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B KHATe M3I0/KeHE TeopeTAYMeCcKAe OCHOBE MofieJiMposannsa Ha IBM
(U3MKO-XMMHYECKAX TPHPOAHKIX INPONECCOB  MHHEPan000pazoBaHiin
¢ NPHUHOANNATEHO HOBOH NOCTAHOBKOIL 3aMad pacuera XHAMHYeCKOrO
PaBHOBECH:: BBeJieHHeM B WCXOJHLIC JaWHbe OrpaHAIHBAIONMX YCI0-
BHIl B BIJe CHCTeMHl JHHeiHRIX ypasueHuii Gazamca Mace, a TamKe
pAfa ApYrAX OrpauddeHmii, ONpe/ejAEMBIX XapaRTepoOM Hay4aeMoil
MOJIeJIH,

IperTHBHEIT KAYeCTBOHHEN] aHATNE YCIOBHMIL TEPMOINHAMIYECKOTO
PaBHOBeCHA H CTAOMALHOCTH NPHPOJAHBIX MYJIRTHCHCTEM BHIIOJHEH
Ha OCHOBE eHHOro IOJAX0[Aa — IOCHe/0BATEeIBHOrD MPIIOAKEHIs Ma-
TeMaTHYeCcKoii TeOpHH ONTHMAILHOr0 HpOrpaMMHPOBATHA.

Rmiira paccaurana Ha YHTATe/e, HHTEPECYIOMMXCA (U3MKO-XMMIT=
qeCKHM MofesanpoanneM Ha 9BM nmpupoguLix mpoieccon MHHepaiood-
pasoBaHuA.
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HPEJHCIOBHE

Kuunra . K. Kapmosa, A. U. Kncexesa u I1. M. IHopo-
roxynia «TepMojnHaMIKa OPHPOJHEIX MYJbTHCHCTEM. . . » TIOCB-
MeHA TEOPEeTHYeCKHM OCHOBAM HOBOTO B TEOXHMUM H TETPOJOTHH
HAOpaBIeHNA—(U3NKO-XAMAueckoMy Mosiennposagnio Ha IBM mpu-
POAHBIX  (MHBHKO-XHMNYECKHX IPOIECCOB MHHEepPasooOpasoBaHmsi.

Meroj mupnmusanum ¢BoGOHON DHEPIIUN HCHOIB3YETCA B T'e0-
xpmuu, 3a nexaodennem pator M. K. Kapmosa ¢ corpymmuran,
TOABKO JJIA PEeIleHia YacTHOH nmpobaeMsl— pacueTa TOMOT@HHEIX Ta-
30BBIX papHOBecHil. OjEaKo RPYT 3aja9 Guangeckoil XIMHER TIPHPOJT-
HOTO MHHEPAI000pazoBaHNA He OTPAHMUYNBACTCH PACYETOM XITMIH-
YeCKUX panﬂnu(‘cnﬁ B TOMOI€HHLIX Tra3oBbLIX CHCTEMAaX. B c¢Bonx
MCCHAEIOBAHIAX TEOXMMHUKI IOCTOAHHO BCTPEUAOTCH € PasHoob-
pasHEIMH 3agadamMi QU3HIECKOH XMMHH, IOCTAHOBKA W YHCJIEH-
HO@ DelieHne KOTOPHIX He CBOJANTCA K cXeMaM pacuera Tas3oBLIX
paBHOBeCHiT, pazpaboTamHLIM B XHMUYECKOH TEXHOJIOTHH.

Ilocramoska n wucaennoe nsydenne ma IBM pasamumnix Qu-
BHKO-XIMHYECKNX MOJeJIeil B TeOXIMHH BO3MORHLEL HA OCHOBE
TEJCHATIPABICHHOTO KOHCTPYKTHBHOTO IBJ0/KCHIA XHMHYECKOIT
TePMOIHHAMIIKI IPHPOIHOTO MiHepPaxoolpazoBamns B TePMAHAX 1
HOHATHAX MaTeMATHYCCKOTO ammapara onTHMQJIbHOTO IPOTpaMmu-
poBanusa. OHO J0/GKHO YYHTHBATH crmenu@uueckne 0coOeHHOCTI
TEPMOTHHAMITTECKIX MOJeJell TPHPOIALIX MYJILTHCHCTEM, ROTOPHIM
HeJMbas HAMTII agaJorn B XUMUKO-TEXHOJOTHYECKNX u JjabopaTtop-
HHIX CHCTeMaxX. JTHM YCIOBHAM OTBETAeT TpejiaraeMas KHHTA.

ABTOpPH  paccMOTPEIH KIIOYEBLIe BOIPOCH  TePMOIMHAMIKIL
IPHPOAHOTO MHHEPAIT000PA30BAHNS, MITOKEHHLIE € HOMOHLBIO
MaATeMaTIIecKoro anmnapara onTuMaJbHoro mporpaMmiupoBaHuA.

PazpaGorka panuoHAIEHOH CHCTEMBI TCOPETHRO-MHOKECTBEHIOIT
HHTEPupeTanui PHPO/{HbIX MYIbTHCHETEM. ABTOPAM y/Iai0Cch HARTH
npocroii, rubKmii M BHPASUTEAbHLI A3KEK IeTAJLHOTO OITCAMMSI
CTPYRTY PHEIX 0CO0EHROCTEH MUHEPAJILHEIX MYJABTHCHCTEM I HX 0rpa-
HUYCHMIT. DTOT A3BIK  CHOTETHYCCKM Y4YUTHIBAET CJIOKABINHECH
TPAARIUN 0D03HAYEHNIT B ONTHMAXLIOM IIPOrPAMMIPOBARIH I X11-
MIMECKOIl TepMojHEAMUKe, a Tawwe TpeboBaHNA (OPMATBHOTO
TPEICTABJICHUSN, OPHEHTHPYEMOTO HA CHCTEMATHYCCKOE HCHONBL30OBa-

mne IBM.



O6mnii BHIBOj| ypaBHEHHA HKCTPEMAALHOCTH BBHINYKIOH (yHK-
1HHH  N300apPHO-H30TEPMUYCCKOT0 HOTEHHHANA MYJbTHCHCTEM HA
MHOTOTpanuuke orpammdenuii. Venmonsaysa teopemy Hyma — Tax-
Kepa, aBTOPHI JAI0T HCYEPIEBAIONYI0 XAPAKTEPHCTHRY OCTATOY-
HEX T HEODXOJHMEIX YCJIOBHI XMMUYECKOTO PABHOBECHS B MYJIbTH-
cucTeMax. BEiBeleHHBE HMH YDABHEHHS CIY;Kar (yHaMeHTAb-
HOIT OCHOBOIL JUIA ITOCTPOEHNA ANTOPUTMOB T MATIHHHGIX IIPOTPAMM.

IlocranoBka (PH3NKO-XAMHYECKOH MOJEAH B NPHPOIHBIX Mera-
encremax (cTa0HIBHBIX ACCOIMAINAX MUHEDPAJILHBIX CHCTEM) B
CTAIMOHAPHLIX VCIOBUAX. JTa MOJENb J@eT 3aKOHYeHHOe 0OBhAC-
perne moHATHI0 0TKPBIToil cucremsr J[. C. opaumekoro, pacemar-
pHBaeMOii HE M30IIMPOBAHHO, a B KOHTEKCTE CBOETO (JI3MKO-XH-
MHHECKOTO OKPY/KeHNA.

IocTtpoenne anropuTMa pacyera  HeOOpPATHMOIi  DBOJIOIHN
FeOXnMHYECKNX CHCTeM HA OCHOBE IPHHINNA YACTHIHOTO pPAaB-
HOBECHH.

Ilocrpoenne maTeMaTH9YecKOil Mojenn HBOJIONMOHHOI CHCTEMBI
coraacopammsi Ha IBM rtepmogmEaMIgecKHX CBOICTB MHUHEDPAIOB
¢ JAHHEIMI OKCIEePHMEHTANBHOM HeTpoJOormH. 3ech aBTOPaMU
pemena mpobaeMa HOJYUEHUHA TAKHX 3HAYCHWI TepPMOJHHAMMIIe-
CKHX CBOMCTB MUHEpPaJ0B, TOYHOCTH KOTOPLIX OKAa3LRIBACTCH HAWIYYI-
meit B VCIOBHAX 00LEKTHBHO CYIIECTBYIOMEIl Heompe/eleHHoCTI
BCeil COBOKYIHOCTII TepMOJMHAMIYecKoll mudopmamnum, KoTopoil K
HACTOAIIEMY BPEMEHI PACIOTaraeT reoX nMIA it meTpojgornsd. Ceiigac
MBI ABJIACMCH CBHIETEIAMH TOTO, YTO, HECMOTPA Ha GeccoopHoe Ka-
YECTBEHHO IIPUHININAILHOE TPeHMYIeCTBO MATIMHHOTO MOJEeTHpO-
BaHUA, PYYHAA TEXHHKA (OTCTPAHBAHNAY JBYX-, PE/Re TPeXMePHIX
pmarpamy mo meroxy P. [Mappesca mpojoa:kaer cBoe mecTBme Io
CTPAHHIAM HAYIHHIX OyOGIHKAImi B reoxummn n merpojormm. K
COYRAIEHHNIO, ¢ MOMOIILIO IHATPAMMHOI METOIHKE JIEJAI0TC A MOTIRIT-
KH PEIMIeHNA CHOKHBX (PIB3NK0-X IMIYECKNX ITPoOIeM, HATTpIMep THj-
POTEPMAIBHOTO PYI000PA30BAHIIA, 4TO COBEPOIEHHAO HE COOTBETCTBY-
eT ee «paspemaniuyM Bo3Mo;kHOCTAMY., l'padmieckme mocTpoenusa
MOTYT JATh HATJIAAHOe N300paKeHHe OTAEJIBHLIX XapaKTepPHCTHR
IIPOCTHIX MOMEJAbHEIX cueTeM. OHAKO ¢ MX HOMONIBIO HEBO3MOKHO
TOYHO PACCYNTATh PABHOBECHLIN COCTAB [d;Ke JIA HE CANIIKOM
CIOJKHBIX cHeTeM m Myabrucucrem. HeoOxommo ofasareanroe
HCIOJB30BAHNE METO/[0B (HAUKO-XHMIYECKOT0 MOJSANPOBAHUA C
nomompsio JBM.

Moskao HajeaTsCA, UTO MPEIATAEMAs KHUTA IOMOKET IPEeojio-
neTh HEeH30eKHbEE NePBOHATAILHBIC TPYAHOCTH OCBOGHUS HOBOIL
METOJI0JIOTHI HCCIeI0BARNA (H3NKO-XUMIYECKHX IIPOIECCOB, TIPO-
HCXO[ANIMX B 3eMHOI KOpe H MAHTHI.

