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1 BBEQEHUE K PABOYEW NPOrPAMME OUCLUUMNUHBI

1.1 Uenb gucuunnuHbl: - B nepefaye CcTyaeHTaMm obbéMa 3HaHUIM O nepefade TennoTbl U Macchl

- 00y4YeHWMo CTyOEeHTOB KBanMMUUMPOBAHHO MNPOBOAMTL pacyeTbl 3af4ad  KOHBEKTMBHOIO TenynoobmeHa,
TennoobmeHa npu pasoBbIX U XMMUYECKUX NPEBPALLEHMSAX;

- B MCMOMb30BaHWM  (PaKTUYECKOro  Hay4yHO-TEXHMYECKOro MaTepuana Kypca And  He npepbiBHOW
MMPOBO33PEHYECKON N METOLOSTOMMYECKON NOArOTOBKN CTYAEHTOB.

1.2 3apgavum gUCLUMUNIIUHBI:

lMpuobpeTeHne U1 TBOpPYECKOE YCBOEHME CTyAeHTaMu BOMPOCOB TennoobmeHa npu asoBbIX U XUMUYECKUX
npeBpaLLeHnsaX:

- TennoobmeH npu KoHAeHcauun napa;

- TennoobmeH Nnpu KUNEeHUn XXNaKocTen U pacTBOPOB;

- Tenno- n MaccoobmeH B ABYXKOMMOHEHTHbIX Cpeaax.

1.3 TpeboBaHMA K npegBapuUTeNbHOW NOArOTOBKE OOy4alroLerocs:

I"Ipe/J,BapMTeanaﬂ noarotToBka npepnonaraet co3gaHne OCHOBbLI And dDOpMVIpOBaHI/IFl KOMMETEHL MM, YKa3aHHbIX
B M. 2, npn n3yveHnn AncunninH:

2 KOMMNETEHUWU OBYYAIOLLEIOCA, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA OUCLUUNIUHDbI

MK-4.1: ToToB Kk 06ecneyeHU0 6ecnepebonHON pPaboThbl, NPaBUIILHON 3KCNyaTauumn, peMOHTa U
MoAepHU3aLMm TENJIOMacCcoOOMeHHbIX YCTaHOBOK

3HaTb: COBpPeMeHHble N NepcrnekTuBHble NyTn onNTUMMU3alnn U COBEpPLUEHCTBOBAHUA TeNnnoTexXHUYEeCKNUX npoueccoB U
annaparoB;, MeToAdbl CO30aHNUA W aHanusa Mogernen, no3BONALLNX NnporHos3nposaTb MNpoTeKaHue npoueccoB
TENIOMacooobMeHa B TEMNOTEXHUYECKMX annaparax

YmeTb: BbI6VIpaTb onTMaribHble KOHCTPYKUMN N PEXUMHbIE NapamMeTpbl TEeNnJIOTEXHUYECKUX annapatoB; MNPpUHUMAaTb
pewieHna B obnactu Tenno3HepreTukn, TEeNnNOTEeXHUKM WU TennoTexHosnormm ¢ y4eTom 3HepropecprOCGepe>KeH|/|ﬂ;
onpepnendatb onTtuMalibHble NMpon3BOACTBEHHO-TEXHOJTIOTMYECKNE PEXUMbI pa6OTbI TENIOMacCOOOMEHHbIX annapartoB.

Bnapetb: npuHUMnamMmmn paunoHanbHOro ynpasneHuna TenyioTeEXHN4YeCKMMU npoueccamum




3 COOAEPXAHUE OANCLUMITIUHbI

KoHTakTHas
paboTta

dopma
TeKyLero
KOHTpOns

CP

Nex. Mp. | (Yace)
(vacnl) | (vachbl)

HavmeHoBaHWe u cogepxaHue pa3nenos, TeM U
Yy4€OHbIX 3aHATUN

Cemectp
(kypc ons
3A0)

Pasgen 1. TennooOMeH nMpu KWAMEHUM XKWOKOCTU B
oonbLIoM obbeme

Tema 1. OCHOBHble MNOHATUA W onpeaeneHuss npu
KAMNEHUN XMOKOCTM B OonbloM obbeMe: pexunmbl
KMNEeHns; anarpamMmmbl KMNeHus; napameTpbl,
XapaKTepusyoLme KuneHme. 2 1 3

