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[. OBIIUE TTOJIOXXEHUWA

[IporpaMma KaHIWAATCKOTO 3K3aME€HA II0 HAYYHOM CIEHMAIBHOCTH «2.4.6.
Teopernyeckass U TpPUKIAAHAS TEIJIOTEXHUKa» TPYIIbl HAYYHBIX CIEUUATLHOCTEU
«2.4 DHepreTvka U JIEKTPOTEXHUKA» CBsI3aHa ¢ M3YYEHUEM IepeHOoca TEria, MacChl U
UMITyJibca B OJHOGA3HBIX U  MHOTO(A3HBIX  CHUCTEMAaX,  HCCJEIOBAHUEM
TEII0PU3NYECKUX CBOWCTB YMCTHIX BEIIECTB M MX CMECEH, UCCIEIOBAHUEM OCHOB U
METOJI0B MHTEHCHU(PHUKAITUN TPOIIECCOB TEIUIO- U MacCOOOMEHa 1 TETUIOBOM 3aIlUTHI.

[Iporpamma mnpenHasHayeHa [Jis1 MOATOTOBKM M ATTECTAMM AaCMHUPAHTOB M
MPUKPETUICHHBIX JIUIT JJIsI COUCKAHUSI YYEHOU CTENEeHU KaHauaaTa OuoJOTHIECK X HAyK
M Y4YCHOHM CTENeHW KaHAuAaTa TEXHUYECKUX HayK, BBITIOJHSIOMIMX JUCCEPTAIMOHHbIC
HCCJICIOBAaHUs TI0 HAy4dyHOW creuuaibHocTH 2.4.6. Teoperndeckas W NPUKIATHAS
TEIJIOTEXHHUKA.

II. CTPYKTYPA ITPOI'PAMMbBI KAHIMJATCKOI'O 5K3AMEHA

[Iporpamma KaHIUIATCKOTO SK3aMEHA COCTOUT W3 OCHOBHOW M JIOTIOJHUTEIHHOU
4acTeu.

OcHoBHas 4acTh Oa3WpyeTCs Ha COCPKAHUU MAcTIOPTa HAYUHOU CTIICIUATbHOCTH
U COJIEpKUT 3 pazjena.

JlomoTHUTENIbHAS ~ TIpoTpaMMa  KaHIWIATCKOTO — dK3aMeHa COCTAaBJISICTCS
acTIUpaHTOM (TIPUKPEIJICHHBIM JIMIIOM) COBMECTHO C HAay4YHBIM PYKOBOJHUTEIIEM B
COOTBETCTBHH C COJEPKAHUEM JUCCEPTAIMOHHOTO WCCIICAOBAHUS M YTBEpP)KIACTCA Ha
Yaenom coBere MTHCTUTYTA TEITIOSHEPTETUKH JIO AaThl POBEACHHS dK3aMeHa.

B mporpamMmy BKIIOYEH CITMCOK BOTIPOCOB JIJIsI MOJATOTOBKH K KaHIHIATCKOMY
AK3aMEHY M CITUCOK JIUTEPaTyphl, KOTOPBIM MOKET OBITh PAaCIIMPEH U JOTOJHEH C
Y4€TOM TIYOMHBI U3y4eHUS BOTIPOCOB M MPOUCXOASIIMX U3MEHEHHUM B HAyKe, CUCTEME
00pa3zoBaHusl, OOIIECTBE U TOCYAapPCTBE.

.  COAEPXXAHUE PA3JIEJIOB 5K3AMEHA

Pazgen 1. TepmoanHamMuka

Tepmonunnamuka u ee Meron. [lapamerpsr  coctosnus. I[lomatue o
TEpMOJUHAMUYECKOM Tipoliecce. MaeanbHbli ra3. 3akoHbl HieanbHOro raza. Cmecu
UJCATbHBIX Ta30B.

