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IIpeaucaosue

Bo BTOpOIi yacTu y4eOHOro MOCOOHS PACCMOTPEHO MPUMEHEHUE METO-
J0B TCPMOJMHAMUKU [JId aHaJIM3a TCXHUYCCKHUX CUCTEM.

TexHuueckue NPUIOKEHUS TEPMOJUHAMUKH (WIN TEXHUYECKas TEPMO-
JUHAMHUKA) COCTABISIOT BaKHEHIyI0 4acTh AUCIMIUIMHBEI «Teopernueckue
OCHOBBI TEIUIOTEXHUKH». BO3HUKHOBEHHE TCPMOJAMHAMUKHN 6])1.]'10 BbI3BAHO
NPaKTUYECKUMHU HYXIaMH TeruioTeXHuku. C caMoro Havyasia TepMOMHAMUKA
ObllIa TECHO CBs3aHA C MPAKTUKON M B HACTOSIIECE BPEMsl OHA CTajla HAYYHOU
6a30if COBpPEeMEHHON SHEPTEeTHKU U TEIUIOTEXHHUKH.

TepMoaMHAMUKA YCTAHABIMBACT MPUHLMUIIBI Haubosiee 3PPEeKTUBHOTO
npeoOpa3oBaHusl YHEPrHHU, MO3BOJISET AHATHU3UPOBATH CIOCOOBI MOJYYCHHS
nose3Hoi pabotel. OHA SBISETCS OCHOBOM TEOPHH TEIUIOBBIX JBHUIATEICH,
TCIJIOBBIX MAalllMH U Pa3jIMYHbIX yCTpOﬁCTB, B KOTOPLIX UCIOJB3YCTCA TEILJIO-
Ta (OCYLIECTBIISETCS MPEBPAICHHE BHYTPEHHEH JHEPTHU TeN B TEIUIOTY H
pa6oty). OCHOBHBIMH OONACTSIMH TEXHHYECKOTO NPUMEHEHHS TEPMOJMHA-
MUKHU ABJIAIOTCA MPOUECCHI UCTCUYCHUSA, CKATUA U PACIHUPCHUS I'a30B, HUKIIbL
MapoCUJIOBBIX YCTaHOBOK, XOJIOJWIbHBIX MallWH, TCIJIOHAHOCHBLIX YCTAaHO-
BOK U TCIIJIOBBLIX ﬂBHFaTeﬂeﬁ.

BaxkHpIMH pa3jienamMu TeXHHIECKOW TEPMOAWHAMUKH SIBISIFOTCS dKCEp-
TFeTUYECKHUH aHaM3, MO3BOJLSIIONIMI ONPEIENIUTh MOJIE3HYI0 paboTy, KOTOpas
MOXET ObITh MMOJy4eHa U3 CUCTEMbI, W XUMHYECKasl TEPMOJMHAMUKA, B KO-
TOPO OCHOBHBIC 3aKOHBI TEPMOJMHAMUKH M OOIINE METObI MCCIECIOBAHUS
MNPUMEHSIFOTCS JUISl U3YUYCHHUS] XUMHUYECKUX TPOLIECCOB.

Kaxnast riaBa y4eOHOTO 1MocoOHsl CONPOBOXKIAETCSI KOHTPOJIBHBIMH BO-
rpocamu, MpUMEpaMU pEeLIeHUs 3aJad U KOHTPOJbHBIMHU 3aaadamu. lIpu
MOJIrOTOBKE Y4€OHOT0 MOCOOHS UCTOJIb30BaHbI paboThI [1, 2].
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1. TIPOHECCHI TEYEHHWS1
I'A30B 1 ’KUAKOCTEHA

1.1. YPABHEHHUE ITEPBOI'O 3AKOHA TEPMOJUHAMUWKHA
JJIA IIOTOKA

PaccMoTpuM TeueHHe JKUJIKOCTH WM ra3a B KaHalle IPOM3BOJILHOM (op-
MeI (puc.1.1).

h,

Puc. 1.1 TeyeHnue :KMIKOCTH B KaHAJIe IPOU3BOJIbHOM (POPMBI

[Inomans ceuenns 1 kaHama 0003HAYUM Yepes fi, a CeUeHus 2 — uepes fr.
JaBrneHns, KOTOpbIE UMEET ABIKYIIEEeCs BEIIECTBO B ceueHHsx | u 2, 06o-
3HAaYMM COOTBETCTBEHHO Uepe3 p; U p,. KonmdecTBo BeliecTsa, MpOXOAsIIero
yepes TONepevHoe CeueHne KaHajda B eIHHHUIY BpeMEHH (MacCOBBIH pacxo)
0003HaunM uepe3 G. B cOOTBETCTBHM ¢ M3BECTHBIM W3 TUAPABIUKH MTPHHITH-
TIOM HEpa3phIBHOCTH ITOTOKA MACCOBBIA PacXoJl CTAIIHOHAPHOTO MOTOKA OJTH-
HaAKOB 151 1I000T0 ceueHus kaHana (G = const).

OnpenenuM paboTy, coBepmiaeMyrd MOTOKOM. OHa MOXET BKJIHOYATh
IATh YacTel: pabOoTy NPOTATKUBAHUS Lyper, U3MEHEHHE KHHETUYECKOH dHEP-
run moToka DE.,,, I3MEHEHHe MOTeHIINAIbHON YHEPTUH L;,;, TEXHHUECKYIO
paboTy L.y, COBEPIIAEMYIO IOTOKOM, W PabOTy Ha MPEOOJICHUE CHIT TPEHUS
Ha CTEHKaX KaHaja Lq,.

J1st Toro 94ToOBl BBECTH B pacCMAaTPUBAEMBI Yy4aCTOK KaHaja yepe3 ce-
yenre | B eJMHHIy BPEMEHH MOPIMIO KUAKOCTH Maccoit (7, HyxkHO 3aTpa-
TUTh HEKOTOPYIO paboTy, pacxoJyeMylo Ha TO, YTOOBI BBITOJIKHYTb M3 pac-
CMaTPUBAEMOTr0 Y4acTKa KaHaja TaKyro JKe TOPIHUIO KUIKOCTH U OCBOOOIUTH
TEM CaMbIM MECTO JIs1 HOCTyHa}OHleﬁ HOBOM TMOpUUH KUIKOCTU.

Pabora, mpousBomuMast HaJl IOTOKOM IS €r0 MPOXOKACHUE Yepe3 cede-
HHE 1, UMeeT BUj

L =-pvG. (1.1)
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Tak kak pabota L; coBepIuaercst HaJi IOTOKOM, OHa UMEET 3HaK MUHYC.
Pabora, KOTOpYIO MPOM3BOIMUT MOPIHS KUIKOCTA B CEYCHUU 2, pacCyu-
TBHIBAETCS AaHAJIOTUYHO

Ly = py»,G (1.2)

Taxum 00pa3oM NmpH MPOTEKAHUN KHUAKOCTH YEePe3 yIaCTOK KaHaIa MEeX-
Iy ceueHusiME 1 n 2 coBepiaercst paboTa NpOTaIKUBAHUS
L =L +L,, (1.3)

npor
501040
Ll‘[pOT = (p2V2 - P )G (14)

Ecmu ckopocTh MOTOKa B CEUYEHHH 2 OTIMYACTCSA OT CKOPOCTH ITOTOKA B
CedeHNH 1, TO Iy U3MEHEHUS] KHHETHIECKO YHEePTUH MOTOKA JO0IDKHA OBITH
cooOmieHa YHepTust

2 2 4
DE. =Gorr . M2 (1.5)
§2 25

Ecmu ceuenns | u 2 pacmosoXeHBI Ha pa3HOW BBICOTE, TO JOJDKHA OBITH
3aTpaueHa paboTa Jjisl TOro, 4TOOBI MOJHITH PACCMATPHUBAEMYIO MOPIIHIO
JKHJIKOCTH TIOTOKA C OJTHOM BBICOTHI Ha JAPYryr0. OTa paboTa paBHA M3MEHE-
HUIO OTEHIUANBHOM 3HEpruM NopLuM kuakocTd Maccoil G

Loy =Gg(h, - hy). (1.6)

B o0miem cityyae mOTOK MOXKET COBEpIIATh JAPYrUe BUABI paboThl HA MyTH
MEX/1y CeYCHUsIMU | M 2, HarpuMep BBIOJHITH MEXaHUYECKYI0 paboTy Juis
BpallleHHs] Kojieca TYpOMHBI, TO €CTh COBEpIIATh TEXHUYECKYI0 pabory. Tak-
K€ 4acTh JHEPTUU IMOTOKA 3aTPauMBaeTCs Ha MPEOJIOJICHHE CHJI TPEHUsS Ha
CTEHKax KaHaJa.

CrenoBarenbHO, paboTa, KOTOPYIO COBEPIIAET JBHKYIIMHCS MOTOK KU-
KOCTH B O0II[EM CITydae UMEET BUJ

@}22 le 9

Ly, :G(szz - P1V1)+Gg 5 Ty =

g P (1.7)
+ Gg(hZ - h1)+LTeXH +LTp‘

Toxcrapnsist cootnomenue (1.7), A7l OJHOTO KUIIOTpaMMa pabodero Tena

B YpaBHCHHE MEPBOT0 3aKOHA TEPMOJUHAMHUKU M JIejii 00€ YacTH 3TOro
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ypaBHeHHHS Ha pacxo] G Mojy4aeM HM3MEHEHHE YIEIbHOW TEIUIOThI, CO00-
LIEHHOU MOTOKY:

By 2 w 2 0
= - - GL' —_
q1.» (uz u1)+(P2V2 P1V1)+8 5 2 B+ (1.8)

+g(h2 - hl)+lTeXH +lTp'

B muddepennmansHoi popmMe 3TO ypaBHEHHE 3aIHIIETCS B BUE

dg = du+d(pv)+ waw+ gdh +dl, o, +dl.,,. (1.9)
C y4eToMm TOro, 4to i =u + pv , MOIy4aeM:
] . a/v 2 W 2 9
12 =i - 11)"'8%' Tl;*'g(hz - ) e +l,.  (1.10)
(4]

nIn

Gy, =di+wdw+gdh+dl ., +dl (1.11)

P -
VYpapuenus (1.10) u (1.11) npeacTaBiastoT co00i 3aMUCh IEPBOTO 3aKOHA
TEPMOJWHAMHUKH JJISI TOTOKA.

JUIs TOPU30HTAJIBHOTO MOTOKA, KOTOPBIM HE COBEpLIAET TEXHUYECKYIO
paboTy ¥ KOTOpBIi TeueT O6e3 TpeHus:

wdw = -vdp . (1.12)

1.2. OCHOBHBIE YPABHEHUA IMTPONECCOB TEYUEHUSA

Jst GoNBIIMHCTBA TEXHUUYECKM BaXKHBIX 3ajlau MpPEJICTaBISIET HHTEPEC
paccMoTpeHus ciydas aanabaTHOrO TEYEHHUSI.

di+wdw=0 (1.13)

W3 ypaBuenns (1.13) BugHO, 9TO eciii amuabaTHBIA MOTOK YCKOPSETCS
(dw > 0), To ero sHTaNBIUA YMeHbIIaeTcs (di < (), u Hao6opoT. HBIMH cITo-
BaMHM, YCKOpEHHE anuadaTHOrO MOTOKA HMPOUCXOJHUT 33 CYET YMEHBIICHHMS
€ro HTAJIBIINH.

Jnst cnydas aqmabaTHOTO TEYESHUs! IPH OTCYTCTBUHM TEXHHUYECKOH paboThI
ypaBHEHHE NEPBOr0 3aKOHA TEPMOIMHAMUKY ISl IOTOKA MMEET BUL:

2 2
”1+P1V1+W71+gh1 Supy tpyrvy +W72+gh2 (1.14)
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Ecmu xuaxocTs HeC)KUMaeMa, T0 vi = v, = v u dv = 0, ypaBHenue (1.14)
nproOpeTraeT Buj

2 2
p1v+WTl+ghz=pzv+%+ghz (1.15)

C yyerom Toro, uto v =1/, riae I — INIOTHOCTh, MOJIyIaeM

2 2

w rw
—+rgh = py+—2

r
pt +rgh,. (1.16)
VYpasrenue (1.16), mpencrapnstomniee cobo0if 3amichk IEpBOro 3aKOHA Tep-
MOJMHAMUKH IJIsl 00paTHMOro aanabaTHOrO MOTOKA HECKUMAEMOH JKHIKO-
CTH, HOCUT Ha3BaHHE ypaBHeHust bepuysin.
Wnterpupys ypasaenue (1.13) mexmy AByMs TOYKaMH MOTOKa, MMOITyda-

eM:

22
W, - W

2

wy =420, - iy)+w” (1.18)

Ypasuenue (1.18) moka3siBaeT, Kak OIPENEIUTh CKOPOCTH aanabaTHOTO
MOTOKA B TOUKE 2, €CJIM U3BECTHA CKOPOCTh B TOUKE 1 M mepemnaja SHTaIbIMN
B Toukax | u 2. 13 ypaBHeHus (1.12) cnemyer, 4yTo eciM JaBIEHUE IPU JBH-
KEHHMH [IO0TOKA IaJaeT, TO CKOPOCTh IOTOKA BO3PACTAET, U HAOOOPOT.

Wuterpupys cootHoutenue (1.12), umeem:

: (1.17)

=iy =

OTKyza

sz W12 )2
— - ——=- ¢ydp. 1.19
5 2 Odp (1.19)
P
WJIH, YTO, TO XK€ CaMoe,
w22 w12 7
—= - 1 = fvdp. 1.20
> S T o (1.20)

Orcrona

(1.21)

VYpasuenue (1.21) mo3BosisieT onpenenuTs 3HAUEHUE CKOPOCTH MOTOKA B
TOYKe 2 M0 M3BECTHOW CKOPOCTH B TOYKE 1, €CIM M3BECTHO 3HAUYECHHE UHTE-
rpana (1.19).
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I[J'DI PCaJIbHBIX I'a30B U X(HI[KOCTCﬁ OTOT MHTEIrpal BBIYUCIIACTCA MO 3KC-
NCPUMECHTAJIBHBIM TaHHBIM 3aBUCUMOCTEN MCXKAY p, Vv, T YHUCIIEHHBIMU Me-
TOJaMHu, a Ui UJICAJIbHBIX I'a30B — 10 YPAaBHCHUIO auna6aTb1.

Benuuuna, ompenencuHas mo ypasHenuto (1.20), mpencraBnsier coOoi
pa3HOCTh pabOThI paCHIMPEHHsI TOTOKA M PaOOThI IPOTAIKUBAHUSL:

41 u;
Ovdp = Qpdv - (P2V2 - plvl)' (1.22)
P2 U

Pabora mpoTankuBaHus 00s3aTeIBHO UMEETCs IS JIro0oro Teuenus. [1o-
3TOMYy U3 paboTHI, COBEpIIaeMON IOTOKOM IIPH €Tr0 PACIIMPEHHUH, MOXKET
OBITH TIOJIE3HO WCIIONB30BaHA JIMIIH YacTh, OCTABIIASCS 32 BEIUETOM PabOTHI
MIPOTAJIKUBaHUS

w22 wl2
—_ (1.23)
2 2

[IpeBpatuth B 1pyrue BUIbI pabOTHI MOXHO JIMIIB Ty YacTh PaOOTHI pac-
LIMPEHUs MIOTOKA, KOTOPAasl NOTPAauY€Ha HA YBEJIMYCHHE KUHETHYECKOHU 3HEp-
run. Mcxozst u3 3TUX COOOpaKeHUil BENMYMHY, ONPEACSIEMYI0 MO ypaBHe-
Huto (1.22), Ha3pIBalOT pacnoJjiaraemMoii padoToii.

1.3. AICTEYEHUE N3 CYKUBAIOHIUXCS COILI

Junist yBenmueHns: CKOPOCTH MOTOKA MPUMEHSIOT CIIEHUANbHO CHPOdUITU-
pOBaHHBIE KaHaJbI, Ha3blBaeMble comIamMu. KaHanbel ans yMeHbIIEHUS CKO-
POCTH TOTOKa (M yBEJIMUCHNH JaBICHHS) Ha3bIBaoTCs Aupdy3opamu.

Paccmotpum mpomecc oOpaTuMoro annadaTHOTO MCTEUSHHMS Tra3a M3 CO-
A, COEANHEHHOTO C pe3epByapoM OoubImoro oObema (Tapamerpsl rasa B
pesepByape pi, Vi, 11 ocrarorcst Hem3MeHHbIMHI). CKOpOCTh ra3a Ha BXOZE B
COIUTIO 00O3HAYUM W.

OmnpenenuM CKOPOCTh ra3a Ha BBIXOZE M3 COIUIa!

wy, =420, - i)+ w” . (1.24)

BenmunHa ckopocTH ra3a Ha BBIXOJE M3 COIUIA JIETKO MOYKET OBITh OIIpe-
JieneHa ¢ moMomnsio ypaBHenus (1.21) s ciydas oOpatumoro agmadaTHOTO
TEYEHHUST HECKMMAEMOM )KHUIKOCTH:

Wy :\/2v(p1 - p2)+ w12 . (1.25)

I[.]'DI ClIy4dast UICTCUCHUA UICAJIBHOTO Ia3a:



+w . (1.26)

Kax BunHO u3 ypaBHeHus (1.26), CKOpOCTh UCTEUEHHUS ra3a U3 COILIA TEM
0oJIbIIIe, YeM MCHBIIEC BEJMYHMHA OTHOIICHUS TABJICHUH po/p1.
Pacxop ra3a yepes coruio onpezemnsercs 10 ypaBHEHHIO:

é 2 K+l

Ok Ok
G=f , ko ﬂ@’Zi ?’Q
k-1u, ?ﬂ P g

W3 ypasrenus (1.27) MOXHO OIpeenuTh, KaKoi JOJDKHA OBITH IUTOMIANb
BBIXOJIHOTO CEYEHHsI COIUIA | JUISl TOTO, YTOOBI 00ECIEYHTh 3aJaHHbBIN PACcX0.l
rasa 4yepe3 COIUIO TPH 3aJaHHBIX IIapaMeTpax ra3a Ha BXOJE B COIUIO M Ha
BBIXOJIE U3 HETO.

Ananmu3 xapakTepa 3aBHCUMOCTH pacxona G rasa, JaBaeMoi ypaBHCHHEM
(1.27), OT BeIMIMHBI OTHOIICHVSI JABJICHUS Ta3a Ha BBIXOJIE M3 COTUIA K JIaB-
JICHUIO TIEPEl COILIOM po/p; (0003HAYMM 3Ty BEJIHMUYUHY Yepe3 Y ) MOKa3bIBaeT,
YTO 3Ta 3aBUCHMOCTB IMEET BHJI, IIPECTaBICHHBIN Ha puc. 1.3.

(1.27)

o Y e ey i

G
G _____ e

max V2

|
|
|
/ |
|
|
|
|

0 pr:(pz/pl)Kp 1 W

Puc. 1.3. 3aBHcMMOCTDH pacxoaa ra3a oT OTHOIIEHHS TaBJIEHUH po/p;

Ilpu y = 1 pacxox G = 0. Ipu ymenbinenun Y Benuuuna (G HauuHaeT
BO3PacTaTh, JOCTUras MAKCUMyMa IIPY HEKOTOPOM 3HAYEHHH Y . IIpu nanb-
HelleM yMeHbllleHHH Y BennduHa G B COOTBETCTBHM ¢ ypaBHeHHeM (1.27)
yMeHbLIaeTcs1, 00pamiasch B HoJb ipu Yy = 0.

ONBITHBIM ITyTEM yCTaHOBJIEHO, YTO PACXOJl T'a3a W CKOPOCTh MCTEUCHUS
4epe3 CyKHUBAIOLIEECS COMIO UMEIOT MAKCUMYM TPH P = Py, HO TIPH Jallb-
HellIeM MOHWKEHUH OTHOULIEHMS JaBJIEHUH Y pacxoj ra3a U CKOpoCTb UCTe-
YeHHsI OCTAIOTCS MOCTOSHHBIMH. [IpH 3TOM nmaBieHHe Ha cpe3e comia Takxke
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MOCTOSIHHO U PAaBHO KPUTHUYECKOMY JaBieHHI0. [lo3ToMy KpuTHYecKoe OT-
HOLIICHHE JaBJIeHUN ONpeeNseT HauMeHbIlee JaBlIeHHe, KOTOPOe yCTaHaB-
JINBAETCS B BEIXOJTHOM CEUCHMHU CY>KHUBAIOIIErocs COILIa.

[l ompeneneHust KPUTHUECKOTO OTHOIIEHHS JaBJICHUH BO3bMEM IEPBYIO
MPOU3BOJHYIO OT BbIpakeHHs (1.27), KOTOpOE CTOUT B KBaJAPATHBIX CKOOKaxX
MO/ KOPHEM, 1 TIPHPABHAEM €€ K HyII0

2 k+
e I RN 2
Egyk -y k ;_Zy’(p 1 3 pr k =0. (128)
e 2}
Otcrona
ke
y,=lr g2 o (1.29)

Kputnyeckoe OTHOIICHHE JaBJICHUN 3aBHCHUT TOJBKO OT TIOKAa3aTels
annabatsl k, TO €CTh OT (PU3NIECKUX CBOWCTB rasa.

Jns ogHOaTOMHOrO rasa k = 1,66; Y ,,= 0,49.

s nByxaTomuoro raza k= 1,41; y ., = 0,528,

Hns Tpexatomuoro rasa k= 1,33; y , = 0,546.

Ecmu ckopocTh MOTOKA HA BXOJIE B COIUIO MPEHEOPEIKUMO Masia 1o CpaB-
HEHHUIO CO CKOPOCTBIO MCTEUCHUsI U3 COIla, TO ypaBHeHnue (1.26) 3anuchiBa-
eTCsl B CIIE/YIOIIEeM BH/IC:

a@’z

w= 2L}’91"1
- D1 ¢

(1.30)

[SHEReH

b
—
DD rp_a» 6N

o Y el e wni?

s Toro 4yTOOBI MOJYYUTH BBIPAXKEHHE IJISI CKOPOCTH HMCTEUEHHs rasa
MPU MAKCUMAJIBHOM PACX0JI€ Wiax, Hy’KHO 10oAcTaBUTh B (1.30) momyuenHoe

1o ypasHenuio (1.29) 3nauenue Y . OCyIlecTBIIAA 3Ty HOACTAHOBKY, IOJY-
YHM:

k
Winax = 2—P1V1 . (131)

k+1

COOTBeTCTBeHHO BBIPpAXKCHUEC JI1 BCJIMYMHBI MAaKCUMAJILHOI'O pacxola
gyepe3 coruio noiayunm u3 (1.27) ¢ yuetom (1.29):
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2
k p a2 0Ok
Goax = fY2——¢—+F . (1.32)
k+1v, ek+lg
3ameHuM B ypaBHeHuH (1.31) BequuMHBI p U V| yepe3 KPUTUYECKUE Ia-
paMeTpsl B BBIXOJHOM ce4YeHuH coruia. U3 ypaBHenus aauadatsr (5.27) cie-
JyeT, 4To

* (1.33)
Pog

U 3aMEHss OTHOLIEHHUE P,,/P1 B COOTBETCTBUM ¢ ypaBHeHHeM (1.29), nomyya-
eM:

@& 2 0Ok

=y 1.34
S 1y (1.34)

Vi =

AHaJ0THYHO TMOJY4Ya€TCA BBIPAXKCHUC JIA ONPCIACIICHUS BEJIMYUHBI ;.

k

®e2 0k
. 1.35
D= g_ﬂg (1.35)

IToacrapnsisi mosydeHHbIE 3HAUCHUS p; U V| U3 ypaBHenuii (1.34) u (1.35)
B ypaBHeHue (1.31), nomydaem:

Winax = VAP imax Vimax - (1.36)

Bemmanna Wmax PaBHa MECTHOM CKOpPOCTH 3BYKa B BBIXOJAHOM CE€YCHHUHU
coIuia:

W =a. (1.37)

CkopocTh 3ByKa — 3TO CKOPOCTb PAaclpOCTPaHEHUs] OECKOHEUHO MallbIX
BO3MYILIEHUH B CIUIOIIHOM CPEJE M 3aBUCUT OT YIPYI'MX CBOMCTB U IUIOTHO-
CTH CPEJBI.

Jl1s neanpbHOro ra3a CKOpoCTh 3ByKa:

kRT . (1.38)
IIpu 20°C ckopoCTh 3ByKa B PAa3JIMYHBIX ra3aX COCTABIISAET:
| 370571 1. QR 343 m/c
BoasHOM Hap ......cceevvenenne 424 wm/c
A3OT et 349 m/c

Kucnopon ....cceeveeeeevennnns 327 m/c
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1.4. IEPEXO/{ YEPE3 CKOPOCTD 3BYKA. COIIJIO JIABAJIA

PaccMoTpuM HekoTOpBIE 001IME 3aKOHOMEPHOCTH TEUEHUSI B KaHalaX.

Vpasuenue (1.12), cnpaBeanuBoe A TOPU3OHTAIBHOTO MOTOKA, KOTO-
pBIIi HE COBEpIIaeT TEXHUIECKYIO pabOTy M KOTOPHIH TedeT Oe3 TpeHws, 3a-
TIUIIEM B BUZC

aw v
—=-—d 1.39
” 3 (1.39)
Jyist 00paTUMOro auabaTHOTO TCUCHHS
. d_p (1.40)
v kp

[oncraBnsist B ypaBHEHHE HEPa3phIBHOCTH, BBIPAKEHHOE B AU PepeHIu-
anpHOU (opme

g2 2 (1.41)

ypasHenus (1.39) u (1.40), momygaem:

2
%:@;—?dp. (1.42)
pw

C yuerom (1.36) u (1.37) aTO ypaBHEHHE MIpeodpa3yeTcs K BULY

ﬂ_az—w2

dp (1.43)

HJIU, 9TO TO K€ CaMO¢€,

Lo 13, (1.44)

rae M = w/a — Tak Ha3pIBaeMoe 4mcJi0 Maxa (OTHOIIEHHE CKOPOCTH Tede-
HUSI K MECTHOM CKOPOCTH 3ByKa). 3HadeHHe M < 1 COOTBETCTBYET TCUCHHIO C
JI03BYKOBBIMH cKOpocTsiMu (W < @), a M > | — Te4eHHIo CO CKOPOCTHIO, TIpe-
BBIIIAIONIEN CKOPOCTh 3BYKa (W > a).

Ioncrasnss B (1.43) Beipaxkenue yist dp n3 ypaBHenus (1.12), nomyuum
ypaBHEHHUE, CBSI3BIBAIOIIEE IUIOMAAN CEUEHHs KaHala ¢ U3MEHEHHEM CKOpO-
CTH IIOTOKA U C YyuCIoM Maxa:

dw _df

(M2 - 1)7_7. (1.45)
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VYpasuenue (1.45) mo3BosseT crenath BaKHbIE BBIBOJIBI JIJISI CiIydas Tede-
HUS TIOTOKA CO CBEPX3BYKOBOM cKOpocThio (M > 1).

IIpu M > 1 TeyeHue B pacHIMpsIONEMCs KaHajle IIPOUCXOAUT C YMEHBbIIIe-
HHEM [aBJICHUs BJOJb MOTOKAa M C YBEJIMYEHHUEM CKOPOCTH M, HA00OpOT,
CBEPX3BYKOBOH ITOTOK B CYXHBAIOIEMCsl KaHaJIE 3aMEIJISIETCs, a €ro JlaBiie-
HHUE Bo3pacTaeT. TakuM oOpa3zom, IpoQwiH comia U quddy3opa s CBepX-
3BYKOBOTO ITOTOKA «MEHSIOTCS MECTaMH» — CBEPX3BYKOBOE COILIO MPEZCTaB-
JsieT co00H pacHIMPSIOIINICS KaHall, a CBEPX3BYKOBOH auddy3op — cyxkaro-

mmtics kanan (puc. 1.3).
M<1 M>1

Comio )
(CKOPOCTh W YBETTHUHBACTCS)
Auddysop )
(CKOPOCTb W yMEHbIIIAETCS )

Puc. 1.3. 3aBHCHMOCTb CKOPOCTH NMOTOKA OT NMONEPEYHOro ceYeHusl KaHaJa
IPH 103BYKOBOM U CBEPX3BYKOBOM Te4CHHH

[ yckopeHnsi MOTOKa MpH AO03BYKOBOM TEUEHHHM KaHAJ JIOJDKEH Cy-
KaThCS JI0 TeX MOp, MMOKA JIaBJICHHE B KaHAJIE HE CTAaHET PaBHBIM KpPHUTHUE-
CKOMY JIaBJICHHIO UCTE€UYEHHUS (B 3TOM CEUEHHH CKOPOCTh MOTOKA CTAHOBHUTCS
paBHON MECTHOW CKOpPOCTH 3ByKa), a 3aTeM I YCKOPEHMs IOTOKa KaHaj
JIOJDKEH PaCIIUPATHCS.

Takoe KOMOMHHMPOBAHHOE COIIO, COCTOSIIEE U3 Cy>KUBarolleiica u pac-
HIMpsItOLIeiics: yacTei, BepBble ObUIO MPUMEHEHO JUIs MTOJYYeHHsI CBEPX3BY-
KOBBIX CKOPOCTEH MCTeueHMs ras3a IIBEICKMM HHXeHepoM JlaBasewm, mo3rto-
MY COIIIa TAKOT'O THIIa Ha3bIBatOTCs comiamu JlaBaus (puc. 1.4).

/

Puc. 1.4. Pa3pe3 conuia JlaBaisi 1 n3MeHeHHe CKOPOCTH W H MECTHOI CKOPOCTH
3BYKAa a N0 AJIMHe KaHaJa /
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Pacuer cyxuBaronieiics yactu comuia JlaBans IpoBOIUTCS TOUHO TAKXKe,
KaK U A1 OOBIYHOTO CYXKMBAIOLIErocs JO3BYKOBOro cora. Ilnomans MuHU-
MaJIbHOTO CEYEHMsl COIUIA OIpPEAEIAeTCs MO 33aJaHHOMY pacXoiy rasa ypas-
HEHHUEM /1711 MacCOBOI'0 Pacxoja rasa:

Sy = Do (1.46)
a

TJ€ @ — MECTHasi CKOPOCTh 3BYKa.
CkopocTh raza Ha BbeIxoJie U3 coria JlaBamnsi onpesensercsi ypaBHEHUEM
(1.24), a nns uneanpHOTO raza ypaBHenuem (1.26).
IInomanp BEIXOHOTO CEUSHHS COTLIA:

Gv,
fBle = N

w
Comno JlaBamns pacCUYUTBHIBACTCA TaKUM 06pa30M, YTOOBI JaBJICHHUC B BbI-
XOIHOM CCYCHUM COIlIA p), ObLIO PABHO HAaBJICHUIO CPCIBbI. Pexumer pa6OTLI

(1.47)

COIUIa, B KOTOPBIX AABJICHUE CPEIbl OTIIMYACTCA OT paCYCTHOTO NABJICHUA D)
Ha3BIBAIOTCA HEPACYETHBIMH.

1.5. AIMABATHOE TEYEHHWE C TPEHUEM

@opmyinsr (1.24) u (1.26) cnpaBemIUBEI TOJBKO TSI OOPaTHMOTO ajHa-
6aTHOTO Tpolecca MCTEUEHHS, TaK KaK HE YyUWTHIBAIOT CHJIBI TPEHUS Tra3a o
CTEHKU KaHaJla U BHYTPEHHee TPeHHE MEXIy CTpyHKaMH IOTOKa M3-3a pas-
JUYMsl CKOPOCTEH 10 ceueHnto kaHana. Ha mpeoposieHue TpeHus 3aTpaduBa-
eTcst paboTa (9Heprust notoka). KuHeTnveckast sHeprus oToka rnpeodpazyer-
Csl B TEIUIOTY, B Pe3yJIbTaTe 4ero BHYTPEHHSS HHEPTUs, SHTAIBIUSA U SHTPO-
MU ABMXKYILErOoCsl ra3a YBEIMYMBAIOTCS U MpoIecC He OyAeT M303HTPOI-
HBIM, TO €CTb MPU HAIMYUHU CWJI TPEHHUS MPOIECC TEUCHUs YNPYron >KUAKO-
ctu HeoOpatuM. Ha i, s u T, s - muarpamMmmax oOpaTHUMBIH aamaOaTHBIA TPO-
IlecC MCTEUCHNUS Mapa WM ra3a B MHTEpBaJle JABICHUH OT p; 0 p, U300pa-
JKaeTCsl BEpTUKAIBHOM npsiMoit muameit 1-2 (puc. 1.5).

AnmnabaTHBIF HEOOPATUMBIN TPOIIECC B TOM K€ MHTEpBaje HaBICHUH ycC-
JIOBHO n300pakaercs KpuBoit 1-2 .

B npomecce ucredueHus ¢ TPEHHEM PACXOAYETCS PA3HOCTh SHTAJBIMI
i1 — Iy DTa pa3sHOCTH MEHBIIE, YeM B Cilydae 0OpaTUMOro TeueHus 6e3 Tpe-
HuA. Crie1oBaTeNnbHO, U CKOPOCTH Ta3a Ha BBIXOJIE M3 COIIA MPU UCTCUECHUH C
TpeHHeM w, OyJaeT MeHbILIEH, 4eM IpH TedeHHn O0e3 TpeHust w. ITocKoybKy
BCerzia W, < W, TO MOJKHO 3aITUCaTh:

wy=jw, (1.48)



T p=const

Sl SZ;‘[ S S] SQ;{ N
Puc. 1.5. U300pakenne npouecca HCTeYEeHHs C TPEHHEM
Bi,su T, s- quarpammax

B Beipaxkennu (1.48) | — Tak Ha3pIBAEMBIi CKOPOCTHOH K03 duLUeHT,
BeIMYMHA KOTOPOTO MeEHbIIe eAWHHUNBL. J[ma xopomo o0paboTaHHBIX H
CHPO(QIIMPOBAHHBIX COIJI, WUMEIOIINX JOCTaTOYHO TIIAJKYIH0 TOBEPXHOCTD,
BEJIMYWHA | JISKUT B mpezenax 0,95 — 0,98.

[Inomans mox kpuBoi 1-2, peanbHOro aanabaTHOTO TpoOIEcca MUCTEde-
HUsI ¢ TpeHueM B T, § - JuarpamMme MPEJICTaBIsAeT COOOI HEe YTO WHOE, Kak
paboTy Ha IPEOIOJICHUE CUIT TPEHUS, HeOOPaTUMO MPEBPAIAIOIIYIOCS B TETI-
70. YacTp TEIIOTH TPEHUSs, KOTOpasi BeIpakaeTcs B 1, § - auarpamme Iio-
manpo 1-2-2,—1, ycBauBasick pabo4nM ra3om, BHOBb IIpeBpariaercsi B pado-
Ty, Jpyras 4acTh TEMJIOTHI TPEHUS TepsieTcsi 0e3BO3BPATHO.

1.6 TEMIIEPATYPA AJUABATHOI'O TOPMOKEHUSA

Kak cnenyer u3 ypaaenus (1.17), s [ByX MpOM3BOJIBHBIX TOYEK 00pa-
THUMOTO ainabaTHOTO TEYEHHSI IMEET MECTO PAaBEHCTBO
2 2

oM 2
o t— =i, +—. 1.49
1St (1.49)
WITH, JIJIsl BCETO TIOTOKA:
w2
i+7:const. (1.50)

Ecnu ra3 B moToke MOKHO pacCMaTpHUBaTh KaK HEalbHBIN, a €ro Temio-
€MKOCTh CUMTaTh MOCTOSHHOM, HE 3aBHCALICH OT TeMIEpaTypsl, TO YHTAJb-
M TAKOTro rasa paBHa i = ¢,I, ypaBHenue (1.50) MOXeET ObITH 3aIMCaHO B
CJIETyIOIIEM BHJIE:
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2

w
T +—— =const. (1.51)
2c
P
[ocrostaEyr0 BenmmuuHy BhIpakeHHs (1.51) Ha3pIBalOT TeMmepaTypoii
aauadaTHOro TopMosKeHus 7, ..

2
w

T,,=T+——. (1.52)
2c »

Omna paBHa TeMIieparype aquadaTHOTO MOTOKA ra3a, KOTOPBINA MOJTHOCTHIO
3aTOPMOKEH, TO €CTh UMeeT ckopocTh W = (. [Ipu 3TOM KHHETHUYECKast SHEP-
THS TTOTOKA MepexonuT B Terioty. U3 (1.52) BuaHo, uto Beerna 7, > T.

Jns mpeansHOro rasa npu k = c¢,/c, = const B COOTBETCTBHHU C yPABHEHH-
eM Maiiepa (3.17) MOXHO 3amHcaTh

k
c,=R——. 1.53
P k-1 (1:33)
Torna ypaBuenue (1.52) MOkeT OBITh 3aIUCAHO B BHJIC
T,, —r+kl2 (1.54)
’ 2kR

C yuerom (1.38) Beipaxkenue (1.54) st Temneparypbl aiuadaTHOToO TOp-
MO>KEHHUSI MOKET ObITh MPEOOPA30BAHO CIEAYIONIUM 00Pa3oM:

(7]

[TonsTe 0 Temmeparype aguabaTHOTO TOPMOXKEHHS IIHPOKO HCIOIb3Y-
eTcsl B Pa3NMyYHBIX adPOra3oJMHAMUYECKHX pacdeTax. Beskuii m3mepurens-
HBIII TIpHOOp, MOMEUICHHBIH B ITOTOK, MOKaXET TEMIEparypy, ONMmM3Kyl K
TeMIiepaType aanabaTHOTO TOPMOXKEHHS.

T, =18+ 5 1y (1.55)
=TE

3AJIAUN

1. Bo3ayx u3 pesepByapa ¢ MOCTOSIHHBIM JaBieHueM p; = 10 Mlla u tem-
neparypoit ¢, = 15°C BeiTekaer B arMocdepy 4epe3 TpyOKy ¢ BHYTPEHHHM
quametpoMm 10 MM. HaifTu ckopocTh ucTeueHHs BO3AyXa M €ro CEeKyHIHBIH
MaccoBbI pacxoj. AtmocdepHoe napneHue mpuHATh paBHbiM 0,1 MIla.
[Ipouecc pacmmpeHns BO3ayXa CIUTaTh aHa0aTHBIM.

Pewenue

OmnpenenseM OTHOWEHHE HaBieHuil p,/p; Ono pasHo 0,001 u, ciemoBaTenbHO,
MEHbIIe KPUTHYECKOTO OTHOIICHHs JABIECHWH Ui BO3AyXa, cocramisitomiero 0,528.
TToaTOMy CKOPOCTBH MCTEUEeHHs OyAeT paBHA KPUTHUECKOH U MOXKET OBITh Olpe/ieieHa
o ¢popmye (1.31), koTopast I ABYXaTOMHBIX T'a30B 3aIMCHIBACTCS KaK
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Wp =1,08{pv; »

WITH
Wy = 1LO8yRT; =1,08V287>288 =310 m/c.

CexyHAHBIA pacxoxa ompexensercs mo ¢opmyine (1.32), kotopast 11 IByXaTOM-
HBIX ra30B 1pu k = 1,4 3anuceiBaeTcs B BUIE

Gmax = Oa686f ﬂ :
Vi
IInomanp cedeHns u yaeabHbIH 00beM ra3a
. pd? 314,012

F=PL 2T 20,0000785 M
4 4
RT,
 =—L= 287—><228 =0,00827 M/KT.
)2 104
CrieroBaTeNbHO,
6
G, = 0,686X0,0000785 |~ 80 = | g7 xr/c.
0,00827

2. Yepes comto HopCcyHKH KOMIPECCOPHOTO IABHUTATENsI C BOCIDIAMEHEHHU-
€M OT CXKaTHs MMOJAeTCA BO3MYX Ul pacTbUTUBAHUS He(TH, IOCTYHAOMIEeH B
wwnHAp asurarens. Jlasnenue Bozayxa p; = 5 Mlla, a ero temneparypa
t; =27°C. [JlaBneHue cxaToro Bo3ayxa B IUWIMHIAPE ABUraTelns p, = 3,5 Mlla.
OnpenennuTs TEOPETHIECKYIO CKOPOCTh aqra0aTHOTO MCTEUSHHS BO3IyXa U3
corwia (OpCyHKH.

3. Bo3ayx npu nasnenuu p; = 0,1 MIla u temneparype ¢ = 15°C BbiTe-
KaeT u3 pesepByapa. OnpeaennTb 3HaUCHUE AABICHHS p,, IPU KOTOPOM TEO-
peTuuecKas CKOpocTh aanabaTHOTO MCTEeYeHHs OyIeT paBHa KPUTHYECKOH, U
BEJINYUHY 3TOH CKOPOCTH.

4. OnpenenuTh TEOPETUUYECKYI0O CKOPOCTh HCTEUEHHs Mapa M3 KOoTjia B
atMocdepy. JlaBinenue mapa B xkotie p; = 0,15 MIla, crenens cyxoctu mapa
x =0,95. [Ipomecc pacmmpeHus mapa CIATaTh aAna0aTHBIM.

5. Jlns 0OMyBKHM TMOBEPXHOCTEH HArpeBa MApOBBIX KOTJOB MOJB3YIOTCS
TaK Ha3bIBAEMBIMU OOJYBOYHBIMU afMaparaMi, CHA0XCHHBIMH COILIAMH,
4yepe3 KOTOpble OOBIYHO MPOIYCKAIOT Map WU Bo3ayX. OnpeneiauTb AuaMer-
pbl MUHMMAJIBHOTO M BBIXOJHOTO CEUYEHMH COIUIa I 4acOBOTO pacxojia
1000 xr cyxoro HacbILIEHHOTO Iapa, €CIM €ro HadyajJbHOE JaBJICHUE
p1=2,1 MIla, a xoneuHoe — p, = 0,1 MIla. IIpouecc pacupenus napa npu-
HATHh aanadaTHBIM. HaliTi Tarxke TEOpPEeTHYECKYI0 CKOPOCTh MCTEUCHUs IMapa
M3 coIuIa.
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6. Ileperpetslif BOJsHON mMap ¢ HaualbHBIM JaBieHueM p; = 1,8 MIla u
temneparypoii t; = 450°C pacmmpsiercsi B coIuie Mo aauadaTte 0 JaBJICHHS
p2 = 0,1 MIla. KonnuectBo BbITEeKatomero u3 coruia napa G = 4 kr/c. Onpe-
JIeTIUTh MMHHMAJIbHOE CEYEHHE COIuIa M €ro BbIXoAHoe ceuyeHue. I[Ipouecc
pacImpeHns mapa B COIIIE CUUTATh aAnabaTHBIM.

KOHTPOJILHBIE BOITPOCBI

1. Kak ompenensiercs paboTa MpOTaNIKUBAHHS?

2. Kak 3ammchIBaeTcsl NMEpBBIH 3aKOH TEPMOAWHAMUKH U OOpaTHMOTO
a/71nabaTHOTO MOTOKA HEC)KUMAEMOH JKHJIKOCTH?

3. 3a cuer Yero NpoUCXOJUT YCKOPEHUE aiadaTHOro MOTOoKa?

4. Kakyo BeJIM4YMHY Ha3bIBAIOT pacroyiaraeMoi paboToii?

5. YTo Takoe KpUTHYECKOE NaBJICHHE NPH UCTEUEHUU ra3a 4depe3 CyKu-
BaloIIeecs como?

6. Kak onpenensercs KpUTHIECKOE OTHOIIECHHE JaBICHU?

7. Kak onpenensiercst CKOpOCTb 3ByKa M OT YEeT0 3aBUCUT €€ BeNn4nHa?

8. Kak onpenensercs cCKOpocTh 3ByKa HIEAIBHOTO ra3a?

9. Kak onpenensiercst uucio Maxa?

10. KakuM momkeH ObITh KaHAJI JUIsl YCKOPEHHS IOTOKA P J03BYKOBOM
Te4yeHun?

11. Yro npencrasisier coboii coruto JlaBans?

12. Kakue pexxumbl paboThI coruia JlaBasist Ha3bIBAIOTCS HEPACUCTHBIMU?

13. Kak onpenensiercst CKOPOCTHOI KOA((GHUIUEHT B Ipoliecce NCTEUSHUS
C TpEeHHEM

14. Yrto Takoe TemrepaTypa aquabaTHOTO TOPMOKEHHUS M KaK OHa OIpe-
nensercs?
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2. TPOCCEJIMPOBAHHUE.
IODEKT /KOYJA-TOMCOHA

2.1. JPOCCEJINPOBAHUE I'A30B U ITAPOB

OKCIepUMEHTAIbHO YCTAaHOBJIEHO, YTO €CIIM Ha IyTH JBMKEHUS rasa, Ia-
pa WM KUAKOCTH BCTPEYAETCS] PE3KOE CY)KEHHE IMONEePEedyHOro CeueHHs, TO
Mocje MPOXOXKACHUS 3TOTO CEYCHHUS UX JIaBJIeHHE yMEeHbIIaeTcs. JTO CBs3a-
HO C 3aTpaTaMM SHEPTUH MOTOKA Ha MPEO0JI0JIEHHE MECTHOTO COPOTHBICHHS.
O¢dexT naneHust gaBlIeHUs CTPyH pabodero Teia B MpoLecce MPOTEKaHHS
yepe3 CyKEHHs B KaHaJIe HA3bIBACTCS APOCCETUPOBAHIEM.

PaccMoTpum apmabaTHOe IpoccenMpoBaHME, NPH KOTOPOM K Taszy WM
KUIKOCTH TEIUIOTA HE MOJBOAMNTCS W HE OTBOAUTCS (CTEHKM KaHaia TEIlIo-
M30JIMPOBaHbl) M Ta3 HE COBEPIIAECT HUKAKOW IOJE3HOW TEXHWYECKOH pado-
Tel. BwiOepem nBa ceuenus 1 u 2 (puc. 2.1), B KOTOPBIX CKOPOCTh MOYHO
CUMTATh MOYTH OJMHAKOBBIMHU, TaK KaK CEUeHHE KaHama J0 U Mocjie Jua-
(hparmMbl HE U3MEHSIETCSI.

1 2
[ |
I p I 2
— | T, T, —
| I w,
| | -

w, I

Puc. 2.1. IpoccennpoBanue NOTOKA NPU TeYEHUH B KaHAaje ¢ 1uadgparmoii

B paccmarpuBaeMbIX YCIIOBHSX MEPBBIN 3aKOH TEPMOIUHAMUKU IJISI T10-
TOKa coriacHO ypasHeHUsM (1.13) u (1.17) mpumeT Buxg

w 2 w 2
Iy +—2— =i +—— 2.1
2 2
y'-II/ITI)IBaﬂ, YTO CKOPOCTHU NOTOKA Wi U W, MIPUMEPHO PaBHbI, UMCEM
I =iy, (2.2)

TO €CTh IPH aanadaTHOM JAPOCCENMPOBAHUN DHTANBINS pab0dero BEIIecTBa
HE M3MEHSETCH.

XoTs SHTANBINSA TOTOKA JI0 CYXXEHHUS U IOCIe HEro OIMHAKOBAs, B XOJE
JPOCCENMPOBaHUs OHA U3MEHsieTcsl. [IpH MpOoXOoXIIeHNH MOTOKA Yepe3 CyKe-
HUEC TPOUCXOOUT MAACHUE OaBJICHUA OT p; A0 p, , HOTOK YCKOPACTCA U €TI0
SHTAJBNHUS yMeHbInaeTca (mporecc 1-2' puc. 2.2). Ilocne cyXeHUs MOTOK
3aMEJIACTCA, €0 KMHETUYCECKAasA SHEPrust YMEHbIIACTCA, U 3a €€ CUCT DH-
TaJbIK BOCCTAHABIMBAETCS JI0 MEPBOHAUAIBHOTO 3HaUeHHUsI (TIporecc 2'-2).



S, s, S
Puc. 2.2. YcioBHoe n3o0pakeHue npouecca JpocceJHpOBaHus
HAa i, s - IHarpamMmme

Tak kak MOTOK aanuabaTHBIi, TO B HEOOPATUMBIX MPOIIECCAX TEIIOTA, BbI-
JICTSIFOLIASCS B pe3y/bTare JCUCTBUSI CHJ TPEHUS, TOJNHOCTHIO YCBAHUBACTCS
MOTOKOM U €r0 SHTAJIBIIHS HE H3MEHSIETCS.

[TOCTOSHCTBO DHTANBIIUK SIBJISETCS CBOMCTBOM IFOOOr0 00paTumMoro u
HEOOPaTHMOr0 FOPU30HTAIBLHOTO aJHMa0aTHOTO MMOTOKA MAJIOW CKOPOCTH, HE
COBEPIIAIOIIET0 TEXHUIECKON pabOoThI.

ITockoJBKY B Cily4ae WACANBHOTO ra3a PaBeHCTBY i, =i; BCErJa COOTBET-

CTByeT paBeHCTBO 1| = 75, TO U3 ypaBHeHus (2.2) clemyeT, 9To TeMIepaTypa
UJIeallbHOTO Ta3a MPH APOCCEINPOBAHUM HE m3MeHsercs. Ilpu mpoccenmpo-
BaHWHU PEAIbHBIX TA30B 3HTPOIUS M 00BEM yBEINYMBAIOTCS, JABJICHNE Tajia-
€T, a TeMIlepaTypa MOXET YMEHbBIIAThCS, YBEIMUNBATHCS WM JK€ B YACTHOM
CJIydae OCTaBaThCs MMOCTOSTHHOM.

2.2. JA®PEPEHIUAJIBHBIN JPOCCEJIbHBIA YODEKT

Omnbitamu [Ixoyns—ToMcoHa ObUIO yCTaHOBIIEHO, YTO B MPOIECCE IPOC-
CENIMPOBAHMS NP W3MEHEHMH JaBJIEHHs ra3a Ha OSCKOHEYHO Majlylo BellH-
YHHY dp TPOUCXOAUT OECKOHEUHO Majloe M3MEHEHHE TeMIIePaTyphI

dT, =a,dp . 2.3)

Bennunna a; HazbiBaeTcs au@gepeHUnaNbHBIM APOCcCeNbHbIM 3P dek-
Tom uin 3 dexkrom xkoyas—Tomcona. OHa xapakTepu3yeT CKOPOCTh U3-
MEHEHHsl TeMIepaTypbl raza NpH HW3MEHEHHMH NaBIICHUS NpH aauabaTHOM
JpOCCETMPOBAaHNH. 3HAUCHNE &; MOKHO OTPEJIEIUTh U3 yPABHEHUS:

5 1 €amp O
a, :?E% :Lérédig - V0. (2.4)
g c,eelle g
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W3 ypaBHenus (2.4) BUIHO, YTO JUlsl onpexaeneHus 3HadeHus quddepen-
LHAIEHOTO JIPOCCENIbHOTO 3 deKra a; He0OX0JUMO 3HATH TEMIIOEMKOCTb C,, U
ypaBHEHUE COCTOSHHS BELIECTBA, U3 KOTOPOrO MOXKHO HaWTH YacTHYIO Mpo-

v 6
U3BOJHYIO G——+

ell g,

VYpaBuenue (2.4) crpaBeIMBO Juis JHOOBIX BemlecTB. I[IpoaHanusupyem
9TO ypaBHeHHUe. Tak Kak TEIIOEMKOCTh Beeraa Oonbuie Hyss (¢, > 0), a mpu
JpoccenrpoBanun napieHue ymensinaercs (dp < 0), yaenbHbI 00beM BO3-
pactaet (dv >0) u anrebpauueckuii 3HaK TU(GHEPEHIIUATEHOTO JPOCCETBHOTO
a¢exra, a 3HAUUT, U dT, OYyOYT OTPEACTATHCS 3HAKOM BEIMINHBI

&0, 2.5)

Ecmu Benuuuna (2.5) paBHa Hyimo, 10 @; = 0, dT = 0 u apoccenbHbIi (-
¢exr He Habmomaercs. [loceHee UMeeT MECTO JUTS WCATBbHBIX Ta30B, TaK
KaK ISl HUX CIIPaBEIMBO BEIPAKCHHUE

oAv o %
Co—+F =—. (2.6)
ellg, T
IToxcrasnss BeipaxeHue a; = 0 B ypaBHeHUe (2.4), MOIydrM
0
EILL <o, @7
v g

TO €CThb WJCaNIbHBINA Ta3 JApoccenupyercsi 03 NU3MEHEHUS! TEMIIEPATyphI, 4TO
COOTBETCTBYET BBIBOJAM, CACTIAHHBIM B IPEIBIAYIIEM pa3zee.

Ecnu BenuunHa BelpaskeHud (2.5) MeHslie Hyis, To &; < 0, To ecTh Apoc-
ceNbHBIN A (deKT ABiseTcs oTpuIarenbHeIM. B aToM ciydae d7 > 0, To ecTh
B IIPOIIECCE JIPOCCEIMPOBAHMSA TEMIIepaTypa BellecTBa Bo3pacraeT. Ecim
BEJIMUMHA BhIpakeHus (2.5) Oosbie Hyms, To &; > 0 (xpoccenbHblii addekt
MOJIOKUTEINBHBIN), U TOT/Ia B TIpoliecce aanadaTHOTO JPOCCETMPOBAHMS TEM-
neparypa ApOCCEINPYEMOT0 BEIIECTBA YMEHBIIIASTCS.

Takum obOpazom addekt Ixoynas — ToMcoHa UMEET MECTO TOJBKO ISt
peayIbHBIX Ta30B, TaK KaK HAEANbHBIA ra3 Jpoccelupyercs 0e3 M3MEHEHUs
Temneparypsl. Kak moka3bIBaeT OMBIT, ISl OJJHOTO U TOTO e BEIECTBA 3HAK
mddepeHnmanbHOrO ApoccenbHoro 3ddexra a; oka3pIBacTCs pa3IMIHbIM B
pa3nuHbIX o0nacTsx coctostHus. CocTosHHME Ta3a, B KOTOPOM &; PaBHO HY-
JI10, Ha3bIBaeTcsl TOUKoi uHBepcuu >ddexra Ixoyns—Tommcona. ['eomer-
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pUYecKoe MeCTO TOYeK MHBEPCHU Ha JuarpaMMe COCTOSHMS JAHHOTO Bellle-
CTBA Ha3bIBAETCS] KPHBOI HHBEPCHH.

Touku Ha KpUBOW MHBEPCHU YIOBIETBOPSIOT ypaBHeHHIO &; = 0.

B xauectBe mpumepa Ha puc. 2.3 mpuBeJeHa KpuBas MHBEPCHM a30Ta B
p, T - nmarpamMMe. BHyTpu oOmacT, OrpaHMYeHHON KpHBOII HHBEPCHUH,
a; > 0, To ecThb r'a3 IpH APOCCENNPOBAHNN OXIaxaaerca. BHe aToif obnactn
a; <0, To ecTh TeMIIepaTypa ra3a IpH JPOCCEINPOBAHUN MOBBIIACTCS. AHa-
JIOTHYHBII XapakTep UMEIOT KPUBbIE JPYTUX BEIIECTB.

W3meHeHne Temmeparypsl raza B Ipolecce aauadaTHOro JpocceaupoBa-
HUA [IPY 3HAYUTENIFHOM IIepenaje TaBJICHUH Ha JIpoccelie Ha3bIBaeTCsl HHTe-
rpajbHbIM Apocceab-3Q)(PeKTOM; OH BEIUUCISIETCS U3 COOTHOLICHUS

P2
TZ - Ti = c‘ﬁidp’ (28)

Iz

rne 7y u T, — TemIeparypsl APOCCEIMPYEMOro BEIECTBa COOTBETCTBEHHO
Hepes ApoccerieM H 3a HAM.

WurerpanbHblil npoccenb-3QpGeKkT MOXKET JOCTHraTb BechbMa OOJIBLION
BeJIMUMHBL. Hampumep, npu aguabaTHOM JpOCCEIMPOBAHUM BOASHOTO Iapa
ot nmasienus 29400 klla (300 krc/cm?®) u Temmepatypst 450°C 10 naBieHus
98 Ila (1 krc/cm”) TemmepaTypa mapa ymeHbimaercs 10 180°C, To ecTh Ha
270°C.

OmnpejeneHue BeIMYMHBI HHTETPAILHOTO aanadaTHOrO japoccenb dddek-
Ta y/06HO BBINOJHATH C MOMOIUBIO [, | - JMArpaMMbl JIPOCCETUPYEMOTO
BeriecTBa (puc. 2.4).

p, Mlla
40 T
B I N
/ (HarpeB)
25

S
| \

10
5 I a,>10
0 ’(‘oxn‘amz‘[em‘/le)
-200 0 200 ¢ °C
Puc. 2.3 KpuBasi uHBepcHH a30Ta Puc. 2.4. i, T — nuarpamma

APOocCCeJIMPYyeMOro BeliecTrsa
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Ecnu u3BecTHO COCTOSIHUE rasza Hnepej ApocCeneM, TO €CTh €ro JaBJICHUE
p1 ¥ TeMniepatypa 77, 1 U3BECTHO JIaBJIEHUE 3a JIPOCCEIIEM p,, TO, HAHECH B i,
T - nuarpammMe Touky 1 ¢ mapamerpamu p; u 1| U Haiiisg TOUKY NepecedeHust
W303HTAIIBIIBI #; = const ¢ U300apoii p,, MOIydHM TeMIepaTypy 3a ApocceneM 75.

2.3. HIOTEPA PABOTOCIIOCOBHOCTH BOJAAHOI'O ITAPA
IPU JPOCCEJIMPOBAHUU

Kak s Besikoro HeoOpaTHMOTo Ipolecca, IpH IPOCCEIUPOBAHKE MPO-
HCXOIUT TOTepsl pacroynaraemMoi pabdotel. M3 puc. 2.5 BHAHO, YTO Tapy B
HayalbHOM COCTOSIHHHM (Touka 1) ¢ mapamerpamu p;, T3, i}, U s, IpU paclIu-
pennu o aguabare 1-3 10 maBieHUs p, COOTBETCTBYET pacroyiaraeMasi pa-
00Ta, paBHasl pa3HOCTH dSHTaNbNUN i) — i3 = /. Ecam ke Ha myTH napa nocra-
BUTH JAPOCCEIIb, TO B PE3yIbTaTe APOCCEIUPOBAHUS €TI0 MapaMeTPphl U3MEHST-
cs (Touka 2) U CTaHYT PaBHBIMU p,, 15, iy, §;. Ilpu 3TOM, pacmmpssce mo
anmabare 2—4 110 TOrO K€ AABJIEHHS Py, Hap COBEPILIUT YACIBHYIO PaboTy
i —iy = b, xoTOpas MeHblIe, 4eM /| B lepBoM ciy4ae. [lotepu paboTocmo-
COOHOCTH Iapa B pe3yIbTaTe COCTaBsIT

DI=l -1y =iy-iy- (iy- iy) =iy - i (2.10)

i

Puc. 2.5. IToTepsi pa6oTOCIOCOGHOCTH NApa MPH IPOCCETHPOBAHUS

UYem cuiibHEE JPOCCEIMPOBAHKE Mapa, TeM OOJIbIIE OTEPH ero pacroa-
raeMoi paboThl.

3AJIAUU

1. ITap npu gaBnenuu p; = 1,5 Mlla u crenenu cyxoctu x = 0,85 apocce-
smpyetcst 10 p, = 0,1 MITa. OnpenennuTs KOHEUHYIO CTENIEHb CyXOCTH Mapa.
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2. JIo Kakoro JaBiicHHs HEOOXOJAUMO IPOCCEITUPOBATH Map MPH JAABICHUU
p1 = 5 MIla u crenenu cyxoctu x = 0,9, 4T00bl OH CTal CyXHUM HACBIIICH-
HBIM?

