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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas nmporpamma gucnumuinHbel (Monyisi) «Teopust cTOXacTHYECKOIO ONTHUMAalIbHOIO
yIpaBJIEHUS» COCTaBJIEHA B COOTBETCTBUU € (pe/lepaIbHbIM rOCy1apCTBEHHBIM 00pa30BaTeIbHBIM
CTaH/JIapTOM BBICIIETO OOpa3oBanms — OakanmaBpuar mo HampasieHuto 02.03.01 «Maremaruka u
KOMIIbIOTEPHBIE HayKu», npoduis «lIpukinagiHoil HCKyCCTBEHHBIN MHTEIIEKT», YTBEPKICHHBIN
nprka3oM MHHHCTEpCTBA HayKH U BhIcIIero odpasoBanus Poccuiickoit denepanuu Ne 807 ot
23.08.2017 rona.

N3yuenne aucuutuinael (Moayiis) «Teopus cTOXacTHYeCKOTO ONTUMAIBHOTO YIIPaBICHUS
o0ecrieunBaeT IiIyOOKO€ MOHMMAHHE CTOXACTHYECKUX IPOLECCOB, KOTOpPBIE JIeXKaT B OCHOBE
COBPEMEHHBIX MaTE€MaTHYECKUX MOJENEH, UCIOIb3YEMBIX Ul aHAIM3a HEONPENeIEHHOCTH U
CIIy4allHOCTH B CIJIOKHBIX CHCTeMax. JTa AMCLUUIUIMHA CIIOCOOCTBYET pa3BUTHIO HaBBIKOB
KOMITBIOTEPHOTO MOJICIMPOBAHUS M CHUMYJSILUM CIyYalHBIX SBICHHHA, YTO KPUTHYHO JUIS
IPUMEHEHHs B 00J1acTAX, TAKUX KaK (PMHAHCOBBIM aHAIN3, MAallIMHHOE 00y4YeHUe, ONTUMU3ALUSL
QITOPUTMOB U obecrieueHne WH(POPMAIMOHHON O€30MaCHOCTH, TA€ TOYHBIE MpPEJCKa3aHHs U
yIpaBJIeHUE PUCKAaMH HEBO3MOXKHBI 0€3 yuéTa CTOXacTH4ECKUX (PaKTOpoB.

MecTto tucuuIIMHBI (MOAYJI) B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hacrosimas nucuunianHa (MOyJib) BKJIOUEHA B y4€OHBIH IIJ1aH 10 MPOorpaMMe MOArOTOBKH
OakanmaBpuata o HampasieHuo 02.03.01 «MaremaTnka U KOMIBIOTEPHBIE HAYKH», MPOQPHIH
«IIpuknagHON MCKYCCTBEHHBIM MHTEIUIEKT» M BXOIUT B BapHaTUBHYK 4acTb bioka 1,
bopmupyeMyr0 ydacTHHKaMH 00pa30BaTEIbHBIX OTHOIICHUH, KaK TUCIUILIMHA MO BEIOODY.

JucuumninHa (MOIynb) JOCTyINHA Ui u3ydeHus Ha 3 unm 4 xypce B 6, 7, 8 cemecTpax Ha
BBIOOD IOCJIE€ YCHEIIHOIO OCBOEHUS AUCHMIUIMH (Mozayiel): «Martemarnueckuil aHanu3. Yactb
1», «Maremarnueckuii ananu3. Yacte 2» u «Jluneilinas anreOpa m reomerpus. Yactp 1»,
«Jluneitnas anredbpa u reomerpus. Yacts 2» mnu «Matematuueckuid aHanu3. [IpoaBuHyTbII
ypoBesb. HacTh 1», «Matematudeckuid ananus. [IpoaBunytsiii ypoBenb. HacTts 2» u «JIuHeitHas
anreOpa u reometpusi. [IpoaBunyThii ypoBeHb. Yacts 1», «JIuneitHas anrebpa u reoMeTpusi.
ITponBuHyTHI ypoBeHb. HacTs 2».

Heab  w3yyeHus: JMCHUIUIMHBI  (Moayhast):  QopMupoBaHMe y  CTYACHTOB
(GyHIaMEHTaIbHBIX 3HAHUH O MaTeMaTHYEeCKUX MOJENSIX CTOXAaCTHUYECKHUX MPOIECCOB, BKIIOYAs
METO/IbI aHAJIN3a U PELIEHUs CTOXAaCTHUECKUX AU HepeHInaIbHBIX YPaBHEHUH, IS IPUMEHEHUS
B 33J1a4aX KOMIIBIOTEPHOI'O MOJIEITMPOBAHMUSI.

3agauun u3y4eHust IMCHUILIMHBI (MOIYJIS):

— O3HAKOMWTH CTYACHTOB C OCHOBHBIMHM IOHSTHSMM M METOJAMU CTOXACTHYECKOTO
aHayM3a, BKJItoYas Teopusi CTOXaCTUYECKOTO ONTUMAIBHOTO YIIPaBJIEHUS U X CBOWCTBA,

— pa3BUTb yYMEHHUS (QOpMYyIUpOBaTh U pellaTh 3aJadydl MOJIEIMPOBAHUS CIyYalHBIX
IIPOLECCOB B Pa3IMYHbIX NPUKIATHBIX O00JACTSIX, TaKMX Kak (UHAHCOBas MaTeMaThka |
MAaIIMHHOE 00y4YeHHeE;

— 0OyYuTh NPUMEHEHHUIO YHCIECHHBIX METOJ0B M KOMIIBIOTEPHBIX TEXHOJIOTUH ISt
CUMYJISIIUU U aHAJIN3a CTOXaCTUYECKUX CUCTEM;

— c(opMUpOBaTh HAaBBIKM KPUTHYECKOM OLEHKM U HHTEpHIpEeTali pe3yJbTaToB
CTOXAaCTUYECKOT0 MOJIETIMPOBAHUS C YUETOM 0COOEHHOCTEH CTOXaCTUYECKUX MPOLIECCOB.

B pe3yabTare 0cBOCHUS IUCHHUILIMHBI (MOAYJIfA) 00YUAKOIUMICS T0JI5KEH:

3Hamb:

— OCHOBHBIE NIPHMHILHUIIBI ONTHUMAJIBHOTO YIPABIECHHS B CTOXaCTHMYECKHUX CHCTEMaX,
BKJIIOUasl IIOCTAHOBKM 3a/Jad C JHUCKPETHBIM M HEIPEPHIBHBIM BPEMEHEM, KOHEYHBIM H
0ECKOHEYHBIM FOPU30HTOM;

— ypaBHeHue ['amunprona-fkoOu-bennmana (HJB): cBs3p co croxacTuyecKuMu
nuddepeHMaIbHBIMI YPAaBHEHUSIMUA U HEJTMHEHHBIMU YPAaBHEHUSIMH B YaCTHBIX MPOU3BOHBIX
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— OCHOBBI JUHAMHYECKOI'O IIPOrpaMMUPOBaHUs: IPUHLIUI ONTUMAaIbHOCTU bennmana u
€ro IPUMEHEHUs AJIs JUCKPETHBIX U HETPEPBIBHBIX CUCTEM,;

— KJIIOYEBBIE TEOpPEMBbl: NPUHLUI MakcumyMa [loHTpsruHa, Teopembl O pa3aeieHUU
(separation theorem) W NpPHHIMI ONPEACICHHOW SKBUBAJIEHTHOCTH (certainty equivalence
principle);

— TmpuMeHeHHs B (UHAHCAaX U SKOHOMUKE (ynpaBieHHe moptdenem, 3aa1a4a MepToHa) u
COBpPEMEHHBIX 00JacTsIX (MOAECIUPOBAHNE B CTPAXOBAHUH, YIIPaBICHUSI pOOOTOTEXHUUECKUMU;

ymembw:

— (opmynupoBath U pemark 3a7ady CTOXaCTUYECKOTO ONTHMAJIBHOTO YIPABICHUS IS
cucreMm, onucbiBaeMbix CJIY, B TOM uucie HCHOOJB30BaTh METOJ JAMHAMHYECKOTO
IIPOrPaMMUPOBAHUS JUIsl IOCTPOEHUSI ONTUMAJIBHBIX CTPATEruii;

— BBIBOJUTH U pemarb ypaBHeHue ['amumnbrona-Skobu-bennmana (HIB) ans mpocTsix
cinyyaeB (LQG-3anaua, 3a1a4a ynpasiaeHus noprdenem);

