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1. IIEJIb M1 3AJJAUM YYEBHO ICIIATI/TNHBI,
EE MECTO B YUEBHOM ITPOIIECCE

MuctunivHa «TepMoUHAMUKA U TEIJIOMacCOOOMeH» SIB/ISIETCSI TEOPETUUECKON OCHOBOM

MpY U3y4YeHUH TMPOGWIBHBIX AWCHUIUIAH TPOTPaMMBbI MOATOTOBKM 0OakasaBpOB IO HarpaB/IeHUS
16.03.03 «XomnopunbHas, KpPUOTeHHasi TEeXHWKAa M CHUCTeMbl >KH3HeoOecrmeueHHs» TPOQGUIb
«X0noAu/IbHAs TEXHUKA U TeXHOTIOTUW».

=

Lenbto TipenofiaBaHusi JUCLUTUIVHEI SIB/ISIETCS M3yUYeHUe:
(yHaMeHTalbHbIX 3aKOHOB TePMOJWHAMUKM UM OCHOBHBIX 3aKOHOB W 3aKOHOMEPHOCTei
TerIonepeHoca B TeMJIOTeXHUUeCKUX YCTaHOBKax;
OCHOBHBIX TEPMOAMHAMUUECKHUX CBOMCTB PaboOuMX Tesl U TeIVIOHOCHUTEeed U MeTO/IOB pacueTa
9TUX CBOICTB;
TeI/JIOMaCCOOOMEHHBIX  MPOL[eCCOB,
HU3KOTeMITepaTypPHbIX YCTaHOBOK;
MyTel WHTeHCU(MUKALIMA TeIlJIOMaCCOOOMEHHBIX TIPOIIECCOB, TpebyembIX MJid CHIDKEHHUS
MaTepuajioeMKOCTU W  JSHepreTUYeCKUX 3aTpaT, Y/AyullleHUsI TeXHUKO-3KOHOMUUeCKUX
ToKasaresiel U yCOBepIIeHCTBOBaHUS 000pyI0BaHUSI HU3KOTEMIIepaTypPHBIX YCTaHOBOK.
METO/JIOB pacueTa M aHajM3a LUK/IOB TeIJIOTeXHUUEeCKUX YCTAaHOBOK /[y obecrieueHuUs
JIOCTM>KeHUS1 UX HaUBBICILIeH SHepreTruueckou 3(pPpeKTUBHOCTHU.

3adaueli Kypca sIBJISIeTCS:
YCBOEHHE OCHOBHBIX 3aKOHOB IpeoOpa30BaHUsI TEIJIOBOM SHEPrUu B paboTy M HAaoOOpOT U
repe/iauy TerJIOThl B TEIJIOTEXHUYECKUX YCTPOMCTBAX;
dbopMUpoBaHUe yMeHHWs OIepupoBaTh CBOWCTBaMUM pabouuMx Te/ll U TeIUIOHOCUTesleld B
TeI/JIOTEXHAYECKUX yCTaHOBKAX;
BbIpabOTKa TBOPYECKOrO TOZAXO0Ja TIPH HCIOIb30BAHUU 37IEMEHTOB TEepPMOJUHAMUYECKOTO
aHa/IM3a U TeOpUH TerioMaccoOMeHa B pellleHUM KOHKPeTHBIX 3a7iau B 00/1aCTH XOI0AUIBHOMH,
KPHUOTeHHOUW TeXHUKU U CUCTEM )KU3Heo0ecreueHusl.

MPOTEKAIUX B TENJIOMacCOOOMEeHHBIX —arimapaTtax

2. TPEBOBAHUSA K PE3YJ/IbTATAM OCBOEHUA JUCLIUIL/IMHBI

[MTporiecc nu3yueHus: AUCIUIUIMHBI « TepMOiMHAMKMKa M TeTIOMacCooOMeH» HarlpaB/ieH Ha

dhopmupoBaHue obwenpogeccuoHanbHoll komnemernyuu (OTTK-4) kateropun «VccnenoBaTtenbcKas
JIesITeJTbHOCTh» TIPOTPaMMbI DakasiaBpHara.

[TepeueHb TUTAHUPYEMBIX Pe3y/IbTaTOB OOYyUeHUS] MPU M3YUeHUU AUCIUTUIMHBI TIPUBEJIEH B

Tabsmre 2.1.

Tabmumna 2.1. — I11aHupyeMble pe3ysibTaThl 00y4YeHus: TPY U3yUeHUH JUCLIUTINHE,
COOTHECeHHbIe C IJIAHUPYeMbIMHU pe3y/IbTaTaMH OCBOeHUsI 00pa30BaTe/IbHOM ITPOrpaMMbl

IInanvpyembie
Kop v HameHOBaHue
Kog, pe3yJbTaThbl . Kog,
WHMKATOpa JOCTHKeHHUs [1naHupyemslii pe3yabTar
KoMTIieTe OCBOEHUsI o TroKa3aTeJis
o ripodeccroHaNbEHON 06yueHUs 10 AUCLIUTUTUHE
HI[UH obpa3zoBaresibHOM OCBOEHUS
KOMTIETeHIH
TIPOTPaMMBbI
Criocoben W-10mk-4 :3HaeT TeopeTuueckue | 3Hamb:
CaMOCTOSITe/ILHO | U 9KCTIepUMeHTa/lbHbIe | - Kiaccuueckue U TexHuueckue | 3(OITK-4)1
TIPOBO/TUTH WCC/IeIOBaHUSI W COBPeMeHHbIe | Teopuu u MeTO/IbI
TeopeTHYecKre U | TeHZJeHLMH pa3BUTHSA | TeXHHUUECKOH
IKCIIEPUMEHTAIbH | TeXHUYeCKOU (H3HKU. TepMOAVHAMUKH "
OIK-4 | P'€¥cciefopanms NO-20nk.4YMeeT TPOBOJIUTH | TeryIoMaccoobMeHa 3(OI1K-4)2
B M30paHHOM 3KCTiepUMeHTa/IbHble - BbIp@KEHUs  OCHOBHBIX
obsactu WcciefloBaHUs B 00/acTv | 3aKOHOB M 3aKOHOMEPHOCTeH,
TeXHAYeCKOM TeXHUUeCKOM GbU3MKY, | HCMOMb3yeMBbIX ISt
3Ky, VUUTBIBaTh COBpeMeHHbIe | BBITIOJTHEHUS terioBbix | 3(OITK-4)3
YUUTBIBAaTh TeHJeHL[H pa3BUTHS | paCUETOB;
COBpeMeHHbIe TeXHUUeCKOW (M3WKKA B CBOed | - Teriodu3ndecKue CBOWCTBA

3




TeHJ,eHLIUU
pasBUTUSA
TeXHAYeCKOi
(¢u3MKY B CBOEH
rpodeccroHabH
oMl JlesITe/IbHOCTH

npoecCcoHaNIbLHOM
JlesITe/IbHOCTH

W -3onk-4Bnageer HaBBIKaMU
TIPOBeJleHUsT MCCeJjOBaHUN B
chepe npodecCcoHaTBEHON
JlesITeNIbHOCTH

pabounx Ten u
TEIJIOHOCHUTEJeH u nx
3aBUCUMOCTh OT TIapPaMETPOB
COCTOSIHUS OCHOBHBIX
pabounx Tesn u
TeIJIOHOCHUTEel;

- BEJINUUHBI,

XapaKTepU3yoLye

npeoOpa3oBaHKe SHEPTUU B

TepMOAUHAMUYECKUX

rporieccax u L[UKJIaX

TEeIJIOTEXHUYECKUX

yCTaHOBOK;

Crioco0bl Tepefiaun Tervia U

MyTH WUHTeHCH(DUKALUU

TIPOLIeCCOB TernJio- U

MaccoobMeHa B cucTeMax H

amrapaTtax AJis  TIOJTydeHust

HU3KUX TEMIIepaTyp;
TOKa3aTean SHepreTHUecKou

3Q(eKTUBHOCTH TMpPSMBIX U

06paTHBIX

TepMOJJMIHAMHUECKHUX LIUK/IOB;

- B/IUSTHUE W3MeHeHHUsI

TepMOAMHAMUYECKUX

rnapameTpoB pabouero Tena

Ha SHEPreTUYeCcKyIo

3¢ PeKTUBHOCTL  PA3/TUUHBIX

TErI0TeXHAYECKUX

yCTaHOBOK;

OCHOBHBIE 3aKOHOMEPHOCTU

TEMo- M MacCcoOOMeHHBIX

TIPOLIECCOB;

METO/IUKU pacyeToB
TepMOZMHAMUYECKUX
MpOLIECCOB U TPOLIECCOB
TeIJI0MacCoIlepeHoca;

METOAVMKH  pacuera W

MPOEKTUPOBAHUS MalllUH U

anrapaToB d L[eJTbI0

obecrieueHust ux

MaKCHUMa/lbHOU

TIPOU3BO/IUTELHOCTH;

- BJIMSIHUE
TepMOJMHAMHUUECKHX
TPOLIECCOB W TIPOL{ECCOB
TernjaoMaccoobMeHa Ha
XapaKTePUCTUKU KOHKPETHBIX
HU3KOTEeMITepaTypPHbBIX
3/IEMEHTOB u y3/10B
YCTaHOBOK u cucTeM
HU3KOTEeMITepaTyPHbIX MAIIH
U YCTaHOBOK  PAa3/IM4HOTO
Ha3HAUeHHUsI.

3(OTIK-4)4

3(OIIK-4)5

3(OITK-4)6

3(OIIK-4)7

3(OITK-4)8

3(OTTK-4)9

3(OIIK-4)10

3(OTK-4)11

Ymemb:

- aHaM3MpOBaTh
MOCTaB/IeHHbIE  33/jaud  Ha
OCHOBe 1o/i0opa U W3yueHust
JIUTEpaTypPHBIX UCTOUHUKOB;

- WCIIOJb30BaTh CITPABOYHYIO
JuTepaTypy MO CBOMCTBaM
pa3MUHbIX  BEIeCTB u
BbIOMpATh pacyeTHbIe
PEeKOMeHZAlMK  JJIs  KaXK/0M
KOHKPeTHOM 3a7iaui;

-  paCcCUUTHIBATH  BEJUUMHBI,
XapaKTepHu3yolye
npeoOpa3oBaHWe SHEPrud B

Y(OITK-4)1

V(OIIK-4)2

Y(OITK-4)3




TePMOJMHAMHUUECKHX
mpoijeccax U [UK/IaX
TEIIOTEXHUUECKUX
yCTaHOBOK;

BBIUMC/IATE  TTOKa3aTesln
SHepreTUUeCcKon
3Q(eKTUBHOCTH TMpPSMBIX U
06paTHBIX
TePMOJMHAMHUECKHX 1[UK/IOB,;

yMeThb aHA/TU3UPOBATh
B/IUSTHHE HU3MeHeHHs]
TepPMOJMHAMHUYECKUX
rmapaMeTpoB pabouero Tena
Ha SHEPreTUUeCcKyIo
3G GEeKTUBHOCTL  Pa3/TUUHBIX
TEII0TeXHUYECKHUX
yCTaHOBOK;

PacCUMUTHIBATh KOJIMUECTBO
repe/iaBaeMoro Teruia,
BbIOpaTh MyTH
HMHTeHCU(UKAL[MA TIPOIeCCOB
Teryioo0MeHa;

obpabaThIBaTh u
aHa/IM3MPOBATh IOJTyUYeHHbIe
pe3yJIbTaThl TEeXHUUECKUX
pacueTos;

COCTaBJISTh OTTMCaHHSI
BBITIO/THEHHBIX pacuéTHo-
9KCIePUMEHTA/TbHBIX pabor;

MPUMEHSTL  TTOJIyUeHHEIe
3HaHWsA T[pU  pacueTe U
TIPOEKTUPOBAHUN
XOJIOZMIBHBIX U KPUOTEHHBIX
YCTaHOBOK U COOPY’KEHWiA,
MaIIIMH 1 arapaTos;
TEIJIOBbIe W PacyueThl MaIlliH
M ammapaToB € Lefbio
obecrieueHust ux
MaKCUMaJIbHOM
MIPOU3BOAUTETLHOCTH,
[IONITOBEYHOCTH U
6e30I1aCHOCTH;

WCIIONb30BaTh  3HAHUS O
TepPMO/JUHAMUYECKUX
mpoiieccax M TpolLjeccax
TeryiomaccoobmMeHa B pabote
1o 9KCITyaTaljyuu "
palMOHATLHOMY Be/IeHHIO
TEXHOJIOTHUECKHUX TIPOIeCCOB
B XOJIO/ITbHBIX "
KPHUOTEHHBIX yCTaHOBKaX,
CHCTeMax
JK3HeobecreueHwsl.

Y(OITK-4)4

Y(OITK-4)5

Y(OIIK-4)6

Y(OITK-4)7

V(OITK-4)8

Y(OITK-4)9

Y(OIIK-4)10

Y(OTIK-4)11

Bnademb:

- HaBBIKAaMH TPOEKTHPOBAHHUS
MaILIMH Y afrapaToB C LIe/bI0
obecrieyeHus 150.
MaKCUMaJIbHOU
TIPOU3BO/IUTEHLHOCTH;

- HaBBLIKAMU TeIIOBBIX
pacuéToB MalluH u
anrapaToB C 1L1eJIbI0
obecrieueHust X
MaKCUMaJIbHOMU
TIPOU3BO/IUTEIBHOCTH;

- HaBBIKAMU 3KCIUTyaTallid H
PalMoOHATHFHOTO BeJ[eHHSI
TeXHOJIOTHYECKHX TPOLIeCCOB

B(OIIK-4)1

B(OTIK-4)1

B(OIIK-4)1




B XOJIOAW/TBbHBIX u

KPUOTeHHBIX ycraHoBkax, | B(OIIK-4)1
cucTemMax
JKU3Heo0ecreyeHus;

- HaBbIKaMH pacueTHo-

3KCIIepUMeHTa/IbHbIX pa60T
M0 aHa/IM3y XdpaKTepHUCTUK
KOHKPeTHBIX
HU3KOTeMIIepaTyPHBIX
YCTaHOBOK UM CHCTEM.

MECTO JUCIIUIUINHBI B CTPYKTYPE OBPA30BATEJ/IbHOM ITPOT'PAMMBI

OucturiiHa «TepMofMHAMMKA W TeTJIOMacCOOOMeH» - oOsi3aTenbHas [JUCIATIIMHA B
CTPYKType 00pa30oBaTe/IbHOM MPOTrPAMMBI.

V3yueHne MUCIATIIMHBI 0a3vpyeTCss Ha 3HAHUSX, TOTYYEHHBIX TPU W3yUeHWU JUCLIATIIAH
«BpIci1ast MaTeMaTHKa», «PU3uKa», « XHUMUI».

3HaHWs, yYMeHHSI W HaBbIKH, TPUOOpeTeHHble B pe3y/bTaTe W3y4YeHUs AUCLUTUIMHEI,

WCTIONB3YIOTCS TIPU U3YUeHHH NMPO(UIBHBIX AUCLUIUIUH yueOHOro riaHa: «Hu3koTemrepaTypHble
MallliHbD», «TeriomaccobMeHHbIe armapatbl HU3KOTEMITepPaTypHBIX YCTaHOBOK», «KpHUOTeHHbIe
cucteMbl», «TeopeTMueckue OCHOBBI XOJIOAWIbHONW TeXHUKW» U «CHUCTeMbl BEHTU/SLUU U
KOHJULIMOHUPOBaHUS».

