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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabouas mporpamma aucuuniauHbl (Moayis) «CTOXAacTUYECKUI aHAIU3» COCTAaBJIEHA B
COOTBETCTBUHU € (eaepaibHbIM T'OCYJAapPCTBEHHBIM O0pa30BaTEIbHBIM CTAHJAPTOM BBICHIETO
oOpazoBanus — OakanaBpuar no HanpasiaeHuto 02.03.01 «MaremaTtnka 1 KOMIIBIOTEPHBIC HAYKH,
npoduns «Pa3paboTka», YTBEp)KIEHHBIM MpHKa3oM MUHHCTEPCTBA HAyKH U BBICHIETO
obpazoBanus Poccuiickoit ®eaepannu Ne 807 ot 23.08.2017 rona.

Jucrumaraa (Moaysib) «CTOXaCTUYECKUI aHAM3» SBISACTCS KIIIOYEBBIM HHCTPYMEHTOM
JUIsL OTIMCAHUS U NPEJCKA3aHUs MIOBEJEHUS CUCTEM, TIOJIBEPKEHHBIX CIy4YalHBIM BO3MYLIECHUSIM;
OH o0ecre4ynBaeT TEOPETHYECKYI0 OCHOBY (PMHAHCOBOI MaTeMaTHKU (MOJEIMpPOBAaHUE LIEH,
OIICHKA pUCKa), GU3MKH (KBAHTOBAas M CTATHCTUYCCKAs MEXaHUKA), OMOIOrHH (MOJCTUPOBAHUE
MOMYJISIIUM, TeHETUYECKUX MPOIECCOB) U MHXKEHEPHBIX MPUIOKEHUN (YIpaBIeHHUE B YCIOBUAX
HEONPEaeNEHHOCTH, (QHUIBTPAIsl CUTHAJIOB); BJIAJCHHE OJTUMH METOAAMU PpaACIIUPSET
AQHAJIUTUYECKUN apCeHall CIEeLHMAIIMCTA, MOBBIIIAET TOYHOCTh MOJIEIEH U JI€JAeT BO3MOKHBIM
pa3pabOTKy HAJIEKHBIX PEUICHUI B YCIOBUAX HEONPEICTEHHOCTH.

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
«Pa3paboTka» W BXOAWT B BapuaTHBHYIO 4YacTh bioka 1, ¢dopmupyemyro ydacTHUKaMHU
00pa30oBaTeNbHbIX OTHOIICHUMN, KaK JUCIUILINHA 110 BBIOODY.

JucnuminHa (MoayJib) 1OCTyIHA Juisl u3ydeHus Ha 3 wiu 4 xypee B 6, 7, 8 cemecTpax Ha
BBIOOD MOCJIE YCHENIHOIO OCBOCHUS AUCHUILINHBI (Moayns): «Teopust BeposTHOCcTel. OCHOBHOU
YPOBEHB».

Heap u3ydeHus: JMCUMIJIMHBI (MOAYJIsI): MOJIYYUTh MPEJCTABIEHUE O CTOXAaCTUYECKUX
npolieccax, HayduTb (GOPMYIUPOBATH MOJIENN CIyYalHbIX SIBICHUH 1 IPUMEHSTh BEPOSITHOCTHBIE
MHCTPYMEHTBHI JJIsl aHaJIM3a U IPOrHO3UPOBAHUSI PEAJIbHBIX CUCTEM.

3agauun u3y4eHust JMCHUILIMHBI (MOIYJIS):

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

— OCBOUTb METOJIbl TOCTPOEHUS U HCCIEIOBAaHUS MapKOBCKUX IeMeil, MpOIEecCcoB ¢
HE3aBUCHMbIMH MTPUpAILCHUSIMU (B YaCTHOCTH, Mpolecc Bunepa/OGpayHOBCKOe IBUKEHUE);

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

— Hay4MTbhCS OLIEHUBATh CXOJAMMOCTb YUCIIEHHBIX cxeM Juist C/1Y u peann3oBbIBaTh 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 TOHSTHUS CIYYalHBIX MPOIIECCOB: OMpENEICHUE CIydyaltHOro OJyXJIaHus,
BEPOSITHOCTH BBIXOJA HA IPAHUILY, CPEAHEE BPEMsI BbIXOJA, KPUTEPUM BO3BPATHOCTH,

— BHHEPOBCKHUH MpoIlecc KaK MpeAeabHbIHN cityyail ciryuaifHoro 6i1ykaHus, ero cBoicTaa
(HeTpepbIBHBIE TPAaeKTOPUM, TayCCOBOCTh MPHUPALICHHM, MaciiTaOMpOBaHUE) U CBS3b C
YPaBHEHUEM TEILIONPOBOJHOCTH;

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

— Teopusi MapKOBCKMX Mojeiei: kiaccudukanuss coctossHui nenu Mapkosa
(BO3BpaTHOCTb, COOOIIAONINECS KIIAcChl, IEPUOJMYHOCTD), CIIEKTPaJbHbIE 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 Kommoroposa;