— TMPUMEHATH NPUHIMI MakcuMyMma [loHTpsiriHa s nony4eHuss HeOOXOUMBIX YCIOBUIA
ONTUMAJIBHOCTU B CTOXaCTHUYECKUX CUCTEMAX;

— aHaJIM3UPOBaATh YCTONYMBOCTH pereHuit CIAY u npuMeHSITh METOJbI CTOXAaCTUYECKON
ONITHMHM3AIIAH TSI CHCTEM C ITOJTHON M HETIOJIHON HH(OpMAITHEi;

— BBIYUCJIATH YYBCTBUTEJIBHOCTh PEIIEHUH, NCIOJIb30BAaTh METO/IbI alllIPOKCUMALIUN TS
3aa4 OONBIION pa3MepHOCTH (MPUOIMKEHHOE TUHAMUYECKOe TPOrpaMMHUPOBAHNUE);

enademu:

— MeToAaMM JUHAMHUYECKOIo MPOrpaMMHpPOBAHUS U NPUHLIMIIA MAKCUMYyMa JJIs TIOUCKa
CHUHTE3a ONTUMAIBHOTO YIPABJICHHS B CTOXaCTUYECKUX CUCTEMAX ;

— anmapaToM CTOXaCTHYeCKOro wucuucienus WTo s  aHanw3a  yIpaBisieMbIX
T PY3MOHHBIX MTPOIIECCOB;

— HaBbIKaMH paboOTHl C JMHEHHO-KBaApaTuyHO-rayccoBckumu 3amadamu (LQG) m ux
yrcineHHo peanuzanueii B Python/MATLAB;

— METOJaMH aHaJIM3a CXOJMMOCTHU U MOCTPOCHHUSI alllIPOKCUMALIU (HarIpumep, U1 3a1a4
¢ OOJBIIUM IPOCTPAHCTBOM COCTOSIHUM);

— TEPMHUHOJIOTHEN U MOJIXOJaMH COBPEMEHHOW TEOPUU CTOXACTHUYECKOIO YIPaBICHUS
(including robust control).
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHON paboThl 00YYaIOLIMXCS € IeJarorn4eCKUMHU
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

Kox u conep:xxanue
KOMIEeTeHIH U

HNHaMKaTop KOMIETeHIUH U NepedyeHb IVIAHUPYeMbIX
pe3yJIbTATOB 00y4eHHs 110 JMCUMIIMHE (MOAYJII0)

VYK-1. Criocoben
OCYIIIECTBIISIT TIOKCK,
KPUTHYECKHI aHAJIN3 U CUHTE3
HHPOPMAITUH, TIPUMEHSTE
CUCTEMHBIN MOAXO0M IS
pelleHNs TIOCTABIEHHBIX 33124

VYK-1.1. 3HaeT MeTo bl TOMCKA U aHANKM3a UHpOpMaIMK B 006JIacTu
pa3pabOTKH, OCHOBHbIE NPUHIUIIBI KPUTUIECKONW OLIEHKH
MCTOYHUKOB HH(OPMALIUH U UX PEIIEBAHTHOCTH.

VK-1.2. YMeeT KpUTHUECKHU OLICHUBATh HCTOYHUKH HH(OPMALINU U
CHHTE3UPOBATh AAHHBIC U3 PA3JIUYHBIX HCTOYHUKOB VISl PEIICHUS
3a[1a4, IPUMEHATh CUCTEMHBIH [TOJIX0 K aHAJIU3Y U PELICHUIO
KOMIIJIEKCHBIX IPOOJIEM.

YK-1.3. IMeeT nmpakTU4ecKuii OMbIT pabOThI C COBPEMEHHBIMHU
WHCTPYMEHTaMU M TEXHOJOTHAMH IJIs1 00paboTKu WH(MOpMAITHH,
(bopMyNIHMpOBaHHUU U CTPYKTYPUPOBAHUY 3a/1a4 HA OCHOBE
MOJTy4YeHHOH MH(OpMAaIHH.

YK-2. Criocoben onpenensts
KpYT 3aJa4 B paMKax
[IOCTaBJICHHOW LIEIH U
BI)I6I/IpaTI) OIITUMAJIBHBIC
CHOCOOBI MX PEIICHUS, HCXOAS
13 AEUCTBYIOIIMX MIPABOBBIX
HOPM, UMEIOIIUXCS PECYPCOB U
OTrpaHUYCHUI

VK-2.1. 3HaeT nelcTBYIOLIME IPABOBBIE HOPMBI, PETYJIUPYIOLLINE
JeSITeIbHOCT B 00JIaCTH peIeHHs 3a7a4, OCHOBHbBIE METOABI U
HOJXO0/Ibl K ONPEENICHHUIO Kpyra 3aad.

VK-2.2. YMeet onpenesaTs KpyT 3a7a4 B paMKax MOCTaBICHHOM
[EJTH, BEIOUPATh ONTUMAITbHBIE CITOCOOBI PEIICHUS 3a/1a4, YIUThIBAs
HUMEIOIIUECS PECYPChl H OTPaHHYCHHS.

VK-2.3. IMeeT npakTUYECKUA ONBIT MPUMEHEHUS 3HAHUH O
MPaBOBBIX HOPMAX U PECypcax B PEATbHBIX CUTYAIHsIX, Pa3paboTKu
U peanu3alyy PELIeHUH B COOTBETCTBUH C YCTAaHOBICHHBIMU
OTpaHHYEHUSIMHU.

OIIK-1. Criocoben
KOHCYJBTHPOBATh U
HCIIOJIE30BaTh
(yHIaMeHTalIbHbIC 3HAHUS B
00JIaCTH MaTeMaTHYECKOTO
aHaIM3a, KOMIUIEKCHOTO U
(YHKIIMOHABHOTO aHaN3a
anreOpbl, aHATUTUIECKOM
TeOMETpPHH,
muddhepeHnnanbHON
F€OMETPHUHU U TOIOJIOTHH,
UG hepeHIInaTbHBIX
YpaBHEHUH, TUCKPETHON
MaTeMaTHKHU U
MaTeMaTU4YeCKON JIOTUKH,
TEOPUHU BEPOSTHOCTEH,
MaTEeMaTHYECKOW CTATUCTUKU
U CIy4YalHbIX IPOLECCOB,
YHCIICHHBIX METOJIOB,
TEOPETUIECKON MEXaHHKH B
npodeccuoHaIbHON
JESITEIbHOCTH

OIIK-1.1. 3HaeT OCHOBHBIE TIOHATHS, METO/IBI M PE3YIBTATHI
MaTeMaTHYECKOT0 aHaJIM3a, KOMIUIEKCHOTO U (DYHKIIMOHAIBHOTO
aHanm3a, anreOpel, aHATUTHYECKON 1 AuddepeHanTpHON
T€OMETPHH, TOTIOJIOTHH, TU(PepeHIIHATEHBIX YPaBHEHUH,
JIUCKPETHOM MaTeMaTUKU U MATEMATHYECKOMN JIOTUKU, TEOPUU
BEPOSITHOCTEH, MAaTEMAaTHYECKON CTATUCTUKH U CIIyJalHBIX
MPOIIECCOB, YUCICHHBIX METOJIOB U TEOPETHICCKON MEXaHHKH.

OIIK-1.2. Ymeer npuMeHsTh HyHIaMEHTaIbHBIE MaTEMaTHYECKHE
3HAHUS ¥ METOJIBI JJIS1 aHAJIN3a U PEeIeHNs TPO(heCCHOHATIBHBIX
3ajau.

OIIK-1.3. meeT npakTU4eCKH OMBIT BEIOOPA, pa3pabOTKU U
pean3anny MaTeMaTH4YeCKUX MO 1 METOIOB MPH PEeIIeHUN
3a1a4 npodeccHoHaTbHON AesITeIbHOCTH.

OIIK-6. Criocoben
pa3pabaTbiBaTh ATOPUTMBI U
KOMIIBIOTEPHBIE IIPOrPAMMBI,
MPUTOHBIC IS

OIIK-6.1. 3HaeT NpUHLIMIBI AITOPUTMH3ALMH, OCHOBHBIE CTPYKTYPBI
JaHHBIX, APaAUTMbl IPOrPAMMHUPOBAHMS, METOIBI Pa3padOTKH,
TECTUPOBAHHS U OTIAIKH KOMIIBIOTEPHBIX MPOTPaMM.

