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OT PEJIAKTOPA

]

Illmpokoe pasBHTHE METOAOB (PHMBHKO-XHMHYECKOTO MOMEIHMPOBAHMS
pa 9BM paa pemeHus sagad NeTPOJIOTME, IeOXHMHH, (U3HTeCKOM
XAMHH, METAIIYPrad, XUMEYECKOIl TeXHOJIOTHN, HKOJOTHN, ILIAHETO-
JIOTHH ¥ APYTHX HAYK HeBO3MOKHO 03 3HAHWA ONTUMAJIBHO COIJIACO-
BAHHBIX TEPMOAUHAMHYECKHX XapaKTePHUCTHE MuHepaxoB. Muoromer-
mme padorel B Upryrexom mayunom menrpe CO AH CCCP wo egmmuoit
mporpamve mccaefosapuii Mucturyra reoxmmumn u Mucrnryta 3em-
HOM KOPH HPHBEIN K CO3JaHNI0 TEOPHH ONTUMAIBHOTO COrJIACOBAHMA ,
pacuera U KOPPEKTHPOBKM TEPMOAMHAMMYECKHX CBOWCTB MUHEPAIOB
n faHKa TepMoAUHAMHYECKON MHOOPMAIHHE HA OTOH OCHOBE.

Cosnanme Teopum M MeTONOJNOTHH COTTACOBAHHA OKA3al0Ch He-
BOBMOJKHEIM (€3 IPHBIEYEHNsI TEOPHU PAaBHOBECHA TeTepOreHHLIX
MYJbTHCHCTEM, KAKOBHIMH SBJIAIOTCA MHOTHE OKCIEDHMEHTAIbLHLIe
Mofesn. B aToM miaHe akTyajabHOCTH raasel 1 HecoMHeHHA. Y4HTbhI-
Baf CJO/KHOCTD PEIICHIS MHOIMX 3ajad (U3NMKO-XUMHYECKOIO MoJe-
JupoBaHua Ha JBM, cienyer npusHarh NPaBOMEPHBIM PACCMOTPEHHE
ABTOPAMH HEKOTOPHX OmHGOK, 0CO0EHHO B YCJOBHAX HENOJHOTHL K
HEOTIPeJeIeHHOCTH HUCXO0AHOI TepMofmHaMudecKoll muopMaimm.

ABTODH yOeJuTEJIbHO TOKA3HIBAIOT, YITO MMH COBJAHA TAKAA CHCTe-
Ma ONTHMAJBHEIX TePMOJIHHAMHYECKUX CBOMCTB MHIHEPAJIOB, KOTAA
PaCCYNTAHHEIE HA X OCHOBE MHHEPAJbHEE DABHOBECHS COMOCTABIIMEI
€ TOYHOCTHI0 Hambojee KOPpeKTHHIX skcmepmMmentos. [Ipusenennan B
KHHIe CBOJAKA TePMOAMHAMHYECKIX CBOMCTB MHHEPAJIOB I IPYIHUX Be-
mecTB caMa Imo cebe Ipe[CTaBAAeT 3HAYUTENbLHBIT nHTepec, TeM Holee
49T0 YHTATE/h HMEeT BO3MO/KHOCTh OI@HHTh TOYHOCTD H J0CTOBEPHOCTH
aBTOPCKUX XapaKTepucTHK Ha (ase mpuBoguMoro o030pa HCXOTHOM
BKCIePUMEHTANLHOR MHOOPMAIIII.

B saximouennme meoOxofuMo IOAYEPEHYTh HOBATOPCKYID POJIb
M. K. Kapnosa B nocranoeke pacemMarTpusaemoii mpoGiaemsi, ero BRiaaz,
B cosfanHe Teopun (UMKO-XUMUYECKOro Momemmposanua ma o BM,
TePMOMHHAMIKA MHHEPAJIOB U MHHEPAJILHBIX PaBHOBECHIl.

@, A, Jemnuros



HPEJMCIIOBUE

Huura dasnpyercs Ha BCECTOPOHHEM AHAJN3E COBPEMEHHBIX JIAHHBIX
10 TePMOANHAMHKE MIHEPaJI0B H MHHEPaJbHEX PaBHOBECHIl H Xapak-
TEePU3yeTcs HEeCKOILKO HWHBIM, OTJIMYHBIM OT TPAJAHIIHOHHBIX , IOJX010M
K DenleHWI0 TNOCTaBJIEHHHIX 3ajgad. B raase 1 Bmepseie mpusopmTes
AeTaausnpoBannas (GOPMyJIMPOBKA YCJIOBHIl PaBHOBECHS TIeTepPOTreH-
HBIX MHOTOKOMIIOHEHTHHIX MYJBTHCHCTeM B TOM Ham(o1ee pacmpocTpa-
HEHHOM BHJie, KOT/la B PaBHOBECHH ¢ TBepAnMH (aszaMu U rasamm Ha-
XoauTes BOJIHLIE PAcTBOP dJIEKTPOJIUTA M OTHOCHTeAbHEE M306apHO-
H30TepMHYECKIe TOTEHINAJbl 3aBHCHMbBIX KOMIIOHEHTOB, KPOMe CaMOro
PacTBOPUTENA —BOJIEI, OTCYMTHIBAIOTCS B ACHMMETPHYHOIT ccTeMe CpaB-
HeHHs. JT0 Ta caMas eTalb, KOTOPas, eciii ee He 3HATh, CTAHOBHUTCH
HEIPEeooIIMEM IPENATCTBHEM HA ITYTH CO3AHNA HAJEKHOTO DKCILIY-
aTalMoHHOTO IPOTPAMMHOT0 KOMILIEKCA YHHBEPCAJIBHOT0 HABHAYCHNA.
Jlanee paccMaTpHUBAOTCA HEKOTOPHe OMMOKH B MPAKTHKE MCIOIb30-
BaHNA PUBNKO-XIMHYecKoTo Mofeanposanua Ha 9BM, a Taxke B mo-
HUMAHWM TEOPMHM TeTePOreHHOT0 XHMHYECKOTO pPaBHOBECHS Yepes
NpH3MY anmapara BHIYKIOro uporpamyuposanusa. Opmny ma3 ey-
IECTBEHHHIX MOMEHTOB KPHTUYECKOTO OOCY:KICHNA ABIACTCA KOH-
CTPYKTHBHOE M3J0;KeHne HOBOH Merofojornn GuanKo-XmMmIecKoro
MOZETHPOBAHNA B YCIOBUAX HEMOJIHOTH W HEONPEIEIeHHOCTH BXOTHOM
TEPMOMHAMHYCCKOIT nHpOpMAIINIL.

I'napa 2 monorpaduu mocssimena Teopun ONTHMAaJIbHOTO COTJACO-
BaHOA, pacuera W KOPPEKTHPOBKH TEPMOJAHHAMHYECKNX CBOMCTB MA-
HEPaJ0B ¢ MAHHBEIMH HKCHEPHMEHTAJIBHOU TeTPOJOTHH Kak eauHoH
cHCTeMBI B3amMocBsA3aHHbX Beamuns. (OOocnoBaHa mHjed CO3[aHIA
9BOJIOIMOBHOH CHCTeME COTJIACOBAHHA TePMONHAMMUECKHX CBOIiCTB
MHHEPAJ0B ¢ JAHHLIMH JKCIIEPHMEHTATBHOH MeTPOJOrnu M TepMOH-
namuyeckoil naopmamnmeil n3 APYyrux NCTOUHHKOB.

B raase 3 mocaenosatenbHO paccMoTpeHa IpoIefypa CorJaacoBa-
HIA HA ODpuMepe OTHeJbHHIX nojcncreM. Yurarteab MoskeT HariAalHO
TPOCTEANTH BCE HTANB HTOMf TPYA0EMKON M BechbMa KPONOTINBOM pa-
GoTH: KpATHYecKOro 0630pa BXOJIHOI aKCNePHMEHTAIbHOI 1 TePMOXH-
Mmgeckoil mudopMmanun, rpaguueckoro ColoCTABJIEHNA TePMOJAHHA-
MIYECKOTO pacuera ¢ HKCIEePHMEHTAJBHO ONpefleseHHEIMHE JITHHHAMA
MOHOBADHAHTHOTO PAaBHOBECHA pPeaknuil MuHepaioodpasoBaHHA, aHa-
JN38 NOJYYCHHBIX TePMOJANHAMIYECKNX JIAHALIX W UX 0mMUOOK, aHaxH-



\ OCJO/KHEHMIT, KOTODhIe BHOCAT CTPYKTYDHbE Pasaudus, Mopudu-
gau@M, HeMOJHAA WAeHTHQUKaMA HOBOOOPA3OBAHHHIX MHUHEPATb-

 mpix $as B AKCIEPUMEHTe, HEITAJOHMPOBAHHOCTH 00pasios MumHepa-

0B M annapatypsi, sG@exTs CixEUMaeMOCTH M PaclMpPenns, pasaHy-
Has CTeNeHb COBEPIIEHCTBA PelleTKH, HeCOBEPIIeHCTBO anNapaTypl

 BHICOKOTO flaBaenns u 7. A. Ha xapakTepnsix mpnMepax mokasaHa BO3-

MOZRHOCTH TOUHOIO BHIYMCIEHHA H KOPPEKTHPOBKH TepPMOJMHAMIYEC-
KMX XapaKTePHCTHK MHHEPAJI0B 3a CYeT CaMOPEryJHpYOMuX CBOHCTB
JBONIONMOHHOI CHCTeMBI coriacoBanns. IlpuBeileHa HOJHas CBOJAKA
TEPMOJIMHAMAICCKIX CBOICTE MHHEDAIOB M CBA3AHHHIX C HHMHI Be-
HecTB, ONTHMAJLHO COTJACOBAHHBLIX ¥ NPHHATHX B Kavectse Gasmc-
HBIX.

- T'nasa 1 mamcana cosmectno ¢ B. A. Jlerkosckoit. Ona BrBena
QGopMyIBl ¢ MOTOJHUTEIBHEIM YICHOM, CBA3AHHBIM C acHMMeTPHYHOM
cHeTeMoil 0TCUeTa 3aBHCHMBIX KOMIOHEHTOB BOJHOTO PacTBopa, m JAo-
'KasajJa BBHIOYKIOCTh IPHBEJEHHOro 1300apHO-N30TEPMIUYECKOro I0-

TeHNEANa MYJBTHCHCTEMBl ¢ YUACTHEM BOJHOIO PpacTeopa.
A. I1. Knceaer caenan nepsril ocKM3HBIL MaKeT MATPHI[EL HCXOf-
HBIX JIAHHLIX SBOJIONUMOHHONW CHCTEMBI COIJIACOBAHUA.
- Pemaiomas poap B opraHmsanuu M BHIIOJHEHHN BCeH MHOTOJET-
~ Heit HPorpaMMBl HCCAEOBAHNIT TI0 COIIACOBAHAI TePMOANHAMHYECKAX
eBOMCTB MuHepasos npmHamiaeskur @. A. Jlersukosy.
- Canmraem cBOMM 10JITOM BHPasHTh HCKPEHHIOKW 0J1arofapHOCTh Mpo-
feccopy @. A. JleTrnKoBy, 0OKTOPY Te0JOTO-MHHEPAJOTHYECKAX Ha-
¥k A. U. Knceneny n actmpantie B. A. Jlerkosckoil.
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TEOPETUYECKHUE BOIIPOCHI
OU3NKO-XIMNYECKOTO MOJIEJINPOBAHMA
ITPOIIECCOB MITHEPAJIOOBPA30BAHUA HA 9BM

4
[ §

3/1ech PACCMOTPEHLI TEOPETHYECKHE BOIPOCH (HBHKO-XNMHUECKOTO
MOJIeIEPOBAHNA IIPOTIeCCOB MuHepanoobpasosanus Ha IBM merogamm
MaTeMaTHYeCKOr0 MPOrPaMMHPOBAHNSA. Y TOTHACTCS U JeTalu3upyer-
¢ KJIYeBoe IOJI0MKeHHe TEeOPHH — YCJIOBHA PABHOBECHS I'eTeporeH-
HBIX MyJbTucucTeM Kak yceaosua Hyma —Takkepa sajaun BHIYKIOTO
nporpamyvupoBaanfa. OGcy:KAa0TCA HEKOTOPHIE OMINGOYHBIE BHICKA-
BBIBAHNS, MOABUBIINECA B HAyYHOH NePHOAMEKE IOCJCIHHX JeT, KO-
TOPBIE BXOMAT B KPYT mpobieMaTHKH HacTOSIel paboTsl.

§ 1. YCJIOBUA PABHOBECHA
B T'ETEPOIEHHBIX MYJ/ILTHCHCTEMAX

Beepenne. IlpoGnema pacuera mHa 9BM cloRHEIX XHMHIYECKHX pas-
HOBeCHIl B MyJbTHCHCTEMAX (MYJIBTUCHCTEMBEI — CHCTEMbI, B KOTOPHIX
9uciao (a3, MOTEHIMAAbHO BOAMOJKHBIX B PaBHOBECHH, IpeBLIIAT
9HUC/I0 HE3ABUCHMEIX KOMIIOHEHTOB) ¢ BO3MOMKHBIM y4acTHeM OHOBpe-
MEHHO BOJIHOTO PacTBOPa »IEKTPOJUTA, KoHJeHcuposaHubx (a3 (om-
HOKOMIIOHEHTHBIX W TBEPHBIX PaCTBOPOB), Ta30BOIMl CMeCH, BRIOYaf
MOHH3MPOBAHHYI0 IIasMy, a Tak:ke, eciau morpe0yercd, PpPacTBOPOB
HE3IEKTPOJUTOB ¥ PACIIABOB OTHOCUTCA K YNCJIY CIORHEHIMHIX npob-
JieM COBPEMEeHHON XHMIUeCKO TepMOIHAMITKI.

HecmoTpst Ha MHOTOUNCIEHHEIE TONBITKN , HENCCAKAEMBIM HCTOYHH-
KOM KOTOPEIX ABIAIOTCA OCHOBOIOIATA0NE, CTABIINE YiKe HAa HAMINX
raasax Kaaccmuecknmu, paGorsr C. Dpmukaun [Brinkley, 1947] m
Y. Baiita ¢ coasropamu [White e. a., 1958], k macrosmemy BpeMeHH
HOJIYYeHBl TOJILKO YACTHBIE PelleHus aToil mpolIeMbl.

Nsyuenne na 9BM cnokupx (uanKo-XuUMIUECKHX MoJieseil rete-
POTEHHBIX MYJbTHCHCTEM MPeICcTaBIfeT HanOoNbIINE NHTEPeC B HAyY-
HEIX I NPAKTHYECKIX IPHI0/KEHIIAX XHMIIeCKON TePMOIHAMIKH KaK
HOBOTO, MONIHOTO W HE3aMEHHMOI0 CPefCTBa MccaefoBanuii. 910 du-
BUKO-XMMHYECKIE MOJENH TeOXHMNN, MITHEPAJIOrHH, IeTPOJIOTHi,
THIPO- U HHPOMETAIYPIAN, AHAJMTHYECKOH XWHMHH, XIUMHYecKoi
TeXHOJOTHI OPraHUYecKNX 1 HEOPraHudyeCKIIX BemecTB, IPOMBINI-



X YCTAHOBOK, CBABAHHKIX C© IIOMCKOM ONTHMAaJbLHHIX DPERUMOB
H0-COJIeBLIX 0aJaHCOB, JOKAJBHBIX U PJI00aJbHBIX 9KOJOIHYECKHX
»yeM, B TOM 4UHCIe CHCTEM reOXHMHUYECKHX IHKJIOB, Ie0TePMHH,
qAPOXHMIE, JOOKYH NOJE3HHX HCKONAEeMBIX MO3eMHBIM BLITIeIaqH-
eM, pacdera a((eKTHBHEIX KOMIIO3WIUH pacTBOPHTeNell m oca-
eil, m3yueHnsa HeoOpaTNMOH JBOJIONNH TETEPOTeHHBIX MYJIbLTH-
fcTeM Ha OCHOBe IPHHINMTIA YaCTHYHOTO PaBHOBECHA H T. JI.
Tlpunnunuanbaoe peilenne npoldieMsl IMHPOKOTO, CHCTEMaTHIe-
oro m sdppertneHOr0 npumenerna JBM B ¢uanko-xuMHueCKOM MO-
QIAPOBAHIN CIO/KHBIX XUMHUECKHX PpaBHOBECHHl B reTepoTeHHBIX
ABTHCHCTEMAX ¢ OJHOBPEMEHHBIM Y49acTHeM B HCXOIHBIX YCJIOBHAX
1aun i B €e PAaBHOBECHOM PelleHN# BOJHOTO PacTBOPa dJICKTPOJIMTA,
OHIEHCHPOBAHHBX (a3 (0THOKOMIIOHEeHTHLIX 1 PACTBOPOR), TAa30BOM
el W APYrux (has pasamuHOrO arperatHoro cocTosAnus OBIO MO-
@HO TIyTeM I0CJel0BATeIbHOTO PasBuTHA eJUHOr0 NOAX0[a —
1I0/KEHNEM CTPYKTYD amnapara MaTeMaTHYecKoro IPorpaMMmupo-
asi K ru00OCOBCKOIl Teopum reTeporeHHoro PaBHOBECHA, AOMOJ-
oit mosnokennsamu JI. C. Hopixuunckoro o6 OTKPHTHX CHCTEMax
apnos, Kncenesn, Jlernukos, 1971, 1976; Kapuos, Kucexes, Ilo-
oroxyner;, 1976; Kapumos, 1981].
Oxasanock, 9T0 IPOCTPaHHOE OPUTHHAIBHOE n3nokenne [[x. I'nG-
COM TEOPHH I'eTepPOreHHOT0 PABHOBECHA C MCUEePIHBAIOIIEN MOJIHOTOH
KOHCTDYKTHBHOCTBIO, JIOCTATOTHBIMU JIIA TOCTPOEHHA BHTHCIA-
BALHEIX AJTOPHTMOB I JKCIUIYATAIIHOHHEIX ITPOTPAMMHEIX KOMILIEK-
0B, TEHETHYECKN 3aKOANPOBaHO B auddepennmaabHoil opMyanpos-
e HEeATPANLHOM Te0OPeMbl BEITYKJIOT0 IPOrPaMMHPOBAHIS — TeopeMe
Hyna — Taxxepa.
- Bmecre ¢ Tem Ham MHOTOJICTHRI N He0e3yCHeITHLII ONLIT BHEApe-
A HOBOTO CPEACTBA MCCIAeOBAHMA — (UBHKO-XHMHYECKOT0 MOJe-
iposanusi Ha 9BM MeromaMu MaTeMaTHYECKOro NPOrpaMMHPOBaHNASA,
KII0YAI0NEro Teoperndeckoe 000CHOBAHNE HOCTAHOBKH KAUecTBEHHO
BEIX 3aJlad, a TaKs;<e aJrOPHTMH M IPOrpaMMbl HX pelneHns, yoesx-
8eT, 9T0 CYIMECTBYeT Neabil Pl 00BeKTHBHEX TPYAHOCTEH ero 0CBoe-
A IMHPOKHMII KPyraMu mcciieoBaTemneii.

HensGe/snpie npenATcTBHsA BO3HAKAIT HA CTAJANH IOCTAHOBKH
CHORHBIX (UBHKO-XIMHYECKHX Mojenell, Tpedylonmx BECOKHX HIpo-
(peccmoHanbHEIX 3HAHWI B o0JacTn (H3HKO-XHMHI H HeoOXOAMMOTO
MHAMYMa 3HAHHN BEMHCINTEILHON MaTeMaTHKN W allapara BHITYK-
OT0 ITPOTPAMMHIPOBAHMNSI.

Muorune neynaum CBfA3aHB TAKKe I ¢ TeM, YTO B CYIECTBYIOMMX
VKOBOJCTBAX TI0 XHMIYECKOH TepMOAHMHAMIKE HEBO3MO/KHO HalTH
OTBeTLI HA TeopeTHYecKue BOIPOCHI, KIIYEBHE ¢ TOYKH 3PeHHs Io-
PoeHus aJropuTMOB M IporpaMMm (uamKo-XnMHYECKOTO MOJeanpo-
HnAa #a 9BM  meromampm mMareMaTHuecKoOro IPOrpaMMHPOBAHNA.
TAKOMY BOIIPOCY OTHOCHTCA 00f3aTelbHOE TPHBEJleHne K elHHOMY
CYETHOMY COCTOSHWIO TEPMOJANHAMHYECKNX XaPAKTEPHCTHR WHN-
AYAJLHLIX BEIeCTB, CTAHIAPTHOE COCTOSIHME KOTOPHIX MMEeT aCHM-
Merpuynyio mrany orcuera [IIpurossmm, ageit, 1966; Hoxoros,
Alaceunux, 1970]. Jlocratouno ckasaTh, 9TO BKIOYEHWE B MYJIbTH-



cHCTeMy BOMHOI'O pacTBopa amekTposmTa Tpefyer crporo Teopermye-
CKOr0 YTOTHEHHS YCJAOBHHE PAaBHOBECHS IeTePOreHHBIX MYJIbTHCHCTEM
rak yceaosuii Ilyna — Takkepa, sanucsisaeMbiX B SBHOM aHAJIMTH-
9eCKOM BHJIe, M, CJEIOBATENbHO, YTOUHEHNA AHAJNTHUCCKHX 3ammcei
aJATOPATMOB U PEAJN30BAHHEIX HA MX OCHOBE HKCIUIYATAIHMOHHEIX MPO-
rpaMMHBIX KOMILIEKCOB.

Ocuosnnie opmynst. Huke jaetcs Teopmsa rereporeHHoro pas-
HOBECHA MYJbTHCHCTEM B TEPMHHAX 1 MOHATHAX MaTeMATHUECKOTO All-
mapaTa BHIYKJIOTO HPOTPaMMHDPOBAHWSA, KOIJAa BXOJHEE DMIIAPHIE-
KHE TePMOIMHAMHUYECKIEe xapax’repncrfna HHANBHAYAIbHEX BEIECTB
HME0T CHMMETPHUYHYI0 H acHMMeTpPHYHYI0 cucreMsl orcdera. Ha atoit
OCHOBE BBIBOJATCHA CHCTEMb HMTePAIHOHHLIX YPAaBHEHHIl aJiropaTMOB
mporpammeoro Kommiekca «Cexexrop» [Kapmos, 1981]. 3necs npuso-
AATCA TOJABKO KOHeYHbe pe3yabTarsi 0e3 NPOMEKYTOTHBIX JOKasa-
TEIBCTB M BHIKJIAJIOK.

Pacemarpusaercs rereporensHas MmyiabtucHcTeMa us n(L) saBucm-
MBIX KOMIOHEHTOB (371ech L, — MHO/RECTBO 3aBHCHMBIX KOMIIOHEHTOB).
B nansneiimenm nanoxennu n(Z) scerga Gyner oGosHavaTh YHCHO He-
MEHTOB B KOHEUHOM MHO;KECTBE Z. ¥ CIOBHMCS TAKiKE, 9TO B TEX CJy-
gasgx, KOrja KOHTeKCT HCKII0YaeT NYTAHHIY, BEIPa/KeHne (3aBHCHMBLI
KOMIIOHEHT)» 3aMEHSETCS CIOBOM (KOMIIOHEHT).

YroGu coxpaunTh 00MHOCTH, IPHMEM, 9TO B MCXOMHBIX YCAOBHAX
3a7aun pacueTra PaBHOBECHOTO COCTaBa MYJLTHCHCTEME BCErja IpH-
CYTCTBYeT OTHeJbHast )asa B BHJe BOJHOTO PACTBOpA 5JIEKTPOJHTA.
ITonMHOKECTBO KOMIIOHEHTOB BOJHOTO PacTBOPa, BKIKYas PACTBOPH-
Tenb — BOAY, o6osHaunm S,,. YroOn msbeskarh BOSMOKHBIX Hefopa-
3YMEHHH, YTOYHUM, 9T0 BBOANMEE HAMH MHOKECTBA M TOJAMHOALECT-
BA — 3T0 MHOKECTBA W TWOIMHO/KECTBA HMHEKCOB, XapaKTepH3YIo-
mUX, COrJacHO CAEMAaHHBIM ONPENeJeHAAM, Té HJM WHHE 3aBUCHMEIE
KOMIIOHEHTH MyJabrucucTemsl. [loaToMy BHIpaskenne «MHO:EECTBO (MM
TOAMHOZKECTBO) KOMIIOHEHTOB)Y ABIACTCA COKPAIEHNEM TOYHOTO BEHIpa-
FHeHHA (MHO/KECTBO (Il MOJMHOKeCTBO) MHACKCOB, XapaKTePHBYIO-
MAX KOMITOHEHTHL...».

IMoaMuEOKECTEO KOMIOHEHTOB BOXHOTO PAacTBOPA, MMEIOIMX ACHM-
METPHYHYIO CHCTEMY OTcueTa, 6e3 KOMIIOHEHTa CaMOTr0 PacTBOPHTE-
ng — Bogsl — oGosmaunm S% = S, \Jjp (j,, — Pukcuposaunuii wH-
HEeKC, KOTODHUI OTHOCHTCSH K pacTBopmTenio — Bone). HommomenTst
Apyrux $as-pacTBOPOB: TBEPALX, KUIKAX HEeJIeKTPOINTOB, rasoBoi
cmecn — oGosHaunM mopmHOKeCTBOM S0 S = S, | Sg S.—
HOAMHO;KECTBO KOMIIOHEHTOB (§a3-pacTBOpPOB KOHJIEHCHPOBaHHLIX (a3,
Sg — MOAMHOKECTBO KOMIOHEHTOB rasoBoil cmecu. [lamee morpe-
OyloTesa caenyiomue 0603HAUCHNSA:

O={1,2,...,a,..., n(®)} —mEOGKecTBO (a3 MyIAETHCHCTE-
MBI, [, — MHOKECTBO 3aBHCHMEIX KoMmmonenTos B daze a; J = {j/j =
&€ L, z; > g}, rpe x; — amcsio MoJeil kommoHenTa j, a e >0 — mocra-
TOYHO MAJTO0€ IOJIOKHTeNbHOE YHCIIO;

Dy =f{alacs® X,>¢}, me Xo=2zj, jl, ac=®;

]

S1={jliclyac®nl)=1,z;>e¢),



82 = {jlie l,acs O, nlil,)>1}),8 = S1  S2,83=52\38,
Ly= L\83; X =2xj, ieS, a=uw.
3

IIpnBenennsiii M300apHO-N30TEPMAIECKHIl MMOTEHIIUAJ TeTEPOTEH-
HOH MYJBTHCHCTEMBI 3aUUINeM B SBHOM aHANATHIECKOM BHJE:

G(x) — Gl + Gz + Ga + G4. + Ga + GQ’ (1.1)
e G, = E;Tx,, jelL; G, _Ex,-ln:cj/Xa, i€l ae®; G;=
=2:c-ln55 51, je=8%; 4_2x,lnP = Gamzlenyj,
]EL Ga=—2lenxJ o] Xws ]ESD.

B (1.1) G; — smmnupuueckue GyHKIUN, 3aMEHAIONNE HEN3BECTHHE
HCTHHHEE 3HAUeHHA H300apHO-HB0TEPMHYECKNX IOTEHIAANOB KOMIO-
HEHTOB MYJBTHCHCTEMH B BHIGDAHHOM CTAHJAPTHOM COCTOSHWH H CHC-
TEMe oTcuera, IPHBEJeHHON K OHOMY YPOBHIO; y; — Kod((pHIHEHTH
aKTHBHOCTH KOMIOHeHTOB; I' — Temmeparypa B KenbBuHax; P —
nasinenne B Gapax; R — yHuBepcaibHas TasoBad TIOCTOSHHAS.

Ilpumem Gez mokasarenaberBa, uro QyEKIuA G(z) BROyKaa.

Cucremy ypaBHeHuil Garamca Mace MYJbTHCHCTEMH, B KOTOPYIO,
ecan Tpebyercd, BBOXMTCA YPaBHEHHE JIeKTPOHEHTpPaIbHOCTH, 3a-
mumeM B BHJe

zaij$j=bi1jELJi=11---1i1---$nv (1'2)
2

TAe @;; — dieMeHT marpunwl |la;;ll, je L, i =1,..., n, nokasu-
BAOMEI YHCJI0 MOJEH HEe3aBHCHMOr0 KOMIOHEHTA i B OJHOM MOJe
3aBUCHMOT0 KOMIOHEHTA j; b — n-MepHHI BEKTOP, dIEMEHT KOTOPOTO
b; ecTh 00IEe YHEI0 MOl He3aBMCHMOro KOMIIOHEHTA B MYJbTHCHCTE-
me. Cumeremy (1.2) MosHO 3amicarh I B MAaTPHIHO-BEKTOPHOH (opMme:
Az = b. Taraa sanumch NoHAAOONTCA B JajbHEHIIEM N3JI0KEHUH.

Beerna z; > e, j & L, uto caenyer u3 u3nIecKoro cMuCa 3afad
(usnKo-XxuMHIECKOro Mogesuposannsg Ha IBM, umenomei koHeYHYIO
TOYHOCTH MPEICTABIEHHSA «MAIINHHOTO) Yncaa & TeopeTnuyeckn moJH-
HO z; >0, j = L, Ho B npakTHuecKoll cHTyanum r; He MOKeT GHITH
Tpe/icTaBIeHa B HATYPAlNbHOM BHPAREHHH YMCIOM MEHBITHAM, deM
«MAIMIAHHE) HYJIb. ITO0 cymecTeenHeiimee o6CTOATENLCTBO YUUTHI-
BaeTcs KaK B BHIBOME YCIOBHIT reTepOreHHOT0 PABHOBECHA MYILTH-
CHCTEMBI, TAK M B IPOTPaMMHON pealusaniH alTOPATMOB. Pasnosec-
HHlll COCTAB MYJIBTHCHCTEMbH — BEKTOD £ — HAXONNTCH MUHHMH3A-
nuell BHOYKIOH CKausipHoii HenpepsiBHOX  ¢ymxumm (1.1) =ma
MHOTOrpaHHHKe orpammdenunis M1:

z = arg min {G(z)/x = M1} D= G(z), (1.3)

e M1 = {z/lz = E™, Az = b, z > e}). Heobxomumbie u nocta-
TOYHbBIE YCIOBHHA paaﬂonecuu pelenus aa,uatm (1.3) paorcs Teopemoi



Kyna — Takkepa. annmenm st yemosus B auddepenunansnoii dop-
Mé ¥ ABHBIX AHAJHTHIECKHX BHPAKCHUAX:

1. Az=0;
fe; + Inz;/ X, — Zai_ju—i‘ je J\ Sy

2wj=1{¢; + Inz;/X,—In :r_,-u,/Xw— r,-w/Xu._ +1— E a;iy, jE 5%,
7

¢j + In a’;“‘/Xu,--:rju,/Jq: -Xw»':c,-w B 2 Aty T = juwy
]
b=

3. w; =0, = Lg;
b z>e 820, 2w=0_0
B ycuopmax 2:

GlRT + Inyi. je LN(S8.1)8%),
gi/RT + Iny; + In 55,51, j= S89.

IBoiicreennsie nepemMennne u;, i = 1, ..., n, YMHO;KeHHBE HA MHO-
mwareab RT, ABIAKICH XUMUYECKHMI IOTEHIMAJTAMH He3aBUCHMEIX
KOMIOHEHTOB MYJIbTHCHCTeMBl B OTHOCHTENbHOI cucteme orcuera [Hap-
nos, Hnmcenes, [loporokymem, 1976; Kapuos, Hucenes, Jlernnkos,
1976]. TTogmuomecTBo Lg, BBEIEHHOE B YCJAOBHE 3, HCKJIOYAET MOAB-
JIeHHEe TACTHHIX HPOM3BOJHBIX, PaBHKX —oo. IlofipoGHee 0 3HAYEHHH
noaMHOKecTBa Lg ckasano B pabGorax [Kapmos, Kucenes, [loporo-
kymen, 1976; Hapmos, Kucenes, Jleraukos, 1976].

Yenosua 1 —4 ofpasyor cucreMy NUHEHHBIX ypaBHeHHNH W Hepa-
BEHCTB, KOTODHE €CTh He 4YTO MHOe, KAK AHAINTHYECKAs 3aluch 3a-
magn Ha MuEEMyM (1.3). C moMOIBIO STHX AHATHTHIECKNX BHIPazKeHmil
paspabaTHBAKTCA AATOPATMEl I BEYHCIHTEIbHbIE NPOLEAYDH HOHCKA

p = G(z) Ha MHOmecTse orpanudennii M1 m BekTopa ONTHMAJBHOIO

pemeHHA Z.

Aaropntmer  «Hamneropeiimmii cnycxk» u «Baiity . Yausepcann-
HEIl mporpaMMublil Kommaexkce «Cemextopy mpencrasiser coboi GpyHk-
MUOHAIBHOE eJHHCTBO HECKOJABKHX anroputMon. OCHOBHLIC BEIYHCJH-
TeAbHEIE MOMYJM MMEIOT TaKYIH0 IOCIe0BATEIbHOCTD:

1. Ilporpamma BmGopa HavaabHOTO NPNOIMREHHS.

2. Anropury «Hauckopeitnmit cnycky.

3. Auropurm «Baiits.

4. TIpounenypa «Cenextop.

ITporpamma BrGoOpa HAYaAbHOrO HPHOIHIKEHHS 3aCJY/KNBACT OT-
menbnoii my6imkanmu. OHa OCHOBaHA Ha CTAHZAPTHOM AJTOPHTME Jii-
HEeHHOr0 NPOrPaMMHPOBAHHA ¢ HCHOJH30BAHNEM JBOMCTBEHHEBIX perle-
HAll ¥ cuenudurn 3a7a9 UBNKO-XHMHYECKOTO MOJEJMPOBAHMUA,
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C momompio nponenyps «CenekTop» DPONBBOMTCA NPOBEPKA Bhi-
noanenna yenosuit Kynma — Taxkepa. Ecan onm Bunoansiores ¢ yue-
TOM KOHCYHOH TOYHOCTH MAINMHHEIX BEMYHUCJEHHN U HEYCTPAHHMOM J0
KOHI]A PACCOTJIACOBAHHOCTH BXONHBIX TEPMOAMHAMUYECKHX JIAHHHIX —
sajada pemena. Eciu HeT — NPOMCXOMAT CAeIYIONMHA HTePaoHHEIT
nuka. Ilukas npofomkanTea 0 TeX Mop, NOKAa He BHIOJHAKTCA Y-
nopua Hyma — Takkepa mam He Gyfer ycTaHOBJIEHA HEIOIYCTHMAas
BeJIMYHHA PACCOrJACOBAHHOCTH WCHOJB3YEMEX TEPMOAHHAMHYECKHX
masEBX. ITponenypa «CeneKTop» Mo;keT BHIABHTH M HeNPaBUIBHYIO
IOCTAHOBKY CaMOil (M3MKO-XMMIUYECKON 3ajadgm.

OcTanbHEIMI  3BEHBAMH NPOTrpaMMHOro KoMIuiexca «CeaexTopy
ABIATCA aaroputmul «Hanckopeitmuii cuyex» n «Baiity. Jx onmca-
HEE, CTPYKTYpa u conps:enne nausl B padorax [Hapnos, Kucenes,
Jlernuxon, 1971, 1976; Kapmnos, HKucenes, [loporoxymem, 1976;
Hasemun n gp., 1975; Kapmos, 1981 ].

Bo Bcex mpegmaymmx nyGankannAaXx OPHBeIeHE CXeMATH3APOBAH-
Hble BapuaHThl 0e3 TOYHOTO HpPeJCTABICHNA KJIOYeBHIX AaHaJUTHIe-
CKUX BHIPAKEHNi, CBA3AHHHIX € ACHMMETPHYHOCTHIO TePMOIMHAMA-
YeCKHX XapaKTePHCTHK 3aBHCHMBIX KOMIIOHEHTOB BOJIHOTO PacTBO-

pa — moaMmHO;kecTBa S. Y Hac ecTh BCe OCHOBAHHA CYNTAThH, UTO
fesycnemnsie, X0TA W HACTOWYNELIE TONKTKA IOBTOPHO, (e3 Hemocpes-
CTBEHHON IOMOIIH aBTOPORB, peaianzopath ajroputMu «Hanckopeiimmi
cuyck» u «BaiiTy B Halle;RHEBIE DKCIIJIYATATTHOHHBIE TPOTPAMMEI, TIOMIMO
PAfa APYIHX «CYMECTBeHHBIX Jeraneil», Kak pas o0ycloBIeHE HEmOJ-
HOTOH M3J0KEHNA B NPEINAYIIHX NyOAMKANMAX TEOPETHYeCKH CTPO-
THX AaHAJUTHIECKNX BHIPa;KeHNil, CBA3AHHEIX ¢ BBeJeHNEM IIOJMHO-

secrsa SY. Venpasum sro ynymenue. Tlpusenem sapo aaropuT™os
«Hanckopeitmmnit cuyck» n «Baitmy, T. . cueTeMs HTEPaNMOBEKX ypaB-
HEHHil ¢ TONHOH CTPYKTYPOIl MOAMHOKECTB, B TOM YuUCJe IOAMHOKe-

cTBa S, IPEICTABAAOMET0 3aBUCHMEE KOMIIOHEHTH! MY JIbTHCHCTEMSI,
TePMOIMHAMHYECKHE XapPaKTePHCTHKHE KOTOPHX HMEIOT acHMMeTpHd-
HyI0 cuctemy orcuera. OcTaibHBIe KOHCTPYKIm aaropurtmos «Ham-
cKopeiimmit cuyck» m «BaiiTh omyckaem, OHH I0CTATOYHO TOApoGHO
omucannl B paborax [Kapnos, Kucenen, Jlerankon, 1971, 1976; Kap-
nos, Kucenes, lopororymen, 1976; Kassmun u jp., 1975; Kapuos,
1981].

Pacuer maummaeM ¢ HEKOTOPOT0 HAYaJbHOTO NPHOIWKEHWS Vj,

jeJk :?,-, j = J. Hawaapnoe npubamskenne BpiGnpaeTca crnenuaib-
HOI IporpaMMoii, 0 KOTOPOi roBOPHJIOCH BHIIIE, HJH 3alaeTcd Mecle-
JoBaTeseM IO ONpeNeJeHHEIM HeCH0;KHHM Ipasuiaam. Yrobw mHaiTa
caegyiomee npnbmkenne, pazaaraem G(z) B psag Teitnopa o sToporo
qieHa B GOpMUPYeM CHCTeMY UTEPAIMOHHBIX YPABHEHUH PasMepHOCTH
n + n(®,), npuuem n(d,) < n.

fihEN? [uh (1 4)
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iZk=1,njel,acs ®;j<l;, p = O, Bencreme (1.4): U=
- (XB"YB) —1.; Tip = 2 aiily;lY; + afl}u-Al (Aﬂgu —_ aij,,-),u')v rae AI =
]

F,w(Yw +9;,)
& Y?n—y‘_gw—}_ij}’w
rae v; = ¢; + In (y;/Y o), iI€L\Sw; v; = ¢; + In(y;/Yy) — In(y;,/
,Yw) iy ij/Yw +1+ Alvjw’ T S Ui = (ciw + In (ij/Yw) o
0 Yw/ij o ij/Yw it 2)/A21j2jws rae 4; = Yu:/y,iw—' ij/Yw + 1;

$=2ay j € lay a = Dy

J a
C momompio «Hanckopeifimero cmyckay HaXoAATCA NPuOIMKeHHA
u; @ X,, ¢ KOTOPHIX HAYMHACTCA HTEPANMOHHHI IUKJX B alIropurTMe
«Baiity. Cmerema nrepanmouneix ypassemii Heioroma amropmrya

«BaiiTy ¢ 3aBHCHMBIMII KOMIOHEHTAMN TOAMHOKecTBa S, GyIeT HMeTh

BH[:
rut 4 [ Auy ] 5 [;j j ik=Tn e
thiﬂ’fuﬁ AXﬂ Ca Cﬂ,ﬁE(DJ.

Packpoem Toumbie aHajuTuyeckue soipadeHmd cmetemur (1.5),
B KoTOpoii Au, m AXp — mreparumoHHbe MONPaBKH K Uy 1 Xg: z? =
= 2 a;; (%/Xa), j E la, @ = Dy; Map = bap (2 (zi/Xo) — 1), o, pes
i i

e ®,; rge 6,5 —cumsoax Kpomexepa; Nj = Za,,,-:c,-, =
1
GE‘DJ,&%W; N;;D= 2 ap;jt; + Asahjw(l'jw—i-z' .’I.'j(i b ij/Xw)), je
7
=85, o =w, rre A =z; X !(X?u 3 waj-w——a:?w); riy, = B, +

v a=bi—2ay;, Jet; i=vy; i€,
J

Jw™w

+ By + By, tne By=aymz, i€l os®;, jFjw
b |

B, = 4, Zak,-waﬁ:rj(i 4 .rjw/Xw)T je= 8% By = Aaak,-waiij_,-w; oy =

=b—2aﬁ,,]EJ Co = Xo — E.r,, jel ac b

B RaROH CTeINeHn Ha C}LO,IIHMOCTI: JTOpuUTMOB BJMAET OTPOI‘HE
yder fo6asounoro wiena G4 B dyuxmnn (1.1) Ha Bcex sTamax BEIHCJIH-
TeNABHHIX Iponenyp B mporpammuom Kommiaekce «Cemextops? [us
O0TBeTa Ha 5TOT HPHHIHNAAJILHEIT BOOPOC OBUIH BHIIOTHEHE CIEIHalb-
Hble dKCIePHMeHTaJbHbe HecaefoBannsa. B nepsoM BapuanTe nporpam-
MHOTI'0 KOMIIJIEKCA GCGJIBI{TOP» noﬁanoqnme YJIeHHl B aHAIUTAYECKHX
BHIPasKeHHAX, CBA3AHHLIX ¢ quddepermupopanneM (g, OBAN ONYMIEHE
8a HMCKJOYEHHEM HEKOTOPHIX omepanuii, (63 KOTOPHX HEBO3MOMKHO
mobmThCA cXommMocTH pemenusi. B gpyrom sapumante «CenexrTopay
BO Bcex (OpMyJax TOYHO YUHTHIBAJHNCH BCe M00GABOYHLIC WIEHBI H BE-

paKeHNsA, XapakTepusyomue crennduky moaMuoecTBa Sy,

12



JKCIepUMEATANbLHOEe CPABHEHHE MPOBOINIOCH HA (OJBIIOM KOAA-
yecTBe (PUBHKO-XHMHYECKUX Mofeseii: 06paboTRa sRCIePHMEeHTANBHBIX
AAHHBIX II0 PACTBOPHMOCTH NHPHTA B IHAPOTEPMAJBHEIX VCIOBHAX B
unarepsane 100 —300°C, maygenme npomeccos oflpazoBaHnsa 3omHadb-
HOCTH B MECTOPO/KIEHHAX JATePHTHHIX OOKCHTOB, PACYET HBOJIOIME
rio0anbHOR pe3epByapHOil cucTeMsl ¢atMocepa — OKeaH — B3amMoO-
AeHCTBYIOMAA ¢ OKeaHoOM W aTMocepoil BepXHSAA YacTh aTMmocepsy,
MOJIeJIH BHIIIETAYABAHNA 1 Jp. PasMepHOCTh MyabTACHCTeM Ohijia pas-
AuYHOM: umesio 3asucHMEX KommoHeHToB oT 40 mo 220 ¢ wmenom das
ot 20 mo 60. Bo Bcex Moeasix IPHCYTCTROBAIN BOJHBIL PACTBOP HICK-
TpoJWTa, rasoBafd cMech, ofHOKoMIoHeHTHRe ¢ass 1 ass B BHge
TBEPILIX PACTBOPOB.

B mpoeteix mopensix yopomenusiii sapuant «Cenektopay exopmics
o0BIYHO HA OJHY-ZBe UTepanmum OBICTpee, HO BCErja pelleHne ImoJayda-
J0CHh MEHee TOYHBIM, XOTA pasindie IpakTHuecKn HesHauumo. B Go-
7ee CHOKHEIX MOMENAX, KOr[Aa YHCJI0 3aBHCHMBIX KOMIIOHEHTOB Mpe-
pamaer 100, a Takme Mofmenu ABJIgioTcA HamboJee pacpoCTPaHeHHEI-
MU B HAYYHBIX U IPAKTAYECKAX MCCIASOBAHUAX, TEOPETHYECKN TOYHEIL
sapuanaT «Cemerropay orasmBaercsi 0e3VCJIOBHO IPeANOYTHTEIBHEE.
Xors gneno nrepannit B «Hamckopeiinem cnycke» MoyeT OKABATHCA
Ha ofHy-IBe GOJibIe, HO 3aTO Hepexof K aixroputmy «Baiity» moaywa-
eTCA ¢ JIYYIIIME TPUGIIGKeHnAMA 0 «; 1 X ,, 970 B [[@JI0M HAMHOIO
YIAy4mIaer CXOANMOCTh W BPeMA CUeTa.

CymecTBeHHEIM ¥, OBITH MOJKET, PEMAIUM O0GCTOATENLCTBOM
Apasercsa caenyiomee. Muoromernne ycmwiams mo paspafoTke sKCIIY-
aTAMOHHOM MPOrpaMMBl ABTOMATHYECKOTO BHOOPA HAYAILHOTO IPH-
07K eHu A UPIHHOCHIIA JINIIL YaCTHEE pernenns. BKiovyenne B KagecTne
(hashl BOTHOrO PACTBOPA JIEKTPOJUTA CTABMIO MOMOJHNTEAbBHEE TPYI-
soctu. Ilporpamma okassiBalach TPOMO3IKoil B gasana cbom B 0T-
HeNBbHEIX 3aadax. damada ObIa YCIENIHO PemeHa JHIlh MOCIe TOTO,

 KaK Ha BCeX CTAfHAX AJTOPHTMA BHGOpA HAYAJIBLHOTO NPHOIMKEHNA 1

ero mporpaMMHOE peanmzanum GBHUIM CTPOTO YYTEHH OCJ0KHAKMINE
fleTajH, BHOCHMBIE He3aBHCHMEIMH KOMIIOHEHTAMH MYJIBTHCHCTEMH C
ACHMMETPHYHOH CHCTeMOH oTcHeTa SMOMPHYECKHX W300apHO-M30TEp-
MHYECKNX MOTeHINAJ0B 00pPasOBAHHA W3 MPOCTHX BEMECTB.

§ 2. BBRIONYRJIOCTH NPUBEJNEHHOIO
HN30BAPHO-H30TEPMHYECKOIO NMOTEHIMAJIA
C ACHMMETPHYHOI IMKAJION OTCYHETA
TEPMOAMHAMHYECKIX XAPARTEPHMCTHR NMHINBHIAYAJbHDLIX
BENIECTB

I'. U. Jlawkeena [1982] mokasana BRIYKIOCTH NMpPHBEICHHOTO H30-
6apHO-M30TEPMHTIECKOTO MOTEHINATA MHOTOPASHEIX CHCTEM:

G(2) =iz + 22 Inz;/X,, jely, ac®, (2.1)
i i -
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rie ¢; = const; z; — KoamuecTBo MoJjeil KOMIOHEHTa j B CHCTeMe;
O={1, ...,a,...,n(®)} u I, —mBOMECTBO MHAEKCOB a3 U KOMIOHEH-
TOB B ()ase o COOTBETCTBEHHO. 3/ech MPeAIoIaraeTcs, 4To CTanapT-
Hble COCTOAHNS MHANBHIYAJBHEIX BEIECTE BEIOPAHE B CHMMETPUYHOM

cucteme cpasHeHHsI Xo = Dz, j < ly.

Brawuan B MyHLTHGBCTeIle BOJIHEIN PacTBOP 9JIeKTPOINTA, HEOOD-
XOMMO IPHBECTH TePMOJINHAMAYECKNE CBOHCTRA KOMIIOHEHTOB BOJTHOTO
pacrBopa, TBepALX (a3 M razsoB K eIMHOMY OTCYCTHOMY COCTOSHHIO.
IT0 ¢BA3AHO C TEM, YTO CTARIAPTHHE COCTOAHMA KOMIIOHEHTOB BOJ-
HOTO pacTBOPA BIEKTPOJNTA BHONPAIOTCA B ACHMMETPHYHON CHCTEME
cpasuenns [Hokoros, ITaceunnk, 1970). Dneprua I'mG6ca cneremn ¢
yUacTHeM BOJHOTO PacTBOpPa 3JIeKTPoamTa Tpmobperaer BUJ

G (.’1’.‘) = 2 C;T; - Z.Z'j In xj/Xa - E.ri(ln 55,51 — In a:,-w/Xw),
7 i i
je'l, sel, 1 5%, (2.2)

3neck ¢; = g;/RT + In y; = const, g; — nsobapHo-M30TEPMUIECKMAI
noreanuan (sueprus I'mGOca) oaHOTO MOJIA KOMIIOHEHTA j IPH TeMIle-
parype T K, nasnesnu P Gap u coorsercTBylomem BhGOpe cTaHfapT-
HOTO COCTOAHUA 1A K0oa(pUIHeHTOB aKTHBHOCTH Y; 9TOT0 jKe KOMIIO-
BenTa (y; = const), B — ymmBepcajbuas ra3oBas NOCTOAHHAS, ST —
MHOKECTBO MHJIEKCOB KOMIOHEHTOB BOJHOr0 pactsopa Ge3 pacTBopH-

TeJ — BOJB, HMEIOMET0 (HKCHPOBAHHEIT HHICKC j,,; Xy = 2 T, le

1
€ S Sw="_5%U ju:

@Oynxnma (2.2) sunykaa. JokasaTeaneTBo NPOBEeM PaccMOTpe-
HHUeM CBOMCTB KBajpaTHuHOll (opMbl, NoposaeMoil BTOPEM audde-
pennnanoM ¢ymrmmm G(zr). Marpuna A BrophiX YaCTHHX IPOH3BOMI-
HEIX WMeeT BNl KJIETOYHOH MaTPHILI:

CA, 0
Ay
A= .
0 .An(m)
X xla 1—]—-1 1\ 1
X2, +1 T, 2 X5
o= _4 T, 2 gt
oW X, Xz _1—}—2 .
e el L
L Xa. Xa A Xct.xi A
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2 Dulnid
X +z,x z; X Y st S
¥ "l Jw Jw o2 Jw Jw Wy
r e e 2 2
X,z Xy A X, T
v
2 2 2
x; X +x x: T X ==Y =
Jw w2 Jw = v Jw W Wy
2 z 2 2
XW XH z, s ,-I’w .5,-”
e R R G R S SRR SO 0 e NG e
2 2 2
z; z; VT I . T; A AT
Jw i W zf—; i ST L4 w._'”
2 2 Eos 2 2
X A XoX AT
w w -
w LT wj,

s 2 295 2o J 2
T =X =X =z z -X —-X T Zpe—ko—N X S e
Jw W W da CWW Gy i e DWWy T Jw W

2 = 2 I
X T A KT e
[ i Wy "y Wy

Paccmorpuym raasasie MEHOPHL Af KamIoil U3 KIETOYHBIX MATPHIL
A, ymrmsag, uto z; =0, je Lg, Lg= {jliels ;>0 A
ANXa>0) (2;=0A X, =0)}:

k
2
Xt * o 2 Ty
= k< g1tk
z ; W %
2 (2] 1
& X H T3 A% i=lp_1+1
Ay = =t Ju Ta_1 1% y LFW.
_E o Xy z;
=Sy : g i=lg_141
2 x2 z;
xijwII $
i=8,

Tnasusie mupopst A7 > 0, ecam mopAI0K MEHOPa MEHBIIE pasMep-
HOCTH KJeTKH, PaBHOH KoamuecTBY KommoHeHToB B ¢ase a« (kB <C
< n(ly), ecmn sxe k = n(ly), To Ay = 0. I3 meorpumareabHOCTHE
Ay B CTPYKTYpH MaTpuisl A cjaegyer HeOTPHIATEILHOCTh BCeX ee
raasueix  MuHOpPOB (mepsme n(l;) —1 MHOHOPOB HOJOKWTENBHH,
a Bce mocaenyiomue nyiaessie). Cormacmo kputepuio Cumabsectpa,
KBajgpaTuuHas Qopma, MATPHNell KOTOPOM ABJAAETCH TecCHAaH (YHK-
qua G(z), TonokATEIRHO MOAYOIpefeieHa, CAe0BaTeIbH0, OYHKIII
G(z) BumyKaa.

Yacto KoapPuIHeATEH AKTHBHOCTHE KOMIOHEHTOB MPUXOIUTCA pPac-
CYNTHBATH B INpolecce IOHCKA PAaBHOBECHOTO COCTaBa CHCTEMEL
Ilas pacuera Koo(@UIMEHTOB AKTHBHOCTA KOMIIOHEHTOB BOTHOTO pac-
TBOpa DpeJjaraercs WHCIOJIb30BATE MOAHPHIEPOBAHAY0 (GOPMYyIy
Ileoan — Xioxkeana [Folkman, Shapiro, 1969]:
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lgy; =— + B'I, (2.3)

rie z; — 3apAa KommoHenTa j; A, B — xapaktepHmcTHYeCKHe Iapa-

L]
Metpul [leGan — Xiokkensa; a; — sd@eKTHBHEE MapaMeTpH KOMIIO-
HeHTa j; B' — mapamerp omoproro aaekrposuta H,0 -+ NaCl; J —

moHHaA cmaa, | = 1/2 22?%55,51, j=8%.
- o

Pacuer y; mpomsso west ¢ 3amasfbiBaHNEM HA ONHY WTepaIuio,
T. €. Ha RKayk10H nrepanult Mmanmnsnpyerca pynknma G(z) ¢ y;, Beranc-
JeHHHMH 10 Z; NpeAnaymei urepanmu. CxoguMocTh HTEPATHBHOIO
nponecca Takoro pona moxkasana M. @oaxvanom m H. Illanupo, ecan
dyrrmua G(r) sumykaa, xorfa v; = y;(@) m z; > 0. Moxuo Taxke
ToKa3aTh, YTO TeOPeMhl cHpasejuuBs u B cayuae z; =0, j = Lg

Paccmorpum dpynkumio f(z) = Zx,ln vi(z), ie Sy, rne y; pac-

cunTEBaoTeA 1m0 gopmyne (2.3). I‘:Ialmbm MHHOP BTOPOTO NOpPAAKa
MaTPHIB BTOPHX YACTHHEIX HNPOM3BOAHEIX (GyHEmmm [(z)

Ao 5558 AZ“’( 1 1 ) B
=TT 2 = o = =g ] = v e
G, [4VI{ (14,8 VIP (1+ oBVI) 2
oTpmIaTenen, eciu zi + z: 5= 0, a amaunt Gymkmns f(z) He ABIAETCA
Bunykiaoit. Ho ecam Ganamc Mace BRIDOJHAETCA ¢ NOCTATOYHOH TOU-
HOCTHIO HAa KaskaoMm mare mrepanmu, 1o I =~ const. Torna ¢pysxmma
f(z) mmueiina, n BEmykaocTs G(r) He Hapymaercs.

§ 3. 0 HEKOTOPBIX OIMNBKAX
OU3NKO-XHMHYECKOTO MOJIEJIHPOBAHHA HA 9BM

r

06 ommGouyHoM TOAKOBAHHMH YCIOBHII PABHOBECHS TeTePOTeHHBIX
myabTHcHeTeM Kak yeaosnit Kyma — Taxkepa. Hepapno 10. B. Ilsa-
posmm [1981a, 6, 1982] BricKasan pax coolpaskeHHil OTHOCHTEILHO
yeaoBuii paBHOBecHs MyJbTHcHcTeM Kak ycaosnit Ilyma — Taxkepa.

Haunem ¢ yreepssaenns I0. B. Illsaposa o Tom, 9T0 yeaopna Hy-
na — Takkepa He ABJAAOTCA YCJIOBHAMH PABHOBECHA MYJBLTHCHCTEM,
IOCKOJBKY YacTHHE TIPOH3BOJHBIE TNpuBeieHHOR cBOGOAHOHA BHED-
run I'm66ca mo 3aBUCHMBIM KOMIIOHEHTAM MOPYT IpeTepluesaTh pasphB
Broporo poxa. Ho nmpumenenne teopems Hyna — Taxkepa K Bhimyk-
aJHM QYHKOHAM, a8 HMEHHO Takoll (QyHKiuedl ABAAETCA NOTEHIHAN
Tu66ca mam m3obapHO-M30TEPMUYECKHN TOTEHIHAN MYJIbTHCHCTEMEI,
ne mpebyem ee dughgepernyupyemocmu. Jlocrarouno, 4to G — BHIYK-
JI0, @ OTPAHNYEHHA — OTPAHUYEHHOE MHOTOTPAHHOE MHO;KecTBO (MHO-
TOTPAHHAK) — IpefcTaBjieHs cucTeMoil ypasnenmnit Ganamca Mmace.
- JTOoT NPHHIUNUNAJBHHI BONPOC cHENMaNbHO MOJYePKNBAeTCA B Ha-
mmx nyGamkaunax [Kapmos m np., 1971; Kapnos, 1981]. Tor daxr,
uTo eme He paspaboTansl sdhderTuBHbIC UHCICHHBIE METOIH TpAMOil
MUHIMHBAIAH CBOOOAHOM SHEPrHN ¢ OTPANMINBAIOIMUMA YCIOBHAMH,
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saJlaHHBIME B BHJle YPaBHeHHH Oanamca Macc MYJbTHCHCTEME, He JaeT
Karux-an60 OCHOBAHHI oTBeprarTh ri00abHLI KPHTEPHHA pPaBHOBe-
cmst, onpejexasiemuii yeaosusivmu Kynma — Taxkepa B meamddepen-
nuansuoit fopmyanposke. B To sxe npemsa paGorh B obaacth comep-
IMeHCTBOBAHAS BLYHCJINTENBHHX METOJI0B MHHHMH3anmu Ge3 audde-
PeHnEPOBAHNs NIPOJIBATAIOTCA CTOAD YCHENHO, 9T0 yiKe B HelaJeKoM
fyaymeM OKa;ieTcs BOBMOKHEIM NX IPHMEHeHHe N B 3a/jauax IOHCKa
PaBHOBECHOTO COCTaBA MYJBTHCHCTEM.

Ecan rosopurth o muddepennmansuoil GopMyInpoBke TeopeMmsl
Kyna — Takkepa, ¢ HoMOIbI0 KOTOPOil ObIIN BHIBEJICHE SIBHEE aHa-
JUTAYECKNE BHPayKeHHsA, Je/Kaue B OCHOBE JKCIIYATAIMOHHHX aj-
TOPATMOB H IIPOTrpaMM, TO CJeyeT NOAYePKHYTh NPWHIIHINAILHEIR
XapakTep BBOJAHMOTO OTPAHMYEHHA — CIEIHAJBLHOTO TOIMHOKECTBA
Lg [Kapnos, Kucenes, Jleraukon, 1971, 1976; Kapnos, Huceaes,
Jloporokynen, 1976; Kapuos, 1981]. 9ro orpammuenme paspemaer
npobaemy QGOPMYJIHPOBEN 3a/a4 (U3HKO-XHMHUYECKOTO MOJCJIHPOBA-
mua Ha JBM B Bnjie muddepennmansamx yeaopnit Hyna — Taxkepa,
¥ ero BBeJIeHNE BIOJHe TOHATHO. Horma Teopema Hyma — Takkepa B
muddepennnanbuoi opMe NPHMEHABTCHA K TeTePOreHHEM MYJIbTHCHC-
TeMaM, TO JOJKHBI OBITH TPEYCMOTPEHBl T€ MOMEHTH, KOTOPHIE CBA-
8aHHl C OCJO/RHCHUAMH, BOSHAKAIOMMUMA B aHAINTHICCKNX BHIPasKeHH-
AX u3-3a cnenuduuecknx ocofennocTel PUINKO-XIMIYECKHX MoJesei.

Bo mcex mammx smBomax aunddepenumanpaas gopma yeaosmin
KRyna — Takkepa skectko orpanudena tpeGopanmem Juddepennn-

k pyemoctn ¢ynrnum Jlarpamka o 3aBHCHMBIM KOMIIOHEHTaM Zj, THe
MHJIEKC j TPHHAJIEKAT NoAMHO:KecTBY Lg! JT0o Ta caMasa «Mel10ub»,

<~ OGmaropapsa Kotopoii OHJa OTKPHTA TPAKTHYECKAsA BOBMOKHOCTH CO3Jla-
HHUA HKCHAYaTallMOHHOTO AaJropATMAa M NPOTPAMME MUHHAME3AIAN
saepruu I'mG6ca B myaptucneremax. Bropga nmopmmomectso Lg m rem
CaMHIM He Hapymasi HCTHHHOTO cMEIcaa ruGOCOBCKOHE Teopmu rerepo-
TPEHHOTO PaBHOBECHA, MHl B TO ;K€ BPEeMA HCKII0YaeM BO3MOKHOCTH
TMOABIEHAsI YAaCTHBIX ITPOM3BOJHEIX, PABHBIX MHHYC OeCKOHEYHOCTH
(In 0 = —o0), nuaue rosops, GIOKMpYeM pasPHBH BTOPOro poja
DIAEMEHTADHHX (YHKIHI,

Wnrepecro, uro cam I0. B. IllBapos B mesBuoii opMe nenoanayer
BBeJIeHHOE HaMU OTPaHWuYeHne B cBoeil crathe (cM. opmyay 5 crathm
I0. B. Tllsaposa [19816]). B aroit gopmyne, ecan GHTb H0 KOHIA
TOYHBEIM, ciaefoBano GH yKasaTh, uTo AnQdepeHnnpoBanme IPOR3BO-
amresa no x;, rie j & Lg Bea sroro ¢gopmyna 5 Bechma npubamsm-
TeIbHA.

Teneps rocuemcs wpurepns f,, nenoas3dyemoro B aaroputme «Ce-
aexropy. Ecan crporo y4uTHBATH YKa3aHHEE OTPAHNIEHHA H onpe-
nenenns [Hapmos, 1981], To n3 memono;kuTeabHOCTH f, Kak pas ciae-
[IyeT HemoJO:RHTeNBHOCTE f;, j & Lg. 9To mposepsieTcs aleMeHTap-
HEME BeKJagkami. Ho Bcemy caeayer noGaBuTh, 9To KpHTepwHii

pos.
K pacuery BO3MOKHOrO MHHEPAILHOrO COCTABA
naanersl Benepa. Hepasno Bross Oniaa moxyuena |Xo

21mm JHoporoxyneu, 1. K. Kapnos



np., 1978; IIsapor, 1978] nporHosHas oneHKa MUHEPAILHOTO COCTA-
Ba NOBEPXHOCTH DBeHepnt MerogaMu MaTeMaTHYeCKOTO IpPOrpaMMupo-
panus, BeimojaHeRHas smepssie M. K. Kapmoseim m gp. [1971]. Ceii-
qaC OTMETHM PHAI MOMEHTOB, MMEIOI[IX NPHHIIINAILHOE 3HAYCHHE,
a HAa COMOCTABJEHUHM PE3YIHTATOB OCTAHOBHUMCH TO3iKe.

ITocryniieHne HOBOM MHGOPMAIMK B Pe3yabTaTe HaseMHLIX acTpo-
HOMHYECKIX HaOJIIOMeHHHE 1 ¢ ABTOMATHYECKHX ME;RIIAHETHRIX CTAH-
Ui, HempepsBHOe pacmmpeHme (oHAA TepMOAMHAMUYECKOH HHEPOP-
MaIlHH H ee YTOIHeHHe KaK MeTofaMi TePMOXUMHM, TaK U IyTeM Ma-
TemMaTnueckoil obpaboTrm naHHlfk AKCIEPUMEHTANBHOI IIeTPOJIOTHH,
pasBuTHE METOAOB ONTHMATLHOTO COTJIACOBAHIS W KOPPEKTHPOBKN
TEPMOAMHAMNTIECKIX JaHHBIX — BCE BTO IPMBOANT K HEOOXOIMMOCTH
mepHoNIecKOro ImepecMoTpa cTapheix Mopeneii. CymecrBeHHOe B3Ha-
YeHHe NMEHT HOCTOAHHOE COBEPIIEHCTBOBAHHME CAMHX METONOB (uau-
KO-XHMHYECKOT0 MofeaupoBannsg Ha 9BM MerogaMu MaTeMaTHYecKOTO
NpPOrpaMMHPOBAHNA, UOBbIIeHHE H(PYEKTHBHOCTH W CEPBHCHOCTH all-
FOPUTMHYECKOTO0 W NPOrpaMMHOIO 00ecHedYeHHsd, CO3/IAHNE YHHBEp-
CAJIBHEIX TPAHCIATOPOB, YCOBEPIIEHCTBOBAHNE AJTOPUTMIYECKIIX S35
KOB NPOrpaMMUpPOBAHNA M, HAKOHEL[, MOABJIEHHEe MAImH HOBOTO II0-
KOJeHNA ¢ GOJLIION eMKOCTBI0 ONEePATHBHOM MaMATH, ¢ BHICOKHM Ka-
9eCTBOM N KOMIUIEKTHOCTHIO NepPH(epHitHEIX YCTPOHCTB M GLICTPO/eH-
CTBHEM, HA MNOPSAKH NPEBHINAIONEM CKOPOCTh BhrumcaeHnin 9BM
CTapOro TOKOJIEHNA.

[Ipnznapas HeoGXOAMMOCTh MEPHOANYECKOI PEBH3NN CTAPHIX MO-
[elneil, MEI BHHY;KIEHE BHICKA3aTh CePLe3HLEe 3aMEYaHHS 1 BO3Pake-
HUfA, TpUYeM HEKOTOPHE BO3PAKeHUS MMEHT NPUHIMIHAIbHLI Xa-
pakrep. Peusr maer of HCKI0OYINTETHLHO AKTYaJbHOH npodieMe Kop-
PeKTHOTO 1 (P PeRTUBHOrO MPUMEHEHIST MATEMATIHIeCKOT0 IPOTPAMMHI-~
pPOBAHHA K MIMPOKOMY KPYTy (HU3HKO-XUMHYECKHX 3ajad IeoXHMHM,
KoTopnie mocie pabor reoxmMukos lIpryrckKoro HaydHOTO IEHTpA
CO AH CCCP maummamot moiydath Bce 0oJpmee M GOJbIee pacipo-
CTPAHEHHE B TeOXHMHHM M MeTPOJOTHH, B TOM YHCJE U B IPUKIATHBIX
patorax. Hamun samevanns m BO3paskeHUA CBOAATCA K CIENYIONEMY.

1. Haunem ¢ yreepsaenus WM. JI. X0JaKOBCKOro W €ro coaBTopoB
[1978] o Tom, uTo peaymbTaTH MEpPBOil MPOTHO3HOI ONEHKH (YPOBEHD
0 kM) ofeciieHeHsr M3-3a BABLINIEHIST COMEP/RAHHUA KHCIOPOJAA B aT-
mocepe Bermepsr (0,1%). B mepsoii nporHo3HO# MOIeIN aBTOPHL HC-
XOMUJIN M3 TeX ONeHOK CONep/KaHMg KHCAOpORa M APYTHX Ta3on
(CO,, N,, HyO), rotopsre Osrim masectanl K oMy spemenn |Hapmoe,
Rucenes, Jlernuros, 1971, 1976]. Tam ke npuBogHTCS COOTBETCTBYIO-
Imaf CCHUIKA HA MePBOMCTOYHUK. [[pefBapnTeIBHELIE pacueT MeTomxoM
MUHAMH3AMUI cBOOONHON JHEPrHH TOMOTeHHOH rasoBoil (assr moKa-
san [Hapuoos, Kucener, Jleraukos, 1976, Tata. 13, c. 220, aro rKom-
OOHeHTHEIH cOcTaB rasoe arMoceps: BeHepsl TepMOAMHAMHYECKH XO-
pomo corjacyercd ¢ MCXOMHBIMH BeJINYHHAMI IEePBOMCTOYHHKA.
Ilorarro, uro stm uudps: u mudper M. JI. XogakoBeckoro i coaBTOpOB
HeJIL3A paccMaTpPHBAThL KaK OKOH4aTe/AbHRe. B pampHeiimeM oHo
Oynyr yrounarbes. Vexoanse mpemockiKk nepBoil MOJeTH  BIOJHE
COOTBETCTBOBAJM TOMY YPOBHIO 3HaHmIL 0 cocrase arMocdepst Benepsr,
KOTOpHE Omn pgoctmraytr K 1971 r.
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2. Temeps oOpaTUMcA K BOOPOCY O HEONPEACICHHOCTH BXOMHEX
TePMOAMHAMHIECKAX JanHEX. flcHo, 9T0 O CpaBHeHHI0 ¢ BXOJHBIME
JMaHHBEIMI [IePBOHAYaJbHOTO pacyeTa MHHEPAJILHOT0 COCTABA IOYBEL
maanerst Benmepa [Rapnos u ap., 1971] B nacrosmee spems mvewres
moenie 0oJee HajleskHLIE JIJAHHBIE [0 TePMOJNHAMMYECKUM CBOHCTBAM
MIHEPAJO0B, BOIPOCAM MOJTYIeHHA KOTOPHIX NOCBAMEHH IJIaBk 2 m 3,

. JI. XofgakoBcKNmii ¢ coaBTOPaMH IPOBOAAT CBOM PACUYETH ¢ HC-
TOH30BAHNEM «...COTJNACOBAHHKLIX TEPMOIHHAMNUYECKUX CBOMCTB MH-
HepaJoB, NMOJYICHHHX B Pe3yJabTaTe aHAIN3a CYMECTBYIONMX B Ha-
CTOAMEe BPeMsA JaHHEIX N0 TePMOXUMHH W PaBHOBECHSM peakuii pas-
noskenuA, roaparamun o KapGomarmsamummy [Xomakosckwit m ap.,
1978, c. 1822 ], Ho mx npomncxos;kaenne HeN3BeCTHO, a AeHCTBATeIEHAS
ToYHOCTH TepmoamHamMuvecknx ganumx . JI. Xomakosckoro m coas-
TOPOB ABHO TPeyBeInTeHa, 9T0 ¢ MAKCHMAJbHOU HATJIAJIHOCTHIO IPO-
JIEMOHCTPHPOBAHO B IIaBe 3. S1ech ke 0c060 OTMETHM TepMOJHHAMH-
YecKHue CROMCTBA raaykofana — MUHepaaa BHICOKHX JaBJeHuii, cucre-
MaTHYeCKH BHIIAJAIOMEro mOYTH BO Beex pemennsx moneau M. JI. Xo-
JlakoBCKOTO 1 coastopoB. B Hemasno onydamkosannoit paGote [JIm-
xoiinoB 1 ap., 1982 ], nocsamennoii onpeneaennio TepMOARHAMATCCKAX

csoiicts raaykodara, M. JI. Xopakosckmii paswacuser, uro AG)p
raaykodaHs, HCIOAb3yeMOe B paciere MUHEPAJILHOTO COCTABA MOBEPX-
poctu Benepwt |Xomakosckuit m ap., 19781, Ommo B3aro us padornr
|Kapmos u yp., 19711, u ronsko noatomy B P, T-ycnosnsx nosepxuo-
ctin Benepnr ycroitungoii (asoii apasercs raaykodan. Ho sro yreepsk-
jgenue omubouno camo mo cefe, HE3ABUCHMO OT JAPYruxX OmuGOTIHEIX
BAKIIOYEHNH, W MOJKET BBECTH B 3a0Jy;KkIeHIe TUTATEN S, He B3ABIICTO
Ha cebsa Tpynd ero mposepnth (cM, Tadua. 1).

Bo-nepenx, cornacno [Kapmos u ap., 1971, rada. 3] AG) 4 =
= —10409.3 wJl;x/monb, a ¢ yduerom mompaskm [Hapmos m pmp.,
1971, c. 141] AGY? 47y = —10325.6 x]l;x/moab, Torna xak H. JI. Xo-
naxoBckmii ¢ coasropamu [1978, rabu. 3] wmcmoabsyior Beamumny
AGY g70 = — 10370,8 xJ[:/Mo0m5.

Bo-Bropnix, B patGore [Hapmos n ap., 1971, ¢. 141] npavo ykasa-
HO, 9TO B pacuierax MHHEPAJbHEIX PaBHOBECHIl HEIb3A HCHOJL30BATH
TepMOIMHAMNYECKNe CBOiicTBa rmaykodana na taba. 3 m ormedaeres,
aro g% raaykodana us raéa. 3 sammxeno npnmepno Ha 20 KKaa/MOIb.
TaMm ke 10 ABOMCTBEHHOMY DEmIeHHIO OJHOI 13 MOjelell Munepanoos-
pasoBaHus clelraHa oneHka g, raaykodama mpu 200°C n 8 wbap
(—11146 — —11150 w][#/Moan), KoTopas mnOATBEPANJACH COBpe-
MeHHBIMH pexomenjanusyu, Tak, no gauamym I'. I'. Jluxoiinosa u np.
[1982] maxomum suauenme gp (200°C, 8 rbap) —11141 x/[m/mous,
mo mHammym gaHHev (taba. 2) —11141.6  x]lac/mMoas. Beaukoaxennas
cxomuMocTh ¢ onenkoit 1971 r.!

3. Hak n B mepsoii mporHo3noii omenke [Hapmos m np., 1971],
Bee daawmt Mmyabtncneremst y M. JI. Xomakosckoro m ap. [1978] —
opHokomuoHenTHbre gaser. [lonobnoe ynpomenne, onpapjanioe B Ka-
xoii-ro mepe B mofenn 1971 r., yike He cooTseTcTBYeT COBPEMEHHOMY
YPOBHIO aJrOPATMHICCKOT0 M HPOrpaMMmHOro obecmeueHns samad
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(UBHKO-XMMAYECKOTO MOJENNPOBAHNA, DEIIACMHX MeTOJaMH MaTte-
MATHYECKOT0 NpPOrpaMMHPOBAHNA.

Hennaa cornacutses ¢ TeM, 970 Boefenne gas-pacTBopos He BHECIO
OBr 3aMETHOrO YTOYHEHHSA PCINCHHIT, JlajKe ecJan NPUHATL MOJeIH ujie-
anpHoro cmemenus. Bejmuuna 5Toi mMONpaBKM BHOJHE CONOCTABHMA
¢ TOTPeIIHOCTAME OTAeAbHBIX (ad myabrucucremir. o geno me T0/1B-
Ko B norpemuoctax. I'pamarsr, ampuGoas, OHPOKCEHEI. OJIUBHHEL,
MOJIeBLIe IMIATH, CAIOAK W HSOHJOTHL — HTO, KaK yOeAHTeIbHO J0Kasa-
HO MHOTIOYHCTEHHBIMH HETPOJOTMYECKUMH HCCAEI0BAHHAMI, HE OJHO-
KommoneHTHEe (aasl, a ¢ass — TBeparie pactBopsel. EcTectsenno,
970 (HKCHPOBAHHAA CTEXHOMPTPHA OJHOKOMIOHEHTHHIX (pas HMCRazkaer
MCTHHHOE COOTHOIIGHHEe MHHEPAJoB B pPABHOBECHHIX ITapareHesucax,
ofmee 9YHCI0 KOTOPHIX 3KECTKO OrpaHHdeHo ypasHeHHeM OadaHca
Mace — THCI0 OJHOKOMIOHEHTHHX (a3 pPaBHO YHCIY MHEPTHRIX KOM-
HOHEHTOB. JTO CePLe3HEIl HEJOCTATOK JWHEHHEIX Mojeneif, mpmia-
raeMbiX K CJO;{HBIM OPHPOAHLEIM MUHEpPaAbHEM MyabTHcucTeMaMm. Mo-
Hen MYJIBTHCHCTEM ¢ (pazaMu-pacTBOpPaMu Jydme aJauTHpyioTcd K
ypaBHeHH0 0ajaHca Macc M NOBBOJAKT IOJyYaTh B PEIICHHH 3HA-
YHTENBHO GOo/blmee YACJ0 MUHAJOB, HAMHOTO IpEBHINIAIONIEe THCI0
HE3aBUCHMBEIX MHEPTHRIX KOMIOHEHTOB MYJBTICHCTEMBI, YTO O3HAYAeT
AYIMIYI0 ANEKBATHOCTH (PHBMKO-XMMHYECKO MOJEIH OTHOCHTEIBHO
OPHPOJHBIX MUHEPATLHHIX DapareHesucos.

4. C MeTonoormyecKoil TOYKHM 3PEHHA HCKIKNYNTEIBHO BazkeH
BONPOC, CBA3AHHLIA ¢ HEONPEeJeJEHHOCTHI0 HCXO/HBIX TEPMOIHHAMH-
9ecKNX JaHHBIX. B HacTOgiee BpPeMs MOKHO IPUHATH IHOJOKEHHE,
4YTO B HEKOTOPHIX 3afadax (JU3HKO-XHMHYECKOTO MOJEJHPOBAHUA HA
9BM npuHOMONATEHO HEIB3S HOJYIHTH CTPOTO OUPEIeIeHHoro pe-
mennsa. B Toit man mHoil creneHn MCXOgHAA TePMOTHHAMITYCCKAA MH-
dopmanua Beerga Gyaer NMETh HEYCTPAHMMYIO 0 KOHI[A IOTPEITHOCTE.
Onmako, kak Ger10 mokaszano B 1971 r. [Kapoos u xp., 1971 ], npnme-
HeHue MarteMaTHdeckoro mporpamyuposanns u IBM oTkprisaer Ho-
BEIe, HEJOCTYIHLIE APYTUM MeToaaMm, Boamo;rHOCTH Oomee o(erTHB-
HOTO MCIOJb30BAHIS TEPMOAMHAMHYECKHX JAHHEIX ¢ OOLEKTHBHO CYy-
MECTBYOIMMIA WHTepBaJaMu HX Heonpejexennocrn. Hemommas me-
TEPMHHAPOBAHHOCTH TEPMOJMHAMHUYECKHX XAPAKTEPHCTHK WHINBIH-
OyaJbHLIX BEM[ECTB 00BLeKTHBHO HE MO3BOJSET IMOJYIATH OAHO3HATHO-
ro onTuMaabHOro pemennsa. Ho saro Bmonme peansno mogayuenme B
0co60 OTBETCTBEHHHIX 3ajavax ¢ 0OJBLMON HEONPE/IeJeHHOCTHIO Tep-
MOIMHAMHYECKUX J[IaHHBIX HAOeHHOU OYeHKW cmeneni 6AUAHUL He-
onpedeaennocmu 6x00HOl UHGOPMAYUL Ha HeORPedeAeHHOCMb UCKOMOLL.
JT0 — 10 CHX HOP B A0JRHOM Mepe HeOCO3HAHHAS H IPe3BLYaiiHo Basi-
Haf KAaYecTBeHHO HOBAfg OCOOEHHOCTHh H3YUYeHUA (PUBHKO-XHMHOYECKUX
moneneit ma JBM meTomamMm MaTeMaTHYeCKOro NPOTpaMMUPOBAHHST B
YCIOBHAX HEMOJHOTH W HEOmpefeJeHHOCTH MCXOIHEIX TePMOIHHAMMI-
YeCKHX JaHHGIX, 0CO0eHHOCTH, MOBBOJAIOMIAA [@IATh BHIBOALL O
camoli cmenenu GOCIOBEPHOCMUL PEeWeHUll 6 PAMKAT NPUHAMBE 02pa-
Huvenuti. 11pn BEIBOJle MCHOMBBYIOTCH CTATUCTHYECKHI aHAIN3 CTPYR-
TYPhl 30HLI HEONPeJeJeHHOCTH pemieHuii n HedopManabHie coobpame-
HHA COeHAJHCTA-TeOXHMHKA W merposora. Mceaenopanme 30HLI He-
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OnpeJIeJIieHHOCTH PeleHnii N03BOJAET CKOPPEKTHPOBATH HOCTAHOBKY
MOJeJ, BHECTH B Hee YTOYHEHHS W MCHPABICHHA, T. e. yAydlmeHne
MOJIeJIM TIPOM3BOJUTCA B IHAJIOTOBOM pe:KuMe «reoxnymur — JBMb».

Ecan 30Ha HeonpefeleHHOCTA ¥ CTPYKTYPA PeUICHHIT JOCTATOYHO
fAeTepMIHIPOBANEI, HecMOTPA Ha Goabmmoil pasdpoc BXOJHEIX TepMo-
AHAAMITECKIX XapakTePHCTHK MHUHEPANOB, TeOXHMIYECKIe BHIBOJIEL
u cjaegcTRiA N3 QUANKO-XHIMHIYECKOH MOZeam MOryT OBITE CHeJaHbl ¢
GoabImoil crenensio HajekuocTHE. B mpoTHBHOM cayYae HHTepHmpera-
nuA petrennii Mosker ObITH cJlelaHa TOABKO ¢ TOif cremennio ofocHO-
BAHHOCTI, ROTOPas 00BEKTHBHO BEITEKAET N3 YPOBHS HEOMpPEIeTeHno-
¢TH pemeHmii sagaun (PE3HKO-XHMAYECKOr0 MoAexruposBammsa Ha JBM.

CymecTBOBaHNE HCYCTPAHNMOM B0HLI HEOIpeIeJeHHOCTH peine i
03HATALT, TITO BMECTO €[MHCTBEHHOTO PEmeHHA ME HOJYdaeM Meayio
COBOKYIHOCTh ONTHMAJILHEIX pemennii. [TpmHnum HeompeneseHHOCTH
VTOUHACT HA3HAYEHUE U Yeau NOCMPOCHUA U U3YYEHUR Buauko-Tumu-
yeckux modeaeli wa IBM memodamu MmameMamuuecrozo npozpamMupo-
sanun. B sagagax ¢ Goapmioil HeONpPeNeaeHHOCTRIO PemeHuil (HuanKo-
xummieckoe moneanpopanne na JBM mpuxonutes pacemMaTpmBaThe He
TOJBKO KaK CPeNCTBO NMPUHATAA OKOHYATEIBLHLIX BHBONOB, @ K4k Cno-
€00 6BLABAEHUS U USYHEHUSL BOIMONCHBLL 6APUAHIMOE NOAYUEHHBLT peuie-
nuii. Coscem He o0m3aTelbHO, 9T0 OOJBIINE MOTPEMIHOCTH BXOHBIX
TEPMOJMHAMHYECKNX JJAHHBIX TPHBOIAT W K GOJBIION HEoupefeaeHHO-
cti pemennit,. OQHAKO 9TO 3aKII0YCHHE MOKHO CHEIATH TOABKO IOC]e
nposefenns Ha OBM cuemmanbHOTO AHATH3A. 0 KOTOPOM MBI CKaryKeM
HIGKE,

Heycrparnymas M0 KOHMA NOrpemHoOCTh: TePMOIMHAMHYECKHX [IaH-
HBIX HHCKOJIBKO HE YMAJMAeT IPOMajHOr0 BHAYEHHA W poju Pusnko-
XUMHIeCKOT0 MonenupoBaHusa Ha JBM Meromamm maremMaTHuecKOro
gporpamMMmpoBaHus. IHampoTtne, O0HO ORKaskBAGTCS HE3aAMEHIMEIM
HHCTPYMEHTOM OOBEKTHBHOM IIPOBEPKH HAGHKHOCTH M TOCTOBEPHOCTH
HAIINX TEOXMMUYECKIX BBIBOJIOB M BAKJIIOUCHUI B YCIOBHAX HEIOJHO-
TH M HEOUPEAeJeHHOCTH TePMOJAMHAMUYECKNX JAHHBIX, CYIECTBYIOMIX
B HACTOANIEE BPEMA.

XapakTepHoit ocoGeHHOCTBI0 3a1aY (UBHKO-XHMUYECKOTO MOJe-
auposanua Ha JBM sBasercs sakoHOMepHOE YMeHLIIEHHE BJIHAHNHA
OTHOCHTEIBHEX TOTPEIIHOCTeH BXOAHEIX AAHHHX HA CTPYKTYpPY OII-
THMAJBHBIX PEeMIeHnil IpH YBEeJHYCHUH pPA3MEPHOCTH MOJIeJIH 1 ee
CHOKHOCTH. ITO HMIIMUPUIECKOE CBOMCTBO MHTYUTHBHO BEITEKAEGT M3
neficTBAA 3aKkoHa OoJabpmEX gncesa. Doibmue m caoiHBE MOIENH OKa-
3nBaTCA GoJiee YCTOMYMBEIME M MEHBIIE PEATHPYIOT HA T BO3MYMIe-
HAs U3BHE, KOTOPHIE CBABAHEI ¢ BAPBHPOBAHUEM TEPMOAMHAMHIECKAX
JAHHBIX B [IManazoHe MX NOTEHIHAJLHO BO3MOKHBIX 3HAYCHHIL.

