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

YTBEPXKJAEHO
JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MammaHOE 06yquI/Ie. I[OHOJ'IHI/ITGJ'ILHBIC TJIaBbI
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
HpO(l)I(lJIb MnoATrOTOBKMU: CuctemHoe OporpaMMUpPOBAHUC U MPUKJIAAHAA MATCMATHUKaA

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBOH ryMaHUTAPUCTHKH

KYpC: 3
KBAJM(PUKAIMA: OaxanaBp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHHui) - JlnuddepeHunpoBaHHbIi 3a4eT

AynutopHbIX yacoB: 60 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: P.I'. Heiliues, crapmuii npenogaBareib

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpbl MAITMHHOTO 00yyeHus u nudposoi rymanutapuctuku 05.06.2023



AHHOTANMA

MeTo/ibI MAITMHHOTO O0YYeHUs HAILT MPUMEHEHHE BO MHOTHX OOJIACTAX W OKa3aJiH 3HAYUTEIHHOE BIIMSIHUC
Ha pa3UYHbIE MpeaMeTHble oOmactu. B maHHOM Kypce paccMaTpuBalOTCS OCHOBHEIE PE3yibTaThl,
JOCTUTHYTHIE B 00pabOTKe €CTeCTBEHHOTO SI3bIKa, OOYYCHUH C TIOAKPEIUICHUEM U KOMIIBIOTEPHOM 3peHun. B
XO/Ie aHaiau3a TOAXOJOB, IIO3BOJIMBIINX JIOOWTHCS 3HAYMMBIX YCIEXOB B PA3IUYHBIX OONACTSX,
00Hapy)KUBAETCS, YTO OHU CHIILHO B3aMMOCBSI3aHbI U, 00JIee TOTO, 3a4acTyI0 MOTYT JIOTIOJIHUTH JIPYT JIpyra. B
JAHHOM KYypC€ paccMaTpUBAalOTCAd KaK TEOPETUUYECKHE OCHOBBI CYIIECTBYIOLIUX IMOAXOJAOB K Pa3IUYHBIM
3a/1a4aM, Tak U UX TEXHUYECKas peaan3alus, U MepCrueKTUBbI [ NaJbHEHIIeTro pa3BUTHSI.

1. lean u 3apa4n
Heab nucUMMINHBI
- chopMHpOBaTh TEOPETUUECKUE U MPAKTHUSCKHUE 3HAHUS B 00JIACTH OOyYEHHUS MAIllH, COBPEMEHHBIX

METOJ0B BOCCTAHOBJICHUSI 3aBUCUMOCTEH I10 SMIIMPUYCCKUM JaHHBIM, BKJIHO4asd HHCKpHMHHaHTHLIﬁ,
KHaCTGpHBII\/’I n perCCCI/IOHHHﬁ aHaJIn3, 4aCTUYHOC O6yLICHI/IC.

33]13‘[1/[ JAUCHUIIINHBI

- MPaBHUIIBHO (I)OpMYJ'II/IPOBaTL 3a/ladyy B TCpMHHAX MAIIWHHOIO 06y‘{CHI/I$I, OBJIaZACTh HABBIKAMH
MPAKTUYCCKOro pCIICHU 3a1a4 MHTCIIJICKTYaJIbHOTO aHaJIn3a JaHHbIX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

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

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKICHHS U OLIEHKH

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

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

VK-1.2 HaxomuT, KpUTHYECKH aHAIU3UPYeT U BbIOMpaeT
nH(pOpMaIIHIO0, HEOOXOMUMYIO ISl PEICHHUs TTOCTaBICHHON
3a1auu

VYK-1.1 Ananusupyet 3aaady, BRI 3TaIlbl €€ PelIeHus,
NeMCTBUS 10 PELICHUIO 3a1a91

OIIK-1.3 CnocoOeH omnpenensiTs I'paHULbl MPUMEHUMOCTH

OIIK-1 CniocobeH npuMeHSITh IOy HEHHbIX PE3YJIBTATOR

(dyHIaMEHTATbHbBIC 3HAHUS, MIOJTyUCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (FITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN I TeIBHOCTH

