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HHOACHUTEJIbBHASA 3AIIMCKA

IIporpamma yueOHOM AUCHUIIIUHBI «DU3UKA SHEPrEeTUUYECKUX U BOJIHOBBIX
mporeccoBy» paspadborana ais crenmaiabHocTh 1-31 80 20 [Mpuknagnas ¢pusnka

N3yuenne yueOHOW AUCHUIUIMHBI «®U3MKa SHEPTETUYECKUX U BOJHOBBIX
MPOLIECCOBY» OyIET OCYIIECTBISITHCS MHOCTPAHHBIMU CTYJICHTaAMHU.

Bo MHOrmx peanpHBIX CHCTEMAaxX pPACHPOCTPAHCHHBIMH SIBISIFOTCS IPOLIECCHI
nepeHoca TeIIoThl (PHEPruu), a TakKe BOJHOBBIE Mporecchl. OHU SABISIOTCA
ONPEACISIIONMMU BO MHOTHUX (DU3MYECKUX, DHEPreTHUYECKUX U OHOJIOTHMYECKHUX
cucremax. JlucuumummHa «®uU3uMKa DSHEPreTUYECKUX M  BOJHOBBIX MPOLIECCOBY
BKJIIOYAET PACCMOTpPEHHE OOUIMX 3aKOHOMEPHOCTEH M METOJIOB HCCIIEIOBAHUS
KOJIeOaTeNbHBIX U BOJHOBBIX MPOLIECCOB, IMPOKO PACTIPOCTPAHEHHBIX B Pa3JIMYHBIX
o0JlacTsIX COBpeMEHHOW Hayku ((pu3uKe, XUMUHU, OUOJOTUM, OOIIECTBEHHBIX
OTHOUIEHUSX); (PU3MUYECKUX OCHOB TEOPUU TMEpeHoca U  (PyHIAMEHTAIbHBIX
NPUHIIMIIOB, MAaTEMAaTUYECKOIO alIapaTta U METOJOB TEPMOMEXAHHUKH CIUIOLIHBIX
Cpell, JeXalleld B OCHOBE IPOILIECCOB TEIIONEPEHOCA, a TAKKE OCHOBHBIX 3aj]ad
TEOPHUH NIEPEHOCA SHEPTUU U (PU3UKU BOJIHOBBIX IPOLIECCOB, METOJIOB MX PEIIEHUS U
UX TMPAaKTUYECKUX NPWIOKEHU. Takoe NOCTpOEHHE HW3JIaraéMoro B paMKax
JTUCHUTUIMHBL MaTepHalia CIOCOOCTBYET PAa3BUTUIO y CTYICHTOB aHAJIUTHYECKOTO
MBIIJICHUSS MU CIOCOOHOCTM TMPUMEHATH TIOJYYCHHbIE 3HAHUS Ha IMPaKTHKE.
[TporpaMMa AMCUMIIMHBI COJEPKUT NIEPEYEHb BOIPOCOB, KOTOpbIE Haubosee
HEOOXOJMMBI CTYJEHTAM MAarucTparypbl, OOy4arolmUMCi TIO CIHEIUATLHOCTH
«IIpuknannas (usuka», Ipu TEOPETUUECKOM aHAIU3€ U TMPAKTUYECKOM PEIICHUH
KOHKPETHBIX 33/1a4 B 00JIaCTU TEOPUU SHEPTETUUECKUX U BOJTHOBBIX MPOIECCOB.

esn 1 321241 y4eOHOM IMCHUIIMHBI

Heap y4eOHONW MUCIUIUTUHBL. O3HAKOMHUTH CTYIEHTOB MAarucTpaTypbl C
OOIIMMH MPUHIIUTIIAMHA U METOaMU UCCIIEIOBAHUS JTMHEWHBIX U HEJTMHEWHBIX CUCTEM
B TEOpUU KOJICOAHMH M BOJH, (PU3NYECKMMH OCHOBAaMH TEOPHHM TEII00OMEHA,
COBPEMEHHBIMH MTPAKTUYECKUMH 3a/1a4aMy, PEIIaeéMbIMH B paMKax JTaHHOW TEOpHH.

3amauu yuyeOHOM AUCITUTITUHBIL:

1. 03HAaKOMHUTH CTYJIEHTOB C OCHOBHBIMH TOJIOKEHUSIMU TEOPUHU KOJeOaHUN U
BOJTH;

2. O3HAKOMHUTH CTYJEHTOB C (PM3MUECKUMHU OCHOBAMHU TEOPHUH TEIUIOOOMEHA B
CIUIOIIHBIX Cpenax;

3. HAy4YUTb  CTYJEHTOB  TMOHHUMAaTh  BO3MOXHOCTH  IPAKTHYECKOTO
UCIIOJIb30BAaHUSl  TNOJYYEHHBIX 3HAHUW TpPU  PACCMOTPEHHHM  COBPEMEHHBIX
MPAaKTHUECKUX 3a7ad, periaeMbIX B paMKax TaHHOW TEOpHUH.

