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1. HEJIX OCBOEHUA JTUCHUTIINHBI

1.1|BbIpaboTKa y CTYACHTOB KOMIETEHIINH, CBA3aHHBIX C IPIMEHEHHEM AJITOPUTMOB O0YUESHHS € TOAKPEIUICHUEM IIPH PEIIeHHN
MPaKTUYECKUX 3a/1a4.

2. TPEBOBAHUA K PE3YJBbTATAM OCBOEHUA JUCITUIIJIMHBI

IIK-2: CniocodeH pa3padaTblBaTh U AHAJIM3UPOBATh KOHIENTYaJbHbIe H TeOPeTHYECKHE MO/eJIM PpellaeMbIX HAYYHBIX IP006JieM U
3a1a4

INK-3:Cnocoden pa3paGaTblBaTb U IPUMEHATb MAaTEMAaTHYECKHE METO/1bl, CHCTEMHOE H IPUKJIaJAHOC NPOrpaMMHO€ o0ecneyeHue 1Jsi
pemieHus 3aaa4 Hﬂy'—lHOﬁ H HpOeKTHO-TCXHO.]IOFH‘leCKOﬁ AeATCJIBbHOCTH

IIK-4: CniocodeH pa3padaTblBaTh U AHAJIM3UPOBATh KOHIENTYyaJlbHbIe H TeOPeTHYECKHE MO/IeJU pelliaeMbIX 3a/1a4 NPOEKTHOI 1
NPOM3BOJACTBEHHO-TEXHOJIOIHYECKOH AeATeIbHOCTH

IIK-6:cnoco6en pa3padaTsiBaTh H ONTUMHU3UPOBATH OM3HeC-MJIAHBI HAYYHO-NPUKJIATHBIX IPOEKTOB

B pe3y/ibTaTe 0CBOCHUS JUCHMILIHHBI 00Y4AIOLIMIiCS 10JKeH:

3HaTh:

- METOIbl HHTEJUICKTYaJIbHOTO aHAJIN3a JAaHHBIX, HEOOXOIUMBIX JIsl IOCTPOSHHS MOJICIIEH pelaeMbIX Hay4YHbIX 33/1a4 (COOTHECEHO C
nHaukaropom ITK-2.1)

- (yHKIMOHAIBHOCTh COBPEMEHHBIX HHCTPYMEHTAJIBHBIX CPE/ICTB M CUCTEM MPOrpaMMUPOBAHUS B 00JIaCTH CO3J]aHUs MOJeTIeH
HCKYCCTBEHHBIX HEHPOHHBIX CeTel.(cooTHECEHO ¢ mHanKaTopoM [1K-3.1)

- METObI ONTUMH3AIMHU IIOCTPOSHHS KOHLENTYAJIBHBIX U TEOPETUYECKUX MOJIEIICH pelaeMbIX 3a/1a4 IPOSKTHOH U
MIPOM3BOICTBEHHO-TEXHOJIOTHIECKOH IeATENBHOCTH.(COOTHECEHO ¢ MHANKaTOpoM TTK-4.1)

- TEOPETUYECKUE OCHOBBI OLICHKH 3(PPEKTUBHOCTH U y4eTa PUCKOB HHBECTUIIMOHHBIX MPOEKTOB, OCHOBBI COBPEMEHHBIX HHPOPMALIMOHHBIX
TEXHOJIOTHI, IPIMCHIEMbBIX B JKOHOMHYIECKOM aHanm3e (COOTHeceHo ¢ naankaropom I[1K-6.1)

YMeTb:

- IPUMEHSTH METO/Ibl MHTEJUIEKTYAIbHOTO aHaJIM3a JaHHBIX, HEOOXOJMMBIX JUIS TOCTPOCHHUS MOJIEIIeH pelIaeMbIX HayYHbIX 33134
(cootHeceHo ¢ uHaMKaTopoM I1K-2.2)

- IPOBOJUTH OLIEHKY U BBEIOOP MOJEJIel HCKYCCTBEHHBIX HEHPOHHBIX CETeH 1 MHCTPYMEHTAIBHBIX CPEICTB IJIS pEIIeHHs 3374 MAIMHHOTO
00yuenus.(cooTHeceHo ¢ wHAnKaTopoM I1K-3.2)

- IPUMEHSITh METOIbI ONTHMH3ALUK TOCTPOCHHUSI KOHIENITYAbHBIX U TEOPETHUSCKUX MOJICNICH pelllaeMbIX 3a1a4 IPOSKTHOH U
MIPOM3BOJICTBEHHO-TEXHOJIOTHIECKOH IeATENBHOCTH.(COOTHECEHO ¢ HHANKaTOpoM T1K-4.2)

- MOACJIUPOBATh U aHAJIU3UPOBATH 6I/I3HCC-HpOLl€CCbl NpeANPpUATHUA, HAXOAUTh OPraHU3allMOHHO YIIPABJICHYCCKUC PCIICHUS B MOACIIAX
yIpaBIieHHsL.(COOTHECEHO ¢ nHauKaropom [1K-6.2)

Baagertn:

- HaBBIKAMH MIPUMEHEHHUS METOJIOB HHTEIUICKTYaJIbHOTO aHAIM3a JaHHBIX, HEOOXOJUMBIX JJISI TOCTPOSHHUS MOJIeNel pelaeMbIX HayTHBIX
3aya4 (cooTHeceHO ¢ uHAnKaropom [1K-2.3)

- HaBBIKAMH [IPUMEHEHUS] COBPEMEHHBIX HHCTPYMEHTAJIBHBIX CPEACTB U CUCTEM IIPOrpaMMHUPOBAHUS ISl pa3pabOTKU U 00ydeHus MoJenei
HCKYCCTBCHHBIX HeUPOHHBIX ceTeld.(cooTHeceHo ¢ mHankaropom [1K-3.3)

- HaBbIKaMH [IPUMEHEHUS] METOI0B ONTUMH3AINY IIOCTPOCHHUS KOHIIENTYaJIbHBIX U TEOPETHUECKUX MOJIENeH peIaeMbIX 3aad IPOEKTHOH 1
MPOU3BO/ICTBCHHO-TEXHOIOTHIECKOM IeITeIbHOCTH.(COOTHECEHO ¢ nHauKaTopom [1K-4.3)

- HaBBIKaMH INTAHUPOBAHUS HayYHO-UCCIIE0BATEILCKON AEATEIbHOCTH, aHAIM3a MHBECTHIIMOHHBIX PUCKOB, YIPABICHUSI KOMaH0 MPOEKTa;
HaBBIKaMH pabOTHI B KOJUIEKTHBE (COOTHECEHO ¢ nHaukaTopoM [1K-6.3)

3. CTPYKTYPA U COJEPKAHUE JTUCIIUITJINHBI

Kon HaumeHnoBanmue pa3jiesioB U TeM /BUA 3aHATHS/ Cemectp / | Yacos Komneren- JlutepaTtypa
|_3aHATHA Kvpe MM

Pazgen 1. Mera 3Bpuctuku. Kiaccuueckas reopust

1.1 Tewma 1.1. Mopenb B3anMOAEWCTBHS areHTa CO CPeIoi 3 2 TIK-2 IIK-3 TIK- | JI1.1 JI1.2J12.1 J12.2
CBs3b ¢ ONTUMAJIBHBIM ypaBHEHHEM. MapKOBCKas LIElb. 4 TIK-6 J12.3

Cpena. lelictBusa. Tpaekropun. MapKoBckuii nmporecc
npunsaTua peuenuii (MDP). Dnnzoan4HocCTs.

JlMckoHTHpOBaHMUE.
/JTex/

1.2 Tema 1.2. AropuTMbl 00YUEHHUS C TIOAKPEILICHUEM 3 2 TK-2 TIK-3 TIK- | JI1.1 JI1.2J12.1 JI2.2
Venosus 3amgaun RL. On-policy. Kormemust model-free 4 TIK-6 J12.3

anroputMoB. Knaccudukarnmst RL-anroputmos. Kputepun

ouenku RL-anropurmos. Croxuocty 3anaun RL. beHumapxu.
/JTex/
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Tema 1.2. AnroputMsl 00y4eHHs ¢ HOAKPEIIEHUEM

VYenosus 3ampaun RL. On-policy. Konmerust model-free
anropurmoB. Knaccudukanus RL-anroputmos. Kputepuu
oneHku RL-anroputmoB. CnoxHoctn 3anaun RL. Benumapku.
Mp/

IK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.4

Tewma 1.3. baiiznaitabt

3amaua Oe3rpagineHTHON onTUMH3aiuK. CydaiHbIH MOKCK.
Hill Climbing. MmuTarms otxura. DBOJIOIHMOHHbIE
anroputmsl. Weight Agnostic Neural Networks (WANN).
Bunosas cienudukanus. ['eHeTHyeckrue aaropuTMebl.

