MUHUCTEPCTBO HAYKHM U BBICHIET'O OBPA30OBAHUSI

POCCUMCKOMH ®EJEPALIUA
®enepanbHOE TOCYJaPCTBEHHOE OI0KETHOE 00pa3oBaTeIbHOE YUPEKACHUE
BBICILIEr0 00pa3oBaHUs
«BOpOHEXCKUI roCy1apCTBEHHBIN TEXHUYECKUH YHUBEPCUTET»

A. Jlpananrok

PABOYAS TIPOTPAMMA
JOVCUUTIINHBI

«TexHuueckas TepMOAUHAMUKAY

Hanpagpnenue noarorosku 21.03.01 HEGTE'A3OBOE JIEJIO

IMpoduasb "[IpoekTHpOBaHUE, CTPOUTEIBCTBO U IKCILIYyaTalUs
ra3oHedTeNPOBOJAOB U razoHedTeXpaHuianml"

Kpaaudukauus BoINycKHAKA 0aKanaBp

HopmaTuBHbIii nepuoa odyyenus 4 rona/4ronawu 11 m.

®opma o0GyuyeHusi O4YHas / 3a09Has

TI'oa Hauaaa noaroroBku 2018

ABTOp NpOrpaMMEI W./J /Ky3uenoBa [".A./

3aBenyromui kadenpou

TennorazocHabxeHus U
HedTerazoBoro aena /MenskymoB B.H./

Pykosoautens OITOII % /MenbkymoB B.H./

Boponex 2018




1. HEJIA A 3AJIAYU JTUCIHUAIIJINHBI

1.1. eau AuCIUIIHHBI

dopMHpOBaHUE y CTYJICHTOB TIIYyOOKHMX W (PyHIaMEHTaJIbHBIX 3HAHUN B
00J1aCTH TEXHUYECKON TEPMOIUHAMUKH.

OsBnanenue CTyJICHTaMHU buznIecKou CYIITHOCTH IIPOIIECCOB
npeoOpa3oBaHus TCIFIOBOM SHEPTHH B padoTy.

Pa3BuTHE HaBBIKOB NPAKTUYCCKOTO IMPUMEHCHHUS 3HAHUW JUIS PCIICHHUS
KOHKPETHBIX 3a/lad B OOJIACTH CO3MIaHWS M HCIIOIh30BAHUS TETUIOTEXHHUYECKOTO
o0opyaoBaHUs, pacdyeTa ©  TPOTHOZUPOBAHHUS  €r0  JKCIUTyaTallMOHHBIX
XapaKTEPHUCTHK.

[IpuBuTHE YMEHHS W HaBBIKA TPAMOTHO U 3(P(HEKTUBHO HCIIOIH30BATH KaK
OTIIEIbHBIC TEIUIOBBIE YCTPOWCTBA, TaK W BCTPOCHHBIC B  Pa3INYHBIC
TEXHOJIOTHYECKHE MPOIIECCHI.

1.2. 3axaun ocBoOeHHSA TUCHUILIHHBI

JlaTb HEOOXOIUMYI0 TEOPETHYECKYIO TEIUIOTEXHUYECKYH) ITOATOTOBKY
OyaymemMy KBaIM(UIIMPOBAHHOMY HH)KCHEDY.

B toMm uucie:

MOHSTH CYITHOCTh TEPMOAMHAMHUUYECKUX TPOIIECCOB B PA3IMUHBIX Cpe/iax;

OCBOHUTbH MHKEHEPHBIC METOJIBl pacueTa TEMIIEpATyp U TEIJIOBBIX ITOTOKOB B
KOHCTPYKITUSAX PA3IUIHON (OPMBI I PasIWYHBIX YCIOBHHM TMpeoOpa3oBaHUS
TEIJIOBOM SHEPTUU B padoTy;

YMETh BBITIOJNIHATh TEPMOAMHAMUYCCKHAE pacCYeThl IS KOHKPETHOTO
TEIJIOTEXHUYECKOTO 000PYI0BAHUS.

2. MECTO JUCHUIIIMHBI B CTPYKTYPE OIIOII
HucruminHa «TexHuueckass TepPMOIUHAMUKAY) OTHOCUTCS K JUCIUILIMHAM
0a3oBoi yactu 00ka b1.

3. HEPEYEHD IIVTAHUPYEMBbIX PE3YJIBTATOB OBYUYEHMUSI 11O
JUCHUIIJINHE

[Iporecc wm3ydeHMss AUCHUIUIMHBI — «TexHUYecKas  TEpPMOJAMHAMHUKAY)
HarpasJjeH Ha (OPMUPOBAHUE CIETYIONTUX KOMIIETEHITUI:

OIIK-2 - CHOCOOHOCTBIO HCIIOJIL30BaTh OCHOBHBIE 3aKOHBI
CCTCCTBEHHOHAYYHBIX  JWCHMIUIMH B  MPOGECCHOHANBHOW  JICSATCIBHOCTH,
NPUMEHATH ~ METOJbI ~ MAaTeMAaTHYeCKOro  aHajgu3a W MOJCIMPOBaHUS,
TEOPETHUECKOTO M SKCTICPUMEHTAIHHOTO UCCIICAOBAHMS

Pe3yabTarbl 00yueHns, XapaKTepu3ylolue

Komnerenuus
cpopMHUPOBAHHOCTH KOMIIETEHIIUH

OI1K-2 3HaTh 3aKOHBI TEPMOJIMHAMUKHI; OCHOBHBIE
3aKOHOMEPHOCTH MPe0Opa30oBaHMUs SHEPTUU B PA3TUIHBIX
TEPMOJMHAMHUYECKUX TIPOIIeccax; MPUHIIUIT TSUCTBUS U
YCTPOMCTBO TETUIOCUIIOBBIX YCTAHOBOK, TPUMEHSEMBIX B
oTpaciu; padouue npoiecchl U 3 HEKTUBHBIE TOKA3ATETU
MPOLIECCOB B SHEPIe€TUUECKUX YCTAaHOBKAX.




YMeTb pacCUUTHIBATh U BHIOUPATH PALlMOHAIBHBIE CUCTEMBI
npeoOpa30BaHUs U UCIIOIb30BaHUS SHEPTUH; UCIIOIb30BATh
BO3MOYKHOCTH BBIYMCIUTEILHON TEXHUKU U MPOTPAMMHOIO
oOecrieueHuss Jisi MOJICIUPOBAHUS TEPMOJUHAMHYECKUX
MPOIIECCOB; MOJIB30BATHCA CIPABOYHON JIMTEPATypOH IO
TEPMOJMHAMUKE.

Biranets MHXEHEPHON TEPMUHOJIOTUEN; HABBIKAMH
BBITIOJIHEHNSI TEPMOJANHAMUYECKUX PACUETOB;
CTAaHJAPTHBIMU CPEACTBAMH KOMITBIOTEPHOTO
MOJEJIMPOBAHUS TEPMOINHAMUYECKHUX ITPOLIECCOB.

4. OB BEM JUCHUIIJINHBI
OO6mast TpyJOEMKOCTh JUCHUIUIMHBI «TexHuueckass TepMOJIUHAMMKAY
coctaBisieT 6 3.e.
Pacnpenenenuie TpyJ0eMKOCTH TUCIUIUIMHBI IO BUAAM 3aHSATUN
ouHas ¢popma o0yueHust

Bcero | Cemectpsl

Buasl yueOoHOM paboThI 4ACOB 3
AyauTOpPHBIE 3aHATHS (BCEro) 90 90
B Tom uncne:

Jlexmumn 36 36
[TpakTueckue 3auarus (113) 36 36
JlabopaTtopusie pabotsl (JIP) 18 18
CamocTrosiTesibHasi padoTa 90 90
Kypcosasi padora + +
Yackl Ha KOHTPOJIb 36 36
Bubpl npoMeKyTOYHOM aTTECTAlNU - YK3aMEH + +
OO6m1ast TPy 10€MKOCTb:

aKaJIeMUYECKHUE Yachl 216 216
3a4.e]l. 6 6

3a04Has popma 00yueHus

Bcero | Cemectpsl

Bunbl yue6HOM paboThI

4acoB 3
AyAUTOpPHBIE 3aHATHS (BCEro) 22 22
B Tom uncae:
Jlextmm 8 8
[Tpaktnueckue 3austus (I13) 8 8
JlaGopatopusie pabotsl (JIP) 6 6

CamocrosiTesibHasi padoTa 185 185

+
+

KypcoBasi padora

(o)
O

Yacel Ha KOHTPOJIb

Bupl mpoMeXyTOUHON aTTecTalluy - Y9K3aMEeH + +

OO6m1ast TPy 10€MKOCTb:




aKaJIEMUYECKUE YaChl 0 216
3a4.e. 6

5. COAEP/ KAHUE JUCHUIIVIMHBI MOAYJISA)
5.1 Copaep:xkanue pa3aesioB JAUCHUIVIMHBI M paclpelejieHHe
TPYAOEMKOCTH 110 BUIAM 3aHATHI
o4yHas popma 00ydeHust

11\/&';[ HaunmeHoBaHue TeMBI Conepxanue paszena Jlexn 215 ::K Jg;s' CPC BZZEO’
1 |OcHoBHble moOHsATHS u|TemnoeMkocTh. DEHOMEHOIOTHYCCKHIA
OIIpeEIICHUs U cTaTucTrdeckuil noaxonsl. Ilonsatus:
TEPMOJANHAMUKH. TepMoJIMHAMU4YecKas CUCTeMa, pabouee
TeJo, rnapameTphl COCTOSIHUS,

nporieccel.  OCHOBHBIE — NapaMeTpsl
cocTosiHuSl (TeMmmeparypa, JaBJCHHE,
yaeTbHEIM 00beM u T.1.) WneambHbII
ra3, 3aKOHBl  HICaNbHOTO  Trasa.
YpaBHEHHE COCTOSHUS.

TernmnoemMKoCTb. [TonsTue 6 4 4 10 24
TEIUIOEMKOCTH, €€ KJIACCHU(DUKAINU TI0
KOJMYECTBY  BEIIECTBA, XapaKTepy
mpolecca, HMHTEpPBAILY TeMIepaTyphl.
VYpaBHenue Maiiepa 11 HJI€aJIbHOTO
raza. CBsa3p MeXAy pa3nuYHbIMU
BUJaMH  TEIJIOEMKOCTU.  ['a30BbIe
cMecu.  XapakTEpUCTUKH  Ta30BbIX
cMecel, crmocoObl 3aJaHds Ta30BBIX

cMece.
2 |TepMoanHAMHUYECKHE BayTpennss SHEpTHs, TEIIOTA,
MIPOLIECCHI. pabora. IlepBbrit 3aKOH
TEpPMOJMHAMUKH, €ro (HOPMYJIHUPOBKH,
aHAJIUTHYECKHE BBIPaKEHUSL.
DHTaNbIUSL.
Pacriomaraemast u  coBepmiaeMas
CHUCTEMOU pabora.

Tepmogunamuueckue nukibl. [Ipsmele
n obparueie nukiael. KIJ[ 1wkoma,
XOJIOJWIBHBII ko3¢ duunenr| 6 4 2 10 22
obparHoro mnukia. Ilukia u Teopema
Kapno. Tepmonunamuueckas mikana
TeMIepaTyp.

