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APPLICATION OF FRACTAL PROCESSING OF DIGITAL MAMMOGRAMS
IN DESIGNING DECISION SUPPORT SYSTEMS IN MEDICINE

Abstract. The subject of the research is the methods of digital processing of halftone medical images with locally
concentrated features. The object of the research is the process of morphological analysis of digital mammograms in the
design of decision support systems in medicine. The aim of this work is to develop methods and technologies for detecting
of diagnostically significant characteristics of digital mammograms based on their morphological analysis, taking into
account fractal dimensions. The objective of the study is to improve the quality of mammographic examinations of
patients in the design of decision support systems in medicine by developing specialized methods for morphological
analysis of digital mammograms (highlighting diagnostically significant elements amid noises), based on taking into
account the features of the images in the form of useful signal models, in particular, fractal dimension models. Research
methods: a method for calculating the fractal dimension of two-dimensional halftone images specified on a discrete set,
methods of object-oriented programming, methods of statistical analysis. As a result of the research, the following results
were obtained: based on the analysis of known methods of digital image processing, a limited area of their application in
processing mammograms was shown and the urgency of developing specialized methods of morphological analysis based
on taking into account the features of the considered images in the form of useful signal models, in particular, fractal
dimension models. A method and an algorithm for the implementation of morphological analysis of digital mammograms,
taking into account their fractal dimension, have been developed. The software implementation of the method was
performed using the MatLab math package and testing on real mammograms was completed. Mammograms without
obvious pathologies and mammograms which having pathological structures of various types (tumors, intraductal
formations and microcalcifications) were processed. The fractal dimension of the entire image and selected fragments was
calculated. Conclusions. The results of the research showed that the fractal dimension of the entire image does not give
statistically significant results on the presence or absence of pathologies, but if we calculate the fractal dimension on the
selected fragments, then the results are very different. We can trace the pattern that the more obvious pathologies on a
fragment, the greater the fractal dimension. Further research is aimed at developing a method for classifying digital
mammograms taking into account their fractal dimensions.
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Introduction

The introduction of computer and information
technologies in medical practice has led to the creation
of a wide range of medical information systems (MIS)
from electronic medical records to complex decision
support systems (DSS) [1, 2]. The most widespread MIS
are included in diagnostic complexes, with the help of
which various instrumental examinations of patients are
carried out.

The overwhelming majority of diagnostic
information contains data obtained during visualization
and morphological analysis (isolation of diagnostically
significant structural elements amid noises) of
biomedical signals and images [2]. Medical images (X-
rays, mammograms, ultrasound, etc.) are one of the
important means of obtaining visual information about
the internal structure and function of the human body,
which is not directly perceived by sight.

The information processing process in biomedical
DSSs consists of a sequence of corresponding stages,
one of which is the stage of morphological analysis of
biomedical images (BMI) with locally lumped signs
(LLS) [3, 4]. BMI with LLS are images with a structure
in which diagnostic signs are focused on small
fragments of their definition area. The task of
morphological analysis is to isolate informative
fragments (structural elements) of BMI amid noises, as
a result of which diagnostic signs are formed in the form
of parameters of the found structural elements [5].

Morphological analysis of BMI with LLS is one of
the crucial stages, since errors at this stage lead to the
making of erroneous diagnostic decisions or to a refusal
from making a decision at all. This stage requires the use
of specialized methods of morphological data analysis,
taking into account the features of BMI with LLS and
methods of their transformation [6, 7]. The theory of
morphological analysis has been most fully developed for
processing images and scenes of various types [8, 9].
However, in medical practice, for morphological analysis
of BMI with LLS, various heuristic processing methods,
which intuitively operate with the concept of the shape of
structural elements in the image or in certain areas of the
image, are often used.

The existing methods of digital processing do not
take into account the peculiarities of BMI with LLS,
have a limited scope of application for processing
medical images, since these images are low-contrast,
contain a significant noise component, and diagnostic
elements have significant variability. In addition, some
elements have an irregular (fractal) structure (for
example, microcalcifications in mammography).

Therefore, an urgent task is to develop specialized
methods for improving visualization and morphological
analysis, based on taking into account the features of the
considered images in the form of useful signal models, in
particular, fractal dimension models, in order to improve
the quality of instrumental examination of a patient
during designing decision support systems in medicine
based on morphological analysis of BMI with LLS.
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The aim of the work is to develop methods and
information technologies for detecting diagnostically
significant characteristics of halftone medical images
based on their morphological analysis, taking into
account fractal dimensions.

