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PABOYASA NPOrPAMMA YYEEHOWU ANCLUUMNIUHDI
B1.B.04 Tennomaccoo6meH B aHepreTu4ecCKom obopyaoBaHumn

1. Koag ¥ HauMeHOBaHMe HanpaBlieHUs1 NoAroToBku/cneynanbLHOCTH:
14.04.02 AnepHble dm3nka u TEXHONOrMM

2. Mpodunb nogroTroBku/cneumnannsauusa:

®u3nka aTOMHOro sgpa 1 Yyactuy

3. KBanudukaumsa BbINnyCKHUKA: Marnctp

4. ®opma oby4eHus: oyHas

5. Kachegpa, oTBevalowan 3a peanmsaymio AUCLUUNINHDbI:

Kadpenpa sgepHon pusnkm

6. CoctaBuTENM NnporpaMmmbl:

K.d0.-M.H., goueHT AnenHukos Anekcen Hukonaesuy

7. PexomeHpoBaHa:

Hay4Ho — MeToguyeckum coBeToM husndeckoro dakynbTteTa, npotokon Ne6 ot 24.06.2021,

Pl npognena Ha 2022-2023 y4yebHbin rog, HMC dusmnyeckoro dakynbteta ot 14.06.2022,

npoTokon NeG.

8. YuebHbIn roa: 2021/2022 CemecTp(bl): 2



9.llenu v 3apaum y4e6HOM ANCLUUNIIUHDI

Llensimu oceoeHusi yyebHOU QucyuniiuHbl S8115H0MCS:
- LEenbto N3y4eHns OMCUUNINHBI SBNSieTCa Kak doyHaamMeHTanbHas, Tak U npuknagHas
noaroToBka crneumnanucToB B 06nacTu ABNeHnn nepeHoca Tensna u Mmacchl un
6a3npyoLWMXCA Ha HUX TEXHUYECKMX CUCTEM, M MPOLIECCOB.

3adayu y4yebHoOU OuCyUMNIUHbI:
- U3yyeHune obLLMX BONPOCOB TEOPUN TeNSTIOOOMEHa, COCTaBASAOLWNX Hay4Hyo Ba3y ons
aHanmsa u pacyeTta NpoueccoB TeNNoodMeHa 1 cneynanbHble BONPOCk! TennoobmeHa,
XapaKkTepHble ANs y3roB S4epPHbIX IHEPreTUYECKNX YCTaHOBOK.
- npnobpeTeHne yMEHNA NPOBOAMTb OLEHKY TEMSO-TMAPaBIIMYECKMX XapakTeEPUCTUK Ha
OCHOBE MPOCTENLLMX MOAENEN; CaMOCTOATENBHO pa3dbnpaTbCca B METOAMKAX pacyeTa 1
NPUMEHSTb UX OS5 PELLEHMSI MOCTaABNEHHOW 3a4a4u; UCMOMb30BaTb NPOrpaMmbl
pacyeToB TeNno-rMapaBNYeCcKUX XapakTePUCTUK SYEKM peakTopa U peakTopa B LieSioMm;
- YMEHME OCYLLECTBNATb NOUCK U aHANU3NPOBAaTb HAYYHO-TEXHUYECKYH MHADOPMaLMIO U
BblOMpaTh HEOOXOANMbIE AaHHbIE AN TENNO-rnapaBNMYeCcKnx pacye€ToB; BbioMpaTb
KOHCTPYKLUMOHHbIE MaTepuarbl akTUBHOM 30HbI peakTopa B 3aBMCUMOCTM OT YCNOBUM
paboTbl
- N3y4eHMe OCHOBHbIX 3aKOHOB, OMUCHIBAIOLLNX (PEHOMEHOSOMNIO, MEXAHU3M N KUHETUKY
SIBMEHWI N NPOLECCOB NepeHoca Tenna u Maccbl, B TOM Yncre mexdasHoro, B NpoCTbIX
N MHOTOKOMMOHEHTHbIX CUCTEMaX, a UMEHHO MPOLIECCOB TeMNNonepeHoca
(TennonpoBOAHOCTM, KOHBEKTUBHOIO M NIy4UCTOro TenfioobmeHa, Tennonepeaayn) un

Andpy3nu;

10. MecTo yyeb6HOM AncuunuHbI B cTpykType OOIT:

AucumnnuHa BapuatmBHoM Yactu umkna bB1.B.OO (Yactb, dopmupyemas y4vacTHUKamMu
obpasoBaTesnbHbIX OTHOLUEHUI).

11. MnaHupyemble pe3ynbTaTbl 00y4YeHUs NO AucuunnuHe/moaynio (3HaHUA, YMeHus,
HaBblKN), COOTHECEHHbIEe C NNTaHUpPyeMbiMU pe3yribTaTaMu OCBOEHUA obpa3oBaTesibHOMN
nporpaMmmbl (KOMMNETEHLUAMU) U MHAUKATOPAMU UX AOCTUXKEHUS:

Kog HasBaHwne Kog(bl) WHankaTop(bl) MnaHMpyemble pesynbTaTbl 00y4eHus
KOMNeTeHuuu
CnocobeH k
co30aHno
TEOPETUYECKUX U
MaTeMaTn4eckux 3HaTb: m3m4eckme OCHOBbI NPOLLECCOB
Mogaenen, BbinonHser nepeHoca Tenna,
ONMCbIBaKOLLNX Tennorvapasnmyeck

MK-3 MK-3.2 z
PU3nky un pacyet YMeTb OCyLLecTBNATbL pacyeThl
KMHETUYECKMX peakTopoB. TEeNNOOOMEHHUKOB M aKTUBHLIX 30H PEaKTOPOB
SABMEHWIA UNn
npoLecchl B
peakTopax,

YCKOpUTENSIX.

CnocobeH CnocobeH 3HaTb: hm3myeckne 0CHOBbI MPOLIECCOB
OCyLLecTBNATb OCYLLECTBNATb nepeHoca Tenna,

KOHTPOIb, KOHTPO~b,

opraHm3aumio un opraHv3aumio u YMeTb: NpOBOANTbL OLIEHKY TENJo-

MK-5 | nnaHmMpoBaHue MK-5.1 | nnaHnpoBaHne rmapaBnnyecKnx XxapakTepuCcTUK Ha OCHOBE
BesonacHom BesonacHomn NPOCTENLLMX MOAENEN; CAaMOCTOSATENBHO
aKcnnyaTaumm akcnnyaTaumm pa3bupaTtbcs B MeToAMKax pacyeTa u
Tenno- n Tenno- un NPUMEHSTb UX NS peLleHNs NoCTaBMeHHON
anekTpoobopynos anekTpoobopyaoBaH | 3agayu; UCNonb3oBaTh NPOrpaMMbl pacyeToB




aHus,
TpybonpoBoaos,

naporeHepaTopoB

AQJC, a Takke
OCHOBHbIX
doHaoB
peakToOpHOro
otaenenus ASC.

na, Tpybonposoos,
naporeHepaTopoB
AQJC, a Takke
OCHOBHbIX )OHO0B
peakTopHOro
otpenenus ASC.

MK-5.2

OcyulecTtBnser
pac4yeThbl
TennoobMeHHNKOB 1
aKTUBHbIX 30H
peakToposB,
NPOBOAUT OLIEHKY
Tenno-
rmapaBriM4eckmnx
XapakTepUCTUK Ha
OCHOBE MPOCTENLLNX
Moaenewn;
ncnonb3yet
nporpamMmmbil
pac4eToB Tenso-
rmapaBnny4ecknx
XapaKkTepucTumk
AYerKn peaktopa u
peakTopa B LiefloM.

MK-5.3

OcyulecTtBnget
MOWCK U
aHanusupyet
Hay4Ho-
TEXHUYECKYIO
MHopMaLno n
BblOMpaeT
HeobxoauMble
OaHHble 4ns Tenno-
rMapaBnMyeckmx
pacyéToB;
BblOupaet
KOHCTPYKLMOHHbIE
maTtepuansi
AKTMBHOW 30HbI
peakTopa B
3aBMCUMOCTM OT
yCroBun paboThl.

TENMNo-rMapPaBnNUYECKUX XapakTEPUCTUK AYENKU
peakTopa 1 peaktopa B Lienom;

BrnageTb: ocyLecTBNSATbL MOUCK U
aHann3MpoBaTb Hay4YHO-TEXHUYECKYIO
MHpopmMaumto 1 BbibupaTb HeobxoanmMble
OaHHble ANs Tenno-rMapaBiMyeckmx pac4EToB;
BbIOMpPaTb KOHCTPYKLVNOHHbIE MaTepuarsl
aKTMBHOW 30HbI peakTopa B 3aBMCMMOCTU OT
ycnosun paboThl

MNK-7

CnocobeH

oueHunBaTb PUCK N

onpenensaTb
Mepbl
©e3onacHocTn
Ons aaepHbIX
YCTaHOBOK U
TEXHOMNOINN,
COCTaBMATb U
aHanuaunpoBaTb
cueHapum
noTeHumansHo
BO3MOXHbIX
aBapui,
paspabatbiBaTb
MeToAbl
YMEHbLUEHNS
pucka ux
BO3HMKHOBEHMUS.

