TJIABA 11 PABHOBECHbBIE CUCTEMbI

ITPABUJIO ®A3 1 ETO IIPUMEHEHUE
K ITPONECCAM MACCOOBMEHA

Hay4yHOI1 OCHOBOM NPOIECCOB II€PErOHKH, PeKTHu(UKAnuu, abd-
copOIMHU U TOAOOHBIX SIBASIETCS YUEeHHEe O TEePMOAMHAMHYECKOM PaBHOBECHH,
OCHOBHBIE IIOAOJKEHUSI KOTOPOT'O M3AAraloTCsl B Kypcax (PU3WMYEeCKONW XUMUU U
XUMHUUECKOU TepPMOAMHAMUKU.

IMpu B3auMopAeNcTBUM (Pa3 CHUCTEMBI IIPOUCXOAUT OOMEH BeIecTBOM U
sHepruemr (Macca- U TEIMAOOOMEH) uepe3 MOBEPXHOCTH paspera das. Ilpu sTom
CHCTEMAa CTPEMUTCSI K COCTOSHUIO PABHOBECHS, IIPU KOTOPOM CKOPOCTH Iiepe-
X0AQ U3 OAHOU (Pa3el B APYTYIO BRIPABHUBAIOTCA.

AOCTUTHYB COCTOSIHUSI PaBHOBECHUs, CHUCTeMa MOJKeT CYIeCTBOBATH KakK
YTOAHO AOATO 06e3 KaKUX-AUOO BHUAUMBIX KaueCTBEHHBIX U KOAMYECTBEHHBIX
U3MeHeHMY, IIoKa KaKoe-AMOO BHeIllHee BO3AENCTBUE (M3MeHeHUe AABAeHUd,
TeMIlepaTyphl, KOHIIEHTPAallil) He BBIBEAET €€ U3 3TOTO COCTOSHUA.

[Tpu paBHOBecHWHW, HANpPUMep, HApPOBas M >XKHAKas a3kl OYAYT HMEThb
BIIOAHE OIIPEAEAEHHBIU COCTaB B TeUeHUEe AI0OOTO OTpe3Ka BpPeMEeHU.
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CucteMa, HaXOAAIIAsCId B COCTOSHHUM IIOAHOTO TEPMOAMHAMMWUYECKOTO PaB-
HOBECHS, AOAKHA YAOBAETBOPSATH YCAOBUIM TEIAOBOIO, XMMWUECKOIO U MeXa-
HUYECKOTO PaBHOBECHS.

CAepOBaTEABHO, YCAOBUEM, HEOOXOAUMEBIM AAd OOeCIleYeHUs PAaBHOBECHUS
CUCTEMEI, IBAIETCS IIOCTOSAHCTBO TeMIepPaTyphl U AABAEHHUS BO BCEX €€ YacTdX.
B mpoTHBHOM CAyYae HEpPaBEHCTBO TeMIlepaTyp WAU AABAEHUN IIPUBEAET K
TEeNAO- U MaccooOMeHy, T.e. K HapyIIeHUI0 PAaBHOBECHOI'O COCTOSTHUS.

ApyTUM Ba>XHBIM YCAOBHEM COCTOSHHS PaBHOBECUSI SBASIETCS COCYIIeCT-
BOoBaHUe (a3, ONpeApeAsdiolllee HaAMYMe IIOBEPXHOCTH paspera dai3. Toabrko B
pe3yAbTaTe KOHTAKTa (pa3, OCYIIEeCTBASEMOrO Ha IIOBEPXHOCTH UX PAa3)peAq,
CUCTeMa MOJKET IIPUUTUA K COCTOSTHUIO PAaBHOBECHI.

HapyiieHne paBHOBecHs IIPUBOAUT K IIPOTEKAHUIO B CHCTeMe IIPOIeCCOB
obMeHa MaccoM u sHeprued. Ecau Bo3pelicTBUe U3BHe OyAeT 3apUKCHPOBAHO,
TO CHCTeMa BHOBb IIPHAET B COCTOSHHE paBHOBeCHUd, HO YyyKe INpPU HOBBIX
YCAOBHUSX.

CocTogHUEe pPaBHOBECHS He 3aBUCUT OT OTHOCHUTEABHBIX KOAWYECTB (das.
Tak, ecAm yAAQAUTHL YacThb PABHOBECHBIX JKUAKOW WAM IAapoBOM (hasbl, T.e.
U3MEeHUTH COOTHOIIIeHHWe MacC J3TUX (a3, TO COCTOsSIHUEe paBHOBECUS He
HapYLIUTCS.

TakuM o6pa3oM, B CHCTeMe, HaXOAANIeNCS B PAaBHOBECHU, He IIPOTe-
KalOT IIPOIECCH], AAS OCYIIECTBAEHHS KOTOPHIX HEOOXOAMM TeIIAO- U Macco-
oOMeH.

ChepOBaTEABHO, AAd  NPOTEKAHUSA IIpolecca HeoOXOAMMO HApYyUIUTh
cocTosgHMe paBHOBecus. [losToMy B AIOOOM MaccooOMeHHOM IIpoljecce
oOpasoBaBlIriecsl paBHOBeCHBIe pa3hbl AOAKHEBI OBITH pPa3AeA€HBI M HaIllpaBAEHBI
Ha B3aUMOAEMCTBHE C IIOTOKAMM COOTBETCTBYIOMIUX (a3, He HaXOAJALIUXCSI C
HUMM B PaBHOBECUU.

ITocKOABKY B CHCTeMe, CTpeMAIllelcs K COCTOSHUIO PpPaBHOBECHd, Mac-
CO- U TENAOOOMEH OCYILIECTBASETCS 4Yepe3 IIOBEPXHOCTH paspera das, ueMm
OOABIIIe TIOBEPXHOCTh KOHTaKTa (a3 U ueM Ooaee aKTHUBHO OOHOBASIETCS
3Ta MIOBEPXHOCTb, TeM OLICTpee 3aBepIlaeTcsl Iepexop CHUCTEMBI B COCTOSTHUE
paBHOBecusd. UeM B OOABIIEM CTelNeHW COCTOSIHUE COCYIIeCTBYIOIIUX ¢as
OTKAOHSETCSA OT YCAOBUM PABHOBECHS, TEM OOABIIE CKOPOCTH MACCO- U TEIAO-
OOMEHHBIX TIPOIleCCOB B cucrtemMe. B CBA3M C 3TUM 1O Mepe IIPUOAU-
JKEHUS CHUCTEMBI K COCTOSIHUIO PABHOBECHS IIPU HEU3MEHHOU ITIOBEPXHOCTH
KOHTaKTa (a3 CKOPOCTb MacCO- M TEeNAOOOMEeHHBIX IIPOllecCOB OYAEeT yMeHb-
IIaTHCS BCAEACTBUE yMeHbIIIeHUs ABVKYIeM CHUABI, OOYCAOBAHUBAIOLIEN 3TOT 00-
MeH.

Ilpm paccMOTpeHHU COCTOSHHUS PABHOBECHS CAeAyeT MMeTh B BUAY, YTO
YHCAO TBEPABIX M JKUAKUX (B3aMMHO HEPACTBOPHUMEIE JKUAKOCTH) (pa3 B cucreme
MOJKeT OBITh AIOOBIM, TOTAQ KaK IlapoBas (ras3oBasd) (pa3a MO’KeT OBITb TOABKO
OAHQ, IIOCKOABKY IIaphbl M ra3bl CMeIIMBAalOTCS B AIOOBIX COOTHOIIEHHUSX.

CocTosiHHe paBHOBECHUSI PeaAu3yeTCsl TOABKO IIPH ONPeAeAeHHOM coueTa-
HUM 3HAUYeHUM NIapaMeTPOB, XapaKTepU3YIOUINX CUCTEMY.

YUucAaO He3aBHCUMBIX IIapaMeTpoB, KOTOpPBIE MOTYT OBITb BHEIOpPAHEI
IIPOU3BOABHO, AAS TOTO YTOOBI OAHO3HAUHO BBEIIBUAOCH COCTOSSHHE PABHOBECH,
Ha3BbIBAETCSA YUCAOM ee cmeneHnel CBOOOJHL.

CocTosiHHe paBHOBeCUsl XapaKTepusyeTcs npaBuioM ¢as I'ubbca, KoTopoe
OIpeAeAsieT CBS3b MeXKAY UYHCAOM CTelleHell CBOOOABI CHCTEeMBI, UYHCAOM ee
KOMIIOHEHTOB M YMCAOM (pas3.

MartemaTruuecku NpaBUAO (pa3 3alUCEIBAeTCd B BUAE
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L=n+2-N, (IL.1)

rae L — 4ucho cremeHell CBOOOABI CHUCTEMBI; I — YHCAO KOMIIOHEHTOB; N —
yncao ¢as.

B kauecTBe cTemeHell CBOOOABI CHUCTEMBI MOTYT BBICTYNATh TEMIEpPaTypa,
AA@BAEHUe, KOHIIEHTPAllMM KOMIIOHEHTOB B COOTBETCTBYIOIIUX asax, 4YTo
XapaKTepPHO AAS IIPOIeCcCOB HedrerazonepepabaThIBAOINIEd W HePTEeXUMHUYeC-
KOU IIPOMBIIIAEHHOCTHU.

EcAu B COCTOSTHMM PaBHOBECHUS UYMCAO CTelleHeM CBOOOABI PaBHO HYAIO, TO
HU OAVH K3 IIapaMeTPOB, XapaKTEPU3YIOUIUX COCTOSHHE CHUCTEMBI, He MOJXKET
OBITH BEIOpPAH IPOM3BOALHO. [Ipu 3TOM u3 ypaBHeHus (II.1) caeayert, uto

N=n+2=N

max '

T.e. YHUCAO COCYHIIeCTBYIOIIUX B paBHOBeCHOﬁ cucreMe cba3 HEe MO>KeT OBITh
OoApllle, yeM n + 2. HpI/I OTOM IIOAYYHM BIIOAHE OIIpeAeA€HHBIe 3HAYeHUS

TeMIIepaTyphl, AABACHHUS U COCTABOB (phas.
AASI OAHOKOMITIOHEHTHOM CUCTEMBI, COCTOSINEN M3 IapoBOM M >KUAKOM (ha3, HaXOAAIIUXCS B
PaBHOBECUH, YUCAO CTelleHer CBOOOABI

L=1+2-2=1,

T. €. U3 BO3MOJKHEIX He3aBHCHMEIX IIeDEeMeHHLIX (TeMIepaTypa U AaBAEHHE), XapaKTepPHU3YyIOUIUX
COCTOSIHHWE 3TOH CHCTEMBI, IPOM3BOABHO MOXKeT OBITh 3aAaH TOABKO OAWH IapaMeTp. AAd TakKou
CHCTeMBl KOHIIEHTDPAI[Us He SIBASETCSI ONPEAEASIONIUM IIapaMeTpoM, TaK Kak o6e ha3bl CUCTEMBI
COCTOAT TOABKO U3 OAHOTO KOMIIOHEHTA (x = luy = 1).

Tak, HaIpUMep, eCAU A JKUAKOTO O6eH30Aa M ero IMapoB 3a(UKCHPOBATh AABAEHHWE CHCTEMBI
n = 101 325 ITa (760 MM PT. CT.), TO TeM CaMBIM OIIPEAEAUTCS TeMIlepaTypa PaBHOBECHOW CHCTEMEL,
paBHag 80,5 °C, T. e. TemIepaTypa KulleHUs 6eH30Aa IPU AQHHOM AQBACHUH.

EcAm OAHOKOMIIOHEHTHAas CHCTeEMa B YCAOBHUSX PAaBHOBECHS HAXOAUTCS OAHOBPEMEHHO B TpeX
dasax: XUAKOHN, TBePAOU M NapOBOM, TO YUCAO CTelleHel CBOOOABI TAKOM CHUCTEMBI PABHO HYAIO:

L=1+2-3=0

1 IapaMeTpHl PaBHOBECHS ee BIIOAHE OIPeAeAeHHl. Tak, HallpuMep, BOAQ, A€A W BOASHOU Iap MOTYT
HaXOAUTHCSI B paBHOBecuu npu Temieparype 0,0076 °C u paBaenuu n = 610,6 I'la (4,58 MM pr. cT.)
AAST ABYXKOMIIOHEHTHOM CHCTEMBI B3aUMHO PACTBOPUMBIX JKUAKOCTEM, COCTOAIIeN U3
IIapoBOM M OAHOM JKMAKOM (a3, XapaKTepHU3yIOUUMU CHUCTeMy IlapaMeTpaMé  SBASIOTCS
TeMIlepaTypa, AaBA€HHME U KOHIIEHTpAIluu KOMIOHEHTOB. CAEAOBATEABHO, OIPEAEASIONIUMU
IIepeMeHHBIMU 3TOM CUCTEMEI SIBASIIOTCSI y’Ke YeThIpe BeAWYUHEI. B COOTBETCTBUM C IpaBUAOM (a3 B
TaKOU! CHCTeMe IIPOU3BOABHO MOTYT OBITh BEIOPAHBI 3HAUEHUS ABYX IepeMeHHBIX BeAWYHH, TaK KakK

L=242-2=2.

Tak, AOCTATOYHO 3aAATbCSI TeMIIepaTypOu M AABAEHHEM CHUCTeMBIl, 4YTOOBI OOYCAOBUTH
3HAQUEHUs] KOHIIEHTPAIIU¥ KOMIIOHEHTOB B PaBHOBECHBIX IIAPOBOU M JKUAKOM (pazax.

Hanpumep, aaa cMecu 6eH30Aa U TOAyoAa Ipu AaBaeHum m = 101 325 Ila (760 MM pT. CT.) U
Temnepatype 95 °C B paBHOBECHU HaXOAdITCS JKHAKas (aza (copepkaHue GeHsora x = 0,380) u
napoBad dasa (copep>kaHue OeH3ona y = 0,595). Ecaum 3apaTbcd KOHIeEHTpanueid OeH30Aa B
napoBol aze y = 0,595 u TeM >Ke AaBA€HUEM CHCTEMEBI 7, TO TeM CaMBIM Oblra OBl OOyCAOBAEHa
TeMIlepaTypa cUcTeMbl, paBHas 95 °C, u copep>KaHue GeH30Aa B PaBHOBECHOH JKUMAKOHN (daze x =
= 0,380.

HMuaye oOCTOUT AEAO C ABYXKOMIIOHEHTHOM CHCTEMOM, COCTOSIIeHM H3 ABYX B3auMMHO
HepacTBOPUMBIX >KHAKOCTeM, HAIpuUMep TOAyOAa M BOABL B aToM caydae B cucreMme OyAyT TpH
da3sbl: ABe JKUAKHUE (BOAA M TOAYOA) M OAHA IapoBas (CMeCh IIapOB TOAYOAA U BOABI). AAST TaKOM
CHCTEMBI YUCAO CTelleHel CBOGOABI PABHO

L=2+2-3=1.

CAepOBATeABHO, U3 ONPEAEASIONIUX COCTOSIHWe CHCTeMBl IlapaMeTpOB  (TeMIlepaTypa,
AaBAEHMe, COCTaB IapoBOW (ha3bl) MPOM3BOABHO MOJKET OBITh BHIOPAH TOABKO OAWH IIapaMeTp Hu
TOTAQ OAHO3HAUHO OIIPEAEASITCSI 3HaUEHUs ABYX APYTHX IIapaMeTpPOB AASL YCAOBHI paBHOBecus. Tak,
HanpuMmep, AaBAeHHIO cucteMbl m = 101325 Ila cooTBeTcTByIOT TeMmneparypa ( = 842 °C u
COAepsKaHHe TOAYOAa B IapoBoi dase y = 0,448.

A}\H MHOTOKOMIIOHEHTHBIX CHCTeéM B3dMMHO pPACTBOPHUMBIX }KHAKOCTeﬁ,

XapaKTePHBIX AAI HeTenepepaOOTKH, YUCAO CTelleHeW CBOOOABI PABHO YUCAY
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KoMIOHeHTOB (L = n), Tak Kak N = 2. CaepoBaTeAbHO, M3 2n IIapaMeTpoB,
OIIPEAEASIONINX COCTOSIHME PaBHOBECHOW CHUCTEMBI [TeMIeparypa, AaBAeHUe,
(n — 1) KoHLeHTpanui B NapoBoi ¢asze U (n — 1) KOHIJeHTpallu¥ B KUAKOM
daze], INPOM3BOABHO MOIYT OBITH 33AAHBI TOABKO 1N OIPEAEATIONINX
IIapaMeTpPoB, & OCTAABHBIE NI AOAJKHEI OTIPEAEASITHCH.

[TpousBoa B BHIOOpEe 3HAYEHUN HE3aBUCHUMBIX IT€PEeMEHHBIX OrpaHuYeH
OIIpeAEACHHEBEIMU IIPeAeAaMU, He IPUBOAAIINMU K CYIIeCTBEHHBIM M3MEeHEHUSIM B
cucteMe. Tak, 3apaHWe 3HAUEHUS HEKOTOPBLIX IIepeMEeHHBIX BHE IIPEAEAOB
OlTpepAeAeHHOM O00AAaCTM MOJKET BBI3BATh HMCUE3HOBEHHE OAHOU u3 a3, dUTo
IIOBA€YeT 3a COOOM H3MeHeHHe HAYaAbHBIX YCAOBHUU COCTOSHUS PaBHOBe-

Ccus.

