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OHEPIETUYECKNME YCTAHOBKW U BCIMOMOI'ATEJIbHBIE MEXAHU3MbI ».

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuUU o0 opuauHany, xpaHauwemycs e 1C: Konnedx




KMPK BIr'AP® ®I'6QY BO «KI'TY»

MO-15 02 06-MMg.06.CP NMMa.06 NOArOTOBKA B COOTBETCTBUW C TPEBOBAHUAMU MK C. 3/40

noHB
CopepxaHue
BBEOEHUE ... .oeeiiiiee ettt et e et e e et a e aaaas 4
MepeveHb CaAMOCTOATENBHDBIX PABOT ....uuuuuuuueeiruuruuiuuureueuansannsnnnnennenennessnnnnssnssssssssssnssssnssssnsssnssnnnns 8
Pasgen 1. CyOoBble 3HEPTETUUECKMNE YCTAHOBKM .....cvvvuuiieeeeeeeeiiiiiiaeseeeeeeeeastiiaasaeeaseeeannnnnnaaeaaes 9
Tema 1.1 CynoBble AN3ENbHBIE SHEPTETUHECKNE YCTAHOBKM . ....ccevevrriiiieeeeeeeeeeatiiiaeeeeeeeeessnnannnnns 9
CamoctodatenbHaa pabota Nel. [MpuHuunuanebHas rugpaBnuyeckas Cxema OXnaXaeHus
CYO0BOIO OU3EINBHOMO AIPETATA. 1oeiieieeeieeeeeeeeeee e e e e e e et e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaas 9
Tema 1.2 [a30TYPOUHHBIE YCTAHOBKM. .......cevveveeeeeeeeeeareeenn OLWKUBKA! 3AKNAOKA HE OMPEOENEHA.

CamocTtodatenbHasi pabota Ne2. PeBepCcuBHbIN X0 rMaBHOW AN3ENbHOM YCTAHOBKM. .... OLUUBKA!
3AKINALKA HE ONPEAENEHA.

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuUU o0 opuauHany, xpaHauwemycs e 1C: Konnedx




KMPK BIr'AP® ®I'6QY BO «KI'TY»

MO-15 02 06-MMg.06.CP MMVa.06 NOArOTOBKA B COOTBETCTBMIN C TPEBOBAHNAMU MK

MOHB C. 4/40

BBenoeHue

MeToanyeckme  ykasaHMA MO  OpraHu3aumm  camMoCTOsTENbHOW  paboThbl
obyvarowmxca paspaboTaHbl B COOTBETCTBMM C paboyen nporpamMmmon LUCUUNIIVHDI
MMVa.06 «MNOAroTOBKA B COOTBETCTBUM C TPEBOBAHUAMKW MK T1OHB»
MOK.06.04 «CYOOBbIE SHEPITETUYECKME YCTAHOBKN I BCMNOMOIATEJIbHbLIE
MEXAHN3MbI» no cneumansHoctn 15.02.06 «MoHTax u TexHuyeckas akcnnyataums
XONOAUITbHO-KOMIMPECCOPHbIX MaLUMH U YCTAHOBOK (MO OTpacnsam)»

CamocToaTenbHaa pabota — 3T0 [OesaTenbHOCTb obyvarwmxcs B npouecce
oby4YyeHnsa 1 BO BHeayaAUTOPHOE BpPEMS, BbINOSHAEMada No 3adaHuio npenogasaTens, HO
6e3 ero HenocpeaCTBEHHOrO y4acTus.

Ha camoctodatenbHyio BHeayauTOpHyto paboty no agucuunnuHe [MMpg.06
«MoArotoBKA B COOTBETCTBUM C TPEBOBAHUAMW MK MOHB» MOK.06.04
«CY[OBbIE OHEPIETUYECKUE YCTAHOBKU A BCIMOMOIATEJIbHbBIE
MEXAHN3MbI» oTtBegeHo 6 akagemMmyeckmx 4acoB B YETBEPTOM CEMECTpE.

Llenb BHeayanTopHON camMOCTOATENBbHON paboThl:

- 3aKpenuTb 3HaHUSA 1 YMEHMS No TeMaM 1 pasgenam AUCUUNINHDI;

- pacWmpuUTb 3HAHWS MO OTAENbHBIM TEMaM;

- chopmMmpoBaTh YMEHUA CaMOCTOSITENBbHOIO U3y4YeHUs] INIEMEHTOB AMCLUMNIUHBI,
Nnonib3oBaTbCA LOMONMHUTENBbHOW Yy4ebHON NUTEPATypPOr, MUHTEPHETOM;

- pasBuUTUE CaMOCTOATENBHOCTW, OPraHN30BaHHOCTU, OTBETCTBEHHOCTY;

- paboTaTb Hag ¢opMMpOBaHMEM OOLIMX M MPOGECCUOHANbHbIX KOMMNETEHUWN,
HeobXxo4MMbIX A4S OCYLLECTBNEHUsSI NPOdECCMOHAaNbHON OeATENbHOCTY.

BbinonHeHne camocToaTeNbHbIX paboT cnocobeTByeT OPMUPOBAHUIO Y
oby4aroLmxcs:

3HaHUU:

- BMAbl 1 06NnacTb NPUMEHEHUS CYA0BbIX 3HEPreTUYECKMUX YCTAHOBOK,;

- Knaccudukaumo, NpaBuna MapkMpoBKM M MPUHLMN OEACTBUSA CyO0BbIX
ABuratenen BHyTPEHHEro CropaHus;

- KOHCTPYKLMIO YETbIPEX- U ABYXTAKTHbIX CY4OBbIX AMU3ENEN;

- KOHCTPYKLMIO 1 MPUHLMN OENCTBUSA CUCTEM CYA0BOro AN3ENS;

- MpaBuna aKcnnyaTauumn cyaoBbiX An3enen n nx napameTpbl paboThbl;

- KOHCTPYKLUMIO 1 MPUHLMN OENCTBUSA CyA0BbIX ra30TypOUHHBIX YCTAaHOBOK,;

- KOHCTPYKLMIO 1 MPUHLMN OENCTBUSA CyA0BbIX NapOBbIX KOTOB;
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- MpaBuna aKkcnnyaTauumn cyaoBbIX NapoBbIX KOTMOB U NapaMeTpbl X paboTbl;

- KnaccuduKkaumio 1 KOHCTPYKLUMU CyL0BbIX BOOOOMNPECHUTESNbHbBIX YCTAaHOBOK,;

- MpaBuna aKcnayataunmn cygoBbiX BOAOONPECHUTENbHbBIX YCTAaHOBOK.

- KOHCTPYKLMIO 1 MPUHUMN ENCTBUSA CYAO0BbLIX HACOCOB M NapaMeTpbl X paboThl;

- MpaBuna aKkcnyaTauun cyaoBblX HACOCOB;

- Knaccudukaumo, HasHayeHne 1 yCTpoMUCTBO CYJ0BbIX CUCTEM;

- NpaBuna n cpeacTaea npeaoTepalleHns 3arpsasHeHns MOpS C CyaOB.

YMeHUU:

- YuTaTb MAPKMPOBKY CYA0BbIX AN3ENbHbIX ABUraTenemu;

- BbINOSIHATE OCHOBHbIE Onepaumu rno aKcnyaTauumn cyaoBoro Ansens u ero
cucTem;

- aHanM3nMpoBaTb PeXNMbl paboTbl CyAOBOro AN3enst U xapakTepHble
HencnpaBHOCTU B ero paborTe;

- BbINOMHATE OCHOBHbIE OnepaLmm no 3KcnyaTauumn cyaoBbliX HACOCOB;

- aHanM3MpoBaTb PeXNMbl paboTbl CyAOBbIX HACOCOB N XapaKTepHble
HencnpaBHOCTU B ux paboTe;

- BbINOMHATE OCHOBHbIE OnepaLmm No aKcnnyaTaunm CyaoBbIX NAapoBbIX KOTMOB U
aHanuanpoBaTb UX PeXnMbl paboThbl;

- BbIMOSHATE OCHOBHbIE OMnepauum rno aKkcnnyaTaumMm BoOA0OONPECHUTENBHON
YCTaHOBKW MU aHann3npoBaTb pPeXuUMbl ee paboTbl U XapaKTepHble HEUCNPaBHOCTY;

- BbINONHATE onepauun no akcnnyataumm obopyaoBaHvs Ang npeaoTBpaLleHns
3arps3HeHnst MOpsi C Cy4OB.

Pabo4yas nporpamma HanpasneHa Ha (bopMmmnpoBaHme y obyyaroLmnxcsa crneayroLmnx
3N1IEMEHTOB KOMMNETEHLUMNN:

- NpoheccnoHarbHbIX KOMMETEHLNN:

MK 6.6. NpuHATME Mep NpedoCTOPOXHOCTU AN NpeoTBpaLleHUs 3arpsa3HeHus
MOpPCKOW cpebl.

MK 6.7. CobnogeHne TexHnkn 6e3onacHoOCTu.

MK 6.17. NpoBepka 1 obcnyxusaHne cnctem n obopyaosaHus 4nsa obHapyXeHus
noxapa v noXxapoTyLleHus.

MK 6.20. SkcnnyaTaums apuratens cnacaTesnbHOM LUSOMNKK.

