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1. Kparkas xapakTepucTHKA JUCHUNIUHBI (MOAYJIs1)

Pabouas mporpamma aucuuniauHbl (Moayis) «CTOXAacTUYECKUI aHAIU3» COCTAaBJIEHA B
COOTBETCTBUHU € (eaepaibHbIM T'OCYJAapPCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICHIETO
oOpa3oBanus — OakanaBpuar no HanpasiaeHuto 02.03.01 «MaremMaTuka U KOMIBIOTEPHBIC HAYKH,
npoduns «[IpukiaanHoON UCKYCCTBEHHBIN MHTEIUIEKT», YTBEPKICHHBIH puka3oM MuHUCTepCTBa
HayKH ¥ BbIciiero oopaszoBanus Poccuiickoit @enepanuu Ne 807 ot 23.08.2017 rona.

Jucrumaraa (Moaysib) «CTOXaCTUYECKUI aHAM3» SBISACTCS KIIIOYEBBIM HHCTPYMEHTOM
JUIsL OTIMCAHUS U NPEJCKA3aHUs TIOBEJIEHUS CUCTEM, IIOJIBEPKEHHBIX CIIyYallHbIM BO3MYILEHUSIM;
OH o0ecre4ynBaeT TEOPETHYECKYI0 OCHOBY (PMHAHCOBOI MaTeMaTHKU (MOJEIMpPOBAaHUE LIEH,
OIICHKA pUCKa), GU3MKH (KBAHTOBAas M CTATHCTUYCCKAs MEXaHUKA), OMOIOrHH (MOJCTUPOBAHUE
MOMYJISILIUM, TeHETUYECKUX MPOIECCOB) U MHXKEHEPHBIX MPUIOKEHHUH (yIpaBiIeHHE B YCIOBUAX
HEONPEaeNEHHOCTH, (QHUIBTPAIsl CUTHAJIOB); BJIAJCHHE OJTUMH METOAAMU PpaACIIUPSET
AQHAJIUTUYECKUN apCeHall CIEeLHMAIIMCTA, MOBBIIIAET TOYHOCTh MOJIEIEH U JI€JAeT BO3MOKHBIM
pa3pabOTKy HAJIEKHBIX PEUICHUI B YCIOBUSAX HEOMPEIEAEHHOCTH.

MecTto 1ucuuIIMHBI (MOAYJISA) B CTPYKTYpe 00pa3oBaTe/IbHOM MPOrpaMMbl

Hacrosimas nucuumnianHa (MoayJib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe MOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 «MaremMaTuka U KOMIBIOTEPHBIE HAyKH», MPOdUib
«[IpuknagHOW MCKYCCTBEHHBI MHTEIUIEKT» M BXOIUT B BapHaTHBHYK dYacTb bioka 1,
bopMHpyeMyI0 ydacTHUKaMHU 00pa30BaTeNIbHBIX OTHOLIEHUH, KaK TUCIMIUIMHA IO BBIOOPY.

JucnuminHa (MoayJib) 1OCTyIHA Juisl u3ydeHus Ha 3 wiu 4 xypee B 6, 7, 8 cemecTpax Ha
BbIOOp TOCIEe ycremHoro ocBoeHus: «Teopust BeposTHOcTel. bazoBelil ypoBeHb» uinu «Teopus
BepoATHOCTEH. OCHOBHON ypOBEHB.

Heap u3ydeHus: JMCUMIJIMHBI (MOAYJIsI): MOJIYYUTh MPEJCTABIEHUE O CTOXAaCTUYECKUX
npolieccax, HayduTb (GOPMYIUPOBATH MOJIENN CIyYalHbIX SIBICHUH 1 IPUMEHSTh BEPOSITHOCTHBIE
MHCTPYMEHTBHI JIJIsl aHaJIM3a U IPOrHO3UPOBAHUS PEAIbHBIX CUCTEM.

3agauun u3y4eHust JMCHUILIMHBI (MOIYJIS):

— W3YYUTh OCHOBHBIE MOHSITHS TEOPUU BEPOSATHOCTEH (BEPOSTHOCTHBIE NMPOCTPAHCTBA,
cilyyaiiHble BEJTMUMHBI, pacpeieieHus);

— OCBOUTb METOJIbl TOCTPOEHUS U HCCIEIOBAaHUS MapKOBCKUX IeMeil, MpOIEecCcoB ¢
HE3aBUCHMBIMH MTpHUpAIlEHUsIMU (B 4aCTHOCTH, Mpoliecc Bunepa/OpayHoBckoe IBUKEHNUE);

— TIOHATH NPUHIMIIBI U TEXHUKH CTOXacTU4Yecko uurerpauuu (uarerpan Uro, popmyna
WT0) 1 uX NpUMEHEHHE K CTOXACTUYECKUM U hepeHInaTbHBIM YPABHEHUSM;

— Hay4MTbhCS OLIEHUBATh CXOJAMMOCTh YUCIIEHHBIX cxeM st CIY u peanu3oBbIBaTh UX Ha
KOMIIBIOTEPE;

— paccMOTpeTh MPUKIAIHBIE 331a4d B pUHAHCAX, (U3HUKE, ONOJIOTUN U UHKEHEPUH, TIe
HCIIOJIb3YIOTCSI CTOXaCTHUECKNE MOJIENIH.

B pesyabTare 0CBOCHUS TUCUHMIIMHBI (MOAYJIs1) 00y4aIOLIUIICH 10JIKEeH
3Hamy:

— OCHOBHBIE INOHATHUS CIIy4alHBIX MPOLIECCOB: ONPEIEICHHE CIy4alHOro OIyXKIaHHs,
BEPOSITHOCTH BBIXOJA HA IPAHUILY, CPEAHEE BPEMsI BbIXOJA, KPUTEPUM BO3BPATHOCTH,

— BHHEPOBCKHUH MpoIlecc KaK MpeAeabHbIHN cityyail ciryuaifHoro 6i1ykaHus, ero cBoicTaa
(HeTIpepbIBHBIE TPAaEKTOPHM, TayCCOBOCTh MPHUPALIEHHUH, MaclITaOUpoBaHUE) U CBSA3b C
YPaBHEHUEM TEILIONPOBOAHOCTH;

— TayCCOBCKHE U CTallMOHApHBIE IIPOLECCHI, OINPENECICHUE TayCCOBCKOIO IIpoLecca,
rayccOoBCKasl perpeccus (alpuopHbIe U allOCTEPUOPHBIE PaCIIPEIEICHNU);

— Teopusi MapKOBCKMX Mojeiei: kiaccudukanuss coctossHui nenu Mapkosa
(BO3BpaTHOCTb, COOOMIAIONINECS KIIACChI, MEPUOJIUYHOCTD), CIIEKTPaJIbHbIE CBOMCTBA MaTPHIIBI
MEPEXOHBIX BEPOATHOCTEH, IProAUYecKas TeopemMa, NOHATHE CTAllMOHAPHOTO paclpeleeHus,
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MapKOBCKUH IPOLECC HENPEPhIBHOIO BPEMEHHU, MH(UHUTE3MMAIbHbBIM I'€HepaTop, HpsMble U
oOparHble ypaBHeHus1 Konmoroposa;

— IIyacCOHOBCKMH IIpolLiecC: OIpeAe/IeHuEe uepe3 NpUpalleHus U 4Yepe3 BpeMeHa
OXKHMIaHHs, €r0 CBONCTBA;

