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The objectives of teaching this discipline at the 7th semester are:

1) a deeper and more complete presentation of the modern theory of heat and mass transfer,
mainly convective and radiant energy transfer;

2) instilling in students the skills of applying the results of theory in practical calculations of
heat and mass transfer processes occurring in nuclear power plants (NPPs).

1. IEJIA Y 3ATIAYA OCBOEHMS YYEFHOM JIUCIIUILIAHBI

The objectives of teaching this discipline at the 7th semester are:

1) a deeper and more complete presentation of the modern theory of heat and mass transfer,
mainly convective and radiant energy transfer;

2) instilling in students the skills of applying the results of theory in practical calculations of
heat and mass transfer processes occurring in nuclear power plants (NPPs).

2. MECTO YYEBHOW JUCIHUILIMHBI B CTPYKTYPE OOII BO

The curriculum meets the requirements of OS NRNU MEPhI

3. OOPMUPYEMBIE KOMIIETEHIIUU U ITVTAHUPYEMBIE PE3YJ/IbTATbBI
OBYYEHUA

YHuBepcanpHble H(WIH) 001enpoQeccuoHanbHble KOMIETEHIHH:

| KOI[ 1 HAUMCHOBAHUEC KOMIICTCHIIUN | KOH W HAMMCHOBAHUC MHAUKATOPA JOCTHIKCHUS KOMIICTCHIIUN

ITpodeccuonanbHble KOMIETEHIMM B COOTBECTBUM C 3aJadyaMd U OObekTamMu (0OaacTsaMu
3HaHUi) IpogeCcCHOHATBLHOMN 1A TeTbHOCTH:

3apaua O0beKkT Win Koa n nHaumenoBanue Kon n nHaumeHnoBanue
npodeccuoHaIbLHOM 00J1aCTh 3HAHUS npogdeccuoHaIbLHOM HHAUKATOPA
aesiteabHoctu (311/1) KOMIIETEHIINH; JMOCTHKEHU S
OcHoBanue npogeccuoHaILHOM
(mpogeccHoOHAIBLHBIN KOMIIeTeHIIUH
cranaaprt-I1C, ananus
onbITA)
HAy4HO- MCCJIEI0BATEIbCKUN
[IpoBenenue pacueTHbix | ATOMHBIN ITIK-4 [1] - Cniocoben 3-1IK-4[1] - 3naTe: uenmn
HCCIeI0BaHUN U JIEJOKOJIbHBIN CaMOCTOSITEIIBHO Y 33J1a4¥ IPOBOJUMBIX
u3MepeHuit pusndeckux | GuoT ATOMHBIC BBITIOJIHSATh HCCIIeA0BaHU;
XapaKTEPUCTHK Ha JIEKTPUYECKUE JKCIEPUMEHTAIIBHBIE U OCHOBHBIE METO/BI U
SKCIEPUMEHTAIIbHBIX cranuuu [1naByudas | reopernueckue CpelicTBa MPOBEACHUS
CTEHJIaX U yCTAaHOBKax ADC Cdepa HCCIIEIOBAHUS JIS AKCIEPUMEHTAIBHBIX U
Hay4YHBIX pelIeHusl Hay4YHbIX U TEOPETHUYECKUX
WCCTIEIOBaHMH B MIPOM3BOJICTBEHHBIX 33/1a4 | UCCIICIOBAHUIA; METO/IbI
o0iacTu saepHoit U Cpe/cTBa
bu3uKK 1 OcHosanue: MaTeMaTHYECKON
TEXHOJIOTUI [TpodeccroHanbHbIHI 00pabOTKH pe3yIbTaTOB




[ToarotroBka 31€MEHTOB
JAOKYMCHTAaIUu,
MIPOEKTOB TUIAHOB U
porpaMm MPOBEACHUS
OTJICTbHBIX TAIOB
pabort

MIPOEKTHBIIA
ATOMHBII
JIEZJOKOJIBHBIN
¢noT ATOMHBIE
ANEKTPUYECKUE
ctanuuu [1naByuas
ADC Cdoepa
HAYYHBIX
HCCIIEA0BAHUM B
00J1acTH 1epHOM
(bu3UKH U
TEXHOJIOTUI

crangapt: 24.078

ITIK-5 [1] - Cniocoben
MIPOBOJUTH PacyeT u
IIPOEKTUPOBAHUE
(u3NYECKUX YCTAaHOBOK U
npubOpoB ¢
HCIIOJIb30BaHUEM
COBPEMEHHBIX
MH(OPMALIMOHHBIX
TEXHOJIOTUH

Ocnosanue:
[MpodeccronanbHbIHI
crangapt: 40.011

HKCIEPUMEHTATbHBIX
JTAHHBIX ;

V-TIK-4[1] - YmeTs:
MIPUMEHSTH METOIBI
MIPOBEICHUS
IKCIIEPUMEHTOB;
UCIIOJIb30BaTh
MaTeMaTHIeCKHe
METOBI 00paboOTKH
pe3yIbTaToB
HCCIIEA0BAHUM U UX
000011eHMs; 0hOPMIIATH
pe3ybTaThl HAYYHO-
MCCIIETIOBATEIBCKUX
pa0or;

