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Annomauyusa. Llenv nanHOW pabOTHI 3aKiIIOYanach B aHaIN3e dPGEKTHBHOCTH PA3IHMYHBIX METOJOB IIyOOKOro 0OydeHHs
B 3aJ]a4e AUArHOCTUPOBAHMS JICTIPECCHU HAa OCHOBAaHWH JAHHBIX OMOIEKTPHIECKON aKTUBHOCTU Mo3ra. B wacTHoCTH, M3ydyeHne
HOTEHIHANIa TPaHC(HEPHOTo 00YUEHHUSI C UCIIONIb30BaHUEM HCKYCCTBEHHOI HEHPOHHON ceTH, 00y4eHHOH Ha 3HAYUTEILHOM 00b-
eMe 0000IIEHHBIX JaHHBIX 3MIeKTpo3HLedanorpaduu, B 1eneBoi 3ajade AMATHOCTUKH JEIPECCHH 110 CHTHAIaM HEHMHBAa3UBHOM
3IEeKTpOsHIEhaTorpaMMel. Memoowl. B HacTosIeM HccIe0BaHNN CHOIb30BAICH TAKHE MOAXOMBI ITyOOKOro 00ydIeHHs, Kak
TpaHC(epHOe U KOHTpacTHOEe o0ydeHue. VcKkyccTBeHHBIE HEHPOHHBIE CETH 00yJalich Ha OTKpBITOM Habope nanHeix HBN
EO/EC task (The Healthy Brain Network — HBN), comepskariem 3amucy CUTHAIOB 3JeKTPOIHIIe(haTorpaMMbl A€TEH U MOJIOIBIX
mrozie o 21 roma ¢ OTKPHITBIMU U 3aKPHITHIMU TIa3aMH. B kadecTBe mpenoOydeHHBIX HCKYCCTBEHHBIX HEHPOHHBIX ceTel Uit
TpaHcdepHOro oOydeHnn ucnonab3oBaiuck apxuTekTypsl 1D CNN u EEGNet. C nensio mpoBepkn KadecTBa KOHTPACTHOTO
o0yueHust Habop JaHHBIX OBLT PACIIMPEH C MOMOIBI0 ayrMEHTAIMHU U ObUTH 0TOOpaHBI NpenoOyUeHHbBIe CEeTH CO Ceayrouieit
apxutektypoii: SInCLR, MoCo, NNCLR, BarlowTwins, DINO. Pesyrsmamui. Beuto ycranosieHo, uto apxurekrypa EEGNet,
HCTIONBb3yeMasi B Ka4ecTBe MpefoOydIeHHOH CeTH, B CHIIy CBOMX MalbIX Pa3MEpOB He MaéT PacKpHITh ITOJIHBIA MOTEHIHAT
anropuT™MoB KoHTpacTHOro ooydenus. EEGNet Obuta 3amenena Ha apxutektypy 1D CNN ¢ GoibImmM 9UCIOM MapaMeTpos,
YTO MPHUBEJIO K POCTY TOKa3aTesiel KauecTBa paboThl Mozelel. 3axatoyenue. XOTs paCCMOTPEHHBIN MeToJl TpaHC(epHOro
00y4eHHs BBIIIAANT NMEPCIEKTHBHBIM, CHEMU(HIHOCT CHTHAIOB 3IEKTPOIHIE(ATOrpaMMbl U PEIIaeMbIX Ha MX OCHOBE 331ad
TpeOyeT MacIITaOHOH afganTaiy aIrOPUTMOB IeJIeBOH 3a1ade. B ciydae nmpuMeHeHHs TeXHUK KOHTPACTHOH ONTUMM3AIMN
JUIst 00y4YeHHs LeJIEBOM CETH 3TO Takke crpaseyinBo. CieayeT Takke OTMETUTh PEellalollyl0 pojib NPeICTaBUTEIbHOCTH
HaOopa MaHHBIX AT 00y4eHHs MpenoOyueHHOH CEeTH, MOCKOIbKY MMEHHO IOJHOTAa PEadbHBIX HAOMIONEHNI yBETHINBACT
3¢ PEeKTUBHOCTH ayrMEHTAINH, YTO NPHBOJUT K YBEIMUCHHIO YNCIIA IIOJIE3HBIX)» MPU3HAKOB B JIATEHTHOM IIPOCTPAHCTBE
CeTH W HaWIyYIIUM YCIIOBUSIM JUIsl TpaHC(epHOro oOy4eHHs B LeJIeBOit 3aade. Eciay roBopuTh 0 IMarHOCTHKE JENPECCHH,
TO B JIaHHBIX JOJDKHBI OBITh MAKCHUMAJIBHO LIMPOKO IPEACTABICHBI IIPUMEPHI 3JIEKTPOsHIIe(haIorpaMMbl HIMEHHO MAllIEHTOB
C BBIPAXKEHHOM Jienpeccueit.

Kniouegwie cnosa: nnarsocruka, nenpeccus, nekrposHiedanorpadus, UCKyCCTBEHHAs HEHPOHHas CeTh, TpaHC(EepHoe
oOydeHne, KOHTpacTHOe oOydeHHe.
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Abstract. The purpose of this work was to analyse the performance of different deep learning methods in the task of depression
diagnosis based on bioelectrical brain activity data. In particular, to study the potential of transfer learning using an artificial
neural network trained on a significant amount of “generalised” electroencephalography data in the task of diagnosing
depression from non-invasive electroencephalogram signals. Methods. Deep learning approaches such as transfer learning and
contrastive learning were used in the present study. Artificial neural networks were trained on the public HBN EO/EC task
dataset containing recordings of electroencephalogram signals. The 1D CNN and EEGNet architectures were used as auxiliary
artificial networks for transfer learning. In order to test the quality of contrastive learning, the dataset was augmented and
the following algorithms were selected as the donor network: SimCLR, MoCo, NNCLR, BarlowTwins, DINO. Results. It
was found that the EEGNet architecture used as a auxiliary network, due to its small size, does not give the full potential
of contrastive learning algorithms. Therefore, EEGNet was replaced by a 1D CNN architecture with a larger number of
parameters, which led to an increase in the quality performance of the models. Conclusion. Although the considered method
of transient learning looks promising, the specificity of electroencephalogram signals and problems solved on their basis
requires large-scale adaptation of algorithms and contrastive optimisation techniques for effective training of the target task. It
is also worth noting the crucial role of the representativeness of the data set for training the donor network, since it is the
completeness of real observations that increases the effectiveness of augmentation, which leads to an increase in the number
of “useful” features in the latent space of the network and the best conditions for transfer learning in the target task. If we
talk about the diagnosis of depression, the data should maximally represent examples of electroencephalograms of depressed
patients.
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BBenenue

BaxHoii HayyHOH 3amadeii, CTOSIICH Mmepen COBpeMEHHOH ONOPHU3UKOH, ITU(PPOBOH METUITMTHON 1
HEWPOHAyKOH, sIBJIsIeTCs MpobieMa AMarHOCTHKY 3a00JICBaHUH LIEHTPaIbHOW HEPBHOW CHCTEMBI 110 pa3-
JMYHBIM MOAAJIBHOCTAM HEHPOBH3yaTH3aIMid C UCHOIB30BaHUEM METOJOB HCKYyCCTBEHHOTO MHTEIIEKTa
Y MalMHHOTO 00yueHus [1,2]. B HacTosImee BpeMsi 3HAUUTEIbHBIEC YCIIEXHU TOCTUTHYTHI B IUATHOCTUKE
snunencuu [3-5], 60NBIIOro JETPECCUBHOTO paccTpoiicTBa [6-8], aytusma [9, 10], curmpoma Perra [11]
u T. 7. Hanbomee gacTo B 3a7adax MpUMEHEHHS METOAOB MAIIWHHOTO OOYYEHHS IS MEOUIIMHCKOM
JIMarHOCTHKH HCITONIB3YIOTCS JaHHble (yHKIIMOHAILHOW MarHUTHO-pe3oHaHCHOW Tomorpaduu (MPT)
MAKUEHTOB B COCTOSIHUH TIOKO$I, C MCIIOIb30BAHUEM KOTOPBIX OBUIM TOCTUTHYTHI 3HAYHUTENbHbIEC YCTIEXU
10 MPUMEHEHHIO METOI0B MarmmHHOro 00y4eHus. Ha ocaoBanuu nanasix MPT u anroputmoB riry6okoro
00ydeHus1 ObUTH BBISIBIICHBI ITU(POBBIC OMOMapKephl OOJBIIOTO ACIPECCUBHOTO paccTporicTra [12,13],
6one3nn Anpureitmepa [14,15] u T. a. OgHako 11 NPUMEHEHUs B KIMHUUYECKOM MpaKkTUKE OCOOBIH
WHTEPEC BBI3BIBACT MUCIONB30BaHME dIeKTpodHIedanorpaduu (331, KoTopas sBisercs Ooiee IPOCTHIM,
JEIIEBbIM U TOCTYIHBIM METOIOM HEHpOBU3yaau3aluy aKTUBHOCTH T'OJIOBHOTO MO3ra nauueHToB. Cur-
Hauel D01 mpencTaBisioT co00i pe3yabTar H3MEPEHHUs HIEKTPHYECKUX TOTEHIHATIOB Ha KOXKE TOJIOBEI,
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MOBEPXHOCTH WM B IITYOOKHUX CIOSX TOJOBHOTO Mo3ra. [locKonbKy MOTEHIMAN 3MeKTpo/a MpeaCcTaBIseT
co0o# numIb 0000IIeHHBIH (HU3NIECKUI TapaMeTp, XapaKTePH3YIOIINHA CIOKHBIE HECTAI[HOHAPHBIE AJIEK-
TPUYECKHE MPOIECCHl B HEMPOHHOM aHcamOIe TOJIOBHOTO MO3Ta, TO M TIOJy4YeHHbIE JaHHBIE 00JIaatoT
CBOMCTBaMHU HECTAIIMOHAPHOCTH, HEIMHEHHOCTH U HErayccoBOCTH [16], a MHIUBHUAyaIbHBIE Pa3IUYHs
MEXIY JIONBMH, 0COOEHHOCTH UX MICHUXO(PHU3NIECKOTO COCTOSIHUS B MOMEHT H3MEPEHHs, Clienu(rKa mpu-
MEHSIEMOTO 000pYIOBaHUs M TIOCTAHOBKHU AIIEKTPOJOB IMPHUBOIAT K CHIIBHBIM paznuuusaMm D[ '-curnanos
JaKe ISl OHOTO U TOTO K& coOBITUs [17]. JlOTMOMHUTENEHOM TPYyIHOCTHIO, BO3HUKAIOIICH MPH aHAIIN3E
D0I'-curHana ¢ meiabio W3BJICUCHUS HH(YOPMAITIY, CBSI3aHHON ¢ KOHKPETHOH 3aadueii, sIBISIETCS CHITbHAS
3alryMiaeHHoCTh [18].

TpancdepHoe 00yueHHEe MO3BONSIET COXPAHUTH W HMCIOIB30BAaTh WH(POPMALIUIO, MOTYYCHHYIO
MOJIETbI0 B aHAJIOTHYHON 00JIacTH, B TIpolecce Joo0yueHus Ha IeneBoi 3amade. DPPeKTHBHOCTD
TaKoOTo JI0OOYYEHUs B 3HAYUTEILHON CTENIEHN 3aBUCHT OT MHOXKECTBA (DAKTOPOB: KOJIIMUECTBA U KauecTBa
JIAaHHBIX JUISI TIpe0Oy4YeHHONH MOMENH, CXOXKECTH apXUTEKTYphl MpenoOydeHHONH MOJEeNH C IeIeBOi
MOJIEINBI0, CTPYKTYPBI M XapaKTepUCTHK JaHHBIX IeneBoi 3amaun [19,20].

