MWHUCTEPCTBO HAVKU U BBICIIETO OBPA3OBAHIA POCCUMCKON GEIEPALIUHA
deneparbHOe TOCY IapCTBEHHOE ABTOHOMHOE 00pa3soBaTeibHOe YUPEKICHHE BhICIIEr0 00pasoBas
«Kazanckuit (IIpuBoimkckuit) GenepamsHelil YHUBEPCHTETY
Emabyxcxuii maCTATYT (huiman) KOY

& YTBEPKJIAKD
: HupexTop
oo Enab ,)KQWTYT& Kby
TissS R Al E.E. Mep3on
: SOy QE* \ 20 %N

S@nae

Z ;’;’a‘, S MT’I

IIporpamMma qUCUMIIMHLI (MOTYJIf)
HeliponHsle cetn

Hanpaenenue moAroTOBKY/cIenHaTbHOCTh: 23.03.01 TeXHONMOrHs TPaHCIOPTHEIX MPOLECCOB
HanpaenenHocts (IpodiiIE) MOAroTOBKH: [IPOEKTHPOBAHHE M YIPABISHHE HHTEIICKTYATbHBIMH
TPAHCTIOPTHBIMU CUCTEMAMH

Kpanubwkaies BeITycKHHKaA: DakanaBp

dopma obydeHHs: 3a09HAd

SI3pIk 0Oy4eHus: pyCCKHi

Tox Hadata 06ydenus o o6pasopaTensHoil mporpamme: 2024

Conep:xanue



1. ITepeueHp MIAHUPYEMBIX PE3yJIBTATOB OOYYCHHS MO AMCIUILTAHE (MOIYIIO), COOTHECCHHBIX C IUIAHUPYCMBIMHU
pesynbratamu ocsoenusi OITIOIT BO

2. Mecto muctumuiuael (Moxyiist) B ctpykrype OITOIT BO

3. O0beM IUCHHUIUIMHBI (MOAYJsI) B 3a4eTHBIX EIMHWIAX C YKa3aHWEM KOJHMYECTBA YacOB, BBIJICICHHBIX Ha
KOHTaKTHYIO paboTy oOydarommuxcs ¢ mpernoaaBatesieM (10 BUAaM Y4eOHBIX 3aHATHH) M Ha CaMOCTOSATEIbHYIO paboTy
00yJarommxcs

4. ConepxaHue AUCUUIUIMHBI (MOXYJIsl), CTPYKTYpPUPOBAaHHOE 110 TeMaM (pa3zenam) ¢ yKa3aHHEM OTBEJCHHOIo Ha
HUX KOJIMYECTBA aKaJeMUYECKUX YacOB U BHJIOB YU€OHBIX 3aHATHH

4.1. CTpyKTypa U TeMaTHYECKHUN TUTAH KOHTAKTHOM M CAMOCTOSITEIILHON paOOThI 110 TUCIUTUIHHE (MOIYITIO)

4.2. CopepxaHue JUCIUILTAHBI (MOITyJIs)

5. IepevyeHp yuyeOHO-METOAMYECKOTO OOCCIICUCHHS I CAMOCTOSATEILHOW PabOThl OOYYAOMIMXCS TI0 AUCIUILINHE
(Momyr0)

6. ®OHJT OTICHOYHBIX CPENICTB MO TUCITUILTHHE (MOIYITIO)

7. IlepeveHs JIuTepaTyphl, HEOOXOIUMOM ISl OCBOCHUS TUCIIMIUTHHBL (MOIYJIS)

8. [lepeuenn pecypcoB HHPOPMAITMOHHO-TEICKOMMYHHUKAIIMOHHOW ceTH "MHTepHeT", He0OOXOMUMBIX JJIi OCBOSHUS
JIUCUUTUTMHBI (MOIYJIS)

9. Meronndeckue yka3aHus ISl 00yJaroNIuXCs 0 OCBOCHUIO TUCITUTUIAHEI (MOTYJISI)

10. IMepeuenb HHOOPMAIHOHHBIX TEXHOJIOTHH, HCIOIB3YEMbIX MPH OCYNIECTBICHUH 00Pa30BaTENLHOIO MPOIIecca Mo
JCIUILIMHE (MOJIYJII0), BKIFOUAs [IEPEUEHb MPOrpaMMHOro obecrieueHnsi U HHPOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM (TIpH
HEOOXOIUMOCTH)

11. Onucanue MaTepHaaIbHO-TEXHUYECKON 0a3bl, HEOOXOMUMOM I OCYIIECTBICHUS 00pa30BaTEILHOTO IMpoliecca
0 JUCUUIUTHHE (MOTYJTIO)

12. CpencrBa aganTtaiyy IpernoaaBaHusl TUCITUTUIMHBI (MOIYIIS) K TOTPEOHOCTSIM 00yJatouXCsi HHBATUIOB U JIUIL C
OrpaHUYCHHBIMH BO3MOKHOCTSIMH 3/I0POBbSI

13. TIpunoxenue Nel. DOHA OLIEHOYHBIX CPEICTB
14. TTpunoxxenue Ne2. [TepedeHs murepaTypbl, HEOOXOAMMOM AJIsi OCBOCHHUS UCIUILIUHBI (MOTYJIsT)

15. Tpunoxxkenne Ne3. Tlepeduenp WHPOPMAIIMOHHBIX TEXHOJOTHH, WCIIONIB3yEMBIX IJISi OCBOCHHS IWCIIUTUTHHBI
(Mopynist), BKITFOYAs MepedeHb MPOrpaMMHOTO oOecTiedeHus 1 HHDOPMAIIMOHHBIX CTIPABOYHBIX CUCTEM



[Iporpammy nucuniuimeel padpadoran(a)(u) crapimmuii npenogasareins, k.H. AnucumoBa J.C. (Kadenpa matemarnkn
Y IPUKIIATHOH HHPOPMATHKH).

1. IlepeyeHbr mNJaAHMPYeMbIX pe3yJIbTATOB OOy4YeHHS] MO AUCUMIUIMHE (MOAYJIIO), COOTHECEHHBIX €
IUIAHUPYEMBIMH pe3yabTatamu ocsoenus OIIOII BO

O6y9aromuiicsi, OCBOMBIIMHI JUCIUILIMHY (MOYIIB), IOJDKEH 00IaaaTh CICAYIOIMMH KOMIICTCHIMAMH:

HIndp PacmindpoBka
KOMIIeTeHI[UH npuodperaeMoii KoMIeTeHIMHU
IIK-3 Crioco0eH TPOeKTHPOBaTh W YHPaBiATh [T-TIpoeKTamMu, OCYIIECTBIATh TECTHPOBAHUE KOMITIOHEHTOB

I/IHCI)OpMaI_II/IOHHBIX CHUCTEM, B TOM YHCJIC MHTCIUICKTYAJIbHBIX

TIK-3.1.  [3Hath crmocoOBl MPOSKTUPOBAHMS U yrpaBiieHUs [T-ipoekTaMu, TEXHOJIOTUU TECTUPOBAHHMS
KOMITOHEHTOB HH()OPMALIMOHHBIX CUCTEM, B TOM YHCJIC HHTEIUIEKTYalIbHBIX

[IK-3.2. |YMerp mnpoekTHpoBaTh W ymnpasisiTth IT-mpoexTaMu, OCYIIECTBIATH TECTUPOBAHHE KOMIIOHEHTOB]
MH()OPMALMOHHBIX CUCTEM, B TOM YHCIIE€ HHTEIUICKTYaJIbHBIX

IIK-3.3. |[BiameTh CHOCOOHOCTBIO IMPOCKTHPOBATh M yNpaBisATh IT-pOEKTaMHu, OCYIIECTBISATH TECTHPOBAaHHUE
KOMIIOHCHTOB HH()OPMAIIMOHHBIX CHCTEM, B TOM YHCJIC UHTCIUICKTYaTbHBIX

OO0y4aromuiics, OCBOMBIINH TUCIUILUTAHY (MOIYJb):

JlomKeH 3HATh:
- OCHOBHBIC TIOHATHS TCOPUH HEHPOHHBIX CETEH; CIIOCOOBI MPUMEHEHUSI HEMPOHHBIX ceTeil B mpoektupoBanuu IT-
MIPOEKTOB

JloJDKeH yMeTh:
- IPUMEHSTh HeWpOCeTeBbIe TEXHOIOTHH IIPH MTpoekTupoBanuu | T-npoexToB

JlomKeH BIaeTh:
- CIIOCOOHOCTBIO TPOTPaMMHO pea30BBIBATh METONBI HEHpoceTeBOW 00pabOTKM TpH TpoekTupoBaHUM |T-
IIPOEKTOB

2. Mecto qucuumiaunsl (MoayJs) B ctpykrype OIIOII BO

HMannas gucuuiuinHa (Momynb) BkiaoueHa B paszen " bl. B.JIB.10.01 Jucrmmiwasl (MOmysin)" OCHOBHOM
npodeccroHabHOM 00pa3oBatenbHOM mporpammbl 23.03.01 TeXHOIOTHS TPAaHCTIOPTHBIX MPOIECCOB M OTHOCUTCS K YaCTH,
hopmupyemoit YIaCTHUKAMH 00pa3oBaTeIbHBIX OTHOIIICHHH.
OcpauBaercs Ha 5 Kypce B 9 cemecTpe.

3. O0beM AUCHMILVIMHBI (MOAYJISI) B 3a4eTHBIX €IMHHMIAX C YKA3aHMEM KOJHNYeCTBA YacOB, BbIAEJEHHbIX Ha
KOHTAKTHYI0 paloTy ol0ydamwlmuxcs ¢ npemnoaaBareneM (II0 BHJAM Y4YeOHBIX 3aHAAITHI) M HA CAMOCTOSITEJBHYIO
padoTty o0yuarommxcsi

OO6mas TpyJ0eMKOCTh JUCIUILITNHBI COCTABIISAET 2 3a4eTHRIX(bIe) equHUI(bI) Ha 72 qaca(oB).

Konrakrnast pabGora - 12 uaca(oB), B ToM umcie Jekuuu - 4 yaca(oB), mpaxkruueckue 3aHsrtusi - 0 uaca(oB),
naboparopHble paboThI - 8§ yaca(oB), KOHTPOJIb CAMOCTOSITEIbHON paboTsl - 0 yaca(oB).

CamocrosTenpHas pabora - 56 gaca(oB).
Konrpois (3auét / sx3ameH) - 4 yaca(oB).

dopma MPOMENKYTOUHOTr0 KOHTPOJIS IUCLUILTHHBL: 3a4eT B 9 cemecTpe.

4. CopaepxkaHMe [MCHUILIMHBI (MOAYJf), CTPYKTYpHPOBaHHOe N0 TeMaM (pa3fenaM) ¢ YKa3aHHeM
OTBE/ICHHOT0 HA HUX KOJIMYeCTBA aKAJeMHYEeCKUX YACOB U BUAOB y4eOHbIX 3aHATHIH

4.1 CTpyKTypa 1 TeMAaTH4YeCKHIl IIIaH KOHTAKTHOH M caMOCTOATEJbHOM padoThl 10 JHCIHUILINHE (MOAYJII0)
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1. |Tema 1. Heiiponnsie ceti. OCHOBHBIE TTOHSATHS 9 1 0 2 14
2. [Tema 2. MHOTOCIOWHBIC HEHPOHHBIC CETH 9 1 0 2 14
3. [Tema 3. PannansHble HEHPOHHBIC CETH 9 1 0 2 14
4. |Tema 4. CamoopraHu3syIomuecst HeHPOHHBIE CETH 9 1 0 2 14
Wroro: 72 4 0 8 56

4.2 Conep:xkaHue TUCHUILIUHBI (MOAYJIsST)

Tema 1. Heliponnble ceTu. OCHOBHbIE NOHATHS

bruonornueckue npencraBneHus o Helipone. IloHsTue HelipoHHas ceTh. VckyccTBeHHBINH HelpoH. Kinaccudukarms
HEHPOHHBIX CeTeH. APpXUTEKTypa HEHPOHHBIX ceTeil. McTopuss HEMpOKOMIBIOTEPHBIX BhIYMCIeHUH. [lepcenTpon. 3amadya
pacrio3HaBaHusl.

Tema 2. MHoOroc/10iiHbIe HelHPOHHBIE CETH

ITonstue MHOrOoCIOWHON HEeilpoHHON ceTH. I[IpUHIUNBI MOCTPOEHUSI MHOTOCIOWHBIX HEHPOHHBIX CeTe. ANropuUT™M
oOpaTHOro pacnpocTpaneHus omnoku. HegocraTku anropurMa o0paTHOTO pacipoCcTpaHEHUs! OLIHOKH.

Tema 3. PaananbHble HelipOHHbBIE CETH

Ilonatue panuanpHON HelpoHHOHM cetu. CTpykTypa paguanbHONM HEHpOHHOH ceTn. MaTeMaTHYeCKHE OCHOBBI
(YHKIIMOHMPOBAHUS paJuaibHbIX HEHPOHHBIX ceTell. O0yueHne paauaabHOH HEHPOHHOW CETH.

Tema 4. CamoopraHusyoniuecsi HeiipoHHbIE CeTH

Camoopranmyomuecs: HeliponHbie cetn. CTpykTypa cetn Koxonena. Obydenne cetn Koxonena. Heiiponnsie cetn
KJIaCCU(PUKAIINH.

5. IlepeueHb Yy4eOHO-METOAMYECKOT0 oOecmeyeHUs] ISl CAMOCTOATEJbLHOHl padoThl o0y4yaloluXcsi IO
JMCUMILIHHE (MOAYJII0)

CamocrosiTenpHass paboTa OOYdYalOIIMXCSl BBIMOMHSIETCS MO 3aJaHUI0 M IPU METOAWYECKOM pPYKOBOJCTBE
npenoaasateis, HO 0e3 ero HemocpeacTBeHHoro ydactus. CamocrositensHas paboTa mopaszensercs Ha
CaMOCTOSTENILHYIO PadOTy Ha ayJMTOPHBIX 3aHATHSX M HAa BHEAYAMTOPHYIO CAMOCTOSTEIbHYIO pabory. CaMmocTosTeIbHAS
pabora oOy4aroniuxcs BKJIIOYAET KaK IOJHOCTBIO CaMOCTOSTENIbHOE OCBOCHUE OTHENBHBIX T€M (Pa3JesioB) JAUCHUILIUHEL,
TaKk U npopaboTKy TeM (pa3zaesnoB), OCBaMBAEMBIX BO BpeMs ayJUTOPHOH padoTel. Bo Bpems camocTrosTenbHONW paboThI
oOydJaromuecss YUTAlOT M KOHCHEKTUPYIOT y4eOHYI0, Hay4HYI0 M CHPABOYHYIO JIMTEPaTypy, BBINOJHSIOT 3aJaHMs,
HaNpaBJICHHBIC HA 3aKPEMJICHNUE 3HAHUHM M OTpabOTKYy YMEHHI M HaBBIKOB, TOTOBSATCS K TEKYIIEMY W MPOMEXYTOUHOMY
KOHTPOJIIO 110 JUCIUIIINHE.

OpFaHI/I?)aIII/IH CaMOCTOSITEIILHOMI pa60TLI 06yqafom1/1xcs{ PEriIaMCHTHUPYCTCA HOPMAaTUBHBIMU JOKYMCHTAMMU, yqeGHo-
MeTO,HH'-IeCKOﬁ nMTepaTypoﬁ 1 3JICKTPOHHBIMHU 06p330BaT€J'II)HI)IMI/I pecypcaMu, BKIIrO4asi:

[opsinok opraHW3anM M OCYIIECTBIECHHUS 00pa30BATEIBHON NEATENIBHOCTH 1O O0OPa30BAaTENbHBIM IIPOTpaMMaM
BBICIIEr0 00pa3oBaHMsl - MporpaMMmaM OakangaBpuaTa, IpOrpaMMaM CHCHHAINTETa, HpPOrpaMMaM MarucTpaTypbl
(yTBepyKaeH mpukazoM MuHHcTepcTBa 00pa3oBanus 1 Hayku Poccuiickoit denepanuu ot 5 anpens 2017 roxa Ne301)

ITucemo MunuctepcTBa oOpasoBanus Poccuiickoit @eneparmm Nel14-55-996un/15 ot 27 Hos6ps 2002 r. "OO6
aKTHBH3AIIUN CAMOCTOATEIHHON PabOTHI CTYJCHTOB BBICIIUX YIeOHBIX 3aBeIeHUI"

YcraB  (enepasbHOrO  TOCYIapCTBEHHOTO  aBTOHOMHOrO  oOpasoBarenbHOro  yupexnenus "KazaHckuid
(ITpuBomxckuii) penepanbHbI yHUBEpCUTET"

[IpaBuna BHyTpeHHETOo pacnopsika (emepadbHOTO TOCYAAapCTBEHHOTO aBTOHOMHOTO — 00pa3oBaTEIBHOTO
yUpEeXIEHUs BEICIIEro npodeccruoHaibHoro oopasosanus "Kazanckuit (IIpuBomkckuil) dhenepanbHblii yausepcuret”

JlokanpHble HOpMaTHBHBIE akThI Kazanckoro (IIpuBomkckoro) denepaisHOTO yHUBEPCUTETA



6. ®oH/1 OLIEHOYHBIX CPEJICTB M0 TUCHUILINHE (MOAYJIIO)

@OHA OLEHOYHBIX CPEICTB IO AWCIUIUIMHE (MOJYIIO) BKIIOYAET OICHOYHBIC MAaTepHaNbl, HalpaBicHHBIE Ha
MIPOBEPKY OCBOEHHSI KOMIIETCHIIMH, B TOM YHWCIIC 3HAHUI, yMEHWHA W HaBHIKOB. DOHI OICHOYHBIX CPEACTB BKIIOYACT
OIIGHOYHBIE CPE/ICTBA TEKYILET0 KOHTPOJIS M OI[CHOYHBIE CPEICTBA IPOMEKYTOUHOH aTTeCTAINH.

B donze oleHOYHBIX CPEACTB COACPIKUTCS CCayromas HHGOPMAIIHS:

- COOTBETCTBHE KOMITCTECHIUH INTAHUPYEMBIM pe3yIbTaTaM 00y4eHHUS 110 TUCIUITIHHE (MOIYIIIO);
- KpUTEPUH OIICHUBAHUS C(HOPMUPOBAHHOCTH KOMITETCHIINH;

- MEXaHU3M (POPMHUPOBAHUS OLCHKH 0 JUCHUIUIAHE (MOJYJIIO);

- OIMCaHUe MOPAAKA IPUMEHEHHS 1 IIPOLIEAYPhI OIICHUBAHUS U KaXXI0TO OIICHOYHOTO CPEICTBA;
- KpUTEPUH OLCHUBAHUS AJISl KaXK0T0 OLIEHOYHOT'O CPEJICTBA;

- COIepXaHWE OIICHOYHBIX CPEACTB, BKIIOYas TPeOOBaHWS, NpPEIbABISEMble K JACHCTBHAM OOYyJaroITuXcs,
JIEMOHCTPUPYEMBIM pe3yiIbTaTaM, 3aJaH:s Pa3TUIHBIX THIIOB.

@DOHZ OIIEHOYHBIX CPEICTB 0 TUCHUIUIMHE HaxoauTcs B [Ipumoxkernn | k mporpaMMe AUCIUTUTHHEI (MOIYITIO).

