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HPOI'PAMMA

BCTYNHUTEJIbHOI0 3K3aMeHa B aCIIHPAHTYPY
no cnenuaabHocTi 05.14.04 «IIpoMblIeHHAs TENJIOIHEPreTHKA»

BBenenue

[Iporpamma  cocTaBlieHa  Ha  OCHOBE  JMCUMIUIMH  HaIpaBJICHUS
«TennosHepreTvka» ¥  COOTBETCTBYET  JEHCTBYIOIIEMY  I'OCYJIapCTBEHHOMY
CTaHAAPTy BBICIIETO TMPOPECCHOHAIBHOIO 00pa3oBaHus. JIMCLMIUIMHBI OTpPaXkaroT
po0JieMHOe ToJIe JaibHeHIel MOATOTOBKYA aCIMpPaHTOB B O0JIACTH MCCIIENOBAHUS
pa3UYHBIX MPOLECCOB TeIioMaccooOMeHa ¥ CBS3aHHBIX C HUM  (U3MYECKHX
saBiIeHuH,  S(QQEeKTUBHOrO  MCIOJIB30BaHHS  MaTEpPHAIBHBIX  PECypcoB B
MIPOMBIIIEHHBIX TEIUIOTEXHOJIOTHIECKAX CHUCTEMaX, CO3/1aHMs YHEProcOeperarommx
¥ DKOJIOTHYEeCKH 0e30MacHBIX TEXHOJIOTUN M 000pYyI0BaHKsI HOBOT'O IIOKOJIEHHS.

IIporpamMma paspaborana kadenpod TEIUIOTEXHUKU M THUAPOTra3’OJMHAMUKU
[TonmurexHuueckoro HHCTUTYTa CHOMpPCKOro (henepaabHOro YHUBEPCUTETA C YUETOM
CTPYKTYpHI NpPOTrpaMMBI-MHHHUMyMa KaHIUIATCKOTO 3K3aMEHa, PEKOMEHJIOBaHHOM
SKCIEPTHBIM COBETOM BhICIel aTTecTallMOHHOM KoMuccuu MUHHUCTEpCTBA HAYKH U
obpazoBanusi Poccuiickoii ®@emepauuu 1O SHEpreTHUKe, OSIEKTpUGUKALUU U
SHEPreTUYECKOMY MAIIMHOCTPOCHUIO NPU y4acTUU MOCKOBCKOI'O SHEPIeTHYECKOIo
MHCTUTYTA (TEXHUYECKOT0 YHUBEPCUTETA).

1. d)ylmaMeHTa.ubele OCHOBBI leOMbIHlJIeHHOﬁ TENJOIHEePIreTUKH

1.1. OcHOBBI TEXHUYECKOU TEPMOJUHAMUKU

CocrossHME TEepMOIAWHAMHMYECKOH CHCTEMBI, IapaMeTpbl ©  (QYHKIUU
COCTOSIHUS. YpaBHEHUsI COCTOsIHUSI. (OCHOBHBIE TEPMOJMHAMUYECKHUE IPOLECCHI.
IlepBeIfi 3aKOH TEpMOAMHAMHKHU. TeIIOEMKOCTh. OHTalblUA. BTOpoil 3aKOH
TEepMOJMHAMHUKHA. OHTpONUsA. OKcepruss U  aHeprus. TepmMoaMHaMUYECKHe
NOTEHLMAJIbl U WX NpPUMEHEHHEe B TepMOJIUHAMHUYecKux pacuetax. CBoilcTBa u
IIPOLIECCH] UICAIBHBIX U PEABbHBIX I'a30B. JluarpamMMbl BOISHOTO Ilapa U BIIAXKHOIO
Bo3Ayxa. [lMKIBI TemnoBBIX ABUTATeNeHd W IMApPOCHUJIOBBIX YCTAHOBOK (JABUraTenen
BHYTPEHHEr0 CropaHus 4 ra3oBblx TypOuH, Kapuo um Penkuna). Tepmonunamuka
TEYEHUS T'a30B U M1apOoB.

