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Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH
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AHHOTANMA
B kypce paccMaTpuBarOTCS KITIOUEBBIE IMOHSATHS M METOIBI OOydYeHHs C MOAKpEIUIeHHeM. B oTiamume oT
KJIACCHYECKOTO MAITMHHOTO o0yueHus, B oOydenun c moxakperuieHuem (Ocll) Ha BXoJ He moCTymaer
oOyyaromiasi BBIOOpDKa MpPELENeHTOB. 1eM He MeHee, COBPEMEHHBIC alrOpUTMBblI TIIyOOKOTO OOy4YeHHs C
MOJIKPETJICHHEM CIOCOOHBI peliaTh 3aja4d HMCKYCCTBEHHOTO WHTEJUIEKTa METOJOM Mpo0d W omubok 0e3
UCTIONIb30BaHMsI KaKUX-JIMOO anpUOPHBIX 3HAHWI O pemraeMoi 3amade. B mpemmaraemom Kypce H3ydaroTcs
MPUHIMIBI paOOTHI OCHOBHBIX alropuTMOB Ocll, TO3BOMMBIINX 1OCTHYb HPOPBIBHBIX PE3YIBTATOB BO MHOTHX
3aJayax: OT UTPOBOTO MCKYCCTBEHHOI'O MHTEJUIEKTa 10 POOOTOTEXHMKH. Bce HeoOXomnMble TeopeTHUecKHe
pe3yabTaThl MPHUBOIATCA C JIOKAa3aTeNbCTBAMH, HCIONB3YIOUIMMHU €IUHBIA MOAX0[, YHH(UIMPOBAaHHBIE
0003HaYCHUS U ONPEACTCHHUS.
OcHoBHas 3ajaya Kypca — HE TOJBKO IPEJOCTaBUTh aKTyaJbHYI0 HH(OPMAIMIO O 3ahadax OOydeHHs C
MOAKPEIUICHHEM U QJITOPUTMAaX MX PELICHUs, HO U Pa3bsCHUTH PA3HUIy MEXKIY aITOPUTMAMHU Pa3IHIHOTO
BU/Ia ¥ IPUYMHBI UX MPEICTABICHUS B KOHKPETHBIX (hopMax.
Kypc comepxur xak obcyxaeHne 6a30BbIX BOIPOCOB 00yUYeHHS C MOAKPEIICHHEM, TaKk U pa3z0op 3amad. s
YCIICIIHOTO OCBOCHHMS Kypca CIIyIIaTes0 HeOOXOAUMO BIIaZeTh OCHOBAMHU TEOPUHU BEPOATHOCTEH, YMCIEHHBIX
METOJIOB ONITHMHU3AIIHH.

1. leau u 3apauu

esab AMCUUIIHHBI
- U3y4YeHUE OCHOBHBIX TTOHSITHIA U METOZOB 00yYEHHUS C TIOJKPETUICHAEM.

33)13‘11/[ JAUCHUIIINHBI
- OCBOCHHC CTyACHTaMHU 0a30BEIX 3HAHUI B 00JACTH MAITUHHOTO 06yquH${;
- HpI/I06pCTCHI/IC TCOPCTUICCKUX 3HAaHUI B 00NacTu 06yquH;1 C MMOAKPCIIJICHUCM

- OKa3aHHE KOHCYJBTAIMA W MOMOIIU CTYICHTaM B PEHICHHU TCOPETHUYCCKUX M MPAKTHUCCKHUX 3a7ad
Ocll.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Koz 1 HanMeHOBaHKE KOMIIETEHIIUU WHauKaTopbl JOCTUKEHMSI KOMIIETEHIIUN
OIIK-3 CriocoOeH BbIOUpaTh U (MITH) OIIK-3.4 Bnaneer aHaIUTUYECKUMH U BBIYUCIUTEIbHBIMU
pa3palarbiBaTh MOAXOAbI K PELICHUIO THIIOBBIX |METOJAMHU PEIIECHHS, IIOHUMAET U YYUTHIBAECT HA NPAKTHKE
Y HOBBIX 337124 B 001acTH HHQOPMATUKH U TPaHULBI IPUMEHUMOCTH IIOJIy9aeMbIX PELICHUH
BBIYHCIIUTEILHON TEXHUKH, YIUThIBAs OIIK-3.5 CnocobeH aganTupoBarh 3apyOeKHbIE KOMILIEKCHI
OCOOEHHOCTH U OTPaHUYEHUS PA3IUYHBIX o0paboTkn  uHGOpMAMM W ABTOMAaTU3UPOBAHHOTO
METOAOB PCHICHUA MPOEKTUPOBAHUS K HYKAAM OTEUECTBEHHBIX MTPEITPUATHIA

