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

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: MammaHOE 06yquI/Ie. I[OHOJIHI/ITGJ'ILHBIC TJIaBbI
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: PaZ[I/IOTeXHI/IKa 1 KOMIIBFOTCPHBIC TCXHOJIOTUH

Oustex-mkona Paguorexuuku nu Komnsrorepubix TexHonoruii
kadempa MammHHOTO 00yUYeHUs U IU(PPOBOI TYMaHUTAPUCTUKA

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - 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/Ie.

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-3.1 Cmocoben  ycTaHaBnuBaTh  pasHbie  BHJBI
KOMMYHUKAIIHH (yueOnyto, Hay4YHYIO, JIETOBYIO,
He(OopMalILHYIO U JIp.)

YK-3 CriocoOeH 0CyIIeCTBIATE COIMATEHOE
B3aUMOJICHCTBUE U PEaM30BBIBATH CBOKO POJIb B
KOMaH e

VYK-3.2 B3auMonelcTByeT ¢ JIpPYIMMH 4YJ€HAMH KOMaHIBbI
IUISL TOCTYOKEHMS TIOCTaBICHHON 3a1a4n

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

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKN HAyYHO-TEXHUYECKOU

U (WId) TEXHOJOTMYecKod uHMoOpManuu B  00JacTH
OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U . Pop
. npo¢ecCHOHANBHON eI TeNbHOCTH
00pabOTKy HayYHO-TEXHUYECKOHN U (HJIIH)
OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,

TEXHOJIOTUYECKON MH(OPMAIUK AT peLIeHUs

oubnuorpaduyeckue mepeyHr U 0030pbl MHPOPMALUHU B
($yHIaMEHTANBHBIX U MPUKIATHBIX 3324

o0JyacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTBl C KOMIIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSAMU C LIEJbIO NOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpOopMaIun

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX

UCCIICAOBAaHUM U pa3paboTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBbIE TEOPETUUECKHE, B TOM UHUCIIE,
MaTeMaTH4eCKHe METOJIbI UCCIIETOBAaHUM, U
paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON
HAay4YHO-HCCIEI0BATEIbCKOM,
U3MEPUTENbHO-aHATIUTHYECKOH U
TEXHOJIOTMYECKOH anmaparype

OIIK-5.2 OOmagaer CHOCOOHOCTBIO K OCBOECHHUIO HOBBIX
3HAHHWH Ha OCHOBE W3YYCHUS JIUTEPATyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodecCHOHANBHON JKCIUTyaTaIuu

COBPEMEHHOMI 9KCIEPUMEHTAIBHOMN
HAay4HO-UCCIEN0BATEIbCKON
(M3MEpUTENBHO-aHATUTHYECKOH M TEXHOJOTUYECKOM)

anmaparypsl

IMK-3.1 3naer mpuHIOMIILI PabOTHI M JHANa3oHbl pabounx
apamMeTpoB HCIOIB3YEMOT0 HaAyYHOTO 000pYy/IOBaHUS




[MK-3.2 3naer o0macTh W KPUTEPUHU NPUMEHHUMOCTH
[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
noaxozsiee 000py10BaHHE, UHCTPYMEHTBI M1 |OLIEHMBAaTh TOYHOCTb IMPUOIIKEHHBIX  AHAIUTHYECKUX
METO/IbI UCCIIEOBAHUM I PEIICHHS 3a0a4 B |METOAOB BBIYMCICHHIMA

M30paHHOM NpeMEeTHOI o0nacTu [IK-3.3 Ymeer npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTENHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJrOPUTMOB M o0ObeMa
TpeOyeMBbIX BHIYHUCIUTEIBHBIX PECYPCOB