Tema 2. KvneHne Ha nOrPyXeHHbIX MOBEPXHOCTSX:
KMNeHWe Ha OAMHOYHbBIX Tpybax; nykax Tpyb; nopucCTbIX
noBepxHocTAX. MexaHu3m npouecca TennoobmeHa npu
Ny3bIPbKOBOM KMUMeHUn xuakoctn. CTpykTypa noToka npu T
Nny3bIpbKOBOM  KUMEHUN XWUOKOCTM B  HeOorpaHM4eHHOM 2 1 3
obbeme. Tennootgaya npuM  My3bIPbKOBOM  KUMEHMU
XKMOKOCTU B YCNOBUAX CBOOOAHOMO ABUXKEHNS

Tema 3. Kputuyeckme TenrnoBble MOTOKM MPU KUMEHUWU B
bonbwom obbeme: rmgpogMHamudeckas Mogenb Kpuauca
KuneHus, pacyeTHble  3aBUCUMOCTMW. Kputuyeckue
TensnoBble Harpy3kn Npu KnuneHnm B 6onbLIomM obbeme 2 1 3

Pasgen 2. TennoobmeH Npv KUNEHUN XUOKOCTU B Tpybax
N KaHanax

Tema 4. OcHoBHble napameTpbl ABYXda3HOro noToka npu
KANEHWM B KaHanax: NpUBELEHHbIE CKOPOCTWU, CKOPOCTb
UMpKYnauuM,  mMaccoBoe, OOBbLEMHOE U UCTUHHOE
napocofepxaHus AByxdasHoro noToka. 2 1 3

Tema 5. Pexumbl TeyeHns AByxdasHOro  MOTOKa
pacTBOpPOB U TennoobmeH B HUX: oaHOGa3Has XMOKOCTb;
ny3blpbKOBOE KWUMEHWE, MEHHOE KurneHue, OUCMEePCHO-
KOMbLIEBOE KUMEHUE; PEXUM YXYALWEHHOW TennooTaauu, 2 1 3 T
pacyeTHble YpaBHEHUSI TEMMOOTAAYN.

Tema 6. KnneHne Hucxogswero rnotoka B BepTUKalbHbIX
Tpybax: pexuMmbl KUMEHWUsl; OCHOBHble napameTpbl
OByxdasHoro NnoToKa; ypaBHeHusi TennooTgayu.
CTpykTypa pAByx(asHOro notoka W TennoodbmeH npwu
KUMEHN O KMOKOCTM BHYTPU Tpy6 npu  BOCXoAsLLEM 2 1 3
TeYeHUn noToka.




Tema 7. Kpusucbl KUMNEHWSI XMOKOCTM B TpyOax: BuAbl
KPM3NCOB M YCMOBWUS WX BO3HUKHOBEHMS. CTpyKTypa
OByxpas3HOro nmnoToka W  TenrnoobMeH nMpu  KUMEHWU
XWOKOCTU BHYTPU TpyG npu rpaBUTALUOHHOM TedeHUMn
noToka

Pazgen 3. KoHaoeHcaumsa napora3oBblx cMecen

Tema 8. TepMuyeckme COMNPOTUBIEHUSI NMPU KOHAEHcauum
naporasoBbIx cMmecen: AuddysnoHHoe, Ga3oBoe w
NIeHKn KOHAeHcarTa. OcCHOBHbIE MOMNOXEHUS.
TennoobmeH npu MNreHOYHOM KOHZEeHcaumm
HENOABWXHOro napa.

Tema 9. KoHageHcauuss Ha BepTMKanbHOW MOBEPXHOCTU:
PEXUMbl TEYEHUS KOHAEHCATHOW MMEeHKM W pacyeTHble
ypaBHeHusi ans 3TUX peXnMoB. PacyeTHble
KpuTepuanbHble U napamMeTpuyeckMe YypaBHeHWUs Ans
KoadbdbuumeHTa TennooTaauu.