Tak, prd OMHAPHOM CHUCTeMBI OEH30A — TOAYOA IIPM BHelllHeM AaBAaeHum m = 101325 Ila
3apaHue Temneparypsl ¢ > 110 °C, KoTopasi BEIIE TeMIEpaTyphl KHUIEHUS TOAYOAQ, IPUBEAET K
HMCUYe3HOBEHUIO JKUAKOY (ha3bl (cucTeMa OYAeT NIPEACTaBASITL COOOM IeperpeThly map) u L = 2 +
+2—-1=3.

HACBIIIEHHBIE N ITEPET'PETBIE ITAPDBI

AAd pacyeToB MAacCOOOMEHHBIX IPOIECCOB B CHUCTEMax Iap
(ra3) — >KHMAKOCTBH OOABIIOE 3HAaueHHEe HMMEIOT 3aKOHOMEPHOCTH M3MEeHEeHUs
AABAEHU4 IIapa (rasa) Ipyd U3MeHeHUU TeMIlepaTyphl. [lap MOXXeT HaXOAUTBHCSA B
HACBIIIIEeHHOM HAU IlepeTrpeTOM COCTOSTHUM.

HacplujennbiM Ha3bIBaeTCA AP, HAXOAAIIUMCS B PAaBHOBECUM (COCYIIECTBY-
IOLINM) C >KUAKOCTBIO. AAST OAHOKOMIIOHEHTHBIX CHCTEM YCAOBHS PaBHOBECHOTIO
COCYIILECTBOBAHUSA IaPOBOU M KUAKOU (pa3 ONPeAeAdIOTCS TEMIIEPATYPOU U AAB-
AeHHeM. MeXXAy STHMM IlapaMeTpaM{ IIPU PaBHOBECHUM CYIECTBYeT B3auMHO
OAHO3HAUHOE COOTBETCTBHUE: UeM BHIIIIe TeMIlepaTypa CUCTeMBI, TeM BEHIIIE AaB-

A€HHe, IIPpYU KOTOPOM HAXOAUTCA AdHHAA PABHOBECHAA CHUCTeMa.

Tak, cucreMa, cocrosiias u3 OeH3oaa, Ipu Temmeparype 80,5 °C o6Gpa3yeT paBHOBECHYIO
MapoOXKUAKOCTHYIO cucrteMy npu Aasaenuu 101325 IMa. Tlpu Temneparype >ke 100 °C paBHOBecue
3TOM CHUCTEMBI MOJKET OBITh OOecIlledeHO y’Ke IIpU AaBAaeHuUH npumepHo 170 000 ITa.

Ileperpempimu (HeHachlWeHHbIMU) TIapaMHM Ha3bIBAIOTCS IIaphl, KOTOPHIE
IIPU A@HHBIX TeMIlepaType U AaBAEHHH 00pa3yloT TOABKO OAHOMA3HYIO apoOBYIO
CUCTEMY, T.e. CUCTeMy Oe3 >KUAKOMN (pa3el. HeHachIlleHHBIE IIapel MOTYT Cy-
IIeCTBOBATH IIPU AAQHHOM AABACHUY, €CAU UX TeMIIepaTypd BBINIEe TeMIlepaTypPhbL
HACBIINIE€HHBIX IIAPOB, UAU IIPpU AaHHOﬁ TeMieparype, eCAnl UX AdBA€eHNEe MeHbIlle

AABAEHUS HACHIIIEHHEBIX IIAPOB.

Tax, Hampumep, ecau AaBaeHue paBHo 101325 Ila (760 MM pT. CT.), mapel TOAyoOAa IpH
ArOOOM TeMiepaType, KoTopasd Bheie 110 °C, 6yAyT HaXOAWUTBCA B IIeperpeToM (HeHACHIIeHHOM)
coctoguun. C Apyrol cTopoHsl, npu Temneparype 110 °C u apaBaenuu MeHblieM 101 325 Ila maphl
TOAyOAA TaK)Ke OYAYT HaXOAUTBCS B IIePerpeToM COCTOSHHMU.

B cnpaBo4yHOM AuTepaType HMeEIOTCS 3KCIIepUMEHTAaAbHBIE AQHHBIE IIO
3aBUCHMOCTH A@BAE€HUS HACHIIIEHHBIX [1apOB HHAWBUAYAABHBEIX BeIIECTB OT
TeMnepaTypbl. OOBIYHO 35TH AQHHBIE IPEACTABASIOTCA B BHAe TaOAUIL AMOO
rparUuecKuX WUAM SMIUPUYECKUX 3aBUCUMOCTEN; B OCHOBE IIOCAEAHUX AEKUT
ypaBHeHHe Khaysuyca — Khaanelposa.

Ha pwuc. II-1 npuBepern oOmui Bup 3aBucuMmoctu P = f(T). Arg HaACHI-
I[eHHBIX IIapOB CYIIeCTBYeT OAHO3HAUHAas 3aBUCHUMOCTb MeKAY AABAEHHEM
apos u TeMmiepaTypod (KpuBasg AK). Kakpasg TouKa Ha KpuBolM AK, Hampumep
Touka C, CBS3BEIBAET AABA€HUE HACHIIIEHHBIX NAapPOB C TeMIIepaTypOU KUIEHUS
XUAKOCTH. Hurke 3TOM KpuBOU (0OAacTh II) HaXOAATCA IleperpeThle IIaphel, a
BhIIIe (0OAACTh I) — TOABKO >KHUAKad hasa.
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P Puc. II-1. O0muii BuA 3aBUCUMOCTU A@BA€HUS
HaCBIIEHHBIX NTapOB OT TeMIlepaTyphl:

AK — KpuBas A@BAEHUSI HACHIIEHHBIX I1apOB;
K — Kkpuruueckas Touka. I — o00aacTb
KUAKOM pasbl; [I — o06AacTh IeperpeThix

(HeHaCHIIIeHHBIX) 1apoB

T TKp T

CocTogHUe BelllecTBa, IPU KOTOPOM HCUe3aeT pasAnudue MeXXAY ero >KUA-
KOU 1 ra3zoobpa3HoM (azamMu, Ha3bIBaeTCsI KpuUTHUUecKuM. Kpumuueckass mem-
nepamypa T,, — MakCHUMaAbHAasi TEMIIEPATypa, MPU KOTOPOM >KUAKAsL U Mapo-
Basi (pa3bl MOTYT COCYIIECTBOBAaThH B paBHOBecuu. Brie T,, mapoBas cpepa HU-
KaK{M IIOBBIIIEHNEM AABAEHHS He MOJKeT OBITh IlepeBepeHa B JKHAKYIO CPeAy.
JAaBreHUe HACHIIIEHHBIX IIapOB, COOTBETCTBYIOIlee KPUTHUUECKOM TeMIlepaType,
HA3bIBAETCSI Kpumu4ieckuM gaBienueM P, Tlpy KPpUTHYECKOM AABACHWM Bellle-
CTBO ellle MOJKET HaXOAUTHCI B JKUAKOM COCTOSTHMM NPU KPUTUYECKOM TeMIle-
parype, T.e. 3TO AABA€HUE HACHIIIEHHOrO Napa Ipu KPUTUYECKOM TeMIepaType.
O6beM NapoB IpU KPUTUUECKUX TeMIlepaType W AABACHUM Ha3bIBAeTCS Kpumu-
yeckuM ob6beMoM. B kputmyeckol Touke K mcuesaeT IpaHHIla MeXXAy ra3o000pas-
HBIM U JKUAKHUM COCTOSIHHEM BeIlleCcTBa.

AAST pacueTa A@BAEHUS HACHIIIEHHBIX ITIapOB UHAWBUAYAABHBIX BeIECTB U
cMecell He(PTENIPOAYKTOB IIPEAAOKEHO OOABIIOE YHCAO 3MIMPUUYECKUX (POPMYA;
HUCHOAB3YeTCS TAaK’Ke IPUHIUN COOTBETCTBEHHEBIX COCTOSHUM.

WM3BecTHO, 4YTO A100As >KUAKOCTb HAUMHAET KUIETh IIPU TaKOW TeMIle-
paType, IpM KOTOpPOM AaBA€HHE ee HACHIIIEHHBIX I1apOB AEAAEeTCS PaBHBIM
BHeITHeMYy AABAEHUIO, OKa3blBAEMOMY Ha 3Ty J>XHAKOCTB. [losTomy, HabAro-
Aasl 3a BEAWUYNHOW TeMIlepaTyphbl KUIEHUS >XUAKOCTU NPU Pa3HBIX AABAEHUSIX,
MOJKHO IIOAYYMTH 3aBHCUMOCTH AABAEHUS HACHIIEHHBIX IIapOB OT TeMIle-

paTypHL.

ONPEJEIEHUE JABJIEHN HACBIINEHHBIX ITAPOB
NHINBU/IYAJIBHBIX BEHIECTB U HEPTEITPO/IYRTOB

AT pacyeTa A@BAGHUS HACHIIIEHHBIX I1aPOB YIAEBOAOPOAOB U
WX CMeCell WCHOAB3VIOT PsIA OMIMPUYECKUX YpaBHEHUN, U3 KOTOPBIX
HauOOABIIIee PACIPOCTPaAHEHNE TOAYIUAU CAEAYIOLINE.
VpaBHeHne AHTyaHa, KOTOpPOe MOJKHO 3aIlUCaTh Tak

B
C+t'

IgP=A - (IL.1)

rae A, B, C — KOHCTAHTHI, 3aBUCSIINE OT CBOMCTB BeIleCTBA U OIPEeAEAIeMEbIe
9KCIepPUMEHTaAbBHO; | — Temmeparypa, °C.
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N3 ypaBHeHus (II.1) MOKHO OIpeAeAUTh TeMIepaTypy KHIEeHUs KOMIIO-
HeHTa NIpU 3aAaHHOM AABAEHUU HACHIIIEHHBIX ITapoB P:

B

L
A-IgP

Ha mpuHIuile COOTBETCTBEHHBIX COCTOSHUNM OCHOBaHBLI MeTOAbI B.A. Ku-
peeBa, Aropuura, A.M. TperyboBa AATI ONpeAEA€HUS AABAEHUS HACHIIEHHBIX
mapoB

VpaBHeHne KupeeBa paeT CBA3b MeXXAy AABACHHEM HACHIIIEHHBIX IIapOB
3TaAOHHOrO P, m pAaHHOrO BellecTBa P:

P = AP?,

rAe A u B — KOHCTAaHTH], XapaKTepU3YIOIle AQHHOe BeIeCTBO U OIIpepe-
AdeMble 3KCIepPUMEHTAABHO II0 ABYM HM3BECTHBIM 3HAYeHUSIM AQBAEHUS HAaCHI-
IIEHHBIX MapoB.

Metop Aropunra, rpaduueckas MHTeEpPIpeTanusd KOTOPOro AdaHa Ha pPHC.
II-2, ocHOBaH Ha CpaBHEHUM KPUBBLIX 3aBUCUMOCTH AABAEHUS HACHIIEHHBIX
[1apOB MHTEePeCyIoIero HaC BellleCTBa U 3TAaAOHHOT'O OT TeMIlepaTyphl

-t

Lzl ok, (11.2)
e1 - e2

rae t O — TeMmIepaTypbl KUIEHHSI AQHHOTO W 3TAAOHHOTO BeIEeCTB IIPU
COOTBETCTBYIOIIEM AABAEHUM; K — BeAMYMHA IIOCTOSHHAsT AASI CPaBHUBAeMBIX
JKUAKOCTEH.

YToO6Bl HAMTU BeAMUYMHY k IO IpaBUAy AIODHUHTa, HEOOXOAUMO, KaKk M B MeToApe Kupeesa,
3HATh A@BA€HUEe HACLIMEHHBIX IapOB MHTepecyIollel Hac JKUAKOCTH IIPU ABYX TeMIlepaTypax.

INpu m3BecTHOU BeanuuHe k n3 ypaBHeHud (I1.2) MO>XKHO HaWTH TeMIepaTypy { AAd AQHHOM
SKUAKOCTH, KOTOpas COOTBETCTBYET A@BAEHUIO HACHIIEHHBIX IApOB P 5TaAOHHOM >KHUAKOCTHU IIPHU
TeMIeparype 6. OTO MO3BOASIET IOAHOCTBIO IIOCTPOUTL KPUBYIO 3aBUCHUMOCTU AABACHUS HACHIIMIEH-
HBIX TIapOB OT TeMIIePaTyphl AAS AQHHOU JKUAKOCTH.

Metop Tpery6GoBa Tak>ke NPeAyCMATPHUBAET HUCIOAB30BAHHE ABYX 3TAaAOH-
HBIX }KHAKOCTQIZ, AN KOTOPBIX M3BECTHBI 3aBUCHUMOCTU AABACHHWA HACHIITEHHBIX

[IapoOB OT TeMIepaTyphbl. OTO IIO3BOASIET IMOCTPOUTH AAS AQHHOM JKHUAKOCTH

|

|

|
L
[
[
1|
o
|
Lo
!
L
t t

1 "2 t 2 1 !
Puc. II-2. I'paduyeckast UHTepIIpeTanus MeTOAA Puc. II-3. IlocTpoeHue KpHUBOI 3aBHCHUMOCTH
AlopuHra A@BAEHHS HACBIIIEHHBIX MapoB OT TeMmmeparTy-

PBl C WCIOAB30BaHMEM ABYX 3TAAOHHBIX JKHA-
Kocreii (Metop TperyGoBa)
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KPUBYIO 3aBUCUMOCTH AABAEHMS HACBIIIeHHBIX IIapOB OT TeMIlepaTyphl, uMes
TOABKO OAHY BEAWUYMHY AQBA€HUS HACBIIIEHHBIX IIapPOB IIPU COOTBETCTBYIOIIEMN
TeMIlepaType. YpaBHeHHe TperyboBa gBAageTcsd CAeACTBUeM ypaBHeHud (I1.2); oo
uMeeT BUA

-T L -t thy -1

9:1 L2772k (I1.3)

- T -6 T2-0)
rpe t, T, 0, — TeMmIepaTypbl KHUIIEHUS MCCAEAyeEMOM U ABYX 3TAAOHHBIX
JKUAKOCTEU TIpU AaBAeHMU P, k;, — BeAWuMHA, MOCTOSTHHAST AASI CPaBHUBaEMBIX
JKUAKOCTEH.

I'padudeckas uHTepIpeTalus MeTopa TperyboBa paHa Ha puc. II-3.
IMo ypaBuenuio (I1.3) MOXKHO ONIPEACAUTEH TeMIEpaTypy KUIEHUs { MCCAEAYEeMOM >KMAKOCTU
IIpH 3aAAHHOM A@BA€HUMHM P HMAM JKe, HAaoOOOPOT, A@BA€HUe HACHIIIEHHBIX IIapoB P IIpU TeMIepa-

TYype t.

EcAu HeoOXOAMMO HAWTU TeMIIepaTypy KUIIeHHS AQHHOM JKMAKOCTH IpU AaBAeHHHU P, To mo
CIIPaBOYHBIM AQHHBIM HAXOAAT TeMIIepaTyphl KUIIEHUS ABYX 3TAaAOHHBIX JKHAKOCTEH T U 0 mpu ToM
JKe AaBA€HHUH, a 3aTeM IO ypaBHeHHIo (IL.3) ompepeasdioT UCKOMYIO TeMIepaTypy t.

AAs onpepeAeHUs AABAEHUSI HACHIIIEHHBIX I1apoB P HCCAeAyeMOM JKMAKOCTH IIPM 3aAaHHOM
TeMIlepaType ! IOCTYyNalT cAepyromuM o6pasoM. [MTo ypaBHeHuto (I1.3) ompepensitoT TeMmIlepaTyphl
KUIIEeHUSI UCCAEAYEMOM >KUAKOCTH I, t, U {; IIPU TpeX IPOU3BOABHO BHIODAHHHBIX AaBAeHUAX P,, P,
u P;, B Ipepenax KOTOPHIX IPEAIIOAAraeTcsl MOAYUUTh UCKOMYIO BEAMUUHY i.

3aTeM IO yKa3aHHBIM TPEM TOYKaM CTPOSAT KPUBYIO U ONPEAEASIOT MCKOMOe AaBAaeHHMe P 1o
3aA@HHOM TeMmIieparype t.

