 90 mo 3000 I' — rauGuHa
Moayisuii Mae Oyru menHmor 3a 0,0333f %; Buiie
3000 T'u oOMexxeHHS Ha MOIYJISLii BiICYTHi.

3. 3anob6iraHHs BUHMKHEHHIO (DOTOUYTIUBUX €Mli-
JIENTUYHUX HamaaiB. [uOuHa MomyJsuii sICKpaBOCTi
It yactoT, Hkumx 3a 90 ', Mae OyTM MEHIIOIO
3a 5%.

l'oJlOBHUM HENOJiKOM METOAWKHU OLIiHIOBaHHS
MWITIHHSI, HaBeaeHOl B [6], € Te, IO BOHA He Bpa-

100

Mopir BusaBneHHa moaynauil, %

XOBYE CHPUMHATTS JIOOMHOI MUTTIHHS 3aJiesKHO
Bim vactotu. B [11] pekoMeHOyeTbhCcs 0O’ €KTUBHUIA
METOI ISl OLIHIOBAHHSI MWITIHHSI 3 YypaxyBaHHSIM
OTo CIPUIHSATTS CITOCTEpiradyeM Ha pi3HMX 4acTOTax
y giamasoHi Big 3 mo 60 I'm.

Ha puc. 2 HaBeneHO MOPOroBi 3HAYEHHS MIMOU-
HU MOJIYJISLII 3aJIeKHO BiJ 4acTOTH BUSIBJIEHHS 3 Bi-
porignicTio 50%. SIk BumHO 3 puc. 2, mpu yactoti 15 I'in
crocTepiray Moxe BUSIBUTUM MUTTIHHSI MIPU BiTHOCHi#
rnbuni Momyssauii 0,5%, Toai sk npu vactoTi 60 '
JUIST BUSIBJIGHHSI MUTTiHHS TIOTpiOHA MIMOMHA MOMYJIS -
mii mMaitke 60%. PesyiabTyrodi 3HAaYe€HHS MOIYJIALIT
IJIST KOXHOI YacTOTH BHMPaXKalOThCs 4Yepe3 IOPOTH
BUABJICHHS i TMO3HaYaloThest sk M, . Momyssiid, 1o
CIIPUIIMAETHCSA 1 BiNIOBiZAa€ MOPOroBOMY 3HAYEHHIO
(BusiBsIETHCH 3 BiporigHicTio 50%), npuiiMaeTbes
3a omMHMI0. Ilpy 3HAYEHHSIX, MEHIIUX 3a OIWHMH-
110, BUSBUTU MUTTIHHS HEMOXJIMBO, a MpPU 3HAY-
HO OiJbLIMX — BUSIBISIETBCS JIETKO. SAKIIO MUTTIHHS
B iHTepBaii 3—60 I'l Mae pi3Hi Y4acTOTH, TO PE3Yib-
Tyloue CIpUAMaHHA MOIYJIALii M, BU3SHAYAIOTh SIK:

M, = lg(Mpk)% ?3)

me k=1, 2, 3 ...

Pesynbryioue 3HaueHHs M, iHTEPIPETYEThCA Tak
camo, sK i M, g okpemux 4dactor: mpu M, = 1 —
TMOPOTOBi 3HAYEHHSI, 110 BUSIBJISIFOTHCS 3 BipOTigHIi-
crio 50%; npu M, < 1 — MUTITIHHA HEBUIMMi; TIpU
M, > 1 — MWITIHHSI BUABISAETHCS JIETKO.

VY [9] onucaHo 00’€KTUBHUI METOH OLliHIOBaHHS
MUITIiHHS CBiTJIa, 1[0 I'PYHTYETbCS Ha CTaHIapTax,
y SIKMX BCTAHOBJICHi METOIM BUMipIOBaHHS Ta BUMOTHU
IO TIPWIANIB UISI TOYHOTO CIIPUAHSITTS KOJWBAHHS
Hanpyru. MUTTiHHS OLIIHIOETHCSI KOPOTKOCTPOKOBOIO
no3oto MurtiHHs (short-term flicker indicator, P /™M)
3a gomnomoroio (uaikmeTpa. IHTepnperallisi pe3ysabTa-
TiB BUMpoOyBaHHsI Taka: npu P,/™M = | mocnimxyBaHe

L i i L I L 1
T T 1

40 50 60 70

Yacrora, My

Puc. 2. Moporosi 3HayeHHs rMunbuHW Mogynsauii sckpaBocTi Npu pisHKMX YacToTax [11]
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JKEpeJsio CBiTJla Ma€ piBeHb MUITIHHSI, SIKUI BUSIB-
Jige criocrepiray i3 BiporignicTio 50%, Takuii, K
i B JamIiax posxapioBaHHs MoTyxHicTio 60 Br; mpu
P™ < 1 — mxepeno cBiT1a Mae piBeHb MUITIHHS
HWXKYMA, HIK Y JJaMII pO3XKaprOBaHHS ITOTY>KHICTHO
60 Bt; mpu P™ > 1 — piBeHb MUTTIHHS BWIIWIA,
HiXX y JIaMIT po3XaploBaHHS, i MOTo JIETKO BUSIBUTH.

