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Conep:xanue

1. [lepedeHb IUIAHUPYEMBIX PE3YJIBTATOB OOYYEHUS IO JHCUUIUIMHE (MOMYJIO), COOTHECCHHBIX C IUTAHHPYEMBIMH
pesynsratamu ocsoerus OITOIT BO

2. Mecro nucuuruivnel (Moayins) B ctpykrype OITOIT BO

3. O06beM AMCHMIUIMHBI (MOMAYJS) B 3a4€THBIX EIHHUIAX C YKa3aHWEM KOJMYECTBA YacCOB, BBIJCICHHBIX Ha
KOHTaKTHYIO pa0oTy 00ydarommxcs ¢ mpenogaBarteieM (M0 BHIaM y4eOHBIX 3aHATHH) U HAa CaMOCTOSTENbHYIO paboTy
oOyJaromuxcs

4. Conep:xaHue IUCIHMIDIMHEI (MOIYIS), CTPYKTYPHPOBAaHHOE MO TeMaM (pa3zenaM) C yKa3aHHeM OTBEISCHHOTO Ha
HHUX KOJMYECTBA aKaJleMUYECKUX YacOB M BHJOB YUeOHBIX 3aHATHH

4.1. CTpyKTypa ¥ TeMaTHYECKHH IUIaH KOHTAKTHOM U CaMOCTOSITEJILHOM paboThI 10 JUCHHUILTHHE (MOIYIIIO)

4.2. ConepkaHue JUCLUILUINHBI (MOAYJIS)

5. IlepedeHs yueOHO-METOAMYECKOTO OOECIIEUCHHUS Ui CaMOCTOATENFHON PaOOTHI 0OYUAIOMIHUXCS 110 JTUCITUITIIHE
(Momym0)

6. @oHJI OLICHOYHBIX CPEJICTB MO TUCIUIUIUHE (MOIYJIIIO)

7. IlepedeHs nmuTepaTyphl, HEOOXOIUMOMN IS OCBOCHUS JUCIUIUTHHBI (MOYIIS)

8. IlepeueHs pecypcoB WHPOPMAIMOHHO-TEICKOMMYHHUKAIIMOHHOH ceT "VHTepHEeT", HeOOXOAUMBIX IS OCBOCHHS
JUCIUTUTAHBI (MOIYIIN)

9. MeToanueckue ykazaHus AJsi 00y4aronuXxcs 10 OCBOCHUIO TUCLIUILTHHBI (MOJYJIS)

10. IMepeuens HHOPMAIMOHHBIX TEXHOJIOTHH, HCIIOIb3YEMbIX MPU OCYIICCTBICHUH 00pa30BaTEILHOTO MPOLEcca 110
JMCUUIUIAHE (MOJYJT0), BKJIIOYAsl MePeYeHb MPOrPaMMHOI0 oOecrieueH s U MHPOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM (TIpH
HEO0OXOIUMOCTH)

11. Omnucanne MaTepualibHO-TEXHHUECKOI 0a3bl, HEOOXOMAUMOI [T OCYIIECTBICHHS 00pa30BaTEIbHOIO Mpolecca
0 JUCIUIUTHHE (MOIYITIO)

12. CpeacrtBa ajanTaiiyuy MpemnogaBaHusl JUCIUIUIAHBI (MOAYJIS) K MOTPEOHOCTAM 00YYArOIIUXCSl HHBAIHUIOB U JIAIL C
OTpaHUYECHHBIMH BO3MOXXHOCTSMU 3[I0POBBS

13. Ilpunoxxenue Nel. @OHJT OLIEHOUHBIX CPEJICTB
14. TIpunoxenne Ne2. Ilepedens nutepaTypbl, HEOOXOAUMOMN AJISI OCBOCHUS TUCIUIUTMHBI (MOYIIS)

15. Tlpunoxenue Ne3. IlepeueHb HHPOPMAIMOHHBIX TEXHOJIOTHH, HCIOJB3YEMbIX JIi OCBOCHHS TUCIIUIUIAHBI
(Momyist), BKITFOYAsI IEPEUYCHb MPOrPAMMHOTO 00SCIIeYCHHUS M HH(POPMAIIMOHHBIX CIIPABOYHBIX CHCTEM



[Iporpammy aucumiuinHbel paspadotain(a)(u) noueHt, K.H. AHucumoBa J.C. (kadenpa MaTeMaTuKd U HPUKIAJAHON
nH(opMaTHKH, OTAEIEHNE MaTeMAaTHKH U €CTECTBEHHBIX HayK, EnaOyxckuii uactutyt KOVY)

1. IlepeyeHb NJAHUPYEMBIX PpPe3yJbTATOB O0y4YeHHs IO AUCHUILVIMHE (MOAYJI0), COOTHECEHHBIX ¢
IUIAHUPYeMBIMH pe3yabTaTamu ocsoeHust OIIOII BO

OO0yuarommiicsi, OCBOWBIINN AUCIUILIHHY (MOIYJIB), JOJDKCH 001a1aTh CICAYIOIINMU KOMITETCHIIUSIMHE:

HIugp Pacuiudposka
KOMIIeTeHIIHU npuodperaemMoii KOMNeTeHIHN
IIK-2 CriocobeH pa3padaTbiBaTh, OTIAKWBATh, BHEAPATH M CONPOBOXAATH NMPOTpPAaMMHOE OOecCIedcHHnEe Me-|

XaTPOHHBIX 1 pO6OTOT€XHI/I‘-IeCKI/IX CHUCTEM

I[IK-2.1  [3Hath cmocoOsBI pa3pabOTKH, OTIAIKH U CONPOBOKACHUS IIPOTPAMMHOTO OOECTICICHUS IS
MEXaTPOHHBIX U POOOTOTEXHHYECKUX CHCTEM

[IK-2.2  [Ymers pa3pabaTbiBaTh, OTIaKHBATh U COIPOBOXKAATH MIPOrPaMMHOE OOecrieueHHe Il MEXaTpOHHBIX U
[POOOTOTEXHUUECKHIX CUCTEM

[IK-2.3 |Bnamets HaBBIKaMHM pa3pabOTKH, OMIAAKH W COMPOBOXICHUS MPOTPAMMHOIO OOecTieueHHs Ui
MEXaTPOHHBIX U POOOTOTEXHUYECKHX CUCTEM

OOy4arouuiicsi, OCBOUBIIMNIT JUCLUIUIMHY (MOJYJIb):

JlomkeH 3HaTh:
- OCHOBHBIE MOHSATHUSI TEOPUU HEWPOHHBIX CETeil; CrIocoObl MPUMEHEHHsT HEHPOHHBIX CeTel B pa3paboTke, OTIIaiKe U
COIPOBOXKJCHUH MPOTPAMMHOI0 00€CTIeYeHUs JJIs1 MEXaTPOHHBIX U POOOTOTEXHHUYECKUX CHCTEM

JloyKeH ymeTh:
- IPUMEHSTh HeHpOoCceTeBble TEXHOJIOTHH MIPU pa3paboTKe, OTIAAKE M COMPOBOMKACHUH MPOTPAMMHOTO 00ecTIedeHuUs
JUTSL MEXaTPOHHBIX U POOOTOTEXHUYECKUX CHCTEM

I[OJ'DKCH BJIaaCTh:
- CIIOCOOHOCTBIO peaM30BbIBAThH METO/IbL HeﬁpOC@TCBOﬁ O6pa6OTKI/I npu pa3pa60TKe, OTJIaIKC U COIPOBOXKIACHUU
IIpOrpaMMHOTO obecrneueHus JJI1 MEXaTPOHHBIX U pO6OTOTGXHI/I‘ICCKI/IX CUCTEM

2. Mecro gucuumiunsl (MoayJs) B crpykrype OIIOII BO

JanHas pmucnmioimHa (MOmyns) BkimoueHa B bmox 1 "ducrwmmuasr (Moxymm)" B1.B.JIB.02 ocHoBHOMI
npodeccroHaIbHO 00pa3oBaTenbHON mporpammbl 15.03.06 «MexatpoHuka W poOOTOTeXHHKA» (DPU3NUECKHE OCHOBBI
MEXaTPOHUKH M POOOTOTEXHMKHM) M OTHOCHTCS K JUCHMIUIMHAM IO BBIOOpPY, 4YacTH, (HopMUpYyeMO#l ydacTHHKaMH
00pa3zoBaTEeIbHBIX OTHOIICHUH.

OcBauBaercs Ha 2 Kypce B 4 cemecTpe.

3. O0beM AUCHMILUIMHBI (MOAYJISI) B 3a4€THBIX eIMHUIAX ¢ YKA3aHUEM KOJHMYeCTBA YaCOB, BblEJEHHbIX Ha
KOHTAKTHYI0 padoTy o0y4alomuxcsi ¢ mpemnojgasarejeM (0 BHAAM y4eOHBIX 3aHATHI) © HA CAMOCTOSATEIbHYIO
padoTty o0y4arommxcs

OO6m1ast TPyAOEeMKOCTh TUCIMIUIMHEI COCTaBIAeT 4 3adeTHBIX(bIe) enuHnI(bl) Ha 144 gaca(oB).

KonrakrtHast pabora - 16 uaca(oB), B ToM umciie JieKIMU - 6 uaca(oB), mpakruueckue 3aHsTus - 0 yaca(oB),
nabopaTopHbie pabotsl - 10 gaca(oB), KOHTPOIb CAMOCTOSITENBHOU PaObOTHI - 0 yaca(oB).

CamocrositenbHas pabota - 128 qaca(oB).
KonTtpoms (3auér / 3x3amen) - 0 yaca(oB).

Dopma MPOMEKYTOYHOTO KOHTPOJIS AUCIUTUTUHEL: 3a9eT B 4 ceMecTpe.

4. Copep:xkaHue IHCHMIUIMHBI (MOAYJisl), CTPYKTYPHPOBaHHOe MO0 TemaMm (pa3zejaM) ¢ YKazaHHEM



OTBCACHHOT0 HA HUX KOJIHYECTBA aKaJAeMHUYE€CKHX YaCO0B U BUA0B y‘leﬁHLIX 3aHATHI

4.1 CTpyKTYypa M TeMaTHYeCKHUi JIAH KOHTAKTHOM M CaMOCTOSITeJIbHOM padoThI 110 JUCHMILIAHE (MOLYJIIO)
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1. [Tema 1. Hetiponnsie cetrn. OCHOBHBIE TIOHITHS 4 2 0 2 32
2. [Tema 2. MHOrOCIOHHbIE HEHPOHHBIE CETH 4 2 0 4 32
3. [Tema 3. PanmnansHble HEHPOHHEIE CETH 4 1 0 2 32
4. |Tema 4. CamoopraHu3yrOIurecs HEHPOHHBIE CETH 4 1 0 2 32
Wtoro: 144 yaca 6 0 10 128

4.2 CoaepxxaHue TUCUMILIMHBI (MOLYJ151)

Tema 1. HeiipouHnble cetu. OCHOBHbIE IOHATHUS

Buonorndeckue npexncraBieHus o Heiipore. [loHsaTne HeiipoHHas ceTh. MckyccTBeHHBINH HeiipoH. Kimaccudpukarms
HEHPOHHBIX ceTeil. ApXUTEKTypa HEHpOHHBIX ceTeil. Mcropus HeHMpoKOMIbIOTEpHBIX BbluMciaeHuil. [lepcentpon. 3anaua
pacIio3HaBaHus.

Tema 2. MHoOroc/10iiHble HelipOHHBbIE CeTH

IlonsaTHe MHOTOCIONHON HEHpPOHHOMN ceTd. IIpHHIMIIBI MOCTPOCHHUS MHOTOCIONHBIX HEHMPOHHBIX ceTeil. ANroputM
00paTHOTO pacmpocTpaHeHus ommoku. Hemoctatku anroputMa oOpaTHOro pacipoCTPaHEHHUS OIIMOKH.

Tema 3. PaguanbHble HelipOHHBIE CeTH

[TonsiTue pamuanpHON HeWpoHHOU ceTu. CTpyKTypa pajuanbHOW HEHpOHHOW ceTh. MareMaTH4eCKHe OCHOBBI
(YHKIMOHUPOBAHUS paJHalbHBIX HEHPOHHBIX ceTell. OOyueHne paguanbHON HEHPOHHOM CeTH.

Tema 4. CamoopraHusyonuecsi Heii{poHHbIE CeTH

Camoopranmsyromuecs: HeiipoHHbIe cetH. CTpykTypa cetd Koxonerna. O0yuenne cetn Koxonerna. HeiipoHHBIC ceTn
KIIaccH(UKAIIH.

5. IlepedyeHb y4eOHO-MeTOAUYECKOT0 oO0ecnmeyeHHMsl ISl CAMOCTOSITeIbHON padoThbl o0y4aloWMxcsi MO
JUCHUITHHE (MOYJTI0)

CamocrosTenpbHass paboTa OOYYalOIIMXCS BBIIOJHAETCS 10 33JaHUI0 M IPU METOJMYECKOM pPYKOBOJCTBE
mpernojasaTens, HO 0e3 ero HemocpeacTBeHHoro yuactus. CamocrosarenbHas paboTa MojpasfelsieTcss Ha
CaMOCTOSATENIbHYIO PabdOTy Ha ayAWTOPHBIX 3aHATHSX U HA BHEAYIUTOPHYIO CaMOCTOSTENIbHYIO padoTy. CamMmocTosTebHas
pabora oOy4aromMxcs BKIIOYAET KaK ITOJHOCTBIO CAMOCTOSATENIbHOE OCBOCHHE OTIEIbHBIX TeM (Pa3JelioB) TUCLUIIIMHEL,
Tak W mpopabOTKy TeM (pa3zfenoB), OCBaMBAEMbIX BO BpeMs ayAUTOPHOW paboThl. Bo Bpems caMOCTOSTENbHOH paboTh
oOydJaromuecss 4YUTalOT W KOHCHEKTHUPYIOT y4YeOHYI0, HAay4dHYI0 M CIPaBOYHYIO JIMTEpaTypy, BBIIOJIHSIOT 3aJaHus,
HarpaBsJIeHHbIE Ha 3aKperjIeHHue 3HaHUH M OTPabOTKYy YMEHWH M HaBBIKOB, FOTOBATCSA K TEKYIIEMY M IPOMEKYTOYHOMY
KOHTPOJIIO 10 JUCLUIIINHE.

Opranuzanus caMOCTOSTENbHON paboThl 00yJaromMXcsl PeriiaMeHTUPYETCsl HOPMATHBHBIMU IOKYMEHTaMH, ydeOHO-
METOIMUECKOI IUTEpaTypor U JIEKTPOHHBIMH 00pa30BaTEIbHBIMHI PECYpPCaMHU, BKIIIOYAS:

[opsiiok opraHu3alii U OCYILIECTBICHHsT 00pa30BaTeNIbHOM IEATeNbHOCTH M0 00pa3oBaTeNbHBIM MpOrpaMMam
BBICIIEro 00pa3oBaHus — MporpamMmaM OakajaBpuara, OpOrpaMMaM CIENHAINTETa, IpPOorpaMMaM MarucTpaTyphbl
(yTBepxIeHHBIN mprka3oM MUHHCTEpCTBA HayKd M BBICIIEro obpasoBanusi Poccuiickoit @exepannu ot 6 ampens 2021
roga Ne 245)

[opsiiok opraHu3alii U OCYILIECTBICHHsT 00pa30BaTeNIbHOM IEATeNbHOCTH M0 00pa30oBaTeNIbHBIM MpPOrpaMMamM
BBICIIEr0 O00pa3oBaHusi - MporpamMmaM OakanaBpuaTa, [pOrpaMMaM CIENHATUTeTa, NpOorpaMMaM MaruCTpaTypbl
(yTBepxneH npuka3zoM MuHncTepcTBa 00pa3oBaHus U Hayku Poccuiickoit @enepannu ot 5 anpens 2017 roga Ne301)

IIucemo MunanctepcrBa obpasoBanust Poccuiickoit @enepanmu Nel4-55-996un/15 ot 27 mHosbps 2002 1. "O6
AKTHUBU3AINH CAMOCTOSTEIPHON pabOThI CTYACHTOB BHICIIUX YI€OHBIX 3aBEICHUI"

VYceraB  denepanbHOro  TOCYIapCTBEHHOTO  aBTOHOMHOTO — oOpa3oBarenbHOrO  yupexiaeHus "Kazanckuit
(ITpuBoKCcKHit) denepanbHbI YHUBEPCUTET"



[IpaBuia BHYTpeHHero pacnopsiaka (eaepalbHOro TOCYIapCTBEHHOTO aBTOHOMHOIO — 00pa3oBaTelbHOrO
yUpEXIEHUs BEICIIEro npodeccruonanbHoro oopasosanus "Kazanckuii (IIpuBosnkckuil) dpenepaibHblil yHuBepcuret”

JlokansHble HOpMaTHBHBIE akThl Kasanckoro (IIpuBoimkckoro) ¢enepalsHOTO yHUBEPCHUTETA

6. ®oH/1 OLICHOYHBIX CPECTB 110 AUCHHMILINHE (MOLYJII0)

DoHJ OLIEHOYHBIX CpCACTB MO AUCHUILIIMHE (MOI[yJ'IIO) BKJIHOYAa€T ONLCHOYHBIC MaTCpHaJibl, HANPABJICHHBIC Ha
MIPOBEPKY OCBOCHUA KOMHCTCHHI/Iﬁ, B TOM 4YHCIIC 3HaHI/II>‘I, yMeHI/Iﬁ 1 HaBBIKOB. @OHJ OIIEHOYHBIX CpCACTB BKJIIOYACT
OIICHOYHBIC CPCACTBA TCKYIICT'O KOHTPOJIA U OHCHOYHBIC CPEACTBA HpOMe)KyTO‘-IHOﬁ aTTCCTalluu.

B ¢oHIe OLEHOYHBIX CPEACTB COACPIKUTCS CIeAyIoIas HHYOPMAIU:

- COOTBETCTBHE KOMIICTCHIUH ITaHUPYEMBIM Pe3yiIbTaTaM 00y4eHHs 110 AUCHUILIHHE (MOAYJIIO);
- KpUTEPUH OLIEHUBAHHS CPOPMUPOBAHHOCTH KOMITETCHIHH;

- MEXaHU3M (OPMHUPOBAHUS OICHKH IO JUCHIUTUINHE (MOIYIIIO);

- ONMCaHUe NMOpPSIKa IPUMEHEHHS ¥ MPOLIEAYPBl OLICHUBAHUS JUIsl K&XKIOTO OLIEHOYHOTO CPEJICTBA;
- KpUTEPUH OLICHUBAHUS JUTS KaXXJIOT0 OLIEHOYHOTO CPE/ICTBA;

- COACPIKaHUC OLCHOYHBIX CPEACTB, BKJIOYasd Tpe60BaHI/I)I, NMpEABABIIACMBIC K NCHCTBUAM o6yqa}oumxc;1,
ACMOHCTPUPYCMBIM PE3YJIbTATAM, 3a1aHU PA3JINYHBIX THUIIOB.

