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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
PAaANOTEeXHUKHN U KOMIIBIOTEPHBIX
TEeXHOJIOrui

E.A. beasinko

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: HCﬁpOHHBIe CCTH B 3ala4ax paJruOJIOKallun
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: PaZ[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa paaronokamnuy, yrpasieHus 1 HHOOPMATUKH

Kypc: 4

KBaJIupuKAIMSL: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 0 yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.

Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy cocrasuin: H.E. I'aliy4eHKO, aCCUCTEHT

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpsl paauosiokauy, yrnpasienus u napopmaruxu 30.04.2021



AHHOTANMA
[Iporpamma Kypca BKkIodaeT oOyueHHE 3HAHUSM M HaBbIKaM B 0ONacTSIX PaguOIOKALUHM, MAIIMHHOTO
o0yueHHs, ITyOOKOro oOy4yeHHs, CO3JaHHE HEHpOCETEBBIX MOJENeH Ui pelleHHs 3aJad paclo3HaBaHMUA,
KJIacCU(PMKALUK U COMPOBOXKACHUS OAITMCTUYECKUX M MAHEBPUPYIOIIMX LEJIeH, SKCHEPTHBIX CHUCTEM Ha
OCHOBE HEHPOHHBIX CETel, HEHPOHHBIX ceTell B KauecTBE BCIIOMOTraTelbHBIX MOIYJeH B O10Kax oO0paboTKH
paanonoxkauronHoit nudopmanuu (PJIN).
B pesynbsrare ocBOEHUS OUCHMIUIMHBI OOydaromuiics y3Haer o0 stamax oOpadotku PJIM m mpumenenun
HEHPOHHBIX CeTel Ha KaKIOM 3Talle, TO3HAKOMUTCS C apXUTEKTYypaMHu HeHPOHHBIX cerell anst padotsl ¢ PJIN,
Y3HAaeT O MPOTPaMMHBIX pPEIICHUSX Ui NPOEKTHUPOBAHUS MOAENEeH IIIyOOKOro oOydeHHus, METOABl H
IporpaMmbl Ul cOopa U aHaIM3a HayYHOH JIUTEePaTyphl O HEHPOHHBIM CETSM.
OOyuaronuiicss Hay4dyuTCsl HMCIIONB30BAaTh HEWpOCeTeBbie METOABI B 3amadax obpaborku PJIM, paborars B
KOMaH/ie, MPOEKTUPOBaTh U MPOTPaMMHPOBATh COOCTBEHHBIE MOJEIM TIIyOOKOro oOyueHHs Juisi 0O0paboTKu
PJIN, mnomyuut Oa30Bble HAaBBIKM BEJCHHS HAYYHOTO IIOMCKA JIUTEPAaTypbl B CHELUAIN3UPOBAHHBIX
mporpammax, e€ aHaau3a 1 UCIOJIb30BAHMUS AJISl POCKTUPOBAHUS HEHPOHHBIX CETEH.
OO6yuatommiicss OyzmeT BianeTh TEPMUHAMH W METOAAMHM, HCIIOIb3yeMBIMH Ha IiepecedeHuu obnacreit
r1y0OKOro 00y4eHHsI ¥ paJnoIOKaluy, CIIOCOOEH CaMOCTOSTEIbHO UCKAaTh M aHAIN3UPOBATh HAyYHbIE CTAaTbU
M0 HEHPOHHBIM CETSM, MPOEKTUPOBATH U MPOTPAMMHUPOBATh COOCTBEHHBIE HEMPOHHBIE CETH sl 00pabOTKU
PJIN.

1. lean u 3apa4un

eap AUCUUNIIMHBI
Hensio ocBoenuss aucuuiuimHbl «HeilpoHHble ceTu B 3agadax  pPaguOSIOKAI[UN»  SIBISIOTCS
npuoOpereHne OOydJaromUMUCS 3HAHUKW O TMPUMEHEHUM HEWPOHHBIX CETed W JIPYTUX METOIIOB
MammHHOTO O0Oy4eHHss B 00paboTKe paauoNOKAllMOHHOW HH(QOpMAIMH, HABBIKOB IO Pa3paboTKe
cOOCTBEHHBIX HEHPOCETEBBIX Moenel ais oopadoTku PJIN.