— croxactuyeckue audQepeHIuanbHble ypaBHEHHs: ompeneneHue aud@ y3snoHHOro
npoiiecca, croxactudeckuil uHrerpan Mro u ero cpoiictea, gopmyna Mto u e€ npumeHeHue,
dopmyna Kamna-@eiinmana (cBsizp CJlY u ypaBHEHHH B YacCTHBIX MPOU3BOJHBIX), YpaBHEHHUE
Konmoroposa-®oxkkepa-I1nanka ajisi IIOTHOCTH MEPEXOIHON BEPOATHOCTH,

ymembw:

— aHaAIM3MpPOBATh ClyyaliHble OJIYXK/IaHUSA: BBIYMCIATH BEPOSITHOCTh BbIX0/1a HA IPAHUILY
U CpeJiHee BpeMs BBIXOJA IS IPOCTBIX Oy IaHUi, Mccae10BaTh BO3BPATHOCTh/TPAH3UEHTHOCTh
Ha PEIIETKE;

— paboraTh C rayCCOBCKMMHU MPOLIECCAMU U BPEMEHHBIMU PAJIaMHU: CTPOUTH T'ayCCOBCKYIO
perpeccuto (BbIOOp sipa, NpeACKa3aHWE C JOBEPUTENbHBIMU HMHTEpBAJaMM), BBIYUCIATH
CHEKTPAIBHYIO IUIOTHOCTH CTAIIMOHAPHOTO TPOLIEcca MO KOPPEISIHOHHON (QYHKIIUU U HA000pOT,
pelaTh IpOCThIE 3aJa4X IPOrHO3UPOBaHUS;

— INpUMEHATh Lenu MapkoBa K MNPHUKIAJHBIM 3aJad4aM: pPEalM30BbIBATh AJITOPUTM
PageRank, ctpouts ckpeITyro MapkoBcKyro Mozens (HMM), pemaTs npsMyro 1 00paTHYIO 3a/1a4u
(amroputmbl forward-backward, ButepOu), omnenuBate mapamerpel HMM wmetomom EM
(amropurm baym-Benma);

— pewiath OpsMble U oOpaTHbIe ypaBHeHMs] KonmMoroposa Jijisi MapKOBCKHX IPOLECCOB
KOHEYHOI'O 4HCJa COCTOSIHMM, HAaXOOUTh CTAallMOHAPHOE paCIpEleNIeHHE U1 IPOLECCOB
POXIEHUS U THOENH;

— paboTaTh €O CTOXAaCTUYECKUMHU TU(PEpEeHINATHHBIMI YPaBHEHUSMHU: BBIYUCIATH
IpOCThIe cTOXacTudyeckue uHrerpansl Mro, npumensats Gopmyny UTo ans pemeHus: TUHEHHbBIX
CHY (reomerpuueckoe OpOyHOBCKOE IBMKEHHE, mporecc OpHIITeitHa-Yien0eka), BbIBOJUTh
ypaBHeHue Konmoroposa-®okkepa-Ilnanka nns 3agannoro C/Y;

eénademu:

— HaBBIKOM CTPOrOro BEPOSITHOCTHOTO pACCY)KIEHUS O CIy4allHbIX Ipolieccax:
000CHOBATh MpENENbHBIN IMEepexoa OT CIy4alHOro OJyXKIaHWs K BHHEPOBCKOMY IpOIECCY
(mpuHLIMD nHBapuaHTHOCTU JloHc-Keppa), 10Kka3aTh BO3BPAaTHOCTH/TPAH3UEHTHOCTh OJTy>KAaHUM
Pa3HbIX pa3MEpPHOCTEH, MOHMUMATh POJIb 3aKOHA OOJBIIMX YHCENT U LEHTPaJIbHOW MpeneabHOu
TEOPEMBI B IOCTPOCHUH BUHEPOBCKOT'O MPOIIECCa;

— METOAaMM  Ka4eCTBEHHOI'O  aHaliM3a  MAapKOBCKUX  IIPOLECCOB:  ONPEIENSATH
AProJIMYHOCTh MO CIEKTPAIBHOMY PaJNYCy MATpHUIbl MEPEXOAHBIX BEPOSITHOCTEH, OLIEHHWBATH
CKOpPOCTh CXOAMMOCTH K CTAllHOHAPHOMY PACIIPEEIIEHUI0 Yepe3 BTOpoe COOCTBEHHOE 3HAUEHUE
(criekTpanbHasi 11€7b), KOHCTPYHpPOBaThb HWH(GUHUTE3UMAIbHBIA TIE€HEpaTop [UIsl IPOLECCOB
HENPEPBIBHOIO BPEMEHHY;

— TEXHUKOH pelIeHusi CToXacTU4ecKux auddepeHnnanbHbIX ypaBHEHHUH: BBIOMpATh
noaxoasamuii Meton (dhopmyna Mrto, meton Heompenen€éHHBIX KO3(P(UIMEHTOB, CBEICHHE K
JETEPMUHUPOBAHHOMY YPaBHEHHUIO) B 3aBHUCHUMOCTH OT CTpykTypsl CJlY, peanu3oBbIBaTh
YUCJICHHOE MOJIETTUPOBaHUE TpaeKkTopuil (MeTon Ditnepa-Mapuyama, cxeMbl 00jiee BBICOKOTO
MOPSI/IKA);

— mnoHuMaHueM cBs3u Mexay CIY u ypaBHEHUSMH B YacTHBIX IIPOM3BOJHBIX:
ucnons3oBath ¢Gopmyny Kama-®elinmana [ NpeACTaBIEHUS pELICHUS KpaeBbIX 3aaay
TEIUIONPOBOAHOCTH/ypaBHeHHs [lyaccoHa B BUjie MaTEMAaTHYECKOTO OXKHUIAHUS (PYHKIIMOHANA OT
muddy3noHHOrO Mpoliecca, NpuMeHsaTh ypaBHeHue Konmoroposa-®dokkepa-Ilnanka ays aHanuza
NEepeXOAHbIX TIIOTHOCTEH M dy3uii.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IPOBE/ICHUH Y4EOHBIX 3aHATUH B (popMe KOHTAKTHOM paboThl 00YYaIOLIMXCS € M1eJarOrnYeCKUMHU
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 KpUTHUECKH 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 TEXHOJOTUAMU AJIs1 00paboTKH 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 ONTUMANILHBIE 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
MaTeMaTHYECKOTr0 aHaJIN3a, KOMIUIEKCHOTO M (DYHKIMOHAIBHOTO
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 TEOPETHYECCKON MEXaHHUKH.