7. llepeyeHb JUTEPATYPbl, HEOOXOAMMOM 1JIsl 0CBOECHMS TUCHUILIUHBI (MOAYJIsT)

OcBoeHne IUCHMIUIMHBI (MOIYJIsl) MpEAINosaraeT U3ydyeHHe OCHOBHOW M JIONOJHMTENHLHON y4eOHOI jHTeparyphl.
JlutepaTrypa MOKeT OBITh IOCTYIHA 00Y4YaIOIMMCS B OZTHOM M3 JIBYX BapHaHTOB (J1100 B 000MX U3 HUX):

- B OJICKTPOHHOM BHUJE - 4Yepe3 JJICKTPOHHBIC OHOIMOTCYHBIC CHCTEMBI HAa OCHOBAHUHW 3aKIIOUCHHBIX KOV
JIOTOBOPOB C MPaBOOOIIAIaTEIISIMH;

- B meyaTHOM BuJie - B Hayunolt oubnmotexe Enabyxckoro uncruryra KOY. O0ygaroniuecs moxy4aroT yaeOHYIO
JIUTEpaTypy Ha aOOHEMEHTE I10 YHUTATEJIbCKUM OWIieTaM B COOTBETCTBHM C TpaBWJIaMHU I0Jib30BaHus HaydHoii
OuOINOTEKOI.

DIeKTPOHHBIC M3IAHHS JOCTYIIHBI JUCTAHIIMOHHO U3 JIFOOOW TOYKH MPH BBEACHUH OOYYAIOIIMMCS CBOETO JIOTHHA M
nmapojs OT JMYHOro KaOwHeTa B cucTeMe "DNeKTpOoHHBIH yHuBepcuTeT". IlpM WCHONB30BaHWU TICUATHBIX W3AAHUMA
O6ubMoTewHbI (OHI AOKEH OBITh YKOMIUIEKTOBaH MMM M3 pacdera He MeHee 0,25 sK3eMInnsipa Ka)XI0TO W3 M3IaHHHA
OCHOBHOW U [IOTIOJHUTENHHOW JHUTEpaTyphl Ha KaXKAOTO OOYyYaolIerocst W3 4Hcia JIHI, OJHOBPEMEHHO OCBAaWBAIOIIUX
MAHHYIO TUCIUILINHY.

IlepeueHp OCHOBHOM W JOMOJNHUTEIBHON YUeOHOH nHTEpaTyphl, HEOOXOAMMOW JJs OCBOCHHS JIHUCIUTLTAHBI
(Momynst), Haxomutes B [Ipunioskennu 2 k paboueid nmporpaMme TUCHUTDIMHBL. OH MOICKHUT OOHOBICHUIO TIPH U3MEHEHUN
ycnoBuid oroBopoB KDV ¢ mpaBoobiamaTensiMu 3IEKTPOHHBIX M3IAaHUH W IPU M3MEHEHWH KOMIUIEKTOBAHHSA (HOHIIOB
Hayunoit 6ubmmotexn Enadyskckoro uacturyta KOV,

8. Ilepeyens pecypcoB HHPOPMALMOHHO-TeTeKOMMYHUKALMOHHON ceTu "HUHTepHeT'", HEOOXOAMMBIX AJIfA
OCBOEHHS JUCHUIJIMHBI (MOYJIs1)

Heiiponnsie cetu - http://statsoft.ru/home/textbook/modules/stneunet.html
Vu4ebnuk — Heitponnsie cetn https://neuralnet.info/book/

BBezenne B MalimHHOE 00yU€EHHE: TIOJIHOE PYKOBOACTBO - https://www.machinelearningmastery.ru/machine-learning-
introduction-a-comprehensive-guide-af6712cf68a3/

9. MeroanyecKkue yKa3aHusl /s 00y4aIOLIUXCS 110 OCBOEHHIO TUCIUILIUHBI (MOTYJIsA)

Bupn pador MeTtoanyecKue peKOMeHIANUH

JICKIAH JlexrioHHBIE 3aHATHS TPOBOIITCS C UCIOIH30BaHUEM WHTCPAKTHBHBIX TEXHOJIOTHH U MTPEIIOIaraloT
aKTUBHOE y94acTHE CTYJICHTOB. [ HOATOTOBKH K 3aHATHAM PEKOMEHIYETCS BEIICIIATH B MaTepHaie
poOJIeMHBIE BOTIPOCHI, 3aTparuBaeMble PEnojaBaTeseM B JIEKINH, U TPYIITHPOBATh HHPOPMALIHIO
BOKpPYT HUX. JKeJaTeabHO BBIACTATH B UCIIONB3YeMOH INTEpaType IOCTAHOBKH BOIIPOCOB, Ha KOTOPHIE
Pa3HBIMH aBTOpPaM MOTYT OBITh JaHBI Pa3lInYHbIC OTBETH. Ha OCHOBaHMM OCTAHOBKHM TaKHX BOIIPOCOB
clelyeT coOMpaTh apryMEHTHI B [TOJIb3Y PA3JIMYHBIX BAPUAHTOB PEIICHUS MOCTABICHHBIX POOJIEM.

nabopartopHsie | JlabopaTopHble 3aHSTHS - 3TO OJ{HA M3 PA3HOBHIHOCTEH MPAKTHYECKOTO 3aHSITHSI, SBIISIOIASCS

paboTHI s pexTrBHON HOpMOI YIEOHBIX 3aHATHH B OpraHU3aIlUH BRICIIETO 00pa3oBanus. JlabopaTopHbie
3aHSTHS UIMEIOT BBIPAXKEHHYIO Crielin(UKY B 3aBUCUMOCTH OT y4EOHOI MUCIHUIUIMHBI, YTITyOISIOT U
3aKPEIUISIOT TEOPETHUCCKUE 3HaHUs. Ha 3THX 3aHATHUIX CTYACHTH OCBAUBAIOT KOHKPETHBIC METOIBI
M3YYCHUS TUCIUIUIMHBI, 00YYar0TCs IKCIIEPUMEHTAIBHBIM CIIOCO0aM aHan3a, YMEHHUIO paboTaTh ¢
npubopaMu U COBPEMEHHEBIM 000pynoBanueM. JIabopaTopHbIe 3aHATHS JAFOT HATJISIHOE MPEICTABICHUE



http://statsoft.ru/home/textbook/modules/stneunet.html
https://neuralnet.info/book/
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/
https://www.machinelearningmastery.ru/machine-learning-introduction-a-comprehensive-guide-af6712cf68a3/

Bupn pador MeTtoanyecKue peKOMeHIANUH

00 M3y4aeMBbIX SIBJICHUSX M IpoLieccax, CTYJCHTHl OCBAUBAIOT OCTAHOBKY U BEJICHUE SKCIIEPHMEHTA,
ydaTcsi YMEHHUIO HaOJII01aTh, OLICHUBATH MTOJIYYECHHBIE PE3YJIBTATHI, JENIaTh BBIBOAB! U 0000meHus. OT4éT
II0 UTOTaM BBHITTOJTHEHHBIX JTA0OPATOPHBIX pabOoT BRITOMHAECTCS Ha JHcTax Oenoit Oymaru popmara A4 B
MIEYaTHOM HJIM pyKomucHOM BHfe. [Ipn opopmiteHnn oTuéTa HCHONB3yeTcsl CKBO3HAS HyMepanus
CTpaHHUL, CUNTAsl TUTYJIbHBIN JIUCT NEpBOX cTpaHuLeld. HoMep cTpaHuLbl HAa TUTYJIBHOM JIUCTE HE
craBuTca. Homepa cTpaHuIb! CTaBATCS O IEHTPY BBEpXY. IIpn opopmineHnn oTuéTa B Ie9aTHOM BHUJIE
KeJaTeIhbHO COOM0aTh CleAyIomue TpeOboBaHus. [t 3aroJI0BKOB: MOy KUPHBIH mpudT, 14 1T,
LEHTPUPOBAHHBIH. J[111 OCHOBHOTO TeKCTa: HEXXUPHBIKA WPpUQT, 14 NT, BEIpaBHUBaHKE 110 MIHpHHE. Bo
Bcex ciaydasx Tan mpudra - Times New Roman, orctyn ab3ana 1.25 cM, NOIyTOpHBII MEXAYCTPOUHBIH
unTepBai. [lond: nesoe - 3 cm, mpaBoe - 1 cM, BepxHee U HUXKHee - 2 cM. OTYeT H0JIKEH COAepKaTh
creayromnye saeMeHThl: 1) TUTYNIBHBIH THUCT ¢ 00s3aTeNbHBIM YKa3aHueM BapuaHTa; 2) Llenb paboTsl; 3)
3ananue; 4) OcHOBHas 4acTh; 5) BeiBox

CaMOCTOs- CaMocTosTenbHas pa60Ta CTYACHTOB I10 ILHZ{aKTI/I‘leCKOﬁ CYTHU NPEACTABIIACT c000# KOMILIEKC YCJ'IOBI/Iﬁ
TCJIbHAasA pa60Ta 06y‘~IeHI/I${, OPraHru3yEeMbIX MPCoAaBaTCJIEM U HAIIPABJICHHBIX HAa CAMOIIOATOTOBKY yYalllUuXCs. VYuebnas
JACATCIbHOCTD MMPOTCKACT 6e3 HCTIOCPEACTBECHHOI'O YHAaCTUs MPperogaBaTe/IsA U 3aKJII0YacTCs B
npopa60TKe JICKIIMOHHOI'O MaTe€puajia, moATrOTOBKE K J'Ia60paT0pHI>IM 3aHATUAM; U3YUCHUU yqe6H0171
JIMTEPpATYPhbl U3 OCHOBHOI'O U JOIMOJHUTECIBHOI'O CIIUCKA.

3aueT 3ayer sBisieTcst HOPMOIT OLIEHKH KaueCTBa OCBOCHHS CTYJICHTOM 00pa3oBaTeIbHON IPOrpaMMBI IO
nqucuumnuge. [To pe3ynpTaTtam 3aueTa CTYJAEHTY BBICTABISIETCS OLEHKA "3a4TeHO" WK "He 3auTeHo".
3ayer MOXKET NPOBOAUTHCS B (POpME YCTHOTO olpoca 1o Ouiieram (Bonpocam) miiu 6e3 OuieTos, ¢
NpeABapUTEIbHON NOATOTOBKOM MM 0€3 MOJAr0TOBKH, 110 yCMOTpeHHIo Kadeapsl. [IpernonaBarens
MOXET NPOCTABUTH 3a4eT O€3 Ompoca WM COOECeOBAHMUS TEM CTYIEHTaM, KOTOPBIE aKTHBHO
Yy4acTBOBAJIH Ha TaOOPATOPHBIX 3aHATHIX.

10. Tlepeyens WHGPOPMANMOHHBIX TEXHOJIOTHii, MCHOJb3yeMBIX IIPH OCYIIECCTBJICHHHM 00Pa30BaTeJbLHOIO
npouecca nmo JUCHHMILIAHE (MOAYJII0), BKJIIOYAs INepedYeHb NMPOrpaMMHOro ofecrmedyeHnss M HH(OPMANHMOHHBIX
CIPABOYHBIX CHCTeM (MPHU HEOOXOIUMOCTH)

[epedenp MHOOPMALMOHHBIX TEXHOJOTHH, HUCIOJIb3YEMbIX MPH OCYIIECTBICHHH 00pa30BaTENIbHOIO Mpolecca Mo
JMUCLUILIMHE (MOJYJI0), BKJIIOYAs MEpeueHb MPOrpaMMHOrO OOecredeHHuss U MHPOPMAIMOHHBIX CIPABOYHBIX CHCTEM,
npeacrasieH B [Ipuioxennn 3 k pabodei mporpaMMe AUCIHUIIINHBI (MOTYJIs).

11. Onucanne MaTepHaJbHO-TEXHHYECKOH 0a3bl, HEOOXOAMMOW [Jisl OCYHIECTBJIEHHSI 00pPa30BaTeILHOIO
npouecca no JHCHUILTHHE (MOYJII0)

Vuebnas aymuropus Ne 61 (423600, Pecniybnuka Taraperan, r. Enxabyra, yn. Kasauckas, n. 89) ans mpoBeaeHus
3aHATHI JICKIIMOHHOTO THIIA, 3aHSATHH CEMHHAPCKOrO THIA, TPYNIOBBIX M WHIUBHIYAIBHBIX KOHCYJBTAIMH, TEKYILIETO
KOHTPOJISL ¥ TIIPOMEKYTOUHOW aTTECTAlMH, IIOMEIIEHHE Il CaMOCTOsATEeNIbHOW padoThl. Komiiekr mebenu (mmocagouHbIx
mect) 30 mT. KommbrorepHsli kiacc: kommbioTepsl Lenovo Thinkcentre m920x 18 mr. Monurtopsr Thinkcentre
TIO24GEN3 18 mrT. HWuTepaktuBHas maHenb | mrT. MenoBas nocka HacTeHHas 1 mr. Beixom B HHTepHeT,
BHYTPUBY30BCKasi KOMIIBIOTEPHAsl CETh, JOCTYH B 3JEKTPOHHYIO HH(OPMAaIMOHHO-00pa3oBaTenbHyl0 cpemy. Habop
y4eOHO-HAIISTHBIX TIOCOOMIA: KOMITJIEKT MPE3CHTAINN B DJIEKTPOHHOM (opMaTe 10 IperogaBacMon AUCIUITIHHE 3-5 TIT.

12. CpeIlCTBa aJanTanuu npemnoaaBaHud JUCHUILIMHBI K ﬂOTpeﬁHOCTﬂM oﬁyqaloumxca HHBAJIHUAOB M JIHUII C
OrpaHU4Y€HHBIMHU BO3MOKHOCTAMM 310POBbA

I[Ipn HeoOxommMocTH B 00pa30BATENBHOM IIPOLECCE INPUMEHSIOTCS CIEAYIONIHEe METOOsl W TEXHOJIOTHH,
o0Jervaroniyie BOCIPUITHE WHPOPMANUU OO0YYAONUMUCS WHBAIMAAMU W JIMLIAMH C OTPAHUYCHHBIMHA BO3MOXHOCTSIMH
3JI0POBbSL:

- CO37aHME TEKCTOBOH BEpCHHM JIOOOTO HETEKCTOBOTO KOHTEHTA JUII €ro BO3MOXKHOTO MpeoOpa3oBaHUS B
aNbTepHATHBHBIE (POPMBI, yIOOHBIE IS Pa3INYHBIX TOJIb30BaTeNeH;

- CO3J]aHMC KOHTEHTA, KOTOPBIH MOXHO NPEACTABUTh B PA3IMYHBIX BUAAX O€3 MOTEPU JAHHBIX WM CTPYKTYPHI,
MPEIYyCMOTPETh BO3MOXHOCTh MACIITAOMPOBAHUS TEKCTa W U300paKeHUU 0€3 MOTepH KadecTBa, MPEIyCMOTPETh
JIOCTYTIHOCTH YIIPaBICHHUS KOHTEHTOM C KJIaBHATYPHI;

- CO3/1aHHME BO3MOKHOCTEH JUIs 00y4alomuXcsi BOCOPUHUMATh OJIHY U Ty e HH(OpManuio U3 pa3HbIX HCTOYHHUKOB -
HarpuMmep, Tak, YTOOBI JIMIA C HApYIICHUSIMM CIyXa IOJy4ald MH(POPMAIMIO BH3YaJbHO, C HAPYILCHUSIMH 3pEHHS -
ayJMabHO;

- HOPUMCHCHHUE TIIPOTPAMMHBIX CPEICTB, O6eCHC‘-II/IBa}0H.II/IX BO3MOXHOCTb OCBOCHHA HAaBBIKOB U yMeHHﬁ,



(bOpMI/IpyeMLIX HHCHHHHHHOﬁ, 3a CU€T AJIBTCPHATUBHBIX CHOC060B, B TOM 4YHCJIC BUPTYaJIbHbIX na60paTop1/117I u
CUMYJIAIUOHHBIX TeXHOJ’IOI‘Hﬁ;

- MpUMEHEHWE IUCTAHIMOHHBIX OOpa30BaTENBHBIX TEXHOJIOTHH Ui Tiepemadn WH(OPMAIMH, OpTaHH3AINH
pa3uuHbIX (OPM HMHTEPAKTHBHOW KOHTAKTHON pabOThl OOYdaroIIErocs ¢ MpernojaBaTelieM, B TOM YHCIEe BeOHHAPOB,
KOTOpBIE MOTYT OBbITh HCIOJBL30BAHBI JUIs MPOBEJCHUS BUPTYAJIbHBIX JICKIMH C BO3MOMXHOCTHIO B3aMMOJICHCTBHS BCEX
YYaCTHUKOB JIUCTAHIIMOHHOTO OOYUYEHHsI, MPOBECHHS CEMUHAPOB, BBICTYIUIEHHS C JOKJIAJAMH U 3aIUThI BHIMOJHEHHBIX
paboT, MPOBEICHUS] TPEHUHTOB, OPraHU3aI[MH KOJUIEKTHBHOU paboThI;

- TPUMCHCHWE TUCTAHIIMOHHBIX O00pa30BATEIBHBIX TEXHOJNOTWH JUIS OpraHum3amudé  (GopM TEKYyIIero u
TPOMEKYTOYHOTO KOHTPOJISE;

- VBENIWYCHHE MPOJOJDKATEIFHOCTH CHAYd  OOYYAOIUMCS WHBAJIMAOM WM JIHIIOM C OTPaHWYCHHBIMH
BO3MOHOCTSIMH 3JJ0POBBSI POPM MPOMEKYTOUHO# aTTECTAINK 110 OTHONICHHIO K YCTAHOBICHHOM MPOIOIKATEIEHOCTH HX
Cllauu:

- MPOJOJKUTEIILHOCTH C/IauM 3a4éTa WM 9K3aMeHa, IMPOBOJUMOTO B MHCHbMEHHOU (opme, - He Oosiee uem Ha 90
MHHYT;

- MPOJIOJIKUATENFHOCTH MOATOTOBKH OGYYAIONMIErocss K OTBETY Ha 3auéTe WM JK3aMCHE, MPOBOIMMOM B YCTHOM
¢dopwme, - He Oonee yeMm Ha 20 MUHYT;

- IPOJIOJKUTENBHOCTH BBICTYIUICHHMST 00YUAIOIIErocs MpH 3allluTe KypcoBoit paboThI - He OoJiee 4eM Ha 15 MHUHYT.
[Iporpamma coctaBieHa B coorBercTBUU ¢ TpeboBanusmu PI'OC BO m yueOHBIM I1aHoM 1o Hampasienuto 23.03.01

"TeXHOJOTHA TPAHCTIOPTHBIX MporieccoB” U Mpoduiro moAroToBkH " [IpoekTHpoBaHye U yIpaBiIeHHE HHTEIICKTYIbHBIMA
TPaHCHOPTHBIMU CUCTEMaMu'".
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1. CooTBeTCcTBHE KOMIETEHIIMIT INIAHUPYEMBIM Pe3yJIbTaTaM 00yueHHUsl 10 JTHCHHUILIHHE (MOIYJII0)