IlepBb1ii 3ak0H TepmoauHaMHKHU. Temmora. OmbIT /KOy, DKBUBAJIEHTHOCTb
TEIJIOTHI M pabOThl. 3aKOH COXPAHEHUS U MPEBpAIlCHUS SHEPTUu. BHyTpeHHsIs sHeprs
¥ BHEWHsAS padoTta. DHTanbnus. OO000IIEHHBIE CUJIBI U 000OIIEHHBIE KOOPIWHATHL
YpaBHEHHE NIEPBOr0 3aKOHA TEPMOJUHAMUKH.

Bropoir 3axkoH tepmomuHamuku. Llpxibel. Ilomatue tepmuueckoro KIIJL
Hctounuku Temnotel. OOpaTiMbie U HeoOpaTuMbie poliecchl. PopMyIupoBKa BTOPOro
3akoHa TepmoauHamuku. [{ukn Kapno. Teopema Kapno. TepMoamnamuyeckas mikaia
Temneparyp. OHTponusa. VI3MeHeHHe »SHTpPONMM B HEOOpaTUMbIX Mpolieccax.
OObenuHEeHHOE ypaBHEHUE MIEPBOTO U BTOPOTO 3aKOHOB TEPMOJMHAMUKH. DHTPOIHUS U
TEPMOJMHAMUYECKAs BEPOSTHOCTD.



HuddepennnanbHbie ypaBHEHUs TepMOAUHAMUKA. OCHOBHBIE MaTeMaTUYECKUE
METOJbl TEPMOAMHAMUKH. YpaBHEHUE MakcBesuia. HacTHbIE TPOU3BOIHBIE BHYTPEHHEN
DHEPTUHU U SHTAIBNUU. T EMI0eMKOCTH.

PaBHOBecHe TepMOAMHAMMYECKUX CUCTEM U (a30BbIe mepexoibl. ['oMoreHHsie u
IETEPOreHHbIE TEPMOJMHAMUYECKAE CHUCTEMBL TE€pMOAMHAMUYECKOE pPaBHOBECHE.
VYcnoBus dazoBoro pasHoBecusi. DazoBeie mepexonbl. YpaBHeHue Kranelipona—
Knay3zuyca. ®a30Bbie nepexoapl PU HCKPUBIICHHBIX MTOBEPXHOCTAX Pa3Aea.

TepmMoaMHAMUUECKHME CBOMCTBA BEIIECTB. TE€PMHUECKME U KATOPUUYECKHUE
cBoiicTBa kuakocted. Kpurnueckas Touka. YpaBHeHue Bau-gep-Baanbca.
TepMuueckne M KaJlOpPUYECKHME CBOMCTBA PEAIBHBIX Ta30B M BIAXKHOTO BO3AyXa.
YpaBHEHUE COCTOSHUS PEAIbHBIX Ta30B. TepMOJIMHAMUYECKUE CBOMCTBA BEIIECTB HA
TuHUK (DA30BBIX MEPEXOJIOB U B KpUTHUECKOW Touke. TepmoamHaMHYecKue CBOWCTBA
BEIIECTBA B METACTAOMIIBHOM COCTOSIHUU.

OcHOBHbIE TepMOJMHAMUYECKUE Tpouecchl. M30xopHbIil nporecc. M3obapHbIil
npouecc. M3zorepmuueckut npouecc. [lomutponnsie mpoueccsl. JIpoccenrpoBanue,
s dext xoyna—Tommncona. AquabaTHueckoe pacliupeHre peaJbHOTO ra3a B BaKyyM
(mpouecc dxoyis). Ipouece cmemenus. IIporieccel c:xaTusi B KOMIIPECCOpe.

[Iponecchl nctedenus ra3oB U kuakocted. [lapamerpsr Topmoskenus. Coruio,
nuddyzop. TlomHoe u crarndeckoe mamieHue. YpaBHeHue beprymwm. Yuciao Maxa.
Ioka3arens aguadarsl.

Tepmonunamuueckue tukibl. Tepmuueckuit KIIJ[. Dxceprua. Luxnsr Kapho,
Ortro, uzens, bpaittona, Penkuna. Perenepariys TerioThl B LIUKJIE.

