


X0/140NPOU3BOASALIMMW MPOLIECCAMMN Ha3bIBAOTCSA MPOLIECCHI,
NP KOTOPbIX YMEHbLUAETCSA 3HTa/Ibnus paboyero tena.

e OXJIAXAEHWEe CXKAaToro Uian CXMMaeMoro rasa;
« KOHAeHcauusa pabouyero Tena;
« JeTaHaAMpOBaHUE;

e AMHAMUYECKNE MPOLLECChbl TEMMEPATYPHOro paccioeHus
nT.A0.



YpaBHEHUS COCTOSIHUS peaano%
-EE &

[lpocTeniiee no popMe aMnNmMpmnyeckoe ypaBHeHMe :

pv =zRT U pV =zGRT

YpaBHeHune BaH-pgep-Baanbca

b L.
Bbipa)xeHus AN BHYTPEHHEN 3HEPrnn N SHTANbNUN NMPUHUMAIOT
BUA:
i’
3




OCHOBHble MpoLecchl Ans nonyqu%
HU3KUX TemrepaTyp.

CxaTune peasnbHOro rasa.

X

[Mpy N30TEPMUYECKOM CXATUU PEANbHOI0 ra3a BHYTPEHHAS 3HEpr
BCEraa yMeHblUaeTcs

Ah=n"\—=h ="\ —u)+ p'\V, (1 _%]Ah =W\ —u)+p v, (1- % )
P 1

1V

QOTB = LC}K- Ah

a) Ah<0; 6) Ah>0
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OCHOBHbIe npouecchl Ans
Noy4eHns HU3KUX TeMnepaTyp. 4
[Mpouecc h=const . [IpoccennpoBaHUNE.

3meHeHne TeMmnepaTypbl rnpu ApocesinpoBaHumn
xapaxkrepusyercs AnpoepeHunasibHbIM 3(pHeKTOM 5
/)

-To
Lbkoysisa-ToMCOHa . _(or
h op )

N3 TepMOANHAMUKM

Temnepamypa T

3- KpuBas MHBEPCUMN.

Aabnenue p

. = T V.
1-06n1acTb NOHUMXEeHUA
2- 06,71aCTb NOBbIWEHUSA
TemnepaTypsl,



Ana naeanbHoro rasa: a%T ; :A Z% — Ah=0; %

[Mpy MCNONb30BaHUN YPaBHEHUS COCTOSSHUS B BUAE

S

(2a/RTY1-b/v)*~b 1

1
Ay = i T s~ b |
C, [1-(2a/vRT)(1-b/v)"] C,
[ANns npakTU4YecKnx yCcnoBuin, Koraa UMeeTcsl KoHeyHass pa3HOCTb
NAaBIEHUN
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PaBHOBecHOe agmnabaTHoe pacmmpewf%‘
rasa (s=const). s

KoadhPUUNEHT N303HTPOMHOINro pacllMpeEHNS: %%
S

v(1-b/v)
T
Cp[l —(2a (VRT))(1-b/v) }




[Tpouecc Bbixnona nnm cBoO6OaHbIN %
BbIMYCK rasa u3 dansoHa. s

PaboTa 1 Kr ra3a B 3aKpbITOU CMCTGM%%

018 peanbHOro rasa

du=c.dT +(pT | z)(0z/T), dv, »}%




3a4a4un, pellaemMblie KpUoreHMKoun %
KpunoreHHoe TepMoCcTaTtupoBaHmne s

KpuoreHHoe TepMocTaTtnMpoBaHume - Npouecc nogaepxxaHus
NOCTOAHHOM TeMnepaTypbl (Ha ypoBHe HMXe 120 K) B KakoM-nnbo
BELLECTBE UIN Cpese.

9 (T,-T)/ T,
=071 =T -1

MUHUManbHasa yaenbHas paboTa: [ .. =q,—4.,
KO3(PULUMEHT ¢_. 3aTpaT yAeSbHOWN MOLLHOCTY:



3a4a4ymn, pellaeMble KpUoreHMKowu %
[lpouecc oxnaxaeHuda BewectBa o1

T norl”

X X

TS

YpaBHeHue aHeprum (and a) n 6)). MuHuManbHaa paboTa:




3a4a4n, pellaeMble KpUoreHMKowu %

KoHAaeHcaUuno man KpUcraaan3almio YNCTOro BellecTBa Hambonee qaCTo%
OCYLLECTB/IAIOT NMPU NOCTOSAHHOM AaBneHnn. B 3ToM cnyvyae npouecc
NpOTEKaeT Npu NOCTOSAHHOM Temnepatype T C BblAe/leHWeM Tenna,

KOTOpOe HeObX0AMMO OTBECTU B OKPYXKaloLylo cpeay.

