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1. Benenue.

TepMoauHaAMUKaA U3y4aeT 3aKOHOMEPHOCTH MPEBPAILLICHUS SHEPTUU B
pa3HO00Opa3HBIX (PU3NUECKUX U XUMHUYECKUX mporieccax. [IpeameTom TexHUYeCKOi
TEPMOJMHAMUKH SIBIIIETCA U3yUYEHHUE TPOLIECCOB B3aMMHOTO MPEBPALICHHUS
TEIUIOTHI U pabOThI B Pa3JIMYHBIX TEIUIOBBIX MalMHax. [I0CKONbKY rIIaBHBIM
AJIEMEHTOM C TOYKH 3PCHUS MPEBPALICHUN YHEPTUU B TAKUX MAIIMHAX CIY>KUT
pabouee Teno (Hanpumep, nap B mapoBOil TypOMHE, ILIMOBBIE ra3bl B ABUTATEIIE
BHYTPEHHETO CrOpaHusi), TO MPEJICTABIISIOT UHTEPEC U CBOICTBA paboYMX Te.

TepMoanMHaAMUKa HE UCTIONB3YET B IBHOM BUJE U3BECTHBIX MPEJICTABICHUN O
MOJIEKYJIIPHOM CTPOCHHUU BEILECTBA U JIUIIb PUBJIEKAET UX JJIS
JOTIOJTHUTEIBHOTO O0BSICHEHUS MTPOTEKAIOIIUX MPOIECCOB WIH MOTYYEHHBIX
KOHEUHBIX pe3ynbTaToB. OCHOBOM TEPMOJMHAMUKH, KaK HAYKH, SIBIIIIOTCA 1B
3aKOHA, MOJIYYEHHBIX HA OCHOBAHUU TEOPETUUYECKUX pa3pabOTOK U OIbITA —
IIEPBBIM U BTOPOM 3aKOHBI TEPMOJMHAMUKH. [IepBBIil 3aKOH TEPMOIMHAMUKH
YCTAHABIIMBAET KOJIMYECTBEHHYIO MEPY IIPH MEPEXO0JI€ OJTHOTO BUIA SHEPTUU B
JIPYTOM U ABJISETCS YACTHBIM CIIy4aeM BCEOOILEro 3aKOHa COXpaHEHUs U
IpeBpalleHus S3Heprun. BTopoil 3ak0H TEpMOJMHAMUKN HMEET Ooliee
OTPAHUYEHHBIA XAPAKTEP, U MPUIIOKUM K TEJIaM, UMEIOIIUM KOHEUYHBIE Pa3MEPHI,
HO COCTOSIIIMM M3 OOJIBIIOr0 YKCIIA YACTHI] — aTOMOB U MOJIEKYJI. DTOT 3aKOH
yCTaHaBJIMBAET HANPABJICHHE TEIUIOBBIX MPOIECCOB (HE CAMOIPOU3BOIBHBIX U
CaMOTMPOU3BOJIbHBIX ), TPOTEKAIONIUX B MPUPOJIC, M YCIOBUS MPeoOpa3oBaHUS
TEIJIOTHI B paboTy.

[IprimeHsist OCHOBHBIE 3aKOHBI, TEXHUYECKAs] TEPMOJNHAMUKA UCCIIEAYET
MPOILIECCHI, MPOTEKAIOIINE B TEIUIOBBIX JBUTATEINSIX, U YCTaHABIUBAECT Hanboee
HYKOHOMHUYHBIE YCIIOBUS UX PaOOTHI.

['maBHOW mpoOJIeMON CErOAHSIIHEr0 [HSA, KOTOPYIO HAJO peliaTh
HeMe[ieHHO Ha MHoroumciieHHbIX I'POC um TOLI Poccuu, sBisieTcs co3gaHue
HOBBIX TUIIOB TEXHOJOTUYECKU OMPABIAHHBIX YJHEPTETUUECKUX YCTAHOBOK C
BeICOKUM  KIIJI. Tak kak 0COOCHHOCTBIO HACTOSIIET0 COCTOSHUS 0OBEKTOB 10
BBIPA0OTKE AJIEKTPOIHEPTUH U TEIIa SBISETCS Kak 000N (PU3NYECKUI U3HOC
AHEPreTUYECKOro 000pyI0BaHUS, TaK U MOPAJIbHOE CTAPEHUE MPUMEHSIEMbIX
TEXHOJIOTU MEPCIEKTUBHBIM B PEIICHUU ATOUW MPOOIEMBI SIBJIICTCS HAIMlpaBJICHUE,
OCHOBAaHHOE Ha pa3paboTKe U BHEIPEHUU OMHApHBIX IUKJI0B THna [1I'Y.
Hogeilimme napora3zoBbie yCTaHOBKH, peanu3ytontue 3ToT 1uki (I1I'Y) umeror
KII na 18-20% BbImie, yem muorounciennsie TOL[ u I'POC na 6aze IICY
nmeromux KITJ1 20-30%.

B atoi1 cBsi3u B Poccun Obuna paspaborana denepanbhas llenesas
[Iporpamma «3Heprocoepekenne Poccuny, koTopas onpeensier s 0Tpacin
HaIpaBJIeHUE YHEProcOepeKeHUs, B UUCIIE KOTOPHIX MPETyCMOTPEHO
ucnosib3oBanue ouHapubix [1I'Y, Ha TpUPOAHOM ra3ze U Ha KUIKOM TOILIUBE.

Coznanue 6unapubix [1I'Y ocyriecTBisieTcst Ha OCHOBE YK€ OCBOCHHOTO
TEIJIOMEXaHUYECKOTO 000pyA0BaHUs, TPEOYIOUIET0 BhISBICHUS] HAUBBITOTHEHIIINX
yCI0BUM KOMOMHUPOBAHUS Fa30BBIX U MAPOBBIX [IUKIIOB, OCHOBY KOTOPBIX
3aKJIa/IbIBAET TEXHUYECKAsi TEPMOIMHAMUKA.



