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K obparnoit 3amaue tepmomamaamuku (O3T/]) Mbl oTHOCHM ormpeneneHre (GU3NKO- XUMHUYECKUX
ycioBui, ipexkae Bcero T u P obpa3zoBanus muHepanoB (M) mo mapaMeTpaMm pacrpeaciieHUus B HUX
XUMUYECKUX DJIEMEHTOB. BaxKHBI THI O0OpaTHOW 3ajauu- OmpelesieHHe MEXaHu3Ma BblIeNneHus M,
T.€. ONpEAEICHUE BUAAa XUMHUYECKOH peakUuH, BeIyled K BBIIEICHUIO U OCAXICHHIO M- HBIHE HE
paccMmaTpuBaetcs. Ee pemeHne orpaHmYnBaeTCs TONBKO (adpukamnuwed ypaBHEHHH XMMHYCCKHX pe-
aKUUH, ICTUHHOCTh KOTOPBIX HE 0OOCHOBHIBACTCH.

Opun u3 cnoco6oB pemenns O3T/] — ucnosnp3oBaHue reoxumudeckux 6aporepmomerpoB (I'BT).
IIpu pemenun 3anay I'bT ucnons3yroTes ABa TUIA XUMUYECKUX ypaBHeHHM: 1.OCHOBHOU THUII- ypaB-
HEHHS TEOXMMHUYECKOro OOMeHa 3JIeMEHTaMU MEXIY JBYMS COelIMHEHHMSIMH (MHHEpajlaMH, pacTBOpa-
mu u np.). Hanpumep, no JL.JI. Ilepuyky 6uotut (BM)- rpanatoseiii (I'P) I'BT ocHoBaHn Ha peakuuu
BU(Fe) + 'P(Mg) = BU(Mg) + I'P(Fe) ([1]; U.A. Psabuukos, 1965; JL.JI. [lepuyk, 1967; A.A. Mapa-
kymeB, 1976; R. Kretz, 1963; M. Powell, 1974; J.M. Ferry, 1978 u T.11.); 3HaYUTEIIBHO pexe 2. Ypas-
HEHHs XMMHYECKUX peakuuit; Hanpumep, o B.A. Kypenuny (1987) O-AH (oxkcuannut)= CH (canu-
muH)+ MT (marmetut). B.M. ®onapes (1987) ncnonp3yer momoOHbIe ypaBHeHUs Ui (adpukanuit
ypaBHEHUH reoxumuyeckoro oomena. Hanbomnee onuo3HBIMH HEOOXOOUMO IPU3HATh YPAaBHEHUS C
y4acTHEM JIETYYHX, ITOCKOJIBKY 3/1€Ch IApUT MOJHBIA Mpou3Bosl. COo BpeMEHU KIACCHYECKUX padboT
JLJL. Ilepuyka [1] coznano mHoro BuaoB I'BT. OgHako, pabOTHI O COMOCTABICHHUIO PE3yIbTaTOB MC-
nons3oBanust I'BT (Hampumep [2], [3] v Ap.) BRISBWIN ILIOXYEO UX CXOAUMOCTh. OTCYTCTBHE CTPOTOrO
aHaJIM3a X NMPUYHMH IIOPOIMWIO HETaTHBHBIE ABJIEHUS B Hcnonb3oBaHust I'BT, B yacTHOCTH, HCHOIB30-
Banue 3aBucuMoctd I' BT ot koHuentpanuii anementoB (JI.JI. Ilepuyk, 1981, 1984, 1990 u np.), nepe-
OIIEHKa pOJId HewjealbHOCTH TBepabix pacTBopoB ([1], C. Cakcena, 1975; B.A. Kypernun, 1990; u
T.1.). B pesynpTare crpykrypa I'BT cymiecTBeHHO YCI0KHUIACH, CO3MaBasi TPYIHOCTH B MX HCIOJb-
30BaHUM M TOpPOH Tpedys HCHOJIh30BaHHME KOMIIbIOTEpHON TexHuku it pemenus O3T/. Awnanus
(B.I1.Makapos, 1999 r.) ucnonszoBanus ['bT BBIBHI TyNHKOBYIO CHUTyaunuio B pemennn T-P- mpo-
Os1eMbl ¥ IPUYUHBI €€ BO3HUKHOBEHUs. CylIecTBYeT IBE IPYIIbl OCHOBHBIX OLIMOKU: METOAUYECKHUE
omnOku ucnonb3oBanust [ BT u reopernueckue ommndku (o6ocHoBanue ['BT).