B-TIK-4[1] - Bmanets:
HaBBIKAMU
CaMOCTOSITEIIEHOTO
BBITOJIHEHUS
OKCTIEPUMEHTAIBHBIX U
TEOPETUYECKUX
WCCIICIOBAHUS JUIS
peleHHs HayYHbIX U
MIPOM3BOJICTBEHHBIX
3a1a4

3-1IK-5[1] - 3natp
OCHOBHBIE (hr3HUecKue
3aKOHBI M CTaHAApPTHBIE
MIPUKIIAJIHBIE MTAKEThI
UCIIOJIb3YEMBIE ITPU
MOJIETTUPOBAaHUH
(bu3nUECKUX MPOLECCOB
1 YCTAHOBOK ;
V-TIIK-5[1] - YmeTh
MIPUMEHSTh
CTaHJapTHbIE
MIPUKIIA/IHBIE MTAKEThI
UCTOJIb3yeMble TIPU
MOJIETTUPOBAHUH
(bu3nUeCKUX MPOLECCOB
U YCTaHOBOK;
B-IIK-5[1] - Bnanets
CTaHJIapTHBIMU
MPUKIIaHBIMU
nakeTaMu
UCTOJIb3YEMbIMU NTPU
MOJIETUPOBAHUH
(bu3nUECKUX MPOLECCOB
U YCTaHOBOK

4. CTPYKTYPA U COJEPKAHUE YYEFHOMN TUCIUATLINHBI




Paznensl yueOHOM TUCIMIUIMHBL, UX 00BbEM, CPOKH U3Y4eHUS U (HOPMBI KOHTPOJIS:
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1 The main mechanisms | 1-8 8/8/0 CK-8 25 CK-8 3-TIK-
and laws of heat and (25) 4,
mass transfer. V-
Differential equations [1K-4,
of heat and mass B-
transfer. Stationary [1K-4,
thermal  conductivity 3-TIK-
and diffusion. 5,
V-
IIK-5,
B-
I1K-5
2 Unsteady processes of | 9-15 | 8/8/0 CK-15 |25 CK-15 | V-
heat conduction and (25) [1K-4,
diffusion. Introduction B-
to the theory of [1K-4,
convective heat and 3-TIK-
mass transfer. 5,
Boundary layer. Vv-
IIK-5,
B-
IIK-5,
3-T1K-
4
Umoeo 3a 3 Cemecmp 16/16/0 50
KounTtposbhbie 50 2 3-TIK-
MeponpusiTuss 3a 3 4,
CemecTtp V-
I1K-4,
B-
I1K-4,
3-TIK-
5,
A
IK-5,
B-
I1K-5

* — COKpalleHHOE HaMMEHOBaHUE (OPMBI KOHTPOJIS

** — cymMMa MakcUMallbHbIX OajIoB J0JKHA ObITh paBHa 100 3a cemecTp, BKJIOYas 3a4eT U

(wm) sK3ameH



CoxparieHne HauMEHOBaHUH (POPM TEKYIIIEr0 KOHTPOJIS M aTTECTALlUH Pa3iesioB:

O0o03Ha
YyeHue

ITos1HOE HAMMEeHOBaHHE

CK

CemecTpoBbIil KOHTPOJIb

3

DK3aMeH

KAJIEHIAPHBIN IIAH

Henen

Tempbl 3ansaTuii / Conep:kanue

JIab.,
yac.

Jlek., | IIp./cem.
Jac. , yac.

3 Cemecmp

16 16

o

1-8

The main mechanisms and laws of heat and mass transfer.
Differential equations of heat and mass transfer. Stationary
thermal conductivity and diffusion.

1-2

Heat transfer during laminar fluid flow in channels
General characteristics and boundaries of the existence of the
laminar regime of fluid flow in channels. The critical Reynolds
number. Differential energy equation and uniqueness
conditions. Heat transfer characteristic at the initial thermal
section. Nusselt numbers in the stabilized heat transfer region.
Determination of the average heat transfer coefficient over the
channel length.

Bcero AYAUTOPHLBIX YaCOB

2 |2 |

Omutaiig

Turbulent transport in a fluid stream

The main laws of turbulent transfer of momentum and heat.
Turbulent transfer coefficients. Differential equations of motion
and energy of a turbulent flow. Turbulent boundary layer on the
plate. Hydrodynamic theory of heat transfer (Reynolds
analogy).

Bcero AYAUTOPHLBIX 9YaCOB

2 |2 |

Omnutaiig

Heat transfer during turbulent fluid flow in channels
Velocity and temperature profiles in a turbulent fluid flow.
Methods for solving heat transfer problems in turbulent flow in
channels. Formulas for calculating heat transfer to liquids with
moderate Prandtl numbers. Heat transfer of liquid metals. The
effect of the dependence of the physical properties of a liquid
on temperature on heat transfer. Calculation of heat transfer in
pipes of non-circular cross section. Heat transfer during
longitudinal flow around the bundles of rods. Methods for
intensifying heat transfer in fuel assemblies of nuclear reactors.