IIlo cTocyeThecs OLIiHIOBAaHHS CTPOOOCKOMIYHOTO
edexTy, ToO 00’€KTUBHMIA METOJ BUMipIOBaHHSI BUAV-
MOCTi cTpobocKomiuHOTro edeKkTy (stroboscopic effect
visibility, SVM) 3anponoHoBaHo y ctaHmapti [10].
Po3risiHyTi B IbOMY JOKYMEHTI YMOBU BUHMKHEHHS
CTPOOOCKOMIYHOTO e(deKTy OOMEXYIOThCSl OILIHKOIO
MpU OCBITIEHOCTIX, Oinbmmx 3a 100 1K, Ta TIpu
MOMIpHUX IIBUAKOCTSIX 06’ekta (< 4 M/c). SVM
HE OIIIHIOE BIUIMBM MMITIiHHS Ha 3IO0pOB’S i He
€ Mipow i OLIiHKM HeOakaHUX CTPOOOCKOIIYHUX
edeKTiB y TpoMUCIOBOCTi. MeTon po3paxoBaHUA It
ouinku TLA B odicax, XUTIOBUX MPUMILIEHHSX Ta
aHaJIOTIUHUX yMOBaXx.

Yucnosi 3HaueHHS SVM MOXYyTb KOJMBATUCS
B Mexax Bigx 0 mo 9. Ilpu SVM =0 Oynb-sika Mo-
NyJISList cBiTJIa BiICYTHS, TOHi gK Tipu SVM~9
MOIYJISLIST TPSIMOKYTHOI (hopMU (3 HECKiHUEHHO Ma-
JIOKO0 TPUBAJICTIO iMmybey) mopiBHioe 100%.

SVM — 00’eKTUBHUI MOKA3HUK, 110 OTPUMAHUNI
Ha OCHOBI JIJAOOPATOPHUX AOCIIIXEHb Ta JOCIIIKEHb
i3 BUSIBJIEHHS TIOPOTiB CIPUMAHSTTS CTPOOOCKOIIYHOTO
eeKTy JIOIbMU.

Pesynbrat BumiptoBaHHd SVM MoOXHa iHTEp-
npeTyBaTu TakuMm uyuHoM [10]:

e 1ipu SVM = 1 — cTpobOCKOMiUHUI epeKT, 110
CTBOPIOE MONYJIsILisS CBiTJa, € Ha MOPO3i BUAMMOCTI.
Lle o3Hauae, 1110 cepenHili criocTepiray Moxe BUSIBUTU
CTPOOOCKOITIYHUI edeKT 3 iMoBipHicTIO 50%;

e gkmo 3HaueHHI SVM < 1, To MMOBipHICTB
BUsiBJIeHHsT MeHma 3a 50%, a akmo SVM > 1 — 10
BiANOBiNHICTL Oyne BuULIOI 3a 50%.

Cnig TakoX 3a3HAYMTH, 11O PiBeHb CIPUMAaHHS
TLA Moxke Oyt Habarato BUIIMM 3a MEXY BUIMMO-
cti. CnpuiiMaHHST 3aJ€XUTh Bill TPUBAJIOCTI BILIUBY,
IIBUIKOCTI pyxy o0’ekTa Ta iHmmx (akropis [10].

I3 mopiBHSHHS BUMOT Pi3HUX HOPMATUBHUX J0-
KYMEHTIB O HU3BKOTO DPiBHSI PU3UKY, IO CTBOPIOE
MUTTiHHS, a6o piBH pu3uky NOEL BugHo, 110 Haii-
OiJIbII XKOPCTKMMU BOHU € B craHmapti [6]. Hasith
JIaMITM pO3XapIOBaHHS, B SKMX TJIMOMHA MOMYJISILIii
Ha vactoti 100 I't cranoButh 12—15%, He Bimmosi-
Taf0Th BUMOTAM PEKOMEHIOBAHOI MPAKTUKU | IIbOTO
craHgapty. Tomy B psai myOJikauiii, Hampukiam,
y [12], TpoOIOHYEThCS 3aMicTb MOKa3HUKIB MD
ta FI, sampornoHoBaHux y [6], BMKOpPUCTOBYBaTHU
IUIsS OIiHIOBaHHs piBHSA murtinHsg P ™ [11], a mna
crpobockorniuHoro edpekty — SVM [10]. i Bumo-
TM MEHII XOPCTKi, BpPaxXOBYIOTb YacToTy, (opmy
XBWIi, $IKi (haKTUYHO MOXYTb TMEpeadayuTu I
JIIOAWUHU BUAMMICTh MUTTIHHS Ta CTPOOOCKOMIYHO-

ro eexry.

BupoOHMKM CBITIIOTEXHIYHOI TPOAYKLIil AJIs OLli-
HIOBaHHSI CTYMNEHS MUTITIHHS Ta CTPOOOCKOITIYHOTO
e(eKTy BUKOPUCTOBYIOTb (K IIoKasHUKM MD Ta
FI [6], Tak i P/ [9] ta SVM [10]. B Vkpaini mwis
BU3HAYEHHSI PIiBHS SIKOCTi CBITJIa CTOCOBHO MMUTI-
TiHHS BUKOPUCTOBYETHCS JUIIE OJUH MOKAa3HUK —
KoedilieHT mynbcalii [12], a mapaMeTpy MUTTIHHS,
IO CIPUYMHSIOTh CTPOOOCKOMIUHUI edeKT, B3araii
HE HOPMYIOTbCSI.

MeTtoro poGotu € aHamiz ocobiuBocteilt TLA
CBITJIONIOAIB, METOMIB iX BUMipIOBaHHS I JOCiIKEH-
HS MapaMeTpiB MUITIHHS Ta CTPOOOCKOITIYHOTO e(heKTy
CBITJIONIOAHUX JIaMIT i CBITWJIBHUKIB, 10 MOCTYHAalOTh
Ha pMHOK YKpaiHM, 3 BUKOPUCTAHHSIM METOIUK, Ha-
BeIeHUX y craHgaprax [6, 9, 10].

