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Abstract. In the present study, materials were proposed for the editorial board supplement of
Ukraine (B.2.5-28-2018) «Natural and artificial lighting». Work on the addition of instructions has not
finished today. Theoretical materials are associated with calculations of the lighting of the inner spaces
of architectural objects. Proposals are theoretical. Character takes into account the impact on energy
efficiency of buildings and structures. In the manual «Natural and artificial lighting» there is a
discomfort indicator M. The discomfort rate M is the evaluation criterion. Uncomfortable luster causes
discomfort with an uneven distribution of brightness in the field of view of a person. As a result, this
study analyzed and determined analytically the additions to the application materials of the instructions
of Ukraine (B.2.5-28-2018) «Natural and artificial lighting» (comfort indicator C, quality criteria for
natural lighting). The comfort index C is criteria for evaluating comfort shine. The criteria for the
quality of natural lighting includes the elimination of visual discomfort; uneven distribution of light
fluxes in the room; contrast of light; spatial illumination; light vector. Improving and complementing
lighting today is the foundation. Regulatory documents affect problem solving: ensuring the quality of
the architectural environment in ecological and demographic systems; psychological comfort; the
effectiveness of the use of the aesthetic potential of natural and artificial light; innovative lighting
technologies of domestic and world production.

Keywords: visual comfort, comfort index, criteria for the quality of natural light, distribution
of brightness in the surrounding space, visual discomfort, uneven distribution of light streams,
contrast of illumination, light vector, spatial illumination.

Introduction. Natural and artificial lighting always meets comfortable, aesthetic, sanitary,
hygienic, and economic requirements. The modern market offers new types of artificial lighting,
new transparent materials for window fillings. The main priority and scientific direction for creating
ecological architecture is the urban and ecological approach of forming a light environment for
human life and activity. There are significant changes in climatic, insolation and other resources
vital for human life and activities.

There are various anthropogenic factors. The transparency of the atmosphere due to the
growth of cities and industry is reduced. Light is a natural substance. Light is a modern means of
creating an expressive architectural composition. Light provides favorable conditions for the
interaction of man and the environment. The sunlight manifests the form of an architectural object.
Light creates a light image. At night, architecture becomes a source of artificial lighting. Used in
architectural designing of technical means, innovative light technologies, solar energy for creating
an aesthetic image and solving design problems.

Comfortable light environment in designing largely depends on the choice of interior and
exterior lighting architectural objects. Supplement to the annexes of the state building norms of
Ukraine on lighting (the index of comfort C, visual comfort, criteria of the quality of natural light) is an
actual task.

Thus, the problem of comfortable light environment in architecture at the center of social
attention and major issues in the field of ecology, architecture and urban planning.
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Analysis of recent research. The problem of determining and creating a comfortable light
environment in the internal and external spaces of buildings and structures is at the center of social
attention and in the field of urgent issues of ecology, architecture and urban planning.

The main researches in the field of the theory of solar radiation and calculations of insolation
in construction are the works: N. Danzig, V. Drozdov, B. Dunaev, O. Ershov, E. Pugachev, S.
Skryl, F. Erism. Among the foreign authors should be distinguished works: R. Hopkinson, K.
Cowleson, E. Niiman, A. Olghei, P. Peterbridge, G. Playzhel, H. Rong, L. Holm.

Scientific research on the role of a comfortable light environment in modern architecture was
reflected in works — M. Gusev, N. Danzig, V. Drozdov, B. Dunaev, O. Ershov, N. Kireev, D.
Lazarev, S. Skryl, S. Langer, M. Heidegger, M. Merlot-Ponty.

Purpose and tasks of the research. The study aims to determine application state building
codes «Natural and artificial lighting» additions.

In developing regulations and improvement of natural and artificial lighting defined tasks:

1. Calculate the index of comfort of the light environment.

2. Determine the criteria for the quality of natural light:

— Distribution of brightness in the surrounding space.

— Elimination of visual discomfort.

— Uneven distribution of light streams in the room.

— Contrast of illumination.

— Spatial illumination.

— Light vector.

