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Mewepsikosa 1.B. TlinBuilieHHs] Oe3MeKU Tpalll ONnepaTopiB 3 ypaxyBaHHIM
napaMeTpiB CBITJIIOBOTO CEpeOBHINA BUPOOHHUMX MpuMilieHb. — KBamidikamiiina
HAyKOBa Ipalls Ha MpaBaxX PyKOMUCY.

Hucepramiss Ha 3700yTTS HAyKOBOTO CTymHeHs gokTopa ¢igocodii 3a
crnemianpHicTiO 263 «lluBinbHa 6e3nekay. — [IpuaHinpoBchKa nep)kaBHA aKkaaeMist
OyJIIBHUIITBA Ta apx1TekTypH, uinpo, 2021.

Jluceprariiiina po6oTa MpUCBSYECHA MiABUILEHHIO O€3MeKH Mpalli OnepaTopiB
3 ypaxyBaHHSM IapaMeTpiB CBITJIIOBOTO CEpEAOBHINA HAa MOCTIMHUX POOOYMX
MICIISIX, PO3POOII KOMIUIEKCHOI METOJMKH OI[IHKK YMOB Mparli JjIs BIPOBAIHKCHHS
3aXO0/I1B Ta 3aC001B 100 MiABUIIECHHS ii PIBHSI.

B VYkpaini ocTaHHIMH pokamMH cepel Mpale3aTHOTO  HaCeJICHHS
PO3IIMPHUIIACH TPyMa COLIaJbHO 3HAUYIIMX 3aXBOPIOBaHb OKa, JIe MPEBATIOE CaMe
aTpodisi 30pOBOTO HEPBY, IO IOB’S3aHO 3 BHCOKOIO HAMpPyrol 30pOBOTO
aHaI3aToOpy y 3B’SI3KYy 13 YCKIAJHEHHSM 3MICTy Ta 0OCATY 30pPOBHX 3aBJaHb,
MIIBUAIIEHHSM HAIPY>KCHOCTI Tpali 3 BUKOPHCTAHHSIM MalllWH, yCTaTKyBaHHS,
MpWIAiB KOHTPONIO. B HampsiMky 3abe3nedeHHsi Oe3MeYyHuX Ta 3J0POBUX YMOB
mpaii, MATPUMAHHS MPAIe3aTHOCTI Ta BHUCOKOTO (YHKI[IOHAIBHOTO CTaHy,
PO UIAKTUKYA HEIIACHUX BUIAJIKIB Ta MPOQPECIHHUX 3aXBOPIOBAHb HEOOX1AHO MPHU
OIIIHIOBaHHI YMOB TIpalli BpaxOBYBaTH BIUIUB MapaMeTPiB CBITIOBOTO CEPEIOBUIIA
Ha HampyXXeHicTb npaui. Ha TenmepimHii Yac akTUBHO BHOPOBAKYIOTHCA
IHTEJIEKTyaJIbHI CHCTEMH OCBITJICHHS JJIsI CHEPro30CpeXCHHS Ta ITiIBUIICHHS
akocTi. BropoBamkeHHS TakKMX CHCTEM IIOBUHHO 0a3yBaTMCid Ha CTBOPEHHI
KOM(OPTHOTO CBITIOBOTO CEPEIOBHINA 3 ypaxyBaHHSIM HAIPY>KEHOCTI TPYIOBOTO
Mpollecy Ha MOCTIMHMX POOOYMX MICISX TMPAIiBHUKIB, SIKI 32 3MICTOM pOOOTH
MalwTh HE TUIBKM CEHCOPHE HaBaHTAKCHHS 30pOBOTO aHajizaropa, aie u
IHTEJNEKTyallbHy Ta €MOUIWHY HaIpyKeHICTb. B poOOTI MOCTaBIEHO HAyKOBE
3aBJaHHS — MIABUIICHHS OC3MEKH Mpalll y BU3HAUYCHUX aHATITUYHUX MOKa3HUKaX

HaIpy>KEHOCT1 TPYAO0BOTrO MPOLIECY 3a apaMeTPAMHU CBITIOBOIO CEPEIOBUILA.



