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Kipicne

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

OKy J>KOCHapbIHBIH OapibIK IMOHAEPl €Ki IUKITe OIpIKTIpUIreH: Oa3aliblK ToHICD
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, AaFAbl MEH KY3BIPETTUIIKTEPHAiH Ti30eCiH
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 VIIIH IOHJIEpre a30a HbICAaHBbIH
TONTBIPAIBI.

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

CUCTEeMAaTH3UPOBAHHBIN TMEpeUYeHb AUCIHUIUIMH KOMIIOHEHTa 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 HANpaBiICHUIO MOATOTOBKHU. LMk mnpodumupyrommx
JUCUUILJIMH  ONpEJAeNisieT MepeuyeHb CHEHUaJbHbIX 3HAHUM, YMEHHU, HAaBBIKOB H
KOMIIETEHIIUH TPUMEHHUTEILHO K KOHKPETHOH chepe mpodecCUOHATBHOM 1eITeTbHOCTH.

Hapsiny ¢ u3ydyeHWeM NOHCUUIUIMH BY30BCKOTO KOMIIOHEHTAa JOKTOPAHT JOJDKEH
BBIOpATH JJIs1 U3YYEHUS AUCIUILTUHBI KOMIIOHEHTA TI0 BEIOODY.

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 061y / Pacnipenesnenne 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 TexHOMOTHsAIAPHI )KOHE YIKEH AepeKTep/ai Tannay/
Texnonoruu Big Data u ananu3 601bIIMX JaHHBIX/
Big Data technologies and big-data analysis 5 1
AJTOPUTMIEPII 3EPTTEY KOHE Talaay/
HccnenoBanue u aHaau3 aaropuTMOB/
Research and analysis of algorithms
HelipoHbIK xKeiiep )KoHe MallHHAJIBIK OKBITY /
HeiiponHble ceTr 1 MalmuHHOE 00yJenue /
Neural networks and machine learning
PoGOTTHIK JKylienep/IiH CeHIMIUTITT MCH TOKbIPATYPaKThUIBIFBI /
HaexHOCTh U 0TKa30yCTOMYMBOCTH POOOTOTEXHHUYECKIX 5 1

cuctem / Reliability and fault tolerance of robotic systems

CynepkoMIbIOTepIIiK ecentep /
CynepKOMITBIOTEPHBIC BEIYUCITICHHUS /
Supercomputer computing




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

year 1

data analysis

Big Data mexuonozusanaput sxcone yaken oepekmepoi manoay / Texnonozuu Big Data u ananus 6onvumux oannvix / Big Data technologies and big-

OKy makcamuwt / Yueonan yenv/ Purpose

JIOKTOpaHTTap/Abl YJIKEH JEPEKTEPMEH KYMBbIC

ICTEYIe  TEOPUSJIBIK  JKOHE  MPAKTHUKAJIBIK
naieiagay.  [loHII  MEHrepy  HOTHIXKECIHIE
AJIBIHFAH outiM KYPBUIBIMIBIK HeMece

KYpbUIbIMIaHOAFaH aKMapaTThIH YJIKEH KOJEeMiH
KUHAYFa JKOHE Tayjayra, YAriuiepai a3ipieyre

Teopernueckass W NpaKTUYEeCKas  IOATOTOBKA
JOKTOPAHTOB K paboTe ¢ OONbIIMMH JaHHBIMHU.
3HaHMs, TOJY4YEHHbIE B pE3yJbTaTe OCBOCHUS
JTUCLUIUIMHBL, TOMOTYT HpU cOope M aHaiu3e
OTPOMHBIX O0BEMOB CTPYKTYPUPOBAaHHOW WM
HECTPYKTYPUPOBAHHOMN uHpopManuu, pu

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

- YIKeH JepeKTep CallachIHIarbl SHICTep MEH
Kypasiap/ bl aHBIKTAY;

-  YJIKEH JepeKTepJl MAallUHAJIBIK OKBITY,
BU3YaIH3aIus )KOHE CaKTay TYpJepiH KOJJIaHy;

- MomiMerTep KoumanapeiMeH >koHe NoSQL

JNKBX-meH kymbplc icTey  MNPUHIMITEPIH
KIKTEY;
- JIepeKTepAl Tannay YIIH €H  JKaKChl

OargapiaMalnblK  KaMTaMmachl3
KOHE TaHZAY;

- KypJlell TeXHUKaJBIK Kyhenepae OackapyMeH
Oali;TaHBICTBI  Macelenepai wiemyae  YJIKeH
JEPEeKTEP/l AHATUTHUKAIBIK OHILY TOCUIIEepIH
KOJIJ1aHy;

- MOHAIK cajlafiaFbl MPaKTHUKAJIBIK ecenTepl

eTyll Tanaay

- ONpeAeNsATh METOIBI U CpeAcTBa B oOmactu Big
Data;

- HCHOJb30BaTh BHJbl MAIIMHHOTO OOy4YeHUS,
BU3YaJIM3allui U XpaHEHUs OOJIBIINX JTaHHBIX;

