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dotonerexktop. UM3menenme QoroToka B 0a30BOM JIMHWHM MPOMOPIIMOHATHHO
NOTJIONICHUIO CBETa TKAaHSAMH, a TEpEeMCHHBIM (OTOTOK Majold aMIUTHTYIbI
IPOIOPITUOHATICH BHYTPEHHEMY JHAMETpPy apTepuu. 3HAYUTEIbHBIC 3HAYCHUS
CKOPOCTh HAYaJIbHOTO TOBBIIMICHUS MOTYT OBITh  OOBSCHEHBI CBOWCTBOM
apTEepPHATLHON CTCHKH, KOTOPOE MPUBOJHUT K OBICTPOMY H3MEHCHHIO apTepUaTbHON
MyJIbCOBOW BOJHBI B HAYaJIbHOW 4YAaCTH TIEPUOJA CHUCTOJBI TPU HEOOJBIIOM
W3MEHCHUU JlaBlieHus [3].
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Puc. 1. DnekTpuueckas aHaJIOroBasi MOJIENb apTEPUATBLHON CHCTEMBI

Takum o0pa3om, W3 Pe3yabTATOB MOJCITUPOBAHUS U SKCIECPUMEHTAIBHBIX
WCCIIEIOBAHUNM MOHO CKa3aTh, YTO BPEMS IPOXOXKACHUS HUMIIyJbCAa ISl JAHHOU
OIICHKHU 00Jiee MOAXOAT JJIsl HOCUMBIX YCTPOUCTB.
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PACIIO3HABAHWA SJIEMEHTOB 3JIEKTPOKAPZIMOI'PAMMBI
C UCITOJIb3OBAHUEM HEMMPOHHOU CETHU

(KazaHckuii HalIMOHATBHBIM UCCIEA0BATEIbCKUI TEXHUUECKUM
yauBepcuteT uM. A.H. Tynonesa-KAIN)

B Hacrosiiiee Bpemsi HepoHHast CeTh IUPOKO MPUMEHSETCS] BO MHOTUX 00J1a-
cTsax. OHa BKIIFOYAET B ce0s1 MpoIecchl KiaccudUKaliu, oOHapyKEHHUs, POTrHO3UPO-
BaHM, IMATHOCTUKUA W MHOTHE Apyrue. Pacrio3HaBaHHe NMUKOB CUTHAJIOB 3JICKTPO-
kapauorpammel (OKI') BakHo st aHanmu3a Oosie3Hu cepana. Ha jgaHHBIE MOMEHT
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KapUOJIOT WJIA Bpaul WACHTU(DUITUPYIOT Pacrio3HaBaHWs, OCHOBAHHBIC HA WX 3HAHU-
sax u omnbITe. Hekotopsie curaanbl OKI' j1erko MOKHO pacIio3HaTh, I Ha Gopmy
CUTHaJIa, HO €CTh TaKX€ HEKOTOpble, KOTOpPbIE OYE€Hb TPYAHO omnpeaeautsb [1]. Ito
py4dHasi paboTa BBITIOJHACTCS OMPEICICHHO TPYAOSMKUM U He 3((PEKTUBHBIM CIIOCO-
ooMm. OHa MOXXET cofepKaTh HETOYHOCTh M HeOousbiue omubku. Kpome toro, 3to
MOET OBITh YTOMUTEIBHBIM CIIOCOOOM MpHU aHalu3e O4eHb HU3KOM yacToThl DKI
CUTHAJIbI.

Otrcroa BO3HUKAET HEs, KOTOpass MOXET ObITh IMOJIe3HA KapauOJIoraM JJis
pacro3HaBaHMs 3JIEMEHTOB AJIEKTPOKAPIMOTPAMMBI C UCIIOJIB30BAHUEM MOX01a, KO-
TOpas sABJIsIETCS HEMpoHHOU ceThio. Heliponnas ceth (HC) mMeer BO3MOXKHOCTH 3a-
MOMHHTH IAOJIOH U HANPSAMYIO 1aTh 3)PEKTUBHBIA Pe3yabTaT COOTBETCTBEHHO. Mc-
MOJIb30BAHUE METOJa HEHPOHHOU CETH MOMOXET B SKOHOMHUM BPEMEHH, B COKpalle-
HUHW ITOTPEOHOCTEH YeIoBeUeCKUX ycmnit [2, 3].