1.2. MexaHuKka )XHUIKOCTH ¥ ras3a

OCHOBHBIE IOHATHS MEXaHUKH U KWHEMATHKH JKUIKOCTEH 1 ra3oB. YpaBHEHUE
HEPa3pbIBHOCTU. JI[MHaMUKa HJealnbHOH JKMIKOCTH. YpaBHEHHS JBIDKCHHUSI
UeaIbHOU KMIKOCTH (ypaBHeHHs] Oiiepa). YpaBHeHHe bepHywd Ui Toka
uneanbHoM Jxkuakoctd. CraTtuka XHUIKOCTeH W razoB. YpaBHeHHe Oiinepa s
CTaTUKH. Pacnipenenenue naBieHUs B HETIOABIDKHBIX XKUIKOCTAX U razax. /luHamuka
peabHOM XHUAKOCTH. Y paBHeHUEe bepHy i s MoToKa peasbHON KUAKOCTH. Bupl
norepb  gaeineHus. IlpuHnmnel ruzapaBiudeckoro pacuyera  TpyOOIPOBOIOB.
Vicreyenue ra3oB U3 OTBEPCTUH U COIUI. YpaBHEHUS IABWKEHUS PeabHOMN KUIKOCTH



(ypaBHenuss  HaBbe—Crokca).  DieMeHTBl  T€OpUH  TUAPOJMHAMUYECKOTO
MIOTPaHUYHOTO CIIOSI.

OcHOBBI Teopuu MojobOuss U MojenupoBaHrue. OCHOBHBIE IIOHSATUS TEOPUH
nogo6us. Kpurepun rugpomuHaMudeckoro nomobusi. OcHOBHas TeopeMa MoJo0Hs.
ABTOMOEIBHOCTE. Mo/IenTupoBaHue ABM)KEHUS I'a30B B [1e4aX U TOIKaX.

1.3. Tero- u MaccooOMeH

OcHOBHBIE TOHATHUSI TEOPUHU TeIIoMaccooOMeHa. BHIbI mponeccos Terio- u
MaccooomeHa. I[lons TemmepaTyp W KOHIEHTpaluii. 3aKOHBI COXpPAaHEHUs MAacChl,
IIOTOKAa UMITyJIbca, d3Heprun. Tpoiinas ananorus (3akousl HetotoHa, @ypbe u Puka).

KonaykTuBHbifi TerooOMeH. (OCHOBHBIE IIOJIOXKEHUS U OIpEeNIeHUs.
Hudbdepennuanbioe ypaBHEHHE TETUIONPOBOJHOCTH. TeNIONpPOBOAHOCTE IIPU
CTalLlMOHAPHOM peXxxuMme. TennonpoBOIHOCT IPY HECTALIMOHAPHOM PEXUME.

KonBekTuBHBI Temio- W MaccomepeHoc. (OCHOBHBIE IIONOXKEHHS WU

onpejeenus. TemmooTaa4a Npyu TeUeHUH XUIKOCTH (ra3a) B Tpybax. TennooTnada
Ipyd BHEIIHEM OOTeKaHuW Tei. TemnooOMeH HpH BBICOKOM CKOPOCTH Ia30BOTO
noroka. Temnoormada mpu CBOOOMHOM JBHMXKEHWH J>KAAKOCTH. TermooOMeH mpu
KWATIEHUH JXKUAKOCTU. TermrooTaaya rnpu KoHaeHcauuu napa. OcoOeHHOCTH pacuera
TEIJao- M MaccooOMeHa IMpu TypOyJIeHTHOM Te4eHUH KuJkocTh. Temno- u
MaccooOMeH npu (a30BBIX INpeBpallieHHsxX. MexaHH3M TeIlooOMeHa IpH
y3bIPbKOBOM KHMIIEHMH >XHJIKOCTH B HeorpaHmueHHOM oObeme. Kumenuwe BHYyTpH
Tpy6. OcobeHHOCTH NByX(a3HOro MoToka W TeluiooOMeHa. BiusiHue naBneHus Ha
IIPOLIECC KUIICHUS.
Panuanyonnenii temnooomeH. OcHOBHBIE TOHATHS U omperneneHus. OCHOBHbIE
3aKOHBI TEIJIOBOIO M3Iy4deHHs. TemuooOMeH U3IydeHHUEeM B IIPO3payHbIX U
nornowmwaromux cpenax. CoOCTBEeHHOEe HHTErpajlbHOE U3IMyYEHHE TBEPIBIX Tell.
CrnexTp u3iny4deHus TBepAbIX Ten. [lornommarensHas U U3IydaTrelbHas CIIOCOOHOCTH
Tena. TemoBoe W3ilydeHHWe B IpolieccaXx MHTEHCUBHOIO TEMJIOOOMEHa, CYLIKH U
OPYTUX TEXHOJIOTMYECKHUX MPOIEccax.

