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HOACHUTEJIBHASA 3AIIMCKA
esu u 3axa4u y4eOHOM AMCHUTIIHHBI

Heanb yuyeOHOH TUCHUNIIMHBI — CO3/IaHKEe 0a3bl ISl OCBOCHUS OCHOBHBIX HIEH
M METOJIOB  COBPEMEHHOM  MEXaHMKM M  MAaTeMaTUKH,  MOATrOTOBKa
BBICOKOKBATM(DHITMPOBAHHBIX CTEIIHAIMCTOB, CIIOCOOHBIX CTaBUTh M PEIIATh 3aJaun
U3 pa3IMYHbIX 00JacTell Hayku H TEXHUKU. DOpMUpPOBAHHE YCTAaHOBKM Ha
TBOPYECKYIO TMPO(PECCHOHATBHYIO JEATEIBHOCTh; pa3BUTHE MPOGECCHOHATHLHOTO
MBIIJICHUS, KOTOpoe obecneymsio Obl OyAylieMy CIHEHUaIUuCTy BO3MOKHOCTh
CBOOOJHO OIEepupoBaTh MNPO(HECCUOHATBHBIMU 3HAHUSAMH, BUACTH NPOOJIEMBI U
ONTUMAJIbHBIE TTYTH UX PEIICHUS B CAMOCTOSITEIbHOU MPAKTUUECKOU EATEIbHOCTH.

3agaum yueOHOM QM CIUIIUHbI:

— O3HAKOMIJICHHC MAruCTpaHTOB C OCHOBHBIMH MCTOAaMHM M COBPCMCHHBIMHU
I/IH(bOpMaI_[HOHHLIMI/I TCXHOJIOTHAMHU MATCMATHYCCKOI'O MOACIMPOBAHUA OJIS PCIICHUA
IMPHUKIAIHBIX 3aga49 MaTCMATUUCCKOI'O ITPOrpaMMHUPOBAHNA U OIITUMU3AIINHU,

— CI)OpMI/IpOBaHI/IC HABBIKOB PCHICHHA IIPUKIIAJHBIX 3ada4 € HCIIOJIb30BAHUEM
MOI[CHCﬁ Pa3pCKCHHOIO MATPUIHOI'O aHAJIM3a, MATEMATHUYCCKOTO ITPOrpaMMHUPOBAHUA
H OIITUMU3allNH,

— HUCIIOJIb30BAHHUC KOMIIJICKCHOI'O IMoAX0Ad K aHaJIN3y METOA0OB U COBPEMCHHBIX
I/IHCI)OpMaI_[I/IOHHBIX TEXHOJIOTUH MaTeMaTHYECKOI'O MOJACIUPOBAHHA OJII PCHICHHA
IMPHUKIIaAHBIX 3aaa4 pa3pCKCHHOI'O MATPUIHOI'O U CETECBOI'O aHAJIN3a U OIITUMH3AlHH.

— MOJIEJIMPOBAHUE TMIPOLIECCOB OLEHKA IOTOKOB B HWHTEJUICKTYaJbHbBIX
TPAHCIOPTHBIX CHUCTEMAX, QITOPUTMBI JEKOMIIO3ULUA PA3PEKEHHBIX CHUCTEM
JMHENHBIX alreOpandyecKux YpaBHEHUN U UX MPUIIOKEHUS B TOTOKOBBIX MOJIEIISIX.

MecTo yuyeOHOH AMCHUILIMHBI B CHUCTEME TMOJTOTOBKH CIEIUAIUCTa C
yTITyOJIGHHBIM BBICIIMM 00pa3oBaHUEM (MarucTpa).

Jucnumuaa «Advanced mathematical modelling» mocesiena usydenuo
MaTeMAaTHYECKUX TOAX0I0B, METOIOB, BHIYUCIMTEIBHBIX aITOPUTMOB U TEXHOJIOTHIA
KOHCTPYKTUBHOM TEOPHH IEKOMIIO3UIIMK i1 pa3pabOTKM YHCIEHHBIX METOO0B
pa3peXCHHOT0 MATPUYHOIO aHalW3a IS YCTAHOBJECHHS IOJIHON HAOJII0IaeMOCTH
ceTeid OOJIBIION Pa3MEPHOCTH, MAaTEeMaTHYECKHMM MOJENISAM 3ajad  JIMHCHHOU
ONTHMM3AIMK C HETOYHBIMH JaHHBIMH, pa3pabOTKe MOIb30BATEILCKUX IPOrPaMM B
cucteMe Wolfram Mathematica, oCHOBaHHBIX HA OCHOBHBIX ITOJOXKEHUAX
MaTEMAaTHYECKOTO MOAEIHUPOBAHMUS [JIs PEIIEHNS HAYYHBIX U MPAKTHUYECKUX 3a/1a4;

VueOHas UCHUILUTUHA OTHOCHTCA K Moayiro «Mathematical modelling in
Engineering» KoMIoOHEHTa yUpEx)ACHUSA 00pa30BaHUSL.