AAs TeX Ke IfeAed MOJKHO HCIOAB30BaTh METOA IIOCAEAOBATEABHBIX NMPUOAMIKeHUU. B aToMm
CAydae 3aAAIOT HEKOTOPYI0 BeanuuHy AaBreHust PU!) aasi KOTOpDOro ompepeasioT TeMIepaTyphbl
KuIeHus 3TaroHHBIX Kuakoctedt TV, u 6 V. 3arem no ypasuenuto (11.3) Haxopar Beamuuny k.
Ecam k' = k,, to paBrenue P sBasiercst mckombiM. Ecam xe k'Y = k;, T0 B Beamumny P
HeoOXOAUMO BHECTH KODPPEKTHBHI AO IOAYYEHHS 3aAAHHOM BEAWYMHBI k|, KOTOpasi W OIPEAEAUT
BEAWYHMHY AaBA€HMS P Ipu 3apaHHON TeMmieparype f.

HedTs 1 OpoAYyKTEL ee IlepepabOTKM IPEACTaBASIOT COOOM CAOJKHBIE YTAe-
BOAOPOAHEBIE CUCTEMEL. AAd pacyeTa AABA€HMS HACHIIEHHBIX IIapoB HedTelpo-
AYKTOB IIPEAMOKEHBI MHOTOYMCAEHHBIE IPA@UKM M SMIUPHUYECKUE YPABHEHUSA
(Kokca, Buabcona, Amsopra, MakcBeara, bammtHVMHIT u aAp.).

B ocHOBHOM IpeprOKeHHBIe I'paUKHU IIOCTPOEHBI B CUCTeMe KOOPAMHAT
lgP — 1gt uam IlgP — F(t). B Takoi crucTeMe KOOPAMHAT 3aBUCUMOCTH AGBACHUS
HACBIIIEHHBIX I1apOB He(TENPOAYKTOB OT TeMIIePATyphl IIPEACTABASIETCS IIPS-
MOM AWHHEH.

OOwmwui BUA TakKuUX IpadUKOB IIpuBeAeH Ha puc. lI-4; xapaKTepHBIM AAA
HUX SBASETCS IlepecedyeHUe BceX IPSIMBIX B OAHOM ToukKe (moatoce) A, 4YTO
CyILIeCTBEHHO OoOAeryaeT IIOAb30BaHKe UMMU.

AAs oIIpepereHUsT AGBA€HUS HACHIeHHBIX TapOB He(TEePOAYKTa IPU TeM-
neparype T IOCTYHAIOT CAeAyROIIUM oOpa3oM. OTKAQABIBAIOT Ha OCH abcrucc
TeMmiepaTypy I, COOTBETCTBYIOIIYIO TeMIlepaType KUIIeHUI He(PTEIPOAYKTa IIPHU
aTMOC(EpPHOM AABAEHUU P, M 10 3TUM BEAWYMHAM OIIPEAEASIOT IIOAOKEHUE
Touku B Ha rpaduke. Hepe3 TOUKy B U IOAIOC A IIPOBOAAT IPSIMYIO, KOTopas U
AACT 3aBUCHUMOCTb A@BAEHUSI HACBIIEeHHBIX IIapOB OT TeMIIepaTyphl AAS AQHHOIO
He(TenpoOAyKTa. Temepb, YTOOBI HAaWTU A@BAeHHe HACHIIeHHBIX IIapoB HedTe-
npoaykra P npu TeMmmeparype T, Ha IOCTPOEHHOM HIpsaMOM AB ONpeAeAstoT
Touky C, oTBewaromyro Temmeparype I. OpaumHata Touku C U AaeT HMCKOMOe
AAaBAEHUE HACHIIIEHHOTO IIapa AQHHOTO HedTenpoaykTra npu Temneparype T. Ta-
KHM JKe IIyTeM MOXKeT OBIThb HaMAEHa CPepHdAsd TeMIlepaTypa KulleHus HedrTe-
npoaykra T, mpu paBreHuu P.

B KauecTBe mpuMepa HUXKe IIPDUBEAEHO yYPaBHEHME, IPEANOKEHHOe AINIBOPTOM AASL OIIPeAEAe-
HUS AABA€HUSI HACBIIIEHHBIX I[IapOB HOPMAABHBIX YTA€BOAOPOAOB U Yy3KUX cbpaKu;Hﬁ He(bTerOAyK-

TOB IIPH YMEPEHHBIX AQBACHUSIX, KOTOPOE AOCTATOUYHO IIHMPOKO HCIIOAB3YeTCSI B pacyeTHOM IIpak-
THKe,
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Puc. I1-4. O6muit Bup, rpaduuecKoil 3aBUCH- IgpP
MOCTH A@BAEHHS HACBIIEHHbIX TAPOB Hed-
TEMPOAYKTOB OT TeMIIepaTypbI

Fy
|
T, T F (1)

2,68 F(T, )— F(T)
Ig(P-10)= , (I1.4)
F(T,)-8107*
rae P — pAaBAeHUe HacHIIEHHBIX IapoB HedTenpopykTa, MIla; T u T, — TeMIepaTypbl KUIEeHUS
HeTeIpOAyKTa COOTBETCTBEHHO IIpU AaBAeHHU P u arMochepHoM paBrenuu, K; F (T) — dyHK-

nydg TeMIepaTypsl, OIIpepeAdeMast U3 BbIPpAa>KeHUs1

-1
F(T)=( IT2 +108000 - 307,6)

[Npu 3apanHOM AaBAeHHHU P u3 ypaBHeHus (I1.4) MOJKHO HaUTHU Tak’kKe TeMIepaTypy KUIIEHUS
YTrA€BOAOpPOAHOU cMmecu T.

RJIACCUPURALMA JIBYXKOMITIOHEHTHBIX CMECEI
FKUJIKROCTEIN

ABYXKOMIIOHEHTHEIe (OMHApHBIE) CMECH J>KUAKOCTENM MOTYT
OBITH pa3pAeAeHBbl Ha TPU OCHOBHBIE TPYNIBI B 3aBUCUMOCTH OT CTEIeHU HX
B3aMMHOM PACTBOPUMOCTH:!

SKUAKOCTU B3aMMHO PaCTBOPUMEBIE B AIOOBIX COOTHOIIEHUSX;

YaCTUYHO PACTBOPUMEIE;

NIPAKTUYeCKU B3aUMHO HEPaCTBOPHUMEIE.

INTopoOHaa KaaccuUKausa B U3BECTHOU CTEINeHU SBAdeTCS YCAOBHOU. Bisa-
WMHasi PacTBOPUMOCTBH J>KHAKOCTEH MEHSIeTCsI C M3MeHEeHHeM TeMIIepaTypH,
BCAEACTBUE Yero HeKOTOphle JKHAKOCTH, AWIIbL YaCTUYHO PAcTBOPUMEIE ADYT B
ApyTe IIpU OAHOM TeMIlepaType, MOTYT CTaTh IIOAHOCTBIO B3aUMHO PacTBOPUMBI-
MU IIDU APYTOM TeMIleparype.

OOBIYHO B3aMMHAsI PACTBOPUMOCTH KHUAKOCTEN BO3PACTAET C MOBBIINIEHUEM
TeMIepaTyphl, XOTSI B HEKOTOPHIX CAyYasiX, HAIPUMeEpP, AAT CMECHU TPUITUAAMU-
Ha ¥ BOABI HAOAIOAGETCSI OOpaTHOE SBAEHUE.
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[ToAHOCTBIO B3aUMHO HEPACTBOPUMBIX JKHUAKOCTEM HeT, OOBIUHO BCE JKHUA-
KOCTH, XOTd U B HE3HAUYUTEABHBIX KOAMYECTBAX, HO PACTBOPSIOTCSA APYT B ApyTe.
OpHaKO TOAOOHAsA PaCTBOPUMOCTDL AASL HEKOTOPBIX >KMAKOCTEN CTOAb He3Haudu-
TEeABbHQ, YTO NPAKTUYECKU MX MOJKHO CYUTATh B3aWUMHO HepacTBOPUMEIMU. [Tpu-
MEepOM TaKOM CHCTEMBI MOJKET OBITb CMeCh YTAEBOAOPOAOB (He(TENPOAYKTOB) U
BOABL.

7KUAKOCTH, B3aUMHO PACTBOPHUMEIE B AIOOBIX OTHONIEHUSX, ITOAPA3AEAs-
IOTCSI Ha CA€AYIOIUE TPU MOATPYIIIIEL:

oOpasymllie UugeaAbHble pACMBOPbl, KOTOPBEIE IIOAUMHSIOTCSI 3aKOHY
Paynag;

TaK Ha3bIBa€Mble HOPMAAbHBlIE PACMBOPbLl — JKUAKUE CMECH, YaCTUYHO OT-
KAOHSIOIIVecs OT 3akoHa Payad, HO He obOpasylolue cMeced C MOCTOSTHHOM
TeMIIepaTypoOu KUIIeHUsA (a3e0TPOIIOB);

HeugeaAbHble pACMBOPbl — >KUAKOCTH, OOpa3ylollye CMeCU CO 3HAUUTEAb-
HBEIMM OTKAOHEHHUSIMU OT 3aKOoHa Payad, B TOM 4MCAe CMeCU C IIOCTOSHHOMN TeM-
IepaTypoy KUIEHUS (a3e0TPOIIHI).

PaccmoTpum OCHOBHEBIE 3aKOHBI (Da30BOT'O PABHOBECHS.

OCHOBHBIE 3AROHBI ®A30OBOI'0O PABHOBECH A

VipeanvHBIN ra3 (Iap) XapakTepu3yeTcsd OTCYTCTBUEM Me>KMO-
ACKYAJIPHBIX CHUA KW BeCbMa MAABIM o0nLeMoM MOAEKYA II0 CpaBHEHUIO C
00BbeMOM rasa. B OOABIIMHCTBE CAydYaeB, KpoMe CHCTEM IIpU O4YeHb BBICOKHX
MABAEHUSX, Ta3 (Iap) MOJKHO CUHUTATh UACAABHBIM, YTO IIO3BOASET HCIIOAB30BAaTh
M\l pacyeTOB YpaBHEHWEe COCTOSHUSI HMAEAABHOIO Ta3a — ypaBHeHHe Kaa-
neipoHa — MeHaeAeeBa

PV = NRT = %RT, (IL5)

rAe m — Macca rasa, Kr; M — MOABHas Macca raza; V — obneM rasza, m°; R —
VHUBEpCaAbHasi Ta3oBast mocTtosiHHass (R = 8,326 kAXx/(MoanK), T —
abcoaroTHast TeMmIieparypa, K.

IMpu paBAeHUSAX, OAU3KUX UAM 3HAUUTEABHO ITPEBOCXOASIIUX KPUTUUIECKUE,
B IIpaByio 4acThb ypaBHeHHUsq (I.5) HeoOXOAMMO BBOAUTHL MHOJKUTEAb Z, Ha3bI-
BaeMbIN KoagguyueHmom cXumaeMocmu, 3HaUYeHUWE KOTOPOTO 3aBUCUT OT
IPUBEACHHBIX AaBAeHust P, = P/P,, n temneparypwr T,,=T/T,, (puc. II-5).

CmMmecu razoB U HapoB, OAM3KHX IO CBOUMM CBOMCTBAM K MAEAABHBIM,
XapaKTepu3yIOTCs AaAAUTUBHOCTBIO IApIUMAaAbHBIX OOBEMOB U IapIHUaAbHBIX
MABAEHMH, BEIPa’KaeMON ypPaBHEHUSIMU!

AAS TIaPITMAABHBIX A@BAEHUM

D (11.6)

=
I
.M:

Il
N

AN TIAPIIUAABHBIX 00BLEeMOB
v=-\vVv,

raAe @ 1 V. — COOTBETCTBEHHO BHeEIIIHEe AABAEHHE CUCTEMBbI U OOBbeM Tra30BOU
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Puc. II-5. 3aBuCcUMOCTDh KO3((unyeHTa C’KUMaeMOCTH pPeaAbHBIX ra30B OT IIPUBEAEHHBIX AABAE€HUS U TeMIepaTyphl:
I — AAg paGouero MHTEPBAAQ; - — AAS OOAACTH HUBKUX AABACHUH



cMecH; p; u V; — mnapluarbHble AAaBA€HUE U O00beM [-TO KOMIIOHEHTa Tra3oBOU
CcMecCH.

IMTop napyuaabHbIM gaBAeHUeM p; [-TO KOMIIOHEHTa Ta30BOM CMecHu
IIOHMMAIOT TaKOe AaBAEHMe, KOTOpOe CO03AaBaA0 OBl Tra3, eCAuM OBl U3 HEro
OBIAU yAAQA€HBI BCe KOMIIOHEHTHI, KpoMe (-r0, NIpPHU YCAOBHH, UYTO IIepBO-
HavaAbHBIE TeMIlepaTypa U 0oO0beM CUCTEMBI COXPAaHUAUCH.

IToa napuyuaabHbiM 06beMoM V; [-TO KOMIIOHEHTa ra3oBOM CMeCHU ITOHHUMa-
IOT TOT O0OBeM, KOTOPBIM HMeA OBl ra3, eCAu Obl U3 Hero OBIAU YAAAEHBI BCe
KOMIIOHEHTHI, KpOMe (-0, IIPU YCAOBHM COXPaHEHMs IIepBOHAYaAbHLIX AaBAe-
HUS U TeMIlepaTyphbl CUCTEMEL.

3aKoH AaAbTOHA TAACUT: TapIMaAbHOE AABA€HME KOMIIOHEHTa Ta30BOM
CMeCH p; PaBHO TPOU3BEACHMIO AABAGHUS B CHCTEMe T Ha MOABHYIO AOAIO
KOMIIOHEHTa y; B ra30BOM CMecH, T.e.

!
p =my,. (IL.7)
3akoH AaAbTOHA SBASIETCS CAEACTBHEM AAAUTHUBHOCTH  IapIMaAbHBIX
AABAEHUU. AeMCTBUTEABHO, U3 ypaBHeHUA KaanelipoHa — MeHAenreeBa uMeeM

RT
i =N; —.
pl 1 V

C ApyroM CTOPOHBEI, coraacHo ypaBHeHUIo (II.6)

n=2pi =ZNZ-%=N%.

U3 ABYX IIOCAEAHUX BBIpa}KeHI/Iﬁ CAepyeT, UuTO

!

=yl_'

z|Z

B
T

T. €. IOAyYaeM aHAaAUTUYEeCKOe BBEIpa’kKeHWe 3aKOoHa AAAbTOHA.

3akoH Payas. CornacHO 3TOMY 3aKOHY IapIMaAbHOE AABAEHUE p; KOMIIO-
HEeHTa MAEAABHOTO >XMAKOTO PAaCTBOpa PaBHO MPOU3BEACHUIO AABAEHUS HACHI-
I[EeHHBIX TapOB P; KOMIIOHEHTa IPU AAHHOM TeMIlepaType Ha MOABHYIO AOAIO
KOMIIOHEHTa X; B JKHUAKOHU dase, T.e.

p, =P x . (I1.8)

3akoH I'eHpu. OTOT 3aKOH CHIpPaBEeAAUB AASI Pa30aBAEHHBIX PacTBOPOB U
(hbOPMYAUPYETCS CAEAYIOIIMM 00pa3oM: MaplarbHOe A@BA€HHE KOMIIOHEHTa
IPSIMO IIPOIIOPIMOHAABHO €TI0 MOABHOM KOHIJeHTpaluy, T.e.

p =K x/. (I1.9)

CoBMeCTHOe paccMOTpeHMe 3akKOHOB Payaa (uau I'eHpu) m AasbTOHa B
YCAOBUSX PAaBHOBECHS NO3BOAsSET IIOAYUYUTHL OCHOBHBIE YpaBHEHHUS AAS pacdeTa
PaBHOBECHBIX COCTaBOB (haa.
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PABHOBECHDBIE COCTABDI ®A3

CdopMyAupOBaHHBIE BEBINIE 3aKOHBLI IIO3BOASIIOT IIOAYYHUTH
YpaBHEHUSI AASI pacueTa PaBHOBECHBIX COCTABOB COCYIIECTBYIOIIUX IIapOBON U
JKUAKOU ha3s.

Tak, coBMecTHOe paccMOTpeHHe 3aKOHOB ['eHpu [ypaBHeHue (I1.9)] u
AanpToHa [ypaBHeHue (II.7)] TO3BOAdET TIOAYUHTH CAeAyHOIlee YpaBHEHUE
paBHOBeCHUs AT pa30aBA€HHBIX PACTBOPOB!

K.
Vi =TIX1'/ = H, x/,
rae H, — xoHcranTta ['eHpHu, onpeapensemMass 9KCIIEPUMEHTAABHO.

CoBMmecTHOe penienue ypaBHeHut (IL7) u (I1.8) mpHBOAUT K CAeAyIOIIEMY
YPaBHEHUIO PAaBHOBECHUS:

o h xS kx 11.10
Yi =TX1' =8 X, (IL.10)
rae K; — KoHcTaHTa (pa30BOTO PaBHOBECHUS AQHHOT'O KOMIIOHEHTa CMeCH.

AANST IAEaABHBIX PACTBOPOB

B obOmieM caydyae KOHCTaHTa (Pa30BOTO PABHOBECHSA 3aBUCHUT OT AABAEHU,
TeMIIepaTyphl, CBOUCTB KOMIIOHEHTa (HOPMAaABbHBIY, HENPEAEABHBINU, IJMKAWYEC-
KUU ¥ T.II.) U COCTAaBOB (haa.

