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FORMAL REPRESENTATION OF THE PIXEL-BY-PIXEL CLASSIFICATION
PROCESS USING A MODIFIED WANG-MENDEL NEURAL NETWORK

The subject of research in the article are the processes of formalization of the pixel-by-pixel classification problem using the modified
fuzzy neural production network of Wang-Mendel for segmentation of urban structures in the automated analysis of space and aerial
photographs of the city. The purpose of the work is to develop the architecture of the modified fuzzy neural production network of
Wang-Mendel as a classifier for image segmentation to increase the values of efficiency and reliability of urban monitoring. The
following tasks are solved in the article: analysis of possibilities of Wang-Mendel network modification based on representation of
membership functions in terms of interval fuzzy sets of the second type (IFST2) and realization of phasing, aggregation and activation
operations using IFST 2 operations, development of the architecture of the modified fuzzy neural production network of Wang-
Mendel as a classifier for image segmentation. The following methods and models are used: methods and models of fuzzy set theory
(fuzzy Wang-Mendel neural network, interval fuzzy sets of the second type), methods and models of deep learning methodology
(convolutional neural network for image segmentation (auto coder) U-net). The following results were obtained: the use of a fuzzy
Wang-Mendel neural network as a classifier of a modified U-Net decoder based on the representation of membership functions in
IFST2 and the implementation of phasing, aggregation and activation operations using operations on IFST2; introduction of an
additional operation of type reduction in the phase of dephasification of the original variable based on the classical method of the
center of gravity (centroid); introduction of several outputs of the network to recognize the appropriate number of classes (subclasses)
of the subject area. To do this, the third layer is represented as a set of several pairs of adder neurons, and the fourth implements
several normalizing neurons, the number of which corresponds to the number of pairs of the third layer. Conclusions: the use in the
architecture of a convolutional neural network for segmentation of U-net images as a classifier of the modified fuzzy neural
production network of Wang-Mendel will provide an additional increase in the accuracy of pixel-by-pixel classification of certain
objects. Instead of fuzzy sets of the first type (FST1) in this network IFST2 are used. The proposed IFST2, on the one hand, provide a
formalization of more additional degrees of uncertainty compared to FST1, on the other hand, are "implemented" in the development

of fuzzy systems (models) and have less computational complexity, compared to fuzzy sets of the second type (FST2).
Keywords: segmentation; classification; fuzzy set of the second type; fuzzy neural network; production model.

Introduction

At present, the rapid growth of urban areas requires
the improvement of management systems. In order to
effectively manage a modern city, it is necessary to obtain
timely data, which is ensured by conducting appropriate
monitoring.

The main requirements for monitoring are efficiency
and reliability in obtaining information. It is possible to
increase the value of efficiency and reliability of urban
monitoring through the use of data from automated
analysis of space and aerial photographs of the city.

When monitoring, the most important thing is to
identify changes in the urban environment and analyze the
causes of their occurrence. The most common changes in
the urban environment that can be monitored by
automated analysis of space and aerial photographs are the
demolition and erection of buildings, changes in the area
of greenery, construction or expansion of roads, detection
of illegal construction, etc.

The first step in the analysis of space and aerial
photographs, with automated monitoring of the urban
environment, it is possible to consider the stage of
automatic recognition of various objects in the field. The
most effective for solving the problems of semantic
segmentation in the framework of the theory of deep
learning are various implementations of the auto encoder.

In this study, the U-Net network is used as the basic
architecture of a deep neural network for the segmentation
of urban structures in digital space and aerial photographs
in automated monitoring of the urban environment. The
classifier of the classic U-Net are fully connected layers,

which are converted into a convolution.

However, studies show that fuzzy neural networks
provide higher recognition accuracy compared to classical
fully connected networks [1].

Thus, an actual scientific task is the development of
neural network architecture, as a classifier of which it is
possible to use a modified fuzzy Wang-Mendel neural
network [1].

Analysis of publications

Currently, there are a large number of publications
on the development of neural network architecture for the
segmentation of objects in images for different purposes
[4-12]. At the same time, the issues of integrated
application of the modified fuzzy Wang-Mendel neural
network for segmentation of urban structures in digital
space and aerial photographs in automated monitoring of
the urban environment, including the use of fuzzy neural
networks, are not actually considered and require further
research.

The aim of the article is to develop the architecture
of the modified fuzzy neural production network of
Wang-Mendel as a classifier for image segmentation and
increase the values of efficiency and reliability of urban
monitoring.