®DOHJT OLIEHOYHBIX CPEJICTB MO TUCIHUILTNHE HaxoauTcs B [Ipunoskenuu 1 k mporpaMMe JUCIUILTAHBI (MOJIYIIIO).

7. llepeyeHb JUTEPATYPbl, HEOOXOAMMOM AJISl OCBOCHUS AUCUMILIMHBI (MOLYJI51)

OcBoeHNE IUCHUIUIMHBI (MOZYJIs) NIPEAIoaraeT M3ydeHWe OCHOBHOW M JONOJHHUTENBHON ydeOHOI JHTeparypsl.
JlutepaTypa MOXKeT OBITh JOCTYIIHA OOYUYAIOIIMMCS B OJTHOM M3 JIByX BaApHAHTOB (JINOO B 00OUX M3 HHX):

- B DJICKTPOHHOM BHJC - HYCPE3 DJICKTPOHHBLIC OMONMOTEYHbIE CHCTEMbI HAa OCHOBAHUU 3aKIIOYEHHBIX KDY
AOTOBOPOB C HpaBOO6J'IaI[aT€J'IHMI/I;

- B mmevaTHOM Buje - B Hayunoit 6ubnuotreke Enabyxckoro uacturyra KOVY. O6yuaronuecs moiay4anT y4eOHYO
JUTEepaTypy Ha abOHEMEHTE II0 YUTATEIbCKMM OWJIETaM B COOTBETCTBHHM C MpaBHIAMH I0JIb30BaHus HaydHoit
OUOINOTEKOI.

DJNeKTpOHHBIC U3/IaHUS AOCTYIHBI JUCTAHIIMOHHO W3 JIFOOOH TOYKU NMPH BBEACHUH 00yJAIOIIUMCS CBOETO JIOTHHA U
napojsi OT JMYHOro KaOuHera B cucreMe "DJEeKTpoHHbIH yHuBepcuteT". Ilpu HCIONIB30BaHMM TMEYATHBIX H3JaHUI
OnbnroTeuHbId (DOHI J0JDKEH OBITh YKOMILIEKTOBAaH MMM M3 pacyera He MeHee 0,25 dK3eMIuIIpa Ka)kKIOoro M3 M3JaHUi
OCHOBHOH M JIONOJIHUTEIBHON JIMTEpPAaTyphl Ha KaxJOro OOYydYarollerocs M3 4MCIa JIUIL, OJHOBPEMEHHO OCBaHBAIOIINX
JAHHYIO TUCHUIUINHY.

IlepeyeHp OCHOBHOW ¥ JOMOJHUTENBHOW Yy4eOHOW JHTepaTypbl, HEOOXOAUMOH Ui OCBOCHHS TUCIMILUIMHBI
(Monynst), Haxonutes B [Ipunoskennn 2 k paboueit mporpaMMe TUCHUIUIMHBL. OH MOIEKUT OOHOBIEHUIO PU U3MEHEHUH
ycioBuii goropopoB KOV ¢ mpaBooOiagarensiMu dJIEKTPOHHBIX M3JIAHUH M IPH M3MEHEHHHM KOMIUICKTOBaHHUS (OHIIOB
Hayunoii 6ubnmorexu Enalysxckoro uncturyra KOVY.

8. Ilepeuenb pecypcoB MH(POPMAIHOHHO-TETEKOMMYHUKANIMOHHOU ceTu "WHTepHeT'", HEOOXOAUMBIX s
OCBOEHMSI JMCHUILTUHBI (MOAYJIs1)

Heiiponnsie cetu - http://statsoft.ru/home/textbook/modules/stneunet.html
VYueOnuk — Heliponnsie cetn  https://e.lanbook.com/book/122180

BBezienue B MalimHHOE 00yUeHHeE: TIOJIHOE PYKOBOACTBO - https://www.machinelearningmastery.ru/machine-learning-
introduction-a-comprehensive-guide-af6712cf68a3/

9. MeTonnyeckne yKazaHus /1J1s1 00y4al0mMXcsl M0 0CBOEHUIO TUCIUIITHHBI (MOIYJIsT)

Bupg pabor MeTtoanyecKue peKOMeHIANUH

JIEKIUU Jlex1inoHHbIE 3aHATUSA IPOBOASTCS C UCIIOIb30BAaHUEM UHTEPAKTUBHBIX TEXHOJOTUIN U NIPEATIONATalOT
AKTUBHOE Y4acTHE CTYJEHTOB. i1 MOATOTOBKHU K 3aHATHAM PEKOMEHIYETCS BBIIEISATh B MaTEpUae
IpoOJIeMHBIE BOTIPOCHI, 3aTParuBaeMble IPETOAaBaTENIEM B JIEKIIUH, U TPYIIIUPOBATH HH(OPMAIIHIO
BOKpYT HUX. JKesaTenbHO BBIIEIATh B UCIIOIB3YyEMOH JINTEPATYPE IOCTAHOBKU BOIIPOCOB, HA KOTOPBIE
Pa3HBIMHU aBTOpaM MOTYT OBITH JaHbI pa3IWYHbIe OTBETHL. Ha OCHOBaHMM TOCTAHOBKH TaKUX BOIIPOCOB
cienyeT cooupaTh apryMeHTHI B TIOJIB3Y PA3MUIHBIX BAPHAHTOB PEIICHHS TOCTABICHHBIX MPOOIEM.

naboparopusle | JITabopaTopHbIe 3aHIATHS - 3TO OJIHA U3 PA3HOBUIHOCTEH MPAKTHUECKOTO 3aHSTHS, SIBIISTFOIIASICS



http://statsoft.ru/home/textbook/modules/stneunet.html
https://e.lanbook.com/book/122180
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/

Bupn pabor MeTtoanyecKue peKOMeHIANUH

paboTsI 3¢ PeKkTUBHOM (HOpPMOIT yUeOHBIX 3aHATHI B OpraHM3aluy BhIciiero oopasosanus. JlaboparopHsle
3aHATHS IMEIOT BBIPAXKEHHYIO CIICIU(HUKY B 3aBUCHMOCTH OT yI€OHON NUCIUIUIMHBI, YTIIyOIsoT 1
3aKpEIUIAIOT TEOpEeTHUECKNE 3HaHM. Ha 3THX 3aHATHAX CTYAEHTHI OCBAaUBAIOT KOHKPETHBIE METOIBI
N3y4YEeHUS JUCLUIINHBI, 00yJaroTCs 9KCIIEPUMEHTAIBHBIM CII0C00aM aHaIN3a, YMEHHUIO paboTaTh ¢
mpudopaMy ¥ COBPEMEHHBIM 000pynoBaHneM. JlabopaTopHbIe 3aHATHS JAIOT HATJIAHOE TIPEICTABICHNE
00 M3y4aeMbIX SBICHUIX M IPOLEccax, CTYACHTHI OCBAUBAIOT IIOCTAHOBKY U BEACHHUE SKCIIEPUMEHTA,
ydaTcsi YMEHUIO HaOJII01aTh, OLICHUBATH MTOJYYEHHbIE PE3yIbTaThl, ITIaTh BEIBOABI M 0000meHnsa. OTaér
10 UTOTaM BBINIOJHEHHBIX JJa0OPAaTOPHBIX PaOOT BHIMOJHETCS Ha JHcTax Oenoi Oymaru popmara A4 B
MeYaTHOM HWJIM PYKONHCHOM Buje. [Ipu ohopmiieHn oT4éTa NCTIONB3yeTCss CKBO3HAS HyMeparys
CTpaHUI], CUUTAsl TUTYJIBHBIH JUCT EepBOM cTpaHuLeil. Homep cTpaHuIbl Ha TUTYJIEHOM JIHCTE HE
craBuTcsa. Homepa cTpaHuIbl cTaBATCS 10 LEHTPY BBepXy. [Ipu odopmiieHnn oT4ETa B IEYaTHOM BH/IE
KeJaTesIbHO coOMoaaTh cieaytomue TpedoBanus. i1 3aroyl0BKOB: MOy XUPHBIN mpudr, 14 nr,
LHEHTPUPOBAHHBIN. [[J11 OCHOBHOTO TeKCTa: HEXXHUPHBIN mpudT, 14 1T, BRIpaBHUBaHUE IO MHpUHE. Bo
BCex ciyvasx T mpudra - Times New Roman, orctym a63ana 1.25 cM, TOTyTOPHBINH MEKITYCTPOTHBIH
nuaTepBal. [loms: neBoe - 3 cM, mpaBoe - 1 cM, BepxHee U HIKHee - 2 cM. OTYeT T0IDKeH CoAepKaTh
cienyromntre eMeHThl: 1) TUTYyIBHBIH TUCT ¢ 00s3aTeIbHBIM YKa3aHHeM BapuaHTa; 2) Llens paboTs; 3)
3amanue; 4) OcHoBHas 4acTh; 5) BeiBoa

CaMOCTOsA- CamocrosTelbpHas pa60Ta CTYACHTOB I10 I[PII[aKTPI‘IeCKOﬁ CYTH IIPCACTABJISACT c000M KOMILIEKC YCHOBI/Iﬁ
TCIIbHAasA pa60Ta 06yqu1/m, OPraHrn3yCMbIX NPCTIOAaBATCIIEM U HAIPABJICHHBIX HA CAMONIOATIOTOBKY yYallluXCs. Vuebnas
ACATCIBHOCTb IPOTCKACT oe3 HCIMMOCPCACTBCHHOTO YUAaCTUA MPEOAABATCIIA U 3aKIH0YACTCA B
npopa60TI<e JICKIIUOHHOI'O MaTepuraja, NOArOTOBKE K J'Ia60paTOpHLIM 3aHATUAM; U3YUCHUH yqe6H0ﬁ
JIATEPATyphbl U3 OCHOBHOI'O U JOIIOJHUTCIBHOI'O CIIMCKA.

3a4er 3ager sBisieTcst HOPMOIT OLIEHKH KaueCTBa OCBOSHHS CTYICHTOM 00pa30oBaTeIbHON IPOrpaMMBI IO
qucuumuze. [1o pesyabTaTaM 3auera CTYACHTY BBICTABISETCS OLEHKA "3a4TeHO" WM "He 3a4TeHo".
3adgeT MOKET MPOBOIUTHCA B (hOpMeE YCTHOTO oTpoca 1o Omreram (Borpocam) i 0e3 OUIIeToB, ¢
IIpeABapUTEIHHON NOATOTOBKON MK 0€3 OATOTOBKH, 10 ycMOTpeHHIo Kadeapsl. [IpernonasaTtens
MOXET IIPOCTABUTH 3a4eT Oe3 onpoca WM coOeCceI0BaHU TEM CTYICHTaM, KOTOPhIE aKTHBHO
y4acTBOBAJIU Ha J1JAOOPATOPHBIX 3aHATHSX.

10. IlepeyeHb HMH(OPMALMOHHBIX TEXHOJOIUH, HCNOJAb3YyeMbIX NPH OCYUIeCTBJEHHU 00Pa30BATENbHOIO
npouecca mo AMCUHUIIMHE (MOIYJI0), BKJIOYAsi NepeyeHb NPOrpPaMMHOro ofecneyeHUMss U HMH(OPMALMOHHBIX
CIPABOYHBIX cHCTeM (MPH HEOOXOAUMOCTH)

Ilepeyenp MHGOPMAIIMOHHBIX TEXHOJOTHH, MCIOJIB3YEMBIX MPHU OCYLIECTBICHHH 00pa30BaTEeIbHOIO Ipoliecca Io
JUCUMIUIMHE (MOJYJII0), BKIIIOYasi IEpPEeYeHb MPOrpaMMHOro obecrieueHrsi ¥ WH()OPMALMOHHBIX CIIPABOYHBIX CHUCTEM,
npencrasieH B [punoxenun 3 k pabodeit mporpamMme JUCHUTUINHBL (MOAYJIA).

11. OnucaHue MaTepUAIbLHO-TEXHUYECKOI 0a3bl, HeOOXOAMMOWN /sl OCYIIecTBJIeHHs] 00pa30BaTeIbHOIO
npoiuecca no AMCHUIINHE (MOAYJII0)

MartepuaabHO-TeXHIIECKOe oOecrieueHre 00pa3oBaTeIbHOTO MpoIiecca Mo AUCIUILTHHE (MOAYII0) BKIIIOYAET
B ce0s CIIeAyIOMIHE KOMITOHSHTHI:
VY4ueOHast ayTUTOpHUs AJs MPOBEACHUS YIeOHBIX 3aHATHH JCKIIMOHHOTO THIIA, CEMHHAPCKOTO THIIA, TPYIIITOBBIX U
WHINBUAYAIGHBIX KOHCYJIBTAINH, TEKYIIET0 KOHTPOJIS U IPOMEXYTOUHOH aTrTectaruu Ne 61
Kommnext mebenu ans npenonasatenst — 1 mT., mocajgodHble Mecta sl oOydarommuxcss — 30 mT., OJHOMECTHBIC
CTOJBI — 12 MWIT., KOMOBIOTEPHBIE CTONBI — 18§ mIT., KOMIBIOTEPH! — 19 MIT., HHTepaKTHBHAS MaHeNb — | mIT., MeIoBast T0CKa
HACTEeHHas — | IIT., BBIXOA B MHTEPHET, BHYTPHUBY30BCKasi KOMIIBIOTEPHAS CETh, OCTYI B 3JIEKTPOHHYIO HH(POPMAITHOHHO-
00pazoBaTeNbHYIO CPEy.

TTomereHre Ist CaMOCTOATEIbHON paboThl Ne 10

[ocamounble MecTa At Mob30Bareseil — 28 IMT., METAJUIMYECKHE JBYCTOPOHHUE CTEUIaKH il KHur — 11 mr.,
KHYDKHBIH KA OTKPBITHIN — 5 IIT., IpoeKTop — 1 mT., HOyTOYKH A7 mojb3oBareneit — 11 mr., mxad xaranoxHbIi — 8
mrT., mKad Uit ogexasl — 1 mT., kKcepoke — 1 mr., padounii cTos 6nbnrorekaps — 1 mwT., KoMnbloTep ondanorekaps — 1
IIT., BeIlajka JUIl OAEXIsl — | INT., Kamo3u pyloHHble «Omera» c ¢oronedyarslo — 4 INT., CTEHJ HACTEHHBIH
(ObpoHnpoBaHHOE CTEKJO) — 4 IIT., MKad-BUTPUHA BCTPOCHHBIH B apKy — 2 IIT., MKad-BUTPUHA CTEKISHHBIA — 2 mT.,
CTEIUTaX TPYOUaTHIi C NEPEBSIHHBIMU MTOJKAMHU — 2 MIT., padouunii cToa /it mHBaIUIoB U il ¢ OB3 — 2 mrT., cron CU-1
pabounii 11 HHBAIMAOB-KOJISICOYHUKOB — | MIT., KOMIBIOTEp— 2 IIT., HAYIITHUKHA — 2 IIT., yCTPOHCTBO «I OBOpSIIAas KHUTa»
(tudoruteep) — 2 WIT., BUACOYBEAMUUTEIb — 2 IIT., PAAUOKIACC — | INT., MOPTATHBHBINA TAKTHIIBHBIA aucruiedl - 1 mr.,
CKaHUPYIONAs YMTAomas MamuHa - | mrT., ckaaep — 1 mT., Be6-kamepa — 1 mT., BEIXOJ B HHTEPHET, BHYTPHUBY30BCKAS



KOMIBOTEPHAs CETh, JOCTYII B 3JICKTPOHHYIO I/IH(l)OpMaIII/IOHHO-06pa30BaTeJ'ILHyIO cpeay.

12. CpeacTBa aganTauuy NpenogaBaHus IUCUHMILIMHBI K MOTPEOHOCTSM 00y4YarolIuxcsi HHBAJIUAOB U JUI €
OrpaHMYeHHBIMH BO3MOKHOCTSIMH 3/I0POBBSI

Ilpu HEOOXOAUMOCTH B 00pa30BATENLHOM TIPOIECCE MPHUMEHSIOTCS CIAEAYIOIIME METOABl W TEXHOJIOTHH,
obieryaroniye BOCIPHUATHE WHPOPMAIMU OOYUYArONMMHUCS WHBAIHIAMUA U JIMIAMH C OTPAHUYEHHBIMH BO3MOXHOCTSIMH
3JI0POBBSI:

- CO3[aHHME TEKCTOBOM BEpCHH JIIOOOT0 HETEKCTOBOIO KOHTEHTA JUIs €ro BO3MOXKHOTO MpeoOpa3oBaHus B
abTepHATHBHBIE (POPMBI, yIOOHbIE ISl PA3THYHBIX MMOJIB30BATENEH;

- CO3JlaHME KOHTEHTa, KOTOPBIH MOXKHO IPEICTaBUTh B PA3NIMYHBIX BHUAAX 0€3 MOTEPH NAHHBIX WIN CTPYKTYPHI,
MIPEAYCMOTPETh BO3MOXKHOCTh MAacIITaOMPOBaHUS TEKCTa W HM300paXeHHH Oe3 IMoTepH KadecTBa, HPELyCMOTPEThH
JOCTYIHOCTb yTIPaBJICHHUSI KOHTCHTOM C KIIaBUAaTypPHI;

- CO3/1aHHMEe BO3MOKHOCTEH [Tl 00y4alonXcsl BOCIPHHAMATE OJIHY U TY k€ MH()OPMAIUIO U3 Pa3HBIX HCTOYHUKOB -
HampuMep, Tak, YTOOBI JIMIA ¢ HAPYMICHWSIMH CIyXa MOJydaln WH()OPMAanWio BU3yaldbHO, C HApYyLICHUSIMHU 3pEHUS -
ayJquaIbHo;

- NpHUMEHEHHE IPOTPaMMHBIX CPEICTB, OOECIEYMBAIOUINX BO3MOXKHOCTh OCBOCHMS HAaBBIKOB U YMEHHH,
(bopMUpYEeMBIX AMCIMIUIMHON, 3a CYET aJbTEepPHATUBHBIX CIIOCOOOB, B TOM HYHWCIE BHUPTYalbHBIX Ja0OpaTopuii W
CUMYJIIIIMOHHBIX TEXHOJIOTHUIA;

- TpPUMEHEHHE JUCTAHIMOHHBIX O00pa30BaTENbHBIX TEXHOJNOTHH [UIsd Mepefadyn WH(pOpMAaluK, OpraHU3aluu
Pa3IMYHBIX (POPM HHTECPAKTUBHOW KOHTAKTHOH pabOThl 00OyYaromerocs ¢ MpernojaBaTelieM, B TOM YHCIIe BeOMHApOB,
KOTOpBIE MOTYT OBITh HCIIOJB30BAHBI JUIS MPOBEACHUS BUPTYaJIbHBIX JICKIMA C BO3MOXKHOCTHIO B3aUMOJICHCTBHUS BCEX
YYACTHUKOB JHMCTAHIIMOHHOTO OOYUYCHHS, MPOBEACHUSA CEMHHAPOB, BHICTYIUICHHUS C JOKJIAJAaMHU M 3alUTHl BBITOJHCHHBIX
paboT, IpoBeICHHS TPSHUHIOB, OPraHU3aI[UH KOJUICKTUBHON paOOTHI;

- TpUMEHEHHWE JUCTAHIIMOHHBIX O00pa30BaTEIbHBIX TEXHOJNOTWH JUIS OpraHm3amué  (GopM TEKYIIEro |
TIPOMEKYTOYHOTO KOHTPOJIS;

- VBEJIWYEHHE MPOJOJLKUTENFHOCTH CHAud  OOYYAIOIMMCS WHBAIWIAOM WM JIAIIOM C OTPAaHWYEHHBIMH
BO3MOYHOCTSMH 37I0pOBBSI (POPM MPOMEKYTOUHOM aTTECTAINK TI0 OTHONIEHHIO K YCTAaHOBJIEHHOM MPOIOIKUTEIBHOCTH HX
ClIauu:

- MPOIOKUTEILHOCTH CAa4YM 3a4€Ta WM 9K3aMeHa, MPOBOAUMOTO B MHCHMEHHON (opme, - He Gosee yeM Ha 90
MUHYT;

- MPOJOJDKUTENFHOCTH MOATOTOBKM OOYYArOMmIErocs K OTBETY Ha 3aYéTe WJIM 3K3aMeHe, MPOBOJMMOM B YCTHOM
¢dopme, - He Oosee yem Ha 20 MUHYT;

- IPOJIOJDKUTENBHOCTH BBICTYIUICHHUS 00y4aronerocs pu 3amuTe KypcoBoi paboThl - He OoJiee 4eM Ha 15 MUHYT.

