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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Aucournvaa b1.B.[1B.02.02 BeposiTHOCTHBIE MO/e/TM B €CTeCTBO3HAHWK OTHOCUTCS K YaCTH,

dbopmMHpyeMOl yuacTHUKaMU 00pa30BaTe/TbHBIX OTHOIIIEHUH 00pa3oBaTe/IbHOM MTPOTrpaMMBI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

aHanu3 u CuHmes
UHopmayuu,
npumeHsimb
cucmemHblii Nno0xo0
ons

peweHus
nocmaeneHHbIX 3a0au

YK-1.2: ¥Ymeem coomHocumb
DA3HOPOOHble sieeHus U
cucmemamu3uposamsn Ux 8
pamKax usbpaHHbix 8UO08
npogeccuoHanbHoU
OdessmenbHOCMU

YK-1.3: Umeem
npakmuueckuti onbim pabombt
€ UHGOPMAYUOHHBIMU
UCMOYHUKAMU, ONblm
HAy4HO20 NOUCKA, CO30aHUsl

HAY4YHbIX MeKcmos

MApPKOBCKUMU CAYYAUHBIMU
npoyeccamu u obaacms ux
npakmuyeckoz2o npumMeHeHusl.
3Hamb Kaaccugukayuro
npocmpaicmeda cocmosiHutl
MapKoBCKUX yeneli U OCHOBHble
KAACCbl COCMOSIHULIL.

3Hamb peKyppeHmHblIil Memod
uccaed08aHus Npoyeccos
nocsnedogamenbHbIX peleHutl
0/ cucmem, onucCbl8aemMblx
ynpasnsieMbiM MApKOBCKUM

npoyeccom.

YK-1.2:

Ymemb 060cHOBAMb 8bIOPAHHDIL
Memoo peleHus U 00Ka3amb e20
a¢ppexmusHocmb.

Ymemb npumeHsamb
umepayuoHHbIii Memoo 8blbopa
cmpameauu nogedeHus 0415
00CMUNCEHUSt MAKCUMAABbHO
803MOCHOU NPpubbLIU
ynpaensiemoeo npoyeccad ¢
0oxo00amu.

YK-1.3:

Bnademb npuemamu aHanuza
MapKoBCKUX Npoyeccos ¢
00X00amu U HAXOHCOeHUs
NoO/IHO20 0XCUOAemMo20 00X00d 8
cayuae 0aumenbHO20

(hyHKYUOHUPOBAHUSI CUCMEMbl.

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA IPOMEXXyTOUHOH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
YK-1: CnocobeH YK-1.1: 3uaem npuHyunbt YK-1.1: oknad
ocyujecme/isimb 3 cbopa, ombopa u 0606wjeHuss  |3Hamb OCHOBHble NpueMbl U CobecedogaHue 3quém:
NOUCK, Kpumuyeckuu |y chopmayuu MemoObl ynpasaeHus 3adauu




3anpemamdu..

Bnademb memoodamu ynpaeneHust
npoyeccamu pasepysku u
3a2py3Ku ¢ NOMOWbIO

¢yHKYuOHAN08 DocmudiCeHUs C

3. CTpyKTypa U copepkKaHHue AUCLUILIUHbI

3.1 TpyA0eMKOCTb AMCLUIITUHBI

ouHas

OO011as TPY/0EMKOCTD, 3.€. 2

Yacos 1o yue0HOMY IJIaHY 72

B TOM UHC/Ie

ay/JUTOpHbIE 3aHATHSA (KOHTaKTHasi padoTa):

- 3aHATHSA JIEKI[HOHHOr'0 THIA 0

- 3aHATHSA CEMHUHAPCKOro THIA (MpaKTHYeCcKue 3aHATHS / 1a0opaTopHbIe padoThI) 32

- KCP 1

caMocTosATe/IbHasA padoTa 39

ITpoMexxyTouHasi aTTecTaLus 0
3auér

3.2. CozepxaHWe JUCLUIIIMHbI

(cmpykmypupogaHHoe no memam (pazdenam) C yKasaHueM OMEeO0eHHO20 HA HUX Koauuecmed

axkaodemuuecKux udacos U 8uobl yuebHbIX 3aHamutl)

