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[Iporpamma coctaBieHa B cootBercTBUM C TpeboBanmsimu OI'OC BO no HampaBieHHIO
noArotoBku 35.03.06 «ArpouHKEHEPHS»
Pa3zpaboTuuk: kaHa. TexH. HayK, AoueHT [llabanoB Bukrop Anekcanaposuy

[Iporpamma omoOpeHa Ha 3acenaHud Kadeapbl SHEPreTUYECKHX CPEACTB M TEXHUYECKOTO
cepBuca 25 suBaps 2024 roaa, npotokoi Ne 6.

3aB. kadenpoii: KaHI. TEXH. HayK, Jo1eHT bupiokos A.JL.
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1 Hean u 3a0aun y4eOHOM TN CHUININHBI

Heas — popmupoBanue komnereHuuil 3pPeKTUBHOrO MpUMEHEHUs] HEHPOHHBIX CeTel
JUISL pEILICHNS] arpOTEXHUYECKUX 33/1a4.

3agaum JUCHMIIMHBIL

® W3y4YeHHE TEOPETHYECKMX OCHOB M METOJHK NMPAKTUYECKOTO MPUMEHEHHsS HEHpPOHHBIX
ceTeil Uil peleHHs arpOTEeXHUYECKUX 3a71ad;

® [IPUBHUTHE HABBIKOB MPUMEHEHHS INTyOOKOro 00y4eHHsI HEHPOHHBIX CeTeH IUIsl peIeHHs
3aja4 Kiaccu(uKanuy 1 0OHApYKEHUSI arpOTEXHUYECKHX OObEKTOB;

® TIOJyYCHHE HAaBHIKOB IPOIPAMMHUPOBAHUS CHCTEM HCKYCCTBEHHOTO MHTEIICKTA.

2 MecTo aucuuniauebl B cTtpykrype QOII

HucunnnmHa «[IpuMeHeHre HEMpOHHBIX CETeH A PElIeHUs 3aJad arpOUH)KEHEPUU»
BX0UT B Moayib b1.0.07 «cKycCTBEHHBIM MHTEIUIEKT» U OTHOCHTCS K 00SI3aTENIbHON YacTu
brmoka 1. [ucuumiumbbel (MOAyJdHM) OCHOBHOW 0Opa30BaTENbHOM MPOTPaMMBbl  BBICIIETO
obpazoBanus (OOIl BO) no nanpasienuto nmoarotoBku 35.03.06 «Arpounxenepus». Muuekc
o yueoHomy 1any — b1.0.07.05.

Jucnuninuna «lIpuMeHeHne HEMPOHHBIX CETEM U PEIICHMs 3a1ad arpOMH)KCHEPUU»
u3ydaercs B 6 cemecTpe Ha OCHOBE 3HAHMM, MOJIYYEHHBIX MIPU U3yYEeHUHU AUCUUILINH «BBenenue
B TECOPHIO HMCKYCCTBEHHOTO WHTEIEKTa», «TexHomoruu cOopa M MOATOTOBKH JaHHBIX B
arpouHkeHepun», «MalnHHOe 00ydeHHe B arpouHxkeHepum», «TexHudeckoe 3peHHe B
arpouH)XeHepun». Pe3ynbraTsl U3ydeHHs! TUCIMILTMHBI BOCTPEOOBaHBI B X0/I€ B X0/1¢ y4eOHOM 1
MPOU3BOJICTBEHHOW NPAKTUKH, a TaK)Ke IMpPU TOATOTOBKE BBIMTYCKHOW KBaIU(UKALUOHHON
paboTtbl. @opma MPOMEKYTOUHOM aTTECTAIIMH — SK3aMEH.

3 Kommnerenuum olOy4awuerocsi, (popmMupyembie B pe3yJbTaTe OCBOCHUS
AUCHHUILINHBI

JucuuninHa HanpaieHa Ha (GOpMUPOBAHHE CIEAYIOUIMX KOMIIETEHIINH BHITYCKHHUKA!

Kox 1 HauMeHOBaHHe Koa n HauMeHOBaHUe HHAUKATOPA
KOMIIeTEeHIIUH JOCTHKEHUsI KOMIIeTeHIMH

I1K-14. Cniocoben UIIK-14.1. Boeibupaet MeTOBI pelIeHus 3a1a4 ¢
UCIOJIb30BaTh CUCTEMBbI MCIOJIb30BAaHUEM CHCTEM MCKYCCTBEHHOT'O MHTEIIEKTa
HCKYCCTBEHHOTO HIIK-14.2. Pemaer 3a1auu ¢ UCMOJIb30BAHUEM CUCTEM
MHTEJJIEKTa B PEILICHUU HCKYCCTBEHHOT'O MHTEJIJIEKTa
3a/1a4y aHaIN3a,
MIPOTrHO3UPOBAHUS,

IJIaHUPOBAHUS, CHHTC3a U
MIPUHATUSA PEIICHUI

[TK-16. Criocoben NIIK-16.1. OcymiecTBasieT OLIEHKY U BBIOOP MOJENeH
UCIOJIb30BaTh CUCTEMBbI HCKYCCTBEHHBIX HEUPOHHBIX CETEH U MHCTPYMEHTAIbHBIX
HCKYCCTBEHHOTO CPEICTB JJIsl PEIIeHHs TOCTABJIICHHOU 3a/1auu
WHTEJUICKTa HA OCHOBE NIIK-16.2. Pa3zpabaTpiBaeT CHCTEMBI HCKYCCTBEHHOTO
HEWPOCETEBBIX MOJIEIIEH U MHTEIJUIEKTa Ha OCHOBE MOJIEJIE HCKYCCTBEHHBIX
METOJIOB HEHPOHHBIX CeTel U MHCTPYMEHTAJIbHBIX CPEJCTB

4 CTpyKTYypAa U cCoAepKaHue TUCHUIIIHMHBI



OO0t 00beEM TUCHUILIMHEL COCTABIAET 5 3aUueTHBIE €AUHUILIEL.

4.1 CTpyKTypa AMCUMILINHBI

Bcero 1yacos
Bupn ydeOHoii Harpy3ku (ounas gopma)
6 cemecTp

AynuTopHBIe 3aHATHS (BCEro) 43
B mom uucne:

Jlekuuu 17

JlaGopaTopHbie paboThI 17
CamocTosiTesqbHas padora (Bcero) 101
Buj npoMexyTo4HOM aTTecTalyu 9K3aMEH
KonTpoas 9
OOmas TPYAOEMKOCTbD, Yachl 144
3a4yETHbIE €AMHULIEI 4

4.2 ConepxxaHue pa3/ie/ioB JUCHUNIHHBI

Pazoen 1. Beeoenue 6 neiponnsie cemu

CtpykTypa W TpHHIOHWI pPabOTHl TOJHOCBS3HBIX HEUpOHHBIX ceTeil. [lepcenTpon —
BO3MOKHOCTH Kiaccudukamuu oopa3os, 3agada XOR. Back propagation — anroputm obydeHus
0 MeToAy OOpaTHOro paclpoCTpaHeHHs. YCKOpeHHe OoOyueHHs, HadajbHBIE Beca,
CTaHJapTH3allks, TOJArOTOBKa BBIOOpKH. IlepeoOydeHHEe — YTO 3TO M KaK ATOTO M30EXKaTh,
KPUTEPHH OCTaHOBa oOyueHHs. DYyHKIMM aKTUBAIlUHM, KPUTEPUU KadecTBa pabOThl HEMPOHHOM
cetu. DpelMBOpKHM IsI TIOCTpOSHUsS Mojenei riyookoro obOyuenus: TensorFlow, Keras,
PyTorch.

Pazoen 2. Inybokoe obOyuenue 6 KOMNbIOMEPHOM 3peHUuU: Kiaccupukayus
u3zoopasicenuil

[TocranoBka 3amaum KiaccuPukanmuu H300pakeHUH. MeToasl pemeHus 3anauu
Kiaccupukanuu M300pakKeHU 10 3Moxu TiyOookoro oOydeHus. [lomynspHble maraceThl s
pemeHus 3a7a4u Kiaccupukanuu n3odpaxkeHuil. Kiaccuueckue cBepTOUHbIE HEHpPOCETEBbIE
apXUTEKTypbl JUIA peumeHus 3aJadd  Kiaccupukauuu u3oOpakeHuid. CoBpeMeHHbIE
HepoceTeBble apXUTEKTYPHl AJIs pelIeHHs 3a1aud Kiaccupukanuu nzoOpaxkeHuil. ['oToBbIe
UHCTPYMEHTBI JJIsl peLICHUS 3a7jaun KJIacCU(PUKAIMU Ha OCHOBE INTyOOKUX HEMPOHHBIX CEeTEH.

Pazoen 3. I'nybokoe 0dyuenue 6 KOMnoIOMEPHOM 3PEHUU: OOHAPYIHCEHUE 00bEKM 08

[TocranoBka 3amaun OOHapyXeHUS OOBEKTOB. MeTonbl OOHapyXKeHHss OOBEKTOB [0
aMOXHM TIyOokoro oOydenwms. [lomynmspHble maraceTbl i 3agaddl OOHApYXEHUS OOBEKTOB.
OpnHOMPOXOHBIE M ABYXIPOXOJHBIC HEWpoceTeBble AETeKTOpPbl. (OCHOBHBIC APXUTEKTYPHI
nByxnpoxonubix aeTekTopoB: R-CNN, Fast-RCNN, Faster-RCNN. HelipoceTreBbie apXUTEKTYphI
OJTHOTIPOXOAHBIX NeTeKTOpoB: cemeiicTBo YOLO. ['oToBbIE MHCTPYMEHTHI AJIsl pEeUICHUS 3aauu
00HapykxeHHs1 00BEKTOB Ha OCHOBE TJIYOOKHUX HEHPOHHBIX CETEH.

