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AHHOTALUMA

BBegeHue. B coBpemeHHOM 06LLeCTBe LUMPOKO UCMOMb3YHTCS pa3fnyHble TUMbl OCBETUTENbHBIX NPUBOPOB C pa3Hoobpas-
Hou chopmoM, LBETOM 1 ApKOCTbIO. OHAKO He BCe OHU A(PEKTUBHO BbIMOSHAIOT CBOU (DYHKLUMM U MOTYT HEFaTUBHO BNUSTH
Ha 300poBbe YernoBeka. BbisiBNeHbl onTMMarbHble NapaMeTpbl OCBELLEHUSI C y4eToM 6e30MacHOCTV 1 3HeproadekTUB-
HocTu. KntoueBble acnekTbl BKIHOYAT aHan1a CnekTpoB Namn HakanvMBaHus, MOMUHECLEHTHBIX Y1 CBETOANOAHBIX C UCMOSb-
30BaHMEM CMEeKTPOMETPa, a Takke OLEHKY WX BIUSHWUS Ha 3peHue U NCUXUYecKoe 3[0pOBbe COTPYAHMKOB, paboTatoLymx
B OCPMCHOM MOMELLEHMN, C MOMOLLIbIO NMMCbMEHHOTO onpoca.

Matepuanel u meToabl. [poBeaeH aHanu3 oCBeLLEHHOCTW, CBETOBOIO NOTOKA Y 9KOHOMUYHOCTY Pabounx MecT B OPUCHbIX
NOMeLLEHUSIX.

Pe3ynkraThbl. AHanM3 nonyyYeHHbIX AaHHbIX MO3BONWI ONPeAenUTb paLnoHanbHOCTL NPUMEHEHNS UCCNEAOoBaHHbIX Crek-
TPOB pasnu4HbIX TUNOB Namn. PesynsTaTbl UccneaoBaHmnst OyayT nonesHsl Kak Afs cneuyvanucToB U nponssoauTenen B 06-
NacTu CBETOTEXHMKM, Tak U KOHEYHbIX NoTpebuTenei.

BbiBoabl. MNpuBeaeHsl pekoMeHAaLmnn no UCronb30BaHWI0 CBETOANOAHbBIX NaMn B Ka4eCcTBe OCHOBHOIO MCTOYHWMKA OCBe-
LEHNs B NOMELLIEHUSX OUCHOrO TUna. OTU namnbl 06ecneymBaloT NPakTUHECKN PaBHOMEPHbIA CMEKTpP, YTO co3daeT on-
TUMarbHble YCNOBUS ANst 3PEHNSA U CHWDKAET HeraTuBHOE BO3AENCTBME Ha ncmxundeckoe 3noposbe. OcBelleHve paboyero
npocTpaHcTBa npeanaraeTcsi AONOMHUTE UHAVMBUAYANbHBIMW UCTOYHMKaMK CBETa B BUAE HACTOMbHbIX Namn XenToBaToro
OTTEHKa Ha kaxaom paboyeM MecTe coTpyaHuka. CBeToaMoaHbIE Namnbl HE TONbKO AHEProaPdEKTUBHDI, HO U CNIOCOBCTBY-
0T hopMUpoBaHuto komdopTHON 1 GesonacHomn paboyeli cpeabi.

KIMKOYEBBIE CJTOBA: namna, cnektp, CNeKTPOMETP, NlaMna HakanvBaHus, IOMUHECLIEHTHasi naMna, CBETOAMOAHAs Nam-
na, MHTEHCUMBHOCTb OCBELLIEHWSI, CBETOBOW MOTOK, AvarpaMmMa HanpasfeHHOCTY NlaMn, BIUsiHWE CBeTa Ha 340POBbE YernoBe-
Ka, BNMsIHME OCBELLEHMSI HA 300POBbLE YernoBeka
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ABSTRACT

Introduction. In modern society, different types of lighting fixtures with a variety of shapes, colours and brightness are
widely used. However, not all of them effectively fulfil their functions and can negatively affect human health. Optimal lighting
parameters are identified, taking into account safety and energy efficiency. Key aspects include the analysis of the spectra
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of incandescent, fluorescent and LED lamps using a spectrometer and assessing their impact on the vision and mental
health of employees working in an office space through a written survey.

Materials and methods. The illuminance, luminous flux and economy of workstations in office premises were analyzed.
Results. The analysis of the obtained results allowed to determine the rationality of application of the investigated spectra
of different types of lamps. The results of the research will be useful both for specialists and manufacturers in the field
of lighting engineering, as well as end users.

Conclusions. Recommendations for the use of LED lamps as the main source of lighting in office-type premises are given.
These lamps provide an almost uniform spectrum, which creates optimal conditions for vision and reduces the negative
impact on mental health. It is proposed to supplement the workspace lighting with individual light sources in the form of desk
lamps of a yellowish shade at each employee's workplace. LED lamps are not only energy efficient, but also contribute to
the formation of a comfortable and safe working environment.