ITpocymMMupoOBaB AeBYIO U IpaBylo dyacTu ypasBHeHus (II.10) mo Bcem KoMmmo-
HeHTaM, IIOAYYUM

n

Sy =KX =1, (IL.11)

i=1 i=1

OTO Tak Ha3blBaeMOe ypaBHEHUEe u3omepMbl KUGKOU ¢a3bl UgearbHOro
pacmsopa. OHO HCIOAB3YeTCS AAG OLPEeAEAeHMS TeMIlepaTyphbl KUIIEHUS CMeCH
IIpU A@BAEHUU I

YpaBuenue (I1.10) mpeacTaBasgeT coOOM MaTeMaTHUeCKOoe BHEIpakeHUe
0OBEANHEHHOTO 3aKOHa Payad m AaAbTOHAa M NO3BOASET PACCUUTHIBATH KOH-
IIeHTpaIluM IIapOBON U >KUAKOMN (ha3 MPU PAaBHOBECUU B CHUCTEME.

Bocrioanp30BaBIINCHL TPABUAOM AAAUTUBHOCTH IapIMAABHBIX  AABACHUU
[vpaBrenue (II.6)] m 3akoHOM Payaa [ypaBHernue (II.8)], 3ammmieM ypaBHeHHe
(I.10) B caepyrOlIEM BUAE

B xi

1

e

PaSAeAI/IM YUCAUTEAb 1 3HAMeHATeAb HpaBOI‘/II YacCTU IIOCAEAHEeTIO YPAaBHEHUA
Ha AdBA€HHWE HACHIIIIEHHLBIX ITapOB KaKOI‘O-HI/I6YAB KOMIIOHEHTQ, HallpuMep k-ro,
IIPUHATOIO 34 3TaAOHHBIN. OTHOIIIeHUe

LA (IL.12)



HA3BIBAETCSA KO3(PUYUEHMOM OMHOCUMEAbHOU Aemyiecmu i-TO KOMIIOHEHTa II0
oTHOWEeHUIO K k-my. KoadpunueHT OTHOCUTEABHOU AeTy4YeCTU XapaKTepuslyeT
CIIOCOOHOCTBL AQHHOTO KOMIIOHEHTA II€PEXOAUTH B MApPOBYIO (hasy: 4yeM OOABIIe

BeAUYNHA O, TeM Aerde KOMIIOHEHT [ IIePEeXOAUT B IIapOBYIO asy.

[lpu pa3pereHUM ABYXKOMIIOHEHTHBIX CHCTeM OOIIENPHHATO 3a 3TAAOHHBIM HIPHUHUMATh
BEICOKOKUTAMMUN KoMnoHeHT (BKK). Ilpu aToM Ko3ddUIMeHT OTHOCUTEABHOHN AeTydecTd oy > 1.
Ecam a, = 1, To TemIepaTyphl KHIIEHHS KOMIIOHEHTOB OAWHAKOBBI U TPeOYIOTCS CIleIHarbHBIE
METOABI Pa3A€AeHUsI — (3e0MPONHAS AV 3KCMPAKMUBHAA peKmupuKkayus.

ITpu pa3pereHUM MHOTOKOMIIOHEHTHBIX CMeCeM 3a 3TAaAOHHBIM MOXKeT OBITb IPUHSIT AIOOOU
KOMIIOHEHT. AAd 3TAaAOHHOTO KOMIIOHEHTa KO3((UIIMEeHT OTHOCUTEABHOM AeTydeCcTH o, = L.
BeanurHa Koa(p@uIlMeHTa OTHOCHUTEABHOM AeTYy4eCTH APYTMX KOMIIOHEHTOB MOJKeT OBITh KakK
OOABIIIe, TAK U MEHBIIe eAWHUIbI, B 3aBUCUMOCTH OT TOTO, KAKOM KOMIIOHEHT B3ST 3a 3TAAOHHBIU.
EcAu yCAOBUTBCS, UTO CAMBIM AETYYHMM KOMIIOHeHT, T. e. Huskokunamuii (HKK), mMeeT HOMep
i = 1, a cambIli HeaeTyuni koMmnoHeHT (BKK), numeer HoMep i = n, To B caydae 1 < k < nnpu i <
< k cupaBepauso o, > 1, a npu { > k cupasepanso oy < 1.

Ecam 3a staromnbit npunate HKK 1.e. k = 1, To o < 1 AA BCeX KOMIIOHEHTOB C HOMEPOM
i > 1. Ecau Xe B KadecTBe 3TaroHHOro npuHATk BKK, T.e. kK = n, To o, > 1 AA BCceX KOMIIOHEHTOB
c HomepoMm i < n. IlocrepHee ycaoBHe OOBIYHO BCTpedaeTCs B IPAKTUKE pacueToB Macco-
OOMEHHBIX IIPOIIECCOB.

B cayuyae HeOOXOAMMOCTU 3TAAOHHBIM KOMIIOHEHT MOJKET OBITh A€TKO 3aMeHeH. Tak, Hallpu-
Mep, IPU 3aMeHe K-rO 3TAaAOHHOTO KOMIIOHEHTa Ha j-U CAeAyeT U3MEeHUTb BEeAUYUHBI KOI(d-

(PULFEHTOB OTHOCHUTEABHON AETYHYeCTH O Ha O PYKOBOACTBYSICH CACAYIOLIMM COOTHOIIEHHEM

_b _Pi/Pk _O‘l=Pi/n=K_f

P B[R ay Bjn K

C y4eTOM BBIIIEU3AOKEHHOTO IIOAYYUM CAEAYIOUIYIO 3alllCh YPaBHEHUS
PaBHOBECHSA

y, =X (I1.13)

Ecau 3a staroHHBIM npuHATE BKK, TO mHAEKC kK = n MOXXHO ONYCTUTH U
3anucars ypaBHeHue (II.13) B Bupe

ro o; X;
yi =

bl
,
PXIEY
j=1

ITpum pacueTe paBHOBECHBLIX KOHIIEHTPAIMM B JKUAKOM Qhasze 3amulleM
ypaBHeHue (I1.10) B caepyrollieM BuAe

x! =RL=M , (IL.14)

P Vn

i

[TpocyMMUPOBAB AEBYIO U IPaBYIO YaCTU MTOCAEAHETO YpPaBHEHHS IO BCEM
KOMIIOHEHTaM, IIOAYYHUM BEIPpaKeHUe

=§Y_- wa Y, (IL15)

=1 P =1 B

EREEN

KOTOpOe Ha3hIBaeTCs YpPABHEHUEM u3omepMbl napoBol ¢a3bl. OHO HCIOAB3YyeT-
Ccsl AASI OIIpeAeAeHUs TeMIlepaTyphl Hadara KOHAEHCAIUM IIapoBoM (a3bl Ipu
AABAEHUU T.

62



N3 ypaBHenuu (I1.14) u (II.15), BBepd KO3((PUIIMEHT OTHOCUTEABHOMH
AETY4YeCTH, IIOAYYUM APYTYIO 3aIIUCh YPAaBHEHUS PABHOBECUS:

x/ =HY¢ (IL.16)
E(Y} / O‘jk)
j=1
I[Mpuaas B kKauvecTBe sTaroHHOTO KommnoHeHTa BKK (k = n), 3anwuiiem

ypasHeHue (I1.16) B Bupe

Vi /O‘i .
]21(5’} /O‘j)

ConocraBuB ypasHeHusa (I1.13) u (I1.16), BUAMM, YTO OHM HAEHTUYHBL IIO
cBoel cTpykrype. Ilepexopa oT ypasBHenus (II.13) k ypaBHeHuto (I1.16)
IIPOM3BOAMTCSI 3aMEHOM y,; Ha X ;, @ Oy Ha 1/0,;. DTO 06CTOATEABLCTBO YIIPOIIAeT
NIPOBEAEHUE pAaCUueTOB IIPW HCIOAB30BAHUU 3AEKTPOHHO-BBIYMCAUTEABHBIX
MaIIvH.

KosdhdunueHT OTHOCUTEABHOU AETYUECTH SIBASIETCS (PyHKIIMEU TeMIlepaTy-
PBL U A@BA€HUS CUCTeMBI. Ero BeAWYMHA yMeHbIIaeTCsl C NOBBIIIIEHHEM TeMIlepa-

TYpPhI 1 AdABA€HUA CUCTEMEI.

Bocnoab3oBaBmucek ypaBHeHusMu (I1.13) u (I1.16), cBs3b MeXXAYy PABHOBECHBIMU COCTaBaMH
NIapoBOM U JKMAKOM (pa3 MOJKHO TaKKe IPEACTaBUTH B BHAe ypaBHeHusi (II1.10), B KoTopom
KOHCTaHTa paBHOBecus K, paBHa /K, a KOHCTAHTA PABHOBECHS JTAAOHHOIO KOMIOHeHTa K,
OIIpeAEASIETCSI IO YPABHEHUIO

X!

1

AU

PABHOBECHE JIBYXKOMITIOHEHTHbBIX CMCTEM

PaccMmoTpuM caydail MapO’KMAKOCTHOTO PaBHOBECHUS ABYXKOM-
IIOHEHTHOM (OMHapHOM) cMecH, KOTopasg oOpa3yeT HMAEAAbLHBIM pacTBOP, IIOAUU-
HAOmMUMNCca 3akoHaM Payag m AaabroHa. COCTOAHME PABHOBECHOM OWHApPHOMU
CHCTEMBI XapaKTepPHU3yeTCsI AABAEHUEM T, TeMIIepaTypoy { ¥ COCTaBaMU >KUAKOM
X, ¥ apoBo# y,; ¢a3. CoraacHo mpaBuAy (a3 ['mb66ca YUCAO CTeleHel CBOGOABI
TaKOW CHCTeMEBl L = 2, T.e. U3 4YeThIpeX IIapaMeTpPoOB, XapaKTepHU3YIOIIUX paB-
HOBECHOE COCTOSIHHE CHCTEMEl, IIPOM3BOABHO MOTYT OBITH BBIOpPAHBI TOABLKO
ABQ, @ ABa APYTUX OIIPEAEASIOTCS.

[MTponecce, TOAOOHBIE MEPEroHKe M PEKTHU(UKAIUY, OOBIYHO IIPOTEKAIOT
IIPY TIOCTOSTHHOM WAW MaAO W3MEHSIONIEMCS AABAEHHHU T, BEAMYMHA KOTOPOTO
OblBaeT m3BecTHa. [ToaToMy HamboAee 4ACTO NPUXOAUTCS BBIOMPATH OAWH M3
OCTaABHBIX TpeX MapaMeTpoB, f, X; UAH ¥ ..
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CoraacHo 3akoHyY Payas mapipasbHble A@BA€HHS KOMIIOHEHTOB OIIpeAe-
AGIOTCS CAEAYIOIINM 00pa3oM
ad HKK (mBpEKC a)

P, = Px', (I.17)
A BKK (mBAEKC W)
p, = P,(1 — x'). (IL.18)

,A'aBAeHI/Ie HACEHEIIIIEeHHBIX IIdapOB CMeCHM 3THUX KOMIIOHEHTOB p,, PABHO
CyMMe IIapPIUAABHBIX AaBAeHI/If/'I, T.e.

Paw = Pa T P» = PX' + P,(1 — X).

OTO ypaBHEHUe, BBIpa’kalolllee 3aBUCUMOCTb MEKAY COCTaBOM JKUAKOU
da3bl x' ¥ AaBAEHUEM HaCBIIeHHBIX IIapOB 3TOM JKUAKOCTH D, . Ha3bIBAeTCS
YPaBHEHUEM U30mepMbl XUgKol ¢a3bl UgearbHOU gBYXKOMNOHEHMHOU cmecu. B
KOOpAMHATaX p — X — OTO ypaBHEHWE IIPSIMOM, IIPOXOAMINEN dYepe3 TOUYKH
Bx =0, p,=P,)uA (x =1, p,, = P,), kak nokazano Ha puc. 1I-6.

B paccmarpmBaeMo#l cHCTeMe J>XHAKOCTH HaXOAUTCS B PABHOBECHUU C
COOTBETCTBYIOIIVMM HACHIIIEHHLIM IIapoM, T.e. IPU TeMIleparype KuneHus. Cae-
AOBaTEeABHO, AABA€HHe HACBIIEHHBIX IIapoB 3TOM JKUAKOCTH D, PaBHO
BHeIIIHEMY AABAEHHIO T, T.€.

T =Px + P,(1 — x'). (IL.19)

W3 ypaBHeHus (11.19) caepyeT, 94To IpU U3BECTHOM BHEIIHEM AABAEHUU T U
TeMIlepaType CUCTEMBI { MOJKHO OAHO3HAQUHO OIIPEAEAUTH COCTaB JKUAKOM (a3bl

x' =P (I1.20)
P, -P,

COOTBETCTBEHHO, €CAM U3BECTHEI COCTaB JKUAKOM (pa3el M TeMueparypa i,
TO MOJXHO OIIPEAEAUTHh AdBA€HME CHUCTEMBI 7T, XM, HAKOHEIl, IIPX M3BECTHHIX T U
x' METOAOM IIOCAE€AOBATEABHBIX MPUOAMIKEHUYW MOXKHO HAUTU TeMIepaTypy
CHCTeMHl t, KoTopas M OyAeT TeMIlepaTypod KHUIEeHUS 3TON >KUAKOCTH IIpU
MABAEHUH T.

Puc. II-6. Vi3oTepmbl >KMAKOW U 11apoBoil a3
HAEaAbHOM ABYXKOMIIOHEHTHON CMeCH:

BCA — wu3orepma >Xupkou ¢ase; BDA — wu3so-
TepMa NapoBOM (ha3bl
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B coorBeTcTBUM C 3aKOHOM AaAbTOHA IaplMaAbHOE AABAEHHE B ITIaPOBOU
¢raze PaBHOBECHOM CUCTEMBI OTIPEAEASIETCS:

arst HKK

p. = my’; (1L.21)
anst BKK

P, = m(l — V). (I1.22)

EcAam cmcreMa HaAxXOAUTCS B PpaBHOBeCHH, TO IIapIHWAABHEIE AABACHUA
Ka>XAOT'O KOMIIOHEHTA B HapOBOfI u }KI/IAKOfI (basax PaBHHI. CAeAOBaTeABHO,

ny' = P, x';
all-y)=P,(1-x)

OTcropa onpeAeAsieM COCTaB MapoBOM pasbl, HAXOASIIENCS B PaBHOBECUU C
JKUAKOCTBIO COCTAaBa:

y’ = PaX’ _ B ,paw_Pw.
T Paw Pa _Pw

) P, (1-x) i Pw(l—x’)'

(IL.23)

!

l-y

T Paw

EcaAu BBIPa3uThL A@BAE€HUE CMECH P, Yepe3 KOHIIeHTpaluio IapoBOM (a3bl
y', To u3 ypaBHenus (I1.23) moayuum

P, P
Paw =$_
Pa _Y<Pa _PW>

OTO ypaBHEHUEe HA3bIBAeTCd ypPaBHEHUEM U30mepMbl NAPOBOU ¢Ga3bl U B
KOOPAMHATaX p — y TPEACTaBASIETCSI THIIEPOOAOM, PACIOAOKEHHOHM IIpaBee
U30TepPMBI >XHUAKON asbl (cM. puc. lI-6), UTO COOTBETCTBYET YCAOBUIO AAT
HWAEAABHBIX PacTBOPOB IIPM PaBHOBECHUHU V' > X'

TakuM obpa3oM, IIpH 3aAAHHBIX BHEIIHEM AABAEHUH T M TeMIlepaType
CUCTeMBbI [ COCTaBbl PABHOBECHBLIX IIAaPOBOM U >XUAKOU (pa3 oOmpepAeAdroTcs
OAHO3HAYHO.

Ecam TemIepaTypa CHUCTeMBl W3MEHHUTCSI IIPU IIOCTOSSHHOM BHEIIHEM
MABAEHMH, 3TO IIPHUBEAET K COOTBETCTBYIOIIEMY M3MEHEHUIO COCTaBOB PaBHO-
BECHBIX a3.

CocTaBbl PaBHOBECHBIX JKMAKOM M IIapoBOM (ha3 M INapljMarbHBIE AABACHHSI KOMIIOHEHTOB
(puc. II-7) MoryT OBITHL OIPEAGAEHLI TakKXKe II0 M3BECTHBIM KPUBLIM 3aBUCHMOCTU AABACHUS
HACBHIIEHHEBIX [IapOB OT TeMIlepaTypel P, (f) u P, ().

[Npu 3ap@aHHOM BHEIIIHEM AABAEHHUU & TOUKU IepecedeHusi TOPU3OHTAAU, UMeEIOIell OpAMHATY
7, ¢ KPUBBLIMU AABAEHUS HACHIIEHHBIX NapoB B TouKax M u N OIPEAeAsIOT COOTBETCTBEHHO
Temneparypsl Kunenus yucroro HKK ¢, u uucroro BKK ¢,.