4.3 Pazgesinl TUCHMILIMHELI U BU/ 3aHATHII

13?1 Pa3nen aucuunJIMHbI Jlekuun J3 CPC Bcero
1. Paznen 1. Beenenne B HEHPOHHBIE CETH 3 _ a1 44




I‘y'l’]] Paszgen nucuunmiIMHbBI Jleknun J3 CPC Bcero
2. Paznen 2. [my6okoe 00yueHE B KOMITBIOTEPHOM
N 7 8 30 45
3pEHUU: KIacCU(PUKAIIS U300paKCHHH
3. Pazgen 3. ['mybokoe 00ydeHHEe B KOMITBIOTEPHOM
7 9 30 46
3peHnH: 0OHApYKEHHE 0OBEKTOB
Bcero 17 17 101 135

IIpumeuanne: JI3 — mabopatopusie 3ansatus; CPC — camocrostensHas pabora crtyieHta; [13 — mpakTthdeckue
3aHATHS

S Marpuna ¢popMupoBaHusl KOMIETEHIMA MO AMCUMIJINHE

No Kommerenmmn Ob6mree
i Pa3zzesbl, TeMbl AUCHUATUIMHEI [K-14 [K-16 KOJHHECTBO
KOMITETEHIINH
1. | Pazgen 1. BBenenue B HEHpOHHBIE + + 2
cetn
2. | Pasmen 2. I'mybokoe o0ydcHMe B
KOMITBIOTCPHOM 3PCHHH: + + 2
Kiaccuukanus n300pakeHuit
3. | Pazmen 3. I'myOokoe oOyucHue B
KOMITbBIOTEPHOM 3pCHUU: + + 2
oOHapyxeHHe 00BEKTOB

6 O0pa3oBaTe/ibHbIE TEXHOJIOTHH

OO0beM ayaWTOPHBIX 3aHATHA Bcero — 34 yaca, B TOM 4YHCIE JIGKIIMH — 17 dYacos,
nabopaTtopHblie paboThl — 17 4acos.

VY aenbHbI Bec 3aHATUN, MPOBOAUMBIX B MHTEpakTUBHOW ¢opme, — 100% ot obbema
ayIUTOPHBIX 3aHATHUM.

Hcnoanizyemble
Bun HHTEPAKTHBHbIE Koanuecrso
Cemectp HaumeHoBaHME TeMBbI
3aHATHSA oOpa3oBaTe/bHbIE 4acoB
TEXHOJIOTHHI
4 Texust Bgenenue B HeMpOHHBIE CETH Jlekmus- 3
BU3YaJIH3aLHs
I'my6okoe o0ydeHue B KOMITBIOTEPHOM 3PCHHH: Jlexums-
4 Jlexunst | jaconduxauns uso6pakeuii BU3YaJIU3aIUs 7
4 Tlexus I'my6okoe 00yueHre B KOMITBIOTEPHOM 3PEHUH: Jlexuns- 7
o0OHapy)XeHHe 0OBEKTOB BHU3yaJIH3aLHs
JlaGopaTopHbIil IPAKTUKYM O TUCLMILTHHE JlaGopartopHast
4 JI3 «I[IpuMeHeHNe HEHPOHHBIX ceTel I peleHus pabora 17
3a1a4 arpOUHKECHEPHI»
Hroro: 34

7 Y4eOHO-MeTOAUYECKOe O0ecIeYeHne CaMOCTOATEIbHOH PadoThl CTYJAE€HTOB.
OueHouHble  cpeAcTBA I TeKYNIero  KOHTPOJS  yCIeBaeMOCTH,
NMPOMEKYTOYHOM ATTECTANMH MO0 UTOraM OCBOCHUS M CHUIINHBI

7.1 llepeyeHb OLIEHOYHBIX CPECTB

NHauKaTopbl 10CTHKEHUS

KoMnerenuun "
KOMIIETEH M

OueHoYHBIE CPeICTBA




KoMnerenuun

NHauKaTopbl 10CTHKEHUS
KOMIIETEeHII NI

OueHoYHBIE CPeICTBA

[1K-14. Criocoben
HUCIIOJIB30BaTh CUCTEMBbI
HCKYCCTBEHHOTI'O MHTEJJIEKTa
B PEIICHUH 3a]a4 aHaJn3a,
MIPOTHO3UPOBAHUS,
IMJIaHUPOBAHUA, CHHTC3a U
MIPUHSTHUS PEIICHUN

NIIK-14.1. Beibupaer
METOAbI peH_IeHI/I}I 3a4a4 C
HCIIOJIb30BAHUEM CHCTEM
I/ICKyCCTBeHHOFO HHTCJIIJICKTAa
UIIK-14.2. Pemraer 3agauu ¢
HCIIOJIB30BAHUEM CUCTEM
HCKYCCTBEHHOT'O MHTEJICKTA

1. 3amaHus 01 BEIIOJIHEHUS
1a0opaTOpHBIX PadoT.

2. 3aga"us oIt
CaMOCTOSITENTbHON PaOOTHI.
3. Bonpocsl Kk 3auery.

[1K-16. Criocoben
HCITOJI30BaTh CUCTEMBI
MCKYCCTBEHHOTO MHTEJIJIEKTA
Ha OCHOBE HEHPOCETEBBIX
MoOJeIe U METOJI0B

NIIK-16.1. OcymecTisieT
OIICHKY M BBIOODP MOJIeneit
HCKYCCTBEHHBIX HEMPOHHBIX
CeTell U MHCTPYMEHTAJIbHBIX
CPEIICTB JIJIsl PEIICHUS
IIOCTaBJICHHOU 3a1a4yu
NIIK-16.2. Pa3pabarsiBaeT
CUCTEMBI HICKYCCTBEHHOT'O
WHTEJUIEKTa HA OCHOBE
MojieIel HCKYCCTBEHHBIX
HEUPOHHBIX CETEU U
MHCTPYMEHTAJIbHBIX CPEJICTB

1. 3amanust 1S BBHITIOJTHEHUS
1ab0paTOPHBIX padoT.

2. 3amanus mig
CaMOCTOSTEIIbHON PabOTHI.
3. Bonpocsl k 3auery.

OO0pa3ubl 3a1aHUI 1J151 CAMOCTOATEIbHOI PadoThI:

[To utoram camMOCTOSATENBbHOM pabOTHl CTYJEHT TOTOBUT OTYET, BKIIOYAIOUIMA B cels
OTBETBl Ha BONPOCHl W PEIICHUE 3aJaHWM, IPEANOJAraBIIMXCS K BBIIOJHEHUIO B XOIE

CaMOCTOSTENBLHOM paboThl. OTYET CAAeTCS MPETnoJaBaTellio B AIEKTPOHHOU hopme.

CamocrosiTesibHas paboTa o Teme «BBeeHne B HeliPpOHHbIE CeTH»

PazpabotaiiTe UHTEIUIEKT-KapTy (KOHCIEKT) IO BOMPOCAM TEMBI

HEUPOHHBIE CETH.

o wdE

CTpyKTypa v IPUHIHI PabOThI MOJTHOCBSI3HBIX HEHPOHHBIX CETEH.
[TepcenTpoH — BO3MOKHOCTH Ki1accuduKaimm oopa3os, 3amada XOR.
Back propagation — anroputm 00y4eHus o MeToay 00paTHOTO pacipoCTpaHEHHS.
Yckopenue o0ydeHus, HauajabHbIEe Beca, CTaHJapTU3alMsl, TOATOTOBKA BEIOOPKHU.
[lepeoOyueHue — 4TO 3TO U KaK 3TOr0 U30€KaTh, KPUTEPUHU OCTAHOBA OOYUCHHUS.
DYHKIIUM aKTUBAIlUU, KPUTEPUHU KauecTBa pabOThl HEHPOHHOM CETH.

W3yunte ¢yHKIMOHATBHBIE BO3MOXKHOCTH U MPHUBEIUTE IMPUMEPHl IMPAKTUYIECKOTO

npuMeHeHus PpeMBOPKOB IS IOCTPOCHUS MOJIEIIEH TITyOOKOT0 00yUeHuUs
1. ®peitMBOpKH [Tt TOCTPOEHHS Moienel Timyookoro ooyuenus: TensorFlow.
2. OpelMBOPKH IS MOCTPOSCHUS MOJIeNel riayookoro ooyuenus: Keras.
3. ®pelMBOpKHU AJIs1 TOCTPOEHUs Mojeneil rirydbokoro oOyuenus: PyTorch.

CamocrosiTesibHas padoTa mo teMe «Iy1ry0okoe o0yyeHHe B KOMIILIOTEPHOM 3PECHHUH:

KJIaccupuranmsi n300paskeHnin»

Pazpaboraiite uWHTEINIEKT-KapTy (KOHCTIEKT) TIO BOMPOCAM TEMBbI

HEUPOHHBIE CETH»:

1. TlocranoBka 3ama4yu Kjaaccu(DUKAIUNA U300paKCHHI.

2. Mertoapl pemeHHus 337a4d  KiIacCU(UKAUM W300paKeHH [0 SMOXH TIIIYyOOKOTro

00yJeHusI.

«BBenenne B

«BBenenue B



sw

[MomynsipHble 1aTaceThl A peLISHUs 3a1a4l KiIacCH(PHUKAIMU N300paKeHHH.
Knaccuueckne cBepTOUHBIE HEHPOCETEBbIE APXUTEKTYphl MJIs pEIICHUs 3aJadu
KJIaccu(puKauy U300pakeHuH.

CoBpeMeHHbIE HEHPOCETEBbIE APXUTEKTYPbl U PELICHMs 3aJaud  KIacCU(PUKALUU
U300paKeHHH.

['oTOBBIE MHCTPYMEHTHI AJI PELICHUs 3aJaud KiacCU(UKAlMM Ha OCHOBE IIIYOOKHX
HEHUPOHHBIX CETEH.

Ilo 3amanuio mpenogaBaTensi MOATOTOBBTE ICCE MO TeME «APXUTEKTYpbl HEWPOHHBIX

ceTei Il pelieHns 3a/1a4u KiaccuuKauy n300paxeHuil B arpouHKeHEpUn».

CamocrosiTesqibHasi padora 1o teme «Iyry0okoe o0yuyeHHe B KOMIILIOTEPHOM 3PeHMH:

o0Hapy:KeHHe 00bEKTOB»

PazpabotaiiTe HHTEIUIEKT-KapTy (KOHCIIEKT) 10 BompocaM TeMbl «['mybokoe oOyueHue B

KOMITHIOTEPHOM 3PEHHUH: OOHAPYKEHUE 0OBEKTOBY:

IS

o

[TocraHoBKa 3aaun 0OHAPYKEHHSI OOBEKTOB.

MeTtoapl 00HapYKEeHHSI 00BEKTOB JI0 AMOXH TITyOOKOT0 00yUYeHHS.

[omynsipable naTaceTsl A 3a4a4l OOHAPY)KEHUSI 0OBEKTOB.

OnHOMPOXOIHBIE U ABYXIPOXOAHBIE HEHPOCETEBBIE IETEKTOPHI.

