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The article evaluates the effectiveness of software for detecting boundaries using the example of
images of seismic wave-field patterns. Sobel filters are used to detect borders on images. Prewitt,
Roberts, Gabor and the Canny algorithm. Software evaluation is performed by quantitative and
qualitative characteristics. The results will be used in the study of the neocognitron neural network
for the recognition of geological and physical models of media (GPMM). There are currently no quick
and accurate tools allowing to solve the inverse problem of geophysics, including in terms of obtaining
the structure structure of the studied medium. Under the inverse problem we understand the problem
of determining the structure and parameters of the medium under study from existing picture of wave
field propagation. One of the existing approaches to solving inverse problems is an iterative method:
by gradually changing the environmental parameters specified in a special program, the propagation
picture is synthesized wave field for a given environment and is compared with the existing one. Then
the parameters change in the direction of the assumed optimum a set of environmental parameters
corresponding to the captured field picture. As a result of repeated repetition of a given operation,
one can approach the desired parameter values. This approach is time consuming for modeling and
comparison of field patterns. Simulation time, depending on the accuracy and detail of the model, can
reach several days even on powerful supercomputers. To solve the problem of determining the position
and geometric properties of objects, we propose the use of neural networks that have proven themselves
in various fields from image recognition to time series processing. The use of properly trained neural
network structures will allow us to obtain models that require small processing time and allow you to
fairly accurately determine the location and shape of the desired inclusion (hereinafter, we consider
the example of cavernous media) - caverns. The input data for a neural network is the pattern of
wave field propagation through a given medium in the form of a sequence of color two-dimensional
images. Pictures taken at regular intervals. The output data for the network should be the proposed
GFMS, presented in the form of a color two-dimensional image, on which the direct problem was
solved. Currently, there is a neural network LSTM for determining the structure of the studied GFMS,
given in the form of a two-dimensional image. The image shows a homogeneous medium with a cavity
available at an arbitrary point 7a cavity of round or oval shape with arbitrary sizes. This is the main
drawback of the neural network. In our study, it is proposed not to recognize the entire GFMS, but
to recognize only objects of the geological and physical model of the environment. The neocognitron
artificial neural network was used to perform the task of object recognition, since its recognition ability
in the ideal case is insensitive to shifts, resizing, or other distortions. The task of pattern recognition
is to partition multidimensional space into areas corresponding to given categories or classes.

One of the important tasks in the system for recognizing objects in an image is the problem of
image segmentation. Segmentation divides the image into many disjoint areas that are visually different,
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uniform and significant in relation to several qualities or processed properties. Erroneous recognition
of segments in the image affects its quality. The method of finding boundaries on the brightness
difference is the main tool for high-quality image segmentation. Borders are curves in the image along
which there is a sharp change in brightness or its derivatives with respect to spatial variables. The
GFMS model of a previously unknown shape of brightness and background brightness, therefore, by the
distinguishable difference in brightness, one can judge its presence in the image. The article evaluates
the effectiveness of software (software) for detecting boundaries using the example of images of seismic
wave field patterns. To detect borders on images, Sobel filters are used. Prewitt, Roberts, Gabor and
the Canny algorithm. A feature of this program is the configurability of the parameters of each filter.
The program automatically prepares the image for recognition: processing in grayscale, sharpening. It
is possible to save images in three different formats: jpg, bmp, png.

Software evaluation is performed by quantitative and qualitative characteristics. The results will be
used in the study of the neocognitron neural network for recognition of geological and physical models
of media (GPMM).