Kputepusimm oLeHKM pe3ynbTaToB CaMOCTOATENbHOM paboThl ABAKTCA:

- YPOBEHb YCBOEHWS y4ebHOro MaTtepuana;

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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- 000CHOBAHHOCTb U YETKOCTb M3NOXEHUs1 OTBETA,

- ohopmreHne matepmarna B COOTBETCTBUKN C TpeboBaHNAMM.

MtoroBasa oueHka N0 AUCLUMNIMHE BbICTaBNASETCA C  YY4ETOM pe3ynbTaToB
BbINOJSTHEHNS CAMOCTOSATENIbHON BHEAQYAUTOPHOWM paboThl.

B pesynbTate BbLINOSIHEHWUSI CaMOCTOATENbHOW paboTbl B MpoLEcce U3yYeHUs
avcumnnuiel MMA.06 «MOANrOTOBKA B COOTBETCTBMMM C TPEBOBAHNAMU MK
NnAoHB» M[K.06.04 «CYOOBbIE OHEPIETUYECKUME YCTAHOBKU 7
BCMOMOIATEJIbHbIE MEXAHU3MbI» oby4atowminca AomKeH:

3HaThb:

- BUAbl 1 06nacTb NPUMEHEHNS CYA0BbIX SHEPreTUYECKNX YCTAHOBOK;

- Knaccudwukauuio, npaBuna  MapKAMPOBKM W NPUHUMN  OENCTBUSA  CYAOBbIX
ABuratenen BHyTPEHHEro CropaHus;

- KOHCTPYKLMIO YETbIPEX- N OBYXTAKTHbIX Cy4OBbIX AN3ENEN;

- KOHCTPYKLMIO U NPUHLMIN AENCTBUS CUCTEM CYA0BOro AM3ens;

- MpaBuna aKcnnyaTauumn cyaoBbiX An3enen n nx napameTpbl paboThbl;

- KOHCTPYKLMIO 1 MPUHLMN OENCTBUSA CYA0BbIX ra3oTypOMHHbIX YCTAHOBOK,;

- KOHCTPYKLMIO U NPUHLMIN AENCTBUSA Cy40BbIX NAPOBbIX KOTMNOB;

- NpaBuna aKcniyartauum CygoBbIX NAapOBbIX KOTMIOB U NapaMeTpbl nx paboThbi;

- KnaccuduKkaumio 1 KOHCTPYKLUMM CyLOBbIX BOAOONPECHUTENbHbLIX YCTAHOBOK,;

- NpaBuna aKcnsyaTauumn cygoBbiX BOAOONPECHUTENbHbBIX YCTAaHOBOK.

- KOHCTPYKLMIO U NPUHLMIN AENCTBUSA Cy40BbIX HACOCOB M NapamMeTpbl X paboThl;

- NpaBuna aKcnnyaTtaunmn cygoBbiX HACOCOB;

- Knaccudukauuio, HaaHa4yeHMe N YCTPONCTBO CYy4OBbIX CUCTEM;

- NpaBuna u cpeacTea nNpeaoTBpaLLeHns 3arpsasHeHns MOpPS C Cya0B.

yMeTb:

- ynTaTb MaPKNMPOBKY CyO0BbIX AN3ENbHbIX ABUraTenen;

- BbINOMHATL OCHOBHbIE OMNepauun Mo 3JKcnnyatauuM cygoBOro An3ensa v ero
cucTem;

- aHanu3upoBaTb peXumbl paboTbl CydoBOro Au3ens W XapaKTepHble
HencnpaBHOCTU B ero paboTe;

- BbINOJSTHATb OCHOBHbIE Onepauumn No 3KCnyaTaunm CyaoBbiX HACOCOB;

- aHanuM3npoBaTb peXxumbl paboTbl CyOOBbIX HACOCOB W XapaKTepHble

HeMcnpaBHOCTM B Ux paboTe;

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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- BbIMOSHATb OCHOBHbIE OMnepauun No 3Kcrnsyatauum CyLoBbIX MApOBbIX KOTMOB U
aHanM3npoBaTb MX PEXMMbI PpaboThl;
- BbINOMHATL OCHOBHblE OMepauMM MO 3KchnyaTauuM BOAOOMPECHUTENbHOM

YCTaHOBKU N aHAJITM3NPOBATb PEXNUMbI €€ pa6OTbI N XapakTepHble HEUCTIPaBHOCTU.

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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MNepeyeHb caMocToATENbHbLIX paboT

Ne pa6oThbl

Tema camocTosiTenibHOM paboThI

KonuyectBO
YyacoB

Pasgen 1. CynoBbie a3HepreTuyeckue yCTaHOBKM

Tema 1.1 CygoBble au3enbHble 3HEPreTuYeckne yCTaHOBKU

rlpVIHLI,VIﬂVIaJ'IbHaFI rmapaBsjim4eckasa cxema oxrnaxneHua cyngoBoro
AON3EJIbHOIo arperara.

Tema 1.2 Na30TypOMHHbIE YCTAaHOBKMU

| Linknbl ra3oTypBUHHBLIX YCTAHOBOK.

WToro:

[ F-3

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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PA3OEN 1 CYOOBbLIE SQHEPTETUYECKUE YCTAHOBKUA
Tema 1.1 CynoBble An3enbHbIe 3HEpreTM4YecKmue yctaHOBKHU
CamocTtosTenbHasa pa6ota Nel MNpuHuunuManbHas rugpaBnMyeckas cxema
oxflaxaeHusa CyaoBOro An3enbHOro arperara.
Llenb pabomoi:
3akpenuTb 3HaHWS, MOMNYyYEeHHble Ha JEKUMOHHOM 3aHATMW. [ononHUTENbHO
npopaboTtaTtb NPOMAEHHbBI MaTepuan.
®opmupyembie obwue u npogeccuoHasnbHble komnemeHyuu: K 6.6, 1K 6.7, TIK

6.17, [1K 6.20.

Jlumepamypa: [3], KOHcriekm.

[Mopsi0ok ebinonHeHuUs pabomel:

MpopaboTaTb NEKUMOHHbIM MaTepuan no Teme «TepmMoauHamMuKa ras3oBy.
3akpenuTb NoslyYeHHble 3HaHWA N0 OCHOBaM TeXHMYeckon TepmoauHamukn. OTBETUTL Ha
KOHTPOJIbHbIE BOMPOCHI.

Cuctema oxnaxaeHus
Cunctema oxnaxgeHus npeaHasHayeHa a4ns oxnaxaeHusa getanen, HarpeBaroLwmnxes ot
TPEHUs 1 TENNOTbl CropaHMsa TONNUBa, U ANg 0TBOAA TENMOTbl OT paboymx XnaKocTemn

(macna, Tonnmea, BOAbI) U HAAA4YBOYHOIO BO34yXa.

Cuctembl oxnaxaeHus, npumeHsieMble B cyaoBbIx [3Y, MOXHO KnaccudpumumpoBaTth Mo

cnegyrowmMm npu3Hakam:

e 10 YUCIY BOASAHbIX KOHTYPOB: Ha OLHOKOHTYPHbIE (MPOTOYHbIE) — B KOTOPLIX AN
oxnaxgeHusa ncnonb3yetcsa 3abopTHas BOAA; U ABYXKOHTYPHbIE (3aMKHYTbIE) — B
KOTOpPbIX MMEETCA ABa KOHTYpa OXNaXKaeHus: BHYyTPEHHUI (NpecHasn Boaa),
oxnaxgawowwmn nonoctun ', n BHewHun (3abopTHas Boaa), oxnaxagaroLwmnn Yyepes
TennooObMeHHVK BOOY BHYTPEHHEro KoHTypa. Macno, Tonnmeo 1 HaAAYyBOYHbIN
BO34yXx oxnaxgarTcst 06bl4HO 3a60pTHOW BOOOMN.

e MO TEMNepaTypHOMY YPOBHIO: Ha HU3KOTEMMNEPATYpPHble — TeMnepaTypa
oxnaxgatowien soabl 4o 50 °C (kak npaBuno, OQHOKOHTYPHbIE
CUCTEMBI); YMEPEHHbIE — TeMMepaTypa oxnaxgarLien sogsl B npegenax 70 + 90
°C (kak npaBuno, ABYXKOHTYPHbIE); BbICOKOTEMMEPATYPHbIE C MOBbLILLEHHBIM

AasneHveMm (temnepatypa oxnaxgatowien sogsl > 100 °C) n ucnaputenbHble ¢

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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YacTMYHbLIM UCnapeHneM (TemnepaTypa oxnaxgatowen soasl ~ 100 °C npu
HOpMarnbHOM JABMEHUN);

e MO HaMpaBfeHWIO ABWKEHNSA OXNaXaatoLen BoOAbl B ABUraTene: Ha CUCTeMbI C
€CTEeCTBEHHbIM HanpaBreHneM OBMKEHNSA NOTOKa — oxnaxjatoLlas Boga
NOABOAMUTCS B HUXKHIOK YaCTb MOSIOCTU OXNaX4eHWs, NOOHMMAEeTCs BBEPX NO Mepe
MOBbILLEHNSI TeMNepaTypbl N OTBOAUTCH U3 BEPXHEN YaCTU; TEPMOCUGOHHBbIE —

