degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPXKJAEHO
3amecTuTeNb AUPEKTOPA

10.0. Co00i1b

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

Mo TUCHHUIIJIMHE: I'my6okoe oOydeHue B HayKax O JaHHBIX
10 HANPABJICHHUIO: [IpukmnagHas MateMaTuka 1 HHGOpMaTHKa
NpopuJIb NOArOTOBKHU: Hayku o naHHbIX

LEHTP JONOJHUTEIBHOTO, JOMOIHUTEILHOTO IPO(eCcCHOHATBHOTO U
onyaitH-o0pazoBanus "Ilyck"
LEHTP JAOTOIHUTEIBHOTO, TOTIOIHUTEIBHOTO TPOPECCHOHAIBHOTO U
oHnait-oopazosanus "Ilyck"

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 2 (BECCHHHI) - DK3aMEH

AynHUTOpHBIX 4acoB: 28 BCETo, B TOM YHCIIE:
JIEKIIMHU: 2 4ac.
ceMuHapsl: 26 gac.
nabopatopusle 3ansaTus: 0 gac.

CamocrostenbHas padora: 167 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 225, Bcero 3ad. e1.: 5

[Iporpammy coctaBui: K.A. Jlanun, cTapuuit METOAUCT

[Tporpamma oOCy>X/IeHa Ha 3aCEJaHUU LIEHTPA JOTOJIHUTEIHHOTO, TOTIOTHUTEILHOTO MTPOPECCUOHATBHOTO H
oHnaitH-oopazoBanus "I[lyck" 01.03.2025



AHHOTANMA

Ha nucrunimHe CTyIeHT HaydMTCs pelarh NPHUKIaJHbIC 3a1a4 IpU IMOMOIIM ITyOOKHX HEHpPOHHBIX CeTei.
JucuuruiiHa IMpeacTaBisieT coO0Oi BBEACHHE B KOHIETILMIO TTyOOKOW HEWPOHHOW CeTH, HalpaBiIeH Ha
U3yYEHHUE apXUTEKTyp HelpoceTel U METOOUK UX IPUMEHEHMs Ul Pa3jIM4HbIX 3a7ad C MOCJe10BaTelbHbIM
BBOZIOM / BbIBOOM. OpHEHTHpOBaHa Ha (POPMUPOBAHME CUCTEMHBIX 3HAHUM W KOMIETCHUUH, HEOOXOAUMBIX
U1 TPO(eCCHOHANBHON JIEeATEIBHOCTH M TPOBEACHHS HAayYHO-HCCIEIOBATEIbCKOW pabOThl IS PEeIICHHS
MPUKIJIAAHBIX 3a7ad.

1. leau u 3apauun

eap AUCUMNIMHBI

° c(hOopMHUpOBATh y CTYICHTOB HAaBBIKM PEILICHUS MPHUKIAAHBIX 33434 MPH HOMOILIM DIIyOOKHX
HEUPOHHBIX CETEM.

3agaun AUCOMIIHHBI
® J3yYUTh MOJEJb UCKYCCTBEHHOIO HEMPOHA U UCKYCCTBEHHOM HEMPOHHOM CETH;
® 3YyYUTh AlITOPUTMBI OOYUEHUSI HEHPOHHBIX CETeH;
® U3YYHTh MOIYJSIPHBIC B HACTOSIIEE BPEMsI apXUTEKTYphl INTyOOKHX HEHPOHHBIX CETEeH;

® U3Y4YHUTh CHOCOOBI MPUMEHEHUS ITyOOKMX HEHPOHHBIX CEeTeH AJ 3a7a4 KOMIIBIOTEPHOTO 3pEHHS U
aHaJIM3a TEKCTOB;

® 3yYUTh NPOTrPaMMHBIE CUCTEMBI 00yUeHHUs IITyOOKHUX HEHPOHHBIX CETEH.
2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO HA (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH

VYK-1.1 Ananuzupyet npoOieMHYI0 CUTYalHIO KaK CUCTEMY,
BBISIBJISAS €€ COCTAaBJIAIOLIME U CBSI3U MEKIY HUMU

VYK-1.2  OcymecTBisieT TMOWCK BapHaHTOB  pEIICHUS
MOCTAaBJICHHOH  NpOOJIEMHONW  CUTyallud Ha  OCHOBE

YK-1 CnocoGeH oCymecTBIsTh KpUTHUECKUN
JOCTYITHBIX HCTOYHUKOB HH(OPMALHH

aHaJM3 MPOOIEMHBIX CUTYyalluii Ha OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh
CTpaTeruro AeUCTBUI

YK-1.3 Pa3pabarsiBaeT CTpaTeruo JOCTHKEHUS
[IOCTABJICHHON IeIM Kak I10CJIEA0BaTeIbHOCTh I11aroB,
NpEeNBUIA PE3YIbTaT KakIOr0 W3 HUX W OLIEHHWBAs HX
BIMSIHUE  Ha  BHEIIHEE  OKPYKEHHE  IUIAHUPYEMOMU
JEATENBHOCTH W Ha B3aMMOOTHOLIEHHWS YYaCTHUKOB 3TOH
JeSITeIbHOCTU

OIIK-3.1 Ymeer aHanu3upoBaTh 3a/1a4dy, INIAHUPOBAThH MyTH
peleHus, mpeiarath 1 KOMOMHHPOBAThH CIIOCOOBI pENICHUS

