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Kipicne

KpenuTTik OKBITY TEXHOJIOTHSCHI Ke31HAE SJEKTHBTI MOHIEP KaTajorbl d3ipJcHEl.
DNEKTUBTI TOHJEP KAaTaJIorbl OKBITYABIH KPEAUTTIK JKyHeci OOMBIHINA KYpPaCTHIPBLIAIBI.
DNEKTUBTI MOHAEP KATaJIOThl )KYHEJIEHTeH TaHaay OOMBIHINA MOHAEP TI31MIH >KOHE OJIapAbIH
KBICKA CHIIaTTaMAaChIH KapaCThIPaIb.

OKy »xocTapbIHbIH 0apIIBIK IMOHAEP] €K1 MUKITe OIPIKTIPIITeH: 0a3aIbIK IMOHAEP ITUKIIBI(
BII), kocintik monaep uukdi (KIT).

bazanpik moHmep UMKIBI THICTI JaWbIHABIK OarbIThl OOWBIHINA 1preii  OumiMil
KaJIBINTACThIpyFa OarbITTanFaH. KocINTiK MOHAEp HHMKIBI KOCIMTIK KBI3METTIH HAKThI
cajachlHa KaTBICTBI apHaiibl OiTiM, OUTIK, JaFael MEH KY3BIPETTUIIKTEPAiH Ti30eciH
AHBIKTANIEL.

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

DOnexTUBTI TOHAEPAl TaHjaay OoifblHIIAa KeHec »iaBaiizep Oepeni. OHbIMEH Oipre
noktopanT KOX (OKeke oKy »xocmapel) KypacThlpy YIIIH TMOHJEpre jka3da HbICaHbIH
TONTBIPAIBI.

BBenenue

[Ipy kpeauTHOW TEXHOJIOTHMH OOYYEHHUs pa3pabaThIBACTCs KaTaloT SJICKTHBHBIX
TUCTUIUIAH. Kataaor 3JIeKTHBHBIX TUCIUTIINH MPECTaBISET COOOM CHCTEMAaTU3HPOBAHHBIN
nepevYeHb AUCITUIIINH KOMITOHEHTA 110 BEIOOPY M COJIEPKHUT KPATKOE MX OIHCAHUE.

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

[{ukm 6a30BBIX TUCHMIUIMH HAIIpaBJieH Ha GOopMHUpOBaHKE (PYHIaMEHTAIBHBIX 3HAHUMA
10 COOTBETCTBYIOIIEMY HaIlpaBJICHUIO MOATOTOBKH. L[UKI mpoduimmpyromux JTUCIHUILUIHH
ONpeAeNsieT NEepPeYEHb CHEUUATBbHBIX 3HAHWW, YMEHHH, HABBIKOB W KOMIIETEHIIMI
MPUMEHHUTENBHO K KOHKpETHOM cepe npodeccnoHanbHON AESITEIbHOCTH.

Hapsimy ¢ u3ydeHWeM JHMCIUIUIMH BY30BCKOTO KOMIIOHEHTa JOKTOPAHT JIOJDKCH
BBIOpATH IS U3YUYCHUS JUCIMILTMHBI KOMITOHEHTA TI0 BEIOODY.

Koncynpranuu 1mo BEIOOPY 3JEKTUBHBIX JAMCIMIUIMH JIAaeT djBaiizep. Bmecte ¢ 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 MOHAEePAi 001y / Pacnipenesienne 3J1eKTUBHBIX

aucuUIUIuH no cemectpam / Distribution of elective courses by semester

Kpenutrep | Axanemus
CaHsbl / JIBIK
Kon-Bo Ke3eH/
[Monnin ataysl / HaumenoBanue nuciumminasl / The name of the discipline KPEIUTOB/ Axan
Number of | mnepuon/
credits Academic
period
Big Data texHonorusiiapsl )oHE YIKEH IepeKTepal Tanaay/
Texnonoruu Big Data u ananu3 60JIbIINX TaHHBIX/
Big Data technologies and big-data analysis 5 1
ANTOpUTMIEP/Ii 3ePTTEY KOHE Taiaay/
HccnenoBanue u aHaIM3 ajrOpUTMOB/
Research and analysis of algorithms
HelipoHabIK Kemiiep )oHe MaIluHAJIBIK OKbITY /
HeiipoHHble ceTu 1 MammmHHOE 00y4eHue /
Neural networks and machine learning
Po6oTTHIK XY#ienepiH CeHIMIIIITT MEH TOKBIPATYPAKThLIBIFHI /
HanexxHocTb U 0TKa30yCTONYHUBOCTH POOOTOTEXHUUECKUX 5 1

cucrem / Reliability and fault tolerance of robotic systems

CymnepkommbroTepitik ecenrep /
CynepKOMHBIOTepHBIe BBIUHCIIEHNSA /
Supercomputer computing




1 1 oKy XKbUIBIHA APHAJIFAH YJIeKTHBTIK MIH/EP / DJIeKTHUBHBIE TUCHUIIMHBI 115 1 roga odyuenus/ Elective courses for

year 1
Big Data mexnonozuanapul ycaune yiaken oepekmepoi manoay / Texuonozuu Big Data u ananu3z donvuiux oannplx /
Big Data technologies and big-data analysis
Oky makcamul / Yueonasa yenn/ Purpose
JlokTOpaHTTap/bl YIKeH JepeKkTepMeH kymbic | Teopermueckass u  mpaktuyeckas — moaroroBka | Theoretical and practical training of doctoral

iCTeyre TeOPHUSUIBIK JKOHE PAKTUKANIBIK AaibIHIAY.
[lonai MeHrepy HOTHXKECIHIE allbIHFaH OuTiM
KYPBUTBIMIBIK Hemece KYpbUIbIMIaHOaFaH
aKnmapaTTbIH VIKEH KOJIeMiH JKHHAayFa JKOHE
Tajay¥ra, YAruiepai a3ipieyre KOMeKTeCe .

JTIOKTOPAHTOB K paboTe ¢ OOJBIIMMU JTAaHHBIMHU.

3HaHUA, TIOJIy4EHHBIE B Ppe3yJbTaTe€ OCBOCHMS
JUCLUIUIMHBI, TIOMOTYT TIpu cOOpe U aHaiuse
OIPOMHBIX ~ O00BEMOB  CTPYKTYpPUPOBAHHOH  Win

HECTPYKTYpPUPOBaHHOW MH(OpMAIIHH, IPU pa3paboTKe
MOJIEIIEN.

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.