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

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLECHUs

OIIK-2.3 3naer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-2 Cnocob6en ucnonb3oBarb coppemennble |OIIK-2.2  3Haer ©  yMmMeeT TNPUMEHSTH YHCICHHBIC
MH()OPMALMOHHBIE TEXHOJIOTUHU U MaTeMaTHYeCKHe METOAbl M NPHUKIAIHOE IPOrpaMMHOE
NpOrpaMMHEBIEC CPE/ICTBA NIPU PeIIeHHUH 33/1ad  |o0ecriedeHre Uil PElIeHWs  Hay4yHbIX  33aJa4 B
npoeCCUOHANBHOM JIeITeNILHOCTH, cOOMIonas  |npodeccuoHaIbHON obnacTu

TpeboBanms MH(MOPMALMOHHOM Ge3onacHoCTH  |OITK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYIO TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-3.3 Bnageer mMeTogamMu BU3yaJbHOTO U TpadudecKoro

IpeACTaBICHUS pe3yabTaToB Hay4YHOM

(Hay4HO-TEeXHUYECKOH, WHHOBALIMOHHON TEXHOJIOTHYECKOH)
OI1IK-3 Crioco0OeH coCTaBiIITh U O(l)OpMJ'IfITI: ACATCIIbHOCTH B BUJIC OTYECTOB, HAYYHBIX HY6HHK3HHﬁ
Hay4YHbIC U (MJTM) TEXHUYECKHE OIIK-3.2 Brnageet Ha MpakTHUKE METOAOIOTHEN COCTaBICHUS

(TeXHOHOFI/I‘IGCKI/Ie, I/IHHOBaLII/IOHHBIC) OTYCTHI HAYYHO-TCXHUYCCKUX OTYCTOB (HpOGKTOB)




(my6nuKanym, MPOeKTHI)

OIIK-3.1 3Haer ocHOBHBIC TpaBwiIa OGOPMIICHHS HAYYHBIX
MyOIMKAi U HAYYHO-TEXHUYECKON TOKYMEHTalWuu, B TOM
YHUCIE€ C MCHOJb30BAaHWEM MPUKIAJHOTO IPOrPAMMHOTO
o0ecrnieyeHHs

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaTH U 0000IIAThH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
EITEILHOCTH

[IK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KaueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mNpuUMEHATh TeopeTHYecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[1K-2 CnocobeH caMOCTOSTEIEHO HITH B
Ka4yecTBe uJieHa (PYKOBOIUTEIS) MAIOTO
KOJUUICKTHBA OPTaHW30BEIBATh U MTPOBOJIUTH
HAyYHbIC UCCIICIOBAHMS U MX arpoOaIiyio

[MK-2.3 CnocobeH mNpoBOIUTH ampoOanuioo pe3yabTaToB
Hay4YHO-HMCCIICI0BATEIBCKOM paboTsI MOCPEICTBOM
NyONMKaluK HAYYHBIX CTATeH U y4acTusi B KOH)EPEHIUSIX

[IK-2.2 Cnoco0eH maHupoBaTb M NPOBOAUTH Hay4yHBIE
UCCIICIOBAHMsI CaMOCTOATENIBHO MJIM B KauecTBE WIEHa
(pPyKOBOAMTEIIST) MAJIOTO HAYYHOTO KOJJICKTHBA

[MK-2.1 3HaeT NOPUHIMUIBI TOCTPOSHUS HAyYHOHW pPadOTHI,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaIH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUHUILTIHHE (MOXYJII0)
B pesynbrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- OCHOBHBIEC IPUHIMIIBI U TPOOIEMaTHKy TEOpUH OOyUYEHHsI MAIIMH, OCHOBHBIE COBPEMEHHBIC METO/IBI
00yu4eHMH TI0 MpeLeIeHTaM — KJIaCCU(PHUKALINH, KIaCTePU3aLuU U PErPECCU.

YMETb:

- (bOpMaJ'II/BOBaTL NOCTAaHOBKH MHNPUKIIAJHBIX 3a4da4 aHaJin3a HOAaHHBbIX, HCIIOJIb30BaTb COBPCMCHHBLIC
MCTOIbI 06y‘-IeHI/IH o mpeucacHTaM Iajid pCeHICHUA MPAKTUYCCKUX 3a/dad, OLCHHMBATL TOYHOCTb H

3¢ GEKTUBHOCTD MOIYYEHHBIX PEIICHUH.
BIIAJIETh:

- OCHOBHBIMHU NOHATUAMU TCOPHUU MAITNUHHOTO O6yLICHI/I$I.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpymoeMKOCTb IO BUJaM YUeOHBIX 3aHATHH, BKIIIOYAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Metoapl  00pabOTKM  €CTECTBEHHOTO
1 A P 10 10 25
SI3BIKA
2 Beenenune B o0y4eHne ¢ MOJKPETIICHHEM 10 10 25
[mybokoe oOydeHHE B KOMIBIOTEPHOM
3 Y 4 P 10 10 25
3peHUH
Uroro yacos 30 30 75
[MoaroroBka k sK3aMeHy 0 gac.




OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 6 (Becennuit)

1. Metojpl 00pabOTKH €CTECTBEHHOTO SI3bIKa

[IpencraBneHne TEKCTOB B BEKTOPHOH (hopme. Kiaccnueckne moaxomsl M MOAXOIbI, OCHOBAaHHBIC HA
miyookom  oOyyenmn.  Word2vec,  GloVe.  JlarentHoe  (CKpbITO€)  Tpe/CTaBICHUE
MOCJIEIOBATEIBHOCTEH € TIOMOILBIO PEKYPPEHTHBIX HEHPOHHBIX CETEH.

[Ipobnema 3aryxatomero u rpanuenra (Vanishing gradient). IlpoOiema Bcruiecka amILTUTYIbI
rpaauenta (Exploding gradient). CBepTO4HBIE CETH B aHAIHM3€E TEKCTOB.

MamumHebli niepeBo. Wctopuueckuil 3kckype. CTacTHCTHUECKH MalIMHHBIA mepeBon. OLeHka
KadecTBa mepeBoja. HellpoHHble ceTH B MallMHHOM IiepeBojie. [loHsTre koauposmuka (encoder) u
nexoauposiyka (decoder). Jlyaesoit mouck (beam search).

Mexanu3m BHHUMaHHs (attention) B HCKYCCTBEHHBIX HEHPOHHBIX ceTsX. MeXaHW3M BHUMAaHHS B
MAIlIMHHOM IIEpEBO/IE.

Apxutekrypa Transformer (Attention Is All You Need). Mexanuswm self-attention.

[IpenoOyuennsie npeacrapnenns (embeddings). ApXUTEKTYpBI U TIpUEMBI, HcTolb3yeMbie B ELMo,
GPT (1, 2, 3), BERT, RoBERTa.

2. BBC,I[GHI/IG B 06yquI/Ie C MMOAKPCIIJICHUEM

Uctopuueckuii skckypc. OCHOBHbIE TOHATHS 00yuyeHHMs C moAkpersieHneM. Crparerus. ATeHT.
Cpena. MeToa niepeKkpecTHON SHTPONUH. [ eHeTHUeCKUil anropuTM.

VYpaBuenus bennmana. Metnonsr value iteration, policy iteration. Value-dyHkuus, q-QpyHKIHUS.

OOyuenne 0e3 momenu cpensl. Q-learning. [IpoGnema aBrokoppensuuu. Double Q-learning.
Experience replay. O630p 1OCTHKEHHIA TOCIEIHUX JIET.

Ouenka rpaaveHTa Ajs B CiIydyasX, KOTJa HaWTH TpaAMeHT aHAJUTHYEUYCKH HE IPEICTaBISECTCS
BO3MOXHBIM. Log-derivative trick. I'paguent mno mnomutuke (policy gradient). Ausroputm
REINFORCE.

[Monyuenne Oonee ycTOWYMBBIX OIIEHOK Ha TpaaumeHT. Baselines. Meron Advantage Actor Critic
(A2C).

Mertonsl o0yyeHHs ¢ TOAKPEIUICHWEM B MPHUKIagHBIX 3amadax. Self-critical Sequence Training (B
3a/1aue TeHepaIuu TeKCTa).
3. I'myGokoe o0y4yeHrne B KOMIIBIOTEPHOM 3pEHUH

Hcropuueckuili 3kckypc. MeToipl, IIMPOKO HCHOJIB30BABIIMECA A0 IONYISAPU3ALMU HEUPOHHBIX
cereil. [Ipenobyuennsie monenu. JlooOydueHue Monenelt oa KOHKPETHYIO 3aady.



3amaua pacno3HaBaHUSI M OOHapykeHHs 00beKkTOB Ha wu3o0paxenuu. Object detection. O630p
MCTIONB3YEMBIX MO1X0/10B Ha npumMepe apxutektyp: R-CNN, Fast R-CNN, Faster R-CNN, YOLO (1,
2,3 .4).