OIIK-3.2 Bnazmeer wuccieqoBaTeILCKUMA METOAAMH U

OIIK-3 CniocobeH pa3pabaTbiBaTh crocoOeH HCIONb30BaTh WX IPH PEIICHUH HOBBIX 33734,
MaTeMaTHYEeCKHE MOJIEIH 1 IPOBOAUTH UX NpUMEHsAs 3HAaHMA U3 pa3IM4yHbIX oOjacTeil  Hayku
aHaJIu3 IpY PELICHUH 33134 B 00JIaCTH (TeXHUKH)

PO eCCHOHANIBHOMN AESTETbHOCTH OIIK-3.4 CnocobeH  caMOCTOATENBHO  IMPUOOpPETATh,

pa3BuBaTb U TNPUMECHATb MATCMATHYCCKHUC 3HAHUA UIA
peuicHrd HECCTAHAAPTHBIX 3a71a4, B TOM YHUCJIC B HOBOH HIIN
HE3HAKOMOM Cpeac u B MEKJUCHUITJIMHAPHOM KOHTCKCTEC

OIIK-4.1 Ymeer MIPUMEHSTh
MH(POPMAIIMOHHO-KOMMYHHUKAIIHOHHBIE ~ TEXHOJIOTHH IS
MOWCKa W aHanmu3a NpoQeCCHOHANBHON WH(pOpPMAIINH,
BBIJICJICHUS B  HEH  DIABHOTO, CTPYKTYpUPOBAHUS,
oopMIICHHS M TIPEICTABICHUS B BHUJAE AHAINTHYECKHX
0030pOB ¢ 000CHOBaHHBIMH BBIBOJITAMH ¥ PEKOMEHIAIIHSIMHU

OIIK-4 Criocoben kKoOMOMHUPOBATh U
aJlaNnTHPOBATH CYIIECTBYIOIINE
MH()OPMaHOHHO-KOMMYHHKAITUOHHBIE

TEXHOJIOIMU JI PECIICHUA 3a/1a4 B obmactu

o OIIK-4.2 Ymeer MIPUMEHSTh 3HAHHE
npo¢ecCHOHANBHON eI TeNbHOCTH

WH(POPMALMOHHO-KOMMYHHUKAIMOHHBIX ~ TEXHOJIOTUH  JUIS
peleHns MOCTaBICHHON 3a1auk, ()OPMYITHPOBAHUS BHIBOIOB
U OLICHKU MOIYYEHHBIX PE3yJIbTaToOB




3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! N0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI

3HATb.

YMETb:

- TpoUexypbl KPUTHYECKOTO aHaIM3a, METOANKU aHaIM3a Pe3ylbTaToB MCCIEIOBaHUSA M pa3paboTKu
CTpaTeruil MpOBEACHUS UCCIEI0BAHNN, OpraHU3ally Ipoliecca MPUHATHUS PELICHUS;

- COBpPEMEHHbIE KOMMYHUKATHBHbIE TEXHOJIOTMHU HAa TOCYJapCTBEHHOM U HHOCTPAHHOM $I3bIKaX;

- COBpEMEHHOE MpOrpaMMHOE U  ammapaTHoe oOecrneueHne HH()OPMAlMOHHBIX U
aBTOMATU3UPOBAHHBIX CHCTEM;

- TPUHLMIIBL, METOABI U CPEACTBA aHAIN3a U CTPYKTYPHUPOBAaHUS NPOoQeccCHOHaTbHON HHPOPMALINY;

- METOIBl M CpeAcTBa pa3pabOTKHU MPOrpaMMHOTO OOECHEeYeHHs, METObl YIPABIECHHUS MPOCKTaMHU
pa3paboTKu  HPOrpaMMHOrO  OOECHEeYeHHs, CIOCOOBl  OpPraHM3alud  MPOEKTHBIX  JaHHBIX,
HOPMAaTHBHO-TEXHUYECKHUE JOKYMEHTHI (CTaHAAPThl M PEIIAMEHTHI) MO pa3paboTke MPOrpaMMHBIX
CPEICTB U MPOEKTOB;

- COBpPEMEHHbIE HH(POPMAIMOHHO-KOMMYHHUKAIIHOHHbIE ¥ WHTEJUICKTyaJbHbIE TEXHOJIOTHH,
WHCTPYMEHTAJIbHBIE CPE/bl, IPOrPAMMHO-TEXHUUECKHE IIaT(OPMBI AJISl pELICHUs PO EeCCHOHANBHBIX
3ajad.