— IIyaCCOHOBCKMH IIpolLleCC: OIpEAE/IEHUE 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 Kana-®eitnmana (cBsizp C/lY u ypaBHEHHMH B YacTHBIX MPOHM3BOIHBIX), YpaBHEHHE
Konmoroposa-®oxkkepa-I1nanka ajisi IIOTHOCTH MEPEXOIHON BEPOATHOCTH,

ymembw:

— aHaAIM3MpPOBATh ClyyaliHble OJIYXK/IaHUSA: BBIYMCIATH BEPOSITHOCTh BbIX0/1a HA IPAHUILY
U CpeJiHee BpeMs BBIXOA IS IPOCTBIX Oy IaHUH, 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 TPOIIEcca 0 KOPPEISAIMOHHON (PYHKIIMU 1 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
(amroput™bl  forward-backward, ButepOu), omnenuBath mapamerppi 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 CTOXAaCTHYECKUMHU IU(PepeHINATbHBIMI YPaBHEHUSAMHU: BBIYUCIATH
IpOCThIe cTOXacTudyeckue uHrerpansl Mro, npumensats Gopmyny UTo ans pemeHus: TUHEHHbBIX
CHY (reomerpuueckoe OpOyHOBCKOE IBMKEHHE, mporecc OpHIITeitHa-Yien0eka), BbIBOJUTh
ypaBHeHue Konmoroposa-®okkepa-Ilnanka nns 3agansoro CAY;

enaoemp:

— 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 pa3MEpHOCTEH, MOHUMATh POJIb 3aKOHA OOJBIIMX YMCET M LIEHTPAIBHOM NpeneabHou
TEOPEMBI B IOCTPOCHUH BUHEPOBCKOT'O MPOIIECCa;

— METOAaMM  Ka4eCTBEHHOI'O  aHaliM3a  MAapKOBCKUX  IIPOLECCOB:  ONPEIENSATH
AProJIMYHOCTh MO CIEKTPAIBHOMY PaJAMYCy MATPHUIbl MEPEXOAHBIX BEPOSITHOCTEH, OLEHUBATh
CKOPOCTh CXOJMMOCTH K CTallHOHAPHOMY PACIIpEeIEHUI0 Yepe3 BTOpoe COOCTBEHHOE 3HAUEHUE
(criekTpanbHasi 11€7b), KOHCTPYHpPOBaThb HWH(GUHUTE3UMAIbHBIA TIE€HEpaTop [UIsl IPOLECCOB
HENPEPBIBHOIO BPEMEHHY;

— TEXHUKOH pelIeHus CTOXacTU4YecKUX auddepeHnnanbHbIX ypaBHEHMH: BbIOMpATh
noaxoasammii mMeton (dhopmyna HUrto, meton HeompenenEéHHBIX KOI(P(GUIIMEHTOB, 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 ypaBHEHHSAMHM B 4YacTHBIX IPOU3BOJHBIX:
ucnons3oBath ¢Gopmyny Kama-®elinmana [ NpeACTaBIEHUS pELICHUS KpaeBbIX 3aaay
TEIUIONPOBOAHOCTH/ypaBHeHHs [lyaccoHa B BUjie MaTEMAaTHYECKOTO OXKHUIAHUS (PYHKIIMOHANA OT
muddy3noHHOrO Mpoliecca, NpuMeHsaTh ypaBHeHHe Koiamoroposa-®oxkepa-Ilnanka ayig aHanmza
NEepeXOAHbIX TIIOTHOCTEH M dy3uii.
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2. IlepeyeHb MJIAHUPYEMBIX Pe3yJbTATOB 00yUYeHMsI

Komnerennuu, ¢opmupyemble B pe3ylibTaTe OCBOSHHS TUCHMIUIMHBI (MOIYJS) TpU
IIPOBE/ICHUH Y4EOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yUarOIMXCs € eJarornuecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHONU PabOThI 00yUYarOIINXCA:

KomnereHnuus Conep:xanue HNuauxkarop IlepeyeHpb MJIAHNPYEMBIX
KOMIIEeTeHII U KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JucHMIJInHe (MOIYJII0)
VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHAJIN3a
OCYIIECTBIISITH TTOUCK, nHpopMaIuu B 001aCTH pa3padbOTKH,
KPUTUYECKUH aHANN3 U OCHOBHBIE IPUHIIMITBI KPUTHUECKON
cHHTe3 HH(popManuy, OLIEHKM UCTOYHHUKOB HH(OPMALIUHU U UX
MIPUMEHSATH CUCTEMHBIH peJIeBaHTHOCTH.
TOJXOJT JUIsl PEeIICHUS YK-1.2. YMeeT KpUTUYECKU OLICHUBATh
MOCTaBJICHHBIX 33]1a4 HUCTOYHUKHU MH(OpMAINU 1
CUHTE3UPOBaTh JaHHBIE U3 PA3TUUHBIX
VMCTOYHHUKOB IS pENICHUS 3a/ad,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
AHAJIM3Y U PEIIEHUI0 KOMITJIEKCHBIX
pooseM
YK-1.3. Nwmeet nmpakTudeckuii OmbIT paboTHI C
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH JUIE 00paboTKH
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYPHUPOBaHHUHM 3a]1a4 Ha OCHOBE
NoJy4eHHOH nHopMauu
YK-2. Crioco0eH omnpenensirTs YK-2.1. 3HaeT JefCTBYIOIINE TIPABOBBIE HOPMBI,
KPYT 33734 B paMKax PeTyNHpYIONIUE NEATENHHOCTD B
MOCTaBJICHHOM IeNU U 00J1acTH peuIeHus 3a/1a4, OCHOBHBIC
BBIOUPATH METO/IbI ¥ TIOAXO/IbI K OIIPEIEIIEHUI0
ONTUMAJTBHBIE CIIOCOOBI Kpyra 3agad
UX pELIEHUs, UCXOMS U3 YK-2.2. YMeeT onpenenars Kpyr 3a1a4 B paMKax
JIEUCTBYIOILIUX MIOCTaBJICHHOH 11€JTH, BEIOUPATh
MIPAaBOBEIX HOPM, ONITUMAJTBHBIE CTIOCOOBI PEIICHHS 33124,
UMEIOIINXCS PECYpPCOB U YYUTHIBast UMEIOITNECS PECYPCHI H
OTpaHUYEHUI OIPaHUYCHUSA
YK-2.3. NwmeeT npakTU4ecKuii OmpIT
MIPUMEHEHUS 3HAHUH O TIPaBOBBIX
HOpMax M pecypcax B peallbHbIX
CUTYyalusX, pa3pabOTKU U peaan3anun
pelIeHnii B COOTBETCTBUH C
YCTaHOBJICHHBIMH OTPaHUYEHUSIMH
OIIK-1. Crnoco0eH HaXOINTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopMmynupoBaTh U PEIICHNIO 33129 MPUKIIATHON U
pelaTh aKTyalbHbIE U KOMIIBIOTEPHOH MaTeMaTHKH, BKJIIOYast
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMM3ALINH, & TAKKE COBPEMEHHBIC
MaTeMaTHKH HWHCTPYMEHTHI U TEXHOJIOTUH,
WCIIOJIb3YEeMBIE B 3TOM 06J1acTH
OIIK-1.2. YMeeT aHanu3upoBaTh U

(l)OpMyJ'H/IpOBaTL MATEMATHYCCKUEC
3aga4u, IpUMCHATL COOTBETCTBYIOIIUC
METOJbI U AJITOPUTMBI U1 UX PCUICHU,
a TaKIKC UHTCPIPECTUPOBATL U
OpEACTABJIATH PC3YJIbTATHI B IIOHATHOU M

DJIEKTPOHHBIN JOKYMEHT




JIOCTYITHOM popme

OIIK-1.3. Hmeer npakTHUECKUI OMBIT paOOTHI HAJ
MPOEKTaMHU MU UCCIICAOBAHUSMH B
00J1aCTH PHUKITATHON M KOMITBIOTEPHOM
MaTEeMaTHKH, BKJIIOYasl y9acTHe B
KOHKYPCax, OMMITNAIaX WIIN HayYHBIX
My OMKAIMsIX, TJe ObUTH pEeIIeHbl
aKTyaJIbHBIC M 3HAYMMBIC 3aJa9H
[K-1. CriocobeH onpeaensTh IK-1.1. 3HaeT OCHOBHBIE TEOPETUUECKUE
obmmue GpopMsl U KOHIICTIIIUH ¥ IPUHLUIIBI, OTHOCSIIINECS
3aKOHOMEPHOCTH K 00J7aCTH MAIlIMHHOTO 00y4YeHus, a
00JIaCT! MAIIMHHOTO TaKOKe KIFOUEBBIE 3aKOHOMEPHOCTHU U
o0yueHus MOJIEJIN, KOTOPBIE MOMOTAIOT B aHAJIM3e
Y MHTEPIIPETalnH JaHHBIX
IK-1.2. YMeeT npoBOAUTH CUCTEMATHUECKUM
aHanmn3 00JacTu pa3pabOTKH, BBISBIAT
1 (hopMyIUpPOBaATH 00IIHE
3aKOHOMEPHOCTH M TCHACHIINH, a TAKKe
MPUMEHSTH METO/IbI HCCIICIOBAHHUS JUIS
NOJTY4eHUs HOBBIX 3HAHUK M MOHUMAaHUS
IK-1.3. Hmeer npakTHUECKUI OMBIT padOTHI B
o0JacTu MalIMHHOTO OOYYEHUS,
BKJIIOYasl y4acTHE B HAYYHBIX MPOEKTAX,
MCCIIEIOBAHUSX WM MPAKTUIECKUX
3aaHUsIX, TJe ObUTH BBISBICHBI U
orucaHbl o01re Gopmel 1
3aKOHOMEPHOCTH
[K-2. CriocobeH pemaTh IK-2.1. 3HaeT OCHOBBI HH()OPMALIMOHHON U
TUTIOBBIE 331391 oubmmorpadudecKoit KyIbTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI HTHPOPMAIIMOHHOH
JIeSITEIbHOCTH B 0€30MacHOCTH W IPUMEHEHHUSI
obsactu pa3paboTKH, nH()OPMaMOHHO-KOMMYHHKAIIMOHHBIX
oIupasich Ha TEXHOJIOTHH B TPO(ECCHOHAITBLHOM
UHQOPMAITMOHHYIO 1 JeSITENIbHOCTH
oubnuorpaduveckyro IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
KyJbTYpPY, UCTIONIB3YS nH(pOPMaMOHHO-KOMMYHHKAIIHOHHEIE
UHQOPMaIIOHHO- TEXHOJIOTHH JIJISl PEILICHHs] CTaHIapPTHBIX
KOMMYHHKAIIHOHHBIE 3aja4 podeccHoHaIbHON
TEXHOJIOTUH U JeATeNIbHOCTH, YUNThIBas TpeOOBaHUS
YUUTHIBasi OCHOBHEIE nH(OpPMALMOHHOH 0€30MaCHOCTH
TpeGoBaHUs IK-2.3. Nmeer ombiT paboThI ¢
UH()OPMALMOHHOM MH()OPMALMOHHBIMHU PECYpCaMU U
Oe3omacHOCTH TEXHOJIOTHSIMH B 00J1aCTH pa3paboTKHy,

