6. UBYYHEHUE ®A30BbIX ANATPAMM ABYXKOMMOHEHTHbIX CUCTEM.
®A30BAAl AUATPAMMA BYXKOMMNOHEHTHOM
3BTEKTUYECKOI CUCTEMBbI.

®a30BbIMM AMarpaMMaMm HasbiBalOT rpaduyeckoe msobpaxeHue ycnosun (Temnepatypbl T,
AaBNeHUs P, XMMMYeCKOro coctaBa X U Ap.), NMPU KOTOPbIX B PAaBHOBECHOW TEPMOANHAMUYECKOM
CUcTeMe, COCTOSILLEN M3 OAHOr0 MM HECKONIbKMX KOMMOHEHTOB, CYLLECTBYKT OAHOPOAHbIE CO-
cTosiHMsa BewecTtBa (dasbl) ¢ pasnuyarowmecs GUanNKo-xMMnMyeckmMmm ceoncteamm. dasoBas
AvarpamMmma rnokasbiBaeT
e KaKue MHAMBMAYasbHble BELWECTBA, XMMMUYECKME COEANHEHMNS, TBEPAbIE, XXUAKNE UK ra-
30Bble pacTBOpbl 06pa3yoT HE3aBUCUMblE KOMMNOHEHTbI CUCTEMBI,
e MNpW KaKMX YCIIOBUSX Takne dasbl U NX reTeporeHHble CMecu ABSIOTCS TepMoAnHaMmye-
CKW YCTONYMBbIMU,
e MNpW KaKMX 3HAYEHUSX TepMOAMHAMMUYECKMX MNepeMeHHbIX MnpoucxoaaT dasoBble npe-
BpalleHMs BeLLecTB.
e KAKOBO OTHOLWIEHWE KONMYEeCTB COCYLECTBYHLWMX (a3, COCTaBASAOWMX FeTeporeHHyto
CMecCb BellecTB.
Takne cBefeHUs Heo6XoAMMbI ANS pelleHMsS MHOMMX Hay4YHbIX M MPUKAagHbIX 3adad, Nnos3ToMy
(bazoBble AMarpaMMbl WMPOKO MUCMOMb3YIOTCS B XMMUKN, METaNNyprum, MatepuanoBeieHunmn, reo-
XUMUN N ApYrnx obnactsax Hayku n TexHuku. ®asosble gMarpaMMbl U3y4atloT SKCNEPUMEHTaIbHO
WM paccyMTbiBalOT METOAAMU XMMUYECKONH TEPMOAMHAMUKM MO AAHHBLIM O TEPMOANMHAMUUYECKUX
CBOMCTBaxX COCTaB/SIOWMX CUCTEMY BewecTB. B pykoBoacTBe npeacTtaBneHbl 06e 3T BO3MOX-

HOCTU U3y4yeHns dpa3oBbiX paBHOBECUNA.

I. TEOPETUYECKOE BBEJIEHUE

@a3bl npencTaBieHbl Ha (a30BbIX AUarpaMmax B BUJAE 00JacTel, OrpaHUYEHHBIX KPUBBIMU
WIM TIOBEPXHOCTSIMH, PACIIOJIOKEHHBIMHU B IPOCTPAHCTBE HE3aBUCHUMBIX TEPMOJMHAMUYECKUX I1€-
pPEMEHHBIX, 00BIYHO 3TO 7, P U MOJIbHBIE 101U KOMIIOHEHTOB X. UHCII0 KOOpAMHATHBIX OCel MOJI-
HOH ()a30BOM AMArpaMMbl CHCTEMBI C K KOMIIOHEHTaMH PaBHO k + 2. JIyia n300pakeHuss MHOTOMEP-
HBIX ()a30BBIX JUAarpaMM Ha IUIOCKOCTH IOJIb3YIOTCS UX CEYEHUSIMHU U MPOEKIHSIM, KOTOPbIE CTPO-
ATCS TIPU ONPEJEIICHHBIX OIPAaHUYEHUAX HAa HE3aBUCHMBIE NEpEMEHHbIE. PaccMaTprBaeMble HUXKE
(7, x)-muarpaMMbl JABYXKOMIIOHEHTHBIX CHCTEM SBJISIFOTCSI CEUEHHMSIMH TpexmepHou (P, T, Xx)-
JyarpaMMsl IIpU TIOCTOSIHHOM JiaBlIeHHH P. Eciiu 3TO JaBiieHHE BBIIIE, YEM aBICHUS HACBIIICHHBIX
[apoB BEIIECTB B CUCTEME, TO B PABHOBECHM MOT'YT HAaXOAMUTHCS TOJBKO KOHJIEHCHUPOBAHHBIE (a3bl
— KUJKHE WIKH KpucTammnueckue. CBONCTBA KOHACHCHUPOBAHHBIX (pa3 MPAKTHUYECKU HE 3aBUCAT OT
JIaBJICHUS BIUIOTH J0 BBICOKMX 3HaueHHU P. [103TOMy KOHKpeTHOE 3HaueHue P npu noctpoeHun 7,

X-IuarpaMM OOBIYHO HE YKa3bIBAETCSl.



