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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas mporpamma guctumuinHbel (Moxyisi) «Teopust cTOXacTHYECKOIO ONTHMAlIbHOIO
yIpaBJIEHUS» COCTaBIIEHA B COOTBETCTBUU C (heJIepaIbHBIM ITOCYIapCTBEHHBIM 00pa30BaTeIbHbIM
CTaH/IapTOM BBICIIETO 0Opa3zoBaHus — OakanaBpuar no cnenuansHoctu 02.03.01 MaTtemaruka u
KOMITbIOTEPHBIC HaykH, Tpoduib «IIporpamma napyx aumiomoB HUY BIID u 1Y «llpuknagnas
MaTeMaTHKa U WHPOPMATHKA», YTBEPKICHHBIM MpHUKa3oM MUHHCTEPCTBA HAYKHU MU BBICIIETO
obpazoBanus Poccuiickoit deaepannu Ne 807 ot 23.08.2017 rona.

N3yuenune aucuuiuinabl (Moaysst) «Teopus CTOXaCTHYECKOTO ONTUMAIBHOTO YIIPABJICHUS»
oOecrieunBaeT TiyOOKOe MOHMMaHHE CTOXACTHYECKHUX IMPOILIECCOB, KOTOpHIE JIEKAaT B OCHOBE
COBPEMEHHBIX MaTE€MaTHYECKUX MOJENEH, UCIOIb3YEMBIX Ul aHAIM3a HEONPENeIEHHOCTH U
CIIy4aifHOCTH B CJOXHBIX CHCTeMaxX. OJTa JAUCHUUIUIMHA CIIOCOOCTBYET pa3BUTHIO HABBIKOB
KOMITBIOTEPHOTO MOJCIIUPOBAHUS U CUMYJISIIIUU CIYYaWHBIX SBJICHHUM, YTO KPUTHUYHO JJIsi
MPUMEHEHHUS B 00JIaCTAX, TAKUX KaK (PMHAHCOBBIN aHaIM3, MAIIMHHOE OOy4YEHHUE, OMTUMU3AIIS
QITOPUTMOB U obecrieueHne WH(POPMAIMOHHON O€30MaCHOCTH, TA€ TOYHBIE MpPEJCKa3aHHs U
yIpaBieHUE PUCKaMU HEBO3MOKHBI 0€3 yuéTa CTOXaCTUYECKUX (PaKTOPOB.

MecTto tucUIIMHBI (MOAYJISA) B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hacrosmas nucunuminnaa (MOAyib) BKIIOUYEHA B YU€OHBII TUIaH MO POrpaMMe MOATOTOBKU
OakanmaBpuata no Hampasieruto 02.03.01 MaremaTnka W KOMIBIOTEpHBIE HAyKH, MPOQUIb
«[Iporpamma asyx muruiomo HUY BIID u LY «llpuknaagnas marematuka U nHGOpMaTUKa» U
BXOJHWT B BapHaTUBHYIO 4YacTh bioka 1, ¢opmupyemyro y4dacTHHKaMu 0Opa30BaTEIbHBIX
OTHOLLICHHUH.

JucnuminHa (MOayIb) sIBJIS€TCS BBIOOPHOM M JOCTYIHA /sl U3yyeHus Ha 3 uiam 4 Kypce
B 5, 6, 7, 8 cemecTpax Ha BBIOOD.

LHeap  u3yyeHuss  JMCHMIVIMHBI  (MoayJsi):  (GOpMUpOBaHHME Y  CTYAEHTOB
(GyHIaMEHTaJIbHBIX 3HAHUNH O MaTeMaTHYECKUX MOJENAX CTOXaCTUYECKUX IPOLIECCOB, BKIHOYAS
METO/IbI aHAJIN3a U PELIEHNS CTOXAaCTHUECKUX AU hepeHInaIbHBIX YPAaBHEHUMH, ISl IPUMEHEHUs
B 33J1a4aX KOMIIBIOTEPHOI'O MOJIEITMPOBAHMUS.

3agauu u3y4eHust JMCHUILIMHBI (MOIYJIA):

— O3HAKOMWTH CTYACHTOB C OCHOBHBIMHM MOHSTHSAMHM U METOJAaMU CTOXAaCTUYECKOTO
aHayM3a, BKJItoYas Teopusi CTOXaCTUYECKOTO ONTUMAIBHOIO YIIPaBJIEHUS U X CBOWCTBA,

— pa3BUTb YMEHHUS (OpMYyIMpOBaTh U peulaTh 3aJadydl MOJEIMPOBAHUS CIyYalHBIX
IIPOLECCOB B PA3IMYHBIX NPUKIATHBIX O00JACTSIX, TaKMX Kak (UHAHCOBas MaTeMaThka |
MAaIIMHHOE 00y4YeHHeE;

— O0OyYuTh NPUMEHEHHUIO YHCIECHHBIX METOJ0B U KOMIIBIOTEPHBIX TEXHOJOTHH JUIs
CUMYJISIIUU U aHAJIN3a CTOXaCTUYECKUX CUCTEM;

— c(opMUpOBaTh HAaBBIKM KPUTHYECKONW OLEHKM U HHTEpHIpETali pe3yJbTaToB
CTOXAaCTUYECKOT0 MOJIEIMPOBAHUS C YUETOM 0COOEHHOCTEH CTOXaCTUYECKUX MPOLIECCOB.

B pe3yabTare 0cBOCHUSA IMCHUIIMHBI (MOAYJIs1) 00y4AKOIIMIACH TO0JIKEH:

3Hamb:

— OCHOBHBIE IPUHIIMIIBI ONITUMAJIBHOTO YIIPABJIEHUS B CTOXaCTUYECKUX CUCTEMAX;
— ypaBHeHnue ["ammibrona-Akobu-bennmana (HIB);

— MeTOobl AMHAMUYECKOTO MPOTrpaMMHUPOBAHUS,

— TNpuJIoXkeHus B puHaHcax (ympasiieHue nopTdenem);

— CBSI3b C TEOpUEH MAPKOBCKUX MPOLECCOB,;

ymemo:

— (opmynupoBats 3agauy croxacruyeckoro OITY;

— pemars ypasHeHue HIB juist mpocTeIX ciy4aes;

— TMPUMEHATh NpuHLUI MakcuMyma [loHTpsaruHa,

— CTPOUTbH ONTHUMAJIbHBIE CTPATETHH YIPaBICHUS;
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— AHaJIU3MPOBATh YCTOWUYUBOCTD PEIICHUM;

61a0ems:

— HaBbIKaMHu paboTHI ¢ ypaBHeHusimu HIB;

— BETOJaMM CTOXACTUYECKOW ONTUMM3ALINH;

— TEPMHUHOJIOTHEN TEOPUH YIIPABICHUS,;

— OCHOBaMH IPOrpaMMHPOBAHUS JJIs yuClieHHbIX pemenuii (Python/MATLAB);
— MPHUHLUIAMH MOJICIMPOBAHUS B SKOHOMHUKE U (prHAHCAX.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Kommnerennuu, ¢opmupyembie B pe3ylbTaTe OCBOCHHUS IUCHHUILIMHBI (MOIYJS) MpH
MIPOBEJCHNH YUeOHBIX 3aHATHI B (hopMe KOHTAKTHOU pabOThI 00YYAIOIIUXCS C IEAArOTHYECKUMU
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Komnerenuusi | Cogep:kanue komnereHuuu | HuamkaTop IlepeyeHpb MIAHMPYEMBIX
KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JUCHUIIMHE (MOTYJIIO)
VK-1. Crioco0eH oCyIIeCTBIIATh VK-1.1. 3HaeT MeTOAbI MOKUCKA U aHaJIN3a
MTOMCK, KPUTHICCKUH aHAIIN3 nH(pOopMaIuu B 00IaCTH
U CHHTE3 H(pOpMaIn, HCKYCCTBEHHOTO MHTEIJIEKTA,
MPUMEHSTH CHCTEMHBIH OCHOBHBIE MTPUHIHITBI KPUTHIECKOM
MOJIXOJT IS pEIIeHNUs OIIEHKH UCTOYHUKOB HH()OPMAIINH U
MOCTaBJICHHBIX 33729 WX PEJIEBAHTHOCTH
YK-1.2. YMeeT KpUTH4ECKH OLIEHUBATh
WUCTOYHUKHU HH(OpMAILINU H
CHHTE3UPOBATh IAHHBIE U3 Pa3INIHBIX
VMCTOYHUKOB ]ISl pEIICHUS 3a/1a4,
MPUMEHSTh CHCTEMHBIH MOAXO0]] K
aHAM3Y ¥ PEIICHUI0 KOMIUTEKCHBIX
mpo0IeM
YK-1.3. HmeeTt npakTHUECKHIA OTBIT pabOTHI €
COBPEMEHHBIMU HHCTPYMEHTAMH H
TEXHOJIOTHSIMH 1 00pabOTKH
nHpopMaIuu, GOpMyIUPOBAHUH H
CTPYKTYPUPOBAHUH 33124 HA OCHOBE
MOJTydeHHON MH(pOpMAIIH
YK-2. Crioco0eH ompenensTs Kpyr YK-2.1. 3HaeT AeUCTBYIOIINE TIPABOBBIC
3a7a4d B paMKax HOPMBI, PETYJIMPYIOINE ACATSIBHOCTD
MOCTaBIICHHOH LIEJIN 1 B 00JIACTH PELICHUS 3a]1a4, OCHOBHBIC
BEIOMpATh ONTUMATbHBIE METO/TBI U TIOJIXO/IBI K OTPEIEICHUI0
CIIOCOOBI MX PEeIIeHHUS, Kpyra 3a7a4
UCXOJIS U3 IEHCTBYIOIIIX YK-2.2. YMeer onpenesnsaTh KpyT 3a7a4d B
MPABOBBIX HOPM, UMEIOIIIXCS paMKax IMOCTaBICHHOH IIeJH,
PECYPCOB U OTpaHUYCHUH BEIOMPATh ONTHMAJIBHBIE CIIOCOOBI
peleHus 3a1a4, yYUThIBast
UMEIOIIHECS PECYPCHl U OTpaHHYCHHUS
YK-2.3. NmeeT npakTUYECKH OTIBIT
MIPUMEHEHUS 3HAHWI O MPaBOBBIX
HOpPMax M pPecypcax B peajbHbIX
CUTYyalusX, pa3paboTKu U pearu3aiuu
pEIIeHNH B COOTBETCTBUH C
YCTaHOBJICHHBIMH OIPaHHYCHUSIMH
OIIK-1. CnocobeH KOHCYTbTHPOBATh OIIK-1.1. 3HaeT OCHOBHBIC KOHIICTIIINH U TEOPUH
Y UCIIOJIb30BaTh B 00JIACTH MaTeMaTHYECKOTO aHAIIN3a
(dyHIaMEHTATbHBIC 3HAHUS B Y CMEXHBIX IUCIMIUIMH; METOIBI U
001acTH MaTeMaTHYECKOTO MIOJTXOJIbI, KCIIONIb3yeMbIC B
aHam3a, KOMILIEKCHOTO U Pa3IUYHBIX 00JIACTAX MATEMATHKH
(GYHKIMOHAIBHOTO aHaIN3a OIIK-1.2. YMeeT NpuMeHATh MaTEMaTH4ECKHE
anreOpbl, aHATUTUIECKOM METO/IBI JUTSL PEIICHUS
TEOMETPHH, npodecCHOHANBHBIX 3324
nuddepeHnmanbHoM OIlK-1.3. NmeeT nmpakTUUEeCKUNA ONBIT
TE€OMETPHH U TOTIOJIOTHH, pa3paboTKH U peaan3aliu
nuddepeHInanbHBIX MaTeMaTHIECKUX MOJIEICH B