Mp/

ITK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.5

Tewma 1.3. baiiznaitabt

3amaua Oe3rpajineHTHON onTUMH3auK. CydaiHbIH MOKCK.
Hill Climbing. MmuTarms orxura. DBOJIOIHMOHHbIE
anroputmsl. Weight Agnostic Neural Networks (WANN).
Bunosas cienudukanus. ['enernyeckue anroputmsl. /Cp/

IIK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.6

Tema 1.4. DBOTIOLUUOHHBIE CTPATEIrUU

Wnes sBomronoHHBIX cTpaTeruii. OneHka BeposSTHOCTH
penkoro coosiTus. Meron Kpoce-DHTponun At
croxacTruueckoit onrummsanu. Meton Kpocc-OuTponmn mis
o0yuenus c¢ nonkpemienuem (CEM). Hatypanbhble
spommoronnsie crpareruu (NES). OpenAl-ES. Anarrrarust
Matpuirpl koBapuanuu (CMA-ES).

/Jex/

IIK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.7

Tema 1.4. DBOTIOLUOHHBIE CTPAaTEIrHU

Wnes sBomronoHHBIX cTpaTeruii. OneHka BeposSTHOCTH
penkoro coobiTus. Meron Kpoce-DHTponun At
croxacTruueckoit onrummsanmm. Meton Kpocc-OuTponmu mis
o0yuenus c¢ nonkpemienuem (CEM). Hatypanbhble
spommoronnsie crpareruu (NES). OpenAl-ES. Anarrrarust
Matpuns! koBapuamyu (CMA-ES). /TIp/

IK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.8

Tewma 1.4. DBoNMIOIIMOHHBIE CTPATETUN

W nes 5BOMIOLMOHHBIX cTpaTeruil. OLeHKa BEpOsITHOCTH
penkoro cobsiTrs. Meron Kpoce-DHTpormu aist
cToxacTuueckoil ontumuszanuu. Meron Kpocc-Outpornuu s
o0yuenus ¢ noakperneauem (CEM). Hatypanbhbie
sposonronHbie crparerun (NES). OpenAl-ES. Ananrarms
matpuiisl koapuaiu (CMA-ES). /Cp/

IK-2 TIK-3 IIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3

1.9

Tewma 2.1. OnieHouHbIe QYHKIIUN

CaoiicTBa TpaekTopuil. V-byHkuus. YpasHenue beanmana.
OnrrumansHas crparerus. Q-¢yHknus. [Tpuammmn
ontuMainsHocTd bennmana. OTka3s oT oJHOpoAHOCTH. Bug
ONTHUMAJILHOM CTpaTeruu (JOKa3aTeNbCTBO Yepe3 OTKa3 OT
OJITHOPOJHOCTH). Y paBHEHHE ONTUMAIBHOCTH bemimana.
Kpurepuit ontumansHocty bemimana.

/JTex/

MK-2 TIK-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J12.3

1.10

Tema 2.2. Relative Performance Identity
Advantage-dynkuus. Relative Performance Identity (RPI).
Policy Improvement.

Mp/

TIK-2 I1K-3 TIK-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J12.3

1.11

Tema 2.2. Relative Performance Identity
Advantage-pyuxuus. Relative Performance Identity (RPI).
Policy Improvement.

/Cp/

TIK-2 TIK-3 T1K-
4 TIK-6

JIT.1J11.2J12.1 J12.2
J2.3

1.12

Tewma 2.3. JlunHaMru4yeckoe IporpaMMUpOBaHUE

Meron npoctoit ureparuu. Policy Evaluation. Value lteration.
Policy Iteration. Generalized Policy lteration.

Mp/

TIK-2 TIK-3 T1K-
4 TIK-6

JIT.1J11.2J12.1 J12.2
J2.3

1.13

Tewma 2.3. JluHaMru4yeckoe IporpaMMUpOBaHUE

Meron npoctoii ureparuu. Policy Evaluation. Value Iteration.
Policy Iteration. Generalized Policy lteration.

/Cp/

TIK-2 TIK-3 T1K-
4 TIK-6

JI1.1J11.2J12.1 J12.2
J2.3




1.14 Tema 2.4. TabnuuHble aNrOpUTMBI IK-2 TIK-3 TIK- | JI1.1 JI1.2J12.1 JI12.2
Momnre-Kapno anropurm. DkcrioHeHIMAIBHOE CTIaKUBAHNE. 4 TIK-6 J12.3
Croxactrueckas anmpokcumarust. Temporal Difference.

Exploration-exploitation aumemma. Q-learning. SARSA.
Mp/

1.15 Tema 2.4. TabmuuHBIC aNTOPUTMBI MK-2 ITK-3 TIK- | JI1.1 JI1.2J12.1 JI2.2
Momnrte-Kapio anroput™. DKCIIOHEHIIUATBHOE CrIIaXKUBaHUE. 4 TIK-6 J2.3
Croxactuyueckas anmpokcumarus. Temporal Difference.

Exploration-exploitation muiemma. Q-learning. SARSA.
/Cp/

1.16 Tema 2.5. Bias-Variance Trade-Off IK-2 ITK-3 TIK- | JI1.1J11.2J12.1 JI2.2
Junemma cmemnienusi-pazopoca. N-step Temporal Difference. 4 TIK-6 2.3
Backward View. Eligibility Trace. TD (lambda).

Mp/

1.17 Tema 2.5. Bias-Variance Trade-Off IK-2 IK-3 TIK- | JI1.1J11.2J12.1 JI2.2
Hunemma cmernenus-paszopoca. N-step Temporal Difference. 4 TIK-6 2.3
Backward View. Eligibility Trace. TD (lambda).

/Cp/
Pasnea 2. Value-based moaxoa. Policy Gradient moaxon

2.1 Tema 3.1. Deep Q-learning MK-2 [IK-3 TIK- | JI1.1 J11.2J12.1 J12.2
Q-cetka. ITepexon k mapamerpudeckoit Q-GyHKuuM. 4 TIK-6 J2.3
Hexoppensuust comiuioB. Taprer-cetb. DQN.

/JTex/

2.2 Tema 3.1. Deep Q-learning IIK-2 TIK-3 TIK- | JI1.1 J11.2J12.1 J12.2
Q-cetka. [lepexon k mapamerpudeckoit Q-QpyHKIHH. 4 TIK-6 J12.3
Jexoppensnus camiuios. Taprer-cets. DQN.

Mp/

2.3 Tema 3.1. Deep Q-learning IIK-2 TIK-3 TIK- | JI1.1 J11.2J12.1 J12.2
Q-cetka. [lepexon k mapamerpudeckoit Q-QpyHKIHH. 4 TIK-6 J12.3
JHexoppensuus camiuioB. Taprer-cerb. DQN.

/Cp/

2.4 Tema 3.2. Mogudukanuun DQN MK-2 1IK-3 TIK- | JI1.1 J11.2J12.1 J12.2
Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN. 4 TIK-6 2.3
Iymusie cetn (Noisy Nets). IIpropuTr3upoBaHHBIi peruieit
(Prioritized DQN). Multi- step DQN.

/J1ex/

25 Tema 3.2. Moandukanuu DQN TK-2 TTK-3 TIK- | JI1.1 JI1.2J12.1 JI2.2
Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN. 4 TIK-6 2.3
IIymuste cetu (Noisy Nets). [IpropHTH3HpOBaHHEIN peTuIeit
(Prioritized DQN). Multi- step DQN.

Mp/

2.6 Tema 3.2. Moandukarnuu DQN TK-2 TTK-3 TIK- | JI1.1 JI1.2J12.1 JI12.2
Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN. 4 TIK-6 2.3
HIymasie cetu (Noisy Nets). I[IpuopuTr3upoBaHHbIN peruieit
(Prioritized DQN). Multi- step DQN.