[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIOCO(OUU U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCIEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbIH
MaTeMaTHYECKUH anmnapar ¥ alfOPUTMBI,

[IK-2.2 YMeeT NMpUMEHATH MONyYEHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H
pemarb CTaHIApPTHBIE  3a/aud B COOCTBEHHOM
HAy4YHO-HCCIIEA0BATEILCKOM eI TeNbHOCTH

[IK-2.3 Nwmeer MIPaKTU4YECKUN OIIBIT
COBpPEMEHHbIE .

Hay4YHO-MCCIICIOBATENILCKOW  AEATENBHOCTH B 00JacTu
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE .

UH(POPMALOHHO-KOMMYHHKALMOHHBIX TEXHOJIOT U
TEXHOJIOTUH

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH peIIeHus 3a7a4y
uuppoBoii 00pPabOTKKM CHUTHAJIOB, WCIOJNBb30BAHUS CETH

Wnrepner, AHHOTHPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HUCTOYHUKAMU

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS




11RK-D DJIdACCT HdBbIKAMU y‘i'dC'l‘l/l)l B H'dy‘-ll—lblx
JCKYCCHSIX, BBICTYTUICHHUS C COOOIIEHUSIMH U
JIOKJIaJaMU yCTHOTO, MUCbMEHHOTO U
BHUPTYaJIbHOTO (pa3MelieHue B
MH()OPMAIIMOHHBIX CETSIX) XapakTepa,
MPECTaBICHHS MAaTePHaiOB COOCTBEHHBIX
HCCIIEIOBaHUH

[MK-3.2 Ymeer BecTH KOPpPEKTHYIO JHMCKYCCHIO B 0O0JacTH
WH(POPMALIMOHHBIX TEXHOJOTWM 3aJaBaTh BOIPOCH U
OTBEYaTh Ha IIOCTABJIIEHHbIE BOIPOCHI N0 TEME HAy4YHOU
pabotbl

[IK-3.3 MMeer mpakTHYECKUH OMNBIT Y4acTHsl B Hay4HBIX
CTyI€HYECKHX KOH(EpeHUUSAX, OYHBIX, BUPTYAJIbHBIX,
3a0UHBIX OOCYXIEHHUSIX Hay4YHbIX MpoOieM B objactu
MH(OPMAIMOHHBIX TEXHOJIOTHl

IIK-1 I'0TOB K BK/IIOYEHUIO B
npodeccruoHaIbHOE COOOIIECTBO; CIIOCOOCH
MPOBOJUTH T10J] HAYYHBIM PYKOBOJICTBOM
JIOKQJIBHEIE UCCIIENOBAHUSA HA OCHOBE
CYIIECTBYIOIIUX METOIOB B KOHKPETHOM
obyiacTy Mpo(heCCUOHATBHOM IEATEILHOCTH

[MK-1.1 3HaeT OPUHIUNBI MOCTPOCHHUS HAYYHOH pPabOTHI,
Merogsl cOopa W aHamM3a TIOJMyYEHHOTO MaTepHalia,
CIOCOOBI apryMEHTAlluy; BIaJECT HABBIKAMH IIOATOTOBKU
Hay4yHbIX  0030poB,  myOnukanuii,  pedepatoB  u
oubnuorpaduil MO TEMaTWKe MPOBOJAMMEBIX HCCIICAOBAHUIMA
Ha PYCCKOM M aHIJIMICKOM SI3BIKE

[IK-1.2 YMmeer pemarp Hay4dHbIE 3aJa4d C TOHUMaHUEM
CYLIECTBYIOIIUX TMOAXOAOB K BEpUPHUKALMKU MOAETEH
IPOrpaMMHOTO O0ecHedeHus B CBA3UM C IOCTaBJICHHOM
LENBIO U B COOTBETCTBUH C BRIOPAHHOW METOIMKON

[IK-1.3 Hmeer mnpakTU4YEeCKUH ONBIT BBICTYIUIECHUA H
HAyYHOW apryMeHTalUy MpH aHajiu3e OOheKTa HAyYHOH M
npo¢ecCHOHANBHON eI TeNbHOCTH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 AUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHHS AUCLUIIMHBI 00y4aIOIINecs JOIKHbBI

3HATb.