1.4. OcHOBBI TEOPUU TOPEHUS

ITpouecchl BOCILUIAMEHEHUS u pacnpocTpaHeHUs TJIaMEHHU.
CamMoBocIIIaMEHEHNE U 3a)KUTaHHe TOpIoYuX cMeceil. TermoBas u ILenmHas TeOpHs
caMoBocIIaMeHeHHs. KOHIleHTpallMOHHBIE TpPaHUIBl CAaMOBOCIUIAMEHEHHS |
3akuranusa. CaMoBOCIZIaMEHEHHE TBEpIOTO ToIuiuBa. HopmaibHOEe TopeHue.
TypOyneHnTHOe pacnpocTpaHeHHe IIaMEHH B Fa30BBIX CMECSX.

Hndy3noHHBIN, KUHETHUECKWH ¥ CMEIIAHHBIM MPUHIUIBl  COKUTAHUSL.
OcHOBHBIE peaklMM TOpeHUs U Tra3u(UKaIuu yriiepojaa. TepMUIecKoe pa3ioKeHue
HaTypaJIbHBIX TOILIMB. Posb jeTyyux u 3016l B mpoleccax ropenus. OcoOeHHOCTh
rOpEeHHUst YroJIbHOU IbUIH. I'openune u razuduxaius yris B HEMOABMKHOM ciioe. [1ytu
VMHTEHCU(QHUKALIMA TOPEHUs TBEPAOro TOILIMBA. BocCIUlaMeHEHHE M MEXaHU3M
rOpeHust KUJKOro TOILUIMBA. | opeHne pacnpuleHHOTO TOIIMBa B (akene. DakelbHOe
ropeHue raz000pa3Horo TomiBa. IHTeHCHbUKAIHsI IPOLECCOB TOPEHHSI.



2. UCTOYHHKH B CHCTEMbI TEMJIOCHAOKeHHUs NPeANnpHATHI

MeTobl OnpeeIeHus MOTPEOHOCTH MPOMBIIUICHHBIX NOTPEOUTENEH B ape U
ropsiuei Bojie. TernoBble ceTu. MeTObI OIIpeieNIeHrs] pacueTHOIO pacxoja BOJbI U
napa. TeryToBoi ¥ MPOYHOCTHOM pacdeThl SIEMEHTOB TEIJIOBBIX CETEM.

[IpoMBILIUTEHHBIE KOTEJbHBIC. TeIUIOBble CXeMbl M MX pacdeT. Merousl
pacmpeneiieHuss Harpy3Kd KOTJIaMHM. OHEpPreTHYecKHe, OKOHOMHYECKHE U
ADKOJOTHYECKHE XapaKTEpUCTUKU KOTEJIbHBIX. TemnoanekTpoLeHTpaIu
IIPOMBINIUIEHHBIX  TpeAnpusTuil. Meroauka  ompelneneHuss  OHEPreTHYeCKHuX
MoKa3aTeJied TeIodIeKTpoLeHTpaiel. cnonb30Bane BTOPUYHBIX YHEPTIeTHUECKUX
pecypcoB NpeANpUSITUI ISl TeHEpaLUK TeIlla U JIEKTPOSHEPIUH.

