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BBEJIEHUE

JUig crabwin3aluyd W yKPEIUICHUS MOJIOKUTENbHBIX TEHICHIMN B pPa3BUTHU
HPKOHOMHUKHM Hallell CTpaHbl HEOOXOAMMO HANpaBisATh BCE YCWIUS TOCylapcTBa U
obmiecTBa Ha OOHOBJEHHE CPEACTB M METOJIOB IPOM3BOJCTBA, MWCIOJIb30BaHHE
BBICOKOIIPOU3BOJIUTEIBHBIX JHEPro- MW PecypcocOEperammmux TEXHOJIOTH H
00Opy/l0oBaHUs, CIOCOOHBIX OOECHEYNUTh BBIMIYCK KOHKYPEHTOCIOCOOHON Ha
MHUPOBOM pPBIHKE NPOAYKIMH. PerieHue nepedyucieHHbIX OCHOBHBIX IPOOJIEM BO
MHOTOM 3aBUCUT OT OJ(PQPEKTUBHONH pPabOTHl TpaHCIOpPTa, I/€ OCHOBHBIMU
VMCTOYHUKAMU 3HEPTUU SIBJISIOTCS TEIJIOBBIE JBUTATENH, B HUX TEIJIOTA CKUTAEMOTO
TOIUIMBA PeoOpa3yeTcs: B MEXaHUUECKYIO paldoTy.

OHeprerudeckas 3pPEeKTUBHOCTb U CTENIEHb COBEPIICHCTBA TEIIIOTEXHUUECKOTO
o0Opy/OBaHus, KOTOpOE MpPHUMEHSIETCd Ha TPaHCIOPTE, OINPEACIAIOTCI TeM,
HACKOJIBKO IIMPOKO U MPaBUJIBHO OBLIM MPOBEACHBI Pa3iIMUYHbIE TEIJIOBBIE PacueThl
€llle Ha dTare NPOEeKTUPOBAHUS 00OPYIOBAHHUSI, €T0 OCHOBHBIX YacTEil U arperaTos.

MeToaMKN TEeIIOPHEPTreTUYECKUX PACUETOB pa3padaThIBAlOTCA B paMKax JBYX
OTIENbHBIX HAayK: TEPMOJAMHAMUKH, M3y4yalolUlell 3aKOHbl MpeoOpa3oBaHUs
pa3IMyYHBIX BHUJOB SHEPruu Jpyr B JIpyra, ¥ TEIUIONEpeNadyd, BOOPYKAIOIIEeH Hac
MH)XCHEPHBIMU METOJIMKAMH pacyeTa pa3jIMuHbIX MPOLECCOB TermoooMeHa. [loatomy
TBEp/JI0€ 3HAHNWE OCHOB TEPMOJUHAMUKHI U TEOPUU TEIJIO0OMEHA, YMEHHE IPUMEHUTD
9TH 3HAHUS JUJISl PEIICHUS MPAKTUYECKUX 3a/1a4 SIBJIIETCA COBEPIIEHHO HEOOXOAMMBIM
IUI BCEX HMH)KEHEPHO-TEXHUYECKUX PAaOOTHUKOB, CBSI3aHHBIX C MPOCKTHUPOBAHHUEM,
SKCIUTyaTallMeil, pPEeMOHTOM M aBTOMATHU3allMed COBPEMEHHBIX TPAHCHOPTHBIX
KOMMYHMKAIMH, TPAHCTIOPTHBIX MPEINPUITHIA U TPAHCIIOPTHBIX MAIINH.

KontponbHas pabota, mnpeioxkeHHass HACTOsIe paOoTON, BBIMNOIHIETCS
CTYAEHTAMM C LENbI0 3aKpelyieHus W yrayOneHus Y4yeOHOro marepuana.
Boimonnenne  paboThl  MPUBUBAET  OMpPENEICHHBIE HABBIKM  MPAKTUYECKOTO
NPUMEHEHHS OCHOBHBIX METOAMK TEPMOJMHAMHYECKOIO aHajlu3a J/Jisi pacyeToB
TEPMOJUHAMHUYECKHUX MPOLECCOB, PACIIUPSET 3HAHUS 00 MIeaTU3UPOBAHHBIX LUKIIAX
peaNbHBIX TEIUIOBBIX MAIlMH, TMO3BOJISIET Ha KOHKPETHBIX IpUMEpax YCBOWTH

MCTOJHUKY DHEPIrE€TUUCCKOI'O aHaJin3a U pacucTa Ba)KHEMIIINX IMPpOIECCOB U LIUKIIOB.



1 HaeanbHble MUKJLI TEIJIOBLIX ABUrareen

TeruioBble qBUTATENN SBISIOTCA Hanbosee pacpOCTPAaHEHHBIMU UCTOYHUKAMMU
SHEPruM i TPAHCHOPTHBIX CPEACTB. B 3TMX ABUraTensix XUMHUYECKAs SHEPrus
TOIUIMBA MPEBPALIAETCS B TEIUIOTY, KOTOpas 3aTeM MpeoOpa3yeTcsi B MEXaHUUYECKYIO
pabory.

[{MKIIBI TETIOBBIX ABUTATEIEH MOXKHO pa30UTh HA 2A308ble U NAPOBble YUKIIbL.

TI'azoevie yuxav — UKIIBI ABUraTened BHyTpeHHero cropanus (JIBC) u nmukisl
ra3oTypOouHHBIX ycTaHOBOK (I'TY), pabounuM TeIOM KOTOPBIX SBISETCS ra3000pa3HoOe
BEILIECTBO, OOBIYHO MPOYKThI CTOPAHUS TOIUIMBA.

Iapoevie yukav — UKITB TApOCHIIOBBIX ycTaHOBOK (ITTY), nx padouyum Temom
SIBJISIETCS BEIIIECTBO, KOTOPOE B TEUCHUE LUKJIAa HAXOJUTCSA TO B MapooOpa3HOM, TO B
XKHUJIKOM COCTOSIHUU.

JABC - TemyoBble MAaIllMHBI, B KOTOPBIX IMOJBOJ Teljia K pabodyemy Temy
3aMEHSIETCSI HEMOCPEJCTBEHHBIM C)KUTaHWEM TOIUIMBA B CMECH C HEOOXOJUMbBIM
KOJIMYECTBOM BO3/1yXa BHYTPH CaMOr0O JBUTATENS.

B pe3ynbTaTe XMMHUECKOTO COSAMHECHHS Toprounx dacteit tormmsa (C, H, S) u
KHCJIOpOoAa BO3/yXa, NOJAAaBaeMbIX [JIsl UeJNeld CropaHuss BHYTPb MAallUHBI,
o0pa3yroTcs MPOAYKTHI CTOpaHHsl TOIJIMBA — Ta30Basi CMECh, KOTOpas SIBISETCA
pabouum Tenom B [IBC.

JlaHHBIA TUN ABUTATENS SIBJSIETCS] TA30BBbIM, HECMOTpPS HAa TO, UYTO TOILJIMBOM
MOXET CITY>KHUTh JII0OO€ roprouee: TBEp10e, KUIK0e, ra3000pa3Hoe.

[Ipy ucnonp30BaHUU Tra3a B KayeCTBE TOIUIMBA, TOPIOYMN a3 CMEIIMBAETCS B
OIPEICJICHHOW MPOTOPIMU C BO3AYXOM U B BUJIE TAKOW TOPIOYEH CMECH MOCTYIAET B
MAIlIMHY, TJI€ BOCIUIAMEHSETCS JJIEKTPUYECKOM HCKpou. B pesynbrare cropanus
BBIJICTISICTCSI TEIUIO, TPOIYKThI TOPEHUS PACIIIUPSIIOTCS ¥ IPOU3BOIAT padoTy.

XKunkoe TommBo — O€H3UH, CIUPT, KepocuH, T (cMech ra3oiisisi U CoJIspOBOTO
Maclia) — BBOJUTCA B JIBUTAaTellb B PACHBUICHHOM COCTOSIHUM C OINpPEIEICHHBIM
KOJIMYECTBOM BO3/yXa M 00pa3yeT ¢ HUM TOPIOYYIO0 CMECh.

HUcnons3oBanne B JIBC TBepaoro ToIiMBa, BBOJAUMOrO B padouce
MPOCTPAHCTBO B BUJE MBUIM, HE AAJ0 MOJIOKUTEIBHBIX PE3yJIbTATOB. 3aTPYIHECHUE
CBSI3aHO B TMOJYYEHUU XOpPOULIErO IMEPEMEIIMBAHUS TOPIOYEr0 C BO3AYXOM U
yAaJI€HUU U3 IBUTATENS 30JIbI.

[To mpunmy padotsr JABC nensatcs Ha n1Ba THMA: nOpuiHesble U IONAMoUHble.



