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Kadbegpa: 24 MpOMBbILLNIEHHOW TENMNO3HEPTETUKM

HanpaBneHme noAroToBKU: 13.03.01 T
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Pabouasi nporpamma OMCUMNIUHBI COCTaBMNeHa B COOTBETCTBUM C dpefeparnbHbIM rocy4apCTBEHHbIM 06pa3oBaTeflbHbIM
CTaHJapToM BbICllero ob6pasoBaHus no HanpaeneHuio nogrotoBku 13.03.01 TennosHepreTMka W TEMMOTEXHMKA,
yTBEPXOEHHBIM NpukaszoM MuHobpHaykm Poccum ot 28.02.2018 r. Ne 143

CocraButens (n):

[oKTOp TeXHUYECKNX HayK, npodeccop Kasakos B.I".
OT Kadbenpbl cocTaBuTENS: CwmopoguH C.H.
3asegytowinin kadbegpon NPOMbILLIIEHHOW

TENno3HepreTUKM

OT BbInyckatoLen kadenpbl: CwmopoguH C.H.

3aeegytownin kadegpom

MeToaundeckun otaoen:



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 COOAEPXAHUE OANCLUMITIUHbI

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

Cemectp
(kypc ons
3A0)

KoHTakTHas
paboTta

Jlek. Mp.
(vacnl) | (vachbl)

CP
(4acnl)

dopma
TeKyLero
KOHTpOns

Pasgen 1. OkcepreTuyeckun MeTOA4 aHanus3a B
npupaLeHnsax aKkceprnm

Tema 1. OCHOBHble MOHATUA 3KCEpreTU4eckoro MeTtona
aHanu3a.  TexHonornss  TENMOTbl,  MaTemaTuyeckoe
BblpaxeHune aKcepruu, cpegHeTepMoaMHamMuyeckasi
TemnepaTtypa. Jkcepretudeckun KINLO wn skcepretndeckme
noTepw.

Tema 2. CBA3b 3KCepreTU4eckoro Kra
TENIonCNob3yLLEero anemMeHTa 7 CIOXXHOM
TepMoaMHaMuMyeckon  cuctembl. [ons  3aTpayvyeHHown
aKceprum B 3NeMeHTapHOM Tennonpouecce K
3aTpadeHHON 3KceprMm B TEPMOAMHAMMYECKOW CUCTEME,
MaTemaTunyeckoe BblpaxeHue ans CBSA3N Kna
anemeHTapHoro npouecca ¢ KI[ TtepmoanHammuyeckon
cucTembl

Tema 3. Okcepretuyecku K1 Tennosbix MpoOLECCOB,
OCIOXXHEHHbIX MaccoobmMeHOoM

TennoobMeHHMK CMeLLIeHus, camoucnapuTens,
BblNapHoW annapart

Pasgen 2. TepmoguHamMuUyeckui aHanua TexHOmormm
TEeNnnoTbl BNpoLecce Npon3BoACTBa LIENSONO3bl U Bymaru

Tema 4. SKcepreTnyeckuni aHanus npouecca
npoun3soacTBa cynbaTHom LLennonossbl. Bapka
TEXHOMNOrM4YeCKown Liensl, pereHepauus Lienoyu,
BblNapuBaHune, JeKkapboHM3aunst U3BECTHSKA.

Tema 5. OkcepreTndeckuin aHanns npouecca CyLnnbHOM
YyacTu npoussoacTea Gymarm. Pacnpepnenenue
aHeprosaTpaTt, cywka Oymarn, pereHepauusi TennoTbl
NapoBO3ayLUHbIX MOTOKOB

Tema 6. OCHOBHble HampaBneHUs MO MOBbILEHNIO
3HEepProaHeKTUBHOCTH B LIBIT. MoBblWweHne
3HepreTu4eckomn aghpekTnBHOCTU B npouecce
npoussogctea  Oymarn.  [loBbilweHMe  pereHepauun
TENnoTbl  MapoBO3AYLUHbIX  MOTOKOB,  MeXaHu4yeckue
3arpsi3HeHNs 1 Cnocoodbl MX yaaneHusl.