Bceero AYAUTOPHLBIX 9YaCOB

2 |2 |

Omutaiig

Heat transfer during transverse flow around pipes

The general picture of fluid motion during transverse flow
around pipes. The influence of the Reynolds number on the
nature of the flow around, separation of the boundary layer.
Change in heat transfer coefficient around the circumference of
the pipe. Heat transfer during transverse flow around corridor
and chess pipe bundles. The main factors affecting the heat
transfer coefficient. Estimated recommendations.

Bceero AYAUTOPHLBIX YaCOB

1 |1

Ownutaiig

Natural convection heat transfer

Natural convection on a heat exchange surface in an unlimited
volume of liquid. Calculation of heat transfer during laminar
natural convection near a vertical heated plate. Heat transfer in

Bcero AYAUTOPHLBIX 4YaCOB

1 |1

Owntaiin




turbulent mode of natural convection. Heat transfer in natural
convection in a limited volume.

9-15

Unsteady processes of heat conduction and diffusion.
Introduction to the theory of convective heat and mass
transfer. Boundary layer.

11

Heat transfer when boiling a liquid in a large volume

The conditions for the nucleation of the vapor phase in an
overheated liquid. The critical radius of the vapor embryo. The
role of the solid wall during vaporization. Patterns of growth
and separation of steam bubbles. Heat transfer when boiling a
liquid in a large volume. Boiling modes. The main factors
affecting the heat transfer coefficient. Heat transfer crises and
their nature. Calculation of critical heat flux density.

Bcero AYAUTOPHBIX YaCOB

2 |2 |

Omutaiig

12

Boil heat transfer in forced flow

Two-phase flow parameters. Flow regimes and structure of
two-phase mixtures in channels. Elements of hydrodynamics of
two-phase flows, hydraulic resistance. Heat transfer during
boiling in pipes. Heat exchange crises in forced flow
conditions. Estimated recommendations.

Bcero AYAUTOPHLBIX YaCOB

2 |2 |

Ownutaiig

13

Condensation heat transfer

Film and drip condensation. Heat transfer during film
condensation of stationary steam on a vertical wall. Laminar
flow regime of a condensate film, Nusselt formula. Turbulent
mode. The influence of some factors on the heat transfer
coefficient during condensation. Intensification of heat transfer
during condensation.

Bcero AYAUTOPHLBIX YaCOB

2 |2 |

Omnutaiig

14

Radiation heat transfer

Basic concepts and definitions. Integral and monochromatic
radiation. The concept of a completely black body. Gray
bodies. The laws of thermal radiation. Radiation characteristics
of surfaces. The equations of radiant heat transfer between
bodies. Angular emissivity. Heat transfer between flat parallel
surfaces. The effect of screens on heat transfer by radiation.
Radiant heat transfer between surfaces arbitrarily located in
space. Calculation of radiant heat transfer in a closed system of
two bodies.

Bcero ayuTopHsIX 4acoB

1t

Omniaiig

15

Final lecture
Actual problems of the modern theory of heat and mass transfer
in thermal and nuclear energy.

Bcero ayiutopHsIX 4acoB

1t

Omuiaiig

COKpaH_IeHHLIe HaMEHOBAaHUS OHJIAWH OIIIIUIM:

Oo6o03na | [To1HOe HanMeHOBaHME
YyeHue
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5CM

DNEeKTPOHHBIE CIIPABOYHBIE MATEPUATIBI

ncC

NHTEepaKkTUBHBIN CalT

TEMBI JIABOPATOPHBIX PABOT

Henean

Tembl 3ansiTuii / Conepxxanue

3 Cemecmp

Computer classes:

1. Heat transfer during laminar fluid flow along the plate.

2. Heat transfer during laminar fluid flow in round pipes.

3. Heat transfer during laminar convection on a vertical plate.
4. Heat transfer during film condensation of steam on a vertical
plate.

5. Heat transfer by radiation in a closed system tel.

Classes at the laboratory stands:

1. Heat transfer and hydraulic resistance during forced
movement of water in a pipe (turbulent flow).

2. Determination of heat transfer in the free movement of air
near a horizontal cylinder.

3. The study of heat transfer during natural convection of air
on the surface of a cylinder of various orientations.

4. The study of heat transfer during natural convection in non-
stationary mode.

5. Heat transfer when boiling water in a large volume.

6. Determination of the critical density of the heat flux during
the forced movement of water not heated up to the saturation
temperature in the annular channel.

