BEJIOPYCCKHI I'OCYJAPCTBEHHBIA YHUBEPCUTET

YTBEPKIAIO

YueOHas nporpamMma yupexkJeHus: 00pa3oBaHus
10 y4eOHOM TUCIMIUTHHE IS CIIEHUAIbHOCTH

1-31 03 02 MexaHnnKa 4 MaTeMaTH4eCKOe MO THPOBaHHE
JuirerynearoB CoBmecTHoro uHCTUTYTa BI'Y 1 [AITY

2024 r.



YuebHas nporpaMma cocrasieHa Ha ocroe OCBO 1-31 03 02-2022 u y4eOHOTro
mana NeG31.1-209/yu-CHUB ] ot 22.03.2022.

COCTABUTEJIN:

H.A. JlokykoBa, noueHT KadeIpbl TEOPETMUECKOM W MPUKIAJHON MEXaHWUKH
MEXaHMKO-MaTEMaTH4eCKOro  (akynbreTa  Benopycckoro  rocyaapcTBEHHOTO
YHUBEPCUTETA, KAHAUAT PU3UKO-MATEMATHIECKHMX HAYK, JOLICHT,

Fang Han, ¥, nouent JlamsHbCKOro MoJTHTEXHHYECKOTO YHHUBEPCHUTETA.

PEIIEH3EHTDI:

10.B. BacuaeBnu, npodeccop Kapeapsl TEOPETHUECKONM MEXAHWKH H MEXaHHUKH
MAaTepUaJIoOB MalIMHOCTPOUTEIBHOIO (haKyIbTeTa Belopycckoro HalHOHAILHOTO
TEXHUYCCKOTrO YHUBEPCUTETA, IOKTOP (PU3MKO-MATEMATHIECKUX HAYK, npodeccop;
B.B. Buasaikun, nupexrop HayuHo-Ipou3BoICTBEHHOIO 06IIECTBA ¢ OrPaHUYEHHON
OTBETCTBEHHOCTBIO ’><<FEOCHHAI\/'IH», KaHIMAaT (U3UKO-MATEMATHYECKUX HayK,
JIOLICHT.

PEKOMEH/IOBAHA K YTBEPKJIEHHUIO:
Kadenpoii Teopetnueckoii u npukIagHoit MeXaHUKH
MEXaHHUKO-MaTeMaTH4eCKoro pakynsrera BI'Y
(mporokos Ne 13 ot 25.06.2024)

Hayuno-meroaudeckum coserom BI'Y
(mpoTokon Ne 9 ot 28.06.2024)

3aBenyromuit kadeapoi V.l M.A. XKypaBkoB




HOACHUTEJIBHASA 3AIIMCKA

AKTyalnbHOCTh ~ HCCIEJOBaHUN OOYyCIIOBJI€HA pa3BUTHEM COBPEMEHHOMN
MPOMBIIJICHHOCTH Ha 0a3€ MPOrPECCUBHBIX HOBBIX TEXHOJOTUM, MO3BOJISIONINX
CO37aBaTh HOBYIO KOHKYPEHTOCIIOCOOHYIO NPOAYKIHUIO O0J€e 3SProHOMHYHYIO,
Oe3omacHy, KoM(popTadeIbHyI0, MEHEE MaTePHATOEMKYI0. PereHne KOHKPETHBIX
WHXXCHEPHBIX 3a7a4 MPOCKTUPOBAHMS OTACIbHBIX KOHCTPYKIIMOHHBIX Y3JIOB,
arperaroB, jaeTtajedl TpeOyeT O0oJiee IIMPOKOTO MCIOJIB30BAHUS JIOCTUKECHUM
byHIaMEHTAIbHBIX €CTECTBEHHBIX HAYK.

Pa3paboTka HOBBIX METOJOB pacueTa W pa3BUTHE TEOPUU KOJEOAHU
MaITUHOCTPOUTENbHBIX KOHCTPYKIMUA M TPAaHCHOPTHOM MOOWIBHOW TEXHUKH Ha
OCHOBE COBPEMEHHBIX TEXHUYECKHMX TpeOOBaHMUM SBISIOTCS BaXHBIMU U
CBOEBpPEMEHHBIMHU (pakTopamMu Juisi co3fiaHus A((OEKTUBHBIX BUOPOU3OIUPYIOIIUX
aMOPTU3aTOPOB MAIIIMH, METOJ0B PACUETHOTO U SKCIEPUMEHTAIIBHOTO UCCIEIOBAHUS
YVIPYTUX 3JIEMEHTOB, CUCTEMHBIX MOJIXOJ0B M METOJIOB MPOCKTUPOBAHUS pabOUUx
MeCT KaOWH, CUJIOBBIX YCTPOMCTB, PYJIEBOrO YIIPaBICHUS.

N3ydaempiii mnpeaMer AUCHUIUIMHBI  MOXET OBITh HCIOJIB30BaH IIPHU
MPOCKTUPOBAHUM HOBBIX BHUJIOB MEPCHEKTUBHBIX CHUCTEM ABTOMOOMJIBLHON TEXHUKH,
MOJIBMXKHOTO COCTaBa PEILCOBOIO TPAHCIIOPTA, CTPOUTEIBHBIX KOHCTPYKIUH.