[ToTpeGHOCTH B TEXHOJIOTUSIX M MCTIOJIB30BAHUH KOMITBIOTEPHOTO aHAJIM3a I0-
OyXIaroT uccieaoBaTeNiel, CIeralIuCTOB, HHKEHEPOB U JAPYTUX OOBEAUHSATH CBOU
YCWIUSI AJI peai3aliii CPEACTB MPOTHO3UPOBAHUS M TUATHOCTUKH. Bcé 310 00Bsic-
HSIETCS KaK 0oJiee MPOCTON U OBICTPBIM aHaIu3, OTCYTCTBUE TEXHUUECKOTO OOCTYKU-
BaHUS, BBICOKAs 3((EKTUBHOCTH, a TAKXKE HU3KAsT CTOMMOCTh. K aHamm3y CHUTHAIOB
OKT (¢ BeIIENIEHMEM HA pACIIO3HABAHUE DJIEMEHTOB, MOCKOJIbKY OHU MPEIOCTABIISIOT
uH(pOpMaIMIO BpayaM B OTHOIICHUU AUArHOCTUKU CEp/lia) BbIOpaH METOJl HEMpOH-
HOH ceTH. [IpaBUIbHOE OIpENENeHNE YKa3bIBAE€T HA COCTOSIHUE CEPALlA, a TAKKE OT-
paxkaeT ero (pyHKIIMOHAIBHOCTb.

Ponb cepana OyaeT urpaTh CUHOATPUANIBHBIA y3€J1, KOTOPbIA Oy/eT BO30YXK-
JaTh yJapbl, KOTOPBIE 3aCTaBST COKPAIIATHCS cepAeyHbIM MbiiiaM. CokpaiieHue
CEPAECYHBIX MBIIIL SIBISAETCS KakK JJIEKTPUYECKAs aKTUBHOCTh CEpAla, Ha3blBacMas
OKI' curnanom. Ha ocHoBanuu 3anucu IKI' MOXHO ONPENENINTh COCTOSHUE Ceplia
HE3aBUCUMO OT TOT0, UMEET JIU KaKhe-JIM0O HAPYIICHUS CEPJICYHOr0 PUTMA WIIH HET.

Kak u3BecTHO, cepaeuHast Mblliia 00JaJaeT CBOMCTBOM ACTNOJSPU3aLUU U pe-
noyisipu3auuu. /lenonspusanus OTHOCUTCA K aKTUBHOCTU 3JIEKTPUYECKOTO MOTEHIU-
ana, BO30Y>KJaeMON CepJCYHbIMU MBIIIIAMH, a PENoJspU3alus — 3TO COCTOSHUE
paccnalJieHus1, KOT/a cep/ille BO3BPAIAETCS B UCXOJIHOE MOJIOXKEHUE. P — BOJIHA, BbI-
3BaHHas Jenoisipu3anueil npeacepauid, koMmieke QRS mpencTaBisieT AeHoJisipu3a-
ITUIO JKEITYyIOYKOB, a 3y0er 7' — penoyisipru3aiiuio Keay109koB. OTKIOHEHUS OT HOPM,
MPOU3ONIEIINE B COOTBETCTBYIOIIEM CErMEHTE BOJIH, IaJlyT UJICH BpayaM U Kapauo-
goram. Ha puc. 1 moka3ana cOOTBETCTBYIOIIAsl YaCTh CEPJCUHON (PYHKIMU 1O OTHO-
HICHHIO K TTostydeHHOMY curHaiy DK [3].

HetiporHasi ceTb COCTOUT U3 KPYMHBIX 00pa0aTHIBAIOIINX AJIEMEHTOB, Ha3bIBa-
eMbIX HEHpOHaMH, KOTOpbIe pabOTalOT BMECTE JIJIsi BBHIMIOJIHEHHUS ONPECIICHHbIX 3a-
nady. Kak u B 4yenoBe4eCcKkOM MO3re, CyIIECTBYIOT THICAYHM AEHAPUTOB, KOTOPBIE CO-
nepkat nHpopmanmoHHble curHanbl. OHU MepenaroT CUTHAJIBI aKCOHY B BUJIE DJICK-
TPUYECKUX IIUNOB. AKCOH 3aTE€M IOCBHUIAET CUTHAJbI APYTUM ACHIPUTAM, BBI3bIBA-
oM cuHarc. CUHarc BO3HUKAET, KOTJla BO30YKIAIOIIMI BXOIHOM CUTHAN JOCTa-
TOYHO BEJIMK, YEM 3alpEIIAOIIMi BXOJHOW CUTHAJI, U 3Ta KOHILIENUHU [epelayu CUT-
Hajla TaKXe 0TOOpa)xaeT, Kak 00padaThIBAIOTCS BXOAHBIC CUTHAIBI HEHPOHHON CETH.
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Puc. 1. OKI" curnan Ha ocHOBe (pyHKIIUH Cep/ilia