IlonaTue »sHTpomuu Kak Iapamerpa
cocrosiHUs. CTaTUCTUYECKUH CMBICIH
SHTPOMNUU. 2-i 3aKOH TEPMOJHUHAMUKH.
DOpMyJIUPOBKA U aHAIUTHUYECKOE

BBIPAJKEHUE. OHTponus u
paboToCTIOCOOHOCTD CUCTEMBI.
3 |BoasHoit nmap. [MTapametpsl BoasHOro napa. PV-, TS-u

iS - muarpaMMbl COCTOSIHUIM BOJISIHOTO
napa. TaOuuiel CBOWCTB  BOISHOTO

napa. ComnocraBneHue nx c

JAarpaMMaMH. Pacuer

TEPMOJIMHAMHYECKHUX NIPOLIECCOB

BOJSHOTO Ilapa IO JHarpaMmmaMm M 4 4 2 10 20
Ta0JIMIAM.

Ucrteuenue razoB u mapoB. CKOpOCTb
UCTEUYEHUS, €€ CBA3b CO CKOPOCTBIO
3Byka. Kpuruyeckoe COOTHOLICHUE
JlaBJeHU. YcioBusa Mepexoda uepes
KPUTHYECKYIO CKOPOCTb. Corio




JlaBans. [poccenupoBaHue ra3oB U

HapoB. CymHocTh mpoiecca.
W3menenune KaJIOpUYECKUX u
TEPMHYECKUX apaMeTpoB pu
JIPOCCETMPOBAHUH. D¢ddexr
Jxoyna-TomcoHa. Temneparypa
WHBEPCHUH.

AnmabaTHBIM W HM30TEPMHUYECKUI
npoccenb-3¢hdekTsl.  MHTerpambHbIi

Jpoccenb-3QHeKT.

ITapameTpsl
BO37yXa.

BJIQXKHOT'O

XapakTepUCTUKHA BJIaXHOTO BO3/1yXa,
KakK CMecH HACaIbHBIX ras3os.
IMpomeccht  Harpema, cymku. Id -
JparpaMma BII&KHOTO Bo3ayxa. Pacuer
MPOLIECCOB UaeanbHOi cymiku Ha Id -
JHarpamme. Peanbnbiit nporuecc
CYILKH.

Pacuer napameTpoB
MIOTOKOB BO3/yXa.

CMCIICHUA

12

22

ITopuHeBoit KoMmpeccop.

[punuun peictBus. MuaukartopHas
Jparpamma. W3orepmuueckoe,
aanabaTHOE W IMOJUTPOITHOE CKATHE B
MIOPLIHEBOM KOMIIPECCOPE.
MHuorocryneHuaroe
MHOTOCTYIIEHYaThIe KOMITPECCOPBI.
OtrHocutenbHbell  BHyTpeHHHN  KITJI
koMmIpeccopa. HeobpaTumoe cxartue.

cKartue,

12

22

ITapocunoBble yCTaHOBKH.

ITpunnunuansHas cxema IITY. Iluxn
Penkuna, ero uccnenoBanue. BiusiHue
napameTpoB OCTporo mapa H
napameTpoB B kKoHzaeHcatope Ha KIIJ]
LUKJIA.

L{uKIteI ¢ pereHepaTHBHBEIME OTOOpaMH,
C MPOMEXYTOUHBIMHU IEpErpeBaMu MU
T.1. TermiopuKamoHHbII UK.

12

22

I[BI/IF&TGJ'H/I BHYTPCHHETO
CropaHus.

CxeMa, YCTpPOWCTBO, KIacCHU(pHUKAIHS
MPUHLIMIT HEUCTBHUA. Paboune
npoueccsl B 2-x U 4-x-takTHeix JBC.
WnaukaTopHele quarpammsl. Tomauso
st JABC.  Tepmuueckmit  KITZ.
[TokazaTenun  UX Y3KOHOMHYHOCTH.
I'azoTypOunHBIE ycTaHOBKH. CXeMBI
I'TY. Huxmer ITY. PeakTuBHbIE,
Typ6opeaktuBnbie ['TY. Tepmuueckuit
KA mna I'TY.

12

24

Tluker BO3/IYLIHBIX,
KOMIIPECCHUOHHBIX
XOJIOJUIIBHBIX YCTaHOBOK.

X 0J1I0AUIBbHBIN KO3 HUIHIEHT,
XOJIOJIOTIPOU3BOANTENBHOCTD.  [pyrue
TUNBl  XOJNIOAWIBHBIX  YCTaHOBOK
(3’KEKIIMOHHEIE, abcopOIMOHHBIE).
XapaKkTepuCcTUKU u CBOWCTBa
XOJIOIMIIBHBIX areHTOB.

XonoaAWIbHBIE MAalIMHBl C PaboYUMHU
TeJlaMH, MEHSIIOIIIMMH CBOE arperaTHoe
COCTOSTHHE, (KOHCTPYKITHH).
Knaccudukanus x1ag0areHTos.

12

24

Hroro

36

36

18

90

180

3a04Has (popma 00yueHuUs

HaunmenoBanue TeMbl

Conepxanue paszena

Jlexi

[Tpak
3aH.

JIab.
3aH.

CPC

Bcero,
qac

OcCHOBHEIE
OTpeIeIICHUS
TEPMOJANHAMHUKH.

IOHATHUA U

TemmoemkocTs. PEHOMEHOIOTHISCKHI
M CTaTUCTHYCCKUM Tmoaxoabl. [lonarus:
TepMOJIMHAMHUYECKas CUCTeMa, pabouee

22

26




Teno, napamMeTpsl COCTOSIHUS,
nporieccel.  OCHOBHBIE — NapaMeTpsI
COCTOSIHMS (TemmepaTypa, [AaBiICHHE,
yaenbHEIH 00beM u T.1.) VneanmbHbII
ras, 3aKOHBl  MJEalbHOrO  rasa.
YpaBHEHUE COCTOSIHUA.

TenmnoeMKoCTs. Ionsatue
TETIOEMKOCTH, €€ KJIAacCH(UKAINU O
KOJIMYECTBY  BELIECTBA, XapakTepy
mpoliecca, MHTEpBaly TeMIEpaTyphl.
VYpaBHenue Maiiepa U1 UI€anbHOIO
raza. CBsa3p MeXAy pa3lIUYHBIMU
BUAAMU  TEMJIOEMKOCTH.  ['a3oBbIe
cMecH.  XapaKTEepUCTHKH  Ta30BBIX
CcMecel, crocoOBl 3aJaHus Ta30BbBIX
CMECEH.

TepMO,Z[HHaMH‘IeCKI/Ie
MMPOLECCHI.

BuyTpennss SHEPTHs, TEIIO0Ta,
pabora. IlepBbrit 3aKOH
TEpPMOJMHAMUKH, €ro (HOPMYJIHPOBKH,
aHAJTUTHYECKHE BBIPaKCHUSL.
OHTaIbIUS.

Pacnonaraemass u  coBepuaemas
CUCTEMOM pabora.

Tepmoaunamuueckue nukisl. [Ipsmele
u oOparueie 1wmkiael. KIIJ| mnukia,
XOJIOAUIbHBIN K03 dunneHT
obOpatHoro mnukia. I{ukia u Teopema
Kapno. TepmonuHamuueckass mikana
TEeMIEpaTyp.

IlonaTHe osHTpomMM Kak Iapamerpa
cocrossHUs. CTaTHUCTUYECKUH CMBICIH
SHTPONUU. 2-1 3aKOH TEPMOJHUHAMUKH.
DOpMyJIUPOBKA W  aHAJIUTHYECKOE
BBIPAYKEHUE. OHTponus u
paboToCTIOCOOHOCTh CUCTEMBI.

22

26

Bopasnoii nap.

ITapameTps! BogsiHOTO Mapa. PV-, TS- u
iS - muarpaMMbl COCTOSIHUI BOJSIHOTO
napa. TaOmuiel CBOWCTB BOISHOTO

napa. ComnocraBneHue nux c
JarpamMMaMH. Pacuer
TEPMOJIMHAMHYECKHUX MIPOIIECCOB

BOJSMHOTO TMapa II0 AWarpaMMaMm H
TabIUIaM.

Hcreuenne razoB u mapoB. CKOpocTh
UCTEUYEHHUS, €€ CBA3b CO CKOPOCTBIO
3Byka. KpuTHueckoe COOTHOIICHHE
JlaBlIcHUM. YcCloBUSA Tepexoa uepes
KPUTHYECKYI0O  CKOpPOCTb. Comuto
JlaBana. [IpoccenupoBaHue Ta30B U
MapoB. CymHoCTh mporiecca.
W3menenue KaJIOpUYECKUX u
TEPMHYECKUX napameTpoB npu
JIPOCCEIMPOBAHUM. D dexr
Jxoyns-ToMcoHa. Temneparypa
WHBEPCHUH.

AnmabaTHBII W HM30TCPMUYCCKUI
npoccenb-3QQexTel.  VHTErpanbHbIi
Jpoccenb-3QQeKT.

22

26

[Tapamerpsr BJI2YKHOTO
BO37YyXa.

XapakTepuCTHKN BJIaXKHOTO BO3/yXa,
KaK  CMECH  MIEAIbHBIX  Ta30B.
IMpouecchl  Harpea, cymku. Id -
JHarpaMma BJIaKHOTO BO3ayxa. Pacuer
HPOIIECCOB MaeabHOM cyniku Ha Id -

24

26




JiparpamMmme. PeanbHbiit rporiecc
CYILKH.

Pacuer rnapameTpoB CMELIECHUS
MTOTOKOB BO3AyXa.

5 |Iopuaesoii komnpeccop. [Ipuninun aeiictBus. HuHaukaropHas
Juarpamma. N3orepmuueckoe,
annabaTHOE W TONUTPOITHOE CXKATHE B
MOPIIHEBOM KOMIIPECCOPE.
MHoroctyneHuaroe cxKaTue,
MHOTOCTYIICHIAThIE KOMITPECCOPBI.
OtrHocutensHblit  BHyTpeHHu  KITJ]
komipeccopa. Heobpatumoe cxaTue.

6 |[Tapocunossie ycTaHoBKH. |[Ipunnunuanphas cxema I[ITY. Iukn
Penkuna, ero uccinenosanue. Bnusnue
napaMeTpoB OCTpOro Imnapa Hu
napameTpoB B koHzeHcaTope Ha KIIJI
LUKJIA.

L{uKJIBI ¢ pereHepaTUBHBIME 0TOOpaMH,
C TIPOMEXYTOYHBIMH IEPErpeBaMu H
T.1. TermiopuKamoHHbII UK.

7 |dBuratenu BHyTpeHHero|CxeMa, yCTPOWCTBO, Kiaccuukarims
CTOpaHMUsL. TIPAHITHIL JIEHCTBHA. PaGoune
npoueccsl B 2-x 1 4-x-takTHeIX JBC.
WunnkaTopHple quarpaMMel. TOIUTHBO
ot ABC.  Tepmuueckuit  KII.
Ilokazarenu HX Y9KOHOMUYHOCTH.
l'azoTypOuHHBIE ycTaHOBKH. CXeMbl
I'TY. Huxkmert ITY. PeakTuBHbIE,
typbopeaktuHbie ['TY. Tepmuueckuit
KI ana I'TY.

8 |L{uksl BO3/1YLIHBIX, | X010 IUIBHBII KO3 DHUIIHEHT,
KOMITPECCUOHHBIX XOJIOJIOTIPOU3BOAUTENBHOCTE.  [Ipyrue
XOJIOIUIIBHBIX YCTAHOBOK. | THIIBI XOJIOTUIIbHBIX YCTaHOBOK
(?KEeKIIMOHHBIE, a0CcopOIMOHHEIE).
XapakTepuCTUKH u CBOMCTBa
XOJOAMIHHBIX areHTOB.

XoJoMUIIbHBIE MAIIMHEI C pabodYuMu
TeJIaMU, MCHSIOINMH CBOE arperaTHoe
cocTostHUE, (KOHCTPYKITUH).
Krnaccudukanus xmagoareHToB.

