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1. KpaTkasi xapakTeprucTHKA JUCUMILIHHBI (MOTYJIA)

Pabouas mporpamma aucuunianHbl (Moayisi) «CTOXAacTUYECKUI aHAIU3» COCTaBJIEHA B
COOTBETCTBUHU € (eaepaiabHbIM TOCYIApPCTBEHHBIM 00pa30BaTEIbHBIM CTAHIAPTOM BBICHIETO
oOpa3oBanus — Oakanaspuar no HanpasiaeHuio 02.03.01 «Maremarrka 1 KOMIIbIOTEPHBIE HAYKHY,
npodunb «VCcKycCTBEHHBIH WHTEIJICKT», YTBEPXKACHHBIN Npuka3oM MUHHCTEpCTBA HAyKU U
BeIciero oOpasoBanust Poccuiickoit deneparu Ne 807 ot 23.08.2017 roaa.

Juctumimza (Moayib) «CTOXaCTUYECKHUM aHaiu3» SIBISETCS KIIOYEBBIM HHCTPYMEHTOM
JUIsL OTIMCAHUS U NPEJCKa3aHUs MIOBEJEHUS CUCTEM, TIOJIBEPKEHHBIX CIyYalHbIM BO3MYILEHUSM;
OH o0ecreuynBaeT TEOPETHUYECKYI0 OCHOBY (MHAHCOBON MaTeMaTHKU (MOJEITUpPOBAaHUE IIEH,
OIICHKA pUCKa), GU3MKH (KBAHTOBAs U CTATHCTUYECCKAs MEXaHUKAa), OMOJIOTUHU (MOACIUPOBAHUE
MOMYJISIIHM, TeHETUYECKUX MPOIIECCOB) U MHXKEHEPHBIX MPHIOKEHUN (YIpaBlIeHHUE B YCIOBUAX
HEONPEaeNEHHOCTH, (QHUIBTPAIsl CUTHAJIOB); BJIAJCHHE OJTUMH METOAAMU PpaACIIUPSET
AQHAJIUTUYECKUN apCeHall CIEeLHMAIIMCTA, MOBBIIIAET TOYHOCTh MOJIEIEH U JI€JAeT BO3MOKHBIM
pa3pabOTKy HAIEKHBIX PEIICHUI B YCIOBUAX HEOMPEIEIEHHOCTH.

MecTto 1ucuunIMHBI (MOAYJIfA) B CTPYKTYpe 00pa3oBaTe/ibHOM MPOrpaMMbl

Hacrosimas nucuunianHa (MoyJib) BKIOYEHA B Y4EOHBIH IJ1aH 110 IPOrpaMMe MOArOTOBKU
OakanaBpuata no HampasieHuto 02.03.01 «MaremaTuka U KOMIBIOTEPHBIE HAyKH», TPOdUIb
«McKyCCTBEHHBI WHTEIUIEKT» M BXOIUT B BapuaTHBHYIO dYacTh bioka 1, dopmupyemyio
y4acTHUKaMU 00pa30BaTeNIbHBIX OTHOIICHUI, KaK TUCIIUILIMHA IO BEIOODY.

JucnumimHa (MoyJib) IOCTyIIHA JUIsl u3ydeHus Ha 3 wiu 4 xypee B 6, 7, 8 cemecTpax Ha
BBIOOD MOCIIE YCHEIIHOIO OCBOCHUS AUCUUILINHBI (Moayisi): «Teopust BeposTHOoCcTel. OCHOBHOU
YPOBEHBY.

Heap u3ydeHusi JMCUMIJIMHBI (MOYJIsI): MOJIyYUTh MPEJCTABIEHUE O CTOXAaCTUYECKHUX
npolieccax, HaydyuTb (OPMyYIMPOBATH MOJIEIH CIyYaHbIX SIBIICHUH 1 IPUMEHSTh BEPOSITHOCTHBIE
MHCTPYMEHTHI JJIs1 aHAJIW3a U IPOTHO3UPOBAHUS PEAIbHBIX CUCTEM.

3agaun n3y4yeHust JMCHUILTHHBI (MOAYJIST):

— U3yYUTh OCHOBHBIE MOHSTHS TEOPUU BEPOSATHOCTEH (BEPOSATHOCTHBIE NMPOCTPAHCTBA,
cilydaiiHble BEJTMUMHBI, paclpeeeHns);

— OCBOUTb METOJIbl TOCTPOEHUS U MCCIEI0BAaHUS MapKOBCKUX IEMeH, MpOIEeccoB ¢
HE3aBUCHMBIMH MTpHUpAILeHUsIMU (B YaCTHOCTH, Tpoliecc Bunepa/OpayHOBCKOe IBUKEHNUE);

— TIOHATH NPUHILMIIBI U TEXHUKH CTOXacTU4Yeckoi uurerpauuu (uarerpan Uro, popmyna
WT0) 1 uX NpUMEHEHHE K CTOXaCTHUECKUM T (epeHInaIbHBIM YPaBHEHUSM;

— Hay4HUTbCSI OLIEHUBATh CXOAMMOCTh YUCIIEHHBIX cxeM Juist C/1Y u peann3oBbIBaTh UX Ha
KOMIIBIOTEPE;

— paccMOTpeTh MPUKIAIHBIE 331a4d B UHAHCAX, (U3UKE, OMOJIOTUH U UHKEHEPUH, TIe
UCIIOJIB3YIOTCSI CTOXaCTHYECKUE MOJIEIH.

B pesyabTare 0CBOCHUS TUCHMILIMHBI (MOAYJIs1) 00y4aIOLIUIICH 10JIKEH:
3Hamy:

— OCHOBHBIE TOHSTHUS CIy4YalHBIX MPOIIECCOB: OMpENEICHUE CIydyaltHOro ONyKIaHus,
BEPOSITHOCTH BBIXO/A HA IPAHUILLY, CPEAHEE BPEMsI BBIXO/A, KPUTEPUN BO3BPATHOCTH;

— BHMHEPOBCKHUH MpoIlecc KaK MpeAebHbIN Cilydail cirydaifHoro Oy>kIaHHsl, ero CBOCTBa
(HeTpepbIBHBIE TPAaeKTOPUM, TayCCOBOCTh MPHUPALICHHUM, MacIiITaOMpOBAaHUE) U CBS3b C
YPaBHEHUEM TEILIONPOBOJHOCTH;

— TayCCOBCKHE U CTallMOHApHBIE IPOLECCHI, OIPENEICHUE TIayCCOBCKOIO IIpoLecca,
rayCccoBCKasl perpeccus (alpuopHbI€ U allOCTEPUOPHBIE PaCIIPEIEICHNUs);

— Teopusi MapKOBCKMX Mojeiei: kiaccudukanuss coctossHuii nenu Mapkosa
(BO3BpaTHOCTb, COOOIIAIONINECS KIACChl, TEPUOJIMYHOCTD), CIIEKTPaJIbHbIE CBOMCTBA MaTPHIIBI
MIEPEXOJHBIX BEPOATHOCTEH, IPrOAUYECKas TeOpeMa, MOHATHUE CTAIMOHAPHOTO paclpereeHus,
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MapKOBCKUH IPOLECC HENPEPhIBHOIO BPEMEHHU, MH(UHUTE3MMAIbHbBIM I'€HepaTop, HpsMble U
oOparHble ypaBHeHus1 Kommoroposa;

— IIyacCOHOBCKMI IIpoliecC: OIpEeAe/IEHuE uepe3 NpHUpalleHus U 4Yepe3 BpeMeHa
OXKHMIaHHs, €r0 CBONCTBA;

— croxactuyeckue udQepeHIuanbHble ypaBHEHHS: ompeneneHne aud y3unoHHOTo
npoliecca, ctoxactudeckuil uHrerpan Mto u ero cpoiictea, gpopmyna Uto u e€ npumeHenue,
dopmyna Kama-®eiinmana (cBsizp CJlY u ypaBHEHHH B YacCTHBIX NPOU3BOJHBIX), YpaBHEHUE
Konmoroposa-®okkepa-Ilnanka 11 IOTHOCTH NEPEXOAHON BEPOATHOCTH;

ymemp:

— aHAIM3MPOBATh CllydaliHble Oy K/JIaHUS: BBIYUCIATH BEPOSITHOCTD BBIX0/A HA TPAHULLY
U CpeHee BpeMs BbIXO/A IS IPOCTHIX Oy IaHUM, McCIe10BaTh BO3BPATHOCTh/TPAaH3UEHTHOCTh
Ha PEIIETKE;