Tema 10. KoHgeHcaumsi Ha TrOpU3OHTamnbHbIX Tpybax:
OOMHOYHbIE  TpyObl M nyykm  TpyD;  pacyeTHble
3aBUCMMOCTM. OundpysmoHHoe TepMudeckoe
conpoTuBneHne. TennooTgada npu KOHAEeHcauuu napa
Ha My4Kax ropusoHTanbHbIX TPYO.

Tema 11. KanenbHasi KOHOEeHcauus: ycrnoBusi
BO3HUKHOBEHWSI; OCHOBHblE MapameTpbl TEM000MeH3;
pacyeTHble ypaBHeHWdA. TennooTgaya npu  KanenbHOM
KOHAeHcaumn napa.

Tema 12. TennooOMeH Mpu NNEHOYHOM KOHAEeHcauuu
napa BHyTpUM  TpyD: peXuMbl  TeYEHUS  MIIEHKM
KOHOEeHcaTa; ypaBHeHus TennooTtaadn. CnyTHoe TedeHue
N NPOTUBOTOK B BEpPTUKamnbHbIX Tpybax. Pexumbl TeyeHus
NapoXXMAKOCTHON CMECU B TOPU30OHTalbHBLIX TpyOax

UTtoro B cemecTpe (Ha kypce ans 3A0)

3,75

KoHcynbTauuy 1 npoMexytovHas aTrectaums (3ayer)

24

12

35,75

0,25

Bcero koHTakTHasa pabora n CP no gucuunnuHe

36,25

35,75

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTpoBaHue y4eGHbIM NiiaHoM He NpeayCMOTPEHO

5 BANNIBHO-PEUTUHIOBASA CACTEMA OLIEHUBAHUS

Mcnonb3oBaHue 63ﬂﬂbHO-peI7lTVlHFOBOIZ CucTemMbl HE NpeayCMOTPEHO.

6. ONMUCAHUE NOKA3ATENEW, KPUTEPUEB, CUCTEMbI U CPEOCTB OLIEHUBAHUSA PE3YNILTATOB

6.1 MNoka3aTenn oueHUBaHUA

OBYYEHUA

Koo komneTteHuun

lMokasaTenu oueHnBaHUA pes3ynbTaTtoB 06yquvm




MK-4.1

COBEpLUEHCTBOBAHMSA
co3gaHMa WM aHanmM3a MoJenewn,
CnocobeH

BbI6VIpaTb onTnMalibHble

TENMOTEXHUKU U TEMnOTEXHOMOormm
TennoMaccoobMeHHbIX annapaToB.
JdemoHcTpupyeT  HaBblkM
npoueccamm

Vwveet npeacrtaslieHne O COBPEMEHHbIX U NEepPCneKTUBHbIX NyTAX onTuMmsaununm u
TeNnnNOoTexXHNn4YeCKnx
NOo3BONIAOLLNX
npoueccos TennomacooobmMeHa B TENNOTEXHUYECKNX annaparax
KOHCTpyKUUn U
TennoTexHN4eCKnxXx annapatoB; MPUHMMATb peLlleHna B obnactun TENJIO3HEPreTuKku,

onpegenAatTb ontuMalibHble NPOun3BOACTBEHHO-TEXHONIOMMYECKNE pPEXUMbI

paunoHaribHOro

meToOax
npoTekaHue

MpoLEeCccoB ¥  annaparos;
MpOrHo3npoBaTh
peX1MMHble napameTpsbl

3HepropecypcocbepexeHus;
paboThbl

y4yeToMm

ynpaBneHusa TennoTeXHN4EeCKUMH

6.2 Cuctema u KpuTepum oLeHUBaHUSA

LLikana oueHuBaHnA

Kputepum oueHnBaHms ccpopMUpOBaAHHOCTU KOMMNETEHLMI

YcTHoe cobecepoBaHue

MucbmeHHas paboTa

3a4yTteHo

MonHbIR, ncyepnbiBaOWNN  OTBET, $SBHO
OEeMOHCTpUpYoLWMIn  rnybokoe noHMMaHue
npeamMeTa W LUMPOKYD  3pyauumio B
oueHuBaemon  obnactu.  Kputuueckun,
OpUMMHanbHbIM  NoAxon K MaTepuany.
3agava pelueHa BepHO