Mecto y4eOHON MMCHMIJIMHBI B CHUCTEME TOJATOTOBKM MarucTpa: ydeOHas
JTUCIHUIUIMHA OTHOCUTCS K MOAYJIK «TexHudeckne NPHUIIOKEHUS TEOPETUYECKOM
(UMK TOCYIaPCTBEHHOTO KOMITOHEHTA.

CBsi3u ¢ ApyruMu Yy4eOHBIMHM JIUCUUIUIMHAMU: MaTepual Kypca OCHOBaH Ha
3HAHUSX M MPEJCTABICHUSAX, 3aJ0KEHHBIX MPU HM3YyUYEHUH YYEOHBIX IAUCIUIUIMH
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«Iuddepenumanbupie ¥ WHTETpaNbHBIE ypaBHEHUA», «MeToAbl MaTeMaTH4eCKOn
buzukmy, «MonexyspHas duznkay, «Teopetnueckas MEXaHUKa»,
«ONEKTPOANHAMUKAY.

TpeOoBaHus K KOMIIETEHUHSIM

OcBoeHne y4yeOHOM IUCHUIUIMHBI «DHU3MKAa SHEPreTUUECKUX U BOJIHOBBIX
IPOLIECCOB» JIOJDKHO OOecneunTh (HOPMHUPOBAHHME CIIECAYIOIIUX YHUBEPCAIBHBIX U
yI1yOJIeHHBIX PO(eCCHOHATBHBIX KOMIIETEHIIMM:

YHHMBeEpCalbHbIe KOMIICTCHIUU:

— YK-1. BpITh cIOCOOHBIM MPUMEHSATH METOJIBI HAYYHOT'O MO3HAHUs (aHANIU3,
COIMOCTAaBJIEHUE, CHUCTEMaTH3alus, a0CTparupoBaHUE, MOJEIUPOBAHME, MPOBEPKA
JNOCTOBEPHOCTH [JAQHHBIX, MPUHATHE PEIIEHHWA U Jp.) B CAMOCTOSATEIbHOU
MCCIIEN0BATEIBCKON NEATEIIbHOCTH, TEHEPUPOBAThH 151 peanu30BbIBaTh
WHHOBAIIMOHHBIE UJIEH;

— VK-2. BbITh CIIOCOOHBIM pelIaTh MPaKTUYECKUE 33Ja4l C MCIIOIb30BAaHUEM
3HaHUU TEOpPEeTUYECKOW (PU3UKU, BECTU MPO(ECCHOHATBHYI0 HAyYHO-TEXHUYECKYIO
JNEATEIIBHOCTb,  TBOPYECKM  OCMBICIMBATHL  HAY4YHYI0,  TEXHHYECKYI0D U
KOHCTPYKTOPCKYIO HMH(OpPMallMIO0, aHAIW3UPOBATh IMPOLECC PEIICHUS Hay4dHO-
TEXHUYECKUX 33714,

yriy0JeHHbIe NPo(eccHOHAIbHBIE KOMIIETCHIUU:

— VIIK-4. BbITh crIOCOOHBIM HCIIOJIB30BATh METOBI TEOPUH KOJICOAHU U BOJIH
JUISL OITMCAHUSI PEAJIBHBIX CUCTEM M SJHEPTETUYECKUX MPOLIECCOB B HUX.

B pe3ynbraTe ocBOeHUs! yUeOHON AUCHUIIIMHBI CTYJEHT JTOJIKEH:
3HaAmMb.
— MOJENh TapMOHHMYECKOTO OCHWLIATOpa W ee  (usmyeckue
PUIOKEHUS,
— o00mwue MeToAbl HCCIENOBaHWSA JIMHEHHBIX M  HEJIWHEWHBIX
K0JIEOATENILHBIX CHCTEM;
—  KJIacCH(PUKAIIUIO BOJIHOBBIX MTPOIIECCOB;
—  CIIeIHAJIbHBIC METOJIBI PEIICHUS HETMHEHHBIX BOJTHOBBIX 3a7a9;
— cucremy auddepeHIuaIbHbIX YPaBHEHHH MTEPEeHOCa;
— 0Oe3pa3mepHyio hopMy ypaBHEHUN TIEPEHOCA;
— 0a30BbIC TTOJI TCUCHUI BSA3KOU KHUIKOCTH;
—  DJICMEHTHI TCOPHH ITOTPAHUYHOTO CJIOS;
— CHCTEMBbI YPAaBHEHHM JJAMUHAPHOTO KOHBEKTHBHOTO TETUIONEPEHOCA;
— METOJBI PENICHHS 3a]]a4 KOHBEKTUBHOTO TETNIOOOMEHA;
ymembo:

— TMPUMEHSATHh OCHOBHBIC TTPUEMBI U METOJIbl TEOPUU KOJIEOAHUM U BOJH
K KauyeCTBEHHOMY M KOJMYECTBEHHOMY aHAIIN3Y KOJIEOATEIHHBIX W BOJHOBBIX
SIBJICHUM Pa3JIMYHON MPUPOJIBI;