3. COAEPKAHHME JUCLHUII/IMHBI

B cooTBeTcTBUM C yueOHBIM TJIaHOM TIOATOTOBKM OakasiaBpoB 10 HaripasieHuto 16.03.03
«Xo/ouibHasi, KpUOTeHHas TeXHWKa W CHUCTeMbl >KHU3HeoOecrieueHHs»»  TIpero/ilaBaHue
JTUCLIATITMHBI peau3yeTcsi B 5 ¥ 6 ceMecTpax 00yueHMs.

Temaruueckuii MyaH AMCLMUIVIMHBI TI0 OYHOM (hopMe oOydeHusi mpejcTaBjieH B Tabsuiie

3.1.
Tabmuua 3.1. — TemaTuueckui miaH JUCLIUTIIMHBI 110 OUHOU (hopMe 00ydeHust
KoHrtakTHas .
paboTa 110 BuaM =
£ | yueOHBIX 3aHATHI o o
: 2 |E |5t
Na]
g % é H = =S
9 o U w oo | >8] 9 E
HavmeHoBaHue pa3ziesioB U TeM 4 254z SS| BB E
o T E Y9 ag| 99 =Nt
= a = @YY oE|EX|3E =
3} g == == =T o ¥ =
Q = g E=d s8] 2 R AECEE
M =~ v EEHdaex| = & 5 o
= E @588 a8 m E
> 0 a9 O S S
< E = S
=
Paspgen 1. Texunueckas (0)
A 108 | 51 | 17 | 34 57
TepMOAMHAMHUKA T
Tema 1. OCHOBHBIE TIOHATHA U I10
ornpeenenus. izeanbHbll Tas. 19 9 5 4 10 113
T
Kn
Tema 2. I1epBbiii 3aKOH TePMOJUHAMUKU O
113
26 16 4 12 10 | PTP
T
Kn
Tema 3. BTopoii 3aKOH TepMOAMHAMUKU 0]
20 10 2 8 10 | 113
PI'P




T
Kn
Tema 4. PeanbHble rassl. 0]
113
23 10 4 6 13 | PTP
T
Kn
Tema 5. TepMorHaMUKa UCTeYeHUs ra3oB 0]
Y [1apoB 20 6 2 4 14 | 113
Kn
3aueT C OIeHKOM
Pa3zpen 2. TepmoguHaMuyeckKue MKIIbI 50 36 17 19 14 (0]
T
Tema 6. TepMogrHaAMUUYECKHE LIUKIIbI O
TeII0TeXHUUECKHUX YCTPONCTB 113
50 36 17 19 14 T
Kn
Pa3pen 3. TersiomaccoodmMeH 212 1 102 | 34 | 32 100 Er)
Tema 7. OCHOBHBbIe TTIOHATHS TeOPUU o
TeruyioodMeHa. OCHOBHOM 3aKOH U 18 8 6 2 10 | m3
muddepeHiaTbHOE ypaBHeHKEe T
TeJIONPOBOAHOCTU
Tema 8. OtzenbHbIe 3a/jauM CTALMOHAPHOMN Imo
TETJIONIPOBOIHOCTH U TeTyIonepejaun 113
34 14 6 8 20 Kp
T
Tema 9. HecrarjyionapHas 0]
TETJIONIPOBOIHOCTD 113
26 6 2 4 20 PL'P
T
Tema 10. KoHBeKTHBHBIH TersiooOMeH 0]
113
46 26 16 10 20 PLP
T
Tema 11. OcHOBBI TeOpHH MaccoobMeHa 14 4 2 2 10 0]
113
Tema 12. TerioobMeH U3TyueHHEM ¢
28 8 2 6 20 | II3
T
JK3aMeH 36 36
Bcero | 324 | 153 | 68 85 135

IMpumeuanue: O — onpoc; ; TIO — nucbmeHHblli onpoc; 13 — npakmuueckue 3adaHusi; Kin —
konokeuym, Kp — konmpoabHass paboma; PI'P — pacuemHo-epacpuueckas paboma
(xoHmposnbHas paboma 015 cmydenmos 3P0); T — mecmuposaHue.

Pa3den 1. TexHuueckas mepmooUHAMUKA
Tema 1. OcHOBHbIe IOHATHUA U onpeje/eHus. MaeanbHbIN ras.

Jlexyusi. Benenuie. OCHOBHbIe TOHSTHS U OompeiesieHust. VigeanbHbIi ras.
TepmMoariHaMUUeCcKre TTapaMeTpbl COCTOSIHUS. Y paBHeHWe COCTOSIHUS W/jealbHOTO rasa.

Paccmampueaembie gonpocbl. TexHuueckasi TepMOAMHAMHKA KaK TeOopeThdeckass OCHOBA PabOTHI

TeMJIOTEXHUYECKUX  YCTPOMCTB. TepMoAuHamMuueckas CHUCTeMa U OKpy»Kawollas cpeja.

TepmoguHamuueckuid mporecc. MoseKynsspHO-KUHeTHYeCcKasi Teopus CTPOEHMsI BelljecTBa U

MOJieJib UJieaibHOTO ra3a. TepMogWHaMUuecKue TiapaMeTpbl COCTOSTHUS: Y/lelbHbIA 00beM,

JlaBjieHe W TeMIlepaTypa. 3aKOHbI W/jeanbHOro ras3a: bolns-Mappuotra, ['eii-JItoccaka, [llapss,
7



ABoraipo. YpaBHeHHe COCTOSIHUS U/leanbHOro rasa Knanelipona-MeHieneeBa.

Ilpakmuueckoe 3auamue. TepMoAMHaMUYeCKue IlapaMeTpbl. YpaBHEHHWe COCTOSHUA U
3aKOHBI U/jea/IbHOro rasa.

Paccmampuseaemble gonpocbl, 3a0aHus, 3adauu u m.n. OnpejieneHve abCOMIOTHOrO [aBJIEHUS,
TepMO/IMHAMUYECKOW TeMIiepaTypbl U yjenbHOro obObema. OripefieieHHe TepMOJUHAMUYECKUX
rapaMeTpOB H/lea/IbHOIO ras3a C UCMo/b30BaHueM ypaBHeHU! KianelipoHa-MeHziesieeBa U 3aKOHOB
ABoragpo, boina-Mapuotra, [llapns u I'eli-JIroccaka.

Jlekyus. Cmecu ujieajibHbIX ra3oB.

PaccmampueaeMble 80NnpocChbl. Crioco6bl 3d/ldHud COCTdBa CMeCH. CooTHolleHue MeXay
MaCCOBBIMH, 00BbeMHBIMA ¥ MOJIbHBIMU AO0/IIMU  KOMIIOHEHTOB CMeECH. 3aKoH ,Z[aJIBTOHa.
Hapul/laanoe AdBJ/ieHHe U 00HeM KOMITOHEeHTa ra30BOM CMeCH. Kamymaacn MOJIEKYJIADHAA MdCCd U
ra3oBasd IIOCTOsAHHAA CMeCH Head/IbHbIX I'a30B.

HpaxmuueCKoe 3aHAamue. OHpG,E[E]IeHI/Ie TEPMOAWMHAMHWYECKOI'0 COCTOAHKUA CMeCH Hed/IbHBIX
ra3os.

Paccmampusaembie gonpochbl, 3a0aHusi, 3adauu u m.n. Vicriosib30BaHre ypaBHEHUSI COCTOSIHUSI U
3aKOHOB WM/leaJTbHOTO ra3a [jis orpejie/ieHrsi TePMOJUHAMUUeCKUX TTapaMeTpPOB CMeCH H7iealbHbIX
ra3oB U KOMIIOHEHTOB I'a30BOI CMeCH.

ﬂeKL{UH. PaBHOBeCHOe COCTOsIHYE U paBHOBECHBIﬁ TepMO,ZLI/IHaMI/I‘-IECKI/Iﬁ rnponecc.

Paccmampuesaemble gonpochbl. [1oHsITHe 0 paBHOBECHOM COCTOSIHUM TEPMOJWUHAMHAUYECKOW CUCTEMBI.
PaBHOBeCHble U HepaBHOBECHble TepMO/JMHaMUUecKue Tpolecchl. I'paduueckoe mpejcTaBiieHHe
PaBHOBECHOTO TePMOJMHAMMUUECKOTO Tipollecca W3MeHeHHsl COCTOsSIHUSI WJlea/lbHOTO rasa B
TEeTUIOBBIX AarpaMmMax. ObpaTrMbie TepMOJUHAMUYECKHE TIPOTIeCChI.

OcHogHble noHsamus membl: TepMoHaMUUeCKHe TlapaMeTpbl COCTOSTHUSI.
TepmoarHamuueckasi cucteMa. VigeanbHbli ra3. 3aKOHbI UjleabHOTO ra3a ABorazipo, boitis-
Mapuorrta, [lapnas u I'eli-JItoccaka. Y paBHeHUe COCTOSIHUSA HU/leaTbHOro ra3a KiamnelipoHa-
Menzeneesa. ['a3oBast mocTosiHHast. MaccoBasi, 00beMHasi U MOJIbHAsI IO/ KOMITOHEHTOB CMeCH
YJeanbHbIX ra3oB. 3aKoH [lanbToHa. [TapiuansHoe faBieHre KOMIIOHEHTa Fa30BOM CMeCH.
PaBHOBeCHOe COCTOsTHME TePMO/JMHAMUUeCKOW CUCTeMbl. PaBHOBECHBIV TePMOJMHAMUUECKUI
niporiecc. OGpaTUMbIN TepMOJMHAMUYeCKUI Tiporiecc. TepMogrHaMuuecKasi [uarpaMMa
W/leaIbHOr O rasa.

Tema 2. IlepBbIii 3aKOH TePMOAMHAMMKH.

Jlexyus. T1epBbIil 3aKOH TePMOJAUHAMUKU.

Paccmampueaembie 8onpocbl. BHYTpeHHsIsl SHeprusi TepMOJAWHAMHUYECKOW cUcTeMbl. Ternsora U
paboTa — Kak (hopMbI Tiepeiau SHepruy. JKBUBAJIEHTHOCTD TEIJIOTHI U paboThl. PaboTa n3mMeHeHust
obbema pabouero Tesia U ee rpaduueckoe TipeAcTaBiieHue. [1epBblii 3aKOH TePMOAWHAMHMKH KaK
3aKOH COXpaHeHWsl W IIpeBpalljeHus] 3Hepruy. AHajJWTH4YeCcKoe BbIpa)KeHHe IepBOro 3aKOHa
TepMOJMHAMUKH. Y paBHeHYe I1epBOro 3aKOHa TepMOJMHAMUKU [I/1s1 CTAL{MOHAPHOI'0 ITI0TOKA MaccChl.

Ipakmuueckoe 3ausamue. uddepeHiaabHble U UHTeTpaibHble YPaBHEHUs TePBOro 3aKOHa
TepMOJVUHAMUKU.
Paccmampusaembie gonpocbl, 3a0aHus, 3aoauu u m.n. Vicriosnb3oBaHue auddepeHLManbHbIX U
HMHTerpa/ibHbIX ypaBHEHUH MepBOro 3aKOHa TePMOJMHAMUKHU /sl PellieHUs 3a/lau 10 OTpe/ie/leHHI0
TepPMO/IMHAMUUYECKOT'0 COCTOSIHUSI paboyero Tea.

Jlekyus 1.5. TenoéMKOCTb. DHTAIbIUA U SHTPOIUSL.
Paccmampueaembie eonpocbl. MaccoBasi, 00béMHasl, MOJbHasi Telj0eMKOCTb. 3aBUCUMOCTb
TeMJIOEMKOCTH OT TemrepaTtypel Tesna. CpefHsss M MCTUHHas TeryioeMKOCTH. M3oxopHas u
n3o0apHas TeruioeMkocTu. @opmysia Maiiepa. DHTanmbnuss. DHTponus. OripefiesieHre W3MeHeHUs
SHTpoOMNUU. TernoBasi SHTPOMUKHAs JUarpaMma.

IIpakmuueckoe 3aHsimue. Teryi0eMKOCTb TeJia.
Paccmampueaemble 8onpocbl, 3adaHus, 3adauu u m.n. OmpejeneHWe WCTUHHOM U CpefHel
TeI/JI0EMKOCTH. VIcrosib30BaHMe TMOHSATUS SHTA/IBIIAA W TI€PBOTO 3aKOHA TEePMOAWHAMMKU [JIs
orpeziesieHUs1 TepMOIMHAMHUYEeCKOr0 COCTOSIHUS Bell|eCTBa.

Jlexkyus. TTpoljeccsl U3MeHeHHs COCTOSIHUS UiealTbHOr 0 rasa.
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Paccmampueaemble  eonpocbl.  IlocnenoBaTenbHOCTb — pacCMOTPEHUsT  TepPMOJMHAMHUECKOro
rporiecca U3MeHeHUsI COCTOSIHUsI Mjlea/lbHOro Ta3a. V30XOpHbIM, U300apHbIi, W30TepMUUECKUN U
asvabaTHbINA TepMoJUHAMUYeCKUe TIporiecchl. [ToMTpoIHbIN mpotiecc.

HpaKmuueCKoe 3ausamue. OCHOBHBIE TepMOJHaMH4eCKue IMponeCcChbl UieaJIbHOro ra3sd.

Paccmampusaembie 8onpocbl, 3adaHusi, 3adayu u m.n. OnpejeneHve TepMOAWHAMHUYECKUX
rapaMeTpoOB B Hauajie U KOHLIe Tipoliecca M XapaKTepUCTUK Mpolecca: BHYTPeHHeW SHepruu
WJea/ibHOTO Ta3a, COBepIlaeMON WM 3aTpauMBaeMoil pabOThl, TMOABOJUMOW WM OTBOJUMOU
TeTJIOThl, U3MEeHeHUs SHTPOMUU B H30XOPHOM, H300apHOM, H30TEepMUUYECKOM U afurabaTHOM
TePMOJIMHAMUUECKOM TIpoliecce M3MeHeHHUsl COCTOSIHUSI UjeanbHOro rasa. ['paduueckoe
n300pakeHHe TPOLIeCCOB B TETIOBBIX JUarpaMMax.

OcHogHble noHsimusi membl: BHyTpeHHsIsl SHeprusi TepMojJMHaMUUeCcKor cucTeMbl. Terora u
pabora. [TepBoe Hauano TepMoarHaMuKU. [JuddepeHiaabHble ypaBHeHUs TIEPBOTO 3aKOHA
TEePMOJUHAMUKH. JHTaNbIHs. DHTponUs. TeroeMKocTb. [IoMUTPOIHBIN, N30XOPHBINA, 1300apHbIH,
M30TepMHUUeCKUi U afiiabaTHBIA TepMOoJUHAMUYeCKHe TTPOLeCChI.

Tema 3. Bropoii 3aK0H TepMOJUHAMHKH.

Jlekyus. BTopoii 3aKOH TepMO/JUHaMUKH.

Paccmampueaembie  onpocbl. POpMYyIMPOBKM BTOPOrO0 3aKOHa TepMOJAWHaMUKHU. Kpyrosoii
MpoLiecC WA TepMOAUHAMUYeCKUW LUK/, [IpsiMol TepMoOAWHaAMMUeCKUil LMK/ TeIIOBOro
gBurarens. TepMuuecKuii KO3(QQULIMEHT T[10/Ie3HOr0 [elCTBUSl LMK/Ia TeIUIOBOrO JBUraTelsl.
OO6paTHbIi TepMOJMHAMUUECKU [IUKJT XOJ0AWIbHOW MAIlIMHbI U TETIJIOBOT0 Hacoca. XO0/0AUIbHBIN
KO3(Q(QULIMEHT U OTOMUTEebHbIN KO3(h(UIMeHTbl. AHaTUTUYECKOe BbIpa)KeHHEe BTOPOro 3aKOHa
TepMOJVMHaMUKU. TepmoauHamMuueckrve LUKibl B Ts-puarpamme. Lukn KapHo. Teopema Kapno.
OO6paruMblii ¥ He0OpaTUMBIN TePMOJUHAMUYECKHE IIUKIIBL.