OcHOBHBIE apXUTEKTYpbl ABYXImpoxoaHbix nerekropoB: R-CNN, Fast-RCNN, Faster-
RCNN. HeiipocereBbie apXUTEKTYPhI OJJHOIIPOXOIHBIX AETEKTOPOB: cemercTBo YOLO.
'oTOBBIE MHCTPYMEHTBHI Al PELICHHUsS 33Ja4d OOHApyXeHHS OOBEKTOB Ha OCHOBE
TYOOKWX HEHPOHHBIX CETEH.

[To 3amanuio mpenomaBaTensi MOATOTOBBTE ACCE MO TeME «APXUTEKTYpbl HEUPOHHBIX

ceTel s pelieHus 3a1a4l 0OHAPYKEHUSI 0OObEKTOB B arPOUHKCHEPHI.

JlabopaTopHbIil NPAKTHKYM
Ilenb: mnomydeHHE HABBIKOB MPAKTUYECKOTO IPHUMEHEHUS HEUPOHHBIX CeTe s

peIICHUA arpOTCXHUYCCKUX 3a/1a4.

[lo utoram BbIMOMHEHUSI JTa0OPATOPHBIX PAOOT CTYAEHT IEMOHCTPHUPYET PE3yJbTaThl

paboThI MporpaMMBbl IPENoaBaTeo, MPeIBAPUTEILHO pa3padoTaB TECTOBBIC CIyYaH.

Jlaboparopnast pabota o Teme «BBeneHne B HEHPOHHBIE CETH»
[Ipexxne, dYeM BBIOJNHATH 3aJaHWE Ha JIAOOPaTOpPHYIO padoTy, O3HAKOMBTECH C

TEOPETUUECKON CIIPABKOM, OMMMCAHUEM UHCTPYMEHTOB, OMOIMOTEK U AaTaceTOB.

©ooNe

3ananue Ha 1abOpaTopHYIO PaboTy:

Peanuzamus n oOydueHre HEMPOHHBIX CETEH IS 3aa9d KJIacCU(PUKAIIIH.

[Mpu momomm meHto BbIOepuTe padoty Ha GPU: Runtime — Change runtime type —
GPU.

[IpousBenute moakIOYCHUE BeeX HeoOxomumbix Ombmmorek (Pandas, Keras, Seaborn)
Opy TOMOIIM BBI30BAa KOHCTPYKIMM import, Kak ObLJI0O ONMCaHO B pasjene
«IHCTpYMEHTBI U OUOIUOTEKI.

[TpousBenute 3arpy3ky 00y4aromero 1 TeCTOBOro Habopa JaHHbIX U3 (aitioB B popmare
CSV.

Co3pnaiite HEHPOHHYIO CETh U3 YETHIPEX CIOEB, 3a/1aB JJIsl BCEX, KPOME MOCJIEAHETO CIIOs,
ObICTpO BhIUUCIsAeMYI0 (pyHKIHIO akTuBauuu RELU.

VYKaxkuTe MeTo ONTUMHU3AUHN U (PYHKIIHIO TOTEPH.

[IpoBenuTe 00yueHNE HEMPOHHOM CETH.

[TomyunTe HAOOP 3HAYCHUH, TPEICKA3aHHBIX BaIlle HEUPOCETEBON MOJIEIBIO.

OrneHuTe TOYHOCTH MPOTHO3a, JABa€MOTO Balleld MOJIENbI0, CPAaBHUB MPEICKA3aHHBIC
3HAYEHUS C U3BECTHBIMHU.
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10. Co3pmaiite u oOyuute (pukcupys 3arpaumBaeMoe Bpems) emé He MeHee 3-X
HEHWPOCETEBBIX MOJICJICH: C MHBIM KOJUYECTBOM CJIOEB, HEUPOHOB B HUX U (PYHKITUSIMHU
aKTHUBaIlUU, C paBHI/IqHBIM KOJIMYCCTBOM J3I10X 06yLI€HI/I}I; C UHBIM MCTOAOM OIITUMHU3AIINN
u/unu QyHKIHEH moTeph.

11. OueHuTe TOYHOCTH MTPOTHO30B, BBIABAEMBIX HEUPOCETEBEIMHU MOJEISIMH. 3aQUKCUPYHTE
B OTU€TE: TUIIepIapaMeTpbl BCEX MOJCIICH; BpeMs, 3aTpaueHHOe Ha 00y4YeHre; 3HaUeHNe
(¢yHKIMU OMIMOKK ¥ TOYHOCTH POTHO30B.

PGKOMGHI[yeMBIe NCTOYHHUKU.

MammHHOe 00y4YeHHe 1 apXUTEKTYpa HEHPOHHBIX ceTeit

https://vas3k.ru/blog/machine learning/

Tensorflow

https://colab.research.google.com/notebooks/mlcc/tensorflow programming_concepts.ip
ynb

https://www.tensorflow.org/tutorials/quickstart/beginner

Colab

https://habr.com/ru/post/428117/
https://medium.com/deep-learning-turkey/google-colab-free-gpu-tutorial-e113627b9f5d
https://habr.com/ru/post/413229/

Data

https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic)
https://towardsdatascience.com/top-sources-for-machine-learning-datasets-
bb6d0dc3378b
https://docs.microsoft.com/ru-ru/azure/machine-learning/team-data-science-
process/preparedata

http://blog.datalytica.ru/2018/04/blog-post.html

JlabopaTopHasi padora no Teme «I'1y00oKkoe 00yueHHe B KOMIIBIOTEPHOM 3PEHHU:
KJIaccupuranmus n300paskeHuin»

3ananue Ha 1abopaTopHyIO paboTy:

1. Tlo 3apmanuio mpernoaaBaTessi MOATOTOBbTE HAOOp NAHHBIX [UIsl PEIICHUS 3aJa4u
KJaccu(UKaUU 0ObEKTOB arpOTEXHUUYECKOTO Ha3HAUCHHUSL.

2. OOocHylTe BBIOOp apPXHTEKTypbl HEHPOHHOW CETH IS pEHICHUS 3aJa4yu
KJ1accu(UKaUU 0ObEKTOB arpOTEXHUUYECKOTO Ha3HAUCHHUSL.

3. BriOeputre HWHCTPpYMEHTANBHYIO CpEIy MJIs pealu3allid HEUPOHHOM CeTH JyIst
peleHus 3a1a4n Kiaaccu(puKaui 0ObEeKTOB arpOTEXHUYECKOT0 Ha3HAYCHHUS.

4. Tlpoeaute 00yueHHE HEUPOHHOM CETH IO MTOATOTOBICHHON 00y4JaroIieii BEIOOPKE.

5. IIpoBeaute TecTupoBaHME HEHPOHHOM CETH IO MOATOTOBICHHOM TECTOBOM BBIOOPKE.

6. CnenaiiTe BBIBOJIBI O KAUECTBE OOYUYCHHS HEHPOHHOM CETH.

JlaGoparopHasi padora no teme «I'1y0okoe 00yuyeHHe B KOMIBIOTEPHOM 3PEHUMU:
o0Hapy:KeHHe 00bEKTOB»

3amanne Ha 1TabOpaTOPHYIO padoTy:

1. Tlo 3amanuio mpenojaaBaTens MOATOTOBbTE HA0OP JAHHBIX IS PELICHHUS 33Ja4H

0OHapyXeHHs 00BEKTOB arpOTEXHUYECKOT0 Ha3HAUYCHHS.

2. OO6ocHyiiTe BBIOOp apXWUTEKTYpbl HEHPOHHOM CeTH Ui pelleHus 3ajadu

0OHapyXeHHsS 00BEKTOB arpOTEXHUYECKOTO Ha3HAUYCHHS.

3. BriOepure HHCTPYMEHTAIbHYIO Ccpely Ui peaiu3alid HEHPOHHOM CceTH s
pelieHus 3a1aui 0OHapyKeHUs: 00BEKTOB arpOTEXHUUYECKOr0 Ha3HAYCHHUSI.
[TpoBenuTe 0O0yueHne HEHPOHHON CETH MO MOATOTOBIEHHON 00yJaroIeil BBIOOPKE.
[TpoBeaunTe TeCTHPOBaHNE HEUPOHHOM CETH IO TTOITOTOBJICHHON TECTOBOU BHIOOPKE.
Cnenaiite BRIBOABI O KaueCTBE 00YUECHHUsI HEHPOHHOM CETH.
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https://vas3k.ru/blog/machine_learning/
https://colab.research.google.com/notebooks/mlcc/tensorflow_programming_concepts.ipynb
https://colab.research.google.com/notebooks/mlcc/tensorflow_programming_concepts.ipynb
https://www.tensorflow.org/tutorials/quickstart/beginner
https://habr.com/ru/post/428117/
https://medium.com/deep-learning-turkey/google-colab-free-gpu-tutorial-e113627b9f5d
https://habr.com/ru/post/413229/
https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic)
https://towardsdatascience.com/top-sources-for-machine-learning-datasets-bb6d0dc3378b
https://towardsdatascience.com/top-sources-for-machine-learning-datasets-bb6d0dc3378b
https://docs.microsoft.com/ru-ru/azure/machine-learning/team-data-science-process/preparedata
https://docs.microsoft.com/ru-ru/azure/machine-learning/team-data-science-process/preparedata
http://blog.datalytica.ru/2018/04/blog-post.html

IIpumepsl 3agaHuil 1JIs1 NPAKTHYECKUX PadoT

3amanue 1. MogenupoBaHHe JTOTUYECKON (QYHKIUU

Hayunthcs popmupoBaTh 00ydaromyo BEIOOPKY U TECTOBBI HabOp maHHBIX. OCBOUTH
CrocoObl CcOo3JaHusl, MoOAUGUKAIMM U 00ydeHus mnpocreiimeil HelipoHHoi cetu. Coznatb
HEWPOHHYIO CETh, MOJCIUPYIOUIYI0 JIOTHYECKYI0 (DYHKIMIO 1O MPEAJIOKEHHBIM BapHaHTaM
(HOMep BapuaHTa OIpeeNsIeTCs MOCIeAHEN (POl HoMepa 3aYEeTKH).

