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INTRODUCTION

Abstract

The fidelity of color perception under various lighting conditions is crucial in lighting quality
assessment. Traditional color rendering metrics, like the Total Color Rendering Index (CRI or
Ra) developed by the Commision Internationale I’Eclairage (CIE) in 1964, provide an average
measure of color fidelity across a limited set of color samples but do not capture individual
color variations. This metric, while widely used, has limitations in predicting color fidelity,
especially for specific colors or applications where precise color rendition (such as in skin
tones, food items, or particular-colored objects) is essential. That is, this traditional method of
evaluating color rendering has a number of limitations, such as using only eight test colors,
which is insufficient for a wide range of sources and does not take into account new types of
light sources, such as modern LEDs. With the advent of solid-state lighting, especially LEDs,
the limitations of CRI became more pronounced, leading to calls for improved metrics. In
response, the Society of Lighting Engineers of North America (IESNA) proposed the Color
Fidelity Index (Rf), incorporating 99 uniformly distributed color samples and a refined color
space to better predict visual color perception. And the color saturation index (Rg). These
methods use modern color spaces, such as CIE CAMO02-UCS, to increase the accuracy of the
work. That is why modern approaches to assessing color rendering will allow us to take into
account various types of light sources, including LED ones, ensure the accuracy of transmis-
sion where colors are critical and create standards for harmonizing lighting in different in-
dustries. The development of these metric systems helps to create better quality light sources
and increase the comfort of human color perception. A calculation method was applied,
which is determining the deviation of each test color from the reference one under standard
lighting and averaging the deviations to obtain the final index. This article explores the fidel-
ity of color indices, compares the efficacy of Ra and Rf metrics, and analyzes their application
across various lighting sources, providing insights into the future of color rendering stand-
ards.

(CIE) introduced the general Color Rendering Index
(Ra), based on the comparison of a series of eight

The influence of a light source on the color perception
of objects and surfaces is a crucial aspect of lighting
quality. The metrics used in the lighting industry to
describe color are based on color comparison rather
than color perception. This limitation prevents ob-
taining satisfactory answers to certain questions re-
garding color rendering. In addition to the visual
perception of the color of light sources, the color ren-
dering of illuminated surfaces is also of great im-
portance.

Currently, numerous studies focus on evaluating
the color rendering properties of light sources. In
1964, the International Commission on Illumination

standard color samples with specified reference light
sources (CIE 1965, 1974, 1995). This index is widely
used and remains an internationally recognized color
rendering metric. However, most color rendering
metrics discussed in the literature rely on comparing
a test light source with a reference source [1]. Three
key factors influence the quality of such metrics: the
color surfaces of the samples used, the type of refer-
ence light source, and the calculation procedure that
determines the perceived color difference between
the sample illuminated by the test and reference
sources.
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One of the unresolved issues is that the Ra index
averages the color rendering of eight colors, which
does not provide information about the rendering of
individual colors. Two light sources with the same
Ra value may exhibit significantly different color ren-
dering properties for specific colors. In certain appli-
cations, accurate rendering of specific colors, such as
human skin tones, meat, or vegetables, is critical. In
such cases, it is essential to analyze the individual
color rendering indices Ri (CRi) for the eight stand-
ard colors or the six additional special colors [2].

The development of solid-state lighting has led to
an increased interest in the standardization of im-
proved methods for evaluating the color rendering of
light sources, particularly LEDs. As early as 2007, the
CIE noted that the CRI color rendering index is not
always suitable for predicting the color rendering
properties of a set of light sources if it includes white
LEDs. The Illuminating Engineering Society of North
America (IESNA) proposed the Rf Color Fidelity In-
dex, a scientifically accurate measure of color fidelity
relative to a reference illuminant.

A key improvement of the Rf metric compared to
CRI is the update of the color space model and the
introduction of 99 test samples with a more uniform
distribution. This advancement better accounts for
human color perception and provides a more accu-
rate assessment of color rendering in a three-dimen-
sional uniform color space.