- TPUHUMATh KOHKPETHBIE PEIIeHMs AJIS MOBBILEHHUA Y(P()EKTUBHOCTH HpOoLEAyp aHaIU3a IpodieMm,
MPUHATHUS PELICHUH U pa3padOTKU CTpaTertii;

- TPUMEHSATH HAa MPAKTHKE KOMMYHHUKAaTHBHBIC TEXHOJIOTUHU, METOJbI M CLIOCOOBI 1€II0BOTO OOIIEHMS;

- paspalarbiBaTh OpPOTpaMMHOE M anmaparHoe obOecreueHue HH(POPMAIMOHHBIX H
aBTOMAaTU3UPOBAHHBIX CHCTEM ISl pelIeHNs TPO(heCCHOHAIBHBIX 3a/1a4;

- aHAJIM3HMPOBaTh NMPOQECCHOHANBbHYI0 MH(OPMALHIO, BBIACIATh B HEH IVIaBHOE, CTPYKTYPHPOBATh,
0(hOpMIIATH U MIPEJCTABIAThH B BUE aHAJTUTUYECKUX 0030POB;

- BBIOMpATh CpeAcCTBa pa3padOTKH, OLIEHUBATH CIIOKHOCTHh IPOEKTOB, IUIAHUPOBATH PECYPCHI,
KOHTPOJIMPOBATh CPOKU BBIIIOJIHEHUS U OLIEHUBATh Kau€CTBO [IOJYyYEHHOI'O Pe3yJIbTara;

- 000CHOBBIBaTh BBIOOP COBPEMEHHBIX MH(POPMAMOHHO-KOMMYHUKAITUOHHBIX U UHTEJUICKTYaJIbHBIX
TEXHOJIOTUH,  pa3pabaTbiBaTh  OpPUIMHAJbHBIE  [POTPaMMHBIE  CpPEeACTBA U  PEIICHUS
npodecCHOHAIBHBIX 3ajad.

BJIAJIETh:

- METOJIaMM YCTAHOBJICHHUS NMPUYMHHO-CIEJCTBEHHBIX CBS3€d M omnperereHuss Haunbosee 3HAaYMMBbIX
CpeAM HMX; METOAWKAMHU MOCTAHOBKU LIEIHM M OIpPEIeNIeHUs] COCOO0B €€ JOCTHUKEHHUS; METOAMKAMU
pa3paboTKu cTpaTeruil IelCcTBHIA IPY POOIEMHBIX CHTYaIUsX;

- HaBbIKAMH MEXJIMYHOCTHOTO JIEJIOBOro OOIICHHS HA TOCYJApCTBEHHOM M MHOCTPAHHOM SI3BIKAX, C
IPUMEHEHHEM NPO(HeCCHOHATIBHBIX SI3BIKOBBIX (JOPM U CPEIICTB;

- MeToIaMH MOACPHHU3ALHMH MPOrPaMMHOIO W amllapaTHOro obecredyeHus] MHPOPMALUOHHBIX M
aBTOMAaTU3UPOBAHHBIX CHCTEM ISl peIlIeHNs TPO(eCCHOHATIBHBIX 3a/1a4;

- HaBBIKAMU TIOATOTOBKM HAay4YHBIX JOKJIAJ0B, MyOIMKAMH W aHaJIUTUYECKUX O030pOB C
000CHOBaHHBIMHU BBIBOJIAMHU M PEKOMEHJALIUSAMH;

- MerogamMH pPa3paboTKM TEXHUYECKOTO 3aJaHusi, COCTaBJICHMs IUIAHOB, paclpelneseHus 3anad,
TECTUPOBAHMS U OLIEHKU KayecTBa IPOrPaMMHBIX CPECTB;

- MeToAaMH pa3paboOTKH OPUTHHAJBHBIX IMPOTPAMMHBIX CPEACTB, B TOM YHCIE C HCIOJIb30BAHUEM
COBPEMEHHBIX HMH(OPMAIIMOHHO-KOMMYHUKAIMOHHBIX W HMHTEIUIEKTYQJIbHBIX ~TEXHOJIOTHH, IS
peleHus npodeccuoHambHBIX 3a1ad.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs

pabora

1 BBenenne B HEHPOHHBIE CETH 2 4 33

2 OpeitMBOpKH 7151 ITyOOKOro 00ydeHus 5 34




3 CeprouHble HEHPOHHBIE CETH 7 33
4 3azaua ONTUMM3ALUU 5 33
5 Finetuning & Transfer Learning 5 34
Wroro yacos 2 26 167
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemecrtp: 2 (Becennuit)

1. BBenenue B HEHPOHHBIE CETH

Kak crpouts HeliponHbie cetn. Kakue THITBI HEHPOHHBIX ceTel ObiBatoT. [1e ceroqHs MpuMeHSFOTCS
HEHPOHHBIE CETH.

2. ®peitMBOPKH 7151 TITyOOKOTo 00y4eHUs

Pabora ¢ dpeiimBopkom ytst HetipoceTent Tensorflow. Peanmzarus weiipocereit Ha Python.
3. CBepTouyHbBIC HEHPOHHBIE CETU

[lonsTre cBepTOUHOM CETH, CBEPTKU. APXUTEKTYpa CBEPTOYHON CETH.

4. 3agaya onTUMU3ANUN

Beenenne. @ynkuun axtuBauuu. WMHunmanuzanus BecoB. Bmmsanue learning rate m macimraba
MPHU3HAKOB Ha cXOMUMOCTh. Batch-Hopmanuzanus. Dropout-perynspuzanus. [IpousBognas QyHKIHH.
Croxactuueckuid rpagueHTHbli cnyck (SGD). Adam — Adaptive Moment Estimation. Marpuunsie
OIepaIHH.

5. Finetuning & Transfer Learning

Beenenne. Kak nomyunts Takue kaptuHkd. [lepeHoc oOydenwus. Fine-tuning. ABTOKOAMPOBIIUKH.
Un-pooling. [Tounck noxoxux nzodpaxenuil. beictpeiii KNN. [IpocTpancTBo mpeacrapieHuit

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOAMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

3aHsTHS IIPOXOAAT C UCITIOJIBb30BAHUEM JUCTAHIITMOHHBIX 06pa30BaTeHBHBIX TEXHOJIOTHA.