[Tpu ncnonp3oBaHnM TpaHChEpHOTO OOyUEHUs /s aHamu3a CUrHauoB D31 BO3MOXKHO TTOBBICUTH
THOKOCTh U aIalTUBHOCTH 100OYYEeHHON MOIENH AJsl pa3HbIX JroAel, HUBEJINPOBaTh HHANBUIYaIbHbIC
pasIuIHs PECTIOHICHTOB M YMEHBITUTH MTOTPEOHOCTH MOJIEITH B HOBBIX JaHHBIX [21,22].

Lenpio maHHO# pabOTHI ABJISETCS M3YUYeHHE BOZMOXKHOCTH ITOBTOPHOTO HCIIONB30BAHUS BECOB
uckyccrBeHHoH HeliporHoit cetn (MHC), o0y4yeHHOI Ha 3HAYUTEIHHOM 00beMe 0000IICHHBIX JaHHBIX
anekTpo3HInedanorpadbun B 1meeBoid Ooyee y3Koi 3amade TUATrHOCTHKU JICTIPECCHH IO CHUTHAJIaM
HeuHBazuBHOU D0OI.

1. O030p 0OCHOBHBIX METO/I0B

1.1. TpancdepHoe odyuenne. Konmenmms TpanchHepHOTO OOYICHHS 3aKTIOUASTCS, KaK CIeIy-
€T U3 Ha3BaHHW, B mepeHoce («TpaHcdepe») nHPopManuu 06 00ydeHHH, 3aQUKCUPOBAHHONW B CETH
B Ipolnecce 00yueHHs, B IpyTyIo ceTb. Bo BceX pasHOBUAHOCTSX TpaHC(EPHOTro 00yUeHHs ISl 3TOTO
WCIIONIb3YeTCs ABYXATaITHAsI CXeMa, B KOTOPOH Beca ceTH-KiacCupUKaTopa MpeaBapuTeIbHO HHUIHA-
JU3HUPYIOT U3 3apaHee OOy4YeHHOH Ha OONbIIOM 00beMe JaHHBIX CETH, CXOXKEH ¢ Hell 10 yCTPOWCTRY,
a 3aTeM JOMOTHUTEIBHO 00yUalOT yKe [IEIeBO 3a/1aue Ha OTAEIHHOM Ha0Ope JaHHBIX. ITO OKa3bIBACTCS
BO3MOXXHBIM TOJIBKO TIPH CXOXKEH CTPYKTYpE MAHHBIX M apXUTEKType 00CHX CETEH, IMOCKOJIBKY Jale
BCETO COXPAHSIOT CIIOH, PACIIONIOKEHHBIE OJIbke Ko BXoay ceTd. CoxpaHeHHe BECOB Ha4aJbHBIX CIIOEB
1esecoodpaszHo, eciu NpeAodydeHHas ceTh o0yJaiach Ha 3HAYUTEIBbHO OOJBIIEM IO pazMepy Habo-
pe€ MaHHBIX, TOCKOJIBKY CBEPTOUHBIC HEHPOHHBIC CETH 00JIaaloT CBOMCTBOM BBIIEIATEH Ooyiee obIme
MPU3HAKH B MEPBBIX (BXOMHBIX) CIIOSX, a YaCTHBIE, HEOOXOAMMBIE JJISI UTOTOBOH KIIACCU(UKAIIUU —
B mocHenHuX (BBIXOMHBIX). [lonydyeHHbIe 00IIre HaOOPhI IPU3HAKOB B BUJIC OTIEIBHBIX 3K3EMILIIPOB
MIPEIBAPUTEIHHO O0OYUEHHBIX CETEH JOCTATOYHO YHHBEPCATBHEI U YaCTO BKIIFOYAIOTCS B CTaHIAPTHEIC
OTKPBITBIE MOJIEITH, TIOAXOASIINE IS ITUPOKOTro Kpyra 3axa4 [19]. Ha MoMeHT mpoBeneHust nccieno-
BaHUs B OTKPBITOM JIOCTYII€ OTCYTCTBOBajia nmpenoOyueHHas Ha curHaitax D3I ceTh, mpurogHas st
WCIIONTB30BaHUs, MTO3TOMY B X0JIe paboThI ObliIa CMOIETHpOBaHa W 00ydeHa Ha TIOCTATOYHO OOJIBIIIOM
Habope naHHeIx HBN cBepTouHas ceTh ¢ THIMMYHON apXHUTEKTYPOH.

Jiis OueHKH 3aBUCUMOCTH 3((PEKTUBHOCTH 00y4YeHHsI OT pa3mepa 0a30BOH CETH B KauecCTBE
apXUTEKTYpHI Mpeo0yIeHHBIX ceTel ObUTM BRIOpaHBI KOMITAKTHAs CBepTOuHas HeiipoHHas ceth EEGNet,
XOPOIIIO 3apeKOMEHI0BaBIIas ceds B 3amadax kiaccupuraruu D90, u cets 1D CNN ¢ Gompmmm
KOJIMYECTBOM ITapaMeETPOB.

B Be1OpanHOM 1151 00ydeHus 0a30Boi cetn Habope manHBIX HBN pasmeTka mpeacramicHa B
o0rmieM Brje, HO 00beM JaHHBIX TI03BOJISIET IPEOOpa30BaTh MPOCTPAHCTBO MPU3HAKOB HA BTOPOM dTarle.
[ToaToMy Ha BXoj Mozaenu noaaBaics cpe3 DI -curnana, a Ha BbIXoje ObLI MOCTPOCH KIIACCH(HUKATOP
10 MpU3HAKaM I10JIa, BO3PACTa, 3aKPHITHIC/OTKPHITHIC T71a3a. Hu oguH U3 MepedrCIeHABIX MPU3HAKOB

Hlywapuna H. H.
WzBectus By3oB. [TH], 2025, T. 33, Ne 1 XXX



HUKaK HE CBA3aH C YPOBHEM JEIPECCUH, U IIPUTOTHOCTh TaKoW 0O0yUeHHOI CeTH s MCIIONB30BaHUSA B
LIeJIeBOI 3aj1ave 3apaHee HEM3BECTHA.

Ha Bropom a3Tarme uccienoBanus BEIIOTHAETCS TaK Ha3bIBaeMasl «IofCTpoikay (fine tuning) Becos
CETH Ha OTIEJNBHOM, CIICHM(PUYHOM IJI1 KOHEUHOH 3aaun Habope NaHHBIX, CIIOCOOHOM IPEACTaBUTh
ceTu HeoOXOAUMBI HaOOp MPU3HAKOB A oOydeHus. [Ipu 3ToM m000ydeHHe ceTH 3aTparnBacT He
BC€ Yy3JIbl, a JINIIh JOTIOMHUTEIbHBIC BBIXOAHBIE CIIOW, JJISI KOTOPBIX MOXKET MPUMEHSITHCS OTHEIbHAs
(yHKIHS OmMOKHY M apXuTekTypa. Ilpu OTCyTCTBHE CyIIecCTBEHHOW pa3HUIIBI B HCXOJHOM H IIEJIEBOM
JOMEHaxX MeToJ TpaHcepHOro oO0yueHHs MTyOOKHX HEHPOHHBIX ceTei il aHanu3a curHayioB OO0
MOXET 3aKJIF04YaThCs, HAPUMEp, B HAJICTPauBaHUU HaJl MPEJ00yYeHHON CEThI0 HOBOTO KIacCHU(HKaTOpa
WK K€ TOYHOW HACTPOWKE YaCTH CIIOEB MpeaBapUTEIbHO o0ydeHHON Momenu [19]. B atom ciyuae
TpaHcepHoe 00ydeHne MOJENN COCTOUT M3 MPENBAPUTEIHHOTO 00yUEeHHSI MOAETH CBA3aHHOW 3a7ade,
YTO JOJDKHO CIIOCOOCTBOBaTh YCTAHOBKE alpHOPHBIX BECOB MOJENH C MOCHEAyIolei amanTarueit
APXUTEKTYPBl KAaKUM-JTHOO0 CIIocoOOM M OOy4YeHHEM IIeJIEBOM 3a/iadye C HACTPOWKOW (UKCalluu yxKe
MOJIyYE€HHBIX BECOB B OTJEIbHBIX CIOAX [23,24].

[IpuMeHUTENTEHO K CBEPTOYHBIM CETSAM IPOIIeAypa JOTOIHUTEIHHOTO 00ydeHus [IeJIeBOH 3a1a-
Ye MOXKET BBITIOJHATHCS KaK JUIsl BCEl CETH LIETMKOM, TaK M JJIS 4acTH IMOCJIETHUX CIO0EB, KOTOpPhIE
B OCHOBHOM OTBETCTBEHHBI 32 UTOTOBYIO Kiaccuukanuio. B maHHOM ciiydyae mapamerpbl Hadallb-
HBIX CBEPTOYHBIX CJIOEB HEMPOHHOHN CETH, BBHIONHSAIOIINE BhIICJICHHE OOIUX MPU3HAKOB, OCTAOTCS
HEW3MEHHBIMH («3aMOPOKEHHBIMI») BO BpeMs IOTIOIHUTEIHFHOTO 00y4ueHns. B mureparype omnmcano
IIpUMEHEHNE JaHHOTO METOAA B MPHUKJIAJHBIX 3ajadax yBeauueHus 3(p¢PEeKTHUBHOCTH HHTEp(EicoB
«MO3T-KOMITBIOTEP» M KJIACCH(PHUKALNU XapaKTEPHBIX MPU3HAKOB CyIOPOKHOW aKTUBHOCTH, a TAKKe
obHapyxeHHe apTehakToB NMPH aHaau3e HHBa3uBHON D3I [24-27]. Kpome omucaHus mpsSMOTo MmepeHoca
BECOB MPEIOOYICHHOW CETH, BCTPEUYAIOTCS PAOOTHI, TIIe JUTsl O0YUSHUS HCIIONB3YIOTCS CIICIUALHBIC
CTPYKTYpBI MeTpHK (mpeacrasienus) [28].

1.2. KouTpacTtHoe oO0ydyeHue. B ciiyuae oTCyTCTBUS TNpEIBApUTEIHLHON pa3METKH JIaHHBIX
WJIM CIIOKHOCTH TOJYYeHHs KaueCTBEHHBIX NaHHBIX DI mpumMensaercs npyroit metoa. OH COCTOWT B
MIpeABapUTEIHHOM MOATOTOBKE MPOCTPAHCTBA IIPU3HAKOB HEHPOHHOM CETH TOJIBKO 32 CYET MCIONb30BAHUS
CaMHX JIaHHBIX M Ha3bIBAETCs] KOHTPACTHBIM 00y4YEeHHEM, KOTOPOE MOXKET BBIMOJHATHCS KaK C yUUTEIEM,
TaK u 0e3 yJuTes.

