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Kipicne

KpenutTTik OKBITY TEXHOJIOTHACHI KE€31HAE SJEKTHBTI MOHJIEP KaTajorbl 93ipJicHEl.
DONEeKTUBTI MOHJAEP KaTaJOTbl OKBITYABIH KPEAUTTIK Kylecl OOWMBIHIIA KYpacThIPbLUIAIbI.
DNEeKTUBTI MOHJIEP KATaJIOThl KYHEJIEHTeH TaHaay OOMBIHINA TOHAEP TI3IMIH KOHE OJapAblH
KBICKa CUTIaTTaMaChliH KapacThIPaIbl.

OKy >KOCHapbeIHBIH OapibIK IMOHJEpPl €Kl MHUKITe OIpIKTIPIITeH: Oa3albIK MOHACD
uukibl( BIT), kocinTik monaep uukim (KIT).

bazaneik mToHIep UHMKIBI THICTI JAWBIHABIK OaFbITBI OOWBIHINA 1prei  OumiMi
KaJIBITITACThIpYFa OarpITTanFaH. KocINTIK MOHAEp HMKIBI KOCIMTIK KbI3METTIH HAKTHI
cajachlHa KATBICTBl apHaiibl OUTIM, OUIIK, JaFabl MEH KY3BIPETTUIIKTEPIH Ti30€CiH
AHBIKTANIBI.

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

DnexkTUBTI TOHAEPAl TaHjaay OoibIHIIA KeHec »aBaiizep 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
KpaTKOE UX ONHCAHUE.

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

[uxn 06a30BBIX JUCHUIUIMH HampaBiieH Ha GopMupoBaHue ¢GyHIaMEHTAIbHBIX
3HAHUW MO COOTBETCTBYIOIIEMY HAMpPaBICHUIO MOATOTOBKHU. Lluki mpoduaupyrommx
JUCUUIIMH ONpEJAeNisieT MepeuYeHb CHElUaJbHbIX 3HAHWUM, YMEHHI, HaBBIKOB W
KOMIIETEHIIUH TPUMEHHUTEILHO K KOHKPETHOH chepe mpodecCUOHATBHOM 1eITeTbHOCTH.

Hapsiny ¢ u3ydyeHHeM [OHCHUIUIMH BY30BCKOTO KOMIIOHEHTA JOKTOPAHT JIOJKEH
BBIOpATH ISl U3YYCHUS UCIUITUHBI KOMIIOHEHTA 110 BBIOODY.

KoHncynbranuu mno BeIOOPY DJEKTUBHBIX AMCIMIUIMH JIaeT dBaiizep. Bmecre ¢ HUM
JIOKTOPAHT 3amoyiHsieT ¢GopMy 3amucd Ha JUCHMIUIMHBL Juisi  coctaBieHuss UYII
(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 TexHOIOTHsIIAPHI J)KOHE YIIKCH ACPEKTep/l Tanaay /
Texnonoruu Big Data u ananu3 601bIIMX JaHHBIX /
Big Data technologies and big-data analysis 5 1
ANTOPUTMIEPII 3EPTTEY KOHE Talaay /
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 /
HeiiponHsle ceTn u MalMHHOE 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

CynepkoMIbloTepIik 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 mexnonozusnaput sxcone yaken oepekmepoi manoay / Texnonozuu Big Data u ananu3z éonvumux oannvix / Big Data technologies and big-

Oky maxcamul / Yueonan yenv/ Purpose

JIOKTOpaHTTapAbl YJIKEH JEPEeKTePMEH >KYMbIC

icTeyre = TEOPHSUIBIK ~ JKOHE  MPAKTHKAIBIK
naieiHaay. [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 pPE3ylbTaTe€ OCBOCHUS
JTUCIUIUIMHBI, TIOMOTYT TNpH  cOOpe W aHaim3e
OTPOMHBIX O00BEMOB CTPYKTYPHUPOBAHHOM  WJIU
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 KeHiH
olmiMaymbLIap

- YnKeH JepeKTep calachlHAaFbl SHICTep MeEH
KypajigapAnl aHbIKTay,

- YAKEH JepeKTeplli MAaIUHAIBIK OKBITY,
BHU3yaJIM3aIusl KOHE CaKTay TYpJIEpIH KOJAaHy;

- MomiMerTep KoWManapbiMeH jkoHe NoSQL

JKBX-MeH kymbic icTey NPUHIUOTEPIH
KIKTEY;
- JIepeKTepAl Taijay 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
MpOrpaMMHBIE CpPEACTBA ISl aHAJHM3a TaHHBIX;

- 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 XyHenepae OackapyMeH | ¢ 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, noaaepskuBaronux | that support Big Data technologies to solve




- TNOHAIK cajlafiaFbl MPAKTUKAIBIK eCenTep/i
memry yuria Big Data texHonorusmapsix
KOJIJTaWTBIH OaraapIaMaibiK KypaJiap,ibl
naijanany SJiCTepiH MEHTepy;

- TOHAIK  CcallaHbIH  MOCeNeNIepiH  YJIKEH
JepeKTepAl OHJIEY TEXHOJIOTHSIIAPBIHBIH TLTiHE

aynapy,

texHosoruu Big Data muist pemeHns npakTHYecKux
3a/1a4 B MPEAMETHOHN 001acTu;

- TIepeBOANUTH MPOOIEMBI MPEIMETHON 00JacTH Ha
SI3BIK TEXHOJIOTHI 00pabOTKH OOJIBIINX 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 nanHbeix B BSI. Ocnosele | 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 KIJIACCHUYECKHUE AJITOPUTMBI
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;

- aHANU3UpPOBaTh 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.  JImHaAMUKaIbIK
Oarmapiamanay. AKMapaTThl ©HJEYIIH HeEri3ri
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 amroputmuep. ['padukrepaeri
ITOPUTMIEP. TOMOJOTHSUIBIK CypbinTay. [3mey
anroputMmaepi. [3neyni oHTalIaHABIPY dIicTepi:
UTEPAaTUBTI  TEPEHIETY, AaIIKe3IK,  YaKbIT
OOWBbIHINIA Kecy, »Kayan OOHWBIHIIA Kecy, OuT
TpIOKTepi. Makcumanasl  aFblH  McCeseci.
Yarinepai CaJIBICTBIPY AITOPUTMAEPI.
JIMHAMUKATBIK Oarmapiamanay.
aMOPTU3ALMSUTBIK Tanjgay. JlerepMUHUpIICHTEH
emec anropurmep. bIkruManabik anroputmaep.
Amike3 anropurMaep. [lapamnens anroputmaep.
Wntepner anroputmaepi. XKacanapl WHTEIEKT
anroputMzaepi. PoOoToTexHUKa anropuTMmuepi.
I'padukTepmeH KyMbIC ICTEY aNrOpUTMAECPI.

IIOCJIICAOBATCIIBHOTO 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. ANTOopUTMBI Ha

rpadax.