[{enbto HacTOAIIEH KOHTPOIBHON PaOOTHI SIBISETCS TEPMOIUHAMUYECKAS
orteHka 3¢ HeKTUBHOCTH OMHAPHOTO ITMKIa Ha ocHOBe [1I'Y mo cpaBHEHMIO C
LMKJIaMH ra30TypOuHHBIX ycTaHOBOK — ['TY u mapocuioBbeix yctaHoBok — [ICY,
KOTOPBIE BXOJAT B €AUHBIN UK — [1I'Y.

2. 3AJJAHUE K KOHTPOJIbHOM PABOTE.

[Tapora3oBasi ycTaHOBKa (CM. CXeMy Ha pUC. | METOIMUECKUX YKa3aHUM),
COCTOSAIAsl U3 TA30BbIX TYPOUH B KOJIMYECTBE N MITYK U MOIIHOCTHIO Kaxxaast N
(MBT) 1 Takoro ke KOJIMYeCTBa «KOTJIOB—KaMep CropaHus», padOTAIOMINX MO/
HAJTyBOM IEHTPOOEKHBIX KOMIIPECCOPOB, HACAKEHHBIX HA BaJl ra30BOM TypOUHBI.
CreneHb cxaTus B IGHTPOOEKHBIX KoMmIpeccopax — A. Temneparypa Bo3ayxa Ha
BxoJie B kommnpeccop —t . C., naBnenue Pc (MIla). TemrnepaTypa ropsiuux ra3oB Ha
BBIXOJIE U3 «KOTJIa—KaMepbl CrOpaHusi) B Ta3oByio Typouny — t° C. JlaBrnenue B
ITIapOBOJSHOM TPAaKTe KOTJIA, HAXOAAIeecs BHYTpH KaMephl cropanus — P1 MIla, a
TEMIIEpATypa IIEPErpPeTOro BOASHOTO Mapa Ha BbIXOJ€ U3 nmaporpesarens — t °C.
Jasnenue B koHneHcarope [ICY — P, Ml]a.

Paccuurats:

1) — mapameTpbl mapa W raza B Y3JIOBBIX TOYKAaX COOTBETCTBEHHO IIMKIIA
napocusioBoil IICY u razorypounnoii ['TY ycTtaHOBOK;

- U3MEHEHHE BHYTPEHHEH JHEPIUH, KOJWYECTBO TEIUIOTHI U KOJIMYECTBO
paboThl IPUMEHUTEIBHO K TEPMOJAMHAMUYECKUM TTPOIIECCaM IIMKIOB MapOCUIOBOM
Y Ta30TYpOMHHON yCTaHOBOK;

- tepmuueckuit KIIJ| ra3orypOuWHHOrO, MapoBOASHOTO U Mapora3oBOrO
L[UKJIOB.

2) Ioctpouts cxemy III'Y u nmate mompoOHOE omMcaHUE MPHUHIUIA €€
paboThI M HA3HAYCHHUE DIIEMEHTOB.

3) Ioctpouts 1ukn I'TY B nuarpamme T-S u [ICY B auarpammax I-S
B 3amade npuHATH TEMJIOEMKOCTh Ta3a TMOCTOSHHOW W PAaBHOM TEINIOEMKOCTH
BO3/1yXa.

Hcxoanble JaHHBIE AJ15 pacuera

Ne Koa-go Morusocrs CreneHsp c:kaTusi B T'PaBI:();‘iY;‘ o
Ba I/I;HTa [Ty s I'TY, MBr komnpeccope I'TY, A KOMII elzco °C
p MY, mr. Nrry peccop ’ pt P,
C
81 2 18 4,9 21
T-parasza na JdaByienne B T-pa neperperoro Jlap1enne B
BXO/i¢ B Ia30BYI0 napoBoas BOJSIHOTO Napa Ha KOHIeHCaTOpe
TYypOuHYy, °C HOM TPaKTe KOTJa BX0/le B ra3oBYI0
ta IICY P1, MIla TypOuny t1, °C rope IICY r2, MTa
810 2,1 480 0,01




3. TEPMOJIMHAMMYECKU PACUET I'A30TYPEBUHHON
YCTAHOBKH

3.1 Cxema I'TY u onucanue ee padoThI
N300pa3um cxemy ra3oTypOMHHON YCTaHOBKH

Tonnulla

N

S— e S 1

Yeofauwue
E03bi

Puc 1 Cxema razoTypOMHHON yCTaHOBKHU

I'ne K — kommpeccop
KC — xamepa cropanus
I'T — razoBas TypOuHa

Pe.s

<V

Puc. 2. Mukn I'TY

["azoTypOunnas yctanoBka I'TY npencrapisieT coO0M TEIJIOBOM JBUTATEb,
COCTOSIIIIMI B IpOCTENIIEM ciydae (puc.2) U3 Bo3AyIHOro kommpeccopa K,

v



kamepsl cropanus KC u razoBoit TypOunsl I'T, npuBoisiiei 0ObIYHO B IBUKEHUE
AIEKTPUYECKUN TEHEPATOP.