BKJTIOYAs COOTIOCHIE HOPM
nHGOPMALMOHHON 0€30MacHOCTH
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3. Temaruueckuii njiax

Nemr/ HauMeHOBaHHe TpyaoeMKoCTh, aKaJieMHYECKUE YACHI
I | pa3gena TMCHUTLUIMHBI Ounas ¢opma T}(y
(Moxyist) AyautopHast paboTa | goprpo | Camocrosen (Tekgizgeﬁztiﬁ;ﬂb
Jlexkuun | CemuHAapbI b bHAS PAGOTa y
1 OCHOBHBIE TTOHATHS 10 10 40 Jlomarnnee 3aianue
TEOPUH CITyHYaHBIX
MPOIIECCOB
2 MapkoBcKHE MOJENIH 10 10 2 40 Jlomarnnee 3aianue
KonTponbhas
pabora
JlaGoparopHast
pabota
3 CToxacTHiecKue 10 10 2 42 JlomarHee 3amanue
muddepeHnanbpHbIe KonTponbHas
ypaBHCHUS pabora
JlaGoparopHas
pabora
3auem c oueHKoil 4 KonTpoib
TEOPETUYECKUX
3HAHUN
Hmoczo: 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
MPOLIECCOB I"ayccoBckue nporiecchl. ['ayccoBckas perpeccus
2 MapkoBckre Mozenu [lens MapkoBa, kmaccuuKaIus COCTOSIHHMI, CBONCTBA MaTPHIIBI
MEPEXOIHBIX BEPOSTHOCTEM
Dprojuyeckas Teopema, CTallMOHaApPHOE paclpeeieHueE.
[TpuknanHeie Moaenu Ha ocHOBe eneid Mapkosa: PageRank,
Hidden Markov Models (HMM).
[Ipuknagueie Mmoaenyu Ha OCHOBE Lenelt MapkoBa: MapkoBckast
uenb Monte-Kapio
[TyaccoBHOBCKU MpoLEece, paclpeaeIeHne BPEMEHN OXKUTaHUS
MEXKY CKauKaMH
3 CroxacTHieckue Juddy3nonHble mporiecchl, NpsiMoe U 00paTHOE ypaBHEHUE
s depeHHanbHbIE Konmoroposa
YPpaBHCHHU Croxactuueckue nupdepennuansusie ypapaenus (CY),

nHrerpai Uro

®opmyna Uto, metons! pewenust CAY

®opmyna Kana-Peitnmana, ypasaenue Konmoroposa-®okkepa-
[Lmanka

[pumepsr CY: npouecc OpiiteitHa-YnenOeka, reoMeTpuyecKoe
OpOYHOBCKOE IBH)KEHHUE

O6patumocts B C/1Y, Teopema AnnepcoHa

[punoxenus CIY: nuddy3rnoHHBIE MOIETH
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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.

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. Cunyuaiineie npoueccsl B 2 4. Yactp 2. OCHOBBI CTOXaCTHUYECKOTO

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

https://urait.ru/bcode/537767

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

Jlononnumensnan numepamypa:

1. DHuatckas, H. FO. Maremarudeckasi CTaTUCTHKA U CIIy4aifHbIE TIPOIECCHI ;| YIEOHHK ISt
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 MEXIWCUUIUIMHAPHOW IOATOTOBKH, HPAKTHYECKOH M HAy4YHO-
UCCIIEI0BATEIbCKON PaboT 00yJaronuXcsl, MPeAYCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl IPOBEACHUS 3aHATHI
JEKIMOHHOTO THIA, 3aHATHM CEMHHApCKOro (MPaKkTU4YECKOro) THMA, TPYNIOBBIX H
WMHAUBUAYaAJIbHBIX KOHCYJIbTAIMM, TEKYIIET0 KOHTPOJIS U MPOMEKYTOYHON aTTeCTalllH, a TaKKe
MIOMEIIEHUS Il CAMOCTOSATENBHOM paboThl U MOMEIIEHUS Il XpaHEHUS U NMPO(UIAKTUIECKOTO
obcmykuBaHusl yaeOHOTO 000pynoBaHus. [TomMereHns: yKOMIUIEKTOBaHbI CIICHAT3UPOBAHHON
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH JUIs MPEACTaBICHUS y4eOHOH
uH(popMaluu 60JbIION ayIUTOPUH.

