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Kipicne

KpenutTTik OKBITY TEXHOJIOTHACHI KE€31HAE SJEKTHBTI MOHJIEP KaTajorbl 93ipJicHEl.
DONEeKTUBTI MOHJAEP KaTaJOTbl OKBITYABIH KPEAUTTIK Kylecl OOWMBIHIIA KYpacThIPbLUIAIbI.
DNEKTUBTI MOHJIEP KaTajorbl )KYyHEJIeHreH Tanaay OOMbIHIIA TOHAEP TI3IMIH KOHE OJIapAbIH
KBICKa CUTIaTTaMaChliH KapacThIPaIbl.

OKy >KOCHapbeIHBIH OapibIK IMOHAEPl €Kl MUKITe OIPIKTIpIATeH: Oa3alblK MoHACD
uukibl( BIT), kocinTik monaep uukim (KIT).

bazaneik mToHIep UHMKIBI THICTI JAWBIHABIK OaFbITBI OOWBIHINA 1prei  OumiMi
KaJIBITITACThIpYyFa OarbpITTasniFaH. KoCIMTIK MOHAEP HHKIBI KOCIOTIK KBI3METTIH HAKTHI
cajachlHa KATBICTBl apHailbl OUIIM, OUIIK, AaFAbl MEH KY3BIPETTUIIKTEPHiH Ti30eCiH
AHBIKTANIBI.

KOO xoMITOHEHTIHIH TOHJEpiH OKYMEH KaTap JAOKTOPAHT MOHJAI OKY YIIH TaHIay
KOMITOHCHTIH TaHaay Kepek.

DnexTUBTI TOHAEPAl TaHJaay OoibIHIIA KeHec »iaBaiizep Oepeni. OHbIMEH Oipre
noktopanT KOX (OKeke oky ocmapel) KypacThIpy YVIIIH IOHIEpre ja3z0a HbICAaHBbIH
TONTBIPAIBI.

BBenenune
[Ipu KpeAWTHONW TEXHOJOTHMH OOydYeHHsI pa3palaThIBA€TCA KAaTaJIOr SJIEKTHUBHBIX
JTACIIATLINH. Karanor 3IEKTUBHBIX JTACHATLIAH MPEJCTaBIISIET co0oit

CUCTEeMAaTH3UPOBAHHBINA MEpeYeHb MUCIUIUIMH KOMIIOHEHTAa IO BBIOOPY U COJEPKUT
KpaTKO€ UX OMHCaHHE.

Bce nmucnuminabl yaeOHOTO IUTaHa OOBEIMHEHBI B JBa IMKIA: IHUKJI 0a30BbIX
mucturad (B/1), mukn npodumupyromux gucturmiad (IT0).

[Mukn 0a30BBIX AUCHUIUIMH HampaBlieH Ha (opMmupoBaHuEe (QyHIaMEHTAIbHBIX
3HAHMM TI0 COOTBETCTBYIOIIEMY HAMpaBJIE€HUIO NOArOTOBKHU. Llukn mnpoduinpyrommx
JUCUUILJIMH  ONpEJAeNisieT MepeuyeHb CHEHUaJbHbIX 3HAHUM, YMEHHU, HAaBBIKOB H
KOMIIETEHIIUH TPUMEHHUTEILHO K KOHKPETHOH chepe mpodecCUOHATBHOM 1eITeTbHOCTH.

Hapsiny ¢ u3ydyeHHeM JUCUUIUIMH BY30BCKOTO KOMIIOHEHTA JOKTOPAHT JOJHKEH
BBIOpATH JJIs1 U3YYEHUS AUCIUILTUHBI KOMIIOHEHTA TI0 BEIOODY.

KoHcynbranuu no BeIOOPY 37EKTHBHBIX JMCLUIUIMH JaeT 3/Baiizep. Bmecre ¢ Hum
JOKTOPAHT 3amoyiHsgeT ((opMy 3amuMcd Ha JUCHHUIUIMHBL I cocTaBieHuss MVII
(MHIMBHU1yaJIbHOTO Y4€OHOTO IJIaHa).

Introduction

At the credit technology of education a catalog of elective disciplines is developed.
The catalog of elective disciplines is a systematized list of disciplines of the elective
component and contains a brief description of them.

All disciplines of the curriculum are combined into two cycles: a cycle of basic
disciplines (BD) and a cycle of core disciplines (CD).

The cycle of basic disciplines is aimed at the formation of fundamental knowledge in
the relevant direction of training. The cycle of majoring disciplines determines the list of
special knowledge, abilities, skills and competencies in relation to a particular field of
professional activity.

Along with the study of disciplines of the university component a doctoral student
must choose to study the disciplines of the elective component.

Advice on the choice of elective disciplines is given by the advisor. Together with
him, the doctoral student fills out an enrollment form for disciplines for drawing up FTI
(individual training plan).



CemecTp 0oiibIHIIA 3JIeKTUBTI MOHAepAi 06,1y / Pacnipeaesnenne 31eKTUBHBIX
TUCHUILINH o ceMecTpam / Distribution of elective courses by semester

Kpeautrep | Axanemus
CaHbl / JIBIK
Kon-Bo Ke3eH/
[Tonnin aTaysl / HaumenoBanue nucruminabl / The name of the discipline KpeauTOB/ Axkan
Number of nepuo/
credits Academic
period
Big Data TexHomOTHsIapHI )KOHE YIKEH AepeKTep/ai Tanaay /
Texnonoruu Big Data u ananu3 601bIIMX JaHHBIX /
Big Data technologies and big-data analysis 5 1
ANTOPUTMIEPI 3EPTTEY KOHE Taaay /
HccnenoBanue u aHaimu3 ajaropuTMoB /
Research and analysis of algorithms
HakTb! yakbITTaFbI Kyiienep/ii Moienbaey /
MonenupoBaHue CUCTEM pealbHOr0 BPEMEHH /
Modeling of real-time systems
Kypaeni sxyiienep Teopuscsr /
Teopus CI0KHBIX CUCTEM / 5 1
Theory of complex systems
Kacanapl HHTEIUIEKT, pOOOTOTEXHHUKA XKoHE Oackapy /
HckyccTBEHHBIN HHTEIJIEKT, POOOTOTEXHUKA M YIIPABICHUE /
Acrtificial intelligence, robotics and control
HeiipoHpIK xKeniiep jKoHe MAaIMHAIBIK OKBITY /
HeiipoHnHble ceTn u MaltMHHOE 00yueHue /
Neural networks and machine learning
PoOOTTHIK xylienepAiH CeHIMILIIT MEH TOKbIPATYPaKThIIBIFbI /
HaznexxHocTb U 0TKa30yCTONYNBOCTh pOOOTOTEXHUUECKUX 5 1

cucreM / Reliability and fault tolerance of robotic systems

CynepkoMIiploTepitik ecentep /
CynepKOMITbIOTEpHBIEC BEIYUCTICHHUS /
Supercomputer computing




1 1 oKy KbLIbIHA aAPHAJIFAH JIEKTHBTIK MOHAEP / DJIeKTUBHbIE THCHUILIAHGLI 115 1 roxa odyuenusi/ Elective courses for

year 1

data analysis

Big Data mexnonozuanapul sxcane yaken oepekmepoi manoay / Texnonozuu Big Data u ananuz é6onvuiux oannsix / Big Data technologies and big-

Oky maxcamul / Yueonan yenv/ Purpose

JIOKTOpaHTTapAbl YJIKEH JEPEeKTePMEH >KYMbIC

icTeyre = TEOPHSUIBIK ~ JKOHE  MPAKTHKAIBIK
nadpiaaay. [loHmi  MeHrepy  HOTHIKECIHIE
aJIbIHFaH OlmiM  KYpbUIBIMIBIK  Hemece

KYpbUIbIMIaHOAFaH aKMapaTThlH YJIKEH KOJEMiH
KUHAYFa JKOHE Tayjlayra, YITUIepai d3ipieyre
KOMEKTECE].

Teopernueckass U  mpakTUyYecKas  IMOATOTOBKA
JIOKTOPAHTOB K paboTe ¢ OOJbIIMMHU JTaHHBIMH.
3HaHUs, I[OJYYEHHbIE B pPE3yJIbTaTe€ OCBOCHUS
JTUCIUIUIMHBI, TIOMOTYT TNpH  cOOpe W aHaim3e
OTPOMHBIX O00BEMOB CTPYKTYPHUPOBAaHHOW WM
HECTPYKTYpUPOBAaHHOMN uH(popMaluuy, pu
pa3paboTKe MOJIeNeH.

Theoretical and practical training of doctoral
students to work with big data. The
knowledge gained as a result of mastering the
discipline will help in the collection and
analysis of huge amounts of structured or
unstructured information, in the development
of models.

Okbimy

Hamuoiceci / Pesynomamot 06yuenus / Learning outc

omes

Kypcrbl CoTTI asIKTaFaHHAH KeHin
olmiMaymbLIap

- YnKeH JepeKTep calachlHAaFbl SHICTep MeEH
KypajigapAnl aHbIKTay,

- YAKEH JepeKTep/li MAaIIMHAIBIK OKBITY,
BHU3yaJIM3aIusl KOHE CaKTay TYpJIEpIH KOJAaHy;

- MomiMerTep KoWManapbiMeH jkoHe NoSQL

JKBX-MeH kymbic icTey NPUHIUOTEPIH
KIKTEY;
- JIepeKTepAl Tajijay YIIIH €H  KaKChl

OarmgapiaMalnblK  KaMTamachl3
KOHE TaHJay;

eTynl Tanjaay

ocae yCIIELIHOr' 0
o0yyarommecsi OyayT
- ONpeAensATh METOJbl U CpeAcTBa B obmactu Big
Data;

- HCIIONB30BaTh BHJBl MAIIMHHOTO 0O0ydYeHUs,
BU3YaJIM3aIlUU U XPAaHEHUS OOJIBIINX TaHHBIX;

- KJacCU(pHUUMPOBATH MPUHLUIBI  PabOTHI
xparmwmimamu Jaaabix 1 NoSQL CYB/;

- aHaJIM3UpOBaTb M BHIOMpATh ONTUMAJbHbIE
MpPOrpaMMHBIE CpE/ICTBA /IS aHAIHM3a JAaHHBIX;

- IPUMEHSTh MOAXO0Jbl aHATUTUYECKOH 00pabOTKH
OOJBIINX JaHHBIX MPH PEIICHUU 3a/1a4, CBI3aHHBIX

3aBepuUIeHUs]  Kypca

C

After successful completion of the course,
students will be

- determine methods and means in the field
of Big Data;

- use types of machine learning, visualization
and storage of big data;

- classify the principles of working with data
warehouses and NoSQL DBMS;

- analyze and select the best software for data
analysis;

- apply the approaches of analytical
processing of big data in solving problems

- KYpIelli TeXHHKaJbIK XKylenepae OackapyMmMeH | ¢ ynpaBlIeHHEM B  CIOXKHBIX  TexHudeckux | related to management in complex technical
OaiilaHBICTBI ~ MAceseNiep/ll  IIemyae YIKEH | CUCTeMax; systems;

JepeKTepal aHAIWTUKAIBIK OHJIEY TOCUIAEPIH | - OCBaMBaTh METOTUKH ucnosb3oBanus | - master the methods of using software tools
KOJIJaHYy;, MIPOrPaMMHBIX CPE/ICTB, noaepskuBaronux | that support Big Data technologies to solve




- TOHIIK Ccajalarbl MPAKTHKAIBIK €CenTepIi
memy yuria Big Data TexHonorusapbiH
KOJITAUTBIH ~ OaFjgapiaMaiblk  Kypaiaap.sl
naijanany SJiCTepiH MEHTepy;