[IpuHuun paboThl TaKOM ra30TypOMHHON YCTaHOBKH CJIEIYIOIINI: XOJIOIHBIMI
BO3JlyX C MapaMeTpaMH OKpPYKarolel cpesibl CokumaeTcsi B kommpeccope K u
nonpaercs B kamepy cropanust KC. B Hee e mogaercsi COOTBETCTBYIOLIEE
KOJIMYECTBO TOIIMBA. OOpa3oBaBIIUECs MPOTYKThl CTOPAHUS 33JTaHHOU
TEeMIIepaTypbl HAIPABIIAIOTCS U3 KaMeEpPbl CropaHus B ra3oByto Typouny I'T .
AJlnabaTU4eCcKu paclupsisch B TypOUHE, MPOIYKThI CTOPAHUS TOHMKAIOT CBOIO
TeMIlepaTypy M BeiOpachiBatoTcsi B atMocdepy. BripaboTanHas B ra30Boii TypOuHe
KMHETHYECKasi JHEPrusl BpalleHUs] pOTopa TypOUHBI ¢ MOMOIIbIO TeHepaTopa
MIPEBPAILAETCS B DIEKTPUUYECKYIO.

B pacuetnom I'TY mnpouecchl mogayu Bo3ayxa, TOPEHHUE TOIUIMBA U

MCTEUCHHE ra30B HEMPEPHIBHBI.

[Iponeccrr npoucxonsamue B I'TY

¢ —d — ammabaTHOE C)KaTHE BO3AyXa B TypOOKOMIIPECCOPE;

d — a — u300apHBIA MpoIecC MOABOMA TEIIOTHI (1, YTO COOTBETCTBYET
CrOpaHMIO TOIIMBA B KAMEPE TOPEHMUS;

a — B — aauabaTHOe pacmupeHue padoudero Tena (MPOAYKTHI TOPEHHUs) B
ra3oBoi TypOUHE;

B — C — HM300apHBId IpoLEcC OTBOJA TEIUIOTHI (2, YTO COOTBETCTBYET
BBIXO/y 'a3a B OKPYKaroLIyk0 Cpeay.

3.2 Pacuer TepmoauHammn4eckux npoueccos I'TY

3.2.1 JlanHble I pacyeTra npoueccos

P, = 0,1-10°T1a - mawyanmpHOE JABJICHHE B TOUKE “C”

T.=294 K - temmepatypa B TOUKe “c”
v
T.K. A =-—% - CTCHEHb CKATHUA B KOMIIPECCOPE
Vd
3.2.2 Pacuer npouecca (C-d) — aguadaTHoe c:kaTHe B TYpOOKOMIIpeccope.
B 3agaHuu K KOHTPOJIBHOM paboTe CKa3aHO, YTO TEIUIOEMKOCTh ra3a MpUHSThH
ITOCTOSTHHOM M PaBHOM TEIUIOEMKOCTH BO3yXa
ITo cnpaBounuky (H.JI. CrackeBuu u ap. CipaBOYHUK IO ra30CHA0KEHUIO U
UCIIOJB30BaHuIO raza. —JI.: Henpa, 1990 r.) OnpenenuM napaMmeTpsl BO3ayxa.
R =281,5 JIx /kr-x — ra3oBas IMOCTOSIHHAs
Cp = 1,008 x[lx /xr-x — n300apHas TETUIOEMKOCTb

Cy=0,7182 x/x /kr -k — H30XOpHask TCILIOEMKOCTh

OrnpenenuM yaelbHbIM 00bEM BO3yXa B TOYKE “‘C” M3 BhIPAKEHUS !

P.v, =RT,,

, _RT, _204-2815
¢ P 0,1-10°

c

— 0,828 M3/kT

PaccuuThiBaeM mapameTpsl B Touke “d”
OrnpenenuM yaelbHbIM 00bEM BO3yXa B TOYKE “‘C” U3 BHIPAKEHUS !

v .
A=-%, Beipa3um ynenbHbIi pacxoj B Touke “d”
Vd



_v, 0828
4 49

JlaBnenue B Touke “d” onmpeaeianM U3 BeIPasKEeHHUs

~0.169 M3/kr

v P
[—“J = Fd , Beipasum nasnenue B Touke “d”
C

Vd
v 0.828 "
P=P. =< :0.1-106-('—j ~0.93-10° TTa
0.169

c
d

Omnpenenum TemMrepaTypy B Touke “d” U3 BBIpaKCHUS:

k-1
v
(—C] =-% | BeIpa3um 3HaueHue TemiepaTrypsl “d”
Vd
rne K=1,4 — nokazatenb anuadatsl 17151 ABYXaTOMHOTO Ta3a (110 yCIOBHUIO
KP).
Breruncnum temnepatypy Ty MOJICTaBUB YHCTIOBBIE 3HAUYCHUS

v ) 0.828 "
T, =T, —= :294-(—' j =5551 K
v, 0.169

C

Paboty B nporiecca c-d HaXOJUM U3 BBIPAKCHHS

leg=C,(T,-Ty),

rae  Cy — TEII0EMKOCTh B U30XOPHOM Iporiecce (10 CIPaBOYHUKY )

T,,T, - TeMIepaTypbl Hayajla ¥ KOHIIA IpoLecca

(., ,=0,7182-(294 —555,1) = -187,5 xJlx/kr

W3meHeHne BHYTpEHHEH SHEpPruuM B aauadaTHOM Tpollecce €CTh BEIUYHHA
oOpaTHasi COBEpILIEHHOM paboTe, COrJIacHO 1-My 3aKOHY TEPMOJIMHAMUKH.

AU=q-¢

AU =187,5 xJIx/kr

KonudecTBo TemaoTel B aaunabaTHOM mpoliecce, U M3MEHEHHE SHTPOIHH
pPaBHO HYJIIO

AS=0:g=0

3.2.3 Pacuer npouecca (d — a) — n300apHbIii Mpolecc MoABoOAA TEIIOTHI B
KaMmepe CropaHust
T, =810+273 = 1083 K - Temneparypa B Touke “a”
Py =P, = 0,93-10°T1a - maBieHue B TOuke “a”’ u B Touke “d”

€e 2

VY nenbHbIN 00bEM B TOUKE “a” HallZieM U3 BhIPAKECHUS

Ya _ ;r_—d , BBIPA3UM YJIeJIbHbIA 00BhEM B TOUKE “‘a”
Va a
V.=V, 12 =0.169- 2005 _ 0330 w¥ir

T, 555,1

Omnpenenum TErIo MoIBEACHHOE B KaMepe CrOpaHusl U3 BhIPAKEHUS .
Q4. = Cp '(Ta _Td)’

rae C, - uzo0apHast TEIII0EMKOCTB (110 CIIPABOYHHUKY ).

