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Conep:xanue

1. IlepeyeHp MIAHUPYEMBIX PE3YJIBTATOB OOYYEHHUS IO JAMCIUILTHHE (MOJIYJII0), COOTHECCHHBIX C IUIAHUPYCMBIMHU
pesynbratamu ocBoenusi OITIOIT BO

2. Mecro mucuumumnHb! (Moxyist) B ctpykrype OIIOIT BO

3. O6peM mUCHMIUIMHBL (MOZIYJA) B 3aUeTHBIX EIWHUIAX C YKa3aHHEM KOJMYEeCTBA YacOB, BBIICICHHBIX Ha
KOHTAaKTHYIO paboTy OOYyJaroImuxcsi C IIperogaBaTeiieM (0 BHIAM YYeOHBIX 3aHATHH) M Ha CaMOCTOSITEIBHYIO paboTy
oOygaromuxcs

4. ConepxaHue MTUCHHUIDIMHBI (MOXYJIS), CTPYKTYPHPOBAHHOE IO TeMaM (pasfesiaM) ¢ yKa3aHHEeM OTBEISCHHOTO Ha
HHUX KOJIMYECTBA aKaJIeMUYECKHUX YacOB U BUJIOB YUCOHBIX 3aHATHH

4.1. CTpyKTypa U TEeMaTHIECKHH TJIaH KOHTAKTHOHN W CAMOCTOSITEIBHON pabOTHI 10 TUCIUIUTHHE (MOJIYITIO)
4.2. ConeprxkaHue JUCIUTLTUHBI (MOIYJIA)

5. IlepeueHp y4eOHO-METOIUYECKOTO O0CCIICUCHUS IS CAMOCTOSATECIBHONH PabOThl 00YUYAIOIIUXCS 10 JAUCIUILIHHE
(Momyr0)

6. @OHA OIIEHOYHBIX CPEICTB 110 AUCIUIUTHHE (MOJIYIIIO)

7. IlepeveHs uTepaTyphl, HEOOXOAUMOI JJ11 OCBOCHUS TUCIUILIHHBI (MOJTYJIS)

8. Ilepeuens pecypcoB MHGOPMAIIMOHHO-TEICKOMMYHUKAIMOHHON ceTd "MHTepHeT", HeOOXOJUMBIX JJISI OCBOCHHS
JUCIUIUIMHBL (MOJYJIS)

9. MeToanyeckue yka3aHust 1Jisl 00y4arouuXcs 0 OCBOSHHIO AUCIUATUIMHBI (MOIYJIs)

10. [epeyeHb HHPOPMAITUOHHBIX TEXHOJIOTHH, HCIOIB3yEMBIX MPH OCYIIECTBICHUH 00Pa30BaTEILHOTO MpoIecca Mo
JMUCIUTUTHHE (MOYJII0), BKJIFOYAs MEPEUCHb MPOTPAMMHOTO 00CCIICYCHUS U HH()OPMAIIHOHHBIX CIPABOYHBIX CHUCTEM (TIPH
HEO0OXOIUMOCTH)

11. Onucanue MaTepUaTbHO-TEXHUYCCKON 0a3bl, HECOOXOMUMOU I OCYIIECTBICHUS 00pPa30BaTEIBHOIO IMpoIecca
0 TUCTUIUINHE (MOIYIIIO)

12. CpenctBa aganTaiuy NpernoaaBaHus TUCIUIUTHHBL (MOYJIsI) K IOTPEOHOCTSIM 00YJYarOIIUXCS HHBAIUIOB | JIHII C
OTpaHMYEHHBIMH BO3MOXHOCTSIMU 37I0POBBSI

13. INpunoxenne Nel. DoH OLIEHOUHBIX CPEACTB
14. Tlpunoxenue No2. [TepedueHs aureparypbl, HEOOXOJUMOM /IS OCBOCHHS AUCIMIUINHBI (MOJYJIS)

15. Tlpunoxenune Ne3. IlepeueHb HH(POPMAIMOHHBIX TEXHOJIOTHH, HCIOJIB3YEMbBIX IS OCBOCHUS JIUCIHILTHHBI
(MomyJis), BKIIFOYAsSI TEPEYCHD TPOrPAMMHOTO o0ecrieueH st 1 HH()OPMAIHOHHBIX CIIPABOYHBIX CHCTEM



IIporpammy muctmIivHb pazpadotan(a)(u) crapmmii npenonasarenb, kK.H. Aaucumona J.C. (Kadbenpa maremaTuku
1 TIPUKIIATHOW MHPOPMATHKH).

1. IlepeyeHb mUIAHHPYEMBIX Pe3yJbTATOB OOyYeHHS] MO0 AUCHUIINHE (MOJIYJI0), COOTHECEHHBIX C
IUIAHMPYeMbIMH pe3yJabTaTamu ocsBoeHusi OIIOII BO

OOyuarommiicsi, OCBOWBIINN AUCITUILTHHY (MOAYIIB), JOJDKEH 00J1aaTh CISTyIONMMI KOMICTECHITHSMU:

Iugp Pacmiudposka
KOMIeTeHI[NT npuodpeTaeMoii KOMNeTeHIHH
IIK-3 CriocobeH MpOEeKTHPOBaTh W ympaBiATh |T-mpoektamu, OCYIIECTBIATH TECTHPOBAHHE KOMIIOHEHTOB

I/IH(l)OpMaI_II/IOHHLIX CHUCTEM, B TOM YHCJIC MHTCJUICKTYaJIbHbIX

IIK-3.1.  [BHaTh cr1oCcOOBI MPOSKTHPOBAHUS | yIpaBieHus | T-poekTaMu, TEXHOIOTHH TECTHPOBAHUS
[KOMITOHEHTOB HH()OPMAIIHOHHBIX CUCTEM, B TOM YHCIIEC HHTSIUICKTYaIbHBIX

[IK-3.2. [YMeTp mnpoekTupoBaTh W YNpaBiIATh |T-mpoekTamu, OCYIIECTBIATH TECTHPOBAaHWE KOMIIOHEHTOB
MHGOPMAMOHHBIX CHCTEM, B TOM YHCIIC HHTEIUIEKTYaIbHBIX

[IK-3.3. [Bmamerp crocOOHOCTBIO TPOCKTHPOBATh M YNPaBIATH |T-MpoeKTaMH, OCYIIECTBISATh TECTUPOBAHHE
[KOMIIOHEHTOB WH(OPMAIMOHHBIX CHCTEM, B TOM YHCJIEe HHTEIUIEKTYalIbHBIX

OOyuarommiicsi, OCBOUBIIHN AUCITUILTHHY (MOIYIIB):

JlomkeH 3HaTh:
- OCHOBHBIE MOHATHS TEOPHH HEHPOHHBIX CeTel; CIIOCOOBI MPUMEHEHUsI HEHMPOHHBIX ceTel B mpoekTupoBaHuu |T-

IIPOEKTOB

JoyxeH yMeTb:
- IPUMEHSATH HeWpoceTeBble TEXHOJIIOTHH IIPH NpoekTupoBanu | T-npoexToB

JlomxeH BraieThb:
- CIIOCOOHOCTBIO TPOTPAaMMHO PpEaM30BBIBATH METOJBI HEHpOoceTeBOH 00pabOTKM TpH mpoekTHpoBaHuu |T-

IIPOEKTOB
2. Mecto qucuuminnsl (MoayJs) B crpykrype OIIOII BO

Jannas gucturuinHa (Momyib) BiiaoueHa B pasgen " b1, B.JIB.10.01 JIucrmrmimbel (MOaysu)" OCHOBHOM
npogeccHoHaNbHOI oOpa3oBarenbHOM nporpammel 23.03.01 TexHOIOTHS TPaHCHOPTHBIX MPOIIECCOB M OTHOCHTCS K YacTH,
(dopmupyemoit yJacTHUKaMHU 00pa3oBaTeNbHBIX OTHOIICHHH.
OcpanBaetcs Ha 5 kypce B 9 cemectpe.

3. O0beM QHCHUILUIMHBI (MOAYJS) B 3a4eTHBIX eIHHHIAX C YKA3aHHEeM KOJHYeCTBAa YacoB, BbIIeJIEHHBIX HA
KOHTAKTHYI0 pafoTy o0y4yaromuxcsi ¢ mpenogaBarejeM (M0 BHIAM Y4eOHBIX 3aHATHI) U Ha CAMOCTOSITEILHYIO
padoty o0yuarommuxcst

OO0111ast TPyA0eMKOCTh TUCHUILIHHBI COCTABJIAET 2 3a4eTHbIX(ble) enuHuI(bl) Ha 72 yaca(oB).

KonrakTHast pabora - 12 uvaca(oB), B TOM uucie Jiekiuu - 4 uaca(oB), mpaktuueckue 3anstusi - 0 daca(os),
nabopaTopHbie paboThl - 8 yaca(oB), KOHTPOJIb CAMOCTOSITEIbHOM paboTel - 0 yaca(os).

CamocrositenbHas padota - 56 yaca(oB).
Konrpous (3auét / sx3amen) - 4 yaca(oB).

d)opMa MMPOMEIKYTOYHOI'O KOHTPOJIA AUCHUIIMHBL: 3a4€T B 9 CeMEeCTpE.

4. Copep:kaHue AUCHUILIAHBI (MOAYJAsA), CTPYKTYPHPOBaHHOe 10 TeMaM (pa3jejaM) ¢ YyKa3aHHeM
OTBE/ICHHOT0 HA HUX KOJIHYeCTBA aKAIeMHUYeCKHX YaCOB M BHI0OB Y4eOHbIX 3aHATHIA

4.1 CTpyKTypa U TeMaTHYeCKHUIi IVIaH KOHTAKTHOH M CaMOCTOSATEIbHOI padoThl M0 AUCHMIIIUHE (MOILYJII0)
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1. |Tema 1. Heiipornsie cetu. OCHOBHBIE MOHATHUS 9 1 0 2 14
2. [Tema 2. MHOTrOCIIOWHBIC HEUPOHHBIC CETH 9 1 0 2 14
3. [Tema 3. PajmansHble HEUPOHHBIC CETH 9 1 0 2 14
4. |Tema 4. CaMOOpraHu3yIoIIHeCs: HeHPOHHBIC CETH 9 1 0 2 14
Hroro: 72 4 0 8 56

4.2 Copep:xanue THCHHUILTHHBI (MOXYJIs1)
Tema 1. Heiiponnbie ceTn. OCHOBHbIE IOHSTHS

Buonorndeckne mpexncrasieHus o Hefipone. [lorarue HeliponHast ceTh. MckyccTBeHHBINH HelipoH. Kimaccudpukarms
HEHPOHHBIX ceTel. ApXUTEKTypa HEHpOHHBIX ceTeil. Mcropus HeHpOKOMIBIOTEPHBIX BblunciaeHuid. [lepcentpon. 3anaya
pacIio3HaBaHusI.

Tema 2. MHoroc/10iiHbIe HEI{POHHBIE CeTH

ITonsaTHe MHOTOCIONWHON HEHpPOHHOW ceTH. IIpUHIMIBI TOCTPOECHUS MHOTOCIOWHBIX HEMPOHHBIX ceTei. AJITOpUTM
oOpaTHOTO pacnpocTpaHeHus omHOKH. HenocTaTky anroputMa oOpaTHOTO pacripoOCTPaHEHNUS OIIHOKY.

Tema 3. PanuajibHble HelipOHHBIE CETH

Ilonsitue panuanbHOW HelpoHHON cetu. CTpyKTypa paauanbHONM HEUPOHHOM ceTu. MaTemMaTHYeCKHe OCHOBBI
(YHKIMOHUPOBAHUS paluaIbHBIX HEHPOHHEIX ceTeil. O0ydueHne paanaibHO HEHPOHHOI ceTH.

Tema 4. CamoopraHusyommecsi HelipoHHbIE CeTH

Camoopranusyroruecs Heiiponnsie cet. CTpykrypa cet Koxonena. O6ydenue cetu Koxonena. HelipoHHsie cetu
KiIaccu(UKAIIH,

5. IlepeueHb Yy4eOHO-METOOAHYECKOT0 oOfecledYeHHs IS CaAMOCTOSITENILHON pPadoThl 00ydawIIUXCS IO
JUCHUILTHHE (MOYJTI0)

CaMmocrosiTennbHass padoTa OOYYAONIUXCS BBIMONHACTCS IO 3aJaHUI0 WM TPH METOJMYECKOM PYKOBOICTBE
mpermonaBaTens, HO ©0e3 ero HemocpeACTBeHHOro yuacTus. CamocrosrenbHas paboTa ToApasfensieTcs Ha
CaMOCTOATENFHYIO0 PadOTy Ha ayTUTOPHBIX 3aHATHSAX W HA BHEAYIUTOPHYIO CAMOCTOATENBHYIO paboTy. CamMocTosTenpHas
pabora oOy4arouMXcs BKIIOYAET KaK IOJIHOCTBIO CAMOCTOSTEIbHOE OCBOCHUE OTIEIbHBIX TeM (Pa3/esioB) IUCLHILIHHBI,
Tak U MpopabOTKy TeM (pa3lenoB), OCBAMBAEMBIX BO BpPEMS ayIUTOPHOU paboThl. Bo Bpems caMOCTOATENHHON pabOTHI
00yJaroIuecss YHWTAOT W KOHCICKTUPYIOT Y4eOHYI0, HAay4HYI0 W CIPaBOYHYIO JIATEPATYPY, BBIMOJHSIOT 3aJaHus,
HaTpaBJICHHBIC HA 3aKPEIUICHUE 3HAHWHA M OTPa0OTKY YMEHHH M HABBIKOB, FOTOBATCSA K TEKYLIEMY U MPOMEKYTOUHOMY
KOHTPOJIIO 110 AUCIUILIHHE.

OpraHuzanus caMOCTOSTENEHON paboTHl 00yJaIOMINXCsl PErIaMEHTHPYETCSl HOpPMATUBHBIMU JIOKYMEHTaMH, Y4eOHO-
METOMYECKOH JINTepaTypoil M AIEKTPOHHBIMH 00pa30BaTEeILHBIMHU PECYpCaMHU, BKITIOYAs:

Topsiiok opraHu3al W OCYIIECTBJICHHsI 00pa30BaTeNbHOM IEATeIbHOCTH M0 00pa30oBaTesIbHBIM IIpOrpaMmmamM
BBICIIEro 00pa3oBaHMsl - TIporpamMMam OakajlaBpuarta, IIporpaMMaM CIIELHUaINTETa, I[POrpaMMaM MarucTpaTypsl
(yTBepyKeH mmprukazoM MuHKcTepcTBa 00pa3oBanus 1 Hayku Poccuiickoii ®deneparin ot 5 anpenst 2017 roga Ne301)

IMucemo MunucrepcTBa obpasoBanusi Poccuiickoit ®eneparmun Ne14-55-996un/15 ot 27 nosi6ps 2002 r. "O0
AKTHUBHU3AIMH CAaMOCTOSATEIFHON PabOTHI CTYIEHTOB BBICIINX YI€OHBIX 3aBeJeHUN"

VYcraB  ¢enepanbHOTO  TOCYJIAapCTBEHHOTO — aBTOHOMHOTO — oOpasoBaTenbHOro  yupexuaenms "KazaHckwuii
(ITpuBomkckmii) penepanbHBIA yHUBEpCUTET"

[lpaBuna BHYTpeHHero pacnopsaka (emepaqbHOrO TOCYAApPCTBEHHOTO aBTOHOMHOTO — 00pa30BaTeIbHOIO
YUpeXICHHUS BBICIIEr0 podeccrnoHanbHOTo obpa3osanns "Kazanckuit (IIpuBoimkckuii) ¢henepansHblii yHUBEpcUTET"

JlokanbHble HOpMaTHBHBIE akThl Kazanckoro (IIpuBomKCcKkoOro) deaepatbHOTO YHHBEPCUTETA



6. ®OH/ OIEHOYHBIX CPEACTB M0 JUCHUILTHHE (MOTYJII0)

CDOHL[ OLICHOYHBIX CPCACTB MO AUCHUIIIIMHE (MO}_'LyJ'IIO) BKJIFOYA€T OLCHOYHBIC MAaTCpuUajibl, HAIpPaBJICHHLIC Ha
IIPOBEPKY OCBOCHUA KOMHeTeHHHﬁ, B TOM 4YHUCIIC 3HaHHﬁ, yMeHI/Iﬁ M HaBBIKOB. DOHJ OILECHOYHBIX CpCACTB BKJIIOYACT
OIICHOYHBIC CPCACTBA TCKYIICTO KOHTPOJIA U OLICHOYHBIC CPEICTBA HpOMe)KyTO‘IHOﬁ aTTCCTalluu.

B (hoHze O1EHOUHBIX CPENCTB COAEPKUTCS CIEAYIOMmas HHPOPMAIHS:

- COOTBETCTBUE KOMIIETCHIM INITAHUPYEMBIM pe3yJibTaTaM 00yUeHHMs 110 JUCHUIIHHE (MOAYIIIO);
- KpUTEPUH OLIEHUBAHUS CPOPMUPOBAHHOCTH KOMITETEHITUH;

- MeXaHU3M (POPMHUPOBAHHS OLIEHKH MO AUCHUIUTUHE (MOJYJIIO);

- ONMCAHUE MOPSIIKa MPUMEHEHHS U IPOLEAYPHI OLICHUBAHMUS JUIS KaKIOTO OLIEHOYHOTO CPEJICTBA;
- KpUTEPUH OLICHUBAHUS I KaXI0T0 OLIEHOYHOIO CPECTBA;

- COAEp)KaHME OLECHOYHBIX CPEJCTB, BKIIOYas TPeOOBaHMSA, MNpPEABSIBISICMbIE K ICHCTBUSAM OOydYarOIIUXCS,
JIEMOHCTPUPYEMBIM PE3yJIbTaTaM, 3aJaHHs Pa3INIHBIX THIIOB.

®OH OIIEHOYHBIX CPECTB M0 TUCHHIUIMHE HaxoauTces B [Ipmnoskennn 1 k mporpaMme JUCIUIUTHHBL (MOYITIO).

7. IlepeyeHs JUTEPATYPHI, HEOOXOTUMOI JJIA OCBOECHHUS THCHHIIIHHBI (MOTYJIST)

OcBoeHHE TUCHMIUIMHBI (MOAYJI) MpenroiaraeT U3y4eHHe OCHOBHOH M JIOIOJHHUTENIBHON Yy4eOHOH JHTEepaTyphl.
JIuteparypa MokeT OBITH JOCTYITHA 00yUJAIOIIAMCS B OTHOM W3 JBYX BAPHAHTOB (JINOO B 00OMX U3 HUX):

- B DJIJIEKTPOHHOM BHUJIE - 4epe3 JIIEKTPOHHbIe OUOTMOTEYHBIE CHUCTEMBbl Ha OCHOBAHUHU 3aKitoueHHBIX KDY
JIOTOBOPOB C ITPaBOOOIAIaTENIMU;

- B Ie4aTHOM Buze - B HayuHoit Oubmmorexe Enmadyxckoro mactuTyra KOVY. OOy9aromuecs mory4daroT yaeOHYIO
JIUTEpaTypy Ha aOOHEMEHTE 10 YWTaTeIbCKUM OWiIeTaM B COOTBETCTBMHM C NpaBWIaMu INoyb30BaHus HaydHoii
OubINOTEKOH.

