Hcnapenue — mporecc mepexopa BellecTBa M3 JKUAKOTO HAU
TBEPAOTO COCTOSgHUS B IIapooOpasHoe (razooOpasHoe). lcmapeHune TBepABIX
TeA — IIPOIecC HEeIOCPEACTBEHHOTO IlepeXojpa IIPM HarpeBaHMN TBEPAOTO TeAd
B IIapooOpa3Hoe, MUHYS KUAKOE COCTOsSHMe, Ha3bIBAIOT BO3TOHKOM UAU CYyOAU-
Mallie.
Vcnapenue AeXUT B OCHOBe MHOIMX IIPOIEeCCOB HedTeraszonepepadboTKu
IPY pa3jpeAeHuU BeIlecTB (HaupuMmep, peKmugukayus, neperoHkd, HarpeB ChI-
pBd B mpyouamelX neuax, pereHepanus PacTBOPUTEAEN), perasuuKaluu C>Ku-

JKEeHHLIX I'a30B, CyulKe.

I/IcnapeHI/Ie MOJKET IIPOUCXOAUTEL C IIOBEPXHOCTU JKUAKOCTH U B ee obbeMme, IIOCAepAHee Ha-
3BIBAIOT KuneHuem. Hpouecc HUCIllapeHusa I/IHTeHCI/ICpI/II_II/IpYeTCS{ C IIOBBHIIIEHHWEM TeMIlepaTypbl U II10-
HUJKEHHUEM AABACHUA. AAFI OTPBEIBA MOAEKYA OT SKUAKOU q)aBbI U I1epexopa uX B IIAPOBYIO HUAU I'a30-
BYIO HEO6XOAI/IMO 3aTPaTUTHL SHEPIrHio, HAa3bIBaeMYylo CKpblmOﬁ menaomou ucnapeHrus. Tennaota uc-
IapeHud 110 CBOEM BeAMYUHEe paBHa TeEIAOTe KOHgeHCcayuu U 3aBUCHUT OT TeMIepaTypbl U AABACHUsI
IIpo1ecca, yMeHbIIasiCh C HpI/I6AI/I>KeHI/IeM UX K KpumuieCKuM BeAuduHam. HpI/I UCIIapEeHWU B apua-
6aTUYeCcKux YCAOBUSAX TEIIAO OTGI/IpaeTCH oT HCHapHIOLL[efICH JKUAKOCTH, BCACACTBHUE Yero IIpoOnCXo-
AUT ee OXAdaKAEeHHe. I/IcnapeHI/Ie B SaKpBITOfI €MKOCTU IIPOMCXOAUT A0 TeX IIOp, IIOKA HACHIIEeH-
HbI€ TIaPhI BelleCTBAa HE 3AIIOAHAT IMIPOCTPAHCTBO HAA, JKHUAKOCTBIO.

Kongencayus — mpoliecc Iepexoaa BellleCcTBa M3 IIapooOpa3HOro COCTOS-
HUS B JKUAKOE; OCYIIECTBASIETCS IIyTeM OXAKAEHUS UAU CKATUSI U OXAAKAEHUSI
Iapa IpU TeMIlepaTypax HU)Ke KPUTUUECKUX AAS AQHHOTO BeIlleCTBa, IIPU 3TOM
IIPOIIECC COIPOBOJKAAETCSI BHIAGAEHUEM TEIAOTHI KOHAeHcaumu. [Ipm KoHpeHca-
IIUM pe3KO YMeHBIIaeTcsd OObEM CPeABl M 00pa3yeTcs BaKyyM. OTO OOCTOSATEAb-
CTBO OOYCAOBHAO UCIIOAB30BAaHME KOHAEHCATOPOB AAS CO3AAQHUA BaKyyMa. KoH-
ACHCAIUs IPUMEHSIETCS AASI: IIOAYYEHHsI B JKHAKOM BHAE IIPOAYKTOB, BBIBOAU-
MBIX U3 aNlapaToB B IIapOOOPAa3HOM COCTOSTHUM; COKMJKEHUs IPUPOAHBIX, IIO-
IOYTHBIX Ta30B, IapPOB XAQAATE€HTOB B XOAOAUABHBIX YCTAQHOBKAX U T.II.

[MTpomecc 4YacTUYHOTO WCHAPEHUsS JKUAKOCTH WAM KOHAEHCAIIMU TIapoB,
IIPOBOAUMEBIN AAS IIOAYYEHUSI OAHOTO U3 NMPOAYKTOB oborameHHoro HKK nam
BeicokokunamuMm BKK, nHasbBaerca neperonkotl. OOpasyromuicsa OPU 3TOM
OTTOH B IapoBo¥ pase, oboramenusii HKK, moaBepraioT B AaabHeHIIeM KOH-
AeHCaIuu.

VcnapeHue >KUAKOCTH HAU KOHAEHCAIIUIO IMApOB OCYIIECTBASIOT Pa3AWd-
HBEIMM CIIOCOOaMMU: OAHOKPATHBIM, MHOTOKPATHBIM K IIOCTEII€HHBIM.

OaHokpaTHoe ucnapenue (OU) u opHOKpaTHas KoHAeHcamusa (OK). Otu
IIPOIleCCHl XapaKTepU3yIOTCS TeM, 4YTO oOpa3oBaBIIMecs IlapoBas U JKUAKAS
(ha3bl He Pa3peAdlOTCd A0 OKOHYAHWS IIPOIleccd, a IpU AOCTHMIKEHUU KOHEYHOU
TeMIepPaTyphbl UX Pa3AeAdioT B OAUH IIpuUeM, OAHOKpaTHO. [Ipu 3ToM NIpHUHU-
MaIOT, YTO OOpa30BaBIIMeCs IIapoBasg M >KUAKAsS Pa3bl HAXOAITCS B COCTOSTHUM
paBHOBecwus. [Tpumepom mpormecca OW sBASIeTCS YaCTUYHOE HCIApeHMe >KUA-
KOTO CBIPbS, MOCTYIAIOIIET0 B PEKTU(PUKAIMOHHYIO KOAOHHY U3 TpyO4YaTou
IIe4u.

MHorokpaTrHoe ucrapeHne U MHOroKpaTHasi KOHAeHcanus. OTU IIPOIeCcChl
COCTOAT B HEOAHOKpATHOM noBTOpeHMHU ImponeccoB OUW umau OK aprs Gonee
IIOAHOTO pa3jpeAeHHus UCXOAHOM cMecH. Tak, MHOTOKpPATHOe HCIIapeHUe COCTOUT
U3 TOBTOPSIONIErOCs IIpoIjecca OAHOKpaTHOrO wucnapenus. O6pa3oBaBIINeCs
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Puc. III-1. CxeMbI OCHOBHBIX BUAOB IPOILIECCOB HUCIapeHusi 1 KOHAEHCaIum:

a — , — wucmnapeHume: a — opHokpaTHoe (OV); 6 — MHOrokpaTHOe (AByKpaTHOe); & —
ocTeneHHoe; & — e — KoHAeHcanusi: 4— opHokpatHast (OK); & — MHOTOKpaTHasi (ABYKpaTHas);
e — mocreneHHas. I, I' — wucnapurean; 2, 2', 5, 5 — cemnapatopsl; 3, 3' — KOHAEHCATOpPHL; 4 —
MPUEeMHUKHT

IpY UCHApeHUM Naphl OTAEAdIOT B HECKOABKO CTyleHel. [IpuueM BO BTOpOU
cryneHn ocymecTBagerca OWM >xupkoi (asel, oOpa3oBaBIIEWCd B II€PBOU
CTyIleHH, a B TpeTbell cTyneHn — O xuako# (asel, MOCTyIAOe U3 BTOPON
CTylleHu paspereHus, U T.p. COOTBETCTBEHHO IIPU MHOTOKPATHOM KOHAEHCa-
IMU Ha IIOCAEAYIOUIVIO CTyIleHb Pa3jpeAeHMsI I[OCTYIAIoT Iaphl, OCTaBIIHeCS
IIOCAe OTAEA€HHS OT HHX KOHAEHCaTa Ha MPeALIeCTBYIOUIeM CTyIeHU
paspeneHus.