OcHOBHBIMHM TpeuMyliecTBaMu NopiiHeBblX JBC sBIsIOTCS CpaBHUTEIBHO
HEOOJNbIIINE TadapuThl, BEC; MOCTOSHHAS TOTOBHOCTh K IYCKY M HEMEIJICHHOMY
npUeMy Harpy3ku, a TakKe OTCYTCTBHE PacXoJI0B TOproYero B Hepabouuil mepuon
neurarensd. K CylmecTBeHHOMY HEIOCTAaTKy OTHOCUTCS HEBO3MOXKHOCTBH ITOTYYCHHS
0O0JIBIION MOIIHOCTH B OJHOM arperare u3-3a OOJBIIMX HHEPIUOHHBIX YCHIIHM,
BO3HUKAIOIIMX OT BO3BPATHO-NIOCTYMNATENbHO [BWXKYIIUXCS MAcC ABUTATENs IPHU
MOBBIIIEHUN YKCJIa 000POTOB KOJIEHYATOrO Baia.

B I'TY pabGouum TenoM SBIAIOTCS NPOAYKTHI CrOpaHUsl JKHAKOTO H
ra3o00pa3HOro TOIUIMBA, HO BO3BPATHO-NIOCTYMATEIbHBIM NPHUHIMI 3aMEHEH
BpaIllaTeJIbHBIM JIBMXKEHUEM KOJIECA MO JEHCTBUEM CTPYH rasa.

B peasnbHOM TEIIIOBOM JBHrarelie I[PEBpPAICHUE TEIIOBOM  JHEPIUH,
BBIJICIISIIOLLEICS NIPU CTOPAHUU TOIUIMBA, B MEXAHUYECKYIO pabOTy CBS3aHO C PSAJIOM
MOCJIEAOBATEIbHBIX (PU3NKO-XUMUYECKUX U TEPMOAMHAMMUYECKUX MpeoOpa3zoBaHUil,
COCTABJISIFOLIMX B COBOKYNMHOCTH HEOOpPAaTHMBIA KPYTOBOM M HE3aMKHYTBIM LIMKI.
Taxo¥ UKII IPUHSATO HA3bIBATh padouum (OelicmeumetbHbim).

B Buay C0XHOCTH peasbHBIX SBJICHUM, MPOUCXOIAIINX MIPU padoTe JBUTATE,
B TEPMOJIMHAMUKE PACCMATPUBAIOTCS UOeaAbHble WUKbL, TIPEACTABIISIONIUE COOOM
3aMKHYTBI€ LUKJIbI, COCTOSILUE TOJBKO U3 OOpPaTUMBIX MPOLECCOB, KOTOPHIE, Kak
M3BECTHO, MOTYT ITOJABEPraThCs TEPMOJANHAMUYECKAM UCCIIEA0BAHUSM.

XapakTepHble 0COOCHHOCTH UACATBHOIO LIMKJIA 3aKJIF0YAIOTCS B CIEIYIOLIEM:

- pabouuM TEJIOM B LIMKJIE SIBISIETCS WIEANbHBIN ra3, HEM3MEHHBIH MO Macce,
XUMHAYECKOMY COCTABY U TEIUIOEMKOCTH;

- TeIJI0Ta K paboyeMy Telly MCHOBEHHO MOJBOAMUTCS OT BHEUIHETO HCTOYHMKA, a
HE BBIJIEIISECTCS NIPU CTOPAHUHU TOIUIMBA BHYTPU LIWJIMHAPA JBUTATENS] WK B KAMEPE
CrOpaHus;

- IpEeAnoJiaraercsi OTCYTCTBHE IIOTEPh HA TPEHHUE, TEIUIOOTAAYM HArpeThbIX
yacTel JABUraTels, HAaCOCHBIX MOTEPb, U3MEHEHUs cocTaBa paboueil CMECH U IPYyrux
HEOOpaTUMBIX SIBICHUHN, COMPOBOXAAIOIINX pabOTy JBHUraTeNs M CHIDKAIOLIUX €ro
SKOHOMHYHOCTb;

- oOpaTuMbIil mpolecc 00ecreurnBaeT MaKCUMaJbHYIO CTENEHb MPEBPAILEHUS
TEIJIOTHl B MEXaHWYeCKylo pabory, u Tepmuueckuii KIIJ[ wumeanpHOTO 1MKIIA
npesocxoauT unaukaropubsii K111 nBurarens;

- BCE THUMBl IMKJIOB B OJMHAKOBBIX YCJIOBHSIX CPaBHHUMBI MEXIy COOOM,

CJI€A0BATCIbHO, €CTh BO3MOXHOCTDL IMOJYYHUTH MAKCHUMAJIbHO ,Z[OCTH)KPIMBIﬁ npeaci



WCIIOJB30BaHUs TEIUIOTHl B TOM WJIM JPYTOM LMKJIE, HATJIAHO BBISIBUTH OCHOBHBIC
napaMmeTpbl, BIUSIONIME HA MX SKOHOMUYHOCTb, U HAMETUTh NMYTH NaJbHEUIIEro
COBEPILIEHCTBOBAHMUSI JIBUTATEIICH.

Pe3ynbTaThl HWCCleNOBaHUS WJCATbHBIX I[UKJIOB MOXHO TPUMEHSTh K
MPaKTUYECKUM, JEHUCTBUTEIBHO ocymecTBisieMbiM npoueccam JIBC u I'TY
BBEJICHUEM B PACUET Pa3IMYHbIX MOMPABOYHBIX KOIP(DUIIUEHTOB.

B 3aBuCcHMOCTH OT XapakTepa noJiBoja TeIUIOThI WeaTbHbIE LUK TOPUTHEBBIX
JIBC nonpa3nensitoress Ha TpU TPYIIIIbL:

1) [Iukn ¢ H30XOpPHBIM MOJBOJOM TEIIOThl (UK OTTO) BHIEPBBIE
ocymectBui Hem. uHxeHep H.A. Otro 1877 r. DTOT LUK SBISIETCS WICATBHBIM
IIMKJIOM KapOIOpaTOPHBIX M Ta30BBIX JBUTATENICH, JIIT KOTOPBIX XapaKTEPHO OBICTPOE
cropanue ToruBa mmpu V = const.

2) [ukn ¢ u3006apHBIM TOJIBOJOM TEIUIOTH (1K Juzens) pazpaboran B
1897 r. Hemenkum nHxeHepoM J(uzeneM. Takoi UK ABISIETCA UACATBHBIM LIUKIOM
I'TY un xommpeccopupix [ABC, misi KOTOpPBIX XapaKTEPHO IOCTEIIEHHOE CTrOpaHue
TOIUIMBA IIpU p = CONSt.

3) [ukn co cmemaHHbIM 1MOABOAOM TeryioThl (1uki Cabats-Tpunkiepa),
KoTopslil noctpous B 1904 r. pycckuii unxkenep I'.B. Tpunknep. Cropanue tormsa

B TaKOM JBUTATEJIE TPOUCXOIUT CHauaja mpu V = const, 3ateM mipu p=const.

1.1 IuKJI ¢ M30XOPHBIM MOJABO/IOM TEMJIOTHI

[ukn Otro cocTtouT M3 ABYX anuabaT u AByx u3oxop. Llukn B pv- u TS
KOOpAMHATax mpeacTtaBieH Ha pucyHke 1.1. OH ocymecTBisieTcss CleAyroNuM
oOpazoM. Pabouee Tesno (1 Kr uaeanbHOro rasza) ¢ napamerpamu pi, Vi, 71 cxxuMaercs
B IIWJIMHJpPE MO MOpIIHeM no aauadbate 1-2 qo obbema V, mnpu 3TOM JaBJICHHE U
TeMIIepaTypa MOBBIIAIOTCS J0 po, 12, YTO COOTBETCTBYET MEPEMEIICHHUIO MOPIITHS OT
HwkHer MepTBod Toukn (HMT) B BepxHioro meptByto Touky (BMT). [lanee mpu
MOCTOSTHHOM 00beMe M0 M30X0ope 2-3 K rasy OT MCTOYHHMKA TOJBOIUTCS TEIUIO (),
JaBJIeHUE MOBBIIIAETCA 110 p3. [locne aToro ra3 pacmmpsercs (coBepiiaeT padoTy) 1o
anuabate 3-4 ot oobema V3 = V, 10 oovema V,; = Vi (mopiieHs BO3BpalaeTcs B
HMT). Janee npoucXoAuT OTBOA Termiaa (, OT Taza 1o uzoxope 4-1, 1muki
3aMBbIKA€TCs, ra3 NPUXOJUT B MEPBOHAYATILHOE COCTOSIHUE ¢ MapaMeTpamu pi, Vi, 11

(Touka 1 Ha nuarpamme).