KontpactHoe oOydenne 0e3 yuuTens TPEHHUPYET MOAENb Pa3inNdaTh CXOXECTh WIH Pa3iIndHe
BXOJHOM Hapbl JaHHBIX, PUKCUPYSI COOTBETCTBYIOLIHE NPH3HAKH B CTPYKTYpE CJIOEB, U YCIEIIHO MpUMe-
HsieTcst s 00paboTku DI -curHanos, e npeaBapuTenbHO 00y4YeHHas Ha OONbIINX HAabopax JaHHBIX
MOJIeJb JIy4Ille CIPaBIIsIeTCs] ¢ IyMaMHu, OOHapyXHBaeT CyObeKTHO-HEe3aBUCHUMBIEC TPU3HAKH U Bpe-
MEHHBIE 3aBUCcUMOCTH naHHEIX [20]. [Toce dhopMupoBaHus 3apaHee MOATOTOBICHHOTO TIPOCTPAHCTBA
MIPU3HAKOB MOJIEJb JIyUIlIe BBIAEISIET MIPU3HAKU y)Ke B LiesIeBoH 3a1ade. MeTos KOHTPacTHOTO 00yYeHuUs
JIEMOHCTPUPYET XOPOIIUE PE3yIbTaThl TAKKE B 3ajjadaX KOMIIBIOTEPHOTO 3peHus [29] u o0paboTku
ecTecTBeHHOTO s3bIka [30]. BmobaBok npeaBapuTenbHOEe KOHTPACTHOE 00yYeHHE CHIKAET PUCK UCTIONb-
30BaHMA apTe(akTOB CHTHANa B Ka4e€CTBE MPU3HAKOB M IepeoOydeHHs MOIeNr Ha HeOombmmX Habopax
naHHbIX [31]. BaXXHBIM KOMIIOHEHTOM, OTIpEeNsouM 3¢ (EeKTUBHOCTh 6a30BOH CETH MOCie MPUMEHe-
HUSI KOHTPACTHOTO OOyUYeHUsI, SIBIISIETCS BHIOOp aNropuT™Ma ONTHMU3AINN CETH, BKJIFOYAs ONpeeIeHUe
METPHUK CXO)KECTH JIATEHTHBIX TPE/ICTABICHUN CUTHAJIOB M 0COOCHHOCTH KOHCTPYHUPOBAaHUS HETaTUBHBIX
map. Ilocneanee 0coOEHHO BayKHO, TaK KaK OrpaHHYEHHEe OOydYeHHUs TOJHKO MO3UTHBHBIMU ITapamMu
TIPUBOJINT K KOJUIATICY JIATEHTHOTO mpocTpaHcTBa (mode collapse), mpu KOTOPOM CeTh MPEACTaBISAET
BCE CUTHaJbl KaK OJuHaKoBble. HacKolbKo CUTHAIIBI OTJINYHBI, 3apaHee HEM3BECTHO, M HEKOPPEKTHOE
Ha3HAYCHHE HETaTUBHBIX I1ap, COCTABJICHHBIX U3 CXOXKHX MEXKIy COOOW CUTHAIIOB, AeCTaOMIU3UPYET
poriecc OOyJICHHS.

s 3amaum cpaBHEHUS APPEKTUBHOCTH ObUTH MOJ00paHBl aJTOPUTMBI KOHTPACTHOTO O0yYeHHS,
XOpOIIO 3apeKOMEH0BaBIINEe ceOsl B 3a1ade Kiaccu(ruKauuu n300pakeHUH U aJanTUPOBaHHbIC IS
paboThI ¢ MOTU(PUIIMPOBAHHON apXUTEKTYPOl CBEPTOUHBIX CETEH.
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B nmuteparype onmucaHo HECKOJIBKO pealiu3alfii alrTOPUTMOB KOHTPACTHOTO OOYUYEHHSI, KaXKIbIH
CO CBOMMH MPEUMYIIECTBAMU M HeJoCTaTKaMHu. M3-3a cenuduky permaeMoii 3a1a4n BEIOOP HAMITy4IIero
JITOPUTMA 3aTPYJHEH, 1 HEOOXOIUMO CPAaBHUTEILHOE TECTUPOBAHUE.

®petiMBopk KoHTpacTHOTO 00yueHUs SIMCLR [32] wacTo mcmonp3yeTcst B KadecTBe 6a30BOTO
Mpy pa3paboTKe HOBBIX KOHTPACTHBIX AITOPUTMOB, TOCKOJIBKY Ha IPAKTUKE HETAaTHBHBIE MAphl OOBIYHO
KOHCTPYUPYIOTCS IO KaXKJIOMY OTACIBHOMY 0aTdy (MaKeTy JaHHbBIX Ui 00y4eHHs, I0JaBaeMOMy Ha BXO[
MOJIEIIH 33 UTEPaLHIo, TIOC]Ie KOTOPOH BHIITONHAETCS OOHOBICHUE TapaMeTpoB Mozenu). [Ipu stom pomyc-
KaeTCsl, 9YTO KKIBIN MPUMEp JaHHBIX B OTICIBHOM 0aTde cuyuTaeTcs OTIMIHBIM oT apyrux. B SimCLR
YCTaHABJIMBAETCS P OBPUCTHUK, MOJE3HBIX I 00ydeHHS.

e Jlns BBIIENEHUS JIATCHTHBIX NPEICTABICHUN HCIIONB3YETCs MOLYJIb SHKOZEPa B BUJIE HECKOIBKHX
MOJTHOCBS3HBIX cIO€B ¢ ReLU-akTuBarmei, KOTOPBI MPUMEHSETCS TOJIBKO MpH O0ydeHUH H
CIIY>KUT JJIsL CBSI3M MEXKIY 0a30BOH CEThIO U KOHTPACTHOM 1eeBON (yHKIHEH.

e B kadecTBe oNTHMaJIbHOH 11eJIeBOM (GYHKIMH NPUMEHIETCS KaTeropuanbHas MepeKpEcTHAs SH-
TPOMUS MPH YCIOBUYU MPEABAPUTENLHON HOPMAIN3ALUU JAaTEHTHBIX BEKTOPOB U UCIIOIb30BaHUHU
TEMIIepaTypHOTO MacITabupoBaHus (temperature scaling) A7l BBIXOTHOTO pacHpeieleHnus] BECOB
CeTH.

e Pasmep Oarya JODKEH OBITH MakCHMAJbHO OOJNBIIMM JIsi TeHEpalMd MaKCUMalbHOTO YHCciia
HETaTUBHBIX Map.

o KocuHycHBIH KOAQQHUINEHT, paCCUUTHIBAEMBIH JJIS Tap B KAYECTBE METPHKH «CXOXKECTH» CHUTHa-
JIOB, JIOJKEH CTPEMUTBCS K HYJIIO JUIsl HETaTUBHBIX U K €AUHMIIE ISl TO3UTUBHBIX AP CUTHAJIOB.

e MHoromnapameTpuuecKre CeTH Jy4llle NPUCIOCcoOIeHBI Ui KOHTPACTHOTO O0yUYeHHS, IIPH STOM
sdexTrBHEE HE 100aBICHNE HOBBIX CJIOEB, & YBEIMUYCHUE KOJIMUYECTBA HEHPOHOB B CIIOE.

B anroputme MoCo [33] 11 CHIXKECHHUST 3aBUCUMOCTH OT pa3MepoB 0arya M OoOIIero MoBbIIIe-
HUS CTaOMJIBHOCTH MPHU KOHCTPYHPOBAHUM KOHTPACTHBIX Map MCIOIB30BaH MPUHIMIT JUHAMHUYECKOTO
CJIOBApsl, B KOTOPOM 3allpOCOM CUHTAETCS OTICNBHBIN CUIHAM, a KII0YaMUd — OCTaJIbHbIC IPUMEPBI AJIs
MIPE/ICTAaBIeHNS TO3UTHBHBIX M HeTaTUBHBIX map. [lpu TakoM moaxome pasmep O6arda onmpenemsieTcs: ToNb-
KO KOJINYECTBOM 3alpOCOB, a KIIFOUM BBIOMPAIOTCS U3 OUepeH. 3ampochl TEHEPUPYIOTCS CEThIO CaMOro
¢peliMBOpKa, a KIIOYW — €€ KOIUEH ¢ MEAJICHHO OOHOBISIEMBIMU MapaMeTpaMu. AJTOPUTM, TaKUM
o0pa3om, 0oJIbLIE HE 3aBUCUT OT pa3Mepa 0arda W KOJIMYECTBAa HETAaTUBHBIX Hap U MOXKET IIPUMEHATHCS
JUISl OTHOCUTENBHO HEOOIBIINX HaOOpOB 00ydaroIuX JaHHBIX. B1o6aBok mosBiseTcss cBoeodpazHoe
cMmeneHre 00y4eHHusI B CTOPOHY IUTABHOTO OOHOBJIEHHUS BECOB, YTO yBEIMYMBAET CTaOMIBHOCTE. Pe3kue
M3MEHEHHUS HE OTpa)KaroTcsd B KOAMPYIOIIEH KITFOUM KOMHUH, YTO MPUBOIUT K MOBBHIIIEHHUIO CIIOXKHOCTH U
mrpadyercs B IpoLecce ONTUMH3ALUH.

B anroputme NNCLR [34] npuHIun JuHAMHUYECKOTO CJIOBapsi KOHCTPYHUPOBAHHUA MMap € MOMOIIBI0
KITIO4el MPUMEHSeTCs JUTSl TO3UTHUBHBIX map. J{Js Kamoro curHamta-3amnpoca 0ard JOyKOMITJIEKTYETCs
«CXO)KMMM» TIapaMHM M3 AMHAMHUYECKOTO CJIOBaps, ONpEAesieMbIMH C HCIIOJIB30BaHHUEM aJIropuTMa
Ommxaiimmx coceneil. KontpactupoBanue ocyiiecTBisieTcst Ha 6ojiee BHICOKOM CEMAaHTHUECKOM YPOBHE,
a 3 dexTuBHOCTH OOyUEHMs B MEHBLIEH CTENIEHN 3aBUCHUT OT KaueCTBa MPOLENyphl ayTMEHTALUHN IIPU
JIOCTaTOYHO CTaOMIIBHOM IPOLIECCe OMTUMHU3AINH.

BarlowTwins [35] npencrasnsier coboii MoaepHu3upoBanubliii anroputM SimCLR ¢ ucnonb3o-
BaHUEM B3aMMHOM KOPPEJSUH BMECTO KOCHHYCHOTO Ko3(duuueHTa U qo0aBlieHHEM COOCTBEHHOI
JIBYXKOMIIOHEHTHOM L1€I€BOM (PyHKIIMM BMECTO KaT€rOpHUaJIbHON MEpeKpECTHON SHTPOINHU VIS YMEHb-
IIIeHUs 3aBUCUMOCTH OT pa3MepoB Oarda u 3PPeKTHBHOTO MCIOIB30BAHMS JIATEHTHOTO TPOCTPAHCTBA
npu3HaKoB. [IepBbIil KOMIIOHEHT (YHKLIMH MPUOIU3UTEIBHO COOTBETCTBYET OOBIYHOMY KOHTPACTY, ONTHU-
MU3UPYS «OIM30CTh» MO3UTHUBHBIX Hap M0 METPHUKE KOPPEJISIINH, @ BTOPOH CIYKHUT Ul YMEHBIICHUS
N30BITOYHOCTH B JIEMEHTAX JIATCHTHBIX BEKTOPOB U YMEHBILICHUS KOJINYECTBA IIOBTOPEHUII.

B anroputme xonTpactHOro oOyuenuss DINO [36] ucnons3yroTcst TONBKO MO3UTHUBHBIE Maphbl.
BrinonHseTcst onTuMHU3anys Mexy o0ydaeMoi ceThbio (YYEHHKOM) U €€ MeIJIEHHO OOHOBIISIEMO KO-
nueit (yautenem). O0e 3TH ceTn 00ydaroTcst o aHayoruu ¢ anroputMoM MoCo, a neneBast GyHKIUSL
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IpescTaBiIeHa NepeKpECTHON 3HTPONMHUENH MEXIy YUEHHKOM U yuurtenem. Takum obOpazom, B DINO
CPAaBHMBAETCSI CXOXKECTh JATEHTHBIX MPEJCTaBICHUN MPUMEPOB JaHHBIX B ABYX ceTax. M3-3a orcyT-
CTBUS HETaTUBHBIX Map yXy/AIaeTcs CTaOMIBHOCTh 00y4eHHUs, U aBTOPHI PEKOMEHI0BAIM BBIIOIHSTh
JeKoppenupyoliee npeodpa3oBaHue JaTEHTHBIX BEKTOPOB.