IIporpamma cocraBieHa B coorBercTBuu ¢ TpeboBaHusiME PI'OC BO u y4eOHBIM IUTAHOM IO HAIPABICHHIO
15.03.06 «MexaTpoHHKa H pOOOTOTEXHWKa» H Tpodmwiro NOAroTOBKM "®u3ndeckne OCHOBHI MEXaTPOHHKH H
POOOTOTEXHUKH".
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1. CooTBeTcTBHE KOMIETEHIIMIA INIAHUPYEMBIM pe3yJIbTaTaM 00yueHHUs 10 TUCHUTInHE (MOIYJII0)

Kox m HamMeHoBaHHe

NHaukaTopbl AOCTHKEHHA KOMIIeTeHLMH

OueHouyHbIe cpeacTBa TeKyIero

KOMIIeTeHIINU AJI51 AAHHOM AMCIMILIMHBI KOHTPOJISl M IIPOME:KYTOYHOI aTTecTaluu
[IK-2 Cnocoben 3HaTh OCHOBHBIE MoHATUSL  TeopuH | Texkymmii KOHTPOJIb:
pa3pabartbIBath, HEHpPOHHBIX ceTell; crmocoObl mpuMeHeHus | Pedepar mo Temam
OTJIaKUBaTh, BHEAPSTh H | HEHPOHHBIX ceTell B pa3zpabotke, otnanke u | Tema 1. Hefipornsie cetn. OCHOBHEIC
COIIPOBOXKIATh COIIPOBOXKICHUH MPOTPaMMHOTO | TIOHATHS
IpOTrpaMMHOE obecrieueHnst  Juii  MexaTpoHHbIX M | Tema 2. MHorocioliHple HEHPOHHBIE CETH
obecrieueHne Me- | poOOTOTEXHUYECKUX CHCTEM Tema 3. PagnansHble HEHPOHHBIE CETH
XaTPOHHBIX u Tema 4. Camoopranusyrouiecs: HeMpoOHHbIE
POOOTOTEXHUYECKIX Ymets MIPUMEHSTh HeillpoceTeBble | ceTu
cucTeM TEXHOJIOTUH TIpH pa3paboTKe, OTIajgKe |
COTIPOBOXKICHUU nporpammHoro | JlaboparopHbie paboThl IO TEMaM
obeceuennss i MexaTpoHHBIX — u | Tema 1. Heifiponnsie cetn. OCHOBHEIC

POOOTOTEXHUIECKHUX CUCTEM

MOHATHSA
Tema 2. MHOTOCITOMHBIE HEUPOHHBIE CETH

Brnagers cmocoOHOCTRIO — peann3oBBIBaTh | Tema 3. PammanbHble HEHPOHHEIC CETH
METOABl HeWpoceTeBoil o00paborku mpu | Tema 4. CamoopraHU3yIOIIKECs HEHPOHHEIC
pa3paboTke, OTIagKe M COINPOBOXKICHUH | CETH
MIPOTPaMMHOTO obecrieueHus Ui
MEXaTPOHHBIX U POOOTOTEXHUYECKUX cucteM | IIpoMeskyToUYHASI aTTeCTAIMA:
3auém
2. Kpurtepun ouennBanus ¢c(popMHPOBAHHOCTH KOMIeTeHIMIA
Komner 3aureHo He 3aureHo
eHIUS Broicokuii ypoBeHb | CpenHuii ypoBeHb | Huskuii ypoBeHb | Huxe moporosoro
(0TJIMYHO) (xopomo) (YAOBJ1€TBOPUTEIbHO) YPOBHS
(86-100 6aa10B) (71-85 6ann0B) (56-70 6a;1;10B) (HeyoBJIETBOpUTE
JIBHO)
(0-55 6aJjioB)
1IK-2 3HaeT OCHOBHBIE NOHATHSA | 3HAET OCHOBHBIE TIOHATUS | 3HAeT OCHOBHbIE MOHATUS | He 3HaeT ocHOBHbIE
TEOPUU HEMPOHHBIX CETEH; | TEOPUM HEHUPOHHBIX CETEH; | TEOPUU HEHPOHHBIX CETe; | MOHATHS Teopuu
CIOCOOBI TIPUMEHEHHUS | CIIOCOOBI TIPUMEHEHHS | CTIOCOOBI MIPUMEHEHHSI | HEHPOHHBIX CeTeH;
HEHUPOHHBIX  CeTeH B | HEHPOHHBIX cerei B | HEMPOHHBIX cerei B | cIOCOOBI
pazpaboTke, oTIaaKe | | pa3paboTKe, OTJIAagke U | pa3paboTKe, OTJIAAKEe U | MPUMEHEHHS
COIIPOBOXKIEHUN COIIPOBOXKIACHUU COIIPOBOXKIEHUN HEIPOHHBIX CeTed B
IIPOTPaMMHOTO MIPOTPaAaMMHOTO HIPOTPaMMHOTO paspaboTke,
obecrieueHust s | obecnieueHHs g | obecrieueHHs JUI | OTJajKe U
MeXaTPOHHBIX U | MEXaTPOHHBIX U | MEXaTPOHHBIX U | CONMPOBOXIECHUH
POOOTOTEXHUUECKUX POOOTOTEXHUUECKHUX POOOTOTEXHUYECKUX MIPOTPaMMHOTO
cucTeM CHCTEM, JIOITyCKasi | CHCTEM, Jonyckast | obecrieueHuss  JuIs
HE3HAYMTENIbHbIE OMIMOKM B | THUIIMYHBIE  OMMOKM B | MEXaTPOHHBIX n
paccyXIeHUAX 1 BBIBOJIAX pacCyXJICHHAX U BEIBOAAX | POOOTOTEXHHYECKUX
CHCTEM.
YMeer npuMeHsTh YMmeer IIPUMEHATh | YMeeT npuMeHaTs | He ymeer
HellpoceTeBbIe HEHpOoCeTeBbIE TEXHOJNOTUU | HEHPOCETEBbIE MIPUMEHSATh
TEXHOJIOTUH NIPU npu pa3paboTke, OTIaIKe W | TEXHOJIOTHH IpU | HelpoceTeBble
pa3paboTke, OTIAIKE U COTIPOBOXKICHUU pa3paboTke, OTIagKe W | TEXHOJOTWH IpU
CONPOBOXKJIEHUU HIPOrpaMMHOTO COIIPOBOKACHUHI pa3paboTke,
IIPOrPaMMHOTO obecrieueHus JUIs | IPOrpaMMHOIO OTHaJKe U
obecrieueHust 11st MeXaTPOHHBIX u | obecrieueHus JUIs | CONPOBOXKIEHHUU
MEXaTPOHHBIX U POOOTOTEXHUYECKUX MeXaTPOHHBIX U | IPOTPaMMHOIO
POOOTOTEXHUYIECKHX CUCTEM, JIOTTyCKast | pOOOTOTEXHUIECKHX obecrieueHns s
CHCTEM HE3HAYNTEIbHBIE OIINOKH. CHCTEM, JIOITyCKast | MEXaTPOHHBIX U
TUTTUIHBIE ONTHOKH POOOTOTEXHUIECKUX
CHCTEM
Bianeer ciocoOHOCTEIO Biageer crtocoOHOCTEBIO Biageer criocoOHOCTEIO He Bnageer
peann30BBIBATh METOBI peanu30BBIBATh METOBI pea30BhIBATh METOBI CIIOCOOHOCTBIO
HelipoceTeBoi 00paboTKH | HelpoceTeBoi 00paboTku HelpoceTeBoi 00pabOTKH | peaan30BBIBATH
IIpu pa3paboTKe, OTIAKe | IpH pa3paboTKe, OTNIAAKe M | NpH pa3pabOTKe, OTIAJKe | METOJbI




U CONPOBOXKICHUH COTIPOBOXKICHUU Y COMPOBOXKICHUH HelpoceTeBon
MIPOrPaMMHOTO MIPOrPaMMHOTO MPOTPAMMHOTO 06paboTku pu
obecrieueHust s oOecrieueHust I oOecrnieueHus IS pa3paboTke,
MEXaTPOHHBIX U MEXaTPOHHBIX U MEXaTPOHHBIX U OTIaJKe U
POOOTOTEXHUIECKHUX POOOTOTEXHUIECKUX POOOTOTEXHUIECKUX COTIPOBOKICHUHT
cucTeM CHCTEM, JIOIyCKas CHCTEM, JIOMyCKast MPOTrPaMMHOTO
HE3HAYUTEIIbHBIC OIMMOKK B | TUIMYHBIC OIIMOKHA B obecrieueHus IS
MPOTPaAMMHOM pean3anun MPOrPaAMMHOI peanu3anuy | MEXaTPOHHBIX U
POOOTOTEXHUYIECKHUX
CHCTEM

3. Pacnpe)le.nemle OIICHOK 3a (l)Ole)l TEKYIIETr0 KOHTPOJIA U NMPOMEKYTOYHYIO aTTECTALlUIO

4 cemecTp:

Tekymuii KOHTPOJIb!

Pedepar

Tewma 1. Heitponnsie cetn. OCHOBHBIE TTOHSATHUS
Tema 2. MHOrocnoiHble HEHPOHHBIE CETH

Tema 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. CaMOOpraHu3yIOIUECs] HEUPOHHBIE CETU
MakcumanbHoe koaudecTBo 6amios o bPC - 10.

JlabopaTopHbie paboThI

Tema 1. Heliponnsie cet. OCHOBHBIE TIOHSATHUS
Tema 2. MHOrocnoiHble HEHPOHHBIE CETH

Tema 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. CaMOOpraHu3yIOIUECs] HEUPOHHBIE CETU
MaxkcumanpHoe komdectBo OamioB o bPC - 40.
HUroro 10+40= 50 6ayutoB

IIpoMe:kyToUHasi aTTecTAIUs - 3a4eT- 50 6ayIoB.

HpOMe)KyTO'—IHaS[ aTTeCcTanusa IMPOBOJUTCA TIOCJIC 3aBCPUHICHUA HIYUYCHUSA JUCHUIIIIMHBI WKW €€ YaCTu B (bopMe,
ompenesieMoil yueOHbIM IIJIAHOM OO0pa30BaTEIbHOW MPOrpaMMBI C LEJNBI0 OICHUTh PabOTy 00YyYaromerocs, CTEIeHb
YCBOGHUSI TEOPETHUYECKUX 3HAHUI, YPOBEHb COOPMHUPOBAHHOCTH KOMITETSHIIHH.

[IpenomaBaTesnb, IPUHUMAIOIIHIA 3a4eT 00CCIICUMBACT CIyYaiiHOE paCIpe/IeCHUE BapHAHTOB 3aYETHBIX 3aJaHUN MEXIY
0o0ydJalolmMUMKCs C TOMOIIbI0 OWIETOB W/WIM C IPUMEHEHHEM KOMIBIOTEPHBIX TEXHOJIOTHH; BIIpaBe 3a1aBaTh
oOygaroneMycs JONOJTHUTEIEHBIC BOIIPOCH M TaBaTh JOIMOTHUTEIBHBIC 3aJaHHsI TIOMUMO TeX, KOTOPBIE YKa3aHBI B Oniere.
3aueT nmpoBoauTCs Mo OmretaM. B kaxkaom OmiieTe OIeHOYHBIE CPECTBA OTHOTO BHAA: YCTHBIM MIIM MUCHMEHHBIN OTBET Ha
BOTIPOC.

Y CTHBIN WM TMCBMEHHBINH 0TBET — 50 0aJUTOB.

Hroro 50 6ammos.

OO011ee KOJIMYECTBO OAUIOB 10 JUCIMILIMHE 3a TEKYIIHUHA KOHTPOJIb H MPOMEXKYTOUHYO arTectaruio: 50+50=100 6aios.

CooTtBeTcTBUE 0AJIJIOB U OLIEHOK:
s 3auera:

56-100 — 3auTeHO
0-55 — He 3auTeHO

4. OneHOYHBIE CPEACTBA, MOPSAOK HX NPUMEHEHHS U KPUTEPHH OLCHHMBAHMSA
4.1. OueHoYHbIE CPeCTBA TEKYIEr0 KOHTPOJIS

4.1.1. Pedepar

Tema 1. Heifponnsle cetu. OCHOBHBIE MOHATUS

Tema 2. MHOTOCITOMHBIE HEUPOHHBIE CETH

Tema 3. PaguansHbie HEHPOHHBIE CETH

Tema 4. CaMOOpraHU3YIONTUECS HEUPOHHBIE CETH

4.1.1.1. Ilopsiaox npoBeaeHHs.

OOy4aromiyecst CaMOCTOSTEIbHO MUIITYT PaboTy Ha 33laHHYIO TEMY M CHAIOT NPETOAABaTENI0 B MMCbMEHHOM BHJE.
B pabote mpomsBomurcs 0030p Marepuana B ONpPEeNEHHONW TeMaTHYecKod obiacT jmbo mpesaraetcsi coOCTBEHHOE
pelIeHne ONpeeNEHHON TEOPEeTHYECKONW WM TPaKTHYeCKoi mpodiembl. OleHMBalOTCsS NpopaboTKa HMCTOYHHKOB,




HU3IIOKEHNE MaTepuana, (OpMyIHpPOBKa BBIBOJOB, COOJIOJIEHUE TpeOOBaHWH K CTpYKType W odopmieHHI0 padoThl,
CBOEBPEMEHHOCTD BBIMOIHEHHS. B cirydae myOnmaHOM 3amuThl pedpepata OLEHNBAIOTCS TAKXKE OPATOPCKHE CIOCOOHOCTH

TpeGoBanus k pedepaty

ITpu odopmiennn TekcTa pedepaTa ciiexyeT NPUACPKUBATHCS CIEAYIONNX TapaMETPOB:

moJist: ieBoe — 35 MM, mpaBoe — 15 MM, BepxHee — 25 MM, HIDKHEe — 25 MM;

OpHEHTALUSI CTPAHMIIBI: KHIDKHAS,

mpudt: TimesNewRoman;

Kerib: 14 1t (IyHKTOB);

KpacHast cTpoka:1 Mm;

MEXAYCTPOUHBII HHTEPBA: OIYyTOPHBIH;

BBIPAaBHUBAHWE OCHOBHOI'O TEKCTA M CHOCOK: 110 LIIMPHHE.

Wnnroctpauiun B Buj€ PHUCYHKOB, (DOTOCHHMKOB, CXeM M T.I. MOTYT paclojarathCsi OPraHMYHO C TEKCTOM
(BO3MOXKHO Onrke K WILUTIOCTPHPYEMOW 4acTH) JHO0 Ha OTHAENBHBIX JHCTaX. B mo0oM cirydae BBIIOJTHACTCS HyMepallus
(ckBO3HAs [UIA BCEX Pa3lesioB), KOTOpas pacmonaraercs BBepxy. IloapHcyHOUHYIO HyMepanuio W HaJIHCh PacIoyiaraTh
BHU3Y.

3akaHYMBACTCS TOSCHUTENbHAS 3amucka OMOIHOTpauYecKUM CHHCKOM HMCTOYHHKOB, K KOTOPBIM oOparmaics
CTYICHT BO BpeMs pabOTHI HaJ pa3padbaTeIiBaeMON TEMOM.

O0beM  MHPOPMAIIMOHHO-TEXHOJOTHYECKOW  JOKYMEHTAMM HE  pEerIaMEeHTHpPyeTcs — OH  JHUKTYeTcs
AOCTAaTOYHOCTBIO JJId MPAKTHYCCKOTO HNPUMCHCHUA. KapTO‘-IKI/I 3aJaHusa [Jis1 CAaMOKOHTPOJIA (ean TaKOBBI I/IMe}OTCH)
BKJIaJIbIBAIOTCS B IIPO3pauHble (ailbl.