[IpobGiemaM MoaenMpoBaHuUs B TMHAMUKE MAIlIH, BOJTHOBBIX U BUOPAIIMOHHBIX
MPOIIECCOB B TEXHUKE, SPrOHOMUKH U OMOMEXAHUKH CHUCTEM «YEJIOBEK - MallllHa -
cpena», coslaHusd W (GYHKIUOHUPOBAHUS MaKpOo- U MHUKPOPOOOTOTEXHUYECKHX,
MEXaTPOHHBIX KOMIIJIEKCOB, MOBBIIIICHUSI 0€30MMaCHOCTH MAaIIMH, MAaTEMATUYECKOTO U
(GU3MYECKOT0 MOJCIUPOBAHUS TEPCIEKTUBHBIX KOHCTPYKIIMM, MaTepuaioB U
TEXHOJIOTMM B aBHAllMM, PAKETHOM M aTOMHOM TEXHUKE, CYAOCTPOEHUH, HA3EMHOM
TpaHCIIOpPTE, CTAHKO- M TPUOOPOCTPOCHUM YACNSETCS CEPhe3HOE BHHMAaHUE B
Pecniy6muke benapych, Poccun, B ctpanax 6imkHero u gainbHero 3apyoexps. [1o atum
OCHOBHBIM HalpaBJIeHUSIM (DyHIaMEHTaIbHBIX UCCIICIOBAHUMN PETYJISIPHO MPOBOSATCS
MEKTyHApPOIHbIE CUMITO3UYMBbI C yYaCTHUEM BEAYIIHUX (PUPM U CIICIUAIIMUCTOB B TAHHOM
o0JnacTu.

Pe3koe ycuieHue BIMSHUS MaTeMaTUKM UM MEXAHUKH Ha MPOrPecC HAyKH,
MPOU3BOJICTBA U DKOHOMHUKH, pacHIMpeHue cdepbl MPUMEHEHHUS MaTeMaTHYECKHUX
3HAHUM M YMEHUH yCHJIMBAIOT 3HAYEHHE MOJHOLIEHHOTO 0Opa30BaHUs IJIsi KaXKI0Tro
CTyJI€HTa U TPeOYyIOT JOCTHKCHHUSI BCEMU BBIITYCKHUKAMH TapaHTUPOBAHHOTO YPOBHS
MOJATOTOBKH C UCTIIOJIb30BAaHUEM YCOBEPIIICHCTBOBAHHOM YUEOHOM MPOTpaMMBI.

VYyebnas mporpamma «MexaHuka Kojie0aHU» TpeIHAa3HAYCHA JJIT U3YYCHHS
TEOPUM ¥ OCHOBHBIX THUIOBBIX MPUMEPOB MO KypCy VYINIYOJICHHOTO H3y4CHHUS
MEXaHUKH, MPUOOpPETEHUS HABHIKOB M TPHUEMOB peIIeHUs 3a7ad, (GOpMHUPOBAHUS
YMEHHS aHAJIU3UPOBATh, JIOTMUECKU CTPOUTH paccyxkiaeHue. [IpenHasHauena mis
CTYJICHTOB BBICIIIUX YUCOHBIX 3aBEJICHUI, OCHOBHAS CIIEIIMATLHOCTh KOTOPHIX CBsI3aHA
C MAaTEMaTUKOW U MEXAHUKOMU.

N3ydyeHne  AUCHUIUIMHBI  CIOCOOCTBYeT  (POPMHPOBAHUIO  CUCTEMBI
byHAaMEHTAIbHBIX 3HAHWM, TMO3BOJISIIONIEH CTYIEHTY Hay4YHO aHaJIW3UpPOBATH
npo0iemMbl  ero npodeccuoHaNbHOW 00JacTH, UCIOJIb30BaTh Ha MPAKTHKE
npuoOpeTeHHbIe UM 0a30BbI€ 3HAHUS, CAMOCTOSTEIBLHO — MCIOJIb3Yysl COBPEMEHHBIE
oOpa3zoBarenbHble U HWH(OPMAIMOHHBIE TEXHOJOTMU — OBJAJEeBaTh HOBBIMU
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MIPOTPAMMHBIMU  IIPOAYKTaMHU, C KOTOPBIMH €My TIPUJIETCS CTOJIKHYThCA B
IIPOU3BOJICTBEHHOM Y HAYYHOU JIESITENBHOCTH.

Hesu u 3axa4u y4eOHOM AU CHUTIIUHBI

Heabo y4eOHOW IUCHUIIIMHBI SBISETCA: (OPMHUPOBAHHE Yy CTYICHTOB
COI[MAJIBHBIX 3HAHHWI MO BOMPOCAM MPUMEHEHHS] OCHOBHBIX 3aKOHOB MEXAHUKH, JJIS
pacyera KoJIeOAaHMH MAalIMHOCTPOMUTENBHBIX YCTPOMCTB, TPAHCIIOPTHOW MOOMIBHOU
TEXHUKH,  CTPOUTEIBHBIX  KOHCTPYKIIMW,  TPOCKTHPOBaHUS  d(DPEKTUBHBIX
BUOPOU30JIMPYIONINX aMOPTH3AaTOPOB MAIIMH U annapaToB.

[Ipu wu3ydyeHMH JUCUMILIUHBI BbIPAOATHIBAIOTCS HABBIKA IPAKTUYECKOTO
WCIIOJIb30BaHUsI METOA0B, MPEAHA3HAYEHHBIX ISl MATEMATUYECKOTO MOJICITUPOBAHUS
JBH>)KCHUSI CUCTEM TBEPABIX TEI.

