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BBenenue

B mMeTonnuecKknx yka3aHUsAX NPUBEACHBI OCHOBHBIE TEOPETUYECKUE CBEICHUS U3
00JacT TepMOAMHAMUKHA (Pa30BbIX PAaBHOBECUN, HEOOXOAMMBIC [JISi BBITIOJHEHUS
MIEPBOTO 3aJIaHUsI KOHTPOJIbHOU paboThl. Juciumimaa «HepaBHOBECHBIE MTPOIIECCH U
¢da3zoBble MEepexo/ibl» BKIIOYAECT TPU TEeMaTHYECKUX pazfena. OHU TECHO CBS3aHbI
MEXIy COOOM, IMOCKOJBKY B HCTOPUUECKOM IMpoliecce (OpMHPOBAHUS HAYKH O
HEPABHOBECHBIX MpOLEcCaX KaXAbld W3 HUX JIOTMYECKHM BBIPACTA HA ILUIEYax
NpEeAbIAYIIEro. OTO — pAaBHOBECHAsl, JIMHEWHAs HEPABHOBECHAs W HEJIWHEHHAas
HEpPAaBHOBECHAsA TepMoAMHAMUKa. Kaxaplii W3 OJTUX pa3denoB  Ipeaiaract
TEOPETUYECKUM ammapar sl ONWCAHWS W HUCCIEAOBAHUS ONPENEICHHOW TPYIIIbI
IPOLECCOB, MPOUCXOAIIMX B pa3IUYHbIX Marepuajax INpu HuX oOpadborke. B
YaCTHOCTH, [JIsl ONHCAHMS TOJABIIAIOMIETO OOJBIIMHCTBA MPOLECCOB KOPPO3HH
JIOCTaTOYHO MKCIIOJB30BAHMWE amIapara pPaBHOBECHOM TEPMOAVUHAMUKHU, a JUId
noHUMaHusi A(PQPEKToB  JIa3epHOTO  TEPMOYMPOUYHEHHUS  CTadd  HEOOXOAMMO
WCIIOJIb30BaHUE 3aKOHOB HEJIMHEMHOM HEPAaBHOBECHOM TEPMOJMHAMUKH U TEOPHUH
JMCCUTNIATUBHBIX CTPYKTYP.

TeKkCTOBBI M WJUIIOCTPATUBHBIM MATEpHANI, NPUBEICHHBIA HUKE, IMOCBAIICH
r€OMETPUYECKON TEPMOJMHAMHUKE, KOTOpasi MPEJCTaBIsSeT COO0OM MPHUKIATHON
aCIeKT PAaBHOBECHOW TEPMOJIMHAMUKHU, HMCIOJb3YyeMbId B (U3MUECKOW XUMUU U
MaTepHUaNOBEICHUN JJIsl TOCTPOSHUS, aHAIKM3a U UCCIEAOBAHUS JuarpaMM (pa3oBbIX
COCTOSIHUM Y IIEPEXO0JI0B B METAJUIMYECKUX CIIJIaBAX.

MeTaninyeckuii crjiaB COCTOUT U3 OTPOMHOTO YKCIia YacTHI] (OJHOPOAHBIX WIIN
Pa3HOPOJIHBIX AaTOMOB), KOTOpbI€ HAXOJATCA BO B3aUMOCBS3M JIPYyr C JPYTOM,
CIOCOOHBI OOMEHMBATbCA OHHEpruel u mepememiarbca. B pesynbrate 53THX
NepeMENICHU MPOUCXOAUT OOMEH PHEpPrueil U BelecTBOM (KOJIMYECTBOM aTOMOB)
MEXIy pa3IMUHbIMU O0yiacTsaMu ciiaBa ((azamu). DTO BeAET K TOMY, UYTO KaxKias
Takasg 00JacTb MOXKET W3MEHHTh CBOM COCTaB M (WJIM) CTPOCHHE, a C HUMHU U
CBOMCTBA (TO €CTh MPEBPATUTHCA YXKE B APYyryio ¢azy). HecMoTpst Ha 1OCTYIHOCTD U

HarisitgfHOCTb TaKOIro O 6p A3HOIr0 HIpCACTABIICHHA IPOUCXOAAIINX B  CILIABC



IIPOLIECCOB, ONEPUPYS MOHATHUSAMU MEXKATOMHBIX B3aMMOJEHCTBHI, Mbl HE MOXKEM
IIPOTHO3UPOBATh XapaKkTep paccMaTpuBaeMbix n3MeHeHuil. [Ipobiema B ToM, 4TO U3-
32 OrPOMHOI'0 KOJIMYECTBA YACTUIL U €1I€ OO0JIbIIero yncia (GyHKINM, OMUCHIBAIOIINX
UX B3aUMOJICHCTBUS, HU OJWH KOMIIBIOTEpP HE B CHJIaX 00padoTaTh ATH JaHHBIE U
IpOCIHEANTh 3a BCEMHM YacTHIlaMd (aToMaMu) cCIlaBa. A HW3Yy4YeHUs MOBEICHUS
OTIIEJIbHOM 4YacTUlbl (WJIM TPYNIbl YacTUI) HEAOCTATOYHO, YTOOBI OIMHUCATh
ITIOBEJICHUE CUCTEMBI B LIEJIOM.

[Tpobnema  pazpemaeTcsi Ha  A3bIKE  TEPMOJMHAMHUKH,  IOCKOJBKY
TEPMOJIMHAMHYECKUE KPUTEPUH MPUMEHSIIOTCA K TEPMOJUHAMUYECKON CUCTEME B
LEJIOM, MOJ KOTOPOM MOHUMAETCS JII00asi COBOKYIHOCTh JOCTATOYHO OOJIBIIOrO

KOJIMYCCTBA YaCTHII, CITOCOOHBIX K IICPCHOCY SHCPIUHA 0e3 yucTa IpUupOdbl 9TUX YaCTHUII.

1. TepmoanHamMuYecKue CTUMYJIbI (pa30BbIX NPeBpPALLICHUH

Jlns crmaBa, Kak (DU3UKO-XMMHYECKOM M TEPMOJMHAMHYECKOM CHCTEMBI,
YOPaBISAIONIMMU MapaMmeTpamu, sBistorcs: Temmneparypa T(K) um gaBnenue P —
BHEIIIHUE TEPMOJUHAMHYCCKUE (HaKTOPhl, a KOHIICHTpalus KommoHeHToB x(%) -
BHYTpEHHHUN. 3MeHeHue HTHUX IapamMeTpoB OIPEIAECIAeT U3MEHEHUE COCTOSHUS

CHCTCMBHI. CDVHI[aMCHTaJ'IBHBIM KPpUTCPUCEM I OLCHKH TOIro, KaKO€ HMMCHHO

COCTOSIHUE BBIOEpET cucTemMa IpH 3aaHHbIX T, P u x, sBisieTCsS TepMOTMHAMUYCCKHUMA

noreHman G :

J100asi TePMOAUHAMHMYECKAsI CHCTEMa BCerjga CTPEMHUTCH K TaKOMY CBOEMY
COCTOSTHMIO, KOTOpPOe 00.1a]aeT MUHUMAJIbHBIM 3HaYeHueM G.

Cocrosinue cuctembl ¢ G=Gp,, Ha3bIBaeTCs paBHOBECHBIM. OHO HE U3MEHSETCS
CO BPEMEHEM.