2 I
2
4 Tl
1 ‘F'_"_"‘?z

up a uw v

na E
N
gl

4]
Pucynok 1.1. Hukn JIBC ¢ n30XOpHBIM IMOABOAOM TEILIOTHI: @ — B PV-KOOpAUHATAX; 6 — B 1S

KOOpJHMHATAaX; 8 — CXeMa [UJIMH/pa ¢ MOPIIHEM

XapakTepu3yOIKUMHU STOT IIUKJI BEJIMUUHAMU SBJISIIOTCS:
1) cmenens colcamus € — OTHOIIGHUE YICILHOTO 00BeMa B Havaje ckatus V; kK

yACIbHOMY 00BEMY B KOHIIE cxxaTus V!

2) cmenenb nosviueHus. 0asieHus /. — OTHOIICHUE JaBJICHHS B KOHIIE ITOABOJA
TEIJIOTHI p3 K JIABJICHUIO B HaYaJIe TIOJIBOJA TETUIOTHI P!
P3
A=—
P2
DTOT MapaMeTp OTpakaeT TEIJIOBYIO HArpy3Ky IIHUKJIA.

[ToaBeaeHHas TEIUIOTa MPOMOPIIMOHANIbHA TIJIOMIA U 10T TTpotieccoM 2-3 Ha TS —
auarpaMMe U COCTaBJISIET:
qQ1 = ¢ (T3 = Ty)
OTBeneHHas TerIoTa MPonopIUOHANIbHA IJIOMAaU o1 poueccoM 4-1 u paBHa:
qQz = ¢y (Ty — Ty)
Cornacno onpenenenuto, repmuueckuil KITJI nukna

91— q2 qz T,—T
nm=—=1-—=1-—F—
d1 d1 I3 -T,
Bripaxxenne tepmuueckoro KIIJ[ nmkia depe3 XxapaKTEpUCTUKHA LIUKJIA UMEET
BU/]I
1
ne=1- e

Takum oOpazom, Ttepmuueckuit KIIJI nmkna ¢ mnoaBOAOM TEIJIOTHI MOpH
MOCTOSIHHOM 00BEME 3aBHCHUT TOJIBKO OT CTETICHU CXKATHSI € M ITOKa3aTelis aanadarsl K

(mpupoIBI paboyero Tena), yBEJIMYMBAsICh C BO3PACTAHUEM 3THUX BEJIHYHUH.
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Crenenp CKaTHUS SBISETCS BOKHBIM MapaMeTPOM paOOThl IBUTATENS: YeM OHa
Oonpine, TeM Bhiie 3koHOMHYHOCTH JIBC. Ho makcumanbHas cTeneHb CkaTtus B
KapOIOpaTOPHBIX JBUTATENSIX OIPAHUYMBAETCS JIETOHAIIMEH — CaMOBOCINIAMEHEHUEM
roproveil TOMIMBOBO3AYIIHOW cMmecu. CrencTBUe NETOHAIUU SIBJISIETCS MOSIBICHUE
CTyKa METaJUIMYECKOro XapakKTepa BHYTPU LMJIMHJIAPA, MEPETPEB JIBUTATENS U3-3a
PE3KOro HapacTaHUsl TEMIIEPATypbl B MPOLIECCE CrOpaHus, MOSBICHUE YEPHOTO JbIMa
Ha BBIXJIONIE M3-3a HEMOJHOTHI CTOPAHUs TOIIMBA. MakcuMallbHasi CTENEeHb CKAaTHUs B

KapOIOPAaTOPHBIX JIBUTATEISIX HE MpeBbimaet 9+10.

1.2 Iuka ¢ u300apHBIM MOABOAOM TEMJIOTHI
Kax BunHO U3 npeasiayiero mukia, repmudeckuit KIT/ 3aBucuT ot crenenu cxxarus
pabouero Tena. UToObl yBENTWYUThH CTEMEHb CHKATUsl HeMelkuil umxkenep P.Juzensb
pa3zpaboTayl LUKJI, B KOTOpPOM Troprodee paboyee Tello 3aMEHSETCS HEropro4uM
(Bozmyxom). BmyiieHHbI B HWIMHAP BO3AYX CXHMaeTcs N0 0oJjiee BBICOKOTO
naBnenus, yem B mukie Otro. Lukn B pV- m TS-koopamHatax mpeAcTaBlieH Ha
pucynke 1.2. OH ocymiecTBisieTcss clieayronmm oOpazoM. Pabouee Teno c
napameTpamu pi, Vi, 71 cKuMaeTcs B IMJIMHAPE MO MOPIIHEM 1o aauabdare 1-2 mo
oO0beMa V, Tpu 3TOM JaBJICHUE M TEMIIEpaTypa MOBBIINIAIOTCS A0 po, T», UTO
COOTBETCTBYET MEPEMENICHUIO MOpIIHA OT HibkHeW wmeptBoi Touku (HMT) B
BepXHIOI0 MepTBYI0 Touky (BMT). [lanee mpu mocTOSHHOM JaBI€HHUHU 1O U300ape 2-
3 K razy oT UCTOYHHUKA MOJBOJIUTCS TEIJIO (;, o0beM yBenuumBaetTcs 10 Vi. [locre
ATOTO IMPOUCXOJHUT aauabaTHoe pacmmpeHre oT odbema V3 mo oowbema V, = Vi
(mporiece 3-4) ¢ MOHMKEHUEM JaBJICHUS M TeMIiepaTypsl. Jlanee Termio g, OTBOAUTCS
OT Ta3a mo u3oxope 4-1, HUKI 3aMbIKaeTCs, ra3 MPHUXOIUT B TEPBOHAYAILHOE

COCTOSIHUE C TTapaMeTpamu p1, Vi, T1.

p{r rh

P2

1

vy @) Yy v

Pucynoxk 1.2. Huxn IBC ¢ u300apHBIM MOIBOIOM TEIUIOTHL: @ — B PV-KOOpAMHATAX; 6 — B TS

KOOpJAMHATAX



XapaKTepI/ISYIOH_[I/IMI/I 9TOT HMKJI BEINYWMHAMU ABIAIOTCA:

1) cmenenv cocamus

Crenenp cxaTust y Ju3eieil Ooiplle, 4eM B KapOIOPATOPHBIX  JBUTATEISX.
MuHnumanbHOe 3HAu€HUE, MPH KOTOPOM MPOUCXOJUT CaMOBOCIUIAMEHEHHE & =
12+13. BepxHuuit npeaen orpanuueH ¢ = 19+20, Tak kak yBennueHue koddduimenrta
C)KaTUsl BBI3BIBAET PE3KOE TOBBIIICHWE JABJICHUS B LWIMHIPE, YTO MPUBOAMUT K
3HAYUTEIBHOMY CONpPOTHBIEHUIO B Yy3JaxX TPEHHS U, KaK CJIEACTBUE, JaeT
Ype3MepHbIe Harpy3KHU Ha KPUBOILIMITHO-IIATYHHBIM MEXaHU3M.

2) cmenenb nped8apumMebHO20 pAcuUpers p — OTHOIICHUE YACITFHOTO 00bheMa
rasa B KOHIIE [TO/IBOJIa TEIJIOTHI V3 K ynenpHOMY 00BheMy B Hadalie TI0IBO/Ia TEIIOTHI
V.

_5
P 7
KonmuecTBo nmoABeI€HHO TEIIIOTH PaBHO
q; = ¢, (T3 = Ty),
OTBEJICHHOM TEILIOTHI qQ; = ¢, (T, —Ty)
[Ipu 5TUX 3HAUEHUSX MOJIydaeM
cy(Ty —T1) 1— T,—T
Cp (T; —T) k(T3 —T3)

Bripaxxenne tepmudeckoro KIIJ[ mmkna yepe3 XapaKTEpUCTHUKH LIMKIA UMEET

n.=1-

BU
1 1 pk—-1
Te= 271 k(- 1)

N3 ypaBHenus cienyer, yto tepmuueckuid KIIJ nukia 3aBucHT OT CTeneHH

CKaThA &, MOKazaress aaradaThl K M cTeleHn mpeaBapuTelIbHOro pacimpenus p. C

yBenuueHueM ¢, K u ymenbinenuem p KI1/] yBennuupaercs.

1.3 Ilnk co cMeIaHHBIM MOABOAOM TeMJI0ThI
HenocrtaTtkom nBuratesneid, B KOTOPBIX MPUMEHSETCS UK ¢ TTOABOJOM TEIJIOTHI MPU
p = condt, sBisieTCs HEOOXOJIMMOCTh MCIOJIB30BAHHUS KOMIIpeccopa ISl MoJiauu

torummBa. Hanuuwne KOMIIpECCOpa YCIOXHACT KOHCTPYKHHMIO KW  YMCHBIIACT
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SKOHOMUYHOCTb ABUTaTelsl. B HacToslee BpemMsl TaKue JIBUraTeld MPUMEHSIOTCS Ha
CyJlax ¥ B Ka4eCTBE CTAIMOHAPHBIX YCTAHOBOK TEIJIOBBIX DJIEKTPOCTAHIUH.