IMpaxkmuueckoe 3ausimue. TIpsimoii 1 06paTHbI TepMouHaMUYeckue LUKbL. L{ukn KapHo.

Paccmampusaemble onpocbl, 3a0aHus, 3adauu u m.n. [TocTpoeHyre TepMOMHAMUUECKUX L{UK/IOB B
T,s-puarpaMMe. PacueT XapakTepUCTHK UJeaJbHOr0 TepMOJAMHAMUYeCKOro Luk/iaa KapHo.
OnpezieieHie  TepMHUYECKOr0 KO3(@ULMeHTa TOMe3HOro [elCTBUS TMpSAMOro LMK/Ia U
XOJIOJWILHOTO (OTOMUTENBFHOT0) Ko3dduiieHnTa oOpaTHOro LWK/Ia. TepMoAWHAMUYECKUI aHaMW3
MpSIMOTO ¥ 00PaTHOTO LIMKJIOB.

IIpakmuueckoe 3aHsamue. JuddepeHransHOe W UHTerpaJbHOe ypaBHEHHSI BTOPOTO 3aKOHA
TepMOJUHAMUKH.

Paccmampueaembie 8onpochl, 3a0aHusi, 3adayu u m.n. VIcriosib30BaHWe ypaBHEHUM BTOPOTO 3aKOHA
TEePMOIUHAMUKH [IJIsI PACYéTa TePMOJUHAMHUYECKUX MPOLIeCCOB U LIUKJIOB.

OcHogHble noHsamust membl: Bropoe Hauano TepMoguHaMUKU. JJuddepeHiianbHoe
ypaBHeHHe BTOPOTO 3aKOHA TepMOAWHAMUKH. [IpsiMoii 1 06paTHBIN TepMOAMHAMUUeCKHe [UKJIbI.
TenoBoli ABuraresb. Xo/a0AuMbHas MallivHa. TerioBoit Hacoc. KoagdureHT nonesHoro
JeiicTBrst. XOMOAWIBHBIN U OTOMUTEbHBINA Ko3hduumenTsl. Llukn u Teopema KapHo. O6paTrMbIii
Y HeoOpaTUMBbIY TePMOIMHAMUYECKHE LIUKIIBL.

Tema 4. PeanibHbIe ra3bl
Jlekyus. PeanbHble rasbl.

Paccmampuesaemble gonpocbl. TepMoiiHaMUUeCcKre CBOMCTBA peaibHbIX ra3oB. ®a3oBbie pv- u pT-
IvarpamMmbl. YcioBus (a3oBoro paBHOBecusl. YpaBHeHue KnaneiipoHa-Kinaysuyca. I[TpaBuio a3
I'n66ca. YpaBHeHwe BaH-sep-Baanbca u ero aHamu3. VicriapeHuwe, KWIleHWe, KOHZEHCALWs.
CocrosiHve HachbineHus. [Iporjecc mapooOpa3oBaHusi TIPY TIOCTOSIHHOM JlaBeHWH. Ilpotiecchl
T0ZIorpeBa U IMepeoxJiaKeHus XUAKOCTU. [lapameTpsl BiiaxkHoro napa. Ilpouecc neperpesa mnapa.
TepMmoarHaMUUeCcKue TIPOLIeCChl U3MeHeHUs! CTOSTHUS rapa.

IIpakmuueckoe 3aHsimue. TepMogvHaAMUUYECKUe UArPaMMBI.

Paccmampusaembie gonpochbl, 3adaHus, 3ada4u u m.n. VI3ydeHve CTPYKTYPbl TePMOAMHAMHUECKHX
muarpamMMm. Ormipefie/ieHHe TEPMOZMHAMHUUECKHUX TTapaMeTpPOB M C TIOMOII[bIO TETUIOBBIX AWarpamm.
[TocTpoeHKe TepMOJUHAMUUYECKHX MPOLIECCOB B TEMJIOBLIX AMarpaMMax M UX pacuer.

IMpaxkmuueckoe 3ausimue. TepMovHaMUUeCKHe TaO/TUIBI ¥ JUarpaMMbI BO/ISTHOTO Tiapa.
Paccmampueaembie gonpocbl, 3adaHusi, 3adayu u m.n. OrmnpezeneHde TepMOAUHAMHUECKHX
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rapaMeTpoOB BO/IbI U BOJSHOTO Tapa, pacueT TPOLIECCOB HM3MeHEeHHUsl ero TepMOMHaMUUeCKOro
coctosiHusi. OmpefiesieHre TlapaMeTPOB COCTOSIHUS T10 TabiuilaM TepMOJWHAMHUYeCKUX CBOMNCTB
BOJbl M BOJsiHOrO Tmapa. [locTpoeHuWe TepMoJuMHaMUUYeCKUX mpoueccoB B T,s- , p,v- U i,p-
JvarpamMmax.

Jlekyusi. BniaxkHbli1 BO3AyX.

Paccmampueaembie gonpocbi. IlapaMeTpbl BI@XHOTO Bo3/AyXa: AOCO/IOTHAasE U OTHOCHTE/bHast
BJI&KHOCTb, BJIaroco/iepXkaHue, TaplUajbHOe JaBJieHWe TMapa M JHTajblus. Touka pOCHI.
AHanuTHYecKoe oOrmpesie/ieHHe TIapaMeTPOB BJIAXKHOTO Bo3Ayxa. i,d — [AuarpaMma BIaXHOTO
Bo3yxa. TepMoiHaMUUeCKye TIPOLIECChI /1Sl BIAXKHOTO BO3/[yXa M UX XapaKTePUCTHUKH.

IMpakmuueckoe 3aHsimue. TTapamMeTpbl COCTOSTHUS BJIaXKHOTO BO3/yXa.

PaccmampueaeMble 80NnpocCkl, BGaaHUﬂ, 3adauu u m.n. PacueTr u ornpenaejeHre C IIOMOIIBHO l,d -
AUdI'PAMMbI  BJI&XKHOI'O BO3yXd I1dpaMe€TPOB COCTOSHUS. HOCTpOGHI/Ie rnmponeccoB BJIAXKHOI'O
BO3YyXHU U UX paCUeT.

OcHoeHble noHsimusi membl: PeanbHblii ra3. ®a3oBoe paBHOBecue. Pa3oBbie pv- U pT-
quarpaMMmbl. YpaBHeHune KiametipoHa-Knaysuyca. IIpaBuno ¢da3 ['mb0ca. YpaBHeHHE COCTOSIHUS
peasbHOrO rasa Ban-zmep-Baanbca. Vicnapenue, kuneHue, KoHgeHcalusl. COCTOsSHUME HaCbILEHHS.
TepMoarHaMUUeCcKye TMpPOLeCChl U3MEHeHHUsl CTOsIHWs Iapa. TepMoAvHamMuyecKye AuarpaMMbl.
Bnaxxubiii Bo3ayx. [TapameTpsl COCTOSIHUS BI@)KHOTO Bo3Ayxa. Iuarpamma i,d B1a)KHOTO BO3/yXa.

Tema 5. TepmoauHaMUKa UCTeYeHHs ra30B U NapoB
Jlekyus. TepMogriHaMHUKa MPOL[ECCOB UCTEUEHUS Ta30B U MapoB. [Iporecc gpoccenmpoBaHus.

PaccmampueaeMble 80NpOChbI. NcTteuenue razos u Mapos. OCHOBHBIE TIOHATHS U MaTeMaTHueCKoe
OITMCaHHe. A,E[I/Ia6aTHOE HNCTeyeHne 13 Cy>XKUBaromerocs coruia. HPOHECC ApocCe/IMpoBaHNUs

IMpakmuueckoe 3aHsimue. XapakTepUCTUKHU TIPOIiecca pOCCeMpPOBaHMUS.

Paccmampueaemble gonpocbl, 3a0aHus, 3ada4yu u m.n. TepMoAWHAMUYeCKUH aHa/IU3 TIPOLIECCOB
JIPOCCETMPOBAHUS Ta30B, TIAPOB W >XHUJKOCTed. OmpeziesieHWe TePMOAMHAMHUUECKHX TIapaMeTpPOB
TIOTOKA.

OcHogHble noHsimusi membl: TepMoAMHaMUUeCKHe TIPOLIeCChl MCTeUeHUs] Ta30B U I1apoB.
TepMoguHaMUUeCcKre TlapaMeTphl TIOTOKA Ta3a M JKUAKOCTU. AjuabaTHoe WCTeueHUe U3
Cy’KMBarolLlerocsi corvia. /IpoccenvpoBaHue.

Pa3zden 2. TepmoouHamuueckue Yuk/abl

Tema 6. TepmoguHaMuuecKye IUK/Ibl TeIVIOTeXHUUECKHX YCTPOHUCTB
Jlexyus. LJ¥K/ibl MOPIIHEBBIX Fa30BbIX JBUraTe/en.

Paccmampueaembie  gonpocbl. Llyukiabl ABuUratesneii BHYTDPEHHErO0 CropaHus C MW30XOPHBIM,
1300apHBIM M CMeIIaHHbIM TOZIBOZIOM TerUIOThl. XapaKTePUCTUKUA LUKIOB U TepMUYecKHe
K03(pdUI[MeHTHI M0JIe3HOT0 [IeHCTBUS LIUKJ/IOB.

Ipakmuueckoe 3aHsimue. PacuéT LIUK/IOB ABUTaTe/ield BHYTPEHHET 0 CropaHus.
Paccmampueaembie gonpocbkl, 3adaHusi, 3adayu u m.n. OmnpejeneHyve TepMOAWHAMHUYECKUX
rapaMeTpoB B Y3/I0BBIX TOUKaXx LIMK/a. PacueT TepMruueckoro Ko3d@uiiieHTa moJie3Horo JelCTBUSI.

IMpakmuueckoe 3aHsamue. TepMoHaMUUeCKUM aHaIU3 I[UK/I0B BHYTPEHHET'0 CrOpaHuUsl.
Paccmampueaemble 8onpochkl, 3adaHusi, 3aoauu u m.n. I'paduueckuii cpaBHUTe/NbHBIM aHaIU3
uukioB Otro, [u3ens u TpuHK/epa: MpU OAWMHAKOBOW CTENEHW C)KaTsl, U PaBHOM KOJIMUeCTBe
OTBe/IEHHOU TeIIO0Thl, IPU OIMHAKOBbIX MaKCUMAaJIbHBIX /IaB/IEHUSIX U TeMIlepaTypax.

Jlexyus. 1TUK/TbI Ta30TYPOMHHBIX YCTaHOBOK. [IMK/IbI peaKTUBHBIX JIBUTATe/IeH.
Paccmampueaembie eonpocbl. 1IMkn ra3oTypOMHHOM yCTaHOBKM CO CropaHWeM TOIUIMBA TIpU
MOCTOSTHHOM [iaBjieHUH. [IpsMOTOYHBIM GeCKOMIIpeCcCOpPHbIN peakTUBHBIN [BUTATe/b C rOpeHUeM
TOTL/IMBA TIPU TIOCTOSTHHOM JiaBjieHUH. TypOoKOMITpeCCOpHBIN BO3/yLIIHO-PeaKTUBHBIN IBUTaTe/b.

IMpakmuueckoe 3aHsimue. Pacuét 1 aHaM3 LIUKJIOB ra30TypPOUHHBIX YCTAHOBOK.
Paccmampusaemble 8onpocbl, 3adaHusi, 3adayu u m.n. OnpejeneHve TepMOAWHAMHUYECKUX
rapaMeTpoOB B Y3/I0BBIX TOUKAX I[MK/a. PacueT Tepmuyeckoro ko3dduiieHTa moJie3Horo AeiCTBYS.
BrisiBeHMe Ty Teit MoBbIIeHUS 3P GeKTUBHOCTH paboThl ra30TypOUHHOM YCTAaHOBKH.

Jlekyus. LIVK/IbI IApOCU/IOBBIX YCTAaHOBOK.
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Paccmampueaembie gonpocbl. OCHOBHbIE 0COOEHHOCTHU TIPSIMBIX MapoBbIX LMK/IOB. Lukn KapHo B
obnactu BraxxHoro Tapa. Llukn PeHkuHa. MeTofbl TMOBBIILIEHUSI TePMUAUYECKOTO Ko3dduieHTa
TI0JIE3HOTO [eMCTBUS TapOCUIOBBIX YCTaHOBOK. Ternno(uKalioHHbIe YCTaHOBKH.

IMpakmuueckoe 3aHsimue. PacueT ¥ TepMOJMHAMHUYECKUW aHa/lW3 LMK/IOB MapOCHUIOBBIX
yCTaHOBOK.

Paccmampusaemble gonpocbl, 3a0aHus, 3a0ayu u m.n. IlocTpoeHre LUKIOB B TepMOJMHAMUUYECKHX
muarpamMax. OrmipesiesieHHe MapaMeTpoOB B Y3/I0BbIX TOUKax LWKAa W paboTel Lwkia. Pacuer
TePMUYeCKOro  Ko3¢dduiueHTa TIOe3HOro  JelcTBUs. BbisiBeHWe 1MyTell  IMOBBILIEHHUs
3¢ dekTUBHOCTH pabOTHI MAPOBOTO LIMKIIA.

Jlexkyus. TeopeTuueCcKUil LMK/ BO3AYLIHOW XOI0JUIbHON MalllMHBI.

Paccmampueaembie 8onpocbl. TIpyHLIMIIHA/NbHAs CXeMa M I[MKJI PabOThbl KOMITPECCHOHHOM
XOJI0/TAJIbHOW MaIlluHbI.

Ipakmuueckoe 3aHsimue. TemnoBoM pacyeT LMK/a BO3AYIITHON XOI0JUIHLHON MalllUHBI.

Paccmampueaembie gonpocbl, 3adaHusi, 3adayu u m.n. OmnpezeneHre TepMOAMHAMUUECKHUX
rapaMeTpoOB BO3/lyXa B y3/I0BbIX TOUKAX I[uK/a. PacueT xomoaunpHOro KosdduiyeHTa.

Jlekyus. TeopeTHueCKU LUK/ MMAPOBOM XOI0JUTEHOM MalllUHBbI.

Paccmampueaemble gonpocbl. OcHOBHBIE 0cO6eHHOCTH 00paTHBIX MapoBbIX HUK/IOB. Lluka KapHo
JJ/1s1 T1IapoBOM XOJIOAWIBHOM MamuHbl. [IpyHIMnuManbHasi cxemMa IIApOBOM KOMIIPECCHOHHOU
XOJIOJWIBHOM MaIllMHBI. 3aMeHa pacClIMpUTEeNbHOTO LWIMHApPA pPeryivpyolM BeHTU/IEM.
ITepeoxnaxaeHue X0I0AUIBHOIO areHTa repej, peryaupyroimuM BenTuaeM. Cxxartre Cyxoro rnapa.

Ilpakmuueckoe  3aHamue. TemjoOBOM  pacueT TeOPeTUYECKOTO LMK/IAa  [apOBOU
KOMIIPeCCUOHHOM XOI0JUTbHOM MalllWHBI.

Paccmampusaembie gonpocbl, 3a0aHusi, 3a0auu u m.n. [TocTpoeHue LJUK/Ia B TePMOAMHAMUUECKHUX
JyarpaMmax XOJIOZWIbHBIX areHToB. OmpefesneHye IlapaMeTpOB B Y3/I0OBBIX TOUKAX LMKJIA,
yAeNbHOM MacCOBOW XOJIO[ONPOM3BOJUTE/bHOCTH, MOIIHOCTHA 3aTpauvBaeMOU KOMIIPECCOPOM,
TerJIOBOM Harpy3Ky Ha KOHZleHcaTop. PacueT TeopeTHuecKoro Xon0AUabHOro Ko3¢huipeHTa.

