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B HacTosllee BpeMs Bce uvalle MpeANpMHUMAIOTCS IIONBITKM CPaBHMBAThb pa3/iMyYHbIe
KOJMIMYeCTBeHHble MOZENM IJiS pelleHMs] KOHKPETHbIX 3afad KiaccupuKauyuy ITaHHbBIX.
IIpu 3TOM B JKUTepaType OTCYTCTBYIOT JAaHHble O CPaBHEHUM MaTeMaTUYeCcKUX Mojeseil B
YCUIOBUSX MaJIbIX BBIOOPOK M CJIOKHBIX KIMHMUYECKMX cuTyainuii. llenb pa6orsi. CpaBHUTH
MIPOM3BOAUTENIbHOCTb MO/Ie/Ieli MUCKYCCTBEHHBIX HEJIDOHHBIX CeTell M JIOTUCTUUECKOIi perpeccumn
B IIPOrHO3MPOBAHNUY Pe3Y/IbTATOB UCCAEIOBAHMS B YCJIOBUSIX Masioii BLIOOPKY. MaTepuaisl u
MeTOonBI. B cMysiLMIO BK/IIOUEHA TpyIIia 60/bHbIX 13 50 uesoBeK, KOTOPBIM 6blIa BBITIOTHEHA
IJIacTUYecKkass orepaums Ha MUTPAIbHOM KiamaHe. IS CUMYNMSUMM BbIOpaHbI TISATh
He3aBUCMMBbIX NlepeMeHHbIX: I0JI, BO3pacT, MHIEKC MacChl Tela, METOAMKA allpoKCUManun
ManWUIIPHBIX MBILIL. 3aBUCMMas IlepeMeHHas — perypruranys Ha MUTPaAbHOM KJiarlaHe B
oTaaseHHOM Tiepuope. Pe3ynbrars. I1o JaHHBIM JIOTUCTUYECKOM perpeccun BO3HUK GpeHoMeH
pasneneHus] JaHHBIX U MMOMyYeHa OrPOMHAs CpeqHeKBaApaTUyHas oumbka. ITo pesynbratam
a”anusa ROC-kpmBOJi BbISIB/IeHa 3aBUCUMOCTb MEXIY IPeAUKTOPOM BO3PACT U peryprurauue
Ha MUTPaJbHOM KJjallaHe, IUIOIIAAb MOJ, KPUBOJ FOBOPUT O CpelHEM YPOBHE B3aMMOCBSI3M.
PesynbTaThl aHaMM3a PESUKTOPOB C IIOMOLIbIO MICKYCCTBEHHBIX HEIIPOHHBIX CeTeli yKa3bIBalOT
Ha TO, YTO OCHOBHO} BKJIaJ B KauyecTBe MPeIMKTOPa OTCYTCTBUSI perypruTalyy OKasbIBaeT
npoLeaypa anmnpokcuMauuy nanuuisipHbix Mbimn. C nomompo Tecta De-Long nposeneHo
cpaBHeHMe ROC-KpMBBIX perpeccuy M HEpOHHBIX ceTeil mo ¢akropy Bospact: z = 10.71, p
<0,0001, BbISIBJIEHBI CTATUCTUYECKM 3HAUMMBIE pasanuus, 4TO FOBOPUT O npeumyiecrse VICH
B BBISIBJIEHUM TIPEIVKTOPOB. 3aK/a04eHue. [Ipy Majoit BHIOOpKe C HEGOJBIIMM KOJIMYECTBOM
COOBITHIT MICKYCCTBEHHBIE HEIPOHHbBIE CETM MMEIOT IPEMMYIIECTBO HAJL APYTUMU METOAMKAMU
[Ipy oTpesiesIeHUY MPeJUKTOPOB BAMSHMS Ha 3aBUCUMYIO IIepEMEHHYIO.

Kniouessle c106a: VICKyCCTBEHHbIE HEMIDOHHbIE CETHU, JIOTUCTUUECKAS perpeccusi, CTaTUCTUKA,
BbIOOPKA, MaTeMaTHUeCKast MOJIe/b, Perpeccust

BBegenue pble BBISIBJISIIOT CKPBIThIE CBSI3U MEXIY 3aBUCUMbIMU

“ He3aBUCUMMBbIMM TiepeMeHHbIMM (Haykin, 1999;