MK-7.1

3HaeT TennoBble
npoLieccsl,
npoTekawLne B
yCcTponcTBax ang
npeobpasoBaHUs
NCNONb30BaHUS
3HEepruum, anemeHTax
KOHCTPYKLMI
annapartoB U
YCTaHOBOK, KOTOpble
pa3pabatbiBatoTcs,
co3fgarTcsa 1
NPUMEHSIIOTCS B
obnacTsax
3HepreTmyeckomn
TEXHUKN.

MK-7.2

Bnapeet
TEPMUHOOIMEN B
obnactu
peakTopOCTPOEHMS;
HaBblKaMW Nnoucka
MHdopMaLnmn o

3HaTb: TennoBble NpoLecchl, npoTekawwune B
YCTPOMWCTBax ans npeobpasoBaHus n
MCMNOMb30BaHWsA aHepruw, anemeHTax
KOHCTPYKUMIA annapaToB U YCTaAHOBOK, KOTOpble
paspabaTtbiBaloTCs, CO30al0TCA U NPUMEHSAITCS
B 06NacTaAX aHepreTM4EeCKon TEXHUKM;

OCHOBHbIE 3aKOHb!, onucbliBaroLLme
(EHOMEHONOMMID,  MEXaHU3M U KUHETUKY
SIBMIEHUI 1 NPOLIECCOB NepeHoca Tenna u Maccehl,
B TOM u4ucrne MexdasHoro, B MPOCTbIX MU
MHOFOKOMMOHEHTHbIX ~CUCTEMaxX, a WMEHHO
npoLeccoB TensonepeHoca (TennonpoBOAHOCTH,
KOHBEKTMBHOIO W  Jy4UCTOro  TennoobmeHa,
Tennonepenayn) n gucdpdysnu;

YMeTb: hopMynunpoBaTth LiENN peLleHus 3apad,
onpefeneHnss  KpUTepMeB W  NoKasaTenen
OOCTDKEHUSI uenew; paspabaTtkiBaTb
0000LeHHble BapuaHTOB peLleHus npobremsbi,
aHanuaMpoBaTb 3TW BapuaHTbl, NMPOrHO3MpoBaTb
nocneacTeus, HaxoauTb KOMMPOMMWCCHbIE
pELUEHNst B YCMOBMUSIX MHOFOKPUTEPUANbHOCTY,




Tenno-
rmaopaBnnyeckmx
CBOMCTBAaXx
MaTepuanos
AKTUBHOW 30HbI;
HaBblkaMW
NPUMEHEHMS
MHdopMaLnmn o
TEXHUYECKUX
napameTpax
OCHOBHbIX BUAOB
SIAEPHbIX peakTopoB
npu
NPOEKTUPOBaAHUU
SAEPHbIX
peakTopoB.

HeonpeaeneHHOCTH;

Brnagetb: TepmunHonorven B obnactu
peaKkTopOCTPOEHUS; HaBblkaMy NMoucka
WHpopMaLMM O TENNO-TNAPABINYECKNX
CBOWCTBaxX MaTepuarnoB akTMBHOW 30HbI;
HaBblKaMWN NMPUMEHEHMS MHCpOpMaLUK O
TEXHUYECKUX NapameTpax OCHOBHbLIX BUAOB
A0epHbIX peakTopoB NpU NPOEKTUPOBaHNN
A0EpPHbIX peakTopoB

12. O6beM AUCUUNMHbI B 3a4€THbIX eanHuuax/yac — 4/144.

dopmMa NPOMEXYTOYHOM aTTeCTaLum - 3K3aMeH

13. TpypoemkocTb No BuAam y4yebHomn paboTbl

TpynoemMkocTb
Bug yuebHow paboTbl Bcero Mo cemectpam
2 cemecTp
AyOouTopHbIe 3aHATUSA 56
nekymm 18 18
B TOM 4ucrie: npaxkTnyeckme 38 38
nabopaTtopHbie
CamocTtosTenbHas paborta 52 52
B TOM 4Mucne: KypcoBasi paboTa (npoekT)
. OK3ameH -
dopma NpomMeXyTOYHOM aTTecTaymm 36 yac Ok3ameH -36 vac
Utoro: 144 144

13.1. CopepxaHue QUCLUNIUHDI

n/n

HanmeHoBaHue pasgena
OVCLUUMNIUHBI

CopepxaHve pasgena OQucuuniunHbl

Peanusauus
pasgena
OUCLUMNIIVHBI C
NOMOLLLbHO
OHMNanH-Kypca,
QYMK *

1. Jlekuum

BeeneHnune. dusnyeckume
1 OCHOBbI MPoLEeccoB
nepeHoca tenna.

lMoHsaTMe HenpepbiBHOM cpenbl. [pouecchl nepeHoca
Tenna: TennonpoBOAHOCTb, KOHBEKUNS (BbIHYXAEHHas,
cBobopHas), nanydeHune. Gusnyeckme OCHOBBI
nepegauuv Tenna B pa3nuyHbix cpenax. Ponb
npoLieccoB TennoobmeHa B S4epHOM aHepreTuke.
OcHoBHble NoOHATUA. TemnepaTypHoe none.
MnoTHocTb TennoBoro notoka. KoaduumneHThbl
TENnonpoBOAHOCTU, TEMMNEPATYPONPOBOAHOCTMN.
MnoTHoCcTb ncTovHMKoB Tenna B AJY. JInHelnHbIn
TennoBown NOToK. [Mnotesa dypbe. MexaHnsm
TENnonpoBOAHOCTU B ra3ax, >XUOKOCTAX U TBepAbIX
Tenax. POHOHHasA 1 3NeKTPOHHAs CocTaBnALMe.
Tennootgaya (TennoobmeH) u Tennonepenaya. 3akoH
HbtoToHa. KoadppumumeHT Tennoobmera, ero
PU3NYECKMX CMbICIT. TENNOBOW NOTPAHUYHbIA CNOWN.




Tennonepegaya. KoadhdumuneHT Tennonepesaymn.
Tepmudeckne conpoTuUBNEHNs TennoobmMeHy n
Tennonepegayn. AHanornst ¢ 3akoHamu
aneKkTpoTexHuKK. MNMpoueccobl MaccoobmeHa. 3akoH
duka. KosdpduumneHT maccoobmeHa. AHanorus mexagy
npoueccamMmm nepeHoca Tenna v maccel. Teopus
pa3mepHOCTeN 1 Yncna (Kputepumn) nogoodus.
lMoHMMaHWe KpuTepreB Kak OTHOLLEHMS OABYX
dusnyeckmx acppeKToB, oTpaKaemblX YrieHaMm
ypaBHeHun B anddepeHumnansHon gpopme. Kputepum
PeintHonbaca, HyccenbTa, lNMekne, MNpaHaTns,
'pacrodgpa, Ppyna, Maxa, CtaHTOHa. 2 Yaca.

Mpouecchl TennonpoBoa-
HOCTHU

OuddpepeHumnansHoe ypaBHeHWe TENNONPOBOAHOCTU.
CTtaunoHapHble 1 HecTaLMOHapHbIE NPOLECChI.
BHyTpeHHMe NCTOYHMKM Tenna. Ycnosus
OAHo3Ha4YyHoCTU. MpaHu4yHble ycnosus 1, 2, 3 poaa.
Y4eT 3aBUCMMOCTU TENONPOBOAHOCTU OT
TemnepaTypbl, nepemeHHas Kupxroda.
PacnpegeneHus Temnepatypbl B Tenax pasHou
dopmbl. VicxoaHble ypaBHeHus. [None TemnepaTypbl B
nnactuHe 6e3- 1 ¢ BHYTPEHHUMU UCTOYHMKaMKM Tenna
npu pasHbIX rpaHnyHbIX ycnosusax (1, 3 poaa).
MHorocnonHasa nnockasa cteHka. [one TemnepaTyphbl B
LMIMHOPUYECKOW CTEHKE, CNIOLIHOM LunNuHape, wape
¢ TennosblgeneHmem. Kputnyeckun gnameTp
Tennosown nsonsaumu. Metogel nsmepeHus
KoabdmLmeHTa TennonpoBogHoCcTH (Mo pesynbTatamM
nabopaTtopHbix paboT). OxnaxgeHune (HarpeBaHue)
Tena 6e3 BHYTPEHHEro TEpMUYECKOrO COMPOTUBIIEHNS.
NameHeHne TemnepaTtypbl BO BpeMeHu. Konmyectso
Tenna, oT4aBaeMoe UM BOCMPUHMMAEMOE TEMOM.
HecTtaunoHapHble nons Temnepartypbl B Tenax
npocTton opmbl (MNacTUHa, ULMAMHAP, Wwap).
OuddepeHumnansHoe ypasHeHue. [paHnYHbIe
ycnosus. Ponb kputepus buo, ero doumsndeckui
cmblicr. PewweHunsa ons nnacTuHbl Npy pasHbIX
3HaveHusax kputepus buo.