- TOHAIK  callaHbIH  MOCeNeNIepiH  YJIKeH
JepeKTepAl OHJIEY TEXHOJIOTHSIIAPBIHBIH TLTiHE

aynapy,

texHosoruu Big Data s pemeHus npakTHUECKUX
3a/1a4 B MPEAMETHOHN 001acTu;

- TIepeBOANUTH MPOOIEMBI MPEIMETHON 00JacTH Ha
S3BIK TEXHOJIOTHI 00pabOTKM OONBIINX JaHHBIX;

practical problems in the subject area;

- translate the problems of the subject area
into the language of big data processing
technologies;

Kypcmoiy kvickauwa mazmynst / Kpamkoe codepicanue kypca/ Course summary

YnkeH — JepeKkTepAl  TanjayAblH ~— HETi3Ti
aHbIKTaMajapbl,  TEPMHUHACPI,  MIHACTTEPI.
Kayinciznik cypakrapel. MamimMertepai eHAIpY
TyciHiri. KOrHUTHBTIK JepekTepai Tanuay.
Momimertepni  JkuHay — omictepi.  YJIKEH
JCPEKTEepre apHaliFaH akiapar Ke3JepiHe MOy
(aKmapaTThIH alIbIK Ke3Jepi: CTaTHCTHKAIBIK
KUHAKTap, )KapHsUIaHFAH ECEeNTep XKOHE 3ePTTey
HOTIDKEIIEpl, KYIMHs aKmapaTtka KOJ JKETKi3y).
YikeH nepekTepii Tanaay OMICTEpiHE WIONY.
YrnkeH Jdepektepal Tangay omicTepi. YIKEH
JepeKTep i cakray JKOHE OHJICY
TEXHOJIOTUSUIAPBL. YJIKEH JEepeKTepAl CcakTay
TEXHOJIOTUSIIIapbIHA IoJTy. Hepekkop.
Monimerrep  KOpbIH  Oackapy  Kykenepi.
JEpeKTep Yiariaepi. YJKEH ACPeKTepl >KUHAYy
KOHE cakray. YJKEH JepeKTep CTaHIapTTaphl.
ISO/IEC-Teri ynkeH AepeKTep CTaHIApTTaphbl.

OcHOBHBIE  ONpeACNICHUsl, TEPMHUHBI,  3aJa4uu
aHaNM3a OoubIImX JTAHHBIX. Bormpocst
0€30MacCHOCTH. [onstue Data Mining.

KoruuTuBHbIi aHanu3 JaHHbIX. MeToauku cOopa
nanHbIX. O030p UCTOYHUKOB MHPOpMauu i Big
Data  (OTKpbITbIE = HMCTOYHMKM  HMH(pOpMaLUU:
CTaTUCTHUYECKHE  COOPHHKH,  OIYOJMKOBAHHBIC
OTYEThl W pe3yJbTaThbl MCCIEJOBAHUM; JOCTYN K
3aKkpeITOi mHpOopMarum). O630p METOAUK aHaIH3a
OONbIIMX JAHHBIX. METOAMKH aHaiu3a OOJbIINX
JTaHHBIX. TEeXHOJNOTMM XpaHeHHs U 00paboTKH
00ibpmKX AaHHBIX. OO030p TEXHOJIOTMH XpaHEHUs
OompmMX JaHHBIX. ba3el  gaHHbIX. CuCTEMBI
yrnpasieHus 0a3amMu JaHHBIX. MoOJenu JaHHBIX.
C6op u xpaHeHue 00abIIUX AaHHBIX. CTaHAAPTHI B
obnactu Oonpmmx AaHHBIX. CTaHAAPTHI OOBIIMX
nanabix B ISO/IEC. Cranmaptsl GONBIIMX TaHHBIX
B ITU. Cranpmaptel Oonbmux pganHbix B NIST.

Basic definitions, terms, tasks of big data
analysis. Security questions. The concept of
data mining. Cognitive data analysis. Data
collection methods. Overview of information
sources for Big Data (open sources of
information: statistical collections, published
reports and research results; access to
classified information). Overview of big data
analysis techniques. Big data analysis
techniques. Big data storage and processing
technologies. An overview of big data
storage technologies. Database. Database
management  systems.  data  models.
Collection and storage of big data. Big data
standards. Big data standards in ISO/IEC.
Big data standards at ITU. Big data standards
at NIST. Big data standards at BSI. Basic
concepts of mathematical statistics. Modern

ITU-gare1  ynkeH jepektep cranmaprrapsl. | Cranmaptel Oonbimux nanHeix B BSI. Ocnoele | Software tools for analyzing large volumes of
NIST-reri ynken nepekrep cranmaprrapbl. BSI- | monsTus MaTeMaTHYECKOU craructuky. | information. Methods for processing and
Iarpl  YJIKeH  Jepekrep  craHgapTrapbl. | CoBpeMeHHBIE TporpaMMHBIe cpeicTBa aHanm3a | analyzing big data. Visualization of initial
MareMaTHKanblK ~ CTaTHCTHKAHBIH  HETi3Ti | Ooipmmux  oObemMoB  wHbopmanuu.  Mertoasl | information and analytical data.
TYCiHIKTEpi. AKMapaTThIH YJIKEH KOJIeMiH | OOpa0OoTKM W  aHanmm3a  OOJBIIUX  JaHHBIX.

TaJJlayFa apHaJFaH 3amMaHayd Oarmapiamanslk | Busyanmuszanms — UCXOJHOW — uWHpOpPMAnMu U




Kypangap. YJIKeH JepeKTepii OHIeY JKOHE | aHATUTUYECKUX JTaHHbIX.
Tanmay omictepi. bacTtamkel akmaparThl KOHE
AHAJIMTUKAIIBIK MOJIIMETTEP/1i BU3yaIn3aIlisiIay.

Ilocmpexsusummepi / [locmpexsuszumat/ Postrequisites

JIOKTOPaHTTHIH FBUTBIMU-3€PTTEY KYMBICHI Hay4Hno-uccienoBarenbckas padoTa Scientific research work doctoral student
JOKTOpaHTa
bazoaprama rcemexuici / Pykoeooumens npozpammur/ Programme manager
CasbixoBa O.C. ‘ CaubixoBa O.C. ‘ Salykova O.S.




Anzopummoepoi sepmmey sncone manoay / Hecnedosanue u ananusz anzopummos / Research and analysis of algorithms

OKy makcamuwt / Yueonan yenwv/ Purpose

JEPEeKTePAl OHJICY/IH HETI3Tl aJrOpUTMICPIH,
COHBIMEH KaTap alrOpUTMJACPAlI 3epTTeyIiH
JKOHE OJIapAblH  aITOPUTMOIK  KYPACHUIIriH
OaranayblH 3aMaHayd SICTEPiH UTEpy.

oByafieHue (GyHIaMEHTAIbHBIMU 3HAHUSIMU
QITOPUTMOB OOpaOOTKU JaHHBIX, a TaKXKe
COBPEMEHHBIMH  METOJIaMU  MCCIICZIOBAHUS
QITOPUTMOB U OIIEHKH UX aJTOPUTMUUYECKOU
CJIO)KHOCTH.

mastering the fundamental algorithms of data
processing, as well as modern methods of studying
algorithms and evaluating their algorithmic
complexity.

Hamudiceci / Pesynomamot 06yuenusn / Learning outcomes

Okbimy
Kypcersl CITTi asiIKTaraHHaH KeliH
OimiManymbLIap
- JepeKTepi OHJICYIIH KJIACCUKAJIBIK

ITOPUTMAEPIH KOJJIaHy;

- QITOPUTMACPAIl Tannay YIIiH KOJJaHBLIATHIH
o/licTep MEH MapaMmeTpiiepl aHbIKTay;
- UWHXCHEPJIK KOHE FBUIBIMHU
MaTEeMaTHKANBIK  MOJEIbCY/ e
OMICTEPIH KOJIJIaHY;

- aNrOpUTMIEP/IIH THIMALUIITIH Oaranay;

- QNrOpUTMJIEPHIH KYPAENUIIK MapaMmeTpiepiH
Tanjaay;

ecenTepi
AITOPUTMICY

IMocse ycmemHoro
o0yuarmuecs OyayT
- HCIOJb30BaTh KIIACCUYECKHE AITOPUTMBI
00pabOTKH JTaHHBIX;

- ONpeAeNiaTh METOAbl U  IapaMeTphl,
WCIOJIb3YEMbIE I aHAIN3a allTOPUTMOB;

- TMPUMEHSATh MPHUEMbl AITOPUTMU3AIUU TIPU

3aBeplIeHUs] Kypca

MaTeMaTHYeCKOM MO/JICJINPOBAHUU
MHXEHEPHBIX U Hay4HBIX 3a]1a4;

- TOpOBOIUTH  OLEHKY  A(PPEKTUBHOCTH
aJITOPUTMOB;

- aHATU3UpPOBaTh MapaMeTpbl CIOXKHOCTH
JITOPUTMOB

After successful
students will be

- use classical data processing algorithms;

- determine the methods and parameters used for
the analysis of algorithms;

- apply methods of algorithmization in
mathematical modeling of engineering and
scientific problems;

- evaluate the effectiveness of algorithms;

- analyze the complexity parameters of algorithms;

completion of the course,

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue kypca/ Course summary

AJNTOpUTM TEOPUACHIHBIH HETI3r1 TYCIHIKTEpI.
Anroputmaepaiy KYpJAEIUIIriH Oaranay.
barnapnamanap bt KYypyFa (bopmainbabl
ke3kapac. Eximik  i3mey.  MuBapuadTtTap.
barnapnamanbig JTYPBICTBIFBIHBIH pecMu
nonenaepi.  YmrTik  13aey.  JMHaAMUKaIbIK
Oarmapiamanay. AKMapaTThl ©HJAEYAIH HEri3ri
anroputmaepl. Ti30ekTi XoHE eKUIK 137ey
AJITOPUTMJIEPI. Ecenrey Te€OMETPHSICHI.

OCHOBHbBIE TIOHATHSA TEOPUU AITOPUTMOB.
Onenka CII0)KHOCTH aJITOPUTMOB.
@opManbHBIl  MOAXOA K  IOCTPOCHUIO
nporpamM. J[BoM4HBIN mouck. MIHBapHaHTHI.
@opMalIbHBIE J10KA3aTEIbCTBA KOPPEKTHOCTH

IIPOrpaMM. TponunsIit TIOUCK.
JuHamuueckoe IIPOrpPaMMHUPOBAHUE.
OcHoBHbIE AITOPUTMBI 00paboTku
uHpopMaluu. ANTropUTMBI

Basic concepts of the theory of algorithms.
Estimating the complexity of algorithms. Formal
approach to building programs. Binary search.
Invariants. Formal proofs of program correctness.
Ternary search. Dynamic programming. Basic
algorithms for information processing. Algorithms
for sequential and binary search. Computational
geometry. Convex hull on a plane. Search for a
pair of the most distant points. Finding a pair of




¥1akTarsl eHeC KOpITYC. En aJpIC
HYKTEJNEpAiH KYObIH i37eHi3. EH KakplH
HYKTEJEep KYOBIH Taly. k-d-arar.
I'paduxrepaeri anroputmuep. ['padukrepaeri
QITOPUTMEP. TOMOJOTHSUIBIK CyphinTay. I3aey
anroputMmaepi. [3neyni oHTalIaHABIPY dIicTepi:
UTEPAaTUBTI  TEPEHIETY, AaIIKe3IK,  YaKbIT
OOWBbIHINIA Kecy, »Kayan OOHWBIHIIA Kecy, OuT
TpIOKTepi. Makcumanasl  aFblH  McCeseci.
Yarinepai CaJIBICTBIPY AITOPUTMAEPI.
JIMHAMUKATBIK Oarmapiamanay.
aMOPTU3ALMSUIBIK Tannay. JlerepMUHUpPIICHTEH
emec anropurmep. bIkruManabik anroputmaep.
Amike3 anropurMaep. [lapamnens anroputmaep.
Wntepner anroputmaepi. XKacanapl WHTEIEKT
anroputMzaepi. PoOoToTexHUKa anropuTMmuepi.
I'padukTepMeH KyMBbIC ICTEY aNrOPUTMIEPI.