Ecnu B xadyecTBe TEPMOJMHAMHYECKOW CHUCTEMBI pacCMaTPUBAETCS CIUIAB, TO
MOJT €r0 COCTOSTHUEM IMOHUMAaeTCs (Da3oBBIM COCTaB, XapaKTEPU3YIONTUHCS: OOIINM
gyuciaoM ¢a3, HUX OTHOCHUTEIBHBIM KOJIMYECTBOM, XUMHUYECKUM COCTaBOM
(KOHIIEHTpaLMEe KOMIIOHEHTOB) M KPUCTALIMYECKUM CTPOCHHEM (J1sl TBEPABIX (a3)

K&)K,Z[Oﬁ (1)8,351. Hepexoz[ CiuiaBa M3 OJHOI'O pPaBHOBCCHOI'O COCTOSHHA B JAPYIroc



paBHOBecHOE mpu u3MeHeHuu T, P u/unm x o3HauaeT usmeHeHue (pa3oBoro cocrana
CIUIaBa MyTeM MpoTeKaHus (Ha30BBIX MpPEBpAIICHHH (TO €CTh MOSBISAIOTCA HOBBIE U
HCUe3aloT UCXOAHBIC (ha3bl).
B o0mem ciyuae:
G=U-ST+W, Q)
rane U — BHYTpEHsSSI DHEPrusl CHUCTEMBI, COCTABIIONIAs CyMMY KHHETHYECKHX U
NOTEHIIMAIbHBIX SHEPTUM YaCTHUIl CUCTEMBI; JIJIi CUCTEMBI, U30JIMPOBAHHON OT
BHelHew cpeasl, U=const;
S — suTponus (MoapoOHEee 00 FHTPONUU CM. HIXKE);
W — pabota, coBepuiaemasi CUCTEMOM NPOTHUB BHEUIHETO JaBJICHUS, NEUCTBUS
MOBEPXHOCTHBIX CHJI U BHEIIHUX MOJEH.

Panee MbI ycrnoBuiIMCh HE y4UTHIBaTh BHelIHee AaBieHue (P=const=1aTtm), xak
3TO OOBIYHO MPUHSATO MPHU aHaju3e (Ha30BBIX AMArPaMM paBHOBECHS CILIaBOB. bynem
Tak)Ke CYMTATh, YTO HA HAIIM CIUIaBBl HE JICHCTBYIOT MOIIHBIC BHEITHUE ToJIs1. Torma
JUIsL KOHJIEHCUpOBaHHOM cucTeMbl pakTop W oka3biBaeTcs 04€Hb HE3HAYUTENIbHBIM U
UM MOXKHO TpeHeOpedb. B 3TOM cilydae coCTOSIHHE CUCTEMBI OTUCHIBACTCS (PYHKIMEH
¢60600H01 2Hepeuu F :

F=U-ST, ()

a PaBHOBECHOE COCTOSIHHE oIpesensercs 3HaueHueM F=Fp,.

I[J'ISI YI[O6CTBa )51 KOMIIAKTHOCTHU I[aJ'IBHCI\/'IH_II/IX TEPMOANHAMHUYICCKHUX

NpeJICTaBICHUN 86e0em psad HOBbIX 0O03HAYEHUU.

B mactosimem mocoOuM paccMaTpHBAIOTCS TOJBKO JIBYXKOMITOHEHTHBIC
(1BOMHBIE) CUCTEMBI CILJIABOB, OOJBIIMHCTBO (ha3 KOTOPBIX OOBIYHO MPEICTABICHO
TBEpABIMU pacTBOpamu. [[1s TBEpABIX PACTBOPOB CTPOTHE YTBEPKICHUS O

MMOJIOKCHHUAX aTOMOB HEBO3MOXKHBI — 3CCh IPUXOANTCA paCCMaTpuBaTh BEPOATHOCTD

TOr0, YTO B JAHHOM Y3JI€ PELIETKM HAXOAUTCS aTOM OINpeAesieHHOro copra. Mcexons
U3 O3TOr0 MPEICTaBIEHUS, PACCMOTPUM TBEPABIA pAcTBOpP, COCTOSILIMN U3

KOMIOHEHTOB A 1 B ¢ aToMHBIMU KOHICHTPAIIHUAMHU XA U X, IPUUCM K&)K,Z[blﬁ aToOM

MOJKET 3aHMMATh JIF00OM aTOMHBIN y3en. Toraa BEpOSTHOCTh TOTO, YTO HEKOTOPBIN



JAHHBIA y3ell 3aHSAT aTOMOM OMNPENEJICHHOT0 CcOopTa, B TOYHOCTH paBHA
KOHIICHTPAI[MU aTOMOB JIaHHOTO COpPTa HE3aBUCUMO OT MPHUPOJIbI MEKAaTOMHBIX CHJI.
B Takoit cucreme xp+xg=1, U yq0OHO BBECTH OJIHY MEPEMEHHYIO COCTaBa X= Xg,
1—x= x4. Torga coctas cruiaBa U3BMEHsIETCS] OT YUCTOTO KOMITIOHEHTa A 710 ynucToro B

npu Bo3pactanuu x oT 0 o 1. [{ns uucna atomoB A u B B kpucrasie, couepxaliem

Bcero N atomoB, BBeaem 0003HaueHusT NoA=N-(1—x), Ng=N-x.
OG6o3HaunM TaKKe uepe3 J,~ 1 gg” CBOOOHBIE SHEPTUH YKCTHIX KOMIIOHEHTOB
A u B B o—da3e B pacuere Ha aTOM, TOrJja CBOOOHAS SHEPTHS HA ATOM OJHOPOJAHOTO
O—TBEPJIOTO PacTBOPa KOHIIEHTPALIMK X MOXKET ObITh BhIpaXKE€HA KaK:
g% = (1-x) 94" + x-gp” + Ag”, 3)
rae AQ® HaspIBAIOT CBOOOXHOM SHEprHedl CMeNIeHHWs WM CBOOOIHON sHepruei
oOpa30oBaHUsI O—pacTBOpa M HM3MEPSIOT OTHOCUTEIBHO CTAHJAPTHOTO COCTOSHUS

YHUCTHIX KOMITOHEHTOB, TIO3TOMY SICHO, uTO TipH x=0 u mpu x=1: Ag” = 0.

B PEAJIbHBIX CIIVIABAX npu o00pa3oBaHMM TBEPJABIX PacTBOPOB
MPAKTUYECKU JIIOOOTO THUIA aTOMbI PACTBOPEHHOTO KOMIIOHEHTA PacHpeieisiioTCs B
pellIeTKEe pacTBOPUTENISI HEpaBHOMEpPHO. Eciu B cpeaHeM pacTBOpP COACPXKHUT X
KOMIIOHEHTa B, TO B KakoM-TO 00beMe MeTajljla MOKET OKa3aThCs KOMIIOHeHTa B
OoJibllle WM MEHbIIE, 4eM x. OTKJIOHEHUE cOocTaBa TBEPAOTO PacTBOpPa B OTIEIBHBIX

BECbMa MaJIbIX O0O0BEMax oOT CpCAHCTO COCTaBa HA3BIBACTCA d)JlVKmyauuﬂMu

KOHuyermpauuu. OTO TIOHATHE HMMEET Ba)KHOC 3HAUCHUEC AJI1 IIOHUMaHus Iponecca

3apOXKJIEHUS KPUCTAILJIOB HOBOM (Da3bl, IO KOHIICHTPAIIUU CHJIBHO OTJIMYAIOIIEHCS OT

UCXOIHOM.

2. 3Ha4yeHHe SHTPONUH

Hanbonee BaxHON COCTaBISIONMICH CBOOOJHOM DHEPTHM JUIS TBEpABIX (a3
(0cOOEHHO MPH BBICOKUX TEMIIEpaTypax) siBisieTcst 3HTponus S. 3 MHOrOUHCIEHHBIX
TOJIKOBAaHUN ATOM TEPMOAMHAMUYECKON (PYHKIMU ISl HATUX yCIOBUI Oojiee BCEro

noaxoaut npeacrasienue JI. bonpnmana:



S=k-Inp, (4)

rae K - mocrosinHas bonbiimana;
P - TepMOJAMHAMHYECKAas BEPOSTHOCTb COCTOSIHUS CHCTEMBI; OHA paBHA YHUCIY
BCEBO3MOXKHBIX  PACHpPENEICHUM YacTULl CHCTEMbl 10 KOOpAMHATAM M
CKOPOCTSIM, COOTBETCTBYIOIINX JAHHOMY TEPMOJUHAMUYECKOMY COCTOSIHUIO.
[To ompenenenuto p ecTb Lenoe uyucio, npuueM p=>1. dakruuecku p
IPEACTABIIET COOOM YMCIO BAPUAHTOB BO3MOYKHBIX MEPECTAHOBOK YACTHIL] CUCTEMBI.
Yem Oomblle TakuX BapHAHTOB, TEM MEHEE YIOPSAJOUYEHHOW SIBISETCS CUCTEMA.
[ToaTOMY HTpONHUSI — 3TO MOKA3aTeJIb CTENEHH Pa3yNnopPsSA04eHHOCTH CHCTEMBI
(no bosbimany).