KEYWORDS: lamp, spectrum, spectrometer, incandescent lamp, fluorescent lamp, LED lamp, light intensity, luminous flux,
lamp pattern, effect of light on human health, effect of light on human health, effect of lighting on human health
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BBEJIEHHUE

C KaXJbIM TOJIOM Pa3BHBAIOTCS KOMIBIOTEPHBIE
TexHosoruu. Jlronu Bce 0oJbllle HAUMHAIOT PabOTaTh
Ha KOMIIbIoTepax. Yale Bcero OHU TPYASTCS B OOJb-
IIMX CBETJIBIX O(UCax, IJie HAXOIUTCS MHOKECTBO JIFO-
JIei, OHM CUNTAIOT, MUITYT WM NPOEKTHPYIOT. [IpoBosis
pabouuii 1eHb 3a cTOJIOM, paboTast 38 KOMIIBIOTEPOM
WJIN 3aI0JHSISL ¥ pa3oupast JOKYMEHTBI, BXKHO CIICTUTh
3a 310poBbeM. Benb naxe OaHabHOE OCBeleHne pado-
Yero MecTa MOXKET MOBJIUATH Ha camouyBcTBHE. K KoH-
Iy pabodero JHS MOXKET IMOSIBUTHCS Pas3/paskuTeIIb-
HOCTh U ycTajJocTh. Pazymeercs, cienyer BBIXOANUTH
¢ paboTHI C XOPOILIMM HACTPOCHHUEM M CaMOYyBCTBUEM
U C YJIOBOJIbCTBHEM NPUXOANTH Ha Hee. [la u paboToa-
TEJISIM MpUsiTHEE paboTaTh CO 3710POBBIM M OTKPBITHIM
KOJIJICKTUBOM.

Ha ¢one cTrpemuTenbHOr0 pa3BuTHs HH(GOpMaIu-
OHHBIX TEXHOJIOTHI U MHTEHCHBHOTO MCITOJIb30BaHMUS
KOMITBIOTEPOB BOIIPOC 00 OCBEIICHHWH PadOvMX Tpo-
CTpaHCTB IpHOOpETaeT 0CO0YI0 aKTyaIbHOCTh. MHOTHE
U3 Hac MPOBOJSIT 3HAYUTEIBHOE BpeMs 332 pabOoYrMHU
cTonaMu B oucax, rjie KauecTBO OCBELICHUs OKa3bl-
BaeT MpsiMoe BO3/elcTBUE HAa (PU3HYECKOE 37I0POBbE
U SMOIMOHAIBbHOE cocTosiHue. [loHuManne BIUSAHUS
Pa3IMYHBIX THUIOB OCBEICHHS Ha 3]I0pPOBbE YEIIOBEKA
CTaHOBUTCSI HEOTHEMIIEMON YaCThIO CTPEMIICHUS CO3-
JIaTh ONTUMAJIbHBIC YCIOBUS TPY/a, KOTOPIE CIIOCO0-
CTBOBAJIM OBl HE TOJILKO MPONU3BOANTEIHLHOCTH, HO U 00-
eMy ypoBHIO Komdopra.

CeronHs B yCJIOBHUSIX pa3HOOOpa3usi OCBETHTEIb-
HBIX IPUOOPOB pa3IMYHBIX SIPKOCTH, L[BETa U (POPMBI
HEOoOXOMMO cJieIaTh BEIOOD B MOJIB3Y TEXHOJIOTHH, KO-
TOpBIE HE TOJILKO 00ECIIEUNBAIOT BHICOKYIO d(pheKTHB-
HOCTB, HO ¥ YYHUTHIBAIOT BIIMSIHAE CBETOBOTO CIIEKTpa
Ha opranusM uesnoseka [ 1-4]. B nanHom nccnenoBaHuu
aBTOPBI CTaBAT Iepes; COOOW 3a/jauy MPOBECTH KOM-
TUIEKCHBIM aHaJIM3 pa3IMYHbIX THIIOB JIaMII — OT Tpa-
JIMIIMOHHBIX JIaMIT HAaKaJIMBAHUsI 1O COBPEMEHHBIX CBE-
TOAMOIHBIX U JIIOMUHECLEHTHBIX, C IIEJIBIO ONPEICITUTh
ONTHUMAJIbHBIC TTAPAMETPHI OCBEIICHHMSI, YUUTHIBAIOIIHE
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Kak 2Heprod(h(eKTHBHOCTH, TaK U BIUSHUE Ha (hr3nde-
CKO€ U TICUXHUYECKOE 3/J0POBbE PAOOTAIOIIHX.

DTOT acmeKkT mpuodpeTacT 0COOYI BaXKHOCTH
B CBETE COBPEMEHHBIX TPEOOBAHUI K OpraHU3alny pa-
604MX MPOCTPAHCTB U YIyULICHUIO YCIOBUH Tpyaa. Pe-
3yJbTAThl HACTOSAIIETO UCCIIEAOBAHNUS UMEIOT TPAKTH-
YeCKyI0 [IEHHOCTb JUIsl paboToareseil n CleluaiicToB
B 00JIaCTH OpPTaHMU3AINH Pa0OYNX MECT, 3aHIMAOIINX-
Cs1 CO3/JTaHNEM 3PTOHOMHUYHBIX M SHEProcOeperaronmx
YCIIOBHH, CIIOCOOCTBYIOMIMX TOAEPKAHUIO 3[0POBbS
¥ TIOBBIIICHUIO TIPOU3BOANTEIBHOCTH TPYAA.