XonoaunbHeie UK. OOpaTHBIE TEMIOBBIE HUKIIBI U MPOIIECCHI. XOJIOIUIHHBIE
yCTaHOBKH. L{MKIJI BO3AYIIIHON XOJIOAUIBHON YCTaHOBKH. LMK mapOKOMIIPECCHOHHON
XOJIOAWIBHOW YCTaHOBKH. LIMKII Mapo3KeKTOPHOM XOJIOAMIBHOW YCTaHOBKH. [lonATHE
0 1MKIe aOCOPONMOHHON XOJOAWIBHOW YCTaHOBKH. I[[UKI TepmolmekTpraecKon
XOJIOAUIBHOW yCTaHOBKH. [IpuHIIMIT pabOTHI TEIIOBOTO Hacoca. MeETObl CIKIKEHUS
ra3os.

OcCHOBBI XUMUYECKOM TepMOANHAMUKHU. Tepmoxumus. 3akoH ['ecca. YpaBHeHus
Kupxroda. Xumudaeckoe paBHOBECHE M BTOPOHM 3aKOH TEPMOAMHAMUKH. KOHCTaHTHI
PaBHOBECHS U CTEINEHb AUccouranuu. TermmoBou 3akoH HepHcTa.

Paszgen 2. Tenio- u maccoodOMeH

TermmonmpoBOAHOCTb. YPAaBHEHUE COXPAHEHUS JHEPruu, 3aKOH Dypbe, KpaeBble
YCJIOBUS 33/1a4 TEIIONPOBOAHOCTH. MeXaHU3M TEIIONMPOBOJHOCTH BEILIECTB B TBEPIOM
(kpucTaJUIMYECKOM M aMOp(HOM), KUIKOM U  Ta3000pa3HOM  COCTOSIHUSIX.
TemonpoBogHOCT  uepe3  MIIOCKYH0  cTeHKy. Ywucno buo. Kosddunment
Terionepenady. TenaonpoBOAHOCTh Yepe3 HUIMHAPUYECKYIO CTEHKY, KPUTUYECKHUA
nuamerp wuzossnuu. HectanmonapHoe TeMIiepaTypHOE 1O0Ji€ B IUIOCKOM IUIACTHHE,
PErYJISIPHBIN PEXKUM OXJIKICHUS (HarpeBaHus) Tein. MeTo 1 mepeMHOKEHUSI PEIICHH.

KoHBEKTHBHBI TEIOOOMEH B  OJHOKOMIIOHEHTHOW cpene. YpaBHEHUS
COXPaHEHHUsI MacChl, UMITYJIbCA U SHEPTUHU B CIUIOIIHOW Cpelie. DMIUPHUIECKUE 3aKOHbI
nepenoca (Herotona, @ypre, Guka). [IpuBeaenue ypaBuenuii k 6e3pazmMepHOMy BULY,
Kputepu 1noaoous. Ou3mdeckuili CMbICI YUCEN MOAOOUS KOHBEKTUBHOTO TEIJIO- U
MaccooOmeHa. TpoiiHas aHaJIoTHsL.



TemmooOMeH npu BHemHeM o0TekaHuu Tena. CucTemMa ypaBHEHHM TEIIOBOTO
MOTPAHUYHOTO CJIOSl. AHAJIM3 TEII00OOMEHA MPU JIAMUHAPHOM TE€UEHUU B MOTPAHUYHOM
CJI0€ METOZaMu pazMepHocTel. ABTomoienbHOe perienre [lonbrayzena. CooTHOIEHUS
JUIA pacdera TermIooOMeHa MpH pa3nyHbIX yuciax [Ipanamia. YciaoBHBIE TOJIIMHBL
MIOTPAHUYHOTO CJI0sl. THTEerpanbHble YpaBHEHUSI UMITYJIbCA U SHEPTHH.