OHTponMs TBEPIOTO pacTBOpa HMMEET JBE COCTAaBJSAIOIIME — TEIUIOBYKO H
KOH(HUTypallHIOHHYIO.

TermmoBas (viu kosiebareabpHasi) DHTPOMUS BO3HUKAET BCJIEACTBUE TEILJIOBOTO

nBwKeHus atomoB. OHa ompenensercs TOJbKO YHCIOM aTOMOB KaXXJIOTO COpTa,
Mo3TOMY 00pa3oBaHKE TBEPAOTO pacTBOpa U3 aTOMOB KOMITOHEHTOB MIPAKTUYCCKU HE
COMPOBOXK/IA€TCS U3MEHEHHEM TEIJIOBOM SHTPOMHUHU. A BOT U3MEHEHUE TEMIIEPATYPhI
CYIIIECTBEHHO BJIMSET Ha TEIUIOBYIO COCTABIISIONIYIO SHTpormuu. C TOBBIIICHUEM
TeMrepaTyphl 00a ciaraeMelx cBo6oHoM sHeprun (U u S-T) B dpopmyne (2) pacTyr.
Opnako U pacter 3HaUUTENIbHO MEAJICHHEE, YEM TEIUIOBAsi COCTABIISIONIAs SHTPOIIHH.
[TosToMy cBOOOIHASI SHEPTHS SIBJISETCS yObIBaroIIeH GyHKIMEH Temneparypsl (puc. 1).
[Ipu paBHOBeCHOI TeMiiepatype Ts OTCYTCTBYET SHEPIETUUECKHUI CTUMYIT (BBIMTPHIIIT
9HEpruu B BUje cHKeHus F) dazoBoro npesparieHus a<>f. [loatomy pu Ts Oyzaer
coxpaHsaThcs ucxonHas (aza. Ilpu nepexoae uepe3 Ts MpOUCXOIUT NpeBpalllCHUE:
npu Harpese B—a, npu oxnaxaenun o—f3. Ilpu T<Ts paBHOBecHOU (ha3oii ABisieTCs
B, mpu T>Ts — daza o. B peasbHOCTH 3TH (Pa30BbIe MEPEXObl MPOUCXOAT MPHU
NeperpeBe WM TNEPEOXTAKICHUN OTHOCHUTEIIBHO TOYKH (ha30BOro paBHOBecHs T,
KOT/Ia CYHIECTBYET ONPEEICHHBIA «BBIMTPBIINI CBOOOJHOW DSHEPruu» B BHJIE
cHKeHus: e€ Ha BenuduHy AF (KOTOpoil COOTBETCTBYET TeMIieparypa peaibHOro

daszoBoro nepexona Tp).



Pucynox 1 — Hzmenenue
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KOHd)HFVDaHI/IOHHaH COCTABJIAOIAA JSHTPOINMH CYIMICCTBCHHO 3aBUCHUT OT

KOHIIEHTPAllU! KOMIIOHEHTOB (M MPaKkTUYECKH HE 3aBUCUT OT TemmepaTrypsl). OHa
O0yCIIOBJIECHA XAOTHUYHOCTBIO (BEPOSTHOCTHBIM PACHPENEICHUEM) pPa3MEIECHUsS
aTOMOB IO y3JIaM U OIpEAENseTcsl KaK M30bITOYHAs SHTPOIHUSA, KOTOpoi oOjamaer
TBEPABIM pacTBOP IO CPABHEHUIO C COOTBETCTBYIOLIEH OSHTPONMEN UYMCTBIX
KOMITOHEHTOB. TO €cTh 3HTpONHUs TBEPAOTO pacTBOpa OOJbIIE IHTPONUU UYUCTHIX

KOMIIOHEHTOB ~ Ha  BEJIMYMHY  DHTPONMHU  cMelieHuss  (KoTopas  paBHa

KOH(UTypallMOHHON SHTPOINUU XAOTHYECKOTO PACHOJOXKEHHs). DTO 3aKIIIOUECHHE
cienyer u3 dopmynsl (4), Tak Kak, MPU YBEJIUYCHUH YKCJIA COPTOB aTOMOB
(KOMIIOHEHTOB) B TBEPAOM PacCTBOpPE, KOJIMYECTBO BAPHAHTOB UX PACHpPEICIICHUS B
pelIeTKe pacTBOPUTENS (BEJIMUMHA P) CYILIECTBEHHO BO3PACTAET.

Takum 06pa3zoM, 3HaYEHUE SHTPONHH B (PA30BBIX MPEBPALICHUSIX BbIPAXKAETCS B
e€ pellamIeM BIUSHUM Ha BEJIMYMHY CBOOOIHOW SHEPIHH, MOCKOJBKY MPU MPOUYHUX
PaBHBIX YCIOBUSIX MO dopmyiie (2): ecinu S=Spax, TO F=Fqin. DTo o03Hauaer, uro npu
3aJJaHHOW TeMmIeparype Haubosiee BEpOSTHHIM (PaBHOBECHBIM, CTAaOMIIBHBIM)
COCTOSIHUEM CHCTEeMbl OyAeT Haubosee paszynopsiiodeHHoe cocTtosiHue. Cucrtema
BCEr/la CTPEMUTCS K MAaKCUMaJIbHO BO3MOXKHOM CTeTeHu Oecropsiikal

OTO HE COBCEM OUYEBHUIHOE OOCTOSITENILCTBO MMEET BAXKHOE 3HAUCHHE IS
n3y4deHus (a30BbIX MPEBPALICHUN:

eCJIM BeKTOp YObIBaHMs cB0O0OOJAHOH JHepruu F ykaspiBaerT HampaB/ieHHe
¢azoBoro mpespamenus (Hanpumep, d—f mpu F,>Fg ), To JokajabHOe

SHAYCHHUEC JHTPOIIUHU S onmpeacaseT NpeumMymeCTBCHHbIC MeCTa 3aPOKICHUA



HOBOH (a3bl — OHA BcCerja 3apoxkaaercsi B Tex 00J1acTAX CIUIaBa, Ije

Pa3ynopsiIoYeHHOCTDb BbIIe (Spax ).

B peanbHOM cIutaBe MecTamMu HauOOJIBLIETO PA3yNOpPSIOUEHUS  SIBISIOTCS
TPaHUIIBI 3€PEH UM MeK(a3Hble TPaHUIBI — IMEHHO TaM M 3apokaaeTcs HoBas (aza

1
B IIpOLECCax, ONM3KUX K PaBHOBCCHBIM .

3. XuMH4YeCcKHi NOTEHIHAJI

Korma paccmatpuBatorcs (a3oBble IpeBpalleHHss B MHOroda3zHoll cucreme,
HEN30€)KHO BO3HMKAE€T BOMNPOC O TOM, KaK IPOMCXOAMUT MpeBpalieHue (TO €CTh
BOIIPOC O €ro MexaHusme). [[nsi 1OoCTaTo4yHO IOJHOIO OTBETA HA ATOT BOIPOC
IPUMEHUMOCTh METOJOB KJIACCHYECKOW TEPMOJMHAMHUKM BEChMA OrPaHUYECHA,
MO03TOMY 3/I€Ch JIyullle OOpaTUThCA K CHIENUaIbHOM uTeparype. s Hamumx nenen —
NOHUMAaHUs (PU3NYECKON MPUPOBI U YMEHHS aHAIU3UPOBaTh (Pa30Bble PABHOBECHS —
OTrpaHUYMMCS BBEJICHUEM TMOHATHSA XUMUYECKOTO MOTEHIMAA LL.

e [lo onpenenenuto xumuueckue nomenyuavl (MapuuaibHble CBOOOAHBIE SHEPTUU

Ha aToM KaXJaoro copra) KommoHeHTOB A m B B o—daze paBHbl (C ydeTom

nomnyiuenus, uro W—0):
MAQ - aGa / aNA - 8F(x / aNA , MB(X - 8Ga / 8NB - 8Fa / 8NB . (5)

C TOYKM 3peHHus TEOMETPUYECKOM TEPMOJMHAMHUKH, KOTOpas IIHPOKO
MPUMEHSIETCS U1 aHaiau3a (a30BbIX JAMArpaMM CIUIABOB, XMMUUYECKUN MOTECHIMAI
KOMITOHEHTOB TPEACTABISIET COOON KacaTelbHYyI0 K KPHBOW CBOOOTHON HHEPTrUU
¢da3bl B TOUKE 33JJaHHON KOHIICHTPAIIMH KOMIIOHEHTOB.