Brruncnum Temio noABeIcHHOE B KaMepe CrOpaHus



0y, =1,008- (1083 - 555,1) = 532,1 xJx/kr
OnpenenumM paboTy Tporecca u3 BIPaKCHHUS
(4o =R-(T,-T,), xIx/KT

(, ,=02815-(1083 - 555,1) = 148,6 x/x/kr
AU=q- ¢ =532,1 - 148,6 = 383,5 kJIx/kr

OnpenenuM U3MEHEHHUE SHTPOTHH TI0 (popmyIie:

AS=C,-In-2=1.008 - In_> =0,673 /lacr-K

d )
3.2.4 Pacuer npouecc (2 — B) — aqmadaTHOe pacilimpeHHe padodyero tejia
(MpOaYKTOB ropeHusi) B ra3oBoil TypoOuHe;

(Y.}

P,=P.= 0,1-10°I1a - naBieHue B TOUKE “B

e

OnpenenuM TeMiiepaTypy B TOUKE “B”° U3 BbIPAKEHUSA:
K-1 K-1

K K
L_[L) oror |2
T, \P P

a a a

Brruncnum temnepaTypy B TOUKE “B”
14-1

0.1-10° )4
0.93-106) =518 K

Onpenenum yaelbHbIi 00BEM B TOUKE “B” U3 BHIPAYKECHUS:
v, = RT, _ 281’5'5673 =1,61 mM%/kr
P, 0110
Omnpenenum padoTy nporiecca (a-B) U3 BhIPpaKCHUS:
(,,=C,(T,—-T,), xJlx/kr
¢, ,=0,7182-(1083 - 573) = 366,3 kJIx/kr
N3MeHeHre BHYTPEHHEW SHEpPruu B aauabaTHOM MPOIIECCE €CTh BeJIMYMHA
oOpaTtHasi COBEpIIIEHHOU paboTe
AU = -366,3 kJx/kr
KonudecTBo TemaoTel B aaunabaTHOM mpoliecce, U M3MEHEHHE SHTPOIHH
PaBHO HYJIIO
AS=0:g=0
3.2.5 Pacuer npouecca (B — ¢) — H300apHBIii MpoLecc 0TBOJAA TEIJIOThI
3HayeHue TEPMOJAMHAMUYECKUX MapaMeTpPOB B TOUKax “B” M “‘¢” HalAEHO
IPU PaCCMOTPEHUH JAPYTUX MPOIIECCOB, TOITOMY HaM HEOOXOIMMO HAWTH TEIIO,
paboTy ¥ U3MEHEHUE BHYTPEHHEHN YHEPTUU B TIpoliecce.
OnpenenuM OTBEAECHHOE TEIJIO U3 BHIPAKEHHUS:
G =C, (T.-T),
rae C, - u300apHas TEMI0eMKOCTh (TI0 CIPABOYHHKY ).
T.,T, - TeMIepaTypbl Hadajaa ¥ KOHIIa IIpo1iecca

sz%(

Brruucinm oTBEIEHHOE TEIJIO B MPOLECCE:!
0, =1,008-(294 - 573) = -281,2 xJIx/kr

Beraucium paboTy mporecca U3 BhIpaKeHUS:
ly o =R-(T,-T,), xJLx/Kr



(,.=0.2815-(294 - 573) = - 78,5 xJIx/kr
OmnpenenuM W3MEHEHNE BHYTPEHHEH SHEPTUHU U3 BBIPAKCHHS .
AU=q- ¢ =-281,2+ 78,5 =-204,9 x/[x/kr
OnpenenuM U3MCHCHHUE SHTPOITHH
AS=C, Il =1.008 - 22 =.0,673 xx/xr K
T, 573
Onpenenum tepmuueckuit KITI I'TY
fyy=leq 3663-1875_  qq
O4-a 532,1
N3o6pa3zum 1k B koopauHatax P-V u T-S B Macirabe BeTu4uH, J1 3TOTO
BBIYHCIIUM ITPOMEIKYTOYHBIC 3HAUCHHUS BEJIMYMH B TOUKAX
IlocTpoenue quarpamMmsbl T-S
Jiis mponecca (c-d) AS =0
Just poriece (d — @) — HEOOXOAMMO HAUTH MPOMEKYTOUHBIE TOUKH

AS=C,- In1= 1.008 - In@=0,078 kJx/xr-K
T 555,1

n =

AS =C,-InL=1.008 - In"2=0,155 kTxc/r- K
T 600

AS=C,- In1= 1.008 - In@=0,135 kJIx/kr-K
T 700

AS =C,-In1=1.008 - In220=0,119 k/Tx/r-K
T 800

AS =c,-In-=1.008 - In22%°=0,106 xJiw/xr- K
T 900

p

Jlns nporecca (a-b) AS =0
Jns nportecc (b — C) — HEOOXOAUMO HANTH POMEKYTOUHBIC TOUKH

AS =C,-In== 1,008 -In 2=~ 0,02 k/lacr-K
T 300

AS =C,-In==1.008 - In—=- 0,29 xJ[x/kr-K
T 400

AS=C,-In2=1.008 122 = 0,119 kTx/xr-K
T 450

AS=C,-In1=1.008 - In 222 = 0,106 kx/xr-K
T 500

AS=C,- InL=1.008 - 122 =. 0,137 xJIx/xr-K
T 573

K
IHocTpoenust nuarpammsbl P-V
Jlns mpomecca cxarus (C-d), ompemenuM MPOMEKYTOYHBbIE HMapaMETPhl IO

dbopmyre :