Pedepar 1o cBoeMy CTpyKTYpPHOMY COJEPKaHHUIO TOJDKEH COJEPIKATh CIIEAYIONIHE 3JIEMEHTBI:

- TUTYJIbHBIHU JIUCT;

- colepKaHue;

- BBEJICHHC;

- 0a30BOE MOHSTHS;

- HCTOpUYECKasl CIpaBKa (0COOEHHOCTH 3apOXKICHUS W PA3BUTHS, OCHOBOTIOJIOKHUKH H T.11.);

- KIaccuuranus (BUIBL, GOPMBI H T.1I.);

- o01Iee ¥ 9aCTHOE ITOJIOKEHUS [0 IPIMEHEHHIO B y4eOHO-BOCTINTATEILHOM ITPOIIECCE;

- TJ0Cccapuii;

- CIIMCOK HCIIOJIb30BAHHBIX HCTOYHUKOB

- IPWIOXKEHUs
4.1.1.2 Kputepun oneHMBAHUS

9-10 6au10B CTABUTCS, €CJIH 00YHAIOIIMIiCS:

Temy packpbil MOJHOCTHIO. [IpOJEMOHCTPHpOBaANl IMPEBOCXOAHOE BiaJeHHe MarepuaiioM. Vcmonb3oBan
HaJ1CKalmnue UCTOYHUKU B HYKHOM KOJIMYECTBE. CprKTypa pa6OTLI COOTBETCTBYCT NOCTABJICHHBIM 3adavdaM. Crenenn
CaMOCTOSITEILHOCTH pabOThI BBICOKASI.

7-8 6a1J710B CTABUTCSI, €CJTH 00yUAIOIIHICSI:

Temy B ocHOBHOM packpslil. IIponeMoHCTpHpOBaNl Xopollee BiajeHue MarepuaioMm. Mcronbp3oBan Haurexamme
ncrouyHukd. CTpyKTypa pabOThl B OCHOBHOM COOTBETCTBYET IIOCTaBJICHHBIM 3ajadaM. CTeneHb CaMOCTOSTEIbHOCTH
paboTHI CpeTHsIAL.

5-6 6aJJ10B cTaBUTCS, €CJIH 00yYAOIIHiC:

Temy packpsun cnabo. IIpopeMoHCTpHUpOBaN YIOBIETBOPUTEIBHOE BJaJCHUE MaTepuanoM. Vcrmonb3oBaHHbBIE
HCTOYHHKH U CTPYKTYpa pabOThl YACTUYHO COOTBETCTBYIOT MOCTABJICHHBIM 3a7a4aM. CTereHb CaMOCTOSTEIbHOCTH PabOThI
HU3Kasl.

0-4 6a1JI0B CTABUTCSI, €CJIN O0yHAIOLUICS:

Temy He packpbul. [IposeMOHCTPHUPOBAN HEYJOBIETBOPUTEIbHOE BIAJCHUE MarepualioM. VICroib30BaHHbIE
WCTOYHHMKH HeZocTaTouHbl. CTpYKTypa pabOThl HE COOTBETCTBYET OCTABIEHHBIM 3a1a4aM. PaboTa HecaMocTosTENbHA.

4.1.1.3. Conep:xaHue OLIEHOYHOTO CPeACTBA

[TpaBuno oOyueHus Xeooa.

JInnelinas HelipoHHAas CETb.

PexyppeHTHbII MeTOJT HAUMEHBIIUX KBaJpaTOB
JIuneiiHast ceThb ¢ JIMHEN 3aEpKKU
Pacno3znaBaHue cuMBOJIOB

KoHnuennus HelipoymnpasieHus
HelipoaMynsTOpbl 1 HEHPOIIPEIUKTOPHI
Heiiponnas cets DnmaHa

Ceru Xondunga

0. Heiiponnas cerb XoMMHHTa

1. AnanTuBHBIC pe30HAHCHBIE HEHPOHHBIE CETH
12. Merozasl ri100aabHOM ONTHMU3AIUNA

13. Meroa UMHATALHA OT)KATa

14. Croxactrnyeckue MeTo bl 00y4YeHHH HEHPOHHBIX CeTeH

RBPOooo~NoORrwWDE



15. Metox post yacTHIl

16. DnemenTHas 6a3a IS alIapaTHON peaan3anui HeHPOKOMITBIOTEPOB
17. Ceru Ha OCHOBE TEOPHUH aJalITHBHOTO PE30HAHCA

18. Mammaa bonsmana

19. [IsyHampaBieHHas acCOLMATHBHAS MAMATh

20. MHuorompo¢mibHas MOAETh pelaKCallMOHHON HEHPOHHOH CeTH

4.1.2. JlabopaTopHbIe padoThI

Tewma 1. Heltiponnsie cet. OCHOBHBIE TIOHSTHUS
Tema 2. MHoOrocmnoiinble HeHPOHHBIE CETH

Tema 3. PaguansHble HEHPOHHBIE CETH

Tema 4. Camoopranu3yromuecs HeHpOHHBIE CETH
4.1.2.1. Ilopsaox npoBeIeHH.

B aymuropuu, OCHAIIEHHON COOTBETCTBYIOIIUM OOOpPYIOBaHHEM, OOY4YArOUIHEcs MPOBOIAT Y4EOHBbIE DKCIIEPUMEHTHI U
TPEHUPYIOTCS. B MPUMEHEHHU MPAKTUKO-OPUEHTUPOBAHHBIX TeXHOJOTui. OLEHHBAIOTCS 3HAHUE Marepuaia U yMeHHE
MPUMEHSTH €r0 Ha MPAKTHKE, YMEHUSI M HABBIKU 110 paboTe ¢ 000pyA0BaHUEM B COOTBETCTBYIOIEH MPEAMETHON 00IacTy.
JlaGopatopHble pabOTHI POBOMATCS MPENOAABATEIEM COIJIACHO pa3paboTaHHOMY M YTBEpP)KICHHOMY Ha Kadenpe
paboueii mporpamme. Kaxkaas 1abopaTopHO-TIpaKTHUECKas pab0Ta BBIMOJIHICTCS MO OMPEACICHHOW TeMe MPOrpamMMbl B
COOTBETCTBUH C 33J]aHUEM.
[epen BhINONHEHNEM Ka) 101 pabOThI CTYAEHTHI-0aKaNIaBpbl JOJKHBI MpopaboTaTh COOTBETCTBYIOIIUI Marepual,
HCIOJIb3Yyd KOHCIICKTBI TCOPCTUYCCKUX 3aHHTHI7[, MCPUOANICCKUE U3IaHuA, y‘le6HO-MeTO[[I/I'~IeCKI/Ie nocoous u y‘-Ie6HI/IKI/I
Ha xaxxaoM 3aHATHH CTYACHTHI BBIMOJHSIOT pabOTy B COOTBETCTBUH C €€ COJACPIKAHMEM U METOJHYSCKUMHU
YKa3aHUSIMH.
ITo okOHYaHUM 3aHSTHIl CTYACHTHI OQOPMIISIOT OTUET MO KaX0M paboTe, COOII0Iast CIEAYIONYI0 GopMy:
e HauMmeHoBaHUE TEMBI;
o Ilens paboThr,
3ajaHue U coJepIKaHKe BBITIOJHEHHON paboThl,
IInceMeHnHbIE OTBETHI HA KOHTPOJIbHBIC BOIIPOCHI.
BeIBoIBI IO TIpOAIEIIaHHOM padoTe.
CHHMCOK UCTHOJIB30BAHHBIX HCTOYHHKOB.

4.1.2.2 KpuTepuu onieHUBaHUS

35-40 6a1J10B CTABUTCSI, €CJIH 00YYAIOIIUIACS:

[IpaBUibHO BHIIOJHWI Bce 3amaHUs. [IpoIEeMOHCTPHpPOBAN BHICOKMI ypPOBEHb BIAJCHUS MarepuaioM. [IposBieHBI
MIPEBOCXOIHBIE CTIOCOOHOCTH PUMEHSITh 3HAHHS M YMEHUS K BBITIOJTHEHUIO KOHKPETHBIX 3a/IaHUI.

29-34 6a1J10B CTABUTCSI, €CJIH 00YYAIOIIUIACS:

[IpaBUBHO BEHIMONHWI OOJBIIYI0 YacTh 3aJaHuil. [IpUCYTCTBYIOT HE3HAUMTENbHBIE OIMOKH. [IpomeMOHCTpHpOBaH
XOpOHII/Iﬁ YPOBE€HL BJIAJICHUA MaTEpHaIiOM. HpOSIBJ'IeHI)I cpe€aHue CIIOCOOHOCTH MNPUMEHATH 3HAHUA W YMCHUA K
BBITIOJTHEHUIO KOHKPETHBIX SaﬂaHHﬁ.

23-28 6a1J10B CTABUTCS, €CJIH 00yYAIOIIHIICS:

3amaHus  BBINONHMI Oojee dYeM HamojoBuHy. IlpucyrcTByroT cepné3Hble omubOku. [IpomeMoHCTpHpoBaH
y)lOBHeTBOpI/ITeHLHLIﬁ YPOBCHB BJIAJICHUA MAaTECpHUATIOM. HpOﬂBHEHLI HHU3KHE CITOCOOHOCTH MPUMCHATH 3HAHUA U YMEHUS K
BBITIOJTHEHUIO KOHKPETHBIX SaﬂaHHﬁ.

0-22 6a/1510B CTABHTCH, €CJIN 00YYAIOIIUIICS:

3amaHusi BBIIOJHWI MEHEE YeM HamoJIOBHHY. [IpoJeMOHCTPHpPOBAaH HEYAOBICTBOPUTEIBHBIN YPOBEHb BIIAJCHUS
MaTepuaioM. [IposiBIIEHBI HETOCTATOYHBIC CIIOCOOHOCTH IMPHMEHSATh 3HAHUS W YMEHHSA K BBITIOJTHEHUIO KOHKPETHBIX
3a/laHui.

4.1.2.3. Conep:xaHne ONEHOYHOTO CPEACTBA

JJIABOPATOPHAS PABOTA Ne 1
MN3YUYEHUE CBOVMCTB JIJUHEMHOI' O HEMPOHA 1
JIMHEMHOW HEMPOHHOM CETH
1 LIEJIb PABOTbI

M3yunTs cBOMCTBA TMHEITHOTO HEHPOHA U INHEWMHOM HEIPOHHOU CETH.

2 CBEJEHUA U3 TEOPUHN



2.1 MopaeJib HeiipoHa

HUckyccrBennrie Heliponnsie cetn (HC) mpencraBistior coOod mpocTeifmue MaTeMaTHIecKue MOIETH MO3Ta.
[ToHATs OCHOBHBIE IPHHIHMIEI TocTpoeHnst HC MOXKHO, paccMaTpHBast HX Kak COBOKYITHOCTD (CETh) OTAECNBHBIX CTPYKTYp
(metipoHoB). OueHb TPYOO CTPYKTYPY OMOJIOTHYIECKOTO HEHpOHA MOKHO OMKCATh CIeAyommM obpa3zoM. Heilipor mmeer
COMY — TeJI0, IEPEeBO BXOIOB — JACHIPHTHI, BEIXOA — aKCOH. Ha coMme M Ha AeHIpHUTaX pacloiaraloTcsi OKOHYAHUS aKCOHOB
JpYrux HEHPOHOB, Ha3bIBACMBIX CHHANCaMH. [IpUHATBIC CHHAICAMHM BXOJHBIC CHTHAJbl CTPEMSTCS JMOO BO3OYAMTH
HelpoH, b0 3aropmo3nTh. Korga cymmapHoe BO30YXAEHHE JIOCTHraeT HEKOTOPOrO MOpora, HeHpoH Bo30yxkIaercs U
MOCBUIAET 110 aKCOHY CHI'HaJI APYruM HelpoHaMm. Kaxplil ciHanc o01agaeT yHUKaIbHOM CHHANTHYECKOH CUIIOH, KOTopast
MIPOTIOPIIMOHANEHO CBOEMY 3HAUEHHMIO H3MEHSAET IIepelaBaeMblii Ha HEHpOH BXOMHOM curHail. B coorBercTBHM C
NIPUBE/ICHHBIM OIMCAaHUEM MaTeMaTHuYecKas MOJeNb HEeHpOHa MpeJCTaBiIsieT co00H CyMMHPYIOIIUHA MOPOTOBBIH JIEMEHT
(puc. 1).

X Z Wyt F(; W, - Iz’)

W e

Wy
Xy

Puc. 1. UckyccTBeHHBIH HellpoH

®dopmyna cpabaTeIBaHUS HEHpPOHA:

O= F(<WT, X>)= F(anwi “ X)),

i=1
1L (<W', X >)>0,

0, unaue.

O:

2.2 Anropurm 00y4eHus 110 AeJbTA-NPABUIY

O6y4uenue HC mpoucxoanuT Ha HEKOTOPOI oOydaromieil BEIOOpKe, IS KaXKI0ro 00pasna KOTOPOH ONpeaessFoTCs
1 CPaBHUBAIOTCS C KEJIAeMBIMH 3HAYCHMSAMH BCE TEKYIIHME BBIXOJBI. Eciu pa3HUIla HEIOMyCTHMa, TO Beca M3MEHSIOTCS.
OxoH4yaHHEM 00Y4eHHUS CUUTAETCS CUTYaIlHs, KoTJa obmiast omubka Ha Bcex o0pasnax JOMyCTHMA.

Bce anroputMer 00yueHust HepoceTelt SABISI0TCA Pa3HOBUAHOCTSIMU ANTOPUTMA O0YUIEHHUS MO0 METOY KOPPEKIIUU
OINUOKH, KOTOpasi OCYLICCTBISICTCs mo-pasHomy. Maes w3menenus BecoB HC CBOAMTCS K HaXOXKICHHUIO OOIIEH Mepsl
Ka4yecTBa CeTH, B KauecTBE KOTOPOW 00BbIYHO BBIOMparoT hyHKIMIO ommoOku ceTy. Toraa, 4yroObl ogo0paTh HyKHbBIE Beca,
HEOOXO0MMO MHUHHMMHU3UPOBATh (QYHKIHMIO omMOKH. CaMbIM pacrpoCTpaHEHHBIM METO/IOM IOMCKa MUHMMYyMa SIBISETCS
METOJ TpajaueHTHoro cmycka. [t ciaydas QyHKOMM ¢ OJHOM NEepeMEHHOW Beca W3MEHSIOTCS B HAIlpaBJICHUH,
IIPOTUBOIIOJIOKHOM IPOU3BOAHOM, T. €. cripaBeyinBa Gopmyra

W™ =W" —h-F'W),

rae h — HeKOTOpBIN YpOBEHb OOYUEHHS, 1Al H3MEHEHHS;
F'(W) — npousBoanas Gpyukimu kauectsa HC uist 0/iHO# epeMeHHOIH.

n
Jlnst pynKimn F OT N IepeMeHHbIX ¥ eIMHIYHOT0 BekTopa e B mpoctpanctse R” ||ef| = 1, € € R , i depeHnnan
BBIpakaeTcs GopMyInon

lim,_,(FW +et) - F(W))
t

aeF(\N):



Just cmyqas e = (0, 0...1...0) onpeaenum dacTHBIN quddhepeHIran

lim _, (F(W,W,,...W. . ,...w ) —F(W))

aiF(\N): "

Takum 00pa3oM, aHTUTPATUCHT — ATO HabOp cienyromux auddepennnanos:

OF (W) = (=0F (W, ), — OF (W, ), ..., — OF (W), ..., —F (W )T .

st omipenieneHust 0000MEHHOH QYHKITUH OIIUOKH PACCMOTPHUM O0YYAIONIyI0 BEIOOPKY (Y9, te k=1, .., K.
HakorieHHast O BceM 3110XaM OLIHOKa
K ‘ K m 9
E=> (E")=)| > 1/2[0;-Y{[" |
k= k=1 \i=1

1

®dopmyna moandukanuu Beco HC

W™ =W" —h-0E/oW

YTOUHSIETCS [UIsA Pa3IMYHBIX BHIOB (yHKIMM aktuBaiuu. Jins nubeiinoi ¢yuknun F(t) = t, HC dopmupyer

O, =<W,, X, >

Ka)KI[BIfI BbIXO/J KaK CKaJIAPHOC MMPOU3BEACHUC BECOB Ha BEKTOP BXO0B: | U rpagucHT 6y,£[€T PaBCH:

OE/OW =—(Y, —0,)- X,

rae Y — sxenaeMbiid BoIXo; O; — MOJYYCHHBINA BBIXO; X — BEKTOP BBIXOJA.
Takum o6pa3om, mosnydaeM (GopMyy H3MEHEHHS BECOB

n+l _ n
W™ =W" —h-(Y,-0,)- X.
Ecnu 3Hauenuem o Ha3BaTh pasHuny (Y; — O;), To HoIxy4duM GopMyiILy
W™ =W"—-h.5-X,

YTO SIBJIAETCS AI2OPUMMOM 0OYHUeHUs No o -npasuny.
2.3 Onucanue OCHOBHBIX (PyHKUMIA

s paboTel ¢ HEHPOHHBIMH ceTsIMH HeoOxomumo uHcTamwupoBaTth MATLAB u obnanaTe mepBoHadalbHBIMU
3HAHUSMH OTHOCHUTENIBHO si3bika cucTeMbl. Ilockompky MATLAB mpencrasisier coboii mHTEpHpeTaTop, TO OOydYeHHE
HHCTPYMEHTAPHIO HEHPOHHBIX CeTeH 3aKI0YacTcs B OCHOBHOM B M3YYeHHH (YHKIUM M MX IapamMeTpoB. Y3HATh
BO3MOKHOCTH HEHWpOHa Kak KiacCH(HUKaTopa MPOCTHIX JMHEHHO cemapabeibHBIX 33a[ad MOXKHO ITyTeM IPOBEICHHS JKC-
MEPUMEHTOB C MOJIENBIO OJJHOTO JIMHEIHOTO HEHpPOHA.

®yukuus newp. st Toro 4roObl co3aaTh HEHPOH, MCIONB3YIOT (QYHKIHIO NEWp, MMEIOUIYIO CIIEeTYIOMNH
CHUHTAKCHUC!

net =newp(PR, S, TF, LF),

rre PR — mMaTpuna MUHMMANBHBIX M MakCUMAaJbHBIX R BXOIHBIX 3JIEMEHTOB; S — KOJMYECTBO HEHPOHOB (TIpH
co3zaHuu onHoro Heifpona S=1); TF — dpynkuus akrusanuu (transfer function); LF — umst dpyHkunu o0ydeHust HepoHa.

B ciryyae ecnu napaMeTpsl pyHKIMK NEWP HE 33/1aHbl, NX 3HAUCHHS ONPEIEIISIOTCS OCPEICTBOM BBOJIa 3HAUEHHUN
B MayioroBeie okHa. [locTpoeHHbIH HeHpoH XapakTepusyercs ¢ yHKIIIMU BecoB (weight function), BxomoB cetu (net input
function) u onpeneneHHoi GpyHkunei akTuBanuy. OyHKINS BECOB — 3TO YMHOKEHHE BECOB HAa BXOJHON CUTHAII, QyHKINS
BXOJIOB CETH — MX CyMMa. Beca 3aatoTcst Kak A1 BXOJOB HEHpOHA, Tak M I (PUKCHPOBAHHOTO BXOJa, 3aJafOIIET0 TIOPOT
cpabarpBanmsa (bias). Bexkrtop BecoB uHHIManm3upyercss HymaMu. Jlng oOydeHHS HMCHONB3YIOTCA (YHKINH,
PAacCMOTPEHHBIC HIKE.