3agaun AUCUUTLUITHHBI
»  ®opmupoBanre 0a30BBIX 3HAHWH O BOBMOXKHOCTSIX MPUMEHEHHSI HEHPOHHBIX CETeH Ha Pa3InYHbIX
sTanax oOpaborku pamuonokannonHod uHpopmanmu (PJIM), cymecTByrommx Ha JaHHBIA MOMEHT
apXUTEKTypax HEHPOHHBIX ceTel aist 00padoTku PIIN.
*  OOydeHue CTyICHTOB HCIOJIB30BAHUIO HEHPOCETEBBIX METOAOB B 3amadax obOpaborku PJIU,
MPOEKTUPOBAHHIO M TIPOTPAMMHPOBAHUIO COOCTBEHHBIX MOjIeNiel TIyOoKoro oOy4eHus Juisi 00padoTKU
PJIN.
. [TomyueHue cCTyaeHTaMH HABBIKOB BEICHUS HAy4HOTO IIOMCKA JIMTEpPAaTyphl IO MAIIWHHOMY
00y4YeHHIO B CIICIHAIM3UPOBAHHBIX MPOrpaMMax, e€ aHainM3a M UCIIOIb30BaHHS ISl IPOSKTHPOBAHHUS
HEUPOHHBIX CETEM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

VYK-1.1 AnanusupyeT 3aaady, BBIAEISSA 3TaIlbl €€ PelIeHus,
JeMCTBUS 10 PELICHUIO 3a1a91

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIIHI0, HEOOXOMUMYIO ISl PEIIeHUs TTOCTaBICHHON

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, saaan

KPUTUYECKUAN aHAIN3 U CHHTE3 HH(POPMAITIH,
MIPUMEHSITh CUCTEMHBIN MOAXO ISl peLIeHUs
IOCTaBJIICHHBIX 3a7a4

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl pPEUICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser ¥  OLEHHWBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1.1 CrocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)

ALATANTDATITIT TV TTAXIT, TT TIATIATIT DADATT TIV D

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHl M OLICHKH




VUILVULVIDUVIINDIA na_y DNy ¥1 YIV1IIWVJIDOUDALD YIA D

npodecCuoHaTbHON e TEHHOCTH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CriocobeH ucnonb30BaTh COBPEMEHHbBIE
MH()OPMAIMOHHBIE TEXHOJIOTUHU U
NPOrpaMMHBIEC CPEACTBA MPU PEIICHUHN 33149
poheCCUOHATBHOM JIeITENILHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.1 Criocoben MIPUMEHSATh COBPEMEHHEBIE
BBIYMCIIMTEIBHYIO TEXHUKY M CEpBUCHI ceTH VHTepHeT B
obmactu (cdepe) mpodeccrnoHaTHHON AeATSIIEHOCTH

OIIK-4 CriocobeH ocymiecTBiIsITh COOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTHYECKOH MH(OPMAIIUK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPUKIIAJHBIX 3329

OIIK-4.1 Bnameer MerogaMM HAay4yHOTO TIOMCKA H
MHTEJUICKTYaJbHOTO aHalu3a MH(GOPMAIMM IIPU PELICHUH
3a1a4 npodeccuoOHaNbHON AEATEIbHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pPabOTHl C KOMIIBIOTEPOM H
KOMITBIOTEPHBIMU CETAMU C LIEIBIO MOMyYEHUsI, XpaHEHUS U

00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHYECKOH)
uHpopManun

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh o N
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

MPUMCHUMOCTD HUCIIOJIB3YEMbIX MECTOJUK U
MCTOOOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOIesIei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOIYJII0)
B pesynbrare ocBoOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
* ortamnsl 00padorku PJIM n BapuaHThl NPUMEHEHUSI HEUPOHHBIX CETEH Ha KaXIIOM dTarle;
* apXHUTEKTYphl HEUPOHHBIX ceTel st padboTsl ¢ PJIU;
* TPOrpaMMHBIE PELICHHS Ui NPOSKTUPOBAHUS MOAETIEH IITyOOKOro 00y4eHus;
* METOJIBI ¥ IPOTPaMMBI A7l cOOpa M aHAJIN3a HAy4YHOU JINTEPATypPbl 110 HEHPOHHBIM CETSIM.
YMETb:
* 3(]QdexTrBHO UCTIONIB30BATH HA IPAKTUKE 3aKOHBI, TIOHATHSI, CYXKICHUS, YMO3aKIIOUCHUS;
* HCIIOJIL30BaTh HeMpoceTeBble METOABI B 3a1auax 00paborku PJIU;
*  NIPOEKTHPOBATH U MPOTrPaMMHUPOBATh COOCTBEHHBIE MOAEIH TIyOOKoro oOydeHus aisi oOpaboTKu
PJIY;
*  BECTH HAay4HBId NOWCK JUTEPAaTyphl B CIECUUAIM3UPOBAHHBIX NPOrpaMMax, aHAIU3HPOBATh M
HCIIONb30BaTh €€ sl IPOEKTUPOBAaHNsI HEMPOHHBIX CETEM.
BJIaJIETh:
* METOJaMH, UCTIOJNb3YEMBIMH B IIEPECEUCHUN 00JIACTeH IITyOOKOro 00yueHHs U PaIuoIOKaIUH;
. HaBbIKAMU CaMOCTOATEJIBHOTO IIOMCKAa M aHalli3a HayyHBbIX CTaTeil 10 HEMPOHHBIM CETSM,
MPOEKTUPOBAHUS U IPOTPAMMHUPOBaHMsI COOCTBEHHBIX HEMPOHHBIX ceTelt st 00padoTku PIIN.

