AHOTALISA

Kypoenuxo B.M. ITigBuiieHHs1 6€31MeKu BUKOHAHHS pOOIT BUCOKOT TOYHOCTI 3
ypaxyBaHHSIM KOMIUIEKCHOI OILIIHKK CBITJIOBOTO cepeaoBuina. — Kpamidikailiiina
HayKOBa Tpams Ha mpaBax pykonucy. Juceprarmis Ha 3100yTTS HAYKOBOTO
CTyneHs AokTopa ¢imocodii 3a cneuianpHicTIO 263 — [uBinbHa Oe3neka. —
HaBuanbHo-HaykoBuil  1HCTUTYT  «lIpuaHimpoBchbKa — JepikaBHA  aKaJeMis
OyIIBHUIITBA Ta apXiTEKTypu» YKpPaiHCHKOIO JEPHKABHOTO YHIBEPCUTETY HAYKH 1
TexHoJori, Jluimnpo, 2025.

Huceprariiina poOoTa MpUCBSIYEHA MIJIBUILIEHHIO O€3MeKH mparli MiJ 4Yac
BUKOHAHHS 30pPOBUX POOIT BUCOKOI TOYHOCTI POOITHHUKAMHM PI3HHX Tally3ei
BUPOOHMIITBA 32 PaXyHOK BHKOPHCTAHHS DPO3POOJIEHOI KOMIUIEKCHOI OIIHKH il
CBITJIOBOI'O CEpe/OBMIA HAa TMpAIiBHUKIB y pOOOYMX NPUMIIICHHIX, 1
BIIPOBA/PKEHHA Ha ii 06a31 3aX0/iB Ta 3ac00iB, 110 CHOPUSIOTH IMIIBUIIEHHIO PIBHS
Oe3IMeKr Ha MOCTIMHUX POOOYNX MICIISIX.

[IpoTsiroM oCTaHHBOI YBEPTI CTOPIUYS MIABUIIEHHS JOJ1 aBTOMAaTH3allii
BUPOOHUIITBA Ta JIOJI BUKOPUCTaHHS MAalIMH Ta NPUIALiB Bi3yaJbHOIO
JUCTAHIITHOTO KOHTPOJIIO SIK B YKpaiHi Tak 1 B CBIT1 BUKJIMKAJIO 3pOCTAHHS J0JIi
HAOyTHX TMpodeciiHMX 3aXBOPIOBaHL 1 TpaBM SK O€3MOocepeHbO 30POBOTO
aHajizaTopa Tak 1 MOB’A3aHUX 13 WOTr0 IEpEHANpYXEHHSM CHCTEM OpraHi3My B
miomy. OXHUM 13 HarajdbHUX 3aBAaHb NI 3a0€3MCUYCHHS 3aXUCTY HACCICHHS 1
oOnagHaHHS TiJ] Yac BOEHHHWX I € MPOEKTYBAHHS 1 PEKOHCTPYKIIiSI HOBUX
MIATPUEMCTB 1 TPOMAJICHKUX OyAiBeTh 3 MOXKIMBICTIO BUKOPUCTAHHS YaCTUHH iX
KOPHUCHOI TUIOMMHM SK criopyn mojasiHoro npusHadenHs (CIII) i3 3axucHumun
BJIACTUBOCTSIMU CXOBHII a00 MpOoTUpadiaiiHuX YKpUTTiB. Lle poOuTh akTyansHuUM
BripoBapkeHHsT eHeproedekTuBHUX OC (OCBITIIOBAIBHUX CHUCTEM), 3 HHU3BKUM
TETUTOBHIUICHHSIM, 3aXMCTOM BiJ] TIEPETa/liB HAPYTH Ta MOXJIMBICTIO TIEPEX0Ty HA
aBTOHOMHI JKepena KUBJICHHs y pasi aBapiiiHoi cutyaiii. PoboTa Takux cuctem
Mae 3a0e3neuyBaTh CTBOPEHHS TaKOTO BI3yaJIbHOTO CEpeoBUINA, sSKe O
YpaxoBYBaJIO CKJIQJHICTh 30pOBHUX 3aBJaHb, 110 BUKOHYIOTHCA Y MPUMIIICHHI,

MICUXOJIOTTYHI Ta (H1310710T14UHI BUMOTH MPAI[IBHUKIB, 110 11 3aBJAHHS BUKOHYIOTb.



Bonnouac, nmpoBeneHuii HamMu aHali3 MOKas3aB, 10 SK B CBITI Tak 1 B YKpaiHi
HEJIOCTaTHHO YBAaru NMPUAUBIETHCS MUTAHHIO BIUIMBY CBITJIOBOTO CEPEIOBHINA Ha
BUKOHAaHHS PI3HUX BHJIB pOOIT 3 BUCOKMM HAIPY>KEHHS 30pPOBUX CHUCTEM. 3
ypaxyBaHHS BHUIIEBUKJIAJEHOTO IMiJBUIICHHS PIBHS aBTOMaTH3allli BUPOOHUIITBA,
MPOBEJICHHA JOCHIIPKEHHS YMOB TMpall 3 YpaxyBaHHSIM BIUIUBY CBITJIOBOIO
cepeZIoBUIIA Ha MPAIiBHUKIB € AKTYaJbHOI0 32/1a4€l0.