Hroro 8 8 6 185 207

5.2 IlepeueHb 1a060paTOPHBIX padoT

N3mepenue temmeparypsl.

Uccnenosanue TepMoaHAMUYECKUX TapaMeTpoB IpH (Ha30BbIX Mepexogax
HA JIMHUM HACBIIIEHUS KUIKOCTH Iap.

HccnenoBanue nporecca agnadaTHIECKOro IPOCCETUPOBAHUS PealbHBIX
ra3osB.

HccnenoBanue ynenbHON TEIIOEMKOCTH TBEPIBIX TEIL.

HccnenoBanue TeMI0EMKOCTH Ta30B B POTOYHOM KaJOPUMETPE.

HccnenoBanue paboThl TEPMOIIICKTPUIESCKOTO MMPEOOPa30BaATEIIS B PEIKIME
AJIEKTPUYECKOTO reHEpaTopa.

6. IPUMEPHASA TEMATUKA KYPCOBBIX IPOEKTOB (PABOT)
N KOHTPOJIBHBIX PABOT
B coorBercTBUM ¢  y4eOHbIM IIJJAHOM  OCBOEHHE  JUCLMILIMHBI




peIyCMaTPUBAET BHITIOJIHEHNE KYPCOBOM pabOTHI B 3 ceMecTpe ik O9YHON (HOPMBI
o0ydeHus, B 3 ceMeCTpe JJI 3a09HOU PopMbI 00yUCHHS.

[IpumepHas Temathka KypcoBoM paboThl: «TepMOAMHAMUYECKHUE OCHOBBI
MIPOU3BOJICTBA TEIUIOBOU U 3nekTpuyeckor sHeprur Ha TOL, KOC u B pailoHHBIX
KOTEJIbHBIX».

3aiauu, pemaeMble MPU BBITIOJIHEHUH KYPCOBOM paOOTHI:

Pacuer TepMOAMHAMUYECKHUX MPOIECCOB MPOU3BOJCTBA TEIUIOBOM H
ANEKTPUYECKOU SJHEPTUH.

Onpenenenue 3¢ GEeKTUBHOCTH TEPMOJIUHAMHYECKUX IPOLIECCOB
IIPOU3BOJICTBA TEMJIOBOU U DJIEKTPUYECKON IHEPTUH.
KypcoBass pabora Bkmouar B ce0s rpaduyecKkyl0 4YacTb U

pPaCUYCTHO-IIOACHUTCIIbHYIO 3aIIUCKY.

7. OUEHOYHBIE MATEPUAJIBI J151 MTPOBEJIEHUS
IMPOMEKXYTOUYHOM ATTECTAIIMU OBYYAIOIIIUXCS IO
JAUCHUITJIIMHE

7.1. Onucanue mokaszareJieili 1 KpuTepueB OLEHUBAHUS KOMIETEHIUM
HA pa3jIMYHbIX ITanax ux (popMupoBaHUs, ONIMCAHUE HIKAJ OLEHUBAHUS

7.1.1 Tan Tekylmero KOHTPOJIA

Pe3ynbraThl TEKyilero KOHTPOJISI 3HAHUNW U MEKCECCHOHHOW aTTeCTalluu
OLIEHUBAIOTCS T10 CIEAYIOIIEH cHCcTeMe:

«aTTEeCTOBAHY;

«HE aTTECTOBaHY.

K PesyanaTu oﬁyqemm, K

oOMIIe- XapakKTepu3youue HTECPUHA

— c q)gpM“p]:m :’Hﬂﬂlm Ougﬂnngﬂnﬂ ATTecTOBAH He arrecroBan

KOMIIETCHIIUU

OIIK-2 3HAaTh 3aKOHBI Tect Brimonaenne pabor | HesrimonHeHue
TEPMOIUHAMUKH; B CPOK, paboT B CPOK,
OCHOBHBIE IIPElyCMOTPEHHBIH B [IPEAYCMOTPEHHBIN B
3aKOHOMEPHOCTH pabounx pabounx
mpeobpa3oBaHus IporpamMmax porpaMMax
SHEPIUH B Pa3IMYHBIX
TEPMOANHAMHYECKHX
poleccax; MPUHIUI
JEHCTBUS U YCTPOHCTBO
TEIUIOCUIIOBBIX
YCTaHOBOK,
MIPUMEHSEMBIX B
oTpaciu;, paboure
MIPOIIECCH U
3¢ deKTHBHBIE
[10Ka3aTeju NPOLECCOB
B DHEPTETHYECKUX
yCTAHOBKAX.
VYMeTh paccuuThiBaTh U|PemeHue craHaapTHBIX Brmonaenne pabor | Hesrimonuenne
BEIOMpATh MIPAKTUYECKUX 3a/a4 B CPOK, pabor B cpoK,
palMoHaIbHbIE IIPEeyCMOTPEHHBIN B [Ipe1yCMOTPEHHBIH B
CUCTEMBI pabounx pabounx
npeoOpa3oBaHus u mporpaMmax IporpamMmax
HCIONb30BaHUS
SHEPIUHu; UCIOIb30BaTh
BO3MOKHOCTH
BBIYUCIINTEILHON




MIPOrPaMMHOTO
obecrnieueHHs
MOJEITUPOBAHUS
TEPMOAUHAMHUYECKUX
IIPOLIECCOB;
I10JIb30BATHCSA
CIIPaBOYHOU
JINTEpaTypoun
TEPMOJIMHAMUKE.

TCXHHUKH u

JUIA

1o

Buagets uHkeHepHOI
TEPMUHOJIOTUEN;
HABBIKAMU BBINOJIHECHHUS
TEPMOJAUHAMUYECKUX
pacyeros;

Pemenue MpUKJIaJHbIX 3a/1a4 B

KOHKPETHOU IIPEIMETHOU
obnactu

Brimonuenue padot
B CPOK,
NIPEAYCMOTPEHHBIN B
pabounx
nporpammax

Hesrinonnenue
pabor B cpok,
IIPE1yCMOTPEHHBIN B
pabounx
IporpaMmax

CTaHAapTHBIMU
cpeacTBaMunu
KOMIBHOTEPHOTO
MOACINPOBAHUA
TEPMOJANHAMHNYICCKUX
IIPOLIECCCOB.

7.1.2 JTan npoMeKyTOYHOr0 KOHTPOJIS 3HAHU

Pe3ynbTarhl MpOMeXyTOYHOTO KOHTPOJISl 3HAHUM OLIEHUBAIOTCA B 3 CEMECTpe
Ui 0o4HOM (popmbl 0OyueHHs, 3 cemecTpe Uis 3a04HOM (opMbI OOyUEHHUs O
YEThIPEXOATIIBHON CHCTEME:

«OTIUYHON;

«XOpOLIO»;

«YZOBJIETBOPUTEIBHOY;

«HEYJOBJIETBOPUTEIBHO.

PesynbTaTel 00y4enus,
XapaKTepH3ylolue
c¢(hopMUPOBAHHOCTH

KOMIeTeHIHH

Kommne-
TEeHI U

Kpurtepun

Yaosa.
OLlCHUBAHNS

OT1u4HO Xopowmo Heynoga.

OIIK-2 B Tecre
meHee 70%
MIPaBUIBHBIX

OTBETOB

Brimosnenne
Tecta Ha 70-
80%

Brimosnenne
Tecta Ha 80-
90%

Brimosnenne
Tecta Ha 90-
100%

3HaTh 3aKOHbI Tect
TEePMOJMHAMUKHY;
OCHOBHBIE
3aKOHOMEPHOCTH
mpeoOpa3oBaHus
SHEPTUH B
Ppas3INUHbIX
TEPMOJMHAMUYECKUX
npolrieccax; NPUHIMII
JNEHCTBUS U
YCTPOMICTBO
TETUIOCHIIOBBIX
YCTaHOBOK,
MIPUMEHSEMBIX B
oTpaciu; paboune
IIPOLIECCH] U

3¢ QeKTUBHbIC
ITOKa3aTen
IIPOIIECCOB B
9HEPreTUUECKUX
YCTaHOBKaX.

Ymers
paccUnTHIBATE u
BBEIOHMpATh
palroHaJbHbIE
CHUCTEMBI
npeoOpa3oBaHus U

Pemenue
CTaHJapPTHBIX
MPaKTHYECKUX
3a1a4

Bagaun
peLIeHs! B
ITOJTHOM
o0beMe 1
MIOJTyYCHBI
BEPHEBIC

IIponemoHcTp
HpOBaH
BEPHBIN X011
pemeHns Beex,
HO HE NOJIyueH
BEPHBIN OTBET

IIponemonctp
HUPOBAH BEPHBIN
XOJ pelIeHus B

GOJIBIINHCTBE

3a1a4

3amaun He
pereHsl




HCIIOIb30BAHUS OTBETHI BO BCEX
SHEPruu; 3aj1auax
HCTIO0JIb30BaTh
BO3MOKHOCTH
BBIYHCIIUTCILHON
TEXHUKH u
IIPOrPaMMHOT0
obecrieueHust IUTS
MOJETUPOBAHUS
TEPMOIMHAMUYECKUX
TIPOIIECCOB;
M0JIb30BaThCS
CIIPAaBOYHOM
JIUTEPaTypou o
TEPMOJIMHAMUKE.

Bnanets Pemenne 3amgaun IIponemonctp | IIpogemonctp | 3amauu He
HHXEHEPHOUI MPUKIIaJHBIX peuieHsl B HpOBaH HUpOBaH BEPHBIN |  pELICHBI
TEPMUHOJIOTUEN; 3az1a4 B MIOJIHOM BEPHBINA X0 | XOI peLIeHUs B
HaBbIKaMHU KOHKpETHOU o0beMe U |pemreHus Bcex,| OONBITMHCTBE
BBIIIOJIHEHUS MIpeIMETHOM MOJIYYEHbl |HO HE MOJIyYEH 3a1a4
TePMOANHAMHYCCKIX |00TacTH BEpHBIC BEpHBIN OTBET
pacyeros; OTBETHI BO BCEX
CTaHJIaPTHBIMU 3aza4dax
cpencTBaMu
KOMIIBIOTEPHOTO
MOJEIUPOBAHUS
TEPMOJUHAMUYECKHUX
MIPOLIECCOB.

