ISSN 2522-9052

CyuacHi indopmariiitai cucremu. 2025. T. 9, Ne 3

UDC 528.852.1:004.932

doi: https://doi.org/10.20998/2522-9052.2025.3.10

Sergii Kryvenko?, Vladimir Lukin?, Ekaterina Bataeva?, Olha Krylova®, Liudmyla Kryvenko®

1 National Aerospace University “Kharkiv Aviation Institute”, Kharkiv, Ukraine
2 Zhytomyr Institute of Economics and Humanities, University “Ukraine”, Zhytomyr, Ukraine
3 Kharkiv National Medical University, Kharkiv, Ukraine

COMPARISON OF VISULALLY LOSSLESS COMPRESSION
OF DENTAL IMAGES BY DIFFERENT CODERS BASED ON HAARPSI METRIC

Abstract. The object of the study is the process of visually lossless compression of dental images by means of five coders
using HaarPSI metrics and its distortion invisibility threshold. The subject of the study is the method for selection of
parameters that control compression to provide invisibility of distortions with further comparison of performance
characteristics for the considered coders. The goal of the study is to analyze compression ratio range for image fragments
of different complexity and to give recommendations concerning coders to be used and their parameters setting. Methods
used: numerical simulation, verification for a set of test images. Results obtained: 1) the compression ratios vary in rather
wide limits depending on image complexity and noise characteristics; 2) the coders AGU-M and BPG produce the best
compression ratios for the same visual quality compared to other considered coders; 3) there is high correlation of
compression ratios of the considered coders. Conclusions: 1) it is possible to provide rather large compression ratios without
losing diagnostically valuable information; 2) adapting the compression to image complexity allows significant increasing

of compression ratios for simple structure images.
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Introduction

Imaging systems are extremely useful in numerous
applications including medical diagnostics [1], social
networking [2], ecology [3], etc. Due to better resolution
of novel imagers, the use of more components in acquired
images and other factors the average image size rapidly
increases.

Although memory facilities and communication
network characteristics also improve, this takes place not
so quickly. This leads to necessity to design new methods
for image compression where lossless techniques [4, 5]
are often unable to satisfy requirements to compression
ratio (CR). This has led to special attention to lossy
compression techniques and methods for image quality
control [5-7].

Lossy compression of medical images in general
and dental images (considered in this paper) in particular
has specific features [8-10]. About 20 years ago, it was
intensive discussion in medical image processing
community is it possible to apply lossy compression or
only lossless compression can be used [11, 12]. The
agreed solution was that lossy compression could be
employed under condition that it could be treated as near-
lossless or visually lossless where the introduced
distortions are invisible and do not have a negative
impact on diagnostically valuable information [13, 14].
After getting such understanding, the corresponding
techniques started to be developed [15-17]. Additional
necessity in design of visually lossless compression
techniques stems from the fact that modern medical
images often have the size larger than 1 MB [18].

Three main requirements to visually lossless
compression are the following [17]. First, the provided
CR should be as large as possible. Second, a developed
algorithm has to guarantee that the compression is really
visually lossless. Third, such a compression should be
realized quickly enough and in automatic way (without
participation of a human). Thus, design and testing of

visually lossless compression techniques and algorithms
is a complex and non-trivial task.

Concerning the first requirement, it is clear that the
theory and practice of lossy image compression
continuously develops and new approaches appear. In
particular, AVIF [19] and HEIF [20] coders are relatively
new ones. However, their ability to carry out visually
lossless compression has not been intensively studied yet.
BPG coder [21] has been already tested for lossy [8] and
visually lossless [17] compression of medical images; it
has been demonstrated that, on the average, it
outperforms JPEG and other coders but the main benefits
are mainly observed for simple structure images [17, 22].
Neural network based coders are quickly developing with
providing very good results [23] but, to the best of our
knowledge, the task of providing visually lossless
compression for them is paid very little attention at the
moment. So, the task of considering visually lossless
compression for new compression techniques remains
actual.

Concerning guaranteeing really visually lossless
compression — the concept of just noticeable differences
(JND) has been introduced recently and intensively
studied by several researchers [22, 24-26]. Other
approaches based on applying special modifications of
coders intended on providing improved visual quality
(for example, the coder AGU-M considered in [17]) with
fixed setting of a parameter that controls compression
(PCC) have been put forward. It has been demonstrated
that the first IND point (JND#1) considerably depends on
image complexity that cannot be uniquely described [22].
Besides, JND#1 depends on noise properties (if noise is
visible) and noise visibility in medical (including dental)
images is quite typical [27]. In such cases, noise presence
introduces additional peculiarities into image lossy
compression [28].