- KJacCU(QUIUPOBaTh MNPUHLUIBI  pabOTHI
xpanunuiaMu AaHHbiX 1 NoSQL CYB/;

- aQHAJIM3UpPOBaThb U BBIOMpPATh ONTHUMAaJIbHbIE
IIpOrpaMMHBIE CpPEACTBa AJIs aHaJIM3a JaHHbIX;

- IPUMEHSTh MOJIXO/bl AHATUTHYECKON 00paboTKH
OOJBIINX JaHHBIX MIPU PELICHUH 3a/1a4, CBS3aHHBIX

C

C VyIOpaBICHHEM B  CIOXHBIX TEXHUYECKHX
CHCTEMaX;

- ocBauBaTh METOIUKU HCITOJIL30BaHUS
MIPOrPaMMHBIX CPEJCTB, MOAICPKUBAIOIINX

texHoioruu Big Data nis pemeHust npakTHUECKUX

KOMEKTECE/II. pa3paboTKe MOJICIICH. of models.

Oxbrmy namuorceci / Pesynemamut 06yuenus / Learning outcomes
Kypcrbi CoTTI asiKTaraHHaH keiiin | [Tocsie  ycmemHoro  3aBepmieHusi  Kypca | After successful completion of the course,
olTiMasnymbLIap odyuarommecst OyayT 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;




memy ymriH Big Data TexHonorusapsiH
KOJJAWThIH  OaFmapiaManblK  Kypajlaapibl
nanagany 9JiCTepiH MEHIePY;

- NOHJIK  CaJaHbIH  MOCEJeNlepiH  YIIKEH
JEPEeKTEPAl OHJCY TEXHOJIOTHSIAPBIHBIH TiJIIHE

ayaapy.

3aJ1a4 B MPEJAMETHOM 00J1acTH;
- MEepPEeBOJUTH MPOOIEMBI IPEIMETHONW 001acTH Ha
SI3BIK TEXHOJIOTUIM 00pabOTKU OOJIBIINX JTaHHBIX.

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

Kypcmoiy Kbickawa mazmynst / Kpamkoe cooeprcanue kypca/ Course summary

Y akeH JIepeKTepIi TaJaAay/IbIH HEri3ri
aHBIKTAMaJlapbl,  TEPMHHJIEPi,  MIHICTTEPI.
Kayinciznik cypakrapel. ManiMeTTepii oHIIpY
Tyciniri. KoOrHMTHBTIK JepekTepai Tamnjaay.
MoanimerTtepai KUHAY omicTepi. YiikeH
JepEeKTepre apHajlFaH akmapar Ke3JIepiHe IOy
(aKmapaTThlH amIblK Ke3Aepi: CTaTHCTUKAIBIK
KUHAKTAp, )KapHsUIaHFAH ECEeNTep KOHE 3ePTTey
HOTIDKETIEpl; KYMHs aKmapaTka KOJ JKETKi3y).
YnkeH aepekTepii Talgay oJicTepiHe MIONYy.
YikeH Jepektepal Tangay omicTepi. YJIKEH
JepeKTepai cakray JKOHE eHJIey
TEXHOJIOTHSUTApPhl. YJIKEH JIEPeKTep/Ai cakray
TEXHOJIOTHSIIapbIHA I0JTy. JlepeKKop.
MonimerTep  KOpbIH — Oackapy — JKyHenepi.
JepeKTep yiariiepi. YJIKeH AepeKTepAl >KUHAy
KOHE cakTay. YJIKeH JIepeKTep CTaHIapTTaphl.
ISO/IEC-Teri ynkeH nepeKTep CTaHAapTTaphbl.

OCHOBHBIE ~ OIpEETCHUSl, TEPMHHBI,  3aJa4u
aHaJIn3a 00bIINX JTAaHHBIX. Bonpocsl
0€30MMacHOCTH. [Tonstue Data Mining.

KoruutuBHbIM aHanu3 gaHHbIX. Metoauku cOopa
naHHbix. O0630p ucTOYHNKOB MH(pOpManuu ans Big
Data  (OTKpbITBIE ~ HMCTOYHHMKM  MHGpOpPMAIUU:
CTaTUCTUYECKUE  COOPHHUKH,  OIYyOJUKOBAaHHBIC
OTYETBl W PE3YNbTATHl KCCIEAOBAHUN; IOCTYI K
3akpbIToi HHPOpManuu). O030p METOAMK aHaIH3a
OOJIBIIMX JAHHBIX. METOAUKHM aHalIM3a OOJIBIINX
JTaHHBIX. TEeXHOJNIOTMH XpaHEHUs W O00pabOTKH
Oonpmux AaHHBIX. OO030p TEXHOJNOTHI XpaHEHHS
0OJbIIMX JaHHBIX. ba3pl gaHHbIX. CHCTEMBI
yrnpaBieHus: 0a3amMu JaHHBIX. MoOJenu JaHHBIX.
CO6op u xpaneHue OoybUX JaHHBIX. CTaHIAPTH B
obnactu GonbmuxX MaHHBIX. CTaHAApTHI OONBIINX
nauubiX B ISO/IEC. CranmapThel OOJBIIUX JaHHBIX
B ITU. Crannaptel Oonpmmx gaHHbix B NIST.

