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Pedepar:

1. Incepraris npucBsYeHa po3podiii cucTeMy aJaliTUBHOTO OCBITJIEHHS, IKa HA OCHOBI JaHuX 1po (isionoriyxi
IapaMeTpu JIIOAUHY Ta IapaMeTpy CBiTJia y NPUMillleHH]i, BUKOHYE (QYHKIIiI0 peryJoBaHHS Ta MiJTPUMKU
KOMQOPTHUX YMOB I1IepeOyBaHH JIIOJUHY y IPUMIlleHH], IUISIXOM afanTtauii nif ii nupkagHi putMy, 1o 3anobirae
NOTipIIEHHIO CTaHy 30POB’sl. AfanTallis CBiTJIa Nif UMPKagHI PUTMU JIIOAUHY Nlepenbdadae ypaxyBaHHs
¢diziosorivHNxX JaHNX Ta MIKPOKIIMAaTUYHUX [1apaMeTpiB IPUMIIEHHS], B IKOMY IlepebyBae oauHa. Peectpatis
(pizionoriyHux cUrHasiB MiCTUTD SIK IIepeBary, Tak i HefjoJIiKu: repeBara — HasiBHiCTh OAATKOBOI iHdopmaliii Ta
MOXJIMBICTb MifJIAIITYBAaTH PEKAM OCBITJI€HHS Mifl KOHKPETHOTO KOPUCTYBaya; HelOJiK — KOHCTPYKTHUBHA
CKJIA[IHICTb peecTpalii curHasis. [Ipu peasnisanii afanTMBHOIO OCBITJIEHHS HEOOXiJHO BPaXOBYBAaTH TaKOX

reoOMEeTPUYHI Ta CBITJIOBi XapaKTePUCTUKU ITPUMillleHHi. B 6ibIIOCT] BUTIa[IKiB OCHOBHUMU BUMOTaMH, 110