Development of a method for morphological
analysis of digital mammograms taking
into account their fractal dimension

Digital image processing has long been an integral
part of research in almost all fields of science. Working
with samples from any subject area involves not only
extracting some data from images, but also classifying
images, working with complex-structured samples, with
non-obvious patterns and features that are often
noticeable only to specialists in this field.

In medicine, the ability to automatically process
large sets of images, to recognize images of internal
organs in certain subject areas of medicine, to determine
the type of tissue, to detect tumors, to determine the
presence of any compounds can significantly affect the
course of research, facilitate the process of working
with images, for example, speed up the detection of a
disease, making a diagnosis, which helps to choose
timely and adequate treatment.

One of the widely used approaches to image
analysis is fractal analysis [10]. Fractals, according to B.
Mandelbrot's definition, are sets for which their fractal
dimension is greater than topological. As a rule, such
sets possess self-similarity properties. The characteristic
that reflects this self-similarity is fractal dimension.

The approaches that are non-traditional for
classical geometry, which are used in fractal analysis,
help to obtain new data about the object under study, to
analyze its rather complex, irregular structure.

During calculating the fractal dimension of various
natural and artificial objects, a number of problems arise
due to the fact that there are several definitions of fractal
dimension. The basic concept is the Hausdorff dimension,
but its estimation is often quite difficult. Therefore, in
practice, dimensions related to the so-called box-
computing (or box-counting) class [10] are often used.

With this approach, the set under study is covered
by unit cells (boxes) of the same size 6 and the number
of elements of the covering N (8) is considered. It is
assumed that this number depends to some extent on the
cell size §. It is considered the relation

[ =10g;N(8)/log,(3)

and its behavior with a change in the scale & is
investigated. If there is a limit of this ratio, then it is
equal to the number d, which is called the fractal
dimension of this set

d =limg_yo f = limg_yq (logzN(S)/logz (5)) ()

For a point, segment, square, etc., this value
coincides with the well-known geometric dimension and
is an integer (d = 0, 1, 2, respectively). For fractal sets,
the dimension is not an integer. Thus, the main idea of
introducing this class of dimensions is the concept of
“measurement on the 6 scale”: for each 5, an object is

measured in such a way that the unevenness of objects
smaller than 6 is ignored and measurements are
considered when 9 tends to 0.

Direct determination of the fractal dimension
according to (1) is used in the analysis of binary images,
but to determine the fractal dimension of halftone
images one of the methods described in [11, 12] is used.
The idea of the method is to build the surface of the
graph of the grayscale function, calculate the volume of
a special "cover" for this surface, and then calculate the
fractal dimension of the surface.

It turns out that in this case the Minkowski’s
dimension coincides with the most commonly used
capacitive one, but the calculation method is simpler.
Thus, a dimension vector is compared to each image,
and the proximity of the images is estimated by the
proximity of the vectors.

The method is based on plotting the surface of the
grayscale function over a grayscale image. Then this
surface "thickens" - a special d-parallel body, the so-
called cover, is built for it. Its volume, approximation to
the surface area and the fractal dimension of the surface
are calculated.

Let a set of points be given for a halftone image

F={Z;,i=0k, j=0,]

where Z; €{0,255} is the intensity value for a pixel

with coordinates (i, ;).

Since grayscale is only defined for a pixel, F' can
be considered as a function of integer arguments. Let us
extend F for points with real coordinates (x, y),
i<x<i+l, j<y<j+1, then we can talk about the

surface area of the graph of the constructed function F
(we can add it with the values of Z; or using any
approximation).

If we consider the resulting surface as a fractal,
then the fractal dimension is determined by the value of
its area. In image analysis, the set of grayscale function
values is always not empty and is limited in R’.