Key words: boundary detection, image recognition, neural network, neocognitron.
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B crarbe npoussoauTcsa orenka sddexrusHocTr iporpammuoro obecnedenns (110) mis obaapyxke-
HUd TPAHUI] HA TPpUMepe n300parKenunilt KAPTUH CEMCMUYIECKOr0 BOJIHOBOIO 1osid. g obuapyKenns
rpanull Ha uzobpakenusdx npumenstorcad duabtpbl Cobens, Ilpesurra, Pobeprca, ['abopa u asro-
purm Kanau. Onenka [1O npon3BoguTcst KOJAMIECTBEHHBIMU U KQUECTBEHHBIMU XaPAKTEPUCTUKAMHY.
PesynbraTsl OyayT MCIOMB30BAHBI B paboTe MO UCCIETOBAHIIO HEHPOHHON CETH HEOKOTHUTPOH s
pacrosHaBaHusi reosioro-gpusnyeckux mozeseit cpeq (FOMC).

KuroueBbie cjioBa: obHapysKeHme TPaHWI, paCHo3HABAHWE W30OparKkeHWH, HefpoHasi ceTh,
HEOKOTHUTPOH.

Beenenue. Peirenne o6patHoii 3a1a4u reopu3uKH B HACTOSIIIEE BPEMS SBJISETCA aKTYaIb-
HBIM HalpapjenueM. Perenne oOpaTHO# 3a1a49i 3aKII0YAETCSI B HAXOXKJICHUHA XapaKTEPUCTUK
cpejibl 0 (PU3UIECKUM [TaPAMETPAM II0JIsI, T. €. OIPEJICJIEHUU TAPAMETPOB CPE/Ibl 110 UMEIOIIeiicst
KapTHHE PACIPOCTPaHeHNs BOJIHOBOTO o [1]. CyrmecTByormue moaxoabl K pereHno 00paTHOi
33,1241 TPEOYIOT OOJIBITOTO KOJIMYECTBA BPEMEHH, TPOTOPIINOHATBHOTO TOTHOCTH MOoze . i
BOCCTAHOBJIEHUsT reoioro-usndeckux mogeseii cpes (OMC) no kapruhe pacnpocTpaHeHust
ceficMUYeCcKOro BOJTHOBOT'O IOJIs IIPeJjiaraeTcs UCIOJIb30BaTh HEHPOHHBIE CETH, KOTOPbIE yIKe
3apekomenjioBajin ceds B cepe pacrosnapBanus nsodbpazkenuit. ITosyuenubie Moje/in 103B0-
JISIT TOYHO OMPEIETUTH MEeCTONOIOKEHNe U (POPMY KABEPHO3HON CPeJIbl, IPU ITOM 3aTPaTHBas
MHUHUMaJbHBIE BPDEMEHHBIE U YeJ0BEYECKHE PEeCypCHI.

[locTanoBka 3a/a4u MpH IPUMEHEHUH HEHPOHHBIX ceTeil COCTOUT B CJIEIYIONEM: Ha BXOJI, 110~
CTyIaeT KapTHHA PAcIpOCTPaHeHUs ceCMUIECKOTO BOJIHOBOIO IOJIA B BHE IBETHBIX JIBYXMeEP-
HBIX M300pasKeHnii, a Ha BBIXOJIe HefipoHHBIE CeTH J0TKHBI ocTpouTh '@MC, mpeacTaB/IeHHY IO
B BUJIE [[BETHOIO JBYXMEPHOro u3obpazkenus [2].

1. Teoperuueckada Yactb. OHUM W3 MPUMEPOB HEHPOHHON CETH i PACIO3HABAHUS
n300pazKeHuil SBJSETCsS CeTh HEOKOTHUTPOH, paspaborannas K. @yxymmmoit [3|. Oxnoit u3
0CODEHHOCTBIO CETH SIBJISETCS €€ HeUyBCTBHTEILHOCTD K C/IBUTAM, H3MEHEHUIO PA3MEPOB MOJICJIH
WIH JIPYTUM HUCKazKeHUsiM. B cTpyKType HEOKOTHUTPOHA COMEPIKHTCS CJIOH, OTBEYAIONINH 3a
BblJIeJICHHE KOHTPACTa, KOTOPBIil Oy 1eT BUIOU3MEHEH JIJIsi IPUMEHEeHUS K 3a/1a4€e PACliO3HaBaHUS
reos10ro-hpU3NIECKUX MOJesIell Cpejl TI0 KapTUHEe PACIPOCTPAHEHUST CEHCMUIECKOTO BOJTHOBOTO
OIS
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st HaXOXKAeHUs PE3KOro mepenaia TPaauInoOHHO HCIoab3yioTes dpuabrpbl Cobess, TIpe-
BuTTa, Pobeprca u anropurm Kanuu [4]. B HeiipocereBbix Mojiesisix ucnosbsyercs uabrp ['abo-
pa Jisi BbIJIEIeHUsI TEKCTYD 3a c9eT cBoeii nepuogunanoctu [5]. dapo dunbrpa labopa ssiasercs
IPOU3BEIEHUEM TrayCcCHaHa U TapMOHUUIeCKOH (PYHKIUU U PUIBTPYET CUTHAJ, OCHOBBIBASICH HA
napamMerpe IpeodTUuTe/ IbHON POCTPAHCTBEHHON 9acTOThl A~ 1.