KOHBEKTUBHbIN
Tennomacco-

006MeH B ogHOMa3HbIX
cpepax

OcHoBHble nonoxeHus. mapogMHamMmMyecKni,
TennoBon 1 oMdPdY3NOHHbBIN NOrPaHNYHbIE CIOW.
BbiHyXOeHHasi u cBoboaHas koHBekumsi. OueHka
TOJLUMHbI NAMWHAPHOIO rTMAPOANHAMNYECKOTO
norpaHuyHoro cros. TepMmmyeckoe ConpoTUBIIEHNE
TennoobMeHy 1 pacnpegeneHve Temnepartyp B
cpepax ¢ pasnuyHbiMu Yncnamm Mpanarns.
OudbpepeHumnanbHble ypaBHEHNST KOHBEKTUBHOIO
TennoobmeHa. YcnoBus 0aHO3HaYHOCTW.
OcobeHHOoCTH TennoobMeHa Npu NaMmmMHapHOM U
TypOyneHTHOM TedeHusx. Nynbcaunm CKopocTu 1
TemnepaTypbl B TypbyneHTHOM noToke. OcpegHeHne
CKOPOCTM U TeMMepaTypbl NO CEYEHUIO KaHana.
NameHeHuns cpegHen TemnepaTtypbl XNAKOCTU BAOIb
oborpeBaemoro kaHana. lNogobve n mogennpoBaHue
TennoBbIX NpoueccoB. 3ajada Teopum Nnogoodus.
Teopembl nogobus. HaxoxaeHne 6e3pasmepHbIX
BEMWYMH C NOMOLLbIO TEOPUM Pa3MeEPHOCTEN U
0obpaboTka pe3ynbTaToB 3KCNEPUMEHTA C UX
nomoupbto. MNMprumepbl COoTHOLWeEHMN. Beibop
onpeensoLLnx pa3smepoB U Temneparyp.
MHTeHCcMBHOCTL TennoobmeHa. M'mapognHammnyeckmii n
TENOBOW MNOrpaHNYHbIE CIIOM U METOAbI UX pacyeTa.
COOTHOLLEHMSA TONLWWH rMAPOANHAMUYECKOTO U
TENnoBoro norpaHn4Hblx cnoes. O6TekaHne
uunuHapa, wapa. NonepeyHoe o6TekaHNe Ny4koB
Tpy6. BnusiHme oTpbiBa NOrpaHMYHOro Crosi.




M3meHeHune koadhumumeHTa TennoobmeHa no
OKPY>KHOCTU TPYObI. BrnusiHne yrna ataku.
BbIHy>XAeHHoe TeueHne B kaHanax. Pexumbl:
namMuHapHbIN, BA3KOCTHbLIW BA3KOCTHO-
rpaBUTaLMOHHBIN, NEPEXOAHbIN, TYPOYNEHTHBIN.
MapoavHaMnyeckuin 1 TENMOBOM HaYanbHbIe YY4aCTKM.
dakTopbl, Bbi3biBaloLMe CBOOGOOHOE ABMXKEHME.
XapakTtep OBWKeHWs cpefbl BOOMNb BEPTUKANbHOM
nosepxHocTu. Yucno Mpacroda. MapannensHas u
BCTpeYHas cBoboaHasa KoHBeKUMs. PacyeTbl
TennoobmeHa npu cBO6GOAHOM KOHBEKLMM B Cpeax C
pasHbiMu Yucnamu Penes, MNpanatnsa. TennoobmeH
npy cBOOOAHOM ABWMXXEHUM Cpeabl B OrpaHUYEHHOM
NpOCTPaHCTBE.

TennoobmeH npu
KOHOeHcauum

dusnyeckne npouecchbl Npy KOHAeHcaunn. YCcrnosums
BO3HWKHOBEHWS KOHAeHcauun napa. LieHTpebl
KoHOeHcauuu. MNepeoxnaxaeHne napa, KpUTN4eCcKni
paguyc 3apogpiwa kannw. [Npouecckl: nogBog napa K
NoBepPXHOCTWU, (ha3oBbIM Nepexon, 0TBoA Tenna,
oTBoA xungkoctu. Kpusasa koHgeHcaumn. KanenbHas v
nneHoyHasa koHAaeHcauus. NneHovyHasa koHaeHcauums
HEeMNOABMXHOIo Cyxoro napa. Pexumsl TeueHus
nneHku. llammHapHoe TeyeHue NneHku, Teopusi
HyccenbTa, nonpasku k Teopuu. JlamuHapHo-
BOMHOBOW U TYpBYNEeHTHO-BOMHOBOW PEXUMBI.
KoHaeHcauusa neperpeToro unm BAaXHOro napa.
lMneHoyHas KOHAEeHCaUWs OBUXYLLEerocs napa.
KoHpeHcauust BHyTpu TpyObl. MIHTeHCcndmkauus
TennoobmeHa npu koHaeHcaumn. MeTtoapl
YMEHbLUEHWsI CpegHel TOSLLMHbI NIIEHKN KOHOeHcaTa
(rodbpupoBaHHble MOBEPXHOCTU, pebpa, xenoba)

TennoobmeH Npu KMNeHum

MexaHusmbl npouecca. Buabl kKuneHus - ny3blpbKOBOE,
nneHoyHoe. Kpusnc rennoobmeHa. BnusaHue
CMa4MBaEMOCTUN CTEHKN XNOKOCTbIO U KpaeBon yrorn.
Kputnueckun paguyc napoBoro 3apoapliila..
KannnnapHas noctosiHHas. KuneHvne B 60mbLLOM
obbeme. Kpuas kuneHus. MNy3bipbkoBOE KuneHue, Ase
COCTaBMSALUX TENNOBOro NoToka. BnnaHue
[aBreHusi, LLepoXoBaTOCTH, OTNIOXKEHUIN, CBONCTB
mMaTepuana. PacyeTHble COOTHOLLEHNS.
Knaccudukaums napoXungKoCTHbIX MOTOKOB
(roMoreHHble 1 reTeporeHHble, agnabdaTHble u
OnabaTHble, paBHOBECHbIE U HEPABHOBECHbIE NMOTOKM).
MpuBegeHHble ckopocTn. O6bEMHOE, MacCOBOE,
WUCTUHHOE napocogepxaHue. KoadpdumumeHT
ckonbxeHunsi. CkopocTb unpkynauun. Maccosas
CKOPOCTb. DOPMbI, PEXUMBI TEHEHUS ABYX(a3HbIX
NMOTOKOB B BEPTUKAIbHbBIX Y FOPU3OHTANbHbIX TPyOax.
Pacnpegenexue ¢as u ckopocten. TennoobmeH B
naporeHepupyrLmnx kaHanax. Hayano kunenus.
Mpoueccohl TennoobMeHa B pasnmyHbIX 30HaX
naporeHepupytoLero kaHana (3oHa nogorpesa,
NMOBEPXHOCTHOTO KUMEHUS, Pa3BUTOrO KUMNEHWS,
BbICbIXaHWS MIEHKN, KPU3Mca, 3aKkpuamcHas).
NameHeHne TeMnepaTypbl XUOKOCTU, CTEHKN,
napocogepxaHus (maccosoro, 6anaHcHoro,
WUCTUHHOrO) No AnuHe Tpy6bl.

TennoobMeH n3ny4eHem

OcHOBHbIE NOHATUA. CMEKTP N3MyYeHUs.
MornollatensbHas, oTpaxarternbHas, NponyckHas
cnocobHocTu Ten. UHTerpansHoe,
MOHOXPOMaTHYECKOE M3nydeHne. ManydyatensHas
CMOCOBHOCTb, APKOCTL. CrekTpanbHas nanydarensHas
cnocobHocTb. Buapl nanyvexus - cobcteeHHoe,
nagatollee, NornoLeHHoe, OTPaXeHHoe,




ahbdpekTnBHOE, pe3ynbTUpyloLLee, UX B3anMHasa CBA3b.
3aKoHbI TENMOBOro N3ny4yeHus Ans abcontoTHO
yepHoro Tena (MnaHka, Penesa-[xnHca, BuHa,
CtedbaHa-bonbumaHa, Knpxroda, JllambepTa).
PagnauunoHHble xapaktepucTtuku. NanydartenbHole,
nornowiartenbHbIe U OTpaXaTernbHble XapakTEPUCTUKN
peanbHbIX Ten (MeTannoB, OUSNEKTPUKOB, ra3oB).
TennoobmeH nanyyeHvem mexagy Tenamu (B
npo3payHon cpeae, Npy HanMyYnm aKpaHoB, Npu
NPOM3BOSILHOM PACMONOXEHUN NOBEPXHOCTEN).
YrnoBble K03 DULNEHTBI, pacyeTHas NOBEPXHOCTb.
TennoobmeH mexay Tenom 1 060noYKoNn.
KoapdumumeHT TennoobmMeHa usnyyeHnem.
TennoobmeH B NOrMOLWALWNX N U3NTyYaoLWwmnx
cpepax. OnTuyeckas TonwuHa cpeapl.