[lepexon JIaMUHApHOTO TEYEHUS B TYypOYJIIEHTHOE, BJIMSHUE HA TYypOYJECHTHBIM
Mepexo/ TapaMeTpoB HAOETalolero TIMOTOKAa, MACCOBBIX CWJI, XapaKTEPUCTHK
00TekaeMoM MOBEPXHOCTU. TeopeTruieckre U SKCIEPUMEHTATbHBIE aCTIEKThl Mepexo/ia
JaMUHApPHOTO TeueHus B TypOysneHtHoe. OcpeIHEHHbIE YpPaBHEHMS JBWKEHUS W
SHEPTUU I TypOyJeHTHOTO TeueHus. Kaxynmecss HampsokeHus TypOyJIeHTHOTO
TpeHUs, TYypOYJEHTHBIM TeIIoBOW TMOTOK. CTpyKTypa MNPHUCTEHHOW TypOYJICHTHOM
obsactu. Ananorusi PeliHonbaca nanisi TeruiooOMeHa npu TypOYJIEHTHOM TEYEHUH B
NOTPAaHUYHOM CJI0O€, €€ MOJIEPHU3UPOBAHHBIN BapHUaHT (JBYXCJIOHas CXema),
pacyeTHbIE COOTHOIICHHUS JJIsl TEII00TAaul. KOHBEKTUBHBIN TEIJIOOOMEH MPU BHICOKUX
CKOPOCTIX TeueHHs. AanabaTudeckas TeMIeparypa CTEHKH, KO3(HUIIUECHT
BOCCTAHOBJICHHS, METOJbI pacyera TEIUIOOTAa4u. TeriooOMeH Ha MPOHUIIAeMOMN
MOBEPXHOCTH. TErI000MEH MpU MONEPEYHOM OOTEKAHWM OJMHOYHOTO IWIMHJIpA U
My4KOB TPYO.

TermooOMeH npu TEUEHHM KUAKOCTH B KaHajdaxX. MaTeMaTHUeCKOe OIMHCaHUE,
cpenHeMaccoBasi CKOPOCTh M Temrieparypa. CTaOUIM3UPOBAaHHBIN TEIJIOOOMEH IpHU
IPaHUYHBIX YCJOBUSX 2-To pojaa. Ilpodummm ckopocTtH, Temmeparyphl, TEIOBOIO
MOTOKA TPH JIAMUHAPHOM U TypOYJIeHTHOM TeueHuu, unterpan Jlaitona. TermmooOMen
MpY JIAMUHAPHOM TE€YEHUU >KUIKOCTH B HAYAIbHOM TEPMHYECKOM YYacTKE KpPYTJou
TpyObl. HavanbHblil runpoguHaMudeckuii yuacTok. CTaOMIM3MpoBaHHBIM TEMI000MeH
Mpy JIAMUHAPHOM TedeHuu. CTaOWIM3UPOBAHHBINA TEIUIOOOMEH MpH TYypOYJIECHTHOM
TEUEHUU, PE3YyIbTaThl HMCCICAOBAHUNA Vi1 HEMETAUIMYECKUX >KUIAKOCTEH MU KUJKUX
METAJUIOB, pacyeTHbie (opMynbl. BrusHue mnepeMeHHOCTH CBOWCTB KUIKOCTH Ha
TEII000MEH MPHY TEYSHUH KareJIbHbBIX JKUIKOCTEH M ra30B B TpyOax.

TennooOMeH mpu CBOOOJHOW KOHBEKIIMM. MeXaHU3M ¢ MaTreMaTU4ecKoe
omnucanue, npubmmkenne byccunecka. Pa3BuTre morpaHudHOrO CJI0sl Ha BEP THKATLHOM
IJIOCKOW TIOBEPXHOCTH, pacueT kKoddduimenta termnooraadn. CBoOO HAS KOHBEKIINSA
Ha TOBEPXHOCTU TOPM3OHTAIBHOTO HWIMHApPA U cdepbl. CBOOOIHAsT KOHBEKIUS B
3aMKHYTBIX 00beMax; TeIuionepeaaya yepes npocionky.