OJIeKTPOHHBIE W3AAHUSI AOCTYIHBI AUCTAHIIMOHHO M3 JIIOOOH TOYKM NPH BBEICHUHM O00YYarOIUMCSl CBOETO JIOTHHA U
mapoJyii OT JIMYHOTrO KaOMHeTa B cucTeMe "DIeKTpoHHBIH yHuBepcuter". Ilpu HCIONB30BaHMM TEYaTHBIX H3AAaHUI
OubnroTeuHpli GOHI JMOJHKEH OBITh YKOMIUIEKTOBaH MMM M3 pacyera He MeHee 0,25 sk3eMIuisipa KaJOro M3 W3AaHHM
OCHOBHON U JIONOJHUTEIBHOM JIUTEpaTyphl Ha KaXKAOTO OOydarollerocss W3 4ucia JHL, OJHOBPEMEHHO OCBAaWBAIOIIUX
JIAaHHYIO JIUCIHIUIUHY.

[lepeueHb OCHOBHOW M JIOTIOJHUTENBHOW Y4EOHOW IMTEpaTyphl, HEOOXOAMMOW JUIi OCBOCHUS HCILHILIHHBI
(Momyiist), Haxomutes B [IpuioskeHun 2 K paboyei mporpamme AUCHUILIMHBL. OH MOAJICKUT OOHOBICHHUIO MTPH H3MEHECHUH
ycnoBuii noroopoB KOV ¢ mpaBoobnanaTensMu 31€KTPOHHBIX HM3JaHUM W NPH W3MEHEHHH KOMIUICKTOBaHHUS (hOHJIOB
Hayunoit 6ubnmortexn Ena0yxckoro uactutyra KOVY.

8. Ilepeuens pecypcoB MHGPOPMANHOHHO-TEIEKOMMYHUKANHOHHON ceTH "UHTepHeT", HEOOXOAUMBIX [JIsI
OCBOEHHS IMCUMIIMHBI (MOAYJI51)

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

BBezenue B MamHHOE 00yUeHHe: MOIHOE PYKOBOACTBO - https://www.machinelearningmastery.ru/machine-learning-
introduction-a-comprehensive-guide-af6712cf68a3/

9. Metoanueckue yKa3aHus JIJisl 00y4AOIIHXCH 10 0CBOCHHIO THCIMILTHHBI (MOILYJIsl)

Bupa pador MeToanyeckue peKOMeHAALUM

JIEKIUU JlexoHHbIE 3aHATUS TPOBOJATCA C UCIOIb30BAHUEM HHTEPAKTUBHBIX TEXHOIOTUN U MPENONaraoT
AKTUBHOE y4acTHE CTYJIEHTOB. /[ MOATOTOBKM K 3aHATHAM PEKOMEHYETCs BBIACIATh B MaTepuaie
poOJIeMHBIE BONPOCHI, 3aTparuBaeMble MPerofaBaTesieM B JEKIUY, ¥ TPYIIIHPOBATh HH(POPMAIIHIO
BOKpYT HUX. JKesaTenbHO BbIIEIATh B UCIOIb3yEMOM JIUTEPATYPE IOCTAHOBKHU BOIIPOCOB, HA KOTOPbIE
Pa3sHbIMHU aBTOPaM MOTYT OBITh JIJaHBI Pa3JIMYHbIEC OTBETHl. Ha OCHOBaHMM IMOCTAaHOBKH TaKHX BOIPOCOB
cienyeT coouparh apryMeHTHI B ITOJIB3Y Pa3IMYHBIX BAPUAHTOB PEIICHHUS IIOCTABICHHBIX MPOOIeM.

nabopartopHsle | JlTabopaTopHbIe 3aHSATHS - 3TO O/IHA N3 PA3HOBUIHOCTEH NMPAKTUUECKOTO 3aHATHS, SIBIISIOIIAsICS

paboTsI 3¢ PeKkTUBHOM (HOpPMOIT yIeOHBIX 3aHATHI B OpraHU3aluy BbIcIero oopasoBanus. JlabopaTopHsie
3aHATHSI IMEIOT BBIPAXEHHYIO CIIEIM(UKY B 3aBUCUMOCTH OT y4eOHOH TUCHUILIMHBI, YTITyOJIsIOT 1
3aKpEeIUIIOT TeOpeTHUeCKHe 3HaHUs. Ha 3THX 3aHATHSIX CTYJEHTHl OCBANBAIOT KOHKPETHBIE METO/IBI
N3y4YEeHUS TUCHUIIMHBI, 00y4JaroTCsl SKCIEPUMEHTAIBHBIM CIIOCO0aM aHaJIN3a, YMEHHIO paboTaTh ¢
pudopaMy ¥ COBpEMEHHBIM 000pyoBaHueM. JlabopaTopHble 3aHATHS NAIOT HAarJIAHOE NPE/ICTaBICHUE
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Bua pador MeToanyeckue peKOMeHIAlUH

00 M3y4aeMBbIX SIBJICHUSIX M IIpoOLieccax, CTYACHTHl OCBaUBAIOT IIOCTAaHOBKY M BEACHHE dKCIIEPUMEHTA,
y4arcst yMEHHUIO HaOI0aTh, OLCHUBATH HOJyYEeHHBIC PE3YIbTATH, 1eNaTh BEIBOJBI U 0600meHus. OT4éT
II0 UTOTaM BEITIOJIHEHHBIX JTA00OPAaTOPHBIX paboT BEIIOIHACTCS HA JIMCTax Oemoit Oymaru gopmara A4 B
MeYaTHOM WJIM pyKOIHcHOM BHJe. I1pu oopmileHn 0T4éTa HCTIONIB3yeTCs CKBO3HAS HyMeparys
CTpaHUI], CUUTasl TUTYJIBHBIN JIUCT NepBO cTpaHuneil. Homep cTpaHMIbl Ha TUTYJIEHOM JIUCTE HE
craBuTcs. Homepa cTpaHuubl cTaBaTcst o HeHTpy BBepXy. [Ipn odopmieHnn oTuéra B IeyaTHOM BHJIE
KeJaTesIbHO coOMoaaTh caeaytomue TpedoBanus. st 3aroyIoBKOB: MOMYXKUPHBIH wWpudT, 14 nT,
LEHTPUPOBAHHBINA. J{J1s1 OCHOBHOTO TEKCTa: HEXHUPHBIN WpUQT, 14 N1, BIpaBHUBaHKE 110 HpHHE. Bo
BCex ciydvasx Tul mpudra - Times New Roman, otctyn a63ana 1.25 ¢M, HOJIYTOPHBIA MEXKIYCTPOIHBIN
naTepBal. [lom: neBoe - 3 cM, mpasoe - 1 cM, BepxHee u HIKHEE - 2 cM. OTdeT JOIDKeH coepKaTh
CIIeMyToIue 37eMeHThl: 1) TUTYIBHBIN JIHCT ¢ 00sM3aTeIbHBIM YKa3aHueM BapuanTa; 2) Ilens paGoTsr; 3)
3ananue; 4) OcHoBHas yacTh; 5) BeiBoa

camoctos- | CamocTosiTensHas paboTa CTyI€HTOB MO ANAAKTHYECKOM CyTH MPEACTABISIET COO0H KOMIUIEKC YCIOBUH
TenbHast pabota| 00y4eHHs, OPraHU3yeMbIX NPETIOIaBaTeNIeM U HAIIPABICHHBIX HA CAMOIIOATOTOBKY ydaIuxcs. YdueOHas
JeATENPHOCTh MPOTEKAET 0€3 HEMOCPEACTBEHHOTO YUacTHs NMPENOoJaBaTelsl U 3aKIF09aeTCs B
popabOoTKe JEKIMOHHOTO MaTepHaa, MOJr0TOBKE K Ja00OPaTOPHBIM 3aHATHAM; H3YUYCHUN YIeOHON
JUTEPaTyphl U3 OCHOBHOTO M JIOMIOJTHUTEIBHOTO CIIHCKA.

3a4eT 3aveT sBIsieTcs GOPMOI OLICHKU KauecTBa OCBOCHHUS CTYICHTOM 00pa30BaTeIbHON IPOTPaMMEBI 110
nucuuruinge. [1o pesynpTaTam 3aueTa CTYAEHTY BBICTAaBIIETCS OICHKA "'3auTeHO" WM "He 3a4TeHOo".
3ayer MOXKET MPOBOAUTHCS B (hopMe yCTHOrO orpoca 1o Ouneram (Bonpocam) wiu 6e3 O1ieTos, ¢
NpeNBapHUTEIbHOM MOATOTOBKOM MM 0€3 MOATOTOBKH, 10 yCMOTpeHHI0 Kadenpsl. [IpenonaBarens
MOKET IIPOCTaBHUTh 3a4eT Oe3 OIpoca WK cobeceIOBaHUs TEM CTYACHTaM, KOTOpPbIE aKTUBHO
Y4acTBOBAJIN Ha JTaOOPATOPHBIX 3aHATHSAX.

10. IlepeyeHb WHGPOPMANMOHHBIX TEXHOJIOTHiA, HMCIOJb3yeMbIX NPH OCYIIECTBJIEHAH 00pPa30BaTEILHOIO
npouecca Mo JAUCUMIVIMHE (MOIYJI0), BKJIIOYAsl IepevyeHb NPOrpaMMHOro odecrnieyeHUsi ¥ HHEGOPMALMOHHBIX
CIPABOYHBIX CHCTEM (MPHU HEOOXOIUMOCTH)

[Tepeuenp MHGOOPMALMOHHBIX TEXHOJOTHH, MCIOJIB3YEMBIX IPU OCYIIECCTBICHHUH 00pa30BaTENbHOrO Mpolecca 1o
JUCLUILIMHE (MOJYJI0), BKJIIOYas IepeueHb MPOTrPaMMHOr0 oOecredeHus M MH(OPMAIMOHHBIX CIIPaBOYHBIX CHCTEM,
npeacTasieH B [Ipunoxxennn 3 k paboyeld mporpaMme JUCHHUIUIAHBI (MOJYJIs).

11. Onucanue MaTepHATbHO-TEXHUYECKOi 0a3bl, HEOOXOAMMOI [JsI OCYyLIeCTBJIEHUS 00pPa30BATEIbHOIO
npouecca no JUCHUIIUHE (MOIYJII0)

VYuebnast ayautopust Ne 61 (423600, Pecniyonuka Tarapcran, r. Ena0yra, yn. Kaszauckas, 1. 89) st mposeieHus
3aHATHH JICKIIMOHHOTO THIA, 3aHATHH CEMHUHAPCKOTO THUIIA, TPYMIOBBIX M WHIMBUIYAIbHBIX KOHCYJBTAallUH, TEKYIIEro
KOHTPOJISL ¥ MPOMEXYTOYHOM aTTecTalnH, MOMEIICHHE ISl CAaMOCTOSTENIbHOH padoThl. KomriekT Mebenu (IocagoqHbIX
mect) 30 wr. Kommbrorepusiii kimace: kommbioTepbl Lenovo Thinkcentre m920x 18 mr. Monutopsr Thinkcentre
TIO24GEN3 18 mrr. WarepaktuBHas manens 1 mr. MenoBas gocka HacteHHas 1 mr. Beixom B MHTepHer,
BHYTPUBY30BCKasi KOMIIBIOTEpHAsi CETh, JOCTYN B O3JEKTPOHHYIO HH(pOPMAIMOHHO-00pa3oBaTeibHyl0 cpely. Habop
y4eOHO-HaTJISIIHBIX TOCOOMH: KOMIUIEKT IPE3eHTAlMi B JJISKTPOHHOM (hopMarte 10 MpenoaaBaeMoi AucuIuimHe 3-5 miT.

12. Cpe)]cn;a aJanTalvuu npenogaBanvs JUCHUIVIMHBI K HOTpeﬁHOCTﬂM oﬁyqammnxcs[ HHBAJINJI0B H JIUII C
OrpaHU4Y€HHBIMU BO3MOKHOCTAAMMU 310POBbSL

IIpn HeoOxomumocTH B 00pa30BaTENbHOM TIpOLECCE MPUMEHSIOTCS CIEIYIOUIME METOAbl M TEXHOJIOTHH,
oOneryaromye BocHpusTHe MHGOPMALMK OO0YYaIOIIMMHUCS WHBAJIMJAMU M JIMLIAMH C OTPaHWYEHHBIMH BO3MO>KHOCTSIMH
3I0pPOBBSI:

- CO3/aHME TEKCTOBOM BEPCHUH JIO00r0 HETEKCTOBOTO KOHTEHTa Ui €ro BO3MOXKHOTO IIpeoOpa3oBaHHS B
aNbTepHATHBHBIE (POPMBI, yTOOHBIE IS Pa3IMYHbIX MOJIH30BATEINEH;

- cO37aHHE KOHTEHTA, KOTOPHIH MOXKHO MPEICTABUTh B PA3IMYHBIX BHIaX 0e3 MOTEpPH NAHHBIX U CTPYKTYPHI,
MIPEIYyCMOTPETh BO3MOXKHOCTh MACIITAOMPOBAHUSA TEKCTa M H300pakeHW ©Oe3 MOTepH KadecTBa, INPEIyCMOTPETh
JIOCTYIIHOCTb YNpPaBJIEHHUsI KOHTEHTOM C KJIaBUATYpBI;

- CO3[IaHMEe BO3MOKHOCTEH JIsI 00YUYaIOMMXCSI BOCHPUHUMATE OJHY U Ty € HH()OPMAIHIO U3 Pa3HBIX UCTOYHUKOB -
HampuMep, TakK, YTOOBI JHIA C HAPYHNICHWAMH CIyXa HOIy4aidd WHPOPMALWI0 BH3YyajbHO, C HAPYUICHUSAMH 3pCHHS -
ayIMajbHo;

- NPUMCHCHHUE TIPOTPAaMMHBIX CPEACTB, 06€CHC‘H/IB8,IOHH/IX BO3MOXXHOCTb OCBOCHHUSA HABBIKOB U yMeHHﬁ,



(opMHUpYEMBIX JWUCIUIUIMHON, 3a CYET albTepHATHBHBIX CIIOCOOOB, B TOM WYHCIIE BHUPTYaJbHBIX Ja0OpaTopuil H
CUMYJISIIAOHHBIX TEXHOJIOTHI;

- NpPUMEHEHHE JUCTAaHIMOHHBIX OOpa30BaTENBHBIX TEXHONOTMH I Iepeqayd WH(OPMAIUH, OpraHU3aLiH
pa3nUYIHBIX (OPM HMHTEPAKTHBHOW KOHTAaKTHOH paboThl 0Oydaromierocsi ¢ IperojaBaTelieM, B TOM 4YHcie BeOMHApOB,
KOTOpbIe MOTYT OBITH MCHOJIB30BaHBI AJIsI MPOBEICHUS BHPTYAJIbHBIX JEKIHMHA C BO3MOXKHOCTBIO B3aHMMOJIEHCTBHS BCEX
YYaCTHUKOB JUCTAHIIMOHHOTO OOYYeHHMs, MPOBEACHUS CEMHHAPOB, BHICTYIUICHUS C HOKJIAaJaMH W 3aLIUTHI BHINOJIHEHHBIX
paboT, MpoBeeHUS TPEHHHIOB, OPraHU3alUH KOJUIEKTHBHOW paOOThI;

- TpUMECHEHHE JUCTAaHIHOHHBIX O0Opa3oBaTeNbHBIX TEXHOJOTHH MUl OpraHu3alu (opM TeKymwero W
MIPOMEKYTOYHOT'O KOHTPOJIST;

- YBEJIMYCHHE MPOJNODKUTENBHOCTH CHa4yd OOyJaloI[UMCS WHBAJIWAOM WIM JIMIOOM C OrPaHHMYCHHBIMH
BO3MOXHOCTSIMH 3JJ0POBBS (JOPM IPOMEKYTOUHOI aTTeCTAlMK O OTHOLICHHIO K YCTAaHOBJICHHOW MPOIOJDKUTEIILHOCTH HX
cavu:

- TPOJIOJDKUTENILHOCTH C/Iauu 3a4éTa WIM SK3aMeHa, MPOBOAMMOro B IHMCbMEHHOU (opme, - He Oonee yem Ha 90
MHHYT;

- MPOJOJDKUTEIEHOCTH IOATOTOBKH OOYYaromerocs K OTBETy Ha 3a4yére WM SK3aMEHe, IPOBOAUMOM B YCTHOM
¢dopwme, - He Oomree yem Ha 20 MUHYT;

- IPOJOJDKUTEIFHOCTH BBICTYIUICHHS 00yYarOIIEeTrocs IIPH 3alUTe KypCOBOM paboTHI - He Oojee 4eM Ha 15 MuHyT.
[Iporpamma cocraBieHa B cootrBeTcTBHH ¢ TpeboBanmsamMu OI'OC BO u yueOHBIM mnaHoM mo HampasieHuo 23.03.01

"TexHONMOrHsl TPAaHCHIOPTHBIX NpoleccoB” u npoduito moaroToBky " [IpoekTnpoBaHue U ynpaBieHne HHTEICKTYaIbHbBIMU
TPaHCHOPTHBIMU CHCTEMaMHu'".
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1. CooTBeTCTBHE KOMIETEHINI MJIAHUPYEMBIM Pe3yJbTATAM 00YYEeHHS 110 THCHHUILIAHE (MOIYJII0)

Kox m nHammeHnoBaHme
KOMIEeTeHIINN

[K-3 - Cnocoben
MPOEKTHUPOBATH u
YIpaBIATh IT-
IPOCKTaMH,
OCYIIECTBIISATD
TECTHPOBAHHE
KOMIIOHEHTOB
HHPOPMAIMOHHBIX
CHCTEM, B TOM YHCIIC
MHTEIUICKTYaJIbHBIX

NHaukaTopsl A0CTHKEHHUS] KOMIeTeHUHH

JJISL Z!aHHOﬁ JUCHUIIIUHBI

OueHovHbIe cpeacrBa TEKYIIEero
KOHTPOJIs1 M IPOMEKYTOYHOI aTTecTauuu

3HaTh ~ OCHOBHBIE  TOHATHSA  TEOPUH
HEHPOHHBIX ceTel; crocoObl NPUMEHEHHS
HEHpPOHHBIX ceTell B mpoektupoBaHud |T-
IIPOCKTOB

YMmers NIPUMEHSTD HeWpoceTeBbIe
TEXHOJIOTHM TIpH  TpoektupoBanmu |T-
MPOEKTOB

Brnamere  cmocoOHOCTBIO  HPOrPaMMHO
peannu30BBIBATE  METOABl  HEHPOCETEBOU
oOpabotkn mpu  mpoektupoBanuu  IT-
MPOEKTOB

