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1. Discipline aim. The objective of the course «Variational algorithms in problems of continuum
mechanics» is to provide PhD students the basic techniques of formulation and solving problems of
mathematical physics, and, in particular, problems of mechanics of continuum media. It will be
shown how to transfer from the initial problem statement to the mathematical model, which can be
studied by computer methods. The advantages of this approach will be shown by the applied
problems of oscillations of liquid with a free surface.

Meta qucoumiaian Meroro kypey «Variational algorithms in problems of continuum mechanics» e
O3HAWOMJICHHSI AacCMipaHTIB 3 OCHOBHUMH TIIpuiioMamMu (OpMYIIIOBaHHS 1 pO3B’sI3aHHS 3a/1ad
nateMaTnuHO1 (Di3UKH 1, 30KpeMa, 3aJa4 MEXaHIKH CYIILHOTO cepeloBUIa. bye moka3aHo sk BiJ
MMOYAaTKOBOT TIOCTAHOBKM MOJKHA TEPEHTH 10 MaTeMaTUYHOI MOJENi, Ky MOXXHa IOCITIIKYBaTH
KOMIT'I0TepHUMH 3acobamu. [lepeBaru Takoro minxoay OyayTh moka3aHi Ha MPUKIANaX Xagad Mpo
KOJIMBAHHS PiJINHU 3 BUTLHOIO TTOBEPXHEIO

2. Preliminary demands to master or choice of the course discipline

a.  Know: basic notions and methods of classical mechanics, continuum mechanics, mathematical
physics and variational calculus as well as potentials of computer methods;

b. Be able to: state correctly mathematical problems with different types of boundary conditions,
analyze the physical meaning of main mathematical relations and the obtained solution.

ITonepenni BUMoOru 10 onanyBaHHsi 200 BUOOPY HABYAJIBHOI AUCHHUILIIHHU:

a. 3uamu: OCHOBHI TIOHSATTSA 1 METOAM KJIACUYHOI MEXaHIKM, MEXaHIKH CYIIJIBHUX CEPEIOBHIII,
MaTeMaTH4HOI (Pi3UKH 1 BapiallifHOTO YMCIEHHS, a TAKOXX MOYKJIMBOCTI KOMII'FOTEPHUX METO/IIB

b. Bwmimu: KOpPeKTHO CTaBUTH MaTeMaTW4Hi 3aJa4i 3 PI3HUMH TUIAMH TPAaHUYHHX YMOB,
aHamizyBaTh (pi3MYHE 3HAYCHHS OCHOBHUX MAaTeMaTHYHUX CHIBBIJHOIIEHb 1 OJepKaHUX
pe3yJbTarTiB.

3. Synopsis of the course:

The course «Variational algorithms in problems of continuum mechanics» is the discipline from the
list of the student free choice. It provides the professional development of the student and is aimed
to form the skills of application of the general techniques for modeling of the coupled thermo-
electromechanical processes in materials and structural members under forced vibrations in the
vicinity of resonance.

AHoOTAaIil HABYAJILHOI JUCIUITIHA:

Huctmmutina «Variational algorithms in problems of continuum mechanics» mamexuts 10
NepeiKy AMCUUILIIH BiIbHOTO BHOOpY. BoHa 3a0e3nedye mpodeciiiHuii po3BUTOK, COIPSIMOBaHA Ha
dhopmMyBaHHS HaBUYOK JUIsI 3aCTOCYBaHHS OCHOBHHMX MIiAXOIB 10 MOOYTOBH MOJEIEH Ha OCHOBI
BapiallifHUX METO/MIB TOCTAHOBKM 1 P3B’SA3aHHS MNPUKIAAHUX 33]a4 MEXaHIKU CYIUILHOTO
CEpeIOBHUIIIA.

4. Objectives of study:

to obtain knowledge, skills and the modern level of competences in the statement and solving of the
problems of continuum mechanics by variational technique according to the PhD qualification level.
In particular, to develop skills in the analysis of correctness of the statement of problems of
mathematical physics, construction of the simplified mathematical models suitable for
computational analysis of the system behavior.