BOAa NOABOAUTCS B BEPXHEWN YacTU MONOCTUN OXNaXaeHusl, a OTBOANTCHA U3 HUXKHEN.
B cocTaB cucTeMbl oxnaxaeHus 00bIYHO BXOAUT crieaytollee obopyaoBaHue:

e BOASIHblE HAcocbl, obecneyvmBaroLLne LUMPKYNALNIO OXnaxaatoLen Boabl B CUCTEME;
B OBYXKOHTYPHbIX CMCTEMaX NPUMEHSIOTCA HAacOCbl 3a0OPTHOM BOAbLI M HACOChI
npecHou BOAbI;

e TENNOOOMEHHUKN, 0BecneymBatoLLMe OTBO B OXMaxaatoLLyto BoAy U30bITOYHON
TENnoTbl OT XNOKOCTEN (TONnMBa, Macna, BoAbl BHYTPEHHErO KOHTYpa) 1
Hag4yBOYHOrO BO34yXa;

e pacwmpuTenbHas UMCTEpPHa, NpeaHa3HavYeHHas aAns KOMNeHcaumMm paclunpeHmns
BOAbl BCIEACTBME N3MEHEHMUS €€ TEMNEepPaTypbl, BOCNOSTHEHUS NOTEPL BOAbI
BCIeACTBME yTeYek 1 NCnapeHns, yaaneHnsa n3 cucTeMbl Bo3ayxa 1 BOASIHbIX
napos;

e TEpmMoperynaTopsbl, obecneyvnBaoLme aBToMaTM4yeCcKoe nogaepaHume
TemnepaTypbl BOAbI 1 OXNaX4aeMbIX XXUOKOCTEN B 3a4aHHbIX Npeaenax;

e Tpybonposoabl, KU n apmatypa.

[na ynyduweHns oxnaxaeHusi NOpLIHEN MOLLHbBIX KPpENLKONMHbIX ABYXTAKTHbIX AN3enen
WHoOrga npuMeHsieTca oTaenbHas cuctTema oxnaxaeHusi cCo CBOMM HacocoM. B kavecTse

pa6oqe|71 XXMOKOCTU B TAKOW CUCTEME ncnonb3yeTcda anctunnmpoBaHHasa Boaa.

MpuHUMNManbHaa cxema ABYXKOHTYPHOW cucteMbl oxnaxaeHusa 3Y nsobpaxeHa Ha puc.
34.

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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Puc. 34. MNMpuHunnuansHas cxema ABYXKOHTYPHOW cucTeMbl oxnaxaeHus [3Y.

masHbIn gBuratens wn LAY oxnaxpawTcs NpecHoOW BoOAOW, MNogaBaemMon B
mMarucTpanb Hacocom npecHon Boabl HIMB. Yepes oxnagutens OlIB npecHas Boaa
noctynaet Ha oxnaxgeHue I[l, a 3atem yepe3 geaspatop AP 1 BogoONpeCHUTENBHYIO
yctaHoBky BOY nogaetca k npuemHomy natpybky HIMB. No BTopon BeTBM NpecHas Boaa
yepe3 oxnagutenb npecHon Boabl AIY — OB LAY noctynaeT Ha oxnaxgeHue
ansenbreHepaTtopa. Lvpkynaumss npecHon BOAbl OCYLLECTBNAETCA MO  3aMKHYTOMY
KOHTYpY HacOCOM NMpecHOn BoAbl.

B cuctemy BKMOYEH paclMpUTENbHbLIN 6akK, KOTOPbIA CRAYXUT A5 NOMNOSIHEHUS
yTeyeK U KOMMNeHcauun TensoBbIX pacluMpeHun npecHou Bodbl. B Hero e otBoauTcs
napoBO3ayLllHAas CMeCb W3 TMONIOCTEN OXNaXaeHus aBuratenem wn TennoobMeHHbIX
annaparos.

Cuctema 3abopTHOM BOAbl COCTOUT U3 OTAENbHbIX PYHKLUMOHASbHBIX Y4aCTKOB,
COeAMHEHHbIX Mexay cobon C Lenbl pe3epBUMPOBaHUSA MEXaHW3MOB. M3 KMHICTOHHbIX
awmkoB KA 3aboptHaa Boga 4yepes ¢unbTpol @3B noctynaet B pacnpegenutenbHbIn

KaHan. [MaBHbIN UMPKYNALUMOHHBIN Hacoc 3abopTHon Boabl H3B nogaet 3abopTHyo BOay
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B obuwecynoByo Maructpanb, OTKyga OHa MOET Ha oxnaxgeHue TennooOMEHHUKOB WU
3aTtem cnmBaeTcs 3a 6opT 4epes oTnuMBHble KMHrcToHbl OK. Ha [l 3abopTHOM BOOOW
NpoKaynBaroTCA criegytoLime TennoobMeHHNKN: oxnaguTens HagayBoYHoro Bo3ayxa OHB,
Macnooxnagutens MO, oxnagutenbs npecHon Bogbl OlB, oxnagutens Macna
raszoTypboHarHeTaTens oxn. ' TH n oxnagutens Tonnmea oxn. TJ1. Takke 3abopTHas Boga
nogaeTca Ha oxnagutenu macna u Bosgyxa AlNY(Ha cxeme He nokasaHbl). Hacoc PH
ABNSAETCA pe3epBHbIM Ha Crlyvan BbIXxoda W3 CTPOS HACOCOB MPECHOW unu 3abopTHOM
BOAbI.

[Ona nogauyn 3abopTHOM BOAbI B CUCTEMY OObLIMHO WCMOMb3YHOTCSA HAaCOCHI
ueHTpobexHoro Tuna. Ha KpynHbIX CyAoBbIX ABUratensdx BOAsIHbIE HACOCbl UMEIOT
aBTOHOMHbIN npuBoA4. Ha gusensax manom MOLHOCTU HacoCbl MNPECHOW, U 4acTo

3860pTHOl71 BOObl, NPUBOOATCA B AEenCTBME OT KONIEHYaToro Bana gsuratensi.

Bonpocbi 0151 caMOKOHMPO-S:
MpuBeguTe Knaccmudurkaumo CyaoBbIX dHEPreTUYECKUX YCTaHOBOK.
[anTte onpegeneHne cyaoBon aHEPreTUYEeCKOW YCTaHOBKN.

UTO OTHOCKTCA K rMaBHOM SHEPreTUYECKON YCTaHOBKE?

0N

UTO OTHOCUTCA K BCNOMOraTesibHOM 3HEpPreTMYeckom yCTaHoBKe?

5. YeM  KOHCTPYKTMBHO  OTfIMMAETCA  YeTbIpexTakTHbIA  ABuratesis  OT
OBYXTaKTHOro?

6. Ha kakue y4yacTkm nogpasgensieTcsl TonnmBHasa cuctema cygHa?

7. Kakve @yHKUUM BbINONHAET UMPKYNAUMOHHAs cuUcTeMa CMasku CydoBOro
ansena?

8. Kakve BuObl CcUCTEMbl BOASIHOrO OXS@XOEHUs MNPUMEHSIIOTCA B  CyOOBbIX
ansenax?

Tema 1.2 Na3oTypOUHHBbIE YCTaHOBKMU
CamocTositenbHas paboTta Ne2 Linknbl ra3oTypOUHHBLIX YCTaHOBOK

Llenb pabomei:

3akpenuTb 3HaHWS, MOMNyYEeHHblE Ha JEKUMOHHOM 3aHATMW. [JOononHUTEenNbHO
npopaboTate NPONAEHHbIM MaTepuan.

®opmupyembie obwue u npogeccuoHanbHbie komrnemeryuu: K 6.6, 1K 6.7, K
6.17, 1K 6.20.

Jlumepamypa: [3], kKoHcriekm.
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[Mopsidok ebinonHeHus pabomei:

LUunkn rry ¢ nogeoaom TensnioTbl Npn noCToOAHHOM AaBJieHUn

Ha puc.3.1. npeacraeneHa cxema npocTtenwen (ogHosasnbHon) 'Y co cropaHnem

Tonnumea npun NOCToAHHOM AaBJliIEHUN.

Puc 3.1.lMpuHyunuansHasa cxema oOHoegasibHou ['TY co caopaHuem monnuea rpu
rnocmosiHHom 0aernieHuu:1 — monnueHbIl bak; 2 — monugHbIl Hacoc; 3 — ¢hopcyHKa; 4 —
Komrpeccop, 5 — kamepa caopaHus; 6 — connosou annapam, 7 — pabo4ue fionamku; 8 —

easoeasi mypbuHa ; 9 — ebirnyckHol nampy6ok;9 — anekmpoaeHepamop.