@. A. Jlemuukoa



BBEJEHHE

Ilo cux 1mop M3IOKEHIE TePMOAMHAMHKI IIPUPOAHOIO
MuEEePaa1000pa30BaARNA CASIOBANO TPATHINN, KOTopas Geper pada-
10 B Kaaccuueckoit patore [x. n66ca (I'm6oe, 1950). B kagecrse
OCHOBHOTO AHAJIHTHUYECKOTO anmapara HCHoJib30BaICH MeTOJ Tact-
goro mudepernuposanust u o0numEee AudHepeHINATIBHLE YPaB-
HeEuA mpocroro tnoa. Oamako B mocieHme TOJLI CTAan HeodXo-
JAUMBIMII HOBHIE CPEICTBA MAaTEMATIIECKOTO IPEICTABICHHUI TEPMO-
JAHHAMAYECKUIX COOTHOMIEHNNA B HPIPOIHBIX MUHEPAJbHEIX CHCTeMAX.
JT0 CBA3AHO C HEPexXoJoM 0T KAYECTBeHHHIX TePMOIMHAMITECKHX
MOCTPOGHMIT, DJIEMEHTADHHX PACYETOB PABHOBECHA MOHOBAPHAHT-
HEIX peariiuit u uncuepnagmeii cebs quarpammuoit metomukn P. Tap-
peinca u ero nociaeposareineii (lappexc, Kpaiier, 1968; Tosopos,
1967; Hopenbaym, 1970; Padanwvcrmii, 1973; Huxomnaesa, I'epma-
woB, 1973; Ilasaoe, 1973; Meavunr, 1973; Komomnm, Iltmmnm,
1974; Krumbein, Garrels, 1952; Garrels, 1960) k moBomy mom-
HOMY MHCTPYMeHTY NO3HAHUA 3aKOHOMEPHOCTeH IPHPOIHOTO MITHE-
paroobpaszosagua — mojeauposanuio Ha JIBM  pusmro-xmmme-
exux nponeccos (Kapmos u jp., 1971; Xeasrecom, 1967; Helge-
son, 1967 a, 6, 1968, 1974; Fritz, Tardy, 1974).

Cucrematmaeckoe nmpumenenne dBM mpepnasaser ocobnie Tpe-
foBaHMA K MaTeMATHYeCKOi QopMammsanum QUIMKO-X IMITECKUX
MOJieJIell UPHPOJHEIX cueTeM. f3BK TepMOANHAMHKH IPHPOJIHOTO
MupepajioobpasoBannd, COXpamAA CBoI cuenudnky, mo Heobxo-
JAUMOCTH I0JI3eH cTaTh foJiee ¢TPOTHM I ToYHEIM. B HeM pesko Bo3-
pacraer 3gaYEHIe MATEMATHICCKUX CPEJICTB ONNCAHNA, TMOCTAHOBKI
M pemeHns 3ajad.

Iloctpoerue aaropurmon, pa3paboTka MANIMHHBIX IPOrPaMM,
Tpomece NporpaMMHIPOBARMH, UCCIETOBAHEE (H3MKO-X IMITIECKIX
MOJleiell ¢ TOUKH 3PeHHA NPUHINIHAILHON BO3MOKHOCTH Pellermi
(6ea wero meBO3MOKHO TPHCTYIHTL K TMOCTPOEHHI) AJTOPHTMOB I
COCTARICHNIO MPOTPAMM), KATECTBEHHOE NBYICHNE OCHOBHBIX CBOHCTB
PeIIeHNs, YHCIACHHbIC IPOIEAYPH — BCE 3TH M Jpyrue THIHYHEIE
BONPOCH (MANIMHHON TEXHOJOTHMID pelleHus 3agad Tak WIH
HHAYe TpefywT HOBHIX CPEJCTB MATEMATHYECKOTO ONHCAHWS, HEe-
H3BECTHHIX WJIH MAJI0 M3BECTHBEIX DAHEE TeOXMMHKAM,

Caepyer umers B By, 9ro pemerne ¢ nmomombio 9BM sanaq,
KOTOPEIE JI0 TOTO VCHEMIHO PEmajuch BPYYHYIO, ¢ HAYIHOU TOTKH
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speRuA Maa0d{GerTHBHO. KavuecTBeHno HOBOMY JMHCTPYMEHTY HA-
VUHBIX MCCOOBARMI IO/KEH COOTBETCTBOBATE KAueCT OO HOBLLi
VDOBEH PEIIAeMEIX 3ajad, XapaKTepu3yomuxcs Gomee _CI0K-
H0it MEPPACTPYRTYPOil, GOABINOH PAZMEPHOCTDIO, CIOMHOE KOM-
noamIHeil JTOTHYECKIX UPEJNHCAHNI MOPANKA PeIIeHns B 3aBi-
CHMOCTH OT KOMILICKCA BBOTHMBIX YCJIOBUl, BRIIOUCHHEM B MCXO/I-
meie gapEne Goxee peranpmoii mpdopmanmi. Bechma xapaxrepmo,
o BxoaHaf NEAOPMAIA 3a/[ACTCA He TOJILKO B BHJIe CHCTEM ypaB-
Hemiii — PABEHCTB, HO TaKi:e 1 B BHUJE CHCTeM HEPaBEHCTB. AJeK-
patHoe QOpPMAIbHOe H300paKeHHe CI0KHON CTPYRTYPH (PH3HKO-
XAMHHECKHX MOJe/el, KOTOPLe PaHee He PacCMaTPHBAINCH B Te0-
XHMHH H TeTPOJOIMN, TAK/KE 3aCTABIACT WCKATH HOBEIE CPE/CTBA
MATEMATHYECKOTO NPEeJICTABICHIA, HE HCIOJb3yeMhle TeoXMMHKAME
PN HArpaMMHEOI MeToiKe U3NKO-X AIMHTeCKOTO MOJIeTHPOBAHAA,

AnexBatHolt GopMOIi MareMaTHYeCKOTO IpeICTaBICHHA Tep-
MOAHHAMUKI HPHPOIHOTO MHHEPAT000PAZOBAHMA, VINTHBAKOIILH
ocobenrocTi MoziesinpoBapns Ha JBM, ABIAETCA TEOPIIA OMTHMATb-
HOTO TIPOTPAMMHPOBAHUA — CPABHUTENBHO HOBAsg M ORCTPO pas-
BUBAIOMAACH 007aCTH MATEMATHKH, BOSHUKINIAA B CBASM C Pasjimd-
HEMK safavamu orkomomuku u texmurn ([lemmue, 1961; Soiiren-
neiig, 1963; Kapawm, 1964; Hionnn, Kpeare, 1965; Kapp, Xoys,
1966; Byxosuukmii, Asmeesa, 1967; Xemmu, 1967; Jlamkacrep,
1972; 3amrsmia, 1973).

B MaremaTnuecknx KOHCTPYKIMAX ONTHMAILHOTO IIPOTPAMMIPO-
BaHUs, KaK OyJer moKaszaHo B HpeIaraeMoil KEATe, IMPocMaTpIBa-
eTCA M OTPARALTCSA IeTalbHAA TePMOIHHAMITIeCKasg CTPYKTYPa mpi-
POJIHBEIX MHHEPAJbHEIX CHCTEM PA3IHYHOTO THHOA C OIPAaHHIHBAI-
IIUMII YCJTOBAAMHI B BHJE CHCTEM PABCHCTB M HePaBeHCTB. Marema-
THYCCKIIT ammapar ONTHMAJLHOTO TPOTPAMMMHPOBAHNA CIYIKHT HE
TOJBKO KOHCTPYKTHUBHEIM MATePHATOM HOCTPOSHHA TEPMOJIITHAMII-
gecki GoJee cojiepikaTeibHBIX, 9eM 9T0 OLLIO 10 CHX HOop, (H3NKO-
X HMIMECKIIX M0Jie/Ieil IPUPOIHOTO MITHEPAI0oOPasoBaHiisa H HHCTPY-
MEHTOM KAYeCTBeHHOTO AaHaAn3a (YHRIUHOHMPOBAHUA HX CBOIHCTSB,
HO TAK/Ke M MOIIHEIM, HE3AMCHUMBIM CPEJCTBOM YHCJICHHOTO H3Y-
YEHNA CHAOIRHLIX (M3NKO-XHMHYECKHX Mojesieil ¢ momombio JBM.

OfH0 U3 Ba;KHEMIINX J[OCTOMHCTB W3JI0;KEHNSA TePMOIHAMITKIL
HPIPOAHOTO MUEEPAJT000PA30BAHNA B TePMHHAX W IOHATAAX OI-
THMaJIBEOTO TPOTPAMMUPOBAHNA — ACHOCTH I TOYHOCTH, KOTOPYIO
nprofperaor TepMoAMHAMUYCCKHE NOHATHA. Mbl MOAYepKHBAEM
HSKCINIMKATHBHYI0 POJb ONTHMAIBHOTO HPOTPAMMHPOBAHUA B IPH-
JOeHNN K TePMOAMHAMOKEe HPUPOIAHOTO MuHEpalooOpasoBaHud.

s mupororo u addertusroro menoansosanusa ) BM B dusuko-
XHMUTECKIX HCCHe/OBAHNAX B TEOXHMHH M IETPOJOTHH HeoOX0-
IUMO 3HAKOMCTBO TEOXHMHKOB C HOBHIM H3JIO;KEHHeM XHMHUYCCROM
TePMOJMHAMUKY TIPHPOIHOTO MUHEPas000pasoBannsa B TePMHHAX
H HOHATHAX OOTHMAJLHOTO NPOTPAMMHPOBAHM,

[Tpupneverna MaTeMaTNIecKoro ammapara B BHJIe SACTHEIX IPO-
HU3BOJHEIX M NPOCTHIX JufdepennuajibHbX ypPaBHeHHIT He0cTaToY-



HO JIIA COJeP7RaTeNbHON XaPaKTePHCTIKI Ba;KHCMNINX TepPMOIuHA™
MUMECKNX TOHATHII NPHPOIHEIX MHUHEPATbHHIX cncteM. Toiabko ¢
MOMOIIBLIO ONTHMANIBHOTO IPOTPAMMEDOBARNA YAAeTCA JIATh fACHOE,
xopomo o6ospuMoe (QyHKINOHANBHOE ONHCAHWE (HUIMKO-XHUMHIE-
CROM MOJIEJIH CTAMNOHADHON COBOKYDHOCTH MHHEDAJIbHBIX CHCTEM
KaK WHTEerPAIbHOTO eIHHCTBA JOKAJIbHO-PABHOBECHKIX YYaCTHOB.
Muoroo6pasme BHYTPEHHHX B3aHMOCBA3€H TePMOJNHAMHHMECKHX
mapamMeTpoB MOJeNI ¢ Tpaduieckoll ! HAIIAIHOCTHIO TPOCMATPHBA-
eTCA B CTPYKTYpe OTPAHNYHBAKIIAX YCIOBHI, YTO TMO3BOJAET HA
OCHOBE IPHHINIA IBOHCTBEHHOCTH ONTHMAJBHOTO IPOTPaMMIPOBa-
HHS [aTh TIYOOKYI0 TePMOIHHAMITIECKYI0 WHTEPHPETAIHI0 MOHA-
THAM BIOJHEe MOJBH;KHBIX W MHEPTHHX KOMIOHEHTOB, paccMaTpH-
BAaeMBIX OIHOBPEMEHHO HA JOKAJIBHOM YPOBHE U Ha ypopHe 007Ib-
moro oObeMa TOPHBIX MOPOJ, HAXOAAMMXCS B YCIOBHAX CTAIMO-
Haproii crabuwibnoctu. Taxkum ob6pasom, o6bACHACTCA 3arag0uHLI
JJIA MHOTHX TEeTPOJOTOB MeXaHWsM CTa0mImsamimi XHMIYeCKHX
IOTEHIHAIOB BHOJHEe TOJBIKHBIX KOMIOHEHTOB B  TIPUPOJIHBIX
cucremax orkpuroro (mo JI. C. Kopmumckomy) tmnma. Omm pe-
TYJANPYIOTCA He ¢«60roM H3 MANIMHED, a PU3HKO-XHMIYECKHME YCJI0-
BUAMI PABHOBECHS W CTAOMJIBHOCTH TOM MHHEPAJILHOI Cpes, B
KOTOPOHl HAXOJNTCHA JAHHEIL JOKAIbHO-DABHOBECHBI YUACTOK.

