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Kipicne

KpenuTTik OKBITY TEXHOJIOTHACHI Ke31HAE SJEKTHBTI MOHISP KaTajorbl d3ipJeHe/Il.
DNEKTUBTI TOHJEP KAaTaJIorbl OKBITYABIH KPEAUTTIK JKyHeci OOMBIHINA KYpPaCTHIPBLIAIBI.
DNEKTUBTI MOHJIEP KaTaJorkl )KYHEIEeHIeH TaHaay OOMbIHIIA TOHAEP TI3IMIH XKOHE OJIapAbIH
KBICKA CHIIaTTaMAaChIH KapaCThIPaIb.

OKy »KocTapbIHbIH 0apIBIK MOHAEPI €K1 UKITE OIPIKTIpIATeH: 0a3aIbIK MOHACP ITUKIIBI(
BII), kocintik monaep uukdi (KIT).

bazanpik moHmep UMKIBI THICTI JaWbIHABIK OarbIThl OOWBIHINA 1preii  OumiMil
KaJIBINTACThIpyFa OarbITTanFadH. KocINTik TOHAEp UMKl KOCINTIK KBI3METTIH HAKTHI
cajachlHa KaTBICTBl apHaiibl Oi7miM, OUTK, JaFasl MEH KY3bIPETTUIIKTEPIiH Ti30eciH
AHBIKTANIEL.

KOO xOMIOHEHTIHIH TOHJEPIH OKYMEH KaTap JOKTOPAHT MoHII OKY YIIIH TaHIay
KOMITOHEHTIH TaH1ay KEpeK.

DOnexTUBTI TOHAEPAl TaHjaay OoibIHIIA KeHec j3iBaiizep Oepeni. OnbiMeH Oipre
noktopanT KOX (OKeke oKy »ocmapel) KypacTblpy YUIIH IOHJEpre jxa30a HbICAaHBIH
TONTBIPAIBI.

BBenenue

[Ipy kpeauTHOW TEXHOJIOTHMH OOYYEHHUs pa3pabaThIBACTCs KaTaloT SJICKTHBHBIX
aucUIUIAH. Kataaor 3JIeKTHBHBIX TUCIUTIINH MPECTABISIET COO0N CUCTEMaTH3NPOBAHHBIN
nepevYeHb AUCITUIIINH KOMITOHEHTA 110 BEIOOPY M COJIEPKUT KPaTKOE UX OIHUCAHUE.

Bce mucrumimabl y4eOHOTO TUTaHa OOBCIMHEHBI B JBAa IMKIA: IHKJI 0a30BBIX
muctumuive (b)), uukn npodunupyromux nucuurnd (I1/1).

[{ukm 6a30BBIX TUCHMIUIMH HaIlpaBiieH Ha popMupoBaHKue QyHIaMEHTAIBHBIX 3HAHUN
10 COOTBETCTBYIOIIEMY HAIpaBJICHUIO MOATOTOBKH. L[MKJI mpodriupyrommx JUCIUTLUTHH
ONpeAeNsieT NEepPeYEHb CHEUUATBbHBIX 3HAHWW, YMEHHH, HABBIKOB W KOMIIETEHIIMI
MPUMEHHUTENBHO K KOHKpETHOM cepe npodeccnoHanbHON AESITEIbHOCTH.

Hapsimy ¢ u3yueHMeM JHMCIUIUIMH BY30BCKOTO KOMIIOHEHTa JOKTOPAHT JIOJDKCH
BBIOpATH JIUIS U3YUYCHUS JUCIMILTUHBI KOMITOHEHTA TI0 BEIOODY.

Koncynbranuy 1mo BEIOOPY 3JEKTUBHBIX AWCIMIUIMH JAeT djBaiizep. BMecre ¢ HUM
JOKTOpPAHT 3amnojiHseT ¢GopMy 3amucud Ha JUCHUIUIMHBL Ay coctaBieHus WYII
(MHIMBHUIyAJIbHOTO Y4€OHOTO IIJIaHA).

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 OoiibIHIIA 3JIEKTUBTI MOHAEPAL 001y / Pacnipenesienne 3J1eKTUBHBIX

AUCHUIIMH o ceMecTpaMm / Distribution of elective courses by semester

Kpenutrep | Axanemus
caHbl / JIBIK
Kon-Bo Ke3eH/
[Monnin ataysl / HaumenoBanue nuciuminasl / The name of the discipline KPEIUTOB/ Axan
Number of | mnepuon/
credits Academic
period
Big Data rexHonorusiiapsl ’xoHe YIKEH JIepeKTepal Tanaay /
Texnonoruu Big Data u ananu3 60IbIINX TaHHBIX /
Big Data technologies and big-data analysis 5 1
ANTOpUTMIEP/II 3ePTTEY KOHE Tayaay /
HccnenoBanue u aHaau3 ajJropuTMoB /
Research and analysis of algorithms
HaxkThbl yakbITTarbl Ky#enep/i Moaembaey /
MoenupoBaHUe CHCTEM PeaIbHOrO BPEMEHH /
Modeling of real-time systems
Kypnemi xxyiienep Teopusicel /
Teopust CrIOKHBIX cucTeM / 5) 1
Theory of complex systems
JKacanmpl HTHTEIUIEKT, pOOOTOTEXHHKA KoHE Oackapy /
HckyccTBEHHBIN UHTEIIEKT, pOOOTOTEXHHUKA U YIpaBlIeHHUE /
Artificial intelligence, robotics and control
HefipoHapIk xeninep skoHe MallnHAIBIK OKBITY /
Hetiponnsie cetn u MammHHoe oOy4deHue /
Neural networks and machine learning
Po6OTTHIK XylienepiiH CeHIMAUIIT MEH TOKbIPaTYpPaKTbUIBIFbI /
HagexxHOCTh 1 0TKa30yCTONYUBOCTH POOOTOTEXHHUECKHUX 5 1

cucreMm / Reliability and fault tolerance of robotic systems

CynepkoMIblOTepIIik ecentep /
CynepKOMITbIOTEPHBIEC BEIYUCIICHUS /
Supercomputer computing




1 oKY KbLJIBIHA APHAJIFAH YJIEKTHBTIK MoHAEP / DJIeKTUBHbIE TUCHHUILTHHEI 1uid 1 roxa odyuenus/ 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  MPAKTHUKAIBIK
nadpiHaay. [loHmi  MeHrepy — HOTHIKECIHJE
aJIbIHFaH OlmiM  KYpbUIBIMIBIK  Hemece

KYpbUIbIMIaHOAFaH aKMapaTThlH YJIKEH KOJEMiH
KUHAyFa JKOHE Tajjiayra, YITUIepai a3ipiieyre
KOMEKTECE].

TeopeTnueckas M MOpakTHYeCKas  MOATOTOBKA
JIOKTOPAHTOB K paboTe ¢ OOJbIIMMU JaHHBIMH.
3HaHUsA, IMOJYYEHHbIE B pPE3yJbTaTe€ OCBOCHUS
JTUCIUIUIMHBI, TOMOTYT TpU CcOOpe H aHalu3e
OTPOMHBIX O00BEMOB CTPYKTYPUPOBAHHOM WU
HECTPYKTYpPHUPOBAHHOMN uHpopManuy, npu
pa3paboTKe MOJENeH.

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

Kypcerbi CITTI KeiliHn
oimiManymbLiap

- YJKeH JepekTep calachlHIarbl dAicTep MEH
Kypajgap/Jbl aHbIKTAY;

- YJKeH JIepeKTepli MAIIWHAIBIK OKBITY,
BHU3YaJIH3alus )KOHE CaKTay TYpJIEpiH KOJJIaHy;
- MomimerTep KoWManapbiMeH jkoHe NoSQL
JIKBXK-MeH yMbIC icTey TPUHLUIITEPIH XKIKTEY;
- JIepeKTepAl Tajjay YLIH €H  JKaKChl
OargapiaMalblK KaMTaMachl3 €Ty/ll Tajljiay KoHe
Taay;

- KypJlell TeXHUKAJBIK Kyhenepae 6ackapyMeH
OaliTaHBICTBI ~ Macesienepal Liemyae  YJIKeH
JEPEKTEP/Al AHATUTUKAIBIK OHJIEY TOCUIACPIH
KOJI/1aHy;

- TMOHMIK CalaJilaFbl TMPAKTHKAIBIK €CemTep/Il
menry yuriH  Big  Data  TexHOJOrMsIapblH

asiKTaraHHaH

Hocae YCIELIHOI 0
oO0yuyaromuecsi OyayT

- ONpeAeNsaTh METOJbl U cpeAcTBa B oOmactu Big
Data;

- WCIONB30BaTh BHJbBl MAIIMHHOTO OOydYeHUs,
BU3YaJIM3allUU U XpaHEHUs OOJIBbIINX TaHHBIX;

- KJIacCU(QUUMPOBATh HPUHLUMBI  PaOOTHI
xparmwmmamu f1anabix 1 NoSQL CYB/;

- aHaIM3MpOBaTb U BHIOMpATh ONTHUMAJIbHBIE
IIPOrpaMMHBIE CPEJCTBA JJIs aHAJIN3a JAHHBIX;

- TIPUMEHSTH MOAXOJbl AHATUTUYECKOH 00paboTKH
OOJBIINX JTAaHHBIX MPHU PELICHUU 3a]1a4, CBA3aHHBIX
C YIIPABJIEHUEM B CIIOKHBIX TEXHUYECKMX CUCTEMAX;
- OCBaMBaTh METOJIUKH MCIIOJIb30BaHUS
IIPOrPaMMHBIX CpPEICTB, NOJEP/KUBAIOIINX
TexHosjoruu Big Data mis pemenus mpakTH4YeCKHX

3aBeplIeHUs]  Kypca

C

3aJa4 B HpCHMCTHOﬁ O6HaCTI/I;

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
related to management in complex technical
systems;

- master the methods of using software tools
that support Big Data technologies to solve

practical problems in the subject area;




KOJJAWThIH  OaFmapiaManblK  Kypajlaapibl
nananany 9JiCTepiH MEHTepY;
- MOHJIK  CaJaHbIH  MOCEJeNiepiH  YIIKeH

JEPEeKTEPAl OHJCY TEXHOJOTHUSIAPBIHBIH TUIIHE
ayJnapy;

- TIePEeBOUTH MPOOIEMBI MPEIMETHON O0JIacTH Ha
SI3BIK TEXHOJIOTUM 00paOOTKU OOJIBIINX TaHHBIX;

