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Abstract

The use of modern computer programs is essential for the rapid creation of high-quality lighting, flexible transformation
of systems at the design stage to obtain the best engineering solution in every case — reliable, safe, comfortable for performing
visual work and acceptable for real installation and subsequent maintenance. The key criterion for choosing light engineering
programs is the reliability of the design values, which is expressed by the coincidence of illuminance at control points as a
result of measurements and computer calculations. In this case, it is important with what degree of reliability the program cal-
culates the distribution of illuminance in the scene. However, setting of the calculated parameters depending on the complexity
of the scene and the tasks performed by the user can significantly affect the accuracy of the results of computer calculations.

The objective to increase the reliability of the results of computer simulation of the lighting installations was achieved by
solving the following tasks: identifying the reason for the unreliability of the results of existing calculation methods in compar-
ison with the measured and set values of the errors of determining the parameters of lighting systems on the basis of analysis
of existing calculation methods; introduction of the generalized coefficient of maximum error, which takes into account the
coincidence of the simulation results with the experimental values obtained when measuring the illuminance at the control
points of the room with a digital luxmeter; the proposed expansion of the error of determining the quantitative parameters of
the light environment ensures an increase in the reliability of the results obtained using light engineering computer programs,
which, in turn, determines their effective application and reduction of the period of reconstruction of obsolete lighting systems.
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Introduction

Effectiveness of visual perception is evaluated by
how fast and reliable is the recognition of the shapes,
details and colors in the existing lighting conditions. From
numerous scientific research it is known to what extent
the efficiency of the visual apparatus depends on the
lighting parameters. The so-called basic visual functions
characterize the effectiveness of visual activity, depending
on the illuminance in the area of the visual activity, the
uniformity of the illuminance in place and time, as well
as the distribution of luminance at the workplace and
luminance of light within the field of view. In most cases,
the increase in illuminance rises the effectiveness of visual
activity. Extremely high luminance in the field of view
and the effects of gloss due to their dazzling effects can
reduce the effectiveness of the visual system.

Therefore, in order to provide a comfortable in-
door environment, it is necessary that the lighting
system meets the following demands that specify the
requirements [1]:
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+ Sufficient level of illuminance on the working
surface and its high uniformity on this surface (if ne-
cessary for recognizing specific shapes of objects of re-
cognition) for the rapid correct recognition of all ne-
cessary parameters of the object (shape, color, texture);

+ Limiting the dazzling effect of light elements of
the installation (structural features of the luminaires),
preventing the creation of glares with high luminance on
the working surface and objects within this surface [2];

+ Sufficient saturation of the room with light to
avoid significant negative effect of light-modeling effect
on the ratio of horizontal and cylindrical illuminance
in different lighting schemes [3].

Taking into account the above-mentioned factors
with a large number of light-emitting diodes and their
switching circuits in order to create a certain lighting
scene by the light engineering system made more com-
plicated the multivariate calculations of lighting systems
by conventional engineering methods and significantly
Iengthened the design and determination of the para-
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meters of lighting installations (LIs) [4, 5]. Indeed, the
application of modern computer software is essential in
these conditions for the rapid creation of high-quality
lighting, flexible transformation of systems at the de-
sign stage to obtain the best in each case engineering
solutions — reliable, safe, comfortable for performing
visual work and acceptable for the real installing and
subsequent maintenance [6, 7].

Computer light engineering design has significant
differences [8] from the standard design methodology
based on engineering methods for calculating light en-
gineering parameters. The main tool in this case is the
light engineering program (the calculation environment
used in the Radiosity method), rather than a set of
simplified calculation methods. The calculation of light
engineering indicators of illuminance by the Radiosity
method is performed on the basis of finite element
methods, which forms the main difference between the
calculation methods.

The use of light sources in electronic databases
significantly shortens the time to search for optimum
lighting equipment.