KoucTpyKTHBHEIE BO3MOFKHOCTH MAaTeMaTHYeCKOro0 Aammapara
ONTHMAIbLHOTO TPOTPAMMHPOBAHNA B TIPWIOKEHNH K XHUMHYECKOI
TEPMOIMHAMIKE IIPHPOIHOTO MHUHEPAT000PA30BAHNA 3aCIY;RABA-
o1 ocoboro eauManna. Mer xorenn Ob 0OpaTuTh BHUMAHNE 4HTA-
Tejlell W HA JCTETHUECKYI0 CTOPOHY W3JI0:KeHHA TepMOHHAMHEN
OPHPOJHOTO MUHEPaTo0o0pa30BaHnA B TePMUHAX W HOHATHAX Ma-
TeMaTUYECKOTO Aammapara ONTHMAIbHEOTO Hporpammupopanns. He
MO;KeT He TPHB/IeYb YAHBHTEIbHAA HPOCTOTA M ACHOCTH (yH/A-
MEHTAJLHBIX TePMOJNHAMHYECKHNX COOTHOINGHNI A IPHPOHEIX
MYJBTHCICTEM C PA3JHIHBIMI THIAMII OTPAHNIUTEILHLIX yCJIOBMIl.

Ileap mpepiaraemoil KHHIHM — KOHCTPYKTHBHO H3I0KHTH Tep-
MOTHHAMHKY HOPHPOJHOTO MHHEPaKoo0pazoBaHNA HAa A3LIKe ONTH-
MAaJIBHOTO NPOTPAMMUPOBAHNA TaknM o0pasoMm, 4ToOBl 9IATATE]db
MOT CAMOCTOATEIBLHO OPHEHTHPOBATHECS B TEOPHH U IIPHMEHHTH ee
B mpakTHYecKkoil pabore.

Ilocsie Kparkoil MCTOPUYECKOH CHPABKH, NOACHEHHA U YTOUHEe-
HUA 0co0eHHOCTell HEIOIH30BAHNA HEKOTOPEIX TePMOIHHAMIIeCKAX
TEPMHHOB, HPHBOAHUTCH TEOPETHKO-MHOKECTBEHHAH HHTepIpeTa-
A TPUPOHEIX MyJAbTHCHCTeM. UHTaTe 0 HY/KHO OCBONTH MCIOJIb-
8yemuie CHMBOJK, 0003HAYCHHA W onpejeJeHnd. Baskngo, B uwact-
HOCTH, TIOHATH, KAKAM 00PasoM H3 NPOCTHIX ONpPEJe/eHIi MOKHO
dopumposars Goaee caommeie. CneremMa TeopeTHRO-MHO/KECTBEH-

! RoMmosunis CTpYKTYpPHLIX 31eMeHTOB MHOMKeCTBa OrpaHHYeHmil 3a a1
MHHAMA3ATINH CTAlHOHAPHOTO (YHKIHMOHAZA MMEHHO ¢ TpadAYecKoill Hariaj-
HOCTRI0 IepejiaeT B3aMMOCBS3L TepPMOAHHAMHYECKHX NapaMeTpoB (H3MKO-XH-
MHYECKOH MOJes.
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HOIl WHTePIpeTAHE HPHPOJHLIX MyJIbTHCHCTEM HE IPOCTO CIHCOK
0603HAYCHNIT, A KOMIAKTHAS H B TO 7K€ BPEMSA BechMa COJep:iaTelib-
HasA samuchk crenuduuecknx ocobeHHOCTel MPUPOHBIX MyIBTHCHC-
teM. B meii yunThiBaores Tpe60BaAHMA HCITOAB3YEMOTO HAMIT MAaTeMa -
THYECKOTO ANIAPATa M NpPEACTABICHU PUAMKO-XHMHYCCKHX MOJe-
Jeil HA TAKOM f3EIKe, KOTOPHM Om1 O ymofem [isi npuMeHeHHS
9BM. Unrareawo caemyer o0paTnTh BHHMAHIE HA DA TOHKUX 0CO-
GeHHOCTEIl B cHCTEMEe ONPEeNeHHil, KOTOPHE UIPAIT BaKHYIO
POIb B MOCTAHOBOYHOIT TACTH KHUTH.

Pacemorpensl yeIoBHS paBHOBecHs B m300apHO-M30TepMUIIe-
CKUX MYJLTHCHCTEMAX H IIPHBEJCHA XAPAKTePHCTHKA OCHOBHBIX
CBOIICTB DEIIEHNA 3aJa4N MIHUMH3ANEN u306apHo-H30TepPMmIe-
CKOTO MOTEHI[NAIA MYJIBTHCHCTEM HA MHO/KECTBE OTPaHHYCHHIl B
. BUJIe CHMCTeMHl JHHEHHHX ypaBHeHuil Gamapca macc.

Pasfen, DOCBAIEHHEIT pacumipeHnio o0JACTH IPHIOKEHIIA
PABHOBECHOI TePMOIMHAMIKN, HMeeT NPHHIINIHAILHOe 3HATEHIEe
I TMOHNMAHNA YCJIOBHIl PaBHOBeCHA M cTabMIBLHOCTH B IPHPOJ-
BEX — oTkpuTEX, o J[. C. Kopmummckomy, — cucremax.

Ha ocwose npumrmuna wacrmumgoro pasmosecnsi (Barton, Beth-
ke, Toulmin, 1963; Helgeson, 1967 a, 6, 1968; Hapmos mu pp.,
d97 4 "Rarpov, = HRashik, = 1974; Fritz, ' 'Tardy, 1974;
Hocnexos, 1973) crpourcsa anropurm nayderns HeobparuMoil 9Bo-
JONUA OPAPOJHBIX MyJabTncucreM. [Ipuamnm yacTiuaaoro paBHEOBE-
CHf OTRPHIBaeT GOJBINNME BO3MOKHOCTH JIfl IIPAKTHYECKOTO H3Y-
YeHNS HePABHOBECHBIX IIPONECCOB MAHEPAI000pasoBamist, 0coOeHHO
TIPONECCOB THIEPTEHHOTO BHBETPUBAHNUA I OKOJOPYZHOTO METaco-
Maroaa,

Anmapar onTuMagbHEOTO TPOrPAMMIPOBAHNSA MCIOIB3YETCH JUIA
NOCTPOGHMA MATeMATHIECKO MOJETN OBOJIOIMOHHON CHCTEMB
corjacopapna mpa IBM TepMoaMHAMIIECKHX CBONCTE MHHEPAIOB
H JDYI'UX BeIecTE ¢ JAHHLIMH HKCHEPHMEHTAIBHON II€TPOJIOTHIL.
IJTOT pasjesn 3amMHTEPeCyeT BCeX TeOXHMHKOB, 3AHHMAIOIAXCH BOTI-
pocaMn HCXO[HOI TepMojuHAMUYecKoil uHpopMammm, Heo0Xo-
AUMOI  JUTA TOCTPOCHHS (PHBMKO-XMMIMECKNX MO/ieJeil.

B npunosenm 1 onucans axroparm n nporpamua «Cenexrop—
BEICM-4»!, mpepmasmavennre A pacuera CIOKHEX XHMUIECKHX
PABHOBECHIT B MyJBTHCHCTEMAX C BO3MOJKHHIM YIacTHeM OJHOBpe-
MEHHO TBEpJoii, razoBoil $as m BOJHOTO PACTBOPA.

! Tlporpamma «Cexexrop — BACM-6» mammcana i ornasena JI. A. Kasy-
suarM, O. A, Xannymramoii, 11, K. Hapnosuv, Hosast mognduramus cymect-
BEHHO pacIiipeHa Io cpapHennio ¢ mporpammoit «Cemexrop — BACM-4».
B wacrnocrn, 1 mporpammy «Cenextop — BACM-6» BEE/leHa mporeaypa «Dy-
ras», HOSBOJUTIOMAR 10 HpPUBEJeHHKIM [apaMeTpaM Ji060ro raza (TpH-ueTEHIpe
XapaKTepHCTHRH B 3aBHCAMOCTH 0T o6aacTi PT') paccumrhiBath C JLOCT YIHOI
Ha CErofHANIHNE JeHh TOYHOCTHI0 WX KO(@HIHeHTLH aKTHBHOCTH B 00JACTH
1600°C m 10 000 Gap. Brepienn Taxse JomoHITEIBHbE Iponesyps, obecmeyn-
Balomue Ipeojiojenie BEYACAUTENLHMX TPYAHOCTelT, CBA3AHHLIX ¢ SBICHIAMA
BHIDOK/ICHHA,



Bexropro-mMarpuupsie 0003HAYCHNS W TEPMOJHHAMIYECKHE Tep-
MHUHEI, COOTBETCTBYIIIE MATeMATAICCKIM 00HEKTAM ONTHMAIBHO-
r0 IPOTPaMMUpPOBaniisa, 0003HAYAIOTCH B CHMBOJIAX, SBISIOOINXCS
TPARMITHOHHELIME JIIA ONTHMAJbHOTO mnporpamvuposanns. Heo6-
XOJMMEIe CBEJICHISA 110 JHEiHol agrebpe, dIeMEHTAM TEOPHH MHO-
JKECTB, CBOMCTB BHITYKIBIX (YHKINIE I ONTHMAILHOMY IIPOTPAMMI-
POBAHMI0 MOKHO NOJYIHTh B PACHPOCTPAHCHHKX ydeOHHKAX I
pyrosojcteax (Hemenn, Cmemn, Tommconm, 1965; Arame, daba,
1968; Soiremmeiir, 1963; I'mapgepmam, 1968; Hwommn, Hpenme,
1965; larndopm, lsapm, 1962; Jlankacrep, 1972; Kapp, Xoys, 1966;
3amremn, 1973; Xemum, 1967; Byxomsumrmit Asjpeea 1967;
Hennuc, 1961; Houaarm, 1969; Kapanm, 1964; I0gma, Toabpmreiin,
1964; Koamoropon, Mommm, 1968).

ABTOpH BHpajkaT rayO0oKyl0 O6JarojlapHocTh 3aBeAyIOMEMY
spaboparopmeil sKCHEPUMEHTANBHOI W TEOPETHYECKOH MeTPOTOTUI
Hacruryra semuoit kopsr CO AH CCCP pg-py reon.-mmm. HAYK
@. A. JletTHHKOBY 32 MOCTOAHHYIO IMOMOIH 1 MOJAIEP:RKY B padore.



