MporpamMa KaHAMAaTCKOro sK3ameHa Mo Hay4HoW crneumnanbHOCTY

«1.3.14 Tennouanka n TeopeTnYeckas TEMIOTEXHUKAY»

1. Bonpocbl KaHAMAaTCKOro sK3amMmeHa

TepmognHammka

1

10.

TepmoanHamuKa 1 ee metof. NapamMeTpbl COCTOAHUA. MOHATME O TepMOANHAMNYECKOM
npouecce. VgeanbHblli ra3. 3akoHbl naeanbHoOro rasa. CMecu nieanbHbIX rasos.

MepBbIi 3aKOH TepMoAMHaMUKK. Tennota. OnbIT yKoyns. SKBUBAIEHTHOCTb TEMNJIOThI U
paboTbl. 3aKOH COXpPaHeHWs W NPeBpaLLeHns 3HEPTUN. BHYTPEHHAS 3HEPTUS U BHELLHAS
paboTta. OHTanbnua. O606LLEeHHblIe CUIbl U 0606LLEHHbIE KOOPAUHATBI. YpaBHEHWe
MepBOro 3aKoHa TepMOAUHAMUKMN.

BTopoli 3akoH TepMofguHaMuKkuW. Lmknbl. ToHsTve Tepmuuyeckoro KM, LCTOYHUKM
Tennotel. O6paTtumble U HeobpaTWMble MpoLeccsl. POPMYyIMPOBKA BTOPOro 3akoHa
TepmognHamukn. Lukn  KapHo. Teopema KapHo. TepMoguHamuuyeckas LUKana
Temnepatyp. OHTponuA. VI3MeHeHMe 3HTpOMMM B HeobpaTUMbIX  MpoLeccax.
O6benHEHHOe ypaBHEHME MepBOro UM BTOPOro 3aKOHOB TepMOLMHAMWUKW. SHTPOMUS U
TepMOANHAMNYeCKasa BEPOATHOCTD.

OnddepeHumansHble ypaBHEHUS TepMOAMHAMUKN. OCHOBHbIE MaTeMaTUYECKME METOAbI
TepMOANHaAMUKN. YpaBHeHMe Makceensa. YacTHble NpPou3BOAHbIE BHYTPEHHEW 3Heprum
N 3HTaNbNNN. TEenno0eMKoCTH.

PaBHOBecMe TepMOAMHAMUYECKUX CUCTEM W (a3oBble nepexofbl. [TOMOreHHble W
reTeporeHHble  TepMoMHaMUYECKMe CUCTEMbI. TepMoAMHaMWYECKOe paBHOBECKE.
Ycnosua (pa3oBoro pasHoBecusi. da30Bble Mepexofbl. YpaBHeHue KnaneipoHa—
Knaysunyca. ®a3oBble NepexoAbl Npy UCKPUBNEHHbIX MOBEPXHOCTAX pasaena.
TepmognHammyeckme CBOMCTBA BeLEeCTB. TepMUYecKMe W Kanopuyeckue CBOMCTBA
Xugkocted. Kputuueckad Touka. YpaBHeHWe BaH-gep-Baanbca. Tepmuyeckue u
Kanopuyeckue CBOWCTBA peasibHbIX rasoB W BMAXHOIO BO3fyxa. YpaBHeHUe COCTOAHUA
peasibHbIX ra3oB. TepMOANUHaMUYECKMe CBOMCTBA BELLECTB Ha IMHUM (ha30BbIX MepPexoaoB
M B KPUTUYECKOW TOUKe. TepMOoAMHaMUYeCKMe CBOWCTBA BeLLeCTBa B MeTacTabuibHOM
COCTOSIHUM.

OCHOBHble TepMOJMHaMMYeCKme npouecchl. 30XopHbIin npouecc. M306apHbIii npouecc.
M3oTepmuueckmii  npouecc. MonutponHble npouecchbl.  [poccenvpoBaHue, 3PQeKT
[xoyns—TomncoHa. AanabaTnyeckoe pacLLMpeHne peasibHOro rasa B BakyyMm (npotecc
xoynd). Mpouecc cmewweHns. MpoLecchl CxxaTua B KOMNPeccope.