/Cp/

2.7 Tema 3.3. Distributional RL MK-2 TIK-3 TIK- | JI1.1 J11.2J12.1 J12.2

HWnes Distributional moxxonma. Z-¢pyuxuus. Distributional- 4 TIK-6 J2.3

¢dopwma. Distributional Policy Evaluation. Distributional Value
Iteration. Kareropuanbhas armmpokcumarus Z- GyHKIHIA.
Categorical DQN. KpaurtunbHast anmpokcumarys Z-hyHKIHH.
Quantile Regression DQN. Implicit Quantile Networks.
Rainbow DQN.

/JTex/




2.8

Tema 3.3. Distributional RL 3
Wpest Distributional momxoma. Z-gpyuxuus. Distributional-
¢dopwma. Distributional Policy Evaluation. Distributional Value
Iteration. KareropuampHas anmpokcuManus Z- QyHKIHH.
Categorical DQN. KaurtuipHast armpokcumanust Z-()yHKIHii.
Quantile Regression DQN. Implicit Quantile Networks.
Rainbow DQN.

Mp/

I1K-2 I1K-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.9

Tema 4.1. Policy Gradient Theorem 3
BriBoj niepBbIM crioco6oM. BIBOT BTOPBIM CLIOCOOOM.
Ddusnyeckuii cmbici. REINFORCE. State visitation frequency.
Pacuennenue BHemHel 1 BHyTpeHHEN cTOXacTUKH. CBSI3b C
policy improvement.

/JTex/

ITK-2 TIK-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.10

Tema 4.1. Policy Gradient Theorem 3
BriBoj nepBbIM criocoOoM. BIBOT BTOPBIM CLTOCOOOM.
Ddusnyeckuii cmbici. REINFORCE. State visitation frequency.
Pacuennenue BHemHe! 1 BHyTpeHHEH cTOXacTUKH. CBSI3b C
policy improvement. /Cp/

IK-2 I1K-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.11

Tema 4.2. Cxembl «AKTEP-KPUTHK 3
bei3naiin. Beenenue kputuka. Bias-variance trade-off.
Generalized Advantage Estimation (GAE). O6yuenue
kputrka. Advantage Actor-Critic (A2C).

Mp/

IK-2 IIK-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.12

Tema 4.2. Cxembl «AKTEP-KPUTHK 3
beit3naiin. Beenenue kputuka. Bias-variance trade-off.
Generalized Advantage Estimation (GAE). O6yuenue
kputrka. Advantage Actor-Critic (A2C). /Cp/

IK-2 IIK-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.13

Tewma 4.3. Policy Gradient ¢ mepencnons30BaHrEM COMILIOB 3
IIpoGnema nepeucnonb3oBanus caMIuIoB. CypporaTHas
¢dysakuusa. Huwkaas onerka. ONTUMHU3AIKsS HIDKHEH OLEHKH.
Trust Region Policy Optimization (TRPO). Proximal Policy
Loss. Clipped Value Loss. Proximal Policy Optimization
(PRO).

Mp/

IK-2 IIK-3 IIK-
4 TIK-6

JI1.1 J11.2J12.1 J12.2
J12.3

2.14

Tewma 4.3. Policy Gradient ¢ nepencrnonb30BaHHEM CIMILIOB 3
Ipob6nema nepencnonb3oBanus c3MIIOB. CypporaTHast
¢yukimsa. Hioknass onenka. ONTuMu3anys HUKHEH OLEHKN.
Trust Region Policy Optimization (TRPO). Proximal Policy
Loss. Clipped Value Loss. Proximal Policy Optimization
(PRO). /Cp/

[K-2 TIK-3 T1K-
4 TIK-6

JI1.1 J11.2J12.1 JI2.2
J12.3

2.15

/Ox3ameH/ 3

36

MK-2 TIK-3 T1K-
4 TIK-6

JI1.1 J11.2J12.1 JI2.2
J12.3

4. ®OHJ OIEHOYHBIX CPEJICTB

CTpyKTypa U coepkanue (oHa OLEHOYHBIX CPEICTB AJISl POBEJCHUS TEKYLIECH U MPOMEXYTOYHOH aTTECTALUH MTPECTABICHBI B
[punoxennn 1 x paboueii mporpaMMe TUCIHIUINHEL.

5. YYHEBHO-METOJNMYECKOE U THOPOPMAIIMOHHOE OBECIHHEYEHUE JUCIUIIJIUHBI

5.1. OcHoBHas 1uTEpaTYypa

ABTOpBI, COCTaBUTENN 3arnaBue WznarenscTBO, rox Konunu-o
JI1.1  |Ion Hetiren, Xapsu Python: HckyccTBeHHbIH HHTEIITEKT, OObIIHE Canxr-IletepGypr: ITurep, | https://ibooks.ru/reading.
Jetiten JIaHHBIE U 00JIaYHbIE BEIYUCIIEHUS 2021 php?

short=1&productid=3717
01 HeorpaHUYEHHBIN
JIOCTYII JJIst
3apErucTPUPOBAHHBIX
noJb30BaTenel




ABTOpBI, COCTaBUTEIH 3arnaBue W3narenbctBO, TOX Komma-Bo
JI1.2 |TlaBnosa, A. W. HckyccTBeHHBIC HelpOHHBIE ceTH: ydebHoe mocodue [Mocksa: Aii ITu Ap Meaua, | https://www.iprbookshop
2021 .ru/108228.html
HEOTPaHWYEHHBIN TOCTYII
JUTS 3apETUCTPUPOBAHHBIX
ToJIb30BaTeNei
5.2. lonoHuTeIbHAS JIUTEPaTypa
ABTODBI, COCTaBUTEIHN 3arnaBue W3narenscTBO, TO Konnu-Bo
J12.1 Crynent. Acniupant. Mccnenopatens: Bcepoccuiickuil | BiraauBocTok: DKcnepT- https://biblioclub.ru/inde
Hay4YHBIN JKypHaJI: KypHal HayKa, 2021 X.php?
page=book&id=685687
HEOTPaHUYCHHBIN JOCTYII
JUTS 3apETUCTPUPOBAHHBIX
10JIb30BaTeNei
J2.2 |Tmagxos JI. A., [eHeTHYECKHE AITOPUTMBI: yIEOHUK Mocksa: ®usmariut, 2010 | https://biblioclub.ru/inde
Kypeituuk B. B., x.php?
Kypeiiunk B. M., page=book&id=68417
Kypeitunx B. M. HEOIpaHUYEHHBII JOCTYI
JUTS 3aPETUCTPUPOBAHHBIX
T0JIb30BaTeNei
JI2.3 |Bapckuii, A. B. Jlornueckue HEWPOHHBIE CETH: yaeOHOE mocobue Mocksa: MHTEpHET- https://www.iprbookshop
YHHUBepcUTET .ru/97547 .html
I/IH(i)OpMaLII/IOHHLIX HeOFpaHI/I'-IeHHLIﬁ J0CTYII
Texnomnoruit (MHTYUT), JULSL 3apETUCTPUPOBAHHBIX
Aii ITu Ap Meaua, 2020 TOJb30BATENICH

5.3 IIpo¢deccuonanbHble 6a3bl JAHHBIX U MH(POPMANIMOHHBIE CIIPABOYHbIE CHCTEMBI

Koncynpranr +

OdwrnanpHast ToKyMeHTanus oubmnotexkn pybrain. - http://pybrain.org/docs/index.html

Oo6pasoBarenbHas miatdopma o Phyton - http://pybrain.org/docs/index.html

calT (eaepabHON rocyJapcTBEHHON CITyKObI CTaTUCTHKH - https://rosstat.gov.ru/databases

5.4. IlepeyeHb MPOrpaMMHOIo odecreyeHust

Phyton

5.5. Y4eOHO-MeTOANYECKHE MATEePHAJIBI IJIsl CTYJEHTOB € OTPAHMYEHHBIMU BO3MOKHOCTSMH 3/10POBbS

[Ipn HEOOXOIUMOCTH IIO 3aSBICHHIO OOYYArOUIETOCsl C OrPaHMYCHHBIMH BO3MOXKHOCTSMH 3I0POBBSl yI€OHO-METOANYECKHE MaTephailbl
IPEOCTABIIIOTCS B opMax, aIalTUPOBAHHBIX K OTPaHUYEHUSM 3/I0POBbsI U BOCIIPUATHS HHGOpMauy. J{jis JIul ¢ HapyHIeHUAMY 3pEHUsS: B
(bopme ayanodaiina; B medaTHOH GopMme yBeIMUSHHBIM WpUpTOM. [IJIs T ¢ HApYIIEHUsAMHU ciryxa: B (hOpMe SIIEKTPOHHOTO TOKYMEHTA; B
neyatHoH ¢opme. Jis auI] ¢ HApYIIEHUSIMU OIIOPHO-BUTaTeNbHOIO anmnapara: B GopMe 3JIeKTPOHHOTO JJOKYMEHTa; B IEYaTHOH dopme.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCITUITJIMHBI (MOY JIST)

[Momenienust 11 Bcex BUIOB paboT, MPETyCMOTPEHHBIX y4eOHBIM IJIAHOM, YKOMIUIEKTOBaHbI HEOOXOIUMOH CIICIIMaIn3uPOBAHHOM yUueOHOM
MeOeNbI0 U TEXHHIECKUMH CPENICTBAMH O0YUCHUS:

- CTOJIBI, CTYJIbA;

- IEPCOHANBHBII KOMIIBIOTED / HOYTOYK (IIEPEHOCHOH);

- IIPOEKTOD;

- 9KpaH / HHTEePaKTUBHAsI JOCKa.