OIIK-6.2. YMmeeT pa3zpabaTsiBaTh, JOKyMEHTUPOBATh, TECTHPOBATH U
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MPAKTUYCCKOTO MPUMCHCHU A

OTJQKUBATH AITOPUTMBI M KOMITBIOTEPHBIC TIPOTPAMMBI, TPUTOIHBIC
JUTS IPAKTHYECKOTO IPUMEHEHHUSI, C HCTIOIh30BAaHUEM COBPEMEHHBIX
SI3BIKOB U Cpejl pa3pabOTKH.

OIIK-6.3. meeT npakTHUECKHUl OMBIT pa3paboTKu U
CONPOBO’KACHHS KOMIBIOTEPHBIX IIPOrPAMM U TIPOT PAMMHBIX
KOMIUIEKCOB JUIS PEIICHHUS MPUKIAIHBIX 33/1a4.
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3. Temaruueckuii njiax

Nemr/ TpyaoeMKoCTb, aKaAeMHYECKUE YAChI
I HaumeHoBanue Ounas ghopma
pa3aesa TUCUUILIUHBI AyauTopHasi padora T}( M
(Tekymuii KOHTPOJIb
(MonyJis) Jlekuun | Ilpaktuyec | Kontpo | CamocrosiTen yemeBaemocTH)
KHe JIb bHas padorTa
3aHATHSA
1 JnHammgeckoe 5 5 20 JlomarHee 3amanue,
MPOTrPaMMHUPOBAHHE ayuropHas pabora
2 HenpepsiBHOE Bpems u 5 5 2 20 JlomarnHee 3aanue,
HJB ayauTopHas paborta
KonTponbHas
pabota
3 LQG u mpunImn 5 5 20 Homainee 3ananue,
MakCUMyMa ayuropHas pabora
4 [Ipumenenuns B puHaHCAX 5 5 20 Homaiinee 3ananue,
ayIuToOpHas padoTa
5 Henonuas nadopmanus 6 6 20 Homaminee 3ananue,
U YCTONYUBOCTh ayJuropHas pabora
6 OnTuMalibHas OCTaHOBKA 2 2 2 10 JlomarHee 3amaHue,
Y IPUOITHKCHHS aynuTopHas padoTa
KonrtponbHas pabora
7 [IpumeHeHue 2 4 10 Jomaninee 3aganue,
CTOXaCTHUYECKOI'0 ayauTopHas pabora
ONTUMAIIBHOTO
YIIPABIICHUS
3auem c oyeHKou 4 KosmnokBuym
Hmoczo: 30 32 8 120
Ob6vem oucuunaunovt (Mooyns) 190
(¢ ax. u.)
Oobvem oucyunaunot (M00yn) 5
(6 3au. eo.)
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4. CopepxaHue TMCUUILTHHBI (MOTYJIs)

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)
1 JrHamuyeckoe ITpunnun ontumansHocTU bennMana
MPOrpaMMHUPOBaHKE JuckpeTHble 3a7jaun. YpaBHeHue bemimana
2 HenpepsiBHOE Bpems u VYupasnsemsie C[IY. @opmyna Uto
HJB Ypasuenue I'amunpToHa-Ako0u-bennmana (HIB)
3 LQG u mpuHIMI Jluneiino-kBaapaTuaHbii perynstop (LQR).
MaKCHUMyMa LQG. Ypauenue Pukkatu
Croxactuueckuil mpuHImn Makcumyma IloHTpsirnHa
4 [Ipumenenus B purancax | 3amada MepTtoHa 00 ONTHMAIEHOM TOpTdheme
5 Hemnonnas nadopmarus u | Teopema o paznencauu. @unstp Kanmmana.
YCTOWYHBOCTD Y CTONYMBOCTh CTOXaCTHUECKUX CHCTEM
6 OnrtumanbsHast OCTAaHOBKA M | YpaBHEHHE IS 3a1a41 OCTaHOBKH. [IpuMepsr
TPUOITHKESHUST Approximate Dynamic Programming
PobactHoe ynpasnenne. Hoo-mmogxoz.
7 | [lpumeHeHue Yupasiienue noprdeneM wix poboToM
CTOXACTUYECKOT O CpaBHUTENIBHBIN aHAIU3 MeTOA0B. [I[puMeHeHre B uHaHCAX U
OIITUMAIIBHOTO POOOTOTEXHUKE
YIIPaBIIEHUS
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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  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIa K pecypcaM M3 JI000# TOUYKH, Tlie eCTh NOAKII0oUeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

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

OcHnognas numepamypa:

1. ABepuna, T. A. AJTOPUTMBI CTaTUCTHYECKOTO MOJACIHUPOBAHUSA  pEHICHUU
CTOXACTHYCCKUX MU (HEepeHIMATBLHBIX YPABHCHHI H CUCTEM CO CIIYU4allHOUM CTPYKTYpOH : yueOHOe
nocobue / T. A. ABepuna. — Mocksa ; Bonorna : Unadpa-Umxenepus, 2025. - 288 ¢. — ISBN 978-
5-9729-2443-1. - Tekcr : anextponHbiit. - URL: https://znanium.ru/catalog/product/2226612.

2. Kpyrnos, B. M. Cnyuaiiabie mpoueccsl B 2 4. Yacts 1. OcHOBBI 00111€# TEOpUH : yueOHUK

st By30B / B. M. Kpyrnos. — 2-e uzn., nepepad. u non. — Mocksa : U3parensctBo KOpaiiT,
2024. — 276 c¢. — (Beicmuee obOpazoBanme). — ISBN 978-5-534-01748-9. — Tekct
anekTpoHHbIW  //  OOpaszoBarenpHas  miatdpopma  HOpaiit  [caiit]. —  URL:

https://urait.ru/bcode/536889.
3. Kpyrnos, B. M. Cnyuaitasie nporeccsl B 2 4. Yacts 2. OCHOBBI CTOXaCTHYECKOTO

aHanu3a : yueOHuK mia By3oB / B. M. KpyrinoB. — 2-e u3z., nepepad. u gon. — Mocksa :
NznatenbcrBo FOpaiit, 2024. — 280 ¢. — (Briciiee oopa3osanue). — ISBN 978-5-534-02086-1.
— Texct : osnexktponHsli // OOpa3oBatenbHas mnatdopma HOpaiit [caiit]. — URL:

https://urait.ru/bcode/537767.

ononnumenvuas numepamypa:

1. IllupsieB, A. H. OcHoBbI croxacTuueckoi (punaHcoBoil marematuku. T. 1 : DaxThl,
moznenu: B 2 1.: CoopHuk HayuHbIX TpyaoB / llupses A.H. - Mocksa :MIITHMO, 2016. - 440 c.:
ISBN 978-5-4439-2391-5. - Texcr: AIIEKTPOHHBIN. - URL:
https://znanium.com/catalog/product/970044

6. MartepuajbHO-TeXHHYECKOe ofecrevyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MPOTHBOIIOKAPHBIM MPaBUIaM U HOPMaM U 00eclieurBarolIeil MpoBeieHHe BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKH, HPAKTHUYECKOH M HAy4HO-
UCCIIEI0BATEIbCKON PaboT 00yJaromuxcs, MPeayCMOTPEHHBIX YU€OHbBIM IIJIAHOM.

[TomeneHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIMOHHOTO THMA, 3aHATHM CEMHHApCKOro (MPakTUYECKOro) THMA, TPYNIOBBIX H
WHAUBUAYaJIbHBIX KOHCYJIbTAIMMA, TEKYIIIETr0 KOHTPOJIS U MPOMEXYTOUYHOM aTTeCTalluy, a TaKKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcimykuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICMAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOyUYEHHs, CIy>KallMMH Ul MpeACTaBIeHUs ydeOHOU
uH(popMaluu 60JbIION ayIUTOPUH.

N3yuenne qUCUUIUIMHBI (MOAYIA) oOecTieunBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAIIEHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOU;

— MEXaHWYECKUMU KaJIbKYJIATOPaMU;
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—  CHENHUATU3UPOBAHHBIM 000pYyI0BaHHEM, BKIIIOYAs! IEMOHCTPAIMOHHOE 000PYIOBaHHE.