3. ITap npu gasnenuu p; = 1,5 Mlla u crenenu cyxoctu x = 0,85 apocce-
mupyetcs A0 p, = 0,75 MIla. OnpenenuTs COCTOSIHUE TIapa B KOHIIE JAPOCCe-
JIMPOBAHUS.

4. ITap npu pasnenuu p; = 10 MIla u #; = 320°C nppoccenupyercs A0
p2=73 Mlla. Onpenenuts napamMeTrpbl KOHEYHOI'O COCTOSIHUSI M U3MEHEHHE
TeMIIepaTypsl Hapa.

5. OrpaboTaBiuuii nap U3 NapoBol TYpOMHBI OCTYIAET B KOHAEGHCATOP B
KomdecTBe 25 T/4 mpu maBneHnu p, = 0,004 MIla u cremeHu cyxoctu
x=0,9. OnpenenuTs TUaMeTp BXOAHOTO MaTpyOka KOHIEHCATOPA, €CIIN CKO-
pocth mapa B Hem w = 100 m/c.

6. BonsiHoit map npu nasnenuu p; = 1,6 MIla u Temnepatype ¢ = 220°C
Japoccenupyetca a0 p, = 1 Mlla. Onpenenuts TemnepaTypy mnapa B KOHIIE
JpocceIMpOBaHUs U U3MEHEHHUE Neperpena mnapa.

7. JlaBneHne Bo3ayxa NpH JBHXKEHHH €ro 10 TPYOONpPOBOLY IMOHMKAETCS
BCJIEICTBUE MECTHBIX compoTuBieHuit ot p; = 0,6 MIla no p, = 0,5 Mlla.
Hauanbnas Temnepatypa Bosnyxa t; = 20°C. OnpenenuTh U3MEHEHUE TEeM-
HepaTypbl U S3HTPOIIMU B pacCCMaTPUBAEMOM MpoIiecce.

KOHTPOJILHBIE BOITPOCBI

1. Kak HaspiBaeTcst 3((eKT majeHns NaBlIeHUs] CTpyH pabodero tema B
nporecce MPOTEKaH!s Yepe3 CY>KeHHUs B KaHaie?

2. Kak m3MeHsieTcsl TeMIeparypa HAealbHOTO Ta3a IpH APOCCENUpOBa-
HuK?

3. B uem oTin4ue mporecca ApocceaupoBaHus OT Ipolecca TpeHsA?

4. Kax u3meHsieTcst TemMIeparypa B Ipoliecce JPOCCETUPOBAaHUS PeanbHO-
ro raza?

5. Uro Ha3biBaercs adexrom J[xoyns—Tomcona?

6. Uto xapakrepusyet nuddepeHInanbHbIi TpoccesbHbli dddert?

7. Kak w3mensiercst Temneparypa, eciau JuddepeHInanbHblid ApOCcceb-
HBII 5QEKT SIBISIETCS OTPULATEITBHBIM?

8. Uto Ha3pIBaeTcs Toukol mHBepcuu 3ddekra xoymsi—Tomcona?

9. Yto Ha3wpIBaeTca KpuBoit mHBepcuu dddekra Jxoysi—Tomcona?

10. Yro Ha3BIBaeTCS HHTETPATBHBIM IpOcceTb-3pPeKToM?
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3. MAHIUHBI JJIAA CIKATHUSA I'A3A

3.1. XAPAKTEPUCTHUKHA 1 TUTIBI KOMIIPECCOPOB

Kommpeccopom HasbiBaeTcs MallMHA Ul CKATHA ra3a ¢ 00A3aTeIbHBIM
OXJIaKICHUEM Ta3a BO BpeMs WM mociie cxatusa. Kommpeccopsl xapakrepu-
3YIOTCSI CTENEHBIO MOBBILICHHS AaBJICHHS € (CTENEHBIO CXKATHs), PABHOU OT-
HOIIEHHUIO aOCOMIOTHOTO JABJICHUS Tra3a Iocie CKaTHs K JIaBJICHHUIO IO CKa-
THSL:

ey 3.1
)4

OOBIYHO JUISI KOMITPECCOPOB CTerneHb cxxatus € > 1,15. O0bemHas nmoxaya
KOMITpEccopa OTpeeNseTCs IPU YCIOBHUAX BCAChIBaHMA, TO €CTh Ha BXOJIE B
KoMrpeccop (0OOBIYHO 3TO aTMOC(HEPHBIE YCIIOBHS).

Knaccudukauuss no npuHOMIY AEHCTBUS M 00JIaCTh NPHUMEHEHHS KOM-
MIPECCOPOB PA3IUYHBIX TUIIOB IpUBe/eHa Ha puc.3.1.

| JluHamdeckue O0bnacTh NpUMEHEHHsI KOMIIPECCOPOB
] (TypOoxomITpeccopsl) g
11 \
E— 1000 AN
Ientpobexnbie| | Ocebie 100 4 _
. i -
10 P IREN W
YAV e D 1: :
a 3 1 TTT TTTT TTTt 3\\\\ 4
3 02 10 100 10 10
3 O, m'/c
9
3
S [ O0beMHbIe
l
[ [ \ |
[TopmHeBsle PoropHsie Bunrossie | |MemOpanHble
T (I1aCTMHYATBIE) !
b
1| oSV P

Puc. 3.1. Knaccupuxauus no npuHuumy aeicTBus
1 00J1acTh NPHMEHEeHHs] KOMIIPeccopoB
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B ounamuueckux xomnpeccopax paboyue HOJIOCTH MMOCTOSHHO COEHMHE-
HBI C BXOJIOM U BBIXOZIOM, 4 JIaBJICHHUE B CPEJIE MOBBIIIAETCS 32 CUET MEXAHU-
YeCKOW SHEprud, MOoJBOAMMON K paboyeMmy kojecy. VX mpeumyniecTBo B
BO3MOXKHOCTH paboThl ¢ OOJBIIMMHU pacxojamu. HemocraTku — HEBO3MOXK-
HOCTH CO3/IaHus OOJBIINX JIaBJICHUH, 3aBUCHMOCTD CO3/[aBa€MOT0 JaBJICHHS
OT XapaKTEPUCTHK CETH PacXxoja Cpejbl, BOZMOKHOCTb MOMIIaXKa — CKayKo-
00pa3HOTO U3MEHCHNUS JAaBICHHS Ha BBIXOJIE, KOTOPOE MOKET BO3HUKATH MPH
MAaJIOM PacXoJi€ U BBI3bIBACT THAPABINYECKUE YAAPDI.

B yenmpobesicnvix koMrpeccopax JIONACTH 3aKPETUICHB! Ha BPAIIAOIEM-
cs mucke (pabodyeM Kolece), cpesia IOAAeTcsl B LIEHTP pabodero koseca B
HaIpaBJIeHHUH, MapalyIeIbHOM €ro OCH, U 10J[ IeHCTBHEM IIEHTPOOEKHBIX CHII
BBIOpAchIBAETCS B CIMPAIBHBIA OTBOJIHOIM KaHall MEXIYy JUCKOM M KOPILy-
COM, HalpaBJIeHHWE MOTOKa MpH 3TOM u3MeHseTcss Ha 90°. B oceBbIX KOM-
IIpeccopax JIONACTU 3aKPEIUICHbI Ha BTYJKE I10J HEKOTOPHIM YIJIOM, Cpela B
HUX HE U3MEHSET HAIPABIICHUS JIBUXKCHMS, KOTOPOE MPOXOIUT MapaJlIeIbHO
ocu pabouero koisieca. ¥ OCEBBIX KOMIIPECCOPOB HEMHOTO 0oJiee BBICOKHI
pacxon ¥ HU3KOE CO3/1aBaeMOE JIaBJICHHE, YEM Y IEHTPOOEKHBIX.

JelicTBue 06vemubix KOMIIPECCOPOB OCHOBAHO HA NMEPHUOANIECKOM H3MeE-
HEHUH 00beMa paboYMX MOJIOCTEH U UX TTO0YEPETHOM COCIMHEHUH C BXOJIOM
U BeIXOZOM. [IpenMymiecTBO OOBEMHBIX MAIIMH 3aKIIOYAETCS B CO3AaHHU
BBICOKMX IABJICHHH, HE3aBUCHUMOCTH CO3/aBacMOr0O JaBICHUS OT pacxona
Cpe/bl ¥ XapaKTepHCTHK CETH, OTCYTCTBHH aBTOKoJeOaHui (mommnaxa). Ho
BCe OOBEMHBIC MAIMHBI XapaKTEPU3YIOTCS HEOOJIBIIMMHU PAaCXOAaMH CpeEJIbl
U CHOXHOW KOHCTPYKLUEH, HAIMYUM CMAa3KU U 3arpsi3HEHUIO €10 CIKaTOro
rasa.

B nopuwnesvix komnpeccopax o0beM MEHSETCS 3a CUET JBHXKEHHUS MOPII-
H B paboueM LIMIMHApPE, BIYCKHOW M BBIIYCKHOW KJIallaHbl OTKPBIBAIOTCS U
3aKpBIBAIOTCS ABTOMATHYECKH IOJ JEWCTBHEM PA3HOCTH JABIECHUI BHYTPH
pabotuero MUIMHAPA M B BCACHIBAIOIICH M HarHeTaTenbHOM JuHMAX. [Topm-
HEBBIE KOMIPECCOPHI ABISIOTCS CAMBIMU YKOHOMHYHBIMH, TaK KaK UX KOHCT-
PyKImsi 03BoJIsIeT 3P PEKTHBHO OXJIaXIaTh a3 Mpu CkaTud. bombmM He-
JOCTaTKOM TaKHX MAIIMH SBIIAETCS: HalIWYWE KIIarmaHoB (KpaiiHe HEHaIex-
HBIX 3JIEMEHTOB KOHCTPYKINH); HU3Kas MPOHU3BOIUTEIHFHOCTD B M3-32 HEBBI-
COKOM 4yacToTe Xoja IOpIIHS; IyJbcalys JaBJICHUs Ha BbIXOJE; HEOOXO0IH-
MOCTh HCIOJIb30BaHHMS MAacCHUBHBIX (YHIAMEHTOB /sl rallleHus BHOpaluH,
BO3HHUKAIOLIEH MpPU JABMKEHHH MAaCCHBHOTO MOPIIHS; OOJIBIINX TrabapuTax u
Mmacce.

B nracmunuamovix pomophvix KOMIPECCOpax BO BPAILAIOLIEMCS MaCCHUB-
HOM POTOpE B IIPOPE3U BCTABJICHBI IJIACTUHBI, KOTOPbIE, OT)KUMASICh LIEHTPO-
OeXHBIMH CHJIAMHU K KOPITYCy, IIepeMemaioT cpeny. Mx mpeumMymectsa — B
BBICOKOM 4acTOTE BpallleHHs, MAJIbIX Pa3Mepax U Bece, paBHOMEPHOU Mojayue
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CKaToro Trasa, OTCYTCTBUM KjamaHOB. HegocTaTku — CI0XKHOCTBH KOHCTPYK-
IIMM ¥ PEMOHTA; HEd((PEKTUBHOE BHYTPEHHEE OXJIAXKACHHE, CICICTBUEM YEro
SBJISIFOTCA BBICOKHME 3aTpaThl SHEPIMM Ha CXKaTHE U BBICOKAas TeMIlEpaTypa
BO3/yXa Ha BBIXOJIE.

B sunmoswix HarHeTaTensx cpena MEpeMemiacTcsl B MEXBUTKOBOM IPO-
CTPaHCTBE BHHTa B HHX OTCYTCTBYIOT KJIAIlaHbl, OHM BBICOKOOOOPOTHBIE,
obyazatoT MansMu rabaputamMu u Maccoil. Ho ux pabora conmpoBokmaercs
CHJIBHBIM IIIyMOM, OHH OY€Hb CJIOKHBI B M3TOTOBJICHHH M OOCIY)KUBaHUH,
MOT'YT paboTaTh 5SKOHOMHUYHO TOJIBKO B OTHOM PEKHME

Membpannvie komnpeccopsl OOBIMHO MPUMEHSIOTCS B XUMUYECKOM IIPO-
W3BOJICTBE JJISL CXKATUSI arpECCHBHBIX T'a30B WM IPU OUYEHb MaJION mojadve.
Yacto MeMOpaHHBIMH KOMIIPECCOPAMU OCHAIIAIOTCS ra303a00pHBIE CHCTEMBI
B ammnaparype ra3oBOro aHalN3a MPOMBIIIIIEHHBIX Meuei.

Hawubonee pacnpocTpaHeHHBIMHU B ITPOMBIIUICHHOCTH SIBJISIFOTCSI TIOPIIHE-
BbIE M LIEHTPOOEKHbIE KoMIpeccopsl. [Ipy HE0OOXOIMMOCTH CO3JIaHUs BBICO-
kux nasienuid (3...20 MIla) wim npu HeOONbIIOM MOTPeOJIICHUH BO3oyXa
(menee 10 M’/c) HCTIONB3YIOTCS MOPIIHEBBIE KOMIIPECCOPHI. LIeHTpoGeKHbIe
M OCEBBIE KOMIIPECCOPHI UCIIONB3YIOTCA TIPH CO3/1aHUH AaBieHuid 1o 1 MIla
u moTpeGneHnn Bo3myxa ceeume 10 M’/c. B mociemmee Bpems Bce darie
MPUMEHSIOTCSI BUHTOBBIE KOMIIPECCOPBI, KOTOPbIE XapaKTepPHU3YIOTCsSl CO3/ia-
BaeMBIMHU OOJBIIUMH JaBleHUSIMHU 1 BeIcOKuM KII/I.

OObIUHO A1 NMPHUBOAA KOMIIPECCOPOB HCIONIB3YIOT CHHXPOHHBIE AJIEK-
TPOJIBUraTENIN C YaCTOTOW BPAIIEHHS: JUISl LIEHTPOOEKHBIX KOMIIPECCOPOB —
1500...3000 o6/muH; must nopuiHeBbIX — 125...750 06/MuH. ACHMHXpOHHBIE
JIBUTATENN UCIIOJIB3YIOTCA JUIsI KOMIIPECCOPOB Maloi MpOU3BOJUTENBHOCTH.
Komrmpeccopb! 60IbII0H MOIIHOCTH OCHAIIAIOTCS TIPHBOIAMH — TYpOUHAMHU.

3.2. TEPMOJUHAMMNYECKHUE IMTPOLOECCHI CXKATHUA

Teopus cxaThsi OCHOBaHA Ha YPaBHEHHWH COCTOSIHHS Ta3a M IIEPBOM 3aKO-
HE TePMOJWHAMHKH. Y paBHEHUE COCTOSHUS UMEET BHI;
— 17 uAeadpHOTO ras3a (mpu gaBieHun MeHee 10 MITa)

p=rRT wm pv=RT; 3.2)
— 17 peanpHOTO Ta3a (npu qasneHnu ceoimre 10MITa)
p =2zl RT, 3.3)

IJie p — IaBlieHue; I — INIOTHOCTh; R — ra3oBas 1nocrosiHHasi; 7 — abcooTHas
TeMIlepaTypa; v — OTHOCHUTEINIBHBIH 00beM raza (v = 1/r); z — koaddument
CKMaEeMOCTH.
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l'a3opas nocrosHHas R BhIpaKaeTcs yepes U300apHyIO ¢, U U30XOPHYIO C,
TEIIOEMKOCTH: R = ¢, — C,, WK Y€PE3 MOIIAPHYIO Maccy M ¥ yHUBEPCAILHYIO
ra3oBYIO IOCTOSIHHYIO: R = 8,314/M.

OHepreTHyeckuil OaaHc Mpolecca CKaTH OMHMCHIBACTCS HEPBBIM 3aK0-
HOM TEPMOAMHAMUKH, ONPEICIIAIOIMM 3aKOH COXPAHEHUsI SHEPTUU NIPU U3-
MEHEHHUH COCTOSIHUS Ta3a:

dQ=dU+ dL =dU + pdv=dh —vdp, 34

rie dQ — Konu4ecTBO MO/ABEICHHOrO WIN OTBEICHHOro Temna; dU — u3MeHe-
HHe BHYTpeHHeH sHepruu; dL — paboTa, coBepuiaemas ra3zom; dh — u3mMeHe-
HHE SHTAJIBITNK Ta3a.

[ycte a3 cxxumaeTcs OT AaBleHUA p; (Touka 1) 10 JaBIeHUS p,, a 3aTeM
OXJIAXKJACTCSl IIPH IOCTOSHHOM JaBJICHHU P, 10 HCXOIHOM TeMIlepaTyphl
(rouka 3). Paccmorpum Haumboniee XapakTepHBIC HPOLECCHI CKATHI — H30-
TEPMUYECKUH, aradaTHBIN M MOTUTPOIHEIH (puc. 3.2).

2u=3 2' 2a 2"
Q—Q—=0

Py

S v
Puc. 3.2. [Ipoueccel cxkatusa B 7, S U p, v - Ainarpammax:
1-2u — u3oTepMuUecKoe cxxarue; 1—2a — aauabaTHOE CKATHE;
1-2'u 1-2" — monuTponHOE cxKATUE

HS’OW!@])MU‘!@CKO@ corcamue

IIpu oTBOZE BCEro BBLAETSIONIETOCS B MPOIIECCE CHKATUs Teria TeMIepa-
Typa ra3za HE U3MEHSETCS, TO €CThb MPOUCXOJUT M30TEPMHUYECKHH IMPOIecC.
YpaBHEHUE C)KaTHs UMEET BUJL

g =const wimm pv=const. 3.5)
Uzotepma B T, S -nmuarpamMmMe u300paxaeTcsi TOPHU30HTAIBHOMN JTHHUCH.
Aouabammnoe cocamue

AnnabaTHBIM Ha3bIBa€TCS INPOLECC IPH OTCYTCTBHH TEIUIOOOMEHA C OK-
pyXxarotieit cpeoi. Y paBHEHUE aladaTHOTO CHKATHSI UMEET BUJT
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L

PF const Wi pv = const. (3.6)

CBs13b MEXy IaBICHUEM U TEMIICpaTypoi B MpOLecce NMEET B

_k_
&: 261{71
P éé;_lﬂ ’ (3.7
nim
k-1
T2:T1‘e k . (38)

B TIPUBEACHHBIX BBIPAKCHUAX k — mokazarenb aZ[I/Ia6aTI>IZ

C
k=—%. 3.9)
Cy
IToka3arens aZ[I/Ia6aTBI HUICAJIbHBIX I'a30B OHpeZ[CJIﬂCTC?[ YUCJIIOM CTENEHEN
CB060,I[LI MOJICKYJIbI f HUJIN YUCJIOM aTOMOB B MOHeKyJIC a:

2 .
at+?2

2
k:1+j_f:1+ (3.10)
J1st uaeanbHBIX OJIHOATOMHBIX Ta3oB k= 1,67, JIBYXaTOMHBIX Ta30B
k=1,40, tpexaromubix ra3oB k= 1,33. Iloka3aTenp aanadaThl peabHBIX
ra3oB CJIEIYIOIIMA:

A30T Ny o, 1,41
APTOH AT ..o 1,667
Bomopom Hy.ooovevveeiiniieiiiciene 1,408

Bogmsnoii map HyO.....coveeenenne 1,33

........ 1,40

........ 1,66
Kucnopon Oy .coevveneveieiiene 1,398
Metad CHy.ooooonvveeeeiieeeieeees 1,315
Oxkcup yranepoaa CO ................ 1,401
Vraekucisiii raz CO, ............... 1,305

B T, S -nuarpamme agmabaTHOE C)KaTHE H300pakacTcs BEPTUKAILHOU
JINHUEH.

Honumpomtoe corcamue

Peanpno IpoHecc CKaTus MPOTEKACT IO ITOJIUTPOIIE (T. €. HpOI/ISBOHLHO).
YPaBHGHI/IC ITOJINTPOITHOTO CKATUA UMECT BUI!

'r% =const wim pv"=const. (3.11)
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I[aBﬂeHI/Ie nu TeMHepaTypr B HOHHTpOHHOM Hpouecce CBsI3aHbI OTHOIIIC-
HUEM
n
an—1
Dy _gapgn !,
p1 eng

(3.12)

500040
n—1

T2:T1'e n, (313)

IToka3aTenb MOJUTPONBI BBIPAXKAETCS Uepe3 TeIJIOEMKOCThb Ta3a ¢ U Tel-

JI0EMKOCTb IIPH TIOCTOSIHHOM JIABJIEHUH C, ¥ TIOCTOSIHHOM 00BEME C,:
n=—2. (3.14)
c- ¢

3HaueHHe IMOKa3aTelsl MOJUTPOIBI /7 NMPU CKATHH Ta3a B KOMIIPECCOpax
nexxut B npegenax 1...1,8. PasmuuaroT mpouecchl ¢KaTusi ¢ UHTEHCHBHBIM
oxnaxnaeHueM (n < k), XxapakTepHbIe Ui 00BEMHBIX KOMIIPECCOPOB, U TPO-
neccsl 0e3 oxnaxaeHusa (n > k), XxapakTepHbIe UId TUHAMHYECKAX MAIlHH.
IIpn n < k nuawMst nomurtpomnsl B 7, S -AnarpaMme JIEKHUT CIIEBA OT BEPTHUKAIb-
HOM JINHUY aJuabaThl, IpH 1 > k — cripaBa OT aguadathl. AIuabaTHBIN U U30-
TEPMUYECKUI IMPOIECChl MOXKHO paccMaTpUBaTh KaK YacTHbIE CIydad IO-
JIMTPOITHOTO MPOLIECCa COOTBETCTBEHHO MpU n=kun = 1.

M3MeHeHHe TEIUIOTHI Ta3a B TEPMOIMHAMUYECKOM IPOLIECCE OMpeesieT-
csl yepe3 IUIOUIAAh KPUBOJMHEIHON Tpaneuuu B 7, S -auarpamme, orpaHu-
YEHHOU CBEPXY JMHUEH Ipolecca:

dQ = TdS. (3.15)

Temnora Q,, OTBOIUMAs OT Ta3a Mpu cxatud (puc.3.3).
2

0.= | 1ds, (3.16)
1

a 0OTBOAMMaAs OT raida IpH1 OXJIAXKJACHUN Qx

3
0.= [1ds. (3.17)
2

3.3. PABOTA CXKATHUA

Pabora xommpeccopa 3aKiIro4aeTcs B CXKAaTUHM CPEAbl U €€ yIaleHUH M3
paboumx nojocTeil B HarHeTaTeNbHbIN ra3onpoBoj. [loaToMy 3aTparsl SHep-
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TuM B HEM OIIEHHBAIOTCA IO pacronaraeMoit padbore cxkarus L,, paBHOM 3a-
TpaTaMm Ha C)kKaTue U rnepeMelneHue (BriTecHeHne) raza (puc. 3.4).

dL,=Vdp, Ix, (3.18)
UJIK IO yJeNBHOM pacnonaraeMoil padoTe /,, OTHECEHHOM K 1 Kr raza:

dl, = v dp, Jlx/xr. (3.19)

PaGora BbITECHEHNMA
T P obbema v,

p
2 2

P>

2 Pabora

3 cxarnsa
I AN\ A1 P

STo, !
S Va ‘I’l v
Puc. 3.3. Tensiota, oTBOIMMAs OT rasa Puc. 3.4. PaGora npu c:katuu rasa

Pacnonaraemas pabota mpouecca cxaTus [, Ha p, v - IMarpaMMe paBHa
wiomaam 1—2—d—e—1, orpaHnYMBaeMoil IMHUEH CoKaThsl U n300apaMu p| U p;
(puc.3.4), To ectb

2

2
b= Jvdp = pwa—pm— [pav. (3.20)
1 1

PaccmoTpuM pacrionaraemyro paboTy CxKATHSI [T PA3IHYHBIX TPOIIECCOB.
Hzomepmuueckuti npoyecc
[pu H30TEPMUUECKOM CKATHH
PV = Ppivi = pava, (3.21)

P
: 3.21
p (3.21)

y=

OTCIOZ[a YAebHas pacriojiaracmas pa60Ta N30TEPMHUYIECKOIO CKATUA lm

2
d
la= S pi —f=pm (Inp,—Inp) =pvy 1nl’j—j. (3.22)
1

Hcnone3ys ypaBHeHHE uaeabHOTrO ra3a piV; = RT| u creneHp cxaTtus
€= p,/p;, IMeeM
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lis=RT Ine (3.24)
Tonumponuwiii npoyecc
YpaBHeHue npouecca UMeeT BUL
pV'=pwvi. (3.23)
Brigensst ynenbHbINH 00beM, IMoTydaeM

v:p}/" wp (3.24)

3HauwuT, yAeNbHAs pacrnoiaraeMas paboTa MOJUTPOITHOTO mpoliecca /,

oo 1 ?1_ " |20
L = p/"w fpi "dp = p/"v - nl T
1 |
o gl als n Ggmd— 0
_n_lpl Vi X ) _pl g_n_lplvlgaglg _1H9
Niin
L n—1 o L n—1 o
L="""pv g‘e 12 TRy ge 12 (3.25)

W3 ypaBHEHUs COCTOSHUS MIEANBHOIO rasa p = RT MOXHO IOIY4YUTH

r T
% = I’_2 XTT , @ HUCIIONb3YSl ypaBHEHHE IOJIUTPOIIBI % = % nMeeM
1 1 | )
T -1
T2 = %8 n . IloaTomy
1
n ..
=P VI%— 18. (3.26)

n—1
IloncraBuB B nocnennee ypaBuenue pivy =RTiyu T, =T " , noiydaem
pacroynaraeMyto padoTy MOJIUTPOIHOTO CXKATHUSI, BEIPAKECHHYIO Yepe3 Xapak-
TEPUCTUKH C)KHUMAEMOTO Ta3a U €r0 TEMIIEPATYpy 10 M MOCIIE CXKATHS:

n
h=—7R(T:- T). (3.27)

Pacuer BenmumHEI pacnosiaraeéMoil paboThI MPH PA3INYHOM CTENEHH CHXKa-
TUS IPUBEJIEH Ha puc. 3.5.
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300
n=1,64
§ n:]w >/
200
% —
! 100_ n:l ,2
£ n=1
0
4 7 10 €

Puc.3.5. Pacnosaraemasi pa6oTa MoJIMTPOITHOTO C:KATHS BO3AyXa (n = 1 cooTBet-
CTBYET H30TepMHUYECKOMY npoueccy, # = 1,4 — atuaéaTHomy)

Kax BunHO u3 puc. 3.5 nokaszatenpb n, ONpeneiasieMblii HHTEHCUBHOCTBIO
OXJIaX]ICHHSI Ta3a MPH CIKATHUH, 3HAYUTEIIBHO BIUSCT HA paboTy cokatust. s
e = 8 paboTa cxxaTHs B IICHTPOOEKHOM KOMIIpeccope Iipu # = 1,6 B cpeaHeM
Ha 20...30% BsIlIe, 4eM B IIOPIIHEBOM KOMIIpeccope npu n = 1,2.

3.4. KIIJ1 1 MOIIHOCTB KOMITPECCOPA

Ipu cxaThu ra30B U3MEHSETCS MX CHOCOOHOCTh coBepiaTh padoty. ITo-
ne3Has pabota, mepenaBaemas rasy, IMEpeXOOUT B PalOTy CKATHA U 3aTeM
YaCTUYHO BO3BPAIACTCS IPH PaCIINpPEHHH Ta3a.

Hust oneHKH > GEKTHBHOCTH BHYTpEHHEHW pabOTHI KOMITPECCOPOB IIPH-
MEHSIETCSl OTHOIIICHHE 3aTPaT SHEPTHH B ACUCTBUTEIEHOM H 3TAJIOHHOM TIPO-
neccax. s ckaTHsi ¢ HHTCHCUBHBIM OXJIaXKICHHEM (OOBIYHO 3TO OBIBaeT B
00BEMHBIX KOMIIpeccopax), Koraa n < k, STalOHHBIM SBIISIETCS N30TEPMUUC-
ckuii mporecc. [ Takux mpoieccoB Ucmob3yercst nzorepmuueckuii KIT/I:

h,, = ll; , (3.28)

i
rae /,; — pacnonaraeMasi paboTa U30TepMHUYECKOTO Tporiecca; /; — coobrmae-
Masl Ta3y SHeprus IpH YCIOBHH OTCYTCTBHS MOTEPh B OKPYKAOIIYIO CPEAy,
T. €. pacnonaraemas pabora aguadarHoro npouecca: /; = ¢,(T, — T1) . Tak kak

B 00BEMHBIX KOMIIpECCOpax KHHETHUICCKAs SHEPIrUsd y raza OTCyTCTBYET, TO

_ RTllne

hm_cp(TZ_Tl).

(3.29)

st xoMmpeccopoB 0e3 oxJakAaeH!s (0OBIYHO 3TO AMHAMIYECKUE MAaIllH-
HBI), TJIe 7 > k, STAJIOHHBIM MPOILECCOM MOXKET CIY)XUTh KaK U30TepPMHUYC-
CKHH, Tak u anuabaTHeiid. Anuadaraeiid KI1J] umeeT Bu

*

Ly
ha =" (3.30)

.
rne l,, — pacnonaraemas paborta npu aauabaTHOM IIPOLIECCe, PACCUMTHIBAC-
Mas C MCII0JIb30BaHHEM TEMIIEpaTypbl TOPMOXKeHHs T*:
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Bl
ko, &7 0 kil
—~——RT,ee -19 k
k-1 e -1 h
c,(T,- Ty) @(’j_l et
er, g

rze o, — K03 GHUIHEHT, XapaKTEPU3YIOIIUI OTEPH TEMIA B OKPYIKAIOILYIO
cpeny. OH paseH 0,97 mig HEOOMBPIINX HEHTPOOEKHBIX KoMIipeccopos, 0,98
— IUTS KPYITHBIX IEHTPoOeKHBIX KomrpeccopoB 1 0,98 ... 0,99 — mns oceBBIxX
KOMITPECCOPOB.

Temneparypa TOPMOXKEHUSI onpedeisieT TEMIIEPATypy Tasa IpH IOJHOM
npeoOpa3oBaHUU KMHETUYECKOI SHEPTUH B TEIIOBYIO:
h* u’

:C_p:T+2_cp. (3.32)

Rax= (3.31)

Jlist oueHKH paboThl HEOXJAXKIAEMBIX (IMHAMHUYECKHX) KOMIIPECCOPOB
MOXET HCMoJb30BaThess monutponusiii KIIJ h,, paccuntsiBacMmblii uepe3
pacriojiaraeMyto paboTy TMOJIMTPOIHOTO CXKATHS M XapaKTEPU3YIOIIUA BHYT-
pEeHHHE TIOTEPH SHEPTUH B KOMIIPECCOPE.

Takke B KOMIIpeCcCOpe  CYLIECTBYIOT  MEXaHHYEeCKHE  IOTepU
(mexanmgeckuii KITJ[ h, » 0,93...0,98). MomHocTs N, BT, mogsogumas K
KOMIIpECCOpY, OIpeaeseTcs CIeAYIOIUM 00pa3oM:

— yepe3 anuabaTHbI wim nonmutponHbiid KITJ (ams muHaMH9eckux KoM-
TIPECCOPOB):

Ml Ml
_ 22 lan _ 2
N={hoi Nephhe (3.33)

— gepe3 m3otepmuueckuit KITJ (a1 0OBeMHBIX W THHAMHYECKHX KOM-
MIPECCOPOB):
Ml,,

N =hohy

(3.34)
rac M — maccoBas rnoJavda KoMmmnpeccopos, KF/C.
3.5. OXJIAJKJIEHME TA3A B KOMIIPECCOPE

Ecmu mpu cxxaTuu ra3 OXJIQXIAaeTcs, TO YMEHBIIAaeTcs paboTa cxkarus,
Tak Kak mpoliecc npubmmkaercs: K uzotepmudeckomy (cm. puc. 3.5). Kpome
TOTO, OXJIKAEHHE ra3za BO BPEMs WIN IOCIIE CKaTHsi HE0OXOIMMO MPOU3BO-
JIUTh U3-332 BBICOKOW TeMIepaTypbl ra3a, KOTOpas MPUBOJHUT K YBEIUUCHHIO
ero o0beMa, a 3HAYKT, U K YBEIUUCHUIO TPEHHS B KOMIPECCOPE U ra3omnpo-
BoJie. B mopuiHeBbIX KOMIIpeccopax TeMIeparypy ra3a HaJllo CHHXKATh elie U
JUIS IPEJIOTBPAIICHUS BO3TOPAHMUS CMa304HOTO MAaCIa.
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B kommpeccopax NPHUMEHSIOT CIIOCOOBI OXJIaXJICHUS, TPEJICTABICHHBIE
Ha puc. 3.6.

Buyrpennee Buemnee KomoOnnupoBannoe
ras
ra3
o) (= L = (U] e
B - L—T
- -/I\ = [U]]= + +
= I
- + + BHCIITHCC
oxJIaXIeHUe
t oXJIaXxK1aroras
OXJIaJKAQFOILast BOJIA BHYTpEHHEE
BOZA OXJIAKICHUC
IIpenBapurennHoe

Bnpsick BoabI ras
o |\
&f -/I\ ) - Fﬂjl -»-»

BOJa XJIaareHT

Puc. 3.6. CxeMblI 0XJIa:KA€HHSI KOMIIPECCOPOB

1. Buympennee oxnascoeHue — OXJIaXICHHE BOJOH UM BO3IYXOM CTEHOK
KoMmIpeccopa. KOHCTPYKTHBHO BBINIOJNHSETCS B BHIE OXJIaXaaromend pyoari-
KM Ha KOpITyce KOMIIpeccopa WM B BUJIE CIICLMANBHBIX ITOJIOCTEH B KOPITyCe.

[lpu BHYTpEeHHEM OXJIAXICHHU II0OKAa3aTeNb IIOJUTPONBI 71 CTAHOBHUTCS
HIDKE MOKa3aTens aauabarbl k. OOBIYHO OHO MCIOJB3YETCS IS 0OBEMHBIX
MalliH, B KOTOPBIX CKOPOCTh Ta3a HEBBICOKAS M JOCTATOYHO BPEMEHH s
nepenayy Teria. B AMHaAMUUECKHX KOMIIPECCOpax BHYTPEHHEE OXJIKICHHE
HC TMPUMCHACTCA H3-3a CJOXHOCTH KOHCTPYKIUHM IIPpHU OXJIAXKICHUHN Bpa-
Hiaroierocs: paboyero Koseca, O4eHb HU3KOH 3(Q(PEKTUBHOCTH TPH OXJIax-
JIEHUU KOpIIyca, YXYAIICHHs adpOJMHAMHUYECKHX XapaKTEPHUCTHUK KOMIIpEC-
copa BCIEICTBHE KOHCTPYKTHBHBIX M3MEHEHHH, HEOOXOAUMBIX JUIs UHTCH-
cu(UKAIMU TEeIUIONepejayt, a TakXKe M3-32 KOHICHCAIMH BJIard M3 BO3IyXa
IPH €T0 OXJIAKICHUH.

2. Brewnee oxnasicoenue — OCYIIECTBISIETCS B CIICHUAIBHBIX XOJIOHIIb-
HHKax II0CJIe KOMIIPECcopa WM €ro CTyleHH. [Ipy BHEIIHEM OXJIaXKICHUH
TeMIepaTypa ra3a CHIDKAeTCsl NPAKTHYECKH N0 MepBoHadanbHOH. Kpome
TOr0, KOHGHCHpYyeMasl Bllara MOXET OBITh JIETKO Y/aJleHa U3 XOJIOMIIbHHUKA.
IIpumensiercs i1 IMHAMHUYECKUX KOMIIPECCOPOB.

3. Kombunuposannoe oxiadcoeHue — COUYETaeT BHEIIHEE W BHYTPECHHEE
OXJIaXK/IeHHE, OOBIYHO UCIIOJIB3YETCS U1l OOBEMHBIX KOMIIPECCOPOB.

4. Ilpeosapumenvhoe oxnadicoeHue OCYIIECTBISIETCS B XOJOAWIbHHUKAX,
PACIIONIOKEHHBIX TIepes KoMmmpeccopoM. [IpuMeHseTcss mpu BO3MOXXHOCTH
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3HAYUTEIBHOTO CHW)KEHMSI TeMIeparypbl rasa. MlHorna oHo He0OXOJUMO 110
OKCIUTYTAllMOHHBIM TMpPUYUHAM, HAIPpUMEP MNPHU CXKATUU TOpAYUX Tra30B WIN
NPU CXKATHH TPUPOIHOTO Ta3a JUls TPAHCIIOPTHPOBKU B I'a30IpPOBOJAX, MPO-
JIO’)KEHHBIX B pailoHax BeyHOU Mep3noThl. Criocob 6osee clokeH, YeM BHEII-
Hee OXJIXK/ICHUE, TaK KaK TpeOyeT HaJIU4Us XOJIOANUIbHOM YCTAHOBKH.

5. Oxnadicoenue nymem GnpbICKA HCUOKOCMU B CKUMAEMbIl ra3 mepen
KOMITPECCOPOM, TPH HCIAPCHUH KOTOPOI CHMIKASTCs TemIepaTrypa rasa.
Beenenne Bomsl B 00beMe 1% OT MacChl CKUMAaeMOTO BO3AyXa CHIDKAeT
Temneparypy rasa Ha 25 °C. OfHaKo, 3TOT CIoc0o0 MPUBOAUT K YBIAXKHCHHIO
rasa, 4ro SIBJISETCS €ro INIaBHBIM HEJOCTaTKOM. Takxke ra3 He MOXKET OXJia-
JIATBCSI HIKE TEMIIePATyPhl UCIIAPEHHS YKUIKOCTH.

Ilo cmocoOy OxJaxIeHHs KOMIIPECCOPHI BBIMOJHSIOTCS C BOJASHBIM U
BO3JYIIHBIM OXJIaXJIeHHeM. [ 0CcyapcTBeHHBIN cTaHAapT TpeOyeT M3rOoTOB-
JICHUSI KOMIIPECCOPOB C BOJAAHBIM OXJIAXKACHUEM, HO MAJIOMOIIHBIEC U TI€pE-
JABHUKHBIC KOMIIPECCOPHI U3TOTOBJISAIOTCA U C BO3AYHIHBIM OXJIAKICHUEM.

[IpuMeHeHre OXJIAXIEHUSI YCIOXKHSAET KOHCTPYKIHIO KOMIIPECCOPOB M
TpeOyeT JIOTOJIHUTENBHBIX 3aTpaT Ha MepeKayKy OXJIaXIaroled BOJbl. JKO-
HOMHYECKU [EJIECO00Pa3HO MPHUMEHSTh OXJAXKICHHUE MPH CTENEHHU CHKATHS
€> 3 sl CTalOHAPHBIX KOMITPECCOPOB U € > 5 JUIsl IepeABHIKHBIX.

3.6. MHOT'OCTYIIEHYATOE C)KATHE
Paccmotpum ammabatHBI mporiecc CkaTusi, MPOTEKAIOIUH B OJHOCTY-
nmeHyaToM Komrpeccope (puc.3.7, nuHUS 1-2) W B IBYXCTYIIEHYaTOM KOM-

Ipeccope ¢ MPOMEKYTOUHBIM OXJIaXJCHUEM (JHUS 1—c—d—20).

T

P>

N S

Puc. 3.7. MHorocTyneHyaroe c;kaTue

OdeBHAHO, YTO BO BTOPOM CiIydae Ha C)KaTHE 3aTpayMBaeTCss MEHbIIE
JHEPIruu, S3KOHOMUS paBHA Iwomaau ¢—d—2'-2. UeM OoJble CTymeHeH, TeM
JIMHUS TIpoIecca OJIMKe K U30TepME M TeM MEHBIIIE Pacxo]] YHEPTHUHU Ha CiKa-
tue (puc. 3.7). Iloaromy BbICOKO# 3()(EKTHBHOCTBIO 00aJal0T MHOTOCTY-
MeHYaThle KOMIIPECCOPHI C BHEIIHUM OXJaxkaeHueM (puc.3.8).
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TZ TI‘
%

IepBas IIpomexxyTounslii Bropas Konuesoit
CTyNEHb  XONMOAWIBHHK  CTYME€Hb XONOAUILHUK

+_\]

Puc. 3.8. Cxema ABYXCTYNEeHYATOr 0 KOMIIpeccopa

KonuuecTBo cTymneHeil cxxatus m 3aBUCUT OT BO3MOXKHOU CTETEHH CxKa-
THSI B OJTHOU CTYNCHU €. J[J1si MOPIIHEBBIX KOMIIPECCOPORB & £ 7, ISt IICHTPO-
OeXXHBIX — €» 1,4, mig oceBoix — €» 1,1...1,3.

Tak kak BO BHEUIHMX XOJIOAWJIBHHMKAX ra3 OXJIAKJAETCS MPaKTUYECKU J0
NEPBOHAYAJILHOM TeMIepaTyphl, TO MIPOLECCHl BO BCEX CTYINEHAX KOMIIPECCO-
pPa MOKHO CUHUTaTh aHAJIOTUYHBIMU. [103TOMY CTENEHb MOBBIILIEHUS JaBJICHUS
€ B KOMIIPECCOPE C m CTYNCHIMU

€=€66..6,»¢. (3.35)

OTCIO}Ia TOBBIIICHUE TaBJICHUA B CTYIICHU:

e» e, (3.36)

a KOJIMYECTBO CTyINeHed m (IpH M3BECTHHIX OOIIEH CTENEeHW MNOBBIICHHS
JIaBJICHUSI € U CTEIICHU TIOBBIIICHUS! B OJJHOM CTYIIEHH € ) MOKHO OIPE/IEINTh
0 YPaBHEHHIO:
Ine
m=7__" 3.37
ne (3.37)
HenocratkoM MHOTOCTYIEHYATBIX KOMIIPECCOPOB SIBIISIETCS CIIOKHOCTH
KOHCTPYKIMU M TIOTEPH JaBJICHHS] B KOMMYHHUKAIIUIX.
Ha puc. 3.9 npuBoaurcst cpaBHeHne pabOThI CKATUS IIPH Pa3HOM KOJIHYe-
CTBE CTYNEHEN CHKaTHs

210
=®
~
g
R S
§§(180_ —
<]
g 1
0 ]
£ 150

1 2 3

KonunuectBo ctynenei

Puc. 3.9. PaGoTa npu MHOroCTYyNeHYaTOM C3KATHHM Bo31yXxa (€= 9):
1 — u30TepMHUUECKOE CoKATHE; 2 — HOAUTPOIHOE CokaTHe npu n = 1,2

Tak, B NOpUIHEBOM KOMIIPECCOPE UCIIOJIb30BAHHUE TPEX CTYNEHEH CoKaThs
BMECTO OJ[HOI ITO3BOJISIET IKOHOMUTE OKOJIO 10% 351eKTpO3HEprUH.
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3.7. PACUET PACXO/JIA BOJbI HA OXUVIA’KAEHUE
Pacxon Bombl Ha oOxJaxAeHHE rpadMyYecKd PpacCUHUTHIBACTCS IO
T, S - nuarpamMme. PaccMOTpuM mpoIiecc CKATUSL C OXJIKICHUEM DPabOdYmMx
MOJIOCTEH M KOHEYHBIM XOJIOJMJIBHHKOM, TO €CTh BHYTPEHHHM W BHEIIHHM
oxmaxnaeHueM (puc.3.10). B aTom cirygae gacTh Tema g, OTBOAUTCS OT KOp-

Myca KOMIIPECCOpa, YacTh TEIUIA ¢y — B XOJIOJMIBHHUKE, a 00I1ee KOJIMIECTBO
OTBOJMMOM TEIUIOTH ¢ = gx + ¢..

T\, p; Ty, p, 75, p,

jus IO CKaThIA

}, b BO3MYX
OXJIaKIaro1as

BOJA (q,)

BO3/1YX

t v
7 "

OXJIAXKAaroLas

Puc. 3.10. Oxnaxkaenue raza B KoMmipeccope

Komnuuectso OTBOHHMOﬁ TCIJIOTBI TOJLKHO COOTBETCTBOBATH YBCIIMYCHUIO
TEIUIOTHI Ta3a npu cxatuu. [loatomy B 7, S - AuarpamMmme OHO PaBHO IUIOIIA-
J1 KPUBOJIMHEWHOH Tpamnelunuy, OrpaHiIMBacMOl CBEPXY JIMHUEH IIpoLecca.

IIponece /-2 (MOAUTPOMHOE CXATHUE B KOMIIPECCOPE 10 AABICHUS p;)

2
T, + T
go= J TdS » T52(S,- ). (3.38)
1

IIponece 2—3 (u300apHOE OXJAXKACHUE A0 TEMIEPATypbl, IPUHUMaeMOn
paBHOI TeMIiepatype rasza nepej cxxatuem 1)

3
g.= J 145. (3.39)
2
I'paduueckoe ompeseneHre KOJIMYESCTBA TEIUIA HE Bcerma ymoOHO u 00-
JIaaeT HEBBICOKOM TOYHOCTHIO.

Pacuemnvim nymem YyBEIINUYCHUE DHTAJBIINA Q ONpencisICTCA 10 U3ME-
HCHUIO TCINIOEMKOCTH C:

q :fc dT, JIx/xr. (3.40)

[Ipn ycnoBum ¢ = const noxydaem
2

ge=—[cdT=c(I,~T) (3.41)
1
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wm ¢ yuetoM n = (¢ — ¢,)/ (¢ — ¢,) u k = ¢,/c, momydaem

-n l1—-nlk
qc:n_ lcv(TZ_Tl) = n-1 cp(TZ_TI)' (342)
Tak kak nuHus 2—3 — u306apa, To
3
g =— [ cdT=c(T,~Ty). (3.43)

2

Jns agumabaTiHyeckoro ckaTws, XapaKTEpHOTO Ui OCEBBIX KOMIPECCO-
POB, KOJIMYECTBO TEIUIOTHI, KOTOPOE HY>KHO OTOOpaTh y rasa, COrJIaCHO Iep-
BOMY 3aKOHY TEPMOJMHAMUKH, PABHO PACIOIAraeMoi padoTe /,.

Temnepamypa cocumaemozo eaza T; Ha BXOJEe B KOMIIPECCOP OOBIUHO
paBHa TeMIiepaType OKpY)Kawlled cpeibl, Ha BXOJIe BO BTOPYIO M TOCHe-
IYIONIYIO CTYNIEHH — TeMIIepaType rasa I3 Mocje XOJOAWIbHUKA MPeabIay-
LIeH CTyIeHH.

Temmeparypa ra3a 1mocie cKaTus OnpeaeseTcs 0 YpaBHEHHIO CKATHS

n—1

L,=Tie". (3.44)

Temneparypa raza mocijie XOJOJWIbHUKAa B cpeaHeM Ha 5...°C Bblwe
TeMIIepaTypsl ' TETIIOHOCHTENSI TIOCIIE XOJOAMIbHUKA. TakuM o0pazom, mpu
BOJSIHOM OXJIQXXKJIEHUM TemrepaTypa 73 Ha 25°C Bbllle TeMIepaTypbl OKpy-
JKAIOMIETO BO3/yXa, TAK KaK TEMIIEpaTypa BOAbI MOCIE TPAAUPHU WIN OpBI3-
raTeNIbHOTO OacceifHa, HCIOJIb3yeMOTo Ul OXJIAXKACHHUS 00OpOTHOM BOJBI, B
cpenaeM Ha 10°C Belle TemmepaTypsl OKpy>Karomieil cpesbpl, a B XOJI0AUIb-
HHKe BOJIa B cpefiHeM HarpeBaetcs Ha 10°C.

ITokazarens nonutponsl # pasex 1,2...1,25 nia nopuHeBsix u 1,5... 1,62
JUISL IEHTPOOEKHBIX KoMIpeccopoB. Jliist Bo3gyXa U30X0pHas ¢, U n3obapHas
¢, TEIJIOEMKOCTH IPUHUMAIOTCS KAK CPEJHEE MEXKIY UX 3HAYEHHMAMH B Ha-
YaJbHOW M KOHEYHOH TOUKaX.

Pacxoo 600vl G, onipezienseTcs 10 ypaBHEHHIO

__0
=y (3.45)

IJie ¢, — TEMI0eMKOCTh Bojibl, Df = " — {' — pa3HOCTh TemmepaTyp BOJBI 10 U
nocie oxnaxnaeHus. OObrgHO 115t Beex kommpeccopoB Dr =10 ... 15°C.

INomygaemast pasmepHocTh pacxona G, — KI' BOABI/KI BO3[yXa, IIO3TOMY
9TO 3HAYEHHE OOBIYHO NEPEBOJAT B YIENbHBIA pacxond Gy, OTHECEHHBIH K
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1 M’ OTydyaeMOro Bo3yXa M B CEKYHIHBIA HIH 4acoBOil pacxon Q,, HEoO-
XOJIMMBIH J1J1s1 BEIOOpa Hacoca:

Gy ::—: G, M 0, :%M: G0, MVe  (3.46)
rze I — IVIOTHOCTh T'a3a Ha BXOJE B KoMIpeccop; I, — INIOTHOCTb BOABI, M U
O — MaccoBast 1 00beMHas 110/1a4a KOMIIPECCOopa.

Pacxon BoApl Ha OXJaXIEHHE KOMIIpECCOpa €CTh CyMMa pPacXoioB IO
BCEM OXJIKAAIOMINM KOHTypaM (OXJIXKIAIONIIMM pyOamrkaMm M XOJIOJUIbHU-
KaM JUIS MOPIIHEBBIX KOMIIPECCOPOB M XOJOAMIBHUKAM ISl THHAMHYECKUX
kommpeccopoB). OH coctapmser 4,5...5 e s KOMIIPECCOPOB MaJIOil Ipo-
HW3BOJIUTEIIFHOCTH U 3,5...4,5 7/M° — GONBIION [IPOU3BOUTENBLHOCTH.

3.8. ”HAUKATOPHAS TUATPAMMA
IHOPIIHEBOI'O KOMITPECCOPA

OCHOBHBIMH 3JIEMEHTaMH TIOPITHEBOTO KOMIpEccopa SABIAIOTCS padounit
[UITHHIP, MOPIICHb, BCACHIBAIONINNA W HArHETATENBHBIN KiTamaHbl. [ aBHOe
OTIMYHE KOMIIPECCOPOB OT IOPIITHEBHIX HACOCOB — OTCYTCTBHE KIIAIIAHHOU
KOpOOKHM, TaKk Kak HaJM4ue MPOCTPAHCTBA, OCTAIOIErocs Ipu KpaiHeM Io-
JIO)KEHHUH TIOPIHS (Ha3bIBAEMOTO0 «MEPTBBIM ITPOCTPAHCTBOMY) CHHXKAET d(-
(eKTHBHOCTH PabOTHI KOMITpEccopa.

WHnukaTopHO# AMarpaMMoi Ha3bIBAaeTCsl M3MEHEHHE JIaBJIeHUs] B pado-
4YeM [UJIMH/PE B 3aBUCUMOCTH OT ToJIoKeHus nopiuHs. OHa nzo0Opaxaercs B
KoopauHatax p, V (mamnenue, o0bem pabodero mwinHapa). Teoperuueckas
WHIUKATOpHAs IuarpamMma mpezacraBieHa Ha puc. (3.11). Ha mmarpamme
MOJKHO BBIJICITUTD CIICAYIOIIHE OOBEMBI:

Vony— 00bEM paboyero LMUIMHIPA;

V, —pabounii 06beM, onpenenseMplii ceueHHeM pabodero UUINHAPA U
X0JI0M TOpIIHS X (PacCTOSTHUEM MEXIy €ro KpaitHHMH ITOJI0KEHISIMA);

V'« — MepTBOE MPOCTPAHCTBO, OCTaroIIeecs B paboueM IWIMHPE PU KpaitHeM
TIOJIO’KEHHH TIOPIIIHSI, YTO HEOOXOIMMO sl M30€XKaHHs1 yiapa MOPILHS O KPBIIIKY;

Ve Viarn — OOBEMBI BCACHIBAEMOTO M HATHETAEMOT'0 BO3/IyXa (MX COOTHOIIIE-
HUE OTpe/IeNIsIeTCsl AABICHUAMU U TeMIIepaTypaMy BCaChIBaHUsI U HATHETAHHUS).

I[Ipu pabore KoMmmpeccopa TPOUCXOAAT  CJIEAYIOIIHE  IIPOLECCH
(puc.3.11):

1-2 — cxxatue rasa oT 00beMa V), 10 MOMEHTA OTKPBITHS HAIHETATENEHO-
TO KJaraHa, KOTOpoe MPOUCXOUT IO MouTporie rpu # » 1,35;

2-3 — momaya ra3a 00beMOM V', C TaBICHUEM p», TIPOLIECC NU300apHEIA;

3—4 — pacmmpenne raza ¢ 00beMOM V) 10 MOMEHTa OTKPBITHS BCACHI-
BAIOIIET0 KJIanaHa, IPOUCXOAUT M0 MONUTpoIe npu 7 » 1,2;

4—1 — BcaceIBaHHE Ta3a 00bEMOM V. TIPH TIOCTOSTHHOM JIaBJICHUH D1 .
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Puc.3.11. Cxema u TeopeTnuyeckasi HHAMKATOPHAs JHArpaMMa
MOPLIHEBOro KoMIpeccopa

JHeiicTBuTenpHas WHAWKATOpHas auarpamma (puc.3.12) orimyaercss oOT
TEOPETHYECKOW M3-32 WHEPUUH KIIANIaHOB, N3MEHEHMS MOKA3aTelsl MOJIUTPO-
OBl [IPU CXKAaTHUM W PAcIIMPEHNH, M3MECHEHNH JaBJICHUS W TEMIIEpaTyphl Tasa
IpU BCacklBaHWM W HarHeTaHun. OHa cHUMaeTcs Mpu paboTe KOMIpeccopa

WHIUKATOPOM MOIIHOCTH (puc. 3.13).

p| 3 2 3
2 4
1 i}
o=
5
N
4V 1=
. Puc.3.13. UnAMKATOP MOLIHOCTH:
Puc. 3.12. Jleiicrau- 1 — pabourii IMIKMHAP, OPIIEHD U OTKUMAKOIIAS
TeJbHAsi HHAMKATOpHAs MpYXXUHA MHIUKATOPa; 2 — Bpalaromuiics 6apa-
AuarpamMma nopuHeso- 6aH camoruca; 3 — MUIIyIIEE YCTPOICTBO; 4 —
o kommpeccopa peMeHHas YMEHBIIAONIAs Mepeaaua Mex1y oapa-

06aHOM caMOIHCIa ¥ IPHBOIOM MOPIIHS; 5 — pa-
0ouMii IMIIMHAP HAacoca
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B TOPHIHEBLIX KOMIIpECCOpax IpU YBCJIWYCHUN CTCIICHU IMOBLIIICHUSA
JIABJICHUS € TI0Ka3aTeNb MOJUTPOIIBI CKATHS PAcTeT, MPUOIMKAICh K TI0Ka3a-
Teno aauadatsl k (puc. 3.14).

n

1 671
B L k=1,67
14/ k14
K / / L

Y ———
Wz Iﬁli,33

10 20 30 40
Puc.3.14. Iloka3aTeb HOJUTPONBI CKATHS 1 MOPIIHEBOr0 KOMIIpeccopa

B cpemHeM [uist BO3/myxa MOKas3aTelb IOJUTPOIBI CKaTHsl B MOPIIHEBOM
uuMHApe pased 1,2...1,25.

3.9. MOJAYA U MOIIIHOCTD
IHHOPIIHEBOI'O KOMITPECCOPA

IMomaua mopIIHEBOro KOMIpPEccopa MeHbIe 00beMa padovero UIUHIPA,
TaKk KaK YacTh XOJa MOPIIHS HMCHOJb3YeTCsS I CXKATUS Tasza JI0 JaBJICHHS
HATHETAaHUs] WM €ro PAaCIIUpEHHs] 10 JaBJcHUs BcackiBanus. Ha momauy
KOMIIPECCOpa TAKXKE BIMSIOT BEJIMYHUHA MEPTBOTO MPOCTPAHCTBA M CTEICHb
[IOBLIIIEHNS 1aBJICHHUS.

BenuurHa MEpPTBOrO MPOCTPAHCTBA XapPAKTEPU3YETCs €ro OTHOCHTEIb-
HBIM 00BEMOM a':

Vi
a=Tpr (3.50)

OTHOCUTENBHBII 00bEM MEpPTBOTO MPOCTPAHCTBA HAXOAUTCS B CIIEIYIO-
IIUX TpesieNnax:

JUTSL OTHOCTYTIEHYATHIX KOMIIPECCOPOB . . . . . .. ... . a=20,03...0,006;
JUTSI MHOTOCTYTIEHYATBIX KOMIIPECCOPOB:

— CTYIIEHH HU3KOTO JABIEHMS .« . . « v v eoeveene . a=20,06...0,12;
— CTYIIEHH BBICOKOTO JABIECHMS . . . o oo vv v a=0,12...0,18;

— TIp¥ IPIMEHEHUH KOMOMHAPOBAHHKIX Ki1anmaHoB . . a = 0,05 ... 0,08.

OtHomeHne 00beMa BeachiBaHus V, K paboueMy oObeMy V, Ha3bIBaeTCs
00BbeMHBIM KO3 durmeHToM |

lo= Vel Vy. (3.51)

Benuuunst a u | , B3aumocss3ansl. [Iponece pacimupenus raza 3—4 (cMm.
puc. 3.13) IpONCXOAMT MO IOJUTPOIIE 10 MOMEHTA OTKPBITHSI BCACHIBAIOIIE-
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ro KJamaHa, I03TOMY MEXIy o0beMaMH BO3JlyXa /3 B Haualle [IUKJIA HarHe-
TaHus (Touka 3) U 00beMOM V; B MOMEHT OTKPBITHSI BCACHIBAIOIIETrO Kiara-
Ha (TouKka 4) CyIIECTBYeT CBsi3b, BhIpaKAeMas ypaBHeHHeM p,Vs=p V.
O0beM Bo3ayxa V3 paBeH 00beMy MEPTBOTO IPOCTPAHCTBA, U €r0 MOXKHO
OIpeJIeuTh uepe3 00beM padouero UUIMHApPA V, U BEIHMYUHY MEPTBOTO
HpOCTpaHcTBa a. Takum obOpaszom,

Vi=Vse"=a v, e (3.47)

W3 puc. 3.11 Bugno, uro V. =V, + V, — V4, nostomy

Vo+V,+Vy V,+aVi-ae™V
|0:p . 4 _Ur avp-a LI (3.48)

p VP

lo=1-a(" —1). (3.49)

Takum 00pazom 00beMHBINH K03 unMeHt | , yMEeHbIIAeTCsI IPH YBEIH-
YEHHH OTHOCHUTENILHOTO 00beMa MEPTBOrO IPOCTPAHCTBA U MOBBIIICHUH CTe-
TICHU CXKATHSA €.