YKngkoe tonnmeo u3 6aka 1 TonnNMBHLIM HACOCOM 2, C MPUBOLAOM OT ra3oBOM
TYpbUHbI 8, HenpepbIBHO NogaeTcs U3 OPCYHKU 3 1 BNPbLICKMBAETCA Yepes3 HNUX B Kamepy
cropaHua 5. B kamepy cropaHmsa KOMNpeccopoMm 4, NpuBoANMbIM B BMXKEHME ra3oBOM
TypbuHou 8, nogaetcs cxaTbli BO3ayx. B Ha4anbHOM MOoMeHT 3anycka 'Y
BOCMNNaMeHeHne TONMBHOW CMECU NPOU3BOANTCA OT ANIEKTPUYECKON CBEYM, a 3aTEM OT
hakena nnameHu (Npu BkNYeHHon ceeye). Mpu nycke 'Y Ban Typbokomnpeccopa
(razoBas TypbuHa NnNOC KOMNPECCOP) packpyYnBaeTcsa CTapTePOM 4O NYCKOBOW YaCTOThbl
BpaLLeHNsa 1 TONbKO 3aTeM TOMSIMBO NOJaeTCcsa B KaMepy cropaHus. Temnepatypa
NPOAYKTOB CropaHus Tonnmea coctaengeT npumepHo 2000°C, noaToMy Ans CoOXpaHeHus
nonaTok TypOuHbl 7 B NOTOK NPOAYKTOB CropaHusi 3a 30HOM ropeHnsa NnogMeLLmBaeTcs
N30bITOYHbIN BO34YX, CHXKaloLWwmMi TemnepaTypy rasos 4o 800 - 1200°C gn4a

TpaHcnopTHbIX [ TY, a onga aBnaunoHHbIX — Ao 1300 - 1400°C. B kamepy cropaHusa
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Bo3ayxa nogaetcs B 3,5 — 4,5 pasa 6onbLle TeopeTUyeckn Heob6xoamMmMoro ans nosiHoro
cropaHua Tonnmea. 13 kamepbl cropaHna ra3 HanpassiseTcs B CONSIOBOW annapar 6
rasoBou TypbuHbl 8, rae B npouecce pacluMpeHns coBepLUaeT MexaHnyeckyto paboTty no
BpaLLeHuto paboyero koneca TypbuHbl. YacTb aTon paboTbl MAET Ha NPUBOA
kKomnpeccopa. OTpaboTaBLune rasbl Yepea BbiMyCKkHOM NaTpybok 9 BbibpackiBaloTCA B

aTtmocdepy.

Ha puc. 3.2. npeacrtasneH ngeaneHbIN LMKN paccmatpmusaemon ['TY.

e 218U

dqfé =0
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Puc.3.2. TepmoduHamuyeckul udearnbHbil yukn I'TY ¢ no0eo0om mernsiomsi

rnpu P=Const Ha P-V, T-S u I-S duazpammax.

Pabounm Tenom B koMnpeccope SABNsSieTcs BO3AyX, a B kamepe cropaHust u TypbuHe

— NPOAYKTbI CropaHus Tonnmnea.
lNpoueccol unkna:

1-2 — agnabaTHoe cxaTune Bo3gyxa B KOMNPECccope C NoBbILLEHWEM OABIEHNS

1P poPan TemnepaTtypbl OT I po I

2-3 — nsobapHoe (Pz = CG““) paclumpeHune paboyero Tena B Kamepe cropaHus ¢
noasoaom TennoTel 91 oT cropaHus TOMMMBHON CMECHU C NOBbILLEHMEM TemnepaTypsi
165 po 15
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3-4 — agnabaTtHoe pacluMpeHne NPOAYKTOB CropaHusl Ha fonaTkax rasoBoMu

Typ6l/IHbI 00 HaYalbHOro AaBJieHNA BO3ayXa lDl C NOHMXXEeHnemM TeMrnepartypbl OT TS 0o T4‘;

4-1 — ycnoBHbIN n306apHbIii (Pl = CG“H) oTtBog Tennotbl 42 npu Bo3BpalleHnm

CUCTEeMbI K Ha4alilbHOMY COCTOAHUIO C NapamMeTpaMin Pll' Tll' I";rl(B AEeNCTBUTENBHOCTN —
9TO ABa pealibHbIX MNnpouecca. Bbl6pOC n3 Typ6I/IHbI BCEX MPOAYKTOB CropaHnAa B

aTMocdepy 1 BcacbiBaHME B KOMMPECCOP HOBOW NOpLMM aTMOCcEepPHOro Bo3ayxa.)

XapakTepucTUKM LuKna:

Fy
P

1:

A _ creneHb nosbiLeHNs AaBREHNS BO3AyXa B kKomnpeccope (npouecc 1-2);

P - cteneHb npegBapuTenbHONO pacluMpeHnst paboyero Tena B Kamepe CropaHus

(npouecc 2-3);

YpnenbHaa nogseaeHHasa TennoTa

q;, = E’p (Tl; - T, );

YpenbHas oTBefeHHas Tennorta

q; = Cp (T — Tq.-);
Tepmuyeckun KMo unkna

q. I; — T,

Onpepgenum napameTpbl paboyero Tena B y3noBbIX (XapaKTepHbIX) TOYKax LmMKna.
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naHB
Touka 2
P, =P, * A oneunoe nasneHue agnabaTHoro
cXKaTus Bo3gyxa B KOMMPECCopeE;
k-1
P\ k
=T F
1
nnm
k-1
I, =T * A k| koneunas TemnepaTypa agnabaTtHoro
cXKaTus Bo3gyxa B KOMMPeccope;
1
Pk
V=0 P_
2
nnm
_1
V, =V, A K. yaenbHbIn 06beM Bo3gyxa B KOHLE
agmnabaTHOro cxxaTusi B KOMNpeccope.

Touka 3

P; =P, =P, *1_ nagnenve paGoyero Tena B KOoHLEe 1306apHOro

pacwmnpeHmnsa ¢ nogBogom TennoThbl 418 Kamepe

cropaHus (gasneHve Ha Bxode B TypOuHY);

V, k=1 Y,
L=t (i) =2 ()
2 2

nnu
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k—1
=T *A % *p| roneuHas Temnepartypa paboyero Tena

npu ero n3o6apHOM pacLLUMPEHUI C NOABOOOM

TennoTel 41(Temneparypa Ha Bxoge B rasoByto TypouHy);

V;=V,=p
nnm
_1
Vo=V, *4 k+p|. yAenbHbI 06beM NPOAYKTOB
CropaHusi Ha Bxofe B TypOuHy;
Touka 4
F,=P
k-1 k-1
Py k Py Kk k-1 _(F.:—l)
T‘%—Tg(—) —Tg(—) :TlachF.: #p*}L ke
F, |
nnm
I, =T *p|. oHeunas Temnepartypa agnabaTHoro
pacLuMpeHnsi NpoayKTOB CropaHus TONNnBa B ra3oBou TypbuHe.
1 1
Pk P,k 1 1
[.-:1‘:[.-’3(—) :[.-’3(—) :[.-’1*,1 .I.:xp*,lk
P, P,
nnm

- KOHEYHbIN yaernbHbIN 00beM paboyero Tena

nocre ero pacwmpeHuns B TypbuHe.
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MoacTtaBnAs 3HayeHUs I,Guly g dopmyny ans tepmuyeckoro K, nonyynm

T, p—T. -1
1 xl P 1 —1_ F:

-1 k=1 K—

T,*A x *p—T, %A « Ax (p—1)

Mnn okoH4aTenbHO

Mev 2531

W3 aton cbopmynbl cneayet, yto Tepmudeckun KN4 'Y npu gaHHOM K paboyero
Tena 3aBUCUT TOSIbKO OT CTeNeHU NoBbILWEHNS AaBeHUs BO3ayxa B KOMMpeccope Ay

YBENNYNBAETCSI C POCTOM A,

YpenbHasa paboTta uukna AE{ paBHa pa3HOCTM Mexay nosiesaHon paboTomn
paclumpeHnsa B TypbuHe (nnowaab c-3-4-d-c Ha P-V gnarpamme puc. 3.2.) n NonesHou

paboTon cxaTtusi B komnpeccope (nnowaap c-2-1-d-c)

Aq = (iz - 54] - (iz - 51] = EKTE - Tﬂ - E(TE - Tl]

4, =7 *RI(G —T) — (5, —T))]

(3.2)

A

Monyyum ewwe ogHy hopmyny ans <4 ,npeobpasys (3.2.)

4=z R[E(-2)-n G- )l =5 -2) -G -]

roe
k-1 x—1
=@ -G
T. \P, RV
k-1
T_EZ(E) k =lx;1
T, \B
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(1—ﬁ
iE

1

)—(1?— 1)J

(3.3)

Torpa
quﬁiﬁn-%
O603HauYnm
o=
T,
nnn

— CTelneHb NoBbllWEHNA TEMNEPATYPbl B LUUKIE

6

k—1
k

po*A

(3.4)

lMoacTaBnAasa 3HayeHune & o (3.4.) B bopmyny (3.3.) nony4mm ete ogHy popmyny

ans pabotbl umMkna

4

y

X wRxT, %2
k-1

k-1 1
k

-D|1- o=

ik

(35.)

Wccneposanme cyHkumm (3.3.) Ha MakcumMym gaeT oNnTUManbHYH BENTUYUHY

cTeneHn NoBbllLEHUA OaBlIEHUA BO3QyXa B KOMMNpeCccope

K
‘;l'mzm = /fk—1

(3.6.)

Ay

03

/\om/\om)\om A

TakuM 06pa3oM, KaXKaoMy 3HAYEHUHO

CcTeneHun NoBbilLEHNA TEMMNEpPAaTYpbl B LIUKITE g
COOTBETCTBYET CBOE onTuMalribHoOe€ 3Ha4YeHne

cTeneHun noBbllWEeHUA OaBlieHNA BO3AyXa B

A

Komnpeccope A, "paduk 3aBUCUMOCTU “*#

ot 4 npeacTtaBneH Ha puc 3.3.