Tononoruueckass coptupoBka. IlepeGopHbie
QITOPUTMBI. MeTto bl ONITHUMH3AIIH
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 yakeimmazol scyiienepoi mooenvoey / Mooenuposanue cucmem peanvnozo epemenu / Modeling of real-time systems

OKy makcamuwt / Yueonan yenwv/ Purpose

[Ipomectep  MeH  KyHenepal  MOJEIbACY
camachlHAarpl  Olmimzai  Kyienmey,  Kypaemi
OOBEKTUIEpIIH cHUMaTTamMalapbl MEH MiHe3-
KYJIKBIH 3epTTey YILIiH MOJIETBACY
ANrOpUTMJCPIH  THIMAI  TNaijgamana  Oury,
MPOLIECTEp MEH OJKYHeNlepAl HMMHTalusIay
KaOljeTi,  OSKCIepUMEHTANAbl  3epTTeyiepi

TYKBIPBIMIAYFa J)KOHE OTKI3yTre KaThICYFa JalbIH
0oiy; ToXipuOeniK JepeKTep MEH aJlbIHFaH
HIenriMaepIiy HOTIKEIIEPiH CaJIBICTBIPY
apKbUIBl TaHJAAJIFaH MOJENbBJIIH JYPBICTHIFbIH
HET137Iey MYMKIHJITI .

CucremaTu3aius 3HAHHUI B obnacTu
MOJICJIUPOBAHUS IPOLIECCOB M CHUCTEM, YMEHHI
3(PEKTUBHOTO MCIOJIB30BAHUS MOJCITHPYIOLIINX
QITOPUTMOB JIJII MCCIIEIOBAHUS XapaKTEPUCTUK
M TMOBEJIECHHUSA CI0KHBIX O0OBEKTOB, CIIOCOOHOCTh
MPOBOJUTh  MOJCIUPOBAHUE  TIPOLIECCOB U
CUCTEM, FOTOBHOCTh YYacCTBOBaTh B IOCTAHOBKE
i MIPOBEACHUH AKCIIEPUMEHTAIIbHBIX
HCCIEI0BAHNM, CIIOCOOHOCTH OOOCHOBBLIBATH
MPaBUIILHOCTH BBIOPAHHOM MOJEIIA COTIOCTABIISAS
pe3yabTaThl 3KCIEPUMEHTAIbHBIX JAHHBIX U
IIOJIYYEHHBIX PEIICHUM.

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

Kypcrbl CITTI KeiliH
oiiManymbLIap

- TMOHAIK OOMBICTBIH AaKMapaTThIK Kyhenepi
MOJICJIbJIEPIHIH HETI3T1 KJIACTAPBhIH, MOJIEIBACY
TEXHOJIOTHUSICBIH KIKTEY;

- 3aMaHayd KOMITbIOTEPIIEPAIH OaraapiiamMalibIK-

agKTaraHHaH

anmnaparThiK KYpaJlJlapbIHbIH KeMeTriMeH
MOJIebAEpAl €HT13y MYMKIHJIKTEPIH
naii1ajiany;

- OKYHenmepaiH KbI3MET €Ty MPOIECTEPIHIH
MO/JIeNIbJIepiH KYpy MPUHLUOTEPIH
KJaccuukanusiiay;

- KociOm ecenTepii MIENIyAE€ MaTeMaTHUKAaIbIK
omicTep Il KOJIIaHy;,

- YJArizey ojicTepiH KOJJaHa OTBHIPBIT TUOTIK
ecenTepAl Menry;

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

namuceci / Pezyniomamol 00yuenus / Learning outcomes
Ilocsie ycmemHoOro 3aBepuleHHsI Kypca
o0yyarommecsi OyayT

- KIacCU(UIUPOBATH  OCHOBHBIE  KJIACCHI
MoJenen WH(pOpPMaAITMOHHBIX CHUCTEM
MPeAMETHOMN obnactu, TEXHOJIOTHUIO
MOJICIUPOBAHNS,

- HUCIOJIb30BaTh BO3MOXXHOCTU  peaU3alMU

MOJIeJIell C  HCHOJIb30BaHUEM IPOTrPAMMHO-
TEXHUUYECKUX CPEACTB COBPEMEHHBIX DBM;

- KJAaCCU(UIMPOBATh MPHUHIMIBI TTOCTPOCHUS
MOJENEH  INpOIECCOB (GYHKIIMOHUPOBAHUS
CHUCTEM,;

- TPUMEHATH MAaTEMaTH4YECKHE METOMbI
pelieHny npodeccuoHaNbHBIX 3aay;

- pelaTh TUIIOBBIE 337aYd HCIIOJIB3YS METOIbI

npu

MOJICIIMPOBAHNA

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

methods in solving
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- aKmapaTThIK JKYWenepni 3epTrey, jkobamay
J)KOHE nanganany Ke31HIE MAaIIHHAJIBIK
MOJICIIBJICY 9/IICIH KOJIJIaHYy;

- MpomecTtep MEH IKYHWeNepIiH o3ipJeHreH
YATUIEPiH TEKCEPY JKOHE PETTEY;

- HCII0JIb30BaTh METOH MalIMHHOTO
MO/IETTUPOBaHUS npu HCCIIEI0OBaHUH,
MIPOEKTUPOBAHUH u JKCILTyaTaluu
MH(POPMAIMOHHBIX CUCTEM;

- BepUUIIUPOBATH u HacTpauBaTh

pa3paboTaHHbIC MOJICIH MPOIIECCOB M CHCTEM;

study, design and operation of information
systems;

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

Kypcmoiy Kbickawa mazmynst / Kpamkoe cooeprcanue kypca/ Course summary

MonenbaeyaiH aHbBIKTaMachl MEH MaKCaThl.
MonenbaeyaiH TaHBIM OJICTEPiHIH IMIHACTI
opHbl.  Mogenbs  aHbIKTamachl.  Mojenb
KacueTTepi. Monensaeynin MaKcaTTaphbl.
Mopenbaepain KJIacCU(PUKAITHSCHI.
Matepuanael Mojenbaey. Mmean Mopaenbiey.
KOTrHUTHBTI, KOHLIENTYaJIIbl KoHE (HOPMAIIbIIbI
MoJenbpAep. MaTeMaTHKAIBIK  MOJCIbISPIIH
kinaccudukanmsicel. Knaccudukamus Oenrinepi.
Mopenbney 00BEKTICIHIH KYpJeitirine
OalJIaHBICTBI  MAaTEMAaTUKAJBIK MOJCIbACPIIH
KJTacCU(UKALIUSCHIL. MaremaTHKaIbIK
MOJCNBICPAIH  KIacCH(PUKAIMACHL.  MOJEIb
orepaTopblHa 0aiiIaHBICTHI. Monenbain
napaMmerpiiepine OalIaHBICTBI MaTEMATHKAIBIK
MoJeNbACPAIH Kiaccupukanusacel. Moaenbaey
MakcarTapblHa OalIaHBICTBI MaTEMATHKAIIBIK
MOJIeTIbACPAIH KIIACCU(UKAIUSACHI.
KYPBUIBIMIBIK MoOJIebaep. HakThl yaKbITTaFrbl
Kylenepai Monenbaey Kypanaapel. benricizmik

JKargaubpIaaa MOJIENIBIEY. CToXacTUKAIBIK
OeIrici3aik JKarmaubIHIa MOJIEIBJICY.
MapkoBTBIH KE3J1eHCOK MIPOLIECTEPIH
Mojenbaey. Mogenbaey TOCUTIH — KOJAAHBII

Mozenbaey. Mojenpaey TOCUTIH KOJIaHAThIH

OnpeneneHI/Ie U Ha3HA4YCHUE MOJACIHNPOBAHMA.