3ajayaMm  JUCHMIUIMHBI  SBJSIIOTCA:  (OpMUpOBaHHE Y  CTYJEHTOB
MPE/ICTABICHUS] O MpEeAMETe MEXaHUKU KoJieOaHUM, BO3ZMOXKHOCTSIX €€ ammapara u
rpaHullax TPUMEHUMOCTH €€ MOJICIICH.

MecTo y4eOHOH OUCUMILIMHBI B CHCTeMe MOATOTOBKM CIEIHAJIUCTA C
BBICIIIUM 00Pa30BaHHEM.

VYuebnas pgucunuminvHa «MexaHuka KojeOaHuW» OTHOCUTCS K MOIYJII0
«IIpuknagHas MEXaHUKa» KOMIOHEHTA YUPEKICHUSI BBICIIIETO 00pa30BaHMUS.

VYyebHasg mnporpaMMa COCTaBJIEHa C YYETOM MEXKIPEIMETHBIX CBSI3ed U
nporpaMMm IO JUCHUIUIMHAM: «Maremarndeckuil aHanusz», «Teopusi GyHKIUH
KOMILJIEKCHOTO TepeMeHHoro», «®dusuka», «JluddepeHnmanbupie ypaBHEHUSY,
«YpaBHEHUA MaTeMaTU4ECKOU bu3uKNY, «TeopeTnueckas MEXaHUKAY,
«AHanuTuyeckas MexaHnka», « COpoTUBIIEHHE MAaT€PUAIOB U OCHOBBI CTPOUTEIIBHOM
MexaHukn», «Teopust ynpyroctu», «MexaHUKa XUIKOCTH U Ta30B», «AIredpay,
«AHanuTuyeckas TEOMETPUSY, «HbopmarimoHHbIH TEXHOJIOTUU u
porpaMMupoBaHuey, «HuciaeHHuele MeTobl. [TakeThl TPUKIIaHBIX IPOrPaAMM.

N3ydenne aucuumiaubabl «MexaHuka KojeOaHUW»  HEOOXOAUMO  JJIst
JNAJbHEUIIeT0 W3YYEHMs] TaKuX JUCHUIUIMH, Kak: «BOJHBI B  KHUIKOCTIX),
«IIpuknagueie 3a7auul MEXaHUKH Je)OpMUpPYEMOTo TBepaoro Ttemnay, «Teopus
TUAPOAMHAMUYECKON YCTOMUNBOCTY, « KOMIIbIOTEpHAsA MEXaHUKA», « bUOMEXaHUKAY,
«IKCIepUMEHTAJIbHAs MEXaHUKay, « Teopust IMIaCTUH U 000JI0UEK).

TpeOoBaHus K KOMIIETEHUMSIM

OcBoeHue yueOHOM TUCIUTIINHBI « MexaHrKa KoJieOaHU T0KHO 00€CTICYUTh
dbopMHpOBaHUE CAEAYIOMNUX KOMIIETEHIIUIA:

CK. IIpoBoaWTh  CpaBHUTENbHBIA  aHAIW3  AKCIHEPUMEHTAIBHBIX U
TEOPETUYECKHUX JTAHHBIX.

B pesynbpTaTe ocBoeHUs y4eOHON JUCITUTUIMHBI CTYICHT JIOJDKEH:

3HATH: OCHOBBI I'OCY/IAPCTBEHHOTO KOMIIOHEHTAa U KOMIIOHEHTa YUPEKIICHHS
BBICIIETO OOpa3zoBaHust Mojayyied «OCHOBBI  yIpaBiICHUS WHTEIUICKTYaIbHOM
COOCTBEHHOCThIO», «OCHOBbI  aHanmm3a», «Duzukay, «duddepenuuanbHbie
ypaBHEeHU», «TeopeTnueckas MexaHuKay, «MexaHuKa CIUIOIIHBIX cpeny, «Anredpa
u reomerpus», «MHPOPMALMOHHBIM TEXHOJOTMM U  MPOTPAMMUPOBAHUEY,
«Hucnennbie MeTOb1. [lakeThl MPUKIIATHBIX TPOTPAMM).

yMeTb: UCIOJb30BaTh MEXIUCUUIUIMHAPHBIE CHUCTEMHBIE CBSI3M HayK,
CaMOCTOSITEIbHO  BBIAEHATh W peumarb  OCHOBHBIE  METOHOJIOTHYECKHE
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€CTECTBEHHOHAYYHBIE TPOOJIEMBI C LIEBIO TTOJYUYEHHSI TOUHBIX PEIICHUH TEXHUUECKUX
3a1ay.

BJA/leTh: BbIOOpOM  HauOoJee AaKTyaJlbHbIX HANpAaBICHUHA  HAay4HbBIX
UCCJIETOBaHM, BO3MOXXHOCTBIO OTIpeIeNICHHs Hanbosiee 1enecoo0pa3Hoil MOCTAaHOBKH
3a]1a4 UCCIEeIOBAaHUIN U HaXOXACHUS WX Hanbosee 3(pPeKTUBHBIX CLIOCOOOB peIICHHS,
CaMOCTOSITENIFHOTO NMPUOOPETEHUS U MCIIOJIb30BAHMS B MIPAKTHUECKON IEATEIbHOCTH
HOBBIX 3HAHUI M YMEHUI, B TOM 4YHCJI€ B HOBBIX O0JIACTSX, HEMOCPEJICTBEHHO HE
CBSI3aHHBIX CO CPEepOi ACATEIBHOCTH.