Then, techniques of visually lossless compression
have to be intensively tested with attraction of
professionals of medical image analysis [17].
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Metrics used in visually lossless compression is a
special aspect. The theory of image quality assessment
develops rapidly and designers produce tens of new
visual quality metrics each year that need to be
intensively tested and compared to already existing ones.
Since analysis of medical images by professionals
presumes special attention to image parts dealing with
possible diagnostically valuable features, in this paper,
we prefer using one of metrics, HaarPSI [29], that
incorporates visual saliency maps, i.e., employs
mechanisms similar to image analysis by medical
specialists.

Analysis using HaarPSI in visually lossless
compression states one more novelty aspect of this paper.

Concerning automatic realization of visually
lossless compression, we pay basic attention to PCC
values for which JND#1 happens (or is supposed to
happen according to HaarPSI). Such preliminary analysis
is important for the so-called two-step methods of
providing a desired visual quality [17, 30] which rely on
the starting point to be set based on preliminary
experiments with a set of test images.

Thus, the object of our study is the process of
HaarPSl-based visually lossy compression of dental
images by several coders including HEVC-based ones.
Our basic idea is that HaarPSI is able to provide
preconditions for one- or two-step compression for
different coders. The goal of this paper is twofold: 1) to
compare performance of the considered coders and give
the corresponding practical recommendations; 2) to show

o
i

a

how HaarPSI metrics can be exploited in design and
realization of fast procedures for compressing dental
images without loss of diagnostically important
information.

Background of image lossy compression
and quality assessment

The main approach to analysis of image lossy
compression is to obtain and investigate the so-called
rate-distortion curves (RDCs), e.g., dependences of a
used quality metric on PCC for a given coder. Here, we
consider five coders for which three coders, namely,
JPEG, AVIF, and HEIF, use the same PCC called quality
factor (although the essence of this PCC is slightly
different for these coders) and the BPG coder uses the
parameter Q whilst AGU-M employs scaling factor (SF).
Without losing generality, we well denote PCCs as Q for
all coders with brief preliminary analysis of RDC specific
features for each coder.

Since RDC in any case depends on properties of an
image to be compressed [7, 17, 26], for each coder, we
present RDCs for simple and complex structure images.
Examples of such images (in fact, 512x512 pixel
fragments taken from large size dental images) are given
in Fig. 1 where the simple structure image is shown in
Fig. 1, a and the complex structure one —in Fig. 1, b. The
reason for further analysis for two images of considerably
different complexity is that usually just for them the
difference in behavior of the corresponding RDCs is the
most essential.

b

Fig. 1. Fragments of dental images with simple (part 20) (a) and complex (part 11) (b) structures

Fig. 2,a presents dependences of peak signal-to-
noise ratio (PSNR) on QF for JPEG. As seen, for the same
QF (e.g., equal to 40), the difference in PSNR can be
almost 5 dB. An advantage is that, in the region of the main
interest (RMI, PSNR from 35 to 40 dB), both dependences
behave almost linearly and are “almost parallel”.

The dependences of PSNR on SF for AGU-M coder
are given in Fig. 2, b. As seen, difference of PSNRs for
simple and complex structure images in RMI is rather
large again (3-4 dB). RDCs for the BPG encoder are
represented in Fig. 2, c. As one can see, in the RMI
(Q about 27), PSNR can differ by 3 dB depending on
image complexity. Finally, Fig. 2, d shows dependences
for AVIF and HEIF coders. For AVIF, the difference in

PSNR in the RMI (QF about 65) reaches approximately
3 dB. The difference is even larger for HEIF in the RMI
(QF about 42).