IIOCJIICOOBATCIIBHOTO H 6I/IHapHOFO IIOHUCKaA.

BreraucnurenpHas reomMeTpus.

Beimykitas

000J104YKa Ha TWIOCKOCTH. [ToMCK mapbl cambIX
ylajieHHbIX Todek. I[lomck mapbl caMbIxX
Omu3kux TOYek. k-0-mepeBo. AJrOpuTMBI Ha

rpadax. ANTOpUTMBI Ha

rpadax.

Tononoruueckass coptupoBka. IlepeGopHbie
QITOPUTMBI. MeTtos ONITHUMH3AIAH
nepebopa: iterative deepening, >KagHOCTH,
OTCEYCHHE TI0 BPEMCHH, OTCEYCHHE TIO

OTBETYy, OWTOBBIE “TPIOKH’.
MaKCHMaJIbHOM IIOTOKE.

3amaqa o
AnropuT™MbI

cpaBHeHHs C oOpasuom. JluHamuyeckoe
MPOTPaMMHUPOBAHHUE. AMOpPTU3ALIMOHHBII

aHaimu3. HenerepmMuHMpoBaHHBIE
BeposiTHOCTHBIE ~ alITOPUTMBI.
anroput™mel.  [lapannenbHble
ANropuTMBI HMHTEpHETA.
HCKYCCTBEHHOTO HMHTEJUIEKTA.
pPOOOTOTEXHUKH.  AJNTOPUTMBI
rpadamu.

QJITOPUTMBI.

Kanuroie
aJITOPUTMBI.
ANropuTM™MbI
ANTOpUTMBI
paboThl ¢

closest points. k-d-tree. Algorithms on graphs.
Algorithms on graphs. topological sort. Search
algorithms. Search optimization methods: iterative
deepening, greed, cut-off by time, cut-off by
response, bit tricks. The maximum flow problem.
Pattern ~ comparison  algorithms.  Dynamic
programming.  depreciation  analysis.  Non-
deterministic algorithms. Probabilistic algorithms.
Greedy Algorithms. Parallel Algorithms. Internet
algorithms. Algorithms of artificial intelligence.
Robotics algorithms. Algorithms for working with
graphs.

Hocmpexsusummepi / [locmpexsuszumat/ Postrequisites

HOKTOpaHTTBIH FTBUIBIMU-3CPTTCY KYMBICHI

Hay‘{HO'I/ICCJ'IeI[OBaTeJ'ILCKaH pa60Ta

JIOKTOpAHTa

Scientific research work doctoral student

bazoaprama rcemexwici / Pykoeooumens npozpammel/ Programme manager

CansixoBa O.C. \

CamsixoBa O.C.

Salykova O.S.
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Haxmul yaksimmazol scyiienepoi mooenvoey / Mooenuposanue cucmem peanvrozo epemenu / Modeling of real-time systems

Oky maxcamul / Yueonas yenv/ Purpose

[Tpomiecrep  MeH  Kyiienepai
calachlHIArel  OUTIMII  JKYHeney,
OOBEKTUIEP/iH CcHUMAaTTaMallapbl MEH MiHe3-
KYJIKBIH 3epTTey YILIiH MOJICTIBICY
QITOPUTMACPIH  TUIMAI  maiinanana  Ouly,
MPOLIECTEp MEH OKYHelepal HMMHTalusay
KaOineTi,  OSKCIEePUMEHTAJAbl  3epTTeyNepi
TYKBIPBIMIAYFa XKOHE OTKI3yre KaThICyFa JalbIH
0oy, TOXKIpHOENiK JepeKTep MEH aJbIHFaH
1803115099 (S )80 HOTHKENCPiH CAJIBICTBIPY
apKBUIBl TAHJAFaH MOJCIBIIH JIYPBICTHIFBIH
Heri37iey MYMKIHIII .

MOJIEIIBCY
Kypzaem

Cucremaruzanus 3HAHUH B obOiactu
MOJICJTUPOBAHUS MPOIIECCOB M CHCTEM, YMEHHUI
3¢ (HEKTUBHOTO UCIOIB30BAHUS MOJCIUPYIOIINX
QJITOPUTMOB JIJISI UCCIICJIOBAaHHUS XapaKTEPUCTHK
M MOBEIECHHUSA CIOXKHBIX O0OBEKTOB, CIIOCOOHOCTH
MPOBOJUTh  MOJICIMPOBAHUE  IPOIECCOB M
CUCTEM, TOTOBHOCTh y4acCTBOBATh B MOCTAHOBKE
u IIPOBEICHUHU IKCIIEPUMEHTAIBHBIX
HCCIEOOBAHNNA, CIIOCOOHOCTH OOOCHOBBIBATH
MPABUIIBHOCTh BHIOPAHHOM MOJICIIH COITOCTABJISS
pe3yNIbTAaThl KCIICPUMEHTAIBHBIX JAHHBIX U
MOJTYYCHHBIX PEIICHUH.

Systematization of knowledge in the field of
modeling processes and systems, the ability to
effectively use modeling algorithms to study the
characteristics and behavior of complex objects,
the ability to simulate processes and systems,
the willingness to participate in the formulation
and conduct of experimental studies, the ability
to justify the correctness of the chosen model by
comparing the results of experimental data and
the solutions obtained .

Okbimy

Kypcersl CITTi KeHiH
OimiManymbLIap

- MOHAIK OOJBICTBIH AaKMapaTThIK KyHenepi
MOJIETIbACPIHIH HETi3T1 KIIACTapblH, MOJAENBICY
TEXHOJIOTUSICBIH KIKTEY;

- 3aMaHayn KOMHLIOTepJ'IepI[iH 6an[apJIaManLn<-

asiIKTaraHHaH

anmapaTThiK KYpaIapbIHbIH KoMeTiMeH
MoJIeIbAEp Al €HT13y MYMKIHIIKTEpiH
naii1ajiany;

- OKyHenepaiH KbI3MET €Ty MHpoLecTepiHiH
MOJIETBACPIH KYpY MPUHIUNITEPIH
KJaccuukanusnay;

- KociOm ecenmTep/il MICUTy/IE MaTeMaTHKAIBIK
onicTepi KoJ1any;

- YJTiney OomiCTEpiH KOJJaHa OTBIPHIN THITIK
ecernTep/i ey,

- aKMapaTThIK >KyHenepal 3epTrey, kobaay

After successful completion of the course,
students will be

- classify the main classes of models of
information systems of the subject area,
modeling technology;

- use the possibilities of implementing models

Hamudiceci / Pesynomamot 06yuenusn / Learning outcomes
IMocne ycmemHoro 3aBepleHHsI  Kypca
o0yuarmuecs OyayT
- KJIacCU(pUIMPOBATH  OCHOBHBIE  KIIACCHI
Mojienei UH(POPMAaLMOHHBIX CUCTEM
MPEeIMETHOM o0macTH, TEXHOJIOTHIO
MOJIETTUPOBAHUS;

- HCIONB30BaTh BO3MOYKHOCTH  pealn3alluu

MOZEJIEW C HCIOJIB30BAHMEM IPOTrPaMMHO-
TEXHUUYECKUX CPEACTB COBpeMEHHbIX DBM;

- KJIacCU(UIMPOBATh IMPHUHLHUIBI TTOCTPOEHUS
MozeIen IIPOLIECCOB (GYHKIIMOHUPOBAHUS
CUCTEM;

- IPUMEHATh MaTEMaTUYECKHE METOJIbI
pereHnH mpodecCuoHATBHBIX 3a1a4;

- pemiarb THIIOBBIE 337a4d HCIIOJIb3YS METOJBI
MOJCIIMPOBAHN,

pu

- HUCIIOJIb30BaTh METO MAalIIuHHOT'O

using software and hardware tools of modern
computers;

- to classify the principles of constructing
models of the processes of functioning of
systems;

- apply mathematical
professional problems;
- solve typical problems using modeling
methods;

- use the method of machine modeling in the
study, design and operation of information

methods in solving
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KOHE  maiianaHy — Ke3iHze
MOJIENIBJICY 9JIICIH KOJ/IaHY;

- TpouecTep MeEH OKYHeNepIiH o31pJICHIeH
YJITLIEPiH TEKCEepy KOHE PETTeY;

MalllMHAJIBIK

MOZCIIMPOBAHUS npu UCCIICI0BAHNH,
[IPOCKTUPOBAHUU u JKCILTyaTaluu
MH(GOPMALIMOHHBIX CUCTEM;

- BepU(pULIIHPOBATH u HacTpauBaTh

pa3pa60TaHHLIe MOJACIIN IMTPOLECCOB U CUCTEM,;

systems;
- verify and adjust the developed models of
processes and systems;

Kypcmuoiy Kvickawa mazmynst / Kpamrkoe codepicanue Kypca/ Course summary

MogenpaeyaiH aHBIKTaMachl MEH MaKCaThl.
MopenbneyaiH TaHBIM OMICTEPiHIH INIHJAETI
OpHbl.  Mopens  aHbIKTamacel.  Mogxens
KacuerTepi. Monenbaeynin MaKcaTTapsbl.
Monensaepain KJIacCU(UKAIUSCHI.
Marepuanasl Mozenbaey. Mpean mopenbuey.
KoruutusTi, KoHIENTyan bl *oHe (HOpMaIbabl

MojeabaAep. MaTeMaTHKaIbIK — MOJCIIbACPIIH
knaccupukanusicel. Knaccudukanus Oenrinepi.
Monenbaey 00BEKTICIHIH KYpACJILUIIriHe
OaiJIaHBICTEI MATEMATHUKAIIBIK ~ MOJACIBICPIIH
KJIaCCU(UKALIHUSICHI. MaremMaTHKaIbIK
MOJETBACPAIH  KIACCH(PHUKAIMACHL.  MOEIb
omnepaTopbIHA OailJIaHBICTHI. MopenbiiH

napaMmerpiiepine OalIaHBICTBI MaTEeMAaTHKAIBIK
MOJENbIEPAIH Kiaccuduranusacel. Mojenbaey
MakcaTTapbiHa OalIaHBICTBI MaTeMaTHUKAIIBIK
MOJIETbAEPAIH KJIACCU(UKALIUSACHI.
KYPBUIBIMIBIK MoJeJbaAep. HaKThl yaKbITTarbl
KyHenepal Mojaenbaey Kypannapsl. benricizmik

xKarnaWblHga — mojenbaey.  CTOXacCTUKabIK
oenrici3aik ’KarganbpIHa MOJIETIBIEY.
MapkoBTbIH Ke31elCOK MIPOLIECTEPiH
Mozenbaey. Mopenbiey TOCUTIH — KOJJIaHBII

Mojienbaey. Mojenbiey TOCUIIH KOJIJaHAThIH
MozenbaepAiH epekmienikrepi. Kesekre typy