Mpouecchbl NCTEYEHUA ra3oB M XMAKOCTeR. MapameTpbl TOPMOXKeHUA. Cono, Anuddysop.
[MonHoe u cTaTuyeckoe [faBneHue. YpaBHeHue bepHynnn. Yucno Maxa. [lokasatenb
afmabarbl.

TepmognHamuyeckme uuknbl. Tepmuueckmin KMA. 3kceprus. Luknel KapHo, OTTO,
[nzens, bpaliToHa, PeHKMHa. PereHepauus TenaoTbl B LMKNE.

XonoauneHble UMKbl. O6paTHble TenjoBble LWKAblI W Npouecchbl. XO0NM0AWbHbIE
YCTaHOBKMW. LIMKN BO34YLIHON XONOAWBbHOW YCTaHOBKM. LIMKN NapoKOMMpecCUOHHON
XO/I0AWNNBbHON YCTaHOBKW. LIMKN Napo3XeKTOpHOM XOM04U/IbHOW YCTaHOBKM. oHATME O
UMKNe abCcopOUMOHHON  XONOAWNBbHOM  YCTAHOBKW. LIMKA  TePMO3MEKTPUYECKON
XOMOANbHOW YCTaHOBKW. [puHLMN paboTbl TEena0BOro Hacoca. MeTodbl CXMKEHUs
rasos.



11. OCHOBbl XMMMWYeCKOW TepMoAMHaMUKK. TepMmoxumus. 3akoH [ecca. YpaBHeHUs
Kupxroga. Xumuueckoe paBHOBECME W BTOPOA 3aKOH TepMOAUHaMUKK. KOHCTaHTbI
paBHOBECUSA M CTeneHb Auccoumnaunn. TennoBoin 3aKoH HepHcTa.

2. Tenno- n maccoobmeH

1. TennonpoBOAHOCTb. YpaBHeHWE COXPaHEeHUs 3HEPrun, 3aKoH Pypbe, KpaeBble YC0BUA
3afja4  TenjonpoBOAHOCTU. MexaHU3M TenjonpoBOLHOCT  BeLEeCTB B  TBEPAOM
(KpucTanmyeckom 1M aMOpP(HOM), >XKMLKOM M ra3o0006pasHOM  COCTOSHUSIX.

TennonpoBOAHOCTb Yepes3 MIOCKYH CTeHKY. Yucno bro. KoadpumuneHT Tennonepesayn.

TennonpoBOAHOCTb Yepe3 LUIMHAPUYECKYHO CTEHKY, KPUTUYECKUIA AuameTp M30MIAuuN.

HecTaunoHapHoe TemnepaTypHOe Nojse B MJIOCKOW NAACTUHE, PerynspHbiil  peXxxum

oxnaxaeHusa (HarpeeaHus) Ten. MeToz NepeMHOXEHUS PeLLeHNiA.

KOHBEKTMBHbIN Tenjao006MeH B OLHOKOMMOHEHTHOW cpefe. YpaBHEHUS COXpaHeHus

MaccCbl, UMMy/nbCa W 3HEPrnM B CM/IOLIHON cpefe. IMMNUPMYECKUe 3aKOHbl NepeHoca

(HbtoToHa, ®ypbe, ®uka). MNMpuBeaeHve ypaBHeHU K 6e3pasMepHOMY BUAy, KpuTepuu

nofobus. ®u3nYecknin CMbIC/ Yncen Nogobms KOHBEKTUBHOIO TEMJIO- U MaccoobMeHa.

TpoliHas aHanorus.

3. TennoobmeH npv BHelWwHeM o06TekaHUn Tena. CucTema YypaBHeHWI A TeMmI0BOroO
MOrpaHMYHOro cnos. AHaiu3 TennoobmeHa Npy NaMUHAPHOM TEYEHUWU B MOrpaHUYHOM
cfoe MeTogaMu pasmepHocTeli. ABTOMOAeNbHOe pelueHue lMonbrayseHa. COOTHOLEHMWS
A9 pacyeTa TensjoobMeHa Mpu pasnnyHbIX yucnax [paHATAA. Y CNOBHble TOMLWMHBI
MOrpaHNYHOro cnosi. IHTerpasibHble ypaBHEHUS UMNY/bCA U IHEPTUN.