Let’s consider all points located at a distance o
from the surface of the graph of the grayscale function.
They form a "cover" with a thickness of 28, which is a
O-parallel body and is defined by the upper surface
us(i, j) and the lower surface bg(i,j). For 6 = 1,2, ...

the surfaces are determined iteratively:

max
\(m,n)~(i.j )<

us(mn)}  (3)

ug(i, j )= maxfus(i,j)+1, ug(m,n)} (2)

min
‘(m,n)—(i,j)él‘

It can be seen from (2, 3), that in the calculations
of the extreme points we use four nearest neighbors.
A point F' (x, y) is included in a d-parallel body if

bs(i,j) S F(x.y)<ug(i,j) .
The volume of a d-parallel body is calculated as
Vs =Zi,_j(u8 (i’j)_bS (lj)) (4)

The surface area of the fractal is calculated by the
following formula

bs(i, j) = minf{ug(i,j )-1,
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S5 =Vs/(23). (5)

Since Sg = BSZ_D [4], the fractal dimension D is
determined from the relation:

D =2-1log,S5/log,5 . (6)

Calculation of the surface area of the graph of the
function F can be performed for the entire image or we
can divide it into cells with coordinates (x, y) and
perform calculations for each cell.

Considering that the fractal dimension D
calculated according to (6) will differ for different o, the
average value of the ratio

log,Ss/log,8 7

is found by the method of least squares as the slope
coefficient a; of the straight line y=a5+ax in
coordinates x =/0g,d; y =l0og,Sy.

Based on the above, the following algorithm for
calculating the fractal dimension of halftone images is
proposed

1. For the whole image or for a selected fragment,
construct a grayscale function Z;;.

2. Determine the initial values of the two-
dimensional array of points of the upper and lower
surfaces of the d-parallel body for & = 0:

uy(i,j)=by(i.j)=2(i.j).i=0k, j=0,
3. Organize a cycle of changing the scale 6

(6 =1,27), at each stage of which the following
actions are performed:

3.1. Two-dimensional arrays of points of the upper
us(i, j) and lower bs(i, j) surfaces of a 5-parallel body
are calculated by formulas (2) and (3).

3.2. The volume of a §-parallel body Vy is
calculated by the formula (4).

3.3. The surface area Sy of the fractal is calculated
by the formula (5).

3.4. The values log,d and log,Sy are calculated
and stored in the corresponding arrays.

4. By the method of least squares calculate the
coefficient a; of the linear regression of the form
¥ =ay+ax in coordinates x =log,d; y =log,Ss. The
calculated value is taken as the average value of the
ratio (7), which is then used in the formula (6).

a b

5. Using formula (6), find the fractal dimension of
an image or a selected fragment.

Software implementation and testing

During developing a software implementation of
the above algorithm for calculating the fractal
dimension, is was substantiated the choice of the
Windows operating system (OS), which occupies
almost 90% of the OS market for personal computers.

The calculations were performed using the
mathematical package MATLAB [13], which provides
convenient tools for developing algorithms, including
high-level ones, using the concepts of object-oriented
programming. It contains all the necessary IDE tools,
including a debugger and profiler. In addition,
MATLAB has the ability to access its built-in functions
through the C interface, which allows the package
functions to be used in external C applications.

The developed software product "FractalMed" is
written in C# and uses a computational module for
calculating the fractal dimension, which is developed in
the MATLAB environment and is connected to the main
program in the form of a DLL module. The software
product has the following capabilities: opening an
image of various formats; opening files of images of
mammograms with the extension .mam; image view;
approach and distance; selection of the area for
calculating fractal dimension; calculation of the fractal
dimension of the image.

The developed software product was tested on real
mammogram images. Mammogram files in * .mam
format were kindly presented by the developers of
domestic mammographs - the company "Radmir",
Kharkov. 60 mammograms were analyzed, among them
40 were without obvious pathologies and 20 had
pathological structures of various types (tumors,
intraductal formations and microcalcifications).

The fractal dimensions of the analyzed
mammograms and their selected fragments were
calculated. In this case, the first fragment was selected a
fragment without obvious pathologies, the second was
with obvious pathologies. Examples of processed
medical images are shown in Fig. 1. The processing
results are shown in table 1.

Table 1 shows the processing data of mammogram

files: 0157.mam - without obvious pathologies;
0111.mam - pathological formation (dark spot on the
mammogram) 0120.mam -  microcalcifications;

0162.mam - intraductal formations.

=

Fig. 1. Examples of processed images a — file 0120.mam, b — fragment without pathologies of file 0120.mam,
¢ — fragment with pathologies of file 0120.mam
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Table I — Results of testing of the real medical images

Fractal dimension of”
File name | the | fragment without | ? fragment
whole . . with obvious
. obvious pathologies .
image pathologies
157.mam | 2,466 2,495 2,711
0l111.mam | 2,414 2,531 2,683
0120.mam | 2,402 2,482 2,702
0162.mam | 2,482 2,681 2,650

Analyzing the data of table 1, we can conclude that
the fractal dimension of the whole image does not give
statistically significant results on the presence or
absence of pathologies; in all images, the fractal
dimension lies in the range from 2.4 to 2.5. But if we
make calculations of the fractal dimension on the
selected fragments, then the results are very different. It
is possible to trace the pattern that the more obvious

pathologies on a fragment, the greater the fractal
dimension.