OrmpezenieHne W Ha3HAYCHUE MOJICIUPOBAHMS.
Mecto  MoaenMpoBaHUS ~ Cpeld  METOJOB
no3Hanus.  Omnpenenenue mojenu. CBoilcTBa
MOJIEJIEN. Lenn MO/JICJIMPOBAHUA.
Knaccupukauus  moneneir.  MarepuanbHoe
MojenupoBanue. lpueanbHoe MOJAETUPOBAHUE.
KoraurupHble, KOHIIENTYaJIbHBIE U (hOPMaTbHBIE
MOJIETIH. Knaccudukamuss MareMaTH4YeCKHX
monened.  KnaccuukanmoHHble — TpU3HAKH.
Knaccudpukanus maremaTH4ecKux Mojeie B
3aBUCUMOCTH oT CJIOKHOCTH 00beKTa
MOJIETTUPOBAHUSI. Knaccudukanus
MaTeMaTUYECKUX MOJENEH. B 3aBUCUMOCTH OT
omneparopa MOJIENH. Knaccudukarms
MaTeMaTUYECKUX MOJIeJIell B 3aBUCHUMOCTU OT
MMapaMeTpoB  MOJIETIH. Knaccudukanms
MaTeMaTUYeCKUX MOJIeJIell B 3aBUCHUMOCTU OT
neneit MmoaenupoBanusa. CTPYKTYpHBIE MOJIEIH.
CpenctBa MOAENUPOBAHUSA CUCTEM PEATBHOTO
BpeMeHU.  MojenupoBaHue B YCJIOBUSX
HEONPENENEHHOCTH. MopenupoBanue B
YCIIOBHUSIX CTOXAaCTUYECKOW HEOIPEACICHHOCTH.
MopenupoBaHue  MapKOBCKHUX  CIIy4alHBIX
MIPOLIECCOB. MonenupoBanue c
WCIONb30BAHUEM  HMMUTALMOHHOIO MOJXO/a.
OcobennoctH MOJETEN, HCITOJTB3YIOIITNX

Definition and purpose of modeling. The place
of modeling among the methods of cognition.
Model definition. Model properties. Objectives
of modeling. Classification of models. Material
modeling. Ideal modeling.  Cognitive,
conceptual and formal models. Classification of
mathematical models. Classification signs.
Classification ~ of  mathematical  models
depending on the complexity of the modeling
object. Classification of mathematical models.
depending on the model operator. Classification
of mathematical models depending on the
parameters of the model. Classification of
mathematical models depending on the purposes
of modeling. structural models. Means of
simulation of real-time systems. Modeling under
uncertainty. Modeling under conditions of
stochastic uncertainty. Modeling of Markov
random processes. Modeling using the
simulation approach. Features of models using
the simulation approach. Simulator of the
queuing system. Cellular automata. Modeling of
dislocations in metal. Basic concepts of
languages and modeling systems. Functions of
modeling  languages. = Fundamentals  of
systematization of modeling languages.
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KYHECIHIH CHMYJSATOpPBL. ¥sUIbl aBTOMAaTTap. | UMUTAIMOHHBIH moaxod. VMHuTaTOp CcHCTEMBI
Merangarsl ~ AUCIOKALUSUIAPABl  MOAENBJCY. | MACCOBOIO 00CITyKUBaHUSL. Knerounsie
Tinmep >xoHe Mopmenbaey XKyiienepi Typaisl | aBTOMarel. MoJETHpoBaHUE JUCIOKALUK B
HEri3ri TyciHikTep. Mogenbaey TuinepiniH | Metayuie. OCHOBHBIC MOHSTHSA SI3IKOB M CHCTEM
byskusmapsl. Mozenbaey TULAEpiH JKyHeney | MOAETHPOBAHMS. Oynakunn SI3BIKOB
Heri3/epi. MonenupoBanus.  OCHOBBI  CHCTEMAaTHU3aLUU
SI3BIKOB MOJICJTHPOBAHMSL..

Ilocmpexsusummepi / [locmpexsuszumat/ Postrequisites

JIOKTOPaHTTBIH FBUTBIMU-3€PTTEY JKYMBICHI Hay4Ho-uccienoBaresnbckas padboTa Scientific research work doctoral student
JOKTOpaHTa
bazoaprama rcemexwici / Pykoeooumens npozpammet/ Programme manager
MBanosa I1.B. ‘ MBanosa I1.B. ‘ Ivanova I.V.
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Kypoeni ncyiienep meopuscwt / Teopusa cnoyxcnvix cucmem / Theory of complex systems

Oky maxcamul / Yueonas yenv/ Purpose

JlokTopaHTTap apachIHa KOMITBIOTEPITIK
TEXHOJIOTHSLIIAp cajJachIHIarbI Kocioun
KY3bIpETTUTIKTEp/i, JKYHenepai Kypy MeH
KbI3MET €TYIIH TEOPHSUIBIK Heri3mepi MeH
3aHJIBUTBIKTApPbIH, COHJal-aK Kypaeni
TEXHHUKAJIBIK xKynenepai CUHTE3CYIIH

TYKBIPBIMJIAMAJIBIK HETI3Iepl MEH OIiCTeMelIiK
NPUHIMIITEPIH MaiijajaHa OTBIPBII ecenTep/Ii

®opMupoBaHue y JOKTOPAHTOB,
npoecCUOHANIBHBIX KOMIETEHIMH B 001actu
BBIYMCIIUTEIIBHOM ~ TEXHHUKH, TEOPETUYECKHUX

OCHOB M 3aKOHOMEPHOCTEH IIOCTPOCHHA H
(YHKIMOHMPOBAHUS  CHCTEM, a TaK ke
TEOPETUYECKUE  3HAHUA M NPAKTHYECKUE

HaBbIKU JId pemieHusa 3aga4 € IIOMOLIBIO
KOHICITYAJIbHBIX OCHOB U MCTOHOJJOTHUYCCKUX

Formation among doctoral students of
professional competencies in the field of
computer technology, theoretical foundations
and patterns of building and functioning of
systems, as well as theoretical knowledge and
practical skills for solving problems using the
conceptual foundations and methodological
principles for the synthesis of complex technical

mienry  YIIH ~— TEOPWSUTBIK ~ OUTIM ~ MEH | IPUHLMIIOB CHHTE3a CIIOKHBIX TEXHHYECKHX | Systems
MPAKTHKAJIBIK JaFIbUIap bl KAIBIITACTBIPY. CHCTEM.

Oxvimy nomubaiceci / Pezyiomamut 00yuenusn / Learning outcomes
Kypcrbi CoTTI asiKTaraHHaH keiiin | [Tocsie  ycmemHoro 3aBepmienusi  kypca | After successful completion of the course,
olriManymbLIap odyuarommecst OyayT students will be
- TYTacTBIKTBI,  YHJICCIMAUTIKTI  HeMece | - ONpeAessTh LEJIOCTHOCTh, CBA3HOCTH WM | - determine integrity, coherence or relative
KOpIIaraH opra MEH JKYHeNepeH | OTHOCUTENIbHAS He3aBHCUMOCTh OT cpeabl u | independence from the environment and

CaJIBICTBIPMAJIBI TOYEJICI3/IIKT] aHBIKTAY;
- 1K1 KYHeNep/IiH KoHe ONlap/blH apachIHIAFbI

OaiimaHbIcTap/blH ~ OOJYBIH  HeEMece  Kyie
KYPBUIBIMBIHBIH ~ OOJYBIH, JKYHeHIH  Oykia
KBI3METIHIH KaH/ai 1a O0ip MakcaTka OarbIHYbIH
aHBIKTAY;

- MHTEIUICKTYaJJIBIK J1aMy, MOJICHH JICHI'eH MeH
KOCIOM KY3BIPETTUIIIH apTThIpy YIIiH OuliM
oAiCTEPl MEH KYpaJAapbiH KOJAaHY;

- KOoFaMJa OOJBIN JKaTKaH TMpoIecTep MeH
KYOBLIBICTap bl TAJI/IAY;

- KYpAeni kyienepai Tainnay MeH CUHTE3CYIiH
YKYHeIl TOCUTIH KOJIaHy.

CHCTEM;
- ONpeNeNnaTh HAIUYUE TMOJCUCTEM M CBs3eH
MC)KI[y HHUMH NN HAJINYUC CTp}IKTypBI CHUCTCMBEI,
MOAYUHEHHOCTh  BCeH  (YHKIIUUM  CHCTEMBI
HEKOTOPOU LIEJIH;

- IPUMEHSTh METOJbl U CPEACTBA MO3HAHUS IS
HHTGJ’IJ’ICKTyaJ'II)HOFO paSBI/ITI/ISI, ITOBBIIIICHU S
KYIbTYPHOTO YypPOBHS M MpodeccuOHAIbHON
KOMIICTEHTHOCTH,

- aHaJgM3uUpoBaTh MPOIECCHl U
MIPOUCXOSAIINE B OOIIECTBE;

- IPUMEHATh CUCTEMHBIA MOJXOA K aHAIH3y H

SIBJICHHA,

CHUHTC3Y CJIOKHBIX CUCTCM.

systems;

- determine the presence of subsystems and
connections between them or the presence of the
structure of the system, the subordination of the
entire function of the system to some goal,

- apply methods and means of knowledge for
intellectual development, raising the cultural
level and professional competence;

- analyze the processes and phenomena
occurring in society;

- apply a systematic approach to the analysis
and synthesis of complex systems.

Kypcmuiy kvickawa mazmynot / Kpamkoe codeprucanue kypca/ Course summary

JKanme! xyiienep TeOpHsCHIHBIE IMoHi, omictepi | Ilpenmer, Meroasl W mcropust obmeil Teopuu | Subject, methods and history of general
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KoHe Tapuxbl. JKylenepaiH Typiepi JKoHE
onapablH Kacuertepi. JKylie TeopusChIHAAFbI
KyppuUlbIM  TyciHiri. JKyienmik  MakcaTTap.
Kyitenik  monmenbnep. Kylie  KypaMbIHBIH
mojeni.  JKylie — KYpbUIBIMBIHBIH ~ MOJEII.
DOKOHOMHUKAIBIK ~ OHIIPICTIH  MaKcaTTapblH
KYHEIIK Tanaay.

Kyitenik Tanmay >Kyie TEOPHSCHIHBIH HETi3ri

omici Oosyein  TaObUIABl. MareMaTHUKaJbIK
MOJICTIBACY/AIH  TEOPHSUIBIK JKOHE  IKYHEIK
Herizzaepi. Kyitenep TEOPUSCHIH/IAFbI
CUHTCTHKAIBIK onmic. Dopmanmpapl KyHenep
Typaisl  TyciHik.  @opmanbasl  KYHeHIH
AHBIKTaMachl. dopMaibIbl KYHenepain

MbIcanaapel. Popmanusmzaep OuTiMal OeliHeney
Kypaiel periHge. JKyiie TeopHsICBIHBIH HETi3Ti
TyciHikTepi. JKy#e xkacuerrepi. JKylenepnin
KJIAaCCU(UKAIIHASCHI. Kyitenepain
(YHKITMOHAJIIBIK CUMATTaMachl KOHE
MOJIETBIEY. Kywenepnin KYPBUIBIMJIBIK
cumarTaMachl koHe Mojenpaey. JKyhenepai
aKIMapaTThIK CUIIATTay JKOHE Mojenbiacy. JKyie

TEOPMSCHIHBIH ~Herisri epexenepi. Kyilenik
TtannaynblH  Heriznepl. Ky#emik  Tanmpayra
aKmapaTThIK ~ Ke3Kapac. JKyile Kkacuerrepi.

XKyitenepaiH KiacCUPUKALUACHL.