HanmeHoBaHue pa3fenoB U TeM AUCLIUILIAHEI Bcero B TOM YHCITe
Yyachbl
( ) KonTakTHas pabora (paboTa Bo
B3aUMOJEeHCTBUHU C TIperofiaBaTesiem),
Yachbl U3 HUX
3aHATHS CamocrosiTesibHast
CeMHHapCKOTro patora
3aHATus THIa obyuarowerocs,
JIEKIIMOHHOTO | (mpakThueckue | Bcero qackl
THMa 3aHsATHsA/Nabopa
TOpHBIE
paboThI), Uackl

0 b $ d d

0 0 0 0 0
MapKoBCKHe C/TyuaiiHble TIPOLIeCChI C JUCKPETHBIM BpeMeHeM 1 KOHEeUHbIM
yrcaoM coctosiHuii / Markov random processes with discrete time and a finite 17 8 8 9
number of states
MapkoBcKue TpoLiecchl ¢ foxogamu / Markov processes with incomes 18 8 8 10
PexyppeHTHbIV U UTepaLjOHHbIA METO/bI [JIsl U3YUeHHsI TIPOLIeCCOB
Tioc/eioBaTe/lbHBIX peleHuti / Recursive and iterative methods for studying 18 8 8 10
the processes of successive solutions
OyHKIMoHanel YWKyHa 1 MX TPUMeHeHHe Ji71s yIIpaB/IeH!s IpoLjeccaMy 18 8 8 10




pa3rpy3ku u 3arpy3ku / Chung functional groups and their application for

managing unloading and loading processes

Arrecranus 0
KCP 1 1
Utoro 72 0 32 33 39

Contents of sections and topics of the discipline

1) MapkoBckue ciyuaiiHble IpoLiecchl ¢ JUCKPeTHBIM BpeMeHeM U KOHEUHBIM UKMC/IOM COCTOSIHUM

Marpuiia BeposiTHOCTel Tiepexo/ja 3a OJWH I1ar, peKyppeHTHOe COOTHOLIeHHe [/1s1 BepOSTHOCTel COCTOSTHUN
cucTeMsl. [Ipumep c UrpyieuHsix fien MmactepoM. Knaccrudukarysi COCTOSIHUM MapKOBCKOH 11elI1, OCHOBHbI®
K/1aCChl COCTOSTHUM U UX CBSI3b. /

Markov random processes with discrete time and a finite number of states

A transition probability matrix for one step, a recurrent relation for the probabilities of the states of the system.
An example of toy-maker. Classification of states of the Markov chain, the main classes of states and their
connection.

2) MapKOBCKUe TpOoLiecChl C 10X0AaMu

PekyppeHTHOe COOTHOLLIEHHe /1/1s1 0XO0Z,0B. AHa/IM3 MapKOBCKUX IIPOLIECCOB C 0X0/JaMU C ITOMOILbIO Z-
nipeobpa3oBanusi. [ToBe/jeHre TTOJTHOTO 0XKHAeMOT0 I0X0/a B C/Tydae AJTMTebHOTO (YHKIIMOHUPOBAHHUS
CUCTEMBI.

Markov processes with incomes

Recurrence relations for income.

Analysis of Markov processes with incomes using z-transformation. The behavior of the full expected income
incase of a long-term functioning of the system.

3) PekyppeHTHBIY 1 UTepallMOHHBIA MeTO/BI /i1 U3y4YeHUs POL[eCCOB MOC/Ie0BaTe/TbHbIX PellleHruH

OTanbl peKyppeHTHOr0 MeTo/ia U ero rpyMeHeHHe Ha npuMepax. ViTepaljioHHbINH MeTOZ, /1711 MapKOBCKUX
TIPOLIECCOB C O/JHUM 3ProZMdeCcKUM K1acCoM, /10Ka3aTebCTBO ero 3¢ eKTHBHOCTH. VITepaljioHHbINA MeTO/, J1/Is
TIPOLIECCOB C HECKOJIBKUMU 3PTOANYEeCKMMH K/1aCCaMH, TIPUMepBI.

Recursive and iterative methods for studying the processes of successive solutions Stages of the recursive
method and its application examples. Iterative method for Markov processes with one ergodic class, proof of its
effectiveness. Iterative method for processes with several ergodic classes, examples.