BHCYBaIOThCS O CUCTEM aANITUBHOTIO OCBITJIEHHY, €: 1) KOJlipHa TEMIIEpaTypa, 110 Mae BifoBigaTy yacy nobu ta
¢disiosnorivHUM napameTpam JIIOIUHY; 2) BiICYyTHICTb IyJIbCALill CBITJIOBOTO IIOTOKY; 3) eHepreTHyHi IapaMeTpu —
3aJIEXKHOCTI €Heprii BUTPOMiHIOBaHHS Bifl, JOBXUHU XBUJIi BUIIPOMIHIOBAaHHS — MAIOTbh OYTU Y3rOI)KEHUMU 3
KOJIIPHOIO TEMIIEPATYPOIO Y KOHKPETHI MOMEHTH Yacy 1061. OCHOBHUM 3aBAAHHSIM POOOTU € NOCIIIKEHHS BILJIUBY
pi3HuX 3a MapaMeTpamu THUIIIB CBiTJIa HA UMPKAHI pUTMU JIIOAUHU Ta pO3pO6Ka CUCTEMHU, 3[aTHOI aJaNTyBaTUCS
i ocobucti ¢iziosoriuHi XapakKTepUCTUKU JIIOJUHY Ta MIKPOKJIIMaTUYHi NapaMeTpy B KOHKPETHMI MOMEHT 4acy.
Ha npakrtuii BUKOPUCTOBYIOTb CUCTEMY, 1O 3HIMAIOTh Ta aHAJi3yIOTh [aHi IPO LMPKaIHi pUTMU JIIOJUHU 32
IIOIIOMOTOI0 HATi/IbHUX 6i0JIOTiYHUX CeHCOPiB. Pa3oM 3 TUM HasiBHI CUCTEMHY, SIKi 32 JOITOMOTO010 (OTOCEHCOPIB
PEECTPYIOTh, aHAJII3YIOTh Ta BiANOBIIHUM YNHOM 3MiHIOIOTh CBIiTJIOBi IapaMeTPU — OCBITJIEHICTb i KOPEJIbOBAHY
KOJIipHY TemnepaTypy. [CHyloui cucTeMu alaliTUBHOIO OCBITJIEHHS 320€311€4yI0Th PEryJIl0OBaHHS CBiTJIOBUX
napaMeTpiB BiINOBIAHO [0 4acy AOOU Ta 33[]JaHMX AJITOPUTMOM KE€pPYBaHHS 3HAaY€Hb, HE BPAaxoByloun (i3iosoriuHi
napaMeTpu JIIOAUHM. [JofaTkoBe BpaxyBaHHS (i3i0sIOTiYHNX CUTHAJIB TO3BOJISE 326€3MeYnTH MifJIalTyBaHHS IIiT
iHguBigyanbHi 0COOIMBOCTI, KEpPYBaHHS OCBITJIEHHSIM 32 iHAUBiAyaNbHO NiNiGpaHUMU CLieHapisSMU, Ta 3BMEHUIUTU
MIKiJIMBUY BIJIUB TOJATKOBUX CBITJIOBUIIPOMIiHIOIOUMX IPUCTPOIB. TakKM YMHOM, B POOOTI 3aIIpOIIOHOBAHO
CHUCTEMY aalITUBHOTO OCBITJIEHHY, IKa BPAaXOBY€ BHYTPIILIHI Ta 30BHIIIHI CBITJIOBI TOKA3HUKY IIPUMIILIEHHS Ta
aBTOMAaTHUYHO aJaNTYyeThCs N0 Pi3ioNoriYyHNX JaHUX JIOOUHU. Y TucepTaliliHiil po60Ti HA OCHOBI TEOPETUYHUX i
€KCIIEPMMEHTAJIbHUX JIOCTIi/I)KEeHb 3a6€311e4yeThCs MiIBUILIEHHS] TOYHOCTi BUMIPIOBAaHHS CBITJIOBUX XapaKTE€PHUCTUK
3aBISKMA CTBOPEHHIO HOBUX i BJOCKOHAJIEHHIO iCHYIOUMX METO/IiB BUMIPIOBaHHS (POTOMETPUYHUX XaPAKTEPUCTHUK.
JucepTauiiiHa po60Ta CKJIAAETbCS 31 BCTYIY, YOTUPbOX PO3[isliB, BUCHOBKIB, CIMCKY BUKOPUCTAHUX JIiTe€PATyPHUX
IpKepeJ Ta ABaAlsiTi ABOX JoAaTKiB. HaykoBow HOBU3HOMW pobotu €: 1. ITinxin mon0 Bu3HaueHHs iHTerpoBaHOTO
IIOKa3HMKa 3B'SI3Ky MiX (i3i0sI0riYyHMMY TapaMeTpaMU JIIOJVHY, CBITJIOBUMU Ta €JIEKTPUYHMMU [IapaMeTpaMu
CHCTEMMU aIANITUBHOTO OCBITJIEHHS, SIKUI JO3BOJINB KEPYBATU CBITJIOBUMU [TapaMETPaMU CEPENOBUIIA, B IKOMY
nepebysae moauHa. 2. [Tinxiz mono Moie1i0BaHHs poOOTHY ceplis JIIOAVHYU Y BUITISLT] eJIeKTPUYHOI cxeMu BaH nep
ITons, sKa Binpi3HsIETHCS BpaXyBaHHSIM TPAaHCMICIHHOTO e(eKTy MK ceplieM Ta TKaHWHAMU OpraHismy, 110
IO3BOJIMJIO iMITYBaTH pOOOTY ceplis JIIOAVHY 3a]1J1s1 YHUKHEHHS IIYMiB Ta 3aBa]], y €JIEMEHTAax €KBiBaJI€EHTHOTO
€JIEKTPUYHOTO KOJIa 3 MOJAJbIINM Ta TOYHMM BU3HAUYEHHSM IapaMeTPiB LMPKaJHUX PUTMIB JIIOOUHU. 3.
MaremaTryHa MOJI€JIb OTOYYIOYOrO CEPENOBUIIA, KA BiIPI3HAETHCS Bifl BilOMUX NPELCTABIEHHIM 3aJIEXKHOCTEN
napaMeTpiB MikpokslimMary Ta ¢i3iosIoriyHUx NapaMeTpiB JIIOAUHU Y BUVISA] HEYITKUX JIOTIYHUX BUCJIOBJIIOBAaHb. 4.
EnexTpruyHa NPUHLUIIOBY CXEMY CEHCOPiB BUMipIOBaHHS (i3ioyIOriyHMX MapaMeTpiB 1Ji1 BU3HAUYE€HHS LUPKATHUX
PUTMIB JIIOIVHYU Ta IaPAMETPIiB OTOUYI0YOrO CEPEIOBUILA, SIKA BifIPi3HAETHCA Bifl, BiTOMUX MOXKJIMBICTIO BU3HAYEHHS
Ta MiAJIATyBaHHs [IapaMeTpiB CBiTJIa Ta MIKPOKJIIMATY Mif ocobucTi ¢iziosoriyHi napameTpu J0IUHU.
[IpakTYHKUM 3HaUYEHHSIM Po60TH €: 1. TexHiuHi pimenHs IoT-cucTemMu afanTUBHOTO OCBITJIEHHS, SIKi IHTETPYIOTb
JlaHi PO iHAUBiAYaJTIbHUM CTaH JIOOUHU Ta YMOBU OTOYYIOYOTO CEPENOBUILA I aBBTOMATUYHOTO PETYJII0OBAHHS
OCBITJIEHHS, 1O TO3BOJIMJIO MIOKPAIIUTHU SIKICTb JKUTTS JIFOAEe i MiABUIIUTY eHeproepeKTUBHICTh OCBITJIEHHS Ha
10%. 2. Ha 6a3i 3anipor1oHOBaHUX MaTeMaTUYHUX MOJIeJIell Ta METOiB PO3p00JI€HO IIPorpamMHe 3a6e3Med4eHHs J1s
BUMIpIOBaHHS 6i0JIOTiYHUX CUTHAJIB Ta IapaMeTpPiB 0TOUYI0YOro CEPELOBUINA, 30KpEeMa JIsl MiATPUMKHU
(YHKLIOHYBaHHS €JIeKTPUYHOI IPUHIMIIOBOI CX€MU CEHCOPIB, 110 [O3BOJISE MiAIaTOBYBaTUCS Tif ikcoBaHi
(iziosioriuHi noTpe6y KOHKPETHOI JIIOIUHY, alallTyBaTUCs Y KOHKPETHUI MOMEHT 4acy Iif, ix 3MiHM, a TaKOX
niaTpruMmyBaTi KOM(POPTHI yMOBU NepebyBanHs aofei. 3. [IpakTuyHe BIIpoBaIyKeHHs po3pobieHoi loT-cuctemn