Y Beryni HaBeNEHO aKTYyaJbHICTh TEMH, METY JOCIHIJKEHHS, HAyKOBY
HOBHU3HY, MpaKTUYHE 3HAYEHHS OJEPKAHUX pe3yJbTaTiB, OCOOUCTUN BHECOK
3m00yBada Ta anpoodaIito pe3yabTaTiB JOCITIHKCHb.

VY mepmomy po3aijii IpoBeIeHO aHaji3 TpaBMaTU3My Ta MPo(h3axBOPIOBAHD
B YkpaiHi. BusHaueHo, mo ¢GpakTop CBITIOBOTO CEPEIOBHUIINA € BATOMHUM JIJIS IILJIOT
HU3KW TIPAIIBHUKIB, TISUIBHICTh SKUX IIOB’S3aHA 3 OTPHUMAHHSIM, IMEPEepOOKOI0
iHopMallii Ta NPUUHATTAM pIllIEeHb HAa BUPOOHMUIITBI. SIKIIO 1e ¢akTop HE B
MOBHIN Mipl BIAMOBiIa€ BUMOTaM CBITJIOBOTO CEPEIOBHINA, TO II€ MPU3BOIUTH IO
IIBUJIKOT CTOMJTFOBAHOCTI, 3HM)KEHHS MTPOJTYKTHUBHOCTI Tpalli 1 € OJHIEIO 3 IPUYUH
BUHUKHEHHS TPaBMyBaHHs Ta MpodeciitHo 00yMOBIEHUX 3aXBOPIOBAHb.

Ha ocHOBI1 poBeAEHOr0 aHali3y Ta BUSBICHUX HEIOJIIKIB MIPU OLIHII YMOB
mpaili 3a GakTopoM CBITIOBOTO cepeoBHUIla chOPMyIbOBAHO METY Ta 3aBJaHHS
JOCIIIIKEHHS.

Y apyromy po3aiii BH3HAU€HO, IO 3MICT PoOOOTH 11101 KaTeropii
MpaIliBHUKIB 3TiIHO KiacudikaTopy npodeciii B YKpaiHi Mae CIUIbHI XapakTepHi
O3HAKH TPYAOBOI TISJILHOCTI: CIPUUHATTA 1HPOpMaLli 30pOBUM aHAIII3aTOPOM Ha
BIJICOAUCIUICHHUX TEpMiHAIaX Ta TMEePCOHAIBHUX KOMII IOTepax, Tmepepodka
iH(dopMallli, TpUUHATTS pIillIEHb Ta BIATBOPEHHs 00poOsieHO1 1H(dopMmanii. Sk
MOKa3y€e aHami3, JJs JaHOi KaTeropii CBITJIOBE CEPEAOBHILE € TOJIOBYIOUUM
dakTopom 3abe3reueHHs Oe3MeKH mpaiii.

Harypui nochimkeHHs: (PyHKIIOHATBHOIO CTaHy OINEpPaToOpiB Ha poOOYOMY
MICIII TIPU TIPUPOJHOMY OCBITJIEHI MOKa3ajH, 10 MPH PIBHSAX OCBITICHOCTI O1JIbIIIE
300 5k 301mbITy€eThes piBeHb (4,8-5,6) QyHKIIIOHANIBHOTO CTaHy BiJ HU3BKOTO JI0
ontuMasibHOTrO. lle 3yMoBieHO (i310J0Ti€0 30pOBOrO CHOPUUHSATTS, OCKUIBKH
JIOJICBKE OKO HaWOIbII TPHCTOCOBAHE [0 MPUPOJHOTO CBITJIa (KOHTPACT
SICKPaBOCTI, KOJIIpHA BIIMIHHICTb, SIKICTh 300pa’kKeHHS Ha CITKIBIIl, OCBITJICHICTh Ha
CITKIBIII).