Obyuvalowmiics OEeMOHCTPUMpPYET [OCTaTO4HOE
NMOHMMaHWe  YCINOBUSA  3ajayu,  BrnageHue
HaBblkamMy ero aHanusa, Bblbopa copmyn Ans
ee peLueHus, 3HaHue pasmepHocTewn
uanyeckunx BENUYNH. HonyckaeT
He3HauYUTEmNbHbIE MOrpeLIHOCTU
npunpyMeHeHNM MaTeMaTUyecKkoro amnnapaTa
ANs  peanu3auuyM nNnaHa pelleHus  3agayu
Monyynn npaBunbHLIA OTBET, HO WCMbLITLIBAET
3aTpyLHEHWS C ero nHTepnpeTaumnen.

He 3auTteHo

Ob6yuvalowmiics He wuMeeT [OCTAaTOYMHOro
YPOBHS  3HAHMS  AMCLUMMNMHBI,  MJIOXO
OPUEHTUPYETCA B OCHOBHbIX MOHATUSX WU
onpeaeneHnsix, Noxo 3HakoM C OCHOBHOW
nuTepaTtypown, dornyckaeT npu OTBeTe Ha
3ayeTe CyLIeCTBEHHble OWnbku U He

MOXeT  yCTpaHUTb WX  fAaxe  noj
PYKOBOACTBOM nNpenopaeatens. 3agada
He pelueHa.

OO6yuvalowmiics He MOXeT npoaHanuanpoBaTb
yCcrnoBue 3afadu, HaMeTUTb MfaH ee peLUeHus,
BblbpaTbh (poOpMyrbl U MAOXO OPUEHTUMPYETCS B
HU3NYECKNX BENMYMHaXx, He Brnageet
MaTeMaTnyeckuM annapaTtom. [peacraeneHue
Yy>KoW paboTbl, OTKa3 OT BbIMNONIHEHMS 3a4aHuUs

6.3 TunoBble KOHTPOJbHbIE 3aA4aHUA n/vunu nHble MaTepuanbl, UCnonb3yeMblie A5 OLeHKU pe3ynibTaToB

obyyeHus

6.3.1 TunoBble KOHTPOJIbHbLIE BONPOCHI

Ne n/n

dopMynNnpoBKN BONPOCOB

Cemectp 4

—_

Buabl koHOEeHCauuu, TepMquCKme conpoTueiieHnAa npu KoHgeHcauun.

KongeHcaums Ha BepTVIKaJ'IbHOVI NOBEPXHOCTU Npn NaMmmnHapHOM TeYeHUN NNEHKN. PacueTHble
KputepuanbHble U napamMmeTpudeckne ypaBHeHUA ana KOSd)(*)I/ILI,I/IeHTa Tennootaayn.

BonHoBon pexnm TeveHnqa KOHOEeHcaTHOM nneHku. Ero BnvsiHme Ha Tennootaady.

KoHaeHcauus Ha BepTUKanbHOW NOBEPXHOCTU NpY TypOYNeHTHOM TeYeHUn NieHkW. PacyeTHble
KpuTepuanbHble U napameTpuyeckue ypaBHeHUs1 Ans KoadduumeHTa TeNNooTAa M.

OnddysmoHHOe TepMmnyeckoe conpoTUBNEHNE.

TennooTtgaya Npu KOHAEHCAUUM Napa Ha ropu3oHTanbHow Tpybe.

TennooTtaaya npy KOHAEHcAL MM Napa Ha Ny4kax ropusoHTanbHbIX TPY6.

Mpouecc koHAeHcauumn napa B Tpybax. CnyTHOe TeyeHue 1 NPOTUBOTOK B BEPTUKANbHbIX Tpybax. Pexunmel
TEYEHUsI NAaPOXMOKOCTHOW CMECU B rOPU3OHTarnbHbIX Tpybax

Tennootaaya npu KOHAeHcCaUMn napa B Tpybax.

TennooTtgada npu KanenbHOW KOHAeHcaunn napa.