YPaBHEHUH, TUCKPETHOMN
MAaTE€MAaTUKU U

po(heCCUOHAIBHOM IeSTENbHOCTH
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MaTeMaTUYECKOH JIOTUKH,
TEOpPUHU BEPOATHOCTEM,
MaTeMaTUYeCKON CTaTUCTUKHU
U CITyYalHBIX MIPOLECCOB,
YUCJIEHHBIX METOJIOB,
TEOPETUYECKON MEXaHUKH B

npohecCHOHANTBHOMN
JeSITeTbHOCTH
ITK-1. Crnioco6en popmymnupoBatb IK-1.1. 3HaeT METOBI U TTOAXOBI K
3a7a4M C MaTeMaTHYECKOM (bopMyIHpOBaHUIO 3a7a4, a TAKKe
TOYHOCTBIO, 000CHOBEIBAThH OCHOBHBIC MTPUHIIMIIBI
YTBEPKICHHUS CTPOTO H MaTeMaTHYECKOTO JI0Ka3aTeIbCTBA U
aHAIN3UPOBATH MOJTYYCHHBIC aHaJIM3a Pe3yJIbTaToB
pe3ynbTaThl B 00JacTH IK-1.2. YMeeT KOPpEKTHO CTaBUTh U
MaTeMaTHKH U (dopMynrupoBaTh MaTeMaTHYECKHE
KOMITBIOTEPHBIX HayK 3a/1a4, IPUMEHATH CTPOTHE METOJIBI
JIOKa3aTeIbCTBA U AHATM3UPOBATH
MOJTY4YEeHHBIE PE3yIbTATHI
IK-1.3. Hmeer ombIT paboThI ¢ 331a4aMU B
001aCTH MaTEMaTHKH U
KOMITBIOTEPHBIX HAYK, BKIFOUAs
MPUMEHEHUE MaTeMaTHUECKIX
METOJIOB JIISI PEIICHHS TIPAKTHUECKUX
3a1aq
[K-2. CriocobeH pemarh THIIOBEBIE [K-2.1. 3HaeT OCHOBBI HH()OPMAIIMOHHOW U
3a7a4y MpoecCUOHANBHON OoubnmorpaduuecKon KyabTyphl, a
JIeATeTLHOCTH B 00JIaCTH TaKoKe MPUHIAIBI HHPOPMATMOHHOM
HCKYCCTBEHHOTO MHTEIICKTA, 0€301acHOCTH U IPUMCHEHHUS
ONHpasich HA WHPOPMAaIMOHHO-
UH()OPMAMOHHYIO U KOMMYHHKAIIMOHHBIX TEXHOJIOTHH B
oubnmorpadudeckyro po(hecCHOHATIBHON NEATENbHOCTH
KyJIbTYpY, UCTIONB3YS IK-2.2. Ymeet 3pPeKTUBHO UCTIONB30BATh
MH()OPMAIIIOHHO- UHPOPMAITHTOHHO-
KOMMYHHKAI[IOHHBIE KOMMYHHKAIIMOHHBIE TEXHOJIOTUH IS
TEXHOJIOTHH U YUYUTHIBAS pelleHHs CTaHAaPTHBIX 33124
OCHOBHBIE TPeOOBaHHUS npodecCHOHAILHON IeATEHHOCTH,
MH()OPMALTMOHHOM YUYHUTBIBasl TPEOOBAHUS
Oe3onacHocTU MH(POPMALMOHHON 0€3011aCHOCTH
IK-2.3. HmeeT onbIT paboThI €

WHPOPMAITMOHHBIMH PECypCaMu 1
TEXHOJIOTHSIMH B 00JIaCTH Pa3pabOTKH,
BKJIIOYasi COOJIIO/ICHUE HOPM
WHPOPMAIMOHHOH 0€30MaCHOCTH
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3. Temaruueckuii njiax

Nen/ TpynoeMKocTh, akageMH4YecKHe Yachl
1 HaunmeHoBaHue Ounas ghopma TKY
pa3aena THCOUIIITHHBI KonraxkTHas (Tekymui
(Monyas) pabdoTa Komrpos CamocrosiTesb KOHTPOJIb
Jlekuun | Cemunap Hasi paboTa ycmeBaeMocTu)
Bl
1 Bsenenue B 2 4 7 JlomamHee 3aganue
CTOXaCTHIECKOE IloaroroBka
yIpaBJICHUC CEMHUHAPY
2 JnHamudeckoe 2 4 7 Jlomarmnee 3agaHue
IPOrpPaMMHUPOBAHHUE
3 Ypasuenune ['ammibToHa- 2 4 7 Jlomarraee 3amanme
SAxobu-bennmmana (HIB) Kontponbshas
pabora
4 [IpuaIAT MakcuMyMa 2 4 7 Jomaninee 3aganue
ITonTpsirnHa Kontponbphas
pabota
5 JluneitHo-KBaipaTHUHOE 2 4 7 Jlomaninee 3aganue
yIpaBJIcHUE IToaroroska k
CEMHUHApY
6 Monens MeptoHa 2 4 7 [Toxrororka
CeMHHapy
7 CroxacTA4EeCKHUe 2 4 7 Jomaninee 3aganue
nddepeHInaTbHbIE UTPBI KonTponphas
pabota
8 YmpapneHue ¢ HEMOTHON 2 4 7 Jomaninee 3aganue
nH(popMarueit KonTponpnas
pabota
9 Oproauyeckoe 2 4 7 JlomariHee 3ajiaHue
yIpaBJicHHE IMoaroroska k
CEMHUHApY
10 YucieHHbIE METOIBI 2 4 7 [Toxrorosxka x
CEeMHHApy
11 Y cTOHYNBOCTE 2 4 6 Jomarninee 3aganue
CTOXACTHYECKHUX CHCTEM KouTposbHas
paboTa
12 OnrtuMalibHass OCTaHOBKA 2 4 2 6 Jomarninee 3aganue
Kontponbshas
paboTa
13 | O6parusie CAY (ITapay— 2 4 6 JlomariHee 3ajiaHue
[Tenra) IloaroroBka k
CeMHHApy
14 | IIpakTuKym 4 8 6 [Tonroroska
CEMHUHApY
3auem ¢ oyeHKoIl 4
Hmozo: 30 60 6 94
Oovem oucyunaunvt (mooynsn) (6 190
ax. 4.)
Obvem Ooucyunaunvt (mooynsn) (e 5

3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)
1 Brenenmue B — OCHOBHBIE TTOHSATHSA: CTOXacTUYecKue TuddepeHInalIbHbIe YpaBHEHUS
CTOXaCTHYECKOE (CLLY), ynpapnsieMbIe TIPOIIECCHI.
YIIPABJICHHUE — CBa3b C/1Y ¢ ypaBHEHUSIMU B YacCTHBIX Npon3BoAHBIX (YpUIl).
— IIpumepsl 3a1a4: yrpasiaeHue noprdeneM, pecypcamu.
2 Junamuueckoe — Ypasnsiemble A1 Qy3n0HHbBIE TPOLIECCH HA KOHEYHOM HHTEpBae
MIpOrpaMMHUpPOBaHUE BpPEMEHH.
— [Tapabonnueckoe ypaBHeHHE beniMana: BEIBOJ U MHTEPIIPETALIHS.
— [IpakTHKa: penieHue 3a0a4 YIpaBIeHUs] HHBECTULMSIMU.
3 VYpaBHenue ['amMmunbToOHa- — Anroputm bennmvana—XoBap/a a7 mapaboNnyecKux ypaBHEHHH.
SAxo6u-bennmana (HIB) — [IpumMepsl: ynpaBieHue ¢ KBaAPaTUYHOHW (QYHKLMEH 3aTparT.
— Yucnennas peanusanus Ha Python (6ubamoreka scipy).
4 [IpuHuun Mmakcumyma — CpaBHenue ¢ metonom HIB.
[TonTpsiruna — Ycnosus ontuMansHOCTH. [IprMep: 3amaga ObICTpOIeHCTBHS.
— CB3b ¢ JeTepMUHHPOBAHHBIM CITy4YaeM.
5 JIuneiHO-KBaApaTUYHOE — IlocranoBka 3anaun. Pemenue uyepes HIB.
YIpaBJICHHUE — Yrpasiennue ¢ 00paTHOU CBSI3BIO.
— [Ipunoxenusi: poOOTOTEXHUKA, PUHAHCEHIL.
6 Mogens Meprona — OntumanbHOe yrpasiieHHe opTdeneM (PUCK VS JOXOAHOCTB).
— Pemenue ¢ auckoHTHPOBaHWEM HAa OECKOHEYHOM I'OPU30HTE.
— DiMnTudeckoe ypapHeHue bemimana.
7 CroxacTuueckue — IlocTaHoBKa 3a/1a4M I BYX UTPOKOB.
muddepenunansabie urpsl | — PaBHOBecue Hamma B cToXacTHYECKHX CHCTEMaX.
— IIpumMep: KOHKypeHLus! pUPM Ha PHIHKE.
8 VYnpaBieHue ¢ HEOIHOU — @unbTp KanMaHa u ero npuMeHeHue.
nH(popMaIuei — YactruHo HaboqaeMble MapKkoBckue mporeccel (POMDP).
— [IpakTHKa: 3aa4a CIEeXKEHHUS 3a IBIKYIIMMCS 00BEKTOM.
9 Oproauyeckoe — Dproguueckue cBoiicta CILY.
yIpaBJeHHe — YrpaBieHue «B CpeTHEM» AJIi PABHOMEPHO dPTrOJAUYECKUX CHCTEM.
— Dproaudeckoe ypaBHeHue bemnimana.
10 YUucrneHHble METOBI — Anroputm bennvana—XoBapa A1 SJUTMITUYECKUX YPABHEHUH.
— MeTton koHeuHbIX pasHocTel A HIB.
— Peayin3anus Ha Python (cpaBHeHHE METOJIOB).
11 YceroiunBocTh — Kpurepun ycroitunBocTr 1o JIsmyHoBy.
CTOXaCTHUYECKHX CUCTEM — YpaBieHue pH «I10YTH-MOHOTOHHOM» (PYHKIIMHU IICHBI.
— IIpuMepsl U3 SKOHOMHUKH.
12 OnTuManbHast OCTAaHOBKA — YpaBHeHue bemiMana [uis 3a1a41 OCTAHOBKH.
— Ilpurnoxenus: mpojaka akTUBa, OCTAHOBKA DKCIIEPUMEHTA.
— Cas3b ¢ oOpatHeiMu CLY (vacTts 1).
13 O6patusie CL1Y (Ilapagy— | — IlocraHoBKa 1 OCHOBHBIE CBOMCTBA.
[Tenra) — CBs3b ¢ ipssmbeiMu 3agadamu OITY.
— [IpumMep: ynpasiieHHE B YCIOBHIX HEONPENENEHHOCTH (YacTh 2).
14 [IpakTukym — Keiicsr:

- Kanmnbposka Moaenu XecToHa 1Mo peIHOYHBIM JTaHHEBIM.
- OnTuManbHOE pacrpeesieHne KamnTaa.
— OOcyxeHre CBA3H TEM Kypca ¢ COBPEMEHHBIMHU UCCIIEA0BAHUSIMHU.
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTPaHsIEMOro IMPOTPAMMHOTO O0ECHEeYeHHs, BKJIIOYAs MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUHU YHUBEPCUTETA, TAK U 32 €r0 MpeaesaMHy.

CrynentaMm o0ecriedeH yJaJIeHHBIH JOCTYNl K COBPEMEHHBIM MpOo(ecCHOHATBHBIM 0azaM
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

Ocnosnas numepamypa:

1. ABepuna, T. A. AJTOPUTMBI CTaTUCTHYECKOTO MOJACIHUPOBAHUSA  pEHICHUU
CTOXACTHYCCKUX MU (HEepeHINATBLHBIX YPABHCHHA i CUCTEM CO CIIYYaHON CTPYKTYpPOH : yueOHOe
nocobue / T. A. ABepuna. — Mocksa ; Bonorna : Unadpa-Umxenepus, 2025. - 288 ¢. — ISBN 978-
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Jononnumensnas numepamypa:

HTupses, A. H. OcHoBbl croxacTuyeckoit puHancoBoit maremMaTuku. T. 1 : @akTsl, MOJIENH:
B 2 1.: COopnuk HayunsIx TpyaoB / [lupses A.H. - Mocksa :MIIHMO, 2016. - 440 c.: ISBN 978-
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uHpopmatuku. — M. : Bunbsmc, 2009. — 784 c.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaraeT MaTepHallbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIOIMM MPOTUBOIOKAPHBIM IIPaBUJIaM U HOpMaM U oOecreunBaroleil MpoBeIeHne BCeX
BUJOB JUCUUIUIMHAPHOW M MEXAUCHUIUIMHAPHONW TOATOTOBKH, IPAKTHMYECKOW W Hay4yHO-
HCCJIEIOBATENBCKOM paboT 00ydaromuxcsl, IPe1yCMOTPEHHBIX YU€OHBIM MJIAHOM.
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[TomereHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl POBEACHUS 3aHATHI
JEKIMOHHOTO THUMA, 3aHATUA CEMHUHAPCKOro (IMpakTUYECKOro) THUIA, TPYMNIOBBIX H
WHJUBUIyaJIbHBIX KOHCYJIbTALWN, TEKYILIET0 KOHTPOJIA U MPOMEXKYTOYHOW aTTECTAllMH, a TaKkKe
MOMEIIEHUS JUISI CAMOCTOSTEIILHOM paOO0Thl M IOMEIICHHUS JJIsI XPAHCHUS U TPOPUITAKTHIECKOTO
oOciyxuBaHusl yueOHoro obopynoBanus. [lomenienus yKOMIIJIEKTOBaHbI CIIELIMATU3UPOBAHHON
MeOENbI0 U TEXHUYECKHUMH CPEJCTBAMHU OOYUYCHUS, CIYXKAIIUMHU JJIsl MPEACTaBICHUS YIeOHOM
nHpopMaIuu OOJIBIION ayAUTOPHUH.

W3ydeHne qUCIHUILTMHBI (MOTyJIsl) 0OECTICUNBACTCS B YUCOHBIX ayAUTOPHIX, OCHAIICHHBIX

— CTOJIaMH U CTYJIbSIMU;

— KOMITbIOTEPHON TEXHUKOM;

— MEXaHWYECKUMHU KaJbKYJISATOPAMHU;

— CIEUHMaTU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUAsl JEMOHCTPALlMOHHOE 000pYyI0BaHUE.

[TomemeHust 1J1E CAMOCTOATEIBHOM paOOTHI 00YJAIOIIMXCS, B TOM YHCIIE IPUCIIOCOOICHHBIE
JUISl WCIIOJIb30BAaHMS WHBAIMAAMHM M JIMI[AMU C OIPAaHUYEHHBIMU BO3MOYKHOCTSMH 3]10POBbS,
OCHAIIEHbl KOMIBIOTEPHON TEXHUKOW C BO3MOKHOCTBIO MOAKIIOUEHHS K ceTh «MHTepHer» u
o0OecriedeHHEeM  JIOCTyla B  JJIEKTPOHHYIO  HH(GOPMAalMOHHO-00pa30BaTEeNbHYIO  Cpely
YHuBepcurera.

OOyyarommMcst TPENOCTaBIAETCS MOOCTYN (B TOM 4YHCIE YIOAlICHHBIN) K pecypcam
WH(OPMAITMOHHO-TEIICKOMMYHUKAITMOHHON ceTH «VHTepHEeT», IeKTPOHHBIM pecypcam (B TOM
YHclie JJIEKTPOHHBIM OUOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM MPOQECCHOHANBHBIM 0Oa3am
JAHHBIX ¥ HHOOPMAIIMOHHBIM CIIPABOYHBIM CHCTEMAaM):

Ne HaumeHnoBanue nmopraa Cceblika
(u3naHus, Kypca, I0KyMEHTA)
1. | Hayunas snektponHas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
OoubImoTeKa
2. Basa gausbix mus | T-cienuanucTos https://habr.com
3. Basza gauaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit deneparuu

5. | ®enepanbubiii mopran «Poccuiickoe oopasosanue” | https://www.edu.ru/

6. WNudopmarmonnas cucrema "Enunoe okHO noctyna | http://window.edu.ru/
K 00pa3oBarenbHBIM pecypcam”

7. | Enunas xomnekims nudposix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB

8. | ®enepanbHblii IEHTP HHPOPMAITMOHHO - http://fcior.edu.ru/
00pa3oBaTeIbHBIX PECYPCOB

[lepeueHr WH(DOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHUH
00pa3zoBaTeNbHOIO MpoIecca Mo AUCIUIUIMHE (MOIYJIE), B TOM YHUCIE KOMIUIEKT JTUIIEH3MOHHOTO
IpPOrpaMMHOTO  OOecleyeHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHbBIE CIIPABOYHbIE CUCTEMBI:

HaumenoBanmne 110 IIponsBoacTBoO JInnensuonnoe / cBOGOIHO
pacnpocTpaHsieMoe

OnepanMoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexsoe | muuensnonHOe
BpaysepsI:
Sunekc.Bpaysep OTEUECTBEHHOE | CBOOOJIHO pacupoCTpaHsiIeMOe
Google Chrome 3apy0ekHOoe cBOOOJTHO pacpoCTpaHsIeMOe
OducHble NPUIIOKEHNS:
Microsoft Imagine (Visio, OneNote) 3apy0exHOe JIMIEH3HOHHOE
TeXstudio 3apyOexHOe CBOOOHO pacIpoCTpaHseMoe
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Adobe Acrobat Reader | 3apyOexkHOE | CBOOOHO pacIpoCTpaHsIeMOe
IporpamMmHoe oGecniedyeHue 15l IVIAHMPOBAHUS M Y4eTAa BPEMEHM:

Toggle app | 3apy0OeKHOE | CBOOOJTHO pacIpocTpaHsIeMoe
CucreMbl ynpaBjieHHsI TPOEKTAMM:

Microsoft Imagine (Project) | sapy6esxuoe | muuensuonHOE
Cucrtembl ynpapjeHHus1 0a3aMH JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGesxHoe | nuuensmonHoe
Cucrtembl pe3epBHoro konupopanusi (backup):

Acronis Backup Advanced for HyperV | sapyGesxuoe | nHuensHonHOE
CnpaBoYHO-IIPABOBBIE CHCTEMBI:

Koncynprantllimioc: cipaBogyHO-TIpaBOBast OTEUECTBEHHOE | JINIIEH3MOHHOE
cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amnst 6usneca OTEUYECTBEHHOE | JIMIIEH3UOHHOE

Crampmaprasii Russian Edition
Cpenbl pa3padoTKu:

Visual Studio Code 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apyOe)KHOE CBOOOIHO PaCIpPOCTPaHsIEMOe
Anaconda 3apyOexKHOE CBOOOIHO PaCIpPOCTPaHsIEMOe
Robotic Operating System 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
CopelliaSim 3apy0eKHOE CBOOOJIHO PACIIPOCTPAHIEMOE
Google Colaboratory 3apy0exHoe CcBOOO/THO PACTIPOCTPAHSIEMOE
IMakeThl MPOrPaAMMHBIX CPEICTB H OHOINOTEK:

AutoPsy 3apyOeKHOE CBOOOIHO pacIpOCTpaHsIEMOe
Interactive Disassembler (IDA) 3apy0exHOe CBOOOJIHO pacrpocTpaHsIeMoe
Cucrtemsbl ynpaJjieHust ouoanorpaduyeckoii uHgopmanmeii:

Zotero | 3apyOe)KHOE | CBOOOIHO PacCIpOCTPaHsIEMOe
CepBHCHI B CITYKOBI:

Bind 3apy0OexHOe CBOOOJIHO pacrpocTpaHsIeMoe
Docker 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe

7. MeTtoanyeckue v OlleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus I 00y4AIOMIMXCS 110 OCBOEHUIO JUCIUNJIMHBI (MOZYJIs1)

B nporecce uzyueHust TUCHMITIMHBL (MOayiisl) «TeopHst cTOXacCTHUECKOTO ONTHMAIbHOTO
yIpaBJIEHUS» B paMKax TEKYILLEro KOHTPOJISl YCIIEBAEMOCTH UCIIOB3YIOTCS TaKUe BUJbI yueOHOU
paboThI, KaK JIEKIIMs, CEMUHAPhl, KOHTPOJIbHBIE paOOTHI U JOMAIIIHUE 331aHUS, a TAK)KE PA3TUYHbIE
BUJIBI CAMOCTOSITEJIBHOM paOOThl 00YyYarOLIMXCS MO 33/1aHUI0 MIPENOIaBaTellsl, HAallPaBICHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHATBHOM  JIEKCHKH, 3aKpEIUICHHE  MPAKTUYECKUX
npo¢eCCHOHATBHBIX KOMIIETEHIIMH, TOOIPEHNE HHUIMATHB.

Jlekyusi — cUCTEMAaTHYeCKoe, MOCIEAOBATEIbHOE, MOHOJOTHYECKOE  H3JIOKEHHUE
npernojiaBaTeneM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOr0 XapaKkTepa.

B mpomecce neknmii peKOMEHIYeTCS BECTH KOHCHEKT JIEKIUi: KPaTKO M CXEMaTHYHO
(UKCUpOBaTh OCHOBHBIE WIEH, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIIH,
KJIFOYEBBIE CJIOBa W TepMUHBL. HeoOXOIMMO OTMETHUTH BOMPOCHI HJIM MaTepUaNbl, KOTOPBIC
BBI3BIBAIOT 3aTPYIHEHMS, U MOMNBITATbCS HAMTH OTBETHl B PEKOMEHJOBAaHHOU nuTeparype. Ecnu
pa3oOpaTbCsi B Marepuane He yHaercs, cieayeT chopMyiIupoBaTh BONPOC W 3a7aTh €ro
IPEMoJIaBaTes0 Ha KOHCYJIbTAI[MH WM BO BPEMsI CEMUHAPCKOTO (IIPAaKTUYECKOT0) 3aHATHSL.

Cemunap — 310 (hopma yueOHOU NeATeTbHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
PYKOBOACTBOM TpEmojaBaTesisi, TI/A€ CTYACHTbHl AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
MPAKTUYECKHX 3aJaHUsIX U APYrux popmax B3aMMOACHCTBHUS.
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Jnst ycnenmHol moAroTOBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMHTBHCA C TEMOU
3aHATUA WU OCHOBHBIMHU MaATCpUaIaMU, I-ITO6I:.I HUMCTb BO3MOXHOCTL AKTUBHO Y4YdaCTBOBAThL B
oOcyxaeHuu. Takxke MOJIe3HO MOATOTOBUTH BOIPOCHI U HUJIEU JUIsl OOCYKIEHUS, YTO IMOMOKET
I1y0’Ke IIOHATh MaTepUal U MPOIEMOHCTPUPOBATh 3aUHTEPECOBAHHOCTD.

Ayoumopnas paboma — akTUBHasi paboTa CTYAEHTAa Ha CEMUHApe, €ro OTBETHI Ha BOIIPOCHI
IPEernoIaBaTeNs U y4acTHE B IUCKYCCHU.

Jns yCTIenHoro y4acTusl B CEMHHApE CTyCHTaM PEKOMEHIYEeTCs 3apaHee 03HAKOMHTHCS C
TEMON OOCYXXAEHHUS, IPOYUTaTh HEOOXOJMMBIE MaTepHUalbl U MOATOTOBUTH BOMPOCHL. BaxkHO
aKTHBHO CIIYIIaTh M BOBJIEKATHCS B TUCKYCCHIO, BHICKA3bIBas CBOM MHEHHS M apryMEHTUPYS HX.
[Ipu oTBeTax Ha BOMPOCHl MpPENOJNABATENs CTOUT OBITH YBEPEHHBIM, YETKHUM M JIOTUYHBIM,
OIUpAsiCh HAa U3y4YEHHBIN MaTeprai. Takke IMoJIe3HO MOIEPKUBATH IUATIOT C OTHOKYPCHUKAMH,
9T00BI 000TaTUTH 00CYXKACHUE U PACIIUPUTH CBOHM 3HAHUSI.

Homawnee 3a0anue — HaOOp 3a7a4 MO TeMaM HEJIEIH.

[Ipu pabore Ham AOMATHUMHU 3aJaHUSIMA Ba)XHO BHUMATEIBHO O3HAKOMHTBCS C
TpeOOBaHUSIMU U CPOKaMU BBIMOJIHEHHs. PekoMeHyeTcss pa3douBaTh 3aaHUs Ha JTarbl, YTOObI
n30exaTh TEeperpy3kd W JIydille yCBOUTH Marepuai. Vcmonap30BaTh pas3iMuHbIE UCTOYHUKU
uH(pOopMalnK, BKII0Yas yaeOHUKH U OHJIAaH-PeCypChl, AJis 0oJiee rTyOOKOro MOHUMAaHUS TEMBI.

Konmponvhas paboma — micbMeHHas paboTa ¢ HaOOpPOM 3a1a4, KOTOPBIE HY>KHO PEIIHTH 32
OTPAaHUYEHHOE BpEMs.

Llenp KOHTPOIBHOM PaOOTHI - MOTYYUTH CIICIHAIBHBIC 3HAHUS TI0 OJIHOW WM HECKOJIBKUM
TeMaM JUCUHUIUIMHBI (MOAYJIS) U MPOJEMOHCTPUPOBATH HABBIKH UX MPAKTUYECKOTO MPUMEHEHHUS.

Camocmosmenvruas paboma — paboTa CTYJEHTOB, HANpaBJE€HHAs Ha YINIYOJEHHOE
M3YYEHHUE OTJENbHBIX TEM U BOMPOCOB yUCOHON AUCIMILTUHBI (MOTYIs).

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAaHHBIMHU
MaTepuaiamMy Mpyu MUHUMAIILHOM yYacTHH MpenoiaBaTes. 3a1auu CTyJeHTa BKIOYA0T padoTy
C KOHCIIEKTaMu JIEKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUYeHUE YUeOHBIX MaTepHAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3YyUEHHUE JOMOIHUTEIBHBIX TEM, BHIMOIHEHUE yU4eOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00yYeHHS IO JUCHHUIIHHE (MOAYJIIO)

Kpurepun nosy4yeHusi ypoBHA ¥ OLleHUBAHUS c(DOPMUPOBAHHOCTH KOMIIETEHLMH 1O
aucuuIuInHe (MoayJie) «Teopus CTOXaCTHYECKOI0 ONTUMAJIBHOIO YIIPABJICHHUA»

OneHuBaHue ypoBHS Y4€OHBIX JOCTH)KEHUH, OOy4arolmMXcs MO JUCHUIUIMHE (MOIYIIO),
OCYILIECTBIISIETCS B BUAE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOYHOHN aTTECTalUH.

IIpome:xyTouHasi arrecTalusi MO AMCUUIUIMHE (MOAYJIO) OCYUIECTBIsSETCS B (opme
3auema ¢ OWEHKOU, TIPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHUUH, CcHOPMUPOBAHHBIX I10
JTUCIUIINHE.

st oleHMBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTH M IMPOMEKYTOYHON AaTTecTaluu
UCTIONB3YETCs JIecATUOAIIbHAS IIIKalla OLIEHWBAaHUSA, KOTOpask COOTHOCUTCS C TPaAULIMOHHOU
nATHOATUTPHON MITKAJION CIIETYIOIIMM 00pa3oM:

Jecarubannbuas IlarubamnbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Ouenka 3a 3a4eT
OLlCHKA OLICHKA 00y4eHUs MO TMCHUTLINHE (MOTYJII0)
10 OTanaHO 3auTeHo CTyZeHT TOJHOCTHIO BIAJCET 3HAHUSIMH,
9 OTIMYHO 3auTeHo W3J0KEHHBIMH B paboueil mporpamme, H
8 OTIM4EO 3auTeHo rmy0oKo ocMmelcisier  aucuuiuiuHy. OH
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yuyeHus 1o JUCHUILIAHE (MOYJII0)

CaMOCTOSITEIILHO u JIOTHYECKH
[IOCJICA0BATEIILHO OTBEUYACT Ha BCE BOMPOCHI,
aKIICHTUpYS BHUMaHWE Ha  HauOonee
BaKHOM. YwMmeer aHAJIM3UPOBATH,
CpaBHUBATH, KJIACCH(UIIUPOBATH, 0000IIATh,
KOHKPETH3UPOBaTh U CUCTEMAaTHU3HPOBATH
W3yUYCHHBIH MaTepuall, BBIICISSI KITIOYCBEIC
MOMEHTHI W YCTaHaBIIMBas IMPUYUHHO-
CJICNICTBEHHBIE CBs3U. YeTKO (GopMyIupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yIbTaThI aHaJH30B u JIPYTUX
HCCIICIOBAHNIN, a TaKXKe PEIIaeT CIOKHBIC
3agaud. CTyIEHT XOpOIIO 3HAKOM C
METOJaMH HCCJIEIOBAaHUs, HEOOXOIMMBIMU
JUTS. TIPAKTUYCCKOU JCATSIBHOCTH, U yMEeT
CBSI3bIBATh TEOPETUUCCKUC ACIIEKTHI
JTUCIUTUTAHBL  (MOIyJsl) C TPAaKTHYECKUMHU
3a/1a9aMH.