Pe3yabTaTi aocimKeHHs

JocmimKyBaayu KOMEpLilHI 3pa3Kud CBITJIOHION-
HUX JIaMIT Ta CBiTUJILHUKIB JJIS1 3arajiIbHOTO OCBIiTJIEH-
Hs, IO TIOCTYMNAalOTh Ha CBITJIOTEXHIYHUN PUHOK
VYkpainu Bif pi3HUX BUPOOHUKIB. [Ipu3HauYeHHS 00O-
CJiIKyBaHOI TIPOAYKIii CTOCYBajloCs, B OCHOBHOMY,
OCBiTJIeHHSI OQICHUX Ta KUTJIOBUX MPUMIIICHD,
a TakOX HaBYaJIbHUX i MEIMYHUX 3akjamiB. Bu-
MiploBaJIM MIMOMHY MOAYJsLIl SICKpaBOCTI Ta iH-
JIIeKC MWTTIHHS BIiIITOBiIHO IO peKoMeHmaliil [6],
KOPOTKOCTPOKOBY 03y MOIYJAILII BigmoBigHO 10 [9]
Ta MOKAa3HUK BUAMMOCTI CTPOOOCKOMIUHOro edheKkTy
BignmosimHo mo [10].

Y OiblIOCTi CydyacHUX JaMIl i CBiTUJIbHUKIB
IJIsT  3aTaJIbHOTO OCBITJIEHHS BMKOPHCTOBYIOTBHCS
CBITJIOAIOAN, KPUCTAAU SIKUX BUIIPOMIHIOIOTbH CUHE
CBITJIO, K€ YaCTKOBO 3a JIOTIOMOTOI0 JItoMiHOdoOpa
MEePETBOPIOETHCS Ha KOBTO-3ejieHe. Pi3He cIiB-
BiTHOILIEHHS CUHBOTO i >KOBTO-3€JEHOro CBiTJa, IO
BUXOOUTH 3a MEXi CBIiTJIONiOIa, YTBOPIOE Oijne CBITIO
Pi3HOI KOJIipHOCTI.

MurTiHHSI SICKpaBOCTi CBITJIOAIONIB Bilpi3HsIE-
ThCSl BiJ iHIIMX IXKepes CBiTJa 4yepe3 Haa3BUYallHO
IIBUIKY peakllilo CBITJIOBOr0 MOTOKY Ha 3MiHY
cTpymy. st KpucTay CBiTJIOAiona cTaja yacy 3MiHU
CBITJIOBOTO IMOTOKY CMHBOI'O CBIiTJIa TiCJISI 3MiHU CTPY-
MYy CTaHOBUTb YChOTO KiJlbka HAHOCEKYHJ, Y TOH 4ac
SIK U1 JIIoMiHOGOpPY cTajla 4yacy IicJsICBITiHHS (TTic-
JIs TIOTJIMHAHHSI KBAHTIB CUHBOTO CBITJIA) CTAaHOBUTH
oinbe 200 mikpocekyHa. Lle Moxe cTBoproBaTH pi3HY
TIUOUHY MOAYJISLii SICKpPaBOCTI CMHBOTO Ta YKOBTO-
3eJieHoro cmiTia. PesynabTyioua rnmOuHa MOyl
SICKpaBOCTI BM3HAYAETHCSI CITIBBIMHOILLIEHHSM CUHBOIL
Ta >KOBTO-3€JIEHO1 CKJIAJOBUX Yy CYMapHOMY CBITJIO-
BOMY MOTOIIi.

Jl1st eKcriepMMeHTalbHOTO MiATBEepJKEeHHS i€l
TiroTe3n HaMU 3a JOMOMOTIo0 (ibTPiB i3 ONTUYHOTO
ckia mapku CC-11 i mapku K3C-17 Buninsiucs cuHs
Ta >XOBTO-3eJIeHa MiJISHKW CIEKTpa BUIIPOMiHIOBaH-
HS CBITJIOMIONIB i BUMIpIOBAINCS TJIMOWMHA MOMYJSIIIT
MD Tta iHngmekc wmopynsauii FI sckpaBocti cBiTia
BUIIJIEHUX [UISTHOK 3a JOMOMOTIOI0 CIeKTpopadio-
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Tabmms 1

TTapameTpu MUTTIHHSI BUIPOMiHEHHS KPUCTAITy Ta JJIOMiHOGhOPY CBITJIONiOAiB

Jliana3oH JOBXHUH XBHJIb, HM

Imubuna momysiii (MD), %

Innexe murtinas FI, BigH. ox.

400—-460 18,33 0,01957
480-760 1,63 0,00269
400-760 2,16 0,00241

MeTpa MK350S [13]. 3 BUKOpUCTAHHSM ILILOTO TTpUJIa-
Iy BUMIpIoBalIu i pe3yabTyodi 3HaueHHss MD i FI
OpU 3MIlIyBaHHI CUHBOI Ta XKOBTO-3€JIEHOI CKJIamo-
BUX CBITJIOBOTO TIOTOKY CBIiTMJbHMKIB. PesynbTaTtu
BUMIipIOBaHHS [Jisl CBiTWJIbHMKA 31 CBiTJIOomiogamMu
3 KOpeJIbOBaHO KoJiipHOIO TemiepaTypoo 4900K
HaBeneHO B Tabmd. 1.