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

Kypcmoty kbickawa mazmynst / Kpamkoe cooepycanue kypca/ Course summary

Y keH JIepeKTep i Tajnaayably Heri3ri
aHBIKTAMaJlapbl,  TEPMHHJIEPi,  MIHICTTEPI.
Kayinciznik cypakrapel. ManiMeTTepai ©HIIpY
Tyciniri. KormutuBTiK gepekTepai  Tanjpay.
MoanimerTtepai KUHAY omicTepi. Y 1xeH”
JepeKTepre apHaJFaH aKmapar Ke3/epiHe IOy
(akmapaTThIH AalIbIK Ke3Jepi: CTaTHCTUKAJIBIK
KUHAKTap, )KapHsJIaHFaH eCenTep KOHE 3epTTey
HOTIDKENepl; KYMHsl aKmapaTka KON KeTKi3y).
YnkeH nepekTepil Taijgay oOJICTEepiHE IIOMY.
YrnkeH JepektepAl Tangay omicTepi. YIKEH
JepeKTepi cakray JKOHE eHJIey
TEXHOJIOTHSUTAphl. YJIKEH JIEPeKTepAl Cakray
TEXHOJIOTHsIapbIHA I0JTy. Jlepexkop.
MonimerTep  KOpbIH — Oackapy — JKyHenepi.
JepeKTep yiariuiepi. YJKeH AepeKTepAl >KUHAy
KOHE caKTay. YJIKeH JIepeKTep CTaHIapTTaphbl.
ISO/IEC-teri ynkeH nepekTep CTaHAapTTaphbl.
ITU-nars! ynken nepexrep crangaprrapsl. NIST-
Teri yJKeH JiepeKkTep craHaapTrapbl. BSI-nmarer

YJIKEH JepeKTep CTaHAapTTapHl.
MareMaTHKalIbIK ~~ CTATUCTUKAHBIH  HETi3Ti
TYCIHIKTEpl. AKMNapaTThlH YJKEH KeJeMiH

Tajjgayra apHallFaH 3aMaHayu OaraapiaMaiibIK
Kypangap. YJIKeH JepeKTepii OHJey IKOHE

OcHOBHBIE OIIPEICICHUS, TEPMUHBL, 33141 aHATH3a
OonblIMX  JaHHBIX. Bompockl  6e3omacHOCTH.
[Tonstue Data Mining. KorHuTuBHBIA aHaIU3
TaHHBIX. Meroauku cbopa maHHBIX. O030p
UCTOYHUKOB uHbopMaruu ans Big Data (oTKpeIThIe
UCTOYHUKHU uH(pOpMaIUH: CTaTHCTUYCCKUE
COOpHHKH, OMYOJIMKOBAHHBIE OTYETHI U PE3yIbTaTh
WCCJICIOBAHMI; JOCTYI K 3aKPBITOM HH(POPMALIHH).
O0630p MeTonuk aHanu3a OOJBIIMX JIAHHBIX.
MeToauku aHain3a OOJbIINX JaHHBIX. TeXHOIOTuN
XpaHeHuss U 00paboTKu OonbIIMX NaHHBIX. O0630p
TEXHOJOTHI XpaHeHHUs OONbIINX HJaHHBIX. basbl
nmaHHbBIX. CHCTEMBI ympaBlieHUs 0a3aMH JTaHHBIX.
Mopnenu panHbix. COOp W XpaHeHHE OONBIINUX
naHHbiX. CTaHgapThl B 001aCTH OOJBIINX JTaHHBIX.
Crangaptel  Gonpmmx  ganHbelx B ISO/IEC.
Cranmaptel 60onbpmux AaHHbix B [TU. Crangaptsl
oonpmux naHHeix B NIST. Cranpmaptel O0dbImmx
JAHHBIX B BSI. OcHOBHEIE THOHSITHA
MaTemMaruueckoil  cratuctuku.  COBpeMEHHbIE
IIPOrpaMMHBIE CPEJICTBA aHAIN3a OO0JIBIINX 00BEMOB
uHpopmanuu. Metoasl 00pabOTKM U aHaIM3a
OONMBIIUX  JaHHBIX. Bu3yanmzamuss HUCXOJTHON
uH(OPMAIIUU U AaHATTUTHYECKUX TaHHBIX.

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 software
tools for analyzing large volumes of
information. Methods for processing and
analyzing big data. Visualization of initial
information and analytical data.




Tangay omictepi. bacTtamkpl akmaparThl JKOHE
AHATUTUKAIBIK MOTIMETTEP/1i BU3YaIH3aIHsIaY.

Hocmpexsusummepi / [locmpexsuszumwl/ Postrequisites

TarpUIbIMIaMaIaH OTY/Ii )KOHE JTOKTOPJIBIK Hayuno-uccienoBarenbckas padbota Research work of a doctoral student, including
JMCCEPTAIUSHBI OPBIHIAY bl KAMTUTHIH JIOKTOpaHTa, BKIII0Yast IPOXOKACHHE CTaXUpoBKU | internship and writing a doctoral dissertation
JOKTOPAHTTHIH FHUIBIMH-3€PTTEY JKYMBICHI Y BBITIOJIHCHHE JIOKTOPCKOU JINCCEPTAIIMH
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Caupixosa O.C. | CaubikoBa O.C. | Salykova O.S.




Anzopummoepoi 3epmmey yncane manoay / Hecnedoseanue u ananus anzopummos / Research and analysis of algorithms

Oky maxcamul / Yueonan yenv/ Purpose

JepeKTepAl OHJACYMIH HEri3ri aaropUTMIEPiH,
COHBIMEH KaTap aJlrOpUTMICPAl 3epTTEY/IiH KoOHE
OJIapABIH AITOPUTMIIK KYpACTIIriH OaFanay IbIH
3aMaHay| 9JIICTEPiH Urepy.

OBJIaACHUC (bYHI[aMeHTaJIBHLIMI/I 3HaHUAMU
aJIr'OpUTMOB 06p a00TKHU JaHHBIX, a TaKXeE
COBpPCMCHHBIMHA MCTOJdaMH HUCCICIOBaHUA

aJITOpUTMOB MW OLCHKHU HX aHFOpHTMquCKOﬁ
CJIOKHOCTH.

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

Homuiceci / Pezynemamul 00yuenusn /Learning out

comes

OKbimy
Kypcersbi CoTTI asIKTaraHHAH KeHin
olmiMaymbLIap
- JepeKTepai OHJICY11H KJTACCUKAIBIK
QITOPUTMACPIH KOJIIaHy,

- QITOPUTMAEPAl Tajjay YILIIH KOJIJaHbUIATBIH
o/licTep MEH MapaMeTpIiep/Ii aHBIKTay;
- MHXEHEpJIK JKOHE  FbUIBIMHU
MaTeMaTHKAIBIK ~ MOJIEIBACY/IC
ONICTEPiH KOJIJAHY;

- ANITOPUTMIEPAIH THIMIUIITIH Oaraay;

- aIrOpUTMJIEPIiH KYPAEIUIIK IMapaMeTpiepiH
TaJIay;

ecenTepi
alroOpUTMILY

[Hocae  ycmemHoro
o0yuaromuecsi OyayT
- UCIOJIb30BATh
00pabOTKHN JaHHBIX;

- OIpeleNATh  METOIbl M HapaMeTphl,
MCIIOJIb3YEMBIE JJIs aHAJIM3a aJlTOPUTMOB;

- TPUMEHATH TpPUEMbl AITOPUTMHU3ALUU TPU
MaTeMaTHYECKOM MOJICTMPOBAHIH HHKEHEPHBIX U
HayY4HBIX 337a4;

- IPOBOAUTH OLIEHKY 3(P(HEKTUBHOCTHU AJITOPUTMOB;
- aHaJIM3UpOBaTh  IapaMeTpbl  CIOXXHOCTHU
QITOPUTMOB

3aBepuIeHUsl  Kypca

KIIACCHUYCCKHUEC  AJITOPHUTMbI

After successful completion of the course,
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;

Kypcmuoiny kbickawa mazmynst / Kpamxoe codepycanue kypca/ Course summary

ANTOPUTM TEOPHUSACBIHBIH HETI3r1 TYCIHIKTEpI.
AnroputMmaepaiy KYpJAEIUIIriH Oaranay.
barnapnamanap st KYypyFa (bopmanbabl
ke3kapac. Eximik  i3mey.  MuBapmanTTap.
barnapnamanbIg JYPBICTBIFbIHBIH pecMu
nonenaepi.  YmTik  13aey.  JlMHaAMUKaIbIK
Oarmapiamanay. AKMapaTThl OHJACYAIH HETI3Ti
anroputmaepl. Ti30ekTi ’KoHE eKUIK 137Aey
aJITOPUTMIIEPI. Ecenrey Te€OMETPHSICHI.
¥makTarsl 1eHec kopnyc. EH anbic HyKTenepain

OcHOBHBIE NIOHATHS TEOPUN ANTOpUTMOB. OLleHKa
CJIOKHOCTH aJIrOpUTMOB. DOpMasbHBII MOAXO0J K

IIOCTPOEHUIO  TIporpaMMm. JIBOMYHBIA  IIOMCK.
WNuBapuantel.  @opMalibHBIE  JT0KA3aTENbCTBA
KOPPEKTHOCTH NpPOrpaMM. TpOWYHBIA IIOWCK.
JnHamuueckoe mnporpamMmmupoBaHue. (OCHOBHBIE

ITOPUTMBI 00pa0OTKH MH(OPMAITH. AJITOPUTMBI
MOCJIEIOBATEIEHOTO M OMHAPHOTO  ITOWCKA.
BrruucnurensHas reOMETpHSL. Brimykias
00o0uka Ha IUIOCKOCTH. Ilomck mapel cambIx

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
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KyObIH 1371eHi3. EH KakplH HYKTEnep >XyObIH
taby. k-d-aram. I'paduxrepmeri amroputmuaep.
I'padukrepaeri anropuTmaep. TOMOIOTHSITBIK
cypeintay. I3mey  amroputmaepi. I3meyni
OHTAMJIaH/ABIPY O/ICTEPi: UTEPATUBTI TEPEHACTY,
alliKe3/iK, YakbIT OoilblHIIA Kecy, JKayan
OoiiplHIIa Kecy, OWT TprokTepi. Makcumanabl
aFrblH ~ Moceneci.  YJATUIEpAL  CallbICTHIPY
anroputMzaepi. JuHaMukanelk Oarmapiamanay.
aMOpTH3alUsIIBIK Tanjay. JlerepMuHHpICHTeH
eMec anroputMaep. bIkrumanapik anropurmaep.
Amke3 anropurmuep. [lapamiens anropurmaep.

YAAJICHHBIX TOYCK. ITouck napbel CaMbIX OIM3KHUX

touek. k-d-mepeBo.
Anroput™Mbl  Ha

AJITOPUTMBI
rpadax.