ITocTenenHoe ncnapeHue M IOCTEeNIEHHasT KOHAeHcanus. OTU IIPOIleCCHI
OCVIIIEeCTBASIOTCSI TaK, 4YTO IIaphbl, OOpa30BaBUIMECS IIPU UCIApPEeHHUMW (MAU JKUA-
KOCTb IIPU KOHAEHCAIIUM), YAAASIOTCS M3 CHUCTEMBI HeIIpephIBHO B MOMEHT UX
obpazoBanusa. O6pa3oBaBIINecs B CUCTeMe ITapoBasd U XKMAKasa (pa3bl Bcerpa Ha-
XOAATCS B COCTOSHUU paBHOBecud. [Ipoijecchl MOCTENIeHHOTO UCIIapeHns U KOH-
A€HCAIlMU MOJKHO PacCMaTpPUBATh KakK IIPEAEABHBIN CAy4all MHOTOKPATHOTO IIPO-
Iecca Npyu 0€CKOHEYHO OOABIIIOM YHCAE CTyIleHeM paspereHusd. [Ipumepom mpo-
Iecca IMOCTEIIeHHOTO HMCIIaPEeHUs SBASIETCS IIeperoHKa U3 Ky0a IIepHUOAUYECKOro
AEUCTBUS.

B DpPOMEBEINIAEHHBIX YCTAHOBKAX IPOIECCH HCIAapeHusI M KOHAEHCAIUU
IIPOBOAATCS IIPU M300apHBIX MAU OAW3KUX K HUM yYCAOBUSX.

Ha puc. IlI-1 npuBeAeHBI cXxeMbl OCHOBHBIX BHAOB IIPOIECCOB MCHApPEeHUs U
KOHAEHCAlu!.



Bbunapnsie cMmecu. PaccMOTpUM MaTepUaAbHBIM U TEMAOBOM
OanaHchl nporecca OV AByXKOMIIOHEHTHOUM CMECH.
MarepuanrbHBIM OaraHC HNpOLecCa OAHOKPATHOIO MCIIApeHUs MOJKET OBITh
NIPeACTaBAE€H YPaBHEHUSIMU:
oo

F=G+ g

AAST HU3KOKHUIIAIErO KOMIIOHEHTa
Fx; = Gy + gx.

CoBMecTHOe pelleHre IPUBEACHHEBIX YPABHEHUM AQeT BEIDAa’KEeHHUE
Xp =ey+ (1 - e)x,

TAe OTHOIIIeHMe MacChl 0Opa30BaBIIMXCSA MapoB G K Macce MCXOAHOU cmecu F
Ha3BIBAETCS MACCOBOU goaAell omroHa u 0003HavYaeTcsd 4yepes e.

AHaAOTUYHO MOJKeT OBITh COCTABA€HO ypaBHeHMe MaTepHaAbHOro OaraHca
OUN B MOABHBIX EAMHUIIAX:

!

Xp =e'y + (1 - e’)x’. (II.1)

Ornomenre G' K F' eCTb MOABHAs goAsi OMIOHA, 0003HauaeMas depes e’

ITockoABKY OOpa30BaBIIMMCA MNap M JKUAKHMU OCTATOK HAXOAATCA B
paBHOBeCHUH, T.e.

y! = KaX,'
ypasHeHUe (III.1) MOXHO IPEACTAaBUTEL B BUAE

/ , , ,
\_Xp X' _ Xp =X

VxR -1)x '

3amMeHUB X' coraacHo ypaBHeHuio (I1.29), moayuum

o (o - Ku) - (1-50) . (IIL2)

(r ()

U3 ypaBuernus (II1.2) MOXKHO OIPEAEAUTH MOABHYIO AOAIO OTTOHA e’ IIpH
3aAAHHOM MOABHOM KoHIeHTpanuu HKK B HMCXOAHOM cMecH X'yp M H3BECTHBIX

TeMIiepaTtype I 1 paBAGHUUM T B cellapaTope.

AASL B3aMMHOTO IlepecueTa MacCOBOM e M MOABHOHN e’ AOAel OTrOHAa IIPOBEAEM CAEAYIOIIHe
npeobpa3oBanus. Yucao Moaeit o6pasoBaBmmxcs npu OV mapoB paBHO Fe/M , rae M, — cpepHSs
MOABHAsl Macca IIapoB. OTO ’Ke YMCAO MOAel OyaeT paBHO Fe'/M., rae M., — MOABHas Macca
HCXOAHOU KUAKOM cMecu. OTCIOAQ ITOAYYHUM COOTHOIIEHHE

eM, =e'M,. (IIL.3)

O6pun0 M, > M, , nosromy e’ > e.

BO3MOJKHBI ~CAyuyaW, KOTAQ 3HAUYeHHUS AABACHHMM HACHII[EHHBIX IIapoB KOMIIOHEHTOB
CyIIeCTBEHHO pa3anvaloTcs, T. e. P, >> P, uaun K, >> K, . B stux ycroBusix BKK mMo>kHO cunuTaTh
IIPaKTUYeCKU HEeAETyYUM (HaIpUMep, OTTOHKA PACTBOPHUTEAs! OT MacAd) U AAS pacdyeTa AOAM OTTOHA
e' MOJXKHO HCIIOAB30BaTh OOAee IIPOCTOe COOTHOUIEHHe
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_ Kqxp -1
K, -1

e
a

ITponecc OU cBs3aH ¢ IOABOAOM Tenhaa Q. be3 ydeTa TEAOIIOTEPH TENAO,
KOTOpOEe COAEpP’KUTCA B TApOBOM M JKUAKOM (azax, o06pa3oBaBIIUXCSA B
pesyabTaTe npoliecca OM, AOAKHO OBITH PABHO TENAY UCXOAHOW JKHUAKOCTU Qp
u Tenay Qg TOABEAEHHOMY CO CTOPOHBI AASl OCYIIECTBAEHUS IIpoliecca
UCTIapeHUs:

Qr +Qp = Fn +Qy =GH, +gh,.
HVmes B Bupy, 4TO
g=F— G,

TIIOAYYUM

G(H, —ht)=F(htF+Q—;)—ht

BBeaeM moHsATHE O IPUBEACHHON SHTAALIMHU CHIPbS 0, KOTOpas OIpeAeAsieT
KOAWYECTBO BBEACHHOTO TEIIAQ, MPUXOASIINEroCs Ha EAMHUITY MAacChl MCXOAHOTO
CBIPBS

Q
0=nh_+—L.

FF

Toraa MO>XHO 3amMcaTh
e=G_8-h _xp-x (IIL4)

Ha »sHTarpnuiiHoM AuarpaMMme ypasHeHue (III.4) mpepctaBasgeT cobol
ypaBHeHUe IIPSAMOM, IIPOXOoAAlel yepe3 Tpu Touku (puc. III-2): c(x; 0), w(x, h,)
wd(y, H,).

[Tporecc OAHOKpPATHOrO UCIIapeHUs1 (OAHOKPATHOUW KOHAEHCAIIUW) MOSKHO
IIPOAHAAM3UPOBATh IIPHU IIOMOIIM U300apHBIX TEMIEPATYPHLIX KPUBBIX U
SHTAABIIUNHON AUATPaMMEL.