7. Determination of the coefficient of thermal radiation (degree
of blackness) of a solid by the calorimetric method.

TEMBI ITPAKTUYECKUX 3AHATUIN

Henean | Tembl 3ansatuii / Coaep:xanue
3 Cemecmp
1-3 1. Heat transfer with external flow around the bodies.
1. Heat transfer with external flow around the bodies.
4-6 2. Heat transfer during fluid flow in the channels.
2. Heat transfer during fluid flow in the channels.
7-9 3. Heat transfer during natural convection.
3. Heat transfer during natural convection.
10 - 12 | 4. Heat transfer during boiling and condensation.
4. Heat transfer during boiling and condensation.
13 -15 | 5. Heat transfer by radiation.
5. Heat transfer by radiation.
TEMbI CEMHUHAPOB
Henenu | Tembl 3ansiTuii / Conepxanue
3 Cemecmp
1-2 Tenoo0MeH Npu TaMHMHAPHOM Te4YeHUM KUAKOCTH B
KaHaJax




Beenute 3aech mopo6O0IIas XxapakTepUCTUKA U TPAHULIBI
CYLIECTBOBAHHUS JITAMUHAPHOTO PEXKUMA TEUEHHSI JKUIKOCTH B
kaHanax. Kpurnueckoe uncio PeiiHonpaca.
HuddepennmanbHoe ypaBHEHUE SHEPTUU U YCITOBUS
OJTHO3HAYHOCTH. XapaKTepUCTHKA TEINIOOOMEHA Ha
HayaJlbHOM TEPMUYECKOM Y4acTKe. 3HAUEHUs Yuciia
Hyccenbra Ha yyacTke cTaOMIM3UPOBAHHOTO TEINIOOOMEHA.
Ompenenenue cpeaHero mo AauHe KaHana koddduiuenra
TEIUIOOT/IaYH.HOE ONKCAHHUE MTyHKTa

TypOy/IeHTHBIH NePEeHOC B MOTOKE KUIKOCTH

OcHOBHBIE 3aKOHOMEPHOCTH TypOYJIEHTHOTO NEpeHoca
KoJm4ecTBa ABMKeHUs U Teria. KoaddunmeHnTor
TypOynenTHoro nepeHoca. uddepeHunanbable ypaBHEHHS
JIBUKEHUS U SHEPTUU TYpOYJIEHTHOTO MoToKa. TypOyneHTHBIN
IIOIPAaHUYHBIN CIIOM Ha IUIacTUHE. [ uapoauHaMudeckas
Teopus TerioooMena (ananmorus PeitHonbca).

Tennoornaya npu TypOyJIeHTHOM TeYEeHHH KUIKOCTH B
KaHajlax

[Tpodwmin CKOPOCTH U TEMIIEPATypPhl B TYpOYJIEHTHOM ITOTOKE
KHMJIKOCTU. MeTo bl peleHus 3a7ay Te1oo0MeHa mpu
TypOyJIEHTHOM TeYeHHHU B KaHanmax. @opMyIisl i pacdyera
TEIUIOO0TAA4M K KUJKOCTSIM C YMEPEHHBIMH YUCIIAMU
[Tpararns. TerumooOMeH XUIKUX METAIIOB. BrusiHue
3aBUCUMOCTH (PU3MUYECKUX CBOUCTB KUIAKOCTH OT
TeMIIepaTypbl Ha TeriooTaady. Pacuer Temnoornaun B TpyOax
HEKPYIJIOro NOMepevyHoro ceueHus. Temmooraaya npu
IIPOJIOJILHOM OOTEKaHHMHU ITyYKOB CTEpKHEN. MeToabl
MHTEHCU(UKALMY TEINI00OMEHA B TEIIOBBIICIISIOLINX
cOOpKax siIEPHBIX PEAKTOPOB.

Tenoo0MeH npu nonepevyHoOM 00TeKaHUU TPYO

OO0mast KapTHHA JBUKCHHSI JKUAKOCTH TIPH MTOTICPEIHOM
obTekanuu TpyO. Bimsiaue urcna PeliHonbaca Ha XxapakrTep
00TeKaHus1, OTPHIB MOTPAHUYHOTO closl. I3MeHeHne
Koa(uImeHTa TEII00TAaYN 10 OKPYKHOCTH TPYOBI.
TeriooOMeH MpY MOTEPEIHOM O0TEKAHUN KOPUIOPHBIX H
[IAXMATHBIX Iy4KOB Tpy0. OCHOBHBIE (PaKTOPHI, BIUSIOIINE HA
K02 PHUIMEHT TeII00TAaun. PacueTHbIC pEKOMEH IAIIHH.

Temnoo0MeH Npu ecTeCTBEHHOI KOHBEKIIUHN

EcTtecTBeHHast KOHBEKIIHS HA TOBEPXHOCTH TETNIOOOMEHA B
HEOTpaHUYEHHOM O00BbeMe KHUAKOCTH. Pacder Teruootnaun
IIPH JIAMMHAPHOM €CTECTBEHHON KOHBEKIIMU OKOJIO
BEPTUKAJILHOW HarpeBaeMoM IJIacTUHbIL. TermnooTaava npu
TypOyJIE€HTHOM peXUME €CTECTBEHHON KOHBEKIIUU.
TermnooTaa4a Npyu €CTECTBEHHON KOHBEKIIMU B OTPaHUYEHHOM
o0BeMe.