Crpykrypa y4eOHOM U CHUIINHBI

HuciuruinHa u3ydaetcss B S cemecTpe. Bcero Ha wusyuyeHue ydeOHOM
JTUCHUTUINHBL « MexaHnka KojaeOaHui» 0TBEIEHO:

— JUIs OYHOUM (OpMBI TOyYeHUs! BbICIIero obpaszoBanus: 135 yacoB, B TOM
yucie 90 ayuTOpHBIX YacoB, U3 HUX: JIGKIUU — 54 4aca, 1abopaToOpHbIC 3aHATUS —
32 daca, ympasiseMas cCaMOCTOsITeIbHast paboTa — 4 yaca.

TpynoeMKoCTh y4eOHOM TUCHUIIIIMHBI COCTABISET 3 3a4E€THBIE €IMHUIIBI.

dopMa MPOMEKYTOUHOW aTTECTALIMU — IK3AMEH.



COJEPXKXAHUE YYEBHOI'O MATEPHUAJIA
Paznen 1. Basic concepts.

Tema 1.1. Introduction of Vibration Mechanics.

Chapter 1 is introduction. Introducing vibration mechanics development,
reviewing concepts such as dynamics, so that students are familiar with the
terminology and procedures.

Tema 1.2. Modeling of Single Degree-of-Freedom (SDOF) Systems.

From Chapter 2, the students should understand the working mechanism of basic
components of a mechanical system, such as inertia, stiffness, damping and a source
of work or energy.

Paznen 2. Free oscillations.

Tema 2.1. Free Vibration of Single Degree-of-Freedom (SDOF) Systems.

From this course, the students should master the concepts of vibration modal,
natural frequency, etc., hand on the methods, such as Energy method, Rayleigh method,
etc., and do the vibration analysis of SODF system by hand computation.

Tema 2.2. Single-mass oscillating systems.

From this course, the students should master the principle of virtual work,
understand the mechanic mechanism of several kinds of free vibration, such as
underdamped free vibrations, critically damped free vibrations, overdamped free
vibrations, etc.

Paznen 3. Harmonic Excitation Mechanical Systems.

Tema 3.1. Harmonic Excitation of SDOF Systems.

From this course, the students should understand the concepts and mechanism
of harmonic vibration, master the analysis process of forced harmonic vibration, and
do the vibration analysis of SDOF system by hand computation.

Tema 3.2. Harmonic Excitation of rotary Systems.

From this course, the students should understand the working mechanism of
rotor systems, including rotor unbalance, whirling of rotating shafts, etc., master the
linear analysis process of rotor systems.

Pasnex 4. Transition processes.

Tema 4.1. Harmonic Excitation of SDOF Systems.

From this course, the students should understand the mechanism of energy
dissipated by damping, some vibration isolation methods, and vibration-measuring
instruments for testing.

Tema 4.2. Transient Vibration of SDOF systems.

From chapter 5, the students should understand the concept and mechanism of
transient vibration, master the process and some numerical methods to deal with
transient vibration.

Pa3agen 5. Dynamic transients and oscillations.

Tema 5.1. Concept and mechanism of transient vibration, the process and
some numerical methods to deal with transient vibration.

From chapter 5, the students should understand the concept and mechanism of
transient vibration, master the process and some numerical methods to deal with
transient vibration.

By summarizing and solving the problems of Chapter 2-4, the students can
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understand the concepts and mechanisms more solid and deeply, which can help them
to apply the theories into the engineering problem.
Pa3znen 6. Two Degree-of-Freedom Systems.

Tema 6.1. Study of systems with two degrees of freedom.

From Chapter 6, the students should master the derivation of the equations of
motion for natural frequencies and mode shapes, and harmonic response of two degree-
of-freedom systems. The students can do the modal analysis of two degree of freedom
systems by hand computation.

Pa3nen 7. Modeling of MDOF Systems.

Tema 7.1. Modeling of MDOF Systems.

From Chapter 7, the students should master derivation of differential equations
using the free-body diagram method, Lagrange’s equations, matrix formulation of
differential equations for linear systems, lumped-mass modeling of continuous
systems.

Pa3nen 8. Free Vibration of MDOF Systems.

Tema 8.1. Modelling methods and techniques.

From Chapter 8, the students should master the concept and analysis process of
natural frequencies and mode shapes of different kinds of systems.

Pasnen 9. Forced Vibration of MDOF Systems.

Tema 9.1. Forced Vibration of MDOF Systems.

From Chapter 9, the students should master the harmonic excitations, Laplace
transform solutions and the process of harmonic analysis of complex systems.

Paznen 10. Properties of Vibrating Systems.

Tema 10.1. Properties of Vibrating Systems.

From Chapter 10, the students should understand some of the properties of
vibrating systems, such as flexibility influence coefficients, stiffness influence
coefficients, orthogonality of Eigenvectors, modal matrix, etc.

Pa3nen 11. Finite Element Method in Vibration.

Tema 11.1. Finite Element Method in Vibration.

From Chapter 8, the students should master the concept and analysis process of
natural frequencies and mode shapes of different kinds of systems.

Paznen 12. Summary and Problem Set Solutions of Chapter 6 and 7.

Tema 12.1. Summary and Problem Set Solutions of Chapter 6 and 7.

By summarizing and solving the problems of Chapter 6-11, the students can
understand all the contents and mechanism more solid and deeply, which can help them
to apply the theories into the engineering problem.