3aBnaHHs (HABYAJIBbHI 1iJTi):
oJiepKaTH 3HAHHS, BMIHHS Ta HaBWYKHA (KOMIIETEHTHOCTI) Ha Cy4aCHOMY pIiBHI B IOCTaHOBII 1
pPO3B’sI3aHHI 33a/]a4 MEXaHIKU CYIITbHUX CEPEeIOBHUII Ha OCHOBI BapialliiHUX METOJIB BiIMOBITHO
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HAYKOBO-OCBITHBOT KBamidikamii «Jlokrop ¢inocodii». 3okpema, po3BUBATH: 3AaTHICTh aHATI3yBaTH
KOPEKTHICTh TOCTAaHOBOK 3aJlad MaTeMaTWyHOi (i3uKH, MOOYIOBH CHPOIICHUX MaTeMaTHIHHUX
MOJIeJIeH MPUIATHUX JIJIsT KOMIT FOTEPHOTO aHaIi3y MOBEAIHKA CUCTEMH.

5. Results of learning / Pe3yabTaTH HABYaHHS 32 AUCHHILTIHOIO:

Pe3yabrat HaBuanus (PH) ®opmu (Ta/a60 MeToan OLiHIOBAHHS| .
. A . . N Bincotoxk y
(1. 3uaru; 2. BMiTH; 3. KOMYHikauisi; 4. aBTOHOMHICTH Ta MeTOIH i Ta NOPOrOBUI HiICYMKOBIi
BiIMOBIiTAJBHICTH) TEXHOJIOT i) KpuTepii ll:) yiH i3
BUKJIAJTAHHA i ouiHIOBaHH (32 fuH
Kog Pe3yabTaTr HAaBYaHHA R . JUCHUILTIHU
HAaBYaHHA HeOﬁXlIlHOCTl)
To know: Basic statements of variational principles of
mechanics for problem statements and variational
PH 1.1 S . . .
principles of mathematical physics for construction of
applied models of continuum mechanics. 20%
To know: Criteria for analysis of correctness of Review defense,
PH 1.2 | mathematical statements of the boundary value Lectures exam, active
problems. Individuayl participation in
To know: Main ideas of the variational methods of work lectures, oral
PH 1.3 | mathematical physics applicable for problems of answers, tutorial
continuum mechanics. exercises
To know: General criteria for selection of the system of 20%
coordinate functions for the use of variational methods
PH 1.4 . A .
of mathematical physics in different geometrical
domains. .
To know specific features of the free boundary Review defense
PH2.1 | problems, their manifestation by the exam[;e of Lectures exam. active ' 20%
oscillations of a liquid with a free surface. Lt A
— Tutorials, participation in
To be able to formulate general principles of Individual | |
construction of a simplified model of finite dimension navicua ectures, ora
PH 2.2 . . . L work answers, tutorial 20%
capable of studying the main properties of the initial .
. exercises
continuum system.
To be able to formulate the problem of the combined
PH 2.3 | motion of the structure with a liquid with a free 5%
surface.
PH3.1 | Validate the own approach to the problem, discuss with
colleagues the aspects of the model developing and 506
simulation of a dynamical system containing liquid .
. Tutorials,
with a free surface, prepare the report individual Review defense
PH4.1 Demonstration of the authority, innovativeness, high
L . . work
level of self-determination, academic and professional
virtue, consistent devotion to the development of new 506
ideas or processes in progressive contexts in the frame
of professional and scientific activity
PH4.2 | Demonstrate responsibility towards the work, incur a
I . 5%
liability of the quality of work

6. Correspondense between learning results and program study results / CniBBigHomeHnHs
pe3yJbTaTiB HABYAHHSA AUCHHUILIIHH i3 IPOrpaMHMMM Pe3y/IbTATAMH HABYAHHS

[porpamHui pe3yabTaTn
HABYaHHS

Pe3y.111>TaTn HaBYaHHA

JTUCHUILTIHHA

PH11

PH1.2
PH 13
PH14

PH21
PH 2.2
PH 2.3
PH 3.1

PH4.1

PH 4.2

(3 onucy ocgimuboi npozpamu,)

ITPH-6. Gain the knowledge, skills and the modern level

of competences in solving problems in the use of | +

variational approaches in continuum mechanics that

+ |+ |+

+ |+ |+ |+

+
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correspond to the PhD qualification level; develop the
skills to apply theoretical and practical basics to study
problems of continuum mechanics by both analytical
and computational methods.