11

Tenoo0MeH NpU KUNEHUN KUAKOCTH B 00J1bIIOM 00beMe
YcnoBust 3apoxIeHUs TapoBoil (pasbl B meperperoi
xuakocTu. Kputnueckuii paanyc napoBoro 3apojsiia. Poib
TBEPJI0i CTEHKHU P MapooOpa3oBaHUM. 3aKOHOMEPHOCTH
pocTa U OTpbIBa MapoOBbIX My3bIpeit. TernaoooMeH mpu
KHUIICHUH KHJIKOCTH B OOJIBIIIOM 00beMe. PexKMMBI KUTICHUSI.
OcHoBHbI€ (aKTOpBI, BAUSIONINE Ha KOADDUIIUEHT




terooTaadu. Kpusucel rennootaaun u ux npupoja. Pacuer
KPUTHYECKOH INIOTHOCTH TEIIOBOTO MOTOKA.

12

Tenjioo0MeH NPH KMIIEHUH B BHIHYKI€HHOM MOTOKe
[TapameTps! AByx(a3HOro notoka. PexxuMel TeueHus u
CTPYKTYypa AByX(a3HbIX cMecel B KaHalaX. DIeMEHTHI
T'HJIPOAMHAMUKY JIByX()a3HBIX IOTOKOB, TUAPABINYECKHE
conpoTHBIIeHHs. Ternnoo0MeH npu KUIEHUH B TpyOax.
Kpusucs! TernnooOMeHa B yCIOBUAX BBIHYKIEHHOI'O TEUEHMSL.
PacueTHbIC peKOMEHIAIUH.

13

Ten000MeH Npu KOHAEHCAMH

[IneHoyHas u KarnenbHas KOHAeHcauus. Ternooraaya npu
MJICHOYHOM KOHJIEHCAIlMX HEMOIBUKHOTO Mapa Ha
BEPTUKAJIIBHON CTEHKE. JIaMUHApHBIN peXUM TEYEHUS IJICHKH
KoHJeHcaTa, hopmyna Hyccenbra. TypOyneHTHBIA PEXIM.
Bnustare HeKOTOPBIX PaKTOPOB HA KOAPPHUIIUEHT
TEIJIOOTIa4YM MpU KOHIeHcanuu. HTeHCHupuKamms
TEIUIO0OMEHA MPU KOHACHCAIINH.

14

Tensi000MeH u31yyeHnemM

OCHOBHBIE TTOHATHS U OIpPCaACIICHUS. I/IHTCFpaJ'IBHOC n
MOHOXpoMaTHueckoe u3inydeHue. [lonstre abcomoTHO
yepHoro tena. Cepbie Tena. 3aKOHbBI TEIUIOBOTO U3TYUYEHUSI.
Panuanyonnelie XapakKTepUCTHKU TTOBEPXHOCTEH. Y paBHEHUS
JYYHCTOTO TETNIOOOMEHA MEXIY TeJIaMU. YTIIOBbIC
KodduimeHTs! n3nydeHus. TernnoooMeH Mexay TIOCKUMU
napajjiCJIbHbIMH IMTOBEPXHOCTAMMU. Bmusune OKpaHOB Ha
Ter1000MeH u3nyueHueM. JIyqucTsiit TemmooOMeH MEeXIY
MOBEPXHOCTAMMU, ITPOU3BOJILHO PACIIOJIOKCHHBIMU B
npocTtpaHncTBe. Pacuer mydncToro TemiooOMeHa B 3aMKHYTON
CHCTEME JIBYX TeJl.

15

3aKII0YnTeIbHAS JEeKIHA
AKTyasbHbI€ 337]a4ll COBPEMEHHOW TEOpUU
TEIJIOMACCONEPEHOCA B TEIJIOBOU U SICPHOM SHEPTETHKE.

S.

In accordance with the requirements of OS NRNU MEPhHI, the course implements a
competency-based approach and provides for the wide use in the educational process of active forms
of conducting classes (lectures, presentations, meetings with department heads and leading scientists,
analysis of specific situations, testing, implementation and protection of home tasks) in combination
with extracurricular work with the goal of forming and developing students' professional skills.

6.

@DOHJ| OLIEHOYHBIX CPEACTB 0 JUCLUIUIMHE 00ECIIEUNBAET IPOBEPKY OCBOCHHUS IUIAHUPYEMBbIX
pe3ynbTatoB o0ydeHus (KOMIETEHIMH M MX WHIUKATOPOB) MOCPENCTBOM MEPONPUSITUNA TEKYLIETO,

OBPA3OBATEJIBHBIE TEXHOJIOI'MHU

®OH/JI OHEHOYHBIX CPEJICTB

PpyOEXKHOro U IPOMEKYTOUHOTO KOHTPOJIS IO JUCIUILIUHE.

