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A fast and simple method for the visual enhancement of small bright details in digital mam-
mograms based on mathematical morphology is proposed. By a proper choice of the shape
and size of the structuring element, an algorithm for a particular processing task - in this case,
for the visual enhancement of microcalcifications in digital mammograms - was designed.
The efficiency of the proposed algorithm was tested on publicly available mammograms from
the mammographic image analysis society database. In all tested cases (23 mammograms), the
proposed method successfully segmented and enhanced the existing microcalcifications, in-
dependently verified by medical experts. The proposed procedure may be used both as a visual
aid in clinical mammogram analysis or as a preprocessing step for further processing, such as
segmentation, classification and detection of microcalcifications. Moreover, the algorithm is
very fast and robust, thus applicable to real-time mammogram processing.
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INTRODUCTION

Breast cancer is one of the most frequent malig-
nant diseases in women. A recently published progno-
sis from the American Cancer Society [1] estimated
232,340 new cases of invasive breast cancer in United
States only, as well as 64,640 additional cases of
in-situ breast cancer. Only lung cancer accounts for
more cancer deaths in women in the United States [1].
Breast cancer is also the most common cancer in fe-
males in Europe, causing one in six of all deaths from
cancers in women [2].

Primary prevention seems impossible since the
causes of this disease remain unknown. Thus, an early
detection is the key to improving breast cancer sur-
vival. The only proven effective method of early de-
tection of breast cancer is mammography [1, 3]. In the
final twenty years of the twentieth century, massive
breast screening has indeed reduced mortality by up to
30% in western European countries [4]. Conventional
screen-film mammography comprises taking an X-ray
image of the breast under specific positioning and
compression. Upon acquisition, X-ray images are ana-
lyzed by experienced radiologists. The latest technol-
ogy, full-field digital mammography, allows direct
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digitalization: the radiology image is converted
directly to a digital image, without the use of film. Ac-
cording to the results of the clinical study (involving
387 women and 1548 mammograms), we have come
to the conclusion that [5] digital mammography was
superior, both in terms of image quality and radiation
dose, over screen-film mammography.

The presence of microcalcification clusters is an
important sign for the detection of early breast carci-
noma. Microcalcifications are small calcium deposits ac-
cumulated in breast tissue, appearing as small bright
spots on the mammogram image. The small size of
microcalcifications (from 50 pm to 1.0 mm, typically
0.3 mm) [3, 4] makes them difficult to detect, requiring
expertise by skilled radiologists. As they are often the
sole sign of early cancerous changes, microcalcifications
represent very important information in a mammogram.
The cluster of microcalcifications is the most frequent ra-
diological feature in asymptotic breast cancer and often
leads to surgical biopsy for the establishment of the final
diagnosis.

Mammogram analysis is based on the use of dif-
ferent digital image processing techniques aimed at
detecting suspicious areas within the breast. Many
standard processing methods, such as brightness
transformations, contrast enhancement, histogram
processing, filtering in spatial and/or frequency do-



T. M. Stoji¢: A Fast and Simple Method for the Visuel Enhancement of ...

Nuclear Technology & Radiation Protection: Year 2014, Vol. 29, No. 2, pp. 108-115 109

main, efc. use a set-theory-based approach, mathemat-
ical morphology [6, 7]. From a practical point of view,
morphological operations are recognized as a power-
ful tool for both image preprocessing, as well as for ex-
tracting different image information, such as noise re-
duction, edge detection, object separation, shape
recognition [6, 7], etc. Different morphological meth-
ods have already proved their efficiency in
mammogram segmentation and enhancement of
microcalcifications [8-11].

In this paper, the author proposes a fast, simple
and efficient method for the visual enhancement of
small size bright objects in mammograms, based on
mathematical morphology. It will be shown that both
local contrast enhancement and high suppression of
background tissue can be obtained by combining sev-
eral morphological operations in an appropriate way.
As a result, small details brighter than their surround-
ings are strongly enhanced. The proposed method is
very suitable for extracting and enhancing small bright
details (possible microcalcifications) within the X-ray
images, since such tissue abnormalities are usually
brighter than the background, due to their higher atten-
uation of the X-rays. The efficiency of the proposed
method was tested on publicly available mammo-
grams from the mammographic image analysis society
(miniMIAS) database [12].