[IporHocTuyeckue MOJEIM MCKYCCTBEHHBIX HelpoH- Lobo, 2018; Bazrafkan, 2018; Plis, 2018; Soltoggio,
Hbix cereit (MHC) m noructuueckoit perpeccum uc- 2018; Parisi, 2019; Vellappally, 2019; Hyvarinen, 2000).
MOJIb3YIOTCSI B PasJIMUHBIX 06IACTSIX MEOMUIVHBI AJiS B mocaegHue rombl HEMIPOHHBIE CETU TONYUMIIN K-
perreHus pasnauuHbiX 3amad (Han, 2018; Garcia-Reiriz, pokoe pacmpocTpaHeHMe BO MHOTMX IOUCIUIUIMHAX
2007; Bhatikar, 2005; Zhang, 1998; Waisman, 2019; Hayku u MemuIMHbI. Momeny HeIPOHHBIX CeTeil MO-
Ciresan, 2012; Parisi, 2019). UHC, co3aHne KOTOPbIX TyT YUMUTHCS HA TMpUMepax, BKIOYATb GOJbIIOE KO-
OBLIO BIOXHOBJIEHO HEMpPOOMONOTMENl U apXUTEKTy- JIMYECTBO IT€peMEHHBbIX ¥ TPemOCTaB/ISATb aJeKBaT-
pOJi ueJI0BEUECKOr0 MO3Ta SIBJISIIOTCS HemapaMeTpu- HbIil U GbICTPBIA OTBET Ha HOBbIE BXOSIIMe JaHHbIE
YeCKMMM METOJaMM pacIio3HaBaHMsI 00pa3oB, KoTo- (Tavanaei, 2019; Kulkarni, 2018; Graves, 2005; Boutin,
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2018; Zhang, 2018; Coninck, 2018; Wideman, 2018).
B HacTosiiee BpeMs Bce uallle IpeAlpUHMUMAIOTCS
TIOMBITKM CPAaBHMBATh pPa3/IMUHbIE KOJIMUYECTBEHHbIE
MOJIeN AJIs1 pellieHMs] KOHKPeTHbBIX 3a1ad Kiaccudu-
Kaiuy naHHbixX (Sargent, 2001; Dreiseitl, 2002; Zurada,
1994). D.]J. Sargent (Sargent, 2001) mpeacraBui Me-
TaaHanu3, cpaBHMB MHC c perpeccMoHHbIMU MOIe-
JIIMU B 28 MCCIeIOBaHUSIX U OOHAPYKMUII, UTO B 36%
cryyaeB MMHC oxasanuch 6Gornee 3¢ @deKTUBHBI, 4eM
perpeccuoHHble Mopenu. Jlormcruyeckasi perpeccust
obamana MpeuMyIiecTBoM B 14% paboT, B OCTaBIINX-
cst 50% wmccnemoBaHuit TPOU3BOAUTENBHOCTh MOJE-
neit 6buta oguHakoBoit. S. Dreiseitl (Dreiseitl, 2002)
ImpoaHaau3upoBan 72 craTei, cpaBHMBasg MHC c noru-
CTUYECKOi perpeccueit ¥ 00HAPYKU ITPEeUMYIIECTBO
HepOHHBIX ceTell B 18% ciyuaes, a JIOTUCTUYECKON
perpeccuu ToIbko B 1%, B 42% ciyuaeB He ObLJIO HMU-
KaKo¥i pasHUIIbI MeXAy IBYMSI MopaenasiMu. [Ipu sTom
B JIUTEpaType OTCYTCTBYIOT JaHHbIe O CPAaBHEHUY Ma-
TeMaTUUYeCKUX MOZEJeil B YCIOBUSIX MaJIbIX BIOOPOK
M CJIOKHBIX KJIMHUYECKUX CUTyaluit. [Ijis oTBeTa Ha
BOIIPOC O TIPEeMMYIeCTBE B MPOTHO3MPOBAHUM pe-
3y/IbTATOB PabOThI IIPU MaJIbIX BHIOOPKAX BHIITOTHEHO
CUMYJISILIMOHHOE MCC/ie[TOBaHMeE.

Llenb paboThI: CPAaBHUTD MPOU3BOIUTETLHOCTH MOJIE-
Jieit UTHC 1 TorucTuieckoii perpeccuu B MporHo3upo-
BaHUU Pe3y/IbTATOB UCC/IETOBAHMS B YCIOBUSIX MaION
BBIOOPKM.

MaTepuajibl 1 MEeTOAbI

JlorucTuyeckas perpeccusi

Jloructuueckas perpeccust — 3TO CTaTUCTHUUYECKadad MO-
AeJib, UCITIO/Ib3yeMas AJId IMpeaCKa3aHUA BEPOATHOCTU
BO3HMKHOBEHMS HEKOTOPOro C06bITI/I${ HYTéM o4~
TOHKUM OAaHHBIX K JIOTUCTUYECKOM KpMBOﬁ. MeTO,ZLI/IKa
UCIIOJIb3YeTCA OJid OIpeae/ieHMs IIpeaCKa3aHUs Be-
POATHOCTNM BO3HMKHOBEHMSI HEKOTOPOI'O CO6bITI/IH 110

3HaYeHMsIM MHOXXeCTBa ITPM3HAKOB.

JlorapudM mnpaBOonomo6ust JIOTUCTUUECKOI perpec-
CUU UMeeT BUJ:

LB)=Y1(P)

rae, f - BekTOp mapamMeTpoB

HckyccTBeHHBbIE HEpOHHBIE ceTu. MHOrocaon-
HBI MepLenTpPoOH

[epiienTpoH IMpeaCcTaBIsIeT co00i ceTh GOPMaTbHBIX

HelipoHOB MakKamioka u IIuTTCa, COCTOSIIYIO U3
HECKOJIBKMX IOC/IelOBaTe/IbHO COeNVHEHHBIX CI0€B
(Wang, 2017). BxogHOIt (JIOi1 HEJApPOHOB COCTOUT U3
CEeHCOPHBIX 3JIEMEHTOB, BBITIONHSIET (PYHKIINIO TIpHeMa
M paclpocTpaHeHMsI TI0 CEeTU BXOIHOM MHGpOpMAaIn.
3aTeM UaeT OJUH MU HECKOIBKO CKPBITHIX C10€B. Bee
HePOHBI B CKPBITOM CJI0€ MMEIOT HeCKOIbKO BXOJIOB,
COOOIIAIONINXCS C BIXOJAMM HEIPOHOB IpembIayIe-
ro CJ0S1 M OAVH BBIXOJ. 3afjaua HelipoHa COCTOUT B
BBIUMCJIEHUN B3BEILIEHHOW CYMMBI €r0 BXOMIOB C JaJib-
HeMIIMM npeo6pa3oBaHMEM ee B BBIXOMHOI CUTHAI.
HeitpoHbl CyMMUPYIOT MTOCTYMNAIOIIME K HUM CUTHAJIbI
OT HePOHOB MpeNbIAYIero YpoBHS MepapXuu C Be-
camMu, Ompele/isieMbIMU COCTOSSHUSIMU CUHATICOB, U
dbopmupyet oTBeT, eciiu TIOTyUeHHAs! CyMMa Bblliie T10-
poroBoro 3HaueHus. CeTb IePEBOAUT BXOIHOI 06pas,
OTIpefeNIIoNnii CTerieHy BO36YKIeHsT HeI{POHOB ca-
MOT'O HIKHErO YPOBHS MepapXyui, B BIXOIAHOI 06pas,
orpeessieMblit HeIipOHaMM CaMOT0 BEPXHEro YPOBHSI.
Bo306ykaeHne HeifpoHa Ha BepXHEM YPOBHE FOBOPUT
0 MIPUHAAJIESKHOCTM BXOTHOTO 06pasa K TOM Wiu MHO¥
KaTeropuu. Ilponenypa MHOTOCIOMHOIO NEPLEnTpo-
Ha CO3[aeT IPOTrHOCTUYECKYIO MOJE/b IJIS1 OLHOM W
HEeCKOJbKMX 3aBUCUMBIX II€PeMeHHbIX HA OCHOBAHUU
3HaueHMit mepemeHHbIX TMpenukTopoB (Esfandiari,
2017).