TenmmooOMen mnpu ¢a3oBbIX TpeBpalieHusx. MaremMaTHdecKoe OMHUCaHUuEe |
MoOJienn NBYX(ha3HBIX Cpea. YHHBEPCATbHBIC YCJIOBHUS COBMECTHOCTH Ha MeX(a3HBIX
rpanunax. CnoenuanbHbIE YCJIOBHS COBMECTHOCTH JUIi NPOLIECCOB TEIUIO- U
MaccooOMeHa. HepaBHoBecHOCT, Ha MexX(pa3HBIX TpaHUIAX, KBA3UPABHOBECHOE
MpUOIMKCHHE.

[IneHounas w KkamenpHas KoHAeHcamus. TermooOMeH TpU  IUICHOYHOMN
KOHJICHCAllUM Ha BEPTHKAIBHOW NMOBEPXHOCTH: pemenne Hyccenpra, aHamm3 0CHOBHBIX
nonymeHuii.  KoHpgeHcanuss Ha  MOBEPXHOCTHM  TOPU3OHTAIBHOTO  IIWJIMHAPA.
Konpencamms pBwxkymerocss mnapa. KadecTBEHHbIE 3aKOHOMEPHOCTH — KalelbHOU
KOHJICHCALIUU.

Kunenue >xunkocTei. YCNOBHUS 3apOKIEHHUS IapOBOr0 3apojplllla B 00beMe
MeperpeTo  KUAKOCTA M HA TBEPJAOW TMOBEPXHOCTU HarpeBa. (OCHOBHbIC
3aKOHOMEPHOCTH POCTa W OTpPhIBa IMAPOBBIX MY3bIPbKOB. «KpuBasg KHUIICHHSD.



TennooOMeH mnpu MY3BIPHKOBOM KHIIEHHMH B OOJBIIIOM OOBEME, TEIIOOOMEH IpH
IJIEHOYHOM KHneHuu. Kpusucel kunenust B 00JIb110M 00BEME.

Pexxumbl TedueHuss NByx(a3HbIX TMOTOKOB B Tpybax. XapakTep H3MEHEHHS
CpPEIHEMAcCOBOM TeMrmepaTyphl KHIKOCTH, TEMIEparypbl CTEHKH, PAacXOJHOIOo
MacCOBOTO MAPOCOAEPKAHUS M0 JJIMHE 00OorpeBaeMoro kaHana. Kumnenue KUIKOCTH,
HEIOTPETON JI0 TeMIleparypbl HachlllieHUs. Kpu3uc TemnooTnadum Npu KUIMEHUW B
TpyOax.

CoBMecTHBIE TPOIECCHl TEIUIO- M MaccomepeHoca. OOIias XapakTepucTUKa
npoieccoB mnepeHoca macchl U sHeprun. CoctaB cmecu, AuG(Gy3UOHHbIE TMOTOKH,
kodhunment nuddys3uu. [lepeHoc FHEPrUN U UMITYIIECA B CMECH.

AHanorus mpoIeccoB TEIJIO- U MaccooOMeHa. Pacuer MHTEHCHMBHOCTH MepeHoca
SHEPTUHU U MACChl KOMIIOHEHTA MPU YMEPEHHBIX U BBICOKUX CKOPOCTSIX Macco 0OMEeHa.

Temo- ® MaccooOMeH Tpu XUMUYECKMX mpeBpamieHusx. Huddysus,
COIPOBOXJAacMasi TOMOTE€HHOM WM IeTEpOr€HHOM XMMHMYECKOoW peakuuen. [Ipouecce
Ha TIOBEPXHOCTHU TeNa, 00TEKaeMOTO TUIIEP3BYKOBBIM MIOTOKOM Ta3a.

Cy6nuMariysi TOBEpXHOCTH Tella, 00TEKaeMOTO BBICOKOTEMIIEp aTypPHBIM Ta30BbIM
notokoM. Koadduuuent akkomopanmu. 3aBUCHUMOCTh CKOPOCTH CYOJMMAlMU OT
TEMIIEPATYPbI TOBEPXHOCTH TEIA.

Tepmuueckoe paznokeHue Tena, 00TEKaeMOT0 BHICOKOTEMITEPATYPHBIM MTOTOKOM
XUMHYECKH aKTUBHOIO ra3a.