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
pean3anyy MaTeMaTHIeCKUX MOJIeNIe 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, APaAUTMbI IPOrPAMMHUPOBAHHUS, METOJIbI pa3padoTKHy,
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/ TpyaoeMKoCTh, aKaJieMHYECKUE YACHI
I HaumenoBanmue Ounas ¢popma
pa3aesa TUCUUILIUHBI AyauTopHasi padora T}( M
(Tekymuii KOHTPOJIb
(MonyJis) Jlekuun | Ilpaktuyec | Kontpo | CamocrosiTen yemeBaemocTH)
KHe JIb bHas padorTa
3aHATHS
1 OCHOBHBIC TTOHATUS 10 10 40 JlomarHee 3a1anue
TEOPUH CITyHYaHBIX
MPOILIECCOB
2 MapkoBcKHE MOJENIH 10 10 2 40 Jlomarnnee 3a1anue
KonTponbHas
pabota
JlaGoparopHast
pabora
3 CroxacThyecKue 10 10 2 42 JlomarHee 3amanue
nddepeHInanbHbIe Kontponpnas
ypaBHCHUS pabora
JlaGopaTopHas
pabota
3auem c oyeHnkou 4 KoHTpob
TEOPETUUCCKUX
3HAHUU
Hmozo: 30 30 8 122
O6vem oucuunaunvt (Mooyns) 190
(6 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 OCHOBHBIE TTOHITHSA Crnyyaitaple Oy TaHUs, CBOWCTBA TPAEGKTOPHUIL
TEOPUH CITyYalHBIX BunepoBckuii mpoiiecc, CBOMCTBa BUHEPOBCKOTO Ipoiiecca
IPOLIECCOB I"ayccoBckue nporiecchl. ['ayccoBckas perpeccus
2 MapkoBckre Mozenu [lens MapkoBa, kmaccuuKaIus COCTOSIHHMI, CBONCTBA MaTPHIIBI
MEPEXOIHBIX BEPOSTHOCTEM
Dprojuyeckas Teopema, CTallMOHaApPHOE paclpeeieHueE.
KonTtponsHas pabora 1
[Ipuknagueie Moaenu Ha OcHOBE 1ieneld MapkoBa: PageRank,
Hidden Markov Models (HMM).
[Ipuxnagaeie MoaeIn HAa OCHOBE 1ienielt MapkoBa: MapkoBckast
nens Monre-Kapio
"[IyaccoBHOBCKHI IpoLECC, pacIpeeIeHUE BPEMEHHU OKUIaHUS
MEXK]Y CKauKaMH
3 CroxacTudeckue Judy3noHHBIE TPOLIECCHI, TPSIMOE U 00paTHOE YpaBHEHHE
nddepeHIHanbHbe Konmoroposa
ypaBHCHI Croxactuyeckue nuddepenunansusie ypaaenus (CLY),

uHTerpan Uto

®opmyna Uto, meroas! pemenus CAY

®opmyna Kana-deiinmana, ypasaenrne Koamoroposa-dokkepa-
[Lmanka

Kontponbnas padora 2"

[pumepsr CY: npouecc OpiuteitHa-YnenOeka, reoMeTpuyecKoe
OpOYHOBCKOE JIBHDKCHHE

O6patumocts B C/1Y, Teopema AngepcoHa

[Tpunoxenust CAY: nuddy3noHHbIe MOJETH
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5. YueOHO-MeTOaHYECKOE O0ecIeYeHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoCTpaHsIEeMOro IPOTPAMMHOTO O0ECHEeYCHHMs, BKJIIOYas MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B Te4eHHE BCEro Inepuojga OOydYeHHs MOJIydaeT WHAWBUAYaTbHBINA
HEOTPAaHWYEHHBIH  JOCTYH K  DJEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
MH()OPMAIIMOHHO-00pa30BaTENIFHON Cpele YHHUBEPCUTETa. OJTH CHUCTEMBI IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIa K pecypcamM 3 Jr000i TOUYKH, TJIe eCTh NOJKII0UeHHe K ceT VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TaK U 3a €T0 IPEICIIaMH.

CrynentraMm o0ecriedeH yJalleHHBIH JIOCTYIl K COBPEMEHHBIM MpPOo(EeCCHOHATBHBIM 0a3am
JAHHBIX U MH(OPMALMOHHBIM CIIPAaBOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Kpyrnos, B. M. Cnayuaiiaple nporeccbl B 2 4. Yacte 1. OcHOBBI 0011e# Teopuw :
yueOHuk 1uist By30B / B. M. Kpyrnos. — 2-e uzn., nepepab. u nom. — Mocksa : M3garenscTBo
IOpaiit, 2024. — 276 ¢. — (Bricmee obpazoBanue). — ISBN 978-5-534-01748-9. — Teker :
uiekTpoHHBIH  //  OOpaszoBarenpHass  miatdpopma  FOpait  [caiit]. —  URL:
https://urait.ru/bcode/536889

2. Kpyrnos, B. M. Cnyuaiinsie npoueccsl B 2 4. Yacth 2. OCHOBBI CTOXaCTHYECKOTO

aHanuza : y4eOHuk ans By30oB/ B. M. KpyrnoB. — 2-e uzn., mepepab®. u gom. — Mocksa :
WznarenbcrBo FOpaiit, 2024. — 280 ¢. — (Bricuiee o6pazosanne). — ISBN 978-5-534-02086-1.
— Texct : osnexktponuHsli // OOpa3oBatenpHas mnatdopma Hpaiit [caiit]. — URL:

https://urait.ru/bcode/537767

3. Kamrranos, B. A. CnydvaiiHple TpOLECCHl : Y4YeOHHK M TNPAKTUKyM [UIS BY30B /
B. A. Kamranos, H. FO. DHarckas. — Mocksa : M3garensctBo FOpaiit, 2026. — 99c. —
(Beiciiee  oOpazoBanme). — ISBN 978-5-534-04482-9. — Tekcr : DdIEKTpOHHBIA //
O6pasoBarenbHas wiathopma KOpaiir [caiit]. — URL: https://urait.ru/bcode/584979

Jlononnumensnan numepamypa:

1. Duarckas, H. FO. Maremarnueckasi cTaTUCTUKA U CITy4daiHbIe MPOLIECCHI : yUEOHUK IS
By3oB / H. lO. Dnarckas. — Mocksa : UsnmatensctBo FOpaiit, 2026. — 191 c. — (Bsicmiee
oOpaszoBanue). — ISBN 978-5-9916-9808-5. — Texkcr : asnexkrpoHHbli // OO6pazoBaTenbHas
iatdopma Opaiit [caiit]. — URL: https://urait.ru/bcode/583925

6. MartepuajbHO-TeXHHMYeCKOe o0ecreyeHne

VYHuBepcuTeT pacrnojaraeT MaTepualbHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOLIEH
JIeMCTBYIOIMM MTPOTHBOIIOKAPHBIM MPaBUJIaM U HOPMaM U 00eclieunBaroIeil MpoBeieHUe BCeX
BUJIOB JIMCUUIUIMHAPDHOW W MEXIWCUUIUIMHAPDHOW TOATOTOBKH, MPAKTHYECKOW W Hay4dHO-
UCCIIEI0BATEIbCKON PaboT 00yJaronuXcsl, MPETYCMOTPEHHBIX YU€OHBIM IIIIAHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIMOHHOTO THMA, 3aHATHM CEMHHApCKOro (MPakTU4YECKOro) THMA, TPYNIOBBIX H
VMHAUBUAYAJIbHBIX KOHCYJIbTALMNA, TEKYIIIETO KOHTPOJISI U MMPOMEKYTOYHON aTTECTalllH, a TaKkKe
MIOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U NMPO(UIAKTUIECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICHAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOyUYEHHs, CIy>KAIlMMH JUIs MpEACTaBICHUs y4eOHOH
uH(popMaluu 60JbIION ayIUTOPUH.