[Tpu mocnimkeHHi PyHKIIIOHAIBHOTO CTaHy OMEpaTopiB Ha poOOUOMY MicCIIi
Ipy IITYYHOMY OCBITJEHI BU3HAUEHO, L0 BIUIMB KOJIPHOI TEMIEpATypH IpHU

CBITJIOAIOAHOMY  OCBiTiieHHI Omu3pko 1000 1K MOKa3HHK  «CaMOMOYYTTH,



aKTUBHICTh, HAacTpii» (CAH) 3HaXoauThCs HA HU3BKOMY Ta JIOCTaTHBOMY PI1BHI, Ha
BiIMIHY BiJ OocBiT/IeHHs B Mexkax 500-700 ik, Ae 1neil moka3HUK € ONTHUMaIbHUM 1
BUCOKMM. BcTaHOBIEHO, M0 Ha MOCTIMHUX pOOOYHX MICIIX OMEpaTOpiB, 3TiAHO
MPOBEJICHUX HATYPHUX JOCTIKEHb, PIBEHb OCBITJICHOCTI Ma€e OyTH OJU3BKO
700 1k, 3 miHiMmymoM 500 Jik.

HaBeneHo pe3ynbTaT AOCHIIKEHb CAMOOIIHIOBAHHSA (DYHKIIIOHAIBHOTO
crany oneparopiB CAH Ha poGouomy Miclii IPU CYyMIIIEHOMY JTIOMiHECIIEHTHOMY
ocBiTiieHI. Bu3HaueHo, 10 ONTUMAIbHUNA Ta BHCOKHHA pIBEHb BHPAKCHHM
CKyImueHicTio gaHux Big 450 1k g0 750 gk, TeX MATBEPIKYE e(HEKTUBHICTH
[UPKATHOI CUCTEMHU TpAIliBHUKA, CIOCTEPIra€ThCS IMIJBUILIEHHS 30pOBOI Ta
3arajibHOi IparecnpoMokHocTi. [Ipu cyMilieHOMY CBITJIOZIOAHOMY OCBITJICHHI B
piBHsX ocBiTieHocTi Bl 500 ik mo 700 nK crocTepiraeTbCs 30Ha CKYMYEHOCTI
JAHUX BUCOKOTO PiBHS (DYHKIIIOHAJIBHOTO CTaHy MpaliBHUKA.

BcraHoBiieHO, 10 TOKAa3HUKH IMPALECIPOMOKHOCTI 3MIHIOIOTBCA B
3aJIEKHOCT1 BIiJl PIBHS OCBITJIEHOCTI poOOYOro Miclisl, JyKeperna OCBITICHHS Ta
KOJIIpHOT TeMmreparypu. HeskicHe OCBITJIEHHS B peallbHUX YMOBax Ipalil
MPU3BOJUTH J0 MEPEHANPYKEHHS 30pPOBOT0 aHali3aTopa, 110 BILUIUBAE HA KIHIIEBUN
pe3yJbTaT podOTH OlepaTropa Ta 3MEHIITY€E O€3MOMUIKOBICTh Aii.

Y Tperbomy po3aijii po3poOJIEHO aNrOpUTM MOKPOKOBOTO MPOBEACHHS
JOCIIIJKEHb TIOKA3HMWKIB HAIPY>KEHOCTI Tpaii JJs OLIHKK YMOB TIpaii 3a
(dhaxTopoM CBITJIOBOTO cepenoBuIIa. [Ipencrasneni pe3yabTaTu
EKCIIEPUMEHTAJILHOTO JIOCTIPKCHHSI BU3HAUWIIM BIUIUB IapaMeTPiB CBITIOBOTO
CepeIOBHILA Ha MPAIECIIPOMOXKHICTh ONEepaTopa.

JlocnmipkeHHsT MPOBOJMIIUCH B E€KCIIEPUMEHTAbHIA TpyIi OMNepaTtopiB B
poOOYOMYy TMPHUMIIIEHHI 13 3MIHOIO TapameTpiB CBITJIOBOTO CEPENOBUINA TpU
ONTUMAJIBHUX MIKPOKJIIMATUYHUX YMOBAX.

Y  4KoCTi CyMIIIEHOTO Ta IUTYy4YHOTO OCBITJIIEHHS BUKOPHCTaHO

OCBITJIIOBAJIbHI YCTAHOBKM 3 JioMiHecueHTHUMH Jamnamu PHILIPS TL-D

18W/54-765 ta ceiTmomionaumu PHILIPS-WT120C G2 PSU L600 LED19S/840.