Ilponenypa BeiABIeHES BO3AEHCTBUA HEONPEAENEHHOCTH BXOTHBIX

_ HAHHBIX HA HCKOMBIE HNPOM3BOJUTCA OyTeM CTATHCTHYECKOro MJIH paB-

HOMEDHOI'0 30HIUPOBAHHA TEPMOAMHAMHYECKHX XapaKTePHCTHK, 3a-
JaHHBIX He B BHe TOYHLIX BEJHYHH, & B BUJIE HHTEPBAIOB HX BO3MOK-
HEIX morpemrnocteif. [IpencrasuTenbHoe Yme/o MCOBITAHWI B Kasmoi
KOHKDeTHOH Mojenn ompejensercsa smmupnueckm. Ymcao peannsa-
OUil NPHHEAMAETCH TAKHM, KOIJla AajpHeilmee NX yBeJNUYeHHE ViKe He
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H3MeHAET CTPYKRTYPY ONTHMAJBHEIX pemennii. CTpaTerns 30HAMpPOBAa-
HUA 3aBHCHT OT KA4eCTBA M HAJE/RHOCTH TOH TePMOAMHAMHYECKON MH-
dopmanun, KOTOPOil Ml PACIIOJATAEM, BO3MOMKHOCTH XOTA Obl npuOin-
BUTEJIBHO CHEJATH BEBOJ 0 3aKOHE pacupefesieHnst omuboK HIeMeHTOB
BXOJIHEIX JIAHHBIX H HMX KoppeaumposauHocTH. CaMoil 0CTODOIKHOI M B
TO jRe BPEMA MaTeMaTHYecKn Ham(oJee KOPPEKTHOH, & B BHAHCIHM-
TeJLHOM OTHOIIEHHH YPe3BRYAH0 DKOHOMHOM, CTpaTermei, Korjga ma-
BECTHHI TOJBHKO AAANA30HLI BO3MOKHOM HEONPEJeIeHHOCTH TepMOIH-
HAMAYECKNX JaHHBIX M Ka:kJILI DJIeMEeHT BXOJAHOH mudopmammn ¢uam-
KO-XHMHYECKOH MOJEIN DACCMATPHBAGTCH KAK HesaBucHMasa CIydaii-
Hag Bexnuuna, Gymer papHoMepHOe BOHIAMpPOBAHWE II0 AJTOPHUTMY
B. 1. Bexosa u gp. [1973]. B s1oit cTpaternn Mo:kHO yuecTh M KOp-
PeasIHOHHBIe CBA3W DIEMEHTOB BXOAHOH wHOpManum.

. JI. Xonakosckuit ¢ coapropamn [1978], mosropus mocranoeky
NepBoil MOJIENH B YHPONMIEHHOM BHJE, He CAEJaJn ¢aMOro TJIaBHOTO,
urto Gemo peannsosaHo B 1971 r.,— He mccaeoBaam BIANFHUE HEOIpe-
JieIeHHOCTH TePMOJANHAMUYECKNX JIAHHKIX HA HeonpefleJIeHHOCTh IIO-
Jy9aeMbIX Pe3yIbTATOB, COBEPINEHHO 00s3aTeILHOE B TAKON OTBETCT-
BeHHOH 3ajfave, KaK MOJETHPOBAHNE MHHEDAILHOTO COCTABA IOBEpX-
HoctH Bemeprl. 9T0 NpEHNUNMANBLHBIA HEJIOCTATOK, SBISIIIANCA B
METO/INYeCKOM OTHONIEHWH HIaTOM Ha3aJ Ja;ke M0 CPaBHeHWIO ¢ IIPOT-
HO3HOII o1ienKoii B nepsoii mogesan [Kapros u np., 1971]. Tpu pemenns
¢ HIJKHeHl m BepxXHeil rpaHUNAMH H CPEeJHAMH 3HAUYeHHAMH BXOJHBIX

© TePMOAMHAMUYECKNX JaHHBIX, KoTopeiMu orpammumimes M. JI. Xo-

MAKOBCKMH T COABTOPHI, HE JAI0T TPEJCTABICHNA O JCHCTBHTENLHOM
CTPYKTYPe HeonpefeJeHHOCTH PpelieHuil, CBA3AHHON ¢ HeompeJeseH-
HOCTBIO TepMOAMHAMHYeCKHX Haunuix. HauGoaee BeposarTHOE pemenne
Morao Owr ObITh coBceM uHEM. Hampmwmep, npm 150 menstravv X 1O
paBHOMEPHOMY 3aKOHY CTPYKTypa pemeHmii Brmiouazna 11 pasnma-
HHIX TIApPaTeHe3ncoB, TPH U3 KOTOPHIX IO BEPOATHOCTH COMOCTABUMEL
apyr ¢ apyrom |Hapmos, Kucemes, Jleraukos, 1971, 1976].

Bpars Jusa umaydeHUsr CTPYKTYDHI DEHICHIs BepXHHE U HIKHAE
TPaHNIE! MHHEDAJIOB MYJLTHCHCTEMEl HE IPABOMEPHO. IOCKOJIBKY HTO
aBTOMATHYECKH JONYCKAaeT NPUHATHE OMHUGOTHOrO IPefNoI0sKeHHA O

noHoit Koppeanposannoctn Beex AG) . Bepxmss w mmmHss rpa-
HIIBI ONMPEeasioT TOJABKO MaKCHMAaAbHOe M MUHAMAJILUOE 3HAYCHHSA
MHHEMH3HPYeMOro TepMmonunHavmueckoro mortenmmuana [HKapmos, Kau-
cexnes, /lopororxynerm, 1976, ¢. 33], Ho He maoT oTBETA HA BOIPOC O

TOM, Kak 3aBUCHT 00;acTh pemeHHsi 0T BapmHanmii sHavemmii AG) p
B JnanasoHe NPHHATHX OTPaHMYeHMNI.

Haimn 3aMevanns MO/KHO OMEANBATEH KaK KOHCTPYKTHBHEIC TIOJOKe-
HHA B JaJbHeiimeii paGore no NporHo3Hoil onenKe MUHEPAILHOTO COC-
TaBa mopepxHoctu Benepst. A taxue onenku nosropswores [Xomakos-
cknit u nap., 1979] m Gyayr nepmoguueckn mosTopAThes. IlosTomy
pe3ylnbTaThl M3yUeHHs (UIHKO-XHMAYECKOH MOJEIH MUHEePATbHOTO
cocrapa nousnl Benepwr [Kapmos, Kucexes, Jlernmkos, 1971, 1976;
Xopakosckuit u ap., 1978] caenyer paccmaTpupath Kak NPeAIOCEIIRY
BHJIBUKEHNA THOOTesH, Tpebylomeii obasare]bHON NONOTHATEILHOK
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TWPOBEPKH ¢ YYETOM TeX JIOCTHKeHMI B 001acTH (H3HKO-XNMHYECKOTO
MOJICJINPOBAHMS IIPOIECCOB NPUPOJHOTO MiHEpanoobpasopanusm, KO-
T0pO€ MOCTHTHYTO HA CETONHAIHMIIL [eHb.

5. CoenmajbHO KOCHEMCS BONPOCA NPOTPAMMHOIO o0ecIeveHnsd,
HCHOAB3YeMOT0 B (PUBHKO-XHMHYECKOH MOJRJN MHHEPAJLHOTO COCTAa-
pa nousst Benepur [[lsapos, 1978]. dddertnsHoCTL agropurMmiecko-
ro ¥ IPOrpaMMHOro olecueueHnsg — mpodiemMa CJI0;RHAS H CHermHasb-
Hag, Tpedyoman THATeaALHON HKCOEPUMEHTANLHON MPOBEPKN Ha aTa-
JIOHHBIX TecTax B CONOCTABHMBLIX yeaopuax. Jlexo B ToM, uto M0G0l
AJITOPUTM PEnieHHA 3aa9il XUMAIECKOTO PABHOBECHSA B MYJbTHCHCTE-
MaX, OycTh [ake ¢ HEeTOKA3aHHOI TeOPeTHYecKOil CXOAHMOCTHIO, HO
B OKCINIyaTAIII ORasaBIuiicd sOOEKTHBHEIM U HAJL/KHBIM, T0JGEH
TaR WM MHA4Ye ONHMPATHCH HA HEOOXOMHMMEBIE H AOCTATOYHKIE YCIOBHST
pasHOBecHs B MyJabTHcucTeMax — ycaosna Hyna — Tawxkepa [Hap-
nos, Hucenen, Jlermmkon, 1971, 1976; Kapnos, Kucexes, [oporo-
kyner, 1976; Haponos, 1981]. Mx BbomosaneHune jaer elMHCTBeHHBI
KpHUTEepHil CY:KIeHUA O pelenun,

PaccmarpuBas BOonpoc 0 pacuere paBHOBECHS B OTKPHITRIX, IIO
I. C. Rop:xmHCKOMY, MyJbTHCHCTEMAX METOJAMI MATeMATHIECKOTO
NPOrpaMMHPOBAHNA, IPIYEM I TACTHOTO CIYUas JIHHEHHRIX MOJIeIei,
10. B. llIsapos [1978] mouemy-10o ymamdusaer o paHee BhIBEIEHHOIl B
ABHOM aHAJIUTHYECKOM BHJ@ IOCTAHOBKEe 3amadil MHUHOMHBAINK I10-
reHnuana HOp/RHHCKOr0 NPUMEHATeNLHO K 3aauaM (M3nKO-X1uMIIec-
KOT0 MOJEJUPOBAHUA KaK 3aJa4daM BBHIOYKJIOTO HPOTPaMMHPOBAHHA
|Kapnos, 1972; Kapnos., Kucenes, Jlernukos, 1971; Kapnos, Huce-
aes, Jloporokynen, 1976; Kammk, HKapnos, 1978]. Ecan npousso-
muTest pacter B OTKpHITHX, 1m0 J[. C. Kop:ruHcKOMY, MyIhTHCHCTEMAX
9acTHOTO THIA «COOCTBEHHO OTKPHITAA MYJLTHCHCTEMAa — OKPYiRa-
muii ee pesepeyap HEH3MEHHOTO COCTABAY M ¢ HEH3MEHHHIME XHMITYe-
CKHMH MOTEHIMAJAMI HE3aBHCHMBIX M 3aBHCHMBEIX KOMIOHEHTOB, TO
BO3MOKHBI JiBa crocoba pemenng. Mim MEHUMN3HDYETCH HOTEHIMAT
G(x), BRIOYAOMUIE COOCTBEHHO OTKPHITYH) MYJIBTHCHCTEMY H TAaKOil
Gosbmoii o6seM pesepsyapa, 4ToGB B KOHEYHOM PEHIEHHH OH OCTA-
BaJICA NPAKTHIECKH HEM3MEHHLIM [0 COCTABY M SHAYCHHAM XMMHTe-
CKUX TOTEHI[HAI0B KOMOOHeHTOB. Mam MHHIMHBHDYETCH MOTeHIHast
Hopsguucroro K(z) ¢ 06sa3aTeIbHLIM BRIIEICHIOM HHEPTHHIX I BIIOJHE
MOJBIGKHBIX KOMIOHEHTOB:

z = arg{min K(@z)ee M1} p = K(z), (3.1)

rae K(z) — norernuan KopskuHCKOTO, mosydaemulii mytem npeoGpa-
sopannss moteHmmana I'mboca G(z): K(z) = [v) — (u2'42)]z =

= v’z — (u2’A2)z. B nocaepuem Brrpazkenmn m gopmyre (3.1):
U — m-MEDHHIH BEKTOpP, HJIEMEHT KOTOPOTO v; ABIACTCA XHMHIECKHM
HOTEHIMAJIOM 3aBHCHMOTO KOMIOHEHTA j B OTKPHITOH MYJABTHCHCTEME;
Z—m-MepPHBIl BeKTOP, BJIEMEHT KOTOPOro x; 0603Ha4aeT MHca0 MOJed
3aBUCHMOTO KOMIOHEHTA j B OTKPLITOM MYJIbTHCHCTEME; 12— Ny-MePHAI
BEKTOp, siaeMeHT KoToporo (u2); ofo3Havaer XHMHUYECKHil IOTeHI{HAJ
BIIOJIHE TOJIBHKHOTO KOMIOHEHTa i; A2— marpuna n,Xm ¢ diIeMeH-
TaMH @;;, TOKA3KBAOMAMI YHCIO MOJIeH BIOJHE NOJBHAKHOTO KOMIO-
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HEHTA | B 3ABMCAMOM KOMIOHEHTE j OTKPHITON MyiabTHCHCTeME: M1 =
= {z/lre= E™, Al z = b1, 2 >0}, rne E™ — m-mepHO® IBRINTOBO
npocTpancTso, bl —n,-MepHLi BEKTOP HCXOIHOTO XHMAIECKOTO COCTA-
BA OTKPHITON MYyABTHCHCTEME, aleMenT kotoporo bl; oGosmataer umc-
J10 MoJIeft HHePTHOTO He3aBHCHMOT0 KOMIIOHEHTA | B OTKPHITOH MYJbTH-
cncreme; A1 — marpmia nyXm ¢ dN1eMEHTAMA @;;, TOKABKBAIIMMA
YHCEA0 MOJelt WHePTHOTO He3aBHCAMOTO KOMIIOHEHTa i B 3aBHCHMOM
KOMIIOHEHTe j OTKPHTOH Myabtncenmcremu. Ouesmpno, wto G(zr) = v'z.

@opuyaa (3.1) nas 9acTHOrO caydas OTKPHTHX MYJbTHCHCTEM
«co0CTBEHHO OTKPHITAA M}’JII:TH!lCTeMa — OKPY:RAIOMAil pesepsyap
HEN3MEHHOTO COCTABAY» ¢ @KECTRUM» TpPeBOBAHMEM pPABEHCTBA XHMH-
YECKNX NOTEHIHAN0B OTKDPHITOI MYJLTHCHCTEME ¢ OKPY/KAIOIUM pe-
aepByapoM (AnA JeHCTBUTENBHEIX KOMIOHENTOB) OHJa BHBeleHa
NPAMEHATEIBHO K 3a7ataM U3HKO-XUMAUECKOTO MOJIETHPOBAHES KaK
K 3amauaM BEmyKJoro mporpammuposanus [Kapmos m nmp., 1971].
Jarem Obuia BeiBejiena OpMyTa pemeHHs 3a7auy mepepacnpe/eeHus
BemecTsa B CTAMMOHADHOH COBOKYIHOCTH OTKPHITLHIX MYJbTHCHCTEM,
COM3MEPHMEBIX Me;KIY co6oil o pasmepy, T. e. KOrjla Bce MyJbTHCACTE-
MAI ¢DABHOTIPABHED U B HX COBOKYIHOCTH HENb3s BHJIEIHTH Pe3epByap
nenamennoro cocrasa [Hapmos, Hucexes, Jlopororymern, 1976].

ITepepacumpenenenye BemecTsa NPOHCXOAAT B Npefielax Beei
COBOKYNHOCTH WJIH €€ OTJAeJbHBIX dacrteii, m coOuwJeRne paBeHCTBA
HOTEHIHATIOB B CMEH{HEIX MYJbTHCHCTeMaX yiae HeobmsarensHo. Ha-
KOHeI[, MCXOAs W3 o0mell MoJenn CTanHOHAPHON COBOKYIHOCTH
MYJIbTHCHCTEM, CEJ1aH CTPOTHil MaTeMATHYeCKWil BHBOJ (OPMYIIE
(3.1) ¢ menoab3oBaHMeM ammaparta JBOMCTBEHHOCTH BRIIYKJIOTO IIPO-
rpavvuposanna [Hanmk, Hapnos, 1978]. Tam ke paccmaTpusaercs
BOIPOC O TNPENOYTATENLHOCTH MUHAMA3annn notennmana K(zr) B
3aBUCHMOCTH OT KOHKPEeTHHIX oco0eHHOcTeil 3amad (H3UKO-XHMUYE-
CKOTO MOJeIHPOBAHUA.

B cratse 10. B. Illsaposa [1978] ommcnmaercs mponexypa mpe-
o6pasosanns, KOTOpas, 10 €ro CJ0BaM, JIaeT BO3MOKHOCTh MUHUME-
sanueil noteniuana G(r) HOAYINTH TO jKe PENIeHHe, WTO U MHHHEMHBA-
nneii morerimana K(x). Ilpeskae scero npeobpazosanne orpanuIenAN
B BHJle CHCTEMHI ypaBHeHHI fajamnca Macc, KOTOpPOe OH BETOJHAET CO
ceruikoit Ha [3yxosunkmii, Asaeesa, 1967 ], nensbemxHo npusogur K
dopmyne (3.1). CaepoparesbHO, HaJ0 MUHAMHU3HPOBATH HMOTEHI[HA
G(z) ¢ Brmoanenmem rtex TpeGoBaHmii, 0 KOTOPLIX TOBOPHJIOCH BEIIE,
WIH MHHIMH3UDOBaTh ero npeolpazosanue — moTeHmuad Hop:kua-
ckoro K(z). Tpervero me mano. 10. B. Illsapos mpormBopeunr cele,
oTMedas, 4TO npeofpazoBaHHAA meaeBas (QYHKIUSA (COBHANIAET C IIO-
rennuaaom Hopmmuckoro». Oma me jomkHA COBIAfaTh, OHA TIPOCTO
doascna Gums nomenyuasom Kopieuncrozo.

[IpeoGpasosanue, roropoe cmenan [0. B. Illsapos, smomme mo-
nycTUMO, HO ero peayasTat — opmyaa (3.1). Ecam B xoneunom mToTR
MUHHMHBNDYeTcA NoTeHmuad K(z), To Bce oNepaiuu HE3aBHCHMO
ot dopMul 1 mocaefosaTeapHOCTH npeoGpazosanna G(r) H coOTBETCT-
BEHHO CHCTeMH ypaBHenmi Oamanca mace JOJ/KHH OHTH BHIIOJHEHE,
uyrobe npmiiTn kK gopmyre (3.1).
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‘ Tabauma 1
MusepaibHblil COCTAB PABHOBCCHOrD NAPACCHE3NCA NOBCPXHOCTH waameTsl Be-

no pannsm M. JI. Xomawoscroro u np. [1978, rada. 4, (0) em, c. 1826]
H KOHTPOABHBIH pacuer (nepsuunsbiii cyberpar — Gasanst): Poo. =97 atm,
Py, = 0,032 amm, lg P = —2.31

Xogakosckmnii u np,, 1978 KonrpoapHbifl pacyer
Mmunepana
ob. % MOJIB o6, % I MOJb

Marserar 1,93 0,04335 — —
PyTua 1,01 0,05372 0,97 0,05372
TeprynmT - — 1,26 0,03214
Anarar 144 0,00348 1.06 0,00348
MepeunuT - —_ 23,42 0.23413
AJbMaHTHE 4,98 0,0432 16,98 0,15376
TpemoanT 0,1 0,00037 — —_
dnupoT 32,54 0,23376 — —
MagpoRrIHH 11,06 0,10176 10,6 0,10176
AanOuT 31,78 0,31713 30,45 031713
KammoorcTaTnT 15,15 0,24071 4,77 0,07904
Ropmaepur — — 10,16 0,04553
Tedpour 0,34 0,00699 0,34 0,006499
G(z), Jim —3685555 —3764165
K(z), T —2287861 —2391102

Hanee, ecnm MCOOAB3YETCA BHOJMHE JONYCTHMOE B BapuaHTte
I0. B. llIsaposa npeoGpasosanue G(z) B K(z) ¢ coorsercTsyonum
mpeoOpasoBaHMeM CHCTEMLl ypaBHeHHmd OajaHca Macc, TO YHCICHHOE
HONTBEP/KAEHNE HKBIUBAMCHTHOCTH JBYX IOAX0/0B — MBJININHAA Tpara
Bpemenu. Pesyabrarsr Oyayr cosuagate npu Jgo0oMm HaGope BHoJHe
HOIBIGKHLIX KoMmnomeHTos, srmodaiomux C, H u O, ramasuoe, urodur
OHH OBUTH TEPMOJUHAMHYECKH COTJACOBAHLI C PABHOBECHEIM COCTABOM
pesepsyapa. Ecam wucmonbsoBaiach B KOHETHOM cuere (opimyia
(3.1), To wax On oma Hu ObiTa BhiBeJeHA, YICIEHHAs TPOBEPKA HE
By:xua. Ecan ke ncmosansosanoch npeofpasosanne, TOJALKO NPHBOIL-
mee «K coBmafieHmi0 ¢ norexmuagioM Hopsunckoro», HO HE K HOTEH-
guany [op:mHCKOro, To UMCIEHHAA IHPOBEDKA B TOM BHJe, KaK OHA
cnenana 0. B. IllsapoBsiv, Tak:e He HY/KHA, XOTH Pe3yIbTaTHL I MO-
I'yT COBHALATH. 3JeCh MPOABIACTCS XOPOIIO M3BECTHOE CIEIHATNCTAM
CBOMCTBO 3ajad JMHEHHOr0 NHPOrpaMMPPOBAHNA: H3MEHEHHe B HEKO-
TOPHIX Npejesax JHHEHHON 1edeBoil (YHKIHI MOKET He H3MEeHHThb
ONTHMAJIBHOIO Pemenns z. Y100k CeaaTh HOTHYIO IPOBEPKY, HYKHO
GLIIO BHIIOJIHATH TAKOE i€ CTATHCTHYECKOE HCILITAHHE BXOAHLIX JaH-
HEIX, KaK 0 B NEPBOM MOJE/Il, i CPABHHUTH BCIO CTPYKTYPY OOTHMAJb-
HHIX DemeHui.

He cnenas oroii copepmenso HeoOxomumoir nposepku, 0. B. Ulsa-
PoB ponycrua omuOKy B ceoeil mporpamye. Ham KorTponsumil pacuer
mokasax, 4ro pacuersr B cratbe I. JI. Xomakosckoro m coaBTopos



[1978], semommennnie no uporpamme I0. B. Illsaposa, omuGouns.
Ta6a. 1, rae comocTaBaAOTCA 3TH PAcUeTs, He TpedyeT NpPOCTPANHEIX
Kommentapuen. J[locrarouno cpapuuTh moteHnmaan G(z) n K(z)
ONTAMANbHLIX pemennii, QuesngHO, MUHEDAXbHEIl TapaTeHe3NC B pe-
mernn M. JI. XogakoBcKoro u coaBTopoB He SBJIAETCS PABHOBECHEIM,
NOCKONBKY NPH TeX jke BXOMHBIX MAHHBIX CYIMECTBYeT pemeHne ¢
meEbmmME sHauveHnsMi G(z) u K(z). B KoHTpoasHOM npmMepe, Kak n
CAe0BAJ0 OKHAATh, BOHOCOMAEp:Kammue @asn OTCYTCTBYIOT.

[logBojisa UTOr PACCMOTPEHHOMY, OTMETHM, UTO JH00LHEe HesCHOCTH
OTHOCHTEJIHHO IPHMEHEeHHS go*reﬂn,uanoa G(z) n K(z) B sanavax ¢m-
3UKO-XUMIYeCcKoTro MojennpOBanua Ha JBM BHOCAT ONOIHATENBHYIO
OYTAHUNY B KIOUEB0E IOJ0;KeHNe XUMAYECKOH TepMOJMHAMUKH IpH-
pomHOTO MmHepadooOpasopamua, cdopmyanposannoe J[. C. HKop-
AHHCENM,

faasa 2

fMOJIEJID OIITIMAJIBHOT'O COTJIACOBAHUA
TEPMOIMHAMHNYECKHUX CBONCTB MIIHEPAJIOB

B raase, mocae BeTYIIIEHHMS M KPATKOTO HMCTOpAMYecKoro obaopa,
H3J10Kensl npuaunnL oopadorkn na JBM MHDOBBIX JaHHHX DKCHEpI-
MEHTaJbHOH MIHEPaJOTUH, IeTPOJOTHH I TeOXIMIN ¢ IeabI0 MoJyde-
HUS MHHAMAJBHEIX IO OMHOKe TEePMOAMHAMHYECKNX CBOHCTB MUHEe-
pPajioB M CBA3AHHHBIX ¢ HHMEI BemecTB. IlocTpoena jieralibHas MaTeMa-
THYECKAA MOJedb HBOJIOIHMOHHOHN CHCTEMBl COIJacOBAaHMA, KOPPeKTH-
poBEH u pacuera Ha JBM TepMopmHAMHYECKNX CBOIICTE MHHEDAZIOB HA
OCHOBE e[MHOT0 I0X0[a — HPIJI0KEeHNS TeopHN MATeMaTHIeCcKOro
nporpaMMupoBsannsa. PaccMOTpeHs BONPOCH TOYHOCTH TEPMOJHHAME-
TECKUX XapPaKTePHCTHK B 9BOJIOIMOHHOIN CHCTeMe COTIacOBaHMS, IIPO-
BeJIeHO COMOCTaBJIeHHE YCAOBHH PaBHOBECHS HEKOTOPHIX pPeaKIfmii Mu-
Hepas000pasoBaHnsA, PACCYNTAHHLIX IO CHPABOYHBIM W JAHTEpaTyp-
HBHIM TEPMOJMHAMIYECKIIM JIAHHLIM, ¢ BHICOKOTOUHBIMI DKCIIEPHMEH-
TANBHLIMA PABHORECHRIMH onipeflefieHnaAMN, B sakiouenne pacemar-
pusaercAa obmas cTpaTerus MOJYYeHNsA ONTHMAJbHBIX TEPMOAMHAMI-
YECKIX CBOHCTB MHHEPAJOB N CBA3AHHBIX C HIIMII BeEIIECTB.

§ 1. MPOBJEMA BXO/JHOII TEPMOJANHAMIYECKOI HI®OPMAIIII
B ®I3HKO-XIIMHIYECKOM MOJIEJTHPOBAHIII HA 3BM

Bxogupivn rommgecTsenHpiMI TaHAEBIMI GUBTKO-XNMHULCKOTO MOJGIN-
poBanusa Ha 9BM aBnATCA 3HAYEHMA TEPMOJNHAMHYECKHX CBOMCTB
BEmecTB, NPeCTaBIAIONIX HHTEPeC B reoXuMmnu n nerposorau. I1pod-
JeMa HCXOJIHBIX TePMOJAMHAMAYECKHX JIAHHEIX B TEOXHMHH H IIETPOJIo-
run Kak OyaTo 05 He CBfA3aHa HemoCpelcTBeHHO ¢ mpnMenennem o BM.
Oma cymecTtBoBalla M JI0 IOABJEHAS BEYMCANTEILHON TexHukm, Ha
caMoM Jlene 210 janexo me rtak. CHcreMaTnueckoe MCHOJb30BAHNE
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9BM BmBuraer Hosnie cuenuduueckne TpefoBaHMsa K MCXOMHOM Tep-
MOJMHAMUYECKOH MHPOPMAIINT, BLIOJIHEHIE KOTOPBIX TaK e BAKHO,
Kak ¥ paspaboTka TeOPHH, AJTOPUTMOB I MAIIMHHBIX IPOTPAMM.

Bo-nepsrix, TpefoBaHNA K KOJHYECTBY M KAYECTBY BXONHOI MH-
dopManuu HeNPepPHBHO BO3PACTAIOT B CBAZM C PE3KHM yBeAHUeHHeM
PasMEPHOCTH M CJO;KHOCTH 3afay, pemaemux na 9BM; Bo-sropmix,
CTPYKTYpPa IpeJICTaBlIeHNA BEKTOPHOH TePMOAMHAMHYECKOR MHOPMa-
oaH JIOMGKHA OHTH COOTBETCTBYIOMEM 00pasoM CTaHAAPTH3HPOBAHA
¥ npucmocofieHa K IMEPOKOMY Hemoiabzosanni Ha 9BM; B-tperbmx,
Ba;KHEIIMM KavyecTBOM BXOJHOI TepMoanHaMuuecKoil nudopmaimun
foJ3KHA OBITH ee HANeKHOCTh M MUHHMAJbLHO BOSMO;KHAA Heompeje-
JIGHHOCTE; B-uerBepThix, JBM pukryer meo6XoRumMOCTH COBEpUIEH-
CTBOBAHUA cucieMul cOopa, o6paboTKu, cornacoBaHmsa, XpaneHusd, BLl-
flagl ¥ OmepaTHBHON nepecTpoiikm GoHAA TEPMOJMHAMHYECKON MH-
dopmannm.

Hecomuenno, yayunienne KauecTsa NCXOMHOM TePMOTHHAMIYECKON
HEQOPMAIHE — HE eIWHCTBEHHHI NyTh MOBLILIEHHA HATEKHOCTH I
HOCTOBEPHOCTH (MM3HKO-XHMHYECKOT0o Mofeamposanns ma 9dBM, pac-
MHEPEHNS ero BO3MOMKHOCTRH ¢ TOYKHE 3peHns oxpaTa 00Jjiee MHpPoOKOro
Kpyra sagad reoxumun n nerposornu. Ilpmverenme 9BM m martema-
THYUECKOI0 NPOTPAMMHPOBAHNS YMHOKAET BO3MOKHOCTH (U3IKO-XH-
MHYECKOTO MOJeJIHPOBAHNA KaK WHCTPYMEHTA HAYYHBIX HCCJEI0Ba-
Huil 3a cuer foJiee IMOJTHOTO, TOYHOTO I JETAIBHOTO O0TOOPAKEHI MH-
HePaJbHBIX IIPHPOIHEIX MYJIbTHCHCTEM B (H3NKO-XHMIYECKIX MOEIAX.,

Ecrb eme ofuH IyTh HOBHIIEHNA KauyecTBa W HANEAHOCTH (UBNEKO-
XpMuvecKoro MopennpoBanus Ha JBM — paspaGorka Meromos m aJ-
TOPUTMOB MOJEIHPOBAHNSA, YINTHBAIONIX HEIOJHOTY M HEeoIpejieseH-
HOCTh nexoaHo#H nugopmanumn. 9BM mo3BONAIT NPOBOANTH PacUueTH B
GOJBIIOM YiC/e BAPHAHTOB ¢ M3MEHAIOMIUMHACH BXOIHBIMI JAHHBIMIL,
4TO JlaeT BO3MO/KHOCTL OLEHUTHL BJHSAHNE TAKAX BapHanui Ha KoHed-
HBIe peayapraT pacueros [Kapmnos, Kuceaes, Jleramron, 1971, 1976;
Anderson, 1976]. TToctanopka u pemesnne 3ajgad U3MKO-XUMHIIECKOTO
MOl POBAHIA METOHaMi MAaTeMATHIECKOT0 IPOrpPaMMHPOBAHIA OT-
KPHEIBA@T BO3MOKHOCTH BBEJGHHA B YCJOBISA 3aJaull BXOJHBIX TaHHEIX
He KaK TOUYHO (HKCHPOBAHHKIX BEJIWYIIH, 4 B BHJIe MHTEPBAIOB HX 13-
MEHEHUIl, T. e. B BUJE OrPAHNYEHHII —HEPAaBEHCTB, XaPaKiepu3yomux
TPaHuIEL UX EeoupeneleHHocTH. [IpoN3BONA CTATHCTHUECKOE BOHIH-
poBanme BXOJHBIX JIAHHBIX B AHAIA30HAX WX BOBMO;KHBIX 3HAYEHUIT,
MBI MOj@eM OIpele]uTh BIANSHNE HCXOAHOH nudopManuyn Ha HCKOMYIO.
Anannz WHTEPBAJOB HEONMPeeJeHHOCTH peileHnil moaBojifer 00Lek-
THBHO OLEHHTH CTENEHB HEOIPeleeHHOCTH Pe3ylIbratoB pacuera,
BHOpATh U3 MHOKECTBA PEeIUEHHN Te BAPHAHTHI, KOTOPHIe HMEOT Ham-
Jyuiee CTATHCTHUECKOEe, 180XNMIYEcKoe M IeTPoJIornyeckoe oGoCHO-
BaHHE.

Orveuennrie Bosmo:kuocTH IBM W MaremMaTnueckoro mporpamm-
posanna aas Goaee dPPEKTABHOTO MCHMOIB30OBAHHA NPMOIHIKEHHONT
TePMOJIMHAMITYECKOM MHPOPMALINN He CHEMAIOT 0CTPOTH o0mei mpol-
JleMbl WCXOMHOM 17epPMOJMHAMHYECKOH HHGOPMAIAN — KOJHMUecTBeH-
HOIl OCHOBHI (PM3MKO-XIMHYECKOI0 MOJEINPOBAHNA IPHPOTHBIX IIPO-
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neccoB MuHepaitooOpasoBannsa Ha JBM. I'eoxnmnkam HY:KHE pasHO-
ofpasHBle CBeJleHHs 0 TePMOJMHAMIUYECKIX CBOHMCTBAX NPHPOJHBIX CO-
efUHeNNil W CBAZAHHHIX ¢ HUMHU BemecTB. 'aBHOe 3HavYeHME MMEIOT
TePMOJNHAMUYECKHE XAPAKTEPHCTHKN MHHepasios: omepraa I'mG6ca
NN N300apHO-M30TEPMHUYECKHH TOTEHIMAJ, JHTAJBLINA, TemioeM-
KOCTh, MOAbHEI 00beM. HeobxonuMel TaKske CBeleHHA O TEPMOJHHA-
MUYeCKHX CBOMCTBAX BOJHEIX PAacTBOPOB TIPN BHICOKHX TeMIlepaTypax
¥ TaBIEHHUAX, Ta30B, PACIUIABOB M TBEP/LIX PACTBOPOB MHHEPAJOB.

B onenxe oOmero coctosHnsa mpoGiaeMsl GakTHdgecKoil oeHoBH (u-
3MKO-XAMIYECKOTr0 MOJe/#POBaHMs IPHPOIHLIX IPOIECCOB MUHEPAIo-
ofpasopanua Ha OBM MipmaimnuanbHoe HayuYHOe 3HAUEHHE NMeer
NPaBUJIBHOE BHIEIEHNE MEePAPXNUYECKOH IOCJIeJ0BATEIBHOCTH DTAIOB
IMOCTPOGHNA EIHON CHCTeMEl TEPMOJMHAMUYECKNX CBOHCTB BEIIECTB,
HCHOJIb3YEMBIX B TeOXHMIYECKHX M MeTPOJIOrHYecKIX NPHI0MKEeHHAX.
Besycaosno, TepMOAMHAMIYECKHE CBOMCTBA CaMBIX PasHOOGPAsSHEIX
BEIEeCTh BajKHBL 1 [eHHKEl B KOHKPETHBIX HCCIeoBaHNAX, HO, coobpa-
3yACH ¢ PeANBHHIME 00CTOATENLCTBAME, CAEAYeT BEENINTH B NePBYIO
ouepenb Ty IPYIIY BEmECTB, KOTopas sBIfAercA (yHAaMeHTOM Bcei
CHCTeMBl TePMOAMHAMNYECKNX CBOMCTE BEIECTB, NPeICTaBIAIOMMX
HHTEpec B Te0XHMIE 1 merpoiormm. Takoil rpynmoil ABIAITCA MAHE-
pansl. Bo-mepBHX, ¢ DOMOMBI0 TePMOIHHAMHTECKHX CBOMCTB MHHE-
PAaIoB MO/RHO YCHENIHO pemarh (Ma3nKo-XuMUYeckne 3ajadd IPHPOA-
HOTO MHHEePaJoo0pasoBaHMHA, W, BO-BTOPHIX, ara TPyNNa ABIAETCA
oTmpaBsHoit 6a30if cmeTeMaTHWYECKAX WCCJIEOBAHMI TepPMOAHHAMHAYE-
CRUX CBOMCTB BOJHKLIX PACTBOPOB, TBEPJAHX PACTBODOB MHHEDANOB I
pacinason. Yr1oOB HMETh BO3MOASHOCTH OIPENEINTH TePMOIHHAMA-
geckne cpoiictea GoJee CHOMKHBIX COGWHEHWII, ME OTKHLL IPEXKI
BCEr0 XOPOIIO 3HATH TEPMOIMHAMAYECKHE CBOHCTBA COCTABIIAMIIX
MX WHIPEIHEHTOB.

TepMoAHHAMIUECKHE CBOHCTBA MUNEPANOB W CBA3AHHKIX C HEMH
BEMEeCTB ABIATCA IIIABHBEIM 3BEHOM B PeIleHni Beeil mpodaeMsl Hexof-
HO#l TepMoAMHAMUYECKOH MHOPMaNUA (U3NKO-XTIMHYECKOT0 MOJeNn-
poBanus NPHPOJHKIX TPOIECCOB MEHepamooGpazoBanusa na IBM. Ho
CKOPOCTh HAKONIGHNA HKCIEPHMEHTATBHEIX OTPeeleHnil TepMOgnHa-
MITYECKNX CBOHCTE MHHEPAIOB HETOCTATOTHO BEIMKA, XOTA JOCTIKE-
uus B oroit obmactm ouesmguel [Holm, KHleppa, 1966, 1968; Holm
e. a., 1967; Anderson, Kleppa, 1969; Charlu e. a., 1975, 1978, 1981;
Newton, Charlue. a., 1974, 1977, 1980; Newton, Thompson e. a., 1977;
Newton, Wood e. a., 1981; Navrotsky, Coons, 1976; Navrotsky, 1977,
1979; Navrotsky e. a., 1980; Hrupka, Robie e. a., 1979; Krupka,
Kerrick e. a., 1979, 1980; Hemingway e. a., 1978, 1981; Perkins
e. a., 1977, 1979, 1980; Tomop m np., 1976, 1979; Horresa u np., 1974;
Kucexesa u gp., 1978, 1979, 1980, 1981 ; Banuosa, Hucenesa, 1982;
Koaecnnr m ap., 1979, 1981; n nmp.].

Cpefn BOMOKRHBIX TIyTell penteniisa 9Toil 3aJaun DepcleKTHBHA Paas-
padoTKa PA3IMUYHBEIX SMINPHYECKNX WM IOJYOMONPHUECKNX METOJ0B
pacuera. Takme MeTomsi, WroOH NMeTh NTPAKTHUECKYI0 I@HHOCTDH,
NOMKHEEL OTBETATH JOCTATOTHO ;RECTKEM TPefoBAaHMAM K TOUHOCTH —
OIMMOKH ONpefeleHns 0 HEM TepMOJHHAMHYECKHX KOHCTAHT TOrO



Kpyra BemecTB, KOTOPHIl OXBATHBAaerca AAaHHHIM METOOM, JIOJKHBI
pMeTh X0TA OH aaeMeHTapHOEe cTaTHCTHUYeCKoe oGocHoBaHue. J]aabmHeil-
jiee COBEPIIEHCTBOBAHHE BMIMPHYECKHX H IOJYIMIHPHUIECKHX METo-
JOB JOIZKHO HATH 10 JHHHE THPOKOro ucnoiabsosanua IBM, xoropue
00J1er1al0T MOMCK M KOJMYECTBEHHYI0 OIMEHKY MHOTO(PAKTHHIX CBf-
3eil, CYMEeCTBYIONIX MEKAY TePMOAMHAMMYCCKUMH CBOMCTBAMI MUHE-
PalioB, NX COCTABOM, CTPYKTYPO M THIAMH XHMHYECKHX CBA3eil.

JMOHMpHYeCKHe M IOJYIMIHPHYECKHE METOJl He MOTYT ceiiuac
paccMaTpHBATLCA Kak OCHOBHOE CPEJCTBO PelneHus npodieMbl BXOJ-
HOH TepMojpuHaMUYecKoil muGopManuu QUINKO-XHMHYECKOTO Mofe-
ANPOBAaHNA IPUPOJHEX NPOIECCOB MAHepaidoodpasopBamna ma IBM.
Hy:wen npyroit moaxoj, KOTOPHIi, onupasch HA HEMOCPEJCTBeHHHIE
OKCIIePIMEHTATbHEE OTMpeenenis, MOr O CYNMECTBeHHO YBEINMYNTh
YHCA0 TOYHBIX 3HAYEHMI OCHOBHBIX TEPMOJMHAMHYECKHX CBOICTB MA-
HepaJoB 1 CBA3AHHBIX C HUMH BeNmecTs.

B cBasu ¢ GbicTPHM pasBUTHEM HKCIEPHMEHTAJABHOI TEeTPOJOTHH
V. C. Maiid ¢ coasropamu [1962] u T'. PamGepr [1957] smpsunyim
BechMa TIOJJOTBOPHYIO N0 NOJYIeHNA HOBBIX 1 KOPPEKTHPOBKH CTa-
PHIX TEPMOJMHAMAYECKNX KOHCTAHT MUHEPAJOB IIyTeM TepMOJAHHAMM-
YecKoil 06paboTKN sKCIIePAMEHTAJbHBIX JAaHHLIX 10 CHHTE3y U pasiio-
FHEHHUI0 MIHEPaJoB. «..J3 HATe/KHBIX DKCIEPHMEHTAJbHEX ($a3oBHX
amarpamm,— mamer Y. C. @aitg [1969],— Mu1 Mosem moayuurs
0YeHb TOYHEIE TEPMOJNHAMHIUECKUE TaHHBE II0 MUHEpalaMm». Jra ujes
fBlJIa 3aTeM IMPAKTHUECKH HCIOIb30BAHA B PATe KOHKPETHHIX MeTPoJo-
THYECKNX WCCIeNoBAHMI,

TlocnenoBaTenbHOE TepMOAHHAMHYECKOe 00OCHOBaHUe HTON mjien
W TepBasd MONBITKA ee CHCTeMaTndecKodl peajmsannn ObIM 0CYHIECTB-
aennl A. A. Mapaxymessim [1968]. O npuxoanT K ciaeiyiomemMy Baik-
nomy BmBoxy. Omnpenenenme (n3NKo-XHMHYECKNX CBOHCTB MuHepa-
JIOB TIOCPECTBOM TepMOIMHAMIYCCKOH 00paboTKKM TOUHO yCTAHOBJIEH-
HBIX 9KCIEPUMEHTAILHBX KPUBEIX JIECHIPATAIHI HMeeT IPeMyINecTBo
B CpaBHCHHM ¢ OOLIYHALIM, BO MHOTUX CJYYasX HeonmpasjaBmmM cebs,
TepMoXuMuuecKUM MeTofoM onpenenenus AH{ .o cHaAnKaTtoB myTem
pacTBOpeHus UX B KucaoTaX. Ananornunsii uson genaor k. Ou-
mep, Jlm. Yepnockn, 3en E-aum, J[:x. Xaac [Fisher, Zen, 1971;
Zen, 1972, 1977; Zen, Chernosky, 1976; Haas, Fisher, 1976].

JlormuecKnM 3aBeplHIeHmEM IOIO/KNUTEILHOTO ONBITA H3BJEYeHus
TePMOJUHAMIIYECKIX JAAHHEIX N3 JKCIEePIMEHTAIBLHO U3YUYeHHBIX Peak-
it aBnserca sujasnEyTas Hamm [Hapmos, Hucenes, /lopororymer,
4975, 1976] nues mocTpoenus dBOJIONUOHHOM CICTEMBI COTIACOBAHMSA
na 9BM TepMoHHAMHUYECKHX CBOHCTB MIHEPAJ0B ¢ MHPOBEIMH JIaH-
HEIMU JKcnepnMentanbnoil merposornn. Ilog ssoaonmonnoil moppa-
ByMeBaeTcs TaKasg CHCTeMa, KOrja HempephBHOe MOCTYIIenne paszno-
ofpasnoil TepMoJIHaMIUecKoll MHOOPMALAN: TEPMOXHMIMECKHX OT-
penenennii, JaHHBEIX SKCIEPUMEHTAJIbLHOH NETPOJOTHH, HOBHIX Ooliee
TOUHLIX ONpEJeIeHNil OTHAedBHEIX TEPMOAMHAMIUECKNX XapakTepuc-
THK MPIHEPaJoB TOJYaMIMPHUEIKUMH MeTOgaMm, HepecMoTp H yTod-
HEHEE CTAaPBIX Pe3yJbLbTAaToB — TO3BOJIACT HENPephBHO KOPPEKTHDO-
BATH TEPMOHAMAYCCKI XaPAKTEPUCTHKI MITHEPaloB Beeil CHCTeMB
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nyTeM NepHofHYEeCKHX Nepecueros B oOLeMe BCeil CHCTEMBl WM ee
OTZIeJIBHEIX IOACUCTEM. JBOJIOIIOHHAA CHCTeMA IOMOraer mMa30erKaTh
PaccorJIacoBAHHOCTH B TepMOAMHaMU4YecKoi mudopmanun (Tepmosu-
HaMHYEeCKHX XapaKTePHCTHK MUHEPAJIOB 1 YCJIOBHI PaBHOBECHSA peak-
nuit MUHEepaxoo0pasoBaHusd), HOJAYYAEMOil PasMMYHBLIMH METOLAMH B
pasauuHBIX aabopaTopuAx.

Taxoe pemenne npoGaemMbl HCXOZHOE TePMOIHHAMIYECKOH MHPOP-
Manuy B (PU3NKO-XHMHYECKOM MOJeTHPOBAHMN IIPHPONHBIX IIPOILECCOB
MuHepaaoo0pazoBannA Ha ?BM upefcTaBifAeTcs B HACTOANLEE BpPeMs
eqUHCTBeHHO HpasuabHBIM.” [IpakTnryemoe ceifuac corigacosamme Io
OTZieJIbHBIM pPeaknuAM MHHepanoo0pazoBaHHA HE pemiaer, KOHEYHO,
npoGieMsl B neaoM. Bo-mepsrix, MEOrme MHHEepaJbl 0OLIMHO y4acTBY-
10T He B OJIHOM PeaKilny, N3yYeHHOH SKCIEePHMEHTATbHO. JBOTIONHOH-
Haf CHCTeMAa COPJIACOBAHAA — HTO COBOKYIIHOCTH JKCIEPHMEHTAJLHO
M3YYEHHBIX PeaKIiil, CBA3AHHBIX APYT C APYTOM B eNHYIO TEPMOJAMHA-
MHIYECKYI0 KOHCTPYRI[NIO YYACTIEM OJHOTO M TOr0 ke MHHepajla HJH
MHIHEpPaJ0B Mo KpaiiHeil Mepe B BYX pasimuHbiX peaknuAx. Bo-Bro-
PEIX, B (U3NKO-XIMIYECKIX MONEIIX HPHXOJUTCS 9ICTeHHO OIpese-
mare Ha JBM yeroBmsi paBHOBecHS B MYJLTHCHCTEMAaX, COCTOAIMX
M3 HECKOJBKIX JeCATKOB MUHepanos. Ymobul aieopumm paciema Tu-
MUMECK020 PIEHO6ECUS MYALIMUCUCTEM CTO0UACK K eOUNCMEEHHOMY pe-
Wenuio, 6xodnvle 3HAYeHUA U300apPHO-UI0MEPMULECKUT ROMEHYUAL0E
6cexr MUHEPA06 MYabmucucmemst doaxcust Guimov 0643ameabHO Mepmo-
Junamunecky G3auUMHO co2aacosansi. PaccoriacoBaHHOCTh BXOJHEIX
M@HHBIX MOKeT OHTH NPUINHOI «3alMRINBAHNAY PEIIeHNs, HECMOTPS
HAa TO, 9TO HPHHININAIBHAA CXOJUMOCTH AJrOPUTMA HMEeT CTPoroe
TeopeTHYeckoe 000CHOBAHNE.

Taknm oGpazoM, OJHIM U3 YEJOBHIT HINPOKOTo nemoabzoBamnsa IBM
B (HBMKO-XUMHIECKHX HCCJAC[OBAHUAX B M@OXHMHN I NETPOJOTHH fAB-
JAAETCH TOCTPOEHNE CHCTEMBl TePMOTMHAMHYECKHX CBOHCTB MHHEpa-
JIOB, COTJIACOBAHHBIX C JAaHHBIMI SKCIEPIMEHTAJIbHOI INeTPOoJornu.
Peamuaysa ory njewo, Mul foOHBaeMCH PeNISHUs CAELYIONIX BOIPOCOB.

1. Paccunrsizaem TOYHBIe 3HAYCHNS HEH3BECTHBIX DaHEE TePMO-
AHHAMHYECKIX XaPaKTePHCTHRK MHHEPATOB M OJHOBPEMeHHO Koppek-
THDYeM cTaphie JIaHHbIe.

2. IlpoussojuM B3auMHOE COIJIACOBAHIE TEPMOJIHAMIYECKHAX Xa-
PaKTEPUCTHR MIIHEDPAJIOB HA OCHOBE KJIOYEBBHIX TEPMOJAHHAMHYECKHX
BEMITYNH € 9KCOEPHMEHTAILHO M3YIEHHBIMI PeaKIuAMI MiIHepanxoos-
pasoBaHuA I ¢ GABHCHEIMH 3HAYEHOAME HauGoiee HaJERHBIX TepMo-
XHMHYECKIX OIpee/ieHii MIHEPAI0oB U CBASAHHBIX ¢ HIIMI BEulecTs.

3. Cymecteenno pacmmpsiem GOHI HCXOTHOH TePMOAIHAMIYECKOI
uEQOPMALI, YTO, B CBOIO 0Yepe/(b, PACIIHPAECT BOZMO/KHOCTH KOJM-
4eCTBEHHOTO H3Y4YeHUA NPUPOJHBIX HPOIECCOB MUHEPal000Pa3oBaHNI
MeToflaMn UBHKO-XIMIYecKoro Mojeauposanusa na JBM.

4. OGnapymuBaeM omn0KH HKCHEPUMEHTAIBHON INETPOJOTHH W1
TePMOXHMHUTECKIIX ONpeeTeHuii M0 Pe3sKo BLINATAIONMIM 3HAYCHHAM
BXOAHOII MHpOpMALHU.

0. JdBoMONUOHHAA cucTeMa 00ecrednBaeT TOKYIYI0 IPOBEPRY HO-
BHIX JKCHEPHMEHTATLHKIX JAHHBX 0 HX COBMECTIMOCTH ¢ KOJIEKTIHB-
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poit muHopManmeil Beeill COBOKYIHOCTH BXOAHOH MHPOpPMAIHH.

6. C moMompbio TOYHBIX TEPMOANHAMIYECKHX BeJNYIH HBOJIIUOH-
HOM CHCTEMBI MOYKHO PACCYNTHIBATH YCJAOBHA PaBHOBECHA PeakIuil Mu-
Hepanoobpa3oBanms, sKCIEPUMEHTaJbHO eme He naydennnie. Taxme
NPOTHO3HBIE PacyeThl COKPAIlalT BpPeMA H Pacxojibl Ha IPOBEJeHNe
AOPOTOCTOSAANNX 9KCIEPUMEHTAIbBHBIX HCCAe0BAHMIL.

7. DBOJTOIUOHHAA CHCTEMa ABJAeTcA HerOXOJNMOIl COCTABHOM
YacThi0 00mell HporpaMMel OKCTIEPHMEHTAILHEIX H TeOPeTHIecKnXx me-
CAel0BAHNIT, MOJYMHEHHBIX HAYYHOU 3ajlate IJIaHOMepPHOro ompejene-
HESA M yrouHenus OA3NCHEIX peaknuil MmnepasaoobpasoBavuf.

§ 2, METO/1bl TEPMOJANHAMITYECKOII OBPABOTKHI
SRCIHEPIIMEHTAJIBHBIX PABHOBECHBIX JIAHHBIX
B FEOXHMIII II METPOJIOT I

Bonpocan ofpaboTkm dKCIEPHMEHTATBHEIX AaHHLIX HeTPOJTOrHN II0-
CBAMEHO cefiyac yike M0BOJbHO GOJablIoe |ICa0 clenualbHEX pador,
uT0, COOCTBEHHO, 103BOJIAET BHIEINTD B ONPELEJIeHHOM CMEICIe caMo-
CTOATENBHYI0 00J1aCTh MCCAeNoBaHMIT, M3YIAOMYI0 CIOCOOL TOBEIIE-
HHS HAJKHOCTH M JIOCTOBEPHOCTH TEPMOAMHAMIIYECKHX XapaKTepHc-
THK MHHEPAaJOB, PACCINTHIBAEMBIX M3 SKCIEPHMEHTAJbHO M3YYeHHBIX
peaxiumit Munepanoobpasopannd. Varepec K aroil mpobiaeme Jerxo
obbacHuM. 3a mociepnne 15—20 Jer B reoxuMum M NeTPOIOTHH Ha-
KOTLJIeH rpoMajubil garkTnyecknil MartepuaJ, MOAJAIOMUECA KoJnue-
CTBEHHOI TepMoanHaMmaeckoil ofpaborre. Macca sroro marepmarna
fOuicrpo pacrer. Cospamoch TON0MEHHE, KOTa TepMOJAHHAMHYECKAs
00padoTKa JaHHEIX SKCIEPHMEHTAJAbHON MeTPOJIOrIN CTajla 0TCTABATH
OT TeMIIOB X Hakomiennsa. Paconmpenne goHga TOYHBIX 3HATEHHIT TEp-
MOIHHAMHYECKIX XapaKTePHCTHK MHHEPAJ0B, IOMIMO IpodaeM, CBA-
BaHHLIX C MOBBHIIICHHEM KavecTBa d9KCIEPHMEHTaJbLHOTO OIpefeieHmns
VCIOBHIT paBHOBeCHMsA peaknmit MuHepaxoo0pas3oBaHNA, B HeMalol
CTEIIeHII 3aBICHT Takke 1 OT IPHMMEHAeMHIX METo[0B HX COTjacoBa-
Husi. Hag Gyjaer noxkaszano HmzKe, CymeECTBYIOmue MeToanl odpaGoTkn
JAHHBIX SKCIEPUMEHTAJTBHOM IeTpoJIOTNH, He YYNTHBAIINEe Heolpe-
JleIEHHOCTE BCEX DJIEMEHTOB BXOJHOM mHGOpMarnm, IPUBOJAAT B DOIB-
IIHCTBE CJYYaeB K HeYIOBJCTBOPUTEIBLHBIM Pe3yIbTaTaM.

CymiecTyiomme MeTojibl pacuera TepMOITHAMITECKIX CBOMCTB MU-
HEpPaloB H3 HKCIEPHMEHTAJBHEIX PABHOBECHHIX JaHHEIX Oasupylorcs
Ha XOPOIII0 H3BECTHRIX TePMOAMHAMHYECKIX COOTHOIIEHNAX, BHPakKalo-
NMX 3aBHCHMOCTE cBofomuoil aneprun (smeprimm 'n66ca) ninm KoHCTAH-
Thl PABHOBECHA PEaKIII OT TeMIepaTyphi:

AGY = AHS — TASY, (2.1)

— RInK} =AHY}/T — ASY. (2.2)

Nx oramune apyr or Apyra onpefieldercs Kak pasasiMu opMaMn 3a-

nucn )-'CJIOBIII"l PaBHOBECHHA, TAR I l]pHG.TII-I}I{eHiIe.\l OTHOCHTEIbLHO TeM-
nepatypHOIl 3aBHCHMOCTH OJHTPOINH Peakrinu,

B aurtepartype o0bYHO BHIEIAIOTCA JBa HE3aBHCAMBIX METOJA pac-
Yera TePMOAIMHAMITECKHX ITAPaMeTPOB PEakIiil 110 PesyabTaTaM uay-
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YeHHs pPaBHOBecHii: «pacder mo merony 1l sakoma TepmommHAMEKRM
nm «pacuer mo merony III saxoma tepmommmamuew» [Cramn m  mp.,
1971; Tepmommmamuueckue csoiictsa..., 1978; n mp.].

B pacuere mo Il 3axony npenmosaraercsi, 9T0 B 9KCHEPHMEHTAJb-
HOM TemmeparypHoMm umtepsane AHT u AS} wme sasucAT OT Temie-
parypsi, 1. . AH} ~ const n AS% =~ const. Torma rpaduueckoi
HIM amaguTEYeckoii ofpaborTkoil maEHEIX mo 3apucumoctn AGT =
= f(T) mam In K = f(1/T) mMoKHO IerKo OmpeIeInTH AH‘.}.. u

AS%+ peaxmmm. 3}.‘[9’[: T# — mexkoTopoe TPOMERYTOYHOE IHATEHHE
TeMIepaTypsl, KoTopoe 00KIYHO ONpPEelejfAercs Kak CpeflHerapMoHu-
geckoe |Tepmopmmammueckne cpoiicrtsa..., 19781 mam wak cpenme-
apudmernueckoe. Bo muormx cayuwasx T* npunmnmaercs pasHO#R
298,15 K, morma AH} = AH3%; u AS} =AS)s. Ecam meobxo-
mamo mepecantate AHs m AS‘;,. K temumepatype 298,15 K, 1o cae-

NyeT YYUTHIBATEL 3aBHCHMOCTL oT Temmepatyps AH% u AST Bcex
BEIECTE 1 MHHEDAJI0B, YYACTBYIONIUX B DPeAKIHH.

B pacuere mo 1II sakomy meoGxommmo mpuBiekath TabaMyYHbIe
W AHAJHTHYECKNE BHPAGKEHAsA TePMOAHHAMHUECKHX (YHKIMI Beex
BEIIeCTB, YYACTBYIOMUX B peakipnu. B aToM cayvae cTamoBUTCH BO3-
MOZRHBIM HENOCPeJCTBeHHbI pacuer suavennit AH o, nnn AGy peak-
wHit, a Takme AShye npu HaBecTHHX AH 2, 1 AGYy,. Pacuer mo III 3a-
KOHY HO3BOJIAET HoJyduTh Beaunanay AHJy mmm AGjys ¢ HCIOIb30-

Bannem snadenna AG) WIM KOHCTAHTH PaBHOBECHA B OJIHOM TeMile-
patypHoii ToYKe, HO, KaK TPaBHJIO, PAcYeTsl NPOBONATCH A BCeX
TeMIepaTyp M peayJabTaTH yepeaHsiorcA oOuvaHeM ofpasoM WAH C
yueroM pecor, Torga Kak pacuer no II sakomy tpeGyer Hasumvymsa 3ua-
yeunit AGT naun K§ xora OBl s IBYX TeMmueparyp.

Hano ormernts, 9T0 B IATEpPATYpe IO XNMHYECKOIH TePMOIHHAMIKE
merogamu 1l m III sakoHOoB ompenensioTcs craHgapTHHE 3HAYEHHUA
DHTAJBINHE I BHTPONHN pearyull, Mo KOTOPHIM ¢ MCIOJL30BAHIIEM W3-

secTHBIX sHateHHE AHY 508 M SDs  OCTANBHBIX BEIIECTB OIpeNes-
10TCA ucKoMue 3padenns AHY .0 1 Sleg  MHHEpala MJN BEIecTsa.
Bosvosken u apyroit nyTh pacuera HemsBeCTHBIX AH 7 g9s, AGY g5 W
8%s Rakoro-nmmbo Mumepaza, KOrjla 0 W3BECTHHIM B3HAYEHHAM
AGYp wan g ApYrux MUHEPAIOB W BEIIECTB, YYACTBYIOIHHX B pe-
ARIAH, 1 110 PACCYNTAHHLIM 3 PABHOBECHHIX JAHHGHIX sHadvenmsy AGp

peaxiun BeMEcAAOTCA g7 W AGYaeg munepana. Jlaabneitmasn
o6pafoTka 3aBUCAT OT HAJINYNSA COOTBETCTBYIONIX TEPMOMHAMHIYE-
cKuX JaHHbX. Ecian nsBecTHH 9HTPOIAA M TEINIOEMKOCTh MUHEpasa —
pacuer mpopogures mo meromam [II sakoma. Horga e gamHEE 1o
DHTPOIIMH OTCYTCTBYIOT, TOI/Ia PACYeTH NPOBOJAATCA 10 METORAM
Il sarona. B atom cayuae MO/KHO yuecTh 9KCHEPHMEHTAIbHYIO HIH 9M-
OHPUYECKYI0 B3ABHCHMOCTH BHICOKOTEMIIEPATYPHOI TEIIOEMKOCTH OT
TEMIEPATYPHI, YT0 IO3BOJSET MOJAYIuTh 00J€e TOUHBIE OIeHKH

AHj 595 1 S3ps mnnt AGY o9s H Shys.
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Takue cmocofnl pacueToB MOJYTWIN NIMPOKOE pacHpocTpaHeHHe
B OTEGUECTBEHHON TeoXMMHYECKOMl M HeTPOJOrHYecKoil Jauteparype
[Rapuos n np., 1971; Meapung, 1972; Illmynosnu, 1974, 1975; To-
sopos, 1977; Hukoawcknit, 1973, 1978; u ap.], a rakike B page pa-
601 sapylOesHnx wucchaenosaresieir. OHM UMEIOT HTPEHMYILECTBO IO
CPABHEHNIO € TPAAUIMOHHEIMI METOJAMH TeIVIOBBIX 1 DHTPOMUIHBIX
apperToB pearimii, oco0eHHO B GOJNLIIMX HAYYHHIX IPOrpaMMax Mo
COTJIACOBAHUIO TOPMOIMHAMUYECKNX CBOIICTB MHHEPANOB € OKCIeDH-
MEHTAJIBHO M3YYeHHBIMH PEAKIMAMH MHHEPaa000pasoBaHns 1 TePMO-
XUMHEYECKHMIT OIpPeIeseHn M,

Bansinne HeonpeereHHOCTH DRCHEPHMEHTA Ha HEOIpPeeICHHOCTH
TePMOMHAMHYECKHX cBoiicTB MumepanoB. OmuGkm B TepMOIHHAMI-
YECKHX CBOMCTBAX MHHEPAJIOB, CBA3AHHBIE C HEOIPEIEIeHHOCTHIO DK-
CHEPUMEHTAABHOTO ONPE/IeCHAA PABHOBECHBIX TePMOJNHAMIIYLCKIIX
mapaMeTpoB peakiHil MIHepaa000Pa30BaHIA, MOrYT ObITh BEIIMUNHA-
MH TOTO K€ IOPAAKA, 9T0 I ONOKH, BHOCHMEIE APYriMi hakTopamMm:
morpemmoctamn  SSyg, ¢ = f(T), AG} oy GasucHwx MuHEpaaos,
HENPaBHJIbHOM HAeHTHOHKAIUEH CTeNeHN YIIOPATOYEHHOCTH aJI0MOCH-
AMKATOB, OTKJOHEHHAMI OT HAEAJBLHOCTH B rasoBHIX CMeCAX M JPY-
ruvi [Hapmos u np., 1971]. Boabuias meonpenenennocTs aKciepu-
MEHTAJILHOrO I3MEePEeHNsA YCJAOBHI PaBHOBECHA pPeakiuili MuHepaaool-
PasoBaHMA MO;KeT JaTh ONMOKY, BKJaJ KOTOPOl B CyMMapHYIO IOT-
pemHocThE pacuera OyAer Aajke NPEeBLINIATH IOTPOIIHOCTH O0CTAb-
mex sraanos [Kerrick, Slaughter, 1976]. Beenenne B oty upobaemy
Hameueno B paborax 3en E-ama m mp. [Zen, 1972, 1977; Bird, Ander-
son, 1973; Kerrick, Slaughter, 1976; Demarest, Haselton, 1981].

P. Po6u ¢ corp. [Robie, 1965; Krupka, Robie e. a., 1979] mpu-
HAMAIT BO BHHMAHIE BCE JKCIEDPHMEHTANBHLIE TOYKH WM YABAHBAIKOT
9HCI0 HKCIEPUMEHTAJLHBIX TOYEK B TOM CMEICAE, 9T0 NPHHAMAIOT
TPAHUIIEL TeMIePATYPHOIO HHTEPBaja 3a PABHOBECHBIE 3HAYEHMS TeM-
nepaTypsl M [aBJeHHA, 10 KOTOPHIM OHpeeisercs cBoGOfHAA dHEpP-
IHA peaknmii u paccunthiBaercas sejamunmHa A} ... Cpenuee us
DTHX 3HAUEHMI ¢ YBOCHHOM CTaHIAPTHOM oMNOKOI cunTaAeTCH DHTAJE-
Hueil peakiuu, PacCYUTAHHOH H3 OKCHEPHMeHTANBHEIX PABHOBECHLIX
mamunx. B pacuere nenssectHoro smauenms AHY ., MuHepaia
HOTPemHoOCTh PACCUMTHIBAGTCH OOBITHBIM METOXOM HAKOILICHWS OIIH-
fok. Hak mpasmio, B TakHX pacderax o0bYHO mpenefperaerca II0-
rpemHocThi0 B Gynxinun sHeprun I'm66ca, xoTopasa cunTaercs TOUHO
3aJlaHHOIL.

3en E-am ¢ coasropamu [Zen, 1972; Chernosky, Autio, 1979;
Zen, Chernosky, 19761 nposoasar ycpenmenne AG) ., paccanran-
HBIX T3 Ka/KI0r0 SKCIHEPHMEHTAIBHOr0 HWHTEpPBala, € INCIOJIB30-
BaHumeM BecoB Kasigoro pactuera. Iloa:xe 3em E-am [Zen, 1977] o1-

Kasajca OT peKoMenjauun Hamaydmero sHadeHus AGj..s 1 onpe-
AEASET TOJBKO T@ MHTEPBAJbl, B KOTOPHIX MO/KET HM3MEHATHCS MCTHH-
Hoe suauenne AG)..s, PpaccuntagHoe mytem ycpegmenusi AG] .gs
OT/IIBLHO 110 BEPXHel i HIFRHEeH rPanmiiaM sKCIepuMeHTalIbHOr0 TeM-
HepaTypHOro HHTEPBAJA.

3 H. Noporokynen, H. K. Kapnos 33



T. Bag u T. Aupepcon [Bird, Anderson, 1973] ponyckaior, aro
NPOBOJUMASA HKCIEPIMEHTATOPaMI OmnOKa B ONPEe]eHn PaBHOBeC-
HOIl TeMImepaTypsl ecTh yABOoeHHas cramjaprHas ommuika. Ilo rpanu-
IaM TEeMIIepATYPHOT0 MHTEPBAJA OHH PACCUMTHIBAIOT MAKCHMAILHOE
u MuHUMaabHoe aHauenns AGY ., MuHepada, npuueM ommOKy B on-
peneiennn AG) .55 PACCYNTHIBAIOT ¢ y9eToM pasuuibl MeERAY AGY .4
(min) u AG} 595 (max), Kortopast cymmmupyercs ¢ ommikoit AGY g4,
oupepenennoii o0suHEIM oOpasom. Hauayumee smauenmue cramgapr-
HOI 9HEprum I‘llﬁﬁcig)npenenﬂemﬂ KaK cpefiHee MeKIAY MHUHHMAIhb-
HEIM 1 MaKCHMAalbHHEM 3HaueHmaMH. Eciau peaxuma mayuena 0oiee

HeM B OJHOM 113002PHOM CedeHnn, Torjla Hanayumee snadenne AG) 4
PACCUNTHIBAGTCHA € YYETOM BECOB Ka;KIOro cedeHns winm Gpexura (or
aaraniickoro brackets, 1. e. momoca). K memgocratkam atoro meroja
MOFKHO OTHECTH TPYAHOCTH B BHOOPE BECOBLIX KOa(HINEHTOB B IPO-
ueaype pacdera cpegnnx. Eciam cratmeTmueckne XapaKTepHUCTHKH
pacmpeiesiennii Hem3BeCTHH, TO BHIOOP BeCOBHIX KoapduimenTor —
BOIIpOC coraamenns. Hpome Toro, pacder NpoMsBOJUTCA MO OTHEIb-
HEIM TOYKaM, a He OJJHOBPEMEHHO II0 BCeM C Yy9eTOM MX MHIUBHIYAJ b-

HEX omuGok u morpemmnocteit S3ys u cf = f(T') MuHepanos.

X. Jummapecr m X. Xaceasrom [Demarest, Haselton, 1981] mo-
noaunan padorst 3en E-ama, I'. Boga u I'. Ampepcona mo amanmay
ommnfok B cranjaptHoil sHeprumu I'mG0ca ymmepana, paccuMTaHHOM
N3 DKCICPUMEHTANBHLX PABHOBECHEIX JIAHHEIX, M TIOKA3aJI, 9T0 B Pa-
Hore I'. Baga u I'. Augepcona [Bird, Anderson, 1973] onmbrn 3asu-
nIeHH M0 cpaBHeHHI0 ¢ Goxee Tounmm pacderom. Ho X. Jlumapect m
X. XaceabToH PaccMOTPe N TOJBKO YaCTHBII ¢ayyail, Korja H3BecT-
HEL BCE TEPMOJMHAMIYECKHEe TapaMerpsl  GYHKIHMN ¢ X ommbKaMm,

sa mckmouenneM AGY ,o¢ OHOTO MiHEpaJa.

Hexoropsie asropsr, 8 yactnocrn JI. Keppuk n [[;x. Cuorep [Ker-
rick, Slaughter, 1976], nsGeraior TpyaHOCTEil, pACCMOTPEHHBIX BHIIIE,
TyTeM WCHOTb30BAHNA HAWMEHBIIEro SKCIEPHMeHTalIbHOro GpermTa,
1oJiarag OpH HTOM, YTO BHOBb PaccYNTaHHAdA KPUBasg aBTOMATHYECKH
nonafgaer B Oonee muporme TemneparypHue nuteppannl. Ilpegnoske-
nua JI. Heppuka n [Isx. Crorepa mennss massarh ynavnsiva. OHn
PEKOMEH/IYIOT O0TOpachiBaTL YacTh HKCIIEPIMEHTANbHOI nndopmannn,
XapakTepuayiomeil yeaoBusa paBHoBecus B Tex ofgacTAX, Te He yaa-
ercs MoAYyunTh Gojee TOUYHLIE 3aMEPHl 110 CPABHEHNIO ¢ HANJIYYIIHMA
N3MepPeHnAMI B OIHOI 1 TOil ske srcmepumentanbuoit pabore. Memway
TeM 0YEBHIHO, YTO eCJil BKJIIOUHTH B PACYeThl BCe DKCIePHMEHTAIbHbIe
NPAMOYTOJIBHUKI, TO MOJKHO YTOUYHNTH TOJ0;KEHIE JINHOI MOHOBa-
PHAHTHOTO PAaBHOBECIA, 0COOEHHO B TeX CAYUYAAX, KOTJA HKCIEPHMEeH-
TOM OXBaThIBaeTcsA MMpoKas 00JacTh TeMmepaTyp W fasienmit. Kpo-
Me TOro, coBceM Heo0f3aTeabno, 9TOOLI HANJAydYIIas JHHIA MOHOBa-
PHAHTHOTO PABHOBECHH, AaNIPOKCHMHPYIOMAA BKCIEPUMEHTATbBHEe
JIAHHEBIe II0 B3BEIeHHOMY KPHTEPHIO CYMMBI KBAJDPATOB HJIN MOXYJI0
MAKCHMAaJbHOI EeBA3KH, BCerjla MPOXo/Ila yepes caMble y3Kue Ips-
MOYTOJBLHIOEN peompenenennoctn. Crazamnoe ¢ eme GoabIDNM 0CHO-
BaHHEM NPILIO;KIMO He K OTAeJ Lol peakiy, a K uX Ooabmoii coso-

o

34



«#d

gymHocTn. IeobGxoammo yuuTHBATL BCE DKCHEPHMEHTAALHBIC AaH-
HEIE, BRJIIOYAsA UX B MOJIeJIb COTJIACOBAHMA € TOH TOYHOCTBIO, KOTOPOI
oHII 00BERTHBHO XapaKiepuayioTCH.

B pacuerax TepMoHHAMHYECKIX BEJIMYNH U3 HKCIEPHMEHTAIBHLX
PABHOBECHBIX JJAHHBIX € HCIOJB30BaHKeM Metofos Il 3akoma Tepso-
IMHAMAKH INMHPOKOe pacmpocTpaHeHue IMOAYIH PerpececuoHnnii ama-
nu3 MetogoM HanMenbmux ksajgparos (MHKR) m B mocaemmnee mpesn
¢ TPUMEHEHMeM MeTo[0B JHHeHHoro mporpaMmuposanud. IIpawri-
geckce mpumenerne MHK meranpno paspaGorano u ocsemaercs B pa-
gorax A. H. Hopumnosa [1980]. Hak m B Meromax ycpen-
perns mo Il sakomy, cymecrsyior pasnmunnie MOAXOAL B BuiGOpe

MCXOHBIX BHasennii  AG] p, paccYMTaHHHIX M3 HKCIEPHMEHTATLHLIX

Gpexutos. Memoapayores kak snavemus AG) p, paccanTaHmbie 13
TPANiI] SRCIEPHMEHTAJBHLIX TeMIEePATYPHHX WHTePBALOB, TAK I CPe/l-
HIe 3HAYGHNA ¢ yueToM it 6e3 yuera Becos Kasgoro narepsana. Qmuorn
TAKHX PACUETOB WHTEPHPETHPYIOTCA B CMBICJIE METOA HaMMEHBIINX
KBaJ[PATOB W HCIOJB3YIOTCA B OKOHYATEIBHEIX pacuerax o0biunbM 06-
pasoyM, x01A 00OCHOBAHHA KOPPEKTHOCTH HPHUMEHEHHA KBaJpaThy-
HOTO KPHTEPHA, KAk NPaBH/I0, HE JaeTcs.

§ 3. CHCTEMLI COT'JIACOBAHHBIX
TEPMOJNHAMHYECKUX BEJIMYUH — ODPHHOMILI DOCTPOEHIA

B mpepsigymenm nmaparpage paceMoTpeHnl MeTOABI pacuera U OIEHKH
NOrpelIHocTeil OIHOM MM JIBYX B3aMMOCBABAHHLIX TePMOJMHAMIIYE-

CKEX XaparTepucTHR Munepana: AHJ .4, AGT sgs; AH o5 1 Shoq

WIH AG}y0s 1 Sgpg 1O BKCIEPHMEHTAJBHBIM  PABHOBECHBIM JlaH-
HEIM. Tepmopgumnammdeckag o0pafoTEa HECKOJLKHX  B3auUMOCBA-
S8aHHEIX peakumil mpeacrtasiaser cofoil ropasgo Oosee CA0KHYI0 MPoh-
JIeMy, 3aKJII0YAKINYIOCS B TOM, 4TOOB IOJYYHTh TAKHE TEPMOMHAMME-
YeCKHE CBOMCTBA HECKOJBKHX MIHEpaJOB, KOTOPLE HAmIydmmm o6-
Pas3oM COOTBeTCTBOBAJM OB MCXOAHHIM AKCIEPHMEHTAILHBIM TAHHBLIM
H pesyjabTaTaM TePMOXUMHUUYECKHX HCCJAEIOBAHHI B CMBICIe BhiOpaH-
HOTO Kputepus obpaborku. BosmoskHble I mpegiaraeMpie IyTH I Me-
TOABI PelleHns HTOH ITPoGJeMBl PaccMaTPHBAIOTCH HILEKE.
IMocaegoBaTennioe COMJIACOBAHIE TEPMOJHHAMHYECKHX CBOICTB
MHHEpaa0B. BONpOoCH CO3aHMA CHCTEM COTJIACOBAHHBIX € 9KCHEPH-
MEHTaJhbHBIMH PABHOBECHBIMI JAHHEIMH TEePMOJHHAMHYCCKIX CBOMCTB
MiHepajoB, ofecrneyBalMUX YBEDEHHBH TePMOJHHAMATECKNIT aHa-
A3 IpOIeccOoB BhIBeTpUBaHWA, Meramopduama n pyaocoGpasosanns,
OB mocTapdeHs W wacTmuHo pemtennl B 70-x romax [Mapaxymes,
1968; Kapnon u ap., 1971; Measnuk, 1972; Huroascknit, 1973, 1978;
Xomaxopcknit u ap., 1980; Zen, 1972; Zen, Chernosky, 1976; Parks,
1972; Thompson, 1973, 1974; Ulbrich, Merino, 1974; Bird, Ander-
son, 1973; Chatterjee, 1970, 1972, 1974, 1976, 1977; Hemley e. a.,
1977a, b, 1980; Helgeson e. a., 1978; u ap.]. Hecmorps ma pasimd-
HBIE cIoco0hl pacyera TePMOJHMHAMHYECKUX BEJIHYNH, BCe 9TH PalOTH
HMET oJHO ofmee CBOMCTBO: COIVIACOBAHHME TEPMOAMHAMHITECKUX
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CBOIICTB MIHEPAJ0B NPOBOANIOCH MOCHEIOBATEILHBM, NN (IlenoYed-
HeM», MetogoM. CyTh 8TOro MeToja mpocTa M XOPOIIO M3BECTHA: II0
TePMOANHAMHYECKEM CBOHCTBAM Ga3aMCHLIX BEmECTB M MHUHEPAJOB IO-
caefoBaTeabHo (M0 «Ienn») BRUNCAAITCA NI KOPPEKTHPYIOTCA Tep-
MOANHAMATECKIE CBOHCTEA NPYTUX MHHCPAJIOB, KOTOPHE B CBOIO 0Ue-
penh BRINYAOTCA B Nochenyiomme pacuersi. ITpoBefieHHne TakmM
coco0OM pacyeTsl TePMOAMHAMIYECKAX CBOMCTE MUHEPAJIOB KaK B OT-
JeABHLIX CHCTEMAX, TAK I NPAKTHYECKN MO (OJBIIMHCTBY M3BECTHBIX
pearnuii MunepanoobpasoBaHns, CO3MANN XOPOUIVIO OCHOBY JIJIS [alib-
peiflmero COBEPIIEHCTBOBARNA METOI0B COTJIACOBAHNA.

B wauecrse nanOosiee ApKOTO mpHMepa cOrJACOBAHMSA MO/KHO Ha-
3BaTh Dpo6aeMy HEeCOOTBETCTBHA TEPMOXHMHUECKAX T PACYETHHIX
OHTAJLINE U sHepruil ofpasosannd 'nGGca KaoamunTa M MYCKOBHTA,
BIiepBLHe IOJHATYI HMEHHO B pafoTax 1o pacdery N COIJIacOBAHHUIO
TePMOJIMHAMITECKNX CBOMCTE MIHEPAJOB 110 3KCIePUMeHTANLHEM PaB-
HoBecHEM faHHEM [Zen, 1969, 1972; Kapnos n ap., 1971; Kapmnos,
Kucenen, 1974; Chatterjee, Johannes, 1974; Thompson, 1974; Ul-
brich, Merino, 1974; u np.]. B Goaee oGmeym naase aT0T BONpPOC He-
pexofuT B NpobieMy COOTBETCTBHS SHTAJBNNI 00pa3oBaHUA KOPYHAA
W KBapna, W AUCKYCCHA 10 HeMYy mpojpoakaerca ao cux mop [Helge-
son e. a., 1978; Hemley e. a., 1980). I npumepy naunGoxee MOJTHEIX
peanmaanuii MOCJeJ0BATeJIbHLIX METOJOB COIJIACOBAHIA MOKHO  OT-
HecTH (yHAAMeHTalbHHE TepMOJHHAMIUECKHNEe CHPABOYHAKH (CM.
[Menpenes, 1982]).

OnHaKo sTHMN METOJAMH Helb3sd PEIIUTH IPoGieMul CO3Ianns Cuc-
TeMBl COTJACOBAHHBEIX TEPMOJUHAMHAYECKNX CBOICTB MHHEPAJ0B Ha
COBPeMEHHOM ypoBHe. PaccMOTPHM OCHOBHEIE HeIOCTATKH 3TOTO,
cefiyac oOMENPHHATOr0, METO/Aa COIJACOBAHNA.

1. Coraacyorest o0BYHO OTHEIBHEIE TePMOJANHAMIYECKHE Xapak-

TePUCTHKN MHUHEPAJoB, TJaBHEM o0pasom sHaveHnA AG} .44 WiN

AH? 505, peite SSys. YPaBHEHHA TEIUIOEMKOCTH BCErja CUMTAalOTCH
TOYHO B3aJaHHEIMH, I TPOLERYDPA COrJIACOBAHNA He IpegycMaTpmBaer
HX KOPPEKTHDPOBRY B TpefelaX IONYCTHMBEIX IOTPENiHOCTeH.

OueBnpHO, 4TO COTJacoBAHME TEPMOAHHAMHYECKNX CBOHCTB MH-
HepanoB MeERAY co0oii m ¢ Ga3NCHBIME PeakIuAMI MHHEPamxooGpaso-
BAaHIA, 8 TaK/Ke COTTACOBAHNE CAMHX peaknuil Me;ray coboit 6nmo 66
Goiaee mMoJHEIM 1 THOKNM, €CIH OCHOBHLIC TeDMOZHHAMHUYECKHe CBOIi-
CTBA MHHEPaJ0B M APYTHUX BEImeCTB PAcCMATPNBATh B BHJE BEKTOPHOM
XapaKTePHCTHRN, dleMenTaMum Kortopoii  smsasiorea Vi, AGY ses,
Sls W IMOEPHYECKNe YDABHEHUSA 3aBIHCHMOCTH TEIIOEMKOCTH OT TeM-
neparypsl. IIpn aToM BCe 3JeMEHTH BEKTOPHOIl XapaKTepHCTHKH CO-
TIACYIOTCS OQHOBPEMEHHO B Tpefelnax AONYCTHMHX TOTDPeNIHOCTelt,
3ajlaBaeMblX JIBYXCTOPDOHHHMII OTPaHNYCHIAMI.

2. B pacuerax TepMOAMHAMHYECKNX XapaKTePHCTHK MHHEDAJOB
He MPUHAMAIOTCH BO BHUMaHIE 00BEKTHBHO CYMIECTBYIONME I'DAHUIIBI
HeompeJlesIeHHOCTH MCXOAHO0iT MHpOPMATINI: TOTPeNIHOCTH HHTPONHMH,
ypapmennii temioemroctn, AG} ... m navenennii aneprnii  I'mGGca
OKCIePHMEHTANbHO M3YYEHHBIX peaknnili munepanoolfpasoBanns. ITH
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BXOJIHBIE JIAHHLIE PACUETOB 3a1aI0TCA KAK CTPOro (UKCHPOBAHHLIC Be-
JNYUHBL, 4 He B BHJle HHTEPBAJIOB HX BOSMO;KHBIX 3HaueHHi. 3aMeHa
HeoIpeJleJleHHEIX BeJNYHH JeTeDMHHHDOBAHHHIMH MO/KET HPHBECTH
K HCKa;KEHHI0 Pe3yJbTATOB PACUYeTOB, YBEJIMYEHNI0 O0mel ommOKH
COIJIACOBAHUA.

CperaeM KpaTKoe NosCHEHIE cCKasaHHOMY. B sKcnepmMeHTaJbHEX
padoTax ompefenAnTCA He ToOUHLIE BenndnHel I’ m P, XapakTepHayo-
e YCJAOBAA PaBHOBECH; pPeakiyiiil MHHepano00pasoBaHWA, a HEKO-
TOpHE, OrPAHNYEHHEIE CBEPXY W CHU3Y, 00JacTH BO3MORHBIX PaBHO-
BECHBIX 3HAYeHN# TemuepaTypsl n nasienns. Ha P — T-mmarpammax
OHH TpPeJCTABIAIT co00il MPAMOYTOJLEUKHI SKCIEPHMEHTaJbHOH He-
OTIPeJleIeHHOCTH — JKCIePUMEeHTalbHEe OpeknTsl. Pasmepsr mpamo-
YTOJBHHKOB HE HNOCTOAHHBI, & MEHAITCA OT OJHOH SKCIIEPHMEHTAJb-
HOH Toukm K apyroil. OHN HATIAQHO AEMOHCTPHPYHT TOYHOCTH K-
CTIePIMEHTAIBHLIX OnpeJienennit paBHoBecus. VlcTouHmKoM Heompe-
JeJeHHOCTH MOTYT OBITh pasianyne CKOpPOCTell NMPOTeKaHWA PeakIdi
B Pa3iNYHBIX SKCHEPHMEHTAIbHBIX TOYKAX, HOTPEIIHOCTH H3MEepPeHHsd
TEMIIEPaTYPH W JIaBJeHNsA, TPYAHOCTH B WICHTH(QUKAIMH MaJbIX CTe-
TeHell TPOTeKaHNA PeakIuil Kak «CBepXy», Tak 1 «CHH3Y», APYIHE He-
U3BeCTHHC ToKa (akTops. DBepoaTHOCTHBIE XapaKTepUCTHKN pac-
npeleieHUs 3HAYEHNIT TeMUepaTyps m jaBieHnsa HenspecTHEL Ilo-
3TOMY HET HHKAKHX OCHOBAHWH molaraTth, 94To HamGoJee JOCTOBEDHHE
BeJIMYMHE — NEHTPH NPAMOYrOJBHHKOB HeonpepedenHoctn. Ham-
MEHBIINM TTPON3BOIOM OV/IeT NPeNoio/keHne 0 PABHOBEPOATHOM pac-
TpeleIeHN PABHOBECHHIX 3HAYEHHUI TeMIlepaTypHl U JaBieHnsA B 06-
JacTH UX SKCIePUMeHTalbHOH HeompenexenHoctn |[Zen, 1972, 1977;
Demarest, Haselton, 1981].

damada coriacoBaHWA 3AKINYAETCS B pacyeTe M YTOYHEHHH IO
9KCIEPIMEHTAJBHEIM JIAaHHEIM TePMOAMHAMNYECKHX XapPaKTePHCTHK
MIHepaia mam MuHepanos. IlpoBepKa MoJydYeHHHX TepMOAHHAMEYE-
€KNX KOHCTAHT IPON3BOANTCA PACUeTOM JHHIN MOHOBAPHAHTHOTO PaB-
HOBECHA peakinu MuHepasnoobpazoBannsa. Pacuernas AuHHEA HE OMEK-
Ha BHXOINTH 3a IpPeNiessl GOJbIIHCTBA 9KCIePIMeHTaIbHEX OPERHTOB
€ OJIHOBPEMEHHBIM CO0I10/leHneM YCJI0BHA — PacCUYNTaHHBE WM yTOU-
HeHHHe TepMOJAMHAMHYeCKHe XapaKTePHCTHKH He BRIXOIAT 3a Ipefe-
OB ()E3HYECKH BO3MO;KHEX 3HAYEHWIl, 33JjaBaeMHX ABYXCTODOHHHMHU
orpanmgeHnsAMA. HeBrmoanenme xoTsa OB OZHOTO M3 ITHX YCIOBHI
MO;KET IPHBECTH K OMHDOYHHEIM Pe3yJIbTaTaM.