PesynbTyloua ranbuHa MOMIYJISLilT BU3HAYAETHCS,
B OCHOBHOMY, TNIMOMHOIO MOJIYJISILil XOBTO-3€JeHOI
CKJIaIOBO1 CBITJIOBOTO MOTOKY, $IKa KUIbKiCHO 3HAYHO
MepeBaae CUHIO CKJIAAOBY 4Yepe3 Oilbll BHUCOKY
YYTIUBICTP OKa O 3KOBTO-3€JICHOTO [ialla30Hy
CIeKTpa.

Binomo, 1o cBiTiomionu MaloTb KyTOBY He-
PiBHOMIpPHICTh CIIEKTPAJIbHOI'O CKJIaay BUIIPOMi-
HioBaHHsA. CHWHE CBITJIO, IO BUIMPOMIHIOETHCS
KPUCTAJIOM TN MaJWUMMU KyTaMM IO OITUYHOI OcCi
CBITJIONiONA, PO3IOBCIOIKYETLCSI B JIOMiHODOpI,
KWW HaHeceHUll Ha KpucTtaa (abo Ha O0OOJIOHKY,
1[0 OTOYYE KPUCTaI) IO KOPOTIIOMY IIUISIXYy i MEH-
IIe TIONIMHAETBhCSI. TOMYy NpU MallmX KyTaxX CITO-
CTepekeHHsSI 4YacTKa CHUHBOIO CBiTJa, III0 BUXOMUTH
3a MeXi cBiTJIofmiona, Oyae OilbIIO, a TPU BEJIUKMX
KyTax — MEHIIOIO.

Ilpyu BukopucrtaHHi B CBITJOHIOOHUX CBi-
TUJBHUKAX 1 JlaMIlaX po3ciloBadviB i3 AUPY3HUM
MIPOITYyCKAHHSIM CBiTJIa MOXXHA OTPHMATH PiBHOMIipHUI
KYTOBHI1 PO3MOMIiJ CIEKTPAaIbHOTO BUIIPOMIHIOBAHHS,
BIATIOBIAHO i piBHOMiIpHUII KyTOBUI pO3MOALJ Iapa-
METPiB MUITIHHSI SICKPaBOCTi. AJie MpPU TMEBHUX
po3mipax raymHux yactuHok (0,17—0,33 MxM) B Ma-
TOBOMY CKJi BiIOyBa€TbCSd BUpPaKEHE PO3CiIOBAHHS
i MOTJIMHAHHS KOPOTKOXBWJILOBOTO CBiT/a. 3i 3MiHOIO
CIIiBBiTHOIIEHHS CUMHBOIO i KOBTO-3E€JIEHOrO CBITJA,
3aJIEKHO Bill KyTa CIOCTEPEKEHHS, 3MiHIOEThCS i Cy-
MapHa BeJIMYMHA ITapaMeTpiB MUTTiHHS.

KyroBa HepiBHOMipHicTh MD 1151 cBiTI0AI0OHUX
Jamm Ta cBiTWIbHUKIB i3 BUcOKMM CCT B okpeMux
BMIIAJIKaX MOXe MocsArHyTu 6% [14], Tomy pe3ynbraTtu
BuMipoBaHHsI MD 3anexaTh Big KyTa mamgiHHSI CBIT-
Jla Ha dotompuitMad. Ciin TakoxX 3ayBaXMTH, IO
Ha pes3yjbTaT BuUMipioBaHHsI MD Moxe BOMBaTU
i BiICcTaHb BUMIipIOBaHHSI, OCKiUJIbKM 3i 3MiHOIO Bif-
CTaHi 3MIHIOETbCS KyT MOJISI 30pY, IO OXOIUIIOE TMPU
BUMIPIOBaHHI TUIOILY BUIIPOMiHIOIOUOI MTOBEPXHi.

Crangaptom [15] mpu BuMipioBaHHi (OTOMET-
PUYHNX Ta KOJOPUMETPUUYHUX ITapaMeTpiB CBITJIO-
IiOMHMX JKepes CBiT/ia, 3BaXkaloyd Ha iX KyTOBY
HEepiBHOMIpHICTh, PEKOMEHIOBAHO BUKOPWCTOBYBATHU

TaKi TeoMeTpii: 1) B IeBHOMY HaIIPSIMKY; 2) PO3IOIIIOM
M0 3aJaHUX HampsMKax; 3) BUSHAYEHHSI POCTOPOBO-
yCepemTHeHNX 3HAYCHBD.

Crin 3a3HayaTu, IO IPOCTOPOBO-yCEPEAHEHI
3HAYCHHS ITapaMeTpiB MalOTh IEKJIApyBaTUCh I
BCIX CBITJIOHIOAHMX JIaMIT Ta CBITWJIBHUKIB, SIKIIIO HE
BCTAHOBJIEHO iHIIIE.