7. Cxema ¢opmyBanns ouinku / The scheme of formation of evaluation.
7.1. ®opMu omiHIOBaHHS 3100yBaviB OCBiTHHO-HaykoBoro crymensi / Form of evaluation of
competitors:
- OI[iHIOBAHHS BNPOIOBK HaBYAIBLHOTO mepioay / evaluation during a studying period:
1. Akmuena poboma na nexyii, ycui eionosi | active work on lections, verbal response : PH1.1,
PH1.2, PH1.3, PH1.4- 10 6aumig (points)/6 6amxu (poiints);
2. Bukxonanms 3aedamv, sunecenux Ha camocmitny pobomy | execution of tasks given for
independent work: PH2.1, PH2.2 — 10 6anis(poiints)/6 6amu(poiints);
3. Pepepam, 3axucm peghepamy | Abstract, abstract defence: PH1.1, PH1.2, PH2.1, PH2.2 — 40
oani(poiints)/24 camu(poiints);
- mizcymkoBe ouniHoBanHus / total evaluation: exsamen / exam.
- MakcumanvHa Kitbkicms 6anie siki modxcyms 6ymu ompumani | maximal number of points : 40
Oais;
- pesyrbmamu HasuanHs ki 6yoymo oyinrosamucs/ results of studying subject for evaluation:
PH1.1, PH1.2, PH1.3, PH1.4;
- ¢hopma nposedenns i suou saeédans | foem of implementation and variants of tasks: ycuo-
nucemoBa ¢opma / verbal / writing.

Jns 3m00yBaviB OCBITHHO-HAYKOBOTO CTYIEHS, SIKI HaOpaJli CyMapHO MEHIITy KUTbKICTh OajtiB HIK
KpumuuHo-po3paxyrxosuti minivym — 20 oanie Iyt ofepKaHHsl ICTIUTY 3a PIlIeHHsIM Kadepy He TOITyCTHTH
70 CKJIA[aHHs iICIIUTY 13 PEKOMEHIALIIEIO 3/1aTH KOHTPOJIbHI POOOTH Ta 3aXUCTUTHU IMPOEKT O MOBTOPHOTO
CKJIAJIAHHS ICTIUTY.

For competitors of the educational / scientific degree, who score lesser points in total than the critical-
estimated level, i.e., 20 points for participating in the exam it is necessary not to admit participation in the
exam according to the decision of the department with recommendation to pass testing works and project
defense before the exam retake.

PexomennoBanmii Minimym / recommended minimum is — 36 6atis (points).

7.2. Oprani3zanis ouinroBanns / Organization of the evaluation:

OOOB’SI3KOBUM € BHKOHAHHS 3aBIaHb, BHHECCHMX Ha CAMOCTIHHY poOOTYy, Ta MOIYJILHHUX
KOHTPOJIbHUX POOiT 3a rpadikoM podoUoi mporpamu.

Task performance, included into individual worl amd the module checkong woek according to
schedular of the working prohram are obligatory.

VY yactuny 1 Bxomats Temu 1 - 4, y yactuny 2 — temu 5 — 8. OOOB’SI3KOBUM JUIsl €K3aMEHY €
BUKOHAHHS YCIX KOHTPOJILHUX POOIT Ta 3aXMCT MPOEKTY JI0 BKA3aHOI BUKJIA/IAueM JaTH, Iepe OYaTKoOM
eK3aMeHalliiiHol cecii, 3riHO HaBYAIBHOrO IUTaHy. lleperucyBaHHS YM TIEPECKIAJaHHA TeM HE
NPAKTUKYEThCS. JI03BOMAETHCS 371a4a OKPEMHX 3aBIAHb MOMYJIBHHX TEM Yy MPOMDKKAX MDK HaIMCaHHSIM
MOJIYJIBHUX KOHTPOJBHUX POOIT (HapuKiIaj, Tepiia TeMa 37a€ThCsl 10 37a4i HACTYIMHOI MOJIYJIBHOI
KOHTPOJTBHOT pOOOTH Y OYyIb-sIKHIA 3py9IHHI 7151 BUKJIa1aua Ta 37100yBaya Jac).

Part 1 includes themes 1 — 4, Part 2 includes themens 5 — 8. For exam it is obligatory to perform all
testing works and paa the project defense before the date indicated by lecturer before the beginning of the
examination session accotding to the academic plan. Rewriting and retaking of the defence of themes is not
practiced. Passing of separate tasks of module themes is possible between writing module checking works
(for example, the first theme is passed before passing of the next modele checking work in an arbitrary and
convenient for lecturer and student time).
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Tepminu npoBenenns ¢popm ouninroBanns / Terms of performing of evaluation forms:

1. 3axucm pegpepamy | defense of the abstract: oo 10-eo0 musicns nasuanvrnoeo nepiooy I until
the 10-th week of the studying period.