3. Cormacopanme HPON3BOANTCA TO OTAEILHHIM PeaKIuAM, a He
OTHOBPEMEHHO II0 COBOKYIHOCTH JKCIEPHMEHTaJbHO H3Y4YeHHHIX pe-
aKouii MEHepanoo0pa3oBaHUA, TePMOJAWMHAMHYECKN CBA3AHHBIX JAPYI
€ Apyrom o0A3aTeIbHLIM YUYACTHEM OJHOTO W TOTO ke MHHepaja W
MIHEpPaJ0B XOoTA OB B [BYX Pa3JNuyHBIX Pearupsax.

Paccmarpusas He oJHY, a COBOKYITHOCTh PeaKIil, M IepPeXOoiuM
OT YacTHOTO COrJacoBaHnA K 0Oodee o0meMy COTJacOBaHHWI0 TEPMOJH-
HAMHYECKNX XapaKTepHCTHK MuHepasos. B jmammom caygae yd9uTH-
Baercsa Ooabpiiee uneJo NHOOPMANMOHHBIX TEPMOJANHAMAUECKHX CBA-
geil m Oosbllee YNCIAO HE3aBACHMBIX ODHCIEDHMEHTAJBHEIX H3Me-
penmit,
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4. He sumpaGotamsl o0me KPHTEPHH COTJACOBAHNA TEPMOINHA-
MHYECKHNX XaPAKTePHCTHK MHHEPAJIoB ¢ G0JBII0I COBOKYIHOCTBIO 9KC-
MePUMEHTAJNBHO MBYIEHHEX peariuii.

5. Oreyrersyer HaIeKHBI METOX WAeHTH(HKALHNE DPE3KO BhIIa-
NAOMMX 3HAYCHHNIT TePMOAMHAMIYECKIX CBOMCTD MHHEPAJoB U BeJH-
9UH M3MeHeHnsg M300apPHO-N3OTCPMIYCCKUX IOTEHIHATOB PeaRIHil
MHHEpPan0o0pasoBanisas Ha OCHOBE BLOPAHHOTO KPHTEPHA COIJIACHSA
M JaHHBIX O JONYCTIMBIX MaKCHMAJABHBIX TOrPEITHOCTAX BCEX TepMo-
JMHAMHYECKNX BeANIHH efunoil cuctemu: AG} .08, Shes, ¢ = f(7)
MHHEPaIoB, a TaKiKe AGE.TfpeaHuuﬁ.

6. Mcnoapayempie [0 CHX IOP IPOIERAYPHl corjacoBaHns He Pop-
MaJM30BaHL M HE NPHCHOCOBIeHBl K CHCTEMATHYECKOMY IPIMEHEHIIO
9BM.

K mocJaejosaTelbHEIM METOIAM COTJIACOBAHHA TECHO IPHMBIKAET
MeTo]{ PasHOCTHBIX (YHKIWIl, ABIAONMACH HPOMEKYTOIHLIM MEKIY
pyunbiMH u KoMmmbioTepubiMun. Cyna mo sameuanmio A. Toummcona
[Thompson, 1973], ator merox Guin mpemmosen [I. Baasnbaymom n
noJyuns joctatouno mupokoe pacnpoctpanenne [Thompson, 1973,
1974; NImynosna, 1975; Zen, Chernosky, 1976; Chernosky, Autio,
1979; u ap.]. TToka:em ero NpuMeHeHHe Ha IpuUMepe Dacdyera CTAH-
maptHoil sueprum I'mb6ca amroduaanta, smeratuta u taapka [Cher-
nosky, Autio, 1979]. ITo tpem peaknuam: Anrd = 79 + K -+
+ H,0, 7Ta = 3Anrd + 4Ke + 4H.0 un Ta + Do = 53u+
+ H,0 — moku0 HaiiTn pasnoctn MesxAay sueprusayu 'mGGea Hewo-
ropux  MuHepanos: AG{ sy (Ta) — AGY 595 (AnTH), AGT 595 (AHTH) —
— AGY 245 (M) 11 AGY 595 (Ta) — AGY 95 (9H). IIpemmonaraerca, uto
CTAHDAPTHHIE HHTPOINE W  TEIJIOEMKOCTH WCKOMBIX MHOHEPAIon,
a TaK:ke TepMOJAMHAMHIYECKNE CRoiicTBa ocTanbHbX uasectHn. Torga,
pemas cueTeMy H3 Tpex YpaBHeHuil ¢ TpeMs HeU3ReCTHBIME, HAXOIUM

AG} .45 amTOPuAAMTA, DHCTATMTA ¥ TadbKa. Ecam ke B cHCTeMY
mobaBuTH eme ofmy peakimio, Hanpumep Ta = 39m + Hs + H.O,
MOJYYAM TepeonpeesIeHHyIo CHCTeMY, NPATOJHYIO JJIA PerpeccuoH-
HOTO aHajJusa. '

IIpakTruecky nueHTHUHLI Togxo mpeniaosken negasuo [0. A. Ili-
nakuasiv [1979]. 10. A. Ilunakue paccMOTpesa sajady MOJYYEeHHS
COTZIACOBAHHBIX OIEHOK TEPMOAMHAMIYECKIX CBOMCTB BemecTs Ha 0C-
HOBE PerpeccHoHHOr0 amaan3a M GailecOBCKOrO MOAX0Ma, KOTAA coge-
ralorca anpuopHas undopmarnuA (ypanpHeHHA TEIIOEMKOCTH) M OK-
CHePHMEHTAIbHbIe JaHHEE 110 YCI0BHAM paBHoBecus peaknuil. ITep-
BHIE sTan BRAwUaer obpaGorky sapemenaniM MHK skcmepumenrann-
HEIX JIaEAWX mo MetomaMm I 3akoma TepMOJMHAMUKN ¢ Y4eTOM TeILIO-
emioctH. ITonydennbie sHauenns dSHTAJBIMN W QHTPONIAN PeaKImil 1A
ONMOPHOR TEMIIEPATYPL MOTLYT OHITH HepecunTaHbl HA CTaHIAPTHYIO
(298,15 K), n no mum dopmmpyerca cuctema ypasmenmii. Har orme-
gaer 0. A. lllnunaknu, pemenne »Toil cucTeMpl PN MOMONIH B3BEIIEH-
moro MHHK wmosposisier moayuuts cmeremy nanGojee s(deRTHBHLIX
COTTACOBAHHBIX TEPMOJMHAMHYECKHX KOHCTAHT.
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MeToibl KOMIBIOTEPHOTO AHAAN3A TEPMOJNHAMHYCCKNX IAHHBIX.
T peskjie BCETO CPeil NCCaeloBAHNIL 110 KOMIBIOTEPHOMY aHaau3y Tep-
MOAMHAMIYECKHX JaHHBIX HeoOXoanmo BwiieanTbh pabGorei M. Tacra
¢ coastopamn [Guest e. a., 1969], JI. Tapsuna ¢ xoanxeramu [Garvin
e. a., 1977; Wagman e. a., 1980] u J[m. Xaaca ¢ coasropamn [Ha-
as, 1973; Haas, Fisher, 1976; HHaas e. a., 1979, 1980, 19811].

IIporpamma M. I'acra u coasropos 1mo3pojgfAer HAXOAUTH 3HAYEHUA
AHY 45 BEIECTB T10 MMEIOMUMCH JAHHBIM 10 DHTAJNBINAM PeaKimii,

a TAaK/Ke TPOMBBOJMTL ABTOMATH3NPOBAHHKI Tepecuer AN} ,e; Be-
MECTB TIPH M3MEHEeHHN KJIOYeBEIX TEPMOXMMUUECKNX Beanunu., B pac-
werax MCIOJB3YETCS Merojl HAHMEHBINMX KBajpatoB ¢ Becamm. Ha

mepsoM orame o6paloTEM BceM HM3MepeHHHM  3HaueHHAM AR 54
peaxuii npugaerca oAnHakoBil Bec. Ecom pasunia Mesk1y HeXonasM
SHAUEHNEM DHTAIBLINI 1 PAaCcCINTAHHLIM BEINMKa, T. €. HEKOTOpas pe-
aKkIUA HECOBMECTIMA ¢ OCTalbHEIMI, TO oHa oTOpackBaercsa. Ha ro-
POM HTare BEIYMCJEHNI NPenodaraeMeM KII0UYeBHIM 3HAYCHIAM TIPH-
naerca yseamuenunii 8 10 pas mec mo cpasmennio ¢ ocranvumivu. Ha
TPeTheM aTale PacueToB BecoBas (YHKINA NPHHHMAETCH pPaBHOI 00-
paTHOI HeBA3Ke. ITHM MeTojoM OnIN 00paboTaHBl TEPMOXUMUYECKHE
JAanHbe o MEOruM ajnemenrtam: B, Si, Ge, Sn, Pb, S8,CI, N, P, Cr, Mo,
W, C, H, O, Br, I (amnunoe cooGmenne k. IMepuu, 1978).

Hepasmo 1. Tapsun ¢ coapropamn [Garvin e. a., 1977; Wagman
e. a., 1977, 1980, 1981 ] ommcamn cucremy 00paboTKH TePMOTHHAMH-
YECKNUX [aHHBIX C NCHOJb30BAHMEM KOMOMHUPOBAHHOTO KPHTEPHS
HANMEHBIIAX CYMM Il HANMEHBIINX KBaJPaToB, KOTOPas YaCTHIHO WC-
noabsoBanack npn cocrapaennn tabamig JANAF [Stull, Prophet,
1971] n mpu paspadorke peromengannit KOJJATA-MCHC [CODATA...,
1978].

JI. TapBme ¢ KojueraMm CTaBAT BONPOCH, KOTOPHE HEOOXOMIMO
PeIIMTH TPH COCTABIEHIN TaOJWI[ COrTACOBAHHKIX TEPMOJIHAMATE-
CKuX JaHHpiX. Bo-nepshix, HeoOX0IHM TIHATEABHBIT TPeJiBapUTeIbHELT
aHan3 BCeX BXOJHBIX JAHHBIX C eINHOH MHTEPHpeTalneil n ONeHKoH
HAe/KHOCTH, BO-BTOPHIX, COTTACOBAHHBIE TEPMOJNHAMHYECKHE BeIH-
YNHH B3aNMOCBS3aHHBIX COEINHEHNI JOJKHEL YA0BJIETBOPATEH OIpe-
nenennbM TpebosBanmam. Il. Tapemm ¢ Koazeramm ormevanT, |WTO
a) PeKOMenIyeMble 3HAUCHT A OIRHEI IPECTABIATE T TaHHBE, KOTO-
pHie cunTalOTCAs Hanbolee NPUEMIeMEIMH, 0) pPeKoMeHJyeMmble 3HAa-
YeHHA JOKHB HAWJIYIMAM 00pasoM COBHOAJATh €O BCeMH JPYTHMH
SHAUEHMAMA, B) BCEe PACUETH JIOJ/KHBl TIPOBOMUTEHCA ¢ IMOMOMEBI0 efn-
HOIl CHETEeMBI BCIIOMOTATEJNBHBIX JAHHHIX. AHaToTHuHBEE TpeGoBaHHA
NPeIBABIAIOT K (yHIaMenTalbHEIM CITPABOTHEIM M3JaHUAM IO TEp-
mMofHaMBEEe asTopsl cnpasounnka [Tepmopmmamuyeckne csoitcrea...,
1978].

JI. Tapsuu ¢ coapTopaMu HDpe/araiorT CAeyIOIYyIo cxemy oOpa-
GoTKM TepMOAHHAMIUECKNX AaHHHWX: 1) npempapurenbHHl aHAAN3
BXOJIHBIX JaHHHX, 2) penieHne cOCTABIGHHOI CHCTEME YPaBHEHWIT Me-
TOOM HANMEHBIIUX CYMM, KOTa MOHHMHU3HPYETCA CyMMa MomyJeit
pasHocTeil BXOIHHLIX M PACCINTAHHEIX BeJINYNH, 3) PAacueT (CPeIXHEero
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cooteetcTeuAy («average fity) myrem oOLelMHEHNA NOJYYeHHOHE pas-
HOCTH € UCXOIHOI IMOTPEIIHOCTHIO, 4) pelienne CHCTeMBl METO0M HaH-
MEHBIIIX KBAJPATOB C BECAMI, IIPHYECM BECA OTPAHIYCHBI IIPeJIeTasit
or 1 mo 200 n onpegensworea «cpepnum coorpercrenesy. OKondaresns-
HBIL QHAJNE, IPHHATHE PEINEHNH U MHTEPUPETAIHS Pe3yIbTATOB 1IPO-
BOJIATCA MCCJEIOBATEIEM.

HKoMObioTepHbie METO/IB COIMACOBAHNA U aHAIM3A TePMOANHAMIYe-
CKHX BeJUYMH OyAyT HOM0KeHL B 0CHOBY BanKa JaHHEIX Te pMOXHMHITe-
CKAX BEJIMYIH, BO3MOMKHOCTI If METO/B! CO3AHUA KOTOPOTO U3YIai0TCH
Pepaknpmouusi copetoM nof MoAroToBKe crnpasovyHsix usmanpmii AH
CCCP [Mensenes, 1982; I'¥psuu, 1983].

WNurepecnas nporpamma ojHoBpemennoii obpaGorku pasmoobpas-
HOM TepmojHaMuueckoit wHpopmannu paspaborana k. Xaacowm
n Jix. @rmepom [Haas, 1973; Haas, Fisher, 1976]. B ocuosy upor-
PaMMBl IOJIO/KEH MHOTOMIATOBLIT perpeccHoHHHE aHANN3 JAHHLIX TI0
TEIJIOEMKOCTAM, BHTPONUAM, HHTaXbNuaM, sHepruam [ubéca peak-
A 1 BemecTB, KOHCTAHTAM PaBHOBECHS, DHTANBIHAM (PAZOBLIX IIe-
PexXomoB H BIEKTPOXHMHYeCKNM mnoTeniuanam. OOpaGoTka JaHHBIX
OCHOBAHA HA PACIIHPEHHOM YPABHEHMN TENJOEMKOCTH H €ro MHTer-
PajibHEIX (opMax, I03BOJAMIHAX MOJYIHTH TEMIEPATYPHYI0 3aBICH-
MOCTL DHTPONNH, DHTANLINN, sHeprun ['mG0ca, KOHCTAHTH paBHOBE-
cua u IIC pearumum. Mmeerca meckoinbko mpmmepor paGoTsl 3TOM
nporpammer [Haas, Fisher, 1976; Haas e. a., 1979, 1980, 19811].
IMoaydennsie [agupe 0 BIOCTATY, TeMATHTY ¥ MATHETHTY IOIBEPLIINCH
cupasesmpoit kKputnke [Meabvnuk, Paguyk, 19776] kak ne coorner-
CTBYIOIHE HEKOTOPHM KPHTHYECKHM OKCHePHMEHTAJBLHBIM TaHHLIM,
B TO ;Ke BpeMA mocJepnune pesyabratel J[a:. Xaaca 1 coaBTopos Iio
cucreme Si0; — Al,O; — CaO0 — H,O Gamskm K HammM JaHHEM
(em. ra. 3).

Jluneiinoe mporpamMupoBaHHe B CONIACOBAHIN TePMOJUHAMNYE-
CRUX CBOIICTB MUHEPanoB. PasBupaeMbie Celvac METOMLI COMJIACOBA-
HES TePMOOMHAMHYECKHX CBOIMCTB MHHEpPajoB Ha Oase METONOB JIiI-
HeifHoro mporpammuposannsa Geim mameuenur B pabore T. lopmona
[Gordon, 1973]. T. Topron — ogun ua HepBHIX WcCAeH0BaTe e, MPH-
MEHHBIONX amIapar JHHeXHOM anre0pHl B KavecTBe MHCTPYMEHTA aHa-
JIN3a HKCIePUMEHTAJBHO NBYIEHHBIX Peakiuil MuHepanoobpasoBaHuA.
Torpa se GamsKas MOCTAHOBKA 3aja4y, HO TOJBLKO C HCIOJIb30BAHUEM
IBYX dKCHEPHMEHTalbHHX Touer, Oniia paspaborama H. C. Hukousn-
ckum [1973, 1978]. T. Toppon npumenna ofsMHOE YpaBHEHHE, OIIM-
cuBalomee ycaoemsa pasHosecusi pearimu:  AG, g = AGY .5 — (T —
— 298,15) AS? 395 + AVY 095 (P — 1) = 0, HO mMCHOAB3OBAT €ro B
BHJIe HEPaBEHCTB, COOTBETCTBYWIINX HATNPABJCHAI0 PeaKIH H/IN
YCTOMYHMBOCTH TOH mWaH WHOH (assl Ha rPaHAIAX SKCIEPHMEHTATb-
HOTO TPAMOYrOJBHHKA HeompenexeHHocT. PaceMoTpuM  peaknmie
Ime = Awup, nenoassyemyio T. Toprorom B KawecTse uiutocTpamnym.
Peaxnusa mayuena C. Pugappnconom n coastopamn [Richardson e. a.,
19691 & gByx msorepmmueckux cedenmax: npun 7 = 700°C mmeren
yeroituns npn P = 6,75 g6ap, anpaayaur — upn 6,1 x6ap, upu I' =
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= 825°C — coorserctBenno nmpn 7,8 m 7,35 x6ap. Jlan xammuoii na
YeTHPeX HKCHEePHMEHTAJBHEIX TOYEK MOKHO 3allicaTh HePaBeHCTBA

puga AG.r > 0 mam AG,p <0, 1. e. AG) 405 — (I' — 298,15) X
3 ASY 295 + AV? 5008 (P— 1) =0. Ecam ma rpaduke ¢ Koopammar-

meMu ocaMH AGP .0 1 AS] . BHJIEANTH 9eTHPE COOTBETCTBYIO-

mue 9THM ~ HEPABEHCTBAM NOJYIIOCKOCTH, TO OHH OrPaEMYAT

00JaCTh BO3MOJKHHIX  3HaueHmE AG) .05 1 AS) ¢ peaxnmm, co-
TJIACYIONTHEcs ¢ DKCIEPUMEHTATBHEIMH JAHHRIMI, T. €. Jo0ad mapa

B3ANMOCBA3aHHEIX 3HaYeHHH AGY .05 1 AS) .04 M3 310l oGmacrn
JacT JMHUN PaBHOBECHS, He BHIXOAANIHE 3a IPeesibl HKCIePHMEeH-
TATBHHIX TPAMOYTOJBHIKOB HeOlpeJeleHHOCTH.

B mpoerrix cayuasx, mogolHHX PaccMOTPEHHOMY, MHUHHMAJbLHEE

W MaxkcHMaiabHble 3HaueHns AG) .o m AS) ,0¢ MOKHO JeTKo HaiiTH
rpafmuecknM HaM aHanuTHuYecKnM muyreMm. B ofmem Bume samaua
dopuyanpyercsa T. Topgonom B Bnje sapaun ammeiiHOTO Hporpam-
MUPOBAHMA: MAKCHMU3HPORATHL (MJAM  MUHNMH3HPOBATE) AGg.esn
1 ASY .0 Deakiuum Ha MHOKeCTBe orpammuenmii Bupa AGP s —
— (T — 298,15) AS? ogs + AV} (00s (P—1)= 0, paccumTanHHX H3
SKCIEPUIMEHTANbHLIX [aHHBIX II0 ycroilgmBocTn (a3 WIH Hampas-
JeHHH peaknuii, m Ha MHOKeCTBe [APYIHX OrpaHHYeHHHE B BHJE
YPABHEHHII I HEPABEHCTB, HMEIOMIX MeCTO BCJIEJACTBHE TeOPeTHUeCKUX
orpammueHnil — ypapHenuii auneiinoi sapncumoctu. T. lopmon npn-
BEJ [Ba TPAMEpPa NPHI0KEHHA JUHeHHOT0 IPOTPaMMIPOBaHIA K aHa-
JM3Y ORCICPAMEHTAJBHBIX JAHHLIX: UM ONpeeJelbl HUKHNe ¥ BepX-
nue npeess Koaebanmit spepruii M'nddca n suTponuii peakuuii MeRAy
nomnmopduuivn momuduranmann AlSiO., a raxske 18 pearknumit Mm-
Hepainoobpazosannsa B cuereme Si0,—Al,0;—Ca0—H.,0—CO, =
NPOBEIEHO CPABHEHNE TOJYYCHHHX JaHHEX € BeJUunHaMH, Paccum-
TaHHEIMI 13 cupasounuka P. Poon m JI. BaaspGayma [Robie, Wald-
baum, 1968].

Meton T. Topmona moayuma pacnpoctpasenne B palorax sapy-
fesmamix merponoros [Bym, @peiizep, 1981; Schmid, Wood, 1976;
Wells, 1976; Gordon, 1978; Pigage, Greenwood, 1982; u np.].

X. Xaas6ax m H. Yarrepmxn [Halbach, Chatterjee, 1978]

- copMyampoBaan  3agavTy ONUPENEJNEHNA HEH3BECTHHIX 3HAYCHHH
AH 595 11 Sfo9s MuHEPaNOB avasormuno mocranopke T. Topaoma m

CUIITAIOT, UTO IIyTeM TepMoAnHaMAueckoidl o0pafoTHEI JKCcIepn-
MEHTAlbHBIX PABHOBECHHIX JIAHHBLIX MOKHO IPOBEPUTH BHYTPeHHIOO
COTJIACOBAHHOCThL KaJOPHMETPHTeCKHX oIpejesennii ¢ paBHOBECHbI-
M1 (pazoBHIMII [arpaMMaMi, oNpeJeiiTh Ee NayueHHke ele KajJopn-
METPHIECKIMI MeToJaMil TepMOJUHAMAYECKHE CBONCTBA MHHEPAJOB,
a Take COo3Jarh CHCTeMYy BHYTDEHHe COTJIACOBAHHBIX TePMOXWHAME-
YECKNX Beanunn Bcex (a3 AanHoil cHCTeMHI, MOJATBEp;iadA TaKaM 00-
pazom mosoykenus, chopMyIupoBaHHEE HamMu panee. B caemyiomem
coobmennn X. Xansbax m H. Yarrepmsn mocrasuin sajagy onpe-
Telenus HHTAJLIMHA I SHTPOIMHA MUHEPAJZ0B, CBABAHHBIX C IPOIEC-
camMu - ymopajodenua crpykrypm - mmmepanoB [Halbach, Chatte-
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rjee, 1979]. Dra sajgava pemaercs ¢ MOMONIBIO METOMOB TapaMeTpH-
9eCKOTO TPOrPaMMUDOBAHHA.

Mpepnoskennmit T. Topgorosm Mertoj BHYTPEHHEro COJIACOBAHNA
TePMOJIMHAMUUECKIX [IAHHBIX CYIECTBEHHO JOM0JHeH paboramu
X. Ilast m coasropos [Day, Kumin, 1977, 1980; Day, Halbach, 1979].
X. Jloem BBefen «o0bERTHBHBIL KPH1epnily ONEHKI COrIacoOBAHHOCTH
TePMOXNMUYECKHX M HRCOEPHMEHTAIbHLIX JAHHBIX:

)

" AH — AH' AS —AS’
Bl

rie AH n AS — sHTANBIMA M DHTPONHA PeaKiil Win MHHePAJoB,
paccuuTaHHbBIe N3 DKeepuMenTanbHeX Opexuros, AH 'n AS' — 10 e,
HO paccumTaHHBIe IO TepMoxuMuvecknM mananM, UH' uw US' — mo-
IPeNIHOCTH TePMOXIMUYECKIX OIpelelieHnil. DT0T KpUTepnil HIeHTH-
4eH OJHOMY M3 Kputepmen cucteMil oOpaboren napaeix J[. Tapsuma
¢ rojieramu. Munnmusnpys xpurepuit Z, X. Jloii mosyuaer takoe
ONTHMAJbHOE Pellenne, Korjga obmee OTKJAOHEHHE BBIYHCJIEHHHIX Tep-
MOJIMHAMAYECKNX BeINYMH OT TEePMOXUMIUECKHX B3Hadenmit Oymer
MEHHMAABHBIM, CpaBHeHne PesyabTaToB ATHX HCCJENOBAHMIL ¢ HAIII-
MH JlaHHBIMH OyJeT cleraHo B clelyiomeil riase, a ceifuac paceMoT-
puM ocobennoctn npomenypst X. [las m coasropos.

Jra nmpouenypa Oasupyercs Ha TePMOAHHAMHYECKHX COOTHOIIEHI-
AX, BHITEKAONMX M3 MeTo[0B 00paboTKN SKCIEPHMEHTANLHBIX pan-
HOBeCHHIX Jauubix 10 Il sakomy TepMojgnHaMuKI ¢ Y4YeTOM 3aBHCH-
MOCTH TEIJIOEMKOCTII OT TeMIIepaTyphl, i BK/JIYaer Tpu asrama. Ha
mepBoM arame Tpe0yercs BBHIIOJHEHHE 6CEr HEPABEHCTB, BBOIEHHBIX
B CHCTEMY OIPAHHYEHHIT, — ATO CJAMIIKOM jkecTKoe Tpefosanue, orpa-
HUYUBAIOMEE IMOJAYYAEMble TepPMOJAMHAMAYECKNE BEeJIUYHHLL TOJIBKO
IT sakomom. OueBumno, ecim oKCIEPHMEHTAIbHBE GPEKUTH Pa3HBIX
cepmii DKCIEPUMEHTOB 10 OJHOM peakmui He nepecexanTcs (TpHBIi-
anpnLil cayvail B sKemepmMeHTAJLHBIX pabortax), To obmei obGaac-
TH JOOYCTHMBLIX pemenuil npocto He cymecrTsyer. B Tom cayuae, ecian
DKCIIePUMEHTANbHEe OPEeKHTHl PA3HBIX ABTOPOB YACTHYHO Ilepece-
KawTcs, Torja eme Gonblie cyskaerca obiacTb JONYCTUMBIX penierni
no cpasHeHn0 ¢ Kaykpoil cepmeil. IToaromy X. Jloit m X. Ramum
[Day, Kumin, 1980] mpoBogaT anaima sKCIePAMEHTAJLHEX TaHHBIX
Pa3HEIX aBTOPOB IOCIEI0BATEILHBIM COYMETAHHEM HX APYI ¢ APyrom,
TEM caMbIM IPOBepsercs UX coriacosannocts. Ha mepsom srame ama-
JUBHPYIOTCS TEPMOJNHAMAYECKHE IapaMeTPHl dKCIePIMeHTaIbHO U3Y-
YEHHBIX peakyuli MUHepanoofpasoBaHnufA COBMECTHO € YPaBHCHUAMMI
NUHENHON BaBHCHMOCTH — HE0oOXoAmMMOe TeopeTnyeckKoe orpanmye-
gue mo T. Topmory [Gordon, 1973]. MusnmMusupys win MakKCHME3H-
pya sETpommio peaxnmit, X. Jlaft ompepensier BO3MOKHBIe I'DaHUIEL
H3MEHEeHHI TePMOIHHAMIYECKNX mapamerpos peakiuii. Ilo auM satem
paccumTEBaOTCS (AsOBEHE AMATPAMMEL JIAHHOH CHCTEMBI, YHCJIO KO-
TOPHIX V/ABOEHO 10 CPABHEHUIO ¢ KojmdectsoMm peakmuit. Yacrs mu-
arpaMM HMEIOT CXOJIHBIE TONOJOIMH — OHH O0GLeIUHATCA, YaCTh OT-
fpacsBaeTcsA 10 APYIUM CO0OpaKeHHAM, B JaCTHOCTH, B CBA3H € MO~
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ABJCHNEM 3alpemennsx naparexesncos n 1. m. OcranpHnie quarpam-
MB (HAmpuMep, NATH Pa3IMYHBIX TONOJOTHII B cucreme Si0, —MgO —
—I,0 c¢ anrvodmiamuroMm, TanbKOM, (OPCTEPHTOM, HHCTATHTOM,
kpapueMm u somoil [Day, Halbach, 1979]) coorsercTtnyior rtem jma-
TpaMMaM, KOTOPEIe MO;KHO IOCTPONTH II0 OTPAHHYEHHOMY 9HCIY JK-
CIIePUMEHTAJIBHEIX PABHOBECHiI, IPHYEM BCE MOHOBAPDHAHTHEIE TH-
HUO MOUAJANT BHYTPHh WM DPOXONAT Yepes TPaHHIlbl BXOAHBIX K-
cHepHMeHTadbHHX OpernroB. OTCIONAa MOKHO C/I@JATh BAMKHBIA Bhi-
BOM: CIEAYeT ¢ OCTOPO;KHOCTBLIO MOJAXOANTH K TeM TOJAHEIM (DAa30BBIM
jprarpaMMaM, KOTOpbhie TIOCTPOeHB MO OTPAHIMYEHHOMY YHCIYy DKCIe-
PUMEHTAJILHEIX PABHOBECHII MM PACCUYNTAHBl AHAJOTHYHEIM 00pa3zoM
0 KOHCTAHTAM PABHOBECHS BCeX BOZMO;KHBEIX B JaHHOH cucreMe
peaximii.

Ha mropom arane pemaercsa 3agada OTHICKAHISA TAKOro IeHTPa 06-
JACTH SIBHOTO PelleHns, Koraa JHHNI MOHOBAPUAHTHLIX PaBHOBECHH
OPOXOAAT dYepes IEHTPH aKeIepUMeHTaaAbHbIX OpeknTtoB. G aToit
MeJLI0 B CHCTEMY OrpPAHMYEHHI JOMOJHNTENILHO BKJIKYAITCA Hepa-
BEHCTBA, COOTBETCTBYIOIMME IPeIedbHLIM KojdelaHmsaM — JiBe cTaH-
paprasie onmOKkn — aHransnan u saTponun ksapia |[Day, Halbach,
1979]. B osrom cayuae MOKHO OUpEENNTH IpeieibHbe Koaebamms
AH .95 1 Sygs OCTAZBHBIX Tpex Mumepaion. Jlaree, mnyrem pe-
mennsas 20 3ajmau  JuHeHOro TNpPOrpaMMHUPOBAHUA — ONPEeJATH
min AH m min §, max AH u max § mnaT™M MuHEepaloB — Haxo-
aATcA npenensl Konebaunii AHj s 1 Syoq BCEX MHHEPATOB, a TaKKe
mentp obiaactn pemennsa. Ilo mosyuenHOMY peleHNi0 CTPOUTCA HamM-
ayqmas (asopasg qUarpaMMa B TOM CMEICJA€, UTO JMHIT MOHOBAPHAHT-
HOTO paBHOBECHA NMPOXonAT B Hanbonabmeil GAM30CTH OT MEHTPA KC-
HePUMEeHTAJNBHLX OpPeKnTos.

B cayuae ¢ cucremoit Si0,—MgO —I1,0 X. Jlait u X. Xaunsbax

" IPpUILIN K BBIBOAY, UTO TaKafg AuarpaMma IpoTHBOPEYNT NMEIUMCH

TEPMOXHMIUECKIIM JaHHBIM, O0COOGEHHO B OTHOIIEHHH CTAHZAPTHOH
BHTPONNN TajbKa, TakuM o0pasoM BOSHHKAET HeoOXOIMMOCTB HOJY-
YeHHA TAKOrO PelieHnsd, KOTOPoe Jydile COOTBETCTBYeT TepMOXUMH-
gecknM ompenenrennsaM. Xors (Gasossie fuarpaMMbl, PacCINTAHHEE IO
ONITHMUBHPOBAHHEIM TapaMerpaM peakiinii, IOJHOCTHI0 COOTBETCTBY-
0T BXOJHLIM pKcnepuMenTtansHeiM OpexntaM, X. [lait w X. Xaasbax

He cMOTIN onpeneanTh TaKuX AH ;.95 M Sygq MUHEDAIOB, KOTOPHE OfI-
HOBPEMEHHO COTJACYIOTCA W ¢ JKCIHEPUMEHTOM, H ¢ TepMOXHMHeH.
TonbKo AOMONHNTEABHEBIT aAHAJMS ITOKA3AJ, 9TO IPUIHNHON 3TOMY HB-
JOAIOTCH TepMOoANHAMHYECKNEe XapaKTePHCTHKH TaJjbKa,

TTa Tpersem srame mcmonbayercsa oOBEKTHBHBIT KpHUTepHil, KOTo-
PHIl TTpUMeHsercsa IS MIUHEMUSAIIN PACX0/KICHNTT MEKIY TepMOLH-
HAMHYECKHMI TTapaMeTpaMii Peakiiil U Ipn oImpeie e il Hanaygimx
3HATEHNI TEPMOJANHAMUYECKAX CBOICTE MHHEPAIOB, MpUYeM B IO-
cremHeM cjydae TPedyioTes JONOJHUTENbHLe JaHHbie. ANPHOPHEI
BEIGOP TOPMOXMMHYECKUX ONpeflesednii, ¢ KOTOPHIMH CDaBHHBAKTCA
PaccumTanHbie TePMOJMHAMHUECKHEe XapaKTepueTuki, Tpefyer Heof-
HOKPATHOTO TPOBEJEHNs PACYeToB, UTO, KOHEYHO, He ABJIfAeTcH mpobh-
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JeMoit, HO CTABHT BOIPOC O KPUTEPHIH BLIGOPA MCXOAHBIX TEPMOXIMME-
4eCKHX BeJIHYHH.

Hedopmaanuan nocTanoBka MpearaeMoii MOeIn COTIACOBAHMSA,
Tlonsoas nrtor o63opa, OTMETHM, UTO HACTOHYMBEIE MOMCKHM IyTell Ko-
JNUYECTBEHHOTO TePMOJANHAMHUECKOT0 CHHTE3a OKCICPHMEHTATBHBIX
AaHHBIX meTposiornu Obltn BooaHe onpasganusivm. Hanboaee Baskmbril
peayabTaT — TBEpHoe yOekjleHHe B TOM, 4TO AajbEeiiniee pacmmpe-
aue GonAa KOJUIECTBEHHON TePMOANHAMIYECKON nHpOpMANN B Teo-
XUMUM U IETPOJOTHH HeMHC/HiMo (e3 pasBUHTHA TOYHRIX KOJNYECTBEH-
HEIX OIpefeleHnii ycJaoBuil énﬂonecuﬂ OasncHBIX peaxnuii MUHEepa-
noobOpasosanna. Bmecte ¢ TeM cieflyeT HPH3HATH, 4TO OCHOBHLIE BO-
MpoCH, CBA3aHHBIE ¢ paspaboTkoii oGmell MaTeMaTHUYECKOl Mofenan
COTJIACOBAHHUA TePMOAMHAMAYECKIX XaPAKTePHCTHR MUHEPAJIOB ¢ JaH-
HBEIMI 9KCIIePAMEHTaIbHOI HeTPOJIOTHN, OCTAICE Hepenennpyu. Ban-
MaHie IeTPOIOroB COCPElOTOYeHO HAa MouCKax sfeKTHBHLIX METO OB
COTJIACOBAHNA OT/IGJNBHLIX PeaKnuii, Torga Kak Oosee paRkuas 3agada
otHoBpeMenHoR oOpaborkn Ha IBM Gonpmioli COBOKYIMHOECTH TEPMOM-
HAMIYECKH B3aNMOCBA3AHHLIX Peaknnil MurepasoofpasoBaHusa Jaske
He Obiia verko mocraniena. He Oniiin Tak;ke mpPeomoJensl TPYAHOCTH
yuera CymECTBeHHOII HEOJAHOPOMHOCTH B IOTPEIHOCTAX HCXOJHBIX
MAHHBIX.

Mu ipesiaraen afiech TeOPETHULCKY 0 OCHOBY PelieHns aToi mpos-
JeME IyTeM CO3JaHHS YHUPUIAPOBAHHONI MaTeMATHYECKON MOJean
cornacosanus Ha IBM TepMogmHAMUUECKIX CBOIICTB MHHEPAJIOB C
GOMBIMON COBOKYHNHOCTBIO JKCIHEPHMEHTAJNLHO H3VIEHHHX peariumil
muHepasooOpasosannsa. Brawame npmeemeM cioBecHoe, HeMmaTeMa-
THYECKOE M3J0/KeHne HAeHHOTO CYmEeCTBA IPeJoyKeHHOTO MeTola,
a 3areM, mocie 00OCHOBAHMA KPUTePHS COTJIACOBAHUS, AaiuM Tep-
MOIUMHAMHYECKYI0 1 MaTeMaTHUYeCKyH IIOCTAHOBKY 3ajladll corJa-
COBAHHSA.

3amaua MOCTPOGHHA MATEMATHYECKOH MOJEMH COrJACOBAHHA HA
9BM repMoAMHAMIYECKIX CBOMCTB MUHEPAJOB ¢ JaHHAMH JKCIEPH-
MEHTaJIbHOM MeTPOJOTHH BKIOYAET pelleHie CJIAeAYIIEX BONPOCOB.

MepBuii Bompoc —BuGOP aNIPOKCHMHPYONHX YpPaBHE-
Huit. dror BEbGop, Kak Gyger MOKA3aHO B § 5 HACTOSIIEI TIaBHl, OI-
pefiesfeTcA: a) SABHEIM AHAAHTHYECKUM BHIPAsKeHNEM TEPMOIMHAMI-
gecKuX (hyHEImil, KOTOPLIMI OOACHIBAIOTCA M300apHO-H30TePMHYECKHE
YCJIOBHSA PABHOBECHS Peakmuil MmHepamooOpasoBaHus; §) mHTerpaab-
HEIMH (YHKIUAMUH TeMIepPaTyPhl, 3aBHCHMBIMI OT IPUHATOTO BHIA
BMIIHPNYCCKHX YPAaBHEHHI TeIIOEMKOCTH; B) YPOBHEM IeTalbHOCTH
NPefCTABICHAA HCXOMHBIX JAHHBIX, KOTOPHI HENOCPEICTBEHHO CBA-
3aH ¢ yPOBHEM HX HeoHpeJelleHHOCTIHL; T) TpefoBaHusAMu yHuduiupo-
BAHHOCTH ITPEACTABICHUA TepMOAHHAMAYCCKON WHOOpMAIK, HCIOTIb-
ayeMoit B (H3AKO-XIMOUECKOM MoAexnpoBanmm Ha JBM.

Bropoii Bonmpoc — BuGop Kputepus cCOriacoBaHus, T. e.
BEHOOD HEKOTOPOH (YHKIMM HEBABOK MekAY HKCIEPHMEHTAJBHO W3-

MepeHHBIMA BeqnupHaMu AG, p pearimii H 9THMH 3Ke BeIMUMHAMH,
BHYNCTEHHBIME 10 ANNPOKCHMUPYIONEM YpaBHeHHAM Momernu. Pac-
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CUUTAHHBIE TEPMOANHAMHYECKNE XaPAKTEPHCTHKI MUHEPAJOB B MO-
Al COTJIACOBAHUA J0J7KHBL OBITh TAKHMHA, YTO0OL KpuTepuii coraaco-
BAHMA NPUHEMAI MUHUMaJbHOE 3Havenue. BuGop kpurepusa cornaco-
BAHWS paccMOTpeH Hamm B caefylomem naparpadge. Ceituac ke orpa-
HHUHMCA O0MIM 3aMeYaHNeM O TOM, 4TO KPHTEPUeM COTJIACOBAHNA MO-
sReT OBITH CymMMa KBaJipaToOB HEBABOK, HANOOAbIIAS 110 MOJYJII0 HeBs3-
Ka, A0bafg Ipyras HeoTpuuaredbHas QYHKIUA HEBA3OK, KOMOMHIDO-
BaHHble KPHTEPHUH COIJIACOBAHHA. ANPHOPH HEeT OCHOBAHHH OTAABATH
mpennouTeHne Toil MaN NHOW (YHKONM, KOrja HEHBBECTHLI BEPOATHO-
CTHHIC XapaKTePHCTHRKH pacnpepeieHnii. Bosabmioii sec uMewT cooo-
PaiKeHNA, CBA3AHHBE C HPAKTHYECKHM OILITOM IPUMEHEHNA Pasiid-
HBIX QYHRINIT, a Tak/AKe BLIMHCIAATENLHBIE ACIEKTHI ITPODJIeMBl COria-
copanuda. Ham wmGop ueGmmmeBcKoro KpHUTepHA COrJaCOBAHHA —
MUHEMH3AIIH MAKRCIMaIBHOTO MOLYJISA HEBASKH — 00ecHeqnBaeT BO3-
MO;KHOCTh CBEJleHHA 3ajlaul COTJIaCOR?HHA K 3ajadaM JHnHeiiHoro
HPOrpaMMUPOBAHUA € [IBYXCTOPDOHHMMW OTPAHNYCHHAMH, THCICHHBE
MEeTOJIBI penieHnid KOTOprX Xopomo paszpaboTanbl 11 anpoOHPOBAHEL.

Tperuit Bompoc —spop Hagaekameil Mepsl TOYHOCTH
COTJIACOBAHNA, YUYUTHIBAOIUI CYMECTBEHHYID HEOJHOPOXHOCTH I0-
TpemHocTeil KOMIOHEHTOB BEKTOpPa TepMOJMHAMHYECKHX XapawrTe-

PHCTHK MOHEpPAJIon (AGLMS, Sses, YPABHEHHE TEINIOEMKOCTH) U

AG, r peaknmil, BEITIICIAEMEIX U3 SKCIEDHMEHTAJABHEIX NPAMOYTOJIb-
HAKOB HEONpe/leTeHHOCTH. B0 MHOrMX OTHONIEHHsAX  IPaBHJIBHBIL
BLIGOD MEpHl TOMHOCTH — OCHOBHOI BOLPOC BCeii 3aJ a4l COTJIAcoBA-
must. Jlemxo B ToMm, uTO cTpemieHne of6paTHTh B HYJah 00mIil KpUTepHit
COTJIACOBAHNA MOYRET MPUBECTH K IPOTHBOPEYNIO ¢ TeMH IIpejieaami
pomycTuMoro «apefidar TepMOIMHAMIYCCKHX XapaKTePHCTHK MHHEpa-
0B, RKOTOpbie ompejeinenst (uandyeckn 000CHOBAHHBIMII TPAHHI{AMI.
Mosxao oOpatuth B Hyab o0muit Kpurepuil corIacoBaHus, HO HOMY-
YHTH B PelIeHIl 3aBeJOMO HeBepHbIe 3HAUEHNs HHTPOINH HIH ypas-
HEHHMA TemI0eMKOCTH MHHEpaloB, QH3HYeCKH MONMYCTHMbE TDaHHIbL
HEONpefleJIeHHOCTH KOTOPHIX Beerfa Moryr OwTh ykasausl. Iloatomy
sajlada JMOJ/RHA CTABATHCA TaKAM o0pasom, uToOB MHHEMH3AIMA 00-
IIer0 KPATEPIs COTMACOBAHISA He BEBO/IIA 38 QH3MIECKN IO YCTHMbBIe
npejenbl 3HAYCHWA PACCYHTHIBAEMBIX H YTOUYHAEMBIX TEPMOINHAMI-
9eCKHX XapaKTepHCTHK MHHEPaloB. JTO BaskHeiiniee TpebopaHme B
Haledl MOCTAHOBKE BRINOJHAETCA NMYTeM HAJ0:KeHUA ABYXCTOPOHHIX
OTrPaHAYEHNIT HA TePMOJANHAMIYECKHE XaPAKTePHCTHKH MHIHEDAIOB H
H3MEHeHNT 1300apHO-M30TePMUYECKAX IOTeHIHAJIOB peaknmuil MUHe-
panoo0pasoBaHnsg, BLIYHCJAAEMBIX U3 OKCHEPHMEHTAJBHEIX IIPAMO-
yronsEnKoB. OrpannueHns HAKJTaALBAITCA WCXO0AA W3 HHIXBHIY-
AJbHEIX IPEIeJ0B HEONPEAeTeHHOCTH KaKA0H TepMOAHHAMHYCCKOIT
XapakTepPHCTHKN MUHepanoB. Takodl MOAXoJ rapaHTHPYeT MOJy4eHHe
ONTHMAJBHEIX PEINeHNid, He NPOTHBOPEYAmMX (HU3NIECKOMY CMEICIY
HCKOMBIX TN YTOYHAEMHX BeandnH. MHouemayaabHLe orpaHmde-
HUSI, VYATHIBAIOMNE HeoIpeleJeHHY0 TOYHOCTH 3JIeMEHTOB BXOJHOIL
urdopManun, HCKINYAWNT BO3MOMKHOCTH IOIABJIEHHA (XOPOIIHX»H
HaHAWX (IJI0XAMHY. ANNPOKCHMAIHA NPOHCXOAAT TakHM obGpasom,



4T0 TepMOJAHHAMHUYECKHEe XapaKTepPNCTHKH MHHCPAJO0B aJlallTHPYIOTCA
K TéM BXOJHBIM 2JIeMeHTaM MOJiellH, KOTOophle 3aJaHbl C HanboJjiee BhI-
coKoll TounocThio. Tarim 06}]&1301\1, MaTeMaTHuyecKasa MoAeJib 3ajlavun
COTJacoBanusa ¢ JABYXCTOPOHHHMH OrpaHNYCHUAMM YYHTHIBaeT BXOI-
HEIe JaHHEIE B UX B3aUMOCBA3ZH 1 CO CBOMMHI MHJIUBHJLY aJbHBIMI ommo-
KaMu. TEHBPL MO;KHO CKRasaThb, UTO 3ajlaga corJjiacoBanmsa TepMOIll![Ha:
MHYECKHX XapaKTepHCTHR MAHEPaJJd0B o JaHHBIM 9KCITePUIMEeHTa/lbHOR
TeTPoJIOrnH 3aKJI0Y9aeTCs B TOM, q10o0bl HA OCHOBAHUN AHAJUTHYECKHX

COOTHOIIEHNIT, BRIPA/RAIONUX 3aBucuMocts AG, p peaknuii or Tep-
MOANHAMHAYECKHX napamewn MOJIeJIM, M3BECTHEIX TIPefiesIoB TOTHOCTH
BCEX BXOJIHBIX DJIEMEHTOB, ONpeeJuTh WIM YTOYHHTH TEPMOJIH-
HAMHYECKHE XaPaKTePHCTHKHE MHHEpPajioB (AG;,ggs, Sas, c;, ={(T))
TakNM 00pazoM, 9To0H pacueTHEIE W HKCIEPUMEHTAJILHBE 3HATCHUS
AG;_T peaknmii Bceil copoxynHocTm Own mHambosee OJH3KM Jpyr
K JIPYIY B cMBiCIe 9e0BIIeBCKOTO KDPHTEPHA,

Pemras sajagy coraacoBanms MeTOAOM JHHEHHOI0 IPOrpaMMHPO-
BAHNSA, MBEl, KpoMe NPAMOTO PeIIeHNUs — BHOBbL BHIYICJEHHEX NN
CKOPPEKTHPOBAHHLIX BHAYCHNH TePMOAMHAMHYECKNX XapaKTePHCTHEK
MIIHEepPaJI0B, OJHOBPEMEHHO HoJiydaeM [BOIiCTBeHHOEe pellenne, KOTo-
poe sABIAETCA MOKasarejeM BINAHUA KojeOaHmit AG;‘T peaknnit m
HAJO/KEHHBIX JIBYXCTOPOHHMX OrPAHMYEHMH HA BEIUYHHY MUHHMYMAa
MAKCHMAJbHOIl HEeBABKH Bcell COBOKYIHOCTU BXOAHHIX JaHHBIX. [|BOIi-
CTBEHHOE DeIleHNne fABIAETCA YYBCTBUTEABLHEIM IMHCTPYMEHTOM aHAJM-
32 OTPAHNYEHHI € IEJBI0 NX PEeryJnpoBKH B JOOYCTHMEIX Npeesiax.
Brimagamomue BXogHble TaHHKe PACOO3HAIOTCS 110 XAPAKTEPY MX BO3-
JeliCTBIA Ha JBOICTBEHHLIE PEINEeHNA U BeJNYNHY 4e0RIIeBCKOro KpH-
repus [Canubko n ap., 1972; Cnusax u ap., 1973; Kapnos, Kucexes,
Ioporokymen, 1976; Acapymmum, Crmusax, 1980].

§ 4. O BBIBOPE KPHTEPHA COT'JTACOBAHITA

TlocTanopka 3afgadm COTJACOBAHMA NPHBOAMT, KAK MBI NMOKA/KeM B
§ D 97011 raasnl, K CHCTEME YPaBHeHHIl, JUHEIHLX OTHOCHTENBHO BeK-
TOpa TePMOJMHAMUYECKUX XapPaKTepPUCTHK MHUHEPAJ0oB — BEKTOpa Y-

Oy = AG. (4.1)

Marprmma © = ||0;]] (i = 1,..., n, j = 1,...,m) nMeer pasMepHOCTH
nXm; n — o0imee YMCI0 DKCHEPUMEHTANBHLIX TOUYEK B CHCTEMe COo-
raacoBaHNA, m — olIee YHCJI0 TeX TePMOJMHAMUYECKHX XapaKTepHe-
THK MMHepPaJIoB, KOTOPhe HOJJIeHRAT pacuery HJIM YTOUYHEHHI; Ta-
Knm ofipasomM, m — pasMepHOCTH BeKtopa y. AG — BerTop pasMmep-
HOCTH 7, Kayk[BIH daeMeHT Kotoporo AG; Xapakrtepuayer BeJIHYHHY
u3MeHennsa n300apHO-M30TEPMAYECKOT0 IOTEHINAala PeaKIun MiHe-
panoofpa3oBannd B CTAaHAAPTHHIX yciaoBuax (P — P crasjaprthoe,
T K) B i-it sxcnmepuMeHTalIbHOM TOUKe. DieMeHTH MaTpuiunl © aABis-
I0TCA  TOYHO (HKCHPOBAHHLIMYM IapaMeTpaMiu ANNPOKCHMAPYONINX
dynrnui. Jleranpras crpykTypa Marpuns © Gymer pacemorpena B
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caepylomenm maparpade. Celivac orpaEugnMCs IPOCTON MILIIOCTPA-
nueil, MOACHAKNIIER TEePMOJMHAMIYECKUIT CMBICJ 2JIEMEHTOB MaTpH-
el ©. Ecam, mampumep, pacCUMTHIBAECTCA HHTPONNMSA MUHEpanda j,
TO DjeMeHTOM Matpuist ©  Oymer Buipaskenme d;; (T — 298,15) =
= 0;;, Tae d;; — crexuoMerpmuecknii Koapduiment muHepaia j
B OKCHEPHMEHTAJBHON TOYKe i paccMaTpuBaeMoil COBOKYIHOCTH pe-
ariuit MmHepanooGpasosannit, a (7' — 298,15) — surponuiiHkil ma-
pamerp annporcmmupyomeil pynknuun B. A. Huxonaesa u B. B. [lo-
maso-JloGposoaseroro [1961]. Amamormumnim oGpasom MOryT ObiTh
HHTEPOPETHPOBAHLL U JPYIHEe 3JIeMEeHTH MaTpuiisl ©.

Eeam uneno KoMIoHeHTOB BeKTOpa Y 0OJbIIe YHCIA ypaBHEHHit
B cucreme (4.1), To sagaua cornacosanns, 6e3 BBeJIeHILSA JONOIHATE b~
HEIX OTpaHu€eHnit, myeer GecuucienHoe MHO;kecTso pemennii. Of-
HO3HAYHOE PelleHne BO3MOKHO TOJLKO B TeX CIydasdx, Korja n = m.
Ecma n > m, To B ofmem caydae e yhaaercs HalTH Takoe 3HaYeHNE
BeKkTOpa y = y, utobni AG — Oy = 0.

ITepeonpenenennocts cucremnt (4.1) mossosser paccunThiBaTh TEp-
MOJMHAMIYECKIE XaPAKTePUCTHKH MHUHEPAJIOB 1 YTOYHATH 3HAYEHHA
AG; (i = 1,...,n) pearunit Munepasoodpasopannit,. Horpa B monenn
COIVIACOBAHNA BROANTCA nalGpitounad nu@opManua, To NpeIoIaraeT-
¢A, uTO OMNOKN HKCIEPUMEHTAJIBHBIX ONpejlesieHnii OyIyT CTATHCTH-
YeCKN B3ANMHO KOMIIEHCHPOBATH APYr JPYyra. 9710 NPeNNnoioKeHne,
cO0CTEEHHO, U CJYKHAT HPEANOCHIIKON MOJYyIeHHA TARIX COTIACOBAMH-
HLIX OIEHOK 5JeMeHTOB BekTopa AG, KoTopele OYAYT TOYHEe TeX aJe-
MEHTOB ATOTO iK€ BeKTOPa, KOT[a OHI PAcCMATPHBAJICE KAK HCXOTHEIE
TAHHEE.

O6osmaunm wepes e; = AG; — 2 0,y; (i = 1,...,n, j=1,..., m)

2
HeBA3KN MeMRAYy BXOAHBIMI 3sHaueHHAMH AG; ©  BHEYUCICHHBIMK
D.0;;y;. Bertop e pasmepHoCTH R XapaRTepuayer CTelleHb COTJa-

cus Pe3yIbTAaTOB PACYETA € BXOMHBIMII HKCHEPHMEHTAJbHBIMH IaH-
HBIMH.

IMponenypa pemenns mepeonpepenennoii cucremsl (4.1) csogures
K MOHUMHBAIHH KPUTepHA COTJACOBAHHA — HEKOTOPOH HeoTpmia-
TEeJIbHON (QYHKIUM 3JeMeHTOB BeKTOpa e.

IlprmanunmmaasHpil Bompoc mpoGiaeMsl coriacosaHnsas — o0OCHOBA-
HHe Br0opa KpuTepnaabHoil pynknmu. HecMoTps Ha MHOTOYHCICHHbIE
MCCJIEMOBAHMA, 3TOT BOIPOC JI0 CHX IIOP ocraercd OTKPHITEIM. Ecam
HMBBECTHO HJIH OIPEJeJeH0 pacupefeleHHe ciaydaiiHoro Bektopa e,
TO NOCTPOeHNE KPUTEePHAJbHON (YHKINE MO/KHO CIeIaTh HAa OCHOBE
NpHHOAIA Makcmmyma mpasgonopodns. Om oGecmeunsaer BHIGOD 7,
KOTODHIl MAKCHMHBHDPYeT BepoATHOCTH monydemna AG = Oy, cos-
nagawmero ¢ nexopausim AG. ITyers BekTOp € pacmpefesen 0 MHOTO-
MEPHOMY HOPMaJBHOMY 3aKOHY W 3JeMeHTH BeKTOPA € 3aBHCHMEL IPYD
or apyra. Torma ero mmorHoeth pacupenenenuns [Pao, 1968]

1 i e o | )
R e ——— 3§ Re 2
p(e) V(ZH)nIRaI P( 3 e e
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rae R, — xoBapmannmoHHas MaTpHila BEKTOpA €; n — Pa3aMepHOCTH &;
|R.| — ompenemutens R,.

Maxcumusannsa ple) mo y paBHOCHIBHA MWHHMH3AINU KBajpa-
THIHOI (opMbI:

¢'R.e = (AG — Oy)’ R (AG — ©y). (4.2)

Mummymsanusa (4.2) 7aer omeHKY ¥, COBIAZAIONYI0 ¢ OIEHKOI
MeToJa HANMEHBIINX KBAJpaToB, IpHMeHeHHOro K cucreme (4.1),
KOrJla 2JeMeHTHl BEKTOPA € KoppeanpoBaHsl. Ecaw ke aleMeHTH BeR-
TOpa € CTATHCTHIECKH He3aBUCHMLI, T0 R, — JuaroHaJbHAS MaTPHIA
¢ aJaeMeHTaMU T;; = O;, TJle 0 — AucHepcus e;. Pemenne cmcreMmsl
(4.1) meTomoM HaMMEHBIINX KBAPATOB B HTOM CJIYy4Yae CBOJUTCSA K MH-
HHMH3aOUN KBaJpaTHIHOI (HOPMEI:

(AG — Oy)W(AG — Oy), (4.2A)

rje W — pmaromaibHas MaTpuua ¢ dJAEMEHTaMH wj; — 1/07.

Caepyer mMeTh B BHAY, 9TO TOYHHIE 3HAYEHMA O;, Kak NpPaBUJo,
wenapecTHrl. OHM 3aMEHMIOTCSA B NPAKTHUYECKUX pacueTax oKCIepn-
MEHTaJIbHBEIMH OmmOKaMi, KOTOPLIE ONpeNeNAlnTcs NPHOIMKEeHHO.

OO6BYHO B METOJl@ HANMEHBIINX KBAXPATOB IPEANOJAraeTcs Hesa-
BHCHMOCTH Oonmbok maMepennii. OXHAKO B TETPOJOrMYECKHX HKCIe-
PUMEHTAX HTO IPEANOJO;KeHHe YacTo He BhoxHsercs. Hampumep,
onm6Ku B AG; cmiapHO 3aBmHCAT OT TeMmmepatype. B oGmactn musKmx
TeMIepaTyp ommOKm, KAk HpaBuao, Goaslie, YTO CBABAHO C CHIBHEIM
saMeJIeHneM CKOpocTell MPoTeKaHNA peaKinil MuHepasoobpasoBanns.

Horpa BexTop e pacupenenen mo sakomy Jlanmmaca m ommnORm e
He3aBNCUMEl, TO Penienne mepeonpefenennoii cncremsl (4.1) Meromom
MAaKCHMaJBHOTO NPABAONON00MA CROANTCA K MIHUMUI3AI[NN CYMMBL MO-
nyneit messzox [Cammpko m ap., 1972; Illep6arosa, 1980]:

fle)= g wilAGi = 2 Oii¥ils (4.3)

rie w; — Beca, w; = 1/06, o; — skcnepnmentanpHas ommbKa e;.

Ecan maxonures pemenue cucrems (4.1), Kotopoe MmEmMmampyer
MAKCHMAaJbHYI0 HEBASKY, TO 3ajla4a COTJAacOBAHMA CBOMATCA K 3ajade
YeOBIIeBCKOr0 HPHOIIKeHuA:

Y= arg min max w;|AG; — O;;y;.
3nech MUHNMHSHDPYETCA MOAYAb MAKCHMAJIBHOW HEBSZKH
max w;|AG; — 0;;y;| = maxw; |e;|. (4.4)

Becossie koodppunmentn B (4.4) w; = 1/62, rne o; — axcnepmmen-
tanbHad ommbka e;, Onm Beegenst M. I'. Commsko m mp. [1972].

Tpemn mazpanmnivm Buimne yakmuavn (4.2), (4.3) n (4.4) ne mec-
YepnuiBaeTcd BHOOP APYIMX KPUTEPHUEB COTJIACOBAHUSA CHCTEMBI JiH-
HelffHHIX ypaBHeHui, nogodusix cucreme (4.1). B saBucumoctn ot cre-
mM@uKN 3amaun, CTPYKTYPHE MCXOAHBIX RaHHEX, TpeboBanuil, npeas-
ABIAEMHIX K pemennso (Hanpumep, HeoGX0AUMOCTh TOJABIEHUA «ILIIO-

48



?-'_’f"“fﬁ‘i‘\-’: Wy

AR AR L. = N

F T R W ERGE e

XWX» IAHHHX), HAKOIJIEHHOTO NPAKTAYECKOTO OILITA BO3MOMEH BGOD

 ApPYrux Goiee CAOKHHIX 1 Goidee THOKHX KPUTepPHaidbHHIX (GyHKImi

[Turos, Koxosmm, 1980; Hoxosun m nap., 1980; Peannron, 1976].
Mz ne Gynem Ha HEX ocTanapimBaTheA. IIpnBeiem B KauecTse npumepa
OJHY N3 TOPOTOBHX KPHTePHAJBHHIX (YHKIRE, DPeaa0/KeHHHX
A. 3. Tammom [1976]:

n

j(y) = z‘i Tb
€.
wsed, ecan =t ]gl
Ti e 1 2 1 1 i €
a[ + 0j HW("_i)]’ ecan o l>1,

T7e @ — TMapaMeTp, AMIHPIYECKNM TOAG0POM KOTOPOTO PeryInpyercs
BINAHNE (IIOXNX» TAHHEIX HA N3MEHEHHe KPUTepHaJbHON (yHKimm:
GyHRINSA CTAHOBUTCH MEeHEee TyBCTBHTENLHON K (OIBIINM HEBAZKaM U
B TO iK€ BpeMs COXPAaHsAeT BCe MOI0;KHTEeNbHLIE CBONCTBA KBajpaTHd-
HOTO KpHUTepus B 06JacTH MAaJHIX HEBA3OK.

ToabKo B PefKUX caydax alpHOPH M3BECTHH 3AKOHEI pacHpeene-
His onmGok HaGmoennil. B yeIoBnaX Heompeiere HoCTH, KOT/a BX0/I-
Hble BENMYNHEL 3ajal0TCA B BHAE AHANA30HOB BO3MOKHLIX 3HATEHUIT
6e3 yKasaHUs BEPOSITHOCTHHIX XapaKkTePUCTHK, HU OJNH 13 Cyme-
CTBYIOIMIX KPHTEPUEB COTJACOBAHUS He MO;keT OhTh (E30T0BOPOUHO
MPHHAT KaK eJMHCTREHHO NpapmiabHLii. DB mpmamumne, meanad, onn-
pafck TOABKO Ha (opMaabHble coofpAKEHNA, OTAATH MPEANoUTeHne
KakOMYy-Jn0o OIHOMY KPUTEPUIO COTIACOBAHNII.

HanGoarpinee pacupocrpanenne s PasindabiX 3ajadax TMOHCKa pe-
HIEHHSA TEPeonpe/leleHHbIX CHCTeM YPaBHEHNI MOXydYHa KBaJpaTmd-
HEF Kpurepwil, B HaueM ciydae IpejcraBieHmbil Gynrmmeil (4.2A).
9ToT KpuTepuil MPOCTOM CTPYRTYPH 00Jamaer oUeHb IEHHLIM CBOM-
cteoMm. Heszapncmyo ot 3akoHa pacopeneileHus €, OH JaeT ONTHMaJ b~

£

HYI0 B CTATHCTHYECKOM CMBICIe ONEHKY y JnHeiinoit mojenn (4.1).
ITojx craTHcTHYeCKM ONTHMAJBHOE HoIpasyMeBaeTcsi HecMemleHHas
OlleHKA, XapaKkTepuaylomasacd HauMeHplieil ancrmepcneil cpean Bcex
Apyrux mecyemennnx oinenok [Memopon, 1971]. Tpeanocuakoit Kop-
PEKTHOIG IPUMEHEHHA KBaJApaTHYHOr0 KPUTEpPHA K OIEHKe TapaMer-
POB JUHEHHHX MoJeJeli sABIAAETCH COOTBETCTBHE MERIY MaTpuieit
R, B pynruun (4.2) n 00BEKTIBHO CYMECTBYIOMEH 3aBHCIIMOCTH KOM-
TOHEHT BeKTOPa € Mesray coboit. Ha mpaktnke B GonpimmucTee caydaen
WCCIeloBATeNb He pacnojaraer JocTaTodHoll muHdopmaineii, 9To0H
x0TA Obl MPUOIIZKEHHO OMPE/IesuTh YHCICHHOE 3HAYEHIe JIEMEHTOB
matpurst R,. 3avenun Marpuny R,, TOTeHIHAIBLIO HNMEIONIYI0 HEHY-
JIeBbie BHEINATOHAJBHEIE DIEMEHTH, NHATOHAALHON Marpumeit W mim
TIPOCTO eMHNYHOIl MaTpuIeii £, MB HapyIIaeM ycJoBuA KOPPERTHOTO
npuMeHeHnA Kpagpartinaioro Kputepusa. Ecan mo gusnueckoMy cMBICTY
sagaun TpedyeTcsa IPHMEHEHHe MeTofla HAMMEHBLIINX KBaJpaToB ¢
Matpuneii R,, a aKTHYECKH HCHOAb3YETCA METOJ HANMEHBIINX KBaj-
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paros ¢ mMatpuueidl W man £, 1o moayueHnnie oueHKn '};, OCTaABAACH
HECMEeNEeHHEIMH, yie He OyayT ofaamare MHHIMAILHOM JAnCHepCHei
[Denopoe, 1971]. Ouenkn y ¢ MuEIMaNBHOT AuCHepeneil MoryT GHTH
HOJNYYEHBl JIHIIB HA OCHOBE KOPPEKTHOr0 NPHIO/KEHNS KBaapaTHy-

HOI'0 Kputepusa ¢ seconoii Marpuineii A,.
ITpeanonoskenne o ToM, 910 € — HOPMAIBHO pacupefe/eHHbIl BeK-
TOP, NAeT BOBMOMHOCTH WCHOJIB3OBATL CTATHCTHYECKHE KPHTEPHH,
Lty

HaupuMep, ONpeeINTh TIPAHHLLL JOBEPHTEILHEIX HHTEPBAIOB J.
Ho wmpuaoikenue sTux Kpurepme npuseger k owmOke, ecoam B eii-
CTBHTEJBHOCTH € pacuponeaen’ IO JIPYTOMY B3aKOHYy.

Brmonnennsie B mociejnee BpeMst oKCIEPIMEHTANBHBIE HCCICR0-
BAHHA 10 CPABHUTEABHOIN XapAKTePUCTHKE TPEX OCHOBHBIX KPHTEDH-
e coraacosauns [Camubko m ap., 1972; Cunsak u np., 1973; Te-
108, Kokosuu, 1980; Mlumyanc u gp., 1975; Crenanos n ap., 1976;
llepGarosa, 1980; Leung, Quon, 1966; u np.] HOKa3aJIH, 9TO0 HH
OAMH 13 OHTHX KPHTEPHEB HEJAB3A Hazsath Oesynpeunsiv. ITpmues
OMCHD B&/KHO — XapaKTepuCTHKA >PQeKTHBHOCTI KPHTePHEB MOryT
OBITH PA3IMYHLIME B 3ABHCHMOCTH OT KOHKPETHOTO THIA 3aiadil.

B pacuerax ¢usnko-xummueckux cpoiicts coegumenmii amuuTHB-
Heivu Metofamu [Cremanmos u np., 1976] weGnimenckoe TpuGI K eHne
OKa3aJl0Ch MEHEee Ha[e/KHBIM II0 CPABHEHHIO ¢ MEeTOJXOM HANMEHBIIIX
KBanpatos. B pacuerax kumermueckux mapaMeTpom aTor ke Kpure-
PHIl HMeX CephesHbie IPEHMYIECTBA Mepes KPUTEPHSAMI CyMMbl MO-
Ayaeit n KBajpatos Hepssok [Cammbko u np., 1972]. Bee TPH KpHTe-
PHA B CTATHCTHYECKH OGOCHOBAHHEIX IPaNHIaX MOKA3aJH COBINALAIO-
IUe pesyabTaThl B OIEHKAX (PH3NKO-XHMHYECKHX IIapaMeTPOB KOM-
ICIEKCHBIX coefunennii B Hesoaunix pacteopax [ll[epGakosa, 1980].

I'zasroe n camoe npuanunmazbHoe Bospaskenue IPOTHB 9e0bIIneR-
CKOTO KPUTCPHA — 9YYBCTBHTEABHOCTh K BBITAZAIONIM H3MEDEHHAM,
UTO, €CTECTRCHHO, NOPOKAAJN0 COMHEHHEe B 1(eaec000pasHOCTH ero
mupoxroro npumenenns. Ilosromy Goanmoe meropmueckoe amavenme
umena pabora C. H. Consara n coastopor [1973], » KOTOpoil Ha oc-
HOBE HCHOAL30BAHNA anliapata ABOMCTBEHHOCTH JHHEHAHOTO MpPorpaM-
MuposaHnA Obiia npennoxena, opmanbno u gusnueckn oGocHOBAH-
Hasd, UPOLEAYpPAa aHATN3A CTPYRTYPH PEHICHHA MO deGHIIeBCKOMY
HPHOINKEHNIO ¢ 1ebI0 ONPele e s BhITAAIONIX ARCIIEPUMEHTATb-
HBEIX JIAHHBIX C TOCJEIYIOMEM HX YCTpaHEHHeM I KOPPeKTHPOBKOI,
Ionxon C. U. Cimsaka m ap. K 3ajaue ueObIIeBCKOTO PR eHn A
KaK e[MHOH COBOKYNHOCTH NPAMOM M JABOHCTBeHHON 3ajaum JmHel-
HOTO WpOrpaMMupoBanis CHEMAeT 0CHOBHO® BO3Da/KeHne MPOTHB K-
POKOr0 HPUMEHEHNA HTOr0 Merofla B MofeaAx obpaforknm mmdopma-
I M ONEHUBAHNA HapaMeTpoB.

Ecrecrnenno, pasmmumsiv samauan Jy4UIe BCEro MOAXONAT paa-
awdEbe kpntepun. Hampmwep, B ToM pesko BoaMomHOM cayuae,
KOT/la MCCIe0BATEN b PACIIONArAeT IOCTATOYHO HaAeKHOI WHpOPMAIH-
€l 0 CTATHCTHYECKNX XaPAKTEPHCTHKAX BXOHBIX JAHEBIX MOIGIN I y
HET0 BO3HHKAET 00BERTURHAA NOTPEGHOCTH HAMOMKEHNA JOMOTHITENb-
HBIX OTpamuvieHMi HA BXOJHHE M MCXOJQHBIe MAPAMETPH, YTO COBTAET
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cHeNnnanbHyio npobiaemy, TPHMeHEHNe MeT0/a MAaKCHMaJabHOTo IpaB-
ponofpobna Oymer Beerja npegnodTnTenpHbM. OJHAKO HAealbHas CH-
Tyanua, 0eaycioBHO, ;KelaTelbHa, HO, K COAJCHNI0, TPAKTHICCKH
manosepoaTHa. Ilpmxomurea cumrtarses m ¢ GoabmMoil Heompesesen-
HOCTBI0 BXOJHOI nmdopmannm, m ¢ TeMm, 4T0 Hajo 00A3aTeabLHO Ha-
KJIAIBBATE JOMOJHATEIBLHEIE OTPAHNYEHAS, i ¢ T€M, YTOOB! MOCTAHOB-
Ka 3ajayn MOria OBITH JIoBefleHA 0 YMCJIEHHOTO pe3yabrara.

ITpuban;kenne METOIOM HANMEHBIIAX KBAJPaTOB, YMEHLIIAA Cpefi-
HEKBaJIPATHUHYI0 OMHORY, JONYCKAET MOABIEHHIE OTIAdbHBIX (0Jb-
mux ook, 4efHIIeBcKoe MUHEMIBAPYET MaKCIMaJabHYI0 IOTper-
HOCTH, KOTOPas, Kak IMOKA3blBaeT BRMMCAUTENbHASA IIPpaKTHKa, HeHa-
MHOTO TpeBnimaer (mpmyepno s 1,5 pasa) seanunny cpefHekBajpaTni-
Horo orkiroHeHusa. YUto ayume? Hmerh HeCKOIBKO MEHBINYI0 MaKCH-
MaJlbHYI IOTPEeNIHOCTh WJIH, JIOMYCKAaA BO3MOYKHOCTH Gojiee PE3KHX
OTKJIOHEHNIT, ToONBATHLCA YMEHBIIEHNUs CcpefHeil ommOKM, nian, HaKo-
Hel,, BHOparh KakKoi-HHOYAL KOMIPOMUCCHHII BapHaHT corjacmus?
970 BOIPOCH, HA KOTOPHE He MOTYT OBITH JIaHEI OJIHO3HAYHEIE OTBETHL.
B saencumocTn ot nedneif corsacoBaEns 0TBET MOKeT GRITH Pa3INIHBIM.
Korpa peun mper o coraacosBamui TepMOANMHAMUYECKIX XapaKTepuc-
THK MHHEPAJIOB ¢ JIAHHBIMM DKCIEPHMEHTAJIBHOI MeTPoJornm, BajKHO
3HATH He OMHUOKY B CpeJHeM, a HMEHHO MAKCHMAJBHHIL TIpeesa pac-
COTTaCOBAHHOCTH BCEIH COBOKYIHOCTH BXOJAHBIX If BEIXOJHBIX JAHHEIX.
CpennexpasparnyHad ommOKa 3/iech MeHee NOKABATEIbHA, MOCKOIb-
KY CYIIECTBYET BEPOSITHOCTH MOABJIGHHA OTKIOHEHWI B OTAEJIBHBLIX
3BEHBAX CHCTEMBl COTJIACOBAHHS, TPEBLINAWIINX ee B 2—3 pasa.
B 7o :ke BpemsA pacumpenme J0BepHTeNLHOTO UHTepBanxa mo 2—30
BHOCHT HE;KEJIATEAbHYIO L0I0IHATEILHYIO HEONPEAe IeHHOCTD 110 ¢pas-
HEHHIO C TOM, KOTOpas MOsKeT OLTh I0Jy4YeHa 0 4eOhIIeBcKoMy Ipn-
O IR eH 0.

Onnako He aTH coo0paskeHna — caMu 1o cefe BIIOJIHE PAa3YMHBIE —
B KOHETHOM NTOTe MOBJIUANN HA HANI BEIOOP 4eOBIIeBCKOT0 KPHTEPHS
B MareMaTHuecKoil Momean coriacopaHnma Ha JBM rtepMmopmmaMmue-
CKUX XapaKTepHCTHK MIUHEPATIOB ¢ JaHHBIMHI JKCOePHMeHTATbHO meT-
poaornn. Pemaiongnii moBox — He0OXOXUMOCTH BBEIeHNA IOIOJIHN-
TeJBHLIX K crcrTeMme (4.1) orpanndennii B BUe PABeHCTR I HePaBeHCTH.
Toapko ¢ NOMONBIO JIOMOJHATEABHEX OrpaHUueHuil yaerca mocTtpo-
UTh  YHHQUOHPOBAHHYIO MaTeMaTHUYECKYIO MOJlelb COrJIacoBaHud,
¢ TpebyeMoll OJHOTO | JIeTAlIBHOCTHIO OTPAkAIONLYI0 B CBOEI CTPYK-
TYpe CYNMECTBEHHYIO HEOIPeleeHHOCTE 11 HeOAHOPOAHOCTh BXOIXHOM
uaopManI, MOAeNh, KOTOPas TapaHTHPYeT IoJydeHHe peleHni,
He HpoTHBOpevamux (U3MYeCKOMY CMBICAY TePMOMITHAMHUYECKHX Xa-
parTepucTHK MuHepaior. Bea oTux HHANBAYAILHBIX OTPAHNYEHNT pPe-
HeHne MeToJ0M HAauMEeHLNIIX KBaJPATOB MOKeT He nMeTh (uandeckoro
CMBICTIA, TIOCKOJBKY BEIUNCIEHHLIE TEPMOJAUHAMIYECKNE BeJIHUNHEL He
NONajialoT B HHTEPBAJIGI MOTEHIINATBLHO BO3MOKHBIX 3HAUeHNil. JHa-
yeHne JONOJHNTEILHBIX OTPAaHNYeHHH B 3ajgavax COrdacoBaHNA Tpa-
(ruecKn MPONJIIOCTPHPYEM JBYMSA TPOCTEHIINMA M TOTOMY Haraff-
HEMHI MofgedbHbIME mpumepamu. Ha pme. 1 mpusegenst Tpn pasany-
HBle aNpPOKCHMAINN dKCIePIMEeHTAALHLIX H3Mepennii 3apucnMoii ne-
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Puc. 1. Mopensnsii mpumep napa- Puc, 2. MojeJapHHII TIpuMep JIHHeii-
Goamueckoii anmpoxcumanunm MHK m  moit annpoxemvamun MHER m weGui-
YeOBIIEBCKIM TTPHOIHKEHHEM, MEeBCKEM NPUOIHKEHBEM.

3amepsl, noKasallble B B¢ BEPTUKAJbBHBIX 3aMephl, NOKasaHHLIE B BHIE BCPTHKAIB-
OTPESKOE, HJAIOT TOJBKO [MANa3oHBl BO3- HKX OTPE3KOB, AAKT TOJbLKO JAMANasoHBl
MOMHBIX BHaueHHHl y (WKIPHaA JVHAA — BOBMOMKHBIX BHaveHuii, IIpuHATBIe CcTaH-
MCTHHHOE HOJo/meHNe (YHKUMM ¢ = a + papTHble OTKIOHeHud papHel 0,25 pmama-
+ bx 4~ ex?, I — MHK, 2 — ueGBINEBCKOE 30HA BOSMOMKHBIX aHadeHunii, Becomble Ro-
npubiuikeniie, 3 — yeQBIeBCKOE TPHOMN- phdummenTsl pasHBl 00paTHOMY KBagpaTy
JHeHUe ¢ [ABYXCTOPOHHUMI OrpaHNYIeHWAMH cTAHAAPTHLIX OTKJAOHeHUNH (MNpHAA  JIi-

Ha mepemeHHBie: 10<a< 11, —28 < Hua — ncTHHHOEe — mOJMKeHHe — JMHeifHoi
<bg —27 02<c<0,3). GyHKIMN y = @ - bx; TOHKMe JIMHEM: 1 —

MHK, 2 — ueGbnmescKoe npuiamEeHne,

3 — uehBImMencKoe NpUOAMKeHHe ¢ [OBYX-

PEMEHHON y B HeThPeX TOYKAX  cropoHHNMI oTpaliueHiaMi Ha Koahdu-
HAa3aBHCHMOIl  KOHTDOJMPYEMOit HECHY @ — 1,7 < 0 <= %6}
mepemenHoit . Ilpegnonaraercs,

970 BHAYEHHA KOHTPOJMPYEMHX HE3ABHCHMBIX HEPEeMEHHBIX &
CTPOr0  JIeTePMUHAPOBAHEL. (mMOKM 3aBUCHMOH mepeMeHHOl Y
PaBHEL BO BCEX UETHIPEX TOYKAX £, W P JTOM M3BECTHH TOJBKO [H-
amazoHbl HeONpe[e eHHOCTH W3MePeHWi Y, & BePOATHOCTHBIE Xa-
paKkTepucTHKE pacupeferenna ommGor Hemspectnel. Ha pme. 2
AKCIIEPUMEHTATbHEE T3MepeHus 3aBHCHMON HepPeMeHHOH y B Tpex
CTPOr0 JeTePMUHUPOBAHHBIX TOYKAX KOHTPOJIMPYEMOH HE3aBHCHMOM
mepeMeHHON # HMEIT pasinyHble [AWANA30HL HEOUPEeIeJICHHOCTH.
3ech BePOATHOCTHHIE XapaKTEPUCTHRM OMMOOK TaKikKe HEM3BECTHEL.
Hax ma pme. 1, Tak 1 na puc. 2 neTHEHbE ATNPOKCHMHAPYIOMUE JINMHITYL
HE IPOXOJAT 9epes IEHTPH MHTEPBaNoB Heonpefenenroctn. CpasHe-
HIE alIpOKCHMHAPYIONMHAX JUHAH, PACCIATAHHKX METOROM HaNMEeHBIIAX
KBAapaToB M uyeOblleBCKUM TpubamyieHneM, IIOKa3bBaeT, 4T0 B Of-
HOM cayuae (puc. 2) ueGnmescroe npuOINKeHHE NaeT JTydiiee COTIa-
CHe ¢ ICTHHHOI 3aBHCHMOCTBI0, B APyroM (puc. 1) HeCKOJIBKO AYIIIYIO
BABHCHMOCTD JEMOHCTPHPYET MeToJ{ HAUMeHbIINX Kpaapatos. Omma-
KO B 000WX CAyd9asx Hamayyiiee corjaacue yAaercHd IMOJYIATEL IyTEM
HAJMOKeHNsI JONOJTHNTeJbHEX OTPAHIYEHHI HA IpPelehl BO3MOMKHBIX
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gHAYEHNII IapaMeTpoB aNIPOKCHMUPYIOIMUX (YHKINI ¢ HCOOAb30BA-
gueM 4e0BINeBCKOro IpHGInAenus.

B npuHinnme, KOHEYHO, MOMKHO IOCTPOMTH MOAEJIb ¢ KBAJPaTHIHBIM
KPHTepHEeM COrJAcOBaHUA M ¢ TEeMA jKe [ONOJHATeJbHBIMHI OrpaHuye-
HUAMH, YTO H B Moje/m ¢ yeOnimesckum Kpurepuem. Torga Bmecto 3a-
Jlaun JIMHEIHOT0 NporpaMMUpoBaHusS HMeada Oul MecTo 3ajada Keaj-
partmunoro nporpamymuposanus. Ho B Takom cayuae mensOexuo upu-
XO[HTCA HPHHNMATL BO BHUMAHHE BHIYHCINTEILHBIE TPYILHOCTH pea-
Jm3anmu MateMarTuieckoil mosenau Ha IBM. Yncaennoe penienne sajgaq
'KBaJpaTHIHOrO IPOrpaMMUPOBAHMA CO CJIO/HOI CTPYKTYpoil orpa-
HHYNBAWIUX Vejaosnii, GeccrnoprHo, Gonee TpyaHas NIpakTHYeCKas
npobiema, yeM pemeHIe 3aayn JNHEHHOT0 MPOTPpaMMHAPOBAHISL C Te-
MH jKe orpanmdeHusiMu. Bosee TpyiHas OHOBPEMEHHO B TPeX OTHO-
MEeHNAX: AJTOPHTMIYECKOM, HPOrpaMMHOM ® BhigmcauresbroMm. Ot-
CI0fla, Pa3yMeeTcs, He CJAelyeT BBIBOJ, YTO TOCTAHOBKA 3ajladil COTJ&-
COBaHNUMA, Kak 3aadll KBaJPaTUYHOI0 IpOorpaMMuposanus, Geclep-
cnekTHBHA. [loJuepKHBAA CPABHHTEJNBHYIO TPYAHOCTb, MLl XOTEJH
CKa3aTh, 4T0 peajusanusa sTuX 3anad Ha JBM morpedyer BrIIOITHEHHA
coenuansHoil mporpaMMel paboT O CO3AAHMI0 AJTOPUTMOB M METOLOB
HX YHCJIEHHOTO PeIIeHNs, YYATHBAIMUX CHeln(PUKY 3ajJaul coria-
COBAHUS TePMOINHAMHICCKHX XaPaKTePUCTHE MUHEDPAJ0B ¢ JTaHHBIME
9KCIepUMeHTANbHOI nerpodorun. M sateM — KoMmIeHCHpPyeT 1 BHI-
HIPHII B TOYHOCTH NPH COTJTACOBAHUE METOIOM KBaJpPaTHIHOTO IPO-
IrpaMMHPOBAHEA Hen30e;KHOe YBeJINYeHNe CTONMOCTI BEIIHCINTEIbHBIX
pabor? W Gymer nu BooGme kakoii-imGo seurpeim? [lars oTsernt Ha
9TH BOIPOCKH! MOZKHO JIATIH IOCJE BCECTOPOHHETO dKCHePUMEHTAIbHOTO
‘cpasuennd. [Tora ke onn octarorca oTKpHTEME. YUTo Kacaerca naie-
ro BEIOOpAa — NMOCTAHOBKH 3ajlavil COIVIACOBAHNA KaK 3ajaum JnHeii-
HOTO TPOrPaMMHPOBAHNA € IBYX- H 0J{HOCTOPOHHIIMH OT'PaHNIeHEAMH
HA BXOJAHBIE H HCKOMBIE IlapaMeTphl, TO Ha IIyTH €e 4YnucJeHHoil pea-
Jusanun Her 0co0wX Tpyanocreit. Heobxomumeim yeaosnem ABIAETCA
Hammaue HaJAe:KHBIX pabouynX NmporpaMMm JHHEHHOTO TIpOrpaMMHpOBa-
HAA, NpHcnocol/ieHHBIX K PemeHnio 3ajgad 0oJbIIoil pasMepHOCTH C
IBYXCTOPOHHHMI OrPAHNYCHAAMH Ha MEpPEeMEHHBIE.

