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1. Kparkas xapakTepucTHKA JHCHUIIUHBI (MOAYJIs1)

Pabowas mporpamma gucuuruimHabel (Moxayinsi) «Ctoxactuueckue audQepeHIraIbHbIe
YPaBHEHMs» COCTaBJIEHA B COOTBETCTBHHM C (eiepalbHbIM IrOCyIapCTBEHHBIM 00pa30BaTEIbHBIM
CTaH/IapTOM BBICIIETO 0Opa3zoBaHus — OakanaBpuar no cnenuansHoctu 02.03.01 MaTtemaruka u
KOMIIbIOTEPHBIE HAaYKH, Tpo¢puiib PazpaboTka, yTBep kK IeHHbIN IPUKa30M MUHUCTEPCTBA HAYKH U
BeIciero oOpasoBanust Poccuiickoit deneparmu Ne 807 ot 23.08.2017 roxa.

Nzyuenne nuctumiuusbl (Moaynsa) «Croxactuueckue AudQepeHnraabHble YpaBHEHUS»
o0ecrieynBaeT TIyOOKOe MOHMMAHHE CTOXACTHYECKUX IPOILECCOB, KOTOPBIC JIe)KAaT B OCHOBE
COBPEMEHHBIX MaTeMaTHYECKUX MOJEJEH, MCIOIb3yeMbIX Ul aHalIu3a HEONpeAeNEHHOCTH U
CIIy4alHOCTH B CJOXKHBIX CHCTEMax. OTa JAUCLUUIUIMHA CIIOCOOCTBYET Ppa3BUTHIO HABBIKOB
KOMIIBIOTEPHOI'O MOJEIMPOBAHUS M CHUMYJSALUM CIy4alHbIX SBICHUH, YTO KPUTUYHO IS
NpUMEHEHHS B 00JIacTAX, TAKUX KaKk (PMHAHCOBBIN aHAJIN3, MAITMHHOE 00y4YeHHE, OT TUMH3AIIHS
QITOPUTMOB U obecrieueHue MHGOPMALMOHHON O€30IIaCHOCTH, TI€ TOYHbIE NpEJCKa3aHUs U
yIpaBJIeHUE PUCKAMH HEBO3MOXKHBI 0€3 yuéTa CTOXacTH4YeCKUX (pakTopoB.

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

Hacrosimas nucuumnianHa (MoayJib) BKIOYEHA B Y4EOHBIH IJ1aH 110 POrpaMMe MOArOTOBKU
OakanaBpuata mo HampasieHuto 02.03.01 MaremaTtuka U KOMIIBIOTEpHBIE HAYKU, MPOQPHIIH
PazpaboTka W BXOAMT B BapHaTUBHYIO YacTh bioka 1, dopmupyemyio ydacTHHKaMH
00pa30BaTeNbHbIX OTHOIICHUH.

JucnumimHa (MOayIb) sIBJs€TCS BBIOOPHOM M JOCTYIHA /ISl U3y4yeHus Ha 3 uim 4 Kypce
B 6, 7, 8 ceMecTpax Ha BBIOOD.

LHeap  u3yyeHuss  JMCHMUIVIMHBI  (MoayJsi):  GOpMUpOBaHHME Y  CTYAEHTOB
(GyHIaMEeHTalIbHBIX 3HAHUNH O MaTeMaTHYECKUX MOJENAX CTOXaCTUYECKUX IMPOILIECCOB, BKIHOYAS
METO/IbI aHAJIN3a U PELIEHUs CTOXAaCTHUECKUX AU hepeHInaIbHBIX YPAaBHEHUMH, ISl IPUMEHEHUS
B 33J1a4aX KOMIIBIOTEPHOI'O MOJIEITMPOBAHMUS.

3agauun u3y4eHust JMCHUILIMHBI (MOIYJIS):

— O3HAKOMWTH CTYACHTOB C OCHOBHBIMHM IOHSTHSAMHM U METOJAaMU CTOXAaCTUYECKOTO
aHaJIM3a, BKJIIOYas cToxacThuueckue quddepeHnaibHble ypaBHEHUS U UX CBOMCTBA,

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

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

— c@opMuUpOBaTh HAaBBIKM KPUTHYECKONW OLEHKM U HHTEPHIpETali pe3yJbTaToB
CTOXAaCTUYECKOT0 MOJIETMPOBAHUS C YUETOM 0COOEHHOCTEH CTOXaCTUYECKUX MPOLIECCOB.

B pe3yabTare 0cBOCHUS IUCHUILIAHBI (MOYJIfA) 00YYAKOIIMIACS JOJIZKEH::

3Hamb:

— OCHOBBI TEOPHH CIIYYaHBIX ITPOLIECCOB.

— ompeneneHrne OPOYHOBCKOTO JBMKEHUS U BHHEPOBCKOTO MPOIlecca.
— TIOHSTHE CTOXAaCTUYECKOro nHTerpana Uro.

— ¢opmyny Uto u e€ npuMeHeHue.

— ocHOBHbIE KJ1acchl CJIY 1 METObI MX pELICHHUS . ;

ymembv:

— CTPOUTH NMPOCTHIE CTOXACTUUECKUE MOJIEIH.

— mnpuMeHsTs hopmyny Uto ams mpeodpazoBaHuUs IPOIECCOB;
— pemwatb JuHeHeie C/1Y;

— MOJEJINPOBATh CIIy4YalHbIE MPOLECCHl YUCIEHHO;

— ananusupoBath pemerus C/1Y B GUHAHCOBBIX MPUITOKCHUSX
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eénaoemsp:
— HaBBIKAMH pabOThI C CTOXaCTUYECKUM HCUHUCIICHUEM;

— wmerogamu yuciennoro pemieanst CY (wa Python/R);

— TEPMHUHOJIOTHEW TEOPUHU CITyYaiHBIX MPOIIECCOB,;

— OCHOBaMH MOJETHPOBaHMA B (UHAHCAX (HAIpUMEp, T€OMETPHUECKOEe OPOYHOBCKOE
JIBIKCHUC);

— MPHUHIUIIAMH OCTPOSHHS MAPTHUHTAJIOB.
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2. IlepeyeHb MIAHUPYEMBIX Pe3yJIbTATOB 00y4eHUs

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:

Komnerenuus Conep:xanue Nuauxkarop IlepeyeHpb MIAHMPYEMBIX
KOMIIeTeHII U KOMIIETeHIIN U pe3yJbTaTOB 00y4eHus Mo
JUcCHUIIMHE (MOTYJIIO)

VK-1. Crocoben VK-1.1. 3HaeT METOALI IOMCKA U aHaJIN3a
OCYIIECTBIISTH ITOUCK, nHpopMaIy B 001aCTH pa3pabOTKH,
KPUTHYECKAN aHaIINu3 U OCHOBHBIE TIPUHIIUTIBI KPUTHYECKOM
cUHTe3 HH(popManuy, OIICHKY UCTOYHUKOB MH()OPMAIIUU U UX
MIPUMEHSATH CUCTEMHBIH peJIeBaHTHOCTH.

MOAXOA ISl peLICHUS YK-1.2. YMeeT KpUTHYECKH OLICHHBATh

MOCTaBJICHHBIX 3a/1a4 UCTOYHHMKHU MH(DOPMAIIUU U
CHUHTE3UPOBATh JAHHBIC U3 PA3TUIHBIX
VMCTOYHHUKOB IS pENICHUS 3a/ad,
MIPUMEHATH CUCTEMHBIH IMOIX0 K
aHaJM3y ¥ PEIICHUIO KOMITIEKCHBIX
pooseM

YK-1.3. Nwmeet npakTudeckuii OmbIT paboTHI C

COBPEMEHHBIMU MHCTPYMEHTAMH U
TEXHOJIOTHSAMH U 00pabOTKU
nH(popMaIuu, GOpMyINPOBAHUH H
CTPYKTYPUPOBaHUH 3a]1a4 Ha OCHOBE
NOoJy4eHHOH nHGOopMaIu

YK-2. CriocobeH onpeiensTh YK-2.1. 3HaeT JeCTBYIONINE PAaBOBbIE HOPMEI,
KPYT 337249 B paMKax PETYIHPYIONIUE IEATEIILHOCTD B
MOCTaBIICHHOH LIEJIN U1 00J1acTH penIieHus 3a/1a4, OCHOBHBIC
BBIOUpATH METO/IbI ¥ TIOAXOBI K OTIPEIEIICHUIO
ONTUMAJTBHBIE CIIOCOOBI Kpyra 3agad
WX pEIIeHUs], HCXOJIS U3 YK-2.2. YMeeT onpenensaTs Kpyr 3a/1a4 B paMKax
JIEUCTBYIOIIUX MIOCTABJICHHOH 11€JTH, BEIOUPATh
MIPAaBOBEIX HOPM, ONITUMAJIbHBIE CIIOCOOBI pelieHHs 3a1a4,
UMEIOIINXCS PECYpCOB U YYUTHIBast UMEIOITUECS PECYPCHI H
OTpaHUYECHUI OIPaHUYCHUSA

YK-2.3. NwmeeT npakTU4ecKuii OmbIT
MIPUMEHEHUS 3HAHUH O TIPaBOBBIX
HOpMax M pecypcax B peallbHbIX
CUTYyalUsX, pa3pabOTKU U peaan3anun
pEllIeHU B COOTBETCTBUH C
YCTaHOBJICHHBIMH OTPaHUUYCHUSIMHU
OIIK-1. Crioco0€eH HaxOdUTh, OIIK-1.1. 3HAaeT OCHOBHBIE METOIBI U MMOAXOIBI K
bopMynupoBaTh U PEIICHHIO 3aj1a4 TIPUKJIATHON U
peliaTh aKTyaabHbIE U KOMITLIOTEPHON MaTeMaTHKH, BKIIFOYas
3HAYUMBIE TIPOOTIEMBI AITOPUTMBI, MATEMATHIECKOE
MPUKJIAHON U MOJICIIUPOBAHUE U TEOPHIO
KOMITBIOTEPHON ONITUMH3AIINH, & TAKIKE COBPEMECHHBIC
MaTeMaTHKH WHCTPYMEHTHI H TEXHOJIOTHH,
HCTOJIb3YEMBIE B 3TOH 00J1aCTH
OIIK-1.2. YMeeT aHanu3upoBaTh U
(hopMyITMpOBaTH MATEMATHUECKUC
3aJa4u, IPUMEHITH COOTBETCTBYIOIIUE
METO/IbI ¥ AIITOPUTMBI JIJISl KX PEIIeHHUS,
a TaKKe MHTEPIPETUPOBATH U
MIPEJICTABIISITh PE3YAbTATHI B IOHITHOHN H
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JIOCTYITHOM popme