Koaddumment | , onpenenser Teoperndeckuii 00beM BCackBAEMOT0 BO3-
ayxa Vy=1,V,, To ecTs momady kommpeccopa. JleHicTBHTEIbHEIN BCackIBae-
MBIl 00beM OyZeT MEHbIIe 3-3a HarpeBa rasa IMpu BCAChIBAaHUU OT KOpITyca
KOMIIpEccopa M yTeueK BO3[yXa. JTH MOTEPH YYUTBHIBAIOTCS TEPMHUUECKUM
k03hdunmentom | , u ko duipenrom repmerudHocty | . PeanbHblit 00beM
BCACBIBAEMOT'0 BO3/yXa onpesessercs koddGuiueHToM nogauu | :

L =1,0,1, (3.50)

O6bryno | ,=0,7...0,9;1 ,=0,9...0,95; 1 .= 0,95...0,98. TemneparypHbIii
k03¢ dunmeHT MoXxeT ObITh ompeeneH no Beipaxenuto | .= 1,01 — 0,022e,
IJIe € — CTEIeHb MMOBBIIICHUSI ABJICHHUS B OJHON CTYIICHH.

ITomaua nopmHeBoro Kommpeccopa Q uMeeT BUA

D2
0= Vyny=1 p4—Xnnp, (3.51)

rae X — xon nopuHs; D — AuaMeTp NOPIIHS; My, — 4acTOTa Hacoca (KOJu4e-
CTBO IIMKJIOB BCACHIBAaHUSI U HATHETAHUS B €MHUILY BPEMEHH ).

WNupukaTopHyto (BHYTPEHHIOW) paboTy L; MOXHO OIPENSIUTh M3 MHIH-
KaTOpHOH muarpaMmsl (puc.3.15.) mo mromanu 1-2-3—4:
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L;= Si34, K, (3.52)

a YJICIbHYI0 UHIUKATOPHYIO Pa0OTy MOXKHO ONPEACIUTh C Y4ETOM MAacCChl
CIKMMAEMOT0 Ia3a, paBHol m = M/ny, unn m = V/n:
=L

l; JIx/xr. (3.53)

L n
:Mnnp iVa

WupvkaTopHas (BHYTPEHHSs) MOIIHOCTH JV;, meperaBaeMas rasy B KOM-
peccope, UMEET BUJL

N,=Mxl, Br. (3.54)

Puc.3.115. Onpenesienne paGoThl N0 HHANKATOPHON JHArpaMMe

[Ipu npuOIIMKEHHBIX pacdyeTax BIUSHHEM MepPTBOTO o0beMa (mHUS 3—4)
MOJKHO TIpeHeOpeyh W CUMTATh 3aTpadrBaeMyr0 pabOTy paBHOW pacmojarae-
Moii pabote L., nporecca 1-2:

e~ 0
Li» Lia=piV; g? -1 ] (3.55)
rae, cornacHo puc.3.11, Vi =V, =V, + V,=(1 +a)V,.

B neiicTBUTETHPHOCTH 9acTh paboTHI /5., BO3BpAIACTCS TIPH PACIIHPEHUN
raza (l;.4 < 0), PHEpPTUs TAKXKE TPATUTCS HA MPEOJIOJCHUE COMPOTUBIICHUIA
nipu BcackiBaHuu DL, 1 HarHeTanuu DL,

L[:Ll_z + L3_4 + DLBC + DLHarH- (356)

Pabora, 3aTpaunBaecMas Ha C)KaTHE W PACIIMPEHHE ra3a, Ha3bIBACTCS HO-
MUHAJIBHOI WHIUKATOPHOH paboToil:

2 4
Luw=Lia+Lyy= [Vdp+ [Vdp . (3.57)
1 3
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Taxk xak L3_4 =— L4_3, TO LHOM = L1_2 - L4_3.
CormacHo YPaBHEHUIO ITOJIUTPOIIBI,

n- 1 = '
n n ;
Li,=piV 1 g? no- 1% Lys :P1V4n|_ &€ - 18 (3.58)

TZie 1 ¥ 1' — TI0Ka3aTeld MOJIUTPOIIBI IIPOLIECCOB CXKATHS M PACIIHPEHUSL.

[Ipn cxarum ra3 HarpeBaeTcs, a MpU PACIIUPEHUH OXJlakaaeTcs. Temre-
paTypy CTEHOK KOMIIpeccopa MOKHO NPHHATH MOCTOSHHON M PaBHOM cpen-
Hell Temneparype raza. Takum oOpa3oM, B Hadane mpouecca cxatus (Todka
1) u B KOHIIE Ipoliecca pacuMpeHus (Touka 4), Temreparypa ra3a HIKe TeM-
nepaTypbl CTEHOK IIIMHIpPA, MO3TOMY, TEIUIO OTJAeTCs OT CTEHOK Trasy, U
NOKa3aTeNb IMOJMUTPOILI MEHbIe ToKasarens aauabarel (n < k). B koHue
cxatus (Touka 2) U B Hauane pacmupeHus (Todka 3) Temmeparypa rasa Bbl-
1€ TEMIIEpaTypbl CTEHOK, M MOKa3aTelb IOJUTPONBI OOJbIIEe IOKa3aTels
anmabartsl (n > k). B cpenHeM MOXXHO NPHUHSATB, 4TO 12 » 1' » k, 1 TOTAa

L )
Luw =1 = V) i GBF - 1% (3.59)

Tak kak corsacHo puc. 3.11

Vi=V4= Ve, (3.60)

k 1 .
Luow =7 Veep & - 12 (3.65)
i1 p

WK ¢ y4eToM Beipaxenus (3.53)

k 1 .
how =77 RT: ?7 19 (3.65)
g

HPH 3TOM JUIsl a7iuabaTHOTrO Ipolecca

TO

lo=1-a(e™-1). (3.61)

[orperHocTs onpeaeneHust Lyoy (fion) TP ITOM BBI3BaHA TEM, YTO IaB-
JIeHHe B Hayalle BCAChIBaHMS M HarHeTaHWs OTJIMYaeTcs OT p; M pp. Ho or-
KJIOHEHHE He Oy/eT npeBbIaTh 3 ... 4%.

[lotepu sHepruu npu BCAachbIBAaHWM W HAarHETaHWW OIPENEISIOTCS 00be-
MOM rasa V' u conportusieHreM Tpakta Dp, KoTopoe MOXKHO BBIPa3HTh B BHIE
nos d OT JaBieHus rasa:
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DLBC = @BC VBC = dBcpl VBC; (362)
DLHarH = Dpﬂam VHarH = dHarH P2 VHarH- (363)

B paborax A. K. MuxaitnoBa npuBoasrcsi GOpMyIbl Ui pacdeTra Kodd-
¢dunmenTos d:

rou’ rou’
Ohe = 0,108 53%  Chay = 0,0457 532 (3.64)
p] p2
WM JJIsT HOBBIX KOMIIPECCOPOB MOBBIIIEHHOW 3 KOHOMHYHOCTH
rou’ rou’
dBc = 0,021 0,25 5 dHarH = 0,009 0,25 ° (365)
p] p2

rae U, - CpegHsAs CKOPOCTh IOPIIHS, M/C; [ — INIOTHOCTh ra3a HpH HOp-
MaJIbHBIX YCJIOBHSIX; p| U p, — JIaBJIieHUE B paboveM LMJIMHAPE MPH BCachIBa-
HUM U HarHeTaHuw, [la. B xadecTBe naBieHuil p; U p, MOTYT OBITh MPUHATHI
JaBJICHUsI HA BXOJIE B CTYIEHb KOMIIpeccopa M Ha BbIxoJe n3 Hee. OOBIYHO
d.. £ 0,05, dyorw £ 0,1

[Jasnenue p, n o0beM V,,,, HarHETaeMOro BO3/yXa MOXHO OMPEEIUTh

M0 YPaBHEHHIO aiMabaThl, B pe3yJibTaTe Mojydyacm
k1

DLBC + DLHarH = Vsc p]g%sc + duarﬂ eT(_)’ (366)
2
k-1.x
DlBC + DlHa]‘H = RTl ?BC + dHaFH eTQ (3'67)
(%]

C yd4eToM BceX COCTAaBILSIIOLUIMX YZAEIbHYIO BHYTPEHHIOI paboTy /; U
MOIIHOCTH V; KOMIIpeccopa MOKHO ONPENENUTh CIEAYIOIMM 00pa3oM:

k-1

- 19+ dBc+dHarHe k H: ]v[:liMa (368)
(%] u

1,-—RTI§%§%

rae M — maccoBast mojava.
MomHOCTh Ha Bajly Komnpeccopa N yYUTHIBA€T MEXaHUUECKHE MOTEPH:

k1
k

N
N="> (3.69)
hy
rae h, — mexanmyeckuit KI1J[. [y ONMO3UTHBIX KOMIPECCOPOB OH pPaBeH

0,92...0,96; nnsa BeptukanbHbix — 0,90...0,95; A58 MambIX KOMIIPECCOPOB U
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npu Gonpiioi crenenu cxarust — 0,80...0,85; 1 mapoBbIX OpSAMOAEHCT-
Byromux kommpeccopos — 0,85 ... 0,95.

MOIIHOCTh TaKXe MOXET OBITh OIpejeNeHa M0 U30TEPMHYECKON pacro-
naraeMoi pabore cxxatus [, 1 uzorepmudeckomy KI1JT h;:

N= éMT;”; : (3.70)
Orcrofa 3TajoHHast padoTa B KOMIIpeccope

bis =N 1. (3.71)
Hnst MIOPLIHEBBIX KOMIIPECCOPOB HM30TEPMHUUYECKUI KIT

h,,=0,75...0,85.

3.10. MHOT'OCTYINNEHYATBIE IOPIIHEBBIE KOMITPECCOPBI
N JOIIYCTUMAS CTEIIEHDb C/KATUA

CxeMa JIBYXCTYNEHUYaTOr0 MOPIIHEBOIO KOMIIpECCOpa CO CXKAaTHEM B OT-
JICNBHBIX MWIMHApPaX mpuBefeHa Ha puc.3.16. CpaBHeHHE pabOTHI CHKATHS
MIPY Pa3HOM 4YHCIIE CTyIeHel Moka3aHo Ha puc. 3.17.

R ] ' 3 . lp, KI[)K/MJ
2 H T 300 -
Eﬁ" I} g g ?/3
5 E 5 : 200 -
- - 1
Puc.3.16. /IByxcryneH4yarslii 100 /
MOPLIHEeBOIi KoMIIpeccop: 4
1 — BcaceBaromuii TpydompoBom; 2 — . . . . .
paboumii IIHHIP MEPBOi cTymeHu; 3 — 2 4 6 8 10 12 ¢
NPOMEXYTOUHBI XOJNOAMIBHUK; 4 — Puc.3.17. Pacnmonaraemasi paGota
pabounii MUINHIP BTOPOH CTYIEHH; 5 — CKaTHsl B NOPIIHEBBLIX KOMIIPeCco-
KOHEUHBIH XOJIOIWIBHHK; 6 — HarHeTa- pax: 1 — ogHOCTyIIEHUaToM; 2 — IBYX-
TENbHBIN TPYyOOIPOBO, CTYINEHYaTOM; 3 — TPEXCTYIIeHUYaTOM

K nmocromHCTBaM MHOTOCTYNEHYATBIX KOMIIPECCOPOB MOXHO OTHECTH:
1) noxydeHne BBICOKUX JIABJIEHUI; 2) MEHBIIMN pacXoJi SJHEPTHH Ha CHKATHE;
3) HU3KHUE TeMIIepaTyphl CKATOrO BO3IyXa.

Y MHOTOCTYNEHYaThIX KOMIIPECCOPOB €CTh M HENOCTaTKW: 1) BhICOKas
METAUIOEMKOCTh W KOHCTPYKTHBHASI CJIOXKHOCTB; 2) TIOTEpPH [aBICHUS B
KOMMYHHKAIHAX.

Jomyctumasi cTeneHb MOBBIICHNS JAaBICHUS B OJHON CTYIIEHH 3aBHCHT
OT IBYX (haKTOPOB.
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1. Teopernueckast MaKCUMaJIbHO BO3MOXKHAs CTEIIEHb CXATUS JOCTUraeT-
Csl IIPU NEPEKPBITOM HarHeTaTeIbHOM TpPyOONpoBoje (TO €cTh KOrja ra3 He

YAQTIACTCA U3 pa60qer0 OWIMHAPA, a MEPUOAUYCCKH CKUMACTCA U pacuIups-
1/n

etcst). OueBuHO, uto toraa Ve, =0wul ,=0. Ecnu | ,=1-a (€™ — 1), To npu
| , =0 umeem
+ 1A/"
- o)
e =F—0 (3.72)

B MHOroctyneH4aThIX KOMIpPECCopax OTHOCHUTENbHBI 00beM MEpTBOrO
npoctpanctsa a » 0,2. [I03TOMy B H30TEPMHUUYECKOM TIpOIIecce

L 020+1

emax_ 0’20 - 6, (373)
B ainabaTHOM IpoIecce
20 + 144
= 0" —
Emax = & 020 @ 12. (3.74)

MakcuManbHas CTEIICHb IOBBIICHUS NABICHUS €pax UL HPOLECCOB C
PA3JINYHBIM MOKAa3aTCJIEM IMOJUTPOINBI 77 U OTHOCHUTCIIbHBIM O6’beMOM MEpT-
BOT'O IIPOCTPAHCTBA g IpejcTaBieHa Ha puc. 3.18.

OJIHOCTYIIEHYaThIE KOMIIPECCOPBI
MHOTOCTYIEHYATbIE KOMIIPECCOPbI
HU3KOTO JIABJICHUs

MHOTOCTYEHYAThIE

KOMIIPECCOPBI
gmax - : BBICOKOI'O JIABJICHUA
oA\
30
20 7
ol

|
T T T T
0 005 o1 015 02 4a
Puc.3.18. MakcumasibHasl cTeneHb MOBBILIEHHUSI AaBJIEHUS B KOMIpeccope
B 3aBUCHMOCTH OT 00beMa MepPTBOI0 MPOCTPAHCTBA

2. CreneHb cxaTHs TaKkKe OTPAHMYMBACTCS TEMIIEPATYpOH BCIBIIIKH
CMa309HOTO Macia. B mwimHgpax KOMIIPECCOpOB MPUMEHSETCS cMa3Ka, TeM-
neparypa BcnblIKM KoTopoit 220 — 260°C. Ilpu HayanbHOH Temrepartype
Bo3xyxa 0°C aTu TeMmeparypbl NOJIy4aloTcs Ipu creneHu cxatus €= §. [lo-
3TOMY CTETICHb MOBBIIICHUS JTABJICHUS B OJTHOU cTyreHu € £ 7 (puc. 3.19).
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Tak kak pabora wuzorepmuue- ©°C
CKOI'0 CKaTHsl HE 3aBUCUT OT uucia 3001 Temmeparypa  AjmaGarHoe
ctymneHeit (cM. puc. 3.9), MOIIHOCTD 200 BCTIBIIKH cxarue (n = k)
MHOI'OCTYIIEHYaTOro  KOMIIpeccopa 004 MonutponHoe

cxarue (n < k)
MOXET OBITh OTIPENENEHa Mo BBIPa- ool
skeanio (3.34) ¢ UCIOJIb30BaHUEM B
BeIpakeHUH (3.24) obmiel creneHu o

2 4 6 8 €
CXKaTHus B KOMIIpECCope €.
P P Puc.3.19. Temnepatypa rasza

mocJjie CxkaTus

3AJIAUU

1. PaccunrtaTh ynenpHYI pacrojaracMyio paboOTy MpH CKATHU BO3IyXa
ot HopManbHEIX ycioBmit (0°C; 101,3 xIla) mo W30BITOYHOTO HABICHHUS
3,1 kre/em’ B Pa3IMYHBIX IpOLECCAX.

Pewenue

CpoiictBa Bo3ayxa: R =287 Iw/xrXK; k=14.

Havansnas remneparypa 7, = 273 K.

Crenenb nossieHus napieHus €= (3,1-:98100+101300)/101300 = 4;
M3otepmudeckuil mpouecc

Iy = RT) In e=287273%n 4 = 108 600 Loc/ke = 108,6 xJIx/K.

AnnabaTHBIH TpoIIece

k-1 . L4—1 e
% O s S 0

k 14
l, = 1 RTlge - l== 14-1 287>§Z73>§4 - 1;— 133,3 xJx/kr.
ITonurponusiii nponece npu n = 1,2 (HOpIJ_IHeBOI/I KOMIIPECCOP):
) n;] O 1 5 %1,2;1 O
I, = 1 RTlge —l== 12-1 >?_87>Q73>§4 —1+=122,2 x/Ix/kr.
(%] 1]
TomurponHslii ponecc mpu n = 1,6:
&S 0 i & 0
I, = lge 71; L6- 1>287>273>§4 715— 142,5 xJx/kr.

2. PaccanaTb pacnosiaraeMyro pa60Ty CXKaTUA OJHOTO KHIOTpaMMa BO3-
JyXa OT HOpMaJbHBIX ycioBuit (760 MM pT. c1., 0°C) 10 abCOMIOTHOTO J1aB-
JMeHus 8 Kre/cM” MpH: a) M30TEPMHYECKOM CKATHI; 0) aaHabaTHuaecKoOM Coka-
THH; B) MOJIUTPOITHOM CXATUH NPHU n = 1,2; T) NONUTPOIHOM CXKaTUU IIPU h =
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1,6. Ha npumepe aguabaTHOro mpolecca MoCTpoUTh Ipaduueckre 3aBHCH-
MOCTH pabOTHI CKaTHs OT TEMIIEpaTyphl BO3/yXa Ha BXOJIE.

3. CpaBHHUTH MOIIHOCTh MOPIIHEBOrO, IEHTPOOEKHOTO U OCEBOTO KOM-
NPECCOPOB OJMHAKOBOW TMpou3BoauTenbHOCTH (M = 1 Kr/c) mpu cxatuu
2
BO3/yXa 110 4 kre/cm” (e = 4).

Pewenue

M,
MoIHOCTS HOpHIHEBOTO Kommpeccopa N = ﬁ'
3

Pacnonaraemast pabota M30TEPMHUUECKOTO CXKATHS, HE 3aBUCSINAS OT YHCNA CTY-
TIeHEeH,

lx=R TiIne=287,1273%n 4 = 108,7 x/oc/xe.
Tpumem st mopiiEeBbIx kommpeccopos h,, = 0,8; hy, = 0,95.

108,7
0,8%,95

Tomygaem N = = 143 kBt (xB1/kr).

M,
MoHoCTb J0NacTHOTO Kommnpeccopa N = h h.-
an

B 1neHTpoOexxHOM KOMIpeccope CTENeHb CXaThd B OIHOW  CTYNEHH
€ = 1,4. HeoOxoammMoe 4rciIo CTymeHel A CKaThsl BO3IyXa B YeThIpe pa3a m = In e
/Ing=In4/In 1,4 = 4,1 » 4. Ho Tak KaK OXJaXJeHHE OCYIIECTBIIETCS OOBIYHO
MOCIIE IBYX CTYIEHEH, YHCIIO IUKIIOB «C)KaTHe-OXIIaXKAeHHe» Oyner m' = m/2 = 2.

2
CTeneHp CXKaTUs B OJHOM IMKIE € = = W\l/; = \/Z = 2. AnuabatHas paboTa
COKATHUS B JIBYX IUKJIAX TIPH ycnom/m OXJTXKICHHUSI Ta3a MOCjIe KaK/I0T0 U3 HUX:
e 0 eh O
Ly RT1 (q) —1(/) 2m2871>97382 18 =
=120,2 xJlx/kr.
IpumeM 115t HeHTpoOEKHBIX Kommpeccopos h,, = 0,85; h,, = 0,97.
1132
Tomygaem N = 0.850.97 146 kBt (kBt/kT).

B oceBom kommpeccope B cpenHeM € = 1,2.
Otcromam =In4/1n 1,2 = 7,6 » §; m' = 4. CreneHb cxXaTus B OAHON CTYIICHH €

4
= \/:1 =1,41. AnuabarHas paboTa CxKaTHst

e

1,4
lon 414 12871>Q73€141

S
’ — 19 = 113,2 xJx/kr.

TprMem 1 IeHTPOOEKHBIX Kommpeccopos h,, = 0,9; h,, = 0,98.



51

Tomywgaem N =113,2 /(0,9%),98) = 128 kBt (xB1/kT).

PeasbHO MOIIIHOCTH [EHTPOOEKHOTO U 0OCEBOTO KOMIIPECCOPOB OY/IET BBIIIE H3-32
THPABIMYECKOTO COMPOTHBIICHUsI IPOTOYHON YaCTH KOMIIPECCOPA M XOJIOAUIBHUKOB
U M3-32 HEUJICAIBHOTO OXJIAXKICHHUSL.

4. Omnpenenuth MOTPEOIIIEMYI0 OTHOCTYHEHYATBIM LEHTPOOCKHBIM KOM-
IPECCOPOM MOIIHOCTh M TEMIEpaTypy BO3/AyXa IOCIE KOMIIpeccopa IpH
CKaTHH BO3MyXa OT JaBiicHUus 736 MM pT. CT. u Temmepatypbl 20°C 1o adco-
MoTHOTO faBenus 4, 6 u 8 kre/cm’. Tlomaua kommpeccopa 50 M°/MuH, agua-
6atubiit KITJI xommpeccopa 80%, mexanuueckuit KIIJ] — 0,98, nokaszarens
MOJIUTPOIBI CkaTHs 1,6.

Ioctpouth rpaduuecKkyr0 3aBHCUMOCTh TEMIIEPATyphl BO3yXa Ha BBIXO-
J€ OT TEMIIEpATypPhbl BO3/1yXa Ha BXOAC U CTCIICHU MMOBBINICHUSA OaBJICHUS.

5. PaccuuraTh paboOTy cxKaTus BO3ayXa OT aTMOC(HEPHOTO JaBJICHUS U
2
temneparypsl 0°C (273 K) 10 9 krc/cM” Ui MOPIIHEBOTO KOMIIPECCOpa Mpu
OJIHOH, JBYX U TPEX CTYIECHSX CoKATUS.
Pewenue

IlepBoHaYanbHO JIJIsi CPABHEHHS paccyrTacM paboTy B U30TEPMHUYECCKOM IMPOIEC-
ce (KoTopast He 3aBHCHUT OT KOJIMYECTBA CTYIIEHEH):

l;s = RT)Ine=287273xIn 9 = 172 xJx/kr.
&=l b
Pacnonaraemas paboTa NOJIUTPONTHOTO CIKATHSA: [, = ﬁRT lée " 19

Pabota cxarys B IOPIIHEBOM KOMIIPECCOPE TIPH TTOKa3aTeNe HOMUTponsl 72 = 1,2:
OpHa cTyness, €= 9:
® 1,2-1 o)

1,2 ;
I, = 757 287273€9 L2 18- 470 10069 197 - 1) = 208 il

Tlse crynenn, & =A[e =[9 = 3, [,=2 x470 100 3*' — 1) 189 wJlx/xr.

— _ 3 _ _ 0,167 _

Tpu crynenn, e=4/e =<[9 =2,08, [, = 3470100 (2,08"'°" — 1) = 183 x/foc/e.

Takum 06pa3oM, B MOPIIHEBOM KOMIIPECCOPE MCIIOJIB30BAHUE TPEX CTYIEHEH
CXKaTUsl BMECTO OZIHO MO3BOJISIET SKOHOMHTH 0K0JI0 10% 371eKTpoIHeprum.

6. PaccunTate pacxom BOIBI Ha OXJXKACHHE B JBYXCTYIIEHYATOM MOPIII-
HEBOM BO3AyIIHOM Komiipeccope (puc. 3.20). TemmepaTypa OKpy>Xaromiero
Bo3ayxa fy = 20°C, creneHp cxaTusi B KOMIIpeccope € = §, B OAHOM CTYIEHU
e :\/_8 = 2,83. I[lokaszaTenp NOAUTPOIBI Cxkatus 1 = 1,2.



T T, %% T T, T
-> W,

Ilepast IIpomexyTounblii  Btopas Konuesoii
CTyIEHb XONOAWIBHUK ~ CTYMEHb  XONOIWIBHHUK

Puc. 3.20. Temneparypa Bo31yXa B ABYXCTYNEHYATOM KOMIIpeccope

Pewenue

Temnepatypsl Bo3ryxa:
— Ha BXoJie B kommpeccop T =t, +273 =293 K;
— 1,21
— mocnie epBoii crynernu 15’ = T e’ =203e " =348K (75°C);
— TOCJIe MPOMEKYTOUYHOTO M KOHIIEBOTO XOJIOAWJIBHHUKOB (Ha BXOZE BO BTOPYIO
crynens) T,' =T, + 15 = 308 K (35°C);

n-1 121

_ moce Bropoii crymenn T, =Ti'e . =308e =366 K (93 °C).

KouruecTBO TEroThl, 0TOMpaeMoe B OXJIAMUTENbHBIX pyOainkax (Ha 1 KT Bo3ay-
xa):

—B nepBoﬁ CTyHeHI/I

1-12/14
Ol 1k cp(Tz T =—7777 1,009 (348 - 293) = 19,8 kJlxc/r;
—BO BTopoﬁ CTYIIEHU
1-12/14

O =tk L o(l=T) =74 =7 1,009 (366 —308) = 20,9 kL/xr.
TemmoTa, 0T61/IpaeMa;{ B XOJIOAUJIbHUKAX .
— IPOMEKYTOUYHOM
O » (' = Ti') = 1,009 (348 — 308) = 40,4 kJLx/kr;
— KOHIICBOM

0w » c)(Ty — Ti") = 1,009 (366 — 308) = 58,5 kJI/Kr.
OO011e€e KOJIMYECTBO TEIUIOTEI

0 =01+ 0c + Ox1 + O = 140 kJIK/KT.

Pacxop BoabI Ha OXJTaKICHUE

0 140000 K
SoDr  a1omo 0033455 > 4%s

7. LIeHTpOOEKHBII KOMIIPECCOp JOJDKCH Pa3BUBATh W30BITOYHOE JaBJIe-
Hue 4 krc/cM’. B KOMIpeccop MojaeTcs BO3AyX W3 OKPYKAIOMIEH Cpejsl
(740 MM pT. ct., 15 °C). Onpenenurs KOJIMYECTBO CTyMEHEH KoMIpeccopa U
pacxoj BoJbl Ha oxyaxaeHue (Ha 1 kr Bo3ayxa). OxiaxkaeHue ocylecTBIIs-
€TCsl II0CJIE KAKIOM U3 JABYX CTYIEHE! KOMIIPEccopa.



53

8. Onpenenuts MaKCUMaJIbHO BO3MOXKHOE M30BITOYHOE AABJICHUE BO3.Y-
xa (B Krc/cm’), KOTOpPOE MOXKET CO37aBaTh OJHOCTYICHUATHI MOPIIHEBOM
KOMIIpECcop: a) Ompe/eieMoe HaJuuyueM MEePTBOTO MPOCTPaHCTBA; 0) ompe-
JiensieMoe yCI0BHEM HEBOCIIAaMEHEHMs cMa3ku. Bo3nayx, moctynaromuil s
CKaTHsl, B3AT TPH YCIOBUAX OKpyxkaromeit cpenst (760 mM pt. ct. u 25 °C),
OTHOCHUTENIbHBIH 00bEM MEPTBOIO IPOCTPAHCTBAa KoMIpeccopa 3%, Temiie-
patypa BociuiaMmeHeHus cmasku 280°C, mokazarenb NoJUTpoIsl cxarus 1,35.

9. CpaBuuth paboTy cxatis | M’ BO3AyXa OT HOPMANBHBIX YCIOBHI
(760 MM pT. cT. 1 0 °C) mo u3dsITouHOTO Aamnenus 0,7 Mlla B: a) ogHOCTY-
MEHYaTOM IOPIIHEBOM KOMIIpeccope; 0) JBYXCTYIEHYAaTOM MOPIIHEBOM
KOMIIPECCOpE C TIPOMEKYTOUHBIM OXJIAXICHHEM; B) TPEXCTYNEHYATOM
MOPIITHEBOM KOMIIpECCOpE C IMPOMEXYTOUHBIM OXJaxkaeHueM. [lokasarens
MOJIUTPONBI cxatud 1,2.

10. Onpenenuts m3orepmuueckuit KIIJ[ crynenn nopiiHeBoro xommnpec-
copa, C)KUMAIOIIEeH BO3IyX, UIMEIOLIUN TeMIepaTypy Ha BXOJe B KOMIIpECCOp
T, = 293 K (20°C). Xon mopmHs X = 0,22 m, yacToTa KOMIIpeccopa
nyp = 600 un’! (10 c'l). [o mEOMKaTOpHON MUarpaMMe AdaBlieHHE B pabodeM
LWIMHAPE Npu BcackiBaHuM p; = 92 klla, npu HarHetanuu p, = 300 klla.
IToka3arens nonurponsl cxatus n = 1,25.

Pewenue
!y
W3orepmuueckuii KI1J] onpesenum o BeipaxkeHuto: h,, = 14
1
Crenens cxatus: € = pyp; = 300/92 = 3,26.
Cxopocts mopmns: U, = 0,5 X n,, = 0,5%,22X40 = 1,1 m/e.
Koaddunuentsl moTeps naBneHus:

rou, 1,293%,12
d,. = 0,108 I =0,108 92 0003 0,0055;
dyar = 0,0457 oY, =0,0457 L2934, 1 =0,0016
Har — V> p(zjg - Y 300 0000,3 - Y .
Baytpennss pabora
. k- .. ki
K &% 0 T ,
L;=RT, §— 1 €e - 10+d,.+dgu€ =287293
, 1,4 e 1,4 O 1,4
T2-1 €3,26 - 19+ 0,0055 +0,0016%,26 = 118 860 Ix.

PaboTta H30TepMHYIECKOTO CHKaTHs

ls=RT\In e=287293%n 3,26 = 99370 [orc/xe.

Wzorepmuaeckuii KII: h,, = 99370/118860 = 0,84.
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11. OpHocTyneHUYaThIil NOPIIHEBONH KOMIPECCOp HMMeEeT MOpIIeHb aua-
MmeTtpoM 400 MM, qmuHA xoaa mopiHsA 350 MM, 4yacTOTa JBMKEHHS MOPIIHS
300 06/mMuH. OTHOCUTENBHBIH 00BEM MEPTBOTO MPOCTPAHCTBA KOMIIPECCOpa
5%. Kommpeccop cxxuMaeT BO3IyX OT YCIOBHM OKpyxatomiei cpenbl (740
MM PT. cT., 20°C) mo u3bsrrounoro nasmenus 0,6 Mlla (Tabm. 15.1). Onpene-
JUTH Toady (B M/MHH TIPH YCIOBHSIX BCACHIBAHHS) M MOTPEOISIEMYIO KOM-
TIPECCOPOM MOIIHOCTb.

KOHTPOJIBHBIE BOITPOCHI

1. Uto Takoe KOMIPECCOP U CTETICHb MOBBIIICHHS AAaBJICHHS B HEM.

2. Otimmunst 00 BEMHBIX KOMIPECCOPOB OT TMHAMHYIECKHUX.

3. IlpuHIn aeHcTBUS, JAOCTOMHCTBA W HEAOCTAaTKU IIEHTPOOEXKHBIX M
OCEBBIX KOMIIPECCOPOB.

4. TlpuHUun AEHCTBUS, JAOCTOMHCTBA W HEMOCTATKU ITOPIIHEBBIX KOM-
MPECCOPOB.

5. IlpuHuun aeucTBUs, TOCTOMHCTBA U HENOCTAaTKU POTOPHBIX U BUHTO-
BBIX KOMIIPECCOPOB.

6. U3o0paxeHue npoueccos cxartust B 7, S U p, v - quarpamMmax. Y pas-
HEHUsI N30TEPMHYECKOT0, a/I1adaTHOTO U MOJUTPOITHOTO CKATHSL.

7. TemnepaTypa raza nocie cxaTusl.

8. YaenpHast pacnonaraemasi padboTta cxXaTHs B pa3lIUdHBIX IpoIeccax.

9. BimsiHne moxasaTenst HOJIUTPOIIB Ha paboTy CHKaTHS.

10. Onpenenenune KITJ1 komnpeccopos.

11. PacueT MOIIHOCTH KOMIIPECCOPOB.

12. Yem BbI3BaHa HEOOXOAMMOCTH OXJIAXKICHHUS Tra3za B KOMIIpeccopax.
CxeMBbl OXJTaXKICHUS.

13. Yem BbI3BaHA HEOOXOIUMOCTH MHOTOCTYIICHYATOTO Cxxatusi. Ompeje-
JIEHUs1 YUCJIa CTYNIEHEH KOMIIpeccopa.

14. Bun mHIUKaTOpHOW AMarpaMMbl MOPILIHEBOTO KoMmmpeccopa. Kakue
00BEMBI Ha HEH BBIJEISIOTCS.

15. OTmmst IeUCTBUTENBHON MHMKATOPHOM TMarpaMMbl OT TEOPETHUECKOM.

16. Kak MepTBO€ MPOCTPAHCTBO MOPIIHEBOTO KOMIIpEccopa BIHSET Ha
€ro mojady.

17. Yro takoe 0OBEMHBIN KOIPPHUIHEHT 1 KOIPPHUINSHT OAAYHN TOPIII-
HEBOTo kKoMmmpeccopa. CBsi3b 006eMHOTO KOG GHUINECHTA C BEIUIMHON MEpT-
BOTO TIPOCTPAHCTBA.

18. Uro y4nTHIBAaCT pacyeT MOITHOCTH, MOTPeOIsIeMON peasbHBIM KOM-
MPECCOPOM.

19. Yem orpaHuuuBaeTcs JOMYCTHMas CTENEHb MOBBINICHUS TaBICHUS B
OJIHOH CTYIIEHU IIOPIIHEBOIO KOMIIPECCOPA.
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4. IUKJIbI TAPOCUJIOBBIX YCTAHOBOK
4.1. {AKJI KAPHO

[IpuHIMTNIMANBHAS cXeMa HapOCHIOBOW YCTaHOBKH, pabOTalOIIEi 1O [HK-
ny KapHo, npencrasiena Ha puc. 4.1.

N
Puc.4.1. [IppHumnuaibHas cXxeMa NapoCHJI0OBOI YCTAHOBKH, padoTalonei
no uukay Kapno: 1 — mapoBoii koter; 2 — mapoBasi TypOHHA; 3 — 3JIEKTPOT€HEPaTop;
4 — xoHAEHCATOp (XOJOIUIBHHK); 5 — KOMITPECcop

[logBox TemnoTH B KOTJIE MApPOCHIOBOM YCTAHOBKH IMPOHCXOJAWT IPH
p1 =const u T; = const. I3 napoBOro Korjia Cyxoi HacChlILIEHHBIN M1ap MOCTY-
NaeT B MapOBYIO TYpOUHY, I'/ie, PaCIIUPsICh OT JNABIECHUS P 10 p,, COBEpIIa-
eT paboty. I3 TypOuHBI nap mocrynaer B KOHJECHCATOP (XOJIOJUIBHUK), T1e
YaCTUYHO KOHICHCHPYETCS, OTAaBas 4YacTb TEIDIOTHl OXJaXKAAomed BOJE,
KOTOpasi MPOXOIUT MO TpyOKaMm KoHaeHcartopa. OTBOI TEIUIOTH OT mapa B
KOHJIEHCATOpE IPOUCXOTUT MPH ITOCTOSHHOM IaBIICHWH p, M TOCTOSHHOU
temneparype 7,. VI3 KoHIeHcaTopa BIaXXHBIH IMap MOCTYMaeT B KOMIIPECcop,
B KOTOPOM amuabaTHO C)KUMAeTcs N0 JABJICHHUS p;, PaBHOTO [ABJICHHUIO B
MapoBOM KOTJE. 3aTeM KOHJCHCAT IMOJAeTCs B MApOBOM KOTEN M MUK 3a-
BepIIaeTCs.

Huxkn KapHo HaceieHHOTO napa (puc. 4.2) COCTOUT U3 CIEAYIOMUX MPO-
I[ECCOB:

4—1 — u306apHO-U30TEPMUIECKHUI TTOABOJI TEILIOTHI ¢ K Mapy B KOTJIE;

1-2 —mporiecc aauabaTHOro paclIMPEHUs mapa 0 JaBJICHUS p, B TypOu-
HE;

2-3 — 13006apHO-U30TEPMUUECKUI OTBOJ TETUIOTHI ¢, B KOHACHCATOPE;

3—4 — agnabaTHOE C)kKaTHe KOHAeHcaTa B Kommpeccope. OTBOA TEIUIOTH B
KOHJIEHCATOpE TPOUCXOIUT IO TEX IOp, IMOKa BIAXKHBIHA Map HE JOCTHTHET
TaKOTO COCTOSIHWS, B pe3yJbTaTe KOTOPOTO TIPH CXKATHH IO aamadare cMech
BOJIBI M TIApa U3 COCTOSHHA (TOYKa 3) MEpEBOIUTCS MOIHOCTHIO B BOAY (TOU-
Ka 4).



vieoovpyt oy, % K
Puc. 4.2. Teopernueckuii nukja KapHo 1/1sl HachbIIeHHOT0 BOASHOTO Napa

Tepmuaeckuit KITJI o6patimoro nukina KapHo onpeznensercs mo ¢popmy-
nam (6.1) u (6.7):

T
h, :1-‘1_2:1-_2.
q T

B napocunoBsix ycraHoBKax Ik KapHO He mpuMeHsAeTcs, Tak Kak KOH-
JeHCalus 1apa B M30TEPMHUYECKOM TIporiecce 2-3 OCYIIECTBISETCS] HEMTOIHO-
CTBIO, TIO3TOMY B aJHabaTHOM Ipolecce 3-4 cXKUMAaeTCst He BOAA, a BIAXKHBIN
nap, KOTOPBI MMEEeT OTHOCUTENBHO Ooubioi 06bseM. KoMmnpeccop aust cxka-
THSI BJIQKHOTO T1apa ¢ MaJbIMU JABJICHUSMU U OOJBIIMMH YAEIbHBIMH 00be-
MaMH SIBIISIETCA T'POMO3JKHM, a Ha CXKaTHe BIAXHOTO Mapa 3aTpauyuBaeTcs
OTHOCHTEJNILHO OoublIas pabora.

4.2. IUKJI PEHKNHA

Motnannckuii nHxeHep U Gu3uk Y. PeHKWH HpeaioRui UK MapoCH-
JIOBOH1 YCTaHOBKH, B KOTOPOM OTBOJ, TEIUIA OT BJIA)KHOTO Mapa B KOHAEHCATO-
pe OCYLIECTBIIAETCS 10 TEX MOP, TOKa BECH Map MOJHOCTBIO HE CKOHJIEHCHUPY-
eTcs.

B sTOM cnydae cxxaTHIO OT JaBIEHUs p, N0 JABICHHA p; MOJUIEKHUT HE
BJIQXKHBIM Map MajoW IUIOTHOCTH, a BOJA, JJs NEPEMEIIEHHUs] KOTOpPOU u3
KOHJIEHCaTopa B KOTeJ, C OJ{HOBPEMEHHBIM IOBBIIICHUEM €€ JaBJICHUS, PH-
MEHsIeTCsl He KoMIpeccop, a Hacoc. IIoaToMy cxema TerIoCuiIoBOi yCTaHOB-
KM C IUKJIOM PeHKkrMHA aHaJoTMYHa CXeMe YCTaHOBKHM, M300pa)kKeHHOW Ha
puc.4.1, ¢ To#t nuIIb pa3HUIEH, 4TO B cllyyae MKiIa PeHkuHa Ha 3TOil cxeme
BMECTO KOMITpeccopa BIKHOTO Mapa (1o3. 5) HaxouTcsa BOJSHON HacocC.

Hukn Penkuna B 7, s — nuarpamMMe u3o0paxeH Ha puc.4.3.
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Puc.4.3. Huxa Penknna

BrakHsli map co CTENEHbIO CYXOCTH X B KOHAEHCATOPE MOJHOCTHIO KOH-
JICHCUPYETCs 1o u300ape p, = const (touka 3 Ha puc 11.3). 3arem Bona Cxu-
MaeTcsi HACOCOM OT JIaBJICHHS p; J10 JaBJICHUs p;. DTOT aanabaTHBIN IpoLecc
u3o0paxeH B 7, s - AuarpamMme BepTHKaIbHBIM OTpe3koM 3—-5. B obnactu
XKHUIAKOCTH B 7, § - Anarpamme M300apbl MPOXOISIT O4YEeHb ONW3KO IpYyr OT
Jpyra, TIO3TOMY AJMHA OTpe3ka 3—5 BechbMa Mala, OJaromaps 3TOMy TeMIle-
paTypa BOJBI B pe3ysibTaTe aquabaTHOrO CXKaTHs BO3PAcTAacT MEHEe 4eM Ha
1°C. Manas BenmmunHa OTpe3ka aanadaTel 3-5 CBUIETENBCTBYET O Majlon
paboTe, 3aTpaynBaeMoil HACOCOM Ha C)KaTHE BOJIBL.

W3 Hacoca Boza oA aBJIEHUEM p; MOCTYNAeT B KOTEJN, Iie K Hell B U30-
GapHOM mpoliecce MpH p; = const MOABOAUTCS TeroTa. BHauane Boxa Harpe-
BaeTcd 10 KuneHus (yuacTok 5—4 Ha uzobape p; = const), a 3aTeM, 0 JOCTH-
JKCHUHM TEMIEpaTypbl KHIEHUs, MPOUCXOAUT Mpolecc MapooOpa3oBaHMs
(ygactok 4-1 Ha m3obape p; = const). Cyxoil HAaCBHIIEHHBIA Map, MOIy4YeH-
HBIIl B KOTJIE, TTOCTYIAaeT B TypOWHY, NPOLIECC PaCHIMPEHHs] B TypOWHE M30-
Opaxkaetcs agnabaroir 1-2. OTpaOoTaHHBIN BIaXKHBIH Map MOCTYHAaeT B KOH-
JICHCATOP, M LIUKJI 3aMbIKaeTCS.

C Touku 3penus tepmudeckoro KII/] unkn Penkuna npencrasisercss me-
Hee BBITOIAHBIM, YeM oOpaTuMbIi mukn KapHo, nzo0pakeHHBIH Ha puc. 4.2,
MOCKOJIbKY CTETIEHb 3aIIOJIHEHUS NUKIIA (TaKXKe U CPEAHssl TeMIepaTypa Mmoj-
BOJa TEIUIOTHI) U IWKIa PeHKMHA OKa3bIBacTCs MEHbBIIE, YeM B IIMKIE
Kapno. Ho 3ameHa rpomMo31xoro KoMIpeccopa, npeiHa3Hau€HHOTO AT CKa-
TUSL BIQXHOTO Iapa, KOMIAKTHBIM BOJSHBIM HAacOCOM IIO3BOJISIET CYIIECT-
BEHHO CHM3HTH 3aTpaThl Ha COOPY>KEHHE TEIJIOCHJIOBON YCTAHOBKH M YIPO-
CTHUTh €€ IKCILTyaTallHIoO.

4.3. IUKJI PEHKUHA C IEPET'PEBOM ITAPA
Jus Toro uroOsr yBenmmuuTh TepMmudecknit KI1J] muxma Penkmaa mpume-

HSIOT TaK Ha3bIBa€MbIM MEpEerpeB Iapa B CIEHHUAILHOM 3JIEMEHTE IapoBOTO
KOTJIa — maporneperpesarene (1o3. 2 Ha puc. 4.4), rae map HarpeBaeTcst 10



58

TEeMIIEPaTyphl, MPEBBIMIAIONICH TeMIepaTypy HACHIIICHUS MPHU JAaHHOM J1aB-
neHuu p. Jamee mo mapomnpoBoay mojmaeTcs B TypOWHY, OTpaOOTaBIIHiA B
TypOWHE TIap KOHACHCHPYETCS B KOHJEHCATOPE, 00pa30BABIIUIICS KOHICHCAT
HacocoM nojaerca B koren. Llukn Penkuna c neperpersiM napom B 7, s —
IuarpaMMme Tokas3aH Ha puc. 4.5. B 3ToMm ciydae 1o CpaBHEHHIO C ITHKIIOM
0e3 meperpeBa CpegHsSI TEMIIEpaTypa II0ABOJAA TEIUIOTHI YBEIHIHBACTCS M,
cienoBatenbHO, Tepmuueckuil KIT/1 unkina Penkuna Bo3pacraer.

3

Puc.4.4. [IpuHuunuaibHast cxeMa NapocHJI0BOii yCTAHOBKH, padoTalolei 1no
nukay PeHkuHa ¢ neperpeBom nmapa: 1 — mapoBoii KoTen; 2 — maporneperpeBaTesb;
3 — TypOuHa; 4 — SNEKTpOreHepaTop; 5 — KOHACHCATOP (XOJIOAWIBHUK); 6 — HAcOC

Puc. 4.5. llnkaa PenknHa ¢ neperpeBoM napa

B nukie ¢ meperpeBoM MpOIECC pacuiupeHus mapa B TypOune 1-2 10
JIaBJICHUsI p, 3aKaHUMBaeTcs BHYTpH JByx(daszHoi oOmactu B paiione Ooiee
BBICOKHX CTeleHel CyXOCTH, UeM /Ul LMKIIa 0e3 rmeperpeBa, H300pakeHHOTO
Ha puc. 4.3. TloaToMy yciaoBus pabOThl MPOTOYHON YaCTH TYPOMHBI OKA3bi-
BatoTcsi OoJiee JISTKUMH M, CJIEOBATENIbHO, MMOBBIIIAIOTCS BHYTPEHHHH OTHO-
curenbHbid KITJ1 TypOuns! u BHyTpenHni KI1/] muxa.

[TockonbKy Tporieccs MOBOAA U OTBOAA TeIlIa B IMKJIe PeHKknHa ocyre-
CTBILIFOTCSI IO M300apaM, a B M300apHOM IIPOIIECCE KOJMYECTBO IO/BE/ICH-
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HOHM (OTBEJEHHOI) TEIJIOTHI PAaBHO Pa3HOCTH SHTAIBIMK pabouero tena B
HayaJlle U KOHIIE MPOIiecca, TO MOKHO HAIHNCATh!

q, =1 -1is, 4.1)

qr =1 - 13, 4.2)
rie ¢; — KOJIMYECTBO TEIUIOTHI, MOJBEIECHHON K pabodeMy Tely B KOTIE,
¢> — KOIMYIECTBO TEIUIOTHI, 0TOOpPaHHOH OT pabodero Tela B KOHIEHCATOpe.

C yuerom cootHomieHuit (4.1) u (4.2) u3 o0uiero ypaBHEHUs ISl TEPMHU-
gyeckoro KITJI nukmia

919D
h, =——= “4.3)
q
MPUMEHHUTENIEHO K 00paTUMOMYy IHKITy PeHKHHA moTydaem:
(0= i5)- (- 13)
h, = — . “4.4)
Lol
DT0 ypaBHEHHE MOXKET OBITh 3AIKMCAHO B CJCIYIOLICM BUJIC:
_ - 1)~ (is- i)
h, = — . 4.5)
ll - 15
PasHocth i — i mpeacTaBiseT co00i pacmojaraeMblil Tepenaj] dHTalb-

UM, IpeBpallacMblii B KWHETUYECKYIO SHEPTHIO II0TOKa, a 3aTeM B padoTy B
TypOuHe. Pa3HOCTh is — i3 — 3TO TeXHHWYeckas paboTa Hacoca. YpaBHEHHE
(4.4) mo3BOMNAET C TIOMOMIBIO J, § - THATPAMMBI WJIH TAOJHIl TEPMOANHAMHIC-
CKHX CBOWMCTB BOIBI M BOJSHOTO Tapa ONPEAETHUTH BEIUIUHY TEPMHUECKOTO
KIIJ obparumoro mukia PeHkrHa MO M3BECTHHIM 3HAUCHHMSAM HadallbHBIX
nmapameTpoB mapa py, 1.

Ecmm npeneOpeys BenmdauHOW pabOTHI Hacoca is — i3 BCIEICTBHE €€ Ma-
JIOW BEJIMYMHOW TIO CPAaBHEHHUIO C pacIojiaraeMbIM MEpernagoM SHTaIbIUN
i} — I, cpabaTbIBa€MBbIM B TypOMHE, TO ypaBHeHue (4.4) MOXHO 3amucarh B
CJIENyIOIIEM BUJIE:

h, =2""2 4.5)
-l

OTO COOTHONICHHUE BITOJHE MPHUEMIIEMO JJIs YIIPOIIEHHBIX PacyeTOB IHK-
JIOB MAPOCHIIOBHIX YCTAHOBOK HU3KOTO NABJIEHHS. i1 yCTaHOBOK BBICOKOTO
JIaBJICHUsI BEJIMUMHOM pabOTHI Hacoca NMpeHedperaTh Hellb3sl.
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4.4. BABUCUMOCTBb TEPMHUYECKOI'O KIIJ{ IUKJIA
PEHKHNHA OT TAPAMETPOB ITAPA

Tepmuueckuit KI1/] nuxia PeHkrHa 3aBUCUT OT HavajbHBIX MMapamMeTpoB
napa py, 7). C poctoMm TeMIiepaTypsl eperpesa napa 7 npu OJHOM U TOM XKe
naBieHun tepmudeckuil KIIJ nukna yBennyuBaeTcs, Tak Kak BO3pacTaeT
CpeIHsA TeMIIepaTypa IOoIBO/Ia TeIUIOTHI B IUKIIE (puc.4.6).

S5 S, s
Puc. 4.6. U3meHenne cpegHeii TeMnepaTypbl 0JBO/AA TEIUIOTHI B IIHKJIE

B kxauectBe npumMepa Ha puc. 4.7 npuBeneH rpauk 3aBUCHMOCTH TEPMHU-
yeckoro KIIJ[ muxna Penkuna or HawanpHOM TemmepaTypsl 77 =550°C u
naBnenns mapa p; =16,67 MIIa (170 krc/cM?) 10 JaBIeHHS apa B KOHICHCA-
Tope p, = 4 klla (0,04 krc/cm?).

0,47
N

0,46

0,45

0,44

0’43450 500 550 600 T, °C

Puc. 4.7. I'pa¢ux 3aBucumoctu tepmuyeckoro KIIJI uukiaa Penkuna ot Ha-
YaJILHOI TeMIepaTypsbl

Ecnn HauanbHas Temreparypa rapa B 1ukie 7 IOCTOSHHA, TO ITOBBIIIe-
HHE JABICHUS Iapa p; TakKe NMPUBOAUT K pocTy Tepmudeckoro KII/l mumk-
Jla — YeM BBIIIE Py, TeM OOJIbILIE CTEIECHb 3all0JIHCHHS LUKJIA U BBIIIE CPEIHSIS
TeMIeparypa 1mojaBoja Temia (puc 4.8).
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S5
Puc. 4.8. llukibl PeHkuHa npu pa3HoM Ha4YAIbHOM JaBJeHHH napa u 77 = const

OnHako 1Mo Mepe pocTa p; M MOCTOSIHHOM TeMIeparype IeperpeBa Bilax-
HOCTh TIapa Ha BBIXOAE M3 TypOMHBI BO3pacTaeT, 4To BIE4YEeT 3a coOon
yYMeHBbIIIeHHe BHYTpeHHero oTHocutenbHoro KIIJ] TypOuabl. [losTomy mpu
YBEIMYEHUN HAYAIBHOTO JIABJICHUS XKETATeIbHO TaKKe YBEIWYHUTH TEMIEpa-
Typy napa nepej TypOuHOI.

IIpu ogHOM M TOM >K€ 3HAUEHHMM HAYaIbHBIX NapaMETpoB mapa p;, 1)
CHIDKEHHE JIaBJICHHs B KOHJIEHCATOpPE p, OyleT NMPUBOJIUTH K POCTY TepMHUe-
ckoro KIIJI mukia, mockonbKy B AByx(a3HOH 00nacTy DaBlICHUE OJHO3HAY-
HO CBSI3aHO C TE€MIIepaTypoil. YMeHbIIEHHE p, 03HAYaeT YMEHBIICHUE TeM-
neparypbl OTBOJA TEIUIOTHI B IIMKJIE 1), TAKMM 00pa3oM TeMIepaTypHbINA
MHTEpBaJ LMKIA pacuupsaercs U repmuueckuid KI1/] mukna pacrer.

Xapaxkrep 3aBucumoctd Tepmudeckuil KITJ nuxna ot p, mmocTpupyert-
Csl 3aBUCHMOCTBIO, IpencTaBieHHON Ha puc 4.9. OHa mocTpoeHa sl yxe
PAacCMOTPEHHOI'O BBILIE LUKJIA C HAYAJIbHBIMU NapameTpaMmu napa 77 =550°C
p1=16,67 MIa (170 krc/cm?).

N,
46N
0,46 AN
0,44
0,42 ™~
0,40
2 4 6 8101214 16 p,xIla
Puc.4.9. 3aBucumoctb Tepmuyeckoro KIIJI uukna Penkuna ot naBienus napa B
KOHZIeHCATOpe

~——

OOBIYHO B COBPEMEHHBIX TEIUIOCWJIOBBIX YCTAaHOBKaX JaBIECHHE B KOH-
JICHCATOpE p, ONpEAENsAeTCsS TeMIIepaTypol OXJIaKAAIOIIEH BOABI M PABHO
3,5...4 klla; naBnenuto 4 klla cooTBeTcTBYyeT TemmepaTypa HACBIILECHHS
T, =28,6°C. [anpHeillliee CHI)KEHUE NABJIEHUSI B KOHIECHCATOPE HELEJECO-
00pa3Ho, Tak Kak mpu Oosiee TIIyOOKOM pa3pekeHHH BO3PAacTaeT y/eNbHBINA
00beM Tapa, MOCTYNAIOIIEro U3 TypOMHBI B KOHJIEHCATOp, BCIEICTBHE YEro
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pasMepbl KOHJAEHCATOpa M MOCJEJHUX CTYIEeHEelW TYpOWHBI yBEIMYHMBAIOTCS.
Tak sxe npu Oojee rIyOOKOM pa3pexeHHH TeMIepaTypa BIaXXHOTO Iapa B
KOHJICHCATOpe MoIy4aeTcss Ooljiee HU3KOH M Pa3sHOCTb TEMIEpaTyp KOHJIEH-
CHPYIOILIETOCS apa U IMOCTYHAIoUIel B KOHICHCATOpP OXJIAXKAAIOIEH BOJBI
CTaHOBHUTCS CIIMIIKOM MajlOH, YTO NMPHUBOJIUT K YBEINYEHHIO Pa3MEPOB KOH-
JIeHCaTopa.

Takum obOpazom, mns yBemudeHus tepmuaeckoro KIIJ] mmkma Penkuna
CJIe/TyeT CTPEMUTHCS K TTOBBIIICHNIO HAYAJIbHBIX ITaPaMETPOB Tapa.

4.5. IUKJI PEHKNHA
C TIPOMEXYTOYHBIM IIEPEI'PEBOM ITAPA

OnHUM U3 cr1oco00B, TO3BOJISIIOLIMX CHU3HUTh BIAXXHOCTH I1apa Ha BBIXOJIE
U3 TypOMHBI, SBJISETCS IEperpeB napa, NpUMEHEHHE KOTOPOro IPHBOJIUT K
yBenuueHuto Tepmudeckoro KIIJI nukia Penkuna.

B npenblnymux noapasnuenax Moka3aHo, 4TO IPU OJHOM U TOM K€ TEMIIe-
paTtype meperpesa rapa npuMeHEHHe 0osiee BBICOKOTO JABJICHHS yBEINYNBa-
eT K03 (UIMEHT 3aIoNHeHU [UKIa U, cliefoBarenbHo, Tepmudeckuii KI1J]
nukia. Ho ofHOBpEMEHHO yMEHBIIAETCS CTENEHb CYyXOCTH Iapa Ha BBIXOJE
W3 TypOMHEI 1 BHyTpeHHHH oTHOCUTENbHBIA KIT/[ TypOuHEL.

OnHUM W3 IyTell CHMXKEHHS KOHEYHOW BJIAXKHOCTH Iapa SIBISETCS MpH-
MEHEHHE TaK Ha3bIBAEMOr0 MPOMEXYTOUYHOro mneperpesa mapa. Ilocie Toro
KakK MOTOK Iapa, COBEpUIAIoIIero paboTy B TypOHHE, PacIIUpHICS 10 HEKO-
TOpPOTO JaBJIEHUS, OH BBIBOJUTCA U3 TYpOMHBI M HAlpaBiseTcs B JOIOJIHU-
TeNBHBIA MapomneperpeBarelb. B mapomeperpeBaTtenie Temmeparypa Inapa
nogHuMaeTcs 1o Ty, Iocie 4ero OH BHOBb MOCTYIAeT B TypOuHY, i€ paciiu-
psercs 1o TemmnepaTtypsl 1.

CxeMa yCTaHOBKH C MPOMEKYTOYHBIM IEPETPEBOM Mapa MNpeicTaBlIeHa
Ha puc.4.10 (momoMHUTEIBHEIH aporneperpeBaTens o0o3HaueH kak JI1IT).

JIII

Puc.4.10. Cxema ycTaHOBKH € IPOMEKYTOYHBIM IeperpesoM napa
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Ha puc. 4.11 npeacraenena 7, s - auarpaMMa BHyTpEHHE 00paTUMOTO
I[UKJIA TTAPOCHIIOBON YCTAHOBKH C IPOMEKYTOYHBIM [IEPErPEBOM Mapa. ITOT
UK MOYKHO MPEACTaBUTH U3 IBYX OTACJIBLHBIX TUKIIOB — O6I)I‘{HOFO UKJa
Penkuna 1-2-3-5-4—6—1 1 10MOIHUTEILHOIO I[UKIIA — 2—7—8—9—2, B KOTO-
pom mpoiiecc 7—8 ABISETCS H300apHBIM.

Puc. 4.11. 7, s — nuarpaMma o0paTHMOro HMKJa NAPOCUIOBOIi YCTAHOBKH
¢ MPOMEKYTOUHbIM IeperpeBoM napa

Bripaxkenue st tepmudeckoro KITJ mukna ¢ mpomMexyTOYHBIM Tiepe-
TPEBOM Iapa MOKHO MPEACTABUTH B CIEAYIOLIEM BUJIE:

h,™ = (i - ig)+ g - o) - (s - ’.3). (4.6)

iy - is) +(ig - iy
Ecmu tepmuueckuit KI1J] nononHuTe1sHOroO UKIa

htnon - (iS - i9.)' (i7 - iz) (4.7)

Iy~ 17

Oynet Gonpire, yem Tepmudeckuii KI1/] ocHoBHOTO 11MKIIa

(. . )_ ( . )

h, oo = A2l ), “8)
i - is

to Tepmudeckuii KITJ[ mukma ¢ mpoMeKyTOYHBIM TeperpeBoM mapa Oynet

6onpme Tepmuaeckoro KI1J] nukia PerkuHa Ge3 meperpesa (TO €CTh OCHOB-

HOTO IIMKJIa).

ITpomexyTouHbIi TeperpeB mapa, KOTOPHI BOIIEN B SHEPTETHKY Kak
CpeAcTBO OOPHOBI C BHICOKOH BIaXKHOCTHIO Iapa B MOCIEAHUX CTYNCHAX Typ-
OWHBI, SIBISETCS CPEINCTBOM TMoOBBIMEHHs Tepmudeckoro KIIJ mukma. U3
T, s - nMarpaMMsl ClIeyeT, YTO €CIM MPOMEXYTOUHBIM Ieperpes mapa ocy-
IIECTBJIIETCS OT HE CIUIIKOM HM3KOH TeMIepaTyphl A0 TeMIeparypsl, Omm3-
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kot k T, To Tepmudeckuii KIIJI HOMONHUTEIBHOTO IMKIA OyIET 3aBEIOMO
Boiie Tepmuueckoro KIIJ ocHoBHoro nukia. B stom cimyyae cremeHb 3a-
MOJHCHUA Y JOTOJIHUTCILHOI'O IMUKJIA 3HAYUTCJIbHO BBIIIE, YEM Y OCHOBHOT'O
UK.