Conclusions

The application of fractal processing of halftone
medical images to identify diagnostically significant
characteristics has been substantiated. A method has
been developed for identifying diagnostically significant
characteristics of halftone medical images based on
their morphological analysis, taking into account fractal
dimensions.

An algorithm for calculating the fractal dimension
of medical images or selected fragments and its
software implementation have been developed. The
program has been tested on real mammograms.

Further research is aimed at developing a method
for the classification of halftone medical images taking
into account their fractal dimensions.
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3acrocyBanns (ppakraabHoi 00po0KM HHPPOBUX MaMOrpam
TIPH MPOEKTYBAHHI CHCTEM MiATPMMKH NPUHHATTS PilleHb B MeIANHHI

A. 1. TToBoposHiok, O. A. IToBoposHrok, X. [llexna

Anortanis. IIpexmerom nociipkeHHS € Meronu IHM(poBOi OOpOOKM HANMIBTOHOBHX MEIWYHMX 300pakeHb 3
JIOKaJIbHO 30CepeDKEHNMHU o3HaKaMu. O0'€KTOM 0CIiDKEHHs € nporec MOp(GOJIOriyHOro aHalizy HU(GpOBUX MamMorpaM
IIPU NIPOESKTYBAHHI CUCTEM HiATPUMKHU HPUHHATTA pilieHb B MequuuHi. MeToro po6oTu € po3pobka METOMIB 1 TeXHOIOriH
BUSIBJICHHS JIarHOCTMYHO 3HAYYLNIMX XapaKTepUCTUK LMU(PPOBUX MaMOrpaM Ha OCHOBI iX MOpQOJIOriyHOro axauizy 3
ypaxyBaHHSAM (pakTaJbHUX pO3MipHOCTeH. 3aBAAHHSA JOCJiJKeHHS - NiJBUIICHHS SKOCTI MaMorpadiuHHX 0oOCTEXeHb
MAliEHTOK NPHU MPOEKTYBAHHI CUCTEM MIATPUMKHM HPUHHATTS pilleHb B MEIULMUHI IIIAXOM PO3POOKH cCIeliali3oBaHUX
METOIiB MOpPQOJOriYHOro aHamizy HUPPOBUX MaMorpaM (BHIIJICHHS [IarHOCTUYHO 3HAYYNIMX €JEeMEHTIB Ha TIi
MEPEIIKO]]), 3aCHOBAaHUX Ha BPaxXyBaHHI OCOOJMBOCTEH PO3IIISHYTHX 300pa’keHb y BUIIAI MoJeseil KOpDUCHUX CHUTHAINIB,
30KpeMa Mojeneil ¢paxranbHOi po3MmipHOCTi. MeToaum AOCHiIMKEeHb: METOJ PO3paxyHKy (GpaKTaJbHOI PO3MIpHOCTI
JBOBUMIPDHHX HAIlIBTOHOBHX 300pa)X€Hb, 3aJaHUX Ha JUCKPETHIH MHOXHUHI, MeTOAH 0O0'€KTHO-OPi€EHTOBAHOTO
[IPOrpaMyBaHHs, METOJH CTATUCTUYHOrO aHaJi3y. B pe3ynbraTi npoBeaeHHs JOCIiIPKEeHb OJICPKAHO HACTYIHI pe3yIbTaTH
! Ha OCHOBI aHaJi3y BiJOMHX MeToAiB IM(pPoBOI 00poOKH 300paXkeHb MOKazaHa oOMexeHa cdepa iX 3aCTOCyBaHHS IpU
o0pobui MaMorpaM i OOrpyHTOBaHa aKTYaJlbHICTh PO3POOKH CIIELiani30BaHMX METOJIB MOP(OIOTriYHOr0 aHalizy,
3aCHOBaHI Ha BpaxyBaHHI 0COONMBOCTEH PO3MIISHYTHX 300paKeHb y BUIVIANI MOJeJIell KOPUCHHMX CHUTHAliB, 30Kpema
Mozenei ¢pakranbHOi po3MmipHocTi. Po3pobieno MeTtox i amroputm peanizanii MopdosorivHoro ananizy LU(pOBHX
MaMorpaMm 3 ypaxyBaHHAM iX ¢paxranbHOi po3MipHOcTi . BuKOHaHa mnporpamHa peaiizailis MeTOHy 3a JOIOMOIOIO
MaremMaTu4yHoro makera MatLab i TectyBaHHA Ha pealbHMX MaMMorpammax. Bukonana oOpoOka mamorpam 0e3 SBHHX
[aTOJIOriH 1 TakuX, SKi MalOTh MATOJIOTIYHI CTPYKTYPH DPI3HUX THUNIB (IIyXJIMHH, BHYTPIIIHBOIPOTOKOBI YTBOPEHHS i
MiKpoKanblUuHaTH). bymna pospaxoBaHa ¢paxranbHas PO3MIPHICTH BChOIO 300pa’k€HHA 1 BUAUICHUX (parMeHTiB.
BucHoBku. Pe3ynbraTu JOCHiDKEHHS MOKasanu, 0 (paKTaibHa PO3MIPHICTH BCHOrO 300pa)KeHHS HE Ja€ CTATUCTHYHO
3HAYyIUX pe3ylbTaTiB PO HAABHICTb YM BIJCYTHICTb NATOJOrIH, ane SKIO pOOMTH pO3paxyHKH (paKTaabHOL
PO3MIpPHOCTI Ha BUAIICHUX (ParMeHTax, TO Pe3yJIbTaTH CHIBHO BiAPi3HAIOTHCSA. MOXKHA IPOCTEXKUTH 3aKOHOMIPHICTb, 110
4yuM OiJIbIlIe IBHUX MATOJIOTiH Ha ¢parMeHTi, TUM Oinbiue pakranbHas po3MipHicTs. Ilopanblui JOCTIPKEHHS CIIPSIMOBaHI
Ha po3poOky Merony Kinacudikauii nudpoBux Mamorpam 3 ypaxyBaHHsIM iX QpaKkTanibHUX PO3MIPHOCTEH.