UToro B cemecTpe (Ha kypce ans 3A0)

KoHcynbTauum n npomexyToyHasa attectaums (3ader)

10

10

12

0,3

10

6,75

0,3

34 17

56,75

0,25




Bcero koHTakTHasa pab6orta u CP no gucumnnuHe 51,25 56,75

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTupoBaHne y4eGHbIM MraHoM He NpeaycMOTPEHO

5. OMMMCAHUE NOKA3ATENEW, KPUTEPUEB, CACTEMbI U CPE[ICTB OLIEHUBAHUA PE3YJILTATOB
5.1 Moka3saTenu oLueHNBaHUA OBYYEHUA

Koa komneteHummn

MNokasaTtenu oueHnBaHus pe3ynbTaTtoB 06y‘-IeHVIF|

MK-5.2

O6napaeT 3HaHMAMU OCHOBHbIX (PYHAAMEHTamnbHbIX 3aKOHOB TEPMOOUHAMUKUA W
TennonepefayM MPUMEHUTENbHO K OCHOBHBIM TEMNMOWUCMONb3YIOWMM MnpoLeccam
pereHepauuu LLEMNOKOB: BbiMapvBaHWe YEpHOro LLerioka, CKUraHne YepHoro Lienoka
B CPK, pnekapOoHuM3auum W3BECTHSAKA; METOAMK pPacyeToB TEeMnoMCNomb3yoLWwmnx
MPOLECCOB C  MCMOMb30BaHMEM, Kak MNepBOro, TaKk W BTOPOrO  3aKOHOB
TepMOANHaMMUKMY;

COBPEMEHHbIX TEXHOOMI TENNOThI U 06opyaoBaHMA B npoueccax LIBI.

CnocobeH BbINOMHUTL TEPMOAMHAMUYECKUIA aHanM3 TEeXHOOrMYeckoro mnpouecca
pereHepauun 4YepHbIX LWENoKOB [ffd 4Yero: paccumtatb akcepretudeckmn K
CMOXHOMO TEXHOMOrMYEeCKoro npouecca U BXOOAWMUX B HEro Tenrnoucrnonb3yHoLwmx
3M1EMEHTOB C YCTAHOBMEHUEM CBS3M MEXAY HUMU;

Ha OCHOBE MOJTyYEHHbIX Pe3yrnbTaTOB 3KCEPreTUHECKOro aHanm3a TeXHOMNOrm4ecKkomn
CXeMbl pereHepauun LLenokoB copMMpoBaTb TEPMOOUHAMMUYECKME U TeXHUYecKue
TpeboBaHUA K ee MOAepHM3aLMM

[emMoHCTppyeT BnageHWe MeTogaMy pacyeTa SKCEePreTUYECKMX XapaKTepUCTMK
TenmnoMcnonb3yLLnX MPOLLEeCCOB C LENbl CUMHTE3a TEnnoBOM CXEMbl C BbICOKON
CTEeNeHbld TepMOAMHaMUYEeCKOro COBEpLUEHCTBA  TEeXHOMOrmyeckoro mnpouecca
pereHepauum LenokoB 1 bymarogenarenbHbiX MallvH.