/

z'? 4 72y/2 2rx
52 05Ty, + 1, (1)

g(kJ) = CXp —
! ’
rje T,y — Hepexol K IMOJAPHBIM KOOPJIHHATAM;
k,l — mo3unus CBETOBOIO MMIIYJIbCA B PENENTUBHONE 00J1aCTH;
A — KOJIMYIECTBO Mapa/iIeTbHBIX BO30YZKIAIONNX U TOPMO3HBIX 30H B PEIENTHBHOM I0JI€;
0 — pa3Mep PEeleNnTUBHOIO I0JIs;
1) — CHMMETPUYHOCTD BO30YKIAIOIIMX U TOPMO3SIIUX 30H;

¥ — CT€IICHb JIVIMIITUIHOCTH PEHEHTUBHOI'O IIOJIA.

HernocpeicTBeHHO Ke BBISBJIEHHE TPAHUIL CEIMEHTOB OCYIECTBJISETCS P MPOBEJIeHIN Ma-
TeMaTU4IeCKOI ollepalliy CBepTKHU sapa ¢puiabTpa 'abopa n n300pazKeHus: B I'PaJIallugX Ceporo:

r= ] flu= ko = Dglk,l) dkdi. (2)

3HaveHnus CBePTKH OOJIBIE HYIs O3HAYAIOT HAJIUYHE TPAHUIIBI, TO3TOMY B KauecTBe Tepeia-
ToqHON (hyHKIMK HeHipOoHA ncnob3yercs Gynknus Xepucaiiga. [Ipeobpasys (2) K B3BeleHHO
cymMme u nofcraBuB Gopmyiay (1), moayduM mepenarouHyo DYyHKIHIO HeHPOHA:

2 +025y2% 2ma

T
51 cos ) +§], (3)
G

ug(m,n) = ¢ Z ug(m+kn+1)exp —

‘k,l|<AG

rie ¢[z] = maz(x,0) — moporosas byHnKIu;
Ag — pa3Mep perenTuBHOTO MOJI;

m,n — IO3UINAd HEHTPa PEHECITUBHOI'O IIOJIA.

CoracHo uccaeJ0BanuAM, OIyOJINKOBAHHBIM B [6], onTHMabHOe 3HAUCHIE PEIOITHTE b
HOII IPOCTPAHCTBEHHON 9aCTOTHI MOYKET OBITH BBIYUCJICHO NCXOAA W3 COOTHOIICHHSA:

Aq = 0,56\
/ .
r =kcos@+1sinf
/ .