N3yueHne qUCUUIUIMHBI (MOAYIA) oOecTIieYnBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAIICHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOU;

— MEXaHWYEeCKUMU KalbKyJIATOpaMHu;

— CIEeUHMATU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUasi AEMOHCTPALlMOHHOE 000pYyI0BaHUE.
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[TomereHust 151 CAMOCTOSITEIIBHON pabOThl 00YJaIONMINUXCsl, B TOM YKCIIE TPUCTIOCOOTICHHBIC
JUI WCHOJB30BAHUS WHBAJTUAAMHU M JUIAMHU C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 310POBBS,
OCHAIIIEHbl KOMIBIOTEPHONH TEXHUKOW C BO3MOXKHOCTBIO MOJKIIOYEHHs K ceTu «MHTepHeT» H
o0ecrieyeHHEeM  JIOCTyNa B  JJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CPEdy
YHuBepcurera.

OOyyaromMcsl IPeNOCTaBIAETCA JOCTYIl (B TOM 4YHCIE YIAIEHHBIN) K pecypcam
MH(OPMaLIMOHHO-TEJIEKOMMYHUKAITMOHHOM ceTH «VHTepHEeT», 3JIeKTPOHHBIM pecypcaMm (B TOM
YHCII€ ANEKTPOHHBIM OMOIMOTEYHBIM CHCTEMaM, COBPEMEHHBIM NpOQecCHOHATIBHBIM 0azam

JaHHBIX 1 I/IH(bOpMaI_[I/IOHHBIM CIIpaBOYHbIM CI/ICTCMaM)I

Ne HaumeHoBaHue nopraJja CcebLIKA
(u3xaHus, Kypca, 10KyMeHTa)
1. | Hayunas snexkrponnas 6ubnuoreka elibrary.ru | https://elibrary.ru/defaultx.asp
OubamoTeKa
2. | Baza nansbix mid I T-cnenuanucton https://habr.com
3. | ba3a mannsix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHeLi caiit MUHHCTEpCTBA HAYKH 1 https://minobrnauki.gov.ru/
BEICIIETO 0Opa3oBanus Poccuiickoit deneparuu
5. | ®enepanbhsiii moprai «Poccuiickoe odpazoBanue” | https://www.edu.ru/
6. | Uadopmarmonnas cucrema "Equnoe okno moctyma | http://window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. | Enunas xomnekmums nudpoBsix obpasoBatenbubix | http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHblii IEHTP HHPOPMAITHOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB
[lepeuens WMHDOPMAINMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPH  OCYIIECTBICHHH
00pa30BaTeLHOTO MPOIEcca MO TUCIUILTHHE (MOJIYJIE), B TOM YHCJIC KOMILICKT JIMIIEH3UOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TPO(EeCcCHOHANbHBIE 0a3bl  JaHHBIX U
MH(OPMAaIIMOHHBIE CIIPABOYHBIE CHCTEMBI:
HaumenoBanue I1O IMpousBoacrs JIunen3uonHoe / cBOOOIHO
0 pacnpocTpaHsieMoe
OnepainuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, 3apyOexHOe JIMIEH3UOHHOE
Server)
bpay3sepsi:
SAnpexc.bpaysep OTEUECTBEHHOE | CBOOOJIHO pacIpOCTPaHIEMOE
Google Chrome 3apy0OexxHOe CBOOOJIHO PacIpOCTpaHIeMOe
OducHble IPUIIOKEHHS
Microsoft Imagine (Visio, OneNote) 3apyOeKHOE JIMIIEH3MOHHOE
TeXstudio 3apyOeKHOe cBOOOJTHO PACIIPOCTPAHIEMOE
Adobe Acrobat Reader 3apyOexHOe CBOOOIHO paclpocTpaHsIeMoe

IIporpammHoe obecneveHnne /s IJIAHUPOBAHUS M Y4eTA BPEMEHHU:

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

Microsoft Imagine (Project) | sapyGexHoe | ImMueH3HOHHOE

CucreMbl ynpaJjieHusi 6a3aMu JaHHbIX:

Microsoft Imagine (SQL Server) | sapyGexHoe | nMueHsnoHHOE

Cucrembl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV | sapyGexnoe | miensuonHoe

CleaBO'-IHO-l'lpaBOBLIe CHUCTEMBbI:

DJIEKTPOHHBIN JOKYMEHT



https://elibrary.ru/defaultx.asp
https://habr.com/
https://www.sciencedirect.com/
https://minobrnauki.gov.ru/
https://www.edu.ru/
http://window.edu.ru/
http://school-collection.edu.ru/
http://fcior.edu.ru/

Koncynprantllotoc: cripaBouHo- OTEYECTBEHHOE | JINIICH3HOHHOE

paBoOBasi CUCTEMa

CpencTBa aHTHBHPYCHOM 3aIUTHI:

Kaspersky Endpoint Security mns OTEYECTBECHHOE | JMIIEH3MOHHOE

ousneca Cranmaptaeiii Russian Edition

Cpenbl pa3padoTkm:

Visual Studio Code 3apy0eIKHOE cBOOOJTHO PACIIPOCTPAHIEMOE
Bash (Unix shell) 3apy0eKHOe cBOOOIHO PACIIPOCTPAHIEMOE
Anaconda 3apyOeKHOe CBOOOJTHO PACIIPOCTPAHIEMOE
Robotic Operating System 3apyOeIKHOE cBOOOJTHO PACIIPOCTPAHIEMOE
CopelliaSim 3apy0eKHOe cBOOO/THO PACIIPOCTPAHIEMOE
Google Colaboratory 3apyOexHOe CBOOOJIHO PacpoCTpaHsIeMoe
IlakeTbl NPOrpaMMHBIX CPEACTB U OMOJIHOTEK:

AutoPsy 3apyOexHOe CBOOOIHO pacIpoOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apyOeIKHOE cBOOOJTHO PACIIPOCTPAHIEMOE
Cucremsbl ynpasJjeHusi 0udanorpapuyeckoil uHpopmanmeii:

Zotero \ 3apyOexKHOe \ CBOOOJIHO PACTIPOCTPAHSIEMOE
CepBuchl 1 CIyKObI:

Bind 3apyOexKHOe CBOOOIHO PacIpOCTPaHIEMOe
Docker 3apyOeKHOe CBOOOJTHO PACIIPOCTPAHIEMOE

7. MeTtoanuyeckue U OlleHOYHbIE MATEPUAJIBI
MeToan4yeckue yKazaHHus I 00y4AOUIUXCH 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce uzyuenus aucuuiuiMHbl (Momyis) «CTOXacTHUECKHM aHalu3» B paMKax
TEKYILLEro KOHTPOJISI YCIIEBAEMOCTH HCIOJb3YIOTCS TaKUe BHUJIbI y4eOHOH paboThl, KaK JIEKLU,
CEeMMHapbl, J1abopaTOpHble padOThl, KOHTPOJIbHBIE PadOThHI, JOMAIIHHE 33JaHUs, KOHTPOIb
TEOPETUYECKUX 3HAHUM, a TAaKXKe pa3IMUHbIe BUJbl CAMOCTOSTENbHON pabOThl 00yUYaOLIMXCS MO
3a/laHUI0 TPEIOo/aBaTessl, HalPaBJIEHHbIE HA Pa3BUTUE HABBIKOB NMPO(PECCHOHAIBHON JIEKCUKH,
3aKpeIuIeHUe MPaKTUYECKUX MPOoQPecCHOHANTBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlexyus — cHUCTEMaTHYeCKOe, TOCIENOBATEIFHOE, MOHOJOTHUYECKOE  H3JI0KEHUE
nmpenoaaBareneM y4eOHOro MaTepuana, Kak MpaBuio, TEOPETUUECKOTO XapaKTepa.

