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TIOqCHKITEJIbHAfl 3AIIKI CKA

I{e;rn n 3aAaqr yue6Hofi ArcrlrrnJrrrHbr
[ucgunnuna <<HefipoHHrre cerrD) 3HaKoMr4T cryAeHToB c ocHoBaMV

llcfilloJlb3oBalJ,brfl neftponnrrx cetefi B 3aAaqix rnaccn(puKar\vtv, fipvr:uflTr fl penreuufi,
pacfio3HaBalJvrfl o6pa":ou, nporHo3ltpoBaHl4-f,. llpz eroru paccMarpr4Barorcr ocHoBBr
fipenpoqeccl,IHra AaHH6rx, r4ccJreAyrorcr ocHoBu rn5r6ororo o6y'renu.r nefiponnofi
cerl,I, alJuwrgvpyercfr KarrecrBo o6yueunx Ha ocHoBe rrcfloJlB3oBa1vrfl craHAaprTrBrx
6n6ru,rorer Brthon. IIpono4nrcr npocreftnee r4ccJreAoBaHrre noguoxnocrefi
I4cloJIb3oBalc.I,lfl o6yueuHoft Heftpounofi cerl4 AJr.rr nnaccuQuKarl[r{ cBorrx
rzso6paxenufi.

Ile.rru yve6uofi AI{cqIzrnI4HbI - I43yqeHrze 6asoeHx rrao4elefi ueftpoHuux cerefi,
MeroAoB I,I alropfiTMoB t4x t4crroJrb3oBaHr,rr AJUr peueHr{r ilpocrefiurrx 3a4aq. c
rpr4BretreHzeM roroBhrx 6u6nwoter na Python.

3aAa.rH y.re6Hofi Ar,rcrlr4rrJrr{Hbr :

l. OcsoeHl4e cryAeHTaMId reopru{ Iz npaKTr4KH lrcnoJrr3oBaHrrr HefiponHrrx
cereft ArIt pelueHl{t npaKTl4qecKl/rx 3aAaq xraccuQuKarlun, npvnflTr4fl. peurennf,
pac[o3HaBaHwfl o6pa.sor, nporHo3r,rpoBaHrrr.

2.3garcoucrBo cryAeHToB c ocHoBHbIMrz 3aAaqaMLI, peruaeMbrMl,I npv rloMorqu
ueftponHrrx cereft.

3. Pasnrarue y cryAeHToB HaBbIKoB caMocro.flTeJrrHofo ocBoeHr,rrr Mero,IIoB
nu6opa u npI4MeHennfl, cnoco6oe I4 TexHollornfi npoeKTrapoBaHnfl Lr paspa6orxz
crpyKTypEr nefiponnrrx cerefi .

Mecro yue6nofi AIrcIIurIJrr{HbI B clrcreMe [oAroroBKr4 crreqrrzurrrcracBbrcur,rM
o6paeonanueu.

Y.re6Hat AI4cIII4nnI{Ha ornocl,ITc.fl K Alrcqn[nr4HaM npoQunusarr4m
<< Cu creun l'lit anatu3 )) KoM[oHeHTa yqp exAeHr,rr o 6p as onanu.a.

V.Ie6Hafl rrporpaMMa cocraBJleHa c yuerou Me)rfirpeAMerHbrx ceqreft 14

[porpaMM no cJreAyroquM Alrcqr4nJrr4HaM :

- <Mateu aru\ecwrir aHarrl43)) ;

- At'tcqv[JII,IHbI MoAyJrt <<feouerpvrfl v aJrre6pu: <<Ouroerr srrcIrrefi anre6prr>
u <<IIwneiIrrax anre6pu ;

- << O cn oebr n MeroAoJr orlr r4 rrp orp aMMr4p oB aHrl.rr)) ;

-Ar{cq[[Jrr,rHbr MoAyJrr <<Yqe6urre Ar4cqr.rlJrr,rHbr npoounuear\vhr>>; <<OpHonrr
MarrruHH oro o6yv eHra.a>, dlp orp aMMr,rp oB aHu e H a r3brKe $rthoo .