CpenHssi cBoOOIHASL PHEPTHST HA aTOM CBSA3aHAa C XUMHYECKUMH IMMOTEHIMATaMu

COOTHOIICHUAMH

9" = (1-x)pa” +xue” , 09"/ 0x=pg” —pa”. (6)

' Tlpu yCHICHHM HEPAaBHOBECHOCTH Tpouecca (HAIPEMEp, MPH MOBBIIICHHH CKOPOCTH HArpeBa WITH

OXJIaXKIEHYsI) HOBas (pa3a MOJKET 3apOKAAThCS HE TOABKO Ha IPAaHWIAX, HO M BHYTPH KPHUCTAJUINTOB — B
MeCTax CKOIUICHHUS JAe(EKTOB KPUCTAIMUYECKOTO CTPOCHUS (IUCIOKAIWi, MUCKIMHANWHN, IeheKTOB
YIaKOBKH | T.JI.)



OTH 3aBUCUMOCTH CXEMaTHYECKH MTOKa3aHbl Ha pHuc. 2. KacarenpHas k KpPIBOﬁ ga

B TOYKC C KOHHCHTpaHHGﬁ X IIpHU ICPCCCUCHUHN C OCBIO OpAXHAT x=0

g 4 A

F)

Pucynok 2 — Ceazb xumuyeckux
HOMEHYUano8 ¢ KpUgou

3A8UCUMOCIU CBOOOOHOU

us SHepaulU 0m KOHYeHmpayuu

X
0 KoHueHmpauusi —» 1

JaeT XUMHIECKHH TIOTEHIHAT [a”, & TIPH [IEPECCUCHUH C TIPSIMO X=1 — XUMHUYECKH
notentman pg”. OU4eBHIHO, YTO A1 OOIIIEH KacaTelbHOM Ha pHC. 2:
o —_ o —_ o _ o —_ o —_ o _
Ha” (x1)= pa” (x2)= pa™ (x3)= ..., us” (x1)= us” (x2)= us” (x3)= ... (7)

Cootnomenust (10) mpeacraBiusroT coboi yciaoBus (a3oBoro paBHOBECHS,

KOTOPBIE BBIPAXKEHBI Y€pPE3 COOTBETCTBYIOLIME WHTEHCHUBHBIE TEPMOJIWHAMUYECKHUE
BEJIMYMHBI (XUMUYECKHE TMOTEHIHANbl) M OTBEYAIOT MHUHHUMYMY HKCTECHCHBHOM
BenuunHbl G (W F). To ecTh:
I yCTOMYuBOro  (pa3oBoro  paBHOBeCHSI  HeOOXOAUMO,  YTOOBI
o0ecnmeYnBaJIOCh  PABEHCTBO  XMMHMYECKMX  MNOTEHIHAJIOB  KAaKI0I0
KOMIIOHEHTA BO Bcex (a3ax.

Ecnu 310 yciaoBue HE BBINOIHSETCS, TO KOJUYECTBO aTOMOB KOMIIOHEHTa B
HEpaBHOBECHBIX (Dazax OyaeT caMONpOW3BOJBHO MEHSTHCS O TEX IOpP, MOKAa HE
YCTAHOBUTCS PABEHCTBO XMMHUYECKMX IMOTEeHIHUanoB. Jpyrumu cinoBamu, OyaeT
3amynieH MexaHu3M AP Yy3MOHHOTO TEepeMEelIeHUsT aTOMOB 3TOr0 KOMIIOHEHTa
MEXIy HepaBHOBeCHbIMH  dazamu  (quddy3noHHbIE  MexaHu3M  ($Ha3oBOro
npeBpailieHusi). Beap XuMudeckuil moTeHIal mpeacTaBiseT coooi paboTy, KoTopast
COBEPIIACTCS MPU YBETUYCHUM YKCIIa YACTHUI[ B CUCTEME Ha €IuHUITY (B M300apHO-
M30TEPMUYECKUX YCIOBHSX, T. €. korga T=const m P= const). [ToaTomy umcio

NEPpEMCIICHHLIX AaTOMOB KOMIIOHCHTA MCXKAY HCPABHOBCCHBIMHA q)aSaMI/I 6y1[eT



TaKOBO, YTOOBI CyMMapHOE€ KOJIMYECTBO IEPEHECEHHON HMH SHEPTUu ypaBHSAJIO
XUMHYECKHE TOTEHIMAIbl 3TOr0 KOMIIOHEHTa B 3THX (pasax. Torga mpeBpalieHue
3aKaHYMBAeTCs W MeXIy (¢azaMu YyCTaHaBlIMBaeTcs Xxumudeckoe (PazoBoe)
pPaBHOBECHE.

OnucaHHbBII MEXaHW3M PAaBHOBECHOTO (ha30BOr0 MpeBpalleHUs, Kak Mpolecc
qucTO AU(PGY3UOHHBIN, TUMUTHPYETCS TOJBKO MOJBUXKHOCTBIO aTOMOB, KOTOpas
HKCIIOHEHIIMAJIBLHO 3aBUCUT OT TeMIiiepaTyphl. [1o3ToMy npH BBICOKHX TeMIepaTypax
(da3oBble pABHOBECHS YCTAaHABJIMBAIOTCS JOCTATOYHO OBICTPO, a MpPU HU3KHUX
TEeMIlepaTypax MOTIYT HE HacTynaThb BOBCE (B 3TOM cllydae HEpaBHOBECHBIE (ha3bl

«3aMOPAKUBAIOTCSN ).

Ucnionb3ys cooTHOIIEHUS (/) HECIOKHO BBIBECTH MIPaBMWIIO (a3, Kak 3To cjenal B
cBoé Bpems Jx. ['m66c.

BriBo mpaBuiia gaz OCHOBaH Ha TOM MPOCTOM MBICIIH, YTO CTENEHb CBOOO/IBI
000 CHUCTEMBI €CTh YHCJIO HE3aBUCHUMBIX TMEPEMEHHBIX, OIpeneisieMoe Kak
Pa3HOCTh YKCJIa BCEX MEPEMEHHBIX U UMCIIa CBSI3BIBAIONINX UX YPAaBHCHUM.

[TycTh cucTemMa COCTOMT U3 K KOMIIOHEHTOB, KOTOphie (opmMupyroT ¢ da3z. Kak
yKe O0OCYXIaJIOCh BBIIIE, MJII XUMHUYECKOro (KOHIEHTPALIMOHHOIO) pPaBHOBECHUS

HCO6XOI[HMO PaBCHCTBO XUMHUUYCCKHX ITIOTCHIMAJI0OB KOMIIOHCHTOB BO BCCX q)a3axz

Mllz M12 = ... = Mlqb
W=l = = p? (8)
Mkl_ Mkz_ = “qu

r7Ie HWKHUN UHIEKC — HOMEp KOMIIOHEHTa OT 1 10 K;
BEPXHHUU HHJIEKC — HOMep ¢a3bl oT 1 10 .
B cucreme (9) umeercs k ctpok 1o (¢h—1) ypaBHEHUN B KaKI0M, 3HAYUT BCETO
k-(p—1) ypaBHeHwit. B kaxmoi ¢ase MOXKHO MEHITh KOHICHTpamuto (k—1)
KOMIIOHEHTOB (BHYTpeHHUM (akTop), 1a emé u BHemHUE (akTopbl 6 (0OBIYHO 6=2,

T.C. TEeMIIepaTypa u aasiienue). Beero momydaercs ¢h-(k—1)+6 nepeMeHHBIX.



Torma C=¢-K-1)+6—x(p-1)=xt+t6—0
MOKHO TaK)ke IMOKa3aTh, YTO 3allKCh MpaBuia a3 He U3MEHHUTCS, €CIIU HE BCE
KOMITOHCHTBI TPUCYTCTBYIOT BO BceX (pasax. B 3ToM ciaywae OTCyTCIByIOIIHME B

I[ElHHOﬁ (1)8,36 KOMIIOHCHTBI HA3bIBAIOT BO3MOKHBIMH, a IIPUCYTCTBYIOIIUC —

JCHCTBUTCILHBIMU.