OcobEeHHOCTN N3My4YEeHMs1 ra3oB M NapoB.

OcHOBBbI TEMNIOBOrO

KOB W aKTUBHbIX 30H
peakTopoB

pac4yeTa TensIoo0bMeHHK-

Twnbl TeNoobMeHHMKOB. CxeMbl ABUXKEHUS
TENIOHOCUTENEN: NPSIMOTOK, MPOTUBOTOK,
KOMOUHMPOBaHHbIE cXeMbl. OCHOBHbIE MOJNTOXEHUS
TENIOBOro pacyeTa. YpaBHEHUs1 TeNoBoro 6anaHca u
Tennonepenayn. CpegHuin norapnmMmyeckuin
TemnepaTypHbIn Hanop. CpaBHeHWe NpsMOTOKa 1
npoTuBoToka. PacueT HeobxoaMmMon NoOBEPXHOCTW.
PacuyeT koHeuHbIX TemnepaTtyp. APDEKTUBHOCTb
TennoobmMeHHuka. NameHeHne xapakTepucTuk BO
BpeMms akcnnyaTtauuu. TennornapasBnuyeckmin pacyet
aKTUBHbIX 30H, OXJaXKgaeMblX 0gHOda3HbIM MOTOKOM.
PasHble onpegenernst koadduumneHTa TennoodbmMeHa,
HepaBHOMEPHOCTU TemnepaTtypbl MO NEPUMETPY.
Pac4eT pacnpeneneHusi CKOpoCTen 1 NOAOrPEBOB MO
ceyeHuto TBC.

TennoobmeH B akTUBHOW 30HE, OXnaXgaemomn
AByxdasHbiM noTokom. Havano kuneHus. Pacyet KTT1
B MyuyKax, ckerneTHble Tabnuubl. PacyeTt 3anaca
MOLLHOCTU [0 Kpu3unca C y4eTOM MorpeLHocTemn
napamMmeTpoB.

PacuyeTt TemnepaTypbl B TBane. MakcumanbHble
TemnepaTypbl 060104kK 1 ToNMBa. TepMnyeckoe
COMpOTUBIIEHME 3a30pa MeXAY TOMITMBOM U
obornoykon. TennonpoBoAgHOCTb ANOKCMAA ypaHa,
BINUSAHME CTEXMOMETPUYECKOTO COCTaBa, MITOTHOCTH,
Bblropanus. MHTerpanbHas TennonpoBOgHOCTb.

13.2. Tembl (pasaenbl) AUCUUNINNHBI U BUAbI 3aHATUN

Ne Buabl 3aHATU (KONTMYECTBO YacoB)

n/ Haumerosanme Temol CamocTogatenbHas| KoHTp

n (pasgena) gucumnnuHbl | Jlekuun | MpakTudeckne | JlabopaTopHble paGoTa onb Bcero
BeeneHune. dnsnyeckne

1 OCHOBBbI MPOLLEeCCoB 5 7 5 19
nepeHoca Tenna.

> Mpoueccel 5 7 5 19
TEN0NpPOBOAHOCTMU.
KoOHBEKTUBHbIN

3 TennomMaccoobmeH B 5 7 5 19
oAHorasHbIX cpefax

4 TennoobmeH npu 5 7 5 20
KOHAeHcaumm

5 TennoobmeH npu 6 8 5 22
KMMeHUu




6 TennoobmeH 3 6 8 5 29
N3ny4yeHnem

OcCHOBbI TEMNOBOIO
pacueTa

7 TennoobMeHHUKOB 1 3 6 8 6 23
aKTUBHbIX 30H
peakTopoB

Wtoro: 18 38 52 36 144

14. MeToaun4yeckume ykasaHus ansi ooy4aroLmxcs no 0OCBOGHUIO AUCLIUNTIUHbI
N3noxeHne maTepuana npenogasatenem HeobxogMmo BecTtM B opme, OOCTynHou AN

NOHUMaHus. [Ons ynydweHus yCBOEHWst yd4ebHoro MaTepvana HeobXxoaAMMO NPUMEHSTb
TPaauLUMOHHbIE M COBPEMEHHbIE TEXHUYECKME CpefcTBa obOy4veHusi. [ns camMocTosATEeNbHOro
N3y4YeHns OTBEAEHO BPEMS Ha Bce pasaenbl Kypca.

CtyoeHTaM Ha nekuuax HeobxoauMmo BecTM NOAPOOHbLIN KOHCMEKT M cTapaTbCs MOHSATb
mMaTtepman Kypca, He CTeCHATbCA 3adaBaTb MpenogaBaTento BOMNPOCbl Ans yriybGrneHHoro
NMOHMMaHNA KOHKPETHbIX npobriem kypca. [Ana nonHOro noHMMaHWa martepuana cnegyet
aKTUBHO MCMNOMb30BaTb KOHCyNbTauuun. [ns camoCTOATENbHOrO M3y4yeHUs pas3genoB Kypca,
pekoMeHA0BaHHbIX npenogasaTtenem, Heob6xoanumo Nnonb30BaTbCS OCHOBHOM n
OOMONHUTENLHOM  NUTEpaTypon, UHTEpHeT-pecypcamMn. Ha  npakTu4eckux  3aHATUAX
HeobxooMMO yMmeTb pewaTb 3ajaydn WM aHanuM3MpoBaTb peLlleHMe, Ha YCTHbIX Onpocax
obyvyaembll [OMMKEH yMeTb [LOEMOHCTPUPOBATb MOSMyYEHHbIE Ha NEKUMSIX U MPaKTUYECKUX
3aHATUSAX 3HaHUS, YMEHUA U HaBblkW, OTBEYaTb Ha MOCTaBIIEHHbIE BOMPOCHI, NOAAEPXNBATb
ANCKYCCUIO MO CyLLIECTBY Bomnpoca

15. lMepeyeHb OCHOBHOW WU [OMNOSIHUTENbLHOW nUTepaTypbl, PECYpPCOB MWHTEpPHeT,

Heob6XoauMbIX ANA OCBOEHUSA AUCLUNIIUHBI (CrucoK numepamypbl 0hOPMISIEMCs 8 COOM8emcmeauu
¢ mpebosarusimu FOCT u ucrionb3yemcsi obujasi CK8o3Hasi Hymepauyusi 05151 ecex 8U008 UCMOYHUKO8)

a) OCHOBHas nuTeparypa:

Ne n/n McTOYHMK

Kupunnos IN.J1., borocnoeckas I'.I1. TennoMmaccoobmeH B SiAEPHbIX 3HEPreTUYECKNX YCTaHOBKaX.
— M., OHeproaTtommagar, YuebHoe nocobue ansa syso. 2000. — 456 c. (umeeTcsa B Bubnunoteke
OrTY AJ9).

LiBeTkoB ©.9., puropbeB B.A. TennomaccoobmeH. — M., N3g-Bo MOW. YuyebHoe nocobue ans
By30B. 2005. — 548 c. (umeeTcs B Gubnuoteke OI'TY AJ).

MetyxoB b.C., TennH JI.I., Kosanes C.A., ConoebeB C.JI. TennoobmeH B aAepHbIX
3 3HepreTMYEeCcKMX ycTaHoBkax. Y4yebHoe nocobue ansa sysos. M.: N3g-so M3W, 2003. - 548c.
(nmeeTcs B Bubnuoteke OI'TY AJ).

ApepHas aHepreTvMka : ydebOHoe nocobue [ns CTyAEHTOB CTapLUMX KypCOB, acnvMpaHToB M
4 Hay4HbIX paboTHukoB / [H.A. A3apeHkoB u ap.] ; XapbkoBCKuU Hau. YH-T uM. B. H. KapasuHa .—
XapbKoB : XapbKOBCKUIN HaLMOHanbHbIM yHUBepcuTeT nmenun B. H. KapasnHa, 2012 .— 479c.
MwxaHoB B. C. YacTuubl 1 aTOMHbIe sigpa : y4ebHuK no gucumnnuHe "®usmnka atom. sapa” ons
cTyad. By3oB, 06yy. no cneumansHoctam 010701 - "®duauka", 010705 - "dusuka atom. sgpa u

1

5 yactuy" n HanpasneHuto 010700 - "dumsumka" / 6.C. UNwxaHos, V.M. KanutoHos, H.IM. KOanH ;
Mock. roc. yH-T um. M.B. JlomoHocoBa .— W3pg. 2-e, ucnp. n gon. — M. : URSS : N3g-Bo JIKA,
2007 .— 581 c.

