MuUHHCTEPCTBO HAYKH U BBIcLIETo obpa3oBanua Pocentickoit denepannu
®enepanpHoe rocy1apcTBeHHOE 610KeTHOE 00pa3oBaTENbHOE YUPEIKACHHE
BBICLIEr0 0Opa3oBaHUs
«Ka3aHCKHI HALIHOHANLHBIA HCCNEAOBATENLCKHH TEXHOJIIOTHUECKUIT YHUBEPCUTET»

(OI'BOY BO KHUTY)
, ';)V'Mb -“-- <~“ N
P AR YTBEPK/AIO
[ E I e =R iR ’_%_L_ , TlpopekTop no YP
| (R e RYAY A.B.bypmucrpos
S N § w830 _wapre  20019T
,\. 4
. :«-;0“‘,,."'-
[Iporpamma KaHAHAATCKOIO 3K3aMeNna
01.04.14 «TennodH3nka U TeopeTHYECKas TEMIOTEXHUKAY

(wup) {HAUMEHOBAHHE)

Kazaus, 2019 r.



CocTaBUTENH MPOrpamMMbl: /

JOUEHT v 'mabmyTansor ML
(20MKHOCTE) /-'-iﬁ ol {(P.N.0)

[1porpamma paccMoTpeHa H 0a00pena Ha 3acefanun Kapenpe TOT

npotoxon ot 20.03 2019 . Ne |1

3aB. kadenpoii o) ¢ Jb I'ymepoB ®.M.

IQNELEL S A | ((IJ”.O.)

YTBepiaeHa Ha YUeHOM coBeTe (aKyIbTeTa/ MHCTHTYTA
ULY LLC W R NA2

19 ) j.' )
npotokon Ne & or . . 3.4 7




Bgeoenue

B OCHOBY aaHHON MpOrpaMmbl MOJOXKEHBI CNEAYIOLIME AUCLUMUIUIMHBL TeTNoPuU3NYecKue
CBOICTBA BELIECTB, TEPMOAMHAMHYECKHE MPOLIECCHI, MPOUECCH NIEPEHOCa TENIa U Maccsl B
CIVIOLLHBIX H pa3pexeHHBbIX TOMOTEHHBbIX U reTeporennbix cpenax. [lporpamma paspaborana
IKCIIEPTHHIM ~ COBETOM  BhIClIEH  aTTECTAUMOHHOH  KOMHMCCHM MO  JHEPreTHKe,
UMEKTPHPUKAUUM MU IHEPreTHYECKOMY MAaHIMHOCTPOCHMIO npH y4yacTHU OOBEAMHEHHOro
MHCTHTYTa BEICOKHX TemnepaTyp PAH.

Tepmoounamuxa

TepmoavHaMuka v e¢ meroa. [lapamerpbl cocTosanmns. [loHaTHE O TEPMOAHHAMHYECKOM
npouecce. MaeansHbld ras. 3akoHbl HACAIBHOTO raza. CMECH WAEANTbHEIX TAa30B.

[lepBeiii 3akoH TepMoAMHaMUKH. Tennora. OnbIT JKOysA. DKBHBAICHTHOCTH TEIUIOThI U
paboTbl. 3aKOH COXpaHEHUsA W NPEBPALLEHMA SHEPruv. BHYTPEHHss JHEprus v BHEIIHAA
pabota. Dutanenua. O0061EHHBIE CHbI 1 0000LICHHbIE KOOPAHHATDI. Y paBHEHHE NEPBOTo
3aKOHA TEPMOAMHAMMKH.

Btopoit 3akoH TepmoauHamuku. Lluknsl [lonstne tepmuyeckoro KILJA. Hctounmxku
Ter1oTel. OOpatumple ©  HeoOpaTiMble mnpouecchl. POopMynupoBKa BTOPOro 3aKoHA
TepmoauHaMuKH. L{nkn Kapuo. Teopema KapHo. TepmoauHammnyeckas uKana TeMnepatyp.
DHTponusA. U3MeHeHue 3H1ponuy B HeoOpatumbiX npoueccax. O0bveanHeHHOe ypaBHEHHE
NepsBoro M BTOPOrO 34aKOHOB TEPMOAUMHAMMKW. DHTPONMS M TepMOAMHaMUveckas
BCPOATHOCTD.

JAvddepeHuyanbHble YpaBHEHUA TEPMOAMHAMUKK. OCHOBHbIE MaTEMAaTHUECKHE METO/bI
TEPMOAUMHAMUKK. Y paBHeHHEe Makcsenna. YacTHbie NPOM3BOAHLIE BHYTPEHHEH 3HEPIMA 1
SHTIBNKY. TennoemMxocTu.

