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Paboyass  nporpaMMa  AOUCUMNMMHBLI  COCTaBfeHa B

COOTBETCTBMM C  cbedeparnbHbIM  FOCYAapCTBEHHbLIM

obpasoBaTernbHbIM CTaHOAPTOM Bbiclero obpasoBaHuA Mo Hanpaenenuto nogrotoBkn 13.03.01 TennosHepretuka u

TennoTtexHuka, yTBep)K,Cl,éHHbIM npuKkasom MMHVICTepCTBa

28.02.2018 1. Ne 143

CocraButens (n):
[oKTOp TeXHUYECKNX HayK, npodeccop

OT Kadbenpbl cocTaBuTENS:
3asegytowinin kadbegpon
TENNO3HEPreTUKN

NPOMbILLIIEHHON

OT BbInyckatoLen kadenpbl:
3aeegytownin kadegpom

MeToaundeckun otaoen:

obpasoBaHna un Haykm Poccuiickon degepauumn oT

Kasakos B.I".

CwmopoguH C.H.

CwmopoguH C.H.

CmunpHoBa B.I".



1 BBEQEHUE K PABOYEW NPOrPAMME OUCLUUMNUHBI

1.1 Uenb AMCUMNNMHbI: - O3HAKOMWUTb ODY4YaKOLLMXCA C OCHOBHbIMW Mpobnemamy B pasBUTUM TEMMOTEXHUKU
uBrT;

- pacwumpuTtb npeacrtaeneHne O npoueccax M yCTaHOBKax TenyoTexHOJI0r'M4eckoro HasHa4eHuA Ha OCHOBe
nmvewwerocd ote4ecTtBeHHoro n 3apy6e>+<Horo TeopeTU4eCcKoro 1 npakTn4yeckoro onbITa;

- O3HAKOMUTb 06yqarou.w|xcs| MeTognkamu pvaéTa TenNoOoTEXHOJI0NMYECKMX YCTaHOBOK.

1.2 3apgavum gUCLUMUNIIUHBI:

- NPOOEMOHCTPUPOBaTL OCOBEHHOCTN pa3BUTUSA TennoTexHonormi B LIBI.

- NPOAEMOHCTPMpPOBaTb OCOOEHHOCTM MPOLECCOB TEMNNOTEXHOMNOMMYECKOro HasHa4YeHMs Ha OCHOBE WMMEoLLEerocs
OTEYECTBEHHOIO U 3apybeXHOro TeopPeTUYECKOro U NPakTUYeCcKoro onbITa;

- paccMOTpeTb MPUHUUMBI MeTOAMK pacyEéTa TennooTEXHONOMMYECKNX YCTaHOBOK.

1.3 TpeboBaHMA K npeaBapuUTeNbHOW NOArOTOBKEe OOy4aloLerocs:

MpepBaputenbHas NoAroToBka NpegnonaraeT co3daHue OCHOBbI AMsi (POPMUPOBAHNS KOMMNETEHUMIA, YKa3aHHbIX
B M. 2, NpY NU3YYEHUN AUCLMMNIINH;

OHeprocbepexeHne 1 3HeproapeKTUBHOCTb TEMNOIHEPrETUHECKMX YCTAHOBOK U CUCTEM

TennomaccoobmeH

2 KOMMETEHUMN OBYYAIOLLEroCcs, ®OPMUPYEMBbIE B PE3YJIbTATE OCBOEHUA ANCLUMIINHDbI

MK-5.2: CnocobeH BbINONHATL creuuarbHble pacyeTbl TEMSIOTEXHONOrM4eckmMx NpoLeccoB No TUMOBbIM
MeToauKam

3HaTb: OCHOBHbIE beHﬂ,aMeHTaJ'leble 3aKOHbl TepMoaAuMHaMUKMU W Tennonepeagadyn npuMeHUTENNIbHO K OCHOBHbIM
Tennoucnonb3ywwmm npoueccamMm pereHepauunm LWeriokoB;, MeTOAUKNM pacHeToB TeNnoncnosib3yrolwmnx npoueccos;
COBpPEMEHHbIEe TeXHOJ10I'Mn ncnonb3oBaHNA 060py,EI,OBaHI/IF| B TEXHOJTOMTM4YEeCKNX npoueccax Ll5|_|.