Tpe6onanuq K KoMrrereHqrrqM
Ocnoenue yue6noft Ans\rrnnvnu <<HeftpoHHrre ceru) AoJrxHo o6ecne.rzrr

Q opuupon aHr,re cJreAyrorq eit cn e 4u an u3 up o s aHu o fi xon n e m eH qu a :
Paspa6atrtnarr zuropl{TMrl Ha ocHoBe neftponuux cereft Nffi perueHr,rrr

npr4Kjra,4HBrx 3aAaq aHaJfi 3a AaHHBrx.
B pesynrrare ocBoeHrar yue6uofi 4ucqunJrr4nbr cryAeHT AonxeH:
3HATb:

- 6agosrre MoAenrl ueftpouurrx cerefi;

- ocHoBHEre MeroAbr o6yueHux Aeftpouuux cereft;



- ocHoBHEre iuropurMhr, pealrr3oBaHHBre B craHAaprurrx 6u6tuorerax pa6orrr
c nefiponHBlMlr cerfrMu;

VMCTb:

- nrr6uparb crpyKTypy Hefiponnofi ceru AJrf, perue uir nocraBnenHoft sa1a-qlu:

- npoBoAurr o6yvenrae neftponnofi cerr4;

- onpeAeJrrrr eQ$er<rlrBHocrb o6yueyun nefipoHHo fi ce.ru;
- [pprMeIUITB uefipoHnofi cerrr AIrs. pelreHrirr ilpaKT[qecKr4x 3aAarr c

14 crro Jrb3 o B aHrleM ro ro BErx 6u6 nuor er Python ;
IIMETb HABbIK:

- 3a4aHus. rulep[apaMerpoB Hefiponnoir ceru;
- o6yreHrzr Hefipounofi ceru;
- rrcnoJrb3oBaHlrr HefiponHrrx cerefi .

Crpyrrypa yve6nofi AncqnnJrrrHbr
.{ucqznnr4ma u3ycraercfl s 6 ceNrecrpe. B coorBercrBvrv c yre6nrrrr,r nJraHoM

Bcero Ha rr3)EleHue yre6Hoit guuquwmHn <Hefiponnrie cerrD) orBeAeuo .q.rrs oqnofi
Qopnru [oJr]4IeHI4l{ Bbrclrero o6pasonaHus - 108 qacoB, B ToM qr{cJre 64 ayluropH6x
'{aca) neKrl[u - 32 .tacon, la6oparopHbre satsrtrrrDfl - 32,racoB. IIs H|Ix:

JlerqraH 32 .raca, na6opatopurre sawrrtrl_ 30 qacoB, yrpaBJrreMiur
caMocrorreJrbHa{ padora (yCP) - 2'nca.

Tpy4oerrar<octr yre6nofi ArzcqurrJrrrHBr cocraBJrr r 3 ga.rerubre eAzHLrrI6r.
(Doprr,ra npoMex(yro.rHofi arrecrarluu - saq6r.
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co.IIEpx(AHIlE yTIEEHOTO MATEPI,IAJIA

ParAe;r 1. Ocnonrr nefiponnux cerefi

Teua 1.1. Bne4eHrre n nefiponHbre cerrr
O6tacru npl4MeHeHva rny6orzx nefiponnrrx cerefi . llonsrze HefipoHnofi ceru.

Llcryccraennrrfi nefipon ManKannona-flur"rca. Crznancrr. Oynxqnx atTvrBarluil.
Hefiponnrre ceru c rrp.{MBrM pacfipocrpaHeHaeM cr.rrHarra. PeryppenrHbre nefipounrre
cerrr. fny6orar Hefiponnaa cerb.

Tpenzpono.rHLlfi cer. I4repa4ua. 3uoxa. Cuoco6rr BlFrkrcreHrr-fl ourn6or
Hefiponnrrx cerefi. HefipoH cMerrleHlrr. MeroAu o6yrenux HefipoHnofi ceru, Mero.q
o6parHoro pacnpocrpaHeHafi oruz6or Ha ocHoBe anroprrrMa lparrreHTHoro cnycKa.
f ranepnap aMerpbr. flp aruna Xs66a. llepcenrpou.