PaBHOBECHE TEPMOAMHAMMYECKMX CHCTEM W (a3oBble Nepexoldbl. [ OMOTeHHblE H
rereporeHHbIe TEPMOAUHAMUYECKUE CHCTEMBL. 1epMOAMHAMMYECKOE paBHOBECHE. Y CI0BHs
daszoBoro pasHoBecus. Pa3oBble nepexoasl. YpasHelne Knanelipona-Knaysunyca. ®a3osbie
nepexoabl NpU HCKPMBACHHBIX MOBEPXHOCTAX pazjeia.

TepMoAMHAMHMYECKHE CBOWMCTBAZ BELUECTB. [epMHYECKME M KAJOPHYECKME CROWHCTBA
auakoctedl. KpuTuueckas Touka. YpaBHeHue Ban-nmep-Baankca. Tepmuueckue n
KaJIOpUYECKUE CBONCTBA DPEalbHBIX Ta30B M BIAKHOIO BO3JyXa. YpaBHEHHE COCTOAHMS
peanbHbIX razoB. [epMoAMHaMUYecKHe CBOKWCTBA BELIECTB HA JIMHNY (PA3OBBIX NEPEXOAOB U
B KpUTHYecKoii Touke. TepMoaMHAMMYECKHE CBOHCTBAa BEWECTBA B METaCTaOWIBHOM
COCTOAHHH.

OCHOBHbIE TepMOAMHaMUvecKue npoueccsl. M3oxopuweiit npouecc. M3odapHblil npouecc.
H3zotepMuuecknii npouecc. [lonnrponHsie npouecchl. Jpocceauporanue, 3¢gdext Ixoyna-
Tomncona. AmmabaTHueckoe paclliMpeHue pealibHOIo ra3za B BakyyM (mpouecc Lkoyns).
lIpouecc cMmewenus. [1pouecchl cxxaThs B KOMIPECCOpE.

[Tpoueccel UcTedeHus razop M xkuakocteii. [lapametpel Topmoxenus. Conno, audpysop.
[TonHoe w craTuueckoe nasneHue. Ypasuenue bepuyuu. Yucno Maxa. [lokasaTens
anuabarel.

TepmoauHamuueckue umknbl. Tepmuueckuit KITJ[. Dxceprug. Lukne Kapuo, Otro,
Jluzens, bpaiitoHa, PeHknHa. PereHepauus 1€110Thl B UUKIIE.

XonoauneHble LUKIbI. OOpATHBIE TEIIOBBIE UMIUIB N IPOLECChl. XOA0AWIbHBIE YCTAHOBKHU.
[{ukn BO3AYLUHON XONOAWNBHOH YCTAHOBKHU. LMK MapOKOMNPECCHOHHON XOJIOAMIIbHOM
ycTaHOBKH. LIMKA Napo»KeKTOPHON XOMOauAbHON ycraHoBkH. [loHATHE © wWMKIe
abcopOUMOHHOH XONMOAWIBHONH YCTaHOBKHM. LMK TepMOINEKTPUHECKOH XONOAMIBHOMN
ycTaHOBKH. [ IpyHUMD paoThl TERNIOBOIO Hacoca. MeTodbl CIKMIKEHNA [a30B.



OcHOBB XHMHYECKOH TepMonuHaMuki. Tepmoxumus. 3akoH ['ecca. YpaBHeHus Kupxrooa.
XuMuyeckoe paBHOBecHe H BTOPOH 3aKOH TepMOAMHAMUKMW. KOHCTaHTBHI PaBHOBECHS U
cTeneHb auccourauuy. Tennosoil 3akoH HepHacra.

Tenno - u maccooomen

TennonpoBoaHOCTE. YpaBHEHHME COXpaHEHHUs 3HEpruu, 3akoH Dypbe, Kpaepbie YCIOBUA
3aJay  TeMJIOfIPOBOAHOCTU. MexaHU3M  TEIIONPOBOJHOCTM  BEUIeCTB B TBEPAOM
(KpUCTAIAMYECKOM W aMOP(PHOM),  KHMIKOM M Fa3000pasHOM  COCTOSHHUSAX.
TemionpoBOAHOCTE 4epe3 ISIOCKY0 CTeHKY. Yucno buo. Kosadduuuent tennonepenaun.
TeronpoBOAHOCTE Yepe3 UHWIHHIPHYECKYIO CTEHKY. KPUTHYECKUM IHaMeTp H3OIALWH.
HecraunoHapHoe TeMNepaTypHOE [lone B ILTOCKOH T[UIACTHHE, PEry;IsipHBIA  pPEXKHM
OXJIaxKAeHNA (HarpeBaHua) Te1. MeToa nepeMHOKERUA pelleHUH.