Lighting software allows to calculate the LIs based
on real geometric sizes of the illuminated object, have
means for detailed simulation of interior and surround-
ing space [9—13]. They also provide tools for simula-
tion the photometric properties of materials used in a
three-dimensional scene, which in general allows the
program to use a ray tracing method to create photo-
realistic images of a future LI.

In the application of light engineering program-
mers, the following approach to light engineering design,
which consists of three stages, is used. At the first stage,
a geometric simulation of the lighting scene object is
performed. This implies a set of solid state three-dimen-
sional simulation techniques based on existing drawings,
photographs and other information. At the second stage,
the light engineering calculation is performed with the
choice of lighting equipment. At this stage, depending
on the calculation program, the optimal calculation pa-
rameters are selected: the step of the calculation grid,
the method of calculation, accuracy, etc. The third stage
is the generation of photorealistic images and the prin-
ting of design documentation of the project.

An effective method for physically correct simula-
tion of light propagation is the procedure [14], which is
designed on the basis of two-way ray tracing using the
Monte Carlo methods. It allows using a single mech-
anism and algorithmic base to solve a wide class of
computer graphics and optics tasks: to synthesize im-
ages of photorealistic quality, to calculate and analyze
illuminance, to simulate and design complex optical
systems and devices.

In most cases, when performing design work there
is a need to move from stage to stage and in reverse
order to achieve the optimal quantitative, qualitative
and aesthetic criteria of LIs. In [2], the influence of
input parameters on the final result of the calculation

of the Unified Glare Rating (UGR) was analyzed and
one of the main input parameters for its calculation
was considered, which takes into account the place-
ment against the observer’s line of sight.

The criterion for choosing light engineering pro-
grams is the reliability of the calculated values, which
is expressed by the coincidence of illuminance at con-
trol points as a result of measurements and computer
calculations.

We will be interested in the degree of reliability
with which the program calculates the distribution of
illuminance in the scene. Since all programs work with
diffuse surfaces, we can talk about the reliability of the
calculation of the distribution of luminance.

In order to provide a high-quality and comfortable
environment for a room when implementing a light-
ing model on the basis of computer simulation, it is
necessary that the parameters of a LI, determined as
a result of computer simulation, would not differ from
the reference ones by more than it is established for
lighting systems [1]. When checking the characteristics
of the light environment and the parameters of LI by
instruments of the appropriate accuracy class, it has
been shown that the results of computer simulation
and the measured values of illuminance do not co-
incide [9—13].

The purpose of the paper is to increase the reliabi-
lity of the results of computer simulation of lighting in-
stallations, the criterion of which is the coincidence of
the results of measurements of illuminance in control
points with the results obtained by computer calcula-
tion. To achieve this purpose, it is necessary to solve
the following tasks: based on the analysis of existing
calculation methods to identify the reasons for unre-
liability of their results compared with the measured;
on the basis of analysis of the reasons to propose a
method for eliminating the unreliability of the results
of simulation.

Analysis of light engineering software

In general, the methods of calculation existing and
applied in computer programs can be divided into two
groups. The first method is based on a usage rate,
which allows to quickly perform a checking calculation
(programs Light — in — Night, WinELSO-Light). The
second method, the Global Illuminating method, is
based on the solution of the global illumination equa-
tion and is implemented in all other light engineering
programs. Depending on the solution method of this
equation, the Radiosity method and the Ray Tracing
method can be used to create a realistic image with the
accurate simulation of surface luminance in three-di-
mensional scenes, taking into account multiple diffuse
and mirror reflections of light.

It is obvious that the main scatter of values will
prevail in the case of multiple reflections, that is, when
using a scene with at least two surfaces with nonzero
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reflection coefficients. On the other hand, some part
of the error in the result will be due to the approxi-
mation step of the luminous intensity distribution curve
(LIDC), which is usually set to 5—10°. This raises the
question of what LIDC values will determine the pro-
gram in the intermediate nodes (points).