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa

1. I'my6okoe obyuenue / 5. 'yndennoy, . benmxuo, A. Kypsmis . — Mocksa, JIMK Ilpecc, 2018.—

URL: https://e.lanbook.com/book/107901 (mara obpamienus: 29.01.2021). - [Tonusrii Texet (Pesxum
noctyna : u3 cetd MOTU / YnaneHHbIid 10CTYy)

2. Heiiponnsie cetn [Tekcr] : momasii kype / C. Xaiikus ; tiep. ¢ annt. H. H. Kyccyns, A. 1O.
[Henecrosa ; mox pen. H. H. Kyccynb .— 2-e u3z., ucnp. — M. : Bunbsamc, 2006 .— 1103 c.




Jlureparypa u3 cpeacTB kadeapsr:

1. Bapckuii A.b. Jlornueckue HelipoHHBIE ceTH : yueOHoe nocodue / bapckuii A.b.. — Mocksa :
Uurepuer-Yausepcuter Mapopmannonnsix Texnonoruit (MHTYUT), Aii [Tu Ap Menua, 2020. —
491 c. — ISBN 978-5-4497-0661-4.

2. Ilerposuues, E. 1. BBenenne B MCKyCCTBEHHbBIC HEHPOHHBIE CETH : y4eO0. MOCOOHE MO JTUCII.
"Heiiporexunonoruu B ynpasieaun" / E. U. IlerpoBuues ; MITY, Kad. aBroMaTu3npoBaHHBIX CHCTEM
ympasnenus . — M. : U3n-Bo MITY, 2008 . — 85 c. : m. +

JomnonHutensHas auTeparypa
1. Heiiponnsie cet: ocHoBbI Teopuu [Tekcr], [monorpadus]/A. U. lanymkun, -M., ['opsiaas
mHus-Tenekom, 2010
2. Texnonorndeckasi cuHTYIsipHOCTH [ Tekct]/M. Illanaxan, -M. , U3a. rpymma "Touka", 2017

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://web.stanford.edu/class/cs224n/
2. https://pytorch.org/

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

CryneHTy U1 3aHATHH TOTPEeOyIOTCS:

1. Google Drive s qoctyna k MarepuaiaMm Kypca
2. Zoom

3. HoyTtOyk s yqacTusi B MHTEPAaKTHBHBIX 3aHATHIX

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0CBOCHMIO JTHUCHUIIJINHBI (MO)_Iy.Tlﬂ)

CTyzeHTy peKOMeH/yeTcss BHUMATEeNIbHO CIyIIaTh JISKTOPa, CICIUTh 32 TE€M, YTO HAIMUCAHO Ha JJOCKE
WIN TPEICTABICHO Ha Claiijiax IPe3CHTAllMd, aHAJIM3MPOBATh MONydaeMyr MM HH(popMmanuioo. B
clly4ae, eCIi MaTepHal JICKIUH HEIOHATEH, CIEQyeT 3aJaTh BOIPOC B OTBEACHHOE Ui BOIPOCOB
BpeMsi. CTyieHTy TakKe peKOMEHAYETCsl KOHCIIEKTHPOBATh MaTepHall JEKIIMU B TETPAJIHU, YTO YIyqlIaeT
3aIllOMUHaHHE.

[lpy BBIOJHEHWH TPAKTUYECKUX pabOT CTYAGHTY pPEKOMEHIYeTCs BHUMATEIbHO AaHaIM3MPOBATh
NOCTABJICHHYIO 3a/1a4y, YAesisi 0COOCHHOE BHUMAaHHE KPUTEPHUSIM OLICHKH TOYHOCTH PEILCHUS 3a/1a4H.
Oco0OeHHOEe BHUMAHUE CIIEAYET YIENSATh METONOIOTHICCKUM aclIeKTaM PeIIeHHs 3a/1ad.

[lpn BeneHWM CaMOCTOSTEIBHOW pPAa0OTHI CTYICHTY PEKOMEHIYEeTCS BHHMATEIBHO MOAXOOUTH K
M3YYCHHMIO HAy4YHBIX CTareld, oOpamiarh BHHUMAaHWE Ha 3HAYUMOCTH IIOJYYEHHOTO pe3yibrara, Ha
TpeOoBaHMA K 00yJaroIeil BHIOOPKE, Ha CKOPOCTh pabOTHI MPEIaraeMbpIX alrOPUTMOB, Ha PE3YJIBTaThl
UX CPaBHEHMs C CYIIECTBYIOIIMMHU. B ciydae, ecnu u3ydaeMblii MaTepuas IMOHSATEH HE 10 KOHIA,
peKoMeH TyeTcsl 0OpalieHue K JONOIHUTEIBHOM JIUTeparype.