Texkymmii KOHTPOJIb:

Pedepar no Temam

Tema 1. Heiiponnsie cetu. OCHOBHBIE
TIOHATHSA

Tema 2. MHOTOCTTOWHBIE HEHPOHHBIE CETH
Tema 3. PagnancHeie HEHPOHHBIE CETH

Tema 4. Camoopraau3yromuecs: HeHpOHHEIE
cetn

JlabopaTopHBIE PabOTHI IO TEMaM

Tema 1. Heiipornusre cetun. OCHOBHBIE
MOHSTHS

Tema 2. MHOTOCTIOWHBIE HEHPOHHBIE CETH
Tewma 3. PagnansHpie HEHPOHHBIE CETH

Tema 4. CamoopraHu3youuecss HeHpOHHBIE
ceTn

IIpomesxkyTouHasi aTTecTauus:

3auém
2. Kputepun ouennBanusi chopMHPOBAHHOCTH KOMIeTeHIIHii
Komner 3aureHo He 3aureno
CHIHA Boicoknii ypoBenb | Cpennuii ypoBeHb | Huskmii ypoBenb | Huxxe mnoporosoro
(0TJIMYHO) (xopouo) (y10BJ1€TBOPUTEJIBHO) YPOBHS
(HeynoBJIeTBOPHUTE
JIbHO)
IIK-3 3HaeT OCHOBHBIE MOHATHS | 3HAET OCHOBHBIE IIOHATHS | 3HAET OCHOBHbIE NOHsATHA | He 3HaeT ocHOBHBIE
TEOpUU HEUPOHHBIX CETEH; | TEOpUHM HEHPOHHBIX CETEH; | TEOpUU HEUPOHHBIX CETEH; | MOHITHS TEOpun
CIOCOOBI TIPUMEHEHHS | CIIOCOOBI TIPUMEHEHHUS | CIIOCOOBI NPUMEHECHNS | HEHPOHHBIX CeTeH;
HEHUpOHHBIX  CeTed B | HEHPOHHBIX ceteit B | HEHPOHHBIX  ceTell B | CIOCOOBI
MPOEKTHPOBAHUH IT- | mpoekTnpoBaHun IT- | nmpoexTnpoBanuu IT- | npumenenus
MIPOEKTOB MIPOEKTOB, JIOIIycKasl | NMPOEKTOB, JIoIycKasl | HEHPOHHBIX CETeH B
HE3HAUNTENIbHBIE OMMOKM B | THMWYHbIE  OMMOKH B | IPOCKTUPOBAHUH
paccyXICHUSAX U BBIBOJAX paccyxIeHusx 1 BeiBogax | IT-mpoekTos.
YMeeTr npuMeHsTh Ymeer NPUMEHSTh | YMeeT npumensTh | He ymeer
HelpoceTeBbIe HEHpPOCETEBBIE TEXHOJIOTHU | HEMPOCETEBBIE MIPUMEHSTH
TEXHOJIOTUH NTPHU npu  npoekTupoBaHuu | T- | TexHosOrHM IpU | HeWpoceTeBkIe
npoekTupoBanuu IT- MIPOCKTOB, JIOITyCKasi | MMPOEKTUPOBAHUU IT- | TexHONOTHYU TIpH
IIPOEKTOB HEe3HAYUTEIbHBIE OIINOKH. MIPOEKTOB, JIOTycKast | MPOEKTHPOBAHUHU
TUIWYHBIE OMINOKH IT-mpoexToB
Bianeer cnoCoOHOCTEIO BnaneeT cnocoOHOCTEIO BnaneeT cnoCOOHOCTEIO He Bnageer
MIPOTPaMMHO MIPOTPaMMHO MIPOTPaMMHO CHOCOOHOCTHIO
peann30BBIBATH METOIBI peanu30BBIBATh METOBI peanu30BBIBATh METOBI MIPOTPaMMHO
HeHpoceTeBoi 00paboTku | HeWpoceTeBOH 00padbOTKH HeHpoceTeBoi 00pabOTKN | pPeaTu30BLIBATH
pu npoexktupoBanuu IT- | mpu nmpoextuposannu I T- npu npoexktupoBannu I T- METOJIbI
IIPOEKTOB MIPOEKTOB, TOITyCKast MIPOEKTOB, JOITyCKast HelpoceTeBoi
HEe3HAYMTeNbHbIE OIMOKK B | THIUYHBIC OMIMOKU B 00paboTku pu
MIPOTPaAMMHON peai3annun IPOrpaMMHON peanu3anuu | MPOEKTUPOBAHUU
IT-npoexToB

3. PacnpenesieHne oneHoK 3a GopMbI TEKYIIEr0 KOHTPOJIS U MPOMEKYTOUHYIO ATTECTALUIO

9 cemectp:
TekylHii KOHTPOJIb:




Pedepar

Tema 1. Heliponnsie cetr. OCHOBHBIE TIOHSTHUS
Tema 2. MHOTOCIIOMHBIC HEHPOHHBIE CETH

Tema 3. PaguanbHbie HEHPOHHBIC CETH

Tema 4. CaMoopraHu3yIOIIHECs HEHPOHHBIC CETH

JlabopaTopubie pabOTHI

Tema 1. Heitponnsie cetu. OCHOBHBIC TTOHATHS

Tema 2. MHOTOCIIOMHBIC HEHPOHHBIC CETH

Tema 3. PaguanbHbie HEHPOHHBIC CETH

Tema 4. Camoopranu3yromuecs: HeHpoHHBIE CeTH

BrinmonHeHne KaXJoro OLEHOYHOIO CpEACTBA OIEHMBAETCS MO MIKaJle: OTJIMYHO, XOpOILIO, YJIOBJIETBOPUTENIBHO,
HEYJOBJIETBOPUTEIILHO.

OO0mras oreHKa 3a TEKYIIUH KOHTPOJb MPEACTaBIsIeT cOOOM CpejiHee 3HAYCHHUE MEKIY MOJYUYCHHBIMH OLICHKAMH 32 BCE
OLICHOYHBIE CPEJCTBA.

IIpome:xyTouHasi aTTecTanus - 3a4eT.
HpOMe)KyTOLIHaH aTTecTranus HpOBOHHTCH I10CJIC 3aBepIHeHI/IH I/I3y‘-IeHI/IH JUCLIUIIJIIMHBI HWJIKX €€ YaCcTu B (bopMe,
OmpeneIsIeMoil yUeOHBIM IUIAaHOM 00pa30BaTEIbHOM MPOrpaMMbl C II€TbI0 OICHHUTH PabOTy OOYYaIOIIEerocs, CTEICHb
YCBOGHUSI TEOPETHYECKUX 3HAHUH, YPOBEHb CPOPMUPOBAHHOCTH KOMITETCHIIHH.
IpenomaBaresb, MPUHHUMAIOIINN 3aUeT 00ECIEYMBAET CIyYailHOE pacrpeieieHiHe BAPHAHTOB 3aYE€THBIX 3aJaHUN MEXIy
o0yJalomuMucs C TIOMOINbI0 OWIETOB M/WIM C TNPUMEHEHHEM KOMIIBIOTEPHBIX TEXHOJIOTHMH; BIIpaBe 3a1aBaTh
00y4JaroIIeMycsi IOMOJTHUTEIbHBIE BOIPOCHI U IaBaTh JOMOJIHUTEIbHBIC 33JaHUs IOMUMO TeX, KOTOPbIC yKa3aHbl B OUieTe.
3ager npoBoaUTCS 1Mo Ouneram. B kaxa0M OuiieTe OLEHOYHBIE CPE/ICTBA OJHOIO BH/IA: YCTHBIN MM MHCHMEHHBIH OTBET Ha
BOIIPOC.
BeimonHeHHe KaXJIO0ro 3aJaHdsi 32 MNPOMEXKYTOYHYIO AaTTECTAIMI0 OLEHMBACTCSA [0 IIKAle: OTJIMYHO, XOPOIIO,
YIOBICTBOPHUTENLHO, HEYAOBIECTBOPUTEIBHO.
OO0111ast OlEHKA 32 MPOMEXYTOYHYIO ATTECTALUIO MPEACTABISET COOO0M CpeiHee 3HAYCHHE MEX/Y MOJyIeHHBIMH OLIEHKAMHU
3a BCE OLICHOYHBIE CPEACTBA MPOMEKYTOUHOMN aTTECTAIHH.
B ciyyae HEBO3MOXHOCTH YCTAHOBJIEHHS CPEIHETO 3HAUEHHs OLEHKHM 3a IPOMEKYTOYHYIO aTTECTAIMI0 (Harpumep,
((XOpOI_[IO)) 1501051 ((OTJ'II/I‘IHO»), HUTOroBas OIICHKA BBICTABJISICTCS 3K3aMeHaTOpOM, UCXonasa us HpI/IHLlI/IHa CHpaBe[[J'II/IBOCTI/I nu
OCCIPUCTPACTHOCTA HAa OCHOBAaHHMU OOINErO BIICYATIICHHS O KAuyeCTBE U MOOPOCOBECTHOCTH OCBOCHHUS O0YYarOIUMCS
JUCIUTUTUHBI (MOZYJIST).

Buas! onieHOK:

Jlist 3agera:

3auteno He

3a4TEHO

4. OueHoYHBIE CPeICTBA, MOPAIOK UX IPUMEHEHUs] U KPUTEPHHU OLleHUBAHUS
4.1. OueHoYHbIE CPEICTBA TEKYIIEro KOHTPOJIS

4.1.1. Pedepar

Tema 1. Heliponnsle cetn. OCHOBHBIE TIOHSTHS

Tema 2. MHOTOCJIOIHBIE HEHPOHHBIE CETH

Tema 3. PagnanbHble HEHPOHHBIE CETH

Tema 4. CamMmoopraHu3yronuecs: HeHpOHHBIE CETH

4.1.1.1. Ilopsaok mpoBeIeHN.

OOyyaromiuecsi CaMOCTOSATEIBHO MUIIYT PabOTy Ha 33/IaHHYIO TEMY M CAAIOT IPENOoIaBaTellio B IMCbMEHHOM BHJIE.
B pabote mpomsBomuTcs 0030p MaTepuaiga B ONPEACIEHHON TeMaTHYECKOW O00JIaCTH JIMOO TpesiaraeTcs cOOCTBEHHOE
pelIeHHE ONpeeNEHHON TEOPEeTHYEeCKOW WIIM TPaKTH4ecKoW mpobdneMbl. OueHMBAIOTCS INPOpaboTKa HCTOYHHKOB,
N3JIOKEHHE MaTepuana, (OPMYJIMPOBKA BBIBOJOB, COOJIIOAEHHE TPeOOBAaHMH K CTPYKTYype W OQOPMIEHHIO paboTEHI,
CBOEBPEMEHHOCTD BBITIOJIHEHH. B ciydae myOIMuHOI 3auThl pedepara OleHHBAIOTCS TaK)Ke OPATOPCKUE CIIOCOOHOCTH

TpeboBanus k pedepary

[pu oopmieHnn Tekcta pedepata ciaeyeT NPUACPKUBATHCS CICAYIONINX TapaMeTPOB:

moJisi: ieBoe — 35 MM, paBoe — 15 MM, BepxHee — 25 MM, HIkHEe — 25 MM;

OpHEHTANHsI CTPAHUITBI: KHIKHAS, mpudT: TimesNewRoman; kersb: 14 ot (IyHKTOB);

KpacHasi cTpoka:1 Mm;

MEXAYCTPOYHbII UHTEPBAJ: IIOJyTOPHBI;

BBIPABHUBAHHE OCHOBHOI'O TEKCTa U CHOCOK: 110 IIHPHHE.



Wnmoctparmn B BHUAE PUCYHKOB, (DOTOCHUMKOB, CXE€M M T.I. MOTYT paclojaratbCsi OPraHUYHO C TEKCTOM
(BO3MOXHO OJIMDKE K MIUTIOCTPUPYEMOH 4acTH) MO0 Ha OTAECNBHBIX JHCTaX. B 11000M ciiydae BBIIOJHSETCS HyMepawLus
(ckBO3HAsI Ul BCeX paszelioB), KOTopas pacriojaraercs BBepXy. [IopHCyHOUHYIO HyMepalMio M HaAIUCh pacrojiararb
BHU3Y.

3akaHYMBaCTCs TOSCHHUTENbHAS 3amrcka OnOMMorpauIeckuM CIIMCKOM HCTOYHHKOB, K KOTOPBIM oOpamaics
CTYZICHT BO BpeMsi paboThI HaJ| pa3pabaTbIBa€MOM TEMOIA.

O0beM  MHGOPMAIMOHHO-TEXHOJOTHYECKOW  JIOKYMEHTAallMM HE  perjaMeHTUpyeTcs — OH  JIUKTYeTcs
JIOCTaTOYHOCTBIO JUIS MPAKTHYECKOTro INMpuUMeHeHHs. KapTouku 3amaHus Ui CaMOKOHTpOJISL (€CNIM TAaKOBBI MMEIOTCH)
BKJIaJIbIBAIOTCS B ITPO3PaUHbIC (aiiIbl.

Pedepar 1o cBoeMy CTpYKTYpPHOMY COJEPKaHUIO JOJDKEH COJIEPIKATh CIICAYIONIHE 3JIEMEHTHIL:

- TUTYJIBHBIH JIUCT;

- collepIKaHMHE;

- BBEJICHUC;
0a30BO€ MOHSITHS,

UCTOpHUYECKas CIpaBKa (OCOOCHHOCTHU 3apOXKICHUS U PA3BUTHSL, OCHOBOIIOJIOKHHUKH U T.11.);
kimaccuukanus (BB, GOPMEI H T.1I.);
o01ree ¥ 9aCTHOE TOJIOKEHUS 110 MPUMEHEHHUIO B y4eOHO-BOCIUTATEIEHOM IIPOIIECCE;

- TJI0CCapuii;

- CITMCOK HMCHOJIb30BaHHBIX HCTOYHHKOB

- TIPHIIOXKEHHS
4.1.1.2 Kputepuu oneHMBAHHSA

OneHKa «OTJIMYHO» CTABUTCS, €CJIH 00yYaroImiicsi:

TeMmy packpbll TOJHOCTBIO. IIpOAEMOHCTPHPOBAI TPEBOCXOAHOE BIIAJCHHE MaTepHasoM. lcmonb3oBan
HaJUIeKaIlMe NCTOYHHUKH B HYXXHOM KonndecTBe. CTpyKTypa pabOTBI COOTBETCTBYET IOCTAaBICHHBIM 3anadaM. CTereHb
CaMOCTOSTEILHOCTH pabOThI BBICOKASI.

OueHka «X0pou10» CTABUTCS, €CJIM 00yUYaloLmuiics:

Temy B ocHOBHOM packpbul. IIponeMOHCTpHpOBan Xopoliee BiIaJeHHE MaTepHanoM. lIcmomp3oBan Halulexarme
ncrouyHuku. CTpykTypa paboThl B OCHOBHOM COOTBETCTBYET IOCTaBJICHHBIM 3aaadaM. CTemneHb CaMOCTOSTEIbHOCTH
paboThI CpeHss.

OueHka «y10BJIeTBOPUTEIbHO» CTABUTCS, €CJIU 00y4aloluiics:

Temy packpsin ciabo. IlponeMOHCTpHpOBaNl yIOBIETBOPHUTENIBHOE BIIaJCHHE MarepuayioM. lcroibp3oBaHHBIC
HCTOYHHMKH M CTPYKTypa pabOTHI YaCTUYHO COOTBETCTBYIOT ITOCTABICHHBIM 3a1adaM. CTENeHb CaMOCTOATETBHOCTH PaOOTHI
HU3Kasl.

OneHKa «Hey/10BJIETBOPUTEIbHO0» CTABUTCS, €CJIH 00yqaloLuiics:

Temy He packpsul. I[IpomeMoHCTpHpOBan HEyIOBIETBOPUTEIBHOE BIaJeHHWE MaTepHanoM. lcronp3oBaHHBIC
HCTOYHHMKH HenocTaTouHbl. CTPYKTYpa paboThl HE COOTBETCTBYET ITOCTABICHHBIM 3a/1auaM. PaboTa HecaMocTosTEIbHA.

4.1.1.3. Conep:kaHue OLEHOYHOI'0 CPEICTBA

[paBusio oOyuenus Xed0a.

JIuneiiHast HepOHHAsI CETh.

PexyppeHTHBIIT METOl HANMEHBIINX KBa/IPATOB
JIuneitHast ceThb ¢ TMHEN 3a1ePKKHU

PacriosnaBanue cHMBOJIOB

Konuenius HeltpoypaBieHus

Heliposmynsatopbl 1 HEHPONIPEAUKTOPHI

Hefiponnas cetb Dnmana

Ceru Xonduana

0. Heiiponnas cetb X3MMUHTa

1. AnanTuBHBIE pe30HAHCHBIC HEHPOHHbIE CETH

12. Merozas! 17100aIbHOM ONTUMU3AIHA

13. Meron UMHUTALAK OTKUTa

14. CroxacTuyeckue MeTosI 00yIeHNI HEHPOHHBIX ceTel
15. Merox post yacTun

16. DnemenTHas 0a3a Juis anmapaTHOW pea3alul HEHPOKOMIIBIOTEPOB
17. Ceru Ha OCHOBE TEOPHH aTaAITUBHOTO PE30HAHCA

18. Maimna bonbumana

19. JIByHampaBiieHHasi aCCOLIMATHBHAS MaMSITh

20. MHoronpoduibHas MOJENb pellakcalliOHHOW HEHPOHHO! CeTH

RBPBOooo~NoOR~WDE

4.1.2. JlabopaTopHbie paGoThI
Tema 1. Heliponnsie cetu. OCHOBHBIE TIOHSTHUS
Tema 2. MHOTOCIIOIHBIE HEHPOHHBIE CETH



Tema 3. PaguanbHbie HEHPOHHBIC CETH
Tema 4. CamoopraHu3yronyecs: HeHpOHHbBIE CETH
4.1.2.1. Ilopsiaok mpoBeaeHNsI.