Koax u nHammenoBanue | UHAMKATOPHI JOCTHKEHHs] KoMmeTeHuMii | OneHoYHbIe cpeacTBa TeKyIero
KOMIIeTeHIHH JJISl TAaHHO# IMCIMIIJIMHBI KOHTPOJIS 1 MPOMEKYTOYHOI aTTecTaluu
IK-3 - Cnocoben | 3HaTh OCHOBHBIE MOHSATHSA Teopun | Tekyuuii KOHTPOJIb:
MIPOEKTUPOBATH 1 | HEHPOHHBIX CeTel; cmocoObl mpumMeHeHus | Pedepar mo temam
YIpaBIATh IT- | melipoHHbIX ceteit B mpoektupoBanuu |T- | Tema 1. Hefiponusie cetrn. OCHOBHBIC
MPOEKTAMH, MIPOEKTOB TIOHSATHS
OCYLIECTBIISATh Tema 2. MHOTOCITOMHBIE HEUPOHHBIE CETH
TECTHPOBaHUE Ymets IIPUMEHSTh HeilpocereBsle | Tema 3. PanuanbHble HEHipOHHBIE CETH
KOMITOHEHTOB TexHomoruu npu  mpoekrupoBanun |T- | Tema 4. Camoopranuzyoonmecs: HeHpOHHbIE
MH(OPMALIMOHHBIX MPOEKTOB ceTH
cHUCTeM, B TOM 4HCIE
MHTEJUIEKTYaIbHBIX Bnanets  cnocoOHOCTBIO nporpamMmHo | JlaBopaTtopHbie paboOTHI 110 TEMaM
peanu3oBbIBaTh  MeToAbl  HelpoceteBoil | Tema 1. Heliponnsie cetu. OCHOBHBIE
00paboTkn TpH  mpoekTUpoBaHMH | T- | moHATHS
MIPOEKTOB Tewma 2. MHOrocioiHble HEHPOHHBIE CETH
Tema 3. PaguanbHble HEHPOHHBIE CETH
Tema 4. CaMoOpranusyroumecs: HeMpoOHHbIE
ceTH
IIpoMeskyTouHasi aTTecTAlUsS:
3auém
2. Kpurepnun onennBanus c(popMUpPOBAHHOCTH KOMIIETEHIM
Komner 3aurteHo He 3aureno
CHIIMSA Boicokuii ypoBeHb | Cpennuii ypoBenb | Huskmii ypoBeHb | Huxe moporosoro
(0TJIAMYHO) (xopomo) (Y10BJIETBOPUTEJIbHO) YPOBHS
(HeyaoBJIeTBOPHUTE
JIbHO)
1IK-3 3HaeT OCHOBHBIC MOHATHS | 3HACT OCHOBHBIE TOHATHA | 3HaeT OCHOBHBIC MOHATHA | He 3HaeT ocHOBHEBIE
TEOpPUHU HEHPOHHBIX CETel; | TEOpUM HEUPOHHBIX CEeTel; | TEOpUM HEUPOHHBIX CETeH; | TOHITHS TEOpUU
CHOCOOBI NPUMEHEHHUS | CIIOCOOBI NPUMEHEHHS | CIIOCOOBI MPUMEHEHUs | HEMPOHHBIX CeTel;
HEHpOHHBIX  ceTed B | HEHPOHHBIX ceTei B | HEHPOHHBIX ~ ceTe B | CIOCOOBI
MIPOEKTHPOBAHUU IT- | npoexTupoBaHuu IT- | mpoekTupoBanuu IT- | npumeneHus
IIPOEKTOB MPOEKTOB, JIONyCKasi | MPOEKTOB, Jlonyckasi | HeHpOHHBIX ceTell B
HE3HAYMTENbHbIE OIUMOKM B | TUIIMYHBIE  OMIMOKM B | IPOEKTHPOBAHHU
paccyXIeHHSIX U BBIBOAAX paccyXIeHusX U BeiBogax | |T-mpoekros.
YmeeT npuMeHsTh Ywmeer MIPUMEHSTH | YMeeT npuMensTh | He ymeer
HEWpOoCeTeBbIC HEUPOCETEBbIE TEXHOJIOTHH | HEUPOCETEBbIC MIPUMEHSITh
TEXHOJIOTUH MIPH npu mpoekTHpoBaHnu |T- | TexHOMOTHH npy | HeHpoceTeBbIe
npoektupoBanuu | T- MPOEKTOB, JIOIyCKasi | MPOEKTUPOBAHUH IT- | TexHONOTHMYU TIpH
IIPOEKTOB HE3HAYHUTEIIbHbIE OLINOKH. IIPOEKTOB, JIOITyCKasi | MPOEKTUPOBAHUH
TUTTUYHBIC OLTHOKU IT-ipoekToOB
Bnaneer criocoOHOCTBIO Bnaneer criocoGHOCTEIO Bnaneer criocoOHOCTBIO He Bnaneer
MIPOrPaMMHO HpOrpaMMHO IIPOrpaMMHO CHOCOOHOCTBIO
peaIn30BBIBAaTH METO/IbI peanu30BBIBATh METOJIBI peaIn30BBIBaTH METO/IbI POrpaMMHO
HeHpoceTeBoi 00paboTkn | HeWpoceTeBOl 00padbOTKH HEHPOCETEBOM 00pa0OTKH | PeaTM30BLIBATH
pH nipoekTupoBanuu IT- | mpu npoektupoBanuu I T- TIpH TIpoeKTHpoBaHuu I T- METOJIbI
MPOEKTOB MIPOEKTOB, AOIyCKas MPOEKTOB, AOIyCKas HelpoceTeBoi
HE3HAYNTEIbHBIC OIIMOKN B | THIMYHBIC OMINOKHA B 00paboTku pu
MIPOTPaAMMHOH pear3annun MIPOTPaAMMHOI peai3anuy | MPOEKTHPOBAHUT
IT-nmpoexToB

3. Pacnipenenienne oneHoK 3a (popMbl Tekyliero KOHTPOJISI M MPOMEKYTOYHYI0 aTTeCTAIUIO

9 cemectp:

Texkymmii KOHTPOJIb!




Pedepar

Tema 1. Heliponnsie cetr. OCHOBHBIE TIOHATHS
Tema 2. MHOTOCTIOMHBIE HEHPOHHBIE CETH

Tema 3. PaguanbHble HEHPOHHBIC CETH

Tema 4. Camooprann3yromuecs: HeHpOHHBIE CETH

JlabopaTopHbie pabOTHI

Tewma 1. Heliponnsie cetr. OCHOBHBIE TTOHATHUS

Tema 2. MHoOrocnoiHsle HepOHHBIE CETU

Tewma 3. PaguansHele HEHpPOHHBIE CETU

Tema 4. CaMoOpranu3yronuecs: HEMPOHHBIE CETH

BrImoHeHNEe KaXXIOTOo OIEGHOYHOTO CPEICTBA OICHMBAeTCA IO IOKaje: OTIMYHO, XOPOIIO, YIOBICTBOPHTEIHHO,
HEYJOBJICTBOPUTEIHHO.

OO0mas omeHKa 3a TeKYIIUH KOHTPOJb IpEACTaBiIsIeT coOOW cpemHee 3HAUCHHE MEXAY MOJYYCHHBIMU OIICHKAMHU 3a BCE
OIICHOYHBIE CPE/ICTBA.

I[Ipome:xkyTouHAsI aTTECTAIUSA - 32YCT.
HpOMe)KyTO‘-IHaS[ aTTecTanus HpOBOI[I/ITCSI TI10CJIC SaBeleIeHI/ISI I/I3y'-IeHI/I$[ JUCHUIIIMHBI HWJIK €€ 4YaCTu B (bopMe,
onpeenseMoll yueOHBIM IIaHOM 00pa30BaTENIbHON MPOrpaMMBI C IENBI0 ONEHUTh padoTy OOydaroIlerocsi, CTENEeHb
YCBOCHHS TEOPETHUECKUX 3HAHUH, YPOBEHb CHOPMUPOBAHHOCTH KOMIETEHIIUH.
[IpenomaBaTesb, IPUHUMAOIIHI 3a4eT 00CCICUUBACT CIydYalHOE pacHpe/e/CHUE BAPHAHTOB 3a4ETHBIX 3aaHUN MEXKIY
00y4JalomKUMKCS C IIOMOIIBI0 OWIETOB H/WIM C NPUMEHEHHEM KOMIIbIOTEPHBIX TEXHOJIOTHIA; BIpaBe 3aJaBaTh
oOygaromnieMycs JONOJTHUTEIBHBIC BOTIPOCH U 1aBaTh JOITONHUTEIBHEIC 3aJaHHs TIOMUMO TeX, KOTOPBIC YKa3aHBI B OHIICTE.
3aueT npoBoauTCs 1Mo Omieram. B kakmoMm OmieTe OIeHOYHBIC CPEICTBA OJHOTO BHA: YCTHBIHM MM MMMCHbMECHHBIA OTBET Ha
BOTIPOC.
BrInonHEeHHEe KaXKAOTO 3aJaHUs 32 INPOMEXKYTOUHYIO AaTTECTAIMIO OIECHUBACTCA IO IIKaJle: OTIMYHO, XOPOIIO,
YIOBJICTBOPUTEIHHO, HEYTOBICTBOPUTEIBHO.
OO01as oIeHKa 3a MPOMEKYTOYHYIO aTTECTALUIO IPEACTABIICT COOOU CpeHee 3HAUCHUE MEX/TY IMOTYUICHHBIMU OI[CHKAMH
3a BCE OIICHOYHBIE CPEICTBA TPOMEKYTOUYHOM aTTECTAIIMH.
B ciydae HEBO3MOXHOCTH YCTAHOBJICHHSI CPEJHETO 3HAYCHHS OIICHKH 3a IMPOMEKYTOUYHYIO aTTecTaluio (Hampumep,
«XOpOIIIO» WIIN «OTIWTHO»), UTOTOBAsI OIEHKA BBICTABIISETCS dK3aMEHATOPOM, MCXOJSl M3 NMPHHIIUIA CIPABEUIMBOCTH U
OeCIpUCTPAaCTHOCTH HAa OCHOBAaHHWH OOIIETrO BIIEYATIICHHS O KAa4eCTBE M JTOOPOCOBECTHOCTH OCBOCHHUS OOYYaIONIMMCS
JUCHIUTUTAHBI (MOIYIIS).

Bupl orieHok:

s 3auera:

3auyTeHo

He 3aureno

4. OneHo4YHBIE CPeCTBA, MOPSAOK UX NIPUMEHEHUs 1 KPUTEPHHU OLleHUBAHHUS
4.1. OueHoYHbIE CpeCTBA TEKYIEero KOHTPOJIsS

4.1.1. Pedepar

Tema 1. Heliponnsie ceti. OCHOBHBIE IOHATHS

Tema 2. MHOrocnoiiHple HEHPOHHBIE CETU

Tema 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. CaMOOpraHu3yIOLUECs HEUPOHHBIE CETH

4.1.1.1. ITopsinox npoBeaeHUs.

OOyuaromnyecs: CaMOCTOSATENILHO MULIYT paboTy Ha 33JJaHHYIO TEMY M CIIAIOT MPEIoJaBaTellto B MUCBMEHHOM BHUJIE.
B pabote mpousBoxutca 0030p Marepuasa B ONpeNeJEHHON TeMaTHUecKoW o0iacTé b0 mpeayaraercs COOCTBEHHOE
pellieHre OmnpeAeaCHHON TEOPETHUYSCKOW WJIM MPaKTHYeCKod mpobseMbl. OlEHHBAIOTCS MPOPabOTKa HCTOYHUKOB,
M3JIOKEHHe MaTepuana, (OPMYJIIMPOBKAa BBIBOJOB, COOJNIIOAEHHE TPeOOBaHUN K CTPYKType U OdopmileHHI0 paldoThl,
CBOEBPEMEHHOCTD BBINIOJTHEHHS. B ciydae myOIMaHOM 3amThl pedepara OLeHUBAIOTCS TAKKE OPATOPCKUE CIIOCOOHOCTH

TpeboBaHus k pedepaty

ITpu odopmiennn Tekcta pedepaTa ciieryeT NpUAEPKUBATHCS CIEAYIONINX TapaMETPOB:

noJist: IeBoe — 35 MM, mpaBoe — 15 MM, BepxHee — 25 MM, HIDKHEE — 25 MM;

OpHEHTALUSI CTPaHMIBI: KHIKHAS,

mpudt: TimesNewRoman;

Kers: 14 nt (IyHKTOB);

KpacHasi CTpoka:l mMm;

MEKTyCTPOYHBIN HHTEPBAJL: MIOTYTOPHBIH;

BBIPABHUBAHNE OCHOBHOTO TEKCTa U CHOCOK: IO IIMPHHE.



Wnmroctpatun B BUAE PHCYHKOB, (DOTOCHMMKOB, CXEM M T.I. MOTYT paclojiaraTtbCsi OPraHMYHO C TEKCTOM
(BO3MOXKHO OnrKe K WIDTIOCTPHPYEMON YacTH) THOO Ha OTAENBHBIX JINCTaX. B r000M ciydae BBIIONHSAETCS HyMepamus
(ckBO3Has Ul BCEX PAa3JesIOB), KOTOpas pacroniaraercs BBepXy. I[lopHcyHOUHYIO HyMeparuio W HaJAINCh pacloiarath
BHU3Y.

3akaHYMBaeTCs TOSICHUTENbHAS 3amucka OnOIHOrpadUuecKiM CIIMCKOM HCTOYHHKOB, K KOTOPBIM oOparmancs
CTYICHT BO BpeMsi pabOTHI HaJ pa3padbaTeIiBaeMON TEMOIA.

O0beM  MH(GOPMAIIIOHHO-TEXHOJIOTHYECKOH  JIOKYMEHTallMM HE  PErjaMeHTUPYeTCss — OH  JHUKTYeTcs
JIOCTaTOYHOCTBIO JUIS MPAKTHYECKOTO NMpUMEHeHMs. KapTouku 3amaHMs Al CAMOKOHTPOJS (€CIM TaKOBBI HMMEIOTCS)
BKJIaJIbIBAIOTCS B IIPO3pavHbIe (aiiiibl.

Pedepar o cBoeMy CTpYKTYpPHOMY COJIEPIKAHHIO JOJDKEH COJIEPIKATh CIICAYIONINE dJIEMEHTHI:

- TUTYJIbHBIU JIUCT;

- coJlepKaHue;

- BBEJICHHUC;

- 0a30BOE MOHSTHS;

- MCTOpUYECKasl CIpaBKa (0OCOOEHHOCTH 3apOXKICHUS U PA3BUTHS, OCHOBOTIOJIOKHHKH H T.11.);

- KIaccuuranus (BUABL, GOPMBI U T.11.);

- o01Iee ¥ 9aCTHOE ITOJIOKEHUS 110 IPUMEHEHHUIO B y4eOHO-BOCTINTATEIILHOM ITPOIIECCE;

- TJoccapuii;

- CITMCOK HCITIOJIb30BAHHBIX UICTOYHHUKOB

- MPHIIOKEHUS
4.1.1.2 Kputepun oneHuBaHUsA

O1eHKa «OTIMYHO)» CTABUTCS, €CJIU 00y4YaroLMiics:

Temy packpbll MOJHOCTbIO. [IpOJEMOHCTPHPOBAN TNPEBOCXOAHOE BIIAJICHHE MaTepHanoM. lcrnonb3oBan
HaJUIeXKallie NCTOYHUKH B HY)XKHOM KosimdecTBe. CTpyKTypa paOOTBI COOTBETCTBYET MOCTaBICHHBIM 3anadaMm. CTeneHb
CaMOCTOSATEIILHOCTH PabOTHI BHICOKASL.

OueHka «X0pouIoy» CTABUTCS, €CJIU 00yJarOIHICs:

Temy B ocHOBHOM packpsul. IIponeMoHCTpHpoBan xopoliee BIaJCHHE MaTepHaJoOM. VICHonb30Ban Haiexarine
ncrouyHukd. CTpyKTypa paboOTbl B OCHOBHOM COOTBETCTBYET IOCTaBICHHBIM 3azadaM. CTENeHb CaMOCTOSTEIBHOCTH
pabOThI CpeTHSIS.

OneHka «yA0BJICTBOPUTEIBHO» CTABHTCS, €CJIH 00y4YalONIuiics:

Temy packpsut ciabo. IIpogeMoHCTpHpOBasl yJOBJIETBOPHUTENLHOE BIaJCHHE MarepuaioM. lcnonb3oBaHHBIE
WCTOYHHMKH U CTPYKTypa pabOThl YaCTUYHO COOTBETCTBYIOT ITOCTAaBJICHHBIM 3a/auyaM. CTereHb CaMOCTOATEILHOCTH paboTh
HU3Kasl.

OneHka «Hey/I0BJIETBOPUTEIbHO0» CTABHTCS, €CJIN 00yJalOLUiCcs:

Temy He packpbul. IIposeMOHCTpHpOBa HEyJOBJIETBOPHUTENILHOE BJIaJCHUE MarepuasoM. llcnonb3oBaHHBIE
HCTOYHHUKH HEJOCTaTOUHBI. CTPYKTYpa paOOThI HE COOTBETCTBYET ITOCTABICHHBIM 3aJauaM. PaboTa HecaMoCTOsITENbHA.

4.1.1.3. ConepixaHne OLEHOYHOI0 CPeCTBA

[TpaBuno oOyueHus Xe66a.

JInnelinas HelipoHHas CETb.

PexyppeHTHBII METOl HAUMEHBIIUX KBAaPAaTOB
JIuneitHast ceThb C IMHEN 3aepKKU

PacnosHaBaHne cCMMBOJIOB

Konuennus neiipoynpasienus

HelipoamynsaTopbl 1 HEHPONPEAUKTOPHI

Heiiponnas cetp Dnmmana

Ceru Xondunaa

0. Heiiponnas cetb X3MMUHTA

11. AnantuBHBIE pE30HAHCHBIE HEUPOHHBIE CETH

12. Merozas! rio0anbHOM ONTUMU3ALUA

13. MeTox UMHUTALIUH OTXKHTA

14. CroxacTtudeckue MeTOAbI 00y4eHUI HEHPOHHBIX ceTeit
15. Mertoa post yacTHIl

16. DnemenTHas Oa3a IS anmapaTHON peanu3aliyi HeHPOKOMIIBIOTEPOB
17. Cetn Ha OCHOBE TEOPUH 3JANTHBHOTO PE30HAHCA

18. Mammna Bonsimana

19. JIByHampaBiieHHast aCCOIIMATHBHAsI TaMATh

20. MHuorompo¢mibHas MOAETH PEIaKCAIIMOHHON HEHPOHHOH ceTH

Boo~Nog~WNE

4.1.2. JlaGopaTopHble paGoThl
Tewma 1. Heliponnsie cetr. OCHOBHBIE TIOHATHS
Tema 2. MHOTOCIIOHBIE HEHPOHHBIE CETH



Tema 3. PaguanbHble HEHPOHHBIC CETH
Tema 4. CaMOOpraHU3yIONIUECS HEHPOHHBIE CETH
4.1.2.1. Tlopsiok MpoBeaeHUsI.