Ipakmuueckoe 3ausimue. TepMoguMHaMUUeCKUM aHa/lW3 LIMK/Aa MapoOBOM KOMIIPECCUOHHOU
XOJIO/TAJIbHOM MallluHbI.

Paccmampueaembie 8onpochl, 3a0aHusi, 3a0ayu u m.n. TepmoguHaMUUeCKUM aHaNu3 BUSHUS
VM3MeHeHWsT pa3HWLIbI TeMIlepaTyp KHIeHHsS U KOHZEHCAl[uM XOJIOAW/IBLHOTO areHTa Ha
XONMoAWIBHBIN K03 duipeHT. OLieHKa BAUSHUS TIepeoxX/IaXKIeHus )KUAKOTO XOIOAUIBHOTO areHTa
repe/ PeryIvpyroIMM BeHTW/IEM U TieperpeBa IMapoB XOJOAWIBHOTO areHTa Ha BCaChbIBaHHUU B
Komrpeccop Ha 3 peKTUBHOCTb 00pPaTHOrO TEPMOJUHAMUYECKOTO I[IUKIa.

Jlexyus. LMK/ TenaoBoro Hacoca.
Paccmampueaemble eonpocbl. 1lyukn TepMoTpaHcdopmaropa (TeroBoro Hacoca). OTonuTe/IbHbIN
Ko3(pu1HeHT.

Ilpakmuueckoe 3anamue. TernioBoy pacueT ¥ TepMOAMHAMUYECKWI aHa/IN3 TeOPeTHYeCKOro
L[UKJ/Ia TeTJIOBOrO HAacoca.
Paccmampusaemble 8onpocbl, 3a0anus, 3a0auu u m.n. IloctpoeHne LUK/Ia B TePMOAUHAMUYECKUX
JuarpaMMax XOJIOAWIbHbIX areHToB. Orlpe/iesieHHe IapaMeTpPOB B Y3/I0BbIX TOUKax LKA,
yZelbHOM MacCOBOM TeIUIONpPOU3BOAUTEIbHOCTH, MOLHOCTH 3aTpayMBaeMOM KOMIIPeCCOpPOM,
TerJIOBOM Harpy3Ky Ha UcrapuTesib. PacueT Teopetrueckoro Ko3dduiirenta oborpesa. BrisiBieHue
(akTOpOB, BAUAOLIMX Ha 3¢ (eKTUBHOCTL pabOThI TEIJIOBOTO HACcOCa.

Jlexyus. LJ¥K/IBI TEIZIOMCIIO/IB3YIOMMX NTaPOBbIX XO/I0U/IbHBIX MallWH.

Paccmampueaemble  gonpocbl.  IlpuHuun  paboThl  TTAPOPKEKTOPHOM U abCOpOLMOHHOM
XOJIOAUIBHBIX MAIIIVH.

OcHogHble noHsamusi membl: TemnnoTexHUueckoe ycCTpoulcTBO. [IpuHLMMUAAbHas cxema M
TEePMOJMHAMUUYECKUM IMKJ/I: [BUTaTesield BHYTPEHHEro CropaHuisi, ra30TypOMHHBIX YCTaHOBOK,
PEeaKkTUBHBIX [IBUTaTe/iel, MapOCU/IOBLIX YCTAHOBOK, XOJOJW/IbHBIX MalllMH U Tel/IOBbIX HAaCOCOB.
TepMmoanHaMUUeCKW aHa/IN3 LIUKIIOB.

Ilpakmuueckoe 3aHsamue. KonnokBUyM.
CemuHap. YCTHBIN OIPOC C Lie/bl0 BbISICHEHWSI YPOBHSI 3HAaHWW CTYJIEHTOB TPYIIIbI [0 MaTepuany
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Tem 1 — 5. 3ammura pacueTHo-rpaduueckoii pabotel Ne 1. TectupoBaHue.

KonmposnbHble 8onpochbi:

1) Kakue TepMouHamMUuecKuie rapaMeTpbl OTHOCST K M3MepsieMbIM, KaKOBa UX pa3MepPHOCTh?

2) B uyem 3ak/ouaeTcsi pasuuve Mexay abco/oTHBIM M U30BITOUHBIM ZaBiieHHeM? Kakoe
JlaB/ieHHe Ha3bIBaeTCcs 0apoOMeTpUUeCKMM M BakyymMmerpuueckuMm? Kak cBsizaHbl BCe 3TH
JIaBJIeHUsT MeXy coO0i?

3) TemrmeparypHble miKasbl. Kakyto TemriepaTypy Ha3bIBalOT aOCOMFOTHOM?

4) Yto Ha3bIBalOT TEPMOJMHAMHUUYECKON CUCTeMOM U OKpYKatolllel cpefioin?

5) Uro Ha3bIBalOT TepMOJMHAMUYECKUM IPOLeCCOM, KaK MOTYT MPOTeKaTb TepMOJAWHAMUUYECKre
MpOLeCChI?

6) Kakue niporiecchbl Ha3bIBatOTCsE 00PaTUMBIMU U HEOOPAaTUMBIMU?

7) Uro Takoe TepMOoAMHaMUuecKoe paBHOBecue? Kakoe cOCTOsTHME Ha3bIBaeTCsl PABHOBECHBIM, a
KaKoe — HepaBHOBeCHbIM?

8) [aliTe ornpesenieHrie TePMOAMHAMUUECKOTO IMK/Ia. Kakre ObIBatOT IIUK/IBI?

9) Kakue criocoObl riepesiaun SHePruu Bl 3HaeTe?

10) Yrto rnoHUMarOT Mo, pabounm TesIoM TeTJIOTeXHUUeCKOTO YCTPONCTBa?

11)IToueMy B TeXHWUECKYI0 TepMOJMHAaMHKY BBeJeHO IOHATHe WzeanbHOro rasa? Ilpu kakux
YCJIOBUSIX peasibHble ra3bl MOTYT MPUOMKATHCS TI0 CBOWCTBAM K UJieaTbHbIM?

12) Chopmynupyiite 3akonbl boiins-Mapuorra, ['eli-J/Troccaka, [lapssi, ABorazpo.

13) XapakTepucTueckoe W  yHMBepCajlbHOe ypaBHeHHWe COCTOSIHMSI —HWJeaJbHOrO  rasa,
XapakTepucTHUeckKass W yHUBepCaJbHasl rasoBas NOCTOsiHHas. Du3nuecKnd CMBICT,
pasMepHOCTb.

14) IToueMy BHYTpeHHsII SHEPrUsl M SHTa/bINS WJeaJbHOI0 Tas3a 3aBUCAT TOIBKO OT TeMITepaTypbl?

15) YeM oTnmuaeTcsi MCTUHHAS TETIJIOEMKOCTh OT CpeJHe?

16) Kak u3meHsieTCs TeMI0eMKOCTb H/lea/IbHOTO ra3a C yBeJJMueHUeM TeMIlepaTyphl?

17) 3anummre ypaBHeHre Matiepa.

18) TlokasaTenb afrabaThl, KaK OH OTPe/Ie/sieTCs?

19) Chopmynupyiite 3akoH [anbToHa. /[laliTe ompejesneHue TMapLUyaibHOrO [JaBlAeHUS U
TapLuaJIbHOro 00beMa.

20)Kak onpefenuth KaXKyLIylOCS MOJIEKY/ISIPHYI0O MacCy U Ta30BYH) TIOCTOSIHHYHO CMecHu
Wjlea/bHbIX Ia30B?

21)IMoueMy Tera0eMKOCTb TPH TIOCTOSTHHOM [IaBJIeHWM Bcerja OosibIlle TerjoeMKOCTH TpU
TIOCTOSTHHOM 00Beme?

22)Yto Takoe KO3(PHULMEHT CXKUMaeMOCTH?

23) YpaBHeHue Ban-gep-Baanbca. [ yero oHO CO3/1aHO, KaKWe TOTpaBKU B HEro BXOAST M UTO
OHU 03HauarT?

24) Kakue BbIBO/JbI MOXKHO CZle/laTh Ha OCHOBaHUM aHa/v3a KOpHel ypaBHEHUs B p-vV KOOpJUHaTax?
Kakue obnacTv ¥ Kakue TOrpaHHWYHble KpHBble MOXXHO BBIJE/IUTH Ha p-V JAudarpamMme, Ha
OCHOBaHUM aHa/u3a pelleHui ypaBHeHUs: BaH-ep-Baanbca?

25)Uro mpencTaBisier co60l BaKHBIM BO3Ayx? AOCO/MIOTHAasE W OTHOCUTENIbHAsl BJIAYKHOCTD,
BJIar0CO/ieprKaHue, SHTa/bIINSA BJIa)KHOI'O BO3JyXa.

26) Kak orpeiesisitoT OCHOBHbIE TlapamMeTphbl BIaXKHOT'0 BO3/lyXa C IMOMOILIbIO i-d ArarpaMmbi?

27) KakoBa opMy/MpOBKa 1 aHaIMTHYeCKOe BbIpayKeHHe TIepBoro Havajia TepMO/IMHAMUKU?

28) UTto Ha3bIBalOT BeUHbIM JBUTaTe/ieM MepBoro poja?

29) Kakve mapamMeTpbl TepMOAMHaMUUECKOT0 Tpoliecca SIBISIOTCA (PyHKL[MeM COCTOSHUS, a KaKue
¢dbyHKUMel nporecca?

30) [Touemy paboTy u3MeHeHUs1 00beMa HeJlb3s CUATATh MapaMeTpoOM COCTOSHUS? [TokakuTe, UTO
pabora siByisieTcst PyHKI[HeH rporjecca.

31)Ilouemy oOpaTvMble TepMOJMHAMHUECKHe MPOIeCcChl Ha3bIBAIOT H/eanbHbBIMA? MOXKHO /1
OCyIeCTBUTh 0OpaTUMBINA TIpollecc Ha TpakTuke? I[IpuBeauTe TIpUMeEpbl HeOOPATUMBIX
TepMOMHAMUYeCKHX MPOL[eCCOB.

32) YUemy paBHO U3MeHeHUe BHYTPeHHel SHepruu B TepMO/JMHaMUYeCKOM LIUKJIe?

33) Urto uzobparkaeT 1IoIap 1o/ KpUBOM Mpoliecca Ha p-V [uarpaMme?

34)Kak B T-S auarpamme 110 JaHHOW KPUBOM Mpoljecca onpe/ieuTh 3Hak q U Au?

35) B kKakoM Ipoliecce Bce MO/BeZIeHHOe TeIIo WJeT Ha COBepIlieHHe pa0oThI?

36) OT Kakux napaMeTpOB 3aBUCUT BHYTPEHHSIS1 SHEPrUsi UjjeasbHOr0 U peaibHOro ra3on?

37) B uem 3ak/touaeTcst pU3NUECKUM CMBIC/T SHTA/TBITUU?
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38) Mo)kHO /i1 TIpeBpaTUTh BCIO T0/[BeZIeHHY0 B KDYT'OBOM TpOLiecce TerioTy B paboTy?

39) Kak cBsi3aHO M3MeHeHHe SHTPOIUH C TerIOTOM U abCoJTIOTHOM TeMriepaTypoi?

40) OcHOBHBIE (POPMYJIMPOBKHM BTOPOI'O 3aKOHA TePMOJUHAMUKMU.

41) Yro TaKoe TepMHUECKHH K.I1.7. [JUKJIa, MOXXET JIU OH ObITh PAaBHBIM eJJUHHULIE?

42) Onumurre obpatumbiii MK KapHo, 3anuiivTe BbIpa’keHHe [/isi ero TepMUUYeckoro K.M.J. U
NpoaHaIu3upymTe ero. MOXHO /M CO3[aThb TakOW TeIJIOBOM JBuUrareib, Yy KOTOpPOrO
TepPMUYECKUH K.I1.71. LIUK/Ia OyeT 6oJibiile, ueM y rukia KapHo?

43) B ueM 3ak/r0UaeTcsi CylIHOCTb TeopeMbl KapHo?

44)Yro Takoe oOpaTHbI 1[uKT KapHO U X0m04uibHBINA KO3hdUIUeHT?

45) CoiicTBa 00paTUMBIX 1 HeoOpaTUMBIX [UK/IOB. MIHTerpansl Knaysuyca.

46) Kak n3MeHsIeTCsl JHTPOITUS B 3aMKHYTOM afitabaTHOM cHCTeMe, ec/Ti B Held UAyT oOpaTUMble U
HeoOpaTHMBbIe MPOLIeCChI?

47) Kak u3meHsieTcst paboToCriocoOHOCTh 1 SHTPOIIHS Tela B HeoOpaTUMBIX Iporjeccax?

48) Uto 1o3BoJIAAIOT OnpefennuTh JuddepeHianbHble YpPaBHeHUs] TEPMOAVHAMUKY?

49) Kakue ycioBust SIBASIFOTCS HEOOXOAUMBIMU [I7is YCTOMUMBOTO PaBHOBECHST TEPMOJUHAMUYECKON
cucteMbl? KakoBbI yC/I0BYSI paBHOBECHS OJHOPOJHOW CUCTEMBbI?

50) B ueM 3ak/OuarOTCsl YC/I0OBUSI paBHOBECHUsS] HECKOJbKUX (a3 BemjectBa? UTo Takoe (ha30Bblit
riepexo/;, ¢a3oBasi JUarpammar

51) ®azoBas P-V guarpamma.

52) ®azoBas T-S auarpamma.

53) [IpaBuno ¢a3 ['mb6ca.

54) Kakue BeTMUMHBI MOXKHO OTpeZie/IuTh C MOMOLIbI0 ypaBHeHus1 Knaneiipona-Knaysuyca?

55) K KakuM mu3MeHeHUsIM arperaTHOrO COCTOSIHHMSI BelllecTBa NPUMEHUMO ypaBHeHUe KranelipoHa-
Knaysuyca?

56) TIpyHLUM AelCTBUS ¥ LUK Ta30TYPOMHHOMN YCTaHOBKU C M300apHBIM MTO/IBO/IOM TETIOTHI.

57) IIpyuHLun 1efCTBUS U LMK/ ra30TypOUHHON YCTaHOBKY C TIOJJBO/IOM TeIIOTHI IIPU MOCTOSTHHOM
obbeme.

58) IIpuHLMM AeliCTBUS M LIUKJT TTapOCU/IOBOM yCTaHOBKH, paboTaroiieil 1o rukiy KapHo.

59) IpuHIMI AelCTBUS U LUK TTapOCH/IOBOM yCTaHOBKH, paboTaroLeil 1o UKy PeHKuHa.

60) Cxema 1 IMKJI TTapOCU/IOBOM yCTaHOBKH, paboTaroliei 1o 1[UK/Ty PeHKHHA ¢ IieperpeBoM Mapa.

61) CxeMa ¥ LJUKJ1 SHEPreTUUeCKOW YCTaHOBKU C 51/JePHbIM PeaKTOPOM.

62) O6paTHbIH UK KapHO X0M0AUIBHON MallIMHBI.

63) Bo3ay1iHas xo/ioiWbHas MallliHa.

64) [TapoBasi KOMIIpeCCUOHHAs! X0JIOW/IbHAs Mall1Ha.

65) TerioBoii Hacoc.

Pa3zden 3. TennomaccoobmeH
Tema 7. OCHOBHbIE MOHSATHA TEOPUH TENI000MeHa

Jlekyusi. BBesieH1e B TeOPHIO TerjioMaccooOMeHa.