§ 5. MATEMATHYECKAAl U TEPMOJHHAMITYECRAA
NOCTAHOBRA 3AJAYH COINTACOBAHITA
TEPMOANHAMUYECKIX CBONCTB MIHEPAJIOB

BasrcnMocTh 0T TemnepaTypst aHepron I'mGfca xommomneHTa j MOKHO
onpeneanTs B pasanaaom suje. HauGonee ynoGuoit gopmoii asaserca
dyuxmus gr [Kapnos u np., 1971; Jletunkos u mp., 1977; Tosopos,
1977; Huxoanckmii, 1978; [loporokymem, 1979; Helgeson e. a.,
1978; m gp.]. ¥V I'. Xenrecona ¢ coaBropaMm OHA HA3LIBAGTCH (Ka-
JRymeiicss craHgapTHOR MOJApHOI cpoOomuoil aHeprmeit ['mbfcan
(«capparent standard molal Gibbs free energy») m mcnoabsyercs
B pacuetax TepPMOIMHAMHYECKHX CBOIICTB KAK TBEPALIX BEIIECTB
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[Helgeson e. a., 1978], Trak n koMnonenToB BojHKX pacteopos [Helge-
son, 1982; Helgeson e. a., 1981 ]. Jlanxsneiimee nanosxenne nposegeHo
¢ MCN0Jab30BaAneM QYHRINN gp, HO He npejcTapider GOMBIMAX CI0K-
HOcTell BhmogHeHHe mpeoGpasoBammii W ¢ APYTHMA TePMOIHHAMITTe-
ckuMn Qyurmuamm, wampmymep AGy 7.

Xumuvecknil moTeHnuan v; KOMHOHeHTa j M3 MHOmecTa [ mpm
remneparype T K, nasnenun P Gap u coorsercrsyiomem Bubope cTaH-
JAAPTHOTO M OTCYETHOrO COCTOSHNA MO;KHO 3ammcaTh B BHJE

v) = gr;f- RT In z)/X, + RT In y,, (.1)

rje ; — KOJIHYECTBO MoJjeil Kommomenta j B ¢ase o, X, — obmee
4110 MoJeil kKoMuoHenToB B (aze o = D, D — muoecTBO Pa3 pac-
CMaTPHBAEMOH COBORYIHOCTH, z;/X, — MOJbHAA KOHIEHTPAIUA KOM-
noHeHTa j B ¢ase o, y; — Koa(punuenT aKTHBHOCTH KOMIOHEHTa j
B hase o.

B yposnennn (5.1) gp; — XuUMmUECKHil DOTEHIHAT YHCTOTO KOMIIO~
nHenia j npu I' K u P Gap. Ilpupamenne sueprun I'u66ca ot cranpapt-
noit Temneparypu 298,15 K no 7' K m or cramgaproro jasjieHms
1,01325 Gap (101,325 xlla = 1 atm) no P Gap onpenensiercs caepyio-
muM o0pasoM:

gr = gr + (Gr — Gr), (5.2)
g;- = AG;.zss i (GT o= G;ss)- (5.3)

Bnece (Gp —Gr) — npupamenne smeprmm ['mGGca omgmoro Moas
KOMIOHEHTA j OT CTaHJAPTHOTO JaBjeHHA 10 P fap nmpm TeMmeparype
T K, (GT — G;,s) — npupamenue sueprun ['n60ca oHoTo MOIA KOM-
nouenta j or remneparyps 298,15 K no 7 K npu cranpapraom nasie-
HUW, AG,«J.NS — sHeprus obpasosanus ['mdbca (= uszoGapHO-m30TEP-
MHUYECKII TOTEHIHAN = CBOOOXHAA HHEPrHUs) OIHOTO MOJA KOMIIO-
HeHTa j M3 TepMoxmMmmdecknm mnpocteix semecte npm 298,15 K =
1,01325 6ap.

Temmeparypuoe npupamenne aneprun 'nd6ca MoiHO HafiTH myTeM
HHTETPUPOBAHASA DHTPOIINH:

T
(Gr — Gags) = — I_Y SrdT, (5.4)

208

PﬂCKprBaF! HNOABIHTErpajibHOe BhHIPa/KEeHHE, IIOJYYHM

T T
0 298

TOTA
T T
(6 — Gous) = — Saes (T —29815) — § [ (g/T)dTaT, (5.5)
2¢8 298
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- i Sygg — CTAHJAAPTHAA 9HTPONMSA OJHOTO MOJIH KOMIOHEHTA j IPH

298,15 K n 1,01325 Gap, ¢,—TemioeMKoCTb mpi TOCTOSHHOM (CTAH"
JAPTHOM) JaBjieHui.

B Bmbope sMumpu4eckoro ypaBHEHHST 3ABICHMOCTH TEIIOEMKOCTH
OT TeMIepaTypPhl PYKOBOJCTBYIOTCA ECTECTBEHHBIMH CO00DPakeHIsAME
OpOCTOTEL W ORHOTHIIHOCTH anmpokcuMupyiomeit ¢yakimuua. Ona
gomxkna OBITH HPHTOJHON [JIA MMPOKOTO KPyra BEHIECTB, IepejlaBas
TEMIICPATYPHEI X0/ TEIIOEMKOCTH ¢ TOTHOCTHIO, COMBMEPHUMOIl ¢ TOT-
HOCTBIO MCXOXHEIX 3KCIEPHMEHTANBHHX ompenenennii. Baskno rak-
#ite, 4roOnl OQHO HMIHPHYCCKOE YPABHEHHE OXBATHIBAIO HOCTATOTHBIA
TeMuepaTypublit narepeasa. [TOnBITKHM DOMCKAa OXHOTO BHIPA;KEHHS,
YAOBICTBOPAIOMEr0 PA3JNYIHHIM BEN[ECTBAM B PA3INIHLIX arperat-
HEIX COCTOSHHAX, HPHBOJAT, KAK NPABHJIO, K CANMIKOM IPOMO3IKAM 1
OPARTAYECKN HeYA0OHKM aHAMHTHIeCKHM aapmcumoctaMm. [TpoGaema
AHAIUTHYECKOTO TPEJACTABJICHAS TEILIOEMKOCTH, He MCKaRaIOMEro
TOHKHX WH/HBHAYAJIBHBIX 0COGEHHOCTEHl ee TEeMIePaTypHOro XO[a B
PA3IMYHEX COCINHPHHAX, em[e He PEmieHa MOJHOCTBI0 W 0 CHX IOP
npusiaekaer K cefe sunmanne [[Tunka, Asore, 1979]. IMTo-Bugmmomy,
caMoe pasyMHOe — HEe HAPYIag CJIOKUBINYIOCA TPANAIHI0, HANTH
KOMOPOMHCCHOE pemenne, ydIuThBaiomee B HeoGXOJuMOil cTeneHn
TpeGoBaHuA NPOCTOTEL, YHU(UKAINNT U TOTHOCTI AMINPIIECKOTO ypas-
HEHHH TemI0eMKOCTH. 3

TenmoeMKOCTs HPH HOCTOSHHOM JABICHHN € BBHICOKOM TOYHOCTLIO
annpoxcmmupyerca cremenumm pagom [Maier, Kelley, 1932; Haas,
1973; Tepmopmmammyeckme cpoiictsa..., 1978]:

;=a0+2aiTniv i=11'--|61 (5‘6)

i
rpe ny =1, n,=—2,n3=2,n,=3,n3 =4, ng=—0,5, a; —
amuupnieckue Koapdummentsr (i = 0, 1, . . ., 6). Huxe npn dopmy-

JAHPOBKE B3alad cOrIacoBaHma Oy/eM HCHOJb30BATh CTaHAAPTHOE
Tpexwiennoe ypapHenne Maitepa — Heman

cp=1a+b-107°T 4 ¢-10°T?, (5.7)

ITonnoe ypapnenme ¢ OykBeHHEM o0o3HagenmeM Koa(duuenTos
cp=a+b107°T 4 ¢-10°T7* 4 d-107°T* +

a0 b 107 HF 21070 (5.6A)

OPHMEHAETCA B pacdeTe TepMOJHHAMHYECKIX caoncrn u QyHRDHIT
KJI0YeBHIX BemecTs u 0as3ncHHIX MWHEPAJIOoB.
[Mopcrasaan (5.7) B (5.5) U mpOBOAA JBYXKPATHOE MHTErpHpOBa-

HHe, NOJTYINM ABHOE AHAJNTHYECKO® BHIPA/KEHHE 3ABHCHMOCTH gr OT
TEeMIEePATYPhL:

gr = AGf,a08 — Saas (T — 298,15) — T 3} Mpa:. (5.8)

3pecs Mp; — GyHROuE TeMIepaTypsl [Temrnn, IlBapmman, 1948]:



n; nit+1 i
T e e
Ecan
Ag=TMy=TInT— T — T 1n 298,45 + 298,15,
B; =T M, = (T — 298,15)*/2,

Ce = T M, = (T —.298,15)2/2T 298,152

Toraa HyHKIHIO gr MO;KHOg 3aTIHCATH B BHAE
&1 = AGy 3905 — S305 (T — 298,15) — adg — bBg—cCe.  (5.9)

Pacuer TepmopmraMuuecKuX (yHKIUIl MHOTHX BEIECTB 1 MUHEpa-
JIOB OCJOKHAETCA HaamImeM (PasoBBIX IEPex0/0B, NPOMCXOAAIIAX IO
Mepe IOBHIIIEHAF TeMOepaTypnl M MaBIeHNsd. YYeT TeMIepPaTypHBIX
($a30BEIX TEePeXOJ0B TPHBHAJEH W PEalH3yeTcd BO BceX Tabyrammax
TepMOZUHAMATIeCKAX (YHKIUII, HO CONps:KeHHLe (a30BLe NepPexojIH,
IPOUCXOJAIMIAE OPN HDOBHIIEHNN JABICHNN, YINTHBAIOTCA AAJeKO He
BCET/Ia, 4TO IIPHBOAHT K 3aMETHEIM CHCTeMATHYECKUM OommnOKaM, 3aBd-
CAIMAM OT HAKJIOHA JUHEH (a30BOTO Iepexoma U pasHuILl B MOJXBHEIX

oosemax ¢as. Pacemorpum pacuer (yHrmun gT C yderom d)aaonmx
TIepexoI0B IO TeMIepaType, a pacueT cBOOOJHLIX DHEPTMMl pPeakmuil 1

gr, KoTfia HeoOX0MMO TPAHUMATE BO BHAMaHNe JWHEI (asoBoro pas-
HOBeCHsA, TIOKA3aH B IjiaBe 3 Ha mpumepe o- 1 B-kBapma.

Iycts AS}ﬂ — AH}ﬂ/ Ty, rae AH;ﬂ— sHTanbUAA  $asoBoro
nepexona npu remneparype I’y K, ASy ,—antponus ¢asosoro mepexo-

na. BEemn () = (a,) + 2 ((a;)' T") — ypasmenme remroemkoctn
i

BHICOKOTEMIIePaTypHOil ¢assl, Torga (yHRIHIO g;n opu I > Ty MOx-
HO paccumTaTh Mo (QopMmyre

g1 = AGj 95 — Spos (T — 298,15) — T'yy 3 Mn,a; —
— (Szy, + AS1y) (T — Ty0) — T 2 (M (i)

Sy, — oHTPONNA HEUBKOTEMIEPATYpHOH (aswr npm ‘Temmepatype ¢a-
aosoro mnepexoma. (Dymrmmm TemmepaTypn (Mﬂi)' OIPeIeNAINTCH
00BN 00pasom:

I, )
TRy 1) g

i (")
n; (n;+ 1) +

(M "i)' =

DyHKONI0 gr MOJKHO IPEJCTABATHL W B JPYTOM BHJE, OTAWIHOM OT
(9.3), (5.8) m (5.9), ¢ mcmoanzosanmem HamGojee pacupoCTPaHEHHHIX
¢ynmum, Ta0yIMpPOBAHHKX B TePMOXAHAMHYECKHX CHPAaBOYHMKAX:

]" —A}Ij'ggg—nggg 298 10—8293(1‘——298 15 ZTMnia“
(5.3A)
56
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gr = AGya0s + 20 208,16+ T [(Gr — He)/T];  (5.3B)
gr = AGyags + S205298,15+ T [(67 — H,)/T] — (Haes — Ho);
(9.3C)
g1 = AGy 305 + S99 298,15— T®° (T) — (Hyps — H,);  (5.3D)
81 = AGj 005 — Sags (T — 298,15) + (Hy — Hygs) — T (S — Saee)-
(5.3E)

B srux gopmymrax S;‘m— M3MeHEHIe CTAHAAPTHOR SHTPONHN peak-
nun 00pasoBaHUA MHUHEpaJa N3 NPOCTHX BEmEeCTB, OCTAJbHHE 060-
BHAYEHU s OOIMENnPUHATH 1 mosicHenui ne tTpedyor. C moMompio ypae-
Henns (5.3B) momkHO paccunrarh g 1m0 TAOYIMPOBAHHEIM (QYHKIIAM
cupasounuka P. Po6u u corp. [Robie e. a., 1978], ypasnenne (5.3D)
mwm (5.3C) peitersutensno aan cnpasounnka [Tepmopmnamudeckie
cBoiicTea..., 1978, 1979, 19811, ypasnenne (5.3E) — naa cupasousu-
ka K. Kemmn [Kelley, 1960].

Paccmorpnm Komednoe MHOs;kecTB0 R HKCHEPHMEHTAIBHO HBYYeH-
HEIX peaknuii obmmMm wncxom n(R). B stux peaknmax mpuauMaw0T
YIacTHe KOMOOHeHTH j M3 Muo:kectBa L. [[ma rRammoil peawinu B
YCJAOBHAX TEPMOTHHAMHYECKOTO PABHOBECHS CYMMa XHMHYECKHUX MO-
TEHIMAJIOB KOMIOHEHTOB, YYaCTBYION[HX B PEAKIHUH, PaBHA HYIIO:

3 6u;=0, (5.10)
b ]

©; — crexmomerpuieckuii Kooddunuent xommomenta j. Jlma mexon-
Hux semects ©; << 0, nna oGpasyiommuxca ©; > 0. IlopcraBaas B
ypasuenne (5.10) ypasmenmst (5.1) u (5.2). mosyanm

2 05lgr; + (Gr —Gr); + RT Ina;/Xe + RT Iny;] = 0. (5.11)
b
Ilpeo6pasyem (5.11) x Bugy
AG, r = 2 0;g1; = — 2.0, [(6Gr — G); + RT Inyjz;/X,).  (5.12)
7 7

Ilpasyio wacTs ypapHeHus (5.12) M0zkHO paceynTarsh MO HKCIEPHMEH
TAIBHO ONPeTedeHHHM YCIOBHAM DasHOBECHA peakiuuii ¢ npusiede-
HEeM IOTOJIHATeabHoH nadopvammu. B GoapmmHCTBe dKemepuMeH-
TaJpHEX paloT N0 Ompeeseniio ycJAosuii papHOBECHA peariuil uc-
mOJAB3YIOTCA CTeXHOMETPHYECKHe CHHTeTHYecKHme (aspr, 1OdTOMY
RT Inyz;/X, = 0. B ocranpubix caygasx pacuer csofoauoit omep-
THH TPOBOJAMTCH C IPHBJACYCHHEM JOTOJIHHTENBHOM HKCHEPUMEHTAIb-
HOH M meTpoJornyYecKoil ungopmaiun.,

Bemxnmunma (GT“—GT)H2O = RT In fy,0 nam rasooGpasnoii BO-
mef paccumrana u mporabyamposana s mmrepsaze 100 —1000°C u
10—100 000 Gap mo mamumim . I0za m corp. [Juza e. a., 1979].
B sapyGe:xuoii meTpogornvgeckodl I TeoXHMMYECKOil JHTepatype
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npexnourenne orgaerca panpmm K. Bepmema m coastopos [Burnham
e. a., 1969], mo woropmm Jik. Mumepom m 3en E-anom [Fisher,
Zen, 1971 ] ppnonnena rabyasuus Gynxmun G?}EO(T, P). Tlockoabry
skcnepumentanpupie P — V — T-pannwe K. Bepuema m coastopos
He oxpaTuBaioT Beeit P — T-o6macti, B KOTOpPOil OPOBOINIOCH
H3yY4eHNe MHOTOMMCAEHHBIX PeaKmuil Jermaparannn, M, KPoMe TOro,
5TH JIAaHHABIE, BO3MOKHO, MMEIOT CHCTeMATHIeCKYI0 OmuOKy B obmacTn
BEICOKIX TeMmmepatyp n nasiennit [Menpnmk, 1978; Measnnk, Pan-
qyk, 1978], o He MoryT paccMATPUBATHLCA B KadecTse Oa3MCHBIX B
3aja’ye corJacoOBaHNA.

Beanunna (GT—G;)C02= Ri"lnfco2 VIJIEKNCIOT0 Tasa IpH-

psta no gasEeM K. M. [Ivyaosnga m B. M. IlImonosa [1978]. B 06-
aactn 7' > 1000°C m P > 10 xbap mcmoan3oBalmch MOIYsMIMpIIe-
ckne gammsie V. Borrmura m II. Puunra [Bottinga, Richet, 1981 ].

Ilpn oGpadorre peakmmii ¢ ywactnem H,0 m CO, akTnBHOCTE KOM-
nouentos B cmecn 11,0 + CO, onennsanacs no panaem Yoy M-mnnra,
P. Vmasamca, I'. @aaya, [[. Keppura, I'. Jixaxodea, K. H. Hlvymao-
smya n coasropos [Chou, Williams, 1977; Flowers, 1979; Kerrick,
Jacobs, 1981; IImyaosuyu, IImonos u ap., 1980].

Bermmra (Gr— GT) OJTHOKOMIIOHEHTHEIX MUHEPaJoB DPaccYHTHI-
BaeTCA 10 YPasHEHHIO

P
(Gr—67) = | Veap, (5.13)
1

rae Vip — MoapHBID 00BeM Mumepasa.

B ycaosusx HEBLICOKHX TeMIepaTyp M JAaBJenuii MHOTOYNCICHHE-
mu asropamu [Tommcon, 1963; Kapmos u ap., 1971; Yoder, Weir,
1951; Helgeson e. a., 1978; Finger, Hazen, 1981; n np.] noxasama
B3aUMHAS KOMIEHCAIUS WM OYeHbh He3HAUNTEeNbHHIH sPderT Biamsa-
HIS TEIVIOBOTO PACIIHPEeHNA U C;KEMAeMOCTH HA BEIHIHHY HHTErpajia

S'VdP 0 CpaBHEHNI0 ¢ TIPOM3BeJleHneM V;“(P—i), T02TOMY

nomyckaem B mepsoM upnGammenmn  (Gp — Gr) = V;n (P—1).
B Gonee xoppexTHOM pacuere cBOGOJHLIX oHEPruil pPeaknuii, N3ydeH-
HEIX B YCJIOBHAX BHICOKHX Temueparyp m jgasiennii (~1000—1500°C
n ~15—40 xbap), HEOGXOANMO YIeCTh 3aBIHCAMOCTH MOJIBHOIO 00HeMa
Teeparx (a3 or Temmeparyps H naBieHns. MoabHL 0GneM MOKHO
BLIDA3UTH Yepe3 Kod(OPHIMeHTH TeII0BOro PACIINPeHHs W C/RIMAae-
moctn [Hepn, BaiicOpon, 1966; Kapmos n gp., 19711]:

Vi = Vs [1 + (' — 298)] (1 — BP), (5.14)

rae o — woadduuuent TtemaoBoro pacmmupenus, B — xoapdumment
CRIIMaeMOCTH .
Ecan neansa mpeneGpeun BTOPLIMII TPON3BOJHLIME, TOTJA

V= Ve[l + Ay (T — 208) + By (' — 208 +
+ Cy (T — 298)*) (1 — ay P + by P?), (5.14A)
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2

rae Ay, By, C; — smnnpuyeckue KoaQOUITHEHTH, MOJYYCHHLIE IIy-
TeM perpeccnonHnoii o6paGorkm sasucnmoctu Vi = f(T), ay, by —
ammuprgeckne roodumuentu [Bepu, 1969 ].

Hurerpupys (5.14) n (5.14A) or 1 mo P Gap upn T K, noayunm
uamenenue sneprun ['m66ca npn mamenennn pasiaenns ot 1 go P Gap
(2> 1):

P
(Gr— Gr) = | VidP = Vygg [1 + (T — 298)] (P — 1/2BP%);  (5.15)
1

(GT—G-})= VrdP = Vags [ + Ay (T — 298) + By (T — 298)* +

ey iy

+ Cy (T —298%] (P — 1/2aP? + 1/3 bP®), (5.154)

Ceitgac, yunteeag (5.15) mmam (5.15A), BeamImHBL (GT—G})
BOILl M yriekmeaoro rasa, KT Inay/X TBepastx pacTBOPOB, MOKHO
paccunTarh JUIS KayKIOT0 SKCHePUMEHTAJTLHOro Opexura cBobOaHYO
pHepruw peakumum npu rtemmepatrype 7' K mo ypasmenmio (5.12).

Bosppamascs ® Muoectsy R OKCHEPHMEHTAIBHO H3YYeHHBIX
Peaknuit MuHepaa000Pa30BAHNIA, 3AIMIIEM

D 0ugry =406, jeL, teR. (5.16)
"}

Ecan xoMOmoHeHT j He NpUHHUMAET ydYacTusaA B pearnnu [, Toma}9, ji=
= (. Cucremy ypasrenuit (5.16) meoGxopnmo mpeoOpasoBath K yuoG-
HOMY JJIS MATEMATHYCCKOT0 aHAIH3A BHAY, TAKOMY, ITOOLI HCKOMBI@
BeJMUUHE He 3aucean 0T temueparypsl. Mexoms ma (5.9), BBemem

AONOIHUTENbHBIE 0003HaYeHIA: (i ettt tics db), (v) =
=(yl, ..., ul, ..., ¥}). Temepn ypasmenme (5.9) umeer Buj
pP=5

g} = dyyy + doyy + dyyy + dyyy + dgy; = 2 dilfrs (5.17)

rae dy =1, dy = —(T — 298,15), dy = —Ag, dy = —B;. d; =
= =l Uy = AGJ’ 208 Yo = Saess Y3 = @, Yy = b, y; = c. llogcras-
ass (5.17) B cueremy (5.16), moxyunnm

2 e!.)' (2 hyh) 2 E eudhyk AG;, (518)
J
tER,]EL,A—l, sEra R

B pannom caydwae p = 5, HOCKOJBKY HCIOJNB3YETCA MATHKOMIOHEHT-

HENI BEKTOp gp.

Hyors G =85 L. 8y -.. ., ,,(L,H rae ©; =“ B,jd“],
B R = n(L) 1, ..., pj. UroGur ynpoc-
TATH CHMBOJNHKY, 0003HAYNM m = Zp, n n = n(R). C yuerom atux

J
oboanavennit cucremMa (D.18) npuBOANTCA K KOMIAKTHOMY BUILY
Oy = AG, (5.19)
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TIIG‘ y _(Jh DR ym ylv veny yT(L]a LRLRLE | y:(L))a AG - (AGJ» LR X ]
AG, Loy BB,

Cucrema (5.19), kak npasmio, Hejoompee enHa: YNCI0 HeA3BECT-
HEIX NPEBHINIAET YNCI0 YpaBHEHHmI U mmeerT GecKOHEYHO® MHOKECTBO
pemennit. Ho ¢ yaerom npoussenennii Oy, Kotopne N3BeCTHE 0 TOTHO
duKCHpyIoTeA A KIOUEBRIX BeJIWYNH, (asMCHLIX MHHEPaioB, NIpH-
HATHIX YPABHEHOI TeIJI0eMKOCTH M pHTponmii, cucrema (5.19) cramo-
BHOTCA IOePeompeie/IenHoi I NPUToHOM 7S perpeccHoOHHOro anajinsa.

3ajaua cOrJaacOBAHNA TEPMOJANHAMHYCCKNX CBOMCTB MIHEPAIOB IO
9e0LIIEeBCKOMY KpHTepuio (QOpMYImpyercs caegyomnM odpasoM:
ONpEJIeINTh ONTHMAJBHEIT Bemoz Y, MHHIMABHDYOUTH MOLYIH
MaKCHMAaJIbHOTO OTKJIOHeHNs cucremul (5.19):

y = arg min max |[AG — Oy|. (5.20)

Ora 3ajava SKBUBAJICHTHA CJAe/VIOMEi 3amaue JTMHEHHOTO IporpaMmMu-
posanna [3yxosmmkmii, Asmeesa, 1967 ]: MuEnIMBRaApOBaTH IEAEBYIO
$ynrnuIo ¢’z Ha MHO;kecTBe orpanndennmii (5.19)

min{c'zze Q, y<y <y, A=0, y>=0), (5.21)

rae z’ = (y', A, ), ¥y 1 y — HIKHee W BepXHEe OrPAHMYEHNA HA HCKO-

MEIE BJINYHHEI, A — CKalsap, y — 2n-MepHnii Bexrop. Kosddumnen-
TH IIefneBoli YHKIEN HMET BHI:

m n

Pt a3 I A R

MuoskecTBO OrpaHuvYeHni B MATPHYHOE (opme BanuchHBaeTCA CIeNy-
wmuM obpasom:

[ O o el ol [ AG
s 1R UG —E}[z]= —AG]’

rie £ — eJlIHmYHAS MATPHIA PAsMEPHOCTBIO 7 X n, 1, — epmamu-
HBIT n-\IepHmﬁ BekTop. IlockoabKy Bee KoapdummeHTH IEIeBOT
¢ynrunu ¢’z B sagave (5.21) pasun HYITO 82 NCKA0YEHTeM K0d (-

enta npm A, PABHOM e[UTHUIE, TO A = min ¢’z = min A.

B paccmoTpennoit Mofean 3aadu cOTIacOBaHNA HE TPEIYCMOTPEH
yueT morpemHocTeil ompefesenusa cBOOOAHLIX IHEPTHil pearmuii n3
SKCHePNMEeHTAJILHEIX PABHOBECHHIX JAHHBIX, T. €. 3a7a4a copMyaInpo-
BaHA B JjerepmumamposanpoMm wuge. CymecTBeHHOE 0co0eHHOCTHIO
BXOJHON HWHGOPMANT ABIACTCA HEONPEIeeHHOCTh HIEMEHTOB BEKTO-
pa AG B ncxopsoi cucreme (5.19). IKcnepHMEHTANBHO, KAK MBI yiKe
NOAYEPRUBAJI BHIIIE, ODpeNeIsercs He OJHA pPaBHOBeCHAS TOUKA
peaknni, a pekotopad ofiacth B BHAE NPAMOYroJbHnKa Ha P — T-
aHarpaMme — dKcmepuMeHTanbHbl Opernt. Jlobag Touxa BHyTpH
Hero ¢ PaBHOI BEPOATHOCTHIO XAPAKTEPH3yeT HeM3BECTHHIE MCTHHHKG
B8HAYEHIT DPaBHOBECHHIX TeMneparyp m pasiennii. Iloatomy ogens
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Ba;KHO BRINYNTHL 9TY 00BEKTHBHO CYMECTBYOMYI0 HEONPeAeIeHHOCTh
B Mojiens corgacoBauns. lcmoansosanme AG B jeTepMUHHPOBAHHOM
BIjIe, HAIpPHMED 10 CPeIHUM TOYKaM, IPHAAET MOIENN M3JTHOIHIO0
GRECTKOCTHY, HMPUYEM 974 JKECTKOCTh He OTBEYAeT JIelCTBHTENLHOMY
nogozennio Bemeil. M3 aKcnepuMeHTAJBHBIX JAHHKIX MOTYT ORITH
BEYUCJAEHE TOJIBKO JANANA30HK BOBMOMKHEIX 3Hauennii AG, a He mx
TouHKe BeamunHbl. JlmanazoHsr koaefaHmii piaeMeHTOB BeKTopa AG
PACcCUNTHBAITCA caegylomuM oOpasoM. 113 KamkIoro sKenepnMeHTaTb-
HOTO IPAMOYTOJLHHKA OTOMpaoTesa Te ase Toakn P um 7', KoTopsie oT-
BedaoT AG(min) m AG(max). Ecin skcuepuMeHT npoBesieH o M30Tep-
Me, TO, KaK NPaBAiIo, BO BHHMAHME NPHHOMAETCS pasMax o JaB-
JIeHAI0, €ecau 10 m300ape — BEPXHASA U HIGKHAA TeMIEPaTyPHEE
rpapnnu.  Obosmaanv B = |[(AG(max) — AG(min))/2] un AG, =
= (AG(max) + AG(min))/2. HNamenenwe AG B rpannmax AG(max)
n AG(min) suipasum pasencrsoM AG = AGy, + By — p- ¢ orpanm-
vermsm 0 < B < P m 0 B < B

daements MaTpuin © OyaeM yCJHOBHO CYNTATH JleTePMIHHDPOBAH-
HHEIMH BeJIMYAHAMIN, TMOCKOJBKY HX MOIPENIHOCTH, CBA3AHHKE ¢ (QIyK-
TyanuAMH TeMIepaTypsl, 00bYHO MeHBIIe NOTPeIrHOcTeli HIEMEeHTOR
rerTopa AG. 3amaua (5.21) ¢ monyckamn Ha AG sannmerca B clIegylo-
meM BHje:

min (copZep/zep & Qepy y<YL Y, A0, 70, 0P <P,
0<p-<Bl, (5.22)

Tlie PasMepHOCTh Ccp M Zop PpaBHA m -+ 4n — 1, a MHOKecTBO Orpa-
HHOYCHHI TMEeT CIEAYIOMYK CTPYKTYpPY:

e 1, —E 0 —F E
| |

—0 1, 0 —F E —FE

™m -2 >

|- ez ]
g —AG,
Lh- ]

Ilocranosra (5.22) sBasgercs paGoweil MOJeabl0 3amail COTIaco-
pannug. [laxee, pacemarpupas ABOMCTBEHHYIO 3a7aqy, OyJeM MCXOINTh
He u3 3afaun (9.22), a ua sapaun (5.21). I10 eBsA3aHO HCKIUUTETHHO
¢ TeM, 4ToOn M30e;RAaTh N3NUIMHEH TPOMO3IKOCTH B HANMCAHHN CHC-
TeM OrpaHHveHnii npaMoii U [ABOilCTBeHHOI 3ajJadm, a BEIBOJIEL, IOJY-
TeHHbIe U3 NHTEPHPETai(iil JBOHCTBEHHOro pemenns sagadim (5.21),
TOJHOCTBI0 TPHJIOKNMEL I K 3agate (5.22).

Teopua numeiinoro nporpaMMHPOBAHNA TO3BOJAECT IOCTPOATH
apoiicteenuyio K (5.21) samawy. Ilpempae Bcero mpnpagnM TpsaMoi
sajgaue (5.21) kanonuveckyio gopmy, T. €. 3amWHIIEM e TAKIM 00pasoM,
uT0OE Bee IepeMennble, NOJJIesKan(ne ompejieneHnio, OB HEOTpH-
TaTeJaBHE. 3aMeTHM, 4To B 3ajaue (5.21) anements BxoHOd nHOPMA-
nnn Moryt OwrTe gio0oro amara. Ilpeofipasosanme mpoBogmTes IO
caeaymomei menouke QGopmyda:
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yr=y—p d=y—y 0<y<d (5.23)

Cumpon d B (5.23) nmeeT eMBICH, COBEPHIEHHO OTJIIMYHLIL OT d, » (5-19).
IT0 CMBICIIOBOE Pa3;nuiie MCKIIYAET BO3MOKHOCTH NyTAHHIEI B 000~
aHaueHHsX. BoceraHos/ieHne NePBOHAYAABHOTO 3HAYEHUT ¥ 1[0 I
NpousBO;iUTCA mo (opMysie: y = Yo - y. SamumeMm HepaBeHCTBO
0< y<d B Buje paBeHCTBA BBEJGHNEM BEKTODA JOMOJIHHTETBHBIX
HEOTPUIATeJBHEIX HepeMeHHRX £: Yy + ¢ = d.

IlpeoGpasosanHas 3afga4a (9.21) mmeer caenyonmit suj:

min {¢;2,/2, = Q. y.FPO, A=0, =0, t=0]. (5.24)

Bextop z, pacKpsBaeTcsi CJeIYION[M 0Gpasom: z;, = (¥1, A 9s t).
Paamepunocts z, pasna 4m + 2n + 1. Bexrop cp, umeer cTpyRTypy:
m n n

(it il DL Ot 2B, 07 2 W

Muosxecto Q,, onpeneasiercs Kak Q, = {z,/4,z, = Gp}. /e cucre-
ma Apzp = Gp nmeer BHI:

TS et W ) Y i sy
@ il S LB 0 0Rg A AG — 6y e
Py Y S B B
B =i, 00 OERE T -

Ilo cpapnenmio ¢ orpaHmdenmamm 3ajaun (5.21) B cucreme (5.25)
clelaHa 3aMeHa 3HAKOB HAa o0paTHpIe y MOJOBUHLI ypaBHEeHAI, 4To
yopomaer Oponexypy (GopMHPOBAHHS MACCHBA BXOJHBIX JAHHBIX HA
9BM. Pasmepnocts Bertopa G, pasHa 2n - 2m.

CorzacHO TeopeMaM JIBOHCTBEHHOCTH JNHEITHOTO IPOrpaMMIpORa-
HUS, CYMECTBOBAHNE PemieHns upsamoil sagadn (5.24) saever 3a cofoi
cymecTBOBAHNE JIBOMCTBEHHOIT 3amadu

max |Gpulu e Qp, ' = (uy,u_, ay, al)); (5.26)

roe muo:kectso Qp mveer Bug L, = {u/dpu < ¢,}. Pasuepnocts
BeKkTopa u paBHa 2n + 2m = s. Cuncrema Apu < ¢, B pa3pepHyToOi
dopme npueegena muke:

-— e.r 61 El Ei— —0—'
e M e R T
Sl iy u* 0
o 0 e £ ¢ (5.27)
Tt
g 0 0
]
0
0

(== i = I o =}
(==l o=
(=]
t’!
I
|
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Cucrema (5.27) sanmcuiBaeTcs B Gojiee KOMIAKTHOM BHJIe ¢ YyIETOM TO-
ro, uro Hepapenctso —ZFuy, < 0 pasHocmabHo yeaosnio uy = 0.
ARajormyHLe yOpomeHnna NPUMeHAMB K u_, 7, 1 7—. Taknm of6pasom,

v

e 0 E E <[0] 5 98
1;! _1n 1m _1m [u]"'--.. ,1 k] (' )

e 20, u_<0, A0, =<0,

Orciona 1 n3 ycJaoBHsA RONOJHAIOMEIl HesrecTROCTH (cM. [3yxoBnmkmii,
Aspeesa, 1967]) caemyer:

ecrn A >0, to (1, —1,, 1m—im)(u) =1

ecim A =0, 1o (1, —1, m—im) (w) << 1.
Hockoasry (—1,) u_>0 n (—1m) =0, 10

ecan A > 0, 2|ui\=l, |u;| <1, i=1,..., s e s =2m + 2n;

ecan A = 0, Z,Iu;\ 1, |\ui|<1,i=1,..., s rae s=2m +2n.

Pasencrso |u; |< 1 skpuBanentno —1 < u; < 1.

Msr yeranosmim, 4To JABOHcTBEHHOE pememle B 3ajlave coTIacoBa-
HHA 10 Ye0LmeBCKOMY KPHTepHIO Haxonmrtcs B mpenerax or —1 mo
1. 9ror daKr BasKeH € TOUKHM B3PEHHSA OMEHKN BIUSHUA KAKIOTO

OTPAaHNYCHNA HA BeJINYNHY YeOHMIeBCKOil HeBA3KN o paccyarpusae-
wmoiit Huske. To oGcroarenneTso, 9T0 ©; 3aKI0YeH0 B mpefeaax ot —1
no -1, oGneruaer ux comocrapienne Memay coboil.

B BHOHCINTENBHOM adropuT™Me MOANPHINPOBAHHOTO CHMILIEKC-
MeTOJla ¢ ABYXCTOPOHHUMH OTrpammIeHHAMHE npeodpasosanme (5.23)
He BKIIOYAETCS HENOCPeJCTBEHHO B CICTEMY OrpammdyeHnit B Bmjue
JOTOJIHATEIHHOT0 OrPAHUYEHNs. Y4UeT mpeofpasoBaHHLIX OTrpanmde-
anit (5.23) mpomaBognTCA TyTEM HEKOTOPOTO YCJIO:KHEHHS 00LYHOTO
mara MoanQUIMPOBAHHOr0 CHMITEKC-MeTO/a Gea yBeanueHns pasmep-
HOCTH 00paTHOI MATPHIE, paBHOH ducay ypaenennii B (5.22).

Ilepexon or mpsamoit sagaun (5.21) k mBolicTBeHHOIT MOKHO OLIIO
661 cpemath m Oe3 BREJEHNA YCJIOBMS HEOTPHIATENIBEHOCTH HA BCE
BIEMEHTH BEKTOPA z, HalpuMep 3aMeHOil JBYXCTOPOHHHUX OTpaHmde-

HO y<C Y << Yy CHCTeMOii paBeHcrs
y+yr=yny—y =y, (5.29)

rae Yy M Y- — JONOJHNTEILHBIE HEOTPHIATE/IbLHEIE IepeMeHHEe.
Ho rorja mexommasa cucrema ypapmenuii coctosiaa Obl M3 DaBeHCTB
(5.19) n (5.29), uro npuseso Gu K yBEJIHYEHHIO INCIa YDABHEHHH B
MHO;kecTse  Ha 4m. Beefenne ycaosuil HEOTPHIATEILHOCTH YBEIMYN-
BAeT UHCI0 YpaBHeHHi Ha 2m, T. e. B 2 pasa MeHBINIe, UTO I Jlenaer
fonee mpeamouTHTEeABHEIM npeoGpazosanne (5.23). a me (5.29).

Ma teopem [ABOMCTBEHHOCTH JIMHEHHOTO IPOTPAMMIDOBAHHA
enejryer
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T =~ ' ~

min c,z, = A = max Gu<< ¥ u,G,, (5.30)
ngﬂp usElp i=1

rae s = 2m -+ 2n pasmepmocTh Bektopa u B (5.20). [lBoiicTBemHOE

penieHne MO;RHO WHHTEPOPETHPOBATE KaK CHKOPOCTh H3MEHCHHA A
OTHOCHTEJHHO MAJEIX H3MEeHeHui i-ro Orpamn4yeHusg OpH YCJIOBIIH,
YTO BCE OCTAJbHEIC OTPAHHYEHUHA HEH3MEHHDI:

~ an
i =— o1
# 9 (Gp)i @4

JokazaTeascTBO BTOrO [zBeHGTBa npusefero y M. B. IOpnra n
E. T. loapmreitna [1964].

OuanyecKkuii CMBICT [BOHCTBEHHOIO PEMICHHS B 3ajlade COrIacoBa-
Bus ouepnger. Maase KoneGaunsa sieMenton G, NPUBOJAT K IPOIOP-

IHOHAJIBHLIM H3MEHeHUuAM de0nrmeBckoit nepsaru A. Hoaddumumenra-
MH OPONOPIHOHANBHOCTH cay:ar uy. Ecam, manpumep, (G,), umeer
CMBICJ BEPXHEr0 OTPAHHYeHHA Ha CTAHAAPTHYIO aHTPOINI0 K-ro MuHHE-
pala, TO u, XapaKkTepHayer yBeJmnueHmue 4e0bLMeBCKOH MNEBA3KH Ha
eIHHUIY YBeJHTIeHNA pHTPommu. B cmay atux oco0eHHOCTEH IBOM-
CTBEHHOE PEeNICHHE CIYHHT YYBCTBUTEIBHBIM HHCTPYMEHTOM BJIHSHIIA
HexoaHol mEGopMAaNIT HA CTENeHb COTIACOBAHNA BCCHl COBOKYIHOCTH
MAHHBIX.

PacemoTpuy Temeps JABOMCTBEHHOC PeUIEHHE ¢ TOYKH 3PeHHS BO3-
MOZRHOCTI OIL@HKI Bmmnunﬂomuﬁon BXOJAHBIX JAHHLIX HA KPHTEPHi
cornacoBaHug — Beanunny A. Ecuan pirementst marpuigst 4, # BeKTOp
¢p PHKCHPOBAHLI, TO MMEET MECTO ciaefyiomee yrsepaaenne [Jlankac-
tep, 1972]. MMycrs npn 4, ¢, B G = G; PemeRns npPAMOIl 3agaun
(5.22)

2 ’ ~i
min (epzp/zp e Qp) = A
n JiBoiicTBeHHOI (5.24)
ol

max {(Gp) u/ues Qp} = A
@[IMHCTBEHHEL il PaBHLL Z, U u cooTeTcTBenHo. Torga B Manoil okpect-
HoctH G, CHpPaBeJINBO UPHOMIKeHHOe THHEHHOE IpPeJCTABICHIE
Ah ~ D ui(AGy), i=1,...,5, (5.32)

i

e (AGy); = (6G3)i — (G,)i u AL =2 (Gy)—14 [Gy+ (6 —G,)].
B npepuonosennn He3aaBHCHMOCTH JAEMEHTOB BeKTOpa G, AHCHEpCHHA
A Berancagercs no gopmyie [IOpnm, 1974

*(h) = D) Gp)i, i=1,...,s. (5.33)

ITox mucnepceneii B (5.33) 1 Kagee noapaszyMeBaeTcsa ee oMIHPHYL-
CKafg OIeHKa — CpejiHee KBaJpaTHYHOEe OTKJIOHEHHEe B Kaajgpare.
Mur BHe OyaeM BBOIUTH CHEIMAJBHBLIC CHMBOJLI, MOM4ePKHBAIONHE
3aMeHy [HCHEPCHIl HX OMIUPHUCCKHMII OLEHKaMiI, HO Bcerpga OGymes
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UMeTh B BUAY Ty 3amMeny. Eciam nanectenm TOJBLKO IHATA30H BO3MOM-
HLIX 3mavennii (Gp);, 4TO ABIAETCHA NPABHIOM B 3ajadax COIJIacoBa-
HHA, TO Cpejice KBAJPATHYHOE OTKIOHEHHE

P)i (5‘34)

e (AGp); = (Gy)i(max) — (G,);(min); (Gp)i(max) n (Gp);(min) —
BeDXHAA W HIKHAA IPaHNNB 3HaveHuit (Gp);.

Us gopmynsr (5.32) BEAHO, 9TO MHEAABHAVANBHEIT BKIAA Karmoi
k-it morpemmocTH B OmWEOKY A 3aBHCHT OT BeJUTHHEL up 1 (Gp)y.
O6osnaumm D; = (u;)%0%*Gy);, i=1, ..., s, rme D; — pkiax
i-to caaraemoro (5.32) B mucmepemio A. IIpoctoit cmocol nposeprm
oguopopHocTa D; mpemaoxken B. Hoxpemom [3axe, 1975]. Haxomuy
D, (max), monospesaemoe na BHOPOC, M BHTHCISIEM

Dy (max)

G (max) = —E‘T,

e e TR [

Ecam k-it pnement sBurmagaer us oGmeii cosokymnnocti, 1o G(max) >
> G (raba), rne G swbmpaercs na tabamy B. KHoxpenal3are, 1975,
raba. 152] mo aprymenram: oo — yposmio 3Haummoctn (o = 0,005 m
a = 0,01), wneay craraemsix B (5.32) W umeay cremeneit ¢noGojs,
PaBHOMY B HANIeM ¢JIy9ae 17 — m, T. €. DPasHONe MEeKAY YHCIOM
CTPOK M 9HCJOM CTOJOIOB B Marpume 0.

B mpaxtmueckoii paGore, KaKk MOKasad WAl ONLIT, IVIOXHE TAHHEE
Jerko obmapy:xmpaiorcsa Ge3 oGpamenns k mpomeaype B. Hoxpena
IoyTeM OPOCTOr0 COMOCTABJCHHA Me;KAY c000il IBOMCTBeHHEIX pemme-
muit u;. llogosputenpume Ha BHOPOC OrpaHNYeHNsA, CBA3AHHLIE C
u;(max), npeswrmainT octadnHne B 4 pasa u Gonee. Cpasnenme u;
ofuervaercs emie I TeM, 4TO Bee u; HAXOmATCA B mpexeaax or —1 mo
1. Bo Beex caygasx pe3ko BHEIATAMIINE DIEMEHTH BXOJIHON MH-
gopManEm  JONKHEL BCECTOPOHHEe AHANHSUPOBATHCA. DBIAcHABTCSH
OPHYIHHGEL BEIOPOCA: IPOMAXH TeXHNYECKOTO HOPSAKA HJIH CIENCTBHSI
rpy0bIX DRCIEPUMEHTAJBHLIX MOTPeImHOCTeH, He YRIAJALBAIIIHECS B
AOIYCTHMBIE IPEETH SKCIePHMEHTAIBHLX TOrPemHocTeii? 910 MOTyT
Ob1Th ommOKN B ompenedaenussx P — 7'-ycJaoBuil paBHOBECHs peaKkIum
MAHepaxoohpazoBanus, Kotopsie o0HApVKHBAWTCA JHIIL B o0mei
COBOKYIHOCTH B3auMOCBA3AHHEX peakiuil MHHepaxoo0pasoBaHus.
I'pyGuie ommOKku BOZHHKAIOT W3-3a HENPABHILHOIN HIeHTHOWEAEA
CTeXHOMETPHYECKHX YPABHEHHH peakuuii MuHepajiooOpasoBaHHS B
okcnepuyente. IIpmanHoil pesko BEITATA0INUX 3HaYeHHH MOKeT OHTH
TaKie HeCcOTJACOBAHHOCTL TePMOJUMHAMHYECKHX CBOMCTB MHHEpPATIOB
JIpyr ¢ APYrOM W IO OTHOMICHHI0 K HKCHEPHMEHTAJLHO N3YyYeHHBIM
peaknusyM MmunepaitooOpasopanus. B sasmeumoctn 07  (YUBHIECKOTO
COICP/KAHNA BHINAMAIONAX 3HAYCHNH IPUHUMAeTCA pPeleHne o Io-
BTOPHOM Hepecuere MOMEJIM ¢ KOPPEKTHPOBKOM BXOMHHIX HAHHEIX.
Hoppektuposka BEKIIOYaeT: PEryJupPOBKY OJHO- H ABYXCTOPOHHHX
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orpanmuenuii, ACTAJN3AIMI0 OTACNBHEIX GJ0KOB MOJIeJH, YUeT HOBBIX
JKCHEePUMEHTANBHEX JlaHHLIX, a Tak:xe uposgsienue addexron cme-
WMeHNA, pa3ynopsAjA0ucHNsA, CTPYKTYPHBIX Imepexojos U T. J.

§ 6. OMNBKIT TEPMO/JIHHAMITMECRIIX CBOHCTB MHUIIEPAJIOB
B 9BOJIIOIIIONTON CIICTEME COIIACOBAHIA

B nmpemnaraemoii MaTeMaTHTECKON MONENN COTTACOBAHHA (QYHKIINT

g} GasmcHKX M PACgUMTHIBAGMBIX MHHEDPAJIOB HaXOATCA B (yHKIHO-
HaJIbHOIl CBASW, BEIpaskaemoli cmeremoii ypasmennit (5.16). Ilocae
MPOBEJIEHNA ONTHMHBAIMONIEIX PACYeTOB ONPEJAIOTCA TePMOIHHA-
MHUECKHe XapaKTePHCTHRA M MUHHMYM MaKCHMAJLHOTO MOJYJIA

HeBs3KN cucteMs (5.16) — Benmunna A, KoTopas cay:muT Mepoii BHyT-
PeHHEH HeCcOTTACOBAHHOCTH BCCH COBOKYNHOCTH BXOJUBX JAaHHEX
CHCTEMBI COTJIACOBAHIA.

Horma cpenm BXOJHEIX 5JEMEHTOB CHCTEMBI COTJIACOBAHMA HET T
YCTPaHEeHB! Pe3KO BHIAJAIONNe 3HAYEHHS, TO UX afalTains APYyr K
APYTY B IpoOIecce ONTHMU3AIMH IPOUCXONT Yepes (YHKIMON A bHbe
ces3u creremsr (5.16) B Tex mHTepBaTax BaphUpPOBAHAA, KOTOPLIE 3a-
RaBamuch Ha Bxoje. TepmogmnaMmyeckie XapakTepuCTHKH MITHEPAJIOB
KOPPeKTHPYIOTCA B npejiesiax onycka na ommiKy, a BHOBb PacCUnTh-
BAEMbIe BENWYHHALI He BHIXOJAT 32 DA QUBHYECKH IOMYCTHMBIX
sHaveHnit. B otoM caydae seanunna A Jomsrna GuTh 0JM3KO0I K cped-
Hell omnOKe penepHHX HAEMEHTOB cucreMur corsiacopanus. [Tojg ommb-
KOH B JAHHOM CJydae MOJPA3YMEBAETCH HOJORHHA MHTePBaza MeKILy
BePXHNM N HI;KHUM OorpanudennsMn. YeOuinesckas HeBA3Ka, mpuMep-
HO COOTBeTCTBYIOIAA YPOBHIO ONIMOOK PEHepPHHIX HIEMEHTOB, SBIIf-
eTcg KPHTePHeM XOpomieil CcOTJacoBANHOCTI TEPMOJHHAMIICCKHAX
XapaKTePHCTHK MHHEPAJIOB € JIAHHKIMH HKCIEPHMEHTaNbLHON TeTpo-
JIOTHH, KPHTEPHEM OTCYTCTBHA NPOTHBOPEYMBOCTH MEKAY BCOMU die-
MEHTaMH COTJIACOBAHMS.

YeGpimesckylo HeBA3KY GyAeM paceMaTpuBaTh KaK CHCTEMATIIUE-
cKyl0 ommbKy Bceil cucremnl coridacoBama. OOmas mOrpemHocTh

(QYHEIME gr MIHEPaJoB PAcCINTHIBAETCH KAK CYMMa CHCTEeMaTHUCCKOI
omuOKI ¥ YABOEHHOH KBajpaTNIHON OMmMOKH:

o(gr)i =% + 20(gz). (6.1)

Keapparnunyio onmbKy g;; HaxoguM 10 o0meMmy npasuiy pacue-
Ta OmMMOOK KOCBeHHEIX M3Mmepenuii. Pasofnem muoxectsa L ma jsa
nogmuOKecTBa Ly m L, IMogmuoncectso Ly oGozHauaer GasucHRe Mu-
HepaJbl MOJeJN COTIACOBaHNA, & L, — MOIMHOKECTBO TeX MUHEPaI0B
GyHKIME gr, KOTOPHE PACCUMTHBAIOTCA WM KOPPEKTHPYIOTCA. Sa-
numem cuetemy (9.16) ¢ pasGuBkoii mpasoit wacTH Ha JABE CyMMBI:

AG = —30,g1— D 0ugy, je L, icl, teR. (6.2)
¥ i
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BriGepem n3 cucremst (6.2) momuoikecTs0 ypasHenni R', rakmx,
qT0 paccuuThBaeMasgs (QyHKIUA gT Kakoro-iunbo ofHOro Mumepana i
BRIPA/KACTCA TONBKO 4epes maBecTHLe QyHKnum g; GasmeHLX MAHe-
panos u AG, pearmumii

(C] 1 o
g:t 5 ehg e_“AGh (6.3)
wim B o0memM Buje:
git=XCuZst, j=1,...,n(L)+1, t= R (6.4)
2

Incoepenio ynrnii g, t = R' maxoguym mo gopayme
o (gi) = 2 Cho® (Zy) + 2 gcjcka (Zit) 0 (Zpa) T (Z;, Zn)y  (6.5)
J it

rae r(Z;, Z,) — xoaddunuent Koppexanun mesuay Z;u Z,. Ecuan cay-
qaiiHple BeJWYUHB Z; u Z, He3aBHCHMLI OjHa oT jApyroi, 1o r(Z;,
Z;) =0 u ¢gopmyna (6.5) nepexomur B

O'E(g:f) = E C?gﬂ'z (Z_'.t). (66)

o
HecomuenHO, uTO (VHKIHUN g MIHEPAJOB KOPPEINPOBAHEL MEK=
o

1y coboit mo Temmeparype. I{pome TOro, KoppeiAiusa gy MUHEDPAJIOB
o0yclIOBJIEHA €MIe TeM, YTO OJHH M Te ;ke 0A3MCHbIe BemecTBa MCI0Ib-
3YIOTCA IPH pacdeTe AG}‘m MHOTHX MuHepados. I'. Ammepcon [An-
derson, 1976] ocofemmo mojuepkuBaer mociegHee 00CTOATENBCTBO.
Hecyorps ma 970, J0 CHX IIOp BO BCEX IOJ[cYeTax AHCIEPCHE TepPMO-
AHHAMAYECKHX XapaKTepHCTHK MHHEPAaloB WCIoab3yercH QopMmyna
(6.6), a me (6.5), T. e. mpegmosaraeTcs He3aBICHMOCTH CIyYailHBIX
BeJUYNH. JTO JONYHIeHHe He IIpuBefeT K 00Jbmioil ommniKke B ONEHKAX
JUCIePCHI TePMOANHAMAYCCKEX BeJIHYAH B TeX cjydasx, Korjga Koag-
¢unmenT Koppexsnum GJH30K K HYJIIO WM IIPONCXOAHT B3anMHAas
KOMOEHCAIMA OT/IeJbHEIX CIaraeMulX ¢yMMH ¢ r (Z;, Z;) = 0. B atnx
caryuanx ocHOBHOI BKaaj B o° (g, ) BHOCHT mepBas cymuma npasoil gac-
i gopmyant (6.5). Opnako sicHO, 94TO He BCErja yjaercA ¢ JI0CTATOY-
HOH HaJe;KHOCTHI0 OLPEJleJNTh BeJIUYNHY BRJIAJa B JUCIEPCHI0 KOp-
pelrAnuoOHHON cocraBasiomeii. B ofmeym ciayuae pacuer mo gopmyle
(6.6) maer ToapKO BechbMa NPHOJIMBUTEILHYIO OIEHKY AHCIEPCHH C
HEH3BECTHOM BeJIHYNHONH BO3MO/KHOIO OTKJIOHEHHS B MEHBIOYIO HJIK
Goapmyio cropony. ITosromy mpumenenue gopmyasnt (6.6) ompasgamno
TOJIBKO MPOCTOTOl pacuera 1o Heil JucHepein GYHKINN g7 MEHEDPAJIOB
i OTCYTCTBHEM KOJIMYECTBEHHEIX TaHHHX 0 Koa(duimentaM Koppens-
mun. Ilo copaemmmusomy samedannio I'. M. Anpmepcona [Anderson,
1970], mmenHO TpeHeOpeikeHHe BHCOKOH KOPPEINPOBAHHOCTBIO CBO-
GOIHLIX PHEPruil MUHEPAJOB NPUBOIAT K HEPasyMHOMY 3aBHIIEHHIO
OIEHOK X IOIPELIHOCTEil.

Ceoit Busoyg I'. M. Anpmepcon cienas Ha ocHOBe amaimsa ommuGOK,
CBABAHHBIX C pacyeToM KPHBOM ofpaszoBanus KopjauepuTa ¢ (aoromn-
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TOM U3 MUHEPaJIbHOT0 MapareHesnca KBAPI[ — KANHOXIOD — Myc-
roenT. Hecmorpsa mHa Goapmime ommOKM B HCXOJIHEIX 3HAUYEHHAX CBO-
GomHOI 2HEPIHHM MYCKOBUTA, KOD/HEPHTA, KANHOXJ0pPA U (IOTONHTA
(kBappatmunse ommGkn cocrasamor or 2700 mo 17 000 [Ix/moas u
mopcunTaHm o Qopmymae (6.5)), pacueTHas KpHBadA CKIOHAETCHA 0T
srcnepumenTtaapnoi auHun k. Ceitdepra [Seifert, 1970] B mpegenax
25°C. 910 OTKJOHEHHEe COOTBETCTBYET CPemHeil KBagpaTuvHoi omubKe
B HCXO/HBIX 3HAYEHUAX CBOOOIHOM SHEPIHN MYCKOBHTa, KOpPAHEpHUTa,
ksmuoxJjopa u gaorommra nopsanka 2,5 —3 kJl;k/Moan, npudeM B TOM
cJayuae, KoOTZa Omngg'ﬂ npeponaraorcs Hezasuenmeivu. Crpororo
cobaofeHns mMocaegutro yeaosns B coeit padore I'. M. Amjepcony
YAaJ0ch AOCTHYL € MOMONIBI0 METOA CTATHCTHYECKHX MCHLITAHEI,
Bureox I'. M. Anjepcona moiTsep;saaeTcsa M APYIHMH pacuyetamMu yc-
JOBHH PaBHOBECHSA PEAKIINIT MIHEPAI000PA30BAHNA 0 TEPMOJMHAMI-
YeCKHM XapaKTepuCTHKAM MIHEeDPAJIO0B, COTIACOBAHHEIX C DKCIEepPHMeH-
ranpueivm papusvm  [Zen, Chernosky, 1976; Kerrick, Slaughter,
19761, B TOM WHeIe H HAIMMI PACUYeTaMIl, TPUMEPH KOTOPHX GVAYT
IPUBEIEHs HO35KE. \

Iocae pacuera n(R') smavennii o*(g;) mo gopumyne (6.5) mam,
Korma Koad@uiumeRTsl Koppeasnun Henssectnil, mo gopmyae (6.6)
BHIUNCJEM CPEHION JHCHEPCHIO

()

2 I LT TR — 1

*(¢:) T e R
1 garem 1o gopuyiae (6.1) — obmyw morpemHocTts. [lanee mpomsgo-
muTea BHOOP IMOXMHOMKecTBA ypasHeHmit RZ co caemyrommM i - 1-m
MHHEPaJOM, KOPPEKTHPYeMOe HJH PacCUNTHBaeMOe 3HaUeHHe (yHK-
MK g7 KOTOPOTO MOKHO BHPasnTh dopmyaoit (6.3). Onmbra ¢ymk-
T g;- i-r0 MUHepaia MOACINTHBRAETCA B TOI yKe MOCJe0BATEIbHOCTI
mo TeM ke fopmyaaM, 9T0 M A Hpesyero i — 1-ro MmmHepama.
Taxmy 06pasoM IOCIEOBATEILHO PACCYUTHIBAIOTCS ONMOKH (yHKINHA
g} BCEX MUHEPaJI0B N3 MHO;RecTBa [,. Bo msbemaHme JOMOJHUTENE-
HOH KOppelHpOBAHHOCTH OIMIGOK B HpaByk dYactk (opmynst (6.3)
He BKJIIOYAIOTCA MIHEDATH M3 MOAMHOMKecTBa L., OMHOKHE KOTOPHX
OB TOJICYNTAHB HA TpeNHAyIOeM srtame. JT0 TpefoBaHme BCerja
BHIIONHNMO. B Tex cryuasx, Korga B peakigum yd4acTBYIOT jABa m Go-
Jee MHHEPAJ0OB 13 moaMuoskecTRa Lo, k gopmyae (6.3) npuxopsit my-
TeM MOCHENOBATEILHOTO TPHMEHCHIA DJIEMEHTADHLIX MOJCTAHOBOK.

Ilpyroii, Goxee conepmeHIL, HO TCXHHYCCKN 3HaYITeNbI0 foiee
TPYAHBIE TIOAXOI K OIeHKe Onmb0K TepMOIAHNAMIYCCKHX XapaKTe-
PHCTHK MHAHCPaJdOB CHCTCMBI corjacopanufa OCHOBaAaH Ha MeTone cra-
THCTHYECHKOTO RN PaBHOMEPHOTO 30HIAHPOBAHNA WHTEPBAJOB HeEOI-
PeJlCIeTHOCTH  PENCPHRX DJIeMEHTOR RBXOMHOI wAGopManum. ITOT
mojxon feranbHo paspaboran B. 1. Beaosuy ¢ coasropamu [Beas-
es, Maxapos, 1973; Benos n ap., 1973]. Msl 13105KEM CT0 CYNIHOCTD
NPAMEHUTENbHO K Hameil 3agave corjiacoBanmfa. Beejem mpegsapn-
TeIHHO HeoOXOoguMEE 0003HAUEHUA :
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AG, (min) < AG, (wy) < AG, (max), w, = Q; (6.7)

vk (min) < g, (0i) <yl (max), W& Q, j= L. (6.8)
B mepanencrsax (6.7) n (6.8):
1) w, — t-ii d7eMEHT BeKTOPA Wag — (W1y oo ey Wty oo vy Wner)) B

Q — KoHeuHOEe MHOKECTBO peayusanuit w,, wag & Qug, e Qug =
= |JQ, te R; AG;(min) n AG;(max) — Hu;KHee 1 BepXHee 0rpa-
t

ow o
nuuenns ‘Ha AGy, a AGi(w;) — dynruus w,.

wesy

!
2) w, — k-4 KOMNOHEHTa BeKTOpa W, = (u,}, v w},l, w;,

A\

4 n(L1)
wm, s s WKy v ok u;pﬂ(Ll) '

e Q,, rae Qy=LtJQ,‘., k=i.....2p;. je Ly,
J

yh (min) u yj (max) —Hm;KHee W BepXHee OrPaHHYCHNs HA k-10 TepMo-
JHHAMAYECKYI0 XapPaKTePHCTHKY MHHepaja j H3 IOIMHOKECTBA

L, a yf,(wk) — GyHRINA Wy Wae U wy =w m Q = Qy, U
we Q.

Bamapas mpexcTaBMTENBHOE YICIO Peajmsannii ¢ BEKTOpa W M3
MHOzKecTBa (, peniaenm ¢ 3ajia4 COrJacoBaHusA H 110 PeayJabTaTaM pele-
HHil HAXOUM CTATHCTHYECKHE OIEHKH TePMOAMHAMHYECKHX XapaKTe-
PHCTHE MHHepaJoB u3 MuomecTBa L, Yncao g ompeneaserca ampuo-
PH M3 NPEBIIYIEro ONbITa H 3aTeM YTOUYHACTCH B HPOIECCe PAcieTon
10CJe AHAJNN3a MPOMEKYTOYHEIX Pe3yibTaTOB.

Ecan mepasencrsa (6. t) u (6. 8) XapakTepusyiorT TOJAbKO ANaNasoH
cayuaitapx Beanunn AG, (w) n yh(w,), T0 wmauboiee OCTOPOIKHEM
GyJeT Mpeanoio;KeHne 0 PAaBHOMEPHOM 3aKOHe NX pacipefielieHus B
3ajlaHHEBEIX mHTepBasax. Eciau mmeercs jonosnuTenbHas HHOOpMAES
0 HEKOTODHIX NPEINOYTUTENbHBIX 3HAYEHNAX CJAYYallHOH BEJMYNHBL B
OJTHOM U3 YUaCTKOB J{Nalla30Ha M3MEHEHNnsdA, To Hambojee mpueMiIeMoR
TUIIOTe3011 0 BHJIe pacupefielenus ABIAeTCs audo Gera-pacipejieneHne
¢ TMOJOKUTENLHOM N OTPHIATENBHON acnMMeTpreil, Korjga sanGomaes
EEPOATHOE 3HAYEHNE BENHYUHEl PACIOJNATACTCH COOTBETCTBEHHO B Iep-
BOI HIIA TOCJe(Hell TpeTH NHTepEaia ee NaMeHeHusd, JnGo HOpMalbHOe
win 6amaKoe K HeMy CHMMETpUIHO® 6e'ra-pacnpenenemle KOrjia Ha®-

Gosnee BeposTHOE 3HAUEHIE AG, (wy) n y} (wk) nomajiaeT NPUMEPHO B
CepefiuHy JuanasoHa Bo3MOKHEX sHauenunit [Makapos, Mexenrnes,
1973]. exona m3 npegnonokennsa o 3aKoHe pacupejieJenus, Heoﬁ—
XOAUMOe YHCJI0 Ppeainadanni TIPOUBBONITCH remepamyeif cayvaiHbIX
sHavennii pxonumx panmex AG, n y, merogom Monte-Kapao. .
Cuayuaiinpie 3HAMEHUS DAEMEHTOB BEKTOpPa w 3aJaloTcA 0OLYHO Ha
unrepsaxe [0, 1] nom [ —1,1]. Moxuo, Koneuno, B3ATH M JAPyrue
HHTEPBAJNBI, IpPHYeM He 00A3aTelbHO I BCeX KOMIOHEHT BEKTopa
HCIOIBb30BATE OHM U Te ;ke mHTepBain. Ilo pany Teopernuecknx
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OPaKTHYECKAX coobpakennit mambosee ynobed MHTEpBa [0 ).
B Tex mocraHoskax, Ijleé OPHMEHACTCA CTpaTerud IJAHHPOBAHHUA
OKCIEPUMEHTa, HApAMep B aJropuTMax 9ncIeHHOro peumenns ofpar-
HLIX Puanko-xummnuecknx safaq [[Lapmos, 1981 ], ay4me ucnoansosars
~unTepsan [—1,1], nockoabKy paccunTaHHbe KaTaJOTH ONTHMaIbHBIX
I KBA3HONTHMAJIBHBIX IIJTAHOB CTPOATCHA HA runepRyde, orpaHnIeHHOM
koopamuatamu —+1 [Hamamos, Tosmkosa, 1976].

OGosmaumm wepes z; j-l bJeMeHT BeKTOpa penepHoit BXOJHOH
audopmannn z pasmepHoctbio n(L,) -+ n(R).

Iycts z;(min) i z;(max) fooTeeTcTBEHHO HiZkHEe W BepXHee Orpa-
mndeHus Ha zj; Azj=z;(max)—z;(min) u z§ = [z; (max) + z;(min))/2.

Torga ¢yHKIMOHAIBHAA BaBHCHMOCTH 2Z; OT W; B WHTEPBAIe
{z;(min), zj(max)] samamerca caexyomum oGpasom:

z; (w;) = 25 — z;/2 + Az;w; (6.9)

IPH PABHOMEPHOM pacupeieleHIN cayvaiiHoil BeJInuninl w; B HHTE]-
paze [0, 1]. Ecan cayuaiinas BeIuunHa w; IMeeT pPaBHOMEPHOE pac-
upepenenne B unrepsase [—1, 11, To

z; (w;) = 25 + (Az;/2) w;. (6.10)

(MopmupoBaHite HOPMAAbLHO PACHPEJENeHHLIX 3JIeMEeHTOB BEKTOpa
NPON3BOANTCA 1o (opayie

35 (w;) = 25 + o (z;) wj, (6.11)

rie w; — HOPMAJBHO pachpefeleHHas CAydaiiHAA BeINUYNHA ¢ Ma-
TEMATHYCCKNM ORI aHNeM, PABHBIM HYJII0, I KBaJpaTHUHOIl o1mm0Koii,
paBHO# efmHNIE, BHPabATHBAETCA CHEIHAJBHOH HOAIpOrpaMMOil;
0(z;) — cpejiuas KBajparnyHas owmbKa z; TpPHHAMaeMad PaBHOR
25/6.

BuiGop koHeuHoro umeaa peamHsanEi BeKTOPOB W ¢ IENbI0 CTa-
THCTHYECKOH OIEHKN 2JIeMeHTOB TepMOARHaMIYecKoil mudopmanun »3
mHOkecTBa L, meobszarenpHo cpaAsnBaTh ¢ Mertomom Momte-Kapio.
Biusinue HeonpeneseHHocTH BX0iHOM nHPOPMAIIN Ha NCKOMYIO, T. €,
HAXO;RIEHNE W aHAJIM3 30HB HEONPEJEeJeHHOCTH PelleHnil B 3ajgade
COTJACOBAHMA M B APYIUX 3afadaX UANKO-XUMHYECKOI0 MOJEANpPOBa-
HHA, IOCTABJIGHHHIX KaK 3a/lail MaTeMaTHYeCKOro MporpaMMmpoBa-
HOSA, MOKHO M3ydYaTh HOCPEACTBOM PaBHOMEPHOTO PasMenieHus Hau-
Golee TpefCcTaBNTENbHBIX TOYEK BEKTOPA W B rnnepryde ¢ KoopauHa-
tamn 0 m 1. Jror monxon, paspaborannsii B Cubupckom sHeprerTnye-
ckom nHeTHTYyTe CO ATl CCCP [Benser, Maxkapos, 1973; Beaos
n ap., 1973 ], spaunTensHo coKpam@aer 4ACI0 30HANPYIOMUX PenIeHi
¢, 9T0 ABIAETCA IAaBHBEIM HegocTaTRoM Meroma Momre-Hapio. [lei-
CTBHTEJIBHO, €CJH TOJBKO 0 KaKZOMY 2JEMEeHTY W; PacCMaTPHBAThH
ABa sHadenus, 1o obmee Gucao peamusannil (Bce w; j = Q npaanMa-
orcst meaasuenvunm) Oyger pasmo 2MF TP g e ouens memmko,

"KOrjfia pasmMepHocTn BekTopa w Goabmasn, Ilpnvenenne Metoga MonTe-
"Hapiio ¢ paBHOMEpHLIM pacnpej(eJieHHeM He3KOHOMIIYHO B TOM CMBICJe,
'4TO NPHBOJHAT K GOJBIIOMY IIepepacxofy 4mcaa peamnsanni ¢. B oquy

it



o0nacTh rumepkyba TOUKH CIy4ailHO JATLYT (KY4HO», a B JPYryw'
o0nacTs He monazer HE ofHoil. IlpoGiema yeclno:HAETCA enie TeM, 4To
B NMPaKTHYeCKNX pacyerax, Korjga pasMepHOCTh rumepry6a Goaburas,
YNCI0 peajusanuil 3ajad MaTeMaTHYeCKOro IPOTPaMMHPOBAHUSA 10
YHCTO HKOHOMIMECKHM CO0OPaKeHHAM JOLKHO OBITH 3HAYHTENLHO

senpmie 2'PT R B ogroji  pechMa pacupocTpaHeHHON CHTYyAIMM
paBHOMEDHOE CTaTHCTHYECKOe soHupopanine Lo Merony Monre-
Rapmo cramoBuTcst Majo yIOBJAETBOPHUTETBHBIM.

Aaroputv B. . Beaosa n ap. [Beaos u np., 1973] npexycemar-
PHBaeT pacmoJo;KeHne TOYeK B y3JaX PaBHOMEDPHOH CeTKH, 3alaHHOM
BHYTPH efmHUYHOTO runepkyda. Ilog pasmomepuocteio b. 1. Benos
n ap. [1973] nmoppasymepaiorT BuIOJHeHme CAeAyOIEX Tpex Tpebo-
BaHUI. ‘

1. Jlwofaa mapa pasinuHLIX Y3JI0B MMeeT PasiiHyHbie KOOPAHHATLI
B COOTBETCTBYIOmMuUX aneMeHTax. Hanpumep, B AByX y3nax n-mepHOro
RDOCTPERCTBA (Ry, « o« oy Biy o = oy Qo) B (g, < « oy Dyy + o oy By) @y 55 by,

2. ¥3IH MOIaPHO CHMMETPHYHK OTHOCHTENBHO [IEHTPA THIepKY6a.

3. Vaos B ceTH pacmoJaraloTes Ha MAKCUMAJILHO BO3MOKHOM
PACCTOAHAU JAPYT OT APYra.

Brimoamenne mepsoro ycaoBus ofecneunsaeT pacmpefielenne 0To-
OpaHHOH CcHCTEMHI TOUEK IO KajkJA0il KOOpAuHATE B OTHEJbHOCTH.
Teomerpnyuecknii cMuICJ BTOPOTO YCJOBHA 3aKII0MAETCS B TOM, 4TOOH
JA KayRIOTO0 V3Ja CYIMEecTBOBAJX y3el, CHMMETPHIHBI OTHOCHTEeNbHO
TeOMeTPUUYLCKOI0 IenTpa runepkyba. Bunonnenne Tpersero Tpedona-
HAA TO3BOJAET MaKCHMaJbHO YAAJIHTH BhiGMpaeMsie YalIbl JAPYyr oT
apyra, 9em ofecneumBaercs pasHOMepHOe pacupejejenne HX 1o 005b-
eMy rumepryba. '

Onmr mpumenenna aaroputva B. M. Beaosa u np. moxasaa ero
apdeKTHBHOCTL B pacyeTax ¢ Npomeaypoit orfopa OrpaHHYEHHOTO
qUCcIa (IPeJCTABUTENBHBIX) TOYEK B MHOIOMEDHOM HPOCTPAHCTRE.
13 Bcex mpenno;keHHEIX ¢IOCOGOB 30HANPOBAHUA 00JaCTH HeoIpeJe-.
JeHHOCTH ucxoanoi mEdopmamun meron B. 1. Bemosa u coaBropos.
npusHaH Kak wpanGomee  copepmennnii  [Bexses, Maxkapos,
1973].

Om, GeaycoBHO, NEPCIeKTHBEH B IPUJIOCHIN I K 3aauaM COTJia-
COBAHUA, I K 3ajladaM (M3HKO-XUMHYECKOT0 MOJeIMPOBaHUA, MOCTaB-
JeHHEIM KaK 3a/a4il MaTeMaTIHIecKoro nporpaMmuposanus. Pasuomep-
HOe 30HIUPOBaHUe BXOJIHOI HHPOPMALNK B HHTEPBalie ee HeoIpeJeen-
HOCTH TO3BOJAET OIEHHTh TOYHOCTH BHOBb PACCYMTAHHLIX MJH CKOP-
PEKTHPOBAHHBIX TEePMOJIMHAMHYECKNX XapaKTePHCTHK MHHEpalos,
a TaK;ke ONPeJeJINTh CTeNeHb NOCTOBEPHOCTH pe3yiIbTaToB (H3NKO-
XHMHYECKOTO MOJeIHPOBAHNA II0 CPABHHTEIBHO HeDOJNBIIOMY YHCIY
peammsanuii. ITocaeanee oGeroATennecTBO BechMa cymecTBeHHO. [Ipun-
IUNHAIbHAS OCYIIECTHUMOCTE DPEMeHns 3aladd €O CTaTHCTHIECKHM
30HIMPOBaHIeM elle He 03HAYaeT, 4TO HTO PenieHne Oymer IMoJIyYeHo.
Camoe TpuBmaibHOE, HO mnpakTHUecku HauGojee wvacToe NpPeNsiT-
CTBHE — BpeMs U CTOMMOCTH pacueroB Ha JBM. B srux caywasx
OJIHO TOJXBKO NPOCTOE COKpamenne ymciaa HeoOXOAUMBIX BAPHAHTOR
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TePEBOINT 3a/ia4dy M3 PaspAja TPHHIHNNNAJILHO PENiaeMEIX B Paspsan
NPAKTHYCCKH Peaju3yeMbiX.

W3-3a Goapmioil cTONMOCTH B0HANPYIOMIY pPACYETOB OHH HOKa (10
HOABJIEHAST MAIINH YeTBEPTOT0 IOKOJeHNs) HPHJI0:KEMEL TOJNBKO K
STAJOHHBIM (U3NKO-XAMHIECKAM MOEIAM C IeJbi0 ONeHKH HX To4-
HOCTH M HaJe;KHOCTH, KOTOPAfA 3aTeM CJAY/KUT Mepoi TOYHOCTH M Ha-
AeKHOCTH aHAJOTHYHOTO Kiacca (HIHKO-XNMHUYCCKHX MOJeIei.

HesaBucumo ot crocoba 30HINPOBAHNA 30HLI HEOIPeAeJCHHOCTH
HCXOHOM MEQOPMAIHN OCTaeTcA eme ojgHa Ipobaema — npobiema
yuera KOpPpeJaAnHOHHLIX CBA3EH My DJIeMeHTaMI BXOJHBIX JaHHBIX,

ITo A. A. Makaposy u JI. Menentsesy [1973], ogun na upne-
MOB y4YeTa KOPpPeJAIHOHHKIX CBA3eH HIeMeHTOB BXONHOH mHpOopMaInn
B MOJIeJISIX HHEPreTHYeCKHX X03AHCTB 3aKI0YaeTcA B COTJACOBAHHOM
H3MEHEHHN TeX DJIEMEeHTOB BXOJHOH mHPOpPMAIWN, KOTOPHE II0 DKOHO-
MUYECKOMY CMBICJAY OTHOCATCA K ofHOi rpymme. Taxmm oGpasom, Bce
JaHHbe TPYHIUPYIOTCSA MO MPH3HAKY HX TecHOIl B3amM0O3aBHCHMOCTH,
H cayvaiiHble MM PABHOMEPHLIE Peaju3alui OTHOCATCH YiKke K Iesoi
TpyIie, a He K OTJAeJbHuM siementam. lea mpocta u ecTecTBeHHA.
Onupaercsa He Ha fopMaabHbe coobpaskeHnsa, a Ha 3APABHIE CMEICT,
3HAHME W OULIT CHEeINaJncTa, cllocoGHOr0 JAaTh AOCTATOYHO HAJeKHYIO
KJIacCH(PUKAIMI0 UCXOMHKIX MAHHHIX II0 HX OJHODOTHOCTH H B3amMO-
sapucumocTii. OHa NMPU/I0KHAMA I K 3ajade COTJIACOBAHAA, A TaAKKe I
K IPyruM s3agadaM (ramko-XuMITecKoro MOJAe NpPOBAHNA, HOCTABICH-
HEIM KaK 3aJa90 MATeMATH9eCcKOro IporpaMMHPOBAaHIA.

Ananus ypasuenuii 8 cucreme (5.16) mossoaser ¢ Goapmoii Haxes -
HOCTBI0 BLIJIEJHTL Te TPYONOEl MUHEPAJOB, TePMOAMHAMHUYECCKHEe Xa-
PAKTePHCTHKE KOTODHIX mMaMeHsoTcs cmmbaTHO. YBennmdenue (yHK-
WY gp OXHOTO MHHEpPaJa B TPYIie NPUBOAUT K MPOMOPIHOHAILHOMY
yBeanuennio GyAKIMN gr APYroro MmHepaja B aToit ke rpymme. Ha-
sipumep, QYHKNUU gp CAHMAMHA I MYCKOBHTA TECHO B3AMMOCBA3AHEL
peaiuel mermgpatanuim MYCKOBHTA, YCJIOBASA PaBHOBECHS KOTOpOit
OIpeeIeHEl DRCIEPUMEHTAILHO ¢ BHICOKOH TOYHOCTHIO. Y MEHBINAH
GYHRIMIO g; CAMMIMHA, MHl JOJKHB HPOMOPIHOHATLHO YMEHBIIUTE
® Qynkmquio g, Mmyckosuta. 11aofopor, yBequmueHme gy CaHHIHHA
cuMbaTHO yReAMUABAET gr MyCKoBATA. TaKoil HOJXOJ HAMHOTO yBe-
anuaBaeT H(OPeRTHBHOCTL 30HAUPOBAHUA BXOJHBIX JaHHBIX B HHTEp-
Baje ee HeompemeneHnoctn. OH IMO3BOIAET ydYecTh BeChbMa CHJIBHEE
CBA3N ME/KIY TePMOJUHAMUYCCKIMN XapaKTePHCTHKAMH MUHEPAJIOB 1,
9T0 TAK/KE OUCHB BAYKHO, 3HAYNTEIHHO YMEHLIIHTE TUCJI0 (IPeACTaBH-
TeJIbHBIX) peajusaiiii. B mepemekTHBe MMEHHO CTATHCTHYECKOE WM
PaBHOMEDHOE 30HIAPOBAHNE BXOJHHIX 0JEeMEHTOR (H3HKO-XUMHue-
C€KUX MoJeseil (Mopmeseil coriacoBaHma M Mojelxeil pacuera XmMHYe-
€KOro paBHOBECHS) € yYeTOM HMX KODPeJsMOHHEIX CBA3eldl IpecTaB-
JfieTcA HAM CAMEIM COBePHIEHHEBIM W HaJle/AtHBIM MeTOJO0M OIEHKH TodU-
HOCTH DPe3yJbTaTOB OUTHMH3AIMOHHKIX PAaCIeTOB.

B peayaprare paGorsi mporpammusr B. 1. Bemosa m gp. [1973]
dopmupyercs g sekropon A, pasHOMEPHO PacHOJI0KEHHEX B ofaac-
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™ AG < AG < AG. ¢ — mpocToe 9NCi0 — 9T0 eHHCTBEHHOE Orpa-
auuenne anroputma B. . Benosa u np. ITonrywennnie ¢ smavenuii Bex-
Topos AG BBOAATCA B OrpamiuueHns 3agaqu coraacosanns. B pesyan-
TaTe PemieHuA ¢ 3ajJa¥ COTIACOBaHHA HoJydaeM HaboOp ONTHMATbHBIX
B CcMpicae 9e(BIIeBCKOT0 KpuTepusA TePpMOAMHAMHYECKHX Xapakre-
pucTuk Muuepasnon. [Iposensa craTucTudeckyio 06paboTKY 9THX BeJH-
UH, DOJYIAM cpejHeapu(MeTHueckoe sHaveHiie KamJoro KOMIOHEH-

5 | 5 2 = e
Ta BexTOpa y: y; = 3, yi/q, muemepemo st = X (yi — y:i)' /(g —1),
cTaHgapTHOe OTKJIOHEHHEe §; = VZ (y:i — y,-)'z/(q— 1), crangapTHy0
ommbKy 0; = s;/1/q U Apyrue XapaKTepUCTHKU.

K Bompocy onpepesenus MunuMaibHOro umexra mempiTanmii. IIpo-

BeJleHHe CTATHCTHYECKOH o0padoTKH TepMojmHaMHYecKoll mHPopMa-
IUN, TOJYYeHHOH B peaylibTare pPelleHus Cepud 3agad ONTHMU3AI[HE
Ha MHO;KecTBe AG < Al < AG, cBA3aHO ¢ BoOpocaMu omnpesieeHuA
HeoOXOZUMOT0 I JIOCTATOYHOIO HHCJAA HCHBTAHANE, TAKOro, KOTOPO®
II03BOJIAET NOCTATOYHO HOJHO 0XapaKTePH30BATh 3aJaHI0e MHOKECTBO
OTPaHUTIeHHI 1, CJHCOBATEIHHO, MOJYYNTh HATEKHYIO OIEHKY Tep-
MOIMHAMHIECKHX CBOMCTB MHHEDAJIOB H KOTOPOe B TO jKe BPeMs HaXo-
OUTCA B IpefielaX oKOHOMHYECKOH nexecooipasunoctu. Ouesmpno,
yBeIHYHBAA 9HCIO MCHOBITAHHNE, MOKHO JOCTHYbL OUY€Hb MaJjoOM cTaH-
AapTHO# ommOku B o0pafaThiBaeMHX TEPMOJAHHAMHYECKHX XapaKTe-
puctrkax mmeepasos. Ho ouenp Goapmmoe umcsio menmiTaHui Hemese-
coopasHo B IEPBYIO OYePelb B CHIY dKOHOMHYECKHX coo0paskeHmid.
HecmoTpa na focraTounyio MomuocTs coepemennnix JBM, Taxkme pac-
9eTHl CJIMIIKOM JI0OPOTO CTOAT M Ieec000pasHsl TOABKO B MOJIEIbHEIX
cHCTeMaX ¢ IleJbI0 NPOBEPKH CTATHCTHYECKHX THIOTE3.

Bonpoc o umcae menmitammii Hambojdee IPOCTO peimaeTcAa IyTeM
IOCJAEI0BATEIBHOTO YBEIUYEHHS UHCHA MCHHTAHHE B XOJIe pelleHHd
MOMIeZIbHEIX IPHMEPOB H MHOCJHeNYIONero aHaausa BIAHAHHA YHCIA
HCHOHTAHHII KaK Ha TepMOIMHAMHYECKHE CBOMCTBEA MHHEDAJIOB, TaK H
HA MX CcTarHcTHYeckme xapaxrepuctukm. Ha pme. 4 m O moxkasanm
HEKOTOpHE THOHYHEE IPUMePhl BANAHUA YUCJ/a MCHBITAHWI HA cTaH-
JlapTHOe OTKJIOHEHHEe M Y/BOCHHYIO CTAHJAAPTHYIO OIMHOKY TepMOAMHA-
MHUECKHAX XapaKTepUCTHK MuHepajos. [lepsag cmcTeMa BKJ0OYaer
20 ypasHenuil n 3 HeM3BECTHHIX (AG;,M) TPEMOJIHTa, JHONCHA H 0J0-
muta. Ha nepemennsie HakaageBauCh ABYXCTOPOHHNE OTPaHAYeHAA,
ompefieiaAeMble HA OCHOBaHHE TepMOXmMuueckux ganunix. 20 skcmepn-
MEHTAJbHO H3YYCHHBIX PeaKuil ¢ yJacTHeM JOJOMHTA, JHOICHIA H
TpemoauTa obpabarsiBanaunch mo meromam Il saxoma TepMOJUHAMEKH.
Pacuerst pasHOCTHRIX (yHKUmE 2THX Tpex MEHEPaJoB HPOBOAHINCEH
U3 HH/KHHX M BEDPXHHX TeMIePATYPHBIX TPaHHI[ DKCIePHMEeHTAIbHBIX
Gpexutop. B cucremy BBOAMIHCH cpejune sHayeHHs pasHOCTell cTaH-
RapTHHIX dHeprui obpasosanna I'mGOca ¢ ux craHTapTHEIMHA OTKJIOHE-
Hnavu. Beamumna cTanjapTHOTO OTKJIOHEHHS onpefenseT Ipejeis

Koxebanuit AG, ., B Kaskoir peakmmm, 1. e. AG = AG — § pan
HmxkHell rparuns 1 AG —= AG - S gas sepxmeir. Yuciao ucnsiranuii
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Puc. 3. Baumanme wueia MCHBITAHHI

g Ha BeJIHYHHY CTaHJAPTHOTO OTKJO-

HeHs it VABOGHHOII CTaHAapTHCHE onmd

K AG; .0 TpeMOnNTA, JMONCHA

agogomnta (20 coorseTcTByOT 95%-

HOMY JIOBEPHTEALOHMY NHTCPBAJY HpH
q < 29).