7.2 IlpuMepHblii mepeyeHb OLEHOYHBLIX CpPeACTB  (THIOBBIE
KOHTPOJIbHBIC 32/IaHUSI MJIM HHbIE MaTepHAJIbl, HEOOXO0AMMBbIE IS OLEHKH

3HAHUI, YMEeHUI, HABBIKOB U (MJIH) ONBITA 1EATEJILHOCTH)

7.2.1 TlpumepHblii mepeyeHb 3aJaHUH Ui  MOATOTOBKH
TEeCTHPOBAHUIO
1. Yamre Bcero cocTosiHuE paboyvero Tesia onpeesieTcs CIeIyonuMu
napaMeTpamu:

a) yACJIbHBIM 00bEMOM B) TOJIBKO TEMITEpaTypOi
0) JaBJIEHUEM U TEMIEPATYPOU T') YAEIbHBIM 00bEMOM, JABJICHUEM U
TeMIIepaTypou
2. AGCOIOTHOE JIaBJICHUE B CIy4ae pa3psuKeHUs ONPEAeIisitoT o Gpopmyie:
a) pabc=B — psax 6) pabc=B + psax B) pabc=P/S r) pabc=yh
3. 3HaueHue yHuBepcaiabHOM razoBoit nocrossHHoM R, kJ[>/(kmonb-K) paBHo:
a) 83,14 0) 848 B) 8,314 1) 0,8314
4. Tanenue 10,2 aT paBHO:
a) 1 MIla 6) 10,2 xrc/cm2 B) 760 mm.pT.cTT) 10 M.BOA.CT
5. Iloa naeanbHBIM ra3oM MOHUMAKOT:
a) ras, B KOTOPOM OTCYTCTBYIOT CHJIbI IPUTSKEHUSI U OTTAIIKUBAHHUS
MEXIY
MOJIEKYJIaMU
0) ra3, B KOTOPOM MOJIEKYJIbI UMES MaccCy, He UMEIOT 00beMa
B) T'a3, MPU BBICOKOHM TEeMIIEpAType U MaJIOM JaBICHUU

K



I) ras, NOAYMHSIONINIICS ypaBHeHHIO BaH-nep-Baansca
6. HopmaJIbHBIMU yCIIOBUSIMU MIPUHSATO CUUTATH
a) p=101325Ila, T=273,15 K 6) p=760 mm.prt.ct, t=0 °C B) p=101325I1a,
t=20°C
7. BCSAKAM pealibHBIN MPOLIECC SIBIISIETCS:
a) HEPaABHOBECHBIM MPOIIECCOM 0) KPYTOBBIM ITPOIIECCOM B)
PaBHOBECHBIM
8. B 3akone JlanbTOHa rOBOPUTCS O:
a) Macce CMECH T'a30B B) JaBJICHUU CMECH ra30B
0) 00beMe cMecH ra3oB I') TEMIIEPATypE CMECH ra30B
9. M30X0OpHBIM HA3BIBAETCS MPOLIECC, B KOTOPOM HE U3MEHSETCS
a) JaBJICHUE B) 00BEM
0) TemmepaTypa ') KOJIM4YECTBO COOOIIAEMON TETIIOTHI
10. 1151 n30X0pHOro mpolecca XapakTEPHO
11. Macca BoastHOrO niapa, cozaepaiierocst B 1 M3 BiIa)XHOTO BO3/1yXa,
Ha3bIBACTCA:
a) a0COJIFOTHOM BJIAKHOCTBIO BO3/IyXa
0) OTHOCUTENFHOM BIAXKHOCTBHIO BO3/IyXa
B) CTEIICHBIO HACBIILICHUS BO3IyXa
12. YpaBHeHHE NepBOro 3aK0HA TEPMOJIMHAMUKH JIJIsl aAMabaTHOTO Mpoiiecca
UMEET
BU/I:
a)dq=du6)dqcdTu=g)dg=pdur)du=-dl
13. Tepmuueckuit KIIJI nukna Kapro:
a) Oousbiue 1 0) menbuie 1 B) pasen 1
14. DHTpONHNS HE UBMEHSETCS:
a) B 1300apHOM TIpoIecce B) B U30XOPHOM
0) B ©30TEPMUYECKOM T') B aluabaTHOM
15. Como JlaBanst — 3TO yCTpOMCTBO ISl OJIYYEHUS CKOPOCTH UCTCUCHUS:
a) HIDKE KPUTUYECKOM 0) paBHOI KPUTHYECKOU B) BBIIIIE
KPUTUYECKOU
16. Temneparypa BOASHOIO Mapa Mpu JPOCCEINPOBAHUU:
a) yMEHBIITAeTCs 0) YBETUUMBACTCS B) HE U3MEHSICTCS
17. Ilpouecc neperpesa napa B 1ukiie PeHkrHa (cM. pUCyHOK) n3o0paxaeTcs
OTPE3KOM:
a) 4-5
0) 3-4
B) 6-1
r)5-6
18. Tepmuueckuit KIIJ[ perenepaTuBHOTO IUKIAa C OJHUM OTOOPOM Mapa IO
cpaBHenuto ¢ KIIJI nukna Penknna:
a) 6oypIe 0) MEHBIIE B) OJMHAKOB

19. YpaBHeHue coctosiHusA 11l 1 KT uaeanbHOro rasa:
a)pV=MRT 6) pp =RTB) pV RT m=m



7.2.2 IlpuMepHblii nepeveHb 3aJaHMil Ui pelleHHs CTAHIAPTHBIX

3aga4d
3amaua 1. I[To qaHHBIM aHAIKM3a YCTAHOBJIEH CIIEIYIOMINI 00BEMHBIH COCTaB IPUPOIHOTO Ta3a:
CH, =97.0%; C,H, = 2.0%; C,H, =0.3%;
C,H,, =0.2%; CO, =0.1%; N, =0.4%.
OrnpenenuTh CPeAHIOI0 MOJICKYIISIPHYIO MACcCy MPUPOIHOTO Ta3a (i, ITIOTHOCTh ra3a B HOPMAIbHBIX YCIOBHIX
p, MacCOBbIC KOHIICHTPAIIMK KOMIIOHEHTOB 71j, X MapliuaibHble AaBieHus Py cpeanue temioeMkocT Cpp, Cyn 1
roxkasarenb anuadars! K.

Pemenne
MonexymsipHBIE MacChl COCTABIITIONINX CMECh Ta30B PABHEI (II0 JaHHBIM (PU3MYECKUX XapaKTEPHCTUK KOM-

MTOHEHTOB Ta3a M3 CIPABOYHBIX TAOJIHIT):
en, =16.04; 41, =30.07; g1, = 44.09;
Heg, =58.12 p, =44.0% 1y =28.02.

MounekynsipHas Macca  NPUPOJHOTO  ra3a ONpeAesseTCs 10 YPAaBHEHUIO
i=n
— __1
V=D =
i=1 "

TZe i — MOJIEKyNsipHass Macca KommoHeHTOB cmecn, CHy, CoHg, C3Hg 1. 1n.; rj — MomsipHast (vmm
00beMHas1) KOHICHTpAIMsl KOMIIOHEHTOB CMECH, OIMpeAeiseMas KaKk OTHOIICHHE 00beMa KOMIIOHEHTa K 00beMy
CMECH; m; -MaccoBasi KOHIEHTPAIMS KOMIIOHEHTOB CMECH, ONpeJelsieMasi KaKk OTHOLICHHE MAaCChl JJAHHOTO KOM-

INIOHCHTA K MaCC€ CMECCH B IICTIOM.
Taxk xak B YyCJI0BUH 3a/1a1U 1aH 00BEMHBIH COCTaB rasa, TO y/:[06Hee BOCIIOJIB30BAThHCA IEPBBIM YPABHCHUEM CO-

OTHOIICHHS
i=n
1, = Z r 4t = 0,97-16+0,02-30,07 +0,003- 44,09 + 0,002 58,12 +
i=L
+0,001-44,01+0,004- 28,02 =16,56 KI/KMOJIb.

[TmoTHOCTH Ta3a ipu HOpMaNbHBIX yernoBuax (0°C u 0,1 MIla) MoxHO onpeaenwTh U3 ypaBHeHHS Kiamelipona
Pv=P/p=RIT nnu u3 3akoHa ABOrajipo, YyTBEPKIAIOLIETr0, YTO YIEIbHBIA MOJSIPHBIH 00BeM ra3a B HOpMaJbHbBIX
YCJIOBUSIX BEJIMYHMHA ITOCTOSTHHAS M paBHA

L= LU = Hm _ 22,4 M°/kmoub,
e
_ w1656
v 22,4
Ilo ypaBuenuto  Knaneiipona mpu t= 0°C u P =0,1 MIla
_ P 0110°
RT 50,21-2732

R=—R -8 5001 w(xrK),

MaccoBsle 1 00beMHBIE KOHIIGHTPAIlMH T'a3a CBA3aHBI MEX Ay cO00M COOTHOIIEHHEM

=0,739 kr/™°.

=0,739 kr/n,

OTCrOJa

CHGHOB&TGJ’ILHO, MAacCCOBBIC KOHIICHTPAIIUN OTACJIbHBIX KOMIIOHCHTOB CMECH PAaBHLI:

7]
me, =2 e, :_12 gg 0,97 = 0,940,
o
u
Moy, =20 o p. = igg; .0,02=0,036,
y7.
HcCyHy 44,09
= ey, = ——.0,003 = 0,008,
Mc,Hg 5 C3Hg 16,56
M, 5812
My, = ———=TC,Hy, = 1656 0,002 = 0,007,

m

U
meo, = —teo, =% 0,001=0,0027,
7]

m



my, =22 = 2892 6604 - 0,068,
o 16,56

Tak yT0 MaccoBBIi COCTaB rasa B MPOLCHTAaxX paBCH:

CH, =94%; C,H, =3,6%; C,H, = 0,8%;

C,Hyo =0,7%; CO, =0,27%;N,, =0,68%.
CyMMa MacCCOBBIX KOHHCHTpaHI/Iﬁ, KaK 1 MOJIAPHBIX (OG'BeMHI)IX), paBHa CAUHUILIC:

i:znm, = izznri =1
HapuI/IaHBHBIe JaBJICHUSA OTACIBHBIX Il((l)MHOII;eHTOB rasza OIpPEACIIAIOTCA II0 3aKOHY HaHBTOHa nus3
COOTHOLICHUA

R=rP.
Taxk uro naBnenue metana CH,, 3tana C,Hg v T. 1. B cMecHu paBHO:
Pcyy, =Tep, -P=097-0.1=0,097 MlIa,
Pc,n, =Tc,H, - P =0,02-0.1=0,002 MITa,
Pc,H, =c,H, - P =0,003-0.1=0,0003 MI1a,
Pc,H10 = I'c,H,, - P =0,002:0.1=0,0002 Mlla,
Pco, =Tco, P =0,001-0.1=0,0001 MIla,
Py, =TI, P =0,004-0.1=0,0004 MIIa.

CyMMa naporuajabHbIX ,I[aBJ'IeHI/Iﬁ paBHa JaBJICHUIKO CMECH
1=n
ZP, = Pep, +Pen, +Poyn, + Poghy, + Poo, + Py, = 01 MITa.
i=1
CpeI[Hﬂﬂ TECIIIIOEMKOCTDH cMeECcHu OIPCACIIACTCA 10 YPABHCHUAM:
MacCCOBas TCINIOEMKOCTh CMECHU

i=n
Cpm = Zmicpmi’
i=1
MOJIApHas TCIJIIOEMKOCTb CMECHU

_ i=n
Cpm = Hy 'Cpm =Zr,Cpm‘,
i=1

rae CD'“. — MaccoBas TCIUIOEMKOCTb KOMIIOHCHTOB CMECU IIpHU ,I[aHHOﬁ TEMIIEPATypE; C — MOJIIpHas

pm;
TEIIOEMKOCTh KOMIIOHEHTOB CMECH npu ,I[aHHOﬁ TeMIIEpaType.

[pu temneparype 0 °C u pasnenun 0,1 MIla MOXHO IPUHSATH, 4TO TemoeMkocTh metana C Py = 2,17

L= 1,58 xIx/kr-K, yriue-

kucyoro raza C, = 0,815 k/lw/krK, asora C, =1,039 x[[x/krK. Cnenoarensto,  MaccoBas — TEIIOEMKOCTh
0 2

kJx/xr-K, stana CpczHE = 1,65 x/x/krK, mpomana C b 1,56xx/kr-K, 6yrana C,

C4H

cMecH (TIpH MOCTOSTHHOM JaBJICHUH) paBHA
i=n
Com = Z MiC pm, =0,94-2.17+0,036-1,65+0,008-156 +
i=1
+0,007-1,58+0,0027-0,815+0,0068-1,039 =213 k/[x/kr-K.
MorsipHasi TEMIOEMKOCTh CMECH T'a30B MPU MIOCTOSIHHOM JIaBJICHUH
Cpm =ty -C pm =16,56-213=3527 kJl/kmonb K.