Mecro  MozenupoBaHUS ~ CPeIM  METOMOB
nosHanus.  Omnpenenenne monenu. CBoicTBa
MOJEIIEH. Henn MOJCIIUPOBAHUS.
Knaccudukanus  moneneil.  MarepuanbHoe

MozenupoBaHue. lueanpHoe MOAEIMPOBAHUE.
KoruutusHble, KOHIIENTYalbHbIE U (OPMAIbHBIE
MOJEIIH. Knaccudpukanus wmareMaTndecKux
mozeneil.  KnaccubukanuonHsle  IpU3HAKH.
Knaccudukanuss mMaTeMaTHYEeCKUX MOJENECH B
3aBUCUMOCTH oT CJIOKHOCTH o0BeKTa
MOJIETIUPOBAHMSL. Knaccudukanus
MAaTeMaTUYECKUX MOJENICd. B 3aBUCHMOCTH OT
oreparopa MOJEH. Knaccudukanus
MAaTeMaTUYECKUX MOJIeJIEd B 3aBUCUMOCTH OT
IapaMeTpOB  MOJEIH. Knaccudukanus
MAaTeMaTUYECKUX MOJIENIed B 3aBUCUMOCTH OT
uened MmoaenupoBaHusa. CTPYKTYpHBIE MOJIEIH.
CpenctBa MOJEIMPOBAHUS CHCTEM PEAJIBHOTO
BpeMeHU.  MonenupoBaHue B YCIOBUSX
HEONPEIEICHHOCTH. MoaenupoBanue B
YCJIOBHUAX CTOXACTHYECKOW HEOIPEAEIEHHOCTH.

MonenupoBaHue  MapKOBCKHX  CITy4ailHBIX
IIPOLIECCOB. MopenupoBanue c
HCIIOJB30BaHUEM HMUTAITMOHHOI'O IIOAXO/[Ja.

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
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MojeNnbepAiH epekmenikTepi. Kesekre Typy
KYHECIHIH CHMYISATOPBL. ¥SJIbl aBTOMATTAap.
Mertannarbl  JAMCIOKAIUSUIAPABI  MOJCIBJCY.
Tingep >koHE MoOJENbICy JKyHenepi Typabl
Heri3ri TyciHikTep. Momenpaey TUIIEpiHiH
dbyHKIUsUTapel. Mogenbaey TUIAEpiH KyHeney
Herizaepi.

Ocobennoctu MoJIeIIEH, ucrnonp3yronmx | systematization of modeling languages.

MMUTAUMOHHBIA TOAX0H. MMurarop cucremsl
MacCOBOT'O 00CITy>)KMBaHUS. Knerounsie
aBTOoMaTbel. MojenupoBaHue JIHUCIOKaUUN
metauie. OCHOBHBIC IMTOHSATHS S3BIKOB U CUCTEM
MO/JIETIMPOBAHHSL. OyHKIUU SI3BIKOB
MojenupoBanusi. OCHOBBI ~ CHUCTEMAaTH3AIUU

SA3BIKOB MOACIIMPOBAHUA..

B

ITocmpexsusummepi / [locmpexeuszumeut/ Postrequisites

HOKTOpaHTTLIH FBUIBIMU-3CPTTCY KYMBICHI

Hayuno-uccnenoBarenbckas pabora
JIOKTOpaHTa

Scientific research work doctoral student

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

HNBanosa 1.B.

HMBanoBa 1U.B.

| Ivanova I.V.
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Kypoeni sicyiienep meopuscwt / Teopus croacnwix cucmem | Theory of complex systems

OKy makcamuwt / Yueonan yenwv/ Purpose

JlokTopaHTTap apachIH/Ia KOMITBIOTEPITIK
TEXHOJIOTHUSLIIAP caJlaChIH/IaFbl Kocion
KY3BIPETTUTIKTEp, OJKYHelepAali Kypy MeH
KbI3MET eTYIIH TEOPHsUIBIK Heri3zepi MeH
3aHJIBUTBIKTAPbIH, COHIali-aK Kypaeni
TEXHUKAJIBIK KyHenepai CHUHTE3ICYIIH

TYKBIPBIMIAMAJIBIK HETI3/Iepl MEH OiCTEMENiK
MPUHIMIITEPIH TaiijaaHa OTBIPBII ecenTep/Ii

d®opmupoBanue y JTOKTOPAHTOB,
npoeCCHOHATBHBIX KOMIIETEHIIM B 001acTu

BBIYHCITUTEIILHOM TCXHHKU, TECOPECTUUCCKUX
OCHOB H 3aKOHOMepHOCTeI7I MNOCTPOCHUA U
(1)YHKI_[I/IOHI/IpOBaHI/I${ CHCTEM, a TakK KC
TCOPECTUUCCKUC 3HaHuA nu IMPAKTUYCCKUC

HAaBBIKU I peuiCHudg 3aga4d C IMMOMOLIbIO
KOHICIITYaJIbHBIX OCHOB W MCTOHOJOTMYCCKUX

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

HIenry — YIIH ~ TEOPHSUTBIK ~ OLTIM ~ MEH | IPUHIMIIOB CHHTE3a CIIOKHBIX TEXHHYECKUX | Systems
NPAKTUKAJIBIK JaFIbUIap bl KAIBIITACTBIPY. CHCTEM.

Oxbrmy namuorceci / Pesynemamut 06yuenus / Learning outcomes
Kypcrbl CoTTIi asiKTaraHHAaH keiiin | Ilocie  ycmemHoro 3aBepmieHusi  kypea | After successful completion of the course,
olriMasymbLIap odyuarommecst OyayT students will be
- TYTaCTBIKTBI, yiIeciMaiiKTi HEMece | - OmpeaeNsaTh IeJOCTHOCTh, CBsA3HOCTH wiH | - determine integrity, coherence or relative
KOpIIIaraH opra MeH JKYHeNnep/ieH | OTHOCUTENIbHAS He3aBHCUMOCTh OT cpeabl u | independence from the environment and

CaJIBICTBIPMAJIBI TOYEJICI3/IIKTI aHBIKTAY;

- 1K1 KYHenep/IiH KoHE OJIap/iblH apachIHaFbl
OaiiaHplcTapplH ~ OOJyBIH Hemece  XKyie
KYPBUIBIMBIHBIH ~ OOJNYBIH, KYHEHIH  OyKuI
KbI3METIHIH KaHaai 1a Oip MakcaTKa OarbIHYBIH
aHBIKTAY;

- MHTEJUIEKTYaIIbIK JaMy, MOJICHH JE€Hrel MeH
KociOM KY3BIPETTUIITIH apTThIpy YIUIH OUIIM
ozicTepi MeH KypajiapblH KOJ/IaHy;

- Kofamza OOJBIN JKaTKaH MpoIecTep MeH
KYOBbUIBICTap/IbI TAJIAAY;

- KypJemi xyhenepal Tangay MeH CHHTE3ACYiH
AKYHeEIl TOCUTIH KOJIJIaHy.