Kaw4yoBi ciroBa: cucreMa miaATpUMKY IPUHHATTS pIlIeHb; MEAMYHE 300paKeHHsT; MOP(OJIOTiYHUHN aHali3; MaMorpaMa;
(bpaxranbHa PO3MIPHICTb.

IIpumenenne ppakTaabHOil 00padOTKH HH(POBBEIX MAMMOIPAMM
TIPH MPOEKTHPOBAHUH CHCTEM IOJAEP:KKH NPHHATHS PellicHUii B MeIuIHHe

A. W. IoBopo3sHiok, O. A. IToBopozHiok, X. [llexna

AnHoTanus. IIpeamerom wuccienoBaHUS SBISAIOTCS METOIbl LU(PPOBOH 0OpPaOOTKM MOIYTOHOBBIX MEAMIIMHCKHX
n300paXeHUH C  JIOKAJIBHO  COCPEJOTOYEHHbIMH  INpu3HakamMu. OOBEKTOM  MCCICIOBaHUsS  SBISETCA  IIPOLECC
MOpGOJIOrHYecKoro aHanu3a LU(POBBIX MaMMOIpaMM IpH HNPOCKTUPOBAHMM CHCTEM IOJJICPKKU IPUHATHSA PELICHUN B
mequuuee. Ileabio paborbl sBigeTcs pa3paboTKa METOAOB W TEXHOJNOIMH OOHApYKEHHsl AMarHOCTHYECKH 3HAUYMMBIX
XapaKTEePUCTUK U(POBBIX MAMMOIPaMM Ha OCHOBE MX MOP(OIOrHYECKOro aHalIHu3a ¢ y4eToM (paKTalbHbIX Pa3MEPHOCTEH.
3agaya McciIe0BaHMsl — IIOBBILICHHMsA KauecTBa MaMmMMorpaduyeckux oOcCiel0BaHMII NAIMEHTOK IPU IPOSKTUPOBaHUU
CHCTEM IIOJUIEPXKKH NPUHATHS PELICHUH B MEULIUHE IIyTeM pa3paboTKH CIelHaln3upOBaHHBIX METOJ0B MOP(OIOrHIeCKOro
aHanu3a LUQPOBBIX MaMMOrpaMM (BBIIEIEHUE JUArHOCTUYECKHM 3HAYMMBIX 3JIEMEHTOB Ha (DOHE IOMEX), OCHOBAHHBIX Ha
ydere OCOOCHHOCTEH paccMaTpuBaeMbIX H300pakeHHH B BHAE MOJENEH IIOJIE3HBIX CHTHAJIOB, B YaCTHOCTH Mojeieil
GbpaxranpHON pazmMepHOCTH. MeToabl HecIeJ0BaHUI: METO]| pacyeTa (pakTaabHON pa3MEPHOCTH JIByMEPHBIX MOITYTOHOBBIX
n300paXeHUH, 3aJaHHBIX HAa JUCKPETHOM MHOXKECTBE, METO/bl 00BEKTHO-OPUEHTHPOBAHHOIO MPOrPaMMHPOBAHUS, METOIbI
CTaTUCTHYECKOro aHanu3a. B pes3ynbraTe NpoBEACHMS MCCIEIOBAaHUI IOIYYCHBI CIICAYIOIINE Pe3yJbTaTbl: HA OCHOBE