aganTuBHOro OcBiTIeHHA y nTpoekTax "KUEHA" Ta "CeTi" B TY M. llpesnen

2. Dissertation is dedicated to the development of an adaptive lighting system, which, based on data on human
physiological parameters and lighting indoor parameters, performs the function of regulating and maintaining
comfortable conditions for a person's stay in the room by adapting to their circadian rhythms, which avoids
deterioration of health. Adaptation of light to human circadian rhythms involves taking into account physiological
data and microclimatic parameters of the room in which a person is staying. Registration of physiological signals
has both advantages and disadvantages: advantage is the availability of additional information and to adjust the
lighting mode to a specific user; disadvantage is the constructive complexity of signal registration. When
implementing adaptive lighting, it is also necessary to take into account the geometric and light characteristics of



the room. For most situations the main requirements for adaptive lighting systems are: 1) a colour temperature
that matches the time of day and human physiological parameters; 2) no luminous flux fluctuations; 3) energy
parameters - the dependence of radiation energy on the radiation wavelength - must be consistent with the colour
temperature at specific times of the day. The main task of work is to study the effect of different types of light on
human circadian rhythms and to develop a system that can adapt to personal physiological characteristics and
microclimatic parameters at a particular time, taking into account geographic location. In practice, systems are
using in order to collect and analyse dates of human circadian rhythms using wearable biological sensors. At the
same time, there are systems that use photosensors to record, analyze, and change light parameters, such as
illumination and correlated color temperature, accordingly. Existing adaptive lighting systems provide regulation
of light parameters according to the time of day and the values set by the control algorithm, without taking into
account human physiological parameters. The additional consideration of physiological signals allows for
individualized adjustment, lighting control according to individually selected scenarios, and reduces the harmful
effects of additional light-emitting devices. Thus, the paper proposes an adaptive lighting system that takes into
account the indoor and outdoor light indicators of a room and automatically adapts to human physiological data.
The thesis, based on theoretical and experimental studies, provides an increase in the accuracy of measuring light
characteristics by creating new and improving existing methods for measuring photometric characteristics. The
thesis consists of an introduction, four chapters, conclusions, a list of references and 22 appendices. The scientific
novelty is: 1. An approach is proposed to determine the integrated indicator of the relationship between human
physiological parameters, light and electrical parameters of the adaptive lighting system, which can be used to
control the light parameters of the environment in which person is staying. 2. An approach to modeling the work
of the human heart in the form of a Van der Pol circuit, which is distinguished by taking into account the
transmission effect between the heart and body tissues, which made it possible to simulate the work of the human
heart to avoid noise and interference in the elements of an equivalent electrical circuit with further and accurate
determination of the parameters of human circadian rhythms. 3. A mathematical model of the environment, which
differs from the known ones by representing the dependencies of microclimate parameters and human
physiological parameters in the form of fuzzy logical statements. 4. An electrical circuit diagram of sensors for
measuring physiological parameters for determining human circadian rhythms and environmental parameters is
proposed, which differs from the known ones by the possibility of determining and adjusting light and
microclimate parameters to personal physiological parameters of a person. Practical significance of the work: 1.
Technical solutions for an IoT system of adaptive lighting that integrates data on the individual human condition
and environmental conditions for automatic lighting control are proposed. This allowed to improve the quality of
life of people and increase the energy efficiency of lighting by 10%. 2. On the basis of the proposed mathematical
models and methods, software environment was developed to measure biological signals and environmental
parameters, in particular to support the functioning of the electrical circuit of sensors, which allows to adjust the
fixed physiological needs of a particular person, adapt at a particular time to their changes, maintain comfortable
conditions for people indoor staying. 3. Practical implementation of the developed IoT system of adaptive lighting
in the projects "KUEHA" and "CeTi" at the TU Dresden.
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dopma BiracHOCTI: JlepxasHa
Cdepa yllpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3akar04Hi BimoMocTi

BaacHe IlpizBuie Im's [10-6aTbKOBI Kytikos Basnepiti fIkoBr4
rOJIOBH paau

BaacHe IlpizBuie Im's [10-6aTbKOBI Kyrikos Banepiii fIkosud
rOJIOBYIOYOrO Ha 3aCiflaHHi

BigmoBimasibHU 32 MiATOTOBKY /Kensa3kos €rop OsexcaHapoBUY
00JIIKOBHX JJOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZJaJIbHUM 32 PEECTpalLilo HayKoBoi IOpuenko TeTsHa AHaToiiBHA

OisIIBHOCTI