Y BCTymi CTHCIIO BUKIAJEHI aKTyaJlbHICTH TEMH, METa, 3aBIaHHS
JOCIIDKCHHSI Ta WOro HayKoBa HOBHW3HA. HaBeneHi NpakTUYHE 3HAYCHHS
OJIEp)KaHUX PE3yIbTaTiB, OCOOMCTUN BHECOK 3700yBaua, 3a3HAuYCHI ampoOarlis
PE3yIbTATIB Ta MOMJIMBI TTOAIBII HATTPSIMKHU JOCIIIIKEHb.

Y nepmomy po3aini HaBeleHI pPe3yNbTaTH aHali3y CTAaTUCTHUKUA MO0
HEIIACHUX BHUMAJKIB Ta HAOyTUX mpod3axBoproBaHb B YKpaini 3a 2015-2022 pp.
BusznaueHo, 1110 BIUIMB Bi3yaJbHOT'O YMHHHUKA Cepe/I IHIMKUX (PaKTOpiB BUPOOHUYOTO
CepeZIOBUINA € HAMBU3HAYHIIIMM JIUIS LIJIOTO psija mpodeciit y pi3HUX Tany3sx, Je
JISTBHICTh TPAIiBHUKIB MOTpedye TpHBAJIUMX Ta I1HTEHCHBHUX CEHCOPHHX
HaBaHTaXXEHb, IOB’S3aHUX 13 BUKOHAHHSM 30pOBUX pPOOIT BUCOKOI TOYHOCTI.
BcranoBneno, 110 3HauHa  poJib  aBTOMATH3allll Ta  KOMII IOTepu3allii
TEXHOJIOT1YHUX TPOoIeciB B YKpaiHi 1 CBITI OCTAaHHIMH pOKaMHU cTajia JHKEPesioM
pO3MIUPEHHS IPynH NpodeciiHO 3yMOBICHUX XBOPOO, MOB’sI3aHUX 3 BUKOHAHHSM
30pOBUX POOIT BUCOKOT TOYHOCTI, 110 BUMAraroTh 3HAYHOTO HAMPYKEHHS 30POBOTO
aHaizaTopa.

Ha ocHOBi mpoBeneHOro aHamizy JaHUX JITEpaTypd BCTAHOBIEHO, IO
HOpMaTuBHa 0a3a YKpalHH HE JO3BOJISIE MPOBOJUTH KOMILIEKCHY OIIHKY SIKOCTI
CBITJIOBOTO CEPEIOBHUIIA HA POOOUYMX MICISIX 1 OI[IHUTH PU3MKK MOTO BIIUBY Ha
3I0pOB’Sl 1 Mpale3JaTHICTb POOITHUKIB, SIKI BUKOHYIOTh 30pOB1 pOOOTH BHUCOKOT1
TOYHOCTI. OOIpyHTOBAaHO HEOOXIIHICTh Ta JIOUUIBHICTh OIIHKA CBITJIOBOIO
cepeloBUIla Y poOOUYMX 30HAX 3 YpaxyBaHHSM XapaKTEPUCTUKHU 30pPOBUX POOIT,
BIKOBUX OCOOJIMBOCTEH MpaIoYux, (POTOMETPUYHUX XaPAKTEPUCTHUK JIKEpen
CBITJIa Ta MOAAJIBIINUM YJIOCKOHAJICHHSIM KPUTEPIiB OIIHKH, C(HOPMYIBOBAHO METY

Ta 3aBJlaHHs JociimkeHHs. Ha OoCHOBI aHamnizy HOCHIIKEHb B 00JIACT1 TIri€HH 1



TICUXOJIOT1i Mparlll, BCTAHOBJICHO, 1[0 3MIHM MOKAa3HUKIB O€3MeKH, Mpare31aTHOCTI
Ta (YHKIIOHAJIBHOTO CTaHy JIIOJAMHU 3alie’KaTh BiJ JKepena CBITIA, KOJIPHOI
TEMIIEpaTypH, PIBHSA OCBITJICHOCTI, BI3yaJbHUX XapaKTEPUCTUK O37100JCHHS
MPUMIIICHHS.