[nsi cyLlecTBYHOLLMX TPAHCMOPTHbIX

'TY 3Ha4yeHue A HaxoguTcs B
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npegenax A= 3:5 16, a B aBMaUMOHHbIX — [0 A= 25.
Puc3.3. paguk 3asucumocmu Au

Om cmeneHu nosbiweHUs1 0asieHus

Bo3dyxa e komripeccope rnpu

pasnu4yHbIX 6

Tak kak
A
_ "y
Nep a0,
TO Xa n A A A
pakTep 3aBUCUMOCTM ftr OT “* aHanormyYeH 3aBMCUMOCTH “ ¥ OT

(npu 41 = Const),

OpHako Tepmunyeckuin KN He xapakTepunayeT NONTHOCTbI 3KOHOMUYHOCTb

A

peanbHON YyCTaHOBKU, T.K. ‘' He y4YMUTbIBAET pasnuyHbie NoTepun aHeprun. Moatomy B

KadecTBe Mepbl 9KOHOMUYHOCTU YCTAHOBKM UCNonb3yeTcs adpdrekTnBHbln KIN4 MTY:

__ He

ne q4 (37)

pe

AB- SCbC*)eKTI/IBHaFI pa60Ta, yyqyuTbiBakolaa BHYTPEHHUE U MEXaHNYECKMNE NnoTepun B

'TY n onpepensemas Kak pasHOCTb AENCTBUTENbHbLIX paboT paclumpeHus B

TypBuHe Ao.pacu u cxatus B TypGokomnpeccope As.cox.
Ad.pa:w = (13 - 14-] * Nogpe — Maex
_ a . a-a
‘qﬁ.:x - (12 - 11] * My

=0,8..0,9

Fpe: hpe - BHYTPEHHUN oTHOocuTenbHbI KM razoBon TypOUHBbI;
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Maex - Mexannveckmn KMNO;
2@ —0,75...0,85 Y
Mx p 9. U,09 — gnunabatHbii KM typ6okomnpeccopa.

Ae = Aa.pacuz - A-ﬁ.s.:w:

Ha pVIC34 npegcrasrieHbl 3Ha4eHUA nt’ﬂ n nﬁ*ﬂ B 3aBUCUMOCTU OT CTENEHN

cXXaTtuna jl‘

Puc 3.4. 3asucumocmb mepmo KT u agpgpekmusHozo K[ om cmeneHu cxxamusi

8030yxa e komrpeccope 'TY.

C poctom 4 noTepy B TypBoKOMMpeCcope 3HaUMTENbHO BO3PACTaloT,

A A

noaTomy “*a.cx HaUMHaET C Az A pacTy GbicTpee, YeM “1apacm | g Mlep HaynHaeT

y6bIBaTb, BNOTb A0 HYyNA. PeanbHoe 3HayeHne A BbI6VIpaeTCFI n3 ycroBsus A=2 .

OpHoBanbHble ['TY Hanbonee NpoCTbl MO KOHCTPYKLUUKN, HO UMEIOT CYyLLLeCTBEHHbIN
HegocTaToK. XKecTkasi CBs3b BO34YLLHOro komnpeccopa 4 1 razooun TypbuHsl 8 (puc.3.1.)

npunBognT K TOMY, 4YTO NpPU yBEJNTMHEHUN BHELLHeN Harpy3km 4actoTa BpalleHuA

Typ60|<0M|'|peccopa YMeHbLUaeTCd, a, 3Ha4nT, ymeHblLlaeTcA A n obLlee Konn4ecTso

BO34yxa, NOCTynatLLero B kamepy cropaHusi. Bo nsbexaHue neperpesa nonatok TypOWHbI
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YMEeHbLLUEHNE KONMMyecTBa BO3ayxXa AOJDKHO COMpoBOXAaTbCA YMEeHbLUEHNEM NMOoda4qYun
TOMnnmBa, 41O NPUBOAUT K NMOHUXKXEHUIO KPpyTALLEero MOMeHTa, BMECTO €ro noBbILLUEHUA.
Takas peakuunA I'TY Ha yBeJIM4eHne Harpy3km Henpumemnema anda TpaHCrnopTHbIX MallnH,
nosToMy oiHOBAJSIbHbIE rmy NMPUMEHAKTCA B OCHOBHOM AJ14 nNpuBoAda 3JIEKTPUHECKNX

reHepaTopoB.

[na Bo3pacTtaHna KpyTALWEro MOMeHTa Mnpu yBeNIMYEeHUM BHELLHEN Harpy3Kku
npumeHstoTca asyxeasnbHble ['TY (ITY co cBoboaHom TypbuHown). B HMX npomcxoauT
ABYXCTyNeH4YaToe paclimpeHne NpoayKToB CropaHms: CHavana oHu paclumpsaTcs B
raszoBon TypbuHe Typbokomnpeccopa, NnpeaHasHa4YeHHoro Ansa npMBoaa Komnpeccopa, a
3aTtem — B cMnoBon TypbuHe, cBsa3aHHOM ¢ noTpebutenem. B aToM crnydyae nameHeHune
BHELLHEN Harpy3ku He U3MEHSIET pexnm paboTbl KOMApeccopa 1 TONSIMBHOIO Hacoca,
NO3TOMY MPU NOHMKEHUM YACTOThbl BpaLLEHUS CUITOBOM TYPOMHBI €€ KPYTALLMA MOMEHT

BO3pacTaeT.
LUuknbl rry ¢ nogeBogom tensmotbl npn NOCTOAHHOM ob6beme

B gaHHbIX 'TY npouecc ropenuns asnaetcs nynscupyowmm. Cxema 'TY ¢

MoABOMOM TEMMOoThl NPU V = Const npeacTasneHa Ha puc.3.5.

3

' 2
I/8 [

Puc.3.5. lNpuryunuanbHas cxema I'TY ¢ no08oOoM mernnomsl rpu rnocmosiHHOM

obbeme:

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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1 — kamepa ceopaHusi; 2 — conioeou KnanaH, 3 — cornnaoeou arnnapam, 4 — 2aszoeasi
mypb6uHa; 5 — monnueHbIl Hacoc; 6 — ocegol KoMmrpeccop, 7 - MmorniaueHbIU KnarnaH; 8 -

8030y WHbIU KnanaH; 9 — monnueHbit 6ak; 10 — anekmpoaeHepamop.

Bosgyx cxumaeTcsa B KoMmnpeccope 6 1 Yyepes BO34YLIHbIN KrnanaH 8 nogaeTtcs B
Kamepy cropaHus 1. BocnnameHeHne TOMMMBHOM CMECU NPOU3BOOUTCS SIEKTPUYECKOMN

MCKPOW NpW 3aKPbITbIX BNYCKHbIX KnanaHax 7 1 8 u 3akpblTOM BbiNyCKHOM (COMMOBOM)

knanawe 2, To ectb npn V = CONST Mocne cropanms nopuum Tonnvea gasnexme s
Kamepe CropaHus NnoBbILIAETCS U MoJ ero AeCTBUEM OTKPLIBAETCS COMNMOBON KnanaH 2.
Mpu OTKPLITOM KnanaHe 2 NpoayKTbl CropaHvs nonaaatoT Yepes ComnmoBoit annapar 3 Ha

rfionaTkn razoBon TypOuHbl 4.

Ha puc. 3.6. nsobpaxeH ngeansHoin umnkn MY ¢ nogBogom TennoThbl

npn V = Const g p_y 4 T-S gnarpammax.

P
P23
9
P.| =
S e
| l |

\L Vi Va vV

Puc.3.6. NdeanbHbil yukn 'TY ¢ no0sodom mernnomal rnpu rnocmosiHHoM obbeme

8 P-V u T-S duaepammax.
lNpouecchbl:

1-2 - agnabatHoe cxaTtme pabouyero Tena (Bo3gyxa) B KOMnpeccope ¢

noBblLLUEeHMEM JaBlieHNA OT Pl no P2 n TemMmnepartypbl OT Tl 0o TE ;

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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2-3 — N30XOpHbI noasoa TennoTel 41 k pabouemy Teny npu cropaHnm TONMMBHOM

cmecu B yenosusix V = CONST ¢ nopiwennem pasnenus go £z temnepatypel go 125

3-4 - agnabaTHoe paclMpeHne NpPoayKToB CropaHusl B COMMOBOM annaparte U Ha

nonaTtkax rasoBom Typ6|/|He C NOHWMXeHnem gaBrieHna ot PE 00 OaBlieHnd or<py>|<a+ou.|,el7|

cpeasl P, = P n TemnepaTypbl OT I3 opoTy;

4-1 - n3o6apHbIn (‘Dl = Canst) oTBoA TennoTbl 42 npu ycrioBHOM BO3BpaLLEHNM K

HayarnbHOMY COCTOSIHMIO paboyero Tena c napameTpamu P, T, V; (B pencTBuTenbLHOCTH

— 9TO [ABa pealibHbIX rnpouecca. Bbl6pOC npoAyKTOB CropaHua B aTMOC(bepy n3 Typ6I/IHbI n

BCacCblBaHWE B KOMMpPECCop HOBOM nopunmn BO3}J,yX8.)

XapakTepucTukn uukna:

CropaHun TONMNMBHOM CMECK B KaMepe CropaHns B YCrOBUSIX V, = Const.