JIBuratenu, paOoTarouge IO CMEUIAaHHOMY IUMKIy, SIBISAIOTCS — Oosee
COBEPIICHCTBOBaHHbIMU  (OeckommpeccopHble au3enu). [lepBwiii mateHT Ha
OeCKOMITPECCOPHBIN JBUTATENh BHICOKOTO JaBieHust Obul BiAad B 1904 r. pycckomy
unxenepy [.B. Tpunkiepy (1886-1956). OnHako ABUTaTeNd MOJYYWIU LIUPOKOE
pacnpocTpaHeHHUe MO3Ke, KOr/la yIajoch OCYIIECTBUTH pPa3/iebHOE pacIbUIMBaHHUE
torumBa npu V = const u p = const. B Hacrosiee Bpems 10 CMEIIaHHOMY HUKITY
paboTalOT MPEUMYIIECTBEHHO TPAHCHOPTHBIE OECKOMIIPECCOPHBIE JIBUTaTENH,
HCIIOJIb3YIOIIUE TSHKEJIOE TOILIUBO.

[Hukn B pV- u TSkoopaumHatax nmpeacTaBieH Ha pucynke 1.3. OxH
OCYIIECTBJISIETCSL ClenyronuM obpa3zom. Pabouee tenmo ¢ mapamerpamu pp, Vi, T1
ckumaetcst o aauabdare 1-2 no oowbema V, mpu 3TOM JaBiieHWE U TeMIleparypa
MOBBILIAIOTCS 10 p2, 1». Jlanee mo u3oxope 2-3 kK pabodemMy Tely MOABOIUTCS MepBas
JIOJISL TEILIOTHI ;. 1IpH TOCTOSIHHOM IaBICHHH TOXBOAMUTCS BTOPAs TOJS TEILIOTHI
q; 1o m306ape 3-4. OT Touku 4 pabodee TeIo paciMpseTcs no aguabare 4-5. [loce
Yero TeIIo ( OTBOAMTCS B TEIUIONPHUEMHUK MO u3oxope 9-1, pabouee Teno

MPUXOJUT B TIEPBOHAYATIBLHOE COCTOSHME C Tapamerpamu p;, Vi, 11, UK

3aMBIKACTCA.
F T
q
pzf{ = T i
N dy ,.-"‘
D2 -~
2 q L2
2 : \ T} 1 = j.o-'-"':caﬁﬁ
S \ g 3 p
NN 5
I.E‘l \\\\ ﬂ; T]_ T = 1“_01':'-5
' r |
Vs v v, v B g 5
4 {4 e ) 4

Pucynok 1.3. Hukn JIBC co cMemaHHbIM OBOIOM TEILUIOTHI: @ — B PV-KOOpAMHATaX; 6 — B TS

KOOpAWHATax

XapakTepUCTUKAMU LIUKJIA SBJISIFOTCS:

1) cmenenw cocamus

2) cmenenb NPedsapumenrbHo20 PacutupeHust
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Z

p =1
Vs
3) cmenenv nosviueHus 0AsICHUS.
P3
A=—
p2

[TepBas 1014 MOABEAECHHON TEIJIOTHI COCTABIISIET

q1 = ¢, (T3 — T3)
Bropas nons moaBeneHHON TEIIOTHI paBHA

q1 = ¢, (Ty — Ts)
KomnuecTBO OTBENEHHON TEIUIOTHI

q; = CU(TS - Tl)
[Ipu 5TuX 3HAYEHUAX MOJTyYaEM

_ a2 ¢, (Ts —T1)
ne=1- =1-
91+ q c,(Ts —T3) + ¢, (T, — Ts)

Bripaxkenne tepmudeckoro KIIJ[ mukna dyepe3 XapakTEpUCTHKM LHUKJIA UMEET

BH/]I
1 Apk —1

T A1+ kA(p—1)

N3 ypaBHenus cnexyet, uro tepmuueckui KIIJ[ nukna 3aBucCHT OT CTEnEeHU

n. =1

CKaTUs &, ToKazaress aauadaTel K , CTENEHM MpeaBapUTEIBLHOTO PACIIUPEHUS p H
crerieHu ToBbieHus naBneHus A. C yBenwuenueM ¢, K, 1 u ymenbmenuem p KITJI
YBEIINYUBAETCH.

Jlnst nBurarenedt, padotatonux o 1ukiy Cabars-TpuHkiepa, CTeneHb CKaTHSA
coctaBisier ¢ = 12+13. [lo cBOoMM MOKa3arelssM OH 3aHUMAET MHPOMEKYTOUHOE

10JI0’KEeHNE Mex Ty nukiamMu OtTo u Jnsens.

1.4 IukJ ra30TypOMHHBIX YCTAHOBOK

B03MOXHOCTP MOJIy4€HHS 3HAYUTEIBHOM MOIIHOCTA B OJHOM arperare
BCIIEZICTBME OTCYTCTBHUSI M 0oJiee TOJHOTO PACHIMPEHUS MPOIYKTOB CropaHus (10
aTMOc(EepHOro NMaBJCHUs), a TaKKe Majble rabapuThl U HU3KHUE PacXOojbl Macjia U
OXJIQXKAIOIIECH KUJIKOCTH o0yciaBiuBaioT passutue ['TY. Pabouum tenom B ['TY
SIBJISIFOTCSL TPOAYKTHI CrOpaHusl >KUAKOTO WM Ta3000pa3HOro ToruBa. Eciu B
nopmHeBbix  JIBC  Bce  mpomecchl, KOTOpbIE  ONPEAECISIOTCS — LUKJIaMH,
OCYIIECTBIISIIOTCS B HMIIMHAPE ABuraress, To B ['TY 3Tu nmpoueccsl 0CylmeCTBIsSIOTCS

pa3saciibHO B pa3JIMYHbIX YaCTAX.
12



I'TY moryt paboTarh MO LMKIAM CO CTOpPaHHEM NpPU MOCTOSIHHOM O0BbEeMe U
IOCTOSTHHOM JaBiieHuu. B Hactosmee Bpems npumeHstoT I'TY UCKIIOYUTENBHO ¢
n300apHBIM IOABOJAOM TeIUIOTHL. Kak moka3plBaeT IMpakTHKa ra3oTypOOCTPOEHHS,
OHHM MMEIOT HAaWTYYIlIHE MEePCIEKTUBBI.

Ha pucynke 1.4 npencrasiien uaeansubiil nuki I'TY B pV- n TS-koopauHartax c
[OJBOIOM TEIUIOTHI NpH p = const. WneanbHblil ra3 ¢ mapamerpamu p;, Vi, 13
ckuMmaercss mo anguabare 1-2 (mpolecc COOTBETCTBYET CHXKATHIO BO3AyXa B
komnpeccope). [10ABO TEMIOTHI K CKaTOMY ra3zy OCYLIECTBISIETCS 0 u300ape 2-3.
3aTeM pabouee Teno pacuupsercs no aauadare 3-4 ¥ BO3BpAIacTCs B MCXOJHOE

cocTosiHuE 110 n300ape 4-1, ornasas Temio Jp TEIONPUEMHUKY .

rjﬂ'i 3 W 3 TL 3
P23 ) g
3
i
o3|
) I NG | I 1
a) i)

Pucynok 1.4 Ilukn ra3oTypOMHHON yCTaHOBKM: @ — B PV-KoOpauHartax; 0 — B TS-KoopAauHaTax

Xapakrepuctukamu nukna I'TY saBastorcs:
1) CreneHb MOBBIIICHUS NaBJACHUS TPU aauabaTHOM CKaTHH (COOTBETCTBYET
CXKaTHIO BO3/lyXa B KOMIIPECCOPE):
g P2
P1

Benmuuuna [3 oka3piBaeT BIMSHUE HAa MOIIHOCTHBIE W 3KOHOMHUYECKHE
nokazarenu asurarens. s tpancnoptaeix ['TY f = 3,5 + 16.

2) CreneHb nMpeaBapUTEIHLHOIO PACIIUPEHHS
p=B3
V
KomnuecTBo MoBeICHHOM TEIUIOTHI 0 H300ape 2-3 paBHO
q1 = ¢, (T3 — T3)
KonudecTBo oTBeIeHHOM TEIOTHI TT0 n300ape 4-1 paBHO
Gz = ¢, (T4 — T1)

HpI/I 9TUX 3HAUYCHUAX ITOJIYydacM
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o(I-T) _ TL-T

Cp (T3 — T) B T; =T,

Bripaxxenne tepmuueckoro KIIJ| nmkina depe3 XapaKTEPUCTHKHA LIUKJIA UMEET

Ne =

BHU/I

1

ne=1-=3

Ak
CnenosarenbHo, Tepmuueckuit KIIJI I'TY ¢ m300apHBIM MOABOJAOM TEILIOTHI

3aBHCHT TOJIBKO OT CTCIICHH ITOBBIIICHUSA JaBJICHUA A W TIOKa3arens aI[Ha6aTI>I k (OH

YBCIIMYNBACTC C ITIOBBIIICHUCM 3HAYCHUM ITUX BeJ'II/I‘-II/IH).