[Ouarpammbl kunenus: a-q; g-AT; g-TcrT.

JlokanbHble XapakTepuCTUKM Npouecca napoobpas3oBaHns B 60NbLLOM 06beMe.

oinl2lalel o [N|o|jo| & [w]| N

OudbdepeHumanbHble ypaBHEHMS, onUCkIBatoLLMe NpoLecc TennooGMeHa Npu Ny3bipbKOBOM KUMEHWMU.

N
SN

O6ob6LatoLme ypaBHeHNst TennoobmeHa npu nNy3bIpbKOBOM KuneHun B 6onbLuom obbeme. OCHOBHbIE
Kputepum nogobus.

PacueTHble YpaBHEHUA TEnnooTaaqyn npmu KUNeEHNM XnaKkoctm B fonblwom obbeme

Tennootgava Npu KUNEHNN Ha NOPUCTbIX NOBEPXHOCTAX.

TennooTtagaya npu KANEeHWU Ha nydkax Tpyo.

Al
(N[O

TennooTgaya npw KMNeHnn Ha pebpuctbix Tpydax




19 Kputuueckune TennoBble Harpysku Npu kuneHnn B 6onbLLom obbeme.
20
OcHoBHble NapameTpbl ABYyX(da3HOoro noToka.

21 Pexxumbl TeueHns agnabatHoro AsyxdasHoro noToka: ropu3oHTanbHoOe, BepTuKanbHOe U HUCXoasLLee
TeyeHue.

29 Pexxumbl TEYEHMA 1 TeNnooTAa4a Npu KANEeHUM BOCXOAALLEro AByxdasHoro noToka B oborpeBaemon
BepTuKaneHow Tpybe. YpaBHeHue H.I'. CTiowmHa

23 Pexxumbl TeueHns Hucxoasiero AByxdasHoro notoka B oborpeBaemon BepTukanesHon Tpybe. MexaHnamebl
nepegayun TeNNOTbl B 3aBUCUMOCTU OT PEXMMOB TEYEHUS.

o4 OcHOBHbIe KpuUTEpUM NOA0BUA onpeaenstowme TennooTAaqy K MCnapsoLWwencs >XMaKkocTu B yCroBUsX
rpaBUTALMOHHOIO TEYEHMS.

6.3.2 TunoBble TecToBble 3a4aHUA
He npegycmoTpeHo

6.3.3 TunoBbIe NPaKTUKO-OPUEHTUPOBaHHbIE 3afaHus (3agayvu, Kemucbl)

PaccuntaTe KO3ahuLMEHT TennooTaayn nNpuv KOHAEHCALUUM HEMOOBMXKHOMO HAaCbILEHHOrO napa npu AaBreHuu
3+10-5 Na Ha BepTukanbHOW CTeHKe, AnnHon 3 M 1 Temneparypown 80 0C.
a =[p2<A3-g-r/(u*H-At)]1/4 =[9722:0,673:9,81x2159000/(355+10-6+ 3+ 55)]1/4= 4187 BT1/(M2:K)

Hantn koadhpmumeHT TennooTaayn npu KUNEeHUM BOAbl Ha TpyOke wucnaputenss ¢ MAOTHOCTbIO TEMOBOro
notoka q = 2 kBT/M2, ecnu Boga HaxoguTcsi Mpu TemnepaType HacbiweHust ¢ gaenennem 3+10-5 [Ma. HapyxHbin
anameTp Tpyoku 33 Mm

a=3,0-90,7+p0,15 = 3,0:20000,7+30,15 = 724 B1/(M2:K)

6.4 MeToanyeckue MmaTepuansi, onpegensilowme npoueaypbl OLeHUBAHUA pe3ynbTaToB 00yyYeHUus
6.4.1 YcnoBusa aonycka obyyaroLwerocs K npoMexXyTo4HOM aTTecTalmMm U NOpAAOK NMMKBMAALUN aKageMn4ecKomn
3a40MKEeHHOCTH

