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Conep:xanue

1. IlepeueHp TIAHUPYEMBIX PE3YJIBTATOB OOYYCHHUS MO JUCIHUILIHHE (MOJIYJIIO), COOTHECCHHBIX C IUIAHUPYEMBIMH
pesynbratamu ocBoenust OIIOIT BO

2. Mecro nucuuruivnel (Moayins) B ctpykrype OITOIT BO

3. O0beM AMCUMILIMHBI (MOZYJNSA) B 3a4eTHHIX CIUHULIAX C YKa3aHHEM KOJHMYeCTBa YacoB, BBIIEICHHBIX Ha
KOHTAaKTHYIO paboTy OOydJaromuxcs ¢ mpernojaBareieM (IO BHAaM Y4eOHBIX 3aHATHI) M HA CAMOCTOSTEIBHYIO paboTy
o0yJarommxcs

4. CopepxaHue TUCUUIUIMHBI (MOJIYJS), CTPYKTYPHUPOBAaHHOE MO TeMmaM (pasfenaM) ¢ yKa3aHHeM OTBEICHHOTO Ha
HUX KOJIMYECTBA aKaJJICMHUYCCKUX YaCOB U BUJIOB YUCOHBIX 3aHATHI

4.1. CTpyKTypa ¥ TeMaTUYECKUH TIaH KOHTAKTHOW U CAMOCTOSITEIBHOM PabOThI MO JUCIUILTUHE (MOIYIIIO)

4.2. ConepxaHue QUCIHILTAHBI (MOTYJIs)

5. IepeveHb yueOHO-METOMYCCKOTO OOCCIICUCHHUS I CAMOCTOSATEIFHONW Pa0OThI OOYYAIOIIMXCS 10 JUCIUILIHHE
(Momyt0)

6. @OHJT OTICHOYHBIX CPEJICTB 0 TUCITUTUINHE (MOIYITIO)

7. [lepedeHp nuTepaTyphl, HEOOXOAUMOM 11 OCBOSHUS TUCIUTUTHHBI (MOIYJIS)

8. Ilepeuenp pecypcoB MHDOPMALMOHHO-TEIIEKOMMYHHKAIMOHHOH ceTH "MHTepHeT", HEeOOXOAUMBIX AJIsI OCBOCHHS
JUCIUIUTMHBI (MOIYIIA)

9. MeTtonudeckue yKa3aHusl ISl 00YYaroNIMXCs IO OCBOCHHIO TUCITUIUTAHBI (MOTYJIS)

10. TTepeueHb HHPOPMAIMOHHBIX TEXHOJIOTHI, UCTIOIB3YEMBIX MTPU OCYIIECTBICHUU 00pa30BaTEIbHOIO MpoIiecca mo
JMUCHHIUIHHE (MOJYJIIO), BKJIIOUYAs MEPEYCHb MPOrPaMMHOI0O oOecreueHuss 1 HHPOPMAIMOHHBIX CIPAaBOYHBIX CUCTEM (IIpH
HEO0OXOIMMOCTH)

11. OnucaHre MaTepUaTbHO-TEXHUYCCKON 0a3bl, HCOOXOAMMOM ISl OCYIIECTBICHUsS 00pPa30BaTEILHOTO MpoIecca
[0 TUCIUTUINHE (MOJYJITIO)

12. CpexncTBa amanTauy MperogaBaHus JUCIHIUIAHBI (MOAYIIS) K ITOTPEOHOCTSM O0YJarOIINXCsl HHBAJIMIOB U JIAI] C
OTpaHUYCHHBIMH BO3MOXHOCTSIMH 3JIOPOBBS

13. TIIpunoxenue Nel. @oHA OLIEHOYHBIX CPEICTB
14. Ipunoxenue No2. [lepeyeHs nmuTepaTypbl, HEOOXOIUMOM AJIsl OCBOCHUS JUCIUILIMHBI (MO/TyJIs)

15. Tlpumoxenne Ne3. IlepedeHr WHPOPMANMOHHBIX TEXHOJIOTHH, HMCIONB3YEMBIX UII OCBOCHHS TUCIIHIUTHHBI
(MomyJIst), BKIIFOUast IepeueHb NPOrpaMMHOT0 00ecTIedeH s ¥ HHPOPMAIMOHHBIX CIIPABOYHBIX CHCTEM



IIporpammy mucIHUIIMHBI pazpadoTan(a)(u) ctapmui mpemnogasarens, k.H. Auucumona J.C. (Kadbeapa maremaTnku
1 TIPUKIIATHOM MHPOPMATHKH).

1. IlepeyeHr mNJIAHMPYEMBIX Ppe3yJIbTATOB OOy4YeHUS] MO JMCUHUILIMHE (MOJYJI0), COOTHECEHHBIX ¢
IJIaHUPYeMbIMHU pe3yJjbTaTamu ocBoenuss OIIOII BO

OOyyaromuiicst, OCBOUBIIUI AUCIMIUIMHY (MOJYJB), JOJDKEH 00J1a1aTh CIEAYIOIMMH KOMIETCHIUSIMU:

HIugp Pacuiudposka
KOMIleTeHIIH ! npuodpeTaemMoii KOMIeTeHIUU
IIK-3 CriocoOeH TPOEKTHPOBAaTh M yMpaBisATh IT-TIpoeKTaMu, OCYIIECTBISATh TECTHPOBAHWE KOMIIOHEHTOB

I/IH('I)OpMa].[I/IOHHLIX CHUCTEM, B TOM YHCJIC NHTECIIJICKTYaJIbHBIX

I1IK-3.1. [3HaTh crocoObI MPOEKTUPOBAHUS U ynpasiieHus [ T-mpoekramMu, TEXHOJIOTUU TECTUPOBAHUS
KOMITOHEHTOB MH()OPMALIMOHHBIX CUCTEM, B TOM YHCJIE HHTEUIEKTYaIbHBIX

I1IK-3.2. |YMeTb mNpoeKTUpoBaTh M YHpaBisATh |T-mpoekTamu, OCYIIECTBISATh TECTHPOBAaHHWE KOMIIOHEHTOB
MH()OPMALMOHHBIX CHCTEM, B TOM YHCIIE€ HHTEIUICKTYaJIbHBIX

[IK-3.3. |Bmamerp CIOCOOHOCTBIO TMPOCKTHPOBAaTh W ympaBiiATh [T-mpoekramu, OCYHIECTBISATH TECTHPOBAHHUE
KOMITOHEHTOB UH()OPMALIMOHHBIX CUCTEM, B TOM YHCJIE HHTEUIEKTYaIbHBIX

OOyyaromuiicst, OCBOMBIIUHN JHCIUTLUINHY (MOIYJIb):

JlomkeH 3HaTh:
- OCHOBHBIC TIOHSTHS TEOPHH HEHPOHHBIX CEeTeH; CIIOCOOBI IPUMEHEHUS HEUPOHHBIX ceTel B MpoeKTupoBaHuu |T-
MIPOEKTOB

JoymxeH yMeTb:
- IPUMEHSATH HellpoceTeBble TEXHOIOTUU TP NPoeKTupoBaHuH | T-1ipoexToB

JlomxeH BIaieTh:

- CIOCOOHOCTBIO TPOTPaMMHO pPeajiM30BbIBATh METOJBI HeHpoceTeBo 00paboTku Ipu mpoekTupoBaHum |T-
IIPOEKTOB

2. Mecro aucuumiunsl (MoayJs) B crpykrype OIIOII BO

"

Jannast gucnuminHa (MOIYyJb) BKJIIOYEHAa B pasfel b1. B.JIB.10.01 [ucrmminnsl (MOmysn)" OCHOBHOM
npodeccroHaabHOI 00pasoBarenbpHOM nporpammbl 23.03.01 TexHOMIOTHs TPAHCTIOPTHBIX MPOIECCOB U OTHOCUTCS K YaCTH,
dhopmupyemoii Y4aCTHUKaMU 00pa3oBaTeNbHBIX OTHOILIEHUH.
OcBanBaetcs Ha 5 Kypce B 9 cemecTpe.

3. O0beM AuCHMILVIMHBI (MOAYJISI) B 32a4€THBIX eIMHHMIAX C YKA3aHMEM KOJIMYeCTBAa 4YacoB, BblJAeJEeHHBIX HA
KOHTAKTHYI0 padoTy o0y4yalommxcsi ¢ npemnogasartesneM (o0 BHAAM Y4eOHBIX 3aHATHI) U HA CAMOCTOSATEJbHYIO
padorty o0y4arommxcst

OO6m1ast TPyAOEMKOCTh TUCIMIUIMHBI COCTaBISET 2 3a4eTHRIX(bIe) eAnHUI(BI) Ha 72 yaca(oB).

KonraktHas paborta - 12 gaca(oB), B ToM umcie Jekimu - 4 daca(oB), mpakTudeckue 3aHstus - 0 gaca(oB),
nmabopaTopHbIe paboTHI - 8 Yaca(oB), KOHTPOJIb CAMOCTOSATENFHON paboTH! - 0 yaca(oB).

CamocrosTenbHas paboTa - 56 yaca(oB).
KonTtpoms (3auér / 3x3ameH) - 4 gaca(oB).

dopma MPOMeKyTOUHOT0 KOHTPOJIS TUCLUILIMHBL: 3a4eT B 9 cemecTpe.

4. Copep:xxkaHue IMCHMIUIMHBI (MOAYJisl), CTPYKTYPHPOBaHHOe M0 TemaMm (pa3gejaM) ¢ YKa3aHHEM
OTBEICHHOI0 HA HAX KOJIMYeCTBA AKAJeMHYECKHX YACOB H BU/IOB y4eOHbIX 3aHATHI

4.1 CTpyKTypa M TeMaTHYeCKHUi IJIAH KOHTAKTHON U CAMOCTOAITEIbHOM Pa0oThI 0 AUCHUILIHNHE (MOAYJII0)
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1. |Tema 1. Heiiponnsie cetn. OCHOBHBIC TIOHATHS 9 1 0 2 14
2. [Tema 2. MHoOrOCHIOIHHbIE HEHPOHHBIE CETH 9 1 0 2 14
3. [Tema 3. PaguansHble HEHPOHHBIE CETH 9 1 0 2 14
4. [Tema 4. CamoopraHu3yOIIHUECcs HEHPOHHBIC CETH 9 1 0 2 14
rtoro: 72 4 0 8 56

4.2 CoaepkaHue TUCHMILUIMHBI (MOIYJI51)

Tema 1. Heiiponnbie ceTu. OCHOBHbIE OHATHS

buonornueckue npexncrasiaenus o Heiipone. [lonsitue HeliponHas cetb. VickyccTBeHHbIH HelipoH. Knaccupukaums
HEHpPOHHBIX ceTell. ApXHUTEKTypa HeHpoHHbIX ceTed. Mcropus HellpokoMnbroTepHBIX BbhruucieHuil. Ilepcentpon. 3agaua
pacro3HaBaHUsL.

Tema 2. MHoroc/10iiHbIe HelipOHHBIE CETH

ITonsiTue MHOTOCIOWHON HEHPOHHOM ceTH. [IpUHIUIBI NOCTPOEHUSI MHOTOCIOMHBIX HEHPOHHBIX CETEH. ANTOpUTM
00paTHOTO pacpocTpaHeHHs OmMOKH. HemoctaTku anropurma oOpaTHOTO PacIpOCTPaHEHHMS OMINOKH.

Tema 3. PaquanbHble HeHPOHHbIE CETH

Ilonsitue panuanbHOi HeilpoHHOM cetu. CTpyKTypa paguajlbHOM HEHpOHHOW ceTH. MareMaTudecKue OCHOBBI
(YHKITMOHHPOBAHUS paANalIbHBIX HEUPOHHBIX ceTell. OOydeHne paguabHONH HEHPOHHON CETH.

Tema 4. CamoopraHu3ywuuecs HelipoOHHbIE CETH

Camoopranmymoiuecs: HeliponHsle cetu. CTpykTypa cet Koxonena. O6ydenue cetu Koxonena. Heliponnsie cetu
Kiaccu(UKaIUH.

5. IlepeueHb Y4eOHO-METOAMYECKOro obGecmeyeHHs] [JIsl CAMOCTOSTEILHOH pPadoThl 00y4YarOUIUXCH IO
JUCHUITHHE (MOYJTI0)

CamocrosiTenbHass paboTa OOYdYaAIOIIUXCS BBHIMONHACTCA 10 3aJaHHI0 M IPH METOAMYECKOM PYKOBOJCTBE
mpenosgasaTens, HO 0e3 ero HemocpencTBeHHoro ydactus. CamocrositensHass paboTa mHoapaszensiercss Ha
CaMOCTOATENLHYIO Pa0dOTy Ha ayAMTOPHBIX 3aHATHIAX W HA BHEAYIUTOPHYIO CaMOCTOSTENbHYIO padoTy. CamMocTosITeNIbHAs
pabora oOyyaronxcs BKIIOYAeT KaK ITOJHOCTBIO CAMOCTOSTENIbHOE OCBOCHHE OTAEIBHBIX TeM (Pa3esioB) MUCHUIIIHHEL,
TaKk W nmpopaboTKy TeM (pa3fenoB), OCBaMBAEMBIX BO BpPEMS ayJUTOPHOH paboThl. Bo Bpems camocTosTenbHON paboThI
oOydJaromuyecss 4YUTalT M KOHCIEKTUPYIOT y4yeOHYI0, Hay4yHYI0 M CIPaBOYHYIO JIMTEpPaTypy, BBINOIHSIOT 3aJaHus,
HalpaBJICHHBIE Ha 3aKpeleHUE 3HaHUH M OTPaOOTKY YMEHHUH M HaBBIKOB, TOTOBATCS K TEKYIIEMY U MPOMEXYTOUHOMY
KOHTPOJIIO 110 JUCIUILINHE.

OpraHuzanus caMOCTOSTENbHON paboThl 00yJaroNIMXCsl PEriaMeHTHPYETCsl HOPMAaTHBHBIMHU JIOKYMEHTaMH, yueOHO-
METOIMYECKOI IMTepaTypol U 3JIEKTPOHHBIMU 00pa30BaTeIbHBIMH PECYPCAMHU, BKIIIOYAS:

ITopsimox opraHm3anM W OCYIIECTBICHHS 00pa30BaTENIbHOW AEATENBHOCTH IO 00pa3oBaTeIbHBIM IMpOrpaMMmam
BBICIIEr0 00pa3oBaHWsl - TporpaMMmaM OakajaBpuaTa, INporpaMMaM CHEIHalNTeTa, IporpaMMaM MarucTparypbl
(yTBepykzeH mpuka3oM MuHHcTepcTBa 0Opa3oBaHus 1 Hayku Poccuiickoit @eneparmu ot 5 anpens 2017 roxa Ne301)

IIucemo MunncrepcrBa obpasoBanust Poccmiickoit @enepanmu Nel4-55-996mn/15 ot 27 mHosOps 2002 1. "OO6
aKTHBH3AITUH CAMOCTOSTEIBHON pabOTHI CTYJCHTOB BBICIITUX YIEOHBIX 3aBECHIN"

VYcraB  ¢enepanbHOr0  rocyJapcTBEHHOTO — aBTOHOMHOTO — oOpasoBarenbHOro  yupexxaeHus — "Kazanckumit
(ITpuBomxckuii) penepanbHbId yHUBEpCUTET"

[IpaBuia BHYTpEeHHEro pacHopsaka (eaepalbHOro TOCYJapCTBEHHOTO aBTOHOMHOTO — 00pa3oBaTeNbHOro
YUpexXJIeHHUs BhICLIEro npodeccuoHaabHoro oopasosanus "Kazauckuii (IIpuBosnkckuit) ¢penepaibHblil yHuBEpcHTET"

JlokanpHbIe HOpMaTHBHBIE akThl Kazanckoro (IIpuBoimkckoro) denepaabHOTO YHHBEPCUTETA



6. ®oHA O1IEeHOYHBIX CPEICTB MO TUCHUTIIINHE (MOYJII0)

CDOHZ[ OLCHOYHBIX CPCACTB IO AUCHHUIIJIMHC (MOﬂyJ’IIO) BKJIHOYA€T OLCHOYHBIC MaTCpHalibl, HAIPABJICHHBIC Ha
IPOBEPKY OCBOCHUA KOMHeTeHHHﬁ, B TOM 4YHCJIIC 3HaHI/II71, yMeHI/Iﬁ 1 HaBBIKOB. ®OH]I OIICHOYHBIX CpCACTB BKJIFOYACT
OILICHOYHBIC CPCACTBA TCKYLICT'O KOHTPOJIA U OHCHOYHBIC CPEACTBA HpOMe)I(yTO‘-IHOﬁ aTTCCTAlluU.

B (oHe OLICHOYHBIX CPECTB COACPIKUTCS CIeAyoIas HHPpOpMAIHs:

- COOTBETCTBUE KOMIICTCHIINH ITAHUPYEMbIM pe3ysibTatam 00ydeHHs [0 AUCHUILTHHE (MOIYIIO);
- KpUTEPUH OIICHUBAHMs C(HOPMUPOBAHHOCTH KOMITCTCHIIUH;

- MeXaHu3M (HOPMHUPOBaHUS OIEHKH 1O JUCIMILIHHE (MOAYIIIO);

- OMKCaHUC MOPsIKA IPUMEHEHHS U MPOLCAYPhI OIICHUBAHUS [T KQXKIOTO OIICHOYHOT'O CPE/ICTRA;
- KPUTEPUH OLICHUBAHUS ISl K&XK/I0T0 OLIEHOYHOTO CPEJICTBA;

- COICp)KaHWE OIICHOYHBIX CPEICTB, BKJIIOYAs TPEOOBAaHUS, NPEABABISICMBIC K JCHCTBHAM OOYYarOIIHXCS,
JIEMOHCTPUPYEMBIM Pe3yJIbTaTaM, 3aJaHHs Pa3IMIHBIX THIIOB.

DoHJ OLIEHOYHBIX CpCACTB O JUCHUIITIMHE HAXOAUTCA B HpI/IJ'IO)KeHI/II/I 1 x nporpaMme JUCHUTUTMHBL (MO[[yJ'IIO).

7. Ilepeyennb auTepaTypbl, He00OX0AMMOM 1JIsI OCBOEHUS JUCHUIJIMHBI (MO1YJIs1)

OcBoeHNE IUCHUIUIMHBI (MOZYJISl) MPEAIOoIaraeT W3ydeHne OCHOBHOW M JIOTIOJHHUTENbHOHM ydeOHOH nmTeparypsl.
Jluteparypa MOKeT OBITh JOCTYIIHA OOYUYAIOIIMMCS B OJTHOM M3 IByX BapHaHTOB (JINOO B 0OOUX M3 HHX):

- B DJJICKTPOHHOM BHJC - 4YCPE3 DJICKTPOHHBIC OMONHOTEYHbIE CHCTEMbI HAa OCHOBAaHHUM 3aKIOUYeHHBIX KDY
JOroBOPOB C HpaBOO6J’IaZ[aT€J'I$IMI/I;

- B mevatHoM Buje - B Hayunoit 6ubnunoreke Enabyxckoro uacturyra KOVY. Obyuvaroniuecs moiay4anT yueOHYO
JUTEepaTypy Ha abOHEMEHTE II0 YHTATEIbCKMM OWJIeTaM B COOTBETCTBHHM C MpaBHJIAMH I0JIb30BaHus Hay4dHoit
OUOINOTEKOI.