VYyeOHast mporpaMMa COCTaBJIEHAa C YYETOM MEXIIPEAMETHBIX CBS3eM U
nporpamm 1o nuctmminaam: «Partial differential equationsy, «Integral transforms and
complex variable functions» «Continuum mechanics» u «Mechanics of advanced
materialsy.



TpeOoBaHUs K KOMIIETEHUUSIM
OcBoenue yueOnoit aucuuminabl «Advanced mathematical modelling» nomxHo
obecnieunTh (HOPMUPOBAHUE CIEIYIONICH CIeHATU3UPOBAHHON KOMIIETEHMU:

SC. Use devices, equipment, tools and equipment to achieve experimental
verification of the result, the goals set for the problems to be solved in modern
experimental mechanics.

B pesynapraTe ocBoeHuMs ydeOHOUM mucruruimHbl «Advanced mathematical
modelling» MarucTpaHT JOJKEH:

3HATb.!

— mpoOJIeMaTHKy COCTABIICHUS CETEBBIX MOJCICH H ITOCTAHOBKH 3ajad
MaTEeMaTHYECKOTO IPOTpPaMMHUPOBaHUS;

— MpoOJEeMAaTUKy COCTaBJICHHS aJITOPUTMOB PEIICHUs TNPUKIAIHBIX 3a1ad
MaTEMaTHYECKOTO TMPOTPAMMHUPOBAHUS C HCIOJB30BAHUEM CETEBBIX MOJCNEH U
COBPEMEHHBIX TEXHOJIOTHUI CO3/IaHUS UX YUCIICHHBIX METOJIOB,;

yMeTb:

— COCTABJIATh AJITOPUTMBI JUIS PEIICHUS Pa3pEKCHHBIX CHCTEM JIMHCHHBIX
aIreOpanvecKnX ypaBHEHUH, OIMCHIBAIOIINX OCHOBHBIC OTIPAaHUYCHHS CETEBBIX
MoOJIeJICH 3aJlad MaTeMaTHYECKOTO MTPOrpaMMHUPOBAHHS;

— TIOJyYaTh aHAJUTHYCCKUE M UYHCJICHHBIC PEIICHUS CHCTEM JIMHCHHBIX
aJIreOpanvecKux ypaBHEHUH I Pa3IMUHbIX THIIOB Pa3pe)KCHHOCTH CETEBBIX 3aJ1a4 U
IIPOBOJIUTH aHAJIHU3 TTOTYYCHHBIX PE3yJIbTATOB,;

— TIPOBOJIUTH aHAJHM3 MOJYYCHHBIX PE3yJIbTATOB MPU PEIICHUU JTHHEWHBIX U
HEJIMHEWHBIX 3a/1ad MaTeMaTHICCKOT0 MPOrPaMMHUPOBAHUS C HETOUYHBIMH BXOTHBIMU
TaHHBIMU;

UMeTh HABBIK:

— MOAXOJIaMH K PEIICHHI0 3a7ad MaTeMaTHYeCKOr0 MpPOrpaMMHUPOBAHUS H
ONTUMU3AIMU OOJIBIIION PAa3MEPHOCTH

CrpykTypa yueOHOM 1M CHUTIIUHBI

Juctnumuimaa u3ydaercss B 3 cemecTpe. Bcero Ha wu3ydeHue ydeOHOMH
mucuuruinHbl «Advanced mathematical modelling» orBenero:

— JUIs OYHOM (OpPMBI TMOY4YEHUsI YIIIyOJIeHHOTO BhIciiero oOpaszoBanus: 90
4acoB, B TOM umciie 306 ayauTOpHBIX dYaca, W3 HHUX: JIEKIUH (B TOM YHCIE
JTUCTAaHIIMOHHO) — 18 wacoB, 1abopaTtopHbIe (B TOM YUCIE TUCTAHITMOHHO) — 18 "acos.