OpHOBpeMeHHOe COCYIIeCTBOBAHHE PABHOBECHBIX NAapOBOM M JKUAKOM (a3, COCTOAIIUX M3
KOMIIOHEHTOB @ U W TIPU BHEIIHeM AABA€HHH N, BO3MOJKHO TOABKO B IIpepeAax TeMmIlepaTryp f, —
t,. Ilpu TeMmepaTypax HU)Ke 4eM f, CUCTeMa COCTOUT TOABKO M3 JKHAKOW (hbasbl, a IpU TeMIepa-
Typax BbIle 4eM t, — TOABKO U3 IapoBol (asbl. Ilpu TemmepaType f, AaBA€HHE HACBIIEHHBIX
napoB HKK paBHO BHeIllIlHeMYy AABA€HMIO; IpU OOAee HM3KUX, UeM t, TeMIlepaTypaxX AABAe€HHE B CHU-
creMe OyAeT HUJKe 7. AHAAOTUYHO TIpU TeMIleparype t, AaBAeHHe HackIeHHbIX napoB BKK paBHO
BHeIIHEMY A@BAEHHIO, a IIPM TeMIlepaTypax Bhllle 4eM ¢, oauH BKK OyaeT co3paBaTh Ooaee BBICO-
Koe AaBAeHHe, UYeM T.

OnpeaeArM COCTaBhl PABHOBECHBIX JKHMAKON M NapoBOM (a3 IpU IPOU3BOABHO BBIOPAHHON
Temneparype t (t, < t< t,). [Ipu 3Tol TeMHnepaType aAaBAeHHe HachleHHBIX napoB HKK (cMm. puc.
II-7, a), orBeuaeT Touke L, a paBAeHUe HachIeHHBIX MapoB BKK — Touke K. OTAOXUM 3HaYEHUS
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t, t t, t 0 x Y x;y'1

Puc. II-7. I'pacdnyeckoe onpepereHne KOHLEHTPaIUil paBHOBECHBIX (ha3:

a — 3aBHCUMOCTH AABAEHHSI HACHIIEHHBIX I1IapOB KOMIIOHEHTOB OT TeMIlepaTyps; 0 —
3aBUCHUMOCTUA HM30TEPMBI JKUAKOM (pa3bl U IMapPIUAABHBIX AABAEHUIN KOMIIOHEHTOB B IIAPOBOU U
KUAKOM (hpazax OT KOHIEHTpaluu

9TUX AABAGHUI B IpaBO¥ d4actu rpaduka (cMm. puc. II-7, 6) coOTBeTCTBEHHO B TOukKax A (x' = 1,
p=P,)uB (x' =0 p=P,) unpoBepeM uyepe3 HUX IPIMYyIO0 U30TepMbl OMHAPHOH CHCTeMBbI BA.
Touka D mepecedyeHHs TOPM30HTAAW, COOTBETCTBYIOUIeM BHEIIHEMY AABAEHHIO T = p,, C

n30TepMOM BA ONpEAeAUT COCTaB KHUIAIIEeN J>XKUAKOCTH X TIPHM 3aAaHHBIX TeMmueparype f, H
A@BAEHUU T.

AAsT ompepeAeHHsT cocTaBa apoBoO# (has3bkl y', pPaBHOBECHOUW C JKHUAKOCTBIO COCTaBa X,
nszobpaszuM ypasBHeHue (II.17) B Tex >ke ocax kooppuHar. [Ipsmas OA BeIpa’kaeT 3aBUCHUMOCTH
ME>XXAY COCTaBOM JKMAKOU hasbl X' U napruarbHeIM AaBaeHumeM HKK. Tlpu Ha¥ipAeHHOM 3HaUYeHHH
x' mapruaabHoe AaBaeHne HKK p, onmpepeAuTcst opAMHATOM TOuKuU E.

YpasHenue (I1.21) Ha ToM Xe rpaduke OypeT IpeACTaBAeHO IpsMoi OH.

B ycroBusix paBHoBecus P,x' = my'. IlooToMy IpOBeAsl TOPHU3OHTaAb M3 Touku E A0 ee
mepeceuenuss B Touke F ¢ mpsamo#t OH, Hatipem Kouinentpanuto HKK B mapoBoi#t dase y' mpu
PaBHOBECHU C JKUAKOHM (ha30u cocraBa x (abciucca Touru F).

Taxum oOpa3oM, IpU AA@BAEHMM & U TeMIeparype ¢ Trpadudyecku HAWAEHBI COCTaBBI
PaBHOBECHBIX JKUAKON U IIApoBOM (a3 x' ¥ y'. AHAAOTHMUYHBIE ITOCTPOEHUSI MOTYT OBITH BBITOAHEHEI
U NIPU APYTUX TeMIlepaTypaxX CHUCTeMBl B AUana3oHe f, — f, UAU IIPU APYTOM BHEIIHeM AAGBA€HUU It.

VYPABHEHUE U KPUBASI PABHOBECHUS ®A3
BUHAPHOIl CMECU

Ecam ompepeAnUTh psSA PABHOBECHBIX COCTABOB JKHMAKOUM M
mapoBo¥ (pa3 MpU AGHHOM BHEIIHEM AABAEHUU 7T B AMAlla30He TeMmeparyp f, —
t,, TO B KOOpPAMHATaX X — Yy MOJHO IIOCTPOUTHL KpuByiO (puc. II-8),
Ha3BIBAEMYIO KpUBOU paBHoBecusa (pa3. Kaxpou ToukKe KPUBOU paBHOBecUs (a3
COOTBETCTBYET OIIpeAeAeHHAasl TeMIlepaTypa B IIpepeAaX TeMIepaTyp KUIIeHUsS
HKK ¢, (x' =1,y = 1) wBKK {,(x' = 0,y = 0).

B coorBercTBHMU C 3aKoHaMu Payad um AarpTOHa INIpH  PABHOBECUU
napruanbHble pAaBreHUs HKK um BKK B mapoBoM u >KHMAKOM (ha3axX paBHBI U
OIIPEAEASTIOTCSI YPABHEHUSIMU

'

Po = Px' = my

"

py=P,(1 — x) = n(l—y).



Puc. 11-8. Kpusas paBHOBecusi ¢a3 B KOOp-
AmHartax X' —Yy'

0 x; X, x'1

PGSAeAI/IB A€Bble U IIpaBble YaCTH IIepBOTO HaA COOTBETCTBYIOIIIVE YAEHBI
BTOPOI'O0 YPAaBHEHUI, IIOANYyIUM

V' _Pa x' g x| (IL.24)
-y’ pwl—x’ 1-x

OrtHomleHue AaBaeHUMU P, u P, oOoO3HayaeTcd dYepe3 O W Ha3BIBAETCA
xoapgpuyuenmom omnocumenbHol Aemyduecmu [cM. Tak>Xe BeIpakeHue (II.12)].

YpaBHeHue (I.24) sBAseTcs ypaBHeHUeM KpuBolli paBHOBecus ¢a3 OGuHap-
HOM CMeCH U YCTaHaBAMBAEeT 3aBUCHMOCTb Me’KAYy PaBHOBECHBIMHU KOHIIEHTpPA-
UMM B JKUAKOM U TTapoBOU ¢razax.

YpaBuenue (I1.24) Mo>XeT OBITH pEIIEHO OTHOCUTEABHO KOHIEHTpAIUH '
WAK X

r_ ox _ ox
Y o +(1_X,) - 1+(a_1)X' (I1.25)
n
L ’
X =t (I1.26)

L+(1—y’) a—(a—l)y
a

YpaBHeHUE KPUBOU PABHOBeCHS (Pa3 COXpaHAET CBOM BHUA IIPU 3aMeHe
MOABHBIX KOHII€HTPAIlM¥ MacCOBBIMU. BEIpa3suB MOABHBIE KOHIIEHTPAIIUM uepes
MacCCOBBIe U IIOACTaBUB uX B ypaBHeHUs (I1.24) — (I1.26), HatipeMm

IO TP S S
-y 1-x' 14 (o - 1)x ' a—a—l)y

IMockoabky P, > P, mpu A@HHON TeMIeparype ¢, TO Ko3(phuimeHt
OTHOCUTEABHOU AeTydecTH o > 1. Uem Ooawlie oranvaerca P, ot P, TeM
OOABIIIE BeAMYMHA 00 U TeM B OOABIIEM CTelleHU I[apoBasg (pasa oOoraileHa
HKK mo cpaBHenmuio ¢ >xupkor. Ha puc. 1I-8 6oabliiell BeAmumHe o OTBedaeT
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Oonee BBINNyKAAsL KpuBasgd paBHoBecusa Ga3. KosdduimeHT OTHOCUTEABHOMU
AeTY4YeCTH O 3aBUCHUT OT TeMIlepaTyphl, Tak KaK AABA€HUS HACHIIIEHHBIX IIapoB
P, u P, pa3pensieMBIX KOMIIOHEHTOB IIO-Pa3HOMY H3MEHSIOTCS C H3MeHeHHeM
TeMIlepaTypel. KpoMme TOro, o 3aBHCHUT OT BHEIIHETO AABACHHUS T, IIOCKOABKY

OHO oIIpepeasieT AUAIIa30H TeMIIepaTyp KUIIeHMSI ta - l’w KOMIIOHEHTOB CMeCH.
O6buHO  KOI((PUIIUEHT  OTHOCUTEABHOM  AeTydeCTH Bo3pacTaeT C  IOHHJKeHUeM
TeMIIepaTyphl, IIO3TOMY AASl AQHHOM pPAaBHOBECHOW CHCTEeMBI MaKCHUMaAbHOe 3HAYeHWe o ..
COOTBETCTBYET TeMIeparype !, a MUHUMaAbHOe 3HaueHue o, TeMmIeparype t,.
[lpu mocTpoeHuUM KpUBOM paBHOBecHsi (a3 nmo ypaBHeHmio (I1.24) HCHOAB3YIOT cpepHee
reoMeTpuYecKoe 3HaueHHe KO3 (uiueHTa OTHOCUTEABHON AeTy4eCTH

O = VO maxOmin - (I1.27)

Pacuer cocTaBOB paBHOBECHBIX (a3 € MCIOAB30BAaHHEM CpEAHEM BEeAWYMHBI O AdeT
HEKOTOPYIO IOTPeIIHOCTh B BEAWYMHAX DPABHOBECHBIX KOHIIEHTDAIWM, KOTOpas BO3pacTaeT C
yBeAHYeHUeM Pas3HHUIBl B KOIPMUIUEHTaX OTHOCUTEABHOU AeTy4eCTH O U O .. AAS TOBBIIIEHUS
TOYHOCTH pacueTa ypaBHeHUe (I1.27) MoskeT OBITb IPUMEHEHO AASL OTAEABHBIX YYacTKOB OOIIeTo
WHTepBaAa M3MEHeHHUs TeMmepaTryp oT f, Ao ¢, .

AAs pacdeTa BEeAMYMHBI O MOJKET OBITH MCIOAB30BAaHO YypaBHeHHe MeAbloAbAEpPa U
XUAUHTTOHA:

At T

lga = —(7,30— 1151gmn +—\ , (I1.28)
T L 1791gn J

rAe At — pa3HOCTH TeMIepaTyp KWIIeHUsS KOMIIOHEHTOB IIpU Aa@BA€HMM & ; 1 — CpeAHAs

TeMIlepaTypa Ipoljecca, K; @ — AaBAeHHe B CUCTeMe, MM pT. cT. (t = 10+1500 MM pT. cT.).
YpaBHeHue (I1.28) Mo>keT OBITH MCIOAB30BAHO KaK AAI MHAWBUAYAABHBIX KOMIIOHEHTOB, TakK
U AAS Y3KHX IO TeMIlepaTypaM KHUIeHHs (paKIUi HedTelpOAyKTOB.

N30BAPHBIE TEMITEPATYPHBIE RPUBLIE

[MoAryueHHBIE AAG PA3HBIX TeMIlepaTyp [ paBHOBECHBIE COCTABHI
KUAKOM X' ¥ TapoBOM y' a3 IpU AABAEHUM T MOTYT OBITb HPEACTaBAEHBI B
cuctreMe kKooppwHaT t — x, y (puc. 1I-9). Tlo ocm abcumcc OTAOKEHBI
KOHIIEHTPAIIMKU >KUAKOM X U TApoBOM ¥y a3, OTBeYarllue pa3AnYHBIM
TeMIepaTypaM t. B pe3yabTaTe IOAy4alOTCSI ABe KPHUBEIE, KOTOPHIE HMEIOT ABE
obmue Toukm: A (x' = y' = 1), orBevatomyto Temuneparype kunenus HKK ¢, n
B(x'=y" = 0), cooTBeTCcTBYyIOIYyIO TeMIlepaType Kunenus BKK ¢, .

KpuBass AAA,B TIpeACTaBAgIeT 3aBUCHUMOCTb MeXKAy TeMIepaTypou CHUCTe-

Puc. 1I-9. N306apHble TeMmepaTypHble KpH-
1 BBIE
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MBI U COCTABOM >KMAKOU (pa3bl M HA3bIBAeTCd U300apHOU memnepamypHOU Kpu-
BOU Kunenus (AuHuel KuneHus).

Kpusass AB,B,B, oTBeualollas 3aBUCHUMOCTH TeMIIepaTyphbl CHUCTEMBI OT
cocTaBa IIapoBOM (pa3bl, Ha3bIBaeTCs u300apHOl KpuBolU KOHgeHcauuu NapoB
(AuHuell KoHgeHCcaUUU UAU HACHIUWEHHbIX NAPOB).

IMpu AaBAeHMU T paBHOBECHBIE >KMAKAd U IapoBasg a3kl MMeEIOT OAWHA-
KOBYIO TeMIIepaTypy X Ha M300apHBIX TeMIIepaTypPHBIX KPUBHIX PABHOBECHEIE
cocTaBbl (a3 IIpy TeMIIepaType CUCTEMHI {; OIIPEeAEASTIOTCS TouKamu A, u B, mepe-
CeyeHUsI COOTBETCTBYIOIeN TOPU30HTAAU C KPUBBIMUM KUIIEHUS ¥ KOHAEHCAIVHU.

l'opuzoHTaABHBIE OTpPE3KU, COEAMHSIONINE TOUKM PaBHOBECHBIX COCTaBOB
KUAKOM U IIapoBOM (pa3, Ha3bIBAIOTCSA KOHogaMu (Hampumep, A,B,).

MO>XHO OTMEeTHUTh, YTO KaK Ha AuarpaMMe H300apHBIX TeMIepaTypPHBIX
KPUBBIX, TaK W JHTAABIUWHON AMarpamMmme (CM. Aaaee), KOHOABI OAHOBPEMEHHO
SABASIFOTCS U U30TEPMaMU.

Touku, Aeskamye Ha KpuBou AAA,B, oTBeualoT >KUAKOU dase, HaXOAS-
1ielics NpU TeMIlepaType KulleHus. [losToMy Aro6as TOYKa, AesKalllas HIKe
3TOM KPUBOM, HalpUMep TOUYKa F, XapakTepusyeT CUCTEMY, TeMIepaTypa KOTO-
poO¥ He AOCTUTAA TeMIEepaTyphbl KUIIEHUS JKUAKOCTH cocTaBa X,. CaepoBaTeAb-
HO, 0OAACTh HUJKe KpUBOM AA,A,B XapakTepU3yeT CHUCTEMBI, COCTOLIINE TOAb-
KO U3 JKUAKOU (ha3Hl.

AnanroTMUHBEIM OOpa3oM, Afobas TOUKa, Ae’Kalllasi BhIlle KpuBou AB,B,B,
HalpuMep Touka E, XapaKTepuadyeT CHUCTeMy, TeMIlepaTypa KOTOPOM BHIIIe
TeMIlepaTypbl Hauana KOHAEHCAIIUM IIapoOB COCTaBa y',, T.e. Iaphl Touku E 4B-
AJIOTCS TeperpeTbIMM U CHUCTEMa COCTOUT TOABKO U3 IapoBOM  (pashl.
ChepOBaATEABHO, OOAAQCTh AMArpaMMbl BhIlle KpuBol AB;B,B XapaKTepusyer
CHUCTEMBI, COCTOSIIINE TOABKO U3 IeperpeTod napoBou (pashl.

TouKY, HaXOAAIIUECS MeKAy H300apHBIMU TeMIIepaTypHBLIMU KPUBBLIMY,
HanpuMmep Touka C, XapaKTepU3YyIOT CHUCTeMBl, TeMIlepaTyphbl KOTOPHIX BHIIIE
TeMIIepaTyphl KUIIEHU KUAKOCTU AQHHOTO COCTaBa M HMJ)Ke TeMIlepaTyphbl KOH-
A€HCAallMU MIapoB 3TOTO ’Xe COCTaBa, T.e. OTBEUAIOT PAaBHOBECHEBIM ITapPOKUAKOCT-
HBEIM CHCTEeMaM.

H3o06apHble TeMIepaTypHble KPUBBIE MOTYT OBITh IOCTPOEHHI KAK B MOAB-
HBIX, TaK U B MAaCCOBBIX KOHIIEHTPAIIUIX.