B ayauTopuun, OCHamIEHHONW COOTBETCTBYIOIIMM OOOpYIOBaHHEM, OOyYalOIIHecs MPOBOIAT y4eOHBIC 3KCIHEPUMEHTHI H
TPEHUPYIOTCS B NPHMEHEHUH INPAKTHKO-OPHEHTHPOBAHHBIX TEeXHOJOTHH. OLEHHBAIOTCS 3HAHHWE MaTepHana U yMEHHE
MPUMEHSATH €ro Ha MPaKTHKE, YMCHUSI U HABBIKU MO paboTe ¢ 000pyJ0BAHHEM B COOTBETCTBYIONICH MPEAMETHO 0061aCcTH.
JlaGoparopHsle paGOTHI IPOBOAATCS IpENnoaaBaTelieM COIIAacHO pa3pabOTaHHOMY M yTBEPXKACHHOMY Ha Kadenpe
paboueii mporpamme. Kaxnas nabopaTopHO-TIpakTH4ecKkas paboTa BBINOJIHIETCS MO ONPENEeICHHONW TeMe NPOrpaMMbl B
COOTBETCTBHUH C 33JIJaHUEM.
[epen BbINONHEHNEM Ka)JI0W pabOThI CTYAEHTHI-0aKaNaBphl JOJKHBI PopaboTaTh COOTBETCTBYIOIIMIT MaTepHall,
HCTIONB3YsT KOHCIIEKTHI TEOPETHYECKHUX 3aHATHH, IEPUOANIECKHE H3IaHHs, yUeOHO-METOINUSCKUE TOCOOUS U yIeOHHUKH
Ha kakIoM 3aHATHH CTYICHTHI BBINOJHSIOT Pa0OTy B COOTBETCTBHUHM C €€ COACPKAaHHEM M METOAWYCCKUMH
YKa3aHHSAMH.
ITo oxOHYaHWUH 3aHATHI CTYIEHTHI 0QOPMIIIOT OTYET 110 KaXA0H paboTe, codmonas cueayouyo hopmy:
e HauMeHOBaHHE TEMBI;
Henb paboTsr;
3agaHue U cosepKaHue BHITIOJIHEHHOH paboThl,
[TrcbMeHHBIC OTBETHI HA KOHTPOJIBHBIC BOMPOCHI.
BeIBoIBI IO TIpOAEITaHHOM padoTe.
CIHCOK HCTIOTh30BAHHBIX HCTOYHHUKOB.

4.1.2.2 Kputepuu onleHUBaHHS

OueHka «OTJIMYHOY» CTABUTCS, €CJIH 00yYAIOIIUHiiCs:
[IpaBuibHO BBIMIOJHWI Bce 3afaHus. lIpoAeMOHCTpHUpOBall BBICOKMH YpOBEHb BiaJeHusi MmarepuaynoMm. [IposBieHs
MIPEBOCXOIHBIC CIIOCOOHOCTH MPUMEHSITh 3HAHUS U YMCHUSI K BBITIOJTHCHUIO KOHKPETHBIX 3a1aHUH.
OueHka «X0poIIo» CTABUTCSH, €CJIU 00yJaIOIIHICS:
[IpaBWIbHO BBITOJHUI OOJBIITYI0 YacTh 3amaHuil. [IpUCYTCTBYIOT HE3HAYWTENIbHbIE OMHOKH. [IpomemMoHCTpHUpOBaH
XOpOIIWH ypOBEHb BJANCHUS MaTepuaioM. [IposiBIIEHBI CpeaHHEe CIOCOOHOCTH TPUMEHSATh 3HAHWUS W YMEHHS K
BBITIOJTHEHUIO KOHKPETHBIX 3a1aHUH.
OleHKa «yT0BJIETBOPUTEIbHO)» CTABUTCS, €CJIH 00yIaAIONIHIiC:
3amaHus  BBIMIOMHWI Oojlee d9eM  HAmoJIOBUHY. IIpHCYTCTBYIOT  cephE3Hble  omuOku. [IpomeMoHCTpUpOBaH
YIOBIIETBOPUTEBHBIN YPOBEHD BIIAJICHUS MaTepraioM. [IposBiIeHBI HU3KHE CIIOCOOHOCTH TIPUMEHSTL 3HAHKS U YMEHUS K
BBITIOJTHEHUIO KOHKPETHBIX 3a/1aHuH.
OueHka «Hey10BJIeTBOPUTEIbHO» CTABUTCS, €CJIU 00ydarommiics:
3ajaHus BBIIOJHWJI MEHee 4YeM HamojoBUHY. I[IpojgeMOHCTpUpOBaH HEYIOBIETBOPUTEIbHBIA YpPOBEHb BIAJACHUS
MaTtepuanoM. [IposiBIeHBI HEIOCTATOYHBIC CIOCOOHOCTH TMPHMEHSATh 3HAHHMS W YMCHHUSA K BBITIOJHEHUIO KOHKPETHBIX
3aJaHNMH.
4.1.2.3. Conep:xaHue OIEHOYHOTO CPeICTBA
JJABOPATOPHAS PABOTA Ne 1
V3YUYEHUE CBOUCTB JMHEMHOT'O HEMPOHA 1
JUHENHOW HEUPOHHOM CETU

1 OEJIb PABOTBI
M3yuuTs CBOKCTBA JIMHEWHOTO HEUPOHA U JIMHEWHON HEUPOHHOH CETH.
2 CBEJIEHUA U3 TEOPUU
2.1 Mopeas HelipoHa

HUckyccrBennrie Heliponnabie cetn (HC) mpencraBisroT coboif mpocTeiilne MaTeMaTHIecKhe MOIETH MO3Tra.
[ouATs ocHOBHBIE MPUHIUMBI TocTpoeHUs HC MOXHO, paccMaTpuBasi MX KaK COBOKYITHOCTH (CETh) OTHENBHBIX CTPYKTYP
(aetipoHOB). OueHb TPYOO CTPYKTYPY OHMOJIOTHMYECKOTO HEHpOHAa MOXKHO OMHCATh CIeAyrommuM oOpazoMm. HelipoH mmeer
CcOMY — T€JIO, IEPEBO BXOAOB — JACHIPHUTHI, BBIXOJ — akcOH. Ha coMe U Ha AeHapHUTax pacrnoiararTcs OKOHYaHHUs aKCOHOB
JOpYTUX HEHPOHOB, Ha3bIBAGMBIX CHHANCaMH. [IpUHATHIE CHHAIICAMH BXOTHBIC CHUTHAIBI CTPEMSITCS JHOO BO3OYIUTH
HelpoH, b0 3aTopmo3uTh. Korga cymmapHoe BO30YKICHHE JOCTUracT HEKOTOPOIrO MOpOra, HEHMpOH BO30yxIaeTcs: u
MTOCHITACT 110 AKCOHY CUTHAN APYruM HedpoHaM. Kaxapli cHHAIC 00/1aaeT YHHKAIBHOW CHHANITUYECKOM CHITOM, KOTOpast
MPONOPLHOHATIFHO CBOEMY 3HAUEHHUIO HM3MEHSET MepellaBaeMblii Ha HEWpOH BXOJHON curHai. B coorBeTcTBUU C



MPUBEICHHBIM OMKUCAHHEM MaTeMaTHYecKas MOJeSb HeHpOHA MPEJCTaBIsIeT cO00W CYMMHPYIOIIUIA MOPOrOBbIi 3JIEMEHT
(puc. 1).

Xy Z Wyt Fl‘:; W, Iz‘)

W e

}tlﬁl
.ldllil

Puc. 1. UckyccTBeHHBIN HENPOH

®opmyna cpabaTeIBaHUS HEHpOHA:

O=FKW', X>)= F(anwi - X)),

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

0, unaue.

O:

2.2 AlropuT™ 00y4yeHHUs MO AeJbTa-MPaBHIY

O6yuenne HC mponcxoanuT Ha HEKOTOPOH oOydaromiei BRIOOpKe, A KaKA0TO 00pasiia KOTOPOil OIpeneNstoTCs
U CPaBHUBAIOTCS C JKEJIAGMBbIMHU 3HAYEHUSIMU BCE TEKyIIMe BBIXOJbl. Ecin pazHuna HenomycTHMma, TO Beca M3MEHSIOTCS.
OxoHYaHHEM OOYUESHHMSI CUMTACTCS CUTYalusl, KOTAa o0mast omuoKa Ha BceX 00pasiax JomycTuma.

Bce anroputmbl 00yueHHsT HEHpOCETEH SBIAIOTCS Pa3HOBHIHOCTSMH aITOPUTMA 00YYEHUSI [0 METOLY KOPPEKLUH
OIIUOKH, KOTOpasi OCYLICCTBISICTCs Mmo-pasHomy. Uaes w3menenus BecoB HC cBOAMTCS K HaXOXKICHHIO OOIIEH MeEphI
Ka4yecTBa CETH, B Ka4eCTBE KOTOPOH 0OBIYHO BbIOMparoT pyHKuuMIo ommOku cetd. Toraa, 4ToObl MoJo0paTh HyXKHbIE Beca,
HEOOXO0AMMO MHMHHMHU3UPOBaTh (QyHKIMIO ommOKH. CaMbIM PacHpOCTPaHEHHBIM METOJOM IMOWCKA MHHUMYMA SIBJISICTCS
METOJ TpagueHTHOTro cmycka. [l cioydas (yHKOMHM C OJHOIM IEepeMEHHOH Beca H3MEHSIOTCS B HAaIIPaBICHHH,
MIPOTUBOIIOI0KHOM TIPOU3BOIHOM, T. €. CIIpaBeAInBa GopMyia

W™ =W" —h-F'(W),

rae h — HeKOTOpEI ypoBEeHb 00YUEHUSI, Al H3MEHEHNS;
F'(W) — npousBonnast GpyHkiuu kadectsa HC st oHO# epeMeHHO1.

n
Juis gyskuum F OT N NepeMEHHBIX M eIMHHYHOTO Bektopa e B mnpoctpanctee R” |l = 1, €€ R ,
muddepenuman Berpaxaercs GopMysioi

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

0,FW)=
Juist ciryqast e = (0, 0...1...0) onpexenwM gacTHBIN nuddepeHman

lim,_ o (F (W, W, e, W oy, W) — F (W)
t

OF W)=

Takum 00pa3oM, aHTUTPATUECHT — 3TO HaOOp ciexyronmx auddepeHnnanos:



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

st onpenenennst 000011eHHON GyHKINHY OIMOKH pacCMOTPHUM 00YUaroIyto BEIOOPKY {(xk, yk)}, rnek=1,.., K
HaxoruieHHas 1o BceM 3roxam ommnoka

K

K m
E=>(E")=)|>1/2J0, -] |
k=1 k=1 \i=1
®opmyna moguduxannu secoB HC

W™ =W" —h.0E/OW

YTOYHSACTCS ISl PasiMYHBIX BUIOB (GyHKIWHM akTuBanuu. J[ns museiinoi ¢ynkmun F(t) = t, HC dopmupyer

O, =<W, X, >

KaXX/IBI BBIXOJT KaK CKJSIPHOE NMPON3BEIICHNE BECOB Ha BEKTOP BXOJOB: | U TpagueHT OyaeT paBeH:

OEIOW =—(Y, = 0,)- X,

rue Yi — xenaeMblid BEIXoX; O; — IOy4eHHBIH BBIXOM; X — BEKTOP BBIXOJA.
TakuMm o6pa3om, nonyuaeM poOpMyJy U3MEHEHHUS BECOB

Wn+1 :Wn _h-(Yl _Ol). X.
Ecnu 3Hauennem 1) HasBath pasauity (Y; — O;), TO MoIy4uM GOpMYIy
W™ =W"-h-§-X,

YTO SIBIACTCS ANOPUMMOM 0OYUeHUs O o -npasuny.
2.3 OnucaHue 0OCHOBHBIX QyHKIUI

Jnst paboThl ¢ HEWPOHHBIMHU ceTAMHU HeoOxoaumo uHcTauupoBath MATLAB u o6nanaTh nepBOHaYaJIbHBIMH
3HAHUSIMH OTHOCHUTENIFHO si3bika cucTeMbl. [lockonbky MATLAB mpencraBnser coboii MHTepIpeTaTop, TO OOydYeHUE
WHCTPYMEHTapHI0 HEHPOHHBIX CETeil 3aKiro4yaeTcsi B OCHOBHOM B W3y4eHHMHM (GYHKIMH M MX NapaMeTpoB. Y3HaTh
BO3MOXKHOCTH HEHpOHa Kak Kiaccu(uKaTropa MPOCTHIX JMHEHHO cemapa0ebHBIX 3a/1a4 MOXKHO ITyTeM MPOBEICHUS DKC-
[IEPUMEHTOB C MOJEJIBIO OAHOIO JUHEWHOTO HEMpPOHA.

@yaknusa Newp. Insg Toro 4toOBl cO3AaTh HEWPOH, HCIONB3YIOT (QYHKIUIO NEWp, UMEIOIIYIO CIIeAYIOIINI
CHHTaKCHC!

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

rre PR — mMaTpuna MUHMMaNbHBIX M MakCUMaJbHBIX R BXOIHBIX 3JIEMEHTOB; S — KOJMYECTBO HEHPOHOB (TIpH
co3aaHuu onHoro Heifpona S=1); TF — dpynkuus akrusanuu (transfer function); LF — umst dyskunu o0ydeHus: HeipoHa.

B ciyyae ecnu napameTpsl GYHKIMK NEWP HE 33/1aHbl, UX 3HAUEHHs ONPEICISIIOTCS OCPEACTBOM BBO/IA 3HAYECHUH
B IuajioroBeie okHa. [locTpoeHHEII HelipoH XapakTepusyeTcs QyHKIsiMA BecoB (weight function), BxomoB cetn (net input
function) u onpenereHHo# GpyHKIMEH akTHBaUA. OYHKINS BECOB — 3TO YMHOXCHHE BECOB Ha BXOJHON CHUTHAN, (DYHKIIHS
BXOJIOB CETH — UX cyMMa. Beca 3amaroTces Kak Ui BXOZOB HEHPOHA, Tak M U (HUKCHPOBAHHOTO BXOJa, 33/IA0LIEr0 IIOPOT
cpabarpBarms (bias). Bekrtop BecoB wHHUIManm3upyercs HymaMd. Jng oOydeHHWs HWCHONB3YIOTCS (QYHKINH,
paccMOTpEHHBIE HIKE.

®ynknus learnp macrpaupaet Beca Helipona. CHHTaKCHC QYHKIMU 00y9IEHHs TOBOJBHO CIOKEH:

[dW, LS]=learnp(W, P,Z, N, AT, 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).



Oyuknus learnp (W, P, Z, N, A, T, E, gW, gA, D, LP, LS) umeer Heckoabpko BX010B, riae Bekrop W — BEKTOp
BECOB; P — BEKTOp BXOJI0B; Z — BEKTOP B3BEIICHHBIX BX0J0B; N — BEKTOp ceTH; A — BEKTOP BbIX0Aa; I — BEKTOP JKeaeMbIX
BBIXOJOB; £ — BekTop ommOok; W — BEeKTOp HM3MEHEeHHWs BecoB; JA — M3MEHEHHs BBIXOJOB. DyHKIHS BO3Bpallaer
sHauenust: AW — u3sMeHeHus MaTpPHITI BeCOB; LS — HOBBIN ypOBEHb 00YIEHHOCTH.

@ynkuus learnp Moxxer GbITh HCIOIB30BaHa C MAPAMETPAMH 110 YMOTIAHHIO:

dw =learnp([], p,[1.[1.[1.[1.&,[1.[1[1.L1.[D.

Vcnonp30BaHue ITyCTOTO CIIMCKA [ | 03HAYaeT mapaMeTp M0 YMOIYAHHUIO.
@ynkuus learnp Berumcisier n3mexenne BecoB AW Ui 3aJaHHOrO HEHpPOHAa B COOTBETCTBHH C IPAaBHIOM
00ydeHHS MepCenTPOHa!

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

re AW =€-p"

®dyukuus learnpn HacrpanBaeT HOpMaIM30BaHHBIE BECA:
[dW, LS]=Ilearnpn(W, P, Z, N, A T, E, gW, gA, D, LP, LS).

Oyuknus learnpn Beruaucnser usmenenue BecoB dW st jaHHOTO HedipoHa U ero Bxojga P u omubku E B
COOTBETCTBUH C HOPMAJIM30BaHHBIM TIPABMIIOM OOYUEHUS ITEpPCeNTPOHA:

pn=p//@+ p@)* + p(2)* +...+ p(R)?),
0, eciu oumuobka e =0,
dW =< pn', eciu e =1,

— pn', eciu e = -1,
T. €. dW :e. pnl

JluHelHBIH HEHWPOH MMEET OJHO CYIISCTBCHHOE OrpaHHYCHHE. BXOIHBIE BEKTOPHI JIOJDKHBI OBITH JIMHEHHO
pasaenumMbl. Eciii BEKTOPBI HEBO3MOXKHO OTACIHUTH MPSIMON HJIM THIIEPIUIOCKOCTBIO, TO MEPCENTPOH HE CIIOCOOCH PEIIUTh
3amady KiacCU()UKAIINH.

®yuxnus adapt amamrrupyer HC k ycmoBusiM 3ana9m:

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

IMapamerpsl Gpyukuuu adapt: net — ums cetu; P — BXOABI ceTH; T — jKellaeMbIi BBIXOM; P — UCXOIHbIE YCIOBHS
3a/IepKKU; Aj — HCXOIHBIE YCIOBHSA 3aICpPKKU s ciosd. (MDYHKIMS BO3BpALIacT MapaMeTphl aJanTHPOBAHHOW CETH
net.adaptParam: net — usmenennas cetb; Y — BbIxoj cetd; £ — omubku cetn; Pf — yciosus 3amepxkku Bxomos; Af —
ycioBus 3auepxku ciiost. [apamerpsr P; u Pf HeoOs3aTenpHbIe 1 HEOOXOIUMBI TOJIBKO IS CETEM, MMEIOIINX 3aeP/KKH Ha
BXOJIaX U CJIOE.

®yuknus train Takke o6ygaer HC 1 HCIIONB3yeT CIle YOI CHHTAKCHUC:

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

Oyukus train mMeer creayromie mapaMerpel: Net — ceth; P — BXompl ceTd; T — jKedaeMblii BBIXOH; Pj —
HCXOJHBIC YCIIOBUS 3aJCPKKH BX0a; Aj — UCXOHBIE YCIOBHS 3aICPKKH CIIOSI.
@yHKOUA SIM UIMUTHPYET HEHPOHHYIO CETh:

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



rae net — cets; P — BXOnBI cetd; Pj — HMCXOAHBIE yCIOBHS 3alepKKHA BXOIOB CeTH; Aj — MCXOIHBIC YCIOBHUS
3ajepkkn crost. DyHkims BosBpam@aer Y — BBIXOABI cetH; Pf — oKoHYaTenbHBIC yCIOBHS 3aIepKKH BX0moB; Af —
OKOHYATENbHBIE YCIOBHUS 3aICPXKKH CIIOSL.

@yHKIMU akTUBauu. Hioke npencTaBieHs! HA3HAYCHHUS STHX (DYHKITHIA.

DyHKUMSA Ha3navenmue
hardlim Bossparmaer 1, eciid Ha BXOJi€ OJIOKUTENLHOE YKCIO0 M 0 B IPOTHBHOM CJIy4ae.
tansig Brraucnser runepbonmdeckuii TAaHT€HC OT BXOJIA.
purelin Brranciser BBIXO CJI0SI OT CETEBOTO BXOA.

®ynknun rpaguyeckoro uHTep(eiica m BemomorareiabHble (QYHKIUM.
MIPEACTABICHO HUXKE.