4. Tlepexof NamWHapHOro TeyeHUs B TypOy/neHTHOe, BAUAHWE Ha TypOYNeHTHbIN nepexos
napaMeTpoB HaberarwLlero MoTokKa, MacCOBbIX CWI, XapakTepuUCTUK 06Tekaemoii
MOBEPXHOCTN. TeopeTnyecKue M IKCNepuMMeHTa/lbHble acrnekTbl Mepexofa NamuHapHoro
TeyeHus B TypOyneHTHoe. OcCpefHeHHble YPAaBHEHWA [BVKEHWUSA W 3Heprun ans
TYpOYyneHTHOro  TeueHus.  Kaxylimecsd  Hanps>keHUs  TypOY/NEeHTHOro  TpeHus,
TYpOYneHTHbIA TennoBol MOTOK. CTPyKTypa NPUCTEHHONW TypOyneHTHOW o6nacTw.
AHanorua PeiiHonbaca Ans TensoobmeHa npu TypOy/feHTHOM TeYeHWUU B MOrpaHUYHOM
C/oe, ee MOJEPHU3NPOBAHHbIV BapuaHT (4BYXC/OHAsA CXema), pacyeTHble COOTHOLLEHMS
Ans Tennootgaydn. KOHBEKTUBHbLIA Tena000MeH MPU BbICOKMX CKOPOCTAX TeUeHwus.
ApnabaTtnyeckas TemnepaTtypa CTeHKWU, KOSMMULMEHT BOCCTAHOB/IEHMSA, METOAbI pacyeTa
Tennootgaun. Tennoo6MeH Ha MPOHULAEMON MOBEPXHOCTW. TennoobmeH npwu
nonepeyHom 06TeKaHUW OAMHOYHOTO LWUINMHAPA U MYYKOB TPyoO.

5. TennoobMeH npu TeYeHUM >KUAKOCTM B KaHanax. MaTtemaTuyeckoe omnucaHue,
cpefiHeMaccoBasi CKOpOCTb M TemnepaTypa. CTabunmM3vpoBaHHbIA TenjaoobMeH npu
rpaHMyYHbIX yCnoBusax 2-ro poga. Mpoguny ckopocTu, TemnepaTypbl, TENA0BOro NOTOKa
Mpy NaMMHAPHOM W1 TYpOYNEHTHOM TeYeHUW, UHTerpan JlalioHa.

6. TennoobmeH Mpy NamMHAPHOM TEYEHUUN XWULKOCTU B HaYaNbHOM TEPMUYECKOM y4yacTKe
Kpyrno Tpybbl. HayanbHbI rMApoAMHAMUYeCKUA y4yacTokK. CTabunn3npoBaHHbI
Tens006MeH npu NaMUHapHOM TeyeHun. CTabUNIM3MPOBAHHBLIA  TeMa000MeH npu
TYpOYNEeHTHOM TeueHuu, pe3ynibTaTbl UCCNeA0BaHWI A1 HEMETANIMYECKNX XULKOCTel 1
XUOKUX MeTaN10B, pacyeTHble (hopMmy/ibl. BansHue nepemMeHHOCTU CBOMCTB XMUAKOCTU Ha
TennoobMeH Npu TeYeHUM KanesbHbIX XXWUAKOCTEN 1 ra3os B Tpybax.

7. TennoobmeH npu cBOOOAHOW KOHBeKUUW. MexaHuW3M U MaTeMaTU4ecKoe OnucaHue,
npuénmxeHve byccuHecka. Pa3BuTve MOrpaHUYHOrO CNOS Ha BEPTMKaIbHOM M10CKOW
MOBEPXHOCTM, pacyeT KoagduumeHTa TennooThaun. CBoboAHAA KOHBEKUMSA Ha
MOBEPXHOCTM FOPU3OHTA/IbHOIO LuanHapa 1 chepbl. CBOO0AHAA KOHBEKLMS B 3aMKHYThIX
obbemax; Tensonepegada vyepes npocnomnky.