[IK-4.1 3naer ynciieHHbIe MOPSIIKK BEITWYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh [IK-4.2 3HaeT WCTOYHUKH TPOUCXOKACHUS H yMEET
MIPUMEHUMOCTb UCIIONIb3YEMBIX METOAUK H MPOU3BOJUTH  OLEHKY TOTPEITHOCTH  M3MEPEeHUH U
METOJIOB JIOCTOBEPHOCTH SKCIEPUMEHTAIIbHBIX PE3YJIbTaTOB

[MIK-4.3 CnocobeH o0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJIeNIei

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUUILIHHE (MOXYJII0)

B pesynbsrare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HaTh:
- OCHOBHBIC TIPHUHIIMITBI U TTPOOIEMATHKy TEOPUU OOYUYCHHS MAaIluH, OCHOBHBIC COBPEMEHHEIE METOIBI
00y4eHHUH 10 TpereeHTaM — KiacCu(UKAIUK, KIACTePU3AIHUA U PETPECCHH.

YMETh:
- ¢dopManu30BaTh MMOCTAHOBKMA TNPUKIAJAHBIX 3a7ad aHANIW3a JAHHBIX, HCIIOIB30BAaTh COBPEMEHHBIC
METO/IbI OOYYeHHUsl IO TpEeleNeHTaM Uil PElieHUs] MPAaKTUYEeCKUX 3aJad, OLEHUBAThH TOYHOCTh W
3((HEKTUBHOCTP MOTYICHHBIX PEIICHUH.

BJIAJICTh:
- OCHOBHBIMH TOHSTUSMU TEOPUH MAITUHHOTO 00yYEHUSI.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJCHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
Metonet  00pabOTKM  €CTECTBEHHOTO
1 A P 10 10 25
SI3BIKA
2 Beenenune B o0yueHne ¢ MOJKPETIICHHEM 10 10 25
[mybokoe oOydeHHE B KOMIBIOTEPHOM
3 Y 4 P 10 10 25
3peHUU
Hroro yacos 30 30 75
[MoaroroBka k sK3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 8 (Becennuit)

1. MeToapt 00pabOTKH €CTECTBEHHOTO SI3bIKA




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

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

Mamumnebl niepeBo. Uctopuueckuil 3xckype. CTacTHCTHUECKH MalIMHHBIA mepeBon. OLeHka
KadecTBa mepeBoja. HellpoHHbIe 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 HOHATHS 00y4yeHHMs C moAkpersieHneM. Crparerus. ATeHT.
Cpena. MeToa niepeKkpecTHON SHTPONUHU. [ eHeTHUEeCKUi anropuTM.

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

OoOyuenne 0Oe3 momenu cpensl. Q-learning. [IpoGnema aBrokoppensuuu. Double Q-learning.
Experience replay. O630p 1oCTHKEHHIA TOCIEIHUX JIET.

Ouenka rpaauMeHTa Ajs B CilydyasX, KOTJa HAaWTH TpaAMeHT aHAJIUTUYEUYCKH HE IPEICTaBISETCS
BO3MOXHBIM. Log-derivative trick. I'paguent mno mnomutuke (policy gradient). Ausroputm
REINFORCE.

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

Mertonsl o0y4yeHHs ¢ TOAKPEIUIEHWEM B NMpHUKIagHbIX 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 pacro3HaBaHUSI W OOHapykeHHs 00beKkTOB Ha wu3o0paxenuu. Object detection. O630p
UCIOJB3YEMBIX o1x010B Ha npuMepe apxutekTyp: R-CNN, Fast R-CNN, Faster R-CNN, YOLO (1,
2,3 .4).

Cermenranus n3o0paxennid. O030p UCTIONB3YEMBIX MOX0/I0B Ha ipuMepe apxutektyp U-Net, Mask
R-CNN.

[TepeHoc cTuieit Mex Iy N300paKEHUSMU C TIOMOIILI0 HEHPOHHBIX CETeH.

I'eneparuBHsbie cetn. Bapnaunonssiii aprokoauposiuk (VAE). [enepatuBHbIe cocTA3aTeNbHBIE CETH
(GAN). [TonsiTie reneparopa u TMCKpUMUHATOPa. MHOTOKpUTEpHAIbHAS ONTUMHU3AIIHS.