y = —ksinf + [ cosf
HpI/I 9TOM AJId TeKy]l[eFO IINKCEJIA paCCManI/IBaIOTCH HpKOCTI/I coceJHUX HI/IKCG.Heﬁ B HEKOTO-
poii obacT A, KOTOpBIe BIUSIOT Ha CTEeHb TPAHNYHOCTH TEKYIIEro mukces. Takum obpasom,
MOYKHO OIEHUTH CTeIleHb IPAHMYHOCTH BCEX HMUKCeJeld Ha M300paskKeHUH B 3aBHCUMOCTH OT HX

cocesieii, M Takas JOKaJdbHasg 00paboTKa OyIeT HHBApHAHTHA K CMEHe OCBEITeHHOCTH WU IBeTa,
n300pazKeHus.
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Puc. 1. IIpunoxenne obHapyKeHUsT Kpas

st BBIOOpa MHCTPYMEHTa BUIOU3MEHEHUs CJIOS CeTH OBLIO CO3JaHO IPOorpaMMHOe obeciie-
YeHue, B KOTOPOM H300parkeHuss KapTUHBI BOJITHOBOTO 10JIs obpadarbiBaeTcs gpuabTpamu Cobe-
as, IlpesutTra, Pobeptca, 'abopa n aaropurmom Kanuu.

2. IIporpamMHOe obecrieuenue. [Iporpammuoe obecriederue 6b110 pa3zpaboraHo B cpejie
MS Visual Studio 2019 ua s3bike nporpamvuposanus C Sharp. Beibop s3sika C Sharp oboc-
HOBaH TeM, 4To oH uMeer 6Gojee 300000 O6ubyimoTeK pasHBIX (DYHKIUMA, KOTOPbLIE MTO3BOJISIOT
YIPOCTUTH Hamucanue Kompa. Cpeja pa3zpaboTku ObLIa BEIOpaHa, MOTOMY YTO COAEPXKHUT B cede
KOHCTPYKTOP I'padudeckux hopM, 9TO ABJIIOCH IEPBBIM IPEUMYIIECTBOM, TaK KaK IPOTPAMM-
HOe obecriedeHue JIOJIZKHO MPEIOCTaBALATDh [0JIb30BaTe/ 10 y100HbIH rpadudeckuil unrepdeiic
[7].

Buenrnuit Bu1 pazpabarbiBaeMOTO TTPUJIOXKEHHS TIpeicTaBeH Ha puc. 1. [Ipuioxkenue ycaos-
HO pasjieJIeHO Ha JiBe O0JIACTU: IepBad — COAEPXKHUT B cebe KHOIKHU YIHPABICHUA HCXOIHBIM
uzobpaxkenueM. Bropas — obpaborannoe uzobpazkenue. Omnucanue KHOIOK YIIPaBIEHUs IPH-
JIOXKEHUEM I1IPeJICTaB/IeHo B TadJ1. 1.

3. KauecTBennsnrii ananan3. Baxnoit oco0eHHOCTHIO JAHHONU MPOrPAMMBI SBJISETCS, TO,
YTO MOYKHO 3aMEPUTH BpPeMsl, 3aTPAavdeHHOe KarK/IbIM (DUABTPOM Ha 00pabOTKY M300parKeHmsI.
OneHnM CO3JaHHYIO TPOTPAMMY 110 KAYeCTBEHHBIM (BH3YaIbHOE OlEHUBAaHIE KadecTBa H300pa-
JKeHUil) U KOMUIeCTBEHHBIM (METPUKH IPOrPAMMHOTO obecredenus ) npu3HakaM. KadecTBeHnHOe
OIlEHHBAaHHE MPOrPAMMHOI0 ObecIedeHus 3aKII09aeTCsd B BU3YAJIbHON OIeHKe KadecTBa MOJIY-
YEeHHOTO M300parkeHus, a TaKyKe CPaBHEHUs] BPEMEHHU, 3aTPAYEHHOI0 KaxKJIbIM (DUJILTPOM Ha
00paboTky m3obpazkenus. /st 3TOro mpoBeieM SKCIEPUMEHT, NCIOJIb3ysT 6 n300parkeHuii cei-
CMHYECKOTO BOJTHOBOTO II0JIA, CJAEJAHHBIX B pa3Hble MPOMEXKYTKH BpeMeHHU, U 00paboTaeM UX C
HOMOIIBIO TTPOTPAMMEBI.