- (I)YH,E[aMeHTaJILHLIe IIOHATHA, 3aKOHBI, © MCTOJBbI OCH,
- INOHATHA, AKCUOMBbI, METOAbI AOKA3aTCJIbCTB M JO0Ka3aTeJIbCTBa OCHOBHBLIX TCOPEM B pasaciax,

BXOJAIINX B 63,30ByIO 4aCTh IUKIJIA,

- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATEMAaTHICCKUX O6’beKTOB;
- AHAJIMTUYICCKUC U YUCIICHHBIC MMOAXOABI U MCTOABI JJIsI PCHICHUA TUIIOBLIX IMPUKJIAAHBIX 3a1a4 Ocll.

YMETB:
- IIOHSThH IIOCTABJICHHYIO 3a/1a4y;

- UCTIO0JIb30BATh CBOU 3HAHUS JJIS PCIICHUSA (I)YHI[aMGHTaHBHLIX " NPUKITAAHBIX 3a1a4 OCH;

- OLICHMUBATb KOPPEKTHOCTb NOCTAHOBOK 3a1a4;

- CTpOT'0 JOKAa3bIBATh UJIM OIIPOBECPIraTh YTBCPKACHUC,

- CAMOCTOATCIIbHO HAXOAUTDH aJITOPUTMBI PCIICHUA 3a4a4, B TOM YHCJIC U HCCTAHAAPTHBIX, U IIPOBOAUTH

HnX aHaJu3;

- CaMOCTOATEJIbHO BUACTD CIICACTBUSA MMOJTYUCHHBIX PE3YyJIbTATOB.

BJIAJIETD:

- HaBBIKAMH OCBOEHUS O0JBIIOT0 00beMa nHpopMmaluu u pemrenus 3anaqd Ocll;

- HaBBIKAMH CAMOCTOSATEIBHOM pabOThl M OCBOCHHUST HOBBIX JUCITUTLINH;

- KYJIBTYpOW TOCTaHOBKH, aHajN3a M PEIICHUS MaTeMaTUYECKUX W MPHUKIATHBIX 3aad, TPEOYIOIIIX
JUTSL CBOETO PEILIEHUS UCTIOIh30BaHMUI MaTeMaTHUECKUX Moaxo10B 1 MeTonoB Ocll;

- TPEIMETHBIM SI3BIKOM W HABBIKAMU TPAaMOTHOTO ONKCAHWS PEIISHUS 3a/ad WU TPEACTABICHUS

IIOJIyYEHHBIX PE3yJIbTaTOB.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH




TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora

Beenenne B kypc. IlocranoBka 3amaum
1 o0ydeHus ¢ moaKperuieHueM. TabnuuHbIe 10 6
METO/Ibl O0YUYCHUS C IOAKPEIIICHUEM.

DneMEeHTBI TEOPUH TPHHATUS PEIICHUI 1
2 cllydailHBIX TponeccoB. Q-o0yueHue u 5 8
ero BapualuH.

Policy gradient-nmonxon ¢ HaTypajlbHBIM

3 n 5 8
TPaIUCHTOM U CXEMBI «aKTEP-KPUTHK.

4 3amauM  HENpepbIBHOTO YNpPaBICHUS H 10 3
MMUTaMOHHOE 00ydJeHNeE.

Hroro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. Benenne B kypc. IlocraHoBka 3amaun OOy4eHUWs] C TOAKpEIUICHHEM. TaOIM4yHBIE METOIBI
00YyYEHUSI C MOJKPETICHUEM.

Kpocc-aurponuitasiit meton (CEM).

Juramudeckoe nporpammupoBanue. Value Iteration, Policy Iteration.

bubmuoreka OpenAl gym. Peanu3zanus Tabmu4aHOTO KpOCC-3HTPOITMHHOTO METOIA.
Mertox 3epKaJbHOTO CITyCKa B 00yYCHHHU C HOAKPEIIICHUEM.