Cermenranus n3oopaxenuid. O030p UCHIONIB3YEMBIX MTOAX0J0B Ha puMmepe apxutekryp U-Net, Mask
R-CNN.

[lepenoc crunei Mex 1y N300paKEHUSIMH C TIOMOIIBIO HEHPOHHBIX CETEH.

I'eneparuBHbie ceTr. Bapuannonnsiit aprokoqupoBiuk (VAE). [eneparnBHbIe cocTA3aTeNbHbBIE CETH
(GAN). [Tonstue renepaTopa U IMCKPUMHHATOPA. MHOTOKpUTEpUAIbHAS OTITUMHU3ALIHSL.

O030p aKkTyalbHBI 3a/1a4 KOMIBIOTEPHOTO 3peHHsI: OMOMETpHS, TPEKHUHT 00OBEKTOB B Kajpe, aHan3
TIOBE/ICHUSI, OLICHKA JIOPO’KHOM CHUTYalllu B aBTOIMJIOTAX, MOBBIIICHHE pa3penieHus (super-resolution
imaging) u mp.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIECHHNS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIETHMEANAIIPOESKTOPOM U SKPAHOM.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. MammnanaOe 00yuenue [ Texct]/X. bpunk, . Puuapnc, M. ®@esepond, Real-World Machine
Learning, -CII6., [Tutep, 2017

JomnonHurenbHas aureparypa

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

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHOOPMAITMOHHO-aHATUTHYECKUI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHUIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y

JaHHBIX.

2. http://shad.yandex.ru — caldT mkosbl aHamu3a JaHHBIX SHJEKCA.

3.
http://www.machinelearning.ru/wiki/index.php?title=Mammunnoe o0yuenue (kypc seknuii, K.B.Bop
OHIIOB).

4. Deep Learning / 1. Goodfellow, Y. Bengio, A. Courville. Deep Learning. MIT Press, 2016.
5. Pattern Recognition and Machine Learning / Christopher M. Bishop. Springer, 2011

6. Reinforcement Learning: An Introduction / Richard S. Sutton and Andrew G. Barto. MIT Press,
Cambridge, MA, 2018

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexnmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
MpEe3EHTALUN.

B npouecce camocTosTebHOM PabOThI 00YUaIONIUXCs MPEIIONaraeTcsi HCIOIb30BaHUE TaKUX
MPOrpaMMHBIX CpeACTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



YcnemHoe 0CBOSHHE Kypca TpeOyeT HanpsHKEHHOW caMOCTOsITENILHOM padoThl cTyneHTa. B mporpamme
Kypca TpUBEJACHO MHHHUMAIBHO He0oOXoAMMOE BpeMs s pabOThl CTYJeHTa HajJ TEMOHU.
CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— ipopaboTKy y4eOHOTO MaTepurarna;

— MOJTOTOBKY K MPAaKTUYECKUM 3aHSTHSM, BBIIOJIHCHUE JOMAITHUX TEOPETUYECKHUX U MPAKTUYECCKUX
3aIaHHH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: CucreMHOE pOrpaMMUpOBaHHUE U TPUKJIaIHAS MaTeMaTHKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kadeapa MammMHHOTO 00y4YeHHs U HH(PPOBON ryMaHUTAPUCTHKH

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

Cemectp, (opMBI IPOMEKYTOUHOH arTecTanuu: 6 (BeceHnui) - JlnuddepeHunpoBaHHbIi 3a4eT

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeiib



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

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO
(dhopmupyeT cOOCTBEHHBIE CYKJICHHS U OLIEHKH

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

VK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINIO, HEOOXOMUMYIO JJIsl PEICHUs TTOCTaBICHHON
3a1auu

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

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

OIIK-1.3 CnocobeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PE3YJIbTaTOB

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

OIIK-1.1 CrocobeH aHanmM3upoBaTh MOCTABICHHYIO 3ajady,
HaMeuarTb IIyTH €€ PEeLECHUs

OIIK-2 CriocobeH ucnonb30BaTh COBPEMEHHbBIE
MH()OPMAIMOHHBIE TEXHOJIOTUHU U
NpOrpaMMHBIE CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeITENLHOCTH, COOTIOnas
TpeboBaHUg NHOOPMAITMOHHOW OE30TIaCHOCTH