st IpoBeieHHsT KAUeCTBEHHOTO SKCIEPUMEHTa He HCIOJb30BAJIHCH JOTOJHUTEILHBIE BO3-
MOXKHOCTH [IPOTPaMMBbl (yBeJHUYeHHe Pe3KOCTH M300parkKeHusi, yCTaHOBKa TJIyOUHBI OOHADY 7Ke-
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Tabauya 1
Omncanne KHOMOK YIPaBICHUA
Kwomka Onwucanme
Open OTKpbITHE UCXOAHOIO U300parKeHust
Sharpen YBenudenne pe3KOCTH UCXOTHOTO N300paKeHu s
Reduction OTMeHa PE3KOCTH MCXOIHOIO M300parkKeHust
Detection O6HapyKeHre IpaHNUIL
Save Coxpanenne 06paboTaHHBIX M300paKEHUT
Value YcranoBka 1iyOuHBI 0OHAPY XKEHUS
Detection threshold Suadenne rAyOUHBI OOHADY KEHUST

Tabauua 2
[Monygennnie n3o6pakenns ¢ nmomotbio dhuabrpa Cobess
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HHUsI) JJIsl KJIACCHIecKuX hbuabTpoB u anroputma Kannu, a st dbuisrpa [abopa Gblin yera-
HOBJICHBI IIADAMETPBI, DEKOMEHIOBAHHbIE aBTOPOM B [6].
Pesyabrarer Beigesiennst Kpast ¢ moMorpio ¢mibrpa Cobess npeactaBieHsbl B Tabt. 2.
Pesynbrarnr BeIeeHust Kpas ¢ TOMOIbio gpuibTpa [IpeBurTa npejcrasiensl B Ta0I1. 3.
PesynpTaTer BeIIeeHns Kpas ¢ ToMoIipio pmibrpa Pobeprca npeactapiensl B Tadm. 4.
PesyabTaTs BeIIe/IeHAsT KPasi ¢ TOMOIIBI0 aJdroput™Ma KaHHE TpescTaBiaeHbl B TaOd. 5.
Pesyiibrarsl Bblje/ieHus Kpas ¢ HOMOIIbIO pusibrpa ['abopa npejcrasiienb B Tabii. 6.
Ucxomst 3 MOy YeHHBIX PE3YJIbTATOB, MOKHO C/Ie1aTh KAUeCTBeHHBIN (BU3YaIbHBIN) BBIBOJI.
Ouasrp Cobesst nMeeT HOJIBIIOE SIIPO, UTO JETALT ONePaTOPa MeHee BOCIPUUMYINBHIM K 1Ty MY.
W3-3a 60bIION MACKH MPOUCXOTUT JOKAJIBHOE YCDETHEHNE B ee OKPECTHOCTU, UYTO YMEHbIIaeT
omubOKH 0T Bo3AeiicTBrus MmyMoB. @uwibTp llpeBuTTa BU3yaIbHO MPAKTUYECKH HE OTIUYAETCS
ot ¢duabTpa Cobess, TakkKe TPOCIeKUBACIOCH JOCTATOTHOE KOJTMYECTBO TPAHUIL U 3AMKHY T
kouTyp. @uibrp Pobeprca npu Bu3yaabHOI OIEHKE BbIJAEAIeT HEOOIbIIOE KOJIMIECTBO I'PAHUIL,
gem Guabrpsl Cobens u [lpeBurTa, 3170 00YCIOBINBACTCA OTCYTCTBHEM Y€TKO BBIPAYKEHHOTO
IEHTPAIBLHOTO deMenTa MacKu. Anroput™m Kawnu Menee 4yBCTBUTEJNEH K IIYMY, YeM KJiac-
cudeckne GUILTPHI, MOITOMY BBIIEISET B Pas3bl O0JbIIe KpaeB HAa H300paykeHud. AJITOPUTM
Kannu obecrreunBaeT OpueHTAIINIO TPAIUEHTa KPOMKH, YTO TPUBOJAUT K XOPOIIEH JTOKATH3AIuN
Kpas, B TO BpeMs KakK B OOJIBIIUHCTBE JAPYTruX (BUabTpax 3TOro He upejycmorpeno. Ouabrp
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Tabauuya 3
Ilonyuennsie n3obpazkenus ¢ moMolbo ¢uiabrpa Ilpesurra
. : N g NJ
7 b &
Tabarvua 4
[Tonyuennsle n306pakenns ¢ nomoinbio dhuasrpa Pobeprca
N N .
N ° "
\ /)/ i qu\ /\.,/ ’

