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In this article the description of the problem of recognizing potential
anthropogenic threats is given. The methods used to recognize potential
anthropogenic threats are analyzed.

BBenenune

AHTPOTIOTEHHBIE YTPO3HI MPEICTABISIOT COOOH TPYIITY MOTCHINAIBHBIX YTPO3
«YMHOTO» TOpOJa, KOTOpBIC SIBISIOTCS PE3yIbTaTOM peaNn3aliil COIHaIbHOM
OTIACHOCTH OTJIENbHBIX JHIl WK rpymi. [IpuMeHeHne MeTo 0B MAaIllMHHOTO 00Y-
YCHUS U HEHPOCETEBBIX AJTOPUTMOB IO3BOJISET MOBBICHTH CKOPOCTh M TOYHOCTH
MPEIMKTUBHOTO OOHAPY)KEHUS M PEearupoBaHUs HA BO3MOXKHYIO peaH3alfio CO-
LMaJIbHOM OMACHOCTH.

MeTobl, NPUMeEHsIEMbIE ISl PACTIO3HABAHUS AHTPONOT€HHBIX YIPo3

Jlyis pacrio3HaBaHMS aHTPOIIOTCHHBIX YIPO3 B KAYECTBE MCXOJHBIX JAHHBIX HC-
MoJb3yeTcs (HOTO/BUICONIOTOK, IMOTyYaeMbId 3 CUCTEM OOIIECTBEHHOTO BHICOHA-
OJIFOICHUS.

[IpenmuKTHBHOE pacmo3HaBaHUE IMOTCHIIMANBHBIX aHTPOIIOTCHHBIX YIPO3 Tpea-
CTaBIIET cOOOM TPEXKOMIIOHEHTHYIO 3a/ady. BBUIy TOro, 4TO OLIEHKY MOTEHIIH-
ANBHOW OMACHOCTH MPEI0IaraeTcsl MPOU3BOJANTh Ha OCHOBAHWH aHAIIN3a IPEIbI-
IYIIETO0 KPUMHHAIBHOTO OMBITAa (T.€. HAJIMYHSA/OTCYTCTBUS KOHKPETHOTO JIUIA B
0a3e JaHHBIX MPaBOHAPYIIUTENEH), a TAKKE TEKYIIEro MCHUXO3MOIMOHAIBLHOTO
COCTOSIHUS Y€TIOBEKA CYTh 3aJ7[a4i CBOJUTCS K CIEIYIONINM KOMIIOHEHTAM:

— oOHapyXeHUE JTNIA;

— W3BJICYEHUE MPU3HAKOB;

— OIEHKa TICKXO3MOITMOHAILHOTO COCTOSIHHS W TPOIIIOT0 KPUMHUHAIBHOTO
ombITa (KIaccupuKarms).

CymecTByeT OOMUPHBIA HA00p METOMOB JIJIsl PEIICHHS 3a1a4 OOHAPYKEHHS,
OJTHAKO B paMKax HACTOAIIETO HWCCIEIOBAaHHS WHTEPEC MPEICTABISIOT METOJBI
00OHapy>KEHHS 0 BHEITHUM MPU3HAKAM.
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K kiaccugukaropam, periaromumm 3a1aq4y oOHapyKEHHUS 110 BHEITHUM IpU3HA-
KaM, OTHOCSITCS:

— ucKyccTBeHHble Hefipornsie cetn (Neural network: Multilayer Perceptrons);

— Merop raBHbIX komroreHT (Princiapl Component Analysis (PCA));

— MeToJ OTIOpHBIX BekTopoB (Support Vector Machines (SVM));

— HauWBHEIH OaifecoBckmii kinaccugpukatop (Naive Bayes classifier);

— ckpsbIThle MapkoBckue Mozenu (Hidden Markov model);

— meton pacnpenenenus (Distribution-based method);

— coBMelleHIe (paKTOPHOTO aHaNM3a W METOJa IJIaBHBIX KommoHeHT (Mixture
of PCA, Mixture of factor analyzers);

— aanTUPOBAaHHOE YJy4llIEeHHE M OCHOBaHHBIN Ha HEM MeTox Buonsr-J[xoHca
uap [1].