Main part

The classical fuzzy neural production network of
Wang-Mendel implements a fuzzy production model
according to the rules, the conditions and conclusions of
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which are formed on the basis of a fuzzy set of type 1. In
this case, the membership functions of all fuzzy sets are
Gaussian. In this regard, the output signal of the Wang-
Mendel network can be calculated according to the
expressions [13 — 15]:

yclass(x): I:,; N J 1)
ZlHﬂ( i)
i=1 j=1
X: — a: ?
;uij(xj):eXp —{%] ) 2
1j

where x; is an input signal; c; is the center of the width

of the Gaussian function, which represents the membership
function of a fuzzy set of rule conclusions; u; is a

Gaussian function with the parameters of the mathematical
expectation, which determines the center a;, and the

scatter parameters, which are determined by the standard
deviation, which represents the membership function of a
fuzzy set of conditions of the rules; N — the number of
input network variables; M — the number of neurons in the
first layer that realizes the fuzzification of input variables.

Directly, the structure of the Wang-Mendel network
is a four-layer neural network in which:

- in the first layer the fuzzification of input variables
is performed;

- in the second layer the aggregation of activation
values of the fuzzy production rule condition is carried
out;

- in the third layer activation of conclusions of rules
of withdrawal is carried out;

- in the fourth layer, consisting of one neuron,
dephasification of the output variable and the formation of
the output signal.

According to the network structure and expressions
(1), (2), the first and third layers are parametric.

The fuzzy inference algorithm, which is
implemented by this fuzzy neural production network, is
based on the following main provisions:

- input variables are clear;

- the membership functions of all fuzzy sets are
represented by the Gaussian function;

- accumulation of activated rules is not carried out.

Modification of the classical Wang-Mendel network
to solve the problem for pixel-by-pixel classification of
certain objects is carried out with the following help:

1) representation of membership functions in terms
of IFST2 and implementation of fuzzification, aggregation
and activation operations using operations on IFST2;

2) the introduction of an additional type reduction
operation in the phase of dephasification of the original
variable based on the classical method of the center of
gravity (centroid);

3) introduction of several network outputs to
recognize the appropriate number of classes (subclasses)
of certain objects. To do this, the third layer is presented

as a set of several pairs of neurons-adders, and the fourth
implements several neurons-normalizers, the number of
which corresponds to the number of pairs of the third
layer.

In the general case, the fuzzy production rule for the
modified fuzzy Wang-Mendel neural production network
can be represented as follows [14]:

R:IF 3, is & AND ... AND f, is @, THEN ., =cP, (3)

where g, is the name of the input data (in the form of a
clear (in some cases) or linguistic value (LV)) specified by
the tuple (4, T;, X;, M;),i=1..,n and n is a number of

input variables; T, ={a;} — a set of values (terms) of the

input LV of the rule R, each of which is the name of a
fuzzy value (FV) to describe the values of the recognition
parameters of compact (point) objects of air
reconnaissance; X; — the range of values of the FV, the
names of which are included in T,, M; — semantic
procedure that matches fuzzy set to the value of the LV.
The syntactic procedure of generating new values for LV
G; is not used, because all LV values within the proposed
approach are determined at the stage of formation of the
rule base; «; is the value of the term of the input LV in the
form of the name FV (linguistic value of the object
recognition  parameter), given by the tuple
(e, Xi, A)i=1,..,n, Ac X3 A={x, pz(x)} - IFST2
on the set X;, which describes the possible values that can
take FV o; €T;; B,.4 is the name of the original LV, given
by the tuple (.1, Ty, Y. Mp,1), Y s the range of values
of terms, the names of which are included in T,,;,

representing the number of the recognized class (subclass)

of the object; M,,; is a semantic procedure that

corresponds to the value of LV one-point fuzzy set; ch is
the value of the term source LV in the form of the name or

class number from the set C, = {c}’}, j=1..,m, where

m is the number of classes (subclasses) of compact (point)
objects.
Formally, IFST2 means a fuzzy set of type 2, or all

secondary degrees f, (u)=;(x,u) are equal to 1 and

are represented as follows:
- in the case of continuous (infinite) X and J,, as

[15]:

uel,cU=[01], xeX, (4)

g fream)
i

A= -
X

— in the case of discrete (finite) X and J,, as

or:

,ueJXgU:[O,l],XeX; 5)
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,uel, cU
1 X

:[O,l],XeX (6)

or as a set:

A:{((x,

where X is a first variable x € X ; X is the universal set of
objects of the visual field; u is the second variable
ueldy;J, is a primary affiliation J, cU;U - area of

definition ~ of affiliation U =[0,1];
f (u) = 5 (x, u) — secondary degree, which is equal to 1.