ITU-mare1  ynken gepektep cranaaprtrapsl. | CtanmapTtel Oonbimx naHHbiXx B BSI. OcHoBHBIE
NIST-rteri ynken nepexrep cranpaprrapbl. BSI- | moHsATHS MaTeMaTHUECKOM CTaTUCTUKHY.

JOaFel  YJIKeH  JIGPeKTep  CTaHIapTTaphl.

MareMaTHKalbIK ~ CTATUCTUKAHBIH  HETI3Ti

TYCIHIKTEDI.

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.

Iocmpexsusummepi / [locmpexeuszumat/ Postrequisites

I[OKTOpaHTTBIH FBUJILIMU-3CPTTCY KYMBICHI

Hay‘-IHO-I/ICCJ'ICIIOBaTeJ'ILCKaH pa60Ta ‘

Scientific research work doctoral student




| JOKTOpaHTa |

bazoaprama scemexuiici / Pykoeooumens npozpammul/ Programme manager

Cansikosa O.C.

| Cansixosa O.C.

Salykova O.S.




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

Oky maxcamul / Yueonas yenv/ Purpose

JepeKTepAl OHJCYAIH HEri3ri aaropuTMIEPiH,
COHBIMEH Karap aJrOPUTMICPIl 3epTTEYIiH
XKOHE OJIAPJABIH  alNTOPUTMIIK  KYPACTUTIriH
Oaranay/bplH 3aMaHayH dJIICTEPiH UTEPY.

oBJIaficHHEe (YHIaMEHTAIBHBIMU 3HAHHUSIMH
QITOPUTMOB OOpaOOTKU JaHHBIX, a TaKXKe
COBPEMEHHBIMU  METOJAMHU  HCCIIEIOBAHUSA
QITOPUTMOB U OLIEHKH UX AJTOPUTMUYECKON
CJIO)KHOCTH.

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

Hamudiceci / Pesynomamol o6yuenus / Learning outcomes

Oxvimy
Kypcrbl CoTTI asIKTaFaHHAH KeHiH
olmiMaymbLIap
- JepeKTeP i OHJICYIIH KJIACCUKAJIBIK

QITOPUTMCPIH KOJIJIaHY;

- aNMropuTMAEpAl Tannay YIIiH KOJJaHbLIATHIH
o/icTep MEH MapaMeTpiepAl aHBIKTaY;
- UHXXCHEPNIK KOHE  FBUIBIMHU
MaTeMaTHKAIBIK  MOJEIbICY/e
o/IicTepiH KOJJaHy;

- ANITOPUTMEPAIH THIMAUIITIH Oaraiay;

- QITOPUTMJIEPIiH KYPAEIUIK MapaMeTpiepiH
Tanjaay;

ecenTepi
AITOPUTMIICY

IMocae ycmemHoro
o0yyarommecsi OyayT
- HCIIOJIb30BaTh KJIACCUYECKHUE AITOPUTMBI
00pabOTKU TaHHBIX;

- OIpeleNATh METOAbl U IapaMeTphbl,
WCTIOJIb3yeMbIE /ISl aHATH3a aJITOPUTMOB;

- NPUMEHATh MPHEMbI AJTOPUTMHU3ALMU TIPU

3aBeplIeHHs] Kypca

MaTeMaTH4eCKOM MOJIETTUPOBAHUU
WH)KEHEPHBIX M HAy4YHbIX 3aJ1ay;

- TNpPOBOAUTH  OLEHKY  3(PPEeKTUBHOCTH
aJITOPUTMOB;

- aHaJIM3UpOBaTh MapaMeTpPbl CIOKHOCTU
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
mathematical modeling of engineering
scientific problems;

- evaluate the effectiveness of algorithms;

- analyze the complexity parameters of algorithms;

completion of the course,

in
and

Kypcmuiny kbickawa mazmynst / Kpamxoe codepicanue kypca/ Course summary

AJNTOpUTM TEOPUSCHIHBIH HEri3ri TYCIHIKTEPI.
AnroputmaepIiy KYPAETUIIriH Oaranay.
barnapiamanapasl KYpyFa (dhopManbIbl
ke3kapac.  Eximik  i3gey.  HBapumantTap.
barnapnamaHbIH JTYPBICTBHIFBIHBIH pecMu
nonenaepi.  YmTik  i3mey.  JIMHAMMKAIbIK
Oarmapiamanay. AKMapaTThl OHJCYAIH HEri3ri

anmroputMzepi. Ti30ekTi JKoHE eKUIK 131ey
ANTOPUTMIIEPI. Ecenrey TE€OMETPHSICHI.
Ywakrarel  JeHec  kopnyc. EH  ambic

OcCHOBHbIE TIOHATHS TEOPUU AJITOPUTMOB.
Onenka CIIO)KHOCTH aJITOPUTMOB.
@opManpHBII  MOAXOA K  IOCTPOECHHIO
nporpamm. J[BomuHbI nouck. MHBapuaHTHI.
@opManbpHbBIE JA0KA3aTEIbCTBA KOPPEKTHOCTU

IIPOrpaMM. TponuHsIit IIOUCK.
JlmHaMu4eckoe pOTpaMMHUPOBaHHE.
OcHoBHbIE AJITOPUTMBI 00paboTku
nHpOpMAIIHH. ANTOPUTMBI

OCICI0OBATCIBHOTO H 6I/IHapHOFO ITOHCKa.