Bce nepeuncieHHble METOBI MOTYT OBITh YCHENTHO NPUMEHEHBI JUI PELICHUS
3agaun  Oosble 0OyJaroUINX Iap, TEM BBIIMIE KAa4eCTBO PACIIO3HABAHHS IPH TOM
K€ COOTHOIICHHWH Pa3MepoB oOydaromieil BEIOOpKH M TecToBOH. Ilpu cpaBHeHMH
BEJINYMHBI OMIMOKK BTOPOTO poJa, OBIIO BEIABJIECHO, YTO y HEHPOCETH OHA MEHBIIIE
o cpaBHEHHIO ¢ SVM.

OnHUM U3 OCHOBHBIX IpeumymiecTB SVM MOXXHO cHHMTaTh BBICOKYIO CKOPOCTh
00y4ueHHs aJITOPUTMa, a, CJIeOBAaTEeIFHO, U BO3MOXKHOCTh MCIIOJIB30BATh AT 00y-
YCHUS JIOCTATOYHO OOJBIIOE KOJMYECTBO BEeKTOpOB. Kpome Toro, ommrbka nepBoro
pona y SVM meHsle, yeM y HelipoceTH [2].

Hccnenoranue [3] mokaszano, 4to aaroputM Buossi-J[>koHca MOXET OBITH 3(-
(heKTUBHO TIPUMEHEH B CUCTEMax CJICKCHHs peantbHOro BpemeHu. B [4] Obiia mo-
TydeHa 3¢ PEeKTUBHOCTD pacno3HaBaHuA 98,4% i naHHOTO anroputMa. Bmecre ¢
TeM anroput™ Bromsl-/[koHca BO3SMOXKHO YCHEUTHO MPUMEHATH [Tl O0OHAPY>KECHHS
TM00BIX OOBEKTOB, NMPU YCIOBHM OOy4YEeHHUs KiacCU(UKaTOpa M HCIIOIb30BaHUS
COOTBETCTBYIOIINX 33/1a4€ TIPH3HAKOB.

CornacHo [5], HanbGonee 3(GGEKTUBHBIMH METOJAMH H3BJIECUCHUS IPH3HAKOB
SBJISTIOTCSL METO/bI HA OCHOBE MojleNiel BHemrHero Buaa. K meromam Ha ocHoOBe
Mo/ieJiel BHEIIHEro BHUJIa OTHOCATCS:

1 ®unetp Tabopa (Gabor filter) [6]. On sBIseTCS KIACCHYECKHM METOIOM
BBIJICJICHUSI YEPT BBIPAKEHHUH JIUI, KOTOPBIH IMO3BOJISET BBLACIUTH Pa3iMuHbIC
MoJenu nedopMannu st Kaxaoi smormn [5]. [Ipumep ucmonp3oBanus GpuiabTpa
MpecTaBjeH B [7].

2 Jlokaneueii  meckpuntop BeGepa (Weber local descriptor) [8]. Meron
W3BJICKACT INPHU3HAaKM B JABA OSTama, IEPBBIH 3Tall pasjenser n3o0pakeHHe Ha
JIOKJIbHBIE Y4acTKH (POT, HOC | T. JI.) U HOPMaJIN3yeT U300pakeHHNs1, BTOPOH 3Tan
M3BJICKAET OTJIMYUTEIbHbIE TEKCTYPHbIE TNPH3HAKH, HCIOJB3YsS OPHEHTAIUIO
TpaieHTa, ONMCHIBAIONIYIO BRIpAKECHUS Juma [S].

3 uckpetHoe BeiiBner-npeodpazoanue (Discrete wavelet transform, DWT)
[9]. MeTox m3BNEeKaeT TEKCTYpHBIE MPHU3HAKHU, Pa30MBas MCXOJHOE M300paKEeHUE
Ha yYacTKM HM3KHX M BBICOKMX dYacToT [5]. Hampumep, aBTopsl crtatem [10]
UCTIOJNIb3YIOT JaHHBIN JIECKPHUIITOP.
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Knaccudukanus sBisercss mocieqHed craaueldl B paclo3HaBaHUS HMOLMH.
Ha sroif cTagmm ocymecTBisieTcsl Knaccu(UKanus M3BICUYCHHBIX NPH3HAKOB HA
BBIDAKCHUS JIMIA: CYACTBE, yAWBICHHE, THEB, CTpax, OTBPAIICHHE, I'PYCThb WU
HEUTPaJIbHOCTb.