OIIK-1.3. Hmeer npakTHUECKUI OMBIT paOOTHI HAJ
MPOEKTaMHU WU 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 MHTEPIIPETaluH JaHHBIX
[K-1.2. YMeeT MpoBOAUTh CUCTEMATHIECKIIA
aHanmM3 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()OPMAIIMOHHON U
TUTIOBBIE 33/1a91 oubrorpaduyeckoil KyIbTypsl, a
npodecCHOHANTEHON TaKXe MPUHIMITEI HTHPOPMAIIMOHHOH
JIeSITEIbHOCTH B 0€30MacHOCTH W IPUMEHEHHUSI
obnactu pa3paboTKH, nH()OPMaMOHHO-KOMMYHHKAIIMOHHBIX
oIupasich Ha TEXHOJIOTHH B TPO(ECCHOHAITBLHOM
UHQOPMAITMOHHYIO 1 JeSITENIbHOCTH
oubnuorpaduveckyro IK-2.2. Ymeer 3¢ hekTHBHO UCTIONB30BATH
KyJIbTYpPY, UCTIONIB3Ys nH(pOPMaMOHHO-KOMMYHHKAIIHOHHEIE
UHQOPMaIIOHHO- TEXHOJIOTHH JIJISl PEILICHHs] CTaHIapPTHBIX
KOMMYHHKAIIHOHHBIE 3aja4 podeccHoHaIbHON
TEXHOJIOTUH U JeATeNIbHOCTH, YUNThIBas TpeOOBaHUS
YYUTHIBast OCHOBHBIE nHpOpPMaLMOHHON 0€30MacHOCTH
TpeOoBaHUs IK-2.3. Nwmeet ombIT paboThI €
UH()OPMALMOHHOM nH()OPMAMOHHBIMU pecypcaMy U
0e3onmacHOCTH TEXHOJIOTHSIMU B 00J1acTH pa3paboTKH,

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

Nen/ TpynoeMKocTh, akageMH4YecKHe Yachl
n HaumenoBanue Ounas ¢popma TKY
pa3aena THCOUIIITHHBI KonraxkTHas (Tekymui
(Monyas) pabdoTa Komrpos CamocrosiTesb KOHTPOJIb
Jlekuun | Cemunap Hasi paboTa ycmeBaeMocTu)
bl
1 Beenenue B cimyuaitabie 2 4 7 JlomariHee 3amaHue
npouecchl. bpoyHoBCckoe ITonroroBka k
JBIDKEHHE CeMHHapy
2 Buneposckwuii npouecc u 2 4 7 JlomanHee 3agaHue
€ro CBOMCTBa
3 CToxacTHYeCKH HHTETPall 2 4 7 Jlomarraee 3amanme
Hro KontponbsHas
pabora
4 ®opmyna Uto u e€ 2 4 7 JlomarntHee 3amaHue
[IPUMEHEHUE Kontponbphas
pabota
5 JIunelHsie 2 4 7 Jlomaninee 3aganue
CTOXaCTHYECKUE [NoxroroBka
nddepeHInanbHbIe ceMHUHapy
ypaBHCHUS
6 YucieHHbIE METOIBI 2 4 7 IToxroroBsxka k
pemenus CIY (cxema CeMUHapy
Diinepa)
7 Mojenu ¢ npbbKKaMu 2 4 7 Jlomarninee 3aanue
(mpoteccrr Jlen) KonTponbnas
paboTa
8 [Ipunoxxenus B puHaHCAX: 2 4 7 Jlomarinee 3ananue
mozenb biska-1lloymnza Kontponbshas
pabota
9 MapTuHTansl 1 UX 2 4 7 Jlomariaee 3ananue
CBONCTBa IToaroroska k
CEMHUHApY
10 | YpaBuenue ®@okkepa- 2 4 7 [Noxroroska
Ilnanka CEMHHapy
11 CroxacTudeckas 2 4 6 Jlomarnnee 3aanue
YCTOMYHBOCTH Kontponbshas
pabota
12 | Muoromepusie CIY 2 4 2 6 JlomariiHee 3a1aHue
KoHntposnbHas
pabota
13 | Llenu MapkoBa u UX CBSI3b 2 4 6 Jomarnee 3agaHue
cCY [Toxaroroeka k
CEMHUHApY
14 | IIpakTHKyM 110 4 8 6 [lonroroska k
YHCIICHHOMY CeMHHapy
MOJISJIMPOBAHHIO
3auem ¢ oyeHKoIl 4
Hmozo: 30 60 6 94
Oovem oucyunaunst (mooynsn) (6 190
ax. u.)
Obvem Ooucyunaunvt (mooynsn) (e 5

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

Nen/m | HammeHoBanue pasjiena Conep:xanue TUCHUIUTHHBI (MOYJIs1) IO TeMaM
JMCHMIJIMHBI (MO1YJIs1)

1 BBenenue B ciyvaiinbie Onpenenenne cmydaitHoro nporiecca. [[puMepsr: myaccoHOBCKHU
mporieccsl. bpoyHoBCcKoOe poriecc, OpoyHoBCcKoe aBrkeHne. CBoCTBa OPOYHOBCKOTO JTBUKECHHUS:
JBUKEHHE HE3aBHCHMOCTb MpHUpaIleHUI, HEPEPBIBHOCT TPACKTOPUH.

MonenupoBanne 6poyHOBCKOTo ABMKeHUS B Python (6ubmmoreka
numpy). HaBhIK: reHepanyst TpaeKTOpuil, BU3yaan3alusl.

2 Buneposckwuii npouecc u ®dopmanbHOE OompeieTIeHre BUHEPOBCKOTO Mpoliecca. MapKoBcKoe
€ro CBOWCTBA cBoiicTBo. Teopema 0 HempepbIBHOCTH TpaekTopuil. HaBbIk: mpoBepka

CBOWCTB Ha CMOJICIMPOBAHHbIX IaHHBIX.

3 Croxactuueckuit maTerpan | Onpenenenne HHTErpana Mto s mpocThix mporeccoB. CpaBHEHHE C
Hro unrerpaiom CrparonoBuya. [Ipumeps Beraucienus: $\int_0Mt W_s,

dW_s$. HaBbIK: YHCICHHOE BHIYMCIICHUE CTOXACTHUYECKUX MHTEIPAJIOB.

4 ®opmyna Uto u eé dopmynupoBka Gopmyist Uto ams ckansproro ciy4vas. [Ipumepsr:
NpUMEHEHHE $d(e™{W_t}H$, $d(W_t"2)$. IlpumeHenue B hHUHAHCAX: TEOMETPHUYECKOE

OpoyHOBCKOe ABIXKeHUE. HaBbIk: penieHune 3a1ad Ha mpeoOpa3oBaHue
IIPOLIECCOB.

5 Jluneitapie Jluneitapie CAAY: $dX t=a X t,dt+b X t, dW _t$. Pemenue
CTOXaCTUYECKUE METOJIOM HHTETpHpyrolero MHoxuTens. [Ipumep: moaens OpHinTeiiHa-
muddepeHInaTbHBIC Vnenbeka. HaBblk: aHamUTHYECKOE PELICHUE U MOJICITMPOBAaHUE.
YpaBHEHUS

6 HucrneHHbIE METOBI SIBHas u HesiBHAs cxeMbl Jinepa. CXOIUMOCTh U YCTOMYHUBOCTb.
pemenns CIY (cxema Ipaktuka: peanusarus Ha Python mist ypasaenns $dX t =\mu X_t, dt
Diinepa) +\sigma X_t , dW_t$. HaBbIk: HanMcanue Koja Ui YUCIEHHOTO

pelIeHHS.

7 Mogenu ¢ IpbDKKaMH Beenenue B nporecchl JIeBu: cOCTaBHBIE ITyaCCOHOBCKHUE MTPOLIECCHI.
(npoueccer JleBn) Mopnens MepToHa (ckaduku B 1leHax akiwuii). HaBeik: MosienupoBanue

polecca ¢ IPbDKKaMH.

8 [Ipunoxenus B hpunancax: | BeiBoa ypasaenus biska-1lloynza uz CIY. ®opmyia nenoodpa3oBaHus
mozens binka-Illoynsa onioHoB. HaBbIK: pacueT 1ieHsl onmuona B Python.

9 MapTtuHransl 1 ux Onpenenenne MmapTurrana. [Ipumepsl: BUHEpOBCKUII po1iecc,
CBOMCTBa croxactuueckuit uaTerpan. Teopema J[y6a (o ocranoBke). HaBbik:

[IPOBEPKa MapTHHIAJILHOTO CBOMCTBA.

10 YpaBHeHue Pokkepa- Casi3p C/1Y 1 ypaBHEHMI B YaCTHBIX MPOM3BOIHBIX. Pemenne

ITnanka ypaBHeHust Dokkepa-Ilnanka s npocTeix cirydaes. HaBbik: anaims
IJIOTHOCTH pacnpenenenus pemenus C/Y.
11 Croxactuueckas Onpenenenne ycroiunsocTtH 1o Jlismynosy i C/Y. Kpurepun
YCTOMYHBOCTh ycroiunBocTd. [Iprmeps! u3 Gusnkn (croxacTudeckue KoueOanus).
HaBbIK: OlleHKa yCTOMYMBOCTH YHCIEHHBIMU METOIaMHU.
12 Muoromepusie CIIY Cucremst C/1Y: matpuunas 3anuck. KoppenupoBanHbie OpOyHOBCKHE
newxkenus. [pumep: mogens Xecrona. HaBelk: MozenpoBanue
JIBYMEPHBIX MPOIIECCOB.