3. KoTe/jibHbIE YCTAHOBKHU M MaporeHepaTopbl

MCTOYHUKY TETUIOTHI IPOMBIIUICHHBIX KOTEIbHBIX YCTAHOBOK. MaTepuabHble
W TEIUIOBBbIe OaaHCHl KOTEJBHBIX YCTAHOBOK MpH paboTe Ha ra3zoBOM, XKHUIKOM H
TBepAOM ToruuBax. OmnpeleieHHe OCHOBHBIX XapaKTEPUCTUK padOThI KOTEIbHOIO
arperara I10 pe3yJibTaTaM UCHBITaHUN.

KOHCTpYyKIIMM KOTJIOB € €CTECTBEHHOM LUPKYJSLUEH, IPIMOTOYHBIX U C
MHOTOKPaTHON MPUHYIUTEIBHON IUPKYIALMed. BogorperiHbie U apo-BOAOTPENHBIE
KOTJIbI. KOTJBI, HCIONB3yIOIIKEe TEIUIOTY TEXHOJIOTWYEecKoro IMmpoaykra. Oducrka
IIPOJIYKTOB CTrOPaHMs OT TBEPABIX M Tra3000pa3Hbix mpumecedd. [laponeperpesarenu
KOTJIOB. MeToapl peryiaupoBaHus TeMmIlepaTypbl Iapa. OKOHOMAaMsepsl M HX
BKJIIOYEHHE B IIATATeNbHbIe Maructpainu. KOHCTPYKTHMBHBIE CXEMBI BO3IYLIHBIX
nozorpesareneid. Meronsl pacuera TOIIOYHBIX YCTPOWCTB IS CKUIaHUS a30BOro,
YKUJIKOTO U TBEPAOIro TOILIUB, IPOU3BOACTBEHHBIX OTXO/OB.

4. TennomaccooOMeHHOe 000py/I0BaHUE NpeANPUATHI

PexynepaTuBHbIE TEIIOOOMEHHHMKUA HENPEPHIBHOTO ©  INEPUOIUYECKOTO
NEWCTBUS, pEreHepaTUBHbIE TETUIOOOMEHHUKHA C HEMOABMKHON U TMOABUKHOU
HacaJkaMH, Ta30XHUAKOCTHBIE U JXKUIKOCTHO-XXUJKOCTHBIE  CMECHUTEIIbHBIE
TeIUIOOOMEHHUKU.  TeIuioBo#,  rUApaBIWYECKWH,  IMPOYHOCTHOW  pacueThl
pEKyIepaTUBHBIX TEII000MeHHUKOB. [leasparopsl. OCHOBHI pacuera.

HcnapuTenbHbIe, OIPECHUTENbHbIE, BBIMAPHbIE U KPUCTAJUIM3alMOHHBIE
ycTaHOBKM.  TemnoBele cxeMbl Y ycTaHOBKH.  DU3MKO-XMMUYECKHE U
TEPMOIMHAMHUYECKHUE OCHOBBI IIPOIECCOB BhINAPUBAHUS U KpucTauiuzauuu. OCHOBBI
TEIUIOBOI'O pacueTa.

IleperoHHble W peKTU(PUKAIMOHHBIE YCTAHOBKH. DH3UKO-XUMUYECKHE M
TEPMOAUHAMUYECKHE OCHOBBI MPOIECCOB MEPETOHKU U PEKTU(DUKAITUY.

IIpyHLMI NEHCTBUS U OCHOBBI pacuera aOCOPOIMOHHBIX U aICOPOIHOHHBIX
arrnaparos.



Cynmnbeasie yectaHoBkU. [lonstre u npouecch! cyluku. @OpMBI CBS3H BlIary ¢
marepraioM. OCHOBBI KHHETHKH ¥ [OUHAMUKM CyIIKU. TerioBoil GanmaHc
KOHBEKTUBHOM CYIIMIIBHON YCTAaHOBKH.