CTyIeHTY peKOMEHyeTCsl BHUMATEIIFHO aHAJTM3UPOBATh BOIPOCHI B DK3aMEHAIIMOHHOM Omiiere. OTBeT
Ha DK3aMEHAIIMOHHBIA OWIIET JOJKEH ObITh MOJAPOOHBIM M YETKHM, BCE peleBaHTHbIE (HOPMYITBI
JOJDKHBI OBITh MIPUBEICHBI M MOSICHEHBI. [Ipu 0TBETE Ha BONPOC CTYIEHT JOJDKEH MPOSBUTH HE CTOJb
YMEHHE 3aIIOMHHUTh MaTepuall, CKOJIb IyOOKoe ero MoHuMaHue. PekomentyeTcs n3derarb npuBeaeHHs
B OTBETE MaTepHaja, He OTHOCSIIEroCs K OHJIeTy.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxiagnas MmareMaruka U HHQOpMaTrKa
Nnpo¢uJIb NOATOTOBKH: Hayku o ganHbIX

HEHTP JONOJHUTEIBHOTO, TOMOIHUTEIHLHOTO PO(eCcCHOHATBEHOTO U
oHnaitH-oopazosanus "Ilyck"

LEHTP AOMOJHUTEIBHOTO, JOMOIHUTEILHOTO NPO(eCcCHOHATBHOTO U
onyait-o0pazoBanus "Ilyck"

Kypc: 1

KBaJIH(QUKALHUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: K.A. JlanuH, cTapmmii METOAUCT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBisier MOHCK BapUaHTOB PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PaspabarsiBaeT CTpaTeruio JIOCTH)KEHUSA
MOCTAaBJICHHOM 1€ Kak IOCJICAOBATEeIbHOCTh IIaroB,
HOpeABUIS PE3yabTaT KaKAOTO0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPYXEHHE  IUIAHUPYEMOM
JEATEIIFHOCTH W Ha B3aUMOOTHOIICHHS] YYaCTHHUKOB 3TOMN
JesITeIbHOCTH

OIIK-3 CriocobeH pa3pabaTbiBaTh
MaTeMaTHYEeCKHE MOJICIH ¥ TPOBOAUTH UX
aHAJIN3 MIPH PEILICHUH 33/1a4 B 00J1aCTH
npodecCHOHAIBHON IS TeTbHOCTH

OIIK-3.1 Ymeer aHanu3upoBaTh 3a/1ady, JIaHUPOBATh MyTH
peleHus, mpegiararb 1 KOMOMHHPOBATH CIIOCOOBI PELICHHUS

OIIK-3.2 Bnazmeer wuccieqoBarebCKUMU METOAAMH U
CHocoOeH HCIONIb30BaTh WX IPH PEIICHUM HOBBIX 337134,
MpUMEHSST 3HaHWS W3 PA3IMYHBIX OO0JacTedl  HayKd
(TeXHHUKN)

OIIK-3.4 CmocobeH  caMOCTOATENBHO  MPHOOpETATH,
pa3BHBaTh W TPUMEHATh MaTEMAaTHYECKUE 3HAHHS JUIS
pelIeHHs HeCTaHAapTHBIX 3371a4, B TOM YKCJIe B HOBOM WJIU
HE3HAKOMOM CpeJie ¥ B MEKINUCIMIUIMHAPHOM KOHTEKCTE

OIIK-4 CriocobeH KOMOMHUPOBATh U
alanTUPOBATh CYIIECTBYIOIINE
MH()OPMaOHHO-KOMMYHHKAI[HOHHBIE
TEXHOJIOTUH ISl PEIICHHs 3a1a4 B 001aCTH
npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-4.1 Y™meer HIPUMEHSATh
MH(POPMAIMOHHO-KOMMYHHUKAIIHOHHbIE ~ TEXHOJIOTHH UL
MOWCKa W aHaimm3a npodeccHoHaIFHOH HH(pOpMAaIHy,
BBIJCNCHUS B  HEH  IIABHOTO, CTPYKTYpUPOBAHUS,
oopMIICHHST W TIPEICTABICHUS B BHUJIE AHAIUTHYSCKHX
0030poB ¢ 000CHOBaHHBIMU BBIBOJIAMH U PEKOMEHIAIIUSAMHU

OIIK-4.2 YMmeer HIPUMEHSTh 3HaHUE
MH(POPMAIIMOHHO-KOMMYHHUKAIIHOHHBIX ~ TEXHOJIOTHUH  JUIS
pelLeHus MOCTaBICHHON 3a1a4u, (OPMYJINPOBAHUSI BEIBOJOB
U OLIEHKU IOJIyYE€HHBIX PE3YJIbTaTOB

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIUA

B pesynbrare nzyuenus aucuuiuinHbl «Imybokoe oOydeHune B HayKax O JaHHBIX» 00yYaroNIHiCs TOIKEeH:

3HATb:

- TpoUexypbl KPUTHYECKOTO aHaIM3a, METOANKU aHaINM3a Pe3ylIbTaToB MCCIEIOBaHUS M pa3paboTKu
cTpareruii MpoBeIeHUs NCCIICAOBAHNIN, OpPraHU3aINH MTPOIecca IPUHATHUS PEIICHNUS;
- COBpPEMEHHBbIC KOMMYHHUKATUBHbIE TEXHOJIOTUH Ha FOCYJapCTBEHHOM U HHOCTPAHHOM SI3BIKaX;

- COBPEMEHHOE  IMPOrPaMMHOE

ABTOMATU3UPOBAHHBIX CUCTEM;

n arrapaTHoe obOecreueHue I/IH(l)OpMaLII/IOHHLIX n

- TPUHLMIIBL, METOABI U CPEACTBA aHAIN3a U CTPYKTYPHUPOBaHUS NPOoQecCHOHaTbHON HHPOPMAaLIUY;