13 Henu MapkoBa u ux cBs13p | Onpenenenue nen MapkoBa: JUCKPETHBIE U HETIPEPBIBHBIE CITydYau.

cCAY [Tepexoanbie BeposiTHOCTU U MaTpuia nepexoaoB. Ceszs ¢ CAY:
anmMpOKCUMAIHS JUCKPETHBIMHU TIpoIieccaMu (Tpumep: OMHapHbBIE
Mojienn). OUHAHCHL: KpeauTHBIE pedTHHTH (Mozeas Jarrow-Turnbull).
Anroputmsr: PageRank, MCMC. HaBbik: MOJenMpOBaHUE LIETH
Mapxkoga B Python (6ubsmmoreka networkx wiu numpy).

14 IIpakTrkym o Pemrenne peanbHbIX 3ama4: KamnOpoBka MOJIENH 110 JAHHBIM.
YHCIEHHOMY Ontumusanus napamerpoB. HaBbik: paboTa ¢ pealbHBIMU JaHHBIMU
MOJIETHPOBAHHIO (KOTUPOBKH aKkUuii).
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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.

Ocnognasa numepamypa:

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

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

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

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

aHanu3a : yueOHuK mia By3oB / B. M. KpyrinoB. — 2-e u3z., nepepad. u gon. — Mocksa :
WznatenberBo FOpaiit, 2024. — 280 ¢. — (Bricmiee oopa3osanue). — ISBN 978-5-534-02086-1.
— Teker : osnextpoHHbli // OOpa3oBarenbHas matgopma IOpaiit [caiit]. — URL:

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

4. KoxeBuukoBa, 1. A. CToxactTuueckoe MOACIUPOBAHKE TTPOILIECCOB ;| YUEOHUK JIJIs BYy30B
/ 1. A. KoxeBnukosa, U. I'. XKypbenko. — 2-e u3za., nepepad. u gon. — Mocksa : M31aTenscTBo
FOpaiit, 2025. — 148 ¢. — (Bsicmee obpazosanne). — ISBN 978-5-534-09989-8. — Texker :
NeKTpoHHBIH  //  OOpazoBarenbHas  matgopma  FOpaiir  [caiit]. —  URL:
https://urait.ru/bcode/563642.

5. Myparosa, T. B. [ludpdepenunanbabie ypaBHeHUs : yYeOHUK U MPAKTUKYM JUIsI BY30B /
T. B. MyparoBa. — Mockga : M3garensctBo FOpaiit, 2025. — 524 c. — (Briciiee oOpa3oBaHue).
— ISBN 978-5-534-19174-5. — Texcrt : anexkTpoHHBIH // OOpazoBaTtenbHas matdopma FOpaiit
[caiiT]. — URL.: https://urait.ru/bcode/560212.

Hononnumenvnan 1umepamypa:

1. IllupsieB, A. H. OcHoBbl croxacTuueckoi (punaHcoBoil marematuku. T. 1 : DaxThl,
moznenu: B 2 1.: Coopuuk HayuHbix TpyaoB / llupses A.H. - Mocksa :MIITHMO, 2016. - 440 c.:
ISBN 978-5-4439-2391-5. - Tekct : AJIEKTPOHHBIN. - URL:
https://znanium.com/catalog/product/970044.

2. I'paxem P., Kayt Jl., [Tarammank O. KonkpetHas maremarnka. MareMaTHUECKUE OCHOBBI
uHpopmatuku. — M. : Bunbsmc, 2009. — 784 c.

6. MaTepuaabHO-TEXHHYECKOE 00ecTeyeHne

VYHUBEpCUTET pacmojaracT MaTepHaIbHO-TEXHUYECKOH 0a30if, COOTBETCTBYIOLICH
JENCTBYIONIMM MPOTUBOIIOKAPHBIM IIPAaBUJIaM U HOpMaM U OOecreunBarolieil MpoBeIeHnEe BCeX
BUJOB JUCLUUIUIMHAPDHOW W MEXIWCUUIUIMHAPHONW ITOATOTOBKH, IPAKTHUYECKOH M HAYy4HO-
HCCIIEI0BATEIbCKOM paboT 00YyUaIOMUXCsl, IPETYCMOTPEHHBIX YICOHBIM IIJTAHOM.
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[TomereHus1, KOTOpBIE MPEACTABISAIOT COO0H yueOHbIE ayIUTOPUH [Tl POBEACHUS 3aHATHI
JCKIIMOHHOTO  THIA, 3aHATHA CEMHHAPCKOro (MPAaKTUYECKOro) THIMA, TPYIIOBBIX H
WHAUBUAYAIbHBIX KOHCYJIbTALMMA, TEKYIIIETO KOHTPOJISI U MPOMEKYTOUHON aTTECTAIllH, a TaKkKe
MOMEIIEHUS JUISI CAMOCTOSTEIILHOM paOO0Thl M IOMEIICHHUS JJIsI XPAHCHUS U TPOPUITAKTHIECKOTO
oOciyxuBaHusi yaeOHoro o6opynoBanus. [lomenienrs yKOMIIEKTOBAHbI CHEIUAIN3UPOBAHHON
MeOeIbI0 U TEXHUYECKHMHU CPEICTBAMH OOYUYEHHsI, CIYXKAIlUMH Ui TPEACTaBICHUS Y4eOHOH
nHpopMaIuu OOJIBIION ayAUTOPHUH.

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

— CTOJIaMHU U CTYJIBSIMHU;

— KOMITbIOTEPHON TEXHUKOM;

— MEXaHWYECKUMU KalIbKyJIsATOpaMHu,

— CIEUHMaTU3UPOBAHHBIM 000PYIOBaHUEM, BKIIIOUAsl JEMOHCTPALlMOHHOE 000pYyI0BaHUE.

[TomerieHus 4711 CaMOCTOATENBHOM pabOTHl 00y4YarOIINXCsl, B TOM YUCIIE IPUCTIOCOOTICHHBIE
JUISL MCTIOJNb30BaHMs MHBAIUIAMH M JIMLIAMU C OTPAHMYEHHBIMA BO3MOXXHOCTSMH 3J0POBBS,
OCHAIIIEHBI KOMIBIOTEPHON TEXHUKOH C BO3MOXKHOCTBIO MOIKITIOYCHUS K ceTu «HTepHeT» H
o0OecriedeHHEeM  JIOCTyla B  JJIEKTPOHHYIO  HH(GOPMAalMOHHO-00pa30BaTEeNbHYIO  Cpely
YHuBepcurera.

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

Ne HaumeHnoBanue nmopraa CcbLika
(u3naHus, Kypca, I0KyMEHTA)
1. | Hayunas snektponHas 6ubnuoreka elibrary.ru https://elibrary.ru/defaultx.asp
oubnmoreka
2. Bbaza mausbix g | T-cnemuanucros https://habr.com
3. Basza gauaeix ScienceDirect https://www.sciencedirect.com
4. | OdunmanbHbIi caiT MUHUCTEPCTBA HAYKH U https://minobrnauki.gov.ru/

BEICIIIEro oopasoBanus Poccutickoit deneparuu

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

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

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

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

[lepeueHr WHDOPMAIIMOHHBIX TEXHOJOTHH, WCIOIB3YEMBIX TIPU  OCYIIECTBICHHUH
00pa3zoBaTeNbHOTO MpoIlecca Mo AUCIUIUIMHE (MOIYJIE), B TOM YHCIIE KOMIUIEKT JTUIIEH3HOHHOTO
MpPOrpaMMHOTO  OOecleueHus, COBPEMEHHble mpodeccHoHanbHble 0a3bl  JaHHBIX U
MH(OpPMaILMOHHbBIE CIIPABOYHbIE CUCTEMBI:

HaumenoBanmne 110 IIponsBoacTBoO JInnensuonnoe / cBOGOIHO
pacnpocTpaHsiemoe

OnepanuoHHbIE CHCTEMBI:
Microsoft Imagine (Windows Client, Server) | sapyGexsoe | muuensnonHOe
BpaysepsI:
SAnnekc.bpaysep OTEUYECTBEHHOE | CBOOOIHO paciupocTpaHsieMoe
Google Chrome 3apyOexHoe cBOOOJTHO pacpOCTpaHsIeMOe
OducHble NPUITOKEHUS:
Microsoft Imagine (Visio, OneNote) 3apy0exKHOe JIMIEH3HOHHOE
TeXstudio 3apyOexKHOE CBOOOHO pacIpOCTpaHsIeMOe
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Adobe Acrobat Reader | 3apyOexkHOE | CBOOOHO pacIpoCTpaHsIeMOe
IporpamMmHoe oGecnievyeHune 15l IVIAHMPOBAHHUS M YY€TAa BPEMEHM:

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

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

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

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

Koncynprantllimioc: cipaBogyHO-TIpaBOBast OTEUECTBEHHOE | JINIIEH3MOHHOE
cucTeMa

CpencrBa aHTUBHPYCHOM 3aIIMTHI:

Kaspersky Endpoint Security amnst 6usneca OTEUYECTBEHHOE | JIMIIEH3UOHHOE

Crangaptabiii Russian Edition
Cpenbl pa3padoTKu:

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

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

Zotero | 3apyOexKHOE | CBOOOIHO PaCIPOCTPaHAEMOE
CepBHCHI B CITYKOBI:

Bind 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe
Docker 3apyOexHoe CcBOOOIHO pacIpocTpaHsieMoe

7. MeTtoanyeckue v OlleHOYHbIE MATEPHAJIBI
MeToauyeckue yKazaHus i 00y4aIOUIUXCS M0 OCBOEHUIO TUCHHIIMHBI (MOYJIs1)

B mponecce m3ydeHus aucHMIUIMHBL (Moayisi) «CroxacTuueckue AuddepeHnnaibHble
YpaBHEHHUS» B paMKaxX TEKYILEro KOHTPOJI yCIIEBAEMOCTH MCIOJB3YIOTCS TaKUE BUJIbI yueOHOU
paboThI, KaK JIEKIIMs, CEMUHAPhl, KOHTPOJIbHBIE paOOTHI U JOMAIIIHUE 331aHUS, a TAK)KE PA3TUYHbIE
BU/IbI CAMOCTOATEIBHON paboThl 00ydaromuXcs Mo 3aJaHuIo0 MpernojaBaTelis, HallpaBJIeHHbIE Ha
pa3BUTHE  HAaBBIKOB  NPO(ECCHOHATBHOW  JIEKCHKH,  3aKpelyieHhe  MPaKTHYEeCKHX
npodeCCHOHATBHBIX KOMIIETEHIIHHA, TOOIPEHNE HHUIHATHB.