TpynoeMKoCcTh yueOHOM TUCITUTIIIMHBI COCTABIISAET 3 3a4ETHBIC €AMHUIIBI.

dopma IMPOMEKYTOUYHOU aTTECTALIUU — 3aYeT.



SYLLABUS

Chapter 1. The sensor location problem of estimating flow on the
unobserved part of a bidirectional network

Theme 1.1 The problem of minimizing the size of a set of monitored nodes
Strategies for identifying the location of special programmable devices (sensors) in the
nodes a bidirectional network. Collecting, processing, analyzing information about the
flow function. NP - complete problem of minimizing the set of monitored nodes.

Theme 1.2 Modeling the unmonitored part of the bidirectional graph

Modeling the linear system of the unmonitored part of the bidirectional network.
Unique solution. Optimal solutions. Methods and technologies of decomposition
flows. Algorithms and technologies for constructing analytical and numerical solutions
in the sensor location problem.

Theme 1.3 Problem of constructing the fully monitored network.

Suboptimal solutions for a bidirectional graph. Constructing the fully monitored
network. Development of new approaches, strategies, technologies and algorithms for
a fully monitored network.

Theme 1.4 Implementation of numerical methods for establishing full network
observability

Conditions for the effective applicability of exact methods for solving the flow
estimation problem on the unobservable part of a bidirectional network.
Implementation of algorithmic, structural and technological solutions for problem of
constructing the fully monitored network with using the system Wolfram Mathematica

Chapter 2. Sparse matrix analysis and technologies

Theme 2.1 General solution for the network part of the underdetermined
sparse system of linear algebraic equations

Underdetermined sparse systems of linear algebraic equations a special type with
a large sparse submatrix with the embedded network structure. Distinguishing between
the network part of the system and additional part. Finding the correspondence between
the columns of a basis minor and a family of spanning trees for the network part of the
system. Technology compute a basis of a solution space (characteristic vectors) of the
corresponding homogeneous system. Construction of a general solution for the
network part of the underdetermined sparse system.

Theme 2.2 Decomposition of the underdetermined sparse system of linear
algebraic equations

Performing column decomposition of the system by separating the variables
according to the sets of the arcs of the basis for the network part of the system, cyclic
arcs and non-basis/non-cyclic arcs. Efficient algorithms for constructing basis graphs,
basis spatial solutions, and particular solutions with using rooted trees. Implementation
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in the system Wolfram Mathematica the methods of decomposition of the
underdetermined sparse systems of linear algebraic equations.

Theme 2.3 Technologies for solution of large linear systems with embedded
network structure in the sensors location problem

Construction of a general solution for the network part of the underdetermined
sparse system with using algorithmic graph theory. Efficient algorithms and
technology for computing the basis of the solution space. Implementation of
algorithmic, structural and technological solutions of sparse systems with using the
computer algebra system Wolfram Mathematica.

Chapter 3. Mathematical models of linear optimization problems with
Inaccurate data

Theme 3.1. Modeling the optimal parameters of the objective function

Mathematical models of linear optimization problems in finite-dimensional
spaces. Feasible solution. Mathematical models of inverse problems in accordance with
the selected norm. Modeling the optimal values parameters of the objective function
Formation of new coefficients of the objective function for which the given feasible
solution is optimal. Models, methods, algorithms and technologies for solving inverse
problems of changing the parameters of the objective function with using the computer
modeling system Wolfram Mathematica.

Theme 3.2. Modeling the parameters of lower and upper bounds

Mathematical models of inverse linear optimization problems for modeling the
parameters of lower and upper bounds in accordance with the chosen norm, Partially
feasible solution. Feasible solution. Modeling the parameters of lower and upper
bounds. Models, methods, algorithms and technologies for solving inverse problems
of changing the parameters of the lower and upper bounds with using the computer
modeling system Wolfram Mathematica.