Hns BUKOHAHHS BUMOT [15] mpomoHyeThcs yce-
peIHIOBAaTH TlapaMeTpU CBiTJIa TIpU BUMipIOBaHHI
LIJIIXOM  BUKOPUCTAaHHS KYJIbOBOro (poTomeTpa.
JocmimKyBaHuii CBITMJABHUK (JIaMIIa) PO3MilllyETHCS
B KYJIbOBOMY (DOTOMETpi, BHYTPIlIHS MOBEPXHS SIKO-
ro mokpura audgy3Ho-BinOuBalouo ¢apboo 3 He-
CEJIEKTUBHUM KOe(iLliEHTOM BIigOUTTSI, TPUOJIU3HO
piBHuM 0,8—0,95. CBiT/ioBUIf MOTIK 3a paxyHOK Oa-
raTopa3oBUX BiIOUTTIB PiBHOMIPHO PO3IOMINSIETHCS
10 BHYTPIIlIHill TOBEpXHi (poTOMeTpa, CTBOPIOIOYU OfI-
HAKOBY OCBITJIEHICTb i OJHOPIAHICTb CIEKTPAJIbLHOTO
ckiany. st 3a0e3reyeHHs] TOYHOCTI BUMIipIOBaHHS
CUTHAJI, 110 CTBOPIOETHCS MUITIHHSIM CBiTJIa, TIOBUHEH
OyTu TakuM, 1100 3abe3redyyBajloch HeoOXigHe
CHiBBiTHOIIEHHST “cUTHal-1IyM”. MiHiMalbHY OC-
BiTNeHicTh £, TIpu SKiif IIyMH HE BIUIMBAIOTh Ha
pe3yJbTaTu BUMIPIOBaHHSI, MOXHA BU3HAYUTU IS
KOHKPETHOro Tpuiaay i3 3ajleXKHOCTi TJIMOMHU MO-
Oyasiiii Bi piBHS OCBiTJIEeHOCTi. 3a0e3rneuyuTH Ta-
Ky OCBITJIEHICTb (IS Pi3HUX CBITJIOBUX ITOTOKIB
JUKepes CBiTJia) MOXHa INUISIXOM BUOOPY pO3MipiB
doromerpnyHOi Kyii. CHiBBiZHOIIEHHSI MiX OCBIT-
JICHICTIO BHYTPIllIHbOI TMOBEPXHi KyJdi, CBITJIOBUM
MOTOKOM, JiaMeTpoM Ta KoedilliEHTOM IUdY3HOTO Bil-
OWTTS TOBEPXHi BUPAXKAETHCS BiOMOIO (DOPMYJIOIO:

D -p

0 Sm’ 4

ne E, — ocBiTJIeHICTb, JIK; @ — CBITJIOBUI MOTIK, JIM;
d — piamertp Kymi, M; p — KoedilieHT BinOUTTSI.

Pesynbratt BUMipIOBaHHSI yCepeOHEHMX ITapa-
METPiB MUTTiHHS 3 BUKOPUCTAHHSIM (DOTOMETPUU-
HOI KyJi 3a0e3leuyyloTh XOpOIUlYy BiAIMMOBIOIHICTb
IO pe3yJbTaTiB BUMIpIOBaHHSI 3a JOMOMOTOI0 TO-
HiopoTromerpa. (Hampuxianm, ycepemHeHi 3Ha4YeH-
Hs MD, BuU3HaueHi 3 BUKOPUCTaHHIM (HOTOMETPUY-
HOI Kyjai, craHoBiATHL 2,164%. Po3spaxyHkoBe
cepelHE 3HAYCHHS 3a pe3yJbTaTaMU BHMipIOBaHHS
3 BUKOPHUCTAaHHSIM TOHio(oTOMEeTpa 4Yepe3 iHTepBaj
10° cranosuts 2,156%).

PesynbraTi BUMiptoBaHHsI cepefiHix 3HaueHb P,
MD, FI ta SVM cBiT/IOniOAHNX CBITWJIBHUKIB i J1aMII
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Tabmus 2

Pesynbrati BUMiploOBaHHS MapaMeTpiB MUTTIHHS SICKpaBOCTi CBiT/Ia Ta MOKa3HUKA BUAMMOCTI

cTpobockorniyHoro epekty SVM cBiTIoAi0AHUX JaMIT Ta CBITUJILHUKIB

qaCT.OTa I'nnbuna IHH.eKC P ™, SVM,
Ha3zsa BupoOy No 3pa3ka | MUTITIHHA, w0 MUITIHHA, LSt .

I momysuii, % B BiIH. OJ. | BiJIH. O.

1 100 1,95 0,0021 0,0443 0,0096

2 1020 0,98 0,0044 0,032 0,0013

3 100 2,05 0,0020 0,0785 0,0103

4 100 1,10 0,0022 0,0621 0,0107

CaiTnomionsi 5 100 4,07 0,0205 0,0941 0,2152
CBITHIILHUKH TS 6 100 1,03 0,0014 0,0632 0,0052
BHYTPIIITHBOTO 7 100 2,36 0,0032 0,0450 0,0254
OCBITIICHHS 8 100 1,82 0,0033 0,0325 0,0099
9 400 22,30 0,0326 0,0644 0,0397

10 100 5,91 0,0081 0,0910 0,0884

11 100 1,64 0,0031 0,0280 0,0111

12 100 2,60 0,0058 0,0780 0,0697

1 100 12,9 0,0355 0,3627 0,0219

2 100 10,8 0,0350 0,2726 0,0212

3 100 2,0 0,0220 0,0532 0,0107

4 100 33 0,0025 0,0568 0,0121

5 100 3,31 0,0053 0,0540 0,0115

CaiTomionni 6 2208 14,95 0,0353 0,0405 0,0415
Jlamimn 7 1766 14,28 0,0355 0,0430 0,0553

8 100 3,41 0,0049 0,0791 0,0345

9 100 1,11 0,0263 0,0316 0,0502

10 100 2,0 0,0022 0,0459 0,0092

11 2204 15,73 0,0354 0,0430 0,0434

12 50 4,01 0,0043 0,9228 0,0214

Tabauus 3

Pesynbrati BUMipioBaHHS IMapaMeTpiB MUTTIHHS ICKPaBOCTi CBiTJIa Ta TIOKa3HUKA BUAUMOCTI
cTpobocKomiyHOro epekTy SVM KOMITaKTHUX JTIIOMiHECLIEHTHUX JTaMIT

No qaCl.“OTa FJ'II/IGI/IH?:' IH,I[.eKC p M, SVM.,
HasBa BupoOy MUTITIHHS, MOZIYJISAI, MMUITIHHS, .St .
3pa31<a . B1JH. OX. B1JH. OZX.
I' % BIJIH. O1.