KoHBeKTHBHBIH TE1000MEH B OJHOKOMNOHEHTHOMN cpeae. YpaBHeHUs! COXpaHEHUs Macchl,
UMITYJIbCA M DHEPrdd B CIUIOIIHOH cpele. DMOMpHYecKHe 3akoHbl nepeHoca (HbroToHa,
GOypee, ®uka). [lpuBeneHue ypasHeHui K Oe3pazMepHOMY BHAY, KpuTepuu 00a00us.
DU3HUeCKU CMBICA 4YuceNl NMOAOOMA KOHBEKTHMBHOIO Temno- u maccoobMmeHa. TpoiiHas
aHaNorus.

TermooOmen npu  BHewHeMm o0TekaHuM Tena. CUCTeMa  ypaBHEHWM  TEMIOBOTO
MIOrPaHUYHOTO €104, AHAJIN3 TE1I000MeHa IpH JTaMHAPHOM TeY€HUM B MOTPaHUUHOM CO€
MeTOJaMH pasMepHocTed. ABTOMOZEAbHOE pelueHue [lonbrayseHa. COOTHOILEHMS A7
pacyeTa TemiooOMeHa TMpH  pasiluHbBIX yucaax [IpaHATIs.  YCAOBHbIE  TOJLUIMHEL
IIOrPAHUYHOTO C/105%. HTerpansHele ypaBHEHUA UMITYJIbCA U 3HEPTHM,

[lepexoa naMUHApHOrO TeYEHHS B TYpOYNEeHTHOE, BAMSHUE Ha TypOyJeHTHBIH Mepexon
napaMeTpoB HaOErampLIero MOTOKA, MACCOBLIX CHA, XapakTepucTuk o0TekaeMoi
MOBEPXHOCTU. TeopeTHYEeCKHEe W 3KCTICPUMEHTAbHBIE acMeKThl Mepexoda JIAMBHAPHOrO
TedeHUs B TypOyJeHTHoe. OCpEIHEHHBIE YPABHERHUS [JBHIKEHHMs H OSHEpPrun 14
TypOyaeHTHOro TeyeHud. Kaxyluecs HanpsykeHus TypOyleHTHOTO TPEeHUA, TYPOYIEHTHBIH
TemoBod norok. CTpYKTypa NMpUCTeHHOM TypOyneHTHO# obnacTu. AHanords PeitHonpaca
ans  temnooOMeHa npu TypOyNE€HTHOM  TeYE€HHMH B [OIpPaHHYHOM  Clloe, ee
MOAEPHU3MPOBAHHBIA BapHaHT (ABYXCNOHHAs CXeMa), pacuyeTHble COOTHOLUEHUS I
terooTaaud.  KOHBEKTUBHBIM  TEMIOOOMEH TNPU  BBICOKHX  CKOPOCTAX  TEYEHHS.
AnunabaTuyeckasn TeMIlepaTypa CTEHKH, KOIQPULHMEHT BOCCTAHOBIEHUs. METOABI pacyera
TEILTOOTAAYM. TennooOMeH Ha NpoHUMUAEMOH NoBEpXHOCTH. TennooOMeH NpH NONepeuroM
o6TeKaHUKU OTMHOYHOTO LWIKMHAPA U [Yy4YKOB TpyS.

TennoobMeH npu  TEUEHHH OHKMAKOCTH B KaHanax. MareMaTH4Yeckoe OmucaHue,
CpelHeMaccoBasd CKOpPOCTh M TemmepaTypa. CTabHIM3MpOBaHHBI TEMI000MEH IpH
rpaBHYHBIX yCcnoBUAX 2-ro poda. [Ipoduau ckopocTH, TeMnepaTyphl, TERNOBOrO MOTOKA
MpH JaMHHapHOM H TypOyJeHTHOM TedeHuu, WHTerpan Jlafiona. TemnoobMeHn 1pu
JIAMHHAPHOM TEUEHMM JKHMAKOCTH B HAvalbHOM TEPMHUYECKOM YUYacTKe KpyIJIoH TpyOhl.
HayaibHblif rugpoAMHaMHYecKuid yuyacTok. CTaOMIM3UMPOBAaHHBIM TemnooOMeH Mpu
JIAMAUHAPHOM TeueHWH. CTabUNU3MpOBaHHBIA Temaoo0MeH npH TypOY/IEHTHOM TEYEHHUH,
pE3YJbTAThl MCCNEeNOBAHUR 1711 HEMETAJTHYECKHX SKUIAKOCTEH M JKUAKUX METAIOB,
pacueTHble (OPMYJIbl. BiausHMe NMEepeMEHHOCTH CBOMCTB JKMAKOCTH Ha TENNOOOMER IpH
TEUEeHMUH KaneJabHbIX XKUAKOCTEH U razoB B Tpydax.