1

k

b P [ﬁj
&

I'ne R _auansHoe napienue, I1a



B - mpomesxyTounoe nasienue, I1a

4 - HavanbHBIA YAEIBHBINA 00beM, M3/KT
& IPOMEKYTOUHBIH yIeIbHbIA 00beM, M3/Kr

0.828\"* 0.7}
P, =0.1-10° (Wj =0.127-10° ITa R, =0.127-10° (ﬁj =0.158-10° Ila

1.4 1.4
P, =0.158-10° (%j =0.204-10° I1a P,=0.204-10° (%j =0.278-10° I1a

0 4 1.4
P= 0.278-10° (ﬁj =0.415-10° ITa

Jliis ipontecc (d — @) — gaBiIeHME TpoIecca He MEHSIETCS

Jlis mporuecca (a-b) onpenenum mpoMeKyTOUHBIE ITApaMETPhI

1.4 14
Pl=0.93-106-(%j =0.52-10° Tla Pl=0.502-106-(¥j =0.313-10° I1a

14 1.4
3:0.313-106-(%j =0.19-10° I1a P1:0.19-106-(£j =0.147-10° Ila

1.4
P, =0.147-10° (%j =0.118-10° I1a

Ha ocHoBanuu IMOJIYUYCHHBIX JaHHBIX CTPOUM AUarpamMMmbl.



4, TEPMOIUHAMMYECKHWA PACYET ITAPOCHUJIOBOM YCTAHOBKH

4.1 Onucanue npoueccon I[ICY

[TpuHMnuanbpHas cxema napoTypOMHHOM yCTAaHOBKH MOKa3aHa Ha puC.3, ee
paboTa OCyIIECTBISETCS CASAYIOIIMM 00Pa30OM.

[Tpu cropannm TOIUTMBA B TOIIKE TTaporeHeparopa 1 oopa3yrorcs
ra3000pa3HbIe MPOAYKTHI CTOPAHUS, TEIIOTa KOTOPBIX TIEPEIASTCs 3aTEM BOJC U
napy 4epe3 MeTaJUTMUECKYI0 CTeHKY TpyO. Boja mogorpeBaercs 10 KUINCHUS U
MEPEXOJIUT B CYyXOW HACBILIEHHBIN NIap, KOTOPBIM NPU JBUKEHUH Yepe3
naporneperpeBareinb 2 neperpeBaercs. [leperpersiit map HampaBseTCs B MapOBYIO
TypOuHY 3, TJI€ €r0 TeIJIOTa MEePEXOUT B MEXaHUIECKYI0 PabOTy BpalleHUS
potopa TypOuHbl. B anekTpudyeckom reneparope, CUISIIeM Ha OJHOM Bally C
TypOUHOM, MeXaHUYECKasi padoTa MEPEXOAUT B IJCKTPUUECKYIO SHEPTUIO
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Puc 3 TlpuanunuansHas cxema napoTypOHMHHON YCTaHOBKH
['ne 1 - maporenepatopa 4 - KOHJIEHCATOP
2 - maporneperpeBartelib 5 - Hacocom

3 - mapoBasi TypOuHa

[Tocne TypOuHBI OTpaOOTABIIMI Map C HU3KUM JIaBJICHHWEM IIOCTYMaeT B
KOHZIeHcaTop 4, uepe3 KOTOpBIA MpOKauMBaeTCs OXJaxaawomias Bojga. B
KOHACHCATOpE Tap OTAAeT TEIUIOTY BoAe W KoHAeHcupyercs. KonmeHcar
OTKAYUBAETCsI HACOCOM S5, CHOBA TIOJIACTCS B TTAPOTCHEPATOP U UK IIOBTOPSIETCSI.

Ha puc. 4 un3zo0paxkeH TeopeTHdecKuil MK Penkuna aiasa 1 kr
IIeperpeToro napa B KoopauHarax p- 9.

BceneacTeue maioit ckuMaeMOCTH BOJIBI TIPOIIECC B HACOCE B KOOpAWHATAX p-
9 n3o0paxaercsa u3oxopou 3-4 mpuueM Touka -4 HaXOAUTCS JIEBEE HIKHEH
MOTPaHUYHOM KprBOl. PaboTa moBbIIeHNs JaBJIeHUs BOABI B HACOCE N300paxaeTcs
mIoImaakon 3-7-8-4 KkoTopas 3aIITPUXOBaHa.

N306apusIii iporiecce 4-5-6-1 ocyiecTBisieTcs B maporeHeparope, mpudem
Y4acTOK 4-5 COOTBETCTBYET MOJAOTPEBY BOJIBI 10 KUTICHUSI, YIaCTOK 5-6 -
napooOpa3oBaHUIO U y4acTOK 6-1- meperpeBy mapa B maporeperpeBarere.

[Iponecc 1-2 ecth apmabaTtHOE pacmupeHue mapa B TypOHHE.
Benuunna pacnonaraeMoro aanabaTHOrO TENIOMAAEHHS 3TOTO Ipolecca,
paBHas pa3HOCTH SHTANbNUN Al =1, —i,, 0e3 yuéra sHepruu 3aTpauynBaecMoit
Ha pabOTy HACOCHOW yCTAaHOBKHU B Tipoiiecce 3-4, onpeaenaseT KOJINIeCTBO

paGoThl, BepabarsiBaemoii IICY 1.6 Al =1 =1, —1,



N3obapHO-u30TEpMHUECKHi  mporiecc  2-3  MpOTEKaeT B
KOHJICHCATOpE, TIJe OTpabOTaBIIMK Iap MOJHOCTHIO KOHACHCUPYESTCS;
COCTOSIHME KOHAEHCAaTa ONpeAeIsieTCa TOUYKON 3, KOTOpas HaXOJIUTCS Ha HIKHEN
MOTPAHUYHON KPUBOM M COOTBETCTBYET TOUKE i .
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Puc. 4. Iluxn PenkuHa njs neperperoro mapa Bp-9 u 1- S
JTarpaMMe.