Teoperudeckre OCHOBHI MOCTPOEHUS (a30BbBIX AUarpamMm JIaHbl B padotax J[x. B. 'n60ca B

80-x romax XIX Beka. Im xe chopmynnpoBaHo «mpaBmiio ¢asy, 4acTo MPUMEHSIONIEECS TPH IKC-
HNEpUMEHTAIbHBIX UCCIEI0BaHUAX (PA30BbIX AUArpaMM:

yucno cocywecmeyrowux as (p) 6 cucmeme usz k KOMnOHeHMO8 ¢ PUKCUPOBAHHBIM YUCTIOM Nepe-

MEHHbIX n He npegvluiaem cymmy k +n

WJIH: f=k—-p+2, (1)
rze f — 4ucio creneHei cBo0o bl cucTeMbl. B IByXKOMIOHEHTHOU cucteme (k = 2) B paBHOBECUU
MOTYT HaXOJHUTbCS YEThIpEe, TPH, ABE WU onHa (asza (p =4, 3, 2, 1). Eciu cunrars naBnenue mo-

CTOSTHHBIM, TO
f=k-p+1 2)
npu k = 2 BO3MOXHBI p = 3, 2, 1.
Bun (P, T, x)-muarpaMMBbl U €€ CEUeHUI 0JIHO3HAYHO omnpeaensercs sueprusimu [ md0ca das,
KOTOpBIE MOTYT 00pa30BbIBaThHCS (MU JIIOOBIX YCIOBUSAX) B paccMaTpuBaemMoii cucteme. Hampumep,
eciu BemecTBa A U B HepacTBOpHMBI B TBEPJIOM COCTOSIHHH U 00pa3yrOT MeaTbHBIA )KUIKUN pac-

TBOp, TO U3 yCIOBUH (ha30BOr0 paBHOBECHSI JUIsl KaXKJJOI0 KOMIIOHEHTa cienyeT ypaBHenue lpene-

pa:

(dlnxA ] ALH, (dlan J _ALHy 3)
dT P ,HAChII R T g dT P ,HachII R T ?

rae xX; — MOJIbHAs OOJISL I-TO KOMIIOHEHTA B HACBIIIEHHOM pPacTBOPE, AmH, — OHTAJIbIIKUA €ro IIJIaBJIC-
HUA, KOTOPYHO MOKHO HpI/I6HI/I)KCHHO CUMTATh HE 3aBUCAIIECH OT TEMIICPATYPhI. Pemenue stux

YpPaBHEHUU JaeT ABE KPUBBIC JIMKBHUIYCA, KOTOPBIE IIEPECEKAIOTCS B 3IBTEKTHYECKOW TOuke E

(puc.1).

Ces3b meorcoy suepauen L ubbca cucmemol u 6u0oM hazo60u OUAZpPaAMMBbL.

W3 BTOpOro 3akoHa TEPMOJAMHAMUKU HEMIOCPEICTBEHHO CIIELYET, YTO IpHU 3afaHHbIX P, 7, x
U3 BCETO MHOYKECTBA BO3MOKHBIX (BHPTYaJbHBIX) (a3 TEPMOAMHAMHYECKHA YCTONYNBBIMU SIBIISIOT-
cs (pa3bl WM UX TETEPOTeHHBIE CMECH, 00ECIIEYMBAIOIINE MUHUMAaIbHOE 3HaueHue YHeprun [ uooca
Bcel cuctemsbl. Ha puc.1 n3o0paxkeHa cxema Takol «KOHKypeHuun» ¢a3 B cucreme A-B. B nientpe
pacmnonokeHa ¢a3oBasi [uarpaMma, Ha KOTOPO TPECTaBICHBI Bce oOpa3yromuecs B cucreme ¢a-
361 — ap (g), xkuaKrocts (1) u kpuctamumyeckue Bemiectsa A(s) u B(s).

Ha HmwxHeMm rpaduke cxeMaTHYHO M300paKEHO TMOJIOKEHUE JTUHUN dsHepruil ['mb0ca xu-
KO U KpUCTaTNYecKuX (a3 (Sa U Sg) MPU TEMIIEpaType BhILIE 75y, HO HIXKE TEMIIEpATyp IJIaBIIe-
HUSI KOMIOHEHTOB Tyy(A) u Ty(B). Ha puc.1 BumHo, uTo B MHTEpBasie cocTaBoB X' < x < x” BHE
KOHKYPEHIIUU HaxoauTcs (aza >KUIKOCTH M HHIWBUIYalbHbIE KOMIOHEHTHI pu x = 0 u x = 1. Oxn-

Hako nmpu 0 < x < x' u x" > x > | MuUHUMaNbHOE 3HaUeHUEe dHepruu [ ndOca MMEIOT He OTHAeTIbHbIC
2