After getting imagination about typical RDCs (they
are usually monotonically increasing or decreasing
functions, at least, for rather small CR), it is worth giving
brief information concerning the considered coders.
JPEG is well known; AGU-M uses 32x32 pixels blocks,
non-equal quantization of coefficients of discrete cosine
transform (DCT) in these blocks, bit-plane coding of
quantized DCT coefficients, and embedded deblocking
after decompression. SF used as PCC can be, in general,
any positive value where SF=8 provides compression
near JND#1.
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Fig. 2. RDCs PSNR on Q for JPEG (a), AGU-M (b),
BPG (c), and AVIF and HEIF (d)

A larger SF produces a larger CR by the expense of
worse quality. BPG, AVIF, and HEIF are all used in
HEVC-based video compression. Due to adaptation to
image content, they, on the average, significantly
outperform JPEG. However, there is difference in the
used PCC. The BPG coder exploits Q that can be integer
and its maximal value is 51. A larger Q results in a larger
CR and worse quality (Fig. 2, c). Q=28 corresponds to
distortion invisibility threshold (JND#1). AVIF and
HEIF, similarly to JPEG, are controlled by QF. However,
there are two specific features. First, for two neighbor QF
values (e.g., 39 and 40), the compression results are
identical. Because of this, we further consider only odd
values of QF for these coders. Second, the behavior of
RDCs for these coders is not like for JPEG. It is more
similar to behavior for the BPG coder in the sense that
QF changing by 2 leads to PSNR changing by =1 dB (for
the BPG coder, Q changing by 1 results in PSNR
decrease of about 1 dB). Recall here that PSNR changing
by 1 dB for a given image subject to lossy compression
can be usually hardly noticed.

For PSNR, JND#1 varies in wide limits from 23 dB
to 42 dB [31] that, for JPEG, corresponds to QF from =30
to =~80. Just these facts make problematic visually
lossless compression of images using PSNR in general

and using JPEG in particular. In turn, an important and
positive moment is that RDCs for all coders are quite
smooth and behave almost linearly for the RMI, i.e. for
PSNR in the limits from 35 to 40 dB.

Visual quality metrics provide a more reliable
assessment of visual quality. For example, JND#1 is
observed if PSNR-HVS-M is within the narrower limits
from 37 to 48 dB [31] that corresponds to HaarPSlI in the
limits from approximately 0.92 to 0.97. Recall here that
HaarPSlI, similarly to many other visual quality metrics,
varies from 0 (terrible quality) to 1 (perfect quality).
Then, it is possible to state that HaarPSI=0.95
approximately corresponds to JND#1 and use this value
in our further experiments with dental image fragments
as we previously [17] used PSNR-HVS-M=42 dB as
distortion invisibility threshold.

Then, let us briefly analyze RDCs HaarPSI vs PCC
for the considered coders. The obtained RDCs for the
image fragments in Fig. 1 are presented in Fig. 3.
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Fig. 3. RDCs HaarPSI on Q for JPEG (a), AGU-M (b),
BPG (c), and AVIF and HEIF (d)
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Again, we have quasi-monotonous functions
demonstrating quality degradation (HaarPSI reduces) if
QF decreases or Q and SF increase. Again, there are
significant differences in visual quality of compressed
images of different structure, especially for small QF or
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large Q and SF. Meanwhile, the results also show that
HaarPSI1=0.95 is observed for QF=65 for JPEG, SF~8 for
AGU-M, Q=28 for BPG, QF=~67 for AVIF, and QF~43
for HEIF coders.

This allows setting HaarPSI=0.95 as JND#1 and to
compare the coder performance in the sense of provided
CR and other performance characteristics.

Analysis of the results for two sets
of dental image fragments

One way to compare different coders is to set
identical quality of compressed images according to a
given metric and to compare the provided CR assuming
that a better coder produces a larger CR. So, let us fix
HaarPSI=0.95 supposing that it corresponds to
invisibility of introduced distortions and analyze CR.
Two images of simple and complex structure are not
enough for analysis. Because of this, we have created a
set of dental image fragments. It consists of twelve
fragments of different complexity from a large dental
image produced by Morita system [32] in the first
operation mode and eight fragments of different
complexity produced by the same system in the second
operation mode (fragments in Fig. 1 are taken from
Morita produced image in the first mode). There are two
reasons for using image fragments from two different
dental imagers.

First, we would like to show that the proposed
approach to visually lossless compression is applicable to
different dental data. Second, noise properties for images
produced in different modes are not the same and this has
impact on the obtained results [17].