K meTonam kmaccupukaIiy SMOIUI MOKHO OTHECTH:

1 Meron omopHBIX BekTOopoB (Support vector machine, SVM) crpout
THIEPIUIOCKOCTD, Pa3lCIIIONIYI0 OOBEKTH BHIOOPKH, 4YeM OOJbIE PacCTOSHUE
MEXKIY pa3ielioIeil THIePIUIOCKOCTRIO M 00BbEKTaMH Pa3eisIeMbIX KIIAaCCOB, TEM
MeHble OyneT cpeanss omunoOka kinaccupukaropa [S]. Hanpumep, aBropsl B [11,
12, 13] ucnons3yrot Metox SVM.

2 Muorocnoitnsiit nepuentpon (Multilayer perceptron, MLP).

3 MHuorocnoitnas mpsimasi Heitfponnas cets (Multilayer feed forward neural
network, MLFFNN).

4 Ceeprounast Heiiponnas cets (Convolutional neural network, CNN). B [5]
6p11a monryuera 90% To4HOCTH pabOTHI JAHHOTO AJITOPUTMA, IPH TECTHPOBAHUH
Ha Habope naHHBIX FERR.

5 PexyppenTHas Heiiponnas cets (Recurrent neural network, RNN).

6 KomOuHanus CBEpTOYHOM 1 peKyppPeHTHON HEUPOHHBIX CETEH.

CornacHo pesynbTaTaM [5] mpu M0CTATOYHOM HaOOpe OOYYarOIIMX TaHHBIX
JY4IIEM METOJIOM KJIacCH(HUKALUU SBISIOTCS TIyOOKHE HEMPOHHBIN CETH, TaK KakK
OHHM aBTOMATHUYECKH M3Y4YalOT U U3BJICKAIOT MPU3HAKU U3 BXOJHBIX M300paKEHUMH,
U 00HapyXXKHMBAIOT SMOLMHK Ha JuIe ¢ 0ojiee BBICOKOH TOYHOCTHIO U CKOPOCTBIO B
CPaBHEHUH C JPYTHUMHU METOJAMH.

3akaiouyeHue

3agada pacrmo3HaBaHWUA MOTECHIMAIBHBIX aHTPOIIOTCHHBIX yIpo3 B OOILIEM CIIy-
yae sBiIAeTCs 3ajadeil kiaccudukanuu. s ee pemeHns] TPUMEHSIOTCS KIacCH-
(ukaropsl, OOydeHHBIE HAa COOTBETCTBYIOIIMX J@HHBIX HCXOIS M3 CICIM(pUKH
00BEeKTa OOHAPYKCHHS.

[ oOHapyxeHus 11l Ha (OTO/BUICONOTOKE MOTYT NPUMEHSATHCS TaKHe Me-
TOJBI KaK MCKYCCTBEHHbIC HEHPOHHBIE CETH, METO/ OIOPHBIX BEKTOPOB, METOJbI
Buosbi-J>xonca u T.1. [Ipu cpaBHeHuun Helipocereit 1 Metona SVM ObLIO BhIsBIIE-
HO, 4TO HEHpOCeTh MOKa3bIBAET JIyylliee KayeCTBO PACIO3HABAHMWS NP yBeJnue-
HUM 00ydaroluXx Iap, a TakKe UMEeT MEHbIIYI0 OIIHOKY BTOPOTO poja 1o Cpas-
uHernto ¢ SVM. B To ke Bpems SVM obnamaeT 6oJiee BEICOKOH CKOPOCThIO 00yUe-
HHS ¥ MEHBLIMM 3Ha4€HUEM OIIMOKU MepPBOro poja.

B xome aHanmu3a UMEIOIIUXCS WCCIIEAOBAHMM OBLJIO BBISBJIEHO, YTO HAHOOJIb-
meit aexTuBHOCTHIO 00anaeT Mero Buossl-JoHca, 1eMOHCTPUPYIONINH 10
98% TouHOCTH OOHapyskeHus. [laHHBIII METOJ MMEET MHOXKECTBO MOJHM(UKAINH,
0JTHA M3 KOTOPBIX HCTIoNIb3yeTcs B ondmroreke OpenCV.