B ayautopmm, oCHAamIEHHON COOTBETCTBYIOIIMM OOOPYZOBAaHHEM, OOydJalomuecs MPOBOIAT ydeOHBIE HSKCIEPUMEHTHI U
TPCHUPYIOTCS B TMPUMCHCHUHU MPAKTHKO-OPHCHTUPOBAHHBIX TEXHOJNOTHH. OICHUBAIOTCSA 3HAHWC MAaTepualia U YMCHHUE
MIPUMEHSTH €ro Ha MPaKTUKE, YMEHUS U HABBIKU TI0 paboTe ¢ 000pyJI0BaHUEM B COOTBETCTBYIOIICH MPEIMETHOM 001aCTH.
JlabopatopHbie pabOTHI MPOBOIATCS MPEIOJABATEICM COTJIACHO Pa3pabOTaHHOMY M YTBEPXKICHHOMY Ha Kadenpe
paboueit mporpamme. Kaxxmast mabopatopHO-TIpakTHIecKass paboTa BBINONHSAETCA IO OINpPEIeNICHHON TeMe MpOTpaMMEI B
COOTBETCTBHH C 3aJaHUCM.
[epen BBIOTHEHUEM KaXKA0H pabOTHI CTYACHTHI-0aKaIaBphl JOJDKHBI MIPOPa0OTaTh COOTBETCTBYIOIIUI MaTepUall,
HCTIONB3YS KOHCIIEKTH TEOPETHICCKHUX 3aHATHH, IEPHOINIECKIE U3TAHUS, YI€OHO-METOANIECKHIE TOCOOS 1 YaeOHUKN
Ha xaxmoMm 3aHSTHH CTYIEHTHI BHINIOJHSIOT paboTy B COOTBETCTBHH C €€ COACPKAaHHEM H METOAWYEeCKUMU
YKa3aHUSIMH.
[To oxOHYaHNY 3aHATHH CTYAEHTH 0(QOPMILTIOT OTYET IO KaXXI0H paboTe, coOmoaas ciueynuyo Gopmy:
HanmeHoBaHMe TEMBI;
Henb paboTsr;
3amaHue U coepKaHne BHITOTHEHHOW PaOOTHI,
[TucerMeHHBIC OTBETHI HAa KOHTPOJIBHBIE BOTIPOCHL.
BrIBoIBI TIO TIpOICTaHHOM paboTe.
CIHCOK UCITOJIb30BAHHBIX HCTOYHHKOB.

s s e s s |

4.1.2.2 Kpntepuu oneHUBaHHS

O1eHKAa «OTJIMYHO» CTABUTCS, €CJIN 00yYAIOLIHIiCS:
[MpaBUIbHO BBIMIOJIHWI BCe 3afaHus. [IpoJEeMOHCTPUPOBAT BBICOKMI YPOBEHb BIAJCHUS MaTepHaioM. I[IposiBIICHBI
HpeBOCXO}IHbIe CHOCO6HOCTI/I HpI/IMeHHTL 3HAHUS U yMeHI/IH K BBIIIOJTHCHHUIO KOHerTHLIX 33}13HI/II>1.
O1eHKa «XOPOIIO0)» CTABUTCS, €CJIN 00yYAIOLIHIiCS:
[TpaBUIbHO BBHIMOIHWI OOJBIIYI0 YacTh 3afaHuiil. [IpUCYTCTBYIOT He3HAuYHTENbHBIC OMMOKH. I[IpogeMOHCTpUPOBaH
XOpOIINH YPOBEHb BIAJICHUS MarepuanoM. [IposiBICHBI CpeJHHE CHOCOOHOCTH MNPUMEHSATh 3HAHWSA U YMEHHS K
BBITTOJTHEHHIO KOHKPETHBIX 33 [aHU.
O1eHKa «yA0BJETBOPUTEIHHO0» CTABHTCSH, €CJIN 00YYAKOIIHIiCS:
3agaHusi  BBINOJNHUI ~ Oojiee 4eM  HAmoJoBHHY. [IpUCYTCTBYIOT cepbé3Hble ommOKku. [IpopeMoHCTpUpOBaH
Y/IOBIICTBOPHUTENILHBIN YPOBEHD BIIAJICHUS] MaTepraioM. [IposiBIIeHbI HU3KHE CIOCOOHOCTH MPUMEHSTh 3HAHUSI U YMEHUS K
BBIIIOJIHCHUIO KOHerTHI)IX 3a}laHI/II‘/’I.
OueHka «Hey10BJIEeTBOPUTEIbHO» CTABUTCS, eCJIU 00ydarolmiics:
3amaHus BBIIOJTHWI MEHEe dYeM HaloJIOBHHY. I[IpoJeMOHCTpHpPOBaH HEYJOBIETBOPUTEIBHBI ypPOBEHb BIIaJICHUS
MaTepI/IaHOM. HpOfIBJ’IeHBI HEIO0CTATOYHBIC CHOCO6HOCTI/I HpI/IMeHHTL 3HAHUA U yMeHI/IH K BBIIIOJJTHCHHUIO KOHerTHI)IX
3aJIaHUM.
4.1.2.3. ConepxaHue OLIEHOYHOT0 CPEACTBA
JABOPATOPHAS PABOTA Ne 1
N3YUYEHUE CBOMCTB JJUHEVMHOI'O HEMPOHA U
JIMHEVMHOM HEMPOHHOM CETH

1 IIEJIb PABOTbI
W3y4uTh CBONCTBA JINHEHHOTO HEUPOHA U JIMHEMHON HEHPOHHO CETH.
2 CBEJEHUS U3 TEOPUHN
2.1 Mopens HeiipoHa

UckyccrBennsie Heliponnsle cetd (HC) mpencraBisitor co0oi mpocreiiie MareMaTHYecKne MOJENH MOo3ra.
[Touats ocHOBHBIE MpuHIHIEI TocTpoeHns HC MoXkHO, paccMaTpuBas WX KaK COBOKYITHOCTH (CETh) OTAEIBHBIX CTPYKTYP
(aeiiporoB). O4yeHb TPyOO CTPYKTYpy OHMOJOTHYECKOTO HEHpOHA MOXKHO OMHCATh CleAyromuM odpazoMm. HelipoH mMeer
COMY — T€JI0, IePEeBO BXOJIOB — ACHAPHUTHI, BBIXOJ — akCOH. Ha coMe M Ha JCHIPUTAxX pacIojlaraloTcsi OKOHYAaHUS aKCOHOB
JIpYTHX HEWPOHOB, HA3hIBAEMBIX CHHAINCaMHu. lIpHMHSTBIE CHHAINICAMHM BXOJHBIC CHTHANBI CTpEMSTCA JIHOO BO30OYAWTH
HelipoH, b0 3aTtopmo3nuts. Korma cymmapHoe BO3OY)KAEHHE NOCTHTaeT HEKOTOPOrO TOpOra, HEHpOH BO30YXKIaeTrcs u
MOCHIIAET TI0 AKCOHY CHUTHAJ APYyruM HelpoHaM. Kaknpril cuHarc o6jagaeT YHUKAIbHOW CHHANITHYECKOW CHIIOHN, KOTopas
MPONOPLMOHATBHO CBOEMY 3HAUYEHUIO M3MEHSET MepefaBaeMblii Ha HEHWPOH BXOAHOM curHald. B cooTBeTcTBUU C



NPUBEACHHBIM OMHMCAHMEM MaTeMaTHYeCKas MOJENb HeilpoHa MpencTaBisieT co00il CyMMUPYIOIIUHA MOPOTOBBI IeMEHT
(puc. 1).

% Swoex,  FOLw,

w; i=l =1

%)

0

W
-\-'1

Puc. 1. MckyccTBeHHBIN HEWPOH

®dopmyna cpabaTeiBaHUSA HEWPOHA:

O F( W', X ) F(nw X ),

< > ’ Z

fl,(< T, >)=0,
O{ W X

0, unaue.

L

2.2 AiropuTM 00y4YeHHs MO0 AeIbTa-MPABUILY

O6yyenne HC mpoucxoaut Ha HEKOTOPOH 00ydaromiel BRIOOpKe, I KaXaA0ro o0pasia KOTOpOi OMpeeNsIoTCs
U CPaBHUBAIOTCS C JKEJIAEMBIMHU 3HAYCHHUSIMU BCE TEKYIIWE BBIXOJbL. ECiM pa3HUIA HEJOMYCTHMA, TO BeCa M3MEHSIIOTCSL.
OkoHuYaHHEM O0y4YEeHHs CUUTAETCs CUTyalus, Korja oomas onmobka Ha Bcex o0pasnax JomycTuma.

Bce anroputmbl 00yueHHs HeHpoceTeil IBISIFOTCS pa3HOBUIHOCTSAMH aJIrOPUTMa 00YUYEHHS 110 METOAY KOPPEKIIUU
OmKOKHU, KOTOpasi OCYHIECTBISIETCSl MO-pasHomy. Maest usmenenust BecoB HC cBOIUTCS K HAXOXKJICHUIO OOIIEH Mephbl
Ka4ecTBa CETH, B KAYEeCTBE KOTOPOH 0OBIYHO BBIOUpArOT (GpyHKIHUIO ommbOku cetu. Toraa, 4roObl HOA00paTh HYKHBIE Beca,
HEOOXO0MMO MHHHUMHU3UPOBATh (PyHKIMIO OmuOKkK. CaMbIM pacnpOCTPaHEHHBIM METOJIOM IIOMCKA MUHUMYMa SIBIISETCS
METOJ TpaJueHTHOro cmycka. s ciydas GyHKOMH C OJHOM TMEPEMEHHONW Beca H3MEHSIOTCS B HAIPABJICHHH,
MPOTHUBOIOJI0XHOM MPOU3BOIHOI, T. €. ClIpaBeInBa GopmyIia

Wt W h-F'(W),

rae h — HeKOTOpHIi ypoBEeHb O0YUCHNSI, AT H3MCHEHNS,
F'(W) — npousBoanas ¢pyukuuu kadectsa HC st 0HO#M epeMeHHOI.

n
Jns gyskuun F oT N nepeMeHHBIX U eIMHMYHOTO BekTopa e B npoctpanctse R |le|| = 1, eeR", madeperman
BBIpa)kaeTcs popMyIon

lim (FW ef) FW)):
|
o F(W) o

Hnst cnyqast e = (0, 0...1...0) onpepenum yactHbid quddepeHnan



lim (F(w,w,..,w ,...,w)[F(W))'

a_F(\N): to 12 ilet n
t

Takum 00pa3oM, aHTUTPATUEHT — 3TO Habop ciexyronux anuddepeHrnanos:



OFW  OoFw OF w OF w I
C)  C)h € Der (i) F(wn))T-

1 2

Jnst onipeenieHust 06001IeHHON QYHKIMH ONTMOKH PACCMOTPUM 00YUAIOIIYIO BEIOOPKY {(xk, yk)}, rnek=1, ..., K.
HakomieHHas 10 BCEM AI0XaM OLINOKa r H

k1 kla il1

®dopmyna mogudukanuu BecoB HC

W W" h-3E/oW

YTOYHSCTCS Ul Pa3slM4HBIX BHAOB (GYHKIMM akTuBamud. [ nuHediHo# ¢ynkumm F(t) = t, HC ¢dopmupyer

KaX/IbIi BBIXOJI KaK CKaJIIPHOE NMPOU3BEICHNE BECOB Ha BEKTOP BXOOB! (< >
U TpasueHT OyJeT paBeH:

O W, Xi

o o Ul .
E/W (Y O) X,

rae Yj— xxenaeMbiid BbIxox; O;— MOy4eHHBIH BEIXOT; X — BEKTOP BBIXOJIA.
Takum o6pa3oM, monygaem GopMyTy H3MEHEHHS BECOB

Wnp1 W' h- Y O -X

: )
n1 W' hY O X

Ecnu3Hauenuem S Ha3Batk pasHuny (Y
i— O5), T0 onyInM (HOpMyITy

W™ W™ h-§-X

9TO ABJACTCS AN2OPUMMOM OGYHEHUSL O 0 -npaguny.
2.3 Onucanue 0CHOBHBIX (QyHKIUii

s paGoTel ¢ HEHPOHHBIMH CeTsIMH HeobOxonnmo wmHcTaumpoBath MATLAB u o6magate mepBOHAYaIbHBIMHU
3HAHUSAMH OTHOCHUTENIHO si3bika cuctembl. Ilockonpky MATLAB mpencraBisier co0ol MHTEpIpETaTop, TO OO0ydYeHHe
WHCTPYMEHTapHIO HEHPOHHBIX CETEH 3aKII0YaeTcsi B OCHOBHOM B HM3y4eHMH (QYHKIMA M WX NapaMeTpoB. Y3HaTh
BO3MOXKHOCTH HEHpOHa Kak Kiaccu(uKaTopa HMPOCTHIX JMHEHHO cenapalesbHbIX 3a7ad MOXHO ITyTE€M IPOBEIEHHUS HKC-
HNEPUMEHTOB C MOJENBIO OJHOTO JIMHEIHOTO HEHpOHa.

@yakuus Newp. [lns toro 4toObl CO31aTh HEHPOH, HCIONB3YIOT (QYHKIHMIO NEWP, MMEIONIYIO CIIeAYIOUIHH
CUHTAKCHUC!

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



rae PR — maTpuiia MUHMMAaJbHBIX M MakCUMAlbHBIX R BXOIHBIX 3JIEMEHTOB; S — KOJIMYECTBO HEMPOHOB (Ipu
cosxanuu oxHoro Heitpona S=1); TF — pyukuus axtusarmu (transfer function); LF — ums pyHkuu o0y4eHus HelipoHa.

B citygae ecnm nmapameTpsl QYHKIME NEWD HE 3aJaHbl, HX 3HAUCHHS OINPEACILIFOTCS TOCPEICTBOM BBOJA 3HAYCHMIT
B JINAJIOTOBBIE OKHa. [loCcTpOeHHbIH HEHpOH XapakTepusyeTcs GyHKuusMU Becos (weight function), sxomos cetu (net input
function) u onpenenennoit pynkumeii akruBan. GYHKINS BECOB — 3TO YMHOXKEHHE BECOB HA BXOIHON CHUTHAN, QYHKIIHSL
BXOJIOB CETH — HX CymMMa. Beca 3aqaroTcst Kak 1Uisl BXOZOB HEHpOHa, TaK M A1 (PUKCHPOBAHHOTO BXOJA, 33JAI0IIETO IIOPOT
cpabarsBanust  (bias). Bekrop BecoB HHMIMANU3HPYETCS HyIsAMH. [l OOydeHHS HCHONB3YIOTCS — (YHKIHUH,
PaccMOTPEHHbBIE HUKE.

®yuxuus learnp macrpansaet Beca Helipona. CHHTaKCHC QYHKIHM OOYUIEHHS TOBOJIBHO CIOKCH:

[dW, LS] learnp(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).



Oyukuus learnp (W, P, Z, N, A, T, E, gW, gA, D, LP, LS) uMeer HECKOJIBKO BXOMOB, rje BekTop W — BEKTOp
BECOB; P — BEKTOD BXOJOB; Z — BEKTOD B3BEIIEHHEIX BXOA0B; N — BEKTOp ceTn; A — BEKTOP BHIX0Aa; T — BEKTOP JKEIAEMBIX
BbIXOJ0B; E — Bexktop ommbOok; gW — BEKTOp M3MEHEHHsS BECOB; JA — M3MEHEHMS BbIXOAO0B. DyHKIHMS BO3BpAILAET
snayenus: AW — u3MeHeHus MaTpuibl BecoB; LS — HOBBIM ypoBEHbL 00YUEHHOCTH.

Oyukus learnp Moker GBITH UCIONB30BAHA ¢ TTAPAMETPAMH 0 YMOIYAHHUIO:

dw learnp((1, p,[1.01.01.00 & [LLLLLILID.

Vcnosp30BaHue MycTOro cnucka [ ] o3HayaeT mapamerp Mo yMOTYaHHIO.
Oyukuus learnp Borumcnser usMenenue BecoB dW st 3aJaHHOTO HEHpoHA B COOTBETCTBHH C MPABHIOM
00ydeHH MepcenTpoHa:

0, 0,
dw ecau owmuoka e

o
[
1p,ecue 1

|
i I

p',ecue 1,

T_e_dWHe-p‘,

q)yHKHI/Ifl Iearnpn HACTpanBacT HOPMaAJIN30BAHHBIC BECa:

[dW, LS]HIearnpn‘(QN, P,Z,N,AT,E,gW,dgA D,LP,LS).

Oyukuus learnpn Beruucnser usmenenue BecoB dW juis maHHOro HedpoHa W ero Bxoga P u ommbku E B
COOTBETCTBUH C HOPMAIM30BAHHBIM MPABUIIOM OOYUCHUS ITEPCEIITPOHA:

pn p P P pR
@ @ (27 .. ()Y,

[0, eciu omuobrka e 0,
dw

N
|

3 pn',eciue 1,

i il

pn',eciue 1,

re AW e pn'

JluHelHBIH HEHPOH WMEeT OIHO CYNICCTBEHHOE OrpaHWYCHHE. BXOJHBIC BEKTOPHI JIOJDKHBI OBITH IJHMHEWHO
pasaenumMbl. Eciii BEKTOPHI HEBO3MOXKHO OTICIUTH MPSIMOM MIIM THUIEPILNIOCKOCTBIO, TO MEPCENTPOH HE COCOOEH PElInTh
3aady Kiaccupukanum.

®yuxuus adapt amanrupyer HC k ycnoBusiM 3amaqm:

L ... 1 C v uA)
net Y E Pf Af (adaptnetPTP

Iapamerpsl Qpyuxuuu adapt: net — uMs cetn; P — BXOABI ceTH; T — KeJAeMBIil BBIXOM; Pj — UCXOJHBIE YCIOBUS
3alIepKKH; A; — HCXOMHBIE YCIOBHS 3al€PKKHM AN crnos. DyHKIUS BO3BpAIIAET IAPaMETPhI AJAlTHPOBAHHOM CETH
net.adaptParam: net — usmenennast cetb; Y — BbIXOH ceTd; E — omubku cetu; Pf — ycinosust 3amepkku Bxomos; Af —



ycioBust 3aepikku ciost. [Tlapamerpsr Pju Pf HeoOs3aTenbHble 1 HEOOXOMUMBI TOJILKO ISl CETEH, MMEIOIIMX 3aCPKKU Ha
BXOJIaX U CJO€.
®dyukuus train taxxe ooydaer HC 1 Mcmosnb3yer clie Iyromuii CHHTAKCHC:

[ H ] ( 1 1 1 i A)
net tr trainnet PT P

OyHKIms train uMeeT crenyroine mapamMmeTpsl: Net — ceTb; P — BXOAbI ceTH; T — jKeTaeMblil BRIXOM; Pj— UCXOIHbBIC
YCIIOBUS 33JIp>KKU BX0Ja; Aj— HCXOJHBIC YyCIOBHSA 3aEPKKHU CIIOSI.
@yHKOUsA SiM UMUTHPYET HEHPOHHYIO CETh:

[ ' ' ] ( ) y i;Ai)1
Y Pf Af simnet P P



rae net — cerp; P — BXOIBI ceTH; Pj — HMCXOIHBIE YCIOBHA 3aJEpKKH BXOJOB CeTH; Aj — MCXOIHBIC YCIOBHSA
3amepkkn ciost. DyHKums Bo3Bpamaer Y — BbIXOABI cer; Pf — okoHuaTenbHBIe ycmoBus 3amepxku Bxozios; Af —
OKOHYATENbHBIC YCIOBHUS 3aICPXKKHA CIIOSL.

@DyHKIMU akTUBauu. Hioke npencTaBiieHbl HA3HAYCHUS STHX (YHKITUI.