— TPUMEHATH cucTteMy IudepeHInalIbHbIX YpaBHEHUHN MIEpeHoca s
pelIeHUsT NPAaKTUYECKUX 3aJad pacyeTa MW MOJCIHMPOBAHHS MPOLIECCOB
NIEPEHOCA PHEPTHUH B CIUIOIIHBIX CpEAax;
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— pemiaTth pacyeTHBIC 3a/1a4l KOHBEKTUBHOTO TEIUIOOOMEHA;
eénaoemn:

— HaBBIKAMH  AHAIWTHYECKOTO W  YHUCIEHHOTO  HCCIIEOBAaHUS
YpaBHEHHUI MABIXKEHHS B (pa30BOM IMPOCTPAHCTBE U TMOCTPOCHHUS (Pa3oBOro
nopTpeTa KojebaTeabHOW CHUCTEMBbI, METOJAUKOW IMOJYYCHHUS CTallMOHAPHBIX
BOJIHOBBIX PEIICHUN M HMCIOJB30BaHUS METOAa OOpaTHOM 3aJayu paccesHus
JUIS @HATUTUYECKOTO PEIIeHHs HETMHEHHBIX BOJTHOBBIX 33]1aY;

— METOJaMH IMPAKTHUECKOTO MCIOJIB30BaHMUS MMOTYYCHHBIX 3HAHUM MPU
pelIeHNH KOHKPETHBIX 3a7ay IpH MCCIEIOBAaHMM BOJHOBBIX IPOIECCOB, a
TaKXke MPOIECCOB TEMJI000MEeHa B CIUIOIIHBIX Cpeax.

CtpykTypa yueOHOH AU CIUTIIHHBI

JlucuuiuinHa u3y4aeTcs BO BTOpPOM ceMecTpe. Bcero Ha m3yueHue yueOHOM
TUCITUTLINHBI « DU3MKa SHEPTETUYECKUX M BOJTHOBBIX TPOIIECCOBY OTBEICHO:

— JUIs O9HOW (pOPMBI TTOTYUYEHUs BhIcIIEro oOpa3zoBanus — 108 wacoB, B ToMm
yucie 48 ayIUTOPHBIX YacoB, U3 HUX: JIECKINHA — 34 4aca, CEMHHAPCKHE 3aHATUSI — 6
4acoOB, AyTUTOPHBIN KOHTPOJIb YIIPaBIIEMON CaMOCTOSATEILHOM paboThl — 8 YacoB.

TpynoeMKoCTh y4eOHOM TUCITUTIIIMHBI COCTABIISACT 3 3aUCTHBIC €AMHUITBI.

dopMa TeKylIeH aTTEeCTAlluU — 3a4eT.



COJEPKAHUE YYEBHOI'O MATEPHUAJIA

Section 1 The simplest oscillating systems

Topic 1.1 Introduction to vibrations. General information about the course.
The role of vibrations in different fields of science and technology. Commonality of
oscillatory processes in nature.

Topic 1.2 Simple harmonic motion and its variations. The equation of motion
of a harmonic oscillator and its general solution. Amplitude, period, frequency and
phase of harmonic oscillations. Kinetic, potential and total energy of harmonic
oscillations. Damped, driven and damped-driven oscillations. Amplitude-frequency
response and resonance.

Topic 1.3 Summation of oscillations. Oscillations in systems with many
degrees of freedom. Coupled oscillators. Eigen frequencies and normal modes.
Algebraic summation of oscillations. Beats. Vector summation of oscillations.
Lissajous curves.

Section 2 Basics of the theory of oscillations

Topic 2.1 General terms and definitions of the theory of oscillations. Phase
space, phase point and phase trajectory. Dynamical systems. Singular points of
dynamical systems and their stability. Phase portrait.

Topic 2.2 Arbitrary linear dynamical systems of the 2nd order (ALDS-2).
Equation of motion and its general solution of ALDS-2. Types of singular points and
their stability of ALDS-2. Dependence of the type of singular point on the parameters
of ALDS-2. Hamiltonian ALDS-2.

Topic 2.3 Non-linear dynamical systems and methods of their investigation.
Dissipative non-linear dynamical systems. Limit cycles. Poincare indices.
Topological equivalence of dynamical systems. Bifurcation theory. Methods of
investigation of dynamical systems.

Section 3 Fundamentals of waves

Topic 3.1 Introduction to waves. Definition of an arbitrary wave process.
Classifications of waves. Linear and non-linear waves. Hyperbolic and dispersive
waves.

Topic 3.2 Hyperbolic linear waves. Canonical wave equation and its general
solution. Travelling wave. Factorization of the wave equation. Sound waves.
Electromagnetic waves.

Topic 3.3 Dispersive linear waves. Classical theory of dispersion. Dispersion
relation for linear waves. Plane waves. Wave packets. Group velocity and phase
velocity.