Y JAPYroMy poO3Iili MPOBEICHO aHalli3 YMOB Mmpaill B pi3HUX cdepax
BUPOOHHUIITBA Ta Mpodeciii MpaliBHUKIB 3a IepkKaBHUM KiacudikaTopom mpodeciit
JK 003:2010. Ha ocHoBI mpoBeJieHOTO aHaii3y chopMyiabOoBaHI MeTa Ta 3ajadi
JOCTI/DKEHHSI Ta BIEpIIE 3alpONOHOBAHO BUAUIMTH TPyNy CIOPIIHEHUX 3a
KPUTEPIEM XapaKTEPUCTUKU 30pPOBUX POOIT BHUCOKOI TOYHOCTI mHpodeciid:
«MPOEKTYBATHHUKK Ta  KOHCTPYKTOpPH». AHami3 TakoX TIOKa3aB, IO
PEKOMEHIOBaH1 METOIMKHU CAHITAPHO-TITEHIYHOT OI[IHKH KJIACy MIKIJIMBOCTI YMOB
npalli 3a KPUTEPIiEM CBITIIOBOTO CepeOBHINA HA POOOYHX MICISIX HE TO3BOJISIOTH B
NOBHIM Mip1 OLIHUTU BIUIMB Bi3yasJbHUX (DaKTOpIB Ha MCUx0(}i3i0NoriyHuil cTa
IpaIiBHUKIB, iX O€3MeKy 1 Mpame3faTHICTh 3 ypaxXyBaHHSM 1HIAMBITYaJTbHUX
ocobnmBocTe Ta ocoOiMBOCcTe BHUpoOHHMUOro mporecy. IIpoBemeno anani3
MDKHApOJHUX Ta HAI[IOHAIBHUX AaKTiB, 10 HOPMYIOTh MapaMeTpH CBITIOBOIO
CepelloBUIIla Ha POOOYMX MICISIX Ta METOAWKU JOCTIIKEHb, IO BPaxOBYIOTh
SKICTb CBITJIOBOTO CEpEIOBUINA 1 BCTAHOBJICHO, IO BOHW HE B TOBHIM Mipi
BPaxOBYIOTb BHMOTH TIPAIliBHUKIB, IO BHUKOHYIOTH 30pPOBI POOOTH BHCOKOIi
TOYHOCTI, /0 CBITJIOBOT'O CEPEIOBHINA B pOOOYHiT 30H1 Ta HA POOOUYUX MICIISX.

3 ypaxyBaHHSM JaHHX CBITOBOTO JOCBily TpH OIIHIII YMOB TMpaili 3a
(akTOpOoM CBITIIOBOTO CepeloBUINAa HAaM OyJi0 BIEpIIE 3almpONOHOBAHO OIIHKY
BI3yaJIbHOTO CEPENOBHINA MPOBOAUTH 3a KPUTEPIsIMU: 3a0e3MeUeHHsS Oe3MeKu 3
ypaxyBaHHSIM  BIUIMBY  CBITJIOBOTO  cepeaoBumia Ha  Gi3UYHANA — Ta
ncuxo(i310IOTIYHNI  CTaH MpaIiBHUKIB; 30pOBOi MPaIe3IaTHOCTI; 30pPOBOTO
koMbopTy. 3a pe3yibTaTaMu MPOBEIECHUX JOCIIIKEHb BIIEpIIE 3alpPOIOHOBAHO
QITOPUTM TTOKPOKOBO1 OIIIHKM SKOCT1 OCBITJIEHHS Y pOOOYOMY MPUMIIIEHHI IS
OI[IHKM KOMIIOHEHTIB CBITJIOBOI'O CEpPEJOBUILA 3 ypaxyBaHHSM BIUIUBY

MPUPOJHBOTO 1 IITY4YHOTO OCBITJIEHHS Ha TMpale3/aTHICTh, Oe3meKy Ta



NcUXo(i310JI0T1YHY ASUIBHICTE 3 YpaxXyBaHHAM ICUXO(]I310J0TTYHOTO CTaHy
MPaLIOIOYNX.

Po3poOnena ta 3acTtocoBaHa CTPYKTypHa MOJIEIb MPOBEACHHS IOCHIIKEHb
BIUIMBY BI3yaJIbHOTO CEPEJOBUINA Ha TMNCUXO(I310JIOTITYHUNA CTaH JIFOAWHH,
MIPOBEJIEHO OOIPYHTYBaHHS METOJUKU OLIIHKM BIUIMBY CBITJIOBOI'O CEPENOBHUINA Y
BUPOOHMYMX  TNPUMIMIEHHAX Ha  0e3neKky  mpami, [Opane3jaTHICTh  Ta
ncuxo(di310JIOrYHUM CTaH MPalIBHUKIB, 110 BUKOHYIOTH 30pOBI POOOTH BUCOKOT
TOYHOCTI. Brepiie 3ampomnoHoBaHa cxeMa MOKPOKOBOTO IHUKIY OIIHKH Oe3MmeKH
npaii, Mpaue3laTHOCTI Ta MCUXO(I3I0JOTIYHOrO CTaHy TMPAILiBHUKIB 3
ypaxyBaHHSIM BILUIMBY OCBITJICHHS Ha 0€3IeKy poOiT BUCOKOT 30pOBOT TOYHOCTI.

Ha ocHOBI mpoBeeHWX JOCTIPKEHh Ta HAYKOBOTO 1 TPAaKTHYHOTO
OOrpyHTYBaHHSA pPO3p00JIeHa KOMIUIEKCHA METOJMKa, sIKa BPAaxOBYE OJHOYACHY
OI[IHKY BIUIMBY Ha O€3MeKy, Npare3JaTHICTh Ta TMCcuxoQi310J0riYHUNA CTaH
JIIOJTUHU.