B coBpeMeHHBIX NapOCUIIOBBIX YCTaHOBKAX IMPUMEHSETCS HE TOJIBKO Of-
HOKPATHBIN, HO U ABYKpPATHBIN MPOMEXKYTOUHBIN IIEPErpeB Mapa.

4.6. TEIINTO®OPUKALIMOHHBIE NUKJIbI

B mpomecce BbIpaOOTKM 3JIEKTPOIHEPTHHM HA TEIUIOAICKTPOCTAHIUAX
60BII0€ KOJMYECTBO TEIUIA MEPEJaeTCss XOJI0JHOMY UCTOYHUKY — BOJE, MO-
JlaBaeMOIl B KOHJAEHCATOp, U 3TO Temio Oecnoyie3Ho Tepsiercs. KommdecTBo
TeIla, OTJAaBaeMOI0 XOJIOJHOMY HCTOYHHKY, MOXHO YMEHBIIMTh 3a CUET
yBenuueHus Ttepmudeckoro KIIJ[ mukma, oJHAKO MONHOCTBIO YCTPaHHUTH
Helb34, TaK KaK B COOTBETCTBHM CO BTOPBIM 3aKOHOM T€PMOAMHAMUKH IIepe-
Jladya OMpENeNICHHOTO0 KOJIWYEeCTBA TEIUIa XOJIOJHOMY HCTOUHHKY SBIISETCA
HEN30EKHOM.

B 0OBIYHBIX KOHIEHCATOPHBIX MAPOTYPOWHHBIX TEIIOCHIIOBBIX YCTaHOB-
Kax JaBJE€HHE B KOHAEHCATOPE MOJJICPXKUBACTCSI paBHBIM npuMepHo 4 klla,
TO €CTh KOHJIEHCAIMsl Mapa MPOUCXOAUT IpHU TeMIieparype okoso 28...29°C.
Temnota, oTnaBaemasi OXJIaXxJaromed BoAe B KOHICHCATOPE, B ATOM Cllydae
UMeeT HU3KHH TEeMIIepaTypHBII MOTEHIHAI 1 HE MOXET OBITh MCIOJIb30BaHa
JUISL IPOM3BOJICTBEHHBIX WM OBITOBBIX HYXJ (HO 3Ta TEIUIOTa MOXET OBbITh
YTUIM3UPOBaHa B TEIJIOHACOCHBIX YCTaHOBKAaX, paccMaTpUBaeMbIX B IJIa-
Be 5).

Jl1s ucrnonb30BaHMs TEIUIOTHI, OTAABAEMON KOHAEHCUPYIOIIUMCS TapoM,
HYKHO YBEJIWYMTH JaBJICHHE B KOHJIEHCATOPE, TO €CTh yBEIMYHUTH TeMIIepa-
TYpy, IpU KOTOpO# KoHIeHcupyercst nap. [loBeIeHre HIDKHEH Temreparty-
PBI IIMKJIA MIPUBEIET K HEKOTOPOMY YMEHBIICHHIO BEIMYMHBI TEPMHUIECKOTO
KIT[ nnkna u, ciefoBaTebHO, K yMEHBIICHHIO BHIPAOOTKU IEKTPOIHEPTHA
IPU OJIMHAKOBBIX 3aTpaTax TOIMBa. Ho BO3MOXHOCTH MOTyYEHUS TEIUIOHO-
CHUTEJNICH AJISI OTOIICHHS 32 CUET HEKOTOPOTO COKPAIICHUsI BBIPAOOTKH 3JIEK-
TPOIHEPTUH OKa3bIBAETCSI BEChbMa BBITOAHOW. OTO M30aBiseT OT HEOOXOIH-
MOCTH COOpY)XaTh CHEIHaNbHbIE OTONUTEIbHbIE KOTEIbHbBIE, HMMEIOIINe
cpaBHHUTENbHO HeBbIcOKU KIT/I.

KomOnHMpoBaHHasi BbIPaOOTKa Ha BJIEKTPOCTAHIMAX DIEKTPOIHEPTHU U
TEIIOTHI Ha3bIBaeTCs TemIo(puKanueii, a TypOUHbI, TPUMEHsIEMbIE Ha TaKUX
3IEKTPOCTAHIUSX — TeII0(PUKAINOHHBIMU.

TernoBble 3J1EKTPOCTAHIMU, OCYIIECTBIISIONNE KOMOMHUPOBAHHYIO BbI-
pabOTKy 3JIEKTPO’HEPTHH M TEIa, Ha3bIBAIOTCS TETUIOAIEKTPOLEHTPAISIMA
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(TOL) B oTnaMuue OT YHCTO KOHAEHCAMOHHBIX 3JekTpocTanuui (KOC),
MIPOU3BOJISIINX TOJBKO AJIEKTPOIHEPTHUIO.

Ha puc. 4.12 uzo6paxena cxema TOLI, B KOTOpO# MPUMEHEHBI TaK Ha3bI-
BaeMble TYpOHMHBI C MPOTHBOIABICHHEM. B yCTaHOBKAax 3TOrO TUMA KOHJICH-
caTop OTCYTCTBYET, a OTpabOTaBIINI Map U3 TYpOUHBI HAIIPABIIAETCS TI0 TPY-
0OmpOBOLY Ha TPOM3BOACTBO, T/I€ OH OTAAeT TEIUIO M KOHACHCHPYETCS, a
KOHJIEHCAT C TPOWM3BOJCTBA BO3BpAIACTCs IS MUTaHUA KOTIOB. [laBreHne
mapa Ha BEIXOJI€ U3 TYpOUHBI OIpeAessieTCs] ITIOTPEOHOCTSAME ITPON3BOJICTBRA.

[Tap Ha npous-
BOACTBO

Bosspar konaencara

]

o

Puc. 4.12. Cxema TIII ¢ TypouHaMu ¢ IPOTHBOAABICHHEM

Jis XapaKTepHUCTHKH SKOHOMHYHOCTH paboTel TOLl mpumensiercs Tak
Ha3bIBaeMbIi K03 duImeHT ucnonp3oBaHus Temia K, ompenessieMbld Kak
OTHOIIIEHHE MOJIE3HON PaboTHI /,, TPOU3BEICHHON B IUKIE, W TEIUIA OTAAH-
HOTO BHEIIHEMY MOTPEOHTEIIO ¢, K KOINYECTBY TEIlIa, BBIJCIHUBIIEIOCs MPpH
CTOpaHUH TOIUTHBA ¢:

+
k=bth 4.9)
q
HJIA, YTO TOXE CaMO€,
+
k=N*Q (4.10)
Bo,”

rae N — aJeKTpruecKast MOIIHOCTh YCTAHOBKH; B — 4acoBOi pacxo/] TOIUINBA;
0O,/ — rerora cropanus TomnBa; Q — KOJIUYECTBO TEIUIA, OTIAHHOTO BHEII-
HEeMy HOTpEeOUTeNIO.

Benmnuuna K Tem Onmke K eIWHUIE, YEM COBEpIICHHEE YCTaHOBKA, TO
€CTh YeM MEHbIIIEe MOTepHU TeIla B KOTJIoarperare M naponpoBojie, MEXaHH-
YecKHe MOTepr B TypOHWHE, MEXaHHUECKHE W DIICKTPUIECKUE TTOTEPH B DJICK-
TpOTeHepaTope.
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3AJIAUU

1. Ompenenuts Tepmudeckuit KITJI nukina Penkuna, ecnu naBieHue mapa
p1 = 1,5 MIla, remneparypa #; = 300°C u p, = 0,005 MIla. Onpenenurs Ko-
HEYHYIO CyXOCTh Tapa.

2. Cpaauth Tepmuueckuii KII/l npeanbHBIX IUKIOB, PaOOTArOMINX IPU
OJMHAKOBbIX HayaJbHBIX M KOHEYHBIX JaBleHUsAX mapa p; = 5 Mlla u
p2=0,005MIla, ecnu B mepBoM ciay4ae crTeneHb cyxocTtu napa x = 0,95, Bo
BTOPOM I1ap CYXOH HACBIIICHHBIN U B TPETHEM CIIydae IEPErpeThlii ¢ TeMIIe-
patypoii ¢, =400°C?

3. Onpenenutb Tepmuueckuid KITJI nuukna Penkuna, eciu naBiaeHue napa
nepea Typounoit p; = 7 MIla u temnepatypa ¢; = 400°C; naBieHue napa B
KoHzeHcatope p, = 0,0045 MIla. Kak uzmenutcst tepmudeckuii KI1/] nukna,
€CJIM JIaBJICHUE Tlapa B KOHJIEHCATOPE MOHU3UTCS 10 pp = 0,003 MIIa?

4. Onpenenutsd padoTy 1 kr mapa B mukie PeHknHa, eci JaBleHUE mapa
p1 = 2,5 Mlla, temneparypa t; = 300°C, nmaBrmeHue mapa 3a TypOHHOM
p2=0,0035 MIla. M300pa3uts gaHHbBIH OUKT B T, s — THarpaMme.

5. ITapoBast TypOuHa MomtHOCTRIO 50 MBT paboTraeT npu Ha4adbHBIX I1a-
pameTtpax napa p; = 4 Mlla u remneparypa ¢, = 350°C. Koneunoe naBnenue
napa p, = 0,004 MIla. Temneparypa nurareabHol Boabl f,, = 90°C. Omnpe-
JETINTh Y9acOBOM pacxo]] TOIUIMBA IIPH MOJHOW Harpys3Ke MapoBOW TypOWHBI,
ecmu KITJ] KOTGJ‘ILHOI/I ycranoBku h,, = 0,87. Temtora cropanusi TOILIMBA
0 = 35000 kJ[x/m’. Cunrath, 9T0 TYpOHHA paGoTaeT Mo MUKy PeHKknHa.

6. Onpenenuts Tepmuueckuii KITJ[ nukna Penkuna aiis cienyromux ma-
paMeTpoB:

a) p; = 1,5 MIla; t, = 200°C; p, = 0,0035 MIla;

0) p1 = 15 Mlla; t, = 450°C; p, = 0,0035 MI]a;

B) p; = 10 MITa; ¢, = 400°C; p, = 0,0035 MlIla;

r) p; = 10 MIla; #, = 500°C; p, = 0,0045 MIla;

n) py =20 MIla; #, = 550°C; p, = 0,0040 MITa.

7. [MapameTps! mapa mepes napoBoit TypOuHoit: p; = 10 MIla, #, = 500°C.
[aBnenue B xoHzueHcatope p, = 0,004 MIla. Onpenenuts cCOCTOSIHUE Mapa
MocJe pacImupeHust B TypOWHe, eciid ee OTHOCHTENbHBINH BHyTpeHHHA KI1J]
hOi = 0,85

KOHTPOJILHBIE BOITPOCBI

1. JTo Kakoro COCTOSIHMSI BJIQXKHOTO Tapa MpPOHU3BOJAT OTOOP TEIJIOTH B
KOHJICHCATOPE B IAPOCHIIOBOM YCTaHOBKE, paboTaromeil o mukity Kapuo?
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2. [Touemy B MapOCHIIOBBIX YCTaHOBKaX He mpuMeHsercs nuki KapHo?

3. Tepmuueckuit KIIJ] terutocunoBoro ukna PeHKHMHa MOXET MPeBBI-
mate TepMmudeckuit KIIJ] nukina KapHo npu paBHBIX 3HAUCHHSAX IapaMeTpOB
napa?

4. C xako# LIeJIbI0 UCTIOJIB3YETCsl IEPETPEB Mapa B LKKIIE PeHkuHa?

5. Kak Bnusier yBenuueHue naBieHus napa Ha tepmuyeckuil KIIJ ecnu
HavallbHas TeMIlepaTypa rnapa B [UKJIE MOCTOSIHHAs?

6. It 4ero yBeIMYMBAIOT TEMIIEpaTypy Iapa meper TypOMHOH B LUKIIE
Penknna?

7. Kak 3aBucut tepmumueckuii KIIJI mapocmioBoro unmkia PeHkunHa ot
JIaBJIeHUs Mapa B KOHJeHcaTtope?

8. It 4ero ocCyILIecTBISIOT IMPOMEXYTOUHBIM HeperpeB mnapa B LUKIE
Penkuna ?

9. Yto Ha3bIBaeTCs TeIUiohuKarmen?

10. Kakue TeIuoBble 3JEKTPOCTAHLUM HAa3bIBAIOTCA TEILUIOIEKTPOLEH-
TpamsiMu?

11. Kako#i moka3arenp HCIOIB3YETCS VIS XapaKTEPUCTUKH SKOHOMUYHO-
ctu pabotsr TOLL?
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5. HUKJIbI XOJIOANJIBHBIX MAIIINH
N TEIIVIOBBIX HACOCOB

5.1. UKJI BO31YIIHOM XOJIOANJIbHON MAIIIUHBI

Ha puc. 5.1 npuBeneHa npUHIUNHANBHAS CXeMa BO3AYIIHON XOJIOAMIb-
HOM yCTaHOBKH. B0O3/1yX M3 XOJOIUIBHON KaMepbl OCTYNAET B KOMIIPECCOP.
ITocne cxxaTust 10 AaBIEHUS P, OH € TeMIepaTypoil 7, MOCTyNaeT B TEII000-
MEHHHUK, B KOTOPOM OXJIQXJIAeTCsl 0 TEMIEpaTyphl OKPYKaloLIEH cpensbl.
3areM BO3AyX MOCTYIAET B eTaHaep 4, rie pacluupsaeTcs OT AABJIEHUS p; 110
p1- Bo3nyx, oxmakaeHHBIH B pe3ylbTare Ipolecca aanabdaTHOTO paciiupe-
HUS B J€TaHJepe, MOCTYNAeT B XOJIOIMIFHYIO KaMepy, U3 KOTOPOi OH OTOH-
PaeT TEIUIOTY.

Puc. 5.1. IIpuHnunuaibHas cxeMa BO3AYIIHOM X010AMJIBLHOI YCTAHOBKH:
1 — TermooOMEHHUK; 2 — KOMITPECCop; 3 — XONOAWIbHAs KaMepa; 4 — eTaHzep;

LIMKI BO3IYIIHOM XONOMMIBHOM YCTAHOBKY IIPECTaBIEH B p, V- U 1, S -
JuarpaMmax Ha puc.5.2. DTOT IIUKJI COCTOUT U3 CIEAYIOIIUX MPOIECCOB:

1-2 — cxxatue BOo3yxa B KOMIIPECCOPE;

2-3 — 0TBOJ TEIUIOTHI OT BO3/yXa B TEIUIOOOMEHHHKE IPU MOCTOSHHOM
JIaBJICHUH;

3—4 — pacuiupeHue Bo3yxa B JE€TaHJIEPE;

4—1 — mpouecc MOABOA TEIUIOTHI IPH MOCTOSIHHOM JIaBJICHUH K BO3IYXY
B XOJIOAMIIBHOHM Kamepe.

Ipomecerr cxatust 1-2 u pacmmpenns 3—4 cunTaroTcs aguaOaTHBIMU.
CrenoBatesibHO, MCANBHBIN UK XOJOIMIBHOW MAIIMHBI COCTOUT M3 JBYX
n300ap 2—3 u 4-1 u aByx anmadat 1-2 u 3—4.
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Puc. 5.2. Lk BO3AYIIHOW X0JOIHIbHOH YCTAHOBKH
Bp, V- H T, § - amarpamMmax

D¢ dexTHBHOCTh HUKIOB XOJIOJMIBFHBIX MALIMH XapaKTepU3yeTcsl XOJo-
JTUITBEHBIM KO3 dummeHToM (6.20):

e=t2 =92 (5.1)
lx 41~ 92

KomnuuecTBO TEMIOTHI, 0TOMpPAEMOil BO3IYXOM OT OXJIaXIaeMOro o0beMa
B u3obapHoM mporiecce 4-1,

9y =i - iy (5.2)
Temnora, oTmaBaeMasi BO3IYyXOM B OKPYKAIOMIYIO Cpeoy B H300apHOM
npouecce 2—3
G =" I3 (5.3)
Ecnu cunrath Bo3ayX uaeadbHBIM Ta30M C MOCTOSIHHOM TEMIOEMKOCTBIO,
TO ypaBHeHus (5.2) u (5.3) MOXKHO 3amucaTh B BUIE

0=, (- T), (5:4)
%ch(Tz'Ts)- (5.5
Pabota, 3arpaurBaeMas B LIUKIIE,
lwe =1~ 42 =¢,[(1o - 13)- (1 - 7). (56)
IToacrapnss (5.4) — (5.6) B Beipaxenue (5.1), Haxoaum
L-1, - 1

e:(Tz-T3)- (T—T4)_T2-T3_l. (5.7)

L-T,
Jis anuabaTtHBIX nporieccos 1-2 u 3-4
k-1 k-1
T, _&p,0k T, % 0k

T PlE ’T4 P4B
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ITockonbky p, = p3 U ps = py, TO

T.

L_L mbk-h

L I, I, T,

Otcrona
L-T; _L-T,
T, (I
Win
T,-T, T
2 3 -2 (5.8)
L-T, T
C yuerom BoIpakeHus (5.8) BeipaxeHnue (5.7) MOXKHO NepenucaTh B BUIIE
T

e= L =1 (5.9)
&_ 1 T2 - Tl
T

13011
_ 1
e= T , (5.10)
@2 9 k 1
P g

TO €CTb XOJIOJMIIBHBIN KO3((OHUIMEHT 3aBUCHUT OT OTHOIICHUS IaBICHHUH py/p).
X1a0MpOU3BOUTEILHOCTD Ta30BON XOIOAMIBHOM YCTaHOBKH NPHUMEPHO
B IIECTh Pa3 HIDKE XJIJOMPOM3BOANUTEIBHOCTH YCTAHOBKH, paboTaromel 1o
oOpatHoMy 1ukiay Kapro. BBumy HHM3KOH SKOHOMHYHOCTH B HacTosIIee
BpeMs JIs TIOJIydeHUs XOJI0a BO3AYIIHO-XOJOMIbHBIE MAIINHBI IPaKTHYe-
cku He mpumeHstorcs. Ilupokoe pacmpocTpaHeHHe B NPOMBIIUICHHOCTU
HallUTK BO3JYIIHBIC XOJIOMWJIBHBIE MAaIIMHBI ¢ TypOokommpeccopamu. Jms
MOBBIIIEHUS S)KOHOMIYHOCTH B HUX HCIIOJIB3YETCS LIUKJI C PEreHepanneH.

5.2. HMKJ TAPOKOMIIPECCUOHHOM XOJIOIUJIbHOM
YCTAHOBKHA

B mapoxoMnpecCHOHHBIX XOJOAWIBHBIX YCTAaHOBKAx (puc. 5.3) ocymiecT-
BJIAKOTCA TC K€ IMPOLECCCHI, YTO W B BO3AYIIHLIX XOJIOJWJIbHBIX MallllHaXx.
Pa60‘ll/IM TCJIOM TaKHUX YCTAHOBOK SABJIAIOTCA JICTKOKUIIAIINE KUIAKOCTU: aM-
MHAK; YTJCKUCIOTA; CEPHUCTBIA aHTHAPHUT; (TOPXJIOPIPOU3BOIHBIC MPO-
CTEHILNX Npe/esIbHBIX yriieBoaopooB ((hpeonsr). Hanbomnbiee npumeHeHune
B IIAPOKOMIPECCUOHHBIX UKIJIAX UMEIOT (hPEOHBI.
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Puc. 5.3. [IpuHnunuajbHas cXxeMa NAPOKOMIIPECCHOHHOI X0JI01WILHOI
MAalIMHbI: | — IPOCCENbHBIN BEHTHIIb; 2 — KOHAEHCATOP; 3 — KoMmpeccop; 4 —
HCTIApUTEINh

B MapOKOMIIPCCCUOHHBIX XOJOJAUIIBHBIX YCTaHOBKax, B OTJIUYHC OT ra3o-
BbIX, BMECTO AC€TaHACpa MPUMECHACTCI ILpOCCGHbHLIﬁ BCHTWIb, IPU IIOMOLIN
KOTOPOI'0 MyTEM U3MCHECHHUA CTCICHU OTKPBLITUA PEryJIHUPYETCA TEMIIEpaTypa
B OXJIAXIaEMOM O0OBEME.

YcranoBka pabotaer ciexyronmM oopazoM. CkaTblii B KOMIIpeccope map
MOCTYNAeT B KOH/AEHCATOP, TJIE 3@ CUCT OTJaul TEIUIOTHl OXJIAXKAAIoIIeH cpe-
Jie TPOMCXOMUT MONHasi KOHAeHcauus mapa. JKuakocTs n3 KoHAEHcaTopa
MPOXOANT Yepe3 JPOCCENbHBIM BEHTWIB, T1e OHa pacmmpsercs. [locne gpoc-
CCJIbHOI'O BEHTUJIA CMECH JKHUJKOCTHU U Iapa HAIPaBJIACTCA B UCIIAPUTEIIb, TAC
3a CYET TEIUIOTHI, OTOMPAeMO OT OXJIAXKIAEMBIX Tell, )KUJIKOCTh ITEPEXOJIUT B
nap. M3 kommpeccopa nap HanpasisieTcsi B KOHAESHCATOP, U IUKJI 3aMbIKaeT-
Csl.

HapOKOMHpeCCI/IOHHI)Ie XOJIOAWJIbHBIC YCTAHOBKH IMPUMCHSAIOTCA JId 110-
JIy4eHUs U MOAJepKAHUSI B OXJIaxIaeMOM o0beMe (UcTapuTelie) TeMuepaTyp
ot 0 1o —120 0C, a MHOTJA U HUXKE.

K xmapoareHtam Juii MapOKOMIPECCHOHHBIX XOJOAMIBHBIX YCTaHOBOK
HPEBSIBISIFOTCS CIIEAYIOLINE OCHOBHBIE TPEOOBAHMS:

— XJIaJOareHT JIOPKEH UMETh BO3MOXKHO OOJBIIYIO TEIUIOTY Mapooodpaso-
BaHUS;

— MaBJICHHUC HACBIIICHHBIX MAapoOB XJlaJoarcHTra npu HU3IIEH TeMIIEpaType
€ro JIOJDKHO OBITh BhILIE aTMOC(HEPHOro, TaK KaK B ATOM ClIy4ae JIETKO yCT-
PaHUTh YTEUKY XJIaJ0areHTa, 4eM I0JICOC BO3/lyXa IPH BaKyyMe;

— XJag0ar¢HThl JOJIXKHBI 6I)ITI) HCTOKCHYHBIMH, XUMHUYCCKHU CTOMKMMMU U
HE B3aNMO/ICHCTBOBATh C KOHCTPYKIIMOHHBIMH MaTE€pHaJIaMH.

[TapokoMmpecCHOHHBIE XOJIOJUIBHBIE YCTAHOBKA MMEIOT IPEHMYIIECTBa
nepesl BO3AYIIHBIMH XOJIOJMJIBHBIMH MallMHaMH. Y HHX Ooyiee BBICOKHH
XOJIONMIBHBIA KO3((GHUIMEHT W BBIIIE XJIaJONPOHU3BOIUTENHFHOCTE. Kpome
TOTO, OHM KOMIIAKTHEE 1 OoJiee JeIeBbIe.
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5.3. MPUHIUI JEACTBUS TEILJIOBOI'O HACOCA

TemnoBoit Hacoc — 3TO yCTaHOBKA IS TIEPEHOCa TEIUIOTHI OT Oosee Xo-
JIOZHOTO TETUIOHOCUTENS K OoJiee ropsideMy 3a cHeT MOABOJa BHEIIHEH SHEp-
TMW WIN JONOJHHUTEIFHON TEIUOTHl. TernoBble HACOCH MCTIONIB3YIOTCS JUIS
BBIPA0OTKH TEIUIOTHl B CHCTEMaX LIEHTPAIN30BAHHOTO W WHJMBUAYaIbHOTO
OTOIUIEHHsI M Topsyero BojocHaOxeHus. OHM Ooyiee SKOHOMHUYHBI M 0€30-
MacHbBI, YeM KOTJIbI Ha Ta30BOM WJIM TBEPAOM TOIUIMBE M HOATOMY SIBIISIOTCS
XOpOIllel aJbTepHATHBOM /IS CHCTEM HWHJMBUAYalbHOTO TEIUIOCHAOKEHHMS
JKWIBIX JOMOB U KOTTEKEH.

[TpyrHOMT feficTBUSA M KOHCTPYKIMS TEIIOBOTO HACOCA MIACHTHYHBI XOJIO-
JWIBHOW MaIlMHE M YCTaHOBKE Ul KOHIWIMOHHPOBAHMS BO3AyXa (KOHIH-
IIMOHEPY), B 3THX YCTPOICTBAaX Pa3IMIHO JIMIIH HANPABICHNE TIepeJadn Tel-
JOTHI: XOJIOJWIBHUKA M KOHIUIMOHEPH! HCIIONB3YIOTCS Ul OXJIAXKICHUS, a
TEIJIOBBIE HACOCHI — JUIS Harpesa. VI3-3a 0AMHAKOBON KOHCTPYKIIMH OBITOBBIC
KOHIMIIOHEPHI YaCTO MOTYT BBINOJHATH U (DYHKIIMH TEIJIOBOTO HACOCa B TaK
Ha3bIBAEMOM peXHUMe 000rpeBa.

[lepBast cxema TEIIOBOrO Hacoca, Ha3BaHHAsh «YMHOXXHTEJIEM TeEIlIay,
npeioxkeHa gopaoM KensBunsiM B 1852 r. IlpuHIun nedcTBUS TEIIOBOTO
Hacoca OCHOBaH Ha BBIICJICHWH M IOIJIONIEHHH TEIUIOTHI MPU TIEpPHOJIYe-
CKOM IIepexo/ie paboyero areHra u3 OJHOTO COCTOSIHUS B IPYTOE.

TeroBble HacoCkl 1O BUIY paboyero areHra pasJelsiFoTCsl Ha TPU THIIA!
MapOKOMITPECCHOHHBIE, a0COPOIIMOHHBIE U TEPMOIIEKTPHUECKHE.

B napoxomnpeccuonnvix mennogvix nacocax, SABISIOMUXCS CAMBIMHU pac-
NPOCTPaHEHHBIMH, (pHUC. 5.4) UCIONB3YeTCsl TEIUIOTa WCIAPEHHsS M KOH/EH-
caluy XJaJareHTa (Jame Bcero ()peoHOB WM aMMHAKa).

IIpn Goiee BBICOKOM IaBICHHM TEMIIEpaTypa KOHICHCAUM (KHUIICHUS)
MOBBIIIACTCS, TO3TOMY XJIQJAreHT KOHAEHCHUpPYeTCsl Ipu OoJiee BBICOKOH
Temmeparype, 4eM ucnapsiercs. IloaTomy TemioBoit Hacoc MO3BONAET Iepe-
JlaBaTh TEIUIOTY OT XOJIOJHOTO TEIIOHOCHTENsl K ropsdyemy. [Ipu aTtom oH
HOTpeOIseT SHEPruio /.., HEOOXOAMMYIO IJIsl CXKaTusl XJajareHra, HO 3Ta
SHEPrusi MEHbBILE, YeM KOJMYECTBO TEIUIOTHl ¢, MNOIy4yaeMoe TOpSYUM
TersioHocuTeneM. J((GEKTUBHOCTh TEIJIOBOrO HAacoca TEM BBINIE, YeM
CHJIbHEE BEJIMYMHA ¢, IPEBBIIIACT PAOOTY /..

OTHoIIEHNE TEIIOTH, NepeJaHHON TopsYeMy TEIFIOHOCHTENIO, K paboTe,
3aTpaynBacMON Ha CXkaTue, Has3bIBaeTcs KoddduimenroMm npeobpasoBaHus
TEIIOTHI M

(5.11)
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BricokonoTeHIaIBHbIHA (TOpAYnii)
TEIIOHOCUTEIh

y —
dx = 9ru

Konnencarms

Paciuu- Luxin

Cikarne ) €—
peHNC XJ1aJilareHra

CIK
Hcnapenne

9u

HuskonoTeHnanbHbIH (XOIOIHBIN)
TEIIOHOCHUTENb

Puc.5.4. ukJ1 mnapokoMNpecHOHHOT0 TENJI0BOI0 Hacoca:
¢, — TEII0Ta, OTJaBaecMasi HU3KOMOTCHIIMATLHBIM TEIJIOHOCUTENEM U TTOTydacMast
XJIQJIOATCHTOM TIPH €r0 HCTIApEHUH (aHAJOTHYHA TETUIOTE ¢, XOJIOAMIBHOTO
LUKIA); ¢, — TEIJIOTa, OTAaBaeMasi XJIa[0areHTOM MPU €r0 KOHICHCAI[HU U TTOJTy-
YaeMasi BLICOKOTIOTEHIINATBHBIM TEINIOHOCHTENIEM (aHAJIOrHYHA TeTUIOTE ¢| XOJI0-
IWIBHOTO LHUKNA); /.. — paboTa, HeoOXoauMas IS CKATHUS XJIAAAT€HTa; ¢y — TETIIO0-
Basi HArpy3Ka TEeIIOBOr0 Hacoca

3HayeHne MIOJDKHO OBITH Oouible 1, YeM OHO BBIIIE, TeM paboTa TeIuIo-
Boro Hacoca 3¢ ¢exruBHed. [Ipy m= 1 padora TemIoBOro Hacoca TepseT
CMBICJI, TaK KaK JJICKTPOIHEPrHIO, 3aTpayMBacMyl0 Ha CXKaTHe, MOXKHO HC-
MOJIB30BATh [UISl MOJIYYESHHUS TEIUIOTHI C TIOMOIIBI0 HAMHOTO OoJiee JeIIeBBIX,
4YeM TeIUIOBBIE HAaCOCHI, AJIeKTpoHarpesaresneil. [Ipy m< 1 B TersoBoM Haco-
ce DHEpruM TpaTuTcs OoJIblIe, YeM NPOU3BOIUTCS TEIIOTHI.

Ces3p k03 dunrenTa npeodpa3oBaHUs TEILIOTHI MC XOJOAMIBHBIM KO-
a¢punmentom e (5.1) cremyromast:

m=e+ 1.

Ab6copbyueti Ha3pIBaeTCs MOTIIONICHUE BELIECTBA BCEM 00BEMOM JPYroro
Tena, Ha3biBaeMoro abcopOenroMm. B abcopbyuonnom mennoéom nacoce B
KadecTBe pabovero Tesa MCIHOJIb3YETCsl CMECh XJ1afl0areHTa ¢ ero pacTBOpoM
B JKUJKOCTH, UMerollell 0oJiee BBICOKYIO TeMIlepaTypy KureHus. B oTiauune
OT YHCTBIX BEIECTB PACTBOPHI 00JIAIAI0T CIIOCOOHOCTHIO a0COPOUPOBATH map
pacTBOpa OJHOTO COCTaBa XKHUAKUM PACTBOPOM JPYrOro COCTaBa JAXKE B TOM
cllydae, KOTJa TeMIepaTypa >KUIKOCTH BBIIMIE TeMIepaTypsl mapa. Cxema
abCcopOIMOHHON YCTaHOBKH (pHC. 5.5) aHANOTHYHA CXeMe HIealbHOH mapo-
KOMIIPECCHOHHOW yCTaHOBKe (pUc. 5.3), TONBKO KOMIIpECCOp 3aMEHEH ao-
COPOLIMOHHBIM Y3JIOM.
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I1ap B KOH/ICHCATOP

3
2
4
2
[J—
nap us3
vcnapurens |7

7\
Puc.5.5. AGcopOunoHHBbIii y3eJ1 X0J0ANIbHOI YCTAHOBKH:
1 — abcopbep: 2 — Hacoc; 3 — reHepaTop napa; 4 — peayKIIMOHHBINA BEHTHIIb

AbcopOIHoHHEIH y3en (puc.5.5) abcopOIMOHHOW YCTAaHOBKA COCTOMT U3
abcopOepa, reHeparopa Iapa, Hacoca M peIyKIHMOHHOro BeHTHIs. OH ciy-
JKHUT JUTA CKaTHS XJTafoareHTa OT JaBJICHHUs Ha BBIXOJE W3 MCIApHUTEINS Tel-
JIOHACOCHOHM YCTAHOBKH p, JI0 JaBJICHUS Ha BXOJE B KOHJEHCATOP TEIUIOHA-
COCHOM YCTaHOBKH p;. B abcopOep mocTymaer cyxoi HACHIICHHBIN Mmap XJja-
Jl0areHTa, KyJa MoJaeTcs TaKKe pacTBOP XJIaJoarcHra, UMEIOIINA TeMmepa-
Typy T;. OTOT pacTBOp abCOPOMPYET XJIa0ATeHT, a BBIICISIOMAsCS TeIIoTa
abcopOIMK OTBOAWTCS XOJIOAHBIM TerloHOcHTeneM. KoHueHTpamus Xiiangoa-
TeHTa B PacTBOpE B mpolecce abcopOLUM YBEIMYUBACTCS, U CIIEIOBATEIHHO,
u3 abcopOepa BBIXOIUT oOOramieHHbIH pacTBOp. C MOMOIIBIO HAcOCa, TOBbI-
HIAIOIIETO JIaBJIeHHE 000TallleHHOI'0 PacTBOpa OT p; /10 Py, PACTBOP MOAAETCS
B I'€HEpaToOp aMMHA4YHOIrO Mapa, TJe 3a CUeT TEIUIOTHI, TTOBOJMMOM K pac-
TBOPY OT BHEIIHEro HMCTOYHHKA, MPOUCXOJWT HMCIApEeHHe pacTBopa. Beine-
JSTFOLMIACS. TIPU 3TOM Tap IMpPaKTHYECKH COCTOMT M3 XJaJ0arcHra, Tak Kak
MapIyaIbHOE AaBJICHHE PACTBOPHUTEISI B Ia30BOH (ha3e MPH ATUX TeMIIEpaTy-
pax HUYTOXKHO Mayo. OOeHEHHBII XJIa[l0ar€HTOM PacTBOP, BBIXOASIINHA U3
TeHepaTopa Inapa, APOCCEIMPYETCSl B PEIYKIIMOHHOM BEHTHIIE OT AABICHHS
P 110 TaBICHUS p, U 3aTeM IIOCTyNaeT B abcopbep, rie oH odoramaercs Xia-
JIOAreHTOM.

[IpeumymiecTBO 3TOTO Criocoba CyKaTUsl XJIaJ0areHTa 3aKJIIYaeTcst B TOM,
YTO JUIsl NOBBIIICHHS JaBJICHHs HCIIOJB3YEeTCsl HAcoC, a He KoMmmpeccop. 3a-
TpaTa paboThl Ha MPHBOJ HAacoca MPEHEOPEKUMO MaJa 10 CPaBHEHUIO C 3a-
TpaToii paboThl B KOMIpeccope. Bwrpeinr B pabore, 3aTpaunBaeMoil Ha
NPUBOJ KOMIIPECCOpa, KOMIEHCHPYETCsl 3aTpaTod TEeIUIOTHl B TeHepaTope
napa. OTa TeIIoTa OTBOAMTCS 3aTEM XOJIOJHBIM TEIUIOHOCHTENEM B abcop-
Oepe.

K HemocraTkaMm abcopOLMOHHBIX HACOCOB MOXKHO OTHECTH HAJIMYHE JBYX
TeII000MEeHHHUKOB (abcopOepa u reHepaTopa), K KOTOPHIM COOTBETCTBEHHO
HEOOXOMMO TOJBOANTD XOJOAHBIN M TOPSIYUH TEIIIOHOCHUTENb. AOcopOIu-
OHHBIE XOJIOAWIbHBIE YCTAHOBKH 11€1€C000pa3HO MPUMEHSTh B TOM Cilydae,
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KOT/1a MOXET OBbITh MCIIOJIb30BaH OTPaOOTaBIIMK Map WM JPyrHe TEIUIOHO-
CUTEJIM HU3KOT'0 TEMIIEPaTYPHOIO IOTEHIUAIIA.

C pa3BHUTHEM KOMIPECCOPOCTPOEHHsI aOCOPOIMOHHBIE XOJIOANIBHBIE YC-
TAHOBKH OBUTH BBITECHEHBI IAPOKOMITPECCHOHHBIMH YCTaHOBKAMH.

Tepmoanexmpuueckue mennogvie HACOCHl WUCTIOMB3YIOT 3(G(HEKT BO3HHUK-
HOBEHUS 2JIEKTPUYECKOTO TOKA ITPH HArPeBE CHAeB Pa3HOPOIHBIX METAIIIOB U
o0paTHBIN 3()(DEKT OXJIAKACHUE CNAeB IPU NPOIYCKAHMH Yepe3 HHUX 3IIeK-
TPUYECKOIO TOKA.

TennoBble HACOCHI MOTYT HCHOIB30BATHCS JUIS CIEAYIOIINX LENEH.

1. ManuBHayanbsHO-OBITOBOE TETIIOCHAOKEHHE XHJIBIX M OOIIECTBEHHBIX
3naHui. Ilpn 3TOM XOJIOIHBIM TETJIOMCTOUYHUKOM SBIISIETCS TEIUIOTa OKpPY-
JKaroleil cpenbl (B OCHOBHOM BOJHBIX MCTOYHHMKOB, 3€MJIM U, OYEHb PEIKO,
BO3/yXa) U TEIUIOTa Te0TePMAaIbHBIX UCTOYHHUKOB. IIpu HCIoOMp30BaHUH TeT-
JIOBOI'O0 HAcoCa 3KOHOMUTCS 3JIEKTPOIHEPrusl WM TOIUIMBO, KOTOPBIX IIO-
TpeOisieTcss MEHbIlle, YeM IPH HMCHOJIB30BaHUM 3JIEKTpOHArpeBateieid Win
BOJIOTPENHBIX KOTJIOB.

2. IlpumeHeHne B cUCTEMaxX BEHTWIILUM 7Sl HATPEBa CBEXKETO XOJIOHO-
TO BO3/yXa 3a CYET TEIJIOTHI TEIUIOTO BO3yXa, YAAIIEMOr0o U3 MOMELICHUS.

3. INomyuenne ropsiaei BOABI ISl TEXHHMYECKOTO BOJOCHAOXKEHMS MPO-
MBIIUIEHHBIX MPEINPUATHHA 33 CYET HU3KOMOTEHIMANBHBIX TEIIOBBIX OTXO-
JIOB, HampuMep, 00OpPOTHOW CHCTEMBI OXJIAKAEHHS KOMIIPECCOPOB, CHCTEM
KOHIUIIMOHUPOBAHUS M OXJIAXKJCHHUS OOOpYNOBaHHUS, 3aMeHa TpajupeH u
JPYTHX OXJIXJIAIOIIMX YCTPOHUCTB Ha OOOPOTHBIX CHCTEMaX BOJIOCHAOKEHHMS
IPEAIPUITHH.

4. [omorpeB 00OPOTHOM BOJIBI TEIJIOBBIX CETEH.

5. Hcnonb3oBaHue il BBIPAOOTKHM TEIUIOTHI B CHUCTEMax IIEHTPAJIN30-
BAaHHOTO TEIUIOCHAOXEHUSI C IHUKOBBIM JIOTPEBOM IMOJAaBAaeMOi BOJBI B
OOBIYHBIX KOTEJIBHBIX.

IIprMeHeHne TEIIOBBIX HACOCOB BBITOJIHO:

— IIpY HE3HAYHTENILHOM MOBBIIIEHUN TEMIIEPATYPHOTO MOTEHIINAA;

— IPH NOCTOSIHHBIX TEIUIOBOW HATPY3KE U TEMIIEpATypax TEITIOHOCHUTENEH;

— MPH HU3KOW CTOMMOCTH 3JIEKTPHYECKON YHEPTHHU IO CPABHEHHIO C TOI-
JIBOM.

OCHOBHBIM HEJOCTATKOM TEMJIOBBIX HACOCOB SIBJIAETCS MX BBICOKAsl CTOU-
MOCTb.

5.4. TEPMOJMHAMUWYECKHUE OCHOBBI PABOTbHI
HAPOKOMITIPECCHOHHOM XOJIOAUJIBHON YCTAHOBKH

Jnst aHanm3a paboThI TETUIOBOTO HAacoca Uctonb3ytores 1, S-up, i -
Juarpammsl puc. 5.6.
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Jlesas norpanununas kpusas

(BOIa B COCTOSIHMM HACBILICHHS)
7| Jlesas Kpurnaeckas Touka la
norpanuyuas er Kpuruueckas Touka
KpuBasi (BoJa
B COCTOSHIN M30x .
HacwteHs) H3oxopa (p = const)
S
Ilpasas o°°
4 d 7
Obnacth rorp! l;';;:ﬁ Wzotepma Q,/ Tlpasast morpannas
PKHIIKOCTH (HachinieHHbI (' const) @w KPHBast (HaCHIIEHHbIH
) nap) ?&&- nap)
TlepexojHas odacTh O6nacts
(TIporiecchl Hemapen s Obnactsb FKHIKOCTH
W KOHJICHCALMN) neperpeToro Tlepexotas 0671aCTh, Obac
napa (IPOLECCH HCTIAPEHIS DonactTh
M KOH/GHCALNN) TIEPErpeToro mnapa

i

3
Puc.5.6. Oouwmii Bun 7, S - u p, i - nuarpamm

TennoBoil Hacoc mpezcTaBugeT 0OpalleHHYIO TeIUIOBYIO MaluHy. B Temn-
JO0BOH MalluHe 3a CYeT Iepefad TeIIOThl IPOU3BOJUTCA paboTa, B TEILIO-
BOM Hacoce Hao0OpoT, paboTa 3aTpaunBacTCsl Ha Tepeaady TeroTel. Cxema
UJIealIbHOTO TEIUIOHACOCHOTO IWKJIA PE/ICTaBIeHa Ha pHC. 5.7.

BrIcokonoTeHInaIbHBIH
TEIIIOHOCUTEITh lgp

:

Konnencarop

Kommpeccop, 0

Jlerannep

T
HWcnapurens T 3 2

4 A T 4 1

HuskonoreHmambHbIiI _—
TETUIOHOCUTEITb N

Puc. 5.7. Uneanbublii TenonacocHsiii nuka Kapuo:

g, — TEIJIO0Ta, OTAaBacMasi HU3KOMOTECHIIMALHBIM TEITIOHOCHTENIEM U TOJTydaeMast
XJIaJJOareHTOM IIPH €ro UCIIapeHNH; ¢, — TeIUIOTa, OTJaBaeMast XJIag0areHTOM IIpH ero
KOHJICHCAIIMH U MMOJyYaeMasi BHICOKOIIOTEHIIMAIbHBIM TeIUIOHOCHTeNeM; /., — paboTa,

HeoOXoquMast AJIsk CKATUsL XIafaareHra; W — alIeKTpOdHeprusl, MOABEICHHAs K JIeK-
tpoasurarenio; T, u T, — TeMIiepaTypbl HCTIAPSHUSI U KOHICHCAIIMH

B upneansHOoM TemoHacocHoM Iukiie KapHo ocyiecTBistoTes clienyro-
II1e TPOLECCHI:

[pouecc /-2 — oOpaTuMBbLil Iporiecc CKaTHs XJlaJareHTa B KOMIIpeccope
IIPY [IOCTOSIHHOM SHTPOIIUHU.

IIponece 2—3 — m3oTepMuyeckasl KOHJAEHCAIU XJIaJareHTa B KOHJAEHCa-
TOpE ¥ OTJaya TEIUIOTHl BEICOKOTIOTEHIINAIBHOMY TETIFIOHOCHTEIIIO.
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Iporece 3—4 — 0OpaTUMBIH TPOIECC PACHIMPECHUS XJIAJareHTa B JCTaH-
Jepe (ycTpolicTBe Il pacHIMpeHusi, 00paTHOM KOMIIPECCOpY) NMPH HOCTOSH-
HOM SHTPOIIUHU.

IIponece 4—-1 — u30TepMUUecKoe UCIapeHHe XJIaJareHTa B UCTapuTene 3a
CYeT TEIUIOTHI, OTOOPAHHOM y XOJIOHOTO TETTIOHOCHTEIIS.

B mapoxoMIipeccHOHHOM TeIUIOBOM Hacoce (pHc.5.8) B OTIMYHE OT TeT-
JoHacoHoro nukia KapHo caepyromue oTanuus.

1. Bmecro nerannepa, M3-3a €ro BBICOKOM CTOMMOCTH, HCIIOJIb3YETCS
JIPOCCENbHBIN BEHTUJIb, MPOLIECC PACLUIMPEHUS] B KOTOPOM MOYKHO paccmar-
pUBaTh Kak HeoOpaTWMBIA amgmabaTmdeckuii. J[poccenmbHBI BEHTWIb IIpen-
CTaBJIsIeT cO0O# KiamaH B BHAE PEryJIMpPyeMOro COIUIa HIIM OTBEpCTHS,
T100 HeperyJIupyeMyro KanuwuipHyr TpyOky. Mcnonb3oBanue npoccens
BMECTO JIeTaHJepa yBeJIHNUUBaeT MOTepH, TaK Kak MpoIecC UAEeT He MO aaua-
Oare, a 1Mo JIMHUMU MOCTOSIHHOW HTaNbNUK. [loTepu OyayT OoJiblle, YeM BbI-
€ pa3HOCTb TCMIIEPATYP UCHAPCHUA U KOHJACHCAIIUU.

2. CxUMaTh TEXHUYECKH BO3MOKHO TOJIBKO a3, IOTOMY B KOMIIpEccope
JIOJDKEH MOCTYNATh Nap MPUMECH >KUIAKOCTH. CxkaTve CONPOBOXKIAAETCA IO-
TEPSMHU SHEPTHH U IIPOUCXOIUT HE aTruabaTHIECKH, a TOTUTPOITHO.

BbicokornorenuuaibHbii
TCIUIOHOCUTEIIb

KonzeHcarop

Kommpeccop, 0
Jlpoccenpnprii

BEHTHJIb

lgp

<
9
£
o
=
e
=]
~

HWcnapurens

4 1

HuskonoreHIabHbUA
TeNJIOHOCUTEb S

Puc. 5.8. Cxema 1 MK HI€aJIbHOT0 NAPOKOMIIPECCHOHHOI0 TEIIOBOr0 Hacoca

B naeanbHOM MapoOKOMIIPECCHOHHOM TEMJIOBOM HAcOCE OCYILIECTBIIIOTCS
CJIETYIOIINE MIPOLIECCHI:

[pouecc /-2 — HeOOpPaTUMBIH MOJIUTPOITHBIH MTPOIIECC CKATHS MAPOB XJia-
JlareHTa B KOMIpeccope.

[Ipouecc 2-3 — n3oTepMuUecKas KOHACHCAIMS XJIaJareHra B KOHJCHCA-
TOpE ¥ OTJaya TETUIOTHl BEICOKOTIOTEHIINAILHOMY TETIFIOHOCHTEIIIO.

Ipomece 3-4 — HeoOpaTUMBIN amuabaTHYECKHH MPOIECC PACIIMPEHUS
XJIaJIareHTa B APOCCEIHHOM BEHTHIIC.



78

IIponece 4-1 — u30TepMUUECKOe HCHAapeHHe XIaJareHTa B UcrnapuTese 3a
CYET TeIUIOThI, OTOOPaHHOMN Y XOJIOJTHOTO TEIIIOHOCHUTEIISL.

[otepu sHepruu B MIeaNbHOM MapOKOMIPECCHOHHOM TEIJIOBOM Hacoce
BCJIE/ICTBHE HEOOPATUMOCTH MPOLIECCOB MPEICTaBIICHBI Ha PHC. 5.9.

<, o
Sy §/
v §
lgp ) 4
7
4 [lotepu
7 B KOMIIpECCOpe
7
Iotepn i
B [poccene

Puc.5.9. ITorepu 3Hepruy B HAEATHHOM NAPOKOMIIPECCHOHHOM
TEIIOBOM Hacoce

B cxemam temnoBbix HacocoB (puc. 5.10, 5.11) mo cpaBHeHHIO ¢ HUaeatb-
HOM cXeMOH MOryT uMmeThcs ABa oTivuud. Ha BXoa B KoMIIpeccop AOKEH
nozjasaTbesl map Oe3 mpumecu kuakoctu. [loaToMy map mepes KoMmpecco-
POM J0JIKEH OBITh HECKOJIBKO MEeperpeThiM M To4Ka | JOoMKHA HaXOOAUTCS He
Ha JIMHUM HachHIIeHus, a mpaBee ee (cM. puc.5.10). Taxke moTepu gaBIeHUs
U3-32 TPEHHS B COCAMHHUTEIBHBIX TPYOONPOBOJAX MEXKIY KOHAECHCATOPOM U
JpocceneM BBI3BIBAIOT YacTHUHOE ucmapeHue ¢peona. Ho ecim Ha Bxox
Jpoccens MOCTYMaeT MapoXHUAKOCTHAST CMECh, 3(G(PEKTUBHOCTL €ro paboThI
cHmkaercs. [103ToMy JKHIKOCTh MOCHE KOHJEHCATOpa HEOOXOAWMO JIOTON-
HHUTEIBHO MEPEOXNAXKIATh TaK, YTOOBI TOUKa 3 HAXOAWIACh HE HA JHMHHUH
HACBILIEHNS, a JieBee ee. DTO TaKkKe YJydllaeT padoTy TEeIUIoBOro Hacoca,
TaK KaKk CHWXAeT JI0JII0 Mapa, MOCTYMAIOIIEro B UCIIapUTENb.

[lepeoxmnaxaeHue >KUAKOCTH B KOHAEGHCATOPE HEBO3MOXHO, TaK KakK 3TO
TpebyeT OoJiee BBICOKOTO TEMIEPaTypHOTO HAropa Mexay (GpeoHOM W rops-
9YUM TEIUIOHOCHUTEJIEM a, 3HAUMT, CHIXKEHUS TeMIIepaTyphl ropsdero TeIuio-
HOCHTEJIS, YTO HEBO3MOXKHO 10 TPEOOBAaHMSAM K IOJIydaeMOMY TEITIOHOCHTE-
mo. [lepeoxmaxaeHne TakkKe MOXKET ObITh JOCTUTHYTO TNPH MOBBIIICHHH
JaBJICHUS. M TEMIIEPaTyphl KOHJCHCAIWH (PEOHA, HO 3TO 3HAYUTEIHHO YBE-
JWYMBAET CTOMMOCTh OCHOBHOTO KOMITOHEHTA TEIIOBOTO HACOCA — KOMITPEC-
copa. Ileperpes nmapa B ucnapurese TakKe HEBO3MOXKEH, TaK KaK TeMIIEpaTy-
PY XOJIOJHOTO TEIJIOHOCHUTENSI M3MEHHUTH HEINb3s, MOSTOMY AT Meperpena
HEOOX0/IMMO TOHIKATh TEMIIepaTypy HUCIapeHus, a, 3HAYUT, yBEINYNBATh
CTETIeHb MOBBIIICHUS JaBJICHUs B KOMIIPECCOPE.

IlepeoxnaxaeHne *KUIKOCTH U IEpErpeB Mapa COBMEIIAIOT B JIOTOJIHH-
TEILHOM MPOMEXYTOYHOM TEIUIOOOMEHHUKE, TAE TOpsuuii (peoH mocie
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KOHJIGHCATOpa HarpeBaeT XOJIOJAHBIN (PEOH, BBIXOSIIMN U3 UcTIapuTens (CM.
puc.5.10). Ecinu ropsumii TeruioHocutens BblpabaThiBaeTcsi AJsl BOJOCHAO0-
JKEHHUA, TO €CTh IOCTYNAa€T Ha BXOJ HaAMHOTO XOHOI[Heﬁ, YE€M BBIXOJUT U3
TEIUIOBOI'0 HACOCA, MEePEOXIIAXICHHE >KUIKOCTH BO3MOXKHO B JIOIOJIHUTENb-
HOM TEIUIOOOMEHHHKE — MepeoxJiaiuresie, KOTOPBIA yCTaHABIMBACTCA IIOCTIE
KoHIeHcaTopa (cM. puc.5.11.).

[NepeoxnaxxaeHHe XKUAKOTO XJIaJarcHTa YBEIMYUBACT TEIUIOTY KOHJICH-
CalllH ¢y, TO €CTh IIPUBOAMT K MOBHILICHAIO K03 (dHIIIeHTa TpeoOpa3oBaHus
TEILUIOTHI MTEIJIOBOTO HAcoca.

5.5. IOKA3ATEJIA SHEPTETUYECKOM 3®PEKTUBHOCTH
TEIIJIOBBIX HACOCOB

VYnenbHas TeioBas Harpy3ka TEIJIOBOTO HAcOCa ¢, — ATO TEIIOTa, Ie-
penaHHas ropsueMy TeTJIOHOCUTENIO:
— U1 cxeM 0e3 mepeoxaanuTes

G =G (5.12)
— U1 CXEMBI € TIEPCOXJIAAUTCIICM
Gru = Gt Gnos (5.13)

TZI€ Gy, Jno — YACTBbHAS TEIUIOBAs HArpy3Ka B KOHJECHCATOPE W B IIEPEOXJIaIH-
Tere, KJ /KT WM KKaJ/KT peoHa.

Juist onteHKH 3()()EKTUBHOCTH TEIIOBOTO HACOCA MCHOJIB3YIOTCS KOAPQH-
IIUEHTHI NPe0Opa3oBaHusl TEIUIOTH MU JIEKTPOIHEPTHH M), YAEIbHbIE 3aTpa-
ThbI BJIEKTPOIHEPIUU D M NepBUYHON 3Hepruu [1D Ha enuHUIy NOJyYEeHHON
TETIIOTHI

Kosduyuenm npeobpazosanus menioms: M— 3TO OTHOLIEHUE TETIIOTHI,
HepeAaHHON ropsueMy TeIULIOHOCUTEINIO K paboTe, 3aTpaueHHOM Ha CoKaTHe:

m= . (5.14)
IC)K

Koadduiuent nmpeodpa3oBaHusi TEIUIOTHI HICATHHOTO MaPOKOMIIPECHOH-
Horo mukia KapHo Ny, sBIsieTcs BeTMYUHOM, 00paTHOI Tepmmyeckomy KI1J]

nukia Kapho:

1l __T. | (5.15)

mmzl T, :TK_TI/I
-7
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BhicOKOMOTEHIMATbHBIN
TETIOHOCUTEIh
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Puc. 5.11. CxeMa B IMKJI TEIJIOBOI'0 HACOCA
C HpOMG)KyTO‘leIM TCHJIOOﬁMeHH](IKOM H nepeoxnannTeJleM
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3HaueHne kodddunmenta npeodpazoBaHus M, IPH PA3HBIX TEMIEpATy-
pax ucnapeHus: ¥ KOHJEHCAlMY peICTaBlIeHo Ha puc.5.12. 3HaueHue M,
HanOoJiee BLICOKO NMPH MUHUMAJILHOM pa3HUIIE MEXKy TeMIepaTypaMH nc-
MapeHus U KOHACHCAIUHU, TO €CTh MEX/y TEMIIEPaTypaMHU Topsdero u Xo-
JIOJJHOTO TEIUIOHOCHUTEJIEH.

Hiua 30 \ \<z Ta0°C
"1 ]=30°C
ul
25 \//)(z =20°C
2% >< 1, = 104C

15N \/\
0N

40 50 60 70 80 90 100

t, °C
Puc.5.12. KoagpuuneHnt npeodpazoBaHus TemJIOThI H1eaJILHOI0 NAPOKOMIIpe-
croHHoro nukiaa Kapuo m,, npu pasHoii Temnepartype ucrnapeHus 7, M KOH/JeH-
canuu f,

Tak xak nmapokomIpeccHoHHbII 1Mk KapHo siBisieTcss 0OpaTUMBIM, KO-
3¢ UIEeHT My, ompeneNseT MaKCUMalbHO BO3MOXKHBIA KOA(pHUIMEHT Tpe-
00pa3oBaHKs TEIUIOTHI MPU 3aJaHHBIX TEMIlepaTypax HCIapeHus] U KOHJEH-
camuu. Koa(hduipeHTsl M pealbHBIX TEIUIOBBIX HACOCOB BCETAa MEHbLIE
3Ha4YeHUs M}, OTHOIICHHE PEaJbHOTO M HACATBHOr0 KO3 UIMEHTOB Ipe-
oOpa3oBanus TemuI0TH HaszbBaroT KI1/] TemioBoro Hacoca

h, . . (5.16)

DHepreTrveckyo 3G (eKTHBHOCT TEMIOBOI0 Hacoca YI0OHO OICHUBATH

C TIOMOMIBIO p, i-quarpaMMbl. Ha 3To auarpaMme 3HaYCHUS ¢y, i Guos Lo
COOTBETCTBYIOT Pa3Mepy MNPOEKIH COOTBETCTBYIOIIMX MPOIECCOB HA OCh
abcruce (puc.5.13). IMosromy ko3dduimeHT npeodpa3oBaHus TEILUIOTHI OY-
JIET paB€H OTHOLLUEHUIO Pa3HOCTEU SHTAIBIUM i, — i3 U I, — i].
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Puc.5.13. DHeprernyeckue NOTOKH
B HI€ATHHOM NMAPOKOMIIPECCHOHHOM TEIVIOBOM Hacoce

PaccmorpuM gaBa ciaydas ¢ OAMHAKOBOM TEMIIEpaTypOM HUCIApEHHs, HO
pa3Hoi Temmeparypoil koHAeHcarmu (puc.5.14). Ilpu yMeHbIIeHUHN TemIie-
paTypbl KOHJCHCAIMK (CMEIICHUH BHHU3 JIMHUKA 2-3) BeluduHa [, Oyaer
YMEHBIIIAThCS OBICTPEE, YeM BEJIHYHHA ¢,. [103TOMY KO3 uIueHT npeodpa-
30BaHUsI SHEPTHH MOyHeT Bo3pacTarb. MOXHO ClienaTh BBIBOJ, YTO paboTa
TEIJIOBOro Hacoca TeM 3((eKTHBHEe, YeM MEHBIIE Pa3HOCTb TEMIIEPaTyp
UCTapeHusl ¥ KOHIEHCALMN U 4eM JAajbllle HUKI yaansieTcs OT KPUTHYECKON
TOYKH.

%)

cxl
: 1 -

i
Puc.5.14. IluxJ padoThl TENJIOBOI0 HACOCA B NIPU OIMHAKOBOIi TeMmnepaType
HCNIAPEHHUS 7, U PA3JHYHBIX TeMIIEPATYPaxX KOHACHCALMH f,q U f,

PaccmoTpum moka3zaren 3Q(EKTUBHOCTH TEIUIOBBIX HACOCOB C y4ETOM
HOTEPh SHEPIHHU B IPHBOJAX KOMIIPECCOPOB.