BapuanTel 3amaHuii:

Howmep BapuanTa Jlornueckast pyHKIHS

41

411-HE

ANJIN

ANJIN-HE

Uckmrouaromee 4MJIU

Ucknroyaronee 4NJIU-HE

4U1-HE c unBepcueil no nepBomMy BXOy
41N-HE ¢ unBepcueil o nepBomMy BXOAY
41JIN c unBepcueil mo nepBomMy BXOIy
4NJIN-HE ¢ uaBepcueil mo nepBoMy BXOAY

OO N |0 W =

[N
o

OTyeT AOMKEH COAEpKaTh CKPHUMNT MOATOTOBKM OOYyYalOmMUX JaHHBIX M OOy4eHWS,
TOMOJIOTHIO CETH, BXOJHbIE JaHHBIC, STAJOHHBIC BBIXOJIHbBIC JaHHBIC, MMOIYYEHHBIE BBIXOHBIC
JIAaHHBIE, BBIBOJIBI TT0 PE3YJIbTaTaM paOOoTHl.

3amanue 2. Knaccudukanust BXOIHBIX JaHHBIX

BXOoIHBIMH TaHHBIMM SIBJISIETCS BOCBMUPA3PSIAHBIN TBOMYHBIA BEKTOp. [lepBrie yeTbipe
pa3psga NpeaCTaBISIIOT UCXOJHBIM KOJ, a MOCIEIHUE YEThIPE — MCXOJHBIA KOJ, HUKINYECKH
CABUHYTHIM HA OJUH pa3psj BIPaBO WM BIeBO. He0OX0AUMO MOCTPOUTH HEHPOHHYIO CETh IS
OmnpeAesieHUs HAaNpaBJiIEHUs BOWMYHOrO cABura. JlJis pelieHus MOCTAaBJICHHOW 3a1ayu CIeayeT
MOCTPOUTh U OOYYUTh HEHPOHHYIO CeTh, KOTOpas NOJDKHA OYyAEeT ONpeneNsTh HaIlpaBJICHUE
HUKJIUYECKOr0 ABOMYHOro caBura. CylmIHOCTh Onepanuyl LUKIAYECKOTO JABOMYHOIO CIBHUTA
3aKJIFOYAETCAd B TOM. YTO YMCJIO MPEACTABISAETCS B JIBOMYHOM KOJZIE, a 32 TEM C IOJY4YEHHOH
MOCJIEA0BATEIbHOCTHIO MPOU3BOAUTCA OINEpaLMs IUKIMYECKOTO CIBUTa BIIPABO MIIHA BJIEBO.

O4eBuHO, YTO ISl OMpENEICHUSl HAMpaBJICHUS CABUTA Ha BXOJbl HEUPOHHOU CETH
HEO0OXOMMO MPEICTABUTHh HCXOIHYIO YETHIPEXTO3UIITMOHHYIO JBOMYHYIO ITOCIEA0BATEIBHOCTD U
YETBIPEXTO3ULIMOHHYIO JIBOMYHYIO IOCIEA0BATEIIBHOCTh. KOTOpas MOJYYUJIaCh B PE3yJIbTaTe
CIIBUTA.

OTder MOMKEH CcOAepX aTh CKPHUNT IMOATOTOBKH OOYYAIONIUX JaHHBIX W OOYYeHUS,
TOIOJIOTHIO CETH, BXOJHBIC TaHHBIC, YTAJIOHHBIC BBIXOJIHBIC TAHHBIC, MOJYYEHHBIE BBIXOIHBIE
JaHHBIE, BBIBOJIBI IO PE3yJIbTaTaM paOOTHI.

3ananue 3. Knaccudukaius o0beKToB

3arpysute HabOp JMaHHBIX U3 pecypca http://archive.ics.uci.edu/dataset/1/abalone. Ha6op
abalone (mopckoe ymiko) BkitouaeT 4177 Bekropos (mepBbie 3133 ncnonb3yrores st 00ydeHus,
octanbHbIe 1044 - mu1st TecTupoBanus). BXoaHOM BEKTOp BKIIIOYAET BOCEMb IIEPBBIX MTApaMETPOB.

BbIxoiHOM BEKTOp AOKEH OBITH MOCTPOEH HAa OCHOBE JAHHBIX O BO3PACTE MOPCKOTO
ymka (mapametrp Rings). Jlns aToro Bce BEeKTOphl HaboOpa HY)KHO pas3leliuTh Ha TPU Kiacca:
kiace 1 - Rings = 1-8, kiracc 2 - Rings =9 u 10, xinacc 3 - Rings >10.



http://archive.ics.uci.edu/dataset/1/abalone

3amada COCTOUT B TOM, YTOOBI IOCTPOUTH M OOYYUTh HEHPOHHYIO CETh KaK MOXHO OoJee
TOYHO KJIacCH(UIIMPOBATh BEKTOpPHI M3 HaOopa MaHHBIX abalone, T. €. ompeaenaTh BO3pacT
MOPCKOTO yIIIKa 110 CEMHU ITapaMeTpaM.

3ananue 4. PaciozHaBaHne n300paskeHUi

O3HaKOMBTECH c HabopoM TAHHBIX CIFAR-10
https://www.cs.toronto.edu/~kriz/cifar.ntml u  cdopmupyiite  HeiipoHHyHO  ceTh Ui
pacro3HaBaHUs U300paKCHH.

CIFAR-10 coctrout u3 60 000 userHsix uzobpaxenuii 32 x 32 B 10 kmaccax, mo 6000
n3o0paxkenuit B kiaacce. Ectb 50 000 yuebnbix nzoopakenuii u 10 000 TecTOBBIX U300pakeHHI.

Kmaccsl MmOmMHOCTBIO B3aMOUCKIIIOYAKOIINEC. MG)K,Z[y JICTKOBBIMH W T'PY30BbBIMU
ABTOMOOWISIMU HET COBIMAJCHHUI. « ABTOMOOMIIb) BKIIIOUAET B ce€0s CeaHbl, BHEAOPOKHUKHU U T.
u. «['py30BUK» BKIIIOYAET TOJILKO OOJIbIIME TPY30BUKH. HU OMH Kilacc HE BKJIIOYAET MHKAIIbI.
[Ipu QopmupoBaHUM HEUPOHHOM CETH MOXKHO BOCIOJIB30BaThCS MaTepuajaMu pecypca
https://keras.io/api/datasets/cifarl0/ .

Bomnpocs! a5 3xk3aMeHa

CrpykTypa 1 IpUHIUI pabOThI MOJIHOCBSI3HBIX HEHPOHHBIX CETEH.

[TepcenTpoH — BO3MOXKHOCTH Ki1accuduKkamu oopa3os, 3amada XOR.

[Tepcentpon — 3agaua XOR.

Back propagation — anroput™ 00y4eHHs 110 METOAY OOpAaTHOTO PaCIpOCTPAHEHUS.

Yckopenue o0yueHusl, HauyalbHbIE Beca, CTaHAapTU3allus, IOATOTOBKA BHIOOPKH.

[TepeoOydeHmnE — 9TO ITO M KaK 3TOT0 N30€KaTh, KPUTEPUU OCTAHOBA OOyUYCHUS.

OyHKIMY aKTUBALMHU, KPUTEPUH KauecTBa pabOThI HEHPOHHOM CeTH.

DpeitMBOPK IS OCTPOEHUS MOzIeNeH rirybokoro ooyuenwus: TensorFlow.

OpeltMBOPK /715 TOCTPOEHUS MOAeNel rirydokoro oOyuenus: Keras.

0. ®peitMBOpPK IS TOCTPOEHUS MOJIeCH rirybokoro ooyuenwus: PyTorch.

1. I'myOoxoe o0y4yeHHne B KOMIIbIOTEPHOM 3pEHUH: KiIacCu(uKanus n300pakeHHH.

12. TloctanoBKa 3aa4u KiaaccuDUKAIMNA U300paKCHHI.

13. Meronbl pemieHus 3a4a4d  KIacCU(UKAMK HM300paKEHHHA IO JMOXH TIIYyOOKOTro
00yJeHUsI.

14. TlomynsipHbIe AaTaceThl AJs peIIeHUs 3a/1a41 KiacCu(UKauu U300pakeHuH.

15. Knaccuueckrie CcBepTOYHBIE HEHWPOCETEBBIE APXUTEKTYpbl I peUIeHUs 3ajauu
KJIaccu(puKauuy U300pakeHui.

16. CoBpemeHHBIE HEHPOCETEBBIC APXUTEKTYPHl ISl PEIICHUS 3a7avyd KiacCHU(UKAIIUU
n300pakeHuid. ['0TOBbIE MHCTPYMEHTHI AJIsl pelieHHs 3a7auil Kiaccu(UKaIluy Ha OCHOBE
TYOOKWX HEHPOHHBIX CETEH.

17. TlocTaHoBKa 3a7auu OOHAPYKEHUS 00BEKTOB.

18. MeTop1 06HApY)EHUST 0OBEKTOB J0 AMOXU TTYOOKOTO OOYUEHHS.

19. TonynsapHble AaTaceThl s 3a1a4i 0OHAPYKEHHSI 0OBEKTOB.

20. OHOMPOXOAHBIE U IBYXIIPOXO/IHbIE HEUPOCETEBbIE NETEKTOPHI.

21. Apxutektypa apyxnpoxoHoro aerekropa R-CNN.

22. ApxurekTypa AByxnpoxoaHoro aerekropa Fast-RCNN.

23. Apxutektypa aAByxnpoxoaHoro aerektopa Faster-RCNN.

24. HeiipoceTeBbie apXUTEKTYPhI OJTHOIPOXOIHBIX IeTeKTOpOB: cemerictBo YOLO.

25. lHCTpyMeHTBl JUIsl pellieHHs 3ajadyd OOHapy)XeHUs OOBEKTOB Ha OCHOBE TIIYOOKHX

HEUPOHHBIX CETEH.

RBOON O~ E

10


https://www.cs.toronto.edu/%7Ekriz/cifar.html
https://keras.io/api/datasets/cifar10/

YPpOBHH OlIeHKH KOMIETeHIHIi:
— 0a3oBbIi 55-69 Gamos,
— mosblmeHHsbi 70-100 6ayuioB.

[IpenonaBatens  TPOBOAUT  CUCTEMAaTHYECKUW  KOHTPOJb  3HAHMM  CTYJIEHTOB,
OpPUCHTHUPYACH HAa ICPCUYCHB BOIIPOCOB IJId MPOBCACHUA 3K3aMCHA.