YMeTb: BbINOSHUTL TepMOD,I/IHaMI/NeCKVII;I aHanm3 TexHosnorm4ecKkoro npouecca pereHepaunm 4YepHbiX LLEeJT0OKOB

BnapeTtb: metogamu pacyeTa 3KCepreTM4eCKxX XxapaktepucTtuk Tenyioncnonb3yrLwmx npoueccon




3 PE3YIIbTATbI OBYYEHUA MO ANCUNNNUHE

HavmeHoBaHve 1 cogepxaHue pasaenos,
TEM U y4eOHbIX 3aHATUIA

CemecTp
(kypc ans
3A0)

KoHTakTHas
paboTta

Nexk.
(4acel)

Mp.

(4acel)

CP
(4achbl)

MHHoBaLl.

dopmbl
3aHATUN

dopma
TeKyLero
KOHTpOns

Pasgen 1. OkcepreTuyeckuint MeToa aHanusa
B NpUpaLLiEHMAX SKCEPTUN

OcHoBHble NMOHATUSA
mMeToaa aHanusa.
mMaTemaTunyeckoe

Tema 1.
3KcepreTU4eckoro
TexHonorvs  TensnoTbl,
BblpaXXeHune aKceprum,
cpegHeTepMoaMHamMmyeckas — Temneparypa.
Okcepretuyeckmin  KIO un 3kcepretudeckue
noTepwm.

Tema 2. CsBasb akcepretudeckoro Krij
TENmnouCnonb3yloLWero aneMeHTa M CIroXHOW
TepMOaUHaMNYECKON CUCTEMBI. Hons
3aTpayeHHON 9KCeprMm B  3fIEMEHTapHOM
Tennonpouecce K 3aTpayeHHOW 3JKceprum B
TepMoauHaMNYeCKomn cucteme,
mMaTtemaTnyeckoe BblpaXkeHwe Ons  CBA3U
KMNQ oanemeHTapHoro npouecca c¢ KIg
TepMOANHAMNYECKOWN CUCTEMBI

Tema 3. Okcepretnyeckmn KI1O TennoBbix
NMPOLECCOB, OCMOXHEHHbIX MaccoobMeHOM
TennoobMeHHUK CMeLleHus,
camoucnapuTernb, BbiNapHoW annapaT

Pasgpen 2. TepmogvHamuyeckun aHanua
TEexXHonormm TEennoTbl Brpouecce
npon3BoACcTBa Liennonosbl u ymaru

Tema 4, 3KcepreTmyeckuii aHanus
npouecca npounsBoacTea cynbdaTHON
uenntonosbl. Bapka TexHonornyeckon Liensl,
pereHepaumsa Lernoyun, BblapuBaHue,
OekapboHu3auns n3BecTHsIKa.

Tema 5. SKcepreTmyeckuii aHanus
npouecca CyLWbHOW YacTu NpOW3BOACTBA
6ymarn.  PacnpegeneHve  aHeprosarpar,
cywka Oymarn, pereHepauus  TennoThbl
NapoBO3AYyLUHbLIX MOTOKOB

10

HU

10

AC

12

0,3

10

HU

AC

0,3




Tema 6. OcCHOBHble HanpaBneHus Mo
noBbILEHUIO 3HeproadydektusHocTM B LIBIT.

MoBbiweHne
apdekTnBHOCTU

6ymarv|. MoBbiweHne pereHepauun TennoTbl 6 2 6.75

napoBo3ayLUHbIX

3arpA3HeHnA n cnocobbl nx yaoaneHu4d.