Jlekyusi — cUCTEMAaTHYECKO€, IMOCIEOBAaTEIbHOE, MOHOJOTHYECKOE H3JIOKECHHUE
npernojiaBaTeneM yueOHOro Marepuana, Kak IpaBuio, TEOPETUYECKOr0 XapaKkTepa.

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

Cemunap — 310 (hopma y4eOHOM NEATeTLHOCTH, MPOBOAMMAs B y4eOHOM 3aBEJACHHUH IO

PYKOBOACTBOM TMpEMOJaBaTeNisi, TI/A€ CTYACHTHI AaKTUBHO YYacTBYIOT B OOCYXICHHSIX,
MPAKTUYECKUX 3aJJaHusIX U APYrux (popmax B3aMMOACHCTBHUS.
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Jnst ycnenmHol moAroTOBKM K CEMUHAPY PEKOMEHIYETCS 3apaHee 03HAKOMHTBHCA C TEMOU
3aHATHA WU OCHOBHBIMHU MaATCpUaIaMU, I-ITO6I:I HMCTb BO3MOJXHOCTL AKTUBHO Y4YdaCTBOBATh B
oOcyxaeHuu. Takxke MOJIe3HO MOATOTOBUTH BOIPOCHI U HUJIEU JUIsl OOCYKIEHUS, YTO IMOMOKET
I1y0’Ke IIOHATh MaTepUal U MPOIEMOHCTPUPOBATh 3aUHTEPECOBAHHOCTD.

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

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

Jlomawnee 3a0anue — HabOP 3a/1a4 1O TEMaAM HEJICIIH.

[Ipu pabore Haj MAOMANIHAMH 33JaHUSMH BaKHO BHUMATEIEHO O3HAKOMHTHCS C
TpeOOBaHUSMHU M CPOKaMU BBITIOJHEHUS. PexoMeHayeTcs pa30uBaTh 3aaHusl Ha ATAllbl, YTOOBI
n30eXkaTh TEPerpy3kd W Jydlle yCBOUTh Marepuall. VIcronb30BaTh pa3ivdHbIe UCTOYHUKU
UHpOpMaIIKH, BKIIOYasl YUSOHUKH U OHJIAWH-PECYPCHI, U 00siee TITyO0OKOro MOHUMAHHUS TEMBI.

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

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

Camocmosmenvruas paboma — padoTa CTYJEHTOB, HAIpaBlieHHass Ha YINIyOJIEHHOE
M3YYEHHE OTJIENbHBIX TEM U BOMPOCOB yUCOHON AUCIMILTUHBI (MOTYIs).

B miporiecce caMocTosITeNbHOM PabOThI CTYIEHTHI B3aUMOCHCTBYIOT C PEKOMEHJOBAaHHBIMHU
MaTepuaiamMy Mpyu MUHUMAIILHOM yYacTHH MpenoiaBaTes. 3a1auu CTyJeHTa BKIOYA0T padoTy
C KOHCIIEKTaMu JIEKIu# (00paboTka TeKCTa), MOBTOPHOE M3yUYeHUE YUeOHBIX MaTepHAJIOB IJIAHOB
U TE3UCOB OTBETOB, U3YyUEHHUE JOMOIHUTEIBHBIX TEM, BHIMOIHEHUE yU4eOHO-HUCCIIEeI0BATENbCKUX
3aJJaHUI U IPYTOE.

Cucrema oneHUBaHHA Pe3yJIbTATOB 00yYeHHS IO JUCHHUIIHHE (MOAYJIIO)

Kputepun nmosy4yeHusi ypoBHA M OLEHUBAHUS C(POPMUPOBAHHOCTH KOMIETEHIHH 1O
aucuuiuinae (MmoayJie) «Croxactuueckue qudepeHuuaibHbie ypaBHEHUT»

OueHuBaHue ypoBHS Yy4€OHBIX JOCTH)KEHUH, OOy4aromuxcs MO JUCIUIUIMHE (MOIYIIO),
OCYIIECTBIISIETCS B BUE TEKYIIETO KOHTPOIIS yCIIEBAEMOCTH U IMTPOMEXKYTOUYHOM aTTeCTaIUH.

IIpome:xxyTouHasi arrecTaumsi 1O JUCIUIUIHHE (MOIYJIIO) OCYIIECTBISIETCS B (opme
3auema ¢ OWEHKOU, TPU STOM TPOBOJIUTCS OICHKA KOMIETCHIMH, CHOPMHUPOBAHHBIX TIO
JUCITUITIIINHE.

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

Jecarubannbuas IlarubamnbHas OO0mas xapakTepucTHKA pe3yJibTaTa
Ouenka 3a 3a4eT
OLICHKA OLICHKA 00yuYeHusl Mo TUCHUILUTHHE (MOIYJIIO)
10 OTiamaHO 3a4yTeHo CTyneHT TONHOCTHIO BIAJCeT 3HAHHUSIMH,
9 OTIUYHO 3a4TeHo M3JIOKEHHBIMU B pabodell mporpamMme, H
8 OTIM9EO 34YTeHO ry0OKo  ocMblcisieT  aucuuiuiuHy. OH
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JlecaTnboanabHas
OIleHKA

IIaTnéananLuasn
OILICHKA

OneHka 3a 3a4yert

OO0mast xapakTepucTHKA pe3yJibTaTa
00yueHusl 1O JUCHUILIUHE (MOYJII0)

CaMOCTOSITEIILHO u JIOTHYECKH
[IOCJICA0BATEIILHO OTBEUYACT Ha BCE BOMPOCHI,
aKIICHTUpYS BHUMaHWE Ha  HauOonee
BaKHOM. YwMmeer aHAJIM3UPOBATH,
CpaBHUBATH, KJIACCH(UIIUPOBATH, 0000IIATh,
KOHKPETH3UPOBaTh U CUCTEMAaTHU3HPOBATH
W3yUYCHHBIH MaTepuall, BBIICISSI KITIOYCBEIC
MOMEHTHI W YCTaHaBIIMBas IMPUYUHHO-
CJICNICTBEHHBIE CBs3U. YeTKO (GopMyIupyer
OTBETHI, YBEPEHHO HHTEPIPETUPYET
pe3yJIbTaThl aHaJH30B u JIPYTUX
WCCIIC/IOBAHNH, & TaKXKe PelacT CIOXKHbBIC
3agaud. CTyIEHT XOpOIIO 3HAKOM C
METOJaMH HCCJIEIOBAaHUs, HEOOXOIMMBIMU
JUTS. TIPAKTUYCCKOU JCATSIBHOCTH, U yMEeT
CBSI3bIBATh TEOPETUUCCKUC ACIIEKTHI
JTUCIUTUTAHBL  (MOIyJsl) C TPAaKTHYECKUMHU
3a/1a9aMH.

Xopomo

3auTeHo

Xopomo

3auTeHo

CryneHT oOnamaeT 3HAHUSAMHU MpeaMeTa
MOYTH B TIOJHOM oObeMe pabouei
MPOTPAMMBI U CAMOCTOSITEIIHHO, JIOTHUECKH
MOCJIEI0BATEIILHO U BCECTOPOHHE OTBEYACT
Ha BCE BOMPOCHI, aKI[CHTUPYST BHUMaHUE Ha
HauOoJiee 3HaYMMbIX MOMeHTaX. OH ymeer
aHaJM3UPOBATh, CpaBHMBATb,
KJIACCU(UIIMPOBATD, 0000111aTh,
KOHKPETH3UPOBaTh M CHUCTEMAaTHU3MPOBATH
W3yUYCHHBIH  MaTephal, BBIIENAS  €ro
KIIOYEBbIC  ACMEKThl M yCTaHABIHBas
MPUYUHHO-CJICJICTBCHHBIC CBSI3W.
®dopMyIUpyeT CBOH OTBETHI, YBEPCHHO
HMHTEPIPETUPYET PE3yJIbTaThl AHAJIU30B H
JPYTUX WCCICIOBAHUM, a TaKkKe peraeT
CJIOXHBIE CUTyallMOHHBIE 3a7auu. CTyJIeHT
XOPOIIIO 3HAKOM c METOZaMH
HCCJICI0OBAHMS, HEOOXOIUMBIMHU JUIS
MPAKTUYECKON JEATEIbHOCTH, U YMEET
CBSI3bIBATh TEOPETHUUECKUE ACIIEKTHI
mpeaMeTa ¢ MPAKTHYECKUMHU 3a/1a4aMu.

YI[OBHCTBOPI/ITGHLHO

3auTeHo

Y 10BIETBOPUTENBHO

3auTeHo

CryneHnt obnamaer 0a30BBIMH 3HAHHSIMH
0 TUCIUILTHHE (MOJYJITIO), HO HCTIBITHIBAET
TPYJHOCTH TIPU CAMOCTOSITEIHHBIX OTBETAX
1 UCIIOJIb3yeT HeTOUHbIe (hOpMyTUpOBKH. B
X0JI¢ OTBETOB OH JIOIyCKAeT OIIHOKH,
Kacaromuecst CcyTd BompocoB. CTyaeHT
crroco0eH peraTh TOJBKO CaMble TPOCTHIC
3aJa4d W BIIAJCET JIHUIIb MHHUMAIbHBIM

DNEeKTPOHHBIA JOKYMEHT




Hecarubannpuas) I[IarudanabHas O0uiast xapakTepuCTHKA pe3yabTaTa

OneHka 3a 3a4yert

OLICHKA OLICHKA 0o0y4eHUs IO TMCHUTUINHE (MOIYJIIO0)

Ha60p0M METOA0B UCCIICAOBAHUS.