5.2 Cucrtema u KpuTepun oLeHUBaHUSA

LLikana oueHnBaHuA

KpuTtepun oueHnBaHus chOpMUPOBAHHOCTU KOMMETEHLMI

YcTHoe cobecenoBaHne MucbemeHHasn pabota
MonHbIA, uWcYepnbiBaKWMIA OTBET, SIBHO
_ BbinonHeHHoe 3agaHue NOMHOCTbLIO
OEeMOHCTpUpyoWmMi  rnybokoe noHUMaHue
COOTBETCTBYET BCEM npeabsBNSEMbIM
3auTeHo npegmerta. YmeHve NPUMEHSTb -
TpeboBaHMAM.OpuUrnHanbHbI noaxon, K
TEOpeTUYEeCKMe 3HaHMS NS peLleHus o
peLleH1Io MOCTaBNeHHON 3afauun.
npakTU4ecKnx 3agad
OTtBeT  HenomHbiA.  [lpyu  nNoHWMaHWK
OTtcyTcTBUE OfiHOTO unm HECKOINbKUX
CyLLHOCTHU npegMeTa B uenom
ob6s3aTenbHbIX 3NeMeHToB 3agaHus,
MPUCYTCTBYIOT  CYLUECTBEHHbIE  OLUUOKM
He 3auyTteHo MHOroymcrneHHble rpybble owwnbkn B paboTe,
unn npobenbl B 3HaHWSAX cpady Mo
nnéo rpyboe HapyLueHue npasun
HECKONbKMM TeMaM, He3HaHue (nyTaHuua)
ocopMIiEHMS.

BaXXHbIX TEPMUHOB.

5.3 TunosBble KOHTPOJibHbIE€ 3a4aHUA n/vunu nHble MaTepuanbl, UCnonb3yeMblie A5 OLUeHKU pe3ynibTaToB

obyyeHus

5.3.1 TunoBble KOHTPOSbHbLIE BONPOCHI

Ne n/n

dopMynNnpoBKN BONPOCOB

Cewmectp 7

—_

€e 3/ieMeHTOoB

MaTtemaTtuyeckoe BblpaxeHue cBa3u akcepretudeckoro K4 cnoxHowm tepmogmHammyeckomn cuctemol ¢ KMz

TennooObMeHHUK CMeLLIEHUS

AnmabaTtuyeckuii camoucnapuTerb

BbinapHown annapat

SKcepFeTVNeCKI/Ie XapaKTepUCTUKN OCHOBHbIX 3Hepron0Tpe6n;|+ou.|,|/|x npowleccoB

AHanua JKCepreTn4ecknx dI)yHKLI,VIOHaJ'IbeIX rpynn npon3soacTtea Lesono3bl

ScepreTnyeckme xapakTepucTUKM YHKLMOHAmMbHBLIX rpynn cylmnbHon Yactn 6AM

TennoBasi 06paboTka YepHoro wernoka B CPK

OO [N |WIN

[ekap6oHn3auma n3BecTHsaka

—_
o

Bbll'lapMBaHVle YepHOro wenoka




11 Bapka TexHoorn4eckom Luenbl

AHanus akcepreTMyecknx KoauLMeHTOB NONe3HOro AencTBUSA (PyHKLMOHANBHbLIX PYNM CYLUUIBHON YacTu

12 |5m

OcHoBHbIE HanpasieHUA NoBblLLEeHNA CTeENEeHN TepMOANHAMMNYECKOIro cCoBepLueHCTBa TEXHOJTOMrM4YeCckoro

13 npouecca cywmnbHon Yactu 6M

14 MpakTnyeckas moaepHU3auma cywnnbHon yactn 6OM

15 Mpobnembl peanuaaumm NoBbILLEHUS pereHepaunmn TENNOThl B Npoleccax cywunbHon Yyactn 5AM

16 OcHoBbl TexHOnormMmn nepepaboTkn YepPHOro Lernoka

17 | TexHonoruyeckasi cxema nepepaboTky YEPHOTO Lenoka

18 anHLI,VII'IldaJ'IbHaFI TexXHonorn4yeckaa cxema nonydvyeHumsa Cyﬂbd)aTHOVI Lennnosbl