Ha puc 4 nzo6paxen nuxki [ICY B koopaunarax 7- S; 3aech Touka 3
COBMEIICHA C TOYKOHN 4, Tak KaK MPHU MOBBIIICHUH JAaBJICHUS BOJBI B
Hacoce ee TeMImepaTypa M SHTPOIMHUS MPAKTHYESCKH HE U3MEHSIOTCS, a
n3o0apa mojorpeBa BoAbl COBNAAAET C HUKHEW MOTpaHUYHON KpuBoil. B
ATOU AUMAarpamMMe OTIeNbHBIC TIomann n3oopaxarmt: mi. 1-9-0-5-1—
SHTAJIBIIMIO TIeperpeToe napa iy 6 cocrostHuu 1; mi. 2-9-0-4-2- sHTanbnuro
otpaboTagiiero nmapa I, (Ha BXoJie B KoHaeHcaTrop) coctosiaus 2; 3-10-0-3-

!

SHTAJIBIINIO KOHAECHCATa COCTOSIHUS 3 MOCIIe KOHJIeHCaTopa- i, =ij.

4.2. OnpeaeanM napaMeTpbl apa B TOYKax HUKJIA

WcxoHble TaHHbIE )1 pacyeTa:

P;=2.1 MIla - maBieHme B mMaporeHepaTope

t; =480 °C - Temneparypa neperpeToro mapa mnocje naporeperpeBaTesis

P,= 0,01 MIla naBnenue napa B KOHACHCATOPE

4.2.1 Pacuer nmpouecca (1-2) — axmadaTHoe pacumimpeHue napa B TypouHe

OnpenenuM napameTpbl B TOUKaxX UCMOIb3Ys Auarpammy | - S:

Touky 1 HaxomuMm Ha TiepecedueHMu u300apbl ¢ gaBieHueM 2,1 Mlla u
uzorepmbl ¢ Temneparypoir 480 °C B obmactu meperperoro mapa. Ha ocu
abcuycc CHUMAaeM MOKa3aHusl 3HAUYEHUH SHTAJIbIINY, @ HA OCH OpAMHAT 3HAUYCHUS
suTponuu. T.k. mpomecc 1-2 ammabaTHBIi TO TOYKY 2 HaxOJuM OIYCTUB
BEPTUKAJILHYIO TPSIMYIO Tpu S = CONSt g0 mepecedeHust ¢ u3obapoit P, B



00JIaCTH BJIAKHOTO Mapa. AHAJIOTMYHO HAXOJUM M OCTaJbHbIE€ TOUYKH KOTOPBIC
MOTAJal0T B 00JIACTh JMArpaMMbl, TOYKH KOTOPBIE BBIXOIAT 32 BUIUMYIO
00JacTh CTaHAAPTHOW AWarpaMMbl HAXOOuM IO TaOmuIaM JUisi CyXOro |
HACBIIICHHOTO Mapa Ha JUHUU HACHILICHHUS.

Touka 1 (meperpeTslii map)
P;=2,1 MIla, t;=480°C, 1,=0,165 m®/xr
11=3430 x/Ix/kr, S;=7,37 xJIx /kr-K

Touka 2 (map BiaxkHbli) x=0,896

P,=0,01 MIla, t,=45,83 °C, v,=14 m%/kr

1,=2330 xJIx/kr, S,=7,37 xJIx /Kr-K

Omnpenenum paboty mporiecca 1-2 (mporiecc aqnadaTHBIN) U3 BRIPAXKCHUS:

0, ,=(i,—-P-v)=(i,—P,-v,)= (3430-0,165-2,1-10%) - (2330 -14.0,01-10%) =

893,5 xJIx/kr

W3meHeHne BHYTpEHHEH SHEpPrUM B aauabdaTHOM MPOLIECCE€ €CTh BETUYMHA
oOpaTHasi COBEpILIEHHOM paboTe, COrNIaCHO 1-My 3aKOHY TEPMOJIMHAMUKH.

AU=q-¢,1k. q=0

AU = - 893,5 xJIx/kr

4.2.2 Pacuer mpomecca (2-3)- un300apHO-U30TEPMHYECKHIT TpoLece
KOH/IeHCAI[UM Tapa

OmnpenenuM mapaMeTpsl B TOYKAX HCIONL3YS auarpammy | - S | u TaGmuiisl
BOJIBI Ha JIMHUH HACHIIICHUS

TouKa 3 (KHUIKOCTH)

P3=0,01 MlIla, t;=45,83 °C, 0,=0,001 M/ kr

13=191,84 xJx/kr, S3=0,6493 KJIx/Kr*k

OnpenenuM OTBOUMOE TEIJIO MO BRIPAKEHUIO '

q =13 1,= 191,84 — 2330 = - 2138,16 «/foc/ ke

Omnpenenum paboTy mporiecca U3 BIPpaKCHHS

0y 4=P-(V,—V,)=0.01-10°-(0.001-14) = ~134 x/Toc/ e

OnpenenuM U3MEHEHNE BHYTPEHHEH dHEPTUN

AU=q-¢=-2138,16 + 134 = - 2004,16 «/loc/ ke

4.2.3 Pacuer mnpomecca (3-4) — uU30XOpHBIN MpoLecc TMOBBINIEHUS
TaBJIeHUsI

[TapameTpsl B TOYKax ompeeiiieM 1o TabmuaM BOJIBI M CYXOTo
HACBIIICHHOTO TTapa Ha JIMHUW HACHITIICHHS