DyHKuus
aXis([xmin Xmax Ymin
Y max)
title(“cmpoxa’)
rand(M, N)
xlabel(*cmpoxa’)
ylabel(‘cmpoxa’)
cla reset
hold on
hold off
text(X, Y, ‘cmpoxa’)
pause (n)
plot(X, Y, ‘yeem u
cumeon’)
plotpv(P, V)

plotes (WV, BV, ES,
V)

plotsom(PQOS)
ind2vec

vec2ind

full

maxlinlr(P)

trainlm
netprod

init

Haznauenne »sTHX

Hasnauenue
VYcraHnaBinuBaeT quana3zoHbl KOOPAUHATHBIX OCEH.

BriBoguT B rpaduueckoe OKHO PHCYHKOB 3ar0JIOBOK rpaduka.
Bo3sspamaer marpuity pazmepaoctd M Ha N co cirydaliHbIMY 3HAUYESHUSMU.
TloamuceIBalOT HAMMEHOBAHNUE KOOPAMHATHBIX OCEH.

Ounrraer KOOPAMHATHYIO CETKY B OKHE PUCYHKOB.
BrIIIOYarOT ¥ OTKITFOYAIOT PEXKHUM JT00aBICHUS TPAQUKOB HA KOOPIMHATHYIO CETKY.

BrIBOIUT CTPOKY, HAYMHAS C YKa3aHHBIX KOOPMHAT B MOJIC PUCYHKOB.

O’kuz1aeT NoJIb30BaTEIILCKOTO OTBETA 71 CEKYHI.

W3o0paxaer Ha KOOPIAMHATHOM CETKE TOUYKH C KOOpAWHATAMH, 3aJaHHBIMH BekTopamu X, Y, ¢
MIOMOIIBIO YKA3aHHOTO CUMBOJIA U LIBETA.

M3o0pakaer Toukn P yKa3aHHBIMU Mapkepamu 1, rae P — MaTpuila BXOIHBIX BEKTOPOB
pasmeprocThio R Ha Q (R momkeH GbITh 3 win MeHblie), T — MaTpHUIA JBOMYHBIX BEKTOPOB
pasmepHOCThIO 5 Ha Q (S HOoJDKEH OBITH 3 MIIM MEHBIILE).

M3o0pakaeT MOBEPXHOCTh OIMMHUOKK Ha OTIASIBHOM Bxoje, Tae WV — BeKTOp CTpOK 3HaYeHHUI
BecoB W pasmeproctu N, BV — BekTop cTpok 3HadeHHii OpOros B pasmepHoctn M, ES —
Marpuia omubku pasmeproctd M ua N, V — yroa 3penus no ymondanuto [-37, 5, 30].
Wzo0paxaer MNO3MLMIO HEHpOHAa KpPacHOW TOYKOM, CBSI3bIBasl CHUHEH JIMHHWEH HEHpOHBDI,
HaxoAsIyecs Apyr oT apyra Ha paccrosnuu 1. POS — marpuna S N-pasmepHbIX HEHPOHOB.
[To3BONSAIOT TpEnCTaBUTh HHIAEKCH JIMOO COOCTBEHHO 3HAUCHMSIMHM HHJAEKCOB, JHMOO
BEKTOPaMH, CTPOKH KOTOPBIX COJEpKaT | B MO3ULIMHU HHIEKCA.

[IpeoOpa3zyeT pa3pekeHHYIO MaTPHUILy B IOJHYIO.

OyHKIHSA BO3BpAallacT MaKCUMAlbHBIA ypPOBEHb OOYYCHHOCTH JHHEHHOro ciost 6e3 bias,
KOTOPBIA 00yJalicsi TOJBKO Ha BEeKTOpe P.

Brmonasier o6yuenne mHorocnoinoit HC meTonom JleBenOepra-MapkBapara.

Bxomnast cereBast (pyHKIHS, KOTOpasl BBEIYUCISIET BBIXOJA CETEBOTO CIIOS, YMHOXKAs BXOIHOM
BEKTOP Ha Beca M npubasiisis bias.

Wreparuro naunmanuzupyetr HC.

GyHKIMIA

CTpyKkTypa JaHHBIX ONMHCAHUs HelipOHHBIX ceTeii. CTpykTypa naHHBIX Net — sTo onmcanue oOydeHnoir HC.
OOyueHne OCyIIECTBIIETCS B COOTBETCTBUH CO CIIEYIONIMMH MTapaMeTpaMH, 3Ha4eHHsI KOTOPBIX JINOO yCTaHaBIMBAIOTCS
TI0JIb30BATENIEM, JIN0O0 110 YMOIYAHHIO.

CTpyKTypa JaHHBIX
net.trainParam. epochs 100
net. trainParam.goal 0
net.trainParam.max_fail 5

Kommenrtapmii
MaxkcuMaabHOE KOJTHYECTBO 3MOX 00YYCHUSI.
I{eneBoe 3HaYEHUE OITHOKH.
MaxkcuMaabHOE 3HAYCHHUE ONITHOKH.

net.trainParam.mem reduc 1 DakTop ONTHMH3ALMK Mpolecca OOYYCHHUs: ONTHUMHU3ALMS HCHOJB30BAHUS
NaMsTH WIK BPEMEHH MpoLeccopa.

net. trainParam. min_grad 1e-10 | MuHuManpHOe 3HAYCHHUE TPAJAHCHTA.

net.trainParam.show 25 KoanuecTBo 31mox Mexay nokazaMu.

net.trainParam.time inf MaxkcuManbHOE BpeMsi 00YYCHUS B CEKYHIaX.

TR CrpyKTypa HaHHBIX, cojiepskamas 3HaueHusi o0 oOyuenHoctn HC B Tekymiyro

AMOXY.
Howmep snoxmu.

TR. epoch




TR.perf VYposens obyuennoct (Trainingperformance).
TR.vperf Crenens kauectsa (Validation performance).

TR.tperf PesynpraTiBHOCTH 00padoTku Tecta (Testperformance).
TR.mu 3HayeHue aJalTUBHOCTH.

CrpykTypa maHHBIX omucanwsi amanrtupoBanHoid HC net.adaptfcn Bxmowaer B cebst crmemyromue moust
net.adapt.param: NET - agantuposannas HC; Y — Beixoasl HC; E — ommm6ku HC; Pf — okoHuaTenbHBIE BXOAHbBIE 3HAYEHUS
3ajepxek; Af — okoHUaTeTbHBIE BBIXOAHBIC 33J€PXKKH; TR — pe3ysbTaT o0yueHus (AMOXH U 1esieBas omuoka). [IposemeM B
cpeme Matlab toolbox skcriepuMeHTBI, HCTIONB3YS PACCMOTPEHHbIE ()YHKITHH.

3 MOPAJOK BBITIOJITHEHHUA PABOTBI

ITPUMEP 1 Co3nanne HeiipoHOB, peann3yomux GyHKnun Joruyeckoro U
u Joruyecxkoro NN

Co3gaguM HEHpOH C OJHMM JBYXDJIEMEHTHBIM BXOJOM (MHTEpBajbl MEPBOrO0 M BTOPOro 3meMeHToB [0; 1]).
OmpenenyM J1Ba NEPBBIX Mapamerpa QYHKIHMU NEWP, a B Ka4eCTBE 3HAYEHUH TPETHETO M YETBEPTOro mapamerpa (THIa
(YHKIMM aKTHBAIlMU ¥ IMEHH MPOLEAYPHl 00YUeHHMsI) BOCIIONb3YeMCsl 3HAUCHUSIMHU 110 YMOJTIAHHIO.

% cospanme HEMpPoOHa C OOHMM OBYXSJIEMEHTHEM BXOINOM (MHTEPBAJI

o

% nepsoro sjgemeHta [0; 1] u uHTepBas BTOporo sjgemeHra [-2; 2]

net = newp([O 1; -2 2], 1);

I[J'IH TOr0 YTOOBI HUCCICO0BATh MMOBCACHUEC HeﬁpOHa, HeO6XO,Z[I/IMO HMUTHUPOBATH €TO pa60Ty C IIOMOIIBIO (l)yHKI_[I/II/I
sim. JIJ'IH OIPCACIICHUA TOCICA0BATCIIBHOCTH 3HAYCHUH BXOJa CO3/IaUM TOCIIEI0BATEILHOCTh Pl

% cospaHmMe MoOCIEenOBATENIBHOCTM 3HAYEHMI BXONA
P1 ={[0; 01 [0; 11 [1; 0] [1; 11}
UMUTAIINA paéowﬂ HeMpOHa net ma nocsemgoBaTesIBEHOCTM BXOILOB P
KejlaeMBIX BEIXOZOB — T1, xoTopas HO3BOJIMT HaM NPOBECTM analTaliMio
HeﬁpOHa (06yunTs ero) uepezs 20 ONpOXOHOB.
= sim (net, P1l);
cozmgaHme [I0CJeNOBaTEeNILHOCTH BBEXOIOB
= {0, 0, 0, 1};
$ yCTaHOBKA KOJMYECTBA MNPOXOAOB (LMKJIOB) ajanTaluiu
net.adaptParam.passes = 20;
% amanranms HerpoHa het nns oByuanmert BelGopku <P1; TI1>
net = adapt (net, P1, T1);
$ cmmysisgms paborel HeripoHa Net Ha nocsepoBarensHOCTM Bxozos Pl

Y = sim (net, P1l);

— oo < oo oo oo
=

B pe3ynpTaTe MBI TOTy9uM HEHPOH, BRITOTHAIOMNN (QYHKINIO IorHaeckoro .
s nepeoOydenns HelipoHa Ha BeimonHeHHe GyHkunu NJIN nmepeonpenennm BXoabl P 1 BEIXOAHI 7.

Q

$ coszmaHme MNOCJIeOOBATEJILEHOCTM BXOIOB
[0OO11; 010 1];
% cosmaHMe HNOCIEOOBATEJNLHOCTM BEIXONOB (PEeakiimi) Injs HeHpoHa,
% BEBIIOJIHSRMEI'O QYHKIIMI JIOTMYEeCKOI'o MIIN
[0, 1, 1, 1];
MHUIIMATU3UPyEeM HEMPOH, oOyumM ero Ha 20 mnpoxomax (BHnoxax)
uHMIIMann3anmus HempoHa nhet
net = init (net);
$ mmmTanmsa paboTel HerporHa Net Ha mocienoBaTesIbEHOCTM BXOHOB P2
Y = sim (net, P2);
% ycraHoBKa KOIMUYECTBA HNPOXOMOB
net.trainParam.epochs = 20;
$ oByuenme HeripoHa het ma obyuawnmert BriGopke <P2, T2>
net = train(net, P2, T12);

o

$ mumranms paborel HemporHa Net ma nocrenoBaresBEHOCTM BXOIOB P2

Y = sim (net, P2);

oo oo —|
N

Oyukuus train BeiBoaut rpaduk odyueHus neiipona (puc. 2).



Performance is 0, Goal is 0
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Puc. 2. I'paduk oOydeHuns HelipoHa

JUtst ciy4aifHOrO W3MEHEHHUs. BECOB W Mopora cpabaThiBaHus HCmonb3yeM (yHkipio init. [lo ymomuanuio s
co3/1aBaeMoro HelipoHa ykasana qyukms hardlim.

INPUMEP 2 Ob6yuyenue HelipoHa kjaccuGuKalii BEKTOPOB HA /IBe KaTeropuu
HauneMm ¢ knaccupukanuy BEKTOPOB Ha OCHOBE JIBYXBXOJIOBOTO HelpoHa. bynem ucnonb3oBaTh GyHKIHIO NEWP

JUIsL CO3/IaHMsI HEWpOHa, SIM i uMHTALMK ero pabotsl, adapt ors amantanuu (oOydeHus) HefipoHHOH ceTH. OOyYHM
JIBYXBXO/IOBBII1 HEMPOH KJIaCCU(PHUIIMPOBATH BXOJHBIC BEKTOPHI Ha JIBE KATETOPHH.

X

0 onperesieHMe UYeTHpex ABYXSJEMEHTHEX BXOIOB

= [ -0.5-0.50.4 -0.2; -0.5 0.5 -0.4 1.0];

BaganuM XejlaeMEle BEIXOb HEHMPOHAa MJIs ONPEeIeJIEHHEIX BEKTOPOB
= [1 10 0];

n300pasuM BXOIOHBIE BEKTOPE (TOYKM) HA MNJIOCKOCTH:

lotpv(P, T);

© ope —| oe U



Vectors to be Classified
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Puc. 3. I/ICXO,HHLIC BEKTOPbI, IIPCIHA3HAYCHHBIC IJIS KJ'IaCCI/I(l)I/IKaIII/II/I HeﬁpOHOM

Kaxnplii #3 deThlpeX BXOAHBIX BEKTOPOB Ha IJIOCKOCTH P ompeneisieTcss ABYMsI KOOPIUHATAMH,
TIPENICTaBICHHBIMHI KaK JBYXDJIEMEHTHbIE CTONONE! B MaTpurie P (puc. 3).
Co3aum OIiH JIMHEHHBIM HEHPOH ¢ IBYMsI BXOJaMH, 3HAUEHUS KOTOPBIX JexaT B uHTepsaie [-1, 1].

% cosmaHme JMHEMHOI'O HEMpOHAa C OByMs Bxomamu wus wmHTepBasa [-1, 1]

net = newp([-1 1; -1 1], 1);

Heiipon mo ymomyanuio umeer ¢yukiuto aktusaiuu hardlim u taxoil HelipoH pasjenseT BXOIHbIE BEKTOPHI
HIPSIMOU JTMHUEH.

OmnpenenuM KoopauHATh! TnHNE Knaccudukanuu: Beca (IW) u mopor cpabateiBanus Heiipona (b).

nonyuenue ynpasiaaomerr crpykrype linehandle nns msobpaxenns
pasnensomer: guHuyr B koopramHatax secor (IW) mu mopora
cpabareBanusa HeripoHa (D)

nehandle = plotpc (net.IW{l1l}, net.b{l1});

n300paxeHme pas3nesisolel, MIPsSMOM

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

oo = oo oo oo

Ecmm HNCXOJHBIM B€CaM 3aJaTb HYJICBBIC 3HAYCHHA, TO J1r00BIE BXOJbI JaAyT OJWHAKOBBIC BbIXOHbI, W JIMHUA
knaccudukanuu He OyaeT BUaHA HA MIOCKOCTH. [IpoBenem oOyueHue:

% oumcTrka KOOPOMHATHEIX OCEH

cla;

n306paxeHne BXOOHEIX BEKTOPOB IOBYyX KaTeI'OpuM, KaTeropus 3alacTCs
syieMeHTaMy BekTopa T

plotpv(P, T);

¢ nonyuenme ynpasssaomeri crpykrype linehanctle
linehandle = plotpc(net.IW{1}, net._b{1});

% nprcBOoeHME HAYAIBHOI'O SBHAYEHMS OIIMOKU

oo oo



E=1;

S MHUIMAIM3AaIMsT HEHMPOHAa

net = init (net);

% monyuenme ynpasssiomeil crpykTyps linehandle
linehandle = plotpc (net.IW{1}, net.b{1});

% opraHmszaimsa nmukga noka ommbka He pasHa 0

while (mse(E))",

ananranus HenpoHa Net ma obyyammerr BriGopkxe <P, T>,
OyHKIMS BOB3BpAamAaeT amanTHUpOBAaHHEM HerpoH het,
Beixonm Y, ommbry E

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

% mzobpaxeHue pasnesapmel NPSAMOM HEMpOHAa IOCJe analTalun
linehandle = plotpc(net.IW{1l}, net.b{1}, linehandle);
% oumcTKa OKHAa I'PadmKOB

drawnow;

¢ xowmer nuriaa while

end;

oe o oo

Oyukius adapt BozspamaeT HOBBIH 00BEKT — CETh, KOTOPAS BHIMOJHAET KIACCU(PUKAIINIO, BEIXOJ CETH U OIIHOKY
(puc. 4).

IMpoBemeM KiIacCH(UKAIIMIO HOBOTO BEKTOpa C MOMOIIBI0 OOYYEHHOrO HEHpOHA HAa OCHOBE (YHKIMH Sim.
OmnpenenuM HOBBIH BeKTOp P.

ompernesieHMe BekTopa P

= [0, 6; 1, 1];

nMmmTanmus paborel HernpoHa Net, nomyyeHme oOTkKIMKa HEMpOoHa a
= sim (net, P);

nzobpaxeHmne Bxoma P, OTHECEHHOIO HENPOHOM K KATEropmu a

plotpv (P, a);

oo U X

oo

Vectors to be Classified
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Puc. 4. [Ipsamas, pazaensromas HCX0JHbIe BEKTOPHI Ha KJIACCH



OO0y4eHHBIN HEHPOH MOYXHO HUCIIOJB30BATh IS KJIACCU(PHUKAIINH JII0OOTO BEKTOpa:

% BrIOUMTE pexnM o6aBJICHMS I'PAQUKOB B I'PaduMueCcKoOM OKHE
hold on;

o

] M30@an6HM6 BXOJIHEIX TOUEK B COOTBETCTBHMM C KaTeropmiaMu T
plotpv (P, T);

o

¢ mzOobpaxeHue pasgesIsomell NOBEPXHOCTH

plotpc (net.IW{l1l}, net.b{1});

o

S OTKJIOUEHME pexuMma HobaBJIeHMS I'Pa@uKOB

hold off;

Heiipon kmaccupunupyer HOBYIO TOUKY, KaKk NpUHAIICKaIlylo kateropun «0» (mpenacraBieHa KPYXKKOM), a HE
kareropuu «1» (mpeacrasnena +).

IMPUMEP 3 Co3nanue cj105 JIMHEHHBIX HEIPOHOB

Paccmorpum mocnenoBatensHocth U3 10 maroB (mias Bbixoga T1, KOTOPBIH HM3BECTHBIM O0pa3oM 3aBHUCHT OT
BXOJIOB Pl):

II0CJIEeIOBATEJIBLHOCTE BXOIOB
1={-100011-10-11};
II0CJIeIOBATEeJIbHOCTE BEXOIOB

1={-1-110120 -1-1 1};

—| oo U oo

HUcnone3yem dynkuuto newlin, 4ro6sl co3maTe HEWPOH CO 3HAYCHUSIMU BXoJa B mHTepBaie [-1; 1], 3agepkkamu
Bxoza ot 0 no 1 u ypoBHem oOyuenwus 0,1.

% cosmaHMe JIMHENHOI'O CJIOS M3 OHHOI'O HEMPOHA CO 3HAYEHMSIMM BXOHAa
B mHTepBase [-1; 1], 3Bamepxkamyu Bxozma orT 0 mo 1
u ypoBHeM oOyuenms 0,1.

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

oo oo

AnantupyeM HEHpOH K 3ajade OJHHUM IIPOXOJOM depe3 IOC/IeOBaTeNbHOCTh BXona. M3mepuMm cpeaHioio
KBa/IPATHYHYIO OMIMOKY C TIOMOIIIBI0 QyHKIUU MSe(e).