METHOD DESCRIPTION
Basics of mathematical morphology

Morphological image processing techniques
originated from the modern mathematical Set Theory
[6, 7]. These morphological operations were origi-
nally developed for the analysis of binary (black and
white) images, later on extending to monochrome
(gray-scale) and multicomponent (color) images. In
image processing, all morphological operations are
based on the relationships between two particular sets:
the first set is represented by an input image matrix, /7,
while the second one is the processing operator, the
so-called structuring element, S. The structuring ele-
ment also has the matrix form whose dimension is sig-
nificantly smaller than the size of the input image.

Two morphological operations: dilation and ero-
sion are fundamental to morphological processing. (In
this paper, only the morphological algorithms applied
to gray-scale images are considered.)

The dilation of a two-dimensional gray-scale
digital image, I (m, n), by a two-dimensional structur-
ing element, S (7, j), is defined as [6, 7]

(& S)mn)=max{{(m—i, n—j)+S(i,j)} (la)

assuming [(m—1i), (n—j)] € D;; (i,j)eDg where D;
and Dyare the domains of /and S, respectively. The or-

igin of S'is assumed to coincide with the actual/current
position (m, n) of the input image. Note that for pixels
on the boundary of the image, portions of the structur-
ing element may exceed the image area; this is usually
compensated by expanding the image with zero values
or by an appropriate repetition by pixel values from
bordering rows and columns.

Fromeq. (1a), the pixel at point (m, n) is replaced
by the maximum value of per-pixel sums of image pix-
els and the structuring element within this domain. If
all members of a structuring element are positive, the
output image tends to be brighter than the input, while
the dark details are reduced or completely removed,
depending on how their values and shapes relate to the
structuring element used.

Very often, the so-called flat structuring element
(all elements have the same value, usually the value of
unity) is used when the dilation can be described as

(@ S)(mn)=max{{(m—i,n—j)}

: , - (1b)
[(m=1), (n=j))€Dy; (i,j) €Ds

This way, the pixel element at point (m, n) is re-
placed by the maximum value of image pixels covered
by the structuring element.

Gray-scale erosion is defined as

(I ®S)m,n)=min{l(m+1i, n+j)-S(i,j)} (2a)

assuming [(m+1i), (n+j)] € D;;(i,j) € Dg where D;
and Ds are the domains of / and S, respectively. The
condition that (m + i) and (n + /) have to be within the
domain of 7, and i and j have to be in the domain of S,
denotes that the structuring element has to be com-
pletely contained within the set that is being eroded,
i. e., that the structuring element is covered by /. Ero-
sion results in replacing pixel values with the value of
the per-pixel difference (/ — S) within the domain de-
fined by the size and shape of the structuring element.
If all members of the structuring element are positive,
the output image tends to be darker than the input. The
bright details in the input image are reduced or re-
moved, depending on how their values and shapes re-
late to the structuring element. As with dilation, when
using the flat structuring element, the erosion can be
rewritten as

I ® S)m,n)=min{I(m+i, n+ j)}

. . . (2b)
[((m+1), (n+j)]eDy; (i,j) € Dg

Several commonly used symmetrical structuring
elements such as: cross, square, disk, and rhombus —
also known as a diamond, are shown in fig. 1. The dark
squares correspond to the values of unity, while the
bright ones denote zero-valued elements.

The size and shape of a structuring element play
a crucial role in morphology-based image processing
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Origin

Figure 1. Several symmetrical structuring elements;
from left to right: cross (3 x 3), square (3 x 3), disk (5 x 5),
and diamond (5 x 5); the origin (center) of each element is
marked by x

since they define the neighborhood used for process-
ing the currently analyzed pixel.

By combining the two basic morphological op-
erations, described by egs. (1) and (2), one can derive
useful operations conceptually similar to those with
two-dimensional (2-D) filters. For example, morpho-
logical gradient G is the difference between dilation
and erosion

G=(I®S5)-(I®S) 3)

Since dilation and erosion remove the small,
dark and bright details, respectively, the morphologi-
cal gradient highlights sharp gray-level transitions in
the input image.

The next two morphological operations of inter-
estare opening and closing. The opening of an image /
by a structuring element S is defined as erosion fol-
lowed by dilation, while closing has the opposite order
of operations

[0S =(I®S)D S,opening 4)
1S = S)®S,closing 5)

as a consequence, with a gray-scale opening, one can
remove bright details smaller than the structuring ele-
ment used. Large details, both bright and dark, which
are larger than the structuring element, remain nearly
unchanged. Similarly, the closing operation removes
dark details if they are smaller than the structuring ele-
ment.