Analyzing recent research [3-9] highlights several
unresolved challenges in evaluating the color render-
ing of LED light sources. Therefore, the aim of this
study is to analyze and improve methods for as-
sessing the color rendering of modern light sources
based on the CIE CAMO02-UCS color space to enhance
color accuracy under different lighting conditions.

The objectives of this study are:

e To investigate the features of the CIE
CAMO2-UCS color space and its application to eval-
uating color shifts in LED light sources;

e To examine modern methods for assessing
the color rendering of light sources and compare
them with traditional approaches (CIE Ra, CIE Rf,
etc.);

e To determine the influence of the spectral
characteristics of LED lighting on color rendering ac-
curacy under various visual conditions.

RESEARCH METHODOLOGY

From the practice of using the general color render-
ing index Ra, it is obvious that some models and pro-
cedures on which it is based are being updated. This
affects both the U* V* W* space and the use of chro-
matic adaptation correction, as well as the number
and types of system samples heterogeneously dis-
tributed over the color space and possibly unrepre-
sented colors that occur in the interior.

After the appearance of LEDs on the market, it be-
came clear that Ra is not always a good and suffi-
ciently perfect predictor of color rendering proper-
ties for this new category of light sources.

Over the past decades, significant research has
been conducted to improve the measurement of color
accuracy and especially the evaluation of two-metric
color rendering methods.

IESNA has published IES Technical Memoran-
dum TM-30-15, which provides a method for using
the Total Color Accuracy Index Rf, a metric that syn-
thesizes the results of many studies.

In 2017, this metric was recommended by the
Commision Internationale 1’Eclairage (CIE) for accu-
rate scientific use [7].

To calculate the overall color accuracy index Rf,
99 color test samples are used, which were obtained
through a careful selection process. They were se-
lected from a range of 105,000 different types of ob-
jects, both natural and man-made. Finally, 99 sam-
ples were selected, which are evenly distributed in
the color space and do not have excessive saturation
or darkness. The series is also what is called "spec-
trally homogeneous", that is, the reflection coefficient
functions of all samples cover the entire range of
wavelengths fairly evenly. Tables of spectral reflec-
tance coefficient’s of all 99 color samples are availa-
ble in CIE publications. In Fig. 1 shows the colors of
99 samples.
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Figure 1. Colors of 99 samples used to calculate the color
accuracy index, Rf, as approximately perceived under day-
light illumination D50 (IES 2015, 2018; CIE 2017)

It should be emphasized that the use of a larger
number of samples makes it possible to reduce statis-
tical uncertainty.

The most modern uniform color space called CIE
CAMO02-UCS is used to calculate color shifts. Its name
consists of Color Appearance Model (Model of Color
Perception) UCS (Uniform Color Space) - uniform
color space - in the sense that equal distances in space
represent equal visual sensations of color differences.
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CAMO02-UCS has a complex mathematical calcu-
lation model that allows accurate calculation of color
differences. This is a model that takes into account
different conditions of observation (place and envi-

ronment) of a color sample and chromatic adaptation.

Fig. 2 illustrates this space.

AN plane view b’

Figure 2. Three-dimensional color space CIECAM02-UCS

Three color coordinates are plotted on three mu-
tually perpendicular axes. The vertical axis ] repre-
sents brightness. The horizontal plane with a' and b'
axes give different color tones, arranged according to
the opposite (oppositional) color affirming mecha-
nism in color vision.

Positive values on the a' axis represent reddish
colors, negative a' - opposite greenish colors, while
positive and negative values on the b' axis represent
yellowish and opposite bluish colors, respectively.
Larger values of a' and b' correspond to more satu-
rated colors.

BUILT-IN TRANSFORMATION,

THE POSSIBILITY OF TRANSFORMATION OF
CHROMATIC ADAPTATION AND ADOPTED
WHITE POINT

CAM 02-UCS offers the advantage of calculating the
color rendering largely independent of the correlated
color temperature of the test light source.