Ha rpadax.

ontumMu3anu repedopa: iterative deepening,
’KaHOCThb, OTCEYEHHUE 110 BPEMEHH, OTCEYCHHE IO
OTBETY,  OUTOBBIE  “TPIOKH .
MaKCHUMaJIbHOM TOTOKE. AJIFOPUTMbI CPAaBHEHUS C
oOpa3uom. JluHaMu4eckoe NporpaMMHpPOBAHUE.
AMOPTU3aLIMOHHBII aHaJIM3.
HenerepmunupoBaHHbIe QITOPUTMBEI.
BepositHocTHBIE anropuT™sl. JKaHble alrOpUTMBI.

Tononornueckas
coptupoBka. IlepebopHbie anroputmbl. MeToabl

3agada 0

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.

Wutepuer anroputmuepi. XKacanasl uHTemuiekt | [lapamnensHeie AJITOPUTMBI. ANTropUTMBI
anroputMmzaepi. PoOoToTexHuka anroputMmiepi. | MHTEpHETA. ANropuTMBI HCKYCCTBEHHOT'O
I'padukTepMeH KYMBIC iCTEY aITOPUTMIEPI. MHTEJUIEKTA. AnropuTMmBI POOOTOTEXHUKH.

AJropuT™msl paboThl ¢ rpadami.

Hocmpexsusummepi / [locmpexsusumat/ Postrequisites

TarpuibIMIaMagad eTy/ Il XKOHE JTOKTOPIBIK
JUCCEPTAIUSHBI OPBIH/IAYIbl KAMTUTHIH JIOKTOPAHTA, BKJIIOYAsi TPOXOXKICHUE CTAXKUPOBKU
JOKTOPAHTTHIH FHUIBIMH-3EPTTEY KYMBICHI Y BBINIOJIHEHHUE TOKTOPCKOM IUccepTaluu

HayuHo-uccienoBarenbckas pabora Research work of a doctoral student, including

internship and writing a doctoral dissertation

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

Caupixosa O.C. | CausikoBa O.C. Salykova O.S.
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Haxmul yaksimmazol scyiienepoi mooenvoey / Modenuposanue cucmem peanvnozo epemenu / Modeling of real-time systems

OKy makcamut / Yueonan yenv/ Purpose

[Ipomiectep  MeH  KyHenepai  MOJENbACY
calacelHAarpl  Olmimzmi  Kyienmey,  Kypaemi
OOBEKTUIEpIIH cHUMaTTamMalapbl MEH MiHe3-
KYJIKbIH 3epTTey YILiH MOJIETBACY
ANIrOpuTMACpIH  TUIMAI  maiinanmana Oy,
MPOLIECTEp MEH O KYHenepAl HMMHTAUsIIAY
KaOljeTi, OSKCIepUMEHTANIbl  3epTTeylepi

TYKBIPBIMIAYFa XKOHE OTKI3yTe KaThICyFa JaibIH
Oomy; ToXipuOETIK JepeKTep MEH albIHFaH
HISTTIMIEP/IiH HOTHKEIIEPiH CaIbICTBIPY apKbLIBI
TaHJIaJFaH MOJEJbAIH JYPBICTHIFBIH HETI3IEY
MYMKIHITI .

CucreMarusanus 3HaHUHU B o0Jactu
MOJICJIUPOBAHUS MPOLIECCOB M CHUCTEM, YMEHHM
3¢ (PEKTUBHOTO MCIOJIB30BAaHUS MOICIUPYIONTUX
AJITOPUTMOB JIJIsl UCCIIEAOBaHUS XapaKTEPUCTUK U
MOBEJEHUSA CIIOKHBIX OOBEKTOB, CIOCOOHOCTH
MPOBOJIUTh  MOJCIMPOBAHUE  IPOIECCOB U
CHUCTEM, TOTOBHOCTb YYaCTBOBATh B IOCTAHOBKE U
MIPOBEACHUH AKCIIEPUMEHTAIIbHBIX
HCCIIEN0BaHUNA, CIIOCOOHOCTh OOOCHOBBIBATH
MIPABHJIBHOCTHh BEIOPAHHOW MOJICIIH COITOCTABIISS
pe3yiabTaThl 3KCIEPUMEHTAIbHBIX JAaHHBIX U
ITOJIYYEHHBIX 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

Hamuiceci / Pezynemamol 00yuenusn / Learning outcomes

Kypcrsi CITTI KeliH
oimiManymbLiap

- TOHIIK OOJBICTBIH aKHapaTThIK JKyHesepi
MOJICNIBJICPIHIH HETI3T1 KJIACTApPBhIH, MOJEIbACY
TEXHOJIOTUSICBIH JKIKTEY;

- 3aMaHayu KOMITbIOTEPJIEPAIH OarapiiaMalibiK-

asiKTaraHHaH

anmnapaTThIK KYpalgapbIHbIH KOMeETiMeH
MOJIEIbAEP/Il €HT13y MYMKIHAIKTEPIH
aii1aiany;

- OKYHenmepaiH KbI3MET €Ty MPOIECTePiHIH
MOJIENIbJIepiH KYpY MPUHIUITEPIH
KJaccuukanusiiay;

- KociOm ecenTepil IIENIyJe MaTeMaTHUKAIbIK
omicTep i KOJAaHy,

[Mocae ycmeumHoro
o0yyaromuecsi OyayT
- KJIacCU(UIIMPOBATh OCHOBHBIE KJIACChl MOJIETIEH
MH(OPMALIMOHHBIX CUCTEM MpeIMETHOM
001aCTH, TEXHOJIOTUIO MOAETUPOBAHHUS;

- HCNOJNb30BaThb BO3MOYKHOCTH  peanu3aliu
MOJZIEJIE C HCIHOJB30BaHUEM IIPOrPaMMHO-
TEXHUUYECKUX CPEACTB COBPEMEHHbBIX DBM;

- KJIacCU(HUIMPOBATH MPHUHLUIBI MOCTPOCHHS
Mozeen IIPOLIECCOB GYHKIIMOHUPOBAHUS
CHUCTEM;

- TMPUMEHATh MaTeMaTH4YeCKHE METO/bI
peneHnH MpopeCCHOHATBHBIX 3a1a4;

- pelaTh TUIOBBIE 33JaYd HCIIOJIB3YSI METOIBI

3aBepUIeHHs]  Kypca

npu

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
using software and hardware tools of modern
computers;

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

- apply mathematical methods in solving
professional problems;

- solve typical problems using modeling
methods;

- YJArizey ojicTepiH KOJJaHa OTBHIPBIT TUNTIK | MOJECTUPOBAHMS; - use the method of machine modeling in the
ecenTepi menry; - UCIIOJIb30BATh METO/T mamaHOTrO | Study, design and operation of information
MOJICTTHPOBAHHSI npu HCCIeIoBaHuH, | Systems;
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- aKmapaTThIK OKyWenepnai 3eprrey, kobaiay
KOHE  TaijajaHy  Ke3iHJAe  MallMHAJIbIK
MOJICTIB/ICY 9JIiCiH KOJIJIaHy;

- TpouecTtep MEH IKYHeNlepaiH o3ipJIeHreH
YJITUIEPiH TEKCEPY KOHE PETTEY;

IIPOCKTUPOBAHUU u 3KCIUTyaTaluu
MH(POPMALIMOHHBIX CHCTEM;
- BepuuIupoBaTh 51 HacTpauBaTh

p8,3pa6OTaHHBIC MOZICIIN IIPOLUECCOB U CUCTEM;

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

Kypcmuiy kbickawa mazmynst / Kpamxoe codepycanue kypca/ Course summary

MopnenbaeyaiH aHbBIKTaMachl MEH MAaKCaThlI.
MopnenbaeyaiH TaHbIM OMICTEpiHIH 1IIIHAETI
OpHbl.  Mopens  aHbIKTamacel.  Mogxens
KacuerTepi. Monenbaeynin MakcaTTaphbl.
Monensaepain KJIacCU(UKAIUSCHI.
Martepuannsl Mojaenbaey. Mpean wmojenbaey.
KOrHuTHBTI, KOHIENTYyaIIbl X9HE (HOPMAIThIBI
MozenbAep. MaTeMaTHKanblK — MOJENbASPIiH
kiaccuukanusacel. Knaccudukanus Oenrinepi.
Moznensaey OOBEKTICIHIH KYpJAeNiiirine
OaiiTaHBICTEI MATEMATUKAIIBIK MOAENbICPIiH
KJ1acCU(DUKALIUSCHI. MatemMaTHKaIbIK
MOJETBACPAIH  KIACCH(PUKAIMACHL.  MOJENb
ornepaTopblHa OailJIaHBICTHI. MopenbiiH
napaMmerpiiepine OalIaHBICTBI MaTEeMATHKAJBIK
MOJCNbICPAIH KiIaccudukanusicel. Mojenbaey
MakcaTTapbiHa OalIaHBICTBI MaTeMaTHKAIIBIK
MOJICIIbICPAIH KJIaCCU(PUKAITHUSICHI.
KYPBUIBIMIBIK MoJebaAep. HaKThl yaKbITTarbl
KyHenepal Mojaenbaey Kypanaapsl. benricizaik
KargaiieiHga — Mozenbaey.  CTOXacTHKANbIK
oenrici3aik JKarganbpIaaa MOJIETIBIEY .
MapkoBTBIH Ke3JelCOK MPOLIECTEPiH
Mozenbaey. Mogenbaey TOCUIIH — KOJIaHBII
MoJiesibaiey. Mojenbiey TOCUIIH  KOJIJaHATHIH

OnpeneneHye M Ha3HAYEHHE MOJEIMPOBAHUS.
Mecto  MonenMpoBaHUSI ~ CpeOud  METOJOB
no3Hanus.  Omnpenenenue mojaenu. CBoiicTBa
MOJeJEH. Llemn MOJICJIMPOBAHMS.
Knaccupukanuss ~ moneneii.  MarepuaibHoe
MoJieJpoBaHue. lueanbHoe MOAEIHMpPOBAHUE.
KoruutuBHble, KOHIIENITYaIbHBIE U (POPMaAIbHBIC
MOJIETIH. Knaccudukanus mareMaTudecKux
moneneit.  KiaccuukannonHsle  IpHU3HAKU.
Knaccudukanus MaTemMaTHUeCKUX MoJeleid B
3aBHCHUMOCTH oT CJI0KHOCTH o0beKTa
MOJEIIUPOBAHUS. Knaccudukanus
MaTEMaTUYECKUX MOJEIEH. B 3aBUCHUMOCTH OT
omneparopa MOJIETH. Knaccudukanms
MaTEMaTUYECKUX MOJENEH B 3aBUCUMOCTH OT
MapaMeTpoB  MOJIENH. Knaccudukanms
MaTEMaTUYECKUX MOJENEH B 3aBUCUMOCTH OT
nenei moaenupoBanus. CTpyKTypHbIE MOJEIH.
CpencrtBa MOJAEIMPOBAaHUS CHUCTEM PEAIBHOTO
BpeMeHH.  MojenupoBaHue B YCIIOBHUSX
HEOIPEAEIEHHOCTH. MonenupoBanue B
YCIIOBUSIX CTOXACTHYECKOH HeOoNpeaeeHHOCTH.
MopenupoBaHue  MapKOBCKUX  CIy4alHBIX
nporueccoB. MoJenupoBaHue C UCTIOIb30BaHUEM
MMHUTALMOHHOTO MOIX0/1a. OcobenHoctu

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
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MoJeTbACPAIH epekmenikrepi. Kesekre Typy

KYWECIHIH CUMYJISITOPBL. ¥ SUTbI
Merannarbl  IUCIOKALUIIAPABI

Tingep >xoHe MoJenbaey KyHenepi Typabl

HEri3ri  TyciHikrep. Mogenbaey

dbyskumsuTapel. Mojenbaey TUIAEPIH KyHeney

HeTi37epi.

aBTOMATTap.
MOJIETBACY .