There are two main methods of formal representation
of IFST2 — methods of vertical and wavy section [8, 9].
To represent the membership functions of the modified
fuzzy Wang-Mendel neural production network in terms
of IFSTZ2, it is possible to consider the basic concept of the
occupied area of uncertainty.

The aggregation of all IFST2 primers is the footprint
of uncertainty (FOU) and can be represented as [8, 9]:

FOU (A) =Usyyex I ={(%,

The definition of FOU for IFST2 and total FST2 is
the same. However, for IFST2 the occupied area of
uncertainty is of particular importance. This is due to the
fact that, since the secondary stages of IFST2 do not
transmit new information about the additional stages of
uncertainty, it can be assumed that the FOU is a complete
description of IFST2.

For IFST2, the primary membership can be
represented as follows [8, 9]:

3 =[ma(x), 15 (9)], ©)

where ;A(X) — the value of the upper membership

u),1)|vxe X, vueJ, cU =[0,1]}, (7)

primary

u);uel, c[0.1]}. (8)

function denoted as UMF(A) or iz H5(x) — the value
of the lower membership function, denoted as LMF (A) or
M-

The nested interval FST2 A, for continuous
(infinite) sets X and J, is a set in which each primary

variable x e X has only one secondary variable u e J,

(ie one value of the primary membership) with a
corresponding secondary degree equal to 1, that is:

H

Edued, cu=[01]. (10)

A= |

xeX

A nested FST1 A, with power N for discrete (finite)

sets X and J, is a set of pairs, where the first elements of

the pair represent the corresponding primary variables,

and the second elements are exactly the same value as

Iy Jyr v Iy » NAMElY Uy, Uy, ooy Uy L

AZ

—1|

uieingU=[0,1],XieX. (11)

Comparing expressions (10) and (11), it is possible
to represent the nested IFST2 through the elements of the
nested FST1 as [8, 9]:

~ 1

A=— (12)
A

Representation Theorem is considered in [8, 9],

according to which IFST2 A can be represented as a
union of IFST2 nested in it i.e.:

(13)

where n — the number of nested IFST2 (/Eej is represented
N

according to the expression (9)) n :HMi . N — the
i=1

number of values to which X is sampled; M; — the number

of values to which J; issampled.

Representation of IFST2 as expression (13) is a
representation of IFST2 by the wavy section.

By analogy with expression (13), the occupied area
of uncertainty FOU can be represented as:

n

Fou (A)=JAd.

j=1

(14)

By expression (14) and taking into account
expression (13), IFST2 can be represented as follows:

In fig. 1 presents the final structure of the modified
fuzzy Wang-Mendel neural network based on the use of
IFST2 and with k outputs by the number of recognized
classes (subclasses) of objects.

In this case, the output signal of the modified Wang-
Mendel network can be calculated by the following series
of expressions:

_ Z H _1(Xi)
Yelass (X) =

ST s ()
ZJ =1~ IH _1/1”( J)
> Ty (1)

(16)

Xclass ( )
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where Xj is an input signal; ci, ¢; is the center of the

width of the upper and lower Gaussian function, which
represents the membership function of a fuzzy set of rule

conclusions; Hij My - the values of the upper and lower

membership functions of the prerequisites of the rules;

36185 the primary affiliation of the recognized class

(subclass).
Thus, according to the representative theorem (by
expression (15)), IFST2 is the union of all nested FST1,

X1

n )
o @]
c [
R S

FOUnm

X2

* T By

o o]
: c c
. 8 8

FOUnz

Xm

o -
o .
&
3 .

which cover its occupied area of uncertainty. The
importance of this conclusion is as follows:

- first, the thesis that IFST2 is fully described
(determined) by its FOU is confirmed,;

- secondly, it is possible to use as operations on
IFST2 the corresponding operations on FST1, which
greatly simplifies the computational complexity of IFST2
for their implementation within the framework of the
corresponding fuzzy logic systems. Therefore, the
membership functions are used, which are fully described
by the corresponding FOU, in which, in turn, the upper
and lower limits can be represented by the Gaussian
function according to the expression (2).

