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AHHoTauua. O6HapyeHMe aHOMaNuUi ABNAETCA BarKHOW 3adavelt B pasiUyHbIX
06nacTaAx NPoU3BOACTBA U TEXHOSIOMMIA, TAKUX KaK CTPYKTYPHbIE M3MEHEHWA, Bpe4OHOCHbIe
BTOPMEHMA B CUCTEMbI YNpPaBNeHUs U KOHTPONsA, PUHAHCOBLIN HAfA30p U yrpaBrieHne
pUcKamu, LMGPOBOIN CKPUHUHI COCTOAHUA 340pOBbA U Ap. Bce 6onee Bo3pacTatowmne
MOTOKM Pa3HOO6pPa3HbIX AaHHbIX U UX CTPYKTYPHAA CIOMHOCTb TpebyloT pa3paboTku
nepenoBbiX NOAXOA0B K UX pelueHuio. B HacToAwee BpeMs MeToabl ry6oKoro obyyeHun
OOCTUTIN 3HAYMUTENbHbIX YCMexXoB B 0O6HApy»eHUU aHoManui. MonynsapHbIMKU cTanu
MeToAabl rNyboKoro obyyYeHWs Ha OCHOBe pa3/IMYHbIX MoAeNiel aBTo3HKoaepoB. B paboTe
nccnenoBaHbl MeTofbl 06HAPYKEeHMA aHOManui MetTogaMu rinybokoro obyyeHuna bes
y4uTens Ha npumepe Habopa anexkTpoKkapanorpamm (3KI), cogepralimx HopManbHble IKI-
curHansl M 3KM-curHansl Nlogen ¢ pasnMyHbIMU CepAeYHO-COCYAMUCTLIMU 3abosieBaHUAMMU
(aHoManuamu). [1nAa obHapyKeHMA aHOMAasNbHbIX 3IeKTpoKapAnorpaMM paspaboTaHa
MofZenb aBTO3HKoAepa B BMUAe ryboKol HEMPOHHON CeTU C HECKONbKUMMW MOSTHOCTbIO
CBA3HLIMU CNOAMU. TaK¥Ke ONA pelleHMA MOCTaBMIEHHOW 3a4ayvu NpensioKeH MeTo[
noabopa nopora otaesieHNsa aHoManbHbiX IKM-CMrHanoB 0T HOpMasbHbIX, COCTOALLMUNM
B ONTUMM3aL MKW COOTHOLLEHWNA MOKa3aTesnen NpoM3BoaUTENIbBHOCTM MOENM aBTOSHKoAepa.
B paboTe npoBeaeH cpaBHUTENbHbLIN aHaNN3 3¢ PeKTUBHOCTU NPUMEHEHNS K peLLeHnto
3ajlaun obHapyKeHMA aHoManbHbiXx IKM-cMrHanoB pasnuYHbIX Modesield MallMHHOMO
00y4YeHMs, TaKMX Kak OQHOKJIACCOBbIA METOM OMOPHbLIX BEKTOPOB, U30MpPYIOLLUIA Nlec,
CNyYaiiHbIN flec 1 NpeacTaBieHHan MoAesb aBTo3HKoAepa. [ns 3Toro 6b1M UCMosb30BaHbI
MeTPMKM TOYHOCTU: TOYHOCTb (accuracy), YyyBcTBUTeNbHOCTbL (recall), nonHoTa (precision)
n fl-score. Pe3ynbTaThl aHanM3a noKkasanu, 4To Mofesfib aBTO3HKo4epa npeB3oLUsa
oCTalibHble MOZENN C NoKasaTenaAMMU TOUHOCTK accuracy = 98,8%, precision = 95,75%,
recall = 99,12%, f1-score = 98,75%.
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Abstract. Anomaly detection is an important task in various applications and areas of
technology and production, such as structural defects, malicious intrusions into management
and control systems, financial supervision and risk management, digital health screening,
etc. The ever-increasing flows of diverse data and their structural complexity require the
development of advanced approaches to their solution. In recent years, deep learning
methods have achieved significant success in detecting anomalies, and unsupervised
deep learning methods have become especially popular. Methods of anomaly detection by
methods of deep learning without a teacher are investigated in the work on the example of
a set of electrocardiograms containing normal ECG signals and ECG signals of people with
various cardiovascular diseases (anomalies). To detect abnormal electrocardiograms, an
autoencoder model has been developed in the form of a deep neural network with several
fully connected layers. Also, to solve this problem, a method is proposed for selecting the
threshold for separating abnormal ECG signals from normal ones, consisting in optimizing
the ratio of performance indicators of the autoencoder model by methods. The paper presents
a comparative analysis of the effectiveness of applying various machine learning models,
such as the one class Support Vector Method, Isolation Forest, Random Forest and the
presented autoencoder model to solving the problem of detecting abnormal ECG signals.
For this purpose, metrics such as accuracy, recall, completeness, and f-score were used. His
results showed that the proposed model surpassed the other models in solving the problem
with accuracy = 98.8% precision = 95.75%, recall = 99.12%, f1-score = 98.75%.
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BBepneHue

OHapy>KeHUE aHOMaJUi SIBISIETCS BaXK-

HOU 00J1aCThIO MPUMEHEHUS HCKYCCTBEH-

HOT'O MHTEJUIEKTA B Pa3JIMUHBIX 00IacTIX
aHain3a OONBIIMX TaHHBIX, TAKUX Kak 0e3-
OIIACHOCTh KOMIIBIOTEPHBIX CUCTEM, OOHapy-
JKCHHE MOIICHHUYECTBA B 0AHKOBCKHX IEpPEBO-
JlaX, HaZIe)KHOCTh CUCTEM KOMIIBIOTEPHOTO 3pe-
Hus u Apyrue [1]. BoisiBienne anomanuii Takxe
SBJISIETCS KJIIOUEBOH 3ajaueil aHanu3a OGuome-
JULUHCKONH MHGOpPManuu, OCKOIbKY Hapy-
[IEHUE YCTOWYUBOCTH CHCTEM PACIIO3HABAHMUS
OracHbIX 3a00JI€BaHUM Ha OCHOBE aHAIN3a OHO-
MeAuUUHCKUX curHanoB u MPT, manpumep

KT-u300paskeHuii, MOXXET MPUBECTH K OITHO0Y-
HOMY CKPHUHUHTY ITallUEHTOB.

OnHol U3 OCHOBHBIX NMPOOJIEM B 33/1a4axX Ma-
IIMHHOTO 00Y4EHHsI ¥ aHAJIN3a JAaHHBIX SBIISETCS
UX KOppeKTHas pa3MmeTka. B 3amaue oOHapyxe-
HUSI aHOMAJIMH €€ BBIIIOJIHEHNE IIPAKTUYECKH He-
BO3MO)KHO B CHJIy KaK HEIPEICKa3yeMOCTH UX
BO3HUKHOBEHHMSI, TAaK U PasHOOOpa3HBIX (opM
cymectBoBaHus. Kpome T0oro, mockoiabKy KOJIH-
4eCTBO AaHOMAJIMH CIMIIKOM MaJlo, @ METO/Ibl Oa-
JIAHCUPOBAHUS KJIACCOB MO-IIPEXXHEMY TPeOyIOT
YCOBEpLICHCTBOBAHUS, IPUMEHEHNE METOJ0B
MAIIMHHOTO OOYYEHHS C yUUTeNIeM SIBIISIETCS POo-
OnemaryabIM [2]. IToaTOMY OHMM U3 aKTyallb-
HBIX MTOXO/I0B K PELIEHHIO TOCTAaBICHHON 3a/1aul
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