CHUCTEM,;
- ONpEeNeNATh HAIW4YUE IMOJACUCTEM M CBA3EH
MEXy HUMH WJIM HAJIM4Ue CTPYKTYPhI CUCTEMBI,
MOTYMHEHHOCTh  BCeH  (YHKIUU  CHCTEMBI
HEKOTOPOU LIEIIH;

- MIPUMEHSATh METOJIBI U CPEACTBA TIO3HAHUS JIJIS
UHTEJUIEKTYaJIbHOTO  PA3BUTHUS,  IOBBIIIEHUS
KYJIbTYPHOTO YypPOBHS M MpodeccHOHAIbHON
KOMIIETEHTHOCTH;

- aHaJIM3UpOBaTh MPOLECCHl U
MIPOUCXOJIAIINE B OOILECTBE;

- TPUMEHSATh CHUCTEMHBIA IMOAXOJ K aHAIU3Y H

SIBJICHUS,

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 Kbickawa mazmynot / Kpamrkoe cooepycanue kypca/ Course summary
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Kanmel xyienep TEOPUACHIHBIH IIoHI, 9MicTepl
kKoHe Tapuxbl. JKylenepnmiH Typriepi KoHe
onapIblH Kacuerrepi. JKyile TeopusChIHIAFbI
KypbulbiM  TyciHiri. JKyilemik  makcarrtap.
Kywenik  momenbuep. JKyile  KypamMbIHBIH
monemi. JKyle  KYpBUIBIMBIHBIH  MOJIEII.
DKOHOMHUKAIBIK OHJTIPICTIH MakcaTTapblH
KYHEIIK Tangay.

Kyitenik Tanmay jkyde TEOPHUSCBIHBIH HETI3T1

omici  Oombelm  TaObUIAABl.  MaTeMaTUKAJIBIK
MOJICTIBICYAIH ~ TEOPHSUIBIK ~ JKOHE  JKYHeliK
HeTi3/epi. Kyiienep TEOPHSICHIH/IAFbI
CHHTETUKAIBIK onic. DopmanpIasl Kykenep
Typasibl  TyciHik.  DopManpabl  KYHEHIH
AHBIKTaMachI. dopmainb b KyHenepain

MbIcangapbl. Popmanusmaep OumiMai OeiiHeney
Kypaibl periHne. JKyile TCOPHUSACHIHBIH HETi3ri
tycinikrepi. JKyie kacmerrepi. JKyitenepain
KJIacCU(UKALIUSCHIL. Kyitenepain
(bYHKIMOHATIBIK CHITaTTaMaChI KOHE
MOJIENIBJICY. Kyiienepain KYPBUIBIMJTBIK
cumarraMmachl JkoHe Mozenbaey. JKylenepai
aKnmapaTThIK CHUIIATTay jKoHE Mojenbaey. JKylie

TEOPUACHIHBIH ~Heri3ri epexenepl. JKyiemnik
TanmaynblH — Herizmepi. JKyilemik  Tanmayra
aKmaparThlK Ke3kapac. JKyile Kacuerrtepi.

Kyitenepain knacCUPUKAIUACHL.
Aknapar xoHe aknapar casbl. JKyilie YFbIMBI

xKoHe  Kacuertepi. JKyienepai  JKUBIHTBIK-
TEOPHSUTBIK CUIIATTAY >KOHE Taljay Heri3zepi.
Kyiteni MOJIETBICY TYpPJIEpiHIH
KJIaCCU(UKALIUSCHI. Kyitenepni

[Ipeamer, MeTompl W HCTOpPHS OOIIEH TEOPHH
cucteM. Bunpl cucreM m mx cBoiicTBa. Ilonsrne
CTPYKTYphl B Teopuu cucrteMm. lLlenn cucrem.
Mogenn cucreM. Moaens cocTaBa CHCTEMEL
Mogens  cTpykTypbl  cucTeMbl. CHCTEMHBIN
aHaJIM3 LeJIel IKOHOMHYECKOTO MPOU3BOJICTBA.

CucTeMHbI aHAJIM3 — OCHOBHON METOJ| TEOPHUU

CUCTEM. TeopeTuKo-CUCTEMHBIE OCHOBBI
MaTeMaTH4YeCKOro MOJIETTUPOBAHUSI.
CuHTeTHYECKUI METOJ B TEOPHUH CHUCTEM.

[Tonsartue o popmanbHbIX cucremax. OnpeneneHue
¢dopmanpHO cucteMbl. llpumepsr (opManbHBIX
CUCTEM. dopmann3msl KaK CPEICTBO
npencraBieHuss 3HaHUNA. (OCHOBHBIE TOHATHUSA
TEOpUU CUCTEM. Cucremuele CBOIICTBA.
Knaccupukauus  cucrem.  OyHKIMOHAIBHOE
OIHMCaHuE " MOJIEIIMPOBaHUE CHUCTEM.
CTpykTypHOE ONHCaHHE U  MOJEIUPOBAHUS
cucreM.  MHbpopmanMoHHOe  omHMcaHue U
MozenupoBaHusi cucteM. OCHOBHBIE MOJIOXKEHUS
Teopun cucteM. OCHOBBI CHUCTEMHOIO aHaJln3a.
NudopmanoHHbI MOAXOA K aHAINW3Y CHCTEM.
Cuctemnsle cBoiicTBa. Kiaccuduxanus cucrem.
Nudopmanus u  KonmuyecTBO  MHQOpPMAIUHU.
IlonstTue wu  cBoiictBa cucTeMbl. (OCHOBBI
TEOPETUKO-MHOKECTBEHHOI'O OMMCAHUS U aHATN3a
cucreM. Kinaccugukaius BUIOB MOAEIMPOBAHUS
cucteM.  Mopdonoruueckoe  (CTpyKTYpHOE)
OINMCaHue U MOJIETTUPOBAHUS CHUCTEM.
NudopmanronHoe omnucaHue M MOAETUPOBAHUS
CUCTEM.

Subject, methods and history of general
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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MOPQOIOTHSUTBIK — (KYPBUIBIMIIBIK) — CHIATTAy
kKoHEe Mojenbrey. JKyienepai

CUIIaTTay XoHC MOACIIBJALY.

aKIMapaTThIK

Ilocmpexsusummepi / [locmpexsuszumat/ Postrequisites

JIOKTOPAHTTBIH FBIIBIMU-3EPTTEY KYMBICHI

Hayuno-nccnenoBarensckas pabora
JOKTOpaHTa

Scientific research work doctoral student

bazoaprama rcemexuici / Pykoeooumens npozpammur/ Programme manager

HBanosa U.B.

HWBanosa U.B.

lvanova I.V.
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Kacanovt unmennexm, pooomomexnuka xcone oacxapy / Uckyccmeennuwiii unmesnnekm, pooomomexuuka u ynpaenenue / Artificial intelligence,

robotics and control

Oky maxcamul / Yueonan yenv/ Purpose

OHBIH KajJall Ky3ere
achIpBUIATBIHBI  JKOHE  Kaiiia  KoJjaHyFa
00IaThIHBI Typasbl 3amMaHayu OlmimMi
KaJbINTAaCTBIPY, COHBIMEH KaTap aHbIK eMec
JIOTHKAchkl 0ap JKyHenepai KypyAblH HETi3ri
NPUHIMITEPIH, capanTaMallbIK KyHeaepai )KoHe
HEHPOHJIBIK JKeJTiHI 6acKapy JKyHesepiH TyCiHy.

KacaHapl HMHTEIJICKT,

@OpMUPOBAHUE COBPEMEHHBIX 3HAHHUM MO
HWCKYCCTBEHHOMY  HMHTEJUIEKTY, KaK OH
peasm3yercss M TAE  MOXET  OBITh
WCIIOJBb30BaH, a TAKXKE€ YSCHEHHE OCHOBHBIX
MIPUHLIMIIOB MTOCTPOEHUS CUCTEM C HEYETKOU
JIOTUKOM, 3KCHEPTHBIX CHCTEM M CHCTEM
HEHUPOCETEBOI0 YIIPABIICHHUS.

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.