DHTAJILITUTHASA [TMATPAMMA

AAS aHaAu3a M pacdeTa INPOILECCOB IEPEerOHKU U PeKTUPU-
Kallud KCIOAB3YIOT TaK’XKe JHTAABIUMNHBIE AMATPAMMBI, CBA3BIBAIOIIAE COCTABEL
JKUAKOU W NAapoBOU (ha3 C UX IHTAABIIUSAMU.

[TpeneOperass TeNAOTOM PACTBOPEHUS U CUYUTAs JHTAABIMNIO AAAUTHUBHBIM
CBOMCTBOM, MOJXHO PACCYMUTATh SHTAABIIUM JKUAKOU U IApoBOM (ha3, MUMeIOUIUX
PaBHOBECHEBIE COCTABHL X M YV IIPW 3aAQHHEBIX TeMIlepaTrype [ U A@BA€HHHU T, 11O
CAEAYIOIIUM yPaBHEHUIM:

AN KUAKOU (Pas3bl

h, =[Cax+Cw(l—x)]t=hatx+hwt(1—x);
ANA HACBIINTEHHBIX HapOB
H, =[Cay+Cw(l—y)]t+[1ay+lw(1—y)]=Hmy+wa(1—y).
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rae C, u C, — cpepHHe TENAOEMKOCTH B HHTepBane TeMiepaTyp oT 0 po ¢
coorBerctBeHHO HKK m BKK, xAX/(kr-°C); I, u I, — CKpBITbIE TENAOTHI
UCTHapeHuss KOMIOHEHTOB, KAJK/KT; h 1 H — »SHTaABINU TeX Xe KOMIIOHEHTOB
COOTBETCTBEHHO B JKHAKOM M IapoBoM (azax, KAK/KT.

Ha puc. II-10 paH oOmIUM BUA SHTAABIUWHON AMarpaMMBbI.

Ha sHTaABOUMHON AuarpaMMe IPUBEAEHBI KPUBBEIE h, DHTAABIINU KUIGIeN
JKUAKOCTU U H, SHTAABIIMM HACHIIEHHBIX IIapOB B 3aBUCHUMOCTH COOTBETCT-
BEHHO OT KOHIIEHTpPAlluU X U .

Arobag Touka F Ha 3HTAABIMMHOU AMArpaMMme, Ae’Kalllas HIKe KPUBOU
SHTAABIIMU JKUAKOM (pasbl, XapaKTepusyeT CUCTeMY, COCTOSIIIYI0O TOABKO U3
JKUAKOU (pas3bl. Atobasd Touka E, Aexkalllasi BbIIle KPUBOM JSHTAABIIUM TTAapPOBOU
a3k, COOTBETCTBYeT CHUCTeMe, KOTOpas COCTOUT U3 MeperpeTbiX MIapoB.
Touku, pacoAOKeHHBIE MeKAY KPUBBIMHU JHTAABIIMU JKUAKOM U IapoBOM a3,
HanpuMep C, XapaKTepU3yIOT AByX(da3Hble CUCTEMHI.

BepTukKanbHBIE OTPE3KU MEXKAY KPUBBIMHU OJHTAABIIUU ApPOBOU U >KUAKOU
¢ra3 OTBEUAIOT CKPBITOM TENAOTEe UCIHApeHUs (KOHAEHCAIMU) CMEeCH OIpeAeAeH-
HOT'O COCTAaBa.

Ha rpadukax m3oTepMm u u3obap KOHOABI PacIIOAaralOTCsl TOPU30HTAABHO,
T.e. IIOAOKEHUHEe HX AeTKO onpeAeAuThb. [Ipu TemmepaType f, pPaBHOBECHBHIE
COCTaBBEI X, U y; ompepeasdiorcs Toukamum A'y m B'| (puc. II-11) Otum xe
COCTaBaM OTBEYAIOT OHTAALIIMM JKUAKOCTA h, ¥ HACHIIEHHBIX TapoB H,,
onpepeAseMble OpAMHATaMU Touek A; u B;.

TakuM o0Opa3oM, Ha SHTAABIUNMHOW AMarpaMMe KOHOABI H300pa’karoTcs
HAKAOHHBIMM IIPSIMBIMU IIOA PAa3HBIMU YyTAAMM K OCH abcnucc (Hanpumep, A;B).

Puc. II-10. DHTaABNUITHAS AuarpaMMma

|
|
|
|
|
|
|
I
Puc. 1I-11. CoBMeleHHbIE DHTAAbIUNHASA Ava- -
rpamMa u u3o0apHbie TeMIepaTypHble KPUBBIE 0 X, y % y1
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AAsT yAOOCTBa IIOCTPOEHUM SHTAABIHUMHYIO AMArpaMMy OOBIYHO COBMEIAIOT C
rpaduKOM H300apHBIX TeMIEePATyPHBIX KPUBHIX.

OHTaAABIIUWHBIE AMArpaMMBl MCIIOAB3YIOT IPU pacdeTax MPOIecCOB Iepe-
TOHKUA U PeKTU(MUKAIMU, KOTAA HeOOXOAUMO 3HaTh He TOABKO MaTepHUarbHBIE,
HO U TEIIAOBLIE€ IIOTOKHM.

PACYHET PABHOBECHBIX COCTABOB ®A3
ITPU TTOMOIIU ROHCTAHT ®A30BOI'O PABHOBECUA

CoraacHO 0OBeAMHEHHOMY 3aKOHY Payasa u AaarbTOHA

i _ R _ K.,
T
rAe K; — KoHcmaHnma ¢a30BOro paBHOBECUSL.

KoncranTa ha30BOro paBHOBECHS XapaKTepU3yeT paclpeAeAeHHe AQHHOIO
KOMIIOHEHTa MeXKAy IIapOBOM M XKHUAKOU (Pa3aMU B YCAOBUSAX PABHOBeCHUA. AAA
HAEAaABHOM CHCTeMBl 3HaueHHe K OIpepeAsdeTcs KaK OTHOIIeHHe AABA€HUS
HACHIIIIeHHBIX 1apOB AQHHOTO KOMIIOHEHTA K A@BAEHUIO B CHCTEME.

OAHAKO AASl CHUCTEM, He SABAJIONIUXCSA HAEAABHBIMM IPW IIOBBIIIEHHBIX
AABAEHUAX U TeMIlepaTypax, a Tak’kKe CHUCTeM, COCTOAIINX M3 KOMIIOHEHTOB C
CYIIECTBEHHO PAa3AMYAIOMIUMUCSA (PU3UKO-XMMUUYECKUMU CBOMUCTBAMHU, KOHCTAH-
TBEI (PA30BOT'O PAaBHOBECHS, BHIUNCAEHHBIE TAaKUM CIIOCOO0OM, He OYAYT XapakTe-
PU30BaTh AeHMCTBUTEABHOTO paclpeAeAeHUsI KOMIIOHEHTOB MeJKAY (pa3aMu.

B aTHX caydasx caepyeT AMOO TIOAB30BATBCS 3KCIIEPUMEHTAABHO HaNAEH-
HBIMU BEAWYMHAMHU KOHCTAHT (DA30BOTO PABHOBECHUS, 3HAUEHUS KOTODPBIX AAG
psA@ CUCTEM UMEIOTCS B CIIPABOYHOU AUTepaType, AUOO BBIUUCASATE K;, HCIOAB-
3ysl TepPMOAVHAMHWYECKUE XapaKTePUCTUKU (PYTUTUBHOCTH COOTBETCTBEHHO AAS
JKUAKOHU f, ¥ mapoBoi f a3 BMeCTO AaBA€HHs HACHIIMIEHHBIX [IAPOB U BHEII-

HEro A@BACHUSA TT.
Torpa KOHCTAHTY (pa30BOr0 PaBHOBECUS PACCUMUTHIBAIOT TaK:

K, = f/f,.

MeToaBl OnIpepeAeHNs PYTUTUBHOCTU PACCMATPUBAIOTCSA B Kypce XUMHUYeC-
KON TePMOAVHAMUKH.

C ucnoAb3oBaHHEM KOHCTAHT (Pa30BOTO PABHOBECHUS MOJKHO BBIUMCAUTH
COCTaBBl PAaBHOBECHBIX JKUAKOM U IIapoBOM (a3 OMHApPHOM CMecHU IPU 3aAaH-
HBIX TeMIlepaType U AQBA€HUU. [IOCKOABKY

P

P
Ka=_a ,a KW=TW’
T

To U3 ypaBHeHuM (I1.20) u (II.23) noayuum

oo oKy (I1.29)
Ka_Kw
141
K,(1-K,
y’:KaX,— ( >

71



PABHOBECHE 11PN BbICORUX TABJ/IEHNAX

PaccmoTpuM BAWSHHE IIOBBIIIEHWS AABAEHHS B CHCTeMe Ha
XapaKTepHBIe KPUBBIE, ONMCAHHBIE BEIIIIE.

BausiHUe A@BA€HUS Ha KPUBYIO paBHOBecHsA (a3 oOTpakeHO Ha rpaduke
(puc. 1I-12). C yBeanueHMeM BHeIIHero A@BA€HHS T KpHBasi paBHoOBecus ¢a3s
CTaHOBUTCS MeHee BHIITYKAOU M IPUOAMIKaeTCs K AMarOHAAM AHarpaMMEBELX —V/,
TaK KaK IOBHBIIIEHUE AABA€HUS yMeHbIIaeT KO3(M(PUIINEeHT OTHOCUTEABHON AeTY-

7Z'2< 7Z'1< T

I
I
|
|
I
!
0 =50 ¥ %yl

Puc. II-13. 306apHble TeMnepaTypHble KpUBbIE
NpU pa3HbIX AABAECHUSIX

Puc. II-12. KpuBass paBHoBecus ¢a3 npu pa3s-
HBIX AaBAEHHUSIX

0 x=x, ¥, ¥ xyI

Puc. II-14. DHTaAbnuiiHble AMarpaMmbl IHpH
Pa3HbIX AaBAEHHUSIX
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YeCTH O , YTO IIPUBOAUT K MeHblIeMy oOoramjeHuto naposoit ¢asel HKK. [Mpu
KPUTHUYECKOM A3BA€HWM P, KpUBas pPaBHOBeCUst (a3 COABETCS C AMArOHaABIO
x' = y' ¥ pa3anuue pPaBHOBECHLIX IIAPOBOM U JKUAKOU (pa3 MCUYe3HeT.

ITosTOMYy IIpu NIPOBEAEHUM NIPOLLECCOB C YYaCTHEM IapOBOU M KUAKOU (a3
BHeIITHee AaBAeHUE AOAKHO OBITh BO3MOJKHO HIU>Ke KPUTHUUECKOTO.

OOpatuMcs K n300apHBIM TeMIepaTypHBIM KpuBbIM (puc. 1I-13). ITpu mo-
BBHIIIEHUHN AQBAEHHS, BO-IIEPBBIX, IIOBBIIIAETCA TeMIlepaTypa CUCTEMBI, BO-BTO-
PBIX, KPUBBIE KUIIEHUS M KOHAEHCAIIUU COAMJKAIOTCSI MEeJKAY COOOM, UTO TaK >Ke
CBSI3@HO C MeHBIIUM oOoramjeHueM naposoit (aszel HKK. AHarormuHbeIM OOpa-
30M BeAyT ce0sl M KPUBBIE Ha SHTAABIIMUHON Auarpamme (puc. I1-14).

Kpome Toro, moBEBIIIEHUE AABAEHMS CUCTEMBl MOJKeT IIPUBECTH ee K OT-
KAOHEHHIO OT UAEAABHOCTH.

OTH OOCTO4TEABCTBA CAEAyeT YUUTHIBATH IIPU pacdeTax IMPOIecCOB Iepe-
TOHKU M PeKTU(PUKAIUU U BEIOOPEe pabouyero AaBA€HUS B CUCTEME.

PABHOBECHE JIBYXKROMITIOHTHbBLIX CMCTEM
YACTUYHO OTRJIOHAIOMINXCA
OT 3AROHA PAVY/JIA

B oTAnume OT HMAEAABHBIX PACTBOPOB AASL ABYXKOMIIOHEHTHBIX
CHCTeM, YaCTUYHO OTKAOHAIOIIMXCS OT 3aKoHa Payad, mapruarbHBIE A@BAEHUS
KOMIIOHEHTOB U OOlllee A@BA€HHEe CMeCH IIpU HW3MeHEeHUM KOHIIeHTpAalluM Hu3Me-
HAIOTCA He IO IpsAMOU. Takme CHUCTeMBl Ha3bIBAIOTCA HOPMAABHBIMU pACMBOPA-
mu. ITlpu sTOM cMecH OOAAAAQIOT MOAOKUTEABHBEIM OTKAOHEHHEM OT 3aKoHa Pay-
Asl, eCAU TIapIIUaAbHBIE AQBAEHUS U 00Illee AaBAEHHE CUCTEMEI OOABIIIe BEAUYNH,
BBIUMCAEHHBIX 110 3aKOoHY Payasd. Ecam ’Ke mapuuasbHBIE A@BA€HUS KOMIIOHEH-
TOB U OOIllee A@BAEHHE CMeCH OKa3bIBAIOTCA MEHBINe, UYeM AAST HMAEaAbHBIX
pacTBOpPOB, TO TaKWe CMeCH HMeIOT OTpHUIlaTeABHOe OTKAOHEHHe OT 3aKOHa
Payas.

Ha puc. II-15 npuBepeHBI IpUMePHl HOAOOHBIX KPUBBIX B CAydYae IIOAOJKU-
TEABHOTO U OTPUIIQTEABHOT'O OTKAOHEHMs OT 3aKOoHa Payas.

AAST TOAOOHBIX CHCTeM KpHBasi paBHOBecud a3 U u300apHble TeMIepa-
TYpHBIe KPUBBIE MMEIOT TOT K€ BUA, UYTO U AAS MAEAABHBIX PAcTBOPOB, T.e. B
3TUX CHUCTEMax TeMIlepaTyphl KUIIAIleN >KUAKOCTH U HACHIIIeHHBIX IIapoB He-
IIPEPBIBHO IIOBBIMIAIOTCSA C yMeHbIIeHHeM KoHIeHTpanuu HKK B >xmakoctu n
nape.

Kpusasa paBHOBecusa (pa3 cMecel 3TOrO TUIIA XAPAKTEPU3YeTCsd TeM, YTO
koHneHTpanuga HKK B mapoBol da3e Bceraa BHINIE, YeM B JKMAKOCTH IIPU AIO-
OoM cocTaBe JKUAKOMN (pa3pl. CarepOBaTEABHO, KpUBasgd PaBHOBECUS BCETAQ BEI-
IIyKAAasl ¥ He IlepeceKaeT AMarOHaAW AuarpaMMbl X' — V.

AAS paccMaTpUBaeMBIX CHUCTEM IIapIUaAbHBIE AABACHUS KOMIIOHEHTOB
MOTYT OBITH OIIPEAEAEHEL 10 YPAaBHEHUSAM

Po =V aPuX'

u

pw = ‘le‘)w(1 - X’)’

TAe Y, U Y, — Koagpgpuyuenmst akmuBHocmu cooTrBeTcTBeHHO HKK 1 BKK.
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x,y' 1 0 x,y' 1

Puc. II-15. 3aBUCUMOCTDH MapUUaAbHBIX U OOIEr0 AABA€HHI B CHCTE€Me, YaCTMYHO OTKAOHSIIOIIENCS
oT 3aKoHa Payas:

a — CMeChb C IIOAOKUTEABHBIM OTKAOHEeHHeM; 6 — CMeChb C OTPHUIIaTeABHBIM OTKAOHEHUEM
(IYHKTUP COOTBETCTBYET UACAALHOMY PacTBODY)

KoaddunueHTsl aKTUBHOCTH XapaKTepHU3yIOT CTelleHb OTKAOHEHHS pac-
TBOPA AQHHBIX JKUAKOCTEM OT MAECAABHOM CHUCTEMBI. AAI CUCTEM C IIOAOJKUTEAB-
HBEIM OTKAOHEHHEM Yy > 1, AAM CHCTEM C OTPUIIATEABHEIM OTKAOHeHHeM y < 1.

Kos(ppunueHTEl aKTUBHOCTH 3aBUCAT OT COCTaBa JKUAKOCTH, €e CBOMCTB,
TeMIIepaTyphl U AGBA€HUS B CUCTEMe U BBIUMCASIOTCS AUOO Ha OCHOBE 3KCIIEepHU-
MEHTAABHBIX AQHHBIX, AUOO IIO PSIAY SMIMPUYECKUX YPaBHEHUH.

YpaBHeHMEe U30TEePMEl JKUAKOMN (Da3bl HOPMAABHOTO PAcTBOpa MMeeT BUA

Puw = VoPuX +1,P,(1-x),

OTKyAa
X,= paw_YaPa .
YaPa _YWPW

COOTBeTCTBEHHO COCTaB PABHOBECHOTO Iapa paBeH

y/ = YaPa X/.