Methods of research. Professor of the Kiev Building University Oleg Sergeychuk in the
article «Requirements of the European Union — the basis of the development of a set of normative
documents on natural and artificial lighting» gave in details and provided suggestions for improving
the structure of regulatory documents. These are calculations in the design of lighting systems in
construction and alignment with the applicable standards.

The work was undertaken to improve the regulatory framework for designing lighting systems
for buildings. An amendment to the state building codes «Atrtificial and natural light» was approved, to
the state standard of Ukraine «Guidelines for the calculation of insolation of objects of civil purpose».
Now work on the development of a new edition of the Ukrainian building regulations is underway [1].

At the present stage, normative documents on natural and artificial lighting include: state
standards: «Calculation and design of lateral natural light»; «Calculation and design of rectangular,
trapezoid and tail lights»; «Calculation and design of antiaircraft and shaft lanternsy»; «Calculation and
design of light guides»; «Calculation and Design of Combined Natural Lighting Systemsy;
«Calculation and designing of sunscreen systemsy»; «Calculation of economic and environmental
indicators of natural lighting systems»; «Calculation of quantitative and qualitative indicators of
artificial lighting»; «Designing artificial lighting systems for industrial buildings»; «Designing artificial
lighting systems for residential and public buildings»; «Designing artificial lighting systems for
enterprise sites»; «Designing artificial lighting systems for urban and rural settlementsy; «Calculation
of economic and environmental indicators of artificial lighting systems»; «Calculation and design of
gel lighting systemsy; «Calculation and design of combined lighting systems»; «Installation and
maintenance of natural lighting systemsy; «Installation and maintenance of artificial lighting systemsy.

Today, the issue of improving lighting standards is being discussed. These are rules like:

— optimization of the area of light cavities; harmonization of sanitary and hygienic
requirements with economic ones; introduction of fiber optics for the illumination of sunlight
without windows; introduction of accumulating systems for artificial lighting; implementation of
redistribution of light streams; the introduction of protective devices from the Sun [2].

An extended and amended version of the rules was published (DIN EN 12464-1, Ausgabe
2003-03. Lichtund Beleuchtung — Beleuchtung von Arbeitsstatten. — Teil 1: Arbeitsstittenin
Innenraumen; Deutsche Fassung EN 12464-1:2002) [3].The standards were developed by the
Technical Committee No. 169 of the European Commission for the regulation of electrical
engineering (CEN/CENELEC TC 169). Detailed national standards have been replaced by a single
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document. The document gives recommendations for lighting local areas. There are many
specialized national rules and regulations in European countries [4]. International Commission on
Standardization (ISO) on the basis of [5] has adopted international standards for indoor lighting 1ISO
8995:2002. The above norms act as national in the countries of eastern Europe [6].

The proposed theoretical materials should take into account the impact on the energy
efficiency of buildings. Environmental criteria in architecture are criteria for functional comfort. An
integral criterion or functional comfort is considered as a functional state. Functional comfort
includes two basic components — psychological and psychophysiological.

Creation of a light comfortable environment for human life and self-realization is possible.
Comfortable light environment is a system of providing functional comfort in the interior plus
aesthetic comfort in the exterior and interior.

Scientific research on the role of a comfortable light environment in modern architecture was
reflected in the works — M. Guseva, N. Danziga, V. Drozdova, B. Dunaeva, O. Ershov, N. Kireeva,
D. Lazareva, E. Pugacheva, S. Skryla, F. Erisma, S. Langera, M. Heideggeroma, M. Merlot-Ponty.

Economically beneficial systems for redistribution of light flux. They have special window
holes. The light is transmitted further from the window (deep into the rooms). This raises the
uniformity of the illumination and increases the size of the room [1, 7].

Method of calculation of natural light [8] was perfected in Changes No. 2 to state building
regulations. Today, European architects use several computer methods to calculate the illumination
[9, 10].

Research results. Discomfort rate. Annex «A» of the State Building Regulations «Natural
and Avrtificial Lighting» has an indicator of discomfort M. The discomfort index M is a criterion for
evaluating uncomfortable brilliance. Which causes unpleasant sensations in the uneven distribution
of brightness in the field of view. Uncomfortable brilliance is expressed by the formula. Which is
recommended to be transformed as follows:

M = L.o™ .
(po.L0’5 — min, 1)
az

where L. — is the brightness of the sparkling source, cd/m?; w — angular size of the sparkling
source, erased; ¢, — position of the sparkling source relative to the line of sight; L, — is the

brightness of adaptation, cd/m?.