7. METOANYECKHUE YKA3AHUA 1)1 OBYYAIOHIUXCS ITO OCBOEHUIO TUCHUTIIMHBI (MOY JIS)

MeTOI[I/I‘ICCKI/IC YKa3aHud 10 OCBOCHUIO JUCHUIIIMHBI ITPEACTABJICHBI B HpI/IJ'IO)KGHI/II/I 2 x paﬁoqeﬁ nporpaMmme JUCHUIINHBIL.




®OH/[, OLEHOYHbIX CPEACTB

MpunoxkeHue 1

1 OnucaHue mMoKa3aTesJied U KpUTepHeB OLleHUBAaHUA KOMIIETEHLI U HA pas/IMYHbIX 3Tamax HMX
dopmupoBaHus, onucaHye MKaJ OLeHUBAHUS

1.1 Iloxazarenu ¥ KpUTEPUN OLIEHUBAHUS KOMIIETEHIHI:

3YH, coctaBnaowme KOMNETEHLNLO

MNokasaTenu oueHmMBaHUA

Kputepumn
OueHUBaHUA

CpeactBa
OLeHUBaHUA

MK-2: CnocobeH pa3pabatbiBaTb M aHAIM3UPOBATb KOHLLENTYa/IbHbIE U TEOPEeTUYECKMEe Moaenu

pewaembix Hay4yHbIX Npobsiem u 3agau

3. N3yyaeT OCHOBHYIO 1 nonHoTa n YO (Pa3gen
AONONHUTENbHYIO cogeprkatenbHocTb | 1 B.1-16
MeTOoAbl UHTENIEKTYaNbHOro
nntepartypy, coaeprkallyto OTBEeTa Ha 3ayeTe,
aHanuM3a AaHHbIX, HeobXoAUMBbIX Paspen 2 B.
A ’ A maTepuan 06 OCHOBHbIX YCTHOM onpoce, A
1A NOCTPOEHUA moaenen 1-1
A P A NOHATUAX cooTBEeTCTBME 6)
ewaeMblX Hay4HbIX 33434
P Y A WHCTPYMEHTaNbHbIX OTBETOB
cpeacTeax u martepuany,
MaTemaTM4yecKnx metoaax, cogepxallemca s | 3 (1-32)
NCNOo/sb3yeMblX Npu N3y4yeHHOM
pelleHnn nuTepaTtype
npodeccnoHanbHbIX 33434,
ONA NOArOTOBKU K 3a4eTy, U
YCTHOMY onpocy
Y. pelweHune NpPaBUAbHOCTb Pasgen 1.
NPaKTUKO-OPUEHTUPOBAHHDBIX | peweHuns 3agaHmn | N3 1-7
NPUMEHATb MeTOAbl o
P A N NPaKTUYECKUX 3a4aHNN: Ha
WHTEeNNEeKTyaNbHOro aHanaunsa Paspen 2.
v COCTaB/ieHMe Nporpamm Ha A
aHHbIX, Heo6XoANUMbIX ANA npumeHeHue n3i1-
A ’ A A Phyton c ucnonb3oBaHnem P 315
NOCTPOEHMA MoAenen pelaeMbix o coCTaB/ieHue
P A P 6a30BbIX KOHCTPYKLUMNA,
Hay4YHbIX 33434 o nporpamm Ha
Y A YCNOBWUI, LUKNIOB, MacCUBOB porp
Phyton c
Ncno/sib3oBaHNEM
6a30BbIX
KOHCTPYKLNNA,
YC/IOBWUIA, UMKIIOB,
MaccuBoB
B. pelweHue 060CHOBAHHOCTb Pasgen 1.
NPaKTUKO-OPUEHTUPOBAHHbIX | NPUMEHEHUA n31-7
HaBblKamu NPUMEHEHUA MeTOA0B o
N NPaKTUYECKUX 3a8aHNN: MeTo[0B ANA:
WMHTENNeKTyaIbHOro aHanAns3a Paspen 2.

AaHHbIX, HE0BX0AUMbIX ANA

COCTaB/ieHMe NporpaMm Ha

pelueHns 3agaHni




NnoCTpoeHnA MO,D,EHEI)II pewaembix
Hay4HbIX 3a4a4

Phyton c ucnonb3oBaHmem
6a30BbIX KOHCTPYKLNIA,
YC/IOBUI, LMKIOB, MacCUBOB)

Ha coCTaB/ieHMe
nporpamm Ha
Phyton c
NCNo/Ib30BaHMEM
6a30BbIx
KOHCTPYKLMNA,
YC/IOBWUIA, UMKNOB,
MaccuBoB)

Mn31-5

MK-3:CnocobeH paspabaTtbiBaTb M NPUMEHATb MaTeMaTUUYECKUE MEeTOAbl, CUCTEMHOE U NPUKAagHoe

nporpammHoe obecnevyeHue anA peweHUa 3a4a4 Hay4YHO U NPOEKTHO-TEXHOIOTUYECKOM

DeATeNnbHOCTU
3. M3y4yaeT OCHOBHYIO 1 noJsiHoTa n YO (Pa3gen
OONONHUTENbHYIO cogeprkatenbHocTb | 1 B.1-16
HKUWUOHAaNbHOCT BPEMEHHbIX
GYHKUMOHANBHOCTL COBPEMEHHD nTepaTtypy, coaeprKaLlyto OTBEeTa Ha 3ayeTe,
WMHCTPYMEHTabHbIX CPeACTB U MaTepuan 06 OCHOBHBIX YCTHOM onpoce, Paspen 2 B.
NCTeM Nporpammm HUA -
cucTem nporpa posa B NOHATUAX COOTBETCTBME 1-16)
™ HUA M 7
obnacth cosna oAene WHCTPYMEHTA/IbHbIX OTBETOB
WCKYCCTBEHHbIX HEMPOHHbIX CETeN
CKYCCTBEHHBIX HENPOHHDIX CETE cpeacTeax u martepuany,
MaTemaTUyecKmMx metoaax, cogepxawemeas |3 (1-32)
NCNo/sIb3yeMbixX Npu N3y4yeHHOM
peleHmnn nutepaTtype
npodeccMoHanbHbIX 3343y,
ONA NOATOTOBKU K 3a4eTy, 1
YCTHOMY onpocy
Y. peweHne NpPaBuJIbHOCTb Paspen 1.
NPaKTUKO-OPUEHTUPOBAHHDIX | peweHuna 3aganunin | M3 1-7
NPOBOAWTL OLEHKY ¥ BbiGop N NPaKTUYECKUX 3a4aHUN: Ha
M M UCKYCCTBEHHbIX P 2.
OAENEN NCKYCCTBEHHD CcOCTaBAeHue Nporpamm Ha aspen
HEMPOHHbIX CETEN U T HU -
EMPOHHbIX ceTe Phyton c ucnonosoBaHmem cocrasnenme N3 1-5
WMHCTPYMEHTaNbHbIX CpeacTB ANA 6a30BbIX KOHCTPYKLMIA nporpamm Ha
’
lweHuns Y MalLWHHOT o Phyton
pewle 3apad ma oro YCNOBWI, LMKIOB, MacCUBOB yton ¢
0byyeHus MCno/sib30BaHNeM
6a30BbIX
KOHCTPYKLUIA,
YC/IOBWUIA, UMKIIOB,
MaccuBoB
B. pelweHune 060CHOBaHHOCTb Paspen 1.
NPaKTUKO-OPUEHTUPOBAHHbIX | NPUMEHEHUA n31-7
HaBblKamMu NPUMeEHeEHUA o
P N NPaKTUYECKUX 3a8aHNN: MeTo[0B ANA:
COBPEMEHHbIX NHCTPYMEHTaIbHbIX Paspen 2.
CpeacTB U CUCTEM cocTaB/ieHMe Nporpamm Ha pewenus 3aganmin | N3 1-5