[MlpoBemeHO CUMYISILIMOHHOE UCCAeAOBaHUE ISl
o1leHKY 3(DGheKTMBHOCTY BBISIBIEHUS TTPEAUKTOPOB C
MOMOIIIbI0 JorucTuueckoit perpeccum u MHC. C wme-
JIBIO YCIIOSKHEHMS paboThl TPOTHOCTUYECKUX MOJIesert
B3sITa MaJiasi BLIOOpPKa GOJIbHBIX. B CUMYIISIINIO BKITIO-
yeHa rpymmna 601bHbIX U3 50 UeloBeK, KOTOPBIM Oblia
BBITIOJTHEHA TIJIacTUYeckas onepanusi Ha MUTPaIbHOM
KiamaHe. [Jiss cUMMY/ISIIMM BhIOPAHBI ISITh HE3aBUCH-
MBIX TIepeMeHHBIX: T10J1, BO3pacT, MHAEKC MacChl Tea
(MT), meroauka anmpoKCMMalUy MaNUUISIPHBIX
MBI, [IBe TepeMeHHbIX — TOJ U anmpoKCUMAIUS
MaNnWUISIPHBIX MBIIIIL — KaTeropuaibHble, BCE OCTaJIb-
Hble HellpepbIBHbIE. 3aBUCUMasI TlepeMeHHas — peryp-
TUTAlMSI HA MUTPAIbHOM KJallaHe B OTJaJIEHHOM Iie-
puoge. Uncio co6pITHi B 3aBUCUMOIT TTIepeMeHHOI1 - 4.
B cumynauum momyuymiack Manast BbI6GOpKa ¢ He6OIb-
IIMM KOJIMYECTBOM COOBITMII. Bce cryuanm peryprura-
LMY TIPOU3OIUIN B TPYIITIe OONbHBIX, I7le He OblIa BbI-
MOJHeHa alMnpoKCUMAalus Nanu/UISIpPHBIX MbIiiil. Ha
nuiio hbeHOMeH cerapaluy JaHHbIX, YTO 3HAUUTETHHO
YCIOKHSIET paboTy MOJIENV JIOTUCTUUECKOI perpecun.
Bce ciydae penyinea MUTpPaIbHOV HEJOCTATOUHOCTHU
MIpOM30LLTY Y GONbHBIX cTapiie 60 JIeT, XOTsS BO3pacT
He SIBJSEeTCS TMPeAUKTOPOM TIOSBI€HUSI MOBTOPHOM
perypruTaiumu Mo JUTEPATypPHbIM OaHHBIM. Takum
00pa3oM, BbISIB/IEHME IPEIMKTOPOB B TaKOil CUTya-
LU TIPEeCTaBISIETCSI TPYAHOM 3amaveii. KnuHuKo-me-
Morpaduyeckye xapakKTepuCTUKM 10 M3yyaeMbIM Iie-
peMeHHbIM ITpeICcTaB/IeHbl B Tabmuiie 1.

12




CPABHEHME BO3MOKHOCTEN JIOTUCTUYECKOX PETPECCUU

Ta6muna 1
Knunuko-demozpaguueckue xapakmepucmuxu 607bHbIX

®daxkTop N=50, n; % (M*SD)
My>KUMHBI 43(86%)
Bospacr 59,8+6,4

UMT 29,9+3,4
Annpoxrcumanus 4(8%)

[Toyuck MpeauKTOPOB BHITIOJHEH C TTOMOIIbI0 MHOXe-
CTBEHHOV JIOTUCTUUYECKOV perpeccum M MHOTOCTIOM-
HOTO TeplenTpOHa. AJITOPUTM peaanu30BaH C MOMO-
mpio SPSS Bepcuu 23 (SPSS, Chicago, IL, USA).

PesynbTaTnl

CormacHo pesynbTaTtaMm, noia, UMT - craTucTuyecku
He3HauMMble daktopbl (p=1,1 1 0,6 COOTBETCTBEH-
HO). Bo3pacT, HecMOTpSI Ha TO, UYTO TOJIBKO Y OOTBHBIX
crapiie 60 JeT Ipou30ILIO COObITHE, CTATUCTUUECKU
He3HauMMbIit pakrop (p=0,2). Kak 1 npeamnonarasoch,
B C/Iy4yae amnmpoKcuMaly BO3HUK (peHOMEH pasjierie-
HUSI TaHHBIX M TIOJlyueHa OrPOMHAasl CpelHeKBajpa-
TU4YHAs ommbka. HecMoTpst Ha To, uTO (hakTOp, BO3-
MOXKHO, 3HaUYMMbIi, HEBO3MOXXHO MHTEPIIPETUPOBATH
IaHHBIE JIOTYCTUYECKON perpeccun.

ROC-kpuBasi B OTHOIIEHUM MOpegUKTOpa BO3PacCT
MpeJicCTaBlIeHa Ha PUCYHKe 1.

Pucynox 1. ROC kpuBas. Jloructuueckasi perpeccusi.
IIpenukTOp BO3pacT

ITo pesynpratam aHann3za ROC-KpuBOJi BbIsIBIEHA 3a-
BUCUMOCTbh MEXIY IMPEeIVMKTOPOM BO3PAacCT U perypriu-
Talueit Ha MUTPaAJIbHOM KJlallaHe, IUIOIIaAb 1Moj, Kpy-
BOJ1 TOBOPUT O CpeTHEM YPOBHE B3aMMOCBSI3M.

HckyccTBeHHBIE HeEWpOHHBIE ceTu. MHOrocsiosi-
HBIN MepIEeNTPOH

PesynbTaThl aHa/IK3a MPEeIUKTOPOB ¢ roMoiibio NCH
YKa3bIBAlOT Ha TO, YTO OCHOBHOI BKJIaJ, B KauecTBe
MpeIUKTOpa OTCYTCTBUS PETrypruTaluy OKasbiBaeT

Tabnuua 2
Jlozucmuueckas pezpeccus
IIpenukTop B Cpennexsazpa- 3HaYMMOCThb Exp(B) Hixusist Bepxusn
THUYHAA OLIMOKa rpanmuna 95% O rpanuna 95% OU
Bospacr 0,097 0,08 0,226 1,102 0,942 1,290
Ion 0,098 1,251 0,938 1,102 0,095 12,811
VMT -0,059 0,127 0,642 0,943 0,735 1,208
Annpoxrcumanust -19,140 6086,496 0,000 0,000 0,000 -

Ipumeuanue. Exp(B) —oTHOIIeHMe IaHCOB, /1Y — mOBepUTENbHBIN MHTEPBA.