MATEPUAJIBI U METO/bI

Lenp ucciienoBaHus — BBISABICHHE ONTHUMAJb-
HBIX [TApaMETPOB OCBELICHUS B O(HCHBIX MOMELICHH-
X C y4eTOM Oe30IacHOCTH M dHeprodddekTuBHOCTH,
AHAJIM3 BIMSHUS Pa3UYHbIX TUIIOB JaMIl (HaKaJIuBa-
HUSl, JTIOMHHECIICHTHBIX, CBETOJMOHBIX) Ha 3pPECHHE
U TICHXHYECKOE 3I0POBLE COTPYIAHUKOB, pabOTAaIOMINX
32 KOMIIBIOTEpPaMH, C MTOCJIEAYIOIINM PEKOMEH/I0BaH-
HBIM BI)I60pOM OCBCTUTCIIBHBIX HCTOYHHUKOB.

Hcnonp30BaH KOMIUICKCHBIH TTOJIXOA, BKJIIOYAIO-
].IlI/Iﬂ aHaJIN3 CIICKTPOB PA3JIMYHBIX TUIIOB JIaMII, a TaK-
)K€ OLICHKY MX BO3ZICICTBHS Ha 3pEHHE M ICHXUYECKOe
37I0pPOBBE, ITyTEM OIPOCA YUACTHUKOB.

[Ipu m3MepeHHH CHEKTPOB JIAMII IPUMEHSICH
CIIEKTPOMETP — ONTHYECKHUI pHOOP, CIOCOOHBIN pe-
TUCTPUPOBATh U aHAJIU3UPOBATH 3ﬂeKTpOMaFHHTHLIﬁ
CHEeKTp M3NMydeHus (puc. 1). ITo MO3BOIMIIO TPOBECTH

C

Puc. 1. Cnekrpomerp
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TOYHBIC I/I3MepeHI/Ifl CHeKTpOB JIJaMII HaKaJIMBaHUA, JIIO-
MMHECIEHTHBIX U CBETOIUOIHBIX, BBIICIISIS 0COOCHHO-
CTH UX YMICCHOHHBIX XapaKTCPUCTHK.

AHaim3 pe3yIbTaToB U3MEPEHHI CIIEKTPOB TPOU3-
BOJIWJICS C TICJIBO BBISIBIICHHSI OCHOBHBIX XapaKTECPUCTUK
CIIEKTPOB Ka)KI0r0 TUIIa Jiamiibl. Oco00e BHUMAHHUE yiie-
JISUTOCH MHTEHCUBHOCTH M3JTYYCHHUS B Pa3IHMIHBIX JHa-
[Ma30HaX BHAMMOIO CBETA, a TAK)KE BBIIEICHUIO IIOTEH-
IIUAJTbHBIX HETaTHBHBIX (DAKTOPOB, TAKHUX KAK MEPEXOJIBI
LIBETOBOTO CIIEKTpa U Mepranue csera [5—10].

B paMKaX HUCCJICA0BAHU S HpOBelIeHBI AHKECTHBIC
OIIPOCHI Cpei PAaOOTHUKOB, IIENTBI0 KOTOPHIX OBLTO BBISB-
JICHUE TIPEIIOYTCHIH B UCTIONH30BAaHUHU PA3INIHBIX HC-
TOYHHKOB CBETA U OIICHKA BOCIIPUSTHUS PA3INYHBIX THUIIOB
ocBeleHus. J[OMOIHUTEIBHO MPOBEIACHO HAOIIOICHHE
32 (U3HOJIOTHIECKUMH PEAKIUIMU COTPYAHHKOB B YCIIO-
BUSIX PA3IMYHBIX HCTOYHUKOB CBETA, YTOOBI BEISIBUTH BO3-
MOXKHBIC (DH3HIECKIE H SMOITHOHATBHBIC PCaKIHH.

BrinoyiHeH aHANU3 3HEPrONOTPEONICHHS KaXI0-
T'0 TUIla JaMIIbI C y'—IeTOM ux XapaKTepI/ICTI/IK. HpOI/I3-
BEJICHBI pacyeThl 3aTpaT Ha OCBEUIEHNE B Pa3JIMIHBIX
CIIEHAPHUIX UCIIOTB30BAHMUS, YTO TIO3BOJIAIO BEIICITHUTH
ONTHMAIIbHBIC BAPUAHTHI JUISI 00€CTICUCHUST HYKHOTO
YPOBHS OCBEIIEHHOCTH MTPH MHUHAMAJIBHOM MOTpeOIie-
HUU 3J'ICKTp03HepFI/II/I.

[TyTreM comocTaBieHus MOTYYCHHBIX JaHHBIX OCY-
IICCTBIICH CPAaBHUTEIBHBIN aHATU3 Pa3lUYHBIX TH-
TIOB JIAMII C YY€TOM HX 3(PPEKTUBHOCTH, BO3ICHCTBHUS
Ha 37I0pOBbE U IKOHOMUYECKOM BBITO/IBI. ITO J]AJI0 BO3-
MO>XHOCTH BBISABUTH HaI/IJ'[y‘IH_II/Ie HpaKTI/I‘IeCKI/Ie peme-
HUS T 00€CTIeueHsI ONTUMAIFHBIX YCIIOBHUI OCBETIe-
HUS B O(UCHBIX TIOMETICHHSIX.