— paboTaTh C rayCCOBCKMMHU MPOLIECCAMU U BPEMEHHBIMU PSAJIaMU: CTPOUTD I'ayCCOBCKYIO
perpeccuto (BbIOOp sipa, NpeACKa3aHWE C JOBEPUTENbHBIMU HMHTEpBAJaMM), BBIYUCIATH
CHEKTPaAJIbHYIO INIOTHOCTh CTALlMOHAPHOTO MIPOLIEcca 10 KOPPEISIUUOHHON PYHKIIMU U HA000POT,
pelaTh poCThIe 3a/1a4M IPOrHO3UPOBAHMS;

— IpUMEHATh Lenu MapkoBa K MpPUKIAAHBIM 33JadaM: pEaJu30BbIBaTh AJITOPUTM
PageRank, ctpouts ckpeiTyro MapkoBcKyto Mojens (HMM), pemats npsMyo U 00paTHYO 3a/1a4H
(amroputmbl  forward-backward, ButepOu), omnenuBath mnapamerppl HMM wmeromom EM
(amroputm baym-Benma);

— peuwiath npsMble U oOpaTHbIe ypaBHeHHsI Konmoroposa Jijisi MapKOBCKUX IPOLECCOB
KOHEYHOI'0 YHCJIa COCTOSHUM, HAXOAMTh CTAallMOHAPHOE paclpelelieHue JUlsl IPOLECcCOB
POXIEHUS U THOENH;

— paboTaTh €O CTOXAaCTHYECKUMHU TU(PPEpEeHINATHHBIMI YPAaBHEHUSIMHU: BBIYHACIATH
IpOCThIe CTOXacTU4yeckue uHrerpansl Mro, npumensats Gopmyny VTo ans perieHus JTMHEHHbBIX
CHY (reomerpuueckoe OpoyHOBCKOE ABMKEHME, Ipouecc OpHiuTeiiHa-YiaeHOeka), BBIBOIUTH
ypaBHeHue Konmoroposa-®okkepa-Ilnanka nis 3agansoro CY;

eénademu:

— HaBBIKOM CTPOrOro BEpPOSITHOCTHOTO PACCYXXJEHUS O CIy4alHbIX Ipolieccax:
000CHOBATh MpEIENbHBIN IMEepexoa OT CiIy4dalHOro OJy’KJaHUs K BHHEPOBCKOMY IpoIecCy
(mpuHLMD nHBapuaHTHOCTU [loHCc-Keppa), J0Ka3aTh BO3BPAaTHOCTH/TPAaH3UEHTHOCTh OJTy>KJaHUN
Pa3HbIX pa3MEpHOCTEH, MOHMMAaTh POJIb 3aKOHA OOJBIIMX YMCENT U LEHTPaJIbHOW MpeneabHOu
TEOPEMBI B IOCTPOCHUH BUHEPOBCKOT'O MPOIIECCa;

— METOAaMM  Ka4eCTBEHHOI'O  aHaliM3a  MAapKOBCKUX  IPOLECCOB:  ONPEIENATH
AProJIMYHOCTh MO CIEKTPAIBHOMY paJNyCy MaTpHUIbl MEPEXOJHBIX BEPOSITHOCTEH, OLEHUBATh
CKOpPOCTh CXOAMMOCTHU K CTAllHOHAPHOMY pacIipele/IeHUI0 Yepe3 BTOpoe COOCTBEHHOE 3HAUEHUE
(criekTpanbHasi 11€7b), KOHCTPYHUPOBaTh WH(MUHUTE3UMAJIbHBIH TIE€HEpaTop JUIsl IPOLIECCOB
HENPEPBIBHOIO BPEMEHHY;

— TEXHUKOH pelIeHus CTOXacTH4eCcKUX auddepeHnnanbHbIX ypaBHEHHMH: BBIOMpATh
noaxoasammii mMeton (dhopmyna HUrto, meton HeompenenEéHHBIX KOI(P(GUIMEHTOB, CBEICHHE K
JETEPMUHUPOBAHHOMY YPaBHEHHIO) B 3aBHUCHUMOCTH OT CTpykTypel CJ1Y, peanu3oBbIBaTh
YUCJICHHOE MOJICTTUPOBaHUE TpaeKkTopuil (MeTon Ditnepa-Mapuyama, cxeMbl 0oJiee BBICOKOTO
MOPSI/IKA);

— mnoHuMaHueM cBs3u Mexay CIY u ypaBHEHUSIMH B YacTHBIX IPOM3BOJHBIX:
ucnons3oBath ¢Gopmyny Kama-®delinmMana a8 NOpeacTaBieHUs peIIEHUs KpaeBbIX 3adad
TEIUIONPOBOAHOCTH/ypaBHeHUs [lyaccoHa B BUjle MaTEMAaTHYECKOTO OXKHUIaHUS (QYHKIMOHANA OT
muddy3noHHOTO Ipoliecca, MpuMeHsATh ypaBHeHHe Koiamoroposa-®oxkkepa-Ilnanka ans ananuza
MEPEXO0IHBIX TUIOTHOCTEH AU y3Hil.
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2. IlepeyeHb MJIIAHUPYEMBbIX Pe3yJIbTATOB 00y4YeHUs

Komnerennuu, ¢opmupyeMbie B pe3ylbTaTe OCBOSHHUS IUCHMIUIMHBI (MOIYJS) MpH
IPOBE/ICHUH yUEOHBIX 3aHATUH B (hOpMe KOHTAKTHOM paboThl 00yYarOLIMXCs € eJarorn4ecKuMu
paboTHUKaMU YHUBEpCUTETa U B (popMe CaMOCTOSTENEHON PaOOThI 00yUYarOIINXCA:

Kommnerenuus Copep:xanue HNupukatop [epeuens njIaHMpyeMbIX
KOMIIeTeHIIMH KOMIIETeHLIMH pe3y/1bTaTOB 00y4eHHs 10
JMcCUHMILIMHE (MOIYJIIO)
YK-1. Criocoben YK-1.1. 3HaeT MEeTObI TIOMCKA U aHaIu3a
OCYILIECTBIIATH MOUCK, nHpOpPMAaLUH B 001aCTH
KPUTUYECKUH aHANN3 U HCKYCCTBEHHOT'O MHTEJJIEKTa, OCHOBHBIE
CHHTe3 HH(popMauy, IIPUHIMIIBI KPUTUYECKOH OLIEHKH
HIPUMEHSTh CUCTEMHBIH HUCTOYHUKOB HHGOPMALIUH U UX
MOJXOJ TSl peIIeHHUs PENEeBaHTHOCTH.
IIOCTaBJICHHLIX 3aJ1a4 VYK-1.2. YMeeT KpUTUUECKH OLIEHUBATh
HCTOYHUKHU MH(OpMANU U
CHUHTE3UPOBATh AAHHBIC U3 PA3TUYHBIX
WCTOYHMKOB JUIs pelleHus 3a/1ad,
NPUMEHSATh CHCTEMHBIN TOAXO0]] K
aHaJIM3y U PELICHUIO KOMIUIEKCHBIX
pooyeM
YK-1.3. Hmeet npakTHUECKHIA OTIBIT pabOTHI €
COBpPEMEHHBIMH HHCTPYMEHTAMH U
TEXHOJIOTHSAMH U 00pabOTKU
nH(popMaIuu, GOpMyITHPOBAHUH H
CTPYKTYPUPOBAHUH 3a/1a4 HA OCHOBE
noJjy4eHHol nHdopmamu
YK-2. CriocobeH onpeiensTh YK-2.1. 3HaeT ACWCTBYIOIINE PABOBBIE HOPMBI,
KpYT 3aJa4 B paMKax PETYIUPYIOLIUE ACSITEIbHOCTD B
MOCTaBJICHHOH LIeJIN U 001acTH peuIeHus 3a/1a4, OCHOBHBIE
BBIOUPATH METOJIbI ¥ TIOAXO/IbI K OIIPEIEIIEHUI0
ONTUMAJIBHBIE CIIOCOOBI KpyTa 3a/1a4
UX pELIEHUs, UCXOs U3 YK-2.2. YMeeT onpenenars Kpyr 3a1a4 B paMKax
JEHCTBYIOIINX [IOCTaBJICHHOH LIeJH, BEIOUPATh
MPaBOBBIX HOPM, ONITUMAJIbHBIE CIOCOOBI pelieHHs 3a1a4,
HUMEIOIINXCS] PECYpPCOB U YUUTBIBAS UMEIOIINECS PECYPCHI U
OTpaHUYEHUI OIpaHUYCHUSA
YK-2.3. NmeeT npakTU4eCKUA OMBIT
MIPUMEHEHUS 3HAHUH O MPaBOBBIX
HOpMax U pecypcax B pealbHbIX
CUTYyaIusX, pa3paboTKU U peaan3anun
pEILIEHNI B COOTBETCTBUH C
YCTaHOBJICHHBIMHU OTPaHUYCHUSIMH
OIIK-1. Crioco0eH HaxOauTh, OIIK-1.1. 3HaeT OCHOBHBIE METOIBI U ITOAXOIBI K
bopmyupoBaTh U PEIICHNIO 33129 MPUKIIATHON U
pelaTh aKTyalbHbIE U KOMIIBIOTEPHOM MaTeMaTHKH, BKJIIOYast
3HaYMMBbIe TPOOIEMBI ITOPUTMBI, MATEMATHYECKOE
MIPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITHMU3AIINH, a TAK)KE COBPEMEHHBIE
MaTeMaTHKH WHCTPYMEHTHI U TEXHOJIOTHH,
HCHOJIb3yeMbIE B 3TOH 001aCTH
OIIK-1.2. YMeeT aHanu3upoBarh U