2. DyeMeHTHI TEOPUH IPUHSATHS PEIeHUH U CITydaiiHbIX mporeccoB. Q-o0yyeHne 1 ero Bapranum.

MapKkoBCKHil Tpoliecc MPUHATHS pemeHui. OntumuzanuonHas dopmanuzanus. J[BoicTBeHHOCTD
Oenxens-Pokadennapa.

Deep Q-Network (DQN) u ero moguduxanmu.
Distributional RL. Categorical DQN (c51), Quantile Regression DQN (QR-DQN).
AHanu3 cnoXHOCTH anroputma Q-o0ydeHusl.

3. Policy gradient-noaxox ¢ HaTypaJbHBIM TPAJAUEHTOM U CXEMBI «aKTEP-KPUTHK.

BuyTpeHHss1 MOTHBaLIUS AJIS1 HCCIIEOBAHUS CPEIbI.

[Monxon Advantage Actor-Critic (A2C).

OnenuBanue no merogy REINFORCE.

Trust-Region Policy Optimization (TRPO).

Generalized Advantage Estimation (GAE). Proximal Policy Optimization (PPO).

Mertonet Buma Natural Policy Gradient ¢ sHTponmiiHOW peryaspusauueil, ux DIoOaIbHAs
CXOIUMOCTb.

4. 3agaun HENMPEPHIBHOTO YIIPABJICHUS U HIMUTAIMOHHOE O0yUeHHE.




HenpepriBHoE ynpasiieHue.

Nmuranmonnoe obydenue. O0paTHOe 00ydeHUE C TIOAKPEIIICHUEM.
Monte Carlo Tree Search. AlphaZero, MuZero.

Linear Quadratic Regulator (LQR). Model-based RL.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYIIeCTBJIECHHS 00pa30BaATEILHOIO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueOHast aymuTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM M MYJIBTUMEIUINHBIM 000pyI0BaHUEM (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPaTyPbI

OcHoBHas nuTeparypa

1. Python nnst cnoxxHBIX 3a7a4: Hayka O JaHHBIX ¥ MamMHHOE o0y4yenue, Python data science
handbook. Essential tools for working with data, DnexkrponHas Bepcust nedaTHol myonukanuu / . —
Camnkr-IlerepOypr, [lutep, 2018

JomnonHurenbsHas auTeparypa

1. I'my6okoe obyuenue / 5. ['yndennoy, U. benmxkuo, A. Kypemis . — Mocksa, JIMK Tlpecc, 2018.—
URL: https://e.lanbook.com/book/107901 (mara obpamenus: 29.01.2021). - [Tonnsrii Texet (Pexxum
nocryna : u3 cetu MOTHU / VoaneHnslit tocTym)

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUS] JUCHMILIUHBI (MOLYJIs1)

http://www.machinelearning.ru — npogeccruoHaIbHBIH HHPOPMAITMOHHO-aHAIUTHYECKHI pecypc,
MOCBSIICHHBII MAIIMHHOMY O0Y4eHHIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y
JaHHBIX.

http://shad.yandex.ru — caiiT mKkoJbl aHanU3a JaHHBIX SHIEKCA.

https://openai.com/blog/

https://lilianweng.github.io/posts/

https://distill.pub/

https://hackernoon.com/

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00pPa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NPOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

http://www.machinelearning.ru — npogeccruoHalbHBIH HHPOPMAITUOHHO-aHAIMTHYECKHI pecypc,
MOCBSIICHHBII MAIIMHHOMY OOY4eHUIO, PACIIO3HABAHUIO 00Pa30B M HHTEIUICKTYaJIbHOMY aHAIIU3Y
JaHHBIX.

http://shad.yandex.ru — caiiT mkoJbl aHamU3a JaHHBIX SHIEKCA.

https://openai.com/blog/

https://lilianweng.github.io/posts/

https://distill.pub/

https://hackernoon.com/

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynent, u3ydaomuii kypc "OOydeHue ¢ mogkperieHueM'", IOJKEH, ¢ OJHOW CTOPOHBI, OBJIAZCTH
OOIIMM MOHATUHHBIM amIapaTroM, a ¢ IPYroi CTOPOHBIL, JOJDKEH HAYYUThCS MIPUMEHSTh TEOPETUICCKHIE
3HaHUS Ha IPAKTUKE.