Tabnuia 3
BaxHocmp He3a8uUCUMbIX NePeMEHHBIX

IIpepukTOp BaskHOCTB HopmamsoBaHHasi BaJKHOCTb, %
TTon 0,073 17,1%
Bospact 0,393 94,3%
VMT 0,109 25,6%
Anmnpoxrcumanust 0,426 100%
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nporenypa anmnpoKCUMMalUU NanUUISIPHBIX MBIIIII,.
VMT u moj He OKa3bIBAIOT 3HAUMMOIO BJAMSIHUSI Ha
perypruTanuuio B oTaajieHHOM Tepuoge. PakTop BO3-
pacT HaXOOMUTCS HA BTOPOM MeCTe II0 3HAUMMOCTU
BIAUSIHUSI Ha 3aBUCUMMYI0 miepeMeHHY0. ROC-kpuBas
YYBCTBUTENBHOCTU U CHEIUGUUHOCTU IIpeaUKTOpa
BO3pacT MHOTOC/IOMHOrO MepillelITpOHAa MpeacTaBaeHa
Ha PUCYHKe 2.

Pucynox 2. ROC kpuBas. HelipoHHsle ceTu. [IpegukTop
BO3pacT

ROC xpuBas ykaspiBaeT HaM Ha BBICOKYIO B3aMMOC-
BSI3b MPEAMKTOPA BO3PACT U 3aBUCUMOI IepeMeHHO’
(nnowmags rox Kpusoii 0,86).

C momounpio Tecta De-Long mpoBeneHO CpaBHEHMeE
ROC-KpuUBBIX perpeccuu M HeIpOHHBIX ceTelt 1Mo ¢ak-
Topy Bo3spact: z = 10.71, p <0,0001, BbIsIB/I€HBI CTATU-
CTUYECKU 3HAUMMble Pa3anunsi, YTO TOBOPUT O TIpeu-
myiectBe MHC B BbISIB/IEHUM TTPEIUKTOPOB.

Takum 06pa3oM, JIOTUCTUYECKAs perpeccus He TIO-
3BOJIMJIA BBISIBUTH HU OJHOTO 3HAUMMOTIO IIpeuKTOpa
MUTPaIbHON peryprutanum nociie riacTMKM KianaHa
n3-3a (peHOMeHa cemapanuu maHHbx, a MTHC mo3sBo-
JIVIU BBIZE/IUTD IBA IIPEIUKTOPA C BBICOKUM YPOBHEM
B3aMMOCBSI3U.

Oo6cyxaeHue

KiuHnyeckasi cTaTUCTUKA MMeeT pan 0COBGEHHOCTeIA.
TToSIBAISIIOTCSI BCe HOBBIE M HOBbIE METOJVKM JIeUeHMS,
KOTOpbIE€ Ha HepBbIﬁ B3IJIs1 OYE€Hb Z-)Cl)(bEKTI/IBHbI, HO
KOJIN4YeCTBO Ha6J'IIO,ILEHI/H71 HEBEJINKO. Hepen nucciueno-

BaTejleM BO3HMKAeT MpobiieMa, Kak T0Ka3aThb CBOIO
MpaBOTy Ha Majioil BbIGOpKe 6oabHBbIX (HOCOBCKMIA,
2013).

Bropast mpo6iema, KoTopasti CTOUT Iepef, MCcaenoBa-
TeJIeM — 3TO MaJIoe UMC/I0 COOBITHI B BHIOOPKE, M MOXK-
HO JIM B 3TOM Cjyyae UCI0Ib30BaTh JIOTUCTUYECKYIO
perpeccuio. Kak mpaBuiio, pefkasi 4acToTa COOBITHI
CBsI3aHa MMEHHO C MaJioii BbIOOpKOI. IIpu yBenuue-
HUM KOJMYecTBa OONbHBIX B TIpyIIle IpobiemMa MUC-
ye3aeT cama co6oii. IIpy pemKoit yacToTe COOBITUI B
MaJtoit v 6ONbINION BEIGOPKE HE PeKOMEHI0BaHO UC-
MOb30BaTh JIOTUCTUYECKYIO perpeccuio 13-3a BbIpa-
SKEHHOTO CMeIIeHMsI OLIeHKM MaKCMMaJbHOTO IIpaB-
mormomobus (King, 2001). Jloructuueckast perpeccust
MOSKET pe3KO HeIO0OlLleHUBAaTh BEPOSITHOCTb PEeaKUX
COOBITUIA.

TpeTbst mpobnemMa —3T0 (GeHOMEH pasfeleHus maH-
HbIX. BriepBbie 0 pasgeneHuy JaHHbIX coobmmt Albert
B 1984 romy. ®eHOMeH IpeAcCTaBisieT co0o0ii, Korma
OAVH WU HEeCKOJbKO MPEeAUKTOPOB OKa3bIBAIOT CUJb-
HOe BJIMSIHME Ha OTBeT U, CJIeJOBAaTeIbHO, TPEKPACHO
MpeACKa3bIBAIOT OKUAAEMblil pe3ynbTat. PasgeneHue
MOXKeT OBITh ITOJTHBIM WJIM KBa3U-MOTHBIM (Anderson,
1984). Cemapanius vaiie BCEro MPOUCXOOUT TIPU HAJIU-
UMM CUJIBHBIX MPEOUKTOPOB P HEGONbIIMX pasMe-
pax BbIOOPOK. BeposSITHOCTb pasmesieHusl BbIIIe ISt
KaTeropuaabHbIX MMPEIUKTOPOB, UeM JIJisi HellpepbiB-
HbIx (Heinze, 2002). B Takom ciryyae JOTUCTUYECKUI
aHa/MU3 TIPUBOIUT HEOOBEKTUBHOI OIleHKe K03hdu-
LIJeHTa perpeccuyu, KOTOPBIA IOpoii mpuobpeTraer
orpomHble 3HaueHus (Schaefer, 1983).