aHalu3a M3BECTHBIX METONOB HU(POBOH 00pabOTKM M300pakeHMIl IOKa3aHa orpaHudeHHas cdepa MX NPUMEHEHHS HPU
00paboTKke MaMMOrpamMM M OOOCHOBaHAa aKTYallbHOCTb Pa3pabOTKH CIELHaJIN3HPOBAHHBIX METOJ0B MOP(OIOrHYeCcKOro
aHa/lu3a, OCHOBAaHHbIE HAa y4deTe OCOOCHHOCTEH paccMaTpHBacMbIX M300paXKCHHH B BHJC MOJENEH IOJIC3HBIX CUI'HAJIOB, B
YaCTHOCTU Mozeliell (pakTanbHON pa3MepHocTH. PazpabGoran MeTox M anropuTM peanu3anuud Mop¢oIorHyeckoro aHajinsa
(GPOBBIX MAMMOIpaMM C YY4€TOM HX (paKTallbHOH pa3MepHOCTH. BBbINONHEHa NporpaMMHas peanu3alus MeToa ¢
MIOMOIIBI0 MaTeMaTuueckoro Makera MatLab u TecTupoBaHMe Ha pealbHBIX MamMMorpamMmax. BsinmonHeHa o0paboTka
MaMMmorpaMM 0e3 SBHBIX HATOJIOIMH W HMEIOIIME [aTOJOTMYECKHEe CTPYKTYpPbl pPa3iIM4HBIX THUIOB (OIyXoiu,
BHYTPHIIPOTOKOBbIE 00pPa30BaHMs U MUKPOKaJIBLMHATH). bbla paccunTana (pakTanbHas pa3MEpHOCTb BCETO N300paXeHUs U
BBIJICNICHHBIX (parMeHTOB. BbIBOABI. Pe3ynbraThl HcclenoBaHMSA IOKa3ald, 4TO (pakrajibHas pa3MEpPHOCTb BCETO
n300paXeHUs He JaeT CTaTUCTHUYECKH 3HAaYMMbIX PE3yNbTaTOB O HAJIMYMHM WM OTCYTCTBUHU INATOJIOTWH, HO €ClIM JAejaTh
pacueTsl GpakTaabHON pa3MEPHOCTH Ha BBIICICHHBIX ()parMeHTax, TO pe3yJbTaThl CUIIbHO OTIMYAOTCA. MOXKHO IPOCIEeIUTh
3aKOHOMEPHOCTb, YTO ueM OOJIblIe SBHBIX MATONOTHH Ha (parMeHTe, TeM Ooublle GpaxTanbHas pazMepHOCTb. JlanbHelmue
HCCIIeI0OBaHMsl HAIpPABJIEHbl Ha pa3paboTKy Merola KiaccupUKanuu HU(GPOBUX MaMMOrpaMM C y4eToM HX (paKTalbHbBIX
pa3MepHoCTeH.

Kamo4ueBble caoBa: cucrema TNOAJACPIKKNA TIPUHATUSA peHIeHPIﬁ; MCIUIIHHCKOC I/I306pa)KeHI/Ie; MOpq)OJ'[OFI/I‘-IeCKI/Iﬁ
aHaJIM3; MaMMOI'paMMa; (bpaKTaJ'lBHaﬂ Pa3sMEPHOCTbD.
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