Faasa 1

TEOPETHREO-MHOMK ECTBEHHAA
HHTEPIIPETAIIUA
PUSHKO-XHMHIECKHX MOJEJEH
HIPHPOJHBIX CHCTEM

§ 1. HCTOPHYECKAA CHPABKA

B maykax o 3demile MeTOJ MUHHMH3ANumi OBJI BIlePBEE
npavenen E. @, Xuasgom n [l JI. Haiipromom (Heald, Naughton,
1962) s pacyera XUMITTCCKOTO PaBHOBECHA B IOMOTeHHBIX CMECAX
ByJKanUIeCKNX rasos. Amalormusas padoTa HeJaBHO cjejaaHa
B. IT. Boakossivm u T'. 1. Pysaiicauem (1971). 10. lumasy (Shima-
zu, 1967) menoan30Bai METO; MHHHMH3AIUN JIs PacYerTa pasind-
HHIX BapuaHTOB IEPBUYHOL0 COCTABA INIAHETHHIX 00pPa3oBaHMIL
comHegHoil cueTeMil. VMu memoas3oBalach JMIMB BEUHCIATEN -
Hag IpoNeaypa HauCKOPEIIero cirycka, NePBOHATATLHO IIPej-
aoxennan Y. B. Baittom u ap. (White, Johnson, Dantzig, 1958)
VI pacuera pPaBHOBECHOTO €OCTAaBAa TOMOreHHOI rasoBoil cmecu
H oboOmennas sarem Ha rereporennsie cucremst @, II. Baiitomom
(Boynton, 1960). 10. Ilmvasy mpu oToM mHCIOIL30BAT MOJN(HKA-
nHo mamckopeilmero cmoycka, npepaoskesnyio X. B. Jlepnaniv
(Levine, 1962). Rakux-imfo oGobmennii Meroga MHHIMH3AHK
JUIS pacuera XHMHYECKHX PaBHOBECHH B CIO/KHHIX IPHPOJHLIX
MYJBTHCHCTEMAR € COOTBETCTBYIOILMMI MaTeMaTHYecKHMI, Tep-
MOJIMHAMHYECKIIMIT, aJTFOPUTMUYCCKAMH M HPOTPAMMHBIMI  DPas-
pafoTkamMm, YYATHBAOIMME crenudiry TPHPOTHOrO MEuHepaio-
ofpasopanus, HTHMHI UcclefoBaresamMu He Owuio cpemano. Taxan
3agaya Jajke He CTABHIACh, YTO IIOMENIAJO0 PACHPOCTPAHEHIIO
MeTOjla MUHHMU3ZALWE B MojexnpoBamun mHa o9BM upmpogmsix
(DUBHKO-X HMHYECKNX IIPONECCOB MHHEPATIO00pa30BAHNA, IOCKOIL-
Ky 3aJaun pacuera XHMHIECKUX PaBHOBECIl, I0CTaBIeHHEE ePBO-
HAYalbH0 (USHRO-XHMHKaMi, paforaomumu B 00JacTH NpPHEIaf-
HOI XWMNH, Ipecjej0Ball OmpejeleHHble HeJnm — Haiitn Goiee
COBEPHIEHHBIH METOJ[ PacueTa XMMHYECKIX PABHOBECHII B Ia3oBHIX
cmecAx m mrasme. C reoxmMudeckoil m meTPOJIOTHIECKOIl TOUEK 3pe-
HUA 9TA NeJIh HpeeTasigercs orpannaenioit. Conenuura mpupogno-
T'0 MHHEPalloohpa3oBanuA, Kak 9T0 MOKAZAHO B OCHOBONIOI AT al0NIX
paborax [I. C. Hopmurckoro, Brpaskaerca B TaKIX 0cO0EHHOCTSIX
XUMIMECKOM TePMOJHHAMUKH, KOTOpEIe ao JI. (B Hopmmlcnoro
He paccMaTPHUBATHCH B paMKaX TPAaJMIUOHHOI XUMITeCKOd TepMo-
anAavukE. Mur ofHapy:;kmim, wTo MeTo; pacyera XHMMIUECKHX
PABHOBECHIl TyTeM WHCIEHHOIl MEHMMU3AINH cBOGOJHOI dHEDPruH
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CHCTEMBl MO;KeT OBITB € y49eToM BCexX TpPe0OBAaHMIl XHMITUECKOil
TePMOJHHAMIKI IPHPOJHLIX HPONECCOB MUHEPaioo0pasoBanua Be-
coma afdexrusno 0600men B CTPOMHYI0 TCOPHIO NPUILOMKEHHA
ONTHMAJBHOIO IPOrpaMMHPOBAHMA K IHPOKOMY KJaccy 3a-
nad (UBHEO-XHMHYECKOro wmogennposannsg ma 9BM, pemaemuix
B reoxumum u uerpoxorun (Rapmos, 1971a, 6; Hapnos m np.,
1971; Hapmos, 1972a, 6; HKapnos, Kaaemmm, 1972; Kapmos,
Ilerpos, 1974). Taxoil wopxog B DNpHADUNE OTAMYAETCH OT
9UCTO  BHIYMCIAUTENBHONO IOAXO0JA K  METOAY MUHIMI3aI(in
¢BOGOHOI DHEPrHM, KOTOPHIT CJHOMKIICA B XAMIUECKHX pac-
yerax. Mur paccmarpuBaem QuIHKO-XMMWYECKHe MOJETH IpH-
POHOTO MUHEPaA005pPas3OBaHUA B TEPMUHAX W NOHATHAX TEOPHI
ONTHMATBHOTO TIPOTPAMMHPOBAHNA, 9YTO, Kak OyJIeT IOKasaHo
majtee, ofecreunBaeT KauecTBEHHO HOBHIL yponeHb sajgad (Hamko-
XUMHYIECKOT0 MOJI@JIMPOBAHAA, KOTOPHE MOrYT OBLITH ITOCTaBIEHE
TEOPETHYSCKI W pemiensl npakTiyecki Ha JBM B cammix pasmoof-
PA3HBIX TEOXHMHYECKUX M IMEeTPOMOrMYECKHX HPIIOKeHHAX. OTH

38/[a9H J[0 CHUX 1I0P HeJXb3s OBLIO PemIATh JPYrHMIl METOMaMN DU3H-
KO-XHMHTECKOTO aHAJH3A.

§ 2. 0 HEROTOPEIX
TEPMOJHHAMHYECKNX MNOHATHAX H TEPMHAHAX

IIpesie TeM npuUCTYIMHTL K MATeMATHUECKOI I TepMoju-
HAMWUYECKOI IIOCTAHOBKE 3ajia4 (JH3MKO-XUMIYECKOT0 MOJeIHpo-
BAHHA B CHCTEMAxX PasJImMIHoro THIIA, CjejaeM p#aji HeoOX ouMBIX
OnpeeJdennii M 3aTeM BBejeM OCHOBHLIe 0003HAUeHHSA, HKOTOPHIX
OyjieMm mpujepkuBaTheA B Jladbneiimes wuanomennn. OcrambHEe
o0osHagennsa u OnpenedeHns OYAYT BBOJNTLCA MO Mepe HeodXo-
JUAMOCTI,

oy mepmodunamuneckoti cucmemoii Ml OyeM MOHHMATH KOHEY-
Y0 COBOKRYTHOCTH (pa3 M COCTABIAIMNX HX KOMIOHEHTOB, KOTO-
Pphie¢ anmpHopH MOryT HaXOJIUTLCA B paBHOBECHH JIPyTr ¢ JPYroM
B JAHHOI OrpaHNYeHHON CBEpPXy W CHHM3Y O0JAacTH M3MEHeHHs
TeMIepaTy pol, TanIeHns i o0mero XIMIIecKoro ¢OCTaBa CHCTEMEL.
Raxkne e mvenno gasst u cocraBaswonme ux KOMIIOHEHTH 1 B Ka-
KHX KOJIHYecTBAX M3 JTOM COBOKYIDHOCTH OyAyT IIPeACTABIATH
PaBHOBECHEBIIL coOCTAB IIPH JAHHLIX (UKCHPOBAHHLIX 3HAYEHHAX
TEMIIepaTy PHl, JaBJIeHHA W XUMHYECKOr0 COCTaBA CHCTEMEI, ampHo-
pu nenssectHO. Onpeselenne paBHoOBeCHOr0 (a30BOro  KOMIOHEHT-
HOrO cocTaBa M ABJIAETCHA, cOOCTBEHHO, IIIABHOI 3ajaueil GuU3mKO-
XUMHMECKOT0 MOJeJHPOBAHNA B TEOXUMHIECKIX 1 IIETPOJTOTHUCCKIX
HMCCIeTOBAHNAX,

IT0 BecpMa BaskHasm OCOGEHHOCTH BCOIO M3JIO/KEHIHS TepPMO/ii-
HaMHRI nprpogHOro MmHepaJxoolpasoBaHus B TePMHHAX W HOHSA-
THAX ONTHMAaJXRHOr0 mporpamvuposamms. [Ipm Tpajummonnom wu3s-
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JOHMEHUN XuMuueckoil repmogmnamukn, no k. I'nGocy, coBokyn-
HOCTE allPHOPI BO3MOKHEIX B paBHoBecHi (a3 i KOMIIOHEHTOR X0TH 1
MO pa3yMeBaercs, HO B ABHOM BHJE B TEPMOJMHAMUYCCKHX MOJIETAX
ne yuacreyer. . I'n6oe (1950, ¢. 113) nojueprusaer, uTo npu pac-
CMOTPEHHH YCJIOBHIL PABHOBECHA TeTePOreHHBIX CUCTEM CaeyeT I pi-
HAMATH BO BHEMAaHNE He TOABKO BemecTsa, 00pasyiolnie paBHOBEC-
HBIT agcaMOIb, HO 1 BEIECTBA, BO3MOKHOCTE IMPHCYTCTBHA KOTOPHIX
B yCJIOBUAX paBHOBecHs mpenonaraercs. Muorme samaun ¢uamnio-
XUMIH I PHPOHOTO MEHEPAT000 PA30BAHNA HeBO3MOKH0 PeImuTs 6e3
BBEJICHUS B TePMOJAMHAMIIECKYIO MOJRIh COBOKYITHOCTII MUHEPalb-
HHIX (pa3 1 KOMIOHeHTOB, YIaCTHe KOTOPHIX B PaBHOBECHEIX mapare-
He3NCax BO3MOKHO, HO He obgsareasno. Onpejerenne umcaa
HEe3ABHCHMEIX KOMITOHEHTOB HMEET CMBICH JHIIL IPH N3BECTHOI
Anpuopu 3afaHHoil cOBOKYNHOCTH (a3 M 3aBMCHMBEIX KOMIOHEHTOB
TepMofmHaMIuecKoil mopemn. Muaue roBops, COBOKYNHOCTH 3a-
BHCHMBIX KOMIIOHEHTOB M (a3 jioJzKHa OBITh COINOCTABICHA ¢ BEKTO-
POM He3aBHCHMBIX KOMIIOHEHTOB JilIs KaykJ0il KOHKPeTHOIl (u3uKo-
XHMHATECKOH MOJeIH. YCJIOBHSA DaBHOBECHA, HAUPHMepP, MOPOBOTO
PacTBOpa ¢ BEIIAJAIOIINMI U3 Hero MOHEePaJZbHLIMH (azaMu MOryT
OHITH HAEKHO OMpeJIelensl JUMb NMPH PACCMOTPEHHH HEKOTOPOi
COBOKYIMHOCTH MHHEDAJOB, PaBHOBECHE KOTOPHIX ¢ IMOPOBHM pacT-
BOpoM mpepmosaraercs. Eciam, mampusep, TEOXHMHK pacmoJaraer
XHMUYECKHM aHaJH3OoM II0POBOr0 pacTBOpa, KOHTAKTHPYOMETO
¢ MYCKOBHTOM, TO BCJEJCTBHE IPHHINIA YACTIYHOT0 PABHOBECHS
(Barton, Bethke, Toulmin, 1963; Helgeson, 1967a, 6; Fritz,
Tardy, 1974; Karpov, Hashik, 1974) mnopossii pactsop wmo-
sHeT ObITh PABHOBECEH HE ¢ MYCKOBHUTOM, a C JPYTHMH MuHepalb-
univi pasavu. Bo BesiroM cayaae 3gech Tpe0yeTcs IONOTHATENBHEI
TePMOIMHAMITYCCKAIT AHAIN3 ¢ 00A3aTeJILHEIM BRIOYCHIEM B TePMO-
JAHHAMHIECKYIO MOJIeNE APYTUX, TIOMIMO MYCKOBHTA, MHHEDAJILHBIX
tdas. OnmOKn, BeTpevamuecsa B MOJ00HEIX MOJIGIAX, PACCMOTPEHE!
B cratee M. K. Rapmosa n np. (1974.) Tlpu nocranoske 3ajgau qpuan-
KO-XUMHYECKOTO MOJEAMPOBAHMA MeracHcTeM XWMHYECKNe ITOTeH-
OHANE KOMOOHEHTOB B KasKJ0il OTAeTpHOIl ciicTeMe MOryT ObITh
BEIMHCJIEHEL HA OCHOBE BRIKYEHHA B MOJEIL BCEro cmmucka ¢as
M KOMIIOHEHTOB, TMOTEHIHATbHO BO3MOKHBIX B PABHOBECHH BO BCeX
cHCTeMAaxX eamHOoil Meracmerembl. Ilpuwem sTa moTenmualdbHAS CO-
BOKYITHOCTH JOJ/KHA YIaCTBOBATE B TePMOIHMHAMIYECKOI Mojenn
B KadecTBe BIIOJHE OMPEICJIeHHOTO MATeMATHIeCKOTO O0OBerTa.
Moskno crasaTh, 9T0 0cOGEHHOCTHIO (H3MKO-XHMHIECKOTO MOJIeIH-
poBanmsA NPHPOIHEIX NPOMECCOB MUHEPAX000pa3oBaHmsa Ha OCHOBE
NPAIOKEHUA MaTeMaTAYECKOTO anmapara OMTHMATLHOrO IPOTrpaM-
MHPOBAHI ABJAETCA CYMECTBEHHAA KOHKPETH3AUHNS TePMOMHA-
mudecKUX mopeneii. Meeaenyercs me tepmopmHaMmuecKas MOJeTh
C HEYEeTKO OIPeJIeIeNHBIMHE OrPAaHNYeHHAME, a TepMOoJnHaAMIYecKasn
MOJIeJib, B KOTOPOI JaHHOMY XHMHYECKOMY COCTABY IO HE3aBUCH-
MBIM KOMIIOHeHTaM (MM KOHEYHOMY OrpPAaHHYeHHOMY CUYeTHOMY
MHOKECTBY XHMHYCCKHX COCTABOB) CTABHTCA B COOTBETCTBIE KOHEU-
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{H0e OTPAHINeHHOE CUETHOe MHOMKECTBO MHUHEPaJhHHX (as n 3aBu-
CHMBIX KOMIIOHEHTOB, KOTOPLIe IOTEHI[HATEHO MOTYT OHITH B PABHO-
BECHH, T. €. PACCMATPHBAITCA MYAbMUCUCMEMb, — TITPOJIOIHICCKE
000CHOBAHHLIC ACCOMIAIII MEHEPAILHEX CHCTEM, ¢ OIIPeeIeHHbIMI
anmpuoOpH 3ajasaeMuMm  orpanmuenusvu, B TePMIH  (CHCTeMa»
(pasymeercs, peub HJeT He O CHCTEMAX ypPaBHCHUI HiIN obosnage-
Huil) MBI BRIAEBaeM Gosee obmee cofepKanie, KOTOPOMY OTBedYaer
mouaTHe ¢myapTHcHCeTeMar., Mer Gyzem memoib3oBate oba TepMuHA
KAK ODKBUBAJEHTHBIE BHIPA/KeHHUs OJHOTO M TOTO jKe IIOHATHA.