HMcxopHOM >KUAKOM cMecH, nocTymnaromnjert Ha OW mpu Temmeparype tp U
kourlenTpanuu HKK x; oTBeuaeT Touka F Ha rpaduke m3obap M Touka [ Ha
SHTAABIIMUHOU AuarpamMMe. Ha obeux aAMarpaMmmax HarpeBaHUE MCXOAHOM >KUA-
KON CMeCH OT TeMIEepaTypHl {; A0 TeMIepaTypel !, COOTBETCTBYET IlepeMellle-
HUIO [10 BEePTHUKAAU: Ha rpaduke m3odap oT Touku F po Touku W, a Ha 3H-
TAABIIMUHOU AHAarpaMMe OT TOYKH [ AO W, IPU 3TOM COCTAB MCXOAHOM CMecHu
He MeHseTcs. B Touke W, (mAm w, ) TeMmmepaTypa cMecHu t; (MAM 3HTAABIIMSA) CO-
OTBETCTBYeT TeMIlepaType ee KuneHus npu e = 0.

OOpa3zyromuicd Ipyu 3TOM Iap y; HaXOAUTCSI B PAaBHOBECUU C MCXOAHOU!
KUAKOCTBIO.

AAST OCYIIIECTBAEHUS HarpeBa ChIPbS OT TeMIlepaTyphl {; A0 t eMy cooOia-
ercs Tenino Qp (Touku C u c). [ToroKeHNe TOUKM C OIpeAeAsieTcs OpAWHATOMN 0
U abCITUCCOMU Xy a ToukKu C — opAUHATOU t M abCIIUCCOU X.

B Touke C (mAm c) cucTeMa OyAeT COCTOSATH U3 JKMAKOM U IapoBoM da3s
cocTaBOB X U y. COCTaBBEl U 3HTAABIINM JKUAKOCTH M IIapa, oOpa3oBaBIIMXCH B
npoitecce OU, onpeperdtoTcss ToukamMu W (uau w) u D (uam d).

86



Puc. III-2. TIIpomecc OU hH
(OK) OuHapHO#l cMecH Ha ]
n300apHBIX TeMIlepaTypPHbIX
KPUBBIX M DJHTAaABIUNHON
AuarpaMmme

» » \0 0,

O

t x,y 1
L,
t3 v\\‘ Ve 14}
D
o} 2
:2 W \é D
t w \ D,
1 "/1 h
tF F
yZ xl ta
0 X, X X, ¥ ¥ XyI

YpasHeHue (II1.4) cooTBeTcTByeT npsaMoi wd. CONOCTaBUB 3TO YpaBHEHUE C
OTpe3KaMM IpsAMBIX Ha puc. llI-2, TOAyYUM COOTHOIIEHUE:!

WD wd

T.e. oTpe3ok WC (uAu wc) mpomnopiioHareH Macce oTroHa G. COOTBETCTBEHHO
oTpe3okK CD (uAu cd) IpPONOPIUMOHAAEH Macce >KUAKOTO OCTaTka. AAWHA
KOHOABI WD (vAu wd) TIponopIiMoHaAbHa Macce MCXOAHOM >KUAKOM cMmecu F.

[Tpu HarpeBe cMecu AO TeMIIepaTypHl {, OHa TOAHOCTBIO TIEPeHAEeT B I1apo-
obpasHoe coctosgHue (e = 1). CocTtaB 0Opa3oBaBIIErOCd IIapa y, COOTBETCTBYET
Touke D, (uAu d,), IpU 3TOM y, = Xp COCTaB M 3HTAABIUS IIOCAEAHEM ITOPLUU
SKUAKOCTHU OIIPeAeAsitoTcsl ToukamMu W, u w,.

BeamunHa X, NOKA3bIBAeT, YTO UYETKOTO Pa3AEA€HUsT KOMIIOHEHTOB IIyTeM
OU pocTmyb He yAQeTCs, TaK KaK B KOHIle UCIApeHUs B JKUAKOCTH ellle COAep-
XUTCA 3HaunTeabHOoe KoamdectBo HKK; {, ecTts TemmepaTrypa KOHIIA
OAHOKPATHOTO MCIapeHus.

Ilpu Temmeparype cucreMsel t; > i, (Touku F; u f;), O0OAee BBICOKOM, UYeM
TeMIlepaTypa KOHIIa OAHOKPATHOTO MCIapeHMs, cHcTeMa OYyAeT COCTOSITh U3
IeperpeThIx IapoOB COCTaBa X

[Tpu NOHW)XKEeHUM TeMIlePAaTyphl CUCTEMEI OT {3 AO [ OyAeT HPOUCXOAUTH
OXAA’KAEHHe NIapoB, a HauuHag ¢ Touku D, (uam d,) — MX KOHAeHCalus.
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CTeneHb KOHAEHCAIIUM I IapoBO¥ (pasbl IIpU TeMIepaType [ OIPEeASAUTCS
CAEAYIOIINM 00pa3om:

IMpu noHW>KeHUU TeMIepaTyphsl IapoB AAMHA oTpe3dka CD (uau cd) yBeam-
YUBAETCS, YTO COOTBETCTBYET IOBHIIIEHUIO CTEIIEHN KOHAEHCAIINU.
MHOroKoOMInoHeHTHble CMecH. [Ipu pazpereHuM MHOTOKOMIIOHEHTHBIX U
CAOJKHBIX CMecelM, XapaKTepHBIX AAS HedTerazomepepaboTKU U HePTEeXMMUH,
AIOOOM KOMIIOHEHT IIyTeM OAHOKPATHOTO MCIAapeHUs OyAeT pPacCIpPeAeAsdThCS B
OIIpeAeA€HHOM COOTHOIIEHUU Me’KAY OTTOHOM M OCTaTKOM.
MaTepuarbHBIN OaraHC TpOIecca OAHOKPATHOTO WCIIAPEHUSI AAS AIOOOTO
(i-T0) KOMIIOHEHTa MHOTOKOMIIOHEHTHOW CMECHU 3allMIIETCSI B BUAE
eyl +(1-e)x). (IIL5)
O6pa3oBaBIascs mapoBast (pasa cocTaBa y, OyAeT HaXOAUTHCSI B PaBHO-
BECHHU C JKUAKUM OCTAaTKOM COCTaBa X;, T. €.

X

! !
vi =K x|
C yueroM sTOro, ypaBHeHue (II1.5) MO>XKHO IPEeACTaBUTEL B BUAE
! ’ ! ! !
X/ = e'K, x; +(1—e )Xi.

CAepOBATEABHO, IIOKOMIIOHEHTHBIM COCTaB JKHAKOTO OCTaTKa Oyaer
ONIPEAEASITHLCST BEIpa*keHUEeM

,
' Xi,F

x = KiE (IIL.6)
1+e<&~—g

1

ITockoabky

n

Exi’ =1,

i=1
TO 13 ypaBHeHus (II1.6) moayunm

n ’
XiF

_Mie . (IIL.7)
& 1+e(Ki—Q

VYpaBuenue (III.7) cBA3BIBaeT AOAIO OTrOHa e', TeMIlepaTypy U AABA€HHEe CHCTeMBL B aToM
YpaBHEHUM TeMIlepaTypa CHUCTeMBI IPUCYTCTBYeT B KOCBEHHOM BHAE, OKa3biBasg BAUSHHE UYepe3
IIOCPEACTBO AABACHMSI HACHIIEHHBIX IIapOB (KOHCTAHT (PAa30BOrO PpPAaBHOBECHSI) KOMIIOHEHTOB,
SIBASTIONIerocs: (PyHKIHeW TeMIlepaTyphlL.