2 MeToanuyecKkue peKOMEHIANNH K BHINMOJTHEHHIO PadoThI
PaboTa BKiIIOWaeT pernieHue 3a7a4yd W BBIMOJHSAETCS B TEYCHHE BCETO Y4eOHOTO
cemectpa. Ee BbImogHeHUE ABISIETCS 00A3aTEIbHBIM YCIOBHEM IMOJIOKUTEIHHON
aTTECTAllUH CTYJICHTA MO JUCIUILINHE.

NuauBuayanbHOE 3aJaHUE BBIJACTCS KAaXJIOMY CTYJCHTY B HAadaje CEMECTpa B
BUje Homepa 3agaud. llepBas 1udpa HOMepa BapuaHTa COOTBETCTBYET
npeanocieaHeit nudpe, a BTopas — moclieaHer 1udpe HOMepa 3a4eTHOM KHIKKH
CTYAEHTA.

UTtoOBl yCHEIIHO TMOJATOTOBUTHCS U  BBINOJHUTH KOHTPOJIBHYIO paboTy
HEOOXOIUMO:

1. BHUMaTenbHO O3HAKOMUTHLCS C COAEPKAaHUEM 3a/auyH, 3alMcaTh €€ YCIOBHE,
BCTAaBJISISl B TEKCT YMCJICHHBIE 3HAYEHUSI MCXOJHBIX JAHHBIX M3 COOTBETCTBYIOLIEH
TaOJIUIIEI.

2. Tlo KOHCHEKTy JIeKIMH U JaHHOMY IOCOOMIO H3YyYUTh TEOPETUYECKHI
Matepuall 0 COOTBETCTBYIOIIUM TeMaM, oOpaiiias ocodoe BHUMaHHWE Ha METOIUKY
MpakTU4YecKux pacyeToB. [logo0paTh MO CIUCKY PEKOMEHIOBAHHOU JUTEpPaTyphl U
MOJIyYnTh B OMOIMOTEKE YHUBEPCUTETa OJWH U3 Y4YeOHUKOB, MOJIPOOHO
O3HAKOMMTBCS C ONTMCAHUEM LIMKJIA, TPEAJIOKEHHOTO IS aHAJIU3a.

3. IlpoBecT 4YEpHOBOW pacyeT 3aJauu C I[OMOIIBI0 KalbKyJIsTOpa U Ha
KOMIIBIOTEPE B CIydae HEOOXOIMMOCTH, COOJIOAAsl TIOCJIEI0BATEIbHOCTh PACUETOB U
CaMONpPOBEPOK TAaKUMH K€, KaK OHU JAlOTCAd B IPUBEACHHOM HHUXE IPUMEDE.
Heobxoammo y4uThIBaTh CICTYIONINE OCOOCHHOCTH

- TOPOLIECCHl CrOpPaHWsl W BBINYCKA ra3a pacCMaTpUBAIOTCA KakK IPOLECCHI

moaBoJa M OTBOJa TCIIIIOTHI,
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- BCE MPOLIECCHI, COCTABISIONINE UK, SIBIISTIOTCS 00PaTUMBIMU;

- YCIOBHBIM HyJb OJHTPONMM MPHUHATH COOTBETCTBYIOUIMM HOPMAaJIbHBIM
dbuznyeckuM ycioBusaM (po= 101325 I1a, T =273 K).

4. OpopMHTH OTYET 1O pabOTE B COOTBETCTBUU C TPEOOBAHUSAMU, OPUCHTHPYSIChH
IIPU 3TOM Ha NPUBEACHHBIA B HACTOSALIUX METOJUYECKUX YKa3aHUAX TPUMED.

Ecin B moaroroButenbHOM pabOTe MM B IPOLECCE PAaCUETOB BO3HUKAIOT
BONPOCHI WM HESICHOCTH, CTYIEHTY HEOOXOAMMO 00palarbes K MPErnojiaBaTesto 3a
KOHCYJIbTAIUSIMM,  KOTOpPBIE  OpraHU3yrOTCs  Kaeapod  €XKEHEHEIbHO 110
CHEeUaIbHOMY PaCHUCAHUIO.

5. Ilpu oT4eTe CTYJEHT JOHKEH YMETh M3JI0KUTh BECh XOJ PEIIEHUs, OTBETUTD

Ha BCE KOHTPOJIbHBIE BOIPOCHI.
OcHogHble mpebosanus K ogpopmaenuio omuema no pabome:

I. Oryer [OMKEH HAYMHATHCS TUTYJIBHBIM JIMCTOM, HA4yuMHasg CO BTOPOU
CTpaHULBl — COJAEpKaHHE padoThl, BKJIKOYAlOIlee B ceOs HOMEp BapHaHTa U
UCXOJHBIEC JaHHBIE U1 pacueTra, MOAPOOHBIM XOJ pEeUIeHMs, CBOAHYIO TaOIUIy
pe3ynbTaToB Mo GopMe, yKa3aHHOH B pemreHuu (Tadmmna 4.1), pucyHku U rpadukw,
TpeOyeMble 3aJJaHuEM, a 3aBEPIIATHCS CIIMCKOM HCTIOIb30BAHHOM JIUTEPATYPHI.

2. Otuer noiKeH OBITH HAMKMCAH YEPHBIMH, CHUHHUMH WIA (PUOJECTOBBIMHU
YepHWJIAMU WJIM MMACTOM aKKypaTHBIM, pa300pUMBBIM MOYEPKOM (MIJIM HaredyaTaH) Ha
muctax popmata A4 (210 x 297).

3. I'paduueckuit matepuan (pUCYHKH, TrpapuKH) MOXKHO PHUCOBATh MSTKUM
KapaHJalloM Ha HEOOJIbIIMX JIMCTKaX MHWJUIMMETPOBOM WM KJeTdaTroil Oymard,
HaKJIeWBas WX Ha CTPaHUIlLI oTyeTa. KakIblil puCyHOK TOHKEH OBITh TPOHYMEPOBaH
Y CONMPOBOXKIATHCS Pa3BEPHYTOMN MOIIUCHIO.

4. Bce pacuetsl 0(OpMIISIOTCS B pa3BEepHYTOM BHJIE: CHayajla 3alHChIBACTCS
dbopmyna, ganee 3HaK paBEHCTBA U YHCIICHHBIE 3HAYEHHUS BCEX BXOIAUIMX B (HOPMYITY
rapamMeTpoB B TOH K€ MOCJEI0BATEIbHOCTH, KaK OHM CTOST B (hopMyJe, Jlajee 3HaK
PaBEHCTBA, PE3YJIbTAT BHIYUCICHUMN.

5. Bce pacyerbl TpOBOAATCA B MEXAYHAPOJHOM CHUCTEME M3MEPEHUS
¢busznaeckux BennunH (cuctema CH).

6. PacuerHbie  QopMysibl  JOJKHBI  COMPOBOXKIATHCA  JIAKOHUYHBIMU
NOSICHEHUSIMHU, BKJIIOUAIOIIMMH U MOJHYIO paciin@poBKY BCEX MPHUHATHIX YCIOBHBIX

0003HAYECHMIA.
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Konmponwvuwie éonpocot

1. [Touemy B KadecTBe pabOUYUX TEJI B TEPMOJMHAMUKE HUCIONB3YIOTCA Ta3bl U
napnl?

2. Kakve BenmumHBI HA3bIBAIOT TapaMeTpaMH COCTOSHHS pabodero Tena?
[lepeuncnure ux. B kakux eIMHUIIAX OHU U3MEPSIOTCSA ?

3. Kak cBsizanbl Mex 1y OO0 mapaMeTpbl COCTOSIHHSI B U30XOPHOM, U300apHOM,
MU30TEPMHUYECKOM, aIMabaTHOM U MOJUTPOITHOM Tpolieccax?

4. Kakoii BUJ HMEET ypaBHEHUE II€PBOr0 Hayalla TEPMOJUHAMUKH IS
M30XOPHOT0, 1300apHOT0, U30TEPMUYECKOTO, aIabaTHOTO MPOIIECCOB?