[TomMerieHust 47151 CAMOCTOSATENIBHOM paboTHI 00ydaro

HIUXCA, B TOM YHUCJIC HpI/ICHOCOGHGHHLIC

IJI1 MCIIOJIB30BAHMA HHBAJIMAAMKU M JHULOAMH C OIpaHUYCHHBIMH BO3MOXXHOCTAMH 310POBbA,

OCHAILEHbl KOMIIBIOTEPHON TEXHUKOU C BO3MOKHOCTBIO
obecrieueHreM  JOCTyNa B 3JICKTPOHHYIO
YHusepcurera.

nH(pOpMaIMOHHO-00pa30BaTEILHYIO

noAknrYeHus k ceru «MHTepHeT» U
cpeny

OOyyarommMcst MPeIOCTaBIAETCS JOOCTYN (B TOM 4YHCIE YJAlICHHBIN) K pecypcam
UH(POPMALIMOHHO-TEIIEKOMMYHHUKAIIMOHHON ceTH «HTepHeT», 3JeKTPOHHBIM pecypcaM (B TOM
YyHClie AJNEKTPOHHBIM OHOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM NpodeccCHOHaIbHBIM 0a3zam

JAHHBIX 1 UH(OPMAIIMOHHBIM CIIPABOYHBIM CUCTEMaM):

Ne HanmeHnoBaHue nmopraJa CcebLTKa
(u3manus, Kypca, 1I0KyMeHTAa)
1. | Hayunas snexTponnas oubnnoreka elibrary.ru | https://elibrary.ru/defaultx.asp
OonbnMoTeKa
2. | baza naunbix g | T-cneuuanucros https://habr.com
3. | ba3a mannsix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHeli caiit MUHHCTEpPCTBA HAYKH 1 https://minobrnauki.gov.ru/
BEICIIETO 0Opa3oBanus Poccuiickoit deneparuu
5. | ®enepanbhsiii mopran «Poccuiickoe oopazoBanue” | https://www.edu.ru/
6. | Mudopmanunonnas cucrema "Exaunoe okHo nocryma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. | Enunas xomnekims nudposix oOpazoBatenbubix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB
[lepeuenr WHDOPMANMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX IPH  OCYIICCTBICHUU
00pa30BaTeNbHOTO Ipoliecca Mo JUCIUILIMHE (MOIyIie), B TOM YUCIIEe KOMIUIEKT JTUIEH3UOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TPO(ecCHOHANbHBIC 0a3bl  JaHHBIX U
MH(OPMAaIIMOHHBIE CIIPABOYHBIE CHCTEMBI:
HaumenoBanue I1O IMpousBoacrs JIuneHn3uonHoe / cBOOOHO
0 pacnpocTpaHsieMoe
OnepannoHHbIe CHCTEMBbI:
Microsoft Imagine (Windows Client, 3apy0exxkHOe JIMIEH3UOHHOE
Server)
bpay3epsi:
Sunexkc.bpaysep 0TEYECTBEHHOE | CBOOO/IHO paclpocTpaHsieMoe
Google Chrome 3apy0OexxHOe CBOOOJIHO PacIpOCTpaHIeMOe
OducHble IPUJIOKEHHS
Microsoft Imagine (Visio, OneNote) 3apyOexHOe JTUICH3UOHHOE
TeXstudio 3apyOeKHOe cBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apyOexHOe CBOOOIHO paclpocTpaHsIeMoe

IIporpammHoe obecneveHnne AJis JIAHUPOBAHUS M Y4eTA BPEMEHHU:

Toggle app \ 3apyOexHOe \ CBOOOIHO paclpocTpaHsIeMoe
CucreMbl ynpaBJieHUsl IPOEKTAMHU:

Microsoft Imagine (Project) | sapyGexHoe | ImMueH3HOHHOE

Cucrembl ynpasJieHusi 0a3aMH JaHHBIX:

Microsoft Imagine (SQL Server) | sapyGexHoe | IMIeH3HOHHOE

Cucremsbl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGexnoe | miensuonHoe
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CnpaBoYHO-IPAaBOBbIE CHCTEMBI:

Koncynprantllntoc: cipaBoyHo- OTEYECTBEHHOE | JIMIIEH3MOHHOE

paBOBasi CUCTEMa

CpencTrBa aHTUBHPYCHOM 3allIUThI:

Kaspersky Endpoint Security ans OTEYECTBEHHOE | JIMIICH3UOHHOEC

ousneca Cranmaptaeiii Russian Edition

Cpensbl pa3padoTKu:

Visual Studio Code 3apy0eKHOe cBOOOIHO PACIIPOCTPAHIEMOE

Bash (Unix shell) 3apy0eKHOe cBOOO/IHO PACIIPOCTPAHIEMOE

Anaconda 3apyOexHOe CBOOOHO pPacIpOCTPaHIEMOe

Robotic Operating System 3apy0eKHOe cBOOO/THO PACIIPOCTPAHIEMOE

CopelliaSim 3apyOexHOe CBOOOJIHO PacpoCTpaHsIeMoe

Google Colaboratory 3apy0eKHOe cBOOO/IHO PACIIPOCTPAHIEMOE

IMakeThl NPOrPaAaMMHBIX CPEICTB U OMOJIHOTEK:

AutoPsy 3apyOexKHOe CBOOOJIHO PACTIPOCTPAHSIEMOE

Interactive Disassembler (IDA) 3apy0eKHOe cBOOO/IHO PACIIPOCTPAHIEMOE
Cucrembl ynpasJieHusi oudanorpaguyeckoii nHgopmanmeii:

Zotero ‘ 3apyOeKHOe ‘ CBOOOJTHO PACIPOCTPAHIEMOE

CepBHuchl u C1y:KObI:

Bind 3apyOeKHOe CBOOOJTHO PACIIPOCTPAHIEMOE

Docker 3apy0exHOe CBOOOJIHO PACTIPOCTPAHSIEMOE

7. MeTtoanuyeckue U OlleHOYHbIE MATEPUAJIBI
MeToan4yeckue yKazaHus I 00y4aOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B npouecce nzyduenust nucuuiuiuHebl (Moayis) «Teopusi cTOXacTUYECKOTO ONTUMAJIbHOIO
yIpaBJIEHUS» B PAMKax TEKYIIEro KOHTPOJIS YCIeBAEMOCTH UCIOIb3YIOTCS TaKHE BUIbI ydeOHON
paboThl, KaK JEKLUU, CEeMUHAPBI, ayTUTOpHAs paboTa, ToOMalllHUE 3aJaH1sl, KOHTpOJIbHAs paboTa,
KOJIJIOKBUYM, a TaK)K€ pa3jIMuHbIe BUJbI CAMOCTOATENBbHON pabOThl 00yJaroLUIMXCs MO 3aJJaHUI0
npenojaBaresis, HalpaBiICHHbIE HA pa3BUTHE HABBIKOB NPOQECCHOHATIbHONW JIEKCHKH,
3aKpeIuIeHUe MPaKTUYECKUX MPOo(ecCHOHANTBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlekyuss — CHUCTEMaTH4YECKOE€, IIOCIIEIOBATEIbHOE, MOHOJOTHYECKOE  M3JI0KECHHE
npernojiaBaTesaeM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOT0 XapaKTepa.

B mpouecce nekuui peKOMEHAYeTCs BECTHM KOHCIIEKT JIEKLIHW: KPaTKO M CXEMaTU4YHO
(GUKCUpOBaTh OCHOBHBIE WIEW, BHIBOJBI M OOOOIIEHUS JIEKIMHU; BBIIENATH BaXXHBIC MBICIH,
KJIIOYEBBIE CJIOBa M TepMUHBI. HeoOXOoAMMO OTMETUTH BOINPOCHI WJIM MaTepualbl, KOTOpbIE
BBI3bIBAIOT 3aTPYAHEHHUS, U TOMBITaTbCSl HAWTU OTBETHI B PEKOMEHI0BaHHON nuTeparype. Eciau
pa3oOpaTbCsi B MaTepuane He YAaercsi, ClieAyeT cOpMYIMpPOBaTh BONPOC M 3aJaTb €ro
MpernoaaBaTesio Ha KOHCYJIbTAIUU WM BO BPEMsI CEMUHAPCKOTO (ITPaKTUYECKOr0) 3aHSTHS.

