MHNHOBPHAYKH POCCHUH

denepanabHOe roCyIapCTBEHHOE ABTOHOMHOE 00pa3oBaTeJibHOe
yupeskaeHue Bpicuiero oopazosanus "'Ilepmckni
roCyIapCTBEHHbINH HAIIMOHAJIBHbIN MCCJIE10BATEIbCKHA
yHuBepcurer"

Kadeapa undopmanuoOHHbIX CHCTEM U MATEMATHYECKHUX METOJA0B B JKOHOMHKE

ABtopsl-coctaBurenu: PaguonoBa Mapuna BiagumupoBHa
Hlumkun Biaagumup AHapeeBuy

Pabouast mporpamMma AUCIUTIITUHBI
NEURAL NETWORK MODELING AND TECHNOLOGIES
Kox YMK 97818

YTBEepKAECHO
[TpoTokon Ne9
ot «06» urons 2022 r.

ITepmb, 2022



1. HaumeHoBaHUE QM CIUATIIHHBI
Neural Network Modeling and Technologies

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hamnpasnenue noarotosku: 38.03.05 buznec-uHpopmaruka

HanpaBiieHHOCTh H(popMalinoHHbIE CUCTEMBI U OOJIbIINE JaHHbIE



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus qucuuiuinabl Neural Network Modeling and Technologies y oGyuaromerocs
JOJKHBI OBITH CPOPMHUPOBAHBI CIIETYIOINE KOMITETEHITHH:

38.03.05 buznec-nHpOopMaTHKa (HampaBJIeHHOCTH : UH(pOpManmoOHHbBIE CHCTEMBI U OOJIBIITNE TaHHBIC)
IIK.3 Cnoco0eH K MIaHuPOBaHUIO U OpTraHU3AINH AHATUTUYECKUX paboT, B TOM YHCIIE, C HCTIOIb30BAaHHUEM
TEXHOJIOTHI1 OOJIBIIUX JaHHBIX
Nuaukaropsl
ITK.3.4 Pa3pabatbiBaet, 00CyX1aeT U yTBEP)KIACT IJIaH aHAIUTHYECKUX PadboT



4. O0beM U coJepkaHue TUCHUTITHHBI

HamnpagsJienune noaroroBku 38.03.05 buznec-unpopmaruka (HanpasieHHOCTh: MHopMaIoHHbIE
CUCTEMBI U OOJIbIINE TaHHBIE)
¢opma o0yuenus O4Has
NeNe TpumecTpoB, 10
BbI/ICJICHHBIX 1JIS1 M3Y4YeHUS
AUCHMILINHBI
O0beM AUCIHUILIMHBI (3.€.) 4
O0beM JUCHUILIMHBI (AK.YaC.) 144
KonTakTHasi padora ¢ 56
npenoaaBartesieM (aK.4ac.),
B TOM 4HCJIe:
IIpoBenenue JeKIUOHHBIX 14
3aHATHH
IIpoBenenne NpakKTHYECKHUX 14
3aHATHI, CEMHMHAPOB
IIpoBenenue Jad0paTOPHBIX 28
padoT, 3aHATHI 11O
HHOCTPAHHOMY fI3bIKY
CamocrosiTesibHas padoTa 88
(ak.4ac.)
®opMBbI TEKYLIET0 KOHTPOJIA Bxonnoe tectupoBanue (1)
Hrorosoe koHTposibHOE Mepornpustue (1)
IInceMeHHOE KOHTpOJIbHOE MeponpusTue (2)
DopMbI IPOMEKYTOUHOM Ox3ameH (10 Tpumectp)
arrecTaluMu




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Neural Networks Modeling and Technologies
Enter test

Introduction
Basic concepts of neural network modeling.

1 The perceptron
Artificial neuron. Perceptron. Teaching methods. Multilayer perceptron. Backpropagation method.

Test 1

2 RBF-networks
Regularization networks. Generalized networks based on radial basis functions

3 Support Vector Machines
Support vector machines for pattern recognition and regression models.

4 Associative machines
Amplification methods. Associative Gaussian mixing model. Model of hierarchical mixing of expert methods.

5 Self-organizing networks
Self-organization cards. Feature map properties. Quantization of the learning vector.

Test 2

6 Convolutional networks
The concept of a convolutional network. Deep machine learning.

7 Recurrent networks
Architectures of recurrent networks. Model in the state space. Nonlinear autoregression with an external input
model. backpropagation in time. System identification.