B nanHoit paboTe OBUTH HCHONB30BaHbl PeaTn3aliyl ONMCAHHBIX BBIIIE AJITOPUTMOB U3 ITyOIHIHO-
ro perno3uTopus pperMopKa KOHTPACTHOTO O0yUYeHHS sl KIIACCU(PHUKAINH H300paKEHUH C MCTIONB30-
BaHueM Keras [37]. B nensx coxpaHeHus1 BOSMOKHOCTH CpAaBHEHHUS MOJTYUYEHHBIX PE3y/IbTaToB paboTra
C JTaHHBIMH ¥ BCIIOMOTaTeNbHbIe (PYHKIIUN ONTHMHU3AINHN MTOTHOCTHIO HIEHTHYHBI B 000MX BapHaHTax
TpaHchepHoro o0ydeHus, a Mocief0BarTesibHoe 00yueHne MOAENIEH BEIIONHSIOCH C OAMHAKOBON 0a30BOM
CETHIO Ha BCEX OCHOBHBIX aJTOPUTMAax.

2. HaGopsbl JaHHBIX

2.1. BenomorareibHBI HA00p JaHHBIX 1JIs1 00y4eHus: 6a30Boi ceTH. B kxauectBe Habopa
TAHHBIX IS PeAOOYIeHHOM ceTH OBLI BHIOpAaH cCaMbIii OOJBIION M3 TOCTYITHBIX, OMM3KHUX K 3afade
JIMATHOCTHKY Aernpeccud oTKpeIThii Habop nanHbix HBN EO/EC task [38], B cuiry 6ombLIoro konnuecTsa
YYaCTHHKOB W 3HAUYUTEIBHOTO pazMepa (2952 3ammcu D3I geteit ot 5 meT 10 21 roma ¢ OTKPEITHIMA H
3aKPBHITBIMH TJIa3aMH), & TAKKE CXOKECTH CTPYKTYPHI JaHHBIX C LEJIEBOH 3amaueld. [laHHbIe KaXXI0T0
YYacTHHKA TPEICTaBIECHBI B BUIE 5 OTPE3KOB, COCTOAIINX M3 3aHUCH JUIMHON 20 CEKyHI ¢ OTKPBITHIMH
ma3amMu 1 40 CeKyH[ ¢ 3aKpbITBIMH INIa3aMu. B onmcarensHoM daiine Habopa JaHHBIX U KaXKI0TO
y4YacTHHKA COIEPIKUTCS cleayromias nHpopmanus: non (OyneBas IepeMeHHas — My)KUHHa / )KEeHIINHA),
BO3pacT (YMCIIO C IJIABAIOLICH 3alsTOW — KOJIMYECTBO JIET), Bedylasi pyka (YHCIO C IUIaBarolleit
3aIsTOM — Ha IIKaie JeBma/ npasiua). lanHble o0 BeAyleil pyke B paboTe HE HCIOIb30BaIKCh.
ITonpo6usie mannbie 0 Habope garHEIX HBN EO/EC task mpuBenens! B Taom. 1.

Tabmuma 1. Onucanue Habopa nanHbx D01 HBN EO/EC task
Table 1. HBN EO/EC task EEG dataset description

HaszBanmue

HBN EO/EC task

URL

https://openneuro.org/datasets/ds004186/ versions/2.0.0

Mecrto nosyyeHust

WHCTUTYT HEHPOHHBIX BBIYHMCIEHUH, YHHBepcuTeT Kamudopumm,
Can-/luero, CIILIA

O01mee YuCJI0 YYACTHMKOB 2952
Yucs10 My:KYMH/KeHIIITH 1046/1906
Cpennuii Bo3pacrt, Jiet 103 £ 3.5

Hcnoab3yembie kanajabl 3T

HydroCel Geodesic Sensor Net.
Kanansl, coorBercTBytomue cucteme 10-10:
C3, C4, Cz, F3, F4, F7, F8, FP1, FP2, FPz, Fz, O1, 02, P3, Oz, P4, P7,
P8, T7, T8, AF3, AF4, AF7, AF8, AFz, C1, C2, C5, Pz, C6, CP1, CP2,
CP3, CP4, Cp5, CP6, CPz, F1, F2, F5, Fo, F9, F10, FC1, FC2, FC3, FC4,
FC5, FC6, FCz, FT10, FT7, FT8, FT9, P1, P2, P5, P6, P9, P10, PO3,
PO4, PO7, PO8, POz, T9, T10, T11, T12, TP7, TPS, TP9, TP10

Pedepenc

Cz

Yacrora nuckperuzaumu, I'n

500

ITapamerpsl puibTpanuu
(®PBY/ ®HY/pexexnns), I'n

HCT JaHHBIX

®opmar (ail10B TaHHBIX

.set, .fdt (EEGLAB)
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Jns panpHeiimeit pabotel qanapie D31 ObUIM NpeABapUTEIHHO 00pabOTaHBI COMIACHO paHee
pa3paboTaHHOH Mmpornenype ¢ ucnonb3oBanuem oudmuoreku MNE-Python [39]:

1) cHmkenue 9acToTel quckpetu3anuu 10 200 I

2) uudposas ¢punerpanus curiana ©BY (1 '), ®PHY (40 '), pexexropusbiii Gunstp (60 '),

3) BwOOp 19 otBenenmii: Fpl, Fp2, F7, F3, Fz, F4, F8, T7, C3, Cz, C4, TS, P7, P3, Pz, P4, P8, Ol,
02, coorBeTcTBYIOIME cTaHAapTHOW D2T'-cucteme 10-20;

4) mpuBeAeHHUE K €IWHOMY HA3BaHHIO U MOPSAIKY KaHAJIOB, COXpaHEHHE MOTy4YEeHHBIX JaHHBIX B (aii-
nax ¢popmara CSV u HDF5.

2.2. OcHOBHOI1 Ha0oOp JaHHBIX 1A Kjaaccuukanum nenpeccud. Ha MoMeHT npoBeaeHUs
HccIeoBaHus ObUTH HaWIEHBI CIEAYIOMIHE JOCTYITHBIC HAaOOPhl JaHHBIX, copepkamue Janabie D00
MAIMEHTOB C JUATHOCTHPOBAHHBIM JICIIPECCUBHBIM PAacCTPONCTBOM U MOIYUYCHHBIE B pacClaOICcHHOM
COCTOSIHUU C 3aKPBITHIMH IJ1a3aMu:

1) MDD Patients and Healthy Controls EEG Data (New) [40];
2) EEG: Depression rest [41];
3) MODMA Dataset: a Multi-modal Open Dataset for Mental-disorder Analysis [42].

IlepBelit 1 BTOpoit HAOOPBI AAHHBIX JOCTYIHBI A1 cKauuBaHuUsS B ceTH VHTepHeT. [ moixydeHus
JIOCTyIa K TPETbeMy Habopy JaHHBIX HE0OXOJMMO OBLIO 3aII0THUTH U OTIIPABUTH aBTOpam JIulieH3noHHOe
CcomIalleHUEe KOHEYHOI'O M0JIb30BATENS.

Jl71s1 MoTIoTHEeHUSI OTKPBITHIX HA0OPOB JAaHHBIX IS KIIacCH(PUKAIINK ACTIPECCUU U YBEITUICHUS
00II1ero KoJM4ecTBa HAOMIONCHHUI U MAMEHTOB OBLIO MPOBeACHO uccienoBanue DOy 37 manueHTos
(9 my>xumH, 28 XKeHUIMH, cpenHuil BozpacT — 39.8+15.2) ¢ NOATBEP>KACHHBIM AUATrHO30M JAETPECCUBHOTO
paccTpoiicTBa Ha 6aze Knmanko-nuarsoctuueckoro nearpa bdY um. U. Kanra.

B xonme ceccun mpoBoamtack peructpanust 931" 600ApCTBYIOMNX MANEHTOB B paccilaOICcHHOM
COCTOSIHUU C 3aKPBITHIMU U OTKPBITBIMH TJIa3aMH.

Kak BunmHO 13 Tabmn. 2, oOuiye cBoiicTBa HAOOPOB JAHHBIX 3HAYUTEIBHO Pa3INYarOTCs, HO IS
co3aHus UTOTOBOH 0a3bl MaHHBIX DI naHHBIE HEOOXOIUMO OOBEIUHUTD.

Ta6muma 2. [Tapamerpsl Ha60poB HaHHBIX D3I, CBA3aHHBIX C IeNpeccUei

Table 2. Parameters of EEG datasets associated with depression

Habops! manHBIX
HUcTounux [40] [41] [42] Jannas pabora TDBRAIN
M CcTOYHHK TaHHBIX Mamnaitsus CIIOA Kwurait Poccus Hunepnanms
O61mee yucjio 64 121 53 37 1274
YYaCTHHKOB
Yucesao y4acTHUKOB 34 46 24 27 320
¢ BJIP
Juarnoctuka B/IP Juarunos HAnarnos, Huarnos HAnarnos, HAuarnos,
Yucao myxKauH / 38/26 47/74 33/20 9/28 654/620
JKEHIIITH
CpenHuii Bo3pacr, 39.4+14.1 18.9+1.2 31.24+9.6 39.8+15.2 38.7+19.2
Jer
Yucs10 KaHAJIOB 19 66 129 19 33 (26)
Yacrora auckperu- 256 500 250 500 500
3amum, I'nq
IIapamerpsl  ¢uinb- 0.1/70/50 HET JaHHbIX HET JaHHbIX 0.5/70/50 /100/
Tpauuun (PBY/OHY
/pexexuus), I'n
Pedepenc Linked ear (LE) Mexny Cz u CPz Cz Al Mexny Al u A2
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Jliis cornacoBaHusl JAaHHBIX UCIOJIB30BANIACh CIICAYIOINAs MPOIIEAypa ¢ HCIIOIb30BaHHEM OUOIHO-
teku MNE-Python:

® CONIACOBAaHME YACTOTHI JIUCKPETH3allMU C MOHMx)eHueM o 200 I'm;

e npuMeHeHHe HU(PoBbIX GUIETPOB comtacHO npuHATO# npaktuku ®BY (1 I'm), ®HY (40 I'm) [9];

e COITIaCOBAaHME YHCJIa UCIOIB3YEMBIX KaHAJIOB J0 19 OTBeleHM, HCIONb3yEeMbIX B Hallled Ha-
crpoiike cbopa mannbix: Fpl, Fp2, F7, F3, Fz, F4, F8, T7, C3, Cz, C4, T8, P7, P3, Pz, P4,
P8, O1, 02);

e M3McHEHHE pedepeHcHOoro 3ekTpoaa Ha Cz Bo BceX HabOpax MaHHBIX;
MIPUBEACHUE K SAMHOMY BHIY U OpMaTy pasMEpHOCTH JAHHBIX, HA3BAHWU M TIOPsIKa KaHAJIOB,
npeoOpa3oBaHue Qaiiyia IS COXpaHeHHs pe3ysbTaroB B opmar CSV.

Kaxxnprit momydeHHBIN (aiiia MaHHBIX ObUT pa3MedeH METKOW Haum4dus WIH OTCYTCTBUS BJIP
(6onpIIOrO AETIPECCUBHOTO paccTpoiicTBa). B ciyyae OTCYTCTBUS JaHHBIX O HAJUYMU AUArHO3a METKa
Hanmnuus bJ/IP HazHawamach I MAarieHTOB C Pe3yIbTaToOM TecTa Mo Imkaie beka Beimre 13 Gaymios.
Jliist KOHTPOJIS KauecTBa MOMYYCHHBIX JAHHBIX Kbl (paiiyl TaHHBIX ObUT BU3yaJbHO UCCIEIOBaH C OT-
60poM HanOOIBIIIET0 HETPEPHIBHOTO yYaCcTKa JaHHBIX 0€3 CYyIIeCTBEHHBIX apTe(aKkToB U OTOpACHIBAHNEM
3alIyMJICHHBIX CETMEHTOB.