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

— CTOJIaMH U CTYJIbSIMU;

— KOMIIbIOTEPHOU TEXHUKOU;

— MEXaHWYEeCKUMU KalbKyJIATOpaMHu;

— CIEeUHATU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUYasi AEMOHCTPALlMOHHOE 000pYyI0BaHUE.
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https://urait.ru/bcode/536889
https://urait.ru/bcode/537767
https://urait.ru/bcode/584979
https://urait.ru/bcode/583925

[TomereHust 151 CAMOCTOSITEIIBHON pabOThl 00YJaIONMINUXCsl, B TOM YKCIIE TPUCTIOCOOTICHHBIC
JUI WCHOJB30BAHUS WHBAJTUAAMHU M JUIAMHU C OTPAaHUYEHHBIMH BO3MOXKHOCTSIMH 310POBBS,
OCHAIIIEHbl KOMIBIOTEPHONH TEXHUKOH C BO3MOXKHOCTHIO MOAKIIOUEHUS K ceTu «MHTepHeT» u
o0ecrieyeHHEeM  JIOCTyNa B  JJEKTPOHHYIO  MH(POPMALMOHHO-OOpPA30BATEIBHYIO  CPEdy
YHuBepcurera.

OOyyaromMcsl IPeNOCTaBIAETCA JOCTYIl (B TOM 4YHCIE YIAIEHHBIN) K pecypcam
MH(}OPMaLIMOHHO-TEIEKOMM YHUKAIIMOHHOM ceTH «VHTepHeT», AJIeKTPOHHBIM pecypcaM (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 oopasoBanue" | 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
00pa30BaTeILHOTO MPOIECcca MO TUCIUILIMHE (MOJYJIE), B TOM YHCJIC KOMILICKT JIMIIEH3UOHHOTO
MPOrPaMMHOTO  OOCCIICYCHHS, COBPEMEHHBIE TPO(EeCcCHOHANbHBIE 0a3bl  JaHHBIX U
MH(OPMAaIIMOHHBIE CIIPABOYHBIE CUCTEMBI:
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 paclpocTpaHsIeMoe
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 | mnensnonHoe

CleaBO'-IHO-l'lpaBOBLIe CHUCTEMBbI:
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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 HCIOJIBb3YIOTCS TaKKe BHJbl yUeOHOH paboThl, KaK JEKIHs,
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 — CcHCTEMAaTH4YeCKOe, TMOCJIEIOBATEIbHOE, MOHOJOTHYECKOE  H3JI0KECHUE
nmpenoaaBareneM y4eOHOro MaTepuana, Kak MpaBuio, TEOPETUUECKOTO XapaKTepa.

B mpomecce neknuii peKOMEHIYeTCS BECTH KOHCIICKT JICKIIMWA: KPaTKO W CXEMaTUIHO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHMS JEKIMH, BBIIETSITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HEoOXOIMMO OTMETHTH BOMPOCHI WM MaTepUANbI, KOTOPHIC
BBI3BIBAIOT 3aTPYAHECHUS, U TIOMBITAThCSI HAUTH OTBETHI B PEKOMEHA0BaHHOM 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 ydeOHOUW NEeATeTHHOCTH, MPOBOANMAs B y4eOHOM 3aBEJICHHUH IO
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
uHOpMaLIKK, BKIIOYasl yUIeOHUKH U OHJIAWH-PECypChl, U 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 JUCUUIUIMHBI (MOAYJIS) U IPOJAEMOHCTPUPOBATh HABBIKY UX MPAKTUYECKOTO IPUMEHEHUS.

Jlabopamopnas paboma — yaebHOE 3aHATHE, HAPABICHHOE HA MPAKTUYECKOE 3aKpEeIlICHHUE
TEOPETHUUECKUX 3HAHUU uYepe3 BHIMOJIHEHHE SKCIEPUMEHTAIbHBIX WIIM MPOCKTHBIX 3ajaHuii. B
xoJle J1abopaTOpHOM paboThl CTYAEHTHI MPOBOAAT aHaIW3, Pa3pabOTKy WM TECTUPOBAHUE
IIPOrPaMMHOT0 K0J1a, U3yUYE€HHOI'0 B paMKax Kypca.