Section 4 Non-linear waves

Topic 4.1 Non-linear wave equation. Reduced non-linear wave equation.
Riemann waves. Steeping and breaking of a wave front. Burgers equation.

Topic 4.2 Stationary waves. Stationary waves of Burgers equation. Shock
wave. Stationary waves of Korteweg-de Vries equation. Soliton. Stationary waves of
Klein-Gordon and Si-ne-Gordon equations. Kink and antikink. Dispersion relations
for non-linear equations.

Topic 4.3 Special methods of integrating the non-linear wave equations. The
inverse scattering approach. Lax pairs. Solving the Korteweg-de Vries equation.
Soliton-type solutions of the Korteweg-de Vries equation. Non-reflective potentials.
Integrability of nonlinear equations.

Section 5 General provisions of the transport theory

Topic 5.1 General provisions of the transport theory. Introduction. Stress
tensor and heat flux vector. Balance equations. Constitutive equations.

Topic 5.2 The system of differential equations of transport. System of
differential transport equations. Particular forms of the transfer equations. Boundary
conditions. Transport equations in coordinate form.

Topic 5.3 Elements of dimension theory. Il-theorem. Dimensionless form of
transport equations. Similarity criteria.

Section 6 Basic fields of viscous fluid flows

Topic 6.1 Layered flows. Layered flows. Poiseuille-Couette flow. Hagen-
Poiseuille flow.

Topic 6.2 Layered flows in moving systems. Steady state flow between two
rotating coaxial cylinders. A flat wall in a liquid suddenly set in motion.

Topic 6.3 Non-layered flows. Plane flow near the critical point. Current
function. Solution of the problem of plane flow near the critical point.

Section 7 Elements of the boundary layer theory

Topic 7.1 Boundary layer equations. The concept of the boundary layer.
Prandtl boundary layer equations.

Topic 7.2 The problem of a boundary layer on a flat plate. Boundary layer on a
flat plate. Frictional resistance. Boundary layer thickness.

Section 8 Systems of equations for laminar convective transport

Topic 8.1 Thermal boundary layer equations. Thermal boundary layer
equations. Reynolds analogy.



Topic 8.2 Free convective transport equations. Boussinesq equations for free

convective heat transfer.
Topic 8.3 Convective heat transfer equations in channels. Convective heat

transfer equations in channels.
Section 9 Convective heat transport problems

Topic 9.1 Convective heat transfer when flowing around a flat plate. The
problem of convective heat transfer in the flow around a flat plate.

Topic 9.2 Convective heat transfer in a liquid flow in a round pipe with a
constant heat flow on the wall. The problem of convective heat transfer in a fluid
flow in a round pipe with a constant heat flow on the wall. Solution of the problem of
convective heat transfer in a fluid flow in a round pipe with a constant heat flow on
the wall.



YYEBHO-METO/JUYECKAS KAPTA YYEBHOM JIUCITUTIINHBI
JlaeBHas popma mosrydeHusi 00pa3oBaHus ¢ TPUMEHEHUEM AUCTAHIIMOHHBIX 00Pa30BaTEIHHBIX TEXHOIOTHI

KonmnuectBo AyJUTOPHBIX YaCOB
3
g S | oA s
g g o 2 S lg B s
g Haspanue pasziena, TeMbl % = E = é = 2 E > E 5
) = Z 8 s 8 o' 8 = > g
= o () < =1 < o
o = O = = (S
= S
1 2 3 4 5 6 7 8 9
1 The simplest oscillatin gsystems 3 3
1.1 Introduction to vibrations 1 Quiz
1.2 Simple harmonic motion and its variations 1 3 Quiz
1.3 Summation of oscillations 1 Quiz
2 Basics of the theory of oscillations 5 2
2.1 General terms and definitions of the theory of oscillations 1 Quiz
2.2 Arbitrary linear dynamical systems of the 2nd order (ALDS-2) 2 Quiz
2.3 Non-linear dynamical systems and methods of their investigation 2 2 Written test
3 Fundamentals of waves 4
3.1 Introduction to waves 1 Quiz
3.2 Hyperbolic linear waves 1 Quiz
3.3 Dispersive linear waves 2 Quiz
4 Non-linear waves 6 2
4.1 Non-linear wave equation 2 2 Written test
4.2 Stationary waves 2 Quiz
4.3 Special methods of integrating the non-linear wave equations 2 Quiz
5 General provisions of the transport theory 4
5.1 General provisions of the transport theory 1 Quiz
5.2 The system of differential equations of transport 2 Quiz
5.3 Elements of dimension theory 1 Quiz
6 Basic fields of viscous fluid flows 4 2




6.1 Layered flows 1 Written test
6.2 Layered flows in moving systems 2 Quiz

6.3 Non-layered flows 1 Quiz

7 Elements of the boundary layer theory 2

7.1 Boundary layer equations 1 Quiz

7.2 The problem of a boundary layer on a flat plate 1 Quiz

8 Systems of equations for laminar convective transport 4

8.1 Thermal boundary layer equations 1 Quiz

8.2 Free convective transport equations 2 Quiz

8.3 Convective heat transfer equations in channels 1 Quiz

9 Convective heat transport problems 2

9.1 Convective heat transfer when flowing around a flat plate 1 Quiz

9.2 Convective heat transfer in a liquid flow in a round pipe with a constant 1 Written test

heat flow on the wall
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NHOOPMAIINOHHO-METOINYECKAA YACTD
IlepeyeHb OCHOBHOM JIMTEPATYPbI