Homuiceci / Pezynemamol 00yuenusn / Learning outcomes

OKbimy
Kypcrbl CoTTI asIKTaFaHHAH KeHiH
olmiMaymbLIap
- poOOTTHI 3KyHenep aKmapaTblH OHACY YIIiH
KOJIIaHBIIaThIH OarmapiaManbiK JKOHE

annaparThlK Kypajlaap/abl aHbIKTAY;
- MEXaTpPOH/IbI XKoHE POOOTTHIK JKyHenepal Kypy

yIIiH  OaFrgapiaManblK — JKOHE  TeXHHUKAIBIK
KYpaJlgapsl nanjganany;
- poOOTOTEXHHMKa  cajachlHAA  JKACaHJbI

WHTEJUICKT OJICTEPIH KOJIJIaHy.

IMocae ycmemHoro
o0yyarommecsi OyayT
- OompeneNnsiaTh MNPOrPaMMHO-TEXHUYECKUUE
CpeACTBa, WCIOJb3YeMble JUIsi 00pabOTKH
uHbopMaluy POOOTOTEXHUUECKUX CUCTEM;

- HCHOJIL30BaThb MPOrpaMMHO-TCXHHYCCKUC
CpeAcTBa Uil MOCTPOEHUS MEXAaTPOHHBIX H
POOOTOTEXHHUUECKUX CUCTEM;

- TNPUMEHATh METOAbl  HMCKYCCTBEHHOTO
WHTEJUIEKTa B 00JIACTH POOOTOTEXHUKH.

3aBeplIeHHsl 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,

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue kypca/ Course summary

JKacannapr UHTEIJIEKT  TYpalbl TYCIHIK.
Heiiponnapaer moaensaey. KacaH bl MHTEIIEKT
omictepi. JKacaHIbl MHTEIUIEKTTIH (OpMaibabl
omictepi. BepOannmbl >kacaHIbl WHTEJUICKTTIH
naiiga Oomy koHe maMmy Tapuxbl. JKacaHzbl
WHTEIUIEKTTIH OMOCHUMITSPITBIK omictepi.
biniMai skacaHabl HEHPOHBIK KENiep TYpiHae
kepcery. KOTHUTHBTI KacaHIbl HHTEJUICKT.
ACT (Adaptive Control of Thought) xyiieci.

ITonsatue HCKYCCTBEHHOTO WHTEJIIEKTA.
MoaenupoBanue HEUPOHOB. Metonarnl
HCKYCCTBEHHOT'O MHTEIEKTA.

CDOpMaJ'II/I?.OBaHHI)Ie METOJbl UCKYCCTBECHHOI'O
nHTeekTa. Micropus nosBIEHUS U pa3BUTHS
BEepOATBHOTO MCKyCcCTBEHHOTro MHTennekra.
buonogobHble  METOABI  MCKYCCTBEHHOT'O
UHTEJUIEKTA. [IpencraBnenue 3HaHUU
B (hOopME HMCKYCCTBEHHbBIX HEHPOHHBIX CETEH.

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
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SOAR xyiteci. EURISCO xyiieci. CASN
xyiieci. ET oxyiieci (Expert Tomographer).
OKBITY 1B KYILLIEUTY Kyuenepi.
WuTemnektyanabl podot xyienepi. KozrampicTs
OackapyAblH  MHTEUIEKTyal bl  KyHenepi.
Kacangpl ~ MHTENIEKT  Typaslbl  TYCIHIK.
beitnenepai  OeiiHeney  JKOHE  TYPJICHIIPY.
belinenik  akmaparmeH  KYMBIC  ICTEYIIH
HEUPOHJIBIK KEITl )KOHE HEHPOMOPQTHIK dJ1icTepi
MeH Kypangapel. [wmoresamapasl aBTOMAaTTHI
Typae kypy. Hepexrepaen moxens kypy. XKana
menriMaepIi e31iriHeH yipeHy. |'eHeTukaibIk
YKOHE BOIOIUSIIBIK aITOPUTMIEP.

KoruutuBHBI HCKycCcTBeHHBIH uHTE/UIEKT. | System. CASN system. ET system (Expert
Cuctema ACT (Adaptive Control of | Tomographer). Reinforcement learning systems.
Thought). Cucrema SOAR. Cucrema | Intelligent robotic systems. Intelligent motion
EURISCO. Cucrema CASNET. Cucrema ET | control systems. The concept of artificial

(Expert Tomographer). Cuctewmsl, | intelligence. Representation and transformation of
o0yyJaroruecs ¢ moakperutenuem. | images. Neural network and neuromorphic
HuTemnekryanbHbie pobororexunyeckue | methods and tools for working with figurative
cucrembl. Cuctembl  mHTeWIeKTyanbHoro | information. Automatic generation of hypotheses.
yIIPaBJICHUS JIBHIKEHUEM. IToustue | Model generation from data. Self-learning new

HUCKycCTBEeHHOTO pasyma.  [Ipenacrasienue | solutions. Genetic and evolutionary algorithms.

u peobpazoBanue oOpa3oB. HelipocereBbie
1 HelipoMophHBIC METO/IbI U CpelcTBa
paboThl ¢ oOpa3Hou nHpopMaIueH.
ABTOMAaTHYECKOE  IMOCTPOCHHE  THUIIOTE3.
I'enepanus MoJelen o JTAHHBIM.
CamooOyuenue HOBBIM PEILICHHSIM.
['eHeTyecKre U HBOIFOLIMOHHBIE AJITOPUTMBI.

Ilocmpexsusummepi / [locmpexsuszumat/ Postrequisites

HOKTOpaHTTBIH FTBUIBIMU-3CPTTCY KYMBICHI

Hayuno-uccnenoBarenbckas pabora
JIOKTOpaHTa

Scientific research work doctoral student

bazoaprama rcemexwici / Pykosooumens npozpammel/ Programme manager

NBanora 1.B. ‘

NBanosa 1.B. ‘

lvanova I.V.
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Heiiponowlx ceninep yncone mawmunanvik okeimy / Heiiponnote cemu u mawmunnoe ooyuenue / Neural networks and machine learning

OKy makcamuwt / Yueonan yenwv/ Purpose

MAIIMHAIBIK ~ OKBITYII ~ KOHE  HEHPOHIBIK
KeNimepai KOJIJIaHyMCH OaliIaHBICTHI
TEOPHSUTBIK ~ KOHE  ATHUKAJIBIK  OlmiMaepm,
KaCaHIbI WHTEJUICKT CaJIaChIH/IaFbl
NPAaKTUKAJBIK ~ JaFIbUIapibl  KaJbIITACThIPY,
KacaHAbl HMHTEJUICKTTIH NPUHIMNTEPI MEH

TYKBIPBIMIAMaIapblH KapacThIpy, MAallHHAJIBIK
OKBITY ONICTEepiH, aKMapaTThl WHTEIUICKTYaJIbl
OHJICYIIH opTypui OHTaWJIAHIBIPY
QITOPUTMJICPIH 3EpPTTEy, -CTAaHAAPTTHI KOCiOM
TarchlpMalap, COHBIH IIIHAE JKaHa HeMece
OeiiTaHbIC OpTaga, Kem JeHTeWnl TepeH
HEHPOHBIK JKEIEeP/Ii OKBITYFa OarbITTaIFaH.