(hopMyJIMPOBaTH MATEMATHUECKUE
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3a1a4H, IPUMEHSTh COOTBETCTBYIOIIIUEC
METO/IBI ¥ AITOPUTMBI JUTS KX PELICHUS,
a TaKkKe HHTePIPETUPOBATh U
MPEACTABISATh PE3yIbTAThI B TIOHSITHOM U
JOCTYIHOH hopme

OIIK-1.3. Hmeet nmpakTHYECKUN OTIBIT pabOTHI HAL
MIPOEKTaMH HJIH UCCIIEIOBAHUSIMU B
001acTH MPUKIaTHON M KOMITBIOTEPHON
MaTeMaTHKH, BKJIIOYasl y4acTHe B
KOHKYpCax, OJMMIINAIaX WM HAy9HBIX
Ty ONMKAIUSIX, TJe ObUTH pEeIIeHbl
aKTyasJbHbIC U 3HAYNMBIC 3a1a4H
TIK-1. Crocoben IIK-1.1. 3HaeT METOBI U TTOIXOIBI K
(hopMymupoBaTh 331241 (hopMynHpoBaHUIO 337124, a TAKKe
C MaTeMaTH4eCcKOn OCHOBHBIEC PUHIUITE MATEMAaTHYECKOTO
TOYHOCTBIO, JIOKa3aTesIbCTBA U aHAIHN3a PE3YJIbTaTOB.
000CHOBHIBATH IK-1.2. YMeeT KOppEeKTHO CTaBUTh U
YTBEPKICHUS CTPOTO H (dhopMyIHpOBaTh MaTEMaTHYCCKHE
aHAJIM3UPOBATH 3a7a4M, IPUMEHSATH CTPOTHE METO/IBI
HOJTyYeHHBIE JI0Ka3aTeIbCTBA M aHAIM3UPOBATh
pe3yJbTaThl B 00JIacTH NOJTy4YeHHBIE PE3yIbTATHI.
MaTeMaTHUKHU U TIK-1.3. HmeeT onbIT paboTHI ¢ 3371a4aMH B
KOMITBIOTEPHBIX HAyK 00JIaCTH MaTEMaTUKH U KOMITBIOTEPHBIX
HayK, BKITFOYasi IPUMEHEHUE
MaTeMaTHYECKHX METOJIOB JIJIsl peILICHHs
NPaKTUYECKUX 3a/1a4
[K-2. Crioco0eH pemrats [K-2.1. 3HaeT OCHOBBI HH(OPMAIIOHHON U
TUTIOBBIE 331391 oubarorpaduIecKkoit KyIbTypHl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI THPOPMAIIMOHHOH
JIeSITETbHOCTH B 0€30MacHOCTH W IPUMEHEHHSI
obnactu nH()OPMaMOHHO-KOMMYHHUKAIIMOHHBIX
HCKYCCTBEHHOTO TEXHOJIOTHH B TPO(ECCHOHAIBLHOM
MHTEIUIEKTa, ONHPAsiCh JEATeIILHOCTH
Ha HH(POPMAIIMOHHYIO U IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
oubnmorpaduveckyro UHQOPMAITHOHHO-KOMMYHHUKAIIMOHHEIE
KyJbTYpY, UCTIONIB3YS TEXHOJIOTHH JUTS PEIICHHS CTaHJaPTHBIX
UH()OpPMALTMOHHO- 3a1a4 npodeccuoHaTBHOM
KOMMYHHKAIMOHHBIE JeSITEIIbHOCTH, YIUTHIBAs TPeOOBaHMUSI
TEXHOJIOTHH U UHQOPMAIMOHHOH 0e30MTaCHOCTH
YUYUTBIBasi OCHOBHBIE I1K-2.3. Wmeer ombIT paboThI €

TpeOoBaHU
MH(QOPMAITIOHHON
Oe3omacHoCcTH

HHPOPMALMOHHBIMU PECypcamu U
TEXHOJIOTHSIMHM B 00JIaCTH
HUCKYCCTBEHHOI'O MHTEJIEKTA, BKITFOYas
co0JIr0IeHre HOPM HH(DOPMAITMOHHOM
0c30IacHOCTH
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3. TemaTnueckuii NJIan

Nen/ HauMeHOBaHHe TpyaoeMKoCTh, aKaJieMHYECKUE YACHI
I | pa3gena TMCHUTLUIMHBI Ounas ¢opma T}(y
(Moxyist) AyautopHast paboTa | goprpo | Camocrosen (Tekg:(:::el;(;ﬁﬂ()m’
Jlexkuun | CemuHAapbI b bHAS PAGOTa y
1 OCHOBHBIE TTOHATHS 10 10 40 Jlomarnnee 3aianue
TEOPHUH CITYHUANHBIX
MPOIIECCOB
2 MapkoBcKHE MOJENIH 10 10 2 40 Jlomarnnee 3aianue
KonTponbhas
pabora
JlaGoparopHast
pabota
3 CToxacTHiecKue 10 10 2 42 JlomarHee 3amanue
muddepeHnanbpHbIe KonTponbHas
ypaBHEHHUS pabora
JlaGoparopHas
pabora
3auem c oueHKoil 4 KonTpoib
TEOPETUYECKUX
3HAHUN
Hmozo: 30 30 8 122
Oobvem oucyuniaunvt (Mooyns) 190
(6 ak. u.)
Oobvem oucyunaunot (M00yn)
(6 3au. eo.)
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4.

Conep:kanue TUCHHUILIAHBI (MO1YJIA)

Nen/m | HammeHoBanue pasjiena
JMCHMIJIMHBI (MO1YJIs1)

Conep:xanue TUCHUILTHHBI (MOYJIs1) IO TeMaM

1 OCHOBHBIE TTOHITHSA Crnyuaitaple Oy TaHUs, CBOWCTBA TPAEKTOPHUIl
TEOPUH CITYHUANHBIX BunepoBckuii mpoiiecc, CBOMCTBa BUHEPOBCKOTO IpoIiecca
IPOLIECCOB I"ayccoBckue nporiecchl. ['ayccoBckas perpeccus
2 MapkoBckre Mozenu [lens MapkoBa, kmaccuuKaIus COCTOSIHHMI, CBONCTBA MaTPHIIBI
MEPEXOIHBIX BEPOSTHOCTEMN
Dprojuyeckas Teopema, CTallMOHaApPHOE paclpeeieHueE.
[TpuknanHbie Moaenu Ha ocHOBe eneid MapkoBa: PageRank,
Hidden Markov Models (HMM).
[Ipuknagueie Mmoaenyu Ha OCHOBE Lenelt MapkoBa: MapkoBckast
uens MonTe-Kapio
[TyaccoBHOBCKUI MpoLECC, paCIPEAEIEHUE BPEMEHN OXKUTaHUS
MEXIYy CKauKaMHU
3 CroxacTHieckue Juddy3uonHbIe MpoIIecChl, MPsMOe U 00paTHOE ypaBHEHUE
auddepeHuranbHbIE Konmoroposa
YPpaBHCHHUA Croxactuueckue nuddepennuansusie ypapaenus (CY),

nHrerpai Uro

®opmyna Uto, metons! pewenust CAY

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

[pumepsr CY: npouecc OpiuteitHa-Y nenOeka, reoMeTpUuIecKoe
OpOYHOBCKOE JIBUKEHUE

O6patumocts B C/1Y, Teopema AnnepcoHa

[pwnoxennss CI1Y: nuddy3noHHBIE MOACITH
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5. YyeOHo-MeTOOHUYECKOE 00ecreueHue

VYHuBepcUTET  pacrojaraeT IOJHBIM  HA0OpOM  JIMIEH3HMOHHOTO M CBOOOJHO
pPacHpoOCTPaHsIEMOro IPOTPAMMHOTO O0ECHEeUYeHHs, BKJIIOYAas MPOAYKTHl OTCUYECTBEHHOTO
IIPOU3BOACTBA.