OJNeKTPOHHBIC U3/IaHHsI AOCTYIIHbI JUCTAHIIMOHHO M3 JIFOO0N TOYKU NMPU BBEACHUHU O0YUaIOIIMMCS CBOETO JIOTHHA U
napojs OT JMYHOro KaOuHera B cucreMe "DJeKTpoHHBIH yHuBepcureT". Ilpu MCHIONB30BaHMM IEYAaTHBIX H3JaHUH
OubnroTeuHbl (HOHI JOJDKEH OBITh YKOMIUIEKTOBaH MMM U3 pacuera He MeHee 0,25 sK3eMIuIsipa KaXIOro W3 M3JaHUi
OCHOBHOH ¥ JOIOJHUTENBHOM JHUTEepaTyphl Ha KaXKAOro oOy4aroIlerocss W3 4Yucia JIUIL, OZHOBPEMEHHO OCBaHMBAIOLIMX
JAHHYIO TUCIUIIINHY.

[lepeueHb OCHOBHOW M JIOTIOJHUTEIBHOW Y4E€OHOW JHTEpaTypbl, HEOOXOAMMOW JUISi OCBOCHUS JIHCIHILIMHBI
(MomyJst), HaxoauTest B [Ipunoxxennu 2 k paboueil nmporpamme qUCUUIUIAHBL. OH MOJUICKUT OOHOBJICHUIO TIPH M3MEHEHUH
ycioBuid goroBopoB KOV ¢ mpaBooOiagarensiMu dJEKTPOHHBIX M3JaHUH M IPU M3MEHEHHHM KOMIUICKTOBaHHUS ()OHIIOB
Hayunoit 6ubnuortexu Enalysxckoro unctutyta KOY.

8. Ilepeuenb pecypcoB HH(OPMAIHOHHO-TEIEKOMMYHUKANIMOHHOW ceTu '"WHTepHeT'", HE0OXOAUMBIX IJs
OCBOEHHS IMCUMILIMHBI (MOAYJIfA)

Heiiponnsie cetu - http://statsoft.ru/home/textbook/modules/stneunet.html
Yue6uuk — Heifponnsie cetu https://neuralnet.info/book/

BBejienue B MarmHHOE 00yU€eHHeE: TIOJTHOE PYKOBOACTBO - https://www.machinelearningmastery.ru/machine-learning-
introduction-a-comprehensive-guide-af6712cf68a3/

9. Meroanyeckue yKa3zaHus AJ1s1 00y4aIOWMXCS 10 OCBOECHMIO JMCHUIIJIMHBI (MOAYJIs1)

Bun padort MeToauyeckue peKoMeH AU

JIEKLIUU Jlex1inoHHbIE 3aHATUSA IPOBOASATCS C UCIOIb30BAHUEM UHTEPAKTUBHBIX TEXHOJOTUMN U NIPEATIONATAIOT
AKTHUBHOE y4acTHE CTYJEHTOB. [lJI1 MOATOTOBKHU K 3aHATUSIM PEKOMEHIYETCS BBLIEIATh B MaTepualle
IpoOJIeMHBIE BOTIPOCHI, 3aTParuBaeMble IPETOAaBaTENIEM B JIEKIIUH, U TPYIIIUPOBATH HH(OPMAIIHIO
BOKpYT HUX. JKeslaTenbHO BBIIEIATH B UCIIOJIB3YEMOM JINTEPATYPE TOCTAHOBKU BOIIPOCOB, HA KOTOPBIE
Pa3sHbIMHU aBTOPAaM MOTYT OBITh JJaHbI Pa3JIMYHbEIE OTBETHI. Ha OCHOBaHNMM IMOCTAHOBKH TaKHX BOIIPOCOB
ciesyer coOupaTh apryMEHThI B TIOJIB3Y PAa3IMYHBIX BAPHAHTOB PELICHUS OCTABICHHBIX IPOOJIEM.

naboparopusle | JIJabopaTopHbIe 3aHIATHS - 3TO OJHA U3 Pa3HOBHIHOCTEH MPAKTHUECKOTO 3aHSTHS, SIBIISTFOIIASICS

paboThI s dexTrBHON HOpMOIT yIeOHBIX 3aHATHI B OPraHU3AIMH BBICIIET0 00pazoBaHus. JlabopaTopHbie
3aHATHUS UMCIOT BRIPAXCHHYIO CIICIU(HUKY B 3aBUCHMOCTH OT YICOHOH TUCIMILINHEL, YIITyOJSIOT U
3aKpEIUISIOT TeOpETHUECKHEe 3HaHUs. Ha 3THX 3aHATHIX CTYIEHTHl OCBAUBAIOT KOHKPETHBIE METOAbI
M3yYCHUS TUCHUTUINHBI, 00YYar0TCs IKCIIEPHUMEHTAIBHBIM CII0OC00aM aHaIm3a, YMEHHIO paboTaTh ¢
pubOpaMu M COBPEMEHHEIM 000pymoBanreM. JIabopaTopHbIe 3aHATHS JAIOT HATJIATHOE TPEICTABICHUC
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Buj pa6or MeToauyeckne peKoMeHIauu

00 M3y4aeMbIX SIBJICHUSIX M IpoLieccax, CTYJACHTHI OCBaUBAIOT IIOCTAHOBKY U BEJEHUE IKCIIEPUMEHTA,
yuartcsi YMEHHUIO HaOII01aTh, OLIEHUBATH MOJY4YEHHBIE Pe3yJIbTaThl, Ae1aTh BEIBOALI M 0000mmeHus. OTuéT
10 UTOTaM BBITIOJIHEHHBIX JJA0OPAaTOPHBIX Pa0OT BEINOJHAETCS Ha IMcTax Oenoit Oymaru popmara A4 B
MIeYaTHOM WJIM PYKOIHCHOM BuJe. [Ipu ohopmiieHn oT4éTa NCTIONB3yeTCs CKBO3HAS HyMeparys
CTpaHUI], CUUTAsl TUTYJILHBIH JUCT NepBOH cTpaHuLeil. Homep cTpaHuIbl Ha TUTYJIEHOM JIHCTE HE
craBuTcs. Homepa cTpaHuIbl CTaBATCS 10 LEHTPY BBepXy. [Ipu opopmiieHnu oTyéra B me4aTHOM BUIE
KeJaTeIhbHO COOM0aTh cleayiomue TpedoBanus. [ 3ar0I0BKOB: Oy KAPHEIA pUdT, 14 1T,
LHEHTPUPOBAHHBIN. [[111 OCHOBHOTO TeKCTa: HeXXHUPHBIN mpudT, 14 1T, BRIpaBHUBaHHUE 110 MHpUHE. Bo
Bcex ciydasx tan mpudTa - Times New Roman, orctym a63ama 1.25 cM, oIy TOPHBII MEX Ty CTPOYHBIH
naTepBal. [loms: neBoe - 3 cm, mpaBoe - 1 cM, BepxHee U HIKHEe - 2 cM. OTYeT T0IDKEH CoAepKaTh
cienyromtre deMeHThl: 1) TUTyIBHBIH TUCT ¢ 00s3aTeIbHBIM yKa3aHHeM BapuaHTa; 2) Llens paboTs; 3)
3ananue; 4) OcHoBHast yacTh; 5) BeiBon

camoctosa- | CamocTosiTenbHast paboTa CTyI€HTOB MO AUAAKTHYECKOH CYTH HPEACTABISIET COO0H KOMIIEKC YCIOBHH
TenbHas paboTa| 00ydIeHHs, OPraHU3yEMbIX IPETIOIaBaTeNIeM U HAIIPaBJICHHBIX Ha CAMOIIOATOTOBKY yJammxcs. Y 4eOHas
JEATENLHOCTh MPOTEKAET 0€3 HETOCPEACTBEHHOTO YIACTHSI MPETIOAaBATENS U 3aKIIFOUACTCs B
popaboTKe JIEKINOHHOTO MaTepHaa, MOArOTOBKE K JAOOPaTOPHBIM 3aHATHIM; U3YICHUH yIeOHOH
JIUTEpaTyphl U3 OCHOBHOTO U JONOJTHUTENILHOTO CIHUCKA.

3a4er 3ager siBisieTcst HOPMOI OLIEHKH Ka4eCTBAa OCBOEHHS CTYICHTOM 00pa30BaTEIbHON IPOrPaMMBI IO
qucuumube. [1o pesyapTaTaM 3auera CTyACHTY BBICTABIISIETCS OLEHKA "3a4TeHO" WM "He 3a4TeHO".
3adeT MOKET MPOBOIUTHCA B (hOpME YCTHOTO Ompoca 1o Omreram (Borpocam) uiu 0e3 OUIIeToB, ¢
NpeBapUTEIbHON NOATOTOBKOW MK 0€3 OATOTOBKY, 10 yeMOTpeHuto kadenpsl. [Ipenonasarens
MOXKET IPOCTAaBUTH 3a4eT 0e3 orpoca UM coOeceI0BaHuUs TEM CTyAeHTaM, KOTOPbIE aKTHBHO
Yy4acTBOBAJIM Ha J1JAOOPATOPHBIX 3aHATHSX.

10. IlepeyeHb HMH(OPMALMOHHBIX TEXHOJOrUH, HCIOJIb3yeMbIX IPH OCYHIeCTBJEHHU 00Pa30BATEIbHOIO
npouecca mo JMCUHUILIMHEe (MOIYJI0), BKJIOYasi NepedyeHb NPOrPaAMMHOI0 ofecneyeHMss M HMH(OPMALMOHHBIX
CIPABOYHBIX cCUCTEM (IIPH HEOOXOAUMOCTH)

[Tepeuenp MHGOPMAIIMOHHBIX TEXHOJIOTHH, MCIOJIb3YEMbIX MPH OCYLIECTBICHUH 00pa3oBaTebHOTO Mpolecca I10
JTUCLUILIMHE (MOZYIII0), BKJIIOYAs IEpPEeYeHb MPOrpaMMHOro olecrieueHHss ¥ WH()OPMALMOHHBIX CIIPAaBOYHBIX CUCTEM,
npeactasieH B [Ipunoxennn 3 k paboveld mporpaMme JUCLHUIUTAHBL (MOZYJIs ).

11. Onucanue MaTepUAJbLHO-TEXHMYECKOil 0a3bl, HeOOXOAMMOWN /IJsl OCylIecTBJeHHs] 00pa30BaTeIbHOIO
npouecca no AMCHUNINHE (MOAYJII0)

VYuebnast aymuropust Ne 61 (423600, Pecniyonuka Tarapcran, r. Ena0yra, yin. Kazanckas, n. 89) mns nposeneHus
3aHATHI JISKIIMOHHOTO THIA, 3aHATUH CEMHHApCKOTO THIIA, TPYNIOBBIX M WHIMUBHIYAJIBHBIX KOHCYJIbTallMH, TEKYIIEro
KOHTPOJISL ¥ TIPOMEXYTOUHON aTTECTallMH, MOMEIIEHHE Il CaMOCTOATENbHOW paboThl. Kommiekr mebenn (mocagouHbIx
mect) 30 mr. KommbrotepHslid kiacc: kommbioTepbl Lenovo Thinkcentre m920x 18 mr. Monutopsr Thinkcentre
TIO24GEN3 18 mr. MHrepaktuBHas masHenbs 1 mT. MenoBas pocka HacteHHas | T, Beixoq B HMHTepHer,
BHYTPUBY30BCKasi KOMIIBIOTEPHasi CETh, JOCTYI B 3JIEKTPOHHYIO HWH(pOpMalnnoHHO-00pa3oBaTenbHylo cpeay. Habop
y4eOHO-HATJISTHBIX TOCOOUH: KOMIUIEKT MPE3EHTAINI B 3JIEKTPOHHOM (hopmare 1o mpernoaaBaeMoi TUCIUIUTHHE 3-5 IT.

12. CpeHCTBa aJjanTanvu npenojaBanvs JUCHUINIIMHBI K HOTpeﬁ]—[OCTﬁM oﬁyqamumxca HHBAJINJI0B H JIHUII C
OrpaHU4Y€HHBIMUA BO3MOKHOCTAMMU 3/10POBbS

I[Ipn HeoOxomumocTH B 00pa3oBaTENbHOM IIpoliecce NPHMEHSIOTCS CIEAYIOIINe METOAbl M TEXHOJIOTHH,
oOeryaromye BOCIPHATHE WHPOPMAIMU OOYYarONIMMHUCS WHBAJIMIAMU U JIMIAMH C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH
30POBBS:

- CO3/aHHME TEKCTOBOH BEpCHM JIIOOOTO HETEKCTOBOTO KOHTEHTa JUIsI €ro BO3MOXKHOTO IIpeoOpa3oBaHHsA B
aNbTepHATHBHBIE (DOPMBI, yI00HBIE [T PA3INIHBIX ITOIb30BaTENeH;

- CO3/1aHHMe KOHTEHTa, KOTOPHIH MOXKHO TPEJICTaBUTh B PA3IMYHBIX BUAAX 0€3 MOTEpPH MAHHBIX WM CTPYKTYPBHI,
MIPEIYyCMOTPETh BO3MOXKHOCTh MAaCIITAaOMPOBAaHUS TEKCTa M M300pakeHHMil 0e3 MOoTepu KadecTBa, INPEeIyCMOTPETh
JIOCTYTIHOCTH YIIPABJICHHUS KOHTEHTOM C KIIaBHATYyPHI;

- CO3/1aHHE BO3MOKHOCTEH [Tl 00YYaIoMXCsl BOCIPUHAMATE OIHY U TY Jk€ MH(OPMAIUIO U3 Pa3HBIX HCTOYHUKOB -
HarpuMmep, Tak, YTOOBI JIMIa ¢ HapyIICHWSIMH CIyXa MOJydand WH(OpManWio BU3YalTbHO, C HAPYIICHUSMH 3PEHHS -
ayJMabHO;

- MNPUMCHCHHUE TPOTrpaMMHBIX CPEICTB, O6eCHe‘II/IBaIOH_II/IX BO3MOXHOCTb OCBOCHHUA HAaBBIKOB H yMeHI/If/'I,



(opMHUpYEMBbIX AWUCIMIUIMHON, 3a CYET aNbTePHATHBHBIX CIIOCOOOB, B TOM 4HCJIE BHUPTYAJIBHBIX JabopaTopuid
CHUMYJISIIIMOHHBIX TEXHOJIOTHH;

- TIPUMEHEHHWE IHMCTAaHLIMOHHBIX OOpa30BaTENbHBIX TEXHOJOTHH Ui Iepenadd HHQOpMaIMy, OpraHU3aLlUH
pa3IUYHBIX (OPM HHTEPAKTHBHOW KOHTAaKTHOH paboThl 00ydaromierocss ¢ IperojaBaTelieM, B TOM 4YHcie BeOWHApOB,
KOTOpbIe MOTYT OBITH HCIHOJIB30BaHBI JJIS MPOBEICHUS BUPTYAJbHBIX JICKIHI ¢ BOSMOXHOCTBIO B3aHMOJCHCTBHS BCEX
YYaCTHUKOB JUCTAHIMOHHOTO OOYYCHUs, IPOBEICHHS CEMHHAPOB, BBICTYIUICHHS C HOKJIAJaMH W 3alIUTHl BHIIOIHEHHBIX
paboT, MPOBEICHNUS TPSHUHIOB, OPTaHU3aHN KOJUICKTUBHOM paboThI;

- TMpPUMEHEHWE JMCTAHIIMOHHBIX O0O0pa30BaTCIbHBIX TEXHOJOTMHA JUIs opraHusanuu (HopM TEKyIIero u
MIPOMEKYTOYHOTO KOHTPOJIS,;

- YBCIMYCHHUEC TMPOAOJLKUTCIBHOCTU CAadu OGy‘IaIOHII/IMCH HWHBAJIUAOM WK JHUIOOM C OrpaHUYCHHBIMU
BO3MOXKHOCTAMU 3J0POBbA (bOpM l'[pOMe)KyTO‘IHOﬁ aTTCCTAllUU 110 OTHOLICHUIO K YCTaHOBHeHHOﬁ IPOAOJDKUTCIIBHOCTU UX
caadu:

- TPOJIODKUTEILHOCTH ClIaud 3a4éTa WM JK3aMeHa, IPOBOJMUMOrO B MUCbMEHHOH (opme, - He Oonee dyeM Ha 90
MUHYT;

- TPOJOIDKUTEIBHOCTH MOATOTOBKH OOYdarolerocss K OTBETy Ha 3a4ére WM SK3aMEHE, MPOBOJMMOM B YCTHOM
¢dbopme, - He 6osee yeM Ha 20 MUHYT;

- IPOJIOJDKUTENBHOCTH BBICTYIUICHHUS 00yYaroIerocs Ipy 3alliTe KypCcoBOi paboThI - He OoJiee 4eM Ha 15 MHUHYT.
[Mporpamma cocraBnena B coorBercTBuU ¢ TpeboanusMu PI'OC BO u yueOHbIM mianoM no Hanpasienuto 23.03.01

"TeXHOJOTHA TPAaHCIIOPTHHIX MporeccoB” U nmpodmitro moarotoBku " [IpoekTHpoBaHUe U yrpaBlieHHE HHTEIUICKTYaTbHBIMH
TPAaHCIOPTHBIMU CHCTEMaMHU".
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1. CooTBeTCTBHE KOMIETCHIHIA IIAHNPYEMBIM pe3yJabTaTaM 00y4eHHus N0 JUCHUILINHE (MOAYJII0)