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

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
[TpuHLMTIBL HCIIOIb30BAHUS
1 HEHPOCETEBBIX TEXHOJIOT U npu 4 1
obpabotke PJIN
Mertonpl BeneHUs HAy4dHOIO IIOUCKAa H
2 aHanM3a JIATEpaTypbl 1O HEHPOHHBIM 4 3
CeTsIM
3 ApXUTEKTYpBI Helpoceren JU1st 4 2
obpabotku PJIN




[Iporpammubie cpencTsa JUISL
4 HIPOEKTUPOBAHUS u o0y4eHus 4 4
HEUPOHHBIX CETEU

HeiipoceteBbie MeToabl hopMUpoBaHus U

> CONPOBOXACHUS TPACKTOPU LieJIeH 4 !

6 HeﬁpvoceTeBLIe METO/BI KIIACCHU(UKAIINN 4 |
nenen

7 HeiipoceteBsle  Metompl  00palboTKu ) 1
SAR-u300paxeHnit

] HeiipoceteBpie 3KCIEPTHBIE CUCTEMBI B ) |

3aladyax paanoIoOKauun

ArnmnapaTHble aKceneparopbl BBIYUCICHUN
9 JUTSL TIONEP’KKH HEHPOCETEBBIX METONIOB 2 1
npu pewennu 3agad oopadorku PJIN.

Uroro wacos 30 15
[TonroToBka K 3K3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. [IprHIMIIBI KCTIONB30BAHUS HEHPOCETEBBIX TEXHOJIOTHIA IIpu 00padoTke PJIN

Heo0xomumocTh monmHoM aBroMaTu3anuu o0padorku nHpopmanuu B PJIC. Anamus

OCHOBHBIX 3TanoB o0pabotku PJIM B paanonokaropax. AHalu3 HEIOCTATKOB CIOXHBIIEHCS
METO/0JIOTH cuHTe3a MeTooB 00padotku PJIN. [Ipumenenus 3apyOeskHOTO OIbITa AJIst

obpabotku PJIN.
2. MeTto/ipl BeIeH!sT HAyYHOTO MOMCKA U aHAJTN3a JINTEPATYPhI 0 HEHPOHHBIM CETIM

O0630p caiiToB s moucka auteparypsl. O030p reference-menemxkepoB (mporpamm). OOyueHue
pabote B Zotero. 3nakomctBo ¢ Zettelkasten. 3nakomcTBo ¢ Obsidian.

3. Apxurtektypsl HelipoceTeii anst 00padoTku PJIN

Ucropuss pa3BuTHsi HEHPOHHBIX ceTeil. MHOTOCIOWHBIN MepHenTpoH. AccoluaTHBHAS CETh
Xongunga. Camoopranusyronipecss Kaptel nHpu3HakoB Koxonena. InmyOokue HEWpOHHBIE CETH.
CBéprouHble HEHPOHHBIE CETH. PeKyppeHTHbIE HEHpOHHBIE ceTH. ApXuUTeKTypbl Transformer wu
BapHAI[MOHHBIE ABTOKOAUPOBIIMKHY.