YYEBHO-METOJUYECKASI KAPTA YUYEBHOM JUCHOUIIJINHBI

OuHas opma MoJTyueHHsI BBICIIIET0 00pa30BaHKsI ¢ IPUMEHCHUEM JIUCTAaHIIMOHHBIX 00pa3oBaTebHbIX TexHonorui (JJOT)
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1 | The sensor location problem of estimating flow on the unobserved | 8 8
part of a bidirectional network
1.1 | The problem of minimizing the size of a set of monitored nodes 2 2 Bormpochr TUTST
CaMOIIPOBEPKHU,
YCTHBIN o11poc,
pemicHue 3ajad,
OTYET 110
nabopatopHou
pabote
1.2 | Modeling the unmonitored part of the bidirectional graph 2 2 Bomnpocst LTS
CaMOIIPOBEPKH,
YCTHBIN o1poc,
pEmIcHUC 3ajgay,
OTYET 10
nabopaTopHOU
pabote
1.3 | Problem of constructing the fully monitored network. 2 2 Bormpocer TUTST
CaMOIIPOBEPKHU,




YCTHBIN o1poc,
pelleHne  3anad,

OTUYET 110
nabopaTopHOn
pabote
1.4 | Implementation of numerical methods for establishing full network Bompockt VISt
observability CaMOIIPOBEPKH,
YCTHBIN o1poc,
peUICHNC 3ajgay,
OTYECT 10
nabopaTtopHon
pabote
2 | Sparse matrix analysis and technologies
2.1 | General solution for the network part of the underdetermined sparse Bormpochr TUTST
system of linear algebraic equations CaMOIIPOBEPKH,
YCTHBIN o1poc,
peuieHue 3ajad,
OTYCT 110
nabopaTtopHon
pabore
2.2 | Decomposition of the underdetermined sparse system of linear Bomnpocst VISt
algebraic equations CaMOIIPOBEPKH,
YCTHBIN o11poc,
pelreHue 3aj1ad4,
OTYCT 110
nabopaTtopHon
pabore
2.3 | Technologies for solution of large linear systems with embedded Bomnpocst VISt
network structure in the sensors location problem CaMOIIPOBEPKH,
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YCTHBIN o1poc,
pelleHne  3anad,

OTUYET 110
nabopaTopHOn
pabote
3 | Mathematical models of linear optimization problems with 4 4
Inaccurate data

3.1 | Modeling the optimal parameters of the objective function 2 2 Bompockt VISt
CaMOIIPOBEPKH,
YCTHBIN o1mpoc,
peuicHuc 3aJa4,
OTUYET 110
nabopaTtopHon
pabote

3.2 | Modeling the parameters of lower and upper bounds 2 2 Bormpochr TUTST
CaMOIIPOBEPKH,
YCTHBIN o1poc,
peuieHue 3ajad,
OTYCT 110
nabopaTtopHon
pabore

HToro 18 18




NHOOPMAIMOHHO-METOANYECKAS YACTD

OcHoBHasl iuTEpaTypa

1. Gabasov R., Kirillova F.M. Linear programming methods. Part 3. Special
problems. — M.: URSS, 2018. — 368 p.

2. Pilipchuk. L. A. Sparse Linear Systems and Their Applications. — Minsk:
BSU, 2013. - 235 p.

3. Ahuja, R.K. Network Flows: Theory, Algorithms, and Applications / R.K.
Ahuja, T.L.Magnanti, J.B. Orlin. — New Jersey: Prentice Hall, 1993. — 864 p.

4. Linear optimization problems with inaccurate data / M. Fiedler, J. Nedoma, J.
Ramik [etc.], — M.: URSS, 2008. — 286 p.

JlonoJiHUTeIbHASA JINTEPATypa

5. Pissanetski S. Sparse matrix technology. — M.: Mir, 1988. — 416 p.

6. Pilipchuk. L.A., German O.V, Pilipchuk. A.S. The general solutions of sparse
systems with rectangular matrices in the problem of sensors optimal location in the
nodes of a generalized graph/ L. A. Pilipchuk, O. V. German, A. S. Pilipchuk // Vestnik
BSU. 2015. Ser. 1. Fizika. Matematika. Informatika. No. 2. P. 91-96.

7. Pilipchuk, L.A. Sparse linear systems: theory of decomposition, methods,
technology, applications and implementation in Wolfram Mathematica / L.A.
Pilipchuk, A.S. Pilipchuk // American Institute of Physics. AIP Conf. Proc. Vol. 1690,
060006 (2015); doi: 10.1063/1.4936744. 9 p.