5. B gem cocTosT ocHOBHEIE cBOWicTBa PV- 1 B TS-anarpamMm?

6. M300pa3ute OCHOBHBIE TEpMOJMHAMHUYECKHE Ipoueccl B PV- u B TS
KOOpJIMHATaX.

7. Kak Ha pV-guarpamme rpapuuecku ornpeaensercs yaeiabHas paboTa npsmMoro
UKIa?

8. Kak gokazath, 4uro Ha TS-auarpaMme H30XOpa pacroyiaraercs Kpyde
n300apb1?

9. Yro xapakrtepusyer u ueM omnpenensiercss tepmuueckuit KIIJ] obpatumbix
KPYTOBBIX MPOIIECCOB?

10.  IloueMy TepMOIMHAMUYECKHUE IIUKIIBI HA3BIBAIOT UICATHHBIMU ?

11. Kak pnokaszare, uyto ¢ yBenuueHueMm creneHn cxatus B [IBC
IIOBBIIIAECTCS TEMIIEPATypa B KOHIIE CKATUsA?

12. Kak usmensiercs temmeparypa T4 B IMKIE CO CMEIIAHHBIM IOJIBOJIOM
TEIUIOTHI TP YBEIMUEHUU CTETIEHU PEBAPUTEIBLHOTO PACIIUPEHUS ?

13. Kak BnusieT yBenudyeHue crenenu cxxatust Ha tepmuueckuit KITJI JIBC?

14. Kak Bnusier crenenp mnoBbiieHus Aasienuss B ['TY ¢ wuzo0apHbIM

MO/IBOJIOM TETUIOTHI Ha ux Tepmuueckuiit KIT/17?
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3 3anaHus Ha KOHTPOJIbHYIO padoTy

[IpoBecTn pacyer TEOPETUYECKOr0 TEPMOJUHAMUYECKOTO IMKIIA JIBUTaTeNs
BHyTpeHHero cropanus ([IBC) wnu razotypounnoit ycranosku (I'TY). B kaudectse
pabouero Teia MpUHATH | KI CyXOro Bo3ayxa. YjelbHas razoBas noctosiHHag R =
286,4 Jlx/xr-K. YienpHy0 TEIIOEMKOCTh BO3AyXa CUUTATh MOCTOSHHOM M paBHOU
C, = 0,72 xJlx/kr-K. Ilokazarenb aanabaThl MPOLIECCOB CXATHUA MU PACHIMPEHUS
HIPUHATH paBHBIM K = 1,4,
Heobxoaumo onpenenuTs:
1) mapaMeTpbl BCEX XapaKTEPHBIX TOUEK MHKIA (HapaMeTphl COCTOSHHS
pabouero Tena: AaBJICHUE p, YACIbHBIN 00beM V, TemnepaTypy T, SHTPOMIHIO
S);

2) TepMOJMHAMUYCCKHE XapaKTEPUCTUKU KaXKIOTO MPoIecca U MUK B LEIOM:
- paboTy, MPOU3BOIUMYIO 32 UK |
- [I0JIE3HO UCMOJIb30BaHHYIO TEIUIOTY LUKJIA
- U3MEHEHUE SHTPOIUU AS;
- repmuueckuid KII/I nukna #y;
- repmuueckni K11 nukna KapHo 7.

Teopernueckuii MK NpeacTaBUTh B PV- U TS-KoopauHaTax ¢ COOMIOECHUEM

macuiraoa.

BapuaHTsl 3a1aHMid HA KOHTPOJIBHYIO PadoTy

3aoaua 1. IlpoBecT pacyeT TEOPETUUYECKOTO TEPMOIUHAMHUUECKOTO I[MKJIA

nopiHeBoro JIBC ¢ M30XOpHBIM MOJBOJIOM TEIUIOTHI, KOTOPBIM 3a/1aH CIAEAYIOMIUMU

napaMeTpamu:
JABJICHHE B KOHIIE MPOIECCA BCACBIBAHUS P = 10° Ia,
TeMIlepaTrypa B KOHIIE TPoIecca BcachlBaHUs 17 = °C,

CTEIICHDb CHKATHS & = ,
KOJIMYECTBO MOABOJUMOIO TeIuia ¢ = KkJK/KT.

Hcxomanbie maHHBIC MPUHATH 110 Taou. 3.1
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Tabmuma 3.1

[TepBas p1, {1,°C Bropas KomanuectBo CreneHn
nudpa 10° [1a nudpa [IOJABOINMOTO cKaTus
HOMeEpa HOMeEpa Teruia €
BapHaHTa BapuaHTa 01, kJDK/KT

0 10 27 0 1720 6,0

1 10 17 1 1845 6,3

2 10 30 2 1970 7,6

3 1,0 0 3 2390 7,0

4 0,8 17 4 1930 6,5

5 0,8 37 5 1970 6,6

6 0,8 37 6 2055 6,8

7 0,9 0 7 2355 75

8 0,9 27 8 1725 6,6

9 0,9 47 9 2180 7,1

3aoaua 2. IlpoBecT pacyeT TEOPETUUYECKOTO TEPMOIMHAMHUYECKOTO ITHKIIA

nopiHeBoro JIBC ¢ u300apHbIM MOJBOJOM TEIUIOTHI, KOTOPBIA 3a/1aH CIEAYIOINIUMU

mapamMeTpamMu:
JaBJICHNUE B KOHIIE TIporiecca BcacbiBanmst p; = 10° Ia,
TeMIepaTrypa B KOHIE mpolecca BcacsiBanus 17 = °C,
CTCIICHD COKATUA &€ =
CTENEHb IPEABAPUTEIILHOIO PACIIUPEHUA p =
HcxonHble JaHHbIE TPUHATH 1O Ta0d. 3.2
Tab6muna 3.2
IlepBas P1, t1,°C Bropas Crenenp Crenenp
udpa 10° Ia uudpa CKaTHsA IIPEIBAPUTEIBHOTO
HOMepa HOMepa € pacIIupeHus p
BapHaHTa BapHaHTa
0 1,0 15 0 11 2,1
1 1,0 20 1 11 2,2
2 1,0 27 2 12 2,3
3 1,0 22 3 15 2,8
4 09 17 4 13 2,4
5 09 27 5 12 2,4
6 09 20 6 11 2,5
7 09 20 7 10 2,6
8 0,8 14 8 11 2,8
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0,8

27

12

2,5

3aoaua 3.

HpOBCCTI/I pacucT TCOPCTHUYCCKOIO0 TCPMOIHMHAMHUUYCCKOIO ITHKIIA

nopmHeBoro JIBC co

CJIEIYIOLIMMU MTapaMeTpaMHu:

CMCIIaHHBIM IIOABOAOM  TCIIJIOTHI,

KOTOPBIN  3aJjaH

JIaBJICHNUE B KOHIIE TIporiecca BcackiBanmst p; = 10° Ia,
TeMIrepaTrypa B KOHIIE riporiecca BcacsiBanus 11 = °C,
CTCIICHB CXXATUI € — )
CTEIEHb MPEIBAPUTENBHOTO PACIIUPEHUSA p =
CTETICHB MOBBIIICHUS TaBICHUSA 4 =
HcxonHble JaHHbIE TPUHATH 10 Ta0d. 3.3
Tabmuua 3.3
IlepBas p1, 11,°C Bropas CreneHsn Crenenn CremneHs
nudpa 10° ITa uudpa CKaTusg | IPEIBAPUTEIBHOTO | IMOBBILICHUS
HOMEpPA HOMEpA € paciMpeHus p TABJICHHUS 1
BapuaHTa BapuaHTa
0 1,2 24 0 14 1,45 1,35
1 1,4 25 1 13,5 1,4 1,3
2 1,28 26 2 13 1,35 1,25
3 1,33 27 3 12,5 1,3 1,2
4 1,38 28 4 12 1,25 1,15
5 1,43 29 5 11,5 1,2 11
6 1,18 14 6 14 1,45 1,38
7 1,23 16 7 13,5 1,4 1,33
8 1,28 17 8 13 1,35 1,28
9 1,0 15 9 17,5 1,41 1,27

3aoaua 4. TlpoBecTu pacueT TEOPETHUUECKOro TepMoauHamuyeckoro uukia I'TY c

I/I306apHI)IM moABOAOM TCIIJIOTHI, KOTOpBIﬁ 3aJlaH CJICAYOIIUMMU ITapaMETpaMu:

napyieHue Bo3nyxa Ha Bxone BI'TY p;= 10° I1a,
TeMIeparypa Bo3ayxa Ha Bxoae BI'TY 77 =

CTEINEHb MPEABAPUTEIBHOTO PACIIUPEHUS IPOJYKTOB CTOPAHUS p =

__°G

CTEIICHb MOBBIIICHUS JaBJICHUS B KOMIIpeccope [ =

HcxonHpie qanAbIC TPUHSATH 110 Tabm. 3.4
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Tabmauma 3.4