Cesi3p Mexay (GOpMUPYEMBIMH KOMIIETEHUUSMU W (HOpMaMHU KOHTPOJIS HMX OCBOCHHUSA

MIpe/iCTaBjeHa B CIEAYIOLIeH Tabnuiie:

| Komnerennus | MuaukaTopsl ocBoeHusI | ATTecTanmonHoe MeponpusiTHe |




(KIT 1)
TIK-4 3-TIK-4 D, CK-8, CK-15
V-TIK-4 D, CK-8, CK-15
B-IIK-4 D, CK-8, CK-15
TIK-5 3-TIK-5 D, CK-8, CK-15
V-TIK-5 D, CK-8, CK-15
B-TIK-5 D, CK-8, CK-15

HIxkanbl oeHKH 00pa3oBaTeIbHBIX JOCTHKEHHU I

[IIxana Ka)KAOro KOHTPOJIBHOI'O MEPOIPUATHS JIEKUT B mpenenax oT 0 10 yCTaHOBJIEHHOTO
MaKCHMaJILHOrO Oajlla BKIIOUYMTENLHO. MTorosas arTrecranuAa I10 JUCHUIIIMHE OLICHUBACTCA IIO 100-
OaJUIbHOM ILIKaJe U MpeAcTaBiseT co0oi cymmy 0auioB, 3apabOTaHHBIX CTYIEHTOM IIPU BBINOJIHEHUU
3aJJaHU{ B paMKax TEKYILEro ¥ MPOMEKYTOUHOTO KOHTPOJIS.

Hrtorosas olieHKa BBICTaBISAETCS B COOTBETCTBUU CO CIEAYIOIICH IIKAJIOM:

Cymma Onenka no 4-ex Onenka | TpeGoBaHuUs K YPOBHIO OCBOCHHIO
0aJLIoB OaJJILHOM IIIKaJIe ECTS Y4eOHOU JUCITUTIITUHBI

OHCHKa «OTJIMYHO» BBICTABJIISICTCS
CTYACHTY, €CJIM OH I‘J'Iy6OKO " IPOYHO
YCBOMWJI IPOrPaMMHBIN MaTepua,
HUCYECPIBIBAOIIE, MMOCIICA0BATCIIBHO,
90-100 5 — «omauuno» A YEeTKO U JIOTHYECKH CTPOMHO ero
n3jaract, yMeCT TCCHO YBA3bIBATH
TEOPHIO C MPAKTUKOM, UCTIONB3YET B
OTBETE MaTepHuait MOHOTpadUIecKon

JIUTEPATYPHI.
85-89 B OreHKa «XOpOIIOY» BBHICTABIISETCS
75-84 C CTY/ICHTY, €CITH OH TBEP/IO 3HACT

Marepua, TpaMOTHO U 110 CYHIECTBY
M3Jaraet ero, He J0MycKas

D CYIIECTBEHHBIX HETOYHOCTEH B OTBETE
Ha BOIIPOC.

4 — «xopouio
70-74

65-69 O1LeHKa «yIOBJIECTBOPHTEIBHO

BBICTABIISICTCS CTYJICHTY, €CIIM OH HMECT
3HAHHMS TOJILKO OCHOBHOTO Marepuala,
3- HO HE YCBOWJI €ro JeTajei, 10mycKaeT
60-64 «y0081€mMEOPUMETILHOY E HETOYHOCTH, HEZIOCTATOUHO NTPABHIIbHBIC
(opMyITMPOBKH, HAPYIICHUS
JIOTUYECKOH MOCIIE0BATEIBHOCTH B
M3JI0)KeHHU IPOrPaMMHOI0 MaTepHaJIa.

O1eHKa «HEYIOBIETBOPUTEIBHO»
BBICTaBJIACTCA CTYACHTY, KOTOpBIfI HEC
3HAET 3HAYUTEIbHOU YacTH
MPOrpaMMHOI0 MaTepuaa, JOMyCKaeT
Hinke 60 2- F cymecTBeHHble ommmOku. Kak mpasuno,
KHEYO0BIIeMBOPUMETLHOY OLIEHKA «HEYIOBIETBOPUTEIHLHOY
CTaBUTCS CTYJCHTaM, KOTOpbIE HE MOTYT
MIPOJOJKUATE 00yUeHue Oe3
JOITIOJTHUTCIIBHBIX 3aHATHHI 110

COOTBETCTBYIOIIEH NUCIUIIIIMHE.




OneHouHble cpecTBa NpuBeaeHsb! B [Ipriiokennn.

7.  YUYEBHO-METOJUYECKOE U UH®OPMALIMOHHOE OBECIIEYEHUE
YYEBHOM JUCUUIIIAHBI

OCHOBHAS JIMTEPATYPA:
1. D1 1-70 Heat Conduction : Third Edition, Berlin, Heidelberg: Springer Berlin Heidelberg,, 2009

2. 91U M 67 I'uapoarHaMuKa ¥ TeIIIO0OMEH 3aKpYYEeHHBIX TOTOKOB B KaHaIaXx sAEpHO-
JHEPreTHYECKUX YCTAaHOBOK : yueOHoe mocodue, Mocksa: @uzmariut, 2010

3. 621.039 1163 Ontumu3zanus pacnpeaesieHus SHEPTOBbIACICHUS B aKTUBHOM 30HE SIIEPHOTO
peakrTopa : yueOHoe mocodue, Mocksa: HUSY MUDU, 2012

4. DU 1163 OnTuMuzanus pacupeacsieHus: SHEProBbIAEICHUS B aKTUBHOM 30HE SIAEPHOTO PEaKTOopa :
yuebHoe rmocodue ais By30B, Mocksa: HUAY MU®DU, 2012