19 MprHUMNManbHas annapaTypHO — TEXHOSOMMYeckasi cxeMa nosyveHust cynbaTHON Lenmonosbl.

20 AnnapaTypHO — TeXHOoSorM4yeckasa cxema TensiopekynepaumoHHON YCTaHOBKM.

21 Bapka TexHonorm4eckon Lensbl

22 Mpouecc cxuraHusa pacteopa B LIBIT

23 BbinapuBaHue 4yepHoro Lienoka

24 Mpouecc aekapboHN3aUMm N3BECTHSIKA

25 OcHoBHble NOTPeBUTENN 3HEPTM B NPOM3BOACTBE Bymaru

26 3kceprus Tennosoro notoka.OnpegeneHune

27 MaTtemaTunyeckoe BblpaXXeHne Ona sKkceprun TenrioBoro noTtoka

28 SKcepFeTI/NeCKI/Ie noTtepn n X MmateMmaTtny4eckoe BbipakeHne

29 Okcepretudeckun KMo rennoobmeHHoro annapara

30 Okcepretudeckumit KrNh cnoxHon TepmoguHamMmm4eckon cMctTeMsl

31 YaenbHbI TENNOBOKW NOTOK, NEpeAaHHbI (BOCMPUHATLIN) B i-OM TENNO0OMEHHMKE

32 MprBeaeHHbIN TENNOBOW NOTOK AN i-0ro TennoobMeHHoro annapaTa

CpenHeTepMoaMHaMuyeckasi Temnepatypa (ToYHoe M NPUBNKEHHOe 3HaYeHWe ANs NPOLECCOB C (hasoBbIM U

33 6e3 pasoBoro nepexona)

34 Okcepretudeckun KL ans cnoxxHon TepMoanHaAMMYECKON CUCTEMbI Yepes NpUBEAEHHbIE TEMMOBLIE NOTOKU

MaTtemaTunyeckoe BblpaXXeHne ana gonn nogBeneHHON JKCeprmn B i-OM TennooOMeHHMKe K OGLIJ,GIZ

35 N
noaBeaeHHoOU aKceprun B cuctemMe

5.3.2 TunoBble TecTOBbLIE 3a4aHUsA

He npegycmoTtpeHo
5.3.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3aAaHus (3agayu, Kenchbl)

1. Onpegenutb 3kcepretudeckun KIL u akcepreTnyeckue notepu Ans NapoBoro kanopudepa BTOPUYHOMO
noJorpeBa BO3dyxa B KOHAMLMOHepe Ans xornogHoro nepuoga roga . lNMycte Bo3gyx ¢ pacxogom G = 20000 «kr / yac
HarpeBaeTcs B kanopudepe oT tH = 16 0C go tk = 19 0C napom npu Temnepatype tn = 100 0C. TennoémkocTb
Bosgyxa Cs = 0,92 k[x / kr- rpag. Tx = 245 K. MNpouecc agnabatnyeckuin (6e3 oTBofa TENNOThLI B OKPYXatoLLyto cpeay).

2. 2. Onpepenutb akcepretndeckni K[ napoXugkoCTHOro nogorpeBaTenst ceTeBoW BoAbl C MPsiMbIMU
Tpy6amm

VMicxogHble gaHHble: Npou3BoAMTENBHOCTL annaparta no soge - 1400 T/4; TemnepaTypa BoAbl Ha Bxoge - 343 K;
TemnepaTtypa Bogpbl Ha Bbixoge - 393 ; abcontoTHoe AaBneHume rpetowero napa - 3 6ap; pacxoa napa - 38,9 kr/c

5.4 MeToanyeckue maTtepuansl, onpeensirouime npoweaypbl oLleHUBaHUA pe3ynbTaToB 00y4eHUs
5.4.1 YcnoBusa ponycka o6yyatoLerocsi K NpoMeXXyToYHOM aTTecTauum U NopsiAoK NMKBUAaUumM akagemMmmyeckomn
3a,0MmKeHHOCTH

lMpoBeneHNe NPOMEXYTOYHOW aTTecTauuMu pernamMeHTMpPOoBaHO moKanbHbIM HopMaTuBHbIM aktom CI6MYMNTO
«lMonoxeHne o0 NpoBeAeHMUN TEKYLLIErO KOHTPOMS YCNEBAEMOCTM U MPOMEXYTOUYHOM aTTecTauumn obyyaroLLmnxca»