By combining the morphological opening and
closing, various image-processing tasks can be per-
formed. For instance, a smoothing effect is obtained
with a morphological opening followed by a closing.
As aresult, both bright and dark pixels with intensities
significantly different from their surroundings will be
removed or attenuated and the output image
smoothed.

The following two morphological operations are
the so-called top-hat (TH) and bottom-hat (BH) trans-
formations. A fop-hat transformation is obtained by
subtracting a morphologically opened image from the
original one

TH=I-(I-S) (6)

As already mentioned, a gray-scale opening can
remove the bright details from an input image smaller

than the used structuring element. Subtracting an
opened image from the original one yields an image
with emphasized details which are suppressed by the
opening. Thus, TH transformation is an excellent tool
for enhancing small bright details from a non-uniform
background [7].

The morphological bottom-hat transformation is
defined as the difference between a morphologically
closed image and the original one

BH=([eS)-1I (7

Consequently, this transformation produces an
effect opposite to the top-hat transformation. This
means that, by using closing instead of opening, and
by subtracting the original image from the closed one,
one can extract dark features from a brighter back-
ground. Note that both transformations equalize a
non-uniform background illumination.

Morphological reconstruction is a transforma-
tion involving two images and a structuring element
(instead of a single image and a structuring element)
[13]. One image, the marker, is the starting point for
the transformation. The second image, the mask, con-
strains the transformation. The structuring element S
defines the connectivity (8- and 4-connectivity are
usually used). The eight-connectivity implies that S is
a square 3 x 3 matrix of 1 s, with the center defined at
co-ordinates (2, 2), corresponding to the “square” case
shown in fig. 1. Similarly, 4-connectivity corresponds
to the “cross” case in the same figure. If 7 is the mask
and J is the marker, the reconstruction of / from J, de-
noted as R, (J), is defined by the following iterative
procedure [13]:

— initialize H; to be the marker image, J,

— define connectivity by structuring element S,

— repeat: Hx 1= (Hx ® S) NI, until Hy ., = Hg, and
- Ri(J)=Hg+:

Symbols mand @ denote the operations of inter-
section and dilation, respectively. Note that the marker
image J must be a subset of mask image /, J< 1, i. e.,
that the gray level of each pixel in J must be less than or
equal to the gray level of the corresponding pixel in /
image. Although this iterative formulation is conceptu-
ally useful, much faster computational algorithms exist
[14]. This transformation preserves only those objects
in the mask image which are pointed by markers from
the marker image, forming the basis for many other
complex morphological transformations [6, 7, 13].

A useful application of this reconstruction is the
removal of objects that touch the border of an image.
Here, the key task is to select the appropriate marker
image to achieve the desired effect. Let mask image /
be the input image and marker image .J be zero every-
where except along the input image border where it
equals the input image /. Thus, using input image / as
the mask image, the reconstruction H =R, (J) yields
image H that contains only the objects touching the
border. The difference
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I=I-H=I-R,(J) (8)

will contain only those objects from the original input
image that do not touch the border. In this way, one can
suppress structures that are brighter than their sur-
roundings and connected to the image border. Note
that this “image border clearing” tends to reduce the
overall gray level intensity of the image.

Local contrast enhancement

High local contrast enhancement can be
achieved by adding an original image to the fop-hat
transformed image and by subtracting the bottom-hat
image from that sum

C=(+TH)-BH ©

Due to this difference, bright details smaller
than the structuring element are strongly empha-
sized, while dark details and the overall image tex-
ture surrounding the small bright details are sup-
pressed. Consequently, the enhancement of bright
details smaller than the structuring element S is be-
ing reinforced, while the uneven background (sur-
rounding tissue texture) is highly equalized. Further
on, by applying the “image border clearing” trans-
formation, eq. (8), onto the contrast-enhanced im-
age C, eq. (9), by substituting /= C, one can suppress
bright structures around the image border regardless
ofits shape and dimensions and, at the same time, re-
duce the overall brightness of the processed image.
This is very useful because the objects of interest,
microcalcifications, are not located around the im-
age border; instead, some other bright structures
close to the border, such as the pectoral muscle or
other markers are to be found there. In addition, re-
ducing overall image brightness helps in preventing
the possible premature saturation of pixel's
graylevel after applying the operation described by
eq. (9).