Cemunap — 310 Qopma y4yeOHON NEATENBHOCTH, MPOBOIMMAs B Y4eOHOM 3aBEIEHUU O]
PYKOBOJICTBOM TIPETOJiaBarelisi, TJ€ CTYACHTHl AaKTUBHO YYAacTBYIOT B OOCYXKICHHSX,
MPAKTUYECKUX 3aJaHMsIX U APYruxX (popmax B3aMMOACHCTBHS.

st ycrentHo# MOJArOTOBKH K CEMUHAPY PEKOMEHJIYETCs 3apaHee 03HAKOMHUTBCS ¢ TEMOI
3aHATHSI U OCHOBHBIMH MaTepuajaMH, 4TOObI MMETh BO3MOXKHOCTH AaKTHBHO Y4acTBOBaTh B
ob6cyxaeHnu. Takke MoJIe3HO MOATOTOBUTH BOIPOCHI M UEH NJIsi OOCYKICHUSI, YTO TIOMOXKET
r1y0Ke TIOHATH MaTepUal U MPOIEMOHCTPUPOBATH 3aHHTEPECOBAHHOCTb.

Jlomawnee 3a0anue — HabOp 3a/1a4 1O TEMaM HEJIEIIH.
[Ipu pabore Haj MAOMANIHMMH 33JaHUSMHU BAXKHO BHUMATEIBHO O3HAKOMHTHCS C
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TpeOOBaHUSIMU U CPOKaMU BBINOJIHEHUs. PekoMeHyercss pa3douBaTh 3aaHus Ha STarbl, YTOObI
n30exarh TMEperpy3kd W Jydlle yCBOUTh Marepuas. Mcrmonb30BaTh pa3ivdHbIE HUCTOYHUKU
uH(pOopMalnu, BKII0Yas yaeOHUKH U OHJIAaH-PeCcypChl, A1 0oJiee rTyOOKOro MOHMMAaHUSI TEMBI.

Ayoumopnas paboma — akTUBHasl paboOTa CTYACHTa HA CEMUHAPE WIH JIEKIIUH, €r0 OTBETHI
Ha BOIPOCHI MPEMNOaBaTeNsl U y4acTue B TUCKYCCHH.

Jns ycmemrHoro ydacTtusi B ayAMTOPHOW paboTe CTyAEHTaM PEKOMEHIyeTcs 3apaHee
O3HAKOMUTBCSI C TEMOH OOCYXXICHHUS, MPOYUTATH HEOOXOIUMBIE MaTepHUaibl M IMOATOTOBUTH
BOIIPOCHI. Ba’kHO aKTHMBHO CIIyIIaTh W BOBJIEKATHhCS B JMCKYCCHIO, BBICKA3bIBask CBOM MHEHUS,
aprymeHTHupys ux. [Ipu oTBeTax Ha BOIpPOCHI MPENOJaBaTeisi CTOUT OBITh YBEPEHHBIM, YETKUM U
JOTUYHBIM, ONHUPAsACh HAa M3YYEHHBIM Marepuan. Takke IMOJIE3HO MOAAEPKUBATH TUAJIOT C
OJTHOKYPCHUKaMH, YTOOBI 000raTUTh 0O0CYKICHNUE M PAaCIIUPUTH CBOU 3HAHUS.

Konmponvnasa paboma — nucbMeHHas paboTta ¢ HaOOpOM 3a/1a4, KOTOPhIE HY)KHO PEIIUThH
34 OrPaHUYEHHOE BpPEMSI.

[{enb KOHTPOJIBHOM PabOThI — MOJYUYUTH CHELMATBbHbBIE 3HAHUS 110 OJJHOW UJIM HECKOJIBKUM
T€MaM JMCUUILIMHBI U IPOAEMOHCTPUPOBATh HABBIKH UX IIPAKTUYECKOTIO IPUMEHEHHUS.

Konnokeuym — ycTHbIE OTBETHI Ha BOIIPOCHI, CIIUCOK KOTOPBIX U3BECTEH CTYJEHTY 3apaHee.

B nponecce moaroroBku K KOJUIOKBUYMY HEOOXOJMMO IPOAHAIU3UPOBATH Y4eOHbIE
MaTepHalbl, 03HAKOMUBLIMCH C JEKLHUSAMH, YYEOHHKAMU U JONOJHUTEIbHBIMU HCTOYHHKAMH,
aKLIEHTUPYS BHMMAHHME Ha KJIIOYEBBIX TemaXx. PekoMeHayercs co3naTh CTPYKTypUpOBaHHbIE
KOHCIIEKTbI, BbIJIEJIAS OCHOBHBIE UJIEH, TEPMUHBI U (POPMYJIBL.

Camocmosmenvuas paboma — paboTa CTYICHTOB, HAalpaBlIeHHAas Ha YIrIIyOJIEHHOE
W3YYEHUE OTJENbHBIX TEM M BOIPOCOB YUYECOHON AUCHIUIIINHBI (MOIYJIS).

B miporiecce camocTosITenbHOM pabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHJOBAaHHBIMHU
MaTepuaiaMy Mpu MUHUMAIIBLHOM yYacCTHH MpenojiaBatess. 3a1auu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIEKTaMu JIKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHaJIOB TJIAHOB
U TE3UCOB OTBETOB, U3yUEHHUE JOMOTHUTEIBHBIX TEM, BHIMOIHEHHE y4eOHO-UCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00y4YeHHS MO TUCHHUIIHHE (MOAYJIIO)

Kpurepun nosy4yeHusi ypoBHA M OLleHUBAHUS c(POPMUPOBAHHOCTH KOMIIETEHUMI 10
aucnuIuInHe (MoayJie) «Teopus CTOXaCTHYECKOI0 ONITUMAJIBHOIO YIIPABJICHHUD)

OueHuBaHue ypoBHS Y4€OHBIX JOCTH)KEHUH, OOy4arolMXcs MO JUCHUIUIMHE (MOIYIIO),
OCYILIECTBIISIETCS B BUJE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U ITPOMEXYTOUYHOHN aTTECTallUH.

IIpome:xyTouHasi arrecTalusi 1O AWCUUIUIMHE (MOAYJIO) OCYUIECTBIsSEeTCS B (opme
3auema ¢ OYEHKOU, TIPU HTOM TPOBOJUTCSA OLIEHKA KOMIETEHIMH, Cc(HOPMUPOBAHHBIX IO
JTUCIUIINHE.

i olleHMBaHMS TEKYIIETO KOHTPOJS YCIEBAEMOCTHM M IPOMEKYTOYHOM aTrTecTaluu
UCIIONIb3YETCS JIecATUOAIUIbHAS 1IKajla OLEHUBAHUS, KOTOpask COOTHOCHUTCS C TPaIUIMOHHON
NATHOAIITBHOM LIKAIOH CIeIyIonM 00pa3oM, ecIi HHOE He yKa3aHo B cuiltadyce JUCHUIUINHBL:

Hecarudanabuas IlaTudannbHas Onenka3a |O0masi xapaKkTepUCTHKA pe3yJbTara
OLICHKA OLICHKA 3a4er 00y4eHHUs 10 AUCHHUILIMHE (MOYJII0)

10 OtinyHO 3auTeHO CryneHt ITOJIHOCTBIO BIIAJICET

9 OTIUYHO 3auTeHo 3HAaHUSMHM, H3JI0KEHHBIMU B paboueit

8 OTIH9HO 3a9TEeHO nporpaMme, MU TJIYOOKO OCMBICISET
muctuminHy. OH caMOCTOSITENIBHO U

JIOTMYECKH MOCJIEI0BATEILHO OTBEYAET
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JecsaTudanabHasn
OlleHKA

Iaruoanabuas
OLICHKA

Onenka 3a
3ayer

O0mas xapaKkTepucTHKA pe3yabTaTa
00y4eHMsI MO QM CIHHUIJINHE (MOLYJII0)

Ha  BCE  BOMPOCHl,  aKIEHTUPYS
BHUMaHHE Ha HauOoJee Ba)KHOM.
YMeer aHanu3upoBaTh, CPaBHUBATH,
KJIacCU(PHUITUPOBATBH, 000011aTh,
KOHKPETHU3UPOBAThH u
CHUCTEMAaTHU3UPOBATH M3y4EHHBIN
MaTepua, BBIJICTISS KJIIOYEBbIE
MOMEHTHI M YCTaHABIIMBAasi TIPUYUHHO-
CJICACTBEHHBIE CBSI3H. Yetko
dbopmynupyeTr  OTBEThI, YBEPEHHO
WHTEPIPETUPYET PE3YIIBTATHI
aQHAJIM30B U JPYTMX HMCCICIOBaHUH, a
TaK)Ke pEIaeT CIOXKHBIE 3ajauu.
CTyzneHT XOpOIIO 3HAaKOM C METOJAaMHU
HCCIEIOBaHUs, HEOOXOIUMBIMH IS
MPAKTUYECKON JEeSTENbHOCTH, U YMEET
CBSI3BIBATH TCOPETHYECKHE ACIICKTHI
JIUCLUAIUINHBI (Momyst) c
PAKTHYCCKUMH 33]I[A9aMH.