®dyuxuus learnp macrpausaer Beca Heiipona. CUHTAKCHC QYHKIMH 00YYEHHUS TOBOJIBHO CIIOKEH:

[dW, LS]=Ilearnp(W,P,Z, N, A T, E, gW, gA D, LP, LS),
[db, LS]=learnp(b,ones(1, Q),Z, N, A T, E, gW, gA, D, LP, LS),
info = learnp(code).

Oyuxmus learnp (W, P, Z, N, A, T, E, gW, gA, D, LP, LS) umeeT HeckoIbKO BX0IO0B, Tae Bekrop W — BeKTOp
BECOB; P — BEKTOP BXOJIOB; Z — BEKTOP B3BELIEHHBIX BX010B; N — BEKTOp ceTH; A — BEKTOD BbIX0aa; T — BEKTOP XKEIAEMbIX
BBIXOI0B; E — Bektop ommbok; gW — BEKTOp M3MEHEeHHWs BecoB; JA — W3MEHEHHUs BbIX0H0B. MDYHKIHWsS BO3BPAIIAET
snayenus: dW — usMeHeHus MaTpHIlB! BecoB; LS — HOBEIN ypOBEHb 00YYEHHOCTH.

®ynkus learnp MoxkeT OBITH HCIIOIB30BaHA C TAPAMETPAMH 110 YMOTYAHHIO:

dW =learnp([], p,[1.[1.[1.[].& [ [1LILILLD.

Hcnonb3oBaHKe MycTOrO CIUCKA [ | 03HaYaeT mapameTp Mo yMOJYaHHUIo.
Oyukius learnp perumciser usmeHenue BecoB OW it 3ajaHHOTO HEpoHa B COOTBETCTBHHM C MPABUIOM
00y4eHUs IIepCenTPOHa:

0, eciu owubka e =0,
dW =< p', eciu e =1,
—p', ecru e=-1,

T. €. dW =€ p'.

®ynknus learnpn HactpanBaeT HOpMalTH30BaHHEBIE Beca:

[dW, LS]=Ilearnpn(W, P, Z, N, A T, E, gW, gA, D, LP, LS).

Oyukuus learnpn Beraucnser usmenenune BecoB W st naHHOro HelipoHa u ero Bxoga P u ommbku E B
COOTBETCTBUH C HOPMAJIM30BAHHBIM TPABHIIOM 00YUEHHS IIEPCENTPOHA!

pn=p/y/@+ pR)? + p(2)? +...+ p(R)?),

0, ecru owubka e =0,
dW =< pn', eciu e =1,

— pn', eciu e = -1,
re AW =e-pn’

JluHelHBI HEHpOH MMEET OIHO CYIIECTBEHHOE OrpaHMuYeHHe. BXOIHBIE BEKTOPHI JODKHBI OBITH JIMHEHHO
pasaenumMbl. Eciii BEKTOPBI HEBO3MOYKHO OTAEIHTH NMPSIMOM WMIIM THIEPIUIOCKOCTBIO, TO TIEPCETITPOH HE CIOCOOEH PEUINTh
3a/1a49y KJIacCU(PUKAIINH.

®yuxuus adapt amanrupyer HC k ycmosusiM 3a1adm:

[net,Y, E, Pf, Af ]=adapt(net, P, T, P, A).

Mapamerpsr Gyrkmuu adapt: net — umst cetu; P — BXOIBI CETH; | — JKENAEMBIH BBIXOM; Pj — UCXOMHbIEC YCIOBHSI
3a7iepKKH; Aj — HMCXOJHBIE YCIIOBHUS 3allepKKH Uil cios. DyHKIUs BO3BpaIaeT MapamMeTpbl aJalTHPOBAHHOW CEeTH
net.adaptParam: net — u3menenHnast ceth; Y — Bbixoa cetd; E — omubku cetu; Pf — ycmoBus 3amepxku Bxomos; Af —
ycioBus 3a1epikku cios. [lapamerpsl P u Pf HeoOs13aTesbHbIe 1 HEOOXOAUMBI TOJBKO LIS CETEH, MMEIOIIUX 3aePIKKH Ha
BXO/1axX U CJIO€.

®ynknus train Taxke o0ydaer HC 1 Hcnonb3yeT clie Iyl CHHTaKCHUC:



[net, tr]=train(net, P, T, P, A).

OyHkIms train uMeeT crenyrolie napaMeTpsi: Net — ceTb; P — BXoasl ceTH; T’ — jKelaeMblil BBIXO;, P; — HCXOJHbIC
YCIIOBUSI 3aJIEP>KKU BX0a; Aj — HCXOJHBIE YCIIOBHS 3aI€PKKH CIIOS.
®yHkOus SiM UMUTHPYET HEHPOHHYIO CETh:

rae net — cers; P — BXOAbI ceTH; P; — HCXOIHBIE YCIOBHS 33JC€PKKH BXOMOB CETH; Aj — HCXOIHBIC YCIOBHA
3amepKKku cios. DyHKImsA Bo3BpamiaeT Y — BBIXOABI ceTH; Pf — OKOHYaTenbHBIC YCIOBHS 3aJepiKKH BXonoB; Af —

[Y, Pf, Af]=sim(net, P, P, A),

OKOHYATCJIBHBIC YCIOBUA 3aAC€PIKKHU CIIOA.
q)yHKIIHH akTuBanuu. Hmke MpCACTAaBJICHbI HA3HAUCHUS 3TUX (l)yHKIII/II‘/‘I.

DyHKIUA Ha3znauenmue
hardlim Bospamaer 1, eciiu Ha BX0/i€ HOJI0XKUTENbHOE YUCI0 U 0 B IPOTUBHOM CIIydae.
tansig Bpruncisier runepOoNIniecKuii TAHTeHC OT BXOJa.
purelin BpIuncisieT BBIXO CII0sI OT CETEBOTO BXOJ1A.

@®yukuuu rpadpuyeckoro uHrepdeiica M BcernoMorarejibHble (QyHKIHH.

pEeACTAaBIICHO HUXKE.

Haznayenue »sTtux ¢yHKUMit

DyHKIUA Ha3nayenue
axis([Xmin Xmax Ymin Y CTaHABJIMBAeT AUANa3oHbl KOOPAUHATHBIX OCEH.
Ymax)
title(‘cmpoxa’) BriBoauT B rpadynueckoe OKHO pUCYHKOB 3aroJIOBOK TpagduKa.
rand(M, N) Bosspamaer marpuiry pasmeproctd M Ha N co ciaydaiiHBIMU 3HaYEHUSIMU.

xlabel(‘cmpoxa’)
ylabel(‘cmpoxa’)
cla reset

hold on

hold off

text(X, Y, ‘cmpoxa’)

HOHHI/ICBIB&IOT HAaUMCHOBAHUC KOOPAUHATHBIX OCeH.

Ouumraer KOOPJAUHATHYIO CETKY B OKHE PUCYHKOB.
BKJIr04aroT ¥ OTKIIFOYAIOT PEXUM J00aBIeHUs rpauKOB Ha KOOPANHATHYIO CETKY.

BI)IBO)II/IT CTPOKY, HAUYMHAA C YKa3aHHBIX KOOPJAWHAT B I1OJIC pPUCYHKOB.

pause (n) O’KHUIaeT MOJIb30BATENLCKOTO OTBETA 71 CEKYH]I.

plot(X, Y, ‘ysem u W300pakaeT Ha KOOPJAMHATHON CETKE TOUKHM ¢ KOOPAMHATAMH, 3aJaHHbIMK BekTopamu X, Y, ¢
cumeon’) HOMOIIBK) YKa3aHHOIO CUMBOJIA U [BETA.

plotpv(P, V) W300pakaer TOYKH P yKasaHHbIMM Mapkepamu I, riae P — MaTpuia BXOJHBIX BEKTOPOB

plotes (WV, BV, ES,

V)

plotsom(POS)

pa3meprocthio R Ha Q (R momkeH ObiTh 3 wiau Menblie), 7 — MaTpuIla ABOMYHBIX BEKTOPOB
pa3meprocThio 5 Ha Q (S HoKeH ObITh 3 WM MEHbIIIE).

N3o0paxkaeT MOBEPXHOCTh OIIMOKN Ha OTAENbHOM BXoje, rae WV — BeKTop CTpoK 3HaYeHHUH
BecoB W pasmeproctu N, BV — Bekrop cTpok 3HaueHuii noporoB B pasmepnoctu M, ES —
Marpuia ommoku pasmeprnoctu M Ha N, V — yron 3perns mo ymondanuio [-37, 5, 30].
N3o0paxkaeT mO3WIMIO HEHpoOHAa KpacHOW TOYKOW, CBA3BIBas CHHEW IJIMHUEH HEHpPOHBI,
HaxozsImecs Apyr oT aApyra Ha paccrosHuu 1. POS — marpuiia S N-pa3mepHbIX HEHpOHOB.

ind2vec [To3BOMSIOT TpeACTaBUTh MHAEGKCH JHOO COOCTBEHHO 3HAYCHHMSMH WHAEKCOB, JHOO

vec2ind BEKTOPaMH, CTPOKH KOTOPBIX COJepKaT | B MO3UIIMHU HHIIEKCA.

full [IpeoOpazyeT pa3pekeHHYI0 MaTpHUILy B ITOJHYIO.

maxlinlr(P) OyHKIMSA BO3BpAIACT MaKCHMAIIbHBIA YpOBEHb OOYYEHHOCTH JMHEHHOro ciosi 6e3 bias,
KOTOPBIN 00y4ascs TONbKO Ha BeKTope P.

trainlm Brmonnsier 00yuenne mHorocnoiHoit HC metonom Jlesen6epra-Mapksapara.

netprod BxonmHasi ceTeBas (yHKUHsI, KOTOpas BBIYMCISAET BBIXOJ CETEBOTO CIIOS, YMHOXas BXOJHOU
BEKTOp Ha Beca u mpubasisist bias.

init Ureparusno nannuanmsupyer HC.

CTpyKTypa JaHHBIX ONMUCAHUS HeHPOHHBIX ceTeil. CTpykTypa maHHBIX Net — sTo ommcanme oOyuerHoi HC.
OOyueHne OCyIIECTBIIIETCS B COOTBETCTBUH CO CIEAYIOMIMMH ITapaMeTpaMi, 3HaYCHHS KOTOPHIX JTUOO yCTaHABIMBAIOTCS
M0JIb30BATENEM, JINOO M0 YyMOTYAHHUIO.

CTpyKTYypa IaHHBIX
net.trainParam. epochs 100
net. trainParam.goal 0
net.trainParam.max_fail 5

Kommenrapmii
MakcumasbHOE KOJIMYECTBO 310X 00yUeHHsL.
[eneBoe 3HaUEHHE OMINOKH.
MakcumainbHOe 3HaueHHE OIIUOKH.




net.trainParam.mem reduc 1 dakTop ONTHMHU3AIMK MpOIlecCa OOYYEHHS: ONTUMH3ALUS HCIOJIb30BAHUS
MaMsITH WK BPEMEHH Npolieccopa.

net. trainParam. min_grad 1e-10 | MuHnMabHOE 3HAYCHHE TPaIHCHTA.

net.trainParam.show 25 KommuecTBo 310X MeXIy MOKa3aMHu.

net.trainParam.time inf MakcuMmanbpHOE BpeMsi 00yUeHHUS B CEKYH/IaX.

TR CrpykTypa HOaHHBIX, cofepxkamas 3HadeHus o0 oOyuennHoctm HC B Tekymryio
AMOXY.

TR. epoch Howmep smoxu.

TR.perf VYposens obyuennoct (Trainingperformance).

TR.vperf Crenens kauectsa (Validation performance).

TR.tperf PesynsraTBHOCTE 06paboTku Tecta (Testperformance).

TR.mu 3HayeHne aJaiTHBHOCTH.

CrpykTypa maHHBIX omucanusi amantupoBannoir HC net.adaptfcn Bxmowaer B cebs cremyromme MO
net.adapt.param: NET — aganrruposanras HC; Y — Berxomst HC; E — omi6kn HC; Pf — okoHUaTenbHbIe BXOAHBIC 3HAUCHUS
3ajiepikek; Af — OKOHuUaTeNnbHbIE BBIXOHBIC 3aePKKH; TR — pe3ynbTar 00yueHus (310X U LeneBas omrbka). [Iposeiem B
cpene Matlab toolbox skcriepuMeHThI, HCTONB3YS PACCMOTPEHHBIE (DYHKIIUH.

3 IIOPAJOK BBIITIOJIHEHUS PABOTBI

INPUMEP 1 Co3nanue HelipoHOB, peaju3ylomux GyHKuuu jJoruyeckoro U
u Joruveckoro NJIN

Co3gamuM HEHpPOH C OJHUM JABYXAJIIEMEHTHBIM BXOIOM (MHTEpPBANIBI IEPBOTO W BTOporo 3memeHtoB [0; 17).
OmnpenenyM /1Ba MEpBBHIX MapameTpa (GYHKIHH NEWP, a B Ka4ecTBE 3HAUYCHUI TPEThETO0 M YETBEPTOTO MapameTpa (THIa
(YHKIWU aKTHBALMN ¥ UMECHHU IPOLEAYPHI 00YICHNUS) BOCIIONB3YEMCSI 3HAYCHUSAMH 110 YMOTYAHHIO.

% coz0anue HelpoHa ¢ OOHUM O8YXINEMEHMHBIM 6X000M (UHMEPSAl

% nepeozo anemenma [0; 1] u unmepsan emopozo snemenma [-2; 2]
net = newp([0 1; -2 2], 1);

[l Toro 9T006HI McCIeI0BaTh MOBECHUE HEiipOHA, HEOOX0AMMO HMUTHPOBATE €ro paboTy ¢ MOMOIUIBI0 (GYHKIUN
sim. JIis ompeesieHyst OCIeA0BATEIbHOCTH 3HAYCHUH BX0/Ia CO3/JaAUM II0CIIeJ0BATEILHOCTD Pl

% cozdanue nocredosamenbHoCmu 3HaAYEHUL 6X00d

P1={[0; 0] [0; 1] [1; O [1; 1]};

% umumayus pabomel Hetipona Net na nocredosamenvrocmu 6x0006 P
% orcenaemuix 6v1x0008 — T1, Komopas no36oaumM HaM NPOBeCmU A0ANMAYUIO
% Hetipona (0byuums e2o) uepes 20 npoxo0oas.

Y =sim (net, P1);

% coszoanue nociedo8amenbHOCMU 8bIX0008

T1={0,0,0, 1};

% ycmanosKka Koau4ecmaa npoxo0os (Yukios) adanmayuu
net.adaptParam.passes = 20;

% adanmayus neupona Net ons obyuarowei eviboprku <Pl; T1>

net = adapt (net, P1, T1);

% cumynayus pabomul Hetipona Net na nocredosamenvrocmu 6x00o6 P1

Y =sim (net, P1);

B pesynbTate Mbl IOJTy4UM HEHPOH, BBIMOIHAIOMMH QyHKINIO Jorudeckoro M.
s nepeoOyuenus HelipoHna Ha BeinonHenne Gpynkunu UJIN nepeonpenennm Bxoasl P 1 BEIXOABI 7.

% co30aHue nociedo8amenbHOCMU 8X0008

P2=[0011;0101];

% cozdanue nociedosamenbHOCMU 8bIX0008 (peakyutl) 0 HelpoHda,

% evinoansiowe2o Qynxyuto noeuveckoeo UJIN

T2=10,1,1,1];

% HUnuyuanusupyem neupon, ooyuum e2o na 20 npoxooax (3noxax)

% unuyuanuzayus Helpoua Net

net = init (net);

% umumayus pabomwl Hetipona Net na nociedosamenvHocmu 6x0006 P2

Y = sim (net, P2);



% ycmanoska Konuwecmea npoxooos

net.trainParam.epochs = 20;

% obyuenue netipona Net na odoyuaioweii gvibopxe <P2, T2>

net = train(net, P2, T2);

% umumayus pabomwl Hetipona Net na nocredosamenvHocmu 6x0006 P2
Y =sim (net, P2);

Oynukiws train BeiBoauT rpaduk o0ydeHus Heiipona (puc. 2).

Performance is 0, Goal is 0
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Puc. 2. I'padux oOydeHus HelipoHa

Jnst cny4aifHOTO W3MEHEHHs BECOB M Topora cpabaTblBaHusi ucmoib3yeM (yHkimio init. [lo ymomuanuio s
co3/1aBaeMoro Helipona ykasana dyukrms hardlim.

INPUMEP 2 O0yuyeHnue HelipoHa Kiaaccu(pUKaLU BeKTOPOB HA B¢ KATeropuu

Haunem ¢ kinaccupukanyuu BEKTOPOB Ha OCHOBE JBYXBXOJIOBOTO HelipoHa. byiem Ucmonb30BaTh GYHKIHMIO NEWP
JUIsL cO3/laHusl HefpoHa, SIM i umurtaimu ero pabotsl, adapt dzs amanrtanuu (0OyueHus) HeWpoHHOU cetr. OO0y4UM
JIBYXBXOJIOBBIH HEHPOH KJIACCH(PHUIIMPOBATH BXOIHBIC BEKTOPHI HA JIBE KATETOPHH.

% onpedenenue uemvipex 08YXNEMEHMHBIX 6X0008
P=[-05-0.504-0.2;-050.5-0.41.0];

% 3a0a0um diceraemule 8bIX00bL HEUPOHA 051 ONPEOENCHHBIX BEKMOPO8
T=[1100];

% u300pa3um 6xo0Hbvle BeKMOpbvlL (MOUKU) HA NIOCKOCMU:

plotpv(P, T);



Vectors to be Classified
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Puc. 3. VcxonHble BEKTOPHI, IpeIHa3HAYCHHBIE I KTacCH(DUKAIIIHI HEHPOHOM

Kaxnmprif w3 deThlpeX BXOJHBIX BEKTOPOB Ha IUIOCKOCTH P ompenmensercs HABYMs KOOpPIMHATaMH,
MPE/ICTABICHHBIME KaK JBYX3JIEMEHTHBIE CTONOIBI B MaTpuiie P (puc. 3).
Co3/1a/1uM OJIMH JIMHEWHBIN HEHPOH C JIByMsl BXOJIAMH, 3HAUEHHsI KOTOPBIX JIexkaT B uHTepBase [-1, 1].