ITpu 3aAQHHEIX COCTaBe MCXOAHOM CMeCH X', AABAGHHM T U TeMIepaType t ypasHenue (III.7)
HCIIOAB3YeTCSI AAS ONPEAEAeHHS MEeTOAOM IIOCAEAOBATEABHBIX NPUOAMIKEHUU AOAM oTroHa e'. C
9TOM IIeABIO 3aAAI0T 3HAUeHUEe AOAU OTTOHA e', ompeAeAsioT mo ypasHeHuio (II1.6) koHieHTpanum
KOMIIOHEHTOB B XMAKOU (pa3ze U 3aTeM IPOBEPSAIOT BhIIOAHeHUe ypaBHeHus (II1.7). Ecau moay-
4JeHHas CyMMa paBHa eAWHHIle, TO 3HayeHUe AOAW OTroHa e’ BHIOpAHO IpPaBUABHO. B mpoTuBHOM
CAy4ae HEOOXOAUMO 3aAaTh HOBYIO BEAWYMHY €', AOOMBAasiCh, YTOOBI CyMMa, CTOsINAs B A€BOM YacCTH
ypaBHeHus (III.7), cTara paBHOI epMHUIIE C JKEAAeMOM CTEleHBIO TOYHOCTH.

[MTpu moamom OW ucxopHou cMecu e = 1, Torpa u3 ypaBHeHus (II1.7)
IIOAYYUM
N XiF _
Lt =1 II.
2% b (11L.8)

T.e. IIPpUXOAUM K YPABHEHUIO M30TE€PMBL HapOBOﬁ Cba3]:l.
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N3 ypaBHeHus (II1.8) MOXHO ONIpeAeAUTb TeMIlepaTypy Hadara KOHAEH-
calliy NapoB IIPU 3aA@HHOM AABAEHUU .

YpaBHerue (III.7) paeT OOABIIYIO TOYHOCTH IPU OOABIINX AOASIX OTTOHA.
ITpm ManBIX AOASIX OTTOHA MCIIOAB3YIOT APYTO€ YpPaBHEHUE.

BripasuB x;' uepe3 y, COrrnacHO YpaBHEHUIO PaBHOBECHUS, U IIOACTaBUB
noay4deHHoe B ypaBHeHue (IIL5), moayuum

X;VF =e'K,y; + (1 - e’)i
K,

AU

o KixiF

i 1+e’(Ki —1) ‘

ITockoaBKy

iyi’ =1

i=1
TO

v Kixie g 1.9
2; (LIL.9)

; 1+e'(K,. -1)

OTO ypaBHEHUE U UCIOAB3YETCS AASI PACUETOB IIPM MAABIX AOASX OTTOHA e’
W3 ypaBrenus (II1.9) MeTOAOM IOCAEAOBATEABHBIX IPUOAVMIKEHUM MOJKHO HAMUTH
TeMIlepaTypy KulleHus cMecu npu e = 0O:

OTO U eCTb ypaBHeHUEe U30mepMbl KUGKOU pasbl.

MoaAbHEIE MacCHl IIAapOBOM M >KUAKOM (pa3, 0oOpasyloIuxcsi B IIpolecce
OU, onpepeAdroT IO YpaBHEHUSIM:

AAS TTapoBOU (haskl

M, = E M,y
=1
AN KUAKOU (Pas3bl
M, =YY M, x|

MaccoByIO AOAIO OTTOHA HaXoAAT o ypaBHeHuto (II1.3).
MaccoBble KOHIIEHTpalu AI0OOTO KOMIIOHEHTa B PaBHOBECHOM IapoBOM U
JKUAKOM (pazax OIMPEAEAsiOT M3 COOTHOIIeHUMN
’ Mz'
X, = X; —-
MX
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nu

M,
Yi=Yy 1/ —.
My

[puBepeHHLbIE BRIIIE YPAaBHEHUS AAS pacueTa OAHOKPATHOTO MCIapeHUs: MHOTOKOMIIOHEHT-
HOW CMeCH MOTYT OBITh MCIOAB30BAaHBI M AASl pacuyeTa OAHOKPATHOM KOHAEHCAIlMM MHOTOKOMIIO-
HEHTHOM CMeCH, TaK KaK COCTaBBl (pa3 M MX OTHOCHTEABHBIE KOAWYECTBA 3aBUCST TOABKO OT KO-
HEeYHBIX TeMIIepaTyphl U AGBAEHUS, @ He OT TOTO, KaKUM IIyTeM AAQHHas CHUCTeMa IIOAydeHa: Harpe-
BOM U OAHOKDATHBIM HCIAapeHHeM J>KHUAKOCTH HAM OXAAKA€HHeM M OAHOKPATHOW KOHAeHcaIuen
11apos.

IMpu# OAHOKPATHOM KOHAEHCAIIMHW MHOTOKOMIIOHEHTHOM CMecu e' (MAU e) OIpepensieT
MOABHYIO (MAM MacCOBYIO) AOAIO HECKOHAEHCHPOBABIINXCS IMapoB, a 1 —e' =1 (uamwl — e =1 —
MOABHYIO (MAM MacCOBYIO) AOAIO O0Opa30BaBIIErocs: KOHAEHcATa.

Ypasuenus (II1.7) u (II1.9) MoTyT GBITE UCIOAB30BaAHBLI TAKKE AAS OIPEACACHHUS TeMIIepaTyphl
CMecH IIpY 3aAAHHBIX AQBAEHUU U AOAe OTTOHA WAM AABA€HMS IIPU 3aAAHHBIX TeMIlepaType W AOAe
OTTOHA.

Chaoxxnbie cMmecH. [Tpu pacuere OU (uau OK) HedTu U HePTEIPOAYKTOB,
CopeprKallluX BeCcbMa OOABIIOE YHMCAO KOMIIOHEHTOB (TaK Ha3bIBaeMBIE€ CAOJKHBIE
CMeCH), UCXOAHBIM INPOAYKT pas3OMBAIOT Ha pPAp (Ppakiui, KUNAMIAX B Y3KHUX
TeMIepaTypHBIX npepenrax. CBOUCTBA Ka’KAOU Y3KOM (PpakKIUM OTOKAECTBASIOT
CO CBOMCTBAMM MHAUBUAYAABHOI'O KOMIIOHEHTa, TeMIlepaTypa KHUIIeHHs KOTOpO-
ro paBHa CpeAHel TeMIlepaType KUIeHUs AQHHOM y3KOM (ppaKumu. 3a KOHIEHT-
paluioo IIPUHUMAIOT OTHOCHUTEABHOE COAEep’KaHWe pacCMaTpUBAEMOMN Y3KOMU
dpakuum B cMecu. OnpepereHme AOAU OTTOHA, COCTaBa (a3 U TeMIlepaTyphl
CUCTEMBI IIPOU3BOAAT MO yPaBHEHUSAM, IPUBEAECHHBIM BEIIIE AAY MHOTOKOMIIO-
HEHTHOU CMECH.

Boaee TOuHBIE pe3yABTATHI MOIYT OBITH IIOAYYEHBl INIPHU IIPEACTaBAEHUU
He(TAHBIX CMeCel, COCTOSAIINX U3 OeCKOHEeUHO OOABIIOrO YMCAd KOMIIOHEHTOB
U XapaKTepU3yeMEBEIX HeNpPepPBIBHBEIMU (MHTerparbHBle U AU depeHIInaAbHEIE)
KPUBBEIMHU paclipepeAeHHsT COCTaBOB.