B mporecce neknuii peKOMEHIYeTCS BECTH KOHCIICKT JICKIIMHA: KPaTKO W CXEMAaTUIHO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHMS JEKIMH, BBIIETSITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HEoOXOIMMO OTMETHTH BOMPOCHI WM MaTepUANbI, KOTOPHIC
BBI3BIBAIOT 3aTPYAHECHHUS, U TIOMBITAThCSI HAUTH OTBETHI B PEKOMEHJAOBaHHOM nuTeparype. Ecnu
pa3o0parbcsi B Marepuaie He yJaercs, cieayeT chopMyaupoBaTh BOIMPOC W 3a1aTh €ro
MPernoAaBaTeNo Ha KOHCYIbTAIUU WA BO BPeMsI CEMUHAPCKOTO (MTPAKTHYECKOT0) 3aHATHSI.

Cemunap — 310 (hopma y4eOHOU NEATETLHOCTH, MPOBOANMAs B yUeOHOM 3aBEICHHUH I10T
PYKOBOACTBOM TMpEMoJaBaTesisi, TI/A€ CTYACHTbl AaKTUBHO YYacTBYIOT B OOCYKICHHSIX,
MPAKTUYECKUX 3aJJaHMsIX U APYrux (popmax B3auMOACHCTBHUS.

Jns ycneurHoi moAroToBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMUTHLCS C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMu, 4T00Bl MMETH BO3MOKHOCTH AKTHBHO y4aCTBOBAaTh B
obcyxaeHuu. Takke MOJIE3HO MOATOTOBUTH BOIPOCHI U WU TSl OOCYKIEHUS, YTO MOMOKET
r1y0Ke OHATh MaTepUal U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

,Z]omaumee 3a0anue — Ha6op 3aaa4d 110 TCMaM HCACIIN.
HpI/I pa60Te Haa AOMAaIlHUMHK 3aJaHUusIMH  BaXHO BHUMATCIIBHO O3HAKOMUTHBCA C
TpC6OBaHI/I${MI/I " CpOKaMH BBIIIOJIHCHUS. PCKOMeHﬂyeTCH pa36I/IBaTB 3aaHus Ha JTallbl, YTOOBI
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n30eXaTh MEeperpy3kd W JIydlle YCBOMTH MaTepHal. VICmomb30BaTh pa3iIWYHbIE HWCTOYHUKH
uHOpMaLKK, BKIIOYas y4IeOHUKH U OHJIAWH-PECypChl, Ul 0ojee riy0oKoro HOHUMaHUS TEMBI.

Koumponvhasa paboma — nucbMeHHas paboTa ¢ HA0OpOM 3aJ1a4, KOTOPbIE HY>)KHO PEIIUTh 32
OTrpaHMYEHHOE BpeEMSI.

[{enb KOHTPOJIBHOM PabOTHI - MOTYYUTh CHEIMATBbHBIC 3HAHUS 110 OJHON WM HECKOJIBKUM
TE€MaM JUCLUUIUIMHBI (MOAYJS) U IPOJAEMOHCTPUPOBATh HABBIKY UX MPAKTUYECKOTO IPUMEHEHUS.

Jlabopamopnas paboma — yaebHOE 3aHATHE, HAPABICHHOE HA MPAKTUYECKOE 3aKpEeIlICHHUE
TEOPETHUUECKUX 3HAHUU uYepe3 BHIMOJIHEHHE SKCIEPUMEHTAIbHBIX WIIM MPOCKTHBIX 3ajaHuii. B
xoJlle 1abopaTOpHOM paboThl CTYAEHTHI MPOBOJAAT aHAIM3, Pa3pabdOTKy WIM TECTUPOBaHUE
IIPOIPaMMHOI0 K0J1a, U3yUYEHHOTI'0 B paMKax Kypca.

[lepen BeInonHEHHEM J1a0OpAaTOPHOUM PabOTHl HEOOXOAMMO BHUMATEILHO 03HAKOMUTHCS C
TEOPETUUYECKUM MATE€pUajIoM U METOAMYECKUMHU YKa3aHUSAMH. PeKoMeHIyeTcsi U3y4uTh
UCIIOJIb3YEMble HHCTPYMEHTBI M TEXHOJIOTUH JIJIsl YBEPEHHOI'O UX MPUMEHEHHsI Ha pakTuke. [Ipu
BO3HHKHOBEHUH BOIIPOCOB CJIEAYET 00paliaThes K MPenoiaBaTeito JJisl OJIy4YeHUs pa3bsICHEHUH.

Koumpono meopemuueckux 3Hanuti — YCTHBIE OTBETHI Ha BOIIPOCHI, CIIMCOK KOTOPBIX
U3BECTEH CTYJCHTY 3apaHee.

B nmporiecce moAroToBKU CTYAEHTY HEOOXOAUMO MPOAHATH3UPOBATh YUeOHBIE MaTEepPHAIbI,
03HAKOMUBIINCH C JICKIMSIMH, YIeOHUKAMH W JIOTIOJHUTCIIBHBIMU HUCTOYHUKAMH, aKIICHTUPYS
BHUMaHUE Ha KJIIOYEBBIX TeMmaX. PexoMmeHIyeTcs co3/aTh CTPYKTYPHPOBAaHHBIE KOHCIIEKTHI,
BBIJICTISIS OCHOBHBIC UJICH, TEPMHHBI U JOPMYITBL.

Camocmosmenvruas paboma — paboTa CTYJEHTOB, HANpaBJE€HHAs Ha YINIYOJEHHOE
W3YYEHHUE OTJENbHBIX TEM U BOIIPOCOB yUCOHON AUCIMILTUHBI (MOTYIs).

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAHHBIMH
MaTepuaiamMy Mpyu MUHUMAIILHOM yYacCTHH MpenojiaBatess. 3a1auu CTyJeHTa BKIIOYA0T padoTy
C KOHCIIEKTaMu JIEKIu# (00paboTka TeKCTa), MOBTOPHOE M3YYEHHE YUEOHBIX MaTepHaJIOB TIAHOB
U TE3UCOB OTBETOB, U3YyUEHHUE JOMOIHUTEIBHBIX TEM, BHIMOIHEHUE yU4eOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00yYeHHS IO JUCHHUIIHHE (MOAYJIIO)

Kpurepun nosy4yeHusi ypoBHA M OLleHUBAHUS c(DOPMUPOBAHHOCTH KOMIIETEHUMI 10
aucuuminHae (MoayJe) «CToxacTH4ecCKMil aHAJIN3)

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

IIpome:xyTouHasi arrecTalusi 1O AUCHUIUIMHE (MOZYJIO) OCYLIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TIPU HTOM TPOBOJUTCA OIIEHKA KOMIETEHUUH, CcHOPMUPOBAHHBIX I10
JTUCIUIINHE.