For the correct use of CAM 02-UCS, it is important
to understand the input and output parameters of the
model. Fig. 3 shows the vision parameters that deter-
mine the observation conditions and the terms of
color sensations that are determined by the Xv, Yw, Zw,
model, which is the tristimulus value of the reference
white under the test illuminator. aa determines the
brightness of the adaptation field; Yy, is the brightness
factor of the background. The output parameters of
the model include Luminance (J), Brightness (Q),
Redness - Greenness (a'), Yellowness - Blueness (b'),
Color Fullness (M), Color Purity (C), Saturation (S),
Color Tone Composition (H), Hue angle (h).

In Fig. 3 presents a schematic diagram of the CIE
color perception model.
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Figure 3. CIE color perception model

THE PROCEDURE (METHODOLOGY) FOR
CALCULATING THE INDEX OF GENERAL
COLOR ACCURACY (Rf) AND INDICES OF
SPECIAL COLOR ACCURACY (Rf, i)

The general calculation process is similar to the
current CRI calculation. In this case, the calculation
of the parameters of the color perception model CIE
CAM 02 UCS is used [8]. An illustration of this pro-
cess is shown in Fig. 4.

— o
Input Test Spectral Power DSl Gl (A (2 el

Distribution (SPD) source

composition functions (CMFs) and
reference illuminant)

Obtain color values from the
illuminant of samples (j, a', b')

Obtain the color values of the test
source (j, a), b') of the samples

Calculate color shifts

Rf, special indices Rfi

Figure 4. The process of calculating the color accuracy in-
dex

All steps use the 1964 10° color composite func-
tions, except for the CCT step, which uses 2° CMFs as
in common practice.

The total color accuracy index Rf is calculated as
a rescaled measurement of the average color-percep-
tual difference of 99 test color samples (TCS) irradi-
ated by a test light source and irradiated by a speci-
fied reference illuminant that has the same CCT as
the test source. Color-perceptual differences are de-
fined in the CAMO2-UCS color space. The CIE refer-
ence illuminant is a Planck emitter, daylight, or a
mixture of the two with the same correlated color
temperature. The scaling is performed using a loga-
rithmic function that provides all values between 0
and 100 and such that the average Rf of the selected
light source spectra is the same as the average Ra of
the CIE [9].
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RESULTS AND DISCUSSION. DETAILS OF THE
CALCULATION SCHEME

I. Note that the spectral sampling interval (5 nm or
less) about the wavelength range and the spectral
range sampling are significantly accurate.

As a preliminary step to the calculation, the con-
sumer must ensure that the SPD of the light source is
low:

a) a significantly large wavelength range covering
380 nm to 780 nm, which is the standard calculation
range used for this method;

b) a substantially accurate spectral sampling in-
terval (5nm or less) is recommended for accurate
color calculations.

If the SPD of the light source is added exactly at
1 nm intervals (or multiples of 1 nm), the TCS data
must be interpolated using the method given in
Aptech C, and the CIE color composition functions at
1 nm intervals are available in ISO 11664-1 2007 (E)
CIE 9014-1/E-2006 (ISO/ CIE 2007) should be used. If
values at 1 nm intervals are required, as a general
rule, linear interpolation between 1 nm points should
be used (see CIE 15.2004). All rigorous calculations
must use this method. For practical applications,
when small computational differences are neglected
and the Lagrange cubic online or Sprague interpola-
tion method (CIE 2005) can be used, as described in
7.2.1.1 CIE 15.2004 (CIE 2004c) to the SPD wave-
length interval of the light source.

If the SPD of the light source is given in a smaller
range than 380-780 nm (e.g. 400 nm to 700 nm) then
the missing values can be assigned as zero so that all
calculations can be made for a fixed range of 380 nm
to 780 nm.

It should be noted that if the SPD range of the
light source is significantly less than the standard
range, a significant error in the calculation results is
possible.

2) Calculate the reference illuminant:

a) Determine the correlated color temperature
(CCT) of the test light source according to 9.5 in CIE
15 (CIE 2004c¢) [7];

b) If T <4000 K, the relative SPD of the Planck ref-
erence emitter is determined:

1

) &)

AT

S () = 3 -
where C; = 3,74183 x 1071% w/m?; C, = 1,438 x 8 x
107% mK; A - wavelength.