Xopomo

3auTeHo

Xopomo

3auTeHo

CryneHT oOnamaeT 3HAHUSAMHU MpeaMeTa
MOYTH B TIOJHOM oObeMe pabouei
MPOTPAMMBI U CAMOCTOSITEIIHHO, JIOTHUECKH
MOCJIC0BATEIILHO U BCECTOPOHHE OTBEYACT
Ha BCE BOMPOCHI, aKI[CHTUPYST BHUMaHUE Ha
HauOoJiee 3HaYMMBIX MOMeHTaX. OH ymeeT
aHaJM3UPOBATh, CpaBHMBATb,
KJIACCU(UIIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh M CHUCTEMAaTHU3MPOBATH
W3yUYCHHBIH  MaTephal, BBIIENAS  €ro
KIIOYEBbIC  ACMEKThl M yCTaHABIHBas
MPUYUHHO-CJICJICTBCHHBIC CBSI3W.
®dopMyIUpyeT CBOH OTBETHI, YBEPCHHO
HMHTEPIPETUPYET PE3yJIbTaThl AHAJIU30B H
JPYTUX WCCICIOBAHUM, a TaKkKe peraeT
CJIOKHBIC CUTYyalMOHHbIE 3a1aun. CTyneHT
XOPOIIO 3HAKOM c MEeTOAaMH
HCCIIEN0BaHMSI, HEOOXOIMMBIMU JUIS
MPAKTUYECKON JEATEIbHOCTH, U YMEET
CBSI3bIBATh TEOPETHUUECKUE ACIIEKTHI
mpeaMeTa ¢ MPAKTHYECKUMHU 3a/1a4aMu.

YI[OBHCTBOPI/ITGHLHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

CryneHnt obnamaer 0a30BBIMH 3HAHHSIMH
0 TUCIUILTHHE (MOJYJITIO), HO HCTIBITHIBAET
TPYJHOCTH TIPU CAMOCTOSITEIHHBIX OTBETAX
1 UCIIOJIb3yeT HeTOUHbIe (hOpMyTUpOBKH. B
X0JI¢ OTBETOB OH JIOIyCKAeT OIIHOKH,
Kacaromuecst CcyTd BompocoB. CTyaeHT
croco0eH peraTh TOJBKO Camble TPOCTHIC
3alayd W BIIAJICET JIUIIb MHHUMAJIbHBIM
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Hecarubannpuas) I[IarudanabHas O0uiast xapakTepuCTHKA pe3yabTaTa

OneHka 3a 3a4yert

OLICHKA OLICHKA o0y4eHUs MO TMCHUTUINHE (MOIYJIIO0)

Ha60p0M METOA0B UCCIICAOBAHUS.

3 He cnan He 3aureno CrymeHT He OBIael O00sS3aTeIIBHBIM
He cnaun He 3auteno MHUHHAMYMOM 3HAHWUM 110 npeaMeTy M HE
1 He cnan He 3auTeno MOJXKET OTBETUTh Ha BOIPOCHI, JAXKE €CIIU

mnmpernogaBareiib 3adacT JOIMOJTHHUTEIIBHBIC

HaBOJAIIINE BOTIPOCHI.

Juciummbaa  (Moxnynp) «Teopust  CTOXaCTUYECKOIO — ONTHMAJIbHOIO  YIPaBIICHUSA»
OLIEHUBAETCA CIEAYIOIIUM 00pa3oM:

AKTHBHOCTb Bec |KoauyectBo Onucanue

Homamnaue 3amanus | 20% 13 HaGop 3ama4 mo TeMaM Hezenu

KonTponbHbIe 30% 2 [Mucermennas pabota ¢ HabOpoM 3aad, KOTOPBIE HYKHO

paboThI PELIUTh 32 OTPAaHHYCHHOE BPEMS

AynuropHas pabora | 15% 1 OTBeTHI Ha BOIIPOCHL, CIUCOK KOTOPBIX U3BECTEH CTYACHTY
3apaHee

3a4er c OICHKOM 35% 1 [MuceMenHas paboTta ¢ HAOOPOM 3a/1a4, KOTOpPbIE HYKHO
PELINTH 32 OrPAaHUYCHHOE BPEMsI, BO3ZMOKEH
JIOTIOJTHUTENbHBIA YCTHBIN 3K3aMEH

@®opmyJia pacyéTra HUTOrOBOM OLEHKHW MO0 aucuuiuinHe (moayJe) «Teopus
CTOXACTHYECKOT0 ONTHMAJBLHOTO ynpaBjeHusi». «0,2XcpeaHee 3a JOMallHUC 3aJaHus +
0,3x cpennee 3a KOHTpoOJbHBIE paboThI + 0,15 X3a aynuropHyto padoty + 0,35 X3a4eT ¢ OLeHKO».
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Texkymmii KOHTPOJIb YCIIeBAeMOCTH 00YYAIOIIUXCS 110 JUCHHUILINHE (MOayJIe)
IIpuMepHBIe BONPOCHI 1J1sl CEMHUHAPOB

BBenenue B croxacTuieckoe ynpapJjieHue

Urto Ttakoe croxactuueckoe nuddepennuanpaoe ypapaenue (CAY) u kak oHO
oTanyaeTcs oT o0bIyHOrO AU depeHnanbHOro ypaBHeHus?

[TpuBenuTe npuMep ynpaBiiieMOTo MpoIiecca, CBA3aHHOIO C YIIPaBIEHUEM HOopTdeneM
VHBECTHULIMM.

Kak cBszanbl CIY ¢ ypaBHEHUSIMU B 4acTHBIX Npon3BoAHbIX (YpUIl) B kKoHTEKCTE 3aa4
onTHUMH3auu’?

Onumure OCHOBHbIE KOMIIOHEHTHI 33]aul CTOXAaCTHUECKOTO YIIPABJICHUS: COCTOSHUE,
yIIpaBJIEHUE U LENEBYIO (PYHKIHIO.

[IpuBenuTe npumep 3aa4u yIpaBJIeHUs pecypcamu, riae ucnonb3yercs C/AY.

YTto Takoe MapKOBCKOE CBOMCTBO B KOHTEKCTE YIPABISIEMBIX CTOXACTUYECKUX
MPOLECCOB?

Kak 6poyHOBCKOE IBUKEHHE UCTIONB3YETCS B MOJIENIAX CTOXaCTUYECKOTO yIpaBIeHHs?
OO0bsicHUTE OHATHE "ONTUMAIBHOTO YIIPAaBJIEHUA" B CTOXaCTUYECKOU cpeie.
[TpuBeauTe npumep, rae HenoiaHas nHGopManus BiIuseT Ha BbIOop ynpasienus B C/Y.

. Kak cBs13aHbI IPUHIMIIBI CTOXACTUYECKOTO YIPABIICHUS C 3a7auaMu U3 (pUHaHCOBOM

MaTEMATUKHU?
JIuHaMu4eckoe NnporpaMMiupoBaHme

Yro Takoe ynpasiseMblid 11} y3n0oHHBIN Ipoliecc Ha KOHEUHOM HHTEpBasie BpeMeHH?
Kak BeiBoauTCs napabonnueckoe ypaBHeHue bemimana u 4To OHO ONUCKHIBAaeT?

DNEeKTPOHHBIA JOKYMEHT



3. IlpuBenute mpumep pelieHus 3aJauu ypaBIeHUs] HHBECTULIUSIMHU C TOMOIIBIO

JTUHAMHUYECKOT0 MPOTPaMMUPOBAHUS.

Yro Takoe QyHKIUS CTOUMOCTH B ypaBHeHUHU beliMaHa u Kak OHa MHTepHpeTupyeTcs?

Kak nuckoHTHpOBaHuE BIMSET HA pelieHre ypaBHeHus bemmana?

OnummuTe mark ajiropuT™Ma JMHaMu4eckoro nporpammupoBanus g CIY.

[TpuBenuTe UMCIECHHBINA IPUMEP pacdeTa ONTUMAIBHOTO YIPABIEHUS HA KOHEYHOM

TOPU30HTE.

Kak cBsi3anbl ypaBHeHHe beuiMaHna u IpuHLUI oNTUMaIbHOCTH benmana?

UYro Takoe "rpanuna’ B 3aa4e TMHAMHUYECKOTO IPOTrPaMMHUPOBAHUS It TU(DPY3HOHHBIX

poieccoB?

10. [IpuBeaute npumep, riae TMHAMUYECKOE TPOrPaMMUPOBAHNUE TPUMEHSIETCS B
yIpaBJICHUH 3al1aCaMH.

No ok
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YpaBuenne I'amuabTona-Axkoou-besnimana (HIB)

1. Yro Takoe anroput™m bemnmMana—XoBapaa Juist mapaboTHIecKuX YpaBHEHH?

2. llpuBenuTte nmpumep 3aaauu ¢ KBaJpaTuyHoU PpyHKIMEN 3aTpar, pemaemoii yepes HIB.

3. Kak peanmuzoBats uncneHroe pemenue HIB Ha Python ¢ ucnonps3oBanrem 0uOIMOTEKH
scipy?

4. Yrto Takoe QpyHKUMs cTouMOcTH B ypaBHeHHMH HIB u kak oHa cBsi3aHa ¢ ONTUMaJIbHBIM
yIpaBJIeHHEM?

OnumuTe pasHUIy MEXTy MapadoIMUeCKUM H JIUITMIITHIECKUM ypaBHeHHEM bemmana.
[TpuBenure npumep, rae HIB ucnones3yetcs 1 yripaBieHUus B pOOOTOTEXHUKE.

Kaxk mpoBepsiercst cxogumocTh unciaeHHoro pemenus HIB?

UYro Takoe "ympaBieHue ¢ 00paTHoii cBs3bi0" B koHTekcTe HIB?

IIpusenure npumep, rae HIB npumMensiercs nis 3a1a4u ¢ OrpaHM4EeHUSIMUI Ha
YIPaBJICHHE.