8. Jensen P.A,, Barnes J.W. Network flow programming. Join Wiley and Sons,
Inc.New York, 1980.

Ilepeyenb pekOMeHyeMbIX CPEACTB AMATHOCTHKH
U MeToAuKA (OPMUPOBAHNUS UTOTOBOM OTMETKHU

OOBEKTOM [IMAarHOCTUKM KOMIIETEHLUMH MAaruCTpaHTOB SIBJISIOTCS 3HAHMUA,
YMEHHMsI, IMOJIydeHHblE HMH B pe3yJbTaTe HW3Y4YeHHs Y4eOHOM JTUCIUIUIMHBL
BrisiBneHre y4eOHbIX JOCTHKEHHM MarucTpaHTOB OCYLIECTBIISETCS C IOMOILBIO
MEpPOIPUATHNA TEKYILErO KOHTPOJIS ¥ IPOMEKYTOUHOM aTTECTALIMH.

Jlnarnoctuka pe3ysbTaToB YYeOHOH AeaTeIbHOCTH 1o nuctmiumHe «Advanced
mathematical modelling» npoBoauTcs, Kak MpaBUIO0, BO BPeMs ay TMTOPHBIX 3aHSATHIA.
JIJ1s1 IMarHOCTUKY UCITIOJIb3YFOTCS:

- BOIIPOCHI ISl CAMOIIPOBEPKHU;

- YCTHBIN OIIPOC;

- OTYETHI MO JJA0OPATOPHBIM paboTaM;

- penieHue 3ajau.

OTMeTKa 3a OTBETHI Ha JIEKUUAX (OMpOC) U Ja0OPATOPHBIX 3aHATUSX BKIIOYAET
B ce0sl MOJTHOTY OTBETA, HAJTMYUE apTYMEHTOB, IPUMEPOB U3 MPAKTHKHU.

KouTponbHble MeponpuaTHs MPOBOAATCS B COOTBETCTBUM C  y4eOHO-
METOJIMYECKON KapTOW TUCUUILIAHBI.
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JUis  MarucTpaHTOB, HPONYCTUBIIMX KOHTPOJbHBIE MEPONPUATUS WIH
MOJIyYMBIIMX HEYJOBIECTBOPUTENBHYIO OTMETKY, PELIEHNE O TOBTOPHOM IIPOBENCHUH
KOHTPOJIBHOTO MEPOIPUATUS BBIHOCHTCS B COOTBETCTBUM ¢ IlojoxkeHuem o
PEUTUHIOBOM CHCTEME OLEHKH 3HAaHWW O00YyYarolMXcs MO Y4eOHOW NHUCLUMIUIMHE B
benopycckoM rocy1apcTBEHHOM YHUBEPCHUTETE.

®opmoii  MPOMEXKYTOYHOH  arrecTanuu 1o auciuiuimae  «Advanced
mathematical modelling» yueOHbIM TTAHOM TTPETyCMOTpEH 3a4eT.

Jnsa  ¢opMmupoBaHMsT HUTOrOBOM OTMETKM IO Y4YEOHOH JHUCLUIUIMHE
UCIIOJIb3YETCSI MOJIyJIbHO-PEUTHUHIOBAsI CUCTEMA OLICHKM 3HAHUM CTYyJIEHTA, AArolas
BO3MOXXHOCTh NPOCJIEIUTh M OLEHUTh AMHAMHKY Ipoliecca JOCTHUKEHUS Iiesel
oOyueHus. PeillTuHroBass cucreMa NpPEeIyCMATPUBAET MCIIOJIB30BAHME BECOBBIX
KO3 (UIMEHTOB JJIs TEKYILIEH U MPOMEXYTOUHON aTTECTAllMU CTYIEHTOB 10 y4eOHOU
JTUCLUIINHE.

@OopMUPOBAaHUE HTOrOBOM OTMETKA B XOJ€ NPOBEICHUA KOHTPOJbHBIX
MEpONPUATHA TEKylled aTTecTauuu (MpUMEpPHbIE BECOBBbIE KOI(PPUIIMEHTHI,
ONpENENSIONME BKJIAJ TEKylled arTecTalud B OTMETKY MpU IPOXOKJIECHUU
IIPOMEKYTOUHOMN aTTECTALINH):

- OTBETHI HA YCTHBIN ompoc — 10 %;

- pemenue 3aaa4 — 20 %;

— oT4eT 1o JaboparopHoit padote — 70 %.

HrtoroBas oTMeTKa MO IUCLUMIUIMHE PACCUUTHIBAETCS HAa OCHOBE HTOTOBOM
OTMETKHM TEKYIIeW aTTecTanuu (PEHTUHTOBOM CHCTEMBbI OIEHKH 3HaHuil) - 40% u
AK3aMEHAIIMOHHON oTMETKH - 60%.