Haubonee 3¢ hexTHBHBIMU METOIaMHU M3BJICUCHHS] PU3HAKOB /I KJIACCUPH-
Kalliy SMOLMH SBIISIOTCS METOJBI HAa OCHOBE MOJIeJICH BHEUIHEro BUAa, a B Kaye-
CTBE KJIacCU(UKATOpa JIyYllle BCEro MHOAXOAAT CBEPTOUHBIC HEWPOHHBIE CETH.
IIpu TecTmpoBaHMM CBEpTOYHOIN HEWpoHHOW cetn Ha maracere FERR [5] Oputa
JIOCTUTHYTa TOYHOCTh pacmo3HaBanus 90%.
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Takum 00pa3oM, aHAIH3 COBPEMEHHBIX METOJIOB MOKA3bIBACT, YTO KOMOMHAIUS
KJIACCHYECKUX METOZOB MAITMHHOTO OOydYeHHS W HEHPOHHBIX CeTell ABmseTcs >3-
(heKTUBHBIM TOIXOIOM K HPEAWKTUBHOMY OOHAPYKEHHIO W OICHKE ITOTCHITHAIIh-
HBIX aHTPOIIOTEHHBIX YTPO3 «YMHOTO0)» TOPO/a.

Cnucok HCnoJib30BAHHBIX HCTOYHHKOB

[1] Tarapenkos, JI.A. AHann3 METOIOB OOHAPYKEHHS JIUI] HA U300pakeHUH //
Momnonoi yuensiit. — 2 015. — Ne 4 (84). — C. 270-276.

[2] XKaanor @.M., Kapacesa M.}O. OGHapyxeHHe ULl HA H300PaKCHHUH C TI0-
MOIIBIO ajanTHBHBIX MeronoB / KommblotepHass rpajguka u Ilpumoxe-
Husa(I'pa¢puKon2006) Illectnanuaras MexayHapoaHass KOH(MEpEHUIHUS: TPYIbI
I'papuKon'2006 (1-5 nrons 2006 r., HoBocubupck). — H.: MI'Y um. M.B. Jlomo-
HocoBa, — 2006.

[3] Temmuyk, A.M. Meron Buomsl-/[>xoHCa Ui pacrio3HaBaHUS OOBEKTOB Ha
n3o0paxkernn / AWM. Teimuyk / CoBpeMeHHas HayKa: akTyalbHBIE IPOOIEMBI
Teopun U mpakTuku. — 2017. — Ne 6. — C. 63-68.

[4] Yaur, b.T. Pacno3HaBanue Ul Ha OCHOBE NMPUMEHEHHS MeTona Buosbl—
JxoHca, BeiBIeT-mpeoOpa3oBaHus M MeTona TiIaBHEIX KommoHeHT / B.T. Yawr,
®.H. Xoanr, B.I'. Criunbia // U3Bectrss TOMCKOTO MOJHUTEXHUYECKOTO YHHBEPCH-
tera. — 2012. — No 5. — C. 54-59.

[5] Promuna E.B., KapnoB A.A. Ananutudeckuii 0030p METOIOB pacro3HaBa-
HHS SMOLMU 1O BBIpaKEHUsIM Juia uesnoeka / Promuna E.B., Kaprnos A.A. //
HayuHo-TexHUuYeCKH BECTHUK WH(OPMAIMOHHBIX TEXHOJIOTHH, MEXaHUKU U OIl-
tukn. — 2020, — T. 20. — Ne 2. — C. 163-176.

[6] Ahsan T., Jabid T., Chong U.P. Facial expression recognition using local
transitional pattern on Gabor filtered facial images / Ahsan T., Jabid T., Chong
U.P. /I IETE Technical Review. — 2013. — V. 30. — Ne 1. — P. 47-52.

[7] Bo6e A.C., Konprres JI.B., Boporaukos C.A. Cuctema pacro3HaBaHus Oa-
30BBIX 3MOIIMI Ha OCHOBE aHalM3a ABUTraTeNbHBIX equaul mmna / bobe A.C., Ko-
weimeB /I.B., BoporaukoB C.A // H)XeHEepHBIH XypHaI: Hayka U WHHOBAIHU. —
2016. —Ne 9. - C. 7.

[8] Li S., Gong D., Yuan Y. Face recognition using Weber local descriptors /
Li S., Gong D., Yuan Y. // Neurocomputing. — 2013. — V. 122. — P. 272-283.

[9] Addison P.S. The illustrated wavelet transform handbook. / Addison P.S. //
introductory theory and applications in science, engineering, medicine and finance. —
CRC Press. — 2017. — 464 p.

[10] Nigam S., Singh R., Misra A.K. Efficient facial expression recognition us-
ing histogram of oriented gradients in wavelet domain // Multimedia Tools and
Applications. —2018. — V. 77. — Ne 21. — P. 28725-28747.