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
closest points. k-d-tree. Algorithms on graphs.
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HYKTEICpAiH JKyObiH i37eHi3. EH kakeiH | Beraucnurenshnas reomerpus. Beimykias | Algorithms on graphs. topological sort. Search
HYKTeJep HKYOBIH Taly. k-d-aramr. | o6onouka Ha rutockoctu. [Townck mapel cambix | algorithms. Search optimization methods: iterative
I'paduxrepaeri amroputmuep. ['padukrepaeri | ymanennsix Touek. Ilomck mapel cambix | deepening, greed, cut-off by time, cut-off by
AJITOPUTMJICP. TOIMOJOTHSUIBIK CYphinTay. I37ey | Omuskux Todek. k-d-mepeBo. Anroputmbl Ha | response, bit tricks. The maximum flow problem.

anroputMzepi. I3aeyai oHTalIaHaBIpy daicTepi: | rpadax. AJNTOPUTMBI Ha rpadax. | Pattern ~ comparison  algorithms.  Dynamic
UTEPATUBTI  TEPEHAETY, AaIlIKe3JiK, yakbIT | Tomojorudeckas coprtupoBka. IlepeGopubie | programming.  depreciation  analysis.  Non-
OoibIHIIA KeCy, jKayan OOWMBIHIIA KeCy, OWT | alfOPHUTMBI. Metoabt ontumusanuu | deterministic algorithms. Probabilistic algorithms.
TprokTepi. MakcuManasl —arblH  Maceleci. | mepebopa: iterative deepening, sxamHocth, | Greedy Algorithms. Parallel Algorithms. Internet
Yorinepai CaJIBICTBIPY alrOpuTMIEpi. | oTceueHre 1Mo Bpemenu, otcedenue 1o | algorithms. Algorithms of artificial intelligence.
JIMHaMUKaJIbIK Oarnmapiamanay. | oTBeTy, OuToBble “Tproku”. 3amada o | Robotics algorithms. Algorithms for working with
aMOPTH3ALMSIBIK Tanaay. JleTepMHHUPICHICH | MAKCUMAIbHOM HIOTOKE. Auroputmel | graphs.
emec anroputmzep. bIkTumanasik anrroputmaep. | cpaBHeHus ¢ obpasnom. JuHammudeckoe
Armike3 anroputmzep. [lapaniens arropuTMaep. | IporpaMMHpPOBaHHE. AMOPTH3AIMOHHBIH
Nureprer anroputMiepi. JKacauabl WHTEIUIEKT | aHamn3. HeqeTepMUHHUPOBAHHBIC aITOPUTMBIL.
anmroput™aepi. PoboToTexHuka anroputmiaepi. | BepostHocTHbie — amroputmbl.  JKajaHbie
I'padmkTepMeH KyMBIC ICTEY alTrOpUTMIEPI. anroputmbl.  [lapamienbHble  aJTOPUTMBI.

AJITOPUTMBI HUHTEPHETA. AJTOPUTMBI

UCKYCCTBEHHOI'O HHTEJJIEKTa. AJITOPUTMBI
pOOOTOTEXHUKH. AJNTOpUTMBI  paboOThl ¢

rpadamu.
ITocmpexsusummepi / [locmpexeuszumut/ Postrequisites
JIOKTOPAHTTBIH FBUTBIMU-3€PTTEY KYMBICHI Hay4Hno-uccnenoBatenbckas padboTa Scientific research work doctoral student
JTOKTOpaHTa
bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager
Cansixoa O.C. | Cansixoa O.C. | Salykova O.S.
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Heiiponowlx, siceninep ycone mawmunanwik, okoimy / Heapounsie cemu u mawmunnoe ooyuenue / Neural networks and machine learning

Oky maxcamul / Yueonas yenv/ Purpose

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

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

(hopMHUPOBATh TEOPETHUECKUE M ITHUYCCKHE
3HAHWS, CBS3aHHBIE C  HCIIOJb30BaHUEM
MAIIMHHOTO OOydYeHHs] M HEHPOHHBIX CETeH,
MPaKTUYECKUE YMEHHUS B obnacTu
HWCKYCCTBEHHOTO MHTEJUIEKTA, PacCMaTpUBATh
MPUHIMIBI ¥ KOHIENIMU HCKYCCTBEHHOIO
HHTEJCKTa, UCCISA0OBATh METOAbI MAIIIMHHOTO
oOyueHus, pazJIM4HbIC AJTOPUTMBbI
OINTHUMU3AIIU IS MHTEJUIEKTyJIbHOMN
00pabOTKN JaHHBIX, pelIaTh HECTaHIAPTHHIC
npodeccnoHabHBIC 33aJja4id, B TOM YHCIIC B
HOBOH WU HE3HAKOMOU cpene,
dbokycupoBaThCsl Ha OOYYCHHH TITyOOKHX
HEUPOHHBIX CETEH C HECKOJIBLKUMU CIIOSIMH.