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

mnmpernogaBareiib 3adacT JOIMOJTHHUTEIIBHBIC

HaBOJAIIINE BOTIPOCHI.

Hucuummna (Monynb) «Croxactuueckue nuddepeHuanbHble YpaBHEHUS» OIICHUBACTCS
CJIEAYIOIIUM 00pa3oM:

AKTHBHOCTD Bec |KoanuuectBo Onucanune

Homamrane 3amaans | 20% 13 Hab6op 3ama4 o TeMaM HeAeH

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

paboThI PELIUTh 32 OTPAaHHYCHHOE BPEMS

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

3a4er c OICHKOM 35% 1 [MuceMenHas paboTta ¢ HAOOPOM 3a/1a4, KOTOpPbIE HYKHO
PELIUTh 332 OTPAaHUYEHHOE BPEMSI, BO3ZMOKCH
JIOTIOJTHUTENbHBIA YCTHBIN 3K3aMEH

®opmyJia pacyéra UTOrOBOM OLEHKHM MO AucHMILVIMHEe (Moay.tae) «CroxacTHyecKkue
nuddepenunanbabie ypaBHeHus»: «0,2x cpemHee 3a gomarnHue 3amaHus + 0,3 cpemnee
3a KOHTpoJIbHBIE paboThl + 0,15 x3a ayauropHyto padoty + 0,35 X3a4eT ¢ OL[eHKON».

Texyummii KOHTPOJIb yCIIEBAEMOCTH 00y4AIOMIUXCH MO0 TUCHUILINHE (MOAYyJIe)

IIpumepHbIe Bonpockl /1S CEMHHAPOB

Beenenue B ciryyaiiHbie npoueccbl. bpoyHoBcKoe 1BUHKeHHE

1.

2.

o o

10.

[aiiTe omnpeneseHWe CIy4allHOrO TMpoUecca W OPUBEIUTE NPUMEPHI, BKIKOYAs
IIyaCCOHOBCKHII Iporecc 1 OpOYHOBCKOE JIBI)KEHHE.

[lepeuncnure OCHOBHBIE CBOMCTBA OPOYHOBCKOIO JABM)KEHUS, TAKUE KaK HE3aBUCUMOCTb
IIPUPALICHUN U HEIPEPBIBHOCTH TPACKTOPUH.

OObsicHUTE, YTO TaKoe TPACKTOpHUsl CIy4yallHOro mpolecca, M KaKk OHa CBsi3aHa C
OpOYHOBCKHM JIBHKEHHEM.

[IpuBenure mnpumMep MoJAeIUpoOBaHUS OpoyHOBckoro JBuxeHus B Python ¢
UCIOJIb30BaHUEM OMOIMOTEKH numpy.

Kak MOXHO BU3yalnM3upoBaTh TPAEKTOPUH OPOYHOBCKOIO ABMKEHMsI? ONUIINTE LIary.
Yro Takoe MmyacCOHOBCKHUI MPOLIECC U KaK OH OTIMYAETCs OT OPOYHOBCKOTO JIBUKEHUA?
PaccuuraiiTe MaremaTH4ecKoe OXHJIaHWE WU JAUCIEPCHUI0 MpHUpaIleHHs OpOyHOBCKOTO
JBUKEHMS 32 BpeMA t.

O0®bsicHUTE, TOYEMY OPOYHOBCKOE JIBHJKEHUE SIBJISIETCSI MAPKOBCKHUM ITPOLIECCOM.

Kak renepupoBarh ciaydaiiHple MpUpalleHUst ISl MOAETUPOBAHUA OpPOYHOBCKOIO
IBIDKEHUS B Kone?

[TpuBeauTe NpakTUYECKUN IPUMEP MPUMEHEHHUs OPOYHOBCKOT'O IBWKEHUS B (PU3UKE WIH
Ouonoruu.

DNEeKTPOHHBIA JOKYMEHT



BunepoBckuii mpouecc 1 ero cBoiictsa

NS

o

6
7.
8.
9.

10.

Jaiite popmanbHOE onpeaesieHue BUHEPOBCKOTO MpoIiecca.

OOBscHUTE MapKOBCKOE CBOMCTBO BUHEPOBCKOTO IIPOLECCa U IPUBEIUTE IPUMED.

Uro yTBEpKIaeT TeOpeMa 0 HENPEPHIBHOCTH TPAEKTOPUI BUHEPOBCKOIO Iporecca?

Kak npoBepuTh MapKOBCKOE CBOMCTBO Ha CMOJCIMPOBAHHBIX JAHHBIX BHHEPOBCKOIO
npoiiecca?

PaccuuraiiTe BEpOSTHOCTD TOTO, YTO BUHEPOBCKUI MPOLIECC JOCTUTHET YPOBHSA a 3a BPEMsI
t.

Onummre cBOICTBAa CHMMETPUHM BUHEPOBCKOT'O IPOLIECCa OTHOCUTEIIBHO BPEMEHH.

Kak cBsi3aHbI BUHEPOBCKHUI MPOLIECC U CTaHIapTHOE OPOYHOBCKOE ABIKEHUE?
[TpuBeauTe NpuMep YUCICHHOM IPOBEPKH HENPEPHIBHOCTH TpaekTopuii B Python.

Uro Takoe raycCoBCKUI IIPOLECC U KaK OH CBSA3aH C BUHEPOBCKUM?

OO0BbscHUTE, TOYEMY BUHEPOBCKUH MPOLIECC UMEET OECKOHEUHYIO BapHallHIO.

Croxactuvecknii marerpaJjg Uro

NS

©CoNo O

[aiite onpeneneHne CToOXacTHYeCKoro nHTerpaia Mo s mpocThIX NpOLIECCOB.
CpaBnute unrerpan Mro u unrerpan CTpaToHOBUYA, YKa3aB KIFOUEBbIEC Pa3INYMsL.
TpuBeauTe MPUMEp BhIYHCICHNS HHTerpana J0tWs dWs/OtWsdWs.

OO0bsicHUTe, TOYEMY TPAIULIMOHHBIN HHTErpait PumaHa He MOAXOIUT JUIsl CTOXaCTHYECKUX
IIPOLIECCOB.

Kak uncieHHo BRIYUCIUTD cToXacTuueckuii naterpan Mro B Python?

Paccunraiite 3uaueHue unterpaa J012Ws dWs[012WsdWs st mpoctoro ciydast.

Yro Takoe KBaJpaTUyHas Bapualys U Kak OHa CBs3aHa ¢ uHTerpaioM Uro?

[TpuBenurte npumep, rae unrerpai Mro ornuuaercs ot uHrerpaina CTpaTroHOBHYA.
OnwumuTe cBOMCTBA CTOXacTHYECKOro HHTerpaina Uto (IMHEHHOCTb, H30METpus).

. Kak npumennts wuntTerpan HMro uisi MOAENIMpPOBaHHS CIIy4allHBIX BO3MYILCHHHM B

JUHaAMHUYCCKUX cucTeMax”?

®opmyaa Uto n eé npumeHenne

o akrown

© oo~

Chopmynupyiite hopmyny UTo 11t CKalIsIpHOTO Cydas.

[puBeauTe npumep npuMeneHus Gpopmyisl Mto k mporeccy d(eWt)d(eWt).

Paccuwnraiite nudpdepennnan mis d(Wt2)d(Wt2) ¢ ucrionszoBanuem popmyist Mro.
OOBsicHuTE MpUMeHeHHe PopMyJbl FITo B reOMeTprUuecKOM OPOYHOBCKOM JBHKCHUH.
Kak ¢opmyna Mto momoraer B pelmieHuH 3amad TpeoOpa3oBaHUS CTOXACTUUYECKHX
poieccoB?

[MpuBenute nmpumep U3 GUHAHCOB: Kak Gopmyna MTo uCHonb3yercss B MOACIMPOBAHUN
IIEH aKITHH.

Paccuuraiite d(ln[/f{ﬂ(Xt))d(ln(Xt)) JUTSI TEOMETPUYECKOT0 OPOYHOBCKOTO JIBHIKEHUSI.

Yro takoe nud¢y3noHHbIl uieH B popmyse Mto u moyemy oH BaxkeH?

[Mpumenute popmyny Uto k nponeccy d(tWt)d(tWt).

. O0BsicauTe, Kak ¢opmyna MTo cBs3aHa ¢ MEMHBIM TPABUIOM JJISI CTOXAaCTUYECKHX

mponeccoB.

JIuneiinbie croxacTuyeckue 1upepeHunaibHbIe YypaBHEHUS

1.

2.
3.
4

Banumure obuiee ypapuenue nuneitHoi CIY Buma dXt=aXt dt+bXt dWtdXt=aXtdt+bXt
dwit.

OO0BsICHUTE METO/I MHTETPUPYIOIIETO MHOKHUTENS 1)1 pereHus auHeiHbix CJ1Y.
[TpuBeaute npumep perienus moaenu OpHiureitHa-Y neHoeka.

Kax moznenupoBats TpackTopun auneiinoi C/{Y B Python?

DNEeKTPOHHBIA JOKYMEHT
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8.

9.

Paccuuraiite ananutndeckoe pemenue uist dXt=—aXt dt+b dWtdXt=—aXtdt+bdWt.

Uro Takoe cranroHapHoe pacnpezeneHue 1 moaenu OpHiureiina-Ynenoexa?
[TpuBenuTe npukiagHoi npumep aunerinon CJY B dusuke (HarpuMep, CTOXaCTUYECKUE
KOJIcOaHus).

Kak npoBepuTh CXOAUMOCTH YUCIEHHOTO peieHus JuHennon CIY?

OO6®bsacHUTE postb KO3(PPUIIMEHTOB a U b B moBeaeHnH pemenus auneitnoin CY.

10. PaccunTaiiTe MaTeEMaTHYECKOE OXHNIAHUE U JUCIICPCUIO PCHICHUSA JIMHEHHOM Cﬂy

Yucaennnie metoabl pemennst CY (cxema Jitsiepa)

RN

©CoNo O

Onumure siBHYI0 cxeMmy Jinepa s pemenust CY.

B uém paznuiia Mmexay sSiBHOW U HESIBHOW cxemamu Ditnepa?