4. TepMOIll/IHaMI/I‘IeCKaH THINOJIOTUA IBYXKOMIIOHCHTHBIX JHarpamMmm

Kpome skcnepuMeHTaNbHOTrO Crocoda MOCTPOSHUSI TUarpaMm COCTOSHHS (TI0
COBOKYITHOCTU HKCHEPUMEHTAIbHBIX TEPMOrpaMM) CYIIECTBYET U TEOPETUUCCKUM
MyTh MMOCTPOCHUS JUarpaMM Ha 0a3e MPUHIIUIIOB T€OMETPUUYECKON TePMOAMHAMUKH,
paccMOTpeHHBIX BhIlIe. Ha ocHOBe (hyHIaMEeHTaIbHBIX 3aKOHOMEPHOCTEW N3MEHEHUS
TEPMOJUHAMUYECKUX U XUMHUYECKUX TMOTCHI[MAJIOB MPEJCTABISACTCS BO3MOMXKHBIM
OOBEKTUBHO OIEHUTH MPABUIBLHOCTh MOCTPOEHUS 00pasza IuarpamMmbl COCTOSTHUSI.
[TopToMy HauHEM 3HAKOMCTBO C KJacCHU(UKaIUMel Auarpamm JIByXKOMIIOHEHTHBIX
CIUJIABOB C YK€ U3BECTHOIO HAM TEPMOJAMHAMUYECKOT0 MOAXO0/a.

[Tpu TepmonvHaMHUYECKOM aHAIM3€ MbI OyJleM pacrojaratb Ha BEpTHUKAIbHBIX
OCSIX 3HAa4Y€HUs TEPMOJUMHAMUYECKOrOo NoTeHuuana G WM, 4YTO TO K€ Ccamoe,
3HAUEHUS CBOOOHOM IHEPTrUU HA aTOM g. [ 'OpH30HTANIbHASI OCh, KaK U Y TUarpaMMbl
COCTOSIHUSI CIUIaBa, SIBJSIETCS OCBIO KOHIIEHTpAllMM KOMIIOHEHTOB x (umu %
koMmrioHeHTa B). Takum oOpa3om, nuarpamma B KoopauHatax (G-X TOKa3bIBaeT
3HauYeHUs CBOOOHOM 3Hepruu (a3 npu GUKCUPOBAHHOU TEMITepaType.

B coorBercTBUM ¢ mpaBuiioM (a3 ABYXKOMIIOHEHTHBIN CIIJIaB, HAXOMASIIMACS
MpU MOCTOSSHHOM HOPMAJIbHOM JaBJIEHUHU, MOKET COCTOATH TOJIbKO U3 1, 2 win 3-x
paBHOBecHbIX ¢ha3. I[IpoaHanm3upyeM MOCIEIOBATEIIBHO JTH CHUTYyalldd C TOYKHU

3pEeHHS TEOMETPUUECKON TEPMOAMHAMUKH.

4.1. Oonoghaznas cucmema

CBo6o/Hast sHEPrUs 0AHO(DA3HOM CUCTEMBI g” B 3aBUCUMOCTH OT KOHIICHTPAILIUH
KOMIIOHEHTOB  ompejensercs  ¢opmynoir  (3), rme OTKIOHeHHE g% 0T

cpenHeapu(MeTHIeCcKOd 3aBUCUMOCTH CBOOOJHOW IHEPTUU UYHUCTHIX KOMIIOHEHTOB



0%as+p) (mpsiMast nMHMS HA puc. 3) 3amaeTcs 3HAYCHHEM CBOOOAHOH dSHEpPruu
cmemmennst AQ”. TTosTomy BHI KpHBOW g ONpEAENseTCs XapaKTepOM H3MEHCHUSI
AQ®. Ilns crutaBa B BHJIE CMECH YHMCTBIX KOMITOHEHTOB AQ“=0. [Ins TBepaoro (Miu
)KHUIKOr0) pacTBopa 3HaueHne AQ” OymeT OTpUIATENbHBIM 3a CYET BO3pACTaHMS

KOH(UTYPAILIMOHHOM COCTABJISIONICH HTPONUU S MO MEpe YBEIMUEHHUs KOJIUYECTBA

aTOMOB BTOPOTO KOMIIOHEHTA (T. K. YMCJIO BapUAHTOB MEPECTAHOBOK aTOMOB B 3TOM
ciaydae pacter). Ot1o cienayetr u3 dopmyn (2) u (4), T.x. mpu T=const: U—const.
[TosToMy KpuBast g* TBEPIOTO PacTBOpa Beeraa OyAeT pachoaraTbCs HHKE MPSIMO
0%A+B) U CMECH YHCTBIX KOMIOHEHTOB (pHc. 3). To ecTh TBepbIil pacTBOp Beeria

0oJiee yCTOMYMB, YEM CMECh YUCTHIX KOMIIOHEHTOB.

2t 8 uuay (I EL T X8 g,

« g”
Ly .
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Pucynok 3 — Cxemamuuecxas 3asucumocms c860600HOU dHep2ULU CNIABA

(6 pacueme Ha amom) om KOHYeHmpayuu

B oOmem ciyuae 3aBHCUMOCTh CBOOOJHOW JHEPruu OMHO(GA3HOW CUCTEMBI
oK . 2

Ckuakod Q° wiam TBepaod §” (a3”) OoT KOHHIEHTpaluW X NpH (PUKCHPOBAHHBIX

TEMIEpAaType U JaBJICHUU UMEET BUJ, NMOKa3zaHHBIA Ha puc. 3. CmaB cocTaBa X

obOnamaer CcBOOOJHOM »SHepruel Ha aroM, oOTBedarolnied Touke P, ecnmu 31O

ArperaTHoe COCTOSHHE CYIIECTBEHHO HE BIHMSIeT Ha (GOpMy KpHUBOW CBOOONHON DHEPrUd U
3aKOHOMEPHOCTH g™ U g* SIBIISIOTCS, KaK MPaBHUII0, OJJHOTUITHBIMHU



OJITHOPOJIHBIN TBEPABIN 0.—pacTBOpP, U TOUKE Q, €ClIM ATO CMECh YHCTHIX KOMIIOHEHTOB
A u B (kaxaplii B BUJI€ KPUCTALIMYECKON pelieTky o-tumna). Eciau cucreMa cocTouT

U3 IBYX O—pPacTBOPOB PA3JIMYHOTO COCTaBa OL;+0; (MX KPUCTALIMYECKUE PEIICTKH

OJIMHAKOBBI — OL-TUIIA, & KOHIICHTPAIlUsI KOMIIOHEHTOB B 9TUX pEIIETKaX pa3Has), TO
KpuBas g JacT CBOOOIHYIO DHEPTHIO Ha aTOM IS KaXIOro MX HUX (TO €CTh
CPE/IHIOI CBOOOJIHYIO JHEPIUI0O Ha aToM g%(1+q2) ). B ITOM cilydae CpemHsis
CBOOOJIHAsI PHEPIUsl Ha aTOM CIUIaBa KOHIIGHTpAllUU X, OTBEYaeT Touke R, a cruiaB
MpeacTaBiIsgeT co00il AByX(]a3Hyr0 cMeCh O—PacCTBOPOB Ol1+0; C KOHIIEHTPAIUSIMU
COOTBETCTBEHHO X5 M Xg. SICHO, YTO OTHOCHUTEIbHAS YCTOMYMUBOCTH E€IUHHUYHOTO
TBEPJIOTO OL-pacTBOpa U JIBYX(ha3HOW CMECH Ol1+0; 3aBUCUT OT TOTO, HAXOJIUTCS JIH
Touka R BbIle win Hike TOuku P. 31mech Bce ompenensercss BOTHYTOCTBIO WU
BBIMYKJIOCTHIO KpuBoii g Eciu kpuBast g 17151 BCex x BOTHYTa BHH3 (TO ecTb 0°g" /
dx? > 0 11t BCeX x), TO ¢AMHUYHBINA TBEPABIIl pacTBOP BCera OyneT yCTOildrnBee, 4eM
CMECh JIBYX O-PacTBOPOB OL+0ly. Eciu e KpuBas g” COAepKUT 00JIacThb, Iie BTOpas
nponsBoaHas 9°g” / dx® oTpuiatenpHa (KaK Ha PHC. 3), TO ISl HeKOTOPBIX COCTABOB
PaBHOBECHBIM COCTOSIHUEM CIUIaBa OyJeT AByX(a3zHas cMechb oLj+0.,. Tak, Hanmpumep,
HaWMEHbIIIass CBOOOJHAs HHEPTUs CIUIaBa COCTaBa X3 MPEJICTABISACTCA TOYKOHW S U
OTBEYaeT cMecu JABYyX (a3 oy+0, COCTaBOB X3 U Xp. OTH KOHIIEHTpPALUU
COOTBETCTBYIOT TOYKaM KacaHHUs 0OIIeil KacaTeIbHON K IBYM 4acTsaM KpuBoii g°. Bee
JpyTUE€ CIIaBbI, I KOTOPBIX X; <X < X, TAKXKE CYIIECTBYIOT B PAaBHOBECHUU KaK
cMech ABYX (a3 a+0, COCTaBOB X; U Xp, IPUYEM OTHOCHUTEIHHOE KOJMYECTBO (a3
onpenenseTcs o01Iel KOHIIEHTpalUel (TO eCTh OTPE3KaMH X1-X3 U X3-X 10 MIPABUITY
pblyara).