When designing an index of discomfort is calculated by the engineering method.

The index of comfort C, visual comfort. The index of comfort C, visual comfort, criteria for
the quality of natural light in state building regulations today are completely absent.

Therefore, the main task in the study was to improve the calculation of comfort index C, to
determine visual comfort, criteria for the quality of natural light.

Diagram for finding a zone of discomfort [6] makes it possible to find the zone of comfort of
the light environment.

The indicator of comfort C [11] is a criterion for assessing the comfort of brilliance. This
creates a favorable light environment in the interior or exterior. The index of comfort creates the
optimal choice of lighting parameters, and is expressed by the formula [5]:

C=T2+E, —\T, (2)

where: T, — is the color temperature of the radiator (black body temperature Planca);
En — free lightness factor (E, = 8, 25, 130... — diagram for finding the comfort zone);

A — curve of the zone of discomfort with insufficient light (4, = \/T_c);

A,— the curve of the border of the zone of discomfort at a highlight (4, = 7.2 + Ep);
Ay — A1— comfortable interval of illumination (Fig. 1.).

Dependency of brilliance ¢, is expressed for the natural light by the formula:
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where: ¢, — index of the brilliant source position relative to the line of sight;
L, — brightness of the sky, Nt;

o — angular size of the source, ster;

L', — brightness of the field of adaptation;

P — position index.

Vision comfort — a favorable light environment in the interior. Vision comfort creates the
optimal choice of lighting options.
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Fig. 1. Diagram for finding the comfort zone
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The comfortable interval increases with an increase in the color temperature of the light source

(table 1).

Table 1 — Table for finding the comfort zone

T. (K) Eq E>
1500 5 8
2000 15 25
2500 50 130
3000 125 500
4000 300 8000

Criteria for the quality of natural light:

1. Distribution of brightness in the surrounding space.

When choosing the distribution of brightness, it is necessary to proceed from the distribution,
which psychologically combines the space of the interior with nature. The reference when choosing
the brightness of the ceiling, walls and floor in the rooms is the ratio of numbers Fibonachi 5:3:2.

ch - Vl Eav
wa = V2 Eav

(4)
()
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1
Tpn Eav’ (6)

Lor =

where: L, —the brightness of the ceiling;
L., the brightness of the walls;
L, — the brightness of the floor;
v, —relative brightness of the ceiling;
L, relative brightness of walls;
E.,—average illumination of the conditional horizontal plane at the level of 0.8 m from the floor;

P, — coefficient of the room floor reflection.

2. Removal of visual discomfort.

Eliminate visual discomfort when you hit the field of direct sunlight by limiting glare. The
criterion for assessing blindness in the day is the index of the position of a brilliant source relative
to the line of sight (¢,), which depends on the brightness of the sky (L), the angular size of the
sparkling source (w), the position index (P). Characterized by: the position of a person in relation to
the surface of the window, the conditions of adaptation in the room. Determined by the average
brightness of the room (L,).

3. Uneven distribution of light streams in the room.

The premises are divided into two groups:

— Group 1 is a room that requires uniform illumination of the working surface.

— Group 2 is a space in which the requirements for unevenness of illumination are determined
by the need to distinguish the subject under consideration by the adaptation of the eye.

4. Contrast of illumination is characterized by the ratio of total illumination to illumination
created by scattered light as a result of multiple reflections from the interior surfaces of the room.

The contrast of the natural light of the premises depends on the ratio of light to the direct light
penetrating through the light slits of windows or lanterns to diffuse light reflected by the light from
the interior surfaces of the room.

The criterion for evaluating the contrast of indoor lighting can be the ratio between direct
sunlight and diffuse light.

The value of the diffuse component of natural light (E,) is determined by the formula:

E — 8z - LZ2 , )
3 1+cos®-z,

where: L, — is the brightness of the sky in the zenith, cd/m?;

Z. — height of standing of the Sun, degrees.

The ratio between the illuminations created by direct sunlight (E,) in the first approximation
depends only on the geographical latitude of the terrain.