4. HpOFpaMMHBIe CpeaACTBa AJId MMPOCKTUPOBAHUSA U 06yquH${ HeﬁpOHHBIX ceTen

O030p momynsIpHBIX OMONMMOTEK ITyOOKOro OOydeHHWsi. MHCTpyMEHTHI Uil KOHTPOJSI OOydYeHHsI
HEHpOHHBIX ceTell M yuéra 3KcrepuMeHTOB. JlaHHble JUIsi 0OydeHus HelpoHHBIX cereil. [Ipumep
MPOEKTUPOBAHMS U OOYUEHUS] HEUPOHHOU CETH.

5. HeiipocereBble MeTOABI (JOPMUPOBAHUS M COTIPOBOXKICHUS TPACKTOPHIA LIenen

AHanu3 TpagULMOHHBIX METOJOB CONPOBOXIEHMUs Lenedl. OCHOBBI INpencKa3aHus TPaeKTOpui
IBrkeHMs nened. IlocraHoBKa 3aaun CONMPOBOXACHMS LEead. MHOTOCIONHBIM MEpHEenTpoH It
NpEeACKa3aHusl TPAaeKTOpUM. PeKyppeHTHbIE HEWpPOHHBIE CETH I MPEACKA3aHUS TPACKTOPUM.
Transformer-HeipoceTn I NpelcKa3aHUsl TpaeKTOpuil. BapuannoHHbIE aBTOKOIWPOBIIMKH IS
npenckasanus Tpaekropuid. CBEPTOUHBIE HEHPOCETH A PEACKa3aHUs TPACKTOPHUH.



6. HeiipoceteBble METOBI KJTACCUDUKAIIMH TeJIeH

[locranoBka 3amaum kinaccuukanuu nesned. MHOTOCIONHBIN NepuenTpoH A Kiaccu(ukauuu
neneid. CBEPTOUHBIC HEMPOHHBIE CETH IS KilaccupUKanmu 1eineil. PexyppeHTHble HeHpOHHbBIE CeTH
IUIs KJaccu()UKauM LeIeH.

7. HeiipocereBble MeToabl 00paboTku SAR-n300paxkenuit

N300pakeHusi ¢ MOIBMXKHBIX PajiapoB C CHHTE3MPOBAHHOW anepTypod. TpaguiMOHHBIE METOJbI
o0pabotku SAR-uzobOpaxkenmii. HeiipocereBbie Metoabl 00paboTku SAR-mzo6paxenuit. O0630p
HEHPOCETEBBIX YAYUIICHUH TPAIUIIHOHHBIX METO0B 00paboTkn SAR-1300paeHU.

8. HeiipocereBble SKCIIEpTHBIE CUCTEMBI B 33/1a4aX PagHOIOKAIH

O030p METOZOB OIICHKM CHUTYaI[MOHHON 00CTaHOBKH. HeWpoHHBIE CeTH B Ka4eCTBE IKCIIEPTHBIX
cucTeM. AHAIN3 3aj]a4 KOMIUIEKCUPOBAHUS HH(POPMAIMK OT HECKOJIbKUX UCTOUYHUKOB. HelipoHHbIe
CETH B 3a7a4ax aHaJIM3a U OLIEHKH 00CTaHOBKH.

9. AnmaparHble aKceJaepaTopbl BEIYUCICHUHN IS MOAJIEPKKH HEUPOCETEBBIX METOIOB TP PEIICHUH
3aja4 o0padoTku PJIN.

Peanuszauusa HelpocereBbIX MNapaJurM Ha TPaAMLMOHHBIX Ipoleccopax. Bwluucienus Ha
rpa¢guueckux componeccopax, CUDA. Crnenuann3npoBaHHbIE HEHPOIPOLECCOPHI H IIIATHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HE00XOMMO AJIsl OCYIIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

CrangapTHas ayIuTOpHS AJIs JIEKIUi, OCHAIIeHHAs! KOMIIBIOTEPOM U MYJIbTHMETUHHBIM
o0opynoBanneM (TIPOEKTOp, 3ByKoBas cuctema). Jloctyn k aTepHETY.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1.

Hetiponnsie cetn B 3a1auax panuonokaruu [ Texct]/A. JI. Tary3os, -M., Pagnorexuuka, 2009

2. Brownlee J. Deep Learning for Time Series Forecasting. 574 c.

JomnonHutenbsHas auTeparypa

1.