Paccmampueaembie  gonpocbl. OOljasi xapaKTepUCTHKa TIPOL[ECCOB  TeIIoTe/riepeHoca B
TeTIO0OMEHHBIX armapaTax TelIoTeXHUUeCKUX YCTPOWUCTB W M30JSIMOHHBIX KOHCTPYKLIUSIX.
dyHmaMeHTa/IbHbIe 3aKOHBI, YTIPaB/ISIOLIe UMU; CTIOCOOBI pacIipoCTpaHeHUs TeTUIOThI U MeXaHU3M
MX peanu3alui.

Jlekyusi. OCHOBHBIE TIOHSATHS TeOPUH TeriooOMeHa. OCHOBHOM 3aKOH TeIJIONPOBOJHOCTH.

Paccmampueaembie  gonpocbl.  IloHsiTUs, ompefeneHdss W = MaTeMaTUUeCKOe  OIMCaHue.
TemneparypHoe Mose, U30TepMHUYeCcKasi TTOBEPXHOCTb. TeroBOl MOTOK, MJIOTHOCTh TEIJIOBOTO
rnoTtoka. TemmnepaTypHbIii rpasueHT. 3akoH @ypbe. KoadduiieHT TenaonpoBogHOCTH.

Jlexyus. IndpdepeHnraabHoe ypaBHeHUE TeTIONPOBOAHOCTH.

Paccmampueaemble gonpocbl. BeiBoj muddepeHIaIbHOTO YPABHEHHST TETIONPOBOJHOCTU JIJIsT
HeCTaI[MOHapHOTO TPEXMEPHOT0 TemriepaTypHoro noJst. KoaddurueHT TemnepaTyponpoBOAHOCTH.
YCnoBusi OfHO3HAUHOCTH /11 TIPOIlecCOB  TeryiooOMeHa. 3akoH HpioroHa — Puxmana.
NuddepeHnyansHoe  ypaBHEHWe — TETUIONIPOBOJAHOCTH U1 CTAlMOHAPHOTO  OZHOMEPHOTO
TeMITepaTyPHOTO TIOJIS.

Ipakmuueckoe 3aussmue. ITicbMeHHBIN OMPOC.
Paccmampusaemble gonpocbl, 3a0aHus1, 3a0auu u m.n. ITMCbMeHHBIN ONpPOC B TECTOBOU (popme 10
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W3y4YeHHOU TeMe.

OcHogHble noHsimusi membl: CriocoObl Tiepesjaud  TeryioThl. [Iporecc eromnepesauu.
TemneparypHoe mosie. VM3oTepMuueckass MOBEPXHOCTb. TemriepaTypHbld rpajyeHT. TerioBou
notok. IInoTHOCTH TemoBoro mnotoka. 3akoH @Pypee. Ko3duimeHT TennonpoBogHOCTH.
OuddepeHLianbHOe ypaBHeHHWe TeryionpoBogHOCTH. KosdduiiveHT TemmepaTyponpoBOJHOCTHU.
YcnoBusi ofHO3HauUHOCTH. 3akKoH HbtoToHa-Puxmana. Ko3adduiiveHT TeriooTaauu.

Tema 8. OTje/1bHBIE 3aaUM CTAI[MOHAPHOM TEN/IONPOBO/JHOCTH M Telionepejauu

Jlexkyus. OTAe/bHBIe 3a/lauM CTALlMOHAPHOM TeT/IONPOBOAHOCTH U TeTjionepeayun.

Paccmampuseaemble gonpocbl. IlepeHOC TeroTsl Yepe3 IUIOCKYO OJHOCTIOMHYIO (MHOTOC/IOWHYO)
CTEHKY /Ui TpaHWYHbIX YCJOBUM T[epBOr0 W TpeTbero poja. IlepeHoc TemyioTel uepe3
LIW/IMH/IPUYECKYI0 OJHOC/IOKMHYH (MHOTOC/IOMHYIO) CTEHKY [/ TPaHUUYHBIX yCJIOBUM IIEPBOrO U
TpeTbero poga. IlepeHoc TemyoTel yepe3 IIAPOBYHO OJHOC/IOWHYIO (MHOIOC/JIOMHYIO) CTEHKY AJIsI
IPaHMYHBIX YCI0BUM NEPBOro U TpeThero poza. Kputuueckuil juaMmeTp TeNI0BOU U30JISALUH.

IMpakmuueckoe 3ausmue. PellleHuWe 3aZiau CTALMOHAPHOM TETUIONPOBOAHOCTH B TIOCKOM
OTHOC/IOMHOM ¥ MHOT'OCJIOMHOM CTEeHKax.

Paccmampueaemble 8onpocbl, 3adaHus, 3adayu u m.n. Ompoc W pemieHWe 3agau. Pacuér
KOJIMUeCTBa Teryia, Tepe/laBaeMOro TeTUIONPOBOAHOCTEI0 B OJHOCJIOMHOW W MHOTOCTIOHHOM
MJIOCKUX CTEHKaxX TIpW CTAllMOHAaDHOM pEeXWMe W TPAHWYHBIX YCIOBUSIX TIEPBOTO POJa.
Ormpe/iesieHre TeMIepaTypHOTO T10JIs B TIJIOCKOM CTEHKe.

IMpakmuueckoe 3aHsimue. PellleHue 3a/jau CTALMOHADHOM TeTuioNepejaud uepe3 TJIOCKYHO
O/THOCJIOMHYI0 ¥ MHOTOCJIOWHYIO CTE€HKHU.

Paccmampueaemble e8onpochbl, 3adaHusi, 3adauu u m.n. Omnpoc U pelieHWe 3afau. Pacuér
KOJIMYeCTBa TeIula, IepefaBaeMOro TeruionepeAadeid uepe3 OJHOCIOWHYH) W MHOTOC/IOWHYIO
IJIOCKMe CTeHKUM TIpU CTalMOHAapHOM peXHMMe U TpPaHWYHBbIX YCIOBUSIX TpeTbero poja.
OrnpeziesieHrie TeMIiepaTypHOrO MOJIS /1S IJIOCKOM CTeHKHU.

Ilpakmuueckoe 3aHsamue. PemleHune 3ajay  CTalLMOHAPHOM  TeIJIOIPOBOJHOCTA B
LIWJTMHAPUUECKOW OZJHOC/IOMHOM U MHOT'OC/IOMHOM CTeHKax.

Paccmampusaemble  gonpochkl, 3a0aHusi, 3adayu u m.n. Omnpoc W pelleHde 3afad. Pacuér
KOJIMUecTBa TeIlla, Tepe/laBaeMoro TeTIONPOBOAHOCTbI0 B OAHOC/IOMHOW W MHOT'OC/IOWHOM
LWIMH/PUYECKUX CTeHKax IIPU CTAallMOHADHOM peXHWMe U TPaHUYHBIX YC/IOBUSX IEepPBOr0 pofa.
OnpeziesieHre TeMIlepaTypHOIO T0JIS1 B LITMH/PUYECKOM CTeHKe.

Ilpakmuueckoe 3aHamue. PelleHne 3aja4  CTalMOHApHOW  TeIUlonepefiauyd  4depes
LIW/TMH/IPUYECKYIO OJJHOC/IOMHYI0 U MHOTOCJIOMHYIO CTEHKH.

Paccmampuseaembie 8onpochkl, 3adaHusi, 3adayu u m.n. Orpoc W pelleHye 3afau. Pacuér
KOJIMUecTBa Tella, IepefiaBaeMOro Terlionepeauyeid uepe3 OJHOCJOWHYIO W MHOTOCIOWHYIO
LUWIMHAPUYeCKWe CTeHKH TPU CTAlMOHADHOM DeXHMMe M TPaHUUHBIX YCJIOBUSX TPEThETrOo pOoJa.
OnpezeneHyie TeMIiepaTypHOTO TIOJS [i/ist WIMHADPHUUECKOW CTeHKH.

IMpaxkmuueckoe 3ausimue. TTogbop MaTepuana U30JSAIUY [JIs IWIMHAPUUECKON TOBEPXHOCTH.

PaccmampueaeMble 80NpocCkl, 3a6aHu;1, 3a0ayu u m.n. OHPOC M pelleHve 3a/iady. Onpe,qeneHI/Ie
PEKOMEHAYEMOI'0 3HAaUE€HUA KO3¢)C1)I/ILII/IEHTEI TEIVIOIIPOBOAHOCTHU MaTepHad/la U30/IAUOHHOI'O C/10s4
JIA HAJTMHAPHUYECKUX HOBerHOCTEﬁ.

ITpakmuueckoe 3ansimue. KontponbHas pabora.

Paccmampueaemble  8onpochbl, 3a0aHusi, 3adayu u m.n. PelleHue 3ajad  CTalMOHapHOU
TEeIJIONIPOBOAHOCTH U TeIjionepejauu uepes JIOCKYH0 U LIWIUHPUUECKYH0 CTEHKH.
Jlekyus. Tenioriepesaya yepe3 opeOpeHHYIO CTEHKY.
Paccmampueaemble  eonpocbl.  Temnnonepejaua uepe3 IJIOCKYIO OpeOpEHHYHO  CTEHKY.
Ko>ddurment opebpenusi. PacripesieneHve Temmepatyp B mpsiMmoM  pebpe. Cpezne
norapupmMuueckuii TemriepaTypHbiii Harop. Koadduiuent sddextuBHOCTH pebpa. BiusiHue
npoduniss ceueHusi U (opmbl pebpa Ha YCIOBUSI pacripocTpaHeHusi TeruioThl. KoaddwuiumeHt
TeIyI00TAaur opeOpeHHOM 1MoBepXHOCTU. [IprBeieHHBIN KOIQQULIMEHT TeTUI00TJauu.
ITpakmuueckoe 3aHsmue. PacyeT KojMuecTBa Telula, IepefaBaeMOro uepe3 IUIOCKYIO M
L[WJIMH/IPUYeCKy0 opebpeHHbIe T0BEPXHOCTH.
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Paccmampueaembie 8onpocbkl, 3adaHusi, 3adayu u m.n. Orpoc u pelleHde 3afau. Pacuer
KOJIMUECTBA TEIJIOThI TIepe/jlaBaeMoy Terioriepejaueii uepe3 opeOpeHHYH0 MOBEPXHOCTh C yUETOM
ee KOHCTpyKImu. Onpezienienue Ko3dduipieHTa opedbpeHus..

OcHoeHble noHssmusi membl: TlepeHOC TETUIOTHI Yepe3 TUIOCKHUe, [IWTMHPUYECKHEe U [1apOBbIe
OJTHOC/IONHBbIE W MHOTOCJIOMHbIE CTE€HKU [JIi TPAaHWUHBIX YC/IOBHM TEPBOIO0 U TPEThETO pOja.
Kputnueckuii [uameTp TeryioBOM u30/isiiuu. Terionepesada uepe3 opeOpeHHYHO TTOBEPXHOCTE.
Koadduiment opebpenus. koshduiieHT 3G dekTHBHOCTH pebpa.

Tema 9. HecranjuoHapHas Ten/iornpoBOAHOCTb

Jlekyus. HecraninoHapHasi TeIyionpoBOAHOCTb.

Paccmampueaemble eonpocbl. Knaccudwukauuysi 3afau  HeCTallMOHADHOW  TEeTUIONpPOBOHOCTH.
[TocTaHOBKA W pe3y/bTaThl peIIeHUs 3aZlaud  OXJIKAeHWs (HarpeBaHWs) HeOrpaHUUYeHHOMU
T7IaCTUHBI 03 BHYTPEHHUX UCTOUHUKOB TeI/IoThl. OTipe/ie/ieHre TeMIepaTyphbl TeJl OrpaHUUeHHbIX
pa3MepoB.

IMpakmuueckoe 3aHsimue. PacueT HecTal[MOHAPHBIX MPOLIECCOB TET/IOOOMeHa.

Paccmampusaembie sonpocbl, 3a0aHus, 3a0auu u m.n. Onpoc U pelieHue 3ajau. PacueT npoiieccos
HarpeBaHusi U OXJaxzeHus Tej. OrpefesieHWe cpefHell TemriepaTypbl Tejia U TemIiepaTypbl B
3a/laHHOM XapaKTepHOW TOYKe B Orpe/ie/ieHHbIi MOMEHT BpeMeHW. PacueT KosiiyecTBa TeriOThl
BpeMeHH HarpeBa Win OXJIaX/eHHs.

OcHogHble noHsamusi membl: HecTalmoHapHasi TeTIONPOBOAHOCTL. [Iporiecchl oXnaXkaeHus
(HarpeBaHMs) HeOrpaHWYEHHOM TIJIaCTUHBI. VI3MeHeHWe TemrepaTypbl Tel OrpaHUYeHHBIX
pa3MepoB.

Tema 10. KoHBeKTHUBHBIN TeI/1000MeH

Jlexkyus. KOHBeKTUBHBIN TEII000MeH

Paccmampueaemble eonpocbl. OOljyie TIOHATHS M OIpefieNieHUsi, CBOOOAHAs M BBIHY)K[eHHast
KoHBeKLus1. KoagduiieHT Terootaaun. MexaHusM repeHoca TeIUIOThl U KOIMYeCTBa ABWKEHUS B
JBrKyl1elics cpefie. OCHOBHbIe (aKTOPbI, BAKSIOIIME HA UHTEHCUBHOCTD Teruionepeaun. PexXuMel
JIBIOKeHus cpefibl. [IuddepeniianbHOe ypaBHeHHe TeTI0O0TAauM.

.HeKl{llH. MaremaTrueckasi IOCTaHOBKA 3a/la4 KOHBEKTUBHOI'O TeryioooMeHa.

Paccmampueaemble  8onpocbl.  YpaBHeHUsI 3SHEpPruy, [BWKEHUs, CIUIOLLIHOCTUA. Y CJIOBUS
O/THO3HAYHOCTH [I/1s1 3a/lau KOHBEKTUBHOTO TeTI00OMeHa.

ﬂeKL{UH. OCHOBHBIe TT0/I0>KEeHUST Teopun HO,E[06I/IH.

Paccmampueaembie gonpocbl. TTogo0HbIe siByieHMs. Knaccudukarusi TporieccoB TeryiooOMeHa.
YcnoBuss mofobus. Teopembl mozoOus. MeTofpl WCCAeIOBAHUS SIBJIEHUM KOHBEKTHUBHOT'O
TeryI000MeHa: aHaIMTUYeCKUH, YMCTeHHBIN, SKCIIepPUMeHTa/TbHBINA. [locTaHOBKa 3KCIIepUMEeHTa U
000011IeH1e OTIBITHBIX JJAHHBIX MeTO/IOM 1o100us1. [TosTyueHre SMIMPHUUECKHUX PACUETHBIX (hOPMYIIL.

Jlexyus. Kpurtepuu rogobust.

Paccmampueaemble eéonpocbl. YCIOBUSL THAPOAWHAMUYeCcKOro mofobus — kputepuu Ppyna,
Oiinepa, PeitHosnbaca u I'pacroda. YcoBus TemioBoro nogobusi — kputepur ®ypoe, [lpavaris u
Hyccenbra. Ompepensiomiie U onpefessemMble  Kpurepud. KpurTepuasbHble  ypaBHeEHUS.
Omnpegensitomyii pasmMep U Temreparypa. [IpumMeHeHHe Teopuu TM0J00Ms B peIIeHHM 3a/au
KOHBEKTHBHOTO TeTyioobMeHa.

Jlexyus. KoHBEeKTHUBHBIN TersioobMeH B ofiHO(a3HOH cpejie.

Paccmampugaembie gonpochbl. TIoHSTHE O TIOrpaHUYHOM Cjioe. I'MapoanHaMuyeckas 3aziaya Mpu
TeUeHUM >XUJKOCTH BJOJIb TJIACTHUHBI. TeryiooTadya Mpu BLIHY>K€HHOM TPOAOJILHOM 00TeKaHU!
MacTUHBL. TeruiooTAaua MpU BBIHYKAEHHOM JBW)KeHUM cpefbl B TpyOax. 'upoauHaMudecKui
aHaju3, TerUio0TAaua: MpHy JIAMUHAPHOM BA3KOCTHOM M BSI3KOCTHO-IPaBUTALMOHHOM peXXKuMe, Mpu
TIepexoHOM peKUMe.

