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AHHOTAITUSA

The course on stochastic processes is aimed at students who are familiar
with the basics of probability theory and who want to learn the basic
concepts, theoretical facts and practical methods of working with random
variables changing over time. Such quantities arise naturally in many
applied fields while trying to describe objects whose behavior is influenced
by a large number of factors that cannot be described by deterministic
functions. The main objectives of the course are to introduce students
to the most important types of random processes (Gaussian and Markov
processes, Brownian motion, renewal processes, etc.) and mastering the
basic methods of analysis and modeling of stochastic processes.

IleJ 11 OCBOEHHUA

 The purpose of this course is to equip students with theoretical
knowledge and practical skills, which are necessary for the analysis
of stochastic dynamical systems in economics, engineering and
other fields. More precisely, the objectives are 1. study of the basic
concepts of the theory of stochastic processes; 2. introduction of the
most important types of stochastic processes; 3. study of various
properties and characteristics of processes; 4. study of the methods
for describing and analyzing complex stochastic models.

ILtaHMpyeMBblI€e pe3yabTaThl

* Know the basic concepts of the theory of stochastic processes Know
the most important examples of stochastic processes and their
properties Be able to apply methods of description and analysis of
stochastic models in specific problems.



Pa3ebl TUCITUILTHHBI

 HasBanmue: The renewal process
Yackl: JIeKITUH: 6 4., CaMOCTOosTeJIbHadA padora: 18 4., oHy1avH: 3 4.

Omucanue: Definition and main properties of the renewal processes.
Relation between renewal and counting processes. The renewal
equation. Limit theorems for the renewal processes.

» Hassauue: Markov chain
YJackl: JIEKITUH: 8 4., CAMOCTOdTeJIbHad paboTa: 24 4., OHJIaliH: 3 4.

Onucanue: Markov property. Graphical and matrix presentation of
the Markov chains. Properties of the states: transience, recurrence,
periods of a state. Equivalence classes on the space of states. Ergodic
theorem.

« HasBaHmue: Poisson process
YJackl: JIeKITUHU: 8 4., CaMOCTOsTeJIbHadA pabora: 24 4., OHJIalH: 3 Y.

Onucanue: Poisson process as an example of a renewal process.
Memoryless property. Equivalent definitions of a Poisson process.
Distribution properties.

« HasBaHmue: Gaussian process
YJacel: JIeKIIUHU: 8 4., CaMOCTOsTeJIbHadA pabora: 24 4., OHJIalH: 3 Y.

Omucanue: Gaussian vectors and processes. Covariance function of
a Gaussian process. Brownian motion. Distributional properties and
limit theorems for a Brownian motion. Reflection principle. Elements
of the extreme value theory for Gaussian processes

« HasBaHwue: Stationarity. Linear filter
YJackl: JIeKITUH: 6 4., CaMOCTOosTeJIbHadA pabora: 12 4., OHJIalH: 2 Y.

Onucanue: Two types of stationarity. Examples from econometrics:
moving average and autoregressive models. Spectral density.
Properties of linear filters




« HasBanue: Ergodicity, continuity and differentiability
YJackl: JIeKITUH: 6 4., CaMOCTOsTeJIbHadA pabora: 14 4., OHJIalH: 2 Y.

Onmucanue: The notion of ergodicity for processes in discrete
and continuous time. Different types of continuity: stochastically
continuous processes and processes with continuous trajectories.

« HasBanmue: Stochastic integration and Ito formula
Yackl: JIeKITUHU: 8 4., CaMOCTOsTeJIbHadg pabora: 24 4., OHJIalH: 2 Y.

Onucanue: Four types of stochastic integrals. Wiener integrals.
Isometry and other properties of stochastic integrals. Martingales.
Ito processes. Ito formula and its applications to integration and
stochastic modelling

« HasBaHnue: The Levy Processes
Yackl: JIeKIIUHU: 6 4., CaMOCTOsTeJIbHadg padora: 12 4., OoHJIalH: 2 4.