- MeTOIBl M CpeAcTBa pa3paboTKH MPOrpaMMHOTO O0ECHEeYeHHs, METObl YIPABIECHHUS MPOECKTaMHU
pa3paboTKu  HPOrpaMMHOrO  OOECHEeYeHHs, CIOCOObl  OpPraHM3alud  NPOEKTHBIX  JaHHBIX,
HOPMAaTHBHO-TEXHUYECKHUE JOKYMEHTHI (CTaHAAPThl M PEIIAMEHTHI) MO pa3paboTKe MPOrpaMMHBIX

CpCACTB U IIPOCKTOB;

- COBPEMCHHBIC I/IH(bOpMaI_II/IOHHO-KOMMYHI/IKaI_II/IOHHBIe U  HHTCIUICKTYAJIbHBIC TCEXHOJIOT'HU,
HUHCTPYMCHTAJIBHBIC CPEABL, IPOIrPAMMHO-TCXHUYCCKHUC HJIaT(i)OpMBI AJId pCUHICHUA HpO(I)eCCI/IOHaHBHBIX

3ajad.
yMeThb:




- TPUHUMATh KOHKPETHBIE PEIICHHs AJIS NMOBBILEHHUS Y(P(YEKTUBHOCTH HpOoLEAyp aHAIHU3a IpodieMm,
MPUHATHUS PELICHUH U pa3padOTKU CTpaTertii;
- TPUMEHSATH HAa MPAKTHKE KOMMYHHUKAaTHBHBIC TEXHOJIOTUHU, METOJbI M CLIOCOOBI 1€II0BOTO OOIIEHMS;
- paspabarbiBaTh OpPOTpaMMHOE M amnmaparHoe oOecreueHue HH(POPMAIMOHHBIX H
aBTOMAaTU3UPOBAHHBIX CHCTEM ISl peIIeHNs TPO(eCCHOHATIBHBIX 3a/1ay;
- aHAJIM3HMPOBaTh NMPOECCHOHANBbHYI0 MH(OPMALHIO, BBIACIATh B HEH IVIaBHOE, CTPYKTYPHPOBATh,
0(hOpMIIATH U NMIPEJCTABIAThH B BUJEC aHAJTTUTUYECKUX 0030POB;
- BBIOMpATh CpeAcTBa pa3padOTKH, OLEHUBATH CIIOKHOCTH IPOEKTOB, IUIAHHUPOBATH PECYPCHI,
KOHTPOJIMPOBATh CPOKU BBIIIOJIHEHUS U OLIEHUBATh KaueCTBO [IOJYyYEHHOI'O Pe3yJIbTara;
- 000CHOBBIBaTh BBIOOP COBPEMEHHBIX MH(POPMAMOHHO-KOMMYHUKAITUOHHBIX U MHTEJUICKTYaJIbHBIX
TEXHOJIOTUH,  pa3pabaTbiBaTh  OpPUIMHAJbHBIE  [POTPaMMHBIE  CpPEeACTBA U  PEIICHUS
npo¢ecCHOHAIBHBIX 3a7ad.

BJIaJeTh:
- METOJIaMM YCTAHOBJICHHUS NMPUYMHHO-CIEJCTBEHHBIX CBS3ed M omnpezeseHus Haunbosee 3HAaYMMbIX
CpeAM HMX; METOAWKAaMHU MOCTAHOBKU LIEJHM M OIpPEIeNIeHUs] COCOO0B €€ JOCTHKEHHUS; METOAMKAMU
pa3paboTKu cTpaTeruil IeHCTBHIA IPpY POOIEMHBIX CHTYaIUsX;
- HaBbIKAMH MEXIMYHOCTHOTO JIEJIOBOro OOIICHHS HA TOCYJApCTBEHHOM M MHOCTPAHHOM SI3BIKAX, C
MPUMEHEHHEM NPO(HeCCHOHATIBHBIX SI3BIKOBBIX (JOPM U CPEIICTB;
- MeToIaMH MOACPHHU3ALHMH MPOrPaMMHOIO W amllapaTHOro obecredyeHus] MHPOPMALUOHHBIX M
aBTOMAaTU3UPOBAHHBIX CHCTEM ISl peIIeHNs TPO(heCCHOHATIBHBIX 3a/1a4;
- HaBBIKAMU TIOATOTOBKM HAy4YHBIX JOKJIAJ0B, MyOIMKAMH W aHaJIUTUYECKUX O030pOB C
000CHOBaHHBIMHU BBIBOJIAMHU M PEKOMEHJALIUSAMH;
- MerogamMH pPa3paboTKM TEXHUYECKOTO 3a/JaHusi, COCTaBJICHHs IUIAHOB, paclpelneseHus 3anad,
TECTUPOBAHMS U OLIEHKU KayecTBa [IPOIPaMMHBIX CPECTB;
- MeToAaMH pa3paboOTKH OPUTHMHAJBHBIX HNPOTPAMMHBIX CPEACTB, B TOM YHCIE C HCIOJIb30BAHUEM
COBPEMEHHBIX HMH(OPMAIIMOHHO-KOMMYHUKALIMOHHBIX W  HMHTEIUIEKTYQJIbHBIX ~TEXHOJIOTHH, IS
peieHus npodeccuoHambHBIX 3a1au.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

Beenenue B rmybokoe o0yuenue. B yem nmpenmyiecrsa?
Brenenue B mrybokoe oOydenue. [loueMy 3T0 cTano BO3MOXHBIM?
ApxurtekTypa HelipoHHOH ceTH. HelipoH.