Kaxaplii cTyJeHT B TedeHHE BCEro Inepuoja OOydYeHMs NOIydaeT WHIWBULYaJTbHBINA
HEOTPAaHWYEHHBIH  JOCTYN K  DJIEKTPOHHO-OMONMOTEYHOH  CHUCTeME U 3JIEKTPOHHOU
UH()OPMAIIMOHHO-00Pa30BaTENFHON Cpele YHHMBEPCUTETa. OJTH CHUCTEMBl IIPEIOCTABISIOT
BO3MOXHOCTH JIOCTYIIA K pecypcaM 3 Jr000i TOUYKH, Tlie eCTh NOJAKII0OUeHHe K cetu VHTepHer,
KaK Ha TEPPUTOPUU YHUBEPCUTETA, TAK U 3a €T0 IPEICIIaMH.

CrynentaMm oOecreyeH yIaleHHBIH JOCTYI K COBPEMEHHBIM MPO(ecCHOHAIBHBIM 0a3aM
JAHHBIX U HH(GOPMAITMOHHBIM CIIPABOYHBIM CHCTEMaM.

OcHnognas numepamypa:

1. Kpyrnos, B. M. Cuyuaitasie nporeccel B 2 4. Yacte 1. OcHOBBI 0O0IIel Teopuu :
yaeOHUK 1t By3oB / B. M. KpyrioB. — 2-e u3n., nmepepad. u jgon. — Mocksa : M3parenscTBo
FOpaiit, 2024. — 276 c. — (Bwicmiee obpazoBanue). — ISBN 978-5-534-01748-9. — Tekcr
uIeKTpoHHBIH  //  OOpaszoBarenpHast  miatdpopma  FOpaiit  [caéit] —  URL:
https://urait.ru/bcode/536889

2. Kpyrnos, B. M. Cayuaiinsle npoueccbl B 2 4. Yactb 2. OCHOBBI CTOXAaCTUYECKOTO

aHanmu3a : yuyeOHuK i By3oB/ B. M. KpyrnoB. — 2-¢ u3n., mepepab. u gomn. — MockBa :
WznatenberBo FOpaiit, 2024. — 280 ¢. — (Bricuiee oopazoBanue). — ISBN 978-5-534-02086-1.
— Texct : osnexktponHsli // OOpa3oBatenbHas mnatdopma HOpaiit [caiit]. — URL:

https://urait.ru/bcode/537767

3. Kamrranos, B. A. ChyuvaiiHble mnpouecchl : y4eOHMK M MpPaKTUKyM [Uis BY30B /
B. A. Kamrranos, H. FO. Dnarckas. — Mocksa : U3nmarensctBo IOpaiit, 2026. — 99 c. —
(Briciee  oOpazoBanme). — ISBN 978-5-534-04482-9. — Tekcr : DSIEKTPOHHBIN //
O6pazoBarenbHas mnatdopma FOpaiir [caiit]. — URL: https://urait.ru/bcode/584979

Hononnumenvnan r1umepamypa:

1. DOuarckas, H. FO. MaremaTnueckasi CTaTUCTHKA U CITy4ailHble IPOIIECCHI | YUeOHUK JUIS
By30B/ H. lO. Dnarckas. — MockBa : UznarensctBo IOpaiit, 2026. — 191 c. — (Bricuee
obpa3zoBanue). — ISBN 978-5-9916-9808-5. — Tekct : anexkrtpoHHbld // OOpazoBaTenbHas
miatdopma FOpaiit [caiit]. — URL: https://urait.ru/bcode/583925

6. MarepuajJbHO-TEXHHYECKOE o0ecneyeHue

YHUBEpCUTET pacrojaraer MaTepualibHO-TEXHUYECKOM 0a30i, COOTBETCTBYIOIICH
JIeMCTBYIOIMM MTPOTUBOIIOKAPHBIM MPaBUIaM U HOPMaM M 0OecrieunBaroleil MpoBeieHUe BCexX
BUJIOB JIUCUUIUIMHAPDHOW W MEXIUCUUIUIMHAPHOW IOATOTOBKM, MPAKTUYECKOW U Hay4dHO-
UCCIIeI0BAaTEIbCKON paboT 00ydaromuxcs, NpeayCMOTPEHHBIX YU€OHBIM IIJIAHOM.

[TomenieHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ay IUTOPUH JIIsl IPOBEACHUS 3aHATUI
JEKIMOHHOTO THIA, 3aHATHM CEMHHApCKOro (MPakTU4YECKOro) THMA, TPYMIOBBIX H
WHAUBUAYAIbHBIX KOHCYJIbTAIMMA, TEKYIIETO KOHTPOJIS U MPOMEKYTOYHON aTTEeCTaIlH, a TaKkKe
MOMEIIEHUS Il CAMOCTOSATENBHOM paboThl M MOMEIIEHUS Il XpaHEHUS U MPO(UITAKTUIECKOTO
obcimyxuBaHus yaeOHOTro o0opynoBanus. [loMereHns yKOMIUIEKTOBaHBI CIICIIUATN3UPOBAHHOM
MeOenbl0 U TEXHUYECKHMMHU CPEICTBAMH OOYUYEHHsI, CIy>KallMMH JUI MpPEeACTaBICHUS y4eOHOH
uH(popMalnu 60JIbIION ayAUTOPHH.

N3yuenne qUCUUIUIMHBI (MOIYIIsT) 0OeCcTIieYnBaeTCsl B y4eOHBIX ayIUTOPHSX, OCHAILICHHBIX:

— CTOJIaMH U CTYJIbSIMU;

— KOMIIBIOTEPHOW TEXHUKOM;

— MEXaHUYECKHUMH KaJIbKYJISTOpaMH;

— CIEeUHaTU3UPOBAHHBIM 000PYI0BaHHEM, BKIIIOUasl JEMOHCTPALMOHHOE 000pYy10BaHUE.
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https://urait.ru/bcode/536889
https://urait.ru/bcode/537767
https://urait.ru/bcode/584979
https://urait.ru/bcode/583925

[TomereHus 111 CaMOCTOATEIBHOM pabOTHI 00YUAIOIIUXCS, B TOM YHCIIE IPUCIIOCOOICHHbBIE
JUIS MCTIOJIb30BAaHUS MHBAIMAAMHM M JIMI[AMU C OTPAHUYEHHBIMU BO3MOXKHOCTSMH 3]10POBbS,
OCHAIIIEHbl KOMIBIOTEPHONH TEXHUKOH C BO3MOXKHOCTHIO MOAKIIOUEHUS K ceTu «MHTepHeT» H
o0ecrieyeHHEeM  JIOCTyNla B  3JEKTPOHHYI  HH(POPMALMOHHO-00pPA30BATEIbHYIO  CpEdy
YHuBepcurera.

OOyuarmumcsi MpeaocTaBiIsieTcss JOCTyn (B TOM 4YHCIE YAAJICHHBIH) K pecypcam
MH(OPMaLIMOHHO-TEIIEKOMMYHHUKAIIUOHHON ceTH «HTepHeT», NEeKTPOHHBIM pecypcaMm (B TOM
YHClie JJIGKTPOHHBIM OHOIMOTEYHBIM CHUCTEMaM, COBPEMEHHBIM NPOQECCHOHATBHBIM 0a3am