1. H.J. Pain, The physics of vibrations and waves (6 ed.), John Wiley &
Sons Ltd, 2005.

2. D. Fleisch, L. Kinnaman, A student's guide to waves, Cambridge, 2015.

3. S. Nettel, Wave physics: oscillations — solitons — chaos (4 ed.), Springer,
2000.

4., L.G. Leal, Advanced Transport Phenomena: Fluid Mechanics and
Convective Transport Processes, Cambridge University Press, 2007.

IlepeyeHb 1OMOJIHUTEIBHON JIUTEPATYPBHI

S. baiikoB, @ B.M.  Temnodwusuka.  HepaBHOBecHbIE  MPOLIECCHI
terioMaccoriepenoca / B.M. Baiikos, H.B. IlaBmokeBuu, A.K. ®denoros, A.N.
Taun. — Munck: Beimsiinas mkoia, 2018.

IlepeyeHb peKOMEHAYEMBIX CPEJACTB IMATHOCTUKHA U METOAUKA
¢GopmMupoBaHusi HTOrOBOM OLIEHKH

DopMOH TEKYILEW aTTECTALMU M0 AUCHUIUTMHE «DPU3MKa SHEPTETUUECKUX U
BOJIHOBBIX MPOLECCOBY» YUYEOHBIM IJIAHOM MPETyCMOTPEH 3aUeT.

[Ipu popMupoBaHUU UTOrOBOM OLEHKU MCIOIB3YETCSl PEUTUHIOBAsl OLICHKA
3HAHUW CTYJIEHTA MAarucCTPaTypbl, AAOIIAs BO3MOKHOCTb IPOCIEINTh U OLICHUTH
JMHAMUKY TMpollecca JOCTHXKEHUs uenedl oOydeHus. PelTuHrOBas OlleHKa
IpelycMaTpUBaeT HCIOJb30BaHUE BECOBBIX KOA(D(UIMEHTOB Ml TEKYLIEro
KOHTPOJISl 3HAHUM U TEKYIIEH aTTeCTalluy CTYyACHTOB 110 JUCLUIIINHE.

PopMHUpOBaHUE OLIEHKH 3a TEKYILYIO YCIIEBAEMOCTb:

— muckMeHHOe TecTupoBaHue — 50 %;

— yctHbIi onpoc — 50%.

PeiiTuHroBass ouneHka Nmo AUCHUIUIMHE PACCUUTHIBAECTCS HA OCHOBE OLICHKHU
TEKyIIEW YCIIEBAEMOCTH M 3aYETHOM OIEHKM C YYE€TOM HX BECOBBIX
koa(dduimenToB. Bec oneHku mno Tekymeld ycneBaeMocTu coctasisier 40 %,
3ayeTHOM oueHkH — 60 %.

IIpumepHBIN NepeYyeHb 3aJaHNH ISl YIIPABJIsIeMOl CaMOCTOSATEIbHOM
padoOTHI CTYICHTOB

Tema 2.3 Henunetinvie ounamuueckue cucmemvl U Memoowvl Ux
uccnedosanusi. WccienoBanue ¢a3oBoro ImopTpeTa JUHAMHUYCCKOW CHCTEMBI
BTOPOTO TopsiJiKa, 3aJaHHOM OOBIKHOBEHHBIMHA HEJTUHEWHBIMHU
mudpepeHInaTbHBIMU YPAaBHCHUAMU JABHKCHUS TIEPBOTO TOPSIIKA.
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CamocTosITENNbHOE ~ JOMOJHUTENIBHOE HU3YUYEHUE METOJUKH  PEIICHUS
pacyeTHBIX 3a7a4 1o pazaeny «OCHOBBI TEOPUH KOJICOaHUI.

dopma KOHTPOJII — MUCbMEHHOE TECTUPOBAHHUE.

Tema 4.1 Henunetinvle gonnosvle ypasrenus. OO1Iee pelieHue YpaBHEHUS
broprepca metogom Dypne.

CamocCTOSITENBPHOE  JOMOJHUTEIBHOE H3YYEHUE METOOUKH  PEIICHUS
pacyeTHbIX 3a71a4 1o pazneny «HenuHeiHble BOJHBD).

dopma KOHTPOJISI — MUCbMEHHOE TECTUPOBAHHUE.

Tema 6.1 Croucmwvie meuenusa. Crnoucteie TeueHus. Teuenue Ilyazeitna —
Kyarra. Teuenne Xarena — [lyasenns.