Konx u namMeHoBanme | UHAMKATOPBI JOCTH:KeHHS KoMmmeTeHIMil | OuneHo4YHbIe cpeacTBa TEeKYLIEro
KOMIIeTeHIIUH A JAHHOM W CHMILTAHBI KOHTPOJISl H NIPOMEKYTOYHOI aTTecTAlHH
[K-3 - Cnocoben | 3Hath OCHOBHBIE HNOHATHS  Teopuu | Tekymuii KOHTPOJIb:
MPOEKTUPOBATh U | HEHpOHHBIX ceTel; crmocoObl npuMeHenus | Pedepar no remam
YIPaBIATh IT- | Hediponnbix cereld B mpoektupoBanuu |T- | Tema 1. Heiiponnsie ceti. OcHOBHBIE
MPOEKTaMU, MIPOEKTOB MOHATHS
OCYLIECTBIISATh Tema 2. MHOrociaoiHble HEHPOHHBIE CETH
TECTUPOBAHUE YMmers NIPUMEHSITh HeiipocereBrle | Tema 3. PamnanbHple HEHPOHHEIE CETH
KOMITOHCHTOB TexHoNMornu mpu  mpoektupoBannu |T- | Tema 4. Camoopranmsyronirecs HeHpOHHBIE
MH()OpMAMOHHBIX MPOEKTOB CeTH
CHCTEM, B TOM YHCIE
MHTEJUIEKTYalbHbIX Bnanets CIOCOOHOCTBIO nporpammHO | JIabopaTopHbie paboThI IO TEMaM
peanu3oBbIBaTH ~ MeToAbl  HelpoceTeBoil | Tema 1. Heliponusie cetu. OcHOBHBIE
o0pabotkn mpu  mpoekrtupoBaHuu  |T- | moHATHS
IIPOEKTOB Tema 2. MHOrOCHIOMHBIE HEHPOHHBIE CETU
Tema 3. PaguansHble HEHPOHHBIE CETH
Tema 4. Camoopranusyoouuecst HeiipoHHbIE
ceTu
IIpomexyTounas aTrecTanms:
3auém
2. Kpurepuu oueHuBaHus c¢(pOPMHUPOBAHHOCTH KOMIIeTeH M
Komner 3aureHo He 3auteno
eHLHUS Boicoknii ypoBenb | Cpennuii ypoBenb | Huskmnii ypoBenb | Huxxe mnoporosoro
(0TJIMYHO) (xopo1uo) (YAOBJ1€TBOPUTEIbHO) YPOBHS
(Hey0oBJIETBOpPUTE
JIBHO)
1IK-3 3HaeT OCHOBHBIC MOHATHS | 3HAeT OCHOBHBIE TIOHATHA | 3HaeT OCHOBHBbIE MOHATHA | He 3HaeT oCHOBHEBIE
TEOpPUU HEMPOHHBIX CETEH; | TEOPUM HEHUPOHHBIX CETEH; | TEOPUU HEHPOHHBIX CETEH; | MOHATHS TeOpUu
CIOCOOBI TIPUMEHECHHUS | CIIOCOOBI MIPUMEHEHHS | CTIOCOOBI MIPUMEHEHHS | HEHPOHHBIX CETEH;
HEHPOHHBIX  CeTed B | HEHPOHHBIX cerel B | HEHPOHHBIX  ceTell B | crOCOOBI
MIPOEKTHPOBAHUHT IT- | mpoexTupoBaHNH IT- | mpoexTHpOBaHUHN IT- | npumeHeHns
IIPOEKTOB MPOEKTOB, JI0ITyCKasl | MPOEKTOB, JIOITycKasl | HEHPOHHBIX CETe B
HEe3HAYMTENbHbIE OMMOKM B | THIIMYHBIE  OMMOKKM B | MPOEKTHPOBAHWU
paccyXIeHHAX U BBIBOAAX paccyXIeHHIX U BeIBoAax | |T-mpoekTos.
YMeer npuMeHsTh YmMmeer IIPUMEHATh | YMeeT npuMeHsaTs | He ymeer
HEHUPOCETEBBIE HEUPOCETEBbIE TEXHOJOTUHU | HEHPOCETEBbIE MIPUMEHATD
TEXHOJIOTUH NIPH npu  npoekTupoBaHnu | T- | TexHOMOTHMH IpU | HEHpOCEeTEBbIE
npoektupoBanuy | T- MPOEKTOB, JI0ITyCKasl | MPOEKTHPOBAHUU IT- | Texnonoruu npu
IIPOEKTOB HE3HAYHTENbHbIE OIINOKH. MIPOEKTOB, JIOITyCKasl | MPOEKTUPOBAHUU
TUIHYHBIE OIIHOKHI IT-mpoexToB
Brnaneer criocoOHOCTBIO Brnaneer criocoGHOCTEIO Brnaneer criocoOHOCTBIO He Bnageer
IIPOrpaMMHO IPOrpaMMHO MIPOrpaMMHO CIIOCOOHOCTBIO
peanu30BBIBATh METOIBI peanu30BBIBATh METOIBI pearn30BBIBATh METOIBI MPOTPAMMHO
HeHpoceTeBoi 00paboTku | HeWpoceTeBOH 00pabOTKH HEHpPOCeTeBO 00padOTKH | peaIn30BHIBATh
pu npoexktupoBanuu 1T- | mpu mpoextuposanuu | T- pu npoexTupoBanuu I7T- METO/IbI
IIPOEKTOB IIPOEKTOB, JIOILyCKast NIPOEKTOB, JIOIyCKast HENpOCETEBOU
HE3HAYNTENbHBIC OIIMOKN B | THIMYHBIC ONINOKKA B 00paboTKH mpu
MIPOTPaAMMHOM pean3annun MIPOTPaMMHOI pean3anuy | MPOEeKTHPOBAHUN
IT-npoexToB

3. Pacnipenesienne oneHOK 3a (h)OPMbI TEKYIero KOHTPOJISI U IPOMEKYTOYHYI0 aTTECTALMIO

9 cemectp:

Texyluii KOHTPOJIb!




Pedepar

Tema 1. Heitiponnslie cetu. OCHOBHBIE TOHSTHUS
Tema 2. MHOrocnoiHsle HEHPOHHBIE CETU

Tema 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. CaMoopranuzyrolecs HBHpOHHbIE CETH

JlabopaTopHbie pabOTHI

Tewma 1. Heitponnsie cetn. OCHOBHBIE TTOHATHS

Tewma 2. MHOrocnoliHbele HEHPOHHBIE CETH

Tewma 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. Camoopranusyrolecs HBHPOHHbIE CETU

BeImonHeHne Kaxa0oro OLIGHOYHOIO CpEJICTBA OLIEHUBAETCA 10 IIKale: OTINYHO, XOPOIIO, YIOBIETBOPUTENBHO,
HEYJOBJIETBOPUTEIIBHO.

OOmias oueHKa 3a TEKYIMH KOHTPOJb HPEJCTABIIET COOOH cpelHee 3HaYCHUE MEXIy MOJyYEeHHBIMU OLIEHKaMH 32 BCE
OILICHOYHBIE CPE/ICTBA.

IIpoMe:kyToUHAsI aTTeCTAIUS - 3a4ET.
[IpomexxyTodHast aTTeCTalus IPOBOAWTCS TIOCIE 3aBEpINEHHs W3YUYCHHs TUCHWIUIMHBI WM €€ dYacTH B (dopwme,
ompenenieMoil yIeOHBIM IDTAHOM O0pa30BaTENEHOW MPOTPaMMEI C LENBI0 OICHHUTh paboTy OO0yYaromerocs, CTEIeHb
YCBOCHUS TEOPETHICCKHUX 3HAHUH, YPOBCHD C(HOPMHUPOBAHHOCTH KOMIICTCHITHIH.
[IpemomaBaTens, TPUHAMAIONINNA 3a4eT oOCCIeYNBaeT CIydaiiHOE paclpeleleHne BapUaHTOB 3a4ETHBIX 3aTaHUH MEXIY
o0Oy4alomuMucs C TOMOILIbI0 OWIETOB W/WIM C IPUMEHEHHEM KOMIBIOTEPHBIX TEXHOJIOTHH; BIIpaBe 3a1aBaTh
06yqa}omeMyCﬂ JOIIOJTHUTCIIbHBIC BOHpOCI)I " JaBaTh OOINOJHUTCIBHBIC 3aJIaHUA IIOMHUMO TECX, KOTOpI)Ie yKaSaHI)I B GI/IJ'IeTe.
3ayer npoBoauTcs 1o OuieraM. B kaxxoM OuiieTe OlEHOYHBIE CPEACTBA OJTHOTO BHJA: YCTHBIH I MMCHbMEHHBIH OTBET HA
BOTIPOC.
BhImonHeHHEe KaXKAOTO 3aJaHUs 3a MPOMEKYTOUYHYHO AaTTECTAI[MI0 OICHMBACTCS MO IIKale: OTJIMYHO, XOPOIIO,
YIOBJICTBOPHUTEIIBHO, HEYIOBJICTBOPUTEIHHO.
OO01as oIeHKa 3a MPOMEKYTOUHYIO aTTECTANNIO MPEACTABIACT COOOH CpeiHee 3HAUCHUE MEXK/Ty TTOTyYCHHBIMH OIICHKAMU
3a BCE OI[CHOYHBIC CPEICTBA IIPOMEKYTOUHOH aTTECTAIIHH.
B ciaydae HEBO3MOXHOCTH YCTAaHOBJICHHS CPEIHETO 3HAYUCHUS OICHKH 3a MPOMEKYTOUHYIO aTTeCTAIlMI0 (HAIpuUMep,
«XOpOIIIO» W «OTJIIMYHOY), UTOTOBAsI OLCHKA BHICTABISIETCS HK3aMEHATOPOM, MCXOMIs M3 MPHHIIHIA CIIPABEUINBOCTH U
OECIPUCTPACTHOCTH HAa OCHOBAHHWU OOINETO BIICYATICHUS O KAa4eCTBE W JOOPOCOBECTHOCTH OCBOCHHSA OOYYArOIIUMCS
UCTIATUTHHBL (MOZYIIA).

Bupl onieHok:

Jns 3auera:

3auTeHo

He 3auteno

4. OueHOYHBIE CPEACTBA, MOPSAOK UX MPUMEHEHNs M KPUTEePUH OLleHUBAHUS
4.1. OueHoYHbIE CPeCTBA TEKYLIEr0 KOHTPOJIS

4.1.1. Pegepar

Tema 1. Heiiponnsle cet. OCHOBHbIE OHSATHUS

Tewma 2. MHOrocnoiiHble HEHPOHHBIE CETH

Tema 3. PaguanbHble HEHPOHHBIE CETH

Tema 4. CaMOoOpraHU3yIONIUECS] HEUPOHHBIE CETH

4.1.1.1. ITopsiaox npoBeaeHMsI.

OOyuaromiuecsi CaMOCTOSTEIBHO MUIIYT PadOTy Ha 33/IaHHYIO TEMY U CAAIOT IPETOaBATENI0 B MIMCbMEHHOM BH/IE.
B pabote mpomsBoguTca 0030p Marepuana B ONpeaesEHHONH TeMaTHYecKOoW oOnacTH nubo mpexasaraercs COOCTBEHHOE
pelieHne OompeneEHHON TEOPEeTUYEeCKOW WM MpakTH4eckod mpoOiembl. OleHUBAIOTCS NPOpadOTKa HCTOYHHKOB,
M3JIOKEHHE MaTepuana, (OpMYJIMPOBKA BBIBOJOB, COOIONEHME TpeOOBaHMI K CTPYKType M oQopMileHHIO paloTHI,
CBOEBPEMEHHOCTD BBINIOJIHEHHS. B ciryyae myOnudaHOM 3amunThl pedeparta OLEHNBAIOTCS TaKXKe OPATOPCKHUE CIIOCOOHOCTH

Tpebosanus k pedepary

ITpu opopmiennn Tekcra pedepaTa cieryeT MPUAECPKUBATHCS CIEAYIONINX TapaMeTPOB:

mmoJisi: ieBoe — 35 MM, paBoe — 15 MM, BepxHee — 25 MM, HIDKHEE — 25 MM;

OpHEHTALUSI CTPAHMIIBI: KHIDKHAS,

mpudT: TimesNewRoman;

Kerib: 14 nT (ITyHKTOB);

KpacHas cTpoka:1 Mm;

MEXAYCTPOYHbII UHTEPBAIL: IOy TOPHBIN;

BBIPAaBHUBAHNE OCHOBHOT'O TEKCTa M CHOCOK: IO IIMPHHE.



Wmnroctpauiun B Buj€ PUCYHKOB, (POTOCHUMKOB, CXE€M W T.I. MOTYT pacrojlaratbCsi OpraHMYHO C TEKCTOM
(BO3MOXHO OJIVDKE K MIUTIOCTPUPYEMOIl yacTH) MO0 Ha OTACNBHBIX JIMCTaX. B 11000M ciydae BBITOJHIETCS HyMeparus
(ckBO3HAsI [UIsl BCEX Pa3JelioB), KOTOpas pacnonaraercsi BBepxy. IloapucyHoUHyr0 HyMepauuio ¥ HaJIlUCh pacrojararb
BHU3Y.

3akaHUMBaeTCsl MOSICHUTENbHAs 3amicka OMOnmorpaguyeckuM CIHCKOM MCTOYHHKOB, K KOTOPBIM oOOpamiaics
CTYICHT BO BpeMs pabOoTHI HaJI pa3pabaTeiBaeMON TEMOM.

OO0beM  MH(POPMAIMOHHO-TEXHOJOTHYECKOW  JOKYMEHTAMHM HE  PErIaMEHTHPYeTCs — OH  JHUKTYeTCs
JIOCTATOYHOCTBIO JUI HPAKTHYECKOTro HpUMEHeHMs. KapTrouku 3agaHms IUId CaMOKOHTPONSA (€CIM TAaKOBBI HMEIOTCH)
BKJIaJBIBAIOTCS B IIPO3padHbIc (ailbl.

Pedepar no cBoeMy CTPYKTYpPHOMY COJEPKaHUIO TOJDKEH COAEPKaTh CIIEIYIOMINE JIEMEHTHI:

- TUTYJbHBIU JIUCT;

- cofeprKaHHue;

- BBEJICHUE;

- 0a30BOC MOHATHS;

- HCTOpHUECKas clpaBKa (0COOEHHOCTH 3apOXKACHUS U Pa3BUTUS, OCHOBOIIOJIOKHUKY U T.1I.);

- knaccudukanys (Buasl, GOpMEI U T.1.);

- o0liee ¥ 9aCTHOE IOJIOKEHUSI 110 IPUMEHEHHIO B y4eOHO-BOCIIUTATEILHOM IIPOLIECCE;

- TI0ccapmii;

- CIIMCOK HCIIOJIb30BAHHBIX HCTOTHUKOB

- TIPUIIOXKEHHS
4.1.1.2 Kpurepuu oueHMBaHus

OueHKa «OTIIMYHO» CTABUTCS, €CJIH 00yUyaromuiics:

Temy packpbul TONHOCTBIO. IIpoieMOHCTpUpOBaT TNPEBOCXOJHOE BIaJeHHE MaTepHajoM. [cmonas3oBan
HaJieKalnue UCTOYHUKU B HYKHOM KOJIMYECTBE. CprKTypa pa60T1)1 COOTBETCTBYCT MOCTABJICHHBIM 3aJiadaM. CreneHb
CaMOCTOATENIHOCTH PabOThI BEICOKAS.

OneHka «X0pouIo» CTABUTCS, eCJIN 00yJaromuics:

Temy B oCHOBHOM packpsul. IIpomeMOHCTpHpoOBan Xopollee BilajJeHue MarepuaioM. Vcmonp3oBaa Haajexaline
ncToyHukd. CTpyKTypa pabOThI B OCHOBHOM COOTBETCTBYET IOCTaBIEHHBIM 3agadyaM. CTeneHb CaMOCTOSTEIbHOCTH
paboOTHI CpeTHSIA.

OueHka «y10BJIeTBOPUTEIbHO)» CTABUTCS, €CJIM 00y4arolIuiics:

Temy packpsin ciabo. IIpogeMOHCTpHpOBan YIOBIETBOPHUTEIBHOE BIAJCHHE MaTepHaIoM. VICIOIb30BaHHbIC
HCTOYHHMKHU M CTPYKTYpa pabOTHl YaCTUYHO COOTBETCTBYIOT ITOCTABIICHHBIM 3a1adaM. CTENeHb CaMOCTOSTENBHOCTH PAOOTHI
HU3Kasl.

OueHka «HeyI0BJIEeTBOPUTEIbHO» CTABUTCS, €CJIM 00y4arouuiics:

Temy He packpbul. IIponeMOHCTPHpPOBaN HEYAOBIETBOPUTEIHHOE BIAJCHHE MaTepuanoM. lcroiap30BaHHBIE
HCTOYHUKHU HeocTaTouHbl. CTpyKTypa paboThl HE COOTBETCTBYET ITOCTABICHHBIM 3a7a4aM. PaboTa HecaMocTosITeIbHA.

4.1.1.3. Conep:xaHue OLIECHOYHOI0 CPEACTBA

[paBuio oOy4uenuns Xeooa.

JIuneitHast HeWipOHHAs CETh.

PexyppeHTHBI METO/l HAUMEHBIINX KBAJPaTOB
JIuneiiHast ceThb ¢ JIMHEH 3aJ1ePKKU

PacnoznaBaHue cCUMBOJIOB

Konuenius HelfpoypaBieHus

HelipoaMyiATOpbl U HEHPOIIPEIUKTOPBI

Heiiponnas cets DnMaHa

Cern Xondunna

0. Heiiponnas cetb XaMMuHTa

1. AnanTuBHBIC pE30HAHCHBIE HEHPOHHBIE CETH

12. Metoab! ri100ajbHONM ONTUMHU3AINT

13. MeTox UMUTAIAN OTXKHTA

14. CroxacTHdeckue METOAbI 00y4YeHUI HEHPOHHBIX ceTei
15. Mertoa post yacTHIl

16. DnemenTHas 0a3a [yisl annapaTHON peaau3alii HeHPOKOMIIBIOTEPOB
17. Cetun Ha OCHOBE TEOPHH AIAITUBHOTO pEe30HAHCA

18. Maiuuna bonbumana

19. JIByHampaBiieHHas acCOIIMATHBHAS MAMSITh

20. MuoromnpoduibHas MOJeIb pelakcalHOHHOW HEHPOHHON ceTH

RBPOOoNoOR~WNDE

4.1.2. JlabopaTopHbIe padoThI
Tema 1. Heitponnsie cetu. OCHOBHBIE MOHATHUS
Tema 2. MHOrocCnoiHble HEHPOHHBIE CETU



Tema 3. PaguanbHble HEHPOHHBIE CETU
Tema 4. Camoopranuzyromuecs: HEHpPOHHBIE CETH
4.1.2.1. Ilopsiiok MpoBeAeHHsI.

B aynuropun, ocHam@HHON COOTBETCTBYIOIIUM O0OpYJOBaHHEM, OOydYalOIIHMecs NMPOBOJAT y4ueOHbIE SKCIEPHUMEHTHI H
TPEHUPYIOTCS B NIPUMEHEHHH INPAKTHKO-OPHEHTUPOBAHHBIX TeXHOJoruil. OLeHMBAIOTCA 3HAHHE MaTepuaia U yMEHHE
MIPUMEHATH €T0 Ha MPAKTHKE, YMEHUS M HaBBIKU 110 paboTe ¢ 000pyI0BaHUEM B COOTBETCTBYIOIIEH ITPEAMETHOH 00IacTH.