~

g 3amaBajoCh IPOCTHIME wmeaamn oT 2 o 73. Peayanratsl BansAnus
ypesia MCHHITAHWE HA CTAHIAPTHHE OTKIOHEHHS M YABOGHHYIO CTAH-
mapTHYI0 ommMOKY KajI0ro MEmHepaja HPHBOMATCH HA pHC. 3, H3 KO-
TOPOTO0 BHJHO, YTO JJIA KayKAOTO MMHEpajia XapakTep maMeHeHns S
# 20 B 3aBHCHMOCTH OT ¢ Pa3andeH. JTO CJeJyeT U3 TOT0, UT0 BeJmdn-
Ha OTpaHHYeHMI HA KAAKILIT MHHEpaJ Pas3iudyHa W, KPOMe TOro, B pe-
AKIMAX ¢ yYacTHeM TPeMoJnTa HanGojee BHICOKH 3HAYCHHA CTAHZApT-
HBIX OTKJIOHeHm pasHocTHHX (yERnumi. Mz rpadmka mo tpemommty
BUHO, 9TO yike moche 11 menuTaHEmit cTaHTAPTHOE OTKJIOHEHHE H, Cle-
HOBATEJBHO, IHCIePCHs CTAOHINBHEPYIOTCA I HX BeJHYNHE! IIPAKTHYE-
CKN He H3MeHATCA OPH AaJbHeNlNIeM YBeJIHUeHHH YNCIa NCHBITAHMI,
Jlna amomenaa XapakTep Kpupoit S = f(g) mnoit. B atom cayuae ame-
nepeuA W CTaHAAapPTHOe OTKJIOHEHHE BLIXOMAT Ha ILIATO TOABKO TOCHE
43 WemBITAHMIT, XOTA TPHM M0GOM 9MCJe MCIBITAHONE CTAHTAPTHOE OT-
. KJIOHEHN® M3MeHAeTCA MPAKTHIeCK! BechMa HE3HATHTeAbHO. ¥ J10J0-
MATA JTHHEAA 3aBEcHMOcTH S 0T ¢ Bemer ce0f Tak ke, Kak I y TPeMoan-
ta. Ve mocie D MCILITAHUIE cTaHTAPTHOE OTKJIOHEHHWE IMOTTH He MeHs-
erca m mocae 13 menmiramEmit crabmamsmpyercsa. MomHO KOmyCTHTE,
VUHTEBASA CKa3aHHOE, YTO A HaJeHKHOH OIEHKH TepMOJHHAMHYE-
CKAX XapaKTePHCTHK MIHEPATOB H MX CTAHAAPTHHIX OTKIOHeHHIl [10-
CTATOYHO B3ATH ¢, NPHOIMBUTENILHO paBHOe YHCJIY YVpaBHEHUHA B
cacTeMe.

B npyroit cmcreme corjacosaHudA, rjieé IPOBOAmIack oGpaGoTka
axcmepumentanpHex  manueix H. Yarrepmxm m B. Jliwoxammeca
[Chatterjee, Johannes, 19741, rarsxe 20 ypasuennii u 2 HeH3BECTHEIX :

AG;.m 1 Ss0 MycroBuTa. Ho 37ech B oTimume 0T MePBOil CHCTEME!
Ka/KI0e YPAaBHEHHE COOTBETCTBYET OKCIEPHMEHTANbHEIM OpeKuTam
H. Yarrepmxun m B. Jlmoxaunneca. IIpensapurensmnas o6paboTka
OKCIePIMEHTANBHLX JAHHHX BaKII0YANAch B DPACUETe BeJMYHE

AG;legs—Ségs (T — 298,15) m3 Kamoil TeMIepaTypHOH TOYKHE ©
NpEMeHeHNeM W3BECTHHIX TEIIOeMKOCTeH BCeX MITHEPAJOB M BEIeCTE,

‘mpmuem ommbKa ¢, BO BHAMaHWe He mpuHUMajach. Hamusii sxement
muoxkectea AG << AG << AG m npepieast ux KoxeGanmil paccumTaHBI
TONBKO C YIETOM TeMIepaTypHOH OMHOKH B dKCIePHMEHTATbHOM Gpe-
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Pue. 4. Bamgane uncja NCnuITanHuil ¢ Ha BeJHYHHY CTABJ@pTHOIO OTKJIOHEHHS
H yIABOeHHOI crapjapTHOil onmbkn oweprum 'mGdca M crasgapTHOI HHTPONHE
MyckoButa (20 cootsercTByior 95%-nHoMy JopepurelbHoMy HHTEPBAJYy 1LpH

q << 29). !

kute. Hak ofwuno, Ha mckomue 3HaUeHAA AGj a0 1 S;,,B HaKJIa/(bIBa-
JINCH IBYXCTOPOHHIE OTPAHIYEeHIsi, COOTBETCTBYIONME TePMOXHMHYe-
CKHM OIpeJlelieHHAM, IpHYeM BepXHee OrpaHHYeHHe Ha HHTPOIHID
yeeandeno na 18,7 Jli/(moan- K) — mMakcnmaannas KoHGHUTYpanuon-
Hasg DHTPONNA MycKoBHTa. Biausnnme unmcaa menwmrammit Ha S m 20
pHeprun obpasosanus ['mOfca m cranmgapTHO# HHTPONNE MYCKOBHTA
HMeeT pasmuuHbil xapakrtep (puc. 4). CrangaprHoe OTRIOHEHHE

AGj .5 TPAKTHYECKH He 3aBUCHT OT UMCJIA MCHHTAHNE, YTO CBA3AHO
¢ MaJBIMH IIOTPEITHOCTAMH BXOJHBIX JaHHBIX. XapaxkTep M3MeHeHIA
S BHTPOIHM B 3aBHCHMOCTI OT ¢ PE3KO OTJIMYAETCH OT ViKe PAacCMOTPen-
HHIX caydaen. Ecam umcno menmranniéi mesesanko (¢ = 2, 3, 5), 1o
CTaHJaPTHHIE OTKIOHEHU A IPUMepPHO B 2 pasa MeHbIne, yem npu g=> 7,
410 0bycaosieHo 0COOEHHOCTAMHI IPOLEYPHl 30HAMPOBAHUA U He-
GOJIBIHHM_H HOrpeliHOCTAMM BXOJHLIX aﬁcnepu.\!eu'ra.ﬁhﬂmx JaHHBIX,
KHorga ¢ = 2, o ¢opuupyercs cerka cO BCEBO3MOKHBIMU COUYETaHHA-
Mu 3madeHnii 0 nu 1 mo Bcem KoopjuHaTaM B eIMHHYHOM PHIIEpKYyODe.
Ilepenoc oToGpaHHBEIX aHaueHn#t Ha MHO;KecTBO AG << AG << AG
IPHUBOJUT K JIBYM cyOmapaiielbHEIM JUHHAM Ha P — [-puarpamme.

OuesnjiHO, paccunTaHHHe 110 HAM 3HaUeHNA AGj .94 T Sy98 MYCKOBHTA
Oyayr OTIMYATBCH HE3HAYHTEILHO, ITO M TPHBOJNHT K HeOOJIbIIIM
cTaHAapTHEM oTKI0HeHmAM. Horjpa ¢ = 3, torma dopympyerca cetka

co smauemmamn 0, 0,5 m 1, uto cooTnercTryer pacuery AG .. 1 S;,,s
10 HE/KHEH U BepXHell TpaHWIlaM HIeMEHTOB BXOLHOTO MHO/KECTBA W
1o mx cpeguiny aHavennaM. flcHo, 9To B 9TOM CaydYae, YUMTHIBASA Ma-
JEI pasdpoc HKCIEPAMEHTAJLHEIX JTAHHEIX, pemenud OyayT Oauakm
APYT K APYry. ¥YBeJImuuBas 4MCJI0 HcHuTaHnil, ofpasyem Gonee cirosx-
HEI@ CETKH, KOTOPHE I0JHee XapaKkTepnayioTr MEoskecTBo AG << AG <

< AG. Tlosromy craHJapTHOE OTKJIOHEHHE BO3PacTaer, HO yi;ke IoCJe
13 menwmraEnit ocraerca Ha ogHOM ypoBHe. Taknm oGpas3oym, M B 3TOM
caydae MOKHO 3aKJIOIATH, YTO TPH YHCJe WCHBITAHUN, IpPHMEpHO
PaBHOM YHCJY YPaBHEHHIT, MOaydYaeM JOCTATOYHO HANEKHYI0 OIEHKY
HCKOMEX TePMOJAHHAMHYECKHX BEJIUYHH M HX CTATHCTHYECKHX Xapak-
TePHCTHK.
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§ 7. OBIIAS CTPATErIA IMPOITENYPLI COINTACOBAHNA
TEPMOJJNHAMNYECKNX CBOMUCTB MITHEPAJIOB
f10 JAHOBLIM YKCIEPUMEHTAJIBHON HETPOJIOINI I TEPMOXHMITH

Ana;m3 meTouyHMKOB OMHOOK BXOXHOX WH@OPMAIMHE CHCTEMLI COTJa-
COBAHHA MOKA3HBAET, YT0 OMNOKN, BHOCHMbBIE HETOUHOCTBIO OIIpese-
JeHNA YCJOBHH paBHOBeCHS peakiuil MmHepalooGpaszoBaHWA, 00H-

HO MeHBIIe WJH PaBHE ommOKaM QyHKIHR g} 0a3HCHBIX BEIMIECTB
[Kapmos u np., 1971]. Orcrona ciegyer riaBHEIL BEIBOJ O CTPaTermm
cormacosanuia. B Hazecme pelnepHoil TPYNILI HIEMEHTOB BXOJHOI
nncbopmaunn cucTeMAl coriacoBaHUS HeoOxogmmo Opath AGHM,

ep=f(T) = S 05 GABHCHBIX BEMECTB, A TAK/KE BHATOHMS AG'—,. T peak-
HUif, BRMMMCJIEHHHX W3 Hau(oJiee TOYHHIX HKCIEPUMEHTANBHO OIIpe-
HeJeHHBIX YCIOBHHE paBHOBecHmA. IIpegmodTHTeNbHAA TPYyHNLA JHaHHBIX
BLIJIEIAETCA HAJOJKeHIeM Y3KHX JBYXCTOPOHHHX orpaHmyenmit. Oc-
TaAbHBIE BEJIUYMHBEl MOJEIH COrJIACOBAHHS HPH HAJIMINH (GyHKINO-
HaJAbHBIX CBfA3EH ¢ pemepHLIMH dJeMeHTaMH OyAyT B Ipoiecce ONTH-
MHBAMUHE afalTHPOBATHCA ¢ HUMH U Apyr ¢ apyroMm. memHo Gxaro-
HapA STOM ajanTamuil M B3ANMHOH CTATHCTHUECKOH KOMIIGHCAIHH
HOTPENIHOCTe B efHHOM COBORYIHOCTH JaHHBIX, II0JyYaeM Ha BHIXOJe
yTOYHEHHbLIEe TePMOUHAMUICCKAE XapaKkTepacTaky MuHepaios. Taxkum
o0pasoM, TOYHOCTH TEPMOJHHAMHYECKHX XapaKTepPHCTHK MUHEPaloB
9BOJIONMOHHOM cHCTeMH OyaeT HPHOIMKATECA K TOYHOCTH TeX ee
3JIeMEHTOB, KOTOPEe 3aaHbl ¢ HAUMEHBIIHMHE OINYyCKAMH Ha Heompe-
AeMeHHOCTh. IIpuyeM ato npubamKenue Gymer HAMJIYIIIMM JJIA TOTO
o0beMa TepMOIUHAMHYECKON mHGOpPMAIHI, KOTOPHI 00:eKTABHO MMe-
eTCA B HAalleM PacHOPHKeHHH.

Ha pume. 5 moxkasaHa NpHHIMIUAJIBHAA cXeMa IPEJOMICHHAA OIIM-
60K BJIeMeHTOB BXOIHONE mHOOPMATUH Uepes3 5BOIOINHOHHYIO CHCTEMY
gorjacosaHnda. B 3aBUCUMOCTH OT BeIHYHHH Ye0HIIEBCKOH HeBA3KH
YCJIOBHO MOJKHO BEIIEIATE TPH YPOBHA COTJIACOBAHHOCTH II0 TOYHOCTA.

o
QniudKn AG,._T Ommbrn g;q KIIOYeBEIX Be-

IKCIHepHMEeHTAJNBHEIX
st Sl niecTs o fasncHbIX MunHepaaos

pgll)!(l)i-(!_nze&%mﬁ H’:‘ﬁ?:;:x 1000—3000 s/moxn

Jiesr, |

‘ SBOJIIOIUIOHHaiI cucreMa

i COITacOBAHHA 1
A > 5000 [Tsk/soms 1000<<A < A << 1000 [Tix/moun
Hpenrnduranusa rpyGuix <. 5000 Jise/sox OnTuMaJIbHO — COTJIA-
omnGok amemenTos Bxon- | | COTIAcOBAHHEI  8HAYE- | |COBAHHBIC SHAYEHIA

Hoil mE@OpManIn HUSL gp MHHEPAJIOB g MHHEPAJIOB

Pue. 5. IlpuEnmnuaTbHast CXeMa (IPeJIOMICHHA» OIHOOK 5JeMEHTOB BXOJHOM
HHPOPMAAK B HBOJMOIHOHHON CUCTEMe COrIACOBAHHA.
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Horpa geOpimeBcKas HeBA3Ka IMOJACHCTEMBI CHCTEMEl COTJIACOBAHMS
smenpie 1 —2 kJ[k, npoucxopuT onTHMaJbHAA ajanTaniA BCeX aje-
MeHTOB BXOAHOIl wHGopMaun APYyr K APYry ¢ UX B3aHMHOH KOppek-
IHeil, He BRIXO[IAILEH 3a Ipefielibl AONyCTHMBX NorpemuocTei. IToxy-
yaemble TakAM 00pasoM 3HAYEHHA gp MAHEDAJIOB HA BHIXOJE CHCTEME
coTiacoBaHUA MHI OyJeM Ha3HBaTh ONTHMAJBHO COTJIACOBAHHBIMH,
Ecan weGbimieBckas HeBA3Ka NOJACHCTEMEl HAXOMUTCA B Ipemeaax
2—4 x]ls, TO cOryacoBaHHEe MO/KHO PACCMATPUBATH KAk YIOBJIETBO-
puTenbHoe. B mamHOM ciydae CymiecTByeT HEKOTOPas BeIMIHHA
HOCOTJACOBAHHOCTH OTHENBHEIX DJIEMEHTOB BXOQHOH mHOOpMAammm,
TPeBHIIAIONas [AANa30H HX BO3MOKHEIX TOrpenrHocreif. dra pac-
COTJIACOBAHHOCTD HACHTHPUIHPYETCA IO JBOMCTBEHHLIM PENICHHAM
safgagn coraacopanus. IloBbmenme TOTHOCTH HKCIEPHMEHTAJIbHEIX
ompesesgeHnit, 6ojee MeTaJbHBEIH aHAJN3 COCTABA MPOAYKTOB PeaKIuit
MAHepPaad006pa3oBaHUA M COOTBETCTBYIOIIAA KOPPEKTHPOBKA MaTe-
MaTHYeCKOH MOJIeJH COTJacOBaHWA IO3BOJAET B IOCJIEAYOIHX ONTH-
MH3AMHOHHLIX pacdeTax MOCTHYL ONTAMAJLHOTO corJacoBammsa QyHK-

nuit gr muHepasos. Hamngne Goapnoii 4eOnieBcKoit HeBA3KM, Ipe-
puimaiomieit 5 —10 x/[;, ykasnisaer Ha rpy0Osie onmuOKku B ompenese-

o gr 0asucHLIX MUHEpPAJOB, WM B HRCIHEPAMEHTATLHOM OIperese-
HUH YCJOBHH PABHOBECHS, WJIN B CTEXHOMETPHO PEAKIHE MIHepPaxo-

obpasoBanus. IlonyveHHble B gaHHOM ciaydae GyHKmun £y MOTyT
PaccMaTPUBATBCA TOJIHKO KAK OPHEHTHPOBOYHEIE OIEHKI.

PaspaGoTaHHasg HaMH TPONeAypa COIJACOBAHHA CO3HATENLHO
CTPOMTCA HE KaK CTPOrmil MaTeMATHIOCKHI AJTOPUTM ¢ ORHO3HATHO
chopMyIMpPOBAHHOR cMCTeMOil IPaBWi, a4 KaK KOMOHHAIMA DBPUCTHYe-
CKHX IPHEMOB, IJie B IIOJHOH Mepe MCIOJIb3YeTCH OIMT CHemHalncTa
¢ (opMaIM30BAHHLIM TOIXOTOM, OCHOBOM KOTOPOrO SBJIAETCA Mare-
MaTHUecKas MOJENH corjacoBaHmsa. TOJBKO ¢ IOMOIIBIO MaTeMaTHye-
CROM MOMeau yaaercs UPHJIATh sJeMeHTaM BXOIHON wHHopMamun
TAKYIO CTPYKTYPY dopManpHEIX OTHOIIEHNH, KOTOPaA B KOHETHOM HTO-
re ofecmednBaeT IMOJyYeHNMe ONTUMAIBLHEIX IO COrJIACOBAHHOCTH Tep-
MOIMHAMHYCCKHX XapakTepHCTHK MuHepaJoB. MaremaTnueckas Mo-
Ielab SABAAETCA TaK:kie WHCTPYMeHTOM (OPMaJBHOH ONEHKN KavecTBa
¥ HaJEKHOCTH HCXONHOM m uckoMoll mHdopmanun. Ona obecmednBaer
aBTOMaTH3aNuo0 Hamnbolee TPYMOEMKOH dacTH pabOTHL II0 COrJAcoBa-
HAI0 — MpOoBejleHne ONTEMA3aMmOHHEX pacderoB na JIBM. Ilpum-
munuajdbHag OJ0K-cXema TIpemiaraeMoil Hamm KoMOMHHDOBaHHOH
mponenyps o6paboTkm TepMomMHaMuuecKoii wHGopMANUHE SKcHepu-
MEHTAJILbHOH HEeTPOJOTHH ¢ 1eJbI0 COrJIacoBaHNA, paciera H KOppex-
THPOBKH TePMOAMHAMHYECKHX XapPaKTePHCTHK MHHEPAJIOB NpecTaB-
sena ma puc. 6. ITpounenypa coriacoBanns, KaK BUIHO U3 0JIOK-CXEMEI,
IpefycMaTPUBACT CJeyionine 0CHOBHEE omepannm ofpafoTKH TepMo-
IuHAMUYecKo#l HHpopMaIHm.

1. CHop m HakomIeHme TepMogmHaMmUdeckoit magopmarun. K el
OTHOCATCH: JaHHHE HKCUePHIMEHTAJBHOM 1IeTPOJIOTMHM M I'eOXHMHH II0
YCJIOBHAM PaBHOBECHS pPeakmuil MmHepasoo0pasoBaHAA, TEPMOXHMH-
gecKHe ONpegeseHns TelIOeMKOCTH, HHTPOINK, TEeIIOT CMeNIeHms H
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Hoctymaenne Teryugei
nHpopMam

e Chop ® HAKOILICHHE TepMO- Peannzanns TepMOJANHAMHYECKOH
—> | madopManun B eoXHMHH H IeT-
nauHAMITYeckoil madopMannn poJIOT I
IBpHCTHYECKHIT aHaJH3 BXOJHLIX aHHLIX.
Hedopmannsopaninoe TPHHATHE pPEIICHUIL, 2
ﬂoﬁfmwaua aajlavm
IlocTpoenne MaTeMaTHIECKOI MoJeman 3
—
COTIACOBAMIIST
ek ITpoBejiene OUTHMU3AIMOHHEIX PACYETOB 4
ma 9BM
JeprcTHYECKIE aHATH3 pPe3ayaLTATOR pac-
qeTa ¢ HCIOJb30BAHHEM (POPMAJLHLIX TTa- 5
paMeTpoB MAaTeMaTHYECKOH MOJiesn
VYrounenne Mopeqn. Hoppekrnposka orpa-
— | Enuennii. Jletaausanusa OTAEABHBIX 0J0KOB. 6
Heramovenne n BBOJ JAHHLIX
Comnocrasienne OHKCHEPHMEHTATb- =
HBEIX JAHHLIX ¢ PACCYHTAHHLIME IO
ONTHMAJBHBIM  TepMOJITHAMHUYE- 7
| eckum cpoitcTBaM MuHepanos. I'pa-
¢uueckoe comnoctapienne. Cpas- _ | Hlepecsorp  mojiedm.
HeHHe KOHKYPHDYIOIHX Mojeneil Brijpikenne KOHKY- 8
PHpPYIONAX MOJeNei

Puc. 6. Biok-cxema mpornenypsl o0pafoTKR TepMoJuHaMHTecKoil HHQOpMammm
B 9BOJIONHOHHOHE cHcTeMe corgacoBaHus Ha 9BM TepMo/MHAMHMYECKMX CBOHCTB.
MUHEPaJIoB.

ofpasoBanHmusA, a TaK/Ke TEILIOT CTPYKTYPHEIX IpeBpameHuii n pasymno-
PANOYEHAA ; TEDMOJMHAMAYECKAE XapaKTePACTHRE OTAENbHBIX IasoB U
Ta3oBHIX cMeceil; cBefleHHA 0 KoapdHmmeHTax C/KEMAEMOCTH M pac-
IApEeHUA; ONpeJeleHNsA paBHOBeCHOH pacTBOPHMOCTH MHHEDPAIOB;
pesyJabTaThH HCCAeNOBaHHI IO paspafoTKe HMIMPHYECKAX H IOIY-
OMOMPHYECKHX METOJO0B pacdera TepMOAMHAMHYECKHX XapaKkTePHCTHR
MEHEePaJIoB; IeTPoJornueckasa MHOOPMAIHA O BO3MOKHEIX TPaHHIAX
yCTOHYMBOCTH NPHPOJHKX MHHEpaJIbHHX HapareHeamcos Ha P — 7-
AEarpaMMax, a TaksKe Bce HaubGoJiee HaJle;KHBIE OIEHKH TeMIepaTryp u
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NaBJeHHIl 110 CYMECTBYIMAM MHUHEPAJLHRIM TeoTepMolapoMeTpan;
OUTHMAJLHBIE TePMOAHHAMHYOCKNE XapPaKTePHCTHKHM MHHEPaJoB, Io-
JVYeHHBIC B Pe3yabTaTe HPeAbIVITIX ONTHMH3AMHOHHEIX PAacYeToB Ha
9BM maremaTmyeckoil MOJeJH COTJIACOBAHMA.

2. Ruaacempuranus u crparafuranns nadopmaimm; Bebop Ham-
OoJiee HaJle;KHBIX ONpeJe/leHuil yCJIOBNil PaBHOBECHS Peaxiuil MHHe-
pasoobpa3oBaHusA; ONEHHBAHHE TPAHNI] HEONpPEIeJeHHOCTH dJIeMeH-
TOB BXOJTHOU HHPOPMATIMY U 3aJlaHIe HHTePBAJOB (PUBHIECKH JOIYCTH-
MBIX BHAYEHUI MCKOMBIX TePMOJMHAMHYECKHX BEJUYNH; BhileJeHme
IPYOOEL IPeJIOYTHTENBHEX [JAHHHEX, XapaKTepM3YIOMUXCA MHHH-
MaJbHBIMH JOOYCKaMH Ha BO3MOKHYI0 afalTaniio ¢ O0CTaJbHEIMH
JAHHBIMI ; AIPAOPHOE IJIAHNPOBAHIE HECKOJBKNX BAPHAHTOB C I1eJIBI0
alacTepHOPHOM AUCKPUMIHAIIMKE KOHKYPHPYIOMIX Momesaell u Bufopa
3 HIX HaubGosaee mpuemMyeMoil MOIean 110 KOMILIEKCeY (OpMajibHEX I
HSBPUCTHUECKIX Kpurtepuer. IloAcCHUM CKasaHHOe OJXHHM IPUMEPOM.
Yacto m3 sKCIEPUMEHTAJBHLIX HCCIEOBAHAN HEBO3MOMHO W3BIEUbH
WHPOPMAIIIO O CTENeHN YIOPAZ0YeHHOCTH MHHEpalla B JaHHON peak-
nun Munepaxoodpasosannd. Ilostomy mpexsapmuTenbHO cJaegyeT 3a-
AATh HECKOJABKO BapMaHTOB IPOTOHKH MOJENH ¢ PasImIHBIMH 3Hae-
HOAMHE DHTPOIMH MHHEpaja, COOTBETCTBYWIIUMH pPAa3JHYHBIM CTele-
HAM ynopspodeHsocTH. Pacnonrarasd HeCKOJIBPKAMHE BapHaHTaMH pele-
HOi, MOSHO OCTAHOBHUTEL BHIOODP Ha BapuaHTe, KOTOPHIH JIy4Iile BCEro
COTJIACYeTCA CO BCeHl COBOKYIHOCTBIO BXOAHGLIX TAaHHLIX. JTAl 3aBep-
maercs IOCTAHOBKOM 3amayu Ha HehOPMaJbHOM YPOBHE — YETKOM
IepeyncjeHni TeX YCJOBAH W TpefoBaumil, KOTOPHIM I0/GKHA OTBe-
4aTh MaTeMaTHYeCKas MOJe]b COrJacoBaHuA.

3. TloctpoeHune MaTeMaTHYecKOM MOHeN COIJIACOBAHUA, YYUTH-
B KOHKPETHBIE 0CODEHHOCTH BXOJHOIN 1 HCKOMOil mH(OpMammm,
Hedopmansnasag mocranoBka mepeBoguTes Ha (OPMaJbHBI A3BIK
ypasHeHIN 1 HepaeHeTs. OQHRM I Te jie YCJOBHA MOTYT OHITH 3amHACA-
HEL B PagINTHEX dKprBaTeHTHHIX gopmax. ITosromy Ha mammroMm srame
BaRHO BHIOpaTh HanGojee MPoOCTYIO H KOMIAKTHYIO (JOPMY MaTeMaTH-
YeCKOTr0 IIpeicTaBAeHHS MOJEN COTJacOBAaHHS.

4. Tlposepenme onTnmuaammonusx pacaetos ma JBM. Ilpaxtmue-
cxaA peannaanusa Mopenn Ha JBM mpegsaBaser moBsimeHHEe TPeGo-
BAHUA K HKCINIYATAIHMOHHEIM IIPOTPaMMaM JHHEHHOro IporpaMmupo-
paHmA. XOTA ceildac MMeercs MHO;KeCTBO IPOTPaMy JHHeHHOro mpo-
rpaMMEPOBAHHSA, TOJBLKO OUeHb HeMHOrHe u3 HHX 00sagalor HeoOXo-
anMbeiM HaGopoM KavecTs, TPeOYIOMEXCS NPH YHCJCHHOM PelleHHN
sajad DOJMBUION pasMePHOCTH CO CJO/KHON CTPYRTYPOIl OrpaHUYeHH.
JT0 — BO3MOKHOCTL 3aaHUA JBYXCTOPDOHHHX OTPAHNYEHHH OTHEIh-
HO OT OCHOBHOM CHCTeMBl YPaBHEHHI I HEPABEHCTB; IPOCTOTA BBOIA
HCX0AHOMH mHGOPMAI[NA, B TaCTHOCTH BBOJ B @IHHUYHON IHATOHAIbLHOIT
MATPHIE TONLKO eNHMAT, 6e3 BBoAa HYJeil; Haandine X0pPOoIero mieH-
THPUKATOPA THNHYHEX omMu00K; BOAMOKHOCTL perieHns sajgad 6olb-
moil pasMepHOCTH; JeTajbHO paspaboranmas cHceTeMa pPa3IMIHEIX
Pe;REMOB BHIAUN NHOOPMANHNN; HAKOHeIN, SKCIIyaTamHoHHAfd IIPo-
BepKa IPorpaMMbl Hi Pa3JIWYHLEIX THIAX 3ajayu JmHeilHOro Iporpav-
MUDPOBAHUA,



5. Amanuna pe3yanTaToB pacdera. BKaUAeT W3YUCHHE HEBABOK,
JBOMCTBEHHEIX peniennil, HAeHTHQUKAIHIO BHINAJAIOMMX 3HAYEHNI.
Ecan anann3a faer yjoBIeTBOPUTEIbHEIC Pe3yAbTATH, TO OCYMECTBIA-
eTcsl mepexoi Ha 7.

6. Tlposomurea yrounenme monenan. Hoppextupyiores orpanmdc-
aus. McekmoualorcA PpesKo BHIAJaONiHe B3HAYEHHS, 3aMEHAOTCS
BXOJIHEIE NaHHHE, AeTAJIH3UPYIOTCA OTHeldbHBe OJoKm Mojenu. Bro-
IATCS JIONOJHUTENbHEIE oOrpanndyenns. Iloclie yTOUHEHHA MOMET
ocyiecTsisieTcs ee Iepecder (omepanma  4).

7. ComocTaBiieHHe HECIEPAMEHTAJNBHEIX JAHHHIX 10 YVCIAOBUAM
paBHOBecHsa peaKunuil M#HepanooGpasoBaHHA € PAacYeToM IO TEPMO-
OUHAMOYIECKNM XapaKTePHCTHKAM, IOJYIeHHEIM B PeaylabTaTe IpoBe-
JIeHud ONTHMH3AIHOHHEX pacderon. (O6a3aTe]bHO NTPOHBBOIHTCA
rpajuuecKoe comocTapiIeHne sKcmepuMenTa u pacgera. CpasumBawrcs
KOHKypHpylommne Mofean. B 3aBmcmMOoCTH OT Pe3yianbTaToB COIOCTAB-
Jenns nepexon Ha 6 wum va 8. Ecam comocrapienne iaer MoJI0sKATeIb-
HEI Pe3yrbTaT, TePMONMHAMHYECKHE XapaKTepHCTHKE MHHEPalon
mocTynmaoT B (QOHJ HCXOAHOI TepMOAMHaMmYecKoil wmgopmarmm.

8. Tlepecmorp wmoperu. BriBmikenne HOBHX KOHKYPHDYVIONIX
mopeneii. Ilepexon ma 3.

CoraacoBanme, B IPHHI(UITE, MOGKET IPUBECTH U K OTPHIATEJIbHOMY
pesyabptary. IlpoTHBOopeuna B MOJle/l OKa3hiBAIOTCA HACTONBKO 0OIb-
MEMNA, 9T0, HECMOTPA HA MAKCHMAaJbHO BOBMOJKHOE PACIINDEHNUE B (u-
SHYEeCKH JONYCTHMEHX IPaHUANaX OTPaHHYeHWI, Ye(HINeBCKad HEBA3-
Ka OKasHBaeTcs COBEPIIEHHO HEMpheMJeMOil 0 CBOeH BelMYWHE BO
MHOTHX BapuaHTaX MOJIN COTJACOBAHHA. 3Jech cleayer IIpemmo-
JaraTh HAIM9He HeyYTeHHo# paHee GOJBINOI cHCTeMATHYECKOH ommiG-
KNI B OKCHePHMEHTAJTBHEIX OIIPelelIeHMAX YHCICHHHIX 3HAYCHHWIA He-
KOTOPHIX DJIEMEeHTOB BXojHOH wmHPopmanmn. Hemomycrnmo sricokasn
ommbKa MoKeT OHTH TakKe CBA3aHA ¢ HeNPAaBUJILHON MAeHTUH PUKAII-
eif CTeXHOMEeTPHYeCKOro ypasHeHHsa peaknun. Hanmpumep, B skcnepu-
MeHTe HTHODHDYETCA TOSBIEHHEe TBePARX MHHEPAJIBHHEX PacTBOPOB.
B xomeumoM mTOTre OTpPHIATENbHEIH Pe3YIbTAT CTAHOBHTCA TOJOMH-
TeJTBHEIM B TOM CMBICJIE, YTO OH BHIABJIAET HaJIUYNe HTOH paHee He 3a-
MedenHOH rpyGoit ommOkm. 9710 cTaBMT Iepe] HYKCHEPUMEHTATOPaMIT
3a7lauy 10 YTOYHEHHI0 YCJOBHI paBHOBECHS KOHKPETHHIX peaxmmii’
MIHEpaX0o0dpa3oBaHHA HMJIH BHIBATAeT HeoOXOQUMOCTH MPOBEIEHHH
JOTIOTHATENBHEIX HCCAeJI0BAHAN ¢ Iedblo Oosiee TOYHOU muenTHPHKA-
MM COCTABA M CTPYKTYPH MHHEPAJOB, YYACTBYIONHUX B peakiusax,
KOTOpPHE BH3KBAIOT HamboJdbliee COMHEHHE IO Pe3yJabTaTaM OITHMH-
BalMOHHHEX Pac4YeTos.

Coueranme SBPUCTHYECKHX IPHEMOB ¢ (BOPMaIM30BAHHEIM METO-
JIOM — eIMHCTBEHHO BOBMOKHEI IYTh B YCHENTHOM peIleHHH Tpol-
Jembpl Hamayumeidr o6pafoTKR NaHHHX SKCIEPHMEHTAJIBHOM HeTPOJO-
THH ¢ IIeJIbI0 pacdeTa TOYHEIX TePMOJUHAMEIECKNX XapaKTePHCTAK MH-
mepanos., Cam mo cefe uucTO PBPHCTHYCCKHM IONXO0K € OTKA30M OT
NOCTPOEHNA MAaTEMATHYECKOH MOJelH He IPHHECeT /K eJaeMEX Pe3yib-
TatoB. Equaas QyHKOMOHANLHASA B3aHMOCBA3L BCEX DJIEMEHTOB BXOJ-
HOH W BHIXOJHOU mHQPOPMAI UM, X HeOUPeeJeHHOCTh, MHJIHBHIYA-
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IU3NPOBARHO 0003NavYaeManA 3ajlaHHeM OTPAHNYEHNI CBePXY M CHH3Y,
Goabmiag PasMEpPHOCTL BEKTOPA TEPMOANHAMUYECKHX XapaKTepuc-
THK — BCE HTH UPHHUMIIMAJLHBE CBOHCTBA CHCTEMEl COIJACOBAHMS
HMCKJI0YAl0T BO3MO/KHOCTh IOJYYeHHA YHCJICHHEX pe3yasnTatoB 6es
IpPeJIBaPUTENLHOTO IMOCTPOCHNS MaTeMaTHYECKOH MOJeNH W ee Iocie-
ayiomei ontamusanuu Ha IBM. Peayasratit pacueros na 9BM, mpen-
CTaBJIeHHBIe BEKTOPaMH ONTHMAaJIbHBIX pemenuﬁhnpmmi't H J{BOHCTBEH=
HOM 3ajay, sHaveHHe YeOLIIeBCKOW HEBAZKH A M MHIUBHIYAJIBHEIX
HEBAB0K 10 KaykJOMY OrpaHHYEHHI) JAl0T IeHHYI0 uMHOOPMANHo o
COBMECTUMOCTH TEePMOJAMHAMHYECKAX XapPaKTePHCTHK MUHEPaJoB B
ONOPHOIl CTPYKTYPe CHCTeMHl coriaacoBanmsA. Bes oTuX moKasaTenei
00beKTHBHEIH aHAJN3 COTJACOBAHHOCTH 2J€MEHTOB BXOMHOH W HCKO-
moit nEGopManuu O O mpakTHueckun HeBosMmoxkeH. Ho xputuye-
CcKuil aHAJM3 DKCIEPHMEHTAJIBHEIX MCCIEIOBAHMII, MX METOHYECKHX
ocobenHocTell, BRIGOp Hanbosiee HaJe;KHKIX W IPeJACTABATENbHHIX JIaH-
HHIX, COTOCTaBIeHHe paloT Pa3JHYHLIX HCCIefoBaTeleil, aHaIn3 pe-
meHnl GoPMAaTBHEIMH M HedOpPMAaJbHEIME CPeACTBAMH, pacIiMpeHme
CHCTeMBl, 3aMEHA OJJHHX 2JeMeHTOB BXOJHON mHPOpMaIHHl HA Apyrue,
BHIJIBM;KEHHE KOHKYPHPYWIIEX Mofeieil, ¢opMyinpoBaHne BHIBOTOB
B YCIOBHAX HeOUPeJeJeHHOCTH — 9TH M Macca JAPYTHX BONPOCOB
BXOJAT B KOMIIETEHI[NIO CIEeNHAJINCTa ¥ He MOTyT GHITL pemeHsl fop-
MaJbHBIMH CPEJICTBAMH AHAJIN3a.

‘TMaaea 3

F IKPUTHYECKIN AHAJIH3
¥ ONTHMAJILHOE COIVIACOBAHHE
TEPMOIMHAMIYECKHX CBOMCTBIMITHEPAJIOB
F{B CHCTEME] Si0,—A1,0,—Ca0—MgO— Na,0—K,0—H,0—C0,

B reoxmmuu m merposornn HakouigeH 0onbIIONH 00BEM JKCIEPH=
MEHTAJBHOM WHPOPMAMKM DO YCIOBUAM DABHOBECHA pEaKIMil MHHe-
panoo6pasosanusa. Ecim IpoBOIATH ONTHMU3ATMOHHEIE PACYETHI 9RO -
JIONAOHHOM CHCTEMBI CPa3y MO BCell COBOKYNHOCTH SKCIEPHEMEHTAJNb-
HO H3YYeHHHIX peaKknuif, TO NPHXOMUTCA CUUTATHCA C TPYAHOCTAMH,
KOTOPEE BO3HMKAIOT M3-32 0YeHb 00JBIONH PasMepPHOCTH W JeTalbHO-
CTH 3aJa¥ COTJIACOBAHMWA, YBEJWICHHA BPEMEHH cUeTa, TI0X0it o6o-
3PEMOCTH BXOJIHOHM W BRXOJHOH WHpOPMALHM, CIOKHOCTH aHATA3A
pemenmii. Ho mpobiemMa cymecTBeHHO YHOPOMAETCHs, €CIAHM BOCHOIb-
30BaThCA cHeOUPUYIECKONl 0coOCHHOCTEIO MATPHUH O HBOTOIUOHHOI
cucremu. CooTpercTByOmed pamEOHANBHOH KOMIOHOBKOH peaxmuil
MHUHEepan000pa30BaHAsa eil MO/KHO NPHAATh OTYETIHBO BHIPAKEHHYIO
6I0THYI0 CTPYKTYPY C TECHOIl CBA3BI0O YPaBHEeHHIl BHYTp: 610KOB M
caaboit — me;eny Gaokamm. JT0 06CTOATEABCTBO Jerxaer Iesrecoob-
pasusM pasGEenHe CHCTEMH Ha DA NOJICHCTEM, COOTBETCTBYION[HX
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gupeay Gaokos marpunsr ©. Hampas momemcTeMa XapaKTepH3YETCH
GonbomM gresaom o0MAX IS Hee ypaBHeHM ¢ o0muMH Heu3BecTHE-
mu. Ymenao ke o0mmx HeM3BECTHHIX B KasRIOM Iape IOJCHCTEM, ecin
He MPUHIMATH BO BHUMaHue Ga3nCHbIe BEJINYNHB, 3HATHTEILHO MeHb-
me. I'moGanpmoe coriiacoBaHue BCEl HBOOIMOHHON CHCTEMBI MOAHO
NOAYVUATE IYTEM HOCJeN0BATeNBbHON ONTUMH3AINN Kanyloi mojcncre-
MBEL OTJ@JABHO ¢ HocJAeAylomeil yBABKOH WX ONTHMAJBHLIX pPelmeHui,

Hace npusegeHo ommcanne IMOICHCTEM COINTAcOBAHUA ¢ 000CHO-
BaHHEeM W BHIOOPOM SKCIOEPHMEHTAJLHEIX PABHOBECHBIX [AHHBIX M
TEPMOXMMHIECKIIX ONpefeseinii Ha mnpumepax mopcmerem Si0,—
AlLO,—II,0 n Si0,—Al,04~CaO—H,0—CO,. B xampmoit us mon-
CHCTEM BHAYAJIC aHAJUBUPYIOTCS MHOTOYHCICHHBIE HKCICPUMEHTAIb-
HBE JallHLe ¢ Y9eTOM COBPEMEHHLIX MeTOANYecKUX paspadorox. ITpu-
BOJATCA TAOJNILI 3HAYEHII TeMIePATYPHI, JaBJICHIA H TOMOJHATE -
HBEIX TepPMOJIMHAMHYECKHX [apaMeTpoB, IOJYYeHHKIX B pesyibTare
HKCOEPUMEHTAJBHEIX WCCJAGJIOBAHHE, & TAK:Ke PACCYHTAHHKIE 0 HUM
BEJTHYAHL! CBOGOHHX HHEDIHH PeakIail ¢ IpefeIaMd HX BO3MOKHBIX
KoJefaHNif, ompeleifAeMEX H3 JKCIepuMeHTalbHEX Opermror. [la-
Jlee, Ha OCHOBE KaJOPUMETPHYECKHX ¥ TEePMOXHMHYECKHX HCCIEN0-
BaHHIl MJIH SMIHPHYECKHX ONEHOK ONMPEACTIANTCA MaKCHMATbHEE Ipe-
HeJEl JIOMYCTAMBIX KoJieGaHnil MCKOMBIX TepPMOAMHAMHYECKAX Xapak-
TEPNCTHEK, B3ajlaBaeMbe JIBYXCTOPOHHIIMHI OTDAHHYEHAAMH Ha [mepe-
MeHHBe. BB peayibrarte ONTHMH3ANHOHHEIX PACUYETOB IOJYYaeM OITH-
MaJbHEE TePMOIHHAMHYECKNE CBOMCTBA MHHEPaJ0B, IO KOTOPHIM
BHOBhL PacCUNTHIBAIOTCA CBOGOHBIE HHCPrHN pPeaKiHil, cODOCTaBJse-
MEIe 3aTeM ¢ nexopunimu. llepsocremennoe sHadeHuHe IpHJaeTcHs rpa-
(UYecKOMY CONOCTABICHHIO TEPMOJANHAMHYCCKOTO pacyera ¢ HKeme-
PHMEHTaJdbHLIMH OOpeJieJeHuAMI, YT0 NI03BoJiger B nanbojgee Ha-
TIATHOM BAJIE CPABHATH ONTHMAJLHEIE TEPMOJANHAMHIECKUE JIAHHBIC
I IPYTHE CHCTEMEL TePMOZHHAMHYECKUX BEJIUTHH HJIH Pe3YJbTaThl pas-
NWYHEIX METOJIOB COIJIacoBaHHA ¢ sKcmepuMeHtoM. Ilpusopmres
Tabanma TPUHATMX W COTIACOBAHHLIX TePMOJIMHAMUYCCKIX CBOWCTB
MHHEpaJ'[OB N CBA3AHHBIX C HUMHE Belecrs.

§ 1 RJAIOYEBBIE 1l BA3ICHLIE
TEPMOJUITHAMITYECKIIE BEJITYITHBI

Ipocroie Bemecrsa u vaementsi. Orncapt. llpessme wem pacemarpm-
BATL TePMOJMHAMUYECKIE CBOIICTBA MIHEPanoB, He0OXOMHMO CIenaTh
BBIOOD B OTHONICHHH KJIYEBLIX TEPMOXNMUYECKIX BEJIHYNH I TEpPMO-
JUHAMHIYECKNX cBOMCTB DasmcHLIX BemiecTs u MuHepanos. Hamn mpm-
HATEL B Kavecrse OasucHex Bemects mnpocrne semectsa (H,, O,),
anementn (Al, C, Ca, K, Mg, Na. Si) u okncant (Al,0;, CO,, CaO,
MgO, K,0, Na,0, H,0, SiO,), repmopuravnueckne cpoiicTsa KOTO-
peix mpusejenst B 1adu. 2. llpn Bmbope KaueBnx u GasHCHEIX Tep-
MOJAMHAMUYCCKHX BEJHIMH PYKOBOACTBOBAINCH B IEPBYIO OYepelb
pexoMeHanuaMu HomuTera 1m0 YHCAEHHEM MAHHLIM JUIA HAYKA U
rexunkn Mesiaynapogaoro cosera Hayunnx cowsos (ROJIATA-
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MCHC) [CODATA..., 1978], ¢ynmamenTanabHOTO CHPABOTHUKA IO
TePMOANHAMUYECKUM choiicTsaM nHpusugyaasasx semects AH CCCP
[Tepmognuaymueckue csoitcrtra..., 1978, 1979, 1981] u B panme cay-
qaeB peKOMeHganuaMu cnpapounnka l'eomornueckoit cay:kont  CIIA
[Robie, Hemingway, Fisher, 1978].

Bee TepmoxmMuyeckne BeJWYHHEL JUTA 3IeMEHTOB W HPOCTHX Be-
mecTs OpuHATH coraacHo peromenjamuam HOJ[ATA-MCHC [CO-
DATA..., 1978; TepmoguuaMnyeckne cpoiictsa..., 1978, 1979, 1981].
Moapume o0benm npuuaTer no cupasounuky P. Poou m np. [Robie,
Hemingway, Fisher, 1978] — B 0CHOBHHIX HCTOYHMEAX oTH BeIN-
YpHK He paccMmarpuBaiorcs. Brmbop ypasHeHHit remroemrocTn ofyc-
nosen cupasounnkom [Tepmopgmuamuueckue cpoiicrsa..., 1978, 1979,
1981]. K coskazennio, aBTOPH 51070 CHPABOYHWKA HE IIPHBOIAT
ypaBHEHHH TeINIOEMKOCTII Ta30B H NPeNOYNTA0T YPABHEHHA I
pacuera mpmefenunoii sHeprum I'm6ica B oGaactn T = 500 K. Ilo-
aToMy Hamm mposefiena oOpabotka TalyaMpoBaHHEIX B3HAYEHHH Cp
He0OXOAMMEIX Ta30B 13 9TOT0 COPABOYHHKA, YTO MO3BOJMJIO MOJIYYHATH
YPaBHEHHS TEIIOEMKOCTH BOJOPOJA M KHCI0DPOa, KOTOpPHE ¢ JlocTa-
TOYHOIl TOYHOCTHIO BOCHPOHMBBOMAT TepMojuHaMuveckue (YHKIUM B
obmactm 298—2000 K. MakcuMmanbHbie Pacx0;kICHAA B 3HAYCHUAX

Gynaxuumit gr BOmOPOAa M KHCAOPOTA, PACCUMTAHHLIX ¢ HCIOJIb30BA-
munem ¢ynkmuit O°(7) [Tepmomumammueckue cvoiicrsa..., 1978] n
mo papHEM tada. 2, e mpeswmaior ==0,03%. Ypapnenus rtemmoem-
Koctu Kagua m Hatpus B cupasounnke AH CCCP eme me ony6anko-
BaHH M mpuHATH 10 nanHwm P. PoGu m corp. [Robie, Hemingway,
Fisher, 1978].

TepmoguHaMuTeckne cBOHCTBA OKHCIOB IpHBeAeHE B Tabm. 2.
AHj 446 W Sp95 IpHHATE corsiacHo perovenganuav HOJJATA-MCHC
[CODATA..., 1978], sa mcrmouenmem K,0 m Na,0, npuusteix mo
naaamM P. Po6m u corp. [Robie, Hemingway, Fisher, 1978], a rax:xe
momupmrannmit Si0,, KOTOpee paccMaTPHBAIOTCS B ATOH raiase. JHep-
rug  I'mG0ca paccumTasa € NOMOIBIO H3BECTHOTO  COOTHOMICHHS
AGj 905 = AH 505 — 298,155 505 ¢ NpHBJIEYEHHEM OHTPOmHE 1poC-
TEX BemecTs u3 Tabu. 2. 3aech Sy oeq — M3MEHEHNE DHTPONMH pPeak-
nun o6pa3oBaHusA MUHepala U3 npocTmX semects. OKpyrieHme mo-
nyueHHEX 3Hauennit AGj,oq He IPOM3BOMIOCH, UTO IO3BOJAET M3-
Ge;kaTh PacCOTIAcOBAHHOCTH TePMOJIMHAMHYECKHX CBONCTB MUHepa-
JOB B JlaJpHeRmuX pacdyerax. YpasHeHnsa rtemmoemioctn K,0 u
Na,O npuuatit no cupasouynuxky P. Po6u u ap. [Robie, Hemingway,
Fisher, 1978], ;xuakoii Bomst — mo mamHmM copapounnka [Tepao-
OUHAMHUYeCKHe cBoiicTBa..., 1978], a rasooGpasHoil BOAL M yriexkuc-
aoro rasa moaydeHsl oOpaboTkoil 3HaveHH c;, TabyIUpPOBAHHHIX B
sroMm cnpasounnke. Temmoemrocts H,0 m CO, no pammeiM tabm. 2
[0 CPABHEHHIO CO 3HAYeHHMAMH U3 cnpasounamka [Tepmogunamuveckne
cBoiicTsa..., 1978] BocupomsBoamTCs €O CTAHIAPTHHIM OTKJIOHEHHEM

40,07 Jlx/(moas-K), MakcuwaabHEe OTKIOHeHHA 10 (YHKMEE gp
ue npessmaioT =+0,01%. Ilpupamenue smeprum I'mGoca H,0 or
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Tepwm ii
PMOHHAMHYECKHE CBOliCTRA HHAHBHAYAILHBIX BEMECTB MHHEpa

108 B cncreme Si0,—AlL0;—Ca0—Mg0— Na,0—K,0—H,0—CO0,

TaGnumoa 2

Xﬂp?rli:':‘epnc- | C (1B)
a Al (rB) T'papur Ca, @ (rB) |Ca, y (B) Hy(r)
Vaos 0,9999
; ,99¢ 0,5298 2,619
: ; e 24465
AH; 994 0 0 0 0 3
Sk i
208 28,35:£0,08 | 5,74:£0,12 } 41,64-0,4 0 130,570,033
: 27,527 4,824%) 1 16,314 6,276 1'4,6733’)
c —8,046 28,627 22,209 32,384 8,372
¢ —1,996 —3.25 2,672 10,46 —2,926
16,167 —13,812 0 0 0,703
I3 0 0 o
: 0 0 26,031
T lm'ngl:an 29:3;2;93.6 208—2000 | 298—716 |716—1115 298;2000
T . 0 1 1
% _ 4 3 7,66 0
By - = s i i
(1.4 - — 3 i .
A . u o "
by = i L e B
Xapaxrepnc-

THEA Si (tB) Al Oy Hopynyg €O, (1) Ca0. (18)
Ki}g 1,2056 2,5575 2448,5 1,6764
AGJ’ 298 g —1675,7+1,3 —393,514-0,13 —635,094-0,9
s°j' 208 N —1582,2794:4,32 | —394,3734-0,167 |—603,4814-0,92
Saos 3 810,08 50,92£0,10 213,6774-0,04 38,1-0,4

: 23,698 97,056 74,22%) 51 858'

C 3,4305 39,020 4,504 2,439

; — (3351 —26,363 3,676 —9,366

; : 0 —1,667 0

] ‘ )
B i _ —73,326 0
HIHTepBaT 298—1690 298—500 208—2000 298—2000
ASy 29,719 oh 0 .
0

Ay, - 0,020Y i, 0,0312%

ﬁ" ey 0,011 s c; 010

i L —0,0éi — "0 :

v — 0,363% -5 6

o _ ; I 0688 )
84

K (T8B) K (%) Mg (TB) Na (TB) Na () 0, (1)
4,536 = 1,3996 2,3812 == 2446,5
0 0 0 0 0 0
0 0 0 0 0 0
64,6840,20 0 32,68+0,10| 51,3+0,2 0 205,037+0,033
8,477 —8,905% 22,03 12,924 37,482 40,409%
70,681 15,236 10,226 51,35 —19,183 2,844
0 —17,786 —0,202 0 0 2477
0 0 0.544 0 10,644 —0,703
0 78,457 0 0 0 —25,30
908—336,35 [336,35—1030] 208—923 | 208—370,98 (370,98—1175|  298—2000
6,94 77,590 9,21 7,0 83,0729 0
Mpogonxmenne tabx 2
H,0 (&) H,0 (r) K,O (TB) MgO (T8B)
1,8069 2446,5 4,038 1,1248
—285.834-0,042 | —241,814-0,042 —363,171+2,002% —601,5+0,3
—237,194-0,050 | —228,587£0,050 | —322,104-+2,845 —569,2264-0,31
69,95-+-0,08 188,7244-0,04 94,14--6,28 26,95-4-0,15
612,737 13,376% 49,265 45,8167
—4724,535 24,678 46,050 9,029
— 24,9783 —0,743 —13,249 —9,724
16675,644 —4,151 0 0
0 24,183 61,447 0
298—600 298—2000 298—1800 2982000
0 0 0 0
— = o 0,0306%
= b - 0,0127
— — — 0
= — == 0,596%
— — - 0,83
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Mpogonmenne Taba 2

B [ A
Vaes 2,588 2,2688 2,341410 2,368!%
M. 5 —414,82:00,28% | —910,74-1,0 0 —9011,19+1,213)
AG; a45 —376,104£0,29 | —856,321+1,1 0 —855,741 +1,1™
L1 75,27-0,84 41,46-0,2 0 37,7740,2'%

a 113,979 1 44,603 54,01411) 58,92“5;‘)

b 7,486 37,754 10,031 10,031

c 0 —10,018 0 0

d 0 0 3,643 0

g —81,335 0 0 0
T-mHTepBa 298—1000 208—848 848—1653 848—1800

ASp 0 0 0 0

Ay — 0,05828) 0 —0,0059'4)

B, — 0 0 0

o8 — 0 0 0

b .y 9) 9) 1,776%

by o o L 0
e gl At e
i 3,1956 3,11523) 5,15829)
AHy 544 —1293,13+1,192D —1292,72%4-+6,7 —2589,032--0,38
AT —1154,991+1,21 —1154,2+6,720) —2441,5064-0,3826)
oo 68,44-0,1422) 67,15:0,424) 93,34-0,0826)

a 53,4622) 53,4622) 172 47286)

b 173,06 173,06 26,12

¢ —11,81 —11,81 —50,99

d 0 0 0

g 0 0 0
T-murepraT 298—480 298—480 298—1600

As;, 0 0 0

A o = 0,024125)

B £ - 0

& - — 0

ay i — 0,7527)

by — 1,0

86

8i0, 810, AlIOOH AIO0H, v
Hoscur CTHuroBuT Hunacrop Bemuar
2,0641 1,4014 1,776 1,9535

—906,8414+1,5 —865,207+4 —999,759-4-0,08 —990,574:1,6
—852,14-£1,5%) | —806,75+41) —921,19+0,082% —915,9741,620)
40,380,429 97,780,429 35,150,042 48,450,217
46,5641%) 147,49 49,4420 54,020%)

35,33 —40,271 57,82 86,61

—9,67 —2,834 —11,86 —43.57

—8.67 12,026 0 0

0 —155,94 0 0
298—1800 298—1800 298—510 298—600
0 0 0 0

0,0077%) 0,017119 . =

0,0043 0 o —

0 0 . £

0,687 0,3317) ) i 4

0 0 — —

INpomgonskernume Tabm 2

Al;8i0s Tucren (KuaHNT)

Al,;810, CrianuMaHIT

Al,Si0y CHINTUMAHHT
pasynopAgodeHHblii

4,42225)
—2503,614-0,345
—2443,200--0,34526)
83,64-4-0,1226)
171,726)

29,18
5228
0
0
298—1500
0
0,025325)
0
0
0,7927)

11,0

5,004925)
—2586,192-:0,325

—2439,6152-0,32526)

96,48--0,0426)

164,8426)
33,8
—45,99
0
0
298—1500
0

0,014225)
0

0
0,7627)
2,0

5,043726)
—2580,882-+1,37
—2435,888-+1,3726)
101,79--226)
164,8426)
33,8
— 4599
0
0
2981500
0
0,014225)
0
0
0,7627)
2,0
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A |ALSLOJOH), Koommmm|  ALSUOWOM: |04y qi0, Canepmaar
Vi 9,952 12,782 6,344302)
A, 30 —4120,395--0,24 —5641,1544-0,17 —3297,6474-0,9
'AG; 4s —3800,1£0,24°0 | —5267,3940,720 |  _3122,15..0,99)
3 203,134;0,334 239,1244-0,0820) 143,6+-0,72%1)

a 1430,26%9) 218,77%9 465,18%10)

b —788,5 507,1 —178,375

¢ 83,34 —46,83 6,729

d 303 4 —263,35 19,341

g —1851,58 0 —492,11
T-mmrepsat 298—800 298—700 208—2000

ASy 0 0 0

t — 0,0084%0) 0,023%2)

By - 0 0

€y s 0 0

ay = - 0,813%)

by s o 0
Xapaxrepuc- CaAl, 12 :

T S R0 | - Ol 55,0 g
o 20,3840 27,309%2) 31,7649
AHy g4 —17252,164::0,4 —9360,49622,5 —10559,365+5
AG; g8 —6698,2-0,438) —8650,87+2,5%3) —0742,57+546)
808 478,112,859 —636,81044) 734,29+ 1044

a 487,230 624,1340) 716,430

b 263,01 338,49 376,23

¢ —88,16 —108,16 —118,16

d 0 0 0

g 0 0 0
T—m'nep?an 208—600 298—600 298—600

AS;, 0 0 0

A ot b i

B, = - s

& — = -

dV f— — s

by S . 3

88

Dpopgoaxennme Tabm 2

9

CaAl,Si, 03 AmopTHT

CaAl,8i,0,(0H),-H,0

CaAl,8i,0,,-2H,0

CaAl,8i,0, AHOpTHT PeKCATOHATHHbLE JlaBcoHHT Baiipawur
10.0885% 9,985 10,132 19,07139)
—4230,311+1,15 _42004574-1,83%) | —4863,8014:0,32 | —6631,619::0,09
—4005,18241,453D | —3088,448+1,83 — 4508,734-0,32°% | —6201,35+-0,99%)
200,98+-0,9%1 214,8+1,39 231,33+0,8437 | 426,81+2,639
516,834 516,834 283,7138) 402,630
—92,492 — 92,492 219,99 236,65
—14,085 —14,085 —63,94 —85,56
41,883 41,883 0 0
—458,85 —458,85 0 0
2981800 298—1800 298—600 298 —600
0 0 0 0
0,016% == — =
—0,002 it o 4
0 e ollL .
1,39% — — =
3.1 i - e

Mpomonmenne Tabm 2

CaAl,8i,0,4-7TH,0
CraasbnT

CaAl,Si,0,0(0H),
Maprapur

Ca,Al,8i0; TeueHnT

CayAl,SiO4(0H),
Buuys ur

32,741)
—10861,089+5

—9986,65+547)
774,04-104%

764,1240)
376,23
—118,16
0
0
298600
0

12,064%)
—6240,779-2,2
—5856:23.4.2.249)

263,63-0,84 37
711,34%®)
— 545
—315
0
— 606,42
298 1000
0

9,024
—3981,987+24

—3783,005+2,4%V
208,95+1,75°

266,69°"
33,47

—63,26
0
0
298—1700
0

0,0257"
0
0

0,85“

0

10,3496°%)
—4338,788-:5.4
—4071,545,45%)
212,94+852)
298,245
73,01
— 67,19
0
0

2981000
0

0,0052°%
0
0
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X pHC- CayAl1,58i,0,4(0H), 2 Al 1
¢ B -+ e b Ran)
Vo 14,029°7) 13,571°8) 13,60158)
AHj g9 —6198,973+7 —6894,23241,7 —6893,854+1,7°9)
AG; 308 —58224-7%) —6498,63+1,730 — 6498127 +-1,7
e 292,75350,8437{ 295,754-0,84%7) 295,85-+0,8459)
a 264,03%%) 408,23%) 408,23%8)
b 504,3 157,07 157,07
c —52,46 —93,06 —93,06
d —273,31 0 0
g 0 0 0
T-murepsax 298800 298—730 298730
AS, 0 0 0
4, = 0,034°7 =i
By, — 0 2
G - 0 -
ay - 1,15% =
by = 0 =4
e 4 :
Praka | CaMa(COp, Mowownr | CaMgsi,0 fuoncuz | COMERALSIO(Om),
Vo 6,434 6,609 13,9889
& o 2326,027--0,26 —3201,636--0,3 —6584,369+8
A6} 508 —2163,32+0,2654 —3027,54+0,354) —6194,44-870)
o 4 =
e 155,1812.29 ? 142,740,269 20241040
4 547,88% 470,2559) 466,6444)
b —167,59 —98,64 77,95
: 28,4 2,453 —128,91
d 77,076 28,13 0
g —654,79 —482.3 0
T-nurepsan 298—1100 298—1600 298—1000
A8y 0 0 0
A < 0,021465) 0‘033367) —
2 )
v 0 0 —
¢ 0 i
8 1,229 0,819 i
by, 0 —
90

Mpongonaskenne Tabm 2

Ca.ﬂéaii;%ﬁ;'}rho Ca, Al,81,0,, I'poccyanp CaCO, Kanpuur CaCO, AparoHut
40,44 12,524%% 3,6934 3,415
—14205,5774+10 — 6636,846--0,98 —1207,3114-1,34 —1207,4154+1 43
31
—13157+10%0 _ 6275.833-10,98%0 | —1128,842:41,4Y | —1128,0254143 )
63
922,2410,9% 257,314-0,54%D 91,714-0,2% 88,62::1,2659
926,767 688,55831 —184,795%) 81,5334
526,02 —14,359 323,22 45,673
—176,32 — 22,254 36,882 —11,405
0 0 —129,36 0
0 —562,068 388,35 0
298—600 298—1800 298—1775 298—1000
0 0 0 0
i 0,0175" 0,013 0,048%
= 0,011 0,021 0
— —0,004 0 0
= 0,63% 1,359 9,248
— 0 0 0
Ilpononsxenne raba 2
i i 918 21 e 1 CaSio,
CaMEALSIOOM: | COMESLONOM, | Cooi e vmian’ | Bomnacrommr-I
29,5567 27,292 43,351™ 3,993
—14368,277+10 —12322.7794+-1,04 | —21336,9724-10 | —1632,678+0,16

—13459,5+107%

648,1+-2072)

885,944
328,65
—201,38
0
0

298—800

548,9-+1,25%
779,487
239,72
— 187,54
0
0
298—1000
0
0,03137%
0
0
1,39
0

—11595,533+1,045%

—20126,9-+-1079

972,364+-207%

13171249
222,59
292,04
0
0
208—1000

—1547,56+-0,1631
82,38+-0,33%Y
200,85

—259
—1,579
7,435
—1826
208—1400
0
0,0202%
0

0
,1'477)

0
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Mpoponssernne 71aba 2

KAISi,0, Je#tunt

KAISi,0, Jleftunt

X - 0. - Si - i
Mo | S0y T cuio, pegrure] CREOCEN | SRRgL 0
Rocs 4,008 3,789%9) 12,6457%) 26,48%0)
B i —1625,9601 | —1625,861+1 | —5207,707+3,5] —10101,227-+6
AG; 595 154243844778 | —158:17 | 40859, g 570 —0531,17-4650
Bl 87830087 F| 8226427 | gpou g1 | 528,9.5200
a 107,49 200,859 365,934%) 700,324
b 17,48 —259 84,73 129,91
¢ —22,965 —1,579 —85,77 —167,61
d 0 7,435 0 0
g 0 —182,6 0 0
T-mmrepnas 2981700 208—1400 208800 208600
ASy 0 0 0 0
Ay 0,0294% 0,02029 T -
By, 0 0 . ks
Cy 0 0 - =
a, 1,477) 1 477) — —
by 0 0 — -
b4 -
R | xaso comum | SO | MO0
V;BB 10,89 14,0818 7) 14,991
AHj 905 —3959,56+3,37%% |  —5977,9354-0,31 —6224,466+3
AG;. 298 —3739,9143,4 —5599,374-0,3188) —5840,264-3)
208 232,94-0,48" 907 24-40,5459) 319,664+-4,18
a 693,374) 662,938 9) 443,63 92)
b —471,7 14,63 112,05
(2 34,62 —39,05 —103,55
d 49,19 0 0
g —830,54 — 5174 0
T-yarepsa 298—1400 208—1000 298—1000
ASy 0 0 0
A v 0,17285) 0'026290) 0’026290)
By 0 0 0
Cy 0 0 0
ay 1,786) 1‘2(5) 1,6693)
by 4,2 0 0
92

KAIBiO, Kaascuaut reKcaranas bHb Kyomgeckn it KAISi,0p Muxporing
6,042452) 8,839 9.405%%) 10,872
—2126,65741,5 —3032,96+-2 0 —3967,69-+3,37%)
—2010,84-1,5%% —2868,8+-283) *E. O —3742 465+3,4
133,261,259 195,1+1,759 0 214,240,419
188,88%) 148 429 196,479 759,55
55,187 134,25 27.666 —217.41
0 —21,645 122 61 47,64
0 0 0 64,33
—147,87 0 0 —952,68
208—810 298—955 955—1800 298—1400
0,584 1,939 0 0
0,058” 0,73%% S 0,047289
0 0 . 0
0 0 o 0
2,069 0,74% — 1,789
5,02 —21 b 4,2
INpogoamenne Taba 2
810, A1,8i50,5-H,0
MgAl,0, IMuuneas Mﬁﬁ;};ﬂi&; Mf{;},ln::f,;,,.; Mg‘}{o;)m:cpm
3,91 6,213%) 23 35634 23,493+0,0119%)
—2302,233+-0,7 —3187,251+2.8 —9160,684+3,8 | —9447,059+4,2
—2178,705+-0,7%% —3012,18+2,8°% — 8652,26-+-3,89%) | —8892,64+4,2°%)
85,14:0,57%% 136,11-2,26%% 412,88+1,43%%) 491,742,719
222,914 212,8%%) 821,349 869,04°7)
6,127 37,82 43,339 43,339
—16,857 —59,87 —82,112 —82,112
0 0 0 0
—155,12 0 —500,03 —500,03
208—1800 2981000 208—1700 298—1300
0 0 0 0
0,02% 0,021% —0,0003% 0,0053%
0,009 0,015 0,009 3. 0
—0,002 —0,005 —0,002 {0
0,419 1,019 0,57 0,579
0 0 0 0
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XapaxTepuc- Mg, Al Si;0,4-CO, Mg, Al, 81,04, Mg, Al,5i,0:9
THEA HKopawepnr Ilnpon Cangmpun
Vass 23,35639) 11,3133 19,9%%)
AH} 345 —9570,245%) —6294,819:+-2 —11023,97945
A6} 408 —9031,13445 —5942,715+29) —10428,7-+:5%)
S 520,754-4,4 % Fi 260,43+3,6 452,20+ 7%
a 895,569 457,59100 759,910
b 47,84 29,34 85,14
c — 78,44 —126,17 —226,48
d —1,67 0 0
g —573,36 0 0
T-mrTepsa 2981300 208 1000 208—1000
ASp 0 0 0
£ — 0,021 0,02544)
By b 0,008 0
Cy — —0,002 0
ay — 0,66%1) 0,414
by — 0 0
Xapaxrepnc- Mg(OH), Mgsio, 3¥§TS;%T MgSi0,
THHKA Bpycur KaunosneraTnr posGiraecmt ITpoTosHCTATHT
B e 2,463 3,131% 3,133%0) 3,238%2)
A . —925,140,84!1 —1545,78740,15 0 0
AG; 908 —834,132:4:0,84 | —1458,974-0,1511% 0 0
S oe 63,18+-0,13% 67,86-+0,420) 0 0
a 101,030 92,253114) 120,344 12243114
b 16,74 32,903 0 0
c —25,56 —17,882 0 0
d 0 0 0 0
g 0 0 0 0
T-maTepBai 298—900 298—903 903—1258 1258—1850
AS 0 0,74114) 1,340 0
Ay — 0,021% — -
By - 0,015 — -
e — —0,005 — -
ay 1,861 1,019 = —
by 0 0 L £
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T . W e

—

BT

s {1

OHpogoamenne Tabm 2

—2174,6284-0,28
—2055,65+-0,28113
95,19--0,84%

227,984
3,41
—8,94
0
—174,46
298—1800

0
0,0359119)
0
0
0,72115)
0

—4198,992-10,61
—3888,09-+0,61'1%

911,74 +1,7416)

302,927
124,43
—70,42
0
0
208—1000

0

Mg _Al 8i O (OH) Mg, Al Sia0,0(0H), Mg AlSi, O (OH)s MzCO,

s -‘{-’_,mzl;:-’,.,.m g ¥ Hnn:mmgp 3 J n:?ézp;}.gr MarHeant
20,9102) 21154199 21,255108) 2,8018
—9039,473+8 —8880,07+3,8 —8815,25+3 —1111, 74641
—8389,7+872 —8232,334-3,8100 —8164,16-3'07 | —1028,04-110®
467 4+872 471,624-5109 457,77+-8107) 65,09-0,14%
684,294%) 670,364 652,4144) 81,1194
172,46 189,07 226,75 52,254
—1475 44 —166,02 —156,56 —18,32
0 0 0 0
0 0 0 0
298800 298—1000 298—1000 298—1000
0 0 0 0

o 0,018109 = 0,024109
g 0 cn 0
— 0 s 0

- {7049 - 0,94110
U — 0

Mpononmenne Tabm 2

Mg.Si0, Mg §1,0,(0H) Mg;Si,0,(0H),
d)npg(','répn'r 2’529}?,{.3“_213” Beatl Amm’opm
4,379 10,2899 10,456118)

— 4366,4T4+2,5
—4039,44-+2,5119
999, 594-4,7117
317,237
132,21
—173,55
0

0
298—1000

0
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i M onore | ME,81,0,0m), Tamsn | - MEeSle0n(Om),
V;’,QS 101715120) 13,625 26,446120)
BN 54 —4363,009+0,58 —5809,281 +0,48 —12083,917+1,33
AG; 508 —4035,6+0,58"% | _5519,844-0,4811% | 11356 61,3311

Sios 221,331,717 F|  261,4220,63"Y 530,820,849

a 317,23117) 416, 48119) 1739,585!21)

b 132,21 90,29 —204,656

¢ —173,55 —107,11 2,452

d 0 0 0

g 0 0 —1786,45
T-mHTepBast 298—1000 298—1000 298—1000

A SET 0 0 0

AV e 4 0,018105) b

8 5 0 ot

O = 0 4

ay — 215977) s

by A 31,0 48
X apawTepuc- NaAlSi 04 NaAlSi;0, NaAl,Sis0,e(0H),

THKA AnsOuT (HWU3KRAI) AHa 1p0MT (BbiCOKMIT) Ilaparouur
Vﬂzns 10,007 10,043 13,198130)
AH 508 —3935,12:+3,41Y —3923,638-£1 —5950,173-0,88
AG; 305 _3711,8574343 | —3706,04::1122 — 5568, 4:0,88122)
S'o0s 207 440,4% 226,4-+0,38% 273,441,312

a 583,944 671,379 852,3130)

b —92,852 —146,71 —61,512

e 16,78 31,74 1,907

d 22 722 36,586 0

i —642,42 —797,36 — 886,61

T-ymrepsan 298—1400 208—1400 208—1000

ASp 0 0 0

ar = 0,0257129) 0,034

By — —0,0034 0

Cy — 0,0055 0

k2 = 2,119 1,28

by — 21,6 0
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Mpoponmennme Talba. 2

R i
1

T PR T

I VT o =

R

-

st NaAlSi,0 - :

-5 el NaAlISL,O, agenr | muin gsfi‘?‘Ba\;:;? g o
5,416 6,04 8,91%8) 9,71127
—2094,226£0,94 —3020,691+0,94 | _29944-1,3129] —3310,011-0,82
—1979,584:0,9422) | _og5g 9.4.0,94122) |—2827,9362:1,3 | _3001,84-0,82!22)

4)

124,01 0,52122) 133,72-:0,52122) 175,444,7 233,7240,9612%)
27,7429 201,5!29 176,1129) 223,8°)
2954 47,78 101 101

0 —49,66 —37,15 —3745
0 0 0 0
0 0 0 0
208—467 298—1700 298—1000 2981000
0 0 0 0
0,04” 0,0162°7 = =
0 0,022 ks —
0 —0,018 — —
2,05% 0,749 = 2,9128)
5,2 Lo ¥ 0
Oxomganne tabm 2 Mpumevanmne. Cragpap-
THOe cocrosmme: T = 298,45 K,

NaCa, Mg Al(A1,81,)0,,

«(0OH), Ilapracur

NagMg;Al,Siz0,,(01),
Taayropan

P =1 arn = 1,01325 Gap = 101325
Ha. Vagq — Jiw/Gap, AHjagq m

Y s N

o s, b5 P T

P

\éf

7 1. |. Toporoxymern, W,

27,205132)
—12661,011--10

—119504-10133)

669,410
861,07°%)
174,31
—210,08
0
0
298 —1000
0

26,2213%)
—11952,1664-10

—112234 10139

553,24-3130)
812,32136)
248,36
209,24
0
0
298 —1000
0

0,03137%
0

0
1,39

0

K, Kapoon

AGE,ZQS — x]JI/vous, Cpr Syog M
ASp — I/ (mons-K). a, b, ¢, d, g —
KOD&l)(I)HI}HEHTbI YPaBHeHUS TeIoeM-
KOCTH ¢, ={(T). Ay, By, Cy, ay,
by—xonddrruentsr ypapgesna V=
= f(T, P). ®opmy ypaBHeHWl c; =
= f(T) m Vo= f (T, P) cM. B TercTe

(var. 2, § 5). Cramaprasie MOJXHHHE
odbemut npmmarTet 1o [Robie, Heming-

way, Fisher, 1978]. S;LDS TPOCTHIX,
nemects, Syog T AH, 49 OKMCIOB

npraare 1o [CODATA..., 1978].
VPaBHeHIT TOILIOEMKOCTH OKHCIIOR
upaasarel 10 | Tepsoruravmdeckme

cnoitcrea..., 1978,1979, 19811, A} pog

" AG;,zs)s Mumepason Ges yrasammit
MCTOUHAKA PACCYATAHH 110 (opaye:
AGf,298 == AII!,Z{)B — szgs‘ 298,1 5.
1) — BrmIe TeMmepaTypsl, YRasanmoit
B TaGamre, Cripane/lInssl CIeyI0n[e
Ypasmenmsa TemaoeMrocri: s Al (i)
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cp=31,75  (933,6—2000 K); am Ca (x) c,=31,0 (11152000 K);
g K (r) ¢,= 20,801—0,052-10-T --0,036-10-8 T (10301800  K);

A Mg (k) = 34,3 (923—2000 K); npas Na (r) c;: 20,79  (1175—-2000 K);

P
s Si (7K) c;: 27 (1690—2?00); JUIA KOPYHJIA r;: 122,679-4-6,878-10% 7—50,237-
-10° 772 (500—1200 K), ¢,= 107,5714-16,569-10* T(1200—2000 K). 2) — rood-
(uiueHT e B ypapHeHMI TeilloeMEOCTH pasen 2,276. 3) — ypaBHCHHEC TeIIOCMKOCTH
mogyderno myteM o0paloTRA TaGyTIPOBANAGIX 3HAYEHMIL c; = f(T) [Tepwopmmasm-

neckue cpoiictsa..., 1978] mo mporpamme perpeccmonnoro amajausa [Haab-
muH, Xamnymmaa, 1979].fCranmaptooe otkaoHemume He npeshimaer 0,07
Jine/(moan-K). 4) — [Robie, Hemingway, Fisher, 1978]. 5) — ofpaGorka man-
anx B. Cxmamepa [1969]. 6) — [Bepu, 1969]. 7) — woaddumiinentst e 1 f B ypan-
e Tengoemioern 1,0 (k) papou —27011,653 u 16811,312; kooddnmuent e
B ypasuenmn Teitoeskocr MgO papen 1,042 [Tepyojmpamnticckue cpoiicTna...,
1978, 1981]. 8) — npubmmkenie s xommencanmm A-nepexoga mo [Ghiorso
e, a., 1979] (em. rerer: ra. 3, § 1). 9) — rooddunmenT ciKuMaeMOCTH c-KBapiia
sapienr or remueparypu: fp=2,56--0,8364.107% (T — 298) u B, = 1,948 —
—487,71/T + 1,178.10%/ 72 p uwmrepnanmax 298—848 u 848 —1653 K coorser-
crpenno (ra. 3, § 1). 10) — B obmacrn 7> 848 K Vp(a-Iin) = 2,3414 Jlas/Gap.

11) — annpokcHMANMOHHOE YPaBHCHNe JIJIA pactiera g-‘: a-kBapua B obaacTi
P = 1)6ap u T > 848 K.12) —npu T = §48 K. 13) — paccunrans ms ye.o-
BHIL: ggpg (G-KBApN) = ggug (B-wpapu) mw Sg,o (B-rBapn) = Sgig (%-KBapm) -|-
-+ 0,98 JLm/(moan-K). 14) — V% (B-wpapm) = 2,368 [1—0,0059 (T — 848)]
(7 > 848 K). 15) — mam pacuer uno[Mirwald, Massonne, 1980b] (ra. 3, § 1).
16) — obpadorka panmmx [Holm e. a., 1967] ¢ axerpanonsmueii, 17) — [Bas-
sett, Barnett, 1970]. 18) — mawm pacuer. 19) —[Weaver e. a., 1973]. 20) — on-
THMAJBHOE coTiacopamie B cucreme SiO,—AlLO3—H,0 (rar, 3, § 2). 20a) —
[Mukaibo e. a., 1969]. 21) —[Hemingway, Robie, 1977a]. 22) — [Hemingway
e. a., 1977]. 22a) — obpadorra gananx [Hemingway e. a., 1977]. 23) — [Ro-
thbauer e. a., 1967]. 24) — [Shomate, Cook, 1946]. 25) — [Winter, Ghose,
1979]. 26) — ontmMaabHoe cordacosanne B cmereme AlSiO; [Jloporokymeir,
Rapmor, 1982]. 27) — [Brace e. a., 1969]. 28) — [Hemingway e. a., 1978].
29) — obGpaborka pammmx [Krupka, Robie, Hemingway, 1979], 8§, =
=+1,73 Jlm/(moan-K). 30) — [Taylor, Bell, 1971]. 30a) — [Okamura e. a.,
1974]. 31) — onrumanbHoe corxacopanue B cucreMe Si0,—Al,0,—Ca0—H,0—
—CO, (ra. 3, § 3). 31a) — [Haselton e. a., 1982]. 32) — onenxa no nuporceHaM
[Cameron e. a., 1973]. 33) — puoucnpg [Levien e. a., 1979]. 34) — [Charlu
e. a., 1978]. 35) — paccunramo 10 OHHTANLIME pPEakIUN AHOPTAT = reKcaro-
Haapnslit anoprut [Barany, 1962]. 36) — onTHMajibHOE cOriacopanme B CHCTEMe
8i0,—AlL,0,—Ca0—1,0, 37) — [Perkins e. a., 1980]. 38) — ofpadorra mam-
nuix  [Perkins e. a., 1980]: §j =+1,32 Jlw/(moas-K) — mascommr, §p=
=+ 1,46 Jii/(moan: K) — maprapur, Sp=+0,06 Jlx/(mons-K) — npemmr, S p=
=+2,33 Jm/(moanb-K) — nousur. 39) — [Takeuchi e. a., 1979]. 40) — omenxa
€ HCHOJNL30BARNEM YPABHEHHA TEINIOCMKOCTH Jascomnta. 41) — [Liou, 1971al.
42) — |Lo, 1978], 43) — paccunrano no [Lo, 1978]. 44) — onenra. 45) — [Hup
u jap., 1966]. 46) — paccunrano no [Nitsch, 1968]. 47) — paccunrano mo [Liou,
1971a; Juan, Lo, 1973]. 48) — [Chatterjee, 1974]. 49) — paccunrano o [Chat-
terjee, 1974; Storre, Nilsch, 1974]. 50) — [Pankratz, Kelley, 1964]. 51) — onen-
Ka 10 CTPYKTYPHLIM amanoraMm, 52) — paccunrano no [Gupta, Chatterjee, 1978;
IHuckenholz, 1977]. 53) — omenka ¢ MCHONBL30BAHmEM YPABHCHHA TOILIOEMKOCTI
rejennta. 54) — [Henmi e. a., 1973]. 55) — paccumramo mo [Liou, 1971b].
50) — [Chatterjee, 1976]. 57) — [Takeda, Morosin, 1975]. 58) — [Ilelgeson
e. a,, 1978]. 59) — paccunramo 1o momsuty ¢ yderom Al u AS peaxnum mom-
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sur = wanmomonsur [Helgeson e. a., 1978]. 60) — paccumramo 10 peariuit
aneourapmut{-H,0=2 nomomtur [Crawford, Fyve, 1965]. 61) — [Hazen, Fin-
ger, 1978a]. 62) — [Jacobs e. a., 1981], ¢p =102,555--23,98-1073 T (775—
—~2000 K). 63) — [Anderson, 1934]. 64) — onTEManbHOE CcorJacoBaune B
cuereme Si0,—Al,0;,—Ca0—MgO—H,0—-C0,. 65) — [Krupka e. a., 1980].
66) — [Jacobson, Usdowski, 1976], 67) — [Cameron e. a., 1973]. 68) — [Le-
vien e. a., 1979]. 69) — [Hoschek, 1976]. 70) — paccuurano no [Hoschek,
1976]. 71) — [Schiffman, Liou, 1980]. 72) — paccunrano mno [Schiffman,
Liou, 1980]. 73) — ncuoasayercs ypasnenne I'. Xearecona u corp. [Helgeson
e. a., 1978] ¢ roppextuponkoii no [Robie, Hemingway, Fisher, 1978]. 74) —
[Sueno e. a., 1973]. 75) — [Olesch, 1978]. 76) — paccuntano no [Olesch,
1978]. 77) — [Vaidya e, a., 1973]. 77a) — pacuer no [Essene, 1974; Huang,
Wyllie, 1975a]. 78) — [Leistner, Chatlerjee, 1978]. 79) — paccunramo 10
[Leistner, Chatterjee, 1978]. 80) — [Gustafson, 1974]. 81) — paccumra-

Ho no [Gustafson, 1974]. 82) — [Robie e. a., 1967]. 83) — paccunramo 10
[Wendlandt, Eggler, 1980 a, b] i [l;x. Xeman (nar. no [Helgeson e. a., 1978]),

¢, = 177,65 (310—1800) [Robie, Hemingway, Fisher, 1978] — wamemmr.

84) — V}>9._-,5 = 9,405 J/6ap [Taylor, 1972]. 85) — [Henderson, 1979].
86) — paccumramo wo sHTAMLUME peakmuyu Mukpokaun = camnpun [Waldbaum,
Robie, 1971; Robie, Hemingway, Fisher, 1978]. 87) — [Chalterjee, Johannes,
1974]. 88) — omrmMainmoe coraacopanme p cmereme Si0,—Al,0,—K,0—H,0.
89) — [Pankratz, 1964; Robie, Hemingway, Fisher, 1978]. 90) — [Cyymécu
Mocnxnpa, Hoga Torurm, 1966]. 91) — onTuMaanHOe corjacoBamue B CHCTEMe
5i0,—Al,0;,—Ca0 —Mg0 —K,0 —H,0—C0,. 92) — [Measuaxosa, Tomnop, 1973].
93) — [Hazen, Finger, 1978b]. 94) — onrmManapHOE cOTJAcOBAHHE B CHC-
reme  Si0,—Al,0;—MgO. 95) — [Wood, 1974]. 96) — ofpadorka JANHEBIX
[Mirwald e. a., 1979; Schreyer, Yoder, 1964]. 97) — ¢ yuerou ¢, (H,0,) [Hel-
geson e. a., 1978]. 98) — [Hochella e. a., 1979]. 99) — no Al g9g ® AS:,EQB
peasunn  kopamepur-+CO,=xopauepnr-CO, [Apamosna m ap., 1981]. 100) —
ojﬁpaﬁonm pamanx [Newton, Thompson e. a., 1977]. 101) — KoppexTnposKa
4:'p [Kuceaesa, Tonop, 1975] ua cocras 2 : 2 : 1 u npmveuanne 94. 102) — [Iap-
noB u ap., 1971]. 103) — [Chernosky, 1974]. 104) — oGpaGorka pammsx [Cher-
nosky, 1974, 1978; Ackermand e. a., 1975; Staudigel, Schreyer, 1977]. 105)—
|Koishi, Gillies, 1979]. 106) — [Caruso, Chernosky, 1979]. 107) — paccunra-
o no |[Caruso, Chernosky, 1979]. 108) — paccumramo no [Johannes, Metz,
1968]. 109) — omenra mo [Jacobson, Usdowski, 1976]. 110) — onemka mo
[Martens e. a., 1979]. 111) — [King e. a., 1975]. 112) — [Kapuunckas, Oct-
poseruit, 1980]. 113) — [Jloporoxynen u ap., 1979] ¢ roppesruposroir, 114)—
| Barin, Knacke, 1973]. 115) — [Hazen, 1976]. 116) — [Evans e. a., 1976;
Oterdoom, 1978]. 117) — [King e. a., 1967] ¢ yuerom cocrasa. 118) — [Hem-
ley, Montoya e. a., 1977b)]. 119) — paccunrano mo [Hemley, Montoya e. a.,
1977b]. 120) — [Zen, Chernosky, 1976]. 121) — ofpaGorka gammmx [Krupka,
Kerrick e. a., 1979], S, = 14,32 Jik/(voan-K). 122) — onTuMainioe coriaco-
pape B cucreme Si0,—Al,0;—Na,0—H,0. 123) ——c;=112.09—|—67,11-10‘3-
« T(467—1180K), c; = 172-1-5,52.107% 7'(1180—1525 K) [Robie, Hemingway,
Fisher, 1978]. 124) — [Kelley, 1960]. 125) — [Barany, 1962] ¢ KoppeKTupos-
Koit. 126) — [Pankratz, 1968]. 127) — [Liou, 1971c]. 128) — [Althaus e. a.,
1978]. 129) — [Prewitt e. a., 1976]. 130) — [Chatterjee, 1972]. 131) — [Hol-
land, 1980]. 132) — [Westrich, Holloway, 1981]. 133) — paccunrano no [Wes-

trich, Holloway, 1981]. 134) — [Koons, 1982]. 135) — paccunrano uo [Carman,
Gilbert, 1982]. 136) — [Jluxoiigos m gp., 1982].
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CcTAaHMAPTHOTO JaBiennms mo P Gap paccuntamo, Kar Yike 0TMEYanoCh,
no manaem f. I0sza m corp. [Juza e. a., 1979], CO, — no pamEnmM
K. H. Illmyxosuua u B, M. Illmonosa [1978], a npm pasiaeHmax mo
50 xbap n remmeparypax jmo 2100 K — no pammmm M. Borrmara n
II. Puanra [Bottinga, Richet, 1981].