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

Okbimy

Hamusiceci / Pesynomamot 06yuenusn / Learning outcomes

Kypcersl CITTi KeliH
olmiMaymbLIap

- JKaHa FBUIBIMH TIPHHIMIITED MEH 3epTTey
onicTepiH ToXkKipubene Kojiany;

- MallMHaIBIK  OKBITY  alrOPUTMJEPIHIH
HOTIDKETIEPiH BU3yalH3aIusiay;

- 3epTTey TalChIpMachlHA COMKEC KeeTiH
MAaIIMHAIBIK OKBITY 9IICIH TaHJAy, HOTHKENEep/Ii
TYCIHAIPY;

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

asiIKTaraHHaH

IMocae ycmemHoro
o0yyarommecsi OyayT
- NPUMEHATh Ha IMPaKTUKE HOBBIE Hay4yHbIE
IIPUHLIMIIBI U METO/IBI UCCIIEI0BAHUM;
- BU3YQIU3UPOBATh PE3YJbTaThl
JITOPUTMOB MAIIMHHOTO O0yUYEHHUS;
- BbIOMpaTh METOJl MAIMHHOTO OO0YYEeHHS,

3aBeplIeHUs] Kypca

paboTsl

COOTBETCTBYIOINN HCCJIE0BATEIBCKON
3ajlaye, MHTEPHPETUPOBATH  IOJIyYEHHBIE
pE3yJIbTaTHI;

- pemarpb HECTaH/IapTHbHIE

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

HOBOI WJIM HE3HAKOMOM CpeJie.

After successful
students will be

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

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

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

completion of the course,

results of machine learning

Kypcmuiy kvickawa mazmynot / Kpamkoe codepyacanue kypca/ Course summary

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

neuron, Synapse, activation
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(GYHKUIMSICHI, KIpiC JKOHE IIBIFBIC MOJIIMETTepi,
Koranty (pyHKIuschl. HeHpOHIBIK KemiepIiH
Bekropabik
KEHICTIKTEep, MaTpHUIaJIap JKOHE BEKTOPJIAPIBIH
HeiipoHibik
xeminepnin apxutekrypacsl. Kemkabatter INS.
CTaHAApPTThI
OKBITY  aNroOpUTMAEPIHIH
CraHmapTThl TYKBIPBIMIA
(GYHKIMSHBI KYBIKTay Moceseci. HelpoHIbIK
Perpeccusiibix
tannay, AacamOnpaik omictep. CTOXaCTHKAIBIK
CBI3BIKTBIK
perpeccusi.
i31ey.
eMec
Heiiponbik
Kapcsr
TapanyablH HeHpoHABIK xemici. Kepi Oaitnansic
Xonduin
OxkpITY
omictepi. XeOOTIH OKbITYy omici. KoxoHeHHIH
OKBITY anroput™mi. HeHpoHIBIK >XemiHI Kypy

MaTEMaTHKAIBIK Heri3aepi.

CBI3BIKTBIK TYpJCHIIpYIepi.
Heiipon bk

APXUTEKTypaIaphl.
KJIacCU(UKALIUSACHI.

KeTUIepaiH

KENJEpal OKBITY  SIiCTepi.
i3ney. Perpeccusnbik — Tanmgay.
perpeccus. Kenmymemik

Croxactukanblk i31ey. Monte-Kapno
I'eneTuKaibIK aJITOPUTM. AHEIK
JIOTUKAHBIH HETI3rl TYCIHIKTEpi.
KENHI  OKBITy. MyFaliMci3  OKy.
xenminepi.  Xonduung — Mozeni.

Mozeninaeri XeOOTiH OKy epexeci.

KOHE OKbITY IPUHIIUIITEPI.

aKTUBAlUU, BXOJIHBIC M BBIXOJHBIC IAHHBIC,
¢byHkuus morepb. MaTeMaTH4eCKUe OCHOBBI

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

oOyueHus. 3aaya anmnpoKCUMAIKH (YHKIIMH

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

HellpoHHO# cetn. OOydeHue Oe3 yuuTens.

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

oOyuenuss Xeb66a B wmomenu Xomnduuga.
Metoael 00yuenus. Merox oOyuenus X>00a.
AnroputMm o6ydenuss Koxonena. IlpuHiumnst
CO3/1aHUs U 00y4eHUs] HEPOHHOMU CETH.

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.