IMpakmuueckoe 3aHamue. PacueT rporjecca TerIOOTJAud IMPU BbIHYKAEHHOM IPO/0JIHHOM
00TeKaHUM TIaCTUHBL.

PaccmampueaeMble 80NpoCkl, BGaaHUH, 3a0ayu u m.n. OHPOC M pelieHuve 3a/au. OHPE,[[QIIEHI/IE
KOE)(I)(I)I/IL[I/IEHTEI TEIUVIOOTAdYH B YCJIOBUAX BBIHyMEHHOI‘/JI KOHBEKLIUU TIpU TIPOAOJ/IbBHOM o0TekaHun
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T/1aCTHUHBI.

ITpakmuueckoe 3aHsimue. PacueT mporjecca TeryioOTAaYd TPU BBIHY)KJEHHOM JIBHDKEHUH
cpesibl B TpyOax.

Paccmampueaemble gonpochbl, 3a0anusi, 3a0ayu u m.n. Ompoc u pelieHue 3afad. OnpeneneHue
KO3 PHIMEeHTa TEIVIOOTJaul B YC/IOBUSX BBIHY)KIEHHOM KOHBEKL[UM TP TEUEHUU KUIKOCTH
BHYTpU TPYO.

IIpakmuueckoe 3aHsimue. PacueT mpoliecca TeTyIOOT/Aauu MU TeYeHWH Cpelbl B HEKPYTJIbIX
KaHasax.

Paccmampueaemble 8onpocbl, 3adaHusi, 3a0ayu u m.n. Oripoc u perieHue 3ajau. OripefeneHue
KO3 dHILIMeHTa TeIyIOOTJaud B YC/JIOBUSAX BBIHY)KJEHHOW KOHBEKIMM TIPU TEUEHUM >KUIKOCTU
BHYTPH KaHaJIOB HEKPYTJIOTO ceueHus. PacueT 3KBUBa/IEHTHOTO [UaMeTpa.

IMpakmuueckoe 3aHamue. PacueT Tiporiecca TeTUIOOTAAud TIPM BHEIIHeM OOTeKaHUHU
O/TMHOYHBIX I[U/IUH/IPOB.

Paccmampusaemblie gonpocbl, 3a0aHus, 3adauu u m.n. Ompoc U pelieHWe 3ajad. OnpefesieHue
K03 pHLIMeHTa TETIOOT/IauM B YC/IOBUSIX BBIHY)K/I€HHOH KOHBEKIIMHU TPU TMOTIEPeUYHOM 00TeKaHU!
LWIMHZpA.

IMpakmuueckoe 3aHsamue. Pacuet rpoijecca Tero0TAauu MpyU BHeIIHeM 00TeKaHUU TPyOHBIX
TMyYKOB.

Paccmampusaemble gonpocbl, 3a0aHus, 3adauu u m.n. Onpoc U peleHue 3ajad. OmnpefeseHue
K03(HUIMeHTa TerI00T/Aaur B YC/IOBUSX BBIHYK/IEHHOM KOHBEKLIUH TIPH TTOTIEPEYHOM O00TeKaHUH
IIIaXMaTHOTO ¥ KOPUJOPHOTO My4KoB Tpy0. Pacuet cpesiHero ko3 durrieHTa TeraooTAauu.

Jlekyus. TeriooTgaua 1py CBOOOJHOM TETIIIOBOM KOHBEKI[UH.

Paccmampueaemble  gonpocbl.  Ternootsada 1ipu  CBOOOJHOM — TeIIOBOW  KOHBEKLUM B
HeorpaHMUeHHOM TPOCTPaHCTBe: B/I0JIb BePTUKA/IbHOW CTE@HKH, OKOJIO TOPU30HTA/IbHBIX IJIACTUH U
Tpy0. Teryootaaua npy cBo60{HOM KOHBEKIMY B OTPAHUUYEHHOM MTPOCTPAHCTBE.

IMpakmuueckoe 3aHsimue. PacueT mporjecca TelyIOOTAAYM TPH CBOOOAHOV KOHBEKIUH B
HEOrPaHUUEeHHOM TPOCTPAHCTBE BI0/Ib BEPTUKATbHON CTEHKH.

Paccmampueaemblie 8onpochbl, 3a0aHusi, 3adauu u m.n. Ompoc u peieHWe 3aza4. OmpeeseHue
Kod(pulMeHTa TeryiooTaud B yCAOBUSAX CBOOOHOW KOHBEKLIMW TIPU [BWKEHWH Cpelbl BOJb
BepTHUKa/IbHOW CTEHKH.

IMpakmuueckoe 3aHsmue. PacueT Tmpoljecca TeIyioOTJaud IMpU CBOOOJHONW KOHBEKLUW B
HEOTPAaHUUEHHOM  TIPOCTPAaHCTBE  OKOJIO TOPU30HTANbHBIX IIJIOCKUX U LWIWHIPUYECKUX
TOBEPXHOCTEH.

Paccmampueaemble 6onpocbl, 3adaHusi, 3adauu u m.n. Ompoc u pellleHue 3aziad. OnpejeneHue
K03 duileHTa TeTIo0TJaul B YCIOBUSX CBOOOJHOW KOHBEKI[UW TPH ABWKEHWM CpPeJbl OKOJIO
TOPU30HTA/ILHBIX TUIACTHUH U TPYO Masioro v 60JIBIIIOro JUaMeTpOB.

IMpakmuueckoe 3aHsmue. PacueT Tpoljecca TeIyioOTJaud IMpU CBOOOJHONW KOHBEKIUW B
OTrpaHUYeHHOM MPOCTPAHCTBE.

PaCCMampueaeMble 80NpocCkl, BGaCIHLlH, 3a0ayu u m.n. OHPOC W pelaeHre 3ajau. OHpe,ZleJ'IEHI/Ie
KOE)(I)(i)I/IL[I/IEHTa TEIvi00TAd4u B YCJI0BUAX CBO6O,E[HOI‘/JI KOHBEKLIMM B OT'PAHUUEHHOM IMPOCTPAHCTBE:
MeXy BePpTUKA/IBHBIX IMapa/lJIeJIbHBIX IVIACTUH U B KOJIBLIEBOM KdHaJle.

Jlexyus. TeriooOMeH TPy KUTIEHUH >KAKOCTH.

Paccmampusaembie gonpocbl. TemnepaTypHbli Hamop. PeXWMbl KWUIEeHHWs: MY3bIPDbKOBBIA U
TJIEHOYHBINA. MexaHu3M napooOpa3oBaHus U TeryiooOMeHa TpH My3bIPKOBOM KUTIEHUH B OOJIBIIIOM
obbeme. Pexxumbl kumenusi B Oosbiiom oObeme. KpuBasi kumenusi. fIBjieHre Kpu3uca KUIEHUS.
O06o001eHHOe ypaBHeHHWe [Jisi pacueTa TeIuIOOT/aud TIPH My3bIPbKOBOM KHITEHWU >KUAKOCTA B
OosbiioM oO6beMe. PakTOphI, BAWSIOMIME Ha KOI(DGUIMEHT TEeryIOOTAAuM TPU IMy3bIPHKOBOM
KUTIeHnu B O0sibiioM o0bemMe. OcobeHHOCTH TemyiooOMeHa NP KUTIEHWH KUJKOCTH BHYTPU TPYO.
Crpykrypa [Byx(a3HOro MoTOKa. 3aBUCUMOCTb KO3((duijMeHTa Terao0Tjaud OT CKOPOCTH U
IJIOTHOCTA TeIJIOBOTO IOTOKA. Pacyer TennooTAauu Npy Iy3bIPBKOBOM peXUMe KWIIeHUSl B
YC/IOBUSIX BBIHYK/IEHHOM KOHBeKIMM B TpyOax. OcobeHHOCTHM TeriooOMeHa TpH KWITeHWH Ha
IMy4YKaX TOPU30HTA/IBHBIX TPYO.
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IMpakmuueckoe 3aHsamue. PacueT Tiporiecca TeryiooOMeHa TP KWUIEHWM >KUAKOCTH B
6omb1I0M 00BEMe.

Paccmampueaemble gonpocbl, 3a0aHusi, 3adayu u m.n. Oripoc u pemieHue 3ajau. OripeeneHue
KO3(h}HLeHTa TerUIoOTAaul TIPH KWUIIEeHWW JXUIKOCTH Ha TIOBEePXHOCTH TPyD M Ha MyuyKax
rOPH30HTa/IBHBIX TPYO.

IIpakmuueckoe 3ausimue. PacueT Tipoljecca TernjiooOMeHa TIpY KUIEHWU >KUAKOCTH B
OrpaHUYeHHOM O0BeMe.

Paccmampuseaemble gonpocbl, 3a0aHusi, 3adayu u m.n. Orpoc u perieHue 3ajau. OripezeneHue
K03 HLHeHTa TeIUIOOTAauu TIPH KUTIEHUH YKUAKOCTH BHYTPH BePTHUKA/TBHBIX U TOPU30HTAIBHBIX
TpyO.

Jlexyus. Terioo6MeH Ipy KOH/eHCALMK T1apa.

Paccmampueaemble gonpocbl. OOIye TIpe/CTaB/IeHUs] 0 MeXaHW3Me KOH/IeHCAI[UW Tapa. Buer
KOH/leHCaluy. PelieHue 3aiaum TeryiooOMeHa IpY TIJIEHOUHOW KOH/IeHCAL[UM HeTIOBI)KHOTO Tlapa
Ha BepTHKAlbHOM CTEeHKe W TOpPHU30HTA/IbLHOM TpybOe. BimsHue pa3nuuHbIX (aKTOPOB Ha
MHTEHCHUBHOCTb TeIJIOOTAAuu TpU KOHAeHcauuy mapa. OcoOeHHOCTH TJIEHOYHOM KOH/eHCALUu
JIBIDKYIIero rnapa BHyTpH Tpy0. TeruiooTaaua npy KOHJeHCAl[MU Ha TMyuKe TOPU30HTaIbHbIX TPYO.
MexaHU3M U Teryio0OMeH MpH KarleabHON KOHeHCal[|h.

IMpakmuueckoe 3aHsimue. PacueT Tiporjecca TeruiooOMeHa TMPH KOHZEHCAI[UM Tapa Ha
TOPU30HTA/ILHBIX LITMHAPUYECKUX TTOBEPXHOCTSIX.

Paccmampueaembie eonpochkl, 3a0aHusi, 3a0auu u m.n. Onpoc u pelieHue 3ajad. OmnpepeseHue
Ko3(pduijMeHTa TerviooTAaud TMpU KOHJEHCAl[Md TMapa Ha T[IO0BepXHOCTU TOPU30HTATbHOM
OJTMHOYHOM TPYOBbI M TOPU30HTA/ILHOM TTyuKe TpyO.

ITpakmuueckoe 3aHsmue. Pacuer mporjecca TeryiooOMeHa NMpY KOHJEHCAIUX Tlapa BHYTPH
TPYyOBI.

Paccmampueaemble 8onpocbl, 3adaHusi, 3a0ayu u m.n. Oripoc u peiieHue 3ajau. OripefesnieHue
K03 dUIIMeHTa TeTIO0T/AauM MPU KOH/IeHCAIWY T1apa MpH IJIEHOYHOM KOH/IEHCAIIMi BHYTPH TPYO.

IMpakmuueckoe 3ausmue. OCHOBBI TETVIOBOTO pacyeTa pPeKyIepaTHUBHBIX TEeTI000OMeHHBIX
anrmaparos.

PaccmampueaeMble 80Nnpochl, 3aaaHu51, 3a0auu U m.n. OHpOC n penieHue  3a7a4.
Fpaq)oaHaJII/ITI/IIJECKI/Iﬁ MEeTO/[, OoIipefesieHud TeMIlIepaTypbl IIOBEPXHOCTU CTEHKH dIllldpdTa U
ITIVIOTHOCTH TEIlJIOBOI'O ITOTOKA.

Tema 11. OcHOBBI TeOpUHM MACCO0OMeHa

ﬂexqun. OcCHOBEI TeOpHu MaccooOMeHa.

Paccmampueaembie eonpocbl. OrnipefiesieHWe, Ha3HaueHWe W KIacCUPUKAIUsg MacCOOOMEeHHBIX
riporieccoB. MorekysipHasi, 1 KOHBeKTUBHas1 fuddy3us. KoHieHTparus maccel. I[losie u rpajueHT
KOoHLleHTpauuu. [lepBbiii 1 BTOpoi 3akoHbl Puka. KoadduimeHT MonekynsipHoit aud@y3uu.
Tepmoguddysus. AuddepeHianbHoe ypaBHeHUe TerioMaccoodmeHa. Juddy3roHHbIe KpUTEPUU
rozio0us.

HpaKmLMECKOE 3auamue. Pacuet nmponeccoB TeIIoMaccooOMeHa.

Paccmampuseaemblie 8onpochbl, 3a0aHusi, 3adauu u m.n. Ompoc u pelieHWe 3azad. OmpegeseHue
rapaMeTpOB IpoL{ecca TeryioMaccoobMeHa MeK1y BOJIOM U BJIa>KHBIM BO3ZyXOM.

OcHogHble noHamus membl: Knaccudukauuys riporjeccoB maccoobmena. MosneKynisipHas U
KoHBeKTMBHasg [uddysus. [losme W rpajveHT KOHLEHTpalMd Macchl. 3akoHbl Duka.
Tepmoanddysus. JuddeperuyansHoe ypaBHeHHe Teriomaccoobmena. [Juddy3roHHbIe KpUTEPUH
noo06usl.

Tema 12. Tenyio00MeH H3/TyYeHHEM

Jlekyusi. JIyurCTBIN U CJIOXKHBIA TEMI000MeH.

Paccmampueaembie gonpocbl. TemioBoe u3nyueHue. bamaHc nayuuctoit sHeprud. OCHOBHBIE
3aKOHBI TeIJIOBOTO M3/1ydeHus: 3aKoH IlnaHka, 3akoH BuHa, 3akoH CrecdaHa-bosbliMaHa, 3aKOH
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Kupxroda. TerioobMeH H3yuyeHHeM MeXIy ABYMs TapasuieNlbHbIMUA TOBEPXHOCTSMU U MEXIY
TBep/[bIMHU TeJlaMU NTPOM3BOJIbHON (hopMbl. CII0XKHBIN TeryioooMeH.

ITpakmuueckoe 3aHsamue. PacueT rporjeccoB TersiooOMeHa Ipy TeIJIOBOM U3/TyYeHHH .

Paccmampueaemble 8onpocbl, 3adaHusi, 3a0ayu u m.n. Ornpoc u pelieHue 3ajau. OripefesneHue
TJIOTHOCTH JTyUYHUCTOTO TEIIOBOTO TMOTOKA TPOLIECCOB TeIyIo0OMeHa U3TyuYeHHeM MEXIY TelaMH,
pa3/iesieHHbIMHY TIPO3pauHOl CpeJoi.

OcHogHble noHamus membl: TeryioBoe n3nyuenre. CrnoXkHbIN TeryiooOMeH. 3akoHbl [11aHKa,
Buna, Ctedana-bonbiiMana, Kupxroda.

HpaKmuueCKoe 3daHsamue. KOJI]IOKBI/IyM.

Paccmampueaembie gonpochbl, 3adaHusi, 3ada4yu u m.n. VIToroBoe TeCcTUpOBaHHWe TI0 MaTepuany 2
pasziena C 1ieJibi0 BbISICHEeHUsI YPOBHSI 3HaHUU CTY/IeHTOB.