Final Test



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:
1. Elif Keskiner. Revisiting Migrant Networks. Migrants and their Descendants in Labour Markets / Elif
Keskiner, Michael Eve, Louise Ryan // Publisher Name: Springer, Cham, 2022. — 236 p. — ISBN 978-3-030-

94972-3. — TeKcT : 2NeKTPOHHBIN // DNEKTPpOHHO-OMOIMoTeYHas cuctema SpringerLink : [caiiT].
https://link.springer.com/book/10.1007/978-3-030-94972-3

JlonoJIHUTEIbHAS

1. Statistical mechanics of neural networks:Proc.of the XIth Sitges Conference.-Berlin:Springer,1990, ISBN 3-
540-53267-6.-477.



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

https://alison.com/courses/artificial-neural-networks-for-business-managers-in-rstudio/content
Artificial Neural Networks for Business Managers in RStudio
10. Ilepeuenb uH(POPMAITUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIE€CTBJICHUMN
00pa30BaTeJIbHOI0 MPOLECCa MO0 JMCUHUILIHHE

O6pasoBarenbHslii mporecce no aucuuruinie Neural Network Modeling and Technologies npeanonaraer
UCIOJIb30BAHUE CIIETYIOIET0o MPOrpaMMHOro ooecrnedeHus: 1 HH(HOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
1) presentation materials (slides on the topics of lectures);
2) on-line access to the Electronic library system (ELS);
3) access to the electronic information and educational environment of the University;
4) Internet services and electronic resources.
Free software: WPS Office - Office automation system

[Tpu ocBOeHMM MaTepHala U BHIIOJIHEHHS 3aJaHHH MO JUCIUIUINHE PEKOMEHYETCs HCTIOIb30BaHNE
MaTepHaoB, pa3MelIeHHbIX B JInunbix kabunetax ooyqaromuxcs ETUC [ITHUY (student.psu.ru).

[Tpu opranu3anuu JUCTAaHIIMOHHON paObOTHI M MPOBEACHUH 3aHATUH B pEXKUME OHJIAWH MOTYT
UCIOJIb30BATHCS:

crcTeMa BUJICOKOH(pepeHIICBs3U Ha ocHoBe 1atdopmel BigBlueButton (https://bigbluebutton.org/).

cuctema LMS Moodle (http://e-learn.psu.ru/), koTopas moaaepKuBaeT BO3MOKHOCTb UCIIOJIb30BaHUS
TEKCTOBBIX MaTE€pPHAJIOB U MPE3EHTALNH, ayIN0- ¥ BUJICOKOHTEHT, a TaK K€ TECThI, IPOBEPsEMbIE 3a/1aHus,
3aJJaHuA JJI11 COBMECTHOH paboTBhI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepHAJIbLHO-TEXHUYECKOI 0a3bl, HEOOX0AMMO AJIs1 OCYIIeCTBJICHUS
00pa30BaTeJBHOI0 NpoLecca Mo JMCUHUIINHE

1. For lectures - a classroom with the presentation equipment (projector, screen, computer/laptop)
and the suitable software, chalkboard (and) or whiteboard.
2. Practices - a computer class equipped with personal computers and appropriate software. The composition of
the equipment is defined in the Passport of the computer class.
3. For self-directed study — a classroom for independent work that is equipped with computer
hardware and access to the Internet and thereby to the electronic educational environment of the
university. Halls of PSU Scientific Library.
4. For the current or interim knowledge assessment — a classroom with the presentation equipment
(projector, screen, computer/laptop) and the suitable software, chalkboard (and) or whiteboard

[Tomemenust HayuHoii 6nbmuoreku [IITHUY mist oGecrieueHns: caMOCTOSATEIbHONU PabOThl 00yUYaOIUXCS:

1. HayuHo-Oubnuorpagpuueckuii otaen, kopm.l, aya. 142. O0opynoBaH 3 nepcoHalbHbIMU KOMIIBIOTEPA C
JOCTYTIOM K JIOKaJIbHOM U T7100aIbHONM KOMIIBIOTEPHBIM CETSIM.

2. YnTanpHbI{ 3aJ1 TYMaHUTAPHOM JUTEpaTyphl, KopI. 2, aya. 418. O6opynoBaH 7 mepcoHaIbHBIMU
KOMIIBIOTEPAMH C IOCTYIIOM K JIOKaJIbHOHM U I7T00AIbHOM KOMIIBIOTEPHBIM CETSIM.