CR for different coders, providing HaarPSI~0.95
AGU-M = BPG = AVIF = JPEG - HEIF
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Let us first analyze CRs obtained for five
considered coders for two groups of test image
fragments. For the first group (12 fragments), the
obtained data are presented in Fig. 4, a, whilst the
calculated CR are given in Fig. 4, b for the second group.
The following conclusions can be preliminarily drawn
from analysis of data in Fig. 1. For the first group of test
image fragments:

1) The worst results, as expected, are in general
provided by JPEG although CR for JPEG is not the
smallest for all fragments; CR values are about 10 with
exception of three fragments having simple structure for
which CR is from 13 to 19;

2) The best results for most fragments are provided
by the BPG coder for which most CR values are about 12
whilst for three simple structure fragments CR is from 18
to 40;

3) The results for AGU-M are close to the results
for the BPG-coder, most CR values are about 12, for
simple structure fragments CR values are equal to 18.4,
20.1, and 35.7;

4) The CR values for AVIF and HEIF coders are of
the same level as for JPEG for 8 out of 12 image
fragments and they are significantly larger than for JPEG
only for 4 out of 12 image fragments; meanwhile, the
results for AVIF and HEIF are worse than for the AGU-
M and BPG coders;

5) Attentive analysis allows predicting high
correlation between CR values for different coders. To
check this hypothesis, we have calculated Spearman rank
order correlation coefficient between CRs for different
coders. The obtained data are presented in Table 1.

CR for different coders, providing HaarPSI=0.95
AGU-M = BPG = AVIF = JPEG = HEIF
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Fig. 4. Values of CR for the first (a) and second (b) groups of test image fragments
for five considered coders providing HaarPSI1~0.95

Table 1 — SROCCs between CR values for different coders

Coder AGUm AVIF BPG HEIF JPEG

AGUmM 1 0,937063 0,979021 0,979021 0,937063
AVIF 0,937063 1 0,93007 0,965035 1
BPG 0,979021 0,93007 1 0,979021 0,93007
HEIF 0,979021 0,965035 0,979021 1 0,965035
JPEG 0,937063 1 0,93007 0,965035 1
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Analysis of data in Table 1 shows that there exists
very high correlation between CR for coders. In the worst
case, it is equal to 0.93 (between CRs for BPG and AVIF
or JPEG) whilst SROCC occurred to be equal to 1 for
AVIF and JPEG. Certainly, the results are obtained for a
limited number of image fragments of certain type.
However, these data clearly show that image complexity
is very important for any coder.

Data for the second group of test image fragments
(Fig. 4,b) demonstrate that CRs in this case for modern
coders are better than for JPEG. The CR values for the
BPG and AGU-M coders are again slightly better than
for the AVIF and HEIF coders. For JPEG, CR is again
about 10. These results for JPEG are in good agreement
with the recommendations in [13].

The results obtained for JPEG, AGU-M, and BPG
are also in good agreement with data in [17]. To partly
prove this, let us give the intervals of PSNR-HVS-M
observed for the provided HaarPSI=0.95 for the
considered test fragments (Table 2).

Analysis for the first set shows the following:

1) The intervals of CR for all coders partly
coincide, but the largest CR is observed either for the
BPG or AGU-M coder;

2) The intervals of PSNR-HVS-M partly coincide
as well but the best results are provided by JPEG,;

3) The intervals for MS-SSIM [34] (the larger the
better, variation range is from 0 to 1) partly coincide as
well; the best results are provided by HEIF.

Thus, according to different metrics, the best results
are provided by different coders. The main reason is that

in aggregate, the BPG coder can be recommended with
Q=27 used as fixed or starting value (the details will be
given below).

Analysis for the second set results in almost the
same conclusions:

1) The intervals of CR again partly coincide and
the largest CR is again provided by the BPG or AGU-M
coder;

2) According to PSNR-HVS-M, the best results are
produced by JPEG;

3) According to MS-SSIM, the best results are
produced by HEIF.

In such a situation, it is possible to propose using
the BPG coder with Q=30 used as fixed or starting value.

Let us explain the approaches with the fixed setting
and two-step procedure more in detail. There are two
reasons why the provided quality in visually lossless
compression can be, in some degree, inacceptable. First,
the visual quality metric and the distortion invisibility
threshold set for it are not perfect. For example, setting a
larger threshold for HaarPSI or PSNR-HVS-M leads to
higher probability that introduced distortions cannot be
noticed. Second, the visually lossless compression
procedure does not produce the desired metric value
perfectly. In particular, this might happen if one uses
setting a fixed PCC. Then, for different images one, in
fact, obtains different values of visual quality metrics.
Besides, errors in providing a desired value of visual
quality metrics can be due to discrete nature of PCC as
this happens for JPEG, BPG, AVIF, and HEIF coders.
Then, one has to be sure that the results of visually