5.4.2 ®opma npoBeaeHUsA NPOMEXYTOYHOM aTTecTauum nNo gucumUniiMHe

YcTHada + MucbmeHHasn + KomnbloTepHoOe TecTupoBaHue WHas

5.4.3 OcobeHHOCTM NpoBeAeHUA NPOMEXKYTOYHOM aTTecTauum No AUCLMNInHe
Ha pelueHne 3agaym n nogrotoBky yCcTHoro otseta orBoamtca 30 MUHYT

6. YYHEBHO-METOANYECKOE N UH®OPMALMOHHOE OBECMNEYEHUE ANCLIUMNITIUHDI




6.1 YyebHana nutepaTtypa

ABTOp 3arnasuve M3paTenbcTBO log nspanus Ccblnika

6.1.1 OcHoBHas y4yeOHasa nutepaTtypa
B.I.  Kasakos, [I1.B.|3kcepretuyeckme mMeToabl http://www.nizrp.nar
JlykaHuH, O.C. | oueHkmn 3 EKTUBHOCTHU M-Bo obpasoBaHus n od.ru/metod/kpte/2.p
CmupHoBa TENNOTEXHONOMMYECKNX Haykn P®, CIMorTypri. — 2013 df

yCTaHOBOK [TekcT]: y4ebHoe Cneé.: CrnerTypPn

nocobue
6.1.2 lononHuTenbHasa yyebHasa nutepartypa
BapaHoB, A. B., , XX.|3HeprocbepexeHune " TamboB: TamboBCKUM http://www.iprbooksh
A. 3HEeproadHeKTNBHOCTb rocyaapCTBEHHbIN 2017 0p.ru/85987.html

TEXHUYECKNIA
yHuBepcuteT, 36C ACB

B.I. Kasakos, [1.B.|TepmognHamnyeckune http://www.nizrp.nar
JlykaHuH, 0O.C. [meTOabI aHanusa B M-Bo o6pasoBaHus n od.ru/termodynamm
CmupHoBa 3HEepPromncnosib3yoLmnx Haykun P®, CIMerTypri. — 2011 etody.htm

npoueccax [TekcT]: y4yeGHoe
nocobve

Cre.: CNerrtypri

6.2 MNMepe4veHb NpocheccnoHanbHbIX 6a3 AaHHbLIX U MHPOPMALIMOHHO-CMPABOYHbIX CUCTEM

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

6.3 NMepe4veHb NULEH3NOHHOIo U CBOGOAHO pacnpocTpaHAeMoro nporpaMmMHoro obecneyeHus

MicrosoftWindows 8
MicrosoftOfficeProfessional 2013

6.4 OnucaHne MmaTtepuanbHO-TEXHUYECKOWN 6a3bl, HEOGXOAMMOMN ANA OCYLUECTBNEeHMA obpa3oBaTeNbHOro
npouecca no gucumnnuHe

Ayautopus OcHalleHune

MynbTuMeauinHoe obopyaoBaHue, cneLmannanpoBaHHas mebenb, Jocka
JlekunoHHas ¥ A pyA 4 P A
ayguTopus

KomnbtoTepHbIv knacc

MynbTumMeauiitHoe o6opydoBaHUE, KOMIMbIOTEpHAs TEXHMKA C BO3MOXHOCTbIO MOAKMIOYEHUST K

cetn  «WHTepHeT» n
obpasoBaTenbHyto cpeay

obecneyeHnem

aoctyna

3MEKTPOHHYIO

WHpOpPMaLMOHHO-

YyebHasi aygutopusi

MyﬂbTMMe,ﬂMVIHOG 060pyD,OBaHVIe, cneuynanunsnpoBsaHHas mebenb, gocka