OXxu)xeHue rasa

PaboTa n30TepMnMYeCcKoro CXKaTtus:

[.=T,(s;,—s,)+(h,—h),

paboTa pacliMpeHns rasa B AeTaHaepe:

l,=h,—h,,

MUHUMaNIbHO Heobxoamnmasa paboTa:

Tensiota, otbupaemaa y 1 krrasa: (g, =h,-h, ;%:
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OXXUxKeHmne ras3a

X

B naeanbHbIX

ML T - as
M i e

N
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3aBUCUMOCTb YAENBHOINO pacxoaa 3Hepruu

Tgeaanoro LUKTa ANA OKUXEHUA Nra3oB U LIKUKJ1A

X

aa %

< O

u,wu

X Qm

4 x

I83 S A
= =T ) =~
o > < Q o .
L e To _..Qs
< O T ~IOKX
TEE 5 ¢ SEE
O M

z 9 ol T¥mTal
O%MK ~ 0NN O

KapHo ot Temnepatypbl npu T, =300 K.



3ajaun, pelaeMble KPUOreHUKOIA %
PazaeneHue ra3oBov CMEeCcu
DHTPOMNWS CMeCU rasos, HaxOAsLLEACs NpW AaBNEHUN p, U TeMMepaType

T, , OTINYAETCA CYMMbl 3HTPOMMI COCTABAOLMX CMECb ra30B MNpu Tex
e TeMnepaType n AaB/IEHUN.

X

MOCKONbKY MonsipHas gons y.<1, Iny. <O n As>0.
[na ogHOro Mosia pasaensieMon CMecun ypaBHEHUE 3Heprun:

30echb | — paboma pazdenenusl.

CxeMa npouecca
13 pa3geneHns cMecu
ABYX ra3os.

w
%
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Iloka3arean 3 heKTUBHOCTH %

pPC€aJTbHbIX ITHUKJIOB

XoJs1040Mpon3BoANTE/IbLHOCTS. %

[TlonHag - CyMMapHoO€e yMeHbleHne aHTalbnmnmnm eanHmLbl

Maccbl paboyero Tesna BO BCEX XOJI040MNPOU3BOASALLMNX
npoueccax AAaHHOro uukna.
[Tlosie3Had — TO XXe MUHYC MoTepu.

KoshpuimeHT oxxuxkeHmns: X - OTHOLWWEHME KoSIn4ecTBa
CXXMXXEHHOI0 ra3a K nosIHOMYy KOJINYECTBY MOCTYNMBLUEro rasa.
YaenbHast XonoAonpon3BoAUTENbHOCTb ONpeaensieTcsa TENJ0TON,
OTBEAEHHOW OT rasa B NMpOLECCE ero oXuxeHus g =x(h -h,),

rae h, v h, - sHTanbnus paboyero Tena Npu napameTpax
OKpYy>awuwen cpeabl U SHTANbNNA XULKOCTHU.

MuHuMansHas pabora — B OT/IMYNUE OT MOJIHOU paboTbl HE yYUTbIBAET
AOMoJIHNTE/IbHON paboTbl Ha CXXaTue ra3a, CBSI3aHHON C KOMIIeHcaUmnen
rnoTepb, CBA3aHHbIX C HEOOPATUMOCTbIO COCTaBASIOLWMX LUK
npoueccoB. YiensHas pabota / -nofHaa paboTta, OTHECEHHas K
eanHunue nonyyeHHoro adpdekra.
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l,=L/q, ., (Ox/0x), |,=L/x, (kOx/xr xnak), |,.=L/M,, (xkOx/m> nponi&



Iloxa3arenu 3(p(hpeKTHBHOCTH %

PC€aJbHbIX IIHKJ/IOB %

X0/104UTIbHBINA KO3 DULIMEHT £ - OTHOLUEHUE MOJIE3HOM
X0J1040MpPoOnN3BOANTENIBHOCTU K OJIHOU paboTe.