B pesynbrate u3ydeHWs IUCLHUIUIMHBI CTYACHT JOJDKEH 3HAaTh OCHOBHBIE OIPENEIEHMs, MOHATHA,
AKCHOMBI, METOJIbI IOKA3aTENbCTB.



VYeneniHoe ocBoeHue Kypca TpeOyeT HaupsHKEHHOM caMOCTOATEeNIbHOM paboThl cTyaeHTa. B nporpamme
Kypca NpUBEICHO MUHHMAJIbHO HeoOXoanmoe Bpems s paldoThl CTyIEHTa Haj TEeMOM.
CamocrosiTenbHas padoTa BKIIIOUAET B ce0s:

— YTEHUE U KOHCIICKTHPOBAHNE PEKOMEH/IOBAHHOM JIUTEPATYPHI,

— TpopaboTKy ydeOHOro Marepuaia (IO KOHCIIEKTaM JICKIWiH, y4eOHOH M Hay4dyHOW JHTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEIHA3HAUYEHHBIX IS CAaMOCTOSTEIBHOTO — M3Y4CHWUS,
JI0Ka3aTeJIbCTBO OTIEJbHBIX YTBEPKIECHUM, CBOMCTB;

— MOJTOTOBKY K AK3aMEHY.

PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSTENLHOW paboTOl CTylaeHTa ocymiecTBisieTcss B (opme
WHIMBUYaJIbHBIX KOHCYIIBTALUH.

[TokazareneM BiaJeHUsI MaTepUaJIOM CIYXXHT YMEHHE pemarh 3amadd. s popMupoBaHUS YMEHUS
INPUMEHATh TEOPETHUYECKHE 3HAHHS Ha MPAKTHKE CTYJCHTY HEOOXOIMMO pelarh Kak MOXHO OoJbIe
3amad. [Ipu pemeHny 3a1a4 Kaxa0e qecTBIEe HEOOXO0AMMO apryMEHTHPOBATh, CChUIAsICh HA U3BECTHBIC
TEOPETUUECKUE CBEICHHUS.

BaxHO 10OWTHCS MOHMMAHUS W3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3arnoMuHaHus. [Ipu
3aTPYHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
JICKTOPY WJIH MPENOAaBaTeNI0, BEAyIIEeMy PAKTHUSCKUE 3aHATHS.

Jluteparypa 1151 caMOCTOSTENTBHON paOOTHI:

1. Ivanov S. Reinforcement Learning Textbook //arXiv preprint arXiv:2201.09746. — 2022.
2. Gasnikov A. et al. Lecture Notes on Stochastic Processes //arXiv preprint arXiv:1907.01060. — 2019.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa MaTeMaTHUYECKUX OCHOB YIPABJICHUS

Kypc: 1

KBaJIH(UKALUS: MarucTp
Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

Pa3zpaGoTunk: H.E. Onun, accucteHt



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CniocobeH BbIOUpaTh u (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 337134 B 001acTH HHQOPMATUKH U
BBIYHMCIIMTEIILHON TEXHUKH, YUUTHIBas
0COOCHHOCTHU M OIPaHUYCHUS PA3TUYHBIX
METOJIOB PEIICHHS

OIIK-3.4 Brnameer aHaIUTUYECKUMU U BBIUUCIUTEILHBIMUA
METOJIaMU pEIICHIs], TOHNMAET U YYUTHIBACT HA MPAKTHUKE
IPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PelICHUN

OIIK-3.5 CnocobeH aganTupoBaTh 3apyOe:KHbIE KOMILIEKCHI
o0paboTkn  WHPOpPMAMM W aBTOMATH3MPOBAHHOTO
MPOEKTUPOBAHUS K HYXK/IaM OT€YECTBCHHBIX MPEATPHATHI

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJIEN0BATEIbCKON U IPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUSI, COBPEMEHHbII
MaTeMaTHYeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I[IK-2.1 3HaeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT NMpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUHU WH(POpMALUU H

pelarhb CTaHJapTHbIE 3aaun B COOCTBEHHOM
HAay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH
[IK-2.3 Nwmeer MIpaKTU4YECKUN OIIBIT