OIIK-2.3 3Haer ocHOBHbIE TpeOOBaHUS WHPOPMAIMOHHON
0e30MacHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYeCcKue METOAbl U IPHUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHUs  HAyYHBIX  3a1ad B
npodeccuoHaIbHON 00nacTu

OIIK-2.1 Criocoben MIPUMEHSTh COBPEMEHHBIE
BBIYHMCIIMTEIEHYI0O TEXHHKY M CEpBUCHI ceTH MHTepHET B
obnactu (cdepe) npodeccnoHanbHON AEITETBHOCTH

OIIK-3 CriocobeH cocTaBisTh U 0HOpMIIAT
Hay4YHbIC U (MJIM) TEXHUYECKHE
(TeXHOIOTUYeCKHEe, NHHOBAIIMOHHBIE) OTYETHI
(TmyOnuKanum, mMpoeKThI)

OIIK-3.3 Bnageer mMeToamMu BU3yaJbHOTO U TpadudecKoro
MIpeCTaBICHUS pe3yabTaToB Hay4qHOU
(Hay9IHO-TEXHUYECKOH, MHHOBAIIMOHHOW TEXHOJOTHYECKOH )
JeSITETLHOCTU B BUJIE OTYETOB, HAYYHBIX IMyOIHUKAIINi

OIIK-3.2 Brnageet Ha MpakTHUKE METOAOJIOTHEN COCTaBICHUS
HAy4YHO-TEXHUYECKHX OTYETOB (IIPOECKTOB)

OIIK-3.1 3Haer ocHOBHbIE MpaBuiIa O0GOPMIICHUS HayYHBIX
MyOIMKaUi 1 HayYHO-TEXHUUYECKOH TOKyMEHTaluH, B TOM
YHUcle C KCIONB30BAaHUEM MNPHUKIATHOIO MPOrPaMMHOIO
obecrieueHus

[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMAaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpOpMaNKIO 00 aKTyalIbHBIX Pe3y/IbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbABHrarh THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAENM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeTHdueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[1K-2 Crioco0OeH caMoCTOIATENLHO N B
Ka4eCTBE dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BBIBATH M MIPOBOIUTH

TTAVIITIT 1A AATTATTADATIING 11 IV armnnAaTioarn

[IK-2.3 CnocobeH mNpoBOAWTH ampoOaIuio pe3yiIbTaToB
HAYYHO-HCCIIE0BATEIHLCKON paboThI MOCPEICTBOM
yONMKAIMY HAYYHBIX CTAaTeH U y4acTusl B KOH(pEepeHIuIx

[MK-2.2 Cnoco0eH TulaHUpOBaTh ¥ TPOBOJAWTH Hay4dHBIC
HCCIICAOBAHMUSI CaMOCTOSITEIbHO MJIM B KauecTBE WICHA
(pyxoBoauTENs ) MAJIOTO HAYYHOTO KOJUIEKTHBA




nu_y T1MADIV YIVWJIV/AUDAIYLIZL Y1 Y1 auyuuau,yuu

[MK-2.1 3HaeT NOPUHIUIBI TOCTPOSHUS HAyYHOHW PadOTH,
MeTonbl cOopa M aHajW3a I[OJIyY€HHOrO Marepualia,
CHOCOOBI apryMeHTaI|H

2. Iloka3arem OLleHUBAHUS KOMIIeTeHITHHA

B PE3YIbTATC UIYUCHUA AUCHHUILIJIMHBI «MamunaHOoe 06yquI/Ie. I[OHOJ'IHI/ITGJ'IBHLIC TJ1IaBbI» O6y‘IaIOHIHI>iCH
JOJIKCH:

3HATb:

- OCHOBHBIE NPHHIMUIBI U MPOOIEMATHKY TEOPHH O0yueHMs MaIlIWH, OCHOBHbIE COBPEMEHHBIE METO/IBI
00y4eHHUH 10 npeneneHTaM — Kilaccu(UKauK, KJIaCTePU3aluy U PErPECCHH.
yMeTh:

- (opMasM30BaTh MMOCTAHOBKHM NPHKIAIHBIX 3aJa4 aHaJIM3a JIAHHBIX, HCIOJIb30BaTh COBPEMEHHBIC
MeTOAbl OOyYeHHs IO TPEleACHTaM JUIl PEIICHUs NPAaKTHYSCKUX 3ajad, OLEHHBAaTh TOYHOCTh H
3G GEKTUBHOCTD MOYYCHHBIX PEIICHUH.