Xopomo

3aureHo

Xopor1io

3auteHo

Crynent obnagaer 3HAHUSIMU
npeJMeTa MOYTH B TMOJHOM O0beMe
paboueii IIPOrpaMMbl "
CaMOCTOSITEIILHO, JIOTHYECKHU
NIOCJIEIOBATEIbHO ¥ BCECTOPOHHE
OTBEYaeT  Ha  BCE  BOIPOCHI,
aKIEHTHPYs BHUMaHWE Ha HambOoee
3HAYUMBIX MoOMeHTax. OH yMeeT
aHaJM3UPOBATh, CpaBHHBATH,
KIJIaCCU(UITUPOBATH, 0000111aTh,
KOHKPETHU3UPOBATh "
CUCTEeMAaTU3UPOBATh W3Y4YCHHBIN
MaTepuall, BBIACISAS €ro KII0UYeBbIE
ACTEeKThl U yCTaHABIUBAas MPUUYUHHO-
CIIeZICTBEHHBIE CBsi3U. PopMynupyer
CBOHU OTBETHI, YBEPEHHO
WHTEPIPETUPYET pe3yabTATHI
aHAJIM30B U JPYTUX UCCIETOBaHUM, a
TaKXKe pemaer CIIO’KHBIC
cuTyanmoHHble  3amaud. CTyneHT
XOpOIIO  3HAKOM C  METOAaMH
WCCIIEIOBaHMS, HEOOXOTUMBIMU ISt
MPAaKTHYECKOH  JIeATENIbHOCTH, U
yMEeT CBs3bIBaTh TEOPETHUYECKUE
ACTICKTHI MPEAMETA C MPAKTHISCKUMHU
3a/lagaMH.

Y IOBJIETBOPUTEIIHHO

3adTeHo

Y IOBJIETBOPUTEIIHHO

3adTeHo

Crynent oOJazmaer 0a30BBEIMU
3HAHUSMH IO JUCIHUILTHHE (MOJIYIIIO),
HO HCHBITBIBAET TPYIHOCTH IIPU
CaMOCTOSITENIbHBIX OTBETax 51
HCITOJIb3YeT HETOYHEIE
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HMecaTudanabuasi IlsaTudannbHas Onenka 3a |O0masi xapakTepUCTHKA pe3yJbTara

OLIEHKA OLIEHKA 3a4er 00y4eHMsI MO QM CIHHUIJINHE (MOLYJII0)
¢dbopmynupoBku. B Xoae oTBETOB OH
JIONyCKAaeT OIIMOKHM, Kacaroluecs
cyta BompocoB. CTyaeHT crocoOeH
pemaTb TOJBKO CaMble IPOCThIE
3aJa4uun u BIaacCT JIMIITb
MHUHMMaJIbHBIM Ha0OpOM METO/0B
HCCIIEIOBaHUS.

3 He cnan He 3autreno | CTyneHT He oBIajeNl 00sS3aTeIbHBIM
He cnan He 3aureHo | MUHUMYMOM 3HaHHi [0 MPEIMETY U
1 He claH He 3auteHO HC MOXCT OTBCTUTH Ha BOIIPOCHI,
JaXe ecid TMpernojaBareib 3a1aetT
JOIIOJIHUTCIIbHBIC HaBOOAIIUEC
BOITPOCHI.

N

I[I/ICI_II/IHJ'II/IHB. (MOI[y.]'IL) ((TeOpI/IH CTOXAaCTUYECCKOIO  ONTUMAJIBHOTO  YIIPABJICHUA»
OLCHUBACTCH CJIICAYIOIINM O6p330M:

AKTHBHOCTB Bec | KonuectBo Onucanne
Homamnue 3aganns | 25% 10 Hab6op 3amau o Temam HeJenu
AynuropHas padora | 15% 15 AynuropHasi paboTa — akTHBHAs paboTa CTy/IeHTa Ha

CCMUHAPC WM JICKIHHU.

Kontponbnas padora| 35% 2 [Mucermennas pabota ¢ HaOOpoM 3a/1a4, KOTOPBIE HYKHO
PELINTH 32 OrPAHUYCHHOE BPEMs

3a4er c OICHKOM 25% 1 KonokBruyM - ycTHBIE OTBETHI HA BOIPOCHI, CITHCOK
KOTOPBIX U3BECTEH CTYJCHTY 3apaHee.

®opmyaa pacyéra HUTOroBOM OWEHKH Mo aucuuiuindHe (moayniaw) «Teopus
CTOXACTHYECKOIr0 ONTUMAIBHOIO yipaBJjenus»: «0,25 x cpennee 3a nomamnue 3aaanus + 0,15
X cpenHee 3a aynuTopHyto padory + 0,35 X cpemnnee 3a koHTpoJbHBIE paboThl + 0,25 X 3auer ¢
OLICHKOM».

Texyummii KOHTPOJIb yCIIeBAeMOCTH 00y4AIOIIUXCH MO0 TUCHUILINHE (MOAYyJIe)

IIpumepHbIe TOMaLIHKUE 32 IAHUS

JomamHee 3aganue 1

1. Hpuaoun makcumyma [lontpsarnna. CpaBHute npuHIMn MakcuMmyma [ToHTpsiruna ¢
MeronoM HIJB. J[lng 1eTepMUHHUpPOBAaHHOTO Ciy4yas YIpPaBICHUS BBIBEIAWTE  YCIOBUS
ONTUMAJILHOCTH U OOBSICHUTE, KaK OHHU MEPEHOCSTCS Ha CTOXacTU4ecKue cucremsl. [IpuBennte
npuMep 3a7aun OBICTPOACHCTBUS U PEIIUTE €€ C TOMOIIbIO MPUHIIUIIA MAKCUMYMa.

2. Tlpunmun makcumyma IMonTpsrmna. [[ns croxactiuueckoit cuctemsr dXt=utdt+dWrt,
neneBo  GpyHKIUM E[JOT(Xt2+ut2)dt], BeIBexHTE CONPSKEHHYI0 CHUCTEMY U YCJIOBHSA
onTtuManbHOCTU. [IpuBeuTEe YNCIEHHBIN IpUMeEp pelIeHns Ha KOHEUHOM MHTEpBaJIe.

3. JluHeiiHo-kBajgpaTH4yHOe YynpasJenue. [loctanoBere 3amauy LQG: nuneiiHas
cucrema dXt=(AXt+But)dt+CdWt, kBampartuunas ueneBas ¢(ynkuus. Pemmrte uepes HIB,
00BsicHUB pazaeneHue. [IpuBenute npumep u3 poOOTOTEXHMKH M peAIM3yHTe yNpaBieHUE C
00paTHO¥ CBSA3BIO.

4. JluHeiliHO-KBaJgpaTH4YHOe ynpasiienue. /i1 ¢uHaHCOBOro mnpumepa (yrpabiieHHE
noptdenem) ¢ mrymoM Habmonenus pemmre LQG. O0wsicuute cBsi3b ¢ Guibtpom Kanmana u
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peanu3yiiTe urciieHHoe pemenne Ha Python (mpemocTaBpTe KO M aHATIU3 PE3YIHTATOB).

5. Mopneas MepToHa. B Mmogenu MepToHa At ONTUMAaIbHOTO YIpaBJIeHUS MopTdeneM
(puUCK VS JOXOJHOCTb) BBIBEAUTE OJIUIMITHUECKOE ypaBHeHHE bennmana Ha OECKOHEUHOM
ropu3oHTe. PaccuuraiiTe ONTUMaJIbHOE paCHpPENENIEHUE AKTHUBOB JUIsl MPOCTHIX IapaMeTpoB
(u=0.1, 6=0.2, r=0.05, ko> dumment pucka ABepca 2). IlpuBeauTe UYHCICHHBIH HPUMEDP H
oOcynure rpanuiy 3¢ (HEeKTHBHOCTH.