O030p aKkTyaJbHBI 3a/1a4 KOMIBIOTEPHOTO 3pEHHs: OMOMETpHUs, TPEKHUHI OOBEKTOB B Kape, aHan3
MIOBE/ICHMSI, OLIEHKA JIOPO’KHOM CUTyallu B aBTOIMJIOTAX, MOBBIIICHUE pa3penieHus (super-resolution
imaging) u mp.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYuebHas ayquTopHsi, OCHAIlEHHAs! MYJIbTUMEANAIIPOSKTOPOM U KPAHOM.
6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa

1. Mamunanoe obyuenue [ Teker]/X. bpunk, k. Puaapac, M. @esepond, Real-World Machine
Learning, -CII6., ITutep, 2017

JomnonHutenbsHas auTeparypa

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

1. http://www.machinelearning.ru — npodeccrnonanbHbIi HHPOPMATOHHO-aHAIMTHYECKUN pecypc,
MOCBAIIEHHBII MAIIMHHOMY OOY4EHHIO, PACIIO3HABAHNIO 00Pa30B M MHTEIUICKTYaJIbHOMY aHAJIN3Y

JTAHHBIX.

2. http://shad.yandex.ru — caiiT mikonsl aHanu3a JaHHBIX SHIEKCA.

3.
http://www.machinelearning.ru/wiki/index.php?title=Mammnanoe o0yuenne (xypc seknuii, K.B.Bop
OHIIOB).

4. Deep Learning / I. 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 MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTAlUMN.

B nporiecce camocTosTeNbHOM PabOThl 00YYarOLIHXCs TPEIIONAraeTCs UCTIOB30BaHUE TAaKUX
MPOrpaMMHBIX Cpe/cTB, kKak git, CLI (command-line interface), Jupyter Notebook u ap.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

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

— ipopaboTKy y4eOHOTO MaTepurarna;

— TMOJTOTOBKY K MPAKTUYECKUM 3aHSTHSM, BBIIOJIHCHUE JOMAITHUX TEOPETUYECKHUX U MPAKTUYCCKUX
3aJaHHH.



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 MammHHOTO 00yUYeHUS U IIU(PPOBOI TYMaHUTAPUCTUKA
Kypc: 4
KBaJupuKaAnus: OaxanaBp

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

PaszpatGoTunk: P.I'" Heitues, cTapmmii npenoiaBaTeiib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-3 CriocoOeH 0CyIIeCTBIATE COIMATEHOE
B3aUMOJICHCTBUE U PEaM30BbIBATH CBOKO POJIb B
KOMaH e

VYK-3.1 Cmocoben  ycTaHaBnuBaTh  pasHbie  BHJIBI
KOMMYHUKAIIHH (yueOnyto, Hay4qHYIO, JIEOBYIO,
He(OopMallLHYIO U JIp.)

VYK-3.2 B3auMonelcTBYeT ¢ JIpPYIMMH 4YJ€HAMH KOMaHIBbI
IUISL TOCTYOKEHHS TIOCTaBICHHON 3a1a4n

OIIK-4 CriocobeH ocymiecTBiIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (HJITH)
TEXHOJIOTMYECKOH MH(OPMAIIK ISl PELICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3329

OIIK-4.1 Brnageer weTromaMu Hay4HOrO TIOMCKa |
WHTEJUIEKTYyaJIbHOTO aHalin3a WHGOpMalM{ MpH PELICHUN
3a7a4 npodeccHoHAIBHOM AesITeNbHOCTH

OIIK-4.2 3HaeT OCHOBHBIE UCTOYHUKU HAyYHO-TEXHUYECKOU
u (W) TexHoJorHueckod wuHpopManmuu B OONIACTH
npo¢ecCHOHANBHON e TeNbHOCTH