OKvtmy naomuoiceci / Pezynemamot 06yuenus / Learning outco

mes

Kypcrbi €TTI KeHiH
olmiMasymbLIap

- YJIKeH JepeKkTep calachlHIArbl OJICTEp MEH
Kypajinap/sl aHbIKTAY;

- YAKEH JepeKTepAl  MallMHANBIK  OKBITY,
BU3YyaIIM3aIHsl XKOHE CaKTay TYPJEpiH KOIIaHy;

- MomiMeTTep KoiMamapeiMeH koHe NoSQL
JKBXK-MeH jxyMbIC iCTeY TPUHIUNTEPIH XKIKTEY;

assKTaraHHaH

- JepekTepai  Tanjay  YOIiH ~ €H  JKaKCHI
OarmapiaMalblK KaMTaMachl3 €Tyl Taljay *KoHe
TaHzay;

- KYpHeni TeXHHKAIBIK >XyHenepae OackapyMmeH
OalTaHBICTBI ~ MOceNeNepiAl  IIemysne  YJIKEH
JEPEKTEP/l  aHAIUTHKAIBIK OHICY TOCUIAEpiH
KOJIJIaHy;

- IOHJIIK caslafiaFbl MPAKTUKAJIBIK €CeNTepAl ey
yuin Big Data TexHosnorusiaapblH KOJJaHTbIH

Mocae yCHEenIHOro
oO0yyaromuecst OyayT

- OTIpeIeNIATh METOIbI M CpezicTBa B oOactu Big Data;
- HWCIOJIb30BaTh BUJBI MAIIMHHOTO OOydYeHUs,
BU3YaIM3AIMK U XpPaHCHHSI OOJIBIIIMX JTaHHBIX;

- iaccupUIMpOBaTh  TPUHIUIBI  PabOTBHl ¢
xpaamwnuimamu gaaHeix 1 NoSQL CYB/];

- aHAJIM3HMPOBATH W BBIOWpATh ONTHMAJbHBIC
MpOorpaMMHBIE CPEICTBA IS aHAIHM3a TaHHBIX;

- TPUMEHSTH TOAXOMbI AHATUTHUYECKON 00paboTKH
OONBIINX MAaHHBIX TPU PEIICHUH 3a/1a4, CBSI3aHHBIX C
YIPaBIEHUEM B CJIOKHBIX TEXHHUECKUX CUCTEMAX;

- OCBaMBaTh METOJUKHN MCTIOIH30BAHUS TIPOTPAMMHBIX
CpEACTB, OJIJICPKUBAIOITNX TeXHONIOTHH Big Data s
pelieHus TNpPakTUYEeCKUX 3ajad B NPEIMETHOMN
o0OacTu;

- TMEepeBOJUTL TPOOJIeMbl TPEeIAMETHON o0nacTh Ha
SI3BIK TEXHOJIOTHH 00pabOTKH OONBIINX JAHHBIX.

3aBeplIeHUs Kypca

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;




OarmapiraMalibIK Kypaiagap sl Naigaiany oicTepin
MEHTepY;

- TIOH/IIK CaJTaHBIH MACEJIeNIePiH YIIKeH JepeKTepii
OHJICY TEXHOJIOTHSUIAPBIHBIH TUTIHE ayiapy.

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

Kypcmuiy Kbickawa masmynwt / Kpamkoe cooepicanue kypca/ Cours

€ summary

Y aken JepeKTepal TaJJIayabIH HET13Tr1
aHbIKTaMaJjapsl, TEPMHUHJEDI, MIHJETTEpI.
Kayinciznik cypakrapsl. MoniMerTepai eHAipY
tyciHiri. KorHutuBTIK  #epektepai  Taigay.

MonimerTepai )kuHay dficTepi. YJIKEH JepeKTepre
apHaJIFaH aKnapaT KesJepiHe Moy (aKmapaTThiH
allBIK ~ KO3Jepi:  CTaTUCTHKANBIK  JKHHAKTap,
KapUsUTaHFAH €CENTep JKOHE 3epPTTey HOTHKENepi;
KYIHS aK[apaTKa KoJ KeTKi3y). YJIKeH AepeKTepi
Tajjay oMUIiCTEpiHe WIONy. YJIKSH JepeKTepil
Tanaay omictepi. YJKEH AepeKTeplli cakTay >KoHe
OHJICY TEXHOJIOTHSUIAphL. YIJIKEH AepEeKTepIi cakray
TEeXHOJOTHsUIapbiHa moiy. Jlepekkop. Manimerrep
KOpBIH Oackapy >KyHenepi. IepekTep Y riiepi.
YnkeH nepekTepAl JKMHAY JKOHE cakray. YJIKEeH

nepektep crangaprrapsl. ISO/IEC-teri yiken
nepekrep  cranpaprrapel.  [TU-marel  yikeH
nepektep  cranpaprrapbl.  NIST-teri  yiken
nepekrep  crangaprrapbl.  BSI-marel  yiken
JepEKTep CTaH/apTTapPBI. MaTtemaTHKabIK

CTaTUCTHUKAHBIH HETI3r1 TYCIHIKTEPI.

OcHOBHBIE OIpe/eIeHHs], TEPMUHBI, 3a/la4ll aHaIu3a
Oonpux AaHHBIX. Bompock! 6e3omacHocTu. [ToHsaTHe
Data Mining. KOrHuTuBHBIM aHaMM3 JIaHHBIX.
Mertonuku c6opa paHHbIX. OO030p HMCTOYHHMKOB
uHpopmanun juia Big Data (OTKpbITBIE HCTOYHUKHU
nHpOpMAITUH: CTaTUCTUYECKUE COOPHHKH,
OIyOJINKOBAHHBIC OTYETHI u pe3yIbTaThI
WCCJICIOBAHMIA; JOCTYN K 3aKPBITOW HH(OPMAIIHH).
O030p MeETOAMK aHaim3a OONBIINX  JIAHHBIX.
Meroauku aHanvza OONBIIUX JAHHBIX. | EeXHOJIOTHH
XpaHeHuss U 00pa®oTku Oonbmux AaHHbIX. O030p
TEXHOJOTHA XpaHeHHs OOJNBIIUX [JaHHBIX. basbl
nmaHHbIX. CHUCTeMBbl yIpaBiieHHsT 0a3aMu JIaHHBIX.
Mogenu nanubix. COOp 1 XpaHeHUE OOJIBIINX JAHHBIX.
Crannaptel B 001actu 60mbmux qaHHbIX. CTaHIapThI
oonpmux naHHbix B ISO/IEC. CranmapTbl OONBIINX
nanbbix B [TU. CrangapTel 6onbinx qanHabeix B NIST.
Cranmaptel O6onbmmx naHHbix B BSI. OcHoBHBIE
MOHSITUSI MATEMAaTUYECKON CTATUCTHUKH.

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 1SO/IEC.
Big data standards at ITU. Big data standards at
NIST. Big data standards at BSI. Basic concepts
of mathematical statistics.