PiBeHb OCBITJIGHOCTI 3MIHIOBAaBCS MIISAXOM 30UIBIIEHHS KUIBKOCTI JaMmIl Yy
CBITHJIBHUKY.

3 MeTOI OTpPUMaHHS pPO3MOJUTY OCBITJIEHHS B EKCIHEPUMEHTaIbHOMY
NPUMIIICHH] Ta OIIHKM CKJIaJ0BOI INTYYHOTO OCBITJICHHS pPOOOYOTO MIiCId
IIPOBEJICHO MOJIETIOBAHHS 13 3aCTOCYBaHHIM MporpamMHoro 3adesneueHus DIALux,
IO JO03BOJIMJIO BHU3HAYUTHU PIBEHb OCBITICHOCTI B 3aJIEKHOCTI B JKEpen
OCBITJICHHS Ta OLIIHUTH YMOBH IIpalll onepaTopis.

HaBeneni mocmikeHHsT HANPY>KEHOCT1 TMparli 13 BU3HAUEHHSM MOKA3HUKIB
parecnpoMOXXHOCTI 3a oOpanumu Tectamu bypnona 1 Tymys-IT’epona 3a cboma
MOKa3HUKAaMHU  JO3BOJWJIM BUSBUTH OOCST, KOHIICHTpAIlil0, CTIMKICTh 1
MEPEKITIOYEHHST yYBard, 30pPOBOTO CHPHHHSITTS IPOCTOPY, a TaKOXK IMBUIKICTH
nepepoOku iHpopmailii onepatopa. Baamocsi OlIHUTU pealibHy KapTUHY 3MICTY
poboTHU omeparopa B PI3HUX CHUCTEMax CBITJIOBOTO CEPEAOBHUINA Ta BU3HAYWUTHU
CTYIIHb MOr0 BIUIMBY Ha YMOBH TIpAILIi.

3anponoHoBaHo  GopMy  OOpOOKM  XapakTEPUCTHK  HEBU3HAYEHOCTI
BUMIPIOBAHHSA TMpPHU OIIHI[I TOYHOCTI 3 pIBHEM JOBIpH 95% nns TeXHIYHHMX
BUMIPIOBaHb, 110 JO3BOJISIE 3aMO0ITTH HEOOTPYHTOBAHO PO3IIMPEHOMY 1HTEpBATY
noxuOku. BigHOCHA po3IIMpeHa HeBH3HAYEHICTh KOJTMBAETHCSA B Jiana3oHi Big 3,18
10 6,57 onuHUIL BUMIpY, 110 He niepeBuiye 10%.

Y derBeproMy po3aidli  Ha MmiJCTaBl OTPUMAHUX  PE3yJIbTATIB
EKCIEPUMEHTAIbHUX JOCIIKEHb PO3POOJIECHO METOAMKY KOMILUIEKCHOI OIlIHKH
YMOB TIpalll, sika BUKOHYEThCS B TpH eTanmu. Ha mepmiomy erari BHU3HAYAETHCA
CHUCTEMa OCBITJICHHS pOOOYOTO MICIl B MPUMIIIEHH]I, HA JAPYTOMYy — MapaMeTpu
CBITJIOBOTO cepenoBuia. Ha TpeThoMy OIIHIOIOTHCS BaroMi YMHHUKW BIUTHBY Ha
MOKa3HUKHU MPaIeCIPOMOKHOCTI OnepaTopiB Ta Oe3MeKku mpaili, ki € 0a3010 s
JOIIJILHOCTI MOJAJBINOT PO3POOKU Ta BNPOBAKEHHS 3aXOJIIB MIOA0 MiABUILCHHS
piBHS Oe3leKku mpail 3 YypaxyBaHHSIM IapaMeTpiB CBITJIOBOTO CEPEAOBHILA.
BnpoBamxeHHST METOAMKNA KOMIUIEKCHOI OIIHKKA YMOB TIpalli Ha MiANPUEMCTBAX

JI03BOJIMJIO OTPUMATH COLIAJIbHUNA e(peKT — KOM(OPTHE CBITIOBE CEPENOBHUILE HA



MOCTIHHUX POOOUYMX MICISAX OMNEPaTOpIB Ta EKOHOMIK EHEPropecypciB Ha ix
OCBITJICHHS, 1110 CKJIaJIO B cepeaabomMy 30-32%.