NporpaMmmmpoBaHua as
pa3paboTkn n obyyeHus mogenemn
WCKYCCTBEHHbIX HEMPOHHbIX CETEN

Phyton c ucnonbsoBaHnem
6a30BbIX KOHCTPYKLNA,
YC/I0BUI, UMKIOB, MacCUBOB)

Ha coCTaB/ieHMe
nporpamm Ha
Phyton c
NCNo/Ib30BaHMEM
6a30BbIX
KOHCTPYKLMNNA,
YC/IOBWUIA, UMKNOB,




Macc1BOB)

MNK-4: CnocobeH pa3pabatbiBaTb U aHAaIM3UPOBATb KOHLLENTYa/IbHbIe U TeOpPeTUYECKMe Moaenu

pewaembliX 3aga4 I'IpOEKTHOﬁ n I'IpOVIBBOp,CTBeHHO-TeXHOﬂOI'M‘-IECKOVI AeATeNIbHOCTU

3. M3y4yaeT OCHOBHYIO 1 NOJIHOTA M YO (Pasgen
OONONHUTENbHYIO cogeprkatenbHocTb | 1 B.1-16
METOAL! ONTUMM3ALIMM NOCTROEHNA nTepaTypy, CoaeprKaLlyto OTBETa Ha 3ayeTe,
KOHLLeNTya/IbHbIX U TEOPETUYECKMX MaTepuasn 06 OCHOBHBIX yCTHOM onpoce, Paspen 2 B.
mozenemn E)eLLIaEMbIX EELED HOHATUAX COOTBETCTBUE 1-16)
MPOEKTHO 1 _ | HCTpyMeHTaNbHbIX OTBETOB
NPOM3BOACTBEHHO-TEXHO/IOMMYECKOM cpeacTBax ¢ maTepuany,
AeATensHocTH MaTeEMATUYECKNX MeTOoaaX, cogepxawemea s | I (1-32)
NCNO/sIb3yeMbIX Npu N3y4yeHHOM
peweHun nutepaTtype
npodeccMoHanbHbIX 3343y,
ONA NOATOTOBKU K 3a4eTy, 1
YCTHOMY onpocy
Y. pelweHune NpPaBUAbHOCTb Pasgen 1.
NPaKTUKO-OPUEHTUPOBAHHDIX | peweHuns 3agaHmin | M3 1-7
NPUMEHATb METOAbl ONTUMM3ALUN W NPaKTUYECKNX 338aHVI: Ha
NOCTPOEHMA  KOHLLeNTyasibHbIX U Pasgen 2.
TEOPETMYECKUX MOAENEN pellaeMblX | COCTaBAeHUEe NPOrpaMm Ha COCTaBNeHUNE n31-5
33434 NPOEKTHOMN U Phyton ¢ ucnonbsoBaHnem NpPOrpamm Ha
NpPOUN3BOACTBEHHO-TEXHOOTMYECKOM | 6a30BbIX KOHCTPYKLUUIA, Phyton c
LEeATeNbHOCTU YC/IOBUIA, UMKIOB, MAacCMBOB | ncnosb3oBaHMem
6a30BbIx
KOHCTPYKLUIA,
YCNOBWI, UMKAOB,
Macc1BoB
B. peleHune 060CHOBaHHOCTb Paspen 1.
NPaKTUKO-OPUEHTUPOBAHHbBIX | NPUMEHEHUA n3i-7
HaBBIKaMN NPUMEHEHNA METOA0B N NPaKTUYECKUX 3aJaHNN: MeToL0B ANA:
ONTUMM3ALLMMN NOCTPOEHMA Paspen 2.
KOHLENTYaNbHbIX U TEOPETUYECKUX NPUMEHEHNE PA3/INYHbIX pelweHus 3agaHmnn | N3 1-5

mogaenen pellaembix 3aaa4
NPOEKTHOMN U
NpPOV3BOACTBEHHO-TEXHOIOTMYECKOM
AeATenbHoOCTU

MeTOA0B C UCMOJIb30BaHMEM
Loginom, cocTaBneHue
nporpamm Ha Phyton c
ncnonb3oBaHnem 6a3oBbix
KOHCTPYKLMI, YCNOBUA,
LMKIOB, MAacCUBOB)

C MCNO/Ib30BaHMEM
Loginom,

peleHmns 3a4aHni
Ha cocTaB/eHNe
nporpamm Ha
Phyton c
MCNONb30BaHUEM
6a30BbIx
KOHCTPYKLNNA,
YC/IOBWUIA, UMKIIOB,
MaccuBOB)

MK-6:cnocobeH pa3pabaTtbiBaTb U ONTUMU3UPOBATb GM3HEC-NINIAHbI HAYYHO-NPUKIAAHDbIX MPOEKTOB




3. N3y4yaeT OCHOBHYIO U NOJIHOTA 1 YO (Pasgen
[ONONHUTENbHYIO cogepratenbHocTb | 1 B.1-16
TEOPETUHECKNE OCHOBBI OLIEHKM nTepaTtypy, coaeprKallyto OTBETA Ha 3a4eTe,
3pPEKTUBHOCTUN N y4eTa PUCKOB MaTepuasn 6UBAMOTEKax YCTHOM onpoce, Pasgen 2 B.
MHBECTULIMOHHBIX TPOEKTOB, OCHOBBI Phyton n maTtemaTuuyeckux | cooTBeTcTBUE 1-16)
COBpeMEH"ib'X MHGOPMALMOHHBIX MeToA3aX, MCNONb3yeMbIX OTBETOB
TEXHOIOTUI, NPUMEHAEMBIX B NPy peLeHm matepuany,
SKOHOMMHECKOM aHannse npo¢deccMoHaNbHbIX 3a4au, cogepxalemcas | d(1-32)
ONA NOATOTOBKM K 3a4eTy, U | nsyyeHHoM
YCTHOMY onpocy nutepaTtype
Y. pelweHune NpPaBUAbHOCTb Pasgen 1.
NPaKTUKO-OPUEHTUPOBAHHDIX | peweHuns 3agaHmin | N3 1-7
MOAENNPOBATb U aHAIN3UPOBATb M NPAKTUUECKNX 330aHMIA: Ha
6u3Hec-npoueccbl NpeanpuaTus, npUMEHEHME Paspen 2.
Haxo4uTb OpraHM3aLnoOHHO cocTaB/ieHune n31-5
ynpasseHYecKkue peLleHms B COCTaB/IEHME NPOrpaMm Ha nporpamm Ha
MOAENAX yrnpaBaeHns Phyton ¢ ucnono3oBaHmem Phyton ¢
6mbnnotek NCNo/ib30BaHUEM C
NCMoJib30BaHNEM
6ubnnotek
B. peweHue 0b60CHOBAHHOCTb Paspen 1.
NPAKTUKO-OPUEHTUPOBAHHbIX | MPUMEHEHUA n31-7
HaBbIKaM NaHMPOBAHNA N NPaKTUYECKNX 3a4aHNN: MeTo40B ANA:
Hay4YHO-UCCNEea0BaTEbCKOM Pasgen 2.
[EeATeNbHOCTU, aHaNN3a COCTaB/IEHME NPOrpaMm Ha pelwenus 3aganmn | N3 1-5

WMHBECTULIMOHHBIX PUCKOB,
ynpaBaeHUA KOMaHAOW NPOEKTa;
HaBblkaMu PaboTbl B KON/EKTUBE

Phyton c ucnonbsoBaHnem
6ubnnotek (NumPy,Pandas,
matplotlib, PyBrian)

Ha cocTaBneHue
nporpamm Ha
Phyton ¢
NCMNONb30BaHNEM
6ubanoTek
(NumPy,Pandas,
matplotlib,
PyBrian)