PemteHueMm J1j1st JAHHBIX MTPOGIEM MOXKET CIYXXUTD UC-
nonb3oBanve MHC. MHC yacTo mO3MLIMOHUPYIOTCS
KaK MHCTPYMEHT, KOTOPbIV MOXeT [IOMOYb IIPOaHaJIN-
3MPOBATh IPUYMHHO-CJIeICTBEHHbIE CBSI3M B CJIO’KHBIX
CUCTeMax B paMKax OObIIMUX Y MajIbIX OObEMOB JaH-
Hbix (Pasini, 2006; Maddox, 2014; Fan, 2018; Varikuti,
2018).

Takum o6pa3om, HaMM Oblla ITOCTaB/IeHa 3ajJaya Ha
npuMepe CUMYISIMOHHON KIMHUYECKOV MO
OTpeNleNIUTh TIPEeUMYINecTBO ucronb3oBauusi MHC
Ha/JI IOTUCTUUECKOI perpeccueit B CJIOKHbBIX YCIOBUSIX
D11 aHanm3a. Mogesb 6bl1a chopMUpPOBaHa U3 peasb-
HbBIX GOJIbHBIX, LieJIeHANIPaBAeHHO B3SIT OOUH (PaKkTop
(ammporcuMaIus ManuM/UISIPHBIX MBIIIIIL), KOTOPbIi 10
JUTEPaTypPHBIM JAHHBIM MOXET CIYXXUTb TPEeIUKTO-
pOM OTCYTCTBMSI MUTpabHOM peryprutanuy (Matsui,
2005) Bei6opKa [ij1s1 aHau3a Masast, Bcero 50 60/IbHBIX,
C HeOOJBIIMM KOJIMUYECTBOM COOBITHII - 4. Bce COOBITHS
TIPOM30LIUIY B IpyIIe GOMbHBIX C alIpoKCHMMAaIlneii,
BO3HMK (peHOMeH paspeneHust JaHHbIX. ClIydaiiHbIM
06pa3oM 0Kasaloch, YTO BCe GOJIbHBIE C COOBITHEM
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crapie 60 yeT. B maHHOM Cy4yae moyduiaach ypes-
BBIUAHO (JIOKHASI CUTyaIlus JJis ucciaenosatens. Jlo-
TUCTUYECKasl perpeccusi He CIpaBUIach C pasfe/ieHn-
€M JTaHHbBIX, ObII TTOJIyUeH OTPOMHBIN KO3hUIMeHT
perpeccuu U cpemHeKBaapaTUUHast omubka (-19,140
u 6086,496 COOTBETCTBEHHO) [JiSI OCHOBHOTO TIpe-
nukropa. OcTrajbHbIe IIPeIUKTOPhI CTATUCTUIECKN He
3HauMMbl. HelipoHHas ceTh oInpenennia, YTO BaXKHbIM
(axkTOpoM SBJISIETCS AIIIPOKCHMMALS MaIUIISIPHBIX
MBIIIILI, HECMOTPSI Ha pasjiejieHue JaHHbIX, HO U yKa-
3ajla Ha 3HAYMMOCTh BO3pacTa 6GONbHBIX. IlloIamb
nogn kpusoit ROC ananmusa (0,86) Takke ykasana Ha
BBICOKYIO CBSI3b MEXIY BO3pPacTOM M perypruraimein
Ha MUTpPaJbHOM KjaraHe. [Ijs1 IpeguKTOpa amIpok-
cuMalusl Mbl lieJeHamnpaB/ieHHO He mpuBoguM ROC
KpUBbIe, TaK KaK OH MpPeACTaB/sSeT CO00i IUMXOTOMMU-
YeCKyl0 TepeMeHHyI0. [IJis GMHApHbIX JaHHBIX BO3-
MOXHOCTb mocTpoeHusi KpuBbix ROC aHanmusa ocra-
eTcsl OUCKyTabeabHbIM BOIMPOCOM. MHOTME aBTOPBI
CTaBSIT IO/, COMHEHMEe KOpPPEeKTHOCTb aHaiu3a II0-
JY4eHHBIX pe3yabTaToB (Anjali, 2014; Bamber, 1975;
Carole, 2014; Delong, 1988; Demler, 2011). Takum
06pa3oM, B CJIOXKHOJ KIMHMUYECKoi cutyarumu MHC
MO3BOIMJIM TIpeononeTh ¢heHOMeH pasfiesieHus OaH-
HBIX UM BBISIBUTh BAKHOCTb IIPEIMKTOPOB HA Majioit
BBIOOPKE, TIPY MCIIONb30BAHUM OPYTUX METOOUK He
MCKITIOUeHa ombKa. Kpome Toro, ¢ moMomipio Tecta
De-Long ymajoch YCTAaHOBUTb CTATUCTUUYECKU 3HAa-
YMMble OTAUYUS MeXIY RoC-KpMBBIMM TI0 METOIM-
Ke JIOrMCTu4eckoi perpeccun u MHC, 94TO rOBOPUT O
MpeuMyIllecTBe HepOHHBIX ceTeli B MPOrHO3MpPOBa-
HUU OCJIOKHEHUI KIMHUYeCcKoro ucciaegoBaumst. MTHC
6oJiee BBICOKYIO CITEIMGUYHOCTD ITPU YYBCTBUTEIBHO-
¢t 95%, UTO SIB/ISIETCS BaKHBIM (DaKTOPOM, TaK Kak
KJIVHUYeCcKMe HabmogaTe Iy IpeanounTaiT Ha 6ojee
BBICOKMX YPOBHSIX UYBCTBUTEIbHOCTU. [lomyueHHBbIE
pesy/ibTaThl KOPPEIUPYIOT C UCCIeOBAaHUSIMU C He-
OOJIBIIMMM BBIOOPKAMM, I[e MJis MOMCKA MPEeIUKTO-
pPOB Mcnoab3oBanuch Kak MHC, Ta 1 joructuyeckas
perpeccusi (Song, 2004). Ilpeumyuiectso MHC mon-
TBEPKIAIOT U IIPOBEeAeHHbIe MeTaaHaIM3bl B Pa3jny-
HbIX 00acTsax Meauiinubl (Hassanipour, 2019, p. 244-
250; Adavi, 2016, p. 312; Parsaeian, 2012; Lang, 1997;
Ottenbacher, 2004; Eftekhar, 2005).