Kpurtepun oneHuBaHus 0TBeTa CTyJeHTA Ha 3a4eTe

OtBer Ha 3auere oreHuBaercs ucxons u3 40 OamwioB (MakcumyM). buier comepxut
TEOPETUYECKUI BONPOC M MPAKTUYECKOE 3aJaHue, IpenojaBaTelb MOMKET 3a]aBaTh
JIOTIOJIHUTENIbHBIE BONPOCHI. [10IHBIN OTBET HA OCHOBHOM BOIIPOC OLIEHMBAETCS MakcuMyM B 20
O0ayyToB, TIpeArnoaraeT cBOOOJHOE M3JIOKEHHE (HE YTEHHE) BCEro HEOOXOIUMOTO Marepuaa,
OTBETHl CTY/AEHTAa HA YTOYHSIOIIME BOMPOCHI, €CIM OHU ecTh. lIpaBMUIBHBIM OTBET Ha
JIONIOJIHUTENBHBIN BOIPOC OLIEHUMBAeTCd MakCUMyM B 5 OayioB. [IpaBuiibHOE BBINONHEHHUE
NPaKTUYECKOro 331aHus oleHuBaercs B 20 6ayios.

Kpurtepuu ouenku j1adopaTopHbIX padoT U CAMOCTOATEIbHON PadoThl cTyaeHTa (0T
0 o 10 GanoB):

— 9-10 6annoeé BBICTABIsETCA CTYACHTY, €CIIM padOTa BBIOJHEHA CAMOCTOSITEIBHO H
IIOJTHOCTBIO BEPHO; IPEACTABIEH OTUET, COAEPIKAIIMNA Pe3yIbTaThl BHIIOJHEHUS 3alaHUH
paboThl M OTBETHl HAa KOHTPOJBHBIE BOIMPOCHI; CTYAEHT aHATU3UPYET pPE3YNbTaThl,
NIOJIy4EHHBIE B XO/I€ BBIIIOJIHEHHS paOOThI, IEAET BHIBOBI.

— 7-8 6annoe BHICTABISETCS CTYNIEHTY, €CIIM paboTa BBHIIOJHEHA CAMOCTOATENBHO, B IIEJIOM
NPaBUIBHO, HO UMEIOTCS HEKOTOpPhIE HETOYHOCTH B BBIMOJIHEHUH 3aJJaHUN WM OTBETaxX
Ha KOHTPOJIbHBIE BOIIPOCHI; PEACTABIEH OTYET, COAEPIKAIMNA PE3yIbTaThl BHITOJHEHUS
3aJaHUii U OTBETHl HA KOHTPOJIbHBIE BOMPOCHI, CTYACHT aHAIM3UPYET Ppe3yJbTaThl,
HIOJIy4EHHBIE B XO/I€ BBIIOJIHEHHS paOOThI, IEAeT BHIBOBI.

— 5-6 6annoe BHICTABISETCS CTYNIEHTY, €CIIM pab0OTa BBIIIOJHEHA CAMOCTOATENBHO, B IIEJIOM
NPaBUIBHO, HO UMEIOTCS HEKOTOpPhIE HETOYHOCTU B BBHIMOJIHEHUH 3aJaHUH WM OTBETaxX
Ha KOHTPOJIbHBIE BOIIPOCHI; PEACTABICH OTYET, COAEPIKAIMNA PE3yIbTaThl BHIITOJHEHUS
3aJaHuii  J1abopaTopHOM pPabOTHI W OTBETHl HAa KOHTPOJBHBIE BOMPOCHI;, CTYICHT
UCTIBITBIBACT 3aTPYAHEHUS MPU NMPOBEICHUM aHAIN3a PE3yJbTaToOB, IOJIYYEHHBIX B XOJ€
BBITIOJIHEHUS Ta00paTOPHOI paboThl, U (HOPMYITHPOBKE BHIBOJIOB.

— 3-4 fanna BHICTABISETCS CTYAEHTY, €CIM CTYJEHT HE 10 KOHIIA CIPaBUIICA C 3alaHUEM,
HE COBCEM BEPHO OTBETUJ Ha KOHTPOJIBHBIE BOIPOCHI, OJHAKO O(GOPMUI OTYET IO
pe3ynbTaraM padoTEHI.

— 1-2 fanna BeICTABIAETCS CTYAEHTY, €CIHM CTYJEHT HE 10 KOHIIA CIPaBUIICA C 3alaHUEM,
HE COBCEM BEpPHO OTBETHJ Ha KOHTPOJIbHBIE BOIPOCHl, HE OQOPMHI OTYET IO
pe3ynbTaraM padoTEHI.

— 0 6annoe BBHICTABIACTCS CTYIEHTY, €CIIU CTYJIEHT HE CIPABWJICS C 3a/laHUEM, HEBEPHO
OTBETHJI Ha MPEJICTABICHHBIC BOIIPOCHI.

7.3 IIkana w KpUTepUH OUEHUBAHUS KOMIETEHIMI HA Pa3IHYHBIX IJTanmax Hx
(popmupoBanus

IITkana oreHUBaHUSI KOMIIETCHIIWIA:
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Onenka B 100-0a0abHO0H

OneHka B 5-Tv 0aJJILHOM

YpoBens

c(opMHPOBAHHOCTH
HKase Kase .
KOMIeTeHIuii
0-54 6asmoB HEYIOBJIETBOPUTEILHO (HE HenocraTouHslil ypoBeHb
324TEHO)
55-69 6amios YAOBIETBOPUTEILHO (3a4TEHO) IToporoBeIil ypoBeHb
70-85 GamioB XOpOIIIO (3a4TEHO) [TponBUHYTHIN YPOBEHD

86-100 GaioB

OTJINYHO (3a4TEHO)

Bricokuit ypoBeHb

Kpurepun orieHMBaHUS KOMIIETEHLIUI:

HNuaukatopsl
JTOCTHKEHHS
KOMIIEeTEeHIIN i

Kputepnu oueHMBaHusI KOMIETEHIUI

IToporoselii ypoBeHb

IIponBuHYTHI YPOBEHD

Bebicoknii ypoBeHb

TIK-14. Ciocoben
HCIIOJIBb30BATh CUCTEMBI
HCKYCCTBEHHOTO
MHTEJUIEKTA B PELIEHUN
3a/1a4 aHaIu3a,
MPOTHO3UPOBAHWS,
TUIAHUPOBAHUSI, CHHTE3a
TPUHSTHUS PELICHUH

YacTuaHO 3HAET
OCHOBHBIE METOIBI
peIIeHus 3a1a4 ¢
HCIOJIB30BAHNEM CHCTEM
HCKYCCTBEHHOTO
HMHTEJUIEKTA; KJIACCHI
3a1a4, penraeMbIX ¢
HCIIOIL30BAHHEM CHCTEM
HCKYCCTBEHHOTO
HMHTEIJIEKTA, U KPUTEPUU
OLICHKU HOHy‘laeMle
PE3yIbTATOB PEIICHHS

B ocHOBHOM yMeeT
BBIOMPATH METOIBI
pEIIeHus 3a1a4 ¢
HCIOJIB30BAHNEM CHCTEM
HCKYCCTBEHHOTO
WHTEJUICKTA; IPUMEHATH
METO/IBI OOpAIICHUS K
I[EJICBBIM MICPEMEHHBIM U
3aJJaHUs UCXOIHBIX
JAaHHBIX U OFpaHl/I‘{eHl/II‘/II;
OLICHUBATH HOJIy‘-leHH])Ie
PE3yIbTATHI PEIICHUS
3a71a4 C UCIIOJIb30BaHUEM
CHCTEM HCKYCCTBEHHOTO
HHTEIUIEKTA

3HaeT OCHOBHBIE METO/IBI
pelIeHHs 3a1a4 C
HCIIOIB30BAHUEM CUCTEM
HCKYCCTBEHHOTO
HMHTEJUIEKTA; KJIACChI
3a]a4, pelraeMbIx C
HCIIOIB30BAHUEM CUCTEM
HUCKYCCTBCHHOTO
UHTEJUICKTA, U KPUTCPUHU
OLUCHKHU nonyqaeme
Pe3yJIbTaTOB PEIICHUS
YMmeet BoIOHPATH METOBI
peleHus 3a1a4 ¢
HCIIOIB30BAHUEM CUCTEM
HCKYCCTBEHHOTO
MHTEJUICKTA; IPUMEHSTh
METOABI 0OpaIeHus K
LIENICBBIM [IEPEMEHHBIM U
3aJaHHs] UCXOTHBIX
JAaHHBbIX U OFpaHHHEHHﬁ;
OLUCHUBATH HOHy‘IeHHLIe
Pe3yJIbTaThl PeIICHHSI
3a7a4 C UCIIOIL30BaAHHEM
CHUCTEM HCKYCCTBCHHOTO
HMHTEJUIEKTA

JemMoHcTpHpYeT
riay0oxoe 3HaHHE U
NMOHHMMAaHMe: OCHOBHBIX
METO/IOB PEIICHHUS 3a/1a4
C MCTIOJIb30BAHUEM
CHCTEM HCKYCCTBEHHOTO
MHTEJUIEKTa; KJIACCOB
3a/1a4, peIIaeMsbIX ¢
UCTIOJIb30BaHUEM CHCTEM
HNCKYCCTBCHHOT'O
MHTEJIEKTa, U KPUTEPUEB
OLICHKHU NOJIy4a€MbIX
PE3yJIbTaTOB PELICHUS
ITo1HOCTBIO BEpHO U
CaMOCTOSITEIbHO YMeeT:
BEIOMpATh METOBI
penIeHus 3a1ad ¢
HCIIONIb30BaHUEM CHCTEM
HNCKYCCTBCHHOT'O
HUHTEJIJICKTA; MTPUMCHATH
METObI 0OpaIeHus K
LCJICBBIM ICPEMCHHBIM U
3aJaHus HCXOOHBIX
JaHHBIX U OFpaHPI'—IeHHfI;
OLICHHUBAThH MOJTYYCHHBIE
pe3yibTaThl peleH s
3aJjau C UCIOJIb30BaHUEM
CHCTEM HCKYCCTBEHHOIO
MHTEJUIEKTa

TIK-16. Ciocoben
HCIIOJIB30BATh CUCTEMBI
HCKYCCTBEHHOTO
WHTEJUIEKTa HA OCHOBE
HeWpoCceTeBbIX MOJIENEH U
METOJIOB

YacTuyHo 3HaeET
0a30BbIe APXUTEKTYPHI U
MOJIENIN UCKYCCTBEHHBIX
HEIPOHHBIX ceTel;
(YHKIIMOHAIBEHOCTD
COBPEMEHHBIX
HHCTPYMEHTAIbHBIX
CPEACTB U CHCTEM
MPOTrPaMMHPOBAHUS B
o0JacTu co3manus
MoJieTIel HCKYCCTBEHHBIX
HEHPOHHBIX CETEH;
MPUHINIBI TOCTPOCHUS
CHUCTEM HCKYCCTBEHHOTO
HHTEJUIEKTa Ha OCHOBE
HCKYCCTBEHHBIX
HEUPOHHBIX CETEH,
METOJIbI ¥ MOIXOABI K