OpnepxkaHi  pe3yiapTaTH Ta  PEKOMEHAAIll  JaucepTamiitHoi  poOoTh
BIPOBa/pKeH1  Ha  mianpuemctBax: TOB  «AB  wmeran r1pyn», TOB
«[TaBmorpapaiaBecTOy 1Y, AKI1lOHEpHOMY TOBApPUCTBI «IHTEepnain
JuinponeTpoBchkuid Bropmer» Ta y HaB4anmpHOMY Mpoiieci Ha kKadenpi Oe3nexu
KUTTEMISUIBHOCTT  [IpuaHInpoBChKO1  Aep)kaBHOT  akajaemii  OyJiBHMIITBA Ta
apXITEKTypH.

KarwuyoBi cioBa: Oe3neka mpaili, CBITJIOBE CEpeIOBUINE, YMOBH IIpaili,
IITY4YHE OCBITJCHHS, CYMIIIICHE OCBITJICHHS, CBITJIOBI MPWJIAJH, MPAIC3aTHICTb,
paleCIpOMOXKHICTb, MOKa3HUKH MPALECIIPOMOKHOCTI, (YHKIIOHAJbHUN CTaH,
MICUXIYHA MISUIbHICTh, HAMPYKEHICTh Mpaili, 30poBa Mpale31aTHiCTh, OCBITICHHS

poOOUYUX MICIIb, 3aX0/IH MMiABUIIEHHS PIBHS O€3MEKHU.
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The Thesis is devoted to the improvement of occupational safety of
operators, taking into account the parameters of light environment at permanent
workplaces, and development of a comprehensive technique to assess working
conditions for the introduction of measures and means to increase their level.

In recent years, the group of socially significant eye diseases has expanded
among the able-bodied population in Ukraine, where this is the optic atrophy that
prevails, which is associated with high strain of the visual analyzer due to
complicating the content and scope of visual tasks, and increasing work intensity
with the use of machines, equipment, and control devices. In the direction of
ensuring the safe and healthy working conditions, maintaining the performance
ability and high functional status, preventing accidents and occupational diseases,
it is necessary to take into account the impact of the parameters of light
environment on work intensity when assessing working conditions. Currently,
intelligent lighting systems are being actively implemented to save energy and
upgrade quality. The implementation of such systems should be based on the
creation of a comfortable light environment, taking into account the work process
intensity at permanent workplaces of employees, who, in the matter of work, have
not only the sensory load of the visual analyzer, but also the intellectual and
emotional tension. The paper sets a scientific task: — to increase occupational
safety in certain analytical indicators of intensity of the work process according to
the parameters of light environment.

The Introduction presents the relevance of the topic, purpose of research,
scientific novelty, practical significance of the results obtained, personal
contribution of the applicant and approbation of the research insights.

Section 1 analyzes the traumatism and occupational diseases in Ukraine. It
has been determined that the factor of light environment is important for a variety
of employees, whose activities are related to obtaining and processing information,
as well as making decisions at production site. If this factor does not fully meet the

requirements of light environment, it leads to rapid fatigability, reduction in



workflow productivity, and is one of the causes of arising injuries and occupation-
related diseases.

The purpose and tasks of research are formulated on the basis of the
conducted analysis and drawbacks revealed when assessing working conditions in
terms of the factor of light environment.

Section 2 defines that the content of work of the whole category of
employees according to the occupational classification in Ukraine has common
characteristic features of labor activities: perception of information by the visual
analyzer on video-display terminals and personal computers, processing of
information, decision-making and reproduction of the information processed. As
the analysis shows, light environment is the leading factor of ensuring occupational
safety for this category.

The full-scale studies of the functional status of operators at the workplace
under natural lighting have shown that at the light levels exceeding 300 lux, the
level of the functional status increases (4.8-5.6) from the low one up to the optimal
level. This is due to the physiology of visual perception, since the human eye is the
fittest to natural light (brightness contrast, color difference, image quality on the
retina, illumination on the retina).