Paw

B ycaoBuax paBHOBeCHd p,, = .

YpaBHeHNe KpPHUBOM paBHOBecUs (pa3 MOAOOHBIX CHUCTEM 3alNCHIBAETCS TakK
Ke, KaK AAT UAeaABbHEBIX [cM. ypaBHeHud (I1.24) — (I1.26)]. OpHaKO B 3TOM CAydae
KO3 PUIUEHT OTHOCUTEABHOU AeTyUYeCTH AOAKEH OBITh OIIpeAeAeH M3 BEIpa-
SKEeHUA
o = Yafu_

Y why
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PABHOBECUE BSAUMHO PACTBOPUMBIX
JABYXROMITOHEHTHbBIX CCTEM
OBPASYIOHINX ASEOTPOITHBIE CMECH

AAST TAKMX CMeCel XapaKTePHBIM SBASIETCS 3HAQUUTEABHOE OT-

KAOHEHMe BEeAWYMH IMapIMaAbHBIX AABAEHUM OT 3akoHa Payas, a TakKe Haruuue

3KCTPEMAaAbHBIX TOUYeK Ha KPUBBIX M30TEepM M MU300apHBIX TeMIIepaTypHBIX

KpuBHIX. [Ipn 3TOM, ecan oOpa3yeTcsa CMeChb C MAKCUMYMOM OOIIero AABAEHWHH,
TO OHA KUMNUT IIPU MUHUMAABHOM TeMIlepaType CHUCTEMBI.

B nmpoTuBHOM cAydae, HQOOOPOT, UMeeM CMeCh C MAaKCUMyMOM TeMIIepaTy-

PBI KUIIEHUS.

Tak, HampuMmep, CHCTeEMa CEPOYTAEPOA—alleTOH o0pa3yeT a3eoTPOIHYI0 CMeCh COCTaBa
x', =y, = 06665 upu n = 87 klla (t = 35 °C) ¢ MUHMUMYMOM TeMIEpPaTyphl KHUIEHUS (AAS
Cepoyraepopa TeMIlepaTypa KUIleHus NPUOAU3UTEABHO paBHa 46 °C, Aad aljeToHa — NOpUOAU-
3uTeAbHO 56 °C).

AASL CHCTeMBI alleTOH —xaopodopM npu n= 760 MM PT. CT. TeMIepaTrypa KHUIEHUS
aseoTpomnHo# cmecu (x', = y', = 0,360) cocraBasier 64,8 °C (TeMIepaTrypa KuneHus xaopodopma
npubAM3UTEABHO paBHA 61,5 °C).

OO1ue BUABI M30TEPM U H300ap AAD CMecel, oOpasyIoNUuX a3eO0TPOIH,
MAHBI HUJKE.

PaccMoTpuM 0COOEHHOCTH CUCTEMEBI C MUHHUMYMOM TeMIlepaTyphl KUIIEHUS
(puc. 1I-16). KpuBas aAa Ha usoTepMe U H300ape XapaKTepU3yeT >KUAKYIO
da3zy, a KpuBasd bAb — paBHOBECHYIO IIapOBYIO asy.

ITpu cocraBe x'y, = y', A@HHasA CMeCh OOAaA@eT MaKCUMaAbHBIM AABAEHHEM
IIapoOB ¥ MUHUMYMOM TEMIIEPATYPHI KUIIEHUS (TOuKa A).

CMech, COCTaBBI ITAPOBOM U JKUAKOM PABHOBECHEIX (pa3 KOTOPOM OAWHA-
KOBHI, @ TeMIlepaTypa KHUIeHUs OllpeAeAeHHa (KaK Yy UHGUBUGYAALHOIO Beujecm-
Ba), HA3bIBAEMCsl A3€0MPONHOU CMeChlO (23€0TPOIIOM).

IMpu ucnapeHuu Takas CMeCh He U3MEHSeT CBOEro COCTaBa, IIO3TOMY AAS
ee pasjpeAeHUs TPeOyIOTCS CIellMaAbHBIe METOABI (A3e0mpoOnHas U 3KCMPAKMUB-
Haa pekmugukayusa, u3MeHeHUe A@BAeHUd U Ap.)

OO0Opa3oBaHMe a3e0TPOIHOM CMeCH IIPUBOAUT K IIPEBPAIIEHUIO0 HCXOAHOU

a 1]
D t
4 t
w(
P /
4
0 0
Puc. 1I-16. W3orepmbr (}) m m306apsr (-) AAg cucreM, 00pasywIqUX a3eoTPONHYH CMeCh C

MHHHUMYMOM TeMIIepaTypbl KUIEHUST:
I — obaacte y' > x'; I — obaacts y' < x'



=~ pW ’
~~

2 =~ y<x'| |x<y
~~
= 4 /
[ ’ ’ ’ I_ ’ 2 ’
0 x=y, X,y 1 0 x=y, x,y' 1
Puc. II-17. U3orepmsr (}) m m300apsl (-) AAg cucreM, 00pasyoIqUX a3eoTPONHYH CMeCh C

MaKCHMYMOM TeMIlepaTyphbl KUIEHHS:
I — ob6aacte y' < x; II — obGaacts y' > x'

OMHAPHOM CMeCH KakK OBl B TPEXKOMIIOHEHTHYIO, COCTOSINYI0 U3 HCXOAHBIX
HKK, BKK wu azeorpomna. Ilpm sTOoM B 00AacTH KOHIEHTpanuu y < X',
(o6aactb I Ha amarpammax) HKK BepeT ce6s1, Kak OOBIUHO, ¥ ¥ > X', B 0OAaCTH
>Ke KOHIleHTpauui y' > x4 (o6racth II Ha amarpammax) HKK u BKK MeHSIOTCS
POASIMH, B pe3yAbTaTe 4ero okashbIBaeTcs, 4To y' < X'

AASL cUCTEM € MaKCHUMyMOM TeMIlepaTyphl KunleHusa (puc. II-17) KpuBasa
aAa wm3o0paykaeT M30TepMy U u300apy >KUAKOM pasbl, a KpuBasi bAb —
COOTBETCTBEHHO, TO XKe AN PABHOBECHOM IapOBOU (a3l

[Tpu cocraBe x', = y', Takas cMeChb pa3BUBaeT MUHHMAAbHOE AABAEHHE
(Touka A) M UMeeT MaKCHUMAAbHYIO TeMIIepaTypy KUIIEHHs, COOTBETCTBYIOUIYIO
TeMIlepaType KUIeHUs a3eoTpona t,. B pe3yabTaTe, Kak M B IIPEAIIECTBYIOLIEM

a 1]
1 1
y' y'
, A
] T — N /4
I
I /
|
7 ' A
I
| I |
| |
0 x=y x'I 0 X=J, x'1

Puc. 11-18. KpuBas paBHOBecus (a3 Npu HaAMYNYU a3e0TPoIa:
a — IpUW MUHHMYMe TeMIlepaTypbl KHUIIeHUs; O — IIpU MaKCUMyMe TeMIlepaTypbl KUIIEHUS.
O6aactu I u Il cm. Ha puc 11-16 u II-17
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CAydYae, CMeCh CT@HOBUTCS KaK OBl TPEeXKOMIIOHEHTHOH. IIpm sToM B obracTu
KOHIeHTpanui y' < x', (o6baactb I Ha amarpammax) HKK u BKK wmensrorcs
poasimu u y' < X', B 06AaCTU KOHIIeHTpanu y' > x', (obaacte Il Ha pAmarpaMmax)
HKK BBICTyIIaeT B cBoe¥ OOBIYHOU POAM U §' > X'

B paccMoTpeHHBIX cucTeMax oOpa3oBaHHe a3eoTpolla IPUBOAUT K
CyIIleCTBEHHOMY U3MeHEeHHUIO PaBHOBECHBIX 3aBUcHUMOCTeH. [Ipu 3ToM B Touke A
(puc. 1I-18) x'y = y', ¥ KpuBasi paBHOBeCcHUs IlepeceKaeT AWAaroHaAb AMArpaMMbl
x' — y', oTpakast HaAMYMe a3e0TpOIla B CMECH.

PABHOBECUE YACTUYHO PACTBOPUMbBIX
FKUIROCTEI

B3auMHas pacTBOPUMOCTE JKMAKOCTEH 3aBUCHUT OT UX COCTaBOB
U TeMIepaTyphbl. Kak MpaBUAO, C YBEAMUEHUEM TeMIlepaTyphl B3aUMHast pPacTBO-
PUMOCTB JKMAKOCTEM Bo3pacTaeT. TWUNMYHasi KpUBasi PACTBOPUMOCTU CUCTEMBI

ABYX YaCTUYHO PACTBOPUMBIX JKUAKOCTEM NpUBeAeHa Ha puc. [I-19.
I[MpuMepoM >KHUAKOCTEM, Y KOTOPBIX IIPU IOBBIIIEHWM TeMIlepaTyphbl B3aWMHAas PacTBOPU-
MOCTB IIOHMJKAeTCsl, MOTYT CAY>XUTH CHUCTEeMBI BCIJI/Ip — BOAAQ UAU TPUITUAAMHUH-BOAQ.

EcAu 3apaTh TeMmepaTypy CHCTeMBl, PpaBHyIO f, TO B OOAACTU KOH-
neHTpanuii x < x; U X > X, obpa3yercsa opHO(a3Hasg OMOTeHHas CHCTeMa U
KUAKOCTHA OYAYT IIOAHOCTBIO B3aMMHO pacTBOPHUMEL [Ipu cocTaBe cMecH X, < X <
< X, 00pa3yroTcsa ABe KUAKHE (Pa3bl C KOHIIEHTpAlUed AQHHOTO KOMIIOHEHTA X;
B OAHOI hase U X, B APYT'OU.

C u3MeHeHUEeM TeMIlepaTyphbl U3MeHseTCcsa U OOAACTh KOHIIeHTpalu# Xx; —
X,, B IIpepeAax KOTOPOM CYIIeCTBYIOT ABe JKUMAKUe (pasbl. [Ipu TemIepaTypax
BBHIIIIE KPUTHYECKOW TeMIIepaTyphl pacTBOpeHus t, (cm. puc. II-19) cucrema
ABYX JKUAKOCTEM OOpa3yeT IOMOTEHHBIM PACTBOP IPU UX CMEIIeHWU B AIOOBIX
COOTHOIIIEHUIX.

TakuMm obpa3oM, IpU HU3MEHEHUM COCTaBa MCXOAHOM CMeCH OT X; A0 X,
MEHSIIOTCS TOABKO MacChl (pa3, COCTaBhl ke (pa3 OCTAlOTCS HEU3MeHHBIMU U
PaBHBIMU X; AASL OAHOTO CAOSI U X, AAST APYTOTO.

B paBHOBecuu c ob6enMm XKUAKUMU Pa3zaMU HaXOAUTCS OAHA TapoBas (pasa
OTIPEAEAEHHOTO COCTaBa. DTO CIIPABEAAUBO AAS CMeCeU AIOOOTO COCTaBa B IpeAe-

Puc. 1I-19. KpuBas pacTBOPUMOCTH ABYX 4ac-

THUYHO PAaCTBOPUMBIX >KUAKOCTEN:

1 — TOuYKa, COOTBETCTBYIOUAsA COCTaBY X, NPHU

TeMIlepaType t; 2 — TO JKe, A X, 0 X X X
h ' 2 1 2
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AaX U3MeHeHMd KOHIEHTpaluu B )KUAKOU ase OT X; AO X,. 3a IpeperaMHu 3TOH
00AQCTH KOHIIEHTPAIUM UMeeM TOMOTe€HHBIN PAaCTBOP, AT KOTOPOTO PaBHOBECHAs
KOHIIeHTpAaIUsA B IapOBOU (a3e y>Ke OyAeT 3aBHUCEThb OT COCTaBa KUAKOMU (has3hl.

EcAu mapsl, Haxopdluecss B PaBHOBECUU C ABYMs JKUAKUMU ha3aMU COCTa-
BOB X; U X,, IMEIOT PaBHOBECHBIN cOCTaB X; < ¥, < X, TO UMeeM AeAO C JKUAKO-
CTSIMHU, OOpPa3yIOUIMMHI KPUBLIE PACTBOPUMOCTU I € PBO T O T U I a (3BTEK-
TUYECKMU KAACC YaCTUYHO PACTBOPUMEBIX KOMIIOHEHTOB). B aToM caydae npu
HEeKOTOPOU KOHIIeHTPAIluU KUAKOU (ha3bl X, B CUCTeMe 00pas3yeTcs a3eoTpoll,
OIPEAEASIONINY TEeMIIEPATyPy KUIIeHUsI CMeCU B MHTepBare M3MeHEeHUsI KOHIleH-
Tpanuu X; — X,.

TunuuyHble M300apHBEIE TeMIlepaTypHble KPUBBIE AASI JKHUAKOCTEM, HMelo-
IIUX KPHUBHEIE PAaCTBOPUMOCTHU IIepBOTO THUIA, IpuBeAeHHl Ha puc. II-20. K aro-
My THUIy, HQaIlpUMep, OTHOCUTCS CUCTeMa BoAa — Qypdypoa.

Ilpy m3MeHeHUM KOHIEHTPAIUU KOMIIOHEHTAa B JKHUAKOCTU OT 0 AO X, TeM-
mepaTypa CUCTeMBI OyAeT IMOHUKAThCA OT f, — TeMmIepaTypsl KuneHusa BKK po
t, — TeMmepaTypbl KulleHusa azeoTpolra. Konnenrpanus HKK B paBHOBeCHBIX
Iapax M3MeHseTCs COOTBETCTBEHHO OT 0 A0 ¥, = Xj.

B obnactu koHientpanuii ucxopHoro HKK ot x; Ao x, oOpasyioTcs ABa
JKUAKHUX CAOSI, OAWH M3 KOTOPBIX MMeeT KOHIEHTPAIlUIo X;, & APyro# x, Temre-
paTyphl KUIIEHUS BCeX >KUAKOCTEN B YKa3aHHOM WHTEpBane KOHIEHTpanui Oy-
AYT OCT@BaThCSI PABHBIMU {y.

Ilpn yBeamuenunm KoHIleHTpanum ucxopHoro HKK B cmecm cBhlIE X,
BHOBb 0Opa3yeTcsl TOMOTeHHBIN PAacTBOP, @ TeMIlepaTypa KUIIeHUsI CMeCH OyAeT
YBEAHMUUBATBECS OT f, AO f, IPU OAHOBPEMEHHOM YyBeAWYEeHUM KOHIIeHTPAIlUuu
nucxopHoro HKK B paBHOBeCHBIX mapax. B 3ToOM 0oOAaCTU KOHIEHTPAIUNM POAB
HKK neperiper k ncxopasomy BKK.

AAST IOAOOHBEIX CHCTEM KpHBasg PABHOBECHA OyAeT MMEThb BUA, IIPUBEAECH-
HBIY Ha puc. [I-21.

1
y
t
¢ 1 A/ 2
w YI———
I [
I [
| | l
{ I I
a | | |
| | |
||
t———- | | |
[ I I ||
I | | | | !
| | | | |
| | |
| H | | 1 |
0 X, xX=y x,xyI 0 X, xX=Y X, x,yl1
Puc. II-20. VI306apHble TeMnepaTypHble KpHUBbIE Puc. II-21. KpuBass paBHoBecusi (a3 AAs
AAS JKMAKOCTEH, MMeINNX KpHBble PacTBOPU-  CMeCeH, HMMeIIUX KPHUBYI0 PacTBOPHMOCTHU
MOCTH TI€PBOTO THIa: IepBOTrO THIIA:
1 — ToYKa, COOTBETCTBYIOIIAs COCTaBy X, IIpHU 1 — TOYKa, COOTBETCTBYIOIAsk COCTaBy X, NPHU
TeMmIiepaType t,; 2 — TO JXe, Ms X,; A — TOYKa  COCTaBe NMapoBOM (Pasbl y,; 2 — TO JKe, AAT X,;
aszeoTpomna A — TouKa azeorpomna
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X,y 1

|
|
I
0 X, x, ¥

Puc. II-22. M300apHBle TemmepaTypHble KpHBbIE
AASL JKHAKOCTEN, HMeIUUX KpUBBIE pacTBOPU-
MOCTH BTOPOTO THUIIA:

1 — TOYKa, COOTBETCTByIOLIasg COCTaBy X, IpH
TeMIeparype f,; 2 — TO XXe, A X,; E — TOuKa,
COOTBETCTBYIOIIasi COCTaBy PAaBHOBECHBIX IIApOB Y,

1
y
1 2
ye ______
I I
|
| |
I |
I I
I
I I
I I
|
' |
' |
| !
0 X, X, x 1
Puc. 1I-23. KpuBasi paBHoBecusi (a3 AAs

OrpaHNYe€HHO PAaCTBOPHMBIX JKHUAKOCTEH BTO-
poro Tumna:

1 — TOYKa, COOTBETCTBYIOIIAs COCTaBy X,
IIpU COCTaBe IapoBOM a3wl y,; 2 — TO XKe,
AN X,

JKUAKOCTH, V KOTOPBIX B reTepOreHHOM OOAACTH CYIIeCTBOBAaHUS, COCTaB
PaBHOBECHOTO ITapa BEIXOAUT 3a MPeAeAbl KOHIIEeHTpaluk X; — X, OTHOCSTCS KO
BTOPOMY THU Iy (HeIBTEKTUUECKHUIN KAACC YaCTUYHO PACTBOPUMBIX KOM-
nmoHeHTOB). [IpuMepoOM CHUCTEMBI BTOPOTO THUIIA IBASIETCS CMeCh (PeHOAA U BOABI.