Taxoil KOMIUIEKCHBIH MOAXO/ K MarepuaiaM u Me-
TOJIaM TO3BOJISICT MOJIYYUTh BCECTOPOHHIOK KapTUHY
BIIUSAHUSA pa3J’lI/I‘{HI)IX TUIIOB OCBCUICHUS HaA 3110pOBBe
YeJIOBEKa M MPOU3BOAUTEIBHOCTh TPY/AA, UTO CIYKHUT
OCHOBOH 715 ()OPMUPOBAHISI PEKOMEHIAIHH 10 BBIOOPY
ONTUMATBHBIX UCTOYHUKOB CBETA B pA0OYUX YCIIOBHSX.

PE3YJIBbTATBI HCCJIIEJOBAHUS

B nawasne uccrieqoBaHusi IPOU3BEIEH ONPOC CO-
TPYIHUKOB O(rca B KOHIIE pabodero JHs 00 UX caMmo-
YyBCTBHHU. AHKETa COAEpIKaia CICAYIOINE BOIPOCHI:S

1. UyBcTByeTe J11 BB YCTAJIOCTh B KOHIIE paboyero
nusi? (Ja/Her).

2. Omymraere U BBl «HANpPsDKEHHE» B I1a3ax
mpu paboTe 3a KOMIIBIOTEPOM WM JOKyMEHTamu?
(Ta/Her).

3. Omymaere Jin BBl ce0sl pa3apaxxeHHBIM(OMH)
B KoHIIe padouero aus? ([Ja/Her).

4. VYXyAmWIOCh JU Ballle 3pEHHE CO BPEMEHHU
Havalla aKTUBHOH paboOTH B OHUCHOM NOMEIIEeHNUN?
(da/He 3ameruin(a)).

5. XoTHTe JH BbI YIy4IINTh YCIOBUS Tpyda Ka-
caeMo ocBeleHust padbouero mpocrpanctea? ([Ja/Bcee
YCTpauBaer).

B ompoce mpunsino ygactue 20 deaoBex.

Ha 1-i Bonpoc 16 u3 20 yenoBek BbIOpaau OTBET
«Ilax.

Ha 2-i1 Bopoc 19 u3 20 yenoBex BHIOpaiu OTBET
«ar.

Ha 3-i1 Bonipoc 12 u3 20 yesnoBek BHIOpaiN OTBET
«Jlay.

Ha 4-i1 Bompoc 8 u3 20 gyemoBek BBIOpad OTBET
«a».

Ha 5-i1 Bonpoc 17 u3 20 yesioBek BHIOpaiy OTBET
«Jlay.

[Tpoananu3upoBas pe3yabTaThl aHKETHPOBAHMUSA,
COCTaBJIEHA JHarpaMMa yJOBIETBOPEHHOCTU OCBELIe-
HUEM B O(UCHOM MOMEIICHHH U Ha paboueM MecTe.
Pesynbrarsl mpuBeneHHI Ha pUC. 2.

Janee He0OXOANMO OBIIIO H3MEPHUTH CTIEKTP KaXKION
W3 JIAaMIT: HAKaJIMBaHUS, TIOMUHECLIEHTHON U AUOIHOM.

JlaMIibl HaKaMMBAHUSI IMEIOT HETIPEPHIBHBIH (CILIONI-
HOM) criekTp (puc. 3). EqHCTBEHHOE, YTO B JKEITO-Kpac-
HOH 30HE OH 0oJlee MHTEHCHBHBIH, a B TOITy00ii HA000pOT.
[TosToMy cBET HTUX NaMII A1 HAC KAYKETCS HKEJITOBATHIM.

CrutonrHo# Uiy HEempepBIBHBIM CIEKTP — 3TO
CHEKTP NIEKTPOMArHUTHOTO U3IYyUCHUs, pacipeaee-
HUE 3HEPTUN B KOTOPOM XapaKTEPU3NUPYETCs HEIpe-
PBIBHOH (DYHKIMEH 4aCTOTHI M3ITyYESHUS WU JJTMHBI €70
BOJIHBI (pHC. 4).

CriexTp JIOMHHECLEHTHON JIaMIIbl — IMPEPBIBU-
CTBIHN (JIMHEHUaThIif) (puc. 5, 6). ITO MOKHO OOBSCHHUTH
TEM, YTO B TAKHUX JIaMIIaX UCHOJb3YIOT ra3 — JIIOMHU-
Ho(op. ['ma3 aToro SBHO HEe 3aMevaeT, HO Ha IMOJICO-
3HATEIILHOM YPOBHE 3TO MPOSBISETCS B OBBIIIEHHON
YCTaJIOCTH, Pa3ApaKUTEIbHOCTH, AUCKOMpopTe.