TIIePiHIH

MojeNield,  MCHOJIb3YIOINIMX  WMHUTALUOHHBIN
noaxod. Mmuratop  cUCTEMBI  MaccOBOrO
00CITy)KBaHUA. Knerounsie ABTOMATHI.
MopenupoBanue  IUCIOKaUMA B MeETaJle.
OCHOBHBIE  TOHSATHS  SI3BIKOB U CHCTEM
MOJEIIUPOBAHUS. OyHKIHUH S3bIKOB
MozaenupoBanusa. OCHOBBI  CHUCTEMaTH3AIMHU
S3bIKOB MOJICJIMPOBAHUSI.

modeling  languages.  Fundamentals  of

systematization of modeling languages.

Hocmpexsusummepi / [locmpexsusumwt/ Postrequisites

TarpuTbIMIaMaaH OTY/II KOHE ]|

AUCCEPpTALUAHBI OPbIHAAY bl KAMTUTBIH
JOKTOPAHTTBIH FBUIBIMU-3CPTTCY JKYMBICHI

OKTOPJIBIK

Hayuno-uccnenoBarenbckas pabora
JIOKTOpPAHTA, BKJIFOYasi IPOXOKJIECHUE CTAKUPOBKU
Y BBITIOJIHEHHUE TOKTOPCKOM THCCEepTAIlluU

Research work of a doctoral student, including
internship and writing a doctoral dissertation

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

HNBanoBa NU.B.

MBanosa I1.B. ‘

lvanova I.V.
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Kypoeni ncyiienep meopuscwt / Teopusa cnoyxcnvix cucmem / Theory of complex systems

Oky maxcamul / Yueonan yenv/ Purpose

JlokTopaHTTap apachIHa KOMITBIOTEPITIK
TEXHOJIOTHSLIIAp cajJachIHIArbI Kocion
KY3bIpETTUTIKTEp/i, JKYHenepai Kypy MeH
KbI3MET eTYIIH TEOPUSUIBIK Heri3aepi MeH
3aHJIBUTBIKTAPbIH, COHfaM-aK Kypaeni
TEXHHUKAJIBIK Kynenepai CHUHTE3JICY/IIH

TYKBIPBIMIAMAJIBIK HETI3/Iepl MEH OIiCTeMElIiK
NPUHIUITEPIH MalijaiaHa OTBIPBII ECEeNTepIi
IICTTy YIIH TEOPHUSIIBIK O1TIM MEH IPAKTHKAIIBIK
JaFIbUIAP bl KAJIBIITACTHIPY.

®opMupoBaHue y JOKTOPAHTOB,
npoeCCUOHATIBHBIX KOMIIETEHIIMH B 00J1acTH
BBIYMCIIUTEIIBHOM  TEXHHUKH, TEOPETUYECKUX
OCHOB M 3aKOHOMEpPHOCTEH IIOCTPOCHMS U
(YHKIIMOHUPOBAHUSI ~ CHUCTEM, a  TaKxKe
TEOPETUYECKHUE 3HAHUS U NIPAKTUYECKUE HABBIKU
JUIS peuieHus 3a1a4 c IIOMOUIBIO
KOHLENTYaJbHBIX OCHOB M METOIOJIOTMUECKUX
IIPUHLMUIIOB CHUHTE3a CIIOKHBIX TEXHUYECKUX
CUCTEM.

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
systems

OKbimy

Hamuoiceci / Pesynomamul 06yuenusn / Learning outcomes

Kypcrsl CITTi asiIKTaraHHAH KeiliH
olmiMaymbLIap

- TYTACTBIKTBI, YWJIECIMAUTIKTI HEMece KOpIIaFraH
opra  MEH  JKYMeNepIeH  CalbICThIPMaJIbl
TOYEJCI3/IIKTI aHBIKTAY;

- 1K1 KYHenep/IiH KoHe OJlap/blH apachIHIAFbI

OaiimaHbIcTap/IblH ~ OOJYbIH  HEMece IKyie
KYPBUIBIMBIHBIH ~ OOJyBIH, JKYHeHIH  OyKia
KBI3METIHIH KaH/ai 1a O0ip MakcaTka OarbIHYbIH
aHbBIKTAY;

- MHTCIUICKTYAJIBIK JaMy, MOJICHH JICHICH MeH
KOCIOM KY3BIPETTUIrH apTThIpY YIIIH Ol1iM
oicTepl MEH KYpaJlJIapblH KOJIJIaHy;

- KoFaMJa OOJBIN J>KaTKaH TMpoIecTep MeH
KYOBLIBICTap bl TAJI/IAY;

- KYpAeni kyienepai Tajaay MeH CHHTE3ICYIiH
KYHeI TOCUTIH KOJIaHy.

3aBeplIeHHs]  Kypca

[Mocae ycmemHoro
o0yyarommuecsi 0yayT
- ONpEAeNATh IENOCTHOCTh, CBSI3HOCTh WM
OTHOCHUTEJIbHAsT HE3aBHUCHUMOCTb OT Cpeabl |
CUCTEM;

- ONpeNeNsATh HaJu4he IMOACUCTEM M CBs3el
MCXKAY HUMHU NI HAJIMIUC CTPYKTYPbI CUCTEMBEI,
MOMYMHEHHOCTh  BCeH  (QYHKIMU  CHCTEMBI
HEKOTOPOU LIEJIH;

- IPUMEHATh METOMABl U CPEACTBA MO3HAHUS IS
HHTCJUICKTYaJIbHOI'O Pa3sBUTHA, TIOBBIIIICHUA
KyJIbTYPHOTO YpOBHS H mpodeccrnoHalbHOI
KOMIICTECHTHOCTH,

- aHaNM3uUpoOBaTh MPOIECCHl U
MIPOMCXO/SAIINE B OOIIECTBE;

- TPUMEHSATh CHUCTEMHBIA MOAXOA K aHAIHU3y U

SIBJICHHA,

CHUHTEC3Y CJIIOKHBIX CHUCTCM.

After successful completion of the course,
students will be

- determine integrity, coherence or relative
independence from the environment and
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
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JKanmer xyiienep TEOPHSICHIHBIH IoHI, dicTepi
KoHe Tapuxbl. JKylenepaiH Typiepi JKoHE
onapablH Kacuertepi. JKylie TeopusChIHAAFbI
KyppuUlbIM  TyciHiri. JKyi#enmik  MakcaTTap.
Kyitenik monenbaep. XKylie KypaMbIHBIH MOJIEINI.
JKyiie KYpBUIBIMBIHBIH MOJEHI. DKOHOMHUKAIIBIK
OHJIIPICTIH MaKCATTaPBIH )KYHEITIK TaJIay.

Kyitenik Tanmay Kyhe TEOPHUSCBIHBIH HETI3T1
omici  Oombelm  TaOBUIAABL.  MareMaTHKaJIBIK
MOJICNIBJICYIIH ~ TEOPHSUIBIK  JKOHE  IKYHEIiK
HeTi3/epi. Kyiienep TEOPHSICHIH/IAFbI
CHUHTETHKAIBIK ofic. dopManbasl Kyienep
Typanbl  TyciHik.  @opManbael  KYHEHIH
AHBIKTAMACHI. dopmanbabt KYHenepaiH

MbIcangapbl. Popmanusmaep OumiMai OeiiHeney
Kypaibl peringe. JKyile TEOpUSACHIHBIH HeEri3ri
tyciHikrepi. XKyiie kacuerrepi. Kyienepain
KJTacCU(UKALIUSCHI. Kyitenepain
(YHKIIMOHATIBIK CHITaTTaMaChI KOHE
MOJIENIBJICY. Kyitenepain KYPBUTBIMIIBIK
cumarraMacel JkoHe Mogzenbaey. JKykenepai
aKnmapaTThIK CHIIaTTay >kKoHEe Mojenbnaey. JKyiie

TEOPUACHIHBIH ~Heri3ri epexenepl. JKyiemnik
TanmayablH — Herizmepi. Kyilemik  Tanmayra
aKmapaTThlK Ke3kapac. JKyile Kacuerrtepi.

Kyitenepain knaccuuKanusChl.
Aknapar jxoHe aknapar casbl. JKyilie YFbIMBI

kKoHe  Kacuertepi. JKyienmepai  JKUBIHTBIK-
TEOPUSJIBIK CUIATTAy JKOHE Tajjay Herizzepi.
Kyieni MOJIEIIbJIEY TYpJEpiHiH
KJIACCU(PUKAITHSCHI. Kytwenepmi

MOP(OJIOTHSIIBIK (KYPBUIBIMJIBIK) CUIIATTAY KOHE

[Ipenmer, meronbl W uUCTOpuUs OOmIEH Teopuu
cucteM. Buapl cucteM u ux cBoictBa. [loHsarue
CTPYKTYpbl B Teopuu cuctem. llenn cucrem.
Mopenu cucreM. Mogenb cocTaBa CHUCTEMBI.
Monenb cTpyKTypbl cucTeMbl. CUCTEMHBII aHaIu3
1eJaei 5JKOHOMUYECKOT 0 IIPOU3BO/ICTBA.
CucTreMHBI aHaIM3 — OCHOBHOW METOJ| TEOpUHU
CHUCTEM. TeopeTuko-cucTeMHbIE OCHOBBI
MaTeMaTU4eCKOro MOJEIUPOBAHUS.
CunreTnueckuii MeTo B Teopun cucteM. [lonstue
0  ¢opmanbHbiX  cuctemax.  Ompenenenue
dbopmanbHOl cuctemsl. [Ipumepst (opmambHBIX
CHCTEM. DopManu3MBbl KakK CpPEACTBO
npeAcTaBieHuss 3HaHUW. (OCHOBHBIE TOHATHUA
TEOpPUH CHUCTEM. Cucremnbie CBOICTBA.
Knaccudpukanus  cuctem.  DyHKIIMOHAIBHOE
OTHUCaHue " MOJETMPOBAHUE CHUCTEM.
CTpyKTypHOE€ ONHCAaHME U  MOJICIUPOBAHUSA
CHCTEM. Nudopmanimonnoe  omucaHue U
MozenupoBaHus cucteM. OCHOBHBIE IOJOKEHUS
teopun cucteM. OCHOBBI CHCTEMHOI'O aHaJu3a.
NudopManiioHHBIA TOIXO0J K aHAU3y CHUCTEM.
Cuctemnsie coiicTBa. Knaccudukarus cucrem.
Wudopmanvs ©  KOIUYECTBO  HMHQOPMAIIHH.
[TonsTne wu  cBoiictBa cucTeMbl. (OCHOBBI
TEOPETHUKO-MHOKECTBEHHOT'O OMKMCAHUS U aHalnu3a
cucreM. Knaccudukarus BUIOB MOICIMPOBAHUS
CHCTEM. Mopdonoruueckoe (cTpykTypHOE)
OTMCaHue " MOJETUPOBAHUS CHUCTEM.
HNudopmaninoHHoe omucaHue U MOJACTUPOBAHUS
CHCTEM.