¢a3sbl, a ux rereporennsie cMecu a+l u b+l. Jlunus affyd — 3to sneprus ['ub6ca cucremsl; oHa sB-
JSIeTCsL 8bINYKAOU hyHKyuetl coctaBa X ((DYHKIMS HA3bIBACTCS BBITYKJIOH, €CIH TMpsMasi, COCIH-
HSIOMIAsl JIBE JTIOOBIE €e TOYKHM, pacrojiaraercsi He Hike rpaduka ¢yHkuuun). Kak BumHO, KpuBas
sHeprun [ m60ca CUCTEMBI COCTOUT M3 YYaCTKOB, COOTBETCTBYIOIIMX dHEPTusiM [ mOOca OTACIbHBIX
¢da3 1 mpsAMBIX JTUHUH, SBISIONINXCS KacaTelbHBIMH K 3HeprusiM ['mb0ca 3THX TepMOIMHAMUYECKI
yCTOMUMBBIX (a3. BBIMyKI0CTh QYHKINU BCEH CHUCTEMBI, B COOTBETCTBUU CO 2-M 3aKOHOM TEPMO-
JMHAMUKH, 00ECTIEYMBAET yCTOMUMBOCTG €€ cocTosHMI. Ha BepxHeM rpaduke cxeMaTHYHO IOKa-
3aHO TMOJIOKeHUe JuHUK dHepruil ['mb0ca xuakoi (1) m mapoBoii (g) da3 npu Temmeparype, mpo-
MEXYTOUHON MEXIYy TeMIepaTypaMu KUIMEHUS KOMIOHEHTOB Tyun(A) UM Tiun(B), u ux Bbimykias
orubaromas - sHeprusi [ m66ca Bceit cucrembl. Kak BUIHO U3 prcyHKa., ipu cocTaBax 0 < x < x' yc-
TONYMB map, a npu x” > x > 1 - xuakocts. B uHTepBane cocraBoB x' < x < X" MUHUMYMY 3HEpPIUU
['u60ca cucTeMbl OTBEYAET reTePOreHHas CMECh M3 KHJIKOTO M Ta30BOT0 pacTBOPOB cocTaBa x' u x”.

Takum o0Opa3omM, U3 BCEro MHOXECTBA BUPTyaIbHBIX (a3 yucio (a3 TepMOIUHAMUYECKU

YCTOMUYMBBIX MPH KaXKJOM COCTaBE X COOTBETCTBYET YIIOMSIHYTOMY BBIIIE TIPAaBUITY (a3.
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Puc.1. B3aMMocBA3b Mexay aHeprnen Mmbb6ca ABYXKOMMOHEHTHON CUCTEMBI U ee (a30Bol Ana-

rpaMMOVI_



Tepmuueckuti anaius 06VXKOMI’IOH€HWIHbZX cucmen.

C nmoMmouipl0 TEPMUYECKOT0 aHAIM3a ONPENENSIIOTCS TeMIEpaTypbl, OTBEYAOIINE MOsBIIe-
HUIO HOBOM WJIM MCUE3HOBEHHIO MMEIOIIEHCS (a3l B CMECIX pa3nuyHOro coctaBa. COBOKYIMHOCTh
3THUX JAHHBIX MO3BOJISIET MOCTPOUTH (ha30BbIE AUATPAMMBI IBYXKOMIOHEHTHBIX CHCTEM B KOOPAH-
HaTaxX «TeMIlepaTrypa — cOCTaB» IpHU aTMoc(epHOM JaBieHUU. Tak Kak CBOWCTBAa KOH/IEHCUPOBAH-
HOM (a3pl cmabo 3aBUCAT OT AABJICHUS, TaKuWe AUarpaMMbl MOXKHO HCIOJB30BaTh AJIS PEICHUs
MPAKTHYECKUX 3a7]a4 MaTEepUaJOBeICHUS B IIMPOKOM TUANa30He JaBICHHIA.

Cy1iecTByIOT pa3iIu4HbIE MHCTPYMEHTAJIBHBIE BapUaHThl METOAA TEPMHUYECKOIO AHAIU3A.
HawnbGonee mpocToii — BU3yaJIbHBIN, KOT/Ia MOXKHO HEIMOCPEIACTBCHHO HAOJIONATh IMOSBICHHUE WIIH
ucue3HOBeHUE (pa3bl, HApUMeEp, MPU KPUCTAIUIU3ALUN OJJHOTO KOMIIOHEHTa M3 MPO3pPavyHOro pac-
TBOpa. boyiee pacmpocTpaHeH METOJl aHalu3a, OCHOBaHHBIA Ha 00pabOTKE KPUBBIX OXJIAXKICHHUS.
HcnbiTyeMble 00pa3iibl HarpeBalOT BBILIE TEMIIEPATyphl IJIABJICHUS, a 3aTEM PETUCTPUPYIOT UX
TEMIIEpaTypy NP OXJIKICHHH KaK (QYHKIIIO BpeMeHH (CM. puc.2).

KpuBas 1 Ha puc.2 COOTBETCTBYET OXJaXACHUIO YACTOr0 KoMIoHeHTa 1. [Ipu mocrosHHOM
TEMIEPaType OKPYKEHUS N3MEHEHUE TEMIEPATypPhl 10 NOCTIKEHUS 1y, OyAeT TuHeHHONW QyHKITH-
eit Bpemenn. Ha aToM yuactke pa3oBoii quarpaMmbl 9UCIIO CTETIEHEH CBOOOIBI CUCTEMBI COCTABUT [
=1-1+1=1 (p = const), TeMneparypa MOXET U3MEHATHCS PON3BOJIBbHO. [Ipu TemnepaTtype nias-
JICHUS] HAYHETCsl KPUCTAIM3AlKs YUCTOrO0 KOMIIOHEHTA; BBIIEISIONIAsICS TEIIOTa YXOIUT B OKpY-
KAIOUIYI0 Cpelly, TEMIIEpaTypa CUCTEMbl OCTAETCs MOCTOSHHON — Ha KPUBOU OXJIAXKICHUSI MOSIBIIS-
€TCsl TOPU3OHTANBHBIN y4yacTok. [Ipu Hanmuuuu nByX (a3 (KpucTami + XKHUAKOCTh) YUCIO CTETeHEn
cBobOoxap! paBHO f= 1 —2 + 1 = 0, T.e. cuctema craHoBuTcsi nHBapuantHoil (7,p = const). Korma
KPUCTAJIM3AUs 3aKaHYMBACTCs, NCUE3aeT KuaKas ¢aza, y CUCTEMbl CHOBA MOSIBISIETCS OJIHA CTe-
neHb CBOOOBI, Mbl HAOMIOAAEM JMHEHHBIH YyYacTOK Ha KPUBOM OXJIAXKIEHUS KPUCTAJUITMYECKOTO
BelecTna A.