different metrics of visual quality take into account lossless compression are acceptable for a given
different aspects of human vision system (HVS). Then, application.
Table 2 — Intervals of CRs and metric values for the considered coders and test fragment sets
Performa_nc_e Coders
characteristic JPEG AGU-M BPG AVIF HEIF
Setl
PCC 62-67 7-9 26-28 63-71 41-43
CR 8.3-144 11.1-35.9 10.0-39.5 7.2-33.0 7.8-29.0
PSNR-HVS-M 42.5-46.9 41.9-44.1 40.9-43.1 41.4-43.0 42.5-43.3
MS-SSIM 0.983-0.987 0.985-0.989 0.984-0.988 0.987-0.989 0.988-0.989
Set 2
PCC 47-57 9-12 29-31 57-63 41
CR 7.8-10.1 10.7-145 12.8-16.2 12.3-14.9 12.3-155
PSNR-HVS-M 42.3-43.5 41.3-42.9 40.9-42.1 41.2-42.4 415-42.2
MS-SSIM 0.988-0.992 0.990-0.993 0.990-0.992 0.991-0.993 0.991-0.994

The two-step procedure [17, 30] allows avoiding
the second aforementioned factor. A part of work is done
in advance. Suppose one deals with compression of
images acquired by a given imaging system for a given
mode and a coder for visually lossless compression as
well as a visual quality metric S to be employed are

chosen. Then, using a set of K images or their large
fragments, it is possible to obtain a set of RDCs Sx(PCC),
k=1,...,K. After this, one obtains the averaged curve
Saver(PCC) and determines its derivative S*(PCC). Both
Saver(PCC) and S*(PCC) are saved for the further use.
Assume now that one has an image to be compressed
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with providing a desired Sgs. The first step is to
determine PCC; for which Sae(PCCi) is equal or
approximately equal to Sges. Then, the considered image
has to be compressed using PCC; and decompressed.
After this, S(PCCy) should be determined. If the
calculated difference |S(PCC1) - Sdes| is satisfactory
(e.g., less than 1 dB for PSNR-HVS-M), the second step
is not needed. If the difference is too large, linear
approximation using Sae(PCC) and S (PCC) is
performed and PCC; is determined as PCC,=PCC1+(Sges-
S(PCC,))/S’(PCC,). After this, the final compression
using PCC; is carried out.

The two-step procedure might have several
peculiarities depending on used metrics or PCC [30]
intended on achieving better accuracy. Meanwhile,
usually it produces quite good results.

Practical aspects and discussion

First of all, any designed method of visually lossless
compression has to be tested. For dental images, the
corresponding experiments carried out with attraction of
dentistry specialists similarly to [17] have to be
conducted. Since for the coders JPEG, AGU-M, and BPG
the experiments have been already carried out [17] and
here we have practically the same intervals of PSNR-
HVS-M values as in [17], we have concentrated more on
the coders AVIF and HEIF. Examples of original
(uncompressed) and compressed (by both coders with
providing HaarPSI=0.95 by the two-step procedure)
image fragments are shown in Fig. 5. It is very difficult
to find differences between image fragments in Fig. 5 but
here the fragments are presented not in full size.

Fig. 5. Original (a) and compressed by HEIF (b, QF=43) and AVIF (c, QF=63) image fragments

Thus, special experiments have been carried out
using full size representation of pairs of the original and
compressed image fragments for these two coders (see
[17] for more details).

The fragments were put at monitors in random
order. Convenient distances from the monitors were
taken. Four specialists from University Dental Center, at
the Department of Pediatric Dentistry and Implantology
of Kharkiv National Medical University, Kharkiv,
Ukraine, after obtaining informed consent from all
patients took part in experiments. Only in 16% of cases
for AVIF and 13% cases for HEIF the differences have
been noticed but in no case they have been treated as such
that lead to degradation unacceptable from the correct
diagnostics viewpoint. Thus, we can state that HEIF
performs slightly better than AVIF but anyway the results
for HEIF are worse than for the BPG and AGU-M coders
studied earlier.

Some difference in the results for images acquired
by different modes of Morita imaging systems has been
observed (see data in Table 2). In the latter case (for the
second set of image fragments), the intervals of CRs are
more narrow, the values of MS-SSIM are larger. We
associate this with two factors. First, it is worth testing
more image fragments for images acquired by Morita
imager. Second, we believe that the properties of the
noise have specific impact on compression results. In this
sense, special studies are needed for the cases of

compressing images contaminated by spatially correlated
and signal-dependent noise.