['abopa 1mo3BOJIAET BBIAECASATH CBETJbIE JUHUU Ha TeMHOM (bOHE U TeMHBbIe JIUHHUKA HA CBETJIOM
done. Ob6paboTka 30O pazkenus GUIbTPoM ['abopa jocTuraeTcs myTeM ycpegHeHus 3HAYCeHMH
obpabarbiBaeMOro n300pazkKeHusl 110 HEKOTOPOH 00JIacTu B KaxK 10 TOYKE.

[Ipu BuzyasnbHoii orenke Guabrp ['abopa HAMHOIO YyBCTBHUTE/IbHEE K ITyMy, YeM HPe/Ibl-
nytue (UIBTPBI U AJTOPUTMBI, BBIJIEISET HANOOIbIee KOJTUIECTBO TPAHNI] Ha W300paKeHNH,
KOTOpBbIe 3aMeTHBI cpa3y. Bpems obpaborku mzobpaxkenusd y dbuabrpa Cobesisd B cpegHeM co-
craBiaser 250mc, v duabrpa IIpeBurra — 240MC, v duabrpa Pobeprca — 220Mmc, ajaropurma
Kannun — 350mc, y dbuabrpa Tabopa — 450Mc (puc. 2).

Hecmorpsa na To, uro dhuabrp ['abopa gaBisgercd MeHee MPOU3BOIUTEIbHBIM CPEIN OCTAIb-
HBIX (DUIBTPOB, TPU BHU3YATBHON OIEHKE OH OOJIBINE BCEro TOMAXOANUT JJIsi PEIIeHus 33 adn
BBIJICJICHHS Kpas Ha N300parkeHusIX KapTHH CeACMHYECKOr'0 BOJHOBOIO MOJISI 3€MJTH.

4. KoamdyecTBeHHBbINT anamun3. KojiumdecTBeHHAs OIEHKA MPOrPaMMBbl HEOOXOIMMA st
onpeaenenus Kadectsa [0, mporno3upoBaHusi KadecTBa BBIXOIHOTO HPOAYKTA, & TaKKe JIJIs
yaydnienns kadectsa 11O u BbxomHOro npogaykra. /lyisi KOJM4aecTBEHHON ONMEHKHU MPOrpPaMM-
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Tabauya 5
[Tonyyennnie n3obpakenus ¢ nmoMotibio duabrpa Kannu
. , n g
\ )// it [ /g,f/ ’ A
Tabaruuya 6

[Tonydennslie n306parkenus c rmomoibio dhuabrpa l'abopa

o

~

HOIO OobOecIevYeHusI UCIOIb3YIOTCS MeTpHKH. lIporpaMMHas MeTpuka — Mepa, IO3BOJISIOIIAs
MOJIYYUTh IUCJICHHOE 3HAUEHHE HEKOTOPOrO CBOWCTBA HPOrpaMMHOTO obecriedenus [8].

MeTpuku nporpamMm HPpUHSATO PA3/IeJIATh HA TPU OCHOBHbIE I'PYHIIbI: METPUKK Pa3Mepa 1po-
paMMBbl; METPHUKH CJO2KHOCTHU ITOTOKa YHPaBJIEHHUA IIPOI'PDaAMMbI; METPUKH CJIOZKHOCTH IIOTOKA
JAHHBIX ITPOTPAMMBI.

OueHuTh MPOrpaMmy 110 JaHHBIM MeTPHKaM MOXKHO Ha wiardopme paszpaborku 110 (B gan-
HoM carydae Visual Studio 2019). B tabut. 7 mpeacTaBieHbl pe3yabTaThl AHAJIN3a TPOrPAMMHOTO
obecrevueHns.