[Ipu noGasnenun k A xomrnoHenTta B (kpuBas 2) Temneparypa KpUCTAJUIM3AUN A TTOHMXKa-
eTCsl 110 CPaBHEHHUIO C YMCTHIM BelecTBOM. [Ipyu HeOOsIbIINX KONUYECTBAX BTOPOTrO KOMIIOHEHTA
MOHIKEHUE TeMIIepaTyphbl KPUCTAIU3ALUN IPSIMO IPONOPIUOHATIBLHO KOJIMYECTBY 100aBIIIEMOTO
BellecTBa (kpuockonuyeckuti 3¢hghexm), IPU BHICOKUX KOHIICHTPAIUSAX JIMHEWHOCTh HApyIIaeTcs.
BepxHsis yacTh JJOMaHOM JINHUU 2 COOTBETCTBYET OXJIAKACHUIO PAcIlIaBa, MOSIBJICHUE U3J10Ma CBsI-
3aHO C HA4aJOM BBIJIEJICHUs KpUCTAJI0B KoMIoHeHTa A. Ilpu 3ToM Temmeparypa mpojoikaer na-
JaTh, HO C MEHBIIEH CKOPOCTHbIO BCIIEJCTBUE BBIJCICHUS HEKOTOPOTO KOJUYECTBA TEIUIOTHI MpPH
Kpuctamm3anui. Yucno ¢a3 Ha 3TOM yyacTke paBHO f =2 —2 + 1 = 1, T.e. MPOU3BOIBLHO MOKHO
U3MEHSTH TOJIBKO OJMH NapameTp. /IBe paBHOBeCHBIE (ha3bl — 3TO TBEPAbIH KOMIIOHEHT A U PacTBOP

A-B. Kaxmoii TemriepaType COOTBETCTBYET CBOM COCTaB paBHOBECHOTO pactBopa. [Ipu temmepary-



pe€ 3BTEKTUKH Ty KPUCTAJUIM3ALMS 3aKaHUMBAETCS, 00pa3zyroTcs Kpuctauibl B. HuxHsist gacts no-
MaHOM 2 COOTBETCTBYET OXJIAXKICHUIO F€TEPOTE€HHON CMECH KOMIIOHEHTOB A 1 B.

AHAJIOTUYHBIE PACCYKIEHUS CIPABEIJIUBHI U JUIsl KpUBOM 3 C yUETOM TOTO, YTO MPHU OXJIAXK-
JEHUM IPOUCXOAUT KpUCTAIUIM3ALMs KOMIIOHEHTa B. JIBe kpuBble kpuctammsanuu A u B nepece-
KaroTcs B 3BTeKTUUYeCKOU Touke E mpu T, B 3T0# TOUKE uncno creneneit cBo0oabI paBHO f= 2 —3
+ 1 =0, T.e. cucTeMa MHBApUAHTHA. DBTEKTUYECKUN COCTAB MMEET CaMYI0 HHU3KYIO TeMIepaTypy
TUTaBNIeHUS (M3 BO3MOJKHBIX AJIs JAHHOW CHCTEMBI), OTIMYAeTCsS 0CO00M CTPYKTYpOd M MeXaHU4e-
CKMMH cBoiicTBamMu. Bce criaBbl, 32 UCKIIOYEHHUEM YHMCTHIX BEIIECTB, HAUMHAIOT IUIABUTHCS MpPU
Tsr. [Ipy MOBBITIICHUU TEMITEPATYPHI BBIIIE 155y MPOUCXOAT TE K€ MPOLIECCHI, YTO U MPHU KPHUCTAII-
JN3aluu, HO B OOPaTHOM HampaBeHUH.

JIuHusA, COOTBETCTBYIOIIAs TEMIIEpaTypaM Hayajia KpUCTAJUIM3alUU, HA3bIBAe€TCA JIMHUEH
JUKeudyca, TOpU30HTAIbHAsT JUHUS, COOTBETCTBYIOIIAs TeMIlepaTypaM OKOHYAHHUS KPHUCTAILIU3a-

1IUM, Ha3bIBAETCS JIMHUEH conuodyca.

—_

Bpemst A B

BpeMs A B

Puc.2. Cxema noctpoeHuns pa3oBor agMarpaMmbl Mo KPpMBbIM TEPMUYECKOro aHanmsa

Pacnonaras cepueil KpuBbIX AJisl Pa3IUYHBIX COCTaBOB, MOKHO MOCTPOUTH JUArPAMMY IJIaBKOCTH
JIByXKOMIIOHEHTHON CHCTEMBI.

[IpencraBneHHble Ha pUC.2 qUarpamMmbl XapaKTEpU3YIOT TAKK€ 3aBUCUMOCTh PacTBOPUMO-
CTH BEILIECTB OT TeMNEPATyphl. JIeBas BETBb JIMKBHyCa MOKA3bIBAET COAECpKaHWE A B HACHIIICH-

HOM pacTBope B, mpaBas — BenectBa B B HachIllieHHOM pacTBope A.