Onucanue: Definition of the Levy processes. Infinitely divisible
distributions and their relation to the Levy processes. Leve-Kchintine
formula. Subclasses of Levy processes. Stochastic time change.




CucTreMa olleHUBaAHUS

IIpomesKkyTOouHas arrecTamust (2026/2027 ydeOHBIHN roj 2 MOAY/Ib)

dopmysia onjeHuBaHug: KoHTposbHag paboral: KoHTposibHasa pabora *
0.250 + /lomairHue 3afgaHus: /lomalrHee 3agaHue * 0.100 + 9k3aMeH: KoH-
TpoJibHasg paborta * 0.150 + KouTposibHad paboraZ: KoHTposibHad pabora *
0.250 + lomarrHue 3agaHud: /lomalrHee 3agadue * 0.100 + Ik3aMeH: KoH-
TpoJibHadg pabora * 0.150

[IpaBuiia nepecgayu: Ilepecgayva 110 IIpaBUjlaM OCHOBHOTIO 9K3aMeHa

» KoHTposibHasg paboTtal: KoHTposibHas paboTa
Koadourtuent: 0.250
ITpoBoUITCA:

— 2026/2027 yueb6HBIN rof 1 MOIY/Ib

VueOHBIN lepuof, Oddiiaitu
OrneHHUBaeTCHd:

— 2026/2027 yueb6HBIN o 1 MOIY/Ib

KpuTepuu orteHUBaHUA: 4 3a/1aUM 110 MaTeprajgaM 3aHATUN
[IpoBepseT IUIAHUPYeMBbIe pe3yaIbTaThl 00yUeHU:

— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and
their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

» /loMmalltHUe 3ataHud: /loMallrHee 3ajaHIe
Koadourtrent: 0.100
ITpoBOgUTCA:

— 2026/2027 yueb6HbI¥ rof; 1 MOAYIIb
— 2026/2027 yuyebHBIH TOf 2 MOYJIb

Vue6HbIM lepuoa, Opoiiaite
OnleHHUBaeTCHd:

— 2026/2027 yyebHBIU TOT 1 MOYIb



KpuTtepuu orieHuBaHUs: 10 JoOMallTHUX 3alaHUY 110 BCeM IPOMIeH-
HBIM TeMaM

[IpoBepseT IUIaHUPYeMble pe3yIbTaThl 00YUeHU:

— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and
their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

Jdkx3ameH: KoHTposibHasA pabora
Koapuruent: 0.150
ITpoBOUTCA:

— 2026/2027 yyebHBIU TO 1 MOLYIb
— 2026/2027 yueOGHBIN rof 2 MOAY/Ib

VueOHBIN Nlepuof, Oddiiaiiu
OrneHHUBaeTCHd:

— 2026/2027 yue6HBIN o 1 MOIY/Ib

Kputepuu orieHuBaHusA: OTBEeTUTh Ha 6 BOIIPOCOB U3 3apaHee M3-
BECTHOTO cItrcKa. OMUH IIPaBUIbHBIU OTBET = 2 6asuia. ECIU CTyeHT
Habpau1 6oJiee 10 6a/10B, CTaBUTCA OIleHKa 10

[IpoBepsieT IJIaHUPyeMble pe3yJabTaThl 00y4eHUS:

— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and
their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

KoHTposibHaga paboraZ: KoHTposibHas paboTa
Koadourtuent: 0.250
ITpoBoUITCA:

— 2026/2027 yueOGHBIN Tof 2 MOAY/Ib

VueOHBIN lepuof, Oddiiaitu
OrnleHHUBaeTCHd:

— 2026/2027 yyebHBIH Tof 2 MOYJIb



KpuTepuu olifeHUBaHUL: 4 3a[jau¥ 110 IIPOUIeHHBIM TeMaM
[IpoBepseT IUIaHUPYeMbIe pe3yaIbTaThl 00yUeHU:

— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and
their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

/loMaIlltHue 3sajlaHud: /loMallrHee 3aaHIe
Koadourtuent: 0.100
ITpoBOoUITCA:

— 2026/2027 yueb6HBIN rof 1 MOY/Ib
— 2026/2027 yuyebHBI Tof 2 MOIYJIb

YVuebHbIN Ilepuof, Oddiiaii
OnleHHBaeTCHd:

— 2026/2027 y4eOHBIU TOJ 2 MOLY/Ib

Kpurepuu orteHuBaHusA: 10 JOMaIIHUX 3alaHUM 110 BCEM IIPOUIeH-
HbIM TeMaM
[IpoBepsieT IJIaHUPYeMBIe pe3yIbTaThl 00yYeHUs:

— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and
their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

Jdkx3ameH: KoHTposibHasA pabora
Koadourtuent: 0.150

ITpoBOoUITCA:

— 2026/2027 yueb6HBIN rof 1 MOY/Ib
— 2026/2027 yuyebHBI Tof 2 MOIYJIb

YuebHbIN ITepuof, Oddiiaiiu
OLleHHBaeTCHd:

— 2026/2027 y4yeOHBIU TOJ 2 MOLY/Ib



Kputepuu orieHuBaHuA: OTBETUTh Ha 6 BOIIPOCOB U3 3apaHee M3-
BECTHOTO cItrcKa. OMUH IIPaBUIbHBIN OTBET = 2 6asuia. ECIU CTyeHT
Habpau1 6oJiee 10 6a/10B, CTaBUTCA OIleHKa 10

[IpoBepseT IUIaHUPYeMble pe3yIbTaThl 00yUeHU:
— Know the basic concepts of the theory of stochastic processes
Know the most important examples of stochastic processes and

their properties Be able to apply methods of description and
analysis of stochastic models in specific problems.

HTorosas onneHkKa

dopmyJia orleHUBaHUA: HTOroBas OljeHKa PacCUUTHIBAETCS 110 popMyIie
IIPOME’KYTOYHOM aTTecTariu 3a 2026/2027 yue6HBIU IOl 2 MOAYIb



JuTeparypa

OCHOBHBIE 3JIEKTPOHHBIE PECYPCHI

1. Oliver Knill. (2009). Probability and Stochastic Processes with
Applications. Retrieved from
http://search.ebscohost.com/login.aspx?direct=true&site=eds-—
live&db=edsbas&AN=edsbas.286BESCF

/LOIIO/THUTE/IbHBIE 3/IEKTPOHHBIE PEeCypPChI

1. Robert M. Gray, Elizabeth Dubois, Jordan Gray, R. Adm, Augustine
Heard Gray, & Sara Jean Dubois. (2001). Probability, Random
Processes, and Ergodic Properties. Retrieved from
http://search.ebscohost.com/login.aspx?direct=true&site=eds-—
live&db=edsbas&AN=edsbas.B2CBEC5E
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IIporpamMMHoOe o0ecrieueHue

HauMeHOBaHHEe

XapakKTepHuCcTHKA

Aunexc./[0OKyMeHTEI

OducHoe I10
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MaTepHa/JIbHO-TEXHHUYECKOe O0eclieueHue

Tun ayauropun

» JIeKITMOHHEIE

OcHaleHMe ayauTOPUM
 IlepCOHAJIBHBIN KOMIIBEIOTED

« Habop AeMOHCTpPaIlMOHHOIO 000pymoBaHUI -  MOXKeT BKIIIO-
4aTh B Ce0s: MYJIbTUMEIUNHBIN IIPOEKTOP, IIPOEKITMOHHBIN 9KpaH,
UHTepaKTUBHAad J0CKa, BUMIe0 IIaHeJ b, UHTepaKTUBHAg BU/IEO0 IIa-
HeJIb, IIpe3eHTallMOHHBIN HOYTOYK U Jpyrue CpeAcTBa AeMOHCTpa-
ITUU Y4eOHOTO KOHTEeHTa. /loIycKaeTCs UCII0JIb30BaHME /I IIPOBe-
IeHUs 3aHATUM IIepeHOCHOr0 Habopa AeMOHCTPAI[MOHHOTO 060py-
IOBaHU4.