1 100 15,89 0,0200 0,1950 0,1834

K . 2 100 11,91 0,0209 0,4265 0,2383
OMIAKTHL 3 100 15,36 0,0221 04118 0,2370
JIFOMIHCCTICHTHI 4 100 7,92 0,0164 0,2619 0,1912
Jramrm 5 100 8,10 0,0193 0,2605 0,2005

6 100 10,70 0,0205 0,3441 02152

HaBeJeHi B Ta01. 2. 17151 MOpiBHSIHHS 3i CBITIIONIONHUMU
JlaMIlaMu Ta CBITWUJIbHUKAMU OyJIM MpPOBEAECHI BUMi-
pIOBaHHS KOMITAKTHUX JdoMiHecteHTHUX Jamn (KJIJ),
pe3yabTath HaBeleHi B Ta0J1. 3. [Toxubku BUMiploBaH-
HSI OLIHIOBAJIMCH BIAIOBIZHO A0 cTaHaapty [16] i He
TepeBUINyoTh 8%.

SIX BUAHO 3 OTpUMaHUX Pe3yJbTaTiB, OUIbIIICTH
JOCTIIXKEHUX JaMII Ta CBITWJIbHUKIB CTBOPIOIOTh MUT-

TiHHS gcKpaBocTi Ha vactoTi 100 T'm. Mopynsiiio
SICKpPaBOCTi CBiTJIa, MEHILNY 3a TpaHUYHUI pPiBeHb
(110 BiAITOBima€e HU3BKOMY PU3MKY 3TiTHO 3 BUMOTaMU
[6]), Matorh moHan 70% mOCTIIXKEHUX CBITIONIOTHUX
JIaMII, i3 HUX OinblIicTh BignosimaioTh piBHIO NOEL.
st CBITIOMIOAHUX CBITUJIBHUKIB 1Ie MOKA3HUK 11
Buinuii. [TopiBHIOIOYM TTapaMeTpU MUTTiHHSI SICKPaBOCTi
CBITJIOAIOAHUX JIaMII Ta CBITUMJIBHUKIB i3 MUTTIHHSIM,
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110 CTBOPIOIOTh KOMIIAKTHi JIIOMiHECLEHTHI JIaMIIu,
BUIHO, I1II0 BOHM 3a ILMUMM TapaMeTpaMM MaloTb
nepeBaru. BiIbILIICTh CydyacHUX CBITJIOMIOAHUX JIaMIT
Ta CBITUJIBHUKIB MalOThb HU3bKUU PiBEHb MOMYJSLI1
SICKpaBOCTi CBiTJIa, SIKWIA BiINOBigaEe HaMXKOPCTKi-
IIMM BUMOTaM cTaHaapty [6].

MUrTiHHS SICKPaBOCTi CBITJIOOIOOHUX JaMIl Ta
CBITWJIbHUKIB, 110 >KMBJISITbCS BiJ MepexXi 3MiHHO-
ro CTpyMy, He € IpoOJIEeMOIO CaMUX CBITJIOMIOMIB,
a TOB’s3aHe 3 MPUCTPOSIMM XKUBJICHHS (IpaiiBepamu).
HpaiiBepu cepen iHIMX (QYHKIIHA MepeTBOPIOIOTH
3MIiHHMI CTpyM y TocTiliHuii. lle mepeTBOpeHHs Hi-
KOJU He OyBa€ igeaqbHUM, 3aBXIW CTBOPIOE MEBHY
nyJibcallilo y BUXIZHOMY CTPyMi, IO B CBOIO 4epry
CTBOPIOE MOMAYJISALIIO SICKPaBOCTi CBiTJa. BupoOHUKU
IHKOJIM, 3 METOI 3HMKEHHSI BapTOCTi CBITJIOMIOAHUX
JlaMIT Ta CBIiTWJIbHUKIB, BUKOPUCTOBYIOTH JEIIeBi
HesIKiCHi npaiiBepu, TOMY BHUCOKMUI PiBeHb MUTTIHHS
€ mepll 3a Bce MpoOJeMOI0 JelIeBOl CBITIONiOIHOL
nponykuii. HegomikoM cBITIODiOAHUX JaMIl Ta CBi-
TWIbHUKIB € TaKOX Te, 110 TMOMHA MOIYJISLIl B HUX,
3aJIEXXHO BiJ mapaMeTpiB apaiiBepa, Moxe OyTu Bim 0
po 100%, B Toit yac gk y KJIJI 3 BMCOKOYACTOTHU-
MM €JeKTPOHHMMM amnaparamu — He Oinbine 15%.
IIpobGiema TyT y TOMy, 1100 CBITJIOAIOAHA MPOIYKIList
3 BUCOKUM pPiBHEM MMITiHHSI SICKpABOCTi He MOTpar-
asuia go croxusauiB. Ilapamerpu MUITIHHS MaroTh
perjamMeHTyBaTUCh y JOKYMEHTax Ha CBITJOIIOAHY
MPONYKIIiIO i JeKJapyBaTUCh BUpOOHMKaMU. B mep-
CMEeKTUBi 3aMiHa PO3PSIHMUX JIaMI Ha CBITJOMIOAHI
JIaMMU i CBITUJIBHUKU 3 HU3BKUM DPiBHEM MMITiHHS
SICKPaBOCTi JO3BOJIUTh TMOBHICTIO BUPIIIUTU TpoOJe-
MY MUTTiHHS CBiT/Ia Ta BAHUKHEHHST CTPOOOCKOIIYHO-
ro ehexTy B 3araJbHOMY OCBITJIEHHI.