OOBbsicHUTE NOHATHS CXOJUMOCTU ¥ YCTOWYUBOCTH JUIsl CXEMBI DHepa.

Peanusyiite cxemy Oiinepa Ha Python mis ypaBaenus dXt=pXt dt+oXt dWtdXt=pXz
dt+oXrdWt.

Kak BbIOpath 1mar JuCKpeTH3auy 1Jis cxeMbl Disiepa, 4To0bl 00eCeUyUuTh TOUHOCTh?
Paccuuraiite ommobKy cxeMbl Disepa st IPOCTOTO Cyvasi.

[IpuBenuTe npumep, rae cxema diliiepa HEYCTOMYUBA.

Kak Bu3yanusupoBarh pe3yiabTaThl yhcieHHOro pemenus CY?

CpaBnute cxemy Ditsiepa ¢ 60iee TOUHBIMU METO/IaMU, TAKUMU Kak cxema MuTeiHa.

10 O0®bsicHUTE, KaK cxema Diljiepa almpoKCUMHUPYET CTOXAaCTUUECKUM HHTETpaJl.

Mogaenu ¢ npbixkamu (mpoueccol Jlesn)

CoNoOARWNE

[aiite BBeieHue B nipoueccsl JIeBU U NpUBENUTE IPUMEPBI.

OO0BsicHUTE, YTO TAKOE COCTABHOM MyacCOHOBCKHI MPOIIECC.

Onummre Mozens MepToHa [JI CKauKOB B LIEHAX aKLHM.

Kak monenuposats npouecc JleBu ¢ npbpkkamu B Python?

PaccuuraiiTe BEpOATHOCTD MPBIKKA B COCTABHOM ITyaCCOHOBCKOM IIPOLIECCE.
[TpuBenute npuMmep npuMeHeHus npoieccos JIeBu B puHaHCAX.

Yem npoueccs JIeBu otinnyaroTcst oT AU Py3MOHHBIX IPOLECCOB?

Kak ouenuth mapametpsl Mozienn MepToHa 1o HICTOpUYECKUM JaHHBIM?
OOBsicHUTE POJIb IPBIKKOB B MOIETTMPOBAHNN (PUHAHCOBBIX KPU3UCOB.

10 IIpuBenuTe YMCICHHBIN IPUMEDP I€HEpALUU TPACKTOPUH C IPBIKKaAMHU.

Ipunoxenus B punancax: moaenn bidka-Iloynsa

©CoNoR~wWNE

Kak BeiBecTH ypaBHenue biska-Illoymsa uz CAY?

Cdhopmynupyiite popmyiy 1ieHo0OpazoBaHust onuuoHoB 1o bisky-1loyn3y.
Peanusyiite pacuet nens! onuuona B Python ¢ ucnonszoBanunem monenu bimka-1oyn3a.
OOBsicHUTE PO BOJMATHIBLHOCTH B (popmyne bimka-loyn3a.

PaccuuTaiiTe 1eHy €eBpOINEeHCKOro KOJUI-ONIMOHA /IS 33/IaHHBIX 1ApaMeTPOB.

Kak monens biaka-Illoynsa cBs3aHa ¢ reoMeTpu4ecKUM OpPOYHOBCKUM JIBHYKEHHEM?
[TpuBenute npuMep KaTMOPOBKHU MapaMeTPOB MOJIEH 110 PHIHOYHBIM JaHHBIM.
OO6mwsacuute gonymienus moaenu bimka-Iloynsa.

Kaxk pacmmputs moaens biaska-Illoynza qist yuéra nMBUIeH10B?

10 Paccuwnraiite rpeku omnimuoHa (J1enbpTa, TaMMa) Ha ocHoBe opmynsl biaka-1loyn3a.

MapTHHraJjbl 1 X CBOHCTBA

1. JlaiiTe onmpeneneHrne MapTHHTAIA.
2. TlpuBenute mpuMepsl MApTHHIAIOB, BKIIIOYass BUHEPOBCKHI MPOIIECC U CTOXACTHUECKUI

UHTETpall.

DNEeKTPOHHBIA JOKYMEHT
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Chopmynupyiite TeopeMy Jlyda o ocTaHOBKE 11 MAPTHHTAJIOB.

Kak npoBepuTh MapTUHTAJIbHOE CBOMCTBO HA IIPUMEPE CMOJEINPOBAHHOIO Iiporecca?
OO0bsicHUTe, YeM MapTUHTANl OTIIMYAETCs OT CyOMapTHHTraja U CylepMapTUHIaIa.
Paccuuraiite ycnoBHOE MaTEMaTHUECKOE OXKUAAHKE JUIsl MApTUHIaNa.

[TpuBenuTe NpPUKIATHON IPUMEP MAPTUHTAIOB B TEOPHH UTD.

Kak MapTUHTa1IbI HCIIONB3YIOTCA B (PMHAHCOBOW MaTeMaTHKE?

OObsicHUTE KBaIpaTUUHYIO BapUallMi0 MapTUHTAJA.

[TpuBenute npumMep, rae MNpoLece He SBISIETCS MAPTUHIATIOM.

YpaBuenue ®oxkkepa-Ilianka

P

©CoNo O

O0nsicaute cBsa3b Mexay CIY u ypaBHenuem doxkepa-Ilnanka.

Kak pemmts ypaBHeHune @okkepa-Ilnanka ais npocTeix ciiydyaeB?

[TpuBennTe npuMep aHanu3a IIOTHOCTHU pacnpenencHus pemenus CIY.

Paccuuraiite ypaBHeHue @okkepa-Ilnmanka a8 TreoMeTpuUueckoro OpOYHOBCKOTO
JBUKCHUS.

Uro Takoe cranmoHapHoe peuieHue ypaBHeHus: Gokkepa-Ilnanka?

Kak uncnenno pemmts ypasHeHne @okkepa-Ilnanka?

OO6mwsacuuTe ponb apeiida u quddysun B ypaBuennn dokkepa-Ilnanka.

[TpuBeaure npumep u3 Gu3uKy, rae npuMensercs ypasHenue ®okkepa-Ilnanka.

Kaxk ypaBaenune ®okkepa-Ilnanka momoraer B mpOrHO3UPOBAHUM PACIIPEACIICHUN?

. Paccunraiite mIOTHOCTB I MOIACIHN OpHMTeﬁHa-yHeH6eKa C HCIIOJIb30BAHHUCM

®doxkkepa-Ilnanka.

CroxacTuyeckasi yCTOHYMBOCTh

wn
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JlaiiTe onpenenenne cCToxacTHUECKO yctounBocty 1o Jlisnynosy st CIY.
[Tepeuncnure KpUTEPUU CTOXACTUYECKON YCTOMYHBOCTH.

[TpuBeauTe npuMepsl CTOXACTHUECKOW YCTOHYMBOCTH M3 (DU3MKHM (CTOXacCTHYECKHE
KoJeOaHms).

Kak o1eHuTh CTOXaCTUYECKYI0 YCTOWYMBOCTD YUCIEHHBIMA METO1aMuU?

OO0bsicHUTE Pa3HUILY MEXY IE€TEPMUHUPOBAHHON M CTOXACTUYECKOW YCTOMYMBOCTHIO.
Paccuuraiite kpuTepuil ycroMunBocTH Ui uHenHon C/Y.

IIpuBenuTe npuMeEp HEYCTOMYMBOM CTOXaCTUYECKON CHCTEMBI.

Kak croxacTnyeckas yCTOMYNBOCTb CBSI3aHA C TEOPUEH BEPOATHOCTEN?

OO0BsicHUTE POJIb IITyMa B CTOXaCTUYECKON YCTOMYMBOCTH.

IIpuBenuTe NpUKIaAHON IPUMEP OLICHKH YCTOMYUBOCTH B MOJCIIUPOBAHUN.

Muoromepubie CIY

agbrwpnE
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3anumure cucteMmy MHoromepHsix CJ1Y B MaTpuuHoit popme.

OObsicHUTE, UTO TAKOE KOPPEIUPOBAaHHBIE OPOYHOBCKHUE JABHKEHUS.

[TpuBenute npuMep Moaenn XecToHa A MHoromepHeix C/1Y.

Kax momenupoBaTh AByMEpHBIE CTOXacTUUECKHE mpoliecchl B Python?

PaccuuTaiiTe KOBapHMallMOHHYIO MAaTpUIly Ui KOPPETUPOBaHHBIX OpPOYHOBCKHX
JIBYOKEHUH.

OO6mbsacHuTe penmyiecTBa MHOroMepHbIx CIY B MOI€TMPOBAHUY CIIOKHBIX CUCTEM.
[TpuBenute npumep 13 GUHAHCOB: MHOTOMEPHBIE MOJIENIN BOJIATUIHHOCTH.

Kak pemars cuctemsl MHOromepHbIx C/1Y uncnenno?

OOBsicHuTe CBOMCTBA pernieHrui MHOTOMepHBIX C/1Y.

Paccuunraiite MaTemaTnueckoe oxXuaaHue ajs ABymepHon cucrembl C/Y.

DNEeKTPOHHBIA JOKYMEHT



enu MapkoBa u ux cBsizb ¢ CI1Y

[Haiite onpenenenue nenu MapkoBa Juisi AUCKPETHOTO U HEMIPEPBIBHOIO CIIy4aeB.
OObsicHUTE OHATHE MEPEXOIHBIX BEPOATHOCTEH U MATPULIbI IEPEXOI0B.

Kak cBsa3anbl nenu Mapkosa ¢ CIIY uepes anmnpokcuMaiuio JUCKPETHBIMU MpoIieccamu’?
[TpuBenuTe mpumep OMHAPHOM MoJeH Kak anmpokcumaruu CIY.

Onwumute monens Jarrow-Turnbull muis KpenUTHBIX PEHTHHTOB.

Kak peanuzoBate MogenupoBanue nenu Mapkosa B Python ¢ ucnonb3oBanuem networkx?
OO0psicaute anroput™ PageRank kak mpumep e Mapkosa.

Kax MCMC (metonbt Monte-Kapiio mo MapkoBy) cBsi3aHbI ¢ 1ienssMu MapkoBa?
IIpuBenure npukIagHON NpuMep Heneid Mapkosa B KOMIIBIOTEPHBIX HayKax.