Knaccz'recrulfi [pLIMep MaTTrI4HHoro o6yrenzr nefipoceru, peurarorqefi
npo6neuy (c.IcKJlroqaroqero wtur>> (XOR) Ha r3brKe rrporpaMMupoBaltrfl Python.
SrcuepzueHrbr c rpo{paMvrofi Ans rroHr4MaHr4t gerateirp'a6oru Hefiponuux cerefi.

Teua 1.2. Ofyuenl{e npocreftruefi nefiponnofi cerrr Ha fl3brre Python
HefipoHnas. cerB c AByI\ffi cJro.rIMH. O6yvenue 4np<cnofinofi nefipoHnofi cern.

BrrrlacreHue oIuz6ru Hefiponnofi cerrr. flpocrefiuraa peurv3arlufl alrropr4TMa

lpaALI eHTHoro cry/cra B (cpIrMoLI,{e>>. I4cnonrsoBaHr4e cKpbrTbrx cJroeB.
Ilpraueprr ucrloJrb3oBanvls, uefiponnrrx cerefi s 3aAaqax: rnaccz$uKarlrrr4,

trpprunrfi a p em e nzfi , p ac rro3H aB anufl o 6p as on, np o rHo3zp oB a:rrun.

Teua 1.3. I;ly6orcoe o6yvenue nefiponnoft cerr{ c ncrroJrb3oBaHrreM

Qpefirvrnoprca Keras
Hacrpoftru tfpefiIranopKa Keras. flonnocss3Hhre Hefiponuue cerr,r. Crpyrrypa

KraccHqecKoro na6opa pyKorlzcHbrx rlr4Qp MNIST. flpenpoqeccr4ur AaHHbrx.
O6y'renze rrry6orofi nefiponnoit ceruHa ocHoBe MNIST. flo6annenue ypoBHeit ceru.
AHanus KaqecrBa o6yreHur nefiponnofi cervr. Onpe4erenze rr4nepflapaMerpoB:
KoJIzrIecrBo cJIoeB LI grlox cervr, [apaMerphr M?rHr4-Bu6opxz r4 cKopocru o6yteuw,.

Ha6oprr AarrHBIx 4na o6yrenua: o6ytarcqiu nrr6opra, npoBepoqnax err6oprca,
re croB uul err6opra. flp o6neua nepeo 6yr eHtrs. Apxurerryp a cBeprorrHrrx nefipoHHbrx
cerefi B 3aAatrttx pacno3HaBanvrt o6rercos.

Tervra 1.4. IllcnonrsoBaHlre o6yvennoft nefiponnofi cerrr Arq
rcn accuQr.rKau[u r.rso 6p armenr.rfi

Coxpanenrae o65r,renuofi nefiponnofi ceru B Keras. Ooprr,rar JSON coxpaHeHr4lr
apxlrreKTypu nefipoHuofi cerrr. Ooprvrar HDF5 coxpaHeHr,rr BecoB MoAenv cerr4.

3arpysra u KoMrrllrrtllut coxpanenHofi nefiponnoft cerv r43 tpaftnon.
floArnro'IeHrre craHAaprHhlx MoAynefi Keras. Ez6nuorera Python Imaging Library
(PrL).

llepenoc o6yrennx B nefiponnrix cerrx rlrl_ xnaccraszKarlrar4 cBoprx
t'tso6paxenrafi. Knaccrr uzo6paxenuir: KareropviubHoe npeAcraB lre:epre r{ MerKa



KJracca. Oco6ennocru peKypperrrHhrx nefiponnrrx cerefi B 3aAauax pacno3HaBaHvrfl

TEKCTA.

PasAer 2. Oco6eHHocrlr apxrrreKTyp uefiponnrrx cerefi

Teua 2.1. Cniprotrubre neftponnrre cerr.r (CNN)
OcnosHrre oco6ennocrr4 apxprreKTyprr CNN. 3agauu, peuraeMbre npu noMoIIILI

CNN: rcnaccusuKar\r4* zso6paxenufi, o6HapyxeHue u JloKilrrr43allfi.n o6terron,
c erMeHTaqnx us o6p axeuuit, p ac[o3HaBaHl{e o 6r ercros na nto6p ax<eHl4rlx.