YYEBHO-METOJUYECKAS KAPTA YYEBHOM JUCIUTIIUHBI
Ounas dhopma MoTydeHUs BBICIIETO 00pa30BaHUS

< KonnuecTBO ayAMTOPHBIX YaCOB 8
= 1) o ) 8
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1 | Basic concepts
Introduction of Vibration
1.1 Mechanics. 2 2 IKCIPECC-0IPOC
1.2 | Modeling of Single Degree-of- 5 5 )
Freedom (SDOF) Systems. R
2 | Free oscillations.
2.1 | Free Vibration of Single Degree-of- 5 2 oTHeT
Freedom (SDOF) Systems.
2.2 | Single-mass oscillating systems. 2 2 IKCIPECC-0MpPOC
3 Harmonic Excitation Mechanical
Systems.
Harmonic Excitation of SDOF
3.1 4 2 OTYEeT
Systems.
Harmonic Excitation of rotary Npopepra
3.2 Systems. 4 2 HHAMBHAYaIbHbIX
3aJlaHuU
4 | Transition processes.
Harmonic Excitation of SDOF NpoBepia
4.1 Systems. 4 2 HHIWBHyabHBIX
3alaHuU
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Concept and mechanism of transient
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51 vibration, the process and some 4 5 S ——
' numerical methods to deal with N
. . . 3aJaHuHn
transient vibration.
6 |Two Degree-of-Freedom Systems.
6.1 Study of systems with two degrees of 4 5 oTHer
freedom.
7 | Modeling of MDOF Systems.
7.1 | Modeling of MDOF Systems. 4 2 OTYET
8 | Free Vibration of MDOF Systems.
8.1 | Modelling methods and techniques. 4 2 OTYET
9 Forced Vibration of MDOF
Systems.
MIPOBEPKa
9.1 | Forced Vibration of MDOF Systems. 4 2 4 WHIMBH Ty AJTbHBIX
3aJIaHAMN
10 | Properties of Vibrating Systems.
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IIPOBEPKaA
10.1 | Properties of Vibrating Systems. 4 2 WUHIUBUAYATbHBIX
3aJaHul
11 Finite Element Method in
Vibration.
11.1 | Finite Element Method in Vibration. 4 2 OTYET
12 Summary and Problem Set
Solutions of Chapter 6 and 7.
12.1 S:QE; {Z)?e/rag i:dm?t?lem Set Solutions 2 2 KOHTpPOJIbHAs paboTa
Hroro 54 32 4
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NHOOPMAIMOHHO-METOANYECKAS YACTD

OcHoBHasl iuTEepaTypa

1. Thomson, William Tyrrell. Theory of Vibration with Applications / William
Tyrrell Thomson, Marie Dillon Dahleh. - 5" ed. - [London] : Pearson, 1997 - 544 c.

2. Kelly, S. Graham. Mechanical Vibrations: Theory and Applications / S.
Graham Kelly. - [Boston : Cengage Learning, 2012]. - 672 c.

3. uenckuit B.A. Teopernueckas MexaHUKa: YIYCOHHUK JIJIsi CTYJIEHTOB BBICIITHUX
yqe6HBIX SaBG,HeHPIﬁ, 06yqa101111/1xc;1 1o HaIIpaBJICHUIO IIOATOTOBKU
"[Mpuknannas mexanuka" / B.A. JlueBckuii. - M3n. 6-e, crep. - Cankr-IletepOypr;
Mocksa; Kpacuonap: Jlans, 2023. - 346 c. - URL.: https://e.lanbook.com/book/238736.

4. Vibration and Damping in Distributed Systems. Vol. 2 : WKB and Wave
Metods, Visualization and Experimentation. - Boca Raton [et al.] : CRC Press, 1993. -
367 c. - (Studies in Advanced Mathematics).

5. Random Vibrations and Reliability: Proceedings of the IUTAM Symposium,
held at Frankfurt/Oder (GDR) from October 31 to November 6, 1982 / ed. by Klaus
Hennig ; Institute of Mechanics of the Academy of Sciences of the German Democratic
Republic. - Berlin : Akademie-Verlag, 1983. - 367 c.

JlonoiHUTEIbHAS JIUTEepaTypa

1. Anmomu, I'. T. AnanuTtudeckas fMHAMUKA W TEOpUs KojieOaHWH: yueOHOoe
OCOOME JIsI CTYJIEHTOB M aCIIUPAHTOB MAITUHOCTPOUTEIBHBIX U (PU3UKO-TEXHUUECKUX
By30B / I'.T. Annommn. - Cankt-IletepOypr; Mocksa; Kpacunonap: Jlans, 2023. - 253
c. - URL.: https://reader.lanbook.com/book/213161#1.

2. Tapr, C. M. KpaTkuii Kypc TeOpeTHUECKO MEXaHUKHU: Y4eO. aJsi BTy30B /
C.M. Tapr. — M.: Beiciu. mkoa, 2010. — 416 c.

3. lemBmibckuii, B. JI. Teopernyeckas MexaHWKa: yUYEOHHK IS CTYJACHTOB
BbIcIIMX y4deOHbIX 3aBenenuii / B.JI. IpBunbsckuii. - U3a. 5-e, mepepab. u mom. -
Mockaa: Kypc: NHOPA-M, 2020. - 368 c. - URL:
https://znanium.com/catalog/document?id=427285.