UToOBI MOHSATH, OYEMY HaUMEHBIIAs CBOOOJIHAS DHEPrusl CIUIaBa COCTaBa X3
MPEACTABIACTCS TOYKOM S, HEOOX0AMMO OOpaTUTHCS K TOHSTHIO XHUMHUYECKOTO
NOTEHIMaNa, PacCMOTpeHHOro Bbime. Kak yka3piBasioch, MHOTO(a3Has cucTema
HaXOJUTCSl B pPABHOBECHU TOJIBKO B TOM CJIy4ae, €CJIM XUMHUUECKUE MOTCHIUATbI U U

1_ a2 _ 1
L KaXXI0T0 KOMIIOHEHTA BO BCeX (pazax paBHEI, TO €CTh UA™ = UA™ = Ha~ M pg™ =



ng® = pg® ITOCKOIBKY C I€OMETPHUYECKOH TOYKH 3PEHHS XMMUUYECKHil MOTCHIHAI
BBIP@KAETCS KacaTelbHOW K KPHBOM CBOOOJHONW OJHEPruM g° , TO B ClIydae
paBHOBECHS JIBYX TBEPJIBIX O.-PACTBOPOB KacaTebHAs JODKHA OBITH OOIIEH U IS Oy,
U JUI1 O, a TaKKe OHa JOJDKHA CBA3BIBATH TOYKH Wa” M Ug” (cM. puc. 2).
BrimiontHeHHE ATHX YCIIOBUK BO3MOYKHO TOJBKO B TOJIOKEHUH, W300pPa)KEHHOM Ha
puc. 3 s Touky S, rae ay=a.(x;) 1 o=ou(xy).

Taxum 06pa3om, HECMOTPS HA TO, YTO HA PUC. 3 CYIIECTBYET KpUBask CBOOOTHOM
SHEPTHH TONBKO OfHON (asbl o, mpu 0°g* / &x° < 0 maxke s OYEHb MAJBIX
GIyKTyanuii B O-pacTBOpE PE3YJIBTHPYIONIAs CBOOOMHAS JHEPTUS MOHU3UTCA U
OJTHOPOJHBIM TBEPABIA PACTBOP JOJKEH CIIOHTAHHO pacnajatbes (Auddy3MoHHBIM
nyTeM) Ha cMech JBYX (a3 oy+o,. s xkuakod ¢asel momoOHBIN mpolecce
(OK—XK;+X;) HazwpiBaeTcs «paccnoeHuem». Kpupas

o9 /o =*Ag /ax* =0 (9)
HOCHT HA3BaHHE CHUHOOANU (6onee ToyHO — XMMHUYecKOW cnuHoAanu). Pacmajg
MEPECHIIIEHHOTO pacTBOpa IMOJ CHOUHOJANBI0O HE TpeldyeT 3apoXKICHUs B
KJIACCUYECKOM CMBICIIE M TMPOHMCXOAWT IO MEXaHU3MY «BOCXOJSIICH» WU
«OTpHULATENbHOW» Tuddy3un.

CylecTBOBaHUE CIIUHOAAIM HA KPUBOW CBOOOIHOM DHEPIUHU g* Ha JUarpaMme
COCTOSIHUA  CIUlaBa C  HEOTPAHMYEHHOW  PAaCTBOPUMOCTBIO  KOMIIOHEHTOB
XapakTepu3yeTcs TMosiBIeHueM Ounodaau (kpuas akb wa puc. 4) — nuHUwM,
OTpaHUYMBAIONIEH 00JaCTh CYIIICCTBOBAHUS HACHIIMICHHBIX OJWH OTHOCHTEIIBHO
JIPYroro JBYX TBEPIbIX PACTBOPOB O U O C OJMHAKOBOM KPHCTALTMYCCKOM
pemetkoi (o) W pa3HeIMH cocTtaBaMu. CoCTaBbl O M O, ONPEACTSIOTCS
COOTBETCTBEHHO yuyacTkamu OuHojaiu Ka u kb Ha puc. 4 mo meromy oTpeskoB.
buHOomane ykas3piBaeT Ha TO, YTO B3aWMHAasl PacTBOPUMOCTH KOMIOHEHTOB A 1 B B
TBEPJOM COCTOSSHUM YMEHBIIIACTCS IPH TOHIKEHUH Temieparypbl. Kpuas ka

U300paKkaeT MepeMEHHYI0 paCTBOPUMOCTh KOMITIOHEHTa B B KoMIioHeHTe A, a KpuBas

HCpBOHa‘laﬂBHO OTa KpuBas Obllla Ha3BaHa I[)K I'u66com «apeaciioMm METACTa0MILHOCTH



Pucynox 4 — {uacpamma
COCMOsAIHUSA CNABA C

OUHOOANLHOU KPUBOTL

(oepanuyennas
o>, PAcmeopumMocmy
n KOMNOHEHMO8 NPU HUSKUX

> memnepamypax 6 meepoom

A a n Kk b B
— B8 % COCMOSHUU)

kb — cooTBeTCTBEHHO PacTBOPHUMOCTH KOMIIOHEHTa A B KOMIIOHEHTe B B MHTepBaie
TeMriepatyp oT tx 40 KoMHaTHOW. buHomanbHas KpuBas OOBIYHO HECMMMETPHUYHA:
BepmrHa (Touka K) caBuHyTa B CTOpOHY 0OJiee TYroIulaBKOrO KOMITOHEHTA; IpH
3aJJaHHOW TeMIIepaType paCTBOPUMOCTH OOJIbLIE B JIETKOIJIABKOM KOMIIOHEHTE.

VY OonpmmHCTBa OAHO(DA3HBIX CIJIABOB KpWBask CBOOOJHOW SHEPIHMH HMEET
napaboIM4YecKuil BUJ C MOHOTOHHOM BOTHYTOCTBhIO BHH3 (kak Ha puc. 2).C
NOHWKEHUEM TEeMIlepaTypbl HSKCIIOHEHLIMAJIbHO yMeEHbIIaeTcs Aud¢y3noHHas
CIIOCOOHOCTH ATOMOB, YTO B HEKOTOPBIX CIUIaBaxX SIBJSETCS MPUYMHONW OTpaHUYECHUS
B3aMMHOI pPacTBOPUMOCTH KOMIIOHEHTOB. B Takux crulaBax U IOSBISETCA
CITUHOJIAJIbHAs BBIMYKJIOCTh Ha KPHBOM g” B CpEIHEM HHTEPBAJE KOHIECHTpALIUi
KOMIIOHEHTOB. B 3TOM cilydyae cHMKEHUE TemmepaTypbl B oaHOGa3zHON oOjactu
IOCTENEHHO M3MeHseT (OPMY TEPMOIAMHAMUYECKONH KpPHUBOM g% ¢ BOIHYTOI,
MOKa3aHHOW Ha puc. 2, Ha 0oJiee CIO0XKHYIO, TOKa3aHHYI0 Ha puc. 3. Ha ctpykrypHOM
YPOBHE 3TO XapaKTEpHU3yeTCsl pacnaoM TBEPAOrO0 pacTBOpa O—>0+0, WIH
paccimoeHueM sxuakoctu JK—XK;+XK,, To ecth omHodasHas cucremMa CTaHOBHUTCS
IBYX(a3zHoMu.