ITpoMexyTouHbIil 00beTUHEHHBIN HA0O0p MaHHBIX DI manueHToB B paccaabIeHHOM COCTOSHUN
C 3aKpBITHIMH I[JIa3aMH, Pa3MEUEHHBIN B COOTBETCTBUU C HAJIMYMEM WM oTcyTcTBUeM BJIP, comep-
KUT AaHHbie 122 manuentoB ¢ amarHo3oM BJIP u 123 (aitioB KOHTPOIBHON TpyMIbl CyMMapHOH
NponoJKUTENbHOCTBIO 13927 1 13841 cexyHa COOTBETCTBEHHO.

[To3nuee co3manHas oObeauHeHHas 6a3a naHHbIX DI, pa3MedeHHAs B COOTBETCTBUH C HAIMYHEM
i orcyrctBreM b/IP, Obuta HOTIONHUTENEHO paciiupeHa 3a cYeT OONBIIOT0 OTKPBHITOTO0 Habopa JaHHBIX
TDBRAIN [43]. CBogHble NaHHBIE 00 OCHOBHBIX XapaKTCPUCTHUKaX HAOOPOB JIaHHBIX IMPHUBEICHA
B TalI. 2.

UYucno naumenToB ¢ MeTkoil nuarHosza BJIP B Habope manubix TDBRAIN cocrasnsier 320 geno-
BEK, C METKOM «3I0pOB» — Bcero 47 Y4elOBEK, YTO MOTPEOOBAIO JOTIOHUTEIHFHOTO 0TOOPA TAIIEHTOB
¢ MeTkamu «CHHIpOM Ne(UIUTa BHUIMAHUS U THIIEPAKTUBHOCTHY, «O0OCECCUBHO-KOMITYILCUBHOE pac-
crpoiictBo» u « TuraUTyC» B KommuectBe 200, 40 u 31 4emOBEK COOTBETCTBEHHO IJIsi OAIAaHCHUPOBKHU
KJIACCOB M Ha3HAYCHHUSI UM METKH JEMPECCHUU, TOCKOJIBKY JaHHBIE PacCTPOICTBA YaCTO SIBISIOTCS COMYT-
CTBYIOITUMHY TIPH JCMPECCHH W TMPUBOIAT K CXOKEMY HAPYIICHHUIO TICHXO()HU3HOIOTHIECKOTO COCTOSHUSI.

Takum 00pa3oM, HTOTOBEIH pa3Mep OObCTMHEHHOMW 0a3bl JaHHBIX DI marmeHToB B pacciiad-
JIEHHOM COCTOSTHHH C 3aKpbITBIMU IMa3zamu: 441 ¢aiinoB maunuenTos ¢ auarHosoM b/IP u 443 ¢aiinos
MalUEHTOB KOHTPOAbHOU rpynmnbl. CyMMapHas IpOIOJIKUTEIBHOCTh ChIphIX curHanoB D3I cocraBuiia
52144 u 51968 cexyHJ COOTBETCTBEHHO.

2.2.1. Bei6op yacrotr puasTpanuu. [lpu ncrmons30BaHNM CTAHAAPTHBIX METONOB KIMHHYECKOH
HHTEepHpeTanuu AaHHbix D31 paccMaTpUBarOTCs CUTHANbBI, Haxoasmuecs B quana3one yactoT 0.1...70 T'm.
B cnyuae uccnenoBaHuil JUarHOCTHKU Jenpeccuu no gaHHeIM OOI' Haunbonee pacnpocTpaHEHHBIH
ZMarma3oH 9acToT yxxe u cocrasiser 1...40 ['n. IMeHHo 3TOT AMamnazoH ¥ MpUMEHsIICS Tpu nrudpoBoit
(¢wIbTpanyy CUTHAJIOB B 00bEAMHEHHOM HAa0Ope AaHHBIX IOCHE MOHWKEHHSI YaCTOTHI TUCKPETH3aluN
1o 200 I'm.

JlONONMHUTEIBHBIX METOIOB YAAJICHUS apTe(aKTOB, KPOME MIPOBEICHUS BU3yaIbHOM MHCIECKLINH,
HE NMPHUMEHSJIOCHh, TaK KakK y JIIOEW, HaXOJIIIMXCS B pacciablIeHHOM COCTOSHHH U C 3aKPBITHIMHU
1a3aMH, MIPEAIIOIaraeTcsi MUHUMHU3ALHS MBIIIEYHOW aKTHBHOCTU M OTCYTCTBUE apTe(haKTOB MOPTaHUs
Y IBVOKEHUS IJIa3.

2.2.2. Ananu3 3¢ pekTuBHOCTH rapMoHM3anuu. Od4eBUAHO, Chipoil DOI'-curuam B 4UCTOM
BUJIE HE IOAXOIUT JUISl aHAIN3a CTPYKTYPHI IIOJyYEeHHOTO HA0Opa AaHHBIX B CHIy OOJIBLIOrO 4ucia
MEPEMEHHBIX (ITOPsIKa HECKOIBKUX THICAY) U HEOOXOAMMO BOCIOIB30BATHCS TEOPUEH MPECTaBICHHH.
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C ucnosib30BaHUEM MPECTABICHUN BBIMOJIHACTCS MPeoOpa3oBaHUE UCXOAHBIX JIAHHBIX JUIS CHHIKE-
HUS YMCIIa HE3aBUCUMBIX MEPEMEHHBIX J0 JIBYX WJIH TPEX, YTO YAOOHO JJIsl BU3yaIM3alllyl U aHAIH3a
YyelloBeKoM. B kadecTBe mpuMepa Takux mpeoOpa30oBaHU MOXKHO MPUBECTH METOJ CIydYalHBIX MPO-
ekt u MeTon m1aBHBIX kKoMrmoHeHT (PCA), HO i Busyanum3anuu gaHHbIX D3I menecoobpasHo
MCIOJIh30BaTh METOJI CTOXaCTUYECKOTO BIOXKEHUs coceniel ¢ t-pacnpenenenuem (t-SNE) [44], mmpoko
pacupocTpaHeHHBIH B 00JacTH HU3KOpPa3MEpHOH BH3yalIM3alli MHOTOMEPHBIX MaHHBIX. B orTimune
ot PCA, KOTOpBIi CTPEMUTCSI COXPAHUTh IIO0ATBHYIO CTPYKTYPY AaHHBIX, t-SNE coxpaHseT TOJIbKO
JIOKaIBHYIO CTPYKTYPY (CMEKHOCTEH ONMKAUIITNX COCEACH TOYEK BBIOOPKH). ITO O3HAUYACT, YTO MPHU
WHTEPIIPETAINY TTOYYCHHBIX JaHHBIX HU pa3Mep, HU I00aTbHOE PACIIONOKEHUE OTIEIbHBIX KIIacTe-
POB HE HECYT MOJIE3HOW MH(OPMAIIMK, & HHTEPIPETUPYEMbIM MPU3HAKOM SIBJISICTCS PABHOMEPHOCTh
pacrpeneneHus Mo Kiaccam.

Jns 0OpaboTKKM JaHHBIE HAPE3aIUCh CKONB3SIIUM OKHOM C Irarom 0.5 CeKyHJ Ha CErMEHTHI
JUTMHOW 3 CeKyHIbI, 3aTeM IS KaKJIOTO OKHa C TIOMOINBI0 mpeoOpa3oBanust Dypbe paccUnUTHIBAIICS
CIIEKTP MOIIHOCTEH W MPOU3BOIWIACE HOPMAJIM3AIKs JaHHBIX TaKUM 00pa3oM, 4ToOBbI CpeHee Mo
OKHY paBHSJIOCH HYJIO, a aucnepcus — enuHuie. [loarotoBneHHbIe JaHHBIE MOAABAINCH Ha BXOJ
t-SNE (peanuzanus sklearn) mpu pa3nu4HbBIX 3HAYSHUSIX MapaMmeTpa MEPILUISKCUU B JUara3oHe oT 5
1o 50. Pe3ynmbTarsl HOMOTHUTENHFHO Pa3MEYalIuCh I[BETOM B COOTBETCTBHH C HNCTOYHHKOM JAaHHBIX W
MOCTaBJICHHBIM JrarHo30oM. [loidydyeHHas HU3Kopa3MepHas MPOeKIMS Habopa TaHHBIX MPEJCTaBICHA Ha
puc. 1 n 2.

[Ipu BappUpOBaHUH MEPIUIEKCHU B BEIOPAaHHOM JHAIla30HE CYIECTBEHHBIX CTPYKTYPHBIX Tpeodpa-
30BaHMM MMOyYE€HHOTO NPEACTABICHUS HEe HAOII0MaIOCh, YTO ITO3BOJISIET MPEATIONOKHUTH a/IeKBaTHOCTh
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Puc. 1. Pesynbrarsl t-SNE (neprsiekcus 25), BeToBasi HHAMKALKUS COINIACHO HCTOUYHUKY JaHHBIX (I[BET OHJIAH)

Fig. 1. Results of t-SNE clusterisation (perplexion 25), color code means data source (color online)
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Puc. 2. Pesynprarsl t-SNE (mepriexcust 25), nBeToBasi HHAUKAIHS COMIACHO ITOCTABICHHOMY AWArHo3y (IIBET OHJIAIH)

Fig. 2. Results of t-SNE clusterisation (perplexion 25), color code means diagnosis labeling (color online)

MOCTPOEHHOM MPOEKIMU U CBUAETEIHLCTBYET B TOM YHCJIE, UTO MOJYUYECHHBIE KJIACTEPhl HE SIBIAIOTCS
(PUKTUBHBIMHU.

PaccmoTrpenue nonyueHHOro pacupeaeneHus o UCTOYHUKAM JaHHBIX MO3BOJISET CAENaTh BHIBOJ
00 yCIIeITHOCTH BBIOPAaHHOM MPOLeLyphbl TapMOHHM3AINU BHIOOPOK. J[aHHBIE HE pacragaroTcsl eCTeCTBEH-
HBEIM 00pa30oM Ha KPYITHBIC KJIACTEPHI, 3HAYUTEIbHAS 9acTh COCPENOTOUCHA B IICHTPATHLHOM CKOTUICHUH,
COCTOSIIEM U3 JaHHBIX BCEX HadalbHBIX HaO0opoB. Ha mepudepun MokHO HaONMIOAATh HECKOIBKO MaJIbIX
KJIACTEPOB, OTIIMYAIOLIUXCSA KaK M0 UCTOUYHUKY JIaHHBIX, TaK U MO AWarHo3y. IMHHbIE LEMOYKH TOUEK —
MPEJOJIOKUTETLHO BOCCTAHOBIICHHBIE aJITOPUTMOM IIEJIMKOM CECCHU 3allMCU JaHHBIX OTIEJbHBIX Ma-
LUEHTOB. Pacnipenenenue no AMarHo3y TakKe HE MOKa3bIBAET OUYEBUIAHOIO pasfeiieHus. Pestomupys,
MOXKHO CJIIeTIaTh BEIBOJI O TOM, YTO CO3JaHHBIM HAOOP JaHHBIM COOTBETCTBYET 3a7[aue MCCICAOBAHMS U
MOJXOAMT JUIs OOyYeHUS] HA HEM OCHOBHOM HEHpPOHHOI CETH.