(GopMHpOBATh TEOPETHUECKUE M HTUUYECKHE
3HaHUS, CBSI3aHHBIE C  HCIHOJIb30BAHUEM
MAaIIMHHOIO OOyuYeHHs U HEHpPOHHBIX CeTeH,
MPAKTUYECKHE YMEHUs B obacTu
HCKYCCTBEHHOI'O MHTEJUIEKTa, pacCMaTpUBaTh
NPUHIUIB M KOHLENIMH HCKYCCTBEHHOTO
UHTEJIEKTa, UCCIIEJ0BATh METOAbI MAIIUHHOTO
o0ydeHwus, pazuyHbIC ITOPUTMBI
ONTUMU3ALNU IS UHTEJUIEKTYaIbHON
00pa0OTKN AAaHHBIX, pellaThb HECTaHIapTHHIE
npodeccuoHalbHbIE 33Jaud, B TOM YHUCIE B
HOBOM 1581051 HE3HAKOMOM cpexne,
¢dbokycupoBaThcsi Ha OOY4YEHMH TIyOOKHX
HEHWPOHHBIX CETEN C HECKOJIBKUMH CIIOSIMHU.

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

Homuiceci / Pezynemamol 00yuenusn / Learning outcomes

Kypcrbl COTTI KeiliH
oiiManymbLIap

- JKaHa FBUIBIMU TPHUHIMITED MEH 3epTTey
OMICTEPIH TIKIpUOEAE KOJIIaHY;

- MalllMHaJbIK  OKBITY  alTOPUTMJEPiHIH
HOTH>KEJIEPIH BU3yalu3anusiay;

- 3epTTey TalchlpMachlHA COMKEC KeNeTiH
MaIIMHAJIBIK OKBITY 9IICIH TaHJay, HOTHKEIepIl
TYCIHAIPY;

- CTaHJApPTTHI eMeC KoCiOM MIHIETTepHAl, COHBIH
iImiH/Ie KaHa HeMece OelTaHbIC OpTaja MIeMy.

asiKTaraHHaH

IIocne ycnmemHoro
o0yyarommecsi OyayT
- NPUMEHATh Ha NPAKTUKE HOBbIE Hay4HbIE
MPUHIUIIBI 1 METObI UCCIIEI0BAHU;
- BHU3YalIM3HpOBaTh pPE3YJIbTaThl
AJITOPUTMOB MAIIMHHOTO 06y‘~ICHI/I$I;
- BBIOMpaThb METOJ MAIIMHHOIO O0ydeHus,

3aBepuIeHHs] Kypca

paboThI

COOTBETCTBYIOLIUN HCCIIEIOBATENIbCKOM
3a/laye, HHTEPIPETUPOBATH  MOJIYYEHHBIE
PE3yNbTaTHI;

- peuaTth HECTaHJapTHbIE

npodecCuoHaAIbHBIC 3aa4H, B TOM YHCJIE B
HOBOW 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 Kbickawa mazmynot / Kpamrkoe cooepicanue kypca/ Course summary

19




Herisri yFbiMzmap: HEWpOH, CHHAIIC, aKTHBAIIMS
(YHKUIHUACHI, KipiC >KOHE IIBIFBIC MATIMETTEpI,
XKOFanTy (yHKIuschl. HeHpoHABIK KemnepiH
MaTeMaTUKaJIbIK HeTi37epi. BexkTopiibik
KEHICTIKTEp, MaTpullajiap OHE BEKTOPJIAPIIbIH
CBI3BIKTBIK TYpJIEHAIpYJIepi. Heiiponasik
xemuepain apxutektypacbl. Kemkabarter INS.
Hetiponabik KENTePIiH CTaHJapTThI
apxuTekrypayiapbl. OKBITY — aJITOPUTMICPIHIH
kinaccupukanusacel. CTaHAapTTBl TYKBIPBIMJIA
GYHKIUSHBL JKYBIKTay Moceseci. HelpoHIbIK
Kemnepai  OKBITY — ofictepi.  Perpeccusiibik
tannay, AacamOnbpaik oaictep. CTOXaCTHUKAIBIK
izmey. Perpeccusmbik  Tanmmay.  CBI3BIKTBIK

perpeccusi. Kenmymiemik perpeccusi.
Croxactukanslk i31ey. Monrte-Kapno i3ney.
['eHETUKANBIK  AJITOPHUTM. AHBIK  emec

JIOTHKAHBIH Heri3ri TyciHikTepi. HelpoHabIK
KemiHi  OoKbpITy. Myranmimciz  oky. Kapces
TapayJIblH HEHPOHIBIK xenici. Kepi Gaiinanbic
xeminepi.  Xondwin — mogjeni.  Xonduin
Mozeninaeri Xe00TiH oKy epexeci. OKbITY
omictepi. XeOOTiH OKbITY omici. KoxoHeHHIH
OKbITY ayropuTmi. HeHpoHABIK >KemiHl Kypy
KOHE OKBITY HpuHIUNTEpi. Mpblcan peTiHze
Neuropro  KaOBIFBIH  TaifjaliaHa  OTBIPHII,
HEHpPOHJBIK  JKENiHI  KYpy JKOHE  OKBITY
MPUHLIMIITEPIH MEHTepY. Kapamnaiisim
HEHPOHJIBIK XKeJlijep. MepLuenTpoH

ba3oBble MOHATHA: HEHPOH, CUHAIC, PYHKIUSA
aKTUBAlLlUU, BXOJHBIE U BBIXOAHBIE JIaHHBIE,
¢GbyHKuMsg notepb. MaTeMaTH4ecKue OCHOBBI
HEHUPOHHBIX cerei. Bekropuslie
IIPOCTPAHCTBA, MaTpUlbl U  JIMHEHHBIE
npeoOpa3oBaHusi BEKTOPOB. ApXHUTEKTypa
HEeWpoHHBIX ceTed. Muorocnoitneie MHC.
CrangapTHble  apXUTEKTYpbl  HEWPOHHBIX
cerei. Knaccugukanus QJITOPUTMOB
oOyueHus. 3ajaya anmnpoKCUMai QyHKIUH
B CTaHJApTHOM  IOCTaHOBKe.  MeTojsl

oOyueHus HEWPOHHBIX ceTel.
Perpeccuonnbiii  ananu3,  AHcamOeBbIe
METO/BI. CroxacTuueckuii ITOUCK.
Perpeccuonnbiii aHAIM3. Jlunerinas

perpeccusi. [lonnHommanbHas  perpeccus.
Croxactuueckuii  mouck.  Monrte-Kapio
nouck. I'enernueckuit anroputM. OCHOBHBIE
MOHATUS ~ HeueTkoW  joruku. OOydeHue
HelipoHHo cetu. OOyuyeHue 0e3 ydHUTENs.
Heiiponnas CceThb BCTPEYHOI'O
pactipoctpanenus. Cetu ¢ oOpaTHBIMH
cBa3aMu. Mogens Xondunnga. IIpaBumiio
oOyuenuss Xe0b6a B wmomenu Xomndunaa.
Mertoab! 00yuenus. Meroa o6ydyenus X»3060a.
Anroputm oOyuenust Koxonena. [TpuHIumb:
CO3/laHusI W OO0y4yeHuss HEHWpPOHHON ceTH.
OcBoeHre MPUHIIAIIOB CO3/IaHHS U O0YyJYCHUS
HEHpOHHON ceTm Ha mpumepe paboOThHI
obonoukn Neuropro. [IpocTeie HelpoHHBIE
ceru. [lepcentpon

Basic concepts: neuron, synapse, activation
function, input and output data, loss function.
Mathematical foundations of neural networks.
Vector spaces, matrices and linear transformations
of vectors. 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

Iocmpexsusummepi / Ilocmpexsuszumot/ Postrequisites
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HOKTOpaHTTBIH FBIIBIMU-3CPTTCY KYMBICHI

HayuHo-uccienoBatenbckas pabora
JIOKTOpaHTa

Scientific research work doctoral student

Bazoaphama scemexwici / Pykosooumenw npozpammul/ Programme manager

HBanosa U.B.