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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Mozenbaey. JKylienepai akmapaTThIK CHIIATTAy
KOHE MOJCIIBICY.

Hocmpexsusummepi / [locmpexsuszumwl/ Postrequisites

TarpUIbIMIaMaIaH OTY/Ii )KOHE JTOKTOPJIBIK Hayuno-uccienoBarenbckas padbota Research work of a doctoral student, including
JMCCEPTAIUSHBI OPBIHIAY bl KAMTUTHIH JIOKTOpaHTa, BKIII0Yast IPOXOKACHHE CTaXUpoBKU | internship and writing a doctoral dissertation
JOKTOPAHTTHIH FHUIBIMH-3€PTTEY JKYMBICHI Y BBITIOJIHCHHE JIOKTOPCKOU JINCCEPTAIIMH
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Wpanosa 1.B. ‘ HBanosa 1.B. ‘ Ivanova I.V.
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JKacanowvt unmennexm, pooomomexnuka ycane oacxkapy / Hekyccmeenniii unmesnekm, pooomomexnuxa u ynpasaenue / Artificial intelligence,

robotics and control

OKy makcamut / Yueonan yenv/ Purpose

XacaHapl WHTEIUIEKT,
achIpbUIATBIHBI ~ JKOHE  Kalga  KOJIJaHyFra
0onaThiHBl  Typajbl  3aMaHayu OlmiMIi
KaJBIITACTBIPY, COHBIMEH KaTap AaHbIK eMec
JorUKackl Oap OKyMenepli KypyAbH HETi3ri
NPUHIUITEPIH, capanTaMalbIK KyHelaepal xKoHe
HEHWPOHJIBIK JKeJIiHI OacKapy JKyHenepiH TyCiHy.

OHBIH Kanaﬁ Ky3€re

dopMHUpOBAaHUE COBPEMEHHBIX 3HAHUH IO
HUCKYCCTBEHHOMY  HWHTEJIEKTY, KaKk OH
pean3yeTcs U rie MOXKeT ObITh UCIIOJIB30BaH,
a TakXKe YSICHEHHE OCHOBHBIX IPUHIIUIIOB
MOCTPOCHUST CUCTEM C HEUETKON JIOTHUKOM,
AKCIIEPTHBIX CUCTEM M CUCTEM HEHPOCETEBOI0
yOpaBIeHUsI.

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.

Hamuoiceci / Pesynomamaol 06yuenusn / Learning outcomes

OKbimy
Kypcrsl COTTI asKTaFAaHHAH Keiiin
OimiManymbLIap
- poOOTTHI >Kylenep aKmapaTblH 6HJAEY YLIIH
KOJIAaHbLIAThIH OarmapiaManbIK KOHE

anmnapaTThIK Kypaiap/bl aHbIKTay;
- MEXaTPOH/IbI )KOHE POOOTTHIK KyHenepai Kypy

yuriH ~ OarmapiiaMaiblK  KOHE — TEXHHUKAJBIK
Kypalgap/sl naiaanany;
- poOOTOTEXHWKA  cajachlHAa  >KacaHbl

WHTEJUIEKT OICTEePiH KOJIIaHy.

IHocae ycnmemHoro
odyuaruuecs OyayT
- ONpEeneNiTh MPOrpPaMMHO-TEXHUYECKHHE
CpeICTBa, HCIOJb3yeMble s 00paboTKH
nH(popManuu poOOTOTEXHUYECKUX CUCTEM;

- HCMOJb30BaTh MPOrPAMMHO-TEXHUYECKUE
CpelCTBA [UIsl MOCTPOCHUS MEXATPOHHBIX H
POOOTOTEXHUYECKUX CHUCTEM;

- TPUMEHATh METOJABl  HCKYCCTBEHHOTO
MHTEJUIEKTa B 00JIaCTH POOOTOTEXHHUKHU.

3aBeplIeHHs1 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,

Kypcmuoiy kbickawa mazmynst / Kpamxkoe codepycanue kypca/ Course summary

XKacanapl  MHTEIJIEKT  TypaJibl  TYCIHIK.
Heitponnapast Mmogensaey. XKacanipl HHTEIUIEKT
onicrepi. JKacaHIpl MHTEIUIEKTTIH (OpMaibabl
omicrepi. Bepbanapl »xacaHIbl WHTEIJIEKTTIH
maiina 0oy KOHE JaMy Tapuxbl. JKacaHsl
MHTEJUIEKTTIH OMOCUMMILPIBIK d1icTepi. bimimui
»KacaHIbl HEUPOHIBIK JKEIIep TYPiHIe KOPCETy.
Koruutusri  kacauael  uHTeluiekT. ACT
(Adaptive Control of Thought) xyiieci. SOAR

IMTonsarue HMCKYCCTBEHHOTO MHTEIIIEKTA.
MonenupoBanue HEUPOHOB. MeTtonasbl
HCKYCCTBEHHOTO WHTEJIIEKTA.

@opManu30BaHHBIE METOJBI UCKYCCTBEHHOI'O
MHTEJUIeKTa. VICTOpUS MOSBIICHUS U Pa3BUTHSA
BepOAJIbHOTO HCKYyCCTBEHHOro MHTemekra.
buononoOHble  METOABI  MCKYCCTBEHHOTO
uHTesuiekTa. [Ipencrasnenue 3Hanuii B popme
HCKYCCTBEHHBIX HEHWPOHHBIX ceTel.

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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xyteci. EURISCO xyiteci. CASN xyiieci. ET
xyreci (Expert Tomographer). OKpITyabI
KYIIEHTy Kyihenepi. Muremnextyannsl poOoOT
Kyuenepi. Ko3sranmbicTsl OackapyIbIiH
MHTEIJUIEKTYyaJl /bl Kyhenepi. Kacannsl
WHTEJUIGKT  Typalbl  TyciHik.  beitnenepi
OeiliHeney  xoHe  TypieHuipy.  beifnenix
aKIaparTieH >KYMbIC ICTEYIiH HEHPOHIBIK >Kemi
KOHE HEMpPOMOP(THIK 9icTepi MEH KypasIapsbl.
['umore3anapasl  aBTOMATTBl  TYPAE  KYPY.
HepekrepaeH Moaens Kypy. Kana memiMaepi
e3/irineH  yipeHy. [ eHeTHKalblK  KOHE
ABOJIIOIUSUIBIK aJITOPUTMIIED.

KOrHUTUBHBI HMCKYCCTBEHHBI HWHTEJUIEKT.
Cucrema ACT (Adaptive Control of Thought).
Cucrema SOAR. Cucrema EURISCO.
Cucrema CASNET. Cucrema ET (Expert
Tomographer). Cucrtemsl, oO0y4aromuecs
C MOAKPEIUIEHUEM. WHTemiexTyanbHble
poboToTeXHUUECKHE  CUCTeMBL. CHCTEMBI
MHTEJUIEKTYaJIbHOT'O YIIPABICHUS ABHKECHUEM.
[Tonsarue HCKYCCTBEHHOT'O pasyma.
[IpencraBnenue u npeodbpazoBaHue 0OPa30B.
HeiipoceteBbie 1 HellpoMOpHBIE METO]IbI
U CpelcTBa paboThl ¢ oOpa3Hou
uH(popmanrel. ABTOMaTHYECKOE ITOCTPOCHUE
runote3. I'eHepanus Mojened HO JaHHBIM.
CamooOyuenune HOBBIM PELICHUSM.
['eHeTHUYECKHE U HBOJIOIMOHHBIE AJITOPUTMBI.

system. CASN system. ET system (Expert
Tomographer). Reinforcement learning systems.
Intelligent robotic systems. Intelligent motion
control systems. The concept of artificial
intelligence. Representation and transformation of
images. Neural network and neuromorphic methods
and tools for working with figurative information.
Automatic generation of hypotheses. Model
generation from data. Self-learning new solutions.
Genetic and evolutionary algorithms.

Hocmpexsusummepi / [locmpexsuszumat/ Postrequisites

TarpuibIMIaMagad eTy/ Il XKOHE JTOKTOPIBIK
JUCCEPTAIUSHBI OPBIH/IAYIbl KAMTUTHIH
JIOKTOPAHTTHIH FBUIBIMU-3EPTTEY KYMBICHI

Hay‘{HO'I/ICCJ'Ie,ZLOBaTeJ'IBCKa}I pa60Ta

Research work of a doctoral student,

JIOKTOpaHTa, BKJIFOUast MpoxoxaeHue craxupoBku u | including internship and writing a doctoral

BBITTOJIHCHUC I[OKTOpCKOfI AUccepranumn

dissertation

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

Npanora 1.B. ‘

NBanosa I.B.

lvanova I.V.
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Heiiponowix yceninep yncone mawmunanvix okeimy / Heiiponnole cemu u mawmunnoe ooyuenue / Neural networks and machine learning

OKy makcamut / Yueonan yenv/ Purpose

MAIIMHAJIBIK ~ OKBITYJBl JKOHE  HEWPOHIBIK
KeNimepai KOJIJIaHyMCH OaJTAaHBICTHI
TEOPHSUTBIK ~ JKOHE  OTHKAIBIK  OuTiMzepni,
’KaCaH Ibl HUHTEIIEKT CaJIaChIH/IaFbl
NPAKTUKAJIBIK ~ JaFAbUIapIbl  KaJbIITACTBIPY,

KacaHJIbl HWHTEJUICKTTIH TPUHIUNTEPI MEH
TYKBIpBIMIIAMAIapbIH KapacThIPy, MATHHAJIBIK
OKBITY SICTEpiH, aKMapaTThl WHTEIUICKTYaJIbI
OH/JICYIIH oprypui OHTaWUJIAHJBIPY
ATOPUTMACPIH 3epTTEY, -CTAaHAAPTTHI KOCiOM
TalchlpMalap, COHBIH IIIIHAC JXaHa HeMece
OeiiTaHbIC OpTaga, Kem JEHTeWi TepeH
HEHWPOHJIBIK JKEJIJIeP/ll OKBITYFa OaFbITTaJIFaH.