ITocmpexsusummepi / [locmpexeuszumut/ Postrequisites

HOKTOpaHTTI)IH FBUJIBIMU-3CPTTCY KYMBICHI

Hayuno-uccienoBarenbckas pabora
JIOKTOpaHTa

Scientific research work doctoral student

bazoapnama sncemexuici / Pykosooumenv npozpammst/ Programme manager

HMBanoBa 1.B.

HMBanosa U.B.

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

Reliability and fault tolerance of robotic

OKy makcamuwt / Yueonan yenwv/ Purpose

CeHiMIIIK [eH aKaymapra TO3IMIUIIK
caJIaChIHJIa TCOPHSUIBIK OUTIM MEH MPAKTUKAIIBIK
JaFapIapIbl  KaablnTacTelpy. OOBEKTiIEp MEH
TEXHOJIOTUSUIBIK KYHeNepIiH CeHIMIUTIriHE acep

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

MEXaTPOHJIBIK JTUATHOCTHKA OIICTEpiH 3epTTey.
KyHesep KoHe 0JIap/Abl PETTeY/Il XKY3ere acoIpy.

@®opmMHUpOBaHNE TEOPETHYECKUX 3HAHUH U
MIPaKTUYECKHUX YMEHUH B obnactu
HaJIC)KHOCTH u OTKa30yCTOWYHBOCTH.
Wzyuenne  ¢akTopoB,  BIMSIONIMX  HA
HAJIC)KHOCTh OOBEKTOB M TEXHOJIOTHYECKUX
CHCTEM, METOJOB pacyeTra IapaMeTpoB
HaJIC)KHOCTH u METOJIOB HIOMCKa
ONTUMANIBHBIX ~ pEmIeHHd B 3ajadax
KOHCTPYHPOBaHHUS U SKCILTyaTallu
TEXHOJIOTUYECKUX CHCTEM U MaTEeMaTHYECKHX
METOJIOB HCCJICJOBAaHUS W TPOSKTHPOBAHHS
3THX CHUCTEM, a TaK)Ke CIIOCOOBI TUArHOCTUKU
MEXaTPOHHBIX CHUCTEM U NPOBEICHUE UX
HaJIJKH.

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

OKbimy

Homuiceci / Pezynemamol 00yuenusn / Learning outcomes

Kypcrbl COTTI KeiliH
oiiManymbLIap

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

- CEHIMAUIIK TMeH akayJlapra Te31MJUIIKKe
KATBICTBl POOOTTHI JKyienep 3JIeMEHTTEepIHIH
HEri3r1 MaTeMaTUKaJIbIK MOAEIbICPiH KOJIIaHy;

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

asiKTaraHHaH

cumaTTaMaiapbiH aHBIKTayFa apHaJIFaH
MPAKTUKAIBIK €CENTeP/Ii IIeITy;
- poOOTTHI JKYHWeNepAiH CEHIMIUIrT MeH

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

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

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

3aBepuIeHHs] Kypca

After successful
students will be

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

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

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

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

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

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

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

- pOOOTTHI XYHENepAiH CEHIMIUIITIH apTTBIPY
YIIiH YTBIMJBI HIeTIiMIep KaObUIaay.

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

- BBINOJHATH pacyer IIOKa3aTesneu

HAJE)KHOCTH U OTKa30yCTONYHNBOCTH;

- COCTaBIIAITb  CXEMY  3aMelICHUs
HAJI)KHOCTH U OMPEICIATh €€ MapaMeTphl;
- OompeneisaTh yuiepObl OT HEAOCTaTOYHOTO

110

YPOBHSI  HAJEKHOCTH POOOTOTEXHUYECKUX
CHCTEM;

- NPUHUMATh PAIMOHAJIBHBIC PEIICHUS s
[TOBBIIIICHHS HaJC)KHOCTHU

pO6OTOTeXHI/IquKI/IX CHCTCM.

tolerance of robotic systems;

- perform calculation of indicators of reliability and
fault tolerance;

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

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

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

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue Kypca/ Course summary

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

TexHukanelk  Kyhenepaiy

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

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

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

TCEXHUYCCKUX

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

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

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

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

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

Diagnostics of mechatronic

Ilocmpexsusummepi / Ilocmpexsuszumat/ Postrequisites

HOKTOpaHTTBIH FBUIBIMU-3CPTTCY KYMBICHI

Hayuno-nccienoBarensckas pabora
JOKTOpaHTa

Scientific research work doctoral student

bazoaprama rcemexwici / Pykoeooumens npozpammut/ Programme manager

CamsixoBa O.C.

CamsixoBa O.C.