i olleHMBaHMS TEKYIIET0 KOHTPOJS YCIEBAEMOCTH M IPOMEKYTOYHOM aTrTecTaluu

UCTIONB3YETCS IeCATUOAIUIbHAS IIKaJa OIEHUBAHUS, KOTOPash COOTHOCHUTCS C TPaauIlMOHHON
NATUOAIIILHOM IIKAJION CleayonM 00pa3oM, ecii MHOE HE yKa3aHo B CHi1a0dyce NUCHUTIINHBL

Hecarubanabnas IIsTubdanibHas Onenka 3a |O0umasi XapakTepUCTHKA pe3yJbTaTa
OLICHKA OLICHKA 3aver 00yuyeHus Mo TUCHUIINHE (MOTYJII0)

10 OtinuHO 3auTeHo CryneHt ITOJIHOCTBIO BIIAJICET

9 OTJINYHO 3auTeHo 3HaHUSIMH, HM3JI0O)KEHHBIMH B paboueii
OTIMYHO 3auTeHo nporpaMMe, U TIYOOKO OCMBICISET

muctuminHy. OH caMOCTOSITENIBHO U

JIOTHYECKH MOCIeI0BAaTeIbHO OTBEYAET
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JecsaTudanabHasn
OlleHKA

Iaruoanabuas
OLICHKA

Onenka 3a
3aqer

O0mas xapaKkTepucTHKA pe3yabTaTa
00yuyeHus 0 TUCHUILINHE (MOYJII0)

HAa  BCC  BOINPOCH,  AKICHTHPYS
BHHUMaHHE Ha Haubojee Ba)KHOM.
YMeeT aHaIM3upOBaTh, CPaBHUBATH,
KJIAaCCU(UITUPOBATH, 000011aTh,
KOHKPETU3UPOBAThH U
CUCTEeMAaTHU3UPOBAThH W3yUYCHHBIN
MaTepuall, BBIJEIISIS KIJIFOYEBBIE
MOMEHTBI M YCTaHABJIMBAs MPUIHHHO-
CIEACTBEHHBIE CBSI3H. YeTko
dbopMyJIIpyeT  OTBEThI,  YBEPEHHO
UHTEPIPETHPYET pe3yJIbTaThI
AQHAJIM30B U JAPYTUX HCCICIOBAaHUH, a
TaK)KE pEIaeT CIOXKHBIC 3aJadu.
CTyIeHT XOpOIIIO 3HAKOM C METOJaMH
HCCIEI0BaHUs, HEOOXOIUMBIMH JIJIS
MPAKTHICCKON JEATCIILHOCTH, H YMEET
CBS3BIBATH TCOPETHYECKHE ACIEKTHI
JIUCLUAIUINHBI (Momyst) c
IPAKTHYCCKUMH 33/JaYaMH.

Xopomo

3aureHo

Xopor1iio

3auteHo

Crynent obnagaer 3HAHUSIMU
npeaMeTa MOYTH B IMOJHOM O0beMe
paboueii MIPOrpaMMbl "
CaMOCTOSITENBHO, JIOTHYECKHU
MOCJIEIOBATEIbBHO M BCECTOPOHHE
OTBEYaeT  Ha  BCE  BOIPOCHI,
aKIEHTUPYs BHUMaHUE Ha Hauboisee
3HAUMMBIX MoMeHTax. OH ymMmeer

aHaM3UPOBATh, CpaBHHBATH,
KJIACCU(PUITUPOBATH, 000011aTh,
KOHKPETU3UPOBATh u
CUCTeMAaTU3UPOBATh W3YYEeHHBIN

MaTepuai, BBIAENAS €ro KIHYEBbIE
ACIEKThl U yCTaHABIUBAasl IPUUMUHHO-
CIIECTBEHHBIE CBs3U. PopMynupyer
CBOM OTBETHI, YBEPEHHO
HWHTEPIPETUPYET pe3yNbTaTh
AQHAJIM30B U JIPYTUX UCCIEJOBaHUM, a
TaKkKe periaer CIIOKHbBIE
cuTyalmoHHble 3amadd. CTyneHT
XOpOIIO  3HAKOM €  METoJaMu
UCCIIeIOBAaHMsI, HEOOXOIUMBIMHU IS
MIPAaKTUYECKOW  JEATENBHOCTH, U
yMEET CBSI3bIBaThb TEOPETUUYECKUE
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HMecaTudanabuasi IlsaTudannbHas Onenka 3a |O0masi xapakTepUCTHKA pe3yJbTara
OlleHKAa OlleHKAa 3auyer 00y4eHHUs 110 AUCHUILIMHE (MOLYJII0)

ACIICKTHI Ipe€AMETa C IMPAKTUUCCKUMU
3aJadyaMu.

5 Y 10BAETBOPUTENBHO|  3a4YTEHO CryneHnt obnagaer 0a30BBIMU

4 Y I0BJIETBOPUTENIBHO,  3a4TEHO 3HAHUAMH 110 JUCIHUILIUHE (MOYIIIO),
HO WCHBITHIBAET TPYAHOCTH TIpU

CaMOCTOSITENIbHBIX OTBETax u
UCIIONIB3YET HETOYHBIE
¢dbopmynupoBku. B xone oTBETOB OH
JOMyCKaeT OWIMOKH, Kacaroluecs
cyta BompocoB. CTyaeHT crocoOeH
pemarb TOJBKO CaMble TPOCTHIC
3aaun " BJIaJIeeT T
MUHHUMAJIbHBIM HAa0OpOM  METOJIOB

HCCJIEIOBAaHMS.

He cnman He 3auteno | CtyneHT He oBnajien 00s3aTelbHBIM

He cnau He 3aureno | MUHUMYMOM 3HaHUW MO MPEIMETY U

He cnan He 3auteno | HE MOXET OTBETHTh Ha BOIPOCHI,
JaXe €ClM TPernojiaBaTelib 3a/JaeT
JIOTIOTHHATEIIbHBIE HaBOJISIIIHAE
BOIIPOCHI.

Juctummaa (Moayib) « CTOXaCTUYECKHI aHATN3» OICHUBACTCS CICAYIONIUM 00pa3oM:

AKTHBHOCTH Bec [KouyecTBo Onucanue

Homarrawe 3aganus| 40% 14 Hab6op 3amau mo remam Henenu

KonTponbHbIe 20% 2 [TucbmenHas pabota ¢ HabopoM 3aay, KOTOpbIE

paboThI HY)XHO PEIINTh 33 OTPaHHYEHHOE BPEMs

JlaboparopHas 20% 2 [TpakTHdeckoe 3aqaHue, HalIPaBJICHHOE Ha

pabora NPUMEHEHHUE TEOPETUUECKUX 3HAHUI MPH pelIeHUH
KOHKPETHBIX 3a]1a4, BBITOJIHAEMOE 1101 PYKOBOJICTBOM
IpernoiaBaTesns

3ager c onenkorr | 20% 1 KoHTpomb TeopeTHuecKix 3HaHUH

®opmyJia pacyéra MTOroOBOil OLEHKH MO AUCHMILIMHE (MoayJe) «CToxacTHYeCKH
anamm3». «0,4% cpennee 3a pomamHue 3amanus + 0,2X cpemHee 3a KOHTPOJBHBIE PabOTHI +
0,2 xcpennee 3a aboparopHsie padoThl + 0,2 X3a4eT ¢ OLEHKON».