JaHHBIX 1 I/IH(bOpMaI_[I/IOHHI)IM CIIpaBOYHBIM CI/ICTCMaM)Z

Ne HaumeHoBaHue noprana CcebLIKA
(u3nanHus, Kypca, 10KyMeHTa)
1. | Hayunas anexkrponnas 6ubnmoreka elibrary.ru | https://elibrary.ru/defaultx.asp
OoubmoTeKa
2. | ba3a manspix mis [T-cnenuanucToB https://habr.com
3. | baza manneix ScienceDirect https://www.sciencedirect.com
4. | OdurmansHbli calT MUHHCTEPCTBA HAYKH https://minobrnauki.gov.ru/
BEICIIETO 0Opa3oBanus Poccuiickoit deneparuu
5. | @enepanbubiii mopran «Poccuiickoe obpazoBanue” | https://www.edu.ru/
6. | Uudopmanmonnas cucrema "Eaqunoe okao qocryma | http:/window.edu.ru/
K 00pa3oBaTeNbHBIM pecypcam"
7. Enunas xomnexius mudpoBerx 00pa3oBaTeIbHBIX http://school-collection.edu.ru/
pecypcoB
8. | ®enepanbHBIA IEHTP HHPOPMAIIMOHHO - http://fcior.edu.ru/
00pa3oBaTeILHBIX PECYPCOB
[lepeuenr MHDOPMAIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPH  OCYIICCTBICHHH
00pa30BaTeNbHOTO Ipoliecca Mo JUCIUILIUHE (MOIYyJIe), B TOM YUCIIe KOMIUIEKT JIUIEH3UOHHOTO
MporpaMMHOTO  OOecrieueHus, COBpEeMEHHble mpodeccuoHadbHble 0a3bl  JaHHBIX W
WH(OPMAIIMOHHBIE CTIPABOYHBIE CHCTEMBI:
HaumenoBanue I1O IMpousBoacTs JIunen3uonHoe / cBOOOIHO
0 pacnpocTpaHnsiemMoe
OnepanuoHHbIe CHCTEMBbI:
Microsoft Imagine (Windows Client, 3apyOexHoe JUIEH3UOHHOE
Server)
bpay3epsi:
Sunnekc.bpaysep OTEUECTBEHHOE | CBOOOJIHO pacIpOCTPaHIEMOE
Google Chrome 3apyOexHoe CBOOOJHO pacrpocTpaHsIeMoe
OducHble NPUIOKEHHS S
Microsoft Imagine (Visio, OneNote) 3apyOeKHOE JIUIIEH3MOHHOE
TeXstudio 3apyOeKHOE CBOOOJTHO PACTIPOCTPAHIIEMOE
Adobe Acrobat Reader 3apyOexkHoe CcBOOOJTHO pacIpocTpaHsIeMoe

IIporpammHoe o0ecnevenue 1Jis IVIAHMPOBAHUS M YUeTa BPEeMEeHHU:

Toggle app | sapy6exmnoe | cBOGOIHO pacmpocTpaHseMoe
CucreMbl ynpaBJjeHHsl IPOEKTAMHU:

Microsoft Imagine (Project) \ 3apy0exHoe ‘ JIMLIEH3UOHHOE

CucreMbl ynpanJjeHusi 6a3aMu JaHHbIX:

Microsoft Imagine (SQL Server) ‘ 3apyOeKHOE ‘ JUTIEH3MOHHOE

Cucrembl pesepBHOro konuposanus (backup):

Acronis Backup Advanced for HyperV \ 3apyOeKHOE \ JUIIEH3MOHHOE

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/

Koncynwsrantllitoc: cripaBoyHO- OTEYECTBEHHOE | JIMIIEH3UOHHOE
paBoBasi CUCTEMa
CpecTBa aHTHBHPYCHOI 3alIIUTHI:
Kaspersky Endpoint Security mis OTEYECTBCHHOE | JIUIIEH3MOHHOE
ousneca Cranmaptasiii Russian Edition
Cpenbl pa3padoTku:

Visual Studio Code 3apyOexHoe CBOOOHO pPacIpOCTpaHsIeMOe
Bash (Unix shell) 3apyOeKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
Anaconda 3apyOeKHOE CBOOOJTHO PACIIPOCTPAHIEMOE
Robotic Operating System 3apyOexHoe CBOOOHO pPacIpOCTPaHIEMOe
CopelliaSim 3apyOeKHOE CBOOOJTHO PAaCIIPOCTPAHIEMOE
Google Colaboratory 3apyOexHoe CBOOOHO pPacIpOCTPaHIEMOe
IlakeThbl MPOrpaMMHBIX CPEACTB U OMOJIHOTEK:

AutoPsy 3apyOexHOe CBOOOIHO pacIpoOCTpaHsIeMOe
Interactive Disassembler (IDA) 3apyOexHoe CBOOOHO PacIpPOCTPaHIEMOE
Cucremsl ynpasJjeHnusi 0udanorpapuyeckoii uHpopmanueii:

Zotero \ 3apyOeKHOE \ CBOOOJIHO PACTIPOCTPAHSIEMOE
CepBuchl u c1yxK0bI:

Bind 3apyOeKHOE CBOOOJIHO PACTIPOCTPAHSIEMOE
Docker 3apyOeIKHOE CBOOOJTHO PACIIPOCTPAHIEMOE

7. MeTtoan4yeckure U OLlEHOYHbIE MATEPHUAJIBI
MeToan4yeckue yKazaHus I 00y4aOUIUXCS 110 OCBOCHUIO TUCHHILIMHBI (MOYJIs1)

B mpouecce uzyuenus aucuuiuiMHbl (Momyisi) «CTOXacTHYECKMM aHalu3» B paMKax
TEKYILLEro KOHTPOJIsI YCIEBAEMOCTH UCIOJb3YIOTCS TaKHe BBl y4eOHOH paboThl, KaK JEKIHs,
CEeMMHapbl, J1a0OpaTOpHblE pabOThl, KOHTPOJIbHbIE pPa0OThI, JOMAIIHHE 33JaHUS, KOHTPOIb
TEOPETUYECKUX 3HAHUM, a TAaKXKe pPa3IMUHbIe BUJbI CAMOCTOSTENbHON pabOThl 00yYaIOLIUXCS 1O
3a/laHUI0 TPEIOo/aBaTessl, HalPaBJIEHHbIE HA Pa3BUTUE HABBIKOB NMPO(PECCHOHAIBHON JIEKCUKH,
3aKpeIuIeHue MPaKTUYECKUX MPOoQecCHOHANTBHBIX KOMIIETCHIIUH), TOOLIPEHHE HHUIUATHB.

Jlexyus — cHCTEMAaTHYEeCKOe, IOCIENOBATEIbHOE, MOHOJOTHUECKOE  H3JI0KEHHUE
nmpenoaaBareneM Yy4eOHOro MaTepuana, Kak MpaBuio, TEOPETUUECKOTO XapaKTepa.

B mporecce neknuii peKOMEHIYETCS BECTH KOHCIIGKT JIEKIUN: KPaTKO M CXEMaTHYHO
¢dbuKcUpoBaTh OCHOBHBIC HJIEH, BBIBOJBI M OOOOIICHMS JEKIMH, BBIIETSITh Ba)KHBIE MBICIH,
KITIOYEBBIC CJIOBAa M TEPMHHBI. HeoOXOIMMO OTMETHTH BOMPOCH WM MaTepHaNbI, KOTOPHIC
BBI3BIBAIOT 3aTPYAHEHMS], U TIOMBITAThCSI HAUTH OTBETHI B PEKOMEHA0BaHHOM nuteparype. Eciu
pa3o0parbcsi B Marepuaie He yJaercs, cieayeT chopMyJIHpOBaTh BOIPOC W 3aIaTh €ro
MPernoaaBaTeNo Ha KOHCYIbTAIlMH UM BO BPEMsI CEMUHAPCKOTO (MTPAKTHYECKOT0) 3aHATHSI.

Cemunap — 310 (hopma yueOHOUW NeATeTbHOCTH, MPOBOANMAs B y4€OHOM 3aBEJICHHUH IO
PYKOBOJICTBOM TpEMNOJABaTeNs, TA€ CTYACHTHl AaKTUBHO YYacTBYIOT B OOCYXIEHUSX,
MPAKTUYECKUX 3aJaHUsIX U APYTruxX Gpopmax B3auMOACHCTBHS.

Jns ycremHoi noJAroTOBKM K CEMUHAPY PEKOMEHYETCs 3apaHee O3HAKOMUTHCS C TEMOM
3aHATUA W OCHOBHBIMH MaTCpHalaMu, 4T00Bl MMETH BO3MOKHOCTH AKTHBHO y4acTBOBAaTh B
obcyxaeHuu. Takke MOJIE3HO MOATOTOBUTH BOIMPOCHI M WU ISl 0OCYKIEHUS, YTO MOMOKET
r1y0’Ke MOHSTh MaTepHall U MPOJIEMOHCTPUPOBATH 3aMHTEPECOBAHHOCTb.

,Z]omaumee 3a0anue — Ha6op 3aaa4d 110 TCMaM HCACIIN.
HpI/I pa60Te Haa AOMAallHUMHK 3aJaHUsIMH Ba>XHO BHHMATCIBHO O3HAKOMHUTBCA C
TpC6OBaHI/I${MI/I " CpOKaMH BBIIIOJIHCHUS. PCKOMCH,I[yCTCSI pa36I/IBaTL 3aJaHus Ha JTallbl, YTOOBI
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n30eXaTh Meperpy3kd W JIydlle YCBOMTH MaTepHai. VICHomb30BaTh pa3iIWYHbIE HWCTOYHUKH
uHOpMaLKK, BKIIIOYasi y4eOHUKH U OHJIAMH-PECypChl, U 0ojee riy0oKoro HOHUMaHUS TEMBI.