[MousitHO, wro BHOOP HOTEHIHAJALHOI COBOKYIHOCTH BEINECTB
CHCTEMEL He IIPOI3BOJIeH, a 00YCI0BIGH TeOXHMIIECKUMH I IeTpPo-
gormdecKuMu coobpazkenusavn., B npunmune, s JaEAOro merpo-
XUMHATECKOI0 KJIacca IOPOJ BCerja MOKIO BHOpPATs PasyMHO
OrpaHIICHHYI0 COBOKYIHOCTL MHHCPAJIOB, KOTOPLIE MOTEHIIAIBHO
MOryT OBITh IpejcTaBIeHLl B paBuoBecHom cocrase. Ilpm arom
foapInoe 3HATEHHE HMEI0T KOMILIEKC Teosorndeckoil mH(OpMannn
0 MOjlesH, YpPOBeHb BSHAHMIT 0 XHMHYECKOIl 1IPHPOJe BEIIeCTB,
COCTABIAOINY OTAeJbHBe (asbl cHCTEME, a Takke IOJHOTA I
KA4IecTBO MCXOMHLIX TepMopnHavMmtecknx pananix. Taxum oGpasom,
0COOEHHOCTHIO HAIIero MOAX0Aa K OHPEJICJCHHI0 PaBHOBECHOTO
£OCTaBA CHCTEMBL ABIAIOTCSA 02PAHUNUEANWUE YeA08US, BRIIOYCHHEIC
B HCXOTHEIE JIAHALIEC 3/a4d ((H3NKO-XIMHYIECKOr0 MOJIGTNPOBAHIIA.
dajaercA XUMHYECKHII ¢OCTAB CHCTEMBI M CINCOK MUHEPaIbHBIX
a3 m cOCTABIAIONMIX HX XIMIYECKNX COeJUHEHIIl OIpejie/IeHHoro
€OCTaBa, KOTOPHE MOTeHIHAIBHO MOTYT HAXOUTHCHA B PABHOBECHOM
coCTaBe /I TAHHOI OrpannYeHIoil 00JacTn TeMueparyp, JaBIenni

M XHMHYecKoro cocrasa. B BaI{pMTOIu[ CHCcTemMe, Korjla Bce ee He-
- 8aBHCHMDbIC KOMOOHEHTLI MHEepPTHHI, OrpaHHYHBAalOINe YCJOBHA 3a-

IICHIBAIOTCA B BIjie JMnHeiiHoil cueTeMsl ypaBHeHmil fazanHca Macc.
Dopma orpannuEBaONMX yCJAOBHI B ypasHeHusax OajgaHca Macce
COXpanseTcs IPU Tepexoge K OTKPHITEM cueremaM. Ho B manmom
Gliygae ypasHeHus 0alanca Mace 3amuuIyTCH JIMIE A8 MHEDPTHHX
KOMIIOHEHTOB, TOT/[a KaK COJIePrRaHNe BIIOJIHE MOIBHAKHEIX KOMIIOHeH-
TOB B DaBHOBECHOIl clcTeMe ONmpejeaeTcad WX XUMUYECKHUMU I0-
TeHIIAJIaMI, COOTHOMEHNAMI MOJIBHBIX KOJINYECTB HHEPTHHX KOM-
IIOHEHTOB 11 IMOTeHIMAIBHOII COBOKYIHOCTEIO (a3 maygaemoll cu-
CTEMEL.

OrpaHEYHBaONME YCJIOBHS MOTYT BKJIKYATH HE TOALKO ypas-
HeHua OajsaHca Macc, MO TaKse W JIPyTHe HAJOKEeHHLe YCIOBMA.

PYKTypa OrpaHMIHBAIOMNX YCIOBHIL MoskeT OHTH pasmoobpas-
HOIi M I0CTATOYHO CI0AAOIl, KaK, HAIPHMEp, B TePMO[HHAMITEC KOl
MOJleIn cTalmOHAapHEIX MeracmerTeMm. ['eOXHMHYIECKH WHTePecHE
IOCTAaHOBKN Mofleseil, y KOTOPHX cHcTeMa ypaBHenuil Oaranca
Macc COCTOHT 13 CMeIIAHHEIX OrpaHMYeHnii B BHje PABEHCTB T
HepaBeHcTs.
 Pacmmpenman TpakroBka cHCTEeMBI BHOCHT HOBEIE BJIEMEHTHI
B 00myio Te0pmio HHKO-XMMIIECKOr0 MOJ[eAHPOBANNSA, PA3BIBae-

- MYI0 HaMU HA OCHOBE TEOPHH ONTHMAJBLHOTO IIPOTPAMMHPOBAHHA.

13



B orom orHomenun Hama DOCTAaHOBKA HOCHT o00mmili XxapakTep
M BRJIYAET YACTHHIC IMOCTAHOBKH, cHOPMYIHPOBAHHEIE NPHMEHTN-
TEJABHO K 3ampocayM XMMHYECKOI TeXHoJM0THi, H3ydaomei oduunse
cucTeMul, rjue (pasopuiii paBmOBecHEIT cocTaB ompejeleH 3apanee.
He cunexyer rarse 3a0piBaTh, 4TO MLl PAcCMATPUBACM CHCTEMDI,
B KOTOPBIX HE YUTEHHl TPABUTAIMOHALIE, HICKTPAYCCKNE I MATHHT-
Hble IOJs, 4 TAK/Ke CHILI, CBASAHHLIC ¢ IOBEPXHOCTHEIMN $IB-
JEeHHAMI W AHH30TPOMHOCTREIO pacipegeNeHns HanpAKeHnii B
KPHCTAIIaxX.

VYTounuy sHaueHHe IOHATHI (KOMROHERM CUCMeMb» T (Cmexuo-
mempuneckas edunuyay. Ilog croBoM «ROMITOHEHT) HOHHMMaeM Be-
IMECTBO OMPeReIeHHOr0 XUMIYECKOT0 COCTaBa, YTO Heé COOTBETCTBY €T
TEPMOANHAMUYECKOMY TEPMHHY «HE3aBHCHMLI KOMIOHEHT), B OI-
peneaenun I'n66ca. B rex caywanx, korja mam nonagodntes rndicos-
CKOe OmpejeaeHne KOMIIOHeHTa, BO usderkanue HejopasyMeHnii
OyjeM TNpPHMEHATH TEPMHH (Hedasucumui Komnowewm». DBrdop
AnpHOPH 3aJ[aBaemMoil COBOKYIHOCTH KOMIIOHEHTOB 00yCHOBICH KAk
ypoBHeM 3HaHHi 0 cocTaBe (a3 cHCTEMEBI, TAK W YHCIOM I KauecT-
BOM HMCXOAHBIX TepMOjUHAMHYeCKNX Jandnx. Yicao pasanammx
KOMIIOHEHTOB B CHCTEMEe MOKeT GHThH 04eHb OOJBIINM, ecJi, Hanpu-
Mep, HPHHAMATE 3a IOTEHIHAJBHO BO3MOKHLIE KOMIOHCHTLI T
XHMIYECKI MHUBHJYaJlbHBIC BEIecTBa, KOTOpPbe HPHCYTCTBYIOT
B BOJ(HOM PAcTBOPE B HeYesaome Majdblx kompuentpanuax. Ho mpn
HM3YUeHIH MOjefieil Beerjia orpanmyuBaeMcsa KOHeuHLIM I ¢paBHI-
TeJLHO0 HeOOMLIINM DeOXIMHYECKN 000CHOBAHHBIM UHCIOM KOMIIO-
HEHTOB, MCKIOYas Te, COJepsRaniie KOTOPHIX OyAeT BHIPamaThCsd
JTeCATHUHBIMIT APOOAMIL ¢ JIBY3HAYHKIM uncaom wyaeil. Mx mermo-
yemie He OTPA3HUTCSH Ha TOYHOCTH pPacdeTa PABHOBECHLIX COJEpPiKa-
HIil OCHOBHBIX KOMIOHCHTOB, NPHCYTCTRYIOHUIX B TIeOXHMHYCCKH
BHAUMMBIX KOJMYECTBAX.