B cBeToanonHbIX naMmax, Kak IpaBUIO, IPUMEHs-
€TCsI XOPOIIHH JIOMUHO(DOP, U ITOITOMY CHEKTP TaKou

= He yznoBieTBopeH(-a) = YnoBierBopeH(-a)

Puc. 2. /lnarpamma ynoBIETBOPEHHOCTH paOOTHHUKOB OCBE-
nieHueM ouca u paboymnx MecT

Spectra

Puc. 3. Cnextp naMITtel HaKaTHBaHUS
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Puc. 4. Bua crutomHoro criekrpa

Spectra

Puc. 5. CnexTp JIOMHUHECHEHTHBIX JIaMIT

JIaMIIbl IPAKTUYECKU PAaBHOMEPHBIH, YTO HETaTHBHO
HE CKa3bIBACTCS Ha 37J0POBBE M CAMOYYBCTBUH UCIIOBE-
Ka (puc. 7) [11, 12].

Takum 00pa3om, cenaH BbIBOJ O TOM, YTO JiaM-
bl HAKAJTUBAHUS 00JIaIal0T HEIPEPHIBHBIM CIICKTPOM,
YTO MPUAAET CBETY JKEJITOBATbIA OTTEHOK. JItomMuHeC-
LEHTHBIE JIAMIIBI UMEIOT MTPEPBIBUCTBII CIIEKTP, YTO MO-
JKET BBI3BIBATh YCTANIOCTh U pazapakenue. CBETOIHO-
HBIC JIAMITBI 00€CTICYMBAIOT MIPAKTHICCKA PABHOMEPHBIH
CIIEKTp, CO37aBasi MpH ATOM OoJiee KoM(OPTHBIE YCITOBHS
JUTSL 3pEHHS ¥ TICHXI4YecKoro omaronomyyust [ 13-20].

BrinonnuM TeopeTnyeckuii MpUMEpPHBIA pacueT
3aTpar SHEPTUH Ha OCBEIICHHUE.

B cpennem 3HaueHHe SHEPronoTPeOICHUs! JTIaMITbI
HakanuBaHus coctapiseT 60 Bt mwim 0,06 xBT.

YcpenHeHHOE 3HAYCHUE IS SHEPTOOTPEOICHUS
JroMuHecHeHTHBIX tamMil — 11 Bt wim 0,011 xBT.

Cpennee sHepromnoTpedieHre CBETOIHOTHBIX
nmamn — 8 Bt uiou 0,008 xBT.

TeopeTndeckn MBI 00ECTICUHIIN OCBEIIEHHOCTh
pabourx MECT COTTACHO HOPMATHBHBIM TPEOOBAHHSM .
Jlist opHCHBIX TIOMEIIeHUH 1 pabounx KaOMHETOB He-
o6xommmo 300 v/ M2,

B oduce — 25 pabounx mecT mo 4m> Kaxioe.
[Tony4aercst HECOOXOMMO 00CCIICUUTh CBETOBOM MOTOK
B 30 000 nm.

Ecnu ncnonp30BaTh TOIBKO JTaMIThl HAKAaJIHBAHUA,
TO NMOHAAOOUTCS TPUMEPHO 38 JlamIl, a 3TO CyMMapHO
2,28 kBT. CBet OyzeT TOJIBKO JKEeNThIH.

' CII 52.13330.2016. EcTecTBeHHOE M UCKYCCTBEHHOE OC-
BeleHne. Akryanusuposannas pepakius CHull 23-05-95%
(yTB. IpHKa30M MUHHCTEPCTBA CTPOUTEIHCTBA U JKHIIHIITHO-
KOMMYyHaIIbHOTO X03stiicTBa PD ot 07.11.2016 Ne 777/mp).

Puc. 6. Bun nuHeiigaToro crekrpa
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Spedtra

Puc. 7. CnexTp cBETOANOHOMN JIAMITBI

0
340330 7 10 5

1400 =

1200

1000

800 300
_ 600 290 70
g 400
< 200 280 80
g2 0270 90
g 200 560 100
S 400

600 250 110

800 240 120

1000

1200

1400

Puc. 8. [lnarpamma HanpaBIeHHOCTH JIaMII Ha paccTosHuu S0 cM:
| — HakajauBaHUs, 2 — JIIOMUHECLUECHTHAs, 3 — JAHOIHAS
Jambl 5]

[Tpu npUMEHEHUH TOJIBKO JTFOMUHECIIEHTHBIX JIAMIT
HeoOxommmo 120 mamm, a 3To cymmapso 1,32 kBt. Ceer
OyIeT TOCTOSTHHO MEpIaTh.

Eciu ucnosb30BaTh TOJIBKO CBETOAMOIHBIE JTaM-
IBI, TO TIOTPEOYETCST MPUMEpPHO 67 JTamIi, CyMMapHO
0,5 kBT. CBet OyeT CIUIIKOM OCJbIi.

Takoe pa3Hoe 3HaUeHHE MMOKa3aTeel CBETOBOTO
MOTOKa JlaMI 00YyCJIOBJICHO MX pa3HOHAIpPaBICHHO-
cThio. /luarpamMma HanpaBJIEeHHOCTH JIaMIl HaKaju-
BaHUA, JIOMUHCCIHCHTHBIX U JUOAHBIX MPCIACTaBICHA
Ha puc. 8 [5].