Ha pwuc. III-3 npuBepeHBl TUNWYHBIE KPUBBIE PACIPEAEACHHS COCTABOB
CAOKHOM CMECH.

Kpusnle pacnpepereHUsT OTPa’kaloT 3aBUCHUMOCTb COCTaBa CMeCH OT Koad-
duIueHTa OTHOCUTEABHOM AETYyYeCTH O, KOTODPBII COOTBETCTBYET OIIPEAEAECH-
HOM TeMIlepaType KWUIIeHHUs KOMIIOHeHTa t. [1pu n3o06pa’keHNH KPUBBIX paclipe-

o
X(@)

|

|

|

|

I ~

(24 '

KK aKk,, aHKW a aHK a aKK D w . a

Puc. III-3. KpuBble pacripepeAeHUsT COCTaBOB CAOXKHOM CMeCH:
a — uHTerpasbHast; 6 — AupdepeHITuarbHas
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AeAeHHus cocTaBoB MaabiMu KoHIeHTpanusasMu BKK B orrone m HKK B ocraTke
MO>KHO TIpeHeOpeUb U OMPEAEASITE COCTaBbl B ITPEAeAaX U3MEHEeHUs OTHOCUTEAD-

HOM ACTYy4YeCTU OT OLKKD AO O u OT O, AO OtHKW COOTBETCTBEHHO AAA OTTOHA

HK !

U OCTaTKa.
HaunGoapmryto BeamunHy KO3(MUIIMEHTa OTHOCUTEABHOU AETY4YeCTH (o

)
umeer HKK, maumensmyio (o,,) — BKK. Ha nnTerparbHOM KpuBo¥ X'(of) AaHO
CyMMapHOe coAep>KaHue BCeX KOMIIOHEHTOB, KO3(MUIIMEHTHI OTHOCUTEALHOU
AETY4eCTH KOTOPBIX MMEIOT NPEAEABl OT o A0 o, . OpHa U3 PopM ypaBHEHU:
AAS TIPEACTABAEHUS TAKUX KPUBBIX UMeeT BUA

2

cx'KK

X, () = exp -a(lgi) , (I11.10)

TA€ @ — TOCTOIHHBIU KO3(PUIIUEHT AN AQHHOMN CMECH.
AunddepeHnanbHasE KpUBas paclpepeAeHUs X’(a) AdeT 3aBHUCHUMOCTb

TaHIeHCa YyTAd HAaKAOHA HHTeI‘paABHOﬁ KpHBOﬁ oT Q, T.e.

B dx'(a)

Xi(a) = do

Ecau npopuddepennuposatsk ypaBHeHue (II1.10) mo nmepemeHHOM «, TO IIO-
Ay4IUM

a

lg— 2

X'(@) = - dx (o) =0, 868601.& exp _a(]g L)
a

do a KK

OueBUAHO, UTO
X’(a) = }X’(a)doc.

MartepuarbHbI¥ OaraHc mporecca OV CAOKHOM CMecH MOJKHO 3alucaTh
CAEAYIOIINM 006pPa3oM:

Xr (a) =e'xy (a) + (1 - e’)X;V (a)
UAM B pupepeHIIMarbHOU (hopMme
X (a)da =e'X, (oc)da + (1 - e’)X{,V(a)da. (IIL.11)

HOCKOABKY IIapbl OTTOHA U )KI/IAKI/II;I OCTATOK HAXOAMTCd B paBHOBECHHU, TO
MOJKHO 3aIluCaTh, 4TO

Xp (o) = K(a)X;, . (II1.12)

W3 ypasraenuit (II1.11) u (II1.12) moayumm:
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X, (o)dot = {1 " e'[K(a - 1)]})% (o),

OTKYAQ

Xiy(t)dor = X [a)da (IIL.13)
1+e’ K(a) -1

AU

X (a)

Xy (o) = :W (II1.14)

IMpounTerpupoBas BelpakeHue (II1.13) B mpeaenrax oT O, AO Oy, ITOAYUUM

af( X (o) 1. (IIL.15)
1+ ¢ K(a)—l

W3 ypaBHeHus (II.15) MeTOAOM IIOCA€AOBATEABHBIX IPUOAMKEHUU MOJKHO
OIIPEAEAUTDH AOAIO OTTOHA e’ IIPU 3aAAHHBIX TeMIlepaType W AABACHUH CHCTEMBI,
a 3ateM no ypaBHeHuaM (III.14) u (II1.12) paccynuTaTh KPUBBIE PACIPEAEACHUS
ocTaTka u oTroHa (cm. puc. III-3).

[Tlpu e’ = 1 moay4yaeM ypaBHEHHE HM30TEPMEBI IApOBOM (Pa3bl CAOKHOMU
cMecu

e Xp ((x)doc _

111.16
P ( )

O HK

W3 Beipakenus (II11.16) MeToAOM TTOCAEAOBATEABHBIX IPUOAVMKEHUN MOJKET
OBITE HalipAeHa TeMIlepaTypa Hauard KOHAEHCAIIMU CAOJKHOM CMeCH.

[Tpu MaABIX AOASIX OTrOHA AASL pacueTa e MOJKHO HCIIOAB30BATh
QHAAOTUYHOE BBIPa’KeHHUe, IToAydeHHoe u3 ypaBHeHua (IlII.11) B caydae 3amMeHBI

XW((x) Ha X, (OL)/K(OL) COTAACHO YPABHEHUIO PABHOBECHUS.
W3 ypaBuenusg (II1.11) moayuum
X} (a)da = e (et (IIL.17)
1+ ¢ K(oc) -1
UAU

(o] = Kl (o)
X (@) EW

IlpounrterpupoBas BbelpakeHue (II.17) B mpeapeaax oT o, AO O, HOAY-
UM

" K] fa)aa 1, (I1.18)
1

f X
o 1+ ¢ K((x) -
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AOAIO OTTOHa €' CAOXKHOM CMeCH HAXOAIT MEeTOAOM ITOCAEAOBATEALHBIX
nIpubOAMKeHUN 1o ypasHeHuto (II1.18).

[Mpu e’ = 0 moAyYMM ypaBHEHVE M30TEPMBI JKUAKON (Pas3bl AAS CAOKHOMU
cMecHu

af K(o)X; (a)do = 1.

O HK

M3 3TOTO BBIpa’KEHUS METOAOM ITOCAEAOBATEABHBIX MPUOAVMIKEHUNU MOSKHO
OIIPEAEAUTH TeMIIepaTypy Hadanrd KUIIEHUS CAOKHOU CMECH.

[Ipu pacuere OAHOKPATHOTO MCIIAPEHUS (KOHAEHCAIMM) MHOI'OKOMIIOHEHT-
HBIX M CAOKHBIX CMecCel YTA€BOAOPOAOB B IPUCYTCTBUU BOASHOIO Iapa HCIIOAB-
3YIOTCSI IpUBEAEHHEIE BEHINIIEe YPAaBHEHMUS IIPU YCAOBUM 3aMeHBI BEAWYHHEI OO0Ille-
rO AABAEHUS 7 Ha NMaplMarbHOE A@BAEHUE YTAEBOAOPOAOB T — D ,.

INpoiieccsl MHOTOKPATHOI'O HCIApeHUs MAW KOHAEHCAIMU CO-
CTOAT W3 MOBTOPSAIOIIUXCS B HECKOABKO CTyIIEHEH IIPOLeCCOB OAHOKPATHOTO
HUCIIapeHUd UAM KOHAEHCAIIUU C OTBOAOM IIapPOB U JKUAKOCTH IHIOCAE KaKAOU
cryneHu (cm. puc. III-1). [Ipu 3TOM MOTYyT OBITH IOAYYEHBI HECKOABKO MPOAYK-
TOB, B pa3AnMYHOU cTeneHM oborameHHBIX HKK.