Ona vaeanbHOro pedpuxepa- Ona naoeanbHOro
TOpHOro unkna KapHo OXWMXXUTENbHOIo UMKna

h—h,

Ep =—7 .
Ty(s,—s;)—(h —hy)
CrerieHb TepMOANHAMNYECKOIr0 COBEPLLUEHCTBA I7T __ &
Tlm /g,
XapaktepunsyeTt apPeKTUBHOCTb peasibHOro unkaa rno
CpPaBHEHWUIO C COOTBETCTBYOLWMM naeasbHbIM MPOTOTUMOM.

anga ueneu ANA uenem oXxunxeHusa
TEPMBCTATUPOBAHUA T, (s, — Sf) —(h, _hf)

’ h—h,



Llnkbl X0NnoANIbHbIX MaUJMH%

LNKJT C TTIPOCTbIM APpOocCCe/IinpoBaHNeEM %
OCCE€J1b-3 S
qXT=h5_h4T=h1-h
lMOCKOJIbKY
h,-h. =h_-h

noTepu xonopgonpounssoantensHoctn: Aq, . =h,-h, =h,~h
Aq, .. =hs-h;’=h,- h,

X BH — g

ANs OXMXKUTENbHbIX LMKNOB 6anaHc aHEPrnn ANs BblAENEHHOINO
obbeMa

Ry + G = X, + (1-x)h,

oTiyAa




PaboTa kKoMnpeccopa AN AeNCTBUTENBHOMO LMKNA: %

X

RT, 1np/
— P1

o Nus (qu _Aqx pex _Aq X 6H )

— _/h
XonoannbHbIn KO3 PULMEHT
& = s (sm A pex =B xon )
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RT, 1np/
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LInK/bl ¢ npeaBapuUTesIbHbIM OX1aXAEHUEM U
ZIPOCCEINPOBAHNEM. %

27-2’ — dorosiHumeribHbIU
Xxorio0orpou3eodswul ripoyecc

meopemuyeckasi CyMmapHasi
X0r1000r1pou3800uUMeribHoOCMb

Ah,,=Ah, +(h,=h,)=h.—~h, A
m.K.
fg =Ny = Qoo 1= 1y = Qe =(hp=h5)

deticmeumeribHas yoeribHas %%
X0r1000r1pou3800UMeErIbHOCMAb:

q,=4h;,-Aq

X peK2 -4 qx 8H2

merisioma, omeooumas rnpu
rnpeodsapumeribHoOM oxraxoeHuu

q,=GzAh =Ah_, -Ah

ons
OXUXKUMEsIbHO20

x -
yukna: (hs—h,)—C AT,




LInKbl ¢ ABOKMHBIM [POCCEIMPOBAHNEM U LIMPKYISLUNENAIRTOKA

Ternnosou 6anaHc:

h3 + qenew = Dlh2' + (DZ _x)hl' +Xh ’

x[(h - hf) - CpATl—v] =hy—hy+D,(h —h, + CpATz—z' - CpATl—l') - CpATZ—z' ~Yonew



npu oanHakoBbiX A T:

X =

Iy—h,;~C,AT

PaboTa cxxatus Ha eguHNLY OXMXKEHHOro
npoaykra:

Hona pacxoga D2 pgormkHa BbIGUpaTbCcs U3 ypaBHEHUS
TennoBoro 6anaHca pekynepatopa T :

hy =Ny + 40 = Dy (B — g )+ (D, — x)(hy, — hy)




(pacnpocTpaHeHbl B pedpuxxepaTopHbIX YCTAaHOB

[[a30Bble A€TaHAEPHbIE LINK/IbI %
K

[ =RT,Inm_/n,,

L =C0-0/7,) ",

T.=Dp,/ p n,=p;/ p,=n.(1-Ap)

q, = —hy)+(hy =) ~[q0, + Cp(Tl -T,)]

anJlH = (IK - l,ZZ )Tlmex

V7w 5w
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Komounupoesannsie yuknl c opoccenuposanuem u
pacuiupenuem padouezo mea 6 0emanoepax

eapuaHmebl KOM6UHLIp088HHbIX UUKTI08

BanaHc aHeprum B TennoobMeHHMKaxX (OXMKUTENbHBIN LUKN):

h,+Dhy +4,,., =1 =x)h,+ Dhy + xh,
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Ko3ghgbuyueHm OXUXXeHUS:

=+ DUt = 1)~ e _ h—hy,+D(hy—h,)—C (T, = T\) = 4

ho—h, I —h,—C,(T,~T)

YpasHeHuUs 3Hepauu

0r11 OpocceribHOU cmyrneHuU oxnax0eHusl

(1 T D)(h4 _ hS) T ngeu12 —

= x(h, _hf)+(l_D)Cp(T4 —T,),

0nss demaHdepHoU cmyrieHu

h—hy+D(hy—Ny) =G on =
=(1-D)h,—hs)+(1-D—-x)C,[(T, -T,)+ (T, - T,)]

h—hy+D(hy = 1) = G =
=(-D)[(h, —hs)+C (T, -T,)+ C (T, -T,)]—x(h, —hy + Iy — ) *
23