3 — gonpocsl K 3k3ameHy, [13-npakmuyeckoe 3adaHue, YO- ycmHsbili onpoc

1.2 LWKanbl oueHMBaHUA:

TEKYLIJ,I/IVI KOHTPO/Ib YCNEBAEMOCTU U NPOMEKYTOYHAA aTTeECTaUNA OCYLLECTB/IAETCA B PaMKaxX HaKoNUTeNbHOM

6annbHO-penTUHroBoM cnuctembl B 100-6annbHOM LWKane:

84-100 6ann0B (OLEeHKa KOTNINYHON)

67-83 6a110B (OLLEHKA «XOPOLLOY)

50-66 621108 (OLLEHKa «YA0BNETBOPUTENBHOY)

0-49 6annoB (OUeHKa «Heya0BNETBOPUTENBHOY)




2 TunoBble KOHTPOJIbHbIE 3aJAHUS UM MHbIe MaTepua/ibl, HEO6GX0AUMbIe /i1 OLeHKH 3HAaHMH, YMEeHUH],
HaBBIKOB M (WJH) onbITa JeATeJbHOCTH, XapaKTepU3yKIUUX 3Tanbl GOopMHUPOBAHUA KOMIETEHLUHN B
npoiecce 0OCBOEHUsI 06pa3oBaTe/IbHON NPOrpaMMbI

B pa3gene npuBOAATCA TUMOBbIE BAPMaHTbI OLLEHOYHbIX CPEACTB: BOMPOCHI K 3K3aMeHy, NpakTUYeckue 3agaHus,

BOMPOCHI A4/1A YCTHOTO onpoca

ok w

11.
12.
13.

14.

15.
16.
17.

18.
19.
20.

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

Bonpocbl K 3K3ameHy

CBsa3bp C onTuMaldbHbIM ypaBHeHHEeM. MapkoBckas uenb. Cpema. JelcrBus. Tpaekropumu.
MapxoBsckuii nponecc npuHaTHs perienuit (MDP). DnuzonuynocTs. J{uckoHTHpOBaHUE.
VYcnoBuss 3amaun RL. On-policy. Konnenmuss model-free anroputmon. Kiaccudukanus
RL-anropurmos.

Kpurepuu ouenku RL-anroputmoB. Cnoxknoctu 3anaun RL. benumapku.

3anaua OesrpaguentHol ontummsanuu. Ciydaitasiit mouck. Hill Climbing. MmMuTtanms omxura.
Opomononnbie  anroputMmbl.  Weight  Agnostic  Neural Networks (WANN). Bwunpoas
cnenuduKkanys. [ eHeTHIecKre alropuTMBI.

WUnes »BomtonuoHHBIX cTparerui. OIleHKa BEpOSATHOCTH PEAKOro coObITHs. Mertoa
Kpocc-Ourponuu i cTOXaCTUUECKON ONTUMU3ALINH.

Meton Kpocc-Durponuu ans  oOydenuss ¢ noakpemieHuemM (CEM). Harypanshbie
spommonnonHbie crparerun (NES). OpenAl-ES. Ananrtanus marpuist koBapuanuu (CMA-ES).
CsaoiicTBa Tpaektopuil. V-dyHkius. YpaBHenue bennmana.

Onrtumanbhas crparerus. Q-¢yakuus. [IpuHnun ontuManpHOCTH bemmana.

. OTka3 or OOAHOPOAHOCTH. Bua onrumanbHOR CTpaTerun (,Z[OKaSaTCJ'IBCTBO gcpe3 OTKa3 OT

OJIHOPOJIHOCTH).

VYpaBHenue ontuManbHocTu bennmana. Kpurtepuit ontumansHocT benmnmana.
Advantage-¢yukuus. Relative Performance Identity (RPI). Policy Improvement.

Meton mpocroii urepanun. Policy Evaluation. Value Iteration. Policy Iteration. Generalized
Policy Iteration.

MomnTe-Kapiio anropur™. DKkcnoHeHIMaabHOE criaaxnBanue. CToxacTuyeckast anmpoKCHUMAalLus.
Temporal Difference. Exploration-exploitation qunemma. Q-learning. SARSA.

JHunemma cmenienus-paszopoca. N-step Temporal Difference.

Backward View. Eligibility Trace. TD(lambda).

Q-cetka. Ilepexon k mapamerpuueckoil Q-¢yHkuuu. Jlekoppensauus caMiuioB. Taprer-ceTs.
DQN.

Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN.

Iymusie cetu (Noisy Nets). [TpuoputisupoBanusiii peruieii (Prioritized DQN). Multi-step DON.
Unes Distributional monxoma. Z-pynknus. Distributional-gopma. Distributional  Policy
Evaluation. Distributional Value Iteration.

Kareropuanbnas annpokcumanus Z-gpynkuuii. Categorical DQN.

KBantunpHas annpokcumanus Z-pynkuuid. Quantile Regression DQN.

Implicit Quantile Networks. Rainbow DQN.

BriBon nepBbiM crioco6oM. BeiBo BTOpeIM crtoco6oM. PU3NYECKUI CMBICIT.

REINFORCE. State visitation frequency.

Pacuenienue BHemIHeH u BHYTpeHHEH cToxacTuku. CBssk ¢ policy improvement.

beiiznaiin. Benenue kputuka. Bias-variance trade-off.

Generalized Advantage Estimation (GAE).

Oo6yuenue kputuka. Advantage Actor-Critic (A2C).

[TpoGnema nepencronb3oBanus caMIUIOB. CypporaTHast QyHKIHSL.



31. Hmknusas onenka. Onrtumusanus HkHen omenkd. Trust Region Policy Optimization (TRPO).
Proximal Policy Loss.
32. Clipped Value Loss. Proximal Policy Optimization (PRO).

Kputepum oueHunsaHuma:

OcHoBoW ana onpepeneHuns 6annos, HabpPaHHbIX MPU NPOMEKYTOYHOMN aTTECTAUMU, CNYHKUT 0OBEM U YPOBEHD YCBOEHMUSA
maTtepuana, npeaycMoTpeHHoro pabouyelt mporpammont AucumnauHbl. Mpu 3TOM HeobxoAMMO PYyKOBOACTBOBATLCA
cnepyowmm:

- 84-100 6ann108B (OLEHKa KOTIMYHOYR) - U3/I0KEHHbIN MaTepuan GakTUUECKM BEPEH, Hanume ryBoKUX MCYEPnbIBAOLLMX
3HaHWiA B o6beme NPOMAEHHOM MporpaMmmbl AUCUMMAMHBI B COOTBETCTBMM C MOCTaBJAEHHbLIMW MPOrpammol Kypca
LenamMM 1 3aga4ammn obydyeHua; NpaBu/bHbIe, YBEPEHHbIE AENCTBMA NO NPUMEHEHUIO NOJYYEHHbIX 3HAHWUI HA NPAKTUKE,
rPAaMOTHOE M JIOTMYECKU CTPOMHOE M3/IOKEHME MaTepuana npu OTBETEe, YCBOEHME OCHOBHOM M 3HAKOMCTBO C
O0MNOJIHATENIbHOW NNTEPaTypo;

- 67-83 6annoB (OUEHKa «XOPOLWO») - HaAu4YMe TBepAblX WM AO0CTaTOYHO MNOJHbIX 3HaHWUIA B obbeme NPONAEHHOM
NpOrpammbl AUCLUUMNAMHBI B COOTBETCTBMU C LENIAMM 0OyYeHUA, NpaBU/ibHble AEUCTBMA MO NMPUMEHEHMUIO 3HaHWUM Ha
NpaKTUKe, YeTKoe W3N0XKeHMe maTepuana, AOMYCKaloTCA OTAe/bHble NIorMYeckue M CTUANCTUYECKME MOrpPeLlHOCTH,
oby4atowmincs yCBoM/1 OCHOBHYIO INTEPATYPY, PEKOMEHA0BAHHYIO B paboyelt nporpamme AUCUUN/IUHDI;

- 50-66 6annoB (oUEHKa «yA0BNETBOPUTENbHO») - HanuuMe TBePAbIX 3HaHWUIA B obbeme MpPONAEHHOro Kypca B
COOTBETCTBMM C LEeNAMKN 0ByYeHUs, U3N0KEHNE OTBETOB C OTAE/IbHbIMM OWNBKamMK, YBEPEHHO MCMPaB/iEeHHbIMUK noc/e
[0MO/IHUTE/IbHbIX BOMPOCOB; MPaBu/ibHbIE B LEA0M AENCTBUA MO NPUMEHEHUIO 3HAHWUIA Ha MPAKTUKE;

- 0-49 6annoB (oueHKa «HeyAOBNETBOPUTE/NIbHO») - OTBETbl HE CBA3aHbl C BONPOCAMW, Hanuume rpybbix OWMBOK B
oTBeTe, HeMoHMMaHMWe CyLLHOCTU U31araeMoro Bonpoca, HeyMeHne NPUMEHATb 3HAHUA Ha NPaKTUKe, HeyBepPeHHOCTb U
HETOYHOCTb OTBETOB Ha AOMNO/IHUTE/IbHbIE U «HABOAALLMEY BOMNPOCHI.