J/locka

JKpaH

» CrienannsupoBaHHasg Mebesb - /l0CKa, CTOJIBI MUIH HAPTHI, CTY/IbS.

Hasimuune 6ecripoBOIHOTO I0CTyIIa B MTHTepHeT 110 ceTu Wi-Fi
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OCO0EHHOCTH OpraHNu3aluH IUCIUILTHHBI

B cirygae He06X0IMMOCTH, 00YUAIOIIUMCSA U3 YU CJIa JIUIL C OTPAHUYEeHHbI-
MU BO3MOKHOCTSMU 3J0POBb (110 3aIBJIEHUI0 00yYarOIerocs) a A NH-
BaJIN/IOB TaK)Ke B COOTBETCTBUHU C MHIUBUIYAJIbHON IIPOTPaMMOU pea-
OMIMTaIlM UHBAJIN/IA, MOTYT IIpe/jIaraTbCs CAeyIIe BapruaHThl BOC-
IIPUATHA YUeOHON MHGOPMAIUU C YUEeTOM UX MHAUBUIYAIbHBIX IICUX0-
¢u3nUYeCKrX 0COOEHHOCTEM, B TOM YUCJIE C IIPUMEeHEHUEM 3JIEKTPOHHOI'0
06yuyeHUd U TUCTAHIIMOHHBIX TeXHOJIOTHUIA:

O6yueHMe 110 00pas3oBaTeJbHBIM IIPOTPaMMaM 00YYarOIIUXCI C OTpaHU-
UeHHBIMU BO3MOKHOCTSIMU 37[0POBbS OCYII[ECTBJISIETCS C YUeTOM 0COOeH-
HOCTeM IICUX0QU3NYECKOT0 PasBUTUSA, UHIUBUIYAJIbHBIX BO3SMOXXHOCTENU
U COCTOSAHUA 3J0POBhI TaKUX 00y4darIuxcd. O0pasoBaHre 00y4aroIuX-
Cs C OTpaHUYEHHBIMU BO3MOYKHOCTSIMH 3/I0POBbS MOJKET OBITH OpraHU-
30BaHO KaK COBMECTHO C JIPYTUMHU 00YUAIOIUMUCS, TaK U B OTIEeJIbHbBIX
rpyImnax.

B ciydyae He0OXOAMMOCTH (II0 3asABJIEHHUI0 OOY4YarOIerocsd) CO3IarTCs
CIlelfiajIbHble YCI0BUA A1 II0JIyYeHUS UM BBICIIIEro 06pa3soBaHus 110 00-
pasoBaTeJbHBIM IIpOrpaMMaM.