Tepmopunamuueckne cpoiicTa o- u f-wBapna m koacmrta. Co-
rnacao pexomenpanmam HOJIATA-MCHC [CODATA..., 1978], an-
raasnug 00pa3oBaHNA B CTAHJAPTHAA DHTPONHS o-KBApHA IIPHHATH

KAk KioueBke TepMoxmMmueckme Beamumme: AH .05 = 910700 +
j;lOOO,I[m/MO‘m n Sgpes = 41,464 0,2 Ilx/(monn-K), orkyna ma-

XOauM AG! 098 = —806 321 & 1100 /mons. Hepmasmo B. M. I'y-
pesma m B. I'. Xumwocros [1979] semoaunan THATEABLHOE Iepeonpe-

JleJIeHHe HA3KOTeMIepaTypPHOil TeINIOeMKOCTH KBapIa t‘p.zas— 44,434

== 0,03 JTsx/(moas- K) 1 paccuntamm cramapTHyo bHTPONHIO Sagq =
= 41,43 4+ 0,02 Jlx/(mons-K), KoTopas conmajsa ¢ peKoMeHgamus-
MI HOJIATA—MCHC. Burcokoremneparypunie (GyHKIgnM KBapma pac-
cMorpenst B cnpasouynnke [Tepmommmammueckme cpoiictsa..., 1979],
HO TaM He YUTeHLI Pe3yJALTATH HOCASHNX pafoT N0 ONpefeaeHuio Bhi-
COKOTEMIIePATYPHOIl TEIIOEMKOCTH KBApPLUA W DHTAJBOUM o — [-me-
pexona [Ghiorso e. a., 1979]. B ypasHeEnn TemiroeMrocTH KBapra,
peroMenosanEoM cnpapounnkoy [Tepmojumammueckne cwoifctea...,
19791, yanrtaBaercs, X0TA M He B IOJHOI Mepe, aHOMaJbHAas TemJo-
eMEOCTL Kpapma B o0mactn ¢ — f-mepexoma myTeM ATIpPOKCHMAIHH
TemVIOEMKOCTH ypaBHeHneM derseproil creneun. Losee Tounoe ypasue-
mue ucnoasayor M. I'mopco u np. [Ghiorso e. a., 19791]:

cp=a+b:T+¢ T2 +2d1’/(1"—-848)
i=1
IOZBOJIAIONES OTPABHTH ACAMOTOTHYCCKHI XAPAKTED TEII0eMKOCTH
u KoopPUIUMEHTA CIKMMAEMOCTH KBAapHa B 3aBUCHMOCTH OT TeMmmepa-
Typsl Boanan A-nepexoxna. Coraacuo M. I'mopco m ap., sHTAXABOHA me-
pexoja, onpenenennan B murepsaxe 842—851 K, cocrasnser 451 4+
=+ 6 Jl/monn mas monorpueransna ksapina m 385 4= 6 Jlx/Moas nas
nopomka ¢ pasmepamu sepen 0,001—0,06 . Unrerpuposanne ten-
noemrocTH kKBapna B martepsagax 400—842 K u 851—900 K B rom-
Ounamun ¢ paTanpuueit nepexoja s narepsane 842—851 K mossomn-
JU UM PACCUNTATL UPHPANEHHe SHTANBINE KBapia B HHTEPBAe

400—900 K: Hygy— Hygo = 32 950 Jlm/Moan 10 cpaBHeHmio ¢ Be-
amanEamMn 33 849 Jliw/voan [Kelley, 19601, 33 179 [m/mons [Ro-
bie, Hemingway, Fisher, 1978] u 33 544 Ilw/moas [Tepmopmmamm-
Yyeckme cpoiicrsa..., 1979].

M. I'mopco ¢ KomIeraMu UPHBOIAAT ypaBHCHHE 3aBHCHMOCTH MOJIb-

Horo 00BemMa Kpapna or Temmeparypsi. Ilo orun mammsim AV, peak-
mun a-kBapr= f-keapiy cocrasaaer 0,020540,0031 [[x/Gap, uro me
COTJIACYOTCS, KaK OHH OTMEYAI0T, ¢ OPHHATON dHTAIbOUeR o — f-me-
pexofia M HaKIOHOM Juuum papHoBecusi peakrnu. IToaromy M. I'n-
0pco H [[PyrHe OPHHEMAIOT H3MCHEHNE MOJBHOTO 00bheMa KBapua mpo
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o — P-mepexomge pasusim 0,0128 [[#/Gap, npmsens ero B cOOTBETCT-
BHE ¢ HAKIOHOM JnHmnm pasHopecus mo mamumy JI. Koyma u ap.
[Cohen e. a., 1974].

Pacuerst TepmMognHaMHYECKIX CBOMCTB KBapima Hanbojee KOpPpeRT-
HEi ¢ uenoab3osanmeM gasaux M. nopeo n np. [Ghiorso e. a., 1979 ],
HO OHH OCIORHAIOTCA B 00JACTH YCTOMYHBOCTH 0-KBAPIA BHIIIE TeM-
neparypst 848 K m3-aa orcyTcTBHA MaHHEX MO CKEMAaEMOCTH, TEmIo-
BOMY paCHIMPEHHIO M TEIVIOEVMKOCTH -KBapna B 3TOM HHTEpBale.
IloatoMy M BRIHY#IEHBI C/[JIaTh HEKOTOPHE YIPOIEHHUS, IO3BOJIA-
fOIue B TOH WM WHOE Mepe BBUIOIHHTH TAKHe PACYETEHI.

YpasHeHHsA TeIVIOGMKOCTH o~ M [-KBapma OPHHATH 10 TAHHHEIM
P. Poou u corp. [Robie, Hemingway, Fisher, 1978]. Onpenenenne
SHTAJBIMN IEepexofa ¢ y9IeToM HPHHATHX YPaBHEHII TEII0eMKOCTH
BHITIOJHEHO UHTErPHPOBAHHEM AaHOMAJBHOI 9acTH TEMI0eMKOCTH
kBapia BOamsu A-nepexonma. Ilo mammsim M. 'mopco u gp. moayqaem,
9T0 AaHOMaJbHafd YACTh SHTAJLOMN Iepexoma cocrtaBiaser 380 -
=+20 Jlm/smoan. B coveranmm ¢ AH g5 = 451 im/moan  [Ghior-
so e. a., 1979] maiitem: AHge (2 = B) = 830 J:/moas, orciona
ASgys (@ = B) = 0,98 Im/(momns-K). ITpuprexas skcrepuMentain-
Hpie JlaHHBIE 0 HAKJIOHY JuHuN pasHosecus peakuun o-Ks = B-Ks
[Mirwald, Massonne, 1980b ], maxogum maMeHeHHe MOJBHOTO 00BeMa
gBapna npu o — f-mepexome: AV (e = B) = 0,0266  [[a/6Gap,
970 JWMb HA [BAa CTAHAAPTHHEIX OTKJIOHEHHs IPEBLIIACT JaHHEIe
M. T'mopco u np. [Ghiorso e. a., 1979]. Kpome Toro, ¢ yuetom Vigg
(o-KB) = 2,2688 Jlw/6ap [Robie, Hemingway, Fisher, 1978] n
vpasrenus Vy = f(T) [Ghiorso e. a., 1979], nomygaem Vg (p-Kn)=
= 2,368 JL;a/6Gap. Orciona, ¢ mpHBJIeYEHIEM NOJYYEHHOTO 3HAYCHIIA
AVgys (a-p) = 0,0266 J;x/6ap, maiimem moxbHEIT o0BbeM a-KBapma
npu T = 848 K: Vs (a-KB) = 2,3414 Jx/Gap. Jlanusie mo sapm-
CHMOCTH MOJBHOTO o0BeMa o-KBapia ot temmepatypsi sume 848 K
OTCYTCTBYIOT, HO, YYNTHIBAs HeOOJLITNE H3MCHEHHS MOJBHOTO 00he-
Ma [-KBapma B 9T0H 00JACTH, MMEeT CMBICA JOHYCTHTH IOCTOSHCTEBO
MoabHOTO o0beMa c-KBapma B uaTepsane I' > 848 K. C yuerom pam-
aerx B. Cranmepa [1969] m M. Tmopco m mp. [Ghiorso e. a., 19791,
MOJBHHI 00BeM f-KBapma IpefcTaBHM B BHe:

Vs sis (B-KB) =2,368[1 —0,0059-10° (T — 848)] Jisx/Gap.

Ceiiuac, yYHTeBasg 3aBHCHMOCTH OT TeMIepaTypsl MOJBHOro o0bema
o-kBapia mo ganasM B. Ckmruepa mam M. 'mopco u fip. m cikmmae-
MOCTH - H [-KBapma IO STHM ke JAHHKIM, MO/KHO PAcCcIMTaTh 3HATe-

Hust yuRun gy man AGyp p KBAPUA IPH DOBHINCHHLEIX TeMIEpaTy-
pax W JaBJIeHnAX:

P
gr(a-Ks) = gr(@-Ko) + | V7 (@-Ke)dP, T<848K; (L.1)

1
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P<P*

gr (B-Ks) = g7 (B-Ke) + | Vy(-Kn)dP, T>848 K. (1.2)

1

3necy u nanee P* ofosHauaer pasHOBeCHOE NaBJeHMe o— f-mepexoaa
npH RaHHOM TeMmmeparype. B pacuere g, kBapma B oGmactm I >
> 848 K u npu papnesaax P > P* geo0X0gaM0 OIPUHAMATH BO BHH-
manune P — T-ycnosma paBHoBecHa peakmmd o-HB = B-Hs:

P#*

r
gr (Ko) = g7 (B-Ku) + [ Vo (@-Ke)dP + [ Vr(aKe)dP, (1.3)
P*

AN, OPH AONYMEHHH V} =const @ P> 1:
gr (KB) = g7 (B-KB) + Vg (B-KB) P* + Vg (a-Kn) (P — P*).  (1.4)

Taxnm o6pazoM, B DpaKTHYECKHX PACYeTaX HCIOJBL3OBAHHE HTHX
$OopMyN CBA3aHO € TeM, YTO B PeaKIHAX C yYacTHEM KBapma Heo0xo-
JEMO Bcerfa uMeThb B BEAY P — T-ycioBma paBHOBECHA peakmud
a-EB = PB-Hs, 1o He Bcerna ynobHo. MoskHO ompeneanTs QYHRIHIO
gr a-xBapua upn T > 848 K, Torma Bo Beeit ofuactu cymecrsopa-
HAA O-KBapOoa pacuerThl MOKHO NPOBOXHTEL IO OOLMHEIM (dopMmymaM:

P
gr (K8) = g7 (@-Kn) + | V7 (@-Ks)aP (1.5)

RN i 01
gr (KB) = gr (a-KB) + Vygq (a-KB) (P —1). (1.6)

DOyaxmas g; o-KBapua B NpHOIM;KeHHN V;-=const onpeseaeHa
panee I1. K. Kapnossm u mp. [1971], a ceitaac paccunraem ee npu Go-
Jee CTPOTHX YCJIOBHAX ¢ NPUBICYCHHEM COBPEMEHHHIX HKCIepIMeH-
TaJdbHEIX JaHHEKIX mo peakmuam o-He = P-KB, a-Hs = Hoac m
p-Ks = Kosc. [lanHne 1o IOCTHeTHHM ABYM PEAKIUAM HEOOXOUMEL
I ONEHKW C;KEMAEMOCTH o-KBapua B 00JacTH TeMIEpPATyp BLINe
848 K. Crauana ompejennm g} roacurta. CormacHo mamHEM [[k. Xoa-
ma ¢ corp. [Holm e. a., 1967], onpenesnsmmx Tenmo0eMKOCTh KO3CH-
ta B obmactm 5—350 K, cramgaptHas sHTpOmmA KOSCHTA COCTABIAET
40,38 + 0,42 Jlmw/(mons-K). O1m ke aBTOpH HPUBOAAT JAaHHLE TIO
UPHPAIIEHHI0 HHTAIBIMI KOACHTA [0 T = 1072 K, uro B coueranun
¢ Cpaes = 40,4 Jlw/(Mons-K) mospomser paccunTath ypaBHeHH®
TemoeMrocTH Koacuta B oGmactm 298—1072 K: ¢, = 53,97 +
4+21,2.40* T — 11,8.108 T JKCTPAOJIAPYSA 9TO ypaBHeHHEe
no Gomee BhicoKmX Temmepatyp mo merony I'. IxakoGea m np. [Ja-
cobs e. a., 1981] n nposegs mosrTopHyI 06paboTKY MOJYUEHHERIX
HMAHHEIX, HAalJeM CIeAyomee YpaBHEHHE, OTPA/RAIONMEE TEIIOEMKOCTh
KoacuTa B mHTEpBame ~298—2000 K: c; = 46,564 -+ 35,33-10-2
T —9,67.105 7" — 8,76.107° 72. Ceiiuac, MCHOAB3YS HKCIEPH-
MEeHTaJbHE® [aHHbLIE [0 YCJIOBHAM paBHOBecHa peakuunii o-HB =
= Hoac m PB-Hs = Hoosc, moxHO Haiitm smeprmio 'mGGca xoacura,
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Puc. 7. Tlona yeroiiun-
BOCTH o-KBapma, B-keap-
Ia M KOJCHTA.

OHCnepUMeHTaNIbHbIe JAHHEE:
1 — [MacDonald, 19561,
2 — [Takahashi, 1963], 3 —
[Kitahara, Kennedy, 1964j,
4 — [Boyd, 1964], & — [Bell
e. a., 19685), 6 — [Boyd
e. a. 1967], 7 — [Boettcher,
Wyllie, 1968b; Huang, Wyl-
lie, 1975b], 7a — [Hapuxos

np., 1974; MmGynaros,
1977), ' 8 — [Akella, = 19791,
8a — [Oyrum, 1982], 9 —
[Weaver e. a., 1979], 9a —
[Mirwald, Massonne, 1980b].
TepMoANHAMMYECKUe JaHHEIe:

AVg,zu = const: 10 —
[Holm e, a., 1967), 11 —
[Ocrposckust, 19711, 12 —

pacuer no paHEEM P. Poln
u corp. [Robie, Hemingway,
Fisher, 1978), 13 — T0 e,
HO ¢ YueToM «— fB-lepexona

o
AV = /
B KBapIe ( gqn —0:01281x

l6ap). AVg=1(T,P): 14 —
pacuer J»k. Yusa nnup, [Wea-
ver e. a., 1979] mo pamHLM
Ix. Xoama u ap. [Holm
e. a., 1967], 15 — [Leliwa-
Kapystynski, Bakum-Czu-
barow, 1979], 16 — mHam

pacuer (cM. TeKeT), » S

200 400

i

L 1 I

600 &00 1000 1200 1400 T,’C

ITpenBapuTessHO pacCMOTPHM OKCHEPHMEHTAJBLHLIC [aHHEE IO
aTEM peaknuaM (pme. 7). PacxosxjeHns B HAX He NPHHNUOHAJBLHH B
00BACHAIOTCA B OCHOBHOM BONPOCAMEH KanmGpPOBKH YCTAHOBOK IIOp-
meHb — ruauaap. [Hocaenqune HKCIEePAMEHTATLHEIE ONIPEle]IeHUsT, BLl-
TNOJNHeHHE® HA YCTAHOBKAX € SAYCHKAMH BHICOKOTO JABIEHHS M3 XNO-
pucroro Hatpua [Akella, 1979, 1980; Mirwald, Massonne, 1980a, b],
coraacylorcsa B npemenax =0,2 kGap. Bonpocu xamnGpoBKR meranb-
Ho paccmorpernr II. Mumppansgom n X.-J[k. Maccone [Mirwald,
Massonne, 1980b], koTopriMu moKaszamo, 4TO JAAHHKE, NOJYICHHEE B
AYeiiKe BHICOKOTO JIaBJICHHS M3 TAJAbKa, BaBHIIEHH! IO JIaBJICHNIO Ha
9—10%. Cormacmo »Tum apropaM, IHWHAI0 PABHOBECHs PEARIUH
a-HB = Hoac mo:xmO nmpencrasmrs ypasnenunem P (kGap) = 20,73
-+ 0,00986 T (°C), 600°C << T << 1380°C, a nuMHMA DaBHOBECHA pe-
aknun f-KB = Hoac onmcmBaercs ypasmenmem P (kGap) = 15,994
+ 0,0134 7(°C), 1380°C << T' << 1600°C. TpoiiHas To9Ka ¢ «a-KBap-
meM, P-KBapmeM m koacmToM mMeer KoopamHaThr: 34,4 4+ 0,2 kGap
m 1380 =+ 15°C. Itm pamnme mcnoabp3yl0TCA HAMHU B JaJbHEHmuX pac-
gerax.

3aBUCHMOCTh MOJBHOTO OfbeMa KODCHTA OT TEMIIePaTypLl MMeer
san: Vr = 2,064 [1 + 0,0077-10-3(T — 298) -+ 0,0043-10-%(T —
— 287)*] [Crummep, 1969], xospdumment C;KEMaEeMOCTH OIpe-~
nenen B paGore ¥. Baccerra m [li. Bapmerra [Bassett, Barnett,

1970]: Pags = 0,68 mGap—'. Mcmoasays 5T BeIHYMHH IO KOICHTY
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§ NPHHATEE JaHHLe mo P-keapmy, Haiigem cBoGogHYI BHEPTHIO pe-
akun f-Ks = Kooc mpn T = 1380°C; AG, j653 = —7140 k. O1-
CIOZIA L1453 (Hoac) = —995 973 Jlix/moab m, npuHUMaA BO BHEMaHHe
Ss9s (Koae) = 40,38 Jx/(moan-K) [Holm e. a., 1967] u C = f(T),
moayuaem: AGs aes(Hoac) = —852 140 [iw/moxn u AHj 495 (I{oac)
=—906 841 }J;m/Mo.r[b Ilo aTHM mamHBIM MOKHO TOCTPONTH JIHHAIO
pasuosecus pearnuu f-Ks = Hoac B oGractn 1380—1600°C (mynx-
THPHAA JUHHA Ha pac. 7). BHOB paccunTanHas JHHAA MMEET HAKIOH
~196ap/K, 40 HeCKOJILKO npeBRmaeT sKCIePAMEHTAJILHENT, M0 JaH-
asv II. Mupsaasna u X.-Jlikg Maccone: 13,4 Gap/K. Yuntusas, aro
MOYTH BCE WCHONB30BAHHBIE fTepMOTHHAMHYCCKHe (QYHKOUH B HTOM
001aCTH HKCTPANOJIAPOBAHEL, MOKHO HOJAaraTh, 9TO COTJIAcOBAHHE
BIOJIHE YXOBJGTBOPHTEABHOE, & PACXOKISHHE MOJKET KOMIEHCHpO-
BaThCsL  yBeamdenmeMm oHTpommm Koacmra mpu [ = 1380°C ma
0,7 x/(mons-K).

Oopegenns TakuM o0pa3oM TepMoJHHAMHYECKHE CBOMCTBA KOJCH-
Ta, KOTOpHe AefcTBUTeAbHEI BO BCeM JKCHePHMEHTAIbHOM HHTEPBAIe,

§OKHO HaiiTn GyHKHIO g7 a-KBapna B o6mactm 848 — 1653 K, a tax-
#e OMeHHTH KOIPOUIMEHT CKUMAEMOCTH .B HTOM ke HHTepBaie.
C oroii membio ompefexuM yeiaosus pasHOBecus peakmmii o-HB =
= f-Ke n a-KB = Hooac B oGmactn 848 — 1653 K:
p* p*
gr(@-Ke) + | Vr(a-Ks) dP — gz B-Kn) + | Vi (-Kn)dP
1 1

P P
gr (Koac) + j Vr(Koac) dP = gr (a-Ks) + j Vr(a-Ks) dP,

Pemas cucremy u3 nsyx ypasHemuii B matepsane 848—1653 K
OTHOCHTeJIBHO MOJBHOTO 0GBeMa i gT a-KBapia, HaiijleM 3aBHCHMOCTH
KoapPuuenTa ciRUMACMOCTH M gr G-KBapma oT Temneparyper. 06-
paﬁoma MAHHLIX gT = f(T) ¢ yueroMm ycJaoBmit gus(a—l{a) =
= gess(p-KB) u ASges(a — B) = 0.98 Jik/(vmoas-K), npusoanr k
ANNPOKCAMAIMOHHOMY YDPABHEHWI0 TEINIOEMKOCTH ©-KBapia B HH-
tepsaze 848 — 1653 K: ¢, = 54,014 + 10,031-10-% T - 3,643 x
X 10-% T?. 3asmcnmocts KodpPuimenTa CREMAEMOCTH c-KBapma OT
Temneparypst mpneeneHa B rtaba. 2. Hoapdmmment camvaemoctn
o-KBapma maMmengerca or anadenna 2,085 mbap—! mpm T = 1653 K
no 3,02 mGap—! npu 848 K. Ilocregusasa peamunmua cpaBHAMA ¢ K0a(-
gumnentom cixmmaemoctn o-kKsapma npam 600 K: B = 3.09 mGap—!
[Ghiorso e. a., 1979] u co smauenuem f = 3,6 m6ap—' npm 848 K,
aKCTpanoaHpoBaHHLM 1o faHHLIM M. I'mopco u ap. us obaacrm 500—
600 K, Boimre koTopoii HavuHaeT NPOABIATHCH AHOMANBHENT Xapax-
Tep TeIJIOBMKOCTH H Koaddummenta cxmmaemocts ksapua. Hexona
M3 9THX ke COO0PAKeHHH, MPEACTABEM 3aBHCHMOCTH MOJBHOTO 00be-
ma a-ksaprna B obmactm 298—848 K s Buge: Vi (x-Hs) = 2,2688
[1 + 0,0582-10-3(T — 298)], a woapPumuenta CHKUMACMOCTH B BH-
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ne: Pr = 2,56 4 0,836-10-*(I" — 298) wmobap—'. Ilocrpoennwre 1o
OTIM JlaHHBIM JHHEN pasHoBecus peakuuii o-KB = Roase n a-He =
= p-Hs cosmapaor ¢ anpmamn Il. Mnpsansga n X.-J[:x.Maccone
[Mirwald, Massonne, 1980b] B ofmactu 7 > 848 K. Humke 848 K
aunang pasHosecnsa peaxinn o-He =Hoase mensger Hakaon ma oGpat-
HEIT, YTO COMIACYeTCA ¢ TmaTeJabHbiMu pacueramu [, Yusa u corp.
[Weaver e. a., 1979] u onenkoit I1. Mupsaasna u X.-Jl;x. Maccone,
a TaKike TOATBEP/RIACTCA HKCHePHMEHTAIBHEIMH  ONpeIeseHIIsMa
B. A. llyruna [1982]. Mpaega, no ganasm B. A. ITyrnaa anunsg pas-
nopecnsa pearmnn o-Hs = Kosc sanmaena Gomee wem ma 10 wGap
(cxm. pue. 7), 9TO CBA3aHO, HECOMHEHHO, ¢ HEOCTATOUHO KOPPEKTHOI
KaanOGpoBKON MCIOJL30BAHHON anmapatypsl BLICOKOTO JlaBJeHUsA.

Pasnosecnoe masienme pearnnn o-KB = Koae npn 25°C no na-
mmM gaAueiM coctasiager 30,3 K0ap, UT0 NPEBHIIAET COOTBETCTEYIO-
mywo seanunny . Xoama u ap. [Holm e. a.. 1967], noayvennyio
[0 TePMOXIMMAYECKHAM JaHHEIM ¢ YUCTOM C;RMMaeMocTH, Ho 0es yuera
BANMAHNA TEINIOBOTO pacmmpennsa Ha sutponnio ¢as, a aTo, B KoHed-
HOM HMTOTe, OPUBOJUT K JAPYroMy HaKJOHY ampnum pasnopecnd. 13
HamuX JaHHEeX moaydaem: AH, .. (a-HB = Hoac) = 3,859 x]lik
no cpasHenno ¢ seamumuoit 5,06 + 0,63 x/l;k [Holm e. a., 1967].
Cormacosamme Me;RAY JTHMH BeIUIHHAMN YAOBJIETBOPHTENBHO, UTO
MOKET CBUETeJILCTBOBATH O TOM, 9TO TPHHATHIE HAMII JIOMYIIEHHA
B pacuere TepPMOIHHAMHYECKHX CBOHCTB o-KBapia He HMeT IpPHH-
MUNNMAJILH0N  IOTPeNTHOCTH.

Ilac. Yusa ¢ koameramu [Weaver e. a., 1979] npnman k sursoay
0 HecooTBeTcTBHU TepMoOxmMuuecknx fanHmx Jx. Xomva ¢ corpya-
HHKAMM DKCHEPMMEHTAJBHLIM JaHHBIM pasHmXx astopos. CoraachHo
pacuery Jl;x. YHBa m 1p., paBHOBECHOe JlapjieHue peakinn o-lis =
= Hoac cocrasaner 35,5—38 xbap npn 25°C. a Junus pasnoBecHs
nMeer HakJaoH 0T —7,4 mo —9,6 Gap/K (cm. pme. 7), torma kax 06o6-
HIeHHAs AMH DKCOEPHMEHTAJbHASA JIHHAA DPABHOBECHS OTIPEeNiaeTcs
ypasuennem: P (x6ap) = 18,3 + 0,013 T (°C). 91y aunmio [;x. Yusa
¢ Kojueramu akcTpanmoaupyor kK 25°C u B peayantate NOJYYamT
mas peaknun o-KB = Kooc: AH, .05 = 2,34 &k u AS, .0 =
= —2,93 Jlw/(wonn-K), 4T0 mpoTHBOPEUNT TEPMOXHMHYECKHM JaH-
aaM . Xoama u ap. Jro npotneopedne o0BACHAETCH TeM, 4TO
Iz, Yusa ¢ Koasieramn, skeTpanoanpys K 25°C aKcIepunMeHTanbHYIO
JUHAI0 PABHOBECHS, He NPHHUMAIT BO BHUMaHHE aHOMAaJIbHYIO 00-
aacrs Boanan 848 K, rpe pesko MeHs0TCS HEKOTOPHIE TEPMOINMHAME-
yecKue (YHKIMH o-KBapia.

§ 2. CHUCTEMA Si0,—Al,0,—H,0.
ONTHMAJIBHBIE TEPMOJITHAMIYECKIE CBOMCTBA JIHACIIOPA,
NHPOGMJIJINTA 11 KAOJIHITA

Cucrema Si0,—Al,0;—H,0, nons cradnapuoctu amacnopa, ruboen-

ta, Oemmta, nmMpPoPHJJINTA W KAONMHHTA, a TaKke TNOauMOpQoB
AlSiO; nmeor Ba;kHOe 3HAYEHHe [N NOHNMAHHA TPONECCOB MeTa-
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Mopu3Ma, BLIBETPUBAHHUA W TI'HAPOTEPMATLHLIX M3MEHCHWH TOPHEIX
HOPOJ.

Hmxe B raGananoii gopme mpuBeeHEl BXOTHBIC DKCIePHMEHTANb-
HHEe JaHHLe ¥ PACCMATPUBAIOTCA TePMOXHMHYECKHE BEJIMYHHEL, KO-
TOpPHIe MCHOJH30BANNCH NPH (OPMHPOBAHMH MOJEJIH COTIACOBAHHAA,
OPHBOJIATCA PE3YABLTATEL COTJIACOBAHUA M COMOCTABIAIOTCA MOJIYIeH-
HElIE TEPMOJHMHAMHYECKHE  XapaKTePHCTHKH ¢ JATepaTyPHBIMA
MaHHBIMHA.

ITo paccMOTPeHHBIM AKCHEDFMEHTAILHBEIM JIAHHAM OLUIH  paccum-
TaHE CBOOOJHLIE DHEPTHM PEARINI B KaKI0H HKCIePIMEHTaIbLHOM
Touke (rabm. 3). 9TH BEJWTHHB ¢ MX IOTPENIHOCTAMH BKJIIOYEHH B
CHCTEMY OTPAHHICHHH MOJENH COIJIACOBAHUN TEPMOJHHAMUYECKN X
cBoifers jguacrnopa, nupoduiannrta U Kaoxumanrta. Ceifuac Kpatko pac-
CMOTPHM T€ TEePMOXMMHIECKAE M KAJOPAMETPHYCCKHE TaHHbE, KO-
TOpPLIE MCIOJIL30BAJNCH B ONTHMH3ANHOHHEIX pacyerax.

E. Kunrom m V. Yomrepom [King, Weller, 1961] namepena nus-
KOTeMImepaTypHas TemIOeMKOCTh W pPaccInTada CTAHJAPTHAA HHTPO-
maa jmacmopa: Saes = 35,23 4= 0,13 Jlxw/(voas-K). JI. Iepxunc
¢ coasropamu [Perkins e. a., 1979] Bemoammau mepeonpeneincune
TEmI0eMKOCTH Jinacnopa npH (ojiee HUBKAX TeMIepaTypax M paccuu-
Taad TepMoguHaMmdYeckue PyHrumun gmacnopa B umatepnane b—510 K,

ITo pammbim J[. Ileprunca m ap., Saee(llc) = 35,34 + 0,1 [/ (Moas-
-K). Ilpemensl mByxcToponHmX Orpagmvenuii Ha CTaHJapTHYIO
DHTPOIUIO ONPEJEJNeHBl ¢ YYETOM OTHX JaHHBIX: 35,1gs;ng
< 35.47 Jlw/(moan-K). Ilexkoropsie aBTopn B KayecTse ypaBHEHHSA
remoemkocTH juacmopa [Helgeson e. a., 1978] npmusan remmoem-
xocrh Gemmra mo panapM X. Ilomeira w O. Kyka [Shomate, Cook,
1946]. Henoassopavmeecs mamu pamee [Rapmos u ap., 1977; Jlopo-
rokymer, Kapmon, 1979] ypasmenme rtemroeMrocTH Amacmopa ObIIO
paccYnTaHo IO AMIOMPHYCCKUM YpaBHeHWsM M B npegemax 5% corma-
Cyercs ¢ DRCHePHMEHTAJLHLIMHE Ompefesenngmu Temtoemroctn |Per-
kins e. a., 1979]. O6patorka manuex [{. Ileprunca n coasropor mo
mporpamme perpeccuonHoro anazmsza [Hasemum, Xanuyannuma, 1979]
OPUBOJIMT K YPaBHEHHIO TEIUIOEMKOCTH IHAacIopa (C; = 49,44
+57,82-107°T — 11,86-10°T%(298 — 510K, S, = 40,23 i/
/(Moas - K)), kotopoe u ucmoanayercs » macrosmeii paGore. Temmoem-
Kocth guacmopa mo mamaeiy T. MyxauGo ucoastopos[Mukaibo e. a.,
1969] meckoanko sasnrmena.

Cragpapraas sHTponms mumpoduiinta oupepenena . Hunrom
n Y. Yomxepon [King, Weller, 1970]: S,os = 236,8 = 2.1 I/
/(Moan-K). P. Pobm ¢ corp. [Robie e. a., 1976] ma onpene-
Jenuii remroeMmrocTn nnpoduaanra B uarepsaxe 15—375 K nomyun-
Ju Gojee BLICOKOE 3Ha4YeHHe cCTAaHZApTHOH oHTpommm: 2394 4+
=+ 0,4 Jlae/(moan-K). D10 3navesne ¢ cOOTBETCTR YOIMMH J[BY XCTOPOH-
HHMH OrpaHuYeHHAME BKJIIOYeHO B MoJexb corsmacosanmsa. O. JI. Kye-
koBuM [19736) ompepenena TemnoeMKOCTh NUPOQIIIATA O TEMIe-

parypu 773 K (e, = 433,5 + 20,75-107°T — 131,84-10°T %), ko-
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TaGammoa 3
Bxonupie sxcnepaMenTanbubie gannbe(T, PH.O)’ PacCIHTAHHBIE N0 HAM (AG?.' 7)

H [0 ONTHMATBHBIM TEPMOJMHAMHICCKEM RaHNLIM (O ¥) cBoBojubIe dHeprEN peax-
ouit B cncreme Si0,—ALO0;—H,0, ik

o
B Peaknua T, °C E- AGE . 6? L
-] £ ’ s
z & 3
-1_ 2 3 4 5 6 i
1|2/le=Kp+ H0 | 3985+9,5 | 1.75| —31130860 | * 31676 | 546
2 @1 40447 | 24 | —324504650 | —32589 | 139
3 41947 3,5 | —35077+680 | —35076 | —1
4 4255485 | 4,8 | —37216850 | —36484 | —732
5 461,546,5 | 7,0 | —424894-550 | —42129 | —360
6 475410 |10 —462504-970 | —44396 |—1854
7 500410 |15 —522074+990 | —48392 |—3815
8 520410 |20 —572151000 | —51640 |—5575
9 575410 |17,5 | —61265:1000 | —60522 | —743
10 630410 |22 —0693484+1000 | —69277 | —T1
11 394+10 | 1,0 | —29648+860 | —30927 [—1279
12 | IIp = A+ 3K - |  381+11 | 24 | —30761+1020 | —30416 | —345
B 1y0 @2) | 4005 3.5 | —33949480 | —33494 | —455
14 42045 48 | —37361+500 | —36724 | —637
15 46045 7.0 | —435854-430 | —43173 | —412
16 410415 | 1,8 | —3253041350 | —35109 |—2579
17 430415 | 3,9 | —37215+-1430 | —38338 | 1123
18 36610 | 1,0 | —27363+860 | —27983 | 620
19 400415 | 1,0 | —305324-1290 | —33494 | 3142
20 4875 2,0 | —39541+420 | —47516 | 7975
21 51310 | 6,9 | —48467+950 | —51689 | 3222
22 | Iy = Mme - 3Ke - | - 512410 | 7,0 | —43334+930 | —48461 [ 5127
B 4 H,0 2.3) 528-4-10 | 12,0 | —46201+970 | —50874 | 4673
24 50545 5,88 | —42224+4060 | —4T7405 | 5181
25 560410 |17 —49457+1000 | —55704 | 6247
26 570410 |20 —51103+1000 | —57211 | 6108
27 | 0,25I1p 4 1,50Ic = 367417 | 24 | —20747=1600 | —29319 | —428
Bl —Amg 4+ mo 4| 38310 | 35 | —82752:£000 | —31978 | —774
29 40646 48 | —36603600 | —35789 | —814
30 44543 7.0 | —420694-320 | —42213 | —756
AN 337410 | 1,0 | —24877£920 | —24313 | —564
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Oxonmuamme Taba 3

1 2 3 4 3 6 7
32 | 0,25I1p 4 1,50c = 535+5 12 —482754490 | —53560 [ 5285
33 |=Hue 4+ H,0 (2.5) 99545 22 —52036£530 | —o6586 [ 4550
34 | O + 3Kp = 4Jlme+ | 52045 7 | —35588+470 | —50199 | 14611

+ Hy0 (2.6)
35 | I -+ 3Kp = 4Ama+ 370410 0,98 | —28657+880 | —38483 | 9836

-+H;0 2.7
36 | Ka = [l¢ + 0,511+ JOj:lD 0,98 | —24058+-920 | —25838 [ 1779
a7 | - HO (2.8) 30010 1,0 | —20390£920 | —20616 226
38 | 0,6Kx = 0,2[1¢- 364412 1,0 | —266531100 | —28915 | 2262
39 | 4 0,4Amp 4 Hg(g 9 397412 2,0 | —30605+1100 | —33688 | 3083
40 | K + 2Ks = Il -} 325420 1,0 | —22767+1840 | —24540 | 1773
41| + H0 (2.10)| 345410 2,0 | —251264+950 | —27210 | 2084
42 37515 4,0 | —28619+-1430 | —31228 | 2609
43 30010 1,0 | —20467+920 | —21201 734
44 273+10 1,0 | —178924+950 | —17595 | —297
45 30114 1,05 —20581+1310 | —21335 754
46 309413 2,0 | —217144-1230 | —22403 689
47 340410 0,5 | —23791+900 | —26543 | 2752
48 360410 1,0 | —25946-880 | —29218 | 3272
49 390410 2,0 | —292534+910 | —33215 | 3962
50 40545 6,9 | —32050£480 | —35200 [ 3150
51 290 0,67 | —19222 —19513 291

IMlpunmMevuanue. JiureparypHsle ucrounngm: 1—5 — [Haas, 1972], 6—8 — [Voigt
e.a., 19771, 9, 10, 25, 26, 32—34—[Matsushima e. a., 19671, 11, 18, 31, 37, 44 — [Hemley
e. a., 1980], 12—15,'97-30 — [Haas, Holdaway, 1973], 16, 17 — [Kerrick, 10681, 19 —
[Hemley, 19671, 20—23, 47—50 — [Althaus, 1969], 24, 35, 36 — [Mapnkos n np., 19721,

40—42 — [Thompson, 19701, 43 — [Reed, Hemley, 19661, 31 — [Fornier, 19691, nwur.
no [Zen, 1972), 38, 39, 45, 46 — [Velde, Kornprobst, 1969].
Topass B mpeaeiaax 5% coraacyerca c¢ Godee MO3AHUME Ompejese-
auavu P. Po6u n corp. [Robie e. a., 1976; Krupka e. a., 1977, 1979].
Hamo ormernts, uto B mocaenneii crarne [Krupka e. a., 1979] npu-
BOAUTCA OMO0YHOE ypasHEHHe, X0TA 00Jee paHHIE YDPABHEHAA HTHX
;e asropos [Krupka e. a., 1977; Robie, Hemingway, Fisher, 1978]
koppertusl. Hamm mposenena mopropHas o6pafoTka onpejeseHii
K. Kpynka 1 coaBTopoB H HOJy49eHO CIEAYIONEee ypaBHEHHEe Terio-
eMKOCTH  mpoduiaauTa: c:, = 218,77 + 507,1-10-3 T — 46,83.
105 77 — 264,35-10-% 72 (298—700 K, S, ==1,73 Jiix/(mons-K)).
Coranacuo onpeneixenusm E. Kunara u Y. Yaaaepa [King, Wel-
ler, 19611, cranpapruas surponuns kaoammnra cocrasaser 203,05 4=
+ 1,26 Jlw/(moan-K). E. T'. Hykosckuii ¢ coasropamu [1978] B
TeancHol (opve coobupmin 00 M3MEPEHHH TeINIOEMKOCTH HECKOJILKIIX
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o A

o6pasnos kaoamuuta B untepsase 2—300 K. Cranmpapruas surponns
KaoJanHuTa mo atuM ganaem coctasager ot 199.8 no 202,3 I/ (mons-
-K), 5o B momenn cormacosammsi BrIoueHa satponnsa E. Kumra n
Y. VYoanepa c¢ coorsercTBylOmuMi orpaHmueHmaMu. TemmoemMkocTh
rkaoxmanTa B nurepsanxe 100—400°C soepssre onpeneaena O. JI. Kye-
koseiM 1 H. M. Xuraposmm [1969] meromom Temmosoro anammsa 1
B mpefenax 3% coraacyercs ¢ HeJMaBHUMI H3MEDEHNAMEI TElT0eMKO-
crir, BeimoaHenHsivun B. Xomummrysem u coaBTopaMm B MHTEpBase
340—600 K [Hemingway e. a., 1978]. B mopean coriacoBauma mc-
noaB30BaHO pexomengoBanHoe B. XoMuHryoseM H coaBTOpaMm ypan-
HeHIe TeILIOeMKOCTH KaoumHuTa: ¢p = 1430,26 — 788,5-10-" T +
-+ 83,341.10° T2+ 303,4-10-% 7°—1851,58-10 T-%5% (250—800 K).
Iymupnueckue oneHkn Temroemroctn [Helgeson e. a., 1978] n amt-
pounnm Kaoamuuta [Krupka, Robie e. a., 1979] sasmmenst B o0mactn
500—800 K ma 5—15%.

CucremMa orpaHmYeHHH B MOJedH coriacoBanus Oasmpyercss Ha
ypaBHeHNAX peakmuii, npeacTapieHHENX B Tabx. 3, n BKINYa-
er 51 ypasmenne ¢ mecTbio nepemeHHEIMI: AGy ags 1 Syeg AMACTOPA,
nupofuanNnTa M KAONMHHTA. Y PABHEHNH TEIVIOEMKOCTH BRIIYEHB
B CHCTEMY B JIeTEDMHHHDOBAHHOM BHJIE, OIDAHMYEHHA HA CTAHJADT-
HYI0 BHTPONHI0 PacCMaTPHBAIHCH Bhime. [[ByXcTOpoHHIE Oorpanmie-
HUA Ha crapgaprayio sHepruio I'mbOca KaoJmHHTA BBEJEHEL B COOT-
sercrenn ¢ peromenganuaymu B. Xoumnuaryasa u P. Poon [Hemingway,
Robie, 1977a]: —3 802 025 << AGy 495 (Kn) << —3 796 675 Jl/mousn,
nApoguIInTa M AMACHOPA — B COOTBETCTBUM ¢ HammMu GoJee paH-
HuMu panaeivu [Kapmos m ap., 1977; Jloporokynen, Kapuos, 1979 ]:
—5 207 800 << AG 095 () << —5 266 600 Ti/moan m —922 580 <
< AG 295(Te) << —920 480 Jx/mous.

OuTumaibuble  TePMOJMHAMHYECKHE CBONCTBA JMAacnopa, mHpPO-
$pumra n kaoanaura. B Xojle onTEMU3AIMOHHLIX pacueToB ObLIO
seinoaneHo 6ogee 10 urepammonnmx mukaos. [Ha mepsoit urtepamnn
gebnmenckoe oTkiaoHenme npesmmaino 14 xJ[ik. Amanus jBoiicTBen-
HOTO PEINCHNH M HEBA30K ME/lY BXOJHBIMH 3HAUCHHAMI AG 7 m
BEIYNCJIEeHHEIME Oy nokaszan, 970 omulKa CONEP/KNTCA B YPABHEHHH

35 radx. 3. Ucnpaeaenne AG:.,T 9T0il pearnmum CHU3NI0 TeOrrmen-
cKOoe OTKJOHeHnme Oojee wem B 2 pasa. [lanee OblIH HCHpaBIEHLI
AG;,T pana apyrmx peakmmii (7, 8, 20, 22—26, 32—35). Hempas-
JeHne KocHymxoch jpanmeix P. @oiirra m coasropos, 9. Anprxaysa,
B. A. Hapurosa u corpyaunkos, C. MarcymmMsr n coaBTopos, Gra-
rogapa 4emy ue0HIeBCKOE OTK/JIOHEHHEe cOcTaBmio oxoao 2 wJlx.
JlanpHeiimee CHIZReHHe MaKCHMAaJbHOII HeBASKH ObIIO 00yCaOBIACHO
He3HAYNTeJIBHOIl KOPPeKTHPOBKOH Apyrux peakumii. Ha mocnenreit
urepaiii ObLIO IPOBEEHO 30HINPOBAHNE MHTEPBAJOB HeOIPeaeseH-
HOCTH BXOJHBIX 3HauYennit AG,r, KOTOpo@ DaCCUNTHBAIOCH C YIETOM
NOTPeNIHOCTH HKCIePHMEHTa, HO OIMOKH IPOCTHIX BENeCTs, ORHCIOB
M 0a3uCHHIX MHHEPAJOB B HTOT pacder He BRIOYAINCh. Bumoaneno
53 ncomranus. Cpennee yebnimnesckoe orkaonenne cocrasnao 1690 [,
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Byy0, #0ap Puc. 8. CraGHIbENe peakn®m B cHcTe-

S é S ] e 8i0;—Al,03—H,0, paccurrannne
sk :’ ‘§ u 10 ONTHMAJIBHBIM TepPMOJHHAMHYECKHM
B S il JlaHHEM.
- o, S =
B ¥ 7
T, “{3’,’9&5 oy Cpenane mo 53 memmTanmsaM 3Ha-
- PN\ /‘/«5*2 ¥ /- UeHHA  CTAaHJapTHOH  oHeprEEm
C %o 0 ”cg g %,%j I'mG6ca m cramgaprroit smeprmm
70 ” Q¥ u:§ o -| nmacmopa, mapofmmiHTa W Kao-
E ndl £ & /¢ JAUHATa PaBHHE  COOTBETCTBEH-
%3 , e N/ l HO: — 921190 + 82 ITw/mons,
i Y SR P 35,15 &+ 0,04 I/ (mons - K),
N E A i —5 267 390 + 170  [/moxs,
f &8 A 1 239,12 4 0,08  Iiw/(moms-K),
[ =g - —3800 300 + 240 ITk/wons m

hhite b l—n 203,18 1+ 0,33 /(Moo K
200 300 400 500T% (. whGa! E-B); Fow/( )

Ilo corsacopaHHRM TEePMOAWHAMHYECKNM CBOHCTBAM JAmacmopa,
nnpofmITATA M KAOJAMHATA PACCINTAHbL ONTHMAIbHBE 3HATCHHA
cBoGonuLtx oHepruit peakumit (Oy) M UX HEBFBKH C MCXOXHBLIME JKC-
mepaMenTanbHeMAE 3HaveruaMu AG, 7. 3matenna AG — Oy mpmso-
natea B tabii. 3 H XapaKTepua3yioT COOTBETCTBHE KasKIOH BXOTHOM 9KC-
HePUMEHTAJIBHOM TOYKH ONTHMAJNBHLIM TePMOJIMHAMUYECKHM NaHHEIM,
ITo num mocrpoena gasosas amarpamyma cuerems Si0,—Al,0,—H,0,
Kortopas mpusojutcs Ha puc. 8. CXomHHII BADHAHT AHArPAMMEL IPH-
pomuan pagee B. Yoax m 9. Jccere [Wall, Essene, 1972; Bepuon,
1980]. B ofmact;m HEeBHICOKHX JaBleHHmi K Hel OGIN3KH AHATPAMMLL
II. Ilepkunca n coasropos (momens 4) m Jl;x. Xemanm u ap. Mu noxa-
raem, UT0 cumcreMarmueckoe mceaeposanne [[;x. Xemum m corpymHH-
KaM# pPacTBOPHMOCTH MWHEPAJIOB B BOJE BHECIO fICHOCTH B BOIPOC
o tomojormu cucteMmsl. Homeuno, mpenmaraemas Ha puc. 8 dasosas
[marpaMMma He HeajJibHa B TOM CMEICJIe, 9T0 Mbl IPeHEOPErin BIAAAHACM
TeMIepaTyps M JIaBJeHNS Ha MOJbHEN 00beM TBepaux ¢as, xora mo-
NpPABKE B HTOM caydae OyayT HesHAYHTeJALHH!. B Goibimeil cremenu
monpapka CKaskBaeTcs Ha Teeprodasooii pearmum 2][c - 4HB =
== l:[[b. E:G-TIIEICI I[O]IYCTHTBQ, 9TO  Clggg (H(b) = Ologg (J_EC), 6298 (MC) =
— Bugs (T1d), Bags (BP) = Pags (Ic), 7o mummA pamiobecus peaxmmm
10 ONTHMAaJIBHEIM TEPMOAMHAMHYECKHM JAHHBIM CMEIAaeTca B CTO-
pony Gosee Beicokux papiaenunii Ha (,5—4 kbap (WTPHXOBHE JHHEA
Ha puc. 8). B srom ciydae noje crabmiasHOCTH nmpoduiaanTa pacum-
prerest go 8,5 w6ap npm 300°C m 17 wbap npm 450°C.

HNannsie [[;x. Xeman ¢ cOTpyAHAEKAMHE TT0 HHKOHTPYSHTHOMY Pact-
BOPEHHIO aJIOMOCHJINKATOB ObuI0 Obl 0OmMO0YHO NPHHMMATE KaK AaK-
CHOMY B pacderax TepPMOJMHAMMYECKHX CBOMCTE MHHEDAJOB, Ha YTO
yike ofpamanock suumanue [[loporokymern, Kapmos, 1982]. Maszo-
san pumarpamma cuereMsr Si0,—Al,0;—H,0 mo omrumaisHEEM Tep-
MOJMHAMEYECKHM RaHHEM B koopamHatax I°C — lg a(SiO,,,) upm-
BeJeHAa HAa puc. Y B CPABHEHHH C HKCIEPHMEHTAJILHHIMA TAHHBIME
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Pue. 9. lona crabmasmocTs MumepanoB B cucteme Si0,—Al,0,—IH,0.
DrcmepuMenTanbible gamHste Jix, Xemmn m cotp. [Hemley e. a., 1980]: I — I$+Hy0=
=HKa + 251026(],; 2—-Hn=20¢c + 25102aq; 3 — M = 2[0¢c + 4810, agy #— I = Anx +
+ 38104 gq + HyO; § — Ann + Hy0 = 2]Tc +8i0y q4; 6 — AN = Kp+8i0; g7 7—Anp=Kp +
+ 8i0y gp Mo mamneM T'. Bpayna u ¥.®atipa [Brown, Fyfe, 1971].

TepMoaunaMudecKue JAHHBIE: INTPUXOYHKTHDHAA JMHUA — pacuer mo panusiM T, Xenm-
recopa m corp. (Helgeson e. a., 19784, CINIOLUHAA JIMHUA — pacyer 10 ONTUMATbLHBIM
TepPMOIMHAMMYCCKUM JandbiM (P=1 k0ap), mWTpuxosad JuHUA — TO ke (P=2 xbap).

k. Xemun u corp. [Hemley e. a., 1980] n apyrumu onpegenenmamm,
pan Pp,o=1 xbap Ham pacuieT ¢ [NOTPemHOCTBI0 HE Xyike

+0,05 Ig a(Si0, ,4) cormacyerca ¢ dKCHEPHMEHTOM, 33 MCKIIOYCHHOM
peakmuu fecmIuPURANAN AHAIY3HTA, HO 9TA Peakmus He IPOTHBO-
peunt anamormunomy akcuepumenty I'. Bpayma m Y. Maiida [Brown,
Fyfe, 1971]. O@yukmma g;(Si0,,,) npuEATA HaMH DO JaHHHM
. Yoarepa u I'. Xenrecoma [Walther, Helgeson, 1977 ], xoropan
coraacyercn ¢ sueprueit I'm66ca H,SiO,,, [Hemley e. a., 1980] B
upepenax 4500 [[;x/mons. BrrsmBaer HeZoyMeHHe CYIIECTBEHHOE
pacxoskjienne paciera m skemepuMenta upn FPy,0 = 2 k6ap, ocobenno
peaknuu IIp + H,0 = Ka + 28i0, ., X0t mpm Py = 1 xbap
coriacopagne ouens xopomee. IHa sToM jke pHCYHEe IPOBOJATCA M-
HUH PABHOBECHS peaknuit AecHInuKaInn, pacCINTAHHLE 110 JaHHEM
I'. Xearecona m cotp. [Helgeson e. a., 19781, kotopne B mesom focra-
TOYHO Y/JOBJIETBOPUTEIBHO COOTBETCTBYIOT HKCIEDHMEHTAJTBHBIM JaH-
BeM 3k, Xemun ¢ corpynankamm. Ho passosecme peakmmm I +
-+ H,0 = Kux 4 2Si0, ,, xapaxrepusyercs 0ojiee BHICOKHMH KOH-
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NeHTpaIUAMA KPEeMHeseMa B PacTBOPe [0 CpasHeAWI0 ¢ DKCHePHMeH-
tom, a peakmuu Ka = 2]I¢c + H,0 -+ 2Si0, .4, BaoGopor, 3maun-
TeABHO 3aHM;KeHHRMHN. VMeoTcsi cymecTseHHEI® pPa3iudnsfd W B TO-
ponornsx cucremsl mo mamabM . Xearecoma ¢ corp. [Delany, Hel-
geson, 1978], mo mammmm [k, Xemam m coaBTOpOoB M WO Ha-
M JTaHHBIM.

B ra6x. 4 npuBemensl TaHHEEe N0 dHTAABINA 00Pa30BAHNSA W 9HED-
run I'mbbca gmacumopa mo pexoMeHjamusM pasHeix asropoB. Heomro-
KpaTHO NpPOBOMMIOCH oOcy:kaeHme atux pafor, mocaexuume omyGan-
ropannt B. Xamummarysem ¢ coapropamu [Hemingway e. a., 1978] n
M. JI. XopakoscknyM ¢ corp. [1¥80]. B. Xamunurysit n ap. B oGpaGoTke
aapanx I'. Xaaca [Haas, 1972] memoanpayioT paccunTaHHYIO IMOCTEN-
HUM HHTPOnHo u (GyHKmuio sHeprun I'n66ca guacmopa, KOTOpHE OKa-
BaJIHCh CYIIECTBEHHO 3aHUKEHHLIMI 1[I0 CPaBHEHHI0 € YKCOCPHMEH-
ranpHeM onpepneaennem J[. Ilepkunca u coastopos [Perkins e. a.,
1979] (mo 10 Is/(moas-K) npu 7' = 800 K). B. Xamunrysit ¢ co-
aBTOpaMi OTMEYAIOT TaKiKe JIOBOJLHO BHAYHTENBHOE CHCTEeMATHYECKOe
pacxosxnenne B sHeprum I'mGOca Amacmopa, paccINTaHHOM M3 TaHHBIX
no pacrsopumoctu [Reesman, Keller, 1968] (cy. 1abx. 4) m u3 Bhi-
coroTeMIepaTypHsX papHoBecHEmX pmanHmx I'. Xaaca.

PacemorpuM TepMOAMHAMHYECKHE CBOICTBA KAaOJAMHNTA W IAPO-
duananTa, TOAYYEHHEIE B TOCHeAHEe BpPeMs pa3HEIMH ABTOPAMEI
(raba. 5 u 6). 3en E-an [Zen, 1969] paccunran TepmojmHaMudecKne
CBOMCTBAa IMHPODUIINTA IO PasHHIM PeaKIMAM M NOJYTIHJI JBa 3HAYE-
Hng opueprnu I'mG6ca ¢  pasanmein oxomo 29 xJ/[w/mons, uto
BEHIXOUT 3a PasyMHBIE NpeJelnsl JONYCTUMBIX HOTPEemHOCTed sKeme-
puMeHTa M pacyera. AHaIN3 TePMOJAHHAMHYECKIX, BKCIEPHMEHTAIb-
HHX I merporpafuyecKnx JanHRX npusea 3en E-ana kK mpemmososke-
HAO 0 3HAYUTENBHOI CHCTEeMaTHYeCKOH ommuOKe B aHTAJNLINN U DHEp-
ron 'm66ca moamvoppunx mommdnranmi Al,SiO;, a omnbka B aH-
TAJABINHE 00pa30BaHMA KaOJMHATA 1O KaJOPHMETPUTECKHM TaHHKIM
M moutH nckiiodaaack. IToame [Zen, 1972] om menee kareropuuen
¥ NPUBOJMT JIBE CEPHU COINTACOBAHHBIX TEPMOAHHAMHYECKHX JaHHBIX,
Gasupyomuxcs Ha sHTaJXbOHH 00PasoBaHHA KaoJMHHTA W KOPYHAA.
B oranune or 3en E-ama . K. Hapoos ¢ coapropamu [1971] npamo
yKasajn Ha 0OmuO0YHOCTH OMpeJeeHnsl DHTAIABINI 00pasoBaHus Kao-
JNHATa, MYCKOBHTA M HEKOTOPHIX IPYTHX MHHEPAJIOB, BEIIOJHEHHOIO
rajopumerpuuecknmu meropamn [Barany, Kelley, 1961; Barany,
1964; n np.|. ITosske MHOrEMU aBTOpaMH OBUI HEPECMOTPEH TEPMOXH-
muvecknii quka P. Bopoum m K. Kennm u menpasiaeHsr ommb0IHBE
aHTanbonm o0pasoBaHnA rubOcHTa, KAOAHHHTA, TaJJ0VA3UTa, JHKKI-
Ta, Myckosura u apyrux muuepaaos [Thompson, 1974; Chatterjee,
1976; Chatterjee, Johannes, 1974; Hemingway, Robie, 1977a; Tep-
MUYecKne KOHCTaHTH..., 1979 n np.l. B 1o ke spema X. YVasbpux
un 9. Mepuno [Ulbrich, Merino, 1974] paccmorpean Goasmoe Komu-
9eCTBO IMAPOTEPMAJbHEIX PaBHOBECHII, peaKmuii jernjpatanud, AaH-
HEIX [0 PACTBOPHMOCTH MHHEpPAJiOB B BOJE W PEKOMEHJ0BATH CEepUD
COITACOBAHHLIX TEPMOAMHAMHYECKNX JAHHEIX, KOTOpPHIE COIJIACYIOTCH
¢ napnsivu P. Baponn n K. Keaan mo rnGGenry, Kaoamuuty u Myc-
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Tadoauna 4

CTRRJIHPTHHE TEPMOTHHAMITICCKHC XapPAETCPHCTHRN AHacuopa, peRoMeH0BaAHHBIC

Pa3HBIMII ABTOPAMH

AH?lng , K J#/Monn

AG?.ZQSv 1K /MO

HeTodHHEK

—999,641 +0,71*
—1002,074-2,2
—1003,7--0,88 *
—999,98+-2,2
—1002,07+2,09

—1000,854-0,84
—999,684-0,84 *
—998,68--1,59
—995,041,4

—996,09

—1002,357
—1000,5854-5

—992,32
—099,045 ***

—999,4640,37
—999,456 10,366
—999,64+0,71
—998,803

—999,764-0,082

— e

—918,394-2,09
—921,108 *
—914,624+1,67
—917,6-1,7 **

—021,32
—023,524

—922,3754-2,07

—920,187+1,59
—920,06

—016,5+1,38
—9017,58

—919,94

—921,525
—922,204
—922,04+5

—013,794
—020,8**=*
—018,388
—920,06

—920,94-0,36
—920,9454-0,362
—921,107

—020,244-3.8
—921,1914-0,082

I'yfe, Hollander, 1964

Reesman, Keller, 1968

Mukaibo e. a., 1969
Tam snce

Haysos u jp., 1971
Tepmugeckue..., 1971
Haas, 1972

Tam e

Zen, 1972

Thompson, 1974
Ulbrich, Merino, 1974

Rapnos, Rucexes, JleTHHKOB,
1976

Rapnos, Kucenes, [loporo-
ryner, 1976

Kapnoe u gp., 1977

Chatterjee, 1976

Hemingway e. a., 1978; Robie,
Hemingway, Fisher, 1978

Helgeson e. a., 1978

Tam e

MNpamos u ap., 1978
Sadiq, Lindsay, 1979
Haas e. a., 1979

Haas e. a., 1980, 1981
Xonakopermii ® p., 1980
Hemley e. a., 1980
Hacrosmas padora

*: Pacaer M. JI. Xogaxosckoro u coastopos [1980] mo maHHBIM, YKA3aHHEIM B HCTOHHMEKE.
Pacuer B. Xamurryan ¥ coasropos [Hemingway e. a., 1978] no paHHHM, YKasaHHbIM

B MCTOYHUKe.

0
i Mepecuuramst ¢ HMCUD/Ib30BAHMEM MPWHATHX 3HaqeHud ﬂH‘fJ'zga " Aﬁf’ggs KOPYHI4,
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Tabnumoa 5

CraujapTabie TepPMOJMHAMMYECKHE XapaKTePHCTHKH unpodmuiara, pekoMen-

AOBaHHbIC PAsHBIMH ABTOPAMH

AH;,ZB , KI[H/MOJIb

o
AGf,ZSS’ K ]I[#/MOTb

Herounur

—5647,145--6,28
— 5617 445,86
—5629,154-10,5

—5640,032-+3,765

—5616,685--2,635

—5632,95
— 5640,609

—5643,367
—0643,3-1-4,41

—5639,8+4

—5628,79
—5642,827 *
—5642,02-+1,16
—5642,023+1,158

—5641,1544+0,17

—5280,8
—5274,9%
—5366,4--3,35
5263,47
—5272,677-16,28
—5242,97+5 44
—5260,96+1,5
—5265,98--2,93
—5268,07
—5242,26+-2,68
—5262,28
—5269,93

—5270,125

—5268,7
—5268,97
—5269,384-4-4,42

—5276,735
—5265,9+4

—5255,09
—5269,1*
—5266,4
—5268,13+-1,04
—5268,357+1,043

—5266,499+-4,5
—5267,39+0,17

Donapes, 1967
Tam ke
Reesman,
Zen, 1969
Zen, 1972
Kycros, 19736

Haas, Holdaway, 1973
Haas, Holdaway, 1974
Thompson, 1974
Ulbrich, Merino, 1974
Hapmos n jp., 1971

Haproos, Kucenaes, Jletnn-
xoB, 1976

Hapnos, Hucenes, {opo-
rorymen, 1976

Hapmos m jpp., 1977
Chatterjee, 1976

Robie, Hemingway, TFi-
sher, 1978

Sadiq, Lindsay, 1979

Hemingway e. a., 1978;
Krupka, Robie e. a.,
1979

Helgeson e. a., 1978
Tam sxe

Keller, 1968

HBaroe u mp., 1978
Haas e. a., 1979
Haas e. a., 1980, 1981
Hemley e. a., 1980
Hacroamas pabora

o o
* IlepeCYydTaHEl ¢ UCITOJIL30BAHMEM TPUHATHIX 3HAYEHHIE AHg 9gg m AG; osggrOpYHOA.

KOBHTY, HO [I/IF 9TOr0 MM OPHUILIOCH YBEAHYHTH SHTANLIHI0 0Gpaso-
BaHAs KopyHfa mour:m Ha 36 m][;r/moxan. Cormacmo [[. Bamppbaymy

(Waldbaum,

1971, mmr. mo [Ulbrich, Merino, 1974]), ommfka »

SHTAIBIMHE 00pa30BaHUA KOPYHTa Moker mocturath 19 k][:k/Mous,
HO Bce ke, no MHeHu [[. Baxpnbayma, BeposTHee omu0Ka B SHTAIb--
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Tabanmma 6

CTEIBMPTHHE TePMOIHHAMUYECKHEe XAPAKTEPHCTHKH KAOJAHHHTA, PCKOMEHI0BAH=

HbIe PA3HBIMHM ABTOPAMH

o
AH].ZQSv KT/ MOTB

AGy 998, KILK/MOTB

Herounnk
1 2 3
- —3765,7 Tappexe, 1960
— —3778,15 Polzer, Hem, 1965
— —3795,0 * Tam e
—4100,4 —_ Helgeson, 1969
—4099,065 ** —3778,57 ** Kittrick, 1966
— —3776,0 Tam ke
= —3781.,5 »
= —3794,042 * »
o= —3783,2 Kittrick, 1970
— —3797,0+3 * Tam ke
— —3776,5 Huang, Keller, 1973
5 —3782,0 * Tam e
—4098,08+4 ** —3777,644 ** Robie, Waldbaum, 1968
—4098,646--2,93 ** —3778,15 ** Haymos u gp., 1971
= —3807 44 Zen, 1972
— —3802,0 Thompson, 1974
—4100,4+4 —3779,95+4 Ulbrich, Merino, 1974
—4122,725 —3802,243 Chatterjee, 1976
—4120,1154-2,645 —3799,354-2,675 Hemingway, Robie, 1977a
—4120,1144-3,975 —3799,364+4,017 Robie, Hemingway, Fi-
sher, 1978
—4120,14-2.6 —3799,5+4 Hemingway e. a., 1978
= —3798,4 Upanos u ap., 1978
—4124,25 —3803,34 Itapnos, Kucenes, Jleran-
KoB, 1976
— —3805,344 HKapnos, Hucenes, opo-
roxynern, 1976
— —3801,917 Hapnos n mp., 1977
= —3803,3 Sadiq, Lindsay, 1979
—4122,754-2,93 —3804,1+3,3 Sadiq, Lindsay, 1981
—4109,613 —3789,089 Helgeson e. a., 1978
—4123,650 **+* —3803,007 *** Taum sxe
—4120,9 —3800,35 Bronevoy,Kopeykin,
1979
—4119,784-1,07 —3799,614-0,98 Haas e. a., 1979
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Okoruaane Tabn 6

1 2 3
—4119,780+41,065 —3799.823+0,98 Haas e. a.,1980,1981
—4120,595+0,24 —3800,1+0,24 Hactoamas padora

* Pacuer B. XomuHrysa u coastopos [Hemingway e. a., 1978] mo gaHHBIM, yKa3aH-
HBHM B HCTOUHUEKE.
** B pacuere HCHUJIbaYlOTcﬂIHHhIE [Barany, Kelley, 1961].
¥

#** [lepecanTaHbl ¢ HCNOAb30OBARIEM TPHHATHIX 3HAUCHIL AH?.ZQB " 56?,293 ROpYHAA.

nnu ofipagosannsa AlCly-6H,0 nan ru66enTa, KoTopsie BXOAAT B Tep-
MOXAMIYECKHE IHK/JABL 10 KaOJUHATY, MYCKOBHTY I JPYrHM MuHEpa-
gam. U peiictBuTesBbHO, YyTh paHbmie Gwisa onyOankosaHa palora
II. Tpocca u coantopos [Gross e. a., 1970], B kKoTopoit mpusoxUTCH
HOBOE 3HaveHue HHTaAbOUN obOpaszoBaHus rubbenta: AHj 9 =
= —1294,3 w/lw/(moxs). Hemasro B. Xomumarysit n P. PoGn [He-
mingway, Robie, 1977a] npoeean nepeonpejenenue sHTaJXBIHI 006-
pasoBaHNA THOOCHTA IO HE3aBHCHMOMY TEPMOXHMITYECKOMY IfHKIY M

B peayabrate moayTuan AH; 005(16) = —1293,13 + 1,19 g[ix/moasn,
KoTopoe xopomo coraacyerca ¢ pammevu II. I'pocca m coastopos,
Ho Ha 11 236 Jl:x/mons mennme snavenmss P. Boapanu u K. Keaum.
IMos:ke B. Xomuuryaii ¢ coasropavn [Hemingway e. a., 1978] ony6-
JINKOBAJI HOBHIE N3MEDEHNd HHTAILINA PACTBOPEHHS PABIMIHEIX 00-
pasuos ruffcuTa, KOTOpHIE COBIAIN ¢ I PE;KHIMI JAHHBIMIT, H CIeIATH
0030p JAUTEPATYPHLIX JaHHKIX 0 PACTBOPHMOCTH B BOJE, AOIOJHEH-
amii vegasno M. JI. Xopmakosckum ¢ corp. [1980]. Ilockoasky oam-
TaJBIHN PACTROPEHNSA THOOCHTA MO PasHBLIM JAHHLIM XOPOMIO COTrIa-
cyiorea [Barany, Kelley, 1961; Hemingway, Robie, 1977a; He-
mingway e. a., 1978], 1o B. Xomuurysii ¢ coapropaMu OGBACHFIOT
omubky B onpenenennsx P. Bapoann K. Keaanm Kax BHICOKOH rurpo-
cronmugnocToio AlCly-6H,0 ([, Kyxaum [Coughlin, 1958] xpamma
AlCly-6H,0 B 3akpertoit crexknsunoii amnyae, a P. Bapaun n K. Kex-
JIM, BEePOATHO, B REJATHHOBOM Kamcyje), Tak I HEKOTOPHIMH pasii-
IHAMA HHTAJBINN PACTBOPEHUA BOJAK B BOJHOM pacTBOpe ropucto-
BOjIopoHOil KnesioTer. Vlenonpays HOBOe 3HaueHHe HHTAJBOHH 00pa-
sosanna rubocura, B. Xomunrysii ¢ coasropamu [Hemingway, Ro-
bie, 1977a; Robie, Hemingway, Fisher, 1978] scuen sa A. Tommnco-
pom 1 H. Yarrepmmn [Thompson, 1974; Chatterjee, 1976] nposesu
roppexktnpoeky gasasx P. Baponn m K. Kennn mo auranbsmuam 06-
Pa30BaHUS KaoJAMHITA, MYCKOBHTA, aHOPTHTA H JPYTHX aTiOMOCH-
ankartos. Mexay tem Hamu Ohuia NOKa3aHa HENPaBOMOYHOCTH TaKOM
KOPPeKTUPOBKH, OCOGEHHO B OTHONICHMH KaJlbI[HEBBEIX AJIOMOCHIN-
KaTos m, B TacTHOCTH, aHoprtuTa [Kapmos u np.. 1977; Kapuos, Hn-
ceaes, [loporokymer, 1976; IHopororymer, HKapmos, 1979]. 9ror
BONPOC JeTAaJbLHO paccMalTpHBaeTCs B ciaefyiomesm maparpade, a ceii-
dac KpaTKo ocraHoBuMcesa Ha pabore I'. Xearecoma ¢ corp. [Helgeson
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e. a., 1978], mosumun Koroprix mo mpofieme cOTIacOBaHHA TePMOH~-
HAMOTECKAX CBOMCTB MUHEPAJOB COBHAMAOT ¢ HAININMHA 33 OJHUM HCK-
miogerneM. I'. XeixrecoH ¢ coTpyJHHKaMH IOJTaral0T, YTO KOPPEKTH-
pPOBKA SHTANBOAE 0Gpa30BaHHA MAHEPAIOB N3 JaHHLHIX KHCIOTHOI
KAJOPHMETPHHE OMMUO0YHA, a PACXOKIEHHE B dHTAJLIAH 00pasoBaHms
ruG6caTa Mo MaHEEM pasEex astopos [Barany, Kelley, 1961; Ie-
mingway, Robie, 1977a] cBasnpaior co cremenplo0 KpHCTALIUYHOCTH
murepaios. Omnako ato me ¢gaxr — ofipasern necaerosansoro P. Bo-
porm u K. Kexnn ru6G6cura yrepan [Helgeson e. a., 1978, p. 111],
a BEJ4J B omuOKy BHOCAT m (axrtopsr, ormeueHHKe B. XamuHrysem
u P. Poou. T'. Xesrecon m COTPYIHUKH CIMTAIOT, ITO ecaIm THGOCHT
P. Boponn n K. Reann Obi1 KpHOTORPHCTANIHTIECKAM, TO IPH KOP-
PeKTHPOBKe 3THX JIAHHHIX HeJb3s HCHOIh30BATH SHTAIBNHI ofpa-
80BaNNA KPymHOKpucTazaundeckoro ruoocura b. Xamunryas n P. Po-
6n. ITootomy I'. XenrecoH ¢ COTPYAHHKAMH CTPOAT CHCTEMY COIVIa-~
COBAHHLIX TEPMOJAMHAMHYECKHX JAHHBIX HA OCHOBE SHTAIBIHH 00pa-
gopanusi rubocnra, nonywennoit B. Xommmrysem u P. Poon [He-
mingway. Robie, 1977a] n He saBmcameii oT anTannLnnii 06pasopanns
AICl,-6H,0 n xopysna, m Ha ocHOoBe pHeprun I'mGdca BogHOrO Kpem-
Hesema, QyHENUA gp Kortoporo taGyauposama mmu pamee [Walther,
Helgeson, 1977]. Caenyiomum 3senom B menu coriacosamnsa I'. Xeo-
TecoHa W Jp. FBISETCA KAOJIMHAT, TePMOJMHAMATECKHe CRBOICTBA KO-
Toporo paccumraHel mMm Beaen sa P. Tappemcom [1960] mo pearnmm
Ka -+ H,0 = 2I'6 + 2Si0,,, ¢ yueTom cocTaBa HHTePCTHIIHOHHEIX
BOJl B THOOCHT-KAOJAMHUTOBLIX GOKCHTAX W KOPaX BEIBETPHBAHMA Ta-
paiickux Gazannros [Helgeson e. a.. 1978, p. 112—113]. Ho Takoe
pasHoBecne He jpokazamo [Hanmk, Hapmos, 1978], kpome Toro, mo
cnpaseiuomy samevarmio k. Xewmam ¢ coasropamm [Hemley
e. a., 1980], npupomame BOXEI MOTYT OYCHL JIErKO IePeCHIAThCA
KpeMHe3eMoM, 0CO0PHHO B YCIAOBHSX BechMa HH3KOH KOHIEHTpaIum
_KpeMmHe3dema B Bojme. llosromy omransmms u sHeprus I'mGca Kaomm-
HW1a 3aBumensl y . Xearecoma M COABTOPOB IPHUMEPHO HAa
11 x][w/mons mo cpasuenmio ¢ panHEeMu P, Pobm m coTpyaunkos,
Ik, Xemun n corpyaunkos u Hammmu. SateMm I'. Xearecon mo jJaH-
maM I'. Xaaca m M. Xoaxgyasnl[Haas, Holdaway, 1973] 1 B 10 Bpems
eme He onyOamkoBaHHEM HaHHBM ;K. Xemam paccunmTal TepMOIH-
HaMUIecKue cpoiictsa nupoduiauta, Oemurta, Juacnopa, KOpPyHZA
u noaumMopdumx Mopuduranuii Al,SiO;. B pesyanrate mM mosyueno
AH;,eas (Hp) = —1 661 655 ;/M0ab, 3aBHIIEHHOE IO OTHOIICHIIO
K perovenmammam HOJIATA-MCHC [CODATA..., 1978] =na
14045 J:x/vons n BraBasmee peskyio kputuky [Hemley e. a., 1980;
Xomarkonckuit m ap., 1980]. ITooromy pexowenpammn I'. Xemrecoma
H p. mcopasieHsl Ha »Ty BexuduHy (cM. Tabs. 4—6) 1 mocratoTHO
X0POII0 COrIACYIOTCA ¢ HAaNIMMH JaHHLIMH M JIPYFAMH COBPeMEeHHLIMII
PeROMeHTaInAMHA.

atormumnie mocrpoernsa mposean J[. Xeymum u corp. [Hemley
e. a., 1980]. Oun crpoAT cmcTeMy COrJIacOBAHHEIX TePMOJMHAMHYE-
CKHX BeJMYdMH Ha COOCTBEHHHIX JaHHEIX IO PAcTBOPUMOCTH MHHEpa-
J0B, TepMojnHaMAgeckax cpoicreax I, Si0,, paccauTaHHBIX H3 pacT-
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BOPHMOCTH KBapila B BOJE, M TEPMOJIMHAMIYCCKNX CBOHCTBAX Kaoam-
HHTA W KBapiia ua cnpasounuka [Robie, Hemingway, Fisher, 1978].
Paccunramarse [, Xemuan m ap. sveprun I'mG0ca pmacmopa, mmpo-
¢uanmra, kopyuaa u moammopdon AlSiO, cormacywores ¢ Hammmi
manmeiME B mpefedax -+1 k/[k/Moan, 3a mewmoueHmeM KopyHja:
speprua I'mG6ca m anTaapmma Kotoporo sabmmiens Ha 3155 Jlik/Moas.
k. Xeman ceuiaaercst upm otoM Ha muennme B. Xommurysa ¢ coas-
ropamu [Hemingway e. a., 1978], koropee nomsarawor, 4T0 JABE He-
3aBHCAMBIE CHCTEMEI TEPMOJMHAMHTECKNX [aHHBX, Oa3upyoIuecs
Ha DHTAJBINN THOOCHTAfIIN KODYHIA, MOTYT HMETh CHCTEMATHYECKYIO
IMOTPeNIHoCTE 10 —+4 Rz‘.w’nmﬂb. I aTomy MosKHO oGaBUTH, YTO DHEP-
rusa ['m66ca rmGocura, paccuntanHas mo peaknun ['6 = Jle + H,0
[Kennedy, 1959], ma 5—9 x]l#/moas Goaee orpmuaresasHa, deMm
y B. Xoyunryaa u coaropos. Ecim B3ATh 3a OCHOBY DHTAJBIMIO T
auepruio I'mG6ca ruGGenra na onpemenennii 5. Xommnryas u P. Poon

[Hemingway, Robie, 1977a], nmoayunm AH; 505 m AGj 95 KOpyHIA
na 10 —18 xJ:/moan Gomee Hod0KHTEALHEE 110 CPABHEHHIO C PEKO-
menganusamu KOJTATA-MCHC. Ho mcnonnzosanme »sToil pearumm
B KA4ecTBEe OMOPHOM MPEeICTABIAETCS COMHUTEILHBIM, IOCKOJBRY
I'. Hennequn ee pannosecne He jgoxazamo. OTMeTnsm, 4TO JNHAA pas-
gopecuss peaknnu I'6 = Jle -+ 1,0 mo pammmm I'. Xearecoma n
corp. [Helgeson e. a., 1978; Delany, IHelgeson, 1978] ynosaersopu-
TeabHO coraacyercsa ¢ pamanivu . Henmemm, 1. e. craduiapnoii gasoi
B CTAHAAPTHLIX yeaosuax aApaserca ruGocmt. Ho oro mpormsopeunt
reojdorndeckum saxiiouennam [Day, 1976], torna kak mo Hammm
JaHHBIM cTa0uibHO (asoil spasercs amaciiop, 4To IOATBep:Kaer
cieraHHble panHee sakmiouenusa [Day, 1976; Jlopororymen, 1978;
Hemley e. a., 1980; Xogaxonckuit u ap., 1980].

Rax Bugno m3 tabuum m pucyHKoB Hacrosimero maparpada, onru-
MAJILHEIEC TEPMOJHHAMHYECKHE JaHHHEE XOPOIUI0 COrJIacyloTes ¢ Ham-
Gomee HANE/RUGIMI BKCHOPUMEHTAILHBIMI Pe3yjabTaTaMH Kak 10 pe-
AKIUAM JIerHjipaTanum, Tak u gecuan(uKaiun; Takum o0pasomM, ceii-
uyac pexomenpanun KOJIATA-MCHC mago npnanmats a priori, Xors
9TO He 3HAYUT, YTO NONEITKN MX MCHPABIEHIA OKaabiBaioTes OecIiiof-
HEIMH — HE0OXO0JIIMO HAKOIUIGHHE JONMOJHHTeNbHOH HHPOPMAINH IO
MAaHHOMY BOHPOCY.

§ 3. CHCTEMA Si0,—A1,0,—Ca0—H,0—C0,.
ONTHMAJILHBIE TEPMOJINHAMIYECKHE CBONCTBA AHOPTITA,
TEJEHHTA, TPOCCYJIIPA, BOJLIACTOHUTA,
Ca-YEPMAKHTA 1 T[ON3HTA

OcnosHble JOCTHKEHNST B DKCIEPUMEHTAJILHOM H3YYCHHH MUHEDAJb-
HeIX pasHoBecuit B cuereme Si0, —Al,0; —CaO —H,0 —CO, cBazann
c umenamu P. Hniorona, ik, Xeiica, M. Xapusa, I'. Keanemn, A. Bor-
tiepa, X. Xykeuroavna, I'. Xomexa, X. I'punnypna, J[. Keppuxka,
K. W. Mmyaosunua, A. M. Jlopomesa m psaga Apyrux asropos, Gua-
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roflapsa CHCTEMATHYECKUM WCCHCIOBAINMAM KOTOPBIX KOJIMTECTBEHHO
onpepenesst P — T- uw P — T — z-ycnosus paBHOBeCHA pearnmit
MuHepamoobpasoBanus B cucteme. Ilomasisiomas YacTh HCCIeT0Ba-
Hiil 0bila mpoBefeHa ¢ MOMOIMIBIO COBPEMEHHHIX OKCIIePHMEHTATBHEIX
METONMEK, TJaBHBIM 00pPasoM METOZOM ¢MOHOBAPUAHTHOIT peawigumy,
109TOMY GOJNBHIMICTBO JAAHHBIX COTJIACYeTCsl B Ipefesax JOImyCTHMOoit
DKCIEPUMEHTANbHOM HorpemrHocTn. HexoTophie pacXoiJeHHs B 0T-
AEeNLHEIX PeakIuAX MOKHO OTHECTH 3a CHYET PasimYHOT0 CTapTOBOIO
MAaTEPHAJNA B ODKCIEPUMCHTAX M Pa3IMYalONUXCA METOANK KanuOpos-
KH YCTaHOBOK BLICOKOTO faBienus. B cuay srux o0cTOATENLCTB Ipe-
CTABJAETCSA WBJIMIIHAM ONHCAHNE 1 AHAJINZ MMEIOMUXCH DKCIEDPIMEeH-
TaJbHBIX JIAHHEIX, TeM Goxee 4To 9TH paloThl, 3a HCKJIOYEHHEM Ca-
MBIX HOCHEHNX, AeTalbHo olCy:ifalich B JATEpaType.

Cucrema orpanmuennii. [lo npusegenunim B Tadn. 7 u 8 yenosmam
PaBHOBeCHS PeakIuii GBI PacCINTAHBL CBOOONHLIE HHEPIUI PeaRIiit
IpH YKAa3amHBIX Temmeparypax. Pacdersl BHIIOTHANNCH € YIETOM
BIMAHEA TEeMIEPATYDPHl MW JaBJeHIs Ha MOJbHBE O0BEMBl TBepIBIX
tas. IlpencOpeskenue srum sdhderToM BHOCHT CYIECTBEHHYIO CHCTe-
MATHYECKYI0 HOTPeniHocTh B crofojiHpe HHeprum peawi(uii, Jocrura-
jonyio, manpumep, 9 wlm/vonn pas peaxnuit (3.1). ITo Temrosomy
PACTITPEeHIo M C/RIMAaeMOCTH MHHEDPATOB HCIIOJIB30BAJINCH B OCHOB-
moum maaasie B. Cenarepa [1969] n @. Bepua [1969], a Takike Goxee
MO3/IHIe JIUTepaTypHble HCTOUYHAKE. [IPpHHATHE W MCI0Jb30BAHHLIE
BeauunHSEL Mo 3apmcumoctH Vo, = f(T', P) unpusemenst B Tabda. 2.

IlorpemuocTn ¢BOGOMHLIX HHEPrHHE peakiui OBIM pPacCIUTAHBL
¢ YYeTOM DKCIePHMEHTAJIbHLIX NPAMOYIOJIBHAKOB HEOIPEe/eJeHHOCTH .
B rmex cayuasx, Korga sKCHepUMEHTAJNLHO ONPEAeJANNCH BepXHUe i
HIDKHIE npejesnsl KoaeGaHnil TeMimeparypst paBHOBeCHA IpH 3afaH-
HOM JIaBJIEHNH, MOTpemHocTs AG, ; PACCUNTAHA ¢ YUETOM OKCIePH-
MEHTaJIbHOT0 HAKIOHA IuHuil pasHosecud. Yacrs peaxknuit B tadm. 7
u 8 sanucama ¢ Apo0HEIME Kod(pPUImeHTaMI, 9TO CBA3AHO ¢ HOPMH-
POBKoil MonBpHOTO 00beMa Peakiuil K mocToAanHOMYy 3HadeHmio. Peak-
1 ¢ yaactuem CO, mpusefeHsl K ogHOMY MO0 yriaekuciore. Cpo-
Gopuas sueprus peaknmii ¢ yuacrmem Ca-uepMakuTa H KBapua pac-
CUNTaAHA B NPEANOT0KeHNN, IT0 akTHBHOCTh Ca-depmakuta paBHA
0,79 [Wood, 1978].