% cosdanue nunetino2o Hetipora ¢ 08yms exodamu u3 unmepgana [-1, 1]
net = newp([-11; -11], 1);

Heiipon mo ymomuanuto umeer ¢yHkuuio axtuBaruu hardlim u takoil HeWpoH pas3ienser BXOAHBIE BEKTOPHI
NIPSIMOU JIMHUEH.
OrmnpenenuM KoOpauHATH! THHUK Kiaccudukanum: Beca (IW) u mopor cpabarsiBanust Helipona (D).

% nonyuenue ynpasisouei cmpyxkmypot linehandle oas usobpasicenus
% pasoensiowell 1unuu 6 koopournamax eecog (W) u nopoza

% cpabamwiganus Hetipona (D)

linehandle = plotpc (net.IW{1}, net.b{1});

% uzobpasicenue pasdensirouet NPIMOoU

plotpc(net.IW{1}, net.b{1});

ECJ'II/I HCXOOAHBIM BE€CaM 3aaaThb HyJ'[eBI)Ie 3HA4YCHUA, TO mo6me BXOAbI aanyT OAWHAKOBBIC BBIXOAbI, U JIMHUA
knaccupukanuu He OyaeT BUaHA Ha TIocKocTH. [IpoBeneM oOyueHue:

% ouucmra koopounammuwvix ocetl

cla;

% u300padiceHue 6XOOHbIX BeKMOPO8 08YX KAMe20pull, Kamezopus 3a0aemcsi
% anemenmamu gexkmopa T

plotpv(P, T);

% nonyuenue ynpasisouen cmpyxkmyput linehanctle

linehandle = plotpc(net.IW{1}, net.b{1});



% npuceoenue HaYAILHOLO 3HAYEHUSL OUUOKU

E=1,

% UHUYUATU3AYUSL HEUPOHA

net = init (net);

% nonyuenue ynpaensioweti cmpykmypor linehandle
linehandle = plotpc (net.IW{1}, net.b{1});

% opeanuzayus yuxia noxa owuobxa ne pagua 0

while (mse(E))’,

% aoanmayus Hetipona Net na obyuaroweli evibopre <P, T>,
% QhyHKYUs 8036paAUACI A0ANMUPOBAHHbIN HeUpoH Net,

% 6b1x00 Y, owubky E

[net, Y, E] = adapt (net, P, T);

% uzobpasicenue pasoensaroueli NPAMOU HelipoHa nocie aoanmayuu
linehandle = plotpc(net.IW{1}, net.b{1}, linehandle);

% ouucmka OKHa 2pauros

drawnow;

% roney yurna While

end;

Oyukius adapt BozepaiaeT HOBbI 0OBEKT — CETh, KOTOPAs BBIMOJHACT KIACCH(DUKAIIUIO, BBIXOJ] CETH U OMIHOKY
(puc. 4).

[IpoBenmeM KIacCH(pUKAIIMIO HOBOTO BEKTOpa C IOMOIIBI0 OOYYCHHOTO HEHpoHa Ha OCHOBE (GYHKIHH SiMm.
OmnpenenuM HOBBIH BekTOp P.

% onpedenenue sexmopa P

P=10,6;1,1];

% umumayusa pabomwl Hetipona NEt, nosyuenue OMKIUKA HEUPOHA
a = sim (net, P);

% uzobpaoicenue 6xooa P, omnecennozo neiiponom k kamezopuu a
plotpv (P, a);

Vectors to be Classified
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Puc. 4. [Ipsmas, pazaensromas UCX0JHbIE BEKTOPHI Ha KIIACCHI
OO0y4JeHHBIH HEHPOH MOXKHO MCTIOIH30BaTh I KIIacCH()UKAIIUH JTF0O0TO BEKTOpa!

% exnrouums pescum 00basieHus epaguros 8 cpaghuieckom okHe
hold on;

% uzobpasicenue 6XOOHbIX MOYeK 8 coomeemcmsuu ¢ kamezopuamvu T
plotpv(P, T);

% uzobpaosicenue pazoensioueti nogepxXHOCH

plotpc (net.IW{1}, net.b{1});

% omxouenue pexcuma 000asienus epagpuxos

hold off;

HelipoH xmaccuduuupyer HOBYIO TOYKY, KaK IpHHaIeKaNyo kKateropun «0» (IpencraBieHa KPY)KKOM), a HE
kareropuu «1» (mpencrasiena +).

INPUMEP 3 Co3nanue 1051 JJMHEHHbIX HEHPOHOB

Paccmorpum mocnenoBatenbHocTh U3 10 maroB (miast Beixoga T1, KOTOPBIH HM3BECTHBIM 00pa3oM 3aBUCHT OT
BXOJIOB Pl):

% nocie008amenbHOCMb 6X0008
P1={-100011-10-11};

% nocie0o8amenbHOCb 6bIX0006
T1={1-110120-1-11};

Ucnone3yem dynkuuto newlin, 4robsl co3naTh HEWPOH €O 3HAYCHUSIMH BXOoJa B MHTepBaie [-1; 1], 3agepxkamu
Bxoza ot 0 no 1 u ypoBHem oOyuenwus 0,1.

% coz0anue MUHEHO20 CNOSI U3 OOHO20 HEUPOHA CO 3HAYEHUSIMU 6X00A
% 6 unmepsane [-1; 1], 3a0epackamu xooa om 0 oo 1

% u yposnem ooyuenus 0,1.

net = newlin ([-1 1], 1, [0 1], 0.1);

AnmanTHpyeM HEHWpOH K 3ajade OJHHM IIPOXOJOM dYepe3 II0Cie0BaTeIbHOCTh BXOZa. M3Mepum cpenHioo
KBaJIpaTHYHYIO OLIMOKY ¢ MOMOLIBI0 GyHKIMU Mse(e).

% adanmayus neupona k nociedogamenvrocmu P1
[net, y, e, pf] = adapt (net, P1, T1);

% usmepenue ouuoKu

mse (e)

ITomy4unm noBonpHO GoJbIIyIO OmMOKY. BHOBE amanTupyem ceth Ha 10 marax mociefioBaTeIbHOCTH, HCHOIB3YS
npenbiyniee 3HadeHune Pf kak HoBoe HCXOHOE 3HAYCHHE 3aIEPKKH:

P2={1-1-111-10001};
T2={20-2020-1001};

% aoanmayust ¢ nauanbHbIM 8exmopom 3adepacku Pf
[net, vy, e, pf] = adapt (net, P2, T2, pf);

mse (e)

Anantupyem ceth Ha 100-pa30BOM IPOTOHE TTOCIIEAOBATEIFHOCTH:

% ghopmuposanue Ho6ol nOCIEO08AMENLHOCHU 8X0008

P3 =[P1P2];
% opmuposanue HOBOU NOCIE00BAMETLHOCINU BbIX0O08
T3=[T1T2];

%ycmaHoeKa KoJjudyecmea npoxodog
net.adaptParam.passes = 100;
% adanmayus HeupoHa

[net, y, e] = adapt (net, P3, T3);



[Momyunm npueMiTeMyro OmMOKY, 3HAYUT CETh 00ydeHa 3aBICHMOCTH BXOJIOB OT BBIXOJIOB.

4 KOHTPOJIBHBIE BOITPOCBHI

1. Uro mpencraBisier coboif MaTeMaTHIeckasi MoJens HelipoHa?Kak BBRITTISAUT (GOPMYIBHOE MPEICTaBICHHE
anropuT™Ma 00y4eHHS 110 JIeNbTa-TPaBITy?

2. Kaxoe orpannuenue umeeT JUHEHHBIH HEHPOH?

3. MO>KHO J11 00y4YUTh JINHEHHBIA HEWPOH BBIMOJIHATH JOTHYECKYI0 QYHKIHIO ncKitoyatomero VMJIN?

4. Kakne QyHKIMM HCHONB3YIOTCSA AJIsl HACTPOMKM BecoB mepcentpoHa B cpene MATLAB? B uem wnx
oTianuue?

_ JIABOPATOPHAS PABOTA Ne 2
W3YYEHUE MHOT'OCJIOMHOT O HEJTMHEMHOI'O MTEPCENITPOHA Y AJITOPUTMA OBPATHOI'O
PACITPOCTPAHEHUS OIIMBKHA
1 IIEJIb PABOTbBI
W3yunTh BO3MOXXHOCTH MHOTOCIIOIHOTO TIEpCENTPOHA KaK alpoKCHMaTopa 1 KilaccupuKaropa.
2 CBEJEHUA U3 TEOPUU

2.1 AuropuT™ 06paTHOrO PacpoCcTPaHEeHUs! OIIMOKH

[Iycte ompeneneHa TpexcioiHas HEHpOHHAas CETb C 7 BXOJAaMH, M BBIXOJaMH H | CKPBITBIMH MEXIy HHMH
3JIEMEHTaMH, TOT/a HEOOXOIMMO PAacCMOTPETh M MOCTPOUTH [Ba CJIOS BECOB: OT BXOJOB K CKPBITBIM 3JIEMEHTAaM M K
BhIXOAy, T. €. (Wq, W)).

Hasnayenue anropmTMa OOpaTHOTO paclpoOCTpPaHEHUS OIMMOKM — HACTPOWKAa BCEX CJIOEB MHOTOCIONHOM

CTPYKTYpBL. PaccMoTpuM paboTy anropuTMa Ha NPHMEpe CETH C OJHHMM CKPBITBIM CIIOEM M OIHUM BBHIXOAOM (pHC. 5).
[TpeoOpa3oBaHMs BXOHBIX CHTHAJIOB, 33/1aBacMble HEHPOHHOHN CEThIO, ONPENEINAIOTCS CIEIYIOMNME (POPMYJIaMH:

F(<W, X >) =1/0+exp(-W T X));
O, =1/(L+exp(-W," X));
0, =1/(1+exp(-W, 0,)).
O6mrast pyHKINS OIIMOKH 3aBUCUT OT BECOB BCEX CIIOEB, B HalIeM cirydae oT Bektopa W, u o1 MaTpurist Wi:
E(W,,W,) =1/2(Y —1/(1+exp(-W, O,)))?,

rae Y — BBIXOJ, KOTOPEI 3aaH B 00yJaroIeii BEIOOpKe.

O,




Puc. 5. MHorocoiHbI# nepcenTpoH

Teneps HEOOXOUMO ONIPEAETUTH MIPUPAIIECHIE KaXKIOTO BECA C TOMOIIBIO JACTHBIX MIPOU3BOAHBIX:

OE(W,,W,) .
ow,

GE W, W,)
oW,

Jnsi MHOTOCIIONHOM apXWTEKTyphl YacTHBIC IPOM3BOAHBIC OIIMOKM IO MATpHUIE BECOB KaXKIOTO CIOS
OTIpeNeIAIOTCA 10 (popMyIie CIIOKHON IPOM3BOAHON. B cirydae yHHITOISIpHOI CHTMOMIBI IPaBIIIO H3MEHEHHSI BECOB OyIeT
CIIEAYIOLIIM:

W, =W, +h-(Y-0,)-0,-(1-0,)-0O;;
o=(Y _Oz)'oz '(1_02);
W, =W, +h-0-W,-(1-0,)-0O, - X.

Takum 00pa3oM, METOI 00PaTHOTO PACIIPOCTPAHEHHUS ONIMOKU MO3BOJIIET U3MEHATh Beca MPOMEIKYTOUHBIX CIIOCB,
XOTs XKeJlaeMble 3HAUEHUS Ha MPOMEKYTOUHBIX CIIOSIX HE 3a/1aHBbI.

2.2 OnucaHue OCHOBHBIX (yHKIMIA

Oynkius Newff cozgaer HEHPOHHYIO CeTh MPSAMOTO PACIPOCTPAaHEHHs CHUTHala, O0y4aeMylo ¢ ITOMOLIBIO
aJropuT™Ma 00OpaTHOTO PACIPOCTPAHEHHS OIMINOKH:

net = newff(PR, [S1 S2 SNI], {TF1 TF2 TENI), BTF, BLF, PF).

PaccmoTpum mapametpsl pyHkimu newff: PR — martpuua uHTEepBanoB 3HaYeHUH a1 R BXOAHBIX 3JIEMEHTOB,
3a1aBa€MbIX MHHHMAIBHBIM M MaKCHMAIbHBIM 3HAUCHMSIMH, S; — pasmep i-ro cimosi, mis N cmoes; TF; — dyHkums
AKTHUBAI[MK I-TO CIIOS, 0 YMOIYAHUIO HCIONb3yercs (yHkims tansig — runepOonmueckuii tanreHc; BTF — ¢dynkums
00yUeHHUS CETH METOJIOM 0OPATHOTO PACIPOCTPAHEHHUSI OITHOKH, IO YMOTYaHHUIO HCTONb3yercs (ynkuus traingdx; BLF —
(bYHKIUS M3MEHEHHUSI BECOB MTPH O0YUYCHHUH, TI0 YMOJTYAHUIO Hcmons3yeTcs learngdm; PF — GyHKIus n3MepeHust OnmoKH,
no ymomuanuio mSe. Oyukuus Newff Bo3Bpamaer MHOTOCTOWHYIO HEHPOHHYIO CETh HPSIMOTO W OOPATHOTO pPAacIpo-
CTpaHEHHsl CUTHAJAa M OIIMOKK COOTBETCTBEHHO. DYHKIMHU aKTHBALMM MOTYT OBITh BBIOpAHbI M3 CIEYIOIIETro IMEepevHs:
runiepOonueckuii TaHreHe tansig, norucrudeckas curmousa 10gsig wim nuneitnas Gyunxuus purelin.

3 IOPSAJOK BBIITIOJIHEHUSI PABOTBI
MNPUMEP 1 Co3nanne u 00yyeHue HeiipOHHOM CeTH € MOMOLIbI0 AJTOPUTMA 00PATHOIO pACTIPOCTPAHEHUSI OIIUOKH
3amaanuM ¢ MOMOIIBIO TpadrKa UCXOAHYIO (DYHKIHIO:

% exo0vr HC

P=[012345678];

% oicenaemvie peaxyuu HC

T=100.440.88 0.11 -0.66 -0.95 -0.45 0.18 0.92];

% uzobpadicenue annpoKCUMUpyemon QyHKyuu

plot(P, T, '0");

Ucnone3yem ¢ynkipo newff, atobbr co3paTh AByXCIOHHYIO CeTh NPAMOro pacnpoctpaneHus. [IycTs ceTh umeer
BXOJIbl C MHTEpBajoM 3HaueHud ot 0 g0 8, mepBblil cioil ¢ 10 HeNMMHEWHBIMH CUTMOMIAJILHBIMU, BTOPOM — ¢ OZHUM
JIMHEMHBIM HeWpoHaMu. Mcnonb3yeM it 00ydeHus alropuTM obpatHoro pacmpocrpanenus ommOku (backpropagation)
JleBenbepra — Mapksapara (puc. 6).

% coszoanue osyxcaotinot HC npsamoco pacnpocmparnenus ¢ UHmMepaaiom
% 3nauenutl 6x0006 om () 00 8, npuyem nepewiil Cloll CoOOepHCUm

% 10 nenunelnvix cuemouo, a 6Mopol — 0OUH JUHEHbII HelPOH.

% Jna 06yuenus ucnoab3yemcs aneopumm 0opamno2o pacnpocmpanerus



% owuobxu (backpropagation).

net = newff([0 8], [10 1], {'tansig" 'purelin'},'trainim’);

% umumayus pabomwt neodyyennon HC

yl = sim (net, P);

% uzobpadicenue pesyrbmamos pabomei neobyuennou HC
plot(P, T, ‘0", P, yl, 'X) ;

% Ob6yuum cemo Ha 100 snoxax c yenesoii owuobkou 0.01:
% YCManosKa Koauiecmsa npoxooos
net.trainParam.epochs = 50;

% ycmanosKka yeneo20 3HaveHus ounuoKu
net.trainParam.goal = 0.01;

% obyuenue HC (puc. 6)

net = train(net, P, T) ;

% umumayusa pabomot 0oyuennonu HC

y2 = sim(net, P);

% uzobpaoicenue pesyromamog pabomer HC (puc. 7)
plot(P, T, 'o', P, yl, 'X', P, y2, '+");

Performance is 1.69589e-031, Goal is 0
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Puc. 6. I'padux 00ydeHus IByXCIOHNHOTO MEepCcenTpoHa

Js uccnenoBaHus pabOTHI aNTOpUTMa OOPATHOTO pPACIPOCTPAHEHHUS OIIMOKH BOCIIONB3YEMCS IIPHMEPOM,
BcTpoeHHBIM B Matlab toolbox, HaOpaB koMmaHy demo.

B mosiBuBIIEMCSI AMATOTOBOM OKHE HEOOXOAMMO ITOCIIEIOBATENLHO BEIOMPATh MyHKTHI MEHIO: Toolboxes->Neural
Network->Other Demos->Other Neural Network Design textbook demos->Table of Contents->10-13->Backpropagation
Calculation.



Puc. 7. Pe3ynbpTar annpokcuManiy BEKTOPOB JBYXCIIOMHBIM MEPCENTPOHOM

B npumepe ucnons3yeTcsi JBYXCIOWHBIN IEPCENTPOH C ABYMS HSTMHSHHBIMU HEHPOHAMH B IIEPBOM CJIOE U OJHUM
BO BTOpoM. JleifcTBre aropuT™Ma 00paTHOro pacpOCTPaHEHHS OMIMOKU Pa3OHTO Ha CICAYIOLINE [IATH: Ha3HAUYCHUE BXOJIa
U KeJaeMOro BBIX0Ja, IPSIMOW MPOXOJ BXOAHOTO CHTHANA [0 BBIX0JA, 00paTHOE paclpoCTpaHEHHEe OLIMOKH, U3MEHEHHE
BecoB. [lepeMeHHbIe, TO3BONSIOIIIE IPOCICANTh PAbOTy aaropuTMa oOpaTHOTO PACpOCTPAHEHHS OIIMOKH, 0003HAYCHBI
CIIeYIOIIUM 00pa3oM:

P — BXOmHOI cUTHAT;

W, (i) — Bextop BecoB mepBoro ciost, Wi(1) — Bec cBsi3u, mepeparonuii BXOJAHON CUTHAT Ha MEPBbI HEHpOH, a

W1(2) — Ha BTOpOIi;

W, (i) — Bextop BecoB Broporo ciosi, W,(1) — Bec CBsI3M, epefaroIiii BXOJHONU CUTHAI C IIEPBOro HEfpoHa BO
BTOPOIi cinoit, a W,(2) — co BToporo;

B.(i) — BexTop noporoseix 3uauenwuii (bias) ueiiponos nepsoro cios, i = 1, 2;

B, — nmoporosoe 3nauenue (bias) HelipoHa BTOPOro CIios;

N, (i) — BexTOp BBIXOJ0OB TIEpBOTrO CIiost, | = 1, 2;

N, — BBIXOJl BTOPOTO CJIOSI;

A (i) — BeKTOp BBIXOJHBIX CHTHAIOB TIEPBOTO CJIOSI TIOCTIE BBITIOMHEHHS (DYHKIIMH aKTHBAIUK (CHTMOUIbD), | = 1, 2;

Ay — BBIXOJ] BTOPOTO CJIOSI TIOCTIE BBITIOTHEHUS (DYHKIIMK aKTUBAIMU (JIMHEHHOMN);

Ir — koadduieHT 06yIaeMOCTH.