5. DU JI 69 [Ipumeps! u 3a1auu 1o TeruioMaccooOMeny : yaeoHoe nocooue, Cankt-IlerepOypr: Jlans,
2019

6. OU T34 TemnooOMeH B SAEPHBIX YPHEPTETUICCKUX YCTAHOBKAX : COOPHHK 3aJ1a4: yueOHOe mocooue
1151 By30B, B. B. Apxunos [u ap.] ; pea. B. U. [dees, Mocksa: HUAY MUOU, 2010

7. 532 M67 N'unpoaunamMuka U TEMJI000MEH 3aKpYUYEHHBIX IOTOKOB B KaHaJlaX fJ1€pHO-
SHEPTreTUYECKUX yCTaHOBOK : , O. B. Mutpodanosa, Mocksa: ®usmariut, 2010

JOITOJIHUTEJIbHA A JIMTEPATYPA:

1. 621.039 ®50 ®u3uKO-TEXHUUECKNE OCHOBBI COBPEMEHHOM S1IEPHON SHEPreTUKU. [lepcneKkTuBhI 1
HKOJIOTUYECKHUE aCIIEeKTHI : yueOHoe nocodue, lonaronpyausiit: Murennext, 2014

2.621.039 T34 TermnooOMeH B sIIEPHBIX SHEPTeTUYECKUX YCTaHOBKaX : y4e0. mocodue 1 By30B, b.
C. Ileryxos [et al.], M.: MDU, 2003

3. 621.039 3-15 3agaunuk mo teriooomeny B DY : Yueb. mocodue, B. B. Apxumnos [u ap.], M.:
MUOU, 1992

4. 621.039 T34 TemnooOMeH B IEPHBIX YHEPTETUIECKUX YCTAHOBKAX : COOpHUK 3a1ad, B. B.
Apxwunos [u 1p.] ; pen. : B. W. lees, Mocksa: HUAY MU®U, 2010

5. 536 [126 Pemenue 3anau TeruoooOMena Ha 9BM : [locobue k nab. npaktukymy 1o kypey "Teopus
temioMacconepenoca', B. 1. Jlees, U. I'. Mepunos, M.: MUDU, 2000

6. 536 U85 Temmonepenaya : YueOnuk mis By3oB, B. I1. Mcauenko, B. A. Ocumnosa, A. C. Cykomer,
M.: Dueprousznar, 1981

7.621.039 126 Temnonepenava B A2V : yued. mocobue s By3oB, B.1./leeB, Mocksa: MUDU, 2004



8. 536 JI12 JlaboparopHblii mpakTHKyM 10 Kypcy "Teopus teruoodmena” : Yuel. mocobue, Jleen
B.U., Kopcyn A.C., OgunnoB A.A., IToxsanos FO.E., M.: MU®U, 1993

9.621.039 K43 TemnomaccooOMeH B siZIEpHBIX IHEPreTHYecKux ycranoBkax : , [1. JI. Kupumnos, I'. I1.
borocnosckas, MockBa: Dueproatomuszaat, 2000

10. 621.039 K43 TennomaccooOMeH B SIE€PHBIX SHEPTETUYECKUX YCTAHOBKAX : yueOHOe mocodue Ass
BY30B, II. JI. Kupumnos, I'. I1. borocnosckas, Mocksa: U3nAT, 2008

11. 536 T33 Teopus TermomaccoooMeHa : YueOHuk st By30B, [log pen. A.W. JleontseBa, M.: Brici.
mkoJja, 1979

12. 536 D41 DkcniepuMeHTabHBIE METOJIBI U3YUYCHHS TPOIIECCOB Terionepeaaun : (yaeOHoe mocooue
K JJabopaTOpHOMY IIPaKTUKyMy 110 Kypcy "Teopus Teruiooomena'), pexn. : B. . JleeB, MockBsa:
MU®U, 2008

[MTPOI'PAMMHOE OBECITEYEHUE:
CriennanbHOe IporpaMMHoOe obecriedeHre He Tpedyercs
LMS U UHTEPHET-PECYPCHBI:

1. World-nuclear (http://world-nuclear.org/)

2. Pocarom (www.rosatom.ru)

3. Pocaneproarom (http://www.rosenergoatom.ru)
4. Ypanossrii xonauar APM3 (http:/www.armz.ru)
5. TBOJI (http://www.tvel.ru)

6. BOb snement (http://www.webelements.com)
https://online.mephi.ru/

http://library.mephi.ru/

8.  MATEPHUAJLHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOM
TACIATITAHBI

CHeI_II/IaJ'ILHOC MaTCPpHUAJIbHO-TCXHUYCCKOC obOecrieueHre He Tpe6yeTc;1

9. YYEBHO-METOAUYECKHUE PEKOMEHJIALIMU JUIA CTYAEHTOB

When studying the course, it is necessary to firmly grasp the basic mechanisms and laws of
convective heat and mass transfer, to know the criteria that determine the transfer of heat and mass
under certain specific conditions (during natural or forced movement of a single-phase medium, in the
presence of phase transformations, etc.). Using empirical formulas in the calculations, you need to
know that the recommended dependencies are valid only in the range of parameters in which they were
confirmed by experimental data. When analyzing the processes of liquid boiling on a heating surface,



the concept of a critical heat flux is very important, since if its value is exceeded, as a rule, the heat
transfer wall is destroyed.