CaMocCTOsITENbHOE ~ JOMOJHUTENBHOE  W3YYEHHUE METOJMKU  PELICHUs
pacyeTHBIX 3a1a4 1o pasaeiy «lloyst TedueHui BA3KOU JKUIKOCTH.

@opMa KOHTPOJISI — TUCBMEHHOE TECTUPOBAaHHUE.

Tema 9.2 Konsexmuemwiii menioobmen npu medenuu HcuoKoOCmu 8 Kpyaiou
mpybe npu nOCMOAHHOM MEeNnI080M NOMOKe HA CmeHKe. 3ajlada O KOHBEKTHUBHOM
TEIJIOOOMEHE TMPU TEUYEHUU KUIKOCTH B KPYIJol TpyOe NTpH MOCTOSHHOM
TEIJIOBOM MOTOKE Ha cTeHKe. Pelienne 3a1aunu 0 KOHBEKTUBHOM TEIUIOOOMEHE MpU
TEUCHUU KUJKOCTH B KPYIJoW TpyOe NpH TOCTOSHHOM TEIJIOBOM MOTOKE Ha
CTEHKE.

CaMOCTOSITETPHOE ~ JOTIOJHUTENBHOEC  M3YYCHHE METOJWKH  PCIICHUS
pacYeTHHIX 3a7a4 KOHBEKTUBHOTO TEINTIOOOMEHA.

dopmMa KOHTPOJIS — MUCbMEHHOE TECTHPOBAHHUE.

Onucanve HHHOBAIMOHHBIX MOJAXO0J0B U METOHA0B K NMPENOJIaBAHUI0 YUeOHOM
JTUCIHUIIIMHBI

[Tpu opranu3zanuu 06pa3oBaTEIHLHOTO MPOLECCa UCTIONb3YOTCS:

— MeTOJ AHAJN3a KOHKPETHBIX cUTyanui (Keiic-MeTOa), KOTOPBIN
npeanojaraerT MnpuoOpeTeHue CTYJIEHTOM 3HAHMM M YMEHUW [UIsl pelleHus
MPaKTUYECKUX 3a/ay; aHAJIW3 CUTyalluH, UCIOJb3Yys MPOPECCHOHAIbHBIC 3HAHUS,
COOCTBEHHBIN OMBIT, JOMOTHUTENIbHYIO JTUTEPATYPY U UHBIE UICTOYHUKH.

— MeTOoJ Y4YeO0HOWl [JHUCKYCCHM, KOTOpPBIM MPEANoJaracT ydacTue
CTYJICHTOB B IICJICHANPABICHHOM OOMEHE MHEHUSIMU, UJICIMH JJIsl TIPEAbIBICHUS
W/WIA COTJIACOBaHMS CYIIECTBYIOIIMX MO3UIMI MO OMpeneieHHoN mpobieme.
Hcnonp3oBanue MeToja oOecrneuuBaeT MOSBICHHE HOBOTO YPOBHSI IMOHUMAaHUS
M3y4aeMOW TEeMbl, MPUMEHEHUE 3HaHWU (TEOpHil, KOHIENUWW) MNpHU PEHICHUU
npobJieM, oIpeesIeHHe CIIOCOOOB UX PELICHHUS.
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MeToan4yeckue peKOMEHIAIUN 110 OPraHU3ANNHU
CaAMOCTOSITEJIbHOM PadoThI 00yYAKOIIUXCS

Jnst abdexTuBHON caMOCTOSATENBHOM padOThl CTYIACHTOB IO y4eOHOM
JUCLUIUIMHE PEKOMEHAYETCS HCIOJIb30BaTh pa3MEIICHHbIE Ha 00pa30BaTENIbHOM
nopraie  ¢uznueckoro - ¢axkyiapTera  y4eOHO-IpOTpaMMHBIE  MaTepHallbl,
PEKOMEHAYEMYI0 OCHOBHYIO M JIOIIOJIHUTENBHYIO JIMTEPATYPY, @ TAKKE HHBIE,
HaXOJAIINECS B OTKPBITOM JIOCTYIIE, UICTOYHUKU UH()OpMAITUH.

Takke pEKOMEHIyeTCs NPUMEHEHWE 3aJaHAld  Pa3IMYHBIX  yYPOBHEU
CIIO’KHOCTH: 3aJjaHus 0a30BOTO YPOBHSI CJIOKHOCTHU MPEATOIATal0T UCIOIb30BaHHE
3HAHUI U3 OTPAHWYCHHON MPEeIMETHON 001acTu, 3a/1aHusi 00Jiee BHICOKOTO YPOBHS
CIIO)KHOCTU TpeOYIOT OT CTYJEHTOB KOMIUIEKCHOTO aHajiu3a MpoOJieMbl ¢
MIPUBJICYEHUEM 3HAHUI U3 CMEKHBIX 00JIaCTEeN.

JUIst TeKylero KOHTPOJs KadeCcTBAa YCBOCHHs 3HAHMM IO JUCLUILIMHE
PEKOMEHIyEeTCS UCIIOJIb30BATh MMCbMEHHBIE TECTUPOBAHUS.