BucHoBku

1. ®dakropu, IO BILUIMBAIOTh HA OIOJIOTIUHI Ta TICH-
XOJIOTIUHI e(eKTH il MUTTIHHS $SICKPaBOCTi CBITJIa
Ha caMOMOYYTTSl Ta 3J0pOB’Sl JIIOAEH, 3ajexkaTb Bif
4acTOTH, IIMOMHU MOJIYJISALIT ICKPABOCTI, @ TAKOX BiJ
dopmu xBUJi 3MiHU CTpyMy, SICKPaBOCTi Ta CIEKTpa
CBiTJIa, KyTa MoJIsl 30py Ta iH. 3rimHO 3 Cy4YacHUMMU J1a-
HUMU, HEraTUBHA Jisl MUTTIHHS SICKpaBOCTi Ma€ Mic-
1e B yacToTHomy miama3oHi o 3000 I't. Haii6inbin
HEOE3MEeYHNM € MUITIiHHSA, 100 CIPUIUHSIETHCS
B mianmaszoHi yactot 3—70 I'm.

2. Ha cphoromHi He iCHYE €OIWHUX peKOMeHAalliit
MKO cTocoBHO 0e3neuyHuX pPiBHIB MMUITIHHS SICKpa-
Bocti B miamaszoHi 3—3000 TI'm. o po3poOiieHHS
pekoMmeHaauiii MKO mouiibHO TUMYacoBO BUKOPU-
CTOBYBAaTM PEKOMEH[Allil aMEPUKAHCbKOTO CTaHAAPTY
IEEE 1789:2015, B sgkomMy cdhoOpMyJIbOBaHi OCHOBHi
KpUTEPil, 110 MOXYTb IOM’SIKIIUTU OioyoriyHi edex-
TU MUTTIHHS SICKPaBOCTi CBiTJIa TIPA BUKOPHUCTAHHI
CBITJIOMIOMHMX JIaMIT Ta CBITUJIBHMKIB ISl 3araJbHOIO
ocBiTJIEeHHS. PiBeHb MMITIHHSI SICKPaBOCTI B Hiama3o-
Hi yactor 3—70 'l mOLiIbHO MOAATKOBO OIliHIOBATU
3a KOPOTKOCTPOKOBOIO m03010 Monyssuii P '™ Bimmo-
BimHO 10 MixkHapomgHoro ctaHmapty IEC 61547-1.

3. OO’eKTMBHUII METOI OIIIHIOBAaHHS BUINMO-
CTi CTpOOOCKOIMIYHOrO eheKkTy B O(iCHUX, KUTIOBUX
Ta aHaJOrIYHMX TIPUMILIEHHSIX IPU OCBITIEHOCTI
oinpire 100 7K i IBUOKOCTI pyXy OO0’ekTiB 4 M/C
PEKOMEHIOBAaHMI Yy MiXKHApOOAHUX CTaHAapTax
IEC 62158 i IEC 62518.

4. TnmubuHa MOmyNIsLil SICKpaBOCTi CUHBOTO CBiT-
Jjla, 10 BUIPOMIHIOETHCSI KPUCTAJIOM CBiTJI0AIOAA,
3HAYHO OiJbIIA Bil TJMOUHU MOMAYJSLIl 3eJIeHOTO
CBiTJIa, 10 BUIPOMIHIOETHCS TIOMIHO(GOPOM IIicCIst
MOMIMHAHHS CMHBOTO CBiT/Ia. Pe3ynbTyroua rimbuHa
MOMYJISLiT SICKPaBOCTi, 110 BUIIPOMIHIOE CBITJIONION,
BU3HAYA€ETHCSI CMIBBiIHOILIEHHSIM >OBTO-3€J€HOI Ta
CUHBOI CKJIAZOBUX CBITIOBOro MNOTOKY. OcCKinbKu
YYTJIUBICTh OKa B >XOBTO-3€JIEHill 00jacTi 3HAYHO
BUIIIA BiJl YyTJIMBOCTI B CHHil 00J1aCTi, TO pe3ynbTyloya
ribuHa MOAYJslil BU3HAYAETHCS, B OCHOBHOMY,
MOJIYJISIIEI0 CBiT/a, IO BUIIPOMIHIOE JIOMiHODOD.

5. CsitnopionHi mxepena CBiTJia 4epe3 KYyTOBY
HEpiBHOMIpPHICTb CHEKTPaJbHOTO CKJaay BHUIIPO-
MiHIOBaHHSI MalOThb KYTOBY HEPIBHOMIipHIiCTb Mapa-
METpiB MMTITiIHHSA sicKpaBocTi. [ns BU3HAYEeHHS
yCepeaTHEeHUX 3HAYeHb IMapaMeTPiB MUTTIHHS JOIUIHLHO
BUKOPUCTOBYBATU iHTErPyOUy (POTOMETPUYHY KYJIIO.