YaenbHas TennoTa, noaseAeHHas B LUMKne

41 = EU(TE —T;),
YnenbHas Tennota, oTBeAeHHas B LUKNe

q; = E’p (T, — Tl);

Onpegenum 3HavyeHne TEPMOAMHAMUYECKMX NapamMeTpoB paboyero Tena B

Y3I0BbIX TOYKax LMKna.
Toudka 2

P, =P * A oneunoe naBneHne agnabaTtHoro

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuUU o0 opuauHany, xpaHauwemycs e 1C: Konnedx

P
=1
;| - cTeneHb NOBbILLEHNS AaBNEHUs BO3ayxa B komnpeccope (npouecc 1-2);
2, =2
" PB|- cTeneHb M30XOPHOrO MOBLILLEHNS AaBMeHWst paboyero Tena npm




KMPK BIr'AP® ®I'6QY BO «KI'TY»

MO-15 02 06-MMg.06.CP NMMa.06 NOArOTOBKA B COOTBETCTBUW C TPEBOBAHUAMU MK

MOHB C. 25/40

cKaTus Bo3ayxa B KOMMNPECCOpE;

k-1
Py k
1
unu
k-1
I, =T *A k|_xoneynas TemnepaTypa agnabatHoro
cXaTunda Bo3ayxa B KOMMpeccope;
1
Pk
=W P_
2
unu
_1
V, =V, =1 4. yaenbHbIn 06beM Bo3ayxa B KOHLE
ero agmabaTHOro cxxaTusi B KOMNpeccope.
30ecb
R«T.
Vl - = .
Py - yaenbHbIi 06beM BO3ayxa Ha BXO4E B KOMMPECCOP.
Touka 3

- yOenbHbIi 06beM paboyero Tena

B KOHLIE M30XOpHOro noasoaa Tennotsl 41

OT CropaHua TOMNSINBHOWN CMECMW.

P, =P, * 1, KOHEYHOEe [aBneHne npu M30XOpHOM

CcropaHun TOMsIMBHOW CMECMW.

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
lNposepb akmyanbHOCMb 8epcuUU o0 opuauHany, xpaHauwemycs e 1C: Konnedx




KMPK BIr'AP® ®I'6QY BO «KI'TY»

MO-15 02 06-MMg.06.CP NMMa.06 NOArOTOBKA B COOTBETCTBUW C TPEBOBAHUAMU MK

MaHB C. 26/40

T—TPE—T A
a—zp_—z* v

2

nnn

I =T *Ak *A,|- xoHeuHas TemnepaTypa npu M30XOPHOM

cropaHmnmn TOMSIMBHOW CMeECH;

Touka 4

P, = Pi|. xoneuroe AaBrneHue npu agnadbaTHoM

pacluMpeHne NPOoAYKTOB CropaHusi B ra3oBou TypouHe.

k1 k-1 k-1

Lon() -nn) " on )
UR\R) 0 GPA\pyxa,/)

=

=T1x I jl,cL )

nnu
1
Tq‘ — Tl * .H..k - 6
i - KOHeYHast Temneparypa npu aguabaTHOM pacLMpeHnn
NPOAYKTOB CropaHusi B ra3oBom TypbuHe.
I,
Vo =Vix
1
nnn

1

V, =V = A5

- yaenbHbIn 06bem paboyero Tena

Ha BbIXOAE W3 ra3oBow TyPOUHbI.
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Tepmuyecknn K

New = 1_m= I_K(T:L_Tﬂ
v q1 I; — T,

MoacrtaBnaga B aTy OpMyny 3Ha4YeHus L,T; ul nony4yum

1
Mew = 27 k1 k1
IN=Ak =4, —T, =1 k

nnn

T
ak_q

Mew =1 — _illk—]

Ak (4,-1)(3.8))

Takum obpasom, Tepmudeckuii KMNO I'TY ¢ Tennonoasoaom npu V = Const

yBeJin4mBaeTca npun Bo3pactaHn CTteneHn noBbilleHNA OaBlieHnA BO3AyxXa B
KoOmMnpeccope }I‘, cTeneHn M30XOopHOro noBbIWEHNA OaBreHnA pa6oqero Tena npu

cropaHuu Tonnvea Ay v nokasatens aguabatbl K. XapakTep 3aBucumoctu Mtw o1 A

aHanornuer sasncumoctn Ttz ot 4 B umkne ¢ nogeogom Tennotul npu £ = Const,

PaboTta unkna
Az,ru =1 * Ny ,

roe

*

— — k=1 k=1
q1=Cu(Tg—TgJ=Cu(T1*1 B ox ), —T, A & )

nnn

2 =
g, =7——*T, A% (4,—1)

F—1

(3.9))
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Torpa
k [ i |
R L Ak _q
Ay == # Ty = Ak (A, — 1) |1 — 52—
Ak (Ay-1) (3.10.)

Ha puc 3.7. ans cpaBHeHus npmBeaeHol Ha P-V n T-S anarpammax umknel ['TY ¢
NoABOIOM TEMMOoThl NPU P = Const , V = Const O[MHAKOBbIMW 3Ha4YeHuaAMN 92

A==

n Py

\Y S

Puc 3.7. Mdeanshsie yuknsi I'TY ¢ nodeodom mennoms: npu E = Const

uV = Const ¢ pounakosoli cmeneHbio noebiweHus daeneHus 8 KOMAPeccope U

00UHaKo8bIM Koru4yecmeom omeedeHHoU mernomsl Ha P-V u T-S duazpammax.

W3 puc.3.7.cnenyeT, YTo Npy OAMHAKOBbLIX 3HAYEHUNAX An 42, umkn ¢ nogsoaoOM

TennoTbl Npu V = Const BbIrogHEE LUMKNna ¢ NoABOAOM TensnoTbl Npu P = Const 33 cuer
fonbluen cteneHn agnabaTHoOro paclumpeHnsa paboyero Tena B TypbuHe u

COOTBETCTBEHHO 6onbLuero 3HavyeHus Tepmudeckoro Kriz.

HeobxoanmMocCTb YCTaHOBKM B KaMepe CropaHusi BNYCKHbIX U BbIMYCKHbIX KnanaHoB
YCINOXHAET KOHCTpYKUmio ['TY 1 cHuXkaeT ee HagexXHocTb. Kpome Toro, knanaHbl

3Ha4YnUTEIIbHO yBENMYMBAKOT rmgpaBiin4eckoe conpoTuBrieHNne NOTOKY pa6o-|ero Tena, 4Tto

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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CyLLEeCTBEHHO cHxaeT Mty peanbHbix ITY. Ycnosust paboTsl Typ6uHbl B ITY ¢ nogsoaom

TENNOTbI NpW V' = Const 3yauurensho yXyALlatTcs U3-3a nynbcalmm noToka npoayKToB

cropaHums TOMSIMBHOW CMECH.

Mo ykasaHHbIM NpuymHam 'Y ¢ noaBOAOM TEMNOTbI NPW V = Const ¢ nonyynnm
npaKkTM4eckoro NpuMeHeHusi. Bce akcnnyatupyemblie B HacTosilee Bpems ['TY paboTtatoT

Nno UuKIy Co CropaHnem TONSIMBHOW CMECKU npu NOCTOAHHOM OaBJiIEHUN.
Uuknbi rryc pereHepauMeﬁ TennoTbl

PereHepauunsa TennoTbl B [ TY 3aknto4vaeTca B nogorpese Bo3ayxa, NOCTynatoLwero

13 KOMMNpeccopa B Kamepy cropaHusi, oTpaboTaBLLUMMM razammn TYPOUHbI.

Cxema I'TY ¢ nogBoaom TensnoTbl Npu P = Const ¢ pereHepaumen TennoThbl

npeacrtaeneHa Ha puc 3.8.

Puc. 3.8. Cxema I'TY ¢ peceHepauyueli mernnomsi:

1 — kamepa ceopaHusi; 2 — ocegol 8030yLWHbIU KOMIpeccop, 3 — peceHepamop
(mennoobmeHHUK); 4 — 2azoeas mypbuHa; 5 — anekmpoaeHepamop (Hazpy3ka); 6 —

monnueHbIl Hacoc; 7 — morueHbIl bak.
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Bosayx ns komnpeccopa 2 noctynaeT B pereHepartop 3,rae nocpeacTsoMm
Tennonepenayn ot otpaboTtaswmx B TypbuHe 4 ra3oB nogorpeBaeTcs U NocTynaeT B
kamepy cropaHus 1. lNogorpes Bo3ayxa B pereHepatope 3 yMeHbLUaeT KONM4eCcTBO
TENnnoTbl, KOTOpoe HeOBXOAMMO NOABECTUN K HEMY B Kamepe cropaHust 1 Ana AoCTUXKEHUS

3aJaHHOW MakcMMarnbHOW Temnepartypbl Lukna.

Yxopaauwme n3 razaoBon TypobuHbl 4 NpoayKTbl CropaHns TONSIMBHOW CMECU UMEIOT
A0CTaTO4YHO BbLICOKYIO TemMnepartypy, NO3TOMY UCMONb30BaHNE UX TennoTbl B unkne MY
nosbliwaeT Tepmudeckui KM ycraHosku. Ecnu ana nogorpesa Bo3gyxa UCMNoNb3yeTcs
BCHA TennoTta oTpaboTaBLUMX ra3oB, TO TAKOW LMK Ha3blBaeTCA LIMKIOM C MOJTHOM

(NpepenbHON) pereHepaumen.