[TepBas p1, 11,°C Crenenn Bropas Creneun
nudpa 10° Ia TTOBBIIICHUS udpa MPEABAPUTEIIHHOTO
HOMEpa TTABJICHUS ﬂ HOMeEpa pacLIUpeHHus p
BapHaHTa BapHaHTa

0 1,0 27 3,8 0 10

1 11 42 4,2 1 8

2 1,0 17 4,5 2 8

3 1,0 47 4,96 3 9

4 0,9 15 4,54 4 10

5 0,9 52 514 5 11

6 0,9 27 3,75 6 8

7 11 45 51 7 10

8 0,8 27 5,67 8 11

9 0,8 40 542 9 9
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4 Tlpumep BBINOJHEHUS] KOHTPOJIbHOH PadoThI

3aoaua 3 (Bapuanm 99).
Conepxxanue 3a1a4mn

[TpoBecTn pacuer TEOPETHUECKOTO0 TEPMOAMHAMUYICCKOTO IHKJIA TTOPITHEBOTO
JIBC co  cMmemaHHbIM TOJIBOJIOM TEIJIOTHl, KOTOPBIM 3adaH CIEAYIOIIUMHU
napameTpaMu:
aBJIeHUe B KOHIIE TIporiecca BcackiBanus py = 10° I1a;

TeMIlepaTypa B KOHIIE npoiiecca BcackiBanus 771 = 15 °C;
CTEINeHb cxatus ¢ = 17,5;

CTENEHb IIPeIBApUTENLHOTO pacupenus p = 1,41;
CTEIECHb NOBLIIIEHU AaBiieHusd A = 1,27.

B kadectBe pabouero Tena mpUHMMAaTh | Kr CyXoro Bo3ayxa. YenbHas
razoBas nocrosinHas R = 286,4 Jlx/kr-K. YnenbHas TemioeMKocTh Bozayxa C, =
0,72 xJIx/kr-K.

OnpenenuTh MmapaMeTpbl COCTOSHUSL padouero tena P, V, T B XapakTepHBIX
TOYKax IHKIAa, paboTy, MPOM3BOJMMYIO 3a IMKI |,; MOJE3HO HCHOJIB30BAHHYIO
Ternory nukina g, repmuueckuit KIIJ[ nukna 7 tepmuueckuit KIIJ[ nukna Kapuo

. [octpouts B Macmtabe pV- u TS auarpammsl KA.

Kpamkoe onucanue yuxkna

Jns ananuza 3amad 1ukin nopiaHeBoro JIBC co cMmelaHHbIM MOJBOJIOM TEIIa,
KOTOPBIN SBJISIETCS KOMOMHAIMEHN ITMKIIOB C MOABOJIOM TEIUIOTHI Ipu V= CONSt u p=
const. JlaHHBIM IUKJI pPEATU3YETCS B COBPEMEHHBIX OBICTPOXOMHBIX JIU3EIBHBIX
JIBUTATEJISX.

Ha puc. 1.3 npuBenena wupeanusupoBaHHas pP-V 1auarpamMma, HarJsgHO
O0TOOpaKarOIIasi OCHOBHBIE MPOIECCHI TAKOTO ITUKJIA.

Bo Bpemst xona BcackiBaHus (Ha AuarpaMMe He MoKa3aH) aTMOC(EPHBINA BO3IYX,
MpOXOJsl 4Yepe3 CcucremMy (QuiIbTpOB M OTKPBITBIM  BCAaChIBAIOIIMM  KJamaH,
3acachIBaeTCsl B IWJIMHAP ABUTaTeNs1. B KoHIle BcackiBaHus (Touka 1 Ha quarpamme)
BCACBHIBAIOIIMM KJamaH 3akpeiBaetcs. 110 mepe mepemenieHus MOpIIHS K BEpXHEU
meptBoii Touke (BMT) mpoucxoaut agunabaTHOE c)kaTHE BO3AyXa C apaMeTpamH P,
V1, T1 B mummHape (portece 1 —2) mo mapameTpoB Ps, Vo, To. Temneparypa Bo3ayxa K

KOHITy CkaTus (Touka 2) T, BbIIIE TEMIIEPaTyphbl BOCIIAMEHEHHsI TOIUIMBA. [loaToMy
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AN3eIbHOE TOIUIMBO, KOTOPOE BIPBICKUBACTCS B LIUIMHJP MO OONBIINM JIaBICHHEM
yepe3 CHenHalibHyl0 (OPCYHKY B MEJIKOJUCIIEPCHOM BHJE, OYEHb OBICTPO
ucrapsercs u camoBociiamensiercs. [lepsbie mopuuu (MEHbIIAs YacTh TOIIMBA) MIPH
ATOM CTOpAIOT MPAKTHYECKH MTHOBEHHO (Tmporiecc 2-3) mpu V = CONSt, mpu 3TOM K
pabodeMy Telly IOJBOXMTCS TEIUIOTa . I10CIeyIoNIie MOPIMH TOILIHBA CrOPAIOT
10 Mepe MX NOoNaJaHus B UWIMHAP BO Bpems nepeMeienus nopmss or BMT npu p=
const (mpomecc 3 —4 ), mpu 3TOM K padodyeMy TelIy ITOJABOIUTCS TEIUIOTa q'1' :
JlampHelee aawmabaTHOE pacHIMpEeHUE MPOJYKTOB cropanus (mporecc 4-5),
oOecnieunBaeT pabouMii XOJI TMOPIIHS, O OKOHYAHWU KOTOPOTO HPOUCXOJUT

M30XOPHBIN IPOIECC 0TBOA Teria O (mporece 5-1).

Pacuem uyuxna /IBC

|. Onpeodenenue napamempos paboue2o mena 6 XapaKkmepHvix MOUYKAX YUKIA
1) IIpomecc 1-2 - agmabaTHOE cxkaTHe. YpaBHEHHE aara0aThl HACATHHOTO raza

pVk = const (1)
a)lapaMeTpbl B Touke 1- Havayie anuabaTHOrO CHKATHUS
JIaBJICHUE p1:105 I1a;
temneparypa 71=15°C=288 K;
Ha4yalbHBIA yACNbHBIH 00BeM V; HaxXoAuM, BOCIOJIL30BABIIMCH YpPaBHCHHUEM
cocTostHus s 1 KT ujeanbHOro rasza (ypasHenue Kiaiinepona):

p1V1 = RTy (2)

OTKY/1a MOJTy4aeM
RT, 286,4-288
p,  1,0-10°

0)mapaMeTpsl B TOUKE 2 — KOHIIE CIKATHS

v, = = 0,825 M3 /kr

VY nenbpHbIN 00beM V, OTIpeieiuM U3 YPaBHEHHUS JIJISl CTENICHU CKATHS

e=2=175V, =2 =252 _ 0047 w3 /xr
V2 € 17,5

Hcnonp3ysi COOTHOLIEHUST MEKAY IapaMeTpaMH COCTOSIHUS paboyero Teja B Havyaie

1 KOHIIE aanabaTHOro MpoIriecca, modydeHHble u3 ypaBuennii (1) u (2),

k 1 k-1 k—1
() ). -0 ()
pr \V) Vi \p,) Ty \py Ty V,

ONPENEIUM JIABJICHUE D



OTKyZa NOJIy4aeM
p, =p; € =10-10°-(17,5)"* = 5,5 10° Ia;
OTpENEINM TeMIepaTypy Iy
T, v, k-1
7= (%)
OTKyZa MOoJIy4aeM
T, =T, &1 =288-(17,5)%* =905 K
BrinonHuM npoBepky:
13 ypaBHEHUs (2) nmojgydaem
p,V, 55-10°-0,047
27"R T 2864
2) Ilpomecc 2-3 — W30XOPHBIN MOABOA TEIUIOTHI. Y PaBHEHHE W30XOPhI HUIEATHLHOTO

=904 K

raza
P _
7 = const (3)
B) MMapaMeTphl B TOUKE 3 — KOHIIE MO/IBO/IA TEIUIOTHI ITPU MOCTOSTHHOM 00heMe
yaenbHeIi 00eM Vg = V, = 0,047 M3 /kr

AaBJICHHUC OIIPCACIINM U3 YPABHCHUA CTCIICHHU ITOBBINICHUSA OABJICHUA
p=2
b2
OTKyda 11oJydacM
ps=A-p, =1,27-5510° = 6,985 - 10° Ia

TEeMIIepaTypy 1, ONpeAesIuM U3 YpaBHEHUS U30XOPHI:

ps _TIs
p, Ty
OTKyJa MOoJIy4aeM
p3T;
T =p—=A-T2 =1,27-905 =1149K
2

BeImiostHuM npoBepky:
13 ypaBHEHUs (2) nojgydaem
psVs  6,985-10°-0,047
3TR T 286,4
3) Ilponecc 3-4 — n300apHBIA MOABOA TEIUIOTHL. Y paBHEHUE HM300apbl UIEATBHOTO

= 1146,5K

rasa

; = const (4)
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') B TOUKe 4 — KOHIIE ©300apHOT0 MOABO/Aa TEIIOTHI IPU NOCTOSIHHOM JIaBJICHUU
NaBJIeHNe P, = p3 = 6,985 - 10° Ia
yVACNBbHBIL O0BEM ONpEAeIMM W3 YpPaBHEHUS CTENCHU MPEIBAPUTEIHLHOTO

pacuIMpeHus

oTKyza nonydaem V, = p - V3 = 1,410,047 = 0,066 M3 /Kr

TEeMIIepaTypy OINpPEACIIUM, UCTIONb3Ys YpaBHEHHE U300aphl (4):

Vs Ty
V, T,
T, = v =p-T3 =1,41-1147 = 1617 K

BrlnonHum npoBepky:
U3 ypaBHEHUs (2) moixydaem
psVs 6,985-10°-0,066
"R 286,4
4) Ilpomecc 4-5 — aquabaTHOE paclIMpeHue.