Bxonp! HelipoHa

AxTHUBaIys HeMpoHa

Oynkrus aktuBanun: Rectified Linear Unit

Beca HeiiponHOI ceTn

AN i

MHoOrocnoiHeIi nepcenTpoH

9. OOy4eHne HEMPOHHOMN CETH

10. Lenesas hyHKums 1)1 3a0a4u perpeccun

11. lenenas dhyHKIUS s 3871291 KIIACCUPUKAITAN

12. ®ynknms Softmax

13. CroxacTU4ecKuil rpaJieHTHBIN CITyCK

14. Beibop koiuyecTBa JIEMEHTOB O0y4Jaroleil BEIOOPKH Uil OLIEHKH BEKTOpa rpaaueHTa (minibatch
size)

15. Maunmanu3anys BeCOB HEMPOHHON CETH

16. Anroputm 00paTHOTO PacIPOCTPaHEHHUS

17. BluncieHue 4acTHBIX IPOU3BOIHBIX ISl TOJIHOCBSI3HBIX CIIOEB.

18. CBepTOoUHbBIE HEUPOHHBIE CETH.

19. Ilonatue cBepTKH.

20. ApxuTeKkTypa CBEpTOUHOI HEUPOHHOMN CETH

21. Receptive Field

22. BpluncneHne YacTHBIX IPOU3BOIHBIX 1ENIEBON (PyHKIINU B CBEPTOUHBIX HEMPOHHBIX CETSX.



4. [lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. KonTposnbHas pabora

[Iporpammuas peanu3anusi MHOTOCJIOMHOTO NEPCENTPOHA I 3aJa4K KJIACCH(PHUKAINN N300paKeHUH]:
[Hoarorosuts BeIOOpKY n300paxkennit MNIST.

PeanuzoBaTh cunThiBaHNE H300paXKECHUH.

Peanu3zoBaTh MHOTOCIOMHBIN MEPCENTPOH.

PeanuzoBarh BbIUMCIIEHNE LETIEBON (PYHKIUH.

PeanuzoBats mpouenypy o0y4ueHus HEHPOHHOI ceTH.

OO0yuuTh HEHPOHHYIO ceTh Ha BbIOOpKe MNIST.

OueHnuTh TOYHOCTH Ha 00yYarouIel, BAIMAALMOHHON U TECTOBOW BHIOOpPKaX.

AN i

UccnenoBarb BiIMsIHUE apXUTEKTYPbl HEHPOHHOM CETH Ha TOYHOCTD KlacCH(PHUKaLMK.

9. Peanu3oBars cOXpaHEHHUE MapaMETPOB HEHPOHHO ceTH B (aii.

10. Peanu3zoBath cuuthiBaHue U3 ¢aiia mapaMmeTpoB HEHPOHHOH CETH.

2. KonTtponbHas pabora

[Iporpammuas peanuzanusi CBEpTOUHOW HEHPOHHOM CETH LIS 3a]1a4i KiIacCU(PUKAIIMNA N300pasKeHHIA:
1. IloarotoBuTh BEIOOPKY M300pakernii MNIST.

2. PeanmnzoBarh CUUTHIBAHHE N300PasKCHHH.

3. Peanun3oBarh CBEPTOUHYIO HEMPOHHYIO CETh.

4. Peanu3oBarh mpornenypy OOydeHHsS CBEPTOYHON HEHPOHHOW CETH C IOMOINBI) TPAIUCHTHOTO
CITyCKa.

. OOy4nTh CBEpPTOUYHYIO HEMPOHHYIO ceTh Ha BEIOOpke MNIST.
. O1leHnTh TOYHOCTH Ha 00yUarolieH, BaTMIAIMOHHOW U TECTOBOH BBIOOPKAX.

5
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7. WccnenoBaTh BIUSHUE KOJINYECTBA CBEPTOUHBIX CJIOEB HA TOYHOCTh KIIACCH(DUKAIIH.
8. Peanm3oBaTh coxpaHeHHUE MMapaMeTPOB CBEPTOYHON HEHPOHHOU ceTH B (aii.
9. Peanu3zoBarh cunThIBaHKUE U3 (aiilla mapaMeTpoB CBEPTOYHON HEUPOHHOU CETH.
3. KonTponbsHas pabora
Heo0xonnMo peannzoBarh pa3iuvHbIC METOBI PETYIISPU3allii HEHPOHHBIX CETEH:
1. PeanuzoBarsk Meton perynsipuzanun Weight Decay.

. PeanmuzoBars Meton perynsipuzanuu Label Smoothing.

. PeanmmsoBars meToz perynspuzanuu Dropout.

. PeanmuzoBars Meton perynsipuzanun Batch Normalization.

2
3
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5. PeanmuzoBarsk metoj perynsipusannu Weight Normalization.
6. PeanmuzoBars Mmeton Data Augmentation.