3. UuranbHbIH 3a1 €CTECTBEHHOM auTeparypsl, kopim.6, aya. 107a. O6opyaoBaH 5 nepcoHanbHbIMU
KOMIIBIOTEPAMH C IOCTYIIOM K JIOKaJIbHOH U INT00ANbHOM KOMIIBIOTEPHBIM CETSM.

4. Otnen MHOCTPAHHOM HUTEpaTyphl, Kopm.2 aya. 207. O6opynoBaH | mepcoHaTLHBIM KOMITBIOTEPOM C
JIOCTYTIOM K JIOKaJbHOM U T7100a bHONW KOMIBIOTEPHBIM CETSIM.

5. bubnuoTteka opunuyeckoro axynprera, kopmn.9, aya. 4. O6opynoBana 11 nepcoHabHBIMU
KOMITBIOTEPAMH € JOCTYIOM K JIOKaJbHOW U T7100a1bHONH KOMIBIOTEPHBIM CETSIM.

6. YurtanbHbll 3a1 reorpaduueckoro ¢axynbrera, kopn.8, aya. 419. Obopynosan 6 nepcoHaIbHbIMU



KOMITBIOTEPAMH C JOCTYTIOM K JIOKaJbHOU U TT100aTbHONW KOMIBIOTEPHBIM CETSIM.

Bce koMmbloTephl, yCTAaHOBIICHHBIE B IOMEIICHUAX HAYYHONH OMOIMOTEKH, OCHAIICHBI CIIETYIOIIUM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omneparmonnas cuctema ALT Linux;

OdoucHerii naker Libreoffice.

CnpaBouno-npaBoBas cuctema «Koncynprantlmrocy»



@oHabI OLIEHOYHBIX CPEJICTB JIA ATTECTANMH 10 JUCHUIIIIUHE
Neural Network Modeling and Technologies

I[lnannpyembie pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

IIK.3

Cnoco0eH K IJIAHUPOBAHUIO U OPraHU3ALMHU AHAJIUTHYECKHX PadoT, B TOM YHCJIE, C
HCIO0JIH30BAHUEM TEeXHOJIOTHI 00JbIINX JAHHBIX

Komnerenuus IInanupyemble pe3y/bTaThl Kpurepun oneHuBanus pe3yibTaToB
(MHAUKATOP) o0y4eHust o0y4eHust
IIK.3.4 Knows methods of planning HeynosiierBopuren
PaspabateiBaer, analytical work. Does not know the methods of planning

00CY’KJaeT U yTBEPHKIaeT
IIJTaH aHAJIUTUYCCKUX
pabot

Able to develop, discuss and
approve plans for analytical work.
Possesses the skills of planning
analytical work.

analytical work.

Does not know how to develop, discuss and
approve plans for analytical work.

Does not possess the skills of planning
analytical work.

YnoBaerBopuTeabH
Poor knowledge of analytical work planning
methods.
Makes gross mistakes in the development,
discussion and approval of plans for analytical
work.
Possesses at a satisfactory level the skills of
planning analytical work

Xopouo
Knows methods of planning analytical work.
Makes minor mistakes in the development,
discussion and approval of plans for analytical
work.
Possesses the skills of planning analytical work.

OTtiam4yHo
Knows at a high level methods of planning
analytical work.
Able to develop, discuss and approve plans for
analytical work.
He has excellent skills in planning analytical
work.




OueHo4YHbIE CPEACTBA TEKYHIET0 KOHTPOJIS U MIPOMEKYTOYHOM aTTecTalun
Cxema gocTaBku ;. ba3zoBas

Bupa MeponpusiTusi NPOMeKYTOYHOM aTTeCTAINH ¢ DK3aMEH

Cnoco06 npoBeeHrsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanum : OlLiEHKa M0 JUCLUIIIMHE B paMKax
MIPOMEKYTOUHOM aTTEeCTAIlK ONPEENIeTCS Ha OCHOBE 0a/ioB, HAOpaHHBIX 00YYArOIIMMCS Ha KOHTPOJIbHBIX
MEPOMPUITUSX, TPOBOJIUMBIX B T€UEHUE YUYEOHOTO IIEpUO/Ia.