Koumponvhas paboma — nucbMeHHas paboTa ¢ HA0OpOM 3aj1a4, KOTOPbIE HYKHO PEUIUTh 3a
OTPaHUYEHHOE BPEMs.

L{enb KOHTPOJIBHOM PabOTHI - MOTYUYUTH CHEIUAIbHBIC 3HAHUS 110 OJAHON WM HECKOJIBKUM
TeMaM JUCUUIUIAHBI (MOJIYJIS) U IPOJIEMOHCTPUPOBATHh HABBIKK UX MPAKTUUYECKOTO MPUMEHEHHUSI.

Jlabopamopnas paboma — yuebHOE 3aHATHE, HAPABICHHOE HA MPAKTUYECKOE 3aKPEIlICHHUE
TEOPETHUUECKUX 3HAHUM uYepe3 BHIMIOJHEHHE SKCIEPUMEHTAIBHBIX WM MPOEKTHBIX 3a1aHuil. B
XoJie J1abopaTOpHOM paboOThl CTYACHTHI MPOBOAAT aHAIM3, Pa3padOTKy WM TECTUPOBAHUE
IIPOIPaMMHOI0 K0J1a, U3yYEHHOT'0 B paMKax Kypca.

[lepen BeInoNHEHHEM J1a0OPATOPHOUM PabOTHl HEOOXOAMMO BHUMATEIILHO 03HAKOMUTHCS C
TEOPETUUYECKUM MAaTepuajIoM U METOAMYECKUMHU YKa3aHUAMH. PeKoMeHIyeTcsi HW3y4uTh
UCIIOJIb3YEMbIe HHCTPYMEHTBI M TEXHOJIOTUH JJIsl YBEPEHHOTO UX MPUMEHEHUs Ha rpakTuke. [Ipu
BO3HHKHOBEHUH BOIIPOCOB CJIEAyeT 00paIiaTbcs K MPerno aBaTeito Ul MOJIyYeHNs Pa3bsICHEHUH.

Koumpono meopemuueckux 3Hanuti — YCTHBIE OTBETHl Ha BOIIPOCHI, CIIMCOK KOTOPBIX
U3BECTEH CTYJEHTY 3apaHee.

B nporecce moAroToBKU CTYEHTY HEOOXOAUMO MPOAHATH3UPOBATh YUeOHbIE MaTepPHAIbI,
03HAKOMHBIIUCH C JICKIUSMHU, YIYCOHHMKAMU W JONOJTHUTEIbHBIMU HUCTOYHUKAMU, AKICHTHPYS
BHUMaHUE Ha KJIIOYEBBIX TemaX. PexkoMmeHayercs co3/laTh CTPYKTYPHUPOBAHHBIE KOHCIIEKTHI,
BBIJICJISISI OCHOBHBIE UCH, TEPMUHBI U (DOPMYJIBI.

Camocmosmenvuas paboma — paboTa CTYIEHTOB, HANpaBICHHAs Ha YIIyOJIEHHOE
U3YYEHHE OTJICIbHBIX TEM U BONPOCOB YUECOHON AUCIHUILTUHBI (MOIYIsS).

B npouiecce camocTosTENbHOM pabOTHI CTYICHTHI B3aUMOJICHCTBYIOT C PEKOMEH/I0BAaHHBIMH
MaTepuaiamMH MPU MUHUMAIBHOM yYacTHH MperoiaBares. 3aaun CTyIeHTa BKII0YaloT padoTy
C KOHCIIEKTaMu JIEKIu# (00paboTKa TeKCTa), MOBTOPHOE N3YUEHUE YUEOHBIX MAaTEPHAJIOB IJIAHOB
U TE€3MCOB OTBETOB, U3YUYEHHUE JIOMOJHUTEIbHBIX TEM, BBIIIOJHEHHE YUeOHO-UCCIIEA0BATENbCKUX
3aJJaHUI U IpyTOE.

Cucrema oneHNBaHHA Pe3yJIbTATOB 00yUYeHHS MO JUCHHUIIHHE (MOAYJIIO)

Kpurepun nostyvyeHusi ypoBHA M OLleHUBAHUS c()OPMUPOBAHHOCTH KOMIIETEHUMI 10
aucuuILuInHe (MoayJie) «CTOXaCTHYeCKHUH AaHATH3»

OneHuBaHue YpOBHSI YU€OHBIX JOCTH)KEHUH, OOydyaroUuuxcs Mo JUCHUILUIMHE (MOJIYJIIO),
OCYLIECTBJISIETCS B BUJE TEKYLIETO KOHTPOJIS YCIIEBAEMOCTH U TPOMEXKYTOYHOM aTTECTALUU.

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

i olleHMBaHMS TEKYIIETO KOHTPOJS YCHEBAEMOCTH M IPOMEKYTOUHOM aTTecTaluu
UCTIONIb3YeTCs JiecaTHOaUIbHAs IIIKaja OLIEHWBAHUS, KOTOpas COOTHOCHTCS C TPaTUIMOHHOMN

NATUOATIILHOM IIKAJION ceayonM 00pa3oM, eciii MHOE HE YKa3aHO B CUiUladyce NUCUUIIINHBL:

Hecarudanabnas IIsTudanibHas Onenka 3a |O0masi XxapaKkTepUCTHKA pe3yJbTaTa
OLICHKA OLICHKA 3aver 00yuyeHus Mo TUCHUIINHE (MOTYJII0)

10 OTIn4HO 3auTeHo Crynent MOJIHOCTBIO BJajgeeT

9 OTJINYHO 3auTeHo 3HAHUSIMH, H3JI0KEHHBIMU B paboueit

g OTIMYHO 3auTeHo mporpaMMe, U TIyOOKO OCMBICISET
muctuminHy. OH caMOCTOSITENIBHO U

JIOTHYECKH MOCIeI0BAaTeIbHO OTBEYAET
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JecaTudanibHas
OlleHKA

IIarnoanabuas
OLICHKA

Onenka 3a
3aqer

OO0mas xapakTepucTHKA pe3yabTaTa
00yuyeHus 0 TUCHUILINHE (MOYJII0)

HAa  BCC  BOINPOCHI,  AKICHTHPYS
BHHUMaHHE Ha Haubojee Ba)KHOM.
YMeeT aHaIM3upOBaTh, CPaBHUBATH,
KJIAaCCU(UITUPOBATH, 000011aTh,
KOHKPETU3UPOBATh u
CUCTEeMAaTHU3UPOBAThH W3yYCHHBIN
MaTepuall, BBIJEIISIS KIJIFOYEBBIE
MOMEHTBI M YCTaHaBJIMBAsl MPUIHMHHO-
CIEACTBEHHBIE CBSI3H. YeTko
(dbopMyJIHpyeT  OTBETHI, YBEPEHHO
UHTEPIPETHPYET PE3yJIbTAThI
AQHAJIM30B U JAPYTUX HMCCICIOBaHUH, a
TaK)KE pEIaeT CIOXKHBIC 3aJadu.
CTyseHT XOpOIIIO 3HAKOM C METOJAaMH
HCCIEI0BAaHUS, HEOOXOIUMBIMH JIJIS
MPAKTHICCKON JEATCIILHOCTH, H YMEET
CBS3BIBATH TCOPETHYECKHE ACIEKTHI
JIUCLUAIUINHBI (MomyTs) C
PAKTHYCCKUMH 33/IJaYaMH.

Xopomo

3aureHo

Xopor1iio

3auteHo

CryneHt oOnamaeT  3HAHUSAMHU
npeaMeTa Mo4TH B IOJHOM 00beMe
paboueii MIPOrpaMMbl "
CaMOCTOSITEINBHO, JOTHYECKU
TIOCJIC/IOBATEIFHO W BCECTOPOHHE
OTBEYaeT  HAa  BCE  BOMPOCHI,
aKIEHTHPYsS BHHMaHHE Ha HauOoiee
3HAYUMBbIX MoMeHTax. OH ymeer

aHaM3UPOBATh, CpaBHHBATH,
KJIACCU(PUITUPOBATH, 000011aTh,
KOHKPETU3UPOBATh 51
CUCTeMAaTU3UPOBATh W3YYEeHHBIN

MaTepuai, BBIAENAS €ro KIHYEBbIE
ACIEKThl U yCTaHABIUBAsl IPUUUHHO-
CIIECTBEHHBIE CBsI3U. PopMyIupyer
CBOM OTBETHI, YBEPEHHO
HWHTEPIPETUPYET pe3ynbTaThl
AQHAJIM30B U JIPYTUX UCCIIEOBaHUM, a
TaKkKe periaer CIIOKHbBIE
cuTyalunoHHble 3amaud. CTyneHT
XOpOoLIO  3HAKOM €  METoJaMu
UCCIIeIOBAaHMsI, HEOOXOTUMBIMHU IS
MIPAaKTUYECKOW  JEATENBHOCTH, U
yMEeT CBs3bIBaThb TEOPETUUYECKUE
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JecaTudanibHas
OlleHKA

IIarnoanabuas
OLICHKA

Onenka3a |O0masi xapaKkTepUCTHKA pe3yJbTaTa
3auer 00yuyeHus 0 TUCHUILINHE (MOYJII0)

ACIICKTHI Ipe€AMETa C IMPAKTUUCCKUMU
3aJadyaMu.