MHOrocTyneH4yaToe oxnamaeme%

X

Pacxog 4yepes Z D +x=0G.
KoMrpeccop n

ypaBHEHWE TEN/I0BOro basaHca B pereH
i-vi CTyrneHn

C,,G. =C, (G, +D, -x),

pacxo/ rasa 4yepes i-v getaHaep

7 = A = const,
WVLEIREEESS ™ 1-[1-(p,/p,) * 11,

247013



PaboTta MHOroctyneH4aToro npouecc%

NPUHUMAEM, YTO NOCNEAHSS CTYNEHb
paboTaeT no umkny KapHo

CyMMapHas paboTa umKia

{2 lnp% .
I == D.(RT CH o) er (L=
> x; 1( 1 T’ 01170) (Tx )

lnp/

G p c, |T 2 —— T
=(—-=-1(RT, L-Hn)——2GI2-1)) DYT"'T +r(=+-1
(x )(RT] — o1s) " ( T )1=1 N (Tx )
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Pabota rno obpatHomMy Unkay CTUDINHIE %

oeanbHbIM LUMKIT COCTOUT U3 2-X U30TEPM U 2-X N30XO0P.

TEN/I0Ta,0TBOANMas B aTMocdepy MNoABOAMMas K paboyemy Teny

_ w-b,
26 %—R%lnvz_b,

g=RT n1=7

v, —b

K

T S



Pabotra no obpatHomy umkay CTUpaNHIra

X

X0J10A0NPON3BOANTENBHOCTb MAEANIbHON MallMHbl 60sblue paboTbl pacluMpeHust

TOrAaa

OpgHocTyneH4yaTble XonoAanbHble MalnHbl CTUPAIMHIA NPUMEHSIOT ANnd nonyqu%lg
AOCTATOYHO 60/bLUMX KONMYECTB X0No4a Ha ypoBHe TeMmnepatyp 150-70K u o
pU ManbIX NPOU3BOAUTENBLHOCTAX. [ABYXCTyneH4aTble MalluHbl YCNeLwHo

1 NPUMEHSIOT ANA OXXMXKEHUSA BOAOPOAA (20I<), a Hanbonee HM3Kas TeMnepaTypa, .
AOCTUrHYTasi C MOMOLLbIO TPEXCTYMNEHYATON MalUMHbI COCTaBNSET 0Kkomo 8,5K. \~



Luxa Tugpgopoa - Max-Mazeona.

X

X0/1040MPOMN3BOASILLIMM MPOLIECCOM SIBNSIETCS NPOLIEeCC HEpPaBHOBECHOIO
paclumMpeHunst paboyero Tena

1, 2 — pecuBepsbl; 3 —
pereHepatop; 4 — pabounii
UMANHAP C BbITECHUTENEM; 5 —
KoMnpeccop; 6 1 7 — KnanaHbl
COOTBETCTBEHHO BMYCKHOW U
BbIMYCKHON; An b —
COOTBETCTBEHHO Tennas u
XONoAHas MosiocTy LMNMHAPA

NCXOAHOE COCTOAHME: KOMMPECCOop M rasooxnagutens 5 nogaep>xmnsaroT B pecuBepe 1 faBneHue
p, v TeMnepatypy T,. B nonoctv A gasnexne p,<p,, KOAM4ecTBo rasa G,.

nepvoa BpeMeHu 1: yepe3 BeHTW/Ib 6 ra3 rnepeTekaet B A A0 BbipaBHUBaHWUS AaBneHui (1-29)
Macca rasa Bospocna 40 G, .

u, =CT,(G, -G)+CTQG,
u, =G,C.T,

L, =-p,AV =—-RIT (G, - G)).




OkoHYaTebHO, KOHEYHOE 3HAYEHUE TEMIIEPATYPhI

nepuo BpEMEHU 2:

rpy OTKPbLITOM BI1yCKHOM K/1araHe rnopLIeHb-BbITECHUTES1b
MOAHMMAETCS, M ra3 YepEe3 OX/IaXAEHHbIV 3a NPeAbIAYLLNA LMK/ peEreHepaTop
rnepeMeLyaeTcsl B Xo/104HY0 rnosaoctb b ynnuHapa 4, rge temnepatypa 6smska k T (npouecc 2'-4').

Bcneacreue 4yero temnepartypa
CcMecK 2-x NMopumu ra3a CHuX
(npouecc 2*-3)).