4) dyHK1MoHanel YKyHa U UX NIpUMeHeHHe [J1s yTpaB/ieHusl polieccaMy pasrpy3Ku U 3arpysKu

OcHoBHbIe CBOHMCTBa (PyHKLMOHAIOB UKyHa, METOZ HAXOKJEHHUS UX YC/IOBHBIX MaTeMaTUYeCKUX OXKU/IaHUH.
[MpumeHeHue (HYHKIMOHANMOB YWKyHa MPU peIlieHrH 3aZiaui ONITUMH3aL[UA B HEKOTOPOU YTIPaB/IsieMOU CHCTeMe
MacCOBOT'O 00C/TY)KMBaHUS

Chung functional groups and their application for managing unloading and loading processes

The main properties of the Chrng functionals, the method of finding their conditional expectations. The use of
the Chung functionals in solving the optimization problem in a certain controlled queuing system

4. YueGHO-MeTOjUUECKOe 00ecrieueHre CaMOCTOSITe/IbHON PadoThI 00yJarouXCcs

CamocrosTenbHast paboTa 00yJaroLU[UXCsl BK/IOUaeT B Cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM M
3aZlaHUSIM JIJIsT TeKYIIero KOHTPOJSI M TIPOMEXKYTOUHOW aTTeCTallid TI0 UTOTaM OCBOEHUsl AUCLUTUIMHBI
MPUBEJEHHBIM B II. 5.



CaMocTosiTenbHasi paboTa 3aK/F0UaeTcsl B U3yUeHUM UCTOUHHUKOB W3 CITHUCKA JIUTepPaTyphl.
CaMocTosiTenibHasi paboTa MOKET OCYIeCTBISIThCS KaK B UNTATLHOM 3ajie OUOIMOTeKH, TaK U B
JIOMAlLLIHUX yCJIOBUSIX.

KoHTponbHbIe BOMPOCHI U 3a/iaHus [J1s IPOBe/IeHUs TEKY1[er0 KOHTPOJISL ¥ TIPOMEXXYTOUHOU
aTTecTalMy 110 UTOTaM OCBOEHUSI IUCLIUIIIMHBI IPUBEJEHbI B 11. 5.2.

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Report) to assess the development of the competency
YK-1:

1. KoHCTpyKTHBHOE 3a/jaH1e olyMapKoBCKOTO riporecca. [Tpumepsl. OCHOBHBIE

XapaKTEePUCTUKH MOJTyMapKOBCKOTO TIpoliecca.

Constructive definition of a semi-Markov process. Examples. Basic characteristics of a semi-Markov process.
2. BnoxkeHHast 1ierib Mapkoga. IIpe/ie/ibHble CBOMCTBA MOJyMapKOBCKHX TIPOLIECCOB.

Embedded Markov chain. Limit properties of semi-Markov processes.

3. CBolicTBa afJUTUBHBIX (PYHKIIMOHAIOB OT MOJyMapKOBCKHX TIPOLIeCCOB.

Properties of additive functionals of semi-Markov processes.

4. YrpapyieHue T0TyMapKOBCKUM TIPOLIECCOM U 33/IaUM OTITUMA/IbHOTO YTIPaB/IeHMUS.

Control of semi-Markov process and optimal control problems

5. MapkoBckue MOMeHThI. MapTUHrasibl ¥ [0J1yMapTUHTa/IbI.

Markov moments. Martingales and semimartingales

6. MapkoBckue nporjecchl. ITocTaHoBKa 3a/jauu 00 ONTUMabHOM ocTaHOBKe. ONTUMasbHbIe

MpaBW/Ia OCTAHOBKH B KJ/IaCCe OrPaHUYEHHBIX MAPKOBCKUX MOMEHTOB.

Markov processes. Optimal stopping problem. Optimal stopping rules in the class of bounded Markov moments
7. 3ajilaua 0 BbIOOpe Hauyuilero 00ObeKTa.

The best item selection problem

8. OkcreccuBHBIe QYHKIMK Y HAMMEHbBILNE YKCLeCCUBHBIE MaXKOPAHThI. JKCL[eCCHBHAs

XapakTepu3aliys LieHbl.



Eccessive functions and least eccessive magiorants. Eccessive cost characterization.