Axmapar jxoHe akmapar casbl. JKyife yFbIMbI
xKoHe  Kacuertepl. JKy#enepmi  KUBIHTBHIK-
TEOPHSUIBIK CHUMATTAy JKOHE Taljay Heri3zaepi.
Kyiteni MOJEIIBJICY TYPJEpiHIH
KJ1aCCU(UKALIUSACHI. Kyitenepai

MopdonorusibIK  (KypbUIBIMABIK)  CUIIATTAy

cucteM. Bunpl cuctem m ux cpoictBa. Ilonsitue
CTPYKTypbl B Teopuu cucrem. Llenu cucrem.
Mopnenn cucrem. Mopenb cocTaBa CHCTEMBI.
Mopenb  cTpykTypel  cucteMbl. CHUCTEMHBII
aHaJIK3 LIeJIeil 5KOHOMHYECKOTO IIPOU3BOICTBA.
CucreMHBI aHAIU3 — OCHOBHOM METOJ TE€OpUU
CUCTEM. Teopetuko-cuctTeMHbIe OCHOBBI
MaTeMaTH4ECKOIo MOJIETTUPOBAHUSI.
CHUHTeTHYEeCKHI METOA B TEOPUH CHUCTEM.
[Tonsarue o popmanbHbIX cucreMax. OnpenencHue
¢dbopmanbHOii cuctembl. [lpumepsr (opmambHBIX
CHUCTEM. dopman3Mbl KaK CPEJICTBO
npeAcTaBieHUss 3HaHUW. (OCHOBHBIE TOHATHUSA
TEOPUU CUCTEM. CucremHbie CBOMCTBA.
Knaccupukanus  cucrem.  DyHKIIMOHATBHOE
OIMCaHue u MOJIETMPOBaHUE CHUCTEM.
CTpykTypHOE ONHCAaHHE U  MOJEIUPOBAHUS
cucreM.  VHpopmanmoHHOE  omHMCaHUE U
MOAENUpOBaHus cucTeM. OCHOBHBIE IMOJOKEHHS
Teopun cucteM. OCHOBBI CHUCTEMHOIO aHalln3a.
NudopmanoHHbli MOAXOA K aHAIHU3y CHCTEM.
Cucremnsie cBoricTBa. Kimaccudukarus cucrem.
Nudopmanus u  KomuyecTBO  MHQPOpPMAIUH.
[lonstue wu  cBomictBa cucteMbl. OCHOBBI
TEOPETUKO-MHOXKECTBEHHOTO OMMCAHUS U aHATIN3a
cucreM. Knaccudukanus BUIOB MOJAETUPOBAHUS
cucteM.  Mopdonoruueckoe  (CTpyKTypHOE)
OIMCaHue U MOJIETTUPOBaHUS CHUCTEM.
NudopmanonHoe omucaHue W MOAECTUPOBAHUS
CUCTEM.

systems theory. Types of systems and their
properties. The concept of structure in systems
theory. System goals. System models. Model
of the composition of the system. System
structure model. System analysis of the goals
of economic production.

System analysis is the main method of systems
theory. Theoretical and system bases of
mathematical modeling. Synthetic method in
systems theory. The concept of formal
systems. Definition of a formal system.
Examples of formal systems. Formalisms as a
means of knowledge representation. Basic
concepts of systems theory. System properties.
Classification ~ of  systems.  Functional
description and modeling of systems.
Structural  description and modeling of
systems.  Informational description and
modeling of systems. Basic provisions of
systems theory. Fundamentals of system
analysis. Information approach to systems
analysis. System properties. Classification of
systems.

Information and quantity of information. The
concept and properties of the system.
Fundamentals of set-theoretic description and
analysis of systems. Classification of types of
system modeling. Morphological (structural)
description and modeling of systems.
Informational description and modeling of
systems.
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XKoHe Mojenbaey. JKyidemepai  aKmaparThIK
CUIIATTAY JKOHE MOJIENbJIEY.

Ilocmpexsusummepi / Ilocmpexsuzumwt/ Postrequisites

JIOKTOPAHTTHIH FBUIBIMH-3€PTTEY KYMBICHI Hayuno-uccienoBarenbckas pabora Scientific research work doctoral student
JTOKTOpaHTa
Bazoaphama scemexuici / Pykosooumens npozpammul/ Programme manager
Wpanosa 1.B. Meanosa 1.B. | Ivanova I.V.
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Kacanovl unmennexm, pooomomexunuxa xcone oackapy / Hckyccmeennwtit unmeiniekm, pooomomexuuka u ynpaenenue / Artificial intelligence,

robotics and control

OKy makcamuwt / Yueonan yenwv/ Purpose

OHBIH Kajail XKy3ere
acelpbUIaTBIHBI  JKOHE  KaiJa  KOJJaHyra
OOJIATHIHBI TypaJIb 3aMaHayH olmimai
KAJIBIITACTBIPY, COHBIMEH KaTap aHbIK eMec
JIOTUKAchl Oap KyWenepal KYpPYyAbIH HETI3Ti
MPUHIMIITEPIH, capanTaMaiblK KYHeaepi KoHe
HEHPOH/IBIK JKeiHI 0acKapy >KyHelepiH TYCiHy.

H(acaHI[BI HUHTCIIICKT,

dopMHUpOBaHUE COBPEMEHHBIX 3HAHUHM IO
HWCKYCCTBEHHOMY  HWHTEJUIEKTY, KaK OH
peanmzyercss M TOe  MOXeT  OBITh
WCIIONB30BaH, a TaKXe€ YSCHEHHE OCHOBHBIX
MPUHIIMIIOB MOCTPOCHUS CUCTEM C HEYETKOM
JIOTUKOM, OKCIEPTHBIX CHUCTEM U CHUCTEM
HEHPOCETEBOr0 YIPaBIICHUS.

Formation of modern knowledge on artificial
intelligence, how it is implemented and where it
can be used, as well as understanding the basic
principles of building systems with fuzzy logic,
expert systems and neural network control systems.

Hamudiceci / Pesynomamot 06yuenusn / Learning outcomes

Okbimy
Kypcersl CITTi asiIKTaraHHaH KeliH
OimiManymbLIap
- poOOTTHI JXYyienep aKmapaTblH ©HJACY YIIiH
KOJIJaHbUIAThIH OarapaamaibIK KOHE

anmapaTThIK Kypajaap/ibl aHBIKTAY;
- MEXaTPOHJIbI XKoHE POOOTTHIK XKyienepai Kypy

yuriH  OarmapiiaMaiiblK  KOHE — TEXHUKAJBIK
Kypanjgap/sl aiganany;
- poOOTOTEXHWKA  cajachlHAa  >KacaHjbl

WHTEJJIEKT O/IiCTePiH KOJIAaHYy.

IMocse ycmemHoro
o0yuarmuecs OyayT
- OOpeleNsTh IMPOrpaMMHO-TEXHUYECKUHE
CpeICTBa, HCHOJb3yeMble Mg 00paboTKH
nH(pOpPMAIIUN POOOTOTEXHUIECKIX CUCTEM;

- HCIIOJIb30BAaTh MPOrPaMMHO-TEXHUYECKHE
CpeICTBa JUIsl MOCTPOCHUS MEXATPOHHBIX H
POOOTOTEXHUYECKUX CUCTEM;

- TPUMEHATh METOABl  HCKYCCTBEHHOTO
MHTEJUIEKTa B 00JIACTH POOOTOTEXHHUKH.

3aBeplIeHUs] Kypca

After successful
students will be

- determine the software and hardware used to
process information of robotic systems;

- use software and hardware to build mechatronic
and robotic systems;

- apply artificial intelligence methods in the field of
robotics.

completion of the course,

Kypcmuiny kbickawa mazmynst / Kpamxoe codepicanue kypca/ Course summary

XKacanapl ~ MHTEIEKT  Typajlbl  TYCIHIK.
Heitponnapast Mmonensaey. Kacan il HHTEIUIEKT
onicrepl. JKacaHIpl MHTEIUIEKTTIH (OpMaibabl
omictepi. BepOanapl »xacaHIbl HWHTEIJIEKTTIH
nmaiina Ooxy >koHe gaMy Tapuxbl. JKacaHbl
MHTEJUIEKTTIH OMOCUMUIISIPIIBIK azicrepi.
bimimai xacanapl HEHPOHIBIK JKENIep TYpiHJIe
kepceTy. KOTHUTHBTI ’KacaHAbl MHTEIJIEKT.
ACT (Adaptive Control of Thought) xyiieci.
SOAR xkyiteci. EURISCO xyiieci. CASN

Tloustue HMCKYCCTBEHHOTO WHTEJIJIEKTA.
MopaenupoBanue HEUPOHOB. Metonanl
HCKYCCTBEHHOTO WHTEIIEKTA.

dopManu30BaHHBIE METOABI UCKYCCTBEHHOI'O
MHTEIUIEKTa. MICTOpUs NOSABIECHNS U PA3BUTHSA
BepOaNbHOTO MCKYCCTBEHHOro MHTeNIeKTa.
buononobHble  METOABI  MCKYCCTBEHHOTO
MHTEIUIEKTA. IIpencrasnenune 3HaHUHN
B (hopMe MCKYCCTBEHHBIX HEWPOHHBIX CeTeH.

KoruutuBHbIM I/ICKYCCTBCHHLIﬁ HWHTCIIJIICKT.

The concept of artificial intelligence. Modeling of
neurons. Methods of artificial intelligence.
Formalized methods of artificial intelligence. The
history of the emergence and development of
verbal artificial intelligence. Biosimilar methods of
artificial intelligence. Representation of knowledge
in the form of artificial neural networks. Cognitive
artificial intelligence. ACT (Adaptive Control of
Thought) system. SOAR system. EURISCO
system. CASN system. ET system (Expert
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xyieci. ET kyiieci (Expert Tomographer). | Cucrema ACT  (Adaptive Control of | Tomographer). Reinforcement learning systems.

OKBITY 1B KYIICHTY xyuenepi. | Thought). Cucrema  SOAR.  Cuctema | Intelligent robotic systems. Intelligent motion
Hutemnexryanabl pobot xyienepi. Kosramsictel | EURISCO. Cucrema CASNET. Cucrema ET | control  systems. The concept of artificial
OackapylblH  HWHTE/UIeKTyanabl  okyienepi. | (Expert Tomographer). Cucrewmsl, | intelligence. Representation and transformation of
JXacangel ~ MHTEUICKT  Typalbl  TYCIHIK. | 0Oydarommecs ¢ moakperutenuem. | images. Neural network and neuromorphic
beiinenepni  OeliHeney JkoHE  TypieHIipy. | IHTeIIeKTyanbHbBIE pobororexunyeckue | methods and tools for working with figurative
befinenik ~ akmaparmeH  KyMbIC  icteymiH | cucreMbl.  Cuctembl  mHTe/UIeKTyaibpHoro | information. Automatic generation of hypotheses.
HEHPOH/IBIK KEJll JKOHE HEHPOMOP(THIK SICTEepl | yIpaBIeHUS JIBUKCHUEM. [Tousitue | Model generation from data. Self-learning new

MEH Kypangapel. [ HmoTesagapabl aBTOMATThl | HCKYyCCTBeHHOro pasyma.  [Ipencrasienue | solutions. Genetic and evolutionary algorithms.
Typae Kypy. Hepekrepaen moxens Kypy. JKana | u mpeoOpa3oBanue o0pa3zoB. HeiipocereBnie
mienmiMaepal e3irineH yipeny. ['eHetukanslk | u HelipoMopdHbIe METO/IbI U CpelICcTBa
YKOHE IBOJIIOIHUSIIBIK AITOPUTMIEP. paboThl ¢ oOpa3HoH nH(popManuen.
ABTOMAaTHYECKOE  TIOCTPOCHHE  THIIOTE3.
I'enepanms MOZeIIeH o JTAHHBIM.
CamooOyueHnue HOBBIM PCILICHHSIM.
I'eHeTHYECKUE W SBOTIOIMOHHBIC aJITOPUTMEI.