0) pononHUTenbHasa nuTeparypa:
Ne n/n McTOYHNK

Hopowyk B.E. Kpnsucel TennoobmeHa npu KuneHun Bogpl B Tpybax. - M.: DHeproatommsaar,

6 | 1983. - 120c.

7 Kykayckac A.A. KOHBEKTUBHLIN NepeHoc B TennoobmeHHmKax. - M.: Hayka, 1982. - 472c.

8 3urenb P., Xayann . TennoobmeH nsnydexHmem. - M.: Mup, 1975. - 934c.

9 NcayeHko B.IN. TennoobmeH npu koHaeHcauun. - M.: QHeprus, 1977. - 240c.

10 Kupunnos IN.J1. CBoricTBa MaTepuanoB siaepHon TexHukn, N3g-so MATI, 1990.

Kupunnos IN.J1., KOpeeB HO.C., Bobkoe B.l1. CnpaBo4HMK NO Tennorngpasinyeckum pacyetam
11 (saepHble peakTopbl, TENNIOOOMEHHNKW, NAaporeHepaTopbl). - 2-e usgaHue, nepepaboTaHHOe U
[ononHeHHoe, - M.: DHeproatommsgar, 1990 r., - 360 c.




Kpamepos A.A., Lesenes A.B, HxeHepHble pacyeTbl AOepHbIX peakTopos. - 2-0e u3g. - M.:

12 OHeproatomunsgat, 1984. - 736¢.

JlbikoB A.B. Teopusa TennonpoBogHocTu: YuebHoe nocobue ans By3oB. - M.; Bebicwas wkona,
13

1967. - 599c.
14 ManvH H. M. TennomaccoobmeH (B saepHon sHepretuke) / H.M. Tanun, MN.J1. Kupunnos .— M. :

OHeproatommagar, 1987 .— 374,[2] c.

B) MH(pOPMALIMOHHbIE 3MEKTPOHHO-06pa3oBaTeribHble pecypchl (0duumnanbHble PeCYpChbl UHTEPHET)™:
Ne n/n Pecypc

15 www.lib.vsu.ru — 3HB BI'Y.
https://edu.vsu.ru — AnekTpoHHLIN yHMBEpcuTeT BI'Y

16. MNepeyeHb y4yeOHO-MeTOAMYECKOrO obecrnevyeHUs ANs CaMOCTOATENIbHOW paboTbl
(y4ebHo-memoduyeckue pekoMmeHdayuu, nocobusi, 3adaqyHuKku, MemodudyecKue yKa3aHusi MO 8bIMOSTHEHUI
npakmu4eckux (KOHMpPOsbHbIX), Kypcoebix pabom u dp.)

Ne n/n NCTOYHMK

1 JlbikoB A. B. Tennomaccoo0meH : cnpaBovHuk / A.B. JlbikoB .— M. : QHeprus, 1971 .— 560 c.

> BabeHko HO.N. TennomaccoobmeH : MeTton. pacyeTa TennoBbiX U AUMPEY3MOHHBIX NMOTOKOB /
KO. N. babeHko .— J1. : Xumus : JleHuHrp. ota-Hue, 1986 .— 143,[1] c.

3 LisetkoB ®. ®. 3agauHuk no tennomaccoobmeHy : Yueb. nocobue gns TensosHepreT. crneu,.
By3oB / ®. ®. LiBeTkoB, P. B. Kepumos, B. 1. Bennyko .— M. : U3g-s8o MOU, 1997 .— 135,[1] ¢
MeTognyeckne pekomMeHgauMum MO OpraHu3auMm CamoCTOATENbHOW paboTbl  CTYOEHTOB

4 HanpaeneHusa 14.04.02. ApepHble usmka n TexHonoruu, - Baxtens B.M., Tutosa J1.B. — BI'Y.

2018. - 17 c.

17. OOpa3oBaTefnibHble TEXHONOrMK, MUCNOoNb3yeMble nNpu peanusauumm y4eOGHOMU

ANCLUMNIINHBI, BKNOYasi [AOUCTaHUUOHHbIe oOpa3oBaTtenbHble TexHonorun (OOT),
3neKTpoHHoe oby4yeHue (J0), cmewaHHoOe oOyyYeHue):
Mpwn NpoBedeHUM  3aHATMA N0 OUCUMNNIMHE  UCMOSb3YTCA  cnegywoouwuve

obpasoBaTenbHble TEXHOSOMM:

— aKTUBHbIE N UHTEPAKTMBHbIE (DOPMbI NPOBEAEHUS 3aHATUN;

— KOMMNbIOTEPHbIE TEXHOMOrMM NPU NPOBEAEHUN 3aHATUN:

- TMpe3eHTauMOHHble MaTepuanbl U TEXHOMormn npu ob6bACHEHUMM MaTepuana Ha
NEKLUMOHHbIX U NPaKTUYECKUX 3aHATUAX;

- cneumannsanpoBaHHoe obopyaoBaHue npu NpoBeaeHMn nabopaTtopHbIX paboT;

— pa3bop KOHKPETHbIX CUTyauuin MNpu MOCTaHOBKe Uuernen M 3agjad kK paspaboTke
npuKnagHblXx nporpamm, npu Bblibope nporpammMHOro obecneyeHnss no yCTaHOBMEHHbIM
Kputepusm, npu paspaboTke nporpaMmm no npeaycMOTPEHHbIM anropuTMam n metogam

Ona camocTosaTenbHon paboTbl ucnonbdyetrca IBC YHuBepcuteTckaa 6ubnuoTeka
online - www.lib.vsu.ru - 3HB BIY. [llporpammHoe obecneyeHne, nNpUMEHsieMoe npu
peanusauun aucuunnmnHel — Microsoft Windows, LibreOffice, CodeBlocks, Adobe Reader,
Mozilla FireFox.

[OncTtaHunoHHbIEe obpasoBaTtenbHble TexHonoruu (A8oT) NPUMEHSAIOTCH C
ncnonb3oBaHMeM obpa3oBaTenbHOro noprtana «ANeKTPOHHbIA yHuBepcuTeT BITY».

18. MaTepmnanbHoO-TeXHU4YECKOEe obecneyeHme AUCLUNIINHDI:

CneunanusnpoBaHHasi Mebenb, HOyTOYK 15,6" DNS
(0164925), npoektop EPSON EB-X11, nepeHocHoM

JlTabopaTopus um. J1.H. CyxoTuHa (ansa npoBegeHus
3aHATUN NEKLMOHHOTO N CEMUHAPCKOro TUMOB,
TEKYLLEro KOHTPOIS 1 MPOMEXYTOYHOW aTTecTaunm)
r.BopoHex, nnowagb YHuBepcuteTckas, 4.1, nom.l,
aya. 30

3KpaH Ha wraTtuBe SceenMedia Apllo-T

Microsoft Windows 7, Windows 10 goroeop 3010-
15/207-19 o1 30.04.2019.

LibreOffice (6becnnaTtHoe n/vnn ceobogHoe NO
(nnueHsmns: https://www.libreoffice.org/about-
us/licenses/)

Adobe Reader (6ecnnatHoe w/unu ceobogHoe MO
(nuueHswns: https://get.adobe.com/ru/reader/




legal/licenses)

JlTabopaTopus (onst npoBeaeHus nabopaTopHbIX
3aHATUI, TEKYLLIErO KOHTPOMA N MPOMEXYTOYHOMN
atTecTaumm)

r.BopoHex, nnowagb YHuBepcutetckas, 4.1, nom.l,
ayn. 32

Komnnekt yuebHoro obopynosaHus "PaboTa Hacocos
pasnuyHbIX TMNoB"

TunoBow KOMNNEKT y4ebHoro obopynoBaHust
"MexaHwuKa Xngkoctu -ruapasnudeckun ygap"
JlabopaTopHbIi y4ebHbIn cTerg "Onpenenexne
KoadbbmumeHTa Tennonepeaayn TennoobMeHHOro
annapara" 3J16-171.012.03

Y4yebHbin nabopaTopHbIn cTeHa "OnpeaeneHune
KoadhpmumeHTa Tennonepeaayn Tenno0dMeHHOro
annapara" 3J1b 171.012.04

MomeleHne ansa xpaHeHns N NpomnnakTn4ecKoro
obcnyxumBaHus y4ebHoro obopyagoBaHus
r.BopoHex, nnowagb YHuBepcuteTckas, 4.1, nom.l,
ayn. 31

HoyTt6yk 15,6" DNS (0164925), npoektop EPSON EB-
X11, nepeHocHown akpaH Ha wrtatmuee SceenMedia Apllo-
T

Microsoft Windows 7, Windows 10 goroeop 3010-
15/207-19 o1 30.04.2019.