3HEpreTU4eCcKom
B Mpouecce npou3BoacTBa

NOTOKOB, MexaHun4eckne

Utoro B cemecTpe (Ha kypce ans 3A0) 34 17 56,75
KoHcynbTauum n npoMexxyTovHas 025
atTectaums (3ader) ’
Bcero koHTakTHasa pa6ora u CP no 5125 56.75

AucuuninuHe

4 KYPCOBOE NPOEKTUPOBAHUE

Kypcosoe npoeKkTnpoesaHmne y’vleﬁHbIM nraHoM He npeayCcMOTpeHO

5. ®OH[] OLIEHOYHbIX CPELACTB AN MPOBEAEHMUA NPOMEXYTOYHOW ATTECTALUMU

5.1 OnucaHune nokasarenewn, KpUTepueB U CUCTEMbl OLleHUBAHUA pe3yNbTaToB 00y4eHus
5.1.1 Noka3aTenu oueHUBaHUA

Kopn,
KoMneTeHLUun

[NokasaTenu oueHnBaHus pe3ynbTaTtoB o6yquM;|

HanmeHoBaHne oueHOYHOro
cpeacTea

MK-5.2

Obnagaet  3HaHUAMMU OCHOBHbIX  ddyHOAMEHTarbHbIX  3aKOHOB
TepMoaMHaMUKM W Tennonepenadn MNpPUMEHUTENTbHO K  OCHOBHbBIM
TENnoMcnonb3yHLL M npoueccam pereHepauun LLIeITOKOB:
BblMapuBaHMe YEepHOro LLenokKa, CxkuraHuwe 4depHoro wenoka B CPK,
AekapboHu3auun M3BECTHsIKa; METOAMK pacyeToB TEMNIOUCMONb3YHLNX
NPOLIECCOB C WCMONb30BaHMEM, Kak MepBOro, Tak M BTOPOro 3aKOHOB
TepPMOAVHAMMUKMY;

COBpPEMEHHbIX TEeXHOMNOorMin TennoTbl WM o06opydoBaHMs B npoleccax
LBr.

CnocobeH BbINOMHUTL TEPMOOUHAMUYECKMIA aHanu3 TeXHOJTOMMYecKoro
npouecca pereHepauum YepHblX LWENOKOB AN Yero: paccyutatb
akcepretudeckmn  KI CnoXHOro TEXHOMNOrMYecKoro npouecca MU
BXOASALMX B HEr0 TEMMOUCTONb3YILNX 3MEMEHTOB C YCTAHOBIIEHMEM
CBSI3V MeXAy HUMU;

Ha OCHOBE TMOJNyYeHHbIX pe3ynbTaToB 3KCEpreTMYeckoro aHanmsa
TEXHOSIOMMYECKOM CXeMbl  pereHepauum  LIenokoB  ccopmupoBatb
TepMOoAMHaMMYECKNe U TeXHUYeckne TpeboBaHNs k ee MogepHU3aLmm
[emoHCTpUpyeT BrageHve MeTogamMu  pacyeTa  IKCepreTU4eckmx
XapaKTePUCTUK TEMNOMCNOSb3YIOWMNX MNPOLECCOB C LEMbl  CUHTE3a
TENNOBOA CXEMbl C BbICOKOM CTEMEHb  TepMOOUHAMUYECKOrO
COBEpLUEHCTBA TEXHONOMMYEeCKOro npoLecca pereHepauun LIENOKOB U
OymarogenaTesibHbIX MaLLWH.