HAYYHO-HCCIICZIOBATENILCKON  JICATEIILHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TCXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHus 3a7a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOT'O, IMCbMEHHOI'0 U
BHUPTYaJILHOTO (pa3MellcHHE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaIOB COOCTBEHHBIX
HCCIIEeI0BaHUI

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHMCKYCCHIO B 00JacTu
MH(QOPMAIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCHl U
OTBEYaThb HA IIOCTABJIEHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 MmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(PEpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHaIbHOE COOOIIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEA0BAHUS Ha OCHOBE
CYILIECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTu mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT OpUHOUIBI MIOCTPOCHHUS HAYYHOH pPabOTHI,
MeTrogsl cOopa W aHamu3a IOJMYy4YEHHOTO MaTepuala,
CHocoObl apryMEHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukanmuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PYyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemarp Hay4Hble 3aJadyd C I[TOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMU Mojene
MpPOrpaMMHOTO OOECHeyeHuss B CBA3M C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BRIOPAHHOW METOIUKON

[IK-1.3 HMmeer mnpakTU4YeCKUH OMBIT BBICTYIUICHHH H
HAy4YHOM apryMeHTAallH IMpH aHalIu3e OOBbEeKTa HAyYHOH H
npodeccuoHaIBHON 1S TeTbHOCTH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pE3YIbTATC N3YUYCHUA JUCIIUITIIMHBL <(O6yLICHI/Ie C IMOAKPCILIICHUCM) O6y‘laIOH_II/II>'IC$[ JOJIKCH:

3HAThb:




- (I)YH,E[aMeHTaJ'ILHLIe IIOHATHA, 3aKOHBI, © MCTOJBbI OCH,

- INOHATHA, AKCUOMBbI, MCETOAbI AOKA3aTCJIbCTB M JO0Ka3aTeJbCTBa OCHOBHBLIX TCOPEM B pasaciax,
BXOJAIINX B 63.30BYIO 4aCTh IMKIJIA,

- OCHOBHBIC CBOMCTBA COOTBETCTBYIOIIUX MATEMAaTHICCKUX O6’b€KTOB;

- AHAJIMTUYICCKUC U YUCIICHHBIC MMOAXOABI U MCTOABI JJIsI PCUHICHUA TUIIOBLIX IMPUKJIAAHBIX 3a1a4 Ocll.

YMETH:
- [IOHATH MMOCTABJICHHYIO 3a1a4y;
- UCTIO0JIb30BATh CBOU 3HAHUS JJIS PCIICHUS (I)YHI[aMGHTaHBHBIX U NPUKITAAHBIX 3a1a4 OCH;
- OLICHMUBATb KOPPEKTHOCTb NOCTAHOBOK 3a1a4;
- CTpOT'0 JOKAa3bIBATh UJIM OIIPOBECPIraTh YTBCPKACHUC,
- CAMOCTOATCIIbHO HAXOAUTDH aJITOPUTMBI PCIICHUA 3a4a4, B TOM YHCJIC U HCCTAHAAPTHBIX, U IIPOBOAUTH
HUX aHaJu3;
- CaMOCTOATEJIbHO BUACTD CIICACTBUSA MMOJTYUCHHBIX PE3YyJIbTATOB.

BJAA€Th:

- HaBBIKAMH OCBOEHUS O0JBIIOT0 00beMa nHdpopMmaIuu u pemrenus 3anaqd Ocll;

- HaBBIKAMH CaMOCTOSTEIBHOM pabOThl M OCBOCHHUSI HOBBIX JUCITUTLINH;

- KYJIBTYpOW TIOCTaHOBKH, aHajN3a W PEIICHUS MaTeMaTUYECKUX W MPHUKIATHBIX 3a7ad, TPEOYIOIIIX
JUTSL CBOETO PEILEHUS UCTIOIB30BaHMI MaTeMaTHUECKUX Moaxo10B 1 MetonoB Ocll;

- TPEIMETHBIM SI3BIKOM W HABBIKAMH TPAaMOTHOTO ONKCAHWS PEIISHUS 3alad WU TPEACTABICHUS
MIOJTy4E€HHBIX PEe3yIbTaTOB.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menpro KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHATUS 110 TEME IIPOIIOTO 3aHATHS.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB M TeM JJISI IPOBEAEHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

1. Kpocc-aHTponuiiHblil MeTo B 001eM Buje. Ero npuMeHeHne Ui petieHus 3a1a4 ONTUMU3AIUY |
3a/1a4 00yYEHUs C TIOJAKPETICHUEM.