% amanTanmsa HerpoHa Kk mocaemoBaresabHocTy Pl
[net, y, e, pf] = adapt (net, P1, T1);

° MBMepeHne oummb KU
mse (e)

[ToyurM n0BOJIBHO GOJBITYIO OMKOKY. BHOBB amanTupyem ceTh Ha 10 mrarax mocieaoBaTebHOCTH, UCTIONB3YS
npenpiayiee 3Hadenue Pf kak HoBoe MCX0HOE 3HAUCHHE 3aICPKKH:

P2 ={1-1-111-1000 1};
T2={20-2020-100 1};
% amanrammsa ¢ HavaabHEM BekTopom sanepxku PF

[net, y, e, pf] = adapt (net, P2, T2, pf);
mse (e)

Anantupyem ceTb Ha 100-pa3oBOM IpOTOHE TOCIIEAOBATEILHOCTH:

% ¢opmmMpoBaHME HOBOM MNOCJEIOBATEJLHOCTM BXOJIOB

P3 = [P1 P2];
$ QopMMpOBaHME HOBOM MNOCJAENOBATEJIEHOCTMU BEIXOIOB
T3 = [T1 T2];

Q

© YCTaHOBKa KoJiMdecTBa IIPOXOIOB
net._adaptParam.passes = 100;

o

¢ amanrTainms HEHpoOHAa

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

[Monyanm npuemieMyro omuoKy, 3HAYUT ceTh 00y4YeHa 3aBUCHMOCTH BXOJIOB OT BBIXOJIOB.



4 KOHTPOJIBHBIE BOITPOCBHI

1. Uro mpencrasnsieT coboii MaTemMaTnieckas Moaens HelipoHa?Kak BRITTISAAUT (GOPMYITBHOE MPECTaBICHIE
anropuT™Ma 00Y4eHHUS 110 1eTbTa-TIPaBITy?

2. Kakoe orpannyeHne nMeeT JINHEHHBIH HEHPOH?

3. MoxHO i 0OY9HTh JIMHEHHBIN HEHPOH BBIIONHATH JIOTHUECKYIO0 QYHKIHIO Hekirogatoriero MJIN?

4. Kakne QyHKIMH HCHONB3YIOTCS Uil HACTPOMKH BecoB mnepcentpoHa B cpene MATLAB? B wem nx
oTiauuue?

JJABOPATOPHAS PABOTA Ne 2
N3YYEHUE MHOTI'OCJIOMHOI'O HEJIMHEUHOTI' O TIEPCEIITPOHA U AJITOPUTMA OBPATHOI'O
PACITIPOCTPAHEHUSA OIINBKHU
1 HEJb PABOTBI
M3yqnTh BO3BMOKHOCTH MHOTOCIIOWHOTO TIEPCENTPOHA KaK alpoKCHMAaTopa M Kiaccudukaropa.
2 CBEJEHUA U3 TEOPUU

2.1 AlropuT™ 06paTHOrO PacpocTPaHEeHUs OIIMOKH

[Tycth ompeneneHa TpeXCIIOWHas HEWPOHHAs CETh C /N BXOAAMH, M BBIXOAAMH W | CKPBITBIMEH MEXIy HHUMHU
JJIeMEHTaMH, TOTJa HEOOXOJMMO PAcCMOTPETh M MOCTPOHUTH JBA CJIOSI BECOB: OT BXOJOB K CKPBITHIM RJIEMEHTAaM U K
BBIXOAY, T. €. (W, W,).

Haznauenue anroputmMa O0OpaTHOTO pacHpOCTpaHEHHUs OIMMOKM — HACTPOWKA BCEX CIIOEB MHOTOCIOHHON

CTPYKTYpHI. PaccMoTpuM paboTy airoputMa Ha TIPUMEpPE CETH C OJHHUM CKPBITHIM CJIOEM W OJHHM BBIXOIOM (pHC. 5).
[Ipeobpa3oBaHus BXOIHBIX CUTHAJIOB, 331aBa€Mble HEHPOHHOH CEThIO, ONPEACIISIOTCS CIEAYIOMMMU (GOPMYITaMu:

F(<W, X >)=1/1+exp(-W " X));
0, =1/(1+exp(-W," X));
0, =1/(1+exp(-W, O,)).

O61ua;1 (l)yHKHI/Iﬂ OIIMOKHU 3aBUCUT OT BECOB BCEX CJIOCB, B HallIEM CJIy4da€ OT BEKTOpa Wz 1 OT MaTpUlbl Wl:

EW,,W,)=1/2(Y —1/(1+exp(-W, O,)))?,

rae Y — BBIXOA, KOTOPEI 3aaH B 00ydaromeii BEIOOpKe.

0,

Puc. 5. MHOrocnoiHslii nepcenTpoH



Teneps HEOOXOANMO OTIPENEINUTE MPUPAIICHNE KaXKIOTO BECa C IIOMOIIBIO YaCTHBIX MMPON3BOIHBIX:

OEW,,W,).
ow,

GE (W, W,)
oW,

Jis  MHOTOCIIOMHO#W apXUTEKTYphl YacTHBIC MPOW3BOJHBIC OIIMOKKA [0 MATPHIE BECOB KaXIOro CJOS
OTIPENICIAIOTCA 10 (POpMyIie CIIOKHOW MPOU3BOJHOM. B cilyuae YHUNIONSIPHOH CUTMOUIBI PABUIIO U3MEHEHUS BECOB OY/IeT
CIIEYFOIITIM:

W, =W, +h-(Y -0,)-0,-1-0,)-0,;
o=(Y —02)-02 ‘(1_02);
W, =W, +h-8-W, -(1-0,)-0, - X.

Takum 06pa3om, METOA 0OPATHOTO PACTIPOCTPAHEHHUS OMTHOKH MO3BOJISIET H3MEHSITh Beca MPOMEKYTOUHBIX CIIOEB,
XOTSI JKeJTaeMble 3HAYSHISI Ha TIPOMEXYTOYHBIX CIIOSIX HE 3aJJaHbl.

2.2 OnucaHue OCHOBHBIX (yHKIUI

Oyukmus Newff cosgaer HEHPOHHYIO CeTh MPSAMOro PacIpOCTPAHEHHS CHUTHANA, OOyYaeMyi0 ¢ MOMOIIBIO
aNropuT™Ma 00paTHOro pacnpoCcTpaHEeHUs OIIHOKY:

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

PaccmoTpum mapametpsl gyHkiun newff: PR — martpuna wHTEepBaoB 3HaYeHMH Ui R BXOIHBIX 3JEMEHTOB,
3a/[aBacMbIX MHHHMAIBHBIM M MAaKCHMAIbHBIM 3HAYCHHsAMH; S; — pasmep i-ro cmos, mmst N cmoes; TF; — dyHkums
aKTHBALAM I-TO CJIOS, TI0 YMOJYAHWIO HCTONB3yeTcsl QyHKmus tansig — runmepbonmueckuii tanrenc; BTF — dynkims
OOYUEHHUS CETH METOIOM O0OpPAaTHOTO PACIPOCTPAHEHHMS OIIMOKH, IO YMOIUAHUIO HCIONB3yeTcs GpyHkuus traingdx; BLF —
(bYHKIHST M3MEHEHHUS BECOB MPU 00YUCHUH, TI0 YMOIaHUIO ucmoib3yercs learngdm; PF — GyHKIws n3MepeHus OmmoOKH,
no ymonuanuro mSe. Oynkuus Newff Bo3BpaiiaeT MHOTOCIOWHYHO HEHPOHHYIO CETh HPSIMOTO W OOPATHOTO pPacmpo-
CTpaHEHHsI CUTHaJa M OIIUOKM COOTBETCTBEHHO. DYHKIMM aKTHBAIMU MOTYT OBITh BBIOPAHBI U3 CIEAYIOIIETO MEPEdHs:
runepOonyeckuit Tanrenc tansig, goructudeckas curmona 10gsig wiu nuneitnas yuxuus purelin.

3 MMOPAIOK BBITIOJITHEHUSA PABOTBI
IIPUMEP 1 Cozpanue u 00yueHHe HelPOHHOM CeTH ¢ MOMOLIbIO AJTOPUTMA 00PATHOI0 PacpoOCTPAHEHUsI OLIIMOKH

3agaauM ¢ MOMOIIBIO TpaduKa HCXOHYIO (QyHKINIO:

X

» Bxongel HC

=[0123456 7 8];

xejiaeMele peaknwuyu HC

= [0 0.44 0.88 0.11 -0.66 -0.95 -0.45 0.18 0.92];
nz006paxeHmne amnnpoOKCUMUPYEMOM QYHKIIMNA

plot(P, T, "07);

do = o0 O

Ucnone3yem ¢dynkipo Newff, aTodbl co3aaTh AByXCIOHHYIO CETh MPSIMOrO pacnpocTtpaneHus. [IycTh ceTh uMeeT
BXOJIbl C MHTepBajoM 3HaueHud ot 0 no 8, mepBblil ciodl ¢ 10 HEeNMHEHHBIMM CUTMOMIAIbHBIMU, BTOPOH — € OAHUM
JMUHEHHBIM HelipoHaMmu. Mcnonb3yeM i 00y4eHHs aaroputM obparHoro pacrpoctpanenus omubku (backpropagation)
JleBenbepra — Mapksapara (puc. 6).

cospaHme IOBYXCJIONHOM HC NpsaMOro pacnpoCTpaHeHMS C MHTEpBAaJIOM
3HaveHuy BxomoB oT (0 mo 8, npmyeM HEPBEI CJIOVM COIEPXUT

10 HeJmMHEMHEIX CHUI'MOMI, a BTOPOM — OOMH JIMHEWNHEI HENPOH.

s oBydyeHmMs MCHOJIBE3YEeTCsS aJll'OpHUTM 00paTHOI'O pacHpOCTPaHEeHMT
¢ omm6xm (backpropagation).

net = newff(JO 8], [10 1], {"tansig"”™ “purelin®},“trainlm®);

oo do oo XN

X



ummTanmusa paboTel HeoBOyuyeHHOM HC

I = sim (net, P);

M300paxeHne pesyJsLTaToOB paboTel HeoOyuyeHHOM HC
lot(P, T, "o", P, yl, "x") ;

O6yummMm cerk Ha 100 snoxax c nesepor ommbror 0.01:
YCTaHOBKA KOJIMUECTBA [IPOXOIOOB
net.trainParam.epochs = 50;

% yCTaHOBKA I[€JIeBOI'0 SBHAYEHMS OUMOKM
net.trainParam.goal = 0.01;

% obyuenme HC (puc. 6)

net = train(net, P, T) ;

$ mmMmTanmsa paboTel o8yyeHHOM HC

y2 = sim(net, P);

% mzOobpaxeHmne pe3ynabTaroB paborel HC (puc. 7)
plot(P, T, "o", P, yl, "x", P, y2, "+%);

oo oo T oo K op

Performance is 1.69589e-031, Goal is 0
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Puc. 6. I'paduk oOydeHust ABYXCIIOHHOTO MEpCenTpoHa

I[Jlﬂ HUCCICO0BAaHUA pa60TLI ajropurma 06paTH01"0 pacnpoCcTpaHCHUsA OLIUOKH BOCIIOJIB3YEMCSI MNPUMCEPOM,

BCTpoeHHBIM B Matlab toolbox, HabpaB komany demo.
B mosiBEBIIIEMCS THATIOTOBOM OKHE HEOOXOJMUMO MOCIIEI0BATENRHO BRIOMPATh YHKTH MeHi0: Toolboxes->Neural

Network->Other Demos->Other Neural Network Design textbook demos->Table of Contents->10-13->Backpropagation
Calculation.
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Puc. 7. Pe3ynbraT annpokCcUManuu BEKTOPOB ABYXCIONHBIM EPCENTPOHOM

B npumepe UCnonb3yeTcs ABYXCIOHHBIN MEPCENTPOH C IBYMS HETMHEHHBIME HEHPOHAMHE B IIEPBOM CJIOC M OJHUM
BO BTOpoM. JleiicTBre anropiutMa 0OpaTHOrO pacipoCTPaHSHHUs OMIMOKK pa3OUTO Ha CICAYIONIHE Iark: Ha3HaYeHHEe BXO0/a
U XKEJaeMOro BBIX0Ja, IPSIMOW MPOXOA BXOIHOTO CHUTHAJNA JI0 BBIXOAA, 0OpaTHOE PaclpoCTpaHSHHE OMINOKH, U3MEHEHHE
BecoB. [lepeMeHHbIE, TO3BOJISIOIINE TIPOCIEOUTE PabOTy anropuT™Ma 0OpaTHOTO PACIPOCTPAHEHUS OUIHOKH, 0003HAUCHBI
CIIeIyIOUINM 00pa3oM:

P — BXO/IHO¥ cHTHAIT;

W (i) — Bextop BecoB mepsoro ciost, Wy (1) — Bec CBs3M, Iepenaronuii BXOJAHONH CHIHAJ Ha IIEPBBIM HEHPOH, a
W1(2) — Ha BrOpOii;

W, (i) — Bektop BecoB Broporo ciosi, W,(1) — Bec cBsA3M, Mepeaaronuii BXOAHOH CHTHAN ¢ MEPBOro HEHpOHA BO
BTOpO# cioid, & W, (2) — co BTOpoOro;

B1 (i) — BekTop noporoseix 3HaueHuii (bias) Heitporos nepsoro cinos, i = 1, 2;

B, — noporosoe 3HaueHue (bias) Heiipona BToporo ciosi;

N, (i) — BekTOp BBIXOOB TIEpBOTO CjIosL, | = 1, 2;

N, — BBIXOJ BTOPOTO CJIOS;

A1 (i) — BEKTODP BBIXOJHBIX CUTHAJIOB IIEPBOTO CJIOS HOCIIE BHIMOIHEHUS (YHKIUHM aKTHBALMK (CUTMOub), | = 1, 2;

A, — BBIXOJI BTOPOTO CJIOS TTOCJIE BBITIOTHEHMS (QYHKIIMH aKTHBAIIMH (JIMHEHHOH);
Ir — koaduIeHT 06yIaEMOCTH.

o o = i 5k =
ITycts Bxoano# curnain P = 1,0, a »xenaeMblil BBIXO[T t=1+ Sm( p 7 / 4) 1’707 .
Pe3ynbTaThl BEIIOTHEHUS 3TAINIOB AITOPUTMA IPEACTaBICHH B Ta0I. 1.

Tabruya 1

Pe3y.]Il)TaTl)I MO3TANMHOI'0 BBITIOJIHCHUSA AJITOPUTMA OﬁpaTHOFO pacnpocTrpaHeHus OIIHOKH

IIpsaimoe pacnipocTpanenue | OOpaTHOe pacIpocTpaHeHHe

HN3meHeHHe BeCcOB
BXOJHOI'0 CHUTHaJIa OIIII/I6KI/I

9Tan

Ai(1), A1(2) Logsig(W,P+B;) = He Beimonnsercs He Brimonusiercs
=[0,321, 0,368]




A, purelin(W,P+B;) = To orce To arce
= 0,446
e t-A, =1,261 » »
N;(1), N1 (2 H ;
1(1), N1 (2) € BBINOJHSETCS dlogsim(N,) _ »
oN, -W, - N,
— 0,049, 0,100]
N2 Toxe dpurelin(N »
_p. dpurelin(N,) _ 5 55y
oN, -e
W (1 » He Brimoansercs _ _
W1(2) W, =W, —Ir-N,xP =
1(2)
= [-0,265, — 0,420]
B,(1), B4(2 » To xe _ _
(1), B.2) B,=B,—Ir-N, =
=[-0,475, — 0,140]
B, » » B,=B,—Ir-N,=0,732
W, (2 » » _ _
2(2) W, =W, —Ir-N, x N, =
~[0.171,0,077]
4 KOHTPOJIbHBIE BOIIPOCHI
1. Kaxwmm anropurmom o0ydatot MHOTOCTONHHBIE HC?
2. M3 KakuX OCHOBHBIX 3TAIMlOB COCTOMT AJITOPUTM OOPATHOTO PpacIpOCTPAHESHUS OINOKN?
3. [loyuemy anroputM OOpaTHOTO pacIpOCTPaHEHUS] OLIMOKM OTHOCHTCS K KJacCy ajJrOpuTMOB
TpaUeHTHOrO cIrycKa?
4. Kak Biuster (yHKUMS TPUHAUISKHOCTH HA MPAaBWIO HM3MEHEHHS BECOB B OOpaTHOM alropuTMe
pacmpocTpaHeHus OmuOKu?
5. Kakas ¢pynxuns B cpene MATLAB co3naer HC npsimoro pacripocrpaneHusi?
6. Kakne yHKIMM akTHBaMK MOT'YT ObITh Ha3HaueHb! 1151 HeiipoHoB HC mpsiMoro pacripoctpaneHusi?

JJABOPATOPHASA PABOTA Ne 3
W3YUYEHUE PAJIUAJTBHBIX BA3SUCHBIX, BEPOSITHOCTHBIX HEUPOHHBIX CETEM, CETEN
PEI'PECCHHA

1 OEJIb PABOTBI

W3yunte MoOzenb BBIYHCICHHH pPaJHalbHOTO OA3MCHOTO HEWpOHa, CTPYKTYpYy M (YHKIMM ceTeil perpeccuw,
BEPOSITHOCTHBIX HEUPOHHBIX CETEH.

2 CBEJAEHUA U3 TEOPUU
2.1 PaguanbHo-0a3ucHble ceTu. Cetu perpeccun. Bepositrnoctabie HC

PaccmorpuMm pamuanbeHeIil 06a3ucHBIA HeiipoH ¢ R Bxomamu. CTpykTypa HelpoHa MpencTaBlIeHa Ha puc. 8.
Panmanpuenii 6a3ucHsiid HelipoH (PBH) BerauciseT paccrosHue MeXIy BEKTOpaMu BXOAOB X U BekTopoM BecoB W, 3aTem
YMHOXaeT ero Ha (hukcupoBaHHbIi opor b. ®yukiust akruBaumu PBH, nony4yennas B cpene MATLAB, mpezacraBiena Ha
puc. 10. PagmanpHas Oa3ucHas (GyHKIMS MMEET MaKCHMMyM, paBHbIA 1, Korjga ee Bxoabl HyseBbie. ClienoBaTelbHO,
panuaibHBIA 0a3MCHBIN HEHPOH NEHCTBYET KakK IETEKTOpP, KOTOPHIH MOy4yaeT Ha BBIXoAE 1, Koraa BXox X MAECHTHUCH €To
BekTopy BecoB W. DUKCHpOBaHHBIH MOPOT D 1acT BO3MOKHOCTH YIPABIATH YyBCTBUTEIBHOCTHIO HelpoHa. Hampumep,
ecnu HedpoH umeet mopor 0,1, To Beixon paBeH 0,5 ans mo00To BXOAHOTO BeKTOpa X, HAXOJISAIIETOCS Ha BEKTOPHOM
paccrosiauu 8,326 (8,326/b) ot W.



B(W-X) L exp(-net’) ———m

Puc. 8. PanuanbHblit 6a3ucHbI HEHPOH

Paouanvnas 6asucnas netipounas cemo (PEHC) cOCTOUT U3 IBYX CIIOEB: CKPBITOTO PaJHaIbHOIO 0a3UCHOTO CIIOS
u3 S* HEIPOHOB U BBIXOAHOTO JIMHEHHOTO CNOS U3 s HeilpoHoB. DneMeHTs! nepsoro cinoss PBHC BeuuCHAOT paccTosHUS
MEX/Iy BXOIHBIM BEKTOPOM H BEKTOPAMH BECOB MEPBOTO Ciosi, CHOPMHPOBAHHBIX M3 cTpok Marpuibi W . Bekrtop
MOPOTOB B M pacCTOSHUS MO3JIEMEHTHO YMHOXKAIOTCS. BBIX0/ IEpPBOTO €10t MOXKHO BBIPA3UTH (hOPMYIION

A' =radbas(W - X| - B),

rae A' — Boixox mepsoro cnos; Gynkmus radbas — pagnansHo-6azucHas dyrkius; W — MAaTpHIIa BECOB [IEPBOTO
CJI0s CETH; X — BXOJHOH BEKTOP; B — BEKTOP IMMOPOTOB MEPBOTO CIIOA.