Bonpocel yCTHOro
cobecefoBaHust

MpakTnko-
OpPVEHTUPOBaHHbIE 3a4aHust

5.1.2 Cuctema n

Kputepuu oueHnBaHuaA

KpuTtepun oueHnBaHusi cchOpMUPOBAHHOCTU KOMMETEHLIMIA
Llikana oueHnBaHus
YcTHoe cobecenoBaHue MucbmeHHas paboTa
MonHbIA, uncYepnbiBaOWMUA OTBET, SIBHO
_ BbinonHeHHoe 3agaHue NOMHOCTbLIO
OEMOHCTpUpYOWMIA  rnybokoe NoHUMaHue
COOTBETCTBYET BCEM npeabsABnNsemMbiM
3auTteHo npegMerTa. YMeHune NPUMEHSTb o
TpeboBaHuAM. OpurnHanbHbIv Noaxopn K
TEOPETUYECKME 3HAHUSI AN pelueHus o
pELLEHMIO MOCTaBNEHHON 3afauun.
npakTU4ecknx 3agad
OTBeT  HenonHbiAi.  [lpM  NOHUMaHWM
OtcyTcTBUE OofHOro unm HECKOIbKUX
CYLLHOCTH npegmeTa B uenom
06s3aTenbHbIX 3NEMEHTOB 3agaHus,
MPUCYTCTBYIOT  CYLLECTBEHHbIE  OLUMOKM
He 3auTteHo MHOrOYMCneHHble rpybble owwnbkn B pabote,
unun npobenbl B 3HaHWSX cpasdy Mo
nn6o rpyboe HapyLleHue npasun
HECKOJbKMM TemMaM, He3HaHue (nmyTaHuua)
ocopmMIieHms.
BaXKHbIX TEPMUHOB.




5.2 TunoBble KOHTPOIbHbIE 3a4aHUSA UK UHbIe MaTepuarnbl, He06XxoAuMbIe AN OLEHKU 3HaHUM, YMEeHUN,
HaBbIKOB U (UNK) ONbITa [EeATENbHOCTU
5.2.1 Nepe4vyeHb KOHTPOJSILHbLIX BONPOCOB

Ne n/n | dopMynNnpoBKN BONPOCOB
Cewmectp 7

1 MaTtemaTtuyeckoe BblpaxeHue cBa3u akcepretudeckoro K cnoxHowm tepmogmHammdeckomn cuctemol ¢ Kz
€e 3remMeHToB

2 TennooOMeHHVK CMeLLEeHUsI

3 AnmabaTtuyecknii camoucnapuTterb

4 BbinapHown annapat

5 OKcepreTuyeckne xapakTepUCTUKN OCHOBHbIX SHEPTroNOTPeOnAOLLMUX NPoLECCOB

6 AHanus akcepreTnyeckmx yHKLMOHanNbHbIX FPynn NPOM3BOACTBA LENSONOo3bl

7 ScepreTnyeckme xapakTepucTUKM OYHKLMOHAmMbHBLIX rpynn cylmnsHon Yactn 6AM

8 TennoBasit 06paboTka YepHoro wernoka B CPK

9 [ekapboHnsauma n3BecTHsaka

10 BbinapuBaHue 4epHOro Lienoka

11 Bapka TexHoOorm4eckom Liensl

12 AHanus akcepreTnyeckmx KoapLMEHTOB NONE3HOro AENCTBUS OYHKLNOHAMNbHBIX FPYNM CYLLUNBHOW YacTu
6OM

13 OcHoBHble HanpaBeHMsi NOBbLILIEHNS CTENeHN TEPMOAMHAMNYECKOTO COBEPLIEHCTBA TEXHOMNOMMYECKoro
npouecca cywunbHon Yactn 6M