[lpn 3TOM B pereHepaTtop rnoctynaer
AOMOJ/IHUTE/IbHOE KOJINYECTBO rasa !

nepuoa BpemMeHu 3:

Br1yCKHOV K/iarnaH 3aKpbIBAETCS, U OTKPbIBAETCS BbIryCKHOM KaanaH 7. [1poucxoanT BbIX/10M —
o4eHb 6bICTpoe paclumpeHne rasa B ripoyecce cBob60A4HOro Bbirycka n3 UWInHApa B pecmsep 2,
HaxoAsALWMKCA o4 AaBIEHNEM p , M TeMnepatypa rasa nagaet (npouecc 4-5).

nepuos BPEMEHU 4.

MPpY OTKPbLITOM BbIyCKHOM K/iarnaHe MopLUEHb-BbITECHUTE/Ib OMYCKAETCS, U ra3 U3 Xoa04Hou
MOJI0CTU UMIMHAPAE MPOTa/IkMBaEeTCs Yepe3 pereHepatop (npouecc 6'-1°). K xon04HOM nosiocT
UnMKHApa win pereHepatopa rnogsoantcs Teniota q (nosesHas Xoa040Mpon3BoANTE/TbHOCTS ).
04151 Ha TEMN/I0M CTOPOHE M3 PErEHEPATOpa, ra3 YaCTUYHO HarpaB/isSIETCS B KOMIIPECCOP M TaM
CKUMAETCS,; Apyras 4acTb ra3a 3ario/IHSET TENJyK rnosocTb A unmHapa 4. Korga rnopiueHs-

BbITECHUTE/b IOCTUIraeT HUXKHEN MEPTBOU TOYKM, BbIryCKHOM KarnaH 7 3aKpbIBAETCA .



e B MOMEHT OTKpbITUSA KaanaHa 7 B UnanHape Haxoantca 1=G2+AG Kr raza np
AasneHnn p2 n temnepatype T=T4.

e 3a BpeMs Bbix/iorna BbITeK/10 6asi/ioH 2: 1-G1, octanock B unmHape G1 npu gas/ieHnn
pl n Temnepartype T1.

e X0/1040MponN3BOANTE/IbHOCTb

Yoenvnas
paboma

I=(1-G,)RT, 1nl’/
P

BennunHy G, MOXHO ONpeaenuTh M3 paBeHCTBa

Torga nipun

To"’ 1

Mpumep: npu T= 100 Kun T,= 300 K

p2p1 |12 2 3 4 5 8 10 5

X

139

€ 0,418 0,288 |0,227 |0,196 |(0,177 |0,147 (0,134 |0,




MalumHa no cxeMme BFO}'IeMbe-TaKOHVI%@

paboTa aBuraTens

[=qy~qs =qy—

g —l=1——
T -T

6anaHc TenaoBbIX NOTOKOB

Go=9qos +9. =9 +9-

] _T(T,-T)
w10 Ty =T)

o




T =15-30K B dase /-// npn HeENOABYDKHOM

min XOJI0HOM BbITECHUTENE

paboyee Teno NpoTanknBaeTcs %
yepes pereHepaTop 13
NpOMeEXyTo4YHOro obbema L1V -

B Tenbii 06bem OV (nunms
as).

B dase II-III npn HENOABUMA:

HOM TEMNJIOM BblTECHUTENE
paboyee Teno NpoTanKMBaeTCs
yepe3 pereHepaTop X0N04HOro
umnuHapa u3 obvema L1V B

X0N104HbIN 06beM [ vV,

OaHoBpeMeHHO coobuaeTcs Tennota Q (nonesHas Harpy3ka), 04HaKko CyMMapHbI 3 dekT
OT noaBsoAa TennoTel Q 1 0TBOAA TEN/IOThI Q B pereHepaTope NpUBOAUT K YMEHbLIEHNIO
aasnenunst (nuHus be).

B daze III-IV NnpouCXOAMT aHanorMyHbIN NpoLecc nepeTankmBaHmsa pabodero tena mns
Tensoro obvema L1V B npOMe>|<yTqubW| Qv , NPV HEMOABMXHOM XONTOAHOM
BbITECHUTENE, COMPOBOXAALLMIACS yMeHbLueHmeM Aasnenuns (nmHuns cd).

B dase IV-I paboyee Teno u3 xonoaHoro obbema L1V, nepetankuBaeTcs B NOIOCTE
I'IgI&HeKOTopOM NOBbILWEHNN AaBneHus (MnMHus da).

NY=