1.Meroanyeckue omudku ucnoab3zopanusi I'bBT. Ouu Bo3Hukart npu ucnons3oBanuu ['BT B
KOHKPETHBIX HccaenoBanusax. K HUM oTHOCATCS. A. M3ydeHne eIMHWYHBIX, Yalle OAMHOYHBIX MPood ¢
€IMHUYHBIMU TTapamMu M- oB i ananuza; b. OTCyTcTBHE T0KA3aTEIbCTB HATUYKS CAMOT0 YPaBHEHUS
oOMmeHa; B. OTcyTcTBHE MOKa3aTEeNbCTB CYIIECTBOBAHUS TEPMOJUHAMHUYECKOTO PaBHOBECHS B pac-
TIpeIeTICHNH JIEMEHTOB MEXITy M, a TakKe aHalln3a MEXaHH3Ma OCYIIECTBICHHUS 3TOr0 0OMEHa; 3TO
Ba)KHO, TTOCKOJIBKY 10 dKcriepuMentam B.U.@onapesa (1987), JL.JLIlepuyka (1983 )u apyrux uccie-
JloBaTenel JoJs MOHHOTOo oOMeHa B oOpa3oBaHMu M u (pOpMUPOBaHWU pacHpeelieHul MHHEPAIOB
He Benuka. I'. HecoorBercTBue cxem orbopa M-noB cxeme ['bT; reoxumudeckuii 0OMEH dJIeMEeHTaMH
Mexay M- aMu BO3MOJKEH JIMOO MPH HATUYMK MEXIYy MUHEpajdaMu O0IIel TpaHuIlbl, 4Yepe3 KOTOPYIO
MPOU3BOAUTCS OOMEH, MO0 pacCTOSTHUE Mexay M He NMPemsTCTBYET MPOXOKIACHHUIO 3TOr0 OOMEHa.
Ha mpakTtrke MuHepaibl OTOUPAIOTCS M3 BAIOBBIX MPOO, IPU 3TOM MEXIy HCCIeTyeMbIMH M- amu
HaXOJSATCS TPETHH M, B TOM YHCJIC M TOKISCTBEHHBIC MUCCIIEITyEMBIM, TIPEIIATCTBYIONINE 3TOMY 00OMe-
Hy. JI. BHecenne monpaBok Ha HEWACATHLHOCTh PACIPEEICHHS AIEMEHTOB. J[eo B TOM, 4TO ompene-
nenne TepMmoanHamudeckux mapamerpos (T/II1) ocymecTBisieTcss MO0 Ha OCHOBE HKCIEPUMEHTAIb-
HBIX HCCIeA0BaHMM, JInO0 Tpu comocTtaBieHuu T/III ¢ TakoBBEIMU, TOYICHHBIMA TPU SKCTIEPUMEH-
TaJbHBIX HCCIeAoBaHMsIX. [loaTOMYy BIMSIHHE HEHACATLHOCTH B PAaCIpeeNICcHUU 3JIEMEHTOB B M yike
yuteHo T/III, onpeneneHHbIMU B SKCIEPUMEHTE.

2. Teopernueckue omndOku B ucnouab3oBanus I'BT. TepmonnHamMuka reoXMMHUYECKUX IpoIiec-
COB- OJlHA U3 HauboJiee CTPOro MPOPaOOTAHHBIX HAYYHBIX TUCIUILUIMH, MHOTHE YPaBHECHUS COOTBET-
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CTBYIOT TPEOOBAaHHMSIM TEOPUU Pa3sMEPHOCTH [4], MOCTYIHPYIOMEH MPO3padyHOCTh (PUINIECKOTO
CMBICIIA 3JIEMEHTOB M WICHOB (DU3MKO- MaTeMaTHUeCKuX ypaBHeHUH (PMY) u 0TMHAKOBYIO pa3Mep-
HOCTb 00enx vacteit ®MY. (Hanpumep, BolpakeHus s padotel A= RTIn(V./V;) [3, ctp. 49] wmu
mahdyzmn D= Dyexp(-E/RT)). Ho npu pemenun O3T/] ctporocts HekoTopsix T/II BBI3BIBaeT co-
MHeHue. Hike paccMOTPEeHBI HEKOTOPBIC TPUMEPhI U HEKOTOPBIC IIYTH PELICHUS TPOOJIEMBI.