ITocmpexsusummepi / [locmpexeuszumut/ Postrequisites

JIOKTOPAHTTBIH FHUIBIMH-3€PTTEY JKYMBICHI Hay4Ho-uccienoBatenbckas padbora Scientific research work doctoral student
JIOKTOpaHTa
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Meanosa 1.B. | Meanosa 1.B. | Ivanova I.V.
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Heiiponowix, nceninep ycone mawunanolx okeimy / Heitponnvie cemu u mawunnoe ooyuenue / Neural networks and machine learning

Oky maxcamul / Yueonas yenv/ Purpose

MalIMHAIBIK ~ OKBITY[bI ~ JKOHE  HEHPOHMIBIK
Kemuepai KOJIJIaHYMEH 0ailyIaHBICTHI
TEOPUSIIBIK ~ JKOHE  OTHKANBIK  OlTimMaepi,
»KacaH bl MHTEIIEKT CaJaChIHIaFbI
MPAKTUKAIBIK ~ JaFabUIapabl  KaJBIITACTBIPY,
KacaHJbl ~WHTCIUICKTTIH IMPUHIMITEPI MEH

TYKBIPBIMAAMaIapblH KapacThIpy, MAalIMHAJIBIK
OKBITY OJICTEpiH, aKMapaTThl WHTEIUICKTYaJIbI
OHJICYTIH opTypii OHTaUJIAHBIPY
QITOPUTMEPIH 3epTTey, -CTAaHAAPTTHI KociOu
TamnChIpMaiap, COHBIH IIIIHJE J>KaHa HeMece
OeliTaHbIC OpTaja, Kol JICHreWl Il  TepeH
HEHPOHJIBIK JKEINiJIepAl OKBITyFa OaFbITTaIFaH.

(hopMHUPOBATh TEOPETHUECKUE M ITHUYCCKHE
3HAHWS, CBS3aHHBIE C  HCIIOJb30BaHUEM
MAIIMHHOTO OOydYeHHs] M HEHPOHHBIX CETeH,
MPaKTUYECKUE YMEHHUS B obnacTu
HWCKYCCTBEHHOTO MHTEJUIEKTA, PacCMaTpUBATh
MPUHIMIBI ¥ KOHIENIMU HCKYCCTBEHHOIO
HMHTEJCKTa, UCCISAOBATh METOIbI MAIITUHHOTO
oOyueHus, pazJIM4HbIC AJTOPUTMBbI
OINTHUMU3AIIU IS MHTEJUIEKTyJIbHOMN
00pabOTKH JaHHBIX, pelIaTh HECTaHIAPTHHIC
npodeccnoHabHBIC 33aJja4id, B TOM YHCIIC B
HOBOH WU HE3HAKOMOU cpene,
dbokycupoBaThCsl Ha OOYYCHHH TITyOOKHX
HEUPOHHBIX CETEH C HECKOJIBLKUMU CIIOSIMH.

to form theoretical and ethical knowledge related
to the use of machine learning and neural
networks, practical skills in the field of artificial
intelligence, consider the principles and concepts
of artificial intelligence, explore machine learning
methods, various optimization algorithms for
intelligent data processing, solve non-standard
professional tasks, including in a new or unfamiliar
environment, focus on training deep neural
networks with multiple layers.

Okbimy

Hamusiceci / Pesynomamot 06yuenusn / Learning outcomes

Kypcersl CITTi KeliH
olmiMaymbLIap

- JKaHa FBUIBIMH TPHUHIMIITED MEH 3epTTey
onicTepiH ToXkKipubene Kojiany;

- MallMHaIBIK  OKBITY  alrOPUTMJEPIHIH
HOTIDKETIEPiH BU3yalH3aIusiay;

- 3epTTey TalChIpMachlHA COMKEC KeeTiH
MAaIIMHABIK OKBITY 9JIICIH TaHIay, HOTHKEIepIi
TYCIHAIPY;

- CTaHJAPTThl eMec KociOM MIHAETTEp/li, COHBIH
1IIiHE J)KaHa HeMece OeHTaHbIC OpTaja MIenTy.

asiIKTaraHHaH

IMocae ycmemHoro
o0yyarommecsi OyayT
- NPUMEHATh Ha IMPaKTUKE HOBBIE Hay4yHbIE
IIPUHLIMIIBI U METO/IBI UCCIIEI0BAHUM;
- BU3YQIU3UPOBATh PE3YJbTaTh
JITOPUTMOB MAIIMHHOTO O0yUYEHHUS;
- BbIOMpaTh METOJl MAIIMHHOTO OO0YyYeHWs,

3aBeplIeHUs] Kypca

paboThl

COOTBETCTBYIOINN HCCJIE0BATEIBCKON
3ajlaye, MHTEPHPETUPOBATH  IOJIyYEHHBIE
pE3yJIbTaTHI;

- pemarpb HECTaH/IapTHbHIE

HpO(pCCCI/IOHaJ'IBHBIC 3aga4yd, B TOM YHCIIC B

HOBOI WJIM HE3HAKOMOM Cpejie.

After successful
students will be

- apply in practice new scientific principles and
research methods;
- visualize the
algorithms;

- choose a machine learning method that
corresponds to the research task, interpret the
results;

- solve non-standard professional tasks, including
in a new or unfamiliar environment.

completion of the course,

results of machine learning

Kypcmuiy kvickawa mazmynot / Kpamkoe codepyacanue kypca/ Course summary

Heri3ri yreiMmap: HeHpoOH, CHHAIC, aKTUBaIUs ‘ bazoBble MOHATHS: HEHPOH, CUHAIC, PYHKIIHS ’ Basic concepts:

neuron, Synapse, activation
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(GYHKUIMSICHI, KIpiC JKOHE IIBIFBIC MOJIIMETTepi,
Koranty (pyHKIuschl. HeHpOHIBIK KemiepIiH
MaTEeMaTHKAJIbIK Heri3zaepi. BekTopiibik
KEHICTIKTEep, MaTpHUIaJIap JKOHE BEKTOPJIAPIBIH
CBI3BIKTBIK TYpACHAIpYepi. Heiiponabik
xeminepnin apxutekrypacsl. Kemkabatter INS.
Hetiponapik KeTUIepaiH CTaHJAPTTHI
apxutektypanapbl. OKBITY aITOPUTMICPiHIH
knaccuukanuacel. CTaHAApTTHl TYXKBIPbIM/A
GyHKIUSHBI KybIKTay Moceneci. HelpoHabIK
KENJepJl OKBITY oficTepi. Perpeccusuibik
tannay, AacamOnpaik omictep. CTOXaCTHKAIBIK
izney. Perpeccusnbik  Tanmmay.  ChI3BIKTBHIK
perpeccusi. Kenmymemik perpeccusi.
Croxactukanslk 131ey. Monrte-Kapno i3zaey.
I'eneTukanbik AJITOPUTM. AHBIK eMec
JIOTUKAHBIH HEri3ri TyciHikTepi. HelpoHabik
KENiHI  OKpITy. MyramimMciz oKy. Kapcsl
TapanyablH HeHpoHABIK xemici. Kepi Oaitnansic
xemuept.  Xombuna — momem.  Xonduin
Mmojeninaeri Xe60TiH oKy epexeci. OKbITY
omictepi. XeOOTIH OKbITYy omici. KoxoHeHHIH
OKBITY anroput™mi. HeHpoHIBIK JKemiHi Kypy
KOHE OKBITY HNpHHIMITEpl. MpbIican peTiHzae

Neuropro  KaObIFbIH  MaiijjanaHa  OTBIPBII,
HEHUPOHJBIK  JKENiHI  KYpy JKOHE  OKBITY
NPUHIUNTEPIH MEHTEPY. Kapanaiieim

HEUPOHJIBIK JKETIiIep. ePIenTPOH

aKTUBAlUU, BXOJIHBIC M BBIXOJHBIC IAHHBIC,
¢byHkuus morepb. MaTeMaTH4ecKue OCHOBBI

HEUPOHHBIX CETEH. Bekrophbie
IPOCTPAHCTBA, MATpPUIBl W JIMHEHHBIC
peoOpa3oBaHusl  BEKTOPOB. ApXHUTEKTypa
HEHpoHHBIX ceTeil. Muorocnoiineie MHC.
CranpapTHble  apXUTEKTypbl  HEHPOHHBIX
ceTei. Knaccudukanus QITOPUTMOB

oOyueHus. 3aaya anmnpoKCUMAaIN (yHKIIHH

B  CTAHJAPTHOM  IIOCTaHOBKE. MeTomasl
oOyueHus HEUPOHHBIX CETEH.
Perpeccuonnsiii  ananu3,  AHcaMOJeBbIC
METO/BL. CroxacTuueckuit MTOUCK.
Perpeccronnsiit aHAIM3. JIuneiinas
perpeccus. [lonmHoMManbHass — perpeccus.
Croxactuueckuit  mouck.  Monte-Kapio
nouck. 'enernueckuii anroputm. OCHOBHBIE
MOHATUA  He4YeTKoM Jjoruku. OOyueHue

HellpoHHO# cetn. OOydeHue Oe3 yuuTens.

Heliponnas ceThb BCTPEYHOI'O
pacripoctpanenus. Cetu ¢ oOpaTHBIMHU
cem3siMu.  Mogens Xondunma. Ilpasuio

oOyuenuss Xeb66a B wmomenu Xondunaa.
Metoapl 00yuenus. Meroa oOyuenus X»00a.
AnroputMm o6ydenuss Koxonena. IlpuHiumnst
co31aHud U OOydyeHUs HEUPOHHOM CeTH.
OcBoeHMe NMPUHLMIIOB CO3JJaHUs U 00y4YeHUS
HEHPOHHOM CceTH Ha MpuMepe padoTh
obonouku Neuropro. IIpocTbie HelipoHHBIE
cetu. [lepcentpon

function, input and output data, loss function.
Mathematical foundations of neural networks.
Vector spaces, matrices and linear transformations
of wvectors. Architecture of neural networks.
Multilayer INS. Standard architectures of neural
networks. Classification of learning algorithms.
The problem of function approximation in the
standard formulation. Methods for training neural
networks. Regression analysis, Ensemble methods.
Stochastic search. Regression analysis. Linear
regression. Polynomial regression. Stochastic
search. Monte Carlo search. Genetic algorithm.
Basic concepts of fuzzy logic. Neural network
training. Learning without a teacher. Neural
network  of  counterpropagation.  Feedback
networks. Hopfield model. Hebb's learning rule in
the Hopfield model. Teaching methods. Hebb's
teaching method. Kohonen learning algorithm.
Principles of creating and training a neural
network. Mastering the principles of creating and
training a neural network using the Neuropro shell
as an example. Simple neural networks. perceptron

Ilocmpexsusummepi / [locmpexeuszumwt/ Postrequisites

HOKTOpaHTTI)IH FBIJIBIMU-3CPTTCY KYMBICHI

\ Hayuno-ucciaenoBarenbckas pabora

] Scientific research work doctoral student
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| JOKTOpaHTa |

bazoaprama scemexuiici / Pykoeooumens npozpammul/ Programme manager

HNBanosa 1.B.

‘ HMBanoBa U.B.

lvanova I.V.
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Poboommeulk scyiienepoin cenimoinici men moxpipamypaxmotivieol / Haoexcnocmo u omkazoycmouyusocms pooomomexnudeckux cucmem /

Reliability and fault tolerance of robotic

OKy makcamuwt / Yueonan yenwv/ Purpose

CeHiMIIIK [eH aKaymapra TO3IMILTIK
caJIaChIHJIa TCOPHSUIBIK OUTIM MEH MPAKTUKAIIBIK
JaFapIapIbl  KaablnTacTelpy. OOBEKTiIEp MEH
TEXHOJIOTUSUIBIK KYHeNepIiH CeHIMIUTIriHE acep

eTeTIH (hakTopnapsl, CEHIMILTIK
mapaMeTpiepiH  ecenTey  OICTepiH  KOHE
TEXHOJIOTHSUIBIK  KYHelepli koballay JKOHE
naiaiany Maceenepine OHTaMJIbI
memiMaepal  Taby  omicTepiH  JKOHE  OChI
Kyhenepali  3epTTey  MeH  xoOamayibiH
MaTEeMaTHKAJIbIK ONiCTEpiH, COHJIaii-aK

MEXaTPOHJIBIK JTUATHOCTHKA OIICTEpiH 3epTTey.
Kylesep KoHe OJIap/bl PETTEY/Il )KY3€ere achIpy.