Y TperboMy PpoO3aiJli TpeACTaBICHI pPE3yJNbTaTH IHCTPYMEHTAIBLHOTO
BUMIPIOBaHHS Ta MAaTEeMaTHYHOIO MOJEIIOBAHHA pIBHIB TNPHUPOAHBOTO Ta
CYMIIIIEHOTO OCBITJIEHHSI Y €KCIEPUMEHTAIbHUX MPUMIMICHHSIX, JI€ MPOBOASTHCS
pobOTH BHCOKOI 30pOBOI TOYHOCTI y PpI3HI TopH POKy. BcraHOBIEHO
3aKOHOMIPHOCTI, fKi 3 BHCOKUM (86-98%) piBHEM IOCTOBIPHOCTI JO3BOJISIIOTH
IIPOTHO3YBATH XapaKTEPUCTHUKHU CBITIIOBOT'O CEPEAOBHINA Y POOOUHX MPUMIIICHHIX
B 3aJEXKHOCTI Bi TIOPH POKY, ITUIAHYBaHHS Ta OOJIAIITYBaHHS MPUMIIICHB.
HaBeneno pexkomennamii [jsi TpUBEACHHS 3HA4YEHb PIBHS TOPU3OHTAIBHOI
OCBITJICHOCTI /10 HOPMAaTHBHHX, 3 ypaxyBaHHSIM SK €KOHOMIYHMX BHUMOT, TaK 1
MIABUIIEHUX BUMOT J0 30pOBOTO KOMGOPTY pOOITHHKIB, 110 BUKOHYIOTH POOOTH
BHUCOKOi TOYHOCTI, TIO 3aCJIIIJICHHIO MPSIMUM Ta BiIOUTHUM OCBITJIICHHSIM.

Ha ocHOBI TOpIBHSUIBHOTO aHajidy pe3yJdbTaTiB I1HCTPYMEHTATBHUX
BUMIPIOBaHb 1 MAaTEMAaTHYHOTO MO/JICTIOBAHHS OCBITJIICHOCTI Y €KCTIEPUMEHTATbHUX
MPUMIILLIEHHSX, BCTAHOBIICHO, IO JJIsi JIOCATHEHHS BHCOKOrO (MOXMOKa MEHIIe
10 %) cTyneHo TOYHOCTI IHCTPYMEHTAJIbHUX BUMIPIOBAHb MOTPEOYETHCS BEIUKA

KUIBKICTh KOHTPOJBHUX TOYOK BHMIPIOBaHHS. 3 ypaxyBaHHSIM MIHJIMBOIO



XapakTepy MPUPOJHBOIO OCBITJICHHS, IHCTPYMEHTAJIbHI BUMIPIOBAHHS MOTPIOHO
NpPOBOAUTH y cTtuciaui vac. Ha3BaHi Qakropu, y moe€gHaHHI 3 HOPMATUBHUMH
BUMOTaMH JI0 HMPUPOAHHOTO OCBITJICHHS IIiJl 4Yac BUMIPIOBaHb (IIOXMYypa MOT0/a)
3HAYHO 3MEHIINYIOTh MOJJIMBOCTI OIIIHKM OCHOBHUX SIKOCTEH CBITJIOBOTO
cepeZoBUIIa y poOOUHMX MPUMIIIECHHSX 32 JOMOMOT0I0 IHCTPYMEHTAIBHUX METO/I1B
BUMIpPIOBaHHS.

MarteMaTHYHe MOJICIIIOBAaHHS OCBITJICHHS pPOOOYUX MPHUMIIICHD JT03BOJISE
BU3HAUMTU LUy HU3KY (AKTOPIB BI3yalbHOTO CEpE/lOBUIINA HAa POOOYUX MICISIX.
[Ipu ubomy mnoxmbOka He nepeBuinye 10 %. OnHak BUCOKHI CTYIMiHb TOYHOCTI
BU3HAYCHHS  XapaKTEPUCTHUK  CBITJIOBOTO  CEPENOBHINA 33  JOMOMOTOIO
MaTEMaTHYHOT'O MOJICTIOBAHHS MOXE OyTH JOCSITHYTHH INMPH HAsSBHOCTI TOBHHUX
BXIIHMX JaHUX MPO EKCIIEpUMEHTaJIbHE MPHUMIIICHHSI, O00’€KT, Y SKOMY BOHO
3HAXOJUTHCS 1 HABKOJIUIITHIO 3a0Y/I0BY.