OIlK-4.3 VYMmeeT cocTaBiATh aHHOTAIMH, pedeparsl,
oubnuorpaduyeckue mepeyHr U 0030pbl MHPOPMALUHU B
o0JyacTu cBoei mpodeccuoHaIbHOM JIeATENbHOCTH

OIIK-4.4 Bnageer HaBbIKaMu pabOTBl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NOJyUEHUs], XpaHEHUs U
00pabOTKM Hay4yHOU (TEXHHYECKOW, TEXHOJOTHYECCKOMN)
nHpOopMaIun

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEPUMEHTAITLHON
HayYHO-HCCIICI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIC 3a/1a4d B
obnactu TEOPETHUECKUX u 9KCIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

OIIK-5.2 OOmagaerT CHOCOOHOCTBIO K OCBOECHHUIO HOBBIX
3HAHWW Ha OCHOBE W3YYCHUS JMUTEPaTyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

OIIK-5.3 CnocobeH k mpodeCCHOHANBHOW JKCIUTyaTalluu
COBPEMEHHOM IKCTIEPUMEHTAIBHON
HAay4HO-UCCJIEI0BATEIbCKON
(M3MEpUTETHHO-aHATUTUYECKOW W TEXHOJIOTHYECKOM)
anmaparypsl

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsiiee 000pyaoBaHNE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlleHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[MK-3.1 3naer npuHIOHMIILI PabOTHI M JHANa3oHbl pabounx
apamMeTpoB HCIOIB3YEMOr0 HayYHOTO 000py/TIOBaHUS

[IK-3.2 3naer o6macTy W KPUTEPUHM NPUMEHUMOCTH
UCIOJb3YEMBIX TEOPETUYECKUX IIOAXOIOB U  YMEHHE
OLICHUBATh TOYHOCTh MNPHUONMKECHHBIX aHAJIUTUYECKHX
METOJOB BBIYUCIICHUH

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYMCIUTENHHOU
CIIO)KHOCTH  WCIIONB3yeMbIX  alTOPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

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

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

[IK-4.2 3HaeT HCTOYHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEHN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIU

B pesynprare uw3ydeHus MUCHMIUIMHBI «MammHHOEe OOydeHue. JIOMONHUTENbHBIC TIaBbDy OOYyYarOIUiCs

JIOJDKEH

3HAThb:



- OCHOBHBIE NPUHLMUIBI U MTPOOIEMAaTHKY TEOPHH OO0yueHMs MallWH, OCHOBHbIE COBPEMEHHBIE METO/IBI
00y4eHHUH 10 NpeneneHTaM — KilacCu(UKauK, KJIACTePU3alUuU U PETPECCHH.

yMeTh:

- (opMaiM30BaTh MMOCTAHOBKHM NPHKIAIHBIX 3aJa4 aHaJIM3a JAHHBIX, HCIOJIb30BaTh COBPEMEHHBIC
MeTOAbl OOyYeHHs 10 TPEleACHTaM JUIsl PEIIeHUs NPAaKTHYSCKUX 3ajad, OLEHHBAaTh TOYHOCTh H
3G GEKTUBHOCTD MOIYYCHHBIX PEIICHUH.

BJIaJIeTh:

- OCHOBHBIMH INOHATUAMHA TCOPHUU MAILIMHHOI'O o6yqu1/I>1.

3. IlepeyeHb THNOBBIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

1
2
3
4
5.
6
7
8
9
1

. ITocTpoeHune cHCTEMBI MAIIMHHOTO MIEPEBO/IA.

. Peamuzanms DQN ¢ mamsiteto (experience replay buffer).

. Peanmuzanus metona Advantage Actor Critic B cpene Atari.
. Knaccudukanus u cermenTanyst n300pakeHui.

ITocTpoeHre reHepaTuBHBIX MOJICIIEH.

. OcHoBHBIE 0coOenHOCTH apxuTektypbl YOLO (1, 2, 3, 4).