LibreOffice (6becnnaTtHoe n/vnn ceobogHoe MO
(nnuensmns: https://www.libreoffice.org/about-
us/licenses/)

Adobe Reader (6ecnnatHoe w/unu ceobogHoe MO
(nuuenswms: https://get.adobe.com/ru/reader/
legal/licenses)

KoMnbloTepHbIN Knacc, ayautopust A5 rpynnoBbIX U
MHONBMAYaANbHbLIX KOHCYNbTaUWN, NOMeLLeHMe ANsi
CaMoCTOATENbHOM paboThl

r.BopoHex, nnowagb YHuBepcuteTckas, 4.1, nom.l,
aya. 40/5

CneunanusmpoBaHHas mebenb, KOMNbIOTEPHI
(cuctemHble 6noku Intel Pentium-1V, moHuTOpbl LG
FLATRON L17428-8F) (30 WT.) C BO3MOXHOCTbIO
noaknoveHust k cetn «MHTepHeT» 1 obecneyeHmem
[0CTyna B 3NEKTPOHHYO MHOPMaLMOHHO-
obpasoBaTenbHy cpeay yHuBepcuTeTa

Microsoft Windows 7, Windows 10 gorosop 3010-
15/207-19 o1 30.04.2019

LibreOffice (6ecnnaTtHoe n/nwnn ceobogHoe MO
(nnueHsmns: https://www.libreoffice.org/about-
us/licenses/)

Adobe Reader (6ecnnatHoe w/unu ceobogHoe MO
(nuueHsuns: https://get.adobe.com/ru/reader/
legal/licenses)

Mozilla Firefox (6ecnnatHoe n/vnu ceobogHoe M0)
(nueHsunsa:
https://www.mozilla.org/ru/about/legal/terms/firefox/)

19. OueHo4HbIe cpeacTBa ANA NpoBeAEeHUA TEKYLEeNn N NPOMEXYTOYHOWN aTTecTaumm

MopAnoK OLEHKN 0CBOEHMS oby4Yalowmummncs y4ebHoro MmaTepuana onpeaensieTcs
coepXxaHMeM crneayLwmnx pasaenos AUCUMNIIVHBI

Ne HaumeHoBaHve

UHaunkaTop(bl)

n/n pasgerna gUCLUMMIvHbI KO'Y'A';?;?H OOCTUXKEHUS OueHouYHbIE cpeacTBa
(moayns) 5 KoMneTeHummn
1. Tembl 1-7 MK-3 MK-3.4 CobecenoBaHue
MK-5.1
2. Tembl 1-7 MK-5 MK-5.2 CobecenoBaHue
MK-5.3
MK-7.1
3 Tembl 1-7 MK-7 AK.7 2 CobGecepnoBaHue
lMpomexyTodHasa aTTectaums MynkT 20.2.1
copma KOHTPONS - aK3aMeH Bonpocbl K 3k3ameHy




20 TunoBble OLEHO4YHbIe cpeAcTBa M MeToAMYECKUMe MaTepuanbl, onpegensioLwme
npoueaypbl OLeHUBaHUA

20.1 TeKywMin KOHTPOINb yCNeBaemMocCcTun

KoHTpornb ycneBaemocTy No AUCLUUNIIMHE OCYLLECTBNAETCS C MOMOLLbIO CNEAYHLNX OLEHOYHbIX
CpencTs:

CobecepnoBaHue

MNepeyeHbL BONpocoB K cobecenoBaHuIo:
1. lMpoueccbl nepeHoca Tenna: TENnONPOBOAHOCTb, KOHBEKUMS  (BbIHYXOEHHas,

csobogHas), nsnydexHve. dnsnyeckme OCHOBbI Nepeaayn Tenna B pasnmyHbIX cpeaax.
2. TennoobmeH npu kuneHun. Buabl KUNEeHUs - Ny3blpbKOBOE, MIEHOYHOE.

3. dnsnyeckne npoueccbl nNpn KoHOeHcaunn. YcnoBusa BO3HUKHOBEHMS KOHOEHCaUMn napa.

LleHTpbl KOHOeHcauun. MNepeoxnaxaeHne napa.

4. TemnepatypHoe none. [lnoTtHocTb  TennoBoro  notoka.  KoadpdpuumneHTsl

TennonpoBOAHOCTN, TemMnepaTyponpoBogHOCTU. nnoTesa dypbe.

5. OnddepeHumnansHoe ypaBHeHue TENONPOBOAHOCTH. CtaumoHapHble n

HeCTauMOHapHbI€ npouecchl.

6. KOHBEKTMBHLIN TennomaccoobmeH B ogHoMasHbIX cpefax. BolHyxaeHHas n csoboaHas

KOHBEKLNA.

7.TennoobmeH n Tennonepegayva. 3akoH HbtoToHa. KoadbdumumeHT TennoobmeHa, ero

domaunyeckmin cmbicn. KoadpdunumeHT Tennonepeaadu.

8. PacnpegeneHus Temnepartypbl B Teriax pasHon opmebl. IcxoaHble ypaBHEHUS.

9. NHTeHcMBHOCTL TennoobmeHa. 'mapoanHaAMUYECKUA U TEMNOBOW MOrpaHUYHbIE CIrion U
MeToabl ux pacyeta. COOTHOLIEHUS TOSIWUH rMAPOAMHAMUYECKOrO N TENSIOBOro NOrpaHnYHbIX
Cnoes.

10. Mpoueccbl maccoobmeHa. 3akoH Puka. KoadpdmumeHT maccoobmeHa. AHanorna mexay
npoueccamu nepeHoca Tenna u Macchbl.

11. HectaumoHapHble nonsa Temnepartypbl B Tenax npocton dopmbl (MnactuHa, uunvHap,
wap). AudbdepeHumanbHoe ypaBHeHue. [ paHNYHbIE YCIOBUSI.

12.BblHy)XAeHHOE TeyeHue B KaHanax. Pexumbl: namMuHapHbIN, BA3KOCTHbIA, NEPEXOaHbIN,
TYPOYNEHTHbIN.

13. Teopusa pasmepHocTen W uucna (kputepun) nopodbus. Kputepum PenHonbaca,
HyccenbTa, lNekne, NpaHgTng.

14. MNMpoueccol TennonposoaHocTU. Kputepuin buo, ero omsnyecknin cMblcr.

15. KanenbHaa u nneHo4Hass KoHaeHcauusd. [MneHoyHasd KOHAEHcaumMsi HenoaBWXHOTIO

CyXxoro napa. PexXnMbl TEe4EHUS MNEHKMN.



16. KoHBeKTMBHbIN TennomaccoobmMeH B ogHodasHbIx cpefax. [NapannensHas un BCTpevHas
cBobogHas koHBekumsi. TennoobmeH npu cBOOGOOHOM AOBWXKEHWW cpedbl B OrpaHUYeHHOM

npocTpaHcTBe.

17. KoHgeHcauus neperpetoro unu BnaxHoro napa. [lneHoyHass KoHAeHcauus

ABWXKyLLerocs napa. KoHaeHcaunsi BHyTpU Tpyobl.

18. KuneHnne B OGonbwom ob6beme. KpuBas kuneHus. [ly3blpbkOBOE KuneHue, [ABe

COCTaBIIAOLMX TENJIOBOIo NOTOKA.

19. TennoobmeH npu kuneHun. TennoobmeH B NaporeHepupylowmx kKaHanax. Havano

kuneHus. MNpouecchl TeNnoobmMeHa B pasnnyHbIX 30HaX NaporeHepupyroLLLEro KaHana

20.TennoobmeH wusnyyeHmem. CnekTp u3nydeHus. [lornowarensHada, oTpaxaTenbHas,

nNponyckHasi cCnocobHOCTM Ten.

21.0CHOBbI TENMNOBOro pacyeta TenrnooOMEHHMKOB W aKTMBHbIX 30H pPeakTopoB. Twunbl
TennoobMeHHNKoB.  Cxembl  AOBWXKEHUS  TenroHocuTenemn:  npsIMOTOK,  MPOTUMBOTOK,
KOMOMHNPOBAHHbIE CXEMBbI.

22.0CcHOBbI TENSIOBOrO pacyeTta Tenro0bMEHHNKOB U aKTUBHbIX 30H peakTopoB. OCHOBHbIE
NOJSIOXXEHNSA TENSTOBOrO pacyeTa. YpaBHEHNA TENNOBOro banaHca n tennonepeaayn.

23.TennoobmeH nanyyeHnem. Buabl nanyyeHms - cobcteeHHoe, nagatowlee, norrnoweHHoe,
OoTpaxkeHHoe, ahbheKTMBHOE, pPe3yrnbTUpYyoLLIEEe, X B3aMHas CBA3b.