II. S KCHHEPUMEHTAJIBHAA YACTDb

HUszyuenue kpucmaniuzayuu 1e2KONIasKux cucmem. Annapamypa u memoouxa usmepeHus

Hacrosimas paboTta BKIIOUAET SKCIEPUMEHTAIBHOE ONPECTICHHE U pacueT KPUBOM JIMKBH-
Jyca JIByXKOMIIOHEHTHOW CHCTEMBI, HMEIOMICH 3BTEKTUKY W TMPEHEOPEKHMO My B3aUMHYIO
pPacTBOPUMOCTH KOMIIOHEHTOB B TBEPAOM COCTOSIHUU. B KauecTBe 00BbEKTOB HCCIEI0BAHUS UCTIONb-
3ytores cuctemsl: (1) audenunamun — Hadranu, (2) kamdopa — canuIioBas Kuciora, (3) kam-
dopa — canomn, (4) kamdopa — rupennnamun; (5) kamdopa — OeH30MHAs KUCIIOTA.

PaGora BeImONHsIeTCA B cieayroleM nopsiake. Pag cMecell pa3nmuyHOrO coctaBa, HO IpHU-
OJIM3UTENHHO OJAMHAKOBOTO Beca (00Ieit Maccoit 0koo 15 T), 3achmaloT B 4E€ThIPE MIUPOKHUE MPO-
OMpKH, B MATYIO MIOMEIIAIOT OJUH U3 KOMIIOHEHTOB. B 3TH nmpobupku nomemarot 6onee y3Kue mpo-
OMpKHM U3 TYTOIUIABKOTO CTEKJIa, B KOTOPBIE BCTABJICHBI TepMonapbl. [looxenne npoOHupoK J0IK-
HO OBITH TakUM, YTOObI OHHM HE CONPHKACAIUCH APYT C Apyrom. IIpoOupku KpemsTcs Ha OJHOM
mratuBe. barapero mpoOupok momMemniaT B BOASHYI0 0aHIO0 WU TUTedbHYI0 neub. [locne Toro, kak
BO BCEX MPOOHMPKAX CMECH PACIUIABSITCS, HATPEB MPEKPAILIAIOT U PETUCTPUPYIOT U3MEHEHHUS TeMIIe-
paTypbl BO BpeMEHH IpU OXJIaKJICHUN 00pa31oB. CxemMa yCTaHOBKH JIJIsl IPOBEIEHUS] TEPMUYECKO-
T'0 aHaJM3a MpeICTaBlIeHa Ha puc.3.

TemmepaTypa 3amucbiBaeTCs aBTOMAaTHYECKH C MOMOIIBIO camomnucia. Ecimu BeIOpaHHBIHA
COCTaB CMECH 3aMETHO OTIUYAETCS OT IBTEKTUYECKOTO, TO C TIOMOIIBIO KPUBOM OXJITaKICHHS MOXK-
HO OIpeeTUTh TOJIBKO Hauajao Kpuctamuizauuu. Ecnu jxe coctaB paciiaBa HaXOAUTCS BOTU3U 9B-
TEKTUKH, TO Ha MOJIy4aeMOi KPUBOU OXJIAXKIACHHS TOSBIISCTCS TOPU3OHTABHAS IJIOMAAKA, COOT-
BETCTBYIOIIAs KPUCTAIUTN3AIUS SBTEKTHUKH.

Janee (1o 3amaHuO MPENOAaBaTelisi) pacCUMThIBaeTCs (Ga3oBas auarpamMma U MpOBOAUTCS

CpaBHEHHE Pe3yJIbTATOB PACUETHON M SKCIIEPUMEHTAIbHOI yacTel paboThl.
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Puc.3. CxemMa yCTaHOBKW AN NpoBeAeHUs TEPMUYECKOr0o aHanmns3a:
1 - TepMonapbl C TOKOOTBOAAMU, 2 — NPOBUPKKN CO CMecaMu, 3 - caMonucel, 4 — aMarpaMMHas

NneHTa.



III1. 3BAITIMCH 1 OBPABOTKA DKCIIEPUMEHTAJIBHBIX PE3YJIBTATOB
KoopauHats! KpUBOM JIMKBUAYCA, MIOTYYEHHBIE C IIOMOIIBIO KPUBBIX OXJIAKICHUS, 3aHOCAT

B Tabnuiy 1.

Tabnuua 1. KoopanHaTtbl KpMBON nMKBMAayca.

Ne CocraB cucteMsl, CocraB cucteMsl, Temneparypa Temneparypa
BeC.% Mo1.% Havajia Kpucral. KPHUCTaJ. SBTEKTUKH

Ecnu 3amava pacuera KpUBO# JIMKBUIYCa HE CTABUTCS, HEOOXOIMMO

— IIOCTPOUTH AUArpaMMy IIJIaBKOCTH HEIIOCPEACTBEHHO 10 Pe3ysIbTaTaM KCIIEPUMEHTA,

— IOJIy4UTh Y OTBETCTBEHHOT'O 3a IPAKTUKYM KOHTPOJIBHYIO CMECh, U3BMEPHUTH €€ TEMIIEPATYPY
IUIABJICHUS U ONIPENEIUTh BO3MOXHBIN COCTaB TOW CMECH.

Pacuer quarpammasl

Pacuem pasnogecus konoencuposannwix ghas.