Croco0 KOHKPETU3alUK MOHSITHH - MOCTPOCHUE MHOXKECTBA M 3JIEMEHTOB, CPEI KOTOPBIX HAXO-
JIAITCS Takue Tpou3BoiibHBIE AeMeHThl A, B, C, D u E, uto A+ B= C; mis moboro snemenTa A ecTh
nerictBuTenbHoe 4ucio N u aneMeHT D, mnsg kotopsix NA= D. B TakoM MHOXECTBE HET OIepaiuu
YMHOXCHHS B TOM CMBICJIC, YTO OTCYTCTBYET 37eMeHT E, paBHBII MPOU3BEJACHUIO APYTUX JICMECHTOB,
HanpuMmep, A u B; u cBs3aHHBIE ¢ Hell omepanuu (JorapudmMupoBanue u mp.). [loaTomy He UMErOT
dusmueckoro cmpicaa Boipaxenns InA, A%, VC, DN u 1. 1. JleficTBUTENBHO, H3BECTHDI, HALIPEME,
3nauenns In2 wiu 2°, Ho cMbich Bepaxkerwuit In(2 kr) mn (2kr) ®™ coepieHHO He sceH.

OnemMeHTHl 13 M Ha3bIBarOTCS OAHOPOAHBIMH; OHU UMEIOT OJHY (PH3MUECKyI0 IPUPOIY U pazMep-
HOCTh (0003Hauaemyr uepes [...]), T.e. [A]= [B]= [C]= [D]= [E]. Torna monsitha cymma 2kr(Cu)+
3kr(Cu), HO cymma 1kr(Cu)+ 3kr (Mykun) ¢pusmuecku He sicHa. [IpuMepsr M: KOITHYECTBO MOJIE3HOTO
HCKOIIAaEMOTO B Pa3HBIX BRIPAOOTKAX OJHOTO MECTOPOXKICHUS; Pr3ndeckue (MarHUTHBIC W Jp.) TOJIS,
MOTOKHU BOJIbI U3 Pa3HBIX UCTOYHUKOB M T.J.; HO Cu M MyKa - pa3Hble MHOXKECTBa.

Mockoapky N= D/A, To N- 6e3pa3zmepHoe uucio (t.e. [N]= 0). [Toaromy (onpedenenue) 6e3pas-
MEpHOE YHUCJIO- Pe3yJbTaT JeJeHUs IpYyr Ha Jpyra 3Ha4eHUH OJHOPOAHBIX 31eMeHTOB. Eciu A u B
npuHagnexat M (t.e. (A, B) DM), To X= A/(A+ B) ectb Oe3pa3mepHas BenuunHa, T.e. [X]= 0. Uc-
noiib3yercs u oTHomeHue Y= Ayn/(Avi+ Bue), Te Ay D M) u By, D M, (pe3ynbTaTel aHAU30B,
BbIpakaeMble B %; MOJbHBIE JOJH U Tp). DTO NCEBAOOJIHOPOIHBIE 3IEMEHTHI: Y HUX OIHA pa3Mep-
HOCTh, HO pa3Has ¢usudeckas cymHocth (Cu- myka, Cu- Fe u np.). Tak kak He ompejaencHa cymma
Ami+ Bumz , TO He siceH du3nyeckuii cMbIc Y M BBIpaXeHU Tuma InY; siCHO TOJBKO, YTO 3TO He Oe3-
pasmepHas BenuuuHa, T.¢. [InY]# 0. Hcmons3oBaHue 1ceBIOOTHOPOAHBIX 3JIEMEHTOB BEIET K Hapy-
IICHNIO TPeOOBAHUN TEOPHH Pa3MEPHOCTH.