Richards Mark A. Principles of Modern Radar: Basic Principles. 2010, 962 ¢

7. llepedyeHs pecypcoB HH()OPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

9

e AN O M

http://lib.mipt.ru/ — anekrponHas 6ubnuorexa dusrexa

http://www.edu.ru — penepanbHbiil mopran «Poccuiickoe o0pazoBaHHe.
http://benran.ru —6ubnroTeka Mo €CTECTBEHHBIM HaykaM Poccuiickoil akajemMun HayK.
https://obsidian.md

https://forum.obsidian.md

https://zotero.org

https://machinelearningmastery.com/

https://ieeexplore.ieee.org/Xplore/home.jsp

https://www.researchgate.net

10. https://pytorch.org
11. https://pytorch-lightning.readthedocs.io/en/stable/



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Mynsrumenuiinsie TexHoioruu, Python, Jupyter, Zotero, Obsidian, Microsoft Powerpoint.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

VYenemHoe ocBoeHue Kypca «HelpoHHBIE ceTn B paJHoIOKaIlim» TPEOyeT CaMOCTOSTEIbHOU PadoThI
CTyZAEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

* YTEHHUE U KOHCIEKTHPOBaHNWE PEKOMEHIOBAHHOMN JINTEPATYPBI,

* TpopaboTKy yueOHOTo Marepuana (1o KOHCIIEKTaM JIEKIIUH, yaeOHO! B HAaydIHOU JIUTeparype);

* pa0oTa HajJ MPOEKTHBIM 3a/laHUEM I10 NPEJIOKEHHBIM TEMaM;

* TIOATOTOBKY K TU((dEPEeHIIUPOBAHHOMY 3a4eTy.

PyKkoBOJICTBO M KOHTPOJIb 32 CaMOCTOSITENILHOW pabOTOM CTylIEHTa OCYIIECTBISIETCS B PE3ybTare
WHIUBUIYaJ bHBIX KOHCYIIBTALUH.

ITokazareneM BiajieHUs MaTepUagoM CIy)KUT yMEHHE CTaBUTh U pemars 3aga4uu. /i ¢popmupoBaHus
YMEHHS TPUMCEHATH TEOPETHYECKUE 3HAHUS Ha NPAKTUKE CTYACHTY HEOOXOIUMO TMpPEICTaBUTh
[IPE3EHTALIMIO 10 BBIIIOJIHEHHOMY CaMOCTOSATEIBHO IIPOEKTY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: PaanorexHuka 1 KOMIIBIOTEPHBIC TEXHOIOTUU
Oustex-mkona Paguorexuuku nu Komnerorepubix TexHonoruii
kadempa paauonokanuy, yrpasieHus 1 HHOOPMATUKH

Kypc: 4

KBaJupuKaAnus: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: H.E. T'aiiny4yeHko, acCHCTEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
HNPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

VYK-1.1 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

VYK-1.3 PaccmarpuBaeT pa3nuyHbBIE BapUaHTHl PELICHUS
3a[a4M, OLICHUBACT WX MPEUMYILECTBA U HEAOCTATKH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

VYK-1.5 Ormpenenser W  OLEHHBAaeT  MPAKTHUYECKUE
MOCJIEICTBUSI BO3MOXKHBIX BAPHAHTOB PEIICHUS 33/1a491

OIIK-1 CniocobeH npuMeHSITh
(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
podeCcCHOHAILHOMN I TeIBbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLeHUs

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

OIIK-2 CnocobeH ucronb30BaTh COBPEMEHHbBIE
MH(OPMAIIMOHHBIE TEXHOJIOTUU H
MPOrpaMMHbIE CPEACTBA IIPU PEIICHUHN 3a/1a4
npodecCHOHAIBHON IeSTeIBHOCTH, COOTIoas
TpeboBaHus WHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHaNbHON AEITETBHOCTH

OIIK-4 CriocoOeH ocymIecTBIATE cOOp U
00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON MH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX U MPUKIIAJHBIX 33129

OIIK-4.1 Brmageer weTromaMu Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WHGOpMalH{ MpH PEIICHUN
3a7a4 npodeccHoHAIBHOM IesITeNbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETAMU C LIEJbIO MOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOUW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpopMaIun

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00acTu

[IK-4.3 Cnocobern 000CHOBaTh NPUYHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

2. Iloka3aTe/in OLIEHUBAHUA KOMITETEHIU

B pesynbrare n3ydeHust AUCIUIUIMHBL « HelpoHHBIE ceTH B 3a7ja4ax paJHoIOKAIuIy 00yUYarONIMNACs JOJIKCH:

3HATb:

* oramnbl 00padorku PJIV n BapuaHThl MPUMEHEHUST HEHPOHHBIX CETEH Ha KaXJIOM dTarle;