10. Kak cBsizansr HIB u croxactuueckue urpbi?

©CoNo O

Hpunuun makcumyma Ilonrpsirnna

1. B uém ocHoBHOE oTnnyMe npuHIMNa Makcumyma llontpsruna ot merona HJB?

2. Kakue ycioBust ONTUMAIBHOCTH 3aJ1a€T MPUHIIUI MAaKCUMYyMa JUJIsl CTOXaCTHYECKHX
cucrem?

3. IlpuBenute nmpumMep 3a1auu OBICTPOJCHCTBHUS, pelIaeMoi C TOMOIIIbIO IPUHIINIIA
ITonTpsiruHa.

4. Kak cBsi3aH NPUHLUI MaKCHUMyMa C IETEPMUHUPOBAHHBIM CITy4aeM yIpaBJIeHus?

5. Uro Takoe conpskE€HHAs cucTeMa B pUHLMIIE MakcuMyMma [loHTpsruna?

6. IlpuBenute YMCICHHBIM IpUMEp NPUMEHEHUS IPUHIUIIA MaKCUMyMa K JuHeHoi C/1Y.

7. Korga npeanoururenbHo UCnoab30BaTh npuHuui [lontpsaruna Bmecto HIB?

8. OnwumuTte, Kak MPUHLIUI MAaKCUMyMa MPUMEHSIETCS B 33/1a4axX C HEMOJIHON
uH(popManuei.

9. IlpuBenute mpuMep U3 FKOHOMHKH, I'/ie UCTIONIb3yeTcs npuHuun [loHTpsruna.

10. Kak mpuHIIMI MakcuMyMa cBsizad ¢ oopatasiMu CIIY?

JInHelHO-KBaApaTHYHOE YIIPABJICHUE

Urto Takoe MOCTaHOBKA 3a/1auu JIMHEHHO-KBaApaTiuaHoro ynpasienus (LQG)?
Kak pemaercsa LQG uepe3 ypaBuenue HJIB?

[TpuBenute mpumMep ynpasiieHus ¢ o0patHoil cBsa3bio B LQG.

Kak npumensierca LQG B poboToTexHuke?

Yro Takoe pazaenenue B LQG u noyeMy OHO BaKHO?

[TpuBeaute npumep u3 puHAHCOB, e ucnonbzyercs LQG.

Kak uncnenno peanuzoars LQG Ha Python?

Yro takoe "nuHeiHas obpaTHas cBs3b" B LQG?

[Tpusenure npumep, rae LQG ucnomb3yercs 1uist yIpaBIeHUs C IIYMOM.

©CoNoR~wWNE
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10. Kak LQG cBs3zano ¢ punstpom Kanmana?
Mogaeas MepTona

UYro omnuckiBaeT Mojiesb MepToHa JUIsi ONTUMAIBHOTO YIIpaBiieHus noprdenem?
Kak pemaercs 3aaya MepToHa ¢ TMCKOHTHPOBAaHHEM Ha OECKOHEYHOM TOPHU30HTE?
Yro Takoe uMnTuYeckoe ypapHenue bemimana B monenu Meprona?

[IpuBenuTe mpuMep pacyeTa ONTUMAILHOTO pacipeiejieHus: akTUBOB 110 MepToHy.
Kak puck u 1oxoqHocTh 6anaHcUpyroTcs B Mojienu MepTtona?

Uro Takoe "rpanurna 3¢ dexruBHOCTH" B mopTdensHoi Teopun Meprona?
[IpuBeauTe YMCIECHHBIN TPUMEp pelieHus ypaBHeHus bemnmana st Meprona.

Kak moznens MepTroHa npuMeHseTCs B IPAKTUKE NHBECTULIUI?

Yro Takoe "croxacTudeckoe ynpasiieHue nmoprdenem" B KoHTekcTe MeproHa?

0. Kak cBsizana mojiens MepToHa ¢ 3proAnYecKuM yIpaBIeHUEM?

CoNo~WNE

[EEN

Croxacrtuueckue nuddepeHnuaibHbie UTPbI

Uro Takoe MoCTaHOBKA 33/1a4M B CTOXAaCTHYECKUX AU(PepeHIINaTbHBIX UTpax?

Kaxk onpenensiercs paHoBecue Hamia B cToxacTuueckux cucremax?

[TpuBenuTe MpUMEp KOHKYPEHIIUU (GUPM Ha PHIHKE KaK CTOXaCTUYCCKOU UTPHI.

Yrto Takoe "Urpok" B KOHTEKCTE CTOXACTHYECKUX MU PepeHITMAIBHBIX UTP?

Kak BeiBoauTcs ypaBHeHue bemimana asis urp?

[IpuBenute npumep, rae paBHoBecre Haiia mpuBOAUT K ONTUMAIbHOMY YIPABICHHUIO.
Kak gncieHHo MoienupoBarh croxacTuieckue urpbl Ha Python?

Urto Takoe "cMmeliaHHas cTpaTerusa’ B CTOXaCTUYECKUX Urpax?

[TpuBenute npuMep U3 IKOJIOTUHU, TJ€ IPUMEHSIOTCS CTOXAaCTUUECKHUE UTPHI.

0. Kak croxactuueckue Urpbl CB3aHbI C YIPABICHUEM C HETIOJIHOM nHpopMarueit?

BOoo~NoOR~WDNE

YnpasJjieHue ¢ HenmoJIHOM HH(popManHen

1. Yro Takoe ¢punbTp KanmaHna u kak OH IpUMEHSIETCS B YIPaBJICHUN?

Uto Takoe yacTUIHO HaOII0JaeMble MapkoBckue mporeccsl (POMDP)?
[TpuBeauTe mpuMep 3a7auul CISKEHH 3a JBIKYILIUMCS 0ObEKTOM C HETIOJIHON
uH(popMaruei.

Kak ¢punbptp Kanmana 0OHOBIISIET OLIEHKH COCTOSIHUSA?

Uro Takoe "mym HaOmoaenus" 8 POMDP?

[TpuBeauTe YnciIeHHBIN NpuMep npuMeHeHus ¢puipbTpa Kanmana.

Kax POMDP cBsizansi ¢ npuniunom makcumyma [lonTpsiruna?

Yro Takoe "onTHUMaigbHas NOJUTHUKA" B YIPABIECHUHU C HEMOJIHON HHpOopMaren?
[TpuBenuTe npuMep U3 HABUTaLlMH, TJ€ UCIIOIb3YETCsl HEMOIHAs HHpOpMaIIHs.
0. Kak yncnenno peanuzoBats POMDP na Python?

wn
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3pF0}II/I‘l66K0€ YiupasBJjicHue

Yro Takoe sproanyeckue ceoricrsa C/IVY?
Yro onuceiBaeT ynpasiaeHue "B cpeaHeM" 1 paBHOMEPHO 3PrOJINYECKUX CUCTEM?
Kak BeIBOAMTCS 3proauueckoe ypaBHenue bemnmana?
[IpuBenuTe NpUMEpP IPrOANIECKOTO YIPABICHHS B SKOHOMHUKE.
Yro Takoe "cpeaHsis CTOUMOCTB' B 3progM4ecKOM yIpaBIeHUH?
Kak cBsi3aHbl 3proanyeckrue cBoMcTBa ¢ 6€CKOHEYHBIM TOPU30HTOM?
IIpuBenuTe YMCICHHBIN IPUMED PELICHUS SPrOAUYECKOr0 YPaBHEHHUS.
Urto Takoe "cTauroHapHas MOJUTUKA" B 3proJAMYECKOM YIIPaBICHUU?
[TpuBeaute npumep U3 GU3UKH, € IPUMEHIETCS HProAUYECKOe YIIPABICHHE.
. Kak sproauueckoe ynpasieHHE CBA3aHO ¢ YCTOWYHUBOCTBIO CUCTEM?

CoNoOAEWNE

[EN
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YucJiieHHbIE METOABI

1. Yro takoe anroput™m benmnmana—XoBap/a 1uist SJTUNTAYECKAX YPaBHEHUA?

DNEeKTPOHHBIA JOKYMEHT



K IPUMEHSIETCS] METOJI KOHEUHBIX Pa3HOCTEH I pEeLICHUS ?
Ka €HsIeTCA METOJ KOHE a3HOCTE enie HJIB?
[TpuBeauTe MpUMEp peann3anry YUCISHHBIX METOI0B Ha Python.

TO Takoe "ceTka" B METOJ1€ KOHEUHBIX Pa3HOCTEN AJIs ?
4 "ceTka" e e HIB?
Kak cpaBHuBarorcs anroput™ bemimana—XoBapaa 1 METOJT KOHEUHBIX pa3HOCTEN?

WBEJIUTE YUCIICHHBIA IPUMEP JIs1 1apadOINYECKOTO .

IT e e 0 e HIB
Urto Ttakoe "uteparuBHbIN noaxon" B anropurme bemnmmana—Xosapaa?
Kaxk npoBepsieTcss TO4HOCTh YncaeHHbIX pemenuit HIB?
[TpuBeauTe MpUMEp NPUMEHEHHUSI YUCICHHBIX METOJIOB B (DUHAHCAX.

. Kak unciieHHbIe METO/IbI CBA3aHBI C IPAKTUYECKUM MOJIEIINPOBAHUEM
0.K e Me e em?

BOoo~NoOR~WN

Y CToiiYuBOCTh CTOXACTHYECKUX CHCTEM

Kakue kpurepun ycroiunBoctH 1o JIssmyHoBy ucnionb3yroTes Jist CIY?

Uro Takoe yrnpasieHue npH "MoYTH-MOHOTOHHOK" (DYHKIIMU LIECHBI?

[IpuBeauTe mpuMep U3 SKOHOMUKH, I€ TpUMeHsieTcs yctonuuBocth CY.

Kak onpenensiercst acuMITOTUYECKAs! yCTOMUYUBOCTh B CTOXAaCTUYECKUX cUCTEMAX?
Yro takoe "nmuapunov ¢yukius" g CAY?

IIpuBenuTe YMCICHHBINA IPUMEDP OLEHKH YCTOMYMBOCTH.

Kaxk ycToHuuBOCTh CBA3aHa C 3proIMYECKUM yIIpaBiIeHueM?

Urto Takoe "cToxacTuyeckasl yCTOMYMBOCTD" B yIIpaBiIeHUU?

[TpuBenute npumep u3 GU3MKH, I7I€ TPUMEHSIETCS YCTONYUBOCTD.

0. Kak kputepun JIssmyHOBa MPUMEHSIOTCS B 3a7a4ax yrpaBlIeHUs?

CoNoOA~WNE

[EEN

OnTuMaJILHAs OCTAHOBKA

Kak BeiBoauTCs ypaBHeHue bemiMana aiis 3a1aud ONTUMaIbHOM OCTaHOBKH?
[TpuBenuTe npUMep NPUIOKEHUS ONITUMAIIBHON OCTAaHOBKHU B IIPOJAKE aKTUBA.
Uro Takoe "Bpems OCTaHOBKHU'" B 3a/1a4€ ONTUMaJIbHON OCTaHOBKHU?

Kak cBsi3aHa onTumanbHast octaHoBKa ¢ oOpatHeiMu CIY?