¢) If T > 5000 K, the daylight phase is calculated.

3) We determine the color coordinates (xpyp) of
the illuminant:

-if T<7000 K,

10° 0° 103
-3 +2,9678 — + 0,09911 i +

(% ® ®

0,244063, (a)

xp = —4,607

where K is the Kelvin temperature unit.

-if T=7000 K,
9 6 3
Xp = —2,0064 —5 + 1,9018 — + 0,24748 71 +
(%) (%) ®
0,23704, (2b)

Vo is calculated from xp, as follows:
yp = —3x3 + 2,87 xp — 0,275, (20)

4) We will get the relative SPD of the daylight il-
luminant, Sr as:

SiA =So(A) + M;S; () + M,S, (),  (3a)

where
—1,3515-1,7703xxp+5,9114 yp
M, = : (3b)
0,0241+0,2562xxp—0,7341 yp
_0,03-31,4424xxp+30,0717 yp
2 (3¢)

" 0,0241+0,2562Xxp—0,7341 yp’

and Sy(A), S;(A), S, (A) there are basis functions that
can be found and tabulated after 5 nm in Table T2 of
CIE 15 2004 (CIE 2004c).

For other intervals, the linear interpolation
method described in 3:1 (CIE 2004c) is used:

a) if 4000 K < T <5000 K, a linear combination of
the Planck illuminant with the corresponding CCT, T
(Srp) and the daylight illuminant with the same CCT,
T (S;p) is calculated and renormalized Planck illumi-
nant, S,, and daylight illuminant, S,p:

Srp@)

S'mp() = 100 Z(x=350nm) SrpWyRIAY (4a)
78
x=380
' Srp(A)
S rDO\) = 100 Z5omm 2 (4b)

Z(?\=380nm) SrD(}\)y(}\)A}\’

The color composition function of the CIE 1931
standard colorimetric system y(A) is used here. We
obtain the relative SPD of the mixture:

S,rD O\)r (4C)

where T, = 4000 K and T, = 5000 K, respectively, are
the correlated color temperatures of the beginning of
the end of the mixed range.

5) Calculate the color perception of 99 TCS ac-
cording to the test source and the reference illumi-
nant.

a) Determine the 10°value of the tristimuli X, ,
Yi0 » Z19 99 TCS by the test source (signed t) and the
reference illuminant (signed r) using the CIE 1964
color composition function X;5(A) y10(A) Z10(A) and
spectral brightness factors 99 TCS, Brcs(A):

22380 mm St Bres M xo (W) AX
22 8omm Sc Y10 ()AL
232 B im St Brcs W10 WAL (52)
Z;\i%g(x)nnm St(A)y10M)AA

T-Ty
Te-Tp

Te-T
Te-Tp

Sr(}\, T) = S,rDO\) +

XlO,t = 100

Ylo,t =100
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7 =100 22 80mm St (M) Bres Mz (W) AA
10t = —
' T i Se (MY (W)A
780 nm @Eg
Xior ZA=380 nm SrM)Brcs )| Y10 JAL
Yior | = Z10(A) (5b)
Zior 2o i Sty eAL

b) Calculate the 10° tristimulus value of the illu-
mination white points X;ow, Yio,w, Z1o,w for the test
source and the reference illuminant.

X10()
X10,W,'c ngi%rslénnm St(}‘)(y_ﬁ&;>A}‘
Yiowt | = 100 Z10 6a
(wa) 235360 nm StWyToMW)Ar ! (6a)
X104
780 nm xﬂ&%
X10,wW,r XA=380 nm St H(}\) AA
Yiowr | = 100 £10 6b
<21 OW) 232380 nm SrMTo WAL 7 (60)

¢) Determine the color coordinates of perception
of CAM02-UCS j, a', b' 99 TCS for the reference illu-
minant and the test source. CAMO02-UCS is a color
difference space based on the CIE CAMO2 color per-
ception space.

d) Use the following input parameters to define
standard observation conditions in the CIE CAMO02
and CAMO02 UCS models.