5. TenJioBble ABHraTeJIM H HAarHETaATEJIH

Mecto  HarHerarenmedd W TEIUIOBBIX  JBHUrareled B CHCTeMax
TEIUIOdHEPTOCHAOKEHHSI TIPOMBIIITIEHHBIX Tpeanpustuii. Kimaccudukanus u obiaacts
IPUMEHEHHUS HarHeTaTelleld 00beMHOT0 ASHCTBUS U MOPLIHEBBIX eTaHaepoB. CXeMbl
MOPIITHEBBIX ~ KOMIIpeccopoB. IlpuHimn  pa®oThl  MOPINHEBOrO  JAETaHIepa.
XonomonpousBoaurensbHocth, KIIJ[ w oTBoguMas MOIIHOCTh IOPIIHEBOIO
netanaepa. TeopeTudeckas XapakTepucThka HarHeTaress. OOmas kiaccupukanuys
noteps B HarHeratensx. CrnocoObl H3MEHEHHs XapaKTEpUCTUKH BEHTHIISATOPA.
OcobeHHOoCTH paboThl HAacocoB B ceTU. LleHTpoOexHble W OCEBblE KOMIIPECCOPBHI.
OcHOBHBIE CIIOCOOBI W3MEHEHHs XapaKTePUCTHKH KOMIIpeccopa. [HUIbl MapOBBIX
TypOuH. [lpuHUMNIUATBEHBIE CXeMBI TapOTypPOMHHBIX YCTaHOBOK. (OCOOEHHOCTH
paboThI BEICOKOTEMIIEPATYPHBIX CTYTICHEW Ira30BOH TYpPOUHBI.

6. TexHosoruueckne SHEProHOCUTEIH npe;mpmle‘i

CuctemMpl  HpOM3BOACTBA M  pacmpelelieHHs  SHEproHocuTered  Ha
IIPOMBILLIIEHHBIX NPEAIPUIATHIX. XapaKTePUCTUKA SHEPTOHOCUTEIIEH.

Cucrema BozgyxocHaOxeHus. OrmnpeneneHre pacueTHOM Harpy3ku Juis
IIPOEKTUPOBAHUS KOMIIPECCOPHOM cTaHLIMKU. MeToauKa onpeaeieHusi HOTPeOHOCTH B
BOJIE Ha TEXHOJOTMYeCKHWe W IPOTUBOIOXKAPHBIE HYXIBl  MPEANPHUSTHUS.
[IpsiMmoTO4YHBIE, 00OPOTHBIE U 0ECCTOYHBIE CHCTEMBI TEXHUIECKOTO BOJOCHA0KECHUSI.
Pacuer cucrempl razocHabGxenus. ['a3oBerii Oamanc mnpennpustus. [lpupommbie
UCKYCCTBEHHBIE U OTXOJSIIME roproure rasbl. [IpoOiembl 3alUThl OKpYyXKarolen
cpenbl. CucreMbl XonofocHaOxeHus. Meroauka ompeneieHus NOTpeOHOCTH B
XOJIOJIE.

CucreMbl oOecriedeHus] TPEANPUATHH TPOAYKTAMHU paslielieHuss BO3ayXa.
Cxemsbl moTpeduTeneil TeXHNUECKOTO M TEXHOJIOIMYECKOTO KHCIOPO/ia, a30Ta, aproHa
U JPYruX OPOLYKTOB pasfesieHus. MeTopl pacyeTra TEXHOJOTMUYECKUX CXEeM CTaHIUH
pazzeneHus.