10. Paccuwuraiite cTanroHapHOe pacipeaeiaeHue Jist mpocToil nenu Mapkosa.

CoNoOR~WNE

HpaKTI/lKYM 0 YUCJICHHOMY MOACJTUPOBAHUIO

1. Kax xanuOposarb nmapamerpsl CY 1o peanbHbIM JaHHBIM (Hampumep, KOTHPOBKam
aKImin)?

OO®bsicHUTE IPOLECC ONTUMHU3ALMYU TAPAMETPOB B YHCICHHOM MOJIETUPOBAHUU.
[TpuBenute mpumep padboThI ¢ peanbHbIMU JaHHBIMU B Python mis CI1Y.

Kak orieHuTh TOUHOCTH uncieHHoro pemenust CIAY?

Onummure mary Ass peieHus 3a1aun KaTuopoBKU MOJICITH.

Paccuuraiite mapameTpbl reOMETPUYECKOI0 OPOYHOBCKOTO JBUKEHHS [0 UCTOPUUECKUM
JTAHHBIM.

7. Kaxk Bu3yanusupoBaTh CpaBHEHUE CMOJEIMPOBAHHBIX U PEAJIbHBIX TPAEKTOPHIL?

8. OOBsicHUTE POJIb KPOCC-BaIUAALNUN B YUCICHHOM MOJICTUPOBAHUY.

9. TlpuBenute mpuMep ONTUMHU3AIMH C HCIIOJF30BAHHEM METO/1a HAMMEHBIIINX KBAIPATOB.
10. Kak uHTerprpoBaTh NaHHBIE 0 pucKax B Mozenb C/IY nns ¢uHaAHCOBBIX MPHUIOKEHUN?

oM wWN

IIpumepHbIe 3a1aHNs IO KOHTPOJILHOU padoTe
KonTtpoabnas padora Nel

1. Onpenenure OpOyHOBCKOE IBM)KEHHE Kak ciaydalHblid mpouecc. [lepeunciure ero
KJIIOUEBBIE CBOMCTBA (HE3aBUCUMOCTD MPUpAILlEHUI, HEIPEPBIBHOCTH TPAEKTOPHI, HOPMAIbHOCTh
pacnpenenenusi npupaimieHuii). IlpuBenute mnpumep reHepanuu Tpaekropun B Python ¢
UCIIONIb30BaHueM numpy.random.normal.

2. Maiite hopMasibHOE OmIpe/eseHre BUHEPOBCKOro mporecca. OObsICHUTE MapKOBCKOE
CBOMCTBO M TEOPEMY O HENPEPBIBHOCTH TpaeKTopuil. Kak nmpoBepuTh MapKOBCKOE CBOMCTBO Ha
CMO/ICJIMPOBAHHBIX JAHHBIX?

3. Omnpenenure croxacTHYecKWd wWHTerpas MTO I8 TPOCTBIX  MPOIIECCOB.
Boranciute J0tWs dWs  aHAIHTHYECKH U cpaBHuTe ¢ uHTerpasiom CtpatoHoBuua. [IpuBegute
yrcneHHoe npubmmkenue ans t=1 ¢ 100 maramu.

4. Cdopmymupyiite dopmyny MHWro gns ckansgpHoro ciyyass. Ilpumenure eé
k d(eWt) u d(Wt2). OObsicHHTEe IPUMEHEHHE B F€OMETPUUECKOM OPOYHOBCKOM JBMXKCHUH IS
MOJIETUPOBAHHUS 1IEH aKIUM.

5. Pemmurte nuueitnyro CHY dXt=—3Xtdt+2Xtc X0=1X MeTogoM HHTETPUPYIOIIETO
MHOHUTeISI. HaliquTe aHamuTHYeCKOe pelieHne U MaTeEMaTHYECKOE 0)KUIaHUE B MOMEHT t=1.

6. Onumure sBHYIO U HesBHYyI0 cxembl Oitepa ans CHY dXt=pXt dt+oXt dWt.
OObsicHUTE CXOOUMOCTh U ycToWumBOCTh. [lpuBenure marm peanuzauuu B Python
st p=0.1, 6=0.2, X0=1X na [0,1] ¢ marom 0.01.

7. Bpeagute mnonsTHE mpoleccoB JIeBU M COCTaBHBIX IMyaCCOHOBCKHX IPOLIECCOB.
Onumure Mozaens MepToHa s LEH akuuil ¢ mnpebkkamu. Kak cmoaenupoBaTh Takylo
TPAEKTOPHIO ¢ UHTEHCUBHOCTHIO A=0.2 1 npepkkamu N(0,0.1)?

DNEeKTPOHHBIA JOKYMEHT



8. Crenepupyiite 5 TpaekTopuii OpoyHOBCKOTO ABWXeHuUs Ha [0,1] c¢ marom 0.01.
OObsicHuTe, MOYEMY CpellHee KBaJpaTHYHOE OTKIOHEHHE pacTeT Kak tt. Busyamusupyiite ¢
nomoinbio matplotlib

9. Bsruuciure [Ots dWs[mo ¢popmyie HMto. CpaBHHITE ¢ YHCICHHBIM HHTETPATIOM IO CXEME
Oiinepa (50 maros). OOBICHUTE pa3HUILY

KonTtpoabHnas pabora Ne2

1. BeiBenute ypaBHenue bidka-Illoynsza u3 reomerpuyeckoro OpOyHOBCKOTO JBUKECHHSL.
3anummre GopMyIly LIEHBI eBpONecKoro Kour-onuuona. Paccunraiite neny s S=100, K=100,
T=1, r=0.05, 6=0.2.

2. Onpenenure MapTUHTai. JlokakuTe, 4TO BUHEPOBCKUI IPOLIECC SBISETCSI MAPTUHIAJIOM.
[IpuBenuTe mpumep He-MapTuHTraia (Hanpumep, Wt2—). [Ipumenure teopemy /[yda k octaHOBKE
B MOMEHT JJOCTUKEHUSI YPOBHS.

3. Cewxute CHY dXt=p(Xt) dt+o(Xt) dWtdXt ¢ ypaBHenuem doxkkepa-Ilnanka. Pernte
€ro JUIsi TeOMETPUUECKOT0 OPOYHOBCKOTO JIBIKEHMS M HAWIUTE TUIOTHOCTH pacrpeaesieHus p(X,t)
npu x>0.

4. OnpenenuTe CTOXaCTUYECKYIO ycToiluuBocTh o JlsanyHoBy. Haiinure kpurepum st
CHoY dXt=—aXtdt+tb dWtdXt. dus a=3, b=1 omueHure YCTOHYHUBOCTH U CTAI[HOHAPHOEC
pacnpeneneHue.

5. 3anumute cucreMy MHoromepubix CJIY B wmartpuunoii ¢dopme. s monenu
Xecrona dSt=uSt dt+vtSt dWtl, dvt=i(6—vt) dt+Evt W2 00bsicHITE KOPPEISAIHIO OPOYHOBCKHX
JIBMOKEHUH.

6. Onpenenute uenb MapkoBa W Marpuny nepexonoB. Cesxkutre ¢ CHY uepes
annpokcumanuio. [IpuBenure mpumep monenu Jarrow-Turnbull mist KpeaIuTHBIX pPEUTHHTOB.
Onummre anroputm MCMC.

7. Onummre KaauOpOBKY MapaMeTpoB I€OMETPUYECKOro OpOYHOBCKOTO MABMIKEHHS IO
peaIbHBIM KOTHPOBKAM aKIIM METOJIOM MaKCUMaJIbHOTO IpaBaonooous. Kak onTumMusupoBarhb
pu o B Python?

8. PaccuuraiitTe nenbTy W rammy Koyul-onuumoHa mo ¢opmyine bmka-Illoynsa st
napameTpoB u3 3aJaHus 1. OObACHUTE UX SKOHOMHUYECKHH CMBICI.

9. nsa monenu OpHiureliHa-Ynen6eka 3anumnre ypasHeHne @okkepa-Ilnanka u Hailiure
cTallMoHapHoe pemenne. Kak OHO CBS3aHO ¢ HOPMaJIbHBIM pacIpeneIcHueM?

IIpumepHbIe TOMaLIHUE 32IaHUS
Jlomamnee 3aganne 1
1. Beenenue B ciydaiinble npoueccbl. BpoyHoBckoe ABH:KeHUe
Crenepupyiite 10 TpaekTopuii 6poyHOBCKOTO ABIKeHUs Ha uHTepBaie [0, 1] ¢ marom 0.01 ¢
UCIOJIb30BaHueM O0ubnoTeku numpy B Python. Busyanusupyiite ux Ha onHom rpaduke ¢
nomotikio matplotlib. O6bscHUTE, TOYEMY TPAEKTOPUU HETIPEPHIBHBI, HO HUTIE HE
b hepeHIpYEeMBI.

2. CroxacTuyeckuii uHTerpaa Uro
Beruncnure cToXxacTU4ECKNN HHTErPall J01Ws dWs amanuTiaecku n CPaBHUTE C YUCIICHHBIM
npubmkenueM no cxeme Ditnepa (100 maros). Peanusyiite pacuer B Python u 06bscHuTe
pasHuiy ¢ uHTerpasioMm CTpaToHOBHYA JJIsl 3TOr0 IpUMeEpa.

3. JIuHeiiHble cToxacTuyeckue AupdepeHuHAIbHbIE YPABHEHUS
Pemmre nuneiayro C/Y dXt=—2Xt dt+3Xt ¢ HagameHbIM yeitoBueM X0=1X0=1 meTomom
MHTETpUpYyIoLIero MHOkUTeNs. Halinnre ananutudeckoe pemeHue u cMoaenupyiire 50
Tpaektopuii Ha [0, 1] B Python, BeIuncIuB MaTeMaTHYECKOE OKUJAHUE U AUCTICPCHUIO PEIICHUS B
MOMEHT t=1.
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4. Monenu ¢ npbixkaMu (npoueccbl JIeBn)
Peanusyiite moaens Meptona s e akiuii: dSt=uSt dWt+St dNtdSt, rae Nt — cocraBHoi
MyaCCOHOBCKHI MPOIECC ¢ HHTEHCUBHOCTHhIO A=0.1 1 TPbDKKaMU ¢ HOPMAJIbHBIM
pactpeaenenuem (cpeanee -0.05, aucnepcust 0.02). Crenepupyiite Tpaekroputo Ha [0, 1] u
OOBSICHUTE BIIMSHUE MTPHDKKOB HA TMHAMHUKY IICHBI.