JlabopaTopHbIe pabOTHI MPOBOIATCS IpPENOIaBaTeIeM COTIACHO pa3paboTaHHOMY M YTBEpKACHHOMY Ha Kadempe
paboueii mporpamme. Kaxnast mabopaTopHO-TIpakTHdecKast paboTa BBINOIHIETCS 10 ONPEICICHHONH TeMe NPOTrpaMMbl B
COOTBETCTBUH C 33JJaHUEM.

Iepen BBIMONHEHNEM Ka)XJ0H pabOTHI CTYICHTHI-OaKaIaBPhl JOIKHBEI MPOpadOTaTh COOTBETCTBYIOIINM MaTepual,
UCTIONIb3Ysl KOHCIIEKTHl TEOPETUUECKHUX 3aHATHH, NEPHOANYECKUE U3/1aHHs, YIeOHO-METOINYECKHE TIOCOOUS U YIeOHUKH

Ha xaxaoMm 3aHATHM CTYAEHTHI BBIIOJHSIOT paboTy B COOTBETCTBHU C €€ COJEPKAHHEM W METOIUYECKHMHU
yKa3aHUsIMH.

[To okoHYaHUM 3aHATHIT CTYAESHTHI OQOPMIIIOT OTUET IO Ka)J10i paboTe, cOOIIoIas CIeAyIONyIo GopMy:

e HaumeHoBaHUE TEMBI;

e Ilens paboTHI;

e 3amaHue U comep kaHUe BHITIOJTHEHHON paboTHI,

e [luceMeHHBIC OTBETHI HA KOHTPOJIBHBIC BOIIPOCHI.

e BrIBoIHI IO TIpOAETaHHON padoTe.

e CIHCOK HCTOJIb30BAHHBIX HCTOYHUKOB.

4.1.2.2 Kputepnu oneHUBaHUS

OueHka «OTJIMYHOY» CTABUTCS, €CJIU 00ydarouuiics:
[TpaBuabHO BBHINONHUI Bce 3aMaHMs. IIpoJeMOHCTPHPOBAN BHICOKMH YpPOBEHb BIAJICHHS MarepuaioM. I[IposBieHbI
MIPEBOCXOIHBIE CIIOCOOHOCTH MPUMEHATH 3HAHMS M YMCHHUS K BHITTOJHEHUIO KOHKPETHBIX 3aaHUMH.
OneHka «Xopoio» CTABUTCS, eCJIN 00yJaromuics:
[IpaBuIbHO BBINOJHWI OOJNBLIYIO 4YacTh 3anaHuil. [IpHCyTCTBYIOT He3HauuTenbHble omMOKH. I[IpomemMoHcTpuUpoBaH
XOpOIIMH YpPOBEHb BIAACHUSA MaTepuajoM. lIposBIeHBI CpeiHHE CIIOCOOHOCTH NPUMEHATh 3HAHUS M yMEHHUSA K
BBITIOJTHEHUIO KOHKPETHBIX 3a11aH14171.
OneHka «yA0BJIeTBOPUTEIbHO» CTABUTCS, €CJIN 00yUaromuics:
3agaHus  BBINOJIHWI ~Oojiee uYeM  HamosoBHHY. IIpHCyTCTBYIOT —cepbé3Hble omuOku. IIponeMoHCTpupoBaH
YIOBIIETBOPHUTENIBHBIN YPOBCHD BIAJCHUS MaTepuaaoM. IIposiBIeHbI HU3KHE CIOCOOHOCTH NPUMEHSTh 3HAHHUSA W YMEHUS K
BBITTOJTHEHHIO KOHKPETHBIX 33/IaHHH.
OueHka «Hey10BJIeTBOPUTEIbHO» CTABUTCS, €CJIU 00ydaromuiics:
3agaHus BBHINOJHWI MEHEE 4YeM HaloJIoBUHY. [IpofeMOHCTpUpPOBAaH HEYJOBIETBOPUTEIbHBIH YPOBCHb BIIAJACHHS
MarepuasioM. [IposiBIE€HBI HEZOCTATOUHBIE CIIOCOOHOCTH TNPHMEHSATh 3HAHUS M yMEHHS K BBINIOJHEHHIO KOHKPETHBIX
3aJaHUN.
4.1.2.3. Conep:kaHue OLEHOYHOT0 CPeICTBA
JIABOPATOPHAS PABOTA Ne 1
W3YUYEHHUE CBOMCTB JIMHEMHOI'O HEMPOHA U
JAHENHON HEMPOHHOM CETH

1 IIEJIb PABOTHBI
M3yuuTh cBOKCTBA JIMHEWHHOTO HEUPOHA W JIMHEWHON HEUPOHHOM CETH.
2 CBEJEHUS N3 TEOPUHA
2.1 MoaeJb HeiipoHa

UckyccrBennsie Heliponnbie cetn (HC) mpencraBisior coOol mpocTeifne MaTeMaTHYeCKHe MOJCTH MO3ra.
[Touats ocHOBHBIE MpHHIUIE! TocTpoeHnst HC MokHO, paccMaTpuBas NX KaK COBOKYITHOCTH (CETh) OTHENBHBIX CTPYKTYP
(aeiiporoB). O4eHb TpydO CTPYKTYypy OMOJOTHYECKOTO HEHMpPOHA MOYKHO ONMHUCATh cleayronum obpa3zom. HeiipoH umeer
COMY — T€JIO0, IEPEBO BXOJIOB — JIEHAPHTEHI, BEIXOA — aKCOH. Ha come u Ha IeHIpHuTax pacronararoTcs OKOHYaHHUS aKCOHOB
JIPYyTUX HEHPOHOB, Ha3bIBAEMbIX CHHarcamMH. [IpuWHATBIE CHHANCaMH BXOJHBIE CUTHAJbI CTPEMATCS JHOO BO30YIUThH
HelipoH, 0o 3aropmo3nTh. Korna cymmapHoe BO30yXKAEHHE JIOCTHraeT HEKOTOpPOTO Hopora, HEHpOH BO30YXHaeTcs W
MIOCBUIAET 110 aKCOHY CHT'HAJI JApYyTruM HelpoHam. Kaxplii cuHarc obnanaeT yHUKaJIbHON CHHANTHYECKOH CHIIOH, KOoTopas
IPONOPLMOHATBHO CBOEMY 3HAUEHUIO H3MEHSET IIepelaBacMblii Ha HEHPOH BXOJHOW curHal. B coorBercTBHM C



MPUBEICHHBIM OMUCAHUEM MaTeMaTHuYecKas MOJEb HEHpOHA MPEICTABISIET cOO0N CYMMHPYIOIIUMA MOPOrOBBIA 3JIEMEHT
(puc. 1).

Xy Z Wyt Fl‘:; W, Iz‘)

W e

}tlﬁl
.ldllil

Puc. 1. UckyccTBeHHBIH HellpoH

®opmyia cpabaTeIBaHU HEHpOHA:

O=FKW", X>)= F(iwi - X)),

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

0, unaue.

O:

2.2 Anroputm 00y4eHus 110 AeIbTAa-NPABUIY

O6yuenne HC mponcxoanT Ha HEKOTOPOil oOydaromieil BEIOOpKE, I KaXXI0ro 00pasna KOTOPOH ONpeaessFoTCs
U CPaBHUBAIOTCS C XKEJIAEMBIMH 3HAYEHHMSAMHU BCE TEKyIIHME BBIXOJbL. EcCIM pa3HUIa HEIOMYCTUMA, TO BeCa U3MEHSIOTCS.
OxoHYaHHeM OOyUYEeHHUsI CYMTAETCS CUTyalusl, KOoria o0mias ommdKa Ha Bcex o0pasiax J0myCcTuMa.

Bce anroputmbl 00yueHns: HelipoceTel SBISIOTCS Pa3HOBUAHOCTSMHE alrOPUTMa 00YUYEHHsI [0 METOLy KOPPEKIIHH
OIIUOKH, KOTOpasi OCYIICCTBISICTCs Mmo-pasHoMy. Mnest m3menenus BecoB HC cBOAMTCS K HaXOXICHHIO OOIIEH Mephl
KauyecTBa CETH, B KaueCTBE KOTOPOW 00BbIYHO BBIOMparoT (hyHKIMIO ommOku ceTr. Toraa, 4roObl 0100paTh HyKHBIE Beca,
HEOOX0AMMO MHUHMMHU3UPOBaTh (YHKIHMIO omMOKH. CaMbIM pacrpoOCTPaHEHHBIM METOJOM IOMCKa MUHHMYMa SBJISETCS
METOJ TpajueHTHOro cmycka. [l ciaydas QyHKIMM C OJHOM IEpeMEHHOW Beca W3MEHSIOTCS B HAaIlpaBJICHHH,
MIPOTHBOIIOJIOKHOM IPOM3BOAHOM, T. €. cripaBeyinBa Gopmya

W =W —h-F' (W),

rae h — HeKOTOpBIN ypOBEHb 00YUECHUS, 1Al H3MEHEHHS;
F'(W) — npousBoaHas ¢pyHkimu kadectsa HC ist 0jHOM epeMEHHOM.

n
Hunst dyuknmu F oT N mepeMeHHBIX U eIMHAYHOTO BeKTOpa e B mpoctpanctse R" ||| = 1, eeR , i depeHnnan
BhIpakaeTcs hopMyon

lim_,(FW +et) - F(W))
t

0,F(W)=

Jumst cmyqas e = (0, 0...1...0) onpeaenum yacTHBIN quddhepeHIan

0 ) = M (F e W) ~ FOU)

Takum 00pa3oM, aHTUTPAJANEHT — 3TO Habop creayronmx nuddepeHnnanos:



OF (W) = ((—OF (W), — OF (W, ), o, ~OF (W,), e, —OF (W, ).

Jns onpenenenust 06001eHHOH GYHKIMH OIMMOKH PacCMOTPHM 00ydaromyro BeI6opky {(x*, Yy}, tne k=1, ..., K.
HakorieHHast O BceM 3110XaM OLIHOKa

K

K m
E=>(E")=>|>1/2J0, -V, |
k=1 k=1 \i=1
®dopmyna moandukanuu Beco HC

W™ =W" —h.0E/0W

YTOYHSACTCS ISl PasiMYHBIX BUIOB (QyHKUIMM aktuBaiuu. st auHedHo# ¢bynkumu F(t) = t, HC dopmupyer

O, =<W,, X, >

KaXXIbIil BBIXOJI KaK CKaJSIpPHOC MPOU3BEACHUC BECOB HA BCKTOP BXOJIO0B!: I U rpaJucHT 6y,aeT PpaBCH:

OE/OW =—(Y, = 0,)- X,

rae Yi— xenaemblii Boixo; Oj — MOTy4YeHHBIN BBIXO; X — BEKTOP BBIXOJA.
Takum oOpa3om, monydaeM GopMyITy U3MEHCHHS BECOB

W™ =W"—h-(Y,-0,)- X.
Ecmu 3HaueHneM o Ha3BaTh pazHULy (Yi— O;), TO HOIyIuM HOPMYITY
W™ =W"-h.§-X,

YTO SABIACTCS AI2OPUMMOM 0OYYeHUs NO o -npasu.y.
2.3 Onucanue OCHOBHBIX (PyHKUMIA

Jis paboTel ¢ HEHPOHHBIMH ceTsIMH HeoOxonumo uHcTammupoBate MATLAB u obnanaTe mepBoHaYalIbHBIMU
3HAaHUSIMH OTHOCHTEJILHO si3bika cucTeMbl. [lockoiabky MATLAB mpeacraBiasier coboif MHTepIpeTaTop, TO OOydYeHHE
HHCTPYMEHTAPHIO HEHPOHHBIX CeTel 3aKI0YaeTcs B OCHOBHOM B M3Y4YeHHH (YHKIMM M HX IapamMeTpoB. Y3HATh
BO3MOKHOCTH HEHWpOHa Kak KJacCH(HUKATOpa MPOCTHIX JUHEHHO cernapadelbHBIX 3a7ad MOXHO ITyTEeM IPOBEACHUS IKC-
NIEPUMEHTOB C MOJENBIO OJHOI0 JIMHEHHOI 0 HEMpOHA.

@yukuus Newp. st Toro 4roObl co3maTh HEHPOH, WCIIONB3YIOT (QYHKIHIO NEWp, MMEIOLIYIO CIEIYIOMNH
CUHTAKCHC:

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

rae PR — mMaTpuiia MUHMMAaJbHBIX M MAaKCHMAaJbHBIX R BXOIHBIX 3JIEMEHTOB; S — KOJIMYECTBO HEHPOHOB (IpH
co3manuu ojHOro Heipona S=1); TF — dyukuus akruBauu (transfer function); LF — umst dyHkiuu o0yueHus HelipoHa.

B cnyuae eciu nmapameTpbl QYHKIMU NEWP He 3aJlaHbl, KX 3HAYCHHS ONPEICIIAI0TCS MOCPEACTBOM BBOJIA 3HAYCHUH
B IUaJIOTOBEIe OKHA. [locTpoeHHEII HEHpoH XapakTepusyercs GyHKIusIMHU BecoB (weight function), BxomoB cetu (net input
function) u onpeneneHHol QpyHKUMeH akTUBaK. OYHKIUS BECOB — 3TO YMHO)KCHHE BECOB HA BXOJHOW CHTHAJ, HYHKIHUS
BXOJIOB CETH — UX CyMMa. Beca 3aaloTcs Kak Ui BXOJOB HEWPOHa, Tak U Uil (PUKCUPOBAHHOTO BXOJIA, 33/IAFOLIETO MOPOT
cpabarpBanusa (bias). Bekrtop BecoB uwHHIManmsupyercs HymaMH. Jns oOydeHHS HMCHONB3YIOTCA (YHKIUH,
PacCMOTpPEHHBIE HUXKE.

®yuxnus learnp macrpanBaet Beca Heipona. CHHTaKCHC QYHKIIMH 0OYIEHHS TOBOJBHO CIIOKEH:

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



Oyukuus learnp (W, P, Z, N, A, T, E, gW, gA, D, LP, LS) umeer Heckonbko BXOAOB, rae Bekrop W — BeKTOp
BECOB; P — BEKTOp BX0OJ0B; Z — BEKTOP B3BEIICHHBIX BX0J0B; N — BEeKTOp ceTH; A — BEKTOP BbIX0/1a; 7 — BEKTOP JKENaeMbIX
BBIXOI0B; £ — BekTop omubok; gW — Bekrop M3MeHeHHs BecoB; JA — M3MeHEeHHMs BbIxonoB. DyHKuMs Bo3Bpamaer
sHayenus: AW — u3sMeHeHHs MaTpHIIbI BeCoB; LS — HOBBIH ypOBEHb 00yUYESHHOCTH.

Oyukius learnp Moxet ObITh HCTIOIB30BaHA C TAPAMETPAMHU TT0 YMOITIAHHIO:

dwW =learnp(L], p,[1.[L.[).[1. € L1 L1 L1 LD

Vcnonp3oBaHKe ITyCTOrO CIKCKa [ ] 03HaYaeT mapaMeTp Ho yMOJYaHHIO.
@ynkuus learnp Berumcisier u3meHenne BecoB dW it 3aqaHHOTO HEWpOHAa B COOTBETCTBHH C HPABHIOM
00y4JeHHs MepCcenTpoHa:

0, eciu owuobra e =0,
dW =< p', eciu e =1,
- p', ecu e =-1,

T. €. dW :e. pl.

®ynknus learnpn HactpanBaeT HOpMalTH30BaHHbBIE Beca:
[dW, LS]=Ilearnpn(W, P, Z, N, A T, E, gW, gA, D, LP, LS).

Oyukuus learnpn Beraucnser usmenenune BecoB OW st naHHOro HeiipoHa u ero Bxoga P u omubku E B
COOTBETCTBUH C HOPMAJIM30BaHHBIM IIPABIIIOM O0OYUEHHS MIEPCENTPOHA!

pn=p//L+ pQ)* + p(2)? +...+ p(R)?),

0, eciu oumubka e =0,

dW =3 pn', eciu e =1,

— pn', eciu e = -1,

. AW =e-pn"

T.

JluHeliHBI HEHpOH MMeEeT OJHO CYIIECTBEHHOE OrpaHW4YeHHe. BXOIHBIE BEKTOPHI JIOJDKHBI OBITH JHMHEHHO
pasgenuMbl. Eciii BeKTOPB! HEBO3MOXKHO OTAEIMTH NMPSIMOM MIIM THIEPIUIOCKOCTBIO, TO TIEPCENITPOH HE CIOCOOEH PELINTh
3a/1a4y KiacCu(UKaInu.

®yuxuus adapt anantupyer HC k ycinoBusiM 3a1a4u:

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

Mapamerpsr ¢yukipu adapt: net — ums cetu; P — BXOIbI ceTH; T — *KenaeMblil BBIXOA; Pi — UCXOIHbBIC yCIOBHS
3a7iepiKKU; Aj — HMCXOIHBIC YCIOBHUS 3aJepXKu st cios. DyHKIUs BO3BpAIIACT MapaMeTpbl aJalTHPOBAHHOW CETH
net.adaptParam: net — usmenennasi cetb; Y — BbIxoJ cetu; £ — ommbku cetu; Pf — ycnosust 3amepkku Bxomos; Af —
ycnoBust 3ajiepxku ciosi. [lapamerper P u Pf HeoOsi3aTenbHble 1 HEOOXOAUMBI TOJIBKO JUISl CETEH, MMEIOIIUX 3a/IEPKKH Ha
BXOJaX U CIO€E.

®yuknus train Takke o6ygaer HC 1 HCIONB3yeT ClIe YOI CHHTAKCHUC:

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

Oyukims train uMeeT crrenyronie mapaMmeTpsl: Net — cets; P — BXObI ceTH; T — jKellaeMblil BBIXO;, Pi — HCXOTHBIC
YCIIOBHS 3aJIepKKH BX0/1a; Aj — UICXOIHBIE YCIOBHS 3aJIEPKKH CIIOS.
®yHxknus SiM UMHTHPYET HEHPOHHYIO CETh:

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



rae net — cers; P — BXxoasl cetu; Pj —

OKOHYATCJIbHBIC YCJIOBUA 3aICPIKKHU CJI0A.
(DyHKIIHH akTuBanuu. Hmke MpCACTAaBJICHbI HA3HAYCHUS 3TUX q)yHKHHI;’I.

DyHKIUA Ha3znauenmne
hardlim Bosspainaer 1, eciii Ha BXOJI€ HOJIOKHUTENBLHOE YKCI0 M () B IPOTHBHOM CIIyYae.
tansig Brraucinser runepOomdecKuii TAaHT€HC OT BXOJa.
purelin Brraucisier BBIXO CI0S OT CETEBOTO BXOA.

®yukuuu rpadguyeckoro uHTepdeiica M BernoMorareabHble (QyHKLIMH.

TIPEACTABICHO HUXKE.