1. Relative brightness (value of tristyma Y;,) of
white according to the test source and reference illu-
minant:

Y10 =100

2. Relative brightness (value of tristimulus Y;,) of
the background:

YIO = 20

3. The brightness of the adaptation field Lijga =
100 cd/m?

4. The parameters depend on the surrounding
model:

a) Ambient chromatic induction factor: N¢ = 1

b) Exponential nonlinearity: e = 0,69: e = 0,69

5. Degree of chromatic adaptation: D = 1.

Detailed work parameters can be found in CIE
CAM 02 and its recent developments.

IL. For the values of the tristimuls X, , Y10, Z19 99
TCS according to the test and reference illuminant, it
is necessary to calculate the corresponding values of
the tristimuls Xio¢ , Yioc ,» Z10c according to CIE
CAMO2 by using the implied white point, equal-en-
ergy white, CAT02 transform of homatic adaptation
(CIE 2004a).

1. Convert XYZ space to CAT02 RGB space:

R X10
G)|=M Yio |, 7a
(5) = Meana (1) 72

where

0,7328  0,4296 —0,1624
MCATozz[—O,7O36 1,6975 0,0061 l (7b)
0,0030 0,0136 0,9834
1,096124 —0,278869 1,182745
Mggm:[ 0454369  0,473533 0,072098],(7c)
—0,009628 —0,005698 1,015326

The M¢a1o, matrix was developed to better match
the perceptual data, using the CIE 2° color composi-
tion functions, which are slightly different from the
10° color composition functions. In principle, a
slightly different matrix could therefore be applied,
but the procedures required to do so are not available.
Fortunately, in the differential color shift calculations
used here, this could probably introduce only a small,
second-order effect that does not significantly affect
the result.

For this reason, the function of this matrix is tra-
ditionally used here.

2. Apply chromatic adaptation “Von Kries”:

R¢ Y1o,WY 0 0 R
Ge | — Ry 10,WY 0 (G) 7d
<BC> ( 0 Gw Yiow B ( )

0 0 Bw

where “w” - adaptive white point (test and reference
illuminants).
3. Inversely transform back to tristimulus values

<X10,c ) Rc

Yioc | = M=L (GC> (7@)
CATO02 )

Zioc B¢

IIL Convert X4 ¢, Yioc - Z10c to the response cone
R', G', B' using the Hunt-Pointer-Bethewez matrix

(HDE):
R’ §10,C
) = 10,
<1§> Mg (zm) (8a)
with
0,3897 0,68898 —0,07868
Mupg = [—0,22981 1,18340 0,04647 l, (8b)
0 0 1

In order to speed up the calculation time for time-
critical operations in production, stepsll (equa-
tion 7e) and III (equation 9a) can be combined into a
single matrix product.

Rc¢

R Rc
(1(3;’) = MypEe«catoz? <]§f:> = Myupg McaToz (gf), (8¢)

with
0,740979 0,218025 0,041006

0,285353 0,624201 0,090445 >, (8d)

MHpE-caToz- =
HDE-CAT02 (—0,009628 —0,005698 1,015326

IV.We apply brightness adaptation to the
adapted (truncated) response cone (R, G', B'):

CIR

using a non-linear function,
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400(Fp,+—-)042
f(x) = g 401, (9b)
27,13+(FL+555)"
with F|, calculated as follows,
1
K= = 0,0020, 9c¢
1+(5;1/3;1A2) ®9

5 cd

1 L 1 L

_lya 10,4 42 104173 _

F. K ,<5 >+—10(1 K%) (5—Cd ) 0,7937
m?

m?
V. Calculate the red-green and yellow-blue oppo-
site channels a and b:

' 12 1 o
a=Ra—HGa+HBa, (9d)
1 r ! !
b=-(R'3+ Gy —2B'y), (e)
VI. Determine achromatic response, A:
A= (2R, + Gy +5-B', —0,305)Ny,,  (10a)

with the background brightness induction factor Ny, ,
and the background chromatic induction factor N, ,
calculated as follows.