[TpuBenuTe npUMep OCTAHOBKHU IKCIEPHUMEHTA KaK 3aJ1auM yIpaBJIeHUS.

Yro Takoe "rpaHunia OCTaHOBKH" B ypaBHEHUH bennmana?

[TpuBenuTe YMCICHHBIN IPUMEpP PEICHUS 3a/1a4l OCTAHOBKH.

Kak ontumanbHas ocTaHOBKa IpUMEHsIETCsl B (prHaHCcax?

Uro Takoe "HempepbIBHAs OCTAHOBKA" B CTOXACTHMUYECKUX Mpolieccax?

0. Kak ontumainbHas OCTaHOBKA CBsI3aHa C MPUHIUIIOM MakcUMyma?

Oo6partnbie CAY (Ilapay—Ilenra)

Yro Ttakoe nmocraHoBka oopatnoii 3anaun C1Y no I[Tapay—Ilenra?

Kaxue ocHOBHBIE cBOMicTBa nMetOT oOpaTHbie CIAY?

Kak cBs3anbl oOpatHbeie CIIY ¢ npsMbIMU 33/1a4aMU OTITUMAJIBHOTO YIIPABIEHUS?
[TpuBenuTe npuMep ynpaBlieHUs B yCIOBUIX HeonpeaenéHHocTu yepe3 oopatasie CIY.
Yro takoe "obpaTHas 3agaua” B koHTekcTe CIY?

[TpuBenute uncneHHbI TpuMep perienust oopatHoit CIY.

Kak oOparusie C[IY npuMeHstoTcs B KaTMOpOBKe Mojieseit?

UYro Takoe "HeonpeaenéHHOCTh mapaMeTpoB” B o0patHbix C/Y?

[TpuBeauTe MpUMeEp U3 MAIIUHHOTO 00Y4eHus, i€ UCHoNb3ytoTcs oopaTHbie CLY.

10 Kax o6patubsie CI1Y cBszansl ¢ punbtpom Kanmana?

BOoo~NoOR~WNE

CoNoOARWNE

IIpumepHbIe 3a1aHNs IO KOHTPOJILHOM padoTe
KourtpoJubsHnas padora Nel

1. BBegeHue B crTOoXacTHuyeckoe  ynpapieHue. Ompenenure  CTOXacTUYECKOE
muddepennmransHoe ypaBHeHue (CHY) u o0bsicHUTE ero kitoueBble KOMIOHEHTHI. [IpuBeaure
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MpUMeEp YNPaBISEMOro IMpouecca sl 3aa4u yrnpaBiieHus pecypcamu, 3anucaB C/lY B siBHOM
BUZIC U 0OOCHOBAB €r0 CBSI3b C YPABHEHUSMHU B YACTHBIX IPOU3BOIHBIX.

2. BBenenne B cToxacTuueckoe ymnpapjieHHe. PaccMoTpuTe 3amady  yrpaBiieHUS
noptdenem: puckoBbiii akTuB dSt=pStdt+cStdWt, 6e3pucKOBBIi ¢ JOXOJHOCTHIO T. 3amUIINTe
CHY nns kanurana dXt=(rXt+ut(u—r))dt+utcdWt. O0bscHHTE, KaK MAPKOBCKOE CBOMCTBO BIIUSET
Ha BBIOOD yIpaBiICHUS.

3. luHamMu4eckoe nmporpammupoBanme. /s ynpasisemoro quddy3noHHOro mnpoiecca
Ha untepBasie [0, T] BoiBenuTe mnapabonuueckoe ypaBHeHue bemnmana. Uurtepriperupyiite
(GYHKIMIO CTOMMOCTH W HPUHLUI ONTUManbHOCTH. [IpuBeauTe 4uCIeHHBIH MpUMEp pEelICHUS
MIPOCTOM 3a/1a4¥ ¢ KBaIpaTHUHOUN (PyHKIIMEH 3aTpar.

4. luHaMu4YecKoe NporpaMMupoBaHue. Pemnre 3amauy ynpaBieHHs WHBECTHUIUSMU:
nenesast (ynxuus E[J0Tut2dt+XT2], rae dXt=(rXt+ut(u—r))dt+utcdWt. BriseauTe ypaBHeHHe
bennmana u onuIIKTe Ark HAX0XACHHUS ONITUMAJIBHOTO YIIPABIICHHUS.

5. YpaBHenune I'amuabrona-SIkoou-beaamana. /g 3anaun ¢ kBagpaTuaHoi QyHKIHEH
3arpar (TMHEHHO-KBaJIpaTHYHOE yrpasieHue) BeiBeaute HIB-ypaBHenne. OOBSICHUTE alrTOPUTM
bemvana—XoBapaa u peanu3yiiTe YUCICHHOE penieHue Ha Python ¢ mcmosb3oBaHmeM scipy
(mpemocTaBbTe KIIOUEBBIC (DparMEHTHI KOJIA).

6. IMpunuun makcumyma Ionrpsaruna. CpaBaure npuHImn Makcumyma [loHTpsiruHa ¢
meronoM HIJB. Jlns ngeTepMUHUpPOBaHHOrO Ciyyass YOpaBiCHUS BbIBEIUTE YCJIOBUS
ONTUMAJIBHOCTU U OOBSICHUTE HUX IEPEHOC Ha CTOXacTHueckue cuctemsl. llpuBenurte npumep
3aa4uu OBICTPOJCHCTBHS U PEIIUTE €€.

7. punonun  mMakcumyma I[lontpsiruna. [lns  cucremsr dXt=utdt+dWt, wnenesoii
byHKIIUN E[,[OT(Xt2+ut2)dt], BBIBEJIUTE COMNPSIKEHHYI0 CHUCTEMY U YCJIOBHUS ONTHUMAJIBbHOCTH.
[TpuBenure uncneHHslit pacuer st T=1.

8. JluneiiHo-kBaJpaTu4Hoe ynpasiaeHue. [locranoBeTe 3amauy LQG: nuHeiHas
cucrema dXt=(AXt+But)dt+CdWt, kBagpartuunas ueneBas QyHkims. Pemure uepe3 HIB wu
o0BsicHuTe paznenenue. [IpuBenure npumMep u3 poOOTOTEXHUKH.

9. Uncaennnle Meroabl. CpaBHuTEe anroputMm bemMana—XoBapaa Uit SJUTANITHYECKUX
YpaBHEHUH U METOJ KOHEYHBIX pasHocTel 1 HIB. Peanusyiite mpocroe 4nciieHHOE pellIeHne
Ha Python nns 3anaun u3 TeMsl 5 (peaocTaBbTe KO U aHAJIU3 CXOJUMOCTH).

KonTtpouabnas padora Ne2

1. Moaear Meprtona. B monenn MeproHa it ONTHMaIBHOTO YIPaBJICHUsS MopTdenemM
BBIBEIUTE SJUIMNTHYECKOE ypaBHeHHe bemnmana Ha OeckoHeuHOM ropu3oHTte. Paccuuraiite
ONITHMANIFHOE  pachpeaelieHue akTuBoB i mapameTrpoB  (u=0.14=0.1, 6=0.2, r=0.05,
koaduimeHT pucka Asepca 2). O0bsicHUTE TpaHuIly 3H(HEeKTUBHOCTH.

2. Croxactuueckue au(pdepenunaibubie urpbl. [loctraHoBbTe 3amady Ui JBYX
urpokoB: cucrema dXt=(ut—vt)dt+dWt, uenessie pyHkuuu E[JOT(Xt2+ut2—vt2)dt]. Omnpenenure
paBHoBecue Hama u BeiBeiuTe ypaBHeHue beinmana nis urp. [IpuBeaure npuMep KOHKYpEHIIMH
bupm.

3. Croxacruueckne auddepeHnuaibubie Urpbl. Pemmre 3amady w3 mpeapiayIero
BOIIPOCA YHCIIEHHO, MOAETHpYs paBHOBecre Hama. O0bsicHUTE CBA3b C YIIPABICHUEM C HEMOJTHON
uH(popMaliel 1 peanu3yinTe IpocTyro cuMyisnuio Ha Python.

4. YnpasieHue ¢ HenoJiHOM uHopmanmeii. Onumure Gunbtp Kanmana nis nuHeiHoM
CHCTEMBI C IIryMoM HabOmoaeHus. [IpumennTe k 3amade cnexenns: dXt=utdt+dWt, dYt=Xtdt+dVt
. BeiBemute ypaBHeHUs (pUIBTpa U IPUBEIUTE YUCICHHBIN TPUMED.

5. Ynpasijienue ¢ HenoJiHoii uHdopmanueii. [[is POMDP o0bsicHUTE ONTHUMAaIbHYIO
nonuTuky. IlpuBenute mpuMep W3 HABUTALMKU U OOCYIUTE CBA3b C MPUHIMIIOM MaKCHUMyMa
ITonTpsirnna. Peann3yliTe mpocToe YMCIEHHOE PELICHHE.

6. Jproauyeckoe ynpasJjienue. J{ns PaBHOMEPHO 9PronvYecKon
cuctembl dXt=(ut—Xt)dt+dWt BeiBeauTe 3proauveckoe ypapHeHue bemnmana s ynpasneHus "B

DNEeKTPOHHBIA JOKYMEHT



cpenneM". [IpuBenuTe npuMep U3 SKOHOMHKH (YIpaBICHUE 3aMlacaMi) U PACCUUTANTE CPETHIOI0
CTOUMOCTb.

7. YCTOHYMBOCTh CTOXacTHYECKHX cHucTeM. ONMUIIUTE KPUTEPUU YCTOMYMBOCTH TIO
JlanyHoBYy ans croxacThyeckux cucrteM. IlpuBenurte npumep ynpaBiaeHUs HOpU  '"TOYTH-
MOHOTOHHOM" (DYHKIUU IIEHBI U OOBSICHUTE MPUIIOKEHUS B IKOHOMUKE.

8. OnTumaibHas ocTaHoBKa. BriBenute ypaBHeHHe bermnmana Ui 3aaydl OCTaHOBKH.
[TpuBenuTe nprioxeHue: mpojaaxa aktupa. O0bsicHUTE CBI3b ¢ 0OpaTHbIMU CJIY (wacth 1).