Thus, with the application of computer methods
of calculation there are a number of problems that
need to be addressed [15]:

 Criteria for choosing one or another program
depending on the light engineering task;

* Determination of the error of calculation of
light engineering parameters in programs in compari-
son with precise analytical solutions;

* Formulation of the principles of the correla-
tion of light engineering programs with computer-aided
design systems (CADs), design and architectural ap-
plications;

* Need for development of methods of computer
analysis and calculation of illuminance on the basis of
the Radiosity method;

» Calculations and estimation of the light field
created by LI in space.

Evo version of DIALux program has the option
of design and simulation of the whole constructions,
switching between internal and external plans is possi-
ble, and integrated calculation of the whole construc-
tion as a single object. Due to the indicated above,
the time spent for calculation does not exceed the
previously included in version 4.x for calculating the
construction as the amount of successive calculations
of its individual premises.

Previously, the Radiosity method was used in DI-
ALux and other light engineering applications. In this
method, the exchange of energy between surfaces in
the lighting scene, which are conditionally divided into
sectors, was calculated. When using an adaptive inter-
connection, computer simulation provides non-static
separation of surfaces within specified grids, and se-
paration with large differences in the growth of illu-
minance values.

Thus, the high resolution of the visualization is
achieved in the shortest possible time. However, this
method is the opposite of the usual standard methods
in which the grids of calculation points is given as
described in EN12464—1 [16]. To fulfill these require-
ments, the calculation points must be determined be-
fore the beginning of the process of calculating the
surfaces, or the values of the calculation points should
be interpolated according to the results on the surfaces.

This procedure is well tested and provides in many
cases with a sufficiently accurate calculation. However,
Radiosity has two disadvantages:

1) Calculation of large scenes can take a long
time. Separate and simple premises can be calculated
very quickly using Radiosity but for a complex geom-
etry of individual premises or the whole buildings the
calculation takes a very long period of time.

2) The calculation method takes into account only
materials with diffuse scattering. Only a simplified calcu-
lation of light-transmitting and mirror-reflecting surfaces
is possible with the introduction of some tolerances.

After experiments with several alternative methods
of calculation, a photonic method was introduced. Ac-
cording to the light distribution, the radiation is dis-
tributed only on visible surfaces. From these surfaces,
the photons are redirected — are scattered diffusely or
depending on the properties of the material are trans-
mitted or absorbed. The luminance or illuminance of
the surface is determined by the number of photons
on the surface and their energy. The advantage of this
method is the maximum approximation of the distri-
bution of light to the real one.

The photon method has the following disadvan-
tages [17]:

Firstly, simple geometric forms take more time
in comparison with using Radiosity method, because
the maximum number of photons is used. Secondly,
when using a large number of photons on small sur-
faces, they either collide with the surface or insufficient
number of them encounter with each other. For further
optimization of the photonic method, a dynamic adap-
tation of the number of photons to a given situation
is required.

On the basis of the analysis of the calculations
performed for illuminance with different reflection co-
efficients and different models according to the models
described in CIE171:2006, DIALux evo provides calcu-
lated results of high accuracy that can bear comparison
with reference test procedures [18]. However, in some
cases, the possibility of significant deviations from the
reality exists, due to the fact that [18]:

» The effect of photometric distance in the near-
est areas is not taken into account;

* The model of the calculation material is very
simplified, although the direct reflection, refraction
and transmission coefficients was included in the pre-
vious model;

* The number of photons used is limited by the
permissible capacity and the expected calculation time;

» Scenes with large surfaces, which require high
precision results on small surfaces, are problematic for
the photonic method used by the system. When limit-
ing the number of photons there is a risk of insufficient
number of photons to reach a certain small surface.