CornacHo ¢opmyre, paaraitbHbIe Oa3UCHBIE HEHPOHBI C BEKTOPOM BECOB, OMM3KKAM K X, CTEHEpUPYIOT 3HAUCHHUS,
ommskue k 1. Ecom HelipoH mMeeT BHIXOA 1, TO 9TO 3HAa4YCHHWE BECaMH BTOPOTO CIIof OyIeT meperaHo Ha ero JIMHEHHBIe
HelipoHbl. @aKTHYECKH paauaibHBIN 0a3uCHBIN HEHPOH ¢ BRIXOIOM 1 IpeBpamiaeT BBIXOIBI BCEX OCTAJIbHBIX HEHMPOHOB B
Hynd. TeM He MeHee, TUITUYHBIM SBJIETCS CIydail, KOrja HECKOJIbKO HEMPOHOB JAIOT Ha BBIXOAAX 3HAYMMBIN Pe3ynbTar,
XOTS U C pa3HOU CTENEHBIO.

PaanansHble 6a3ucHbIe HEWPOHHBIE ceTH 00y4atoTcs B TpH dTana. Onuiem 3Tarsl 00ydeHHsI.

Ilepsslit aTan — BeAENCHUE EHTPOB (BecoB). LleHTpsl, npeacraBnenHsle B PEH-cnoe, onTuMu3npyoTcs nepBeIMU
¢ momolpo o0y4enust 6e3 yuurens. LIeHTpsl MOTYT OBITh BBIZEJICHBI Pa3HBIMU QJITOPUTMAMHM, B YaCTHOCTH O0ydeHHEM
Koxonena. AJ'II‘OpI/ITMI)I JOJIKHBI pasMEeCTUTh HEHTPHI, OTpaXKas KJIaCTCPU3alluio UCXOAHBIX TaHHBIX.

Bropo#i sTanm — HazHaueHWe OTKJIOHEHWH. OTKIOHEHHsT MOTYT OBbITh Ha3HAYEHBl Pa3IMYHBIMU AJITOPUTMaMH,
HarpuMep ajJropuTMOM «OJMKaNIIEro cocena.

Tpernit stan — snHelHas onTHMHU3anusA. MOXXHO HCHOJIB30BaTh METOABI OOYYEHHsS IO JEIbTa-NPaBUILY,
00paTHOMY PacHpOCTPAaHEHHIO OIIHOKH.

Heiuiponnvie cemu peepeccuu (HCP) nmerot Takoit xe, kak 1 PBHC, mepBeIif cioif, HO BTOPO#l CIIOW CTPOUTCS
crienranbHeIM o06pasom. [ annpokcuManuy GyHKLIUH 4acTo MCIOJB3YrOTCs 0000IeHHbIe ceTr perpeccuu (generalized
regression neuron networks). Bropoii cioii, kak u B ciydae PEBHC, Boinonsier nossieMenTHoe npousseaenue crpoku Wy o
¥ BEKTOpa BBIXOJA MEPBOro ciost a. OH MMEET CTONBKO HEHPOHOB, CKONBKO CYIIECTBYET HEIEBBIX Map <BXOIHOM
BEKTOp/LiesieBOi BekTop>. Marpuua BecoB W — 310 HabOp LeneBbIX CTpok. LlereBoe 3HaueHHE — 3TO 3HAYCHHUE alIPOK-
cumupyeMoil GyHKIMH B o0y4aromieil Beioopke. [Ipesmnonoxum, uMeeTcsi OAMH BXOJHOM BEKTOP Xj, KOTOPBIH CreHEpUPYET
Ha BBIXOJIE NIEPBOTO CJIOSI BBIXOJ, OM3Kkui K 1. B pe3ysbprare BbIX0a BTOPOTO ci1ost OyAeT O1M30K K tj OHOMY M3 3HaUCHHUH
ANNpOKCUMUpPyeMor (QYHKIIMH, UCTIOIB30BaHHOM NpU (OPMHUPOBAHUK BTOPOTO CIIOSI.

CeTH perpeccun HMHOTJIa Ha3bIBAIOT batleco8CKumMu 8epOSMHOCMHbLIMU CEMAMU pespeccull, WA 0000IIeHHBIMU
HC perpeccun. HekoTopbie peanu3anuu CeTe perpecCHy UMEIOT YEThIPE CJIOS: BXOJHOM, BBIXOAHOMN, CIOW PaTUabHBIX
LEHTPOB, AJIEMEHTOB PErpeccHd. PanuanbHBIH CIIOW TpencTaBiseT co00i HEHTPHI-KIacTepbl M3BECTHBIX OOYYaroIINX
JAHHBIX M COAEPKUT TaKOE JK€ KOJIMYECTBO 3JIEMEHTOB, Kak oOydwaromas BbiOOpka; PBH oOywarorcst amroputmom
knactepm3annu. CIoH perpeccuy UMeeT TOIBKO Ha OJWH 3JIEMEHT OOJbIINe, YeM BBIXOJHOM CIIOH, M CONCPIKHUT JINHEHHEIC
JIEMEHTHl OJHOTO W3 JABYX THUIIOB. DJIEMEHT IIEPBOTO THIA BBIYMCISAECT YCIOBHYIO BEPOSTHOCTh KaXKIOTO BBIXOIHOTO
aTpuOyTa, 3JEMEHT BTOPOTO THMA BBIUUCISIET IUIOTHOCTh BEPOSTHOCTH. BBIXOZHOW CIIOH BBIMOJHSAET CIIEHHATbHBIC
q)yHKIll/II/I JCIICHUS. Ka)i(llblﬁ QJIEMCHT JACJIUT BbIXO/Ibl, aCCOLIMUPOBAHHBIC ITIEPBLIM TUIIOM, C TIOMOLILIO 3JIEMEHTOB BTOPOT'O
THIIA.

BaiiecoBckue BepositHocTHbie HC Mcnonb3yroTest TonbKo aiist mpobiieM kinaccudukanun. OHU cofepikaT 4eThipe
CIIOsl: BXOJIHOM, BbIXOAHOM, cioit PBH u snemeHtoB nuHeiHoW knaccugpukanuu. Clou MOTYT COJEpKaTh KBaJAPAaTHYIO



MaTpHILy TOTEPh, BKIIOUYEHUE KOTOPOH BO3MOXHO, TOJBKO €CIH TPETHUH M YETBEPTHIH CJIOM COCTOAT M3 OIHMHAKOBOTO YHCIIA
ameMeHTOB. PanmmaneHble 0a3WcCHBIE HEHPOHBI B TaKWX CETAX HCIONB3YIOTCA I XpaHEHHS OOpasloB, B3SATHIX W3
oOyuaromeld BBIOOpKH, KOTOpas Oepercst MONHOCTHIO. CIemoBaTelNbHO, TEPBBIA CKPBITHINA CIIOM COAEPKHT TaKoe XKe
KOJIMYECTBO 3JIEMEHTOB, YTO M oOydaromias BBIOOpKa. Tak Kak 3JIEMEHTHI CJIOSI KIacCH(UKAIMKA CBA3aHBI C BBIXOJOM
KaXX/IOTO KJIacCa, MOYKHO OIEHHUTH BEPOSTHOCTH MPUHAIJICKHOCTH TOCIeAHeMY. Ecian ncnomp3yeTcst MaTpuma moTeps, TO
[IeHa peIIeHNs MUHUMajJbHA. Takue CeTH OOBIYHO OBICTPO TPEHUPYIOTCS, HO MEAJICHHO BBIYUCISAIOT W3-3a OOJBIIOTO
pa3mepa.

Beposimuocmmuvie netiponnvie cemu (BHC, probabilistic neuron networks) ucrons3yrores s penieHus npooieMbl
knaccudukanuu. IlepBeiM cinoem B apxutekrype BHC sBnsiercst ciioil paguanbHbIX Oa3vCHBIX HEHPOHOB, KOTODBIN
BBIYHCIIIET PACCTOSHUE M BEKTOP HMHAMKATOPOB INPHHAUIEKHOCTH JPYTHMM BXOJHBIM BEKTOpaM, HCIIOJIb3YEMbIM IpU
oOy4yenun. Bropoii ciioif cyMMHUpyeT 3TH 3HaueHHMs JUIsl KaXKJIO0ro Kiacca BXOJOB M (OPMHUPYET BBIXOJbI CETH, KaK BEKTOP
BeposiTHOCTeH. Jlanee crenuanbHast (yHKIUsA akTUBaimu (COMPEte) ompesenseT MakCHMyM BEpPOSITHOCTEH Ha BBIXOC
BTOPOTO CJIOS M yCTAHABIMBACT NAHHBIA BHIXOX B 1, a ocranbHble Bbixomel B 0. Matpuma BecoB mepsoro cimos W'
YCTaHOBIIEHA B COOTBETCTBHHU C O0YJaIONMMHU TapaMu. BiIok pacueTa pacCTOSHHN IMOIydaeT BEKTOp, HIEMEHTH KOTOPOTO
MTOKA3BIBAIOT, HACKOJIFKO OJIM30K BXOJHOW BEKTOP K BEKTOpaM OOYJaIOmIeT0 MHOXKECTBA. DJIEMEHTHI BEKTOpa YMHOXKAIOTCS
Ha BEKTOp MOPOTOB M Ipeodpa3yroTcs paauanbHON OasucHOM ¢(yHKImel. BxomHol BekTOp, OMM3KHH K HEKOTOPOMY
o0Opa3ily, ycTaHaBiIMBaeTCs B 1 B BBIXOZHOM BEKTOpE MepBOTo cios. Eciam BXOAHON BEKTOp ONM30K K HECKOIBKHM
oOpa3maM OTAEITHHOTO Kiacca, TO HECKOIBKO 3JEMEHTOB BBIXOJZHOTO BEKTOpa IMEPBOTO CIIOS OyAyT WMETh 3HAYCHUS,
omu3kue K 1.

Beca Broporo ciost W yeranapmusaiores o matpuie T HeeBEIX BEKTOPOB, KX Iblil BEKTOP KOTOPOil BKIIOYACT
3HaueHne 1 B CTPOKe, CB3AHHOM C OIpPEIENCHHBIM KIACCOM BXOJIOB, H HYIIH B OCTANBHBIX mosuiusx. [ponssenenns T a*
CYMMHPYIOT 51EMEHTHI BHIXOJHOIO BEKTOPA MEPBOro clos a' ams kaxmoro w3 K Kimaccos. 3aTeM (yHKIHS aKTHBALMH
BTOpOro cnosi (COmpete) ycTaHOBUT 3HaueHHWe | B TMO3HMILHUIO, COOTBETCTBYIOIIYI OONBIIEMY DJIEMEHTY BBIXOJHOTO
BekTopa, m 0 Bo Bce ocTtampHBle. CleIOBAaTENbHO, CETh KIACCU(PHUIMPYET BXOAHBIE BEKTOpPBHI, HA3HAa4as BXOIY
€IMHCTBEHHBIN KJIacC Ha OCHOBE MaKCHMAJIFHON BEPOSITHOCTH MPUHAICKHOCTH.

2.2 OnucaHue OCHOBHBIX pyHKIHUI
®yukuust NeWrh cosmaer paaranbHy0 6a3UCHYIO CETh M HMEET CIISIYIOUINil CHHTAKCHC:
net = newrb(P, T, goal, spread).

PagnanpHbie Ga3WCHBIC CETH HCMOJB3YIOT Ui anmpokcuMmanun (yHkimid. DyHKiws NEWrh KoHcTpyupyert
CKpBITBIN (TIEpBBIN) CJIOW U3 pajuaibHBIX 0a3MCHBIX HEHWPOHOB M UCIOJb3YyeT 3HAUEHHE CPEeIHEW KBaJpaTHYHOM OIIMOKH
(goal). ®ynkuus newrb(P, 7, goal, spread) umeer crmenmyromie aprymeHtsl: P — Mmarpuna Q BXOIHBIX BEKTOPOB
pasmepuoctd R Ha Q; T — matpuna Q BekTOpOB meneBbIX KiaccoB S Ha Q; goal — cpenmusist kBagpaTHdHas OMIMOKA, IO
ymouranuio 0,0; spread — pa3opoc paauansHO#l 6azucHol QyHKIwH, 10 yMoadanuio 1,0. yHKIUS CO3AaeT U BO3BpAIlAeT
B KadyecTBE OOBEKTAa paauaibHyI0 Oa3shCHYI0 ceThb. bosblnoe 3HaueHne pa3Opoca NMPHUBOAUT K OOJBIIEH TNIAAKOCTH
annpokcuManuu. CiaumkoMm OonbIIoi pa3dpoc TpeOyeT MHOTO HEHPOHOB, AJSI TOrO YTOOBI IMOACTPOUTHCS TMOJ OBICTPO
N3MEHSIOMYIOCS (YHKIMIO, CIMIIKOM Maiblii — A JOCTHXKEHHs TJIaJKOCTH anmnpokcumarnud. [lomoOparh 3HaueHne
pa3dpoca MOKHO C MOMOIIBI0 MHOTOKPaTHBIX BbI30BOB (yHkiuu newrb. Cosmaaum B cpene MATLAB paauaibHyio
0a3UCHYIO CeTh:

net = newrbe(P, T, spread).

®yHKOUA NEWrDe MpoeKTUpYyeT paananbHyl0 OA3UCHYIO CETh C HYJIEBOW OIMHOKOW Ul 3aJaHHBIX BEKTOPOB.
Oyukuus newrbe(P, T, spread) umeer Tpu napamerpa: P — matpuua Q BXOAHBIX BEeKTOpOB pasMmepHocTH R Ha Q; 7 —
Mmarpuia Q meneBBIX BEKTOPOB — Omucarenell kiacca pasmepHoctn S Ha Q; spread — pasOpoc pagnansHOW Ga3uCHOI
¢yHKIMN, 10 yMordaHuio 1,0. yHKIHS co3maeT paguaabHyo 0a3uCHYIO CETh.

Oynkiusas newgrnn mpoektupyer HC perpeccum — 3T0 BHI paiWaibHON Oa3MCHON ceTH, KOTOopas dacTo
UCTIONB3yeTCs AJISI AlNPOKCHMAIK (QYHKIMN 1 OBICTPO CTPOUT CETh AJISI ANPOKCHUMALIHN!

net = newgrnn(P, T, spread).

Oynukus newgrnn(P, T, spread) umeet cnenyrouye BXoasl: P — MaTpuiia Q BXOIHBIX BEKTOPOB pasMepHOCTH R
Ha Q; T — marpunia Q meNneBBIX BEKTOPOB KJacCoB pasMepHoctd S Ha Q; spread — pasOpoc paauaibHbIX Oa3HCHBIX
¢byuknuit, no ymomuanuo 1,0. @ynknus Bosspamaer HC perpeccun. Yem Gounbiie pa3dpoc, Tem Oosee riajkond Oyaer
¢byHKIMs annpokcumanuu. st TOro 4ro0bl HACTPOUTH (DYHKIMIO arlpOKCHMAallui Ha MCXOJHbBIE JaHHBIE, UCIIOIb3YIOT
pa3dpoc MEHbBIINH, YeM TUIIHIHOE PACCTOSIHUE MEXKAY BXOJAHBIMHI BEKTOPAMHU.

OyHKIUA NEWQINN co3maeT ABYXCIOWHYIO ceTh. [IepBEIi clolf cOAepKHUT paguaibHble Oa3uCHBIE HEUPOHBI,
BBIYHCILIFOLINE PACCTOSHHUE MEXIY BXOJaMH U BeCaMH ¢ MmoMolubio netprod. Bropoii cioil mmeeT HEWpOHBI ¢ (pyHKIUEH
axtuBarmu purelin. Tompko y iepBoro ciost cymiecTyer bias.

Oynknus NewpNn cosgaer BeposiTHOCTHYI0 HC, IpoekTHpyeMyro ¢ TOMOIIbIO (DYHKIIUH



net = newpnn(P, T, spread).

BepostraoctHas HC — 3T0 Buz pagnansHoi 6a3ucHOi cetH, kak 1 HC perpeccun, HO JaHHBIE CETH WCTIONB3YIOTCS
IUIsL pelIeHunst 3aqaqn Kiaccudukammy, a He annpokcumanun. Dymkuus net = newpnn(P, T, spread) mmeer takwe xe
mapaMeTphl, Kak ¥ BBIIIeoNHcaHHas GpyHKIuS Newgrnn. Eciom pa3dpoc 6:1m30k K Hymro, BepostHocTHast HC meficTByeT Kak
KaccuduKaTop Ha OCHOBE NMpPUHIMIA BBIOOpa «OJIDKaWIIero cocenay», B NPOTUBHOM Cly4ae CeTh NMPUHUMAET B pacyer
HECKOJIBKO OJIM3KUX BEKTOPOB.

3 MMOPAAOK BBITIOJIHEHUS PABOTBI
INPUMEP 1 Co3nanue u o6yyenune HC perpeccun
PacemoTrpum npoekrupoanne HC perpeccun. Onpenenum:

% Bxomer HC perpeccun
P =112 3];
BreIxonel HC perpeccum

T = [3.0 5.1 4.8];

Bocnons3yemest ¢ynkimeir newgrnn st cozmanust HC perpeccun. 3amaguM pa3dpoc paguanbHBIX Oa3HCHBIX
¢byHkumit (mepemenHas spread) MeHbIIe, 4yeM 1, Ui TOro 4TOObI IOJYYUTh XOPOLIYIO AIMPOKCHMAIINIO JaHHBIX U OoJiee
TIIAJIKYI0 (DYHKIHIO.