CucremMa orpanmdeHHEt MOJEJH COrJACOBAHHA BKIOTAET §0Ib-
HNTHCTBO peaknuii, npusefeHunix B 1abx. 7 u 8. OcHOBHBIE ONTHMU3A-
nuonanie pacdyersl BeimoaHeHsl B 1979 u » mauvaxe 1980 r., mostomy
Oosree mo3gHIe JAHHBIe B CHCTEMY He BRIYAIHCH. JTO KaCaCTCH 0I-
penenennit B. Jlixoxanneca [Johannes, 1980] peakumit (3.1) n (3.12),
I'. 10. Illsesenkosa [1980] peakmun (3.18) m mamamx J[. Heppuka
¢ coasropamu [Heppuw, Tenr, 1979; Jacobs, Kerric, 1979a, b,
1981b] peaxnuii (3.18) u (3.19). Kpowme Toro, B cucTeMy orpaHnveHH
HEe BKJIOYAJNCH DKCHEPUMEHTAJBHEE TOYKH ¢ MAJBIM COJEp:kanmeM
CO, 8 emecnm H,0 4+ CO, B mensax cBefenns K MHHHMYyMY OHHOKH,
CBA3AHHOH € BHICOKMM KO3(QUIMeHTOM AaKTHBHOCTH YIJEKHCJI0ro ra-
8a. Beero cucrema orpannvennii cogepsur 100 ypapuennii, orpaskaio-
MHX YCAOBHA TePMOAMHAMUYECKOI'0 PABHOBECH PeaKnuil MuHepaio-
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Tabnmoa 7

Bxopumie sxcnepumentanbupie Jjanusie (T, P, PH'O), paccunTANHBIC 10 HHM

(AGQ’T) H 10 COrIACOBANNBIM JIAHHBIM (8‘)7) cBoGoNble DHEPrHN peaknuii B cH-

creme Si0,—Al0;—Ca0—H,0—C0O,, ik

120

(>
T

'E:‘ Peaxuus o P, xbap AGE.T ey QIE:-
Z 3
1 2 3 A ) 6 7
1] 0,5Tpoc - Jlme + | 1350 301 — 9017943100 | —90492 313

2|+ Ke = 1,5An 1200 | 24,754-1,8 | —7553745500 [ —79648 | 4111

3 G 4300 | 285+05 | —86068-1600 | —86842 | 774

4 1400 3141 0284443100 | —94184 | 1340

5 950 21+1 —B55454-3200 | —62398 | —3147

6 1150 | 25,754-0,8 | —7895342400 | —76466 | —2487

7 1250 | 28,754-0,8 | —86926--2400 | —83229 | —3697

8 1350 | 30,254-0,8 | —9087742400 [ —90492 | —395

9 1400 | 31,5405 | —94249+1600 | —94182 | —67

10 900 20,6 —B4347 —58804 | —5453
11 1000 22,7 —70391 | —65870 | —4521
12 1100 25 —76919 —72912 | —4007
13 1350 | 304205 | —91311+1600 | —90492 | —819
14 1350 31405 | —93004+1600 | —90492 | —2512
15 1100 231 — 7102243200 | —72912 | 1890
16 1150 2541 — 767713200 | —76466 | —305
17 1200 261 —791624-3200 | —79648 486
18 1250 2741 —819114-3200 | —83229 | 1318
19 1300 2841 — 8464043200 | —86842 | 2202
20 1350 29,540,5 | —88763:1600 | —90492 1729
21 1400 31,5405 | —942494-1600 | —94182 —67
22 0,51‘p{)cr—k1,5,1'[uc= 1200 25,5+0,5 | —829454-1700 | —83186 13‘;1

= 1,0 H e <

23 ok +(3'2) 1400 30,5+0,5 973621700 | —98637 5
24| Tpoc + K = 53147 1,0 —3220+650 | —3357 128
25| = AH - 2Box 57945 2,0 —6435+650 | —B759 324
26 (3.3)] 62710 3,0 — 9625950 | —10160 535
27 6755 4,0 —12684+650 | —13461 777
28 635+15 3,0 — 062441300 | —10727 | 1103
29 600410 2,0 — 64304950 | —s837 | 1818
30 7104-10 47 —148794-950 | —15014 | 1032
31 750 5,75-4-0,5 | —181544-1600 | —18716 562
32 1200 | 17,7540,3 | —54318+1000 [ —50965 | —3353
33 63020 2,0 —64274-1900 | —10372 | 3945
L7\ 1100+10| 14,7540,3 | —454904-1000 | —43637 | —1853
35 60010 2,0 6430950 | —s247 | 1818

;



Hpogounxenne raba. 7
1 | 2 | 2 & 5 6 7
36 590410 2,0 —6432-950 | —7539 | 1107
37| I'poe + Kp = 975 10,541 | —416744-4000 | —27334 | —14440
38| = lea-+ An (3.4)| 770415 1,0 — 403941200 | —6616 | —2577
39 9404-10 5,0 —200224-800 | —23718 | 3696
40 98545 6,0 93973600 | —28238 | 4265
4| Tpoc = 0,5Am +- 1200 | 875413 | —259464-3800 | —26896 950
- 4o+ 05Tex + 1.5Boal 1250 | 10,2540,8 | —30286--2300 | —30673 387
43 (3.5)] 84020 1,0 —3025+1800 20 —3005
44 870410 0.5 _ 45134900 | —2243| 730
45 86210 0,2 — 6054900 —1648 | 1043
46 87345 0,5 —1514-£500 | —2467 953
47 892410 1,0 30234900 | —3881 858
48 96810 3.0 —9024+900 —9538 514
49 104410 5,0 — 14965900 | —15203 238
50 121615 10,0 9295761300 | —28102 [ —1474
51| 2I'poc -|- 41ip = | 115050 13 3508947000 | —31162 | —3927
52| = 6Ca—Yep (3.6)] 1175425 14 —376814-4300 | —35270 [ —2411
53 1250 18405 | —479684-1400 | —47574 | —39%
54 1300 | 20,2542,3 | —53661-6500 | —55746 | 2085
55 1400 26+1,5 | —68034--4300 | —72018 | 3984
56 1525425 35 — 899664600 | —92174 [ 2208
57 1255425 18 —4T79654-4600 | —48393 428
58 14&5& 28 —720694-2900 | —74043 | 1074
50 1420420 31,5 —81449-3500 | —75258 | 6191
60} 0,5Tpoc + 1,5Ca —| 1300 14,5405 | —472074:1650 | —46177 | —1030
—Yep = An | Ten
(3.7)
61| 3Ca — Yep = 1200 1241 —311504-2600 | —30230 | —920
62|=Am + I'ex - Kp | 1250 12,5405 | —32408+1300 | —31217 | —1191
63 (3.8)| 1350 1341 —3363742600 | —33309 | —328
64 1400 1441 —361534-2600 | —34425 | —1728
65 1025 10541 | —273464-2600 | —26969 | —377
66 . 1125 | 10,754-0,8 | —27967+2000 [ —28805 838
67( 1,5Tpoe + 3/Tue =| 1400 | 3225408 | —8498242600 | —80728 | —4254
68| = 4,5Ca—Uept| 1445 | 35254-1,3 | —92518-4300 | —87337 | —5181
69| - 3lis (3.M 1475 35415 | —9138945200 | —91712 323
70| 2Kn + 2Ca—Yep=| 1400 | 30,7540,8 | —869364-2000 | —89700 | 2764
71| =2Am  (3.10)] 1455 30,541 | —86464--2700 | —91598 | 5134
72 1490 30,541 | —865424-2700 | —92867 | 6325
73 2o + Cma - 620 8,5+0,5 | —11346541000] —110800| —2655
74|+ HB = 4An - 700420 10 —132512+1800| —130699 —1813
75| T HO  @A1) g401 40 12 —159185£900 | —164720 5544
76 900 13,540,5 | —1751524-1000] —178966( 3814
77 550 72401 | —98433+-300 | —93162 | —5301
78 650 89401 | —119996+-300 | —118294f —1702
9 I, W. Moporoxynen, If. K. Kapnos 121



Oxkonvanane Taba 7
1 2 3 A 5 6 7
791 2o - Nuc - 690410 10 —1371694900 | —132630] —4539
8014-1is = 4An - HyO| 56515 7 — 10224541400 —99966 | —2279
8 @B12) gg5.4.15 (0 137605+ 1400] —133933| — 3672
82 62510 6 —99241 900 | —115731] 16490
53 T40-+-10 10 1414584900 | —145543] 4085
84( 2110 - 0.5hs — 510425 2,0 —4907042100 | —53309 4239
85(=2.5An |- 625-+ l?‘ 4.6 —72707+1300 | —75798 | 3001
gpT0.0Tpoc - ILO | 7549 6.0 — 8416442200 | —85378 | 1214
871 - (3.13)] 76010 8.0 —101428+900 | —101345] —83
88 650 5,754+0,15 | —80771 600 —80605 | —166
89 59515 4,0 —67028+1300 | —69990 2962
90 460430 2,0 —44860£2500 | —43345 | —1515
9 590415 5,0 —T1786-1300 | —69017 | —2769
92 600410 9.9 —T752224£900 | —70963 | —4259
93 62010 G,0 —T79467£900 | —74831 | —4636
94| 2110 = 2An | 577,548 2,0 —52683+600 | —54932 2249
95| +2/3Tpoc | 682,548 44 —T71021£600 | —72668 | 1647
gg| TUSRP+HO |7175,8] 46 —T61174600 | 78504 | 2477
97 (3.14) 78010 5,6 —856264-900 | —88995 3369
98 800410 6,1 —894344-900 | 92274 2840
99 830410 6,8 —94878-£900 | 97132 2954
100 640415 3.0 —62522+1300 | 5378 2856,
101] 110 - 0,5Mc - 425425 3,0 —458084-2300 | —41075 | —4733
102|+He = 2An -+ 450 3,5£0,5 | —5041941600 | 40325 | —4093
103|-0,5CH -+ H,0 53515 5,0 — 6492341400 | —p4004 | —919
104 (3.15)| 620420 6.5 —T792274+1800 | 82350 2132
105 64020 0] —83252+1800 | 85403 251
106 480410 4.0 —554214+900 | —59805 | —2816
107 51545 4.8 —62236+500 | 59873 | —2363
108 542,5+13 5,5 —678894-1200 | _p5548 | —2341
109 a962,5+8 6.0 —71930£700 | _gog51 | —2279
110 602,548 7,0 —T79960£700 | —77809 | —2151
111 660 | 84204 | —9120521500 | —g9433 | —1862

IMpusxeuanue, Jinreparypusie ucrournsn: 9, 22 23 58 — [Jopomes n ap.,
1976), 44 — [MImyaoeny, 19741, 1 — [Boyd, England, 1961), 2—4, 32, &, 42, 51—56,
60—64 — [Hays, 19671, 5—8, 67—72 — [Hariya, Kennedy, 1968], 10—13 — [Schmid
e. a., 1978], 14, 39 — [Wood, 1978], 79 — [Goldsmith, 1978]), 15—21 — [Goldsmith,
19801, 24—27, 39, 40 ,45—50 — [Huckenholz e. a., 1975], 28, 38, 43, 89, 100 —[Boettcher,
19701, 2031, 77, 78, 84—88 — [Newton, 1966,], 94—99 — [Newton, 1965], 33 — [Storre,
19701, 34 — [Windom, Boettcher, 19761, 37, 57, 65, 66 — [Hijikata, Yagi, 19671, 73—76—
[Newton, Kennedy, 1963], 80, 81, 106—111 — [Johannes, 1980], 82, 83 — [Best, Graham,
19781, 90—93, 101 —105 — [Ackermand, Karl, 1972], 35, 36 —|[Keppux, Tenr, 1979]. B
:lnl;ggf]!ptmeﬂ'ra:mnux Toukax 67—72 akTUBHOCTh Ca-yepMakuTa NpHHsATa pashoit 0,79 [Wood,

g .

obpasosannsa B ciereme Si0,—Al,0;—CaO —H,0 —CO,. IHonycrn-
MBIe Tpesennl Kojde0aHUH 3HaueHuil cBOOOJHBIX dHepruil peaknmit —
npefensi 30HIUPOBAHESA — COOTBETCTBOBAJN IIPHBCICHHLIM IIOTpelt-
nocram. Jlauume P. Himugra u coasropos [Schmid e. a., 1978] son-
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AupoBanuch B mpefenax —+2 kbOap, gannwie 1. Xomera [Hoschek,
1974) — B mpegemax —+10 K.

Bxopueie Tepmoxnmuyeckne aanpbie. VapecTHE jiBa oupepenenns
cranfaptioii  suTpomum asoptara: 2025 + 1.7 JLk/(Moan- K)
[King, 1957] n 199,3 - 0,3[lx/(moan-K) [Robie, Hemingway,
Fisher, 1978; Robie, Hemingway, Wilson, 1978], koropwym ompe-
[eJANNCH upefeant Koae0anmil HHTPOINN aHOPTHTA B MOJeJM COTJja-
COBAHUA. YpaBHeHHE TeIUIOEMKOCTH HPHHATO COrJIAcHO peKoMeHfa-
nuam P. Po6u u corp. [Robie, Hemingway, Fisher, 1978; Krupka,
Robie e. a., 1979], oopaGorasnmx naunse Y. Yaitra [White, 1919],
A. Mepoe [Ferrier, 1969] u cobernennpie namepenus B aguadaTnge-
ckoM W auddepennmaanHoM CRaHmpyoneMm kaxopmMmerpax. JByx-
CTOPONHME OTPaHMYCGHMA Ha sHepriio I'mbbca aHoprTHTa OUpeeNIeHk
¢ yuerom japunix T. Yapio u coasropos [Charlu e. a., 1978] no au-
TaJABNNAN 00pPa30OBAHIA CHHTETHYECKOr0 M TPHPOIHOTO AHOPTHTA It
VKA3aHHBIX Bhille 3HATeHNl crapgapTaoit aHTponmm: —4006 <
< AGy 395(An) < —3997,4 x]lK/MOnB.

OrpaEnueHns Ha DHTPONMIO TEJCHUTA OIPEIETeHLl ¢ YIeTOM IaH-
Hex Y. Yaraepa n K. Heann [Weller, Kelley, 1963] u pexomenya-
mnit J1. Baxsgoayma [Waldbaum, 1973] mo kordurypanmonnoit sur-
ponnn memmanTon: 196,65 << S,ee << 211,4 [w/(Moan-K). Ypasme-
HUEe TeIIOeMKOCTHI TeleHHTa NPHHATO B COOTBETCTBHN € JaHHRIMI
JI. Tlankparna m K. Heamn [Pankratz, Kelley, 1964]. Orpaauuenns

Ha AG;,WS reneHnTa Obiam saganst 1o P. Bopamun [Barany, 1963]

¢ yueroMm KoudmrypammouHoit ourpommn: —3782,49 < AG_;.E,,S <
< —3790,11 xk/moms.

B macrosimee BpeMs W3BECTHHI TPM ONPEIEJIEHHS CTAHIAPTHOIR
SHTPONAN IPUPOHOTO W cHHTeTHUecKkoro rpoceyispa [Perkins e. a.,
1977; Westrum e. a., 1979; Konecnur u ap., 1979; Haselton, West-
rum, 1980; Haselton, Newton, 1980]. 9. ¥Voerpywm ¢ corp. [Westrum
e. a., 1979] usmepumn renmmoeMKocTh 00pasa rpoccyaspa IOBeIHp-
HOro Kawectsa B mHTepBase 5 —0600 K u paccunranm craHmzapTHYIO
BHTPoIHIO: Saes(Cpoc) = 254,72 + 0,84 [[w/(moan-K). Pamee oatm
Besmanasl ucnoabzosaanch J[. TTepkmuacom ¢ coasropamu [Perkins
e. a., 1977] npnm amaause sKCHepPHUMEHTAJBHEIX JAaHHBIX 10 PaBHOBe-
CHAM peakiuili ¢ yd4acTueM rpoceyiaspa u Obin upmHATH Hamu. Ilo
paaneiy 0. H. Kouaecuura u coasropos [1979], crammapraas ant-
pomms OpupoaHOTro rpoceyaApa pasma 256,48 4 1,26 L/ (moas. K),
4TO COrJIACyercs ¢ olipejfejdeHuAMu J. YacTpyMa H COTPYIHIKOB.
DJHTPOIHS CHHETCTHYECKOTO TPOCCYIsApa 0KA3aJach 3HAYUTEIHHO BLIIIE
suTponmm upupopuoro n cocraniser 260,12 + 0,84 e/ (moan- K)
[Haselton, Westrum, 1980].

TlepBoe sKcmepuMeHTajbHOE OIpeleTeHne BRICOKOTeMIepaTypHoit
TeINIOEMKOCTH IIpupogHoro rpoceynsapa semonmeno M. A. Huceaesoit
u coasropamu [1972] nmyrem onpeneneHns IPHPAIEHHA TeIIOCOAep-
#aHuA B MOKpokadopmmerpe Hanbpe. JTH [aHHbpie OKasajiHCh 3aBbl-
IIeHHBIMA NPHMePHO Ha 4% mo cpaBHeHmio ¢ (oJjiee MO3JHHUME oOIpe-
HedeHaAMN, IMOJYIeHHNME B AuddepeniuaibHOM CKaHEDyomeM (1o
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Tadbanga

8

Bxopubie axcncpuMenTaasubic pannwic (T, P, ""'CO,)’ paccunTAHNBIC 10 HAM {AGE ) H 10 ONTHMAABHBIM TCPMOIMHAMIUCCKHM
1

TAHABIM (@:l}) cBobojnbpIe oueprii peakumii B cuereme Si0,—Al0,—Ca0—T11,0—CO,. [k
:r?}n Pearnus P90 P, kbap *co, (ac{),) AG?'T ey AG?.T*‘;&
i 2 3 & 5 6 T 8
1 | Ka + KB = Bon +- CO, (3.16) 61010 0,35 1,0 — 41736700 —48323 6587
2 680410 0,69 1,0 — 512834700 —58661 7378
3 T454-5 2,07 1,0 —63587H400 wly, — 68177 2590
4 79010 2,76 1,0 — 716102700 — 74722 3112
5 70010 2,0 1,0 —62270700 — 61597 —673
6 79510 4,0 1,0 — 765524750 — 75447 —1105
7 86510 6,0 1,0 — 87463800 85553 —1910
8 550 1,0 0,17 —34754 39357 4603
9 600 1,0 0,33 — 41879 — 46840 4961
10 650 1,0 0,7 —50219 — 54242 4023
1 600 2,0 0,2 —43820 — 46840 3020
12 650 2,0 0,38 — 51462 54242 2780
13 87545 6.0 0,855 — 86852 — 86991 139
14 880 6,0 0,86 —87290 — 87708 418
15 700 3,9 0,175 — 55176 — 61595 6421
16 1005215 1041 1,0 — 106605 —105530 —1075
17 119015 1541 1,0 —130540 — 131468 928
18 1310415 1941 1,0 — 146600 —148022 1422
19 905 6,0 1,0 —90636 —91295 659
20 | Mc - Ka + KB = Au + Cu + 475225 2,0 0,5 —79579 — 84151 4572
20a| 1,0 4 CO, (3.17) 475425 2,0 (0,61; 0,68) —82728 — 84151 1423
21 53347 4,0 0,5 — 09877 —103599 3722
21a 5337 4,0 (0,61; 0,68) —103270 —103599 320
22 5599 5,0 0,5 —108913 —112128 3215
22a 5504-9 5,0 (0,6; 0,65) — 111990 —112128 138
23 58444 6,0 0,5 — 117496 —120344 2848
234 5844 6,0 (0,59; 0,65) —120537 —120344 193
24 606-+5 7,0 0,5 — 125493 —127528 2035
24a 6065 7,0 (0,59; 0,65) —129327 —127528 —1799
25 | Ampg -+ Ha + KB = Aum + CO, 435410 2,0 0.5 — 42148 —48108 5960
25a (8.18) 435410 2,0 (0,66) 43783 48108 4395
26 437,528 2,0 0,5 —42308 —48552 6222
26a 437,528 2,0 (0,66) —43948 —48552 4604
27 370 2,0 0,13 —30750 — 36481 5731
27a 370 2,0 (0,38) — 36484 —36481 g
28 400 2,0 0,27 — 36454 —41863 5409
28a 400 2,0 (0,48) —39673 — 41863 2190
29 450 2,0 0,69 —45048 —50772 572
29a 450 2,0 (0,72) —45303 —50772 5469
30 385 1,0 0,2 — 28857 — 39176 10319
30a 385 1,0 (0,44) —337T —39176 6005
3 400 1,0 0,4 —33488 41863 8375




9er

LTV

IMpogonmennme Tabm 8

2 2 3 4 5 6 7 8
3a 400 1,0 (0,6) 35751 —41863 6106
32 465 1,0 0,7 — 40577 —53431 12854
32a 465 1,0 (0,75) —41001 — 53431 12430
33 | Jue + Ka + Kn = Am | CO, 5605 6,0 0,7 — 71143400 —73637 2494
33a (3.19) 5605 6,0 (0,75) — 716214400 —73637 2016
34 460 6,0 0,05 —47885 55113 7228
Fia 460 6,0 (0,25) 57693 T 55113 —2580
35 500 6,0 0,17 — 57978 — 62562 4584
35a 500 6,0 (0,37) —62978 — 62562 —416
36 525 6,0 0,42 —65615 — 67190 1575
36a 525 6,0 (0,54) 67282 — 67190 —92
37 | 2/3Am + Ka — 1/3Ten 725 1,0 0,155 —40833 — 42587 1754
38 | -1/3Tpoc + CO, (3.20) 750 1,0 0,215 — 44729 45727 998
39 800 1,0 0,38 —52159 —51962 —497
40 825 1,0 0,53 — 56485 — 55059 —1426
41 | 1/3An + 1/3Kp + Ka = 775 1,0 0,29 — 49854 — 51225 1371
42 | =2/3Tex -+ CO, (3.21) 825 1,0 0,585 58729 — 59112 383
43 8005 0,5 1,0 — 556094400 — 55175 —434
44 84045 0,7 1.0 —604444400 — 61464 —1020
45 | Ax 4 Ka = 2/3Tpoc - 720 1,0 0,15 — 38996 —41435 2439
46| T 1/3Hp+CO, 3.22) 775 4,0 0,06 40486 —464TS 5992
47 812 4,0 0,075 — 443062 —49877 5515
48 825 4,0 0,08 — 45627 —51006 5379
49 700410 2,0 0,065 — 351194700 — 39586 4467
49a 700410 2,0 (0,11) — 139375 — 39586 211
50 | 4/3Tpoc - 2/3Kp -} Ra = 725 1,0 0,61 —41397 — 43967 2570
g [ e, (3.23) 825 4,0 0,025 51130 53164 2034
52 [ 0,5AH 4 Ka — 0,5Tex - 850 1,0 0,61 —60163 — 58303 —ATT0
g | TYeB G TS 85018 0,5 1,0 — 58089 58303 304
54 8805 0,7 1,0 —56430 — 62818 388
55 |A= - Ka -} Boa = I'poc | CO, 725 1,0 0,33 —45090 —48296 32006
56 {3:25] 825 1,0 0,48 — 55566 55797 231
57 725 4,0 0,115 — 40774 — 48296 7522
58 825 4,0 0,21 — 514574 — 55797 4223
59 627 1,0 0,24 —37702 — 40732 3030
60 627 2,0 0,1 —33737 — 40732 6995
61 727 1,0 0,3 Y 48449 4048
62 727 2,0 0,22 —4515 — 48449 3334
63 70010 2,0 0,21 — 43265 — 46387 3122
64 8505 2,0 0,35 — 56108 57639 1531
65 | Tpoc -+ Ka = Tex + 2Box + 785 1,0 0,155 —45870 — 44546 — 1224

4O, (3.26)
IDIpumeyanne, Jureparypuse wucrounuxyu: 1—A4 — [Harker, 26a — [Thompson, 1976], 37—42, 45—48, 50—52, 55—58, 65 — [Ho-
Tuttle, 1956], 5—7 — [Ziegenbein, Johannes, 19741, 8—12 — [Gre- schek, 1974), 63, 64 — [Gordon, Greenwood, 19711,

enwood, 19671,
Kerrick, 1981b], 15, 59—62 — [MImyaorny
[MImyaosimu, 19741, 30—32a — [HIsenenxon,
34—36a — [Jacobs, Kerrick, 1979a, bl, 20 —24a—

ton e. a., 19781, 19,
[Hewitt, 19731, 25, 25a, 33, 33a, 49, 49a — [Keppur, I'exr, 1979], 26,

13 — [Kerrick, Jacobs, 19781, 14

27.-29a — [Jacobs,
1977), 43, 4%, 53, 54 —

19807, 16-—18 — [Hasel-

B sKcHepMMeHTAJIBHBIX TOYKAX € OYKBOW «an B KPYIIabX croOKax
npHBOgNTCA akTMpHOCTE CO, (TOuKOH ¢ 8auATON OTAEIAETCH aKTHBHOCTH
H.0).TTpn pacagere apriprocteit H,O n CO, B pearitin 3.17 HeNodb30BaIuCh
JaHABe K. . IImyaosnda, B. M. TlimoHosa w np. [19801, » ocrampHBIX

cayuaax — [Kerrick, Jacobs, 1981].




1000 K) u B agmabarmueckom (mo 700 K) xazopmmerpax [Perkins
e. a., 1977; Westrum e. a., 1979; Krupka e. a., 1977, 1979], coraa-
cylomumuea B npegenax +1%. Ha ocHoBe sTnx mamunix pasHbiMIt
ABTOPAMH PEKOMEHJIYeTCsS He MeHee IIATH yPaBHeHHl TeHI0eMKOCTH
rpoccyanpa |[Helgeson e. a., 1978; Perkins e. a., 1977; Robie,
Hemingway, Fisher, 1978; Krupka e. a., 1977, 1979; Haselton, New-
ton, 1980; Holland, 1981], koropsie 6oIpimeii 4acTei0 He IIPUTOLHE 115
BEICOKOTeMIepatypuoit srerpanomsinun. [lostomy mamn Guianm ofpa-
toranst jganusie J[. ITeprumnca n P. PoGn ¢ coaBropamm ¢ KoHTpoIeMm
arcrpanosusdiun ¥ 1800 K’ [0 PA3HEIM METOMAM ¥ IOJYICHO YPaBHE-
HHE TeIIOeMKOCTH rpoccyaapa: ¢, = 688,558 — 14,359.10737 —
—22,254.10°7 " —562,068.107 *°. Dwerpamoasnus sToro ypasHe-
mnA k remueparype 1500°C ne upuseser, BepPOATHO, K NOTPENTHOCTAM,
npessimaomuy  2—3%. Hemarno ony0iankoBanHoe ypaBHeHHe
X. Xaceaprona u P. Hporonma [Haselton, Newton, 1980], mpose-
peHnoe B MOJAENHM COIJIACOBAHHSA, 3aHMKAET PACUYCTHYIO HHTPOITHIO
rpoccyaspa Ha 3—4 Jlw/(moan-K), Xora peKkoMeHyeMoe HMH 3Ha-
yenne cocrasager 260,12 + 0,84 J]\du(\{()llb K). MHcmonbsopanme
ATHX JAHHHIX B PACueTaX 3aHHIKACT g4rs TPOCCyaApa Ha 13 kJk/Moan
IO CpPaBHEHHMIO ¢ Hammmu gaHHbivME. OrpaHmvyeHus Ha CTaHJAPTHYIO
srepruio 'mb6ca rpoccyasapa Owumm OIpefeseHEl € YYeTOM JaHHBIX
T. Yapaio u coasropos [Charlu e. a., 1978 ], noayunsmux sHransmmo
oGpasoanus rpoceyaapa upn 970 K nyrem PACTBOPEHNSA B paciliase
OKHCIOB, ™ 3amgaHel B BEge —6275,9 < AG; 208 < —0264,3
K {k/M01B.

Orpanmuenuss Ha craggapTayio sHTpormio Ca-depMaruTa Owiam
sajansl ¢ yaetom oumenkn [[;x. Xeiica [Hays, 1967]: 141,4 < 8,05 <<
< 148,1 Jlm/(moann-K). HoppekTHOCTh 2THX BeJH4YHH IOATBED/KIA-
ercs mocaenmeit padoroir X. Xaceawproma um coastopor [Haselton
e. a., 1982], B woropoit coofmaercas 00 M3MEPEHHH TEILIOEMKOCTH
cuarernaeckoro Ca-uepmakura B umarepsase 5—o80 K. Cormacmo
X. Xacensrony u ap., sarponns Ca-iepMaknTa ¢ y4eroM Kompury-
PalMOHHOTO BKJaga MOKeT HaXOoAHThCA B upegenax ot 135,3 -+
+ RIn2 go 135,34+2R In 2 Jm/(moan-K), ut0 npaktnueckn cos-
majiaeT ¢ NPHHATHIMA OTpaHIYeHHAMH. Y PAaBHEHHE TEILTOeMKOCTH
ocuosano Ha ompeperenaax A. Towmmnconma m coastropos [Thompson

a., 1978; Haselton e. a., 1982]: ¢, = 465,18 — 78,375.10°T +
+6,729-1057 % + 19,341.10 °T? — 492,11-107 " (298 ~ 2000 K).
Orpannmvenusi Ha craugaprayio osmepruio  I'nG6ea Gwim  yera-
HOBJeHHI Ha ocHoBanumm onpegenenmit T. Yapaw u coasropos
[Charlu e. a., 1978]: —3123,8 << AGyq9s << —3118,6 x]l:x/Moan.

DHTPONHA W TEILIOEMKOCTh IOM3HTA MPHHATEL MO 3aHoBO 00pado-
vauuny famasiv [, Tlepknnca u coasTopos lPerkms e. a., 19801:
8108 = 285,85 + 0,84 i/ (mons-K) m c,, = 408,23 + 157,07-
07T — 93,06.1057* (298 — 730 K, Sp = +2,4 i/(mous.K)).
Pexomengyemoe JI. TlepkumucOM u cOoaBTOpaMum ypPaBHEHHE TeIIIOeM-
KOCTH IJOMBHTA, a TaK;Ke Maprapura, JaBCOHHTA W NPEHMTA HE COOT-
BereTByeT Taby/HpPOBAHHEIM MMH jKe TePMOJAMHAMUYECKHM (YHKITHAM.
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Hoayuennoe M. A. Kucenepoit w 1. JI. Tomopoym [1973] ypannenne
TEIJIOEMKOCTH 1L0OM3NTA 3aBLIIEHO 110 CPABHEHHIO ¢ MCIOJIb3yeMKM Ha
2—3% B Huskoremnepatypuoil oGuactu. OrpannveHus Ha »HEPrHIO
I'm66ca Gplim ompenesiensl HA OCHOBAHNNM HAIINX HPEKRHEX PacyeToB
[Iloporokymen, Rapmosr, 1979], #o ¢ yuerom HOBOIl dKCIIEPHMEHTAND-
moii snTpommm momamra: —6501 << AGy 40 << —6489 k]lw/Moas.

Orpannvenna Ha CTaHZAPTHYIO PHTPONHIO BOJJIAcTOHMTA-I Gnuim
npunsATel no cupasounnky . Po6u u corp. [Robie, Hemingway,
Fisher, 1978]: 81,17 < S,0s << 82,85 Jlw/(moan-K). Tlo mempasuemy
coobmenunio 1. hpymm u ap. [Krupka e. a., 1980], Bmimosannsmmx
HOBbIC ONPE/eJeHIA HA3KOTEMIIEPATYPHON TEeILIOeMKOCTH BOJIACTO-
Hnta B obaactn 5—380 K, Sy (Boa-I) = 81,69 + 0,12 I/ (Moan-
-K). K. Kpynka ¢ coasropaMi pekoMeHIyIOT HOBOE YpaBHEHIE Temio-
eMKOCTH BoJutactonura-I, xoropoe B mpemenax 1% cormacyeres c
NPe;KANME OIpeJeleHuAMI M HCI0JAb3YeTCH B HacToAmeidl paGore.
Orpannvenus Ha suepruio u66ca soamacronurta-l mpumsTe ¢ yue-
roM namepennit T. Yapaw mu coasropos [Charlu e. a., 1978]:
—1550,5 << AGy 595 << —1547 w]lx/Mons.

PesyapTarsl oNTHMH3ANAN TEPMOMHAMAYECKNX CBOICTB aHOPTH-
Ta, reaennra, rpoceyiapa, Ca-uepmakura, Boaiacronnra-I, monsmra
H uXx obey:rnenmne. Pearinn MuHepasooOpaszosanns B cucreme Si0,—
Al,0; —Ca0 —H,0 —CO,, npencrasiennsie B Taba. 7 m 8, comep:kar
11 HemaBeCTHRIX TePMOTMHAMIIECKHX XapaKkTePHCTHE MUHEPaTon ¢
3alaHHLIMI TIPEJieIaMi UX JIONYCTAMBIX KodeOanuilt. JTH JaHHLe T03-
BOJIAIOT CPOPMHPOBATE MOJIEJb COIIACOBAHES, KOTOPAs BRIIOYAET
100 ypasmennit ¢ 11 mepemennnivi. OnruMuzaniia MOJEIH IPOBOIN-
Jaack 1o obmgHOM cxeme (cM. ra. 2, § 7) ¢ mocaef0BaTeIbHBIM AHAIH-
30M U HCIPARJICHNEM BRIDATAIOMNX 3HAYEHAN KaK CBOOOHHX dHEPruii
peaknuii, Tak W ¢ Bapmammeil IBYXCTOPOHHAX OTpaHudYeHunit Ha He-
KoTophie nmepemennnie. [Tocsae Goapimoro umesa MPoMe;KYTOYHBIX pac-
TeTOB, KOIJla MaKCHMaJbpHoe oTkiaoHennme Owo cHmaero no 2110k,
6]:!.'[0 ﬂpOBeﬂeHO 30HAUPpOBaHHO IIHTEpBaJIOB HEOHPEREHBHHOCTH oT-
KOPPEKTHPOBAHHEIX aHaueHnit AG, p. Ilo TexHmYeCKHM IPHYIHAM
unea0 nenutagnil 6sto pasaeiM 31. Cpegree ueGnnieBcKoe OTKIOHE-
uue no 31 pemennio cocrasuno 3490 ik, wro B 1,7 pasa mpesoimmaet
yeOLIIeBCKoe OTKIOHEHHEe II0 CPEIHHM TOTKAM.

Vepennennpie suauenust AGrags M Syps ¢ YABOGHHOI CTaHAAPTHOIL
ommnOKoit npusegenst B tada. 9—13 u B csopmoiil tadx. 2. ITo atmm
HaHHBM PACcCUNTAHBL OMTHMAJBHEIE CBOOOHBIE HHEPIHH PeaRIni —
peamannn Oy B ra6x. 7 u 8, nx orkaonenne (AGy — Oy) or BXOHEX

anavennit AG, r, a Tak;ke MOCTPOEHBI JHHUH MOHOBAPHAHTHOTO PaB-
HOBecHs1 peaknuii, moxaszanasie Ha pme. 10 —21 m 29 B cpapmrennn
C HCXOJHRIMN SKCIIEPIMEHTATLHBEIMI JTaHHBIMI M C JHHIAMIE, IOCTPO-
€HHBIMI ¢ HCIOJH30BAHMEM CHCTEM TepPMOJMHAMUYECKNX NaHHBIX, Pe-
KOMEHJ0BAHHBIX JIPYTUMHU aBTOPaMu.

PaceMoTpum BOIPOCH COrJacoBaHmsA TePMOTHHAMUYCCKHX CBOHCTB
MHHEPAJIOB, KOTOpPHIE cofiepskar KpemHeseM u ramposem. [lepsocre-
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Tabauma 9

CTanp;ap'mme TePpMOANHAMITYCCKHE XAPARTePHCTHRN AHOPTHTA 110 JaHHBIM Pa3HbIX

aBTOpOB
AH;,ZQB. K3/ MOTh AG}.Z(‘}B. KK/ ModTh Hm/i{%&;.m oot
1 2 3 A
—120,9 — — Kracek, Neuvonen, 1952
— —149.6 — Kay, Taylor, 1960, AG?JS%
- —106,9 * 200,98+1,73 Kay, Taylor, 1960
—91,21+2,09 —99,58-+2,51 202,5+1,7 Barany, 1962
—123,85 - = Sommerfeld, 1967
—79.9 —_ = Tan e
—4275,6 —4033,03 202,5 Thompson, 1974; Som-
merfeld, 1967
—4222 91+4,8 —3998,34-4+4,85 202,5+1,7 Robie, Waldbaum, 1968
—4243.04+3,125 | —4017,26643,145 199,3+0,3 Robie, Hemingway, Fi-
: sher, 1978
—110,851+3,43 —118,975+3,45 199,34-0,3 Tam e
—99,95+3,43 ** = = »
—4223,33 +4,2 —23998,65 202,5 Haymos u jp., 1971
—4247 58452 —4023,01+5,3 202,5 Thompson, 1974
—4247,555 —4022,983 202,5 Chatterjee, 1976
- —97,33 205,64 Hlsmynosnga, 1975
—4243,4+2.9 —4017,774 199,34+-0,3 TepMugeckne KOHCTaH-
THL,,., 1979
—4216,52 —3992,78 201,25 Helgeson e. a., 1978
—4230,535 *** —4006,79 **=* 201,25 Tawm e
—M,5+1.9 —_ = Charlu e. a., 1978, cun-
TeTHYECKiT
—94,484-2 — - Tam e, UPHPOJHEIT
—100,6741,3%%** — =, Newton e. a., 1980
—96,64 — S Tam ke, ¢! — Robie, He-
mingway, Fisher, 1978
—4227,83+1,12 —4002,07+1,12 199,29+0,15 Haas e. a., 1979

—4227,833+1,118

130

—4002,24+-1,117

199,294-0,145

Haas e. a., 1980, 1981




Oxomvwanne Ta6m 9

1 2 3 4
ey —3995,13 203,76 Ilapmos, Kucenes, [lopo-
‘ roxyuoern, 1976
iy —4003,77 202,5 lRapuos u jp., 1977
—4230,314 1,15 | —4005,182+1,45 | 200,98+1,73 | Hacrosman paGora
—98,1214-1,15 —106,78+-1,15 200,98+1,73 | Tawm ke
* Ham pacuer no peaxinm CaAlO, + 28i0.= CaAl.Si, 04, AG;'1823= — MR/

/woms [Kay, Taylor, 19601, gp (CaAl,0,) mo [Tepmieckue womcranThi.., 1979; Kelley,

19601, g7(8i0,) no [Tepmopunamiteckue crofictsa..., 10791, C;(AH) no [Robie, Hemingway,
Fisher, 1978].

. ** Hopaa (1979 r.) sepcun cupasounnka [Robie, Hemingway, Fisher, 1978], uur.
10 [Newton e. a., 19801, aHayenne sHTaabImMI obGpagopanusa opn 970 K,

*** Tepecanrano ¢ VEnoab30BANNeM DPUNATHX JRAvCHIN AHy 998 1t AG ¢ 998 KODYHIA.
**** TIpn T = 970 K.

3Aech W gazee B TabaMIAX DHTANBONA U 3Heprua 'nGfca gans aas peakuuii 00pasosa-
HI H3 9JIeMEeHTOB HJM M3 OKHCJIOB.

NEHHOE 3HaUeHHEe HTOTO BONPOCA HEe BHIBLIBACT COMHEHMsA, a npeHedpe-
FREHIE UM MOKET IPHBECTH K TPYOsM ommbKaM B 9HTAJBINEA I HHep-
run ['mé6ea anoMocnimkaTos u, Kak cjeJlcTBHe, K HeBePOATHOM pac-
COrJIaCOBAHHOCTH TEPMOJAMHAMUYECKOI0 pacdera 1 HKCIEPHMEHTa.
Onun n3 Hambolee XapaKTePHEIX NPHMEPOB — HEJOMYCTHMOE pas-
JHYHEe B TePMOAMHAMHYECKHAX CBOMCTBAX AHOPTHTA MO JAHHLIM PasHBIX
aBropoB (rabi. 9).

Anoprur Pesyaprate ompefenenns sHTadbnun obpazosanns
AHOPTHTA O JIAHHBIM HH3KOTEMIIEPATyPHOIT KHCIOTHOH Kajopumerpun
|Kracek, Neuvonen, 1952; Barany, 1962; Sommerfeld, 1967 ] secema
HPOTHBOPEYHBLI, YTO OIPEJeaseTcsi KAK HEeCOrTacOBAHHOCTHIO — BH-
TAJABINH PaCTBOPEHUs KOPYHIA, TAK M CTEXHOMETPHEH HCI0ab30-
BaHHHIX 0(pasioB, BechMa JaXeroil ot maeaabHoii. P. 3ommepdennb
[Sommerfeld, 1967 | npepmpuHAT NOUKITKY COIACOBAHUA OTHX OI-
PelleleHnii ¢ MCOOJb30BAHNEM eQMHOI0 3HAYEHHS OHTAJAbINI PacTBO-
PeHiA KOPYHAA M NOJYYHI AJAH8 HSHTAJALIHM 00pasoBaHHA aHOPTHTA
sHavenna or —79,9 o —83,3 wIlm/Moab, I BeAUMNHLI TPUMEDHO
na 10 x/[x/moan Gonee moJOKUTENBHBI, UeM HePBHYHBLIE JAHHHIE
P. Bopoun [Barany, 1962], xotopsM orgaim mpeimnovuTeHne aBTOPbL
MHOTHX TepMognHaMnuyeckux cuopasounnkos [Robie, Waldbaum,
1968; Kapmos m ap., 1968, 1971; Haymos m ap., 1971; u mp.].

B wagane 70-x rogoe 00HApPY/RUI0CH 3HAUYNTEIHHOE IMPOTHBOpEINE
B TEPMOJMHAMHYECKNX CBOMCTBAX MHUHEPAJOB, pACCIMTAHHEIX IO
DKCIIePUMEHTATLHLIM PABHOBECHBIM JAHHEIM 1 IOJYUYCHHLIX B PE3yilb-
rate TepMoxmMmMmuecknx ounpegernenmit [Zen, 1969, 1972; Hapmos u
np., 1971]. Bnarojapst HOBEIM JaHHEM IO SHTAILOHH 00pasoBaHus
rn6ocnra [Gross e. a., 1970] nmossuiachk BO3MOKHOCTH BHYTPEHHEIO
COTJIACOBAHHA TePMOANHAMHYECKHX CBOMCTB AJIOMHHHIICOMEp;KaImHX
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manepanos. A. Tommcon [Thompson, 1974] ogamm u3 mepswx mepe-
CMOTPEN HHTANLIUI0 00pasoBaHHsA AHOPTHTA, TeJEHNTa, JITaBCOHHTA
n neonrapmura us cupasounnka [Robie, Waldbaum, 1968], xoropsie
oman noayaensr P. Boapann [Barany, 1962, 1963 ] serogamn kucaor-
HOIT Kajopumerpun. B pesyasrate HToi onepanum sHTAJALIAA 00paso-
BaHHA OTHX MIHEPAJ0B OKasalach 3aHWKEHHOH HO CPaBHEHHID C
manasmu P. Poom u . Baapnoayma ma 24,65 vk ma 1 Mos ALO,.
3arem A. ToMOcoH, MCIOIL3YS METO]] PA3HOCTHHX (PYHKIMH M CKOp-
PeKTHPOBAHHEIE JAHHEIE, CTPOUT CHCTEMY TePMOINHAMHYECKHX CBOMCTE
munepaaos B cucreme Si0,—Al,0,—CaO—H,0—(CO,).

B xauecTBe 0IHOTO 13 aPryMEHTOB B MOJEPKRY NOXOOHOH Kop-
pextuposkn A, Tomncon cchuiaercsi Ha pesyibTaThl UCCJIE0BAHMIT
JI. Keit u [z, Teitnopa [Kay, Taylor, 1960], onpenerusmux aktus-
Hocth Kpemuesema B pacmaase CaO—AlL,0,—Si0,. [To staM maHHBM
HM paccuuTana craHgaptHas sHeprusi I'mG6ca amoprtmHTa, KOTOpas
OKasajach OAU3KOH K KoppeKTHpopanHomy sHaueHuio. Ho pacuer
OB BRIIOJHEH 083 yYeTa 3aBHCHMOCTH TEINIOGMKOCTH OT TeMIepary-

pur. Hama ofGpafoTka oTHX JAHHBEIX NPHBOJTAT K BeJNTHHE AG}im =
= —106,9 w]la/vons, koropas GIMBKA K ONTHMAJBHEIM JIAHHEIM
(car. rabm. 9). Benen za A. ToMcoHoM aHAJIOTHIHYIO KOPPEKTHPOBKY
repMoxaymaecKnx onpefenennii nposesn H. Yarrepmsn [Chatterjee,
Johannes, 1974; Chatterjee, 1976], P. Po6u ¢ corp. [Hamingway,
Robie, 1977a; Robie, Hemingway, Fisher, 1978], asropur cmpasou-
Huka |Tepumuueckue womeramTir..., 1979] u mexoropse mpyrme.
PaccymorpenHasi KOppeKTHPOBKA ABJIAETCS HE eTUHCTBEHHON cxe-
MOii COTJIACOBAHHA TEPMOXWMHIECKUX OIPEJeJIEeHHH ¢ HKCIepPHMEeH-
TAJBHHIMI PaBHOBECHEIMI JaHHBIMI. Psajl aBTOPOB yCTpaHAT IpPOTH-
Bopeune, jonyckas OommOKYy B sHTaXbIuu o00paszoBaHuA KOpPyHIA
[Chatterjee, 1972; Nicholls, Carmicael, 1972; Ulbrich, Merino,
1974; Helgeson e. a., 1978]. 9ra cxema moxyumma namnGojee Jorm-
ueckoe passmrue B paGorax I'. Xemrecoma m corp. [Helgeson e. a.,
1978]. xoropme Ha OcHOBe HOBHIX OmpejeJdeHml oHTaAbmum o6paso-
pannsa ruGoenra [Hemingway, Robie, 1977a], wexoppexruponpannoii
sHTanbmun obpasosannsa kaoiamuuta [Barany, 1962] n ma romcrante
pasuosecnsa peakmun Ha -+ H,0 = T'n6 +- 2Si0,,,, paccunranuoii mo
TCOJOrHIeCKUM JIAHHBIM, CTPOAT CHCTEMY COTJIACOBAHHLIX TEPMOJHHA-
MUYECKIIX CBOMCTB MUHEPAJOB ¢ dHTaJXbIUER o00pa30BaHHA KOPYHIA,
pasmoii —1661,655 ] lm/moan m ma 14,045 r]lm/Moan Goxee moio-
JRUTeNbHOIT 1o cpasHenuno ¢ pexomergammamu ROJJATA-MCHC
[CODATA..., 1978]. Kpurnueckoe paccMOTpPeHHEe ITHX AAHHHIX IO
orsomennio k cucreme Si0,—Al,0,—H,0 eym. B § 2 Hacroamei raass.
B mamnx paorax mo coraacoBaHWI0 TEPMOGHHAMMAYECKAX CBOUCTB
muneparos [Kapnos, Kuceaes, [loporoxymern, 1976; Kapuos m mp.,
1977; Jloporoxymen, Hapuos, 1979] corsacosanme Mmesuy Kajbigue-
BEIMI U aTIOMHHAICOIeP/KAIIME MIHepaJdaMu 00ecHeTnBaloch peak-
nueit (3.7), mayuennoit []. Xosurom [Hewitt, 1973 ], a rar:xe peaxmu-
eit Map + CO, = Ha + 2Asg + H,0 no pmammerm H.-X. Hutma n
B. Croppe [Nitsch, Storre, 1972]. Bruo mokasano, 4To MCHOJIB30BA-
nue koppektnposanHnx (mo A. Tommcomy m II. Yarrepmxu) repmo-
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Puc. 10. Papuosecue peaxknnu Al,SiOz - 7°¢
-+ Ka + KB = Am -|- CO; no skcnepm-
MEHTAJLHEM H TepMOJNMHAMHYECKHM [aH-
HBIM.
Py =6 x6ap: 1 — [Kerrick, Jacobs, 1978];
2 — [Keppux, Tenr, 1979]; 8 — [Jacobs, Ker-
rick, 1979b), 4 — pacueT 10 CHPABOYHNKY 500
[Robie, Waldbaum, 1968] B mnpuGMLREHIIT
aaeaastoil emecumoct® H,O un COy; 5 — TO e
no [Xopaxosckni#t m pmp., 1978; Robie, He-
mingway, Fisher, 1978], 6 — 10 e no onru-
MAJLHBIM - TEPMOOUHAMPYCCKIM JaHHBIM, fa —
pacyeT no OonTHMaJdbHBIM TePpMOANHAMIIIECKHM
HaHHLIM € Y49eTOM YgQ, 1O [Kerrick, Jacobs,

19811,
Pf = 2 kbap: 7 —[Thompson, 19761, muT. no
[Keppux, Tenmr, 1979]; 8 —[Keppuxr, Tenr,
19701]; 9 — [Jacobs, Kerrick, 1981b]; 10 —

400

And +Kar e
10a R85 At

pacyer 10 ONTHMAJNEHBIM TePMOIIHAMIYECKAM 70 O 9
JAHHEIM B TPUGITIGKEHNN 1A TBHON CMeCHMOCTH
H.0 uCO0,;; 10a —r7o e c yuetoM Ygo, dJ00 01 L 015! 01? 1 i9
e o * x,
no [Kerrick, Jacobs, 1981]. 97 )3 ” g g co,

JUHAMHTECKEX CBOHCTB AHOPTHTA B pacyeTe JUHHNE PaBHOBECHS 3THX
PeaKiuil MPUBOANT K TPYOBIM OMMOKAM OTHOCHTEJHHO AHKCIEDPHMEH-
TAJABHLIX ONpeNegeHIl, npuyeM omudKa HeoObLACHAMA ¢ TOUYKH 3pe-
HAA JIONYCTUMEIX IIOTPENTHOCTeH TepMOJMHAMHIECKOTO pacuera o
srcnepumerta. Taum ske Gb0 yKaszano na HeoGXOFHMOCTH TOBTOPHOTO
nepeonpefeneHna sHranrnnunn olpasopamus asopruta. K aHamormu-
Homy BmBony mpmnutn J[. Ilepkmme ¢ coasropamm [Perkins e. a.,
1977, mo mo npyrum cooGpaskeHHAM — HM OhuIH AOCTYIHEL HEOMy6.a1mn-
KoBannne B 70 spems jannke P. HpoToHa 1 cOaBTOPOB O DHTAJIBIAN
o0pasopaHHsa rpoccyisapa.

ITH DPenoI0AeHuA MOJHOCTHIO IOATEeP/AeHEl HeJJaBHO 0IyoIi-
rosanueit ganasMmu 1. Yapaio ¢ coapropamm [Charlu e. a., 1978;
Newton e. a., 1980 ], nomyunsmux HoBoe 3HAYCHHE DHTAIBLINE 00pa30-
BAHUHA AHOPTHTA M JPYTHAX ATIOMOCHJINKATOB METOAMH paciiaBHOI
* kanopumerpun (cM. tabxa. 9). Hapgo rarske oTmernTh, YTO B HOBOH
(1979 r.) mepcmu cmpasowmmra P. Pob6m m corpynamkoB [Robie,
Hemingway, Fisher, 1978] suraasums ofpasosaHus aHOPTATA IpH
970 K cocraBmaer —99,954-3,43 ] lm/moan (mur. mo [Newton
e. a., 1980]), 4ro B mpemenax MOrpemHEOCTH COTIAACYETCHA ¢ HAIMUMHA

panueivu.  Onmnmuvanpnoe snauenme AH ;,295 amopTUTA PABHO —
98,121-+1,15 x]J[:x/M0ab, 4TO HECKOJABKO 00Jee OTPHIATeJBHO IO
CpaBHEHUIO ¢ JaHHEMHE HoBefimeir Tepmoxnmun [Newton e. a., 1980].

Ilonyuennne TepMogMHAMHYECKHE CBOICTBA AHOPTHTA 0YeHb XO-
pomo coraacyiorea ¢ peakmuamu (3.17) m (3.19) (pme. 10). Peakmus
(3.18) Ra + KB + Ang = An 4 CO, mo HammM JXaHELM 3aHIZKEHA
Ha 20—40 K no cpasmenmio ¢ skcmepumentaxsHOi J[. Heppura m
E. T'enra [1979], uto coorBercTByer omubke npumepro 4 K]l#a/Moab

B AG, r peaknum. 910 PACX0/ICHHe MOKHO CBABATH C PA3THIHEIMA
HCTOYHHKAMN, BHOCANMIMI CBOM BKJAI B OTKJIOHEHHEe, JTO W AKCIepH-
MEeHTAJIbHEIE IIOTPENIHOCTH, W POCT X-aHAJysmTa, W HEKoTopas He-
COrJIACOBAHHOCTh TEPMOJUHAMHYECKAX CBOMCTB aHOPTHTA, KAaJIBIHATA,
KopyHaa m aHganyaura. HamGosee BepoaTHas npuumpa cBA3aHa ¢
TePMOIUHAMAYECKHMII CBOMCTBAMH CHHTETHYECKOTO ¥ IIPHPOXHOTO
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anopruta. B akcnepnmentax J[. Keppura m E. I'enta ncnoasayercsa
OPHPOJHEI AHOPTHT, a ONTHMAJIbHKLE TePMOAMHAMHYECKHE CBOHCTBa
AHOPTHTA COOTBETCTBYIOT, CKOpee, CHHTeTHUECKOMY AHAJ0ry, PasHuna
B OHTAABNHAX oOpasosaHusa Kotopux coctasiger upu 970 K
3,3 ®]li/voap [Charlu e. a., 1978]. Henpssa neriounth rakixe uame-
HeHHe CTPYKTYPHOTO COCTOSHUA AHOPTHTA UPH NOBLIICHHH TeMIepa-
TYPH M cBA3aHHBE ¢ HuM jgpeii ameprum I'mdGca, ompemensembrii
KoHQUrypamuoHHuiMir adderTamm.,

Kpugsre pasaosecuit (3.18) n (3.19) mo pammawy P. Pofm m corp.
[Robie, Hemingway. Figher, 1978], a rax:e mo mannmm M. JI. Xo-
nakoBckoro u coastopon [1978] sanmmarr paBHOBeCHBe TeMmepaTy-
pur peakmuii Gosee wem wa 100 K, wro casano ¢ noamnoii mecoraaco-
BAHHOCTBIO TEPMOJMHAMHYECKHX CBOMCTB aHopruta 1 uoanMopdos
Al,SiO; y atux aropos, xora ux npescume panusie [Robie, Waldba-
um, 1968; Haymor u ap., 1971] B 1me70M cOOTBETCTBYIOT DKCIEPHMEH-
Ty (em. pme. 10).

Boamnacronnrl. Onrnmanenas crangapruaa sueprug I'no-
Gca BosmacToHnTa-1 (Manee BOIACTOHHT) COCTABJIAET IO HAITMM JAH-
ey —1547,56 4+ 0,16 x[[m/mMoas mpu S, = 82,38 + 0,33 T/
/(moan-K), otkyna AH; ,e5 = —1632,678 + 0.16 k[[#/voas mam ua
okmcnos: —86.888 k/i/moab.  9To 3HaveHMe CTAHJAPTHON 2HT-
pPOIMK  BRIE 3HAYEHHA, TOJYYEHHOT0 [PH H3MEPeHHAX HH3KO-
tremunepaTypHoii Temnoemroctn [Robie, Hemingway, Fisher, 1978:
Krupka e. a.. 1980], a raxike pexomenmosammoro ;. Xaacom i
coasropamu |Haas e. a., 1979, 1981]. ITocaexuune smavenus He oGec-
NEYUBAIOT JIOCTATOYHO Y/IOBJIGTBOPHTEABHOTO COTJACOBAHMA TEPMO-
AMHAMHYECKOTr0 pacdeta M akcmepmmenta no peaximmn (3.3). Omru-
MalbHafg HHTAJLITNA OGPHBOIHH'IHH fogee MOJOKUTEIbHA 10 cpaBHe-
HOI ¢ TepMoxuMpueckuMu onpemeneruammn: —88. 914046 g [li/moan
[Torgeson, Sahama, 1948], —89,431+1,435 w/lw/moan [Robie,
Hemingway. Fisher, 1978], —88.3241.5 k/lsx/moan [Charlu e. a.,
19781, —87,91 41,05 xla/voan [Kucenesa u ap., 19791, Tem me me-
HEe DPACXO;KJEHIEe € HTHMIf JIAHHEIME MUHHEMaJabHOe I (PaKTHIeCKIT
yEaajsBaeres B omuOky onpenexaenns. [lanune I'. Xearecona u corp.
[Helgeson e. a., 1978 | eme Goaee mosnomurennunr (na 1,7 kJlw/moun),
4T0, B KOMOHHAIMN ¢ 3aH;KeHHON pHeprueir I'mG6ca kaneuura, sa-
BRIIAET JHHHI0 paBHOBecua peakuun Ha - KB = Boxn -+ CO,
(puc. 11) Gomee uwem ma 50 K mno cpaBHeHHIO ¢ HKCIEPHMEHTAI BHEBIMII
onpegenenuavn J[. Iluremtaiina n B. JI:moxauneca [Ziegenbein,
Johannes, 19741, JI. Heppuka u coasropos |Kerrick. Jacobs, 1978;
Jacobs, Kerrick, 1979a, 1981b] u K. U. MImyaosnua [1977], xors n
BIIOJIHE YyIOBJETBOPHTEJILHO COIVIACYIOTCA € YCTAPEBIINMH M 3aBhI-
menasME 1o temneparype ganasivu P. Xaprepa n O. Tarraa [Har-
ker, Tuttle, 1956].

CoBpeMeHHBIE HECTPATOJAIMONNEE TaHHBC [0 YPaBHEHHIO COCTO-
aausa CO, npu ovens smcoknx mapamerpax [Bottinga, Richet, 1981]
HOBBOJININ paccuntath csofopuyio sHepruio peakmun (3.16) mo pan-
oM X. Xaceawrona n coasropos [Haselton e. a., 1978] B ofmactn
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Pue. 11. Papuopecue pearnmu Ra - Feo,."6ap
-+ K = Boux - CO,. T

DKCIepHMeNTaIbAbe  JaHHbIC: 1 — [Harker,

Tuttle, 19561 npn  xcg =1,0; 2 —[Zie- EF 7

genbein, Johannes, 19741 npu *co, = 1,0; 5t e 4 4a

3 — [WImymosua, 19771  npm xco, = 0,175:

4 — [Kerrick, Jacobs, 1978; Jacobs, Kerrick, 4 1
ib] npu xco, = 0,86 £ 0,08; 4a — s

1981h] np 0, = 0,86 + 0,08; 1a [Jacobs, | Hansqum+hoapy |

Kerrick, 1979] npn xgg, = 1,0.

TepMognHaMuueckile IaHHBE (x002 = 1); r =

5 — pacuer no cnpasounnky [Robie, Heming- 7 Bonnracmonum +(0,

way, Fisher, 1978]; 6 — pacueTr 1o AaHHBbIM

[Helgeson e. a., 1978). 7 — pacuer mo onrn- L L L 1 1 | FELAP ¢
MAJBHBIM TEPMOLNHAMITMCCKIM AHHBIM, 600 700 800 9007¢

remneparyp suie 1000°C (ear. taGu. 8). CorsacoBaHue ¢ HammMI J{aH-
HEIMH  OTJIHYHOE,

I'poccyuasnp. Tepmogmuammueckune XapaKTePHCTHRI Ipoccy-
JaApa, PeKOMEHIOBAHHLIC PasHBIMU apropaMmu, npusemens B taGa. 10,
Ilonyyennas mamu crangaprHas HTaIbLONA TPOCCYIAPA IPHMEPHO Ha
4 xJTni/Moab Gostee oTpuIaTeIbHA TO CPABHEHMIO ¢ TEPMOXHMUYECKIME
onpegenernavu T. Yapao u coastopon [Charlu e. a., 1978]. Ho or-
METHM, KaK JOHOJHHTeJLHE (akT, DBOJIONNI0 SHTAILRONA 00pasosa-
Hus rpoceyasipa npm 970 K or —319,494+4,23 k[lx/mMons (Newton
€. a., mur. mo [Perkins e. a., 1977]) mo —325,98+2,8 xl;x/moan
[Charlu e. a., 1978]. Jlanume [[3. Xaaca u coasropos [Haas e. a.,
1979, 1981], moaydyeHHEIe U3 BHICOKOTEMIEPATYPHHIX PABHOBECHBIX
JAAHHBIX, OPAKTHYECKN cOBHagaoT ¢ HammMi BexmunHamu (taba. 10).

B xopme onrmMmusanuoHHRX pacueToB B CHCTeMe BEIACHWIOCH, 9TO
OTPaHHYeHHs Ha CTAHZAPTHYI JHTPOIMIO TPOCCYIAPA IO JaHHLIM
JI. Iepkusnca n coasropon [Perkins e. a., 1977] canmkom jkecrkue.
Bo Bcex pemenusx monyuaemoe zHauenue HHTPOIHH COOTBETCTBOBAJIO
BepXHEMY @pefesy, MODTOMY BepXHsasd TpaHUma ObJIa IOCTENEHHO
pacumpena mo 273,26 wllx/(mons-K) [Rapmos m pgp., 19771, mo
ONTHMAaJbHOE 3HAYeHHE CTAHTAPTHON HHTPOOHH TPOCCYJAApPA OKaza-
Jaochk pasHeM 257,3140,54 Jhx/(Mons-K), uTo HECKOJIEKO HuKe DHT-
POINM CHHTETHYECKOTO TpoccyasApa, ompejejeHHoil HemasHo X. Xa-
cenpTonoM o 9. Yacrpymom [Haselton, Westrum, 1980]. Pawee mamu
OBIIH 1OJIYYeHBl 3aBBIUNEHHLE 3HAUEHNs sHTpommm rpoccyaspa [Hap-
nos, Kuncenes, Ioporoxymern, 1976; Hapnos u mp., 1977; Jloporoky-
nex, Kapmos, 1979]. Ho ee KoppeKTHPOBKA /10 NeHCTBHTEILHOIO 3HA-
9eHIsI W COOTBETCTBYIONMNIT IepecueT MCIPABIAIOT paHee TOJyUeHHEE
sHavenud sueprun 'uGHca rpoceynsapa 0 BeIMYHHBL, XOPOIIO COIJIA-
Cylomeiicsa ¢ TepMOXHMHYECKHMH JTaHHBIMI,

B ornmume or mammx Gonee paHNMX JAaHHLIX BaBHINEHHAS OIEHKA
sHTponun rpoccyispa npuseaa M. A. Kucexesy [1977] x omubkam
B anaause cneremn Si0,—Al,03—Ca0—CO,, X0Ta monydeHHas emo
sHeprua I'nmGGca rpoceyasapa Ganska x pacuery J. Ilepkmnca n coas-
ropoB [Perkins e. a., 1977 ] no repmoxumuuecknm gananm P. Huoto-
Ha 1 coaBTopoB (cM. Tadua. 10). Heratnsmyio poab cuirpal 3fech H pac-
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"I‘aﬁnnua 10

CTaBJlBFFIIH(‘ TEPMOAHHAMUYCCKRE XAPAKTCPHCTHRH FPOCCYIApa 110 JaHbiM pasiblx

—343,633+£7,32
—6657,14,72

—6613,65
—6624,14-14,6

—6624,93
—6638,97 *
—325,08+-2,8 **
—HU7145
—319,39

—318,98

—317,81

—6577147

—6624,1-+14,6
—6636,33+3,22
—6636,338--3,22
—6636,8464-0,92
—323,776+0,98

—6295,3+4,73
—6313,66
—311,24
—6263,03+5,9
—6262,59%4

—6235,39
—6228,7

—06264,07
—6262,32+14,3
—6274,724£2,58

—6274,919-+2,583
—6275,833+0,98
—314,148--0,98

255,5--0,51
242,59
292,88

255,64+0,84

254,68
254,68

322,04
3031

273,26
254,68
255,974-2,94
255,971 4-2,946
257,31+4-0,54
257,31+0,54

ABTOPOB
MM g5, 5llas/mos | AG7 a5, w0 Jlm’(sm:g?xi‘-l() Herounmi
—333,35 —317,66 241,54 Hays, 1967
—6645,844-7,65 —6280,124+-7,87 241 414544 Robie, Waldbaum, 1968
—6656,7+06 —6294,940 46,1 255,5+0,51 Robie, Hemingway, Fi-
sher, 1978
—333,366 7,56 255,54-0,51 Tam ke

Krupka, Robie e. a., 1979
Thompson, 1974
[Mayrynosma, 1975
Rncenepa, 1977

Tepmuteckue
TH.,., 1979

Helgeson e. a., 1978

Tam ke

Charlu e. a., 1978

Tawm ke

Tax e, ¢! mo [Kucenena
u ap., 1972]

Tam sxe, o [Haselton,
Newton, 1980]

o [Robie,

Fisher,

KOHCTaH-

Tam sre, ¢f

Hemingway,
1978]

Kapmos m pp., 1971

Hapnos, Rucenes, lopo-
roxymnemn, 1976

Rapnos m pp., 1977
Perkins e. a., 1977
Haas e. a., 1979
Haas e.a., 1980, 1981
Hactosmas paGora
Tam e

* JlepecunTaHo ¢ HCNOJB30BaHMeM NPHHATHX 3HAueHmil AHj ogg 1t AGy 99g KOPYHZ,
** TIpt T = 970 K. 4
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ger no metosam [11 3axona repyMognHAMIER, KOTOPHIT CIIpaBeIIns TOIhb-
KO IPW HaJAImYMH HaJe;KHbIX JaHHBIX 110 CTAHAPTHOH AHTPONUE M Ter-
aoemkoctn. Jneprua I'mGBca rpoceyispa, paccuuTaHHAs MO dEKCHE-
pumentagpimy gaunmm . Xeiica [Hays, 1967], orasamace y
. A. Rucenesoit 3asuiennoii Goee wem wa 20 k[lx#/Moub mo cpasne-
HHIO C PACYETOM IO JIPYIHM PAaBHOBECHBHIM JIAHHKIM. JT0 00CTOATENbET-
B0, o mEennio 1. A. Hucenesoii, copepmenno qucKpeUTHPYET AaH-
Hue [[:x. Xeifca, HO moYeMy Torja HrHOPHPOBAHK AHATOTHYHEE JaH-
mrre M. Xapug n I'. Henmenu [Hariya, Kennedy, 196817 Eme oxua
ommbra M. A. Kucemenoii 3akmioyaercs B MCHOAb30BaAHNT KOPPERTH-
posanuux no A. Tommcomy tepMOIMHaMAYECKIIX CBOMCTE aHOPTATA
p rexenaTa ua cupasoununka [Tepummuecknme womeranTH..., 1979],
B TO BpeMs eme He onyGIuKosaHHOro, Ecim oTROppPERINpPOBATH gaH-
mere V. A. Hucenesoit mo surpomnm, torjga moayauy suepruio I'mdoca
rpoccyisipa, Gnuskyo K manEeiM A. Tommeona [Thompson, 1974] n
P. Poou u corp. [Robie, Hemingway, Fisher, 19781, nporusopeune
KOTOPOI ¢ HAIINMHI JaHHLIMI H ¢ COBPEMEHHOI TePMOXUMUEH OYeBHI-
#H0. COBOKYImHOCTH BCeX aTHX OmHuOOK MPHBOAUT K TOMY, 4TO TPOCCY-
aap M. A. Kucenesoil coBepmeHHO He COTJIACYETCS © MCXOHLIMI
IKCUEPUMEHTAJBHEMI JAaHHEIMI T TePMOXHMNYECKHMI OIpejene-
HHAMH.

Tpybyio omubky momyctuian asTopsl cupasounnka [Tepmuueckue
KomcTautsl..., 1979], cosmectne cramgaprHy0 DUTAJIBIHI 00pasoBa-
HusA rpoceyaspa no gannpiy [, [leprumnca n coasropos [Perkins e. a.,
1977] (cm. Taba. 10) ¢ koppexTuposannoii no A. ToMncony sHTaXLIREH
aHOPTHTA M IeJeHnTa, UTO NPHBOAUT K PE3KOMY MHCCOHAHCY C 9KCIe-
PUMEHTAIBHAMI PABHOBECHHIMN JaHHEMH. PacxoskmeHme c¢ premepi-
MEHTOM TaKOro ;ke MOPsJKA, Kak u B pacuere mo gauuaev M. JI. Xonga-
KoBcKoro u coasTopos [1978]. KoTopnre, Kak u aBTOPH CHPABOYHUKA
[Tepymnueckue womcramthl..., 1979], ocHoBHBaImCH, BEpPOATHO, Ha
-padore I1. A. HKucexesoit [1977].

He amnrena nporusopednii u ofua na negasunx pator [[. ITepxun-
ca c coasropamn [Perkins e. a., 1980] mo npuaoskeHimio HOBERIX TepMo-
Xmyugeckux fannnx ¥ eucreme Si0,—Al,03—Ca0—H,0. Herotopnie
H3 HAX y/Ke YHOMUHAJINCH BBIIE, & OJHA M3 IJIaBHRIX UPHYHH —
HEJOCTATOYHO IHOJNHOE IIPHBJIeYeHNe HECIEPHMEHTAILHHX PaBHOBEC-
HBIX JAHHBIX K IPOBOJUMOMY TepMOIHHAMUYecKOMY anaxunay. B oxgmonm
13 mapuantoB J[. IlepkuHC M COABTOPHL MCHOMBLAYIOT PEKOMEHJIALAI
P. Po6u u ap. [Robie, Hemingway, Fisher, 1978] no amoptury u re-
JeHUTY B ONpefeJeHnn cTaBgaprtHoi ameprmu I'mGGca rpoccymnapa
no maru peakumaM: (4.1), (4.13)—(4.15) n (4.26) (momepa peakumii no
taba. 7m 8) — B aroM caydae oramdua B oHeprun I'mGGea rpoceyaspa
nocruraior 23 kJ[:k/moas. B npyrom sapuante pacueros [I. Ileprmuc
¢ coapropamm npusiexaor gauaete T. Yapmo u coasropos [Charlu
e. a., 1978] no smraapnum 06PasOBAHMA AHOPTUTA, TEJAEHUT IPHHH-
Mmaior mo cnpasounuky P. Pobm m corpymmmkor (uro camo mo cebe
TPOTHBOPEYNBO); B peayinbTate pasanuusa B AC; .gg Tpoccyiispa eme
Goxee Boapacraior, HO sneprusa I'nG6ca mo GeareneHHTOBLIM PeAKIUSM
opubanskaeTca K TEPMOXHMHYECKOMY 3HAYeHUIO.
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B oramume ot pacemorpennnix pafor K. Hpynka ¢ coasiopamm
[Krupka, Robie e. a., 1979] makcumajusno ynpoetmian sagauy pac-
yera sHTAJBONN n sHeprum I'mGGca rpoccyispa M3 sKcHepUMEHTATb-
HEIX PABHOBECHBIX MAHHBIX ITYTEM HMCIOIb30BAHI TOJBKO OJIHON peak-
mun MuHepanooGpasosannsa: 'poc 4 Hs = Au -+ 2Box. B pesyan-
TaTe — BEJMKOJCIHAS CXOANMOCTH TePMOTHHAMHYIECKOTO pacdera H
JKCIepPHMeHTa, HO TOJBKO [0 ATOH pearImm.

Feaemnt. OntomMancHEe TepMOJNMHAMHYCCKHEe CBOMCTBA Te-
aeamra (rabdx. 11) xapakrepuayior pasynopsjodeHHLHT aHOPTHT M|
He3HATHTENBHO OTIANYATCA OT MAHHBIX HEKOPPEKTHPOBAHHON Kuc-
aotnoit kamopumerpug P. Bopoun [Barany, 1963; Robie, Waldbaum.
1968], a rakike oT onYOANKOBAHHBX HEJTABHO PE3YIbTATOB PACILIABHOM
waidopumerpun [Charlu e. a., 1981 ]. Cranjaprras anraasmus oGpaso-
paaua resgennrta, no ganuny T. Yapaio u coasropos, va 3 k[w/Mons
f01ee MOJOKUTENLHA IO CPABHEHHMIO ¢ ONTHMAIBHON BeJAUYNHON 1 Ha
7.3 k]ls/Monp mo cpasHenuio ¢ ganumvu P. Bapaunu. Orvernm ouens
Xopomyio cxommMocTh peayarratos [[ik. Xaaca u coasropos [Haas
e. a., 1979, 1981] ¢ nammvwm gasEeMiI. Dueprust [uGoca resennta
mo pamamy K. M. Hlumynosnga Gimska K HammM JaHHEIM, HO 9HTPO-
IIIST Pa3JInIaeTca Ha Beamdnuy Komupurypanmonnoro skiaaga [[laymo-

saa, 1975]. Mz pacueron AGf g¢ TeJOHITA O AKTHBHOCTI KPeMHeseMa
B pacmaase Si0,—ALO;—CaOQ [Kay. Taylor, 1960; Filipovska,
Bell, 1975] cxexyior Gomee momosxuTeAbHEE MO CPABHEHNIO ¢ HANIMMHE
BeJNYHHbL U OJIN3KNE K JaHHGIM COBPEMEHHON TepMOXHMHH. JHEpris
I'mGbca rememwTa 1O ONTHMAABHRM  JIAHHLM TPAMEPHO  Ha
26 & J[;xe/mMoap Gosee MOMOMRATENRHA 110 CPABHEHIIO ¢ PEKOMEeHIATMAMM
A. Tommcona [Thompson, 1974]. P. Po6u u corp. [Robie, Heming-
way, Fisher, 1978], cupasounnka [Tepmuueckne KOHCTAHTHI...,
1979] n mosoabHO 3HaUNTENLHO oTamdaeTcs oT gaHHEX [, Xearecomna
u corp. [Helgeson e. a., 1978], mepecunTaHHEIX ¢ YYETOM HPHHATHX
suanennit AH, a5 1 AG; 508 KOPYHA.

Pacuer auanu pasHOBecnsa peaxnun (3.4) mo mamamm I'. Xeareco-
Ha ¥ COTPY/JTHHKOB IIOXO COTJIACYETCS € DKCIEPUMEHTOM — pacXoik-
nenne pocturaer 100 K. Eme Gosee sraunTeapHO pacxo;kaeHue ¢ JaH-
umvu P, Po6u u coasropos u M. JI. Xopakosckoro m coastopos
[1978; Tepmudeckie KoHcTanThH..., 1979], x0T M BHONHE 06BACHAMO
¢ YYeTOM IpPUBOMMEX MMM morpemmocrtei (pue. 14).

I'padmuecroe comocrasienne peayabtatoB. [locine cpasmenuma n
ofCy/KIeHNs Pa3THIHLX TePMOAUHAMHIECKNX MAaHHEX I KPaTKOIO
aHajlnsa TEePMOAHHAMHYECKNX CBOIICTB BOJNJIACTOHHTA, AHOPTHTA,
rpoceyifgpa o TeJeHnTa HeoOXOXHMO TpoBecTH OOCY/KACHHE COO0T-
BETCTBUA JHHNII PaBHOBECHA PEAKIUII ¢ ydacTHeM HTHX MIHEPAJIOB
[0 OOTHMAJABHEM TePMOMHAMIIECKIM JAHHBIM ¢ DRCIePUMEHTATbHBI-
MH PABHOBECHBIMH ONpPEeIeJAeHHAMH H ¢ PACIeTaMH 10 HMEMIMCH
cHCTeMaM TePMOAHHAMUTECKNX NAHHLIX. 3aTeM OyAyT paccMOTPeHb
TepMoguHaMuIeckue cpoiictea Ca-uepMakuTa W IOMSHTA.
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Tatamma 11

Cranlaprabie TepMOAHNHAMHYCCKIC XaPaKTePHCTHRN FeIeHNTa Mo JaHHBIM Pa3HbIX

ABTOPOR
AH;,298- KI#/Mob AG;,ZSS' K]/ MOa b I[m,r‘(ui;b-ii) Herounnk
—130,16+2,1 - — Barany, 1963
— —192,5+8,4 — Kay, Taylor, 1960,
AG;‘].!HZLS
— —3777,5 % 208,9541,75 | Tam e
—3986,26+4,02 —3784,144+-4,06 198,32--1,67 | Robie, Waldbaum, 1968
—4007,57+2,82 —3808,705+2.9 209,8+-1,64 Robie, Hemingway, Fi-
sher, 1978
—150,9924-3,09 —163,2154-3,17 209,84+1,64 | Tam ke
—3986,93+2,9 —3784,72 198,32+1,67 | Haymos u jp., 1971
- —3770,8+5* 208,95 Filipovska, Bell, 1975
- —3781,56+4 198,32 Tam xe
— —137,666 195,23 Mmyaomg, 1975
—4010,93+4.6 —3808,81+5.1 198,32 Thompson, 1974
—4010,93+4,6 —3812,23+5,4 209,8 Tam ke
—4007,85+2.9 —3809,112 209,841,7 Tepmiueckne KOHCTAH-
TH..., 1979
—3981,77 —3780,64 201,25 Helgeson e. a., 1978
—3995,8*%* —3794,62%* 201,25 Tam e
— —3788,37 203,76 Rapnos, Rucenes, Jlopo-
rorynen, 1976
= —3792,46 199,62 Kapnos m up., 1977
© —3981,714+-2,46 —3782,89+2,33 209,804+-0,97 | Haas e. a., 1979
—3981,707+2,458 | —3783,001+2,329 |209,891--0,972 | Haase. a., 1980, 1981
- —128,204-1,30 *** - — Charlu e. a., 1981
—3978,98 * — — Tam e
—3981,987+2.4 —3783,0054-2,4 208,954-1,75 | Hactoamana paGora
—125,407+2,4 —137,443+2,4 208,95+1,75 | Taum ke

* TMepecynrano k¥ T = 208,15 K ¢ mcmossszoBaHueM HPHHATHX TEPMOXHHAMIYCCKNX
@ynruit oxkiclos M pejeHnTA.

** TlepecanTa”o ¢ MCMOIL30BAHIEM NPHHATHIX aHaueHmii AHy sgg W AGy 29g KOpYHna,
*** Mipn T = 970 K,

Jlupma paswomecms peaxmun

I'poc 4 2[Iuc 4 Ke = 3Ar uo

HAIIAM JaHHKIM COOTBETCTBYET BCEM HKCIEPUMEHTAJTBHLIM paboTaM,
sa ucraovennem onpenenennit P. IIImuga u coastopos [Schmid e. a.,
1978] (puc. 12). Pacuer no pamumym P. Po6u u I'. Xearecona ¢ corp.
|Robie e. a., 1978; Helgeson e. a., 1978 ] npusonur ¥ mo4rn cosma-
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Puc. 12. PaBHOBeCHe pearIHi

lpoccynsp I'poc - 2[{uc + K = 3Am.
30} e—e x
+2 Juemen 6 JKcnepnMenTanbible qanusle: 1—[ Boyd,
+ Heaou e 1964, Boyd, England, 1961]; 2 —
" /‘ |'1Hays, 19671, 8 — [Hariya, Kennedy,
26 968]; 4 — [Wood, 1978; Schmid e, a.,

1978]; § — [Goldsmith, 1980); 6 —
[Mopomer n ap., 1976].
TepMoHHAMHYEeCKIe  JaHHble: 7 — pac-
. yer P. Heoroma [Newton, 1966] no
peakiiAM ¢ Y4acTHeM LoM3lTa ¢ Io-
npaskolfl Ha MOJIbHBIT 00BeM cHILIIIMA-
HATA; & — pacder 10 cupapoyAnky [Ro-
1 bie, Hemingway, Fisher, 1978] B upu6-

4 JIHAKeH I AV?'MB = const; 9 — TO Ke

no pmamHEeM M. JI. Xogakosckoro u
] coapt. [1978]; 10 — pacuer no onTm-
MAJbHBIM  TePMOIHHAMPUYCCKHM  JAHHBEIM
1 c yueroM Vo = f(T, P); 11 — pacuer
no nanAeiM [Haas e, a,, 1980, 1981]

22

18

1%+

10

0
B OpUGAIGHEAN A Vo 9gg = const,

e

400 600 800 1000 1200 1400 T,C

naomeit npn 900—1100°C aunnn pasHoBecus, HO ¢ Pa3HHM HARJIO-
voM. Jlmaun pasmosecns mo manamym V. JI. Xopawomckoro m corp.
[1978] sammxenm mHa 200—300 K mo cpasHeHHIO ¢ SKCOEPHMEHTOM.

Pacuer ammamu pasmosecms peakumm I'poc -+ He = Au + 2Box
no namum ganueiM, I'. Xearecoma ¢ corpypaukamu n K. Kpynka c
coastopamu [Helgeson e. a., 1978; Krupka, Robie e. a., 1979] naer
OOYTH €OBHAZAIOIINE pPe3yJbTaTH, HO, KaK Yi/Ke MOIIePKHUBAIOCH,
nmapasie H. Hpynmka m coaBropoB OTJIMYHO COINIACYIOTCA TOJBKO ©
aroit peaxmueit (pue. 13). TepmopmmaMmueckme paHHBIC U3 COPABOT-
nuka P. Po6u u corp. [Robie, Hemingway, Fisher, 1978] coranacyior-
ca ¢ sKcnepmMeHTaapHLMu onpeneaenuayu B. Croppe [Storre, 1970],
P. Heiorona [Newton, 1966] u J[. Heppuka u E. I'enta [1979], 7. e.
COOTBETCTBYIOT HKCIEPHMEHTANLHRM JAHHLEIM Ha IIPHPOJIHOM CTapTo-
BOM MaTepHAJE W 3aBHIEHHE M0 CpaBHeHMI0 ¢ gaposMiu X. XyKeH-
roasna u corp. [Huckenholz e. a., 1975] na 40—50 K.

Tlo peaxmun I'poc + Kp = lex + An, rax n pamee [Kapnos,
Kucenes, lopororymen, 1976; [lopororymern, Hapmos, 1979], me
VAAI0Ch JOCTHYb JIYYOIET0 COOTBETCTBHUA OKCOEPHMEHTY, 4YeM Ha
puc. 14. Onrnvamsras anana npoxoxnt Ha 40 K Hmme skcnepmuyen-
TaapimX OpexknToB X. XVKeHr0JbIla M COABTOPOB, HO cOrJacyercs
¢ nanustnu A. Borruepa [Boettcher, 1970]. B oroil pearunu sepost-
HEI 3HAYuTEdbHEE aferTnn cmemenus. OAMH M3 NPH3HAKOB — BO3-

o
pacraHme mapaMerpos sueiikn rpoceyiaspa mo a = 11,854 A, wro ceu-
NeTEJILCTBYET O MOABJIEHHH THAPOTPOCCYAAPOBOTO KommoHeHTa. Eime
Xyi#e COTJIACYIOTCA ¢ ATOH pearmueil Apyrae CHCTEMBl TePMOAHHAMI-
YEeCKHX JaHHHIX.

Jluansa passosecms peakmunm 2I'poc = Au + I'enr + 3Boxr mo
HAMIIM JAHHEIM COTTACYETCH ¢ BKCIePHMEHTAIBHLIMI OTIPeIeTeHIAMI
K. . lmynosnua [1974] n X. Xyrenronsma ¢ coaBTopamMii, IpoBo-
THBIIHX HMCCJIEOBAaHUA ¢ CHHTeTHYecKnmMu ¢asaMmm, a JHHUA PaBHO-
Becna no cupapouHnky P. Po6u u corpynankor m mo paGore I'. Xen-
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P, kbap

18
6} m—a2
Fo—x3
1%} o—e4b

12"

10 +

Fd
»“Tpoccynsp+Keap

‘*3

Awapmum + 2 Boanacmonum 1

n 1 i i i i i

500 600 700 800 $00 1000 1100 1200 T,°C

Puc. 13. Pasuosecue peakuun I'poc + KB = Am + 2Boa.

BKenepuMeHTaIbEbBe JanHsle: 1 — [Hays, 957] 2 — [Newton, iBGb] 3 — [Boettcher
1970]; 4 — lHuckenhnlz e. a., |9i’5] 5 — [Sto 19701; 6 — [Windom, Boettcher, 1976]
— [Keppux, I‘ear. 19791.

TepmopnHaMUUCCKITE Ilal{lll.-t{,‘ 8 —-pac:qe'r no cnpasounusy [Robie, Hemingway, Fisher,

19781 B npuGmnKeHIN AvY? 7,298 = const; 9 — 70 e no gaFEEM 11, JI. XopakoBekoro u ap.
[11173] 10 — pacyer no OITHMAITBHENM TEPMOAUHAMIYECKNM TaHHLIM ¢ yueroM Vo= f (T, P);

i‘,-" — pacuer no gaHmM [Haas e. a., 1980, 1981] B npuimubxeHnn M‘r.z»s = const,

~ IecoHa u coaBTOpoB coorseTcTByer naHHbM A. Borruepa [Boettcher,
= 1970] HCTIONB30BABIIero mpupojausie Martepmann (puc. 15). Corma-
- copanunie Tepmopunavmyeckne ganane M. JI. Xoxakosckoro m coas-
- 1opos [1978] sammmalor auHMI0 paBHOBecus peakumm Gojee dem Ha
=350 K.