IlepeyeHb pekoOMeHIyeMbIX CPEACTB AMATHOCTHKHU U MeTOAUKA (GopMHUpPOBaAHMS
HUTOTOBOM OTMETKH

Jlnarnoctrka pe3yJibTaToB y4eOHOU AeSITeIbHOCTH 10 JUCHUIUINHE «MexaHuka
KOJIeOaHMI» TPOBOAUTCS, KaK MPaBWIO, BO BpeMsl ayJUTOPHBIX 3aHATHi. s
JMArHOCTUKH UCIOJB3YIOTCS:

- IpOBEpKa OTYETOB MO MPAKTUYECKUM paboTam;

- MIPOBEPKa MHANBUIYATBHBIX 33/ IaHHH;

- JKCIPECC-ONPOC HAa Ay JUTOPHBIX 3aHATHUSAX;

- KOHTpOJIbHAA paboTa.

OTMeTka 3a OTBETHl Ha JEKIMSAX (ONPOC) U BBHINOJIHEHUWE OTYETOB MO
IPaKTHUECKUM paboTaM BKIIOYAeT B ce0si MOJHOTY OTBETA, HAJIMYHE apryMEHTOB,
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IPUMEPOB U3 MPAKTUKU. KOHTPOJIbHBIE MEPONPUSITHS IPOBOJASITCSI B COOTBETCTBUU C
y4e0HO-METOINYECKON KapTOU JUCIUILTUHBI.

®opMOM  MPOMEXKYTOUHOM  arTrecTaiMd No JaucuuiuimHe «MexaHuka
KoJIe0aHu y4eOHBIM IIJIAHOM MPETYyCMOTPEH IK3aMeEH.

JI71s1 CTYyI€HTOB, PO CTUBIIUX KOHTPOJIbHBIE MEPONIPUATHS WIH MOTYUUBITUX
HEY/IOBJIETBOPUTEIIBHYI0O ~ OTMETKY, pElIEHWEe O IMOBTOPHOM  IPOBEIECHUU
KOHTPOJIbHOTO MEPOIPUATUS BBIHOCHTCS B COOTBETCTBUM C IlojoxxkeHuem o
PEUTHUHTOBOM CHCTEME OLEHKM 3HAaHWM OOydYarommxcs 1Mo y4eOHOM JUCHUIUIMHE B
benopycckoM rocy1apcTBEHHOM YHUBEPCUTETE.

Jist  dopMHpOBaHMS MUTOTOBOM OTMETKM 1O Y4YEOHOW  JUCHUILIUHE
UCIIOJIb3YETCs] MOAYJIbHO-PEHTHUHIOBAsT CUCTEMa OLIEHKH 3HAHWM CTYJIeHTa, Jarolas
BO3MOYKHOCTb IIPOCIEAUTh W OLEHUTh IJUHAMHUKY IIpolecca JOCTHKEHUS Lelen
oOyueHusi. PeiliTuHTrOBast cucTemMa MpeaycMaTPUBAET MCIOJIB30BaHUE BECOBBIX
KO3((PUIIMEHTOB [T TEKYILIEH U TPOMEKYTOUYHOM aTTeCTally CTYIEHTOB 110 Y4EeOHOU
JTUCLUTUINHE.

®opMHUpPOBaHUE HUTOTOBOM OTMETKM B XOJA€ TMPOBEACHUS KOHTPOJIBHBIX
MEpONPUATHA TEKyLed aTTecTauuu (MpUMEpPHbIE BECOBBbIE KOI(PPUIIMEHTHI,
ONMpENENSIONME BKJIAJ TEKylIed arTecTaldd B OTMETKY MpU IPOXOKJIECHUU
IIPOMEKYTOUHOMN aTTECTALINH):

— OTYETHI 10 MpakTrueckuM padotam — 10 %;

— MpOBEpKa UHANBUIYaNbHbIX 3aaanuil — 30 %;

— KOHTpoJIbHast pabota — 60%.

Ntorosas oTmeTka MO IHUCHUIUIMHE PACCUUTHIBAETCS HA OCHOBE HTOTOBOM
OTMETKHU TEKYIEeW aTTecTaluu (PEHTUHTOBOW CUCTEMBI OIleHKM 3HaHui) — 40 % u
sK3aMeHaIMoHHoM oTMeTkH — 60 %.

IIprMepHbIN NepevYeHb 3aJaHUH AJIS YIIPABJIAEMON CAMOCTOATEILHOU
pPadoTHI CTYICHTOB

Tema 9.1. Forced Vibration of MDOF Systems.
From Chapter 9, the students should master the harmonic excitations, Laplace
transform solutions and the process of harmonic analysis of complex systems.
[Mpunnmn JanamGepa aiisa pacuéTa MHOTORJIEMEHTHON MEXaHUYECKOW CHCTEMBI.
VYcnoBust paBHoBecusi. CHIIBI yNPYTOCTH, CHJIBI COTPOTUBIICHUS, JAeMI(UPYIOIIIE
CUJIbl, BHCIIHUC I'apMOHHUYCCKUC AKTUBHBIC CHIIBI. OcHoBHOE YPaBHCHUC JUHAMUKMU.
OOmuii 1aH peneHnuss MHOTOKOMIIOHCHTHOM 3aJ1aui JUHAMUKHU.
3amanue 1. Wcnome3ys mpuniun [lamamOepa coCTaBUTh WIECTh YpaBHEHUU
BBIHYKJICHHBIX KOJICOAHUI COCTaBHOM MAIIMHOCTPOUTEILHON KOHCTPYKIIMH C YUETOM
CHJI TPCHHUS U MTOJyYUTh €€ pelleH st onepaTopHbiM MeToaoM Jlamnaca. (44)
Dopma konmpoJisi — IPOBEPKA UHINBULYJTBHOTO 3a1aHUS.