Assessment criteria (assessment tool — Report)

Grade Assessment criteria

Bce kommieTeHI MM (YacTH KOMITIETEHIMI), HAa (JOpMUpPOBaHKE KOTOPBIX HarlpaB/ieHa AUCHUIIIMHA,
ass
P chopMHpPOBaHbI HAa YPOBHE HE HIDKE «Y/I0BJIETBOPUTETLHO»

fail  Xots Obl 0fHA KOMIIeTeHLMs1 ChOPMUPOBAHA HA YPOBHE «HEY/I0B/I€TBOPUTEIBEHO» WU «I1/I0X0»

5.1.2 Model assignments (assessment tool - Interview) to assess the development of the
competency YK-1:

1. daiite ompesienieHue yrpaB/isieMOT0 MapKOBCKOTO TIpOLiecca. YKa)KUTe CBOMCTBA MaTPULIbI BEPOSITHOCTEH
repexo/ia 3a O/IH IIar.

Give the definition of a controlled Markov process. Show the properties of the one-step transition probability
matrix.

2. 3anuiInTe peKyppeHTHOe COOTHOLLIEeHe /I7Isi BEPOSITHOCTEe! COCTOSIHUM CUCTEMBI.

Write down the recurrence relation for the state probabilities.

3. IIpuBesiuTe TIpUMeEP C UTPYLLIEYHBLIM /IeI MaCTEPOM.

Describe the toy-maker example

4. YKaxuTe KnaccuhHKaL1i0 COCTOSIHHAI MapKOBCKOM 1€l ¥ OCHOBHbIE K/IaCChl COCTOSTHUM.
Demonstrate the classification of the states of a Markov chain and main types of states classes

5. TIpuBeuTe IpUMepHI peanbHBIX CUCTEM, MaTeMaTU4YeCKON MO/Ie/IbI0 KOTOPBIX MOKET CITY>KUTh
yTIpaB/sieMblii MapKOBCKUH Mpo1iecc.

Give examples of real systems whose mathematical models are controlled Markov processes.
6. Kakuie coCTOSIHMSI MAapKOBCKOH I1€MU Ha3bIBAIOTCSI BO3BPAaTHBIMH M HEBO3BPATHLIMU?

What states of a Markov chain are called essential recurrent and transient?

7. Kakye cOCTOSIHUSI MapKOBCKOH I Ha3bIBAOTCS CYL[eCTBEHHBIMH U HECYITIeCTBEHHBIMU?
What states of a Markov chain are called essential and non-essential?

8. UTo Takoe 3profuyeckui Kaacc?

What’s an ergodic class?



9. HaiiTe orpefiesieHrie MapPKOBCKOTO TIPOLiecca C A0X0JaMH.

Give the definition of a Markov process with incomes.

10. OnuimTe 3Tarbl peKyppeHTHOTO MeTo/a 1 MPOUJIIIOCTPUPYHTE UX Ha MpUMepe.
Talk on the steps in the recurrent method and give an example

11. Kakue OCHOBHBbIE OJIOKU COZIEP>KUT UTEPAITMOHHBIA METO/ /1711 MAaPKOBCKUX TIPOLIECCOB C OHUM
3ProguyecKum Kjiaccom?

What are the main blocks in the iterative method for a Markov process with a single ergodic class?

12. NokaxuTte 3¢ (heKTUBHOCTb UTEPAI[HOHHOTO METO/a C TOUKU 3PEHHS] CKOPOCTH CXOJUMOCTH U
00s13aTe/TbHOTO JOCTYKEHUsT ONITUMA/IbHOTO Pe3yJibTara.

Prove the efficiency of the iterative method from the point of view of the convergence speed and guaranteed
convergence to the optimal result.

13. YkaxkuTe 0c0OEHHOCTH UTEPAJMOHHOTO METOA /11 MAaPKOBCKUX TIPOLIECCOB C HECKOTBKUMU
3proiueCKUMHU K1acCaMu.

Talk on features of the interative method for Markov processes with several ergodic classes.
14. OnuImMTe OCHOBHBIE CBOWCTBA (DYHKITMOHAIOB IOCTHXKEHUS C 3aripeTaMHu.
Describe the main properties of functionals of visit with prohibition

15. IlpuBesuTe IpyMepkl 33/la4 ONTUMM3ALIMK, KOTOPble MOXXHO PELIUThb C UCI0/Ib30BaHUeM (YHKI[MOHA/IOB
WxkyHa.

Give examples of optimization problems that can be solved by means of Chung functionals.