2.3. AyrmenTamus. Jlis yBenuueHus oObeMa JaHHBIX OOyYCHHUs M BHECCHUS HAOIIOACHHIA,
HE3HAUNTENFHO Pa3IHYaloInXCcs MEXITy COOOH, NCTIONB3YeTC s ayTMEHTaIlus, TO €CTh Mpeodpa3oBaHue
OTACTBHBIX XapaKTEPUCTUK CUTHAJIA IO ONPEACIICHHBIM IIa0diioHaM. 3a c4ET MHOTOOOpa3usi BAPHAHTOB
ayrMEHTAIMH BO3HUKAET MHIYKTUBHOE CMEIICHHE, PACITUPSIONIEE OXBAT MOTEHITNATLHBIX IPU3HAKOB
IIOJIE3HOTO CUTHAJNIA. XOTA OTAENbHbIC NMPU3HAKK MOTYT OBITh WHBapHAHTHBI K HEKOTOPHIM THIIAM
AyTMEHTAIUU U SBISATHCS MHIUKATOPAMH CXOKECTH IS KOHTPACTHBIX Map, HO HE CYIIECTBYET MPU3HAKA,
WHBapHaHTHOTO K JIOOBIM H3MEHEHHWSM CUTHala (IIPU YCJIOBHH HaJUIeKAlINM 00pa3oM 3aJaHHOM
nporeaypsl ayrMenTanuu) [20,22]. JlaHHbI# 3P PEKT TPUBOAUT K TOMY, YTO CETh 00y4yaeTcs pa3indarh
MHO)KECTBO Pa3IMYHBIX MPU3HAKOB, HUKaK HE OTPaHMYEHHBIX PaMKaMH KOHKPETHOM 3aJja4i ¥ 3aBUCSIINX
TOJIBKO OT TOJIHOTHI HAOOpa MPUMEHSEMBIX ayTMEHTAIMK U HAJIWYHS MATTEPHOB B 00yUaroleil BHIOOpKE.
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B namHOM mcciemoBanuu uCIoNb3yeTcst padota [31], mocesmieHHas ananuzy 2991 -CUTHAIOB,
CBSI3aHHBIX ¢ HEHPO(DHU3MOIOTHUECKAMH MPOIIECCaMU BHUMAaHUS U KPaTKOBPEMEHHOM maMsTH. BinsHue
KpPaTKOBPEMEHHOM MaMATH Ha KOTHUTUBHBIC (DYHKIIUHM MAIIMEHTOB XOPOIIO U3BECTHO, TIOATOMY MOXKHO
MIPEATIONOKUTD, YTO MIPUBEAEHHEIN B CTaThe HA0OP ayrMEHTAIIUN TIO3BOJIAT HOMYIHTh d(()EKTUBHBIH
HA0Op CHMHTETHYECKUX JaHHBIX. CIIHCOK PEKOMEHJOBaHHBIX aBTOPAMH ayTMEHTALIUH CIICYFOLIHIA:

nobasienue 'ayccoBa mryma,

3aHyJICHHE CUTHAaJIa [0 BCEM KaHajlaM Ha CIIy4aiHOM OTpe3Ke MPOU3BOJIBHOM JUIHHEI,
CABUTI CPEAHECTO 3HAUYCHHUA Ha MMPOU3BOJILHOM KaHaAJIC,

3aHyJICHHE CUTHAJA JUIS HECKOJIBKUX IPOM3BOJIBHBIX KaHAJIOB,

U3MCHCHUC 3HAKa CHUI'HAJIa Ha HpOTHBOHOJ’IO)KHI:IfI Ha IMPOU3BOJIbHBIX KaHallaX,
TI0JIOCHO-3arpakiaronias GUIbTpays Ha CIydaiHOH I0JI0ce YacTOT B CHTHAJIC,
MaCH_ITa6I/Ip0BaHI/IC aMIUIUTyAbl CUT'HAJIA,

MaciTabupoBaHNE aMIUIUTYAbl CUTHAIA C MCIIOIB30BaHNEM KyOWYECKOTO CIIIaiHa.

Bce BbIlIeyKa3aHHBIEC TyHKTHI, 32 HCKIFOYCHUEM MTOCIIETHETO, Il KOTOPOTO He OBLIH MPUBEIEHBI IeTaH
peanu3aiuy, BOIUH B (UHATHHYIO MPOIEAYpPY ayTMEHTAIuH. B Hell mpuMep MaHHBIX TBAXKIIBI IPOXOIHUT
yepe3 KOHBeMep ayrMeHTalMi, KaX1as U3 KOTOPhIX NPUMEHSETCS ¢ BEpPOSTHOCThIO 75%. IlonydyeHHbIi
CUTHaAJN O0pa3yeT MO3UTHUBHYIO Mapy HAOIIONCHHM, BHYTPECHHHE MPEICTABICHUS KOTOPBIX TOJIKHBI
pasmeniaTbcs BOIM3M APYT APyra B JIATEHTHOM IPOCTPAaHCTBE 00ydeHHON ceTH. JIaHHBINH adropuT™ OBLT
BHEIpEH B KOHBeiiep 00yueHus: 6a30BOH CeTH Ha MEPBOM JTarle.

3. MeToanka o0y4eHust 1 00padOTKN JaHHBIX

3.1. MeTonuka o0y4yeHusi mpenoodydYeHHol ceTn. B kadecTBe 0a30BBIX apXUTEKTYp MPemooy-
YEeHHBIX CETeW NMPUMEHSUIMCH CBepTOYHas HeiponHas cetb EEGNet, xopomo 3apekomen1oBaBIIas ceost
B 3ama4yax kinaccuduranmm 33T, u ceth apxurekTyphl 1D CNN ¢ O0NBIIUM KOJIMISCTBOM ITapaMeTPOB.
Just o0ydeHust ObIT TOOOpaH CIENYIOUIMH AITOPUTM MEPEeHOCca YacTH OOyUCHHBIX CIIOEB:

® OT MCXOJHOM CETH OTAEISUINCH BCE MOJHOCBA3HBIE CIIOH, MPHIIETAIOINE K BEIXOAHOMY CIIOIO;

e I Ka)XJOTo M3 LENEBBIX MPU3HAKOB CO3/JaBajcs MOJHOCBI3HBIN MEPLENTPOH C ABYMS CKPBITHIMU
ciosMu (C IByMs BBIXOAHBIMHU HEHpOHaMH B ciiy4ae OyJIeBOH IeJIeBOM NEpEeMEHHON M OTHUM
B IIPOTUBHOM Clly4ae);

e BXOJ KQXKJOrO MEPUENTPOHA COSIUHSJIICS ¢ HOBBIM BBIXOJHBIM CJIIOEM HCXOJHOU CETH.

Takum oOpa3oM, Jisi IPeIoOyUSHHON CeTH UCIONB30BANINCH 3 BBIXOAA (II0J, BO3PACT, 3aKPhI-
TBIE/OTKPBITHIC IV1a3a), COOTBETCTBYIOIIHME pa3MeTKe 0a30BOoro Habopa AaHHBIX, HAIPSAMYIO HE CBSI3aHHOTO
C JIETIpeCCHei. ITO MO3BOIMIIO ONEHUTE (M (HEKTHBHOCTH OOYICHUS CETH B IIEJIOM TIEPE JTOTOTHUTEIh-
HBIM 00yUYeHHEM Ha I1eJIeBOM Habope JTaHHbIX.

OcHOBHBIE TTapaMeTphl BCIIOMOTATENbHBIX CeTeil IpruBeAeHH! B TabI. 3.

Tabmua 3. OCHOBHBIE MTapaMETPBI BCIIOMOTATEIBHBIX CETeH

Table 3. Pre-trained CNN parameters

Konnuectso
KonngecTso N KonngecTso DyHKIHS KonungectBo
Cetb HEelpOHOB B
CJIOEB saep aKTHBalUU apamMeTpoB
CKPBITBIX CJIOAX
CNN 1D 5 100/5 128 RELU 12170105
EEGNet 11 10/10 16 JIuneiinas 3685
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IIpu 0b6ydeHnn UCIOIB30BATACH CIIEIUATHHO TTIOCTPOCHHAS (PYHKIHS TOTEPh, MPEICTABISIONIAs
c000#i B3BEIICHHYIO CyMMY (YHKIHI TOTEeph IS KaKJOTO OTIENILHOTO BBIXOZA (CpelHeKBaApaTuIHas
omuOKa /il Bo3pacTa U OMHApHAs MEePEKPECTHAS SHTPOIUS IS OcTanbHbIX). [Ipu o0ydyeHun monenu
Beca MOJOMPaTNCh TAKUM 00pa3oM, YTOOBI (PYHKIHSI TTOTEPh OblIIa MUHAMAJIbHA.

[ocse 06ydenus ¢ ucronb3opanueM anropurma Adam c mrarom 10~° s mpoBepku KauecTsa
00ydJeHHS Ha TPEHUPOBOYHOUN BBIOOPKE BBIYHUCISUIMNCH TOYHOCTH IO KaXKIAOMY Kiaccy (TOoJ, 3aKphI-
TBHIC/OTKPBITHIC IV1a3a) U CPEAHEKBapaTHYHas OmKOKa (BO3pacT) COOTBETCTBEHHO.

Jannabie s 00ydeHUs MOATOTABINBAINCH CIICAYIOMIAM 00pa3oM:

e Hape3Ka CKOJB3SIIUM OKHOM JJIMHOW 4 CEKYH[IBI C IaroM 2 CEeKyHIIBI,

e (unpTpanus pexxektopHbM (punsTpoM 60 I'it 1 momocoBbM 0.5...100 I'm,

e HOpManm3anus JaHHBIX Ha 0 cpexHero u 1 aucnepcuu.
[Tocie moATOTOBKY JaHHbBIC OBLIM Pa3/IeieHbl HAa 00YJYAIONIYI0 U TECTOBYIO BEIOOPKH B COOTHOIIICHUHU
9:1, mpu 5TOM HU OAWH CyOBEKT He Tomajan B 00e BEIOOPKU OHOBPEMEHHO IS TIPEIOTBPAIICHHS
YTEUKU JaHHBIX. J[71s1 00yueHus: Ha TAaTEHTHOM MPOCTPAHCTBE MPU3HAKOM MPUMEHSIACH ayTMEHTAIUS
JAHHBIX B BUJIE TIO3UTHBHBIM TIap.

Pesynbrarel 00y4yeHus Ha 6a30BOM HaOOpe JaHHBIX MOKA3aJIM JIOCTATOYHO XOPOIIHE PE3YNBTaThI.
Tak, 00e apXUTEKTyphI ceTH Toka3anu TogHocTs Oomee 0.8 (1D CNN — 0.82, EEGNet — 0.81) B 3agaue
onpexaenenus mona, bonee 0.7 (1D CNN — 0.81, EEGNet — 0.74) B 3aa4e onpeneneHus: OTKPBITHIX
WJTU 3aKPBITHIX T71a3. 3ajada OMpeeNIeHHs BO3pacTa MoKa3aia CyIIeCTBEHHOE pa3inine B pe3ynbraTax
oOyuenus. Tak, cpennekBanparnyHas omuoka gt EEGNet cocraBmma 15.69, a mis 1D CNN — 6.07.
Hecmotpst Ha HEKOTOPYIO PA3HUILY PE3yABTATOB, 00 CETH MPUTOMHBI IS TaTbHEHIIEro 00yIeHHS Ha
LIeJIeBOM Habope AaHHBIX JUIS KIIACCHU(UKAINN JETIPECCHH.

3.2. Meroguka o0y4deHHsI OCHOBHOW ceTH. lcmonb3ys moiydeHHBIC 0a3bl maHHBIX DOI -
CUTHAJIOB, ObLTH BBITIOJIHEHBI MPOLEAYPhl 00yUEHUS JBYX PACCMOTPEHHBIX BBIIIC HEHPOHHBIX CETEH
U ype3aHHOU cBepTouHO# cetH, cxoxkeld ¢ EEGNet.

1. OnnomepHasi cBepToUHas HeilpoHHas ceTh u3 5 cinoeB (CNN 1D) [45].
2. KommakTtHas aBymepHas cBepTouHas HeifponHas cets u3 11 cioeB (EEGNet) [46].
3. JIBymepHas cBepTouHas HeilpoHHas ceTb u3 § cinoeB (CNN 2D), cozpannas no npunuuny EEGNet,

HO COCTOSIIAs TOJBKO U3 CBEPTOYHBIX CIIOEB.