TennooOmen npu ¢BoOOJHOH KOHBEKUWH. MexaHH3M U MATEMATHUECKOE OIMHCaHME,
npudamkeHue byccuHecka. Pa3ssuTHe NOrpaHUYHOrO €10 Ha BEPTHUKAIBHOH MTOCKOH
NIOBEPXHOCTH, pacyeT Koddppuuuenta Tennooraayd. CpobomHas KOHBEKUMA Ha
MOBEPXHOCTY TOPU3OHTANBLHOIO UMIHHApPA U cdepbl. CBOOOAHAS KOHBEKLUHUA B 3aMKHYTHIX
o0BpéMax; Ten;ionepeaaya 4yepes rnpocyionky.



TermnoobMen npu  ©$a30BeIX npeBpainieHHAX. MaTeMaTHueckoe ONHCaHWE W MOAEU
OBYX®ha3HBIX Cpel. YHHBEpPCAbHbIE YCIOBUSA COBMECTHOCTM Ha Mex(asHBIX IPaHULAX.
CriequanbHble  YCIOBHMA COBMECTHOCTM ANf [POLIECCOB  TEMlo- M MaccooOMeHa.
HepaBHOBECHOCTD Ha MeK(a3HBIX IpaHUllaX, KBa3HpaBHOBECHOE MPUOIHIKEHME.

[Tnenovnas ¥ KanenbHas KOHAEHcauud. TernooOMeH fNpH MIEHOYHOH KOHIEHCAUMU Ha
BEPTUKAlIbHOM IOBEpXHOCTHU: peweHHe HyccenvTra, aHanuM3 OCHOBHBIX HOMYLUEHHH.
KoHaeHcanus Ha MOBEPXHOCTH TOPU3OHTAIBHOTO UMAWHIpa. [KOHIEHCAUUA ABUKYLLIETOCs
napa. KauecTBeHHbIE 3aKOHOMEPHOCTH KarelbHON KOHIEHCALUH.

Kunedue xuaxocteil. YcnoBHs 3apoXIEHHUS MapOBOro 3apoiplllia B 00bEME neperpeToi
JKMOKOCTM M Ha TBEpAOH NOBEPXHOCTH HarpeBa. OCHOBHBIE 3aKOHOMEPHOCTH pOCTa U
OTphIBA MApOBLIX MNY3bIpbkOB. «KpuBas KuneHus». TenamooOMeH [pU Ny3BIpEKOBOM
KUNeHNY B 0oblioM obbeMme, Terioo0MeH MpU NNEHOYHOM KuneHnd. Kpu3ucsr KumneHus B
SoapwoM odpeme.

PeskuMbl TeueHHs ABYX(a3HbIX NMOTOKOB B TpyOax. XapaKTep M3MEHEHUs CpedHEeMacCOBOM
TeMNepaTypbl KUAKOCTH, TEMIIEPaTypbl CTEHKH, pacxOAHON0 MacCcOBOrQ NapocoaepikaHus
no anuHe oborpeBaeMoro kKasana. KHMeHWE KUAKOCTH, HeIOrpeToill 10 TemmepaTypbl
Hachilerud. Kpu3ne Tenaootaaum rnpu KHNeHWu B Tpydax.

COBMECTHEIE TpOLECCHl TEIUIO- M MacconepeHoca, OOwas XapaKTepUCTHKA TMpPOLECCOB
nepeHoca Maccel U 3Hepruu. CocraB ¢MeCH. AU(PPY3UOHHBIE FOTOKH, KOIDOULMEHT
Auddy3un. [IepeHoC IHEPrUH U MMITYIHCA B CMECH.

AHQ0TH NPOLECCOB TerNo- ¥ MaccooOMeHa. PacyeT HHTEHCUBHOCTH NEPEeHOCa IHEPIUH U
MacChl KOMIIOHEHTA MIPU YMEPEHHBIX U BHICOKMX CKOPOCTAX MaccooOMeEHa.

Termo- 1 MaccooOMeH Mpu xXUMHYeckux npeBpatieHuax. Jnddysug, conposoxraeMmas
TOMOTEHHON MM [eTepOoreHHOH XHMHU4YecKoi peakuuei. [Ipoueccsl Ha noBepxHOCTY TENa,
00TexaeMoro runep3ByKOBBIM MTOTOKOM rasa.