. OcHoBHbIe 0cobenHocTH apxuTektyp R-CNN, Fast(er) R-CNN.

. Mertosp! oBbIIIeHUs paspemenus (upsampling).

. Anmroput™ REINFORCE. Log-derivative trick. Policy gradient.

0. Topabotku metona policy gradient. [Tonstue baseline’a. Advantage Actor Critic.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
oOyuaroumuxcst

PN A=

9.
10
11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Bexropusie npeacrasienus cioB. Kiaccuueckue noaxoasl. Word2 Vec.

MaimHHBIH nepeBof 6e3 napanenbHbIx KopirycoB Tekcra (Unsupervised translation).
RNN B 00paboTke TEKCTOB: OCHOBHBIEC UCH U CYIIECTBYIOIIUE OTPAaHUYCHHS.

CNN B 00paboTKe TEKCTOB: OCHOBHBIC U/IEU U CYLIECTBYIOLINE OTPAHUICHUS.

MexaHu3M BHUMaHHUS: IPUHLIUIIBI PAOOTHI.

MexanusMm Self-attention, OTIHYHS OT OOBIYHOIO MEXaHU3Ma BHUMAHMSL.

Apxutektypa Transformer: onucanue, uaeu padoThI.

OneHka KauecTBa B MALTMHHOM MIEPEBOJIE.

[IpenoOyuennsie amoOenuaTH, ELMo.

. BERT: npunuumn paboTsl, apXUTEKTypa 1 0COOCHHOCTH 00yUYCHUSI.

. [locranoBka 3agaun 00y4eHUS C MOAKPETUICHUEM.

OCHOBHBIE MTOHATHUS O0YYEHUS C MTOAKPETICHUEM.

Merton nepeKpecTHON SHTPOIHH.

['eneTnueckue anropuTMEI.

Merozst value iteration u policy iteration.

Mopnens cpensl. Value pynkums, q-QyHKUus.

Q-learning B city4ae HempepbIBHOTO MpocTpaHcTBa AericTBuil. [Ipobiema aBToKOppensaunu.
Self-critical Sequence training B 3aj1aue reHepaly TEKCTOB.

OCHOBHBIE 33[]Ja4¥ KOMITBIOTEPHOTO 3PEHHUS.

Onenka KauecTBa B 33/1a4aX KOMIIBIOTEPHOTO 3PEHHUS.

OCHOBHBIE OTKPBIThIE HAOOPHI pa3MEUEHHBIX JAHHBIX JJIS 33/1a491 KOMIIBIOTEPHOTO 3pEHUSI.
Bapuaumonnsiii aroxonupoBmiuk (VAE): cTpykrypa, OTiaM4yusi OT OOBIYHOTO aBTOKOAMPOBILUKA

(AE).

23

. 'eneparuBHble coctszarenbHble ceTd (GAN): 0OCHOBHBIE HJIEH, CTPYKTYpPa, METOIbI O0yUEHHS.

Kpurepun onennBanus

OTJIMYHO



10 BcecTOpOHHHE, CHCTEMAaTU3MPOBAHHbBIC, IYOOKHE 3HAHMS y4eOHON MPOrpaMMbl AUCLUIUIMHBL U
yYMEHHE YBEPEHHO NPHUMEHSATh MX Ha MPaKTUKE MPH pEIIeHHMM KOHKPETHBIX 3a/1ad, CBOOOTHOE M
MpaBUILHOE 00OCHOBAaHHUE PUHSTHIX PEILICHUIA;

9 cucremaru3upoBaHHbIC, TNTyOOKHE 3HAHUS Y4eOHOH MpOrpaMMbl JUCHUIUIMHBI U YMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTUKE [PH PEIICHUH KOHKPETHBIX 3aJa4, NpaBHIbHOE 000CHOBAaHHE MPHUHATHIX
peLIEHN;