7. CpaBHUTH BIHMSHUE PEATM30BAaHHBIX METOIOB HA TOYHOCTD KJIACCH(PUKAIIH.
8

UccnenoBarh BIHMsSHUE MapamMeTpOB PEaM30BAHHBIX METOJOB Ha TOYHOCTH KIIACCH(HKAIINH.
UccnenoBare 3h(PexT OT OMHOBPEMEHHOTO MPHMEHEHHS PEaTN30BAHHBIX METOIOB PETYISPU3AIIHH.
UccnenoBarh 3pdekT OT Kaxa0ro peaan3oBaHHOTO METOa B 3aBHCHMOCTH OT pa3Mmepa oOyuarorien
BBIOOPKU.

HpI/IMep OK3aMCHAIIMOHHBIX OUJICTOB:

buier Nel:
1. BBenenue B my6okoe oOyyenne. Uto Takoe rmybokoe oOydeHne
2. llennoe npasuiio nuddepeHIupoBaHus

Buier No2:
1.Metox Batch Normalization
2. Heiiponnsie cetu Residual Networks

Buiter Ne3:
1. PexyppenTasie Heliponnbie cetn Gated Recurrent Unit.
2. Ceeprounas HeriponHas cets VGG.



Kpurepun onennBanus

- oumeHka «ommyHOo  (10)»  BbICTaBAseTCS  CTYAEHTY, IIOKa3aBIIEeMy  BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX pELICHUI

- oueHka «ommmuHO  (9)»  BBICTAaBNSETCS  CTYACHTY,  IIOKa3aBIIEMy  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yuyeOHOMN MporpaMMbl AUCIUITIIMHBL U YMEHUE IPUMEHATh UX
Ha MpaKTHKE MPH PELICHUH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE 0OOCHOBAaHUE NMPHHATHIX
peleHnn

- oueHka  «omm4HO  (8)»  BBICTaBUsieTCS ~ CTYACGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOM NMporpaMMbl AUCIUIIIMHEL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPHU PEIICHUH KOHKPETHBIX 3ajia4, U IPaBUIbHOE 0O0CHOBAaHUE MPUHSTHIX PELICHUN

- OLIEHKa «XOopoIo (7)» BBICTaBISAETCS CTYJACHTY, €CIM OH TBEPJO 3HAET Marepuall, FpaMOTHO H, IO
CYILIECTBY, M3JIaraeT ero, yMeeT MPUMEHATh NOIyUYeHHbIC 3HaHHS Ha PAKTHKE, HO JOITyCKAaeT B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH;

- OLCHKA «XOpOoIIOo (6)» BBICTABJIACTCA CTYACHTY, CCJIM OH 3HACT MaTcpuall, rpaMOTHO U, 110 CYILICCTBY,
n3jaracTt €ro, yMeCT NpPHUMCHATH IMOJYUYCHHBIC 3HAHUA Ha IMPAKTUKE, HO JOMYCKACT B OTBECTC HJIKN B
peIICHNHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OLIEHKa «X0powIo (5)» BBICTABIISAETCS CTYIEHTY, €CIIM OH 3HAaeT Marepual, U, 0 CyLECTBY, U3JIaraeTt
€ro, yMEeT NMPUMEHATh NOIYYEHHBIC 3HAHUS Ha MNPAKTHKE, HO JOMYCKAaeT B OTBETE WM B PEIICHUU
3a]1a4 HEKOTOpbIE HETOUHOCTH;

- OLEHKAa «YIOBJICTBOPUTEIBHO (4)» BBICTABISACTCS CTYNEHTY, IOKa3aBlIeMy (parMeHTapHBbIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHHUsl JOrMYECKON M0CIEeJ0BaTeIbHOCTU B U3JI0KEHUN [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJQJICET OCHOBHBIMU pa3lelaMd Yy4eOHOHM NporpamMMbl, HEOOXOOMMBIMH JJsl AalbHEHIIETo
00yueHHs 1 MOXET NPUMEHSThH NOJIy4eHHbIE 3HaHUS 110 00pas3ily B CTAaHJAPTHON CUTYaIUH;

- OILIEHKAa «YyIOBJIETBOPUTENIHbHO (3)» BBICTABIAETCS CTYACHTY, IOKa3aBIIeMy (parmMeHTapHbIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO MpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHHH ITPOrPaMMHOIO MaTepHaia, HO MPU 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3[elaMHd Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH IS
nanpHeimero o0y4eHHs M MOXET IPUMEHSTh MOJy4YeHHbIE 3HaHUS MO o0pas3ly B CTaHAApPTHOU
CUTYyalluy;

- OLIEHKAa «HEYJIOBJIETBOPHUTENILHO (2)» BBICTABISETCSA CTYIEHTY, KOTOPBI HE 3HAeT OouibIIed 4acTh
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AUCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYEHHBIC 3HAHUS IIPU
PEIIEHUH TUTIOBBIX MPAaKTUYECKHUX 3a1a4

- OLICHKA «HEYHIOBJIETBOPUTENHHO (1)» BBICTAaBISETCS CTYACHTY, KOTOPBIM HE 3HAeT (OPMYIUPOBOK
OCHOBHBIX NOHATHI AUCLUIUINHBL.

5. MeTonuyeckne MaTepuaJbl, onpeaesioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

HpOMC)KYTO‘lHaH arTeCTanud IpoxoauT B (bopMe JK3aMeHa Ha lms.
BperI, OTBCACHHOC Ha 3K3aMCH, COCTABJIACT 2 aKaICMHMYCCKHUX Jaca.