To4Ka 4 (>KHUIKOCTBH)

P,=2,1 MIla, t,=45,83 °C, v,=0,001 mM%/ xr

1,=191,84 xJIxx/kr, S4=0,6493 ]Ik /Kr -k

OmnpenenuM TerIo mpoiiecca 1mo Gopmye

q= AU =(i,—-P,-v,)—(i,—P,-v;)=(191,84-0,001-2,1-10%) - (191,84 -
0,001-0,01-10%) =-2,09 x/goc/xe



4.2.4 Pacuer npomuecca (4-5) n306apHbIii HArpeB BOABI 10 TeMIIEPATYPbI
KHIEeHUs

TOYKa 5 (>KUIAKOCTB)

Ps=2,1 MIla, ts=214,43 °C, 1v,=0,00096 Mm%/ xr

15=917,8 xJIx/kr, S5=2,4652 xJIx /Kr - K

Omnpenenum Mo IBOAUMOE TEILIO MO BBIPAKCHUIO

q=is- i,=917,9 — 191,84 = 725,96 xJ[x/kr

Onpenenum paboTy mpoliecca U3 BhIPAKECHUS

(45 =P-(Vs—V,)=2,1.10°-(0.00096 —0.001) = -0,080 xorc / xe

Onpenenum u3MEHEHHE BHYTPEHHEN SHEPTUH

AU=q-¢=725,96 + 0,8 = 726,04 «x/joc/xe

4.2.5 Pacuer mpomecca (5-6 )u300apHO - H30TepMHUYECKHi Tpomecc
napoodopa3zoBaHus

Touka 6 (Cyxol HachlleHHbIN nlap) x=1,0

Ps=2,1 MIla, t,=214,43 °C, 0v,=0,095 M/ kr

16=2795 xJIx/kr, S5=6,33 x/x /kr -k

Onpenenum nmoABOAMMOE TEIJIO MO BBIPAXKEHUIO

q =l 15=2795 - 917,8 = 1877,2 xJIx/kr

Omnpenenum paboTy mporecca U3 BbIPAKEHUS

(g 6=P-(vg—Vs)=21-10°-(0.095-0.0096) =179,34 /Jorc/ xe

OmnpenenuM n3MEHEHUE BHYTPEHHEN SHEPTruu
AU=q-¢=1877,2-179,34 = 1697,86 «x/xc/xe
4.2.6 Pacuer nmpouecca (6-1) - n300apHblii mpoiecc meperpesa napa
Omnpenenum MoABOANMOE TETIO 10 BBIPAKEHUIO
g = i1- 1= 3430 — 2795 = 635 k/[x/KT
Omnpenenum paboTy mporiecca U3 BbIPAKEHUS
(g, =P-(v,—Vg)=2,1-10-(0.165—0.095) =147 x/lonc/ ke
OmnpenenuM M3MEHEHUE BHYTPEHHEH SHEPTruu
AU=q-¢=635 - 147 =488 «/xc/ ke
4.2.7 Onpenenum padorty u Tepmudeckuii KIJ IICY
Omnpenenum paboTy MapoOCUIOBOM YCTAHOBKHU
(,,=i—i,=3430 - 2330 = 1100 x/[x/kr
Omnpenenum Terio B [ICY no popmyine
0 =i, —i, = 3430 -191,84 =3238,16 x/[x/kr
Borancnum tepmuuecknid KIT IICY
(., 1100 _

q., 323816

Niey = )



4.3 Tabauna napamMeTpoB

T—oma | 2 3 4 5 6
napameTp
P, MIla 21 001 001 21 21 21
t °C 480 4583 | 4583 | 4583 | 21443 | 21443
V., MY/kr 0,165 14 0001 | 0001 | 0,00096 | 0,095
j b 3430 2330 | 191,84 | 191,84 | 9187 2795
KT
g, KA 7.37 737 | 06493 | 06493 | 24652 | 6,33
KI' - K
X TEPEIP 1 896 0 0 0 1,0
nap

[Toctpoum quarpammy | — S 1o 3HAYEHUSAM B TOUKAX




5 Pacuer nmaporazoBoro nukJja
5.1 llpuaoun padors IIT'Y
[MpuHiMnuanpHas cxeMa yCTaHOBKHU MOKa3aHa Ha puc.6, padoTa ee

MPOTEKAET clieayonmM oopazoM. HapyxHbIil BO31yX MOCTyHaeT B
Typbokommpeccop a cxkumaetcs 10 0.5—0.6 MIla u nogaercs B Tonky BIIT kyna
MOCTYNAET TAKXKE JKHUJIKOE WM ra3000pa3HOe TOIIMBO, KOTOPOE CrOPaET TaM MpHU
MOCTOSTHHOM JaBJICHUH.

TennoTa cropaHus TOIJIMBA YaCTUYHO PACXOIyeTCS Ha UCTIAPEHUE BOJbI U
IeperpeB napa B MapoBOM KOTJIE |, a YaCTUYHO HA MOJYYEHUE TOPSUYUX IPOTYKTOB
cropanus (Kak B KaMepe CropaHus Ta30Boi TypOuHbI). 3a maporneperpenareiem 2
naporeHeparopa Temrmeparypa ra3zos camwkaercs 10 700-900°C u mpu maBieHun
0,5-0,6 MIla nokunatot BIII" 1 HanpaBisitoTcs B Ta30BYI0 TypOuHy- B . [Tocne
pacuiMpeHus B Hel 10 aTMOCepHOTO JAaBleHUsI OTpabOTaHHBIE B TPOTOUYHOM
4acTH TYpOUHBI T'a3bl HAMPABIIAIOTCS B TEIUIOOOMEHHUK § , OXJIAXKIAIOTCS TaM
BOJIOM I10CJIE KOHJIEHCATOPa S5 U C TEMIIEPATYPOU OKPYKAIOLIEH CPeIbl
BBIOpaChIBAIOTCS B aTMOC]eEDY.