[MpoBeaeHne NPOMEXYTOYHOW aTTecTaumMm perrnaMmeHTUMpPOBaHO IoKarbHbIM HOpMaTtuMBHbIM aktom CII6ryYnTa
«lMonoxeHne o0 NpoBeAeHUUN TEKYLLIETO KOHTPOSS YCNEBAEMOCTM U MPOMEXYTOUYHOM aTTecTaLumn obyyaroLLmnXcsa»

6.4.2 ®opma npoBeaeHUsA NPOMEXYTOYHOM aTTecTalum No AUCLUUNIINHe

YcTHasa + MNMncbmeHHasn + NHas

KomnbroTepHoe TecTtnpoBsaHue

6.4.3 OcobeHHOCTU NpoBeAeHUsi MPOMEXYTOYHOM aTTecTauum No QUCLUNIIMHE

Bpemsi Ha nogrotoeky 40 MVH, B 3TO BpeMsi BXOAWUT MOArOTOBKA OTBETA HA TEOPETMYECKMe BOMPOCH! M peLleHne
3agauu.

7. YYHEBHO-METOAMYECKOE N M(H®OPMALMOHHOE OBECNEYEHUE AUCLUUNIIUHDI
7.1 Y4yebHana nutepaTtypa

ABTOp 3arnasuve | M3paTenbcTBO | log nspanus | Ccbinika
7.1.1 OcHoBHas y4ye6GHas nuTepaTypa
B.A. Cycnos TennomaccoobmeH [TekcT]. M-Bo o6pasoBaHus 1 http://www.nizrp.nar
Y.1.: yyebHoe nocobue Hayku PO, BT 2016 od.ru/metod/kpte/19.
cnierynta. — Crie.: pdf
BWTS CMerynrTa
B.A. Cycnos TennomaccoobmeH [TekcT]. M-Bo o6pasoBaHus 1 http://www.nizrp.nar
Y.2.: yyebHoe nocobue Hayku PO, BLUT3 2017 od.ru/metod/kpte/20.
cnierynta. — Crie.: pdf
BWTS CMerynrTa
7.1.2 JlononHuTenbHasa y4ebHaa nutepartypa
'y6apeBa, B. B., | TennomaccoobmeHHoe Benropon: Benropoackui http://www.iprbooksh
lNy6apes, A. B. obopyaosaHue rocyaapCTBEHHbIN op.ru/80447.html
npeanpusaTumn TEXHOSTOMMYECKNN 2016
yHuBepcuteT um. B.T".
LWyxoea, O6C ACB
N'y6apes, B. A., | TennomaccobmeH Nuneuk: Nuneuxmn http://www.iprbooksh
Apsamacues, A. T. rocyapCTBEHHbIN 2014 op.ru/55162.html

TEXHUYECKUN
yHuBepcuteT, 36C ACB




7.2 MNMepe4veHb npocheccnoHanbHbIX 6a3 AaHHbLIX U MHPOPMALIMOHHO-CMPABOYHbIX CUCTEM

OnekTpoHHO-6MbnmnoTevHasn cuctema IPRbooks [OnektpoHHbii pecypc]. URL: http://www.iprbookshop.ru/
OnekTpoHHas 6ubnuoteka BLUTI CIB MNYMNTLA [GnekTtpoHHbIi pecypc]. URL: http://nizrp.narod.ru

7.3 MNMepeyveHb NNULEH3MOHHOIO U CBOGOAHO pacnpocTpaHAeMoro NnporpaMmMHoro obecne4veHus
MicrosoftWindows 8
MicrosoftOfficeProfessional 2013
Microsoft: Windows Professional 10 Russian Upgrade OLPNL AcademicEdition

7.4 OnucaHne MmatepuanbHO-TEXHUYECKOWN 6a3bl, HeOGX0AMMON ANA OCYLUECTBNEHUA obpa3oBaTeNbHOro
npouecca no gucumnnuHe

AyauTopus OcHalueHne

MynbTumeguiiHoe 060 oBaHue, cneyuanuanpoBaHHasa meberb, JoCKa
JlekunoHHas Y A pyA 4 P A

ayauTopust

MynbTmMeauiiHoe o6opyaoBaHue, creluuanMaMpoBaHHas Mebernb, focka
YuebHas ayautopus