Hanpmyep, Ia. Xoaysait 1 P. Pus (Holloway, Reese, 1974)
npu uaydeEnn coctasa razosoro gumounga B cuereme C—O—H—N
B obmact Temneparyp H00—1200°C n 1 —10 xbap obmero pavienis
B KavecTBe NMOTEHITHAIBHON COBOKYIHOCTH paccMaTpHBAOT MHO-
RECTBO M3 47 KOMIOHEHTOB, BRIWUas TBePAyW dasy — rpadmr.
B rabx. 1 npepcraBiensl peayanTarThl HX pacdeTa IJfS BOCHMU
coerapos 10 HesapueumbiM koyvumonentay mpu 800°C u 1 wdap.
Pacuer Brimosnen MeToxoM MUHUMIIBAIUN CBOOOJHOI dHEprmim.
W3 47 RoMIOHENTOB CHCTEMBLI TOJBKO CeMb Haxomatesa Bo duonje
B TeOXTMIYECKN 3HAYNMMX KoamuectBax. Jrto I, H,0, NO,, N,
CO, CH,;, NH,;. Ocrajiepusie KOMIOHETH TIaz0BOro ¢uronjga
ﬂIJl!C_VT('.TB)'IOT B IreoXuMHIuUecku II]H‘[[(‘GD(:‘H\']L\H] MaJbiX RKOJHYEeCTDax.
Tounoers pacuera mparTuueckir OblJia TOIl jKe, ecJm YNca0 KOMIO-
menron B cuereme C—O—H—N jrn jpanmoit  ofracTi cOCTaBoOB
n PT yechaomit orpanHuIuTh JECATHI0 — JABEHATIATHIO.

RomironenTsr, nMeonpe oJunakoByl cTexHoMerpiuieckyo gop-
MyJIay, paccMaTpuBalOTCA Rar pasunie KOMOOHEeHTHI, eclIlM OHI
PasIUIaTCs CTPYKTYPHBIMI ocobenmoctavn. Hampmiep, moau-
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: TaGanma 1

. Peayabmamy pacuema 2azoeoti haaut cucmenss C—O—H—N npu 800°C u
\ 1 wb6ap

Hexonamii BANOBRH COCTAB* IO He3aBHCHMBIM KOMIIOHEHTAM

e R e T R

333 | .2727 |.2000 |.1141 |.0431 | .0196 | .0099 -0000
1667 |.1818 | .2000 |.2222 |.2392 |.2353 | .2475 .2500
.3333 | .3636 | .4000 | .4444 | .4785 | 4706 | .4950 .5000
1667 | .1818 | .2000 | .2222 | .2392 | .2353 | .2475 .2500

OcCHOBHE e 3aBHCHMBEe KOMITOME N TH**

.0522 | .0444 |.0362 | .0263 [ .0157 | .0087 | .0046 (7.608)

.3659 |.3420 | -3146 | .2834 | .2618 | .2552 | .2527 .2500
.3847 | 4065 | .4308 | .4589 | .4811 | .4905 | .4951 .5000
0988 |.4255 | 1562 | .1926 | .2225 | .2357 2425 .2500
0164 | .0190 | .0210 | .0208 | .0155 | .0093 0051 .0000
.0781 | .0595 | .0388 | .0164 | .0028 | .0003 0000 (25.672)
20039 1.0031 1.0024 1.0015 |.0007 | .0003 .0001 (11.840)

BropocTenmeHsnbe 3aBUCUMEE KOMIIONe HT ¥ *

25.394 1 25.407 | 25.460 | 25.626 | 26.062 | 26.655 | 27.344 | ———
18.061 | 18.109 | 18.207 | 18.422 | 18.989 | 19.710 | 20.529 | ———

8.416 | 8.499| 8.640( 8.945( 9.603|10.452| 11.412 | ———
19.002 [ 18.992 | 19.054 | 19.317 | 20.070 | 21.128 | 22.347 [ ———

9.766 | 9.792| 9.898 | 10.234 | 11.095 | 12.281 | 13.639 | ———

5.994| 6.089( 6.284| 6.755| 7.844| 9.286| 10.924 | ———

5788 | 5.795| 5.840| 5.982| 9.603| 6.812| 7.355 17 869
17.763 | 17.729 | 17.725 | 17.808 | 18.120 [ 18.580 | 19417 | ———
27.413 | 27.066 | 27.050 | 27.119 | 27.421 | 27.876 000 —
21.914 | 21.868 | 21.852 | 21.921 | 22,222 | 22.679 | 23.214 | ———
22,514 | 22.458 | 22,463 | 22.643 | 23.273 | 24.199 | 25.275 | ———
13.631 | 13.563 | 13.556 | 13.722 | 14.340 | 15.262 | 16.336 [ ———
19.565 | 19.479 | 19.445 | 19.545 | 19.995 | 20.679 | 21.482 _
13.151 | 13.002 | 12,925 | 13.028 | 13.604 | 14.509 | 5.575 [ ———

9,957 | 9.993 | 10.037 | 10.106 | 10.221 | 10.349 | 10.489 13.121
10.443 | 10.415 | 10.416 | 10.488 | 10.731 [ 11.079 | 11.482 | 19.363

2,907 | 5.908| 5.949| 6401 ] 6.522] 7.111 7.788 | 20.928
16.502 [ 16.485 | 16.464 | 16.426 | 16.340 | 16.219 | 116.081 13.451

6.309| 6.269.( 6.257 6.315| 6.546| 6.890| 7.292 | 15.470
22.502 | 22,456 | 22.396 | 22.278 | 22.012 | 21.650 [ 21.239 | 13.349
17.181 | 17.169 | 17.453 | 17.105 | 16.951 | 16.717 | 16.445 11.189
21.483 | 21.471 | 21.458 | 21.445 | 21.438 | 21.433 | 21.431 21.429
16.613 | 16.538 | 16.483 | 16.472 | 16.592 | 16.807 | 17.069 | 22.314
16.202 [ 16.225 | 16.257 | 16.313 | 16.418 | 16.541 | 16.679 19.310

9.925 | 9.983 ] 10.059 | 10.184 | 10.401 | 10.653 | 10.931 16.19%
13.871 [ 13.818 | 13.753 | 13.646 | 13.520 | 13.271 | 12.993 7.730
23.496 | 23.402 | 23.286 | 23.085 | 22.696 | 22.201 | 21.648 11.124
13,114 | 13.230 | 13.382 | 13.632 | 13.944 | 14.448 | 15.004 | 25.531
16.655 | 16.590 | 16.513 | 16.392 | 16.255 | 16.001 [ 15.722 [ 10.456
22.223 | 22.187 | 22.150 | 22.108 | 22.08) | 22.068 | 22.062 | 22.055
20.387 | 20.346 | 20,294 [ 20.200 | 20.013 | 10.768 | 19.492 | 14.231




OKoumvanue raba 1

1 3 e e e R e N 9

O~ 11.705 | 11,699 | 11.691 | 11.667 | 11.590 | 11.473 | 11.338 8.709
02 20.046 | 19.964 | 19.860 | 19.673 | 19.294 | 18.804 | 18.253 7.730
—g(foy) | 17.4 | 17.06 [ 16.95 | 16.77 | 16.093 | 15.603 15.052 4.529

* BeKTOD 6.
we x el

b —lg.t].. j=L.

smoppusie mopuduranuun Al,SiO; aABIAIOTCA TpeMs pATHYHBIMIL
KOMIOHEGHTAMHE ¥ B TO 3¢ BDeMs PAcCMATPUBAIOTCA KAK PasJndyHble
OHOKOMIIOHeHTHHEe (asnl. Takike ciejyer HOMHUTH, YTO CTEXHO-
METPHYECKI OJNHAKOBHEE KOMIIOHEHTHI, HAXOAAIMIECA B PasHBIX
(asax, cumraores pasgsiMu. Hean gasa mveer mocTOAHHBIL cocTas,
TO OHA HpeJcTaBjieHa B CHCTEMEe OJHUM KOMIIOHEHTOM I HasbiBaeTcs
OHOKOMIIOH@HTHOIf.

CrexmoMeTpHYeCKIe ¢INIIIE IPeJCTABIAIT HANMEHBIIee THCIO0
CTEXUOMETPHYCCKHUX COCTABIAIOIMNX, H3 KOTOPHIX MOLYT OHITH
HOIYYEHEl COCTABH BCEX KOMIIOHEHTOB I (ha3El CHCTEMEL IIyTeM HX
JHHEeH0 KOMOMHANUE € HOJORUTEILHHME — Kopddumuentamu.
Hdpyruvm caoBaMm, CTeXHOMETPHYECKHE OUHNIEL — 3T0 CTeXHO-
MeTpudeckmit Gasuc IS BeeX KommomeHToB H (a3 cmeremul. Cre-
XHOMETPHICCKAMII eJUHAMAME MOIYT OBIThL 9DIEMEHTHl, OKHCJIbI
nin Gomee cHOKHBIE cTexiomMerpmdeckue murpepuentsl. Tarum
00pa3oM, CTeXHOMETPHYECKNE eIMHIIb — He3ABUCHMEIE KOMIIOHEH-
181, 0 onpexgenenmio . T'uddca (1950). 91 gBa TepMuHa UCHOIb-
3yIOTeA KaK B3aHMO3aMEHseMble DKBHBAJICHTHEIE BHIDAKeHHA. ¥ C-
TOBHE HEOTPUIATeNBHOCTH KOA(HHUIIEHTOB JTHHEITHOTO Pa3I0/ReHHs
IPOJMKTOBAHO MCKIYATETRHO COoOpamenmaMi yaodcTBa m 1Ipo-
CTOTEL TOCTPOGHUIT I (HOPMIPOBAHIA MCXOJIHOIT CHCTEMBI Y PaBHEeHHIT
famaHca macc, CBOAAmEiicA B TAKOM cJOydae K CTAHAAPTHOH mpo-
megype. Ecam Obt MBI BHIOHpaIn He3aBHCHUMBIE KOMIIOHEHTEL (e3
TPebOBAHIA HEOTPHIATEILHOCTH KOd((HIMenTOB JIUHeIHOro pas-
JOREANA, TO HaM MPUANLIOCH OBl COCTABIATH ypaBHeHns OataHca
MAace IOCJe MPOBEJeHHsA CHeNUATpH0M PaboTH IO COCTABIGHUID CTe-
XHOMETPHYECKUX YypPaBHeHHIl pearmiii. JT0 00CTOATEILCTBO JOIKHO
OIPABJIATH, II0 HAMEMY MHEHHIO, BBEJEHIE RBCIOMOIaTeJbHOro
TEPMHOHA {(CTOXHMOMETPHIECKAS eIMHHUNA», WCIOJIB3YEeMOT0 HaMI
Hapaay ¢ Oomee o0ImIM IOHATHEM (HEe3aBHCHMLIL KOMIIOHEHT»,
IS KOTOPOTr0 YCJI0BHE HEOTPUIATEILEHOCTI KOd(OPHUIIeHTOR JuHeli-
HOTO pasnoskeHus ue coOmomaerca. G maremMaTHuecKoif TOIRH
3PeHHs yCJIOBHEe HeOTphmare/]pHOCTH He o0asatensHo. Bee momy-
YeHHHI® Pe3yabTATHl He 3aBHCAT OT €ro BHIIOJTHEeHH.