[lepen BeInonHEHHEM J1a0OpAaTOPHOUM PabOTHl HEOOXOAMMO BHUMATEILHO 03HAKOMUTHCS C
TEOPETUUYECKUM MATE€pUajIoM U METOAMYECKUMHU YKa3aHUSAMH. PeKoMeHIyeTcsi U3y4uTh
UCIIOJIb3YEMbIe HHCTPYMEHTHI U TEXHOJIOTUH JJIsl YBEPEHHOT0 UX MPUMEHEHUs Ha npakTuke. [lpu
BO3HHMKHOBEHHUU BOIIPOCOB CJIEAYET 00paIiaTbes K Mpero aBaTesto Il MOIyYeHUs pa3bsCHEHUH.

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

B nmporiecce moAroToBKU CTYIEHTY HEOOXOAUMO MPOAHATH3UPOBATh YUeOHBIE MaTepHAIbI,
03HAKOMUBIIKCH C JICKIIUSIMH, YI€OHUKAMH W JIOTIOJHUTEIbHBIMA HCTOYHHKAMH, AKICHTHPYS
BHUMaHUE Ha KJIIOYEBBIX TeMmaX. PexoMmeHIyeTcs co3/aTh CTPYKTYPHPOBAaHHBIE KOHCIIEKTHI,
BBIJICJISISI OCHOBHBIE UCH, TEPMUHBI U ()OPMYIIBI.

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

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOACHCTBYIOT C PEKOMEHOBAHHBIMH
MaTepuaiamMy Mpyu MUHUMAJIBHOM y4acTHH MpernoiaBareis. 3aaun CTyIeHTa BKIOYaloT padoTy
C KOHCIIEKTaMu JIKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUeHUE YUeOHBIX MaTepHAJIOB TJIAHOB
U TE3UCOB OTBETOB, U3YyUEHHUE JOMOIHUTEIBHBIX TEM, BHIMOIHEHUE yU4eOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBAHMA Pe3yJbTATOB 00y4YeHHS N0 JUCHUILIHHE (MOAYJII0)

Kpurepun nosy4yeHusi ypoBHA M OLleHUBAHUS c(DOPMUPOBAHHOCTH KOMIIETEHUMI 10
aucuuILuInHe (MoayJie) «CTOXaCTHYeCKHH aHATH3»

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 ¢ OYEHKOU, TIPU HTOM TPOBOJUTCSA OLIEHKA KOMIETEHIH, Cc(HOPMUPOBAHHBIX IO
JTUCIUIINHE.

i olleHMBaHMS TEKYIIET0 KOHTPOJS YCIEBAEMOCTH M IPOMEKYTOYHOM aTrTecTaluu
UCTIONIb3YyeTCsl JiecaTHOauIbHas IIIKaja OLIEHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIIMOHHOMN

NATUOATIILHOM IIKAJION cienyromuM 00pa3oM, eciiu MHOE HE yKa3aHo B CHi1a0yce NUCHUIUIINHBL

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(UIIUPOBATH, 000011aTH,
KOHKPETU3UPOBATh u
CUCTEeMAaTHU3UPOBAThH W3yUYCHHBIN
MaTepuall, BBIJEIISIS KIJIFOYEBBIE
MOMEHTBI M YCTaHABJIMBAs MPUIHHHO-
CIEACTBEHHBIE CBSI3H. YeTko
dbopMyJIIpyeT  OTBEThI,  YBEPEHHO
UHTEPIPETHPYET pe3yJIbTaThI
AQHAJIM30B U JAPYTUX HCCICIOBAaHUH, a
TAaK)KE peIaeT CIOXKHBIE 3ajauu.
CTyIeHT XOpOIIo 3HAKOM C METOJAaMH
HCCIEI0BaHUs, HEOOXOIUMBIMH JIJIS
MPAKTHICCKON JEATCIILHOCTH, H YMEET
CBS3BIBATH TCOPETHYECKHE ACIEKTHI
JIUCLUAIUINHBI (Momyst) c
IPAKTHYCCKUMH 33/JaYaMH.

Xopomo

3aureHo

Xopor1iio

3auteHo

Crynent obnagaer 3HAHUSIMU
npeaMeTa Mo4TH B IOJHOM 00beMe
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 51
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 u BJIaJICeT T
MUHHUMAJIbHBIM HAa0OpOM  METOJIOB

HCCJIEIOBaHMS.

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 HaBOJISIIIUE
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 BPEMsI

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 MTOrOBOi OLEHKH MO AUCHMILIMHE (MoayJe) «CToxacTHYeCKH
anamm3». «0,4% cpennee 3a pomamHue 3amanus + 0,2X cpemHee 3a KOHTPOJBHBIE PabOTHI +
0,2 xcpennee 3a naboparopHsie paboThl + 0,2 X 3aUeT ¢ OLIEHKOI».