[Ipu pacuerax ¢a30BBIX PaBHOBECHH CIEAYET yAENIATh 0CO00€ BHHUMAaHHE BHIOOPY YpPOBHS
oTCYeTa TEepMOJAMHAMHMUYECKUX (QYHKUUH (a3. YCIOoBUS paBHOBECHs 3alMChIBAIOTCA uepe3 aldco-
aroTHBIE 3HaYeHus QyHKui [106ca, B TO BpeMsi Kak SKCIEPUMEHTAIBHO ONPEIEISIOTCS OTHOCH-
TEJIbHBIC 3HAYCHHUSI, U3BECTHBIE C TOYHOCTHIO JI0 TOCTOSIHHOM, BEIOPAHHOM 32 Ha4Yaslo OTCUeTa BEIH-
9uHBI 9TOH QyHKIMH. [Ipn pacuerax paBHOBeCHiI TEpMOAWHAMHUYECKHE MOTECHIMAIBI Pa3HBIX (a3
CHCTEMBI CPaBHHMBAIOTCS MEXIy CO0OH, TaKoe COMOCTaBICHHE KOPPEKTHO TOJBKO TOTAA, KOTAA
(YHKINMU UMEIOT eIUHBIN YPOBEHBb OTCYETA JJIs BCEX YUacTBYIOIUX B pacuete (a3. Hampumep, ec-
JH B CHCTEME 00pa3yroTcst TBepable (Pas3bl U )KUIKOCTh, YI00HO 32 YPOBEHb OTCUETa BHIOPATh KBH-
BAJICHTHYIO 110 COCTaBYy I'€TEPOTCHHYIO CMECh KOMIIOHEHTOB. Ecii B TBEp/IOM COCTOSIHUM BEIIECTBA
HE CMELIMBAIOTCS, SHeprus [ mbOca Takoil TeTepOreHHON CMeCH, pacCUUTaHHasi OTHOCUTEIBHO WH-

JIMBUIy aIbHBIX TBEPBIX KOMIIOHEHTOB OYyIET paBHA HYIIIO:
G(s)—(1-x)GY —xGg® =0, 4)
€CJIM 7K€ BEIECTBA 00Pa3yIOT TBEPABINA pacTBOP, TO

G(s)—(1-x)G" —xGy® =RT[(1 —x)In(1 —x) + xInx]. (5)

O6pa30BaHI/Ie paciiaBa U3 TBEPALIX KOMIIOHCHTOB MOYXHO MPCACTABUTHL KaK ITOCICAOBATCIIBHOCTD

JIBYX TIPOIIECCOB — TUIABJICHHS] KOMIIOHEHTOB U MX CMEIIECHUE C 00pa30BaHUEM paciiiaBa. DHEPTUU

['n66ca nnaBieHus i-ro KOMIOHEHTA IIPU JIO00H TeMIepaType MOKHO pacCUUTATh Mo (hopmyrie:
AnGi=[G' = G = AnH; — TAnS; = AunHi(1 — T/ T ), (6)

rae AnH; — MonbHas SHTAIBINS TUIABIICHUS MIPH TEMIIEpaType PaBHOBECHOTO (ha30BOTO MpeBpallie-

HUs (ee MPUOIMHKEHHO MOYKHO NMPHUHATH HE 3aBUCSIIEH OT TeMIeparypshl), Iy — TeMIepaTypa pas-



HOBeCHOTro IMiaBiieHus. CMemeHne B3SITHIX B COOTBETCTBYIOIIMX KOJHUYECTBAX PACIUIABICHHBIX
KOMITOHEHTOB OTIMCBIBACTCS BhIpakeHueM (cp. ¢ (5)):

AmixG(1) = RTT(1 — x)-In(1 — x) + x-Inx]. (7)
Cymmuposanue 3Hepruii ['m66ca aByx craauy ynoMsHyTOro nporecca IpUBOIUT K BBIPAXKEHUIO
Juis 3Hepruu I'mb60ca oOpa3zoBaHus pacIulaBa U3 YUCTHIX TBEPIBIX KOMIIOHEHTOB:

G()-(1-x)G* —xGy* =

= RTT(1 —x)In(1 —x) + x-Inx] + (1 = x)-AnHa-(1 = T/Tina) + XAt (1 = T/Ti1B).
[TpakTuyeckoe HMCMOJIb30BaHHE STHX BBIpAXXEHUH NpH pacuere (a30BOil auarpamMMmbl 3BTEKTHYE-
CKOM cucTeMbl OeH301-XJI0pOeH301 paccMoTpeHo B [Ipumepe 1.

Ipumep 1.

Paccuunraiite a3zoByro nuarpamMmy JBYXKOMITIOHEHTHOW CHUCTEMBI OCH30J1 — XJIOpOEH30J B cyOco-
JIUTyCHOM oOnacTu. MI3BECTHO, YTO KOMIIOHEHTHI MPAKTHUECKU HE PACTBOPUMBI B TBEPIOM COCTOSI-
HHHU, Ach6H6 =9.89 KI[)ic-MonL_l, AmHC6H5C1 =9.55 KI[)K-MOJ'II)_I u Tm,C6H6 =278.75 K, Tm,C6H5C1 =
227.9 K. CpaBHMTE pacCUMTaHHbBIE 3HAUEHUS KOOPAMHAT KPUBOM JUKBUIyCA C SKCIEPUMEHTAIBHO
MOJTYYeHHBIMH pe3ybTataMi. OOBICHUTE BO3MOXKHBIE TIPUYNHBI PACXOXKICHHS.
Pewenue:
Pacuer ¢a30Boii 1uarpaMMbl MO>KHO NTPOBOJAUTH Pa3HBIMU CIIOCOOAMM:

® C MOMOUIBI0 KAJIBKYJIATOpa WiIM cTaHaapTHeIX naketoB (Excel, MathCad, MathLab u T.11.),

pemas ypaBHenue Illpenepa 11t Kaka0ro KOMIIOHEHTA MPH Pa3IUYHBIX 3HAYCHUAX T,

e C MOMOIIBIO peocTaBisieMoit Bam nporpammsl PhDi.