IIpumepHasi TemaTuKa JJA0OPATOPHBIX 3aAHATHI

Pa3nen 1. Basic concepts.
Tema 1.1. Introduction of Vibration Mechanics.
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Tema 1.2. Modeling of Single Degree-of-Freedom (SDOF) Systems.
Pa3nen 2. Free oscillations.
Tema 2.1. Free Vibration of Single Degree-of-Freedom (SDOF) Systems.
Tema 2.2. Single-mass oscillating systems.
Pa3znen 3. Harmonic Excitation Mechanical Systems.
Tema 3.1. Harmonic Excitation of SDOF Systems.
Tema 3.2. Harmonic Excitation of rotary Systems.
Pa3nen 4. Transition processes.
Tema 4.1. Harmonic Excitation of SDOF Systems.
Tema 4.2. Transient Vibration of SDOF systems.
Pa3gen 5. Dynamic transients and oscillations.
Tema 5.1. Concept and mechanism of transient vibration, the process and some
numerical methods to deal with transient vibration.

Paznen 6. Two Degree-of-Freedom Systems.

Tema 6.1. Study of systems with two degrees of freedom.
Pa3nen 7. Modeling of MDOF Systems.

Tema 7.1. Modeling of MDOF Systems.

Pa3nen 8. Free Vibration of MDOF Systems.
Tema 8.1. Modelling methods and techniques.

Pa3nen 9. Forced Vibration of MDOF Systems.

Tema 9.1. Forced Vibration of MDOF Systems.

Paznen 10. Properties of Vibrating Systems.
Tema 10.1. Properties of Vibrating Systems.

Paznen 11. Finite Element Method in Vibration.

Tema 11.1. Finite Element Method in Vibration.
Paznen 12. Summary and Problem Set Solutions of Chapter 6 and 7.
Tema 12.1. Summary and Problem Set Solutions of Chapter 6 and 7.

Onucanne HHHOBAIIMOHHBIX MOJIX010B ¥ METO/I0B K MPENoAaBaAHUI0
Y4eOHOM TUCUMIIIMHBI

[Ipu opramm3anuu 00pa3oBaTEIBLHOTO TPOIECCAa HCIONB3YETCS HPAKMUKO-
OpUEHMUPOBGAHHBLI NOOX00, KOTOPBIA MPEAIIOJIAracT:

— OCBOCHHE COfiepKaHre 00pa30BaHMs Yepe3 PEIICHHs IPAKTUISCKUX 3a71aY;

— mnpuoOpeTeHre HABBHIKOB J(G(EKTUBHOTO BBHITIOJHEHUS pPAa3HBIX BHUOB
npoecCuoHaNBEHOM NS TETbHOCTH;

— HCIONB30BaHUE TMPOIEAYp, CIOCOOOB OIEHWBAaHMS, (DUKCUPYIOIIUX
dhopmupoBaHue MpohecCHOHATBHBIX KOMIICTSHITHM.

MeToauyeckue peKOMeHAAIUN 110 OPraHU3aANHU
CaAMOCTOSITE/IbHOM PadoThI 00yYAOLIIUXCS

[Ipu n3yyeHuu yueOHON TUCHUIUIIMHBI OPTaHU3aUsl CAMOCTOSITENIbHOU pabOThI
CTYJIEHTOB JOJKHA MPECTABISATh €MHCTBO TPEX B3aUMOCBSI3aHHBIX (OpM:

13



1) BHEay TUTOpHAsI CAMOCTOSTENIbHAS paboTa;

2) ayAMTOpPHAs CaMOCTOSITeNIbHAS paboTa, KOTOpas OCYMIECTBISICTCS IO
HETMOCPEACTBEHHBIM PYKOBOJICTBOM MPEMO/1aBaTENS;

3) TBOpUECKasi, B TOM YHCIIC HAyYHO-HCCIIEI0BaTEIbCKas padora.

Ha nexuuoHHBIX 3aHATHUSAX TO JUCHUIIIMHE «Mexanuka KosaeOaHmin»
PEKOMEHAYETCS] KOHTPOJIUPOBATh YCBOCHUE YyUEOHOTO MaTepuaia CTYJAEHTOB MyTeM
MIPOBEICHMS DKCIIPECC-OMPOCOB IO TeMaM JIUCHUILIMHBEL. [Ipm 3TOM HEOOXO0aUMO
(buKCUpOBAaTh BHUMAHHUE HA UCTIOJIH30BAHUE N3YUCHHBIX XapAKTEPUCTUK HAJICHKHOCTH,
3aKOHOB UX PACHPEIEICHUS U COOTBETCTBYIOIIUX MOJIEIIEH.

Ha mpaktuyeckux 3aHATHSIX 10 JaucuuiuiiHe «MexaHuka KosieOaHui»
PEKOMEHJIyeTCsl TNPUMEHSATh BapUaTUBHbIC WHAMBUAYaJIbHbIE, B TOM 4YHUCJE
UCCJIeIOBATEeNbCKUE, 3aJlaHusd IS CTYJIEHTOB JJisi TPUOOPETEHUS] HABHIKOB
CaMOCTOSITEJILHOTO PELICHUS IPAKTUYECKUX 3a/1a4.