U3 ypasnenns Maitepa C -C, =R,(C,-C, =R) MOXHO HAiTH TEIUIOEMKOCTH  CMECH IPH IOCTOSHHOM

ooveme C,,C, :
Cy =Cp —R=213-0,5021=1,63 x/[x/krK,
Cy =Cp —R=3527-8,314=26,96 k/[x/kr-K.
U3 COMOCTABICHHs YHCICHHBIX 3HAYCHUIl TEILIOGMKOCTEH MOXHO ONPENC/IHTh IOKa3aTelb anuabaThbl
IPUPOJIHOIO ra3a YKasaHHOIO COCTaBa (Kak UAealbHOro rasa)
Cp _Cp_ Cp 213

=131.

Cy Cy Cp-R 163

7.2.3 llpumepHBIii epeveHb 3a1aHN /151 pellleHNs] MPUKJIATHBIX 3a/1a4

3agaua 1. Onpexnenuth mapamerpsl cocrosHust (P, v, t, U, i, S) B KpallHUX TOYKax IMKJIA Ta30TypOMHHON yCTAaHOBKH



npocTeiiei cxeMsl, padoTaromiell py CIeAyIOMNX UCXOIHBIX JaHHBIX (puc. 1.):
HayanbHOE AaBjieHue cxkatus Py = 0,1 MIla,
KOHeuYHoe JaaBicHue cxatus P, = 0,5 Mlla,
HavyalpHas TeMIeparypa cxarus ty =+ 15 °C,
HavaJlbHas TeMIlepaTypa mporuecca pacmupenus tz =750 °C.

q273

P,T,0,

— 14
1 més,lf

P,T,,v

Puc. 1. Cxema npocreiinieit ra30TypOHHHOI yCTaHOBKH
1 — oceBoii komIpeccop; 2 — kaMmepa cropanus; 3 — TypOuHa; 4 — Harpy3ka

pi ] Ta 3
2 ¢ 3 %=0

T 1 v

D 5

Puc. 2. lluki ra3oTypOMHHOM YCTaHOBKH B KoopauHartax P-v u 7-S

BHYTPEHHIOI0 HEPTHIO U, SHTAIBITHIO i ONPEIEIUTh OTHOCHTENBHO 1o = 0 K, a 93HTPONHIO S ONpPEAETUTh OTHOCHTEIBHO
cocrostHmst ipu 7o =273,2 K, Py=0,101 MIla.

st KakIOoro mpolecca [UKIa OMpeAesuTh paboTy, KOJNHYECTBO MOABEJCHHOTO WIIM OTBEACHHOTO TeIla, M3MEHEHHe
BHYTPEHHEH YHEPIHH, SHTAJBITHIO U SHTPOIHIO.

Onpenenuth paboOTy IUKIIA, KOTHYESCTBO MOJBEICHHOTO U OTBEICHHOTO Teria, Tepmudeckuii KI1/I nukia, cpaBHUTH €ro ¢
KIIJT nuikna Kaprao, nMeroniero  OJMHAKOBBIC C PACUCTHBIM I[UKJIOM MaKCUMAIBHYIO i MUHUMAIBLHYIO TEMIIEPATYPHI.

IMoctpouts 1k B koopauHatax P-v u 7-S. Pabouee Teno — 1 kr  Bozmyxa (R=0,287 xJIx/kr-K, Cp=1,006 xJ{x/kr-K;
Cy=Cp — R=0,719 xJIx/xrK).

Jlnst BO3MyXa MPUMEHUMO YpaBHEHHE COCTOSHUS HeanbHoro rasa Po = RT.

Pemienue

1. Onpeodenenue napamempos cOCmMosHUA 8 KPAUHUX MOYKAX YUKTA.
Touxa 1.

P:=0,1 MIla; t;=+ 15°C; T =t; +273,2=288,2 K;
RT, 287-288,2
v =—L= 8—82’ = 0,827 M¥/xr;
P 0,1-10
1 3.
p=—=121kr/™m;
U1
i1=Cp T,=1,006-288,2 = 289,9 xJIx/kT;
u =Cy T,=0,719-288,2 = 207,2 xJIx/KkT;
s =Cpln E —RlIn ﬂ =1,006In E -0,287In i =0,057 xJx/kr-K.
To P 273,2 0,101
Crenyer 3aMeTUTb, YTO €CIIM OIpe/eeHHe SHTPONMH B TOYKE WJACT MPHU COBMAJAOLIEM 3HaueHuH naeieHus P;=Pj, To
T
ypaBHEHHe YIpoInaeTcs u mpuHumaeT Bux Sq =Cp In T—l
0
Touka 2.
k-1 1,4-1
k 14
T2:T1 ﬁ :288,2 % ' :456,7 K,
P, 01
C
k=—P=1’006 14

1Ty

Cy 0719
t,=T,- 273,2=183,5 °C;

RT, _ 287-4567
P,  05-10°

Ly =

= 0,262 m%/kr;



p2:i L ——— =382 xr/m;
v, 0,262
i,=CpT,=1,006-456,7=459,4 xJIx/xr;
u2=CV~T2:0 719-456,7=328,4 xJIx/KT;

sz—Cpln——RIn —1006I ﬁ—OZSH £—0057 kJx/kr-K.
To Py 273,2 0,101
Touxka 3.
P3=P»=0,5 MIla; T5s=t3 +273,2 =1023,2 °K;
RT. 287-1023,2
U3 = -3 8—0? =0,587 mM%/xr;
P3 0,5-10
pP3 = i = L =1,704 KF/MS;
vy 0587
i3=Cp-T3=1,006:1023,2=1029,3 kJIK/KT;
u3=CyT5=0,719-1023,2=735,7 xJIx/KT;
T3 P;
S3=CpIn—=-RIn—==1006In——— 10235 -0,287In — 05 _ =0,869 xJx/xr-K.
To Py 2732 0,101
Touxka 4.
P4:P1=0,1 MIla;
k-1
Ty (P3 )k,
T, (P, '
T3 10232 .
Ty = = = 645,8K;

Pk (05)14
n) G

t=T, - 273,2 = 376,6 °C;
RT, _287-6458

Vg = = 5 =1,85 M%/kr;
Py 0,1-10
,04:i ! —_ =054 kM
vg 185

i,=Cp'T,=1,006-645,8=649,7 xJx/kT;
u4:CV'T4:O,719 645,8=470,8 x]JIx/xr;

50 =Cpln 24 _RIn22 _ 10061 8458 _ 028710 0L _ 0,869 ritacr K.
T 2732 0101

0 F>o

2. [locmpoenue yukna 8 koopouramax P-v u T-S.

[pomneccrl, nzodpaxaemsie B P-v 1 7-S KOOpAWHATAX, HEOOXOAUMO CTPOUTH HE MEHEE YeM 0 TPEM TOUKaM.

Jns HaxOoXIeHHs MapaMeTpOB IMPOMEXYTOUHBIX TOYEK BHaYaje HaIO MPUHATH MPOHM3BOJIFHO 3HAYCHHWE OIHOTO Ka-
KOTO-TH0O0 TapaMeTpa TakuM o0pa3oM, 4TOOBI 3TO 3HAYCHHE HAXOIWIOCh MEXIY €r0 YHCICHHBIMH 3HAYEHUSIMH B KpaiHUX
TouKax rnpouecca. [locneayronuii napaMeTp onpeaensercs U3 ypaBHeHUs1, XapaKTepU3YIOLIEro JaHHbIH MPOIEcC, COCTaBIEHHOTO
JUIst 0/1HO# (JTI000#) M3 KpalHNX TOYEK Mmpolecca U sl IPOMEKYTOUHOH TOUKH.

Mpouecc 1-2. Touka «a». [Ipunumaem P,=0,3 MIla. 1o ypaBHeHHIO annabaThl HACATLHOTO ra3a Pu*=C TUIS TOYEK «a» U 1
UMeeM Pa-uka = Pl-vkl 1581071

1 1

Pkv, =PKuy.

1 1

k
Ua =1y A =0,827 — 0L e = 0,377 M%/xr;
Py 0,3
P, 108 .
T, - v, _03:10°-0,377 _3041K:

R 287

t,=120,9 °C;
i,=Cp-T,=1,006-394,1=396,5 xJx/KT;
u;=CyT5=0,719-394,1=283,4 x/Ix/kT;

S, —CplnT——RIn——IOOGI %—028 71n E-OO%QK}I)K/KFK
273,2 0,101

To Ro
AHAaNOTHYHO ONPE/IeIIAI0TCS apaMeTphbl Ha BCeX IPYTHX MPOoIieccaX paccMaTpuBaeMoro Iukiia. [1o HaiiieHHbIM 3HaYeHUSIM
CTPOUTCS LUKJI B KoopAauHatax P-v u 7-S. Macmrab BeIOMpaeTcst MpOU3BOIBHO UCXOA] U3 YHCIICHHBIX 3HAYCHUH TapaMeTpoB.
3. Onpeodenenue pabomul, KoIUYECMBA NOOBEOEHHO20 UNU OMBEOEHHO20 MeNnd, U3MeHeHue 8HYMpeHHell dHepPeUull, dH-
Manbnuy U IHMPONUU 0I5l KAdCO020 npoyeccd Yukid.
Ipouecc 1-2 (aguabaruyeckuii, dg = 0)
Qi = Au + Il,Z =Ai + Wyo = 0



[MoreHumansHas padora
Wip = il — iz = CP(T]_ — Tz) = 1,006(288,2 - 456,7) =- 169,5 KH)K/KF -
pabota 3aTpaunBaeTCs.
Tepmoaunamugeckas padora
Il,Z =U;—UuUpy= CV(Tl - Tz) 20,719(288,2 - 456,7) =- 121,2 KI[)K/KF,
Ai =i,—i; =169,5 xJ[x/kr;
Au = Uy— Uy = 121,2 xJIx/xr,
As;, =0, Tak Kak ¢y, = 0.
Ipouecc 2-3 (n306apuueckuii, P = idem)
I3 = Py(03 — 02) = 0,5-10%(0,587 — 0,262) = 0,162-10° kJ[/Kr;
Wy 3=0;
Jo3 = i3 - i2 = CP(T3 — T2) = 1,006(1023,2 — 456,7) =569 KI[)K/KF, -
TEIUIO IOJBOAMUTCS
Au,p 3= Cy(T3—T,) =0,719(1023,2 - 456,7) = 407,3 kx/KT;
|2'3 =023 + AU2v3 = 569,7 - 407,3 =162 KI[)K/K]",

T
ASp3 =Cp In=2=1,006In 10232 _ 0,812 xJx/krK,
' T 456,7

2 y
ASZB =§;—S, = 0,812 xJix/xrK.