7. JHepreTuKa TenJ0TeXHOJOTHH

Merononoruyeckye OCHOBBI CO3JaHUSI DHEPro- W MaTepHalocOeperaronmx,
OKOJIOTUYECKH COBEPIIEHHBIX TEIUIOTEXHOJIOIMYECKUX YCTAHOBOK U cHCTeM. MeToj
IPENETBHOI0  DHEProcOeperkeHUs. JHEPrOIKOHOMHUYECKHE W TEXHOJOIMYECKUE
XapaKTEePUCTUKK HCTOYHUKOB OHEPrUU B TEIUIOTEXHOJOTHH, WX B3aMMOCBS3b C
(GHU3MKO-XUMHUYECKUM COAEPKaHUEM ¥ OpraHu3alliel TEXHOJOTUYECKOro MpoLecca.
OcHOBHBIE NPHWHIMIBI U KPUTEPUU CPABHHUTEIBHON OLIEHKH ¥ BBIOOPA MCTOYHHUKOB
DHEPruu  TeIuloTexHojoruu.  IIpuHmmnel  3QQexkTUBHOrO  KOMOMHMPOBAHUS
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WCTOYHUKOB BJHEPIruU. TEeXHOJIOTHS CHKUTaHWs TOIUIMBA B BBICOKOTEMIIEPATYPHBIX
TEIJIOTEXHOJIOTUYECKUX YCTaHOBKaX. JHEPrOSKOHOMHUYECKHUE KPUTEPUU OLECHKU
COBEPILICHCTBA TEIUIOBBIX CXE€M TEIUIOTeXHOJOTMYECKHMX YCTaHOBOK. Ilytum
ONTUMM3AIMKM  OaJaHCOB  TEIJIOTEXHOJOTHMYECKHWX  yCTaHOBOK.  [IpuHIuIBI
MOCTPOEHUS IHEPTrOCcOEPeraroluX TEIIOBBIX CXEM.

OHEProsKOHOMUYECKUM  aHaiM3, CTPYKTYpHass U TapaMeTpuueckas
ONTUMHM3AIMA TEIUIOBBIX CXEM C pereHepaTUBHBIM TEIUIOUCIOIB30BAHUEM, C
BHEIIHUM  3aMBIKAIOIIUM  TE€XHOJOTMYEeCKMM M  BHEIIHMM  3aMBIKAIOIIUM
DHEPreTHYEeCKUM TEIJIOUCIIOIb30BaHUEM. OnTumMu3anus KOMOMHUPOBaHUS
pEereHepaTuBHOIO, BHEIIHEIN0 TEXHOJOTHYECKOTO M BHELIHErO0 SHEPreTHYECKOro
TEIJIOUCIIONB30BaHUs. TeIIoBbIe CXEMBl TEXHOJOTHYECKUX, KOMOMHUPOBAHHBIX U
SHEPreTUYECKUX CUCTEM M KOMILIECKCOB.

Pusnyeckoe U MareMaTU4ecKoe  MOJIeTUPOBaHUE  TEIJIOTEXHUYECKUX
IIPOIIECCOB B TEIUIOTEXHOJOTMHA. ABTOMATH3UPOBAHHBIE CUCTEMBI  HAyYHbIX
HUCCIIeIOBAHUU.

8. Dxonomuka

JunamMuka W CTpyKTypa TOTpeOJIeHHS  JIHEPreTUYECKUX  PecypCoB.
JloArocpoyHble IPOTHO3BI MHUPOBOTO TIOTPEOJIEHUS SHEPTUH. XapaKTePUCTHUKU
pa3/IMYHBIX HMCTOYHHMKOB >HEPruu. Bo30OHOBIIsSIEMble MCTOYHUKH SHEPTUU, HOBHIE
HMCTOYHUKH dHEpruu. BiusHue sHeprocOepesxeHus Ha TEMIIbI pa3BUTHS SKOHOMHUKH.
Opranuzanusi  ynpaBlI€HHS  IPOMBIIUICHHBIMH — NPEANPUATHIMH, IIyTH  UX
COBEpIIEHCTBOBaHUA. KanuTanbHble BIOXKEHUS, UCTOYHUKN WHBECTHUIUH, OCHOBHBIE
(GoHmBIl M OOOPOTHBIE CpeICTBa: CTPYKTypa, JAWHAMUKA, IIOKa3aTeld, IIyTH
HOBBIIIEHUS () PEKTHBHOCTH UCIIOIB30BaHUS.
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