HWBanosa U.B.

lvanova I.V.
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Pobommulk scyitenepoin cenimoinizi men moxwvipamypaxmaolivizol / Hadexscnocms u omkazoycmouyugocms pooomomexHuuecKux cucmem /

Reliability and fault tolerance of robotic

Oky maxcamul / Yueonan yenv/ Purpose

Cenimaimik  meH  akaynapra  TO3IMIUTIK
caJlachlHJIa TCOPHUSIIBIK OUTIM MEH MPaKTHKAJIBIK
JaFabpuIapIbl KalbImTacTeipy. OOBEKTiIEp MeH
TEXHOJIOTHSUTBIK KYHETEePAiH CEHIMILTITIHE oacep

eTeTiH (bakTopmapsl, CeHIMILTIK
nmapaMmeTpiiepiH  ecemTey  OAICTepiH  JKOHE
TEXHOJIOTUSUTBIK ~ JKYHelepai  kobajiay  KoHE
naiianany MocelieNepine OHTAMIIBI
memiMaepai Taby  omicTepiH  JKOHE  OCHI
Kydenepmi  3eprTey  MEH  KoOallaybIH
MaTEMaTHKAJIBIK onicTepiH, COHJIali-aK

MEXaTPOHJIBIK TUATHOCTHKA SHICTEpIH 3epTTey.
KYHesep KOHE 0JIapbI PETTEY/Ii )KY3€ere achIpy.

@OpMUPOBAHHE TEOPETUYECKUX 3HAHUM U
MPAKTUYECKUX YMEHUHI B obnactu
HAJI)KHOCTH u OTKa30yCTOMYHUBOCTH.
WN3ydyenne  ¢daktopoB,  BIMSIOOIMX  Ha
HAJC)KHOCTh OOBEKTOB M TEXHOJIOTHYECKUX
CUCTEM, METOJOB pacyera [apameTpoB
HAJI)KHOCTH u METOJIOB MOMCKa
ONTUMAaJIbHBIX penieHui B 3a/ayax
KOHCTPYUPOBAHUS u AKCIUTyaTaluu
TEXHOJIOTHYECKUX CUCTEM M MATEeMaTHYECKUX
METOJIOB MCCJIEAOBAHUS W IPOECKTUPOBAHUS
3TUX CHUCTEM, & TAK)Ke€ CIIOCOOBI AUATHOCTUKH
MEXATPOHHBIX CHUCTEM M NPOBEIACHUE HX
HaJaJKu.

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

Hamuodiceci / Pesynomamot o6yuenus / Learning outcomes

Kypcrsi COTTI Keiiin
olmiMaymbLIap

- CEHIMJIUIIK KOPCETKIIITEePiH, OJapibl ecenTey
ONICTEpiH, OJEMEHTTEPAIH CEeHIMIUIrT MeH
aKayJapra Te3IMIUIITIH apTThIPY KOJIJapbl MEH
TOCUIIEPiH KOIaHYy;

- CEHIMIUIIK TIIeH akayjapra Te3IMAUIIKKe
KaTBICTBI POOOTTHI JKyienep 3JIeMEHTTEpPiHIH
HET13T1 MaTeMaTUKAJIBIK MOJIETBbACPIH KOJIJIAHY;

- KapacThIpbUIAThIH IIaMajapAblH Ke3IelCoK
CUIATBIH €CKEepE OTBIPHII, POOOTTHI XKYyHeaepaiH
CHUIaTTamajapbiH aHBIKTayFa apHaJfaH
MIPAKTUKAJIBIK €CenTep/l Ienty;

asiIKTaraHHaH

IMocae ycmemHoro
oO0yyarommecsi OyayT
- HUCIOJIb30BaTh TIOKa3aTelN HaJEKHOCTH,
METOABbl MX pacyera, NyTH U CPEeICTBA
ITIOBBIIIICHUA HaACKHOCTU n
OTKa30yCTOMYHNBOCTUIIIEMEHTOB;

- IPHUMCHATDH OCHOBHBIC MaTEMaTH4YCCKUC
MOJIETTM  DJIEMEHTOB  POOOTOTEXHHUYECKUX
CUCTEM B OTHOILICHUU HAaACKHOCTU n
OTKAa30yCTOMYHBOCTH;

- pemarb TpaKTHYECKHE 3a7add 110
ONpEICTICHUIO XapaKTEPUCTUK
pO6OTOTeXHI/I‘IeCKI/IX CUCTEM C Y4€TOM

3aBeplIeHUs 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

completion of the course,
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- pOOOTTHI KYHENepAiH CEHIMIUIIrT MeH
aKaynapra TO3IMIUTITIH AQHBIKTAUTHIH
KAaCHUETTEP/IiH CaHJbIK CUIIaTTaMaChIH OPBIH/IAY;
- CEeHIMIUNIK TeH akayjlapra Te3IMILUIK
KOPCETKIMITEPiH €CENTEey 1l OPHIHIAY;

- CEHIMJIUTIK YIIIH SKBUBAJICHTTI CXEMaHbI KYpY
’KOHE OHBIH MapaMeTpJICPiH aHBIKTAY;

- poOOTTBI  KYHWeNmepHaiH  CEHIMAUIIrIHIH
JKETKUIIKCI3 JICHI€HIHEH 3aKbIMJIaHY/IbI
aHBIKTAY;

- poOOTTHI XYHenepliH CEeHIMIUIIIH apTThIPY
YILIiH YTHIMJBI IIEHIiMIep KaObuiaay.

CIy4allHOTO XapakTepa pPacCMaTPUBACMBIX
BEIIMYHH;

- BBINOJHATH KOJIMYECTBEHHYIO
XapaKTEPUCTHKY CBOMCTB, OMPEICIAIONINX
HAJISKHOCTh u OTKa30yCTOMYMBOCTh
POOOTOTEXHUUYECKUX CUCTEM;

- BBINOJHATh pacuer oKasaresei
HAJICKHOCTH U OTKa30yCTOMYUBOCTH;

- COCTaBISITh  CXEMY  3aMEIICHHS
HAJIC)KHOCTH U ONPEICIIATEH €€ apaMeTphl;
- ONpenensaTh yuiepObl OT HEIOCTATOYHOI'O

10

YPOBHA  HAACKHOCTHU p060TOTeXHI/I‘-IeCKI/IX
CHCTEM,

- INPpUHUMAaTh PalUuOHAIBHBIC PCIICHUA JIA
ITIOBBIIICHHU A HaJCKXHOCTH

POOOTOTEXHUUECKUX CUCTEM.

properties that determine the reliability and fault
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 / Kpamxoe codepicanue kypca/ Course summary

TexHukanelk  JKyHenepAiH  CEeHIMAUIriMeH
TaHBICTBIPY. TexHuKanbIK KyHenepiH
CeHIMIUNriH  eHrizy.  Herisri  yFbiMaap.
Corciznik Typuepi. TexHMKaNbIK KyHelaepaiH
CeHIMIUTITHIH Heri3ri KOpPCeTKIIITEep.
TexHUKaNbIK KyHenepaiH CeHIMIUTITIHIH HeT13T1
KOpPCeTKIIITEP. Tapanynsig HeTi3r1
3aHJBUIBIKTapbl.  BipTiHOEn  CcoTCI3AIKTEpMEH
CEHIMIIIK. TexHUKaAIBIK KyHenepin