4. YHEBHO-METOJUYECKOE OBECIIEHEHHWE
/I CAMOCTOATE/IBHOU PABOTBI OBYYAIOHINXCH

CamocrosiTenbHasi pabota cryseHToB (CPC) BK/IIOUaeT cieAyrolye BUbl paboT:
npopaboTtka (yrsyOsieHHOe H3yueHWe) JIeKIIMOHHOTO Marepuana, paboTa C KOHCITIeKTaMHU
JIeKIUH;
paboTa C OCHOBHOM U [IOTIOJTHUTE/ILHOW JIUTEPATyPOH;

MO/IOTOBKA K MPaKTUUYECKUM 3aHSITHUSIM;

MO/IFOTOBKA K YCTHOMY U MHCbMEHHOMY OIMPOCY U TeCTHPOBAHUIO;

MO/ITOTOBKA K KOHTPOJIbHOM paboTe;

yTeHHe U TIpopaboTKa peKOMeHZI0BaHHOM OCHOBHOM U JIOTIOJTHUTE/ILHOM JTUTepaTyphl;
MOATOTOBKA K TeKylieMy (KO/JIOKBUYM) W HWTOTOBOMY (TIPOMEXYTOUHOM aTTecTaluK)
KOHTPOJIIO 3HAaHWH 10 AUCLIUTIMHE (9K3aMeH).

Paspen 1.

BeironHenne M 3amuTa pacueTHo-rpaduyeckoil pabotel Ne 1 «Pacuer u rpaduyeckoe
MOCTPOEHNEe TepMO/JMHAMUYeCKUX TPOLIeCCOB BOZSIHOTO Mapa Y BJaXXKHOTO BO3JyXa» (KOHTPOJIbHAs
paboTHI — /71T CTY/IEHTOB 3a04HOM (POPMBI 00yUeHUs]).

Paspen 2.

BrbinonHenne U 3amuyra pacyetHo-rpaduueckoit pabotel Ne 2 «OnpezeneHve kKo3dduiieHTa
TEeIJIOOTAAYM TPU KOHBEKTHBHOM TeljilooOMeHe /Jisi pa3/MyHbIX DPEXWMOB BBIHY)KIEHHOW U
CBOOO/IHOV KOHBEKL[UM» (KOHTPOJIbHAsE PA0OTHI — [/l CTY/I€HTOB 3a04HOM (POPMBI 00yUeHUsT)

AyputopHass U BHeayguTopHass CPC BbINOMHSETCS B COOTBETCTBUUM C METOLUYECKUMU
yka3zanussmu — Capaiikuna W.I1. TepmoguHamMuKa U TeryioMaccoooMeH: MeTouueckre yKa3aHus 110
u3yuenuto aucuuruivbbl / W. T1. CapatikuHa. — [TetponaBnoBck-Kamuarckuii: Kamuatl'TY, 2018. —
73 c.

=]

5. ®OH/] OLIEHOYHBIX CPEJCTB [Ij1s IPOBE/JJEHUS
IIPOMEXXYTOYHO ATTECTAIIY OBYYAFOIINXCS IO JUCIIATIIAHE
(3K3AMEH)

5 cemecTp

1. TepMoavHaMHuecKre MapaMeTpbl COCTOSTHUS Tena (cucteMbl). IHTeHCUBHBIE U 9KCTEHCUBHbBIE
rapamMeTpbl COCTOSIHUS. Y le/IbHbIe NapaMeTphbl.

2. TemmnepaTypa Kak OJWH U3 OCHOBHBIX TepMOJWHaMUYeCKUX IapameTpos. Illkana Llenbcus u
KenbBrHa.

3. AOcomoTHOe [aBjieHWe W yZAedbHbIE 00beM KaK OJHU W3 OCHOBHBIX TepMOJMHAMHUYeCKUX

rapaMeTpoOB Bell|ecTBa.

TepMmoguHaMuueckass cUCTeMa U TepMojvWHamMuyeckuii Tmipouecc. CoCTosiHMe paBHOBECHS

TePMOJMHAMUUECKON CUCTEMBI.

W peanbHbli ra3. 3akoHbl boitisg-MapuoTra, I'eli-JItoccaka, [lapisi.

W peanbHblii ra3. YpaBHeHMe COCTOSIHUS W/ieanbHOro rasa. ['azoBasi mocTosiHHas.

3akoH ABorazpo. Mosb BelllecTBa.

YHuBepcanbHas ra3osas rocrossHHasi. IlocrossHHas bosblmana.

Ca

PN U
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.

43.

44.
45.
46.
47.
48.
49.
50.

W peanbHblii ra3. TepMogrHaMUUecKre AvarpaMMbl UeasbHOIO rasa.

. CocTaB cmecu: MadCCOBasi, MOJIbHad A0Jid 1 o0BemMHas A0JI1 KOMIIOHEHTd. Cmecu naeajabHbIX

ra3oB. 3akoH /lanbToHa.

CpefHsisi U ICTUHHAS TeIJI0eMKOCTH. MaccoBasi, MO/bHasi U 00beMHasi TerI0eMKOCTH.

TersioTa u paboTa. 3aKOH COXpaHeHUsI U TIpeBpalleHNsT SHePTHH.

BHyTpeHHsist 3Heprusi. Pabora paciivpeHusi.

DOopMyJIMPOBKH [1EPBOr0 3aKOHA TEPMOJMHAMUKHU.

YpaBHeHus 1epBOro 3aKOHa TepPMOJUHAMUKHU.

OHTa/IbIUA.

N3oxopHas 1 n300apHasi TeII0EMKOCTh. Y paBHeHre Maiiepa.

YpaBHeHue TepBoro 3aK0Ha TePMOAWHAMUKHU [I71s1 TIOTOKaA.

TepmoarHamMuyeckuit UK. [1psiMoiil v 06paTHBIN TepMOJUHAMUYECKHE [UKIIBL.

Llukn TerioBoro aBurarens. PaboTa uka.

Tepmuueckuy KII/I nyKia TenioBoro ABUraTesis.

OO6paTuMble ¥ HeOOpaTUMBbIE TIPOIIECCHI.

@®opMyJIMPOBKHU BTOPOT0 3aKOHA TePMOJUHAMUKMU.

Hwkn KapHo TerioBoro gsuraresis B p,v-guarpaMmme U B s, T-ruarpamme.

Tepmuueckuii KIT/I iinkna KapHo. Teopema KapHo.

OOpatuMblii ¥ HeoOpaTUMBIM TepMOAWHAMUYeCKHWe LUK/Ibl. BHeMHsAs U BHYTPeHHss
HeoOpaTUMOCTb.

OuTponusi. AfrabaTHbBIN 00paTUMBIH TTpoLiecc.

V3MeHeHre 5HTpONMM B Mpolieccax MOJBOJA W OTBOJA TEIJIOThl. VI3MeHeHMe SHTpOINWH B
HeoOpaTUMBIX TpoLjeccax

Tepmuueckuii KI1/] obparumoro u Heobpatumoro 1juknoB KapHo. KoadduiiveHT 3aronHeHys.
s,T-auarpamma U ee cBoicTBa. TepMoArHaMHUUYeCKre LUKIbI B S, T-ArarpaMme.
TepMmoauHaMHUuecKrie CBOWCTBA peasbHbIX Ta30B. p,v-AuarpaMMa. dakTop CKMMaeMOCTH U Z,p-
Jiyarpamma.

®a3oBas p,T-auarpamma. ¥ cioBus a3oBoro paBHoBecus. [IpaBusio da3 I'nb6ca.

YpaBuenue KinaneiipoHa-Knaysuyca.

YnenbHbli 00beM, 3HTaNbMNMsS U SHTPOMNMS BOJbI, BAKHOIO, CyXOrOo HAaChIEHHOTO U
rieperpeToro napa. Tabuiibl CBOMCTB BOASIHOTO Mapa. s, T-AuarpaMma Jijist BOASIHOTO Tapa
CKOpOCTb MCTeueHMs] W3 CY’)KMBaIOLLerocs comia. MakcumaZbHbIM pacxof, U KpUTUUecKas
CKOPOCTb.

3aBUCHMOCTb CKOPOCTH M pacxofa rasa yepes COILVIO OT OTHOLIEHWs] KOHeYHOr0 Y HayaabHOIo
naBnenui. Coruio JlaBass.

CxeMma, IIUK/T ¥ TEpMHUECKUH KO3(DPUIIMEHT MOIe3HOTO AeHCTBUS Ta30TyPOUHHON yCTaHOBKH C
1300apHBIM TT0/IBO/IOM TETUIOTHI.

CxeMa ¥ [IMK/I ¥ TEPMUUECKUH KOI(PPUIIMEHT T10/1e3HOTO /IeHCTBUS Ta30TyPOUHHON yCTaHOBKU
C MO/IBOZIOM TETIOTHI TIPH MIOCTOSTHHOM 00beMe.

CxeMa M LMK/ TApOCHIOBOM YCTaHOBKH, pabotaromieid mo uukay KaprHo. Tepmuueckuii
K03 dULIMeHT Mo/Ie3HOr0 /1eHCTBUSI.

CxeMa ¥ I[MK/I MAapOCWIOBOW yCTAaHOBKH, pabotaroiieil 1o mukay PeHkuwHa. Tepmuueckuit
KO3(phUI[eHT T10/Ie3HOTO IeUCTBUSI.

CxeMa M 1MKJI TAPOCUJIOBOM YCTaHOBKH, paboTarolreii 1o UKy PeHKHHa C rieperpeBoM Tapa.
Tepmuueckuii KO3(PHUIMEHT T10/Ie3HOTO AeUCTBUS.

3aBUCHMOCTh BeJIMYMHBI TEPMUUECKOr0 KO3 UIeHTa TMO0JIe3HOro [IeHCTBUs LMKia PeHKHHa
OT 3HaYeHWM NapaMeTpPOB BOJASIHOTO Mapa (JaBjeHUs B KOH/eHCaTope, Haya/lbHbIX NlapaMeTpOB
rapa Ha BXo/ie B TypOuHY).

CxeMbl ¥ LIMKJ/IbI TTAPOCU/IOBBIX YCTAHOBOK C YXYZLIEHHbIM BaKyyMOM, C NPOTHMBO/IAB/IEHHUEM U
¢ TypbuHoii c oTbopoM mapa.

Cxema U LMK/ 3HepreTUUeCKOM YCTaHOBKHU C s1/lePHBIM PeaKTOPOM.

O6parHbIi UK KapHO X0/10JW/TbHOM MallluHBI.

BospyiiHas xonoauibHas MallvHa.

[TapoBasi KOMIIpeCCHOHHAas! X0JIOANU/IbHAs MalllHa.

TenioBoM Hacoc.

[Tapos)keKTOpHast X0JI0AW/IbHAS MalllHa.

AGcopbrrioHHast XO0AWTbHAs MallliHa.

19



R e

© o N

10.
11.

12

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25

27.
28.
29.
30.
31.
32.

33.
34.

6 cemecT

OcHOBHbIE TIOHSATUSI W OTpefie/ieHUs] TeOpUH TerioMmaccoobMeHa. [To/IHBIM TeryIOBOM IMOTOK,
y/ieJTbHBINA TETIOBOM IMOTOK, TeMIlepaTypHOe T1oJjie, TpaJueHT TeMIiepartyp.

OcHoBHbIe BU/IbI TeTiooOMeHa. CI0XKHBIM TErI000MeH.

OcobeHHOCTH TEIJIONPOBOJHOCTH B ra3ax, »KUAKOCTSIX, TBEPAbIX TesaxX. 3akoH dypre.

BriBoa auddepeH1MaIbHOTO YpaBHEHUs TeTI/IONPOBOAHOCTH.

AHanu3 ypaBHeHus1 Dypbe [I71s1 TpeXMepPHOr0 HeCTal[MOHAPHOT'0 TeMIepaTypHOTO MOJIsl.
TemnepaTyponpoBOAHOCTL  Tena.  Dusuueckuid  cmbica.  3HaueHUs  Ko3dduieHTa
TeMIepaTypONpOBOJHOCTH [/l MeTasl/IoB, I'a30B.

YacTtHele cnyyau guddepeHIMagbHOT0 YpaBHeHUs TerJIONPOBOJHOCTH.

IuddepennmanbHble ypaBHEHHS TETUIOTPOBOAHOCTU B IW/IMH/IPUUECKUX KOOP/IMHATAX.
YcioBUst OIHO3HAUHOCTH, HeoOXoAuMble s perneHus: aAuddepeHIMaNbHOTO ypaBHEHUS
TEeTIONPOBO/HOCTH.

['paHMuHBIE YCJIOBUS TTEPBOTO ¥ BTOPOTO PO/ia, TPETHETO Y YeTBEPTOTO POZA.

3akoH HeloToHa - Puxmana. @usnyeckuii cMbici Ko3¢hduiiveHTa TerjiooTAauu.

. TenIonpoBOAHOCTL Yepe3 OJHOC/IONHYI0 TUIOCKYH) CTEHKY IpU CTalMOHAPDHOM DeXuMe U

rPaHMYHBIX YCIOBUSX MepBOro poza. BeiBos hopmy bl

TennonpoBoAHOCTL Uepe3 MHOTOC/AOWHYHO TUIOCKYH) CTEHKY IIPU CTaljMOHapHOM DeXHUMe U
rPaHMYHBIX YCIOBUSX NepBOro poza. BeiBos hopmybl.

BHyTpeHHee TepmHuecKoe COMNpPOTHB/EHHWE T[JIOCKOTO C/0Si U TIOJHOE TepMHUYecKoe
COTIPOTHBJIEHWE MHOTOC/TOMHONM TIJIOCKOM CTeHKU. TemrmepaTypHbli rpaduK HW3MeHeHHs
TeMIlepaTyphbl [/ MHOTOCJIOMHOM CTeHKU.

TeronpoBoAHOCT, uUepe3 OJHOCIONHYI LIMIMHJPUYECKYI0 CTeHKy. BbiBoj ¢GopMyJibl.
JIvHetiHasi IJIOTHOCTH TETJIOBOTO TIOTOKa.

TernornpoBoAHOCTb Yepe3 MHOTOC/IONHYHO LIWTMHAPUYECKYIO CTeHKY. BbIiBo hopMyibL.
Terionepejaua Kak CJIOKHBIM BUJ TeryiooOMeHa. [IpyiMepsl Teriorniepejaud B XOJIOAWIHHOM
TeXHUKe.

BriBog, hopmy bl AJis1 pacueTa KOJMUeCTBa Terlya Mpu rnepejiaye uepe3 OJHOCTIONHYO MI0CKYHO
CTEeHKY MPU IPAaHUYHBIX YCIOBHUSX TPEThEro poja.

OOrmee ypaBHeHue Teruionepesaur. CyMMapHOe TepMHUYeCKOe COTPOTHB/IEHHME TIpoLiecca
terionepesaun. KosdduieHT Tersonepeaauu.

[Tepenaua Tera uepe3 MHOTOC/IOWHYIO TJIOCKYO CTEHKY IPHU TPAHUYHBIX YC/IOBUSIX TPETHETO
poza. BeiBog, popmyiibl.

[Tepesaua Teruia uepe3 OAHOCIOWHYHO LIWIMHAPUYECKYIO CTEHKY TPU T'DaHUYHBIX YC/IOBUSIX
TpeTbero pojia. BeiBog popMyJibl.

JIvHeliHOe TepMHUeCKOe COTIpOTHBIeHue. JInHeliHbIN Ko3(duLueHT Teronepeauu. JInHeliHas
TJIOTHOCTD TEIJIOBOTO MOTOKa.