3HaeT 6a30BbIc
ApPXUTEKTYphl U MOAETH
UCKYCCTBEHHBIX
HEHPOHHBIX ceTell;
(yHKIIOHAJIBHOCTD
COBPEMEHHBIX
UHCTPYMEHTAJIbHBIX
CPEZCTB U CHCTEM
MIPOTPaMMHPOBAHNUS B
obJlacTu co3aHus
MoJieTIel HCKYCCTBEHHBIX
HEHUPOHHBIX CETEH;
MPUHIUIIBI TOCTPOSHHS
CHCTEM HCKYCCTBEHHOTO
MHTEJUIEKTa Ha OCHOBE
HCKYCCTBEHHBIX
HEUPOHHBIX CETEH,
METOABI U NOJXOMBI K

JlemoHcTpupyert
riy0okoe 3HAHHE U
NMOHMMaHue: 0a30BbIX
apXUTEKTyp U Mojenen
UCKYCCTBEHHBIX
HEHpPOHHBIX ceTell;
(YHKIIMOHAJIBHOCTH
COBPEMEHHBIX
HMHCTPYMEHTAJIbHBIX
CPEICTB U CUCTEM
MpOrpaMMHPOBaHUs B
obJiacTu co3aHus
MoOJIeNIeN HCKYCCTBEHHBIX
HEUPOHHBIX CETEH;
MPUHIUIIOB TOCTPOCHUS
CHCTEM HCKYCCTBEHHOTO
MHTEJUIEKTa Ha OCHOBE
UCKYCCTBEHHBIX
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HNuaukatopsl Kputepnu oueHnBaHus KOMIETEHIMIA
JOCTHAKCHH IloporoBblii ypoBeHb IIpoaBUHYTHII YPOBEHDL Bbicokuii ypoBeHb
KOMIeTEeH Mt p yp p y yp yp

[UIAHUPOBAHHUIO U
peann3alyy MpoeKTOB 110
CO3JIaHUIO CUCTEM

[UIAHUPOBAHHUIO H
peanu3aiuy NpoeKToB o
CO3JIaHUIO CUCTEM

HEUPOHHBIX CETEH,
METOZOB H ITOIXOI0B K
TUTAHUPOBAHUIO U

HCKYCCTBEHHOT'O HCKYCCTBEHHOI'O peaimn3annuu MPOEKTOB 110
HUHTCIJICKTA HHTCIIJICKTA CO3JaHUIO CHCTEM

B ocHoBHOM yYmeer Ymeer MMPpOBOAUTH HNCKYCCTBCHHOT'O
MMPOBOAUTH OLICHKY U OLICHKY U BLI60p Mo,uenei/i HUHTCJIJICKTA

BBIOOp Mojenen UCKYCCTBEHHBIX YMmeer npoBoaUTh
HCKYCCTBEHHBIX HEHPOHHBIX ceTel u OLICHKY M BBIOOp Mozeneit
HEHpOHHBIX ceTell u UHCTPYMEHTAJIbHBIX HCKYCCTBEHHBIX
WHCTPYMEHTAIBHBIX CPEICTB IS peIICHUs HEHPOHHBIX ceTel u
CPEACTB [UISl PEIICHUS 3aJa4 MalIHHHOTO MHCTPYMEHTAJIbHBIX

3aJa491 MalllIiHHOT'O

00y4YeHHS; IPUMEHSTD

CPEACTB ISl pEIICHNUS

00y4eHUs; TPUMEHST COBPEMCHHBIE 3aJa4 MalIHHHOTO
COBpEMEHHBIE UHCTPYMEHTAJIbHBIE 00yJeHUsT; MPUMEHSTH
WHCTPYMEHTAIbHBIC cpexacTsa At 00ydeHns COBPEMCHHBIE
cpencTBa i 00ydeHHs MOJIeTIell HCKYCCTBEHHBIX | MHCTPYMEHTAJIbHBIE

MOJEJIEH HCKYCCTBEHHBIX
HEUPOHHBIX CETEH U
pelleHus 3a1a4; peularhb
3a/1a44 110 BBIIIOJIHEHHUIO
KOJUIEKTUBHOM
MIPOEKTHOH IeATEIbHOCTH
JUIS CO3/IaHMs,
MOJIEPKKH U

HEUPOHHBIX CETEH U
pelleHus 3a/1a4; pelarhb
3a/1a4yy 110 BBIIIOJIHEHUIO
KOJUIEKTUBHOHU
MIPOEKTHOM AESTENIbHOCTH
JUIS CO3JIaHus,
MOJJEPKKU U
WCIOJIb30BaHUS CUCTEMBbI

cpeacTBa Juisi 00ydeHus
MOJIEJIE HCKYCCTBEHHBIX
HEUPOHHBIX CETEU U
pelieHus 3agay; penarhb
3a/1a4y 110 BBIITOJHEHUIO
KOJUIEKTUBHOM
MPOEKTHOH JeATeIbHOCTH
JUISL CO3/1aHM,

HCTONB30BaHUS CUCTEMBI | HUCKYyCCTBEHHOIO HOJIEPIKKU U
HCKYCCTBEHHOT'O HHTEIUIEKTa Ha OCHOBE UCTIOJIb30BaHUS CUCTEMBI
HHTEIUIEKTa Ha OCHOBE UCKYCCTBEHHBIX HCKYCCTBEHHOTO
HACKYCCTBEHHBIX HEUPOHHBIX CETEeH HMHTEJUIEKTa HA OCHOBE
HEHUPOHHBIX CeTeH HCKYCCTBEHHBIX

HEHPOHHBIX ceTeil

8 YueboHO-MeToqUYecKOe U MHPOPMAIMOHHOE O00ecTieyeHne TUCUMILINHBI

8.1 IlepeyeHb OCHOBHOII M JONMOJHHUTEJIbHOW Y4eOHOU JMTepaTypbl, HEOOXOAMMOI IJsi
OCBOECHHUS TUCUMILIUHBI (MOIYJIs1)

OcHoBHas1 JInTEepaTypa:

1. PocroBueB, B. C. MckyccTBeHHbIE HEWpOHHBIE ceTH : y4ueOHWK s By3oB / B. C.
PocroBueB. - 3-e uzn., crep. - Cankr-IlerepOypr: Jlams, 2023. - 216 c. - URL:
https://e.lanbook.com/book/310184

2. XnuBHeHko, JI. B. IlpakTtuka HeiipoceTeBOro MOAEIMpPOBAaHUA: yueOHOe mocoOue s

By30B / JI. B. XimuBHenko, @. A. [TarakoBud. - 3-¢ usm., crep. - Cankr-IlerepOypr: Jlanp,
2023. - 200 c. - URL: https://e.lanbook.com/book/310190 .

JlonoJHUTebLHAS JIUTEpaTypa:

1. WckyccTBeHHBI WHTEIUIEKT W HeWpoceTeBoe ympaiieHue: ydeOHoe mocoome / T.E.
Mamomnosa. - Tomck: TITY, 2020. - 150 c. - URL: https://e.lanbook.com/book/246170

2. baxtees JI.B. UckyccTBEHHBII MHTEIUICKT: dTHKO-TIPABOBbIE OCHOBBI: MOHOTpadus / [1.B.
baxtees. - M.: IIpocnexr, 2021. - 176 c. - URL:
https://ibooks.ru/bookshelf/380167/reading (mara oopamenus: 04.06.2023). — Tekcr:
AJIEKTPOHHBIN.

3. Ounmunmor, ®. B. HelipocereBbie TEXHOJIOTHHU: JIAOOPATOPHBIM MPAKTUKYM : y4eOHOE

nocobue / ®. B. ®ununnos. — CankTt-Iletepoypr : CII6GI'YT um. M.A. bonu-bpyesuua,
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2021. — 50 c¢. — Tekcrt : anekTpoHHBIH // JlaHb : 3MEeKTPOHHO-OMOIMOTEUHAs CUCTEMA.
— URL: https://e.lanbook.com/book/279539

8.2 YueOHO-MeTOAMYECKOEe OOeclevyeHHe CAMOCTOATEJbHOH padoThl 00yYAKIIHUXCS MO
AMCUMILINHE (MOTYJIIO)

Y4eOHO-MeTOInYeCKHEe MaTePHAaJIbl IS BBIIOJTHEHUS J1a00PaTOPHBIX paboT.

8.3 IlepeyeHb pecypcoB HHGPOPMAINHOHHO-TEJIEKOMMYHUKANIMOHHON ceTn «WHTepHET,
HeOOXOAUMBIX UI  OCBOCHUSI JMCHHMIUIMHBI  (MOAYJs), BKJKYas  INepevyeHb
HH(OPMALMOHHBIX CIPABOYHBIX cHcTeM (IIPH HE0OX0IMMOCTH)

1. HudopmannoHHO-CIIpaBOYHAs cucreMa «Koncynprantllntoc. - URL:
http://www.consultant.ru/

2. TIporpammupoBanue Ha Python. URL: https://stepik.org/course/67/syllabus (mata moctyma
04.06.2023).

3. Python - oOyuaromui Kypc oT Cepres banakupesa. URL:
https://stepik.org/course/100707/promo (mara goctyma 04.06.2023)

4. OcnoBbl cratuctuku — URL: https://stepik.org/course/76/syllabus (mata nocryma
04.06.2023)

5. Hayunas snekrponnas oubimoreka eLIBRARY.RU — URL.: http://elibrary.ru
6. DOBC JIAHD — URL: https://e.lanbook.com/,
7. DOBC Znanium.com — URL: https://znanium.com/

8.4 [Ilepeyenb WHGPOPMANUOHHBIX TEXHOJOTHI, HCHOJAb3yeMbIX NPH HU3yYeHHUH
AMCUMILINHBI, BKJIIOYAasl NPOrpaMMHOe o0ecriedeHune

1. OC cemetictBa Microsoft Windows.

2. MS Office 365.

3. bpayzep.