@®opmMHUpOBaHNE TEOPETHYECKUX 3HAHUH U
MPAKTHUYECKUX YMEHUI B obnactu
HaJIC)KHOCTH u OTKa30yCTOWYHBOCTH.
Wzyuenne  ¢akTopoB,  BIMSIONIMX  HA
HAJIC)KHOCTh OOBEKTOB M TEXHOJIOTHYECKUX
CHCTEM, METOJOB pacyeTra IapaMeTpoB
HaJIC)KHOCTH u METOJIOB HIOMCKa
ONTHMAIBHBIX  pEIICHHH B 3ajadax
KOHCTPYHPOBaHHUS U SKCILTyaTallu
TEXHOJOTUYECKUX CUCTEM U MAaTeMaTUYEeCKUX
METOJIOB HCCJICJOBAaHUS W TPOSKTHPOBAHHS
3THX CHUCTEM, a TaK)Ke CIIOCOOBI TUArHOCTUKU
MEXaTPOHHBIX CHUCTEM U NPOBEICHUE UX
HaJIJKH.

Formation of theoretical knowledge and practical
skills in the field of reliability and fault tolerance.
The study of factors affecting the reliability of
objects and technological systems, methods for
calculating reliability parameters and methods for
finding optimal solutions in the problems of
designing and operating technological systems and
mathematical methods for researching and
designing these systems, as well as methods for
diagnosing mechatronic systems and carrying out
their adjustment.

OKbimy

Homuiceci / Pezynemamol 00yuenusn / Learning outcomes

Kypcrbl COTTI KeiliH
oiiManymbLIap

- CEHIMJUIIK KOpCEeTKIIITEPiH, OJapAbl ecenTey
OMICTEpPiH, DJIEMEHTTEPIIH CEHIMIUIIT MeH
aKaysapra TO3IMAUIIH apTThIPy JKOJAApbl MEH
TOCUIZIEPIH KOJIJIaHY;

- CEHIMAUIIK TMeH akayJlapra Te31MJUIIKKe
KATBICTBl POOOTTHI JKyienep 3JIeMEHTTEepIHIH
HEri3r1 MaTeMaTUKaJIbIK MOAEIbIEPiH KOJAAHY;

- KapacTHIphUIATHIH IaMajapAblH Ke3IeHCOK
CHUIIAaTBIH €CKEPE OTBIPHIM, POOOTTHI XKyHenep iy

asiKTaraHHaH

cumaTTaMaiapbiH aHBIKTayFa apHaJIFaH
MPAKTUKAIBIK €CENTeP/Ii IIeITy;
- poOOTTHI KYHWeNnepAiH CEHIMIUIIrT MeH

IMocae ycmemHoro
o0yyarommecsi OyayT
- HCIIONB30BaTh IIOKA3aTeNIM  HAJEKHOCTH,
METOABl HX pacyera, IIYyTH U CPEACTBa
MOBBIIIEHUS HaJIe)KHOCTH "
0TKa30yCTOMYMBOCTHIIIEMEHTOB;

- NPUMEHATH OCHOBHBIE MAaTE€MaTHYECKHE
MOJIETM  3JIEMEHTOB  pOOOTOTEXHUYECKUX
CUCTEM B OTHOLIEHUM HAACKHOCTH W
OTKAa30yCTOMYHBOCTH;

- pelmars NPaKTHYECKHE 3aJaud 110
ONPEIIEIECHUIO XapaKTEePUCTHK
pPOOOTOTEXHUYECKMX CHUCTEM C  Y4eTOM
CIIy4allHOTO XapakTepa paccMaTpUBAEMBbIX

3aBepuIeHHs] Kypca

After successful
students will be

- use reliability indicators, methods for their
calculation, ways and means of improving the
reliability and fault tolerance of elements;

- apply the basic mathematical models of elements
of robotic systems in relation to reliability and fault
tolerance;

- solve practical problems to determine the
characteristics of robotic systems, taking into
account the random nature of the quantities under
consideration;

- perform a quantitative characteristic of the
properties that determine the reliability and fault

completion of the course,
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aKaymapra TO3IMIUTITIH AHBIKTANATHIH
KACHUETTEP/IIH CaH/IBIK CUTIATTaAMAChIH OPBIHIAY;
- CEeHIMIUIIK TIeH akKayJapfFa Te31MJIUIIK
KOPCETKIIITEPiH ecenTey i OphIHAAY;

- CEHIMJIUTIK YIIIH 3KBHUBAJIEHTTI CXEMaHbI KYPY
’KOHE OHBIH MTapaMeTpIIePiH aHBIKTAY;

- pOOOTTHI KyHenepaiy CEeHIMIUIITIHIH
JKETKIIIIKCI3 EHrelineH 3aKbIMIAHY/IbI
aHBIKTAY;

- pOOOTTHI XYHENEpAiH CEHIMILIITIH apTTHIPY
YIIiH YTBIMJBI HIeTIiMIep KaObUIaay.

BEJIMYMH;
- BBIIIOJIHATH KOJIMYCCTBCHHYIO
XapaKTepUCTUKY CBOMCTB, ONpPEIEIAIONINX
HaJEKHOCTb U OTKa30yCTOMYUBOCTb
POOOTOTEXHUYECKHX CUCTEM;

- BBINOJHATH pacyer IIOKa3aTesneu

HAJE)KHOCTH U OTKa30yCTONYHNBOCTH;

- COCTaBIIAITb  CXEMYy  3aMElICHUSs
HAJI)KHOCTH U OMPEICIATh €€ MapaMeTphl;
- ompeneisaTh yuiepObl OT HEZOCTaTOYHOTrO

1o

YPOBHSI  HAJEKHOCTH POOOTOTEXHUYECKUX
CHCTEM;

- NPUHUMATh PAIMOHAJIBHBIC PEIICHUS s
[TOBBIIIICHHS HaJC)KHOCTHU

pO6OTOTeXHI/IquKI/IX CHCTCM.

tolerance of robotic systems;

- perform calculation of indicators of reliability and
fault tolerance;

- draw up an equivalent circuit for reliability and
determine its parameters;

- to determine the damage from an insufficient
level of reliability of robotic systems;

- make rational decisions to improve the reliability
of robotic systems.

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue Kypca/ Course summary

CEeHIMIUIIrIMEH
TaHBICTBIPY. TexHuKanbIK KyHenepain
ceHiMImriH  enrizy.  Herisri  yreimaap.
Corcizpik Typiepi. TexHUKaNbIK KyHenepliH
CEHIMIUTITIHIH HETI3T1 KOpCEeTKIITepI.
TexHUKaNBIK JXyHenepaiH CeHIMALTITIHIH HeTi3T1

TexHukanelk  Kyhenepaiy

KOpCeTKIITepi. TapamyaslH Heri3ri
3aHJBUIBIKTapbl.  BIpTiHAEN  COTCI3NIKTEPMEH
CEHIMILIIK. TexHUKAIBIK KyHenepix

CEHIMJIUTIK TapaMeTpiepiHiH BIKTUMAIIBIKTHI
Oemy/iH HETI3T1 3aHABUIBIKTAPhl KOHE OJap.Ibl
KoJjaHy ImaprtTapbl. [lapamiensai-cepHusiibik
KypputbiMaap. CeHIMIUTIKTIH — KYPBUIBIMIIBIK
nuarpammanapsl. Kypaeni xyiienepai ecentey
OMICTEpi: JIOTHKAJBIK-BIKTUMAJIBIK, KYHIepIl

BBenenue B Hag&XHOCTh
CHCTEM. BBenenue HaJEKHOCTD
TeXHUYECKNX cucTteM. OCHOBHBIE ITOHSITHA.
Bungel  oTkazosB. OCHOBHBIE  TIOKa3aTeln
HaIEKHOCTH TEXHUYECKHMX cucteM. OCHOBHEBIE
noka3aTelu HaJIEKHOCTH TEXHUYECKHUX
cucteM. OCHOBHBIE 3aKOHBI pacIpeleTICHUsI.
HanéxHocts mnpu NOCTENEHHBIX OTKa3ax.

TCEXHUYCCKUX

OcHoBHbIE 3aKOHBI pacnpezeneHus
BEPOATHOCTH  IApaMeTpPOB  HAAEKHOCTH
TEXHUYECKUX CHCTEM M  YCJIOBUS  UX
MIPUMEHEHMSL. [TapannensHo-
MocJieZIoBaTeIbHbIE CTPYKTYpBHI.
CrpyKTypHBIE CXEMBI HaIEXHOCTU. MeTobl
pacuéra  CIIOKHBIX  CHUCTEM:  JIOTHKO-

Introduction to the reliability of technical systems.
Introduction reliability of technical systems. Basic
concepts. Failure types. The main indicators of the
reliability of technical systems. The main
indicators of the reliability of technical systems.
Basic laws of distribution. Reliability with gradual
failures. The main laws of probability distribution
of the reliability parameters of technical systems
and the conditions for their application. Parallel-
serial structures. Structural diagrams of reliability.
Methods for calculating complex systems: logical-
probabilistic, enumeration of states, decomposition
by the basic element. Markov processes. Historical
necessity and scope. Mnemonic rule for compiling
system state graphs. Reservation. Reliability of
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caHay, HETI3Ti 3JeMEHT OOWBbIHIIA OOJIIeKTeYy.
MapxkoB npouectepi. Tapuxu KaKeTTUIIK XKoHE
ayKbIMBI. Kyiie  kyHiHiH  rpaduUKTepiH
KYpacTBhIpyFa apHaJfaH MHEMOHHUKAJBIK Epexe.
bponnay. KanmbiHa kentipyni eckepe OTBHIPBII
KyHhenepIin CEHIMIUTITI. Onepanusibik
TManbIHABIK KepceTkimTepl. Kocankel Mymikrep
MEH KepeK-)KapakTapAbl ecentey. MexaTpoHIbIK
KYHeNepliH JUAarHOCTUKAChl. MeXaTpOHIIBIK
KyHenepni perrey. Perrey Typanbl TyCiHIK.
MexaTpoHIbl XKYHenep/ii peTTey icTepi.

BEPOATHOCTHBIM, nepedop COCTOSIHUH,
pasznoxkeHue 1Mo  0a3o0BOMY  DJIEMEHTY.
MapkoBckue  mpoueccol.  Mcropuueckas
HE0OXOMUMOCTh ¥ 00JacTH MPUMEHEHHUS.
MHeMOHHYECKOE  TPaBWJIO  COCTABJICHUSA
rpacdos COCTOSTHUH CUCTEMBI.
PesepBupoBanue. Hané€xHOCTb CHCTEM C
y4€TOM BOCCTaHOBJICHUS. IToka3zarenu
JKCIUIyaTallMOHHOM  TOTOBHOCTH.  Pacuér

3a11aCHOTro MMYIICCTBA U HpHH&[UIG)KHOCTGﬁ.
HI/IaFHOCTI/IKa MCXAaTPOHHBIX CHCTCM. Hananka
MCXATPOHHBIX CHCTCM. IlonsTne HaIagKH.
Crioco0b1 HaJIaJIKM MCXATPOHHBIX CUCTCM.

systems taking into account recovery. Indicators of
operational readiness. Calculation of spare property
and accessories.
systems. Adjustment of mechatronic systems. The
concept of adjustment. Methods for adjusting
mechatronic systems.

Diagnostics of mechatronic

Ilocmpexsusummepi / Ilocmpexsuszumat/ Postrequisites

HOKTOpaHTTBIH FBUIBIMU-3CPTTCY KYMBICHI

Hayuno-nccienoBarensckas pabora
JOKTOpaHTa

Scientific research work doctoral student

bazoaprama rcemexwici / Pykoeooumens npozpammut/ Programme manager

CamsixoBa O.C.

CamsixoBa O.C.