Finally, it has been demonstrated that CR for simple
structure images can be significantly larger than for most
other images. In this sense, pre-detection of such simple
structure images might be useful.

Conclusions

In this paper, we have demonstrated that HaarPSI
metric can be successfully used for providing visually
lossless compression of dental images or their fragments.
The applicability is shown for 5 coders including both
conventional JPEG and modern coders such as BPG,
AVIF, and HEIF. The high correlation between CR
values for the considered coders is established. This,
probably, this phenomenon can be used in prediction of
CR for modern coders using JPEG data.

All modern coders, on the average, produce better
results than JPEG. Meanwhile, it is demonstrated that
AVIF and HEIF produce worse results than the BPG
coder. The presented results also show that the
performance characteristics for images acquired in
different modes of imaging systems can be slightly
different.

Noise present in dental images might have essential
impact on compression results. Then, special studies for
spatially correlated and signal-depended noise are
needed.
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[opiBHAHHSA Bi3yaJIbHOTO HEMOMITHOTO CTHCHEHHS 300pakKeHb CTOMATOJIOTI Pi3HUMH KOAepaMu
Ha ocHOBi meTpuku HaarPSI

C. C. Kpusenko, B. B. JIykin, K. B. Baraesa, O. B. Kpuinoga, JI. C. Kpusenko

AHoTanis. O0'€KTOM IOCHIKEHHS € MpPOLEC Bi3yaJlbHO OE3BTPATHOTO CTHCHEHHS CTOMATOJIOTIYHHUX 300pa)keHb 3a
JIOTIOMOTOI0 I’SITH KOJEpiB i3 BUKOpUCTaHHsIM MeTpukd HaarPSI Ta i moporoBoro 3Ha4YeHHs HEMOMITHOCTI CIIOTBOPEHb.
ITpeamMeToM NOCITIDKEHHST € METOA BHOOpY MapameTpiB, 10 KEPyIOTh CTUCHEHHSM, 3 METOIO 3a0e3MeueHHs] HEeMOMITHOCTI
CIIOTBOPEHb, & TAKOXK TNMOJAIbIIC MOPIBHAHHA e(EKTHBHOCTI PO3MIHYTHX KOJAepiB. MeToI IOCIiKEHHS — IMpOaHaAIi3yBaTH
niama3oH KoeillieHTiB CTUCHEHHS sl ()parMeHTiB 300pakeHb Pi3HOT CKIIaJHOCTI Ta HaJaTH PeKOMEH Il 11010 BHOOPY KOAEpiB
1 HaJaIITYBaHb iX MapaMeTpiB. MeTOoau D0CTiIKeHHsI: YHCeIbHE MOJCTIOBaHHs, BepH]iKalis Ha HaOOpi TECTOBUX 300paKCHb.
Otpumani pesyabTaTu: 1) KOedillieHTH CTHCHEHHS 3MIHIOIOTBCS B JOCHTh LIMPOKHX MEXaX 3ajJeKHO BiJ CKIaIHOCTI
300paXkeHHs Ta XapakTepUCTHK ymy; 2) kogepu AGU-M ta BPG 3a6e3neuyroTs Hafikpalili Koe(illieHTH CTHCHEHHS 32 0JJHAKOBOT
Bi3yaJbHOT SIKOCTI MOPIBHSHO 3 iHIIUMH PO3TIITHYTHMH KOJEpaMi; 3) CIIOCTEPIracThCsl BUCOKA KOPENALis Mix KoedimieHTaMu
CTHUCHEHHSI /TSl BCIX PO3TIITHYTHX KOJIEPiB. BUCHOBKH: 1) MOKITBO I0CATTH JOCHTH BUCOKUX KOe(illiEHTIB CTUCHEHHS O3 BTpaTH
JiarHOCTHYHO BaXJMBOI iH(pOpMalii; 2) azanrTaiis mnapaMeTpiB CTUCHEHHS JO CKIAIHOCTI 300paXeHHs JO3BOJISE CYTTEBO
MIABHIIATH CTYIIHb CTHCHEHHS IS 300paXEHb 13 MPOCTOI0 CTPYKTYPOIO.

KawuoBi ciaoBa: Bi3yasbHO HEMOMITHE CTHCHEHHS; 11 SITh PI3HUX KOJEPIiB; OPIBHAHHS eEeKTHBHOCTI.
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