Thus, despite all the advantages and attractiveness
of the use of computer programs for designing and
determining the quantitative parameters of the lighting
system, due to the average accuracy laid down in their
algorithm of work, all programs in one way or another
accurately calculate the distribution of illuminance in
the scene, their error is lies within the range of spec-
ified tolerances (—10 % + +20 % of the normalized
illuminance value). The most accurate results were
obtained in two programs of Autodesk and DIALux
companies.
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Reliability of the results of determination of
illuminance

To assess the accuracy of the results of the mode-
ling of the light environment — mainly the horizontal
illuminance and its distribution on the working surfa-
ces — it is necessary on the basis of a detailed analysis
of the parameters of light environment and lighting
system, as well as features of the computer program
algorithm, on which the reliability of reproduction and
calculation of light environment parameters depends,
to introduce a criterion of reliability of program results
for their correction in order to increase the probability.

The reliability of the results of computer simula-
tion is influenced by the following factors:

1. Factors & that depend on the method of cal-
culation:

* Degree of accuracy of the used interpolation
methods;

+ Necessary mathematical accuracy of the calculations
(given accuracy of the calculated results of the program is
determined by the number of re-reflected photons);

* Degree of accuracy of the determination of an-
gular parameters;

* Accounting for the fraction of reflected light
(for directional radiation, the contribution of this com-
ponent is maximum);

* Determining the size of the calculated surface,
which is set by the value of the edge zone;

* Accuracy of expression of a luminaire’s LIDC
in *.ies or *.1dt files;

* Uniformity of distribution of illuminance on a
working surface;

» Optical characteristics of the furniture and sur-
faces of the object.

2. Factors &/ that affect the reliability of the cal-
culation results and do not depend on the method of
calculation:

» Deviation of light engineering characteristics of
LSs from calculated ones [19];

» Deviations of the efficiency values of light-emitting
diodes and their LIDC, correction of the luminous flux of
luminaires, if the characteristics of LDs being used differ
from those prescribed in the program by default [19];

* Minimum information on photometric data of
the calculated surfaces;

* Fluctuations of electrical parameters of the
network;

* Inaccuracy of the data on the characteristics of
the absorbing medium through which the light pro-
pagates;

» Degree of accuracy accepted for calculating the
values of the operating coefficient;

+ Taking into account the possible component
of natural light.

Setting of the calculated parameters depending on
the complexity of the scene and the tasks is performed
by the user and can significantly affect the accuracy
of calculation results. On the basis of studies on the
parameters of lighting systems and environment scenes,
the following intervals of values for the coefficients of
simulation accuracy were proposed in accordance with
the above group of factors (Table 1).

Thus, for the approximation of the illuminance
values calculated in the program to real ones, it is
proposed to introduce a generalized error coefficient,
which is determined by the formula:

K= % >1,

i

)]

where 8] — error with the account of components that
depend on the method of calculation; 8] — error with the
account of components that don’t depend on the method
of calculation and shown in Table 1.

Table 1
The values of the error coefficients
Fluorescent Fluorescent | Compact Metal
T Halogen | lamp T8 with lamp T35 fluor- . Xenon
ype of lamp 1 . . LEDs halide
amp electromagnetic| with elec- escent lam arc lamp
ballast tronic ballast | lamp P
Deviation of light techni- 0,5 0,2—0,3 0,05-0,15 | 0,1-0,3 | 0,05—0,1 0,25 0,1
cal characteristics of LSs [5] [19] [5] [23] [22] [5]
for reference ones over
2000 hours, relat. un.
Deviations of the ef- 0,10 0,25 0,20 0,47 0,49 0,10 0,20
ficiency values of [19] [22] [22] [22] [22] [26] [26]
light-emitting devices and
their LIDCs, relat. un.
Fluctuations of elec- 0,35 0,50 0,1 0,3 0,09—-0,12 | 0,25—0,37 | 0,25-0,37
tric network parameters [20] [21] [25] [23] [24] [21] [21]
(influence on luminous
flux), relat. un.
Effect of temperature on | 0,15—0,28 0,2 0,2 0,2 0,1 0,1 0,05
stability of work [21] [20] [25] [23] [24] [21] [5]
Combined maximum er- 1,23 1,25 0,65 1,27 0,81 0,82 0,72
ror value, relat. un.
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Table 2