Tervra 2.2. I eneparrrBHo-cocrfl3areJrbnble Heftponnue cerll (GAN)
Ocnonnrre oco6ensocrrr apxvreKrypu GAN. feneparop I4 AucKpLrMI{Harop.

fenepauux llso6paxenzfi vr reKcra [pr4 noMoIrII4 GAN. AnronaarztlecKoe
peAaKTr,rpoBaHrre H yrr5 rIleHI4e Kaqecrna zso6paxenzfi.

Teua 2.3. PercyppenTHble neftponHrre cerr{ (RNN)
PeryppeurHuur cerb c 4onrofi EparKocpo.rHofi rlaMilrbro (Long Short-Term

Memory, LSTM). PeryppenrHzur cerb c yrpaBrrreMbrMrr peKyppeHrHblMrl 6norauu
(Gated Recurrent Units, GR[D. flpornosupoBaHr{e BpeMeHHbIX p-rAoB, I'eHepaqlrfl

reKcra u MyJrbrpIMeAI4a npl4 noMorqu RNN.

Teua 2.4. Anr oKoArrpoBIrIrIKrI
OcnosHrre oco6ennocrra apxureKTypbr aBToKoAr4poBIIIuKoB. 3uro4epu vI

AeKoAepbr, vx pa3HoBr{AHocrrr.3agauu,perlaeMbre rrpu rloMolqu aBToKoArrpoBIu]IKoB:

cHI{X(eHI{e pa?MepHOCTr,r V U3BneqeH[e fIpt43HaKoB, yAuureHl4e IrryMoB Ha

raro6paxenvrflx) o6napyxenue auonaarzft B AaHHbIx, reHeparllut cI4HTerprqecKLIX

AaHHbrx.

Teua 2.5. OuruMIr3aIIrIfl rI peryJrflprl3alll{fl neftponnrrx cerefr
Anropurrrabr lpaAneHrHoro cq/cKa: SGD, Adam, RMSProp. Perynuponra

cKopocrlr o6yrenux (Learning Rate). Ayruenraqur AaHHrIX I^nfl, yJryqlreHl4t
o6o6qaroulefi cnoco6nocrrz. Hacrpofira nefiponnofi cerz (Fine Tuning).
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r,rHo oPMAur,roHH o-ME T OII,I[IE CKA-fl qA C Tb

Ouronnafl Jrrrreparypa

1. EaranoB, A. H. Zcr<yccrBeHHbrft nHTeJrJreKT. llonnuanr4e, upr,rMeHeHrre 14

nepcrreKrr4Bbr : yre6nur AJUI By3oB / A. H. Eananos. - IlsL. 2-e, crep. - Camr-
flerep6ypr ; Mocrna ; Kpacno4ap : Jlaur, 2025. 311 c. URL:

2. HuroneHKo, C. 14. frryr6oroe o6yrenue : rorpyxeHlle B rvrup uefrpoHHblx
cerefi / C. HuroJreHKo, A. Kyapuu, E. ApxaHreJrbcKatr. - Caurr-flerep6ypr ; Mocrna
; Muncr : Illrrep, 2022. 476 c. URL:

ductid-377026.
3. flocronut, A. OcHosrr r4cKyccrBeHHoro r4HreJrJreKra B rrpr4Mepax Ha Python :

caMof{r4rerrb : [4na nporpaMMr,rcroB] I A.flocronrar. - Caurr-flerep6ypr : EXB-
llerep6ypr,2022. - 444 c. - URL:

.{ononnnrerbHas Jrrrreparypa

1. foroero, B.A. HefipocereBbre rexHoJroruu o6pa6orKu AaHHbrx
uoco6ze / B. A. foronro, B. B. KpauronporrrrH. - Mzncr : BfV, 2017. -

: yve6.
263 c. -

URL:(Knaccu.recKoe yHuBepcuTeTcKoe z:4anue).
B.