Hasnauenne »>THx

DyHKIUA Ha3znauenmne
axis([Xmin Xmax Ymin ~ YcTaHaBIMBaEeT AMANA30HbI KOOPAHHATHBIX OCEH.
Ymax)
title(‘cmpoxa’) BriBouT B rpaduuecKkoe OKHO PUCYHKOB 3ar0oJIOBOK Ipaduka.
rand(M, N) Bosppaiaet matpuily pasmeproctu M Ha N co ciryuaiiHBIMU 3HAYCHUAMHU.

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

hold on

hold off

text(X, Y, ‘cmpoxa’)

[TognuceiBat0T HAMMEHOBAaHUE KOOPAUHATHBIX OCEH.

Ounmraer KOOPIUHATHYIO CETKY B OKHE PUCYHKOB.
Brumro9aroT ¥ OTKITFOUAIOT pekUM T00aBICHUS TPaQUKOB Ha KOOPIHMHATHYIO CETKY.

BBIBO,HI/IT CTPOKY, HAYMHAasA C YKa3aHHbIX KOOpAWHAT B ITOJIC pPUCYHKOB.

pause (n) OxuzaeT moIb30BaTeIbCKOr0 OTBETA /1 CEKYHI.

plot(X, Y, ‘yeem u W306paskaer Ha KOOPAMHATHOW CETKE TOYKH C KOOPAMHATAMH, 3aJaHHBIMU BekTopamu X, Y, ¢
cumeon’) HOMOIIBIO YKa3aHHOTO CHMBOJIA U I[BETA.

plotpv(P, V) N3o0paxaer Toukn P yKa3aHHBIMH Mapkepamu I, rae P — MaTpuna BXOIHBIX BEKTOPOB

plotes (WV, BV, ES,

V)

plotsom(POS)

pasmepHocThio R Ha Q (R momken ObITh 3 wim MeHbine), 7 — MaTpHIla JBOHYHBIX BEKTOPOB
pasmepHOCThIO 5 Ha Q (S MOKeH OBITh 3 MIIM MEHBIIIE).

H300pakaeT MOBEpXHOCTh OIIMOKK Ha OTAENBLHOM BXxoje, riae WV — BeKTOp CTpOK 3Ha4YeHUi
BecoB W pasmeproctu N, BV — Bekrop cTpok 3HaueHuii nmoporoB B pasmepnoctu M, ES —
MaTpuiia omuoku pasmepHoct M Ha N, V — yron spenns o ymonrdanuto [-37, 5, 30].
W3o0pakaeT MO3WIMIO HEWpOHAa KPacHOW TOYKOW, CBS3bIBas CHHEH JHMHHUEH HEWPOHBI,
HaXOJAIIHECs IpyT OT Apyra Ha pacctosHuH 1. POS — matprma S N-pasMepHBIX HEHPOHOB.

ind2vec [M03BOJSIFOT TPEACTABHTH HHAEKCHl MO0 COOCTBEHHO 3HAYCHUSIMH HHICKCOB, JIHOO

vec2ind BEKTOPAMH, CTPOKH KOTOPBIX COIEPKAaT | B IO3UIMH HHICKCA.

full IIpeobpasyer pa3pekeHHYIO MATPHUILY B MOJIHYIO.

maxlinlr(P) OyHKIMS BO3BpAIAcT MaKCHMAIBHBIH YPOBEHb OOYYEHHOCTH IHMHEWHOTo cios Ge3 bias,
KOTOPBII 00ydancs TOIbKO Ha BeKTope P.

trainlm Beimonasier 00yuenne MHorocinoinoit HC metonom JleBen6epra-Mapksapra.

netprod BxomHast ceTeBas (YHKIHsI, KOTOpas BBIYUCISIECT BBIXOJ CETEBOTO CIIOS, YMHOXas BXOIHOW
BEKTOp Ha Beca u mpubasisist bias.

init Ureparusno nnnnuanmsupyer HC.

HCXOJHBIC YCJIOBUA 3aJCPKKU BXOJOB CCTHU, Ai — HUCXOJHBIC YCJIIOBUA
3aICPIKKU CJIOH. (DyHKIlI/IH BO3BpalacT Y — BbIXOAblI CCTH, Pf — okonuarennubie ycCjoBUA 3aACPKKU BXOHOB; Af —

GyHKIHIA

CTpyKTypa JaHHBIX ONMHCAHUS HEHPOHHBIX ceTeil. CTpykTypa maHHBIX Net — 3To ommcanue oOyuennoit HC.
OOyueHne ocymecTBIIETCS B COOTBETCTBUH CO CIEAYIOIINMH HapaMeTpaMu, 3HaUeHNsI KOTOPBIX JIMOO YCTaHABIMBAIOTCS
TI0JTb30BATEIIEM, JINOO 10 YMOTIAHUIO.

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

KommenTapuii
MakcuManbHOE KOJHYECTBO IM0X 00YUCHHSL.
IleneBoe 3HaUEeHUE OLINOKH.
MaxkcuManbHOE 3HaYEHHE OIIHOKH.

net.trainParam.mem reduc 1 dakTop ONTHMH3ALMU Tpolecca OOy4YeHHs: ONTHMHU3ALUS HCIOJIb30BAHUS
MaMSTH WA BPEMEHH TPOIeccopa.

net. trainParam. min_grad 1e-10 | MuHHMaIbHOE 3HAYCHHE IPaHCHTA.

net.trainParam.show 25 KostnuecTBO 310X MeX/y IOKa3aMH.

net.trainParam.time inf MakcumasnbHoe BpeMsi 00y4YeHHs] B CEeKYHIax.

TR CrpykTypa HaHHBIX, cojepxamas 3HaueHus o6 oOyuenHoctn HC B Texymryio

JMOXY.
Howmep snoxu.

TR. epoch




TR.perf VYposens obyuennoctu (Trainingperformance).
TR.vperf Crenenb kauectsa (Validation performance).

TR.tperf PesynpraTHBHOCTH 00paboTku Tecta (Testperformance).
TR.mu 3HayeHue aJalTHBHOCTH.

CrpykTypa nmaHHbIX omucanus anmantupoBannoi HC net.adaptfcn Bxirowaer B cebs cneayromme Mot
net.adapt.param: NET — aganrtupoBanuas HC; Y — Beixoas HC; E — omubku HC; Pf — okoHuaTenbHbIe BXOIHbBIE 3HAYCHUS
3amepkek; Af — OkOHUATENIbHBIC BRIXOJHBIC 33ACPXKKH; TR — pe3ynbTaT 00yueHus (3MOXH U 1eneBas omnoka). [Iposenem B
cpene Matlab toolbox skcriepuMeHTsI, HCTIOJB3YsI PACCMOTPEHHBIE (PyHKIHH.

3 HOPAJOK BBIIIOJIHEHUSI PABOTBI

MPUMEP 1 Co3aanue HeiipoHOB, peaju3yomux ¢GyHkuun gorudeckoro N
u jJorndeckoro MJIN

Co3gamguM HEHpPOH C OZHMM JABYX3JIEMEHTHBIM BXOJOM (MHTEpBANBI IEPBOTO W BTOporo smementoB [0; 17).
OmnpenenumM /Ba MEpPBBIX HapaMeTpa (QYHKIMU NEWP, a B Ka4eCcTBE 3HAYCHUH TPETHEro M YETBEPTOro Iapamerpa (THIa
(YHKIMY aKTUBAllMU U KIMEHH IPOLETyPhI 00yUeHHUS) BOCHIOIB3YEMCS 3HAUEHHSAMH 110 YMOJYaHHIO.

oo oo

3

coB3NaHMEe HEMPOHa C OXHMUM IOBYXSJIEMEHTHEIM BXOIOM (MHTEPBAJI
nepporo sjemenra [0; 1] u mHTEpPBaJS BTOPOI'O sJjeMeHTa [-2; 2]

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

I[J'Iﬂ TOr'0 YTOOBI HUCCJIICA0BATH ITIOBECACHUC HeﬁpOHa, HCO6XO,Z[I/IMO HMUTUPOBATH €TO pa60Ty C IMIOMOIIBIO (I)yHKLII/II/I
sim. I[J'Iﬂ OIIpEACJICHUS MMOCICAOBATCIbHOCTH 3HAYCHUI BXOoda Co3aaaunM IoCJICa0BATCIbHOCTD Pl.

9
]

M oo K oo oo oo Mgy

%

1

1

cosgaHmue IIOCJEeNOBATENIEHOCTM BHAYEHMM BXOoHa
= {[0;, 0] [0; 1] [1; O] [1; 1]},
UMHUTaNMs paboTE HEMpOHa net Ha MNOCJIEHOBATEJBEHOCTH BXOHOB P
XeJjIaeMBIX BEIXOHOB — T1, xoTopas HO3BOJIMT HaM [IPOBECTM aIalTal[uio
HenpoHa (obyumrtes ero) uepes 20 NPOXOHOB.
= sim (net, P1);
coB3maHmue M[OCJIeIOBATEJIEHOCTM BEIXOIOB
= {0, 0, 0, 1};
YCTaHOBKA KOJIMYECTBA [NPOXONOB (LMKJIOB) ananTalmn

net.adaptParam.passes = 20;

oo

3

oo

Y

ajanranmus HeypoHa net nis obywuammeyr BrEOOpky <Pl,; T1>

et = adapt (net, P1, T1);,

cuMyIsans paboTE HEMpOHa net Ha MNOCJemOBaTEeJBHOCTHM BXOomoB Pl
= sim (net, P1);

B pesynbraTte Mbl IOJydUM HEHPOH, BBIMOIHIAIOMMN QyHKINIO JJorudeckoro M.
Jis nepeoOydeHns HelipoHa Ha BeionHeHne QyHknuu I nepeonpenennm Bxoasl P u BeIxoas! 7.

%

P2

oo oo

CcosmaHme MNOCJIeOBaATEJIEHOCTHM BXOIOB
= [0011;, 01 0 1],

cozmaHme MOoCJaenOBaTeILHOCTHM BEIXOIOB (peakimy) njas HeMNpoHa,
BEIIIOJIHAKRIET'O QYHKIIMIO JIOTMYEeCKOI'o MU

r2 = [0, 1, 1, 1];

S MHMIIMaIM3upyeM HEWPOH, oOyumMm ero Ha 20 npoxomax (snoxax)

$ MHMIIMAJIM3AIMSI HEeMNpoHa net

net = init (net);

% mMmTanmsa paboTE HeMpoHa net Ha [NOCJIeHoBaTeJbHOCTHM BXOHOB P2
Y = sim (net, P2);

YCTAHOBKA KOJIMUYECTBA HNPOXOIOB

net.trainParam.epochs = 20;

3

3

Y

obyueHMne HeypoHa net Ha obyuawnmey BrlOOopke <P2, T2>

et = train(net, P2, T2);

uMmMTaMsa paboTE HEMPOHa net Ha MNOCJEelOBAaTEJIEHOCTM BXOIOB P2
= sim (net, P2);

Oyukims train BeiBoauT rpaduk o0yueHus Helipona (puc. 2).



Performance is 0, Goal is 0
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Puc. 2. I'paduk 00yueHus HelipoHa

Jnst crny4aifHOTO W3MEHEHHsS BECOB M TOpora cpabaThlBaHHs HCTOJb3yeM (yHkimio init. [lo ymomuanuro ajs
co3zaBaeMoro Helpona ykasana ¢yukrms hardlim.

INPUMEP 2 O0yuenue HelipoHa KJaaccu(puKkanmu BeKTOPOB HA /IBe KaTeropuu

HauneM ¢ kinaccupukanymi BEKTOPOB Ha OCHOBE JBYXBXOJ/IOBOTO HelipoHa. ByneM ucnonb30Bath GyHKIHUIO NEWP
JUISL CO3/IaHMsl HeHpoHa, SIM [yt uMuTaiu ero pabotel, adapt dzs amanranuu (0O0ydeHus) HelpoHHO# cetu. OOy4YHM
JIBYXBXOJIOBBIH HEHPOH KIIaCCU(PHUIIUPOBATH BXOJHBIE BEKTOPHI HA JBE KATETOPHH.

OHpeﬂeﬂeHMe quBIpeX IOBYXSJIEMEHTHEIX BXOIIOB

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

BaganmM XeJladEeMEI€ BEIXOIIEBI HerIpOHa J19 OIlIpeneJIeHHEBIX BEKTOPOB
= [1 1 0 0],

MBO@paBI/IM BXOJZHBI©® BEKTOPE! (TOT:TK'I/I) HAa IIJIOCKOCTI:

plotpv (P, T);

oo M oo gy oo



Vectors to be Classified
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Puc. 3. UcxonHBIe BEKTOPHI, IpeTHA3HAYCHHBIC IS KITaCCU(PUKAIIMA HEHPOHOM

Kaxnpii 13 deThpex BXOIHBIX BEKTOPOB Ha TIUIOCKOCTH P ompeaenseTcss ABYMsl KOOpAMHATaMH,
MPEICTABIEHHBIME KaK JBYX3JIEMEHTHBIE CTONOIBI B MaTpuile P (puc. 3).

Co3aaum OIMH TMHEWHBIH HEHPOH C IBYMsT BXOJaMH, 3HAYCHHUsI KOTOPBIX JIexKar B uHTepBaie [-1, 1].

$ cozmaHMe JIMHENHOI'O HEeMpOHa C AByMsS BxomaMu u3 muHTepBasa [-1, 1]
net = newp([-1 1; -1 1], 1);

Heilipon nmo ymonuanuro umeer (GyHkuuro aktuBaumu hardlim m Takoil HeHpoH pa3menseT BXOIHBIC BEKTODBI
MPSIMON JTUHUEH.
OmnpenenuM KoopauHATH! THHUK Kiaccudukanun: Beca (IW) u mopor cpabatsiBanus Helipona (b).

oJiydyeHmue yHnpaBJsomer CTPpykKTypsl linehandle mng mzobpaxeHms
pasnesgomey JMHUM B KOOpIMHATaAx BecoB (IW) m mopora
cpabareBanms HeupoHa (b)
inehandle = plotpc (net.IW{l}, net.b{l});

nsobpaxeHmue pas3fessaoler HIPsIMOM
plotpc (net.IW{1l}, net.b{1});

oo k~ oo oe oo

Ecmu HNCXOJHBIM B€CaM 3a/1aTb HYJICBBLIC 3HA4YCHUS, TO JII00BIE BXOJbl JaAyT OJAWHAKOBLIC BBIXOJbI, W JIMHUA
maccmbnxaunn HC 6y,[[€T BHHA Ha IIJIOCKOCTH. HpOBe,Z[CM O6y‘l€HI/ICZ

% OUMCTKa KOOPIMHATHEIX OCeM

cla;

% mBO0b6paxeHme BXOINHEIX BEKTOPOB ABYX KaTeropuy, KaTEI'OPMUs 3amaeTcs
s syaemMeHTaMy BekTOpa T

plotpv (P, T);

$ mosiyyeHme yHnpaBJisgomey CTPyKTypel linehanctle

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

[}

s IIPHMCBOEHME HAa4YaJIbHOI'O 3HAUYEeHMA oMb KM



E =1,

S MHMIMANIN3aLMNsI HEVPOHAa

net = init (net);

MOJIyUeHMEe YMNPpaBJSoIey CTPyKType linehandle
linehandle = plotpc (net.IW{1l}, net.b{1l}),;
opraHM3aIms IMKjaa Hoka ommbrka He paBHa 0

while (mse(E))',

% amanTaims HeMpoHa net Ha obyuyanmey Brlbopke <P, T>,
% QyHKIMS BO3BpAalaeT alalTHUMPOBAHHEI HEMpPOH net,

% BeIxOn Y, ommbry E

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

% mB0OpaxeHue pasnesisaoiel NPsSIMOM HEMPpOHa IIOoCJe analTaliuu
linehandle = plotpc(net.IW{1l}, net.b{1l}, linehandle)

% oumcTKa OKHaA I'Pa@MKOB

drawnow;,

% xoHel nmkja while

end;

oe

o°

Oyukius adapt Bo3spalaeT HOBBIA 0OBEKT — CETh, KOTOPAs BHIMOJHAET KJIACCU(PUKALUIO, BBIXO CETH M OIMOKY
(puc. 4).

[poBemeM KnacCH(UKAIMIO HOBOTO BEKTOpa € HOMOLIBI0 OOYYEHHOro HeHpoHa Ha OCHOBE (GYHKUWH SiM.
OmnpenenuM HOBBIH BeKTOp P.

% omnpenesieHme BekTOpa P

= 1[0, 6;, 1, 1];

$ mMmTanMsa paboTE HeMpoHa net, MOJyYeHMe OTKJIMKA HEMPOHAa a
sim (net, P);

% mBOoBpaxeHme Bxoma P, OoTHECEHHOI'O HEMPOHOM K KAaTEeI'OpMu a
plotpv (P, a);

o

\}
Il

Vectors to be Classified
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Puc. 4. HpHMaﬂ, pazaeisaronias HCXOAHbIE BEKTOPhI Ha KJIaCChbl



OOy4eHHbBIH HEHPOH MOXKHO UCIOJIB30BaTh [UIS KiIacCU(UKAIK JTIF000ro BEeKTopa:

% BKJIOUMTE PEXMM HOOABJIEHMS I'PAPMKOB B I'PadMUeCKOM OKHE
hold on;

% mBobOpaxeHMe BXONHEIX TOYEK B COOTBETCTBUM C KaTeropusmu T
plotpv (P, T);

¢ mBobpaxeHne pasaessanlel MOBEePXHOCTHU

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

o

% OTKIIUEHME pexnMa JoOaBJEHMS TPaduKoOB
hold off;

Heifipon xmaccuduuupyeT HOBYIO TOUKY, Kak MpHHAUICKANTYI0 Kateropun «0» (mpeacraBieHa KpyKKOM), a HE
Kareropuu «1» (mpencrasieHa +).

IIPUMEP 3 Co3nanue cj1051 JUHEHbIX HelipOHOB

Paccmorpum mocnenoBarensHOCTh W3 10 maroB (ams Beixoma T1, KOTOpBIH W3BECTHHIM 00pa3oM 3aBHCHUT OT
BX0/10B P1):

$ HocyienoBaTeJbEHOCTE BXOLOB
Pl = (-1 00011 -10-11};

% HNOCJIeHOBaTEeJbHOCTE BEXONOB
TlTI = (-1 -1 101220 -1-11};

Ucnone3yem dynkuuto newlin, 4robsl co3naTh HEWpOH CO 3HAYCHUSIMU BXoJa B uHTepBaie [-1; 1], 3agepxkamu
Bxoja ot 0 mo 1 u ypoBHem oOyuenwus 0,1.

coBmaHnue JIMHENHOI'O CJIOS M3 OIHOI'O HEMNPOHA CO 3BHAYEHUSIMM BXOIAa
B mHTepBase [-1,; 1], zamepxxkamyu Bxoma orT 0 mo 1

u ypoBHeM obOyuenms 0,1.