24 KoHoeHcaumst neperpetoro  wnu  BraxHoro napa. [lneHoyHaa  KoHOeHcaums
ABvXyLerocsa napa. KoHgeHcaumsa BHyTpu TpyObl.

25.0un3mnyeckme OCHOBbI MPOLECCOB MepeHoca Tenna. Teopua pasMepHOCTEM WM 4vucna
(kpuTepun) nogobus. Kputepum Npacroda, Ppyaa, Maxa, CtaHToHa.

26.0xnaxneHne (HarpeBaHue) Tena 6e3 BHYTPEHHEro TEePMWUYECKOrO COMPOTUBIIEHUS.
N3meHeHne TemnepaTypbl BO BpemeHu. KonudectBo Tenna, oTAaBaemoe  Unuv
BOCMPUHMMaEMOe TENOM.

27 IHTeHCMBHOCTL TennoobmeHa. M'mapoanHaMmMyecknin u TeNSIOBOW NOrpaHUYHbIE CrOU U
MeToAdbl UX pacyeTa.

28.TennoobmeH npu kuneHmn. O6GBLEMHOE, MacCoBOE, WCTUHHOE MapocodepKaHue.
KoadhpmumneHT ckonbxeHunsi. CKOpoCTb LMPKYNALUMN.

29.3aK0oHbl TENNOBOro nsnyyeHus ans abconotHo YyepHoro Tena (Mnadka, Penesa-xuHca,
BuHa, CtedaHa-bonbumana, Knpxrodga, JlambepTta). PagnaumoHHble XxapakTepUCTUKN.

30.TennorngpaBnuyecknin pacyeT akKTUBHbIX 30H, OXNaxgaemblX OAHOMA3HbIM MOTOKOM.
PasHble onpegenenus koadpdpuumneHta TennoobmMeHa, HepaBHOMEPHOCTM TemnepaTypbl Mo

nepuMmeTpy.



31.TennoobmeH B aKkTMBHOM 30He, OXnaxaaeMoun AByxdasHbIM NOTOKOM. Havano kuneHus.
PacueTt 3anaca MOLLHOCTU OO Kpu3nca C y4eTOM MOrpeLLlHOCTeN napaMeTpoB.

32.TennoobmeH manyyeHmemMm mexay Tenamu (B Npo3padvyHon cpeae, Npu HanMynum aKpaHoB,
npu NPOU3BOSIbHOM PACMONOXEeHUN NMOBEPXHOCTEN).

33.DopMbl, pexumbl TeyeHus AByX(asHbIX NOTOKOB B BepPTUKASIbHbIX U FOPU3OHTamNbHbIX
Tpybax. PacnpegeneHne a3 1 CKopocTen.

34. TennoobmeH umsnydeHnem. TennoobmeH mexgy Tenom m obonoykon. KoadpduumeHTt
TennoobmMmeHa nsnyyeHmem.

35.TennoobmeH npu kuneHun. [lpoueccbl TennoobMeHa B  PasnNUYHbIX  30HAX
naporeHepupyoLlero kaHana (3oHa nogorpesa, NOBEPXHOCTHOMO KUMEHUS, Pas3BUTOro KUMNEHUS,
BbICbIXaHUWs MAEHKN, KpU3nca, 3aKpu3ncHas).

36.KoHaoeHcauma neperpetoro  wunu  BrnaxdHoro napa. [lneHoyHaas  KoHaeHcauust

AmxyLwerocs napa. KoHaeHcaums BHyTpU Tpyobl.

YpoBeHb
KpuTepum oueHnBaHns KOMNeTEHLNN chopmupoBaH | Lkana oueHoK
HOCTHU
KOMMNETEHLNN
CTypoeHT oTBevyaeT Ha 2 Bormpoca W pAonornHuTenbHble | MMosbiweHHbIl | Omiu4yHo
BOMPOCHI YPOBEHb
CTyneHT oTBeYaeT Ha 2 Bonpoca, UMEKTCH HETOYHOCTU, HET | ba3oabil Xopouwio
OTBETOB Ha AOMOJTHUTENbHbLIE BOMPOCHI YpPO8€EHb
CTyoeHT oTBevaeT Ha 1 BONPOC, UMEKTCA HeTouyHocTw, | [Topozossil YoosnemeopumersibHO
oTBeYaeT Ha LOMNOSHUTESbHbIE BOMPOCHI YpPO8€EHb
CTypeHT He oOTBeYaeT HM Ha BOMPOCbI HWU Ha | — HeydosenemeopumeribHO
[OMNONHNUTENBbHbIE BOMPOCHI

20.2 NMpomexyToyHasa aTrecTaums
MpomexyToyHasa aTTecTaums No AUCUUNMMHE OCYLLECTBNASIETCHA C MOMOLLbIO CReayoLwmnx
OLEHOYHbIX CPeacTB:
CobecepoBaHue No 3k3aMmeHaLMOHHbIM buneTam
lNepeyeHbL BONPOCOB K 3K3aMEHY:

1. TloHaTMe HenpepbiBHOM cpeabl. [lpoueccbl nepeHoca Tenna: TensONPOBOAHOCTD,
KOHBEKLMSA (BbIHYXXOEHHasi, cBobogHast), anydeHue.

2. ®duamyeckme OCHOBbI Mepefadn Tenna B pasnuyHbIX cpegax. Ponb npoueccos
TennoobmeHa B agepHon aHepreTuke. OCHOBHbIE NOHATUA. TemnepaTypHoe none.

3. TlnoTHoCTb TENSI0BOro noToka. KoadhpurumneHTsl TENONPOBOAHOCTH,
TemnepaTyponpoBOAHOCTU. [MNOTHOCTb UCTOYHMKOB Tenna B AJY. JluHelnHbI Tennosom
notok. [mnotesa dypeoe.

4. MexaHuU3M TennonpoBOLHOCTU B rasax, XWOKOCTAX W TBepAblX Ternax. ®OoHOHHas wu

ANIEKTPOHHAA COCTaBlidlOLWNeE.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tennootgada (TennoobmeH) wn Tennonepegada. 3akoH HbioToHa. KoadbduumeHT
TennoobmeHa, ero r3n4ecknx CMbICn. TENNOBOW MNOrPaHUYHbINA CIION.

Tennonepenava. KoadbduumeHT Tennonepegayn. TepmMuyeckne ConpoTUBNEHUSA
TennoobmMeHy 1 Tennonepenayun.

Tennonepegada. AHanorms C 3akoHaMKn 3SnekTpoTexHuku. [poueccbl MaccoobmeHa.
3akoH duka.

KoadhpmumneHT maccoobmeHa. AHanorna mexay npoueccamum nepeHoca Tenna n Macchl.
Teopusi pasmepHocTen M uucna (kputepun) nogobud. lNMoHMMaHME KpuTepueB Kak
OTHOWeEHUS [ABYX u3ndecknx 3PdEeKToB, OTpaxaeMblX YreHamMu ypaBHEHUW B
andpdepeHumansHon opme.

Kputepun PenHonbaca, Hyccenbta, [lekne, lNpaHatnsa, [pacroda, Ppyaa, Maxa,
CtaHTOHa.

OcHoBHble  nonoxexus.  [MgpogMHamudeckun, TennoBoM U ANPPY3NOHHBLIN
norpaHuyHble cnown. BbiHyXaeHHas u cBobogHas koHBekumda. OueHka TONLWMHDI
naMMHapPHOro rMapoANHaAMMYECKOro NOrPaHNYHOro Crios.

TepmMmunyeckoe conpoTMBreHNE TENNOOOMEHY U pacnpegeneHne TemnepaTyp B cpejax C
pas3nuyHbIMK Yncnamm MNpanarns.

OunddepeHumansHble ypaBHeHuUs KOHBEKTMBHOIO TennoobmeHa. Ycnosus
ofgHo3Ha4yHoCTU. OcobeHHoCcTM TennoobmeHa nMpuv namMmmHapHoM W TypbyneHTHOM
TeYEeHUsIX.

Mynbcaumm cKOpoCcTM N TemnepaTtypbl B TypOyneHTHOM notoke. OcpeaHeHne CKOpoCcTu m
TemnepaTypbl MO CEYEHUIO KaHana.

N3meHeHns cpegHen TemnepaTtypbl XUOKoCTU BOoNb oborpeBaemoro kaHana. Nogobve
N MoaenvpoBaHne TeNOBbIX NPOLECCOB.

3agava Teopum nogobus. Teopembl nogodua. HaxoxaeHne 6e3pasmMepHbIX BEMNYNH C
MOMOLLIbIO Teopun pasmepHocTen u obpaboTka pes3ynbTaToOB IKCMEPUMMEHTaA C WX
NOMOLLbIO.