Examples of application of the method of the refinement of the results of simulation the lighting
environment of constructions for different functional purpose

Type of the
construction

Results of calculation (distribution of illuminance in
fictitious colors, minimum illuminance, type of light
sources)

Illuminance values: A) normalized
(plane and height of normalization);
B) measured;

C) corrected with allowance for K
coefficient of error (K,)

Nuclear power
plant

A) 80 Ix (H 0,8)
B) E meas = 102 Ix

10000 i

[9] mm »= « |C) E cor = 106,6

ae o |(K=T.2)

[ BEXI

37.50 x

[ BEECIEN

() 2%

(— o x
Hockey ice A) 1500 Ix (H 0,0)
arena B) E meas = 2020 Ix
[10] C) E cor = 2047 Ix

1125 Ix; metal halide lamp

(K,=8,2)

Room of blast

|
i

A) 200 (T 0,8)

furnace o/ Semmaiornon | (R B) E meas = 370 Ix
(1] e C) E cor = 362 Ix
@ 17500 Ix 57' $ (K5=851)
e
B N ==
) wo =
7500 Ik
@ 50.00 x >
(__BRECI
@ 0.00 ™
- =
200 Ix; LEDs
Classroom e A) 400 (I" 0,8)
[13] T B) E meas = 585 Ix
C) E cor = 577,5 Ix
(K;=6,5)
100 | .
0 L . “/ grid x5
gid grid S —— / gridx3
grid og —
vi era arid . . ——
2oy ¥y gr;d grid arid grid "_“--/ grid x1
v y7 v8 grid arid
yi0 yil
E min =380 Ix; fluorescent lamp T5
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With the account of the accepted accuracy, the
maximum value &, can be accepted equal to 0,1. Since
when estimating the error we take maximum value 3,
its value can reach the sum X3. Then the expression
for the coefficient takes the form:

K<10-%§!, )

The value of the coefficient K according to the
inequality (2) is significantly greater than 1, as can be
seen from Table 1.

Taking into account this method, the illu-
minance values determined by the computer pro-
gram DIALux for premises of constructions of dif-
ferent functional purpose were refined and com-
pared with those measured by digital luxmeter
DE-3350 with an uncertainty of + (4 % rdg + 5 dgt).
The results are shown in Table 2.

The data of Table 2 show that when introducing
an error coefficient for lighting systems according to
its parameters (LSs, LDs, environment conditions and
operation), the results of calculations coincide with the
measurement results of illuminance, that is, due to the
expansion of the error when introducing the coefficient
K, the reliability of the results of computer simulation

is provided. In the future it is possible to determine
the uncertainty budget.

Conclusions

The purpose of increasing the reliability of the
results of computer simulation of LIs was achieved by
solving the following tasks:

identifying the reason for the unreliability of the
results of existing calculation methods in comparison
with the measured and set values of the errors of deter-
mining the parameters of lighting systems on the basis
of analysis of existing calculation methods;

introduction of the generalized coefficient of ma-
ximum error, which takes into account the coincidence
of the simulation results with the experimental values
obtained when measuring the illuminance at the con-
trol points of the room with a digital luxmeter;

proposed expansion of the error of determining the
quantitative parameters of the light environment ensures
an increase in the reliability of the results obtained using
light engineering computer programs, which, in turn,
determines their effective application and reduction of
the period of reconstruction of obsolete lighting systems.