B kauecTBe NpUBOAA TEIUIOBBIX HACOCOB B OOJBIIMHCTBE CIIy4aeB HC-
HOJIB3YIOTCSL ANIeKTpoABUTaTe . D(H(HEKTUBHOCTD TAKOTO HACOCA OLCHUBACT-
Csl TI0 COOTHOIIECHHIO TIOTPEOJICHHOW 3JIEKTPOIHEPTHUHU U IOJIyYEHHOH Teruio-
Tel. Kosghpuyuenm npeobpazosanusi snexmposnepeuu Ny (B MHOCTPAHHOU
nureparype HassiBaeMmbiit Coefficient of Performance wimu COP) — 310 0oTHO-
HIEHHUE TEIIOTHI, IIepPeaHHOl TopsYeMy TEIFIOHOCHTENIO K JJIEKTPOIHEPTUH,
MOZBEJCHHOHN K NPHBOY-3JIEKTPOJIBUrATENIO, TI0 OTHOIIEHUIO K KO HHILH-
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€HTY M OH JOIIOJHHUTECIBHO BKJIKOYACT MEXAaHUYCCKHC IMNOTCPH DHEPrUuu B
KOMIIPECCOPE U MOTECPU SHEPIUU B DJICKTPOABUTATEIIC:

TH

m=", =h.uh,m (5.17)

rne h,, — oanexrpomexannueckuii KIIJI kommpeccopa, 0OBIYHO paBeH
0,9...0,95; h, — KI1 1 anexrpoaBuraressi, 00b14HO pasen 0,95.

Yoenvnvie s3ampamul snexmposuepeuu Ha eOuHuYy nepeoanHol meniomol
SBIISTFOTCS BEIMIUHON, 0OpaTHOI M):

oW _1. (5.18)

st s dexTrBHOM pabOThl HACOCA C JICKTPOIPHUBOIOM JIOJKHO BBITION-
HATBCS ycsoBust M > 1 wnu O < 1. Ecnu 3T BeMYMHBI paBHbI 1, TO TEILIOTA,
BbIpa0aThiBaeMasi TEIJIOBBIM HACOCOM, CTAHOBHTCS PaBHBIM TEIUIOTE, MOJY-
YEHHOW NpH MPSIMOM HCIONB30BAaHUU 3JIEKTPOIHEPIHMH Ha O00OrpeB, U MpH-
MEHEHHUE TEIUIOBOTO HACOCA TEPSAET CMBICI.

Bwmecro anexTpoaBurarens B KauecTBE MPHUBOJAA KOMIIpECCOpa MOTYT HUC-
MOJIB30BATHCSI TIAPOBBIE U T'a30BbIe TYPOWHBI, IBUraTe)Id BHYTPEHHETO Cropa-
HUA ¥ Jpyrue MamuHbl. [ OLEHKHM pa3iuYHBIX CXEM TEIUIOCHAOKEHHS
NPUMEHSICTCSL YOeabHble 3ampamsl NEPEUYHOU DHEPSUU Ha NPOU3800CMBO
mennaomut 113:

115 = Lrona , (5.19)
qTel’l
e Qronn — PHEPTHS TOIUTHBA, WCIIOJNBE30BAHHOTO JUIS BBHIPAOOTKH TEIUIOTHI,
Gren — KOIIMYECTBO TIOJNyYCHHOW TEIUIOTHI, IS TEIUIOBOTO HAcoca dTa BEI-
YHHA PaBHA ¢y
Yem OGonbmie BenmuunHa [13, Tem cuctema TeruiocHaOXeHUsT MeHee 3¢-
¢dexruBHa. [{11g BomorpeiHbpx KOTI0B [1D paBHsieTcs: BenmuyuHe, 00paTHOW MX
KIIJ. KI1J] BomorpelHbIX KOTJIOB cocTaBisier He Oonee 0,85, 3HAUUT Benu-
ypHa [1D — He menee 1,2.
Jnisi TemIoBBIX HACOCOB C IIPHBOJIOM-3JIEKTPOJIBUTATENIEM AJIEKTPOIHEP-
THsI BBIpaOaThIBACTCS MIPH CKUTAHWU TOTUIMBA HA DJIEKTPOCTAHIUAXK, TOITOMY

IS HUX
g TOILI W 1 lC)]( 1 1
115 = = =0 T —, (5.20)
qTH h3.C hrlep qTH h3.M h3 h3.C hrlep qTH
381051

__ 1 1 1. (5.21)
H3 a hB.C hrlep m a h3.M h3h3.C hnep m

rae h, .— KI1JI anexrpocranmun (»0,4); hye, — KITJ cuctem sHeprocHabxe-
Hus (»0,95).
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IIpunss cpeanue 3nauenus KIIJ, noxydaem

1139 » 2.6 » 3, (5.22)
m m
[TosToMy TeruioBoit Hacoc Oyaer sKOHOMHYHEH camoro 3¢dexTHBHOrO
BoorpenHoro kotia, umeromero KI1 0,85, mpu m> 3.
Ecnu B kauecTBe IpuBoOJa TEIIOBOTO HACOCA UCTIONb3yeTcs An3enb, KI1/]
koroporo h, = 0,4, ro I1D B 3TOM city4ae

L 20 (5.23)

TO €CTh NPUMEHEHHWE AW3elisi BBITOJHEH, 4eM aJiekTpoxasurarens (mpu cOa-
JIAHCHPOBAHHBIX [IEHaX Ha TOILIMBO U 3JIEKTPOIHEPTHIO).

IIprMeHeHHE TEIUTOBBIX HACOCOB BBITOJHO, eciu ko3 durment 13 mis
HHUX HIDKE, 4Ye€M Yy aJbTEPHATUBHBIX HCTOYHHMKOB TeruiocHaOxeHus. Ha
puc. 5.15. mpeacTaBaeHO COOTHOIEHHE 3HadeHWd Mu h,., npu KoTOphIX
pabora TerIoBOro Hacoca ¢ TEIUIOBOH TOYKH 3peHHUs! OyAeT BBITOJIHEH, yeM
BbICOK03(h(hekTHBHOM KOTEIbHOM ¢ N\ = 0,85.

Hepacuernbie
= PEKIUMEL
<
= Pacuernbiit
5 PeXHM paboTE
=
e}
| b; _____ —I1D koTenpHOU
“:5 80 npnu rll(()T - 0’85
n=6 2 §
0,2 0,3 0>4 0’5 E =

Mo
Puc.5.15. Dx0HOMHYHOCTE PadOTHI TEMJIOI0 HACOCA 110 CPABHEHHIO ¢ KOTEIbHOM
(hl'lep = 0’95; h3.M= 0’9; h) = 0’9)

Hammamne npomesxyrounoro terumooOMeHHUKa (cM. puc.5.10) Ha mokasa-
TENN SHEepPreTndeckoi 3(h(EeKTUBHOCTH HE BIMSET, TaK Kak TEIJIOTa mepesa-
eTcsl peTeHEePAaTHBHO BHYTPH IIMKJIA M 32 MPEAENbl TEIUIOBOIO HAacoca HE BbI-
xoxuT. Ho B pacuere HEOOXOJMMO YUYHTHIBATh, YTO IPOLIECC CKATHS B KOM-
npeccope HaunHaeTcs ¢ TOYkH /a, a He /. Takum 0Opa3oM Juist CXeMBI ¢ po-
MEKYTOYHBIM TEIII000MEHHHKOM
h— i1

. . L
lcxc =1l g W= hS.Mh'i’ (524)
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e _ =D (5.25)

m= 1= -
CK Ih— 1,
3.
HpI/I HaJIMYUHM MCPCOXIaAUTEIIA (pI/IC. 11) (I)peOH OTAAacT TCIUIOTY rops-
YEeMY TCIIJIOHOCUTECIIIO B KOHACHCATOPE U NEPCOXJIAAUTEIIC, TAKUM 06pa30M

. . h—1 a
lex =l —ha W= —?13“?119;
7%*‘%0 7i2_i3a' 7ql<+qno. _ w .
m= lc»( _iZ_ila o W ’ 3_ qKJ’_qHO
KOHTPOJIBHBIE BOITPOCHI

1. M300pa3ure NpUHINNIHAIBHYIO CXEMY W IMKIBI B p, v - U T, s - 1ua-
rpaMMax BO3AYIIHOHN XOJIOAUIbHON YCTaHOBKH.

2. Yro Takoe xonoauibHbIH Koddduiment. Kak oH Bbpaxkaercsi uepes
TEeMIIEpaTyphl U AaBJICHHSI XOJIOAHOTO U TOPSYEro HCTOUHHUKOB.

3. OTnuuus MapoKOMIIPECCUOHHOM XOIOAMIBHOM YCTAHOBKU OT BO3MYII-
HOM.

4. Yro Takoe TemaoBble Hacochl. OGIACTh UX UCTIOJIB30BaHMUS.

5. KoadduimeHnT npeobpa3oBaHus TEIIOTH TEINIOBOTO HACOCA.

6. IIpuHIMI 1eHCTBHS MTAPOKOMIPECCHOHHOTO TETIOBOTO HACOCA.

7. IlpuHmn neiicTBrs abCOpOIMOHHOTO TEIIOBOTO Hacoca.

8. IpuHOMNMansHas cxeMa M UK B p, v - U T, § - AUarpaMmax ujeaib-
HOTO NapOKOMIIPECCHOHHOTO TEIUIOBOTO HAacoca.

9. [lpuHIIMNUaIbHAS CXeMa ¥ IUKI B p, v - U T, § - AuarpaMmax TerioBo-
ro Hacoca C MPOMEXKYTOUHBIM TEII00OMEHHUKOM. UeM BbI3BaHAa HEOOXOIH-
MOCTb UCIIOJIb30BAHMUS IPOMEKYTOUHOT'O TEMJI000OMEHHHUKA.

10. [IpuHIMNManbHas cxema ¥ UMKI B p, v - # T, § - AMarpaMmax Terio-
BOIO Hacoca C IPOMEXKYTOYHBIM TEIJIOOOMEHHHKOM M IEepeOoXiauTelIeM.
Uem BbI3BaHa HEOOXOJMMOCTH HMCIIOJIB30BaHHS MIPOMEKYTOYHOTO IEpeoxiia-
JATEIs.

11. Yem BbI3BaHBI MOTEPH DHEPTHU B HJICATHHOM MapOKOMIIPECCHOHHOM
TETIJIOBOM HAcCOCeE.

12. Kos¢pduuumeHT npeoOpa3oBaHus TEIUIOTH MACAITHFHOTO MapOKOMIIpE-
cuonHoro 1ukia Kapuo u KIIJI reroBoro Hacoca.

13. BimsiHME TEIUIOTH HCTIApEHHs W KOHJICHCANU Ha KO3 QUIMEHT mpe-
00pa3oBaHUs TEIJIOTHI.

14. Kak omnpenensioTcst yAenbHbIe 3aTpaThl NEPBUYHOM SHEPrUU Ha Mpo-
W3BOJICTBO TEIUIOTHI.
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6. IIUKJIbI TEIJIOBBIX IBUTATEJIEN

6.1. IUKJIbI ITOPITHEBBIX IBUT ATEJEMN
BHYTPEHHEI'O CT'OPAHUSA

JlBurareny BHYTPEHHEro cropaHus oONaJaloT JBYMs CYyLIECTBEHHBIMU
NPEeUMYILIECTBAMH 110 CPAaBHEHUIO C JPYTMMH THIIAMU TEIUIOBBIX JBHIATEIEH.
[lepBoe mpenMymIecTBO — MX KOMIAKTHOCTH Oiarofapst TOMy, YTO TOPSIYHA
MCTOYHMK HaXOJHUTCSI BHYTPH CAMOTO JIBUTATeNs U OTHAJaeT He0OX0IMMOCTh
B OONBIINX TEMJIOOOMEHHBIX MOBEPXHOCTSIX, Yepe3 KOTOpPBIE MOIBOAWTCS
TEIUIOTa K TOpsSYeMy HMCTOYHHKY. BTOopoe mpenmyllecTBO 3akiiodyaercs B
TOM, 4YTO paboyee Teyo IOJIy4aeT TeIUI0 He uepe3 CTeHKU JBHUrarelis, a 3a
CUeT TEIUIOBBIIENICHNSI B 00beMe caMoro pabouero Tena. TemoBblAEIECHHE
MPOXOAUT MEPUOANYECKH U TEMIIEpaTypol pabouero Teja MOCTOSIHHO MEHs-
eTcsi. DTO MO3BOJISET CYIIECTBEHHO IOBBICHTh BEPXHHUH IMPEAEN TeMIlepaTy-
pBl pabouero Tela B LUKIE, KOTOPBIA OTpaHUYMBACTCS XapaKTEPUCTHKAMH
KOHCTPYKIIHOHHBIX MaTepHasoB.

PaznngaioT TpH OCHOBHBIX BHAA LUKJIOB TOPIIHEBBIX IBHUTATENEeH BHYT-
PEHHETO CropaHusi:

— k1 OTTO (M30XOPHOE CTOpaHKE IPH v = const);
— muka Jusens (m3006apHOE cropaHue IpH p = const);
—uukn TpuHkiepa (CMelIaHHOE CropaHue, BHayalle H30XOPHOE NpHU
v = const, 3aTeM U300apHOE MpH p = const).
uka OTTo

[opmens B mumHApe ABHUTaTeNs, padoTtatomiero mo mukry OTrTo, B Tede-
HHE OJHOTO ITMKJIA COBEpPIIAeT YeThIpe X0Ja (TaKTa) — BCachIBaHHUE, CKATHE,
paclmpeHue Mmocjc CropaHuss CMCCH, BbITAJIKUBAHNUC NNPOAYKTOB CropaHus B
atmochepy. TepmoauHamuueckuii aHanu3 nukia OTTO ya0OHO MPOBOAUTH,
paccMaTpuBas UACAIU3UPOBAHHBIA LIUKII, KOTOPBIA MIPEICTABIECH B p, V - H
T, s - nnarpammax (puc.6.1) it eqUHULIBI Macchl paboyero Tena.

p 3 T

v, v, v
Puc. 6.1. Iluka nBUraresisi BHyTpeHHero cropanusi — nuk;a Orro
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PeanpHblid nUKI ABUraTens BHYTPEHHETO CrOpaHMs — 3TO PAa3OMKHYTBIH
IIUKJI, B KOTOPOM pabouyee Telo 3acachlBaeTCsl U3BHE M 110 OKOHYaHUM LUKJIA
BbIOpachkiBaeTcss B atMocdepy. B KaxaoM nukie ydacTByeT HOBasi MOPILMS
pabouero Tena.

ITockonbky mporuecchl cxkaTust 1-2 u pacmupeHus 3—4 B 3TOM LHKIIE
MPOUCXOIAT 3a BECbMa KOPOTKHE MMPOMEXKYTKH BPEMEHH, B TEUEHHE KOTOPBIX
HE yCIIeBaeT NMPOM30HTH 3aMETHOTO TEIIIO00OMEHa ¢ OKpYXKaloIei cpenoii, To
3TH IPOLECCH] MOXKHO CUUTATh aina0aTHBIMH.

Onpenenum Benuuuny tepmuueckoro KIT nuxna OTtro.

KosmuecTBO TEmIoThl ¢, MOJBOJUMON K paboyeMy Tely B M30XOPHOM
nporecce 2—3, onpezaensiercs ypapHenueM (5.3):

q1:CV(T3'T2)' (6.1)

KonuyectBo Teruia, 0TBOAUMOrO OT pabodero Tejia B U30XOPHOM MPOIEC-
ce 4—1 cocraBiser

= et~ 1) ©2)

B coorserctBuu ¢ o0mum onpexenenuem (6.1), repmuuecknit KITJ] nuk-
sa OTTO MOXeET OBbITh BBIPa)KEH YpPaBHECHUEM

_, aln-1) (6.3)
h =1 e (1s- 1)

HpI/I yCJ0BUH C), = const 3T0 BBIpa)KCHI/Ie MOXET 6BITL HpI/IBe,I[CHO K CJIe-
AyroumeMy BUay:
T,
T T
h =1- L “L. (6.4)
LT,
TZ
Jlyist uieaibHOTO ra3a B aquabaTHOM TpOoIecce:
k-1
L &9 (6.5)
T, Vi g

O003HaUMM Yepe3 € cmeneHv cxcamusi — OTHOIICHHUE YACIbHBIX 00bEMOB
pabouero Tena J10 U MOCIe CKATHS:

=Y. (6.6)

Va

C ydeToM BeipakeHus (6.6) ypaBHeHue (6.5) MOXKeT ObITh 3aIIMCaHO:



L_ 1 | 6.7)

s ammadat 1-2 u 3—4 MoxHO Hanucath ypaBHeHus [lyaccoHa:

k k
PV = DPvs (6.8)

k k
PayVy = DP3V3 (6.9)

Hens ypasHenue (6.9) Ha (6.8) U y4uTBIBas, UTO v, = V3 U V4 = vy, IOJTy4a-
eM:

P4 _P3 (6.10)
P P2

UIIn
L_ 5. (6.11)
L T

C yuerom (6.11) u (6.7) ypaBaenue (6.4) mis repmudeckoro KITJ muxma
OTTO NpUHUMAET BUJ:

h, =1- —1_¢g* (6.12)

ITo ypaBuenuto (6.12) tepmuueckuii KIIJ nukna OTTO 3aBHCUT TOJIBKO
OT CTeNeHH cKaTus pabodero Tema B aamabaTHOM mporecce 12, mpudem
yeM OoJIbIle CTENeHb CHKaTusi, TeM Bhiie Tepmuueckuit KITJ[ mukma. Jrort
BBIBOJI CIIPABEJIUB IS JTIFOOBIX IBUTaTENCH BHYTPEHHETO CrOPaHHUsL.

Ha npaktuke ocylecTBUTb CXKAaTHE IO CIMIIKOM BBICOKHUX 3HAUEHHUHU € He
yAaeTcsl 1Mo TOM MPUYUHE, YTO MO JOCTHKEHUU OIPEIEICHHOIO0 3HAUEHHUS €
MIPOMCXOAUT CaMOBOCIIaMEHEHUE roprodeil cMecu. Kak mpasuiio, 3TOT npo-
LIECC HOCUT JIETOHALIMOHHBIN XapaKTep U pa3pylIaeT 3JIEMEHThI IBUraTeIsl.

Muxa Auzens

CremneHb CkaTUs € B IHUKJIC MOXKCT OBITE NOBBIIICHA, €CJIM CXXHUMATh HC
TOPIOYYKO CMECH, a YHUCTBIA BO31YyX, a 3aT€M IIOCJIE OKOHYAHMA IIporecca
CXXaTus BBOAWTH B HWJIMHAP TOPHOYECE. HMmeHHO Ha 3TOM IIPUHIUIIC OCHOBAH

uukin Juzens. Ha puc. 6.2 npeAcTaBieHsl p, v- U T, s - AuMarpaMMbl LIUKIJIA
Huzens.
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Wneanbublii ki Jluzens cocTouT M3 IBYX anuadar — aauadaThl CKaTHs
1-2 u ammabatel pacmmpenus: 3—4; m300apel 2—3, IO KOTOPOH MPOMCXOIHT
MOJBOJ TEIUIOTHI ¢ OT TOPSYEro UCTOYHHUKA (TMIPOJIYKTOB CTOPAHUS); U30XO0-
pbI 4—1, MO KOTOPOIl MPOUCXOANUT OTBOA TEIUIOTHI ¢, K XOJIOJAHOMY UCTOYHU-
Ky (OKpy»Karomiei cpene).

v, Vs v, Vv S, S, S
Puc. 6.2. TepmoanHaMu4ecKHii MK ABUraTe/ 1 BHYTPEHHEr0 CTOPaHuA ¢
MOABOJAOM TeIJIOThI PH MOCTOSIHHOM JIaBJIeHUH — HKJ JJu3ens

INapamerpamu, XapaKTepU3YIOMUMH LUK Ju3ems, ABIAIOTCS: € = vi/v; —
CTENEHb aJNadaTHOTO CXKATHUs; [ = V3/v, — CTENCHb NPEIBAPUTENBHOTO pac-
mupenus; d = vy/v; — cTeneHb aiiadaTHOTO PacIlHPEHHSI.

Tepmuueckuit KII/I nukia Auzens:

1 rk-1
i r -1 (6.13)
ket r-1)

W3 Bepakenns (6.13) BuaHO, uto Tepmudecknid KI1/] mukima ¢ mogsogom
TEIUIOTHI IIPU TOCTOSIHHOM JABJICHUHU 3aBHCUT OT TPeX MapaMeTpOB: CTENEHU
CKaThsl, CTEIICHN INIPEJBAPUTEILHOTO PACIIMPEHHST M IMOKa3aTens aaunadaTsl
pabouyero Tena, COBEpIIAOLIEro UKL

[Ipu BEIOOpE BEpXHEro mpejeia CTENeHHW CKaTHs HEOOXOIUMO YYHTHI-
BaTb, YTO NP YBEINYEHHUU CTEIICHN CKATHS OJHOBPEMEHHO C BO3PACTAHHEM
tepmuueckoro KIIJI nukma h, mpoHCXOAWT yMEHBIICHHE MEXaHHYECKOTO
KIIJ h,. OnTumanbHO# SIBISIETCST CTEMEHb CXKATHS, TPH KOTOPOM OOHid
KI1J, pasHblii npousseaeHuto koddoumuenros h = h, h,, npuaumaer mak-
cuUMajbHOE 3HaueHHe. HukHuil npenen creneHu cxaTus ONpeeseTcs TeM-
nepaTypoil caMoBOCIUIaMEHEHHs. BennunHa CTEeNeHn cxaTus B ABUTATENe C
MOZIBOJIOM TEIIOTHI TP MOCTOSHHOM JIABJICHUH JIOJDKHA O0ECIeUUTh CaMo-

h, =1

t
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BOCIJITAMEHCHHE TOIUIMBA U CO3/IaTh TEMIIEPATYPHBIC YCIOBHUS JUIsl OBICTPOTO
MPOTEKAHUS [IPOIIECCa CrOPAHUSL.

He)lOCTaTKaMI/I JABUTATEIIA III/I3€J'DI IO CPaBHCHUIO C ABUTaTCIIEM O’ITO SAB-
JISIFOTCSI:

— HaJIM4ue KOMIIPECCOopa JIsl PACIBUICHHUS XKHUJIKOrO TOILUINBA, HAa paboTy
KOTOPOro pacxojyercst oT 6-10% o01eii MOIIHOCTH IBUTATEIIS;

— CIIOKHBIE YCTPOWCTBA Hacoca U OPCYHKH;

— OTHOCHUTCJIbHAsA TUXOXOJHOCTD, OGyCHOBHeHHaH MCEJICHHBIM CropaHu-
€M TOILIMBA.

IMuxn Tpunkiepa

B 1904 r. pycckuii umxenep I'. B. Tpunkiep mocTpomws1 JBUraTeab BbICO-
KOTO JIaBJICHUS, paOOTAIOIIUIA 110 IIMKITy CO CMEUIAHHBIM ITOJIBOJIOM TEILTOTHI,
BHayYaJie IIpU v = const, 3aTeM Mpu p = const.

JIBurareiab co CMEIIAaHHBIM IMOABOJOM TEILJIOTH B OTJIMYUE OT JIBUTATEIIS
C TIOJIBOJIOM TETUIOTHI IIPU p = const He HYXKIIAeTCsl B KOMIIPECCOPE BRICOKOTO
JIaBJICHUS I PACTIBUICHUS JKUKOTO TOIUIMBA. PacmbuieHre TOIuMBa Mpous-
BOJIUTCS C ITOMOIIBI0 MEXaHHIECKHUX (POPCYHOK, K KOTOPHIM TOIIMBO TOJa-
€TCs HaCOCOM.

TepMmoauHaMUUeCKUd MK CO CMEINIAHHBIM  TOJBOJOM  TETUIOTHI
(puc. 6.3) cocTOHT U3 CIEIYIONINX MPOLECCOB:

1-2 — anuabaTHOE C)KAaTHE BO3/yXa;

2—3 — 30XOpHBIM NOJABOJ TEIIOTHI;

3—4 — u306apHEIi1 TOIBOJT TETLIOTEHI;

4-5 — annabaTHOE paCIIUPEHHUE MPOTYKTOB CTOPAHHUS,

5—1 — M30XOpHBIN OTBOA TEIUIOTHI.

A

v, v, v, Vv S, S, S
Puc. 6.3. TepmoanHaMu4ecKHii MK ABUTraTe/I BHYTPEHHEI0 CTOPAHHSA €O
CMELIAHHBIM NOABOJOM TeILIOThI
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ITapameTrpamu, XxapakTepU3yIOUMMHU LUK CO CMEIIAHHBIM MOABOJIOM Te-
10T, sBIsOTCs: € = Vi/V2 — CTeneHb aauabatHoro cxarus; | = ps/p; — cre-
TIEHb MOBBIIEHHS NABIEHHUS [ = V4/V3 = V4/V; — CTETIEHb TIPEIBAPUTENHHOTO

(1300apHOT0) pacIIUpEHHUS.
Tepmuueckuit KIIJ] nukia co cMeImaHHBIM ITOABOIOM TEIUIOTHI:

k
ho=t-—_1r -1 (6.14)
el -1+k (r-1)

W3 Beipaxenus (6.14) ciemyer, uro tepmmyeckuit KIIJI cmemanHOTO
nukia, kak u repmuueckuit KIIJ] MKIOB ¢ M30XOpHBIM M M300apHBIM TOJI-
BOJIOM TEIUIOTHI, BO3PACTAeT C YBEIMYCHHEM 3Ha4eHWi BeiawuuH €, |, k. C
yBeJIHMUeHUEM 3HadeHus BeduduHel I Tepmuueckuit KI1J[ ymensimaercs. [Ipu
| =1 cMenraHHBIN UK oOpalaeTcs B IUKI ¢ H300apHBIM MOABOJOM TEILIO-
TBI IPA p = const, a mpu ' = 1 — B IUKII C U30XOPHBIM IMOJBOJOM TETIOTHI
Ipu v = const.

6.2 IUKJIBI TA3SOTYPBUHHbBIX YCTAHOBOK (I'TY)

OnHNM M3 HEOCTATKOB MOPIIHEBBIX ABHUTATENCH BHYTPEHHETO CrOpaHUs
SBJISAETCS TO, YTO B HUX HET IMOJHOTO a/1MabaTHOrO PaCIIMPEHUs MPOJYKTOB
CropaHusi 10 aTMOC(HEpPHOTO JABJICHHS, BCIEACTBUE Yero HaOmoaaeTcs moTe-
ps pabotsl. [TonHOE pacimpeHre IpoayKTOB CrOPaHUsi BO3MOXKHO B I'a30BBIX
TypOUHaX, UKl KOTOPHIX OTJIMYAIOTCS OT IIMKJIOB ITOPIIHEBBIX JBUraTesel
BHYTPEHHETO CTOpaHMs MPOIECCOM OTAAYM TEIIOTHI XOJOAWIBHUKY. B razo-
BBIX TypOMHAX NpOLECC OTAA4YM TEIUIOTHI XOJIOJHOMY HCTOYHHKY TEIUIOTHI

(okpyskaromiel cpezie) coBepmaeTcs Ipu p = const, TO ecTh BeAeTcst Ooiee
rirybokoe anmabaTHOE pPacIIMpeHHE NPOAYKTOB CrOpaHMs, YeM B LUKJIAX
MOPUIHEBBIX JIBUrATEICH.

TypOuHBI 10 POy MPUMEHAEMOTO B HUX PabOdYero Teia pasziessioTcs Ha
MapoBbIe U Ta30oBble. ['a30Bble TypOWHBI, KaK U JBUraTeIH BHYTPEHHETO Cro-
paHusi, pa3leNsloTCs Ha TYpOMHBI C TOPEHHWEM TOIUIMBA (IIOZBOJIOM TEILIO-
TBI) TIPY MIOCTOSIHHOM JIaBJICHUH HJIM TIOCTOSSHHOM oObeme. Ho B oTimdme ot
JBUraTejel BHYTPEHHErO CropaHMs, Mpolecc B TypOMHaxX He Mepuojuye-
CKHH, a HEMIPEPHIBHBIM.

l'a3oTypOuHHBIE YCTaHOBKM OJiarojaps CBOEH IIPOCTOTE, OTCYTCTBHIO
JBIDKYIIUXCS 4acTeil, BO3MOXHOCTH TIONydYeHHsS OOJIBIIMX MOIIHOCTEH H
NPUMEHEHUIO 0oJiee AEMIeBOr0 TOIUTMBA MONYYHIN HIMPOKOE MPHMEHEHHE B
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aBUallUM, B CYAOBBIX YCTAaHOBKAX, HA JKEJIE3HOJOPOKHOM TPAHCIOPTE U B
SHEPreTUKE.

I'a30TypOWHHBIE YCTAaHOBKM MOTYT paboTaTh Kak IO OTKPBITOM, Tak M IO
3aKkpbITOil cxeme. [Ipu paboTe ¢ OTKPBITOH CXeMOW B YCTaHOBKY HOCTYIaeT
aTMoc(epHBII BO3/yX W TOIUIMBO, & OTPAOOTaHHbIE BHIOPACHIBAIOTCSI B aTMO-
cdepy. Ilpu pabore mo 3akpeITOi cxeme pabodee TENO UPKYIUPYET B 3aMK-
HYTOM LMKIIE, HATPEBASACH B TIOJOIPEBATENE 3a CUET BHEIIHEH TEILIOTHI.

kbl ra30TypOMHHOI YCTAHOBKHU
¢ OJABO/IOM TEILIOThI IIPH HOCTOSHHOM JAaBJICHUH

TepMomuHAMUYECKAN IMKI Ta30TYpOMHHOW YCTaHOBKH, IPEICTaBICH-
Heli HA p, V- U T, s - auarpammax (puc. 6.4), COCTOUT U3 MPOIECCOB:

1-2 — anuabaTHOE C)KAaTHE BO3/yXa B KOMIIPECCOPE;

2-3 — MOABOJI TEILIOTHI K paboyeMy Tely Ipu p = const;

3—4 — aguabatHOE pacuIUpeHre pabouero Tejia B TypOWHE O JaBICHUS
OKpY’Karollel cpelipl;

4-1 — wm300apHBIA TpoIeCC OTAAYM PadOYMM TEIOM TEIUIOTHI B OKPY-
JKAFOIIYIO CPEeny.

p

4

1

i

i

1

i

1
v, v, vV, v, Vv S, S, S
Puc. 6.4. Tepmogunamuyeckuii uuka I'TY ¢ noaBoaoM Tennorsl
NPHU NOCTOSTHHOM /IaBJIEHUH

[Napamerpamu 1mKiIa SBISIOTCS D = py/p; — CTEIICHB TOBBINICHUS JaBie-
HUA TpU aguabaTHOM CXATHH; [ = Vi/v, — CTENeHb NPEeABapUTENBHOTO pac-
HIAPEHHUS.

Tepmuueckuit KITJ] nukna onpenensiercs no ypaBueHuro (6.1). Benuunna
tepmudeckoro KIIJ] nukma OymeT pa3iaudyHON B 3aBHCHMOCTH OT IIpoliecca
CKaTHsl BO3/IyXa B KOMIIpECCOpE, KOTOPHI MOXXET OBbITh alradaTHBIM, U30-
TCPMUYCCKUM UJIU TOJIUTPOITHBIM.

st cmyyast anmabaTHOTO CXKATHS BO3LyXa B KOMIIPECCOPE, KOINIECTBO
TETJIOTHI, OTBOJUMOE B H300apHOM mporecce 4—1

g, =c,(Ty- T)). (6.15)
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KonudecTBo TEMIOTHI, MOABOAUMOE K pabodyeMy Telly B H300apHOM MpO-
necce 2-3

g1 =c,(I3-Ty). (6.16)
Honcrapnss ypaBuerus (6.15) u (6.16) B ypaBHeHHE (6.1) mMorygaem

T,- T,
h,=1-2+—-L. (6.17)
I;- T,
Bripazum temnepatypsl 15, 15, u T, yepe3 HavalabHYIO TemnepaTtypy 1) u
napameTpsl nukma b, r.
Jnst aqmabater 1-2:
k-1

T gr ! £l
—Zzgﬁi =bk u T,=Th* . (6.18)
T Prg
Just uzobaper 2-3:
T, v el
=3 =r; T,=Tyr uw T,=Tyrbk. (6.19)
I, wm
Jnst amna6ater 3-4:
k-1 k-1 ]
T,=Ty/b* =T, bkr — =1 . (6.20)
b &
Ioncrasnss Beipaxkenus (6.18) — (6.20) B Beipakenue (6.17), Haxomum
1 1
h,=1- — —1-F, (6.21)

b k
rIae e= Vi /V2 — CTCIICHb aI[I/Ia6aTHOFO CXXaTHus B KOMITPECCOPE. U3 BbIpAXKE-

Hus (6.21) BuaHO, uto Tepmudeckuit KI1/1 ra3oTypOMHHOI yCTaHOBKH € MOJ-
BOJIOM TEIUIOTHI IIPU p = const U aquabaTHOM CXKaTHH BO3/yXa B KOMIIPECCO-
pe omnpeessieTCsl CTENEeHBIO MOBBIIICHUS JaBJICHUS PH aUa0aTHOM CKATHU
W TIOKa3aTresieM aJnadaThl MPOJAYKTOB CrOPaHHs, TO €CTh OH 3aBUCHT OT pabo-
ThI KOMITpeccopa. Uem BhIlIE MOKa3aTeab anuadaThl U 4YeM OOJIbIlC 3HAUCHHE
CTETICHHU TOBBIMIEHUs NaBieHus, TeM Bbime Tepmuueckuit KIIA. Omnako c
POCTOM CTEIEHU IOBBILLIEHUS JAaBJICHUS YBEIMUYUBAETCS TEMIEpaTypa razoB
nepex JonatkaMu TypOuHBI. [109TOMy B COBpEMEHHBIX ra30TypOWHHBIX YC-
TAHOBKaX BEJIMYMHA CTETICHN TOBBIIICHUS IaBJICHUS BHIOMpaeTcs TakuM 00-
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pas3om, 4TOOBI MaKCHMAIIBHO IOIYCTHMas TeMIIepaTypa ra3oB Iepej JIomar-
Kamu TypOuHbI He rpesbiiraia 800-1000°C.
Pabora paccMaTprBaeMOro IMKIIa MOXKET ObITh pacCuuTaHa 1o GhopmyIie

k-1

l,=h,q =c,Tib © (r-1)h,. (6.22)

B 1mkie ra3oTypOMHHBIX YCTAaHOBOK MMEET MECTO 0oJiee TTOJHOE PaCIly-
peHHE Tra3oB, 4eM B IMKIE MOPIIHEBOTO JABHIATENs CO CTOPaHHEM IIPH
p = const. B ra30TypOMHHOI yCTaHOBKE OT Ta3a B OKPYKAalOLIyIO Cpexy OT-
BOJMTCS MEHbIIIEEe KOJUYECTBO TeIUIOThl U Tepmuueckuid KIIJ[ muxma razo-
TypOMHHON ycTaHOBKHM BbIlie Tepmuueckoro KIIJ[ mukna auratens BHYT-
PEHHEro CropaHus.

IIponykTsl cropanusi, BRIOpachIBaeMble B OKPYXKAIOIIYI0 CPEIy, UMEIOT
OoJiee BBICOKYIO TEMIIEpaTypy, 4eM CXaTbli BO3AyX, MOCTYMAIOIIUN B KaMe-
Py Cropasus mocJjie KOMIpeccopa, I0ITOMY TEIJIOTY YXOASAIIUX ra30B MOXKHO
UCTIONIB30BaTh Ul NPEABAPUTENBHOTO MOJOTPEBa BO3AyXa Mepe] nojadei B
KaMmepy cropanus. Takol MpoLecc Ha3bIBAETCs pereHepauueii. 3a cyeT npu-
MEHEHHUs pereHepanui TermioTel Tepmudeckuii KIIJ[ razorypbunHO# ycTa-
HOBKHU MOJKET OBITh CyIIECTBEHHO YBEIHUCH.

Hukasl ra30TypOMHHOIT YCTAHOBKH
C NMOJIBO/IOM TeIJIOThI NPH MOCTOSTHHOM 00beMe

TepmoanHaMuueckuii UK Ta30TypOMHHOM YCTaHOBKH, IPEICTaBIICH-
Heli HA p, V- U T, s - auarpammax (puc. 6.5), COCTOUT U3 MPOIECCOB:

1-2 — anuabaTHOE C)KaTHE BO3/yXa B KOMIIPECCOPE;

2-3 — O/BOJI TEIUIOTHI K paboyeMy Ty IpH v = const;

3—4 — aamabatHOe pacumiupeHre padouero Tejia B TypOWHE O JaBICHUS
OKpY KaroIeH cpesl;

4—1 — m300apHO OTHaYN PAOOYUM TEJIOM TEIUIOTHI OKPY’KaIoMIeH cpeje.

p| 3 T
q—
4
i RN
: 9
v, v, LV s

Puc. 6.5. Tepmogunamuveckuii uukia I'TY
¢ MOABOJIOM TeIJIOThI NPU MOCTOSIHHOM 00bLeMe
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OCHOBHBIMH TIIapaMeTpaMH LUKIa sABIsIOTCA: | = ps/p, — cTeneHp uso-
XOPHOT'0 HOBBIMICHHS JaBleHus1; b = p)/p| — cTeneHb NOBBILICHNS aBJICHHS B
KOMIIpEccope.

Tepmuueckuit KI1/] onpenensiercs no dhopmyiie
1
_ [ k-1
h, =1- k—_1 (6.23)

(1-1)p*

Tepmuaeckuit KI1/] nnkia ra3oTypOUHHON YCTAaHOBKH CO CTOpPaHUEM IIPH
MOCTOSIHHOM 00beMe 3aBUCUT OT CTENEHHU MOBBILICHHS JaBJICHUS B KOMIIPEC-
cope, moka3zaTess aquadaThl paboYero Tejia U CTENICHU MOBBINICHHUS JaBICHUS
HIPU CTOPaHUHU.

L1k ¢ HOABOIOM TEIJIOTHI IIPH IIOCTOSIHHOM O0BEeMe HE MOJydrII HIUpPO-
KOTO PacrpOCTPaHEHMs U3-3a CIOXKHOCTU KOHCTPYKIIMU KaMephbl CTOpaHUs U
YXYALICHHUs] YCIOBUI paOOThl TypOMHBI NPU MyJILCALMHM TOTOKA MPOJYKTOB
CrOpaHusl.

>~

3AJIAUU

1. OnpepenuTh mapaMeTpsl XapaKTEPHBIX VIS IUKJIA TOYEK (LMUKII TTOPII-
HEBOTO JBHTaTelsl BHYTPEHHETO CTOPAHUS C MOJBOAOM TEIUIOTHI TP HOCTO-
SHHOM 00BbEMe), KOJIMUYECTBO MOIBEACHHON W OTBEICHHON TEIUIOTHI, TEPMHU-
yecknid KITJ[ mukima u ero monesHyr padoTy, €Clli H3BECTHO: pabodee Telo
Bo3ayx; mamieHue p; = 0,1MIla; temmneparypa t; = 27°C; e = 3,5; | = 3;
k=1,4. TemioeMKoCTh BO3IyXa MPHUHATH MOCTOSTHHOW. CpaBHUTH TepMIUe-
ckuit KIIJ] nukna ¢ tepmuueckum KIIJI muxiia Kapro, coBeprnatormMces npu
TeX e MpeAeTIbHbIX TeMIepaTypax.

2. Temmepatypa BOCIDIAMEHEHHS TOIUTHBA, TIOAaBaEMOTO B IWIMHID JBH-
rarenst ¢ W300apHBIM MOABOJAOM TeruioThl, paBHa 700°C. Ompenennuts MU-
HUMAaJIbHO HEOOXO0IMMO€E 3HaUYEHHE CTEIEHH CKATHs €, €CJIM HadaabHas TeM-
nepaTypa Bo3ayxa t; = 67°C. Cxxatue cunTath annabaTHBIM 1pu k = 1,4.

3. Onpenenuth nmapamMeTpbl XapaKTEPHBIX NIl LIUKIA TOYEK (I[UKJ MOpII-
HEBOTO JBHTaTeIsl BHYTPEHHETO CTOPAHUS C MOJBOAOM TEIUIOTHI IPH MOCTO-
SIHHOM JIaBJICHHH), KOJIMYECTBO ITIO/IBEICHHOW M OTBEAECHHOW TEIUIOTHI, Tep-
mudeckuit KI1J] mmkma u ero monesHyro paboty. M3BecTHO: pabodee Teno
Bo3ayx; p; = 0,1MIla; ¢, = 67°C; crenensb cxarus €= 10,5; k = 1,4, crenennb
npeaBapuTenasHoro pacumpenus I = 1,6. TeroeMKocTs BO3ayxa MPUHATH
nocrositHHOW. CpaBHuTh TepMmudeckuil KIIJ nukmna c¢ tepmuueckum KIT
1kia KapHo, coBepraronmMcst pu TeX ke MPEIeIbHBIX TEMIIepaTypax.
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4. Pabouee Tes10 MOPIIHEBOTO JBUraTeNIsl BHYTPEHHETO CrOPaHUsS CO CMe-
IIaHHBIM IIOJIBOJIOM TEIUIOTHI 00JajaeT CBoiicTBaMHU BO3jayxa. V3BecTHBI
HauanbHble TapaMmeTpsl: naBnenue p; = 0,1 MIla, remneparypa t, = 27°C, u
CIIEAYIOIINE XapaKTEPUCTUKH IMKIIA: CTENEHb CXKAaTUs €= 7, CTENeHb Npe-
BapHUTEJIBHOIO pacmupeHust I =1,2, cTemneHb NMOBBILICHUS XapieHus | = 2.
Onpenenuts mapaMeTpsl B XapaKTEPHBIX AJIS IMKIA TOUYKaX, KOJIMYECTBO
NOZIBEZICHHOH TeIUIOTHI, Tosie3Hyto paboty u Tepmuueckuit KI1J] nukna. Te-
IUIOEMKOCTH Pabodero Tena MpUHSTH MOCTOSHHOMN.

5.Ta3oBast TypOMHa paboTaeT MO LUKIY C TOJABOJIOM TEIJIOTHI MPHU MO-
cTossHHOM JaBieHuu. Hauanensle napameTpsl” p; = 0,1 Mlla u remnepatypa
t; = 27°C; temneparypa t;, = 400°C; creneHb moBbliieHus nasinenus | = 2.
Onpenenuts mapaMeTpsl B XapaKTEPHBIX AJIS IMKIA TOUYKAX, KOJIUYECTBO
MOZIBEZICHHOH TeIUIOTHI, ToJie3Hyto pabdoty u Tepmuueckuit KI1J] nukna. Te-
TUIOEMKOCTh Paboyero Teia MpUHSTH MOCTOSHHOM.

KOHTPOJILHBIE BOITPOCBI

1. Kakune npenMymiecTBa MMEIOT JIBUTaTed BHYTPEHHETO CrOpaHHsS IO
CPaBHEHHIO C IPYTMMH THUIIAMH TEIUIOBBIX JIBUraTeneii?

2. Yro Takoe CTENEHb CXKATHUS W KaK 3Ta BEIMYMHA BIMSAECT HA 3HAUCHUE
tepmugeckoro KIIJ] nukma Otro?

3. Tlouemy B mukie J{u3ens BO3MOXKHO OCYLIECTBUTH 00Jiee BBICOKYIO
CTEIeHb C)KaTus, 4YeM B 1ukiie OTro?

4. Kak ompezensercs onTuMaibHas BEITUYMHA CTENEHU CXKATHUS B ITUKIIE
Huzens?

5. KakoBsl HepocTaTku ABurarens [lu3ens MO CpaBHEHHIO C JBUraTeleM
Otr0?

6. B ueM cocTOMT MpEenMyIECTBO JBUTATelsi BHYTPEHHETO CTOPaHUsS CO
CMEUIaHHBIM HOABOIOM TEIUIOTHI?

7. B 4em coCTOUT NMpenMyIecTBO ra30TypOMHHOM YCTaHOBKH IO CpaBHE-
HUIO C ITOPIIHEBBIMH JBUTATENISIMHA BHYTPEHHETO CrOpaHus?

8. Kak monbupaercsi BeMMUMHA CTETICHH MOBBIMICHUS JaBICHUS B COBpE-
MEHHBIX Ta30TYPOMHHBIX YCTaHOBKAX?

9. [ns yero npuMeHsieTCs pereHepanys TeImioThl B ra30TypOMHHBIX yCTa-
HOBKax?

10. Moyemy muKI Ta30TypOMHHON YCTAHOBKH C HOABOJOM TEIUIOTHI PU
MOCTOSIHHOM 00beMe He TIOJIyYHII HIMPOKOTo pacnpocTpaHeHus?

11. Kak BimsieT Benm4mHA mMoka3aTens aguadatel padodero Tema Ha KII[
[IUKJIOB TEIIOBBIX JBUTaTENIEH?
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7. BBEJAEHUE
B OKCEPTETUUYECKHWI AHAJIU3

7.1. HOHATHE Ob OKCEPT'UHN

PasnuuHble BUABI JHEPTUHU HE OJMHAKOBEI C IPAKTUYECKOM TOUKH 3pEHHUS,
TaKk KaK BO3MOXKHOCTb HCIOJb30BAaHUS SHEPIMU 3aBUCHUT OT €€ XapaKTepu-
CTHK U ITApaMeTPOB OKPYXKArOIIEeH CpeIbl.

Hanpumep, eHHOCTh TEMJIOBOTO MOTOKAa OMPEAENSeTcsl ero TeMIepary-
poii. IlycTs miast oTormneHust KOMHaThHI ¢ TemnepaTtypoit 20°C nomaercst oau-
HAKOBOE KOJIMYECTBO TEIUIOTH, HO B NEPBOM Cllydae TeMIeparypa Boja
80°C, a BO BTOpOM ee pacxoj B /Ba pasa Oombine, HO TemmepaTypa 40°C.
KonnuectBo nepenaBaeMoro Temia onpesenseTcs: ypaBHEHHEM TeII00OMEeHa
q = kD¢. B nepBom ciyuyae temmeparyphsiii Hariop Df = 80 — 20 = 60 °C, Bo
BTOopoM — Df = 40 — 20 = 20 °C. Koa¢pduuueHT Tenonepesayu npu TakoM
W3MEHEHNH TEMIIepaTypbl M Pacxoia BOZIbI OCTAHETCS MOYTH MOCTOSHHBIM.
3HauNT B TEPBOM ciydae B KOMHATy OyJeT NepefaHo Tella B TPH pasa
Oonpmie, veM Bo BropoM. Ecim TemmnepaTypa B komHate Oynet 0°C, To Tem-
neparypHelii Haiop coctaBUT cooTBeTcTBEHHO 80°C 1 40°C u Temna Bo BTO-
poMm ciiyyae OyzeT ImepeiaHo yKe B JiBa pa3a MEHbIne. Takum o0pa3oM, HU3-
KOTEMIIepaTypHbIil TOTOK CHOCOOEH OTJaTh Tella HAaMHOTO MEHbIIe, YeM
BBICOKOTEMIIEPATYPHBIH, Ja)Ke €M Y HUX 000X OJMHAKOBasi SHTAJIBITHS.

B cooTBeTcTBUM ¢ BO3MOXKHOCTBIO HCIIOIB30BAHUS 3HEPTHIO MOXKHO Pa3-
JICTUTh Ha J[Ba BHUJA.

1. YropsiiodeHHas WM OpraHU30BaHHAS SHEPTHs, KOTOPas MOXET OBITh
MOJIHOCTBIO TpeoOpa3zoBaHa B Apyroi BUI 3Hepruu. OOBIYHO K 3TOMY BHIY
OTHOCHTCS] MEXaHUYECKast M SIEKTPUUECKast SJHEPTHs.

2. HeymopsiiodeHHast 3HEPTHsl, KOTOpasi He MOXKET OBITh MOJHOCTBIO TIpe-
BpallleHa B JIPYTrOi BHI, a BO3MOXKHOCTb €€ IPEBPAIIEHHs ONPENEISIETCS KaK
e€ XapaKTepUCTHUKAaMH, TaK U MapaMeTpaMH OKpYXKaroIIeil Cpeabl.

C mo3unuii 3aK0Ha COXpaHEHUs PHEPruM (NepBOTO 3aKOHA TEPMOJMHA-
MUKH) yIOpSAOYEHasl U HEeyNopsAA0dYeHas SHeprus paBHOUEHHb. Ho ¢ Toukn
3pEHHUs] BTOPOTo 3aKOHa TEPMOJMHAMHKH PH JII0OOM HE0OpaTHMOM MpolLiec-
Ce MPOUCXOJUT CHWKEHUE KayecTBa SHEPTHH M BO3PACTAET IHTPOIHUS CHUCTE-
MBI.

Tak xak MexaHu4eckasi paboTa Bceria MOXKET OBbITh ITOJHOCTBIO Ipeodpa-
30BaHa B JPYrOH BHJ SHEPTUH, TO €CTh SBISIETCA YNOPSJOYEHHOH, TO Kaue-
CTBO JHEPTHM XapaKTEPHU3yeTcs €€ CIIOCOOHOCTBIO coBepIaTh padoty. s
HEYNOPSIOYCHHON SHEPrUM MaKCHMaIbHO BO3MOXHAs pabOTa MOXET ObITh
MOJTy4YeHa MPH TIEPEX0JIe CUCTEMbI B COCTOSIHUE PaBHOBECHS C OKpYy’Karoleh
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cpenoii. Ota paboTa Ha3BIBACTCS IKCEPrucii. B cOCTOSIHUU paBHOBECHS C OK-
pyatoleil cpenoil cucrema paboTy coBepllaTh He MOXKET M e€ SHepreTuye-
CKasl HCHHOCTDb U OKCEPIrusd paBHbI HYJIIO.

Dkcepeus — 310 paboTa, KOTOPasi MOXKET OBITh COBEpILIEHA CHCTEMOM B pe-
3ynbTate €€ oOpaTuMoro (To ecTh NMPH OTCYTCTBHM IOTEPH) IEPEXosa B CO-
CTOSIHME PABHOBECHS C OKpyXaromied cpenoil. O003HavaeTcst SKCeprusi CUM-
BOJIOM e, OHa HMEET TaKyIo ’k€ Pa3MepHOCTb, Kak u paboTa — JXk, a skcepre-
TUYECKUE MTOTOKU UMEIOT pa3MePHOCTh BT.

Okceprusi XapakTepu3yeT YNOpsIOYEHHYIO WIN OE33HTPOIUHHYIO 4acTh
sHeprun. Hanpumep, ecim cucteme coobmraercs Temiora (mporecc /—2), To
BCE TEIUI0, COOOIIEHHOE CHCTEME, MPEJCTABISCT IUIONAb KPUBOJIUHEUHON
Tpamneyy, OrpaHUYeHHON CBepXy JHMHUEH [—2. DKceprus — 4acTb TOH ILIO-
1M, OrPaHMYEHHON JIMHUEW M30TepPMbI aOCOJIOTHOM TeMIlepaTypbl OKpY-
karouieit cpeanl Ty = const (puc. 7.1).

Dkceprus de

7 1
2 Wsmenenue
TEII0ThI
T, dg=de+da
Amneprus da

S

Puc.7.1. Dkceprust u aneprus

Takum 06pa30M, HU3MECHCHHNE DKCEPIUU NUMEET BUJ

de = dq -TydS (7.1)

C MOHATHEM DKCEPTHsl CBSI3aHO TOHATHE aHEprus. Amepeus - 3TO 4acTh
JHEPruu, KOTOpas He MOXET OBbITh MpeBpalieHa B pabory. Takum oOpasom,
o01iast SHepTUs TeNa eCTh CyMMa dKCepruu U anepruu (puc. 7.1):

OHeprusa = Dkceprus + AHeprus

AHepruu, B COOTBETCTBUU CO BTOPBIM 3aKOHOM TE€PMOAWHAMMKH, B MPH-
pole 6ECKOHEUHO MHOTO, a KOJIMYECTBO IKCEPTUU KOHEYHO.

OKceprus NO3BOJSIET OL[EHUBATh SHEPTUI0 PA3IUYHOTO BHJA MyTEM Npes-
CTaBJICHUS €€ B €JUHOM BHJE — IOJE3HOH (YHOpPSIOUeHHOH, Oe39HTponuii-
HOM) SHEPTUH.

3Ha4yeHue SKCEePruy 3aBUCUT OT MapaMeTPOB OKPYKAIOIIEH CPEebI.
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Oxkpyaicarowas cpeda — 3TO CUCTEMA, MAPaMETPbl KOTOPOH MOCTOSHHBI U
HE 3aBHCAT OT paccMaTpuBaeMoi cucteMbl. OKpyKarolas cpesia XapakTepH-
3yeTcsl TeMIlepaTypoH, JaBJIEHHEM M COCTAaBOM. ODKCEprHsi OKpYyKarouen
cpenbl paBHa Hymo. CUCTEMBI, TapaMeTpbl KOTOPOil paBHBI lTapaMeTpaM OK-
pyXaromen cpeapl Tak e NUMEIOT HyJIeBYIO 3Kcepruio. Takum obpa3om 3k-
ceprueil XapakTepH3yIOTCSl TOJBKO CHCTEMBI, NapaMeTpbl KOTOPOH OTJINYa-
I0TCS OT APaMETPOB OKPYXKAIOIIEH Cpebl.

JKcepreTuyeckmii 6ajanc

MarepuanbHblil ¥ TEIJIOBOM OallaHC COCTABIISIIOTCS MCXOJSl U3 3aKOHOB
COXpaHeHUs1 MaTepuu U dHeprud. [1oj notepsMu B 3TUX OanaHcax Moapasy-
MEBAETCs MEPEXO0/1 BEIIECTBA U3 CUCTEMBI B OKPYXKAOIIYI0 cpey. [Ipu HeoO-
paTuMbIX Tpoleccax MPOUCXOAMT YXYALIEHHE KauecTB DHEPrMU U HeoOpa-
THUMBbIE OTEpU 3Kcepruu. 1103TOMy 3aKOH COXpaHEHUs Ul DKCEPrUuu HElpHU-
MCHHUM.

DKkcepreTyecKuii 0aTaHc UMEeT BU/T

Yen = e+ 2Ae, (7.2)

[I€ L€y, 2Chuyx — CyMMa KCEPrUi BXOAHBIX U BBIXOIHBIX HOTOKOB; ZAe —
0e3BO3BpATHBIC TIOTEPH IKCEPIHH.

Bananc 3kcepruu MOKHO M300pa3UTh C MOMOIIBIO Auarpammel [ paccma-
Ha (puc. 7.2).

Terutoeoii Gananc DKcepreTHyecKuii Gamanc

A A A A

anmx Ze
zq“ Ze BEIX

BX

raq] [T

A 4

Puc.7.2. Inarpammbl CeHkH 1015 TemuioTel U ['paccMana 11 3xkcepruu:
Dg — motepu sneprun; De — nmotepu sxcepruu

Okceprernyeckuit KI1J[ h, npencraBiser OTHOIICHHE 3KCEPrHHU, BBIXO-
JUIIeH U3 CUCTEMBI K 9KCEPIUU, IIOIY4EHHOM CUCTEMOU

ey, XAe

h, = =1- .
¢ Zew ey,

(7.3)
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Jlns 0OpaTUMBIX TIPOLECCOB MOTEPH dKcepruu XAe =0 U dKcepreTHye-

ckuit KIIJT h, = 1, a1 neobpatumbix XAe >0 u h, < 1. Takum o6pa3zom mo-
TEpU IKCEPrUU XapaKTEPU3YIOT HEOOPATUMOCTh MPOMCXOJSIINX B CHCTEME
TPOIIECCOB.

IoTepu 3Kcepriu pa3aesstoTcs Ha Ba BHA:

— BHCHIHUEC, CBA3aHHBIC C MAaTCPUAJIbHBIMU 1 TCIUIOBBIMU IMOTCPAMU B OK-
PYKalOLIyIo Cpeny;

— BHYTPEHHHE, CBA3aHHBIE C HEOOPATUMOCTHIO MPOUCXOJIAIINX B CHCTEME
TIPOIIECCOB, OHM MOTYT OBITH OTpesieieHs! 1o popmyite ['iorn-CTomosr:

YAe =T,2AS, (7.4)

rae T, — Temneparypa okpyxaroweil cpensl, K; AS — u3aMeHenue sHTponuu
BEILIECTB B IIPOIIECCE.

7.2. BUbI SKCEPT U

DKCepruro, Kak U YHEPTUI0, MOXKHO Pa3J/IeNTh Ha JIBa OCHOBHBIX BH/A.

1. Dkceprust A7 SHEPrUU UM BEILECTB, HE XapaKTepH3yeMOH 3HTpomueit
(TO ecTh 1 yHOPSIOYEHHOW MM OpraHM30BaHHOI 3Hepruu). B sTom ciy-
yae BCS DHEPTHs, 3aKIIOYEHHAs B paccMaTpuUBaeMoi (opMme, MOXKET OBITh
WCIIOJIb30BaHa, U SKCeprus paBHa sHepruu. K atomy Buay oTHOCHUTCS:

a) SKCePTHsI MEXaHMIECKOU pabOTHI;

0) PKCeprus ANMEKTPUIESCKON YHEPTUH.

2. DKceprus BELIECTB U NOTOKOB SHEPIUH, XapaKTEPU3yEMbIX SHTPONHUEH
(TO ecTh A HEYMOPSAIOYCHHOW 3HEPTUM, NPU MPEOOPA30BAHUU KOTOPOU
MIPOUCXOJUT U3MEHEHHUE SHTPOIMUM). DTa SKCEPIHs BCETJa MEHbBINE YHEPTUH
BEIIECTBA, U JJISl €€ pacuera CYIIECTBYIOT clielManbHble MeTonuku. K atoit
KaTeropuu OTHOCSTCSI:

a) mepmomexanuyeckas (Wi TepMmoaeOopMaIOHHAsT) IKCEPrHUsl Bellie-
CTBa, OOYCIIOBJIGHHAs pa3UYMEM TEMIIEpaTypbl U JaBIEHHs BEIIECTBa M
cpenbl. OHA COCTOUT U3 TEPMOMEXAHUUECKON SKCEPIHU BEIIECTBA B 3AMKHY-
mom obveme W B nomoke. DKCEPrHsl BEIIECTBA B 3aMKHYTOM 00BeMy pac-
CMaTPUBAETCS Ul 3aKPBITBIX CUCTEM, OTAEIBHBIX OT OKpYXarolleld cpelbl
HETIOABIKHOM, HO CIIOCOOHOH MPOBOAWTH TEIUIO 000J04KoH. OOBYHO 3TH
TEXHOJIOTMUECKHUE YCTAHOBKM NEPUOAMYECKOro AehcTBUS. TepMomexaHuue-
CKasl 9KCEprus BEILECTBA B NOTOKE PacCMaTpHUBAaeTCs JUIsl YCTAHOBOK HeNpe-
PBIBHOTO JIEHCTBUA.
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0) xumuueckas (WM HyJneBasi) dKCEprusi, CBsI3aHHasl C Pa3HOCTBHIO COCTa-
BOB BCIIIECTBA WJIU CHUCTECMbI U OprX(aIOIJlefl Cpeanbl. Xumuueckas SKCeprus
JICTIUTCS Ha peaKkyuoHHylo, CBI3aHHYIO0 C XUMUYECKHUMHU COCAMHEHUSIMHU, BXO-
JUIIMU B BEIIECTBO, U KOHYEHMPAYUOHHYIO, CBI3aHHYIO C HAIMYUEM CMECU
HECKOJIBKHX BEIIECTB WIJIM C Pa3HON KOHIICHTpAIlMe COSANHCHUH B CHCTEME
U B OKpYy’KaloIei cpeze.