14 MpakTnyeckas mogepHM3aums cywmnbHon Yyactu bOM

15 Mpobnembl peanv3aummn NOBbILLEHUS] pereHepauuy TeNNOThl B NpoLieccax CyLuuneHom yactu bOAM

16 OcHoBbI TeXHOMOMMN NepepaboTkn YEPHOro L ernoka

17 TexHonormdyeckas cxema nepepaboTky YepHOro Lernoka

18 MpuHUMNuanbHasa TexHonorm4yeckas cxema noslydyeHns cynbgaTHOW Lennonossbl

19 MpuHUMNUanbHaa annapaTypHO — TEXHOMOIMMYecKkas cxema nosy4YeHust cynbgaTHOM Lensonossi.

20 AnnapaTypHO — TEXHOMOIMMYecKkas cxema TensiopekynepaLMoHHON yCTaHOBKM.

21 Bapka TexHonornyeckon wenbl

22 Mpouecc cxuraHmsa pacteopa B LBI

23 BbinapuBaHue 4epHoro Lienoka

24 Mpouecc aekapboHU3aumMm N3BECTHAKA

25 OcHoBHble NOTpebuTenu aHeprumn B nponseoacTee dymaru

26 3kceprusa TennoBoro notoka.Onpegenexune

27 MaTemaTudeckoe BblipaXkeHue 4SS SKCeprmm TernsnoBoro noToka

28 JkcepreTuyeckne noTepm U X MaTteMaTuyeckoe BbipaXeHue

29 Akcepretuyeckmin K rennoobmeHHoro annapara

30 Okcepretudecknii KM cnoxHon TepMoanHaMu4eckon CUCcTeMbl

31 YoenbHbIV TENNOBOW NOTOK, NepeAaHHbIv (BOCMPUHATLIN) B i-OM TEMOOOMEHHUKE

32 MpuBeOeHHbIN TENMNOBOM NOTOK AN i-0ro TENI000MEHHOro annapara

33 CpenHeTtepmoguHamMmyeckasi Temneparypa (TOYHoe U NpubnmkeHHoe 3HaYeHne Ans npoLeccoB ¢ ha3oBbIM
n 6e3 pasoBoro nepexoaa)

34 Okcepretudeckmin KM ons cnoxHon TepmMoguHamMmnM4eckon CUCTEMbI Yepes NpMBeaeHHbIE TEMOBbIE MOTOKM

35 MaTtemaTtuyeckoe BblpaxeHune Ans Aonv NoaBeaeHHO SKCeprumn B i-oM TeNNOOOMeHHMKe K 00LLen

noaBeAeHHON 3KCeprmn B cucteme




5.2.2 TunoBble TeCcTOBbIE 3a4aHUsA

He npegycmoTtpeHo
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3aAaHUA (3afayuun, Kenchbl)

1. Onpepenutb 3akcepretudeckun KL u akcepreTnyeckue notepu Ansi NapoBoro kKanopudepa BTOPUYHONO
noJorpeea BO3dyxa B KOHOWLIMOHepe Ans XorofHoro nepuoga roga . lNMycte Bo3gyx ¢ pacxogom G = 20000 «kr / yac
HarpeBaeTcsi B kanopudepe oT tH = 16 0C go tk = 19 0C napom npu temnepatype tn = 100 0C. TennoémkocTb
Bo3gyxa CB = 0,92 k[x / kr- rpag. Tx = 245 K. lMpouecc agnabatnyeckun (6e3 oTBoga TENMOTbl B OKPYXKatoLLyHO
cpeay).

2. 2. Onpepenutb akcepretndeckni K[ napoXugkoCTHOro nogorpeBaTens ceTeBol BoAbl C MPsiMbIMU
Tpyb6amm

VMcxogHble AaHHbIe: NPoM3BOAMTENBHOCTL annaparta no soge - 1400 1/4; Temnepatypa Boabl Ha Bxoae - 343 K;
TemnepaTtypa Bogpbl Ha Bbixoge - 393 ; abcontoTHoe gaBneHune rpetowero napa - 3 6ap; pacxoa napa - 38,9 kr/c

5.3 MeTtoaunyeckue matepuansbl, onpeaensifolme npouenypbl oueHUBaHUSA 3HaHUM, YMEHUN, BnageHum
(HaBbIKOB 1 (MNIN) NPaKTUYECKOro onbiTa AeATEeNIbHOCTH)

5.3.1 YcnoBusa gonycka obyyvarowerocsi K NpoMeXXyToO4YHOM aTTecTaumm M Nopsanok NMMKBUAALUN akaaeMn4ecKomn
3af0MKEeHHOCTHN

lMpoBenoeHNe NPOMEXYTOYHOW aTTecTauuMu perfnamMeHTMpPOBaHO moKanbHbIM HOpMaTuBHbIM aktom CI6MYMNTA
«lMonoxeHne o0 npoBeAeHMUN TEKYLLIErO KOHTPOMS YCNEBAEMOCTM U MPOMEXYTOUYHOM aTTecTaLumn obydaroLLmnxcsa»