[lepen oOy4eHnEM BBIMONHSUIIACH CICAYOMAs TOATOTOBKA JTAHHBIX:

1) 3arpy3ka manHbIX 3 CSV-(aiina;
2) Hape3ka JaHHBIX Ha oTpe3kH 1o 600 oTcueToB 0e3 MEepPeKPBITHS (COOTBETCTBYET MPOAOIKUTEIHHO-

CTH CHTHaJIa B 3 CEKyH[BI);

3) HopManm3amus JaHHBIX IIyTEM CABUTA HECYIIEH TakuM oOpa3oM, 4TOOBI cpenHee 3HAaYCHHE

BXOIHOU TIEpEMEHHOM ObLTO OMU3KO K HYJIIO, a KOBApHAIUS TaHHBIX — MPUOTU3UTEIHHO OJMHAKOBA

0 BCel 00y4Jaromiel BRIOOpKE IS YBEIIMUEHHUS CKOPOCTH CXOMUMOCTH TIpu oOy4ueHuu [47-51].

C 1enbio MOMYYCHUS TOCTOBEPHBIX PE3YJIbTaTOB pa30MEHUE JTAHHBIX OCYIIECTBISIIOCH C YYETOM
WX TPUHAIIS)KHOCTH KOHKPETHOMY TAIlUEeHTY, a caMO 00y9YeHHe BEJIOCh C MCITOIb30BAHHEM ITPOIIEIYPHI
MIEPEKPECTHON MPOBEPKH, KOTOPAsi COCTOUT B pa3OMEHUU JaHHBIX Ha 10 HemepeceKarommxcs YacTei
C TTOCJIeZ0BaTEIFHON TpoBepKor 3 (HEeKTUBHOCTH OOYUICHUS HA Pa3HBIX pacHpeAeieHISIX 00yJdaronie u
TECTOBOW BBIOOPOK CO CTPAaTU(UIIMPOBaHHBIM pa3oueHueM. [1o pe3ynbratam oOyueHUs IS KaXKIOTO
pazOueHusT BRIYUCIUINCH 3HAYCHHSI TOYHOCTH Kinaccuukammu u F1-mepsr.

B kadecTBe 00yyaromero alnropuTMa MCIIONb30BaJICS METO]] alaniTUBHOM mHepuun (Adam) ¢ mapa-
merpamu ckopoctu ooyderus 0.0001 u pasmepom muamnbatda 64. Mcnonssyemast (GyHKITUS TOTEPh —
CTaHJapTHas KareropuaibHas mepekpecTHas dHTporus. OOydeHne CeTH MPOUCXOIIIO C OTCIIE)KHBA-
HUEM JIMHAMUKHA U3MEHEHUs! (PYHKIMK ONIMOKK HA TECTOBOW BHIOOpPKE (C UCIOIb30BaHUEM (DYHKIIUU
EarlyStopping u3 6ubnmuorekn TensorFlow) u ocTaHaBIMBAIOCH MTPH OTCYTCTBHU YIYUIICHHUS (YHKIIAN
OIIMOKH B TEUCHHUH 4 STOX.
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HroroBoe oOyueHre HEMPOHHBIX ceTel, MpeaBapUTENbHO 00yUeHHBIX Ha Habope nanHbIx HBN

EO/EC task, BBITONHSIIOCH IO CISTYIOIICH TPOIEIype:
1. 3arpy3ka mpeaBapuTEIbHO 00y9YeHHON HEHPOHHOW CETH.
2. OrOpacpIBaHHE MMOCIEAHUX TOTHOCBSI3HBIX CIIOEB, OTBEUAIOMINX 32 KIACCH(PHUKAIIUIO UIH perpec-

CHIO Ha IICJIEBBIC JAHHBIC BCTIOMOTATEIHHON 3a/1a4H.

3. JlobGaBieHne HOBBIX MTOJHOCBA3ZHBIX CIOEB, MPEIHA3HAYCHHBIX IS PEIIeHNs 3a/1adl Kiiaccu(rKa-

IIUH JAETIPECCUBHOTO PacCTPONCTRA.

4. OOyuenue ceTH Ha JaHHBIX DI MAIMEHTOB ¢ IEMPEeCcCHel ¢ TOHMKCHHON CKOPOCTBIO 00YUCHIS

(0.00001).

B ciy4ae koHTpacTHOTO TpeBapUTEIBHOTO 00yUeHHS dTarbl ObUIH aHAJIOTHYHBI, HO BEca Tpe/Ba-
PUTEIHHO 00YUYCHHOI HEMPOHHOW CeTH ObLIM (PMKCHPOBAHBI M HE MEHSUIMCh B TPOIIECCe O0yUeHMSI.

Pesynbrarel ycpemqHEHHBIX JTAHHBIX MEPEKPECTHBIX MPOBEPOK O TOYHOCTH KIIACCHU(DHUKAIUN H
F1-mepsl mpeacrasnens! B Ta0. 4.

[Tomy4uenHbIe pe3yabTaThl IEMOHCTPUPYIOT, YTO HA M3MEHEHHE YacTOT (GUIBTPAINH, HU TPaHC-
(epHOE 00yUeHHE ¢ ayrMEeHTAlUei He CIOCOOCTBOBAM CYIIECTBEHHOMY TTOBBIIICHHIO TOYHOCTH KIIACCH-
(bukarm 1enpeccuu B meneBoit 3amgade. Mcnons3oBanue apxutektypsl EEGNet B 2D mpencrasiennn u3
OJTHUX JIUIIIb CBEPTOYHBIX CJIOEB TAK)Ke OKa3aloCh Oe3ycIielHbIM. [Ipu 3TOM CymecTBeHHOH pa3HHIIBI
B TOYHOCTH HE yAAJIOCHh JOCTHUYH TAKXKE JJII KOHTPACTHOTO OOyUeHHUS Ha 00CHX apXUTEKTypaX CeTew.
Hecxkonbko Oomnee Bbicokue pe3ynbrarsl it ceTd 1D CNN oObsACHSIOTCS CKopee OONBIINM KOIUYeCTBOM
HACTPAaUBACMBIX MAPAMETPOB, HEIKEIIN YCIICIIHBIM BBIJCIICHHEM MPU3HAKOB JepeccHu. Tak Kak Habop
JAaHHBIX IS KOHTPACTHOTO OOY4YeHMsI ObLI cocTaBlieH n3 3amuceit DOI merelt 6e3 MUarHOCTUPOBAHHOM
JIeNpeccuy, HUKAKoW MEepBUYHON HMH(OpMalny 0 KOHEYHOH 3ajade JTUArHOCTUKHU B HEM HE COfep-
YKAJIOCh. YBEJIMYEHNE pa3MepoB MPeAoO0ydeHHON CeTH IMO3BOIIIIO TOIYYUTh B IOCTAaTOYHON CTENIEHH
Ka4eCTBEHHOE JIATEHTHOE MPOCTPAHCTBO B KOHTEKCTE peIIacMoil 3aa4l MPU COXPAHEHUU CTPYKTY-
pHI ¥ 9rciia 00ydaeMbIX BECOB OJ0Ka KJIAaCCH(UKALWU, HO MONyYEHHBIE PE3yNIbTaThl COTOCTaBHMBI
¢ nokazarensimu EEGNet, HanpsiMyro 00y4eHHOH Ha 3aJjady IUArHOCTHKH JCTPECCUU. DTO MO3BOJSET
MPETIONOKUTH YCIIETTHOE BRIJICIICHUE ITUPOKOTO CIIEKTPa PEIICBAaHTHBIX MaTTepHoB DI obenmu ceTsmu,
HO 0e3 MPHBS3KH K KaKUM-TTHOO0 Y3KOHAIpaBIEHHBIM 3a/1adyaM. [Ipr 3TOM WX JIaTeHTHBIE MPECTaBICHUS
CBIPBIX CHUTHAJIOB SIBIITFOTCS JOCTATOYHO 3(PPEeKTUBHBIME, YTOOBI BEICTYIIATh B KAY€CTBE MIPU3HAKOB,
MO3BOJISIONINX O0JIee KOMITAKTHON IT0 pa3MepaM CETH TOCTHYb JUIS paCCMaTpUBAEMOM 3a/1aul pe3ysbTa-
TOB, COTIOCTAaBHUMBIX ¢ pe3yapraraMu opuruHanbHoit EEGNet npu npsmMom oOy4uenun 6e3 Tpancdepa.
HeobxoaumMo oTMeTHTB, 9TO M3-32 0COOSHHOCTEH KOHCTPYKIMK TpaHCPEPHBIX Mojeel qanpHenIme u3-
MEHEHUsSI B MOJIyJIe KJIacCHU(UKAIIMY CUTYAIMI0 U3MEHUTh HE MOTYT, TIOCKOJIbKY JIOCTUTHYTHIE TI0KA3aTeIId
TOYHOCTH IPAKTHYECKH MOJHOCTBIO 3aBUCST OT KAueCTBa BBIACISIEMbIX NAaTTepHOB DI

Tabmuma 4. TouHOCTH KiTacCH(PUKAIIIH ACTIPECCUBHOTO PACCTPOMCTBA MO JaHHBEIM DOI HEHPOHHBIMU CETIMH
Ha pa3HBIX BepCHAX 0a3bl MaHHBIX DOI' M UCTIOIB30BaHUEM TpaHC(HEPHOTO 00yUEHUS

Table 4. Depression classification accuracy based on transfer learning models using different EEG datasets

OuabTpauusa I or 1 go 40 I'y
O0yuyenne IIpenobyueHHas Be3 npenoOyyenus
Cetb CNN 1D EEGNet CNN 1D EEGNet CNN 2D
Tounocty | 0.64 +0.04 0.66+0.05 | 0.65+0.05 0.66+0.05 0.65+0.04
@Ouabrpanusa AT or 0.5 1o 100 '
O0yuyeHue IIpenobyuennas be3 npenobyuenus

Cern CNN ID EEGNet | CNN ID CNN ID | CNNID  EEGNet  CNN2D
(MoCo) (SimCLR)

Tounocte | 0.66+0.04 0.65+0.05 | 0.66+0.04 0.66£0.04 | 0.66+£0.05 0.66£0.06 0.65+0.05
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Jnis mpoBeieHus CPaBHUTETIHLHOTO aHaJIK3a BIMSHUS pa3Mepa Mojieneil ObUI0 BBIMOTHEHO JOMO-
HUTENbHOE 00yUYeHHE Ha LIeJIEBOM HaOOpe NaHHBIX ABYX apXUTEKTyp CeTell C 3asBICHHBIMU BBICOKMMHU
MOKa3aTeJsIMU B LIENEBOM 3afaue nuarHoctuku aenpecunn: DeprNet u DepHNN.

e Certb DeprNet [53] — mmyOoxkast (18 ciioeB) omHOMepHas CBEPTOYHAS CETh C 3asBICHHON TOYHOCTHIO
knaccudukanun aenpeccun 99.37%. Conepxur cBeprounsie ciou (320 suep 1x5) u knaccuduka-

TOp B BHIIE 3 MOJIHOCBS3HBIX ciioeB (16, 8 u 2 HeipoHa).

e Cetb DepHNN [54] — rubpumgnas (6 c10eB) CETh U3 OIHOTO OJHOMEPHOTO CBEPTOYHOTO CIIOS

u cnoeB LSTM c 3asBneHHO# TouHOCTBIO Kiaccudukanuu aenpeccuu 99.10%. Conepxut 64

simpa 1X5 B omHOM cBepTOYHOM ciioe, nBa ciost LSTM (64 u 32) u ananoruassiii cetu DeprNet

KJ1accu(UKaToOp U3 TPEX MOITHOCBA3HBIX CioeB B 16, 8 u 2 HeiipoHa.