B) 9Kcepaus NOomoKos8 3Hepeuu, He CBA3aHHBIX C BEIIECTBOM, NIENUTCS Ha
IKCEPTHIO Meni08020 NOMOKA M IKCEPTHIO uziyyenuss. K 3TUM BHIaM 3Kcep-
THH OTHOCHUTCS TEIUIOTA, TepeaBacMasi TeIUIONPOBOIHOCTEIO, KOHBEKITHECH H
W3JTyYeHNeM, HO He TEIUIOTa TEXHOJOTHYECKHX MaTepHaJiOB, Ta30B U KHUIKO-
cTel (MX 3KCeprust XapaKTepU3yeTcsl TePMOMEXaHUIECKOI COCTaBIISIONIELH).

Knaccudukauuio pa3innyHOro BHJa SKCEPTUM MOXHO IIPEACTaBUTH B BU-
Jie cxeMsl (puc. 7.3).

Okceprust sHepruy,| ["[MexaHnueckas paboTta |
HE XapakTepusye-

MOW 3HTpONMEN DneKTpuyecKas 3Heprus |
TepMoMexaHHYeCKast IKCEPrus
—[Tepmo- [~ |[BeLIeCTBA B 3aMKHYTOM 00BEME €,
MEeXaHUYeCcKast
o BKCeprus —TepMoMexaHH4eCcKas IKCEPTHs
e BEIIECTBA B IOTOKE €
npeoOpa3oBaHue
KOTOPOH
P  [Peakimonnas sxceprus e, |
npoucxogut | | [Xummdeckas
C U3MEHEHHEM BKCeprHst
. P L_[KoHuenTpammonHas 3kceprus e, |
SHTPOIHEH
—Pkceprus TemioBoro motoka e, |
|_[OKkceprusi moToKoB| |
[TeTLTOTHI
—|9Kceprpm U3IIYYEHUS eq |

Puc.7.3. Knaccudpukanus 3xcepruu

OOBIUHO AT 3aMKHYTBIX CUCTEM (YCTaHOBOK MEPUOIUUECKOTO JeHCTBUSA)
YUUTHIBAE€TCS TEPMOMEXaHHUECKasl dKCEeprusl BElIecTBAa B 3aMKHYTOM OObe-
Mme. [l HOTOKOB BEIECTBA, BXOJSIINX WM BBIXOAAIINX U3 YCTAHOBKH, MO-
KeT OBITh y4YTeHa, IPH HAJIMYUN Pa3HOCTH MapaMeTpa IMMOTOKOB M OKPYKaro-
mei cpesbl, TepPMOMEXaHWIeCKast HKCEPrus BEIIECTBA B MOTOKE W XHMHUE-
CKast 3Kceprus. JKCeprusl MOTOKOB YHEPTHU yUUTHIBACTCS A ITOTEPh TEIIa,
MPOUCXO/SIIINX Yepe3 CTEHKH NEYH W MOTeph TeIUla M3Iy4YeHHEM dYepe3 He-
IUIOTHOCTH U OTBEPCTHUS B yCTaHOBKe. Jlanee Bce BUIBI HIKCEPIUU PacCMOTpe-
HBI TIOIPOOHO.
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7.3. 3KCEPT U BEHIECTBA B 3AMKHYTOM OBbEME

Okceprusi BELIECTBA B 3aMKHYTOM 00bEME paccMaTPUBAETCS UL CIydast
OTJIEJICHUSI CUCTEMBI OT OKPYXKAIOIIeH Cpe/ibl HeTOABHKHOM 3aMKHYTOM 000-
JI0YKOH, KOTOpas MPEeMITCTBYeT MacCOOOMEHY, HO ITO3BOJISET OCYIIECTBISAT
TemroooMeH. [loaToMy mpu pacdere 3Kceprun BEIIeCTBa B 3aMKHYTOM O0BE-
M€ B KauecTBE MMapaMeTPOB OKPYXKaIOIIEH cpeibl HEOOXOIMMO 3HATh TOJBKO
e€ TeMmIlepaTypy M JaBJICHHE, a COCTaB POJIM He UrpaeT. Takum oOpazoM Be-
IIECTBO B 3aMKHYTOM OOBEME XapaKTEPU3YETCs! TOIBKO TEPMOMEXaHNIECKON
JKCEPrueH.

3HaueHHEe TEPMOMEXaHUYECKOW IKCEPTiH BEIECTBAa B 3aMKHYTOM 00beMe
Bcerja OoJbIlle WJIM paBHA HYJIO M HE MOXKET NPHHUMATh OTPHUIATENBHOE
3HaYEHME, TaK KaK NpH JIIOOBIX JaBJICHHUSX W TEMIIepaTypax CHCTeMa BCerjaa
MOXET COBEPIIHUTH paboTy (CxKATHS MM PACILIUPEHUS]).

Dkceprusi B pacCMaTpuBacMoOM cilydae paBHa MakCHMalbHOI padore, KO-
TOpOE BEILIECTBO C MapaMeTpaMu p, v, T, u, i, S MOXeT COBEpIINUTh IpH Iepe-
X0Jle B PaBHOBECHE C OKPY)KAIOILEH Cpelloil, mapaMeTpsl KOTOPOHl po, Vo, Ty,
ug, iy, So (rme p — naBieHWe; v — yIenbHBIH 00bEM, BeIM4YMHA, OOpaTHas
IUNIOTHOCTH, I — TeMIepaTypa; u — BHYTPEHHS SHEPIUs; | — SHTANbIUs; S —
SHTPOTIHS).

CornacHo mepBoMy 3aKOHY TEPMOIMHAMMKH MOJBOJUMOE K CHCTEME Te-
W0 dq TpaTUTCA Ha U3MEHEHHe BHYTpEHHel sHeprun du v coBeplleHue Me-
XaHUYECKOH paboThl dI, TakuM 0Opazom

du = dg — dl. (7.5)

H3meHeHne TeTIoThl B 00paTHMOM IPOLECCe OCYLIECTBISIETCS IPH TEM-
neparype 7Ty:

dq =T,ds. (7.6)

Okceprus (mone3Has paboTa) de, paBHa coBepiaeMoil pabote d/ 3a BBI-

4eToM paboThI, 3aTpayMBacMON Ha MPEOIOJCHHE IABICHUS OKPYKaromleH
cpensl:

de, = dl — pydv. (7.7)

C yuerom (7.5) u (7.6) nonyuaem:

de,= TydS — du - pdv. (7.8)
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IIpounterpupoBas BelpaskeHHe (7.8) OTHOCUTENBHO MpoIiecca Iepexoia B
COCTOSIHME PAaBHOBECHS C OKPY’KaIOILIEH Cpeoi. Momydaem

SO uO vO
€v:Toé ds —é du —Poé dv=To(So—S) — (uo—u) —po (vo—v). (7.9)
N u v

OxoHuaTenbHO (OpMyna AT pacdyeTa TEPMOMEXaHHIECKOW 3KCeprHu
BEIL[ECTBA B 3aMKHYTOM 00bEME UMEET BUJL

e, = (u—1up) — Ty (S — So) + po(v — vp). (7.10)

Tak Kak mapaMeTpsl OKpy»KaroIeil cpeabl HOCTOSHHBI, BeIpaxkeHue (7.10)
HPECTABIAIOT B CIEAYIOLIEM BUIE:

e,=u—To+peyv+C, (7.11)
rae C — sKkcepreTndeckas (yHKIUS, ITOCTOSTHHAS U 3aJaHHOW OKpY’Karo-
el cpenpl

C =TSy — uy — povo= const. (7.12)

H3MmeHeHne TepMOMEXaHMUECKOW IKCepruu Ae, BEIIECTBA B 3aMKHYTOM
o0BeMe TpU TIepexo/ie U3 OJHOTO COCTOSIHHS B IPYTO€ TAaKKe OMpelersieTcs
o BeIpakeHHIO (7.8), HO He BKIFOYaeT dKcepreTnieckyro ¢yHknuo C U om-

pelernsiercst Yepe3 pa3HOCTh CBOMCTB BELIECTB B HavalbHbIH (TOuka 1) U KO-
HEYHBIH (TOYKA 2) MOMEHTHI:

Ae,= e, —en=(uy—u) — To(S2 — S+ po (2 —vi) =
= Au—TyAS + pohv. (7.13)
7.4. TEPMOMEXAHHNYECKAS S9KCEPI'Us
BEHIECTBA B IIOTOKE
TepMoMexaHUUeCcKas KCEPTHUs BEIIECTBA B IOTOKE ¢ OTIMYAETCS OT JK-

CEepruM BellecTBa B 3aMKHYTOM 00bEMeE e, Ha BEJIMYMHY pabOThI, CBSI3aHHOU
C TMepeMelIeHneM oToka /

1= pv—poev=v(p - po), (7.14)

TOE pov — pa60Ta Ha IPE€OJOJIEHUE COTIPOTUBJIICHUE CPEIBI.
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Takum oOpazom,
e=e, +v(p —po) = (u—up) — To(S — So) + po (v—vp) + pv—pov =
= (u—up) + (pv—povo) — To (S — Sp).

Tak xak U + pv =i, 10
ez(i—io)—To(S—So), (715)

W
e:i—TOS-i- C, rae C= TOS0—i0.

st ©300apHBIX MIPOIIECCOB TEPMOMEXAHUYECKasl SKCEpPrusi BEUIECTBa B
MOTOKE W 3aMKHYTOM 00BbEMe paBHbL. HO TepMOMexaHUUECKash IKCEeprusi Be-
IIECTBA B [TOTOKE, B OTJIMYHUE OT €,, MOXKET OBbITh U OTPHUIIATSIILHON. 3HAK ITO-
Ka3bIBaeT HalpaBJICHHUE NEPEeHOCa SHEPTUH — dKCeprus OoJblie HYJs, ecin
TEIUIO TepeaaeTcs OT MOTOKA B OKPYXKAIOLIYI0 Cpely M MEHbIIE HYJs, €Cin
OT OKPYXKAIOIIel cpellbl K MOTOKY (puc. 7.5).

e>0 e<0

Puc.7.5. XapakTepucTuKa TepMOMeXaHHMYeCKOH IKCePruy BellecTBa B NOTOKe

Jus uneanpHOTO Ta3a BeIpaxkeHue (7.15) MOXHO 3ammcarth B CIEAYIOIIEM

BUJIE:
z T ~
e=c(T-Ty) - Ty, 1n70—RpP—0ld (7.16)

rae ¢, — u3006apHas TeII0eMKOCTh; R — ra3oBas nocrosHHas. PasmepHocTs ¢,
1 R ogunakosas. [loaToMy, eciiM KCIIOJL3YETCA MOJIAPHAS TEILIOEMKOCTh C, C
pa3mepHocThio JIx/MonbXK, B KadecTBe R HCIONB3YIOT YHHBEPCAIbHYIO Ta-
30ByI0 noctosHHyto 8,314 JIx/monsX. Ecnu ¢, — MaccoBas TEIIOEMKOCTb
(Hdx/xrK), To B KauecTBe R MPUMEHSIOT T'a30BYIO MOCTOSHHYIO R = 8,314/M,
rne M — MonsipHas Macca rasa, Kr/Mollb.

V3MeHeHHe 3KcepruM MpU Mepexo]e U3 OJHOTO COCTOSIHUS B JPYroe 3K-
cepreTnyeckyto (ynkiuio C He BKIIOYAET M ONPEIeIsieTCs] pa3HOCTHIO
CBOMWCTB BeI[ECTB B HAYAJIbHBIHN (TOUKa 1) U KOHEUHBIH (TOUKa 2) MOMEHTSHI:

A€:€2—€1:iz—il—To(Sz—Sl). (717)
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7.5. 3KCEPI'A TEILIJIOBOI'O ITIOTOKA

OKceprus TEIIOBOTO IOTOKA €, PaBHA MaKCHMallbHOM paboTe, KOTOPYIO
MOXHO IIOJIyYHUTh B 0OpaTuMoM Iukie KapHo MexIy MCTOYHHMKOM Teria ¢
TeMieparypoil 7' u npu€MHUKOM TeIia ¢ TeMneparypoit 7,:

eq:qg‘?—78 (7.18)

TZie ¢ — TEIIOBOH TTOTOK.
Bennunny tepmuueckoro KIIJ[ muxna KapHo HasbIBaroT skceprerude-
CKOH TeMIepaTypou:

_, I
T=1-7. (7.19)
Taxum oOpazom

€,=q T.. (7.20)

Ha puc. 7.7 npuBeneHo cpaBHEHHE BEJIMYMHBI TEIUIOBOTO MOTOKA U €ro
SKCeprHuM, a Ha puc. 7.6 — sKcepreTuyeckas remneparypa (B 000X ciaydasx
Ty = 273K). Kak BugHO U3 rpadMKoB, SKCepreTHyeckas Temreparypa paBHa
HYJIIO [IPU TeMIepaType OKpYy’>Karolled Cpeabl U CTPEMHTCSI K eAMHUIE MPU
MOBBIIIEHUN TeMIepaTypsl. TakuM 00pa3oM deM BBIIIE TeMIlepaTypa TeIlIo-
BOTO TIOTOKa, TEM OOJbIIas YacTh TEIUIOTHI B HEM SIBISIETCS IOJIE3HOH, TO
€CTh TEM BBIIIE JOJIS1 SKCEPTHHU B HEM.

'L'c] q, €

+ )

273 0 500 1000 273 0 500 1000
Temneparypa, °C Temneparypa, °C
Puc.7.6. Jxkceprernyeckas Puc. 7.7. CpaBHeHHe TENJI0OBOI0

TeMIepartrypa MOTOKA M €ro JKCepruu
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Ecnu temneparypa ucrounuka mensiercs oT 7; 10 7, TO U3MEHEHUE K-
CEepruM TEIUIOBOTO MOTOKA OyJIeT MMETh BUJT

To6s d
de, = dqé@—708= dg — Ty = = dg - TodS, (7.21)
Wi
T2 T2 T
eq:é deq:é dq—Toé dS=q-T,DS
T T T

TepmomexaHnueckasi IKCEpPTHs BELIECTBA UMEET CBSI3b C BEIMYMHOM 3K-
CepruM TEIUIOBOTO MOTOKA, KOTOPBIN MEPEeHOCUTCS 3THM BelecTBOM. Pac-
CMOTPUM H3MEHEHHE TePMOMEXaHNIECKOH 3KCepruu:

Ae = Ai— T,AS (7.22)

PaznenuB ypaBuenue (7.22) Ha Ai, moyrydaem:

De_, DS
Di 'Dit

Tak kak B I/I306apHOM nponecce noABCACHHOC TCIJIO PAaBHO U3MCEHCHUIO
OHTAJIBIIMHU CUCTEMBI, TO €CTh Ai = q, TO MOJXHO 3alIMCaThb

De DS 7,
== -Tio=1-=1,
Dg Dy T

WIn

De=qgt,=e,. (7.23)

Taxum o6pa3om, Ipu n300apHOM HpoLEcCEe N3MEHEHHE TEPMOMEXaHHIe-
CKOH 3KCEPrHH PaBHO KCEPTUH TEIIOBOTO MOTOKA, ITOJBEICHHOTO K BEIle-
CTBY WJIM OTBEICHHOTO OT HETo. DTO AaéT aJIbTEpHATHUBHBIA CIocod pacyera
9KCEPTUH TEIUIOBOTO MOTOKA, KOT/A MPOIECC Mepeadn TeIula CIOKEH M Ul
NpsAMOTo pacyera e, HET JOCTaTOYHBIX NaHHBIX HJIM OH XapaKTepH3yeTCs
OoJIbIIMMH TTOTpeITHOCTAME. Hanpumep, Takol crocod MOKeT MpUMEHSThCS
JUIsL pacyeTa SKCEpruy TEIUIOBOTO MOTOKA MOTEPh TEIIa Yepe3 CTEHKU IeuH,
KOTOPBII COCTOUT U3 HECKOJIBKUX MOTOKOB, BKJIFOUAIOIIUX TEMJIOBbIE ITOTOKU
U3Ty4eHHEeM, KOHBEKLUEH M TEeIIONPOBOJHOCTHIO MEXAYy MaTepuajoM, ra-
3aMHU U CTEHKOH II€YH, TEIUIONPOBOJHOCTA B MHOTOCJIIOMHOW CTEHKE, TEILIO-
0TJauy KOHBEKIIMEH U U3IyuyeHUeM OT Hapy >KHOM CTEHKHU TeYH.
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7.6. SdKCEPI'USA U3JIYUYEHUSA

3KCGpFI/I$I H3JITYUCHUS €g OTIPEACIIACTCSA U3 BRIPAKCHUS !
d@e = dqmﬂ - TOdS:
WJIA I CEPOro TeIa

4 4 3
37+ Ty— AT,T
Ce= 65 g = (7.24)

. 4
I7ie € — CTeNeHb YEPHOTHl UCTOYHUKA M3MydeHus; S = 5,6740 ¥ Br/K — no-

crosiuHast Credpana-bosbimana.
Ha puc. 7.8 npuBeneHo cpaBHEHUE H3MYUYEHHs] CEPOTO Tela U IKCEPrHu

STOrO U3IIyYEHHUSI.

[/ eg? kBr £t T
3000 - Qw4 - ~
1 \A 0.8 = -
2000 0.6 /, -
1000 0.4
i €, 0,2 1
G T O L4
0 1000 2000 £,°C 0 1000 2000 1, °C

Puc. 7.8. M31yueHue ceporo Teja ¢,,, U IKCEPrusi 3TOro u3aydenus e, (e=0,8)

BuaHo, 9TO Kak M IS TETUIOBOTO MOTOKA, TIPH MOBBIIICHUEM TEMIIEpaTy-
pBI pa3iiMuue MeXIy 3HEeprued M sKkceprum ymeHsimaercs. CooTHOIIEHWe
MEXJY 3Kceprueil u sHeprueil n3aydeHHsl HECKOIBKO MEHBIIE, YeM JKcepre-

THYECKas TeMIepaTypa Teja.

7.7. XUMHNYECKASA OKCEPTUSA

Xumudeckasi dKceprusi paBHa pabore, coBeplIaeMON CHCTEMOW NpH ee
00paTHMOM NEpPEXOe B COCTOSIHUE PAaBHOBECHS C OKPYXKaIOIIEH cpemoil, To
€CTh B YCTOWYHMBOE COCTOSIHME, IPH KOTOPOM OTCYTCTBYIOT XHMHUYECKHE pe-
aKIMM MEX/y BEIECTBAMH U OHU OECKOHEYHOE BPEMS MOTYT HaXOJHUTCS mtp
XUMHUUYECKUX M (PA30BBIX M3MEHEHHH. PEaKIMOHHYIO COCTaBIISIONLYI0 XHMH-
YECKOW PKCEpPrHuy HEOOXOJMMO YUYWTHIBATh, €CIM B CHCTEME HIYT XHMHUE-
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CKHE PEaKIHH, a KOHIEHTPALMOHHYI0 — €CJIM NPOUCXOJUT CMEIICHHE Be-
LIECTB WM pa3/ieJieHne cMecen cMeceil.

Jlyist pacueTa XMMUYECKOW IKCEPruu HEOOXOAUMO BHIOPATh BEIIECTBA OT-
c4eTa, HaXOJAIIUECS B PABHOBECUM C OKPYXKAIOLIEW CPenod, TO €CTh HE U3-
MEHSIOIINECS, HAIPUMEp HE pasjararouecs W He OKHCIISIOIINECS, B Tede-
HHUH JIOJITOTO MPOMEXYTKa BpeMeHH. OOBIYHO BEIIECTBAMH OTCUETA SIBIISIOT-
Csl BBICIIE OKCHIBI, KapOOHATHI, CHIMKATHl, TO €CTh BEIIECTBa, Hamboiee
pacnpocTpaHeHHbIe B pupose. OT BBIOOpa BEIIECTB OTCUETA 3aBUCHUT H I10-
Jy4eHHBIE 3HAYCHHUS XUMHYIECKOH SKCEPTHH.

Xumnaeckyto skcepruto S. Llapryr mpemuioxun paccYUTBHIBATh 1O Clie-
JyIoliel MeToinKe, OTHECEHHOH K OTHOMY KHJIOTpaMMy BEI[ECTBA.

1. McxomHoe BEIIECTBO M3 COCTOSIHUS PaBHOBECHUS C OKPYKaIOLIEH cpe-
[[Oi/i IMpOBOAAT B TCPMOJUHAMUYCCKUE HOPMAJIbHBIC YCJIIOBUA, TO €CTh TEC, IIPU
KOTOPBIX NPUBOJATCA TepMoauHamudeckue naHueie (25°C u 101,3 xIla).
M3MeHeHHe 3Kcepruu Jyid 3TOTo npolecca

D€1: €y — €)= iH_iO_ TO(SH_S0)7 (725)

THC ey, Iy, Sy — DKCEPTHs, SHTAJBINSA U SHTPOITHUS BEIIECTBA MTPH HOPMAIIEHBIX
ycnoBusix; Ty — TeMmepaTypa OKpYXarollei Cpelibl; e, ig, Sy — IKCepPTus, dH-
TaJbIIMs U YHTPOIUS BEILIECTBA MPU JABJICHUU U TEMIEpaType OKpyKarouen
cpenpbl.

2. OnpenensitoT SKCEPrui0 mpeodpa3oBaHusi HCXOIHOTO BEIIECTBA B MPH-
HSTBIC BEIIECTBA OTCUETA (MM SKCEPTHIO JICBAIbBAIIMU BEIIIECTBA)

D€2 = €ycx.-sa — Cp-pa orcuéra — H — TOSn

3. BBIYHCISIOT 3KCEPTHUIO Mpoliecca MepeBoa BEIIeCTB, B XOAAIIUX B pe-
AKITUIO JICBATEBAIIMN K PACYETHBIM YCIIOBHSM.

3= In"AH" - Sn'AH-To(En"AS" - SnAS') = AZ,

rae AH", AS" —sHTanenuu U 3HTponuu BemiecTs; AH', AS' — sHTanbnuu U
SHTPOIIUHU UCXOJHBIX BEIECTB PEaKIHH AeBaNbBalliY; 1", 1) — CTEXHOMETPU-
yecKkre KOA((UIMEHThI BEIIECTB peakimu. AZ, — u300apHO- U30TEpPMUYC-
ckuii moteniman (3ueprus ['udoca).

i ynpouieHus pacdera peakIMOHHOM 3KCEpPTUH MPEIOKEHO HCIONb-
30BaHHE CIEYIOMIEr0 BEIPAKSHHUS

e.=e t+e+te;s.

B yKaBaHHOﬁ (I)OpMyHe JICTKO BBIACIUTD 3KCEPIrUi0 3JIEMCHTOB, U3 KOTO-
PBIX COCTOAT BECUICCTBA.
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B pesysnbraTe mogydaeTcs yIpoIICHHAs METOJMKA pacueTa PeakIMOHHON
COCTaBIISIIONICH Kceprun Beniecta. Eciu gpopmyna Bemects A,B,C,, rie A,
B, C — aneMeHTHI; a, b, ¢ — CTEXHOMETPHUCECKUE KOAPPHUIUEHTHI , TO

e,= ANZyo3 ta e, +b ey + c e, (7.26)

rae e, ep, €. — dKceprus 3eMeHToB; AGyg — 3Heprus ['udoca (u3o00apHo-
HU30METPUYECKUN TIOTEHIHAN).
B tabn. 7.1 mpencraBiieHa XMUMHYECKasl KCEPrHsl XUMHYECKUX DIIEMEH-
TOB, a B IPUJIOKeHHU | — sHeprus [ mo0ca XMMHIECKUX COeTMHEHHUI.
KoHIIeHTpallMOHHas COCTABIISIIOIIAS XUMHYECKOH SKCEPrHU OIpeeseT-
csi paboTOM, HEOOXOIMMOI1 ISl ITOTyUSHHUS BEIIECTBA B YHCTOM BHJIE.

ex= AH()‘FT()(S()—S = T()(S()—S) :RTolnpO/p (726)

I/ie — yHUBEpCalbHas ra3oBas IOCTOSIHHAS, py — HOPMaJIbHOE JIaBJIEHHE, p —
HaplualibHOE JaBIeHHE Ta3a.
J1st pacTBOPOB KOHLIEHTPAIL[IOHHAS COCTABIISIONIAs KOMIOHEHTA:

1
ex= RTyIn =— RTyln (7.26)

/i€ X — MOJISIpHast JI0JIs COCTaBIISIOLICH.
Jns Bceli cMecH BelecTB KOHUEHTPALMOHHAs COCTABIISAIONIAs UMEET BUJL!

26,(: - RT()ZXilIDCi =-— RTOZXilIl pi/p() (726)

KoHueHTparMoHHas COCTaBISIONIAs YyIUTHIBAETCA, €CIM B paccMaTpHBae-
MOM IIpoliecce MEHsAeTCsl COCTaB cMecu. B mporieccax TemnoobmeHa 6e3 XUMU-
YECKHX M (pa30BBIX IPEBPAILEHUI 3Ty COCTABJISIOILYI0 MOXKHO HE yIUTHIBATS.

7.8. OKCEPTETUYECKHWI AHAJIM3 IIUKJIOB

Kak oTMeuanock paHee 3Kceprusi TEIUIOBOTO IMOTOKa SIBISIETCS PabOTOM,
noydaeMoi B ke KapHo, eciii MpUeMHHUK TEIUIOTHl — OKpYy’Karomas cpe-
na. Omnpenenenne 3()()eKTUBHOCTH TEIUIOBBIX IIMKJIOB HA OCHOBE 3KCEPTHH, a
He paboThI, MO3BOJISIET CPABHUBATH YCTAHOBKH, PA0OOTAIOMINE B PA3HBIX yCIIO-
BUSIX OKpyaromiei cpexabl. Ecian npunsath, yro Hanbosee sddexrrBHas pa-
60Ta TenI0BOM MalIMHbEI OyAeT, KOTAa TeMIepaTypa TeIUIONPHEMHUKA paBHA
TeMIepaTrype OKpYy)Karoled cpeabl (TO eCTh OTBOIUTCA BCS MMEIOIUecs
akceprusi), o skcepreruueckuii KI1JI h, unkna Kapuo Oyxer numers Bui:
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L-T
h D
he=t =TT (7.27)
TO,C

rae T, — TemmepaTypa TEeIDIONCTOYHUKA; 1| — TeMIlepaTypa TeIUIOTPHEMHH-
Ka; T, — TeMIeparypa OKpyKaroIe cpepl.
st 06paTHOTO XONMOIMIBHOTO KA dKceprerndyeckuii KI1J] mmeer Buz

. DL-To
he=ete=7"7 7 (7.28)

Kax Bunno u3 Beipaxenuii (7.27), (7.28) ecnu B nukie Kapuo 7, =T, a
B 00patHOM XxojoamibHOM mukie T = T, ., o h,= 1.

3AJIAUUN

1. Paccumrarh 3Kcepruo Bo3lyxa B 3aMKHYTOM 0ObEME IpH TeMIIepaTy-
pax -50, 0, 500 wu 1000°C. IlapameTpsl OKpyKaromeil cpeabl
po=101,396 kIla, Tp=0°C (273K).

Pewenue

Ilo Tabnnie TepMOAMHAMHYECKHX NAHHBIX BO3IyXa HAXOIWM CBOMCTBA IpU 3aaaH-
HBIX TeMIIepaTypax

t, °C T, K S, kJIx/krK u, kJx/xr v=1/p, M/KT i, Kx/kr
=50 223 6,4054 159,07 0,63 223,11
0 273 6,6080 194,84 0,77 273,23
500 773 7,6805 570,54 2,19 792,43
1000 1273 8,2487 998,58 3,61 1363,97

OkcepreTudeckas GyHKIHs
C=2736,6080 — 194,84 + 101,396:0,77 = 1531 xJIx/xr.

DKceprus Bo3Ayxa B 3aMKHYTOM 00bEMe
e,(=50°C) = 159,07 — 273-6,4054 + 101,396:0,63 + 1531 = 5,2k Jx/KT;
€,(0°C)=0;
e, (500°C) = 570,54 — 273%,6805 + 101,396%2,19 = 226,5 k[ x/xT;
€,(1000°C) = 998,58 —2738,2487 + 101,396%3,61 = 643,1 xJx/kr.
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W3menenune sKcepruy npenacraBieHo Ha puc. Kak BugHo u3 rpaduka, e, Bceraa
6oubiie 0.

&

£ 600 —

“. 400 4

Ny /

£ 200

[=5

Q

S 0

& 500 1000

Temneparypa, °C

2. PaccuurtaTh ynenbHbIe MOTepH 3Kcepruu U sxceprerndeckuit KITJ mpu
JIPOCCETMPOBAaHNH HACBIIIEHHOTO BOJSIHOTO Mapa oT jaaBieHus p; = 1 Mlla o
nasienus p, = 300 kl1a.

Pewenue

TTapameTpbl HACBIIIIEHHOTO BOJTHOTO Mapa:
a) npu gaeieHun p; = 1 Mlla (o tabiaumam TepMOANHAMHUYECKHX CBOHCTB BOBI
Y BOASHOTO Tapa B COCTOSTHUH HACBIIIICHHUS)

iy =2777,0 xIx/xr; 51 = 6,585k x/(xr-K);
6) npu nasnennun 300 k[1a
iy =1i;=2777,0 xx/xr; s, = 7,110 xx/(xr-K).

B) TIpH MapaMeTpax oKpyxaromiei cpenbl py = 100kI1a, #, = 20°C (mo Tabmunam
TEPMOJIUHAMUYIECKHUX CBOMCTB BOIbI U [IEPETPETOTO BOASHOIO Mapa):

io= 84,0k x/xr, sq = 0,296 xJ]x/(xr-K).

VY nenbHbIC OKCEPIruu MOoTOKa napa 10 U nocji€ ApoCCeIrupoBaHus OMPEACIIEM KaK
TECPMOMEXAHNYCCKYIO OKCEPIHI0 BEUIECTBA B IIOTOKE:

e =(2777,0 — 84,0) — (273 + 20) - (6,585 — 0,296) = 850,3 kJ[x/kr
e, =(2777,0 — 84,0) — (273 + 20) - (7,110 — 0,296) = 696,5 kJIx/KT.
TToTepu 3Kcepruu MpH APOCCENTUPOBAHUI
De = 850,3 — 696,5 = 153,8 x/Ix/xr.
Okcepreruueckuit KI1/] mpomecca

h. = 696,5 / 850,3 = 0,82 (82%).

3. CpaBuutb 3kcepruto 1 MJDk TemioTsl, mepegaBaeMoil OT TETJIOHOCH-
tensa ¢ temmneparypoir 60°C, 80°C, 100°C B momereHne ¢ TeMIepaTrypou
20°C. Onpenenuts 3xcepreruueckuit KITJI mporecca Temnonepenadu.
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4. PaccuutaTh xumuueckyto sxcepruto MgCO;,

Pewenue

Ilo npuin. 1 gns MgCO; Haxoaum fDZ(z)gg = 1028,87 xx/monb. Ilo Tabm. 7.1.

HaXOJIUM DKCEPTHIO JJEMEHTOB ey, = 618.671; ec = 410,828; eg = 1,968 kIl /Mob.
Xummueckas sxceprust MgCO;

e, =—1028,87 + 618,671 + 410,828 + 3-1.968 = 32,597 x| x/Mo1b.

5. PaccunTaTh XHMHUYECKYIO KCEPTHUIO a30Ta, COAEPKAIIErocst B IPUPOI-
HOM Bo3ayxe, npu T, = 298K.
Pewenue

Tak kak a30T OOBIYHO SIBIISICTCS BEIICCTBOM OTCUETA, PEAKIMOHHAS COCTABIIAIO-
Imasi 9KCeprun paBHa Hyito. KOHIIEHTpaIMOHHAs COCTaBIISIONIAsl ONpPENessieTcs: co-
JiepKaHue a30Ta B BO3yxa. KOTopoe paBHO 79%. Takum o6pazom

1
e, =8,314:298 lnﬁ = 584 JIx/MOJb.

KOHTPOJIBHBIE BOITPOCHI

—_

. B ueM oTinuMs ynopsiio4eHHON U HEYOPAJOUEHHOU SHEPIUMU.
. Uto Takoe 3Kceprus U aHHEPIus.
. UTto Takoe OKpy:Karollas Ccpelld, KaK OHa BIIMSAET HAa BEIMYMHY DKCEP-

W N

TUN.

. Knmaccngukanms sxceprum.

. Pacger TepMoMexaHMUECKOW IKCEPTHH BEIIECTB B 3aMKHYTOM 00BEMe.
. Pacder TepMoMexaHNUECKOW AKCEPTHH BEIIECTB B IOTOKE.

. Pacger skcepruu TEIIoBoro MOToKa U H3IyICHUS.

. Pacuer xuMunueckoi skcepruu.

03NN A
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8. OCHOBBI XUMHMNUYECKOM
TEPMOJINHAMHUKHA

8.1. NIPUMEHHUE NNEPBOI'O 3AKOHA TEPMO/JIMHAMUKHA
K XUMHUYECKUM ITPOHECCAM

B xuMmuyeckoil TepMOJIMHAMHKE OCHOBHBIC 3aKOHBI TEPMOAWHAMHKH H
o0LIMe METOIBl HCCIEIOBAHHS NPHMEHSIOTCS IS W3YYSHUS XUMHYECKHX
nponeccoB. [Ipy 3TOM MOXKeET OBITh YCTAQHOBJIEH SHEPreTHYECKHil OanaHc
XMMHUUYECKOI peakiuu, HalpaBJeHHE €€ BO3MOXKHOTO pa3BHTHs, CKOPOCTh
peakuuu u T. . Ha ocHOBaHUM NepBOTro 3aKOHA TEPMOJMHAMUKU MOTYT OBITH
COCTaBJICHBI TEIJIOBbIE OalaHChl XMMHYECKHX PEaKIUid M OIpeleNieHbl UX
TeryIoBble 3 PEKTHI.

KonmuecTBo TemIoTsl, KOTOpOE MOJBOJMUTCS K pabodyeMy Telly, WJeT Ha
M3MEHEHHE BHYTPEHHEH SHEpIUM W Ha COBepIlIeHHE PadOThl MPOTUB BHELI-
HHX CHJI. DTO IOJOXXKEHHE INEPBOrO 3aKOHA TEXHUYECKOW TEPMOIMHAMHUKH
3aIHCHIBACTCS B BUE PAaBEHCTBA

dQ = dU + dL. (8.1)

PanHee nmpu paccMOTpeHHH MEPBOTO 3aKOHA TEPMOIAMHAMHKY CUUTAJIOCH,
YTO MPH MPEBPAIIEHUN TEIUIOTH B paboTy Q pabouee BeliecTBo He mpeTep-
NeBaJI0 XUMUYECKUX TpeBpatieHuii. st Toro, 4ro0bl IPUMEHUTh YpaBHEHHE
MEpBOTO 3aKOHA K XUMHUYECKHM IIPOIEccaM, CIEAYeT y4ecThb, YTO MpOTEKa-
HHE XMMHYECKHX PEaKIHi CBA3aHO C HM3MEHEHHEM COCTOSIHHSI aTOMOB H
3JIEKTPOHOB B MOJIEKYJIaX PEarupyroluX BeIIecTB. IIpu 3TOM MpOHCXOIUT
WU3MEHEHNE BHYTPEHHEH SHEPTUH, KOTOPOE MOJXKET NMPOSBUTHCS B BHIE TEI-
JOTHI WK PaboThl. YMEHbIICHHE BHYTPEHHEH 3HEPTUH B pe3yibTaTe peak-
Iy OyIeT COOTBETCTBOBATh OINPEEICHHOMY KOJHMYECTBY BBIACIMBINEHCS
TEIJIOTHI ¥ COBEPILIEHHON CUCTEMOM paboTHl.

IIpu ucnoas30BaHUHU NEPBOrO 3aKOHA TEPMOANHAMUKU NPUMEHUTEIBHO K
XUMHUYECKHUM TpoLeccaM CIeAyeT y4ecTh, UTo:

a) B OTVIMYHE OT TEXHUYECKOH TEPMOANHAMHKH BCE YPaBHCHHsI, KaK IMpa-
BUJIO, 3aMUCHIBaIOTCs He it 1 kr, a 1yist 1 Mouts (KMOJTh) BEIIECTRa;

0) B BelM4MHY pabOTHI BXOJHUT HE TOJBKO paboTa pacUIMpEeHHs WIH CXKa-
THSI Ta3a, HO U paboTa B pe3ynbTaTe ACHCTBHS SIICKTPUUECKUX, CBETOBBIX U
JIPYTHX CHJ, KOTOPBIE MOTYT TPOSIBISITECSA B XOJ€ XUMHUYECKOW pEeaKmu.
Pabora B xuMu9eckoii TepMoanHaAMuKe 0003HaYaeTcs: OyKBoit A.

[Ipn nNpHHATHIX 3aMEYaHWAX YPABHCHUE NEPEO2O 3AKOHA MePMOOU-
HAMUKU, NPUMEHUMENLHO K XUMUYECKUM PeaKyusm, AMEET BUL

DU=Q+A, (8.2
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rne DU — y0Obure BHyTpeHHEH 3HEpruM cucteMbl; Q — TemioTa peakium;
A — pabora peaknuu (OHa UMEET MPOTUBOIMOJIOKHBIN 3HAK ¢ PabOTOM paciiu-
PeHUS ypaBHEHHsI IEPBOTO 3aKOHA TEXHUYESCKOW TEPMOJTUHAMUKH).

Takum 00pa3oM, BbIZIEJI€HHE TEIUIOTH B PEAKIMU U COBEPILEHUE PAOOTHI
OCYLIECTBIISIETCS 33 CYET M3MEHEHUs BHYTPEHHEH DHEPTHU CUCTEMBI.

PaboTa peakuuu ckiajbiBaeTcst U3 pabOThl pacIIMpeHus] Wik cxarus L,
OTHECeHHOU K 1 moab BemiecTBa, U paboT 3JIEKTPHUYESCKHX, MATHUTHBIX, CBE-
TOBBIX M APYTHX CHJ, 0003HaueHHBIX uepe3 Ay. CiemoBaTensHo, padora pe-
aKIUK paBHA

A=L+4,. (83
Taxk xak
2
L= é pdV, to (8.9)
1
2
A= é pdV + A,. (8.5

1
M3meHeHne BHYTPEHHEH 3HEPIUU MOXKET PACIPEAEIATHCS MEXKIY TEILIO-
TOW ¥ pabOTOH Pa3IMYHO U BO3MOKHBI KpaliHUe CiTy4au, Korja:
a) MaKCUMyM BHYTPEHHEW SHEpruu MpeBpaniaeTcs B paboTy

DU = Qmin *+ Amax (86)

r7ie Amax — MaKCUMalbHast paboTa peaknuy; Py 3TOM B PEAKIHH BBIAEIACT-
Csl MUHAMYM TETUIOTHI, HE TIPEBPAIIEHHOH B PaboTy;

0) B peakuusx, Kpome paboThl PACIIMPEHUS U CHKATHsl, APYroit paboThl He
npou3BOIUTCS Anin = L; B 3TOM ciryuae nMeeM HanOoJIbIee KOIMIECTBO TEl-
JOTHI © MUHIMYM pabOThI

DU = Qmax + Amin- (8.7)
B nepBoMm cnyuae peakiusi IpOTEKAaeT B yCIOBUAX MOJHOMU 06paTI/IMOCTI/I,

a BO BTOpOM OHa HeO6paTI/IMa.

8.2. TEIUNIOTA XUMHWYECKHNX PEAKIIAM

Paznen xumuueckoil TepMOJMHAMUKH, 3aHUMAIOIIUICS HU3YYEHUEM TeIl-
JIOT XUMHYECKHUX pEaKIHid, HaszbIBaeTcsi mepmoxumueti. B obumem ciyuae
YpaBHEHUSI XUMUYECKUX PEAKUUI 3alUChIBAIOT B BUJIE

SX1+Q =SX,, (8.8)

rae SX; — ucxonmsie Bemectsa; SX; — npoxykts peakiun; Q — H3MeHeHME
SHTAJIBITHU B XOJIe PEaKIiu (TEIIOTa XHMHUUECKON PEaKIINH).
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Eciu Benmunua Q < 0, To ecTh peakuus WAET C BbIACIECHHEM TEIUIOTHI,
OHa HasbIBaeTcs sx3omepmuyeckoi. Ecnu Bennanna Q > 0, To ecth peakims
UJIET C MOTJIOLIEHHEM TEIUIOThI, OHa Ha3bIBACTCS IHOOMEPMUUECKOU.

Heo0x0auMo MosICHUTE, 4TO B pacdyeTax MOTYT MCIOJIb30BAaThCS JIBE pa3-
JIMYHBIE CHCTEMBI OTCYETa TEIUIOBHIX 3((EKTOB: TEPMOXUMHYECKAs U Tep-
MOAMHAMHYECKas. B TepMOXHMHUYEeCKOl cucTeMe MPUHATAa 0OpaTHAs CHCTe-
Ma 0003HaueHHIA: 3HAK TETOBOTO 3 dekra Q;y IKIOTEPMHUIECKOH peakun
CUUTaeTCs IOJIOKHUTEIBHBIM, a 3HAK TEIUIOBOro 3¢ deKTa 3HI0TePMUIECKON
peakuuu — oTpunaTensHbM. Takum obpazom Q = — Q.. B nanbHeiimem B
pazziere HCIoJb3yeTcsl TOJIBKO TePMOJHHAMIYECKast CHCTEMA.

B xumuyeckux mporeccax U3MEHEHHE COCTOSIHHSI CHCTEMbI MOXKET Xapak-
TEpU30BaThCSl HE JIByMs, KaK B TEXHHMYECKOH TEPMOJMHAMHKE, a TPEeMs WIH
Gosiee mapamerpamu (HarpUMeED, JaBJIeHKE, YETbHbIA 00beM, KOHIICHTPAIIHS).
Tak kak XMMHYECKHE PEaKlMy pacCMaTPHBAIOTCS WIYIIMMH IIPU MOCTOSHHOW
TeMmepaTrype, TO peakiys, WIyllas NpH IMOCTOSHHOM 0O0beMe, Ha3bIBaeTCs
uzoxopro-uzomepmuueckou (v, T = const), a peakiwsi, Waymas Mpu MOCTOSH-
HOM JIaBJICHHH, Ha3blBaeTcs uzobapuo-uzomepmuyeckou (p, T = const).

Jnst peakmuid MeXAy TBEPABIMH M KUAKAMH TeJIaMH WM JUIS Ta30BBIX
peakuuii, HIymux B HOCTOSHHOM o0beme, dv = 0,

Vs

L=A= @ pdv = 0, (8.9
\%1

Q =Uz—-U; = DU, (8.10)

rae Q, — TemIoTa W30XOPHO-M30TEPMUYECKOHN peakIiH, COOTBETCTBYIOMIAS
W3MEHEHUIO BHYTPEHHEH SHEPTHH.
Jlnist XUMUYECKO# peakiuy npy NocTostHHOM jrasnenun, dp = 0,

Vs
A=L= 6 pdv = p(Vo —V4), (8.11)
Vi
Qp=DU + p(v2 —Vy), (8.12)

rae Qp — TemnoTa peakuuy Mpy NOCTOSHHOM JaBJIECHUH.

TeruloTa XUMUYECKOU PEAKLUM IIPU p = CONSt U OTCYTCTBHU BCEX BUIIOB
paboTsl, KpoMe paboOThl pacUIMpEeHHs WM CXKATHsl, Ha3bIBACTCS MENni08biM
aghgexmom peaxyuu.

TemnoBoit a3 ekt peakunu npu p = const

Qp=DU —p(vo—Vvy) =Uy=Us+ pv, —pv; =
(8.13)

(Uat prvo) = (Ug + pivi) = I, =1, =D,

rae | = U+ piVy u 1= U, + p,V, —HavanbHas 1 KOHEYHAS SHTABITUH.
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CBsi3b MEXY TEIUIOTOW PEaKIMK MPU MOCTOSHHOM JaBJICHUH U MOCTOSH-
HOM 00BEMe 3aBHCUT OT TEMIEpaTypbl, IPU KOTOPOH WJAET peakuus, U OT
M3MEHEHHUs B Hel uucia Moueil ra3oo0pas3Hbix peareHToB. Kak npasuio, ec-
a1 4ucio Mosei DN mocie peakiuy yBeNMuMBaeTCs, TO CUCTEMa COBEPILIACT
paboty pacmmpenus U Q, > Q,. Eciu Dn <0, To Q, > Q,. Ecin uncno moneit
B peakLHu ocTaercs noctosHHbeM DN =0, To Q, = Q,.

[Ipu cocraBneHHN TEPMOXMMHYECKHX YPaBHEHHH Ba)KHO 3HATh, B KAKOM
COCTOSIHUHM HaXOJISITCSl pearnpyroniue BelecTBa, TaK KaK BEIWYMHA TEIUIOTHI
peakuuu 3aBHCHT OT UX arperatHoro coctosHus. OObIYHO B TEPMOXHMHUYE-
CKHMX YPaBHEHHSIX, €CJIH 3TO CIELHAILHO HE OTOBOPEHO, (HIYPHPYIOT TEILIO-
ThI PEAKIIUI MPH MOCTOSHHOM jaBjienuu, u Q = DI.

Cmanoapmuvie mennoguvle 3¢hghexmul peakyuti IPEACTABISIIOT COO0H M3-
MEHEHHE SHTAJIBIINM CUCTEMBI B PE3yJbTaTe XUMHUYECKOH PEaklMy, NpHYeM
UCXOJHBIC BEIIECTBA M NPOIYKTHl PEAKIMH JOJDKHBI HAXOIAWUTHCS B CTaH-
JApTHBIX YCIOBUSX.

[Ipu BEIYMCICHHN BETMYHMHBI H3MEHEHHMS SHTAJBIIMN HE MMEeT 3HaYCHHS,
KaKoe COCTOsIHHE OepeTcs 3a Hayajo oTcuera. B TepMoauHaMKKe IPUHATO 32
cranpaptaoe coctosiane 7 = 298K (25°C) u p = 101,3 klla. Temnora o6pa-
30BaHUS BEIIECTBA M3 XMMHUYECKHX JJIEMEHTOB, OIpEeZeieHHas IPH CTaH-
JApPTHBIX YCIIOBHSIX, HA3bIBACTCS CMAHOAPMHOU MENIomol 00pa3osanus 1
060o3Hauaercst Dl g, Hampumep, 171 yriIeKUCIIOro rasa cTaHAapTHAs TEIUIoTa
00pa30BaHMs U3 DIIEMEHTOB ONPEISIUTCS 10 YPABHEHHIO

C + 20 + Dlgg= CO, (8.14)

CranmapTHasl TeIioTa 00pa30BaHUs psijia BELICCTB MpHUBeaeHa B mpwi. 1.
Jlns xumudeckux 3aeMeHToB BenuuuHa DI 2098 pasHa O.

BonpmmHCTBO coeuHeHnit 00pa3yercsi U3 3JIEMEHTOB C BBIJICJICHUEM Te-
TUIOTHI B COOTBETCTBEHHO Il HUX BenmauHa Dl 2093 oTpunartensHa. JIumb s
HEMHOTHX COCIMHEHHH, peakImyd OO0pa3oBaHMS KOTOPHIX W3 IIEMEHTOB DH-
norepmuyeckue, BenuurHa DI 2%8 nojioxurenbHa (Hanmpumep st CoHp, CoHy,
NO, NOz, N205).

IIpu TemnoTexXHUYECKUX pacdeTax HCIONb3yeTcsl TEeIioTa CropaHus Be-
HIECTB U TOIUMBA. CmanoapmHas menjioma ceopanusi MpeaCcTaBiseT co0on
W3MEHECHHE DHTANBIUH TPH PEaKIUH JAaHHOTO BEIIECTBA C AIIEMEHTapHBIM
KHCJIOPOJIOM, TIPHYEM HCXOJHBIC BEIIECTBA M MPOAYKTHl PEAKIM JOJKHBI
OBITH B3SITHI NP CTAHIAPTHBIX YCIOBUSIX. Tennomoil ceopanus (meniomeop-
Hocmblo) monauea Q. Ha3bIBAIOT KOJMYECTBO TEIUIOTHI, BBIICICHHOE IMPU
nosHoM cropasmd 1 kr wmn 1 M2 rorumisa. Takum 0Gpazom

Q=-Q=li-la (8.15)
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Terutota cropaHus ONMpPENesieTCss OMBITHBIM MYTEM B KaIOPUMETpHYe-
ckoit 6ombe mpu moctosiHHOM o0beme (Q,) WITH B KaJOPHMETpE MPHU MOCTO-
sHHOM JaeneHu (Q,). Bemmuuner Q, u Q, pasnuuaroTcst Ha BeIMUKMHY pado-
TBI PACITUPCHHS

Qv=Qp+ p(v2—vy). (8.16)
Paznnma mexy HuMu He nipeBbimaet 0,5—1,5%, moatomy npuHIMAOT
Q»Q=0Q (8.17).

Pasnuyarot Huzwylo meniomy ceopanus tommea Q, (MexIyHapomHOe
obosnauenne Q;), KOTOpas OmpeneseTcss MPH YCIOBHH, YTO B MPOIYKTaxX
CrOpaHUs BJlara HaXOAMTCS B BUJAE BOISHBIX MApOB, U GbICULYIO MENIOMY
ceopanus Q, (MexnayHapoaHoe o6o3HaueHHe Qs), ONpeneNnsieMyto IpH ycio-
BUM HaXOXJICHUS BIAard B MPOJYKTaxX CropaHus B >KUIKOM Buue. PazHuna
MEXKIy 3THMH TEIUIOTAaMH CrOpaHHs paBHA TEIUIOTE HCIApeHusl BOIBI, CO-
JeprKaleicst B MpoLyKTax FTOPEeHHs, P CTaHIaPTHBIX YCIOBHSAX.

8.3. 3AKOH I'ECCA

CrnenctBueM TEpBOrO 3aKOHAa TEPMOJUHAMHKHU sBIsSeTCS 3akoH ['ecca
(MM 3aKOH TIOCTOSIHCTBA TEIUIOBBIX CYMM), KOTOPBIH YCTAHABIMBAET, YTO
TEIUIOTa PEaKIMK HE 3aBHCUT OT €€ MyTH U KOJUYECTBA MPOMEKYTOUHBIX
CTaJui, a OMpEJENIeTCs JUIlb HAYaIbHBIM U KOHEUHBIM COCTOSIHHSIMH pea-
THPYIOIINX BEIECTB.

HeiictBurensHo, npu V, T = const

Q=U;-U;=DU, (8.18)

TO €CTh TEIUIOBOM 3PQEKT peakiuu sBsieTcs: QYHKIUCH COCTOSIHUS CUCTEMBI
Y HE 3aBUCHT OT IIYTH TI€PEX0/1a CUCTEMBI M3 IEPBOTO COCTOSIHHS BO BTOPOE.
Ecnu xe peakuus npoucxoaur npu p, I'= const, to

Qo =l —I1,=0l, (8.19)
Y TEIUIOBOU 3 (EKT Takxke He 3aBUCUT OT IIYTH.

U3 3akoHa ['ecca ciieiytoT HECKOIBKO BaXKHBIX NPAKTHYECKHX BBHIBOJIOB.

1. TennoBoii 3dpdexT 0Opa3oBaHUs COSTUHEHNUS U3 UCXOIHBIX BEIIECTB HE
3aBHCHUT OT CII0C00a, KOTOPBIM 3TO COEJUHEHHE MOIyUYEHO.

2. TerutoBbie 3G QeKTh NPSIMON M 0OPATHOW PEaKIMU PaBHbI, HO MPOTH-
BOIIOJIOKHBI 110 3HAKY.

3. Ecnu M3 ByX OZIMHAKOBBIX CHCTEM 00pa3ylOTCsl pa3Hble KOHEYHBIE IPO-
JYKTBI, TO TeIIoBoH 3ddeKT npeBpalieHnsi 0JHOT0 KOHEYHOro MHPOIYyKTa B
JPYTroii paBeH pa3sHOCTH MEXIy TEIUIOBBIMHU d((ekTamMu 00pa3oBaHMs CHCTEM.

Takum 0OpazoM 3akoH ['ecca MO3BOJAET BEIYHMCIHUTH TEIUIOTHI PEAKIHI,
KOTOpPBIE HEMOCPEACTBEHHO HE MOTYT OBITh M3MEpeHBl. B Takmx ciydasx
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COCTaBJIIOT TEPMOXUMHUYECKHE YpPaBHEHHMs, pellasi KOTOpbIE OIPEAENSIOT
TEIUIOTY UCKOMOU PEAKIIMH.

Hanpumep, peakuus cropanust Teepaoro yriaepona g0 CO HeBO3MOXKHA,
TakK Kak Bcerja odpasyetcst HekoTopoe konuuecTBo CO,. Ho paccuurats Te-
TUIOBOW A QEKT 3TOH peakIur MOXKHO, 3Has TEIUIOBBIE d(PQEKTHI peaxiuit
cropanus yriepoga 10 CO, u okucnenunsi CO 1o COy, xJ[x/Momb:

c + 0, —393 700 = COY,
COW + 1/20," — 283 300 = CO,™.
Bbl‘-II/ITaSI n3 nepBoro ypaBHeHI/l}I BTOpOG, nonyqaeM
C + 1/20,” — 110 400 = CO,

B mpuBeneHHbIX ypaBHeHHST MHIEKC (I) 0003Ha4aeT ra3o00pasHoe co-
CTOSIHUE COCAMHEHHUS.

Takxe 3akoH ['ecca Mo3BoOJISIET OMPEAENATH TEIUIOBOH d(deKT peakimii o
3HAYEHHUSM CTAHIAPTHOW SHTAJbNMU O00pa30BaHMs XMMHYECKHX COCIMHEHWH
u3 anemenToB DI 2098 HCXOJIHBIX BEIIECTB U MPOYKTOB peakimii (puc 8.1).

3amMeHsisi pacCMaTPUBACMYIO Peakiiuio, 0003HaYeHHYIO Ha puc. 8.1 kak q,
Ha PEeaKLHIo 61 Pa3oKEHHs] UCXOJHBIX BEILECTB JI0 AJIEMEHTOB U PEAKHIO O3
00pa3oBaHKs U3 3TUX AJIEMEHTOB NPOJYKTOB PEAKIMH, C YUETOM BBIPAKEHHS
(8.19) MOxHO ompeneauTh TEMIOBOH 3P(PEKT peakinuu a Kak CyMMy TEIUIo-
BbIX 3()()EeKTOB peakiuii 61 U O, WIK PA3HOCTH CTAHJAPTHOMN SHTAJBIUU 00-
pa30BaHUs XUMUYECKUX COCIMHEHUIN M3 JJIEMEHTOB KOHEYHON M HUCXOIHOU
CHCTEM.

TennoBoit a¢dekT peakyun
Qa = Qﬁl + QﬁZ = SD' 2093 mp SDI 2093 Hex — DI 2098

Hcxonusie IIporyxTsl
—>
BEIIECTBA peaxkuuun
X a X
UCX TP
Tennota paznoxeHust Temora o6pa3zoBaHus
HCXOJIHBIX BEWIECTB | ;5 4, TPOAYKTOB peaKiuy
JI0 3JIEMEHTOB 13 DJIEMEHTOB
- 0 - 0
Q61 =-SDl 298 HCX Q62 = SDI 298 TIP

| XUMHYECKUE DIIEMEHTBI |

Puc. 8.1. Pacuer TeniioBoro 3¢dexra XumMudeckoii peaknuu

Takum 00pazoM A ONpeNeNeHHs TEIUIOBOTO 3(PQeKTa peakuuu Ipu
HOPMAITbHBIX YCIIOBHAX HEOOXOOMMO W3 CYMMBI DHTANBIHNS 00pa3oBaHHI
WCXOIHBIX BEMIECTB BBIUSCTh CYMMY JHTAIBIHNA OOpa30BaHUSA MPOIYKTOB
peakuuii.
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8.4. 3AKOH KUPXT'ODA

TemnoBoit 3 ekt peakiuii He MOCTOSHEH, @ MEHSAETCS B 3aBUCUMOCTH OT
TeMIepaTypel. XapakTep TEeMIIEPaTypHON 3aBUCHMOCTH TEIIOTHI PEaKI[HU
ompeensercs ypaBuennem Kupxroda, KoTopoe mojydaercsi u3 nepBoro 3a-
KOHa TepMoauHamuku. J{nst atoro npoauddepeHIUpyeM Mo TeMIepaType
Beipaxkenus (8.18), (8.19), onpenensiemMpbie MepBbIM 3aKOHOM TEPMOMHAMHU-
KH.

Juis peaxtum V, T = const

A0y _ iUy Uiy

<0 @20 _d#-10_c _c =pc, 8.20

&g efTa efTa 2~ Cu (8.20)
rac CVl Hu C\/z —_ CyMMapHLIe I/ISOXOpHBIe MOJIBHBIE TCINIOEMKOCTH HUCXOAHBIX

¥ TIOJTyYCHHBIX BEIECTB.
[pu n3o6apHO-N30TEpMUUECKUX nponeccax (P, 7= const)

Qo _ a0 afho _
efTg &g e = Cr2 = Cn =BG, 821)

rae Cy 1 Cpp — cyMMapHble MOJIbHBIE TEIUIOEMKOCTH IIPH HOCTOSHHOM JaB-
JIEHUH UCXOJIHBIX U MOJTyYEHHBIX BEUIECTB.
B 00611eM Buge MOXKHO 3alucarh

% = C2 - Cl =DC. (822)

OTHoOIICHNE ~¢— Ha3bIBAaCTCS TEMIICPATYPHBIM KOB(I)(I)I/IL[I/IGHTOM TCILIOBO-

T
ro 3¢dekra peaknuu, a ypaBuenue (8.22) sIBIsieTCSI MATEMAaTHUECKUM BhIpa-
KeHueM 3akoHa Kupxroda, mo KoTtopoMmy TemiepaTypHbiii koddduimeHt
TeroBoro 3ddekra peakiuii paBeH Pa3HOCTH TEIUIOEMKOCTEH MPOIYKTOB
peaKuuK U UCXOJIHBIX BEILECTB.
B unrerpansHo# popme ypaBHeHue 3akoHa Kupxroda nmeer Buj

T,
Q:—Q.= g DCdT. (8.23)
T

Takum 06pa3oM B 00IIeM BUJIE BBIPAKCHHE IS OMPEACICHHUSI TEIIIOBOTO
a¢dexra peakuuu npu temieparype 7
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T
Qr =Q+g DCdT, (8.24)
To
rre Qo — TemoBoi 3¢ deKT peakuuu npu remieparype To.

B CIIpaBOYHUKAX I10 XHUMHUYECKOH TCPMOJMHAMUKE YpPaBHCHUS TCILIOEM-
KOCTH OOBIYHO IIPUBOJAT B BUAEC

c,=a+bT+cT? (8.25)

rae a, b, ¢'— koaddunmentsr, T — abcomnoTHas Temneparypa, K.
[IycTh CTEXHOMETPHYIECKOE YPABHEHUE XUMHUYECKOM PEaKIIui UMEET BUJL

Sni X = SnyX;, (8.26)

rae N, N — crexuoMerpuueckue Ko3hGUIUeHTH! (KOIMIeCTBO MOJIEH) HCXO/-
HBIX BEIIECTB U MPOIYKTOB PEAKITHiA.