Salykova O.S.
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Cynepkomnoviomepik ecenmep / Cynepxomnvromepnule vluucienus / Supercomputer computing

Oky maxcamul / Yueonas yenv/ Purpose

[Mapamnensai  ecemrey — JKyHenepiH — JKOHE
OJIap/IbIH KJIacCU(UKALIUSCHIH,
KOTIIPOIECCOPIBIK ecemnTey  JKyHenepiHig
cUmnarTaMaiapblH, MapajieNbli ecenTeyiepaiy
THIMIUTITIH Oaranayspl, ecenTeyJepaiH
KYPACJIUIINIH TaJlJayabl J>KOHE Napalljieibacy
MYMKIHJITH Oaranaynpl, OpenMP
TEXHOJIOTUSICBIH, COHBIMEH KaTap Mapajieib/i
ecernreysepai 3epTTey. ecenrey
MaTEeMaTUKAChIHBIH ecenTepin nienryre
apHAJIFaH ~ €cenTey oiicTepi  (MaTpULIAIBIK
€CenTeyyep, ChI3BIKTHIK TEHACYJIEp JKYHeciH
ey, CYpBINTay, TpaQuKTEpIi OHACY, KEKe
mudepeHInanIbIK TeHJeYyIep, Kol
SKCTpEMaJIIbl OHTANUIAHABIPY).

N3ydyeHne mnapauienbHBIX BBIYUCIUTEIBHBIX
CUCTEM u ux KJIaCCH(UKAIHS,
XapaKTePUCTUKH MHOTOTIPOIIECCOPHBIX
BBIYHCIUTEIIbHBIX CHUCTEM, OIICHKA
3(PEKTUBHOCTH MapalICIbHBIX BHIYUCIICHHH,
aHAJIM3 CIIO)KHOCTH BBIYMCICHUN M OICHKA
BO3MOYXHOCTH pacmapauieTHBaHus, c
nomotipio TexHosoruu OpenMP, a Tak ke
METOJIOB TapaJUICIbHBIX BBIUUCICHUN IS
pelIeHus 3a/1a4 BBIYHCIUTEIbHOM
MaTeMaTHKH  (MaTpUYHBIC  BBIYHCIICHUS,
pellIeHHe CHUCTEM JIMHEHHBIX YypaBHEHUH,
COpPTUPOBKA, 00paboTka rpados, ypaBHEHUS B
YaCTHBIX MIPOU3BOJIHBIX,
MHOTO3KCTpEeMasbHasi ONTUMHU3AITHA).

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).

OKbimy

Homuiceci / Pesynomamol 00yuenus / Learnin

outcomes

Kypcersl CITTi asiIKTaraHHaH KeliH
olmiMaymbLIap

- mapauienbAl Oarmapiamanay aJropuTMmuaepi
KOHE oONapAbpl KOJJaHy IapTTapbl Typajbl
akmaparTtbl Taly, JKalmbUlay >KoHE Tajjaay,
KYMBIC  OapbIChIH KOHE MaKcaTKa JKeTy
KOJIAAPBIH KOCTIapIay;

- aNropuTMIEpIl KOHE OJapAbl  KOJJaHy
IapTTapbiH Tanjuay Ke31H/e apTypii
napajieNnbJiey QIICTepiH KOJIJaHyAbl —Tajarl
€TeTIH  TalChlpMalapAbl  aHBIKTAY, Kbl
KYHenik OaraapiaMaliblK KamMTaMachl3 €Ty MeH
MUKPOMPOILIECCOPIIBIK TEXHOJIIOTUSHBI Maii1anana
OTBIPBIT, OCHl €CenTepAl MIemyJi XKochapiay

Ilocne ycnmemHoOro 3aBepuieHMsi Kypca
oOy4aromuecst OyayT

- HaXOJuTh, 0000IIaTh W aHATU3HPOBATH
nHpopMaIno 00 aaropuTMax NapaaeIbHOTO
MpOTpaMMHUPOBAHUSI W YCIOBUAX  HX
MIPUMEHEHHUsI, TUIAaHUPOBAaTh XOJ pPadOTHl H
MYTH JTOCTHUKEHUS MTOCTaBICHHBIX IEJICH;

- BBIJCIATh NPU aHAIM3E AJITOPUTMOB U
YCIIOBHI HX MIPUMEHEHUS 3aJ1a4H,
TpeOyroIue MPUMEHEHUSI Pa3IMYHBIX
METOJIOB paclapajuieIuBaHus, IJIaHUPOBATH
U peaJu30BBIBATh pEIICHHE JaHHBIX 3ajady,
HCTIONB3YS 00IIeCHCTEMHEIE cpencTBa

INpOrpaMMHOTIO  HAa3HAUYCHUA U  CPpCACTBA

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
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JKOHE JKYy3€ere achIpy;

- aKMmapatThl CaHIBIK OHJEY/Il KY3ere achlpaThlH
HETI3T1 aTOpUTMICP/II KOJIaHY;

- JIepeKTep MAcCCHBTEPIH OHJEY, CY3rijiey >KoHe
€HT13y MOHJICPIH TY3€TY;

- OpTaK pecypcTrapabl OpTaK MaiJanany
omicTepiH, OarmapiaManaynbl, MeEXaHU3MJIEPiH
TaHJaybl XKY3ere achIpy.