* apXHUTEKTYpbl HEMPOHHBIX ceTel A paboTsl ¢ PJIU;

* TPOTrpaMMHBIC PEIICHHUS U IPOSKTUPOBAHUS MOJeNeH TTyOoKoro o0y4yeHus;

* METOIBI U MPOrPaMMBI JJisi cOOpa U aHajM3a HAYYHOH JTUTepaTyphl 10 HEHPOHHBIM CETSIM.

yMeTh:

* 3(]dexTrBHO UCTIOIH30BATH HA IPAKTUKE 3aKOHBI, TIOHSATHSI, CYXKJICHUS, YMO3aKIIOUCHUS;
* UCIOJB30BaTh HEUPOCETEBBIC METOIBI B 3a/1auax o0padorku PJIN;
*  TIPOEKTHPOBATH U MPOTPAMMHUPOBATH COOCTBEHHBIC MOJETH TIIyOOKOro oOydeHHs st 0OpaboTKH

PJIN;

*  BECTM HayyHbI IIOUCK JMUTEparypbl B CIEUUAIN3UPOBAHHBIX IPOrpaMMax, aHaJIU3UPOBaTh U
HCITIOJIB30BaTh €€ JUIsl POEKTUPOBAHUS HEMPOHHBIX CETEM.

BJIaJd€Th:

* METOAaMH, HCIOJIb3YEeMBbIMH B IIEPECEUCHUH 00IacTell ITyOOKOro 00yUeHHUS U paIioIOKaIINY;
. HaBBIKAMH CaMOCTOSTEIBHOTO TIOMCKAa M aHaJlM3a HAy4HBIX CTaTedl 10 HEHPOHHBIM CETSM,
MPOEKTUPOBAHUS U TIPOTPAMMHUPOBaHsI COOCTBEHHBIX HEHPOHHBIX ceTel st 00padoTku PIIN.




3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJIIO

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Y4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoOC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMK WU B KOHIIE 3aHATHUSA IO IPOWIEHHON TeMe.

JJis IpOXOXKICHUS UTOTOBOM aTTeCTallMd MO KypCy CIIyIIaTelb JOJDKEH MPEACTaBUTH OTYET B BUJC
MPE3eHTAllMd O BBINIOJIHEHUU CKBO3HOTO TIpoekTa «HeiponHas cetb ans oOpabotku  PJIM».
BrinonHeHne cKBO3HOTO MPOEKTa MPEAToaraeT IPOSKTUPOBAHNE U PEaIN3aluIo B IPOrPAMMHOM KOZIE
Ha s3bike Python Monenn mammHHOTO OOYyYeHHs, OCyHIecTBIstonIei oOpadoTky u ananu3 PJIM B
paMKax IOCTaBJICHHON yueOHOH 3a1auu (TeMbl ipoekTa). [IpruMepsl TeM npoeKToB:

MLP nnist npeacka3anus TpaeKTOPHI OaJIITMCTUYECKOM Lienn

RNN nnst npenckazanus TpaeKTOpUil 0aUTMCTHYECKOM TIeTH

CNN a5 npenckazanusi TpAeKTOPHA OAJITMCTHUECKON LN
Transformer aJis npeacka3anus TPaeKTOPUH OAIITUCTUYECKOM LieH
CVAE s npeacka3anus TpaeKTOPUI OaIMCTUYECKON LeIH
CNN s knaccuurariy mesnei

CNN ans 06paboTtku SAR-n300paxkenuit

AN i

VYcoBepiieHcTBOBaHHbIN Helpo-punsTp Kanmana 11 conpoBokaeHus Lesn

JIist BBITIOJTHEHUS NTPOEKTa MPEoiaBarelb MPEeJOCTaBIsAeT CTyAeHTaM HaOOpbI JaHHBIX I 00y4YeHus
U TECTUPOBAHUA MOJENEN, METOINYECKHE MAaTEPHAIIBI 110 TPOrpaMMHpOBaHyio. Ha 3aHATHAX CTyIEHTHI
MOJTY4YaloT OT MpernojaBaTelsl PeKOMEHAALUH 10 BBIIOIHEHHIO paboThl, COBETHI. [Ipu BbIMOTHEHUU
MpOEKTa CTYAEHTaM HEOOXOAWMO HCIIONB30BaTh METONBI M apXUTEKTYPbl, PACCMOTPEHHBIE B XOIE
JIEKIIMOHHBIX 3aHATHH. Pesynbrarel paboThl HEOOXOAMMO IPEAOCTaBUTh B BHJIE IPE3EHTALUH 10
3a4€ta. [Ipy HEBBIOIIHEHNN CKBO3HOT'O IIPOEKTa UTOrOBas OIIEHKA 3 IPEAMET HE MPEBBIIIAET «XOP.7».