5. MapTuHrajsl 1 HX CBOHCTBA
Jlokaxxute, 4TO BUHEPOBCKUI MPOLIECC ABISAETCA MApTUHIATIOM OTHOCUTEIBHO (QHIIBTPALIUHY,
MOPOXKACHHOW UM camuM. [IpuBenure npumMep npouecca, KOTOPbIA He SABIIIETCS MAPTUHTATIOM
(HampuMep, KBaJpaTH4YHas BapHallks), U IPOBEPHTE 3TO CBOMCTBO HA CMOAEIMPOBAHHBIX
nanHbixX B Python (renepanus 100 TpaexTopuii).

Jlomaminee 3aganue 2
1. BuHepoBckmuii mpouecc U ero CBOMCTBa
[TpoBepbTe MapKOBCKOE CBOMCTBO BUHEPOBCKOIO MPOLIECCa HA CMOICTMPOBAHHBIX JAHHBIX:
crerepupyiite Tpackroputo Wt Ha [0, 2], Beruuciure ycnoaoe pacrpeneneaue W2|W1 u
MOJTBEPANUTE, YTO OHO HOPMAJIbHO C TapaMeTpaMH, 3aBUCSIIIUMU ToiabKo oT W1. Peanu3yiite B
Python u Buzyanusupyiite ructorpamMmy.

2. ®opmy.a UTo u eé npumMeHeHuUe
[Tpumenute hopmyny Uto k mpoueccy dYt=Yt dWt (reomerprueckoe OpOyYHOBCKOE JBUKECHHE).
Haiinure muddepenman d(InYt) u o0bsicHuTE TpMEHEHNE B MOJICTMPOBAHUH 1ICH aKIIUH.
Paccuuraiite ananutuueckoe pemenue s Yt npu Y0=100, u=0.05, 6=0.2 u cpaBauTE C
YHCIICHHBIM MOJICIIUPOBAHUEM.

3. UYmucaenunie MeToabl pemieHusi CIIY (cxema Jiiiepa)
Peanusyiite siBHYI0 U HesiBHYIO cxeMbl Ditnepa juist CY dXt=pXt dt+oXt dWt c
napamerpamu P=0.14=0.1, 6=0.30=0.3, X0=1X0=1. CpaBaure ux Ha untepnaie [0, 1] ¢ marom
0.001 mo TounocTtu u ycronunBocTH. OOBICHUTE, KOTJ]a HESIBHASI CXE€Ma MPEANOYTUTEIbHEE.

4. Ilpunaoxenusi B punancax: moaeanb biadka-Illoynaza
Hcnons3ys popmyny biska-Illoynsa, paccunraiiTe ieHy eBpONEeHCKOro KOI-OMIUOHA C
napametrpamu: S=100, K=105, T=1, r=0.05, 6=0.2. Peanu3zyiite pacuer B Python u o6bsicauTe
BIIMSIHAE KQ)XJI0TO ITapameTpa Ha 1ieHy. Jlo6aBbTe pacyer AeiIbThl ONIHMOHA.

5. YpasHenue ®oxkepa-Ilnanka
Jnis reomerpuyeckoro 6poyHoBckoro nBrmxeHns dXt=pXt dt+cXt dWt 3anummuTe u pemmre
ypaBHeHHne Dokkepa-IInanka 11 mIoTHOCTH pactpenenenus p(x,t). Halinure ctannonapHoe
peleHue (eciau CyIEecTBYeT) M 0ObSICHUTE, KaK OHO IIOMOTaeT aHAJIU3UPOBATh JOJITOCPOYHOE
MOBEJICHUE TIPOLECCa.

JomamHee 3a1anue 3
1. CroxacTuyeckasi yCTOMYMBOCTh
O1eHUTE CTOXAaCTUYECKYI0 YCTOWYMBOCTD 10 JIsmynoBy nns CAY dXt=—aXt dt+b dWt (mogens
OpuiureiiHa-Ynen6beka). Haiinure kputepun ycToiunBOCTH B TEPMHUHAX a U b, cMoaenupyiTe
100 Tpaextopuii B Python u npoananusupyiire cXo0AUMOCTb K CTALIMOHAPHOMY PaCHpeACTICHHIO.

2. Muoromepubie CY
Paccmotpute cuctemy maoromepubix CJIY: dXt=—Xt dt+dWtl, dYt=—Yt dt+0.5dWt2,
rane W1 u W2 koppenupoBans! ¢ kodddurpertom p=0.7. Peanuzyiite MoaenrpoBanue

JIBYMEpHBIX TpaekTopuii Ha [0, 1] B Python u BeuMcIuTe KOBapHAIMOHHYIO MAaTPUILy B MOMEHT
t=1.
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3. llenu MapkoBa u ux cBsizb ¢ CIY

[Toctpoiite quckpeTHYIO 1Ienb MapkoBa kak anmnpokcumanuio CAY dXt=—Xt dt+dWt ¢ qyms
coctossHuAME (OnHapu3arus Bokpyr 0). Peanusyiite mogenmupoBanue B Python ¢
UCTIOJI30BAaHUEM NUMPY, BEIYUCIUTE MATPUILy IEPEXOA0B U CTAI[IOHAPHOE pacIpeeiCHHE.
Caspxute ¢ anroputMom MCMC.

Pacummpbsre MosienrpoBaHue OpOYHOBCKOTO JBUKEHUS: CTEHEPUPYUTE MHOTOMEPHOE

4. TIpakTUKYM IO YHCJIEHHOMY MO/1eJIUPOBAHUIO
Bo3bsmuTe peasibHbIe KOTUPOBKH akKIui (Hampumep, u3 yfinance mis AAPL 3a mocnenuuii rox).
Kanmubpyiite mapaMeTpbl TEOMETPUUECKOTO OPOYHOBCKOTO JIBHIKEHUS L U GG METOJIOM
MaKCHMaJbHOTO MpaBaonoao6us. CpaBHUTE CMOJEIUPOBAHHbBIE TPACKTOPUHU C peaTbHBIMU
naHHbIMU B Python.

5. BBejgenne B ciayuaiinbie nmpouecchl. BpoyHoBcKkoe 1BUKEeHHE

OpoyHOBCKOE JIBMKeHUE B 2D-npocTpaHcTBe (HE3aBUCHMbIE KOMIIOHEHTBI) U BU3YaTH3UpPyHTe
20 Tpaektopuil. OObSICHUTE CBOICTBA HE3aBUCUMOCTH IPUPAILEHUN U HENPEPHIBHOCTH B
MHOI'OMEpPHOM citydae. JJo0aBpTe aHaIN3 CpeHEro KBaJIpaTHYHOTO OTKIOHEHHUS.

3ananus AJs MPOMEKYTOYHOM aTTeCTAIlUM MO JMCUUILINHE (MOTYJIIO0)

Ne n/mn 3ananue OTtBeT Komnerennus

1 Onpenennre OPOYHOBCKOE NBIKEHUE KaK CryuaitHplit iporiecc ¢ YK-1

CIIly4alHbI{ ITpoLecc. HE3aBUCUMBIMHY IIPUPALLECHUSIMU,
HETPEPHIBHBIMU TPACKTOPUSIMH U
HOPMAaJIbHO paclpeesiCHHBIMU
MPUPALICHUSIMH

2 Ha3oBuTe 0CHOBHOE CBOMCTBO BUHEPOBCKOIO MapkoBCKO€ CBOHCTBO YK-1
IpoIiecca, CBSI3aHHOE ¢ OYTYIIUM U TIPOILIBIM.

3 HazoBute cxemy uncnensoro pemenuns C/Y, Cxema Jiniepa YK-2
HCTIONB3YIOMIYIO TUCKPETH3ALNIO BPEMEHH.

4 Ompenenute nporiecc JIeBu ¢ MpeDKKaMu. CocTaBHOM ITyacCOHOBCKHI OIIK-1

TIpOIIECC

5 Brluucnure neHy eBponenckoro Koui-onuuoHa 7.97 OIIK-1
no monenu biska-Iloynza qis S=100, K=100,
T=1, r=0.05, 6=0.2.

6 Ha3oBute npumMep MapTUHraia. BunepoBckmii npouecc OIIK-1

7 Onpenennrte KpUTEPUHA CTOXACTUYECKON AcuMnToTuyeckas yCTOWYUBOCTb [K-1
YCTOMYMBOCTH 110 JISIyHOBY. B CpEIHEM KBaJPaTUUYHOM

8 Hazosute npumep maoromepuoit CIY c Mogens XectoHa IIK-1
KOPPEIMPOBaHHBIMU OPOYHOBCKUMHU
JBIKEHUSMHU.

9 Onpenenute nens Mapkosa. Crnyuaitnbslii ponecc 6€3 maMaTu IK-2

10 HazoBuTte anroput™ ajis MOICTHPOBAHISI IIETICH MCMC [1K-2
Mapkosa.

11 Brruncnure MaTemMaTHueckoe OKUAAHNUE A x e™M{ut} YK-1
TeOMETPHYECKOTO OPOYHOBCKOTO ABMKeHHS dX _t
=pX tdt+o X tdW tc X 0=x.

12 Hazosute Meton kannOpoBku napametpos CAY MaxkcuManbHoe TpaBaonoaodue YK-1
10 JaHHBIM.

13 HazoBute TeopeMy, CBA3aHHYIO C OCTAHOBKOM Teopema JIyba YK-2
MapTHHTAJIOB.

14 Brruucnute cTannoHapHOE pacnpeAeIcHue IS HopwMmansHoe pacnipenenenue ¢ YK-2

OpHirTeiina-Y neHOeka.

gucnepeueit 6%/(20)
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