5. Spatial illumination — characterized by the saturation of light at this point of space,
regardless of the direction of the light flux.

6. The light vector indicates the dominant direction of the incident light flux.

Conclusion. As a result of the study, additions were made to the materials of the annexes of the
state building codes «Natural and artificial lighting». During the development of normative documents
and the improvement of natural and artificial lighting systems, the following tasks were solved:

1. Proposed  calculation of the  comfort indicator of the light
environment (C = (T2 + E, ) —/T.) -

2. The criteria for the quality of natural lighting are determined: distribution of brightness in
the surrounding space; elimination of visual discomfort; uneven distribution of light streams in the
room; contrast of illumination; spatial illumination; light vector.

According to the authors above mentioned additions can be made for discussing to the developers
of the annexes of the state building codes of Ukraine (V.2.5-28-2018) "Natural and artificial lighting".

Improvements and supplements to regulatory documents on lighting today are the main thing
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that determines the solution to the problems of providing a quality architectural environment,
psychological comfort for people's lives, effective use of the aesthetic potential of natural light and
innovative light technologies of domestic and world production.
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J10 NTEP)KABHUX BYJIIBEJIbHUX HOPM YKPATHA
(B.2.5-28-2018) «[TPUPOJHE I ITYYHE OCBITJIEHHS»
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Ooecvra Oeporcasna akademis OyOigHUYmMEa ma apximexmypu

AHoTanisi. Y 1pOMYy JOCIKEHHI 3allpOMOHOBaHI Marepiald [0 peAakiii JONOBHEHHS
HepxaBHUX OyaiBelbHUX HOpM Ykpainu (B.2.5-28-2018) «IIpupoase 1 mryuHe ocBimieHHs». PoboTa
HaJl JOTIOBHEHHSIM Oy/iBENFHUX HOPM CHOTOJHI HE 3aKiHUeHa. TeopeTHyHI Marepiaid MOB'A3aHi 3
pO3paxyHKaMH OCBITJIEHHS BHYTPIIIHIX TPOCTOPIB apXITEeKTypHUX 00'exTiB. I[Ipono3uiii HOCATH
TEOPETUUHUM XapakTep, SIKUi BpaXOBYe BIUIMB Ha €HEPreTU4YHy e(PEeKTUBHICTH OyniBenb 1 cnopyl. Y
Jo/1aTKax JiepKaBHUX OyniBeIbHUX HOpM YKpaiHu «lIpuposHe 1 mTy4yHe OCBITJICHHS» Ma€ Micle
MOKAa3HUK JUCKOM(DOpTY M, SKUN € KpUTEpiEM OLIHKUM HEKOM(OPTHOIOIMCKYUOCTI, 10 BHUKIIMKAE
HEMPHEMHI BITUYTTS PH HEPIBHOMIPHOMY PO3IMOJLTY SICKPABOCTI B MOJI 30py JOAMHU. BuOip 30HH
KOM(OPTHOTO OCBITJIEHHS 3aJISKUTh Bl KOJTIPHOI TeMIepaTypH Jkepena cBitiaa. Hopmu ocBiTiaeHOCTI
IUIsL JKepen CBiTia 3 KousipHoto Temreparyporo Bin 2700 K mo 6000 K mo's3aHi 3 po3paxyHKOBOi
30HOI0 KoMmopty 3rizHo Homorpamu Kproitroda. Po3paxyHkoBa 30Ha KoMGopTy 30UIbLIYETHCS 31
3pOCTaHHSIM TeMIepaTypu Koiabopy. HopmoBaHa cepemHs OCBITICHICTh 3alI€KHTHh BiJl KOJIPHOT
Temreparypu. B pe3ynbraTi B JaHOMY JOCTIKEHHI OyIU MpoaHali30BaHl 1 BU3HAYEHI aHATITHYHUM
CIIoco0OM JIOTIOBHEHHS 70 MatepiaiiB mofartkiB JlepaBHUX OyniBenbHUX HOpM Ykpainu (B.2.5-28-
2018) «lIpupoane 1 mTy4HE OCBITIIEHHS» (MOKa3HUK KoMmpopty C, KpuTepii SIKOCTI MPUPOIHOTO
ocBiTieHHs). Ilokaznuk komdpopry C € KpuTepieM OLiHKM KoM(popTHOI Onuckydocti. Jlo KpuTepiis
SKOCT1 MIPUPOTHOTO OCBITICHHS BIAHOCATHCS. YCYHEHHS 30pPOBOTO JAUCKOM(OPTY; HEPIBHOMIPHICTb
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PO3MOALTY CBITJIOBHX MOTOKIB Y BHYTPIIIHIX MPOCTOpaX; KOHTPACTHICTh OCBITJIIEHOCTI; IMPOCTOPOBA
OCBITJICHICTh; CBITJIOBUM BEKTOp. YOCKOHAJICHHS 1 JOMOBHEHHS HOPMATUBHUX JOKYMEHTIB IIOJO
BUCBITJICHHS CHOTOJIHI € OCHOBHOIO JIAHITFOTOM, BiJ] SIKOTO 3aJICKHUTh BHUPIIICHHS MPOOIeM
3a0e3neyeHHs] SKOCTI apXiTEeKTypHOI'O CEpelOBHINA B EKOJONIYHMX 1 JAeMOorpadiuHux CcHCTeMax,
TMICUXOJIOTTYHOTO KOM(DOPTY, €(PEKTUBHOTO BUKOPHUCTAHHS ECTETUYHOTO IOTEHIATY MPUPOJHOTO i
IITYYHOTO CBITJIA, IHHOBAIIIMHUX CBITJIOBUX TEXHOJIOTIH BITYM3HSIHOTO 1 CBITOBOI'O BUPOOHHUIITBA.