[Tox ceriaJIbHBIMU YCIOBUSMMU IS II0JIYUYEHUS BBICIIIEro 00pasoBaHUS
110 06pa3oBaTeJILHBIM IIpOrpaMMaM O0O0YJarIIUMUCI C OTPaHUYeHHBIMU
BO3MO>KHOCTSIMHU 310POBbSI IIOHUMAKOTCH YCJI0BUS 00y4deHMs, BOCIIMTA-
HUA U pasBUTHI TaKUX OOYUaIOIUXCH, BKIKUAIOIHE B Ce0S HUCIIOJIb-
30BaHUe CIellMaJbHBIX 00pa3oBaTeJIbHBIX IIPOrpaMM U MeTOLO0B 00Y-
UeHUs U BOCIIUTaHUS, CIIeITHaTIbHBIX YUeOHUKOB, YUeOHBIX I10COOUI U
OIUTaKTUYeCKUX MaTepHuasioB, CIIeITMAJIbHbBIX TeEXHUYECKUX CPe/CTB 00Y-
YyeHUs KOJUIEKTMBHOTO U UHIUBUAYAJIbHOI'0 II0JIb30BAaHUS, IIPE0CTaB-
JIeHVe YCJIYT acCUCTeHTa (IIOMOIITHUKA), OKa3bIBAOIIEero 00y4aroIuMCcs
HeOO0XOUMYI0 TEXHUYECKYI0 IIOMOIIb, IIPOBE/IeHUE TPYIIIOBbIX U UH/U-
BUIyaJIbHBIX KOPPEKITUOHHBIX 3aHATUH, 00ecIieueHUe JOCTyIla B 3JaHUs
OpraHusalivuy U Apyrue ycaoBUs, 6e3 KOTOPHIX HEBO3MO>KHO UJIU 3aTPY/-
HEeHO 0CBOeHUe 00pa3oBaTeJIbHBIX IPOrpaMM 00yYarIIMMUCS C OTpaHU-
YeHHBIMU BO3MOKHOCTSIMU 3TOPOBBAL.

[Iph II0JIlyUeHUU BBICIIIET0 06pasoBaHUI II0 O0Opa3oBaTeJIbHBIM IIPO-
rpaMMaM O00yJarIUMCI C OTPaHUYEHHBIMU BO3MOKHOCTAMU 3/I0POBbS
IIPeI0CTaBIATCA OeCIIaTHO CIIeIThaJbHbIe YUEOHUKU U yUeOHBIE I10CO-
6us, MHas yuyeOHas JIMTepaTypa, a TAKKe YCIYIU CYPAOIIEpEBOTUUKOB U
TUGJIOCYPAOIIePeBOJUHNKOB.

B mesgxX MOCTYIHOCTH IIOJIYYEHUs BBICIIIEr0 0OpasoBaHUA II0 0Opaso-
BaTeJIbHBIM IIporpaMMaM JIUIaMU C OTPaHUYeHHBIMU BO3MO>KHOCTAMU
3/I0POBbS 0OeCIIeunBaeTCs:

1. ,ZLJIH JIAIT C OTPaHUYE€HHBIMHA BO3MOKHOCTAMH 310POBb4A 110 3PEHHIO.
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* HaJIMuue aJbTEePHAaTUBHOMN BepCHUU OQUITUAILHOIO CalTa Op-
raHU3aIluyi B UTHQOPMAITMOHHO-TeJIEKOMMYHHUKAITUOHHOU CETHU
"HTepHeT U1 C1a00BUAAIIUX;

* pasMellleHHe B TOCTYIHBIX [JI1 00Y4aroIlUXCs, SABJISIOIHUXCI
CJIeIIbIMU WM CIa00BUIAIIIUMU, MeCTaX U B aJallTUPOBAH-
HOM popMme (C yU4eTOM HX 0COOBIX IIOTPEOHOCTEM) CIIPABOUYHOU
HUHPOPMAITUU 0 PACIIMCAaHUU YUeOHBIX 3aHATUU (MHPOpMaIud
IOJDKHA OBITH BBIIIOJIHEHA KPYIIHBIM pesibepHO-KOHTPACTHBIM
pUPTOM (Ha 6eJI0OM HJIU KeJITOM (OHe) U IIPoAyOMpoBaHa
rpudroM bpaiiis);

* IIPUCYTCTBHUE aCCHUCTEHTA, OKAa3bIBAKIIET0 O0O0y4aroIemMycs
He0oO0X0AUMYI0 IIOMOIIIb;

» obecrieyeHue BBIIIYCKA aJIbTePHAaTUBHBIX (OPMAaTOB I1€YaTHHIX
MaTepHasIoB (KPYIHBIN IIPUPT WU ayaU0daiiibl);

» obecrieueHHe OCTYIIA 00YUAIOIIEeT0Cs, SIBJISTIOIIET0CS CJIEIThIM 1
HCITOJIb3YIOIIEro cC06aKy-ITPOBOTHHUKA, K 3IaHUI0 OpraHu3allum;