4. SI3pik mporpammupoBanus Python — URL: https://www.python.org/

5. Cpema mnporpamMupoBaHuss Ha s3eike Python, wanpumep, JuputerLab URL:
https://jupyter.org/.

6. NumPy — maker as HayuHbIX BhruncieHui ¢ Python. — URL: https://numpy.org/

7. TlporpammHoe oOecredeHHe C OTKPBITBIM HCXOJHBIM KOJOM [IJIi MaTE€MaTHUKH, HayKd W
texuuku — URL: https://scipy.org/

8. bubnuoreka Ha s3pIKe porpamMmupoBanus Python mis Bu3yanuzanuu JaHHBIX JBYMEPHOU
u TpéxmepHoii rpadukoit Matplotlib — URL: https://matplotlib.org/

9. MucTpyMeHT ais aHaau3a U 00pabOTKH JaHHBIX C OTKPBITBIM HCXOJHBIM KoxoMm Pandas —
URL: https://pandas.pydata.org/

10. Anaconda — muratdopma st ObICTPOl pa3pabOTKU U pa3BEPTHIBAHUS OC30MACHBIX PEIICHUI
Python — URL.: https://www.anaconda.com/

11. Google Colab — URL.: https://colab.research.google.com/#scrollTo=5fCEDCU_qgrCO0

12. API riy6okoro odyuenus Keras — URL: https://keras.io/

13. KommiekcHass ~ miuardgopma  MammHHOro — oOyuenust  TensorFlow — — URL:
https://www.tensorflow.org/

14. MammHHOE OOY4YeHHE C OTKPBITHIM HMCXOIHBIM KOJOM M BHU3yanu3amusi maHHbIx Orange
Data Mining — URL: https://orangedatamining.com/

15. Data Analytics Platform KNIME — URL.: https://www.knime.com/knime-analytics-platform

16. HexoMMepueckuil TPOEKT C OTKPBITBIM HCXOIHBIM KojoM Project Jupyter — URL:
https://jupyter.org/
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17. PyTorch - ¢peiimBopk MmammHHOTO OOy4eHuss s s3bika Python - URL:
https://pytorch.org/

9 MarepuajibHO-TEXHHMYECKOE o0ecredyeHue TUCIIUTNIMHBI

VYuebnas aynutopust 4205 Ui pOBEACHUS 3aHATHH JEKIIMOHHOTO U CEMUHAPCKOT0 THIIA
(MpakTUYEeCKUE 3aHATHUSA); TPYNIOBbIX U WHANBUAYAIbHBIX KOHCYJIbTALUN; TEKYIIET0 KOHTPOJIS
U IIPOMEKYTOUYHOM aTTECTALUU.

OcHaneHHOCTh:

VYuebHas mebenb: cTonbl — 35, cTynbs — 75, mocka MenoBast, kadezpa.

OcHoBHOE 000pyIOBaHKE: IKpaH sl TpoekTopa 1 mT., mpoekTop — 1 MmT., KOMIBIOTED B
KOMILJIEKTE - | 1IT.

VYuebnas aymuropus 4202 KommblOTepHBIH Kiacc, Uil TPOBEICHHUS J1a0OpaTOPHBIX
3aHSITHIA, CAMOCTOSITEIILHON PaOOTHI.

OcCHaeHHOCTh:

VY4yeOnast MeOenb: CTON MpernoaaBarens, KOMIBIOTEPHBIE CTONBI — 15, KOMIbIOTEPHBIC
Kpecna — 16.

OcHoBHOE oOopymoBaHue: 15 KOMIBIOTEPOB C€  JOCTYIIOM B  JJIGKTPOHHO-
oOpa3zoBatenbHyio cpeny Akanemuu, ObC u cetn HTEpHET.

VYuebnas aynmuropus 4203 KoMmbroTepHbIii Ki1acc.

OcHallleHHOCTh:

VYyebHas MeOenb: CTON MPEroaBaresis, KOMIBIOTEPHBIE CTOJIBI — 15, KOMIBIOTEPHBIE
Kkpecna — 16;

OcHoBHOE oOopymoBaHue: 15 KOMIBIOTEPOB €  JOCTYIIOM B  JJIGKTPOHHO-
oOpa3zoBatenbHyio cpeny Akanemuu, ObC u cetn HTEpHET.

Oo0ecneueHne 00pa3oBaHUs JJIsl JTUIl C OTPAHUYEHHBIMH BO3MOKHOCTSIMHU
310POBbSI

Jnis obecniedenusi 00pa30BaHUS WHBAIHMIOB U JIUI[ C OTPAHMYECHHBIMU BO3MOKHOCTSIMH
3nopoBbst (OB3) peanuzanusi TUCHUILIMHBI MOYKET OCYIIECTBISTHCS B aJallTHPOBAHHOM BHJIC,
UCXOJS W3 WHIUBUAYATBHBIX MCUXO(DHU3MUECKHX OCOOCHHOCTEW W IO JTUYHOMY 3asBICHUIO
00ydJaromerocs, B 4acTH CO3/IaHUs CIICIIHAIbHBIX YCIOBHH.

B crmernuanpHble yCIOBHS MOTYT BXOJUThH: MPEIOCTABICHUE OTICIBHON ayIuTOpHH,
HEOOXOIMMBIX TEXHHYECKUX CPEACTB, MPUCYTCTBUE ACCUCTEHTA, OKA3bIBAIOIIETO HEOOXOIUMYIO
TEXHUYECKYIO TTOMOIIb, BBIOOP (hOPMBI TIPEIOCTABICHUSI HHCTPYKIIUU 10 TMOPSAKY MPOBEICHUS
TEKYIIEro KOHTPOJS M TPOMEKYTOUYHOM aTTECTallid, WCIOJB30BAHUE  CIICIHATBHBIX
TEXHUYECKUX CPECTB, MIPEIOCTABICHUE TIEpePhIBA ISl PUEMa ITHIIH, JIGKAPCTB U JIP.

JInss Ui ¢ OrpaHUYEHHBIMH  BO3MOXKHOCTSIMH  37I0POBbSl  TIPEIYCMOTPEHA OpraHU3aIus
KOHCYJIbTALIMM € UCIIOJIb30BAHUEM DJIIEKTPOHHOMU IMOYTHI.

Y4ueOHO-MeTOANYECKNE MaTepuajbl I CaMOCTOATEIBLHONH pabOoThl O0YYalOmUXCs W3 YHUCiIa
WHBAJIKJIOB U JIMI[ C OIPAaHUYEHHBIMU BO3MOXXHOCTAMH 3710poBbsi (OB3) mpenocraBnsitorcst B
dbopmax, aganTUPOBAHHBIX K OTPAHUYEHUSM UX 3I0POBbsI M BOCTIPUATHSI HH(POPMAIIHH:

JUJis U1 ¢ HapYIICHUSIMH 3PEHUS:

— B Ie4YaTHOH (opMe YBEITUUEHHBIM MPU(TOM,
— B (popMe AIEKTPOHHOTO IOKYMEHTA.
Jytst v ¢ HapyIIEHUSIMH CITyXa:
— B IeYaTHoOM (opme,
— B (opMe IIIEKTPOHHOTO JOKYMEHTA.
JUJis U1 ¢ HapYIICHUSIMA OTIOPHO-JIBUTATEIILHOTO amnmapara:
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— B IeYaTHOM (opme,
— B (opMe PIEKTPOHHOTO TIOKYMEHTA.
JlaHHBII TIepedeHb MOXET OBITh KOHKPETU3UPOBAH B 3aBUCHMOCTH OT KOHTHHICHTA
00yJaromuxcs.
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10 KapTra koMneTeHUMi TUCUUIJIMHBI

IpumMeHeHne HElPOHHBIX ceTeil I peleHus 3224 arponHkeHepuu (Hanpasiienne noaroropku — 35.03.06 «Arpounskenepus» npoduib VcKyccTBeHHbIH HHTEJLIEKT)

enn dopmMupoBanre KOMIIETCHIHHA () (HEKTUBHOTO MPUMEHEHHS HEHPOHHBIX CETESH IS PEIICHUS arpOTEXHUIESCKUX 3a]1ad.
JTUCTIATUTHHBI
3amaun * M3yYCHHE TEOPETHUECKUX OCHOB M METOAWK MPAKTUIECKOTO MPHUMEHEHISI HEHPOHHBIX CETEH IS PEeIICHHS arpOTeXHUIECKUX 3ajad;
JTUCIHTUIMHEL | ® TPUBUTHE HABBIKOB IIPUMEHEHUS TTyOOKOT0 00y4eHHS HEHPOHHBIX CEeTEeH [UIA penIeHns 3a1a4 KilacCu(pUKanuy 1 00Hapy>KEHHS arpOTEXHUIECKUX 0OBEKTOB;
* TIOJyYeHHE HABBIKOB IPOTPAMMHUPOBAHMS CHCTEM MCKYCCTBEHHOTO WHTEJUICKTA.
B mporiecce ocBoeHns1 JaHHOW AWCIUIUINHEI CTYIEHT (QOPMUPYET U IEMOHCTPUPYET CIEAYIONIHE
Komnerennuu ®dopma
[Tnanupyemblie pe3yabTaThl 00ydeHUs Texnonoruu N
OIIEHOYHOTO CryneHu ypoBHEH 0CBOSHHS KOMIICTECHIH
Wnpexe DopmynHpoBKa (MHIUKATOPHI TOCTUXKEHUS] KOMIIETEHIUH) (opmupoBaHus cpesicTBa
[TpodeccronanbHble KOMIETEHIMN
[1IK-14 | Cnocoben WIIK-14.1. BeiOupaet MeTOABI peLIeHus 3a1a4 Jlexmuu VYcrHbIi IloporoBelii ypoBeHb
UCTIONIb30BaTh C UCIIOJIb30BAHUEM CHCTEM UCKYCCTBEHHOTO ormpoc YacTUUHO 3HA€T OCHOBHBIE METOABI pEIIeHHs 3agad C
CUCTEMBI UHTEJUIEKTa JlaboparopHsl UCTONB30BAaHUEM CUCTEM HCKYCCTBEHHOTO HHTEIIEKTa;
UCKYCCTBEHHOTO WIIK-14.2. Pemaer 3a1a4u ¢ MCHOJIB30BaHUEM € 3aHTUs WupuBuayans | KMaccel 3ajad, peIIaeMbIX C HCIOJIB30BaHHEM CHCTEM
UHTEJIEKTA B CUCTEM HCKYCCTBEHHOT'O MHTEJUIEKTa HOE 33J]aHUe | HICKYCCTBEHHOIO  MHTEJUIEKTa, M  KPUTEPUM  OLIEHKU
peleHny 3agau CamocrosiTens MOJy4aeMbIX pPe3yJbTaTOB pelleHus. B ocHOBHOM ymeeT
aHam3a, Has paboTa BEIOMpATh METOABI pEIICHHS 3afad C WCIOJNb30BaHHEM
MIPOTHO3UPOBAHMUSA, CHCTEM HCKYCCTBEHHOTO WHTEIUICKTA; MPUMEHSATh METOJBI
IUTAHUPOBAHHUA, oOpareHns K IeJIeBBIM IIePEeMEHHBIM U 3aaHUsl HCXOTHBIX