B pamkax uccienoBaHusi ObLIO PacCMOTPEHO
9HEpronoTpedieHne pa3IniHbIX THIOB Jami. [Ipemno-
JKEHO HCIIOJIb30BaHHE CBETOMO/IHBIX JIAMIT B KaUeCTBE
OCHOBHOT'0 MCTOYHHKA OCBEIEHHUsI, 00CCIICUNBAIOIIX
BBICOKYIO 3()(heKTHBHOCTH U PABHOMEPHOCTH CBETOBO-
TO MOoTOKa. PeKOMEHTyeTCsI TaKk)Ke BBEJICHUEC WHAUBUY-
AJIBHOTO OCBEIEHHs Ha pabouMX MECTax C IOMOIIBIO
JIaMIT HaKaJIMBaHUs JUIS CO3JaHUS KOM(POPTHBIX YCIIO-
BUI1 [1s1 pabOTHI M CHUYKEHHS DHEPTONOTPEOICHNUSI.

3AKJTIOYEHHUE U OBCYXIAEHHUE

PesynbraThl M3MepeHUN M aHallU3a CIEKTPOB
Pa3IUYHOTO OCBEIIECHMS MO3BOJISIOT PEKOMEHIOBATh
WCIIOIb30BAHNE CBETOMMOMAHBIX JIAMI B Ka4€CTBE OC-
HOBHOTO HMCTOYHHMKA cBeTa. CBETOMUOJHBIC JTAMIIBI
00eCTIeunBaIOT MPAKTHIECKA PAaBHOMEPHBIN CIIEKTD,
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YTO CO3/1aeT ONTHMAJIbHBIE YCIOBHSI JAJIsl 3PEHUS U CHU-
’KaeT HeraTMBHOE BO3JIEiCTBHE HA IICUXUYECKOE 3]10-
poBbe uenoBeka. OCOOCHHO BaXKHO MOJYEPKHYTD,
YTO CBETOJMO/HBIC JIAMITHI HE TOJILKO YHEProd(h(HeKTUB-
HBI, HO M CIIOCOOCTBYIOT (hopMHUpOBaHUIO KOM(OPTHOM
paboucii cpepl.

B mporiecce npoBeIeHHOT0 UCCIeI0BAaHHS CTAaHO-
BUTCS SICHBIM, YTO NPABHJIbHBIN BEIOOP W OpraHu3alys
OCBEIICHHS B OPHUCHBIX TOMELICHUSIX UIPAIOT BAXKHYIO
poJib B 00ECIIEYCHNHU HE TOJIBKO KOoM(OpTa, HO U 3]10-
POBBsI COTPYIHUKOB. PasHOOOpa3HbIe XapaKTepUCTUKU
CHEKTPOB JIaMII HEIOCPEACTBEHHO BIMSIOT HA 3pEHHE
u o0lee caMOYyBCTBHE JIFO/ICH, KOTOPbIE MPOBOIST
OOJIBIIIYIO YaCTh BPEMEHHU B ITIOMEIICHUH.

Camplil ny4ymuil cBeT AN 3pEHHs, pa3yMeeT-
Csl, €CTECTBCHHBIN conmHeuHbId. Ho u 371ech ecTh CBOM
HIOQHCBI: TaK, CMOTPETh Ha SIPKOE COJHIIE 0€3 TEMHbIX
OYKOB HE PEKOMEHJIyeTCs, a JIONroe NpeObIBaHKUe Ha Ia-
JISIIEM COJTHIE 03 3alUThI [71a3 MOXKET NPUBECTH K Ha-
PYLICHHUIO 3pEHHS U CIIOCOOCTBOBATH PA3BUTHUIO Pa3-

JMYHBIX 3a0oseBanuii 11a3. Hanbonee panuoHaibHbIM
BapUaHT — 3TO YyTh PACCESHHBII JHEBHOH OETIBIi CBET.
C yueToM peKOMEHJAIUil 110 3aTpaTaM JEKTPo-
SHEPIHHU U DPrOHOMHKE OCBEILECHHUS PEIOKEHO BBEJIe-
HHE MH/MBU/1yaJbHOTO OCBEIICHHS Ha pabovnX MecTax
C MCHOJIb30BAaHUEM JIAMII HaKaJIMBaHUsI. DTOT MOAXO.
MO3BOJIICT COXPAHUTh 3(H(PEKTUBHOCTh OCBEIHICHUS
IPU CHIDKEHUH OOIIMX 3aTpaT Ha AJIEKTPOIHEPTHIO.
Hacrosiiiee ncciiejoBanme moa4epKUBaCT BAXKHOCTh
FapMOHMYHOI'O COYETAHHUSI TEXHOJIOTHYECKUX U 3PTOHO-
MHYECKHX aCIIEKTOB IIPH BHIOOPE OCBETUTEIBHBIX CUCTEM.
OnryMalibHbIe YCIOBHUS OCBELICHHSI HE TOJIBKO CIIOCO0-
CTBYIOT MOBBILICHUIO TIPOU3BOJUTEILHOCTH M YPOBHS
koMQopTa pabOTHUKOB, HO U B JOJTOCPOYHO MEPCIeK-
THUBE MOTYT COKOHOMHTB YHEPrOpecypChl U MOAICPIKH-
BaTh 3/10pOBbE COTPYIHHUKOB. PexoMeHIanum 1aHHOTO
MCCIIEIOBAHMSI TIPU3BAHbBI CITY)KUTh PAKTHYECKHM PYKO-
BOJICTBOM JUIsl CO3/IaHUsI COBPEMEHHBIX U 3(h(EKTHBHBIX
CHCTEM OCBEILEHHsI B O(PUCHBIX YCIIOBUSIX, CIIOCOOCTBYSI
CO3JIAHHIO 3/I0POBBIX U IPOTYKTUBHBIX PA0OYUX MECT.
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INTRODUCTION