2. Jl1s1 JIUIT C OTPAaHUYEeHHBIMHU BO3MO>KHOCTSIMH 3[I0POBBS I10 CIIYXY:

* ny6sipoBaHUe 3BYKOBOM CIIPaBOYHOM MHGOPMAIIUU O PacIlv-
CaHUM YUYeOHBIX 3aHATUM BU3yaJIbHOM (YCTaHOBKA MOHUTOPOB
C BO3SMO’KHOCTBIO TPAHCIAIUU CYOTUTPOB (MOHUTOPEL, UX Pas-
Mepbl U KOJIMYECTBO HEOOXOUMO OIIpe/iesIsITh C y4eTOM pasMe-
POB IIOMeIlleHH));

* obecrreyeHue HaJjieKallliMKX 3BYKOBBIMHM H BH3YydJILHBIMH
cpeacrBaMu BOCIIPOHU3BEAEHUA I/IH(l)OpMaU;I/II/I;

3. [id JIUIT C OrpaHUYEeHHBIMH BO3MOKHOCTIMM 3I0POBbS, UMEIO-
IIIUX HAPYIIIeHUs OIIOPHO-ABUTATEJIbHOI0 alllapaTa MaTepruaJIbHO-
TeXHUYECKHE YCJI0BHUA TOJDKHBI 00ecrieurnBaTh BO3SMOKHOCTBL Oec-
MIPEIITCTBEHHOI'0 TOCTyIIa 00y4YaroIuXCsa B yueOHbIe ITIOMeIlleHHs,
CTOJIOBBIE, TyaJIeTHBIE U IPYyTHe IIOMeIlleHUs, a TaKKe [IpeObIBaHUA
B YKa3aHHBIX [IOMeIIeHUAX (HaJIn4ue IIaHyCOB, IOPYYHEH, pacIiiu-
PEHHBIX IBEPHBIX IIPOEMOB, TUPTOB, JIOKAJIbHOE IIOHUKEHME CTOEK-
6apbepoB, HAJIMUKeE CIeITUaJIbHbBIX Kpecesl U APYrux IIPUCIIocobIie-
HUN).
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YTBepKaeHue

OGpa3oBare/bHasi NporpaMMa: IKOHOMMKA

PocxkkoBa KceHuss BUKTOpOBHA v

o TBepPXXAeHO akageéMHUuyeCKumM
AKaneMHu4YeCcKUN PyYKOBOJUTEIIb pykoBogurenem Of1
[TpoTokour: 2.09-12.12/240826-2 ot 2026-08-24

OOpasoBaTenbHasa nporpammMa: CoBMecTHasi mporpaMMa 1o 3KOHO-
Mmuke HV BIIO u PIIII

CrenaHoB Cepreii CepreeBuu v

. TBepPXAeHO akageMHUuieCKum
AKaZleMHUYeCKHH PYKOBOJHUTE/Ib pykosoautenem Of
[IpoTokost: 2.09-12.14/200826-1 oT 2026-08-20

06p330BaTeJIBHa}I mnmporpamMmMa. IKOHOMMKA M CTAaTUCTHKA

CupotuH BssuecsiaB IlaBs10BHY
Y'rBepmAeHo aKageMuyeCKumM

AKaJleMHUYeCKHUH PYKOBOAUTEIb pyKkosoauTenem Of
IIporoxkoJr: 2.09-12.13/150626-2 ot 2026-06-15

OGpa3oBare/bHasi NporpaMMa: IKOHOMHKA M aHAIU3 JaHHBIX

EropoBa /IrogxmMuiaa I'eHHagbeBHaA v

o TBepPXAeHO akageéMHUuieCKumM
AKaieMHYeCKHUH PYKOBOJHUTEIID pykosogutenem Ol
[TpoTokour: 2.09-12.15/210826-2 oT 2026-08-21
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