KurouoBi cioBa: 30poBuii koMpopT, MOKa3HUK KOM(OPTY, KPUTEPiiB SAKOCTI MPUPOIHOTO
OCBITJICHHSI, PO3MOJAUI SCKPaBOCTI B HABKOJHUIIHBOMY TPOCTOPi, 30pOBHHA AHCKOMGOPT,
HEPIBHOMIPHICTh PO3MOJILIY CBITJIOBUX MOTOKIB, KOHTPACTHICTh OCBITJIICHOCTI, CBITJIOBHH BEKTOP,
MIPOCTOPOBA OCBITJICHICTb.

K CTPOUTEJIbHBIM HOPMAM U ITPABHJIAM YKPAUHDbI
(B.2.5-28-2018) «<ECTECTBEHHOE U UCKYCCTBEHHOE OCBEILIEHHUE»

Bacuaenko A.b., 1.apx., mpodeccop,
abvasilenkol0@gmail.com, ORCID: 0000-0002-8261-3104
Hamuyk A.B., MarucTp apXuTeKTyphl U IpaioCTPOUTEIBCTBA
aleks.namchuk@gmail.com, ORCID: 0000-0001-5185-8072

Ooecckas 20cy0apcmeeHHAs akademus cmpoumenbCmed U apxumexmypbl

AHHOTanus. B HacTosIIeEM HCCIEI0BAHUU NIPEIOKEHBI MAaTEPHAJIbl K PEAAKLIUU JIOTIOJIHEHUS
CTPOMUTEIBHBIX HOPM U mpaBun Ykpaunbl (B.2.5-28-2018) «EcrecTBeHHOE H HCKYCCTBEHHOEC
ocenieHue». Pabora Haj JONOJHEHHEM CTPOUTENBHBIX HOPM M IIPABUJ CErO/IHS HE 3aKOHYEHA.
Teopernueckne wmarepualibl CBsSI3aHbl C  pacuye€TaMHd OCBELEHHUS BHYTPEHHUX IPOCTPAHCTB
apXUTEKTYpPHbIX 00BEKTOB. [IpemnokeHus HOCAT TEOPETUYECKUI XapaKTep, KOTOPBIH YYUTHIBACT
BIMSIHUE Ha SHEPreTuueckyro dS((EeKTUBHOCTh 3AaHUM M COOpyKeHHil. B  mpumoxeHusx
TOCYJAApPCTBEHHBIX CTPOUTENBHBIX HOPM U IpaBUil YKpauHbl «ECTECTBEHHOE U HCKYCCTBEHHOE
OCBEIICHUE» UMEET MECTO IMOKazaTelb AUCKOoMQopra M, KOTOPBIA SBISIETCS KPUTEPUEM OICHKH
HEeKOM(OpPTHON  ONECKOCTH, BBI3BIBAIOIIMN  HETPHUITHBIE OIIYIICHUS TNPU HEPAaBHOMEPHOM
pacripe/ielIeHHH SIPKOCTH B T10J1€ 3pEHUs uyenoBeKka. Boi0Op 30HbI KOM(POPTHOrO OCBEIIECHUS 3aBUCUT OT
LIBETOBOM TemrepaTypbl UCTOYHHKA cBeTa. HOpMBI OCBEIIIEHHOCTH /17151 HCTOYHUKOB CBETA C LIBETOBOM