Y 10BJIIETBOPUTEIILHO

3auTeHo Crygent  oOnamaet 0a30BBIMU

y,I[OBJ'IeTBOpI/ITeJ'IBHO

3a4TeHo 3HAHUSIMU MO TUCHUILTMHE (MOYIIIO),
HO WCIBITBIBAET TPYJHOCTH TIpU
CaMOCTOSITENIbHBIX OTBETax u
UCIIONIB3YET HETOYHBIE
¢dbopmynupoBku. B xone oTBeTOB OH
JOTyCKaeT OLIMOKH, Kacaroluecs
cytd BompocoB. CTyIeHT crocoOeH
pemiate TOJIBKO CaMble MPOCTHIC
3aaun u BJIQJICET JIUTIIG
MUHHUMAJIbHBIM HAa0OpOM  METOJIOB
UCCIICJIOBAHMS.

He cnan

He 3auteno CTy,Z[eHT HEC OBJIAACII 00s13aTeNIbHBIM

He cnan

He 3auteno | MUHHUMYMOM 3HaHUW IO MPEIMETY U

He cnan

He 3auyteHo HEC MOXCT OTBCTUTb Ha BOIPOCHI,
AaKE CCIIKM NOpenoJaBaTciib 3aaacT
JOIIOJIHUTCIIBHBIC HaBOJAIIUC
BOITPOCHI.

Juctumimza (Moayib) «CTOXaCTUUECKUM aHaIN3) OLEHUBACTCS CIEAYIOUUM 00pa3oM:

AKTHBHOCTH Bec [KouyecTBo Onucanue

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

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

paboThI HY’KHO PEIIMTb 32 OTPAaHUYEHHOE BpeMs

JlaGopaTopHas 20% 2 [IpakTuueckoe 3a1anne, HaMpaBJIeHHOE Ha

pabora IIPUMEHEHNE TEOPETUUECKUX 3HAHUH NPU PELICHUH
KOHKPETHBIX 3a/1a4, BBIIIOJIHAEMOE 1101 PyKOBOJCTBOM
IpenojaBaTesis

3auert c onenkoit  |20% 1 KoHTponb TeopeTnyeckux 3HaHUH

®opmyJia pacyéra MTOroOBOi OLEHKH MO AUCHMILIMHE (MoayJe) «CToxacTHYecKHid
ananus3»: «0,4x cpennee 3a gomamHue 3amanus + 0,2X cpeaHee 3a KOHTPOJbHBIE PadOTHI +
0,2 xcpennee 3a 1aboparopHbie paboThl + 0,2 X 3a4eT ¢ OLIEHKOI.

Texkymmii KOHTPOJIb YCIIeBAeMOCTH 00y4YaI0LIUXCS 110 AMCHHUIINHE (MoayJIe)

IIpumepHbIe 3a1aHUA 1J1s1 J1Aa00PATOPHOH PadoThI

1.1 bpoyHoBckoe (BuHepoBcKoe) ABHIKEHHE
— CoaepikaHme: CreHEpUPOBATh TPAEKTOPUHU OJHOMEPHOIO U AByMepHOro BuHepoBckoro
Ipolrecca, MOCTPOUTh TUCTOTPaMMBbl KOHEYHBIX COCTOSIHUN U OLIEHUTh UX JUCIIEPCHUIO.
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— OxugaemMble pe3ybTAThl: I[0Ka3aThb JIMHEHHBIA POCT JUCIEPCHUU C BPEMEHEM,
MOJATBEPAUTh HOPMAIBHOCTh pacIpeneieHus mo3unuidi npu nomomu Q-Q-rpadMkoB U TECTOB
(Ianmupo-Yunk).

1.2 lIpouecc Ilyaccona

— Conepikanue: CMOJICTTUPOBATH COOBITHIHBIN MPOIIECC c MMOCTOSIHHOM
MHTEHCUBHOCTBIO A, TIOCTPOUTH TpadUK KOJMYECTBA COOBITMH B 3aBUCUMOCTH OT BpPEMEHH,
OLICHUTH A METOJIOM MaKCUMAJILHOTO IIPABIONO100US.

— Oxupaemble pe3yJbTaTbhl: CPAaBHEHUE SMIIMPUUYECKOIO PACHpPENEICHNUsS HMHTEPBAJIOB
MEX1y COOBITUSIMU C 3KCTIOHEHIIUAIBHBIM, OIIEHKA CPETHEKBAPATUYHON OIIUOKH OLICHKH A.

1.3 AR(1) u MA(1) moaesin

— Coaep:xkanme: CreHepUpOBaTh aBTOKOppenupoBaHHble (AR) M ckonb3simiue cpenHue
(MA) niporiecchl, MOCTPOUTEH KOPPEIOTPaMMBI, OIICHUTH TTapaMeTpsl p 1 0 gyepes MHK.

— Oxunaemble pe3yJbTaThl: BHU3YaJIN3UPOBAThH XapaKTepHYIO CTPYKTYpY
aBTokoppernsiuu: yoeBanue B AR(1) u «npenkok» B MA(1).

IIpumepHbIe 3a1aHNS 10 KOHTPOJILHOM padoTe

l.  cayuaiinoe bayscoanue : sl IPOCTOTO CUMMETPUYHOTO OIy>kaaHus Ha otpeske [0, a]
HaiiauTe (a) BEpOSITHOCTh BBIXO/A B TOUKY a, (b) cpenHee BpeMs BbIX0/1a, HAUMHAS U3 COCTOSIHUS 1;
CpaBHUTE I0JIyYeHHbIE (POPMYJIBI C pe3yJIbTaTaMU U3 TEOPUU.

2. BuHeposckuil npoyecc : TOKaxuTe, 4ro mporecc W(t) HMeeT He3aBUCUMBIC
npupanieHns u Macirabuposanue Ne W(t)=W(ct); UCIIOJIb3Ysl 3TH CBOMCTBA, BHIBEIUTE CBS3b C
pelIeHHeM ypaBHEHUS TEIIONPOBOJIHOCTH.

3. Mmapkosckas yenv : JTaHO MaTpUYHOE NpEJCTaBiIeHHE INepexonoBP mns nenu
U3 4 COCTOSHUN; HaWAUTEe CTAMOHAPHOE pACHpPE]CIICHUE, OIPEAEIUTe MEPUOJUYHOCTD U
BBIYUCIIUTE CKOPOCTh CXOJUMOCTH K CTALlHOHAPHOMY BEKTOPY (OLIEHKA Yepe3 BTOPOil 110 MOIYJIO
COOCTBEHHBIH CIIEKTP).

4.  nmyacconoeéckuii npoyecc : WCIONB3ysl HWHTEHCUBHOCTbA=3, Haiigure (a)
pacnpenenenrne 4uciaa coObITUH 3a uHTepBalt=2, (b) pacmpeneneHue BpeMEHH 0 IEPBOIO
npuObITHS, (C) CpeiHee pacCTOSTHUE MEXYy COCEAHUMHU COOBITHSIMU.

5. covy : pemmTe JIMHENWHOE CTOXaCTUYECKOE muddepeHnaibHOe
ypaBHeHHne dX=uX; dt+cX;dW;c Xo=1; 3amummre pemeHue B Buae Xi=...HU BbIUUCIUTE
MateMatnueckoe oxxunanue E[X(] u nucnepcuto Var[X(].

6.  ¢opmyna Hmo : npumenure ¢opmyny Hro k dynxkum g(t,X)=X7; Haigure
muddepennmanbayo  hopmy dg(t,X) 1 uHTErpupyiiTe €€, TMOIy4YuB BBIpaXEHUE IS X B
Tepmunax [X dW.