2. [airzeupor, M. lI. MarenaarlrKa B MarurrHHorra o6yreru{r4 : AoKorairct yo cy'ru
/ M. lI. .{afireupor, A.A. (Defisan, r{eu Cytt" On ; [nep. c aHrn. C. r{epenuxoe]. -
CaHrr-llerep6lpr ; Mocrcna ; Muncn : fharep, 2024. - 507 c.

3. CosrrruH, A. B. flporpaMMupoBaHue uefipocerefi na Python : yre6nrrfi rypc
[Srerrponnnfi pecypc] I A. B. Cogmran. URL:

4. Taywu. Torr,r. OcHosrr LrcKyccrBeHHoro LIHTerrreKTa. Herexnu.IecKoe
BBeAeHr,re : Artificial. Intelligence Basics. A Non-Technical Introduction / Torvr

Taytnu; [nep. c aHDr. AH4pea JloryHona]. - Canrr-flerep6ypr : EXB-IIerep6ypr,
2021. - 288 c. - URL: kshelfi385769.

5. Goodfellow, I. Deep Learning : Adaptive Computation and Machine Learning
series / I. Goodfellow, Y. Bengio, A. Courville. - Cambridge, MA ; London : The MIT
Press, 2016. - 800 p.

[epe.renb peKoMeH4yeMbrx cpeAcrB ArrarHocrrrKrr rr MeroArrKa QopuurpoBaH[r
ITOTOBOI,I OTMETKII

O6rerrovr AzarHocrr4Kkt KoMrrereHqufi cryAeHToB rBJurrorcr 3HaHulr, yMerturs.,

nofl.tryqeHHble uvrvr B p*ynbrare r{3freHus yre6uofi Ar,rcqrrnnaHbr. BrrssreHne
yre6nrrx 4ocruxenzfi cryAeHToB ocyqecrBrs,ercs. c noMorrlbro ueponpzlrufi
rexyruefi rd [poMe)Kyro.rHofi arrecrarlu]r.

[tx yuarHocrr{Kr4 KoMrrereHqzfi uoryT r,rclonb3oBarrc.rr cneAyroque Sopurr
reryqefi arrecrallvu.
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- Texnr,rqecKrre: na6oparopnue pa6orbl, BbIrroJIHrIeMbIe Ha KoMnbrorepe. Ouu

OIIeHVBaIoTCfl,I,,cxol, I,I3 tII4TaeMOCTvru OIITIIMLI3LIpOBaHHoCTI4 npOrpaMMHorO KOAa, a

TaKXe rryrena [poBepKI4 rlporpaMMHoro KoAa Ha TecToBbrx [pvMepax.

- Vcrnrre: ycrHiur 3arrlzra na6oparopHblx pa6or, oIIeHuBaeMaiI Ha ocHoBe

noJrHorbr H rrocJreAoBareJrbHocrLt orBera (oruera), rroJrHorbr pacKpbrrl4t coAep)KaHI{rI

BbrnoJrHeHHoro ga4a]Hus., IOHI,IMaHI,I' pa6oru uUrropHTMoB v MeToAoB,

r4cfrorrb3oBaHHbrx npr4 BbrrroJrHeHrr[ 3al\aHpIfl; a TaK)I(e ycTHbIe oflpocbl, [poBoAI,IMbIe

B TIeJUD( nepBUrqHOrO MOHLTTOpLTHIa yCBOeHI{.rI MaTepIIAla CTyAeHTAMUII OIIeHilBaeMbIe

r4cxolr r43 [oJrHoTbI 14 nOCneAOBaTeJT6HOCT]I OTBeTa, frOHprMa]cILrS. OCHOBHbIX ilO]FfrTl4iL,

MeTOAOB U aJII'OpLTTMOB, LI3JIO)r(eHHbrX Ha neKrIr4OHHbrX l/rn]a rn6OpaTOpHbIX gA]c'flTUAI'.

(Dopvrofi [poMexyroqnofi arrecrarluu rro 4nc;,lvnnunre <<HefipoHHble cerLI)
yre6nrrrvr [JraHoM rrpeAycMorpeH sa'rdr.