CTeneHb pereHepaumm — 370 OTHOLLEHWE KONMYECTBA TENMOTbI, NepeaaHHoM
BO3AyXY, K TOMY KOJIMYECTBY TEMMOThI, KOTOPOEe MOrno 6bl ObITb NepeaaHo emy npu

oxnaxaeHun rasoB A0 TeMnepaTypbl BO34yXa Ha BbIXoAe U3 KomMmrpeccopa.

NpoeanbHbin umkn 'TY ¢ nogBoaomM TennoTbl NpU NOCTOSAHHOM AaBfEHUM U C

pereHepaunen TennoTbl NpeacTaBneH Ha puc. 3.9.

Puc. 3.9. TepmoduHamuyeckul udearnbHbil yukn 'TY ¢ no0sodom meniomel

npu P = CONst , ¢ pezerepayueii mennomsi Ha P-V u T-S u i-S duazpammax.

Mpoueccobl umkna:

LokymeHm ynpasnsemcs npozpaMmmHbiMu cpedcmeamu 1C: Konnedx
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1-2 - agnabatHoe cxaTue Bo3ayxa B KOMMNPECCOPE C MOBbILEHNEM AaBMNEHUS

oT lDl Oo PZ n TemMnepartypbl OT Tl ao TE ;

2 — 6p - n3oGapHbIit (Npw P, = Cﬂ““) NoJorpeB BO3[yxa B pereHepaTtope ¢
Tﬁp;

noaBoaoM TenroThbl qiﬂ M NoBblLLUEHNEM TEMMNEpPAaTypbl OT TQ 0o

6p — 3 - nsobaproe (npu P2 = CONSt) naciumpenmne pabodero Tena B kamepe
cropaHusi ¢ noAsoAoM TennoTbl 41 oT cropaHusi TONNMBHON CMECH C MOBbILLEHNEM

TemMmnepartypbl OT Tﬁ:ﬂ ao Ta X

3 — 4 - agnabaTHoe pacluMpeHne NPoayKTOB CropaHusi Ha rionaTkax ra3oBow

Typ6VIHe M B COMJ1I0BOM arnmnapare Ao Ha4valribHOro gaBJieHNA BO3ayXa IITJl C NOHW>XXeHnem

TeMmneparypbl OT TE 0o T4;

4 — 5p — usobapnas (npu F1 = CONSt) orpava rennotel v B perenepatope ot

OTpa6OTaBUJI/IX B Typ6|/|He npoAayKToB CropaHud TOMSIMBHOW CMECU K cXaTtomy B

KoMnpeccope Bo3ayxy,

5p — 1 - yCroBHbIN M300apHbIv (Npu P = CG“H) oteoa Tennothl 42 npu

BO3BpaLlleHNn CUCTEMbI K Ha4allbHOMY COCTOAHUIO C NapaMeTpamMu Pl! Tl u I";rl (B

OEeNCTBUTENbHOCTN — 3TO ABa npouecca: Bbl6pOC N3 pereHepartopa B aTMOC(*)epy BCeX

NPOAYKTOB CropaHus 1 BcacbiBaHWe B KOMMPECCOP HOBOW NOpLMM BO34yXa.)

dakTu4eckn pereHepMpoBaHHas TensoTa

Qy = E’p (Tap - Tz) = E’p(Tct - TE;D]
MpenenbHO BO3MOXHasA (NONHas) pereHepupoBaHHas TensnoTta
dp = E’p (I. - T,) = E’pET:L —Ty) = E;a (T, - T5)

Torga cteneHb pereHepaumm
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5= _ Tep—Tz  Ti-Tsp  Tep—T2
ap Te— Ty T —Tq Ta—-T2[(3.11.)

T.

Ecrm len=Tc = Ty ynn Tsp-T,; =T, , TO pereHepauus npeaenbHo BO3MOXHas

(nonHag) n 6=1 [Mpun aTOM CXaTbIK BO34yX, MNOCTyNalwoLWmMn N3 pereHeparopa B kKamepy

CropaHusi, HarpeBaeTCsl B pereHepatope 40 TeMnepaTypbl ra3oB Ha Bbixoae 13 TypbuHbl,

TO ecTb Tﬁ'p = T4—.

Ha npakTtuke Bcerga §<1

Moosogumasn Ha yyacTke 6p — 3 TennoTa
41 =Cp(T —Top) = Cp(Ty = T1) — Cp (T, — To).
OTtBoanmas Ha ydacTke 5p — 1 TennoTa
lg,| = Cp(Ts, — Ty) = Co(T, — Ty) — Cp (T, — Tsp)
Mo dpopmyne (3.11.)

Tap _Tz = 5(T4 _sz

T,— Ty =6(T,—T)) =6(T, — T»)

Torpa

q,=C,(,—T,)—C,* 6(T, — T,)

lg;| = C,(T, —T,) — C, *6(T, — T,)

Tepmuyeckun KMo unkna
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| (T4_T1J_5(T4_sz

P q1 B (I,-T,)—6(T, - T,)
1= p= ¥a
PaHee B n.3.1. 6bIn0 Nony4yeHo npu Py n Vz
k-1
L=T*4x,
k—1

=T =p

Torpa

k-1

) (Ty+p-T)~8(T,<p—T, +2% )
My =1 -1 1 =
(TI*H, R Y )—5(?1*;;—?1* : )

OKoHYyaTenbHo

ni;"’ . ki—ﬂ—a(p(—ﬂ%l]

Ak (p-1)-&lp-2 K

(3.12)

Mpwn §=0 dopmyna (3.12.) npusoautcs k sugy (3.1.):

1
nt“lﬂzl_ E-1
Ak

Anp1/|5=

nnu
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Ty

10 = T (3.13.)

PaboTa uukna c pereHepaumen
pez pe:z

pes
MNMoacTaHoBKa B 3TO ypaBHeHWe 3HadYeHun 91 Mip Aaet coopmyny (3.5.),To eCcTb

pes
Aw o AW

CnepoBaTenbHO, NPUMEHEHME pereHepaTopa He BNUsieT Ha BENUYMHY paboThl

A

TepMOoAMHaMUYecKoro umkna “* (B oencTBUTenbHOM LMKNe U3-3a BIIUSHUS
rMAapaBnMyecknx CONpoTUBIIEHWIA B pereHepaTope yaenbHasa paboTta uukna nonyyaetcs

MEHbLLE).

PereHepaunsa TennoTsbl NPUBOAUT K yBENN4YEHMo Beca 1 rabaputos ' TY 13-3a
HanuMuusa pereHeparopa (TennoobMeHHMKa), NoaTomMy Takune 'Y saBNsTCA B OCHOBHOM

CTauMOHapHbIMU U peXe TPaHCNOPTHbLIMN.

MeToa noBbILEHUS TEPMUNYECKOIo Kna rty 3a cHeT npuMeHeHund

MHOroCTyneH4YaToro cXxatnsa n MHOroctyneH4aTtoro cropaHus.

[nsa nosblweHna Tepmuyeckoro KM 'Y Heobxoanmo makcmmarnbHO NpubnmnanTb
ee umkn K 06o6weHHOMY (pereHepaTmMBHOMY) Luunkny KapHo, coctosiemy, Kak M3BeCTHO 13
ABYX U30TEPM M ABYX NPOU3BOSIbHBIX 3KBUANCTAHTHBIX KPUBbIX PACLLUMPEHUS U CXKaTuUS
paboyero Tena. K 0606LieHHOMY Lnkny KapHO OTHOCUTCS UMK C ABYMS
N30TEPMUYECKMMU NPOLIECCAMU CXATUSA N pacCLUMPEHMs, ABYMS n300apHbIMK npoLeccamm
CXKaTus U paclUMpeHns 1 ¢ pereHepaumen TennoTbl B n3obapHbIx npoLeccax.
MpnbnmxeHHO N30TepMNYECKoe CXXaTne MOXHO BOCMPOU3BECTU, ECNN NCNOSNb30BaTb
MHOrocTyneH4yaToe agnabaTHoe cxaTue B MHOrOCTyneH4YaThbiX KoMnpeccopax ¢
NPOMEXYTOYHbIM OXIaXXAEHNEM BO34yXa B OXNaAUTENsX NOCMne KaXaon CTyneHMu.
N3oTepmunyeckoe paclumpeHne MoXXHO NpubnnmKkeHHo BOCNPON3BECTM, ECNIN NCNOSb30BaTb
MHOroCTyneH4yaToe paclumpeHme ra3os B TypbuHax ¢ nogorpeBoM ero B kamepax

CropaHusi, 4OMNONMHUTENbHO YCTAHOBIEHHbIX MOCIE KaXX0W CTyneHun TypouHbl (kpome
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nocnegHen). Yem GonbLle CTyneHen cxaTusa u paclumpeHns, Tem énumxke kK 0606LeHHOMY

umkny KapHo.

B pe3ynbTtate TEXHUKO-SKOHOMUYECKOIo aHalrim3a yCTaHOBJIEHO, YTO ONTUMaribHbIM
ABNAEeTCA pereHepaTMBHbIVI LUUKIT C TpeMA CTyNeHAMU CKaTtha N ABYMA CTyNEeHAMU

cropanusa. Cxema I'TY, paboTatowen no TakoMmy LMKy, npegcrasneHa Ha puc.3.10.