— Nugekc ynoberBa MOAAepKKHI: 3€/€HbIH 3HAYOK 0003HAYAET OTHOCHTEIBHO BBICOKYIO CTe-
eHb COTPOBOYKIAEMOCTH;

— CJI0:KHOCTb OpTraHU3AlUN MUKIOB (IUKJIOMATHYECKAs] CJIOXKHOCTD): OIPEIeJisieT TUCI0
BeTBeil IMKJIOB B MOJYyJIe; YeM MeHbIIIe — TeM JIYUIIIe;

— IiyObuna HacaemoOBaHUS: OHNpeIeIseTcs YUCJIOM YPOBHEH HACIEIOBAHHS B MOIYJIE; UeM
MEHbIIIE — TeM JYYIIIE;
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Puc. 2. Bpems o6paborku n306pazkeHuii

Tabauya 7
Ananus xoaa
Wuneke ynobersa TOMIEPKKN 70 (3estenblit Mapkep)
CHOXHOCTH OPraHU3alnY ITUKJI0B 76
[nybuna nacjenoBanus 7
Bzanmozasucumocts kiraccon 65
Crpoku Kosia 1257

— Bzanmo3aBucHMOCTD KJIACCOB — OHPEE/sieT YUC/I0 KJIACCOB, HA KOTOPBIE €CThb CCHLIKU;
9eM MeHbIIe — TeM JIydIIe.

Taxum obpazom, co3aaHHOE TIPOTPAMMHOE OOeCIIeueHne /I BhIJAEICHUS KPAaeB ¢ TMOMOIIHIO
duaprpos Cobess, [Ipesurrta, Pobeprca, ['abopa u ajropurma Kanuu uMeeT BHICOKYIO CTEIIEHD
COMPOBOXKIAEMOCTH, SIBJISIETCS] CJIOKHBIM B OPraHU3aiuy MUKJIOB (75), ¢ MAJEHbKUM YHCIIOM
ypoBHeil HacaenoBanus (7), a TaKyKe UMeeT GOJIBIIOe YUCI0 KIACCOB, HA KOTOPBIE €CTh CCBLIKH
(65). [Iporpamma sIBIsIETCS CIO0KHON € TOYKH 3PEHUsT KOJTUIECTBEHHON ONEHKH U HYKJAaeTCs B
ONTUMU3AIAN.

Sakatouenue. [lo mosydeHHBIM pe3yabTaTaM UCCIeIOBaHUI MOXKHO CIeJIaTh BBIBOJ, ITO
nporpaMMHOe obeclievdeHre MOXKHO UCIOJIB30BATh JIJIsT BRIOOpa MOIXOAAIIEro (pUIbTpa BhIJee-
HUS KpaeB M300paKeHuit celicMUIecKoro BOJTHOBOTrO 1oJsd. Mexonsa w3 KavecTBEHHON OIEHKH,
HamTydmuM uibTpoMm sBjsiercs duabrp [adopa. 3a cder cBoeit yCcTOWYMBOCTH K IIyMYy,
OH BBIJIEIIET TOPa3/10 OOJbITe TPAHUI, d4eM Kjaccumdeckne GuabTpbl. [lo KoJmYecTBEHHBIM
OIIEHKaM, TTPOTPAMMY MOYKHO OTHECTH K JOMYyCTUMOM /IS MCIOIB30BAHWS TP BHIOOPE (buib-
Tpa. [Iporpamma HyK1aeTcd B ONTHMH3AINHU, HO 9TO He BJHdeT Ha BBIOOD dumiabrpa. Takum
0obpa30oM, MOIYUYeHHbIE Pe3yJIbTaThl MOKHO HUCIOJIb30BATH JIJI PEIIeHusd 3aJ1a9d MOAUMDUKAIIIT
CJI05l HEHPOHHON ceTu HeOKOIHUTPOH.
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