Texkymmii KOHTPOJIb YCIIEBAeMOCTH 00YYAIOLIUXCH 10 AMCHHUIINHE (MoayJIe)
IIpumepHbIe 3a1aHUA 1J151 1A00PATOPHOM PadoThI

1.1 bpoyHoBckoe (BuHepoBCKoOe) ABHKEHHE
— Coaepikanue: CreHEpUPOBATh TPAEKTOPUHU OJHOMEPHOIO U AByMepHOro BuHeEpoBCcKoro
Ipolrecca, MOCTPOUTh TUCTOTPAMMBbI KOHEYHBIX COCTOSIHUM U OLIEHUTh UX JTUCIIEPCUIO.
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— Oxupaemble pe3ybTAaThl: 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 TpaUK KOJMYECTBA COOBITMH B 3aBUCUMOCTH OT BpPEMEHH,
OLICHUTH A METOJIOM MaKCUMAJIbHOTO IIPABI0NO100U .

— OknaeMble pe3y/bTaTbhl: CPAaBHEHUE SMIIMPUYECKOIO PACHpPEEICHUsS MHTEPBAJIOB
MEX1y COOBITUSIMU C KCTIOHEHIIUAIBHBIM, OIIEHKA CPETHEKBAPATUYHON OIUOKH OLICHKH A.

1.3 AR(1) u MA(1) moaesin

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

— Oxupaemble pe3yJibTaThl: BU3YaIM3UPOBAThH XapaKTEepHYIO CTPYKTYpY
aBToKoppersinuu: yosiBanue B AR(1) u «peikok» 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 TEOPHUU.

2.  BUHEpO8CKUll npoyecc : TOKaXuTe, 4To Tnporecc W(t) HMeeT He3aBHCHMEBIC
npupanieHns u Macirabuposarue Ne W(t)=W(ct); UCIIOJIb3Ysl 3TH CBOWMCTBA, BHIBEIUTE CBS3b C
pelIeHreM ypaBHEHHS TETUIONPOBOIHOCTH.

3. Mmaprosckas yenv . JIaHO MaTPUYHOE IMpeJCTaBlIeHHE mepexonoBP s nemnu
U3 4 COCTOSHUHN; HaWOUTe CTAlMOHAPHOE paclpeieiieHne, OIpPENeIUTe IEePHOANYHOCTh H
BBIYUCIIUTE CKOPOCTh CXOJUMOCTH K CTALlMOHAPHOMY BEKTOPY (OLICHKA Yepe3 BTOPOil 110 MOTYIIIO
COOCTBEHHBIH CIIEKTP).

4.  nyaccomogckuii npoyecc . HWCHOJBb3yd MHTEHCUBHOCTb 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=pX; dt+t6X;dW;c Xo=1; 3anummre pemeHue B Buae Xi=...HU BbIUYUCIUTE
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 €€, TMOJYYUB BBIpaXeHue s 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. marmomrte ¢ynkuuo random_walk(p, n) — cuMynsamuoo TPocTOoro ONyKAaHUS C
BEPOSITHOCTBIO IIara BIIPAaBO p HA N [IarOB; BU3YaJIH3UPYHTE OJHY TPACKTOPHIO M TMOCTPOBTE
THCTOrPaAaMMY KOHEYHBIX TTO3UIIH.

2. pealu3yiiTe TeHepalui0 BUHEPOBCKOIO MpoIlecca C MOMOIIBI0 METOAa OpOYHOBCKOTO
JBIDKCHUsT (HOpMaJIbHbIC TMPHUPAICHHs) ¥ CPABHUTE TOJYYCHHBIC IMCKPETHBIC TPACKTOPUU C
TeopeTndeckuM pacrpeneneauem N(0,t).

3. IOCTPOBTE MATPHILy TIEPEXOJOB JUII MAapKOBCKOW IIeNMM W3 5 COCTOSHUM, 3a/1aB
IPOU3BOJIbHBIE BEPOSATHOCTH, yOSTUTECH, UTO KaXK/1asi CTPOKA CYMMHPYETCsI 10 1; HaifIuTe CIeKTp
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 HHTEHCUBHOCTH C 331aHHOM.

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, HCIIOIB3YyS METO]] OTPAKEHUST; IPOBEPHTE MOTyUYECHHYIO 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 KBAJIPATUYHOTO OTKJIOHCHHUS OT

mrara At (0.1, 0.05, 0.01) u mocTpobTe rpaduk CXOAUMOCTH.

TaHHBIX y=sin(27nx)+e, e~N(0,0.1%);

8. BBINOJIHUTE I'ayCCOBCKYIO

perpeccuro
MPEACKAKUTE

(RBF-s1p0)
3HAUCHUE

JIOBEPUTENbHBIN UHTEPBAI 95 % U CPaBHUTE C HCTUHHBIM 3HAUCHUEM.

JUIST
B x=0.75,

CHHTCTUYCCKUX

IIOCTPOMTE

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

Ne 3amanmue OTtBer Komnerennns

n/n

1. UYeM xapakTepHu3yeTCsl paclpe/elIeHue PaBHOBEpPOATHBIE IEPEMEILIEHUS YK-1
ara B MpoCTOM CHMMETPUYHOM BJICBO/BIPABO
CITy4aiiHOM OJ1yX1aHuu?

2. Kaxoli HenpepbIBHBIN MpOoLiecC BOZHUKAET Buneposckuii npouecc / OIlK-1
KaK mpeie’ HOPMUPOBAHHOTO bpoyHoBckoe nBimkenne
CITy4aifHOTO Oy maHus?