BJIA€Th:
- OCHOBHBIMH INOHATUAMHA TCOPHUU MAILIMHHOIO O6yquH5[.

3. IlepeyeHb THNOBLIX (IIPMMEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

. ITocTpoeHune cHCTEMBI MAIIMHHOTO MIEPEBO/IA.

. Peanmuzanms DQN ¢ mamsiteto (experience replay buffer).

. Peanmuzanus metona Advantage Actor Critic B cpene Atari.
. Knaccudukanus u cermenTanust n300pakeHUi.

1

2

3

4

5. IlocTpoeHne reHepaTuBHBIX MOJCIIEH.

6. OcuHoBHbIe 0cobeHHocTr apxutekTypsl YOLO (1, 2, 3, 4).

7. OcuoBHbie ocooenHoctr apxuTekTyp R-CNN, Fast(er) R-CNN.

8. MeTop! MOBBIIIEHHS pa3penieHus (upsampling).

9. Anroputm REINFORCE. Log-derivative trick. Policy gradient.

10. Topabotku metona policy gradient. [Tonsitue baseline’a. Advantage Actor Critic.

4. [lepeyens THNOBLIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

. Bexropusle npencrasnenus cinoB. Kinaccnueckue nogxoast. Word2 Vec.

. MammnHbI1 nepeBon 6e3 napamienabHbIx kKopimycos Tekcta (Unsupervised translation).
. RNN B 00paboTKe TEKCTOB: OCHOBHBIE HJICH U CYLICCTBYIOIINE OTPAaHUYCHUSI.

. CNN B 00paboTKe TEKCTOB: OCHOBHBIE HJICH U CYLICCTBYIOIINE OrPAaHUYCHUSI.

. MexaHu3M BHUMAaHUS: TPUHIUIBI paOOTHI.

. MexanusMm Self-attention, OTIIHYHS OT OOBIYHOTO MEXaHU3Ma BHUMAHMSL.

. Apxurekrypa Transformer: onucanue, uaeu paboThI.

0 NN N bW

. OueHka kauecTBa B MAIIMHHOM TIEPEBO/IE.
. Ilpenobyuennsie smbenauuru, ELMo.

Ne)

10. BERT: npunuun paboThl, apXUTEKTypa 1 OCOOCHHOCTH O0yUYCHHS.
11. [NocranoBKa 3a1a4u OOY4EHUS C MOAKPETUICHHEM.

12. OcHoBHBIE TOHATHSA O0YUYCHHUS C TIOIKPETIICHUEM.

13. MeTton nepekpecTHON SHTPOIHH.

14. 'eHeTHYECKHE AITOPUTMBEL.

15. Metongt value iteration u policy iteration.

16. Mogens cpenpl. Value QpyHkus, q-QpyHKIus.

17. Q-learning B cmyyae HenpepBIBHOTO MPOCTPaHCTBa AeiicTBUid. [Ipobiema aBTOKOppEISIHH.
18. Self-critical Sequence training B 3ajaue reHepaly TEKCTOB.

19. OcHoBHBIE 321241 KOMIIBIOTEPHOTO 3PEHUSI.

20. OueHka KayecTBa B 3aJa4aX KOMIIBIOTEPHOTO 3PEHUSI.



21. OcHOBHBIE OTKPBITHIC HAOOPHI PAa3MEUCHHBIX JaHHBIX [UIS 33/1a4l KOMIIBIOTEPHOTO 3PEHHUSL.

22. Bapuarnuonnsiii aBrokoaupoBiivk (VAE): cTpykrypa, OTIU4YMs OT OOBIYHOTO aBTOKOIUPOBIIHMKA
(AE).

23. I'eneparuBnble coctazarenbhbie ceTd (GAN): 0OCHOBHBIE UAEH, CTPYKTYpa, METOABI O0yUEHHUSI.

Kputepun onennBanus
OTJIIMYHO

10 BcecTOpOHHHE, CHUCTEeMAaTH3UPOBAHHBIC, ITyOOKHE 3HAHMS Y4€OHOH MpPOrpaMMbl JUCHUIUIMHBI U
YMEHHE YBEPEHHO MNPUMEHATh MX HA MPAKTUKE IPH PEHICHWH KOHKPETHBIX 3a/ad, CBOOOIHOE H
MPaBWIbHOE 000CHOBaHNE MPUHATHIX PELICHUIH;