2. YpaBuenwus bennmana st gyaknuii neHnoctu. Anroputmel Policy/Value Iteration.
3. Tabauunsie metoasr: MonTe-Kapno, Q-learning, Sarsa.

4. Ausroputm DQN u ero mogudukanuu: Double DQN, mpuoputesupoBaHHbiii Oydep, mysabHas
apXUTEKTYypa, IIyMHBIE CETH, MHOTOIIAaroBbiii DQN, maMsTh.

5. Distributional-nogxox B RL. Anroputmst ¢51 u QR-DQN.

6. Ilonxon Policy gradient. Anroputmbr Reinforce u A2C.

7. Meron Trust-Region Policy Optimization (TRPO), ero Teopernueckoe 060cHOBaHHE.

8. Bias-variance trade-off B o0ydenun ¢ noakperuiennem. Onenka GAE. Anroputm Proximal Policy
Optimization (PPO).

9. JlerepmuHUpOBaHHBIN rpaaueHT 1o noiutuke. Off-policy anroputmsl Ui 3a1a4 HENPEPHIBHOTO
ynpasienus: DDPG, Twin Delayed DDPG (TD3).

10.  OOy4eHue c MoJKperyIeHHeM ¢ odaBieHueM sHTponun. Anroputm Soft Actor-Critic.

11. Nmuranmonnoe obyueHue u obparHoe oOyuenue ¢ moxukperuieHuem. Cxema Guided Cost
Learning. ['eneparuBHO-cocTsA3aTeIbHOE UMUTAIMOHHOE 00yueHue (GAIL).

12. 3amaya MHOTOpyKMX OanauToB, UCB-0amawthl. BHYTpeHHSSE MOTHBAIUS: AUCTHIUISAIUSL
ciydaiinoli cetn (RND) u BHyTpenHu# Monyib mooomnsircTBa (ICM).

13. Monte Carlo Tree Search B o6mem Bune. Metonst AlphaZero u MuZero.



14.  JlunHelHO-KBapaTHYHBIA PETYISTOP U ero ureparuHas Bepcus. O6mas cxema Model-based RL.

[TpumMepsl 3K3aMEHAIIMOHHBIX OUIIETOB.
Buner Nel

1. Kpocc-aHTponuiiHblil MeTos B 001eM Buje. Ero npuMeHeHne Ui penieHus 3aad ONTUMU3AIUN |
3a/1a4 00yYEHUs C TIOJAKPETICHUEM.

2. JlunelHO-KBaApaTUYIHBIN PETYISATOp U ero ureparuBHas Bepcusi. O6mas cxema Model-based RL.
buer Ne2

1. Anroputm DQN u ero momudukamun: Double DQN, npuoputesupoBannsiii Oydep, nysnbHas
apXUTEKTYypa, IIyMHBIE CETH, MHOTOIIAaroBbiii DQN, maMsTh.

2. OOyueHwue ¢ MOAKpEIIEHUEM ¢ o0aBIeHneM HTponuu. AinroputM Soft Actor-Critic.

Kpurepun onennBanus

- omenka «oruuHo  (10)»  BeIcTaBisieTCSs  CTYACGHTY,  IIOKa3aBIIEMYy  BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha MPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH;

- omeHka  «oraumuHOo  (9)»  BBICTaBUsIeTCA  CTYOGHTY,  IIOKa3aBIIEMY  BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOMH MPOrpaMMbl AUCIUIIMHBEL U YMEHUE IPUMEHATh UX
Ha TpaKTHKE MPHU PELICHHH KOHKPETHBIX 3ajad, cBOOOJHOE M MpaBWIIbHOE OOOCHOBAaHUE NMPHHATHIX
peLIEHN;

- oueHka  «omm4HO  (8)»  BBICTaBUsieTCS  CTYACHTY,  IIOKa3aBIIEMY  BCECTOPOHHHUE
CHCTeMaTH3UPOBaHHBIE, IITyOOKHE 3HAaHHUS yueOHOM MporpaMMbl AUCIUIIMHBEL U YMEHUE IPUMEHATh UX
Ha MPaKTHKE [IPH PEILICHUH KOHKPETHBIX 3ajiad, U IPaBUIbHOE 000CHOBAHUE MPUHSTHIX PELICHUN;