BusznayeHo, mo wmareMaTH4HE MOJIETIOBAHHS OCBITJICHHS MPUMILICHHS
JI03BOJISIE  TIPOBECTHU OIIHKY OCHOBHUX KUIBKICHMX IapaMeTpiB CBITJIOBOTO
cepenoBuiia mnpuMmimenHs. [lpu 1boMy dYac o0OpoOKM JaHUX 1 PO3PaxyHKY
MEHIIIUHA, HDK MPU THCTPYMEHTAIHLHOMY METOAl BHUMIPIOBAaHHS, € MOXJIUBICTH
3MIMCHUTH MOJICJIIOBAHHS CBITJIOBOTO CEPENIOBMINA 33 JOIMOMOIOK Pi3HUX
OCBITJTIOBAIBHUX YCTAHOBOK Y TPHMIIIEHHI, 0 MOJIETIOETHCS; € MOJIUBICTD
PO3paxyHKy Il TPUMIIIEHb, IO MPOEKTYIOTHCS a00 PEKOHCTPYIOIOTHCSA, ad0 0
AKUX BiACyTHIH ¢i3uunmii goctyn. [lopiBHSHHS pe3ynbTaTiB, OTPUMAHUX 3a
JIOTIOMOTOI0 MAaTeMaTHYHOTO MOJICTIOBAHHS, 3 00 €KTUBHUMH pPE3yJbTaTaMH
IHCTPYMEHTaJIbHUX BUMIPIOBaHb (PO30DKHICTH MeHIe 3a 12%) mo3Bossie 3po0uTH
BHCHOBOK TIPO JIOIUIBHICTh HOTO BUKOPUCTAHHS 1 BIPOBAIKCHHSI JIsl BU3HAYCHHS
OCHOBHHUX XapaKTEPUCTUK OCBITIEHHA Y BHUPOOHWYHX MPUMIIICHHIX, IO
MPOCKTYIOTHCS, PEKOHCTPYIOIOTHCS, a00 10 SIKUX BIACYTHIHN JOCTYTI.

BcranoBneno, 1m0 BHCOKa JOCTOBIPHICTH MaTeMaTHYHOI MOJAENII Y
nporpaMHoMy cepenoBuili  DIALux Moxe OyTH [OOCATHyTa 3a pPaxyHOK
MOJICIIOBAaHHS HA OCHOBI MAaKCHUMAJIbHOI JOCTYHHOI KUIBKOCTI IapaMeTpisB,

JOCTYIHHX MPOTpaMi.



Y 4derBepTOMY PO3Aiji MpoBeaeHE OOIPYHTYBAHHS CKJIATy TOCIIIKYyBaHOT
TPyl Ta YMOB TMPOBEJIEHHS EKCIIEPUMEHTY JJs OI[iHKM BIUIUBY CBITJIOBOTO
ceperoBulIa Ha Oe3MeKy mpalli, Mpane31aTHICTb Ta 30pOBUN KOM(OPT NpalliBHUKIB
(cTyneHTiB, BUKJIaJadyiB Ta MEPCOHANy) MPU BUKOHAHHI 30pOBUX POOIT BUCOKOT
TOYHOCTI B EKCIEpPUMEHTaJbHOMY NpHUMIlICHHI. Bu3HaueHo, 1m0 peanbHul
CEpEeIHbOMICAYHUN pIBEHb MNPHUPOAHBOI OCBITIEHOCTI Yy NPUMIIIEHH] CYTTEBO
3aJeXHUTh BiJ TeorpadidyHOi MUPOTH Ta MOpH POKy. ToMy, TpU HEMOKIHUBOCTI
POBECTU IHCTPYMEHTaNIbHI (DOTOMETPUYHI BUMIPIOBAHHS, 3alIPOTIOHOBAHO METOJ
MaTeMaTUYHOT'O MOJICTTIOBaHHSI.

B ymoBax maGopaTOpHOTO €KCIIEpUMEHTY TpU MOJEITIOBaHHI TMapaMeTpiB
CBITJIOBOTO cepelloBHINA (TUI JKEpeaa CBITJIAa, PIBEHb OCBITIEHOCTI, KOJIpHA
TeMIeparypa, T.I.) OyJIM TPOBEASHI JOCIDKEHHS 3MiHU  ()i310JIOTTYHUX
MOKA3HUKIB TMpPAIIBHUKIB (IyJbC, PIBEHb apTepiaibHOTO THCKY) Ta BHU3HAYEHI
MOKa3HUKM TOYHOCTI BUKOHAHHS POOIT, PO3YMOBOI IMpaIe3JaTHOCTI Ha OCHOBI
KopekTypHoi nipobu «Kineig Jlanmonsta». JlocmimKeHHs T0BEJIM 3aKOHOMIPHICTD
3QJIEKHOCTI 3MIHM (D1310I0TTUHUX TIOKAa3HUKIB BiJ IMepiogy poOoUoro dyacy, Iio
BIUTUBaE Ha po3ymMoBi ¢yHKII. Bkazanuii e(eKT BHKIMKAE 3HMKCHHS PIBHS
MOKa3HUKIB TOYHOCTI BUKOHAHHS POOIT, pO3yMOBOI Ipare3aaTHOCTI y mepion 3
13:00 mo 15:00, mo moka3ye IMABUINEHHS y ILIEW MEpioj PU3MKY TpPaBMyBaHHS
BHACJIIJIOK HEMPaBUJIBHOI BI3yaJIbHOI OIIIHKK POOOYOro cepeoBHINa, 30UIbIIESHHS
KUTBKOCT1 IOMHJIOK 1 3HMDKEHHSI €(DEeKTUBHOCTI pOOOT BHCOKOI 30pOBOT1 TOUHOCTI, a
TAKOX TIABUIICHHS PU3UKY BUHUKHEHHS MPOQPECIHHO 3YMOBICHHX XBOPOO
BHACJIIJIOK NIEPEHAIPYKEHHsI CUCTEM 30pOBOT0 aHaJi3aTopa.