B HelipoHHOW CeTH NEHIPUTHI, HECYIIUE CHUTHAJbI, MOTYT OBbITh aHAJOTHYHBI
MHOKECTBY BXOJIOB, COOpaHHBIX BMECTE JJI1 CyMMHUpOBaHUs. OObeIMHEHHbIE BXO/IbI
aKTUBUPOBaHbI C (YHKIMEH akTUBAlMU. BXO0/bI, KOTOpbIE MPEBBIIAIOT MOPOTOBOE
3HAaYEHUE, MEePEAI0TCS B BBIXOMHOM CJIOHN i OKOHUYATEIhbHOW 00paboTku. Ha arame
00pabOTKM BXOMIHBIX JaHHBIX O0yYaeT JJIs MOJYyYEHUS JKEeTAeMbIX IEeJIEBBIX BBIXO/I-
HBIX JIAHHBIX, [IOKAa OHU HE JOWAYT A0 3Tana cuHTe3a. CHUHTE3 03HayaeT, 4YTo CETh B
COCTOSIHMM PACIIO3HABAaTh BXOJHBIE JAHHBIE U COOTBETCTBYIOIIUE HOPMBI ITOCIIE HPO-
XOXKJICHHUS JaHHOTO 00YyJICHHS.

HelipoHHas ceTb COCTOUT U3 HECKOJIBKUX APXUTEKTYP, OT IPOCTON CTPYKTYPhI
10 cnokHbIX. OTHOYPOBHEBBIE CETH C MPSIMOM CBSI3BIO — 3TA caMasi mpocTas ¢hopma
CETEBOM apXUTEKTYPHI C BBIBOJIOM TOJIBKO OJTHOTO CJIOS 0€3 KaKoro-au00 CKPBITOTO
cimost. BXoaHOM COM MCXOHBIX Y3/10B OyAeT HAIIPSMYIO IPOCIIUPOBATHCS HAa BBIXO/I-
HOW CJION HEHPOHOB WJIM BBIYUCIUTEIBHBIX y3JI0B, TOJIBKO OJHHM CIOCOOOM, HO HE
Hao00poT. OUH €O OTHOCHUTCSA K BBIXOJIHOMY CJIOK0, KOTOPBINA SIBJSIETCS MPOCTO
OJHUM BBIXOJIOM U HE CUHUTAETCSA BXOJHBIM CJIOEM MCXOAHBIX Y3JIOB, TaK KaK TaM HE
BBITIOJIHSIFOTCSI HUKAKUE€ BBIYUCIIEHUS.

MHOrocCnoiHbIe CETU MPSAMOW CBS3M OTJIMYAKOTCA OT YKAa3aHHOIO BBIILIE, TAK
KaK UMEIOT OJWH UJIM HECKOJIBKO CKPBITBIX CJIOEB. BIUMCIEHUE TaKKE TPOUCXOIUT B
ATUX CKPBITBIX y3JIaX. CKpPBITBIE Y3JbI TAKXKE€ HCHOJIBb3YIOTCS I BMEIMIATEIbCTBA
MEX/1y BHEITHUM BXOJIOM U BBIXOJIOM CETU B 3aBUCMMOCTH OT crioco0a paboThl CETH.