temnepatypoir ot 2700 K no 6000 K cBsizanbl ¢ pacueTHOW 30HOH KoMdopTa M0 HOMOIpamMme
Kproutroda. PacuerHas 30Ha kKoM¢opTa yBEIMUMBAETCS C POCTOM IIBETOBOM TeMIEpaTyphl.
HopmupoBanHast cpemHsisi OCBEHICHHOCTh 3aBUCUT OT I[BETOBOM Temmeparypbl. B pe3ynbrare B
JAHHOM HCCIIEIOBaHMM OBbUTM MPOAHATU3UPOBAHBI U  OMPEAEIEHbl AHATUTUYECKUM CHOCOOOM
JIONOJIHEHHUS K MaTepuaiaM NpUIOKEHNH roCyIapCTBEHHBIX CTPOUTENBHBIX HOPM U MPABUII Y KPAaUHBI
(B.2.5-28-2018) «EcTecTBeHHOE M NCKYCCTBEHHOE OCBEIIEHHE (TToKa3aress komdopra C 1 KpuTepun
Ka4yecTBa ecTeCTBEHHOro ocpelleHus). Ilokazatens komdopra C sBISETCS KPUTEPHEM OLIEHKH
koMdopTHOI O1€ckocTH. K KpuTepusiM kauecTBa €CTECTBEHHOTO OCBEILIEHUs] OTHOCSTCS: YCTpaHEHHUE
3pUTEIBHOTO JAUCKOM(OpPTa; HEPABHOMEPHOCTh PACHPEIENICHUS CBETOBBIX MOTOKOB B IOMEIIECHUH;
KOHTPaCTHOCTb ~ OCBEIIEHHOCTH;  IPOCTPAHCTBEHHAs  OCBEIIEHHOCTb;,  CBETOBOM  BEKTOP.
CoBeplIeHCTBOBaHUE U JONOJHEHUE HOPMAaTUBHBIX JOKYMEHTOB IIO OCBEIICHUIO CErOAHS SIBIISETCA
OCHOBHBIM 3BEHOM, OT KOTOPOT'O 3aBHCHUT pellleHHe NpolieM obecrieueHus] KauyecTBa apXUTEKTYPHOM
cpeabl B OKOJOTMUECKUX M JeMorpapuuecKux CHCTEMax, ICHXOJOrMYeckoro komdopra,
3 PEKTUBHOTO MCIIOIb30BaHUS SCTETUYECKOTO MMOTEHIIMaa €CTECTBEHHOTO M MCKYCCTBEHHOT'O CBETA,
VMHHOBAIIOHHBIX CBETOBBIX TEXHOJIOIMI OTEYECTBEHHOIO M1 MUPOBOT'O IIPOU3BO/ICTBA.

KutoueBble cjioBa: 3puUTEnbHBIA KOMGOPT, MoKazarenb KoMGopTa, KpUTEpPHEB KauecTBa
€CTECTBEHHOI'0 OCBEILEHUS, paCIIpe/ie]IeHHE SIPKOCTH B OKPY)KAIOIIEM MPOCTPAHCTBE, 3pPUTEIbHBIN
TUCKOM(pOPT,  HEPABHOMEPHOCTb  pACIpEAEICHHUs  CBETOBBIX  IIOTOKOB,  KOHTPAcCTHOCTh
OCBEILEHHOCTH, CBETOBOM BEKTOP, IPOCTPAHCTBEHHAS! OCBEIIEHHOCTb.
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