B cuny pa3nuuHOro ypoBHSI TOTOBHOCTH CTYJEHTOB K BOCIPHUSTHIO HOBBIX
MOHATUM Ha MPAKTUUECKUX 3aHATHUSAX MO JUCIUIUIMHE PEKOMEHIYETCS MPOBOJUTH
pEeryJIIpHbIE CaMOCTOSITEbHBIE PabOThl M TPU HEOOXOJUMOCTH MPOBOAUTH
JIOTIOJIHUTENIbHBIE KOHCYJIbTAIlUU JJIsl OOBSCHEHUS U 3aKPEIUICHUS CJIO0XKHOTO
Marepuana.

VYcaoBus 1151 caMOCTOSITENIBHON pabOThI CTYJEHTOB, B YACTHOCTH, JIJISl Pa3BUTHS
HaBBIKOB CAMOKOHTPOJIS, CIOCOOCTBYIONIUX MHTEHCU(UKAIIMKU y4eOHOro mpolecca,
00€eCIeynBalOTCSl HAJIUYMEM U TIOJHOM JOCTYIMHOCTBIO JJIEKTPOHHBIX BapHUAHTOB
KypCOB JIEKINH, Y4eOHO-METOANYECKUX MOCOOU U COOPHUKOB 3aJ7]a4 110 OCHOBHBIM
pazzeniaM TUCIUILUINHBI.

IIpumepHBIN NepeyeHb BONPOCOB K IK3aAMEHY

. BBeneHne B BUOpAIMOHHYIO MEXaHUKY .
. MoaenupoBaH#e CUCTEM C OJHOM CTerneHbio ¢cBo0o 161 (SDOF).
. CBOOOTHBIC KOJIEOAHUsI CUCTEM C OJTHOM cTeneHbio cBo0o b1 (SDOF).
. OmHOMAaCCOBEIE KOJIEOATEIBbHBIE CHCTEMBI.
. F'apmonmndeckoe Bo30yxaenne SDOF-cuctem.
. "'apMoHMYEeCcKoe BO30YKIEHNE TTOBOPOTHBIX CUCTEM.
. "'apmonunueckoe Bo30yxkaenue SDOF-cuctem.
. Ilepexoansie nmporecchl. [lepexonurpie konebanuss SDOF-cucrem.
. luHaMHYeCcKHe MepeXOaHbIC MPOIIECCHl U KOJIeOaHHs.
10. IToHaTHE W MEXaHU3M IEPEXOAHBIX KOJECOAaHHM, MPOIECC U HEKOTOPBIC
YUCJICHHBIE METOIbI pacuéTa MEXaHMIECKUX CHCTEM C TIEPEXOTHBIMU KOJICOAHUSIMU.
11. Cuctembl ¢ nByMs cTeneHs MU cBOOObI. McciemoBanue cuctem ¢ IByMS
CTEIIEHSIMH CBOOOIEI.
12. Monenupoanre MDOF-cuctem.
13. CBoOonaurie konebanuss MDOF-cucrem.
14. MeToabl 1 cIOCOOBI MOJICIMPOBAHMSL.
15. Beinyxxnennsie kosiebanust MDOF-cuctem.
16. CBoiicTBa BUOPAITMOHHBIX CUCTEM.
17. MeToa KOHEUHBIX 2JIEMEHTOB JIS 3a]1a4 BUOpAIIUH.
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IPOTOKOJI COT'JIACOBAHUS YYEEHOM ITPOI'PAMMBI YO

HasBanue Ha3zBanue IIpenmnoxenus Pemenue, npunsToe

y4ueOHOM kadenpsi 00 UBMEHEHUSX B kadepoH,

IVCUMIUIAHBL, coJepxaHuu y4eOHOM pa3paboTaBiei

C KOTOpO# IIPOrPaMMBI y4eOHY0

Tpedyercs YUPEXIACHUS BBICIIETO nporpammy (c

COIIaCOBaHUE o6pa3oBaHus N0 y4eOHOM yKa3aHUEM JaThl U
JUCLIMILIMHE HOMepa MPOTOKOJIA)

Vuebnas '

OUCLUIUINHA

He TpedyeT

COTTIaCOBAHMs

3aBeayrolui kadeapoil TeOpeTHIECKOU U

IIPUKJIaJHON MEXaHUKU

JIOKTOp (/M Hayk mpodeccop

aJ. wions 2044 .

-

. /2-
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JTONNOJTHEHUSA 1 UBSMEHEHUS K YYEBHOHM TPOT'PAMME 110
N3YYAEMOMU YYEBHOU JUCIHUIIJIMHE
Ha / y4eOHBIN TOJ

No JloMoJIHEHHST 1 U3BMEHEHUS OcHoBaHue
/1

VYyebHas nporpaMma rnepecMoTpeHa u o100peHa Ha 3acefaHuu Kadeapbl

(mpoTtokomn Ne oT 202 1))
(Ha3BaHue Kadenpsl)
3aBenyromuii kadenpoit
(y4eHas cremneHb, y4eHOE 3BaHHE) (N.0.Damunus)
YTBEPXIAIO
Jlexan ¢akynbrera
(y4eHas cTenieHb, y4eHOE 3BaHHE) (N.0.Damumnus)
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