IIpuMepHbIN nepedYeHb J1a00pPaTOPHBIX 3AHATHHI

Theme 1.1. The problem of minimizing the size of the set of monitored nodes
in the sensor location problem (2 u.)

dopMa KOHTPOJIE —OTYET M0 JJabopaTopHOii padoTe.

Theme 1.2. Modeling the unmonitored part in the bidirectional graphs (2 4.)
dopma KOHTPOJISI — OTUET M0 J1abopaToOpHOM padoTe.

Theme 1.3. Problem of constructing the fully monitored network (2 u.)
dopma KOHTPOJISI — OTUET IO JTabopaTOpPHOM padoTe.

Theme 1.4. Implementation of numerical methods for establishing full network
observability (2 4.)

dopMa KOHTpPOJISE — OTUET 10 JIabopaToOpHOU paboTe.

Theme 2.1. General solution for the network part of the underdetermined sparse
system of linear algebraic equations (2 4.)
dopma KOHTPOJISI — OTUET IO JTabopaTOpHOM padoTe.
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Theme 2.2. Decomposition of the underdetermined sparse system of linear
algebraic equations (2 4.)
dopma KOHTPOJISI — OTUET M0 J1abopaTOpHOM padoTe.

Theme 2.3. Technologies for solution of large linear systems with embedded
network structure in the sensor location problem (2 u.)
dopma KOHTPOJISI — OTUET IO JTabopaTOpHOM padoTe.

Theme 3.1. Modeling the optimal parameters of the objective function in linear
mathematical models of optimization problems with inaccurate data (2 4.)
dopma KOHTPOJISI — OTUET IO JTabopaTOpHOM padoTe.

Theme 3.2. Modeling the parameters of lower and upper bounds in mathematical
models with inaccurate data (2 4.)
dopma KOHTPOJISI — OTUET IO J1abopaToOpHOM padoTe.

Onucanne HHHOBAIIMOHHBIX MO/X0/I0B M METOA0B K MPENnoIaBaHUI0
Y4eOHOM TUCHUIIIMHBI

IIpu opranuzanuu 00pa30BATEIBHOIO IPOLECCAa HCIONb3YETCd NPAKTHKO-
OPHEHTHPOBAHHBIN MOJXO0/, KOTOPBIN MTPEANOIAraeT:
— OCBOCHHE COJIEp’KaHUs 00pa30BaHUs Yepe3 PEeIIEHUS IPAKTUYECKUX 3a/1a4;
— MpUOOpETeHHWE HAaBBIKOB 3(PPEKTUBHOTO BBHIIOJHEHHS Pa3HBIX BHJIOB
npohecCuOHaANBHOM NeSTENbHOCTH;
— MWCHOJB30BAHME  MPOLEAyp, CHOcOOOB  OIEHUBAaHUA,  (PUKCUPYIOIIUX
bopmupoBaHre MPOPECCUOHATBHBIX KOMITETEHIIUH.

MeToanuyeckue peKOMEHAAUMH M0 OPTraHU3ALMH CAMOCTOATEIbHOMI
padoThI 00yYAOLIUXCS

1. CamocrosiTesibHasA padoTa B npouecce padoThl € JJUTEPATYPOH.

ITpocMOTpUTE KOHCIIEKT cpasy mocJie 3aHsaTuid. [loMeTbTe MaTepuan KOHCIIEKTa
JIEKIUH, KOTOPBINA BBI3bIBAET 3aTPYAHECHHUS 1JIsI IOHUMAHUA.

[TonbITaliTech HAaUTU OTBETHl HAa 3aTPYAHUTEIBHBIE BONPOCHI, HCIIOIB3YS
npeiaraeMyro JUTepaTypy.

Ecnu camoctositensHO HE y1aI0Ch pa3o0paThCsi B MaTepuaie, ChopMyITupynuTe
BOIIPOCHI M OOpaTUTECh Ha OJIMKAKNIIIEH JTEKINH 32 TIOMOIIBIO K MPEToAaBaTeNo.

Kaxnyro Heneno peKkOMEHIyeTCs OTBOAUTH BpeMs Uil MOBTOPEHHS
MPOMICHHOTO MaTepHalia, MPOBEPsIsi CBOU 3HAHUS, YMEHUSI K HABBIKU MO0 KOHTPOJIbHBIM
BOIIPOCaM.