[Tepesaua Teria yepe3 MHOTOC/TIOMHYIO LIWIMHAPUYECKYIO CTEHKY MPH T'PAHUUYHBIX YC/IOBUSIX
TpeTbero pojia. BeiBog popmyJibl.

AHanu3  ¢opMysibl  TIOJTHOTO  TEPMMUYECKOrO  COTNPOTUB/IEHHS /IS  W30JMPOBaHHOTO
TpybonpoBoa. Kputrueckuii AuiaMeTp U30JISLUH.

. [yt nHTeHCMUKaLMY TIpoLiecca Terionepejayn.
26.

Temnootgaua ¢ opebpeHHOM MoBepxXHOCTH. BriBog hopmynbl. KosdduimeHnT 3¢ dheKTuBHOCTH
pebpa.

Temioniepesjayua  yepe3 opeOpeHHYIO TIMOBePXHOCTh. BbiBoag dopmynbl.  KosdduimeHT
opebpeHusl.

KOHBeKTHBHBIM TerniooOMeH B OFHOPOAHOU cpezse. CBOOOAHAS U BBIHYXK/I€HHAsh KOHBEKLIMSL.
Kos¢duimentT terootaaun. Ero 3aBUCMMOCTE OT pa3/WyHbIX XapaKTEPUCTUK Y BeJTMUMH
MeTogp! onpesiesieHUs TEIUIOOTAuU - aHAIMTUYECKU 1 SKCIlepUMeHTa/IbHbIN. JloCTOMHCTBa U
He/I0CTaTKU.

Teopwust morpaHuuHOro c/10s1 [IpaHATAs [J1 pacCMOTPeHUs 3a[jau KOHBEKTUBHOTO Terjioo0MeHa.
Maremartrueckoe ornrcaHie KOHBEKTUBHOTO TeIsIo00MeHa.

OcHoBbl Teopuu TmoAo06usi. IlomobOHble siBieHusi. OHOpPOAHBIE BeMMUMHBL. CXO/CTBEHHBbIE
ToukH. CXO/ICTBEeHHbIe MOMEHTHI BpeMeHH. KOHCTaHThI To100us1.

Kpurepun nogobusi. Onipezensitoipe Kpurepun. OnpeesnsieMble KDUTEPUH.

Tpu TeopeMsI ToA00USI.
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35.

36.
37.
38.
39.

40.

41.
42.

43

45.

46.

47.

48.
49.

50.

IMpuBenenue, quddepeHIMaTbHBIX YPaBHEHHUH, OMUCHIBAIOIIMX KOHBEKTHBHBINA TEIJI00OMEH, K
6e3pa3mMepHOMY BUY.

OcHOBHbIE KpUTEpUH TI0J00MsI. VIX XapaKTepUCTUKH.

Onpepensitommyii pasmep. Onpe/esisitoiiasi TeMrieparypa.

KpurtepranbHOe ypaBHeHHe KOHBEKTUBHOIO TeryioobMeHa B 0011ieM Buje. Ero ananms.
YacTHble BU/bI KPUTEPUA/IILHOTO YpPaBHEHHWsS KOHBEKTHBHOI'O TETIOOOMeHa /ISl Pa3/UuHBbIX
PE’KHUMOB - CTalJMOHAPHOT0, CBOOOJHON KOHBEKLIUH, BBIHYK/IEHHOW KOHBEKIIHH.

[TonyueHre C TIOMOIBIO 3KCIIEPUMEHTa KOHKPETHOTO BHJA  3aBUCUMOCTH  MEXIY
oripe/ie/IsIEMbIMU U OTIPe/Ie/ISTIOIIMMU KPUTEPUSIMHU.

TerutooTaua 1ipy 00TeKaHUN OJJUHOYHBIX IWJTHH/IPOB.

TerutooTaua TIpU TIOTIEPEYHOM 00TEKAHWH IIaXMaTHBIX U KOPUIOPHBIX MMyYKOB TPYO.

. TermooT/jaua Mpy BEIHYKAEHHOM [BIKEHUH >KU/IKOCTH B TpyDax.
44.

TerutooTaua MpPU BLIHY)XIEHHOM OOTE€KaHWM TOPU30HTATBHBIX, BEPTHKA/JIbHBIX W HAaKJIOHHBIX
TIOBEPXHOCTEH.

TeruiooTaava npu KoHgeHcanuu. KanenbHas KoHgeHcanus. [1ieHouHas KoHeHcanus. BivsHue
pa3/MuHbIX (haKTOPOB Ha 3HaueHHe Ko3hduijeHTa TeriooTAauu.

Tennootgava npy kuneHnd. MexaHu3M Tiporjecca KureHusi. Kputuueckuil paguyc my3bIpbKa.
[Ty3bIppKOBOE U IJIEHOYHOe KumeHue. BrusHWe pa3nnuHbix (DakKTOpOB Ha KOI(PQUIMEHT
TeIJIOOTJauH.

KpurtepuanbHoe ypaBHeHUe TeTyiooOMeHa TpU KOHJeHCal[uu. BivsHue pa3/iuuHbIX (aKTOpPOB
Ha TerIo00MeH TNpU KOH/leHCaLlWH.

Teryioo6MeH Mpy laMUHAPHOM TeUeHU! XXKUJKOCTH B TpyOax.

TemnoobMeH 1pu CBOOOZAHOM [IBUKEHUM XKUAKOCTH. BiHsiHUe HaripaB/ieHHs TETIJIOBOTO IMOTOKa
Ha 3¢ ekTUBHOCTD TeryiooTAauu. [TorpaBka MuxeeBa.

TernoobMeHn wu3nydyeHveM. 3akoH Credana - BosbiiMaHa. [lpuBeseHHbINM Ko3bdUILEHT
u3ny4yeHusi. PacueT iyuyncToro noToka Mexxay JByMsl rapasiie/ibHbIMA TTOBEPXHOCTSIMU.

6. PEKOMEHAYEMAS JINTEPATYPA
OcHoeHnas aumepamypa

Kupunmua B.A. Texanueckast TepMoiiHaMiKa : yueOHUK / B.A. Kupunius, B.B. Ceiues, A.E.
[HetiaymH. — 5-e u3f, mepepab. u gor. — M.: MOU, 2008. — 496 c. (1 3K3.)

LIBeTkoB ®.D., I'puropreB b.A. TemnnomMmaccooOMeH: YueOHUK it By30B. — M.: M3aaTe/ibCKuii
nom MOMU, 2011. — 562 c. (5 9K3.)

JonoanumensHas aumepamypa

COopHUK 3a/la4 110 TeXHWYeCKOl TepMoAuHaMuKe: yueb.nmocobue jjist cTKAeHTOB By30B / T.H.
AwnppuaHoBa, b.B. []3amrios, B.H, 3y6apes, C.A. Pemu3oB, H.f. ®unaros. — 5-e u3f., CTepeor.
— M.: U3parensckuii jom MOU, 2006. — 356 c.

LipetkoB @.®. , Kepumor P.B., Besimuko B.M. 3agauHuK 10 TeryioMaccooOMeHy: YueGHoe
nocobue /151 By30B. — M.: M3parenbckuii jom M3OU, 2008.— 196 c.

TexHuueckas TepMoMHaMKKa: Yueb. mocobue / ITog. pea. npod. 3.U. I'yiiro. 2-e u3a. ucnp. u
nor. — JI.: U3n-Bo JleHuHrp. yH-Ta, 1984. — 296 c.

TeopeTrueckre OCHOBBI X/a/0TexHUKU. Yacth II. Tertomaccoobmen. Tlog penakimeii I'yiiro
O.M. M.: Konoc, 1994. — 367c.

AnekcangpoB A.A. Tabmuiip! TernohU3NUECKUX CBOMCTB BO/bI M BOASHOTO Tap : CIIPaBOYHUK
/ A.A. Anekcanzpos, b.A. I'puropses. — M.: MOU, 2006.— 168 c. —u. 1.

PuBkun C.JI. TepmogrHaMuueckue CBOMCTBA ra3oB. 4-e usf. - M.: DHeproatomusgat, 1987. -
287 c. (371eKTpOHHas Bepcusi)

borpmanos C.H., iBanoB O.I1., KynpusiHoBa A.B. XonoaunbHast TexHUKa. CBOMCTBA BeLeCTB:
Cnpas. — M.: Arponpomusgar, 1985. — 208 c.

TepmoarHamuueckue cBoucTBa Bo3ayxa. /B.B. CeiueB, A.A. Baccepman, A.[l. Ko3nos u ap.
M.: U3g-Bo cTtaHaapToB, 1978. — 276 c.

JKypHan «XonoauibHas TeXHUKa».

Pecypcbl uH¢opmMayuoHHO-mMe1eKOMMYHUKAYUOHHOU cemu « AHmepHem»
HayuHas s/1ekTpoHHast 6ubroTeka eLIBRARY.RU: [caiit]. URL: http//www.elibrary.ru;
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KamuaTckuii rocyapctBeHHbI yHuBepcureT: [caiit]. URL: http//www.kamchatgtu.ru;
http://www.holodilshchik.ru;

http://www.alfalaval.ru;

http://www.danfoss.com/ru-ru.

SIS

MemooduuecKue ykazaHus

1. Capaiikuna W.II. TepmoguHaMHKa | TeryioMaccooOMeH: MeTogudeckue yKa3aHUs TI0
n3yuenuto aucuuruiibabl / WM. TI. CapaiikuHa. — [letponaBnoBck-Kamuatckuii: Kamuat['TYV,
2018.-73 c.

7. METOJUMYECKHUE YKA3AHUA /151 OBYUYAROIIINXCSHA
I10 OCBOEHUMIO JUCIIUIT/IMHBI

[Ipy wu3yuyeHHMM [UCLMIUIMHBI pPEKOMEHJYeTCSl WCI0/b30BaTh METOAUUeCKWe YKa3aHWs
(Capaiikuna M.I1. TepmoanHaMuKa U TeryioMaccoobMeH: MeToguueckre yKa3aHUs 110 U3yueHUIO
mucuurivabl / WM. T1. CapairikunHa. — IletponaBnoBck-Kamuatckuii: Kamuatl'TY, 2018. — 73 c.)
KOTOpBbIe COZlepKar:

KPaTKYH0 XapaKTepUCTUKY JUCLIUTLIMHBI;
LleJTM ¥ 3a[jau¥ U3yuyeHUsl AUCLIUTIVHBI;
cofiepkKaHue AUCLUTIIUHBI;
coflepkaHue, BapuaHThI 3aZlaHU U MeTOJuYeCKre PeKOMeH/IalliU IO BBIMIOJIHEHUIO PacueTHO-
rpaduueckux paboT (KOHTPOIBbHBIX pabOT /sl CTY/IeHTOB 3a0UHOM ()OPMbI 00yUeHus);
repeyeHb BOMPOCOB K MPOMEXXYTOYHOU aTTeCcTalliu (3K3aMeHy);
pPEKOMeH/lyeMyI0 JIUTepaTypy.

CopepkaHre TPaKTUUEeCKUX 3aHATHA W MeTOAuYeCcKre pPeKOMEeHJAlMy TI0 BBINOJJHEHHIO
MPaKTUUeCKUX 3alaHUM M0 M3y4yaeMbIM TemMaM TakKe COJep)kaTcsl B MeTOAMUECKUX YKa3aHHUsX 10
W3YUeHHUI0 IUCLIUTIMHBI.

RS

8. KYPCOBOMU ITPOEKT (PABOTA)
He npepgycmoTpeHo.

9. IEPEYEHh NH®OPMAIIMOHHBIX TEXHOJIOT' UM,
NCIIOJIB3YEMBIX TP OCYIIECTB/IEHUN OBPA3OBATEJIBHOI'O ITPOIJECCA
I10 ANCIUII/IMHE, BK/TFOYAS ITEPEYEHD ITPOT'PAMHOI'O OBECIIEYEHUA
N NTHOOPMAIIMOHHO-CITPABOYHBIX CUCTEM

[lepeueHr  mporpaMMHOrO  obOecrieyeHHsi,  HWCTOAb3yeMOro TIPU  OCYIIeCTBIeHUH

obpa3oBaTe/ibHOTO TIpoLiecca:

-TTaket P7-oduc (P7-HokymeHnt, P7-Tabsuiia, P7-ITpe3eHTarius)

[TepeueHb MHGOPMALIMOHHO-CITPABOUHBIX CUCTEM:
efvHast H(GOpMalMoHHas oOpa3oBarenbHas cpefia yHuBepcureTa «DMOC Kamuatl ' TY »;
3/IeKTPOHHAast OUO/TMOTeUHast CHCTEMa;
HayuHas 31eKTpoHHas bubsmoreka eLIBRARY.RU;
3/IeKTPOHHBIN KaTalior HayuHO-TexHuueckoi oubmoreku Kamuatl'TY.

10. MATEPUAJIBHO-TEXHNYECKOE OBECIIEYEHUVE NUCIIUITI/INHBI

MarepuanbHO-TexHUUeckasi 0a3a [jii OCyllecTBeHUsi 00pa3oBaTe/NbHOrO IIpoliecca Iio

JUCLMITINHE, UMerolljasica B pacriopsbkeHuu Kamuatl'TY:

[/l TIpOBeZleHHsl 3aHSITUM JIEKLIMOHHOIO THMIA, MPaKTUYeCKUX (CeMHHApCKMX) 3aHsTHH,
IPYNNOBBIX W WHAWBUAYAJbHBIX KOHCYJIbTAl|ii, TEeKYyIlero KOHTPO/JS U IPOMEeXYTOUHOMN
aTTecTalyy, Crieljuaau3vpoBaHHas yueOHas ayautopusi 3-205 ¢ KoMIuieKToM yueOHoM Mebesny;

JUIST  CaMOCTOSITe/IbHOM paboThl oOyuaromuxcss — ayauropusi  3-208, o6opymoBaHHast
KOMIT/IEKTOM yueOHOM Mebeny;

YMTA/IbHBIN 3a/1 U OMOIMOTeUHbIE KaTa/IOTH HayuyHO-TeXHUUecKor onbmotekn Kamuatl ' TY;

MYJIbTUMEeJUIHOe 000py10BaHKe (HOYTOYK, TIPOEKTOD).

[lepeyeHb MpPOrpaMMHBIX TMPOAYKTOB, MCI0J/Ib3yeMbIX MPU TPOBEJEHUU Pa3/MYHbIX BUOB
3aHATUMN
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http://www.alfalaval.ru

rpe3eHTallMM 10 TeMaM Kypca «TepmoguHaMHuecKWe TIPOLeCChl HZeaNbHOTO Tra3a»,
«TepMoaHaMUYeCKre LIUK/IbI TETIOTeXHUUYEeCKHUX YCTPOUCTB».
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Jlono/iTHeHHs ¥ U13MeHeHUsI B pabouyeii mporpaMmme 3a /

yUeOHBIH roj

B pabouyto riporpammy 1o AUCLUITHHE

TepmoOuUHaAMuKa U meniomaccoobmeH

JL7Is1 HaTipaB/IeHUsT (HUM)
CreLUaJbHOCTH (Teil)

16.03.03 «X0100unbHas1, KpUOEHHAs MexXHUKA U Cucmembl
orcusHeobecneueHus»

BHOCATCA CjieAyroliye OOTI0/THeHWA U U3MEHEHUA:

,Z[OHOJIHEHI/IH 1 U3MeHeHHs BHeC

(momxHOCTh, ®.1.0., MOANNCH)

Pabouas rporpaMma repecMoTpeHa ¥ 0/j00peHa Ha 3ace/laHiU Kade bl

TMO

(HanMeHOBaHMe Kadezipbl)
ITpoTokoa Ne OT « » 20 2.
3aBenytromuii kadeapoit
« » 20 2.
(noznuck) (®.1.0.)
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