MaxkcuMajibHOEe KoJIH4YecTBO 0ayioB : 100

KonBepranusi 60a/U10B B 0TMETKH

«otTau4Ho» - ot 81 no 100

«xopomo» - ot 61 o 80

«YAOBJIETBOPUTEIBHO» - OT 43 10 60
«HEeYI0BJIETBOPUTEIbHO» / «He3a4TeHo» MeHee 43 Oaia

Komnerenuus Meponpusitue KonTpoanpyemble 3j1eMeHTbI
(uHaAMKATOP) TeKYyLIero KOHTPOJIsA pe3yJbTaToB 00y4eHHs
BxoaHo# KOHTPOJIb Enter test Knowledge of mathematics, probability
BxoaHoe TecTupoBanmne theory and mathematical statistics is tested.
IK.3.4 Test 1 Knowledge of basic terminology related to
PaspabatbiBaet, 00Cyk1aeT 1 IncemMenHoe KOHTPOJBLHOE | neural networks is tested. Perceptron and
YTBEPKIACT IIJIaH aHATUTHYECKUX | MeponpusiTHE multilayer perceptron. Regression and
pabot classification models.
MK.3.4 Test 2 RBF networks and support vector
Pa3pabarbiBaet, 00cyxaaer u IMucbMennoe KouTpoabHoe | machines. Associative machines.
YTBEPKIACT IUIaH aHATTMTUYCCKUX | MeponpusiTHe Self-organizing neural networks.
pabot
IIK.3.4 Final Test The level of knowledge on all studied
PaspabarbiBaet, 00Cy)/1aeT U Hrorosoe KOHTpPO/IBLHOE material is checked.
YTBEPK/IAeT IJIaH aHATUTUYECKHX | MepONpHUsTHE
pabot
Crneunpurkanusa MeponpusTHI TEKyLIEro KOHTPOJISA
Enter test

[TpogomKUTET HOCTD TPOBEACHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTTECTAllNU: 2 Yaca
Y coBUs TPOBEICHUS MEPOTIPUATHSA: B YACHI aAYINTOPHOH padoThI

MaxkcuMaibHBIN 0aJl1, BRICTABIIIEMBIH 32 MEPOTIPUATHE TPOMEKYTOUHOM aTTecTanuu: ()
[TpoxoxHoii 6amt: 0

IMoka3aTe/n oneHNBaHUS Banabr
There are basic knowledge of linear algebra, mathematical analysis, optimization theory. 4
Basic knowledge of the course of mathematical statistics. 3
There are basic knowledge of the course of probability theory. 3




Test 1

IIpoaomKUTENLHOCTD IPOBEAECHUS MEPOIIPUATHUS IPOMEKYTOUHOM aTTECTAlMU: 2 Yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOM padoThI

MaxkcumanbHbIi 0ai, BEICTAaBIsIEMbIi 32 MEPONPUATHE IPOMEKYTOUHOM aTTectanuu: 30
ITpoxonnoii 6amn: 13

Iloka3aTesin oneHUBaHUSA Basbl
Knows the basic concepts related to neural networks. 10
Perceptron and multilayer perceptron are classification models. 10
Perceptron and multilayer perceptron are regression models. 10
Test 2
[TpoaomKUTEeT,HOCTD MTPOBECHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTTECTalNK: 2 Yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOH padoThI
MaxkcumanbHbIH 0ai, BEICTAaBIsIeMbIi 32 MEPONPUSATHE TPOMEKYTOUHOM aTTectanuu: 30
ITpoxonnoii 6amn: 13
IToxa3zaTenn oneHUBaHUA Bajaasl
Knows and can use support vector machines. 8
Knows and can use self-organizing neural networks. 8
Knows and can use associative machines. 8
Knows and can use networks based on radial basis functions. 6
Final Test
[TpoomKUTETLHOCTD MTPOBEICHUS MEPOTIPUSATHS IPOMEKYTOUHOM aTTECTAINH: 2 Yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChl ayINTOPHOH padoThI
MaxkcumanbHbIH 0ai, BEICTAaBIsIeMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTecTanuu: 40
ITpoxoanoii 6amr: 17
IToxa3zaTenn oneHNBaHUA Baaasl
Knows and can use convolutional neural networks. 10
Knows and can use recurrent neural networks. 10

Knows and can use self-organizing neural networks.

Knows and can use RBF networks and support vector machines.

Knows and can use perceptrons and multilayer perceptrons.

Knows and can use associative machines.