Pa3sHOCTh TEMIOEMKOCTEH MCXOHBIX BEMIECTB M MPOIYKTOB PEaKiMii B
3TOM Clly4yae OyAeT CIICIyOIICH:

DC = (Sn,— a, — Sni a,l) + (Snj bj - Sni b,)T + (Snj CIJ' - Sni Cli)T _2, (827)

rae &, by, Ci u g, b, Cj — kosddunmenTs ypaBHeHuit TermioemMkoctel (8.27)
JUTSL ACXOTHBIX BEIIECTB M TIPOAYKTOB PEAKIIHH.
Iozacrasue moy4yennoe Boipaxenue (18.27) nmst DC B ypaBuenue (8.24)
U IPOMHTETPUPOBAB, MTOTyIaeM
Qr=Q +(Sna-Sna)(T-Ty +

2

+(Sn b Sn.lo)e ZTOE (8.29)
S sad -2
JLosl yNIpOIIeHHst 0603HAYMM
Da = (Snja— Sni a);
Db = (Sn; b— Sn; b);
Dc' = (Sn ¢i—- Sni ¢y,

u Beipakenue (8.28) npumer Bua

Qr= Qo +Da(T—Ty) + D(T°~Tor2-Dc & - Tiog (8.29)
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CripaBouHbIC JaHHBIC MO XMMHYECKOH TEPMOJMHAMHKE OOBIUHO COJIEp-
0 o 0
JKaT PHTANBIUI0 00pa3oBaHus Dl,g 1 Termossie 3¢ ekt peakumit Qygg mpu
25°C. B atom ciyuae Boipaxkenue (8.29)(8.28) umeer Bun:

1
Qr = Ko+ DaT + 0,5DbT” - DT, (8.30)

rje nocrosinHas Ko = ongg —298Da — 44402Db + 0,0033557Dc'.

v 0
TemoBoit 3 dext peakumn Q,gs MOKET OBITH OIIpENENeH Yepe3 IHTANb-
0 0
nuu 00pa3oBaHUs UCXOJIHBIX BEWECTB Dlygg 1 npoaykro peakiuu Dlygg 1o
BBIPAXKECHUIO

Qs = Snj Dl 2098j — Shi Dl g (8.31)

Takum 00pa3oM, HCHONB3Ys TEPMOJMHAMUYECKHE NAHHbBIC (JHTAJBINIO
06PA30BAHKS COCTUHCHHMIT 13 MEMEHTOB Dl g 1 KOYMHIMEHTHI IS TeIIoem-
koctH @, b, ¢, npuBenennsie B pwi. 1), mo Beipakenusm (8.30), (8.31) moxHO
paccuuTath TEIUIOBOM () HEKT peakuuy IpH Jiro0oi TeMIeparype.

Awnasnornuno BeipaxeHusM (8.29) u (8.30) mMoryT ObITh MOJyYEHBI ypaB-
HeHHs Kuprxoda ¢ HCroib30BaHMEM IPYrHX YpaBHEHHH TEIUIOEMKOCTH,
omm4HEIX 0T (8.25), HanpuMep Korja 3aBUCUMOCTH TEIUIOEMKOCTH OT TEM-
nepaTyphl IMEET BUJI IOJIMHOMA BTOPO# cTenenu ¢, = a+ bT + cT?.

8.5. TPUMEHEHMUE BTOPOI'O 3AKOHA TEPMOJINHAMHUKHN
K XUMHYECKUM IMPOOECCAM

Bropoii 3ak0OH TEpMOIMHAMHKH IIO3BOJIAET OIPEACNIATh BO3MOKHOCTH
MPOTEKAHUS XUMHUECKUX MpolieccoB. I M30IMpOBaHHON annabaTHuecKon
CHCTEMBI OH UMEET BHU]

ds? 0. (8.32)

CorylacHO BTOpOMY 3aKOHY TEPMOAWHAMHUKH TIPH TPOTEKaHMH 0OpaTH-
MBIX TIPOIIECCOB SHTPOIHS CHCTEMBI OCTAETCs IIOCTOSIHHOH, HEOOPATUMBIX —
Bo3pacraer. [Ipy TpoTekaHWM B CUCTEME HEPaBHOBECHBIX HEOOpPATHMBIX
NPOLIECCOB M30JMPOBAHHAs CUCTEMA BCErJa CTPEMHUTLCS NEPENTH B COCTOSA-
HUE PAaBHOBECHS, II09TOMY MOXKHO 3aK/IFOYHUTh, YTO B COCTOSIHUU PABHOBECHS
CUCTEMA XapaKTEpU3yeTCs MaKCUMaJIbHOU sHTponueil. IlosaTtoMy sHTpomnms
[O3BOJIIET HAXOAUTh HAIPABJICHUE NPOTEKAHUS XUMUYECKUX IPOLECCOB U
YCIIOBUS UX PABHOBECHUSL.
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Tepzvzodunamuttecxue nomeHyuailvl

Ha npaxTrke BMECTO SHTPONHMH HCIOJB3YIOT CIEHUAIbHBIE BEIUYHHEI,
KOTOPBIE XapaKTepH3yIOT HEOOPATHMOCTD MPOIECCOB M PABHOBECHE CHCTEMBI
— M30XOPHO-U30TEPMUUECCKUM moTeHHan F (cBOGoIHAS SHEPTHS WM dHEp-
rus [ensMronsiia) 1 n300apHO-M30TEPMUYECKU  ToTeHIman Z (3Heprust
T'ub6ca).

VYpaBuenue, 0600MmIaoIIee MEPBBI M BTOPOH 3aKOH TEPMOJMHAMHKH,
HMeeT BT

Tds? du + pdv . (8.33)

IpeoGpasyem 310 ypaBHeHwHe, nepenecss du B JIeByIO 4acth, U 100aBHB
ClieBa U cripaBa BbipakeHue —SdT:

du—Tds—sdT £ pdv—sdT . (8.34)

Tak xak Tds—sdT = d(Ts), to du — Tds —sdT = du — d(Ts) = d(u — Ts), u
Beipakenue (8.34) mpeobpasyercs K BUIY

du—Ts) £—pdv—sdT. (8.35)

Tak kaKk B H30XOPHO-U30TEPMHUECKUX MPOIECCax 00bEM M TeMmIeparypa
MOCTOSTHHBI, TO MOKHO 3aIKCcaTh

du—Ts) £ 0 unu dF £ O (npu T, v = const). (8.36)

B sTOM BBIpakeHHMM BeIMUMHA F mpeactapiaseT QYHKIMIO COCTOSHHSA —
H30XOPOHO-M30TEPMUYECKUM MOTEHIMAN (CBOOOHYIO SHEPTHI0 WM JHEP-
ruto [enbMrosibia)

dF = du—Tds = — pdv —sdT. (8.37)

B HM301MpOBaHHBIX CHCTEMax HPH IOCTOSHHOM Temmeparype u oObeme
CaMOIIPOU3BOIIBHO MOTYT IPOTEKaTh TOJBKO TE IPOLECCH, KOTOPHIE COIPO-
BOXKAQIOTCSl YMEHBIICHHEM H30XOPHO-M30TEPMHUYECKOr0 MoTeHnuana F, a
MHUHHAMAIIbHOE 3HAYCHHUE BEIMINHBI F GyIeT B COCTOSHUY paBHOBECHSL.

Ecnu 106aButh K 5eBoil u mpaBoit yactu ypaBHeHus (8.34) BeipaxeHue
d(pv) = vdp + pdv, nonyuaem

du—Ts+pv) £vdp—-sdT. (8.38)

Tak kak B I/1306apH0-l/I30TepMI/I‘{€CKI/IX nmponeccax AaBJICHUE U TEMIIEpa-
Typa NOCTOSAHHBI, TO MOXHO 3aIlliCaThb

du—Ts+pv) £0 wm dZ £ 0 (upu p, v=const) (8.39)
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B 3TOM BBIpa)KEHHMH JIEBasi 4acTh MPEACTABIAET (QYHKIHIO COCTOSHHS —
1300apHO-U30TEPMUYECCKHI MOTEHIHAI (CBOOOHYIO SHTAJIBIIUIO W YHEP-
ruto ['nb6ca)

dZ =dF + pdv = du—Tds+ pdv = vdp —sdT. (8.40)

C yuetom | = U + pv MoxHO Takxke 3ammcaTh ypaBHeHHe [mOOca-
T'efimrobia

Z=1-Ts (8.41)

B u301MpoBaHHBIX cHCTEMax MPH MOCTOSIHHOM IaBJIEHHHM M oObeMe ca-
MOIIPOU3BOJIBHO MOTYT MPOTEKATh TOIBKO TE€ MPOLECCHI, KOTOPBIE COMPOBO-
JKJIAIOTCSl YMEHBLICHHEM H300apHO-M30TEPMHUUYECKOTO MOTEHIHana Z, a MU-
HUMaJIbHOE 3HAUY€HHE BEJIMYHMHBI Z OyJIET B COCTOSIHUM PaBHOBECHSI.

Oynkimu F u Z gBngercs xapakTepUCTHYECKUMH, TaK Kak MX YacCTHHIE
MPOU3BOHBIC TIO3BOJIAIOT ONpPENeNATh TePMOJUHAMUYECKHE CBOICTBA CHC-
TEMBL.

3asucumocmu suepeuu I'ubbca om memnepamypuol

B mpakxtuueckux pacderax B OONbLIEH CTENEHH HUCHOJIb3YeTCS SHEPrus
I'm66ca, Tak Kak MHOTHE XMMHUYECKHE PEAKIMH NPOUCXOAAT IIPU MOCTOSH-
HOM JaBJIeHHH. B cnpaBouHuKax mpuBogutcs sHeprus ['nb606ca s peakiuii
00pa3oBaHsd XUMHYECKUX COSIMHEHUH M3 3JIEMEHTOB IPH HOPMAJIBHBIX YC-

0 .
noBUsAX DZygg (cM. mpuir. 1), ¢ MCIONB30BaHHEM KOTOPOH MOXeET ObIThb pac-
. . 0
cunurtaHa 3Heprusa I'n66ca moboi xumuueckoit peakimu DZ,qg Kax pasHOCTH

0 0
BEJIMYMH TI0JIy4AEMBIX IPOJYKTOB DZsgg) M MCXOIHBIX BELIECTB DZygg;.

Wzmenenue sneprun ['m66ca DZt XxuMuyeckoil peakuyy npu TemIepary-
pe T n HOpPMaJIBLHOM [aBICHUH MOJET OBbITh OIPEAEICHO M3 YypaBHEHHS
(8.38)

DZ{=DI{ - TDs. (8.42)

3MmeHnenne SHTAIBIINI XAMHYECKONR pCakuun D|-|9 MOXET 6LITL ornpeac-
neHo u3 ypaBHeHus: Kupxrogda
.
DI7= Dlgg + g DCaT. (8.43)

298

. 0
V3MeHeHre SHTPOIMU XUMUYECKOM peakimu DS; MOeT ObITh MOIy4eHO
UHTerpupoBanneM ypasuenus ds= dQ/T:
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T
Ds? = Dl + § 2. (8.44)
298
Taxum oOpazom
T T DC
DZy = Dl g — TDSseg + g DCdT - Tg —*dT. (8.45)
298 298

Ecin mpuHATH TEMIIOEMKOCTH KaK KOHCTAHTHI, TO ypaBHeHue (8.45) mpu-
MET BU]

T
DZ+ = Dl g5 — TDS%s + De(T = 298) — TDc In 505

298 (8.46)
Ecmu YpaBHCHUC TCIJIIOEMKOCTH UMECT BUJ
c,=a+bT+cT? (8.47)
TO IOCJIC MHTCTPUPOBAHUS OTyIaeM
DZ; = Dl 3 — TDssg + Da(T — 298) + 0,5Db(T? — 298?) — Dc Lo
T — 298 — 98 ’ eT 298ﬂ
(8.48)

—Tg“:ba(InT—In 298) + Db(T—298)—05Dcaéz 298!2@

[pu T = 298K 3naueHue DZ; (298), mony4eHHoe mpu pacyere Mo BhIpa-
xeHHto (8.48), mOKHO cOBHAiaTh C pasHMIEH 3HAYCHUH CTaHIapTHOM
sHepruer ['nb0ca npu HOPMaJbHBIX YCIOBHSX DZg. Ho B psize ciy4aeB U3-
32 HECOIJIaCOBAHHOCTH CIIPABOYHBIX TEPMOJMHAMHYECKHX JAaHHBIX ITOTO He
NpOUCXOUT. s yCTpaHeHHsi 3TOM MOTPEIIHOCTH MOXET ObITh paccuuTaHa
HOTpaBKa

dZ = DZ9s— DZ+(298), (8.49)
KOTOpas 3aTeM JOJIDKHA HpI/I6aBJI$[TI>CH K paCCHUTAaHHBIM 3HAYCHUAM DZ'P .

Xumuueckoe cpoocmeo

OnHa W3 BaXHEHIINX 3a/1a4 TEPMOJMHAMUKH — BBIYHCICHHE U3MEHEHUS
BenmunH F n Z 1 mpenckasaHusl HampaBJIeHHS MPOTEKaHUS XUMHYECKUX
peakiuidi. CrtocoOHOCTH BEIIECTB B3aMMOJICHCTBOBATH JAPYT C IPYroM ¢ 00-
pa3oBaHMEM HOBBIX NPOAYKTOB HA3bIBAETCS XUMHUYECKUM CPOJACTBOM. [ on-
naanackuii xumuk S. Baat-T'odd mpemnmoxmn B kadecTBE KONMMYECTBEHHOM
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XapaKTEPUCTUKH XUMHYECKOTO CPOJCTBA MCIIOJIb30BATh MaKCUMAJIbHYIO pa-
60Ty Amax-

I[J'DI OGpaTI/IM])IX MN30XOPHO-U30TCPMUYECCKUX MPOLCCCOB MaKCUMaJIbHAA
pabora, koTopast MOXKeT OBbITh MOJTy4YeHa B XUMHYECKOW peaklnH, paBHa

Amax = Fl - F2 = —DF, (850)
a oA O6paTI/IMl>IX I/I306apHO'I/I3OTele/I‘leCKI/IX IMpo1EeCCoB, OHA paBHA
Ay = Zy — Zp= -DZ, (8.51)

rae 1 u 2 — HagabHOE U KOHEYHOE COCTOSIHUS CUCTEMEL.

B HeoOparumbIx TMporeccax IMojiydaeMmas paboTa OyneT MEHbIle, 4YeM
Amax.

Ipu Apax = O cucTEMa HAXOAUTCS B COCTOSTHUN PABHOBECHSI.

Ecmn Ay > 0 (DF wiu DZ oTtpuiiatenbHbl), TO XUMHYECKas PEaKist
1® 2 B03MOXHA, TO €CTh CHCTEMa MOXET U3MEHSITHCS U3 TOUKU 1 B TOUKY 2
B HaIpaBJICHUH yMeHbIIeHus F wm Z.

Ecmn Apux < O (DF wn DZ 1ONOKHUTENBHBI), TO XUMHUYECKAsT PEaKIius
1® 2 HEeBO3MOXKHA, a MPOLECC MOXKET MPOUCXONTh TOJIBKO W3 TOYKU 2 B
TO4KY 1, TO ecTh B 0OpaTHOM HAaIPaBJICHHH.

YucieHHOE 3HAYCHHE A, XaPaKTePH3YyeT BEIUYMHY KOHCTAHTHI PaBHO-
BecHsl peakiuu (COOTHOICHUE KOHIECHTPALUI WM MaplHalbHBIX JIaBICHHN
HCXOJIHBIX BEMIECTB U MPOJYKTOB PEAKIMU HPHU JOCTIKEHUS PABHOBECHOTO
coctosiaus). HeoOXoMuMO OTMETh, YTO MPHUBEIAEHHbIE 3aBUCHMOCTH BEPHBI
TOJIBKO B YCJOBHSIX TOCTOSIHHON TeMIIepaTypbl M JaBiicHus (Uil dHEPruu
I'u66c¢a) wim obbema (st sHepruu [ enbMrobia).

8.6. IOHATHUE O TEPMOJUHAMMUKE
HEPABHOBECHBIX ITPOLIECCOB

Knaccuueckass TepMmoauHamuka (WM TepMOJMHAMHKA PaBHOBECHBIX
MPOLIECCOB) M3y4aeT OOpaTHMBbIE MPOLECCHI M PABHOBECHBIE COCTOSHUS, K
KOTOPBIM CHCTEMa MPHUXOJUT B YCIOBHHU MOCTOSHCTBA MapaMeTpoB (OTCYTCT-
BUM WM TOCTOSIHCTBA BHEIIHHUX BO3JEUCTBUI). PeasibHble MPOIECCH YacTO
OTJIMYAIOTCS OT ATUX HACAIM3UPOBAHHBIX ycioBuil. Hanpumep, B mpomsbiii-
JIEHHBIX almaparax TeMIlepaTypa U COCTaB MaTepHAIOB HENPEPBIBHO U3MeE-
Hs€TCd, K MaTepuajaM IIOCTOSHHO TOJBOJUTCS WJIM OTBOAMUTCS TEILIOTA.
IlosToMy cucrema He ycmeBaeT MPUXOJUT B COCTOSSHUE PABHOBECUS U MPHU-
MEHEHHE METOJI0B KJIaCCHYECKON TEPMOAMHAMUKH B 3TOM CIy4yae MO3BOJISET
ONPEIEIISATh TOJIBKO BO3MOKHOE HalpaBiIeHUE NPOTEKaHMs POLECCOB, HO HE
UX KOJMUYECTBEHHbIE XapaKTEPUCTUKU.
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st u3yueHns: HepaBHOBECHBIX HEOOPATUMBIX IPOLECCOB UCIOIB3YIOTCS
MCTObI HepaBHOBeCHOﬁ TCPMOJMHAMUKH, B KOTOPBIX HapaME€Tpbl COCTOA-
HUS UMEIOT Buj (yHKIMH, 3aBUCAIIMX OT KOOpJAMHAT M BpeMeHH. To ecTh
TJIaBHOE OTJIMYHE PAaBHOBECHONH M HEPaBHOBECHON TEPMOJMHAMHUKH B TOM,
YTO TapaMeTpbl BHYTPH CHCTEMBI NIPUHUMAIOTCS HE NMOCTOSHHBIMH, 2 H3Me-
HSIONIMMHUCA B MPOCTPAHCTBE M BPEMEHU. AHAJIOTHEH B MaTeMaTHYeCKOM
MOJICTTMPOBAHUH SIBIISIFOTCS MOZEIHM CO COCPENOTOYEHHBIMH IapaMeTpamu
(paBHOBecHas TEPMOAWHAMHKA) U paclpeleleHHbIMHE napamerpamu (Hepas-
HOBECHasl TePMOJIMHAMUKA).

Cucrema B HEpaBHOBECHOH TEPMOJMHAMUKE MPEACTABIACTCS B BUIE CO-
BOKYITHOCTH 3JIEMEHTapHBIX 00BEMOB. COCTOSHHE KaXJOTO 3JIEMEHTapHOIro
00BEMa XapakTepu3yeTcs TeMIepaTypol, AaBICHUEM M JPYTUMH MapameT-
pamH, UCHOJIb3yeMBIMU B TEPMOJMHAMUKE PAaBHOBECHBIX IPOIIECCOB, HO 3a-
BUCSALIMMH OT KOOPJAUHAT U BpeMeHHU. JIJIsl KaKa0ro ajeMeHTapHOro o0béMa
COCTaBIsIeTCS ypaBHeHUE OallaHca Ha OCHOBE 3aKOHOB COXPaHEHUS MacCHl,
UMITyJIbCa M HEPruM, ypaBHEHHE OaJaHCOB SHTPONUM U ypaBHEHUH pac-
CMaTpUBaEeMBIX IporeccoB. [l Kakmoro oobeMa ONpenersieTcst yBemmde-
HHE PHTPONUH, KOTOPOE M CUUTAETCS ABIDKYIICH CHIIOH HEOOpaTHMBIX MpO-
IIECCOB.

Taxkum 00pa3oM HepaBHOBECHAs TEPMOJMHAMUKA HAa OCHOBAaHMH OOIIMX
TEePMOAMHAMUYECKHX, (PU3NIECKNX M XMMHYECKHX 3aKOHOB IMO3BOJISIET OITH-
CbIBATh JUHAMHNYCCKHC (I/ISMCH}I}OHJ,I/IGCH BO BpeMeHI/I) CHUCTEMbBI, B KOTOPBIX
MPOUCXOUT IpeoOpa3oBaHNe YHEPTUH.

3AJIAUU

1. Paccunrath BBICITYIO W HU3IIYIO TEIUIOTY CrOpaHWs ME€TaHa IIPU HOP-
3
MAaJIbHBIX YyCJIIOBUAX. PCSyHBTaTLI otHecTd K 1 kr u 1 M° MeTaHa.

Pewenue

Xumuueckas peakius ropenus merana CH, + 20, = CO, + 2H,0 + Q.
DHTAIBMHS 00Pa30BAHUS XUMHUUYECKUX COSIAMHEHHH U3 3ieMeHToB (rpuit. 1):

CHy v — 74,8636 k]/Mob
(@ S 0

COs e, — 393,777 xJIx/Monb
(2 PLOT 73 I — 286,021 xJIx/Monb
H20 (1) oo — 241,992 xJ{x/momb

Hwusmas terora CropaHus ME€TaHa IpHu HOPMAJIbHBIX YCJIOBUAX (KOFZ[a B IIPOAYK-
Tax CropaHus BOZ[SIHOﬁ r[ap) — 3TO TEIJIOTa XUMHYECKOU p€akuuu ropeHus MeraHa,
B3ATasA C MPOTHUBOIIOJIOKHBIM 3HAKOM
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Q. =—Qme = —74,8636 — (—393,777 — 2-241,992) = 802,8974 K Isk/MOIIb.
MonekynspHas Macca 1 MOJSIpHBII 00beM MeTaHa:
m= 16,043-10"° kr/mons;  Vip= 22,37-10°° M*/morb.
Husmias TerioTa CropaHus, OTHECCHHAS K KI' M M- MeTaHa:

802,8074 _
Q. =16,043.103 = 50 050 w/Lcxcr;

_ 802,8074
Qui="2237107

Bricmias Terora CropaHusi ME€TaHa IpHU HOPMAJIbHBIX YCJIOBHUAX (KOFZ[a B IIpO-
JAYKTaX CropaHus BOJia B ) KUJIKOM BI/IZ[C):

Q, = —74,8636 — (=393,777 — 2-286,021) = 890,9554 K/[x/mob.

Bricmas temiora Cropanus, OTHECEHHasA K KI' U M3 MeETaHa.

= 35890 k/lk/v>.

890,9554 890,9554
Q= 16,04310° 55 540 kla/xr; Q= 2237100 39 830 k/x/M°.

2. Onpenenuts terioTy ucnapenus: 1 xr Boasl I ipu 0, 25 u 100°C (npu
HOPMaJIbHOM JIaBJICHUH).
Pewenue

Xumudeckas peakius ucnaperus Boasl H,O(k) = H,O(m) + Q
Tepmoaunamuueckue ceoiictea HoO (mpui. 1):

DI.2 Koo(urments! ypasuenns ¢, = a+ bT + ¢/T> (Jbx/mors)
Cocrosane 298’ !
JIx/Moib a b C
Kumkocts | — 286 021 52,96 47,6510°° 7,2410°
Iap — 241 992 30,565 10,3.10°° —

Tpu HopMaubHBIX ycnoBusix (25°C) TerioTa ncnaperus cormnacHo (8.31)
Qs = — 241 992 — (286 021) = 44 029 J>K/MOJb.

I[J'IS{ pacueTa TCIJIOThI UCTTAapEHUA IIPU TEMIIEPATYPE T HCIOJIb3YEM YPABHCHUE
(8.30)
Da = 30,565 — 52,96 = —22,395;

Db = 10,3-10°-47,65-10°%= —37,35-10;

Dc' =—7,24-10°,
ITocTostHHAs
Kq= 44 029—298(-22,395) — 44402(-37,35-10"°) + 0,0033557(~7,24-10°) = 49 932.
Temnora cnapeHus Ipy TeMIepaType T UMeeT BUJ

1
Qr = 49932 — 22,395T — 0,5:37,35.10° T~ +7,24-105f-
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Toxcrasnsis Bmecro T 3Hayenus 273K (0°C) u 373K (100°C), nonyuaem

Q73 =45 078 Ik/monb;  Qzz3 = 40 921 JTx/moitb.

TlepeBouM pa3MEPHOCTD TEILIOTHI B KJ[K/KT:

45,078
r (0°C) = Q3= 180153102 2 502 xJIx/xr.

44,029
r (25°C) = Qugg = 180153103~ 2 444 g ]JTx/xr.

40,921
r (100°C) = Q313 =718015310° 2 271 xJTx/xr.

CpaBHMBasi pe3y/bTaThl ¢ JAaHHBIMU NMPWI. 1, BHIMM, YTO OTJIHMYHE, BHI3BAHHOE
HETOYHOCTBIO YPaBHEHHs TEIIOEMKOCTH, cocTaBisieT He 6onee 0,2%.

3. Omnpenenuts TEIUIOBOW J(PQEKT peaknuu pas3iokeHHs KapOoHaTa
KaJIbLIUS ¥ TEMIIEpATypy Havyaia peakiyy.

Pewenue

ypaBHeHI/Ie XUMUYECKOM pCaKkuu nuccouuanu Kap60HaTa KaJlbus

CaCO;3 = Ca0 + CO..

CBoiicTBa XUMHUYECKHX COCANHEHHI, yUaCTBYOIINX B peakuuu (mpui. 1):

Coemu-

0 0 0
M, DI 208 Dzzgs’ Dszgs' a b-103

c10°
nenne | r/mMonb | khx/mons | kIx/Mons | kIhx/(MonsK)
CaCO; | 100,089 | —1207,74| —1129,57 92,9514 | 104,59| 21,94| —25,959
Ca0 56,0794 | —635,545| —604,184 39,7765 | 48,862| 4,522| —6,5317
CO, 44,01| —393,777| —394,644 213,82 44,17| 9,04 854

OnpeaenﬂeM YpaBHEHUE 3aBUCUMOCTH TECIJIOBOT'O 3(1)(1)CKT8. p€akuuu OT TEMIIEpa-

TYpEI

Qus = — 635,545 — 393,777 — (-1207,74) = 178,418 k[I/M01B;
Da = 48,862 + 44,17 — 104,59 = —11,558;
Db = (4,552 + 9,04 — 21,94)-10~% = —8,348-10°%,
Dc' = (- 6,5317 — 8,54 + 25,959)-10° = 10,8873-10%
Kq = 178 418 — 298(—11,558) — 44402(-8,348-10°%) +
+0,0033557-10,8873-10° = 185 886;
Qr =178 418 — 11,558T — 8,348-10°T2 — 10,8873-10°/ T, Ixx/Mous
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Tlo ypaBuenuto mns Qp ompenenseMm TemioBod 3P(EeKT XUMHUUECKOW peakinu
pasnoxenuns: CaCOj; nipu temmeparype ot 0°C (273K) mo 1400°C (1773K):

t, °C 0 200 400 600 800 1000 1200 1400
T,°C 273 473 673 873 1073 1273 1473 1673
Qr, kJx/Monb 1784 1772 1746 1714 167,7 1636 1591 1542
Qr, xJDx/xr 1783 1770 1744 1712 1675 1634 1589 1541

HonyquHaﬂ 3aBUCUMOCTb IIPCJICTaBJICHA HA PUC..

1800
1750 ™\

1700 \\
1650 \\
1600 \\
1550 N\

N

TerutoBoi a¢dexr, K Ix/Kr

1500
"0 200 400 600 800 1000 1400

Temneparypa, °C

Jnst 1300apHO-N30TEPMHIECKHIX YCIOBHI XUMUYECKHE PEAKIIMU BOSMOXKHBI, €CIIH
nu3MeHenue sHeprun ['u66ca peakuun DZ < 0. OnpezpenuM, npu Kakoil Temiieparype
DZ=0.

IepBoHayansHO BOCIONB3yeMcsi ypaBHeHHeM (8.46), B KOTOPOM TEIIOEMKOCTH
NPUHATHI 32 KOHCTaHTHI. M3BecTHO, uTo peakums aekapoonmsanun CaCO; HaunHaeT-
cst ipu Temmneparype okoio 900°C (1173K). PaccunraeM M3MEHEHHE TEIIOEMKOCTH
peaxkuuu pyu 3TOH Temneparype:

DC = Da + DbT + Dc'/T? =
—11,558 —8,348-10°-1173 + 10,8873-10°/1173% = —20,559 Jx/(Mo116-K).

JlononHUTENbHO K K03 UIIMEeHTaM, HaliICHHBIM BBILIE, ONIPEIeIIIeM:
Dl s = Que = 178,418 xJIk/Monb;
Dsgs = 39,7765 + 213,82 — 92,9514 = 160,6451 [/ (Morb-K);
DZz = —604,184 — 394,644 + 1129,57 = 130,742 JIx/Mob.
YpaBHeHHE 3aBUCUMOCTH 3Hepruu [ mb6ca oT TemmepaTypbl

T
DZ? = 178 418 -160,6451T —20,559(T — 298) + 20,559 TIn 208
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Vpasrerne DZ? = 0 pemnM MeTofoM AeneHus momonaM. [lepBoHadansHO BO3b-
MeM oTpe3ok Temreparypsi [1000...1400K], BHyTpH KOTOPOTO U JIOJKHO HAXOJUTCS
pewenne. Onpenennm DZ? Ha rpaHuIax u B CepenHe OTPE3Ka:

DZ2(1000) = 28 225; DZ“(1200) = 1460; DZ(1400) = —24 618;

Peluenne HaxOAUTCs Ha MOIMAIIA30HE, HA TPAHMLIAX KOTOPOTO pasHble 3Haku DZY,
T0 ecth Ha oTpeske [1200...1400]. Pazbusaem ero nomosam, onpeaensem sHadenue DZ.°
B CepEe/IMHe OTPe3Ka W HAXOIMM HOBBIH ITO/UTHAIIA30H:

DZ9(1300) = 11658 ® [1200...1300];
DZ(1250) = -5120 ® [1200...1250];

DZX(1225)= -1835 ® [1200...1225];
DzX(1212)= -123 ® [1200...1212];
DZX(1206)= 668 ® [1206...1212];
DZ2(1209)= 140 ® [1210...1212];

Dz%(1211) = 8,6 » 0.

Takum 06pa3oM peakuus HauHeTcs pu Temmeparype 1211K (938°C).

Teneps onpenenM TOYKY paBeHCTBa HyIII0 3Hepruu ['mboca ¢ y4eToM 3aBUCHMO-
CTH TETUIOEMKOCTH OT TEMITepaTyphl, HCIO0Jb3ys ypaBHeHue (8.48).

YpaBHeHHe 3aBUCUMOCTH 3Hepruu ['mb6ca oT Temneparypsl

DZ7 =178 418 - 160 64517 — 11,558 (T — 298) —0,5:8,348-105(T? — 298?) —

_ 5 TE _ _ 10°3(T — 298) —
10,8873 1o§ 298g T 8211,558 (In T—In 298) — 8,348-10°(T — 298)
5
-0,5-10,8873-10 %—ﬁz%,

WU NIOCIIe YIPOILEeHUH
DZ7 = 185 886 — 246,67T + 4,174-10°T% — 544 365 / T + 11,558TIn(T).

TIpu 298K DZT0(298) = 130 546 [Tx/MOIib, 4TO IPAKTUYECKH COBMAIAET CO 3HAUE-
nnem DZ2, . Tlosromy nonpaekoit dZ npene6peraem.

PaccuntaeM BenmHYMHY DZr npu temmeparype ot 0 go 1400°C:

T,K 273 473 673 873 1073 1273 1473 1673

t,°C 0 200 400 600 800 1000 1200 1400

DZTO, x/x/mons 13456 102,67 71,61 4143 12,05 -166 44,57 —7191
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Ilyrem rpaduyeckux mocrpoe-
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KOHTPOJIBHBIE BOITPOCHI

1. Kakue 3agaun pemaroT XuMHIeCKasi TEPMOJMHAMUKA W TEPMOXHMHUS ?

2. Kakue 0COOEHHOCTH y IEpBOIO 3aKOHA TEPMOJWHAMHUKH HPHUMEHH-
TEJILHO K XUMHYECKUM PEAKLIUSIM ?

3. Kakoii 3HaK MMeeT TeIIOThI, BBIICJIUBIIASCSA W HOIJIOIIEHHAS B XO0JIe
XUMHUUeCKo# peakuun? Kak XMMUUECKHe peaklyy pas3/elisitoTcs 110 Halpas-
JICHUIO IOTOKOB TETUIOTHI B HUX?

4. Kak B XMMHYECKHX PEaKIMiX W3MEHEHHE BHYTPEHHEIl dHeprum pac-
HpeeNsaTcs MEeXy TeIUIOTON 1 paboToi?

5. 3ammmure ypaBHEHHE NEpBOTO 3aKOHA TEPMOJIMHAMHKHU UIST U30XOP-
HO-M30TEPMHUYECKOTO U N300apPHO-M30TEPMUIECKOTO TIPOIIECCOB.

6. Uto Takoe TernoBoi 3P deKT 1 cTaHmapTHEINA TeruToBoi AP QeKT peakim.

7. Uto Takoe cTaHIapTHAs TEIUIOTa 00Pa30BAHMS XUMHIECKIX COSIMHEHHUH.

8. Uto Takoe cTaHIapTHAs TEIJIOTAa CTOPAaHUs BEIIECTBA, BHICIIAS M HU3-
11as TEIJIOTa CrOPaHusl TOILUIMBA.

9. Kak ¢dopmymupyercst 3akoH ['ecca m ajis pemieHUss Kakux 3agad OH
NPUMEHSIETCS.

10. Kak ompenenuts cTaHIapTHBIN TEIUIOBOM 3((EKT peakiuu Mo CTaH-
JIAPTHOH TerioTe 00pa30BaHUs XUMHUYECKUX COSAMHEHUH.

11. Kak ¢opmymmpyetcs 3akoH Kuprxoda u ans pereHus Kakux 3amad
OH NIPUMEHSEeTCS.

12. Yro Takoe M30XOPHO-M30TEPMHUUECKHN M M300apHO-U30TEPMHIECCKUH
MOTEHIMANIBI ¥ IS PEILICHUSI KaKnX 3a/1ad OHU MPUMEHSFOTCSI.

13. Yro Takoe XMMHYECKOE CPOJACTBO M KaK OINPEICIUTh BO3MOXKHOCTD
MPOTEKaHUs] XUMUUYECKOH peakIyy.

14. B yeM oTin4yMe TEPMOAMHAMHUKH PaBHOBECHBIX MIPOIIECCOB OT HEpaB-
HOBECHOHU TEPMOJUHAMUKHU.
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TECTBI 1JIs1 CAMOKOHTPOJISA
N UTOIOBOI'O KOHTPOJIA

Inasa 1. MPOIECCHI TEUEHUS TA30B U JKUJIKOCTER

1. Kaxue cocmasnatoujue 6xo0am é pabomy, cosepuiaemyro HomoKkom (ommempme
6ce HeoOX00uMble NYHKMbL)

a) paboTa MPOTATKHUBAHUSI

0) U3MEHEHNE KMHETHYECKOI SHEPTUH MOTOKA

B) U3MEHEHHE ITOTEHINAIBLHOM SHEPTHU

T') TEXHHYeCKast paboTy, COBEPIIAEMYIO TIOTOKOM

1) paboTy Ha TPEOJIONICHIE CHJI TPEHHSI HA CTCHKAX KaHasa

2. Ilepeulii 3aK0H MeEPMOOUHAMUKU 6 00ulemM ude 0114 NOMOKA éeujecmeda evipa-
Jcaemcsa ¢ HOMOWbIO YPAGHEHUA:

a)dqg=du—dl

0) dq = dh + pdv

B) dq = dh + vdp

r) dg =wdw + gdz + du + dl,ex + dl.,

n) dqg = wdw + gdz + dh + dl, e + dl,

3. Kak nazvleaemcs ypagnenue nepeozo 3aK0Ha mepmooOuHamMuKu 01s 00pamumozo
aouabammno20 NOMOKA HECHCUMAEMOIL JcuoKocmu?

a) beprymm

0) Makcaemnna

B) Menneneepa-Knaitnepona

r) HaBbe-CToxkca

) HEpa3pbIBHOCTH

e) HetoTona

xK) Ditnepa
4. Buo ypasnenus bepuynnu

I'W2
a)pzz 2

+rghy

2
rw
) py = 2] +rgh

B) p-rgh =psy-rgh
2

2
rw rw,
T) 5, - 1 - _ 2
p1 5 p2 5
2 2
r r
) Pt 4 +trgh =py+ 2 +rgh

5. Pacnonazaemasn paboma smo ...
a) paboTa paclIMpeHus MOTOKa
0) paboTa mpOTaIKHBaHU
B) CyMMa paboThI paCIIMPEHHs IIOTOKA M PabOTHI IPOTAIKHBAHUS
1) Pa3HOCTh PabOTHI PACIIMPEHHS IIOTOKA ¥ PabOTHI IPOTAIKHBAHUS
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6. Om uezo 3asucum Kpumuueckoe omuoulenue 0agienuil npu ucme4eHuu 2a306
uepe3 conna?

a) OT MoKazatest aauabaTel ra3a

0) OT IUIOTHOCTH (TEMITepaTyphl) rasa

B) OT BSI3KOCTH rasa

T') OT MoKa3aTesl aJuadaThl ¥ INIOTHOCTH ra3a

) OT TIOKa3aTelsl aanadaThl 1 BA3KOCTH Ta3a

€) OT IJIOTHOCTH H BSI3KOCTH ra3a

7. Ckopocmb pacnpocmpanenus 0ecKOHEUHO MAIbIX GO3MYW|CHUI 8 CHIOWHOIL
cpede Hazvleaemcs cKOpOCMbIo

8. Omnowenue CKopocmu me4eHusn K MecmHou CKopocmu 36yKa HAa3bléaemcs

9. Kax usmensaemcsa ckopocmy 2a3a npu me4yeHuu 8 pACUUPAIOUEMCA COne npu
uucne Maxa, 6orvwem 1
a) yMeHbIIaeTcs; 0) octaeTcs NOCTOSHHOM; B) YBEIHYMBACTCS

10. Kak usmensemcsa ckopocms 2a3a npu me4eHuu 6 pacuiuparouiemcsa conjie npu
uyucne Maxa, menvwem 1
a) yMeHbIIaeTcst; 0) 0CTaeTCsl MOCTOSHHOM; B) YBEIHMYMBACTCS

11. Ymo makoe conno npu 0038yK08bIX CKOPOCMAX HOMoKa?
a) 3TO KaHaJl, IPUMEHAEMbIH JUIsl YCKOPEHHUsI MOTOKa 3a CYeT IPEBPAIICHUS
9HEPTUU CXKATOr0 ra3a B KHHETUYECKYIO
0) 9TO KaHa, MPUMEHSEMBIH JUIST TOPMOXKEHHS ITOTOKA 33 CUET IPEeBPAIICHHS
KHHETUYECKOH 3Hepruy NOTOKA B IOTEHIIMAIBHYIO SHEPIUIO CKATOro ra3a
B) 3TO BCET/la PACIIMPSIIONINIICS KaHall, IPUMEHSIEMBIH [UIs yCKOPEHHS IOTOKa
T') 3TO BCETJa CY’KHBAIOIINICS KaHAM, TPUMEHSEMBIH JUIS TOPMOXKEHHS ITOTOKA

12. Ymo maxoe ougppyzop npu 0036yKkoevix ckopocmsax nomoka?
a) 3TO KaHAJI, MPUMEHICMBINA JUIS YCKOPEHHUS MOTOKA 3a CUET MPEBPAIICHUS
9HEPIHH CKATOTO ra3a B KHHETHYECKYIO
6) 9TO KaHaJ, MPUMEHSIEMBII [Tl TOPMOXKEHHS MOTOKA 33 CUET IPEBPAIICHHS
KHHETHYECKON YHEPIHH MOTOKA B OTEHIINAIBHYIO SHEPTHIO CKATOTO ras3a
B) 9TO BCEr/Ia PaCIIMPSIIOLUIAICS KaHal, TPHMEHSIEMBIN TSl YCKOPEHHS TIOTOKa
T') 3TO BCET/Ia CYXKHMBAFOIIUICS KaHAJ, TPUMEHSICMbII JJIs1 TOPMOXKEHHUS MOTOKA

13. Ymo npeocmasenaem coodoii conno Jlasans
a) CeYeHHeE COILIa MOCTOSIHHO
0) 3TO pacHIHMPSIOIIEECs COILIO
B) 3TO CY)KHBAIOIIEECs COILIO
T') CHauaJa pacIIupsIOIInecs COII0, 3aTeM CY)KUBAIOIIEeCs
) CHauaJa Cy>KHBAIOIEecsl COIUIO, 3aTeM PaCIINPSIOIINecs

14. Kak coomnocamcsa memnepamypa aouadbammnozo mopmoyxcenus T,, n Temmne-
parypa notoka 77?
a) Tam> T; 6) T(l.ﬂ13 T; B) Tam= T; Iﬂ) T(l.lﬂ£ T; I[) T(l.lﬂ< T
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I'aaea 2. JPOCCEJIUPOBAHUE. DOPEKT JKOYJIA-TOMCOHA

15. Kakoii npouecc nasvieaemcsa opoccenuposanuem?

a) TIpoIiecc MaJieHUs JaBJIeHHs CTPYH pabodyero Tena IMpH ero MpoXOKICHHH
4yepes3 AeTaHJICHp

0) mpolecc naJeHus DaBJICHUS CTPYH pabodvero Tena MpH ero MpoXOoXKICHHH
yepes coruio JlaBans

B) MpOIIeCC MaJeHNs JAaBICHHUS CTPYH paboyvero Teja MpH ero NpOXOXkKICHUH
4epe3 Cy)KeHHe KaHasa

T) MPOLECC YBEIUYECHHs JaBICHHUS CTPYH pabouero Tena Mpu ero Mmpoxoxkie-
HHU 4epe3 paclIupeHne KaHana

) TIPOIIECC YBEIMYEHHMs TABJICHHs CTPYH Pabodero Tena MpHU ero IpoXoK/ie-
HUM 4epes comio JlaBans

16. Kak uzmenumcs ynmanvnus padouezo mena nocjie Opocceauposanus
a) cTaHeT OoJblIIe, YeM J0 IPOCCETUPOBAHHUS
0) cTaHeT MEHBIIIE, YEM JI0 JPOCCEITUPOBAHUS
B) OCTAHETCsI TAKO# ke, KaK U 10 APOCCETHPOBAHUS

17. Kak uzmensemcs IHmponus peaibHo20 2a3a npu Opocceuposanuu
a) BCEr/a yBEIMYNBACTCS
0) Bcerza yMEHbIIAEeTCS
B) BCETa OCTAETCS MOCTOSHHOM
') MOXKET KaK yBeTHYMBATHCS, TAK U YMEHbBIIATHCS
1) MOJKET YBEJIMYMBATHCS, YMEHBIIATHCS WIIH OCTaBaThCs MOCTOSIHHOM

18. Kak uzmensemcs yoeavHulii 00vem peanvHo2o 2a3a npu Opoccenuposanuu
a) BCEra yBEIMYNBACTCS
0) Bcerza yMeHbIIAeTCs
B) BCET/1a OCTAETCs MOCTOSHHBIM
') MOXKET KaK yBeTMYMBATHCS, TAK U YMEHBIIATHCS
) MOXKET YBEJIMIHMBATHCS, YMEHBIIATHCS MIIH OCTaBaThCs MOCTOSTHHBIM

19. Kak uzmensemcs oagienue peanvHozo 2a3a npu Opoccenuposanuu
a) BCET/a YBEIMUINBACTCS
0) Bcerza yMeHbIIAEeTCS
B) BCEr1a OCTAETCs MOCTOSHHBIM
T') MOJKET KaK yBEJTMYUBATHCS, TaK H YMEHBIIATHCS
) MOXKET YBEJIMYHMBATHCS, YMEHBIIATHCS MIIH OCTaBaThCs MOCTOSTHHBIM

20. Kak uzmensemcsa memnepamypa uoeaibHo20 2a3a npu Opocceauposanuu
a) BCEr/a yBEIMYNBACTCS
0) Bcerza yMEHbIIACTCS
B) BCETIa OCTAETCS MOCTOSTHHOM
T') MOXET KaK YBEIHMYUBATHCS, TAK U YMCHBIIATHCS
1) MOJKET YBEIMYMBATHCS, YMEHBIIATHCS WIIH OCTaBaThCs MTOCTOSIHHOM

21. Kak uzmensemcsa memnepamypa peaibHozo 2a3a npu 0poccenuposanuu
a) BCET/a YBEIMUNBACTCS
0) Bcerza yMEHbIIAEeTCS
B) BCET/Ia OCTACTCS MOCTOSTHHON
T') MOJKET YBEJIMIUBATHCS, YMEHBIIIATHCS HIIM OCTaBaThCS MOCTOSTHHON
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22. Ymo maxoe opoccenv-aghpexm?

a) OTHOILICHHE U3MEHEHHs TEMIIEPaTyphl HACATLHOTO Ta3a MPH ero Jpocceiu-
POBaHUY K M3MEHEHHIO JaBJIEHHS B 9TOM IIpoliecce

0) OTHOLIIEHHE M3MEHEHHsI TEMIIEPaTyphl PEalbHOTo ra3a IpH ero APOCCelIH-
POBaHUY K M3MEHEHHIO TaBJIEHHS B 9TOM IIpoliecce

B) OTHOIIICHHE M3MEHEHHUS JaBJICHHUS HAEAIBHOTO Ta3a IPH ero JPOCCEInupo-
BaHHUHM K U3MEHEHHIO TeMIIepaTyphl JAaHHOTO rasa

I') OTHOIICHHE N3MEHEHUs JABJICHUS PEaJbHOrO ra3a MpH €ro ApOoCCelupoBa-
HHUHU K M3MEHEHHIO TEMIIEpaTyphl JAHHOTO ra3a

23. Touxou uneepcuu r3¢ppexma Jicoyna—Tomncona nazvleaemcsa cocmosnue
2aza, 6 Komopom oughepenyuansvholii Opoccenvhulii Ipdexm ...
a) menbiue 0; 0) pasen 0; B) 6onbine 0; T) paBed 1; 1) 6onbie 1

I'nasa 3. MAIIIUHBI JJIS1 CXKATUS T'A3A

24. Conocmasvme nomep npoyecca cocamusn (puc. I) c ux nazeanuem

HOMEP ITPOLIECCA HA3BAHUE ITPOLIECCA
1 a) axuabaTHBIN
2 0) M300apHBIit
3 B) N30TEPMUYECKUI
4 T') TOJIUTPONHBIH (1 < k)

1) MOMUTPOIHEIH (1 > k)
OTBETHI:1 2 3 4

25. Conocmaevme nomep npouecca cxcamus (puc. Il) ¢ ux nazeanuem

HOMEP ITPOLIECCA HA3BAHUE ITPOIIECCA
1 a) anuabaTHEIA
2 0) n300apHbIit
3 B) M30TEPMUYECKHUI
4 T) NOJUTPONHEIH (1 < k)

) OTMTPOIHEIH (71 > k)

OTBETHI: 1 2 3 4
P
T P
4
P>
1 4
Py
1

Py

S v

Puc. I. Puc. II.
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26. Ypasnenue uzomepmuueckozo npoyecca
a) pv = const
6) pv* = const
B) pV' = const
r) pv’* = const
1) pv'"" = const

27. Ypasenenue aduabammnozo npoyecca
a) pv = const
6) pv' = const
B) pV"' = const
r) pv’* = const
1) pv'" = const

28. Ypasnenue nonumponnozo npouecca
a) pv = const
6) pv* = const
B) pV' = const
r) pv’* = const
1) pv'"" = const
29. Kakoe 3nauenue noxazamens noaumponst coOmeemcmeyen u3omepmuiecko-
My npoyeccy?
ayn=+ow; 6)n=1; B)n=k; r)n=0
30. Kakoe 3nauenue nokazameis noaumponsl coOmeenicmeyem aouadamuomy
npoyeccy?
ayn=+o0; 6)n=1; B)n=k; r)n=0
31. Kaxoii noxazamens aduadamaul y 6030yxa?
a)1,33; 6)1,4; B) 1,5 1) 1,6
32. Temnepamypa 6 KoHye ROAUMPORHOZO CHCAM U
a)T,=T, "V 6)T,=T,&"V;p) T, =T, €, 1) T, =T, e"; 1) 270°C
33. Pacnonazaeman paboma cocamusn
a)l,=pdv;6)l,=vdp;B)l,=TdS;r)l[,=SdT
34. H3menenue meniomel 2a3a npu u30mepmuldecKom circamuu
a)dq=pdv; 6)dq=vdp; B)dq=TdS; r)dgq=SdT

35. Pacnonazaemasn paﬁoma orcamus U30mepmuiecKozo npovecca

a)l,=RTIne
0)l,=RT\1ge
B),=pT\Ine
r)l,=pTlne

36. Pacnonazaemasn padoma cyicamusn noJiumponHozo npoyecca
a) l,=n/(n-1)- RT,- (" "~ 1)
6) 1, = (n-1)/n - RT,- (€" V"~ 1)
B) [, =n/(n-1) - RT,- (€ 1)
1) [, = (n-1)/n - RT,(€"" D~ 1)
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37. Pacnonazaeman padoma cyicamusn aouadammnozo npoyecca
a) [, = kl(k-1) - RT, - (e  — 1)
6) I, = (k-1)/k - RT, - (€~ 1)
B) [, = k/(k-1) - RT, - ("*D - 1)
1) [, = (k-1)/k - RTy(e"%D — 1)
38. Haubonvwan pacnonazaemas papoma cycamus 3ampasuéaemcs 6 ...
a) anuabaTHOM TpoIiecce
0) n306apHOM Mmporiecce
B) N30TEPMUYECKOM IIpoIiecce
T) IOJMTPOIHOM TIporiecce npu 7 < k
) MOJMTPOITHOM TpoIIecce IpH 11 > k
39. Haumenvwan pacnonazaemasn paboma cHcamus 3ampaiuedaencs 6 ...
a) anmabaTHOM mpoIlecce
0) n306apHOM mporiecce
B) N30TEPMUYECKOM IIpoIiecce
T) IOJMTPOIHOM TIporiecce npu 7 < k
) MOJIMTPOITHOM TIpoIIecce IpH 11 > k
40. ITapamempol MOpMOIHCEHUA - IMO NAPAMENPLL RPU NOTHOM RPEOOPA30EAHUL ...
a) KHHETHYECKO! SHEPTHH B TEIJIOBYIO
0) TEIUIOBOI SHEPTHU B KHHETHYECKYIO
B) TIOTEHIMAJIBHO SHEPTUH B TEIJIOBYIO
T') TEIUIOBOM SHEPTHHU B MOTEHIHATIBHYIO
1) KHHETHYECKOM SHEPTHHU B TOTCHINAIBHYIO

41. Temnepamypa mopmoscenus (noanas memnepamypa)
a) T* =T +1*/2¢;

6) I*=T—-1v/2c
B) *=2’—-T
r) T* =T+ v
/:[)7*=T72v2c

42. Kakue Komnpeccopbl 00bIMHO XAPAKMEPUIYIOMCA RAPAMEMPAMU M OPMOdice-
Hua? (ommembme 00UH U HECKOSILKO NYHKHIOB)
a) IOPIIHEBbIE; 0) IEHTPOOEIKHBIE; B) OCEBEIC

43. /Ina Kakux KOMRpeccopoe NpuMeHsemcs GHympenhee oxiaxcoenue (om-
Membme 00uUH UNU HeCKOJIbKO RYHKMOB)

a) MOPIIHEBBIX; 0) EHTPOOEKHBIX; B) OCEBBIX
44. Kakoii cpeonuii pacxoo 600bl na oxiadicoenue (na m> cocumaemozo 6030yxa)?

a) 0,03...0,05 w/m>;

6)0,3...0,5 n/m°>

B) 3...5 n/m’

r) 30...50 /M’

1) 300...500 /v’
45. Oovem zaza, HeoOxX00uMbLIL 013 U3DEHCAHUA YOAPA ROPUIHA OM KPBLIWKY U OC-
maitowuiics ¢ pabouem yuiunope npu Kpaiinem noa0dicenuu nopuits, Ha3vleaen -
o
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46. Ilo0 Kaxum uHoekcom Ha p p p

puc. III uzodparxcena unou-

Kamophas ouazpamma a) 6) B)

nopuinesvIxX KOMnpeccopos, a,

0 unu 6? v . 7
Puc. 111

47. Obvemnblii KoIghpuyuenm nopuinesozo0 KomMnpeccopa - Imo OMHOUIEHUE 00HLEMOE ...
a) BcacbIBaHUS U pabodero
0) HarHeTaHus U pabovero
B) BCACBIBaHMS ¥ HArHETAHUS
T') MEpPTBOTO U pabovero
1) MEPTBOTO U BCACHIBAHUS

48. Ceazv merncdy omuocumenbHovim 00bEeMOM MEPMBEO20 RPOCMPAHCHIEA A 00beM-
HbIM KOIppuyuenmom |

a)l ,=1—aEe" -1)

0)l ,=1-a(e -1)

B) | ,=1—qa(&V-1)

ly=1-aE"" —1)
49. Ilooaua nopuinesozo Kkomnpeccopa

a) 0 =0,25pD?l Xn

6) O =0,25pD*Xh,

B) 0 =0,25pD’l Xnh,

r) 0 =0,25pD*Xn/h,

1) 0=0,25pD* Xn/h,
50. Cmenensv cowcamusn 6 ogyxcmynenwamom romnpeccope 9. Kaxasn cmenens
corcamus @ Kaxcooii u3 cmynenei?

51. Yem ozpanuyugaemcs MaKCuMaibHas CHENEHb CHCAMUS 8 CIYNEHU NOPUIHe-
6020 Komnpeccopa? (ommemuome 0OUH UU HECKOJILKO NYHKMOB)

a) 00EeMOM MEPTBOTO MTPOCTPAHCTBA

0) TeMnepaTypoii BOCINIaMEHEHHUS CMa3Ku

B) 4aCTOTOM KOMIIpeccopa

T') CKOPOCTBIO MOPIIHS

1) m3otepmudeckum KIT/{

52. Kak cnocobom pabouuii npoyecc cxcamus 6 MHOZOCMYREHUAMOM KOMAPeCcco-
pe npubnuscaemcen K uzomepmuueckomy? (ommenmvme 00UH UNU HECKONbKO NYHK-
moB)

a) IPOMEXYTOYHBIM OXJIAKACHHEM COKHMAEMOT'0 I'a3a MeXIy CTYNCHIMH

0) oxJ1aXKIeHNEeM CTEHOK KOoMITpeccopa

B) IPE/IBAPUTEIIHLHBIM HArPEBOM T'a3a Iepe]| CxKaTHeM

T') OXJIaX/JEHHEM Macyia B KOMIIpeccope

1) YMEHBIICHHEM YHCIIA CTYNIEHEeH CKaTHs
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53. Kax usmensemcs memnepamypa 2aza 6 Heoxnaj3coaemom Komnpeccope?
a) yBEIUYHBACTCS
0) yMEHBIIIaeTCs
B) HE U3MEHseTCs
T') MOJKET KaK yBEJTMYMBATHCS, TAK H YMEHBIIATHCS
1) MOJKET KaK yBEJMYMBATHCS, TaK ¥ HE H3MEHSATHCS

54. 3ampameul snepzuu na nonyueHue cHCAMO20 2a3a 6 HEOXAANCOAEMOM U OXTIAiIC-
daembix Komnpeccopax:

a) B OXJIKAAEMOM KOMITpeccope OOoJIbIIe, 4eM B HEOXJIAXKAAEMOM

0) B oXJ1aX1aeMOM KOMIIPECCOPE MEHBIIIE, YeM B HEOXJIaX[aeMOM

B) 3aTpaThl SHEPTUH OJANHAKOBEI

T') 3aBHCST OT BUA OXJIKACHUS

I'napa 4. HUKJIbI TAPOCHJIOBBIX YCTAHOBOK

55. Conocmagvme nomepa 3n1emenmos cxemvi napoCuiosoll yCMaHoéKu, paoo-
matoweii no yukny Kapno, (puc. IV) ¢ ux nazeanuamu

HOMEP HA3BAHNE a 2 3
a) KomIpeccop

0) KoHIeHcaTop (XOJo-

JIVIIBHUK) 0 4
B) IapoBast TypOuHa
T') TapoBOif KOTEN

IT) 2JIEKTPOTeHepaTop

DW=

Puc. IV.
OTBETHLI: 1 2 3 4 5

56. Conocmassme mouku cxemol Rapocunosoil ycmanoeKu, pabomaiouieli No YUK-
ay Kapno, (puc. 1IV), ¢ mouxamu yuxna ¢ T, s - ouazpamme (puc. V)

OBO3HAYEHUE OBO3HAYEHUE TOYKU T
TOYKU HA PUC. IV HA PUC. V
a) )
6) e)
B) )
r) 3)
OTBETLI: a) 0) B) r)

57. Ho kakoit npuuune 6 napocunoewvix ycmarnoskax yukn Kapno ne ucnonvzyemca?
a) 3aTrpaunBaercs Oonbinas paborta Ha cxarue pabodero Tena
0) TeXHUYECKasl CII0)KHOCTh YCTAaHOBKH
B) BBICOKAsI TEMIIEpaTypa pabodero Tena B HUKIe
r) HU3Kuit Tepmuueckuit KI1/] mukmna
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58. Hpouecc noosoda mennomsl 6 napocunoeoil ycmamoske, padomaroujeii no
yukny Kapno, aenaemcsa
a) n300apHO-U30TEPMHUYECKIM
0) M30XOPHBIM-H30TCPMHICCKAM
B) N30XOPHBIM
T) anuabaTHBIM

59. Tepmuuecxuii KIl/I yukna Kapno

a) ht: 1- TQ/T]
6)h,= 1- T/T,
B h,=1- /T,
h,=1-UT,
mh, =TT, -1

e) ht= Tz/T/ -1
60. Yem omauuaromcea mennocunossle ycmanogku, pabomaiowjue no yuxiny Pen-
kuna u Kapno

a) YCTPOMCTBOM /I KOH/IGHCAIUK pabodero Tena

0) ycTpoHCTBOM JUIs reHepanuy padbodero Tena

B) YCTPOHCTBOM JJIsI CKATUs paboyvero Teia

) yCTPOMCTBOM JUTS PACIINPEHHsI pabovero Tema

61. /Ina uezo ocywiecmenaemcsa nepezpe¢ napa 6 MeniOCUI06bIX YCHIAHOGKAX,
padomarowux no yukny Penkuna

a) 1u1s moBbIeHus Tepmudeckoro KITJT mukna

0) JUTs1 HCKITIOUSHNS TIOTIaJaHusI B KOMITPECCOP MapOBOJSTHOW CMeCH

B) JUIS YCTOHUMBON pabOTHI KOMIIpeccopa

T) [T YMEHBIIEHHS TIOIAaI{ HOBEPXHOCTH TETII00OMEHa B KOHJIEHCATOPE

62. B Kakom Rapocuinoeom yukie Cmenens CyXocmu 6005H020 NaApa nocjie pacuii-
peHus 6 mypoune gviue?

a) ke Kapuo

0) nukie Penkuna Oe3 meperpesa mapa

B) 1iiKJIe PeHKMHA ¢ eperpeBoM mapa

1) 1rkite PeHKrHA ¢ MPOMEKYTOUHBIM IIEPErPEBOM mapa

63. B kakom napocunoeom yuxne mepmuyeckuii KII/[ umeem naubdonee evicokoe
3Hauenue?

a) ke Kapuo

0) nukne Penkuna 6e3 meperpesa mapa

B) IIUKJIe PeHkuHa ¢ meperpeBom mapa

1) ukine PeHkrHa ¢ MPOMEXKYTOUHBIM IIEPErPEBOM TMapa

64. Umo neodxo0umo ona noeviuenus mepmuyeckozo KI/[ yukna Penkuna (6vi-
Oepume HeCKOILKO 8EPHBIX OMBENIOB)

a) TIOBBINIATH HAYaJBHYIO TEMIEPaTypy mapa

0) CHIKATh HAYAIBbHYIO TEMIEpaTypy mapa

B) MOBBIIIATH JaBJeHHE B KOHACHCATOPE

') CHI)KaTh JaBJieHHE B KOHAEHCATOPE

[T) TIOBBILIATH TEMIIEPATYPy Tapa B KOHAEHCATOpe

€) CHIDKaTh TeMIlepaTypy napa B KOHJEeHcaTope



142
65. Umo nazvieaemcsa mennoguxayueii

a) MOJTy4YEHHE TOJIBKO HICKTPOIHEPTUH

0) moJIyueHne TOJIBKO TEIUIOTHI ISl OTOIUICHHS

B) HOJy4eHHE Iapa JIsi TEXHOJOTMUECKUX HYX[ (C BBICOKHM JaBIICHUEM U
TeMIIepaTypoii)

I') KOMOMHUpPOBaHHAs BBIPA0OTKA TEIIOTHI HAa OTOIUIEHWE M Iapa Julsl TeXHO-
JIOTHYECKHX HYXJ (C BBICOKMM JIABJICHUEM U TEMIIEPaTypOii)

1) KOMOMHHPOBaHHAS BBIPAOOTKA TEIUIOTHI U JIEKTPOIHEPTUH

I'napa 5. HUKJIbI XOJIOAWJIBHBIX MAIIMH U TENTJIOBBIX HACOCOB

66. Conocmagvme nomepa 371eMeHN 08 CXEMbl NAPOKOMNPECCUOHHOIL X0100UTILHOTL
yemanoexu (puc. VI) ¢ ux nazeanuamu

HOMEP HA3BAHUE
1 a) IeTaHaep
2 6) ucnapurens
3 B) KOMIIpECCOp
4 T') KOHJICHCATOP
) Hacoc

OTBETBI:1 2 3 4

67. Conocmagvme mouku cxemvl RAPOKOMRPECCUOHHOU X0100UILHOU YCIMAHOBKU
(puc. VI) ¢ xapakmepuvimu moukamu yukna 6 T, s - ouazpamme (puc. VII)

OBO3HAYEHME TOYKHN HA PUC. VI ~ OBO3HAYEHHME TOYKU HA PUC. VII

a) )
0) e)
B) )
r) 3)
OTBETHLLI: a) 0) B) T)

68. Obo3nauvme npoyeccol na T, s - ouazpamme (puc. VII), ocywecmenaemoie 6
napoKoMnpeccuorHOol X0100UIbHON yCHMAHO6Ke

HA3BAHUE ITPOLIECCA OBO3HAYEHUE ITPOLUECCA HA
1) OTBOJX TEIUIOTHI OT paboOyero Tena B PUC. VII
KOHJEHcaToOpe S
2) O/BOJ TETUIOTHI K paboueMy Teily B e—XK
ucrapurene I—e
3) pacmmpenue pabodero Tena B ApOC- -3
CENTbHOM BEHTHJIE K—e
4) cxxatre pabodero Tena B KOMIpeccope K3
31
3—K

OTBETEHL: 1) 2) 3) 4)




Puc. VL. Puc. VII.