% ycraHoBKa paszbpoca panualibHEX OGAasMUCHEX QYHKIMI
spread = 0.8;

$ cozpaume HC perpeccum

net = newgrnn(P, T, spread);

% mmmTamms paborel HC perpeccum

A = sim (net, P);

% mzobpaxeHue anmpOKCHUMUPYEMOM QYHKLIMA

plot(P, T, ".", "markersize®, 30);

% yCTaHOBKAa pexmMa nobOaBiIeHMS I'PaduMKOB Ha KOOPIOMHATHEIE OCHU
hold on;

s muzobpaxeHmne paboTe HeoOyuyeHHOM HC perpeccumu
plot(P, A, ".", "markersize®, 30, "color®, [1 0 0]);
% ouMCcTKa KOOPAMHATHEIX OCEM

cla reset;

$ ycraHoBKa HOBOI'O Bxoza HC perpeccum

p = 4.5;

% nmonyuenme orkamka HC perpeccum

a = sim (net, p);

% mzobpaxeHme ANNPOKCHUMUPYEMOM QYHKIIAN

plot(P, T, ".", "markersize®, 30);

$ ycraHoBKa mgmanasoHoB ocexr X m Y

axis ([0 9 -1 4]D);

% BEKJIOUEHME pexmuma NobaBJIEHUS I'PaduKOB

hold on;

% mzobpaxeHne oTkImMka HC perpeccum Ha BXOH P
lot(p, a, ".-", "markersize®, 30, "color®, [1 0 0]);
HamnycarTbk 3al'OJIOBOK I'pPa@uiKa

title ('Hoeewi BxOmHOM BekTOp ') ;

nmoMeTuTs ochk X

xlabel ("P x p");

nomMeTuTe oCh Y

label("T » a");

OYUMCTUTE KOOPAMHATHYK CETKY

la reset;

ONpenesnTs MOCJIENOBATEIbEHOCTE BXOHOB P2

2 =0: 0.2 : 9;

oo O

oo

T oo O oK oo

ChIMUTHpYEM OTKIIUK CETH JIJISl pa3IMYHBIX 3HAUYE€HUH, YTOOBI YBUJIETh PE3YNbTAT alllpoKcuManuu (puc. 9).
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Puc. 9. Annpokcumaniusi TOYEK ¢ TOMOIIbIO HEUPOHHOM CETU perpeccuu

% mosmyumTs oTksmk HC perpeccmy Ha DOCJIELOBATEJIEHOCTE BXOILOB P2
A2 = sim (net, P2);

% mz0bpasnTe oTKJIMK HC perpeccumu

plot(P2, A2, "linewidth®, 4, "color®, [1 0 0]);

% BKJIOUMTE pPexmuM OobaBJIEHMUS I'PaduKOB

hold on;

% mMB306pasmTe anlIpOKCHUMUPYEMYH @QYHKIIMO
plot(P, T, ".", "markersize®, 30);

% YCTAHOBUTE OUAIA30H OCEM

axis ([0 9 3 7D;

$ ozarvyiaBUTE T'PaPUK

title ('Anmpoxcummpyemas GyHKLmMA') ;

$ noMeTuTsE OCB X

xlabel ('P 1 P2") ;

% momeTure oce Y

ylabel ('T u A27) ;
MNMPUMEP 2 Ucnoab3zoBanue PBHC s annpoxkcumanuu GpyHkomii

PaccmoTpuM anmpokcuManuio pyHKIHUNA Ha OCHOBE paralibHOM 0a3HCHOM ceTH.

X

0 ompemeJsieHMe OuarnasOoHa BHAYEHMM pamuaibHOM OasmMCHOM QYHKLIMM
= -4 : 0.1 : 4;

BEIUMCJIEHUE PpanuasibHOM 6asMCHOM QYHKIMM HA AuanasoHe P

= radbas (P);

mnzobpaxenne PEBEO

plot (P, a);

$ ozaryaBMTE IpPadHUK

title (' Paguansuas 6asucHas QyHKLMUA') ;

Q

$ nomMeTuTs OCh X

oo ]

XY



xlabel ('Bxon P");

% nomMeTuTs och Y
ylabel ('Brxom a');

Ha puc. 10 uzo0paxena paguanbHas 0a3ucHas GyHKIUS.
Oyukius Newrbe cozgact HeOOXOAUMYIO CETh. 3a1a M alMPOKCUMHUPYEMYIO QYHKIHIO KaKk Habop TOYEK:

onpenesieHue INO0CJIeNOBAaTEIEHOCTHM apI'yMEHTOB
annpOKCHUMHUPYEMOM QYHKIMI P

=-1:0.1: 1;

onpenesieHMe BHAYEHMM AaNNPOKCUMUPYEMOM QYHKIMM,
cooTBeTCTByKIIMX P

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

— oo oo T oo N

PapunanbHas 6a3ucHas dyHKUms
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Puc. 10. Panuanbhast 6a3ucHast GyHKIHs
N306pasum rpaduk ¢yukimu (puc. 11).

% mzobpaxeHue anmpPOKCHUMUPYEMOM (yHKIIMNI
plot(P, T, "*%);

% ozarviaBUTE Ipadui

title ('O6yvuanmas BrilGopka') ;

% nomMeTuTs OCB X

xlabel ('Bxonnost BexTop P');

% nmomeTurs ochb Y
ylabel ('BexTop T') ;

Jlanee HEOOX0MMO HAHUTH (PYHKIIMIO, KOTOpast XOPOIIIO OMMCHIBAET 3aJaHHbIe 21 TOUKY.
®yuxuus newrb cozpaer PBHC mis anmpoxcumanuu:



% IIeJIeBOM CPEeIHEeKBAIPaTHUUHOM OIMOKM

e = 0.02;
% pazbpoca PEBED
sp = 1;

o

% cosgaHmue PE®
net = newrb(P,T,e,sp);
% ompenmesieHMe BeKTOpa BXOIOB

X=-1:0.01 : 1;

CeiMutupyem paboty ceTu.

$ @opmupoBaHme oTkaMKAa Y
Y = sim(net, X);
% BKJIOUEHME pexmMa HobaBJIeHus I'padura
hold on;
% mBObpaxeHmne pes3yaLTATOB allpOKCHUMAaIIUA
plot(X, Y);
% orkmoueHMe pexmuMma HOOABJIEHMS I'paduka
hold off;
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Puc. 11. Pe3ynpTaTr anmpokcHManuy ¢ OMOIIBIO PagraabHON 0a3uCHON HEHPOHHOM ceTH

BxogHou BekTop P

NPUMEP 3 MHcnoan3oBanue BepositTHOocTHO HC misi kiaccupukauum BeKTOpOB

PaCCMOTpI/IM 3agavy KJ'IaCCI/I(bI/IKaL[I/II/I C Ha60p0M BXOO0B P u MHOXXEeCTBOM KJIaCCOB, 0003HaYeHHBIM TC.

% omnpenesieHMe BXOIOB

P=[123456 7];

% ornpernejieHrne XeJlaeMEBIX BEIXOIOB

Tc =[1 13321 1];



KOHBEPTHMPOBAHME MHIEKCOB B BEKTOPE, CcoepXxalye 1
B MHIOEKCHEIX IIOBMIIMAX

= ind2vec (Tc);

cosmaHue BepOsITHOCTHOM HC

net = newpnn (P, T);

uMHMTaIMsA pPaboTel BEPOSTHOCTHOM HC

= sim(net, P);

KOHBEPTHUPOBAHME HOMEPOB KJIACCOB B BEKTOPEH.

c = vec2ind(Y);

oo = do oo

< oo < op

4 KOHTPOJIBHBIE BOITPOCBI

Kakyto ¢pyHKIHIO Ha3BIBAIOT paguaibHOM Oa3ucHOM pyHKIMEH?
W3 kakux cj0eB COCTOUT panuanbHo-0a3ucHas HC?
U3 kakux cnoes coctout HC perpeccun?
W3 kakux cinoeB coctouT BepositHocTHass HC?
Kakue Bugsl HC mnpennasHayeHbl Uil peUICHHs 3aJaud amipoKCHMMalud (QYHKIWH, a Kakue — s
kiaccudukanum 00beKToB?
6. Kakue tunet HC cosnatotes B cpene MATLAB ¢ nomomisto Gyrkimii newrb, newrbe, newgrnn, newpnn?

agpwNE

4.2. OueHo4HbIe cpecTBA MPOMEKYTOUYHOM aTTecTalUM

[To gucnuIuiiHE TPexyCMOTPeH 3adeT. 3adeT MPOXOIHNT Mo OmieraM. B kakmom Ommere 1Ba TEOPETHYECKHX BOIIPOCA.
3aueT MPOBOTUTCS B YCTHOM, NMHCEMEHHOH WM KOMIBIOTepHOI (opme. OreHWBaeTcs BIaJeHHE MaTepHalIOM, €ro
CHCTEMHOE OCBOCHHE, CITOCOOHOCTh IPUMEHATH HYKHbBIC 3HAHUS, HABBIKH U YMEHHSA TIPH aHAJN3€ MPOOIEMHBIX CUTYAIHH.

4.2.1. YcTHbI# WIM NMCbMEHHBIH 0TBET HA BONPOC

4.2.1.1. Ilopsinox npoBegeHHs.

VYCTHBIM WM THCBMEHHBIN OTBET Ha BOIPOC HANpaBlIeH HAa MPOBEPKY 3HAHUN OCHOBHBIX pa3feiioB MO AUCLUILINHE
«HeipoHHsle ceTu».

4.2.1.2. Kpurepun oneHUBaHNS.

OneHka «OTIMYHO» CTABUTCH, eCJIN 00y4yaromuiics:

B oTBeTe KadecTBEHHO PACKpBII cojaep)kanne TeMmbl. OTBET XOpOIIO CTPYKTypHupoBaH. IIpekpacHO OCBOCH MOHATHHHBIN
anmapat. [IponeMoHCTpHpPOBaH BBHICOKHI ypOBEHb MOHMMaHHA Marepuana. IIpeBocxomHoe ymeHune GopMyInpoBaTh CBOU
MBICJIH, 00CYXKIaTh TUCKYCCHOHHBIE TOJOKEHHS.

OneHka «X0poII0» CTABUTCH, eCJIM 00yUaromuiics:

OCHOBHBIE BOIIPOCHI TEMBI PAcKpblI. CTPyKTypa OTBETA B LIEJIOM aJ€KBaTHA TeME. XOPOIIO OCBOEH IOHATHHHBIN anmapar.
[TponeMoHCTpHPOBAaH XOPOIIMH ypOBEHb MOHUMAaHHS MaTepuana. Xopomee yMmeHHe (OpMyIHpPOBaTh CBOM MBICHH,
00CyXJaTh TUCKYCCHOHHBIE MTOJI0KEHHS.

OueHkKa «yA0BJIETBOPUTEIbHO)» CTABUTCS, €CJIM 00y4arouIuiics:

Temy uactnunHo packpbil. OtBer ciabo cCTpykTypupoBaH. I[lOHATHHHBIN anmapaT ocBoeH wYacThyHo. [loHMMaHMe
OTJEJBbHBIX MOJOXKEHUH U3 MaTepuaja Mo TeMe. Y AOBJIETBOPUTEIbHOE YMEHUE (OPMYJIHPOBATh CBOM MBICIIH, 00CYKIATh
JIUCKYCCUOHHBIE MOJIOKEHUSL.

OneHka «Hey/10BJIeTBOPUTEIbHO» CTABUTCS, €CIH 00ydaloLuiics:

Temy He packpbul. [TOHATHHHBIA anmapaT OCBOSH HEYAOBIETBOPUTENbHO. [loHMMaHMe MaTepuana (parMeHTapHOE WIIH
orcytcTByeT. Heymenue (opMyInpoBaTh CBOM MBICITH, 00CYKAaTh AUCKYCCHOHHBIC TTOJIOKEHUSL.

4.2.1.3. OneHoYHbIE CpeacTBA.

Bonpoce! 1Jist yCTHOI0 WJIM NHCHEMEHHOI0 0TBETa

Buonoruueckue npeacraBieHuss 0 HEUpPOHE.

IlonsTue HelipoHHAS CETh.

HckyccTBeHHBII HEHPOH.

Knaccudukanus HeHpOHHBIX ceTeH.

ApXUTEKTypa HEHPOHHBIX CETEH.

Hcropust HeHPOKOMIIBIOTEPHBIX BHIYUCICHUN.

IIepcentpon.

3agada pacro3HaBaHUS.

IToHsiTHE MHOTOCIONMHON HEHPOHHOM CETH.

0. IpuHIMIBI TOCTPOEHUS MHOTOCTIOHHBIX HEHPOHHBIX CETEH.

1. AsroputM 00paTHOTO pacIpOCTPaHCHHS OIIHOKH.

12. HemocTaTku anroputMa 0OpaTHOTO PacIpOCTPaHCHHS OMIHOKH.

13. TonsTne pagnanbHON HEHPOHHOH CETH.

14. Crpykrypa paauanbHOM HEHPOHHOMN CeTH.

15. MaremaTndeckue OCHOBBI ()YHKIIMOHUPOBAHMUS paluaibHbIX HEHPOHHBIX CETEH.

16. OOy4eHue paguanbHONH HEHPOHHOM CETH.

RHBowoo~NoakwhE



17. Camoopranuzyromuecs HEHpOHHBIE CETH.
18. Crpykrypa cetu Koxonena.

19. O6yuenue cetn KoxoHnena.

20. HeiipoHHble ceTH Ki1acCU(UKAIIAH.



Ipunoorcenue 2
K paboyell npoepamme OUCYUNIUHBL (MOOYI5)
b1. B./IB.10.01 Heiiponnvie cemu

Ilepeuens JuTepaTypbl, He0OXOAMMOI AJIsl OCBOCHHMS TUCHUILIUHBI (MOAYJIsT)

Hanpasienne moaroroku: 23.03.01 TexHOJOTHsI TPAHCIOPTHBIX IIPOLIECCOB

HpO(i)I/IJ'II) IOATrOTOBKU: IIpoexTHpoBaHyEe U YIIPABICHNE MHTSICKTYAIbHBIMIA TPAHCIOPTHLIMU CHCTEMAMU

Kpanudukarus BelTycKHUKA: OakanaBp
®opma o0ydeHus:: 3a04HOE
SI3b1K 0OYUCHHUS: PYCCKHI

T'on Havasga 0OydeHus o 00pa3oBaTeNbHOM porpamme: 2024

OcHoBHasi 1MTepaTypa:
1. Ocumos, I'. C. Meronb! uickyccTBeHHOTO MHTEUTekTa: MoHorpadus / I'. C. Ocurios. - Mocksa : ®u3matiur, 2011. -
296 c. - ISBN 978-5-9221-1323-6. - Tekct: anexrponnsiii. - URL: https://znanium.com/catalog/product/544787 — Pexum
JIOCTYTIA: TIO TIOJITHCKE.
2. Ceprees, H. E. Cuctems! uckyccTBeHHOTO MHTEIUIeKTa. YacTh 1: YueOHoe nocodue / Ceprees H.E. -
Taraupor:FOxubrit henepanbueiii yausepeutet, 2016. - 118 ¢.: ISBN 978-5-9275-2113-5. - TeKcT: 3/IeKTPOHHBIMH. -
URL: https://znanium.com/catalog/product/991954 . — Pexxum gocTymna: Mo MOAIKCKE.
3. Teoperuueckue ocuosbl nHpopMaTuku / Lapes P.1O., ITynkos A.H., Camapun B.B [ u np.]. - Kpacnosip: COV, 2015. -
176 c.: ISBN 978-5-7638-3192-4. - Tekcr: anektponustid. - URL: https://znanium.com/catalog/product/549801. — Pexum
JIOCTYIA: TIO MOJIITHCKE.

1. Beimerypos, C. X. Uadopmaruka [DneKTpoHHBIN pecypc] : yae6. mocobue / HoBocub. roc. arpap. yH-T. ArpoOHOM.
¢ak.; coct.: I.1. Hekpacora, C.X. Brimerypos. - HoBocubupck: 3ooToii konoc, 2014. - 105 ¢. - TekcT: 2IeKTpOHHBIH. -
URL.: https://znanium.com/catalog/product/516070. — Pexxum mocTyma: o HOAMUCKE.

2. Epmakoa, A.H. MadopmaTuka [DnekTpoHHBIH pecypc]: yuebHoe nocodue / A.H. Epmaxosa, C.B. bornanosa. -
Craspononb: Cepsucuikoia, 2013. - 184 c. - Tekcr: anexkrponnsiid. - URL: https://znanium.com/catalog/product/514863
— Pexxum rocTyna: 1o momucke.

3. Kaiimun, B. A. Uapopmarnka: YueOnuk / Kaiimun B. A. - 6-¢ u3a. - Mocksa: HUL] MTHOPA-M, 2015. - 285 c.
(Boicee obpazoBanue: bakanaspuat) ISBN 978-5-16-010876-6. - Tekct: 2neKTpOHHBIH. -

URL: https://znanium.com/catalog/product/504525. — Pexxum gocTymna: Mo MOAIKCKE.
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Ipunoocenue 3
K paboyell npoepamme OUCYUNIUHBL (MOOYI5)
b1. B./IB.10.01 Heiiponnvie cemu

Ilepeuenb HH(POPMAIMOHHBIX TEXHOJIOTHA, HCIOJIB3YEeMBbIX JIs1 0CBOEHUS JUCUMIJIMHBI (MOYJIs1), BKIOYAS
nepeyeHb MPOrpaMMHOIO0 odecreyeHus]  HHPOPMAIMOHHBIX CIIPABOYHBIX CHCTEM

Hamnpasnenne nmoaroroBku: 23.03.01 TexHOIOTHS TPAHCIIOPTHBIX MPOIIECCOB

HpO(i)I/IJ'II) IOATrOTOBKU: IIpoexTHpoBaHye K YIIPABICHNE MHTSICKTYAIbHBIMI TPAHCIOPTHLIMU CHCTEMAMU

Kpanudukarus BeITyCKHUKA: OakanaBp
®dopma o0ydeHus:: 3a04HOE
SI3bIk 00Oy4UeHUs: pycckuit

T'on Havasga 0OydeHus Mo 00pa3oBaTe/bHOM mporpamme: 2024

,OCBOEHHE JTUCLUITLIMHBI (MOJYJIS) PEIoJiaraeT UCIoIb30BaHNe CIEAYIOIET0 MPOrpaMMHOT0 00ecieYeHUs 1
WHPOPMAIMOHHO-CIIPABOYHBIX CHCTEM:
1. Onepannonnas cucrema Microsoft office professional plus 2010, uim Microsoft Windows 7 TIpodeccuonanbuast,
i Windows XP (Volume License)
2. Tlaket oducHoro mporpammuoro obecreuenust Microsoft Office 365, wnn Microsoft office professional plus 2010
3. Adobe Reader XI i Adobe Acrobat Reader DC
4. Bpaysep Mozilla Firefox
5. Bpaysep Google Chrome
6. Kaspersky Endpoint Security mis Windows
7. IlporpaMmHasi cuctemMa Jyisi OOHapy»KEHUS TEKCTOBBIX 3aMMCTBOBAHMUI B y4EOHBIX M Hay4HbIX padorax. AO
«AHTHILIIATHAT»
8. Dnekrponnas 6ubanorTeuHas cucrema «ZNANIUM.COM»
9. OnektpoHHas 6nbnaHoTeyHas cucreMa M3marenscTBa «JlaHbY
10. DmextpoHHast bubnuoTednas cucreMa «KOHCYITbTaHT CTyACHTa»



	1. Соответствие компетенций планируемым результатам обучения по дисциплине (модулю)
	2. Критерии оценивания сформированности компетенций
	3. Распределение оценок за формы текущего контроля и промежуточную аттестацию
	4. Оценочные средства, порядок их применения и критерии оценивания
	4.1. Оценочные средства текущего контроля
	4.1.1. Реферат
	4.1.1.1. Порядок проведения.
	4.1.1.2 Критерии оценивания
	4.1.1.3. Содержание оценочного средства

	4.1.2. Лабораторные работы
	Тема 1. Нейронные сети. Основные понятия
	Тема 2. Многослойные нейронные сети
	Тема 3. Радиальные нейронные сети
	Тема 4. Самоорганизующиеся нейронные сети
	4.1.2.1. Порядок проведения.
	4.1.2.2 Критерии оценивания
	4.1.2.3. Содержание оценочного средства


	4.2. Оценочные средства промежуточной аттестации
	4.2.1. Устный или письменный ответ на вопрос
	4.2.1.1. Порядок проведения.
	4.2.1.2. Критерии оценивания.
	4.2.1.3. Оценочные средства.