VY BumaaKy BIICYTHOCTI 3 TMOBOKHUX TMPUYMH BIINPAIFOBAHHS Ta Iepe3/iavi KOHTPOJILHI poOOTH
3MIHCHIOIOTHCS Y BiOBITHOCTI 110 «I [0JIO’KEHHS PO OpraHi3aliito OCBITHBOTO MPOLIECY.

In the case of the absence because of the serious reason working out and repassing of testing works
are done according to the “Statement on educational process organization”.

7.3. IlIkana signoBimHocTi ominok / Grading scale

Binminno / Excellent 90-100
Hoope / Good 75-89
3agosiabHo / Satisfactory 60-74
Heszagosinbuo / Fail 0-59

IIpu BU3HAYeHi OLIHKM BH3HAYAJIbHOK € podoTa B cemecTpi. [licis 3aBepiieHHsT PO3TIISALY
TEM MPOBOSTHCS TUCHMOBI KOHTPOJIbHI pOOOTH Ta TEOPETUYHE ONMMUTYBAHHS.

For determination of the evaluation the work during semester is decisive. After completion
of considering themes testing works and theoretical survey are done.
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8. STRUCTURE OF THE DISCIPLINE. THEMATIC PLAN OF LECTURES AND
TUTORIALS (CTPYKTYPA HABYAJIbHOI JUCHUILIIHU. TEMATUYHUN ILIAH
JEKIIIA I MIPAKTUYHUX 3AHSTH)

Lecture title (Ha3Ba Jekiii)

KinnkicTh rognn
Amount of hours

Jlexuii
Lectures

[Tpakr.
Tutorials

CamMmocriiiga
pobora
Individual
work

Part 1 (UacTtuna 1). «BapianiiiHa mocTaHOBKa OCHOBHUX 3a/1a4 IMHUMIKH

continuum media»

KOHTHHYaJbHHX cepexoBuum / «Variational statement of main problems of dynamics of

1

Tema 1. Beryn. Konnernist po3ainenss pyxis. CydacHi
CXEMH BHKOPHCTAaHHS BapialliifHUX MiIX0AiB 10
MIpUKJIaIHUX 3a7a4.

Theme 1. Introduction. The concept of motion
separation. Modern scheme of the use of the variational
approach in applied problems.

Camocmitina poboma.

[Tpuknaau pi3HUX THIIIB PO3UICHHS PyXiB

Individual work:

Examples of different types of motion separation.

12

Tema 2. [Tpunnun ["amineToOHA T pI3HUX THITIB
MexaHIyHuX cucTeM. OCHOBHI 171€1 OLIHFOBaHHS
KOPEKTHOCTI ITOCTaHOBOK 3aj1a4. Pi3HuIIS B
BUKOPUCTaHHI KIHEMaTHYHUX 1 IWHAMIYHUX TPAaHUYHHUX
YMOB.

Theme 2. The Hamilton principle for different types of
mechanical systems. General ideas of verification of the
correctness of the problem statement, differences in
operation with kinematical and dynamical boundary
conditions.

Camocmitina poboma.

[HII1 BUM BapialiifHUX TPUHITUIIIB, SKi
BHUKOPHUCTOBYIOTBCSI B MEXaHIII 1 (Hi3HIL.

Individual work:

Other types of variational principles used in mechanics
and physics.

12

Tema 3. BuBig piBHSIHb pyXy 1 TpaHUYHHUX YMOB 3
npuHIuny ['aMiabTOHa Ha MPUKIIAAl KOJIMBAHb MPYKHOT
Oasky.

Theme 3. Derivation of motion equations and boundary
conditions from the Hamilton principle by the example
of oscillations of an elastic beam.

Camocmitina poboma.

[Ipsimuii  Mmeron. ExBiBaJIeHTHICT,  BapialliiHUX
MIPUHITUITIB 1 CUCTEMH 3aKoHIB HploTOHA.

Individual work:

Direct approach. Equivalence of the variational
principles and the system of the Newton laws.

12

Tema 4. OcoOiMBOCTI 3acTOCYBaHHS BapiallifHOTO

2

2

12
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npuHuny [aminpTOHA y BHMAaIKy HEKOHCEPBATHUBHHUX
MEXaHIYHUX CHCTEM.

Theme 4. Specific features of the application of the
Hamilton principle in the case of non-conservative
mechanical systems.

Camocmitina poboma.