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

oo oo oo

3

AnanTupyeM HEHpOH K 3ajade OJHHMM IIPOXOJOM depe3 IMOCIeJOBATEIbHOCTh BXona. VI3MepHM CpeaHIO
KBaIPaTHYHYIO ONIHOKY C IIOMOIIBI0 QyHKIMH MSE(E).

% anmanTanus HEMWPOHA K HNOCJemoBaTeLHOCTH Pl
[net, vy, e, pf] = adapt (net, PI1, T1);

% msMepeHme oumbKu

mse (e)

HOJ'Iy‘II/IM JOBOJIBHO 60J'IBH.[yIO OI.HI/I6Ky. BHoBB aaanTupyem CeTb Ha 10 mrarax NOCJIeJ0BATCIIbHOCTH, UCTIOJIB3Y s
npeabiayniee 3HauCHue pf KaK HOBOC MCXOJHOC 3HAUCHHUC 3aICPIKKU:

P2 = {1 -1 -111-10200 1},

T2 = {2 0 -2 02 0 -10 0 1};

$ amanTanmMsa C HAYaJLHEIM BEKTOPOM 3alepXKu pf
[net, y, e, pf] = adapt (net, P2, T2, pf);
mse (e)

Anantupyem cetb Ha 100-pa3oBoM MPOroHe NOCIEA0BATENBHOCTH:

% dopMupoOBaHME HOBOM HNOCJIEOOBATEJILHOCTHM BXOIOB
P3 = [P1 P2];

% dopmmupoOBaHME HOBOM IMNOCJEIOBATEJBEHOCTHM BEIXOIOB
T3 = [T1 T2];

% YCTaHOBKAa KOJIMYECTBA IPOXOIOB
net.adaptParam.passes = 100;

o

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

HOJ'Iy‘II/IM IIpUeMJIEMY1o OIIII/I6Ky, 3HA4YUT CCTh 06yqua 3aBUCHUMOCTHU BXOJJ0B OT BBIXOOOB.



4 KOHTPOJIBHBIE BOIIPOCHI

1. UYro npencrasiser coOOl MaTeMaTH4yeckas MoJielb HeifpoHa?Kak BeIrsianT (GopMyIsibHOE MpecTaBlIeHUE
JIropuT™Ma 00yUYeHus 10 JeIbTa-IpaBuiry?

2. Kaxoe orpannuenue umeeT JUHEHHBIH HEHPOH?
3. Mo>xHO i OOYYHTh THHEHHBIH HEHPOH BBIIONHATH JIOTHYECKYTO (yHKIHIO nekirogatomiero VMJIN?
4. Kakne ¢yHKIE HCMONB3yIOTCA Ui HACTPOWKHM BecoB mepcentpoHa B cpene MATLAB? B uwem ux

otimaue?
JJABOPATOPHAS PABOTA Ne 2
N3YUYEHUE MHOI'OCJIOMHOI'O HEJIMHEMHOI'O TEPCEIITPOHA U AJITOPUTMA OBPATHOI'O
PACITPOCTPAHEHUSA OIINBKH
1 OEJIb PABOTbBI
H3y4nuTh BO3MOKHOCTH MHOTOCJIOIHOTO TIepCeNTPOHa KakK alnmpoKcuMaropa 1 Kilaccugukaropa.
2 CBEJAEHUA U3 TEOPUU

2.1 Anroputm 00paTHOIO pacnpocTpaHeHUusi OIIUOKH

Ilycth ompezeneHa TpexcClOWHAs HEHpPOHHAs CETh C 1 BXOAaMH, M BBIXOAaMHU U | CKPBITBIMH MEXIy HUMH
9JIEMEHTaMH, TOrJa HeoOXOIMMO PAacCMOTPETh M MOCTPOUTH JBa CJIOS BECOB: OT BXOJOB K CKPBITBIM JJIEMEHTaM U K
BIXOIY, T. €. (W1, Wy).

Hasnauenue anroputMa OOpaTHOTO pPACTIPOCTPAHEHHUS OMIMOKHM — HACTPOWKa BCEX CIOEB MHOTOCIOWHOM

CTPYKTYpHI. PaccMoTpuM paboTy anropuTMa Ha MPUMEPE CETH C OJHHUM CKPBITBIM CIIOEM H OJHHM BBIXOAOM (pHC. 5).
[TpeoOpa3oBaHMst BXOJHBIX CHTHAJIOB, 33/1aBacMble HEHPOHHOHN CEThI0, ONPENEIISIOTCS CIIETYIOMNME (HOPMYJIaMH:

F(<W, X >)=1/0+exp(-W T X));
O, =1/ +exp(-W," X));
0, =1/(1+exp(-W, O,)).
06111351 (I)yHKHI/Iﬂ OIIMOKH 3aBUCHUT OT BECOB BCEX CJIOCB, B HAIIICM CJIy4ac OT BEKTOpa W2 1 OT MaTpUILbI W]_:
E(W,,W,) =1/2(Y —1/1+exp(-W, O,)))?,

rae Y — BBIXOJl, KOTOPBIH 3a/1aH B 00y4JaroImel BEIOOpKe.

0,

Puc. 5. MHOrocioiiHblii nepcenTpox



TenepL HCO6XOHI/IMO OMPCACIIUTD MPUPALICHUC KAXKI0TI'0 BECa € MOMOIIbIO YaCTHLIX TPOU3BOAHBIX!

OEW, W,).
ow,

OE(W,,W,)
oW,

Z[J'Dl MHOT'OCJIOMHOM APXUTCKTYPbl YaCTHbBIC MPOU3BOAHBLIC OIIMOKH 10 Marpuie BECOB KaXIOro CJiod

OIIPEACIIAIOTCA 10 (bOpMyJ'Ie CIIOKHOM HpOHBBOﬂHOﬁ. B ClIydac yHI/IHOHHpHOﬁ CUI'MOMJbI TPAaBUJIO UBMCHCHUS BECOB 6y,ueT
CJICAYIOINUM:

Wz :Wz +h'(Y _Oz)'oz '(1_02)'01;
5=(Y —02)-02 '(1_02);
W, =W, +h-8-W,-(1-0,)-0, - X.

Takum 00pa3oM, METOT 0OPATHOTO PACTIPOCTPAHCHHUS OLMITHOKK MO3BOJISIET U3MEHATh Beca MPOMEKYTOUHBIX CIIOCB,
XOTS JKeJlaeMble 3HAUYCHHS Ha TIPOMEKYTOYHBIX CIIOSX HE 3aJaHBI.

2.2 OnucaHue OCHOBHBIX (PyHKUMIA

Oynkius Newff cozgaer HEHpOHHYIO CeTh MPSAMOTO PACIpPOCTPAaHEHHs CHUTHala, 00ydaeMylo ¢ IIOMOLIBIO
aNropuT™Ma 00pPaTHOTO PacHpOCTPaHEHUs OLITHOKH:

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

Paccmorpum mapamerpsl dyukimu newff: PR — martpuna wHTEpBanoB 3HAa4YeHHE Ui R BXOAHBIX 3JEMEHTOB,
3a/laBaeMbIX MHHHUMAIBHBIM M MaKCHMAIbHBIM 3HAUCHUsIMH;, Si — pasmep i-ro cmosi, mis N croes; TF; — dyHkums
aKTHBALUK i-TO CJIOSA, TI0 YMOJYAHUIO HCIONb3yercst GyHkius tansig — rumepbonmueckuii tanrenc; BTF — dynkums
00y4eHUsI CEeTH METOJIOM O0PaTHOTO PACIPOCTPAHECHHUsI OMIMOKH, [0 YMOIYaHUIO Hcmojb3yercs (Gynkuus traingdx; BLF —
GbYHKIMS M3MEHEHUs BECOB PU 00y4eHHH, TI0 yMOMYaHuI0 ucnons3yercs learngdm; PF — dbyHkiwst u3MepeHust ommoky,
no ymonyanuro mSe. OyHkuus Newff BosBpaiaeT MHOTOCIOWHYHO HEHPOHHYIO CETh HPSMOTO W OOPaTHOTO paclpo-
CTPaHEHUs CUTHAJla M OMMOKH COOTBETCTBCHHO. DYHKIMHM aKTHBAallMd MOTYT OBITH BHIOPAHBI M3 CICAYIOLIETO MEpeyHS:
runepOonnueckuii TaHreHc tansig, norucrudeckas curmousa 10gsig wim nuneitnas Gyuxuus purelin.

3 MMOPAAOK BBIITOJIHEHUS PABOTBI

IMPUMEP 1 Co3nanue u o0yyeHue HeiipOHHOM CeTH ¢ MOMOIIbIO AJIrOPUTMA 00PATHOTO PACTIPOCTPAHEHUSI OIIUOKH

3amaanuM ¢ MOMOIIBIO TpadrKa UCXOAHYIO (DYHKIHIO:

% Bxomel HC

P=[012345¢678];

% xejaeMrle peakimy HC

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

oo

MB00pPaXEeHME ANIPOKCUMUPYEMON QYHKIIMMA
plot(P, T, 'o');

Ucnone3yem ¢yHkiuo NewWff, aToObr co3paTh ABYXCIOHHYIO CETh NPAMOrO PacnpocTpaneHus. I1ycTs ceTh UMeET
BXOJIbl C MHTepBajoM 3HaueHud ot 0 go 8, mepBblil ciodt ¢ 10 HeNMHEHHBIMM CUTMOMIAIBHBIMHU, BTOPOM — C OZHHUM

JMHEWHbIM HelpoHamu. VcmospdyeM i o0ydeHus: alnroputM obpaTHoro pacrpoctpanenus omubku (backpropagation)
JleBenbepra — Mapxksapnara (puc. 6).

cosmaHme IOBYXCJIOMHOM HC HpsMOIr0 pacHpOCTPAHEHMS C MHTEPBAJIOM

BHaveHmy BxomoB orT 0 mo 8, HpmyeM HEPBEI CJIOM COIEPXUT

10 HeJMHEeMHEIX CHUI'MOMI, & BTOPOM — OIOMH JIMHEIHEI HEeMPOH.

s oBy4YyeHMss MCHOJIBE3YEeTCS ajJr'OpMTM OBpaTHOI'O pPaCHpOCTPaHEHMUS
oumbky (backpropagation) .

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

oo oo oo oo o°

3



¢ mMmmTanms paboTe HeOByueHHOM HC

yl = sim (net, P);

% mBobpaxeHne pesysbTaToB paboTel HeoOyueHHOM HC
plot(p, T, 'o', P, yl, 'x') ;

O6yummMm ceTs Ha 100 smoxax c¢ nejgeBor ommbkor 0.01:
YCTaHOBKAa KOJIMUYECTBA MIPOXOIOB

oo oo

net.trainParam.epochs = 50,
$ ycraHOBKAa I[€JIeBOI'O BHAYEHMS OIMOKU
net.trainParam.goal = 0.01;

oo

obyuenmue HC (puc. 6)

et = train(net, P, T) ;

S mmvmTanmus paboTel obyuyeHHOM 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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Puc. 6. 'padux 0Oy4eHuUs: IByXCIOHHOTO IepCcenTpOHa

Jus uccnenoBaHUsS pabOTBI aNTOpUTMa OOpPATHOTO PACIPOCTPAHEHHS OIMMOKH BOCIIONB3YyEeMCS IIPHMEPOM,
BcTpoeHHBIM B Matlab toolbox, HaOpaB koMaHay demo.

B nosiBuBIIIEMCST AMATIOTOBOM OKHE HEOOXOAMMO ITOCIIEIOBATEILHO BRIOUPATH MYHKTHI MEHIO: Toolboxes->Neural
Network->Other Demos->Other Neural Network Design textbook demos->Table of Contents->10-13->Backpropagation

Calculation.
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Puc. 7. Pe3ynpTatr annpokcuManiyu BEKTOPOB JBYXCIIOHHBIM MEPCENTPOHOM

B npumepe ucnons3yeTcsi ABYXCIONHBINA EPCENTPOH C AByMs HETMHSHHBIMU HEHPOHAMH B IIEPBOM CJIOC M OJHUM
BO BTOpoM. JleifcTBre anroputMa 0OpaTHOTO pacpOCTPAHCHHS OIIMOKH Pa30UTO Ha CICAYONINE IIIaTH: HA3HAYCHHE BXOIa
M XKEJTaeMOr0 BBIXO/a, IPSIMOW MPOXOJ BXOJHOTO CHI'HAJIA IO BBIXO/a, 00paTHOE pacmpOCTPaHEHHE OIIHOKH, H3MCHCHHUE
BecoB. [lepeMeHHBIe, TIO3BOISIOIIIE IPOCICANTh PabOTy aaropuTMa 0GpaTHOTO PACIPOCTPAHEHHS OIIMOKH, 0O03HAYCHBI
CIeIYIONINM 00pa3oM:

P — BXoaHOM cHTHAT;

W4y(i) — Bextop Becos mepBoro ciost, Wi(1) — Bec cBsi3m, mepemaronuii BXOJAHON CUTHAT HA TIEPBBIA HEHPOH, a
W1(2) — Ha BTOpOIf;

Wo(i) — BexTop BecoB Broporo ciosi, W2(1) — Bec CBs3M, epearolnuii BXOJHONH CUTHAJ C IIePBOr0 HEHpoHa BO
BTOpOIi cinoit, a Wo(2) — co BTOporo;

B1(i) — Bextop moporossix 3Hauenwuii (bias) neiiponos nepsoro cios, i = 1, 2;

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

N1(i) — BekTOp BBIXO/I0B TIEpBOTO Ciiost, | = 1, 2;

N2 — BBIXOJ1 BTOPOTO CIIOS;

Ax(i) — BeKTOp BBIXOIHBIX CHTHAIIOB TIEPBOTO CJIOSI TIOCTIE BBITIOMHEHHS (DYHKIIMH aKTHBAIMK (CHTMOU/IbD), | = 1, 2;

A2 — BBIXOJT BTOPOTO CIIOS TTOCIIE BBIMOTHEHUS (DYHKIIMU aKTUBANMU (JIMHEHHOM);
Ir — koaddureHT 06yIaeMOCTH.

y _ y t=1+sin(p=*x/4)=1707
[Tycth Bxoanoit curHan P = 1,0, a xenaeMblid BEIXOJ .
Pe3ynbTaThl BRINONHEHUS STANOB aJrOpUTMa MpeICTaBIeHbI B Ta0M. 1.

Tabnuya 1

Pe3ysibTaThl NO3TANTHOTO BLINOJHEHHS AJITOPHTMA 00PATHOT0 PACIPOCTPAHEHHUS OINHOKH

IIpsimoe pacnipoctpanenue | OOpaTHoe pacnpocTpaHeHHe

HN3MeHeHHe BecoB
BXOIHOI'0 CUTHaJIa OIIII(IﬁKI/I

Tan

As(1), A1(2) Logsig(W:P+B,) = He Bemmonnsercs He Beimomnusiercst
=[0,321, 0,368]




A purelin(WiP+B,) = To oice To oice
= 0,446
e t-A2=1,261 » »
N1(1), N1(2) He Brimomnnsercs dlogsim(N,) _ »
oN, -W, - N,
=[0,049, 0,100]
N2 To e opurelin(N »
_ 5. opurelin(N,) _ 2522
oN, -e
Wi(1 H — —
1(1) » € BBIIIOJTHSIETCS W, =W, — Ir- N, xP =
W1(2)
= [-0,265, — 0,420]
B1(1), B1(2) » To xe B,=B,— Ir- N, =
= [-0,475, — 0,140]
B, » » B,=B,-Ir-N,=0,732
W>(2 — —
2(2) » » W, =W, —1Ir-N,xN, =
=[0,171,0,077]
4 KOHTPOJIBHBIE BOITPOCBHI
1. Kaxum anropurmom o0ydatoT MHOTOCTOHHBIE HC?
2. W3 KaK1X OCHOBHBIX 3TANlOB COCTOMT &JITOPUTM 00OPaTHOTO PAaCIPOCTPaHEHHUs OIINOKN?
3. Ilouemy anropuTM OOpaTHOIO pacHpPOCTPaHEHHS OUIMOKM OTHOCHUTCS K KJacCy alrOpHUTMOB
IPaJUeHTHOTO cItycka?
4. Kak Bnuser GyHKUMS NPUHAAICKHOCTH HAa NPABUIO HM3MEHEHHUs BECOB B OOpaTHOM aJIrOpPUTME
pacnpocTpaHeHUs OMHOKH?
5. Kakas ¢pyaxmms B cpene MATLAB cozmaer HC npsimoro pacmpoctpaseHus?
6. Kakne dyHKIMHM akTHBaIK MOTYT OBITh Ha3HaueHBI A7l HeiipoHoB HC mpsiMoro pacmpocTpaneHus?

JJABOPATOPHAS PABOTA Ne 3
W3YUYEHUE PAJIMAJBHBIX BA3SUCHBIX, BEPOSSTHOCTHBIX HEMPOHHBIX CETEM, CETEN
PEI'PECCHUH

1 IIEJIb PABOTHBI

W3y4ynts MoOzeNb BBIYMCICHMH paJdalbHOTO 0a3MCHOrO HEHWpOHA, CTPYKTYpy M (YHKIMH CeTel perpeccuw,
BEPOSITHOCTHBIX HEHPOHHBIX CETEH.

2 CBEJEHUS N3 TEOPUHA
2.1 PaguanbHo-0a3ucHble ceTu. Cetu perpeccun. Bepositrnoctabie HC

PaccmorpuMm pammanbHbIil 6a3ucHBIH HelpoH ¢ R Bxomamu. CTpykTypa HeHpoHa IpencTaBlIeHa Ha pHC. 8.
PagunansubIii 6a3ucHbid HelipoH (PBH) BeuuciseT paccTosHue MEXIy BEKTOpaMH BXOAOB X M BekTopoM BecoB W, 3aTem
YMHOXaeT ero Ha GpukcupoBaHHbIil mopor b. @yukuus aktuBauun PBH, nonyuennas B cpene MATLAB, npezcrasiena Ha
puc. 10. PamnansHas Ga3ucHas (yHKIMS HMMeEeT MaKCHUMyM, paBHBI 1, xorma ee Bxonsl HyJeBble. CienoBaTeibHO,
paauanbHbIA 0a3UCHBIN HEHPOH NEHCTBYET Kak JETeKTOpP, KOTOPHIi Moy4yaeT Ha BbIxoae 1, korzxa BxoJ X WACHTHYEH ero
BekTopy BecoB W. DUKCHpPOBaHHBIM MOPOT D 1acT BO3MOKHOCTH YIPABIATH TyBCTBUTEIBHOCTHIO HelpoHa. Hampumep,
eciu HelpoH umeet mopor 0,1, To BeIxon paBeH 0,5 mist M00OTO BXOJHOTO BekTOpa X, HAXOMSAIIETOCS Ha BEKTOPHOM
paccrosinuu 8,326 (8,326/b) ot W.
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Puc. 8. PaguanpHbI 6a3MCHBIN HEHPOH

Paouanvnas 6aszucnas neiiponnas cemo (PEHC) COCTOUT U3 IBYX CJIOEB: CKPBITOTO PaJHaIbHOTO OAa3UCHOTO CIOS
u3 S HelPOHOB U BBIXOJHOIO JIMHEHHOTO cos U3 S? HeifpoHoB. DneMenTH nepBoro ¢ios PEBHC BBMUCIAIOT paccTOSAHMS
MEkK/y BXOJHBIM BEKTOPOM M BEKTOPaMH BECOB ITIEPBOTO cJOf, C(OPMUPOBAHHBIX M3 CTpok Martpuubsl W 21, Bekrtop
MOPOTOB B M PacCcTOSIHUS NOJIEMEHTHO YMHOXKAIOTCS. BBIX0I IIEPBOTO CII0SI MOXKHO BBIPA3UTh (HOPMYIION

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

rae Al — Bexon mepsoro cios; Gpynkius radbas — panuanbHo-6azucHas GpyHkius; W — Marpuia BECOB TIEPBOTO
c110st ceTH; X — BXOJHOM BEKTOP; B — BEKTOP MOPOTOB IEPBOTO CIIOSL.