(Npp and Ny, - are factors that were included in
the CIECAMO02 model to account for luminance and
chromatic induction by the background. Now that
more data is available to improve the model, they are
modeled in the same way)

Nbb = NCb = 0,725n0'2, (10b)

and

n = J0b _ 02000,

Y10,w

which gives Ny, = 1,0003.

VII. Calculate CIE CAM 02 sense of luminance ]J,
color tone composition h , color fullness (saturation
M):

1. Luminance J:

(10c)

J= 100(&)0‘2, (11a)

where A,, - achromatic response of illuminant,
z=1,48 ++Vni e - exponential nonlinearity ¢=0,69.
2. Color tone composition h:

180 b
h = —arctg (;), (11b)
Color fullness M:
M = CF *?°, (11c)
with
_ 09 [ _ ny0,73
c=t /100 (1,64 — 0,29™)073, (11d)
and with
¢ = o Naee /Tt (11e)
Ri+Gh+35B4

The eccentrciety coeffcieent e, is defined as:

e = i(cos (%h + 2) + 3,8), (11€)

VIIL. Finally convert CIE CAM 02 correlators |, M
and h in CAM 02-UCS color coordinates h’ J’, a’, b’:

p =cusmoen 2
a’ =M’ cos (%0 h), (12b)
b’ = M' cos (% h), (12¢)
and with
M' = ——1In (1 +0,0228 * M). (12d)

3. Calculate color perception differences, AE; for
each of the 99 TCS, and their average AE:

AE; = \/(]'t,i =%+ @i —a'r)? + (b —b'r)?, (13a)

where J';, @'y, b'tj - CAMO02-UCS color coordinates
of TCSi, irradiated by the test source and J';.;, a'yi, b’y
CAMO2-UCS color coordinates of TCSi irradiated
with a reference illuminant.

=_ 1
AE = ;Z?fl AE;, (13b)
4. Convert from perceived color difference to

color accuracy index value.
100—cfAE;

Ri = 101In (e 10 +1) - special indices of

color accuracy,
100—cfAE
Rf=101n (e 10
dex with a scaling factor,

Cs = 6,73.

+ 1) - total color accuracy in-

A new color system sCAM is proposed, which in-
cludes the unified color space sUCS. The main fea-
tures of this system are:

sUCS is distinguished by its simple structure and
is the second fastest among the tested unified color
spaces (UCS).

In the prediction rating for 28 uniformity data sets,
sUCS took second place, lagging behind CAM16-
UCS by only one unit. When assessing the linearity
of shades, sUCS demonstrated the best results to-
gether with IPT, while CAM16-UCS showed the
worst performance.

sCAM provides the most accurate reproduction
of the parameters of lightness, saturation and bright-
ness, and also takes second place in the accuracy of
predicting the composition of shades. When testing
two-dimensional scales (whiteness, blackness, depth
and brightness), sCAM showed the highest accuracy
for all 2D data sets.
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CONCLUSIONS

The widespread adoption of LED light sources in
lighting applications has necessitated a revision of
traditional colorimetric metrics. Experimental results
demonstrated that two light sources with the same
Ra value can exhibit color differences exceeding AE
=5 in the CIE CAMO02-UCS color space, indicating
significant perceptual discrepancies.

Through extensive testing, the study validated
that the Color Fidelity Index (Rf) provides a more ac-
curate and scientifically grounded measurement of
color rendering compared to Ra. For the tested LED
sources, the calculated Rf values ranged from 74 to
91, showing a 12-18% improvement in color fidelity
compared to the corresponding Ra values. Addition-
ally, the spectral analysis revealed that the inclusion
of 99 test color samples in Rf calculations reduces sta-
tistical uncertainty by 15% compared to the tradi-
tional eight-sample Ra method.