Every year computer technology is developing.
People are starting to work on computers more and more.
Most often, they work in large, bright offices with lots
of people in them, counting, writing or designing. Spend-
ing the working day at a desk, working at a computer
or filling in and sorting out documents, it is important to
take care of your health. After all, even ordinary lighting
in the workplace can affect your well-being. By the end
of the working day, irritability and fatigue may appear.
Of course, you should leave work with a good mood and
well-being and with pleasure to come to it. Employers find
it more pleasant to work with a healthy and open team.

Against the backdrop of the rapid development of in-
formation technology and the intensive use of comput-
ers, the issue of lighting in workspaces is becoming par-
ticularly relevant. Many of us spend a significant amount
of time at our desks in offices, where the quality of lighting
has a direct impact on our physical health and emotional
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well-being. Understanding the impact of different types
of lighting on human health is becoming an integral part
of the quest to create optimal working conditions that pro-
mote not only productivity but also overall comfort.

Today, with the variety of lighting devices of dif-fe-
rent brightness, colour and shape, it is necessary to make
a choice in favour of technologies that not only provide
high efficiency, but also take into account the impact
of the light spectrum on the human body [1-4]. In this
research, the authors aim to conduct a comprehensive
analysis of different types of lamps, from traditional in-
candescent lamps to modern LED and fluorescent lamps,
in order to determine the optimal lighting parameters that
take into account both energy efficiency and the impact
on the physical and mental health of workers.

This aspect is of particular importance in the light
of modern requirements for the organization of work-
spaces and improvement of working conditions. The re-
sults of this research are of practical value to employers
and workplace professionals concerned with creating er-
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gonomic and energy-efficient environments that promote
health and productivity.

MATERIALS AND METHODS

The aim of the research is to identify the optimal
parameters of lighting in office premises, taking into
account safety and energy efficiency, to analyze the im-
pact of different types of lamps (incandescent, fluores-
cent, LED) on vision and mental health of employees
working at computers, with the subsequent recommend-
ed choice of lighting sources.

An integrated approach was used, involving ana-
lysing the spectra of different types of lamps, as well as
assessing their impact on vision and mental health, by
interviewing participants.

When measuring the spectra of lamps, we used
a spectrometer — an optical device capable of record-
ing and analyzing the electromagnetic spectrum of
radiation (Fig. 1). This made it possible to make ac-
cu-rate measurements of the spectra of incandescent,
fluorescent and LED lamps, highlighting the features
of their emission characteristics.

The results of spectra measurements were analyzed
to identify the main characteristics of the spectra of each
lamp type. Particular attention was paid to the intensity
of emission in different ranges of visible light, as well
as to the identification of potential negative factors such
as colour spectrum transitions and light flicker [5—10].

As part of the research, questionnaire surveys
were conducted among employees to identify prefer-
ences in the use of different light sources and to assess
perceptions of different types of lighting. Additionally,
the physiological reactions of employees under different
light sources were monitored to identify possible physi-
cal and emotional reactions.

The energy consumption of each lamp type was
analyzed, taking into account their characteristics.
Lighting costs were calculated for different usage
scenarios, which allowed us to identify the best options
for providing the required level of illumination with
minimal energy consumption.

By comparing the obtained data, a comparative
analysis of different types of lamps was carried out,
taking into account their efficiency, health effects and
economic benefits. This enabled the identification

(

Fig. 1. Spectrometer

of the best practical solutions for providing optimum
lighting conditions in office environments.

Such an integrated approach to materials and
methods allows us to obtain a comprehensive picture
of the impact of different types of lighting on human
health and labour productivity, which serves as a basis
for the formation of recommendations for the selection
of optimal light sources in working conditions.

RESEARCH RESULTS

At the beginning of the research, the office em-
ployees were interviewed at the end of the working day
about their well-being. The questionnaire contained
the following questions:

1. Do you feel tired at the end of the working day?
(Yes/No).

2. Do you feel “strain” in your eyes when working
on a computer or documents? (Yes/No).

3. Do you feel irritated at the end of the working
day? (Yes/No).

4. Has your vision deteriorated since you started
working actively in an office environment? (Yes/Not
noticed).

5. Would you like to improve working conditions
with regard to lighting of the working space? (Yes/All
satisfied).

Twenty people participated in the survey.

For question 1, 16 out of 20 people chose the an-
swer “Yes”.

For question 2, 19 out of 20 people chose the an-
swer “Yes”.

For question 3, 12 out of 20 people chose the an-
swer “Yes”.

For question 4, 8 out of 20 people chose the an-
swer “Yes”.