DyHKIUA Ha3znayenue
hardlim Bo3sspamaert 1, eciii Ha BXOJI€ MOJOXKUTEIbHOE YUCIIO
u 0 B IPOTHBHOM cliyYae.
tansig Brruucaser runepOoanYecKUi TAHTE€HC OT BXOJA.
purelin BpIuucisier BBIXOJ CII0SI OT CETEBOIO BXOJIa.

®Oynkuun rpapudeckoro uHTepdeiica W BenoMoratenbHble (yHknuu. Hasnauenue >THX QyHKUMIA
IIPEACTABICHO HUXKE.

DyHKUUA Ha3znauenne
axis([Xmin Xmax Ymin Y CTaHaBIMBAET qUATIA30HBI KOOPIMHATHBIX OCEH.
Ymax)
title(“cmpoxa’) BoiBoauT B rpadynuecKoe OKHO PUCYHKOB 3arojoBOK rpaduka.
rand(M, N) Bosspammaer marpuiry pasmepaoctd M Ha N co ciiydailHBIMK 3HAYECHUSIMH.
xlabel(‘cmpoka’) [MoAmKUCHIBAIOT HAMMCHOBAHNUE KOOPAUHATHBIX OCCH.
ylabel(‘cmpoxa’)
cla reset Ouniaer KOOPIUHATHYIO CETKY B OKHE PUCYHKOB.
hold on BKITIOYAIOT U OTKIIFOYAIOT PeXKKUM 100aBIIeHHUsI rpadUKOB Ha KOOPIMHATHYIO CETKY.
hold off
text(X, Y, ‘cmpoxa’) BBIBOAWT CTPOKY, HAYHMHAS C YKA3aHHBIX KOOPIHHAT B MOJIC PHCYHKOB.
pause (n) O’KUIaeT MOJTb30BATEILCKOTO OTBETA /I CEKYH/I.
plot(X, Y, ‘yeem u N306paxkaeT Ha KOOPAMHATHON CETKE TOYKH C KOOPIMHATAMH, 3aJaHHBIMU BekTtopamu X, Y, ¢
cumeon’) MOMOIIBI0 YKA3aHHOTO CHMBOJIA U [IBETA.
plotpv(P, V) N3o0paxkaer Touku P yka3aHHBIMH Mapkepamu 7, rae P — MaTpuua BXOIHBIX BEKTOPOB

pasmeprocThio R Ha Q (R momken ObITh 3 Wi MeHbiie), T — MaTpuIla JBOUYHBIX BEKTOPOB
pasmeprocThiO 5 Ha Q (S momKeH ObITh 3 WM MEHBIIIE).
plotes (WV, BV, ES, H306paxaeT MOBEPXHOCTh OIIMOKKM Ha OTAEIBHOM BXoje, rae WV — BEKTOp CTPOK 3HAYeHHi

V) BecoB W pasmepHoctu N, BV — BekTop cTpok 3HaueHuil moporoB B pasmepHoctu M, ES —
marpuia omubku pazmepuocti M ua N, V — yron 3penus mo ymonuanuto [-37, 5, 30].

plotsom(PQOS) W3o0pakaeT MO3WIUIO HEWpOHAa KPAacCHOW TOYKOW, CBS3BIBasS CHHEH JHMHWEH HEHPOHHI,
Haxozsmecs qpyr oT apyra Ha paccrosiauu 1. POS — matpunia S N-pazmepHbIX HEHPOHOB.

ind2vec [To3BosIOT TpeACTaBUTh HMHACKCH JHOO COOCTBEHHO 3HAYCHHUSMH WHAEKCOB, JHOO

vec2ind BEKTOPaMH, CTPOKH KOTOPBIX COJIEpKaT 1 B O3UIIMU MH/IEKCA.

full IIpeoOpa3yeT pa3peKCHHYIO MaTPHUILy B MOJIHYIO.

maxlinlr(P) OyHKIMSA BO3BPAIIACT MAKCHMAIBHBIA ypPOBEHb OOYYSHHOCTH JIMHEHHOro ciosi 6e3 bias,
KOTOPBIN 00yJaJcs TONBKO Ha BEeKTOpe P.

trainlm Beinonusier o0yuenne muorocnoiiHoit HC meronom JleBenoepra-Mapksapara.

netprod BxopHast ceteBast yHKIMS, KOTOpas BBIUMCISIET BBIXOJ CETEBOTO CJIOSl, YMHOXas BXOJIHOM
BEKTOp Ha Beca u mpubasisis bias.

init Ureparusno nnunuanusupyetr HC.

CTpyKTypa JaHHBIX ONUCAHUS HelpoHHBIX ceTeil. CTpykTypa maHHBIX net — 3To ommcanue obyuennoit HC.
OOydeHne OCYIIECTBIAETCS B COOTBETCTBHH CO CIEAYIOMIMMHU ITapaMeTpaMu, 3Ha4eHHUs KOTOPBIX JINOO YCTaHABIHMBAIOTCS
QIlh30BATENEeM, THOO 10 YMOITYAHUK)

CTpYKTYpa 1aHHBIX KommenTapuii
net.trainParam. epochs 100 MakcuManpHOe KOIHYECTBO AI0X 00yYeHHS
net. trainParam.goal 0 IleneBoe 3HAUYEHHE ONMINOKH
net.trainParam.max_fail 5 MaxkcumanbHOE 3HaAYCHHUE OLTHOKH.
net.trainParam.mem reduc 1 DaKTOp ONTUMHUIAIMU _[POIecca O0YYEHHS: ONTHMHU3AIMS _MCIONB30BAHUS

[AMATH WM BPEMEHHU PONEccopa
net. trainParam. min_grad 1e-10 | MuHuManbpHOE 3HAYCHUE TPATIUCHTA

net.trainParam.show 25 KonuyecTBo 310X MeKIy MoKa3aMu

net.trainParam.time inf MakcuMaabHOE BpeMsi 00yUeHUsI B CEKyHIax.

TR CTpyKTypa NaHHBIX, cofepxamas 3HadeHus o0 oGyuennoctu HC B Tekymiyto |
OIMOXY

TR. epoch Howmep smoxu.



TR.perf VYposens 06yuennoctu (Trainingperformance).
TR.vperf Crenenb kauectra (Validation performance).

TR.tperf PesynrraTrBHOCTE 00paboTky Tecta (Testperformance).
TR.mu 3HaveHye aJanTUBHOCTH

CrpykTypa maHHBIX onucaHus agantupoBanHoit HC netadaptfcn skiaroyaer B cebsi creayromipe moss
net.adapt.param: NET — agantuposanuas HC; Y — Beixoast HC; E — omubku HC; Pf — okoHuaTebHBIE BXOIHBIE 3HAUCHHS
3amepxkek; Af — OkOHUATeNbHbBIC BBIXOJHBIC 3aepKKH; TR — pe3yaprar o0ydeHus (30X u nesiesas ommbka). [Iposeaem B
cpene Matlab toolbox skcriepuMeHTsI, HCTIONTB3Ys PACCMOTPEHHBIE (HYHKIIHH.

3 HOPSJOK BBIITIOJIHEHUSA PABOTbI

HOPUMEP 1 Co3nanue HeiipoHOB, peaqu3ywimnx GpyHkuuu jJorunyeckoro U
u Joruueckoro NJIN

Co3aauM HEHWpOH C OJHMM IBYXDJIEMCHTHBIM BXOJOM (MHTEpBAJIBI MEpBOT0 M BTOoporo snementoB [0; 1]).
OnpenenuM JBa MEPBBIX MapaMeTpa (QYHKIUK NEWP, a B KayecTBE 3HAYCHHH TPETHETO M YETBEPTOTO Mapamerpa (THIia
(YHKIIUU aKTHBALMU U UMCHU TPOIIEYPHI O0YUCHHUS) BOCIIOIB3YEeMCS 3HAYCHUSMU 110 YMOJTYAHUIO.

oo oo

3

coB3aHMe HEMPOHa C OXOHMM IOBYXSDJIEMEHTHEIM BXOIOM (MHTEPBAJI
nepBoro sjemenra [0; 1] m mHTEpBajs BTOPOI'O bBJjeMeHTa [-2; 2]

et = newp ([0 1; -2 2], 1);

I[J'Iﬂ TOr0 YTOOBI HCCJIICOJOBATh ITIOBCACHUC HeﬁpOHa, H€O6XO,Z[I/IMO HMHUTUPOBATH €O pa60Ty C IIOMOIIBIO q)yHK].[I/II/I
sim. I[J'Iﬂ OIIPEACIICHUS IMMOCICAOBATCIbHOCTH 3HAYCHMH BXoda co3aaM ITOCJICTOBATCIIBHOCTD Pl.

9
]

M oo K oo oo oo My

%

1

1

CcoBIaHMe IMOCJAEeIOBATEJEHOCTHM BHAUEHMIM BXOIAa
= {[0; 0] [0; 1] [1; O] [1; 1]};
uMHUTanMs paboTE HEMpOHa net Ha MNOCJIeHOBAaTEJBHOCTH BXOXOB P
XeJjlaeMbIX BEIXOHOB — T1, koTopas HO3BOJIMT HaM OPOBECTHM adalTalluio
HenpoHa (obyumrTes ero) uepes 20 NpOXOHOB.
= sim (net, P1);
coBaHne IMOCJEIOBATEJIEHOCTHM BEXOIOB
= {0, 0, 0, 1};
YCTaHOBKA KOJIMYECTBA MNPOXONOB (ILMKJIOB) anamnTalmu

net.adaptParam.passes = 20;

9
©

azanranmus HeypoHa net ayis obyuanmery BeOOPpku <Pl; T1>

net = adapt (net, P1, T1);

oo

Y

CUMYJIANMsS paboTE HEMpOHa net Ha MNOCJeIOBATEJIEHOCTM BXOHOB Pl
= sim (net, P1);

B pesynbrate Mbl OJIy4HM HEWPOH, BHIOJHSIONINHA (QYHKIHIO JJornueckoro 1.
st nepeoOyuenus HelipoHa Ha BeinosiHeHne GyHkmu UJIN nepeonpenenum Bxoas! P 1 BbIXObI 7.

%

P2

oo oo

cozpaHme MNOCJeHOBaTEJBHOCTH BXOILOB

= [0011;, 010 1];

cozmgaHme [OCJIeNOBaTeJILHOCTM BBIXOLOB (peaklmy) njas HeMpoHa,
BBIITOJIHSAOILET'O QYHKLMIO JIOT'MYECKOIro MJ/IN

T2 = [0, 1, 1, 1];

$ MHMIIMaIM3UpyeM HEeWpoH, obyumMm ero Ha 20 npoxomax (srnoxax)

S MHMIMAIM3AaIMs HEMPOHa net

net = init (net);

% mMmmTanms paboTE HEMPOHA net Ha MNOCJAeHOBaTEJBEHOCTM BXOLOB P2
Y = sim (net, P2);

YCTAHOBKA KOJIMUYECTBA HNPOXOHOB

net.trainParam.epochs = 20;

3

3

Y

obyuyeHMne HeypoHa net Ha obyuawmmer BrOOpke <P2, T2>

et = train(net, P2, T2);

uMmTanMsa paboTE HEMPOHa net Ha MNOCJelOBAaTEJIBHOCTM BXOIOOB P2
= sim (net, P2);

Oynukiwms train BeIBoIUT rpaduk o6ydenus HeipoHa (puc. 2).
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Puc. 2. I'paduk oOyuenus HelipoHa

Jtst ciyqaifHOTO M3MEHEHHSI BECOB M Mopora cpabarhiBaHWS HCHoNb3yeM ¢yHkomio init. Tlo ymondanuro mms
co3naBaeMoro Heifpona ykaszana ¢yukuust hardlim.

HOPUMEP 2 Obyuenne HeiipoHa KiIacCH(PUKAINH BEKTOPOB HA B€ KATErOPHH

HauneMm ¢ kiaccumkanyuy BEKTOPOB Ha OCHOBE JIBYXBXOZOBOTO HeifpoHa. byneM mcrnons3oBats QyHKIMIO NEWP
JUTSL CO3/IaHMsl HelipoHa, SiM s uMuTanuu ero pabotel, adapt ois amanramuu (0OyueHust) HelipoHHO# cetr. O6ydunm
JIBYXBXOZIOBBIH HEHPOH KJIacCU(HUIMPOBATH BXOJAHbIE BEKTOPHI HA JBE KATETOPHH.

ornpernejieHne 4YeTEpeX IOBYXSJIEMEHTHEIX BXOIOB

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

BagannM XeJladEeMEI€ BEIXOIIEI HeVV[pOHa J1 OIIpeneJIeHHBIX BEKTOPOB
=[11 0 0];

]/I305pa31/IM BXOJZIHBI©® BEKTOPE! (TOHK‘M} Ha IIJIOCKOCTy:?

plotpv (P, T);

oo M oo g oo



Vectors to be Classified
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Puc. 3. VicxonHble BEKTOPBI, IpeiHa3HAYECHHbIE ISl KiIacCU(HKALUK HEHPOHOM

Kaxnpiii #M3 dYeTblpex BXOIHBIX BEKTOPOB Ha IUIOCKOCTH P ompeaensieTcss JIBYMs KOOpPJIWUHATAMU,
MPEICTaBIEHHBIME KaK JBYX3JIEMEHTHBIE CTOJIOIBI B MaTpuie P (puc. 3).

Co31a1uM OJIMH JIMHEWHBIN HEMPOH ¢ ABYMs BXOJaMH, 3HAYEHHsI KOTOPHIX JieKaT B uHTepBaine [-1, 1].

$ cozmaHMe JIMHENHOI'O HEeMNpOoHa C AByMsS BxoOaMu u3 mHTepBasa [-1, 1]
net = newp([-1 1; -1 1], 1);

HeiipoH no ymonuanuro mMmeeT ¢yHkumio aktuanuu hardlim u takoil HeHpoH pasnernsieT BXOIHBIE BEKTOPHI
HIPSIMOU JIMHUEH.

OrmpeneuM KOOpIUHATHI JIMHKK Kiaccudukarmu: Beca (IW) u mopor cpabartsianus HeiipoHa (b).

HOJIyYeHME YNpaBJSanIer CTPyKType linehandle nms mzobpaxeHuUT
pasnensomer JMHNM B KOOpIMHAaTax BecoB (IW) wm mopora
cpabareBanms HemnpoHa (b)
inehandle = plotpc (net.IW{l}, net.b{1l});

MB0OPaAXEHME pPAa3OEJISoIE TPSIMOM
plotpc (net.IW{1l}, net.b{1l});,

oo k~ oo oo op

Ecmu mcxomHpIM BecaM 3allaTh HyJIEBbIC 3HAYCHHS, TO JIFOOBIC BXOJIBI NamyT OIMHAKOBBIC BBIXOJBI, W JIMHHS
knaccupukanuy He OyAeT BUJHA Ha IJIOCKOCTH. [IpoBeneM oOydeHwme:

% OuUMCTKa KOOPIMHATHEIX OCeN

clay;

nzobpaxeHue BXOIOHEIX BEKTOPOB IOBYX KaTeropuu, KaTeIropmus 3alaeTcs
syieMeHTaMy BekTopa T

plotpv (P, T);

$ HnoJsiydyeHme yrnpaBJisioney CTpPpyKTyprl linehanctle

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

Q

s IIPMCBOEHMEe HAa4YaJIbHOI'O 3HAUEeHMA oumb KM

9
©
S



=

= 1;

S MHUIMAIN3AIMST HEMPOHA

et = init (net);

oJIyyeHnue yHnpaBJisdoielr CTpyKTypil linehandle
inehandle = plotpc (net.IW{1l}, net.b{l});
opraHmuzanms IMKJa Hoka ommubka He paBHa 0

while (mse(E))"',

anmanranms HeMpoHa net Ha obyuyanmey BelOopke <P, T>,
GyHKLMS BO3BpAamaeT amalTHUMpPOBAHHEN HEHMpOH net,
BEIXOH Y, oummbry E

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

% mMB0OpaxeHue pasnesisaoiel MNPsSIMOM HEMPpOHAa IIOoCJe analTaliuu
linehandle = plotpc(net.IW{1l}, net.b{1l}, linehandle)

% oumcTKa OKHa I'pPa@mMKOB

drawnow,

% koHer 1mkja while

end;

s}

o°

I~

o°

oo oo oo

®yukius adapt Bo3BpalaeT HOBbIA 0OBEKT — CETh, KOTOPAs BBIMOIHSIET KIACCU(UKAIINIO, BBIXOJ CETH U OMIHOKY
(puc. 4).

[poBeneM KiaccH()UKALMIO HOBOIO BEKTOpa C IOMOIIBI OOYYCHHOTO HEHpoHa Ha OCHOBE (GYHKLIHH SiMm.
OmnpenenuM HOBBIH BekTOp P.

ompenesieHye BekTOopa P

= [0, 6; 1, 1];

nMmuTanmMs paboTel HEMPpOHa net, [OoJIydyeHmMe OTKJIMKA HEeMpoHa a
= sim (net, P);

nzobpaxeHmne Bxoma P, OTHeCEeHHOI'O HEMPOHOM K KaTeI'oOpuyu a
plotpv (P, a);

oo Mg oo

Q

oo

Vectors to be Classified
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Puc. 4. HpHMaSI, pasaeisironias HCXOAHbIE BEKTOPhI Ha KIIACChI



OO0y4eHHBIN HEHPOH MOYXKHO HCIIOJB30BATh IS KJIACCU(PUKAIINH JTFOO0TO BEKTOPA:
$ BKJIOYUNUTE pexmM nobaBJeHMS I'PaduKOB B I'paduueCcKOM OKHE
hold on;

% mnsobpaxeHue BXOIHEIX TOYEK B COOTBETCTBMM C KarTeropusvu T
plotpv (P, T);

¢ mBobpaxeHne pasnessanlel MOBEPXHOCTHU

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

% OTKJIOUEHME pexmMa HoOaBJIEHMUS I'Pa@MKOB

hold off;

Heiipon knaccupuuupyer HOBYIO TOYKY, KaK HMpHHaJIekKaulylo kateropuu «0» (IperncraBieHa KpyKKOM), a He
kareropun «1» (mpezacrapiena +).

MIPUMEP 3 Co3nanmue cJjiosi THHEHBIX HEHPOHOB

Paccmotpum mocnenoBarenbHocTh M3 10 maroB (st BeIxoga T1, KOTOpBIH M3BECTHBIM 00pa3oM 3aBHCHUT OT
BXOJI0B Pl):

% mocJsieqoBaTEeJIEHOCTE BXOIOB
Pl = (-1 00011 -10-11};
% mocJsieqoBaTeJIBHOCTE BEIXOIOB

Tl = {-1 -1 1 01220 -1-11};

HUcnonb3yem ¢ynkmuo newlin, 4To0bl co3narh HEHpoH CO 3HAYCHWAMH Bxoaa B mHTepBane [-1; 1], 3amepxkamun
Bxoza ot 0 10 1 u ypoBHeMm o0yuenus 0,1.

cozmaHme JIMHEMHOI'O CJIOS M3 OOHOI'O HEMPOHAa CO BHAYEHMUSIMM BXOXA
B mHTepBase [-1; 1], zamepxkamu Bxomga orT 0 mo 1

u ypoBHeM oOyuenms 0,1.