- OLIeHKa «xopouio (7)» BBICTABISAETCSA CTYIEHTY, €CIM OH TBEPJO 3HAET MaTrepual, rpaMOTHO U IO
CYILECTBY M3JIaraeT ero, yMeeT MPHUMEHSTh MOJyYCHHBIC 3HAHHUS Ha MPAKTUKE, HO JIOIYCKAET B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPble HETOYHOCTH;

- OCHKAa «XOpOoIIO (6)» BBICTABJIACTCA CTYACHTY, €CJIM OH 3HACT MAaTCpUall, IpaMOTHO U IO CYIICCTBY
n3jaracTt €ro, yMeCT NpHUMCHATH IMOJYUYCHHBIC 3HAHUA Ha IMPAKTUKE, HO JOMYCKACT B OTBECTC HJIK B
peIICHUHU 3aa49 HCKOTOPBIC HCTOYHOCTH,

- OLIEHKa «XOpowIo (5)» BBICTABIAETCS CTYAEHTY, €CJIM OH 3HAET Marepuai, U IO CYLIECTBY U3Jaraer
€ro, yMEeT NMPUMEHATh NOIYUYEHHBIC 3HAHUS Ha NPAKTHKE, HO JOMYCKAaeT B OTBETE WIH B PELICHUU
3a[1a4 HEKOTOpbIE HETOUHOCTH;

- OIIEHKa «Y/IOBJIETBOPUTENHHO (4)» BBICTABISAECTCA CTYAEHTY, IOKa3aBUIeMy (hparMeHTapHBbIH,
pPa3po3HEHHBI XapakTep 3HAHWH, HEJOCTATOYHO NpaBUIIbHBIE (HOPMYITHPOBKH 0a30BbIX MOHSITHIA,
HapylleHUs JOrMYECKON M0CIEeJ0BaTeNbHOCTU B U3JI0KEHUU [IPOrPaMMHOI0 MaTepuala, HO IIpU 3TOM
OH BJIAJCET OCHOBHBIMU pa3lelaMd Y4eOHOHM NporpaMMbl, HEOOXOOMMBIMH JJsl AalbHEHIIETo
00yueHHs M MOXET NIPUMEHSTh NOIyUYeHHbIE 3HaHUS 110 00pa3ily B CTAaHJAPTHON CUTYaIUH;

- OLCHKAa «YyIOBIECTBOPUTENBHO (3)» BBICTABISIETCS CTYICHTY, IOKa3aBIIEMy (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHUH ITPOrPaMMHOI0 MaTepHasa, HO MPU 3TOM
OH BJajeeT (parMeHTapHO OCHOBHBIMH pa3felaMH Y4eOHOW NporpamMMbl, HEOOXOIUMBIMH UL
nanpHeimero o0y4eHHs U MOXET IPUMEHSTh MOJy4YeHHbIE 3HAaHUS MO o0pas3ly B CTaHAAapTHOU
CUTYyalluy;

- OILIEHKAa «HEYIOBJIETBOPUTEIHHO (2)» BBICTABISETCS CTYIEHTY, KOTOPBHIH HE 3HaeT Oouiblleill yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX MOHATHH AMCIUITIMHBI M HE YMEET UCIOIb30BaTh OTYYECHHBIC 3HAHUS MIPU
PEIIEHUH TUTIOBBIX MPAKTUYECKUX 3a7ad;

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

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHUH, HABHIKOB H
(W) onbITA AESATEJILHOCTH

Bo Bpems mpoBezneHust 3k3amMeHa 00ydaroliumecss MOTYT IOJIb30BaThCsl MPOrPaMMON AMCLUIUIMHBL, a
TAKXE CIPABOYHOM JIMTEPATYPOM, BBIUUCIUTEIbHON TEXHUKOU, KOHCIIEKTaMU JIEKLIAN.



DK3aMeH IPOBOAUTCS IyTEM OPraHU3aLUM CIEIMAIbHOTO OIpoca, MPOBOAMMOIO B YCTHOH (opme.