8. TennoobmeH npu (a3oBbiX NpeBpalieHnax. MaTemaTMyecKoe ornucaHue u MOAenu
ABYX(a3HbIX Cpel. YHuBepca/ibHble YCNOBUS COBMECTHOCTM Ha MeX({a3HblX rpaHuLax.
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CneuuasnbHble  YC/MIOBUS COBMECTHOCTM NS MPOLECCOB Temnio- UM MaccoobmeHa.
HepaBHOBECHOCTbL Ha MeX®Ma3HbIX rpaHMLax, KBasvpaBHOBECHOE NPUBIMKEHME.
MneHoyHas M KanenbHas KOHAeHcauus. TennoobmeH Mpu NAEHOYHOW KOHAeHcauun Ha
BEepPTUKa/bHOM MOBEPXHOCTU: pelleHne HyccenbTa, aHaiM3 OCHOBHbIX AOMYLLEHWIA.
KoHaeHcaums Ha MOBEPXHOCTU FOPU30OHTaNbHOIO UnnHApa. KoHaeHcaums ABMXKYLLerocs
napa. KayecTBeHHble 3aKOHOMEPHOCTU KanenbHOW KOHAeHcauuun.

KnneHune XngKocTen. YCnoBus 3apoXxaeHns napoBoro 3apofbilla B 06beme neperpeTo
XWUAKOCTU W Ha TBEPAOM MOBEPXHOCTM HarpeBa. OCHOBHble 3aKOHOMEpPHOCTU pocTa U
OTpbiBa MapoBbIX My3blpbKoB. «KpuBas KuneHus». TennoobMeH npu MNy3bipbKOBOM
KUNeHun B 60/1bLLIOM 06beMe, Temnso06MeH Npu NIeHOYHOM KuneHun. Kpusmncbl KMneHus
B 60/1bLLIOM 06beEME.

PeXKuMbl TeueHUs 4BYX(Ha3HbIX MOTOKOB B Tpy6ax. XapakTep M3MEHEHUs CpefHEMACCOBO
TemnepaTtypbl XXMAKOCTW, TeMNepaTypbl CTEHKW, PACXOAHOr0 MacCcoBOro NapocofepXXaHns
Mo A/MHe 060rpeBaeMoro kaHana. KuneHue >XMAKOCTW, HeAOrpeToil fO Temnepatypbl
HacblweHns. Kpnsnc Tennootaaum npy KUneHmmn B Tpybax.

CoBMeCTHble MpoLecchl Tenao- 1u MaccoriepeHoca. ObLias xapakTepucTUKa NpoLEeccoB
nepeHoca Maccbl M 3Hepruu. CoctaB cMecw, AM(PDY3NOHHbIE MOTOKM, KO3IP(PULUEHT
anddysnn. NepeHoc aHEPrUn N NMMYbCa B CMECU.

AHanorusa npoLeccos Tensio- 1 MaccoobmMeHa. PacyeT MHTEHCUMBHOCTU NMepeHoca aHeprmm
M Maccbl KOMMOHEHTa NPV YMEPEHHbIX M BbICOKMX CKOPOCTSIX MacCoObMeHa.

Tenno- n maccoobMeH NpU XMMUYECKMX MpeBpaLleHnsax. Ouddgysus, conpoBoXaaemas
rOMOTEHHOWN U reTeporeHHoOM XMMNUYECKOW peakumei. MNpoueccbl Ha MOBEPXHOCTY TeNa,
06TeKaemMoro rmnep3ByKoBbIM NOTOKOM rasa.

Cybnnmaums MoBepxHOCTU Tena, 06TEKaemoro BbICOKOTeMMepaTypHbIM rasoBbIM
NOTOKOM. KoappuumeHT akkomogaumu. 3aBUCUMOCTb CKOPOCTU cybnumaumm ot
TemnepaTypbl NOBEPXHOCTU Tena.