2k

Fig. 1. The structure of the modified fuzzy neural production network of Wang-Mendel based on IFST2

This study identified two classes for recognition:
urban and non-urban. Semantic segmentation is used as a
basic method of recognition. Semantic (or semantic)
image segmentation is the selection of areas in the image,
each of which corresponds to a certain feature. In general,
the tasks of semantic segmentation are difficult to
algorithmize, so for image segmentation are now widely

used deep neural networks, which show a fairly high
accuracy of recognition of segmentation objects (this is a
network based on U-Net auto encoder, where the classifier
is proposed to use modified fuzzy Wang-Mendel neural
network). The input data for the corresponding network
are digital images of the urban environment, and the
output data are considered to be the corresponding
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segmented images with the selection of pixels
corresponding to two classes: urban structure and non-
structure.

Conclusions

Thus, the architecture of the modified convolutional
neural network with respect to image segmentation (auto
coder) U-net is proposed. In this case, as a classifier, the
use of a modified fuzzy Wang-Mendel neural production

certain objects is proposed. Also, IFST2 is used in this
network instead of FST1.

The proposed IFST2, on the one hand, provide a
formalization of more additional degrees of uncertainty
compared to FST1, on the other hand, are "implemented"
in the development of fuzzy systems (models) and have
less computational complexity compared to FST2.

The use of the developed architecture will increase
the accuracy of segmentation of urban structures on digital
space and aerial photographs with automated monitoring

network with respect to the pixel-by-pixel classification of ~ Of the urban environment.
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®OPMAJIBHE ITPEJCTABJIEHHS ITPOLIECY NOMNIKCEJBHOI KJIACU®IKALIT
3 BAKOPUCTAHHSIM MOJJUPIKOBAHOI HEHPOHHOI MEPEKI BAHT A-
MEH/EJIS

IIpenMeToM [OCTIKEHHS B CTATTi € Mpollecy (GopMaizamii 3aiadi MONUKCcenbHOI Kiacudikallii 3 BAKOPUCTAHHIM MOAU(]iKOBaHOT
He4iTKoi HEHpOHHOI MpOAYKHiHOI Mepexxi Banra-Menmens mms cerMeHranii Micbkux OyJOB MpU aBTOMAaTH30BAHOMY aHAIi3i
KOCMIUHHX Ta aepooTO3HIMKIB TepuTopii micra. Mera po6oTH — po3pobka apXiTeKTypu MoAM(IKOBaHOI HEHITKOI HEHPOHHOI