MHUKPOTMPOIIECCOPHON TEXHUKH;

-  TPUMCHITh  OCHOBHBIC  AJITOPUTMBI,
peanusyronme YUCJICHHYIO 00paboTKy
nH(pOpMaLINY;

- oOpabarbiBaTh ~ MacCHUBBI  JaHHBIX,

OCYLIECTBIIATh (PHIBTPAIIMIO U KOPPEKIIHIO
BBOJIUMBIX 3HAYCHUH;
- OCYILLIECTBJIATh
POrpaMMHPOBaHHE,
pazaeseHus 00X PeCypcoB.

BEIOOD METO/IOB,

MCXaHHU3MOB

information;

- process data arrays, filter and correct input
values;

- to carry out the choice of methods, programming,
mechanisms for sharing common resources.

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue Kypca/ Course summary

[Mapannenusm. [lapannenusmre keTyiH HETi3Ti
KOJIIAPBI, KOIIPOIECCOPIIBIK Kyhenepai 0oy
NPUHIUI,  KOeMIpoleccopiapFa  apHalFaH
Kylenep KJIaCTaphl, CUMMETPHSIITBIK
MyJbTUIIPOLIECCOpIap, Oip  Mesruige  Kell
arpIHABUIBIK.  JKOFaphl  eHIMJI  ecenTeylep.
Ecenteynepai  xemengery — TYCiHITT  MeH
MEXaHU3Mi, KO SIPOJbl MPOLECCOPIaPAbIH
KOHCTPYKIIUSCHI, KOII SIIPOJIBI MpoIieccopiiapa
ONapIblH THUIMII  OpBIHAANybIHA  apHAJIFaH
Oarmgapiamanapra KOWbUIATBIH TaJlanTap, JKaJITbl
MaKcaTTaFbl ecenTey YAeTKimTepi.
«Onepanarap — amanaap» rpauridig TYCIHIT1
MEH MOHI, €CelTi Mapasieib ey YaKbITHIHBIH
TOYEIALUIIr, napajuienbal QITOPUTMHIH
opelHIATY yakbIThl. [lapamnensai  ecenrtey
MEXaHU3MJIEPIH JKo0ayay *KoHEe OHJACY diCTepl.
Pecypcrap, arpiHmap KOHE OJapAbIH —©3apa
opekerTecy Mmocenenepl. JKinrepain — e3apa
opekerTecyl KoHe Oackapy — aJropuTMIepi.
[Tapammensai Oarmapiamanapabl a3ipaey

[Mapannenuzm. OcHoBHbIE CIoco0bI
JOCTUKECHUS napajuieanu3ma, MIPUHIIUTT
pasfesieHdss MHOTONPOIIECCOPHBIX  CHCTEM,
KJIACChl CHUCTEM JUISl MYJIBTHUIIPOLIECCOPOB,
CUMMETPUYHbBIE MYJIBTUIIPOLECCOPBIL,
OJIHOBpEMEHHAs MHOT'OITIOTOKOBOCTb.
Bricokonpon3BoauTeNbHBIE BBIUHCIICHUS.
[Tonsitue u MEXaHU3M YCKOPEHUS

BBIUMCIICHUM, KOHCTPYKLHUS MHOTOSJIEPHBIX
IpoIeccophl, TpeOOBaHUS K ITpOrpaMMaM JUIst
X 3¢ $eKTUBHOTO BBIITOJIHEHUS Ha
MHOTOSIICPHBIX  MPOLIECCOPAX, YCKOPUTEIH
BbIUMCIICHUM oOuiero HazHaueHus. [lonsitue
U CYIIHOCTH rpada "onepanabl — onepauuu’,
3aBUCUMOCTh ~ BPEMEHM  MapajuIeIbHOTO
pelleHns  3ajadd, BpeMs  BBINOJHEHUS
MapaJlJIEIbHOIO ajaropurTMma. Mertonsl
MIPOEKTUPOBAHUS U Pa3pabOTKH MEXaHHU3MOB
MapajuIeIbHbIX ~ BBIYMCIICHUI. Pecypcs,
IIOTOKM, M BONPOCH HX B3aUMOJEHCTBHUS.
B3aumonelicTBe TOTOKOB U aJITOPUTMBI

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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TEXHOJIOTUSIAPBHI.
napajuienpi  JAUPEKTHUBAJIAP.
UTepalusIIap MEH oreparusiap.

OpenMP  aupextuBanapsl.
OpenMP-neri

yIpaBJICHUS. Texnonmoruu  pa3pabOTKH
napajuieNbHBIX ~ mporpamMM.  JIUPEeKTUBBI
OpenMP. [upextuBnl parallel. Urepanuu u
onepauuu B OpenMP.

Ilocmpexsusummepi / Ilocmpexsuszumwt/ Postrequisites

JIOKTOPAHTTBIH FBIIBIMU-3EPTTEY KYMBICHI

Hayuno-nccnenoBarensckas pabora
JTOKTOpaHTa

Scientific research work doctoral student

CamsixoBa O.C.

bazoaprama scemexuiici / Pykoeooumens npozpammel/ Programme manager

CansixoBa O.C.

Salykova O.S.
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