6. PiBeHb MWITIHHS CY4YaCHUX CBITJIOMIOZHUX
JJaMI Ta CBIiTWJIBbHMKIB IS 3arajbHOIO OCBITJIEHHS
HMKUMM, HDX Yy Oynb-sIKMX JIXKepea CBiTjaa, IIo
JKUBJISITCSL Bif Mepexki 3MiHHOTO CTpyMy, B TOMY
YUCIi PO3PSAHUX JaMIl i3 BHCOKOYACTOTHUMU
€JIEKTPOHHUMU MYCKOPETYJIOBAJILHUMU arapaTamu.
MUrTiHHS SICKpaBOCTi CBITJIOHIOMHMX JKepesl CBiTIa
€ TIpo0JIeMOI0 He caMUX CBIiTJIONiONiB, a IIOB’sI3aHe
3 TIPUCTPOSIMU iX KUBJIEHHS (IpaiiBepamu).
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AHHOTaIMS

AHAIM3UPYIOTCS Pe3y/bTaThl UCCIICAOBAHUI BIMSHUSI MEPLIAHUST SIPKOCTU MCTOYHUKOB CBETa, MUTAIOLIMXCS OT CETH
IIePEMEHHOI0 TOKA, Ha CAMOYYBCTBHME M 3I0POBbE JIIOIEH, 0COOEHHOCTH MEPLIAHMS CBETOIMOIHBIX OCBETUTEIBHBIX YCTAHOBOK
M peKOMEHAAIMKU 10 6e30ITaCHOMY YPOBHIO MepIiaHUsl SIPKOCTH JIaMIT M CBETWJIBHUKOB JUISI 00Iero ocBeleHus. B pabote
paccMaTpUBAIOTCS TAKXKE COBPEMEHHBIE CITOCOOBI OLIEHKM XapaKTEPUCTUK MEPLAHUsI, PEKOMEHIyeMbIE MEXIYyHAapOIHBIMU
CTaHIapTaMH.

[NokazaHo, YTO CBeTOAMOAHAS MPOMYKILMS IJIST OOIIETr0 OCBEIICHUS, IOCTYIalollas Ha CBETOTEXHWYECKU PHIHOK
YKpauHbl, IMEET TTPEUMYILIECTBEHHO OE30ITacHBIil YPOBEHb MEPLAHUS SIPKOCTH. YPOBEHb MEPLAHUS IPKOCTH COBPEMEHHBIX
CBETOAMOIHBIX JIaMII M CBETUJIbHUKOB HIKE, YeM y IPYTMX UCTOYHUKOB CBETA, IUTAIOIIMXCS OT MePEMEHHOIO TOKa, B TOM
YyCcie M pa3psIHBIX JaMIT ¢ BBICOKOYACTOTHBIMU 3JICKTPOHHBIMHU ITYCKOPETYJIUpYIOIMMU armapataMu. CrejlaHbl BBIBOIBI
0 HEOOXOIMMOCTH BHECEHUSI B HOPMATUBHBIC TOKYMEHTHI Ha CBETOAMOMHYIO IMPOMYKIIMIO OOIIEro OCBelleHUs] TpeOOBaHMiA
K TPaHMYHBIM YPOBHSIM MEPLAHMS M METOIAM M3MEPEHHS IapaMeTpOB MepLaHUs.

KmoueBbie ciioBa: MepliaHue; TIyOMHA MOIYJISILIMU SIPKOCTU; MHAEKC MEPIAHMS; KPaTKOCPOYHas 103a MOMYJISLINM;
cTpobockonuyeckuit 3heKT; CBETOAUONHbIE CBETUILHUKM (JTaMIIbI).
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Abstract

The results of the studies of the impact of luminance flicker of light sources powered by an alternating current network
on the well-being and health of people, the peculiarities of the flicker of LED lighting installations and recommendations on
the safe level of luminance flicker of lamps and lighting fittings for general lighting are analysed. The paper also considers
modern methods of evaluating flicker parameters, which are recommended by international standards.

The luminance flicker of commercial samples of LED lamps and lamps that are being introduced to the lighting market
from various manufacturers of LED products was studied.

Measurements of the depth of luminance modulation and flicker index in the frequency range up to 3 kHz in accordance
with the recommendations of the IEEE 1789:2015 standard were carried out. Measurements of the short-term modulation
dose in accordance with the IES/TR 61547-1:2017 international standard were carried out. Measurements of the visibility
indicator of the stroboscopic effect in accordance with the recommendations of the IES/TR 63518:2018 standard were
carried out. The MK350S spectroradiometer with software for calculating photometric and colorimetric parameters, as well
as the flicker and stroboscopic effect parameters, was used. It was found out that LED products for general lighting that
are being introduced to the Ukrainian lighting market mainly have a safe level of luminance flicker. The level of luminance
flicker of modern LED lamps and lighting fittings is lower than that of any other light sources powered by an alternating
current network, including discharge lamps with high-frequency electronic ballasts. It was concluded that the requirements
for the limit levels of flicker for various frequency ranges and methods of measuring flicker parameters should be included
in the regulatory documents on LED products for general lighting.

Keywords: flicker; depth of luminance modulation; flicker index; short-term modulation dose; stroboscopic effect;
LED lamps.
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