XUMHUYECKO€  B3aMMOJCICTBME Ha  MOBEPXHOCTH  Tela, OOTEKaeMoro
BBICOKOTEMIIEPATYPHBIM T'a30BbIM MTOTOKOM.

Pazpyiienre KOMITO3UIIMOHHBIX MATEPUATIOB B BBICOKOTEMIIEPATYPHOM T'a30BOM
MOTOKE. B3anmMoaencTBue mporeccoOB rOPEHUs U UCTIAP CHUS.

TemooOMeH u3inydeHneM. OCHOBHBIE MOHSATUSL U 3aKOHBI M3iTydeHusi. [Ipupona
u3inydyeHusi. MHTerpambHas W CHEKTpalibHas IUIOTHOCTA TIOTOKA  M3ITyYEHHSL.
[lornomarensHasi, oTpaxareiabHas U MpOIycKareabHas COCOOHOCTH Tel. AOCOIIOTHO
YEPHOE TENO.

3akonel TemnoBoro u3imydeHuss (Ilnanka, Bwuna, Credana—bonbimana,
Kupxroda, JlambGepta). M3ayduenne peanbHbIX Tell. Paguaryio HHbIE CBOMCTBA PeaTbHBIX
MaTepuasoB.

TermooOMeH wu3IydYeHHMEM B JUAaTepMHYHON cpeae. ['eomerpusi u3MydeHUs
(ToKanmbHBIE W CpeaHuE YrioBble KOA((GUIMEHThI). 30HAIBHBIM METOA pacuera
TErI000MeHa B CHCTEME TeJ, Pa3 IeIeHHBIX MTPO3PAYHON CPEIOH.

TermooOMeH n3MydeHHEM B MOTJIOMAIONIMX U U3IIy4Yalolx cpenax. M3mydenue
U TorJionieHue B razax. OCHOBHOM 3aKOH MEPEHOCA YHEPTUHU U3ITyUEHUs B U3ITyUalOILIE -
noryomaromieit cpene. CoocTBeHHOE M3IydeHUE raza. MeTo bl pacyeTa Termioo0MeHa.

Paznen 3. OcHoBbI pacyeTta TeNJI000MEHHBIX anmnapaTon
U CPeICTB TeII0 BOU 3aIUThI

CoBpeMeHHBIE  TEIUIOOOMEHHbIE  CHCTEMBI:  IApOTeHEPaTopbl  TEIIOBBIX
ANIEKTPUUECKUX CTAHLUM, SAEPHBIE DHEPTETUYECKUE PEAKTOPbI, KaMepbl CrOpaHUs
PaKeTHBIX JBUTATENeH, OJTaHKET TEPMOSIIEPHOTO peakTopa. TermiooOMeHHbIe annaparhkl:
pEKyINepaTUBHBIE, PEr€HEPATUBHBIE, CMEC UTEIIbHBIE.

VYpaBHenust TersioBoro OanaHca u Temonepenaud. CpeaHuil TeMmrepaTypHbIid
Harmop. Pacuer moBepXHOCTH TEINIOOOMEHA, KOHEYHOM TeMITepaTyphl TEIUIOHOCUTEIICH.



OCHOBBI THWIPABIMYECKOTO pacdera TEII0O0OMEHHHKOB. OmpeneicHne MOITHOCTH,
3aTpayuBacMOil Ha TPOKAUKY TETIOHOCUTEIICH.

OcobeHHOCTH BBIOOpA CPEACTB M METOJOB TEIJIOBOM 3amuThl. CITOCOOBI
TEIUTIOBOM 3alllUTBl OT KOHBEKTHBHOI'O M COBMECTHOTO (KOHBEKTHBHO-JTy4HCTOIO)
Harpena.

[Iponwukaromiee oxnaxnaenue. Dddekr BayBa. TemmooOMeH MEXAy TOPUCTOMN

MaTpHIel U QUIHTPYIOUMMCS OXJIQIUTEIIEM.
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