B c[yqae ycneurrofi 3arrlrrrbr or.rdros no BceM na6oparopHblM pa6oraM

AorrycKaeTc.[ onpeAeneHue pe3ynbTaToB npoMex(yroqHofi aTTecTaIIuH IIo
p.na\vrrnrrLne 6eg npoBeAeHralr AorroJtrrr{TeJrbHoro onpoca Ha 3aqere. llpu 3ToM tBKa

cryAeHTa Ha 3aqer flBrnercfl. o6.flsareflrHofi.

Ilplrrvrepnsrft nepeveHb 3aAaHrfi Ars y[paBJrfleproft caMocroflre;rrHofi padorrr

Teua 1.4. IlcnonbsonaHue ofyveantofi ruefiponnofi cemu dnn rcnaccuQuxa4uu
uzodpaucenufi (2 u)

3arpyxa u KoMrrr4Jrrrluur Hefiponnofi cerlI vs Qafinon. lloAurc.reHue
craHAaprHbrx MoAynefi Keras. Bz6nvorera Python Imaging Library eIL).

flepenoc o6yrenux B nefiponnrrx cer.f,x Ans, uaccn$zKallrrr4 cBoLIx

nzo1paxeyuit. Knaccrr zso6paxenufi: KareropuzubHoe rrpelcraBJleHrre I,r MerKa

KJracca. [oo6yveHve nefiponsofi ceru AJUr pacuo3naBannfl, o6rercroe AByx ITJITI rpex
KJIACCOB.

Zcuotrsyfire rpeABapr4reJrbHo o6yuenHyro cer6 VGGI6 B Keras [ns.
p acfl o 3Ha Barttr. p zrsrruqHrlx c B oLI x nzo6p axenuit .

(Oopnaa ronrpbnr - llponepKa rporpaMMHoro KoAa no na6oparopuofi pa6ore
c ed yctrofr saqurofi).

Ilpuuepnrrft nepevenr .na6oparopnblx ganqrufi

1. llporparrnr,rnpoBaHrle [pr,rMepa nefipomroit cetu,peruiloueft npo6leuyxoR
2. O6y.renrae nefipounoir ceru Ha t3blKe Python
3. llpurraepu ucrroJrb3oBanns. nefipoHnux cerefi B 3a.{aqax rrporHo3llpoBar;lnfl,,

rn ac c ra Q ra Kar\vv\ fiprluflTur p eru enrafi

4. llonHocng3Hble nefiponnrre cerlr AJrfl paclosHaBaHplll IIeIOp

5. Cneprounrre uefipoHHbre cerv Art.apacro3HaBalans. qu$p, Apyrux o6rerros
6 . llpzrr,repsr pacrro3Ha Ba]fI]/|[. pa3nl,IqHhlx o6terros
7 . llporparr,rrrar.IpoBaHue peKyppeHrHblx uefipounux cerefi
8. Knaccu$zKarlus. uso6paxenufi flpkr noMoIrII{ cn€prouurrx Hefipounrrx

cerefi (CI.IN)
9. Pa6ora c o6rercrauurrauso1paxeHlrrrx (ux o6napy)KeHule Lr JIoKaJIHsa\vIs.,

cerMeHTaqux uso6paxeuufi , pacno3naB aHve o6rerron)

10



10. feuepa\Ut, nso6paxenufi vr TeKcTa npu noMolrlu reHepaTLIBIro-

cocr.rl3areJl6Hbrx HefipoHHblx cerefi (GAN)
11. PelarrupoBaHrre u yJryqueHl4e u3o6paxenufi rpu rloMoIqu GAN
12.flporno3rrpoBaHrre BpeMeHHlrx pslos npu noMoIrIIl peKyppeHrHbrx

uefiponnux cerefi (RNN)
13. feneparlr4s, reKcra H MynEruMe.qua npu roMolqu RNN
I4.I4cnotl3oBaHpre aBToKoAr{poBrrIr4KoB B nepBl{tlnofi o6pa6orre 14 anutur3e

.uaHHBrx
15. AnropHTMbr rpa.{rreHTHoro cry/cKa. Perynnponr<a cKopocTLI o6yrenux.