3. Yemy paBHa aucCIEpCHsi BHHEPOBCKOTO t (Bpems) OIIK-1
nporecca B GPUKCUPOBAHHBIA MOMEHT
BpeMeHHU t?

4, Kakue nBe QyHKIMH MOTHOCTHIO Marematndyeckoe OXKUIAHUE U OIIK-1
ONPEAEISIOT TayCCOBCKUHI Tporiecc? KOBapHallMOHHas QyHKIHs

5. Kakxum 06pa3om rayccoBckasi perpeccust Jiist 6alfiecOBCKON ONTHMHU3AIH [K-1
IIPUMEHSETCS B 33]1a4aX MalIMHHOTO U PETPECCHOHHOTO aHAIHM3a
oOydenus?

6. B uem 3akiroyaeTcss OCHOBHOE CBOMCTBO Bynyuee 3aBUCUT TOIBKO OT VYK-1
MapKOBOCTH CIIy9aifHOTO Tporiecca? HaCTOAMICTO, a HC OT MPOILIOro

7. [Tpu kakoMm ycnoBuHm 1ienb MapkoBa OproguuHoCcTb / YK-2
0071a1aeT €MIMHCTBEHHBIM CTAIIHOHAPHBIM Henpusoanmocts u
pacrpeieneH em? anepruoINIHOCTb

8. Kaxo¥ n3BeCTHBIN allTOPUTM HUCIIOIB3YET PageRank [1K-1
CTaIFIOHAPHOE paclpeesieHne e
MapxoBa 1l paH)KUPOBaHUA?

9. Kaxkast Moaesrs MogXOoIUT JUTST OIMMCAaHUS CkpblTas MapKaBcKasi MOJIEb OIIK-1
CHCTEMBI C HeHa0II0JaeMbIMU (HMM)
BHYTPEHHUMU COCTOSTHUSIMU ?

10. | Kakoit metoj ncnosb3yeT nenu Mapkosa Mounre-Kapio Ha nermsx OIIK-1
JUTSL BBIOOPKH U3 CJIOKHBIX Mapkosa (MCMC)
BEPOSITHOCTHBIX paclpeaecHuii?
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11. | Kak pacnpenencHbl BpeMEHHbBIC DKCIOHEHIHAILHOE OIlK-1
MHTEPBAJIbl MEKAY COOBITHUSIMU B pacIpeeICHuC
mporecce [lyaccona?

12. | Kakoe ciaraemoe ormimyaet popmyiy Mo Bropoe nopsinka cnaraemoe YK-1
OT KJIACCHYECKOTO MPaBUIIa (V20gwdt)
nmuddhepeHnrpoBanus GyHKIANA?

13. | Ilouemy npu nmoctpoeHunn uHTEerpana Mro Jl1a coxpaHeHus CBOWCTBA YK-2
BBIOMpAETCs JieBas rpaHuIla HHTEpBaia MapTHHIaIa / HC3aBHCHMOCTH
pas6uenus? [prpariCHIH

14. | Kakoe ypaBHEeHHE ONUCHIBAET 3Bomonnio | YpaBHenue Pokkepa-Ilnanka / OIlK-1
TJIOTHOCTH BEPOSTHOCTH BO BPEMEHU IS psmoe ypaBHenue
nudPy3rnoHHOro Mporecca? Konmoroposa

15. | Kakoii croxacTudeckuii mpoiiecc [Iponiecc OpHimTeitHa-Y neHOeka OIIK-1
MOJEJIUPYET BO3BPAILECHUE K CPEAHEMY
3HaYEeHHIO?

16. | Kakast Mmoaenp yaiie Bcero mpuMeHseTcs I'eomerpuueckoe GpoyHOBCKOE YK-2
ISl ONUCAHUS TUHAMUKHU LIEH aKIUi? JBWKCHUC

17. | Kako# kimacc reHepaTHBHBIX HelpoceTei Diffusion Models / [K-1
OCHOBaH Ha 00pallleHUN CTOXACTHYECKOTO AuddysuonHsie Mozenn
nmud dy3noHHOTO Tporiecca?

18. | Kakas unciieHHast cxemMa 00ecriedrBaeT Cxema Ditnepa-MapysiMbl OIlK-1
CHJILHYIO CXOJIMMOCTb NIPU PEIICHUH
cay?

19. | HazoBure nporpaMmMHyt0 OHOIHOTEKY PyMC / TensorFlow Probability [K-2
Python st BeposiTHOCTHOTO / NumPyro
NPOrpaMMHUPOBAHUS H CTOXaCTHYECKOTO
MO/JICITUPOBAHUSI.

20. | Kak mMeTo/pl CTOXaCTHYECKOTO aHAITN3a MonenupoBaHHe BEpOSTHOCTEN YK-1

MTOMOTAOT B OIIEHKE PUCKOB TEXHUYECKOU
CUCTEMBI?

OTKa30B U HEMPEJCKA3yeMbIX
Harpy3ox
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