[lopiBHsUTPHUY aHAII3 PE3YNIbTATIB BUKOHAHHS KOPEKTYpPHOI MpOoOU MOKa3aB

OLTBII BHWICOKHMI pIBEHb TIMOKAa3HUKIB TOYHOCTI BHKOHAHHS pOOIT, PO3yMOBOI
mpare3 aTHOCTI Ta IMBHAKOCTI 00poOku iHGOpMarlii 3a YMOB 3MIIIAHOTO
OCBITJICHHSI X0J01HO1 Temmepatypu (> 5300 K), mopiBHSHO 13 CyMIIIEHUM KOJIIPHOT
temneparypu 4100-5300 K. Bkazanuii epekT HalOUIbII 3HAUYINE MNPOSBISIBCA Y
nepiox 9:00-13:00 mis BikoBoi rpymu 41-60 pp., MmO MIATBEPKYE HEOOXITHICTH

MpU TEOPETUYHUX JOCHIIKEHHAX Ta Npu BrapoBamkeHHi cucteM OC Ha



NIANPUEMCTBAX MPUAUIMTH yBary aeMorpa@iuHoMy ckiaay poOITHUKIB Ta rpagiky
iX poOoTH.

AnHaniz Bi3yaJIbHMX BIOOAOOaHb TOKa3aJM, WIO0 OUIBIIMKA  PIBEHb
3a/I0BOJICHOCTI JOCSITAETHCS MPU CYMIIIIEHOMY OCBITJIECHHI KOJIIPHOIO TEMIIEPATYpPOIO
4100-5300 K, mopiBHSIHO 13 CYyMIIIEHUM OCBITJICHHSIM XOJOAHOT KOJIIPHOI
temneparypu (>5300 K).

CamoolliHIOBaHHSI PIBHS Tpale3JaTHOCTI TOKa3ajlo, W0 MpPaI[iBHUKU
OILIIHIOIOTH CBIl pIBEHb MNPalLE3AATHOCTI K OUIbII BUCOKUM, MPU CYMIIIEHOMY
XOJIOAHOMY OCBITJICHHI.

OnepkaHi  pe3yJdbTaTd Ta  peKOMEHJalii  AucepTanidHoi  poOoTH

BIIPOBAJXKEHI:

- B Enepro-inHoBamniitHomy Xa6i (M. [{HIIpo) y pamkax KOMIUIEKCHOT
OIIIHKH O€3IeKH 3aX0/1iB €HeProe)EeKTUBHOTO HATIPSMKY;

- na mignpuemctsi TOB «YKPCITICTPOM» mpu ominmi poGoumx
MICI[b TPOEKTYBAJbHUKIB 3 YpaxyBaHHSIM BHMOT JI0 CHCTEM OCBITJICHHS B
po6oUOMY MPUMIIIICHHI,

- B po6oti kadenpu apxitekrypu HHI TITABA YIAYHT;

- B HaBUaJbHOMY Tipormeci Kadeapu eKkoiorii Ta  OXOpPOHH
HaBkouiiHboro cepenosuiia HHI ITJTABA Y YHT.

OcHOBHI  pe3ynbTaTH JOCHIDKeHb omyOmikoBano y 1 crarti B
MDKHApOJHOMY (paxoBoMy BHAAaHHI 13 CHOUCKY Scopus, 5 ¢GaxoBUX BHJIAHHSIX
kareropii «b» VYkpaiHu, 2 CcTaTTIX 3aKOPJAOHHUX TMEPIOANYHUX BHUIAHb,
1 xonmexkTuBHi MoHOTpadii. J[omaTkoBO pe3yabTaTH MOCIIIHKEHB MPEJACTABICHO B
Marepiamax 13 MDKHApOJHMX Ta BCEYKPAiHCBKUX  HAYKOBO-TIPAKTHYHHX
KOH(DEepeHTIIiH.

Kurw4oBi cjoBa: caHITapHO-TITIEHIYHI YMOBM Mpaill, Oe3neka mpaili,

OXOpOHA Tpalll, CBITJIOBE CEpPEIOBHUIIE, 31p, E€HEProePeKTUBHICTh, OCBITICHHSI

poOOUYMX TMPUMIIIEHb, OLIHKA PHU3UKY, MOPYLIEHHS (YHKIIOHAIBHOTO CTaHY



OpraHiamMy,  30poBa  TNpale3/laTHICTh,  MNPaALECIPOMOXKHICTb,  TOKAa3HUKHU
MpaecnpoMOXHOCTI, PU3UK OPIEHTOBAHMM MiJXiJ, 30pOBI POOITH BUCOKOL
TOYHOCTI, BUMIpPIOBAJIbHI TpPHUJIAAU, NPUPOIHE, CYMILIEHE, IITYYHE OCBITICHHS,
na0opaTopHUM eKCIEepPUMEHT, (YHKIIOHATbHUM CTaH, TMCUXIYHA ISUTBHICTD,
HaIpPY>KEHICTh Mpalll, 3aX0/I1 MiABULIEHHS PIBHA O€3MeKH.