ITocmpexsuzsummepi / Ilocmpexeuszumal/ Postrequisites

TarputbiMIaMagafd OTY/Il )KOHE TOKTOPITBIK
JICCEePTAIUSHBI OPBIHJIAYAbl KAMTUTHIH

31(CHepI/IMCHTaJ'IBHO-I/ICCJ'IG,ZIOBaTeJ'IBCKaH pa60Ta
JOKTOpaHTa, BKJI0O4Yasd IMPOXOKACHUC CTAXKUPOBKU U

Experimental and research work of a doctoral
student, including internship and doctoral thesis

JOKTOPAHTTBIH YKCIIEPHUMEHTTIK-3€PTTEY KYMBICHI BBINOJIHEHHUE JIOKTOPCKOW TMCCEPTALIUU fulfilment
Bazoapnama scemexuici / Pykosooumens npocpammul/ Programme manager
Caupixona O.C. ‘ Caunpikona O.C. ’ Salykova O.S.




Anzopummoepoi 3epmmey yncane manoay / Hecnedosanue u ananus ancopummos / Research and analysis of algorithms

Oky maxcamul / Yueonan yenv/ Purpose

JepeKTepAl OHJACYAIH HEri3ri anropuTMIEpiH,
COHBIMEH KaTap aJrOPUTMICP/Ii 3ePTTEYIiH )KOHE
OJIApILIH AITOPUTMIIK KYPCSIUTITIH OaFanay by
3aMaHay| 9JIICTEPiH Urepy.

oByaJicHNEe (yHIAMEHTAIBHBIMU 3HAHHSIMH
QIrOpPUTMOB OOPaOOTKM JaHHBIX, a TaKXKe
COBPEMEHHBIMU  METOJAMHU  HCCIICIOBAHUSA
QITOPUTMOB M OLEHKH HUX aJITOPUTMHYECKOU
CJII0’)KHOCTH.

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

Hamuiceci / Pezynomamul 00yuenusn / Learning outcomes

OKbimy
Kypcersbi CoTTI asIKTaraHHAH KeHin
olmiMaymbLIap
- JepeKTeP i OHJICY11H KJIaCCUKAJIBIK

QITOPUTMACPIH KOJIJIaHy;
- QITOPUTMAEPAl Tajjay YIIH KOJIJaHBUIATHIH
o/IicTep MEH MapaMeTpiep/i aHbIKTaY;

Hocae ycnemHoro
o0yuaromuecsi OyayT
- HCIIOJIb30BaTh KJIACCUYECKUE AITOPUTMBI
00pabOTKHN JaHHBIX;

- OIpeneNsiTh METOJAbl U  IapaMeTpsl,
UCTIOJIb3YEMbIE JIJISl aHAIH3a aJITOPUTMOB;

3aBepuIeHUsl Kypca

After successful
students will be

- use classical data processing algorithms;

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

- apply methods of algorithmization in mathematical

completion of the course,

- UHXKCHEpNIIK JKOHE FBUIBIMH €CENTep/i | - MpUMEHsATh mpueMbl anroputmusaiuu npu | modeling of engineering and scientific problems;
MaTeMaTUKAIbIK ~MOJCNBACY/IE AITOPUTMJICY | MATEMAaTHYECKOM MozenupoBanuu | - evaluate the effectiveness of algorithms;
ONiCTEPiH KOJIJaHY; WH)KEHEPHBIX M HAYYHBIX 3371a4; - analyze the complexity parameters of algorithms;
- aJITOPUTMEP/IIH TUIMAUIITIH Oaraiay; - [pPOBOJUTH  OLEHKY 3(PPEeKTUBHOCTH
- aIrOpUTMJIEPIiH KYPAEIUIIK IMapaMeTpiepiH | alrOPUTMOB;
Tajuay; - aHaJIM3WPOBATH IMAPAMETPBI  CIIOKHOCTH

AIITOPUTMOB

Kypcmuiy kbickawia mazmynwt / Kpamxoe codepacanue kypca/ Course summary

AJTOpPUTM TEOPHSCHIHBIH HEri3ri TYCIHIKTEPI.
AnroputmaepIiy KYPAENILIIriH Oarainay.
barnapnamanapasl KYpyFa (hopMaibabl
ke3kapac.  Eximik  i3gey.  HBapumantTap.
barnapnamaHbIH JTYPBICTBIFBIHBIH pecMu
nonenaepi.  YmTik  i3mey.  JIMHaAMHKaBIK
Oarmapiamanay. AKMapaTThl OHJACYIIH HErI3Ti
anmroputmzepi. Ti30eKTi JkoHe eKUIK 131ey
ATOPUTMIIEPI. Ecenrey TEOMETPHSICHI.

OCHOBHBIE TIOHATUSA TEOPUH AITOPUTMOB.
Onenka CJII0’)KHOCTH aJITOPUTMOB.
@opManpHbIl  MOAXOA K  IOCTPOEHUIO
nporpamm. J{BonuHblii mouck. MHBapuaHTHI.
dopManbpHbIE J10Ka3aTeIbCTBA KOPPEKTHOCTH
nporpamm. TpouuHbli ouck. JIMHaMu4ueckoe
nporpammupoBaHue. OCHOBHBIE aJITOPUTMBI
00paboTku  HH(pOPMAIHH. AnropuT™MbI

IOCJICAOBATCIBHOTO U 6I/IHapHOFO ITOMCKa.

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

8




Ymakrarsel eHec Kopiyc. EH anbic HyKTenepaiH
KyObIH i37eHi3. EH JkakbIH HYKTenep >XyObIH
taly. k-d-aram. I'paduxrepueri anropurmuep.
I'padukrepaeri aaropuTMiep. TOMOIOTHUSIBIK
cypeintay. I3mey  anroputmuepi.  I3meyni
OHTAMJIAHIBIPY 9MIICTEPl: UTEPATUBTI TEPEHACTY,
alIKe3[iK, YaKbIT OOWBIHIIA Kecy, Kayal
OoHbIHIIIA Kecy, OUT TprokTepi. Makcumanabl
aFrplH  Maceneci.  YJATUIepAi  CalbICTBIPY
anroputMzepi. JuHaMuKanblKk Oarmapiamanay.
aMOPTU3ALMSUIBIK Tannay. JlerepMuHUpIEHTEH

BrrunciurenbHas — reomerpud.  Beinykias
o0osouka Ha miockocTu. [Touck mapsl cambIx
yAaJIeHHbIX ToyeK. [louck mapel caMbIx
OnM3KuX TOYeK. k-d-mepeBo. ANTOpuUTMBI Ha
rpagax. Anroput™mal Ha rpagax.
Tomnonoruueckas coptupoBka. IlepeGopHbie
AJITOPUTMBI. Mertonsr ONITHUMHU3AITHH
nepebopa: iterative deepening, KaaHOCTb,
OTCEYEHHE MT0 BPEMEHH, OTCEUEHHUE TI0 OTBETY,
OuTOBBIC “TprOKM”. 3ajladya 0 MaKCUMAaJbHOM
MOTOKE. AJITOPUTMBI CPaBHEHHUSI C 0Opa3IoM.