2. CamocTosiTeIbHAs padoTa M0 COCTABJIEHUIO KOHCIIEKTA.

1. Cobepute nuteparypy no teme. M3ydure TOT UCTOUYHUK, TJI€ OHA U3JI0KEHA
HanOoJIee TOJIHO U Ha COBPEMEHHOM YpPOBHE.

2. Tlo 5TOMy MCTOYHHMKY COCTaBbTE MOJPOOHBIN IJIaH ¢ YKa3aHUEM CTpPAHUI]
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KHHUTY, OTHOCSAIIMXCS K ONPEIEICHHOMY MyHKTY IJIaHa.

3. U3yuute npyrue MCTOYHMKHU. Ecim B HUX BCTpEYaeTCss MaTepHall MO yXKe
UMEIOIIEMYCsl IyHKTY IUUIaHa, 3alHIINTE B TUIAHE W HOBBIM MCTOYHUK C YKa3aHHEM
ctpanull. Eciau e B JpyroM HMCTOYHHMKE MaTepHall PAaCKpPbIBAET TEMYy C APYrou
CTOPOHBI, T0OABHTE €IIIe MyHKT MJIaHa.

4. TlpoaHanmu3upoBaB BCIO JUTEPATYPYy, COOPAHHYIO MO TE€ME, Bl IMOIYYUTE
OKOHYATENbHBIM IUIaH, MO0 KOTOPOMY MOXKHO MHCaTh KOHCHEKT, OOBEAUHSAS IO
MyHKTaM MaTepuai U3 pa3HbIX UCTOUYHUKOB.

5. OTpenakTupyiTe COCTaBICHHbBI BAMU KOHCIIEKT, BHUMATEIBHO MPOYTUTE €TO
U TOAyMaiTe: - YAOBIETBOPSIET JM Bac €ro OOMMHA TIJIaH; - XOPOILIO JH
BOCIIPUHUMAETCSI CMBICJIOBAsI, JIOTMUECKasi CBA3b MEXKIY OTICIbHBIMHU DJIEMEHTAMU
COJIEp KaHMs; - yIa4yHO JIU UCTIOJIb30BAHbI ITUTATHI, MPABUIIBHO JIM YCTAHOBIICHA CBSI3b
MEXIy 000poTamMu peud U (ppa3amu; - BEpHO JIM MOCTABIICHBI 3HAKU MPENUHAHUS B
LUTaTaX.

3. IToaroroBka Kk J1IalOPATOPHBIM 3aHATUAM

Ha3nauenune mabopaTOpHbIX 3aHATUM - yrayosleHue W mnpopadoTka
TEOPETUYECKOTO MaTeprajla MpeaMeTa IIyTEM pEeryJsipHOM W IUIAHOMEPHOU
CaMOCTOATENbHOM  pabdOThl  CTYAEHTOB HA  MPOTSHKEHUHM  BCEro  Kypca.
HenocpencreenHoe mnpoBeeHue J1a0OpATOPHOTO 3aHATHS MPEANOJIAraeT: pPelieHue
3aJlady W yOpaxHEeHUWW 1o oOpaslly; TMpOBEACHUE aHaliu3a pPe3yJIbTaToB;
CUCTEMAaTH3alMI0 MaTepralla ¥ IIOJrOoTOBKa OTYETa O MPOBEACHHOM padoTe.

Hucmpyxkyua:

W3yuynte HOpMAaTUBHBIE JOKYMEHTBI, OOS3aTEIbHYI0O U JONOJHUTEIIBbHYIO
JUTEPATYPY 10 paCCMaTPUBAEMOMY BOIIPOCY.

IPOYTUTE KOHCHIEKT JIEKLUHU IO TEME.

BaumaTenbHO U3yunTe MOPSAIOK BHITIOJHEHUS WHIUBUY AIbHON TIPAKTUYECKON
paboThI WK aITOPUTM, MPEACTABICHHBIN MPENOIABATEIEM.

4. IToaroroBKa K 3a4eTy

BHuMmaTenbHO MpouMTaiiTe MaTepual IO KOHCIEKTY, COCTaBJIEHHOMY Ha
y4eOHOM 3aHSITUH.

[IpounTaiiTe TOT k€ MaTepuai Mo y4eOHUKY, yueOHOMY MTOCOOUIO.