7.  uucnennoe  Mmolenuposamue .  pealusyute  merony  Oinepa-Uto  nmms
ypaBHeHust dX=0.5 dt+X; dWHa [0][1] ¢ At=0.01; mocTpoiiTe 5 He3aBHUCUMBIX TPAECKTOPUN H
OLICHUTE CPEHEKBAIPATUYHYIO OUIMOKY IO CPAaBHEHUIO C AHAJTUTUUECKUM PELLIEHUEM.

IIpumepHbIe JOMaNIHUE 3aIaHUS

1. mammmmte Qyskmuioo random_walk(p, n) — cUMyJSIUMIO TPOCTOTO ONYXKIaHUS C
BEPOATHOCTHIO IlIara BIIPaBO p HA N IIArOB; BHU3YAJIU3UPYWTE OJHY TPAaE€KTOPHUIO M IOCTPOBTE
TUCTOrpPaMMy KOHEUYHBIX MO3HIIHH.

2. peanusyiiTe reHepalMio BUHEPOBCKOTO IMpoIlecca C MOMOIIbI0 MeToJa OpOYHOBCKOTO
JIBUKEHUS] (HOpMaJIbHBIE MPHUPAIICHHS) U CPaBHHUTE MOJy4YEHHbIE TUCKPETHBIE TPACKTOPUHU C
TeopeTndeckuM pacrpeneneauem N(0,t).

3. MOCTpObTE MaTPHUIly MEPEXOJ0B JUIsi MAPKOBCKOW IEeNu M3 S COCTOSIHUN, 3aJaB
IPOM3BOJIbHBIE BEPOSTHOCTH, YOUTECH, UTO KaXKJ1asi CTpOKa CyMMUpYeTcs 110 1; HaliauTe CeKTp
MaTpHULIbI U OIPEJEIINUTE, SIBISIETCS JIH LTI SPrOINYHOM.

DJIEKTPOHHBIN JOKYMEHT



4. cMOIeTUpPYHUTE MyacCOHOBCKUM MPOIECC C MHTEHCUBHOCTHIO A=2 Ha uHTepBayie [0][5] ¢
nomoIsio GyHkIK np.random.exponential; noctpobte rpaduk ynciaa coObBITUN BO BpEMEHH U
CPaBHHUTE YMIUPUUYECKYI0 HHTEHCUBHOCThH C 3a/IaHHOM.

5. peanusyiite CTOXaCTUYECKUI HUHTETpall Uro JoT W, dW, st 3aJaHHOTO
yTH W, (MCTIONB3YHTE JIEBBIN Pumanckuii CyMM); CpaBHUTE pe3yJsbTaT c
anaimutudyeckuM 2 (W_T2-T).

6. pemuTe 3amady Bbixoma w3 orpeska[0][10] s  cuMMmeTpuyHOTO  OYyKIAHUS,

HAYaJILHOTO COCTOSHUS 1=3, HCIIONIB3YsI METOJI OTPAKEHUST; IPOBEPHTE MOTyUICHHYIO BEPOSTHOCTh
BbIx0/a B 10 uepe3 cumyssinuio 10 000 TpaekTopuid.

7. MpOBEAUTE  JKCIEPUMEHT ¢  MeroJoM  Odinepa-Uto  ayng  HEIWHEWHOTO
CHY dX=—X¢ dt+0.5 dWy; uccnenyiite 3aBUCUMOCTh CPETHETO KBAaJIPATUYHOTO OTKJIOHEHHS OT

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

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

8. BBIIIOJIHHUTE I'ayCCOBCKYIO

perpeccuro
MPEACKAKUTE

(RBF-s1p0)
3HAUCHUE

JIOBEpUTENbHBIN UHTEPBAT 95 % U CPaBHUTE C UCTUHHBIM 3HAUECHUEM.

JUIST
B x=0.75,

CHUHTETHYECKUX
IIOCTPOMTE

33}13]—[1/15[ IJIdA l'lpOMC)KyTO‘lHOﬁ aTrTeCTallui 1Mo JTMCHMIIVIMHE (MO}]y.]'IIO)

Ne 3amanmue OTBeT Kommerennns

n/n

1. Uem xapakTepHu3yeTcs paclpeaeiicHue PaBHOBeposITHBIE TEpEMELICHUS YVK-1
ara B MpoCTOM CHMMETPUYHOM BJICBO/BIPABO
CITy4YaiiHOM OJTy»1aHuu?

2. Kaxoli HenpepbIBHBIN MpoIiecC BOZHUKAET Buneposckuii npouecc / OIIK-1
KaK mpeie’ HOPMUPOBAHHOTO bpoyHosckoe nBikenne
CITy9aifHOTO Oy X maHus?

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

4. Kakue nBe pyHKIIMH MOTHOCTBHIO Marematndyeckoe OXKUIAHUE U OIIK-1
ONPEAEISIOT TayCCOBCKUI Tporiecc? KOBapHallMOHHas PyHKLMs

5. Kaxum 06pa3om rayccoBckasi perpeccust Jiist 6alfiecOBCKON ONTHMHU3AIH [K-1
IIPUMEHSETCS B 33]1a4aX MalIMHHOTO U PETPECCHOHHOTO aHAIHM3a
oOy4deHns?

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

7. [Ipu xakom ycioBuu uenb MapkoBa OproguuHoCcTb / YK-2
0071a1aeT €MIMHCTBEHHBIM CTAIIHOHAPHBIM Henpusoanmocts u
pacrpeieneH em? anepruoINIHOCTb

8. Kaxoil 13BeCTHBII AIrOPUTM UCIOJIB3YET PageRank [K-1
CTaIFIOHAPHOE paclpeesieHne e
MapxoBa 1l paH)KUPOBaHUA?

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

10. | Kaxoit MmeTon ucrionb3yeT nenu MapkoBa Mounre-Kapio Ha mernsx OIIK-1
JUTSL BBIOOPKH U3 CJIOKHBIX Mapkosa (MCMC)
BEPOSATHOCTHBIX PaCIpeeNICHUI?
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11. | Kak pacmpesaeneHbl BpeMCHHBIC OKCMOHEHIIMAIBHOE OIIK-1
MHTEPBAJIbl MEKAY COOBITHUSIMU B pacIpeeICHuC
mporecce [lyaccona?

12. | Kakoe crnaraemoe otiimuaet popmymy Mro Bropoe nopsinka cnaraemoe YK-1
OT KJIACCHYECKOTO IPaBUiIa (V20gwdt)
nmuddhepeHnrpoBanus GyHKIAN?

13. | Ilouemy mpu nocTpoeHun uHTerpana Mro Jl1a coxpaHeHus CBOWCTBA YK-2
BBIOMpAETCs JieBas rpaHuIla HHTEpBaia MapTHHIaJla / He3aBHCHMOCTH
pas6uenus? NpHpAIEHnH

14. | Kakoe ypaBHeHHE ONMCHIBAET SBotoNHi0 | YpaBHeHue Doxkepa-Ilnanka / OIIK-1
TJIOTHOCTH BEPOSTHOCTH BO BPEMEHU IS Ipsmoe ypaBHeHue
nudPy3rnoHHOro Mporecca? Konmoroposa

15. | Kakoii croxacTrueckuii mporecc [Iponiecc OpHimTeitHa-Y meHOeka OIIK-1
MOJEJIUPYET BO3BPAILECHUE K CPEAHEMY
3HaYEeHHIO?

16. | Kakas mopaenp gaie Bcero mpuMeHseTcs I'eomerpuueckoe 6poyHOBCKOE YK-2
ISl ONUCAHUS TUHAMUKHU LIEH aKIUi? JBWKCHUC

17. | Kakoii kiacc reHepaTHBHBIX HelpoceTei Diffusion Models / IK-1
OCHOBaH Ha 00pallleHUN CTOXACTHYECKOTO Auddysuonneie Mogenn
nmud dy3noHHOTO Tporiecca?

18. | Kakas guciieHHas cxeMa o0ecIeduBaeT Cxema Ditnepa-Mapysimbl OIIK-1
CHJIbHYIO CXOJIMMOCTb MIPU PEIICHUH
cay?

19. | HazoBuTe mporpaMMHyt0 OHOJIMOTEKY PyMC / TensorFlow Probability [K-2
Python nns BeposiTHOCTHOTO / NumPyro
NPOrpaMMHUPOBAHUS H CTOXaCTHYECKOTO
MO/JICITUPOBAHUSI.

20. | Kak meToap! cTOXaCTHYECKOTO aHaIn3a MonenupoBaHHe BEpOSTHOCTEN YK-1

MTOMOTAOT B OIIEHKE PUCKOB TEXHUYECKOU
CUCTEMBI?

OTKa30B U HEMPEJICKA3yeMbIX
Harpy3oK
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