The described procedure can be iteratively re-
peated by using the output image from the &-th itera-
tion as the input image for the next one, (k + 1)-th, iter-
ation, i. e., by applying

16D —c® o123 (10)

and, by repeating the procedure described by egs.
(8)-(10). The proposed method converges very fast.
Intensive simulations showed that no more than two it-
erations are sufficient. The transformed image con-
tains only small bright details, while uneven back-
ground tissue is highly equalized.

By an appropriate selection of the shape and size
of the structuring element, as well as the number of
necessary iterations, the proposed algorithm may be
customized to particular processing tasks.

Procedure for the extraction and
visualization of microcalcifications in
mammograms

The described morphological method for local
contrast enhancement was applied to the extraction
and visualization of microcalcifications in digital
mammograms. Assuming the most likely structure of
microcalcifications [4] and their main features ob-
served in digital images [15, 16], the disk-shaped
structuring element was selected for their enhance-
ment. The size of the structuring element depends on
the expected dimensions of microcalcifications and
the spatial resolution of the digital mammogram.

Before applying the algorithm, the mammo-
grams were preprocessed to extract the breast tissue
region from the mammograms. Initially, the original
mammogram is converted to a binary (black and
white) image, by thresholding following the Otsu
method [17]. After that, the obtained binary image is
flood-filled [6] to remove isolated black pixel islands
within the segmented white regions. In addition, the
small details outside the breast region (such as labels)
are removed using an opening with a large structuring
element. The resulting image is then segmented into
connected components, using 8-connectivity. The
connected component with the largest number of pix-
els (corresponding to the breast tissue region) is de-
clared as the region of interest (ROI). All further pro-
cessing is applied only to the image pixels within the
ROL

The iterative procedure for local contrast enhance-
ment described in egs. (8)-(10) starts with the structuring
element size close to the expected upper limit of the
microcalcification's dimension (about 2 mm) [3, 4, 11].
The size of the structuring element appropriately de-
creases with subsequent iteration since, once finding the
possible microcalcification, the method tries to detect its
peak, or dome [6, 14, 15].

The final segmentation of microcalcifications is
obtained by thresholding applied to the 4-th output im-
age C¥. First, the magnitudes of all pixel values in the
output image are normalized, which leads to the new
image with pixel values within the range [0-1]. After
that, by choosing the proper threshold value, 7, one can
extract the bright details (microcalcification candi-
dates) from the background. Any pixel with a gray level
L larger than 7'is labeled as white (corresponding nor-
malized value = 1), while other pixels are labeled as
black (normalized value = 0). In this manner, the ex-
tracted details are presented as white islands within a
black surrounding. The contour lines of the segmented
bright objects may be extracted and superimposed onto
the original mammogram so as to further help radiolo-
gists. This thresholding procedure is performed in an
interactive manner, allowing the adjustment of thresh-
old level T for finding the best result. In addition, shape
parameters (such as area, eccentricity, diameter ...) of
segmented objects (enclosed by contour lines) may be
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easily measured [10] and further used for their descrip-
tion and classification. As with any other measuring
procedure, measurement uncertainty should be taken
into account with great care [18].

It has to be said that not all details extracted in this
manner necessarily correspond to microcalcifications.
The proposed method enhances all details brighter than
the background and smaller than the structuring element
used. Among the desired parts (microcalcifications),
such details may be film artifacts, noise, etc. The removal
of these details can be carried out by the postprocessing
of the segmented image. For example, film emulsion ar-
tifacts are seen as isolated bright spots (one or two pixels
wide) in a mammogram. These artifacts can be removed
by opening the segmented image with a small structuring
element of a radius equal to only two pixels.

RESULTS

The proposed algorithm has been tested using
publicly available mammograms from the miniMIAS
database [12]. The database includes a total of 23 mam-
mograms with clinically approved microcalcifications.
In all of the cases, the proposed method successfully en-
hanced the existing microcalcifications. The efficiency
of the method can be illustrated by observing three
characteristic examples from the miniMIAS database.

All mammograms in the miniMIAS database are of
1024 x 1204 pixels size, 8 bits per-pixel gray-level depth,
i. e., having gray-levels from 0 (black) to 255 (white), and
with a 200 um spatial resolution. Under these circum-
stances, the algorithm for local contrast enhancement has
incorporated the structuring element of a radius R = 5 pix-
els (corresponding to the microcalcification diameter of
2.2 mm). Intensive simulations showed that two iterations
are sufficient for achieving convergence. For the second
iteration, the radius of the structuring element was de-
creased to R = 4 pixels.