T, = 1610K

1) B TOYKE 5 — KOHIIE aAua0aTHOTO pacIIupeHUs
ynenbHeIi 00seM Vs = V; = 0,825 M3 /kr
TeMIIepaTypy ONMpeIeIMM U3 COOTHOIICHHS I ainabaTHOro Impoliecca:
Te v, k—1
7~ (%)
Ts =T, (E>k_1 = 1610 (w)m = 586 K
Vs 0,825

JaBJICHUE OTMPEICINM U3 ypaBHEHUS aanaldaThl:

Ps _ (E)"
Ps Vs

= (V“)k — 6,985 - 10° (0’066)1'4 =02-10°TI
BrinonHauM nposepky:
psVs 0,2-10°-0,825
= = =576 K
>7 R 286,4

Il. Pacuem xapaxmepucmuk yuxia

1) Onpenenenue mose3Hou padoTh 1ukIia |,
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o= lio+ o3+ lsa+ las+ 151

Pabota aguabatHoro cxatus li2paBHa

. T —T,) = 86,4
127 k—1"1 27 14-1

[Tpormecc 2-3 — u3oxopusiit dV = 0, cirenoBarenbHoO, |23 = 0.

(288 —905) = —441,8 x>k /Kr

PaGoTa n306apHOT0 pactmpenus ls-2coctapiser

K/
l;_4 =R(T, — T3) = 286,4(1617 — 1149) = 134?

K/
ls_y = p,(V, — V3) = 6,985 - 10° (0,066 — 0,047) = 132,7?
Pabota aguabatHoro pacimupeHus ls+spaBHa

_— - T)_286,4
ST vt Y T 14

[Iporuecc 5-1 U30XOpHBIH, clleaoBaTeabHO, |s-1= 0.

(1617 — 586) = 738,2 x/[x/Kr

Pabora nukia paBHa
l.=738,2 + 132,7 - 441,8 = 429,1 kJI)k /KT
2) OmpenencHue MOJIC3HON TEIIOTHI ITUKIIA
KonnuecTBo moaBEIEHHOM TEIUIOTHI
G=q+q =C(T3—T)+ Gy (Ty — T3),
rae Cp =k-Cy=14-072 = 1,008 xk/[>x/kr
q; = 0,72(1149 —905) + 1,008(1617 — 1149) = 647,4 x/I>x/Kr
KonndecTBo 0TBEICHHOM TETUIOTHI
q, = Cy(T;y —Ts) = 0,72(586 — 288) = —214,6 x/I>)x/Kr
[Tone3Ho uCcmoMB30BaHHAS TEIUIOTA ITHKJIA
qy = lq1| — lqz| = 647,4 — 214,6 = 432,8 x[Ix/Kr
JInist IUKIIa TOMKHO BEIONHATBCS PABEHCTBO (), = ;).
BBI4uciuM OTHOCUTEIBHYIO ITOTPEITHOCTD.
qy = 432,8 k/lx/kr ; I, =429,1 k/IX/Kr
qy — 1, 432,8—-429,1
dy 432,8

Iorpemnocts 4, = 0,85% 00ycnoBieHa HETOYHOCTAMHM B  pacyeTax IpH

4, =

= 0,0085

OKPYIJICHUH.

3) Omnpenenum tepmudeckuii KIT/1 naeann3nupoBaHHOTO IIUKIIA TTO0 YPABHEHHIO:
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_, ! Apk =1 _, ! 1,27 - 1,414 —1
T = T I 1+ kA(p—1) 17,5%% 127 -1+ 1,4 -127(L41— 1)
1 1,271,618 —1
= = 0,664 (66,4%)

1= 3142 0,27 +1,4-1,27-0,41

Omnpenenum tepmudeckuit KI1J| naeann3npoBaHHOrO IUKJIA!

lg1] — lq2| 432,8
— = = 0,668 (66,8 9
L N Y (66,8 %)

4) Tepmuueckuid KITJ[ mukna KapHo muist Toro ke WMHTEpBaJia TEMIIEpaTtyp, B

KOTOPOM PEAIN3YETCS PEATBbHBIN UKL

8
———=10,82(82¢
T o 1617 (82%)

5) M3MeHeHre SHTPOIHH TEPMOAMHAMHYECKUX MPOIIECCOB ITHKIIa

Tmin -1

ntle_

MOYKHO OMPENICTUTDh C MOMOIIBIO CICAYIOIMNX YPaBHEHUI:

As = cV-ln&+R-ln—2
T 4

P2

T,
As = cp-ln——R-ln—
T P1

P2 2
As=cy ' In—+C, ' In—
g P1 P 4

Otcuer 3HAYEHUM HHTPOMHUU MOXKHO BECTH OT JIHOOOTro coctosHus. [[ns raszos
NPUHATO CUMTATh 3HA4YeHHE SHTponuu paBHBIM Hymo (S = 0) mpu to = 0 °C (Tp =
273,15 K), po = 0,1013 MIla — mapameTpsl BO3ayXa MpU HOPMAIbHBIX YCIOBUSX,

TOT'/Ia 3HAYCHHUE SHTPOIMHU B TOUKE 1 BBIYUCIUM IO (hopMyIie

5

Ty P1
=, -In———R-I = 1,008 In>—— —0,2864 - |
T M7 T N M o135 - 0 273 " 101325

= 0,058 k/Ix/(xr - K)

[Tponecc 1-2 agunabaTHbIN, TO3TOMY S, = S1 = 0,058 K[/ (kT - K)

VI3MeHEHHe SHTPOIINH H30XOPHOTO mporecca 2-3
T3

ASZ_g = CV ' lnT—2

1149
Asy—3 = 0,72 In—-= = 0,72+ 0,24 = 0,172 llc/ (kr - K)

s3 =S, +As, 3 =0,058+ 0,172 = 0,23 x/Ix/(kr - K)
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Jns nuzo6apHoro npouecca 3-4

A53_4 = Cp

Ty

Iln—

T3

1617
As;_, = 1,008 In—— = 1,008 - 0,34 = 0,343 k/Ix/(kr - K)

1149
S4 = S3 + A53_4 = 0,23 + 0,34‘3 = 0,573 KZ[)K/(KF . K)
[Ipouecc 4-5 aguabaTHbIN, TO3TOMY S = S4 = 0,573 K/ /(kr - K)

Jlns m30xopHOro mnporecca 5-1

Ass_y

586

AS5_1 = CV - In—

Ty
Ts

288
=0,72-In——=10,72-(-0,71) =

P€3y.]'II)TaTbI pacdcToOB 3aHOCUM B CBOJHYIO Ta6J'II/IHy

—0,51 x/Ix/(xr - K)
s1 =S5 +Ass_1 =0,573 - 0,51 = 0,063 x/Ix/(xr - K)

Tabmuua 4.1
XapakTepHbIe ITapameTpsl TOUEK UK
TOYKH HaBneHue VY nenbHbI 00beM Temneparypa OHTponus
p, MIla V, M/KT T, K S kJIx/(kr-K)
1 0,1 0,825 288 0,058
2 5,5 0,047 905 0,058
3 6,985 0,047 1149 0,23
4 6,985 0,066 1617 0,573
5 0,2 0,825 586 0,573
IIpoueccsl XapakTepUCTUKHU IIPOLIECCOB
q1 |1 AS’ Qm lIl! Nt Nk
kJK/Kr k/Dx/kr | kJIx/(kr-K) | xJDk/kr | kJDx/Kr
1-2 0 -441,8 0
2-3 175,7 0 0,172
34 471,7 132,7 0,343 4328 | 4291 | 66,8% | 82%
4-5 0 738,2 0
o-1 -214,6 0 -0,51
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