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

oo oo oo

3

AnantupyeM HEHpOH K 3ajade OJHUM IIPOXOJOM depe3 IOCIeAOBaTEeIbHOCTh BXoja. I3Mmepum cpenHioo
KBaJIPaTHYHYIO OUIMOKY C MOMOIIBIO (QDyHKIUH MSe(e).

% amanTanms HEMPOHA K M[OCJEeIOBAaTEJIEHOCTM Pl
[net, vy, e, pf] = adapt (net, P1, T1);
$ mBMepeHue OomMbOKU

mse (e)

HOHy‘{I/IM JOBOJIBHO 6OJ'IBH.IyIO OHII/I6Ky. BHoBB aaliITUPYEM CCThb Ha 10 marax IMOCJICJOBATCIIBHOCTH, UCIIOJIb3YS
npeabiAyniee 3Ha4CHNUC pf KaK HOBOC MCXOJHOC 3HAYCHUC 3a/ICPIKKU:

P2 = {1 -1 -1 11 -10200 1};

T2 = {2 0 -2 02 0 -1 0 0 1};

$ amanTaims C HAYaJBHEIM BEKTOPOM 3alepxiku pf
[net, vy, e, pf] = adapt (net, P2, T2, pf);

mse (e)
Apnantupyem cets Ha 100-pa30BoM NpOroHe MOCIeI0BaATEIbHOCTH:

% dopMMpOBaHME HOBOM MNOCJEOOBATEJLHOCTHM BXOIOB
pP3 = [Pl P2];

$ QopMMpOBaAHME HOBOM MNOCJAEOOBATEJLHOCTHM BEXOILOB
T3 = [T1 T2];

$ yCTaHOBKA KOJMYECTBA HOPOXOIOB
net.adaptParam.passes = 100;

% amanrTaims HEUPOHA

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

HOJ'Iy‘II/IM MIpUEeMJIEMYHO OIHI/I6Ky, 3HA4YUT CCTh o6yqua 3aBHUCHUMOCTHU BXOJJOB OT BbIXOOOB.



4 KOHTPOJIBHBIE BOITPOCBHI

1. Uro npencrasisier coboif MaTeMaTndeckass Mozels HelipoHa?Kak BRITIAINAT (GOPMYIIEHOE TPECTaBIICHUE
aNropuT™Ma O0YYIEHUS 110 AeTbTa-TIPAaBUITY?

2. Kaxoe orpannuenue umeer nuHeHbIN HelipoH?
3. Mo>kHO 1 00YYHTE TMHEHHBIN HEHPOH BHITIONHATH JIOTHIECKYIO QyHKIWIO Hckmogaromero NJIN?
4. Kakne QyHKIME HCIONB3YIOTCA Ui HACTPOWKHM BecoB mepcenTpoHa B cpege MATLAB? B wem mx

oTianune?

JIABOPATOPHASI PABOTA Ne 2
W3YYEHUE MHOTI'OCJIOMHOI'O HEJIMHEMHOI'O MEPCENITPOHA U AJITOPUTMA OBPATHOI'O
PACITIPOCTPAHEHUSA OINBKHU

1 IIEJIb PABOTbI
N3y4nTh BO3MOKHOCTH MHOTOCJIOIHOTO IEpCENTPOHA KaK allpoKcuMaropa 1 Kiaccupukaropa.
2 CBEJEHUs 13 TEOPUHN
2.1 AnropuT™M 00pPaTHOTO pacnpocTPaHEeHUs OLINOKH

ITycTh ompeneneHa TpPeXCAOHHas HEHPOHHAs CETh C 7 BXOJAMM, M BBIXOAaMH U | CKPBITHIMH MEXIYy HUMH
JJIEMEHTaMH, TOTJa HEOOXOIUMO PacCMOTPETb W IMOCTPOUTH NIBA CIIOS BECOB: OT BXOJOB K CKPBITBIM AJIEMEHTaM H K
BeIxOAy, T. €. (Wq, W)).

Hasnauenue anroputma oOpaTHOTO pacIpPOCTPAaHCHHs OINMOKHM — HACTPOHKAa BCEX CJIOCB MHOTOCIOWHOM
CTPYKTYphL. PaccMOTpuM pa0oTy alropuTMa Ha MPUMEPE CETH C OJHHUM CKPBITBIM CIOEM M OJHHM BBIXOAOM (pHC. 5).
[IpeoOpa3oBaHus BXOIHBIX CUTHAJIOB, 3a/1aBa€Mble HEHPOHHOH CEThIO, ONPEACIISIOTCS CICAYIONMMU (HOPMYITaMu:

F WX WTX
() 1@ exp( ));
< > | |

o W X
1 U@ exp( T )iz

O (1/(1 exp( W O)).

2 2 1

O,

O6mas GyHKIMS OMMOKK 3aBUCUT OT BECOB BCEX C

arreM cirydae ot Bektopa W, u ot matpuisr Wi:

rae Y — BBIXOJ, KOTOPHKIH 3a/1d

0>



Puc. 5. MHoOTOCITIOIHBIH TIepcenTpoH



Teneps HEOOXOANMO OTIPEACTHUTE NPUPAIICHNE KAKIOT0 BECa ¢ IOMOIIBIO YaCTHBIX POU3BOJHBIX:

0

Jis  MHOTOCIIOMHOM apXUTEKTypbl 4YacTHble IIPOM3BOJHBIE OIIMOKM II0 MAaTpHUIle BECOB KaXKIOI0 CJOs

OTIpEETISIIOTCS TI0 OPMYJIE CIOKHOI MPOM3BOAHON. B cirydyae yHUIONSIPHON CUIMOMIBI IPAaBHUIIO U3MEHEHHS BECOB OyaeT
CIIEAYFOLIIM:

W W h( 0)O0 (1 0)O;

2 2 2 2 2 1

sl I . .|
Y O)O (1 O):

W W h W(@O0)O X
1 0.6 -0 - L

1 1 1 1

Takum 06pa30M, METO O6paTHOl"O pacopoCTpaHCHUA OIIMOKH MTO3BOJISIET H3MEHSITH Beca IIPOMECIKYTOYHBIX CJIOCB,
XOTs KCJIAEMbIC 3HAYCHHUA HA IIPOMEIKYTOUHBIX CJIIOSX HC 3a/IaHbI.

2.2 Onucanue OCHOBHBIX (PyHKIUTT

Oynknus Newff cosgaeT HEWPOHHYIO ceTh NPSMOrO PACHPOCTPAHEHHS CHIHANA, O00y4aeMyr C IOMOIIBIO
aNropuT™Ma 00paTHOTO PaclpoOCTPAHEHNUS OIIHOKH:

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

PaccmoTpum mapamerpsl GyHkuum newff: PR — martpuna wHTEpBanoB 3Ha4eHHH i R BXOZHBIX 3JIEMEHTOB,
3a/1aBa€MbIX MHUHHMAJBHBIM M MaKCHMAaNbHBIM 3Ha4eHHsAMH; S — pasMmep i-ro cuos, mis N cnoe; TF; — dyHkums
aKTHBALUK [-TO CJIOS, TI0 YMOJYAHHIO HCIONB3yeTcss GyHKuus tansig — rumepbommdeckuii tanrenc; BTF — ¢dyHkums
OOyUYeHHUS CETH METOJIOM OOPATHOTO PACIPOCTPAHEHUS OMIMOKH, IO YMOJTYAHUIO MCIONB3yeTcst GyHkuus traingdx; BLF —
(bYHKIUST M3MEHEHHS BECOB TPH 00YYEHHUH, 110 YMOTYaHHI0 ucroib3yercs learngdm; PF — yHkims n3mepenus ommoOKy,
mo ymomuanuro mSe. Oyukuus Newff BosBpammaer MHOTOCIONHYI0 HEHPOHHYIO CEeTh MPSAMOTO W OOPaTHOTO Pacmpo-
CTpaHEeHMS CHUTHAJa M OMIMOKH COOTBETCTBEHHO. DYHKIINM aKTHBAMU MOTYT OBITh BHIOPAHBI M3 CIEAYIOMIETO MEPEUHS:

rutnepOoMuecknii TanreHc tansig, morucrudeckas curmonaa 10gsig wim muneiinas Gpyuxiws purelin,
3MOPANOK BBIITIOJTHEHUSA PABOTBI

MMPUMEP 1 Co3nanue u 00yueHne HeHPOHHOI CeTH ¢ MOMOIIBIO AJITOPUTMA 0OPATHOI0 PACTIPOCTPAHEHUSI OITUOKH

3amaaumM ¢ MoMoIIbIo rpaduka HCXOIHYIO QYHKITHIO:

oe

Bxogel HC

= [01 2 3456 738];

xejiaeMele peakimy HC

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

nz00paxeHne anIpOKCHUMUPYEMOY QyHKIIMMI
plot(p, T, 'o');

av]

oo

~

oo



HUcmonbszyem dyukmuio Newff, aro6sl co3qath ABYXCIOWHYIO CETh MPSAMOTO pactpocTpaHeHus. [1ycTh ceTh uMeeT
BXOJIbI ¢ MHTepBanoM 3HaueHuil or 0 no 8, mepbiit cioit ¢ 10 HENMMHEHHBIMH CUTMOMIANBLHBIMHU, BTOPOHl — C OIHHM

JMHEHHBIM HelipoHaMu. Mcmonb3yeM st 0OydeHHs: anroput™ obpaTHOro pacmpoctpanenus ommbku (backpropagation)
JlesenGepra — Mapksapara (puc. 6).

cozmaHmne IOBYXCJIOMHOM HC OpsaMOIro pacHpOCTPaHEHMS C MHTEPBAJIOM
BHaveHmy BxomoB oT 0 mo 8, HOpmyeM [EPBEI CJIOM COOEPXUT

10 HeJnMHEMHEIX CUIMOMI, a BTOPOM — OOMH JIMHEMHBII HEMPOH.

st o6ydeHMsT MCHOJIB3YyeTCs ajil'OpuTM OOpaTHOI'O pacCHpOCTPaHEHMUs
oumbky (backpropagation) .

et = newff ([0 8], [10 1], {'tansig' 'purelin'},'trainlm'),

do oo oo oo o°

s}



¢ mMmmTanms paboTe HeOByueHHOM HC

yl = sim (net, P);

% mBobpaxeHmue pesyJbETaTOB paboTel HeoOyueHHOM HC
plot(p, T, 'Oo', P, yv1, 'x') ;

% O6yummMm cerb Ha 100 snoxax ¢ 1esepor ommbror 0.01:
% YCTaHOBKA KOJIMYECTBA MIPOXOIOB

net.trainParam.epochs = 50,
% yCTaHOBKA II€JIEBOI'O BHAUEHMS OmmMbOKM
net.trainParam.goal = 0.01;

oo

obyuenmue HC (puc. 6)

et = train(net, P, T) ;

S mmvmTanus paboTel obyydyeHHOM HC

y2 = sim(net, P);

% mzobpaxeHue pesysbTaToB paborel HC (pmc. 7)
plot(P, T, 'o', P, yl, 'x', P, y2, '"+');

3

Performance is 1.69589e-031, Goal is 0
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5 Epochs

Puc. 6. I'paduk o0yueHus ABYXCIOWHOTO MepcenTpoHa

I[J'IH HUCCICAOBAHUA paﬁOTI)I aJropuTMa 06paTHOl"O pacrnpoCcTpaHCHUs OIIMOKHU BOCIIOJIB3YEMCI MNPHUMEPOM,
BcTpoeHHsiM B Matlab toolboX, nabpas komany demo.

B nosBuBmemcs JHUAJIOrOBOM OKHE H€06XOL[I/IMO IIOCJIEA0BATCIIBHO BLI6I/IpaTL ITYHKTbI MCHIO: Toolboxes->Neural
Network->Other Demos->Other Neural Network Design textbook demos->Table of Contents->10-13->Backpropagation
Calculation.
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Puc. 7. Pe3ynpTaT annmpoKcUMaIiui BEKTOPOB JIBYXCIOMHBIM NTEPCENTPOHOM

B npumMepe KCIob3yeTcst ABYXCIONHBIH IIEPCENTPOH C ABYMS HENHHEWHBIMH HEHPOHAME B IIEPBOM CIIOE M OTHUM
BO BTOpOM. JleiicTBre anroputmMa 06paTHOTO PacpOCTPAHESHHS OIIMOKH Pa3OUTO Ha CIIEAYIOIINE [IATH: HA3HAYEHUE BXO/1a
U 7KENIaeMOr0 BBIXO1a, IPSMOIA IIPOXO0J] BXOAHOTO CUTHANIA [0 BBIXOJA, 0OpaTHOE pacupoCTpaHeHHe OMIMOKH, H3MEHEHUE
BecoB. [lepeMeHHbIE, O3BOIIIOIINE IIPOCIEIUTh paboTy alropuT™Ma OOpaTHOTO PACIpPOCTPAHEHHS OMIMOKH, 0603HAYEHBI
CIICIYIOIIUM 06pa3oM:

P — BXomHOM cHTHAT,

W, (i) — Bektop BecoB mepsoro ciosi, Wi(1) — Bec cBsi3u, Iepearonuii BXOJHON CUTHAN Ha MEepBbIi HEUPOH, a
W1(2) — Ha BTOpOA;

W,(i) — BexTop BecoB Broporo cios, Wy(1) — Bec cBs3M, Mepeqarominii BXOJHOW CHTHAN ¢ MepPBOTO HEHpOHA BO
BTOpO# cioid, & W,(2) — co Broporo;

B1(i) — BexTop moporoBeix 3Hauenwuii (bias) Heiiporos mepeoro ciosi, i = 1, 2;

B, — moporogsoe 3nauenue (bias) Helipona BTOPOro cjios;

N, (i) — BexTOp BBIXOI0B TIEpBOrO cios, | = 1, 2;

N, — BBIXOJ1 BTOPOTO CIIOS;

A;(i) — BEKTOp BBIXO/IHBIX CHTHAJIOB IIEPBOTO CJIOS TIOCIIE BHIMOIHEHUsI (DYHKIMH aKTUBAIMU (CUTMOUIBI), | = 1, 2;

Ay — BBIXOJ BTOPOTO CJIOSI TIOCJIE BBIMOJHEHHUs! (DYHKINH aKTUBAUWK (JIMHEHHOI);
Ir — ko3 punment odyuaeMocTH.

TTycts BxoaHO# curHan P=1,0, axenaeMblii BBIXOT t1 ‘ Sin( p *T /4) (11707

PeSyJ’ILTaTH BBITIOJTHEHHWA 3TAIIOB aJITOpUTMaA NPEACTABJICHBI B Tabm. 1.

Tabauya 1

Pe3yJ’lLTaTLl MO3TAIMHOI'0 BLINTOJIHCHUS aJITOPUTMA oﬁpaTnoro pacnpocrpaHeHust OLIMOKH

IIpsimoe pacnipoctpanenue | OOpaTHOe pacnpocTpaHEeHHe

9ran
BXOJHOI'0 CHIHAJIA OIIHOKH

HN3meHeHnune BecoB

A1(2), A1(2) Logsig(W,P+B,) = He Boinonusiercs He Brimonusiercs
=[0,321, 0,368]




A purelin(W,P+B,) = To oce To oice
= 0,446
e t-A,=1,261 » »
N1(1), N1(2) He BrimonasieTcs 6|Og ( )
sim N »
0
N -W - N
1=z 7z
10,049, 0,100}
N, To xe opurelin(N') »
2. , | 2522
oN -e
2
W, (1) » He Brinonugerca W (W ( N xP H
Ir
1 1 1
Wy(2)
[ 0,265, 0,420]
By(1), B.(2) » To e B B IrN_
1 1 1
[0,475, 0,140]
B, > > ,| B, Ir-N, 10,732
B
W,(2) » » W UWL -N x N L
Ir
2 2 2 1
[0,171,0,077]
4 KOHTPOJIBHBIE BOITPOCBHI
1. Kakum anroputmMom obydatot MHOTOCTOMHBIE HC?
2. N3 kakuX OCHOBHBIX 3TAllOB COCTOUT AJITOPUTM OOPATHOTO PaCIpOCTPAHEHUs OMIUOKA?
3. ITouemy anroput™M 0OpaTHOrO pPACHPOCTPAHEHUS OMIMOKM OTHOCHTCA K KJIAacCy aJrOPUTMOB
T'PaJUeHTHOTO CITycKa?
4. Kak Bnusier (yHKIMS TPUHAIIEKHOCTH HA TPAaBWIO W3MEHEHHS BECOB B OOpaTHOM allrOpUTME
pacnpocTpaHeHus OIHOKN?
5. Kakas ¢pyaxmms B cpene MATLAB co3gaer HC npsimoro pacnpoctpaneHus?
6. Kakue ¢yHKIMM akTHBAalMU MOTYT OBITh Ha3Ha4YeHb! 1ist HelipoHoB HC npsimoro pacnpoctpaneHus?

JIABOPATOPHASI PABOTA Ne 3
U3YUYEHUE PAJIMAJIBHBIX BASUCHBIX, BEPOSATHOCTHbIX HEMPOHHBIX CETEM, CETEN
PEI'’PECCHUM

1 IIEJIb PABOTbI

W3yunte Mozenb BBIYMCICHUH paauajbHOrO 0a3MCHOTO HEHpOHa, CTPYKTYpY M (YHKIHH CeTel perpeccud,
BEPOSITHOCTHBIX HEMPOHHBIX CETEH.

2 CBEJIEHUSI U3 TEOPUU
2.1 PaguanbHo-6a3ucHbie ceTn. CeTu perpeccun. BepostHocTabie HC

PaccmoTtpum paguanbHbIi 0asucHBIA HewpoH ¢ R Bxomamu. CTpykTypa HeilpoHa MpeACTaBieHa Ha puC. 8.
Panmansubnii 6a3ucHslid HelipoH (PBH) Berancnsger paccrosiHue MexIy BEKTOpaMH BXOJOB X M BeKTopoM BecoB W, 3aTtem
YMHOXAeT ero Ha (ukcupoBaHHbli nopor b. @ynkims aktusaun PBH, nonyuennas B cpene MATLAB, npezncrasiena Ha
puc. 10. Pammanbhas GasucHast (DyHKIMS MMeeT MakCUMyM, paBHBIH 1, korma ee BXoxasl HyneBble. ClieoBaTeNbHO,
panuaibHbIil 0a3HCHBIN HEWPOH AEHCTBYET KaK JeTEKTOp, KOTOPBIN MoIydaeT Ha BhIxoxe 1, koraa BXoJ X MICHTHYEH €ero
BekTopy BecoB W. DUKCHpOBaHHBIH MOpor b mactT BOZMOXXHOCTH yNpaBIsiTh YyBCTBHTENBHOCTBIO Hedipona. Hampumep,
eciu Helpon umeer nopor 0,1, To BeIxon paBeH 0,5 ms m000ro BXomHOro Bekropa X, HaXOISIIETOCs Ha BEKTOPHOM
paccrosinuu 8,326 (8,326/b) ot W.