9. Ooparubie CY (ITapay—Ilenra) u IpakTuxym. Onummre NOCTAaHOBKY M CBOMCTBa
obpatubix C/IY. [lpuBenuTe mpumep ympaBlIeHHS B YCIOBHUSAX HeomnpeaenéHHoctu. O0cyaure
KeHC W3 MpaKTHKyMa: KaauOpoBKa MoOJeIM XeCTOHAa IO PBIHOYHBIM JaHHBIM H CBSI3b C
COBPEMEHHBIMHU MCCIICAOBaHUAMHE. Peanu3yiite mpocTyro kanuOpoBKy Ha Python.

HpI/IMepHLIe JAOMAIIHHUE 3a1aHUA

JlomammHee 3aganue 1

1. Hpunuun makcumyma [lonTpsiruna. CpaBHute npuHIUN MakcuMmyma [loHTpsiruHa ¢
meronomM HIB. [lnsg p#eTepMUHUPOBAHHOTO Ciydas yYIPaBJICHUS BBIBEAUTE  YCIIOBUS
ONTUMAIILHOCTH M OOBSICHUTE, KaK OHU TEPEHOCSTCS Ha CTOXacTU4yeckue cuctemsl. [IpuBenure
npuUMep 3a7auu ObICTPOACHCTBUS U PELIUTE €€ ¢ HOMOILBIO IPUHIMIIA MAaKCUMYyMa.

2. Tlpunmun makcumyma IMonTpsirmua. J[ns croxactuueckoit cuctemsr dXt=utdt+dWrt,
neneBod  pyHKUUU E[JOT(Xt2+ut2)dt], BbIBeaHTE CONPSKEHHYI0 CHUCTEMY H  YCJIOBHUS
ontuMaibHOCTH. [IprBeIUTE YMCICHHBIN TPUMEp PEIICHUS HA KOHEYHOM MHTEpBaJIE.

3. JluHeliHo-kBaapaTuuyHoe ynpanieHue. [loctanoBere 3amauy LQG: nuHeliHas
cucrema dXt=(AXt+But)dt+CdWt, kBampartuunas ueneBas ¢ynkuus. Pemmrte wepes HIB,
o0bsicHUB pazfeneHue. [IpuBenute npumep nu3 poOOTOTEXHMKH U pealM3yHTe YIpaBICHHUE C
00paTHOM CBSA3BIO.

4. JluHeiliHO-KBaJpaTH4YHOe ynpasJieHue. [li1 ¢uHaHCOBOro mnpumepa (ympaBieHHE
noptdenem) ¢ mymoM Habmonenus pemmre LQG. O0wsicuute cBsa3b ¢ Guibtpom Kanmana u
peanu3yiiTe yucieHHoe pemieHue Ha Python (mpegoctaBbTe KOA U aHATIU3 PE3yJIbTATOB).

5. Moaear Meprtona. B Mmoznenn MepToHa 111 ONTUMAJIBHOTO YIIpaBlieHUs: OpTdeneM
(pCK VS JOXOAHOCTb) BBIBEIUTE OSJUIMIITHYECKOE ypaBHeHUEe bennmana Ha OecKOHEUHOM
ropu3oHTe. PaccumraiiTe ONTHMAaNbHOE pacHpelesieHHe aKTHBOB ISl MPOCTHIX IapamMeTpoB
(u=0.1, 0=0.2, r=0.05, xoadpduiment prucka ABepca 2). IlpuBeanTe YUCICHHBIH NpUMEp U
o0cynute TpaHuIly 3p(HEeKTUBHOCTH.

Jdomamnee 3aganue 3

1. Croxactuyeckue qu¢depennuanbubie Mrpbl. [locTaHoBbTE 3a1auy 1715 IBYX UTPOKOB
B CTOXaCTUYECKOU urpe: cucreMa dXt=(ut—vt)dt+dWt, IIEJICBhIC
dyukmun E[JOT(Xt2+ut2—vt2)dt]. Onpexgennrte pasHoBecwe HboIma ¥ BBIBEAHTE YpaBHEHHE
bennmana s urp. [Ipuseaute npuMep KOHKypeHIIMU GUPM Ha PHIHKE.

2. CroxacTuueckue nudpepeHunaibubie Urpbl. [ npumepa ¢ IByMs UTPOKaMHU PEIINTE
3aJady YHUCIEHHO, Mojenupys paBHoBecue Homia. OOBsICHHTE, KaK CTOXAaCTMUYECKHE HIPHI
CBSI3aHBI C YIPABJICHHEM C HEMOJHOW MH(OpMaIMen, U peaau3yinTe MPOCTYyI0 CUMYISAIHNIO Ha
Python.

3. YnpasJieHue ¢ HenoJiHO# nHpopmaumeid. Omumure ¢unbTp Kanmana nist TuHEHHON
CHCTEMBI ¢ IIyMOM HabmiozieHus. [IpuMenurte k 3amade ciexeHHs 3a ABWKYIIMMCS OOBEKTOM:
cucrema dXt=utdt+dWt, nabmonenne dYt=Xtdt+dVt. BeBenure ypaBHeHHs (QUIbTPa U
IIPUBENNTE YUCICHHBIN TIPUMED.

4. Ynpasienue ¢ HenoaHoi wuHdopmaunueii. J[ns POMDP (wactuyHo HabmonaeMble
MapKOBCKHUE MPOLIECCH) 0OBICHUTE ONTUMAIIbHYIO MOMUTHKY. [IpuBenTe IpuMep U3 HaBUralluu
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U 00CyauTe CBsI3b C NMPUHIUIIOM MakcuMmyma [loHTpsirmHa. Peanmum3syiite mpocToe 4YHCIEHHOE
pemenne Ha Python.

5. Dproauyeckoe ynpasjenue. Jlis

PaBHOMEPHO

3ProJInvecKoin

cucreMbl dXt=(ut—Xt)dt+dWt BeiBeuTe sproauueckoe ypapaenue bemimana st ynpasienus "B
cpeaneM". [IpuBenuTe npuMep U3 SJKOHOMUKH (yIIpaBlIeHHE 3aacaMK) U PacCUUTaiTe CPEeIHIO
CTOMMOCTb JUISI CTAIIHOHAPHOU NOMUTUKU. OOBSICHUTE CBS3b C OECKOHEUHBIM TOPU30HTOM.

3amanus AJ151 NPOMEKYTOUYHOM ATTeCTANUM 10 JUCHUILIMHE (MOTYJII0)

Ne n/m 3ananue OtBer Kommnerenuus
1 VkaKuTe OCHOBHOE MOHATHE, CBI3aHHOE CO CroxacTHueckoe VK-1

CTOXaCTHYECKUMU AU PepeHINATbHBIMA YPaBHEHHSAMHU muddepeHnnanTsHoe
(C1Y) B TeMe BBeACHHS B CTOXaCTHYECKOE yIIPaBIICHHUE. ypaBHECHHE

2 Haitaure Konm4ecTBO OCHOBHBIX KOMIIOHEHTOB B Tpu YK-1
yIpaBIsieMOM IPOIIECCE U3 TEMBI BBEACHUS B
CTOXaCTHUYECKOE YIPaBJICHHE.

3 VYxaxute Tun cBa3u mexxay CHAY u ypaBHeHHSIMH B Uro YK-1
gacTHBIX Mpon3BOAHBIX (YpUIl) u3 TeMbl BBeleHHS B
CTOXaCTHYECKOE YIIpaBJICHHUE.

4 HazoBuTe npumep 3a1auu yrpaBieHUs] pecypcamu U3 Ympasnenne YK-1
TEMbl BBEICHHUSI B CTOXaCTHYECKOE YIIPaBJICHHE. noptdenem

5 YKaxkute BpEMEHHON UHTEPBAII JJIs YIIPABIIIEMbIX Koneunsrit YK-2
T Py3MOHHBIX MTPOIIECCOB B TEME THHAMUYIECKOTO
IPOrPaMMHUPOBAHHS.

6 Haiinure Tin ypaBHenus bennmmana B Teme [Tapabomuyeckoe YK-2
JUHAMHYECKOTO MPOrpaMMHUPOBaHUS.

7 YKaxuTe NpUHLNI, UCTI0JIb3YEMBbIi B BEIBOJIE OnTUMaIBLHOCTH YVK-2
ypaBHeHHUs bennmana U3 TeMbl IMHAMUYIECKOTO
IPOTPaMMHUPOBAHHUS.

8 HazoBure 3agauy, permiaeMyto B IPAKTUKE TEMBI VYupasienue YK-2
JUHAMHYECKOT0 IPOrPaMMHUPOBAHHUSL. HWHBECTULIMSIMU

9 VYKaxuTe aJropuT™ Ajst napaboInyecKux ypaBHEHUH 13 bennmana—XoBapna OIIK-1
TeMbl ypaBHeHus ["amuibrona-Skoou-bemnmana (HIB).

10 Haitnure Tin dyHKIWU 3atpat B npuMepax Temsl HIB. Ksanparuunas OIIK-1

11 YKa)XuT€ HHCTPYMEHT JUIsl YUCIICHHON peasin3alyy U3 Python OIIK-1
teMbl HIB.

12 HazoBute MeTos cpaBHEHHS B TEME IPUHIUIA HJB OIIK-1
Makcumyma IToHTpsruHa.

13 YKa)XUTe KOJIUYECTBO YCIOBUN ONITUMAIILHOCTH B TEME [Ba [K-1
npuHumna Mmakcumyma lloHTpsiruna.

14 Haiinure npumep 3agauu B TeME NPUHIUIIA MAaKCUMyMa BricTponeiicTus IK-1
ITonTpsiruHa.

15 YKaxXuTe CBSI3b C IETEPMUHUPOBAHHBIM CIIYyYaeM U3 ITepenoc [K-1
TeMbl IpuHIKNAa MakcumyMa [loHTpsruHa.

16 HazoBuTte noctaHoBKy 3a7a4u B TEM€ JTUHEHHO- LQG T1IK-2
KBaIPaTHYHOTO YIPABJICHHUSI.

17 VYKaxxute METOJ1 PELICHMS] B TEME JIMHEHHO- HJB IK-2
KBaJIpaTHYHOIO YIPaBJICHHUSI.

18 HaiimuTe npuiokeHne U3 TeMbl JIMHEHHO- PoOororexuuka TIK-2
KBaIPaTHYHOTO YIIPABJICHHUSI.

19 YKaxuTe MoJIeb B TeME MOoesIn MepToHa. Meptona [K-1

20 Hailigute T ropu3onTta B TeMe Mozaenu MepToHa. beckoHeuHsbli [K-1
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