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

emec anropurmaep. blkrumanneik anroputmaep. | JuHamuueckoe nporpamMmupoBanue. | graphs.

Amke3 anroputmaep. [lapamiens anropurmiaep. | AMOPTU3AILMOHHBIH aHanus.

Wntepner anroputmuepi. XKacanasl mHTe/uekT | HeperepMuHupoBaHHbIE QJITOPUTMBI.

anroputmzaepi. Pobotorexnuka anroputmuepi. | BeposTHOCTHBIE aJITOPUTMBIL. Kanubie

I'padukTepMeH KYMBIC iCTEY aITOPUTMEPI. anroputMmel.  IlapamienbHble  anrOpUTMBL.
AnTOopUTMBI WHTEpHETA. ANTOpUTMBI
UCKYCCTBEHHOI'O HHTEJUIEKTA. AJITOPUTMBI
pPOOOTOTEXHUKH. ANTOPUTMBI  pabOTHI  C
rpagamu.

Hocmpexsusummepi / [locmpexsuszumat/ Postrequisites

TarputbIMIaMaaH OTY/Il )KOHE JTOKTOPIIBIK
JMCCepTaIUSIHBL OPBIHAY 1Bl KAMTUTBIH
JOKTOPAHTTHIH IKCIIEPUMEHTTIK-3€PTTEY )KYMBICHI

9KCH€pI/IMeHTaJ'IBHO-I/ICCJ'[CI[OBE{TCJ'ILCKaﬂ pa60Ta
JOKTOpPaHTa, BKIII04Yasd MPOXO0KACHUC CTAXXUPOBKHU U

BBITIOJIHEHHE JIOKTOPCKOM JIcCcepTaluu

Experimental and research work of a doctoral
student, including internship and doctoral
thesis fulfilment

bazoaphama rcemexuici / Pykosooumens npozpammel/ Programme manager

CamsixoBa O.C.

Canpixosa O.C.

Salykova O.S.




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

OKy makcamut / Yueonan yenwv/ Purpose

MalIMHAJIBIK ~ OKBITYJbl  JKOHE  HEHPOHJIBIK
KENTep/Ii KOJJaHYMEH 0alIaHbICThI TEOPHUSITBIK
YKOHE dTUKAJIBIK OUTIMIEP, KacaH bl HHTCIIJICKT

CaJIaChIHIArbI MPAKTUKAJIBIK JIa¥ IbUIap /bl
KaJIBIITaCThIPY, JKacaHIbl HHTEIEKTTIH
MIPUHIIAIITEP1 MCH TY>KBIPBIMJIaMaJIapbIH
KapacTblpy, MAIIMHATBIK OKBITY OICTEpiH,

aKMaparThl WHTEIUICKTYAIIbI OHIACYIIH OpTYpIIi
OHTAMNIAaH/ABIPY  aNTOPUTMIEPIH  3epTTey, -
CTaHIAPTTHI K9CIOM TanichlpManap, COHbIH iIIiH/E
KaHa Hemece OeHTaHBIC OpTaja, KO JEeHIeH

dopMUpOBaTh TEOPETHUECKHE W ITHYECKUE
3HaHUS, CBS3aHHBIE C  HUCIOJb30BAHUEM
MAaIIMHHOTO OOy4YeHHs M HEHPOHHBIX CETeH,
IIPAKTUYECKUE YMEHUS B obnactu
HCKYCCTBEHHOTO WHTEJUICKTA, pacCCMaTpPHBATh
OPUHIUIBI W KOHLENIMH HCKYCCTBEHHOTO
MHTEJIEKTa, UCCIIEI0BATH METO/Ibl MAITHHHOTO
o0yd4eHus, pa3nyHbIe QITOPUTMBI
ONTHUMHM3AIMH  JUII  HMHTEIUICKTYaJIbHOU
00paboOTKM JaHHBIX, pPellaTh HECTaHIAPTHBIE
npodeccroHaNIbHBIE 33aJa4l, B TOM YHUCIE B

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.

TEpeH  HEHPOHIBIK  JKeNUIepAi  OKBITYFa | HOBOU WU HE3HAKOMOM cpene,
OarpITTaJIFaH. doxycupoBaTbcsi Ha OOY4YEHHH TIyOOKHX
HEHPOHHBIX CETEM C HECKOJIBKUMU CIOSIMH.
Oxvimy namuceci / Pezyniomamol 00yuenus / Learning outcomes
Kypcersl coTTI asKTaFaHHAH keiiin | [Tocsie  ycmemHoro 3aBepmienusi Kypcea | After successful completion of the course,
olriMasymbLIap o0yuarmmecsi OyayT students will be

- JKaHa FBUIBIMH TPHUHIMITED MEH 3epTTey
OMICTEPiH TIXKIpUOE e KOJIIaHy;

- MAallMHaJbIK  OKBITY  QITOPUTMAEPIHIH
HOTWIKEJIEPIH BU3yATH3alUsIIaY;

- 3epTTey TamlChlpMachlHA COMKeC KeNeTiH
MalTUHAJIBIK OKBITY JIICIH TaHAay, HOTHKEIEeP/Il
TYCIHIIpY;

- CTaHJApPTTHI eMec KociOM MIHAETTEPAl, COHBIH
imiH/Ie *KaHa HeMece OelTaHbIC OpTaja IIenry.

- NPUMEHATh HA INPAKTUKE HOBBIE Hay4yHbIE
MIPUHIIMIIBI U METO/IbI UCCIIeI0BAaHUI;
- BU3YQIH3UPOBATb PE3YJbTaTh
ITOPUTMOB MAILIMHHOTO 00Yy4eHUS;
- BBIOMpaTh METOJ MAIIMHHOTO O0yYeHus,

paboTHI

COOTBETCTBYIOILINNA HCCIIETIOBATENIbCKOM
3ajlaye, HHTEPHPETUPOBATH  MOJyYEHHBIE
pe3yJIbTaThI;

- pemaTh HeCTaHAapTHBIC TPO(EeCCHOHATTFHBIC
3aJ1a9M, B TOM YHCJIE B HOBOI MJIM HE3HAKOMOM

cpeze.