UtoObl BOCTIONB30BAThCS U pacyeTa Auarpammsbl nporpammoit PhDi, Heo6xoauMo B aHamuTHYe-
CKOM Bue 3amucatb >Hepruu [mbO6ca TBepmoit (as3el m pacruraBa. Tak Kak KCIIEPUMEHTATBHOU
UH(POPMALIMU O CBOMCTBAX >KUIKOW (Pa3bl HET, MOKHO MPENINOJIOKHUTh OMKMCATh €€ MOJEIBIO Uie-
QJIBHOTO pacTBOpa. 3a ypOBEHb OTCYETa CBOWCTB yIOOHO BBIOpaTh KPUCTAIMUECKUI OeH30s U
xnopbenson. Torma oOpazoBaHHe pacijiaBa U3 TBEPIBIX KOMIIOHEHTOB MOKHO IMPEICTaBUTH Kak
MIOCJIEIOBATEIBHOCTD JIBYX MPOIIECCOB — TUIABJICHUSI KOMIIOHEHTOB M MIX CMelIeHue. JHeprun | no-
Oca rutaByieHHs (MMTapaMeTphl CTAOUILHOCTH KOMIIOHEHTOB) MOXKHO pacCUUTaTh 10 popMyiam:
AmGegn, = [G'— Glegng = AnHcgn, (1 = T/Tmcgng) = 9890-(1 — 7/278.75),
AmG C6H5C1: [Gl — GS]C6H5C1 = AmHC6H5C1'(1 — T/Tm, C6H5C1) = 9550(1 — T/2279)
CwMerieHue B3STHIX B COOTBETCTBYIOIIMX KOJIMYECTBAX pacIliaBIeHHBIX OeH307a U XJIopOeH301a

OIINCBIBACTCIA BI)Ipa)KeHI/ICMI
AninG(1) = (1= X)Aubpy. + XARE o = RT{(L —x)In(1 - x) +xlnx).

CymmupoBanue sHepruil ' mb0ca Ha KaX0i CTaauy MPUBOAUT K BhIpKECHUIO 1Jis sHeprun [ mo6ca

paciijiaBa OTHOCUTCIIbHO YUCTBIX TBEPAbIX KOMIIOHCHTOB:



G - (=0)Gey, = xGey o=

= RT{(1 - x)In(1 — x) + x-Inx} + (1 -

x)- 9890-(1 — T/278.75) + x-9550-(1 — T/227.9).

Tak kak 3a ypoBEeHb OTCYETa CBOMCTB (ha3 cUCTEMbI OEH30J — XJIOpOEH30JI BBHIOPaHBI HEPACTBOPH-

MBIC JpYyT B APYI'€ TBEPABIC KOMIIOHCHTBI, TO OTHOCUTCIIBHO HUX

G(s) - (1-x)Gy, —xGeyq = 0.

Hanee oTkpbiBaeM pabouee okHO mporpammsl PhDi, BBogum Ha3BaHHe cucTembl B OkHO «Ha-

3BaHHC 3aJa4u», B OKHO ((BI:Ipa)KeHI/ISI JJIA

G(l), oTcunTaHHBIE OTHOCHUTEIBHO KUIKUX

pacuera >Heprun [ n66ca» BBoaMM (yHkuuu G(s) u

KOMIIOHCHTOB (T.e. BBIPpAXKCHUA, CTOAIINEC B IIPaBbIX

YacTsAX IBYX MOCIENAHUX ypaBHeHUi ). O603HauaeM npousBeaenue R7{(1 — x)-In(1 —x) + x-Inx} xak

—T7-Sid. BriOupaem KOOpAMHATEI, B KOTOPBIX cTpoutcs rpaduk (Y — 3T0 TemmepaTtypa), HHTepBall

temneparyp (200400 K), nanenue (1), ycranasnusaeM uuciio Touek (300 o ocu X U CTOJIBKO ke

- o ocu Y) u kHonkoi F9 3amyckaem nporpammy. [lns HaHeceHus: Ha TpadUK Pe3yIbTATOB DKCIIE-

PUMCHTA HCO6XOI[I/IMO AKTUBU3HUPOBATH KHOIIKY (<9KCHepI/IMCHTaJ'IBHBIC JaHHBIC» U 3aIllOJIHHUTD I105-

BUBIIYHCS B OKHC Ta6n1/1uy. Bo3moxnocTtu Fpa(l)I/I‘leCKOl"O pPEAaKTUPOBAHUS, HA3HAUCHUC pa60‘II/IX

KHOIIOK U MPOYUC BO3MOKHOCTH IMPOrpaMMbI HOI[pOGHO OIMUCAaHBbI B PYKOBOACTBC I1OJIB30BATCIIA

PhDi_UserGuide, koTopoe HaXOAUTCS y OTBETCTBEHHOTO 3a MpakTukyM. [IporpamMmy u ee omuca-

HUE MOXHO TakKe ckadarh u3 MHTepHeTa, aapec: http://td/phd _cale/phd_calc.html..