Tem He MmeHee, mpuMeHeHne MHC He yacTo BCTpeua-
eTcs B KIMHUUYECKUX paboTax Mo MeOUI[MHE, XOTS C
HeOOIbIIMY BbIGOPKAMMU HPUXOAUTCS CTATKUBATHCS
GOBIIMHCTBY MPAKTUKYIOUIMX MCCAemIoBaTeNeit, usy-
YaIoNIMX OCJIOKHEHUS TI0CyIe OTeparuii.

3akioueHnue

ITpu Masoit BeIGOpKE C HEOOMBIIMM KOJTUYECTBOM CO-
obiTHit CUH MMeIoT mpeuMyIecTBO HaJ APYTUMU Me-

TOOMKAMMU IIPpU OIIpedeIEeHUN IIPEJUKTOPOB BIMAHUS
Ha 3aBUCMMYIO [TIEPEMEHHYIO.

VHC no3BoJsisieT HUBeAMPOBaTh (peHOMEH pa3ie/ieHns
IaHHBIX.

Heob6xonumo 60see MMpoKO UCIOMb30BATh METOAVKY
B METUIIMHCKOI CTATUCTUKE.

JIurepaTtypa

Hocosckuii, A. M., [Tuxnaxk, A. 3., Jloraues, B. A., Uyp-
cuHOBa, U. U., & MytbeBa H.A. (2013). Cratuctuka
MaJIbIX BHIOOPOK B MEIMIIMHCKUX MCCAeIOBaAHMUSIX.
Poccutickuti meduyuHckulii xypHarn, 6.

Adavi, M., Salehi, M., & Roudbari, M. (2016).
Artificial neural networks versus bivariate logistic
regression in prediction diagnosis of patients with
hypertension and diabetes. Medical Journal of The
Islamic Republic of Iran, 30, 312.

Albert, A., & Anderson, J. A. (1984). On the existence
of maximum likelihood estimates in logistic
regression models. Biometrika, 71(1), 1-10.

Anjali, D. N.,& Bossaerts, P. (2014). Risk and Reward
Preferences under Time Pressure. Review of Finance,
18,999-1022.

Bamber, D. (1975). The Area above the Ordinal
Dominance Graph and the Area belowthe Receiver
Operating Characteristic Graph. Journal of
Mathematical Psychology, 12,387-415.

Bazrafkan, S., Thavalengal, S., & Corcoran, P. (2018).
An end to end Deep Neural Network for iris
segmentation in unconstrained scenarios. Neural
Networks, 106, 79-95. https://doi.org/10.1016/j.
neunet.2018.06.01

Bhatikar, S. R., DeGroff, C., & Mahajan, R. L. (2005).
A classifier based on the artificial neural network
approach for cardiologic auscultation in pediatrics.
Artificial Intelligence in Medicine, 33(3), 251-260.
https://doi.org/10.1016/j.artmed.2004.07.008

Boutin, A., Pinsard, B., Boré, A., Carrier, J., Fogel, S.
M., & Doyon, J. (2018). Transient synchronization
of hippocampo-striato-thalamo-cortical networks
during sleep spindle oscillations induces motor
memory consolidation. Neurolmage, 169, 419-430.
https://doi.org/10.1016/j.neuroimage.2017.12.066

Carole, C-F. and T.J. Putnins. (2014). Stock Price

Manipulation: Prevalence and Determinants.
Review of Finance, 18, 23-66.
Ciresan, D. (2012). Multi-column deep neural

network for traffic sign classification. Neural
Networks, 32, 333-338. https://doi.org/10.1016/j.
neunet.2012.02.023

Coninck, E. De, Bohez, S., Leroux, S., Verbelen, T.,
Vankeirsbilck, B., Simoens, P., & Dhoedt, B. (2018).

15



https://doi.org/10.1016/j.neunet.2018.06.01
https://doi.org/10.1016/j.neunet.2018.06.01
https://doi.org/10.1016/j.artmed.2004.07.008
https://doi.org/10.1016/j.neuroimage.2017.12.066
https://doi.org/10.1016/j.neunet.2012.02.023
https://doi.org/10.1016/j.neunet.2012.02.023

BA3bIJIEB B.B., KAPHAXIH B.A.

DIANNE: a modular framework for designing,
training and deploying deep neural networks on
heterogeneous distributed infrastructure. Journal
of Systems and Software, 141, 52—-65. https://doi.
org/10.1016/j.jss.2018.03.032

DeLong, E. R., DeLong, D. M., & Clarke-Pearson, D.
L. (1988). Comparing areas un-der two or more
correlated receiver operating characteristic curves:
a nonparametric approach. Biometrics, 44, 837-845

Demler, O. V., Pencina, M. ]., & D’Agostino, R. B. Sr.
(2011). Equivalance of im-provement in area
under ROC curve and linear discriminant analysis
coefficient underassumption of normality. Statistics
in Medicine, 30, 1410-1418.

Dreiseitl, S., & Ohno-Machado, L. (1999). Logistic
regression and artificial neural network
classification models: a methodology review.
Journal of Biomedical Informatics, 35, 352—-359;

Eftekhar, B., Mohammad, K., Ardebili, H. E., Ghodsi,
M., & Ketabchi, E. (2005). Comparison of artificial
neural network and logistic regression models for
prediction of mortality in head trauma based on
initial clinical data. BMC Medical Informatics and
Decision Making, 5, 3.

Esfandiari, K., Abdollahi, F.,& Talebi, H. A. (2017).
Adaptive near-optimal neuro controller for
continuous-time nonaffine nonlinear systems with
constrained input. Neural Networks, 93,195-204.

Fan, Y., Huang, X., Wang, Z., & Li, Y. (2018). Global
dissipativity and quasi-synchronization
of asynchronous updating fractional-order
memristor-based neural networks via interval
matrix method. Journal of the Franklin Institute,
355(13), 5998-6025. https://doi.org/10.1016/j.
jfranklin.2018.05.058

Garcia-Reiriz, A., Damiani, P. C., & Olivieri, A. C.
(2007). Analysis of amoxicillin in human urine
by photo-activated generation of fluorescence
excitation-emission matrices and artificial neural
networks combined with residual bilinearization.
Analytica Chimica Acta, 588(2), 192-199. https://
doi.org/10.1016/j.aca.2007.02.020

King, G., & Zeng, L. (2001). Logistic Regression in Rare
Events Data. Political Analysis, 9, 137-163.