- 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.

results of machine learning

Kypcmuiy Kbickawma mazmynot / Kpamkoe cooepicanue kypca/ Course summary
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Heri3ri yFeiMmap: HEHpOH, CHHAIC, aKTUBAIUs
(YHKIMACHI, KIpIC JKOHE IIBIFBIC MOJIMETTEp,
xoranty (pyHKmuscbl. HeHpOoHIBIK Kemiep i
MaTeMaTHKaJIbIK Heri3zaepi. Bekropibik
KEHICTIKTep, MaTpuLalap *oHE BEKTOPJIAPIIbIH
CBI3BIKTBIK TYpJIEHAIpYJIepi. Heiiponbix
xeminepnin apxutekrypacsl. Kemkabartsr INS.
Heiipon ik KeJepIiH CTaHJApTThI
apxuTekTypanapel. OKBITY aITOPUTMJICPIHIH
kinaccuukanuscel. CTaHIApTThl TYKBIPBIMAA
(GYHKUMSHBI JKybIKTay Moceneci. HelpoHmbIK
KENJepl OKBITy oficTepi. Perpeccusbik
tannay, AacamOnpaik amictep. CTOXaCTHKAIBIK
i3ney. Perpeccusuiblk  Tanpay.  ChI3BIKTBIK
perpeccusi. Kenmymremnik perpeccusi.
Croxactukanslk 131ey. Monrte-Kapno i3ney.
['eHeTHKAIIBIK aITOPUTM. AHBIK €MeC JIOTUKaHBIH
Heri3ri TyciHikTepi. HeHpOoHABIK KeliHl OKBITY.
Myranimci3 oky. Kapcel Tapany s HEHPOHIBIK
xemici. Kepi Oaiinanbic sxeninepi. Xomduun
Mozeni. Xonduig MoxeniHaeri XeOO0TiH OKy
epexeci. OKpITY oaicTepi. XeO0TIH OKBITY oicl.
KoxoHeHHIH oOKpbITy anroputmi. HelpoHabIK
KEeJIH1 KYpY OHE OKBITY IPUHIIUIITEPI.

bazoBble MOHATHSA: HEHPOH, CUHATIC, (PYHKITUS
aKTHBAllMU, BXOJHBIE M BBIXOJHBIC JaHHBIC,
¢yHKIMsA moTeph. MaTeMaTHYeCKUe OCHOBBI
HEUPOHHBIX ceTel. BeKTopHbIe MPOCTpaHCTBA,
MaTpUIlbl W JIMHEHHBIE TMPeoOpa3oBaHMUS
BEKTOPOB. ApPXHUTEKTypa HEHPOHHBIX CETEH.

MHorocoiinsie HNHC. CrangapTHble
ApPXUTEKTYPBI HEHPOHHBIX cereil.
Knaccugpukanuss — anroputMoB — 0Oy4eHHSI.
3agaya  anmpokcuManMM  (QYHKUMHM B

CTaH/JapTHOU MOocTaHOBKe. MeTobl 00yueHus
HEHUPOHHBIX ceTed. PerpeccnoHHbINl aHaN3,
AHncamOnieBble  MeTonbl. CroxacTudecKuit
nouck. PerpeccuonHblii ananus. JIuHeitHas
perpeccus. [lonmHOMManbHAs — perpeccus.
Croxactuueckuii  mouck.  MonTe-Kapio
nouck. I'enernueckuit anroputM. OCHOBHBIE
NOHATUS ~ HeueTko  joruku. OOydeHue
HelipoHHoU cetu. OOydeHue 0€3 yYHTEIs.
Heliponnas ceThb BCTPEYHOT'O
pactpoctpanenus. Cetu ¢ oOpaTHBIMH
cB3aMu. Mogens Xondunna. Ilpasuio
oOyuenus Xe06a B wMojenu Xomnduiaa.
Mertonbl o0yuenus. Meron o0ydyenus X3060a.
Anroputm oOydenusi Koxonena. I[TpuHiumb
co3zianus 1 00yueHHst HESHPOHHOM CeTH.

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

Hocmpexsusummepi / [locmpexsuszumot/ Postrequisites

TarplmbIMIaMaIaH OTYI )KOHE IOKTOPIIBIK
JIMCCEPTAIUSIHBI OPBIH/AY 1Bl KAMTUTHIH
JIOKTOPAHTTHIH IKCIIEPHUMEHTTIK-3€PTTEY )KYMBICHI

3KCHepI/IMeHTaJ'IBHO-I/ICCJ'[eI[OBaTeJ'IBCKaH pa60Ta
JOKTOpaHTa, BKIIIOYasd NPOXOXKICHUEC CTAXKMPOBKU U

BBINOJTHEHHUE TOKTOPCKON AUCCEPTALUN

Experimental and research work of a doctoral
student, including internship and doctoral
thesis fulfilment

bazoaphama scemexuici / Pykosooumens npozpammel/ Programme manager

HMBanoBa U.B.

HBanosa 1.B.

lvanova I.V.
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Pobommulk scyitenepoin, cenimoinizi men moxvipamypaxmotivieot / Haoexcnocms u omxazoycmoudusocms pooomomexHudeckux
cucmem / Reliability and fault tolerance of robotic systems

OKy makcamut / Yueonan yenv/ Purpose

CeHiMIIIK [eH akaysapra TO3IMIUIIK
caJlaChIHJIa TCOPHSUIBIK OUTIM MEH MPAKTUKAIIBIK
JaFapuIaplbl KabInTacTeipy. OOBEKTIEp MEH
TEXHOJIOTUSUTBIK JKYHEIepIiH CeHIMIUTITIHE acep
eTeTiH GakTopyapabl, CCHIMIUIIK TapaMeTpIiepiH
€CemTey  OMICTEPIH IKOHE  TEXHOJIOTHSUIBIK
Kyuenepai xobanay JKOHE naijanany
MOCEJICTIEpiH/IE OHTAWIBl IMIennmaepai  Tady
o/IiCTEepiH KOHE OCHI XKyHenepii 3eprrey MeH
KoObanayablH MaTeMaTHKaJIbIK oNIiCTepiH,
COHJIali-aK MEXaTPOH/IBIK JUArHOCTHKA d/IiICTEPiH
3epTTeY. KYHUeIep KOHE OJIap bl PETTEY/Ii Ky3ere
achIpy.

dopMUpOBaHHE TEOPETHYECCKUX 3HAHUHA U
MPAaKTUYECKUX YMEHUH’ B obnacTu
HaJICKHOCTH u OTKa30yCTOHYMBOCTH.
W3yyenne  (GakTopoB,  BIMSAIOUIMX  Ha
HAJIOKHOCTh OOBEKTOB M TEXHOIOTMYCCKHX
CHCTEM, METOJOB pacyera I1apaMeTpoB
HaJIOKHOCTH M METO/I0B OMCKA ONTHMAITbHBIX
peuieHuil B 3ajavyaX KOHCTPYMPOBAHUS H
IKCIUTyaTallMl TEXHOJIOTHYECKUX CHCTEM H
MaTeMaTUYeCKUX METOJIOB HCCIICJIOBAHUS U
HPOCKTHPOBAHUS ITUX CHUCTEM, a TaKKe
CMOCOOBI JMAarHOCTUKU MEXaTPOHHBIX CHCTEM
Y MIPOBE/ICHHUE MX HATAIKH.