Texkymmii KOHTPOJIb YCIIEBAeMOCTH 00YYAIOLIUXCS 110 AMCHHUIINHE (MoayJIe)
IIpumepHbIe 3a1aHUA 1J151 1A00PATOPHOM PadoThI

1.1 bpoyHoBckoe (BuHepoBCKoOe) ABHKEHHE
— Coaepikanue: CreHEpUPOBATh TPAEKTOPUHU OJHOMEPHOIO U AByMepHOro BuHeEpoBCcKoro
Ipolriecca, MOCTPOUTh TUCTOTPaMMBbl KOHEYHBIX COCTOSIHUN U OLIEHUTh UX JUCIIEPCHUIO.
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— Oxupaemble pe3ybTAThl: I[0Ka3aTh JIMHEHHBIA POCT JUCIEPCHU C BPEMEHEM,
MOJATBEPAUTh HOPMAIBHOCTh pacrpeneieHus mo3unuii npu nomomm Q-Q-rpadmkoB U TecToB
(anmupo-Yunk).

1.2 lIpouecc Ilyaccona

— Conep:kanue: CMOJICTIUPOBATH COOBITHITHBIH MPOIIECC c MOCTOSIHHOM
MHTEHCUBHOCTBIO A, TIOCTPOUTH T'paUK KOJMYECTBA COOBITMH B 3aBUCUMOCTH OT BpPEMEHH,
OLICHUTH A METOJIOM MaKCUMAJIbHOTO IIPABI0NO100U .

— OknaeMble pe3y/bTaTbhl: CPAaBHEHUE SMIIMPUYECKOIO PACHpPEEICHUsS MHTEPBAJIOB
MEX1y COOBITUSIMU C 3KCIIOHEHIIUAIBHBIM, OIIEHKA CPETHEKBAAPATUYHON OMUOKH OLICHKH A.

1.3 AR(1) u MA(1) moaesn

— Coaep:xkanme: CreHepuUpoOBaTh aBTOKOppenaupoBaHHble (AR) M ckonb3simue cpenHue
(MA) niporiecchl, MOCTPOUTEH KOPPEIOTPaMMBI, OIICHUTH TTapaMeTpsl p 1 0 gyepes MHK.

— Oxupaemble pe3yJibTaThl: BU3YaIM3UPOBAThH XapaKTEepHYIO CTPYKTYpY
aBToKoppernsiuu: yosiBanue B AR(1) u «ipbnkok» B MA(1).

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOM padoTe

1.  cnyuaiinoe 6ayscoanue : 11 IPOCTOTO CUMMETPUYHOTO Oy aaHus Ha oTpeske [0, a]
HaiiuTe (a) BEpOsATHOCTH BBIX0/IA B TOUKY a, (b) cpemHee BpeMs BBIXOA, HAUMHAS U3 COCTOSHUA 1;
CpaBHUTE I0JIy4YeHHbIE (POPMYJIBI C pe3yJIbTaTaMU U3 TEOPHH.

2.  BUHEPOBCKUll npoyecc : TIOKaXUTEe, dYTO Tporecc W(t) HMeeT HE3aBUCHUMBIC
npupanieHns u Macirabuposarue Ne W(t)=W(ct); UCIIOJIb3Ysl 3TH CBOWMCTBA, BHIBEIUTE CBS3b C
pelIeHreM ypaBHEHHS TETUIONPOBOIHOCTH.

3. Mmaprosckas yenv : JJaHO MaTPUYHOE IIpeJICTaBlIeHHE IepexoJoBP i uenu
U3 4 COCTOSIHWHN; HaWIUTE CTAMOHAPHOE paCHpeieiCHuEe, ONpPEICTUTEe MEPUOJUIHOCTh U
BBIYUCIIUTE CKOPOCTh CXOJUMOCTH K CTALlMOHAPHOMY BEKTOPY (OLICHKA Yepe3 BTOPOil 110 MOTYIIIO
COOCTBEHHBIH CIIEKTP).

4.  nyaccomogckuii npoyecc . WCHOJb3yd HMHTEHCHBHOCTb A=3, Haiaute (a)
pacnpenenenrne 4uciaa coObITUH 3a uHTepBalt=2, (b) pacmpeneneHue BpeMEHH 0 IEPBOIO
npuObITHS, (C) CpeiHee pacCTOSTHUE MEXYy COCEAHUMHU COOBITHSIMU.

5.  covy : pemure JTUHEHoe CTOXaCTHYECKOE muddepeHnaibHOe
ypaBHeHHe dX=uX; dt+6X;dW;c Xo=1; 3anummre pemenue B Buae Xi=...U BbIUUCIUTE
MareMarnueckoe oxxunanue E[ X ] u nucnepcuto Var[ X(].

6. ¢opmyna Hmo : npumenure c¢opmyry Uro x ¢ynkumnm g(t,X)=X? Haiaure
muddepennmanbayo  popmy dg(t,X) 1 uHTErpupyiite €€, MOJYYUB BBIpaXKEHUE IS X B
Tepmunax |X dW.

7.  yucnennoe  Mmoleruposamue .  pealusyutre  meron  Odinepa-Uto  nmus
ypaBHeHust dX=0.5 dt+X;dWHa [0][1] ¢ At=0.01; mocTpoiiTe 5 He3aBUCHUMBIX TPAEKTOPUN WU
OILIEHUTE CPETHEKBAIPATUYHYIO ONIMOKY 110 CPABHEHHIO C AaHAJTUTUIECKUM PEIICHUEM.

IIpumepHbIe JOMaNIHUE 3aIaHUS

1. manmmmre ¢ynkuuo random_walk(p, n) — cuMynsammio TPOCTOro ONyKAaHUS C
BEPOSITHOCTBIO IIara BIIPAaBO p HA N [IarOB; BU3YaJIH3UPYHTE OJHY TPACKTOPHIO M TMOCTPOBTE
THCTOrPaAaMMY KOHEYHBIX TTO3UIIH.

2. pealu3yiiTe TeHepalui0 BUHEPOBCKOIO Mpollecca ¢ MOMOINBI0 METOAa OPOYHOBCKOTO
JBIDKCHUsT (HOpMaJIbHbIC TPHUPAIICHHs) U CPABHHUTE TOJYYCHHBIC JIMCKPETHBIC TPACKTOPUU C
TeopeTndeckuM pacrpeneneauem N(0,t).

3. IOCTPOBTE MATPHILy TIEPEXOJOB JUII MAapKOBCKOW IIeNMM W3 5 COCTOSHUM, 3a/1aB
IPOU3BOJIbHBIE BEPOSATHOCTH, yOSTUTECH, UTO KaXK1asi CTPOKA CYMMHPYETCS JI0 1; HaliIuTe CIEeKTp
MAaTpPHIIbI U OTPENICITUTE, SIBISCTCS JIU LEb SPTOANIHOM.
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4. cMonenupyiTe MyaCCOHOBCKUM MPOIECC ¢ MHTEHCUBHOCTHIO A=2 Ha uHTepBate [0][5] ¢
nomonipto GyHkuuu NP.random.exponential; moctpobTe rpaduk uncia coObITHI BO BpEMEHHU U
CPaBHHUTE YMIUPUUYECKYI0 HHTEHCUBHOCTD C 33JaHHOM.