69. Kaxum nokaszamenem xapaxmepusyemcs 3p@hekmuenocms yukio6 xXon00uns-
HBIX MAWIUH

a) CTETICHBIO CHKATHS

0) CTEeneHbI0 pacIupeHuUs

B) XOJIOAMIBHBIM KO3 purmenTom

r) xonoamibHbIM KT

) CTETICHBIO IPe00pa30BaHus SHEPTUU

70. Conocmagvme Homep InemMeHmos cxemvl menioeozo nacoca (puc. VIII) c na-
36aHUEM RPOUECCO8, NPOUCXOOAUUX 8 IMUX ITEMEHMAX

HOMEP DJIEMEHTA HA3BAHUE ‘BthUKOllO‘l‘CHLU{aJleini (ropstuuii)
(PHUC. VIII) [IPOLIECCA ACHIOIRCHTEHD
1 a) UCTapeHue
2 0) KOHJIeH Canus
3 B) TUIABJICHUE Lo
4 F) pacmmpenue Xnaaarenra 4]_
) CKaTHe o
4a.
Hu3KONOTeHIMANBHBIH (XOT0/HbIN)
TCLLIOHOCHTE!b
Puc. VIIL
OTBETSL: 1) 2) 3) 4)

71. Kakue munsl mennoevix HACOCO8 cCyuiecmeyiom (ommemovme npooeaom 0OUH
Ul HeCKOIbKO RYHKMOB)

a) abcopOMOHHBIE

0) IMHAMUYECKHUE

B) MAPOKOMIPECCHOHHBIE

T) TEpMOAIICKTPUUECKHE

) MKEKTOPHBIE

72. Yem adcopOuuoHHbBLIL MEnio6oll HACOC OMAUYACCA O RAPOKOMNPECCUOHHO20
a) cnocobom cxartust pabodero Tena
0) ctocoboM pacmupeHust pabodero Tena
B) cIT0COOOM JIpOCCEINPOBaHUs pabodero Temna
') KOHCTPYKIHEH NCTIapUTEIst
II) KOHCTPYKIMeH KOHIeHcaTopa
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73. Umo makoe KoIhhuyuenm npeoopazosanus menaomvl MMmennio06020 HACOCA
(4. - mennosas nazpyska ucnapumeisi, ¢, - Men106ds HAZpy3Ka Konoencamopa, l.,,.
- paboma cycamus; W - paboma, noosedennasn K npueody Komnpeccopa)

a) M= q/lex

6) m= qH/ZCX(

B) M= g /W

r) m=gq,/W

1) M= q,/qy

e) m: lC'/K/qK

)K) m= ZC)l(/qPI
74. Ymo maxoe KoIpuuuenm npeodpazosanus rneKkmpoInepzuu 1y Menioeozo
Hacoca (q, - mennoeas HAzpy3Ka UCRAPUMEN, ¢, - MEna08ds HAZPY3KA KOHOeH A
mopa, l..,. - paboma corcamusn; W - paboma, noosedennas K npueody KOmMnpeccopa)

a) M= q/lx
0) M = gu/lex
B) M= q/W
m) m=q/qy,

75. Kakoe 3nauenue 0015icH0 0blmb y KoI(hpuyuenma npeoopazosanus menaonvl
(anepzuu), umoodvl paboma mennoeozo nacoca 6vina IPghekmuenoii

a) 6oubiire 1

0) paseH 1

B)or 0 mo 1

r) paBeH 0

1) Mensbite 0

76. Kozoa npumenenue mensioevlx Hacocoé 6vi200HO (ommembme 0OUH UNU He-
CKOJIbKO NYHKMOB)

a) IpH1 HeOOJIBIIION pa3HUIIE TEMIIEPATypP MEXIY TETUIOHOCUTEIISIMU

0) mpH 3HAYNUTEITHLHOM pa3HUIE TEMIEPATYP MEXIY TETUIOHOCUTENISIMU

B) IPY MTOCTOSIHHBIX TEIIOBOI Harpy3ke M TeMIepaTypax TeIUIOHOCHTeNel

T') IPY U3MEHSIOIINXCS TEIUIOBOH HAarpy3Ke U TeMIeparypax TeIIoHOCuTeNei

77. Conocmagvme HA36aHUE INEMEHMOE MENI08020 HACOCA C UX 0003HAUEHUEM
(puc. IX)

HA3BAHUE JJIEMEHTA OBO3HAYEHUE JJIEMEHTA

1) mpoccenbHBIit BEHTHIIb (PUC. VIII)

2) ucrapuTenb

3) xomMmpeccop

4) KOHIIEHCATOD

5) nepeoxiaauTens

6) TPOMEXYTOUYHBIH (pereHepaTHB-
HBIN) TEMII000OMEHHHUK

XN SR

OTBETBL: 1) 2) 3) 4) 5) 6)
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78. Conocmaevme nazeanue npoueccoes, npoucxooﬂmux CpaﬁOun meJjiom 6 men-
J1060M Hacoce, ¢ ux 0003Hauenuem Ha u306pameﬂuu HuxKaa 6 p, h - 0ua2paM/ue

(puc. X)

HA3BAHUE OBO3HAYEHUE BhiCOKONOTEHIMAIILHbIT
TEIIJIOHOCUTCIIb
[IPOLIECCA TTPOLIECCA S t
1) ucrapenue (PUC. VIII) LAAAAA
2) KOH/IeHCast a6 Y X
3) neperpes a—B . -
4) nepeoxaxKaeHUE BT -
5) pacmmpenune n—e p
6) cxatue e—K Q o <
K73 W R i
3-a g_ ;
MV AN
HPBKOIIO'I'EHLU/IHJH)HMI‘;J
TEINIOHOCUTECIIL
Puc. IX
OTBETBI: 1) 2) 3) 4) 5)

79. Conocmaebme Homepa mouex Ha cxeme mennoeozo nHacoca (puc. IX) ¢ nome-
pamu mouex Ha uzoépaxycenuu yukna ¢ p, h - ouazpamme (puc. X).

HOMEPA TOYEK HOMEPA TOYEK

(PHUC. IX) (PUC. X)
1 a
2 9
3 B
4 r
5 pis
6 € h
7 XK Puc. X
3
OTBETBI: 1) 2) 3) 4) 5) 6) 7)

80. [Ins uezo 6 cxeme mennogozo HACOCA UCNOIL3YEMCA NPOMEINCYIMOUHBLIL MENa0-
oOmennux
a) 11 MCKIIOUEHHMs TOTafaHus B KOMIIpeccop pabodero Tema B razoodpas-
HOM BH/IE
0) A7 HCKITIOYEHUS TTOTIaaHusl B KOMITPECCOp padovero Teja B )KUAKOM BUE
B) JUIs HOBBIIICHUS TEMIIEPATYPhI HCIIAPEHHS XJIaJareHTa
T') JUTS TIOBBIIICHNS TEMIIEPATyphl KOHJCHCAINHN XJIaJareHTa

81. Yemanoexa nepeoxnadumens u nPOMENCYMOUHO20 MENI00OMEHHUKA:
a) TOBBIIIAET KOAPPHUIUESHT MPeoOPa30BaHKS TEIIOTHI M
0) cHmkaeT ko3 PuIMeHT Mpeodpa3oBaHus TEIUIOTH M
B) HE BITHUsIET Ha K03 GUIMEHT MpeoOpa3oBaHus TEILUIOTHI M
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Iaaba 6. HUKJIbI TEILIOBBIX IBUTATEJIEMR

82. Conocmaevme nHazeanus HUKTI06 C npoyueccamu, Komopbsle 6 HUX npoucxoo;lm

HA3BAHHE ITUKJIA ITPOLIECCBI
1) Tpunknepa a) n300apHOE CropaHue MpHu p = const
2) muxin duzens 0) M30XOPHOE CrOpaHue MpH v = const
3) muxa OtT0 B) CMEIIAaHHOE CrOpaHue, BHaYaJle H30XOpHOe
HpH v = const, 3aTeM n300apHoe Ipu p = const
1) 2) 3)

83. Conocmasvme nazeanus yuKi06 c ux uzodpaxcenuem 8 p, v — ouazpamme (puc.
XI.

HA3BAHUE [UKJIA OBO3HAUYEHUE HUKIJIA (PUC. XI)
1) Tpunknepa A
2) nukn Juzenst b
3) nukia OtTo B

Puc. XI.

84. Conocmasvme nazeanus yuknoe c ux uzoopaxcenuem ¢ T, s — ouazpamme (puc.
X1I).

HA3BAHME IUKJIA OBO3HAYEHMUE LTUKJIA (PUC. XII)
1) Tpunknepa A
2) mukn Juszens b
3) mukn OTTO B

Puc. XII.
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85. Tepmuuecxuii KII/I yuxkna Ommo

a)h,=1-T/T,
6)h,=1-TyT,
B h,=1-¢*
r)h,=T,/T,
mh,=T/T,

86. B uem npeumywiecmeo 2azomypounnoll yCmaHo6Ku no CPAGHEHUI0 ¢ dguzame-
JAMU GHYMPEHHE20 c20panus (NPAsUIbHBIX ONEEM 08 HeCKO1bK0)

a) TIOJTHOE PacIIMPEeHHe MPOIYKTOB CrOPaHHUs

0) Gonee mpocTask KOHCTPYKIHS

B) BO3MOYKHOCTb HOJTy4SHHUS OOJIBIINX MOIIHOCTEH

r) 60J1ee BHICOKHIA OTBOJI TETUIOTHI B OKPYKAIOLIYIO CPEIY

87. Ilouemy yukn 2a3omypouHoil yCmanoeKu ¢ n00BOOOM MeEna0msl RPU ROCHO-
AHHOM 00beme He ROy WUPOKO20 PACHPOCMPAHEH U

a) U3-3a He0OXOIMMOCTH MPUMEHSTH CIIeIaIbHBIE paboune Tena

0) 13-3a CIIOKHOCTH KOHCTPYKIIUH KaMephl CTOPaHUs

B) u3-3a oueHb Hu3koro KI1/] nukmna

[T) M3-32 YPE3MEPHOT0 MOBBILICHHS TaBICHHS B KaMepe CropaHus

Inasa 7. BBEJEHHME B SOKCEPTETHYECKH AHAJIN3

88. Umo npoucxooum ¢ neodpamumuix npoyeccax (Ommemvme 6ce npaGUIbLHbBLE
omeembut)

a) TIOBBIIICHUE KAYECTBA YHEPTUH

0) CHI)KEHHE KaueCTBa YHEPTHH

B) MOBBIIICHHUS SHTPOIIUH CHCTEMbI

') CHI)KEHHE DHTPOITHU CHCTEMBI

89. Dkcepzus - amo ...

a) KOJIMYECTBO OSHEPruu (TEIJIOTH), KOTOPOE MOXKHO TIONYyYHTh TIPH
OBPATUMOM mepexome BemecTBa B COCTOSIHHE PaBHOBECHS C
OKPVKAIOILEN CPELOM

0) KOMMYECTBO DHEPTrUH  (TEIUIOTHI), KOTOPOE MOXKHO TIONYyYHTh TIPH
HEOBPATMMOM mepexone BelIecTBa B COCTOSHHE PAaBHOBECHS C
OKPYKAIOIIEN CPEJIOI

B) KOJIMYECTBO JHEPrHU (TEIUIOTHI), KOTOPOE MOXKHO IIONYYUTH IIpH
OBPATUMOM nepexone Bemectsa B HOPMAJIBHOE COCTOSHUE

T') KOJUYECTBO JHEPruu (TEIUIOTHI), KOTOPOE MOXKHO TIOJNYYUTH TIpH
HEOBPATMMOM nepexoze BEIIECTBA B HOPMAJIbHOE
COCTOSHHE

90. Okpyscarowas cpeoa - 5mo ...
a) cucrema, napamerpsl kotopoir [IOCTOSHHBI u HE 3ABUCAT ot pac-
CMaTpPUBaEMOTO TIpoIiecca
0) cuctema, mapamerpsl  kotopoit  [IOCTOSIHHBI wu  sBmstorcs
OYHKIMAMMU paccmarpuBaeMoro npoiecca
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B) cucrema C USMEHAIOIIMMUCS napamerpamu, HE 3ABUCSLIASA ot
paccMaTprBaeMoro mpoiecca
r) Bce, utro HE BXOJIUT B paccMaTpuBaeMslii mporecc

91. Ommemobme 00uH unU HECKOTLKO RAPAMEMPOE, KOMOPBLIMU XAPAKM EPUSYEM CA
OKpyMHcaowan cpeda

a) TemIiepaTypa

0) IIIOTHOCTH

B) COCTaB

T') IaBJICHUE

1) 00beM

€) yIeTIbHBIA 00beM

92. Onpedenenue rxcepeuu

a) de = dq -TydS,

0) de = dq +TydS

B) de = TydS —dgq

r)de =dq

e) de = TydS
93. Kak ceazanvl snepus ¢, ykcepeus e u anepaus a?

a)g=e—a;0)q=e+a;B)g=a—e
94. Kakue 3nauenus moxcem nPUHUMAMb IKCEPSUA OKPYIHCAIOuiell cpeobl

a) OHa OTpHUIaTeNbHa WK paBHa

0) oHa Bcer/a paBHa 0

B) TOJIBKO TIOJIOXKUTEIBHEIC

) oHa paBHa () WK TTOJIOKUTENbHA
95. Dnepeusn noduunsemcs 3aKony coxpanenun?

a) 1a; 0) HET; B) TOJBKO B HEOOPATHMBIX MPOIEccax
96. Jxcepzus noduunaemcs 3aKoHy coxpanenuan?

a) 1a; 0) HET; B) TOJBKO B HEOOPATHMBIX MPOIlECcax
97. Obwuii éuo rkcepzemuueckozo oananca (E,, — sxcepeua na éxooe, E,,,. — k-
cepzus na gvixooe, DE— nomepu sxcepzuu)

a’) EBX = EBI:IX + DEJ 6) EBX = EBBIX - DE!' B) EBX = EBBIX
98. Sxcepzemuueckuii KII/]

a) he = 1 - eBX/ Capix

6) he = 1 - eBLIX/ Cax

B) hL’ = eBX/ eBBIX

r) hL’ = eBLIX/ eBX

I[) he = eBX/ Chpix — 1

e) he = eBBIX/ Cox — 1
99. Sxcepzemuuecxkuii KII/]

a)h,=1-De/ e,

6) h,=1—De/ ey

B) h, = De/ ey

r) h,= De/ egx
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100. Kaxoii sxcepzemuueckuii KII/[ y oopamumsix npoyeccos
a)>1; 6)=1; B)<1; r)0; m) <0
101. Kaxoii sxcepzemuueckuii KIT/[ y neoopamumvix npoyeccos
a)>1; 6)=1; B)<1; 1) 0; m) <0
102. Kaxue nomepu jKkcepzuu é HeoOpamumslx npoyeccax
a)>0; 6)=0; B)<0
103. Kaxue nomepu kcepzuu ¢ 00pamumpix npoyeccax
a)>0; 6)=0; B)<0
104. @opmyna I'ou-Cmoodonsl ona pacuema IKcepzemMuyecKux nomeps
a)DE =T, DS; 6) DE =T, DQ; B)DE =DS/Ty; 1) DE =DQ /T,

105. Ixcepzemuueckue nomepu, céa3anHvle ¢ U3MEHEHUEM NAPAMEMPOB BeleCHl-
64 U HEOOPAMUMOCHbIO RPOUECCOB HA3LIEAIOM CS
a) abCONIOTHRIMY; 0) BHELIHUMH; B) BHYTPEHHUMH; T) KaYeCTBEHHBIMHU

106. Ikcepeemuueckue nomepu, céA3AHHbBIE C NEPEXOOOM MeEnad U eeuiecmed 6
OKpYJHCAIoOwyo cpedy Ha3bl8arOmcs

a) abCOIOTHBIMHU

0) BHEIIHUMH

B) BHYTPEHHHMH

T') KAaUEeCTBCHHBIMH

1) OTHOCHUTEIILHBIMHU

107. Kaxaa snepeua HE xapaxkmepu3syemcsa snmponueii, mo ecmso 3Kcepzus u Inep-
2us pasnvl? (ommemovme 6ce HeoOX00UMble NYHKIbL)

a) MexaHu4eckast

0) TerutoBast

B) TEpMOMEXaHUYECKasi

T') XUMUYecKast

) JJIeKTpUIecKast

108. Kaxas nepeus xapaxmepuszyemcs IHmMpoOnueii, mo ecmy IKCEPZus Menvuie
IHepzuu? (ommemome 6ce He0OX0O0UMbLE NYHKMbL)

a) MeXaHUYecKast

0) TeruioBas

B) TEPMOMEXaHHYECKas

T') XUMHYECKas

1) DIIEKTpUYECcKast

109. Paznocmulo Kakux napamempos eewecmed u oKpyyHcarouei cpeovt onpeoens-
emcs mepMoMexanuuecKas IKCepeus eujecmeda 6 3amMKHymom ooveme? (om-
Membme 00UH WU HECKOJILKO HYHKHIOB)

a) maBJeHUil; 0) cOCTaBOB; B) TEMIIEPATYp

110. Tepmomexanuueckas IKcepeus 6eusecmed 8 3aMKHymom ooveme
a)e, = (U— Uy —To (S—So) +po (v—p)
0) e, = (U—Up) + Ty (S —So) —po (v — o)
B) ¢, = (i —ip) — Ty (S — So)
r)e, =Ty (S—Sp) —(—io)
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111. Kaxoui 3naKk modxcem 0blmb y MepMOMEXAHUYECKOU IKCEPZUU BeUiecmeda 6
3aMKHYymom ooveme?

a) CTporo OoJIkIIe HyJs (TO €CTh HE PABHO HYIIIO)

©6) GoJbIIIe MM PaBHO HYJIIO

B) MEHBIIIE HYJIS

T') IPOU3BOJIEHBIN

112. Paznocmulo KaKux napamempos eewecmed u okpyycarouiei cpeosvt onpeoens-
emcs mepmomexanuieckan IKcepeus ewecmea 6 nomoke? (ommemome 00uH uiu
HeCKONbKO NYHKMOB)

a) IaBJICHUIT, 0) COCTaBOB; B) TEMIIEPATYD

113. Tepmomexanuueckas IKcepeus 6eusecmeda 6 NONoOKe
a) e, = (U—Up) —To (S—So) +po (v—p)
0) e, = (U—Up) + Ty (S~ So) —po (v — vo)
B) e, = (i —ip) — To (S — So)
r)e, =Ty (S—So) —(i—io)
114. Tepmomexanuueckas IKcepeus 6euiecmea 8 NONMOKe 0 UOeanNbHO20 2a3d
a) e, = Cp (T—To)— TO [Cp In (T/To)—R In (p/po) ]
0) e, =c, (T—Ty) — Ty [cp In (p/pg) — R In (TVTy) ]
B) €,=Cp (T* T())* T() Cp In (T/T())
r) €,=Cp (T* T()) - T() Cp In (p/p())
115. Tepmomexanuueckas IKcepeus 6euyecme 6 3aMKHYmMom o0veme U 6 noOmokxe
omauuaemcs Ha GeIUUHY PAOOMObL ...
a) coBepIIaeMO MPH PACIIMPEHUH 3aMKHYTOTO 00BeMa JI0 JaBJICHHS OKPY-
JKaroIlen cpesbl
0) BBIIENAEMON MPH MIEPEXO0/IE BENIECTBA B pAaBHOBECHE C OKPY KaroLIeH cpenoi
B) CBSI3aHHOH € IIEPEMEIIEHHEM ITOTOKA
T) paBHOW KMHETHUYECKOH SHEPTUH ITOTOKA
) PaBHOW TOTCHIIUATILHOM SHEPTUH MTOTOKA

116. Kaxoii 3nak modxcem 0blmb y MePpMOMEXAHUYECKOU IKCEPZUU BeUiecned 6
nomoxe?

a) IPOM3BOJIBHBIN

0) ctporo 6oJblie HyIs (TO €CTh HE PaBHO HYIIIO)

B) OOJIBIIIC WIIK PABHO HYJIIO

T') MEHbIIIE HYJIS

117. Ecnu mepmomexanuueckas IKcepzus 6eu4eCMed 6 NOMOKe MeHbuie HYJisi,
3Hauum IKcepeus

a) mepeaeTcs OT OKPYXKArOUIEH CPeIbl BEIIECTBY

0) mepefaeTcs OT BEIIECTBa B OKPY)KAOIIYIO Cpey

118. Dkcepeun mennoeozo nomoka
2) e, =q (1 TyT)
0) e, =q (1 -T/Ty)
B)e,=q (TyT—-1)
r)e,=q (Ty/T-1)
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119. Dkcepzemuueckana memnepamypa pasnda ...

ayt=1-TyT
6)t=1-T/T,
B)t=T/Ty — 1
Nt=TyT-1

120. Yemy pasna sxcepeemuueckas memnepamypa
a) abCOJIOTHOM TeMmeparype
6) KI1J] uneansroro mukia Kapuo
B) PaBHOBECHOH TeMIeparype
T') TEMIIEpaType OKPYKaroLIei cpeibl
1) skceprerrndeckomy KIIJI mpomecca TemiooomMeHa

121. Paznocmulo KaKux napamempos eeuecmed u okpyycarouieil cpeosvt onpeoens-
emcs Xxumuueckan IKcepzus eeuwjecmea? (ommemome 0OUH UNU HECKOJILKO HYHK-
mos)

a) TaBJICHUH

0) cocTaBoB

B) TEMIIEPaTyp

122. Kaxue cocmaenaioujue 6x00am 6 XUMU4ecKyro ykcepeuio? (ommemovme npo-
0enom 00un unu HecKOIbKO RYHKMOB)

a) KOHLIEHTPaLMOHHAS

0) MexaHUUeCKast

B) pEaKIMOHHAs

T') TepMHIYecKast

II) TepMOMeXaHI4IecKast

123. Umo maxoe eeuyecmea omcuema
a) MICXO/THbIE BEIIECTBA PEAKIINI
0) BemiecTBa, HaXOIIUECS B PABHOBECUH C OKpY)KAIOIIeH cpenoi
B) KOHEUHbIE MPOJYKTHl PEaKIHH, K €AWHUIE MacChl KOTOPBIX OTHOCHUTCS
yIenbHast SKCepIust
T') XUMUYECKHE IIEMEHTHI

124. Kax paccuumoieaemcs peakyuonnas jykcepeus e, eeujecmea A,B,C. no u3-
8ECMHOUL IKCEPZUU ITIEMEHM OB €, €, €. U IHepeuu I'uboca Z?
a)e.=Z+ (ae,+be,tce)
0)e.=Z—(ae,+ be,+ce,)
B) eV=Z+(ea+eﬁ+ec)
r) erzzf(ea-‘reﬁﬁ_ec)
125. Yemy pasna KOHUEHMPAYUOHHAA COCMABNAIOWAA XUMUYECKOIU IKCepuU
a) paboTe pacmupeHus (CXKaTHsL), MPOUCXOAANINX IIPH CMEIIEHHH KOMIIOHEH-
TOB
0) paboTe, HeOOXOAUMOH IS OTYYCHHUS BEI[ECTBA B YHCTOM BHIE
B) 9KCEPTUH TEIUIOBOTO MOTOKA YHIO- MM SK30TEPMUUYECCKON XMMHUYECKON pe-
aKIUH MEXKTy KOMIIOHEHTaMH CMECH
T') SHEPTUH XUMUYECKOU PEaKIiH, IPOUCXOIAIICH MPH CMEIICHUN KOMIIOHEH-
TOB
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I'naBa 8. OCHOBBI XUMHAYECKON TEPMOJAUHAMHUKH

126. Ilepeblii 3aK0H MEPMOOUHAMUKU NRPUMEHUMENBHO K XUMUYECKUM NPOUEcCam

a)DU=Q0-4
6)DU=0 + 4
B)DU=4-Q
nbDU=-0-4

127. Peakuuu c évloenenuem meniomsl HA3bleAOM cs
128. Peakuuu c noziowenuem menjiomol Ha3vléaromcs

129. Tennoeoit 3hghekm peakyuu — 3mo menioma XumMu4ecKkoil peaxyuu
a) B U30TEPMHUUCCKHX YCIOBUIX
0) IpH MOCTOSIHHOM JIaBJICHHH
B) B a1Ma0aTHBIX YCIOBHUIX
T) B YCIIOBHSX TOCTOSIHCTBA 00beMa

130. Ilpu kaxkom oOasnenHuu onpedensiemcs CHMAHOAPMHBLL Menaoeou Ihgdexm
Ppeakyuu u CIaHOapmHuas menioma o0pa306anus 6ewiecme U3 XuMu4ecKux jJe-
Menmos

a) 98,1 kIla; 6) 100 xIla; B) 101,3 xI1a; r) 103,1 kIla

131. Ilpu xaxoit memnepamype onpeoensiemcsa CmaHoapmHublii menioeoil Ighghexm
Peaxkyuu u CMmaHOapmHas Mmenioma o0pa306aHus 6euiecme U3 XUMU4ecKux jie-
MeHmo8
a)0°C; 6)5°C; B)10°C; r)15°C; m)20°C; ¢)25°C
132. IIpu onpedenenuu Hu3uieil Menaiomsl C20PAHUA MONAUGA CHUMAEMCA, YMO ...
a) BJara B MPOJYKTax CrOPaHMs HAXOJUTCS B BUJC BOJSHBIX MTapoOB
0) Biara B MPOIYKTaX CTOPAaHHsI HAXOJUTCS B BUAE KHIKOCTH
B) BJIara B MPOJYKTaX CrOPaHUs HAXOAUTCS B BUJIE HACBIIIEHHOTO Mapa
T) BIIara B MPOAYKTax CrOPaHUs HAXOIUTCS B BH/EC HEHACHIIIEHHOTO mapa

133. 3axon I'ecca ycmanagaueaem, umo ...

a) TEIUIOTa PEaKIMU HE 3aBUCHT OT €€ MYTHU U KOJMYECTBA MPOMEKYTOUHBIX
cTaauit

0) TemioTa peakUuy 3aBUCUT OT €€ ITyTH, HO He 3aBHCUT OT KOJINYECTBA MPO-
MEXYTOUYHBIX CTaanui

B) TEIJIOTa PEAKIMX HE 3aBUCHT OT €€ IMyTH, HO 3aBHCUT OT KOJMYECTBA MPO-
MEXYTOYHBIX CTaJUI

T) TEIUIOTa PEaKIUK 3aBHCUT KaK OT €€ MyTH, TaK M OT KOJMYECTBA IPOMEKY-
TOYHBIX CTaIui

134. Tennoevie Ippexmut npamoii u 06pamuoli peakyuu ...
a) PaBHBI 10 3HAYEHUIO U UMEIOT OIMHAKOBBIN 3HaK
0) paBHBI 110 3HAYESHUIO, HO IPOTUBOIIOJIOXKHBI 110 3HAKY
B) UMEIOT OJJMHAKOBBIH 3HAK, HO 10 3HAUYEHHIO Pa3IHIHBI
T') IMEIOT IPOTHBOIIOIOXKHBIHA 3HAK M Pa3INYHbIe 3HAYCHHS
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135. Kax onpedenumov mennogoii y¢pghekm peaxyuu npu HopmanbvHuix ycnosusx Q,
ecnu DI; — cymma snmanvnuii oopasosanus ucxoouvix eewyecms, DI, —cymma u-
manvnuii 00pazoeanun npooOyKmoe peaxKyuii

a)Q=D117D12
6) 0= DI, + DI,
B)Q:Dlz—DII

F)Q:DII/DIZ
Z[)Q=D]2/D]1

136. Ymo nozeonsem onpedensims 3axkon Kupxzogha
a) HaTmpaBJICHHE NTPOTEKAHUSI XUMHIECKOH peaKinu
0) BO3MOXKHOCTB NIPOTEKAHUS] XUMHIECKOH peaKInu
B) TEIUIOBOH 3 PEKT peakiyu IpHu MPOU3BOILHOI TeMIiepaType

137. Ycnosusn camonpou3eoivbho2o npomeKanus peaxkyuii 6 u3onupoeaHHbvlx Cuc-
memax npu NOCMOAHNOI memnepamype u ooveme

a)F>0

6)F=0

B) F<0

rzZ=>0

nZ=0

e)Z<0
138. Ycnosus camonpouseoibnozo npomeKkanus peakyuil ¢ U3z0uUpoanHblX CUcC-
memax npu NOCMOAHHON MmemMnepamype u 0agenuu

a)F>0

6)F=0

B) F<0

rZ>0

DZ=0

e)Z<0
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3AIAHUE HA KOHTPOJILHBIE PABOTBI
3AJIAUA Ne 1

BonsHoil nap ¢ HayanbHBIM JaBieHueM p;= 5 MIla u crenenbto cyxocTu
x = 0,95 moctynaer B maponeperpesareib, TIe €ro TeMIepaTypa HOBBIIIACT-
cs Ha BennuuHy DY, mocne dero map moctymaet B TypOWHY, Irne axnadaTHO
pacuupseTcs 10 JaBICHUs p;.

Hcnone3ys i,s- aAuarpaMMmy BOASHOIO Mapa, onpeenure i 1 Kr napa:

— KOJIMYECTBO TEMJIOTHI, HOABEACHHOE K apy B MapoIeperpeBaTene;

— IapaMeTpbl U CTeNEeHb CyXOCTH Iapa Mocjie PaclIMpeHus B TypOuHe.

Omnpenenurs KOHEUHYIO CTENEHb CYXOCTH Mapa, €clii Iocie Maporepe-
rpesarelis ap APOCCEIUPYETCs 10 NaBICHUS ps.

Bapuanmut 3a0anus

Hocnenuss mud- | Dr, D2 D3 Hocnenusts mud- | Df, P2 D3
pa 3a4eTHOU °C | xlla | MIla pa 3aueTHOMI °C | klla | MIla
KHHKKH KHIKKH
0 200 | 3,5 3,5 5 250 | 4,5 3,5
1 210 | 4,0 3,0 6 260 | 3,5 3,0
2 220 | 45 2,5 7 270 | 4,0 2,5
3 230 | 3,5 2,0 8 280 | 4,5 2,0
4 240 | 4,0 4,0 9 290 | 3,5 4,0
3AJAYA Ne 2

[Tap ¢peona-12 npu Temrmeparype ¢ TOCTyIIaeT B KOMIPECCOP, TAE aaua-
0aTHO CXKMMAaeTcs 10 JaBIICHHS, IPH KOTOPOM €T0 TeMIlepaTypa CTaHOBHUTCS
paBHOII f,, a cTemeHb cyxocTn x = /. 3 xoMmpeccopa QpeoH MoCTymaeT B
KOHJIEHCATOp, IJle IPU MOCTOSSHHOM [AaBJICHUU NPEBPAIIAETCS B KUJIKOCTb,
MoCJe Yero pacIiiupsercss B PeAyKIMOHHOM BEHTWIE (IPOCCEeTUpYyeTcs) 0
TemrepaTypsl ¢. ONpeaenuTb XOJOAWIBHBIH KOd(QUIMEHT yCTaHOBKH M
MaCCOBBIN pacxo HpeoHa, eCIIu XOJI0AUIbHAS MOIIIHOCTh YCTAHOBKHU Q.

W300pa3zuTe NMPUHIMITHAIBHYIO CXEMY MapOBOM KOMIIPECCHOHHOM XOJIO-
JIJIBHOM YCTAHOBKM U €€ LMKII B 7, s- AuarpaMme.

Bapuanmut 3a0anus

Hocnenusas nudpa

N 0 1 2 3 4 5 6 7 8 9
3a4ETHOM KHMKKI

f,°C 20| -15|-10 | 5|20 |-10 | =15 | =10 | =20 | -5
5, °C 10 | 25 30 | 20 | 15 10 15 20 10 | 25
O, kBt 300 | 250 [ 200 | 90 | 100 | 150 | 200 | 250 | 150 | 80

[pumMeuanue: 3anady peuTe NPy HOMOIM TAONHUIB! TApaMETPOB HACHI-
HIeHHOTo Tapa gpeoHa — 12 (mpunoxkeHue 2).
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HNPUJIOKEHMUE 1. Crangapraas sHTaIb0AsA 00pa3oBanusi, SHeprust ['n6oca,
IHTPONHUSI H YPABHEHHUS TEIUIOEMKOCTH /ISl HEKOTOPBIX COeMHEHMUI

M *DI(Z)‘JS’ 7DZ(2)98, Sg%, K(ia(b(bHLII/IeHT'bI ypaBHeHIS
Coepunenue ovoms | KUK | kbk | Jlk G=atbT+c é T I[WMOEB
MOJIb MOJTh K-momp a b10 c"10
ALO; 101,961 | 1676,89 | 1583,4| 50,9558 | 114,85| 12,812 -35,464
ALOs—g 101,961 | 1638,37 | 1542,49 —| 68,541| 46,476 -
ALO;H,0 119,977 | 1972,08 | 1821,35| 96,9291 | 108,78 | 49,407 | 3,3496
ALOs3H,0 156,007 | 2569,56 | 2290,29 | 140,306 | 61,256 | 419,54 -
AlF; 83,9767 | 1505,23 | 1426,09 | 66,4896 | 87,634 | 12,561 -
Al (NOs), 201,972 | 1155,61 | 820,652 | 117,655 - - -
Al (OH); 78,0036 | 1273,69 | 1138,45 - - - -
éizs(’)ﬁ;g;ym) 162,046 | 2594,1| 2446,49| 9328 172,58 | 26,13| -51,16
’(Xzs?f; iﬁfm 162,046 | 25962 | 244576 | 8382| 171,87| 2922| 52,17
ALOs 8i0, 162,046 | 2590,8 2444 | 96,17 164,54 33,67| —46,14
(AS, cnumManuT)
ALO52Si0, (AS,) 222,131 3316,94 | 3103,03 —| 229,66| 36,846| -14,571
3AL052Si0, (AsS,) | 426,053 | 6831,59 | 6447,9| 254,57 | 48527| 46,894 | —154,92
éizs?ﬁisig;ﬁ;% 258,161 | 4120,01 | 3799,28 | 203,07 | 240,63| 147,8| —3291
‘&g%ﬁ&éiz% 258,161 | 4101,17 | 3780,44 | 203488 - - -
éig?ﬁisggéfﬁgo 258,161 | 4117,91 | 3795,93 | 197,208 - - -
As,05 197,841 | 666,57 | 588,692 | 116,775 | 35,045| 203,49 -
As,05 229,84 | 925,536 | 782,969 | 105,512 - - -
As4O 395,683 | 1335,65| 1179,31| 233,635| 70,09| 406,98 -
Au 196,967 - —| 47,4387 | 23,698| 5,1919 -
B,O; 69,6202 | 1273,69 | 1194,55| 54,0123 | 57,069 | 73,063 | -16,162
B,O; (cTekio) 69,6202 | 1255,43 | 1183,25| 78,7156 | 9,5464| 176,27 -
BaCl, 208,246 | 860,68 | 811,441 | 125,61 71,179| 13,985 -
BaCl, (KHAKOCTB) 208,246 | 873,911 | 803,583 | 121,423 - - -
BaO 153,339 | 558,546 | 528,818 | 70,3416 | 53,342 | 4,3545| —8,307
BaCO; 197,349 | 1219,67| 1139,7| 112,212 86,964 | 48,988 | -11,975
BaSO, 233,402 | 1466,29 | 1353,99 | 132,309 | 125,15| 5,7362 -
Ba(OH), 171,355 | 947,099 | 857,079 - - - -
Ba(OH), (knaxocts) | 171,355 | 998,934 | 875,92| 8,374 - - -
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Ilpodonscenue npun. 1

CoenrHeHue M -DI 298 7DZ(2)98 Sggg a b10° | ¢-10°°
Ba0-Si0, 213,424 | 1629,5| 1545,34| 112212 102,58 |24,703 -
2Ba0-Si0, 366,764 | 2298,79| 2184,9| 182,134 | 144.45]33,496 -
2Ba0-3Si0, 486,933 | 4197,34| 3974,59 266,293 | 211,57 | 38,437 | -0,7034
3Ba0-SiO, 520,103 | 2968,08 | 2824,47|252,895| 186,15 |45,638 -
BeO 25,0116 599,16| 570,06| 14,2358 | 35738 16,748 | —14,445
BeO-Si0, 85,0964 | 1540,73 | 1453,94 (54,0123 | 11,724 8,709 | 45,848
2Be0-SiO, 110,108 | 2160,28 | 2044,93 | 64,4798 | 103,13 | 15,283 | -58,827
CH, 16,043 | 74,8636 | 50,8553 | 186,447 34,2 37 -10
C,H; 30,070 | 84,7868 | 33,0061 | 229,657 63,4 59 27
CsH; 44,097 | 103,921 | 23,4891 (270,103 97 78 —45
C4Hyo 58,124 | 126,23 17,17 310,33 129 98 -57
CsHy, 72,151 | 146,545 8,374 | 349,196 161] 1185 -70
C,H, 26,038 | —226,182 | 208,626 | 200,976 | 50,788 | 16,078 -
C,H, 28,054 | —52,505 | 68,3905 | 219,441 54,8 40 -22
Cco 28,011 110,599 | 137,235|197,676| 28,43 41| -046
CO, 44,01 | 393,777| 394,644 | 213.82| 44,17 9,04| -8,54
CaO 56,0794 | 635,545 | 604,184 (39,7765| 48,862 4,522|-6,5317
Ca(OH), 74,0947 | 986,918 | 899,242 | 83,4469 | 79,846 | 45,22 -
CaCO; 100,089 | 1207,74| 1129,57|92,9514| 104,59 | 21,94 |-25,959
CaCO; (aparonur) 100,089 | 1207,93| 1128,55 88,8| 84,28| 42,87| —13,98
CaCO;MgCO; 184,411 | 2327,97| 2154,21 0| 156,380,516 |—-21,605
CaF, 78,0768 | 1215,49| 1162,73| 64,731 | 59,874 30,481 |—1,9679
CaF, (KHJKOCTb) 78,0768 | 1202,09| 1106,79 | 74,5286 - - -
Ca(NOs), 164,09 | 937,888 | 700,762 (193,439 | 122,97 | 154,08 |-17,292
Ca(NOs), (KHAKOCTB) 164,09 | 956,771 - - - - -
CaSO0; 120,142 - —1101,325 - - -
CaSO, 136,142 | 1433,71| 1321,25| 106,768 | 70,258 98,813 -
CaS042H,0 172,172 2022,57| 1797,02| 194,109 | 91,444 |318,21 -
CaO-ALO; (CA) 158,041 | 2328,73| 2209,48 | 114,305 | 150,77 | 41,786 | 33,329
Ca0-2AL,0; (CA,) 260,002 | 3995,65| 37863 | 177,948 | 276,72 22,945 | -74,529
3Ca0-ALO; (C;A) 270,199 | 3590,14| 3413,87|205,582| 260,77 19,176 | 50,286
12Ca0-7A1L,0; (CpA;) | 1386,68 | 194283 | 18464,7 | 104549 | 1264,3 | 274,25 | 231,54
4Ca0-ALOsFe,05 485,971 | 5083,86| 4789,93 326,586 | 374,69 72,854 -

(CLAF)




158

Ilpoodonswcenue npun.l

Coenunenme M *Dl(z)os *DZ(z)os S(z)es 4 bp10° | ¢10°
?CCEZI‘SF%AIZQ'F”@ 700,091 | 79924 - - -l - -
(ccalgé/?)1203~2s102 27821 4239,13| 3859,7|202,651| 269,73 | 57,362 | 70,718
(Ccaféfﬁéﬁfi% 27821 42048| 3976,6| 1918 - - -
(ngéilzc?éésoi)oz 278,21 | 4171,09| 3956,72 | 236,984 - - -
(Ccagéfslzofﬁi(’z 518,549 | 7984.61 - - - -
2Ca0ALOSSION(CAS) | 274,205 | 3989.79| 3787,56 | 198,464 | 266,88 | 33,496 | 63,307
3CHOALOZSIO(CAS) | 390,369 | 5559,08 - - - - -
Ca0'B;0; 1257] 2023,58| 1916,39 | 105,094 | 129,88 | 40,865 |-33,789
Ca02B,0; 195,32 | 3344,58| 3150,3| 134,821 | 214,96 | 80,223 | 71,849
2Ca0-B,0; 181,779 | 272825 | 2590,08 | 145,280 | 183,18| 48,15 |—44,759
2Ca0-3B,0; 321,019| 535936 - - - - -
CaO-Fe:0; 215,772 1521,85| 1413,74| 145289 | 165,05 | 20,056 | 15,324
2Ca0-Fe,05 271,851| 2125,74| 198631 188,834 | 248,04 | 48,904 -
(Cgﬁé\fgﬂ?djjc‘gé) 216,56 | 320846| 3034,19143,195| 2213732826 | 65,903
%ﬁéﬁfﬁ?zswz ) 216,56 | 2264,79 - | 144,62 | 38,562 | 28,513
fé;/%yﬁg;aﬁﬂ 272,64 | 3880,05| 3682.47 - - - -
?&ﬁéﬁﬁ%ﬁiﬁ% 328,719 | 4569.44| 253314 - - - -
CaOSIONCS,boormer) | 116,164 1636,91| 1551,49|82,0652| 111,54 | 15,073 | 27,299
CaOSIONCS,amammcr) | 116,164 1631,88| 1548,14| 87,5083 | 108,23 | 16,497 | 23,657
gig;)‘foﬁgom) 116,164| 1629,5| 15458| 8742| 10823| 165| —23.65
2Ca0-Si0,-b (C:S-b) | 172,244 | 2310,14| 219478 | 127,704 | 151,78 36,971 | 30,314
20080, g(C:S-g | 172,244 | 231424| 219897 | 120,586 | 113,76 82,065 -
3Ca0-Si05 (C5S) 208323 | 2932,7| 2786.32| 168,736 | 208,72 | 36,092 | 42,498
3Ca0-2810, (C:85) 288,408 | 3930.42| 3729,78|211,025| 267,97 |37,892 | -69,504
Cdo 128,399 | 258338| 228,61 54,8497 | 40,949 84577 -
CdCO; 172,409 | 751,148 | 669,92 | 92,5327 - - -
Ccds 144,464 | 157,012| 153286| 71,179| 54,012]3,7683 -
CdSO, 208462 | 933952| 823374 39,3997 - - -
CdO-Si0, 188,484 | 1189.95| 110621 97,5571 - - -
cl, 70,906 - | 225,776 | 37,055 | 0,6699 | -2,8472
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Ilpodonscenue npun. 1

Coenunenme M *Dl(z)os *DZ(z)os S(z)es 4 bp10° | ¢10°
Cn03 151,99 | 1129,23| 1047,59 (81,2278 | 119,46 |9,2114|-15,659
Cs;0 281,809 | 317,793 - - - - -
Cs,COs 325,819 1119,6 | 1033,02| 188,834 | 132,64 |37,306 | 32,533
Cs,0-8i0; 341,894 | 1530,93| 1439,07 | 184,228 113,8 | 74,696 | —12,226
Cs,0-Si0, (xunkocts) | 341,894 - - - 194,7 - -
Cs,0-28i0; 401,979 | 2456,51 | 2310,39| 226,098 | 185,48 65,527 |-25,038
Cs,0-28i0; (xumkocts) | 401,979 - - —| 276,34 - -
Cs,0-48i0; 522,149 | 4315,96| 4001,31|309,838| 262,27 121,63 [ 22,652
Cs,0-4Si0; (xumkocts) | 522,149 - - - 389,39 - -
CuO 79,5454 | 162,121 | 129,462 (42,6655 | 48,276|7,8716|-7,3691
CuO 143,091 173,3| 150,648 (92,9933 | 58,953 | 24,62|-3,1821
CuSO, 159,608 | 771,455 | 662,258 (109,281 | 107,61 | 18,004 |-9,0021
CuSO4'5H,0 249,684 | 2280,99| 1881,22300,627 | 281,37 0 0
FeO 71,8464 265 | 244,463 60,79 51,831 6,78 -1,59
Fe,Os (rematur) 159,692 821,95| 740,136 (90,0205 | 98,353 77,878 |-14,864
Fe;O4 (Marnerut) 231,539 1121,7| 1014,93 | 146,545| 167,15| 78,967 | —4,2289
FeCl; 162,206 | 405,302 | 336,635 130,593 - - -
FeCl; (>xuaKocTh) 162,206 | 535,517 - - - - -
FeCO; 115,856 | 745,286 | 674,358(92,9514 | 48,695 112,21 -
Fe»SO47H,0 333,863 | 3016,65| 2511,99 | 409,489 - - -
FeO-AlLO; 173,808 | 342,078 | 303,264 (118,032 79,302 | 8,709 | —4,8988
FeO-SiO, 131,931 1197,02| 1119,27{92,9095| 108,36 (21,437|-17,711
2Fe0-SiO, 203,778 | 1485,67| 1384,85(145289| 152,87 | 39,19 |-28,053
GeO 88,589 | 212,2809 | 237,403 | 50,244 - - -
GeO, 104,589 | 551,4279| 497,416| 55310 - - -
H, 36,0307 - —|130,615| 27,299 3,2659| 0,5024
HO (map) 18,0153 | 241,992 228,769 | 188,859 | 30,565 10,3 -
H>O (sxuakocTs) 18,0153 | 286,021 | 237,404 70| 52,96| 47,65 7,24
H,S 82,0781 20,935| 33,8352 205,833 32,712,394 —1,926
K,O 94,2034 | 363,414 322,325| 94,203 72,22 41,9 -
K»COs 138,213 | 1146,94 1061,4 [ 149,476 | 80,349 | 109,11 -
K>S0, 174,266 | 1434,72| 1317,31| 175,687 120,46 (99,651 |-17,837
KCl1 74,555 436,85 409,05 82,61 41,41 21,77 3,22
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Ilpoodonswcenue npun.l

Coenunenme M D1 298 *DZ(z)os S(Z)‘)S 4 bp10° | ¢10°
KMnO, 158,038 | 829,487 729,668 | 171,667 | 117,65 - -
KNO; 101,107 | 493,061 | 393,411 133,188 | 60,921 118,91 -
KyCry0y 294,192 2068,75| 1889,05 291,415 153,5 (229,45 -
K>0-AL,05-68i0; 556,673 | 7809,59 | 7483,84|427911 - - -
K>0-AL,05-68i0; 556,673 | 7828,85 7406,8 | 522,538 - - -
K,0-23Ca0-128i0, 2105,05| 27190,8 - - - - -
Li,O 29,8774 | 597,904 | 561,895(38,1017 | 60,879 25,457 |-35,087
Li,COs 73,8874 | 1216,49| 1133,25(90,4392| 106,35|75,785|-66,573
Li>SO4 109,94 | 1435,43| 1320,58 | 114,305 | 205,16 |3,8939 | -56,943
Li,O-SiO, 89,9622 | 1632,93| 1543,75 83,74 | 11891 | 28,89|-20,516
Li,0-2Si0, 150,047 | 2522,67| 2379,89| 125,61 | 185,07 |43,545|-27,215
2Li,0-SiO, 119,84 | 2313,32| 2188,96| 125,61 | 151,57 55,268 |-2,0935
2Li,0-SiO; (cTekio) 119,84 | 3320,29| 3122,66 (188,415 | 196,79|30,146 | —-1,2561
MgO 40,3114 602,1 569,82 2696 42,62 7,28 6,2
MgCO; 84,3214 1112,43| 1028,87 659 7796 57,78| -17,42
MgSO, 120,374 | 1279,13| 1174,45{91,6953 | 109,62 35,841 | -21,27
MgO-AL O3 (MA) 142,273 2314,9( 2190,1 80,68 | 154,07 | 26,79 | —40,95
MgO-Fe;O; (MF) 200,004 | 1465,03| 1351,98 118,492 - - -
MgO-SiO, (MS) 100,396 | 1550,04| 1463,12| 67,78 102,79 | 20,24 | -26,08
2MgO-SiO; (M,S) 140,708 | 2178,24| 2058,83 (95,1705 | 149,94 27,383 |-35,673
MnO 70,9374 | 385,204 | 363,432(60,2928 | 46,518 |8,1228 | -3,6846
MnO, 86,9368 | 520,025| 465,176 53,1749 | 69,504 10,216 [ -16,246
Mn,03 157,874 | 960,498 | 890,575 110,537 | 103,54 35,087 |-13,524
N, 28,0134 - —|191,635| 28,597 3,7683 | -0,5024
NO; 46,0055 | —33,496 | 51,5838 | 240,334 | 42,959 |8,5415|-6,7411
N2Os 108,01 | =11,7236 | —115,687 | 355,895 | 95,045 - -
NasAlF 209,941 | 3307,73| 3142,93 (238,659 | 192,39|123,35| 11,64
Na,O 61,979 | 416,188 | 377,374 | 75,3241 | 65,736| 22,61 -
NaCl 58,4428 | 411,297| 384,304 72,4351 | 45,973|16,329 -
Na,COs 105,989 | 1131,75| 1048,42 (136,077 | 60,628 | 163,38 -
NaNO; 84,9947 | 467,018 | 366,153 116,608 | 26,546 |223,25 -
Na,SO4 142,041 | 138548 | 1267,74| 149,602 | 58,367 (231,96 -
Na,SO4 10H,0 322,195| 4327,18| 3646,58 | 588,274 | 587,85 - -
Na,SiFs 188,056 2834,6 | 2555,74| 214,793 - - -
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Ilpodonscenue npun. 1

Coenunenme M D1 298 *DZ(z)os S(Z)‘)S 4 bp10° | ¢10°
Na,0-Al,05-3Si0, 344,195 | 5200,25 - - - - -
Na,0-Al,05-4Si0, 404,279 | 6039,33 - - - - -
Na,0-AL05-6Si0, 524,449 | 7905,06 - - - - -
Na,0-Si0, 122,064 | 1557,82| 1470,73 | 49,8253 | 130,38 (40,195| -27,09
2Na,0-Si0, 184,043 | 2123,86| 1993,22| 113,886 | 162,71 (74,277 0
Na,0-28i0, 182,149 | 247598 2342 195,952 | 185,82 70,593 | 44,675
Na,0-3Si0, 242,233 3390 | 3207,45| 164,968 | 202,02 | 112,88 | 20,851
Na,0-8Ca0-3A1,0;3 816,498 | 10791,5 - - - - -
Na,0-2Ca0-38i0, 354,392 | 4887,07| 4621,61 (278,017 | 351,16|58,953| —68,29
Na,0-3Ca0-6Si0, 590,726 | 8292,44| 7844,05|476,816| 318,92 383,03 |-64,731
2Na,0-Ca0-3Si0, 360,292 | 4766,44| 4492,65(309,838 | 370,38 67,997 |-63,014
NiO 74,7094 | 239915| 211,737| 38,018 |-20,893 | 157,35| 16,287
Ni(OH), 92,7247 | 543,891 | 458,686 (79,9717 - - -
NiCO; 118,719 | 695,042 | 618,378 86,2522 | 86,252 - -
NiSO,4 154,772 874,12 | 755,963 103,921 | 126,03 | 41,535 -
0, 31,9988 - —|205,184| 29,979 | 4,187|-1,6748
PbO (xpacHslit) 223,189 | 219,399 189,462 65,3172 | 44,382|16,748 -
PbO (xenTslit) 223,189 | 218,017 188,624 67,4107 | 37,892|26,797 -
Pb;04 685,568 | 735,237| 618,001 [ 211,444 | 184,77 32,449 | —46,601
PbCO; 267,199 | 700,485 626,794 | 131,053 | 51,877 (119,75 -
PbO-Si0O, 283,274 1151,3| 1067,31] 109,699 | 126,87 |5,4431 | -37,683
PbO-SiO; (cTekino) 283,274 | 1143,22| 1060,57 [ 114,138 | 166,64 | 22,61 |-53,594
2PbO-Si0O, 506,464 | 1370,78| 1259,87| 186,74 | 178,78 10,049 [ -50,244
2PbO-Si0; (cTekno) 506,464 | 1355,71| 1247,01|194,277| 229,45| 22,61 [-82,903
4PbO-Si0O, 952,842 | 1806,36| 1636,78 (324911 | 284,72| 19,26 | -62,805
4PbO-SiO; (cTekno) 952,842 | 1784,21| 1618,48 (338,017 | 341,03 15,073 |-98,813
Sb,0s 323,497 | 1008,23| 865,369 (125,191 117,7 - -
Sb,S3 339,692 157,85| 156,175| 181,716 | 101,33 | 55,268 -
SiO; 60,0848 911,7 857,3 41,9 67,9 14,06 22,5
SiO; (xpucrobdanur) 60,0848 | 902,885 - —| 60,293 8,5415 -
Si0, (TpuauMHT) 60,0848 906 | 852,215 43,5 62,7 8 -16,7
SiO; (crexio) 60,0848 | 902,215 849,249 | 46,8944 | 56,022 | 15,408 | —14,445
SnO 134,689 | 285,972 257,082 56,5245| 39,358 15,157 -
Sn(SOy), 310,813 | 1647,17| 1452,05| 155,338 - - -
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Oxonuanue npun. 1

CoennHenne M D/ 298 *DZ(z)&;s S(Z)‘)S 4 b10° | 107
SO, 64,0628 297,11 | 300,585 248,708 | 43,461 |10,635|-5,9455
SO; 80,0622 396,11 371,41 | 256,86 57,36 | 26,88 | —13,06
SrO 103,619 | 590,786 | 581,156| 54,431 | 51,668 |4,6894|-7,5617
SrCO; 147,629 | 1219,25| 1138,45|97,1384| 89,686 (35,841 |-14,219
TiO, 79,8988 | 944,168 | 888,816| 50,244 75,24 1,1724 | 18,213
Ti,0; 143,798 | 1519,46| 1432,92] 78,7156 | 152,83 |0,4187|-51,081
Zn0O 81,3694 | 348,526 | 308,547 | 43,6704 49,03 | 5,1081 | -9,1277
ZnCO; 125,379 | 813,367 | 732,097 82,4839 | 38,939 138,17 -
ZnSO, 161,432 983,526 | 875,083 (119,748 | 71,472 | 87,09 -
INPUJIOXKEHMUE 2. TepmoanHamMuyeckue cBoiictea ¢ppeona-12
t, °C r, i i" s’ s", Cp'ls A

kJUx/kr | kIUk/kr | kIDK/Kr | KIDK/KT | KJOK/KT | g Jo/(krK) | 1 ox/(kr-K)

=70 181,8 380,0 561,9 | 3,7234 | 4,6200 0,860 0,500

—60 177,9 388,7 566,6 | 3,7650 | 4,6011 0,872 0,516

=50 174,0 3975 571,4 | 3,8052 | 4,5857 0,883 0,533

—40 169.,9 406,3 576,2 | 3,8441 | 4,5733 0,893 0,550

-30 165,6 4153 581,0 | 3,8817 | 4,5632 0,903 0,569

-20 161,2 4244 585,7 | 3,9182 | 4,5551 0,913 0,588

-10 156,6 433,6 590,3 | 3,9537 | 4,5487 0,924 0,609

0 151,8 443,0 594,8 | 3,9883 | 4,5435 0,936 0,631

10 146,7 452,4 599,1 | 4,0220 | 4,5393 0,950 0,656

20 141,2 462,0 603,2 | 4,0549 | 4,5359 0,966 0,684

30 1353 471,8 607,2 | 4,0873 | 4,5330 0,986 0,716

40 129,0 481,8 610,8 | 4,1192 | 4,5303 1,011 0,754

50 122,0 492,1 614,1 | 4,1507 | 4,5276 1,042 0,801

60 114,2 502,6 616,8 | 4,1871 | 4,5245 1,085 0,862

70 105,5 513,6 619,1 | 42137 | 4,5206 1,148 0,949

80 95,2 525,2 620,4 | 4,2459 | 4,5151 1,247 1,089

90 82,7 537,6 620,3 | 4,2795 | 4,5068 1,435 1,365

100 65,6 552,0 617,6 | 43168 | 4,4923 1,935 2,229

110 31,3 573,4 604,7 | 43712 | 4,4529 — 7,769
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