npoaykmiiiHoi Mepexi Baxra-Menpmenss y sxocti kmacudikaropa A cerMeHTamii 300pakeHb Ui MIABHIICHHS 3HA4Y€Hb
OIIEPAaTUBHOCTI Ta JIOCTOBIPHOCTI MICBKOTO MOHITOPHHTY. B CTaTTi BHpIIIyIOTBCS HACTYIIHI 3aBJAHHS: aHANII3 MOXIIHBOCTEH
Moubikanii Mepexi Banra-Mennens Ha OCHOBI MomaHHs (YHKLIH IPHHAJIECKHOCTI B TepPMiHaX IHTEPBAIBHUX HEYITKUX MHOXKHH
npyroro tuny (IHMT2) i peamizarist omepariiii ¢asudikariii, arperyBaHHs i akTHUBaIlii 3 BHKOPUCTAaHHSIM oreparii Ha [HMT?2,
po3podKa apxXiTeKTypu MOAN(IKOBaHOI HEUiTKOI HEHPOHHOI MpoxyKuUiifHOi Mepexi Banra-Menpmens y sikocti kiacugikaropa mis
cerMeHTalii 300paxkeHb. BHUKOPHCTOBYIOThCS Taki MeTOAM Ta MOJeJi: METOAM Ta MOJENi Teopii HEYITKHX MHOXHUH (HEUiTKa
HelipoHHa Mepeka Banra-Menpgens, iHTepBajbHI HEWiTKI MHOXXHHH IPYTOTO THUILY), METOIHM Ta MOJENi METOHOJIOT] TIHOOKOTO
HaBUaHHA (3rOPTKOBa HEHPOHHA Mepeka Ul CerMeHTallii 300pakeHb (aBTokoAyBaibHUK) U-net). OTpuMaHO HACTYIHI pe3yJbTaTH:
3allpOIIOHOBAHO BUKOPHCTaHHS HEUITKOI HEMPOHHOT Mepeki Banra-Menaens B sikocTi kinacudikaropa moandikoBanoro aekoaepa U-
Net Ha ocHoBi momanHs ¢yHKUid npuHanexHocti B IHMT2 i peanizanis onepaniii ¢asudikanii, arperyBaHHs 1 akTuBamii 3
BUKOpHUCTaHHAM onepariid Ha IHMT2; BBenieHHs T0AaTKOBOI omepanii NpUBeAeHHs THITY B mapi aedassidikamnii BUXiTHOT 3MiHHOT Ha
OCHOBI KJIACHYHOTO METOJly LEHTPY TsKiHHS (centroid); BBEICHHs NIEKUILKOX BHXOMIIB MEPEki Uil PO3Mi3HABAHHS BiMOBIIHOT
KiJBKOCTI KiaciB (ImigkmaciB) mpeaMmerHol obusacti. [l 1boro TpeTiif map MpeACTaBISAeThCS SK HaOip 3 JEKUIbKOX Iap HeHpOHIB
CyMaToOpiB, a YETBEPTHH peaji3ye KilbkKa HEHpOHIB-HOPMAIM3aTOPiB, KIJIBKICTh SKHX BIANOBiZAa€ KITBKOCTI Map TPETHOrO MLIapy.
BuCHOBOK: 3aCTOCYBaHHS y apXiTEKTypi 3rOpTKOBOI HEHMPOHHOT Mepeski Uil cerMeHTarii 300paxkens U-net y skocTi kiacudikatopa
Monu(iKOBaHOI HEWITKOI HEHpPOHHOI NpomyKuiiHOI Mepexi Banra-Menpens 3a0e3neunTh AOAATKOBE IiIBUIIEHHS TOYHOCTI
MOMIKCeNBPHOT  Kiacu(ikanii BH3HAYEHHX 00'eKTiB. 3aMicTh HEWiTKMX MHOXUH mnepmoro tumy (HMT1) B nmamii mepexi
BukopucroByrotscs IHMT2. 3anpononosani IHMT?2, 3 ogHoro Goky, 3abe3nedyroTs (opmanizalito OLTBIIOT KUTBKOCTI JOJAaTKOBUX
CTyNeHiB HeBU3HaueHoCTi B nopiBHsAHHI 3 HMT1, 3 iHmoro 60Ky, € TakuMu, 1m0 "peatizoByroThes" IPpH po3poOIli HEUITKHUX CHCTEM
(Moneneit) i MaroTh MeHITy OOUHCITIOBAIBHY CKIIAIHICTh, Y TIOPIBHAHHI 3 HEUiTKUMHU MHOKHHAMH Jipyroro tuny (HMT?2).