Graves, A., & Schmidhuber, J. (2005). Framewise
phoneme classification  with  bidirectional
LSTM and other neural network architectures.
Neural Networks, 18(5-6), 602-610. https://doi.
org/10.1016/j.neunet.2005.06.042

Hassanipour, S., Ghaem, H., Arab-Zozani, M., Seif,
M., Fararouei, M., Abdzadeh, E., & Paydar, S.
(2019). Comparison of artificial neural network
and logistic regression models for prediction of
outcomes in trauma patients: A systematic review
and meta-analysis. Injury, 50(2), 244-250. http://
doi.org/10.1016/j.injury.2019.01.007

Haykin, S. (1999). Neural networks: a comprehensive
foundation. Upper Saddle Riverio

Heinze, G., & Scemper, M. A. (2002). Solution to
the problem of separation in logistic regression.
Statistics in Medicine, 21(16), 2409-19. https://doi.
org/10.1002/sim.1047

Han, C., Niu, Y., Pang, T., & Xia, Z. (2018). Intelligent
anti-jamming communication based on the
modified Q-learning. Procedia Computer Science,
131, 1023-1031. https://doi.org/10.1016/j.
procs.2018.04.248

Hyvidrinen, A., & Oja, E. (2000). Independent
component analysis: algorithms and applications.
Neural Networks, 13, 411-430. https://doi.
org/10.1016/50893-6080(00)00026-5

Kulkarni, S. R., & Rajendran, B. (2018). Spiking neural
networks for handwritten digit recognition—
Supervised learning and network optimization.
Neural Networks, 103, 118-127. https://doi.
org/10.1016/j.neunet.2018.03.019

Lang, E., Pitts, L., Damron, S., & Rutledge, R. (1997).
Outcome after severe head injury: an analysis
of prediction based upon comparison of neural
network versus logistic regression analysis. List of
issues. Neurological Research,19(3), 274-80.

Lobo, ]. L., Lana, I., Del Ser, ]., Bilbao, M. N., & Kasabov,
N. (2018). Evolving Spiking Neural Networks for
online learning over drifting data streams. Neural
Networks, 108, 1-19. https://doi.org/10.1016/j.
neunet.2018.07.014

Maddox, S. A., Watts, C. S., & Schafe, G. E. (2014). DNA
methyltransferase activity is required for memory-
related neural plasticity in the lateral amygdala.
Neurobiology of Learning and Memory, 107, 93-100.
https://doi.org/10.1016/j.nlm.2013.11.008

Matsui, Y., Suto, Y., Shimura, S., Fukada, Y., Naito, Y.,
Yasuda, K., & Sasaki, S. (2005). Impact of papillary
muscles approximation on the adequacy of mitral
coaptation in functional mitral regurgitation due
to dilated cardiomyopathy. Annals of Thoracic and
Cardiovascular Surgery, 9, 164-171

Ottenbacher, K. J., Linn, R. T., Smith, P. M., Illig, S. B.,
Mancuso, M., & Granger, C. V. (2004). Comparison
of logistic regression and neural network analysis
applied to predicting living setting after hip
fracture. Annals Epidemiology, 14(8),551-9.

Parisi, G.I.,Kemker,R., Part,L.]., Kanan, C., &Wermtera,
S. (2019). Continual lifelong learning with neural
networks: A review. Neural Networks, 113, 54-71.
https://doi.org/10.1016/j.neunet.2019.01.012

Parsaeian, M., Mohammad, K., Mahmoudi, M, &
Zeraati, H. (2012). Comparison of logistic regression
and artificial neural network in low back pain
prediction: second national health survey. Medical
Journal of The Islamic Republic of Iran, 41(6), 86—92

Pasini, A., Lore, M., & Ameli, F. (2005). Neural network

16



https://doi.org/10.1016/j.jss.2018.03.032
https://doi.org/10.1016/j.jss.2018.03.032
https://doi.org/10.1016/j.jfranklin.2018.05.058
https://doi.org/10.1016/j.jfranklin.2018.05.058
https://doi.org/10.1016/j.procs.2018.04.248
https://doi.org/10.1016/j.procs.2018.04.248
https://doi.org/10.1016/S0893-6080(00)00026-5
https://doi.org/10.1016/S0893-6080(00)00026-5
https://doi.org/10.1016/j.neunet.2018.03.019
https://doi.org/10.1016/j.neunet.2018.03.019
https://doi.org/10.1016/j.neunet.2018.07.014
https://doi.org/10.1016/j.neunet.2018.07.014
https://doi.org/10.1016/j.neunet.2019.01.012

CPABHEHME BO3MOKHOCTEN JIOTUCTUYECKOX PETPECCUU

modelling for the analysis of forcings/temperatures
relationships at different scales in the climate
system. Ecological Modelling, 191,58-67.

Plis, S. M., Amin, M. F., Chekroud, A., Hjelm, D.,
Damaraju, E., Lee, H. J., Bustillo, J. R., Cho, K. H.,
Pearlson, G. D., & Calhoun, V. D. (2018). Reading
the (functional) writing on the (structural)
wall: Multimodal fusion of brain structure
and function via a deep neural network based
translation approach reveals novel impairments in
schizophrenia. Neurolmage, 181, 734-747. https://
doi.org/10.1016/j.neuroimage.2018.07.047

Sargent, D.]. (2001). Comparison of artificial neural
networks with other statistical approaches: results
from medical data sets. Cancer, 91(8), 1636—1642.
13.