TepMmuyeckoe pasnoxeHne  Tena, O0OGTEKAEMOrO BbICOKOTeMMepaTypHbIM MOTOKOM
XUMUYECKN aKTUBHOTO rasa.

Xumunyeckoe B3aMMo/eincTamne Ha MOBEPXHOCTM Tena, 06TekaeMoro
BbICOKOTEMMEPATYPHbLIM ra3oBbiM MOTOKOM.

PaspyLueHne KOMMNO3ULUOHHLIX MaTepUasnoB B BbICOKOTEMMEPATYPHOM ra3oBOM MOTOKE.
B3anmopeincTBMe NpoLeccoB ropeHns 1 ncnapeHus.

TennoobmeH un3nyyeHreM. OCHOBHble TMOHATMS U 3aKOHbl M3nydeHus.  [Mpupoga
N3NyYeHus. WHTerpanbHas 1M CNeKTpasbHas NIOTHOCTU  MOTOKAa  M3/yYeHUs.
MornowaTenbHasa, oTpaXaTeflbHas M NponyckatenbHas Cnoco6HOCTU Ten. ABGCOMOTHO
4yepHoe Teno.

3akoHbl TennoBoro wusnyyeHus (MnaHka, BuHa, CtehaHa—bBonbumaHa, Kupxroga,
NambepTta). N3nyyeHne peanbHbIX TeN. PagnaLnoHHbIe CBONCTBA peasibHbIX MaTepuasos.
TennoobmeH M3yyeHUeM B AMaTEPMUYHON cpefe. TeoMeTpus n3nyyeHus (fIoKasibHble U
cpeaHue yrnosble KO3hhnLmMeHTbl). 30Ha/IbHBIA MeTO/ pacyeTa TeNN006MeHa B CUCTEME
Ten, pa3feneHHbIX NPO3payHol cpeaoi.

TennoobmMeH M3NyYeHUeM B MOT/OLWAOWMNX W U3NTydaloWwmnx cpefax. WsnyyeHue u
nornoweHne B rasax. OCHOBHOW 3aKOH MepeHoca 3Hepruy K3Ny4YeHWs B M3nydaroLe-
nornowatoLei cpese. CobCTBEHHOE M3NyYeHMe rasa. MeTofbl pacyeTa Tenso06MeHa.

3. OcHOBbI pacyeTa Ten1006MeHHbIX annapaToB
N CPpeAcTB TEn/0BOW 3alUThbl

1 CoBpeMeHHble TeM006MeHHble CUCTEMbI: NMaporeHepaTopbl TEMM0BbLIX 3NEKTPUYECKNX
CTaHUMIA, sAepHble 3HEPreTMYeCKMe peakTopbl, Kamepbl CropaHusi pakKeTHbIX
ABurateneii, 6naHKeT TepMOsAEPHOro peakTopa. Tennoo6MeHHble —annaparbl:
peKynepaTuBHble, pereHepaTuBHbIE, CMECUTENbHBIE.



2. YpaBHeHus TensoBoro 6anaHca u Tennonepegaydn. CpefHuiAi TemnepaTypHbIid Hanop.
PacyeT MOBEpPXHOCTU TennooOMeHa, KOHEYHOW TemmnepaTypbl TEnJOHOCUTENENA.
OCHOBbI TMApPaBNMYECKOro pacyeta Tenja006MeHHMKOB. OnpeaeneHne MOLLHOCTH,
3aTpaynBaeMoii Ha NPOKayKy TenjaoHoCUTenein.

3. OcobeHHOCTM BblGOpa CpPeACTB M METOAO0B TensoBoW 3awmTbl. Cnocobbl TenaoBow
3alWTbl OT KOHBEKTUBHOIO U COBMECTHOI0 (KOHBEKTUBHO-/Ty4MCTOr0) Harpesa.

4. TlpoHuKaroLlee oxnaxaeHve. dgekT Baysa. Tens000MeH Mex gy NOPUCTOM
mMaTpuLen 1 UNbTPYIOWMMCA OXNaguTeNem.
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