Ayrrr,renraqr4r ,qaHHbrx Anr yrryqrueHl{rl o6o6ularoqefi cnoco6nocrra. Hacrpofir<a

nefiponHoft cern

Onncanr.re IrHHoBaurroHHbrx rIoAxoAoB rI MeroAoB

K rrperloA aBaHrIrc y.re6Hofi Al{cu[rrJrrlHbr

flpz oprannsa\nv o6pasonareJrbHoro [poqecca .ncnonrcyerc.fl rIpaKTrIK(F

oprrenTrrponannrrfi rroAxoA, roropufi [peAnoJraraer:

- ocBo eHr{e coAepxaHv e o6paso Barrlzfl rlepe3 p eIIIeHVTI rrp aKTIlqecKpIX 3aAaq ;

- upuo6pereHlre HaBbrKoB sQQerrznHoro BbIuoJIHeHvlI pzrsHblx BI4AoB

upo$ecczonanrnofi AetrenbHocrl{;

- OprreHTaIILIrc Ha reHepupoBaul4e ugefi, peurrrlnallurc rpyflrloBbrx

cryAeHqecK?x npoeKToB, pa3Bvrrpre upeAnpl{HlIMareJrBcrofi Kynbrypbl;

- trc[o[b3oBaHIIK) flpolle4yp, cnoco6ou oIIeHLIBaHLII, Surcupytoqux
ctf oprraupoBaHHocrs npoQeccuoHillrbHblx rouuerenqrafi .

Merogu.recKrre peKoMerrlaqu[ [o opraHrnalluu caMocroflrensnofi pa6orbl

C anao crosreJrbHar p a6ora c qenbrc u31nreHl4t Mareprrzula yue6uofi ALI cIIIaTIJII,IHII

rrpeAronaraer pa6ory c peKoMeHAoBaHHofi yue6nofi nureparypoit u I,Inrepner-
pecypcaMv. TeopernqecKr4e cBeAeHr{t 3aKperlJulrorct BrTTIoJIHeHLIeM na6oparopHblx

zayantuit, [pr,r Bbrnonlaenuu Koroprrx cJreAyer pyKoBoAcrBoBarbc.fl MeroAIarIecKLIMLI

paspa6orKaMv, pa3MerrleHHbrMlt B gJreKTposnofi 6u6tmoreKe yHrBepcrrrera vI Ha

o6pasonareJrbHoM rroprarre. Moryr 6srtr npeAnoxeHbr .qonoJIHureJIbHbIe 3a4areur

(recrrr, 3a4art:zsAJur caMocrorrenbHoro BbrrloJrnenu.r) AJUI caMoo\eHLrBaHprs u 6olee
rny6ororo ycBoeHl,u noJr)4leHHoro MarepLraJra.

Ilpurvrepnurfi nepe.reHb BorlpocoB K 3arrery

1. OcnoeHrre rrorurrr,rx neftponHbrx cerefi. O6nacr]I rrprlMer'elaufl. rny6orcux

nefipoHnux cerefi
2. Oynrqnu aKTI4BarIkIu n uefipoHHbrx certx
3. Ouroerr o6yuennr nefipouHux cerefi. O6yraroqar, rpoBepoqHat pr

TecToBzuI B6roopKI4,4aHHbIX

4. Knaccraqecrufi [puMep MarulrHHoro o6yrenza nefipocerz, peuraroqefi

upo6nervry (prcKrroqarcqero vuru>> (XOR)na r3blKe nporpaMMvrpoBailLrfl. Python
5. Heftponnble cerl{ B 3aAarlax rnaccn$nKallull
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, 6. Hefipounhre ceru B 3aAaqax [porHo3rrpoBaHrrrr
7. Heftponnbre cerrr B 3a.qaq€tx pacno3HaBarrufr o6pason
8. Cuoco6rr BhrrIrIcJIeHut oruulor nefipoHnrrx cerefi upz o6yre:avrl r
9. Ocnoenrre oco6ensocrz pa6oru $pefirr,rnoprca Keras
10. flpurraep o6yvenua rn5r6orofi nefiponnofi cerra na Ha6ope AaHHbrx MNIST
1 1. OcnosHbre rr4neprapaMerprr nefiponnofi ceru
12. ITpo6teMa nepeo 6ytenua HefiponHo ir ceru
13. cnoco6rr coxpaueHr4rr o6yrennofi nefiponnofi cerla
I 4. P a6ora nefiponnrrx cerefi c zao6paxeHr{rrMrr
15. {oo6yqeHue paHee o6yreHnofi neftpounofi ceru
16. oco6eHHocrl4 peKyppeHTHbIX nefiponnrrx cerefi B 3aAaqax pacrro3HaBaH41_