CUHTE3a U IPUHATHUA

pelieHuit

JaHHBIX WM  OrPaHWYEHWH; OLEHHMBATh  IIOJyYEHHBIE
pe3ynbTaThl pEIIEHHs 3a1a4 C HCHOIb30BAHUEM CHCTEM
HCKYCCTBEHHOI'O MHTEJIIEKTA
IIpoaBUHYTHIN yPOBEHb

3HaeT  OCHOBHbIE  METOABl  pEHIeHus  3amad ¢
HCIOJIb30BAHUEM CHCTEM HCKYCCTBEHHOI'O WHTEJUIEKTA;
KJIACChl 3a/lay, pELIacMbIX C UCIOJIb30BAHUEM CHUCTEM
HUCKYCCTBEHHOIO  MHTEIUIEKTa, M  KPUTEPUM  OLEHKHU
MOJTyYaeMbIX pe3yIbTaTOB pEIICHHWA. YMEET BBIOMpATh
METOABl pEIIEeHHs 3a7ad C HCIOJIB30BAHUEM CHCTEM
HCKYCCTBEHHOTO  MHTEIIEKTa;  IPUMEHATH  METOJBI
oOpaIeHns K LeJIEeBBIM NIEPEMEHHBIM U 33JaHUSI HCXOJHBIX
JaHHBIX WM  OrPAaHWYEHWH; OLEHHMBATh  IIOJyYEHHBIE
pe3yabTaThl PEIIEHHs 3aa4 C HCIONb30BAHUEM CHCTEM

17




UCKYCCTBEHHOI'O MHTEIIJIEKTA.
Bbicoknii ypoBeHb

JleMoHCTpHUpYeT IITyOOKO€ 3HaHNE M TOHUMaHHE: OCHOBHBIX
METOJIOB pEIIEHWA 3a4ad4 C HCIOJIB30BAHHEM CHCTEM
HCKYCCTBEHHOTO MHTEJIEKTa; KIACCOB 3afad, PEIIaeMbIX C
UCTIONIb30BAHMEM CHCTEM HCKYCCTBEHHOTO HHTEIIEKTa, U
KPUTEPUEB OIICHKM MOIyJacMBbIX PE3yIbTaTOB pEIICHHUS.
[ToaHOCTBIO BEPHO M CaMOCTOSITENBHO YMEET: BBIOMPATh
METOJBl PENICHUS] 3aJa4 C HCIHONb30BAHUEM CHCTEM
HUCKYCCTBEHHOTO  MHTEIJIEKTa;  IPUMEHATh  METOJBI
06pa1ueHm1 K ICJICBBIM NEPEMEHHLIM U 3aJlaHus UCXOAHBIX
JaHHBIX u OFpaHHHCHHﬁ; OLICHUBATh TMOJIYYCHHBIC
pe3ynbTaThl PELIEHUs 3aJad C HUCIOJIb30BAHHEM CHCTEM
HCKYCCTBEHHOT'O MHTEJIJIEKTA.

I1K-16

Crnocoben
HCITIOJIH30BATh
CHCTEMBI
HCKYCCTBEHHOTO
HMHTEJJICKTa Ha
OCHOBE
HENPOCETEBBIX
MojieJicii 1 METOI0B

UIIK-16.1. OcymiecTBisieT OLEHKY U BEIOOD
MO/IeJIel HCKYCCTBEHHBIX HEHPOHHBIX CETEeH 1
HHCTPYMEHTAIBHBIX CPEACTB IS pEIICHUS
[IOCTABJICHHOM 3a/1a4u

NIIK-16.2. PaspabatsiBacT CHCTEMBI
HNCKYyCCTBEHHOTO  HMHTEJUIEKTA Ha  OCHOBE
MOJZEJIE UCKYCCTBEHHBIX HEHPOHHBIX CETEM U
HMHCTPYMEHTAJILHBIX CPEJICTB

Jlexun

JlaGopatopHbI
€ 3aHATHS

CamMocTosTens
Has paboTa

YcTHbIN
ormpoc

NupuBunyans
HOE 3aJaHKe

IloporoBelii ypoBeHb
YactnuHo 3HaeT 0a30Bble ApXUTEKTYphl M  MOJACIH
UCKYCCTBEHHBIX HEHpOHHBIX ceTell; ()yHKIMOHAIBHOCTh
COBPEMEHHBIX HHCTPYMEHTANBHBIX CPEACTB M CHCTEM
NpOrpaMMHpOBaHUsl B 00NacTH  CO3JaHMS  MoAeleH
HCKYCCTBEHHBIX HEHPOHHBIX CETEH; MPUHIUIBI MOCTPOCHHS
CUCTEM  HCKYCCTBEHHOIO  MHTEIJIEKTa HAa  OCHOBE
HCKYCCTBEHHBIX HEMPOHHBIX CETEH, METOABI U MOAXOABI K
IJIAHUPOBAHUID U pealU3allid IIPOEKTOB II0 CO3JaHUI0
CHUCTEM HCKYCCTBEHHOI'O HUHTEIUIEKTa. B OCHOBHOM ymeer
NPOBOJNTH OLIEHKY W BBIOOp MoOjeNeil HCKYCCTBEHHBIX
HEUPOHHBIX CETed U MHCTPYMEHTAIbHBIX CPEICTB NI
pemleHus 3aJadd  MAaIIMHHOTO OOYYeHHus; IMPUMEHSTh
COBpPEMEHHBIE MHCTPYMEHTAIBHBIC CPENICTBA AJISI OOyUCHHUS
MoOJeNell HMCKYCCTBEHHBIX HEMPOHHBIX CETeH M pPELICHHs
3a[a4; pelaTh 3aJadd IO BBINOJHEHHUIO KOJIJIEKTHBHOM
MPOEKTHON HEATENbHOCTH U1 CO3LAHUSA, MOJAEPKKH H
HCTIONB30BaHUSl CUCTEMBI MCKYCCTBEHHOTO HHTEIJIEKTa Ha
OCHOBE UCKYCCTBEHHBIX HEHPOHHBIX CETEH.

IIpoaBUHYTHIN YPOBEHb
3Haer 0a30BbIE APXUTEKTYPbl M MOJEIN HCKYCCTBEHHBIX
HEHpOHHBIX ceTel; (YHKIMOHAIBHOCTH COBPEMEHHBIX
HHCTPYMEHTAJIbHBIX CPEICTB U CUCTEM IIPOrPaMMUPOBAHUS
B 00JIaCTH CO3JaHUsI MOJENIEH MCKYCCTBEHHBIX HEHPOHHBIX
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CeTel; NPUHIUIBI MOCTPOSHHSI CUCTEM HCKYCCTBEHHOIO
UHTEJUIEKTAa HA OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX ceTell,
METOABl U TOAXOAbl K IIAHUPOBAHUIO U peaTu3aluu
IIPOEKTOB 110  CO3JaHUI0  CHCTEM  HCKYCCTBEHHOI'O
WHTEJUIEKTa. YMEeT MPOBOAUTH OIEHKY M BEIOOp Mojerei
HCKYCCTBEHHBIX HEHPOHHBIX CETEH M HMHCTPYMEHTAJIbHBIX
CPEeINCTB U peIIeHUS 3aJadyd MAIIMHHOTO OOy4YeHHS;
NIPUMEHATh COBPEMEHHBIE HHCTPYMEHTAJIBHBIE CPEACTBA
U1 00yUeHHsI MOJIeeld UCKYCCTBEHHBIX HEHPOHHBIX CETeH
U peuleHMs 3ajad; pellaTb 3aJadd [0 BBIIOJHEHUIO
KOJUIEKTUBHOM MPOEKTHOM [EITEeIbHOCTA MJIsl CO3/IaHus,
MOJIEP)KKM M MCIOJB30BAHUS CHCTEMBl HCKYCCTBEHHOTO
HHTEJJIEKTA HA OCHOBE UCKYCCTBEHHBIX HEHPOHHBIX CETEH.
Bbicoknii ypoBeHb

3Haer 0a30BbIC ApXHUTEKTYpPHl M MOJIEITH HCKYCCTBEHHBIX
HEHpPOHHBIX ceTell; (QYHKIMOHAIBFHOCTH COBPEMEHHBIX
MHCTPYMEHTAJIBHBIX CPEJICTB U CUCTEM IPOrpaMMUPOBAHUS
B 00JacTH CO3MaHUSI MOZETEeH MCKYCCTBEHHBIX HEHPOHHBIX
ceTell; NPUHUUIBI IIOCTPOEHMSI CHCTEM HCKYCCTBEHHOI'O
HMHTEJJIEKTa Ha OCHOBE MCKYCCTBEHHBIX HEHPOHHBIX CETEH,
METOABl M TOAXOABl K IUIAHUPOBAHUIO U peau3aluu
IIPOEKTOB 110  CO3JAHMI0  CHCTEM  HCKYCCTBEHHOIO
MHTEJUICKTa. YMEET MPOBOJUTH OLICHKY W BBIOOp MOjesei
UCKYCCTBEHHBIX HEHPOHHBIX CeTell M HMHCTPYMEHTAIBHBIX
CPEACTB Uil pEUIeHHs 3a/Ja4d MAIIUHHOIO OOy4YeHHS;
MPUMEHSTh COBPEMEHHBIE WHCTPYMEHTAIbHBIE CpPEICTBA
U1 00yUeHUsI MOJIeNeld UCKYCCTBEHHBIX HEHMPOHHBIX CETeH
U peuleHusl 3ajJay; pellaTh 3aJayd [0 BBIIOJHEHUIO
KOJUIEKTUBHOM MPOEKTHOW [EATENbHOCTU JUISL CO3JaHMs,
MOAJEP)KKH U HWCIOJB30BAaHUS CUCTEMBI HCKYCCTBEHHOI'O
HMHTEJJIEKTA HA OCHOBE MCKYCCTBEHHBIX HEMPOHHBIX CETEH.
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