The future area of research is the possibility to
determine the uncertainty budget.
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AHoTaujis

3aCTOCYBaHHH CydyaCHUX KOMH’IOTCpHI/IX nporpam € HEOOXiTHUM JIJIsI IIIBUJIKOTO CTBOPCHHA SIKICHOTO OCBiTJ'lCHHH,

THYYKOTO TpaHC(OpMYBaHHSI CUCTEM Ha eTarli MPOEeKTYBaHHS 3 METOI OTPMMAaHHSI HalKpallloro B KOXHOMY KOHKPETHOMY
BUINAJKY iHXEHEPHOTO DillleHHS — HajiiiHOro, 6e3ne4Horo, KoM(MOPTHOrO Jii BUKOHAHHS 30POBUX POOIT i MPUINHATHOTO
JIJIS peaJIbHOrO BUKOHAHHS MOHTAXYy i HACTYIMHOro o0cayroByBaHHs. KIIloUoBMM KpUTepieM BUOOPY CBITIIOTEXHIYHUX ITPO-
IpaM € JOCTOBIPHICTh PO3PAaXyHKOBUX 3HAUYEHbB, SIKA BUPAKAETHCS 30irOM OCBITJICHOCTI B KOHTPOJBHUX TOYKAX y pe3yJbTaTi
BUMIipIOBaHb i KOMIT'IOTEPHOIO PO3paxyHKy. Y IIbOMY BUITAJIKy BaXXJMBO, 3 SIKMM CTYIIEHEM JIOCTOBIpHOCTI mporpaMa po3-
PaxoBYy€ PO3MOJiI OCBITIIEHOCTI Y CLEHI.

JlocsIrHyTO MeTH MiIBMIIEHHSI JOCTOBIPHOCTI Pe3y/bTaTiB KOMIT' IOTEPHOTO MOJEJIIOBAHHS OCBIT/IIOBaIbHUX YCTAaHOBOK
3a paxyHOK BMpILlIEHHSI TaKWX 3aBIaHb. HA OCHOBI aHaMi3y iCHYIOUMX PO3paXyHKOBMX METOMIB BUSBJICHO NMPUYMHU HEIO-
CTOBIpPHOCTI 1X PE3yJIbTaTiB IMOPIBHSIHO 3 BUMIPSIHUMU i BCTAHOBJICHO 3HAYEHHs MOXMOOK BU3HAYEHHS IapaMeTpiB OCBiT-
JIIOBAJIBHUX CHUCTEM; BBEIEHO y3araJbHEHMI KOeMilliEHT MaKCUMAaJIbHOI MOXMOKM, TIPU YpaxyBaHHi SIKOTO 3a0e3IeYyEThCS
30ir pe3yJibTaTiB MOACIIOBAHHS 3 JOCTIIHUMY 3HAYEHHSIMU, OTPUMAHUMU TIPU BUMIPIOBAaHHI OCBITJIEHOCTI B KOHTPOJIbHUX
TOYKaxX MPUMIIIEHHS HM(GPOBUM JTIOKCMETPOM. 3alipOrIOHOBAHE PO3IIMPEHHS MOXMOKM BU3HAYEHHS KiJIbKiICHMX MapaMeTpiB
CBITJIOBOTO cepenoBMIIa 3a0e3Ieuye IMiIBUILEHHS! TOCTOBIPHOCTI pe3y/bTaTiB, OTPUMAHMUX 3a JIOIMOMOTOIO CBITJIOTEXHIUHUX
KOMIT’ FOTEpHMX MPOrpam, 1110, y CBOIO Yepry, OOYMOBIIOE iX e(DeKTUBHE 3aCTOCYBAHHSI i CKOPOUEHHST TepMiHY PEKOHCTPYKIIii
3aCTapijiux CUCTeM OCBITJIIEHHSI.