TEKCTA

17. CneprorlHhle nefiponnrre cerr4: ocHoBHbre oco6ennocrrz u o6nacrz
npr'rMeHeHr4.fi

1 8. KnaccH$mcaqna uso6paxce wia npunoMorrlr4 cndpro.u+ur Hefipon6x cerefi
19. o6HapyxeHze u JloKiuru3a\us. o6rerros na uso6paxeHrrrx r1pu rroMorrlrd

nefiponnrrx cerefi
2 0 . c errr,r e HT ar\Lrt n s o6p axe nufi npu rro Morqv H efi p o nnrrx c erefi
21. Pacno3HaBaHLIe o6temoe na zso6pax<eHrrrx npu rroMouga HefipoHHbx csrefi
22. lemeparrrBHo-cocr.q3areJlbHhre ceru: ocHoBHbre oco6enHocrr4 u o6tacru

IIprrMeHeHH,I

23. feneparrr4lueo6paxewrttnpunoMorrpr reHeparrrBHo-cocrs3areJrbrrBx cerefi
24. Aer oNrarutlecKoe peAaKTLIpoBaHr.re 14 yrr]ryrueHr4 e Kaqecrna zso6paxenuft

[p]r noMorrul reHeparprBHo-cocrr3areJrbnhD( cerefi
25. PeqpperrrHble ueftpornrre cerur: ocHoBHbre oco6ennocrz u o6uacrz

IIp14MeHeHLIt

26. llporno3npoBaHule BpeMeHHhrx p.f,AoB rrpr4 rroMorrlta peKyppeHrHhrx
nefiponHrrx cerefi

27.lenepa\ua reKcra npu rloMorrlr4 peKyppeHTHbrx nefipoHnrrx cerefi
28. AnrorcoArrpoBlrltlKlr: ocHoBHbre oco6eHnocrvrr4o6nacrra [purMeHeHLr-n
29 - 3aaa'ru aHura3a AaHHBIX, peuaeMbre qpu [oMorqu aBToKoALrpoBrrIr4KoB
30. AnropnrMBr rpaA'eHrHoro cnycKa (SGD, Adam, RMSprop)
31. PerynrpoBKa cKopocrlr o6yrenur nefiponnrrx cerefi
32.AyrueHTarIVs AaHHhrx Ans. yJryrqrrreHr,rJr o6o6utarorqefi cnoco6nocrra

nefiponHrrx cerefi
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TTP O T OKO JI C OIJIAC OBA H.UTfl, YTIE EH OI4 TIP OIPAMMbI YO

HassaHI,Ie
y're6nofi
ALICIII4IJIIIHbI,
c r<otopoft
rpe6yetca
COTJIACOBAHIIE

HaseaHze
xa$e4pu

flpe4noxenur
o6 rzsrdeHeHrulx B co,qepx(aHplll

yre6uofi nporpaMMbl

)rtlpex.{eHH-fl Bblcrlero
o6pasonan vA to y.re6nofi

,u[cq[rrJr]rHe

PerueHue, npuHrlToe

rcaQe4pofi,
paspa6oraerrrefi
yre6uyro rporpaMMy
(c yrasanneM Aarbl I,I

HoMeDa noororola)
V.re6Hat
Ar,rcqI/IIInlIHa He

rpe6yet
COruIACOBAHI,I'I

3ane4yroqnfi ratfe ofi rounuorepHbrx rexHoJroruit u cucrevr

AOKTOp rreAarornqecKl,Ix HayK,

KaHAVAaT SzsHro-rr,rareMarl{qecKl4x HayK,

npoQeccop

18.11 .2025
(aara)

B.B.Kagaqdnor
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