PCKOMCHI[yeMLIe pa3aejbl AJdd COCTABJICHUSA TECTOBLIX 3aJaHui

Mogenb rapMOHUYECKOTO OCIIMILISATOPA U €€ BapUallvU.
CBsi3aHHbBIE OCHHIIISITOPBI, HOPMaJIbHbIE KOOPAUHATHI.
®da30B0€ NPOCTPAHCTBO, (pa3oBas TOUKa, (pa3zoBasi TPACKTOPHS.
OcoObIe TOYKHU JIMHEHHBIX JUHAMHUYECKUX CHCTEM.
[IpenenbHbIE TUKIIBI.
OcHOBBI TeOpHUH KaTacTpod.
Knaccudukanus BoJTHOBBIX TPOLIECCOB.
daxTopu3zaius BOJIHOBOTO YPaBHEHHUS.
CranmonapHbi€ BOJIHBI
0. Merox oOpaTHOM 3a/1auu paccestHUs
1. TTonoxxeHus: TEOpUMU NEPEHOCA.
2. Cuctema nuddepeHImanbHbIX YPaBHEHUI MTepeHoca.
13. DnemMeHThI TEOPUH PA3MEPHOCTH.
14. Cnoucteie TeUCHHUS.
15. CnoucTele TeUeHHS B ABUKYIIUXCS CUCTEMAX.
16. Hecnmoucteie Te4eHUsI.
17. YpaBHeHUs] NOTPAHUYHOTO CIIOSL.
18. 3agava 0 MOrpaHUYHOM CJIO€ Ha MJIOCKOM TIJIACTUHE.
19. YpaBHeHUs TEMIOBOrO MOTPAHUYHOTO CJIOSI.
20. YpaBHeHUs1 CBOOOJHO-KOHBEKTUBHOTO MEPEHOCA.
21. YpaBHEeHUs KOHBEKTUBHOT'O TEIJIONEPEHOCA B KaHaJaxX.
22. KOHBEKTUBHBIH TETNI00OMEH MPU 00TEKaHUH TUTIOCKOMW TIJIACTHH.
23. KOHBEKTUBHBIN TEMJIO00MEH MPU TEYCHHUH KUIKOCTH B KPYTJION TpyOe
P TIOCTOSTHHOM TETJIOBOM MTOTOKE Ha CTECHKE.

PR BOO~NOOR~WNE
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IIpuMepbI TECTOBBIX 3aJaHUI

1. Jlana HenuHeWHas JUHAMUYECKass CHUCTEMa BTOPOrO  MOPsAKa
(MexaHMueckass WIM DdJeKkTpuyeckas). Heobxogumo mocTpouTh i Hee a)
ypaBHEHUE JBWKEHUsS, 0) HAWTU MOJOXKEHHUE OCOOBIX TOYEK, B) ONPEICIUTHh UX
THII, T) HApUCOBaTh (ha30BbIN MOPTPET IMHAMUUECKOU CUCTEMBI.

2. a) Kakoe Teuenue HaszbiBaercs cioucteiM? 0) Kakoe mone ckopoctu
onuchiBaeT iockoe Teuenue I[lyazeina? B) B uem ornmume teuenus Kysrra ot
teuenust llyaszeitns — Kystra? r) Ilpm kakux yciaoBUSIX B CiIy4ae TEUYEHUS
[Tyazetinsg — KyaTTa CyImiecTByIOT peKHUMBI, B KOTOPBIX €CTh 00J1aCTh BO3BPATHOTO
JIBUKCHHUSI )KUIKOCTH?

3. a) Kakme mporeccel Ha3bpIBAlOTCA MPOIECCAMH KOHBEKTHBHOTO
terutonepenoca? 0) Kakoll y4acTok ABM)KEHHS KHJIKOCTH Ha3bIBa€TCs 00JIACTHIO
pa3BUTOrO TeueHus? B) 3amuIIUTe COOTHOIIEHHE Juisd uucia Hyccenbra B ciydae
KOHBEKTHBHOI'O TEIJIOOOMEHA NpPU TEUEHUHM MXHUAKOCTU B Kpyrjiod TpyOe mpu
IIOCTOSTHHOM TEIUIOBOM IOTOKE Ha cTeHke. ') Kakas obiacTe TemmepaTypHOro
0JIs1 HA3bIBAETCSI 00JIACTBIO PETYIISPHOTO PEXUMA?