MpakTnyeckne 3apgaHuAa

Paspen 1. Meta aBpucTUKU. Knaccuueckasa teopus

Tema 1.2. AnropuTmbl 06y4eHUs ¢ NOAKpPenIeHUEM

Ycnosus 3agaum RL. On-policy. KoHuenuusa model-free anroputmos. Knaccudumkaums RL-anroputmoBs. Kputepum oueHKu
RL-anropntmos. CnoxKHocTu 3a4a4u RL. BeHUmapKm

Tema 1.3. ba3naiiHbl

3agava 6e3rpagmeHTHON onTUMM3aunn. CaydaiHblin nomck. Hill Climbing. UmuTauma oTkura. 3BoNOLMOHHbIE
anroputmbl. Weight Agnostic Neural Networks (WANN). Bugosas cneundmkauma. FeHeTUYECKME anropuTMbl.



Tema 1.4. OBONIOLUMNOHHbIE CTPATErnn

Naen aBontoUMOHHbIX cTpaTernin. OueHKa BEpOoATHOCTM peaKoro cobbitnsa. Metoa Kpocc-IHTponum Ana cToxacTU4ecKkom
ontummsaumn. MeTog Kpocc-dHTponum ana obydeHua c noakpenneHnem (CEM). HaTypanbHble 3BOOUMOHHbIE
ctpatermm (NES). OpenAl-ES. AganTauma matpuubl KoBapuauum (CMA-ES)

Tema 2.2. Relative Performance Identity

Advantage-¢pyHKuus. Relative Performance Identity (RPI). Policy Improvement.

Tema 2.3. InHammnyeckoe NporpammmpoBaHue

MeTog npocToit utepauun. Policy Evaluation. Value Iteration. Policy Iteration. Generalized Policy Iteration.

Tema 2.4. TabnnyHbIe aNrOpPUTMbI

MoHTe-Kapno anroputm. IKCNOHEHUMaNbHOE craaxusaHume. CtoxacTuyeckan annpokcumauma. Temporal Difference.
Exploration-exploitation aunemma. Q-learning. SARSA.

Tema 2.5. Bias-Variance Trade-Off

Onnemma cmeleHua-pasbpoca. N-step Temporal Difference. Backward View. Eligibility Trace. TD (lambda).

Karkpoe 3agaHue oueHuBaeTtcs B 7 6annos

Kputepumn oueHnsaHuA:

7 6. — 3agaHue BbINOJIHEHO BEPHO;

6 6. — Nnpu BbINOAHEHMM 3a4aHMA BblAN AONYLLEHbI HETOYHOCTU, HE BAMAIOLWME HA Pe3ybTaT;
4-56. —npwv BbINOJIHEHMM 3343aHNA OblIM AONYLLEHbl OLUMOKK;

3-1 6. — npu BbINONHEHMM 3aaHUA HblAW AONYLLEHbI CYLLECTBEHHbIE OLLUMOKN.

06.- 3a4aHne He BbINOJIHEHO.

MaKcmMmanbHoe Konnyectso 6annoBs no NPaKTN4eCKMM 3a4aHUAM pa3aenia 1-496.

Paspen 2. Value-based nogxoa. Policy Gradient nogxop,



Tema 3.1. Deep Q-learning

Q-ceTKa. MNepexon K napameTpuyeckon Q-pyHKLMN. Jekoppenaymsa caomnaos. Tapret-ceTb. DQN.

Tema 3.2. Moandpumkaumm DQN

Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN. LWWymHble cetn (Noisy Nets). MpnoputusnposaHHbIn pennei
(Prioritized DQN). Multi- step DQN.

Tema 3.3. Distributional RL

Naes Distributional noaxoaa. Z-dpyHKuums. Distributional- dopma. Distributional Policy Evaluation. Distributional Value
Iteration. KateropmnanbHasa annpokcumauma Z- dyHkumii. Categorical DQN. KBaHTUbHAA annpoKcumauns Z-pyHKUni.
Quantile Regression DQN. Implicit Quantile Networks. Rainbow DQN.

Tema 4.2. CxeMbl «AKTEP-KPUTUK?

BelisznaliH. BBegeHue KputuKa. Bias-variance trade-off. Generalized Advantage Estimation (GAE). O6y4yeHne KpuTHKa.
Advantage Actor-Critic (A2C).

Tema 4.3. Policy Gradient c nepercnonb3oBaHMeM CIMMNOB

Mpobnema nepencnonb3oBaHua camnaos. CypporaTHaa GyHKUMA. HUXKHAA oueHKa. ONTUMM3aLMA HAMKHEN OLLEHKM.
Trust Region Policy Optimization (TRPO). Proximal Policy Loss. Clipped Value Loss. Proximal Policy Optimization (PRO).

Kaxnoe 3agaHue oueHusaetca 8 7 6annos

Kputepun oueHnBaHMA:

7 6. — 3a4aHue BbINOIHEHO BEPHO;

6 6. — Npu BbINOAHEHMM 3a4aHNA BblAN AONYLEHbI HETOYHOCTU, HE BAMAIOLWME HA Pe3yNbTaT;
4-56. —npu BbINOSIHEHUN 3aA4aHMA BblLIM AONYLLEHbI OWMBKY;

3-1 6. — Npu BbINOAHEHUM 334aHWNA BbINU AOMNYLLEHbI CYLLECTBEHHbIE OLLIMBKN.

0 6. — 3a4aHNe He BbINOJIHEHO.

MakKcmMmanbHoe Konndectso 6annos no NPakKTn4eCKMM 3aaHNAM pa3aena 2-356.



MakcumaneHoe Konuyecmeo 6ana108 no npakmu4yecKkum 300aHUAM - 84

MepeueHb BONPOCOB A/ YCTHOrO ONpoca

Paspen 1. Meta aBpuctuku. Knaccuuyeckasa teopus

1.

How

8.
9.

CBsi3b ¢ ONTUMaNbHBIM YypaBHeHHeM. MapkoBckas uenb. Cpena. JleiictBusa. TpaekTopumu.
MapxkoBckuii poriecc npuHATUs pemennii (MDP). DnuzoaudaaocTts. JIMCKOHTUPOBAHHE.
VYcnoBust 3amaunm RL. On-policy. Konmenuuss model-free anroputmos. Krnaccudukarus
RL-anroputrmoB.

Kputepun ouenku RL-anropurmos. Cinoxunoctu 3agaun RL. benumapku.

3amaua 6e3rpaaueHTHON onTuMu3anuu. Cinydaitaeiii mouck. Hill Climbing. Umutamus omxwra.
Opomonnonnbie  anroputmel.  Weight  Agnostic  Neural Networks (WANN). Bwumosas
cnenudukanus. ['eHeTndyeckue anropuTMBl.

WUnest »sBomouuoHHbIX crparerui. OIlleHKa BEpOSATHOCTH peakoro coObiTus. Mertog
Kpocc-DuTponuu A CTOXaCTHYECKON ONTUMHU3ALINU.

Meton Kpocc-Outponuu s obyuenuss ¢ noakpemieHuemM (CEM). Harypanbhbie
sposroninonnsie crpaterun (NES). OpenAl-ES. Ananrarus marpuiisl koBapuaruu (CMA-ES).
CgoiictBa Tpaekropuii. V-pynkuus. Ypasaenue bemnmvana.

Ontumanshas crparerus. Q-¢ynkuus. [Ipunuun ontumansHocTH bennmana.

10. Otka3 ot omHOpOAHOCTH. BHJ onTUManpHOH CTpaTeruu (JIOKa3aTeabCTBO dYepe3 OTKa3 OT

11.
12.