Mpumepbl  cooTHOWeHWW. Bbibop onpegensawowmMx pasmepoB U Temnepartyp.
NHTeHCcuBHOCTL TennoobmeHa.

mopooMHamMmnyeckuim U TENNOBOM MOrpaHUYHbIE CroM W MeToabl MX pacyeta.
CooTHOoLWeHNS TOMLWMH MMOapoANHAMUYECKOrO 1 TEMNNOBOMO NOrPaHNYHbIX CNOEB.
O6T1ekaHne umnuugpa, wapa. NonepeyHoe obTekaHue ny4vkoB Tpyd. BrvsHue oTpbiBa
NOrpaHNYHoOro crnos.

N3meHeHne koadhdurumeHTa TennoobmeHa nNo oKpyXHOCTU Tpybbl. BnnsHue yrna ataku.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

BbIHyXgeHHOe TevyeHne B kKaHanax. Pexumbl: naMuHapHbIN, BSA3KOCTHbIA BA3KOCTHO-
rPaBUTAUMOHHbIN, NepexoAHbld, TypOyneHTHbIM. [MapoguHaMUYECKMA U TennoBOW
HavarnbHble y4acCTKM.

dakTopbl, Bbi3bliBaloWMe cBOOGOAHOE OBWXeHME. XapakTep ABWXKEHUs cpenbl BLOSMb
BepTuKanbHon nosepxHocTu. Yucno pacroga.

MapannenbHaa 1 BCTpeyHass cBobogHasa KoHBekuusi. PacuyeTbl TennoobmeHa npwu
cBOOOAHOM KOHBEKUUM B cpedax C pasHbiMu uncnamm Penes, MNMpanatna. MexaHusmbl
npouecca.

Bugbl kuMneHus - ny3bipbkoBoe, nneHoyHoe. Kpuauc TennoobmeHa. BnwugaHue
CMayYnMBaeMOCTU CTEHKM XNOKOCTbIO N KpaeBOW Yrori.

Kputndeckmin pagnyc napoBoro 3apogpiwa. KanunnapHasa nocTosaHHas.

KuneHwne B 6onbwom obbeme. Kpuas knnenums.

[My3blpbkOBOE KuMeHWe, OBe COCTaBMfLWMX TennoBoro notoka. BnuaHwe paeneHus,
LLIepOXOBaTOCTU, OTIIOXKEHMIN, CBONCTB MaTepmnana. PacyeTHble COOTHOLLUEHUS.
Knaccudmkauma napoXnakoCTHbIX NOTOKOB (FTOMOrEHHbIE W reTeporeHHble, agnabaTHble
n gnabaTHble, paBHOBECHbLIE U HEPABHOBECHbLIE NMOTOKN).

MpuBeneHHble ckopoctn. O6bemMHOe, MaccoBOe, WCTUHHOE napocodepXaHue.
KoadhdurumneHT CKoMbXeHUS.

CkopocTtb umpkynauum. MaccoBasi cKOpoCTb. POpMbl, pexuMbl TeYeHUs OBYXdasHbIX
NOTOKOB B BEPTUKArbHbIX M TOPU3OHTanNbHbLIX Tpybax. PacnpeneneHne gas n ckopocTen.
TennoobmeH B naporeHepupylwmux KaHanax. Hayvano kunenus. [poueccol
TennoobMeHa B pas3nMYHbIX 30HAX NapOreHepupyloLlero KaHana (3oHa noporpesa,
NMOBEPXHOCTHOINO  KUMEHWUS, PasBUTOrO KUMEHMUs, BbICbIXaHUA MNSIEHKN, KpuUauca,
3aKpu3nCcHas).

M3meHeHne TemnepaTypbl KMAKOCTW, CTEHKW, napocodepxaHust  (MaccoBoro,
6anaHCHOro, UICTUHHOIO) NO AfiMHe TPyObl.

OcHoBHble NOHATUA TennoobmeHa mnsnydeHnem. Cnektp manydeHus. lNMornowarensbHas,
oTpaxaTtenibHas, NponyckHasi CocoOHOCTK Ten.

MHTerpanbHOoe, MOHOXpoMaTuyeckoe usnydeHue. WanyyatenbHas CnOCOOHOCTb,
ApKocTb. CnekTpanbHasa nanyyaTtesnibHas CNoCOBHOCTb.

Bugbl um3nyyeHumsa - cobGCTBEeHHOe, nagatowee, MNOIMOWEHHOe, OTpPaXeHHoe,
apPeKTMBHOE, pe3yrbTupytoLlee, NX B3aMMHas CBA3b.

3aKoHbl TENNOBOro U3nyyeHust ans abcontoTHo YyepHoro Tena (MnaHka, Penes-[xXxuHca,
Buna, Ctedana-bonbumana, Kupxroda, JlambepTa).

PagovaunoHHble xapakTtepucTukn. NanydarternbHble, nornowaTerbHble N oTpaxaTerbHble

XapaKkTepUCTUKN pearnbHbIX Ten (MeTansnos, AU3NEKTPUKOB, ra3oB).
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39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.
50.

. Tennoo®bmeH nanyyeHmemMm mexay Tenamum (B Npo3payHon cpeae, Npu Hanmymm SKpPaHoB.,
Npwv NPOU3BOJIbHOM PACMONOXEeHUN NMOBEPXHOCTEN).

YrnoBble KOI(PMUUMEHTbI, pacyeTHasi MOBEPXHOCTb. TennooOMeH mexay Tenom u
obono4kon. KoachpumumneHT TennoobmeHa nsnyydeHnem.

TennoobmeH B nmornowarwmnx 1 nanyyawwmx cpegax. Ontnyeckas TonwmHa cpenpl.
Ocob6eHHOCTUN U3NyYyeHnsa rasoB U NapoB.

Tunbl TennoobmMeHHMKOB. CXeMbl ABMXXEHUS TENnoHOCUTENen: NPSIMOTOK, MPOTUBOTOK,
KOMOMHMpoBaHHbIE cxeMbl. OCHOBHbIE NOSTIOXXEHNSA TEMNOBOrO pacyeTa.

YpaBHeHuss TennoBoro ©OanaHca w Tennonepegaun. CpeaHui  norapudMuUyeckuin
TemnepaTypHbIA Hanop.

CpaBHeHMe npsAMOTOKa M NPOTMBOTOKA. PacuyeT Heobxogumonm noBepxHocTu. Pacuer
KOHEeYHbIX TemnepaTtyp. OPPEKTUBHOCTb TENSTOOOMEHHMKA.

M3meHeHne xapakTepucTuK BO BpeMs 3Kcnnyatauuu. TennormgpaBrnnyeckun pacdeTt
aKTUBHbIX 30H, OXJlaxgaeMblX 04HOMa3HbIM NOTOKOM.

PasHble onpeageneHus koaddurumeHTa TennoobmMmeHa, HepaBHOMEPHOCTM TemMnepaTypsbl
no nepumeTpy. PacyeT pacnpeaeneHns CKopocTen n nogorpesoB no ceyveHuto TBC.
TennoobMeH B akTUBHOW 30He, oxnaxxgaemMon ABYX(a3HbIM NOTOKOM.

Hayvano kuneHus. Pacuyet KTI1 B nyykax, ckeneTHble Tabnuupl.

PacueTt 3anaca MOLLHOCTU 0 Kpu3nca C y4eTOM MOrpeLLlHOCTeN NapaMeTpoB.

PacueT TemnepaTtypbl B TBane. MakcnmaneHble TeMnepaTypbl 060M104KM 1 TONSMBA.
TepMmnyeckoe  conpoTMBMEHME  3a30pa  Mexgy  TOMMBOM U OBOSOYKOMN.
TennonpoBOAHOCTL  AMOKCMAA YypaHa, BIMSiHAE CTEXMOMETPUYECKOro COCTaBa,

NMNOTHOCTU, BbIrOPaHUA. MHTeraJ'IbHaFI TENNonpoBOAHOCTb.

YpoBeHb

KpuTepum oueHnBaHns KOMNeTeHLUN chopmupoBaH | Lkana oueHoOK

HOCTU
KOMMNETEHLNN

CTypneHT oTBevyaeT Ha 2 Bompoca W pAonornHuTenbHble | MMosbiweHHbIt | Omiu4yHo

BOMpPOCH! YpPOBEHb

CTyoeHT oTBeYaeT Ha 2 Bonpoca, MMEKTCH HETOYHOCTU, HET | ba3oabil Xopouwio

OTBETOB Ha AONOJIHUTENIbHbIE BOMPOCHI ypoeeHb

CTyoeHT oTBevaeT Ha 1 BONPoOC, UMEKTCA HeTouyHocTw, | [Topozosnbil YoosnemeopumersibHO

oTBe4aeT Ha AO0NOJIHUTEeNIbHbIE BOMPOCHI ypoeeHb

CTyOeHT He OTBeYaeT HM Ha BOMPOCbI HU Ha | — HeydoenemeopumersbHo

AOonoJiH1UTeNIbHbl€ BOMPOChHI
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