[Npoilecc MHOrOKpaTHOTO MCHapeHUs (KOHAeHcallny) OWHApHOMW cMecu
MOJKHO HArAsIAHO IIPOAaHaAAM3WPOBATH NIPU MOMOIIN rpaduka u300apHBIX TeMIle-
PaTypPHBIX KPUBBIX U 3HTAABIIUMHONU AMArpaMMHI.

ITycTs MHOTOKpaTHOMY HcHapeHuio (puc. III-4) mopBepraeTcsd >KUAKOCTB C
copepkaHueM HKK  x., Haxopdllascsd IepBOHAYAABHO IIPH TeMIlepaType (g
(Touka F).

Ecam mepBoe OU mpomsBecTH IpU TeMIepaType f;, TO OYAYT MOAyYeHEI
COCTaBBI JKUAKOM M IapoBou a3 x; u y;. Ilpy 3TOM AOAA OTrOHa Ha IIE€PBOU
CTyIIEHU COCTaBUT

Xp-x3 _ WG wiG

e = = ,
Y1 =X Wi Dy wi dy

a OTHOCHUTEABHOEe KOAMYEeCTBO HeI/ICHapI/IBHlefICH JKHUAKOCTHU

vi—%Xp_ GD _ g4

I =1_e1 =
Yi—X% Wi Dy Wi dy

Ecam Macca UCXOAHOM >KHMAKOCTHU COCTaBAdAd F, TO IOCAe NEepBOM CTyIleHU
OMU macca >KUAKOTO OCTaTKa OyAeT paBHA

G D - F ad

g = Fj =FX—t-F
yi—X% Wi Dy wi dy

7Kupxuit octaTok mocae mnepBoi cryneHu OU mopBepraroT OAHOKPATHOMY
HUCIIAapPEeHUIO BO BTOPOM CTYIEHU IIpU TeMIepaTrype f,, OOpa3oBaBllascs napoBas
U >)KUAKagd (asbel OyAyT UMeTh COCTaBEL X, U V,.
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Puc. III-4. T'paduyeckoe npepcraBAeHUuE
nponecca MHOTOKPaTHOTO HCHapeHHs
OuHapHOI cMecH

t, oF
)
y_} X ta
0 X3 Xy Xy Xp Y, B ¥ x,y 1

Aoast oTroHa Ha BTOpou cryneHu OU OyaeT paBHa

e, = X =Xy _ w, C, _ WaCy
r
Yo =Xy Wy, D, wyd,

a AOAA HeHCHapHBH.IeﬁCH KUAKOCTHU

Vo-X% _ GDy _ 6d

r,=1-e, =
Y2 = X3 W, D, wod,

Macca >KMAKOTrO OCTaTKa, IIOAyYeHHasA Ha BTopou cryneHu O paBHa
- X CoD,y _ Cody

- X3 -9 WyDy ' wady

g2= il = g1 22
Y2

AN

9, =915, =Frr, = F(l_e1)(1_ez)'

[MTocre TpeThed CTyIIeHM WCIApeHus IIpU TeMIepaType f; AOASI OTTOHA
paBHa

Xy —X3 _ W3C3 _ w3y

63 = [
Y3 — X3 W3 Dy w3ds
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AOASI HEUCITaPpUBHIIETOCA OCTAaTKa

- C,D d
1.3=1_e3)’3 X2 _ 33=C33’
y3—X3 W3D3 wads

a Macca OCTaBIIENCs JKUAKOCTH
g3 =913 = Frnr = F(l - € )(1 - 62)(1 - 63).

HpOAOJ\}Kaﬂ AHAAOTHUYHBIE PACCY’KAEHUS, IIOAYYHUM, UYTO IIOCA€ IIPOBEACHUST
k CTYHeHefI OAHOKPATHOI'O HUCIIapeHMusI MaCCa JXUAKOCTH COCTABUT

k k
gk=FHII. =F1_’[(1—el.).
=1 =

ITockOABKY I, = (1 - el.) <1, To yBeamueHme uncaa cryneHerr OU mpuBopuT

K YMEHBIIIeHNIO MaCChl OCTaTKa B Ka>KAOM IOCAEAYIOIel CTyIeHH.

B paccMmaTpuBaeMoM IpuMepe TeMIlepaTypa TpeTbell CTYIeHU HCIapeHUs i,
(puc. IlI-4) paBHaA TeMIlepaType MOAHOTO OAHOKPATHOTO MCIAPEHUs KUAKOCTU C
TOM >Xe HadaabHOM KoHIeHTpanuent HKK, paBHON x;. B ycAoBHAX TpeXKpaTHO-
ro WCIapeHUs TaKasg >KUAKOCTb He IIePeXOAUT IIOAHOCTBIO B IIApoBYIO a3y u
BeC OCTAaBIIENCHA JKUAKOCTH paBeH ;. CAepOBaTEABHO, IIPU HArpeBe A0 OAHOU U
TOU >Ke TeMIepaTyphbl B YCAOBHUSAX OAHOKPATHOI'O MCIApeHUsA OOeCIeurBaeTcCs
OOABIIIast AOASI OTTOHAQ, YeM IPU MHOTOKPATHOM HCIapeHUM.

OuYeBUAHO, 4TO AT AOCTHYKEHMS OAMHAKOBOM AOAM OTTOHA B YCAOBUSX OA-
HOKPATHOTO HcCIIapeHHus TpeOyeTcs OOAee HU3Kas TeMIlepaTypa, 4eM IIpU MHO-
TOKPaTHOM HCIIapeHUY; IPU 3TOM OCTAIOLIAACSd IIOCA€ OAHOKPATHOTO HCIape-
HU4 )KHUAKag (paza OypeT copepkaThk Ooablie HKK, "WeM >KMAKHN OCTAaTOK TOU
K€ MaccChl, IOAy4YeHHBIU IIDU MHOTOKPATHOM HcHIapeHuu. Takum oOpasoM, Ipu
MHOTOKPATHOM HCIIapeHUU oOecCIlleuMBaeTCs Aydlllee pa3pereHde KOMIIOHEHTOB,
yeM IIPM OAHOKPATHOM HCIapeHUM. IIpoljecc MHOTOKPATHOTO MCIApeHUs MO-
JKeT OCYIeCTBAAThCS NIPU TeMIlepaTypax BEHIIIe TeMIepPaTyphbl IIOAHOTO OAHO-
KPaTHOTO MCIIapeHUd f{; U MIPOAOAKEH BIIAOTH AO TEMIIepaTyphl KUIIEHUd YUCTO-
ro BKK, paBHOU f,. OpHAaKO BBIXOA AocTaTouHO uwucrtoro BKK OyaeT BeckMa
MaA.

Kak BuaHO u3 puc. IlI-4, TeueHue nporecca MHOIOKPATHOTO WCIIAPEHUS
xapakTepusyerca aunuerr WC, W, C,W,C,W, . YBeAudeHUe 4YUCAA CTyIleHeW HC-
mapeHUs rpaUueCcKd XapaKTepU3yeTcs yMeHbIIeHHeM IAoIapok WC W,
W, C,W, , W, CyW, .

Ilpm OecKOHEYHO OOABIIOM UYHUCAE CTyIIeHEW HCIapeHUs 3TH IIAOIIAAKU
IIPEBPATATCS B TOYKU U TEeUEHMeE IIpollecca MCIapeHusa M300pasuTcs IlepeMelle-
HUeM U3 Touku W B TOuKy W, mo KpuBOU KulleHUA. TaKOM HIPOILECC SIBASETCSA
IIPOIIeCCOM NOCMeENeHHOro UCNapeHus.