Ipouecc 3-4 (aauabaruueckuii, dg = 0)
O34 =AUzg + 34 = Algg+ W34 =0;
Wa 4 = i3—ig = Cp(T3— T,) = 1,006(1023,2 — 645,8) = 379,7 kJx/Kr;
l34 = U3—Ug = Cy(T3 — T,4) =271.4 xIx/kT;
As3 4 =0, Tax Kak (34 = 0.
Ipouecc 4-1  (u306apuueckuii, P = idem)
W1 =0;
Oa1 = Ai4‘l + Wy = Cp(Tlf T4) ::1,006(288,2 - 645,8): - 359,7 KI[)K/KF —
TEILIO OTBOJUTCS.
Augg = Cy(Ty —T4) = 0,719(288,2 - 645,8) = - 257,1 kJK/KT;
l41 = P (v1— vg) = 0,5:10%(0,827 - 1,85) = - 0,102-10° k [Ix/x;
U3 [IEPBOT0 Havasla TEPMOIMHAMUKH (41 = AUy + lgg uMeem:
l41= Q41— AUgg = - 359,7 - (-257,1) = - 102,6 kJ[x/Kr — paGoTa HOABOIUTCS

T
Asz1=Cpln —L —1,0061In 2882 _ —0,812 xJx/krK,
' Ty 645,8

i
AS4‘1 =81 =S54 = 0,056-0,868 = 0,812 KII)I(/KI‘K

JlaHHBIC BBIYMCIICHUNA CBOATCS B TaOMI. 1, 2.

peSyﬂLTaTLI BBIYUCIICHHH 110 TOUYKAM

[Tapamerpsl
Touxn P, MIla | v, M*/kr | t,°C T,K |, xIx/xr KIIZ(l - KI[)KS/lKF‘K
1 0,1 0,827 15 288,2 289,9 207,2 0,057
2 0,5 0,262 | 183,5 | 456,7 459 4 328,4 0,057
3 0,5 0,587 | 750 | 1023,2 | 1029,3 735,7 0,869
4 0,1 1,85 | 372,6 | 645,8 649,7 470,8 0,869

Pe3y.III)TaTBI BBIYHCIICHUH TT0 Iponeccam

TIpomueccsr| |, x x/kr | W, kJDx/kr|Al, KJ)x/Kr N )leL:/l]cr g, xkJDx/kr « ﬂ)ﬁ/sl(’l"'K
1-2 -121,2 -169,5 169,5 121,2 0 0
2-3 162 0 567,7 407,3 569,7 0,812
3-4 2744 379,7 -379,4 2714 0 0
4-1 -109,6 0 -359,7 -257,1 -359,7 -0,812

Padora nuukiaa
TepmonuHnamuueckas padora
l,=lio+ g+ las+1,=-121,2+ 162 + 271,4 - 102,6 = 210 kJ{x/KT.
[TorenuumansHas padbora
W, =Wy +Woz+ Wig+ Wy =-169,5+379,7 =210 xJ[x/xr.
B xpyrossix mporeccax |, = w,,.
Konn4ecTBo Moe3HO UCIIOIb30BAHHOTO TEIUIA B IIUKIIE
Onox = G23 — Ga1 = 210 xJbx/kr.

B KPYroBOM TEPMOAMHAMHUYCCKOM IIPOLECCE KOJINYCCTBO IMMOABCACHHOTO TEILJIa YUCIICHHO PaBHO pa60Te:

q=1,=w,=210 gIx/kr.
Tepmuueckuit KI1J] nnkia

Tabmmma 1

Tabuua 2



Anos _ 210

M=ot - 222 03686 = 37%.
U006 569,7
KIIJI uukna KapHo, MMEIOLIEro 0OIMHAKOBBIE C PACYETHBIM UKIOM MAaKCUMATbHYI0 H MUHUMAIbHYIO TEMIIEPATyph
t =1- mln =1- 288,2 =0,7183=72% .
Tmax 10232
ne >

7.2.4 TlpuMmepHblii IepevyeHb BONPOCOB /JIsl NOATOTOBKH K 3a4eTy
He npenycMoTpeHo y4eOHbIM MIIaHOM
7.2.5 IlpuMepHbIii IepeyeHb 3aJaHMii /151 pellleHUs MPUKJIATHbIX 32124
1. OCHOBHBIE TEPMUYECKHE U KATOPUUECKHE MMAPAMETPBI COCTOSTHUS UACATBHBIX
ra3oB. JlaBieHue, yAeIbHBINH 00BEM.
2. Temniepatypa. Crioco0sl 3amepa temriepatyp. [llkansr Temneparyp.
. IlonsiTHE MAECAIBHOIO raza. Y paBHEHNUE COCTOSHHSI HI€AJIBHOTO Ta3a.
4. Tlonarue 06 0OpaTUMBIX U HEOOPATUMBIX, PABHOBECHBIX 1 HEPABHOBECHBIX
Iporeccax.
. PaboTta u BHYTpeHHsIs SHEprusl.
. TernoBoit Hacoc. TpaHchopMaTOpsl TEILIIOTHI.
7. TennoeMKoCTb. BUabI TENIOEMKOCTEN U CBSI3b MEKy HUMU. OnpeeneHue
KOJIMYECTBA TETUIOTHI YEPE3 TEITIOEMKOCTH.
8. M30X0pHBII MPOLECC HACATBHOIO Ta3a U €r0 UCCIEIOBAaHMUE.
9. N300apuueckuii mpoLece UAeanbHOro ra3a u €ro ucciaeoBaHue.
10. M30TepMudecknii mpouecc UAeaIbHOTO T'a3a U €ro UCCIEN0BAHUE.
11.AnqnabaTrueckuili Npouecc UACAIbHOIO ra3a U €ro UCCIEI0BAHME.
12.TTonuTpOonHBIi NPOLECC U €TO UCCIENOBAHHUE.
13.Cmecu uneanbHbix ra3oB. CriocoObl 3a/1aHus ra30Bbix cMeceil. COOTHOIICHUS
MEXy MacCOBBIMU, OOBEMHBIMU ¥ MOJIbHBIMU JOJISIMHU.
14.3axon [danbToHa.
15.Bnaxunsiii Bo3ayx. [TapameTpsl BiIa’)KHOTO BO3AyXa.
16.ITocTpoenue |d-muarpaMMbl BIQXKHOTO BO3IyXa. XapaKTePUCTHKA apaMETPOB.
17. Temnepatrypa TOYKH POCHI © MOKPOTO TEPMOMETPA.
18.TeopeTnuecknili M1 NPAKTUYECKUI MTPOLIECC CYIIKU. XapaKTEPUCTUKA
TEIJIONOTEPH MPHU CYIIKE MAaTEPUAIIOB.
19.11epBblii 3aKOH TepMOAMHAMUKA. POPMYIIMPOBKA U MATEMATHYECKOE
IIPECTABIICHHUE.
20.YpaBHEHUE NEPBOTO 3aKOHA TEPMOJIUHAMUKH JIJIS OTOKA.
21.Iluxn KapHo u ero ananms.
22.Btopoii 3aK0H TepMoAMHaMuKH. “TeruioBas cMepTh” BceneHHOM.
23.IlonsiTre sHTpONIUU. DHTpONHtHAS S-T-nuarpamma.
24 .PeanbHble ra3bl U Mapbl. Y PaBHEHUE COCTOSIHUS PEAIbHBIX ra30B
Ban-nep-Baanbca.
25.KadecTBeHHBIE 0COOCHHOCTH PEabHBIX Ta30B.
26.1S-muarpamma BoastHOTO Mapa. M300paskeHne mporeccoB n3MEHEHUs
COCTOSIHMSI BOJSIHOTO Tapa B |S-nuarpamme.
27 Ilponecc napoodpazoBanus B PV-, TS- u iS-quarpammax npu V=Const. Ananus
po1iecca.
28.IIporecc mapoodpazoBanus B PV-, TS- u iS-muarpammax mpu P=Const. Ananus

W

o D



npolecca.

29.IIpornecc mapoodpazoBanus B PV-, TS- u iS-auarpammax npu T=Const. Ananus
poIiecca.

30.1303HTaNBIHBIN IPOLIECC BOASHOTO Mapa U €ro aHaJu3.

31.ITapocunoBoii uukia PeHKrHA. DJIE€MEHTBI CXEMBI.

32.Ananu3 napocuiioBoro iukiaa B PV-,TS- u iS- quarpammax. Tepmuueckuii KIT/T
LUKJIA.

33.PerenepartuBHbIE TUKIIBI TAPOCUIIOBBIX YCTAHOBOK.

34 .1uxisl TYpOHMH € IPOMEXKYTOUYHBIM OTOOPOM Tapa.

35. KoMOuHUPOBaHHBIN 1 pa3AeNbHbI METO/IbI POU3BOJICTBA TETNIOBOU U
AIIEKTPUYECKON SHEPTUH B TYpOMHAX C PETYITUPYEMBIM OTOOPOM..
TeXHUKO-73KOHOMUYECKOE CPABHEHUE

36.JIpoccenrpoBaHne Ta30B U TAPOB.

37.Pacuet npouecca ApOCCEIMPOBaHUs BOJISHOIO ITapa ¢ IPUMEHEHHEM
IS-TMarpaMMBbl.

38. MuddepentmanbHpiii pocceb-3¢GdEKT.

39.UuTerpanbHblil ipoccenb-3hQexT.

40.KpuBas nunBepcum.

41.AGcopOLMOHHAs XOJI0IUIIbHAS YCTAaHOBKA.

42.KoMnpeccHOHHBIE TAPOBBIE XOJIOAUIbHBIE YCTAHOBKHU.

43.Bo3ayiuiHas X0J0AUIbHAs YCTAaHOBKA.

44 MneanpHast XOJ0AUJIbHASA MAIIMHA, MCIIOJIB3YIOIIas 0OpaTHbIi UK KapHo.

45 .uxnsl nopumHeBbix IBC ¢ moBOJOM TEIIOTHI TPU MOCTOSSTHHOM O00BEME.

46.1{uxner nopimHeBbIX JIBC ¢ moaBogoM TEIIOTHI TPU MTOCTOSSHHOM JIABJICHUM.

47 Hukner nopurHeBbix JIBC ¢ mogsomom temnotsl mpu V= Const u P=Const.

48.Cxarune ra3oB ¥ napoB. OQHOCTYIIEHYATHIM KOMITPECCOP.

49. MHoroctyneH4aTblii KOMIIpECcop.

50. MoIHOCTh Ha BaJly OJHOCTYIIEHYATOI0 U MHOTOCTYIIEHYAaTOI0 KOMIIPECCOPOB.

7.2.6. MeToguka BBICTABJEHHUSI OLEHKH TPU  NPOBEACHUHU
NMPOMEKYTOYHOM aTTeCTAUMN

DK3aMeH MPOBOJUTCS MO TECT-OMJIeTaM, KaX bl U3 KOTOPbIX coaepkuT 10
BOIPOCOB U 3a7auy. Kaxplii mpaBUIIbHBIN OTBET Ha BOIPOC B TeCTe olleHnBaeTcs 1
Oamtom, 3amaua onernBaercs B 10 6ayios (5 0aioB BepHOE pelieHue u 5 6ayios
3a BEpHbIN O0TBET). MakcuManbHOE KOJUYeCTBO HaOpaHHBIX OamoB — 20.