Kmrouoi cioBa: cermenTanis; kiacugikaiis; He4iTKa MHOXKMHA JIPYyroro THITy; HEWiTKa HEHpOHHA Mepeka; MpOIyKIiiHa
MOJIEITb.

®OPMAJIBHOE IMPEJCTABJIEHUE ITPOIIECCA MNONMUKCEJIBbHOM
KJACCUPUKAIINU C UCITOJIB30BAHUEM MOJIUDGUIIUPOBAHHOM
HEMPOHHOW CETU BAHT'A-MEH/IEJIS

IIpenMeToM ucciieoBaHUs B CTaThe SIBISIFOTCS IPOLECCHl (hOpMaU3aliiy 3a1auy MOMUKCEbHON KiIacCH(UKANK C HCTIOJIb30BaHHEM
MOIU(PHUINPOBAHHON HEYETKOW HEHPOHHON MpPOMYKIIMOHHOU ceTH BaHra-MeHzemns Asi CeTMEHTAlMH TOPOJCKUX CTPOCHHUH HpHU
aBTOMAaTH3UPOBAaHHOM aHAlIM3€ KOCMHYECKHX U aypodoTOCHHMKOB Tepputopuu ropoaa. Lleab paboTel — pa3paboTka apXUTEKTypBI
MOIU(PHUINPOBAHHONH HEYETKOH HEHPOHHOW MPOMYKIMOHHOW ceTH BaHra-MeHzens B KadecTBe KiIacCH(pHUKATOpa JJsl CErMEHTALUH
N300paKeHNH JUI TOBBIICHUS 3HAYCHHH ONEPAaTHBHOCTH M JOCTOBEPHOCTH TOPOJCKOTO MOHMTOpHHTA. B crarhe pemrarorcs
CIeAyIOmKe 3aJa4vM: aHAIW3 BO3MOXKHOCTEH MoOIU(UKanuu ceTH BaHra-MeHaens Ha OCHOBe NpeACTaBIeHHA (QyHKIUI
MIPUHAUIE)KHOCTH B TEPMUHAX WHTEPBAJBHBIX HEUETKHX MHOXecTB Broporo tuna (IHMT2) u peanmuzanus onepanmii aznpukanmy,
arperupoBaHNE W aKTUBALMHM C WCIONb30BaHWeM orepanuid Ha IHMT2, pa3zpaboTka apXHTEKTYpbl MOIU(DHUIMPOBAHHON HEUETKOM
HEHpPOHHOII MPOAYKIMOHHOW ceT Banra-Menperns B kauecTBe KiaccuduKkaTopa A CerMeHTauuu u3o0OpaxkeHuil. Mcnonbs3yrorces
Takue MeTOAbl M MOJEJM: METOAbl U MOJEIM TEOpPUHM HEYETKHMX MHOXECTB (HedeTkas HelpoHHas ceThb Banra-Mennens,
UHTEPBaJIbHbIC HEYETKHE MHOXKECTBA BTOPOTO THIIA), METOJIBI M MOJIEII METOI0JIOTHH TIyOOKO# yueObl (CBepTOYHAs HeWpOHHAs CETh
IUIsl cerMeHTannu u3o0pakeHuit (aBrokoaupoBumk) U-Net). TlonydeHsl cieayromiie pe3yJbTaThl: MPEUIOKEHO HCIIOIb30BAHUE
HeueTKOH HeHWpoHHOU cetm Banra-Mennens B kadecTBe Kiaccupukaropa MoxuduimposaHHOro nexomepa U-Net Ha OCHOBe
npezncTaBieHus QYHKIWA npuHamiexkHoctd B IHMT2 u peanmzanus omepanuil ¢asuuKamuy, arperupoBaHHs W aKTHBAI[MH C
ncnonp3oBanueM onepannit Ha IHMT2; BBeieHre TOTIOTHUTENBHOM ONepaliy MPUBEIACHUS THIIA B coe AehasupuKanni UCXOTHON
TIepEeMEHHOH Ha OCHOBE KITACCHYECKOTO METO/a IEHTpa TshkecTH (centroid); BBe/IeHNE HECKOIBKUX BBIXOJIOB CETH JUISl paclO3HABAHMS
COOTBETCTBYIOLIETO KOJIMUECTBA KI1accOB (IIOJIKIIACCOB) MpeAMETHON 00acTu. /st 3TOro TpeTHii Cloi mpescTaBiseTcs: Kak Habop u3
HECKOJIbKUX Tap HEHpPOHOB CyMMAaTOpOB, a YETBEPTHIM peaau3yeT HECKOJIbKO HEHpPOHOB-HOPMAIM3aTOPOB, KOJIUYECTBO KOTOPBIX
OTBEYAET KOJUYECTBY Map TPEThEro cios. BbIBOA: NMPUMEHEHHE B apXUTEKType CBEPTOUHON HEWPOHHOM CETH Ul CErMEHTalUU
n3obpaxennii U-Net B kauecTBe KiaccupukaTopa MOIU(GUIIMPOBAHHON HEUETKOI HEHPOHHOM MPOAYKIIMOHHOIT ceTn Banra-Menpens
00eCneYnT JOIOIHHUTEIRHOE MOBBIIIEHHE TOYHOCTH IOIMKCENbHON KIacCH(HKAIUN ONpeelNeHHbIX 00beKToB. BmecTo HeueTknx
MHOxecTB repeoro tuma (HMT1) B manHo# cetn ucnonb3ytores IHMT2. [pennoxenst IHMT2, ¢ omHOH cTOPOHBI, 00€CTIEUNBAIOT
(opManm3aImo GONIBIIEro KOJIMIECTBA JOMONHUTEIBHEIX CTeNeHel HeompeeneHHocTH 1o cpaBHenmio ¢ HMT1, ¢ apyroit cTopoHsI,
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SBISIIOTCA TaKMMH, KOTOpble '"peann30BBIBAIOTCA" MpH pa3paboTKe HEYETKUX CUCTeM (Mofeneil) M HMEIOT MEHBUIYIO
BBIYUCIIUTEIBHYIO CIIOKHOCTD 110 CPABHEHUIO C HEYETKUMHU MHOKecTBaMH Broporo tuna (HMT?2).
KiioueBble cJ0Ba: CerMEHTAlUUs; KiaccU(UKalMs; HEYETKOE MHOXKECTBO BTOPOTO THUIA; HEUYEeTKas HEHPOHHas CeTb;

NpOAYKIOHUOHHAA MOAECIIb.
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