9 cucremaru3upoBaHHBIC, IYOOKHE 3HAHUA Y4eOHOM MpOrpaMMbl JUCHUIUIMHBL U YMEHUE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE MPH PELICHUH KOHKPETHBIX 33/1a4, IpaBHIbHOE 00OCHOBAHUE MPUHATHIX
pELICHMUI;

8 miryOokue 3HaHUS y4eOHOW NMpOrpaMMbl JTUCHMILIMHBI U YMEHHUE MPUMEHSTh UX Ha MPAKTUKE MIPH
peLIeHNN KOHKPETHBIX 3aJ1a4, IPaBHIIbHOE 000CHOBAHUE MTPUHATHIX PEIICHHH;

XOpOLIO

7 TBEpIO 3HAET Marepuall, 'PaMOTHO U IO CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHSTH [OJyUYEHHbIE
3HAHMS HA NIPAKTHKE, HO JOITYCKAET B OTBETE WJIM B PEIICHUH 337a4 HEKOTOPBIE HETOYHOCTH;

6 3Haetr Marcpual, rpaMOTHO HU3JIaracTt €ro, yMeCT NPUMCHATH MMOJYUYCHHBIC 3HAHWA HA MMPAKTUKE, HO
AOITYCKACT B OTBETC WJIN B PCUICHUU 3aJa4 HEKOTOPbIC HETOYHOCTH,

5 3HaeT OCHOBHOM Marepuaj, 'paMOTHO HM3J1araeT €ro, yMeeT IPUMEHTh NOJIY4YEHHbIE 3HAHUS Ha
MPaKTUKE, HO AOITyCKAEeT B OTBETE WM B PEIICHUH 3a]]ad HETOUYHOCTH;

YIOBJIETBOPUTEIBHO

4  ¢parmeHTapHBIN, pa3pO3HEHHBIH XapakKTep 3HAHWN, HEJOCTATOUHO IMPaBHIbHBIE (HOPMYIUPOBKU
0a30BBIX TOHATUH, HApyIIEHHs JIOTHYECKOH MOCIEOBAaTEIbHOCTH B H3JIOKEHHH HPOTrPaMMHOIO
Marepuaina, HO IIPH 3TOM OH BJIaJeeT OCHOBHBIMH pa3lesiaMu yueOHOH IporpaMmbl, HEOOXOOUMBIMHU
IUIS JanbHenIIero o0y4eHuss 1 MOKET HMPUMEHATh IMOJTy4eHHbIe 3HaHMS 10 0o0pasily B CTaHIapTHOM
CUTYalluu;

3 xapakTep 3HAHMMJIOCTATOYEH NSl JajbHEUIIET0 OOy4eHHS M MOXET NPUMEHSTHb IOJy4YCHHbIE
3HaHMA 10 00pa3Ily B CTAaHIAPTHOM CUTYyaluH;

HEYJIOBJIETBOPUTEIHHO

2 He 3HaeT OOJBIIEH YaCTH OCHOBHOTO COACpPXaHMUSA yueOHOH MporpaMMbl AUCLUUILUIMHBL, TOIMYCKAET
rpyOble omuOku B (HOPMYTMPOBKAX OCHOBHBIX IOHATUI IUCHMIUIMHBI M HE yMEeT IPaBUIBHO
HCIOJIB30BaTh MOyYEHHBIC 3HAHUS MIPU PELICHUH THIIOBBIX MPAKTHYECKUX 3a/1a4.

1 He 3HaeT GOPMYIUPOBOK OCHOBHBIX MOHATHH AUCUUILIMHBI U HE YMEET UCIOIb30BaTh MOITYYCHHBIC
3HaHUA IPU PELICHUH TUIIOBBIX [IPAKTUYECKUX 3a]ay.

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

ITpu nposenennn uddepenpoBaHHOro 3auera olydaromiemycs npenocrasisercss 30 MHUHYT Ha
noaroroBky. Ompoc oOyuatomierocs mo Ownery Ha audd@epeHIUpOBaHHOM 3aueTe HE JOJDKEH
IIPEBBIIIATH IBYX aCTPOHOMUYECKHUX YaCOB.

Bo Bpemss mpoBenenus auddepeHIMpOBaHHOTO 3adera OOydYarolmIuecs: MOTYT TOJb30BaThCs
IpOrpaMMOl TUCHIUTUTUHEI.