CornacHo (opmyiie, paananbHble Oa3UCHBIE HEHPOHBI C BEKTOPOM BECOB, ONMZKHM K X, CTCHEPHUPYIOT 3HAYCHUS,
6mmskue K 1. Ecnm He#poH mMeeT BBIXOZA 1, TO 3TO 3HaYCHHE BECAMM BTOPOTO cJ0sl OyJeT NeperaHo Ha ero JMHEHHbIE
HeipoHsl. @akTUYECKH paguagbHBINA 0a3UCHBIN HEHPOH ¢ BBIXOJOM 1 mpeBpalaeT BBIXOJBI BCEX OCTAJIbHBIX HEMPOHOB B
Hynu. TeM He MeHee, THIIMYHBIM SIBIISETCS ClTydail, KOTJja HECKOJIbKO HEMPOHOB JalOT Ha BBIXOJIaX 3HAUYUMBIN pe3yibTar,
XOTs U C Pa3HOH CTEIEHBIO.

PanuansHble Ga3ucHBIE HEHPOHHBIE CeTH 00y4aroTCa B Tpu 3Tana. OnumeM 3Tanbl 00ydeHus.

IlepBsrIif 3Tanm — BeAETICHKE IIEHTPOB (BecoB). LleHTpsl, npencrasneHusle B PBH-cio0e, onTuMu3npyoTCs epBeIMU
¢ nomomipio o0yuyeHust 6e3 yuurens. LIeHTpsl MOTYT OBITh BBIAEIEHB! Pa3HBIMU AJITOPUTMAaMHM, B YaCTHOCTH OOydeHHEM
KoxoHeHa. ATropuTMBI TOJIKHBI Pa3MECTUTh LIEHTPBI, OTpaXasl KIIACTEPU3ALNI0 UCXOIHBIX JaHHBIX.

Bropoit 3Tan — Ha3zHaueHWE OTKIOHEHWH. OTKIOHEHHS MOTYT OBITh Ha3HAYEHBI PA3INYHBIMHU AITOPUTMAMH,
HarpuMep ajJroOpuTMOM «OIMKANIIETo coce1ay.

Tpernit stan — nuHeliHas onTHMHU3anusa. MOXXHO HCIIOIB30BaTh METOABI OOY4YEHHsS IO JelbTa-IPaBuily,
00paTHOMY pacrpOCTPaHEHHUIO OIIHOKH.

Heiipounvie cemu peepeccuu (HCP) nmeroT Takoit xe, kak 1 PBHC, mepBbIil ciioif, HO BTOpO# CIOH CTpOUTCS
creruaabHbIM 00pazom. Jljst annpokcuManuu (GYHKIMA 4acTO HUCIOJB3YIOTCS 0000IIeHHbIe ceTh perpeccun (generalized
regression neuron networks). Bropoii cioii, kak u B ciryuae PBHC, BbImoJHSET M037IeMEHTHOE Mpou3BeaeHne CTpokH W1 o
U BEKTOpa BbIXojla TepBoro ciosi al. OH HMMeeT CTONBKO HEHPOHOB, CKOJBKO CYIIECTBYET LEJEBBIX Map <BXOIHOM
BEKTOp/LiesieBOi BekTop>. Marpuua BecoB W — 310 Habop LeneBbIX CTpoK. LleraeBoe 3HaueHHe — ITO 3HAYCHHUE AlPOK-
cumupyeMoi pyHKIHH B 00ygaromiei Beroopke. [Ipeanonoxum, uMeeTcss OJUH BXOIHONW BEKTOP Xi, KOTOPBII CreHepupyeT
Ha BBIXO/I€ TIEPBOTO CJIOS BBIXOA, OnmM3kui K 1. B pesynbraTte BbIX0 BTOPOTO ciiost OyneT OJIM30K K tj OZHOMY M3 3HAUCHHH
ANMPOKCUMUPYEeMOH (yHKINH, UCTIOIb30BAaHHOW TP ()OPMHUPOBAHUH BTOPOTO CIIOSL.

CeTn perpeccun MHOTJa Ha3bIBAIOT batiecoGckumu 6eposimuocmublMu cemamuy pezpeccuu, Wi 0000IeHHbIMA
HC perpeccun. Hexotopsie peanuzanuu ceTeil perpeccuu UMEIOT YeThIpe CI0sS: BXOAHOM, BBIXOJHOH, CIOU paJHalbHbIX
LIEHTPOB, JJIEMEHTOB perpeccuu. PaananbHbI cioi mpeacTaBisieT coOOi HEHTPHI-KIACTEPhl M3BECTHBIX O00YYaroIINX
JIAaHHBIX M COJIEPKUT TaKOe JK€ KOJHMYECTBO JJIEMEHTOB, Kak oOywaromas BbiOopka; PBH oOywarorcst anropurmom
kiactepu3annu. CIOH perpeccuy UMeeT TOJIBKO Ha OJUH 3JIEMEHT OOoJbIle, YeM BBIXOJHOW CIIOH, U COAEPKUT JIHHEH HbIE
JJMIEMEHTHl OJHOTO M3 IBYX THIIOB. DJEMEHT MEPBOTO THIA BBYHCISAECT YCIOBHYIO BEPOSTHOCTH KaXXJOTO BBIXOJHOTO
aTpuOyTa, 3JIEMEHT BTOPOTO THIAa BBIYHCISAET IUIOTHOCTH BEPOSITHOCTH. BBIXOTHOW CIIOW BBIMTONHSET CIEIHUAIBHBIC
¢yskunn geneHns. Kaxaslit a3IeMEeHT AT BBIXO/IBI, aCCOIIMMPOBAHHBIE TIEPBBIM THIIOM, C TIOMOIIBIO 3JIEMEHTOB BTOPOTO
THTA.

BaitecoBckue BepositHocTHbie HC Mcnonb3yroTest ToJbKo it poduieM kiaccudukanuu. OHM colepikaT 4eThipe
CIIOsI: BXOJIHOM, BeIXO#HOH, cioii PBH n snemenrtoB snmHeilHON kimaccudukannu. CIoM MOTYT COJEp)XKaTh KBAJPAaTHYIO



MaTpHIly HOTEPb, BKIIOYEHNE KOTOPOH BO3MOXKHO, TOJIBKO €CIIM TPETHH M YETBEPTHIH CIIOM COCTOST U3 OJJMHAKOBOI'O YHCIIA
asieMeHTOB. PannanbHble 0a3uCHblE HEHPOHBI B TAaKMX CETSAX HCIOJB3YIOTCS MJIsl XpaHEHUs 00pas3loB, B3ATHIX U3
oOyyaromiell BBIOOpKH, KOTOpasi Oepercst mojHocThio. ClieoBaTeNbHO, NMEPBBIA CKPBHITBIA CIOH COAEPKHUT Takoe XKe
KOJIMYECTBO 3JIEMEHTOB, 4TO M oOydwaromiasi BbIOOpKa. Tak Kak 3JeMEeHTHI Cl0sl KJacCU(HMKALUK CBS3aHBI C BBIXOJIOM
Ka)XXJJOro KJlacca, MOXHO OLIEHHTh BEPOSITHOCTH NPUHAUIC)KHOCTH TociieHeMy. Ecin ucnosp3yercss MaTpuna mnoTepb, TO
[[EHA PEIICHNS MUHUMaJIbHA. Takue ceTn OOBIYHO OBICTPO TPEHUPYIOTCS, HO MEIJICHHO BBIUUCISIOT M3-32 OOJIBIIOTO
pa3mepa.

Beposmuocmmuvie netiponnvie cemu (BHC, probabilistic neuron networks) ncrosb3yroTes uist pereHus pooIeMbl
knaccupukanun. IlepBeiM cioem B apxutekrype BHC sBusercss cioif pamuambHBIX Oa3HCHBIX HEHPOHOB, KOTOPBIHA
BBIYHCIIAET PACCTOSHUE M BEKTOP HWHAMKATOPOB INPHHAIUIC)KHOCTH IPYTMM BXOIHBIM BEKTOPAaM, HCIOJB3YEMBIM IIPH
oOy4enun. Bropoii cioif cyMMHpyeT 3TH 3HaU€HHS Ul KaXO0ro Kacca BXOJOB M (JOpMHUPYET BBIXOIBI CETH, KAaK BEKTOD
BeposiTHOCTeH. [lanee cneumanbHas (yHKIMsS akTHBauuu (COMpeEte) ompenesnsieT MakCUMyM BEpOSTHOCTEH Ha BBIXOJE
BTOPOTO CIIOS M YCTaHABIIMBAET JaHHBIA BBIXOJ B 1, a ocTanbHbele BhIXoabl B 0. Marpuua BecoB mepsoro cios W41
YCTaHOBJICHA B COOTBETCTBHHU C 00y4arolIIMMH NapaMu. BiIok pacuera paccTosHUI MOy4YaeT BEKTOP, IIEMEHTH KOTOPOTO
MOKa3bIBaIOT, HACKOJIBKO OJIN30K BXOJHOW BEKTOP K BEKTOPaM O0YyYaromero MHOXKECTBA. DJIEMEHTHI BEKTOPA YMHOXKAIOTCS
Ha BEKTOp IOpPOroB M MpeoOpasyloTcs paaualibHO 0asucHoil ¢yHkuuel. BxomHoll BekTop, ONM3KHH K HEKOTOPOMY
oOpasiy, ycraHaBiauBaeTcs B 1 B BBIXOJHOM BEKTOpE IEpBOro ciios. Eciu BXomHOW BEeKTOp ONM30K K HECKOJIBKUM
oOpasaM OTIENBHOTO KJIacca, TO HECKOIBKO 3JIEMEHTOB BBIXOJHOTO BEKTOpa MEPBOTO CNOSI OyXyT MMETh 3HAYCHHS,
omuskue K 1.

Beca Broporo cnost W ycranapnuBarotcs no Matpuie T HENEBBIX BEKTOPOB, KaXK/Iblii BEKTOP KOTOPOH BKJIIOYAET
3Ha4YeHUe | B CTPOKE, CBA3AHHOM C ONPEIETEHHBIM KJIACCOM BXOJIOB, M HYJIM B OCTAIBHBIX TO3uuusx. [Iponssenenus T al
CYMMHPYIOT 3JIEMEHTBI BBIXOJHOTO BEKTOpPA MEPBOTO Clos a® s kaxaoro w3 K kmaccos. 3atem (yHKIMS aKTHBAMH
BTOpOro ciios (COMpete) ycTaHOBHUT 3HaueHHE | B MO3WIIMIO, COOTBETCTBYIOIIYIO OOJBIIEMY 3JIEMEHTY BBIXOIHOTO
BekTopa, 1 0 BO Bce ocTampHble. CleOBAaTENBHO, CETh KIACCH(PHUIMPYET BXOJHBIC BEKTOPHI, HAa3HAYas BXOIY
eﬂHHCTBeHHbIﬁ KJIaCC Ha OCHOBE MaKCHUMaJbHOM BEPOATHOCTU NIPUHAJICIKHOCTHU.

2.2 OnucaHue OCHOBHBIX (pyHKIUI
Dynknusa Newrb cosmaer pagnanbHyo 6a3HCHYIO CETh U HMEET CICIYIOLIHI CHHTAKCHC!
net = newrb(P, T, goal, spread).

PamuanpHble 0a3sUCHBIE CETH HCIONB3YIOT Ul anmpokcumaimu ¢yHkimid. @DyHkims Newrb kxoHcrpyupyer
CKPBITBIIA (MIEpBBIi) CIION M3 pamuanbHBIX 0a3MCHBIX HEHPOHOB M MCHOJIB3YeT 3HAYCHHE CpeAHEH KBaAPaTHYHOW OIIMOKH
(goal). Dyuxius newrb(P, 7, goal, spread) umeer crmemyromue aprymeHtsl: P — Marpunia Q BXOJHBIX BEKTOPOB
pasmeproctd R Ha Q; T — matpuma Q BeKTOPOB ILeNeBBIX KiaccoB S Ha Q; goal — cpemusist kBagpaTHyHas OMIMOKa, IO
ymomuanuto 0,0; spread — pa3bpoc pamuansHoi 6a3uCHON QYHKIHH, 10 yMoadanuto 1,0. @YHKIHS cO31aeT U BO3BpaIaeT
B KayecTBe OOBEKTa paJuajbHyl0 Oa3McHYI0 ceThb. boibllioe 3HaueHHe pa3dpoca NPUBOAMT K OOJBIICH TIJIaJKOCTH
anmpoxcuMarun. CiaumikoM 60mbiIoi pazdpoc TpedyeT MHOrO HEHPOHOB, AJS TOTO YTOOBI MOJCTPOMUTHCS MOJ OBICTPO
W3MEHSIOIIYIOCS (YHKIMIO, CIMIIKOM Malblii — JJIsl JOCTHXKEHUs TJIaJIKOCTH anmnpokcumaiuu. [lomoOparh 3HaueHue
pa3dpoca MOXKHO C TOMOIIBI0 MHOTOKPATHBIX BbI30BOB (yHkiuu newrb. Cosmaaum B cpene MATLAB panuaibHyro
0a3HCHYIO CETh:

net = newrbe(P, T, spread).

DyHknus NEWrbe mpoekTUpyeT paanaibHYI OA3MCHYIO CETh C HYJIEBOW OMMOKOM ISl 33IaHHBIX BEKTOPOB.
Oyukis newrbe(P, T, spread) umeer Tpu mapamerpa: P — matpuiia Q BXOAHBIX BEKTOPOB pasmepHocTd R Ha Q; 7 —
Mmarpuna Q IeneBbIX BEKTOPOB — Ommcartenell kimacca pasmepHoctd S Ha Q; spread — pasbpoc pammaibHON Ga3uCcHON
¢byuknuu, mo ymoayanuto 1,0. @yHKIUS co3/aeT paaraibHy0 0a3UCHYIO CETh.

Oynkius newgrnn mpoektupyer HC perpeccum — 3T0 BHJ paauaibHOl 0a3mMCHOM ceTH, KOTopas 4acTo
HCTIONbB3YeTCs I allPOKCUMAIMK GYHKIHI U OBICTPO CTPOUT CETh JUIS alNPOKCUMAIINH:

net = newgrnn(P, T, spread).

Oyukuus newgrnn(P, T, spread) umeer crnenyromue Bxoasl: P — MaTpuia Q BXOAHBIX BEKTOPOB pasMepHocTH R
Ha Q; 7 — matpuua Q 1eJeBBIX BEKTOPOB KJIAcCOB pasMepHocTH S Ha Q; spread — pasbpoc paauaibHbIX 0a3UCHBIX
¢ynkuuid, o ymomuanuto 1,0. @ynkums Bo3spamaer HC perpeccun. Yem Gombire pasbpoc, Tem Oosee rinaakoit Oyner
¢byHkims annpokcumanuu. Jist Toro 4TtoObl HACTPOUTH (QYHKIMIO aNNPOKCHMAIMKM HA UCXOZHBIC JaHHbBIE, HCIIOJIB3YIOT
pa3dpoc MEHBIIN, 4eM TUIIMYHOE PACCTOSHIE MEX/Ly BXOJHBIMH BEKTOPAMHU.

OyHKIUSA NEWQINN co3gaeT ABYXCIOHHYIO ceTh. IlepBBIM COH COAEPKUT pajnaibHBIE Oa3WCHBIE HEHPOHEI,
BBIYKCIISIONINE PACCTOSHUE MEXIy BXOJAaMHM U BecaMu C rmoMomipio hetprod. Bropoit cioii uMeeT HEWPOHBI ¢ (YHKIHER
aktuBanuu purelin. Tosmpko y mepBoro cios cymiectsyer bias.

Oynxuus Newpnn cosaaer BeposiTHocTHyto HC, mpoekTupyeMyio ¢ moMonibio GyHKIUN



net = newpnn(P, T, spread).

BepositHoctHass HC — aTo Bua panuanbHON 6a3ucHoit cetr, kak 1 HC perpeccuu, HO JaHHBIE CETH HCIOJIB3YIOTCS
JUISL peIieHUs 3aaun Kiaccubukaimy, a He annpokcumanun. Oynkuus net = newpnn(P, T, spread) umeer Takue xe
mmapaMeTpsl, Kak ¥ BBIIIeonrcaHHas GpyHKus Newgrnn. Eciom pazopoc 61130k K Hydro, BepostHocTHast HC pelicTByeT Kak
KJTacCH(pHUKATOp Ha OCHOBE NMpPUHIMIA BBHIOOpa «OMIDKAHIIero cocenay, B IPOTHBHOM CiIydae CeTh NPUHHMAET B pacdeT
HECKOJIBKO OJIM3KUX BEKTOPOB.

3 IOPAAOK BBIIIOJIHEHUSI PABOTBI
INPUMEP 1 Co3nanue u o6yuenune HC perpeccun
Paccmorpum npoextupoBanue HC perpeccun. Onpenenum:
Bxonel HC perpeccum
=[12 3];

Beixonel HC perpeccum
= [3.0 5.1 4.8];

M do fg oo

Bocnonesyemest ynkiueir newgrnn aist cosganus HC perpeccun. 3amaguM pa3dopoc paguaibHBIX 0a3HCHBIX
¢byukimii (mepemennas spread) Menbine, 4eM 1, st TOro YTOOBI MOJYYHTH XOPOIIYIO allIPOKCUMAIUIO TaHHBIX M OoJee
TNIAAKYI0 (YHKIHIO.