Bunanku HEKOPEKTHOI MOCTAaHOBKH T'PAHUYHUX YMOB B
3a/1a4i Mpo KOJUBAHHS OaJIKu.

Individual work:

Cases of the incorrect statement of boundary conditions
for the problem of beam oscillations.

Part 2 (UacTtuna 2). «BapiamiitHi MeToau po3B’si3aHHsI TMHAMIYHHAX 32129 /
«Variational methods of solving of dynamical problems»

Tema 5. 3aranpHa cxema i cnenndika BUKOPUCTAHHS

METOAIB HaWMeHIWX KBazapatiB, Pitma, Penes,

Tpedus.

Theme 5. The general scheme of the use and specific

features of least-square, Ritz, Rayley and Treftz 9 12
methods,

Camocmitina poboma.

Henonikn MeTony HaMEHIIIUX KBaApaTiB.

Individual work:

Defects of the lear-square method. .

Tema 6. 3arasbHa cxemMa BUKOPHCTAaHHS METOAY

l"anepkina 1 MeToiB OJIM3BKUX J0 METOAy | anepkiHB

(ITerpoBa, BeliBIIET, CKIHUEHOTO €IIEMEHTA).

Theme 6. The general scheme of the use of the

Galerkin method, methods close to the Galerkin

method (Petrov. wavelet, finite-element methods). 9 12
Camocmitina poboma.

OcHoBHI ~ BiacTuBOCTI  mpoctopiB  ['1bbepTa,

CHEepPreTUYH1 CKAIAPHUIA J0OYTOK, HOpMa, 301)KHICTb.

Individual work:

General properties of the Hilbert spaces. Energetic

scalar product, norm and convergence.

Tema 7. 3araipHa cxema BHOOPY KOOPIMHATHUX

byHKIIKM 18 peamizamii  BapialliiHUX — METOJIIB

MaTeMaTHuHoi  (i3MKH, JONOMDKHA CIEKTpajbHa

3aJ1ava.

Theme 7. The general scheme of the selection of

coordinate functions for implementation of the

variational methods of mathematical physics, auxiliary 2 2 12
spectral problems.

Camocmitina poboma.

3ajaua mpo MaJli KOJMBAaHHS PIIMHU B pe3epByapi.

Individual work:

The problem about linear oscillations of liquid in a

reservoir/

Tema 8. OcHOBHI 17ei MeTOQy  MOJAIBHOI

nexomno3umii  (BapianT wMetrony KaHTopoBuya). 2 12
CtpykTypa po3B’s3yH040i CHCTEMH PIBHSHb.

Theme 8. General ideas of the modal decomposition
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method (a variant of the Kantorovich method).
Structure of the resolving system of equations.
Camocmitina poboma.

[Mpuknagn  po3B’sA3yl0UMX  CUCTEM  PIBHSAHB 1
nepe0aveHHs BIIACTUBOCTEH CUCTEM.

Individual work:

Examples of the resolving system of equations and
prediction the system properties.

3axucm peghepamy / Review defense . 2

MIACYMOK / TOTAL 18 4 96

Total duration / 3araasnuii 06°em 120 hours, namely:
Lectures/JIekmiii — 18 hours,

Tutorials/ITpakTuuni — 4 hours.
Consultations/Koncynprariii - 2 hours.

Individual work — 96 hours.

9. Recommended sources / PexomenioBaHi xkepena
Main / Ocnoegni:

1. H.A. Kunbsuesckuii, Kypc Teoperndeckoii Mmexanukw, T. 2, Hayka, Mocksa, 1977

2. M.O. KinbueBcokuii, I'.JI. Heuunopenko, JI.M. Illanpma, OCHOBM aHaTITUYHOI MEXaHIKH,
HayxoBa nymka, Kuis, 1975

3. 0O.C. Jlumapuenko, J[>x. Marapanmo, B.B. flcunckuii, JlnHaMuka Bpamaromuxcs KOHCTPYKITAN ¢
JkuakocThio, I'nosuc, Kues, 2002.

4. Limarchenko, O.S., Timokhin, A.P. Specific Features of the Dynamic Behavior of a Straight
Pipeline for Supercritical Velocities of the Flow of Liquid. Journal of Mathematical Sciences
(United States), 2017, 223(3), pp. 293-297

Additional / Jooamkoei:
@.P. N'aatmaxep, Jlekiuu mo ananuTU4Ieckor Mexanuke, Hayka, Mocksa, 1966.
A. ITapc, Ananutnueckas nunamuka, Hayka, Mocksa, 1971.
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