Ha puc. 1I-22 u II-23 npuBepeHBEI COOTBETCTBEHHO U300apHBEIE TEMIIEPATYP-
Hble KpUBEIE 1 KPHUBAas paBHOBECHS (a3 AASI 9TOTO TUIIA JKMAKOCTEH IIPH y, > X;, X,.

IMpu u3menenuun koHneHTpanun HKK ot 0 Ao X, cucteMa 6yapeT opHODA3-
Hom. TeMIlepaTypa CUCTEMBI OYAET YMeHBIIAThCS OT t, AO t.. PaBHOBecHEIe Ia-
pBI U3MeHAT cBOM cocTaB OT 0 A0 y. (Touka E).

B obaactm cocTaBOB cMecU OT X; AO X, TeMIlepaTypa KUMIEeHUS >XUAKOCTHU
OCTaeTcs MOCTOIHHOW U paBHOU [, OOpa3oBaBIIMecs ABe >KUAKHUE (Pa3bl UMEIOT
COCTaBHl X; U X, & PABHOBECHBIE C 3TUMH >KUAKOCTSMU IIapbl — COCTaB Y,.

WN3menenue koHneHTpanuu HKK. B npeapenax or x, po 1 mnpuBepeT K
U3MeHEeHUIO TeMIlepaTypbl CUCTeMBI OT f, A0 f, CucreMa OyAeT HMeETb OAHY
KUAKYIO a3y, a coCTaB IapoB OyAeT U3MeHATHCSA OT y, A0 1.

W3 npuBepAeHHBIX AQHHBIX CAEAYET, YTO COCTaB PAaBHOBECHBIX [IapOB CMeCHU
BTOporo tuna 6oradue HKK, ueM >KUAKOCTb.

PABHOBECHUE B3AUMHO HEPACTBOPUMbBIX
FKUIROCTEI

I[Mpu paccMOTpeHUM paBHOBECHSI IIPAKTUYECKH
HepaCTBOPHUMEIX JKUAKOCTEM MOTYT BCTPETUTHCS ABA CAyYas:
1) oba KOMIIOHEHTa IPUCYTCTBYIOT U B IIapOBOM, W B JKUAKOU (hazax;
2) B ’)XUAKOUM (hpa3e NPUCYTCTBYET TOABKO OAWH M3 KOMIIOHEHTOB.
IlepBBlli CAyuall OTBe4aeT COCTOSHUIO CUCTEMEI, IIPA KOTOPOM Iaphsl 000-
WX KOMIIOHEHTOB SIBASIOTCS HACBIIIEHHBIMH, @ B JKMAKOCTH BCAEACTBHE HepacT-
BOPUMOCTU KOMIIOHEHTOB MMeIOTCS ABe (ha3Hbl.

B3aMMHO
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I[TpuMepoM TakoM CHUCTEMEI 9BASIETCS CMeCh YTA€BOAOPOAOB B IPUCYTCTBUU
HaCHIIIEHHOIO BOAAHOTO IIapa.

CoraacHo npaBuAy (a3 I'm66ca, YUCAO CTelleHel CBOOOABI TAKOU CHUCTEMBI
L =2+ 2-3 =1, T. e. TOABKO OAUH M3 IIapaMeTPOB, XapaKTepU3YIOIIUX
COCTOSHMEe TaKOM CUCTeMHBl (TeMIepaTypa, A@BA€HUe, COCTaB NapoBOU (a3kl),
MOJKeT OBITh BBIOpAH HPOM3BOABHO. COOTHOIIEHHE MeKAYy KOAWYecTBaMM (a3
He OKa3bIBaeT BAMSHMSI Ha COCTOSIHHE PaBHOBecUdA. TaKuM 00pasoM, AOCTATOU-
HO, HallpuUMep, 33aAAaThCd TEMIIEPATyPOU CUCTEMEI, YTOOBI OIPEAEAMAOCH PAaBHO-
BECHOE COCTOSHUE, T.€. AABA€HHE CHUCTEMBI U COCTaB IIapOBOM (pa3wl.

Bo BTOpOM cAydae OAMH K3 KOMIIOHEHTOB IIPUCYTCTBYeT B BHUAE Ileperpe-
TBIX TIAPOB, a XMAKasA aza TOABKO OAHA.

I[MpuMepoM Tako¥M CUCTEMEI MOJKET CAY’KUThH CMeCh YTA€BOAOPOAOB B IIpH-
CYTCTBUM II€PEerpeToro BOASHOTO Ilapa HAW HHEPTHOTO ras3a (a3oT, ABYOKUCH
YTAEPOAA U AP.).

AAST TAKOM CHUCTEMBI UMCAO CTemeHeMd cBoboawl L = 2 + 2 - 2 = 2, T.e.
U3 BBIIIEYIIOMSHYTHIX IIapaMeTpPOB, XapaKTepU3YIOIIUX COCTOSHHE PaBHO-
BECHOM CHCTEMEl, IIPOM3BOABHO MOTYT OBITH BHIOpPAHBI ABa. B 3TOM CAydae
HEeAOCTATOYHO 3HaTh TOABKO TeMIlepaTypy; YTOOBI B YCAOBUSAX PaBHOBECUS
OIIPEAEAMACI COCTaB IIapoOBOM (a3bl, HEOOXOAUMO TaKyXe 3aAaTh AABAEHHE, a
4TOOBI OIPEAEAUTH AABACHHE CUCTEMBI, HAAO HA3HAYUTh COCTaB NapOBOU (has3Hl.

AAS B3aMMHO HEPACTBOPUMBIX >XHMAKOCTEM B CAy4Yae, KOrpa oba KOMIIO-
HEeHTAa IIPUCYTCTBYIOT B XMAKOU (pase, AABACHHE CHUCTEMBI IIPU 3aAGHHOU TeMIle-
paType He 3aBUCUT OT COOTHOIIEHUS MacC JKUAKUX (pa3 M IMO3TOMY pPaBHO
CyMMe A@BA€HUM HAacCBIIeHHBIX IIapOB KOMIIOHEHTOB, T.e.

paz=pa+pz =Pa +I’Z‘

B cooTBeTcTBUU C 3aKOHOM AAABTOHE, COCTAB IIAPOBOM (ha3bl OIPEAEAUT-
Csl CAEAYIOIIUM 00pa3oM

1 _ P Py .
Va = e = - HP :
Paz a Ty (11.30)
P 7
v =l-y, =B
paz P(Z +1%

AAs TlepecueTa MOABHBIX KOHIIEHTpAIUU [IapOBOU (a3bl B MaCCOBEIe
HCIIOAB3YIOT CAEAYIOIllee YpaBHEHMe

y. = G _ N M, B
“ G+Z NyM,+N,M,
WM P,M, 1
- Ya Mq - oMo _ , (IL31)
y;IMa+(1_y;1>MZ P,M,+P,M,  PM,
PHM(I

rae M, u M, — COOTBETCTBEHHO MOABHBLIE MAaCCHI KOMIIOHEHTOB A U Z.

YAEABHBIM MAacCOBBIM PACXOA OAHOTO KOMIIOHEHTA IO OTHOIIEHUIO K ADPY-
roMy, HallpuMep pacxXop BOASHOTO INapa Z, 3aTpadMBaeMoOro Ha IIePeroHKy Mac-
CBI YTAE€BOAOPOAOB G, OIIPEAEAUTCS CAEAYIOIIUM 00pa3oM:

n-P, M,
£=1—Ya=PzMz=< :) = (I1.32)
Z YH P(ZMG PHMII

I'Ae T — BHelllHee AdBA€eHHe CHCTEeMBbI.
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W3 ypaBHeHus (I1.32) caepyeT, 4TO OTHOCHTEABHBIM PACXO0A OTIAPUBAO-
IIIero areHTa TeM MeHbIlle, YeM MeHBIIe ero MOABHAasg Macca.

Bo BTOpOM cAyYae, KOTAQ B JKMAKOU (pase MPUCYTCTBYET TOABKO OAMH KOM-
IIOHEHT, HallpuMep, KOMIIOHEHT @, a Ilapbl APyroro KOMIIOHEHTAa Z SBASIOTCS Iie-
perpeTsIMH, BLIOOD BHEIIHErOo AABAEHUS 7T NIPU 3aA@HHOM TeMIlepaType PaBHO-
IleHeH BBIOOPY MapIIMaAbHOIO AQBAE€HUA D, TAK KAK p, = T — p, = ® — P,

ITpm BEIOpAHHBIX 3HAUEHUAX TeMIIepaTypbl M AABAEHHS COCTaB IIapOBOM
da3el U pacxop OTIAPUBAIONIErO areHTa Z (BOAJHOM IIap, a30T, ABYOKUCH
YTAEPOA@ H  ApP.) MOTYT OBITH BBEIUMCAEHBI IO ypaBHeHuam (I1.30), (IL31) u
(I1.32).

AHAAOTHMYHO pelllaeTcsl 3apadya IIPU BHIOPAHHBIX TeMIlepaType CHUCTeMBl U
cocTtaBe ImapoBol das3bl. B aToM caydyae u3 ypaBHeHuil (11.30) u (I.32) ompe-
AEAdIOT BEAWUMHBI BHEITHErO AABAEHUSI CHUCTEMBI T = p,, W NaplIHaAABHOTO
AABAEHUA D,

PABHOBECUE MHOTOKOMITOHEHTHOI CMECH
B IMTPUCYTCTBUU BO/ISAHOI'O ITAPA
(MHEPTHOI'O T'A3A)

PaccMOTpUM MHOTOKOMIIOHEHTHYIO CUCTEMY, COCTOSIIYIO U3 (n +
+ 1) KOMIOHEHTa, U3 KOTOPBIX I IIOAHOCTBIO B3aMMHO PACTBOPHUMEL, & KOMIIO-
HEeHT Z He PACTBOPSAETCS B OCTAaABHBIX KOMIIOHEHTaX. TaKOM CAy4Yal 4acTo BCTpe-
JaeTcsa B He(pTemepepabOTKe IIPU IIePEroHKe W PeKTU(MUKAIUU YTAEBOAOPOAOB
B IIPUCYTCTBUU BOASHOTO I1apa.

AAsl paccMaTpHUBaeMOM CUCTEMBI BO3MOJKHBI ABa CAydYas: C HACHIIIEHHBIM U
IeperpeTslM KOMIIOHEHTOM Z.

Korpa cmcremMa HaxOAWTCS B HPUCYTCTBHM HACHIIIEHHOTO KOMIIOHEHTA Z,
YMCAO CTeleHel CBOOOABI Takou cucremol L = (n + 1) + 2 — 3 = n, T.e.
PaBHO YHCAY B3aWMHO PACTBOPHMBIX KOMIIOHEHTOB B CHCTEME.

[TocKOABKY cHCTeMa MMeeT n CTelleHeM CBOOOABI, HeOOXOAMMO 3aAaTh,
HaIlpUMep, A@BAeHUe, TeMIIepPaTypy U (1 — 2) KOHIIeHTpalluu B OAHOM U3 a3,
YTOOBI OIPEAEAUTH BCe APYTHe IapaMeTphl CUCTEMEL [B AQHHOM CAy4ae (n + 2)
KOHIIeHTpaIuu|.

CocTaB napoBo# (ha3bl TaKOM CHCTEMBI MOJKHO XapaKTepu30BaTh AUOO
OTHOCUTEABHO BCeX (n + 1) KOMIIOHEHTOB, BXOAAIIUX B CHCTEMY, AUOO IIO
OTHOIIIEHUIO K N B3aWMHO PAcCTBOPHUMBIM KOMIIOHEHTaM. B IlocaepHeM cAydae
paBHOBeCHas KOHI[eHTpaIus AI0O0T0 KOMIIOHEHTA y'; OYAET OLPEAEATITHCSI BCEMU
KOHIIeHTpanusaMu x';, [ = 1, 2, ..., n B3aUMHO PacTBOPUMBIX KOMIIOHEHTOB,
HaXOAAIIMXCS B JKUAKOU (haze.

B nop0OHBIX cHCTeMax IPOIeCChHl IEPErOHKU U PeKTU(UKAIUU OCYIIEeCTB-
ASIOTCSL C IIEABIO PA3AEA€HMS B3aMMHO PACTBOPUMBIX KOMIIOHEHTOB, & BOASIHOM
Ilap urpaeT BCIOMOTaTEABHYIO POAb, IOHW)Kasl TeMIlepaTypy mpoiiecca. IToaTo-
My ypAOOHee OTHOCUTH KOHIIEHTpaluu X; U y'; K CyMMe B3aUMHO PacTBOPUMBIX
KOMIIOHEHTOB.

OO0I11lee paBAeHUE HACHIIEHHBIX IAPOB TAaKOM CHCTEMBI PABHO CYMME AAB-
A€HMU HACHIIIEHHBIX IIapPOB B3aMMHO PACTBOPUMBIX KOMIIOHEHTOB (YTAEBOAO-
POAHOM CMeCH) p, U HACHILMIEHHOI'O BOASHOTO Ilapa p, T.e.

sz =pH+pz'

81



,AJ\fI B3aMMHO PACTBOPUMBIX KOMIIOHEHTOB, 06pa3ymmnx I/IAeaJ\LHLIfI pactT-
BOD,

Pu =§pi =iPI X;,
= =
n
TAE ZXi

CAepOBaTEeABHO

I
—

AASd PABHOBECHOM CHCTEMBI, COCTOSIIEM U3 MapoBOM M >KUAKOU a3z,
AaBAEHUE HACBIMEHHBIX IapoB p,, PABHO BHEITHEMY AABAEHHUIO T, T.€,

J'l?=2PiXi' +p,.

i=1

Ecan BeAWYNHY p, [IepeHeCTru B A€eBYIO 4aCTh PABEHCTBQ, TO IIOAYYMM, YTO

i=1

TakuM o6pas3oM, ypaBHeHHEe U30TEPMBI KUAKOM (Da3bl MOJKeT OBITH 3allu-
CaHO TakK ’Ke, KaK U AAS B3aMMHO PACTBOPUMBIX JXMAKOCTEM [CM. ypaBHeHUe
(II.11)], ecAn 3a BeAMUMHY BHEIIIHETrO A@BA€HUS IIPUHATL T — p,. IloaToMy IIpo-
IlecChl MEepPeroHKM U PeKTU(MHUKAILUU, OCYyIleCTBAdeMble B IPUCYTCTBUU HACHI-
LIIeHHOT'O BOASHOTO IIapa, NPOTeKAalOT TaK ’Ke, KaK U IIPU CHIKeHUMW OOIero
AABAEHUSI CUCTeMbl HAa BEAU4YUHY D,.

W3 oO6bepnHEHHOTO 3aKOoHa Payag m AaAbTOHA MOJKHO 3allUCaTh, YTO

P x| =p,y =(n_pz)Yi/’

OTKyAQ
P P

yl’ = L Xl’ = i Xz" .
Dy T =P,

ChAepOBaTEABHO, pacyeT PaBHOBECHBIX COCTABOB IIAapOBOM M J>KUAKOM a3
MOJKeT OBITh BBEIITOAHeH 1o ypaBHeHuaM (I1.13) u (II.14) opu paBAeHUU T — p,.

B cucTeMe c meperpeTelM BOASHEBEIM [IapOM WAW MHEPTHBEIM Ta30M HUMeEeIOTCS
TOABKO ABe (pa3bpl — >XMAKad U IapoBad. [103TOMy 4HUCAO cTemeHel CBOOOABI
Takou cucreMel L = n + 1, T.e. paBHO 00lleMy YHUCAYy KOMIIOHEHTOB B CHCTe-
Me. AAd pacdeTa TaKOM CHCTeMBI MOTYT OBITh MCIIOAB30BAHBI BBIIIENIPHUBEAEH-
Hble YpaBHEHHS, B KOTOPBIX p, — AdBA€HHe IIeperpeToro BOASHOIO Iiapa
(MHepTHOTO ra3a) IpU 3apAaHHOM TeMIlepaType Ipolecca .

ITockoABKY mapIBarbHOE A@BAE€HHE HACBIIIEHHOT'O BOASHOTIO Ilapa OOABIIIeE,
4eM IIeperpeToro, 00Aee BBITOAHO IIPUMEHATH HACHIIEHHBIM BOAAHOU map. OA-
HAKO, YTOOBI UCKAIOUMTE OOpa3oBaHUe KOHAEHCATa B CUCTeMe, NIPUMEHSIOT Ie-
perpeTeiii BOASHOU IIap UAW UHEPTHBIU Ias.
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