Ha suTarbnuiiHod pauarpamme (puc. II-4) mpoiiecc TpexXKpaTHOTO HUCIape-
HUS U300Pa3UTCS CTYNIEHUYATON AMHUEN WC, W, C,W,C3W5.

PaccmoTpuMm mpomecc MHOTOKpPATHOM KOHAeHcaumu (puc. III-5). Tlpm
OXNAQKAEHUHU IIapOB C HadaabHOU KoHIeHTpanuen HKK yp oT TemmepaTypsl (g
(Touka F) A0 TeMmepaTypsl f; IPOU3OMAET UX 4YaCTHU4YHAsA KOHAeHcanuda. Macca
IIapoOBOI'0 OCTaTKa OyAeT paBHA

G, =Fe, = FYe=X _ pWC _pwi
yi—X WD, wd,

95



h, H Puc. III-5. I'padmnyeckoe npepcTraBAeHUuE
nponecca MHOTOKPaTHOM KOHAeHCaluu
OuHapHOI cMecH

t ¢ x,y 1
;‘;\\‘
> N
t N
WIN
1, u{S
tz lg
t3
>ta
0 X X X,y ¥ Y x,y 1

Ha BTOpOM CTyIleHH 3TOT IIapPOBOM OCTATOK OXAAKAAETCS OT TeMIlepaTyphl
t;, AO TeMIIepaTypHl {,, B Pe3yAbTaTe Yero YacThb IIapOB BHOBb CKOHAEHCUPYETCH.
ITpu 3TOM OCTATOK IIapoOB
W,Co WG, WGy

G,=Ge,=G 122 -G, -F . =
Y2 - X, W,D, WD, W,D,

WiC | Woly

=F =Fe1e2 =F(1—r1)(1—r2).

wid,  w,d,

IlapoBoin ocTaTOK IIOCAe k- CTyIleHU OAHOKPATHOM KOHAEHCAIUU
COCTaBUT

k k
G, =F el.=Fl_I[(1—ri).
ITockoABKYy e; = (1 - I ) <1, To yBeanueHue uncaa crynerenr OK npuBopuT

K YMEHBIIIeHNIO MaCChl OCTaTKa B KaKAOM IOCAEAYIOIel CTyIeHMU.

INpoitecc MHOTOKpPaATHOM KOHAEHCAITUM MOJXKHO HPOBOAUTH BIAOTH AO f, —
Temneparypsl kuteHus HKK, opHako Bbixop HKK BBICOKOM CTeElleHUM YMCTOTHI
OyAeT Maa.
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[lpu comocTaBAeHMM OAHOKDATHOM M MHOTOKPATHOM KOHAEHCAIUM COO00-
Pa’KeHUs], AQHAAOTMYHBIE IIPEABIAYLIMM, IIO3BOASIIOT CAEAATh CAEAyIOIIMe BBI-
BOABL.

Ilpm 0pMHAKOBOM KOHEUHOU TeMIlepaType KOHAEHCAMM BeC KOHAEHcaTa
IIpH OAHOKPATHOM IIpoliecce OOABIIe, YeM NP MHOTOKPATHOM KOHAEHCALUU.
[lpr OAMHAKOBOI CTelleHM KOHAEHCAlMM KOHeYHas TeMIlepaTrypa Ipoliecca B
YCAOBHUSX OAHOKDATHOW KOHAEHCAIIMHU BHIIIE, YeM IPM MHOTOKPATHOM KOHAEH-
canuu, 1 noromy kKoHnenrpanus HKK B ocTaTke napos MeHEIIIe.

ITpomecc KOHAeHCAUMU B TPU CTYIeHU Ha rpadrke U300apHBIX TeMIlepa-
TYPHBIX KDPHUBBIX XapaKTepusyercsi cryneHdarou awmamen DC, D C,D,C,D,. C
YBeAMUYEeHHEeM 4YHCAd CTyleHed KOHAeHcanuu mnaomaaku DC D, D C,D, n
D,C,D, yMeHBIIIAIOTCSI U IPU OECKOHEUHOM 4YHCAe CTylleHell OHM IIpeBpalaroT-
cg B TOYKM. TeueHHUe Ipollecca B 3TOM CAydYae MU300pasuTCs IepeMelleHHueM U3
TOuKU D B TOYKy D; II0 KpDUBOM KOHAEHCAIMU. TakoM IpoLecc Ha3bIBAETCS NO-
cmeneHHOU KOHgeHcauyuel.

INpomecc TpexKpaTHOU KOHAEHCAIIUM Ha JHTAABIIMWHOM AMarpaMMe Xapak-
TEePU3yeTCst CTylleHYaTon auHnen dc,d, c,d,c,d,.

Bbunapnsie cmecu. PaccMOTpUM TIOCTENEHHOE HCIapeHue
OuHapHOU cucTeMbl. [TyCcTh B KAKOU-TO NPOMU3BOABHBIM MOMEHT BPEMEHHU Macca
3arpy3Ku B HcIapuTere OyAeT g, a KouneHTpanus HKK B Helt x. Ilpm
OeCKOHEeUYHO MaAOM M3MeHeHUM TeMIIepaTyphl YacTb KUAKOCTU dg UCIApPUTCH, a
COCTaB >KMAKOM (ha3bl M3MEHUTCS Ha BEeAMYMHY dX M CTaHeT paBHBIM X — dX.
ITpu sTOM 0oOpa3syeTcd napoBas (pa3a cOCTasa y.
YpaBHeHUe MaTepuarbHOTO OanraHca mo HKK aAAsT TaKOTO 3A€MEHTapHOTO
IpoIfecca 3aIUINeTCsI CAEAYIOIIUM o6pa3oM:

gx = ydg + (g - dg)(x - dX).

OT6pocuB GECKOHEYHO MaAble BTOPOT'O TMOPSIAKA, ITOCAe MpeoOpa3oBaHUM
TIOAYYUM

dg dx

g y-x

IIpounTerpupoBas 3T0 pud(depeHInarbHOe YpaBHEHUE B IIpepeAax OT Ha-
YAABHOTO COCTOSIHUSI CUCTEMBI F U X; AO HEKOTOPOTO IPOME’XYTOYHOT'O COCTOSI-
HUA § U X, TOAYYUM

X

j'ﬂ = fyd—x UAU ln% = —T dx (TI1.19)

- X - X
" g ' y
OTO ypaBHeHHe HOCUT Ha3BaHUe ypaBHeHUs Pelinesd.
ITockoAaBKy oOOpasyroljuecsa B IIpollecCe MOCTEIIeHHOIO HCIapeHUs Mapbl
COCTaBa y HAXOASTCS B PAaBHOBECUU C JKHAKOCTBIO COCTaBa X, TO, 3aMEHUB y B
ypaBHenuu (I11.19) corracHo ypaBHEHUIO PaBHOBECHUS
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7 =

a - I)X +1
U IPOUHTErPUpPOBAB, IIOAYYUM

In-9% - alnM. (II1.20)
Fxp F(1 - xF)

B TakoM BuAe ypaBHeHUe Peliress HUCIIOAB3YETCS AAS OIIPEAEACHUS CPeAHEU
BEAMYNHEI KO3 PUIIMEeHTa OTHOCUTEABHOU AETYYEeCTH ¢ IO pPe3yAbTaTaM IIOoCTe-
IIeHHOU IIepPeTOHKMU.