IIpuMepsbI onepanuii ¢ MCeBAOOTHOPOAHBIMH 3JIEMEHTAMHU:

1.AGcomotHas suTponus, Hanpumep, S= (R/[(y -1))InY] + const; Y= PV [5,c1p.19]: mockonbky
[V]# 0, To He onpenenena pasmepHocTh [V'], 1 cootBeTcTBeHHO, U [In PV']= 2. To %€ OTHOCHTCA U K
BeIpaxkeHuto S= C,InT+ RInV + const [6, cTp. 128].

2.3akon Payna P; = XiP, [7, cTp.148], rne P, u Pi- naBnenue napa Hax 4UCTBIM pPacTBOPUTENEM H
pacTBopoM, conepkamuM X; JOJel pacTBOPEHHOro BemiecTBa. KoppektHas (popMmynupoBka 3akoHa
Payns cnenyet u3 3akoHa ['eHpu.

3. Xumudecknit moteHmuan W= W, + RTInY [7, ctp. 148, 155]- dynnamenranpHOE IOHATHE 6apO-
TepMOreoxXuMuu. Y- mapametp: X; C- KOHIEHTpaIMs; a- aKTUBHOCTh KOMITOHEHTa B pacTBOpE.

4. IMapametpbl cMemieHUS Seyer= -NR[Z(XINX;)] 1 AGeyen = RT[Z(XiInX})] [7, cTp. 147; 8, cTp.
57]. Takum 00pa3oM, BO MHOTHX CIy4asX apryMEHTOM SIBJISIOTCS 3HAYCHUS MOJIBHBIX JIoJieit X, omu-
0OYHO OTHOCHMBIX K Oe3pa3MepHbIM BennmunHaM. I1IMpoKo MCTONB3YIOTCS M BENMYMHBI BHAA Xi© M
X', B kauecTBe apryMeHTOB MOTYT OBITh M [apaMeTpPhl, PA3MEPHOCTh KOTOPBIX HE BBI3bIBACT COMHE-
Hui, Hanpumep, P, V u C u mp.

5. Jlpyrum (yHIaMEHTAIBHBIM TIOHSATHEM SIBISICTCS «aKTUBHOCTHY. [10 [7] 3TO0 Haubonee TpyaHOE
Ut otipenereHus noHsaTre. Ceifuac Heb3d BOCCTAHOBHTH MEXAHHM3M €T0 MOSBJICHHS, HO 3HAKOMCTBO
C IPYIr'UMU NOHATHUAMH HAYKHU (}Z[PICKOp)Z[aHTHOCTI) B FeOXpOHOHOFHI/I) TMMO3BOJISACT MPEAINIOJIOXKUTD, YTO
MOHSITHE «aKTHBHOCTBY BO3HUKIIO BCIIEJCTBUE METOANYECKON OIMIMOKH: KCIIEpUMEHTAIbHBIC ONpe/e-
JIEHUSI HEKOTOPBIX MapaMeTPOB PaCCMATPUBAIUCH HE KaK €IMHas CHCTeMa, B KOTOPOM 3TH MapaMeTphl
CBSI3aHBI IPYT C APYTOM, a KaKk HE3aBUCUMBIE IPYT OT APYTa OMpPEIeIICHUsI.

6. Marematudeckue ommOKu B BeIBOJIe HekoTopbix T/II1, Hampumep, HEKOPPEKTHBIC MPOBEACHUC

onepauyu uHTErpupoBanus. Tak, B [7, ctp.95] nano Bepaxkenue mis sarpormu S= S, + [[(Cp/T)dT +

J(9V/dT),dP]. Ilepermiuem ero B Buge S-S, = [...], Toraa jeBas 4acTb- ONpPEICICHHBIN, a pasasi (B
cKoOKax [...])- HeompeneneHHbId UHTErpai. [Ipeodpa3zoBanne BeIpakeHUsT XUMUYECKOTO TTOTEHIIHATA
naet U - Ly = RTInC, rae cneBa — peuieHue onpenesieHHOTo, ClpaBa — HEONPeIeIEHHOTO WHTerpaa
[dC/C, uro taxxke He momyctumo. [IpaBHIBHOE BEIpaXKEHHE XMMHYECKOTO MOTEHIMA A OyIeT UMETh
Bua U= Wy + RTIn(C/C,). Torna ono OyneT yIoBIETBOPATL U TPEOOBaHUS TEOPUH Pa3MEPHOCTH.
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