OpHako, Ipex/Ie YeM MeperTH K U3YUEHHI0 FeOMETPUUYECKONW TePMOAMHAMUKU

nByX(a3HOW CHUCTEMBI, PACCMOTPUM IMPOIECC KPUCTALIU3AIMK _ CIUIABOB _ C

OMHOMAJILHOW KPUBOK HA quarpamme coctossuus (puc. 4).

Pacnaﬂ TBCPABIX PACTBOPOB IIPU INMOHMKXCHHUU TCMIICPATYPbI B TAKHUX CIJIaBaXx

OoOyCJIOBJIEH YCWJICHHEM B3aWMOJICHCTBUS OJHOMMEHHBIX aToMoB A-A u B-B mo



CPaBHEHUIO C B3aUMOJICHCTBHEM PAa3HOUMEHHBIX aTOMOB A-B, To ecThb cTpemiieHneM
aTOMOB OJTHOTO COpPTa OKPYXXHTh ceOs aToMaMH TOTO e copTa (oOpa3zoBaHHEM
GIIKHEro MOPSJKA B PACIIONOKEHHH atoMoB). COCeIHHe MHKPOOOBEMBI® PasHOTO
coctaBa (o1 M 0), 00pa3yronecs: Ipu CIUHOAAIBHOM pacmaje, OTAeNEeHbl OJUH OT
JPYroro KOT€PEeHTHBIMHU (JMCIOKAIIMOHHBIMHU) TpaHUIAMHU, MOATOMY AByX(pazHas
CTPYKTypa 0l3+0l, HE BUJIHA MTO/I CBETOBBIM MUKPOCKOIIOM.

[Iporiecc «paccmoeHus» MCXOIHOTO O—pacTBopa Ha 00JacTH (CJIOM) Pa3zHOTO
XUMHYECKOTO cocTaBa (0l1+0L;) UTS CIIAaBOB, PACIIOIOKEHHBIX MEX Ty TOUYKaMHU a 1 b
Ha puc. 4 (Hampumep, N win K;) Hmwxke ouHomanu akb, B camoM oO0IIeM BUIE MOXKET
OBITH 3aIIMCAH TaK:

1,
kK "‘xonm
Qy—a) € > Xy (—p)

B pe3yJIbTaTe Yero CIUIaB U3 OJHO(PA3HOTO CTAHOBUTCS JABYX(}a3HbIM oyt+o,. Kpuas
OXJIAKJICHUS CIUIaBAa COCTaBa N ¢ KpaTKUM OIMCAHUEM IMPEBPAILCHUM ITOKa3aHa Ha
puc. 4. B unrepBane temneparyp ti-t; 3TOT cruiaB 3aKpUCTAIIIU3YETCS KaK TBEPABIN
O0—pacTBOp:
K, ——">a,,

[Ipu oxmaxkneHun oT Temreparypsl t, 10 3 B crmaBe He MPOUCXOIUT (Pa3oBBIX
npeBpaieHuii. Kak Toibko TeMmmeparypa cruiaBa HOHM3UTCS 10 3 (Touka 5 Ha
KpuBoi Ka), o;-pacTBOp cocTaBa TOYKH 5 OKaKETCS HACBHIIMIEHHBIM OTHOCHUTEIHLHO
JIPYroro Ol,—pacTBOpa, M MpPU JAITbHEHIIEM TIOHWKEHUHM TEMIIEpATyphl TOWAET
npeBpaileHue o;—>o. CocTaB 00pa3yromIerocs: ol,-pacTBOpa ONPENETUTCS TOUKOU 6
Ha kpuBoi Kb. Tlpu mnonwkenunm TtemmnepaTypsl oT t3 10 KOMHATHOH cOCTaB
pacraaroIerocs oy-pacTBoOpa U3MEHUTCS MO0 KPUBOH Ka B HampaBjICHHH OT TOYKH 5
K TOYKE a, a COCTaB BBIACIIAIONIETOCS Oly-pacTBOpa — o KpuBoi Kb B HampapiieHuu ot

TOYKH 6 K TouKke D, TO ecTh:

t3 7tK()MH
A (5-a) >Qy6-p)

* VIX 4acTO HA3BIBAIOT «CIOSAMID, MIOCKOJIBKY PA30PUEHTALHS PEIIETOK Y 3THX MHKPOOOHEMOB HEBEIHKA, U
OHH HE 00Pa3yIOT BEICOKOYTIIOBBIX (MeK(a3HbIX) TPaHUIL



bunomaneHas kpuBas akb (puc. 4) Bceryma pacmojaraeTcsi HWKE KpPHUBOM
comuayca W HE MOXKET ee ImepecekaTb. Ecim OuHOManb mepecekaeT KpUBYIO
CONMayca, TO HEOTpaHWYCHHAs PacCTBOPUMOCTh KOMIIOHEHTOB A u B B TBepaom
COCTOSIHUH TIPU BBICOKMX TEMIIepaTypax HapymaeTcs. B aTom ciydae B paBHOBECHUH C
KUAKOW (a3oil OKa3BIBAIOTCS JBA Pa3HBIX IO COCTaBY W KPUCTAUTMYCCKOU
CTPYKTYpE) TBEpPABIX O— W [—pacTBOpa Ha OCHOBE KOMIIOHEHTOB A W B m Ha
JarpaMMe COCTOSIHUSI TaKOW CHCTEMBI TIOSBIISIETCS TOPU30HTAIh — T€OMETPUICCKHIA
00pa3 Tpex¢aszHoro (T.e. HOHBAPHAHTHOIO) paBHOBECHs IBTeKTHUECKOTO (Ke>a+[)

i neputektudeckoro (K+p<«>a) THIA’.

4.2. Jleyxdaznasn cucmema

B 3TOli YacTu paccMOTpPUM CHUCTEMY, COCTOALLYIO U3 ABYX (a3 ¢ pazIuyHbIMU
KPUCTAIUIMYECKUMH  CTpyKTypamu (pemetrkamu) o u . Kaxgas wu3 Hux
XapaKTepu3yeTcs COOCTBEHHOM KpHMBOH cBOGOmHON sHeprum g m g°. dasopoe
paBHOBECHE B TaKOM CHCTEME OIpPEAENAeTCS] B3aWMHBIM PACIOJIOKEHUEM JTHUX
kpuBbIX. HanGonee THUIMYHOE PACTIONONKEHHE KPUBBIX g* M g° mHpencTaBieHO Ha
puc.5. OueBuaHO, uTo (opMa KpuBBIX g* ¥ g’ WCKIIOYAaET BO3MOXKHOCTD
CYILLECTBOBaHUS CIlJIaBa B BUJIE JBYX (a3 oL U 3 BO BCEM MHTEpBaJie KOHIIEHTpaIUi
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IlogpoOHee o TpaHcopmanuu [guarpamMM C OWHOJANBHBIM IPEBpAIlEHHEM B TUHArpaMMbl C
HOHBapUAHTHBIMHU NPEBPAIICHUSIMH CM. B T1aBe 4 (pUCYHOK 23)



0< x< 1. JIByxda3Hoe paBHOBECHME B ILEHTPAlIbHOM OO0JACTH KOHUEHTpaLuil
KOMIIOHEHTOB Ha pHUC. 5 coxpaHsercs Onarogapsi paBEeHCTBY XUMHYECKHX
NOTEHLMAJIOB KaKA0ro KOMIOHEHTa B (azax o U 3 (eauHas KacaTelbHas K KpUBBIM
9“ u g). OHO momuMHsETCS TOH e TepPMOIMHAMUYECKON JIOTHKE, YTO H MOAPOOHO
00CYKTABIIUICS BBIIIE CITydail CIIMHOAAMN Ha puc. 3. [TomokeHne KpUBBIX g~ 1 gB Ha
puc. 5 orBedaer (PUKCUPOBAHHOU TEeMIIepaType, INpU KOTOPOW MpeaenbHas
pPacTBOPUMOCTh KOMIIOHEHTa B B KOMIIOHEHTE A COOTBETCTBYET COCTAaBY X, , 4
npenenbHas pacTBOpuMocTh A B B cooTsercTByeT Xxp. Mexay x, M xp 00¢ (asbl

CYILIECTBYIOT B PAaBHOBECHU B HACBIIIEHHOM COCTOSHUU (TO €CTh B COCTaBaX Xq U Xp).