Schaefer, R.L. (1983). Bias correction in maximum

likelihood logistic regression. Statistics in
Medicine, 2(1),71-78.  https://doi.org/10.1002/
sim.4780020108

Song, J. H., Venkatesh, S. S., Conant, E. A., Arger, P.
H., & Sehgal, C. M. (2005). Comparative analysis
of logistic regression and artificial neural network
for computer-aided diagnosis of breast masses.
Academic Radiology, 12(4), 487-495. http://doi.
org/10.1016/j.acra.2004.12.016

Soltoggio, A., Stanley, K. O., & Risi, S. (2018). Born
to learn: The inspiration, progress, and future of
evolved plastic artificial neural networks. Neural
Networks, 108, 48-67. https://doi.org/10.1016/j.
neunet.2018.07.013

Tavanaei, A., Ghodrati, M., Kheradpisheh, S. R.,
Masquelier, T., & Maida, A. (2019). Deep learning
in spiking neural networks. In Neural Networks,
111, 47-63. Elsevier Ltd. https://doi.org/10.1016/j.
neunet.2018.12.002

Varikuti, D. P., Genon, S., Sotiras, A., Schwender,
H., Hoffstaedter, F., Patil, K. R., Jockwitz, C.,
Caspers, S., Moebus, S., Amunts, K., Davatzikos,
C., & Eickhoff, S. B. (2018). Evaluation of non-
negative matrix factorization of grey matter in age

prediction. Neurolmage, 173, 394-410. https://doi.
org/10.1016/j.neuroimage.2018.03.007

Vellappally, S., Al Kheraif, A. A., Anil, S., & Wahba,
A. A. (2019). IoT medical tooth mounted sensor
for monitoring teeth and food level using
bacterial optimization along with adaptive deep
learning neural network. Measurement: Journal
of the International Measurement Confederation,
135, 672-6717. https://doi.org/10.1016/j.
measurement.2018.11.078

Wang, J., Ling, C., & Gao, J. (2017). CNNdel: Calling
Structural Variations on Low Coverage Data Based
on Convolutional Neural Networks. Journal of
Biomedical Informatics, 6375059.

Waisman, A., La Greca, A., Mobbs, A. M., Scarafia,
M. A., Santin Velazque, N. L., Neiman, G., Moro,
L. N., Luzzani, C., Sevlever, G. E., Guberman, A.
S., & Miriuka, S. G. (2019). Deep Learning Neural
Networks Highly Predict Very Early Onset of
Pluripotent Stem Cell Differentiation. Stem Cell
Reports, 12(4), 845-859. https://doi.org/10.1016/j.
stemcr.2019.02.004

Wideman, C. E., Jardine, K. H., & Winters, B. D. (2018).
Involvement of classical neurotransmitter systems
inmemoryreconsolidation: Focusondestabilization.
Neurobiology of Learning and Memory, 156, 68-79.
https://doi.org/10.1016/j.nlm.2018.11.001

Zhang, G.,Eddy Patuwo, B.,Y.Hu, M. (1998).Forecasting
with artificial neural networks: The state of the art.
International Journal of Forecasting, 14(1), 35-62.
https://doi.org/10.1016/S0169-2070(97)00044-7

Zhang, Y., Ye, D., & Liu, Y. (2018). Robust locally
linear embedding algorithm for machinery fault
diagnosis. Neurocomputing, 273, 323-332. https://
doi.org/10.1016/j.neucom.2017.07.048

Zurada, J., Malinowski, A., Cloete, A. (1994). Sensitivity
analysis for minimization of input dimension for
feedforward neural networks. Proceedings of the
2003 IEEE International Symposium on Circuits
and Systems, 6, 447-50. https://doi.org/10.1109/
ISCAS.1994.409622

17



https://doi.org/10.1016/j.neuroimage.2018.07.047
https://doi.org/10.1016/j.neuroimage.2018.07.047
http://doi.org/10.1016/j.acra.2004.12.016
http://doi.org/10.1016/j.acra.2004.12.016
https://doi.org/10.1016/j.neunet.2018.07.013
https://doi.org/10.1016/j.neunet.2018.07.013
https://doi.org/10.1016/j.neunet.2018.12.002
https://doi.org/10.1016/j.neunet.2018.12.002
https://doi.org/10.1016/j.neuroimage.2018.03.007
https://doi.org/10.1016/j.neuroimage.2018.03.007
https://doi.org/10.1016/j.measurement.2018.11.078
https://doi.org/10.1016/j.measurement.2018.11.078
https://doi.org/10.1016/j.stemcr.2019.02.004
https://doi.org/10.1016/j.stemcr.2019.02.004
https://doi.org/10.1016/j.nlm.2018.11.001
https://doi.org/10.1016/S0169-2070(97)00044-7
https://doi.org/10.1016/j.neucom.2017.07.048
https://doi.org/10.1016/j.neucom.2017.07.048

HEALTH

Comparison of the Possibilities of Logistic Regression
and Artificial Neural Networks in Predicting
the Results of Research on f Small Sample

Vladlen V. Bazylev

Federal Center Cardiovascular Surgery

6, Stasova str., Penza, 44007 1, Russian Federation
E-mail: cardio58@yandex.ru

Vadim A. Karnakhin

Federal Center Cardiovascular Surgery

6, Stasova str., Penza, 44007 1, Russian Federation
E-mail: vkhin@mail.ru

Currently, attempts are increasingly being made to compare various quantitative models to
solve specific data classification problems. Moreover, in the literature there is no data on the
comparison of mathematical models in small samples and complex clinical situations. Purpose
of work. Compare the performance of artificial neural network models and logistic regression
in predicting research results in a small sample. Materials and methods. The simulation
included a group of patients of 50 people who underwent plastic surgery on the mitral valve.
Five independent variables were selected for the simulation: gender, age, body mass index, and
papillary muscle approximation technique. The dependent variable is regurgitation on the
mitral valve in a distant period. Results. According to the logistic regression, a phenomenon
of data separation arose and a huge mean square error was obtained. According to the analysis
of the ROC curve, a relationship was revealed between the predictor age and regurgitation
on the mitral valve, the area under the curve indicates the average level of relationship. The
results of the analysis of predictors using artificial neural networks indicate that the main
contribution as a predictor of the absence of regurgitation is made by the approximation of
papillary muscles. Using the De-Long test, we compared the ROC regression curves and neural
networks by age factor: z = 10.71, p <0.0001, statistically significant differences were revealed,
which indicates the advantage of STI in identifying predictors. Conclusion. In a small sample
with a small number of events, artificial neural networks have an advantage over other methods
in determining predictors of influence on the dependent variable.

Keywords: artificial neural networks, logistic regression, statistics, sampling, mathematical
model, regression
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