(opMHpPOBATh TEOPETUUECKUE U STHUECKUE 3HAHUS,
CBA3AHHBIC C  HCIIOJIB30BAHMEM  MAIIUHHOIO
o0yueHMss M HEHUPOHHBIX CeTeH, IpaKTUYECKUe
YMEHHUSI B OOJIACTH HMCKYCCTBEHHOTO WHTEIUICKTA,
paccmarpuBarhb OPUHLMIBL W KOHLENLINU
HMCKYCCTBEHHOI'O MHTEJEKTAa, MCCIENOBaTh METOMbI
MAIIMHHOTO OOYy4YeHMsI, pPa3JIUYHbIE AJITOPUTMBI
ONTUMH3AIMH U HWHTEIUIEKTYaJIbHOW 00paboTKH
JaHHBIX, pelarh HECTaH/IapTHbIE
npodeccuoHaIbHbIE 33J]a4l, B TOM YHCIIE B HOBOM
WIM HEe3HaKoMOH cpene, (OKycUpoBaTbcs Ha
oOyueHnH TIyOOKMX HEWPOHHBIX ceTell ¢
HECKOJIbKUMHU CJIOSIMHU.

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.

Oxvimy nomuaiceci / Pezyiomameut 00yuenusn / Learning out

comes

Kyperbsr  corTi Keiiin
olmiMaymbLIap

- ’KaHa FHUIBIMH TPHHIMAITEP MEH 3epTTey
onicTepiH TaXkipubene Kojaany;

- MAallMHAJBIK OKBITY  AITOPUTMIEPIHIH
HOTHKEINIEPiH BU3yaTu3alusiay;

- 3epTTey TalChIpMachlHA COWKeC KeJleTiH
MAaIITUHAJIBIK OKBITY QIICIH TaHJay,
HOTHKENEpIl TYCIHIIPY;

- CTaHAApPTTBl emec KociOu MiHAeTTep ],
COHBIH 1IITH/IE )KaHa HeMece OeMTaHbIC opTaaa
Ienry.

asiKTaraHHaH

Mocae yCIEeIHOr 0
o0yyarommuecst 0yayT

- HpI/IMeHHTI) Ha HpaKTI/IKC HOBBIC Hay‘IHI)Ie HpI/IHIII/IHI)I
W METOJBI MCCIICIOBAHHU;

- BU3YaJIM3UPOBATh PE3YyJbTaThl pabOThHI AJITOPUTMOB
MAIIMHHOTO O0yUYeHUS;

- BI)I6I/IpaTI> METOL MAIInHHOTO
COOTBETCTBYIOLLIUA  MCCIEA0BATEIBCKOMN
HHTEPIPETUPOBATH TOJIYUYE€HHBIE PE3YILTATEL;

- pemaTh HeCTaHAAPTHBIE TNPOdeCcCHOHATHHBIC
3a71a4M, B TOM YUCJIE B HOBOW WJIM HE3HAKOMOM CpeJie.

3aBepIIeHUs] Kypca

oOyueHwusl,
3amaye,

After successful completion of the course,
students will be

- apply in practice new scientific principles and
research methods;

- visualize the results of machine learning
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.

Kypcmuiy kbickawma mazmynot / Kpamrkoe cooepicanue kypca/ Course summary

Herisri yreimMaap: HEWpOH, CHHANC, aKTHBAIUA
(GYHKIMACKHL, KipiC JKOHE IIBIFBIC MANIMETTepi,
XKOFanTy GyHKIusCh.. HeWpoHIBIK KeTiiepiH

bazoBble MOHATHS: HEWPOH, CHHAIC, (QYHKIIHS
aKTUBAllU¥, BXOJHBICE U BBIXOAHBIC JIAHHBIE,
¢dbyHKus  motepb. MareMaTuyeckiue OCHOBBI

Basic concepts: neuron, synapse, activation
function, input and output data, loss function.
Mathematical foundations of neural networks.
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MaTeMaTHKaJIbIK HeTi3/1epi. BexkTopiibik
KEHICTIKTEp, MaTpulajiap J>XOHE BEKTOPIApPIbIH
CBI3BIKTBIK TYpJICHAIpYJIepi. Heiiponasik
xemuepain apxutekrypackl. KemkaOatter INS.
Hetiponabik KENUITEPIiH CTaHAapTThI
apxutektypanapbl.  OKbITY  aJITOPUTMICPIHIH
knaccupukanuscel.  CTaHDApTTBl  TY)KBIPBIMIA
GYHKIMSHBI KYBIKTay Maceneci. HeHpoHabIk

KEIJIEP/Il OKBITY 9/1icTepi. Perpeccusuibik Tannay,
Ancambnpaik  omictep. CTOXacTHKANBIK 137€Yy.
Perpeccusinpik  Tangay. CBI3BIKTBIK pPErpeccusi.
Kenmymenik perpeccus. CTOXacTHKaJIBIK 137€Y.
Mounte-Kapno i3ney. ['eHeTHKanbIK airopuTM.
AHBIK €MeC JIOTMKaHBIH HETi3rl TYCIHIKTEpi.
Hefipouaplk kenmiHi OKBITY. MyFamimci3  OKy.
Kapcbl  tapanynslH  HelpoHaslk xkenici.  Kepi
Oaiinansbic xeniaepi. Xonguig Moaeni. Xonpuig
Mojeninaeri Xe60TiH oKy epexeci. OKbITY
omictepi. XeOOTiH OKbITY omici. KoxoHeHHIH
OKBITY anroputmi. HeMpoHIBIK jKeNiHI KYpy JKoHE
OKbITy TpuHUUINTEpl. Mbican perinne Neuropro
KaOBIFBIH Taii1ajaHa OTHIPHIN, HEHPOHABIK JKeTiH1
KYpy JKOHE OKBITY MPHHIUNTEPIH MEHIepy.
KapamnaiiblM HeHpOHBIK Kemiiep. NepLUenTpoH

HEHUPOHHBIX CETeH. BEKTOpHBIE NPOCTPAHCTBA,
MaTpullbl M JIMHEHHble  IpeoOpa3oBaHUs
BEKTOPOB. ApPXUTEKTypa HEHpPOHHBIX CETEH.
MHorocnoiHbie HHC. CrangapTHbie
ApPXUTEKTYPBI HEHPOHHBIX ceTei.
Knaccudukanus anropurmMo o0ydeHus. 3anaya
anmpoKCHUManuu  (QyHKIUM B  CTaHAApPTHOM
nocraHoBke. MeToabsl 00yueHHs HEHMpPOHHBIX
cereil. PerpeccroHHbI aHaim3, AHcamOJIEBbIC
METOJIBI. CroxacTudeckuii IIOMCK.
Perpeccronnsbiii ananus. JIluHeiHas perpeccus.
[lonmnHomuaneHas perpeccusi. CroxacTUdecKui
nouck. Monte-Kapno mnouck. I'eHernueckuit
anroput™M.  OCHOBHBIE TIOHATUS  HEUYETKOU
noruku. O0yuyeHue HelipoHHOH cetn. O0yueHue
6e3 yuutena. HelipoHHas ceThb BCTPEUHOTO
pacnpoctpaneHusi. CeTu ¢ 0OOpaTHBIMH CBSI3IMHU.
Monens Xondunga. [Ipasuino oOyuenus Xe66a B
Mozenu Xondunaa. Meroasl o0yuenus. Metoz

oOyueHus X»00a. Anroput™M  00ydeHUs
Koxonena. IlpuHuunel co3gaHust U 0O0y4YeHHs
HelpoHHOM  cetu. (OcBOeHME  NPUHLUIIOB

co3maHus U OOydeHHs HEHUpPOHHOW CceTH Ha
npumMepe padbotsl 0601049ku Neuropro. [Ipoctsie
HelpoHHbIe ceTu. [lepcenTpon

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

Iocmpexeusummepi / [locmpexeuzumut/ Postrequisite

S

TarplIbIMIaMaIaH OTY/I1 dKOHE JOKTOPIIBIK
JIACCEPTALUSHBI OPBIHAAY 1Bl KAMTUTBIH
JIOKTOPAHTTBIH FBUIBIMU-3€PTTEY KYMBICHI

Hayuno-ucciaenoBarenbckas padbora

JOKTOpAaHTa, BKIIFOYAsA MPOXOKACHUC CTAXKUPOBKU U

BBITIOJIHEHHE TOKTOPCKON AUCCEPTALNUI

Research work of a doctoral student, including
internship and writing a doctoral dissertation

bazoaphama rcemexuici / Pykosooumens npozpammer/ Programme manager

Neanora 1.B. ‘

HBanoBa U.B.

lvanova I.V.
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Pobommeulk sncyiienepoin cenimoinizi men moxwvipamypaxmolivizel / Hadexcnocms u omrkazoycmouqusocmsy pooomomexnudeckux cucmem /

Reliability and fault tolerance of robotic

Oky maxcamul / Yueonan yenv/ Purpose

Cenimaimik  meH  akaylapra  TO3IMIUTIK
caJlachlHJIa TCOPHUSIIBIK OUTIM MEH MPaKTHKAJIBIK
JaFabpuIapIbl KaubnTacTeipy. OOBEeKTiIEp MEH
TEXHOJIOTHSUIBIK KYHETIEePaiH CEHIMILIITIHE oacep
eTeTiH (haKTopIapabl, CEHIMAUTIK MapaMeTpiepin
€CemnTey  OMICTEPIH IKOHE  TEXHOJIOTHSUIBIK
Kyhenepai — kobajlay — JKoHE — TaiianaHy
MOCEJIeTIEpiH/Ie OHTAWIbl MIenrmaepal  Tady
ONICTEpPiH JKOHE OCHI KYHeJepAi 3epTTey MeH
xKoOanayablH MaTeEMaTUKAIBIK omicTepiH,
COHali-aK MEXaTPOH/IBIK JUATHOCTHKA d/IICTEPiH
3epTTey. KYHesep *KoHe oJlap bl peTTEeY/Ii Ky3ere
aceIpy.