OJIHOPOJTHOCTH).
VYpaBHeHue ontuManpHOCTH bemimana. Kpurepuii ontumansHoct bemMana.
Advantage-byukuus. Relative Performance Identity (RPI). Policy Improvement.

13. Metox mpocrtoit ureparmu. Policy Evaluation. Value Iteration. Policy lteration. Generalized

Policy Iteration.

14. Monre-Kapno anroputm. DKcnioHeHIManbHOe criaxuBanue. CToxacTuyeckas annpoKCHMalus.

Temporal Difference. Exploration-exploitation munemma. Q-learning. SARSA.

15. lunemma cmemnienus-pazopoca. N-step Temporal Difference.
16. Backward View. Eligibility Trace. TD(lambda).

MaKcumanbHoe KoandyecTso 6annos no pasgeny 1 -8 6

»own

Paspgen 2. Value-based nogxoa. Policy Gradient nogxop,

Q-cetka. Ilepexon k mapamerpuueckoil Q-¢ynkmmm. Jlekoppemsust comruioB. Taprer-ceTs.
DQON.

Twin DQN. Clipped Twin DQN. Double DQN. Dueling DQN.

[Iymusie cetu (Noisy Nets). [Tpuoputusuposannsiii peruteit (Prioritized DQN). Multi-step DQN.
Wnes Distributional moxxoma. Z-dyuknums. Distributional-popma. Distributional  Policy
Evaluation. Distributional Value Iteration.

Kareropuanbnas anmpokcumarus Z-pynakiuid. Categorical DQN.

KBanTuipHas annpokcumanus Z-pynxuii. Quantile Regression DQN.

Implicit Quantile Networks. Rainbow DQN.

BriBoa nepBeiM cioco6oM. BeiBo BTopeiM crioco0oM. DU3HUECKUil CMBICI.

REINFORCE. State visitation frequency.

10. Pacuenienne BHeUTHEN U BHyTpeHHelH croxacTuku. CBs3b ¢ policy improvement.

. Beiiznaiin. Beenenune kputuka. Bias-variance trade-off.
. Generalized Advantage Estimation (GAE).

13. O6yuenue kputuka. Advantage Actor-Critic (A2C).
14. TIpobnema nepeucnonb3oBanust caMIuioB. CypporaTHas QyHKIHS.



15. Hwxussa onenka. OnTummusaius HIkHEH oreHku. Trust Region Policy Optimization (TRPO).
Proximal Policy Loss.
16. Clipped Value Loss. Proximal Policy Optimization (PRO).

MaKcumanbHoe KoanyecTso 6bannos no pasgeny 2 — 8 6.

Kputepum oueHnBaHuA:
[na Kaxgoro sonpoca:

2 Oamna - maH TOJIHBIN, pa3BEPHYTHIM OTBET Ha TOCTABJICHHBIA BOIPOC, M3JIOKEHHUE MaTepHayia Mpu
OTBETE — IPAMOTHOE U JIOTHYECKHU CTPOMHOE,

1 Gayut - JaH HEMOJIHBIN OTBET HA IMOCTABJICHHBIN BOPOC

0 GayIoB - OOyJarOIIUICS HE BIIaZICET MATEPHAIIOM I10 33JJaHHOMY BOIIPOCY.

MakcumarsnsHoe Konuvyecmso 6ass108 no ycmHomy onpocy — 30

3 METOAI/I‘IGCKHC MaATepHuaJibl, onipeaeadmue npoueaypbl O€HHBAHUA 3HaHPIﬁ, YMeHHﬁ, HABBbIKOB U
(I/IJII/I) OonbITa A€ATEC/IbBHOCTH, XdPAKTECPHU3IYIOLIUX 3TAIlbI (l)OpMPIpOBaHPIH KOMHeTEHuHﬁ

Mpoueaypbl OLLEeHNBAHUA BKAOYAIOT B cebn TEKYLU,MVI KOHTPO/1b N MPOMEKYTOYHYIO aTTECTAUUIO.

TeKyLmit KOHTPO/Ib YCNEBAaEMOCTM NMPOBOAMUTCA C UCMO/Ib30BAHMEM OLLEHOYHbIX CPEACTB, MPEACTaBNEHHbIX B .
2 [QaHHOTO MPUNOMKEHUA. Pe3ynbTaTbl TEKYLLErO KOHTPO/A AOBOAATCA A0 CBEAEHMA CTYAEHTOB A0 MPOMENKYTOUHOWM
aTTecTauum.

MpomerKyTouHas aTTecTauma nposoanuTca B Gopme aK3ameHa 3 cemecTp

JK3aMeH NpPoBOAMTCA MO OKOHYaHUW TEeOpPeTMYeCKoro obydyeHWMA A0 Hayana 3K3aMeHaUMOHHOM ceccun B
nUcbMeHHOM BuAe. KonnuyecTBo BOMPOCOB B 3agaHuu — 2. [lpoBepKa OTBETOB W 06bAB/AEeHWE pe3yabTaToB
NPOM3BOAMTCA B AEHb 3K3ameHa. Pe3ynbTaTbl aTTecTauMy 3aHOCATCA B 3a4YeTHYIO BEAOMOCTb M 3a4YETHYIO KHUMKKY
cTyaeHTta. CTygeHTbl, He npowejline NPOMENKYTOYHYIO aTTecTauuio no rpaduKy Ceccun, AOMKHbl JANKBUMAMPOBATb
330/1*KEHHOCTb B YCTaHOB/IEHHOM NopAaKe.



IIpunoxenue 2
METOINYECKHUE YKA3ZAHHUA 11O OCBOEHUIO JUCIITUIIJIMHBI

VY4eOHBIM MJIAHOM MPEYCMOTPEHBI CIEAYIOIMINE BUIbI 3aHITHIA:

- JICKLINH;

- IPAKTUYECKUE 3aHATHSL.

B xome mpakTtmueckux pabOT pa3BHBAIOTCS HABBIKA TNPUMECHECHHS MaTEMaTHYECKHX
METOJIOB, BbIOOpa MHCTPYMEHTAIBHBIX CPEJCTB AJII 0OpabOTKM M aHalnM3a SKOHOMUYECKUX
JAHHBIX B MIPO(PECCUOHATILHOM ESITEIIbHOCTH

[Ipy MOATOTOBKE K MPAKTUYECKUM 3aHITUSAM KaX bl CTYJICHT TOJKEH:

— HM3YYUTb PEKOMEHJIOBAaHHYIO YUE€OHYIO JIUTEPATYPY;

B mponecce noAroTOBKH K MPAKTHUYECKUM 3aHATHAM CTYJICHTHI MOTYT BOCITOJIb30BaThCS
KOHCYJIbTALMSIMU IIPEMOAABATETIS.

Teopernueckue BOMPOCH JOHKHBI ObITh U3YYEHBI CTYJIEHTAMHU B X0JI€ CAMOCTOSITEILHON
pabotel. KOHTpOJIb caMOCTOATENBHON PabOThI CTYACHTOB HaJ y4eOHOW MporpaMMon Kypca
OCYIIECTBISIETCS. METOJIOM YCTHOTO OIPOCA W BBINOJHEHUs NPAKTUYECKUX 3alaHui. B xonme
CaMOCTOSTENIHON pa0dOThl KaX bl CTYJIEHT 00s3aH MPOYUTATh OCHOBHYIO U MO BO3MOKHOCTH
JTOTMOJTHUTEIIBHYIO JINTEPATYPY MO U3ydaeMOr TeME. BbIIEINTh HEMTOHATHBIE TEPMUHBI, HAUTH UX
3HA4YEHUE B JIUTEpATYpE.

JIns mOATOTOBKHM K 3aHATHUSM, TEKYIIEMY KOHTPOJIIO M MPOMEKYTOUYHOW aTTECTAIUU
CTYJIEHTBI MOTYT BOCIIOJIb30BAThCS  AJIEKTPOHHO-OMOMMOTEUHBIMU  CHUCTEMaMH. Takxke
oOydJaroruecss MOTYT B34Tb Ha JIOM HEOOXOJAMMYIO JIMTepaTypy Ha aOOHEMEHTe
YHUBEPCUTETCKON OMOIMOTEKN MM BOCIIOIb30BATHCS YNTATBLHBIMU 3aJ1aMHU.