In studying the functional status of operators at the workplace under
artificial lighting, it has been determined that when exposed to color temperature
under LED-based lighting about 1000 lux, the indicator of ‘health, activity, mood’
(HAM) is at the low and sufficient level, in contrast to lighting in the range of 500-
700 lux, where this indicator is optimal and high. According to the full-scale
studies, it is established that at permanent workplaces of operators, the light level
should be about 700 lux, with a minimum of 500 lux.

The findings of research in self-assessment of the HAM functional status of
operators at the workplace under combined luminescent lighting have been
presented. It has been determined that the optimal and high level expressed by the
data congestion from 450 lux up to 750 lux also confirms the efficiency of the

circadian system of an employee; there is an increase observed in the visual and



general performance capacity. Under combined LED-based lighting within the
light levels from 500 lux up to 700 lux, there is observed an area of the data
congestion of the high level of an employee’s functional status.

It is established that the indicators of the performance capacity vary
depending on the light level of the workplace, light source and color temperature.
Poor lighting in real working conditions leads to overstrain of the visual analyzer,
which affects the final result of the operator’s work and reduces the accuracy of
actions.

In Section 3, an algorithm of step-by-step carrying out the studies of the
work intensity indicators has been developed for the assessment of working
conditions in terms of the factor of light environment. The presented results of
experimental studies determined the influence of the parameters of light
environment on the operator’s performance capacity.

The studies were carried out in an experimental group of operators at
working premises with a change in the parameters of light environment under
optimal microclimatic conditions.

The lighting fixtures with PHILIPS TL-D 18W/54-765 luminescent lamps
and PHILIPS-WT120C G2 PSU L600 LED19S/840 light-emitting diode lamps
were used as combined and artificial lighting. The light level changed by
increasing the number of lamps in the lighting fixture.

In order to obtain the distribution of lighting at experimental premises and
evaluate the component of artificial lighting at the workplace, the modeling was
performed using DIALux software that allowed to determine the light level
depending on light sources and assess working conditions of operators.

The given studies of work intensity with the definition of the performance
capacity indicators under the selected Bourdon-Wiersma and Toulouse-Piéron
Cancellation Tests on seven indicators allowed to reveal the amount,
concentration, stability and switching of attention, visual perception of space, as

well as rapidity of processing the operator’s information. It is managed to assess



the real picture of the content of the operator’s work in different systems of light
environment and to determine the degree of its impact on working conditions.

There has been proposed a form of processing the measurement uncertainty
characteristics in estimating the accuracy with a confidence level of 95% for
technical measurements, which allows to prevent the unreasonably expanded error
interval. The relative expanded uncertainty ranges from 3.18 to 6.57 units of
measurement not exceeding 10%.

In Section 4, based on the obtained findings of experimental studies, a
technique of a comprehensive assessment of working conditions, which is carried
out in three stages, has been developed. At the first stage, the lighting system of the
workplace at premises is determined, and at the second one — the parameters of
light environment. At the third stage, the important factors influencing the
indicators of operators’ performance capacity and occupational safety are assessed,
being the basis for the feasibility of further development and implementation of
measures to increase the level of occupational safety, taking into account the
parameters of light environment. Introducing the technique of the comprehensive
assessment of working conditions at enterprises allowed to obtain a social effect —
a comfortable light environment at permanent workplaces of operators and energy
savings for their lighting, which averaged 30-32%.

The obtained results and recommendations of the Thesis were implemented
at the following companies: AV metal group LLC, Pavlohradinvestbud LLC, Joint
Stock Company Interpipe Dnipropetrovsk Vtormet, and in the teaching and
learning process at the Department of Life Safety of Prydniprovska State Academy
of Civil Engineering and Architecture.

Key words: occupational safety, light environment, working conditions,
artificial lighting, combined lighting, lighting devices, performance ability,
performance capacity, indicators of performance capacity, functional status, mental
activities, work intensity, visual performance, workplace lighting, measures to

increase the level of safety.