Jlomaminee 3aganue 3

1. CroxacTuueckue nuddepeHuuaibuble Urpbl. [loctaHoBbTE 3a7a4uy A IBYX UTPOKOB
B CTOXaCTUYECKOU urpe: cucreMa dXt=(ut—vt)dt+dWt, 1eJIEBbIC
dyuxuan E[JOT(Xt2+ut2—vt2)dt]. Ompenenure paBHOBecue Houra u BHIBEIHTE YpaBHEHHE
bennmvana ans urp. [lpuBenure npuMep KOHKYpeHIMH (UPM Ha PBIHKE.

2. CroxacTuueckue audppepeHuuaibubie HTpbl. [ mpuMepa ¢ IByMs UTPOKAMU PEIIUTE
3aJaduy 4YHMCICHHO, Mojeiaupys paBHoBecue Hboma. OObsACHUTE, KaK CTOXAaCTUYECKHE WIPbI
CBSI3aHBI C YIPABJICHHEM C HEMOJHOW MH(OpMaIMen, U peaau3yiuTe MPOCTYI0 CUMYIAIMIO Ha
Python.

3. Ynpagiienue ¢ HenoJiHoi uHpopMmanueid. Onummre Guibtp Kanmana s nmuHeiHON
CUCTEMBI C IIyMOM HabmrofeHus. [IlpuMenuTe K 3amaye CleKEHUS 3a IBUKYITUMCS O0BEKTOM:
cucrema dXt=utdt+dWt, nabmonenue dYt=Xtdt+dVt. BeBemure ypaBHeHHs (QuUIbTPa U
MPUBEINUTE YUCTICHHBIN TIPUMED.

4. Ynpasiaenue ¢ Heno/jHoi uHdopmanmeii. ln1 POMDP (wactuyno HaluronaeMmble
MapKOBCKHE MPOIECChl) OOBSICHUTE ONTUMAJIBHYIO MONMUTUKY. [IpuBenuTe nmpumMep U3 HaBUrauu
U o0cyauTe CBsI3b C NMPUHOUIIOM MakcuMmyma [loHTpsirmHa. Peanmum3syiite mpocToe 4YMCIEHHOE
pemenue Ha Python.

5. Jproguyeckoe ynpasJienue. /s PaBHOMEPHO 3PronYeCcKou
cucreMbl dXt=(ut—Xt)dt+dWt BeiBeuTe sproaudeckoe ypapHeHue bemmana juist ynpapieHus "B
cpenHeM". [IpuBeaure npumep U3 3KOHOMUKU (YIIpaBJIEHUE 3allacaMi) U pacCUUTaUTE CPEIHIO0
CTOUMOCTb JIJISl CTAIMOHAPHOM MOMUTUKH. OOBSICHUTE CBSA3H C OECKOHEUHBIM TOPHU30HTOM.

IIpumepHbIe 3a1aHUA 1JI1 CEMHUHAPOB

1. Yro Takoe croxactuueckoe nuddepenmuanbHoe ypaBHenue (CHAY) um kak oOHO
OTIIUYAETCs OT OOBIYHOTO AU PEPEeHIINATHHOTO YpaBHEHUS?

2. IlpuBeanTe mMpUMep YIPaBISIEMOTO MPOIECCa, CBA3aHHOTO C YIPABJICHUEM MOPTQereM
VHBECTHULIMM.

3. Kak cBs3ansr C/1Y ¢ ypaBHEHUSMU B 4acTHBIX pon3BoAHBIX (YpUIl) B KOHTEKCTE 3a/1a4
onTHUMH3auu’?

4. OnuummTe OCHOBHBIE KOMIIOHEHTHI 33/1a4l CTOXAaCTHYECKOI'O YIIPaBJIEHUS: COCTOSHUE,
yIIpaBJIEHUE U LENEBYIO (PYHKIHUIO.

5. IlpuBenure npuMep 3a7auu yrpaBieHUs pecypcami, riae ucnonbdyercss CHAY.

6. UTo Takoe MapKOBCKOE CBOWCTBO B KOHTEKCTE YIPABISEMBIX CTOXAaCTHUECKUX
MpOLECCOB?

7. Kak OpoyHOBCKOE JBM)KEHHUE HCIIOJIB3YETCSl B MOJEISAX CTOXAaCTUYECKOTO YIPaBIeHUs?

8. OOmwscHUTE IOHATHE "ONTHMAIHHOTO YIPABICHUA" B CTOXaCTHYECKOH cpee.

9. I[IpuBenute nmpumep, rae HemoHas HHGOpMaIKs BIUSET Ha BeIOOp ynpaBneHus B CIY.

10. Kak cBs3aHbBl TNPUHLIMIBI CTOXAaCTHYECKOrO YIpPaBIEHUS C 3aJadyaMu U3
(dbuHAHCOBOW MaTeMAaTUKH?

IIpumepHbIe 3a1aHNs 111 KOHTPOJIbHON PadoThl
1. Benenue B cTOXacTHYeckoe  ynpaBieHue. OnpenennuTe  CTOXaCTHYECKOE
muddepenmanbaoe ypapHenue (CLY) u oObscHUTE ero KiodeBble KOMIIOHEHTHI. [IpuBenure
IIpUMEp YIPABIIEMOr0 Ipoliecca Ui 3a7a4M yIpaBlIeHHs pecypcamu, 3anucaB CIY B sBHOM
BUJIE U 0OOCHOBAB €r0 CBSI3b C YPABHEHUSAMHU B YACTHBIX IPOM3BOJIHBIX.
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2. BBenenne B cToXxacTuuyeckoe ymnpaBJjeHHue. PaccMoTpuTe 3amady yIrpaBiIeHUS
noptdenem: puckoBbiii akTuB dSt=pStdt+cStdWt, 0e3puCcKOBBI ¢ JOXOJHOCTHIO T. 3amUIINTe
CHY nns kanurana dXt=(rXt+ut(u—r))dt+utcdWt. O0bscHHTE, KaK MAPKOBCKOE CBOMCTBO BIIUSET
Ha BBIOOD yIpaBiICHHUS.

3. luHamMu4eckoe nmporpammupoBanue. /s ynpasisemoro quddy3noHHOro mnpoiecca
Ha untepBasnie [0, T] BoiBenure mnapabonuueckoe ypaBHeHue bemimana. Wurtepripetupyiite
(GYHKIMIO CTOMMOCTH W HPUHLUI ONTUManbHOCTH. [IpuBeauTe 4uCIeHHBIH MpUMEp pEelICHUS
MPOCTOM 3a/1a4¥ ¢ KBaIpaTHUHOUN (PYHKIIMEH 3aTpar.

4. luHaMu4YecKoe NporpaMMupoBaHue. Pemnre 3amady ynpaBieHHs WHBECTHUIUSMU:
nenesass dyukumst E[J0Tut2dt+XT2], rae dXt=(rXt+ut(u—r))dt+tutcdWt. BeiBenure ypaBHEHHE
bennmana u onuIIKTe Ark HAX0XACHHUS ONTUMAJIBHOTO YIIPABIICHHUS.

5. YpaBHenune I'amuabrona-SIkoou-beaamana. /i 3anaun ¢ kBagpaTuaHoi QyHKIHEH
3arpar (TMHEHHO-KBaJIpaTUYHOE yrpaBieHue) BeiBeauTe HIB-ypaBHenne. OOBsICHUTE alTOPUTM
bennmana—XoBapaa u peanusyiite ducieHHOe pemieHue Ha Python ¢ mcmomp3oBaHueM scipy
(mpemocTaBbTe KIIOUEBBIC (DparMEHTHI KOJIa).

6. IMpunuun makcumyma Iontpsaruna. CpaBaure npuHImn Makcumyma [loHTpsiruHa ¢
MeronoM HIJB. J[lnsg neTepMUHUpPOBAaHHOTO Ciyyash YOpaBJi€HUS BbIBEIUTE YCJIOBUS
ONTUMAJIBHOCTU U OOBSICHUTE HUX NEPEHOC Ha CTOXacTHueckue cuctemsl. llpuBenurte npumep
3aa4u OBICTPOJICHCTBHS U PEIIUTE €€.

7. Ipunoun  mMakcumyma [lontpsiruna. [lns  cucremsr dXt=utdt+dWt, wnenesoii
byHKIIUN E[,[OT(Xt2+ut2)dt], BBIBEJIUTE CONPSIKEHHYI0 CHUCTEMY U YCJIOBHUS ONTHUMAaJIbHOCTH.
[TpuBenure uncneHHslit pacuer st T=1.