Pesynsrar 06ydeHus: Ha MOTYYEHHOM IIeJIeBOM Habope JaHHbBIX MMOKa3al:

e DeprNet: 0.65 + 0.04;
e DepHNN: 0.65 £ 0.03.

[TonmyuyeHHble pe3ynbTaThl Pe3K0 OTIMYAIOTCS OT NPUBEACHHBIX B paboTax [53,54] u B nenom
aHAJIOTUYHBI OJTYYCHHBIM IpU TpaHc(epHOM 00yUeHHH Ha CEeTSAX ¢ NMPeNblIyLIMMH BapuaHTaMHU ap-
XUTEKTYpbl. DTO MO3BOJISIET YTBEPKAATh, YTO IPUUMHA KPOCTCSA HE B apXUTEKTYPE CEeTei KaK TaKOBOH,
a CKopee B MeToie OOy4eHHUs U CTPYKType 0OydyaroIIyX AaHHBIX B LIEJIOM. Y YUThIBAas pa3HOPOIHOCTh
HMCTOYHHUKOB TOJyYEHUsI JaHHBIX, 00BEINHEHHBIX B OQHY BBIOOPKY, M CPAaBHUTEIHHO HEOONbBIIOE KO-
JTMYeCcTBO MHGOPMAIMK O Ka)KIOM KOHKPETHOM ITalleHTe, IPEACTaBICHHON B HEW, MOYKHO TPEAIIONO-
JKUTh HAJIMYMEe MHOXKECTBA PA3IMYHBIX MPU3HAKOB JEMPECCUHU, OTINYAIOMNXCA Y PA3HBIX IMAIlMEHTOB.
3T0 TaKke MPUBOAUT K THIOTETHYECKOH BO3MOXKHOCTH JOCTHIKEHHUSI BEICOKOH TOYHOCTH KiIacCU(pHUKAILIMU
3a c4eT HEKOPPEKTHOTO pa30ueHust NaHHBIX (0e3 ydeTa pa3leseHus JaHHbIX 110 NalydeHTaM) Ha Cyle-
CTBEHHO MEHBIIHX BBIOOpKax (MeHee 50 yyacTHHKOB ¢ AMArHO30M Aenpeccus). [IponeMoHcTpupoBaHHbIE
IoKa3areIu 0OHapyKeHHs Aerpeccuu 1o AaHHeM D01 (Tali. 4) He MO3BOJSIOT C YBEPEHHOCTHIO 3a-
SIBUTh O BO3MO)KHOHM I'€HEpaIU3alMU PE3yJIbTaToB Ul OONBIINX HAOOPOB JaHHBIX, YTO MMOATBEPXKIACTCS
aHAJOTHMYHEIME pabotamu [55].

Xots caM MeToq TpaHC(EepHOTO 00yUEHHs, pealn30BaHHbBIN Ha TONydYeHHOU mape 0a30BBIX ceTei
Ha 6a3ze 1D CNN, BBINIAINT NEPCIEKTUBHBIM, CHEU(PUIHOCT, DD -CUTHAJIOB M pelIaeMbIX Ha MX
OCHOBE 33/1a4 TpeOyeT MacIITaOHOH aJanTaliy alTOPUTMOB M TEXHUK KOHTPACTHOW ONTHMU3AINH JUIA
s dexTuBHOTO 00yUYeHHUS 1eneBoi 3aaade. Hanpumep, BaXXHBIM YCIIOBHEM YCHEITHOCTH KOHTPACTHOTO
o0yueHus sBIIgeTCS KOppPEeKTHasl MpoLeaypa ayrMeHTalUH, ONpeAeNsionias UHIyKTHBHOE CMEIIeHHE
B ITOHCKE MOBTOPSAIOIINXCS TAaTTEPHOB BecoB ceTh. Haxoxnenne Hanbomnee 3¢ PpekTUBHBIX Mpeodpa3oBa-
HUI XapakTepUCTHUKH OTAENbHBIX HaOmoneHui s curnainoB D01 npencrasiser coO0i OTAEIBHYIO
CIIOKHYIO 3a[a4y ¥ CHJIBHO 3aBHCHUT OT 3KCIIEPTHOTO MPEACTABICHUS O IIPUPOJE NMPU3HAKOB ACIPECCHU.
3T0 0COOEHHO aKTyalbHO AJIsI HAOOPOB JAHHBIX C OOJBIIMM KOJMYECTBOM UCIBITYEMBIX, 3HAYUTEIIHHO
pasTUIAOIIUXCS MEXKITy co00#, OMHON M3 3amad, UIsi KOTOPOH 3asBIeHO 3P PEeKTUBHOE MUCTIONH30BAHKE
TpaHchepHOTro o0ydeHus [52].

AKTHBHO HCCIIEAYIOTCS B TIOCIIEAHHE HECKOJBKO JIET HOBBIC, MOTEHIIMAIBHO OOJiee MOAXOIs-
1IMe JUIsi KOHTPACTHOTO OOY4YEeHHs! apXHUTEKTypbl 0a30BBIX CETe M anropuTtMoB oOydenwus [41,42].
Tak, mokazana >())eKTUBHOCTb TPAHCPEPHOTO 00yUCHHSI SAMHOW MOJENH KIacCU(PUKALUK IEHPECCHU
T PasHOPOIHBIX MYJBTHMOJANIBHBIX JAHHBIX, B TOM YMCIIE 3HAYUTEIHHO Pa3IMYalOLINXCsl 10 CBO-
eil mpupozne, HarmpuMep, comepKalluxX ayano M TekcT [55]. XoTs B olmeM ciydae (Hampumep, Ajs
rpadudeckux n300paKeHUI) HUKAKNX CHEIHUaIbHBIX MOIU(HUKALMNA ceTH He TpedyeTcs, CyIeCTByeT
BEPOSITHOCTh TOTO, 4TO AJs 3(h(heKTUBHOTO BBIAENEHHs BCEX IMOJIE3HBIX NMATTEPHOB U3 curHana D00
B paMKax KOHTPACTHOTO OOy4eHHsS HEOOXOTUMBI CHEeM(pUIECKUE apXUTEKTyPhl CeTel, OTIINYHBIE OT
CTAaHAAPTHBIX CBEPTOYHBIX W IOJIHOCBAZHBIX CIIOEB MIIM KOMOWHAIIMH HECKOJIBKUX CETed MEHBIIETO
pasmepa [55,56]. OganM U3 MOOM(HUIIMPOBAHHBIX BAPHAHTOB KOHTPACTHOTO OOYYEHUS SBIACTCS TpUME-
HEHUE METOK KJIACCOB JUIsl KOHCTPYHPOBaHHS [TO3UTHBHBIX/HETATHBHEBIX Map ¥ COXpaHEHHE KOHTPAaCTHON
LIeJIeBol (yHKIIMYU B X0zie TpaHc(depa B KauecTBe CBOCOOpa3Hoii perynaspusanuu [57].

Hlywapuna H. H.
XXX W3Bectus By3os. [THJI, 2025, 1. 33, Ne 1



3akiaoueHue

[Nony4eHHbIe pe3ynbTaThl MPOBEACHHOIO AKCIIEPUMEHTAIBHOTO CPAaBHEHUS! TOUHOCTH Kiaccudu-
Kallnd HECKOJIbKUX aJITOPUTMOB TpaHC(EpPHOro 0OyHeHHs BBIACISIOT PEHIAIONIYI0 POJIb MPEACTaBH-
TEJIFHOCTH HabOpa MaHHBIX A7 00yueHus 6a3oBoi cetu. [loaHOTa peanbHBIX HAOMIONEHUN MOBBIMIACT
3¢ EeKTHBHOCTH ayTrMEHTAINH, 00ecIieurBasi YBEJIMICHNE YUCIIa «II0JIE3HBIX)» MPHU3HAKOB B JJATEHTHOM
IIPOCTPAHCTBE CETH, M CO3AAET JIyUllne YCIOBHs Al TpaHcdepHoro oOy4eHus B 1eneBoi 3axade [58].
[Nony4eHHBIE pe3yabTaThl TOYHOCTH KiIaccupuKanuu 64—-66% B LEIOM KOPPEIHPYIOT C pe3ybTaTaMu
OIIpeieJICHUs] YMOLIMOHATIBHOTO COCTOSHMSA ob30BaTesnel no ganaeiM OO [l knaccupukanum sMouu-
OHAJILHOTO COCTOSIHUS C YUETOM pa30HeHHs1 00y4aroIIUX U TECTOBBIX JaHHBIX MO OTACIBHBIM YYaCTHHUKAM
(Inter-Subject) TouHOCTH cocTaBiseT 45-68%, 4TO CyIIeCTBEHHO MeHbIe rmokaszarens 74-95% mns
KJaccu(UKaMU Ha JaHHBIX OXHOTO U TOTo ke yuactHuka (Intra-Subject) [59]. [IponemMoHcTprpoBaHHBIE
pe3yIBTaThl MOTYT CBHCTEIHCTBOBATh 00 YHHKAJIHHOCTH HHANBUAYAIBHBIX HAOOPOB IPOCTPAHCTBEHHO-
CIIEKTPANbHBIX XapakTepucTUK DI, oTpakaroux reTeporeHHyo npupoay aemnpeccuu [60].
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Hlywapuna Hamanes Hukonaeena — 3aBeryromiasi Kadenpoit yrpaBIeHNs HCCISIOBAHNSIME U pa3-
paboTKaMH U PYKOBOAUTEINb HAYTHOH TPYIITH TEXHOJIOTHI YeN0BEK-MAaIIMHHOTO B3anMOIEHCTBUS
BanTniickoro ¢enepansHoro yauBepcutera mmeHn Mimmanymna Kanra. Kanaunar negarornaecknx
Hayk (2013, Poccuiickuii rocyjapCTBeHHBIN Iearornieckuii ynusepenter umenu A. W. I'epriena).
C 2014 rona nomy4JaeT rpaHTHl M BeAET MCCIESAOBAHUS B 00JIaCTH HEHPOTEXHOJIOTHH M MAIIMHHOTO
o0yuenus. Crenpanusupyercs B obnacTi GU3UKN U MHPOPMATUKY, Ha pa3paboTKe aBTOHOMHBIX
HOPTATUBHBIX TEJIEMETPUUECKUX MOYJIBHBIX YCTPONHCTB Ha OCHOBE PErHCTPALMU KOMILIEKca (H-
3HOJIOTMYECKUX NapaMeTPOB Ul TUArHOCTUKH, KOHTPOJIS U KOPPEKIIMU NCUXO(DU3NOIOTHYECKUX
COCTOSIHMM HEPBHOM CHCTEMBI YeJIOBEKa C MCIOIb30BaHUEM TEXHOJIOTHH HEHpOoOHOyIpaBIeHus,
UHTEP(ENCOB «MO3T—KOMITBIOTEP» M UCKYCCTBEHHBIX HEHPOHHBIX ceTeil. OOIacTh HaydHBIX WHTE-
PECOB: CO3/1aHNE U IPUMEHEHHE METOA0B MAITMHHOTO OOYUCeHUS JUIS PEIICHHS 3a/1a4, CBI3aHHBIX C
HOBBIIIEHNEM 3(D(PEKTUBHOCTH B3aUMOACHCTBUS YEIOBEKa U MMEKTPOHHBIX YCTPOUCTB B CHCTEMAax
«4eTI0BeK—MalllnHa—4eI0BEK», COCTABIIMIONINX OCHOBY COBPEMEHHBIX TEXHOJIOTHI. ABTOp Oomee
50 crareii, OIyOJNKOBAaHHBIX B PELCH3UPYEMBIX Hay4IHBIX JKypHajax, umeer oonee 20 IaTEHTOB.
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