CEHIMJIUTIK TapaMeTpiiepiHiH BIKTUMAaJbIKThI
OeJly/liH HETi3ri 3aHJBUIBIKTApbl OHE OJapibl
KOJJaHy ImaprTraphl. [lapaimensai-cepusiibiK
KyppUibiMAap.  CeHIMIUTIKTIH — KYPBUIBIMIBIK
nuarpamManapel. Kypaeni skyienepni ecentey

BBenenue B Hang&XHOCTh
CHUCTEM. Beenenue HanEXHOCTH
TEXHHYECKNX cucTteM. OCHOBHBIE ITOHSITHA.
Buner  0oTKa30B. OcHOBHBIC  ITOKA3aTeIIA
HaJIEKHOCTH TEeXHWYEeCKHUX cucteM. OCHOBHEIE
MoKa3aTelIn HaJIEKHOCTH TEXHUYECKUX
cucteM. OCHOBHBIE 3aKOHBI pacHpe/ieCHUsI.
HanéxHocTh mnpu MNOCTENEHHBIX OTKa3ax.

TCEXHUYCCKUX

OcHoBHbIE 3aKOHBI pacnpeneneHus
BEPOATHOCTH mapaMeTpoB HaAEKHOCTH
TEXHUYECKUX CHCTEM M  YCJIOBUSA  HX
IIPUMEHEHHSI. [TapamnensHo-
IIOCJIEZIOBATEIbHBIE CTPYKTYpBHI.

CTpyKTypHBIE CXEMBbl HaAEKHOCTH. MeToabl

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
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oNicTEpi: JIOTMKAIBIK-BIKTHMAJIBIK, KYHIepai | pacuéra  CIOXKHBIX ~ CHCTEM:  JIOrHKO- | System state graphs. Reservation. Reliability of
caHay, HETI3ri 3JeMEHT OOWBbIHIIA O6JIIEKTeY. | BEPOSATHOCTHBIN, nepedop cocrosiHuH, | Systems taking into account recovery. Indicators of
MapxkoB mpomectepi. Tapuxu KakeTTUTIK KoHE | pa3jiokeHHe 1o  Oa3oBomy  aiemMeHTy. | operational readiness. Calculation of spare property
aykbiMbl.  JKylie  ky#iHiH  rpadukrtepin | MapkoBckue — mporeccel.  Mcrtopuueckas | and accessories. Diagnostics of mechatronic
KypacThIpyFa apHaJfaH MHEMOHHUKAJBIK €peXke. | HeoOOXOAuMOCTh W obmactd  mpuMmeHenus. | Systems. Adjustment of mechatronic systems. The
bponnay. KanmbiHa kentipydi eckepe oThIpwill | MHEMOHMYECKOe — mpaBwiio  cocramienus | concept of adjustment. Methods for adjusting

KyHrenepaiy CEHIMILTITI. Onepanusisik | rpadoB COCTOSIHU I cucreMbl. | mechatronic systems.
TalbIHIBIK KepceTkimTepi. Kocanker mymikrep | PesepBupoBanne. HanéxHocts cuctem ¢
MEH KepeK-)KapaKTap/bl ecentey. MexarpoHAbIK | y4EToM BOCCTaHOBJICHHSI. [Tokazarenu

KYWeNepaiH JAHAarHOCTUKACHl. MeXaTpOHMBIK | OKCIUTyaTalliOHHOW  TOTOBHOCTH.  Pacuér
KyHenepai perrey. Perrey Typanibl TYCIHIK. | 3a[1aCHOIO MMYIIECTBA U IPUHAJIEKHOCTEH.
MexaTpOoH/IbI KYHEIep il peTTey dIicCTepi. JluarHoctuka MexaTpoHHbIX cucteM. Hamanka
MexaTpoHHbIX cucteM. [lonsaTue Hamaaxy.
CrniocoObl HaaJ KM MEXaTPOHHBIX CUCTEM.

ITocmpexsusummepi / [locmpexeuszumeut/ Postrequisites

JIOKTOPAHTTBIH FHUTBIMH-3€PTTEY JKYMBICHI Hay4mo-uccienoBatenbckas padboTa Scientific research work doctoral student
JOKTOpPaHTa
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Cansixoa O.C. CansixoBa O.C. | Salykova O.S.

24




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 asgsKTaraHHaH keiiin | [Tociie ycmemHoro 3aBepmenusi Kypca | After successful completion of the course,
olriMasymbLIap o0yuarommecs 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 aJIrOPUTMOB 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

25




OTBIPBIT, OCHI €CENTepAl SNyl XKocmapiay
’KOHE JKY3€ere achIpy;

- aKmapaTThl CaHJIBIK OHJCY/Il JKY3€ere achblpaThlH
HET13T1 aTOPUTMIEP/Ii KOJIJIaHy;

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

- OpTaKk pecypcTapAbl OpTaK IMaijajaHy
omictepiH, Oarmapiiamanayipl, MEXaHU3MJIEPIH
TaHJIay]bl 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,
pazaenenus 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.  JKOFaphl  eHIMAL  ecenTeylnep.
Ecenreynepai  »kenenaery — TYCIHINT — MeH
MEXaHU3Mi, KOIl SIIPOJIBI  TPOILIECCOPIIAPIBIH
KOHCTPYKLHUSACHI, KOI sIPOJbl Ipolieccopiapia
OJIapJIblH ~ TUIMJII  OpbIHAANyblHA  apHAJIFaH
Oarmapiamanapra KOWbUIATBIH TaJlanTap, JKaJIbl
MAaKCaTTaFbl ecenrey YAETKIImTepI.
«Omnepanarap — amangap» rpaduridid TYCIHIr1
MEH M9HI, €CEITI Napajieib eIy YaKbIThIHBIH
TOYEIALIIr, napasuienbal AIITOPUTMHIH
opeiHAAY yakbIThl. [lapammensal — ecenrtey
MEeXaHU3MAEPIH kKobanay KoHE OHIACY SIICTepi.
Pecypcrap, arbiHmap KoHE OJapAbIH e3apa
opekerrecy Mmocenenepi. JKintepaiH —e3apa
OpeKeTTeCyl JKOHE OackKapy aJropuTMmjiaepi.

[Tapannenusm. OcHOBHBIE CIocoObI
JOCTHOKEHUS napajiesin3Ma, TIPHUHITAI
pa3feneHuss MHOTOIPOIIECCOPHBIX  CHUCTEM,
KJIACChl CHCTEM ISl  MYJIbTHIIPOLIECCOPOB,
CUMMETPUYHBIC MYJIBTHIIPOLIECCOPHI,
OJTHOBPEMEHHAs MHOT'OITOTOKOBOCTb.
BbIcOKOIIPOM3BOIUTENBHBIE BBIUUCIICHUS.
[onsaTne " MEXaHU3M YCKOPEHHS
BBIUUCIIEHUHM, KOHCTPYKILHUS MHOTOSICPHBIX
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
pemieHusi  3aJa4d, BpPEeMs  BBITIOJTHEHUS
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
napawienapal  aupektuBanap.  OpenMP-zeri | mapauiebHBIX  MIPOTpaMM. 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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