Salykova O.S.
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Cyneprxomnsiomepiik ecenmep / Cyneprxomnslomephuie eviuucienus / Supercomputer computing

OKy makcamuwt / Yueonan yenwv/ Purpose

[Tapanmnmensai  ecenrTey  KyHelepiH — JKOHE
OJIap/IbIH KJIaCCU(PUKALIMSACHIH,
KONIPOILIECCOPIILIK ~ ecenTey  IKYHelepiHiH
CHIIaTTaMajapblH, MapaJUleNbal ecenTeylepIiH
THIMIUTITIH Oaranaypl, ecenTeyaepaiy
KYPACTUIIH Taqayabl JKOHE MapajuielbIcy
MYMKIHIIT1H Oaranaynpl, OpenMP

TEXHOJIOTUSICBIH, COHBIMEH Karap Mapalielbiai

I/IsyquI/Ie ImapajlyiCJIbHbIX BbIYHCIUTCIbHBIX

CUCTEM u ux KJIacCH(UKaIus,
XapaKTEPUCTHKH MHOTOIPOIIECCOPHBIX
BBIYHCITUTEILHBIX CHUCTEM, OLIEHKa

3¢ PEeKTUBHOCTH MapaICIIbHBIX BHIYUCIICHHH,
AHAJIM3 CJIOKHOCTH BBIYMCICHHN M OICHKA
BO3MOXHOCTH pacnapanieIuBaHus, c
nmoMomipio TexHojgoruu OpenMP, a Tak xe

The study of parallel computing systems and their
classification, the characteristics of multiprocessor
computing systems, the evaluation of the
effectiveness of parallel computing, the analysis of
the complexity of calculations and the evaluation
of the possibility of parallelization, using OpenMP
technology, as well as parallel computing methods
for solving  problems of computational

ecenTeynepai 3eprTey. ecernTey | MeTOJI0OB TMapajuie/ibHBbIX BbIYMCICHUI s | mathematics (matrix calculations, solving systems
MaTeMaTUKACHIHBIH ecenTepin IICIIYTe | PEIICHUS 3aaaq BerumciuTenbHOM | Of linear equations , sorting, graph processing,
apHaJFaH  ecenTey ojicTepi  (MaTpuIaibIK | MaTeMaTHkd  (MaTpuuHble — BhlumcieHws, | partial  differential  equations, multi-extremal
ecenTeysep, ChI3BIKTBIK TEHIACYJIEep JKYHWECIH | pellieHHe CHCTEM JIMHCHHBIX ypaBHEHHUH, | optimization).
HIelry, CypbinTay, rpaQuKTepai eHJey, KeKe | COPTUPOBKa, 00paboTka rpadoB, ypaBHEHHS B
nu bepeHIHaIbIK TeHIECYJIEp, KOII | YaCTHBIX IPOM3BOHBIX,
HKCTPEMAJI/Ibl OHTANIAH/IBIPY). MHOT'03KCTpEeMaIbHast ONTHMHU3AIHS).

Oxvimy nomuaiceci / Pezyiomameut 00yuenusn / Learning outcomes
KypeTbl coTTI asKTaFaHHAH keiiin | [Tocie ycmemnoro 3aBepmenusi Kypca | After successful completion of the course,
olriMasymbLIap o0yuarommecsi OyayT students will be

- mapajuienbai OarfapiaManay aaroputmaepi
KOHE OJapApl KOJNJIaHy IIApTTapbl TYpajbl
aKmapaTThl Taly, O>Kalmbulay KoHE Tajay,

KYMBIC  OapbICBIH KOHE MakcaTka IKeTy
KOJIIAPBIH KOCTIapIay;

- aNropuUTMIEPIi KOHE OJapAsl  KOJJIAHY
[IapTTapbiH Tanuay Ke3iHe opTypii
napajuielbAey OMICTepIH KOJJIaHYAbl —Tajalm
€TeTIH TalChpMaNapAbl  aHBIKTAY, Kb

KyHenik OarapiaMaliblK KaMmTamachl3 €Ty MeH
MHUKPOIPOIIECCOPIIBIK TEXHOJIOTHSIHbI Maii1aJana

- HaxoAMTh, 0000IIATHh M aHAIU3UPOBAThH
nH(pOopMaLKIo 00 alrOpUTMAax MapajuIeIbHOTO
IPOrPaMMHUPOBAHUS M YCIOBUSAX  HX
MIPUMEHEHHUs], TUIAHUPOBaTh XOJA paboThl H
IIyTH JOCTUKEHMS IOCTaBJICHHBIX LIENEH;

- BBUICIITH IIPU QAHAJIM3C aJITOPUTMOB U
yCIOBUI ux IIPUMEHEHUS 3a/1a4H,
TpeOyromue MIPUMEHEHUS pas3inyHbIX
METOJIOB paclapajuIe/InBaHus, IIAHUPOBATh
U pCaIM30BBIBATE PCHICHUE MOAaHHBIX 3ajaady,

HCIIOJIb3Ys O6H.ICCI/ICTCMHBIG CpCACTBa

- find, generalize and analyze information about
parallel programming algorithms and conditions
for their application, plan the course of work and
ways to achieve the goals;

- when analyzing algorithms and conditions for
their application, identify tasks that require the use
of various parallelization methods, plan and
implement the solution of these problems using
general system software tools and microprocessor
technology;

- correctly apply the basic algorithms that
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OTBIPBIT, OCHI €CENTepAl ISyl MKocmapiay
’KOHE JKY3€ere achIpy;

- aKmapaTThl CaHIIBIK OHJCY/l )KY3€ere achblpaThiH
HET13T1 aTOPUTMIEP/Ii KOJIJIaHy;

- JICpEKTep MAaCCHBTEPIH OHJIEY, CY3Tiliey >KoHE
SHTi3y MOHEPiH TY3eTY;

- OpTaKk pecypcTapAbl OpTaK IMaijajaHy
omictepiH, Oarmapiiamanayipl, MEXaHU3MJIEPIH
TaHJIay]Ibl XKY3€re achIpy.

MPOrpaMMHOTO HA3HAYEHUS U  CPEJCTBA
MUKPOTIPOIIECCOPHON TEXHUKH,

- TPUMEHSTH  OCHOBHBIC  aJTOPUTMBI,
peanu3ylone  YUCICHHYIO 00paboTKy
nH(popManuu;

- oOpabarpiBaTh ~ MacCHBBI  JAHHBIX,

OCYIIECTBIIATh (DHIIBTPAIIIO M KOPPEKIIHIO
BBOJIMMBIX 3HAUCHUIA;
- OCYILECTBIIATh
MPOrpaMMHUPOBAHHUE,
pazenenus oOUX PecypcoB.

MCTOAOB,
MECXaHU3MOB

BBIOOD

implement  the  numerical
information;

- process data arrays, filter and correct input
values;

- to carry out the choice of methods, programming,

mechanisms for sharing common resources.

processing  of

Kypcmuiy kbickawa mazmynst / Kpamroe codepycanue kypca/ Course summary

[Mapamnenusm. [lapamnenu3mre keTyIiH HETi3Ti
KOJIIAPBI, KOIIPOILECCOPIBIK Kyhenepai Oemy
NPUHIMIT,  KONIpoIleccopiiapra  apHalIFaH
Kylenep KJIaCTaphl, CUMMETPHSIIBIK,
MyJIBTUIIPOIIECCOpIap, Oip  Mesrige  Kell
arbIHABUIBIK.  JKOFapel  eHIMAL  ecenTeylnep.
Ecenreynepai  skedenaery — TYCIHINI  MeH
MEXaHU3Mi, KOIl SIIPOJIBI  TPOILIECCOPIIAPIBIH
KOHCTPYKLHUSACHI, KOI sIPOJbl Ipolieccopiapia
OJIapJIblH ~ TUIMJII  OpbIHAANyblHA  apHAJIFaH
Oarmapiamanapra KOWbUIATBIH TaJlanTap, JKaJIbl
MAaKCaTTaFbl ecenrey YAETKIImTepI.
«Omnepanarap — amangap» rpa@uridid TYCIHIr1
MEH M9HI, €CEIITI Napajienb HIeNly YaKbIThIHBIH
TOYEIALIIr, napasuienbal AIITOPUTMHIH
opeiHAAY yakbIThl. [lapammensal — ecenrtey
MEeXaHU3MAEPIH kKobanay KoHE OHIACY SIICTepi.
Pecypcrap, arbiHmap KoHE OJapAbIH e3apa
opekertecy Mmocenenepi. KinTepaiH —e3apa
OpeKeTTeCyl JKOHE OackKapy aJropuTMmjiaepi.

[Tapannenusm. OcHOBHBIE CIocoObI
JOCTHOKEHUS napajiesin3Ma, TIPHUHITAI
pa3feneHuss MHOTOIPOIIECCOPHBIX  CHUCTEM,
KJIACChl CHCTEM JIISi MYJIBTHIIPOILIECCOPOB,
CUMMETPUYHBIC MYJIBTHIIPOLIECCOPHI,
OJTHOBPEMEHHAs MHOT'OITOTOKOBOCTb.
BbIcOKOIIPOM3BOIUTENBHBIE BBIUUCIICHUS.
[onsaTne " MEXaHU3M YCKOPEHHS
BBIUUCIIEHUH, KOHCTPYKLHUS MHOTOSJICPHBIX
MPOIIECCOPBI, TPEOOBAHUS K IIporpaMmaM st
uX  A(QQPEeKTUBHOTO  BBINOJHEHUS  Ha
MHOTOSIICPHBIX ~ MIPOIECCOPaX, YCKOPUTEIN
BbIUMCIIEHUH oOmiero Ha3HaueHus. I[lonstue
U CyIIHOCTH Tpada "omepanabl — onepanuu',
3aBUCUMOCTh ~ BPEMEHHM  IapajuleIbHOTo
pemieHusl  3aJa4d, BpPEeMs  BBITIOJHEHUS
napaiebHOTO ITOPUTMA. Metoabt
MPOEKTUPOBAHMS U Pa3pabOTKH MEXaHU3MOB
napajuiebHbIX  BBIYUCIICHUH. Pecypchl,
MMOTOKH, M BOINPOCHI HMX B3aWMOJICHCTBUSI.

Parallelism. The main ways to achieve parallelism,
the principle of separation of multiprocessor
systems, classes of systems for multiprocessors,
symmetric multiprocessors, simultaneous
multithreading. High performance computing. The
concept and mechanism of acceleration of
calculations, the design of multi-core processors,
the requirements for programs for their efficient
execution on multi-core processors, general-
purpose computing accelerators. The concept and
essence of the graph "operands - operations”, the
dependence of the time of the parallel solution of
the problem, the execution time of the parallel
algorithm. Methods for designing and developing
parallel computing mechanisms. Resources, flows,
and issues of their interaction. Thread interaction

and control algorithms. Technologies for the
development of parallel programs. OpenMP
directives. parallel directives. Iterations and

operations in OpenMP.
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[Tapannensai Oarapiamanap/ibl a3ipney | BlaumonelictBe TMOTOKOB U aJIFOPUTMBI

TexHojorusuapel. OpenMP  nupexTuBanapsel. | ynpaBiIeHHUS. Texnomoruu pa3paboTku
napajwienpAal  gupektuBanap. OpenMP-zeri | mapajuiebHBIX  MPOTPaMM. JIMpeKTuBbI
uTepanusiap MEH orepanusap. OpenMP. [Tupextussl parallel. Utepamuu u

onepanuu B OpenMP.

Iocmpexsusummepi / [locmpexsuszumal/ Postrequisites

JIOKTOPAHTTBIH FHUTBIMH-3€PTTEY JKYMBICHI Hay4no-uccienoBatenbckas padbora Scientific research work doctoral student
JOKTOpPaHTa
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
CansixoBa O.C. CansixoBa O.C. | Salykova O.S.
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