Assessment criteria (assessment tool — Interview)

Grade Assessment criteria

Bce komMmeTeHIMY (YacTH KOMITETEHIHI), Ha JOpMUpOBaHKe KOTOPBIX HarlpaB/ieHa AWCHUIIIMHA,

ass
P chopMHUpOBaHBI Ha YPOBHE He HIDKE «YOBIETBOPUTETHHO»

fail  Xots Obl 0fHA KOMIIeTeHLUs1 C(hOPMUPOBAHA HA YPOBHE «HEY/0B/I€TBOPUTEIBHO» WU «I1/I0X0»

5.2. Description of scales for assessing learning outcomes in the discipline during interim
certification

IIIkana oueHuBanus c)OPpMHPOBAHHOCTH KOMIIeTeHI[HI



YpoBen
b
chopmu Hey/I0BJIETBOP | Y/AOBJIETBO 04YeHb
IJI0X0 X0POIIo OT/IMYHO TIPEBOCX0/{HO
POBaHH HUTe/ILHO PHTe/ILHO XOpO11I0
oCTH
KOMIIET
eHIMH
(uHpUK
aropa
AOCTHXK He 3aUTeHO 3a4TeHO
eHust
KOMITET
eHIHii)
YpoBeHb
OtcyTcTBUE YpoBeHb POBe
o N 3HaHWH B
3HAHUU MuHuManeH | 3HaHUU B oGBeMe YpoBeHb
TeOPeTHUUeCKOTro o obneme, i 3HaHWM B
YpoBeHb COOTBETCTBY YpoBeHb
Marepuaa. N [IOMyCTUMBI | COOTBETCTBY obbeme, o
3HAHWH HIDKe 9 I0IL[eM 3HaHWH B
HeBO3MO>KHOCTb i ypoBeHb I0IL[EM COOTBETCTB
MHMHHUMa/bHBIX " rporpaMme obneme,
3HaHUS | OLEHUTH MOJIHOTY " 3HaHWH. nporpamMme yIOIeM
N TpeboBaHMH. TIOATOTOBKH TIPEBBIILAOILE
3HaHUH TonyieHo MO/IrOTOBKH rporpamme
Vmenu mMecTo . DomyirieHo M TMPOrpamMmy
BCJIE[ICTBHE MHOT'0 . Jony1ieHo TIO/IrOTOBK
rpy0Oble omMOKH HeCKOJIbKO TO/ITOTOBKH.
OTKasa HerpyobIx HECKOJIbKO u. Ommbok
HeCylILecTBe
obyuaroiierocs ot OIIM60K HerpyobIx HHEX HeT.
OTBeTa OIrb0K
oLIO0K
IIponemoHc
TPHPOBAaHBI
IIpogemoHc PHp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPUPOBaHbI | BCe
BCE YMeHWUsI. ITpozieMoHCTp
OCHOBHBbIE OCHOBHbIE
OrcyTtcTBHE OCHOBHBIE Peltens! MPOBaHbI BCe
ITpu peLieHNM YMeHUsl. yMeHUsl.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
N CTaH/APTHBIX PerieHsl PeliieHb! Bce
YMeHHH. PeliieHbl Bce | OCHOBHBIE yMeHUSI.
3aad He THITOBbIE OCHOBHbIE
HeBo3Mo>xHOCTB OCHOBHbBIE 3a/lauu C Periens! Bce
TIPOZIEMOHCTPUD | 3aJauu C 3a7iaum C
OLIEHUTDb Ha/THyye 3ajiaunl. OTZIeNbHBIM | OCHOBHBIE
Ywmenus N OBaHbI HerpyObIMU | HerpyObIMU
yYMeHHH BbITo/IHEHBI | U 3a7iaunl.
OCHOBHbIE ommbKamMu. | OLIMOKamu.
BCJ/IE[ICTBHE BCe 33JlaHMs1 | HecyllecTB | BrlnosHeHsl
ymeHus1. Umenu | BeinosnHeHsl | BbimonHeHsl
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo rpy0Obie BCE BCe 3a/laHust
obyuatoiierocs ot obbeMe, HO | HejOUeTaM | IIOJHOM
OLINOKM 3afaHus, HO | B IIOJTHOM
oTBeTa HEKOTOpbIe u, oObeme Ge3
He B 06beme, HO
d BBITIOJIHEH HeJl0UeToB
TIO/THOM HEeKOTOpble
HeJloueTaMH | bl BCe
obbeme o
3a/laHyis B
HeJZloueTaMu
TI0JTHOM
obbeme
Nwmeetcsa
OTtcyTcTBUE IIpomemoHc [Ipomemonc
MHUHUMaJbH IIpogemoHc
6a30BbIX [Tpu peLeHNM o TPUPOBaHBI TPHPOBAaHBI
bl Habop TPUPOBAHBI ITposeMoHCTp
HAaBBIKOB. CTaH/APTHBIX 6a3oBble HaBBIKK
HaBLIKOB 6a3oBbie HpOBaH
HeB03MO>KHOCTB 3ajiay He HaBBIKH TIpU TIpx N
ISt HAaBBIKH TIpY TBOPYECKHI
OLIeHUTb Ha/jMure | TPOJEeMOHCTPUD peleHnn peleHnn
Hagbiku pelLeHust peleHnH MOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZIapTHBI HecTaHjapT
CTaHZAPTHBI CTaHJapTHBI PEILLEeHHI0
BCJIEJICTBHE HaBbIKH. VIMenn X 3a/jau ¢ HBIX 3ajiau
X 33/ja4 C X 33734 6e3 HeCTaH/apTHbI
OTKasza MecTo rpy6bie HEKOTOPbIM 6e3
HEKOTOPbIM ommboK u X 3a/1a4u
o0yuaroierocst OT | OmUOKU u o1mboK u
u HeZloueToB
OTBeTa HeJ[0YeTaMHu He/[0YeTOB
HeJloueTaMu
Scale of assessment for interim certification
Grade Assessment criteria
pass All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the