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.

Oxvimy nomuiceci / Pezyiomamut 00yuenusn / Learning outcomes
Kypcrbi CoTTI asiKTaFraHHaH keiiin | [Tocsie ycmemHoro 3aBepmieHusi Kypca | After successful completion of the course,
olriMmanymbLIap odyuarommecst o6yayT students will be
- CEHIMJITIK KOPCETKIIITEPiH, OJapiAbl €CenTey | - MCIOAh30BaTh IMOKa3aTeau HaaekHOCTH, | - Use reliability indicators, methods for their
ONICTEPiH, JJIEMEHTTEPMAiH CEHIMIUTI MEH | MeToasl WX pacdera, myTd u cpeactsa | calculation, ways and means of improving the
aKayJjapra TO3IMIUIITIH apTThIPy >KOJIAapbl MEH | MOBBIIICHUS HAJIC)KHOCTH u | reliability and fault tolerance of elements;
TOCUIIEPIH KOJaHY; OTKa30yCTONYHUBOCTHAIIEMEHTOB; - apply the basic mathematical models of elements
- CeHIMAUTIK TE€H akayjapra Te3IMIUTIKKE | - MPUMEHATh OCHOBHbIC MaremaTtmueckue | Of robotic systems in relation to reliability and fault
KaTBICTBI POOOTTHI KYieaep SJIEMEHTTEpIHIH | MOJEAM  DJIEMEHTOB  poOoTOTexHHMYeckux | tolerance;
HETi3r MaTeMaTHUKAaJIbIK MOJICNIbACPIH KOJIaHy; | CHCTEeM B OTHOLICHHWH HajaexXHocTH u | - Solve practical problems to determine the
- KapacThIPBUIATBIH IIaMallapJblH Ke3JIeHCOK | 0TKa30yCTONYHNBOCTH; characteristics of robotic systems, taking into
CHIIATBIH €CKEPEe OTBIPBII, POOOTTHI KYHEIePIiH | - pemiath MpakTHYecKWe 3amadd 1o | account the random nature of the quantities under
cHmaTTamMagapbiH aHBIKTAayFa apHaJIFaH | ONpe/IeICHHIO XapakTepucTHK | consideration;
NPAKTHKATBIK €CENTEeP i ey, pPOOOTOTEXHUYECKMX CHCTEM C  y4ETOM
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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;

- CEHIMJUTIK YIIiH 3KBUBAJICHTTI 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.

CIIy4alHOro XapakTepa paccMaTpHUBAaEMbIX
BEJIMYMH;

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

- BBIIIOJIHATh pacuer IIOKa3aTesnen
Ha/IeHOCTH U OTKa30yCTOMYMBOCTH;

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

10

YPOBHS  HAJIEKHOCTH POOOTOTEXHUUYECKUX
CHCTEM;

- MPUHUMATh PAINMOHAJILHBIC PEUICHUS IS
MTOBBIIIICHUS HaJIC)KHOCTH

p06OTOTeXHI/I‘{eCKI/IX CHUCTEM.

- perform a quantitative characteristic of the
properties that determine the reliability and fault
tolerance of robotic systems;

- perform calculation of indicators of reliability and
fault tolerance;

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

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

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

Kypcmuiy kbickauwa mazmynst / Kpamxoe codepacanue kypca/ Course summary

TexHukanelk  JKyHenepAaiH  CEeHIMAUIIrIMeH
TaHBICTBIPY. TexHuKaIbIK KyHenepiH
ceHiMauIiriH enrizy. Herisri yreimaap. Carcizik
TypJiepi. TexHuKanbIK KyHenepix
CeHIMIUTITHIH Heri3ri KOpPCeTKILITEeP.
TexHUKaNBIK KYHeNepiH CeHIMIUTITIHIH HeT13T1
KOpPCeTKIIITEePI. Tapanyasig HET13r1
3aHJBUIBIKTapbl.  bBipTiHAEn  coTCI3AIKTEpMEH
CEHIM/IIIK. TexHUKaIBIK KyrenepIiH

CEHIMJIUTIK TapaMeTpiiepiHiH BIKTUMAaJIbIKTHI

BBenmenne B HaA&KHOCTHP  TEXHHUYECKHX
cucteM. BBenenne HagéKHOCTh TEXHUUECKHX
cucteM. OcHOBHBIE MOHATUS. BHasl oTKa30B.
OcCHOBHEBIE ToKa3arei HaAEKHOCTH
TeXHH4Yecknx cucreM. OCHOBHEBIE ITOKa3aTelIn
HaI[é)KHOCTI/I TCXHHUYCCKHUX CUCTEM. OCHOBHI)IG
3aKOHBI pacnpeneneHus. HanéxuHocTes npu
IIOCTCIICHHBIX OTKa3axX. OCHOBHI)IG 3aKOHBI
pacmpeneneHus BEPOSTHOCTU IapaMeTpOB
Hallé)KHOCTI/I TCXHUYCCKUX CUCTECM U yC.]'IOBI/ISI

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.

O6yIiH HETI3Tl 3aHIBUIBIKTAPBI KOHE OJIAPMABI | UX MPUMEHEHUS. [Mapannensho- | Methods for calculating complex systems: logical-
KOJIJaHy [IapTTapbl. llapaiiensai-CepusiblK | MOCeI0BaTeIbHbIC CTpYKTYpHI. | probabilistic, enumeration of states, decomposition
KypeUtbiMaap.  CeHIMIUTIKTIH — KypbUIBIMIBIK | CTpyKTypHBIE cxembl Han&xHoctH. Meronsl | by the basic element. Markov processes. Historical
nuarpammanapbl. Kypaemi sky#enepai ecemtey | pacyéra  CIOXKHBIX — CHCTEM:  JIOTHKO- | hecessity and scope. Mnemonic rule for compiling
o/licTepi: JIOTMKAJIBIK-BIKTUMAIIBIK, KYWJIEp/i | BEpOSATHOCTHBIMN, nepedop cocTosiHui, | System state graphs. Reservation. Reliability of
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caHay, HETi3ri 3JeMEHT OOWbIHIIA OeJIIeKTey.
MapkoB mnporectepi. Tapuxu KaXeTTUIIK JKoHE
aykpIMbl.  JKylie  Ky#iHIH  TrpaduKTepiH
KYpacThIpyFa apHaJfaH MHEMOHHUKAJBIK Epexe.
Bbponnay. KanmbiHa kentipyai eckepe OTBHIPBII
KyHrenepaiy CEHIMILIIr. OnepanusiibiK
TalbIHIBIK KepceTkimTepi. Kocanker mymikTep
MEH KepeK-)KapaKTapibl ecentey. MexaTpoHIbIK
KYHeNepIiH JWarHOCTUKAChl. MeXaTpOHIBIK
Kyhenepai perrey. Pertey Typanbl TYCIHIK.
MexaTpoH/IbI KYHETEP/Ii PeTTey iCTEpi.