8  mryOokue 3HaHMS Y4eOHOM MpOrpaMMbl TUCHUIUIMHBI U YMEHHE MPUMEHATh UX Ha MPAKTHKE IPU
pEIIeHUH KOHKPETHBIX 3a]1a4, IPaBUJIbHOE 000CHOBAaHHME MIPUHATHIX PEIICHUH;

XOpOLIO

7 TBepAO 3HAET Marepuaj, IPaMOTHO M IO CYIIECTBY M3JIaracT €ro, yMEEeT MPUMEHAThH MOTyYEHHBIE
3HaHUS Ha [IPAKTUKE, HO JIOIYCKAeT B OTBETE WJIM B PELLIEHUM 33Ja4 HEKOTOPbIe HETOUHOCTH;

6 3HaeT mMarepuall, FPaMOTHO U3JaraeT €ro, yMeeT PUMEHATh [10JIyYE€HHbIE 3HaHUS Ha MPaKTUKE, HO
JOITYCKaeT B OTBETE WIIM B PEIICHHUH 33]1a4 HEKOTOPBIE HETOYHOCTH;

5 3HaeT OCHOBHOW Marepual, IPaMOTHO M3JaraeT ero, yMeeT NPUMEHATh NOJy4YEHHBbIE 3HAaHHS Ha
[IPAKTUKE, HO IOIYCKAeT B OTBETE WJIM B PEILIEHUU 33/lad HETOYHOCTH;

YIOBJIETBOPUTEIILHO

4  (parmeHTapHBIN, pa3pO3HEHHBIH XapakTep 3HAHWH, HEJOCTATOYHO IMPaBWIbHBIE (HOPMYIUPOBKU
0a30BbIX MOHSATHH, HApPYLUICHHUS JIOTMYECKOM IIOCIICAOBATEIbHOCTH B HM3JIOKEHUH IPOrPAMMHOIO
Marepuaia, HO IpH 3TOM OH BJaJeeT OCHOBHBIMM pa3/eslaMH y4eOHOH mporpamMMbl, HEOOXOIMMBIMU
JUI IajbHEHWIero oOy4eHUsI ¥ MOXET NPUMEHSTH HOIy4YeHHBbIE 3HAHHs MO 0o0pasly B CTaHAAPTHOU
CUTYyalluy;

3 xapakTep 3HAHUHIOCTAaTOYEH sl AajJbHEHIIEro oOyueHHs M MOXKET NPHUMEHSTh IO0Jy4YeHHBIE
3HaHUS 10 00pa3ily B CTAHAAPTHOMN CUTYaLUH;

HEYIOBJIETBOPUTEILHO

2 He 3HaeT OOJbLIEH YaCTH OCHOBHOTO COJEPKAHUS y4eOHOW MpOrpaMMbl JUCLHUIUIHHBI, JOITyCKaeT
rpyobie OmMOKM B (HOPMYIMPOBKaxX OCHOBHBIX MOHATUH AMCLUMIUIMHBI M HE YMEET IPaBHIBHO
UCIIO0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.

1 He 3HaeT GOPMYINPOBOK OCHOBHBIX MOHATHH ITUCHUIUIMHBI M HE YMEET HCIIOIb30BaTh MOTy4YEHHbIE
3HAHMS NIPU PELIEHUH THIIOBBIX MTPAKTUYECKUX 3a/1ad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Tpu nposexennn auddepeHpoBaHHOro 3adera olydaromiemycs npenocrasisercs 30 MUHYT Ha
noaroroBky. Ompoc oOyuatomierocs mo Owiery Ha auddepeHIUpOBaHHOM 3adeTe HE JOJDKEH
MPEBBIIIATH JBYX aCTPOHOMHYECKHX YacOB.

Bo Bpems mnposeacHms muddepeHIIMpPOBaHHOTO 3adeTa OOyYaroIlHecs MOTYT IOJh30BaThCs
MPOTPaMMON JUCIIUILTAHBI.