1. Ouenka «HeynoBieTBOPUTENBHO» CTAaBUTCS B CiIy4ae, €CIM CTYIEHT
HaOpas MeHee 6 0asnIoB.

2. Onenka «Y JOBJIETBOPUTEIBHO» CTABUTCS B Cllydae, €Clid CTYJEHT HaOpan
ot 6 1o 10 Gannos

3. Onenka «Xopouio» CTaBUTCA B Ciydae, eciu cTyneHT Ha0paiu ot 11 go 15
0aJIoB.

4. Onenka «OTIMYHO» CTABHUTCS, €CIIU CTyIeHT HaOpais oT 16 mo 20 6amos.



7.2.7 TlaciopT OLIEHOYHBIX MATEPHAJIOB

Ko
KonTponupyemsle pa3ieinsl (TEMbI) A . |HanmeHoBaHUE OLIEHOYHOTO
Ne n/m KOHTPOJIUPYEMOM
JUCIUILTAHBI CpeacTBa
KOMIIETCHIINH
1 OcHoBHBIE MTOHATUS u|OI1K-2 Tect, kKoHTpOIBHAS paboTa,
orpezeNeHus] TePMOJIUHAMUKH. 3aIuTa J1abopaTOPHBIX

pabot, TpeboBaHuUs K
KYpPCOBOMY HPOCKTY

2 TepMoanHaMUYECKHUE MPOLIECCHI. OIIK-2 Tect, KoHTpOIBHAS paboTa,
3aluTa J1adopaToOpHBIX
pabot, TpeObOBaHUS K
KYpPCOBOMY ITPOEKTY

3 Bonsnoii nap. OIIK-2 Tect, KOHTpOIBHAS paboTa,
3aluTa JJabopaTOpHBIX
pabort, TpeOoBaHUs K
KYPCOBOMY IPOEKTY

4 [TapameTpsl BIaXXKHOTO BO3TyXa. OIIK-2 Tect, koHTpONBbHAS paboTa,
3aluTa JJabopaTOpHBIX
pabort, TpeOoBaHUs K
KYPCOBOMY IPOEKTY

5 [TopuiHeBoi komMmpeccop. OIIK-2 Tect, koHTpOIBbHAS paboTa,
3aluTa JJabopaTOpHBIX
pabort, TpeOoBaHUs K
KYPCOBOMY IPOEKTY

6 [TapocuioBbie yCTaHOBKH. OIIK-2 Tect, koHTpONBbHAS paboTa,
3alUTa J1abopaTOPHBIX
pabot, TpeboBaHUS K
KYpPCOBOMY IPOEKTY

7 JlBuratenu BHyTpeHHero cropanus. |OITK-2 Tect, koHTpONBbHAS paboTa,
3alUTa J1abopaTOPHBIX
pabot, TpeboBaHUS K
KYpPCOBOMY IPOEKTY

8 Huxst BO3yIIHBIX,|OITK-2 TecTt, koHTpOIBHAS paboTa,
KOMIIPECCUOHHBIX  XOJOAMJIBHBIX 3alUTa J1abopaTOPHBIX
YCTaHOBOK. pabot, TpeboBaHus K

KYpPCOBOMY IIPOEKTY

7.3. MeToguyeckne MaTepualibl, ONpelesiiONe MPOUEAYPHI
OlLlCHUBAHUSA 3HAHMIA, YMEHHNH, HABBIKOB M (WJIH) ONbITA 1€ATEIbHOCTH

TecTupoBanue OCyHIECTBISCTCS, JMOO TMPU TOMOIIA KOMIBIOTEPHOM
CHUCTEMBl TECTHPOBAHMS, JHOO C HCIIOJIH30BAaHHEM BBIIAHHBIX TECT-3aJaHUN Ha
oymaxxuom Hocutene. Bpemss tectupoBanus 30 MuH. 3aTeM OCYIIECTBISETCS
MPOBEPKa TECTa SK3aMEHATOPOM W BBICTABJISAETCS OIIEHKA COTJIACHO METOIUKH
BBICTABJICHUS OIIEHKH MPU MPOBEJACHUU MTPOMEKYTOUHON aTTECTAIINH.

Pemienne craHgapTHBIX 3aJa4  OCYIICCTBISCTCS, JIMOO TIPU TOMOIIH
KOMITBIOTEPHOU CUCTEMbI TECTUPOBAHUS, JIMOO C UCIIOJI30BAaHNEM BbIJJAHHBIX 3aa4
Ha OymaxxHoM Hocutene. Bpems pemenus 3amgad 30 MuH. 3aTeM OCYIIECTBISETCS
MPOBEpPKA PEHICHMS 3a/lad SK3aMEHATOPOM MW BBICTABIIACTCS OICHKA, COIJIACHO
METOJIMKH BBICTABJIEHHUSI OLICHKH TPU MPOBEACHUHN TPOMEKYTOUYHOM aTTECTALINH.

Pemenve mnpukiagHeIX 3adad  OCYMIECTBIACTCS, JHMOO TIPH TIOMOIIA




KOMITBIOTEPHOU CUCTEMBI TECTHPOBAHUSA, JINOO C UCIIOIH30BAHUEM BBIJAHHBIX 33144
Ha OyMakHOM Hocutene. Bpems pemenus 3agauy 30 MuH. 3aTeM OCYLIECTBISETCS
IpOBEpKa pEIICHHs 3a7ad 3K3aMEHATOPOM M BBICTABISICTCS OIIEHKA, COTJIACHO
METOJIUKH BBICTABJICHUS OIICHKH TPY TIPOBEJCHUH MPOMEKYTOYHON aTTeCTaIlUH.

3amura KypcoBoi paboThl, KypCOBOTO MPOEKTA WIIK OTYETA 10 BCEM BHUIAM
MPAKTUK OCYIIECTBISIETCS COIJIACHO TPEOOBAHMIM, TPEIBSIBISIEMBIM K paboTe,
ONKCaHHBIM B METOAMYECKHX MaTepuaiax. [[puMmepHoe Bpems 3aIuThl Ha OJHOTO
cTyneHTa coctaBisieT 20 MuH.

8 YYUEBHO METOJIUYECKOE U UH®OPMAILIMOHHOE
OBECIIEYEHUE JUCIUIIJINHBI)

8.1 Ilepeuenb yueOHOIi JuTepaTypbl, HEOOXOAUMOIl JIsi OCBOEHUS
TUCHMILTHHBI

OcHoBHas nuTeparypa:

1. Texnuueckas TepMOJAMHAMHUKA U TETUIOTEXHUKA [ DIIEKTPOHHBIN pecypc] /
cocT.: A. A. Xamenko, M. 0. Kanuanuenko, A. H. Bucnory3os. - CtaBponoJs :
Ceepo-Kaskasckuit peaepanbublil yausepcutet, 2017. - 107 c. - ISBN 2227-8397.
URL: http://www.iprbookshop.ru/75606.html

2. TexHuueckasi TepMOJJMHAMUKA U TETJIOTEXHHUKA : MPAKTUKYM / cocT. A. A.
Xamenko; coct. M. O. Kanmmanuenko; coct. A. H. Bucnory3oB; MuHuctepcTBo
oOpazoBanus u Hayku P®; @enepanbHOoe TOCYJapCTBEHHOE aBTOHOMHOE
oOpa3oBaTenbHOE YyUpekJaeHue Bbiciero obpazoBaHus «CeBepo-KaBkazckuid
dbenepanpubiii yHUBEpcUTeT». - CraBpornons : CK®Y, 2017. - 107 c. : wui. -
bubnuorp. B KH.

URL.: http://biblioclub.ru/index.php?page=book&id=483836

3. OBunHHUKOB, [O. B.

OCHOBBI TEIJIOTEXHUKH [DNEeKTpOoHHBINA pecypc] : YueOnuk / 0. B. OBUnHHHKOB,
C. JI. EnuctpatoB, FO. U. IllapoB. - OcHoBbl TermnorexHuku ; 2025-02-05. -
HoBocubupck : HoBocuOupckuii rocyqapcTBEHHBIM TEXHUYECKUN YHUBEPCHUTET,
2018. - 554 c. - T'apantupoBannbiii cpok pasmemenus B ObC mo 05.02.2025
(aBTomposonrarus). - ISBN 978-5-7782-3453-6.

URL: http://www.iprbookshop.ru/91274.html

JlonoJiHUTENIbHAS TUTEPATYpa:

1. MonekynsipHass ¢u3uka U TepMOAMHAMMKA [ DJIEKTPOHHBIN pecypc] :
Yyebnoe mnocobue / T. B. JlyboBuukas [u ap.]. - MounekynsipHas Qusuka u
tepmoaunamuka ; 2025-03-01. - Boponex : BopoHexckuil rocygapCTBEHHBIN
apXUTEKTypHO-CTpouTenbHbI yHUBepcureT, ObC ACB, 2018. - 90 c. -
["apantupoBanHblii cpok pasmernienus B ObC go 01.03.2025 (aBromnposioHranus). -
ISBN 978-5-7731-0696-8.

URL: http://www.iprbookshop.ru/93269.html

2. Kpaiinos, A. B.

Tepmoaunamuka u temionepenaya. Yacte 1. TepMmoauHamuika [DI€KTpOHHBIN
pecypc] : Yuebnoe mocodue / A. B. Kpaiinos, E. H. Ilamkos. - Tomck : Tomckuii
MOMTEXHUYeCKH yHuBepcuTeT, 2017. - 160 c. - ISBN 978-5-4387-0769-1.

URL: http://www.iprbookshop.ru/84039.html



http://www.iprbookshop.ru/75606.html
http://biblioclub.ru/index.php?page=book&id=483836
http://www.iprbookshop.ru/91274.html
http://www.iprbookshop.ru/93269.html
http://www.iprbookshop.ru/84039.html

3. Tepmoaunamuka (a3oBbix npeBpamieHuil U auddy3us B MeTaiax u
crutaBax [ DIeKTpoHHBIN pecypc] : YueOHoe nocobue / 0. H. Mantotuna [u ap.]. -
Tepmonunamuka ¢a3oBbIX NpeBpaileHuid U aud@y3us B MeTauiax M CIUIaBax ;
2025-02-05. - HoBocubupck : HoBocubOupckuii rocy1apcTBEHHBIN TEXHUYECKUN
yHuBepcuteT, 2017. - 108 c. - I'apanTtupoBaHHbIli cpok paszmemieHuss B ObC ao
05.02.2025 (aBTompononranus). - ISBN 978-5-7782-3312-6.

URL: http://www.iprbookshop.ru/91453.html

8.2 Ilepeyenbr HH(POPMANMOHHBIX TEXHOJIOTHIl, HMCHOJb3yeMbIX NpPH
OCYLECTBJICHMH 00pa30BaTeJbHOI0 NpoLecca M0 AUCHMILIMHE, BKJIIOYAS
nepeYeHb  JIMIEH3HMOHHOr0  NPOrpaMMHOro  olecmed4eHHsl, PecypcoB
HH(OPMALMOHHO-TEJIEKOMMYHUKAIIMOHHOH ceTH «AHTEepHET», COBPEMEHHBIX
npogecCHOHAIBHBIX 023 JaHHBIX U HHPOPMAIMOHHBIX CMIPABOYHBIX CHCTEM:

JIMLeH3MOHHOEe MPOrpaMMHOe o0ecreYeHune
— Microsoft Office Word 2013/2007,
— Microsoft Office Excel 2013/2007,
— Microsoft Office Power Point 2013/2007;
— I'pann-Cwmera,
— Acrobat Professional 11.0 MLP;
— Maple v18;
— AutoCAD;
— 7zip;
— PDF24 Creator,
— IIporpamMmmHas cucreMa A OOHapy>KEHUs TEKCTOBBIX 3aMMCTBOBAaHUM B y4€OHBIX
U Hay4dHbIX paboTax « AHTtumiaruat.BY3»

Pecypcobl uH(OPMAIIMOHHO-TEJIEKOMMYHUKALMOHHOU ceTH « AHTEepHEeT)
— Poccuiickoe obpazoBanue. denepanbHbIii 00pa30BaTEIbHBIN MOPTA:
YUPEKACHHUS, POTPaMMBI, CTaHAapThI, By3bl, ... koa moctyma: http://www.edu.ru/
— O6pasoBarenbHblii moptan BI'TY, kox nocrtyna: https://old.education.cchgeu.ru

NudopmanuoHHbie CIPABOYHBbIE CUCTEMBI
— becnmatras  anekTponHas OuOnmoreka oHnaiH «EamHOE  OKHO K
oOpa3oBaTelbHBIM pecypcamy», ko goctyma: http://window.edu.ru;
— BI'TV: wiki, kox nocryna: https://wiki.cchgeu.ru/;
— YHuBepcuTeTCKas OMOIMoTeKa oHlaiy, ko goctymna: http://biblioclub.ru/;
— OBC UsnarensctBa «JIAHbY, koa noctyma http://e.lanbook.com/;
— DBBC IPRbooks, kox moctyna: http://www.iprbookshop.ru;
— HayyHas onekTtpoHHas Oubimuoreka €eLIBRARY.RU, xon moctyna:
http://elibrary.ru/