% ycraHOBKa pazbpoca panmnajibHBIX Oa3MCHEIX QYHKIIMNA
spread = 0.8;
$ cospmaume HC perpeccumn

net = newgrnn (P, T, spread);

% mmmuTanmus paborel HC perpeccum

A = sim (net, P);

$ mBOBpaxeHue AnIpPOKCUMUPYEMOM (QyHKIIMAMA

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

$ ycTaHOBKA pexmuMa mobaBiieHMS I'PadmMKOB Ha KOOPIMHATHEE OCH
hold on;

% mzobpaxeHmne paboTe HeoOyuyeHHOM HC perpeccumu

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

Q

$ OUMCTKA KOOPIMHATHEIX OCEeM
cla reset,
$ ycTaHOBKA HOBOI'O Bxoma HC perpeccum

p = 4.5;

% monyuenme OTKJIMKA HC perpeccumn

a = sim (net, p);

% mB06paxeHue AanIpPOKCUMUPYEMOM (QyHKIIMM
plot (P, T, '.', 'markersize', 30);

Q

% ycTaHOBKA IOmanas’oHOB ocer X um Y
axis ([0 9 -1 4]);

Q

© BKJIOYEHME pPeXrMa nobaBJIeHUS Fpa@J/IK‘OB

hold ony;
$ mzoBpaxeHmue OTKJIAMKA HC perpeccmm Ha BXOHL P
plot(p, a, '.', 'markersize', 30, 'color', [1 0 0]);

Q

$ HamMcaTbk 3arojIOBOK I'padmka
title ('HoBEnI BXOIOHOM BekKTOop '),

Q

% IIOMETUTE OChb X

xlabel ('P u p');

% IIOMETUTE OCB Y

ylabel ('T m a');

% OUMUCTUTE KOOPAMHATHYK CETKY
cla reset;

o

$ ompenesmMTe NOCJAEeHOBATEJBLHOCTE BXOHOB P2
P2 = 0: 0.2 : 9;

ChIMUTHPYEM OTKJIMK CETH ISl pa3JIMUHbIX 3HAYECHUH, YTOOBI yBUIETh pE3YJIbTaT alpokcuManuu (puc. 9).



Annpokcumupyeman dyHKUMA
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Puc. 9. AnnpokcruManusi TO4eK ¢ TOMOIIbIO HEHPOHHOM CETU Perpeccuu

% nmosyumTs OTKJAMK HC perpeccum Ha NOCJAENOBATEJBEHOCTE BXOHOB P2
A2 = sim (net, P2);

% mB0bpasmurs OTKAMK HC perpeccumn

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

% BKJIIOYMTE PEXMM HOOABJIEHMS I'PAPHUKOB

hold ony,
$ M306pas3UTE ANIPOKCUMUPYEMYKH (YHKIIMO
plot (P, T, '.', 'markersize', 30);

Q

% YCTAHOBMTE IOMANA30H OCEM

axis ([0 9 3 7]);

% ozarviaBUTE Ipadur

title ('AnnpoxcuMmmpyemas QyHKIHUSI') ;
% nmomMeTuTs OCBH X

xlabel ('P u P2'");

% moMeTmuTe OCh Y

ylabel ('T m A2') ;
INPUMEP 2 Ucnoab3zoBanue PBHC pas annpoxcumanuu GpyHkumi

PaccmoTtpum anmpokcnmanuio GyHKIMH Ha OCHOBE pajiiaiibHOM 0a3UCHOM ceTu.

% ompenesieHMe AMAarnaz’0Ha BHAUEHUM PaanajibHOM Oa3MCHOM QYHKIMMA
P= -4 : 0.1 : 4;

% BEIUMCJIEHME pPanOMajbHOM Oa3MCHOM QYHKIIMM Ha AManas’zoHe P

a = radbas (P);

% mzobpaxeHne PBED

plot (P, a);

% oBarviaBUTE IpPaPUK

title ('PanmuaneHas 6aswucHas QYyHKIMS') ;

Q

% IIOMETUTE OChb X



xlabel ('Bxom P');

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

Ha puc. 10 u3o0paxxena paguanbHas Oa3ucHas QYHKIUS.

Oyukims newrbe cozmact He0OXOAUMYIO CETh. 3alaIuM alPOKCUMHUPYEMYIO (DYHKITHIO KaKk Habop TOUEK:

onpenesieHne MNOCJAeOOBaATEJLHOCTH apIl'yMEeHTOB
anmnpoOKCUMUPYEMOM QYyHKIMM P

= -1 : 0.1 : 1;

onpenesieHrMe BHAUEHMM allpOKCUMUPYEMOM QYHKIMMI,
CoOOTBETCTBYyRIMX P

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

M oo oo Mg oo oe

PaauanbHan 6asucHan GyHKUMA
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Puc. 10. PaguansHast 6a3ucHas GyHKIAS

N306pasum rpaduk dyuknun (puc. 11).

$ mzO0bpaxeHne annpOKCUMUPYEMOM QyHKLIMM
plot (P, T, '"*');

% oBarviaBUTE I'PaPUK

title('Obyuanmas BrlOopka') ;

$ noMeTuTE OCh X

xlabel ('BxonHoy BekTOop P');

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

Janee HeoOXoauMo HAlTH (QYHKIHUIO, KOTOpPAsk XOPOIIO OMUCHIBACT 3aJaHHbIE 21 TOUKY.
Oyuknus newrb cozgaer PBHC mist anmpokcumaruu:



$ LejleBOy CPpEeIHEKBAaIPAaTHUYHOM OIMOKMI

e = 0.02;
% pasbpoca PEQ
sp = 1;

% cosmaHme PE®

et = newrb (P,T,e,sp)

$ ompernesieHMe BEKTOpa BXOHOB
= -1 : 0.01 : 1;

3

)

CeiMuTHpYyeM paboTy ceTu.

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

% BKJIOUEHME pexuma NobaBJIeHUS I'paduira
hold on;

% mBoObpaxeHue pesyJbTaTOB allpOKCHUMAaIIMI
plot (X, Y);

o

¢ OTKIIUEHME pexmMa oOaBJICHMS Tpadmura
hold off;

=

Obyuatow,an BbibopKa
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Puc. 11. Pe3ysprar anmpokcuManuy ¢ IIOMOIIBIO pagialbHON 0a3UCHOW HEHPOHHOH ceTH
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MMPUMEP 3 MHcnoab3oBanue BepositHocTHoi HC st kiaccudgukanum BEeKTOPOB

PaccMmoTpuM 3anmady knaccudukauy ¢ HAOOPOM BXOJ0B P ¥ MHOKECTBOM KJIacCcOB, 0003HAYEHHBIM 7c.

$ ompernejyieHMEe BXOIOB
=[12 3456 7];
% ompenesieHue XeJlIaeMEBEIX BBEIXOI OB
Tc =[1 1 3 32 1 1];

o




KOHBEPTHUPOBAHNE MHIEKCOB B BEKTOPE, corepxamme 1
B MHIEKCHBIX [TOBMUIIMSIX

= ind2vec (Tc),

cosmaHmne BEepOSTHOCTHOM HC

et = newpnn (P, T);

UMHUTAaINMs paboTE BEPOSTHOCTHOM HC

= sim(net, P);

$ KOHBEPTHMPOBAHME HOMEPOB KJACCOB B BEKTOPEI.

Yc = vec2ind(Y) ;

o0 I3 oo M oo op
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4 KOHTPOJIBHBIE BOIIPOCHI

Kakyro ¢pyHKIHIO Ha3bIBAIOT pPaJHAIbHON Oa3uCHOM QyHKIHEH?
U3 kakux cJI0eB COCTOUT paauanbHo-0a3ucHas HC?
U3 kakux cnoes coctout HC perpeccun?
W3 kakux cioeB cocTouT BepositHocTHass HC?
Kakue Bugst HC npennHasHadeHsl Uil peIICHHs 3aJa4ddl allpOKCHMAlud (QYHKIHMH, a Kakue — s
KIaccu(puKai 00BeKTOB?
6. Kakue tums HC cosnatores B cpene MATLAB ¢ nomomrsto dyrkimii newrb, newrbe, newgrnn, newpnn?

agrwbdE

4.2. OueHOYHBbIE CPECTBA MPOMEKYTOUHOI aTTeCTALMU

[lo nucnumuinHEe MpeaycMOTPEH 3adeT. 3aueT MPOXOAMT Mo Ouneram. B kaxaoMm Ouiere ABa TEOPETHUECKUX BOIpOCa.
3a4yer MPOBOAMTCS B YCTHOM, NMHCHbMEHHOM WM KOMIIbIOTepHOW Qopme. OueHHMBaeTcs BlaJeHHE MaTepHalIOM, €ro
CHUCTEMHOE OCBOEHHE, CHOCOOHOCTh MPUMEHSTh HY)KHbIEC 3HAHUS, HABBIKK U YMEHHS NIPU aHAU3e MPOOJIEMHBIX CUTyaluil.

4.2.1. YcTHbI WM NHCbMEHHBbIH 0TBET HA BONIPOC

4.2.1.1. Ilopsaaok npoBeaeHuUs.

VYCTHBIM WM MHCBMEHHBI OTBET Ha BONPOC HANpaBJIEH Ha IPOBEPKY 3HAHMN OCHOBHBIX pa3felioB MO AMCHUIINHE
«He#poHHbIE CETHY.

4.2.1.2. Kpurepuu oueHUBAHMS.

OneHka «0TIIMYHO» CTABMTCS, eCJIN 00y4aromuiics:

B oTBeTe KauecTBEHHO PACKPBLI cojeprkaHue TeMbl. OTBET XOpOIIO CTPYKTypHupoBaH. IIpekpacHO 0CBOEH MOHSATHHHBIN
anmnapat. [IpogeMOHCTpUPOBaH BHICOKHMH YpOBEHb NMOHMMaHHUsl Marepuaia. [IpeBocxoaHoe ymeHne GpopMyaupoBaTh CBOM
MBICJIH, 00CYKAATh JUCKYCCUOHHBIE TIOJI0KEHNUSI.

OneHka «X0pouio» CTABUTCS, eCJIN 00yJaromuics:

OCHOBHBIE BOIIPOCHI TeMBI packpbul. CTPyKTypa OTBETa B 11€JIOM aIeKBaTHA TeMe. XOpOIIO OCBOCH MOHATUHHBIN amnmapar.
[TponeMoHCTpUpPOBAaH XOPOIIMH ypPOBEHb MOHMMAaHWS Marepuaia. Xopollee yMeHHe (OpMYJIMPOBaTh CBOM MBICIH,
00CyXIaTh TUCKYCCHOHHBIE MTOJI0KEHHS.

OueHka «yA0BJIETBOPUTEJIbHO» CTABUTCS, €CJIM 00y4Yaromuiics:

Temy wactnuno packpeil. OtBer cimabo crpykrypupoBaH. [loHATHIHBIN ammapaT ocBoeH dYacTH4HO. [loHMMmaHme
OTJETBHBIX MOJOKEHUH N3 MaTepHaja 110 TeMe. Y IOBJIETBOPUTENBFHOE YMEHHE (POPMYIHPOBATh CBOM MBICIH, 0OCYXIATh
JTUCKYCCHOHHBIE TTOJIOKEHHS.

OneHKa «HeyAOBJIeTBOPUTEIbHO» CTABUTCS, €CJIN 00yYaromuics:

Temy He packpbul. [IoHATHHHBII anmapaT OCBOEH HEyAOBIETBOpHUTENbHO. [ToHMMaHHe MaTepuana (parMeHTapHOE HIIH
orcyrcTByeT. Heymenue hopMyIMpoBaTh CBOM MBICIIH, 00CYKAaTh AUCKYCCHOHHBIE TTOJIOKEHUS.

4.2.1.3. OueHo4yHbIe cpeacTBA.

Bonpocsl 1J1s1 yCTHOT0 MJIM MHCbMEHHOT0 0TBeTa

buonorunueckue npencTaBieHus 0 HEHPOHE.

ITonsiTue HEWpPOHHAS CETb.

HckyccTBEHHBIM HEHPOH.

Knaccudukarus HepoHHBIX ceTei.

ApXHUTEKTYypa HEUPOHHBIX CETEH.

HcTopust HeHpOKOMIIBIOTEPHBIX BBIYUCIICHUIA.

IIepcentpos.

3amaya pacno3HaBaHUsI.

TlonsiTe MHOTOCIOMHON HEHPOHHOU CETH.

0. TIpuHIMIBI HOCTPOSHUSI MHOT'OCIIOWHBIX HEHPOHHBIX CETEH.

11. Anroput™m 0OpaTHOTO PACIPOCTPAHEHHUS OIINOKH.

12. Hegocrarku ajroputMa 0OpaTHOTO PacpOCTPaHCHHUS OLIHOKH.

13. Ilonstue paguanbHON HEHPOHHOI ceTn.

14. Crpykrypa paauanbHON HEHPOHHOI ceTu.

15. MaremaTndeckne OCHOBBI ()YHKIIMOHUPOBAHHUS palaibHbIX HEHPOHHBIX CETEH.

16. OOyuenue paguanbHON HEHPOHHOI ceTH.

BoeoNooo~kwdPE



17. CamoopraHu3yonyecst HeHpOHHBIE CETH.
18. Crpykrypa cetn Koxonena.

19. OOGyuenue cern Koxonena.

20. HeiipoHHbIe ceTH KiIacCU(pUKaIHH.



Ipunoocenue 2
K paboueli npocpamme OUCYUNIUHbL (MOOYJis)
b1. B./[B.10.01 Heiiporuvie cemu

Ilepeuensb JuTEPATYPbl, HEOOXOAMMOI 151 OCBOEHMS TUCHUILINHBI (MOLYJIs1)

Hanpasnenue noarorosku: 23.03.01 TexHoJI0rHs TPaHCIOPTHBIX MPOIECCOB

HpO(be/IJ'IB MoAr0TOBKH: [IpOSKTHPOBaHNE 1 VIIPABICHUE HHTSIUICKTYATbHBIMU TPAHCIIOPTHBIMHU CHCTEMaMK

KBanugukanus BelTycKHUKA: OakagaBp

®dopma o0ydeHus: 3a09HOE

SI3b1K OOYYCHHUS: PYCCKUI

I'on Havana oOyueHus Mo odpazoBartesbHOI nporpamme: 2025

OcHoBHas JUTEpaTypa:
1. Bonoroga, JI. C. CucteMbl HCKyCCTBEHHOTO MHTEJIEKTA: MOJICNIN U TEXHOJIOTHH, OCHOBAaHHbIC HA 3HAHUSX : yUeOHHK /
JI. C. bonoroBa. - Mockga : ®uHaHCH 1 cTaTucTHKa, 2023. - 666 c. - ISBN 978-5-00184-097-8. - TekcT : 37eKTPOHHBIH. -
URL.: https://znanium.ru/catalog/product/2051330
2. T'apapos, ®@. M. Heiiponnsie cetu B PyTorch : yue6Hoe nocobue / ®@. M. I'adapos, A. ©. 'unemssHoB. - Kazanb :
Kazauckuii gpenepanpablii yausepcuret, 2024. - 106 c. - Tekcr : anekTpoHHbIi. - URL:
https://znanium.ru/catalog/product/2173433
31BanIoK, B. A. [IpakTHKyM 110 HEHPOHHBIM ceTsM : yaeOHoe mocobue / B. A. UBanHiok. - Mocksa : [Ipomereit, 2024. -
230 c. - ISBN 978-5-00172-601-2. - Texkcrt : anexrponnsiii. - URL: https://znanium.ru/catalog/product/2144362.

JlonoiHNTEeIbHAS JIUTEpaTypa:

1. ABkcentheB, A. A. CeTH U CHCTEMBI CBsI3H : yueOHOe mocodue / A. A. ABKCEHTBEB. - 2-¢ U31., epepad. u JoI1. -
Mocksa ; Bonorna : Mudpa-Umkenepus, 2024. - 336 c. - ISBN 978-5-9729-1588-0. - Tekct : anektponnsrii. - URL:
https://znanium.ru/catalog/product/2171009
2. Makcypos, A. A. ObecnicucHre HHGOPMAITHOHHON Oe30macHOCTH B ceTd MHTepHeT : MoHorpadus / A.A. Makcypos.
— Mocksa : UTHOPA-M, 2025. — 226 ¢. — (Hayunas meicis). — DOI 10.12737/1942595. - ISBN 978-5-16-018251-3.
- Tekcr : anekrponnbiit. - URL: https://znanium.ru/catalog/product/2171257



Ipunooicenue 3
K paboueli npocpamme OUCYUNIUHBL (MOOYIs)
b1. B./[B.10.01 Heiiporuvie cemu

Hepeqem, HH(l)OpMaIII/IOHHI)IX TeXHOJIOFHﬁ, HCMOJIB3YEMBIX /IS OCBOCHUA JUCHHUIIJINHBI (MOI[leSI), BRJIIOYasi
nepevIeHb NMPpOrpamMmmMHOTo odecrieueHus 1 l/IH(l)OpMaIII/IOHHbIX CIIPpaBOYHbLIX CUCTEM

Hamnpasnenue noaroroBku: 23.03.01 TexHOJIOTUS TPaHCIIOPTHBIX MPOLIECCOB

HpO(be/IJ'IB IMOATOTOBKMH: IIpoexTupoBaHre U YIIPABICHNE HHTEICKTYATbHBIMU TPAHCIIOPTHBIMHU CHCTEMaMK
KBaJ’II/Iq)I/IKaHI/DI BBIITYCKHHUKA: 6aKanaB[g

®dopma o0yyeHus:: 3a04HOE
SI3b1K OOYYCHHUS: PYCCKHI

I'on Havana oOy4ueHus Mo oOpazoBarenbHOM mporpamme: 2025

,OCBOEHHE JTUCLUITLIMHBI (MOJYJIS) MPEIoJiaracT UCIOIb30BaHUE CIEAYIONIET0 NPOrPaMMHOT0 00eCTIeYeH sl 1
nH(OPMaMOHHO-CIIPABOYHBIX CUCTEM:
1. Onepaunonnas cuctema Microsoft office professional plus 2010, uu Microsoft Windows 7 [podeccuonansHasi,
i Windows XP (Volume License)
2. Tlaket oducuoro mporpammuoro obecneuenust Microsoft Office 365, wmu Microsoft office professional plus 2010
3. Adobe Reader XI niu Adobe Acrobat Reader DC
4. bpaysep Mozilla Firefox
5. Bpay3zep Google Chrome
6. Kaspersky Endpoint Security aims Windows
7. IlporpamMmHas cucteMa Ut OOHAPY KSHHUS TEKCTOBBIX 3aMMCTBOBaHHMI B Y4eOHBIX M Hay4YHBIX padorax. AO
«AHTHIUIArHaT»
8. Dnexrponnas 6ubnuoreunas cucremMa «ZNANIUM.COM»
9. DnekrponHas 6ubIMOTeYHast cucteMa M3narenscTBa «JlaHby
10. DnekrponHast oubMoTeyHas cucrema «KoHCyIbTaHT CTyACHTa
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