ABSTRACT

Zhurbenko, V. Improving Safety of High-Performance of Works Taking Into
Account the Comprehensive Assessment of Light Environment — Qualifying
scientific paper as a manuscript.

The thesis for PhD degree in specialty 263 «Civil Security» (26 — «Civil
Security») — Educational Scientific Institute «Prydniprovska State Academy of
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The dissertation is devoted to improving labour safety during the
performance of high-precision visual work by workers in various industries
through the use of a developed comprehensive assessment of the effects of the light
environment on workers in workplaces, and the introduction of measures and
means on its basis to improve the level of safety in permanent workplaces.

Over the last quarter of a century, the increase in the share of production
automation and the use of machines and visual remote control devices both in
Ukraine and globally has caused an increase in the proportion of acquired
occupational diseases and injuries both directly to the visual analyser and to the
body systems in general associated with its overstrain. One of the most urgent
tasks to ensure the protection of the population and equipment during military
operations is the design and reconstruction of new enterprises and public buildings
with the possibility of using part of their usable area as dual-purpose structures
(DPS) with protective properties of shelters or radiation shelters. This makes it
important to introduce energy-efficient lighting systems with low heat generation,
protection against voltage surges and the ability to switch to autonomous power

sources in case of an emergency. The operation of such systems should ensure the



creation of a visual environment that takes into account the complexity of visual
tasks performed in the room, as well as the psychological and physiological
requirements of the employees performing these tasks. At the same time, our
analysis has shown that both in the world and in Ukraine, insufficient attention is
paid to the impact of the light environment on the performance of various types of
work with high visual system strain. In view of the above, as the level of
production automation increases, it is important to conduct a study of working
conditions, taking into account the impact of the light environment on workers.

The introduction briefly describes the relevance of the topic, the purpose,
objectives of the study and its scientific novelty. The practical significance of the
results obtained, the personal contribution of the applicant, the results of the testing
and possible further research directions are presented.

The first section presents the results of the analysis of statistics on accidents
and acquired occupational diseases in Ukraine for 2015-2022. It is determined that
the impact of the visual factor among other factors of the production environment
is the most significant for a number of professions in various industries where the
activities of employees require prolonged and intense sensory loads associated
with the performance of high-precision visual work. It has been established that the
significant role of automation and computerisation of technological processes in
Ukraine and the world in recent years has become a source of expansion of the
group of occupationally related diseases associated with the performance of high-
precision visual work requiring significant strain on the visual analyser.

Based on the analysis of literature data, it is found that the regulatory
framework of Ukraine does not allow for a comprehensive assessment of the
quality of the light environment in the workplace and to assess the risks of its
impact on the health and performance of workers performing high-precision visual
work. The necessity and expediency of assessing the light environment in work
areas, taking into account the characteristics of visual work, age characteristics of
workers, photometric characteristics of light sources and further improvement of

the assessment criteria, are substantiated, the aim and objectives of the study are



formulated. Based on the analysis of studies in the field of occupational health and
psychology, it has been established that changes in the indicators of safety,
performance and functional state of a person depend on the light source, colour
temperature, illumination level, visual characteristics of the room decoration.

The second section analyses working conditions in various areas of
production and occupations of employees according to the State Classifier of
Occupations DK 003:2010. Based on this analysis, the purpose and objectives of
the study are formulated and it is proposed for the first time to identify a group of
professions simplified by the criterion of the characteristics of high-precision
visual work: ‘designers and constructors’. The analysis also showed that the
recommended methods of sanitary and hygienic assessment of the hazard class of
working conditions based on the criterion of the light environment at workplaces
do not allow to fully assess the impact of visual factors on the psychophysiological
state of workers, their safety and performance, taking into account individual
characteristics and features of the production process. The analysys of international
and national acts regulating the parameters of the light environment at workplaces
and research methods that take into account the quality of the light environment
and establishes that they do not fully take into account the requirements of workers
performing high-precision visual work to the light environment in the working area
and at workplaces.

Taking into account the data of world experience in assessing working
conditions by the factor of the light environment, we first proposed to assess the
visual environment according to the following criteria: ensuring safety, taking into
account the impact of the light environment on the physical and
psychophysiological state of workers; visual performance; visual comfort. Based
on the results of our research, we first proposed an algorithm for a step-by-step
assessment of the quality of lighting in the workplace to evaluate the components
of the light environment, taking into account the impact of natural and artificial
lighting on performance, safety and psychophysiological activity, taking into

account the psychophysiological state of workers.



A structural model for conducting studies of the impact of the visual
environment on the psychophysiological state of a person has been developed and
applied, and a methodology for assessing the impact of the light environment in
production facilities on occupational safety, performance and psychophysiological
state of workers performing high-precision visual work has been substantiated. For
the first time, a scheme of a step-by-step cycle for assessing labour safety,
performance and psychophysiological state of employees, taking into account the
impact of lighting on the safety of high-precision work, is proposed.

Based on the research, scientific and practical justification, a comprehensive
methodology has been developed that takes into account the simultaneous
assessment of the impact on safety, performance and psychophysiological state of
a person.