KirouoBi ciioBa: 10CTOBIpHICTh pO3paxyHKOBUX 3HAYEHb, OCBITJIEHICTb, METOAU BU3HAUYEHHS OCBITJIEHOCTI.
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AHHOTaIMSA

[IprMeHeHue COBpPEeMEHHBIX KOMITbIOTEPHBIX MPOrpaMM HEOOXOAMMO ISl OBICTPOTO CO3[aHUsI KauyeCTBEHHOTO OCBe-
LIeHUsI, TMOKOro TpaHC(HOPMUPOBAHMS CHCTEM Ha dTare IPOEKTHPOBAHUS C LIEJIbIO ITOJYYEHUS JIYYIIEro B KaXXIOM KOH-
KPETHOM CJIydae WHXEHEPHOrO pelIeHUs] — HaIeKHOro, 6€30MacHOro, KOM(MOPTHOTO JIJIsT BBHITOJTHEHUS 3PUTEIbHBIX PadboT
U IPUEMJIEMOTO Ul PeajbHOrO BBIITOJHEHWS MOHTaXa M IIOCJCOYIOIIero oocmyxkuBaHus. KiroueBbIM KpuTeprueM BbIOOpa
CBETOTEXHUYECKHX MTPOTPAMM SIBJISIETCSI TOCTOBEPHOCTh PACUETHBIX 3HAYCHUI, KOTOpasl BhIpaxkaeTCs COBIAaJCHUEM OCBEIIeH-
HOCTH B KOHTPOJIbHBIX TOYKAX B pe3y/IbTaTe M3MEPEHMI M KOMIIBIOTEPHOIO pacyera. B maHHOM ciydae BaXHO, C KaKoii
CTETIeHBIO JOCTOBEPHOCTH TIpOrpaMMa PacCUMTBHIBAET paclpeie/icHue OCBEIIEHHOCTH B CIIEHE.

JlocTUrHyTa LiejIb MOBBIIIEHUsI JOCTOBEPHOCTH PE3y/IbTaTOB KOMIIbIOTEPHOIO MOIACIMPOBAHMUSI OCBETUTEILHBIX YCTAHO-
BOK 3a CUET pEeIICHUS CJCAYIOIIMX 3aJady: Ha OCHOBE aHaju3a CYIIECTBYIOIIUX PACUYECTHBIX METOIOB BBISIBICHBI MPUUYMHBI
HEIOCTOBEPHOCTH MX PE3y/IbTaTOB IO CPaBHEHUIO C M3MEPEHHBIMU M YCTAaHOBJEHBI 3HAYEHMS ITOTIPEIIHOCTEN OIpenesie-
HMS [TAPAMETPOB OCBETUTEIbHBIX CHCTEM; BBENEH OOOOLIEHHBIA KO3(MOUIMEHT MAKCHUMAIbHOI ITOTPELIHOCTH, IIPU yde-
Te KOTOPOro 0OecIeYMBaeTCsl COBMAJCHUE Pe3yJbTaTOB MOJAEIMPOBAHMS C OINBITHBIMUA 3HAYEHUSIMM, ITOJYYEHHBIMHU IPU
M3MEPEHMM OCBEIIEHHOCTH B KOHTPOJIbHBIX TOYKAX ITOMEIIEHMS LHU(PPOBBIM JIIOKCMETpOM. I[IpemiokeHHOe paclIMpeHMe
MOTPEITHOCTHU OIpee/IeHUs] KOJIMYSCTBEHHBIX TTapaMeTPOB CBETOBOI Cpelbl 00ecleYrBaeT MOBBIIIEHNE TOCTOBEPHOCTH pe-
3yJILTATOB, ITOJIy4EHHBIX C IIOMOIIBIO CBETOTEXHUYECKMX KOMIIBIOTEPHBIX IIPOrpaMM, 4TO, B CBOIO OYepelb, O0yCIOBIMBACT
nX 3GHEeKTUBHOE MPUMEHEHNE W COKpAIlleHNEe CpOKa PEKOHCTPYKIMU YCTapeBIIMX CHCTEM OCBELICHMSI.

KioueBbie cioBa: JOCTOBEPHOCTL paCyYCTHLIX 3HAYEHUI, OCBEIIEHHOCTb, METOMIbI OITPEACICHUA OCBCUICHHOCTHU.
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