Cy0naumanns NMOBEPXHOCTH Tesa, 00TEKaeMOro BBICOKOTEMIIEPATYPHBIM I'a30BbiM MOTOKOM.
KosdpduuueHT akxkoMoJaUUHd. 3aBHCUMOCTB CKOPOCTH CyOIuMMaLMK OT TEMIeEpaTyphl
TIOBEPXHOCTH TeNA.

Tepmuyeckoe pa3nokeHHe Tena, OOTEKAEMOTO  BBICOKOTEMIIEPATYPHBIM  MOTOKOM
XUMHUYECKU aKTUBHOTO rasa.

XuMHYeckoe B3aHMOIEHCTBHE Ha TIOBEPXHOCTH Tea, 00TEKaeMOr0o BEICOKOTEMIIEPATYPHBIM
rasoBbIM TIOTOKOM.

PaspylieHne KOMMO3UUMOHHBIX MAaTepUasoB B BBICOKOTEMNEPATYPHOM [a30BOM [MOTOKE.
B3anMozneicTBHE NpOLECCOB FOPEHHA U MCTIapeHU.

TermoobMeH n3nyueHnem. OCHOBHbIE NMOHATUS K 3aKOHBI U3NyueHus. [Ipupona HamyyeHus.
VIHTerpanbHass M chnekTpajibHAas TUIOTHOCTH [IOTOKAa HM3ayyeHus. [lornoiarenbHas,
OTpa)kaTesJbHasd U MPOMNycKaTeNbHad CIOCOOHOCTH Tel. ADCONKOTHO YEPHOE TEIIO.

3akoHbl TennoBoro u3nyuyeHus (Ilnanka, Buua, Credana-bonsumana, Kupxroga,
JlamOepTa). M3nyueHue peanbHblx Tel. PailalnOHHbIE CBONCTBA peaibHEIX MATEPUATOB.
Ten1006MeH M3Iy4YeHHEM B AMATEPMHUURON cpefe. ['eoMeTpus U3nydyeHMs (JIOKAJbHBIE H
CpeAnHe YITIOBBIE KOXDPHUUMEHTbI). 30HANbHBII METON pacuera TenToodMeHa B CHCTEME
TE€JI, Pa3AE/ISHHBIX MTPO3pauHONl CpeRon.

TennooOMeH M3y4Y€HHEM B NOMIOWIAKOLIMX M M3NIydarolIUuX cpesax. ManyueHue wu
norjgoilleHne B rasax. OCHOBHOH 3aKOH MEpeHOca JHEPrHMM M3Iy4eHHs B H3aydalolle-
nornowaroilei cpeae. CoGcTBeHHOE U3NydeHue rasa. MeToae! pacuera TemioodMeHa.

Ocrosot pracuema mMen1000MeHHLIX annapanios i cpedcme Men060u 3au{umyt
COBpeMeHHbIC TeNJ000MEeHHBIE CUCTEMBI: NapOrcHEPATOPbl TCIMIOBBIX I3JIEKTPHUECKHUX
CTAHUHH, AACPHLIC SHEPIreTUHECKHUE pPeakKTOpbl, KaMEpbl CropaHus pakKCTHBIX JBUTaTENEH,



OnaHKeT TepMOAZEpHOro peakTopa. TeriooOMEHHBIE amnaparTbl:  PeKyNepaTHBHBIE,
pereHepaTUBHbIE, CMECHUTEIILHBIC.

YpaBHeHuA TeruioBoro OamaHca W Teruonepenavyd. Cpelanuit TeMNEpAaTypHbI HaMop.
Pacuer moBepXHOCTH TemnooOMeHa, KOHEUHOH TeMNepaTyphl TeroHocuTene. (OCHOBbI
rYWApaBINYECKOro pacyera TemIo0OMEHHHUKOB. UnpeaeneHne MOWHNOCTH, 3aTPaunBaeMoil Ha
NpPOKAYKY TEMAOHOCHTENEH.

Ocobennocti BbiGOpa CPeACTB U METOAOB TEMNOBOH 3alUUTHL. CNocodbl TEMUIOBOH 3atLNATHI
OT KOHBEKTHBHOIQ H COBMECTHOTIO { KOHBEKTHBHO-JIYYHCTOIO) HArpEBa.

[Iponukarowmee oxnaxaenue. DPhexT BAyBa. TennooOMeH MeXIy NOPHCTON MaTpulel U
QUIBTPYIOIIUMCS OXJIaIUTENIEM.
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