For a better visualization of details, all figures in
this paper are depicted after contrast stretching: the actual
gray-level range from L ;, > 0to L, <1 is extended to
full range, [0-1].

First case: In fig. 2(a), a mammogram,
mdb249.pgm, from the miniMIAS database is depicted.
The microcalcifications (verified and marked by radiol-
ogy experts) are located within the solid white rectangle.

Figure 2(b) shows the output image C® ob-
tained by applying the iterative procedure described
by egs. (8)-(10), after second iterations. Note that the
iterative image processing is performed using only the
pixels within the ROI (segmented breast tissue re-
gion).The microcalcifications are accentuated, while
the surrounding tissue is suppressed. In fig. 2(c) the
output result obtained after applying the method is de-
picted. The microcalcifications' contour lines are em-
bedded in the original image. Microcalcifications
marked by experts from the MIAS society were then

Figure 2. (a) mammogram mdb249.pgm — the cluster
of approved microcalcifications is within the white
rectangle; (b) transformed image C? after 2 itera-
tions; (c) mammogram mdb249.pgm with superim-
posed microcalcifications’ contour lines (threshold
T=0.4) —black arrows indicate to segmented objects
outside the declared region; (d) zoomed detail (size:
256 x 256 pixels), corresponding to the white dashed
rectangle from fig. (c)

segmented by using the proposed method. However,
the said method extracted even some details outside
the declared cluster of microcalcifications, probably
corresponding to the isolated microcalcifications indi-
cated by black arrows in fig. 2(c). For better visualiza-
tion, a zoomed detail (size: 256 x 256 pixels) around
the cluster of microcalcifications is presented in fig.
2(d).

Second case: The example in fig. 3(a) corre-
sponds to the mammogram (mdb256.pgm) from the
miniMIAS database. The cluster with verified
microcalcifications is located within the solid white
rectangle. In this case, the breast tissue is predominantly
fatty. Visual detection of microcalcifications is difficult
due to the poor contrast between microcalcifications
and surrounding tissue.

The transformed image of the breast region in
the mammogram after two iterations, C®, is shown in
fig. 3(b). The background texture is homogenized, the
pectoral muscle removed almost completely and only
small details brighter than the surrounding tissue are
enhanced. In fig. 3(c), the original mammogram with
the superimposed contour lines around the enhanced
microcalcifications is shown. Contour lines are ex-
tracted from the normalized image C® by applying the
threshold of 7= 0.65. As in the previous case, the pro-
posed method detected some other objects outside the
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(©)

Figure 3. (a) mammogram mdb256.pgm — the position of
approved microcalcifications is labeled by the white rect-
angle; (b) transformed image C? after 2 iterations; (c)
mammogram  mdb56.pgm  with  superimposed
microcalcifications' contour lines (threshold 7 = 0.65) —
black arrows indicate to segmented objects outside the de-
clared region; (d) zoomed detail (size: 256 x 256 pixels),
corresponding to the white-dashed rectangle in fig. (¢)

declared cluster of microcalcifications, indicated by
black arrows in fig. 3(c). In fig. 3(d), a part of the origi-
nal mammogram (256 x 256 pixels), corresponding to
the dashed white rectangle from fig. 3(c) with super-
imposed contour lines around segmented micro-
calcifications, is depicted.

Third case: Mammogram mdb241.pgm from the
miniMIAS database is shown in fig. 4(a). The verified
microcalcifications are located within the white solid
rectangle.

In this case, the breast tissue is dense, causing a
very poor contrast between microcalcifications and
the surrounding tissue. Consequently, the visual detec-
tion of microcalcifications is very difficult even for
skilled radiologists. But, after applying thresholding
on the morphologically enhanced C*®) image after two
iterations, microcalcifications may be extracted, as
shown in fig. 4(b). The contour lines are obtained after
applying the threshold of 7= 0.5. For better visualiza-
tion, the zoomed detail 256 x 256 pixels correspond-
ing to the white-dashed rectangle in fig. 4(b) is de-
picted in fig. 4(c).

CONCLUSIONS

A fast, simple and efficient method for enhanc-
ing small bright details in digital mammograms, based
on mathematical morphology, is proposed.