These findings support the necessity of transition-
ing from Ra to Rf as the primary metric for evaluating
LED color rendering. Future research should focus
on refining the adaptation models within the CIE
CAMO02-UCS framework and investigating the im-
pact of spectral power distribution modifications on
color fidelity in complex lighting environments.
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Kosripae nepemaBanHa (OnTmMisanisa nepenadi KoyIbopy CBiT/JIOTiOOHMX IXKepesl CBi-
TJIa Ha OCHOBi CyJacHMX KOJIOPMMETPUIHMX METPUK i aTalITUBHMX MO/ eJIeV1 OL[iHKM)

Jleonin Hasapenko, borman OmnintHdenko, AHacracis Kosmecauxk, Bitastivt I'epacumenko, Hatass Jlykariosa
ta Orter KymnaeHxko.

Anoranis. TouHicTh COPUHATTS KOJIBOPY 3a Pi3HMX YMOB OCBIiTJIeHH: Ma€ BUpillla/lbHe 3HaueHHs B OLIiHIIi SIKOCTi OCBiT-
mrerrHst. TpanyiiiviHi TTOKa3HVKY ITepeiadi KoIboPY, TaKi sIK 3arayibHu iHmekc repemadi Konmbopy (CRI abo Ra), poszpobite-
Huvi MixHaponHoro koMmiciero 3 ocsitiienns (CIE) y 1964 pori, 3a0e3meuyoTs cepeIHIO Mipy BipHOCTI KOJIBOPY B OOMeXxe-
HoMy Habopi 3pasKiB KOJTbOPiB, ajie He iKCyIOTh OKpeMmy KoJTip Bapiatiil. Hespaxxaroun Ha Te, 110 111 MeTpUKa IMPOKO
BUIKOPVICTOBYETHCSI, BOHA Ma€ OOMeXXeHHs y IIPOrHO3yBaHHi TOYHOCT] KOJIBOPiB, 0COOIIMBO /171 KOHKPETHMX KOJILOPiB 260
TomaTKiB, fle BasK/IBa TOYHA Iepefiada KOJIbOPiB (HaIIpWMKIIaz, Y TOHaX IIKipy, ITPOAyKTaX Xap4dyBaHHS 9y IIpeaMeTax
mreBHOTO KOMmeopy). IliBaiuHOT AMepmxm (IESNA) sanponionysao Iamexc BipHOCTI Kormbopy (Rf), mo Bkirodae 99 piBHO-
MipHO PO3HOAUIEHMX 3pa3KiB KOJILOPIB 1 yTOYHEHWV KOJIpHWI HPOCTip I Kpalloro HPOTrHO3yBaHHS Bi3yaJIbHOIO
CIPUVHATTS KOIbopiB. CaMe TOMy CydacHi IMigX0au S0 OLIHKM KOJIipHOI Ilepefiadi J03BOJIATh BpaxOByBaTy Pi3SHOMaHITHI
TUIIN JKepeJl CBiTIa, BKJIIOYAIOUNM CBITJIONioHI, 3a0e3leuyBaTyt TOUHICTh IepelaBaHHs, Jie KOJIbOPY MaloTh KPUTHUYHE
3HaYeHH:s Ta CTBOPIOBATV CTaHJAPTU IJIsl TApMOHI3allil OCBITJIEHHS y PisHMX Taly34x. POSBUTOK LMX METPUUYHMX CUCTEM
ToTIoMarae CTBOPIOBATY AKICHIII Keperia CBiT/Ia Ta IABUIyBaT KOMOPT CIIPUITHATTS KOJTbOPIB JIIOAVHOW. Y maHin
CTaTTi AOCIIIIKY€EThCA TOYHICTD iH/IeKCiB ITepeadi KoJIbopy, IOPIBHIOEThCS e(peKTUBHICTh NOKa3HMKiB Ra Ta Rf Ta anasi-
3y€ThCS IXHE 3aCTOCYBaHHS B Pi3HVIX JKeperlaxX OCBITIIeHH:I, Hafalouy po3yMiHHS MariOyTHBOTO CTaHIAPTY Ilepenadi Ko-

JILOPY.

Kiro4oBi c/10Ba: IOKa3HMK TOYHOCTI KOJILOPY, KOJIPHUM IIPOCTIp, KOJIipHA MeTPUKa, CIPUIHATTS KOJILOPY, [IKepeJia CBi-
Ia.
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