W3 MaTepuarbHOro OaraHca IOCTENIEHHOU IIEPETOHKU ONPEAEASIOTCS CPeA-
HHUM COCTaB OTOTHAHHOI'O IIPOAYKTA ((hpakmum)

_9iXi —GinXiv _ GiXi = Giv1Xiv

gi —Jiv1 D;

Yi

41 CpeAHI/Iﬁ COCTaB OTTOHA

_ Fxp-gx  Fxp-gx
F-g D

Yo

AHaNOTMUHBIM aHaAM3 MOJKET OBITh IIPOBEAEH U AASI IIpollecca IOCTeNeH-
HOUM KOHAEHCAIUU.

MarepuanbHBIU OaraHC IpoIecca AAS OECKOHEUHO MAarOU MacChl CKOHAEH-
CHPOBAHHBIX IIapOB 3alUIIETCS CAEAYIOIIUM 00pa3oM:

Gy = xdG +(G - dG)(y + dy).

OTcropa MOAYYUM CAepytolee aAndepeHITnarbHOEe YpaBHEHUE!

46 _ _dy
G y—X.

ITpouHTerpHpPOBAaB 3TO ypaBHEHWE B IIpeperax oT F u yp po G U y,
MIOAYUYHM

GdG—y dy umt (F> Gy <y) lng——y i
fG_fY—X Yr=Y F_ fy—X.
F Vr YE

Ecan HpI/IHHTB BO BHHMAHHE COCTOdHUE paBHOBECI/IH Me)KAY HapOBBIM
OCTATKOM COCTaBa 'y M KOHAEHCATOM COCTaBa X, TO IIOCAe HWHTETrpUPOBAHUA
IIOAYyYUM

Gy

) g or
F(l— yF> Fyr

In

OTO ypaBHeHUE TAaK)Ke MOJKeT OBITb UCIIOAB30BAHO AL OIIPEAEAEHUS CPEA-
Hell BeAWYMHBI KO3((PUIIMEeHTa OTHOCUTEABHOU AETy4YeCTH B HHTEPBAAE TeMIle-
paTyp KOHAEHCALUU.
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Cpepnuii coctaB 00pa30BaBINlerocs KOHAeHcaTa (PKUAKOM (ppakIiiyuu) oli-
peAensieTcsl M3 MaTepUaAbHOTO OaAaHca IIpollecca IIOCTelleHHOM KOHAEHCca-
ITUH:

MM JKUAKOM (ppakiuu

G v: -G: .
Xi+1 = i Yi i+1Yi+1 :
Gz' - Gi+1
ANST BCEeTO KOHAEeHCATa
x. = Fp=Gy _ Fyp-Gy
W - - .

F-G w

M3 mOoAy4YeHHBIX YPaBHEHUH OIPEAEASIOTCS MAcChl HEMCIapUBIIEHCS >KUA-
KOCTU ¢ TIPY TIOCTEIIEHHOM WCIApeHWW M HEeCKOHAEHCHPOBABIINXCS mapoB G
IIPU TIOCTENTeHHOW KOHAEHCAIINH.

MHOroKOMIoHeHTHble cMecu. [Ipu MMOCTeIeHHOM HCIapeHUM MHOTOKOM-
MMOHEHTHOW CMeCH IMPOUCXOAUT TOCTEIIeHHOe W3MeHEeHWe ee COCTaBa 1o Mepe
YBEAMUEHUS TeMIIepaTyphl IePEeroHKY.

O003HAYUM UYNCAO MOAEM >KUAKOCTA B MPOU3BOABHBLIM MOMEHT BpeMeHU

yepe3 g', a TO )Ke A 1-TO KOMIIOHEeHTa — 4Yepe3 ¢, , TOTAQ
n

! !

g'=g
i=1

HpI/I O0eCKOHEeUYHO MaAOM HM3MeHeHNU TeMIIepaTyphl JKUAKOCTU 06pa3yeTc5{
MacCcCa I1apoB

dg’ = E dg;
=1

U COOTBETCTBYIOIINE IOPIUYU KOMIOHEHTOB dg, IepeMAyT K3 KUAKOM B IIapo-
ByIO (pa3y. KoHIleHTpanuu Ar000ro KOMIIOHEHTa OYAYT PaBHBL:
B ITapoBou haze

y/ _ dgi — dg;
i n , dg’ '
2, 491
i=1
B JKUAKOM (haze
x! = gi

/.
p

=1

HpI/I 3TOM OGpaSOBaBU_II/IeCSI IIapbl 6YAYT HAaXOAUTBCAd B pPaBHOBeCHMH C
KUAKOCTBIO, T.e.

! !
vi =K, x;.

HpI/IHHB BO BHHMAHNeE BBIINIEIIPUBEACHHbIEe YPABHEHUSI, IIOAYUYUM
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dg’ g g, g

[TpomHTerpupoBaB 3T0 AuddepeHIMarbHOEe ypaBHEHWe B IIpeperax OT
E' po g/ um or F' A0 g, IOAyYUMM ero pellleHHe B CAEAVIOIIeEM BUAe (Ipu
MMOCTOIHHOU BeAnuuHe K,):

Iy - K 1n% .
F/ E

1

AnanrorumuHoe YpaBHeHNEe MOJKHO 3allCaThb U AAST APDYTOT'O k-ro xomnoHeHTa
cMecu

InZk - K,1In%.
F} E
k

[MpunHgB BO BHMMaHHe, 9YTO KO3(P(PUIMEHT OTHOCUTEABHOM AETy4eCTH I-TO
KOMIIOHEHTA II0 CPaBHEHUIO C k-M

Indi - o, In 2 (II1.21)
F,

Ecanr 0603HAUUTE MOABHYIO AOAIO OTTOHA B AUCTHAASIT Yepes
e’ =1_g_,
F''
TO
g, = F’(l - e’)xi’, g' = F’(l - e’), F' =F'x,p,

u ypaBHeHue (III.21) MO>XHO IIPEACTAaBUTHL B BUAE

(1-e)x; e (1-exic (II1.22)

,
XiF Xk F

In

OTO Xe ypaBHeHHEe MO>XHO UCIIOAB30BaTh AASL pacyeTa IIOCTElIeHHOM KOH-
AeHcCanyy, uMes B BUAY, YTO IpU KOHAeHcanmu 1-e' =1’ ecTb AOAS KOHAEHCa-

IIMM UCXOAHBIX [1apOB, a& HauyaAbHBIM COCTaB JKUAKOCTH X; IIO0 AIOOOMY KOMIIO-

HEHTY OIIPEAEAdeTCs U3 YCAOBHUSL PABHOBECHS C MCXOAHBIM IIAPOM Y.
KoHIleHTpanuyu KOMIIOHEHTOB CMeCH X'; AOAJKHBI YAOBAETBODSTH ypaBHe-

HUIO U30TEPMEL JKUAKOM (pa3kl

n= ) P x;.

n
1
i=

1

100



OOBIUHO TPEeABApPUTEABHO 3aAAI0TCA  TeMIepaTypoM KOHIA IIPOIecca,
OIpeAEASIIONel BeAUUUHE! P, 3aTeM 1o ypaBHeHUIo (II1.22) onpepeadaroT coCTaBBI
X! IpU 3apaHHBIX e U X,
U30TEPMBI JKUAKOM (Pa3bl.

Anst OmHapHOU cMecu ypaBHeHue (II1.22) mpuBopUTCS K BUAY

1-€x’ 1-¢e1-x’
T N [ %)

'

/
Xp 1-xp

u IIPpOBEpPAIOT HNX HA COOTBETCTBHE YPABHEHUIO

T. €. K BUAY, aHaroruuyHoMmy ypasHeHuo (II1.20).