(c)

Figure 4. (a) mammogram mdb241.pgm. — inside the solid
white rectangle is the cluster with verified microcalcifications;
(b) mammogram mdb241.pgm with the superimposed
microcalcifications contour lines (threshold 7' = 0.5); (c)
zoomed detail (256 x 256 pixels), corresponding to the
white-dashed rectangle in fig. (b)
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Work has also shown that high local contrast en-
hancement, followed by the suppression of surround-
ing tissue, may be achieved by using an appropriate
combination of certain basic morphological transfor-
mations. Iterative application of the proposed method
highly enhances small, bright details, suppressing the
background tissue. This is suitable for mammogram
analysis since microcalcifications, often the sole early
breast cancer signs, are usually displayed in the form
of bright details in a mammogram, due to their high at-
tenuation of X-rays. The simulation of the proposed
method suggests that two iterations are sufficient for
extracting the desired details. The final segmentation
is obtained by thresholding the processed output im-
age. By an appropriate choice of the threshold, one can
extract the desired bright details from the background
and then segment their contour lines. By superimpos-
ing contour lines onto the original mammogram, the
visualization of the segmented bright details is highly
improved. The said procedure can be performed in an
interactive manner, so as to allow for the adjustment of
the threshold level for attaining best results. By a
proper choice of the shape and size of the structuring
element, the proposed algorithm can be customized to
a particular processing task.

Work has focused on the segmentation and visu-
alization of microcalcifications in digital mammo-
grams. Based on the expected structure of microcal-
cifications [4], the disk-shaped structuring element was
selected. The size of the structuring element depends on
the expected upper limit of microcalcifications dimen-
sion (about 2 mm) and on the spatial resolution of digi-
tal mammograms.

The application of the algorithm was tested by
using publicly available mammograms from the
miniMIAS [12] database. In all 23 tested cases, the
proposed method successfully extracted microcal-
cifications, previously indicated by a radiologist.
Moreover, the algorithm is fast and computationally
simple and, thus, appropriate for realtime mammo-
gram processing. The procedure could be used both as
a visual aid in mammogram analysis and as a prepro-
cessing stage for further image processing.
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Tomucinas M. CTOJUh

bP3A N JEJHOCTABHA METOJA 3A BU3YEJHO UCTUIAIBE
MUKPOKAITINOPUKAIINIA Y TUTUTATHOM MAMOIPAMY
3ACHOBAHA HA MATEMATHNYKOJ MOP®OJOInNIN

Y pany je mpemyioxkeH Op3 W jefHOCTaBaH aJrOPUTAM 32 BU3YETHO MCTUIAHhE MAINX CBETIUX
JeTajba y JUTMTAIHOM MaMmorpamMy NpPUMEHOM MeTode MaTeMaTuike Mopdosoryje. OnTUMaTHUM
n360poM O0NHMKa ¥ BEIWYMHE CTPYKTYPHOT €JIeMEHTa, NpPEJJIOKEHU alropuTaMm ce Moxe Op30
MPUIATOANTH KOHKPETHOM 3afJaTKy — Y OBOM CIIy4ajy BU3YEJIHOM HCTHIAFKY MUKpOKaNIIU(pUKANHTja Y
AUTATATHOM Mamorpamy. EdukacHOCT NmpemsioskKeHOT alrOpuTMa je TeCTUpaHa KOPHUIThemeM jaBHO
mocTynHuX Mamorpama u3 pedgepentHe MuHUMMAC 6Gasze. Y cBa 23 TecTMpaHa Mamorpama u3
MuHUMUAC 6a3ze ca MUKpokainuudukanujamMa mpefioxeHa MeTofia je YCHelIHO McTakia nocrojehe
MuKpokanupukanuje. Pa3sujenn anropuram je Op3, poOycTaH W TOrOfjaH 3a aHAIM3y MamMorpama y
peanHoM BpeMeHy. Ilpennoxkena MeToga MoXe Jla ce KOPUCTH 3a BU3YEJHY aCUCTEHLHU]Y Y KIMHUYKO]
aHau3M MaMorpama, uin y ¢pasu npeTnpolecupama Ipu Aajboj o0pajgu MaMorpama y [uiby cerMeHTaluje,
KkJacudukanyje 1 feTekyje MUKpokannudukanmja.

Kwyune peuu: mamozpagpuja, muxporxaayugpurayuja, obpaoa cauke, maitiemaiiuska mopghpoaozuja,
floseharbe A0KAAHOZ KOHIpacilia