relevant competencies have been demonstrated at a level higher than the one set out in the
programme.




excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",

very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",

good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",

satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.

unsatisfactory At least one competency has been developed at the "unsatisfactory" level.

fail

poor At least one competency has been developed at the "poor” level.

5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
YK-1

1. Marpu1iia BeposATHOCTeH nepexoza Liernu MapkoBa umeet BUJ;
A transition probability matrix looks as follows:

1. 0.50.4
0.60.20.2
0.30.40.3

Pacripesienienre 1o COCTOSIHHSIM B Haya/IbHBIM MOMEHT onpegensercs BekropoM ( 0.7, 0.2,
0.1). Haiitu a) pacripefiesieHye TI0 COCTOSIHUSIM B MOMEHT t=2 , 6) BepOSITHOCTb TOTO, UTO B
MomeHTHI t = 0, 1, 2, 3 cocTOSIHUAMU Ty Oy/IyT COOTBETCTBEHHO 1, 3, 3, 2 B) cTarjioHapHOe
pacrpeiejieHre BeposiTHOCTel. Ornpefie/IuTh TUM COCTOSIHUM JaHHOM LieTHu.

The initial distribution is ( 0.7, 0.2, 0.1). Find a) the probability distribution at instant t=2; b)
the probability that at successive instants t = 0, 1, 2, 3 the system states are exactly 1, 3, 3, 2;
c) the stationary probabilities. Determine the types of the states of the chain.

2. B N duelikax rociefoBaTe/ibHO HE3aBUCUMO JIPYT OT Ipyra paBHOBEPOSITHO pa3MellaroT
yacTulibl. [IycTh — UMC/IO sSTUeeK, OCTaBIIMXCS MYCTBIMU T10C/Ie Pa3MellleHHs N YaCTULI.
[TokasaThk, uTo Moc/ieoBaTeNbHOCTh , N = 0, 1, 2,... siB/isseTcs Lienbio MapKoBa, ¥ HaUTH
BEPOSITHOCTH Tepexo/ia 3Toi 1jemu. OrpeseuTh, eCTh I y JaHHOW MapKOBCKOM
T1oC/IeZioBaTeTbHOCTH HeCyI|eCTBeHHbIe COCTOSTHUS.

CKOJTbKO 3proituecKrx K/1IaCCOB OHa UMeeT?