Paccunrannas QaszoBas auarpamma u3oOpakeHa Ha cienytonieMm pucyHke. Ilon pucyHkom

MMPUBCACHBI pPACCUUTAHHLIC U SKCIICPUMCHTAJIBHO NU3MCPCHHBIC KOOPANHATHI 9BTCKTHKH. Kax BHUHO,

Ha6JHOI[aeTC$I YAOBJICTBOPUTCIILHOC COTJIACHUC PACUYCTHBIX U SKCICPUMCHTAJIBHBIX NaHHBIX. Taxkum

00pa3oM, pUHATAss HAMU TUIIOTe3a 00 MeaTbHOCTH pacIlIaBa BIIOJIHE KOPPEKTHA.

TK
e T T T T T T T T
B o, | | | | | | | |
o e T T [ [ T 16 =
B ° | | | | | | a |
27048 — — — — " ®eg — T~~~ - T [t Bl [ p ="
- o
] | %, | I I | | | |
265-8 — — — — — === gy — I~ - I R [ e Fo - ——
E | | "%, | | | | | Lo | |
2608 — - - - B L % 1o [ E e Lo ___1
] | | %, | | | | | | I
Prs 4 ___ Po, Lo ___ L0 _bL____1
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£ I [ .‘.;7777\777777 77777 [
. I I I LS | | | | | |
2458 — — — — [ T [ T e T T T T T T [ B r--—-1
E | S+L | | | %, | | | | | |
2408 — — — — — [ -=-=== e e [ttty Bttt F--==d
E I I I I | %0, I I I I I
23518 - — - — = [N - - — - — 4 - [ N e L
E | | | | | .'o‘\ | | | |
2308 - - [N - R [ Lo
E | | | | | | | |
£ I Y [E e S N S BT S A
2257 I | | | i | s\.‘ i | “0“
2007 | | | | I | I I ge®® |
= | B [ \7777777777‘%\77777‘17' N
] | | | | | | °® |
PILE SR — S _— S S E\;..L‘f 77777 e
] | | | | | | | | I
2108 o _ e — e 47775157 o _ _ _ L I RN
T e T T T T T e T e e T T P e e T T T P T T P T rrrTT
0,1 2 04 7 0. 0,

MonbHast pons (X) C6H6 B cucteme C6HB-CEH5CI

Puc.4. ®azoBas gnarpamma sstektndeckon cmcrtembl (CsHg-CeHsCl). KoopanHaTbl 3BTEKTUKN:

pacueT: 214.4 K, XcghsCl = 0.727

akcnepumeHT 213.9 K, XcghsCl = 0.725
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IV.ITPEJACTABJIEHHUE PE3YJBTATOB PACYETA

Ecnu pacuer da3oBoit quarpaMmsl MPpOBOAMUTCS ¢ ToMotbio ypaBHeHus Llpenepa, To HEOO-
XOJUMO 3arOJIHUTh TAONIUIly 2 ¥ MOCTPOUTH COOTBETCTBYIOUINM rpaduK, UCTIONb3Ys 3HAUCHUS IH-

TaJbIINN TIJIABIICHUS KOMITOHCHTOB, ITPUBCACHHBIX B KOHIIC 3TOI'0 pPYKOBOJICTBA.

Ta6bnuua 2. Pe3ynbTaT pacyeTa pa3oBoi AMarpaMmbl No ypaBHeHuo Lpeaepa

T,K Inxa XA Inxp XB

TJIe XA Xp — MOJbHBIC JIOJIU KOMIIOHEHTOB, X4 + xg = 1. Ha rpaduke o6e kpuBbie TUKBUIYCA CTPO-

ATCSl B KOOpAMHATAX 15 — XB.

Ecnm pacyet a3oBoit muarpamMmel IPOBOJUTCS € MCTOJIb30BaHUEM mporpammbl PhDi, moc-
TATOYHO MPUBECTHU I'paUK AMArpaMMbl C HAHECEHHBIMU Ha HEM SKCIIEPUMEHTAILHO TOTYyUYEeHHBIMH
TOYKaMU KPUBOU JIMKBUYCA.

Pe3ynbraThl pacyeToB JKeNaTeNbHO COMOCTABUTh C SKCIIEPUMEHTOM H JIUTEPATyPHBIMU JIaH-
HbIMU (Tabnuna 3).

Ta6nuua 3. CpaBHeHME pacyeTHOM N 3KCNepUMEHTasIbHO MoNy4YeHHON (a3oBoin gma-

rPaMMbl

Pacuer 9KCIIEPUMEHT JIUTEp. TaHHbIE

T3BT.

x3BT.

V. YUACJEHHBIE 3HAUYEHHUA CBOMCTB BEIIECTB, UCHIOJIB3YIOIUECA ITPHA
PACUYETAX ®A30BbIX TUAT'PAMM
OHTaNbIMM U TEMIIEPATYPHI IJIABICHUS BEILIECTB

(mo mannbM NIST: http://webbook.nist.gov/chemistry)

BemecTBo dopmyna AmH, JIK-MOMB " T, K
JudenmiaMux (CeHs),NH 17.86 326.2
Hadranun CioHsg 18.4 353.2
Kamdopa CioH160 6.82 451.5
CAJINIIMJIOBAs KUCJIOTA HOCsH4,COOH 24.6 431.8
OeH30lHAas KHUCIIOTa CcHsCOOH 18.0 395.5
Canon HOCcH4COOCsHs5 42.0 314.8
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