When performing the calculation work, one should understand the task, formulate its
mathematical description correctly, know the methods of solving the recorded system of equations, be
able to use modern computing tools, existing software systems for computers. In an experimental study
of a thermal process, it is useful to study in detail the methods for measuring the necessary
thermophysical quantities or process parameters; you need to know the main characteristics of the
measuring instruments and instruments used. The results of the experiments must necessarily contain
an estimate of the errors of the measurements. Based on the results of the work, a report is drawn up,
which includes all the information received in the form of diagrams, formulas, tables, graphs, and also
contains a conclusion or conclusions.

10. YYEBHO-METOJWYECKHE PEKOMEHIAIIMHA 115 IPEINIOJABATEJIEN

B nomouis nexTopy, a Takke MpernojaBaressM, BEIyIIUM MpaKTUYECKue U J1abopaTOpHBIE
3aHATUA TIO0 KypCy, PEKOMEHYEeTCsl UCIOJIb30BaTh CIIEAYIOIINE Y4eOHbIe MOCOOUs, METOIUYECKUE U
CIPaBOYHbBIC MaTEpPHUAIIBI.

[Ipu yTeHnH JIEKIHA O KypCy —

1. ees B.U. Teronepenava B A19Y: YuebHOe mocodue. — M.: MUDU, 2004. — 188 c.

2. TeriooOMeH B SiAEPHBIX PHEPIETUYECKUX YCTaHOBKax: YueOHoe Mmocodue JUisi By30B. — 3-€
m3a., nepepad. u gom. / B.C. Ileryxos, JI.I. I'enmn, C.A. Kosanes, C.JI. ComoBeeB. — M.:
UzparensctBo MOU, 2003. — 548 c.

3. Kupumnos ILJI., Bborocmosckas I'.Il. TemmomaccooOMeH B SACPHBIX SHEPIETHUYECKHX
yCTaHOBKax: YueOHoe mocodue sl By30B; 2-€ u3j., nepepad. — M.: M3gArt, 2008. — 256 c.

4. Ucauenko B.IIL., Ocunosa B.A., Cykomen A.C. Temnonepenaya: Y4ueOHUK i By30B. — M.:
Dueprousaat, 1981. —417 c.

5. Teopust TeruiomaccoOmeHna: Yuebnuk mis By30B / C.U. HcaeB, U.A. Koxwunos, B.U.
Kodanos u np.; [lox pen. A.W. JleoutbeBa. — M.: Bricias mkoina, 1979. — 495 c.

[Ipu npoBeneHNH MPAKTUYECKUX 3aHATUN —

1. 3amaynuk mo Termooomeny B JADY: YuebHoe mocobue / B.B. Apxunos, B.W. Jlees, A.C.
Kopcyn, 10.E. IToxBanos. — M.: MU®U, 1992. — 72 c.

2. KpacnomekoB E.A., Cykomen A.C. 3agaunuk no temonepenaue. || M.: «OnHeprus», 1980.
11288 c.

3. Kupwmnos ILJI., KOpser 10.C., bo6ko B.II. CrnpaBOoYHHK IO TEIUIOTHAPABINYECKIM
pacyeTam (siICpHBIE PEaKTOPHI, TETNIO0OMEHHHUKH, TaporenepaTopsl). [Tog o6, pexn. I1.JI. Kupunnosa.
"] 2-e u3n., nepepad. u gom. [ M.: Dueproatromuznat, 1990. [1 360 c.

4. KupumioB ILJI.,, Tepentbea M.U., Jlemnckuna H.b. Temmodusmdeckue cBoiicTBa
MaTepHajoB AEPHON TeXHUKHU: YueOHoe crpaBouHoe nocodue ais cryaeHtoB / [lox obur. pen. T1JI.
Kupwuinosa. [ 2-e u3a., nepepad. u gom. [] M.: U3nAT, 2007. [1 200 c.

[Tpu npoBeneHun 1a00PaTOPHBIX 3aHATHHA —



1. Jlees B.M., MepunoB W.I'. Pemenue 3amau terooOmena Ha OBM: Ilocobue k
1abopaTOpHOMY MPAKTUKYMY 1O Kypcy «Teopust Temiomacconeperoca». — M.: MUDU, 2000. — 68 c.

2. JlaGopatopHbIii IpakTUKYyM 110 Kypcy «Teopus terumooomena» / B.U. Jlee, A.C. Kopcyh,
A.A. Opunnos, 10.E. [ToxBanos. — M.: MU®U, 1993. — 68 c.

3. OKcrHepuMEHTaJlbHbIE METOAbl H3Y4YEeHHs IMPOLIECCOB Temonepeaaun (mocobue K
nabopatopaomy npaktukymy) / B.U. Jlee, A.C. Kopcyn, B.A. Kopcyn u np.; [lox pen. npod. B.U.
Heesa. — M.: MUDU, 2008. — 112 c.
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