[11] Varma S., Shinde M., Chavan S.S. Analysis of PCA and LDA features for
facial expression recognition using SVM and HMM classifiers. Techno-Societal
2018. Proc. 2nd International Conference on Advanced Technologies for Societal
Applications, vol. 1, 2020, pp. 109-119.

89



[12] Dino H.l., Abdulrazzag M.B. Facial expression classification based on
SVM, KNN and MLP classifiers. Proc. International Conference on Advanced
Science and Engineering (ICOASE 2019), Zakho-Duhok, Irag, 2019, pp. 70-75.

[13] Tripathi A., Pandey S. Efficient facial expression recognition system based
on geometric features using neural network / Tripathi A., Pandey S. // Lecture
Notes in Networks and Systems. 2018, vol. 10, pp. 181-190.

VK 378.2+51.7+004.9

MOJEJTUPOBAHUE U BU3YAJIN3AIINSA JAHHBIX YUEBHbBIX
IINTAHOB OBPA3OBATEJIBHBIX ITPOI'PAMM

T. B. 3bixoBa, 10. B. Baitnmreiin, M. B. HockoB

Cubupckuii henepansubiii yauBepcutet, KpacHosipek, Poceus, zykovatv@mail.ru

The paper discusses an approach to analyzing the curricula of educational
programs of higher education in the context of current federal state educational
standards. Based on the competency-based approach, a model for representing the
curriculum in the form of a mixed graph is proposed. This approach will be used to
create automated tools for assessing the quality and comparative analysis of
educational programs. Visualization of the graph representation is carried out
using a set of plugins from the open source software package Gephi, developed in
Java (NetBeans platform).

Beenenue

OpHOM M3 BaXXHEHWIIMX 3a/ad peanu3alu o0pa30BaTeIbHOM NPOrpaMMBI B
By3€ BBICTYNaeT OLEHKa C(HOPMHPOBAHHOCTH OOpa30BaTENbHBIX pPE3yJbTATOB.
HecmoTpst Ha WHTEHCHBHBIM pOCT HHTEpeca K pa3BUTHIO M HPUMEHEHHIO
MHCTPYMEHTOB aHAJIM3a JAaHHBIX W y4eOHOW aHAJIMTHUKU B 3TOW 00JacTH, €IMHOTO
MOAX0/a K PEIICHHIO 3TOH 3a7[adM B HACTOSIIEEe BPeMs HE CyIIecTBYeT. B cBs3u ¢
HEOOXOIMMOCTBIO PEIICHHs] JAHHOW 3a/1auM aKTyaJbHOCTh IMPUOOpETaeT MOMCK
METOJIOB M TEXHOJOTHI HM3MEpeHHs] YPOBHS C(HOPMUPOBAHHOCTH KOMIIETCHIMH
oOpaszoBaTenpHON mporpamMmbl [1]. BaKHBIM STammoM Ha 3TOM IyTH SBISETCS
aHanu3  Tporiecca  (POPMUPOBAHUS  ATHUX  KOMIIETEHIMH,  MMO3BOJISIOIIHIA
MOJICIUPOBaTh M BHU3yaJIM3HPOBATH BCE ITalbl, KOTOPhIE HEOOXOIMMO IPOUTH
oOyuaromemycs A JOCTHKEHUS TOCTaBICHHBIX 00pa30BaTEIbHBIX PE3YIbTAaTOB:
dbopmupoBaHusi HabOpa KOMITETEHIIMH, 3akiagpiBaeMbiX B y4eOHbIN mmaH (YII)
obpazoBatensHo# porpaMmel (OI). Ilenpio maHHOW CTAaThU BHICTYIAET CO3AHKE
MOAXO0Aa K MOJCIMPOBAHUIO W BH3Y&JIM3allMM JIaHHBIX y4YeOHBIX IUIAHOB
00pa3oBaTeNbHBIX [IPOrPaMM By3a Ha OCHOBE TEOPHH rpadoB.

I'padoBas mongenn

IIpencraBum  Mozaens  QopmMHupoBaHHs  00pA30BATENIFHBIX  PE3YJILTATOB,
3anoxkeHHBIX B YII mpum ero paspaboTke. 3a OCHOBY BO3bMEM IIOJIXO[,
Ipe/ICTaBICHHBII aBTOpamu B [2, 3], HO Oy/AeM YyYUTHIBAaTh, YTO MaTeMaTH4YeCKas
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