CoBpemMenHble npodeccnoHalbHbIe 0a3bl JAHHBIX
— East View, kox mocryna: https://dlib.eastview.com/
— Academic Search Complete, kox moctyma: http://search.ebscohost.com/
— Hedreras.py, kox mocryna: https://neftegaz.ru/
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— «I["eonornyueckast OMOINOTEKA» — MHTEPHET-TIOPTAN CTICTIMATM3UPOBAHHON
JauTepaTypsl, Koa gocryma: http://www.geokniga.org/maps/1296

— DneKTpoHHas oubnuoTeka «I"opHoe hi (S (% KO/ J0CTyTA:
http://www.bibl.gorobr.ru/

— «"OPHOITPOMBIIIJIEHHHK» — MexayHapoIHbII OTpacieBOil pecypc, KO
nocryma: http://www.gornoprom.ru/

— MINING INTELLIGENCE & TECHNOLOGY —
NudopmarnmoHHO-aHATUTHIECKUI TTOPTa, KO JOCTYIIA!
http://www.infomine.com/

9 MATEPUAJIBHO-TEXHUYECKAS BA3A, HEOBXOJAUMASA IS
OCYHECTBJIEHUSA OBPAZOBATEJIBHOI'O ITPOLHECCA

MatepuanbHO-TeXHUYECKasl Oa3a BKIIIOYAET:

—  Croeuuanu3upoBaHHbIE  JICKIMOHHBIE  AyJUTOPUH,  OCHAILIECHHBIE
00OpyI0BaHUEM TS JIEKIIMOHHBIX JIEMOHCTpPALUil U MPOEKTOPOM, CTAlLlMOHAPHBIM
DKPAHOM.

— VY4yeOHble ayIUTOPUM, OCHAIICHHbIE HEOOXOAMMBIM OOOPYAOBAHHUEM.
Aynuropun  AJii  OPOBEIACHUS IMPAKTUYECKUX  3aHIATUHA, OOOpyIOBaHHBIE
IIPOEKTOpPaMH, CTAIUOHAPHBIMU YKpaHAMHU U UHTEPAKTUBHBIMU JTOCKaMHU.

— Ilomemienust a1 CaMOCTOSITENBHOW pPaOOThl CTYJEHTOB, OCHAILEHHBIE
KOMIIBIOTEPHOW TEXHHUKOM C BBIXOJIOM B CETh "'MIHTEpHET".

— bruOIMOTEeYHBIN AJEKTPOHHBINA YUTAJIBHBIN 3aJ1 C JOCTYIIOM K 3JIEKTPOHHBIM
pecypcam OMOJIMOTEKH U JOCTYNOM B oOpa3zoBaTeabHbIi mopta BI'TY.

10. METOAUYECKUE YKA3ZAHUA IJI1 OBYYAIOLIUXCH 110
OCBOEHMIO JUCHUIIJIMHBI (MOAY JIA)

[To mucrummae «TexHuyeckas TEPMOIMHAMUKA) UWUTAIOTCS JICKIUH,
IPOBOJASATCS TPAKTUUYECKHE 3aHATHS M JabopaTOpHble DPAOOTHI, BBIMNOJHAETCS
KypcoBas paboTa.

OcHOBOM W3y4YeHMs] JUCUUIUIMHBI SIBJSIIOTCSA JIGKIUM, Ha KOTOPBIX
u3JaralTcs Hanbosee CylIeCTBEHHbIE U TPYIHbIE BOIPOCHI, a TAKXkKe BOMPOCHI, HE
HaIIeIINe OTpaXeHHsI B y4eOHOH TuTeparype.

[IpakTHdeckne 3aHATHS HANpPaBIEHB HAa TMPUOOPETEHHE MPAKTUYECKUX
HABBIKOB pacyeTa TePMOJUHAMHYECKHX MPOIECCOB. 3aHATHs MPOBOIATCS MyTEeM
pelIeHrs KOHKPETHBIX 33/1a4 B Ay JUTOPHH.

JIabopaTopHbie paOOThl BBIMOJHSIOTCS Ha JaOOpPaTOPHOM O00OPYOBAaHUU B
COOTBETCTBUH C METOJIMKAMH, TPUBEICHHBIMH B YKa3aHHSX K BBITIOJTHEHHUIO padoT.

Metonuka BBIIIOJIHEHUSA KypCOBOM paboThI M3J10KE€HA B
y4e0HO-METOINYECKOM MOCOOUH. BBIMONHATE 3Tanbl KypcoBOW padOTHI JTOKHBI
CBOEBPEMEHHO U B YCTAHOBJICHHBIE CPOKHU.

KonTponb ycBoeHHs maTepuana IUCHUIUIMHBI TMPOU3BOAMUTCS MPOBEPKOU
KypCOBOM pabOTHI, 3aIIUTON KYPCOBOM paOOTHI.

Bun yueOHbIX JlesTeNbHOCTh CTyIEHTA
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3aHITUU

Jlekusa

Hamncanue KOHCHEKTa JIEKUMNA: KPAaTKO, CXEMaTUYHO, MOCIIET0BATEIBHO
(GUKCUpPOBaTh  OCHOBHBIC  IIOJIOXKCHHS, BBIBOJABI,  (DOPMYITHPOBKH,
000011eHUs; MTOMeuYaTh Ba)KHbIE MBICIIH, BBIAETATH KIIOYEBBIE CJIOBA,
TepMHHBI. [IpoBEpKa TEPMHUHOB, MOHATHI C MOMOIIBIO SHIUKIIONEINM,
CJIOBapel, CIPAaBOYHHKOB C BBIIMCHIBAHUEM TOJIKOBAHUW B TETpalb.
O06o3HaueHue BOIPOCOB, TEPMHHOB, MaTepUaa, KOTOPHIC BBI3BIBAIOT
TPYIHOCTH, IIOMCK OTBETOB B pEKOMEHIyemMoil sureparype. Ecam
CaMOCTOSITENIFHO HE ynaeTcs pa3o0paThCsi B Marepuaje, HeoOX0IuMO
chopMyIIMpoBaTh BOMPOC U 3a/laTh MPENoAaBaTeNi0 Ha JEKIUU WIH Ha
MIPAKTUYECKOM 3aHSITHHU.

IIpakTrHueckoe
3aHATHE

KoncnektupoBaHnue peKOMEHyeMbIX UCTOYHHKOB. PaboTa ¢ KOHCIIEKTOM
JEKUUH, IOATOTOBKA OTBETOB K KOHTPOJBHBIM BOIIPOCAM, IIPOCMOTP
pexomeHayemoi nureparypsl. [IpocnymmBanue aynuo- u BHUaeo3anuceit
[0 3aJJaHHOM TeMe, BBINOJIHEHUE pacueTHO-TpaUUecKuX 3aJaHuil,
pelieHue 3aa4 no ajaropuTMy.

JlaGopaTopHas
pabora

JlaGopaTopHble pabOThI O3BOJISIFOT HAYYUTHCS IPUMEHSATh TEOPETUUECKHE
3HAHUS, IOJYyYCHHbIE HA JIEKIUH [IPU PEIIEHUN KOHKPETHBIX 3a1a4. YToOBI
HauOosiee palMOHAIBLHO M IIOJHO UCIOJIb30BaTh BCE BO3MOXKHOCTU
71a00paTOPHBIX AJIA MOATOTOBKU K HUM HEOOXOAMMO: ClelyeT pa3o0parhb
JEKIMIO TI0 COOTBETCTBYIOILEH TeMe, 03HAKOMUTCSI C COOTBETCTBYIOLIUM
pazznesnioM y4eOHMKA, MPOpaboTaTh [ONOJIHUTEIbHYIO JHTEpaTypy H
MCTOYHUKHU, PEHIUTH 331241 U BBIIOJHUTH APYrHe MMCbMEHHbIE 3aJaHUs.

CaMocTosTeIbHas
pabora

CamocrosiTenpHas paboTa CTYJACHTOB CIIOCOOCTBYET ITyOOKOMY YCBOCHHUS
yueOHOro Marepualia U  pa3BUTUIO HAaBBIKOB  CaMOOOPAa30BaHMSL.
CamocTrodTrenbHas paboTa NpeanoaraeT cleaylolIue COCTaBISIOUIIE:

- pabota ¢ TeKcTaMHu: y4yeOHMKaMH, CIPAaBOYHHKAMH, JOMOJTHUTEIHHON
JUTEPATYPOM, a TaKKe MPOPadOTKa KOHCIIEKTOB JICKITHH;

- BBIIIOJIHEHUE JIOMAIIIHUX 33JJaHUN U PACUETOB;

- paboTa HaJ TEMaMH JUIsl CAMOCTOSITEIbHOTO U3YUEHHUS;

- ydacTue B paboTe CTyJeHYECKIX HAyYHBIX KOH(PEPEHIINH, OTMMITHAT;

- IOJITOTOBKA K TPOMEKYTOUYHON aTTECTAIUH.

IloaroroBka k
IIPOMEKYTOUYHON
aTTeCTalluU

I'OTOBUTBCSI K POMEKYTOUYHONW aTTECTAl[MM CIIENyeT CUCTEMaTU4YECKH, B
TE€4YeHHE BCero cemectpa. MIHTeHCHBHAs MOJATOTOBKA JI0JKHA HAYaThCsl HE
MO3HEE, YEM 3a MECAL-IIOJITOPA 10 TPOMEXYTOUHOM arTecTanyy. J[aHHbIe
nepes IK3aMEHOM, 3K3aMEHOM TpH J1HA 3G ()EKTUBHEE BCETO UCIOJIb30BATh
JUIs IOBTOPEHUS M CUCTEMAaTU3alluy MaTepuaa.




JUCT PETUCTPAIIMA U3MEHEHHI

n/

[lepedueHb BHOCUMBIX U3MEHEHUM

JlaTta
BHECEHUS
U3MEHEHU U

Ilonmucse
3aBeIyIOIIETro
Kadenpoi,
OTBETCTBEHHOM 3a
peanmu3zanuto OITOIT

AKTyanu3upoBaH paszen 8.2 B
YaCTH COCTaBa UCII0JIb3yEMOI0
JHULEH3UOHHOI'O IPOrpaMMHOI0
o0ecrevueHusi, COBpEMEHHBIX
npodeccuoHabHBIX 0a3 JaHHBIX U
CIpPaBOYHBIX HHPOPMALIMOHHBIX
CUCTEM

31.08.2019

A,

AKTyanu3upoBaH paszen 8.2 B
YacTH COCTaBa HCIIOJIb3YeMOTO
JHUIEH3UOHHOT'O IPOrPaMMHOI0
obecrieyeHust, COBpEMEHHBIX
npodeccHOHATBHBIX 0a3 TaHHBIX U
CIPaBOYHBIX HHPOPMALIMOHHBIX
CHCTEM

31.08.2020

i

AKTyanu3upoBaH pazznen 8.2 B
YaCTH COCTaBa UCIIOJIb3yEeMOr0o
JMIEH3UOHHOTO TPOrPaMMHOT0
obecrieyeHHsl, COBpeMEHHBIX
npodeccuoHaNIbHBIX 0a3 TaHHBIX U
CIPaBOYHBIX HHPOPMAIIHOHHEIX
CUCTEM

31.08.2021