Raxux-n1m6o sarpymmennmii mpm Bofope CTeXHOMETPHIECKHX
efuHAI He BosumKaer. Tak, mpH MaydeHun rOPHLIX TOPOL B Kaue-
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CTBE CTEXMOMETPHMECKHNX eJHHEI[ CJeyeT B3fATH OKHCIALI, ecJn
MpeIoaaraeTca, YTo B CHCTEME HCKI0Ueno 00pasoBanme caMopoj-
HBIX HIEMEHTOB MWIH OECKHCIOPOJHHIX TrasoB. YCIOBHE BJIEKTPO-
HeNTPAABHOCTI CICTEMLI, €CJANM OHO YUUTHIBACTCH HPH M3YUeHII
MOlelieil, He BHOCHT AOMOTHATeILHEIX TpyamocTeil. Cuntas anext-
POH OTAENBHOI CTEXMOMETPHYECKOIl ejuumneil, mpm cocTaBieHNN
ypapHenmit Oalamca Macc NPHINCHBAEM Ka/KA0MY KOMIIOHEHTY
YHCJI0, COOTBETCTRYOmee ero s3apsaxy. Ilpn stom TpebGoBanme HeoT-
pHIATEILHOCTH KOI(GUIIERTOB THEHOr0 PasJIoKenns Hapyuaer-
¢, HO HEeOOXOMIMOCTI COCTABJICHNA CTEXNOMETPHUYECKUX YpagBie-
HHil peaxmmil Her.

Bo MHOTHX MO/@iAX OTAEJABHLIC CTCXHOMETPHYECKHE eJ[ITHII[H
CTeX MOMETPHIECKIT COBIAMAIOT ¢ HEKOTOPHIMH KOMIIOHEHTAMI TIH
OHOKOMIOOHEHTHEIMII  (padamm  cumeremisl.  Hampmmep, B mopo-
pax Si0, mpegcTaBAsger OTHEIBHYI0 OIHOKOMIIOHEHTHYIO ¢asy —
KBapI, B TO jRe BpeMdg ABIAACHE CTEXMOMETPHYECKOH eXmHNIell
JUIA KBapia i JAPYyrux CHIMKATOB CHCTeMbl. AHATOTHYHBIe B3ATIMO-
OTHOIMEHVA B MOJEJMAX JUIA TOPHEX mIopoj Xapawrepunt s H,O
m CO,.

Pacemorpmy eme OmHH BOOPOC, CBABAHHBIL ¢ MOHATHAMI Jieii-
CTBUTEILHOTO M BO3MOMKHOIO KOMIOHeHTa, ppemeHnoro . ['u6-
ocom. H coskamenmo, B reOXHMIE B HeTPOJIOIIMHE 9TO BeChMa BajKHOE
nomomenme TepmouHamukn [, M'nG0ca vacro yoyekaercs na sugy,
qTO IMPUBOJNT K HETOYHOCTAM IIPH TEPMOINHAMHTECKOM aHalIn3e
= [pomeccos IIPHPOJHOr0 MHEHEpanoobpazoBanms.

: ITo Jla. I'uboey, deticmeumentulli KOMROHEHM — TOT, KOTOPHIi
MPACYTCTBYET B ()a3aX CHCTeME XOTA OBl B MCYE3A0NE MATHIX KO-
amuecTBax. Boamosicnwili komnonenm MOKET MPHCYTCTBOBATL TONb-
KO B HEKOTOPHIX (pasax cHCTeMbl, a B IPYIHUX IOMHOCTHI) OTCYTCTBY-
er. C TepMmopgmHaMUIYECKOIl TOYKN 3PeHNA pasfeleHie KOMIIOHEHTOB
Ha JefCTBHTENBHEE I BOSMOMKHLIC BaRI0O IOTOMY, YTO PaBEHCTBO
XHMETECKHX MOTEHIITAN0B KOMIIOHEHTOB CHCTeMBI B YCJIOBHAX ee
PaBHOBECHA CIPABEINBO JUIIH 1A JelCTBITeNRHBX KOMIIOHEHTOR.
Ecam e KOMIOHEHT SABJIAETCS BO3MOKHEIM, TO MBI HE MOJKEM
TpeboBaTh PABEHCTBA €T0 XMMHYECKOrO MOTeHINATa BO Beex daszax
. cucremil. Mo/RHO TOTBKO yTBEPsH[aTh, UTO BO3MOKHEIL KOMIIOHEHT
COCPeOTOYNRBAeTCA B TexX (asax CHCTEMBI, T/ €ro XuMHIecKmit
MOTeHITA] MUHAMadeH. JTOT HPMHIUINATLHLIT MOMEHT TIud0coB-
CHOIl TPAKTOBKII MOHATHA (KOMIOHEHT» HETABHO OLUI MOTUYePKHEYT
H. A. l'[ym:mBHM (1971), woropsiit Ha ocHOBE CTPOrOro aHAIH3A
YCIOBHWil PaBHOBECHSA TETEPOTeHHBIX CHCTeM IPHXOJHT K Bmo;xy

. 3arony pacmpefienenus Hepmcra, coriacHO KoTopoj#
MPHCYTCTBYWOINAN B Kakoii-mudo dase cmeTemsl,
JOKEH HuMeThCA XO0TA B BechbMa MaJoOM KOJOUY
OCTANBHBLIX HEU30JIMPOBAHHBIX t{)aaax CHCTEeMDLI.

B2 m x Kapnos, A. . Kucexes, IT. M. Jloporoxymnen




He caepyer sabuiBaTs, OAHAKO, 9TO TePMOHHAMIYECKHIIT BEIBOJ
YIOOMAHYTOTO0 3aKOHA pacHpefe/eHusa OCHOBAH HA HMCIOJB30BAHUN
PaBeHCTBA XNMMHYECKHUX IOTEHINAN0B, KAaK YCJAOBU DPaBHOBECHUA,
T. €. 10 CMBEICJTY BEIBOJ(A 3aK0H pacupejenenns Hepucra ormocnres
TOABKO K AeiicTBUTEIhHEIM KoMIonenTam. I1oaToMy ceBlIkn Ha 3aK0H
pacupesienenna HepHeTa npn HONBITKAX YHCTO TEPMOHHAMITIECKAM
Iy TeM MOJONTH K OTPUIIAHNI0 a0COMIOTHOI HEPACTBOPHMOCTH BT~
¢ HeqopasyMenmeM. JTO IMPHXONTCSA KOHCTATHPOBATH C IOJHOI
OIpeJIeIeHHOCTRI0, HECMOTPA HA TO, UTO B YKasaHHOM HeJZopasyMe-
HOHN HOBHHEH JasKe Taroil apropmrernsiit yaemsii, kar M. ITmank.
Orpunanne abconOTHON HepacTBOPUMOCTH M, CAEOBATEILIO, HI-
HOPHPOBAHNE BO3MOKHHX KOMIIOHEHTOB CJIEAYET apry :eHTHpOBaTh
HE CCHUIKAME Ha TEPMOIUHAMHKY, & MOJEKYJIAPHO-KIMHETHYeCKAMI
npexpcrasiaermavm  (IIyrmros, 1971, c. 235).

§ 8. TEOPETHKO-MHOXECTBEHHA A
HHTEPIIPETAIIUA
GHBIKO-XHUMHIECKIX MOJEJE
MPAPONHBIX MYJIBTHCHCTEM

Paccmorpuy Bemectsennsie mepemennsie z;(j < L), rae

L={1, 2, 3,..., m| — KoHeuHOe MHOKECTBO NEIBIX HHICKCOB.
PasoGses L ma n(@) MOAMHOKECTB [, Takmx, 9T0
WA=
oL

Yneao nmugeKcoB B Kamaom L, ofosmaunm wepes n(ly) n Besje
B jpanpHeiimem n (Z) Oymer obosmauaTh ¥y Hac YHCIO JIEMEHTOB
B KOHeIHOM cuernom MHoecTBe Z. Tar, n (L) = m. 3amerus, urto
>n(ly)<<n(L). B paGore Ham noTpeSyoTcs cieqyomme OCHOBHLEC
o

ompejieleHnA W 0003HAYCHHA:
®={1, 2,3,..., n(M}; Dg={ala € ©; n(l,) > 1);
Oi=(ala & ©; n(ly)=1]; O =(ala & D; n(l,) %~ 0);
Op=|a/a & U; n(l,)=0}; =0\ Dy;
S1={jlj € L; z; > e|; S2=|jlj € ly; n(l ) > 1; a € D)
§=81N82; 82 8=83; Lg=L\S53;
I={jlj € ly; n(ly)=1; o € D};
J=SUUI=81; Ly=L\J;
Xy = E'TJ' (i€ll]S; a=sd).

71

Bypnem cuurare, uro n(l,)=0, rorma X, <<e. OGozmaunm
gepes ng(l,) MepBoHATATLHO BajaBaeMble KOJHYeCTBA KOMIIOHEHTOB
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dase a. ny(l,)=const n Bcerga X, n, (lo) = n (L) = m.Torga momy-
v 77
quM (A JIOIOJTHHTEIBHLIX  OHpee/enns:

So=1ili € la; no(lz) > 1; n(ly)=0; a € ®};
[(}:;]*’f] e ly; nn(lrx)='l; ?2.(1,1):0; o € D}

z=0, ecin z; = 0 gas Bcex j;
z= 0 ecor z; =0 mz =0
z >0, ecmx z; > 0 m1a Bcex j.

‘Byjem B jaibmeiimem massiBaTh BekTop r = (0 meoTpHImaTeInH-
"HBIM, BekTOop x>0 ImMOJyHOJ0ENTeNBHEM, BeRTop > 0 momomu-
TEJBHEIM.

Du3AKO-XMIYECKOe coepranne 0doamavenuii caeyiomee: O —
muokectso u3 n(P) das cucremst. L — muosxectso us n(L) xommo-
' HEHTOB CHCTeMbLI. Ij; — KOJTHYECTBO MOJeil KOMIOHEHTA j B cHCTeMe.
X, — obmiee ameao Momeil KoMmoHeHToB B (hase o. S1 — mogmmo-
FKECTBO TeX KOMIOHEHTOB CHCTEMEI, MOJBHHE KOJIMYIeCTBA KOTOPHIX
' mpessnnaioT ancIo . B Teopermueckmx BHKIagkax OyaeM camTAThH
g = (. Ho B paGounx mporpamMmax & — HOCTATOYHO Majoe, HO He
PaBHOE TOMIECTBEHHO HYTI0 TOJOKUTEIBHOe WYHCJI0, KOTOPOe
B8ajgaerca ¢ yuerom ocoGemmocrteii romkpermnoii 9BM, axropmurma
1 BEMOCTNTEIALHOTO OMbITa. S2 — HOAMHOMKECTBO TeX KOMIIOHEHTOB
| CUCTEMEBI, KOTOPHEe HOpuHajyiesar gasam, cocToammm Oojdee Hem
W3 OfHOTO KOMToHenTa mpm X, . e.

- § — DOAMHOKECTBO Tex KOMIIOHEHTOB, MOJBHBIE KOIHYECTBA
| KOTOPBIX B CHCTEM@ NPEBHITNAIT YHCIO € W KOTOPHe OTHOCATCS
K (hasam ¢ UNCTOM KOMIOHEHTOB He MeHee JBYX, T. €. K PacTBopa.
I — nomMHOKECTBO KOMIIOHEHTOB CHCTEMBI, IIPHHAJIeKANIX
- (asam, COCTOANNM N3 OJHOTO KOMHOOHEHTa, T. €. ABIAINIHXCH Of-
HOKOMIIOHEHTHEIMI  (hasani.