@OpMUPOBAHUE TEOPETUYECKUX 3HAHUU U
MPaKTUYECKHUX YMEHUUI B obnactu
HAJIC)KHOCTH " OTKAa30yCTOMYUBOCTH.
Wzyyenne  (akTopoB,  BAMSIONIMX  HA
HAJICKHOCTh OOBEKTOB M TEXHOJIOTHYECKUX
CHUCTEM, METOJOB pacyera [apaMmeTpoB
HAJIe)KHOCTH U METOJIOB ITOMCKA ONITUMAaJIbHBIX
pelieHuii B 3aJadax KOHCTPYMPOBAaHUS U
AKCIUTyaTalldd TEXHOJOTMYECKUX CHUCTEM U
MaTE€MaTUYeCKUX METOJOB HCCIEIOBAaHUS U
MPOEKTUPOBAHUSA OTHUX CHUCTEM, a TaKKe
CIocoObl TUarHOCTUKU MEXaTPOHHBIX CHUCTEM
Y NIPOBEJICHUE UX HAJTAJKH.

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

namuceci / Pezyniomamol 00yuenus / Learning outcomes

Kypcerbi CITTI KeiliHn
oimiManymbLiap

- CEHIMJUIIK KOpCEeTKIIITEPiH, OJapAbl ecenTey
o/licTepiH, DdJEMEHTTEPAIH CEHIMIUII MeH
aKayJjapra TO3IMAUIIH apTThIpy >KOJIAApbl MEH
TOCUIZEPIH KOJIJIaHY;

- CEHIMAUIIK TMeH akaylapra Te31MJIiTIKKe
KATBICTBl POOOTTHI JKylelnep 3JIeMEHTTEepiHIH
HEri3T1 MaTeMaTUKAaIbIK MOJEIbIEPiH KOJIaHY;

- KapacTHIphUIATHIH IaMaJapAblH Ke3IeHCOK
CHUIIaThIH €CKEPE OTBIPHII, POOOTTHI XKyHenep iy
CHITaTTamaIapbiH aHBIKTayFa apHaJFaH
MPAKTUKAJIBIK €CeTTep/Ii IIelly;

asiKTaraHHaH

IHocae ycnemHoro
oO0yuyaromuecsi OyayT
- HCIIOJIb30BAaTh TI0OKA3aTeNM HAJEKHOCTH,
MCTOJbl HX pacdyera, NOYTH MW CpCACTBA
MOBBILICHUS Ha/Ie)KHOCTHU U
OTKa30yCTONYNBOCTHAIIEMEHTOB;

- NPUMEHATh OCHOBHBIE MaTeMaTHYECKHE
MOJIEIM  DJIEMEHTOB  POOOTOTEXHUYECKUX
CUCTEM B OTHOLIEHUM HAACKHOCTH W
OTKa30yCTOMYUBOCTH;

- pemars MpakTUYECKHE 3aJadu 110
OIPEIETIEHUIO XapaKTePUCTHK
pPOOOTOTEXHUYECKHX CHCTEM C  y4YeToM
CIIy4ailHOro XapakTepa paccMaTpHUBaeMbIX
BEJIMYUH;

3aBeplIeHHs] 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
tolerance of robotic systems;

completion of the course,
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- poOOTTHI JKYHeNlepaiH CEHIMIUTr MeH
akayiapra TO3IMIUTITIH AHBIKTAATHIH
KACHETTEP/IIH CaH/IBIK CUTIATTaAMAChIH OPBIHIAY;

- CEeHIMIUIIK TIeH akayJapra Te3IMIUIK
KOPCETKIIITEPiH ecenTey 1l OphIHAY;

- CEHIMJIUTIK YIIIH 3KBHUBAJCHTTI CXEMaHbI KYpPY
’KOHE OHBIH MTapaMeTpJICpPiH aHBIKTAY;

- pOOOTTHI KyHenepain CEHIMIUIITIHIH
KETKUTIKCI3 JCHIeHiHEeH 3aKbIM/IaHY 1Bl aHBIKTAY;
- poOOTTHI XYHenepaiH CEHIMIUIriIH apTThIpy
YIIiH YTHIM/IBI HICHIM/IEp KaObUIIaYy.

-  BBINIOJIHATH KOJIMYCCTBCHHYIO
XapaKTEepUCTUKY CBOMCTB, OIpPEIeIIIOIIX
HaJIe)KHOCTD u OTKa30yCTOMYUBOCTb
POOOTOTEXHUYECKUX CUCTEM;

- BBIIIOJIHATH pacuer IIOKa3aTesen
Ha/IeKHOCTH U OTKa30yCTOWYMBOCTH;

- COCTaBJIATb ~ CXEMYy  3aMEIICHHUs
Ha/IeKHOCTH U OIIPEJEIIATh €€ NapaMeTphl;
- ompeneniaTh yuepObl OT HEJOCTATOYHOIO

10

YPOBHS  HAJIEKHOCTH  POOOTOTEXHHUYECKUX
CHCTEM;

- MPUHUMATh PAIMOHAJIBHBIC PEIMICHUS IS
ITOBBIIIICHUS HaJIC)KHOCTH

pO6OTOT€XHI/I‘IeCKI/IX CHUCTCM.

- 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 / Kpamxkoe codepicanue kypca/ Course summary

TexHUKaNBIK ~ JKYWenepaiH  CEeHIMIUIINIMEH
TaHBICTBIPY. TexHUKaIBIK KyHenepain
ceHiMauIiriH enrizy. Herisri yreimaap. Catcizik
TypJiepi. TexHuKanbIK KyHenepiH
CeHIMIUTITIHIH Heri3ri KOpPCeTKILITEP.
TexHUKaNBIK KYHenepaiH CeHIMIUTITIHIH HeT13T1
KOpPCeTKIIITEePI. Tapanyasig HeTi3r1
3aHJBUIBIKTapbl.  BipTiHAENn  CoTCI3AIKTEpPMEH
CEHIMIIIK. TexHUKAIBIK KyHrenepiH

CEHIMJIUTIK TapaMeTpiIepiHiH BIKTUMAaJbIKThI
OeJly/1iH HeTi3ri 3aHJBUIBIKTAphl OHE OJapibl
KOJJaHy ImapTrapel. [lapaimensai-cepusiibiK
KypbUibiMAap.  CeHIMIUTIKTIH  KYpPBUIBIMJIBIK
nuarpaMMainapel. Kypaeni skyienepi ecentey
oficTepi: JIOTMKANBIK-BIKTUMAIIBIK, KYWHIepIi
caHay, HETI3r1 3JIeMeHT OoilblHIIa OeIIeKTey.
MapxkoB npouectepi. Tapuxu KaKeTTUIIK kKoHE

BBCI[GHI/IG B HaI[é)KHOCTI) TCXHUYCCKUX
cucrteM. BBenenne HaaEKHOCTh TEXHUUECKUX
cucreM. OcHOBHBIE MOHATUS. BHasl oTka30B.
OcCHOBHEBIE ToKa3arei HaAEKHOCTH
TeXHH4Yecknx cucreM. OCHOBHEBIE ITOKa3aTelIn
HaI[é)KHOCTI/I TCXHHUYCCKHUX CUCTEM. OCHOBHI)IG
3aKOHBI pacnpeneneHus. HanéxuHocTs npu
IIOCTCIICHHBIX OTKa3axX. OCHOBHI)IG 3aKOHBI
pacmpeneneHus BEPOSATHOCTU IapaMeTpoOB
Hallé)KHOCTI/I TCXHUYCCKUX CUCTECM U yCJ'IOBI/ISI
nX MIPUMEHEHUSI. [TapannensHo-
MOCJIeIOBATEIbHEIE CTPYKTYPBHI.
CTpyKTypHBIE CXE€MBbl HaAEKHOCTU. MeTombl
pacuéra CIIOKHBIX CHUCTEM: JIOTHKO-
BEPOSITHOCTHBIH, nepedop COCTOSIHUH,
pazokeHrue 1Mo 0a30BOMYy  DJIEMEHTY.
MapkoBckue  mpoueccbl.  Mcropuueckas

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
systems taking into account recovery. Indicators of
operational readiness. Calculation of spare property
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aykpIMbl.  JKylie  Ky#iHIH  TrpaduKTepiH
KYpacThIpyFa apHaJIFaH MHEMOHHUKAJBIK EpexKe.
Bbponnay. KanmeiHa kentipyai eckepe OTBHIPBII
KyHrenepaiy CEHIMILIIr. OnepanusiibiK
TalbIHIBIK KepceTkimTepi. Kocankel mymikTep
MEH KepeK-)KapakTapbl ecentey. MexaTpoHIbIK
KYHeNepIiH JWarHOCTUKAChl. MeXaTpOHIBIK
Kyihenepai perrey. Pertey Typanbl TycCiHIK.
MexaTpoHIbI KYHETEPIi PeTTey ICTEpi.

HEOOXOIUMOCTh W 00JacTH TIPUMEHEHHSI.
MueMoHHYECKOe ~ TMPaBUJIO  COCTaBJICHHUS
rpados COCTOSTHUI CUCTEMBI.
PesepBupoBanue. HanéxHocTh cucTeM ¢
y4€TOM BOCCTAHOBJICHUS. [Tokazarenu
OKCIUTYyaTallMOHHOM  rotoBHOCTH.  Pacuér
3aMacHOr0 MMYILIECTBA M IPUHAJIEKHOCTEH.
JluarHocTrika MeXaTpoHHBIX cHcTeM. Hamaaka
MEXaTpOHHBIX cucTeM. [loHATHE HaaIKu.

CriocoOsbl HaJJaAKW MCXATPOHHBIX CUCTCM.

and accessories. Diagnostics of mechatronic
systems. Adjustment of mechatronic systems. The
concept of adjustment. Methods for adjusting
mechatronic systems.

Hocmpexsusummepi / [locmpexsusumat/ Postrequisites

TarpuIBIMIaMaIaH OTY/ 11 )KOHE TOKTOPIIBIK
JUCCEPTALIMSAHBI OPBIHAY 1Bl KAMTUTBIH
JIOKTOPAHTTHIH FBUIBIMU-3EPTTEY KYMBICHI

Hayuno-uccnenoBarensckas pabora

JOKTOpaHTa, BKIIIOYas IIPOXOKACHNUC CTAXKUPOBKH U

BBINOJHEHUE JOKTOPCKON JUCCEPTALIMU

Research work of a doctoral student,
including internship and writing a doctoral
dissertation

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

CaxsixoBa O.C.

CadgsixoBa O.C.