8. JluneiiHo-kBaJApaTU4Hoe ynpasiaeHue. [locranoBeTe 3amauy LQG: nuHeiHas
cucrema dXt=(AXt+But)dt+CdWt, kBagparuunas ueneBas QyHkims. Pemure uepe3 HIB wu
o0BsicHuTe pasnenenue. [lpuBenure npumep U3 poOOTOTEXHHUKH.

9. Uncaennnle Meroabl. CpaBHuTe anroputMm bemiMana—XoBapaa IUisi SJUITMIITHYECKUX
YpaBHEHUN U METOJl KOHEUHbIX pasHocTel s HIB. Peanusyiite mpocroe unciieHHOE pelieHue
Ha Python nns 3anaun U3 TeMsl 5 (peaocTaBbTe KO U aHAJIU3 CXOJUMOCTH).

IIpumepHbIe 3a1aHUA 1JIS1 KOJUIOKBHYMA
UYro Takoe MOCTaHOBKA 3a/1a4ul B CTOXAaCTHUECKUX AU(PepeHINaIbHbIX Urpax?
Kaxk onpenensiercs paBHoBecue Haia B cToxacTUueckux cucreMax?
[TpuBenuTe npuMep KOHKYPEHIIUU GUPM HA PHIHKE KaK CTOXAaCTHUECKOW UTPBHI.
Urto Takoe "Urpok" B KOHTEKCTE CTOXaCTHYECKUX MU PepeHITHaATbHBIX UTP?
Kak BoiBoguTCs ypaBHenue bennmana ans urp?
[IpuBenurte npumep, rae paBHoBecre Hamia npuBoAUT K ONTUMAIBLHOMY YIIPABJICHHUIO.
Kak yncneHHo MOeIpoBaTh CTOXacTUUecKue urpsl Ha Python?
UYro Takoe "cMmellaHHas cTpaTerus'" B CTOXaCTUYECKUX Urpax?
. IIpuBenuTe npuMep U3 3KOJIOTUH, TIE IPUMEHSIOTCS CTOXaCTUUECKNE UTPBI.
10 Kak croxactuyeckue Urpbl CB3aHbI C YIPaBIECHUEM C HEMOJIHOM HHpopmanuei?

CoNoOARWNE

3apaHus AJ1s1 MPOMEKYTOYHOM ATTeCTAIlUM MO JMCUMILINHE (MOTYJIIO0)

Ne 3amanue OTtBer Komnerennusi | Uuaukartop

1. ChopmynupyiiTe npUHIMIT OnTtumanbsHas OIIK-1 OIIK-1.1
onTuManbHOCTH benmana (oTHIM cTparerus o0iasaer
MIPEIOKEHUEM). CBOMCTBOM, YTO
HE3aBUCHMO OT
Ha4aJIbHOTO
COCTOSIHUSI U
peleHus,
HOCJIeIyIoLIHe
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PEIICHUS JOKHBI
OBITh
OIITUMAaJIbHBIMU
OTHOCHUTEIBHO
COCTOSIHMS,
MOJYYEHHOTO B
pe3yJibTaTe MepBoro

pelIeHHs
2. BanuiuTe ypaBHenue bemmmana s V(x) = min_u {c(x,u) OIIK-1 OIIK-1.2
JTUCKPETHOM 331Ul TUHAMUIECKOTO +yV(f(x,u))}
POrpaMMHUPOBAHUS.
3. HazoBute Tun 3amau, pemaeMbix MHoronraroBsle VK-1 YK-1.1
METOJOM TMHAMHYECCKOI'O 3aja4qu
IPOrpaMMHPOBAHHS. OnTHMH3AIHH
4, VYKaxuTe CBA3b MEXAY YIPaBIIEMbIMU CBs13b uepes OIIK-1 OIIK-1.2
CIY u ypaBHEHUSIMU B YaCTHBIX opmyuy Hto u
IPOU3BOIHBIX. ypasuenne HIB
5. 3anummre ypaBHeHue ['amMuiabTOHA- —0V/0t =min_u OIIK-1 OIIK-1.2
Sko6u-bennmana (HIB) B 001ieM Buje. {L(x,u) +
(oV/ox)™(x,u) +
Yatr(o6T0?V/0x?)}
6. HazoBuTte ycnoBue rpanngHOe AJs V(Tx) = O(x) — OIIK-1 OIlK-1.1
ypaBHeHus HJB npu koHeuHOM TepMHUHaJIbHAA
rOPH3OHTE. CTOMMOCTD
7. Ykaxute Tun ypasHerus HIB mo Henuneiinoe OIIK-1 OIlK-1.1
kiaccuduraru YpUll. napabonuuecKoe
ypaBHEHHE
8. [aiiTe onpeaeneHue TMHEHHO- 3amaga OIIK-1 OIIK-1.1
kBazparuyHoro peryisropa (LQR). ONTHMAIBHOTO
yIpaBJIeHUs C
JUHEHHOU
JTUHAMUKOUN 1
KBaAPaTUYHOU
(dbyHKIMEH 3aTpaT
9. 3anumuTe ypaBHeHue Pukkatu mis —P=ATP +PA - OIIK-1 OIIK-1.2
3amaun LQR. PBR*]BTP(’;]CQ, P(T)
10. | Hazoure pacmupenue LQR s ciyuas LQG — nuneitHO- OIIK-1 OIlK-1.1
C TayCCOBCKUMH LIyMaMH B KBa/[paTHYHBIA
HaOJIIOIEHUSIX. rayCcCOBCKHH
pEryJsiTop
11. | ChopmynupyiiTe CTOXaCTHUSCKUN OnrtumansHOE OIIK-1 OIIK-1.2
NpUHLIUN MakcumyMa [loHTparuHa YIpPaBJICHHUE
(KpaTKo). MaKCUMH3HPYET
raMUIBTOHHAH C
YYETOM
CTOXaCTHYECKUX
YJICHOB
12. | YkaxuTe KOJHMYECTBO CONPSKEHHBIX JBa (npsimoe u OIIK-1 OIIK-1.1
YpaBHEHUI B IPUHIIMIIE MAaKCUMYyMa AJIs CconpsiKEHHOE)
cay.
13. | Ha3oBute 3a/1auy ONTUMAJILHOTO 3agaua MepToHa OIIK-1 OIlIK-1.1

ynpasiieHHs TOpTdesieM B HelIPepbIBHOM
BpPEMEHH.
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14. | 3anuimTe ONTUMAIBHYIO JT0JIHO ¥ = (u-1)/(c%y), THE OIIK-1 OIlK-1.2
PHCKOBAaHHOTO aKTHBa B 3a1aue MepToHa Y — k0dbduimeHT
(1151 CRRA). HETIPUSTHS pUCKa
15. | ChopmynupyiitTe TeopeMy 0 pa3aeiacHun 3anaua pazgensercs OIIK-1 OIIK-1.2
s LQG. Ha OLCHKY
cocrosHus (QUIBTp
Kanmana) u
JIETePMHHUPOBAHHOE
yIIpaBJICHHUE
16. | HazoBute QUILTP AJIS1 OLIEHKU COCTOSHHS Ounetp Kanmana OIIK-6 OIlK-6.1
B JIMHEIHOW rayCCOBCKOM CHUCTEME.
17. | Ykaxure ypaBHEHHE AT 33291 YpaBHeHHE OIIK-1 OIIK-1.2
ONTUMAJIbHOM OCTAHOBKH. Crekenbepra-
CHunepa /
Bapuanuonnoe
HEpaBEHCTBO
18. | HazoBurte MeTo 1 pUOMHKEHHOTO Approximate OIIK-6 OIIK-6.2
pelIeHHs 33724 TUHAMUYIECKOTO Dyna}mic
MPOTPaMMUPOBAHUs BBICOKOM Programming / ADP
Pa3MEepHOCTH.
19. | Vkaxwure noaxoj K pobacTHOMY Hoo-ttomxox / YK-2 VK-2.2
YIIPABICHUIO ITPU HEONIPEACIIEHHOCTH MunnmaxcrHoe
MOJIEJIH. yrpaBiicHHE
20. | HazoBure 00sacTb mpuMEHEHUSI Ympasnenue YK-2 YK-2.2

CTOXaCTHYECKOT'O ONTHMAIBHOTO
yIpaBlieHUsI B POOOTOTEXHHUKE.

MaHUMIYJISITOpaMu /
HaBuramus B
HEONpeneaEHHOM
cpene
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