BripaboTaHHbIi B BHICOKOHAIOPHOM MapOT€HEPATOPE MEPErPETHIN map
MOCTYIAeT B MApOBYIO TYpOUHY 3 , pacIIUpsETCA U COBEPIIAET MOJIE3HYIO
paboty. OTpaboTaHHBIN Map MOCTYIMAET B KOHJEHCATOP 5 , I/I€ MOJHOCTHIO
KoHAeHcHupyercs. Hacocom 7 KOHIEHcCAaT NMPOKAYMBAETCs Yepes ra30oBbIi
TEIJIOOOMEHHUK 8 , HarpeBaeTcs /10 TEMIIEPATYPhl HACKIILICHUS U B BUJIC
MUATATEJIbHOW BOJIbI OJAETCS CHOBA B maporeHepaTop 1

[Tonorpes Boabl 10 n300ape 4-5 MPOUCXOUT 3a CUET TETIOTHI
OTpa0OTaBIIIKUX Ta30B ra30BOM TYPOUHBI B, OXJIAXKEHUE KOTOPBIX MPOUCXOJUT MO
n3o0ape B — ¢ B Ta30BOJASIHOM Tojorpenartene § . Bo3mayx u mpoayKThl cropaHus

MOJXHO B I[ICPBOM HpI/I6J'II/I)K€HI/II/I CUHNTaTh UACAJIIBHBIM 2* aTOMHBIM T'a30M.
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Puc.6. IlpuanunuanpHas cxema [1T'Y

Cxema IICY CxemaI'TVY

1 ITapoBoii KOTEN a TypOOKOMIIpeccop

2 mapomeperpeBaTenb B Tra3oBas TypOuHa



3
4
5
6
7
8
9

napoBas TypOuHa ¢ kamepa cropanus BIIT
AIEKTPOTEHEPATOP d anekTporeHepaTop
KOHJIEHCATOp

BOZI0EM (peKa, 03epo)
OUTATENBHBIN HACOC
TEIJIOOOMEHHUK Ta3- BOJA

ropenka ((popcyHka)

10 BO3myx

5.2 Onpenenenne KIIJ maporazoBoro nukJjia
OmnpenensieM KpaTHOCTh ra3a

A

m === | [Kr/kr]

45

rae s [kr/c] — kommyecTBO rasa, mpoxojsiiee uepe3 1 cek. uepes
TEIJI000OMEHHHK;
Gys [kr/c] — KOMUECTBO BOJIBI IPOXOASIICE 32 1 CeK. Yepe3 TOT XkKe
TEIJI000OMEHHHK;

GB .Cp .(t5 _t4):I[r .Cp .(tB _tc)
KonnuecTBo raza uepes3 TypOUHBI MOKHO OIpPEAEIUTh 1o Ghopmylie

N-n
ﬂe =——, [I0ACTaBUM 3HAQUYCHUC
I, = 18000-2 98,3 Kr/c

" 366,3

OrnpenenuM pacxo]1 BOJbI 4epe3 TEII000MEHHHUK
_ »Z[r 'Cp -(tB _tC)

' Cp '(ts - t4)
- 98,31, 008-(573— 294)
° 4,19-(214.43-45,83)

BprurciauMm KpaTHOCTH rasza
J. 983

, IIOACTaBUM 3HAYCHHU BCIIMYUH

=40,79 kr/c

m=te="""-241
G, 40,79
Borancnum tepmuuecknid KI IICY
0, 1100

= = :O, 34
Tney = .~ 3430-191,84

Omnpenenum paboOThl U KOJUYECTBO Teria B mukie [Ty
gjrdfry :(ngy _EKOM)' m :(ga—s _Ec—d)' m

{ ;e =1100 KJDK/KT

Boruuciaum (2, I0JCTaBUB 3HAUEHUSE

0, =(366,3-185,9)-2.486 = 448,5 KkJIK/KT




Pabora B nukie I1I'Y 6yner paBHa
(" =0t + 0, =448,5+1100=1548,5 kJ[K/KT
Onpenenum koinuecTBo Temia B [IT'Y
Oy =0, ,-M=537,6-2.486 =1336,5 KJDX/Kr
ey = 25113 kJK/KT
Brrauciaum obmiee rerio I1TY
A" =0y + Oy =1336,5+2511,3=3847,8 kJIK/KT
Borancnum tepmuueckui KITA IT'TY
_ Uy _ 4485
" g, 13365
Borancnum tepmuaeckni KIT TT'Y
(™ 15485
Ty = 4™~ 38478
Beruncinum ynyyimenue tepmudeckoro KITI Mexay M U My
An = Ny — My 0,402-0,34

=0,366

=0, 402

= =0,184
Mrcy 0,34
Onpenennm pacxos TOIUINBA
. . 6 .
B = N-n 18-10°-2 =216 xelc

Nory * Qm B 0.402-41454-10°
I'me Q) - HU3IIAsE TEIIOTA CrOPAHUsI TOIUTMBA, IPUHUMAET ra3 MasyT M 40

C TeTUIOTOM cropanus paBHOM 41454 kJK/Kr.
Pacuet mukma I1I'Y MOXHO cUMTATh 3aKOHUECHHBIM.

BeiBoa: Ilpu BBOJE B NAapOCHIOBYI0 YCTAHOBKY Ta30BOW TYpOUHBI
npousonuio yiayuineHue tepmudeckoro KIIJI na 18,4 %, Ha Takoil e NpoueHT
MIPOU30MIET TOJ0BAsI SKOHOMMUS TOILIIUBA.