IIpumepHBIN epeYyeHb BONPOCOB K 3a4eTy

1. OcHOBHBIE XapaKTEPUCTUKH KOJEOATEIBHOTO IBUKEHHUS Ha IMpUMEpe
MOJIeJIA TAPMOHUYECKOTO OCIMILIATOPA.

2. Konebanus mpy HaJTMYUK TPEHUS U BEIHYKIAOIINAX CHIL.

3. Ces3aHHBIC OCIIMILIATOPHI, CIIOKEHUE KOJICOAHUH.

4. OCHOBHBbIE IOHATHS U ONIPEACIICHUS TEOPUH KOJICOaHU M.

5. JluHeiiHble TUHAMUYECKHE CUCTEMBI BTOPOTO MOPsIKa OOIIEro THUIA.

6. Krnaccuduxaius ocoObIX TOYEK W MX CBS3b C MapaMeTpamMu JIMHEWHOMN
CUCTEMBI.

7. TlpenenbHbIe ITUKIIHL.

8. VYpasuenue Ban-nep-Ilomns.

9. Tlonstue BosnHbl. Kiaccudukarys BOJIHOBBIX MPOIIECCOB

10. YpaBHeHUS 3BYKOBBIX U DJIEKTPOMArHUTHBIX BOJIH.

11. YkpyueHue u OnpoKUIbIBAHUE BOJIH.

12. YpaBuenue broprepca, 3amena Xornda-Koyna.

13. CraruoHnapHbi€ BOJIHBI.

14. UnterpupoBanue ypaBHeHuss KopteBera-ne ®@pusza MeToqomM oOpaTHOM
3aJlayu PaCCEsTHUS.

15. Ilonoxkenust Teopuu TmiepeHoca. TeH30p HaNpsKEHUH U BEKTOp
TEIJIOBOTO MOTOKA. YpaBHeHUs Oasianca. KOHCTUTYTHBHBIE ypaBHEHUS.

16. Cucrema muddepeHnnanbHbIX ypaBHEHUN TiepeHoca. YactHbie (OpMbl
ypaBHEHUN TepeHoca. Kpaesble yciioBusl. YpaBHEHUsI NEPEHOCA B KOOPAMHATHOU
dbopme.

17. Onementsl Teopum pasmepHocTu. [I—Teopema. bespazmepnas dopma
ypaBHeHu# nepenoca. Kputepuu nomodus.
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18. Cnoucteie Teuenus. Teuenme Ilyaseitna-Kystra. Teuenne Xarena-
[Tyazenmns.

19. Cnouctbie TeueHUs B JABUXKYIIUXCS CHCTeMax. YCTaHOBHUBIIEECS
TEYEHUE MEXKIY JIBYMs BpaIarONIMMUCS KOAKCHATBHBIMU IUuMHApaMu. [Inockas
CTEHKa B KUKOCTH, BHE3AIMHO MIPUBEACHHAS B JBUKECHUE.

20. Hecnoucteie Teuenus. [lnockoe TedeHHe BOJIM3U KPUTUUYECKOM TOUKH.
OyHkIus Toka. Perenue 3aaun 0 IIOCKOM T€YEHUHU BOJIM3U KPUTUYECKON TOUKH.

21. YpaBHeHusi morpaHu4yHoro cjos. [loHaTne o0 MOTpaHUYHOM  CIIO€.
YpaBHeHUs orpaHUYHOro ciost [IpanaTis.

22. Ilorpanu4Hblid CIO0M HA TUIOCKOHW TuiactuHe. CONPOTHBICHHE TPCHHUS.
TonmuHa NOrPaHUYHOTO CI0s

23. YpaBHEHUS TEIUIOBOTO MOTPAHUYHOTO cliosl. AHajorus PeitHombaca.

24. Ypasuenus byccunecka 1j1st cBOOOJHO-KOHBEKTHBHOTO TEIIIOOOMEHa.

25. YpaBHEHUsI KOHBEKTUBHOT'O TEIJIONEPEHOCa B KaHalaxX.

26. KOHBEKTUBHBIN TEIJIOOOMEH TMpU OOTEKAHUM IIJIOCKOW IUIACTHUHBI.
3aaya 0 KOHBEKTUBHOM TEIJIOOOMEHE MPU 00TEKaHUH MJIOCKOW IIACTHUHBI.

27. KoHBEKTUBHBIN TETUIOOOMEH MpH TEUCHUHU KUJIKOCTH B KPYTJIOH TpyoOe
IIpU TIOCTOSIHHOM TEIIJIOBOM IOTOKE Ha CTEHKE. PelieHue 3ai1aun 0 KOHBEKTHUBHOM
TEIUIOOOMEHE MpH TEUEHUU >KHUJIKOCTH B Kpyrjaol TpyOe MpH MOCTOSHHOM
TEIUIOBOM MOTOKE HA CTCHKE.
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MMPOTOKO.JI COIJIACOBAHMSI YYEBHOM ITPOT'PAMMBI YBO

Hazpanwne yuebnoit
JUCLIUIUINHBL, C
KOTOpOH TpedyeTcs
COTJIaCOBaHME

HasBanue
kadeaps

[pennoxenus 00 U3MEHEHUSX
B COZICp)KaHUH y4eOHOH
MPOTPaMMBI YUpPEKICHHS
BBICITIETO 00pa30BaHUs T10
yueOHOM AMCIUILTHHE

Pemenue, npunsitoe
kadenpoi, pazpaboraBiicit
yueOHyI0 porpamMmy (c
yKa3aHWeM JIaThl 1 HoMepa
MPOTOKOJIA)
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