Ha puc.3.11. npeacrasneH naeanbHbI TEPMOLNHAMUYECKUN LUK 3TON YCTAaHOBKN

B P-V u T-S gnarpammax.

OT paloT aBLLVE

rasbl —

BO3yX

N
N
N\

X1 X2

Puc.3.10.Cxema I'TY, pabomaroweli No peceHepamusHOMy UUKITy C mpeMsi
cmyreHsaMU cxxamusi u 08yMmsi cmyneHsiMu ceoparusi: K1, K2, K3 — cmyneHu
mpexcmyrneH4Yamozao ocego2o Komripeccopa,X1,X2 — npomexxymoyHble oxradumernu
g8o3dyxa; P — peceHepamop(mernnoobmeHHuK) P. KC1,KC2 — kamepbi ccopaHusi; TH —
mornnueHsbit Hacoc; Tb — monnueHbll 6ak; 'T1,'T2 — cmyneHu 2a3oe8ol mypbuHsbl; A —

afiekmpozeHepamop (Hagpy3ka).

Boagyx nocnegoBatensHo cxnumaeTtcd B cTyneHsx K1, K2, n K3 tpexctyneHyatoro
OCEBOIro KOMMNpeccopa ¢ ABYMS MPOMEXYTOYHbIMU oxnagutenamm X1 n X2 n nogaeTcs B
pereHepaTtop (TennoobmeHHUK) P. B pereHepaTope CxaTbli BO34yX NogorpeBaeTcs
oTpaboTaBLUMMK FrazaMu U3 BTOPOWN CTyNeHn razoBou TypbuHbl T2 oo onpeaeneHHom
TemnepaTypbl. [logorpeTbin BO3ayx Aanee nogaetca B kamepy cropaHus KC1 nepson

CTyneHun rasoBon TypbuHbl 'M1, rae BMmecTe ¢ Tonnneom obpasyeT TONMMBHYO CMECH,
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cropatoLlyto npu NOCTOSAHHOM [aBrieHun. TOMMMBO B Kamepy cropaHus nogaeTrcs
TONNMBHbLIM HacocoM TH. Komnpeccop n TONNMBHLIM HACOC NPUBOAATCA B BUXEHME OT
rasoBou TypbuHbl. [poaykTbl cropaHus u3 kamepbl cropaHna KC1 nogatotca Ha nonatku
nepBoK CTyneHn ra3oBon TypbuHbl 'T1, a 3 Hee — BO BTOPYIO Kamepy cropaHus (BTOpYHo
CTyneHb kamepbl cropaHnd) KC2. B KC2 tonnmeHbiM HacocoM TH nogaetcs
AONOMNHUTENbHAaA Nopunsa Tonnmea AN AoXUraHus rasos, otpabotaswmnx B [ T1, HO
nMerLWwmnxX n3bbITOYHOE KONMYecTBO Bo3ayxa. [MpoaykTbl CropaHmst U3 Kamepbl CropaHns
KC2 nogatotcsa Ha nonaTtku BTOPOW CTyneHn TypbuHbl T2, a n3 Hee — B pereHepatop P
ANsa nogorpesa cxkaTtoro so3ayxa. Nponas yepes pereHepaTtop, NPOAYKTbl CropaHnst

BblbpackiBatoTCA B atmocdepy.

P To=Corst T

Puc.3.11. TepmoduHamuyeckul yukn I'TY, npubnuxarouwutcs K 0606uweHHomy

(pezeHepamusHoMmy) yuky KapHo.

anHMMaeTCﬂ, YTO B oXnagutenax nepen Kaxxgom CTYyNEeHbo KOMMpeccopa BO3AyX

n306apHO oxnaxmaaeTcsa A0 TeMnepaTypbl Ha BXoAe B KOMMPECCOop I,

B Hawewm cny4vae

L =T =T] (3.14.)

Takxe NPUHNMaETCH, YTO MakCMalribHaa TeMnepartypa cxXatna B Kaxxgom CTyneHu

KOMMpeccopa O[IMHaKoBa.
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B Hawewm cnyyae

Tak kak

L, =T, =T @31s)

T, =T, (z—)kT =T, ,11?
ko k1
L=%(2)" =1 Ak
k1 k-1
T, = T. (i—) L A T

To BbinonHeHune ycnosun (3.14.) 1 (3.15.) NnpuBOANT K paBeHCTBY CTENEHEN CxaTus

BO BCEX CTyneHAX KoMmnpeccopa:

anHMMaeTCFI, YTO ra3 Ha BbIXo4e N3 BCEX KaMep CropaHna nMmeet oanHaKoBYyHO

TeEMMNepartypy

lMpoueccobl umkna:

Ta = Tm

1-2 — agnabaTHoe cxaTune Bo3gyxa B NepBon cTyneHn komnpeccopa K1 ¢

nosbiwenvem aasnenus ot F1 po P2 = F1 =4y Temnepartypbl OT T 00T.

2 — 3 — oxnaxaeHue Bo3ayxa B oxnagutene X1 npu P, = Const o1

— I
Temneparypbl T, o I=T¢ oTBOAOM TennoTsl 4z

3 — 4 - agnabaTHOe cxxaTue BO3[lyxa BO BTOPOW CTyneHun komnpeccopa K2 ¢

nosbilweHnem gasnenns ot £z po Fs = B * 4y Temnepartypbl OT L=Tpgpli=T:
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4 — 5 — oxnaxneHne Bo3ayxa B oxnaautene X2 npu P, = Const o1

— 4!
TeMnepartypbl le 0o TE - Tl C OTBOAOOM TENNOThI q- ;

5 — 6 - agnabaTHOe cxxaTue Bo3ayxa B TPETbeN CTyneHn komnpeccopa K3 ¢

NoBbILLEHWEM AaBneHnsa oT P, Ao Py =P, >y Temnepartypbl OT Ts o Te =T, :

6 — 7P — nogorpes Bosayxa B perenepatope P npu Fs = CONSL ¢ noguiwennem

TeMneparypbl OT Tﬁ- Oo T’I-’P 3a c4yeT noaBoaa TenroThbl q?ﬂ OT rasos, OTpa6OTaBLIJI/IX BO

BTOPOWN CTyNeHn TypOuHbl ' T2;

7P — 8 — n3obapHbiit (npn Fs = CONSt) ¢ nogriwennem Temnepatypsi ot 177

no Ty noaBon TennoThbl d1'k paboyemy Teny B kamepe cropaHusa KC1 B pesynbtarte

cropaHus TONSMBHOW CMECH;

8 — 9 — agnabaTtHoe pacwmpeHue NPoayKToOB CropaHusi B NepBOKM CTyNeHn ra3oBom

TypbuHbl 'T1 ¢ NnOHWXKeHnem TemnepaTypbl OT Ty no T n AaBreHus ot P 00 P-;;

9 — 10 - nsobapHbiii (npn Ps = CONSt) ¢ nopwiwennem Temnepatypsi ot 1o

Ao Tio=Ts noasopn TensnoTbl fi’z“; K pabouemy Teny B kamepe cropaHusa KC2 B

pesynbTaTte JOXUraHWUs B Hen oTpaboTaBLumx razoB u3 (11,

10 — 11 - agmnabaTHOe pacluMpeHne NpoayKTOB CrOpaHnsa BO BTOPOW CTYMNEHU
raszoBon TypbuHbl T2 ¢ NOHWXEHNEM OaBneHns Py = Pig no Py, =Py TemnepaTtypbl

ot 10 Ao T11;

11 — 12P - naobaphbiit (npu P11 = Const) oraop tennots 92 ot npoaykTos

cropaHus B pereHepaTope P a NoHWKeHeM TemnepaTypsl oT 111 o T12p(Ti2p > T5p).
12P — 1 — nzobaproe npu F1 = CONSt oxnaxpaenmne npoaykTos croparus B

amu
atMmocdepe ¢ oTBoaoM TennoTbl 4z ;

Tepmuyeckunn KMo umnkna
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1 11
ez lq.l a3™ +qz+q
?TP =1-"=2_1_— | z Tz

tp 4 gi+qi  [(3.16.)

I'Ip|/| GeCKOHEYHOM KoNnmyecTBe CTyHeHeVI NPOMEXYTOHYHOIo pacLlUnpeHnd n cxxatu,

a Takke C NofHoOW pereHepauunen TennoTtobl B npoueccax 13 —1mn 14 -8
q1 =Ta(S13—Sz) = TaASy_43
g, =T (S14—5;) =TiAS; 4,

Tak kak nsobapbl P; = Const 4 P, = Const gxguancranthbl, 1o ASa—13 nAS1_14

paBHbI Mexay cobon n

Mo = e = * 7 7] (3.17)

nnn

RAPHO 1— T:-mm

Nep =Nep =Ny = -

Bonpocsi 011 caMOKOHMPOIS:

1. Kakon OykBor 0003Ha4alTCA uYeTblpeXTakTHble ABuratenn no Poccumnckon
MapKupoBke?

2. Kakon 6ykBon o603Ha4aloTCs [ABYXTakTHble pAsuratenu no Poccuiickon
MapKMpoBKe?

3. Kak pacwwnposbiBaeTcs mapka asuratens 64H40/487?
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