Salykova O.S.
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Cynepkomnviromepik ecenmep / CynepkomnoviomepHbie evtuucienus / Supercomputer computing

Oky maxcamul / Yueonan yenv/ Purpose

[Mapamnensai ecentey )KyHenepiH KoHE OMapIbIH
KJIaCCU(PUKALMSICHIH, KOTIIPOIECCOPIIBIK €CETTEY
KYHENepiHiH cunaTTaMaliapblH, Iapajuleibi
ecenTeyyepain THIMJILUIITH Oaranaypl,
€CeNMTeYJICPAIH KYPACIUIriH Tamaayabl JKOHE
napauienbaey MYMKIHIITTH Oaranaypl,
OpenMP  TexHONOTUSICHIH, COHBIMEH Karap
napajuieNip[ii ecemnTeyyiepAl 3epTTey. ecenTey
MaTEMaTHKACBIHBIH €CENITePiH MIENIyTe apHaIFaH
ecenrey oicTepi (MaTpULIATBIK ecenTeyiep,
CBI3BIKTBIK ~ TEHICYJEp  JKYHECIH  Imemry,
CYpBINTAY, rpadukTepai OHJIEY, JKEKE
muddepeHnnanIbK TEeHJCYJIEp, Kemn
SKCTpeMalbl OHTAUIAHABIPY).

I/I3y‘-IeHI/I€ nmapalyICJIbHBIX BBIYHUCIHUTCIBbHBIX

CHCTEM u Hux KJ'IaCCI/I(l)I/IKaHI/IH,
XapaKTCPUCTUKU MHOT'OITPOLICCCOPHBIX
BBIYUCIUTCIBHBIX CHUCTEM, OLICHKAa

3¢ (HEeKTHBHOCTH MapaJUICILHBIX BBIYHCICHUH,
aHaJIM3 CJIOKHOCTH BBIYHMCICHUH W OICHKA
BO3MOXKHOCTH pacnapauieIMBaHus, c
nomMoteio TexHosorun OpenMP, a Ttak xe
MCTOJOB IapaJlJICIbHBIX BBIYHCIICHUH JJIsA
peuieHus 3a71a4 BBIYHCIIUTEIILHON
MaTEMAaTUKN (ManI/ILIHBIe BBIYUCIICHUS,
pelIeHHue CHCTeM JIMHEHHBIX YypaBHEHUH,
COpPTUPOBKa, 00paboTka rpadoB, ypaBHEHUS B
YaCTHBIX IPOU3BOJIHBIX,
MHOT'O9KCTpeMaJIbHasi ONTUMHU3ALIUA).

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 mathematics
(matrix calculations, solving systems of linear
equations , sorting, graph processing, partial
differential equations, multi-extremal optimization).

OKvimy

Homuiceci / Pesynomamol 00yuenusn / Learnin

outcomes

Kypcersl CTTI asiKTaraHHAaH KeiliHn
olmiMaymbLIap

- TmapauienbAl Oarmapiamanay aJropuTMmuaepi
KOHE ONapAbpl KOJJaHy MIapTTapbl Typajbl
akmaparTtel Taly, >KalmbUIay JKoHE Tajjay,
KYMBIC  OapbICBIH KQHE MaKcaTKa JKeTy
KOJIAAPBIH JKOCTIapIay;

- aNropuTMIEpIi KOHE ONapAbl  KOJJaHy
IapTTapbiH Tannay Ke31H/e opTypii
napajieNipJiey OMICTepiH KOJJaHyAbl —Tajar
€TeTIH  TalChlpMalapAbl  aHBIKTAy, Kb
KYHenik OaraapiaMaliblK KamMTaMachl3 €Ty MeH
MHUKPOMPOILIECCOPIIBIK TEXHOJIOTHUSIHBI Maii1anaHa

Ilocne ycnmemHOro 3aBeplIeHHMsI Kypca
o0yyarommuecsi OyayT

- HaxXoauTh, 0000IIaTh W aHAIU3UPOBATH
uH(pOopMaIIKIo 00 aNTOPUTMAax MapaieIbHOTO
MIpOrpaMMHUPOBAHUS U YCIOBUAX  HX
MPUMEHEHHUS, TUIAHUPOBaTh XOJA pPaldOTHl H
MyTH JTOCTHKEHUS TTOCTaBJICHHBIX I1EJICH;

- BBIIENATH MpPU aHAJIU3€ aJrOPUTMOB U
YCJIOBHM MX TPUMEHEHUS 3a]1a4H, TPEOYIOIIHe
MPUMEHEHUS Pa3TUYHBIX METOI0B
pacnapayiyieTMBaHuUsA, TJIAHUPOBATH u
peanu30BbIBaTh pPEIICHHE JaHHBIX 3a]ady,

HCIIOJIB3YA O6HIGCI/ICT6MHBIG CpCacTBa

After successful completion of the course,
students will be

- 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
implement the numerical processing of information;
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OTBIPBIT, OCHI €CEemTepAl WICUIyJi >XOocmapiay
JKOHE JKYy3€ere achIpy;

- aKMmapatThl CaHJBIK OHJCY/Il KY3ere achlpaThiH
HETI3T1 aJrOpUTMIEP/Ii KOJIAaHY;

- JIEpeKTep MAcCCHBTEPIH OHJIEY, CY3Tiiey >KoHE
€HT13y MOHJIEPIH TY3ETY;

- OpTaK pecypcrapabpl OpTaK MaijanaHy
onmictepiH, Oarmapiiamainayibl, MEXaHU3MIEPIH
TaHJIay/Ibl KY3€re achIpy.

IPOTPAMMHOTO  Ha3HAUYeHUs W  CPelCTBa
MUKPOIPOIIECCOPHON TEXHUKH;

- TPUMEHSTh  OCHOBHBIC  QJITOPUTMBI,
peanu3yomue YUCJICHHYIO 00paboTKy
uHpOpMaLNK;

- oOpabaTbiBaTh ~ MacCHUBBI  JIaHHBIX,

OCYIICCTBIIATh (DUIBTPALUIO U KOPPEKIIHIO
BBOJIMMBIX 3HAUCHHUIA,
- OCYILIECTBIATH
pOTrpaMMHUPOBaHUE,
pazziesieHus: 00X PECYPCOB.

BBIOOP METO/IOB,

MCXaHU3MOB

- process data arrays, filter and correct input values;
- to carry out the choice of methods, programming,
mechanisms for sharing common resources.

Kypcmuiy kbickawa mazmynst / Kpamkoe cooepicanue Kypca/ Course summary

[Mapannenusm. [lapannenusmre keTyaiH HETi3ri
KOJIIapbl, KONIPOIECCOPIBIK XyHenepai Oemy
IOPUHIUML,  KeIIpoleccopiapFa  apHaJFaH
Kyhenep KJIacTapsl, CUMMETPUSIITBIK
MyJbTHIIpOLIECCOpTap, Oip  Me3ringe  Kel
arbIHIBUIBIK.  JKoFapbl  eHIMII — ecenTeyJep.
Ecenteynepai  ’xepennery — TYCIHINT — MEH
MEXaHU3Mi, KOeIl sJIpOJIbl MPOLECCOPIAPIbIH
KOHCTPYKIHMACHI, KON SAPOJBI MpoIeccopiapaa
oNapAblH THUIMJAI  OpbIHAATYyblHA apHAJFaH
Oarmapramanapra KOMBUIATBIH TaJlanTap, yKaJIbl
MakcaTTarbl ecenrtey yaeTkimrepi. «Onepanarap
— amanjuap» rpaduriHii TYCIHINT MeH MoHi,

€CenTi  mapauielb  IIeNy  yaKbITHIHBIH
TOYEJIIIr, TapajuiebIl AITOPUTMHIH
opelHIATy yakeiThl. [lapamnenbai — ecenrtey

MEXaHU3MJIEPIH JKo0aay XoHe OHJCY 9MiCTepi.

[Tapamienusm. OcHoBHBIE COCco0bI
JOCTHUKEHUS napajuienn3ma, HPUHLIUIT
pa3felieHuss MHOTOIPOLIECCOPHBIX  CHCTEM,
KJIaCChl CHUCTEM [UIsl MYJIBTUIIPOLIECCOPOB,
CUMMETPUYHBIE MYJIBTUIIPOLIECCOPBI,
OJIHOBPEMEHHAs MHOT'OIIOTOKOBOCTb.
Bricokonpon3BoauTeNIbHBIE BBIYHCIICHUSI.
[TonsiTue " MEXaHU3M YCKOpPEHUs
BBIUMCJICHUM, KOHCTPYKLHUS MHOIOSJIEPHBIX
IpoIeccopsl, TpeOOBAHUSA K ITpOrpaMMaM JUIs
170.¢ 3¢ (HeKTUBHOTO BBIIIOJIHEHUS Ha
MHOTOSIIEPHBIX  NPOLIECCOPAX, YCKOPUTEIH
BBIUKCIIEHHUH 0011iero Ha3zHayeHus. [loHarue u
CyIIHOCTh Tpada "omepaHabl — omeparuu’,
3aBUCUMOCTh ~ BpPEMEHM  MapauleIbHOTO
pelieHus  3aJayd, BpPEMsS  BBINOJHEHUS
[apajuIeIbHOTO anropurTMa. Meronsl

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

Pecypcrap, arbiHIap KoHE OJapiAblH 6©3apa | IPOeKTUpOBaHUs U pa3paborku mexanusmon | development of parallel programs. OpenMP
opekerTecy Macenenepi. JKinTepaiH e3apa | mapalICNbHBIX — BBIYMCICHHA. Pecypcsr, | directives. parallel directives. Iterations and
opekeTTecyl koHe Oackapy aJropuTMJIepi. | HOTOKM, M BONPOCHI WX B3auMojeiicTBus. | operations in OpenMP.
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[Mapamnensai Oarmapiamanapibl o3ipiey | BzaumonelicTBie TIOTOKOB U allTOPUTMBI

texHosorusiapel.  OpenMP  nupextuBanapel. | ynpaBiieHHUS . Texnomnorun  pa3paboTKu
napajuiensai  aupektuBanmap.  OpenMP-geri | mapaliebHBIX — MPOTPAMM. JIMpeKTUBBI
UTepalusIap MEH onepanusiap. OpenMP. [lupextuBnl parallel. Utepanun n

onepauuu B OpenMP.

Iocmpexsusummepi / [locmpexsuszumwt/ Postrequisites

TarbutbiMaIaMaaH OTY 1l )KOHE JOKTOPJIBIK HayuHo-uccienoBatenbckas paboTa Research work of a doctoral student, including
JMCCEPTALUSHBI OPBIHAAY Tl KAMTUTHIH JIOKTOpaHTa, BKJIFOYas MPOXOoJKaeHHe cTaxupoBku | Internship and writing a doctoral dissertation
JIOKTOPAHTTBIH FUIBIMH-3€PTTEY JKYMBICHI U BBITMOJIHCHHE IOKTOPCKON JINCCEPTAIMH
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Caubixosa O.C. | CaubikoBa O.C. | Salykova O.S.
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