ITycts Bxoano# curnan P = 1,0, a >xenaeMblil BBIXO[

Pe3ynbTaTel BEIIOTHEHNUS 3TANIOB AITOPUTMA IIPEICTaBIEHBI B Ta0uI. 1.

t=1+sin(p*~x/4)=1707

Tabnuya 1

Pe3ysibTaThl NO3TANTHOIO BHINOJHECHUS AJITOPUTMA 00PATHOI0 PACPOCTPAHEHH s OIIUOKHU

9ran

IIpsimoe pacnpocTpaHeHue
BXO/IHOT'0 CHTHAJIA

Oo0paTtHoe pacipocTpaHeHHe
omu0KM

H3MeHeHHe BecoB

A1), A(2)

Logsig(W,P+B,) =
=[0,321, 0,368]

He Bemonnsiercs

He BeImosnnsieTcs




A, purelin(W,P+B;) = To orce To orce
= 0,446
e t-A,=1,261 » »
N1(1), N1 (2 H i
1(1), N1(2) € BBINOJTHSETCS dlog S|m(N1) _ »
N, -W, - N,
=[0,049, 0,100]
N, Toxe dpurelin(N »
_p.opurelin(N,) _ 5 5o
oN, -e
Wi(1 H
1(1) » € BBIIIOJIHAETCS W, =W, —Ir N, x P =
W,(2)
~[-0,265, — 0,420]
B4(1), B4(2 » To xe _ _
M. B B,=B —Ir-N,=
=[-0,475, — 0,140]
B. > > B,=B,—Ir-N,=0732
W,(2 » » _ —
2(2) W, =W, —Ir-N,xN, =
=[0,171, 0,077]
4 KOHTPOJIBHBIE BOITPOCBHI
1. Kaxum anropurmom o0y4aroT MHOTOCTOHHBIE HC?
2. W3 KaKuX OCHOBHBIX 3TAIlOB COCTOHT aJTOPUTM OOPATHOTO PACHIPOCTPAaHEHHS OLUINOKH?
3. [louemy anroputM OOpPaTHOTO pacIpOCTPAHEHWS OMIMOKHM OTHOCHTCS K KJlaccy ajlrOpHTMOB
IPaJueHTHOTO cIrycka?
4. Kak Bnuser GyHKUMS NPUHAAICKHOCTH Ha INPABUIO HM3MEHEHHUs BECOB B OOpaTHOM aJrOpPUTME
pacnpocTpaHeHUs OMHOKH?
5. Kaxkas ¢pynkuus B cpene MATLAB cosznaer HC npsimoro pacnpoctpaneHus?
6. Kakue ¢yHKIMM aKkTHBAIlMK MOTYT OBITh Ha3Ha4YeHbI U1 HelipoHoB HC npsimoro pacnpoctpaHeHus ?

JIABOPATOPHAS PABOTA Ne 3
W3YUYEHUE PAJIMAJBHBIX BASUCHBIX, BEPOSITHOCTHBIX HEMPOHHBIX CETEM, CETEA
PEI'PECCHUH

1 HEJb PABOTBI

M3yunTh MOAENbs BBIYMCICHHN paguaIbHOrO Oa3MCHOTO HEHpOHA, CTPYKTYpY M (QYHKLIHH ceTeil perpeccuu,
BEPOSITHOCTHBIX HEHPOHHBIX CETEH.

2 CBEJAEHUSI U3 TEOPUHA
2.1 PaguanbHo-6a3ucHble ceTH. CeTu perpeccun. BeposstHocThbie HC

Paccmorpum papnanbHblid 0asucHbI HeiipoH ¢ R Bxomamu. CTpykTypa HeWpoHa IpeicTaBiieHa Ha puc. 8.
Pannanbuelii 6aszucHslil Heifpon (PBH) Bblumcisier paccTosiHie MeXay BEKTOpaMH BxoJoB X u BekTopoM BecoB W, 3aTem
YMHOXaeT ero Ha pukcupoBaHHblil mopor b. ®yukuus aktusaunu PBH, nonydennas B cpene MATLAB, npencrasieHa Ha
puc. 10. Paguanpnas 6asucHas (QyHKIMS MMeEeT MakCHMyM, paBHBIH 1, Korma ee Bxoxbl HylseBble. CienoBarelbHO,
paananbHBIA 0a3UCHBIN HEHPOH NEHCTBYET KakK JETEKTOpP, KOTOPHI MOJMy4yaeT Ha BbIxojae 1, korga BXoa X WAEGHTHYEH ero
BekTopy BecoB W. DUKCHpOBaHHBIM MOPOT D 1acT BO3MOKHOCTH YIPABIATH YYBCTBUTEIBHOCTHIO HeWpoHa. Hampumep,
eciu HelpoH umeet mopor 0,1, To BeIxoa paseH 0,5 mist m000TO0 BXOJHOTO BekTopa X, HAXOMAIMIETOCS Ha BEKTOPHOM
paccrosiauu 8,326 (8,326/b) ot W.



B(W-X) L exp( -net’) F——m

Puc. 8. PaguanbHblit 6a3ucHBIH HEWPOH

Paouanvnas 6asucnas netiponnas cemo (PEHC) cOCTOUT U3 IBYX CIOEB: CKPBITOIO PaIUalbHOrO Oa3HCHOTO CII0s
u3 S' HEHUPOHOB U BBIXOJHOI'O JUHEHHOIO CIIOS U3 s HeiipoHOB. DneMeHTH! nepBoro cinosi PBHC BEMHCIAIOT paccTOSAHUS
MEKILy BXOJHBIM BEKTOPOM H BEKTOPAMH BECOB IEPBOTO CIOs, chOPMHPOBAHHBIX M3 cTpok Matpuusl W 2! Bexrop
ITOPOTOB B M PacCTOSHUS IMO3JIEMEHTHO YMHOXKAIOTCSA. BBIX0O/ IEpBOTO CIIOS MOYKHO BBIPAa3HUTh (HOPMYIIOit

A" =radbas(W — X| - B),

rae A — Brixox mepsoro cios; Gpynkuus radbas — paauansHo-6asucHas Gyrkius; W — MaTpHIa BECOB IEPBOTO
c10s ceTd; X — BXOAHOI BEeKTOp; B — BEKTOP MOPOTOB IIEPBOTO CIIOSI.

CornacHo (opmyiie paguaibHble Oa3UCHbIE HEHPOHBI C BEKTOPOM BECOB, OJIHM3KHM K X, CTEHEPUPYIOT 3HAYCHUS,
o6mmskue Kk 1. Ecnu He#ipoH uMeeT BBIXOZA 1, TO 3TO 3HaYeHHWE BECaMM BTOPOTO CJI0sl OyJeT MmepelaHo Ha ero JIMHEHHbIe
HelpoHbl. DakTHUECKH pajnalibHbI 0a3MCHBIM HEHPOH C BBIXOOM 1 mpeBpalaeT BBIXOJBI BCEX OCTabHBIX HEHPOHOB B
Hymu. TeM He MeHee, TUIIMUHBIM SIBJISETCS CIIydall, KOrJja HECKOJIbKO HEMPOHOB JAlOT Ha BBIXOJAX 3HAYUMBIN pE3yIbTar,
XOTS M C Pa3HOH CTENEHBIO.

PagnanbHble 6a3ncHbIe HEHPOHHBIE CeTH 00YJaloTCs B TpH 3Tana. OnumeM 3Tansl 00ydeHusl.

[lepBeIii aTan — BeIgeneHne neHTpoB (BecoB). LlenTpsl, npencrasnennsie B8 PBH-ciioe, ontumMusnpytoTes nepBoIMH
¢ oMol o0ydeHust 6e3 yuurens. LleHTpsl MOTYT OBITh BBIAEIEHBI Pa3HBIMU AJTOPUTMaMHM, B YaCTHOCTH OOydeHHEM
KoxoHneHa. ATTOpUTMBI TOJKHBI Pa3MECTUTH LIEHTPHI, OTpaXast KIIACTEPU3ALIUI0 UCXOTHBIX JAHHBIX.

Bropoit sTan — Ha3zHaueHwe OTKIOHEHHH. OTKIOHEHHS MOTYT OBITh Ha3HAUY€HBl PA3IMYHBIMU aJTOPUTMAMHU,
HaIpuMep alTOPUTMOM «OJIMKANIIEro cocenay.

Tperuii 3Tam — nuHEHHas oNTUMU3alKA. MOMXHO HCIIOJNB30BaTh METOJbI OOYYEHHs MO JebTa-NpaBuiy,
00paTHOMY PaclpOCTPAHEHHUIO OIIHOKH.

Heiiponnvie cemu peepeccuu (HCP) umerot takoii ke, kak u PBHC, mepBrIit cioif, Ho BTOpOH CJlO¥ CTpOHTCS
CIeLHabHEIM 00pasoM. [t anmpokcuManny (pyHKIUIA 4acTo HCIONb3YIoTCsl 00001eHHbIe ceT perpeccun (generalized
regression neuron networks). Bropoii cinoif, kak u B cixydyae PEBHC, BeIosTHsIET moasieMeHTHOE Ipou3BeaeHue cTpoku Wi,
¥ BEKTOpAa BBIXOJA MEPBOro ciost a. OH HMEET CTOIBKO HEHPOHOB, CKOIBKO CYIIECTBYET IENEBBIX Map <BXOIHOI
BEKTOp/LiesieBOi BekTop>. Marpuua BecoB W — 310 Habop neneBbIX CTpok. lleneBoe 3HaueHHE — 3TO 3HAYCHHUE AIIPOK-
cumupyemoii pyHKIMH B oOy4aromiell BeIOopke. [IpennonokimM, UMeeTcs: 0JIMH BXOAHON BEKTOD Xj, KOTOPBII CreHepupyeT
Ha BBIXOJI€ TIEPBOTO CIJIOS BBIXOA, OM3KHi K 1. B pe3ynprare BIXo BTOPOro cinosi OyaeT OIr30K K tj ofHOMY U3 3HaYCHHUH
ANMPOKCHUMHUPYEMOH (QYHKITHH, ICIIOIBE30BAaHHOM ITpH (POPMHUPOBAHUH BTOPOTO CIOSI.

CeTH perpeccur WHOTZIA HA3BIBAIOT batlecO8CKuMU 8epOAMHOCMHBIMU CemAMU pezpeccuu, I 0000IeHHBIMI
HC perpeccun. HekoTopbie peanu3aliuu ceTeld perpecCuy MMEIOT YEThIPE CIIOS: BXOJHOM, BBIXOJHOH, CIIOW pajHalbHbIX
[IEHTPOB, JJIEMEHTOB pPerpeccud. PamuaibHBIN CIION TpeacTaBiseT cOOO0H IEHTPHI-KIACTePhl M3BECTHBIX O0YyYaIONINX
JMAHHBIX M CONEPKHUT TaKOe K€ KOJIWYECTBO JJIEMEHTOB, Kak oOydaromas BeiOopka, PBH oOywatorcss anroputmom
knactepuzanuu. ClIol perpeccHy MMEeT TOJIBKO Ha OJMH 3JEMEHT OOJIbllle, YeM BBIXOJHOI CIIOH, M COJEPIKUT JINHEH Hble
9JIEMEHTHl OJHOrO M3 ABYX THIIOB. DJIEMEHT NEPBOTO THIMA BBIYMUCISIET YCIOBHYIO BEPOSTHOCTh KaXJOTO BBIXOJHOIO
aTpuOyTa, 3JIEMEHT BTOPOTrO THIIA BBIYMCISET IUIOTHOCTH BEPOSTHOCTH. BBIXOIHOI CIIOW BBINONHSIET ClienUalbHbBIC
¢byHKIMK fneneHus. Kakaplid 3JIeMEHT JeTUT BBIXO/IbI, aCCOLMMPOBAHHBIE TIEPBBIM THIIOM, C TIOMOIIBIO 3JIEMEHTOB BTOPOTO
TUMA.

BaitecoBckne BepositTHocTHRIE HC memonp3yroTes TOIbKO i npobieM kiaccudukammn. OHE cofepKaT 4eThIpe
cJI0s: BXOJHOM, BBIXOMHOMU, ciiodi PBH u snemenToB nmHeliHoW kiaccupukarmuu. CIIOM MOTYT COIEpKaTh KBaJAPaTHYIO



MaTpHIly HOTEPh, BKIIOUEHNE KOTOPOI BO3MOXKHO, TOJIBKO €CIIM TPETHI M YETBEPTHIN CIOU COCTOST U3 OJMHAKOBOTO YHCIIA
eMeHTOB. PannanpHble 0a3uCHBbIE HEHPOHBI B TAaKMX CETAX HCIOIB3YIOTCA OISl XPAaHEHUS 00pas3loB, B3ATHIX U3
oOyuaromieli BBIOOpKH, KOTOpas Oepercst MomHOCTHIO. CIemoBaTeNbHO, TEPBBIN CKPHITHIN CIIOW CONEPKUT TaKoe Ke
KOJIMYECTBO 3JIEMEHTOB, 4TO M oOydaromas BbIOOpKa. Tak Kak 3JIEMEHTHI CIOSl KIACCH(MKAIMK CBS3aHBI C BBIXOIOM
Ka)XXJJOT0 KJIacca, MOXHO OLIEHUTh BEPOSTHOCTh NIPUHAUIC)KHOCTH HOcienHeMy. Ecin ucnonp3yeTcss MaTpuna moTepb, TO
[[EHA PELICHUS MUHHMaJIbHA. Takue ceTH OOBIYHO OBICTPO TPEHUPYIOTCS, HO MEIJICHHO BBIUHCIISIOT H3-3a OOJIBIIOTO
pa3mepa.

Beposmuocmmuvie netiponnwvie cemu (BHC, probabilistic neuron networks) ncmoss3yrotes s penieHus npooieMbl
knaccudukanuu. IlepBeiM cinoem B apxurektype BHC sBisiercst cnoil paauanbHbIX 0a3MCHBIX HEHPOHOB, KOTOPBIH
BBIYHCIIIET PAacCTOSHUE M BEKTOP HMHAMKATOPOB IPHHA/UIEKHOCTH IPYTHMM BXOJHBIM BEKTOpaM, HCIHOJIB3YEMBIM HpHU
oOy4yenun. Bropoii cioii cyMMHUpyeT 3TH 3Ha4eHHMs Ul KaXJI0ro Kiacca BXOJO0B M (POpPMHUPYET BBIXOJBI CETH, KAaK BEKTOD
BeposiTHocTed. [lanee cneumanbHas (yHKIUsS akTUBanMM (COMpete) ompenenseT MakCUMyM BEpOSTHOCTEH Ha BBIXOZE
BTOPOI'O CJIOSl M YCTAHABJIMBAET NAHHBIM BBIXOX B 1, a ocrambHble BBIXOABI B 0. MaTpuua BecOB IEpPBOIO CIOA wtt
YCTaHOBJICHA B COOTBETCTBHH C OOy4YarOIIMMH ITapaMH. bIok pacdera pacCTOSHUI MOJTydaeT BEKTOP, 3JIEMEHTHI KOTOPOTO
MIOKa3bIBAOT, HACKOJIBKO OJIN30K BXOAHOM BEKTOP K BEKTOPAaM 00YHaIOIIETO MHOXKECTBA. DJIEMEHTHI BEKTOpA YMHOKAFOTCS
Ha BEKTOp TMOPOTOB M IpeoOpa3yloTcss paauanbHOI OasucHON ¢(yHKImed. BxomHoW BexTOp, OMM3KHH K HEKOTOPOMY
oOpasiy, ycTaHaBIMBaeTCsi B 1 B BBIXOZHOM BEKTOpPE MEpBOro cios. Eciu BXomHOW BEKTOp OJHM30K K HECKOIBKHM
oOpasiaM OTIENBHOTO KJIacca, TO HECKOJIIBKO 3JIEMEHTOB BBIXOJHOTO BEKTOpA IEPBOTO €Ol OyoyT MMETh 3HAYCHHS,
omm3kue K 1.

Beca Broporo cost W' ycranapmmBatores 1o Matpue T LeNeBbIX BEKTOPOB, KA Iblii BEKTOP KOTOPOH BKIIOYACT
3HayeHue 1 B CTpOKE, CBSI3aHHOM C OINPCACIICHHBIM KJIaCCOM BXOJ0B, U HYJIM B OCTAJIbHBIX MMO3UIHUAX. HpOH?;BeL[eHI/I}I T al
CYMMUPYIOT 3JI€MEHTBI BBIXOJHOI'O BEKTOpa IEPBOIO CJIOs a' mns xkaxmoro w3 K kmaccos. 3atem (GhyHKIMS aKTHBAIMA
BTOpOro ciios (COMpete) ycTaHOBHT 3HAaueHHE | B MO3HIKIO, COOTBETCTBYIOIIYIO OOJBIIEMY 3JEMEHTY BBIXOJHOTO
BekTopa, u 0 BOo Bce ocrampHble. CleOBaTENbHO, CETh KIACCH(HUIMPYET BXOAHBIC BEKTOPHI, Ha3Hadass BXOIY
€IMHCTBEHHBIH KJIacC HA OCHOBE MaKCHMaJIbHOM BEPOSITHOCTH IPUHAJICKHOCTH.

2.2 Onucanue OCHOBHBIX pyHKIMIA
Dynknusa Newrb cosmaer pagnanbHy0 6a3HCHYIO CETh U HMEET CICIYIOLIHI CHHTAKCHC!
net = newrb(P, 7, goal, spread).