[TocTapaiitech pa300paThCs C HEMOHATHBIMH, B YACTHOCTH HOBBIMHU TEPMUHAMMU.
YacTto He3HAHHWE TEPMHUHOJIOTHMU MEIIAET BOCHPUHUMATh MAaTepuaj Ha 3aHATHUIX Ha
JIOJDKHOM YPOBHE.

OTBeTbTE HA KOHTPOJIBHBIE BOMNPOCHI JUISI CaMOIIPOBEPKH, HMEIOIIUECS B
y4eOHHKE.

Kpatko nepeckaxute copepx aHue H3y4eHHOTIO MaTeprala «CBOMMU CIIOBAMM.

3ayunre «paboumne onpeeIeHNus» OCHOBHBIX MOHATUMN, 3aKOHOB.

OcCBOMB TEOpETUYECKUN MaTepual, MPECTYNMalTe K BBIMNOJHEHHUIO 3aJlaHHMH,
YIOPKHEHU; pEHICHUIO 3a/1a4, paCYy€TOB MO0 UHIUBUIYaIbHBIM 3aIaHUSM U T.JI.
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IIpuMepHBIN NIepeYeHb BONMPOCOB K 3a4eTy

1. Strategies for identifying the location of special programmable devices
(sensors) in the nodes a bidirectional network.

2. Collecting, processing, analyzing information about the flow
function.Torsion of circular elastic bars: angle-of-twist and shear stresses calculation.
3. NP - complete problem of minimizing the set of monitored nodes.

4. Modeling the linear system of the unmonitored part of the bidirectional
network.

5. Methods and technologies of decomposition flows.

6.  Algorithms and technologies for constructing analytical solutions in the
sensor location problem.

7. Algorithms and technologies for constructing the numerical solutions in
the sensor location problem.

8. Optimal solutions in the sensor location problem.
Q. Suboptimal solutions for a bidirectional graph in the sensor location
problem.

10.  Constructing the fully monitored network.

11.  Development of new approaches, strategies, technologies and algorithms
for a fully monitored network.

12.  Conditions for the effective applicability of exact methods for solving the
flow estimation problem on the unobservable part of a bidirectional network.

13. Implementation of algorithmic, structural and technological solutions for
problem of constructing the fully monitored network with using the system Wolfram
Mathematica.

14. Technology compute a basis of a solution space (characteristic vectors) of
the corresponding homogeneous system.

15. Construction of a general solution for the network part of the
underdetermined sparse system.

16.  Decomposition of the underdetermined sparse system of linear algebraic
equations

17. Technologies for solution of large linear systems with embedded network
structure in the sensors location problem.

18.  Mathematical models of linear optimization problems with inaccurate
data

19.  Modeling the optimal parameters of the objective function.

20.  Modeling the parameters of lower and upper bounds.
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MPOTOKOJI COIJIACOBAHUS YYEBHOM ITPOT'PAMMBI YO

Ha3zBanue Ha3zBanue [Ipennoxenus: 00
OUCHMIUTUHBL,  C | Kadeapsl M3MEHEHUSX B
KOTOpOM coJiepKaHUU yUeOHOU
Tpedyercs IIPOrpamMMBl 110
COrJJacOBaHUE n3y4aeMoi yueOHon
JTUCUUTITNHE

Pemenue,
MIPUHSTOE
Kadeapon,
pa3zpaboTaBiieit
y4eOHYI0
porpaMmy (c
yKa3aHWeM JIaHbI
u HOMeEpa
MIPOTOKOJIA)

JlucuuruinHa HeE
TpedyeT
COTJIaCOBAHUSI

3aBenyromuil kadeapoi TeOpeTUIeCKon n
MPUKIATHON MEXaHUKH

I-p $huz.-mat. HayK,

npodeccop

20 1.
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JOINOJHEHUSA U I/I3M]ZLHEHI/I$I K YYEBHOM IMPOT'PAMME
1O U3YYAEMOHU YYEBHOU JUCIHUILIJIMHE
Ha / yueOHbIi roj

NoNe JloMOJIHEHHST 1 N3BMEHEHUS OcHoBaHue
T

VYyebHas nporpamMmma nepecMoTpeHa U 0100peHa Ha 3aceaHuu Kadeapsl
(mpoTokoa Ne oT 202 r.)

3aBenyrommii kadeapon

YTBEPXIAIO
Jlexan ¢akynbrera
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