5. peanusyiite CTOXaCTUYECKUU HUHTETpall Uro JoT W, dW, st 3aJaHHOTO
iyt W (UCTIOIB3YyHTE JIEBBIN Pumanckuii CyMM); CpaBHUTE pe3yabTaT c
aHamuTHueckum ¥2 (W_T2-T).

6. pemute 3amauy Bbixoga w3 orpeska[0][10] mist  cuMMeTpuyHOTO — OyXKIaHUS,
HAYaJILHOTO COCTOSHUS 1=3, HCTIOIB3YS METO]I OTPAKEHUST; IPOBEPHTE MOITyUYECHHYIO BEPOSITHOCTh
BbIxoza B 10 uepe3 cumyssinuio 10 000 TpaekTopuid.

7. IpOBEOUTE  BKCIEPUMEHT ¢  MeToAoM  Oinepa-UTto  aynsg  HelIMHENHHOro
CHY dX=—X¢ dt+0.5 dW; uccnenyiite 3aBUCUMOCTh CPEIHETO KBAJIPATHUYHOTO OTKJIOHECHHS OT
mrara At (0.1, 0.05, 0.01) u mocTpobTe rpaduk CXOAUMOCTH.

8. BoimonmHuTe  rayccoBckyro  perpeccuto  (RBF-ampo)  mias cuHTeTHMUecKHx
TaHHBIX y=sin(27nx)+e, e~N(0,0.1%); MPEACKAKUTE 3HA4YCHHE B x=0.75, MOCTPOUTE
JIOBEPUTENBbHBINA UHTEPBAT 95 % U CPaBHUTE C HCTUHHBIM 3HAYCHUEM.

33}13]—[1/15[ IJIdA l'lpOMe)KyTO'lHOi;I aTTeCTallui 110 JMCHHUIIJINHE (MO)Iy.]IlO)

Ne 3amanmue OTtBer Komnerennusi | Unaukarop
n/n
1. YkaxuTe onpezieieHNe CIy4aifHOTo [TocnenoBaTenbHOCT YK-1 YK-1.1
Oy xaaHus (OAHUM MPEIOKEHUEM). b HE3aBUCUMBIX
OJTHOIIArOBBIX
MEepEMEIICHUHN ¢
BEPOSITHOCTAMU
nepexoja
2. HazoBute kpuTepuii BO3BPaTHOCTH IJIS PexyppenTtHOCTb / OIIK-1 OIlK-1.1
CUMMETPUYHOTO Ony)aanust Ha Z¢ (oHO BosgparHocth
CJIOBO).
3. 3anuiiute GopMyITy BEPOSTHOCTH Pi(BeixonBa)=i/a OIIK-1 OIIK-1.2

BBIX0/1a Ha TPAHHUILY a JJIs IPOCTOTO
oy manus Ha otpeske [0, a].

4, VYKaxuTte cpeaHee BpeMsl BBIX0/1a U3 i-(a—i) OIIK-1 OIIK-1.2
npomexyTka [0, a] st OmyxaaHus u3
COCTOSTHUS 1.

5. Jaiite onpeneneHrie BUHEPOBCKOTO HenpepriBHbIi OIIK-1 OIIK-1.1
nporiecca (KOpOTKO). rayCCOBCKHI
poliecc ¢
HE3aBUCHMBIMU
HOPMaJIbHO
pacnpeenéHHbIMA
MIPUPALLCHUSIMH,
E[W(1)]=0,
Var[W(t)]=t
6. Ilepeuncnure 1Ba cBOMCTBA HesaBucumocts OIIK-1 OIlK-1.1
BMHEPOBCKOTO Mpoliecca (uepes IPUpAIICHUH,
3anATyI0). MacmrabupoBanue
Ve W(t) = W(ct)
7. HazoBute ypaBHEHUE, CBS3BIBAIOIIEE YpaBHeHue OIIK-1 OIlK-1.1
BUHEPOBCKUI MPOILIECC C YPABHEHUEM TeIUIONPOBOAHOCTH /
TEIUIONPOBOJHOCTH. YpasHenne
nuddysuu
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8. [aiite onpeneneHue rayccoBCKOro CemeiicTBO OIIK-1 OIIK-1.1
nporiecca (KOpOoTKo). CIIy4YallHbIX BEJIUYMH,
Jr00bIe KOHEYHBIE
HaOOPBI KOTOPBIX
HUMEIOT COBMECTHOE
HOpMaJIbHOE
pacrpeesieHue
9. 3amummmTe hopmyity npsimoro ypasaenust | dp(t)/dt = p(t)Q, rae OIIK-1 OIlK-1.2
Konmoroposa a5t KoHEUHOro yucia p(t) — BexTop
COCTOSTHHIA. pacnipezienenuii, Q
— TreHepaTop
10. | HazoBuTe pacnpeesieHue HHTEPBAJIOB OKCIIOHEHIIHAIBHOE OIIK-1 OIlK-1.1
MEXIY COOBITHSMH ITyacCOHOBCKOTO pacrpeneieHne
nporecca.
11. | Ykaxwure mapaMeTp HHTEHCUBHOCTH A (J1AaMO1a) YK-1 YK-1.1
MyacCOHOBCKOTO Ipoliecca
(o6o3HaueHue).
12. | 3anumure GopMyay CTOXaCTHIECKOTO lot f(s) dW, = L2 OIIK-1 OIIK-1.2
uHTerpana Mro (kpaTko). JIMMUT CyMM
f(t)(W_{tiss} —
W _{ti})
13. | 3anummure popmyny Uto mis pyHKImm dg=(g+tgp+ OIIK-1 OIIK-1.2
g(t, Xo). Y2gwo?)dt + go dW,
14. | Ha3zoBuTe METO/I BBIYHCIICHHS MeTton oTpaxeHust / OIIK-1 OIlK-1.2
BEPOATHOCTH BBIXOJa HA TPAHUILY IS [puHrmmn
GITyKTAHHA. OTpaKEHHS
15. | Ykaxwure cTaiioHapHOE pacrpe/esicHue 1Q=0/n— OIIK-1 OIlK-1.1
JUISL 3projinyeckoi nenu Mapkosa COOCTBEHHBIH BEKTOD
(ycnoBHe). reHeparopa
16. | IToctpoiiTe NPOCTYIO rayCCOBCKYIO 1.5 (suneitnas YK-2 YK-2.2
perpeccuro: npeackazanue B x=0.5 mis HHTCPIIOJISILNS)
touek (0,1), (1,2).
17. | PeanusyiiTe OJIMH UTEPAIIMOHHBII II1ar r™{new} = OIIK-6 OIIK-6.1
anroputma PageRank (popmyna aArr{old} + (1-a)v
OOHOBJICHHUS BEKTOPA T).
18. | [Ipumenure popmyny Uto K tnHEHHOMY X = Xo exp[(p — OIIK-1 OIIK-1.2
CHY dX,= pXdt + cXdW, u 3anmmmure 7262t + oW
pelIeHue.
19. | HazoBuTe MeTO]| YUCICHHOTO PELICHUS Cxema Ditnepa-Hro / OIIK-6 OIIK-6.2
CIY ¢ cuibHO#M cXeMol TIepBOro Euler-Maruyama
HOpSIZIKA.
20. | Ykaxwure npumenenune C/1Y B MalmmHHOM Huddysnonnsie YK-2 YK-2.2

o0yyeHunu (mpumep).

mozenu / Generative
Diffusion Models
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