Particles are randomly distributed among N cells one by one and independently of each other.
Denote by the number of empty cells. Prove that the sequence ,, n =0, 1, 2,... is a Markov
chain and find its transition probabilities. Find out whether the chain has inessential states.
How many ergodic classes are there?

Assessment criteria (assessment tool — Tasks)



Grade Assessment criteria

pass Bce kommereHI[uu (YacT KOMIIeTeHI[HH), Ha (POPMUPOBaHKe KOTOPLIX HarpaB/ieHa AUCLUTIINHA,
chopMUpOBaHbI Ha YPOBHE He HIXKe «y/I0BJIeTBOPUTETHEHO»

fail  Xots Ob1 0fHA KOMITeTeHIMsI ChOPMHUPOBAHA Ha YPOBHE «HEY/IOBIETBOPUTEILHO» WITH «IIJIOX0»

6. YueOHO-MeTOANUECKOEe U HH()OPMALIMOHHOE 00ecreueHne JUCIUIUTHHBI (MOAYJIs)

OcHOBHasi uTeparypa:

1. Giuseppe Ciaburro. Hands-On Simulation Modeling with Python : Develop Simulation Models to Get
Accurate Results and Enhance Decision-making Processes. - Packt Publishing, 2020. - 1 online resource.
- ISBN 9781838988654. - ISBN 9781838985097. - TeKCT : 3/1eKTPOHHBI.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854280&idb=0.

[ononHuTenbHas TUTepaTypa:

1. JpmkuH EBrenuii bopricoBuu. Ynpas/sieMble MapKOBCKHe TipoLiecchl U ux npusokenusi / AH CCCP,
LeHtp. 3K0H.-MaT. UH-T. - M. : Hayka, 1975. - 338 c. : uepr. - 0.95., 2 3K3.

[TporpammHoe obecrieueHne v VIHTepHET-pecypchl (B COOTBETCTBHHU C COJiep>KaHUeM /IMCIATUIAHBI):

WnTepHeT-pecypchl s/eKTpoHHOro noprana MM TMM http:/www.itmm.unn.ru/studentam/uchebno-
metodicheskie-materialy/

®onH/ 06pa3oBaTe/IbHBIX 37IEKTPOHHBIX pecypcoB HHI'Y um. JTo6aueBCKOTo
http://www.unn.ru/books/resources.html

OO61mepoccuiickuii MaTeMaTHUeCKuii MHTepHeT-nopTast http://mathnet.ru

7. MaTepua/ibHO-TEXHHYeCKoe ofecneyeHne AUCHUIUIUHBI (MO/YJIs1)

YueOHble ayAUTOPUU [I/IsI TIPOBeZIeHUs] YueOHBIX 3aHSITHM, TpeAyCMOTPeHHBIX 00Opa3oBaTe/bHOU
MIPOrpaMMOM, OCHAI[eHbl MYJbTUMEAUMHBIM 000pyZoBaHHeM (TIPOEKTOP, 3KpaH), TeXHUUYeCKUMHU
cpefcTBaMU 00yueHUs, KOMITbIOTepaMH, CrieliiaTM3iPOBaHHBIM 000pY/JOBaHUEM: TTPOEKTOP

[MomerieHust A7IsT CAaMOCTOSITEIbHOM paboThl 00YYalOIMXCSI OCHAIL[eHbl KOMITbIOTEPHON TEeXHUKOW C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeTr" u obecrieueHbl [OCTYIIOM B 3JIEKTPOHHYIO
nH(OpPMarMOHHO-00pa3oBaTebHYIO Cpesy.

IIporpaMmma cocrtaBneHa B cooTBeTcTBUM C TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIO
noArotoBKu/crierianbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

AgBtopbl: 3opyH AHJpeli Bnagumuposuy, JOKTOp (DM3MKO-MaTeMaTHYeCKUX Hayk, [JOLIeHT.
3aBenytomuii Kadeapoii: 3opuH AHpelt BiagumMupoBry, JOKTOP (PU3MKO-MaTeMaTHYeCKruX HaykK.



ITporpamMma oo6peHa Ha 3ace/jaHUM MeTOANUECKOM Komuccuu ot 17.12.2025, mpoTokos Ne IpOTOKO/
Neb6.
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