0
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Puc. 8. PaguanbHelit 6a3ucHbIi HEWPOH

Paouanvnas 6asucnas netiponnas cemv (PEHC) COCTOUT U3 ABYX CIOCB: CKPBITOrO PaHaIbHOIO 0a3MCHOTO CIIOs
u3 S HEHUPOHOB U BBIXOJHOI'O JIMHEHHOIO CJIOS U3 s HelipoHOB. DieMeHTH! nepBoro cinosi PBHC BBUUCIAIOT paccTOSHUSA
MEXAy BXOJIHBIM BEKTOPOM M BEKTOPaMH BECOB IIEPBOTO CJIOS, COPMHUPOBAHHBIX W3 CTPOK Marpuipl W 21 Bexrop
MTOPOTOB B M pacCTOSHUS IMO3JICMEHTHO YMHOKAIOTCS. BBIX0 IepBOTo €105 MOKHO BBIPA3HTh (HOPMYIIOi

Al radbas(fV | X |

B),

rae Al — Bixox nepBoro cros; dyrkuus radbas — pagmansHo-6asucras Gyskmus; W — MaTpHIa BECOB TIEPBOTO
ciost ceTd; X — BXOJHOH BEKTOP; B — BEKTOP IIOPOTOB IIEPBOTO CIIO.

CornacHo ¢opmyiie, pajuanbHble 0a3UCHBIE HEHPOHBI C BEKTOPOM BECOB, OJIM3KUM K X, CTEHEPHPYIOT 3HAUYCHUS,
omuskue k 1. Ecim HelipoH mMeeT BBIXOA 1, TO 3TO 3HAYEHHE BECaMU BTOPOTO CJOS OYIET MepelaHo Ha ero JIMHEHHEIC
HelipoHsl. @aKkTHYeCKH paguaibHBIN 0a3UCHBIM HEHMPOH C BHIXOAOM 1 MpeBpamiaeT BRIXOABI BCEX OCTAIbHBIX HEHPOHOB B
Hymn. Tem He MeHee, THIIMYHBIM SIBIISICTCS CITydail, KOTJja HECKOJIBFKO HEHPOHOB NAIOT HA BBIXOAAX 3HAYMMEIA pPe3yibTarT,
XOTs U C PA3HOH CTEIEHBIO.

PagnansHple Oa3ucHBIC HEHPOHHBIE CeTH 00yJYaroTCs B TpH dTamna. OMUIIeM 3Tanbl 00yICHHS.

ITepserrit 5Tan — BeIAEneHUE NEeHTPOB (BecoB). LlenTpkl, npencrasnennsie B PEH-citoe, onTuMu3upyroTes mepBeIMEI
¢ MoOMOIIbI0 00y4eHus: Oe3 yuutens. LIeHTpel MOTyT OBITH BBINENEHBI PAa3HBIMH aITOPUTMAMH, B YaCTHOCTH OOyYCHHUEM
KoxoHeHa. ANTOpUTMEI TOJDKHEI pa3MECTUTh IIEHTPBI, OTPakasi KIIACTEPU3AIIIO UCXOIHBIX JaHHBIX.

Bropoit sTan — Ha3zHaueHHe OTKJIOHEHWI. OTKIOHEHHS MOTYT OBITh HAa3HAYEHBI PA3JIMYHBIMU alTOPUTMaMH,
HarpHUMep aJITOPUTMOM «OJIHIKAUIIIEro cocena.

Tpernii »Tam — nuHeHHas onTUMM3aNMsI. MOXKHO HCIONB30BaTh METOABl OOyUYeHHUs MO JeNbTa-IpPaBUILy,
00paTHOMY paclpOCTPAHEHUIO OIIHUOKH.

Heiipounvie cemu peepeccuu (HCP) umerot takoi xe, kak 1 PBHC, mepBbiii clloif, HO BTOpPOW CJION CTPOUTCS
creruanbHbIM 00pasoM. JIiist annpokcuManui (QyHKIIUMM 4acTo UCIOJB3YIOTCs 0000menHble ceTn perpeccun (generalized
regression neuron networks). Bropoii cinoif, kak u B cirydyae PBHC, BbINONHSCT mo3sieMeHTHOE npou3BeneHue ctpoka Wi ,
¥ BEKTOpPa BBIXOJA IepBOro ciosi . OH MMeeT CTOIBKO HEMPOHOB, CKOJNBKO CYIIECTBYET LENEBBIX Map <BXOIHOI
BEKTOp/IeNieBoi BekTop>. Martpuma BecoB W — 310 Habop meneBbIx CTpok. LleneBoe 3HaAUeHHE — ATO 3HAYCHHUE AIIPOK-
cumupyeMoi pyHKIHH B 00ydaromei BeIoopke. [Ipenmnonoxkm, IMeeTcs OIUH BXOTHOM BEKTOP Xj, KOTOPBIH CreHEPHPYET
Ha BBIXO/JIE TIEPBOTO CJIOS BBIXOJ, OyM3Kuii Kk 1. B pe3ynprare BBIX0J BTOPOTO Cl1ost OyAeT O1M30K K tj 0THOMY M3 3HAYCHUH
ANMpOKCUMUpPyeMOol (YHKIIMH, UCTIOJIL30BAaHHOM MpU (OPMHUPOBAHUU BTOPOTO CIIOSI.

Cetn perpeccuy WHOTZIAa HA3BIBAIOT batiecogckumu 6epOAMHOCMHbIMU Cemamuy pezpeccuul, Wi 0000IeHHBIMA
HC perpeccun. HekoTopbie peann3aiiuu CeTeil perpecCuy UMEIOT YETBhIPE CJIOS: BXOIHOU, BBIXOJHOW, CIOW PaluaibHBIX
[IEHTPOB, JJIEMEHTOB perpeccud. PamuanbHBIN CIIOH TpencTaBisieT cCOO0OW IEHTPBI-KJIACTEPHl M3BECTHBIX OO0YYaroIInX
JAHHBIX M COJEPKUT Takoe € KOJMYECTBO JJIEMEHTOB, Kak oOywaromasi BbIOOpka; PBH oOywarorcs amropurmom
kiactepu3annu. CIoi perpeccuy UMeeT TOJIBKO Ha OAWH AJIEMEHT OOJbINe, YeM BBIXOJHOM CIIOW, M COACP)KUT JTUHEHHBIE
3MIEMEHTHI OJHOTO U3 JBYX THIOB. DJIEMEHT TEPBOTO THIIA BBIYHCIISIET YCIOBHYIO BEPOSITHOCTH Ka)KIOTO BBIXOJHOTO
aTpu0yTa, 3JE€MEHT BTOPOTO THUIA BBIYUCIIET IUIOTHOCTh BEPOSITHOCTH. BBIXOJHOM CIOM BBIMOJIHSET CIleHHAIbHbBIE
¢byHKMy genenus. Kaxaplid 2J1eMeHT JIeNUT BBIXObI, aCCOLMUPOBAaHHbIE IIEPBBIM THIIOM, C IIOMOIIBIO 3JIEMEHTOB BTOPOTO
THUTIA.

BaiiecoBckue BepositHocTHbie HC mcnonb3yroTest TONbKO Aust mpobieM kiaccudukanun. OHN cozepKaT YeThipe
CJIOsl: BXOJHOM, BBIXOAHOW, cioit PBH u snemenToB nmueitHoW kiaccudukanun. Ciom MOTYT colepKaTh KBaJpaTHYIO



MaTpHIy MOTEPh, BKIIOUCHNE KOTOPOH BO3MOXKHO, TOJILKO €CJIM TPETUI U YETBEPTHIH CIIOM COCTOST U3 OJJMHAKOBOTO YHCIIA
asieMeHTOB. PaguanbHble OasucHble HEHPOHBI B TAKUX CETAX HCIOJB3YIOTCS Ul XpPaHEHHs OOpasloB, B3STHIX M3
oOyuartomeii BbIOOpKH, KOTOpasi Oepercs MojHOCThIo. ClleloBaTeNIbHO, NMEPBBIH CKPBITBIA CIOW COAEPKHUT Takoe xKe
KOJIMYECTBO 3JIEMEHTOB, 4TO M oOydaromias BbIOOpKa. Tak Kak 3JEMEHTHI c0sl KIacCH(MKAIMK CBS3aHBI C BBIXOJOM
Ka)XXJJOT0 KJIacca, MOXKHO OLICHHTh BEPOSITHOCTH MPUHAIIC)KHOCTH HOciaerHeMy. Ecnn ucnonb3yercss MaTpuna HoTepb, TO
IIEHA PELICHN MUHMMallbHAa. Takue ceTH OOBIYHO OBICTPO TPEHUPYIOTCS,, HO MEUICHHO BBIYMCIIIOT U3-32 OOJBIIOTO
pa3mepa.

Beposmuocmuvie netiponnvie cemu (BHC, probabilistic neuron networks) ucrionb3yrorest st petieHunst mpooaeMsl
knaccupukarmun. IlepBeiM cinoem B apxutektype BHC sBrsercs cmoit pagmanpHBIX Oa3HCHBIX HEHPOHOB, KOTOPBIH
BBIYHCIIIET PAcCTOSHUE M BEKTOP HMHAWKATOPOB IPHHAIUIC)KHOCTH IPYTHMM BXOJHBIM BEKTOpaM, HCIOJb3YEMBIM IpU
o0OyueHunn. Bropoii cioii cymMMHUpyeT 3TH 3HaueHHMs Ul KaXJI0ro Kilacca BXOJOB M (OpMHUPYET BBIXOJBI CETH, KaK BEKTOP
BeposiTHOCTel. Jlanee cnenuanbHas (GYHKUOUsS akTHBalMu (COMpete) ompenenseT MaKCHMyM BEPOSTHOCTEH Ha BBIXOIEC
BTOPOTO CIIOS M YCTAHABIMBACT JAHHBIA BHIXOA B 1, a ocTambHble BEIXOAs! B 0. Matpuua BecoB mepsoro cmos W'
YCTaHOBJIEHA B COOTBETCTBHHU C 0Oy4aroUIMMH Napamu. biok pacuera paccTOSHUIA MOJIyyaeT BEKTOP, 3JIEMEHTHI KOTOPOTO
MOKa3bIBaIOT, HACKOJIBKO OJIM30K BXOJHOM BEKTOP K BEKTOpaM 0OyYalOIIero MHOXKECTBA. DJIEMEHTHI BEKTOpa YMHOXKAIOTCS
Ha BEKTOp IOPOTOB W Tpeodpa3yroTcs paiuaibHON OasucHo#l (yHKIMend. BxomHoil BekTop, ONMM3KHHA K HEKOTOPOMY
oOpasiy, ycraHaBinuBaeTcsi B 1 B BBIXOJHOM BEKTOpE IEpBOTO Ciosl. Ecim BXOOHOM BEKTOp OJNM30K K HECKOJIBKHM
oOpasaM OTAENBHOTO KJacca, TO HECKOJBKO JJIEMEHTOB BBIXOZHOTO BEKTOpa IEPBOTO CIOSi OyAyT MMETh 3HAYEHHS,
omuskue x 1.

Beca Broporo ciost W ycranamusatorest mo matpuue T He/eBbIX BEKTOPOB, KaxKIbIil BEKTOP KOTOPOil BKITIOYACT
3HaueHne 1 B CTPOKe, CBS3AHHOMN C ONPEIEICHHBIM KIaCCOM BXOJOB, H HYITH B OCTAIbHBIX HO3HIMsX. [Ipoussenenus T a*
CYMMUPYIOT 3JE€MEHTBI BBIXOJHOI'O BEKTOpa IEPBOIO ClOsA a' st kaxmoro u3 K kmaccos. 3atem (GYHKIUSA aKTHBAIUU
BTOPOIrO CJIOsI (Compete) YCTaHOBUT 3HaueHHe 1 B TO3UIHMIO, COOTBETCTBYIOIIYIO OOJBIIEMY 3JEMEHTY BBIXOJIHOTO
BekTopa, 1 0 Bo Bce ocrampHble. CieoBaTeNbHO, CETh KIacCHOUIMPYET BXOAHBIC BEKTOpPHI, Ha3Hadash BXOAY
eﬂHHCTBeHHbeI KJIacC Ha OCHOBE MaKCHUMaJbHOM BEPOATHOCTU NPUHAIJICIKHOCTH.

2.2 OnucaHue 0OCHOBHBIX pyHKIUIA
®ynknus NeWrb cosmaer paauanbHyro 6a3UCHYIO CETh H HMEET CIIEAYOIINIi CHHTAKCHUC:
net = newrb(P, T, goal, spread).

PanmuansHble Oa3uCHBIC CETH WCHONB3YIOT sl ammpokcuManuu ¢yukimit. DyHkims Newrb kouctpympyer
CKPBITBIH (MIEpBBIi) CIIOW M3 paJuaibHBIX 0a3HCHBIX HEHPOHOB M UCIOJIB3YeT 3HAUCHUE CpeIHeH KBaJApaTHYHON OLIMOKH
(goal). ®yuxuus newrb(P, 7, goal, spread) umeer cienyromume aprymeHTs: P — marpuna Q BXOJHBIX BEKTOPOB
pasmeprocti R Ha Q; T — marpuiia Q BekTOpoB HeneBbiXx kiaccoB S Ha Q; goal — cpennsis kBajpaTtuuHas omubKa, Mo
ymouraanuio 0,0; spread — pa3bpoc paguanbHoi 6a3ucHo# GyHkuuy, mo ymondanuio 1,0. OyHKIMs cO3aeT U BO3BpAIIaeT
B KauecTBe OOBEKTa paJMalibHYI0 Oa3HMCHYKO ceTh. bBonbloe 3HaueHWe pa3bpoca MPUBOAUT K OONBIIEH INagKOCTH
annpokcuMaruu. CiaumkoMm 0oiblIoi pa3dpoc TpeOyeT MHOTO HEHPOHOB, ISl TOTO YTOOBI MOACTPOUTHCS HOA OBICTPO
M3MEHSIOIIYIOCS (DYHKIMIO, CIHIIKOM Majblii — JUIsi JIOCTMXKEHMSl TJIaJKOCTH anmpokcumaruu. [lonoOparh 3HaueHue
pa3bpoca MOXHO C MOMOIIBIO MHOTOKPATHBIX BbI30BOB GyHkumuu newrb. Cosmamum B cpeme MATLAB pamnansHyro
0a3UCHYIO CETh:

net = newrbe(P, T, spread).

DyHKOus NEWrbe mpoeKTUpyeT paanaibHYyK OAa3MCHYIO CEThb C HYJIEBOW OIIMOKOH Ui 3aJaHHBIX BEKTOPOB.
Oyuxuus newrbe(P, T, spread) umeer tpu napamerpa: P — matpuna Q BXOAHBIX BEKTOPOB pasmepHocTd R Ha Q; T —
Mmatpuia Q LeNeBBIX BEKTOPOB — OmmcaTened kiacca pasmepHoctd S Ha Q; spread — pas6poc paguanbHON Oa3ucHOMN
¢byHkimy, o ymonuanuto 1,0. DyHKIMs co3qaeT paguaibHy0 0a3UCHYIO CETb.

Oynkius newgrnn mpoektupyer HC perpeccum — 3To BUI paguaibHON Oa3MCHON ceTH, KOTOpas dYacTo
UCIIOJNIb3YETCS AJIsI AlNPOKCHUMAIMU (QYHKIMH U OBICTPO CTPOUT CETh ISl AIPOKCUMAITHH:

net = newgrnn(P, T, spread).

Oynukus newgrnn(P, T, spread) umeer crenyromnue BXopl: P — Marpuiia Q BXOMHBIX BEKTOPOB pasMepHOCTH R
Ha Q; T — marpuna Q weJeBBIX BEKTOPOB KiaccoB pasmepHocTH S Ha Q; spread — pa3Opoc paamanbHbIX Oa3HCHBIX
¢ynkmid, o ymomuanuto 1,0. @ynknus Bo3spamaer HC perpeccun. Yem Oomnbiie pa3dpoc, Tem Oosee riaaxoi Oyner
¢byHKIMs armnpokcumanuy. st Toro 4ro0bl HACTPOUTH (QYHKIMIO amPOKCHMAlUU Ha MCXOJIHBIE JaHHBIE, HCIOJIB3YIOT
pa3dpoc MEHBIINH, YeM THIINYHOE PACCTOSHIE MEX/y BXOJHBIMH BEKTOpaMHU.

OyHKIUSA NEWQINN co3gaeT ABYXCIOWHYIO ceThb. [lepBEIi CIOH COREpP)KHT paauaibHBIe Oa3WCHBIC HEHPOHEI,
BBIYKCIISIONINE PACCTOSHUE MEKIY BXOIaMHU M BecaMM ¢ IoMolnbsio netprod. Bropoii ciioii uMeeT HEHPOHBI ¢ (QyHKIMEH
axtuBaruu purelin. Tonbko y mepBoro cios cyiectsyer bias.

Oynxuus Newpnn cosnaer BeposiTHocTHYI0 HC, mpoekTupyemyro ¢ ToMoIbio GpyHKINT



net = newpnn(P, T, spread).

BepostaoctHass HC — 3To Bz pagmanpHOi Oa3znucHO# cet, kak 1 HC perpeccun, HO JaHHBIE CETH HCTIOIB3YIOTCS
JUISL PeLIeHHUs 3afaud Kiaccubukaimy, a He annpokcumanuun. Oynkuums net = newpnn(P, T, spread) umeer Takue xe
napaMeTpsl, KaK U BblIeonucannas GyHkuus Newgrnn. Ecnm pazopoc 61130k K Hyro, BepositHocTHass HC neiicTByeT Kak
KiaccuduKaTop Ha OCHOBE NMPHHIMIA BHIOOpa «OJMKaHIIero cocena», B MPOTUBHOM Ciydae CeTh NPUHUMAET B pacdeT
HECKOJIBKO OJIM3KHX BEKTOPOB.

3 HOPSIJOK BBIITOJITHEHHU S PABOTbI
MHOPUMEP 1 Co3nanue n ooydyenue HC perpeccun
Paccmotpum npoextupoBanne HC perpeccun. Onpenennm:
% Bxomwel HC perpeccum
=[12 3];

$ BrIxXOonel HC perpeccumn
= [3.0 5.1 4.8];

e,

~

Bocmonp3yemcst dynkimeit newgrnn s co3nanus HC perpeccun. 3amagum pazOpoc pagvalibHBIX 0a3HMCHBIX
¢byukimii (mepemennas spread) menbine, 4eM 1, st TOrO YTOOBI TONYYUTH XOPOIIYIO aNMPOKCUMAIIUIO JAHHBIX U Oosee
TNIAAKYI0 (QYHKIIHIO.