Kpartko kocmemcs peakmmii ¢ yJacTieMm paccMOTDPEHHBIX MHHepa-
~yoe n cmecm H,0 + CO,. Peakmuum Ha 4+ He -+ AlSiO; = An
- + CO, n Ka 4+ K = Boa 4 CO, y:xe paccmarpusaiuch, u He Gy-

JleM Ha HUX ocTaHaBAuBaThes. JIMHNM paBHOBECHA APYIHX peariuit
~ B KooppmHatax rco, — I’ (°C) npusonsatca ma puc. 16—18. M3 srax
pucynkos um taba. 8 caemgyer, 4T0 HE OJHA M3 PACCMATPUBAEMEBIX CHC-
- TeM TepMOJNHAMHUECKHUX JAHHLIX B MPUOJMKEHRNN HIeaJbHOM cMeci-
moct I,0 4 CO, me cormacyercs ¢ sKCHEPHMEHTAIBHHLIMH OIpese-
geanamu. G yuerom mempeambnoctn cmecn [I[Imymnosmu, IlImonos m
ap.. 1980; Kerrick. Jacobs, 1981bh] ontamansuere TepMoiuHaMBYecKHe
JIAHHLI® B IIpejiesiaXx MOTPENIHOCTH COTVIACYHTCA € JKCIEPHMEHTOM,

-

¥ i ¢
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P xOap Puc. 14. Pasuopecne pearnna I'poe |-
T -+ Kp = An + Tex.
JrcnepiMeHTaIbHBle  NaHHbe: I — [ New-
ton, 1965]; 2 — Hijikata, Yagi, 19671];
1 3 —[Boettcher, 1970); 4 — [Huckenholz
e. a.,, 19761,
-4 TepMmomnHamilyecKne JaHHble: & — olleHKa
R %m Xeitca [Hays, 1967]; 6 — pacuer
. Heworona [Newton, 1986]; 7 — pacuer
- 1o enpasosHnky [Robie, Hemingway, Fi-

-  sher, 19781 B npn6amkennn AV,Q'MB-—- consty

o ! \ 4 & — 7o e no nanHeiM [Helgeson e, a.,
1978]; 9 — 10 ke mo maumeM H. JI. Xo-
naxosckoro u ap. [1978]; 10 — pacwer no

PO SR R RN N K AR N S, S

10 poccynsp + Kopywd

8

I o 4 OTHMAJIBHBIM  TCPMOIMHAMMYCCKNM JaHHBIM
2 Gl iRl ?3 yaerom Vo= f(T, P); 11— pacder no
B iR el : 7 namuem [Haas e. a., 1980, 19811 s npuég-
1
: - = 0
500 700 900 1100 T MKEHIN AV 9gq= const.

xota B pearmuu Au - Box -+ Ka = TI'poc + CO, (em. pmc. 18)
Tpefyeresa A AYUINEero COIIACOBAHI HECKOJLKO 00Jee BEICOKIIT
KoaddummenT aKTHBHOCTH rasa 10 CPaBHEHHIO C T€M, KOTODHIA CJeay-
T U3 DKCHePUMEHTAJLHBIX 00BEMOB CMEIIeHHs. 3Iech, BO3ZMOKHO,
CKaspiBaeTCsl BINAHWE CHINKatHOW wactu peakgmu [[Ivmymnosuw,
1lImonos m ap., 1980], nwim skcumepmMenTaJbHEE 3HAYEHAA MOJIBHOIT
ponu CO, GRIH 3aHMKEHEI N3-3a MOABJIEHNA 3aKAJOMIOTO KaJbLINTa
[Keppuk, Tenr, 1979]. ITo yuennio K. WM. HImynosuua, B. M. lo-
uvosa m ap. [1980], snavenns koaddunuentos axrusrocTn uz P—V—
T-mamepeHnil mpegcTaBaAnT co0o0ii, CKOpee, MUHUMAJILHBIE OIEHKI
OTHX BeJMYHH, a 0oJiee peaJbHble B3HAYEHNS [OJIYYeHLL paHee
[OImymoBmua, 1977, 1979].

JluHEn paBHOBeCHS BTHX peakmuil no jgauueM paGoter I'. Xeare-
cona u corp. [Helgeson e. a., 1978] mHeymosaerropurensno corma-
CcylOTCH ¢ OKemepuMmeHtoM. B WacTHoeTH, CyAA 10 peakiuaM
An + 2Ha = T'ex 4 Box + 2CO, (cm. pme. 17) m 2An
- 3Ka = l'ex - I'poc + 3CO, (cm. pue. 16), mamo momyckarh OT-
puiareabHoe oTkiaonenne ot 3akona Payas B emecn H,0—CO,,
4TO NPOTHBOPEMHT APYLHM pearkuusaM, a takske P—V—T-magumM n
orenkam mo «koncrante pasnosecusy [HImymosnu, 1977, 1979;
HIsyaosuy, Hsmonos 1 ap., 1980]. Becbma sHaqnTenbHL OTRIOHEH! 5

A noap
T

- ar T
Pue. 15. Pasuoreciie pearmun 2I'poc = Vi LI BELER JR R

= AH + Tea + 3Boa.
JrcnepiMenTalibHble  MaHHBe: 1 — [Hays, T =901
19671 2 —][Hm‘ltullt:x‘, kw?u!: 3= illlm.»]'- o 2
aopiu, 1974]; 4 — [Huckenholz e. a.,1973].
TepyMoaAWHaMIYeCKle JaHHble: 5 — olle HKa g =4
P. Hwpwrona [Newton, 1968]; 6 — pac- =
wer o crpasouHiiy [Robie, Hemingway,

b

6+ ' 1
Fisher, 19781 B npuGmukcnun A‘i-’?'.ma: ‘> 1z f
= const; 7 — 1o ke no ganHeM [Helgeson 7 POCCY AR 7
e a., 1978]; & — 10 ke no pannwm M. Jl. 4 v —
Xopakosckoro u ap. [1978]; # — pacuer - 8
00 ONTHMAJLHBIM TepPMOIHHAMHYCCKTM JaH- &\ v

HEM ¢ yuerom Vo = {(T, P); 10 — pacuer 2
no nauusM [Haas e, a., 1980, 1981] 8 nupu-

Awopmum + fenewum |
*J Boanacmonum

GanikeHnn A\'? 9gg = const. -
126

1
600 8§00 1000

i 1 i\
1200TC
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TG, e

- - - —r———————r
C ) . (= \ 27en+3(0.
Ten+poc-3C0, / 2 =
559{ ; . A& 1 asol >
g )Ll —i1
aac% /v Amedke T el g2
/ ‘/-
\ L i
750F W T1nbap .7 4 730 ,
H e 7
/ A “An+Hpe3Ka B
700 it - LIS e N B ) 700 N S T Ak 5 S
0.2 0,; 06 08 f 0 g7 e o gay 7
T /raz e Teo,
/ T r .
1 j27poc |
! 1 —if
#sot |1 bach/ —i3 | aso i
‘ /' 34w +3Ka
3lea +3C
< {nbap [I+ gois B - a=a
2xbap =
ol . Bhop B4 =T
4xbap 5 7<'!7:nc-2f(pd/(cx
g ) . A 7 Af tnbap i
a,; 06 08 G OZiv O BB Ot
co; Teo,

~ Puc. 16. Hexkotopue pearinm B cueTeMe 8i0,—Al,03—Ca0—H,0—CO0,.
DKCIepUMeNTaTbHLE AaHHBe: [ — [Hoschek, 1974] npu Py=1 wbap; 2 — [MImyaosuy,
- 1074); 3 — [Hoschek, 1974] mpm Py = 4 koap; 4 — [Keppmk, Tenr, 1979] mpu Py =
= 2 wbap.
 TepMognHaMwbeckite TAHHbE: MITPHXOBBIC TIHMH—pacteT 00 ganus [Helgeson e. a., 1978],
MTPUXIIYHETHPHBIE — pacderT 1o crnpaBouTHIKY [Robie, Hemingway, Fisher, 19781, cuaom-
HblE JIMHAN — PACUeT Mo OHTHMAILHBM TepMOLHHAMHYECKUM IaHHBIM.
Pacuer WA papHOBeCHA peakmuil M0 TePMOIMHAMHMECKHM JaHHbiM Ha puc, 16—18 mpose-
‘ NeH B npuO/IIAKeHRnn naeaixsHoil eMecnsmocrn H,0 1 CO,,

Wit T
len+Bon+2C0;,” fen +2Bon+
350} W 850 | €02 -
fnﬁap

800} 800} ]
ol A2« { 750 IR

b

700 i/ " i 700 % i i i i i i i
¢ BAf 0 08 OF 'f ‘To. 02 G% o5 ar |

Xeo, Xeo,
Puc. 17. T — Zco, veaosns  pasHoBecHsa peawmuii Texa - Boa -- 200, =

= An -+ 2Ha un Ten - 2Box + CO, = I'poc + Ra.
BrcnepumenTaibible gannbie: 1 — [Hoschek, 19741 npn P;=1xbap, 2 — [HIMyTOBNY,
19741,

TepMoHAMMYCCKIe TaHHble! WTPUXOBEE JIMHNH — pacyer 1o jpamHe [Helgeson e. a.,
1978], cONCImMBIE JIMHAM — PACYET [0 ONTHMAJILHBIM TePMOJMHAMIYECKHM [aHHBIM.



=
S
Sy |
3

— —— —r—
/
lpoc i
&s50 [ 850}+C0, ;| 3 i
! .
f I
800 + 800t I ; J
! 1
g !
750 t 750 b : A+ nga +Ka i
LI Ui }
/ |
700 | 700 | f] y e i
B 2
L K0a,
o IR oy |
650 650+ ¥ g5
I =
[f N ./ &
600 N 500 e /e oo -
0 0 02 0% 05 08 t
Tco,

Pue. 18. T — co, yeaoBusA paBHOBecudA pearuuu AH - Boa -+ Ka = I'poc -
+ CO,.

DKxenepuMenHTaIbHEIe RaHHble: I — [Hoschek, 19741 nopm P; = 1 x6ap; 2 — [Hoschek,
1974] npn Py= 4 woap; 8 — [IImynomuu, 1977]; 4 — [Gordon, Greenwood, 1071] mpu
Py=2 xap; § — [MImymopnyu, 1977] npn Py = 1,06 xGap.

TepmoaMHAMUYECKNe NaHHLe: HITPHXOBHE JWHWW — pacver mo nanumim [Helgeson e. a.,
1978], mTpuxnyHETHpHAas — pacuer 1o cupasoynky [Robie, Hemingway, Fisher, 1978],
CIVIOMHBIC JTMHWI — pacyerT 10 ONTUMAJBABIM TePMOAUHAMUNMECKIM AHHLIM.

OT JKCOePMMEeHTaJIbHEIX Pe3yJabTaToB B pacuerax mo jganuuym . Podu
u corp. [Robie, Hemingway, Fisher, 1978], aro owesugno us puc. 16

n 18.
Ca-9epxmaxur Peakuun ¢ ysactnem Ca-gepyMaknTa IOKasa-
Bel Ha pue. 19 m 20, orryma

P, néa,
i = A PE - Sk S— BHJIHO XOPOIIee COTIACOBAHIe
i 4 OecKBapuEeBHIX PeaKIuil ¢ K-
4 | cHepuMeHTAILHEIMI JAHHLMI
el o—o1t N\ s
\ k. Xeitca [Hays, 1967] n
- O—O0 8 ey N 5
i 3 5 A. M. [lopomena u coasTopoB
o | [poccyasp+2Kopynd SCa-Yepmaxut|  pyc 19, Jlmmumn paBHOBECHA PeAR-

nuit ¢ ywacruem Ca-uepMaruTa 1o
1 oxcnepHMeHTAILHBIM I TepMGIHHA-
MHTeCKHM  JIaHHBIM.
Peaxnua I'poc + 2Kp = 3Ca-Yep: 1 —
[Hays, 1967]: 2 — [Hijikata, Yagi,
1967]; 3 — [Mopomes m np., 19761;
4 — [Wood, 1978]; 4a — [Gasparik,
1981]; & — pacuer TO ONTUMATEHBIM
TEPMOAHHAMIUECKIM TaHHBIM ¢ YUeTOM.
Vp=1(T, P).

Pearnua I'poc -+ 3Ca-Yep = 2AR -+
+ 2I'ea: 6 — [Hays, 1967]; 7 — pac~
YeT M0 ONTHMANLHBIM TepMOAHHaMIYec-
KUM JaHHEM ¢ yuetoM Vo= f(T, P)

22 t

18+

14 |

:

10 +
4 3 Pearknua 3Ca-Uep = Ax 4 Tex 4 Hp:
r 9 1 &— [Hays, 1967]; 9 — [Hijikata,
el ok e Tl vl A A Yagi, 1967); 10 — pacuer no onTHMAaIb-
HBIM T{‘]JMOIl}'IHaMH‘lCCHHM HAHHBIM €
1000 1100 1200 1300 1400 1500 T, T yaeton Vo= 1 (T, P).
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~ Puc. 20, Jlupnun  papHOBECHA  pearumii
¢ yuactuenm Ca-uepMakiTa 0 Kpapua 1o
srerepuventansany | Hariya, Kennedy,
4968] ¥ ouTHMAJNLHBIM TepMOJHHAMIYE-
CCREM JWHEBM  (ac, g, = 0,79 [Wood,
; 19781).

o7 u 2 — peaxkuua Tpoc -+ 2[Iuc = JCa-Uep -
<4 2Ks8; 4 n 4 — peariua AH = Ca-Yep -+ Ks.

" [1976). Peaxmun ¢ ksapuem u Ca-
gEePMAKHTOM MOCTPOSHHI B IPEIo-
“sokennn, uro axtiBHocTh Ca-uep-
~maruTa passa 0.79 [Wood, 1978].
“Peaxiua Ca-Uep + K = An 3a-
 BHIIIEHA WO JIaBJEeHHIO 10 CpaBHe-
CHIIO C SKCHEPHMEHTOM, HO OTRIIO-
| HEHIEe He3HATHTeAbLHO Il YKIAIKBA-
“eres B H—10%-11yI0 KOPPEKTHPOBKY

P,xbap

36

34

32

30

28

26

q
| A

lpoc +Ke+
+3 Juc

JAx

1300 1350

A TPeHVe anmapatos IIOPUICHb — IMJINHIP.

For H0ap

1400

2L

!".::voc:n"{‘,tih.rcr 2Ka+

A".
|

—

1450

I I T 1 I i T T 1 1

14
—2
" <3 2Yousum
72 : +Jucmew
I~ *Neapy
—e 5

70 + 70

4 Youaum
* Neapy

EArOpmuUm
2 [poccysnp |
* Kopynd =
+3H,0

1500 T,C

1 1

1 | | '

‘500 600 soo0

400

600

500

600

700 800 r°C

OnrnManxpisie TepMojnHaMunueckne XapakrepumeTukn Ca-gepamaxn-
1a npuseenst 8 Tabu. 12. OnrumanpHas craHjapTHAS DHTPOIMA COT-

Puc. 21. YVenopusi paBHOBeCHS peakifii ¢ ydacTHeM MON3HTA 110 dKCIepHMeH-

Vo A e s Y ' v .
WS erm £ ORI 7 R L s

b=+

T

TaJbHBIM H TePMOJNHHAMNYCCKHM JaHHBIM.

BrcrnepuMenTamsHete gannsie: I — [Goldsmith, 19781; 2 — [Goldsmith, 1981]; 3 — [Best,
[Ackermand, Karl, 1972]; 6 — [Boettcher,

Graham, 1978];4—-1“011:1:;:!‘35, 1980]; & —

0]; 7 — [Newton, 1966]; 8 — [Newton, 1965].
TepMoanHaMIiecEie MaHHbe, 9 — pacder no gaEEeM M. JI. Xomakosckoro u coasrt. [1978]

B npnlavKeHuy AV,“I“S:const; 10 — 10 me mo pamHeM  [Helgeson e. a., 19781,

11 — pacyer 10 ONTHMAJLHBIM TePMOXMHAMUIYCCKUM AAHHEM ¢ yuerom Vo= f (T, P).
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CTanfaprupic TCPMOAHHAMEYCCKHe Xapaktepmernkn Ca

Pa3HbIX ABTOPOB

Tabauma 12

“uepmMarkiTa nme gannbim

‘QH;.EBB' 1/ MOTTh AG;'%B. KILH/MONB ﬂm:(sn;zt?:i:vl-{) Heronan
—77,73 —175,57 144,89 Hays, 1967
—3293,74+-2,76 —3117,624+2,97 144.77+3,35 | Robie, Waldbaum, 1968
—3280,242,76 —3'10?19i2,97 1564 Robie, Hemingway, Fi-
sher, 1978
—58,711+2,04 —66,287+2,08 156 +4 Tam xe
—3280,31 —3105,73 146,44 Helgeson e. a., 1978
—3294,35* —3119,74* 146,44 Tam e
—76,274+1,63 ** — — Charlu e. a., 1978
—73,85 - —— Tam xe
—T74,67 — — Tawm ixe, rg o [Thompson
e. a., 1978]
—73,70 — = Tan e, rg mo [Iaselton,
Newton, 1980]
— 74,91 = L Tam ke, cg no [Haselton
e. a., 1982]
—3287,27 —3112,81 144,77 Rapnos un xp., 1971
— —3108,88 149,66 Kapnos, Kncenen, [lopo-
roxynen, 1976
— —3130,51 141,42 Kapnos n gp., 1977
—3298,94+1,91 —3122,77+1,47 141,614-2,17 | Haas e. a., 1979
—3298,956-+1,912 | —3122 865-+-1,468 | 141,611+4+2173 | Haas e. a., 1980, 1981
—3297,647+1.,5 —3122,1504+1.5 143,64-0,72 Hactosiman paGora
—76,157+1,5 —80,069+-1,5 143,640,72 | Tam sxe

* TlepecuMTAHO ¢ HCHOJL3OBAHMEM NPHHATHIX 3HAueHNl Alf,,zgs n &Gj‘zgg KOpYHJa.
**IIpu T = 970 K,

aacyerca ¢ peayapratamn J[m. Xaaca m coasropos [Haas e. a.,
1979, 1981 ] 1 HeCKOABKO HHKC IO CPABHEHHIO ¢ APYTUMH COBPEMeH-
aaMn pexomenganuamu [Helgeson e. a., 1978; Haselton, Westrum,
1980]. P. Pobu ¢ coasropamun [Robie, Hemingway, Fisher, 1978]
npocymMuposaan onenky [k, Xeiica [Hays, 1967 ] ¢ BoamoskubM KOB-
¢urypamuonusy BKaajom B surpormio Ca-uepMaknTa M IOJIYWHIH
sHaueHne Sygg Boime Hamero Ha 12,4 Jlx/(moan-K). Iloaysennoe mayu
sHavenne AH,; o, Ca-uepMaknTa ¢ yIeToM HeNZeaIbHOM CTEXHOMETDPHH
BIIOJIHE YIOBJIETBOPUTENBHO COTIACYETCH C TePMOXHMHYECKHMH OIpe-
nenesnavu T. Yapaw n coasropos [Charlu e. a., 1978]. Peayasratit
Jxi. Xaaca n coasropos [Haas e. a., 1979, 1981 ] npaktudeckn con-
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TaGaumna 13

Cranpapriape TepMOoAHHAMIYECKIe XAPAKTEPHCTHRN HOU3NTA IO JAHHLIM pas-
HBIX aBTOpPOB

AH}.Z!]S' Wl Moub  [AGy aag, KT/ /MOIB o i%gﬁ;}{) Heroumng
—310,45 — 261.5 Sommerfeld, 1967
—6961,5 —6(562.93 — Thompson, 1974; Som-
merfeld, 1967
—6894,94+7,5 —6496,33+5.9 284,1416,3 | Zen, 1972
- —06468,054-16.7 202 9+8.4 mcenesa, Tonop, 1973
— —6535.4 — Storre, 1970
—(933,83 —6535,78 287,44 Chatterjee, 1976
—6924,944-5 —6523,964-6,3 27784117 | Tepumueckne KoHCTaH-
TH..., 1979
—6852,9 —6464,05 318.6 Rapnos n np., 1971
— —6469,74 15,7 Kapros, Itucenes, [lopo-
roryuen, 1976
- —6485,91 307.,3 Rapnos u mp., 1977
—6879,044 —6483,606 205,98 Helgeson e. a., 1978
—6900,1 * —6504,62 * 295,98 Tas sxe
— —6497.3 283,63 IMepuyr, Apanosny, 1979
—6889,88+-2,08 —6494,14-2 .02 296,02+0,72 | Haas e. a., 1979
—6891,1174+£0,877 | —6495,524+0,745 | 295,885+-0,662 | Haas e. a., 1980, 1981
—6894,2324+-1,7 —6498,63+1,7 295,854-0,84 | Hacrosmas paGota
—235,487+1,7 —230.6924+1.7 205,85+0,84 | Tam ke

o a
* IlepecuntaHo € MCHOTML3OBAHHEM TIPHHATHIX 3HATEHNIE Alif‘gus i AGj,EQB KOpYyHIA,

magaior ¢ mHammamu., P. Polm ¢ coasropamm paccamtann AHj.es

AG;,-;_,,S Ca-wepmarnra us gaganx [[:x. Xeiica ¢ menoxszoBanmem He-
KODPPEKTHPOBAHHLIX TePMOXUMUYECKHX JAaHHHIX, MOITOMY B CHCTEMe
HTOTO CIPABOYHHKA TepMOJMHAMHUeckHe cpoiicTBa Ca-vepMarmTa He
coraacoBalbl ¢ IPYTHMH MUHEepaJaMH.

Ilonsur. OurumajnbHbee 3HATENHA CTAHIAPTHON AHTANBIHE W
auneprun I'n66ca nonanta npusefens B tabu. 13. HanGoxee Gunskn k
oM Beamannay gaunane Sen E-ana [Zen, 1972 ], koppexkruposannse
peamunaw I, Xearecona m corp. [Helgeson e. a., 19781, a rar:ke na-
mu GoJee paHHEe JaHHbie, TEPECTHTAHNEE ¢ YIeTOM SHTPOIHH I{OH3H-
ta mo JI. Teprnucy n ap. [Perkins e. a., 1980]. Onenxa . A. Kuce-
sesoit u H. J[. Tonmopa [1973] cuapHo 3aBbimena, a 3madyeHus, pexo-
wmenyemme A, Tommcomom [Thompson, 1974], H. Yarrepxu [Chat-
terjee, 1976] u cupasounukom [Tepmmueckme womcrauntsr..., 19791,
Ha000pOT, CYNMECTBeHHO 3aHUWZKEHHl N3-3a MCHOJIb30BAHMSA B pacde-
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Tax KOPPEKTHPOBAHHBIX TePMOAMHAMHYECKHX CBOMCTB aHOPTHTA.
Ha puc. 21 mokasaHsl JHHAM PaBHOBECHA peakKUHil ¢ ydacTmem
nomanTa, TMOCTPOGHHEIE II0 ONTHMAJIBHEIM TePMOAMHAMHYCCKHM J[9H-
peM. Peaxmun (3.11)—(3.15) BnosHe yaoBiaeTBOpHTeALHO COTIACYIOT-
cA ¢ sKcrnepuMenToM. Bosee TiqatenbHRME aHAan3 Pe3yabTATOB cOTJa-
coBaHns (cM. Taba. 7) mOKaswmBaeT, 4TO JIMHUHM PABHOBECHA ¢ CHHTE-
THIeCKIMI (jasaMH HMEOT 3aMelHOe CHCTeMaTHYecKoe OTKIOHEHHEe OT
ontuManbHEX (eM. pue. 21). Ito cBumerenbeTBYET O TOM, UTO CHHTE-
THYECKHI HON3NT GoJee MOJ0;KATEABHEIN 110 CPABHEHAID ¢ MPHPOTHEIM
aHAJOTOM ¥ PA3JanvIHe JOCTHTAET N0 Kpaiiveit mepe 2 k[[x/monp. Eean
9TOT BEiBOJ Bepexﬂ TOP/la JIHUM PABHOBECHSA PeaKmuil, NOCTPOCHHEIS
¢ HCIOJAL30BAHHEN OTKOPpPeKTHPOBAHHO# bHeprun ['mbOca momaunta,
JOJKHBL cMecTnThess npuMepHo Ha 20 K Hmike mo cpaBHEHWIO ¢ ONTH-
MansHeMu JuHEAMAE Ha puc. 21. Taxoe cmemenne cormacyerca ¢ sKe-
OepIMeHTaJNbHBIME JIaHHEMA 1o peakmuaM (4.12), (4.13) u (4.15),
HO mus peaknnmit (3.14) TpeGyercst HOIOJNHKTEIBEHOE HKCIHEPHMEHTATL-
HOE TOATBep:kAeHne. AJNbTEPHATHBHOE PemieHHe — B peakmuax af-
dextn cvemenus mo BeeM asam He Menpme 2—4 K/[k/mMoun.

§ 4. OITHMAJIGHBIE TEPMOJMHAMNYECKHE JTAHHBIE
I JPYI'HE CHCTEMbI COINTACOBAHHBIX
TEPMOJIUHAMNYECKIIX BEJHUYMH —
COMOCTABJIEHHE C NETPOJIOTHYECKAM JKCIHEPHIMEHTOM

Ceifuac paceMOTpHM TONBKO HEKOTOpPHIe rpaiyecKie MPUMepsl, 0Tpa=
JKaloI[Ue Ty CTeneHb HAaJe;KHOCTH pacdera JMHHUI MOHOBAPHAHTHOTO
paBHOBeCHA peaknuii MmHepasooGpasosaHud, KOTOpas obecnednBaer-
¢A ONTHMATBHEIM COINIACOBAHHEM TEPMOJHHAMHUYCCKAX CBOMCTB MuHe-
PaioB. JTAMI e IPUMEPAMHE WIJICTPUPYETCsS CTENeHb COOTBeTCTBHA
HKCHePNMEHTA W Pacdera OO TePMOJNHAMHYECKHM JaHHHEIM, PEKOMeH-
OyeMBIM APYTUMH aBTODAMH.

Ha pmc. 22 cpaBHEBaOTCA JaHHBEe SKCIEPUMEHTANBHEIX HCCICI0-
BAHUI ¥ TEPMOJUHAMHICCKAX PACUETOB YCJIOBHII PABHOBECHS DPeaKITHHI
nexapOonarusamun Marseauta: MgCO; = MgO -~ CO,. IlpenensHuie
TeMmepaTypHble Kolefanus B PeayabTaTax HKCIePUMEHTAIBHOIO H3Y-
YeHHA PeaKium sHaTuTeAbHE 1 goctmraioT ~150°C mpu  Peo, =

= 1 x6ap [Goldsmith, Heard, 1961], mo mo mepe mosmmenus mKas-
JeHUs Tpefeas HeompeneaernocTn ymemsmaworea 1o 20—40°C. Ilpo-
MERYTOUHOe moJozwenme Me;kay pesyiasratamu 10, Toapemnra u
X. Xopa ¢ 3aKpHITOl M OTKPRTON aMIyJaMH B3aHEMAOT JIAHHLIE
P. Xapkepa u O. Tarmaa [Harker, Tuttle, 19551, nogrsepiennse
mosgaee B. [l:xoxammecom m II. Mermoy [Johannes, Metz, 19G8].
Hepasoo A. Hpsmur m II. Boamn [Irving, Wyllie, 1975] mposean
onpengesieEne JHHUH paBHOBecHs peakmui B obaactm 20—26 kbap
(a1 BeJMMHHBI He KOPPEKTHPOBaHE Ha AHBHJIBHEI dpdeKt) m ycra-
HOBMJIM KOODJMHATH HOHBAPHAHTHON TOUKH ¢ MATHEZHTOM, HePHKIIa-
30M, pacmiaBOM M yriekmcand rasom: Peo, = 23 xbap (koppexur-
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Pue. 22. [lexapOoHaTH3anUA Mareesnra.

OKenepumenTanLHEle RanHeie: 1 — [Harker, Tuttle, 1955]; 2 — [Goldsmith, Heard, 19611
B saKkphiToil amnyae; 3 — [Goldsmith, Heard, 1961]‘ B oTKpLITOil K CO: amnyiie; 4— fJohan-
nes, Metz, 1968]; 5 — [Irwing, Wyllie, 1975] ¢ KoppexTHpoBEOli JaBjeHHA Ha AHBHJIbHBIK
apert (—3 wbap) cornmaco [Huang, Wyllie, 1975b].
TepMopuHaMiYecKue JaHHble: 6 — NOCTPOEHO 110 JaHHLIM cripasodHuka [TepMonuHAMHYECKNE
cpoiterpa..., 1978, 1981]; 7 — nOCTPOEHO NO NMPHHATHIM TePMOTHHAMIYECKHM JaHHBIM, a TaK-
we no [Robie, Hemingway, Fisher, 1978; Helgeson e. a., 1978].

posano) u ' = 1550°C. Paccmorpuym Temeph moJ0s;keHHE JUHHI pas-
HOBECHs II0 TEPMOAMHAMHYECKNM JAHHHM. ABTODHI CHPABOYHHKOB
[Tepymaeckne komcrantir..., 1979; TepmogunaMnueckue cBoiicTBa...,
1981 ] Bexenx sa B. IMapkepom u np. [Parker e. a., 1971 ] BrGope 8-
TaALOEH 00pasoBaHHsA MarHeauTa PYKOBONCTBOBAJINCH AHAJIH30M
. Jlonrasopa [Langmuir, 19651, xotopsiit Gea jocTaToYHEX OCHOBA-
| Hmii or0paKoBaJ BLICOKOTEMIEpPATYPHEE HKCIEPHMEHTAJIbHBIE Ompe-
| nmeaenma [Christ, Hostetler, 1970]. Iloatomy JuHHA paBHOBECHA peak-
mua Mrs = Ilep - CO, sanmkeHA 10 CPaBHEHHIO C DKCIEPUMEHTOM
ra 100—150°C Bo Bcem mHTEpBaJde HKCHEPUMEHTAIBHEX MCCIEIOBA-
i, OT™MeTuM He0CTaTOUYHYI KoppekTHOCTh aHaxusa [[. JIamrmiopa,
LpPOBEeJIeHHOr0 He Ha TOM YDOBHe, KoTopsii Tpebyercs npn obpaboTke
HaHHBLIX 10 pacrBopuMoct. CoriacopaHue TePMOJHHAMHUECKAX Xa-
PaKTePHCTHK MHHEPAJOB MO TAKUM JAHHLIM He0OXOJMMO IIPOBONATH
METO/0M pemieHust o6paTHEX 3a7ad ¢ MCIOJb30BAHHEM LIPOrPAMMHLLIX
rommrercos tuna «Cexaextopy [Hapmos, 19811].

AnprepHaTHBHOEC 3HAYEHHE HHTAJNBIHE 00pPA30BaHNA MarHesuTa
pexomenzosano P. Po6u u [[. Crayrom [Robie, Stout, 1963; Robie,
1965] mo pmammmm P. Mapka m A. Cmmexa [Marc, Simek, 1913] n
P. Xaprepa u 0. Tarraa [Harker, Tuttle, 1955], xkoropoe =Ha
17,3 x[s/mMoann Gosiee OTPULATENBHO 0 CPABHEHHIO ¢ PEKOMEHIAIH A~
MH BHINEYNOMSHYTHX CIPaBOYHOKOB. DiamaKoe sHadenne IOJY9eHO
Hamn 13 gannnx B. Jlmxoxanneca u I1. Merna [Johannes, Metz, 1968 ].
Paccunrannas mo oTuM JJaHHBM JHHEA MOHOBAPHAHTHOTO PABHOBECHSH
X0pOIIo coriacyercs ¢ sKcuepumentom (amuusa 7 Ha puc. 22). Pacuer

npoeejien B upubanxenus AV, ggg=—const ¢ HCIOAbL30BAHHEM JAHHBIX
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U. Borrunra u T1. Puuera [Bottinga, Richet, 1981] no repmognna-
MHYECKHM CBOHCTBAM YTJEKHCJOr0 rasa NpH 0YeHb BRICOKHX IIapa-
MeTpax.

Heo6xoaumo yKasaTh Ha TO, 4TO TEIJIOBMKOCTh MAarHeswTa W3
CIPAaBOYHBIX JAHHLIX AeiicTBuTenpHa B uHTepnane 298 —750 K [Kel-
ley, 1960]. Brume 750 K mamu mposenena sKeTpamoJsimius M0 ypasHe-
muo Maitepa — Heann, 4ro mpueoanT K sassimennomy Ha ~109%
BHAYEHH IO TEIIIOEMKOCTIH 10 CPABHEHMIO ¢ IPYTITMI OIeHKAMI, HATIPH-
mep mo I'. Jl:rakoGey u ap. [Jacobs e. a., 1981]. C yuerom arux same-
YaHWIl JWHUA PaBHOBECHS puc. 22 wmeer HeompejeIeHHOCTH PN
T = 1400 —1500°C mopsaaka mepBHX Kuiobap B CTOPOHY 3aHIKEHNA
pasHopecumoro masiaenud. Clexaem eme oJHO 3aMeYaHHe OTHOCHTENb-
HO TepMOJMHAMHYECKHX XapaKTepucTur marHesuta, OHu MoryTt GHTH
paccuntansl n3 peaknmit Ta - 5Mra = 4@o + H,0 + 5CO,n Ta -
+ 3C0O, = 4Kp 4 3Mr3 -+ .0 [Johannes, 1969]. Mosxno Jerko
MOKa3aTh, 9T0 AGj s0¢ MATHE3HTA W3 HTUX JAHHHIX € YYeTOM IIpe-
JenbHEX Kojaebanmit sneprun I'm6Oca dopcrepnta HE MOMKET NpPEBH-
cuth asHavennsa —1027 kJ/[k/Moab 1O CcpaBHEHHIO ¢ BeNHINHOIN
—1012,25 w][la:/yoan [Tepyuueckne koucranTil..., 1979; Tepmonnna-
Muueckne cpoiictsa..., 1981; Parker e. a., 1971]. Sror BmBOX mOJ-
reepsrpaercs um peakmueir Mra - 9u = Mo 4 CO,, meognokpaTHO
Heckaeosannoil pasunivn asropamu [Johannes, 1969; Newton, Sharp,
1975; Haselton e. a.,1978; Eggler e. a., 1979], u MmuornvMm apyrmum
peakuuamu B noacucremax Si0,—Mg0O —CO, —H.0 n Si0, —AL,0, —
Ca0 —MgO —H,0 —CO,.

Ha puc. 23 cpapumsaioTca HeKoTOphie peakumn B cucteme Si0, —
Al,0; —Na,0 —H,0. CospeMernnle sKCIepuMeHTalbHbIE MCCJAeL0BA-
HHA, 9NCJ0 KOTOPHX He OrPaHHYMBACTCA CHUCKOM 107 puc. 23, onpe-
NeJAT HaACKHOe IoJ0enne .H“HHﬁ pi\BIIOBECHH. Pac‘:{GTHHE JHHIH
T. Xearecona u np. [Helgeson e. a., 1978; Delany, Helgeson, 1978]
B IEJ0M YAOBJETBOPUTEIbHO COrJACYIOTCH € DHKCIEPHMEHTOM, 0CO-
0eHHO ¢ Y9eToM TepMOAMHAMHUYECKHX CBOWCTB ainbHTa M BHICOKOTO
anbbuta, Tem He ymenee pearmusa ITap = g + uc - H,O sapmre-
Ha Ha 2—3 g6ap no cpasuernio ¢ oupeneisennamn T. Xomaranga [Hol-
land, 1979]. Pacger pasnosecuit mo manamm M. JI. Xogakosckoro u
ap. [1978] mokaswmsaer, wro jwnmm pasHoBecns peaknuit Ilp =
= o + Hue + H,0 n Kx + Ks = A0 sammkens Ha 1 —2 x0ap,
XOTA JIPyrue peakiun, B YaCTHOCTH PEaKIum JermpaTaiuu maparo-
HITA, YJOBICTROPHTEILHO COTIACYOTCA ¢ dremepumentoM. OTmermd
yviaosaersopureasHoe coriaacosanne peakmun Ilap = Hp 4+ Hue 4
+ H,0 mo mamunym Goaee panmuy panasy [Kapmos u gp., 1977; Jlo-
porokyner, Hapmon, 1979], KoTopoe M0KHO cYHTATH TPOTHO3HEIM B
fpanHoil cumcreme. Ha pme. 23 mpueefeHB Tak:Ke JUHHH DPaBHOBECHA,
pPACCUYMTAHHEIC 110  ONTHMAJNBHLIM  TEPMOTHHAMHTECKHM  JIAHHEIM
(raba. 2) ¢ yueronm sasucumoctu AV = f(T, P).

Ha pume. 24—28 pacemarpuBaiotesi HeKOTOpHe peakuun KapOoHa-
Tugannu B cuncreme Si0, —CaO —I1,0 —CO, ¢ yuactuem dopcrepura,
OWOTICHA, KalabI[HTa, JOJOMNTA, KpBapia, Taalbka u Tpemoimra. Mx
BLIGOP CPeIl MHOKECTBA Peakiuii B HTol cucreme 00yCI0BIIeH PR
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Pue. 23. Hexoropuie peasnun i cucreme Si0,—Al,05—Na,0—H,0 mo axcne-
PHMEHTAJILHLM W TePMOHHAMITCCKUN JIAHHBIM.

Ilap + KB = An6 + AlLSiO, + H.O0: I — [Chatterjee, 1972] ¢ ampanyautom; 2 — [Chat-
terjee, 1972] ¢ muctenom; 4 — [Mpanon, Iyewmnn, 1970] ¢ ampanyantom; 4 — [Helgeson
e. a., 1978; Delany, Helgeson, 19781 ¢ aab0uToM, aHgaxysnToM W JIHUCTEHOM;, 5 — pacuer
0 ONTHMAJIBHEM TePMOAUHAMUMECKIM TaHHLM ¢ ydeToM sasucnsocru Vo = f (T, P).

Ilap = Au6 + Kp + H,0: 6 — [Chatterjee, 1970]; 7 — [Mpanon, TyesmuH, 1970]; 8 —
PACHET 10 ONTHMAJTEHBEIM TEPMOXMHAMHYECHKIM RaHHBIM.

Iap = 7Kg + Onec - H,0: 9 —[Holland, 1979]; 10 — [Helgeson e. a., 1978; Delany,

Helgeson, 1978]; 11 — pacuer no paanem WM. JI. Xopakosckoro u ap. [19781; 12 — pacuer

MO OITHMAJEHEIM TePMOAHHAMITCCKIM FaHHBIM; [2a — pacuer no nandeim M. K. Hapnosa

w ap. [1977] B npubmnkenun AV‘:.ME == const.

Hn | a-Ks = An6: 13 — [Holland, 1080); 14 — [Essene e. a., 1972]; 15 — pacuer
no pasHmm M. JI. Xopgawosckoro u up. [1978]; 16 —[Helgeson e. a., 1078]; 17 — pacuer
10 ONTUMAJILHBIM TEPMOJARHAMNYECKUM JalubiM; I8 — pacueT o JaHHeM cnpapounpgka [Tep-

MIueckile KOHCTaHTHL.., 1970, 1981] ¢ nenoanzoBaHueM c% = f(T) mno [Robie, Hemingway,
Fisher, 1978].

BCEr0 HaJMYHeM HaJe;RHBIX HKCIePHMEHTaJBHBIX JaHHBIX IO YCJI0-
BOAM PaBHOBECHS, MO3BOJAIONIM OJHOZHAYHO OIEHNTH HMEIONIHECS
TePMOJHHAMAYECKHE BEJIUUIHBI IYTeM UX CONOCTABIGHNISA ¢ AKCIEPI-
menToM. B 1eaax ynopomenus pucyHKOB GOJbIIMHCTBO JWHUIT PaBHO-
BeCHA PeaKiMil MO TepPMOAMHAMHYECKHM JIaHHBIM, 32 WCKJIIOYCHHEM
0c000 OrOBOPEHHBIX CJYYaeB, PACCYNTHIBAIUCH B TPHOIMKEHII
upeansHoit cmecumocetn .0 m CO, AxrtusHOCTHL TBepawx (as mpn-
HEMAaJach PaBHOIl elHHHIE, HO AKTHBHOCTH KAJLIHTOBOI0 KOMIOHEH-
Ta B MArfmesna’JbHOM KalbIHTe YUTeHa BO BCEX pacyeTax CHCI0JIb30-
BanueM ypasmenns In agx, = 157,45/T — 0,2533 [Gordon, Green-
wood, 1970]. Cpaprnenme sKCIepHMEHTAILHHX W TEPMOJMHAMHYECKIX
MaHHBIX Ha puc. 24 —28 nmokaswmBaer, 4TO TOJBKO ONTMMAJBHEIE Tep-
MOJIMHAMIMCCKNE JIANHLIC HaXOJAATCSA B XOPOUIEM COOTBETCTBHH C
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v iy % S ——————— 3
] Suﬂ.ﬂlﬂ +2C0
2 & fu 7T Puc. 24. Pasmosecne peaxunu Jlon +
500 + E ! 7;’ ’V + 2HB = IL]I -+ ZCOE.
% OKcnmepuMenTanbAble  gamHee: I — [Slaughter
7 : e. a., 1975]; 2 — [Bggert, Kerrick, 1981];
sep b 2a — [Jacobs, Kerrick, 1981b].
TepMOoaNHAMWYECKHEe JAHHBIC: § — pacueT 1o
mpamHe 11, JI. Xopakopewkoro m up. [1978];
s00 L 4 — pacder no paHEEM cnpasounuka [Robie,
Hemingway, Fisher, 1978); 5 — pacwer mo
! nanunM [Helgeson e. a., 1978] ¢ uenomssosa-
450 | HUeM P[C!n']lOlJHﬂl)‘l(’ﬂHO[‘U aoJaomuTa, 6 — TO we,
C JOJOMHTOM; 7 — pacueT N0  ONTHMAIBHEIM
TECPMOIMHAMIUECKUM JaHHBIM;, 7a — TO JKe, ¢
b yueroM axtusHocTH CO, B emecn H,0 -+ CO..

arcnepumentom. Jlannsie P. PoGu ¢ corp. [Robie, Hemingway,
Fisher, 1978] u 1. JI. Xonakosckoro ¢ coasropamu [1978] ne moryr
OHTH HCIOJB30BAHK A TEPMOANHAMIUECKOIO AaHAJN3A PABHOBECHIT
B paunoii cucreme. ITpuvensaa ganune I'. Xearecoma u corp. [Helge-
son e. a., 19781, caenyer mmers B BUAY, UTO € DKCIHEPHMEHTOM COLJa-
CYIOTCA TOJLKO Te JUHHH, B pacyeraX KOTOPHIX HCIIOJb30BAJIUCH Tep-
MOJMHAMHYECKHE CBOHCTBA PasynopAZ0UeHHOTO [0JOMHTA.
Ha puc. 29 pacemaTtpmpaercs o/{Ha U3 IPHHIANAAJBHBIX Peakmiii
B cucreme Si0, —Al,0,—Ca0 —I1,0 —CO,, xapakrepuayomas Impe-
nmeast crabmapaocT 1onanta B cmecn H.O u CO,. Ilepsbie skemepun-
MEHTAJbHbIe oIpefenenns yciopuii pasmosecma pearnun 2lo -
-+ CO,; = 3An + Ha -+ H.O onyb6ankosanst B. Croppe m K.-X.Hur-
miem [Storre, Nitsch, 1972] u mojTeep:1aloTCA HETABHHMI MCCJIEN0-
BaHHAMH  JAPYrUX  aBTOPOB

S [Johannes, Ziegenbein, 1980;
* Allen, Fawcett, 1980, 1981,

o | I 1982]. Jlummsa 5, paccuuTam-
pas mo pmamaem WM. JI. Xopa-

4.8 ropekoro u ap. [1978], ¢ ®o-

i Topoil copmajgaer JUHWA PaB-

HOBeCHA o CIIpaBOYHHRY

750 ¢

700 + Puc. 25. Papnomecue peakmmi
3Mon + Iu = 4RKa -+ 2do +

650 + + 2C0,.
JKcnepHMeHTANTLHBe faHHbe: 1 — [Ki-
se, Metz, 1980]; 2 — I'. II»akro6c, OuT.

no [Eggert, Kerrick, 1881].

§00 | TepMoAMHAMMYECKNE JAHHBE: J§ — BK-
erpanogAmMA no pasHeim M. JI. Xopa-
wonckoro u mp. [19781; 4 — pacuer

550} no maddsim [Robie, Hemingway, Fi-
sher, 1978]; 5 — pacuer 1O JAaHHLIM
[Helgeson e. a., 1978] ¢ mcrnoansoBa-
HUEM HCYNOPAROYEHHOrO AOJOMHATA; 6 —

500 TH Ke ¢ [OJOMHTOM, 7 — pacvier uno

ONTUMATLHBIM TepPMOIHHAMHYCCKNM JdaH-
HLIM; § —TO 7Ke, B NPUOIKeHHH G = 1.
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Puc. 26. Peawnua 3ox - 4lis +

-+ H,0 = Ta 4 3Ka + 3CO,.

DxcmepuMeHTanbHble fammse: ! — [Metz, 600
~ Puhan, 19701, Pj;=2Kbap; 2 — [Gor-
. don, Greenwood, 19701, Pjy=2xbap;
" 3 — [Bggert, Kerrick. 19811, Py= 6 x6ap.
TepMopuHaMildeCKIie JaHHBE: 4 — pacuer
. po mamHem H. JI. Xopmakosckoro I Inp.
~ [1978]; 5 — pacuer no cupasounnky [Ro-
) ble, Hemingway, Fisher, 19781, 6 —
~ pacuer mo mamuu [Helgeson e. a., 1978]
> ¢ AOJMOMHTOM; 7 — pacuer WO onTHMadb- 450

. gEM  TEPMOTHMHAMIMECKHM JaHHBIM; 7a —

‘qo ke, ¢ Yyduetom awtnsHoctm H,0 m CO,
B cmecu mo [Kerrick, Jacobs, 19811]. 400

350

500}

0,1 03 05 07 C'F.J.'ca

[Tepuutueckne KOHCTAHTH..., 1979], maxommTess B mPOTHBOPegmil
¢ DKCIEPUMEHTOM. Pacxosmagenne poctnraer 200°C! Takoe or-
. guoOHEHME HEe YAUBHTEIbHO, MOCKOJALKY BHI3BAHO OIIMGOIHEIME
PMOAMHAMIYECKAMA  XaPARTEPHCTHKAMH  AQHOPTHTA,  PeKOMeH-
BaHHBEIME  OTHMH  aBropaym. JletaapHO 9TH  BOIPOCH  pac-
aTPUBAIOTCA B IPEABIYIeM Taparpade, a ceiidac 3aMeTHM TOILKO,
qT0 KPUBAA PABHOBECHS 110 ONTHMAJbHAIM TEPMOJIMHAMHICCKHM HaH-
‘HBM ¥ 04eHBb O/MusKaA K Heill anuua mo ganasv . Xearecoma u mp.
Helgeson e. a.,.1978] ¢ yuerom memgeanabHOCTH cMECH BOJBL M yrie-
- gucaorsl [Kerrick, Jacobs, 1981] xopomo coraacyioresa ¢ skcmepu-
. MEHTOM.
~ OmeToMJAAONE PAa3IHIHEE PE3YJIbTaThi, 10 APKOMY BEIDayKeHHI0
- P. Bepuona_ [1980], xapakTepusyior sKcrepHMeHTAJLHBIE ONpeese-
A YCAOBHIT PABHOBECHA AHNAMY3UTA, CH/IMMaHUTa M gucrena. He

Puc. 27. Pearuna Tpem 4 3Rha 4
~+ 7C0, = 5[oa + 8lis 4 H,0
DrcriepiMeHTabibe nanHsie: 1 — [Eggert,
Kerrick, 1981], Py=6kbap; 2 — [Slau-

ghter e. a., 1975], Py= 2 Kbap.
TepMOAUHAMIOYECKHe JaHHBE: J — pacuer
I KeTpamodAnuA 1o AaHHBIM 1. JI. Xo-
makoBckoro u  ap. [1978); 4 — pacsuer
no cnpasounnky [Robie, Hemingway, Fi-
sher, 1978); 5 — pacdyer mo paHHeM [Hel-
geson e. a., 1978] ¢ posomirrom; 6 — pac-
GeT 10 OTNTHMATIGHLIM TEPMOLHHAMIYECLUM
AAHHBLIM; 6a — TO ¥e, € YYeTOM AKTHBHOCTH
H.O_u CO: B cyvecn no [Kerrick, Jacobs,
1981].
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16
2L 53n+Hy0.

LN}
B (NP [ o I,

12 1
-
&k 4 1
0.9 Zpp,
il 7 Pue. 29. CradmibHoocTh NOA3ATA B CMECH
L H,0 - CO, (Pj = 5 xbap).
JKcHepUMeHTANILHBIE  JTaHHBIC! 1 — [Storre,
I 1 T ] L Nitsch, 1972]; 2 — [Johannes, Ziegenbein,
600 700 800 7°% 19801; 3 — [Allen, Fawcett, 1980]; 4 — [Al-
len, Fawcett, 1981); 4a — [Allen, Fawcett,
Puc. 28. Jlermppataiyia Tpesoauta 19821,

¢ QopcTepHTOM To OKCIEPUMEH- TepMOANHAMUUECKIE MAHHEE! & — PACYCT IO
tanbHbIM [Jenkins, 1981] w Tep- nammmm M. JI. Xomaxosckoro u ap. [1978];

MOAMHAMIYECKIM JIaHHBIM. 6 — pacueT IO ONTUMaJLHBM TepMOAWHAMM=
1 — [Helgeson e. a., 1978; Delany, uecKUM JaHHEIM; 6a¢ — TO 3Ke, € YYeTOM aKTHE=
Helgeson, 1978]; 2 — pacuer mno on- goeit H,0 u CO; B cmecyut no [Kerrick, Jacobs,
THMAJILHLBIM  TePMOANHAMIMECKWM  JdaH- 19817

HHM ¢ yueroM Vg = J(T, P).

PasHBIM TePMOAMHAMIYECKNM JIaHHENM. IleKoTopnie ma HuX NOKasaHE
na puc. 30, a Aeranbuuii anaju3 cucrems npuseaeH B padore [Jlopo-
roxynern, Rapnos, 1982]. ITo cupasournky P. Poon u JI. Baasnbayya
[Robie, Waldbaum, 1968], B KoTopoM PeKOMEHAYIOTCA TEPMOXHMI-
geckue onpepenenns [, Xoava n O. Kaennma [Holm, Kleppa, 1966]
W NCHONBAYIOTCA  PE3yJNbTaThl  TePMOJMHAMIYECKOTO  aHalN3a
JA. Baappbayma [Waldbaum, 1965], P — T-amarpamma cmcTe-
Mot Al,SiO; Gamska K panmmuM oKCIEPHMEHTAJbBHBIM ONPEJeJeHusnM,
He mofTsep;eHHsM Gosdee nmoaguumu paboramu. B mepensganum oro-
ro cnpasounnka [Robie, Hemingway, Fisher, 1978] tepmomunasiu-
geckue csoiicTea moammopdos Al,Si0; 0TKOPPEKTHPOBaNK, B Pe3yIh-
TaTe Tpoiinaa Touka cmecruaachk Goaee uem Ha 200°C m 5 xGap B cTO-
POHY HIBKHX TeMIIepaTyp 1 JIaBJeHnil u He HMeeT J0CTaTO4HO 0Jm3-
KIX 9KCOePUMEHTATbHLIX aHAJ0ros. IeyaoBIeTBOPHTEIbLHEL ¢ TOYKE
spenus corjacopauns ¢ skcmepnmentom pamnse 1. JI. Xogarkosckoro
u ap. [1978], mo xortopmm Tpoiinas Touka HaXoJNTCA B obxacTu OT-
PHIATEJILHBIX JaBJICHNH, HECMOTPH HA TO, YTO JHHIN DaBHOBECHs pe-
axiuit Jlnc=Cnau Jlnc= Ang 6an3kn K HEKOTOPHIM SKCTIePHMEHTA/b-
HEIM ompejieennAM. B 1o jke BpeMs peKoMeHJyeMEle HaMII TePMOn-
HaMHYecKHe cBolicTBa aHajay3nTa, CHIINMAHUTA W NCTeNa, a TakKe
naunsie I'. Xearecona n [l;k. Xaaca ¢ corp. [Ielgeson e. a., 1978;
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Puc. 30. Cumerema AlLSiO; mo P g0
TEPMOJIMHAMIICCKIM  JIAHHBIM.

1 — [Robie, Waldbaum, 1968]; 2 —
{Robie, Hemingway, Fisher, 19781];
&8 — pacdeT M SKCTPANOJANMA  TIO

s M. JI. Xogakosckoro u ap. 10
1978]; 4 — [Holdaway, 1971; Hel-

geson e. a.,, i 78], &§— [Haas
e a., 1980, 1v81]l; 6 — [Salle, 8
Werneke, 19821, 7 — pacuer no

ONTIMAJLHKIM  TePMOINHAMHYECKIM
gaHHBIM ¢ yueTom Vo= f (T, P).

Haas e. a., 1980, 1981]
COOTBETCTBYIOT aKcIepn- 4 -
MEHTAJIBHEIM OIpeIeJe Iz
M. Xoapyssn [Holdaway,
49711, xoroprie MomHO cuIL-
TaTh Hauboaee obocHOBAH-
HBIMH, H He IIPOTHBOpedaT
TEePMOXHMHYECKIM oOIpe[e-
JIEHH M.

Ha pume. 31 npusemenst P —7-yeixoBus jersjpaTanii MyCKOBHTA
mo peaknun Mce = Cu + Kp + H,0, kotopoii Mul 3aBepmaeM aleKo
HE II0JHOE CONOCTaBJIeHMe pKCIHEPHMEHTA M TepPMOAMHAMHYECKOTO
pacuera. Jra PeaKIHA, a TaKiKe pearnuA JeruapaTtainuil MYCKOBHTA
€ KBapueM — OJIH U3 HanGoaee sPKOX HPHMEPOB Pe3KOro IPOTHBO-
PeIns KaJToOpHMETPHYECKNX HCCJCOBAHMI H HeTpPOJOTHYECKOro dKC-
nepumenta. Ha pucynke ropmsontaZpHBe OTPE3KH B IHPAMOYIOJb-
HIKAX COOTBETCTBYIOT dKcenmepmMenTaabEnM fanasm H. HYarrepmacu n
B. Jl:xoxanuneca [Chatterjee, Johannes, 1974], onpeaeauBmmx ycao-
BHA PaBHOBECHA PEAKIUI JIernjpaTanun MYyCKOBUTA. 3Iech ke IpH-
Befiennt pesyabTatel B. A, Japukosa m gp. [1972], xoropre xopoiio
coraacyiorca ¢ onpemenenmavu I1. Yarrepmrun m B. [lacoxammeca.

B 3 Awdanyaum

200 300 400 500 600 700 T,¢

i L .

- Peayaprater jpyrux oKcmepuMenTaapHEX mecaemosanmit  [Yoder,

Eugster, 1955; Crowley, Roy, 1964; Velde, 1966; Evans, 1965] venee

HPEAIOYTHTeNLHB, 1T HOATOMY, 9TOOL HE IEPErpy:KaTh PHCYHOR, Mbl

HE CTaJM COMOCTABJIATH UX ¢ TEPMOJUTHAMIYCCKHM pacueroM. JlmHna 4
B JIEBOI WacTH pucynka, cmemeHHas Goaee wem na 400 K or sxcnepn-
MEHTAJNBHOI, PACCTMTAHA 110 TEPMOJMHAMHYECKHM JAHHLIM HEKOTO-
PBEIX DACHPOCTPaHEHHBIX TePMOAMHAMHYECKUX CIPaBOYHHKOB [Robie,
Waldbaum, 1968; Haymos u np., 1971; Byaax, Bynax, 1978; Patun
m ap., 1977]. B atnx cnpasounmkax pPeKOMEHJYETCH BHTAIBINA 00-
Pa30BaHUA MYCKOBHTA 10 JaHHKIM KHCA0THOH Kamopumerpum P. Ba-
paun [Barany, 1964], koropas, kak mokazaxo B psge pabor, mmeer
HEONMyCTHMYI0 crncTeMaTHdecky0 onmOKry. DBo3MO/KHbIE DPHYMHLL ee
AeTanbHo obeymnaanck B anteparype [Sommerfeld, 1967; Kapnos n
Ap., 1971; Zen, 1972, 1977; Chatterjee, Johannes, 1974; Thompson,
1974; Ulbrich, Merino, 1974; Hemingway, Robie, 1977a: Krupka,
Robie e. a., 1979; Helgeson e. a., 1978].

Koppexruposannoe suavenne suraanimu 00pasoBaHusA MYCKOBUTA
ORazaloch GAM3KIM K paccunTamHOMy H3 DRCHEPHMEHTAIBLHBIX pas-
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Pue. 31. JermppaTtanns MyCKoBHUTA.

OKcneprMeHTANEHBIE JlaEHEe: 1 — [Chatterjee, Johannes, 1974]; 2 — [Mapmkos n np.,
1972]; 3 — [Msanos n aup., 1973].

TepMofuHAMIMECKIe RaHHEE: 4 — pacuer no cnpasouHnkam [Robie, Waldbaum, 1968;

Haymos u gp., 1971; Bynax, Bynax, 1978; PaGun u ap., 1977]; 4a — pacuer no DaHEHBIM

1. K. Kapnosa u C. A. Kamnka [1966]; 5 — pacuer no cnpasousuky [Robie, Hemingway,

Fisher, 1978]; 6 — pacuer no mannmm [Krupka, Robie e. a., 1979]; 7 — 710 ke (cMm. Terer);

8§ — pacueT mo cnpaBoyHNKY [Tepmuueckne KoHeTaHTH..., 1981]; 9 — pacuer no onTuMaib-

HBIM TePMOANHAMIMECKIM JAaHHBIM B NpNiJaH:KeHNN AV?.EBS = const; 10 — 10 Ke (“H20 =

= 0.5): 11 — pacyer N0 ONTHMAJLHBIM TEPMOINHAMIMECKHM RAHHEIM ¢ YueToM Vo = f (T, P);
12 — pacuer no [Wagman, Ewans, 19811,

HoBecHmX fmamHEbX [Chatterjee, Johannes, 1974; Thompson, 1974;
Zen, 1977; Hemingway, Robie, 1977a; Robie, Hemingway, Fisher,
1978]. Ho ob6patumecsa k cupasounnky P. Po6m m corp. [Robie, He-
mingway, Fisher, 1978], koropsiit ABAAETCA CHCTEMOIT COTIACOBAHABX
(B TePMOXMMHYECKOM CMbiCJe) TepMOAMHAMHIecKHX weamunn. I[lo-
cTponB JHEMI0O paBHOBecus peaknum Mc = Cm + Kp + H,0 (mm-
HEsA 5 Ha puc. 31) — 9TO OTHOCHTCH W K APYIUM PeaKIMAM JIerHgpara-
I, — YBAAUM, 9TO, XOTA pacueTHas JHUHHA ¢0JIN3NIAach C SKCIEpH-
MEHTAJbHOH, PACXOKAeHHe ¢ IeTPOJOTrMYecKIM HKCIePHMEHTOM 3Ha-
9UTENHHO W HAMHOTO IPEBHINaeT OMNOKA SKCIePUMEHTAILHOTO OIpe-
nenennsi. B omnoit n3 memasunx crareit K. Kpynka m ap. [Krupka,
Robie e. a., 1979] cpenanm momeITRKY COBMECTHTH KaJOPHMETPHIO B
pacTBopax KHCJIOT € <«KajJopmMerpuell (asoBEIX pPaBHOBECHi» — Ol-
penexnenne 3en E-ama [Zen, 1977]. K. Kpynora ¢ Koaieramm, Hcmoab-
sya meronnl III sakoma Tepmommmammku, paccumTann CTaHJAPTHYIO
OHTANBNNIO peakimu. Boccranopaennas Mo 9THM JAHHLIM H 3HAYCHHIO

AH, 505 = —905204840 Jik/Moab JuHEA paBHOBECHA DPeakIu| Je-
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rHpaTaiun MycKoBMTa cooTsercTByeT Kpmsoit 6 ma puc. 31. Bpo-
CAeTCS B IJIa3a ee fIBHOE HEeCOOTBETCTBIE HKCIEPHMEHTAJLHBIM OIpe-
peaenusam, ocobenno B obmactu pasaennit 6 —8 k6ap. Ilyts pacuera
3en E-ana [Zen, 1977] oranuaercsa or merona K. Kpynka n ap., Ho
KOHEUHEIe peayibTaThl copmamior. 3atem K. Hpynka ¢ xoaneramm
YCPeAHAIOT PacCUNTaHHOe 3HATEHHE PHTANBNNI 00PasoBaHHA MYCKO-
puta ¢ Kajopumerpmueckum [Barany, 1964; Hemingway, Robie,
1977a] 11 peKOMCHAYIOT NOJAYUYCHHYIO BeJANTHHY B Ka1eCTBE HaM/IydIe-
r0 3Hauenna suranenun odpasopanms 2M,-myckosura. Caemcrsmenm
9TOTO ABJAAETCA JAHHAA 7, KOTOpas Paclojio;keHa MeRAY JHHNAMI O
u 6 1 monagaer TOJNLKO B OJIMH SKCHEPHMEHTAIBHKHE TPAMOYTOJILHAK
peonpenenentnoctu. Takoil jke xapakTep mMeer Kpupasg 8, mocTpoeH-
HaA 1o faHHbM cmpasounnka [Tepumueckme romeranTth..., 1981]¢c
HMCIOJAB30BAHNEM YPABHEHMID TEIIOEMKOCTH CAHNIAMHA H MYCKOBUTA
no copasounnky [Robie, Hemingway, Fisher, 1978], xora snranbmms
m ameprus 'mG0ca otnx (as cnibHO OTAMYAETCA OT PeKoMeHamnit
P. Pobn n corpyaankos. Bo Bcex stux padorax mpefmogaraercs, uto
xoudurypanumonnasa ourponna 2M -yvyckosnTta, o0yCaOBIeHHAA TOJ-
HOCTLI0 HEYIOPA0TeHHBIM pacupeneiennem atomos Al m Si B kpemmue-
KHCIOPOIHOM TeTpasipe, COOTBETCTBYET MAKCHMAJLHOI BeIWMYHHE I
pasua 18,7 Jlm/(moan-K), xoTa ouesngma HekoTopas HeCOTIACOBaH-
HOCTH 3TOT0 3HAYEHHSA C NPENH3NOHHBIMI HKCHEePHMEHTAJbHEIMH Ol
penenennsavu H. Yarrepmxn n B. Jlzxoxammeca [Chatterjee, Johan-
nes, 1974].

Baueifuiee cBofCTBO ONTHMAJBHHX TEPMOAHHAMIUECKHX Hapa-
MeTPOB MYCKOBHTA M3 TaGa. 2 COCTOMT B TOM, YTO OHH COINACYIOTCHA B
nmpejieiax IOTPEIIHOCTH ¢ KaJOPUMETPHYECKHMH ONpefe’lennaM
M DKCHEPHMEHTAJBHLIME pasHOBecHBIMI Aanubvu. bB. Xoumnryai
u ap. |[Hemingway, Robie, 1977a; Robie, Ilemingway, Fisher, 1978]
peromenyior AH; ,o5(Me)= —5 976 74043235 Jlm/moab, TOraa Kak
Hamu Toaydeno anavenme —5 977 935310 Jlk/moan npnm Sge =
= 297,24+0,54 IIx/(moan-K) 1 AG 95 = —5 599370310 [/
/moan. Kak m B Apyrux cayuasx, B pacueTe NOTPeIIHOCTell KIIOUeBHe
H GasucHBIE BemecTsa NPHHATH KaK TOYHLIC BeJHYMHB M WX IOTpem-
HOCTH B pacder ne BKAwJaauchk. OTciona KomdurypamumoHHas HHTPO-

- maa myckosnta: So = 9,54 [ix/(Moas-K), uto B 2 pasa membuie Mak-
CHMAaJBHOT0 3HAYCHHA, HO 3ameTuM sjech j;ke, uro H. Yarrepmuu n
B. Jlixoxammecom me gokasamo mpucyteTeme 2M,-MyCKOBHTAa IOCTe
OILITA, XOTA UMH CHHTe3MpPOBaH MMeHHO 3T0T mojutnm. IlonyuenHas
HaMH CTaHJapTHAs OHTPONNA MYCKOBHTA ONpeJlelfercs NPHHATOR
CTampapTHON oHTpommeit cammpmpa [Robie, Hemingway, Fisher,
19781, npuuem Ttoapko B dTOM Caywae, T. e. ¢ KoEpErypanmonmoi
SHTpommeil cannguna, pasuoit 18,7 I/ (noan-K), noctiraercs ynos-
JeTBOPHTEILHOE COrJIACOBAHME DKCIePHMEHTAJIBHEIX OTpejeleHuil n

- TEPMOAMHAMITYECKOTO pacuera 110 PeakifusuM ¢ yJacTHeyM CannjinHa,
RajJbcranrta u Jeilnura. YpapHeHNe TEIIOEMKOCTH MYCKOBHTA HOJY-
¥eHO ycpeanennem panuux JI. Hankparua [Pankratz, 1964] u P. Po-
Om ¢ corp. [Robie, Hemingway, Fisher, 1978; Krupka, Robie e. a.,
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1979]. Ormerns, uro ypasuenne JI. TTaHKpaTiia IPHBOJUT K DHTPOIIIT
myexosura 300,65 ILx/(mons.K), a ypasunenue P. Pobu u corpymum-
ko — k& Bemmanae 2938 JLx/(monn-K), mecmorpsa Ha He(oabinoe
(mo 2,5% B uatepsane 600 —800 K) pasiudne B ypaBHeHHAX TeILIO-
eMKOCTH MycKoBHTa. [l0JIy4eHHRIM TepPMOIMHAMHYECKUM CBOHCTBAM
mycrosuta cootserctByior junanu 9, 10 m 11 na pme. 31. Jluuun 9 u
10 mocrpoenst B npubmurenun AV, ,0¢ = const, npuuem kpmsaa 10
IPH JAaBIACHI BOJ{bl MeHbINe 00ero (Iu,0 = Tco,=0,5). AKTHBHOCTD
H,0 B cmecn upnusata no ganaeiy J[. Keppura n I'. J[imkakotoeca [Ker-
rick, Jacobs, 1981]. B pacuere muunm 11, a rarske npn olGpaGorke
BXOJHBIX JIaHHBIX YUTEHA 3aBHCHMOCTb MOJIBHOrO oObheMa TBepabix (as
0T TeMIepaTypul 1 AasieHus. HeoGXomumMo OTMETHTL HOBOJLHO 3Ha-
YHTEIBHOE BIISTHIE MOJBHOrO ofbera 1t ero GyHKIHT Ha MOJ0:KeHHEe
KpuBLIX pasHosecus. HecymoTps Ha cpasHOTENBHO HeBhicOKme I —T-
mapaMeTpbl, pacxosmaenne B mono:kennn Kpussix 9 w 11 mocturaer
0,5 g6ap mpu 800°C mmm 25 —30 K mo remmeparype, uTo IpeBLiniaeT
MOTPEHIHOCTL COBPEMEeHHOI0 DKCIIePHMEHTA, a TAKyKe CRa3biBAeTCH Ha
BeJmYHHEe sHTpoIuH Myckosnta mo Il saxkomy, B mamem cayuae —[o
4 T/ (moan-K) B cTopony sammmenus.

3nech HeoOXOAUMO cfesarh OTCTYINIEHHE OTHOCHTENLHO TepMo-
NUHAMHTECKHX CBOHWCTB IIEJOYNLIX IOJEBHX UIMATOB, IOCKOJLKY
B IOCJEHEee BPEMsS HaMeTHIACH TEHJICHIA X penuani Ha Oase Ipoc-
THIX MOHHBIX paBHoBsecnii m peaknuit rugpommsa [Helgeson e. a.,
1978]. Tak, T'. Xearecon ¢ corpyamukamu paccuntain AH, o5 i
AG/ 50s MaparoHnTa, MYCKOBHTa, MUKDPOKJINHA W aXbOHTAa € HCHOJb-
30BaHHEM CJeJYIONIX pPeariumi:

[l¢p + A6 = IMap + 4Si0,,,; 2Mc + 6K + 2H* = 3Mp 42K

A6 + K* = KIIMI 4 Na™; Me + Ks = RIIOI 4 Asg 4 H,0.
B pesyastate sHrajpmnn o0pasoBaHUs 9THX MEHEPAJOB OKasalHCh
caenywomuvu: —5928,57, —5972,28, —3971,4 n —3931,62 x[lm/moan
[Helgeson e. a., 1978, rada. 8] nan —5949,63, —5993,33, —3978,42
n —3938,64 kllxk (orkoppexrtupoBausl 1o Kopyuay). ITo rakomy ke
OyTH HouLm  aBTopul cupasounmia |TepMmMmyeckne KOHCTAHTLL..,
1981], rme perosmenpylorTcs caefyiompe BejmaunHb: —5932,546,3,
—5982,7+4,2, —3978,15+-3,35 1 —3938,86+2,72 w]l:/Moan pan
MApPATOHUTA, MYCKOBUTA, MUKPOKJNHA H aXp0uTa. 9TH BEJMUMHB CY-
IMECTBEHHO OTANTATCA OT COBPEMEHHBIX KOPPEKTHPOBAHHBIX Kalo-
puverpudecknx seanunH [Hemingway, Robie, 1977a; Robie, He-
mingway, Fisher, 1978]: —5976,74-+3,235 (mycrosnt), —3967,69+
+3,37 (Mukporann) n1 —3935,1154-3,415 k][m/Moap (Huakmii amin-
out). TlojguepkHeM HECOMHEHHYID [ePCIEKTHBHOCTh NYTH paciera
I'. Xearecona 1 COTPpYIHHKOB, HO TOJBKO IPH HaJAWIHM HAJTEARHLIX
JAHHBIX II0 TepMOJAUHAMHYCCKHAM CBOﬁCTBHM MOHOB M KOMILJIEKCOB B
pacTBopax W B ciaydae o0A3aTeJbHOTO HPHUMEHEHUA IPOrpaMMHBIX
KoyMintekcon Tuma «Cexextopy. OrmaBas A0GRHOE CHCTEME TEPMOJIH-
HaMuueckuX janusx . XearecoHa n cOTPYAHRKOB, KOTOpas MOCTPOe-
HA HA MIHIMYME TePMOXIMITYCCKIX ONPeeJeHnil I M02TOMY YI0BIET-
BOPHTEILHO corsiacyercs ¢ OOJBIIMHCTBOM PeaKul IUAPOIN3a, 0TMe-

158



THM BCE ;K€ OPUEHTHPOBOUHBIA XapaKkTep oTHX BeanuuH. MojKHO npef-
TOJOKHTL CJAEAYIOMMe NPUYIUHL norpemuocteii: 1) pacuerst mo o1-
JIeABHBIM PEaKIUAM THAPOJIH3a HEeJ0CTATOYHO KOPPERTHHI, 2) (yHK-

nun gr noHo B obaactn Beicoknx temmepartyp (300 —500°C) nmenr
3HAYHTENBHYIO TOrPemHocTs mopaaka 5 k{x/Moans, 3) Heabssn mpo-
BOIHTH AHAJOTHIO MEKY TepMOauHaMmdecKuMu csoifcrBamm 2M -
MYCKOBHTA I MelKodemyituaToro myckosura (cepmnura), odpasyome-
roc¢si B OTHOCUTEIbHO HUZKOTEMIIEPATYPHBIX THAPOTEPMATbHEIX JKCIe-
PHMEHTaX, COCTAaB H CTPYKTYPa KOTOPOro B MPOAYKTax sKCIepHMeHTa
He M3YTaainch. JTH H HEKOTOPhIe ApYIue coodpazkenus He IO3BOJIsI0T
HaM OpuHATH HomrHOCThI0 Moaxon I'. Xearecoma m corpynankos. Ilo-
ATOMY B KavecTse 6a3MCHBIX BEJMYIH IPIMeM IOKa TepMojinHaMITuecKne
¢BOHCTBA MHKPOKJIHHA U caEngmua mn3z pador P. Poom m corp. [He-
mingway, Robie, 1977a; Robie, Hemingway, Fisher, 1978]. Moskno
10JIarath, MTO M 9TH BEJUYHHEI HE OKOHYATEIbHbI: HTO BHIHO XOTA OB
IPH CPaBHEHHN YHTAJLINN pacTBOpenns cannjanua ua pador P. Podn,
J. Baappbayma m I'. Xosmea [Waldbaum, Robie, 1971; Hovis,
1974]. Tlonyuenme HAJE/KHBLIX TEPMOAMHAMHYECKNX CBOHCTBE MHKPO-
KANHA U CAHHJHHA JIOJKHO OBITH CBA3AHO €O CIENHaIbHON mporpaM-
MOif HCciaefoBAHMIT, BKJIIOYAIOMEH OpPraHH3aliio TepPMOXHMHYECKOTO

nuKIa 10 onpefenenuio AH; ,os MUKPOKJINHA 1 CAHIINHA, aHAJOTHI-
HOT'0 IPOIECCY HAXO/KIEHNA DHTAILINN 06pa30BAHIA HUZKOTO aabim-
ta [Hemingway, Robie, 1977a], TepMoxuMmdyeckuyMn naMepeHuAMI B
OKHCHHIX pacllziaBaX IIPH BHLICOKHX TeMmIlepaTypax, Kak B paGore
A. Hasporcroit m coasropor [Navrotsky e. a., 1980], n cosmecTHOI
06pafoTKON HTHX BEJMUMH METO/aMH ONTHMAJILHOTO COTTTACOBAHUA C
DKCIIEPHMEHTAIBHBIMI PABHOBECHBLIMII JaHHLIMH.



SARJIKYEHUE

Hakxosa To4HOCTB qm:ﬂmo—xmmqecraoro MOJIeJIMPOBAHIA TPOIECCOB
MEHEpaa1000pa30BaAHNA, OMUPAIONIErOCAd HA ONTHMAIBHBEIE TEPMOJHHA-
MuYecKNne cBoicTBA MuHHepasop? ()IHO3HAYHEIN OTBET HA HTOT HPAMOH
BONPOC JaTh HEBO3MO;KHO. ToYHOCTL (PHIHKO-XHMHYECKOTO MOJIEIH-
poBaHHA ONpeesdercd He TOJbKO GopMalbHOH TOTHOCTBLIO TEPMOIH-
HAMHYECKHX CBOMCTB MHHEDPAJOB, HO H 0COOEHHOCTAMH KOHKPETHBIX
safas. Kpome Toro, ycmemHoe HpakTHYeCKOe HCHOJIb30BAHHE TEPMO-
auHaMuYecKoi uu(opMaimm TpedyeT H3BECTHOr0 YpoBHA (Pusuko-
XHMHYECKOI, Te0XNMIIecKoil U merpoaorngeckoit nogrorosxn. Jlomi-
HEl YIATHIBATHCA Te JONYIIEHIsA, KOTOpHe fABJIAITCA, ¢ OJHOM CTO-
POHEI, CIe/ICTBHEM OrPAHHYEHHOCTH HAUIMX 3HAHUIL 0 NPHPOIHEIX TPO-
meccax, € JAPYroil — MpHOJM;KEHHOCTHI) WCXOMHOH TepMOIMHAMIA-
geckoil mHEpopMamuu. flcHoe mpencTaBieHwe o AeHCTBHTENLHBIX Pas-
Mepax HeONpPeaeJeHHOCTH DPe3yabTaToB (H3HKO-XHMHYECKOTO MoJie-
JNUPOBAHHA — Jydliee CpPeacTBo m3be;kaTh HE0GOCHOBAHHOCTH BLIBO-
HOB U 3aKJIIOYEHMI U NPABHJIBHO OLEHHTH 00MYI0 TeHIEHI[HI0 ABIEHHA,
ecJH HeJb3d AaTh Oojee onpejeaesHoro peuienus. [lopAxok To4HOCTH
H3yIeHHON Mofenn OyaeT HepaBHOBHAYHBIM B KaKIOM OTJEIbHOM CIY-
qae u TpefyeT WHIHBUAYaJbHEIX OIEHOK, MCXOAA N3 KOHKPETHBIX
BXOJHBIX YCJOBHH W OrpaHnveHHi.

B opgaux caywasx, kak OBLI0 HPOJEMOHCTPHPOBAHO BHIMIE, TOY-
HOCTB pacyerTa OyJer COmOCTABUMA ¢ TOYHOCTHIO Hambojee KOppeKT-
HBIX 9KCIEPHMEHTaJbHEX onpesenenuii. Haunbonabimas TouHOCTh U Ha-
AE/KHOCTH JIOCTHIAeTCA JHIlb ¢ INOMOIIBI0 ONTHMAJBHEIX TEePMOJHHA-
MHYECKHX CBOHCTE MHHEPAJIOB, MOJYYCHHHIX MO IPeT0;KeHHOH MOJe-
JIH COTJIACOBAHUA C HANO/KEHHEM IBYXCTODOHHHX OTpaHMYeHUd Ha BCe
pneMeHTH BXopgHO#l mudopmamuu. B npyrux cayuasx, Korga mcnoib-
3YIOTCA MeHee HaJe;KHbie TepMOZHHAMHYeCKHe [aHHbe, Pe3yabTaThl
pacuera Ha IJBM Oyayr menee onpepeseHHbME. Takune pacaersl MOK-
HO COLOCTABUTE ¢ TOYHOCTHIO 00BIYHBIX DKCIEPUMENTAJIBHBIX OIpefieie-
Huil. B manOoiee Heonmpese/eHHON CHTYAaluM NPAKTAYECKOe 3HAUCHHE
GyayT MMeTh_HOPANOK MOJY4YeHHBX HHPP MM KAaJeCTBeHHLI® BHIBOJEL

Hepocrymaele pamee BO3MOMHOCTH B IOBEIIIEHHN TOYHOCTH H
HAle/KHOCTH (PH3UKO-XUMHIYECKOro Mojennposanns na JBM orkpriBa-
eT MCCAEOBAHIIE METOLOM CTATHCTHYCCKIX HCHBITAHNE TOr0 BIUAHUA,
KOTOPOE OKa3LIBAeT HA CTPYKTYPY PelleHHsA HeoUpeeleHHOCTh BXO/-
Ho#t mEpopMarun. XOoTA TAKo MOAX0 HA OQNH-/|BA IOPAKA yBEJH-
quBaer 00beM BHITHCIHTENbHLIX OIEpalnil, ero IpHMeHeHHe BIOJHE
ONPaBIaHHO B 9TAJOHHKIX pacuerax M JJAA aHaJN3a HeolpeleleHHOCTH
pemennit B 0cof0 OTBETCTBEHHHIX 3ajadax (PUBMKO-XNMHYECKOTO MO-
peampoBanua. B panpHeidimem HoBoe moxonenme 9BM ¢ Gricrpojeit-
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cremem 107 —10° onepanmuii B cekyHIY HO3BOAUT BKJIIOYATE METOL CTa-
THCTHYECKHX HCOBITAHHII B MPaKTHKY OOGHYHBIX MACCOBHIX PacueTosB.

HesasncnMo oT YpOBHSA TOYHOCTH (U3NKO-XHMHYECKOr0 MoOJe-
JUPOBAHNA BaKHOMIIAM W DPRHOUONAJLHEM BRIBOJIOM HACTOAMER
paboTs ABAAeTCA NPU3HaHNe TOTO (BakTa, YT0 B (H3HKO-XHMHIECKOM
mopmennposannn Ha JBM o06a3aTeabHO OJKAK HCHOJIE30BATHCA TOJND-
KO Te TePMOJANHAMHUYECKNE CBOMCTBA MHHEDAJIOB, KOTOPHE COrJacoBa-
HE ¢ JaHHEIMH OKcIepuMenTaabHoll merpoixormum. B rakoMm cayuae
rapaETHpPYeTCcA ToJyvenne B (U3NKO-XHMHYECKHX MOJenaX HauMeHb-
meil omuOKN 10 CPaBHEAWIO CO BCeMH JPYTHMH BapHAHTAMH HCIIONb-
30BaHmA TepMOAmHaMuueckod muHpopmammu. O9eBHIHO, 9TO HCIOIB-
soBanHe Ta0ANMYHHIX 3HAYEHNH TepMOIHHAMHYECKHX XapaKTEPHCTHK
MHHEpPaJI0B U3 CYMECTBYOMNX CIHPAaBOYHHKOE MORET NPHBECTH K He-
ponycTuMo Goabpmmy morpemBocTAM. Hpoie TOTO, TOABKO ¢ MOMOMEI0
TEPMOAMHAMHYECKIX CBOICTB MHHEPAlIOB, ONTHMAIBHO COTJIacOBaH-
HEIX C JIaHHBIMI 3KCHEPHMEHTAJIbHOH NeTPOJOTHN, MOKHO PaCcCYHThi=
BaTh DPABHOBECHE B CJOQKHEIX TETEPOTEHHHIX MYJabTHCHCTeMax Gea
PHCKA TOJYYNTh B BLIYMCJNTEIBHOM IIporecce IMPOTHBOPEYUBLIE De-
3YJBTATH, KOTOPHe NMPENATCTBYIOT CXOANMOCTH aJTOPHTMOB K eIHH-
CTE€HHOMY peIleHHIo. )

Iocroanukit gefunuT W NPHOIMKEHHOCTh KOJMTIECTBEEHHOH Tep-
MOIHHAMAYECKON HHEOPMAIHN OTPAHNYNBAIOT BO3MORHOCTH IOCTPOE-
HEA (U3NKO-XIMHYCCKHX MOjieseil MPHPOJAHLIX IPOIEcCOB MUHEPaI0-
ofpasoBaHnsi, HO B TO ;Keé BPeMs CTUMYJHPYIOT NPOBeJleHHe HOBHIX
DKCHEPHMEHTAJIbHEIX MCCJe0BaHNIL 110 ONpefie/eHNI0 PaBHOBECHI pe-
AKNUH MITHEPajx000pazoBaHNsA, UTO HENPEPHBHO PACHINPAET BO3MOK-
HocTH (u3HKO-XmMmUeckoro wmofenuposanuda. OcHOBHOH 3amavei
SKCIePHMENTAILHEIX ICCIeJOBAHAN B NEeTPOJOTHH ABJISETCA Hmepexoj
Ha GoJee BHICOKAH YpPOBeHbL MAHTH(NEAINN YCJIOBHI pPaBHOBECHHA
peakmuil MuHepanooOpasoBaHUA M HX CTEXHOMETPHYECKHX ypaBHe-
Huit. TounocTh ONTHMAJBHOTO COTJACOBAHNSA MOKET OHITH 3HAYNTENb-
HO DOBLILEHA, €CJAH B JKCHEPHMEHTaJIbHLIX ONpeelieHuAX OyayT B
TOJHON Mepe HCHOJIb30BATHCA Te IPenMyIlecTBa, KOTOPhie OTKPHIBAeT
CTAHAAPTH3ANUA METOANKH, AanNapaTypsl H UCXOJHBIX BEIIECTB.
IloBHImeHNe TOTHOCTH 3KCOEPHMEHTANLHEIX ONpPeeNeHuil T0IKHO CO-
IPOBOKIATLCA CIENUaIbHOH mporpaMMoil HccaefoBaHU Ho maMmepe-
HHI0O TePMOXHMHYECKHX KOHCTAHT MUHEPaJOB METOJaMu KajlopumerT-
PHEE B KHCJIOTax M paciiaBJIeHHBIX COJAX, a TaKie ONpeleleHHAMN
TEIJIOEMKOCTEll NP BHICOKHX TeMIepaTypax.

Ilpennoskennse MaTeMaTHUECKasd MOJedb W METOOUHKA ONTHMANb-
HOTO COTJacOBAaHHA OTKPHTEL AJdA JajbHeHNmero pacmupennsa obgacTh
HX IPHJIOKeHNsA, HAaIPHMEeD AIf COrJIacOoBAaHNA KOMIIOHEHTOB BOZLHOTO
pacTBOpa N0 BKCIePHMEHTAJBHEIM JAHHEIM O PACTBOPHMOCTH, W B HUX
MaTeMaTHUecKas MOJeJb COTJIACOBAaHHA [OJKHA OBITH CBA3aHA C
pemenuem 00paTHEIX (uaHKo-XHMEYecKHX 3agad. Her comHeHmii B
TOM, 4TO CHCTeMAaTHYecKoe M TleJeHalpaBjeHHOe HAKOIUIeHHe 3KC-
ImepUMEeHTAIbHEX MaHHBIX W MX TepMopmHamudecKasn obpaborka 6ynyT
VBeJIHYHBATEL 3HaUeHHe, HAIe;KHOCTH M TOYHOCTh H3NKO-XHMHIECKOTO
MopemapoBanus Ha 9BM mpomeccos muHepanoofpasoBaHus B Ieo-
XAMAYECKHX H IIeTPOJOTHYECKHX HCCIeJOBAHHAX.
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