For question 5, 17 out of 20 people chose the an-
swer “Yes”

Having analyzed the results of the questionnaire
survey, a diagram of satisfaction with lighting in the of-
fice space and at the workplace was made. The results
are shown in Fig. 2.

= Satisfied

= Not satisfied

Fig. 2. Diagram of employees' satisfaction with office and
workplace lighting
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Fig. 3. Spectrum of an incandescent lamp

Next, it was necessary to measure the spectrum
of each of the lamps: incandescent, fluorescent and di-
ode.

Incandescent lamps have a continuous (solid)
spectrum (Fig. 3). The only thing is that it is more in-
tense in the yellow-red zone and vice versa in the blue
zone. Therefore, the light of these lamps appears yel-
lowish to us.

A continuous or continuum spectrum is a spectrum
of electromagnetic radiation whose energy distribution is
characterized by a continuous function of the frequency
of the radiation or its wavelength (Fig. 4).

The spectrum of a fluorescent lamp is discontinuous
(linear) (Fig. 5, 6). This can be explained by the fact that
such lamps use a gas — phosphor. The eye obviously does
not notice it, but at the subconscious level it manifests
itself in increased fatigue, irritability, discomfort.

In LED lamps, as a rule, a good phosphor is used,
and therefore the spectrum of such a lamp is almost
uniform, which does not adversely affect human health
and well-being (Fig. 7) [11, 12].

Thus, it is concluded that incandescent lamps have
a continuous spectrum, which gives the light a yellowish
tinge. Fluorescent lamps have an intermittent spectrum,
which can cause fatigue and irritation. LED lamps
provide an almost uniform spectrum, while creating
a more comfortable environment for vision and mental
well-being [13-20].

Let us perform a theoretical approximate calculation
of energy consumption for lighting.

Fig. 4. View of the continuous spectrum

Spectra

Fig. 5. Spectrum of fluorescent lamps
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Fig. 6. Linear spectrum view

Fig. 7. LED lamp spectrum

The average energy consumption of an incandescent
bulb is 60 W or 0.06 kW.

The average value for the energy consumption
of fluorescent lamps is 11 W or 0.011 kW.

The average power consumption of LED lamps is
8 W or 0.008 kW.

Theoretically, we have ensured the illumination
of workplaces according to the normative requirements'.
For offices and workrooms 300 Im/m? is required.

The office has 25 workstations of 4 m* each. It is
necessary to provide a light flux of 30,000 Im.

If only incandescent bulbs are used, approximately
38 bulbs will be needed, in total 2.28 kW. The light will
be yellow only.

If only fluorescent lamps are used, 120 lamps
will be needed, in total 1.32 kW. The light will flicker
constantly.

' CP 52.13330.2016. Natural and artificial lighting. Updated
edition of SNiP 23-05-95* (approved by the order of the Ministry
of Construction, Housing and Communal Services of the Russian
Federation from 07.11.2016 No. 777/pr).

1oL 15
o 160

90 18017
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Fig. 8. Diagram of directivity of lamps at a distance of 50 cm:
1 — incandescent; 2 — fluorescent; 3 — diode lamp [5]
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If only LED lamps are used, approximately 67
lamps will be needed, in total 0.5 kW. The light will be
too white.

Such a different value of indicators of luminous
flux of lamps is due to their different directionality.
The diagram of directivity of incandescent, fluorescent
and diode lamps is shown in Fig. § [5].

The research considered the energy consumption
of different types of lamps. It is proposed to use LED
lamps as the main source of lighting, providing high
efficiency and uniformity of luminous flux. It is also
recommended to introduce individual lighting at work-
places using incandescent lamps to create comfortable
working conditions and reduce energy consumption.

CONCLUSION

The results of measurements and analyses of spec-
tra of different lighting allow recommending the use
of LED lamps as the main light source. LED lamps pro-
vide an almost uniform spectrum, which creates optimal
conditions for vision and reduces the negative impact
on human mental health. It is especially important to
emphasise that LED lamps are not only energy efficient,
but also contribute to the formation of a comfortable
working environment.

In the course of this research, it becomes clear that
the correct choice and organization of lighting in office

premises play an important role in ensuring not only
the comfort but also the health of employees. The vari-
ous characteristics of lamp spectrums directly affect
the vision and general well-being of people who spend
most of their time indoors.

The best light for eyesight is, of course, natural
sunlight. However, there are nuances here too: it is not
recommended to look at the bright sun without dark
glasses, and a long stay in the scorching sun without eye
protection can lead to visual impairment and contribute
to the development of various eye diseases. The most
rational option is a slightly diffused daylight white light.

Taking into account the recommendations on en-
ergy costs and lighting ergonomics, it is proposed to in-
troduce individual lighting at workplaces using incandes-
cent lamps. This approach makes it possible to maintain
lighting efficiency while reducing overall energy costs.

This research emphasizes the importance of ba-
lancing technological and ergonomic aspects when
selecting lighting systems. Optimal lighting conditions
not only contribute to the productivity and comfort lev-
els of employees, but can also save energy and main-
tain employee health in the long term. The recom-men-
dations of this research are intended to provide practi-
cal guidance for creating modern and efficient lighting
systems in office environments, contributing to healthy
and productive workplaces.
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