PannansHble GasMCHbIE CETH WCIHONB3YIOT s ammpoKcuManuu ¢GyHkuui. OyHKums Newrb KoHCTpyHpyeT
CKpBITBIN (TIEpBBIN) CIIOW M3 paluaibHBIX 0a3UCHBIX HEWPOHOB M UCIOJb3YeT 3HAUCHHE CpeIHel KBaJIpaTHYHON OLIMOKH
(goal). ®ymkmms newrb(P, 7, goal, spread) umeer crmemyromme aprymentsl: P — marpunia Q BXOJHBIX BEKTOPOB
pasmeproctd R Ha Q; T — matpuia Q BeKTOpOB IeNeBbIX KiaccoB S Ha Q; goal — cpeamsist kBagpaTudHas ouInbKa, 1o
ymourganuio 0,0; spread — pa3opoc paauansHoil 6azucHol QyHKIUH, 10 yMoauanuio 1,0. yHKIUS CO3/1aeT U BO3BpAIAeT
B KadyecTBe OOBEKTa paJuaibHyl0 Oa3McHyl0 ceTb. boisbinoe 3HaueHne pazOpoca NPUBOAMT K OONBIIEH TIJIaJKOCTH
anmpokcuManui. CiumkoM Ooibiol pa3dpoc TpeOdyeT MHOTO HEHpPOHOB, JUIS TOTO YTOOBI MOJCTPOHMTHCS IO OBICTPO
N3MEHSIOMYIOCS (YHKIHMIO, CIMIIKOM MaJbIi — AJsl JOCTHIXKEHHS TJaJKOCTH anmpokcuManuu. [lomoOpare 3HaueHue
pa3dpoca MOXKHO C TOMOIIBI0 MHOTOKPATHBIX BbI30BOB (yHkimu newrb. Cosmaaum B cpene MATLAB panuaibHyro
0a3MCHYIO CeTh:

net = newrbe(P, T, spread).

DyHknus NEWrbe mpoekTUpyeT paanaibHyr0 OA3MCHYIO CETh C HYJIEBOW OMMOKOM ISl 3aaHHBIX BEKTOPOB.
Oyukuus newrbe(P, T, spread) umeer Tpu napamerpa: P — matpuna Q BXOJHBIX BEKTOpPOB pasmepHoctH R Ha Q; T —
Mmarpuna Q LeneBbIX BEKTOPOB — ommcartenell kiacca pasmepHoctd S Ha Q; spread — paszbpoc paananbHON Ga3ucHOU
¢byHKIMH, Mo ymonyanuio 1,0. @yHKIMS co3naeT paguanbHyo 0a3UCHYIO CETb.

Oynkuus newgrnn mpoexkrupyer HC perpeccunt — 3TO BHJ paauainbHOW 0a3MCHOM ceTn, KOTOopas YacTo
UCTIONB3YeTCS TSI AalNPOKCUMAIMK (QYHKIMH U OBICTPO CTPOUT CETh JUIS allliPOKCHMAIINH:

net = newgrnn(P, T, spread).

Oyukus newgrnn(P, T, spread) umeet crnenyromnme BXoasl: P — matpuiia Q BXOJHBIX BEKTOPOB pasMepHOCTH R
Ha Q; T — marpuia Q HeNeBBIX BEKTOPOB KJacCoB pasMepHocTH S Ha Q; spread — pasOpoc pajuaibHBIX Oa3HCHBIX
¢bynakui, o ymomganuio 1,0. @ynakmus BosBpammaer HC perpeccun. Uem Gonbire pasdpoc, TeM Ooliee TIaakoil OyaeT
¢byHkims annpokcumanuu. st Toro 4TtoObl HACTPOUTHh (QYHKIMIO aNNPOKCHUMAIMKM HA WUCXOJHBIC JaHHbBIE, HCIIOJB3YIOT
pa3dpoc MEHbIINI, YeM TUIIMYHOE PACCTOSTHIE MEX/Ty BXOIHBIMH BEKTOPaMH.

@OyHKIus NEWJrNN co3maeT ABYXCIOWHYIO ceThb. IlepBBIH ci0il cCOAEepKUT paauanbHble Oa3vcHBIE HEHPOHHBI,
BBIYMCISIFOLINE PACCTOSHUE MEXIY BXOAaMH M BecaMH ¢ MoMoInbio Netprod. Bropoii cioii mmeeT HEHpOHBI ¢ (yHKIHEH
axruBauu purelin. Tonbko y nepBoro cios cymectByer bias.

Oynkuus Newpnn cosaaer BepositHocTHyto HC, mpoekTupyeMyo ¢ moMouipio GyHKIUN



net = newpnn(P, T, spread).

BepostraoctHas HC — 310 Bua pannansHoi 6a3mcHOM cetH, kak 1 HC perpeccuu, HO TaHHBIE CETH HCIIOIB3YIOTCS
IUIs pellieHUs 3anadd Knaccupukauuu, a He anmpokcumarmu. Oyrkmmst net = newpnn(P, T, spread) mmeer Takue xe
mapaMeTpsl, Kak ¥ BBIIIeoNHcaHHas GpyHKIws Newgrnn. Eciou pazopoc 61130k K Hyro, BepostHocTHast HC pelicTByeT kKak
KiaccudUKaTop Ha OCHOBE NPUHIMIIA BbIOOpa «OJIDKaWIIero cocena», B MPOTHBHOM CIydae CETh IPHHUMAET B pacdeT
HECKOJIBKO OJIM3KUX BEKTOPOB.

3 NOPSAAJOK BbBIITIOJIHEHUSI PABOTBI
INPUMEP 1 Co3nanue u o6yyenue HC perpeccun
Paccmorpum npoextupoBanne HC perpeccun. Onpenennm:

% exo0vt HC pecpeccuu
P=[123];

% evixo0vl HC peepeccuu
T=[3.05.14.8];

Bocnonesyemes ynkiueir newgrnn mist cosganus HC perpeccun. 3amaauM pa3dopoc paguaibHBIX 0a3HCHBIX
¢byukimii (mepemennas spread) menbine, yeM 1, st TOro YTOGHI MOJYYHTH XOPOIIYIO allPOKCUMAIIHIO JaHHBIX U 0osee
INIAAKYI0 (QYHKIIHIO.

% ycmanosxa pasdbpoca paouanbHvix 6a3UCHbIX GYyHKYULL
spread = 0.8;

% coz0anue HC pecpeccuu

net = newgrnn(P, T, spread);

% umumayus pabomer HC pecpeccuu

A = sim (net, P);

% uzobpasicenue annpoKCUMUpyemon GynKyuu
plot(P, T, "', 'markersize', 30);

% ycmarnoska pedcuma 006asnenus epapuxos Ha KoopouHamuvie ocu
hold on;

% uzobpadicenue pabomoi Heobyuennou HC pezpeccuu
plot(P, A, "', 'markersize’, 30, ‘color’, [1 0 0]);

% ouucmka KOOpOUHAMHBIX Ocell

cla reset;

% ycmanoska nosozo 6xooa HC pezpeccuu

p=4.5;

% nonyuenue omrxnuxa HC peepeccuu

a = sim (net, p);

% uzobpasicenue annpoxcumMupyemou Qynxkyuu
plot(P, T, ", 'markersize', 30);

% ycmanoska ouana3onos ocetl X u Y

axis ([09-14]);

% eKn0YeHUe pedxcuma 00basnenus spapuros

hold on;

% uzobpasicenue omxauxa HC pezpeccuu na 6x00 p
plot(p, a, ".", 'markersize', 30, 'color’, [1 0 0]);

% Hanucams 3a20710680K epadura

title("Hoewiii 6xoonoti sexmop '),

% nomemums ocb X

xlabel('P u p');

% nomemums oco Y

ylabel('T u a");

% ouucmums KOOPOUHAMHYIO CEKY

cla reset;

% onpedenums nOC1e008amMeNbHOCHb 6X0006 P2

P2=0:0.2:9;

ChIMUTHPYEM OTKJIMK CETH ISl pa3JINUHbIX 3HAYCHNUH, 4TOOBI YBUIETh pE3yJbTaT alnpokcuManuu (puc. 9).
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Puc. 9. Annpokcrumanusi TOYEK ¢ TOMOIIbIO HEHPOHHOM CETU pPerpeccuu

% nonyuums omxauxk HC peepeccuu Ha nocredogamenvHocms 6x0006 P2
A2 = sim (net, P2);

% uzobpasume omxaux HC peepeccuu
plot(P2, A2, 'linewidth’, 4, ‘color’, [1 0 0]);

% GKIIOUUMb pedcuM 006asienus 2paguros
hold on;

% u300pazumes annpPoKCUMUPYeMyio QyHKYuo
plot(P, T, "', 'markersize', 30);

% ycmanosums 0uanazon oceu

axis ([0937]);

% o03aenagums epagux

title ("Annpoxcumupyemasn gpynxyus');

% nomemums ocb X

xlabel("P u P2');

% nomemums oco Y

ylabel('T u A2");
MIMPUMEP 2 Ucnoab3zoBanue PBHC nas annpoxkcumManuu GpyHKuui
PaccmoTpuM anmpokcuManuio pyHKINK Ha OCHOBE paauasIbHON 0a3MCHOM ceTH.

% onpedenenue ouanasona 3HaueHUll paouaiIbHOU OA3UCHOU YHKYUU
P=-4:01:4;

% ebluucienue paouanbhol basucHol gynkyuu na ouanazome P

a = radbas (P);

% uzobpascenue PE®

plot (P, a);

% o3aenagums epaghux

title("Paouanvnas 6azucnas ¢ynkyus’);

% nomemums oco X



xlabel('Bxoo P");

% nomemums ocv Y

ylabel ("‘Buvixoo a');

Ha puc. 10 u3o0paxxena paguanbHas Oa3ucHas QYHKIUS.

Oyuknus newrbe cosmact He0OX0AUMYIO ceTh. 3a1aUM AMMPOKCUMHUPYEMYIO (DYHKIIMIO Kak HabOp TOYEK:

% onpedenenue nociedo6amerbHOCMU apeyMeHmos

% annpoxcumupyemou Qyuxyuu P

P=-1:01:1;

% onpedenenue 3HAUEHUT ANNPOKCUMUPYEMOU DYHKYUU,
% coomeemcmeyrowux P

T=[-.6662 -.3766 -.1129 .2111 .6565 .3301 .3649 .2006...
-.1913 -.3994 -.5022 -.4531 -.1133 .0866 .3333 .4955...
.3488 .2833 -.1112 -.6685 -.3255];

PaguanbHas 6asucHasn doyHKumns
0.9 / \
0.8
0.6 / \
0.5 / \
0.4
0.3 / \
0.2

. / \
/ \

-4 -3 -2 -1 0 1 2 3 4

Bbixoa a

Bxon P

Puc. 10. PagnaneHast 6a3ucHas GyHKIUSA
N3o06paszum rpaduk ¢pyskumu (puc. 11).

% uzobpasicenue annpoxcumupyemo yHKyuu
plot(P, T, **);

% o3aznasumo epagpux

title("O6yuarowasn evibopra');

% nomemumbs o0cb X

xlabel('Bxoonoii eéexmop P');

% nomemums oco Y

ylabel('Bexmop T');

Janee HeoOxoanMo HaiiTH (GyHKINIO, KOTOpasi XOPOIIO OMUCHIBACT 3aaHHbIe 21 TOUKy.
Oyukuus newrb cozgaer PBHC mis anmpokcumanyu:



% yenesoti cpeOHeK8a0pamu4Hol OuUOKY
e =0.02;

% pasdopoca PE®

sp=1;

% cosoanue PE®

net = newrb(P,T,e,sp);

% onpedenerue 6eKMopa 6x0006
X=-1:0.01:1;

CeiMuTHpYEM paboTy ceTu.

% gopmuposanue omxauka Y

Y = sim(net, X);
% exn0Yenue pedxcuma dobasnenus spapura
hold on;
% uzobpasiceHue pe3yrbmamos annpoKCumMayuu
plot(X, Y);
% omxntouenue pescuma dobasnenus spapura
hold off;
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Puc. 11. Pe3ynpTar anmpokcuManuy ¢ MOMOIIBIO PagHaIbHON 0a3uCHON HEHPOHHOH ceTH

NMPUMEP 3 MHcnoab3oBanue BepositHocTHoii HC niist kiaccudgukanum BEeKTOPOB

PaCCMOTpI/IM 3agavy Knaccn(bnxam/m C Ha60pOM BXOO0B P u MHOXeCTBOM KJIaCcCOB, 0003HaYeHHBIM TC.

% onpedenenue 6X0008
P=[123456T7];
% onpedenenue sncenaemvix 6bix0006




Tc=[1133211];

% KOH8epmuposanue UHOeKCco8 8 6eKmopbwl, cooepicaujue 1
% 6 UHOEKCHbIX NO3UYUAX

T = ind2vec (Tc);

% cozoanue seposmuocmuou HC

net = newpnn (P, T);

% umumayust pabomwl eposmuocmuon HC

Y = sim(net, P);

% KOHBEPMUPOBAHIE HOMEPOB KILACCO8 8 BEKIMOPbL.

Yc = vec2ind(Y);

4 KOHTPOJIBHBIE BOITPOCBI

Kakyto ¢pyHKIHIO Ha3BIBAIOT pagHaIbHON Oa3ucHON QyHKIMEH?
W3 kakux cjI0eB COCTOUT paguansHo-6a3ucHas HC?
U3 kakux cnoes coctrout HC perpeccun?
W3 kakux cioeB cocTouT BepositHocTHast HC?
Kakwe Bumsl HC npenHasHadeHBl JUId peIICHWsS 3aJa4yd almpoKCUMAalMu (QYHKIMHA, a Kakue — Uit
Kkiaccu(puKauu 00bEKTOB?
6. Kakue tuns HC cosnatotes B cpene MATLAB ¢ nomomnrsto dyrkiuii newrb, newrbe, newgrnn, newpnn?

agrwnE

4.2. OueHOYHbIE CPECTBA MPOMEXKYTOUHOI aTTeCTAlNU

[lo aucuumniMHE MPEegyCMOTPEH 3aueT. 3aueT HPOXOAMT Mo OmneraM. B kakaoMm Ouiere nBa TEOPETHYECKHMX BONPOCA.
3ayer MPOBOJMTCS B YCTHOM, MHCHhbMEHHON WIIM KOMIBIOTepHOU (opme. OleHHBAeTCs BIaJCHHE MATEPUANIOM, €ro
CHCTEMHOE OCBOCHHE, CIOCOOHOCTh MPUMEHSTh HY)KHbIC 3HAHUS, HABBIKK U YMEHHSI [IPU aHAITU3E MPOOIEMHBIX CUTYAlUH.

4.2.1. YcTHbIi WM NHCbMEHHBIH OTBET Ha BONIPOC

4.2.1.1. Ilopsaaok npoBeaeHuUsl.

VYCTHBIN WM NMUCBMEHHBI OTBET Ha BONPOC HANpaBleH Ha IPOBEPKY 3HAHMWH OCHOBHBIX PAa3feioB IO AMCIMILUIMHE
«HelipoHnHsle ceTn».

4.2.1.2. Kputepuu oueHuBaHus.

43-50 6a/JJIOB CTAaBUTCS, €CJIH 00ydaArONIUiCs:

B oTBeTe KaueCTBEHHO PACKPBLT cojeprkaHue TeMbl. OTBET XOPOIIO CTPYKTypHpoBaH. [IpekpacHO OCBOEH MOHATHIHBINA
ammapart. [IpoeMOHCTpHpOBaH BBICOKHI YpOBEHb MOHMMAaHHUs MaTepuana. [IpeBocxogHoe ymMeHne GopMyInpoBaTh CBOU
MBICTIH, O0CYXKIaTh TUCKYCCHOHHBIE ITOJIOKEHHS.

36-42 6aJ10B CTABUTCS, €CJIH 00YYAIONIUIHCS:

OcCHOBHBIE BOIIPOCHI TeMBbI packpbll. CTPyKTypa OTBETa B IIEJIOM aJIeKBaTHAa TeMe. XOpOIIO OCBOCH MOHATHIHHBINA anmapar.
[IponemMoHCTpUpPOBaH XOPOIIMH ypOBEHb INMOHUMAaHHS Marepuana. Xopolee yMeHHe (OpMYIHpPOBaTh CBOM MBICIH,
00CyXJaTh TUCKYCCHOHHBIE MOJI0KEHHUS.

28-35 6a1J10B CTABUTCS, €CJIH 00YYAIONIUIHCS:

Temy wactnuno packpeul. OtBer ciabo crpykrypupoBaH. [IoHATHHHBIM ammapar ocBoeH dYacTW4HO. [loHMMmanue
OT/ICTIbHBIX MOJIOKEHUH U3 MaTepuaja 1o TeMe. Y I0BIETBOPUTEIbHOE YMEHHE (GOPMYIHPOBATh CBOM MBICIH, 00CYKAaTh
JUCKYCCHOHHBIC TTOJIOKEHHS.

0-27 6a/10B CTaBUTCSI, €CJIH O0YyAKOIIUTACS:

Temy He packpbul. [IOHATHHHBII anmapaT OCBOEH HEyAOBIETBOpUTENbHO. [loHMMaHNe MaTepuana (parMeHTapHOE HIIH
orcyrcTByeT. Heymenue (hopMylMpoBaTh CBOU MBICIIH, 00CYX/IaTh JIUCKYCCHOHHBIE TTOJIOKEHHS.

4.2.1.3. OueHo4Hble CpeAcTBA.

Bonpocs! 1Jist yCTHOr0 WJIM NHCbMEHHOT0 0TBETA

Bbuonoruueckue npencraBieHus 0 HEHPOHE.

ITonsiTue HelipoHHAA CETh.

HckyccTBeHHBIN HEHPOH.

Knaccudukanus HeHpOHHBIX ceTeil.

ApXUTEKTypa HEHPOHHBIX CETEH.

Hcropust HEHPOKOMIIBIOTEPHBIX BBIYMCIECHUI.

IIepcentpos.

3amaya pacno3HaBaHUsI.

TlonsiTe MHOTOCIOMHON HEHPOHHOM CETH.

0. TIpuHIMIBI HOCTPOSHUSI MHOT'OCIIOWHBIX HEHPOHHBIX CETEH.

1. Anroputm 0OpaTHOTO PacIpPOCTPaHEHHs OMINOKH.

12. HenocraTtku anroputMa oOpaTHOTO paciipoCTPaHEHUs OIIHMOKH.

13. Ilonstue paguanbHON HEHPOHHOI ceTn.

14. Crpykrypa paauansHON HEHPOHHOI ceTu.

15. MaremaTndeckne OCHOBBI (DyHKIIMOHHPOBAHHMS paHaIbHBIX HEHPOHHBIX CETEH.

RBOo~NoOR~WNE



16. OOy4eHune paaranbHON HEHPOHHOM CETH.
17. Camoopranmsytomuecs Helipornble cetn. CTpykTypa cetn Koxonena. O6yuenue cetu KoxoHeHa.
20. HetipoHHbIE ceTH KJIacCH(PHUKAINH.
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