JleBee x, cucreMa CylIECTBYET B BHUJE (pa3bl 0. B HEHACHIIIEHHOM COCTOSIHUH, a
npaBee Xg — B BHAC HEHaChILEHHOH ¢as3pl 3. Ilpy m3MeHeHUM TeMIepaTypsl
B3aMMOpACIIOIOKeHHe KpUBBIX g 1 g m3menutes®. Korma ofHa U3 HUX TOJTHOCTBIO
OKa)KeTCsl BBIIIE JIPYrOd, CIUIaB MepeiaeT B OJHO(A3HOE COCTOSHHUE — TOM (a3bl,
KpHUBasi CBOOOAHOW SHEPTUU KOTOPOM OCTANIaCh HUXKE.

[TonoOHbIE pacCyKAeHHs MOJTHOCTHIO COXPAHSIIOT CBOIO CUJIY, €CJIM OJHOM u3
¢ba3 saBasercs xuaAKocTb. Hanpumep, ecinu BMecTo (asbl [3 B3Th KUIKOCTh, TO PUC. O
OyzeT IMoKa3pIBaTh MPUMEPHOE MOJIOKEHHE KPUBBIX CBOOOJHOM sHepruu ¢a3 (K u o)

CUCTEMBI, TPUBEJICHHOW Ha pUCyHKe 9 npu Temneparypax ty, t, unu ts.

3.4.3. Tpexcaznasn cucmema

PaccMoTpuM TepMOIMHAMHYECKYIO CUCTEMY (CILIaB), B COCTaB KOTOPOM BXOIAT
TpH (a3bl — JBE KPUCTAIUIMUECKUX C pa3HbIMU pemeTkamu (o, B) u xuakas (K). Kak
HaM YK€ W3BECTHO, KaXJas M3 HHUX B KOOPJAMHATAX «TEPMOAUHAMUYECKUN
MOTEHIMaJ — KOHLIEHTpAaIUsi KOMIIOHEHTOB» OyJleT XapaKTepu30BaThCsi COOCTBEHHOM
napaboIUUECKOd KpHUBOii: g%, gB 51 g)K. B3anmopacnonoxxeHue 3Tux KpUBBIX (TIpU
3aJJaHHOW Temmeparype) onpenenser ¢(a3oBoe cocTosHue cruiaBa. OgHO U3

BO3MOKHBIX MOJOXKECHUM KPHUBLIX IIOKa3aHO Ha pHUC. 6.

® ®opma KpHBBIX B OOLIEM CIIydae TakiKe MOKET MEHAThCA OT NMapaGoNMueckoil K CHHONANBHOM, KaK 3TO 0B6CYKANoCh BBIIIE; OTHAKO IS
YHPOIIEHHUs HACTOSIIErO U MOCIIELYIOIEro aHatu3a OyeM CUuTaTh (POpMy KPHUBBIX CBOOOJHOI SHEpruH (ha3 HEM3MEHHOI — napadonn4eckoit (c
BOTHYTOCTBIO BHU3)



[To mpaBuiy (pa3 ABYXKOMIIOHEHTHASI CHCTEMa MOXKET COCTOSITh OJJHOBPEMEHHO
u3 Tpex ¢a3 TOIBKO TPH ONpeAcTIeHHONW (DUKCHpPOBaHHOW Temmeparype. Takoe
HOHBapUaHTHOE PaBHOBECHE 03HAYAET, YTO XUMHUYECKHE MOTEHIIUAIB KOMIIOHEHTOB
A u B Bo Bcex Tpex (hazax paBHBI:

P = A’ = w ope® = pe’ = pe™

C TOYKM 3pEHHS] TEOMETPUUECKON TEPMOTUHAMUKH 3Ta CUTYAIIHs OMUACHIBACTCS
eOUHOU KacamenbHoU K mpem Kpueblm CBOOOIHOM sHeprum (a3 g, 9" u g™, st
TOTO, 4TOOBI Tpex(dazHoe paBHOBecHE 3a(UKCUPOBAIOCH Ha puc. 6, HEOOXOIUMO
HEKOTOpOE MOBBIIICHHE KPUBOi g 10 TeX MOp, II0Ka 00e KacaTelbHBIX HE COTBIOTCS
B OJIHY JIMHUIO. B 3TOM citydae, Tpu LEeHTpalbHbIX (a30BbIX 30HBI Ha puc. 6 (o+K,
K, B+XK) conprorcsa B oguy tpexdasnyto (a+X+p). [Ipu ganpHeiieM MmoBbIIEHUH
KPUBOH g’ KacaTelbHas He H3MEHUT CBOETO MOJIOMKEHHMS, OJHAKO OHA OyJIeT KacaThes
TONBKO IBYX KpuBBIX g” u g°. [109TOMy CylecTBOBaHHE KHUAKOH (asbl B 9TOM
cllydae CTAHOBUTCS  TEPMOJWHAMHUYECKH  HEBO3MOXXHBIM, a PaBHOBECHBIM
COCTOSIHUEM CHCTEMBI B IICHTPAJIbLHON 00J1aCTH KOHIICHTPAIIU KOMIIOHEHTOB (MEXITY

TOYKaMU Kacanusi) Oynert a+f3.
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PaCCMOTpeHHoe HU3MCHCHHUC CI)aBOBOFO COoCTaBa CUCTCMbI, KOrJga IIpu CHHXCHHUN
TEMIICPATYPbI M3 KUAKOCTH OJHOBPEMCHHO KPHCTAJUIM3YIOTCA ABC TBEPIbLIC (1)33I>I

(K—a+p), HocuT Ha3BaHUE 26meKmuuecKo20 npespauienus. IlpuueM cam npoiecc

MNpEBpalICHUA, B PE3YJIbTATC KOTOPOIO KXKHUAKOCTH IMOJIHOCTBIO MCYEC3aCT, MPOTCKACT



npu (QUKCHUPOBAHHON TEMIIEpPAType M SBIISETCS SK30TEPMHUYCCKHM (KakK, BIPOYEM,
000 MPOIIECC KPUCTATH3AINN).

CBsi3p MAarpaMMBbl  COCTOSIHHSI CIUIaBa C 3aKOHOMEPHOCTSMH HM3MCHCHHS
TEPMOJMHAMHYCCKAX ¥ XUMUYICCKUX ITOTCHIIMAIOB (pa3 IMOoKa3aHa Ha pUC. 7, KOTOPBIH
WITIOCTPUPYET MPOBEJACHHBIM BBIIIC TEPMOJUHAMHUYCCKUI pa300p 3BTEKTUYECKOTO
TIpeBpaIlCHUS.

Ecii Ha puc. 6 KPUBYIO CBOGOIHOI SHEPrUM SKUAKOCTH g IIOMEHSATh MECTAMH
C OJHOH M3 KPHBBIX TBepAbIX (a3 g* HIM g° U paccMaTpHBaTh MOBBILICHAE g IIpH
CHIDKCHHH TeMIepaTypsl (IIOYTH He MEHssi IpH 3TOM monoxkenne g* u g°), To

PE3yabTaTOM SIBISICTCS nepumekmuyeckoe npegpawenue (K+o—p wm XK+—a).

OHO mpoTEKaeT Npu TEMIIEPATYPE, COOTBETCTBYIOMIEH €IMHON KacaTEIbHOW KO BCEM
Tpem kpuBbIM g, g% u g". To ke camoe MepPHTEKTHYECKOE MPEBPALICHHE MOYHO
K a _

MOJIYYHTh, €CIIM KpuBas g mnepecekaeT kpuByo g mnpu x=0 OK+—a) wim kpuByto
9" mpu x=1 (K+a—P). TTog06HBIT TOAXOA MOXKHO IPHMEHHTD U IPH PACCMOTPEHHH

JPYTUX HOHBAPUAHTHBIX IIPEBPAILCHUN.