The third section presents the results of instrumental measurement and
mathematical modelling of the levels of natural and combined lighting in
experimental premises where high visual accuracy work is carried out at different
times of the year. Regularities have been established that, with a high (86-98%)
level of reliability, allow predicting the characteristics of the light environment in
workspaces depending on the time of year, layout and arrangement of the
premises. Recommendations are given for bringing the horizontal illumination
level to the normative values, taking into account both economic requirements and
increased requirements for the visual comfort of workers performing high-
precision work, in terms of dazzle by direct and reflected light.

Based on a comparative analysis of the results of instrumental measurements
and mathematical modelling of illumination in experimental rooms, it was found
that a large number of control points are required to achieve a high degree of
accuracy (error less than 10 %) of instrumental measurements. Taking into account
the changing nature of natural light, instrumental measurements need to be carried
out in a short time. These factors, combined with the regulatory requirements for

natural light during measurements (cloudy weather), significantly reduce the



ability to assess the main qualities of the light environment in workplaces using
instrumental measurement methods.

Mathematical modelling of workplace lighting makes it possible to
determine a number of factors in the visual environment at workplaces. The error
does not exceed 10%. However, a high degree of accuracy in determining the
characteristics of the light environment using mathematical modelling can be
achieved if there is complete input data on the experimental room, the object in
which it is located and the surrounding buildings.

It has been determined that mathematical modelling of room lighting allows
an assessment of the main quantitative parameters of the light environment of a
room. At the same time, data processing and calculation time is less than with the
instrumental measurement method; it is possible to simulate the light environment
using different lighting installations in the modelled room; it is possible to
calculate for rooms that are being designed or reconstructed, or to which there is no
physical access. Comparison of the results obtained by mathematical modelling
with the objective results of instrumental measurements (discrepancy of less than
12%) allows us to conclude that it is advisable to use and implement it to
determine the main characteristics of lighting in industrial premises that are being
designed, reconstructed, or to which there is no access.

It has been established that high reliability of the mathematical model in the
DIALux software environment can be achieved by modelling on the basis of the
maximum number of parameters available to the program.

In fouth section we substantiates the composition of the study group and the
conditions of the experiment to assess the impact of the light environment on
occupational safety, performance and visual comfort of workers (students, teachers
and staff) when performing high-precision visual work in the experimental room. It
has been determined that the actual average monthly level of natural illumination
in a room significantly depends on the geographical latitude and season. Therefore,
if it 1s impossible to carry out instrumental photometric measurements, a method of

mathematical modelling is proposed.



In a laboratory experiment, when modelling the parameters of the light
environment (type of light source, illumination level, colour temperature, etc.), we
studied changes in the physiological parameters of workers (pulse, blood pressure)
and determined the indicators of work accuracy and mental performance based on
the Landolt's Ring proofreading test. The research proved the regularity of the
dependence of changes in physiological indicators on the period of working time,
which affects mental functions. This effect causes a decrease in the level of
accuracy of work performance and mental performance in the period from 13:00 to
15:00, which shows an increase in the risk of injury during this period due to
incorrect visual assessment of the working environment, an increase in the number
of errors and a decrease in the efficiency of high visual accuracy robots, as well as
an increase in the risk of occupational diseases due to overstrain of the visual
analyser systems.

A comparative analysis of the results of the proofreading test showed a
higher level of indicators of work accuracy, mental performance and information
processing speed under conditions of mixed cold temperature lighting (> 5300 K),
compared to the combined colour temperature of 4100-5300 K. This effect was
most significantly manifested in the period 9:00-13:00 for the age group 41-60
years, which confirms the need to pay attention to the demographic composition of
workers and their work schedule in theoretical research and when implementing
OS systems at enterprises.

The analysis of visual preferences has shown that a higher level of
satisfaction is achieved with combined lighting with a colour temperature of 4100-
5300 K, compared to combined lighting with a cold colour temperature (> 5300
K).

Self-assessment of the level of performance showed that workers assess their
level of performance as higher under combined cold lighting.

The results and recommendations of the dissertation have been

implemented:



- in the Energy Innovation Hub (Dnipro) as part of a comprehensive safety
assessment of energy efficiency measures;

- at the enterprise LLC «UKRSITISTROI» in the assessment of engineers'
workplaces, taking into account the requirements for lighting systems in the
workplace;

- in the work of the Department of Architecture of the Educational Scientific
Institute «Prydniprovska State Academy of Civil Engineering and Architecture» of
the Ukrainian State University of Science and Technology;

- in the educational process of the Department of Ecology and
Environmental Protection of the Educational Scientific Institute «Prydniprovska
State Academy of Civil Engineering and Architecture» of the Ukrainian State
University of Science and Technology.

The main research results have been published in 1 article in an international
peer-reviewed journal from the Scopus list, and 5 peer-reviewed journals of
category "B" in Ukraine, 2 articles in international periodicals and in 1 collective
monograph. In addition, the research results are presented in the proceedings of 13
international and all-Ukrainian scientific and practical conferences.
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risk assessment, impaired functional state of the body, visual performance,
performance, performance indicators, risk-based approach, high-precision visual
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