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA ITPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITepeueHb KOHTPOIBHBIX BOMPOCOB ISl cliauk AU dHepeHIMpOBaHHOTO 3a4eTa:

. Otarmbl 00paboTKH paJMOIOKAIIMOHHON HH(OPMAIIHH.

. TpamunmonHsie MeTo bl 00paboTku PJIM Ha kaxkaoM JTarne.

. MeTozpl Hay9HOT0 TIOMCKA U aHAJIU3a HAYYHOU JIUTeparypbl. IHCTpYMEHTHI JJIsi HAyYHOTO MOUCKA.
. Ipunnumne! Zettelkasten u cyTh cuctembl. UHCTpyMeHTHI U151 Benienus Zettelkasten.

1
2
3
4
5. Bupabl apXuTeKTyp HEMPOHHBIX CETEU, HCIOIb3YEMBIX B 3aJa4ax PaIHOIOKaLUK.
6. dOyHKIMM aKTUBALMM U UX Pa3Iuyusl.

7. AnTOpuUTM 0OpPATHOTO PACIIPOCTPAHEHUS ONIHOKH.

8. AnropuTMBI 00yUEHUS HEHPOHHBIX CETEH.

9

WNHCTpyMeHTBI Ui IPOEKTUPOBAaHUs, OOy4YeHHs] HEHpPOHHBIX ceTei. MHCTpyMeHTHI anst yuéra
9KCIIEPUMEHTOB.

10. YcTpoitcTBO MHOTOCIOWHOTO MEpUEeNTpOHa, MPUHLIUIBI U 0COOCHHOCTH padoThl. [lpumeneHue
MLP B Tpakre o6padoTku PJIN.

11. Bunst RNN, npuanumne: u ocobenHoctu padotsl. [Ipumenenne RNN B Tpakre o6padorku PJIN.

12. Tlpunummnel u ocobernocT padbotsl Transformer. [Ipumenenne Transformer B TpakTe 00pabOTKH
PJIN.

13. IIpunauunst u ocodenHoctu padotsl CVAE. Ilpumenenne CVAE B TpakTte 06padorku PJIN.

14. TpaguuroOHHBIE aJrOPUTMBI COPOBOXKIAeHH Lenu. [Ipunnun padote! punsrpa Kanmana.

15. HeitpoceTeBble METONBI COITPOBOXKICHUS LIEIIH.

16. TpaguuroHHBIC U HEHPOCETEBBIE METONBI KTaCCH(DHUKAITIY TIeTIEH.

17. TpaguuroHHBIE U HEHpoceTeBble METOABI 00paboTKu SAR-n300pakeHui.

18. TpaguuroHHbBIE U HEHPOCETEBbIE METOABI aHAIHM3a U KOHTPOJISI OOCTAHOBKH.

19. AnmapaTHble cpecTBa pealn3alui HEHPOHHBIX ceTell. AJIropuTMbI 00yUeHHs] HEHPOHHBIX CETEH.



Kpurepun onennBanus

Onenka otnuano (10) BeICTaBIsIeTCS CTY/ACHTY, IOKAa3aBIIEMy BCECTOPOHHUE, CUCTEMAaTU3HPOBaHHbIE,
IyOOKHe 3HaHUs Y4eOHOU MPOrpamMMbl AUCHUIUINHBL, TPOSBISIONIEMY HHTEPEC K JaHHOU MPEIMETHOM
obnacT, NPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKHM IMPUMEHATh UX Ha MPAKTHKE MPH
pEIlIEHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NPAaBUIBHOE 000CHOBAHNE IPUHSTHIX PEILICHHA.