5.3.2 ®opma npoBeAeHNA NPOMEXYTOYHOM aTTecTaumMm no AUCUmnimnHe

YcTHaa + MucbmeHHasn + KomnbloTepHoe TecTupoBaHue WHas

5.3.3 OcobeHHOCTM NpoBeAEHUA NPOMEXKYTOYHOM aTTecTauum nNo AUCUMNIInHe
Ha pelueHne 3aga4m n nogrotosky ycTHoro otseta otBoamtca 30 MUHYT

6. YHEBHO-METOAMWYECKOE N MUH®OPMALUMOHHOE OBECNEYEHUE AUCLUIUNIIUHDI
6.1 YuyebHana nutepaTtypa

ABTOp 3arnasue | W3patenbcTBo | "op wspaHus | Cceblinka

6.1.1 OcHoBHas y4yeOHasa nutepaTtypa
B.I.  Kasakos, [1.B.|3kcepretuyeckme mMeToabl http://www.nizrp.nar
JlykaHuH, O.C. | oueHkmn 3 EKTUBHOCTHU M-Bo o6pasoBaHus n od.ru/metod/kpte/2.p
CwmupHoBa TENMOTEXHONOIMYECKNX Hayku P®, CM6IrTYPI. — 2013 df

yCTaHOBOK [TekcT]: y4ebHoe Cne.: CrerTypri

nocobue
B.I' Kasakos, [1.B.|TepmoguHammnyeckme http://www.nizrp.nar
JlyKaHuH, O.C. | meToabl aHanusa B M-Bo o6pasoBaHua n od.ru/termodynamm
CmupHoBa 3HEpProncnonb3yLLnX Hayku P®, CM6ITYPI. — 2011 etody.htm

npoueccax [TekcT]: yyebHoe Cneé.: Crielr Typri

nocobve
6.1.2 lononHuTenbHasa y4yebHaa nutepartypa
BapaHoB, A. B., , XX.|3HeprocbepexeHne n| Tambos: TamboBCKUi http://www.iprbooks
A. 3HeproadheKTUBHOCTb rocyapCTBEHHbIN 2017 hop.ru/85987 .htmi

TEXHUYECKUI
yHuBepcuteT, 35C ACB

6.2 MNMepe4veHb NpocheccnoHanbHbIX 6a3 AaHHbLIX U MHPOPMALIMOHHO-CMPABOYHbIX CUCTEM

OnekTpoHHO-0MbnmnoTteyvHasa cuctema IPRbooks [OnektpoHHbii pecypc]. URL: http://www.iprbookshop.ru/
OnekTpoHHas 6ubnuoteka BLUTI CIB MNYNTL [GnekTtpoHHbI pecypc]. URL: http://nizrp.narod.ru
Basa NOCToB [OnekTpoHHbIi pecypc]. URL: https://allgosts.ru/

6.3 MNMepe4veHb NULEH3NOHHOIro U CBOGOAHO pacnpocTpaHAeMOoro nporpaMmMHoOro obecneyeHms
MicrosoftWindows 8
MicrosoftOfficeProfessional 2013




6.4 OnucaHmne MmaTtepuanbHO-TEXHUYECKOWN 6a3bl, HEOGXO0AMMON ANA OCYLUECTBNEHUA obpa3oBaTeNbHOro
npouecca no gucumnnuHe

AyauTopus OcHalueHne

MynbTumMeguiiHoe obopyaoBaHue, cneumanmMsapoBaHHas mebernb, ocka
JlekunoHHas Y A PyA 4 P A
ayguTopus

KomnbloTepHbIN Knacc

MynbTuMeauiiHoe 06opyAoBaHME, KOMMbIOTEpHAasi TEXHUKA C BO3MOXHOCTbIO MOAKIOYEHMS K
cetm «WMHTepHeT» ©  obecneyeHnem [ocTyna B SMEKTPOHHYID  MH(OPMAaLMOHHO-
obpa3zoBaTeribHyto cpeay

YyebHasn ayguTtopus

MynbTrmeauinHoe obopyaosaHue, cneuuanuanpoaHHas mebenbs, focka