pasiokeHue 1O 0a30BOMY  3JIEMEHTY.
MapkoBckue  mpouecchl.  HMcTtopuueckas
HEOOXOIUMOCTh W 00JacTH TPUMEHEHHS.
MHueMoHHYECKOe ~ TMPaBWJIO  COCTaBJICHUS
rpados COCTOSTHUI CUCTEMBI.
PesepBupoBanue. HanéxHocTh cuCTeEM C
y4€TOM BOCCTAHOBJICHUSI. [Tokazarenu
OKCIUTYyaTallMOHHOM  roToBHOCTH.  Pacuér
3aMacHOr0 MMYIIECTBA M IPHUHAJUIEKHOCTEH.
JluarHocTrika MeXaTpoHHBIX cHcTeM. Hamanka
MEXaTpOHHBIX cucTeM. [loHATHE HamaIKu.
CrniocoObl HaJTaIKM MEXaTPOHHBIX CHCTEM.

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

Hocmpexsusummepi / [locmpexsusumwt/ Postrequisites

TarplnbIMIaMaiaH OTYl )KoHE JOKTOPIIBIK
JUCCEPTALUSIHBIl OPBIHIAY 1Bl KAMTUTHIH
JOKTOPAHTTBIH KCIIEPUMEHTTIK-3€PTTEY KYMBICHI

DKcneprMMEeHTaIbHO-HCCIIEA0BATENIbCKAs paboTa
JIOKTOPAHTa, BKJIIOUYas MPOX0XKIECHUE CTAKUPOBKH U

BBITIQJIHEHHE IOKTOPCKOU uccepTalun

Experimental and research work of a doctoral
student, including internship and doctoral
thesis fulfilment

bazoaphama scemexuici / Pykosooumens npozpammel/ Programme manager

CansixoBa O.C.

CamsixkoBa O.C.

Salykova O.S.

Cynepkomnviomepik ecenmep / Cynepkomnoviomephsie gvtuucienus / Supercomputer computing
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Oky maxcamul / Yueonas yenv/ Purpose

[Tapannensai ecentey xyHenepiH KoHe OlapAblH
KJ1acCU(DUKALUSACHIH, KOTIIPOLIECCOPIIBIK ECEIITEeY

KYHWENIepIHIH CcHUIaTTaMajapbiH, IapauiesbIl
ecenTeyJepaiH TUIMIUTITIH Oaramnayipl,
ecenTeyJIepAiH KYPIASTUTITiH TangayJIbl JKOHE
napajuienbaey MYMKIHIIT1H Oarasaybl,

OpenMP  TeXHOJOTHSCHIH, COHBIMEH KaTap
napajulesibi  eCeNTeyIepAl 3epTTey. ecenTey
MaTeMaTHUKACBIHBIH €CENTEPiH MICNTyTre apHAIFaH
ecernrey ouicTepi (MaTpULATBIK ecenTeyliep,
CBI3BIKTBIK  TEHJACYJep  JKYHEeCiH  miemry,
CYpHIITay, rpadukTepai OHJIey,  JKEKe
mudepeHInanIbIK TeHJeyep, Kol
SKCTpEMalIbl OHTAUIAHABIPY).

I/I3yquI/Ie ImapaJlyiCJIbHbIX BBIYHCIUTCIBbHBIX

CUCTEM u ux Kiaccuukanus,
XapaKTEePUCTHKH MHOTOIIPOLIECCOPHBIX
BBIYUCIIUTEIIBHBIX CHCTEM, OLICHKA

3¢ (HEeKTUBHOCTH MapauIebHbIX BHIYMCICHUH,
aHaJIM3 CJIO)KHOCTU BBIYMCICHHNA W OLEHKA
BO3MOXKHOCTH pacmapaiienuBaHus, c
nomouipo TexHonorun OpenMP, a tak xe
METOJIOB TapasieIbHBbIX BBIYUCICHUN JUIS
peneHus 3a1a4 BBIYUCITUTEILHON
MaTeMaTUKd  (MaTpU4YHbIE  BBIYMCIICHUS,
pelIeHUEe CUCTEM JIMHEHWHBIX YpPaBHEHMIA,
COPTHUPOBKA, 00paboTKa rpadoB, ypaBHCHHS B
YaCTHBIX IPOM3BOJIHBIX,
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 asiIKTaraHHAH KeliH
olmiMaymbLIap

- TmapauienbAl Oarmapiamanay aJropuTMmuaepi
KOHE ONapApl KOJJaHy MIapTTapbl Typajbl
akmaparTtel Taly, >KalmbUIay JKoHE Tajjay,
KYMBIC ~OapbIChIH KOHE MaKcaTKa JKeTy
KOJIAAPBIH JKOCTIapIay;

- aNropuTMIEpIi KOHE ONapAbl  KOJJaHy
IapTTapbiH Tannay Ke31He opTYpAl
napajieNipJiey OMICTepiH KOJJaHyAbl —Tajar
€TeTIH  TalChlpMalapAbl  aHBIKTAy, Kb
KYHenik OaraapiaMaliblK KamMTaMachl3 €Ty MEH
MHUKPOTMPOLIECCOPIIBIK TEXHOJIOTHUSHBI Malijanana
OTBIPBIT, OCHl €CeNTepAl MLICmIyJi Xocmapiay
JKOHE JKY3€ere achlpy;

Ilocne ycnmemHOro 3aBeplIeHHMsI Kypca
o0yyarommuecsi 0yayT

- HaxXoauTh, 0000IIaTh W aHATU3UPOBATH
uH(pOopMaIIKIo 00 aNTOPUTMAax MapaieIbHOTO
MIpOrpaMMHUPOBAHUS U YCIOBUAX  HX
NPUMEHEHHUS, TMJIAHUPOBaTh XOA pPabOTHl H
MyTH JTOCTHKEHUS MTOCTaBJICHHBIX 1EJICH;