Onenka ominyHO (9) BBICTaBISETCS CTYAEHTY, MOKa3aBIIeMy BCECTOPOHHHE, CUCTEeMAaTU3UPOBAHHBIE,
IyOOKHe 3HaHUS yueOHOM MporpaMMbl AUCHUIUIMHBI U YMEHHUE YBEPEHHO NMPUMEHATH WX Ha MPAKTHKE
IIPU peIICHUN KOHKPETHBIX 3a/1a4, CBOOOIHOE U ITPAaBMIILHOE 000CHOBAaHHE MPUHATHIX PELICHUI.
Onenka oTAMYHO (8) BBICTABIISIETCS CTYACHTY, [TOKa3aBIIEMy CHCTEMAaTU3UPOBaHHbIE, [TYOOKHE 3HAHUS
y4eOHOW MporpaMMbl AUCHMIUIMHBL U YMEHHE YBEPEHHO NPHMEHSATh MX Ha MPAKTHUKE IPH PELICHUH
KOHKPETHBIX 3324, IPaBHJIbHOE 000CHOBAHHUE MPUHATHIX PEIICHUH, C HEKOTOPBIMH HEIOYETaMH.
Ouenka xopomio (7) BBICTABIAETCS CTYACHTY, €CIM OH TBEpAO 3HAET Marepual, IPaMOTHO M IO
CYLIECTBY H3JIaraeT €ro, yMmMeeT NPUMEHSTh IOJyuYeHHbIE 3HAHHUS Ha MPAKTUKE, HO HEIOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIBTAThI.

Onenka xopomo (6) BBICTaBISETCS CTYACHTY, €CIM OH TBEPIO 3HAET Marepuaj, T'PaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT NPUMEHATh NOITyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIONyCKAaeT B OTBETE
WIH B PEUICHUH 3a7a4 HEKOTOPbIE HETOYHOCTH.

Ouenka xopomuio (5) BBICTAaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAaeT MarepHual, 'PaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT NPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 JOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

OneHka YIOBIETBOPUTEIbHO (4) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (QparMeHTapHBIMH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpPaBUJIbHBIE (DOPMYITMPOBKH Oa30BBIX MOHSITHMH,
HapyLIEHUs JOTMYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH MPOrPaMMHOTO MaTepuana, HO IpU 3TOM
OH OCBOMJI OCHOBHBIE pa3lieibl yueOHOH MporpamMmbl, HEOOXOAUMBIE IJIs JalibHeimero o0ydeHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

OneHka yIOBIETBOPUTETbHO (3) BBICTABISIETCS  CTYIEHTY, TIOKa3aBIIeMy (parMeHTapHBIMH,
Pa3po3HEHHBIH XapakTep 3HaHWMW, JOMycKaloulemMy omHOKu B (GopMyaupoBKax 0a30BbIX MOHATHH,
HapyLIEHUs] JIOTHYECKOM IOCIEe0BAaTEIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJIe€T OCHOBHBIMH pa3ielaMi y4eOHOH MporpaMMbl, HEOOXOJUMBIMH AJIsl JalibHEHIIero o0y4eHus u
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYalHH.

OueHka HEyJOBJIETBOPUTENIBLHO (2) BBICTABISETCS CTYIEHTY, KOTOpPBHIH HE 3HAaeT OoJblIeld 4YacTH
OCHOBHOTO COZEP)KaHUSl Y4eOHOH TporpaMMbl JUCHMIUIMHBI, JOMYCKaeT rpyOble OMMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYSHHBIE 3HAHUS NPH PEIICHUN
TUTIOBBIX 3a]a4.

Onenka HeynoBiIeTBOPUTEIbHO (1) BBICTABIIETCS CTYHOCHTY, KOTOPBIH HE 3HAE€T OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKd B (GOPMYITUPOBKAX
0a30BbIX TOHSATHH AUCLUIUIMHBI W BOOOIIE HE MMEET HABBIKOB PEIICHUS THIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

HuddepeHnpoBaHHBIN 3a4€T MPOBOAUTCS B YCTHOH Qopme.

Jns yenemHo# cpaun quddepeHpoBaHHOTO 3a4éTa, CTyAEHTY TpeOyeTcsl MpaBHIbHO OTBETHTH HA
KOHTPOJIBHBIE BOINPOCHI M MPENCTABUTH OTYET B BHJIE IPE3CHTALMM O BBIIOJIHEHHOM CKBO3HOM
IIPOEKTE.

[Ipu mpoBepennu nuddepeHunanbHOro 3adera oOydaromemycsi npeapoctasisiercss 30-60 MuH Ha
HoAroToBKy. Pazpemaercs Mmonb30BaTbCs — 3alUMCAMM  JIGKUMKA, TEXHUYECKOHM  JIUTEPATypOU,
KOHCYJIBTAllUsIMU M BBIYMCIUTEIbHOW TEXHUKOM.