PexyppeHTHasi HeMpoHHasi CeTh UMEET KaK MMUHMMYM OJIHY IETII0 0OpaTHOM
cBA3U. OH MOXKET COCTOATh U3 OJHOTO CJIOSI HEMPOHOB, KA/ U3 KOTOPBIX MOIAET
CBOM BBIXOJI 0OpAaTHO KO BCEM BXOIHBIM HelipoHam. [{ukiel 0OpaTHOM CBsI3U yBEIU-
YUBAIOT CIIOCOOHOCTh CETH K 00YUEHUIO U €€ TIPOU3BOIUTEIHLHOCTh. Kpome Toro, 3Tn
METIM OOPATHOM CBSI3U TAKXKE€ CBS3aHbI C €UHUYHBIMUA IJIEMEHTAMU 33 E€PKKH, KO-
TOPBIE MPUBOAAT K HEJIMHEMHOMY JTHMHAMHUYECKOMY ITOBEJCHUIO, KOTJIa HEUpPOHHAs
CETh COJICP>KUT HEJIMHENHBIE €IMHULIBI.

Ocobennoctn m3BieueHns: curHajgoB DK HeoOXxoawmbl 1Jis aHanW3a C HC-
M0JIb30BaHNEM HEWpOHHOU ceTn. Ha camMom fene, COTHU BXOAHBIX (DYHKITMH MOTYT
ObITh M3BJEUYEeHbl. ECu MpUHATH, BO BHUMaHHUE Bce (PYHKIMHU, TO MPEAOCTABICHHAsS
pacrno3HaBaresibHasg MHGopMalus He OyJIeT UMeTh 3HadeHus s cetu. [Ipexnae Bce-
IO paccMaTpPUBAETCS HECKOJIBKO TUMOB cUTHAIOB DKI', B KOTOPBIX COAEPKUTCI KOM-
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wiekc PORST, nonyd4eHHBIX OT 30POBBIX U HE3JIOPOBBIX MalMeHTOB. [lepBbiil cer-
MEHT — 3TO curHai P, BTopoit — curnain ORS, a nocnenuuil — curdan 7. 9TU TpU CUT-
Hana P, QRS u T noibkHBI OBITH paclioO3HAHbI HEUPOHHBIMHU CETIMHU. MakcuMalibHas
aMIIMTyla OOHAPYKMUBAETCA IO CaMOMY BBICOKOMY MHKY cUTHaja. Kak TOJbKO
dopma curnaima QRS npaBUIBLHO ONpezelieHa CUCTEMON HEUPOHHOU CeTH, OyneT m3-
BECTHO, YTO CaMblil BBICOKUI MUK JOKEH ObITh R, 10 siBisieTcs Q, a mocne R A0KeH
OBITH S.

Pacrio3naBanue o0pazoB HEHPOHHOM CETH SIBIAETCS MOIXOSAIIUM MPOTrPaMM-
HBIM OOecreyeHrueM KiIacCU(UIMpPOBaTh OINpeAeIeHHbIE OTKJIOHEHUS B COOTBET-
CTBYIOILYIO BBIXOHYIO HOpMY. MOXKHO CAEJIaTh BBIBOJI, UTO PACIIO3HABAHHE DJIEMEH-
ToB OKI' MOXHO omnpenenuTh, o0y4uB HEUpPOHHYIO ceTh. . AHasornyHo HC moryt
UCIIOIB30BAaThCS U JJISl IPYTUX 3a/iad, HAlpUMep, aBTOMATUUYECKU aHAJIU3 KauyecTBa
AIIEKTPOIHEPTUN B CETU WM WH(POPMATHUBHBIX JJIEKTPOMATrHUTHBIX HW3TyYECHUU OT
JIEKTPOHHBIX CpPeAcTB [4, 5].
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A.B. Mautakos

ABTOMATU3NPOBAHHAA CUCTEMA JULA IIPOBEJIEHV
KOPPEKIIMOHHBIX 3AHATUN C MTHBAJIUJAMU 1O CJIIYXY HA OCHOBE
MOBUJIBHBIX TEXHOJIOT'

(KHUTVY-KAU um. A.H. Tynonesa)

B noknane paccmarpuBaetcsi pa3paboTka BeO-cepBUCa, PEATU3YIONIETO MaHeb
aJIMUHUCTpATOpa JJIs1 paboThl ¢ ciabociblmanmmy JiroasMu. CucTeMa HarucaHa Ha
sseike PHP ¢ ucnonb3oBanuem JavaScript, HTML, CSS u peanuzoBaHa B Buje BeO-
caifTa a1yt KoMQOpPTHON pabOThl afMUHUCTpaTopa ¢ npuioxkenuem Bekar. Bekar sto
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