- BBIIENATH MpPU aHAJIU3€ aJrOPUTMOB U
YCJIOBHH MX TPUMEHEHUS 3a]1a4H, TPEOYIOIINe
MPUMEHEHUS Pa3TUYHBIX METOI0B
pacnapayiyieTMBaHus, MJIAHUPOBATH u
peanu30BbIBATh pPEIICHHE JaHHBIX 3ajady,
HCIIONB3YS 00IEeCHCTEMHEIS cCpencTBa
MpPOrpaMMHOTO HA3HAUYE€HHUs] M  CPEJCTBa

MHUKPOIPOILIECCOPHOIN TEXHUKU;

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;
- process data arrays, filter and correct input values;
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- aKMmapatThl CaH/IBIK OHJCY/Il )KY3€ere achlpaThlH
HETI3T1 aIrOpUTMIEP/Ii KOJIAaHY;

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

- OpTaK pecypcTapAbl OpTaK THaijanaHy
omicTepiH, OarmapiaManayabl, MeXaHU3MJIEPiH
TaHJIay/Ibl KY3€re achIpy.

- TPUMEHSTh  OCHOBHBIC  QJITOPUTMBI,
peanu3yomnue YUCJICHHYIO 00paboTKy
uHpOpMaLNK;

- oOpabaTbiBaTh ~ MacCHUBBI  JIaHHBIX,

OCYILECTBIIATh (PHIBTPALIMI0 M KOPPEKIIHIO
BBOJIMMBIX 3HAUCHHUIA,
- OCYILIECTBIATH
pOTrpaMMHUPOBaHHE,
pazziesieHus: 00X PECYPCOB.

BBIOOP METOJIOB,

MCXaHU3MOB

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

Kypcmuiy kbickawa mazmynst / Kpamrkoe cooepicanue Kypca/ Course summary

[Mapannenusm. [lapannenusmre keTyaiH HETi3ri
KOJIIApbl, KONIPOIECCOPIBIK XyHenepai Oemy
NPUHIUI,  KOMIpoleccopiapFa  apHalFaH
Kyhenep KJIacTapsl, CUMMETPHSIITBIK
MyJIbTUIIpOLIECCOpIap, Oip  Mesruime  Kell
arpIHIBUIBIK.  JKOFapbl  OHIMII — ecemTeyep.
Ecenreynepai  keneniery — TYCIHINT — MeH
MEXaHM3Mi, KO SIPOJbI MPOLECCOPIapAbIH
KOHCTPYKIHMACHI, KON SAPOJBI MpoIeccopiapaa
ONapIblH THUIMII  OpBIHAANYbIHA  AapHAIFaH
Oarmapramanapra KOMBUIATBIH TaJlanTap, yKaJIibl
MakcaTTaFbl ecenTey yaeTKimTepi. «Onepanarap
— amanjgap» rpaduriHii TYCIHIINT MEH MoHi,

[Tapannenusm. OCHOBHEBIE CII0COOBI
JOCTIKCHUS rapajienn3ma, MIPUHLIMAIT
pa3ieieHusT MHOTOINPOILIECCOPHBIX  CHUCTEM,
KJIACChl CHUCTEM JUISI MYJIBbTHUIIPOLIECCOPOB,
CHUMMETPUYHBIE MYJIbTUIIPOLIECCOPHI,
OJHOBpPEMEHHAs MHOT'OIIOTOKOBOCTb.
Bricokonpon3BoAUTENbHBIE BBIYHCJICHUS.
ITonsaTue 5 MEXaHH3M YCKOpPEHUS
BBIYMCIICHUM, KOHCTPYKIMS MHOTOSIAEPHBIX
MIPOLIECCOPBI, TPEOOBAHUS K MpoTrpaMmam JUis
170.¢ 3¢ (HeKTUBHOTO BBIIIOJIHEHUS Ha
MHOTOSIIEPHBIX  MPOLIECCOPAX, YCKOPUTEIN
BBIUMCJICHHI 0011ero HasHaueHus. [lonarue u

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

ecenTi  mapajuienb  IIeNly  YaKbITBIHBIH | CYIIHOCTh rpada "omepanmsl — omeparmu', | algorithm. Methods for designing and developing
TOYeJILIIT, napasuiesbIi QITOPUTMHIH | 3aBUCMMOCTh ~ BpeMeHH  mapasuiensHoro | parallel computing mechanisms. Resources, flows,
OpbIHIANy —yakeiThl. [lapamnenbni  ecenrey | pemieHus — 3agadd, Bpems  BbimonHenus | and issues of their interaction. Thread interaction
MeXaHMU3MJICPiH Ko0anay jKOHE OHJEY OMICTepi. | mapauieIbHOTOo aIrOpUTMA. Meronasr | and control algorithms. Technologies for the
Pecypcrap, arbiHIap KoHE OJapiAblH 63apa | IPOeKTUpOBaHU U pa3padorku mexanusmon | development of parallel programs. OpenMP
opekerTecy Macenenepi. JKinTepaiH —e3apa | mapajiebHBIX — BBIYMCIICHHIMA. Pecypcsr, | directives. parallel directives. Iterations and
opekeTTecyi JkoHe Oackapy airopuTMAepi. | HOTOKHM, M BONPOCH HMX B3auMMojeHcTBus. | operations in OpenMP.

[Tapamnensai Oarmapiamanapabl o3ipney | BzaumopeiicTBe TMOTOKOB H  alTOPUTMBI

texHojorusuiapel.  OpenMP  nupekTuBanapsl. | ynpaBieHus.  TeXHONOTMH  pa3pabOTKH
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napajuienpi  JAUPEKTHUBATIAP.
UTepaLusIIap MEH oreparusiap.

OpenMP-neri

napajulebHBIX ~ TporpamMm.  JIUpEeKTHBBI
OpenMP. [lupextuBnl parallel. Utepanun n
onepauuu B OpenMP.

ITocmpexsusummepi / [locmpexeusumeut/ Postrequisites

TarputbiMIaMazan ©TY/Il )KOHE TOKTOPIIBIK
JIACCEPTALUSAHBI OPBIHIAYAbl KAMTUTHIH
JOKTOPAHTTBIH YKCIIEPUMEHTTIK-3€PTTEY KYMBICHI

DKcIlepUMeHTaIbHO-UCCIIeJ0BaTeNbCKas paboTa
JIOKTOPAHTa, BKJIIOUYas POX0XKIECHUE CTAKUPOBKH U
BBINOJIHCHHUE TOKTOPCKON JIMCCepTaluU

Experimental and research work of a doctoral
student, including internship and doctoral
thesis fulfilment

bazoapnama scemexuici / Pykosooumens npozpammst/ Programme manager

CamsixoBa O.C.

CansixoBa O.C. |

Salykova O.S.
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