% ycraHOBKa pazbpoca pannajibHBEIX Oa3MCHEIX QYHKIIMNA
spread = 0.8;

% cozpanme HC perpeccumn
et = newgrnn (P, T, spread);
S mMmmuTanms paborTel HC perpeccumu

3

A = sim (net, P);

% mBoObOpaxeHue amnlIpOKCHUMUPYEMOM QYHKLIMA

plot(P, T, '.', 'markersize', 30);

% ycTaHOBKA pexmuMa HoOaBjleHMS I'PadmMKOB Ha KOOPIOMHATHEE OCH
hold on;

% mzobpaxeHne paboTel HeoOyueHHON HC perpeccum

plot (P, A, '.', 'markersize', 30, 'color', [1 0 0]);

Q

% ouMCcTKa KOOPAMHATHBEIX OCEN
cla resety;
% ycraHOBKa HOBOI'O BXonma HC perpeccum

p = 4.5;

% monyuenme OTKJIMKA HC perpeccum

a = sim (net, p);

% MBO0OpaxeHme amnmnpoKCUMUPYEMOM QyHKLIMI
plot (P, T, '.', 'markersize', 30);,

Q

% ycraHOBKa InOmarnaszoHoB ocem X u Y
axis ([0 9 -1 4]);
¢ BKJIIOUEHME pexmuMma nobaBiIeHMS I'paduKoB

hold on;

$ mzoBpaxeHmue OTKJIAMKA HC perpeccmr Ha BXOO P
plot(p, a, '.', 'markersize', 30, 'color',
[1 0 0]);

Q

$ HanmucaThk 3aroJIOBOK Ipagpuka title ('HoBrun:
BXOIHOM BEKTOP '),

o)

% I[IOMETUTE OCh X
xlabel ('"P u p');

o)

% I[IOMETUTE OCh Y

ylabel ('T mw a');

% OUMUCTUTE KOOPAMHATHYI CETKY
cla reset;

Q

$ ompenesMTbE HOCJAEemOBAaTEeJLHOCTL BXOLOB P2
P2 = 0: 0.2 : 9;

ChIMUTHPYEM OTKIJIMK CETH IS Pa3INUHbIX 3HAYEHUI, YTOOBI YBUAETHh PE3YIILTAT arnpokcumaruu (puc. 9).



Annpokcumupyemas yHKUUA
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Puc. 9. AmpoxcuMarius To4ek ¢ HTOMOIIBI0 HEHPOHHOH CeTH perpeccuu

$ mosnyumThs OTKJMK HC perpeccum Ha MNOCIEeNOBATEIBHOCTE BXOIOB P2
A2 = sim (net, P2);

Q

¢ m30bpazuTe OTKJIMK HC perpeccumn
plot (P2, A2, 'linewidth', 4, 'color', [1 0 0]);

Q

© BKJIOYUTEB PEXVM nobaBJIeHUS Fpa@I/IK'OB

hold ony,
$ MB06pas3UTE ANIPOKCUMUPYEMYH (QYHKIIMIO
plot (P, T, '.', 'markersize', 30);,

Q

% YCTAHOBMUTE IOMANA30H OCEM

axis ([0 9 3 7]);

$ ozarviaBUTE Ipadux

title ('Annpoxcummupyemas QyHKImUSI') ;
% nmoMeTuTeE OCh X

xlabel ('P u P2'");

% moMeTmuTe OCh Y

ylabel ('T uw A2');
MHNPUMEP 2 Ucnoan3zoBanne PBHC s annpoxcumanuu GpyHKumii
PaccMmoTpuM anmpokcuManyio GYHKIWA Ha OCHOBE paldaibHON 0a3UCHON CETH.

& ompenesieHMe AMAarnaz’30Ha BHAUEHUM PaanaJibHOM Oal3MCHOM QYHKIIMMA
P= -4 : 0.1 : 4;

$ BRYUMCJIEHME pamuajbHOM Oas3MCHOM (QYHKLMM Ha IOuarnas’zoHe P

a = radbas (P);,;

$ mzobpaxeHne PBED

plot (P, a);

$ 0BarviaBMTE I'paduk

title ('PanmanepHas 6aswucHas QyHKIMUS') ;

o)

% I[IOMETUTE OCh X



xlabel ('Bxom P');

% IIOMETUTE OCh Y
ylabel ('Beixom a');

Ha puc. 10 nzobpaxkena pagnansHas 0a3ucHas (yHKIIHS.

Oyukms Newrbe co3mact He0OXOMUMYIO CeTh. 3aIaIiM aMPOKCUMHUPYEMYIO (QYHKITHIO Kak HA0Op TOYEK:

onpeneseHne MNOCJAeHOBaATELHOCTH apl'yMEeHTOB
anmnpoOKCUMUPYEMOM QYHKIMM P

= -1 : 0.1 : 1;

onpenesieHrMe BHAUEHMM allpOKCUMUPYEMOM QYHKIMMI,
COOTBETCTBYyRIMX P

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

oo oo
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Puc. 10. Pagnanpnas 6azucHas GyHKITHS

W3o6paszum rpaduk ¢pyukumu (puc. 11).

% mBobpaxeHmue amnmpOKCHUMUPYEMOM QYHKLIMAA
plot(p, T, "*');

% ozaryiaBUTE I'padux

title ('OBbyuanmas BrlOopka');

% nnomMeTuTs OCh X

xlabel ('BxonHoy BekTOop P');

% IIOMETUTE OCh Y
ylabel ('BexTop T');

Janee HeoOX0AMMO HANTH (HYHKIIHIO, KOTOPAsk XOPOIIIO OMUCHIBACT 3aJaHHbIe 21 TOUKY.
Oyukuus newrb coznaer PBHC aist annpokcumaryu:



¢ [IeJIeBOM CPEeOHEKBAIPATHUYHOM OIMOKM

e = 0.02;
% pazbpoca PEBE®
sp = 1;

% cospganme PE®
net = newrb (P,T,e,sp)

¢ ompenmesieHMe BEKTOPAa BXOJIOB
= -1 : 0.01 : 1,

)

CeiMuTHpYEM paboTy ceTu.

% QopmmpoBaHMEe OTKJIMKA Y
= sim(net, X);

% BKJIIOUEHME pexmma nobaBileHus Ipaduka
hold on;

% mBObpaxeHue pesyJbTaTOB allpOKCHUMAIIMA
plot (X, Y);

% OTKJIOUEHME pexmuMa HobaBJIeHMS Ipadmura
hold off;

=

Obyyvatow an Bbibopka
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Puc. 11. Pe3ynpTat anmpoKcHMAaIMH ¢ IIOMOIIBIO pagnanbHON 6a3uCHON HEUPOHHOH CeTH

NPUMEP 3 Hcnoab3zoBanue BepositTHocTHOH HC mis kinaccudukanuu BeKTOPOB

PaCCMOTpI/IM 3agavy KJIaCCI/I(l)I/IKaIII/II/I C Ha60pOM BXOO0B P u MHOXECTBOM KJIacCOB, 0003HaYeHHBIM TC.

% ompenesieHMEe BXOIOB
=[12 3456 7];
$ ompernejyieHME XeJjIaeMbIX BEIXOIOB
Tc =[1 1 3 321 1];

o




KOHBEPTHUPOBAHME MHIEKCOB B BEKTOPE, comepxamme 1
B MHIOEKCHEIX MMO3MULIMSIX

= ind2vec (Tc);

cosmaHmMe BEepOosSTHOCTHOM HC
et = newpnn (P, T);
¢ mMmTanms paboTE BEpOSTHOCTHOM HC
= sim(net, P);

$ KOHBEPTHUPOBAHME HOMEPOB KJACCOB B BEKTODEHI.
Yc = vec2ind(Y) ;

oo oo

]

oo

s}

=

4 KOHTPOJIbHBIE BOITPOCBHI

Kakyto ¢pyHKIHIO Ha3BIBAIOT paguaibHOM 0a3uCcHON pyHKIIEH?
U3 kakux cI0eB COCTOUT paauanbHo-0a3ucHas HC?
U3 kakux cnoes coctout HC perpeccun?
U3 kakux cnoes cocTouT BepostHocTHass HC?
Kakue Bugst HC mpemHazHayeHbl Ui PEUICHUs 3a/1adyd alMpoOKCHMAlMK (QYHKIMHA, a Kakue — st
KIaccu(puKai 00 bEKTOB?
6. Kaxkue tunst HC co3nmatores B cpene MATLAB ¢ nomornsio ¢yHkimii newrb, newrbe, newgrnn, newpnn?

agkrwbdE

4.2. OueHoYHbIE CPeICTBA MPOMEKYTOUHOIH aTTeCTAlHI

Ilo nucnumniuMHe HperycMOTpeH 3adeT. 3adyeT NPOoXOoAuT mo OuneraM. B kaxaom OunmeTe Ba TEOPETHYECKHX BOIPOCA.
3ayer NMPOBOJAMTCS B YCTHOW, MHCbMEHHOW MM KOMIbIOTepHOH (opme. OlleHMBAaeTCsl BJIaJCHUE MaTepUalioOM, €ro
CHUCTEMHOE OCBOEHHE, CIOCOOHOCTh NIPUMEHSTh HY)KHbIE 3HAaHHS, HABBIKA M YMEHHS IPU aHaJIM3€ IPOOJIEMHBIX CUTYaLUH.

4.2.1. YcTHblii WM MHCbMEHHBIN 0TBET Ha BOMPOC
4.2.1.1. Ilopsiiok NpoBeAeHMSI.
VYCTHBIM WIM NUCBMEHHBIM OTBET HA BOIPOC HAIpPAaBJIEH HAa IPOBEPKY 3HAHUM OCHOBHBIX PAa3/EiIOB IO AMCLHUILIMHE
«HelipoHHble ceTn».
4.2.1.2. Kputepuu oueHUBaHUS.
OueHkKa «OTJIMYHO» CTABUTCH, €CJAH 00yYAromIuics:
B oTBeTe kauecTBEHHO PAaCKpBLI cojepxaHue TeMbl. OTBET XOpoLIO CTPYKTypHpoBaH. [IpekpacHO OCBOEH MOHATHIHBIN
anmnapat. [IporeMOHCTpUpPOBaH BHICOKHI ypOBEHb MOHMMaHHs Marepuana. [IpeBocxonHoe ymeHue (GpopMynupoBaTh CBOH
MBICITH, 00CYK/1aTh JJUCKYCCHOHHBIE NIONIOKeHNs. OIeHKa «XOpoII0» CTABUTCS, €CJIM 00yYalouuiics:
OCHOBHBIE BOIIPOCHI TeMBI packpbul. CTpyKTypa OTBeTa B IIEJIOM aJeKBaTHA TeMe. XOpPOIIO OCBOCH NMOHATUIHBIN anmapar.
[TpoeMOHCTPUPOBAaH XOPOILIWH ypPOBEHb MOHHUMaHHs Marepuaia. Xopollee yMeHHe (OPMYIHPOBATh CBOW MBICIH,
00CyXIaTh TUCKYCCHOHHBIE ITOJI0KEHHS.
OueHka «y10BJIeTBOPUTEIbHO» CTABUTCS, €CJIM 00y4alomuiics:
Temy wactnuno packpsul. OtBer cnmabo crpykrypupoBaH. [loHsTHiiHBIM ammapar ocBoeH 4YacTW4HO. [loHMmanume
OTJETBHBIX MOJOKEHUH M3 MaTepuaia Mo TeMe. Y JOBIETBOPHUTEIbHOE yMEHNE (DOPMYNINPOBATH CBOM MBICIH, 00CYX/1aTh
JTUCKYCCHUOHHBIE TTOJI0XKEHUS.
OneHka «HeyAOBJETBOPUTEIbHO» CTABUTCS, €CJIM 00yyaronuiics:
Temy He packpbil. [TOHATHIHBIN amnmapaT OCBOGH HEYJOBJIETBOpUTENIbHO. [loHMMaHne MaTtepuana (parMeHTapHOe HIIH
orcyrcTByeT. Heymenune hopMynpoBaTh CBOM MBICIH, 00CYKAATh TUCKYCCHOHHBIE MTOJ0KEHHS.
4.2.1.3. OueHo4YHbIE CPEACTBA.
Bonpocs! 1151 yCTHOI0 WJIM MHCbMEHHOI0 0TBeTa
1. buonorunueckue NpencTaBiIeHUs O HEHPOHE.
2. Tlonatue HeWpoHHAS CETh. 3.
HckyccTBEeHHBIM HERPOH.
Knaccudukanus HeWpOHHBIX ceTel.
ApPXUTEKTypa HEMPOHHBIX CETEH.
Hcropust HEHPOKOMIIBIOTEPHBIX BBIYUCIEHUI.
IIepcentpos.
3agada pacro3HaBaHUsL.
ITonsTne MHOroCIOMHONW HEMPOHHOMU CETH.
0. TIpuHIUIBI MOCTPOEHHS MHOTOCIOINHBIX HEHPOHHBIX CETEH.
11. Anroputm 0OpaTHOTO PACIPOCTPAHEHHUS OIMINOKH.
12. Hegocrarku airoputMa 0OpaTHOTO PaclpOCTPAHCHHS ONTHOKH.
13. Ilonstue paguanpHON HelipoHHOH cetH. 14. CtpykTypa
paauanbHOM HEHPOHHOM ceTu.
15. MatemaTuueckue OCHOBBI (PYyHKITMOHMPOBAHUS paAHaIbHBIX HEHPOHHBIX CETEH.
16. OOyd4eHue paanalibHOIN HEHPOHHOIT ceTu.

BHOoxo~No O~



17. Camoopranuzyromuecs: HEHpOHHBIE CETH.
18. Crpykrypa cetn KoxoneHa.

19. OOGyuenue cetn Koxonena.

20. HetipoHHble ceTr K1acCUpUKAIHIH.
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Ilepeuens JuTepaTypbl, HeOOX0AMMON JJ5l OCBOEHMS TUCHUILINHBI (MOIYJIs1)

Hanpasnenne moarorosku: 23.03.01 TexHOIOTHS TPAHCIIOPTHEIX MPOIIECCOB

HpO(i)I/IJ'IB moaAroToBKH: [IpOSKTUPOBAaHNE 1 YIIPABICHNE HHTSUICKTYATbHBIMU TPAHCTIOPTHBIMU CHCTEMaMM

KBanudukanus BellycKHUKA: OakanaBp

®dopma 00ydeHus: 3a04HOE

S13bIK 00yUeHHs: pycCKuit

I'on Havana oOy4yeHus mo odpazoBarenbHOI nporpamme: 2025

OcHoBHas JuTEpaTypa:
1. bonotoga, JI. C. CHCTEeMBI HCKYCCTBEHHOTO HHTEIUICKTA: MOJICIH M TEXHOJIOTHH, OCHOBaHHbIC Ha 3HAHUSAX . y4eOHHUK /
JI. C. bomotoBa. - Mockga : ®unaHCH U craTrcTika, 2023. - 666 c. - ISBN 978-5-00184-097-8. - Tekcr : 371eKTpOHHBIH. -
URL.: https://znanium.ru/catalog/product/2051330
2. Tadapos, ®. M. Heiiponnsie cetu B PyTorch : yueoroe nmocobue / @. M. T'adpapos, A. ®. I'miem3siaos. - Kazans :
Kasauckuii Gpenepanbueiii yausepeutet, 2024. - 106 c. - Teker : anekrponnsiit. - URL:
https://znanium.ru/catalog/product/2173433
3UBantok, B. A. [IpakTHKYM 10 HEHPOHHBIM ceTsM : yueOHoe mocobue / B. A. MBanrtok. - Mocksa : [Ipomereit, 2024. -
230 c. - ISBN 978-5-00172-601-2. - Tekcrt : anexkrponnsiii. - URL: https://znanium.ru/catalog/product/2144362.

JlonoHuTeILHAS IUTEpaTypa:

1. ABkcentneB, A. A. CeTu u cHCTeMBI CBs3H | yueOHoe mocobue / A. A. ABKCEHTBEB. - 2-€ U3[l., iepepad. u Iom. -
Mocksa ; Bomorna : Madpa-Umkenepus, 2024. - 336 c. - ISBN 978-5-9729-1588-0. - Tekcr : anexrponHsiid. - URL:
https://znanium.ru/catalog/product/2171009
2. Makcypos, A. A. Obecnieuenne nHPOPMAIMOHHOM Ge3omacHocTH B ceTi MHTepHeT : MoHorpadus / A.A. Makcypos.
— Mocksa : UTHOPA-M, 2025. — 226 ¢. — (Hayunast mbicib). — DOI 10.12737/1942595. - ISBN 978-5-16-018251-3.
- Tekcr : anektponnsrit. - URL: https://znanium.ru/catalog/product/2171257
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IlepeueHb MH(POPMALMOHHBIX TEXHOJIOTHI, HCIOJIB3yEeMBbIX VIS OCBOCHUS AUCHHIUVINHBI (MOAYJIs1), BKJIIOYas
nepeyeHb MPOrpaMMHOro obecrnedeHusi 4 HH(POPMALMOHHBIX CIPABOYHBIX CHCTEM

Hamnpasienue noaroroBku: 23.03.01 TexHOIOIHS TPaHCIIOPTHBIX MPOIIECCOB

HpO(l)I/IJ'II) MOATOTOBKU: IIpOeKTUPOBaHNE U YIIPABJICHUE MHTEILUICKTYAIbHBIMHU TPAHCIIOPTHLIMH CHUCTEMAMHM

Ksamudukamms BeITyCKHIKA: OakaxaBp
®opma 00ydeHus: 3a04HOE
SI3bIk 0OyUeHUS: pyccKui

T'on Hawana oOy4enus mo obpa3oBaTensHON porpamme: 2025

,OCBOCHNE TUCIUILIMHBI (MOIYJISI) IPEATIONIaraeT MCIIONB30BaHNUE CIIEAYIOMIET0 IPOTPaMMHOT0 00eCTIeYeHUS 1
UH(OPMALMOHHO-CIIPABOYHBIX CHCTEM:
1. Onepannonnas cucrema Microsoft office professional plus 2010, unu Microsoft Windows 7 TIpodeccronanbHhasi,
i Windows XP (Volume License)
2. TTaket oducHoro mporpammuoro obecneuenus Microsoft Office 365, wnu Microsoft office professional plus 2010
3. Adobe Reader XI mmm Adobe Acrobat Reader DC
4. bpaysep Mozilla Firefox
5. Bpay3zep Google Chrome
6. Kaspersky Endpoint Security mms Windows
7. IlporpamMmHas cucteMa 1uisi OOHapyKEHHs TEKCTOBBIX 3aHMCTBOBAHHMI B yUeOHBIX M HAy4YHBIX paboTax. AO
«AHTHUILIATAAT»
8. Dnekrponnas 6udanoreunas cuctema «ZNANIUM.COM»
9. DnekrponHas bubaroTeuHas cuctema M3narenscrBa «J1aHby
10. DnexTpoHHas OubnMoTeuHas cucrteMa «KOHCYIbTaHT CTyJeHTa»