Ls — mojMmIoARecTB0 KOMIOHEHTOR CHCTeMEl, TIPHHAJIIeRANINX
Becem ¢asam ¢ n(l,)=0, n(l,)=1 m n(l;) > 1, Ho B mocaegEem
cayuae (B azax — pacTBOpax) jECJ, €cam Tj < €.

MommoskectBo Lg MCOOAB3YETCA HaMH TPH BHBOLE YCIOBUIL
- paBHOBeCHA CHCTEMBl Ha MHIOMRecTBa orpanudgenmi B amddepen-
- IIagbHoIt Gopae.

DusnKo-xMMIYecKoe COgePHRaHIe OCTATBHBIX 0003HAYEHMIT MOsK-
HO ysacHuTe nm3 nx ompepenennii. Hampmumep, ns onpejienenns
- mopMEO;KecTBA S 1w / 0YEBMAHO, 4TO OHE He HMpHHaATe;kar (asam
- m3 O, gaa woropsix »(l,)=0. Ha puc. 1 B ravecTse mimmocTparm
- mpmBejeHa cxema obOpasosanng Hambolee ymoTpeOWTEIBHBIX MO~
- MHO;kecTB MHO3kecTBa L. ITnx o003HaueHMil BIOIHE JOCTATOYHO
- st o0pasoBaHWA IPYTHX IOIMHOKECTB MHOMKecTBa L, KoTOphie
- MOryT moTpeboBaThCA NPH IIOCTPOEHHH TeopHH U paspaboTke
. AJTOPUTMHYECKOr0 olecredenns (PHINKO-XHMAYECKOTO MOJeINpo-
 Bamma wa 9BM merogamm onTHMANIBHOrO IPOrpaAMMHPOBAHWA.



ToomHomcecmag Opmaxo npu mporpamu-

1 1 3
1 2 | 1| U Us|muocecmaa L HOIl peaXmsanum ajJropur-
oo o o| =g MOB IPHXOJUTCH CTHTATHCH
= C TeM,9TO CTAHJIAPTHOE COC-
TOAHHE KOMIIO 0 -
D = K HEHTOB BOJIHO
IO PacTBOPa OTAMIACTCH OT
o §=81n52 TaKOBOTO IS Iaz0B I TBEP-
o $3=52\$ nuix ¢as. Iloatomy npn me-
oo P o| Le\s3 pecuere  TEPMOJIHHAMHYEC-
= KHX CBOMCTB KOMIOHEHTOB
e

y BOJHOr0 PACTBOPA B AKBUBA-

{2 l+] J=5Ur=51

JMeHTHEEe eINHuILE Heo6Xo-

0 z¢ . Bx;<e UMO WX CHEIHaJdbHOE BEHI-

JleTeHne IyTeM BBeJIeHIsA

Puc. 1, Cxema mogMHOKeCTB MIOxecTsa L. JOIMOJHUTEILHEX — ITOJAMHO-

JKeCTB. JTO OYeHb BayKHBIM

smoment. Bosvomane meygaun npu monETKAX pacdera XHMHYECKAX

PAaBHOBECHIT B BOAHLIX PACTBOPAX METOIOM MITHIMH3aINMN cBoOoIofi

SHEPTHH MOTYT O0BACHATHECHA HENOCTATOYHO YETKUMM IpejcTaBiie-

HUAMH 0 HEOKBUBAJICHTHOCTH CTAHJAPTHOIO COCTOAHMA KOMIOHEH-
TOB BOJHOTO pacTBOpa, TBepALX ¢as m Iascs.

Yrobur Brigeants Bogayio (asy u3 TBePAHIX M razoo0pasHbIx,
sBegem n(®P) ancen I1,. Eciu pasa — Bojgusiit pactsop, 10 l1,=
Torja mogMHOKECTBO BCEX KOMIIOHEATOB BOZHOTO PacTBOpa, BRIO-
wang Bojmy, onpemexsercs: Sw= |l S; U,=1;, a= D}
Ho atoro onpejenenns nejocTaToyHo, Tak Kak B BOJHOM pacTBOpe
cHEeAyeT PazjeInTh BOJY, ABIANINYIOCH PacTBOPHTENeM, H Bee
ApyrHe KOMIIOHeHTH. B jaEHOM ciydae HMeeM JIeJI0 ¢ HecHMMeT-
pugnoil cucremoit cpasrenna ([Ipurosmm, Hegeii, 1966). IToaromy
B IPOrpaMMHEIX pealH3amiuAx aJroPUTMOB B IOJAMHOMeCTBe Sy
ugerc jw mpumamgressut Kommonenty H,0, a mopvmosKkecTBO

SW = Sw_jw XapaxkTepusyer Bce 0CTATBHEE KOMIOHEHTH, pacT-
BOPEHHEBIe B Bojie. Brijerenume BojpHOro pactsopa Bilewer 3a coboil
BEHIJIEJIEHN® TAa30BHIX CMeceil M TBepIbiX PAacTBOPOB, A KOTOPHIX
He Tpedyercs clIequalpHOIl KOPPEKTHPOBRI, TAK Kak HX cTaHjapT-
HBIe COCTOAHIA PaccMaTPHBAIOTCH HaMU B CHMMETPHYHOI cucreme
cpasaennda. O003HAYAM MHO/KECTBO KOMIOHEHTOB TBEDJIHIX PacTBO-
POB H rasoBhIX cameceil wepes S.,. Ono OyjeT ompejenreno TOYHO Kak
Secg = S\ Sw.

HeoOxommocTs ¢TOIR feTadusupoBannoil ciueTemsl 0003HaTeHnit
o0yciioBieHa 0cO0EHHOCTAMHI paciera XMMHAYECKOr0 paBHOBECHS
B TeOXMMHUTIECKNX CHCTEMAX, I7e OJHOBPEMEeHHO MOTYT COCYIIecTBO-
BaTh TBEPJLe, razoo0pasmere Gassl 1 BOXHEIL pactsop. Oxaa dassr
o0pasyiloT pacTBOpel, japyrume mer. B Xome momcka MHHEMyMa
(assl MCYL3AI0T, MOABIAKNTCA, U3 OJHOKOMIIOHEHTHHX CTAHOBATCH
pacTBOpaMM.

Paspaborannas mamn cmcrema 0003HAUCHMIT AT BO3MOKHOCTD
ru0KOro aJAropuTMHYECKOT0 ONHCAHHA TeTepOTeHHLIX cHCTeM 0e3
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. [IPUBIIEYEHHA TDOMO3JKHX BHPa;KeHHI ¢ [ABOIHBIM 3HAKOM CyM~
 mmpopanns, Kag, nanpmvep, y P. Boaaa (Boll, 1961), H. Illanapo
- m JI. lemmu (Shapiro, Shapley, 1965), 10. Ilumasy (Shimazu,
~ 1967). Ona ypoGma TakKe TpH IPOTPAMMHOIl peaNmsanuy BEMIHC-
. JETENBHBIX HPONEeAYpP, TaKk KaKk COJeP/KHT B CBOUX 0003HAYEHHAX
il YRKazanme Ha HCKINYEHue mo Xoay mepanm‘-i TeéX KOMIOHEHTOB
 u ¢as, MOILHBIE KOJMYIECTBA KOTOPHX PABHEL MJIH MEHbBIIe KPHTH-
g YeCKHX sHAYeHMI €. ITO ABTOMATHYECKN ITPeJ0TBpaniaeT NOABJICHAS
 OTPHIATEJBHBIX 1 HYJEBHIX 3HAUYEHHIl MOJIBHHIX KOJHYECTB KOM-
. mOHeHTOB W (a3, HeJOMyCTHMEIX moj smakom Jorapudma. Hpome
| TOT0, HeJIONYCTHMOCTH OTPHNATeNbHEX 3HaYennit r; 1 X, BHTERaeT
- u3 puangecKkoro cojep:Ranmg 3ajad (PUIHKO-XHMIYECKOTO MOjie-
. IWPOBAHUA.

' Jlas ofmeryenns 3anoMIHAHNA OCHOBHHX IOJMIIOKECTB yA00HO
 HMeTh B BHJly CJeVIONEe MHEMOHHUecKne npuswakm: S — so-
~ lution, I — individual, J — joint.

Fnasa 2

YCHOBHA H30BAPHO-H30TEPMHYECKOIO
PABHOBECHA MYJIbTHCHCTEM

HA MHOKECTBE OI'PAHHYEHHH

B BHJIE CHCTEMBlI YPABHEHHUH
BATAHCA MACC

§1. BAKPBITHIE MYJILTHCHCTEMBbI!

Pacemorpim nzobapao-nzorepmudeckne yeaosms, Myin-

Gopmoii sweprmm myanTrencTems (noternuat I'nbGea) B BerTOpHOI !
- dopme:

G (z) = 3, + 2’ In (z/X) + 2" Iny, (2.1)

i
RT

1 Vpaguenne 2.1 B 0Gbram0il zammen:

2 gf.‘g 1 1 i 1 . icl = =10
G (z) = BT 71—23:5 nxa—l—za:j ny; jel; et
i i i
Hamuno OPEeHMYIIECTB0 KOMIIAKTHOIL BeKTOPHOMH 3amuci.
* Bpecs n pazee g'=g;(j € L) sxsupazentno g'=(g1, Emeeer




pammio TPAHCIIOHWPOBAHNA), DJEMeHT KOTOPOro g; ABIAETCA H30-
OapHO-u30TEpMUYeCKHM HOTeHmHATOM 1 MONA KommomHenTa j mpm
TeMIepaType, JABIEHIH W COOTBETCTBYIOMEM BHOODe cTaHapPTHOTO
COCTOSIHUA I KOA(UIIERTa aKTHBHOCTH Y; 9TOTO 7K€ KOMIIOHEH-
Ta; R — yHuBepcatpHas ragosasa mocroammas; I' — Temmeparypa
B °H;

V=7 €L); ¥ =1zi(j € ly; 2 E D; X' = Xo(a € D).

JelicTRUTENRHEE BHAYEHNA g; HEU3BECTHEL Il HE MOIYT OHTH
OLpeJIelIeHbl HKCIEPAMEHTANBLHO HIINM PacCYNTAHBEL TEOPeTHIECKI .
B mpakTmieckux pacuerax HCHOIB3YeM sSMINpPHIecKNe (yHKIM,
3aMeHA e 3HATCHNA g; M HeBIMAIINNe Ha KOHeIHKIT Pe3yasTar
BEIMHCISHII METOTaMu OOTHMAaJpHoro nporpamvuposanmsi. [losro-
My Oyjem cunTaTh, 9TO0 3aMeHAa g; Ha HMIONPHYIECKHE TePMOIHHA-
MHIdecKne (JYHKINHN SKBHBAJCGHTHA B TOM CMEICJE, 9TO peIIeHme
3amad  (U3UKO-XHEMHUYECKOTO MOAETMPOBAHHA, IOJYYeHHOE C II0-
MOIIBI0 OMIHPHICCKIX (PYHKOuit Oyer Takuy ke, eclan Ol MBI HC-
HOAB30BAIN HeHCTBUTENLHEe 3HATeHNA N300aPHO-H30TePMIYECKAX
IMOTEHIHATOB KOMIIOHEHTOB gj.

U3 pusnueckix coofpasKeHuil MOTBHEE KOIMIECTBA KOMIIOMEH-
TOB HE MOTYT ORITh OTPHOATEJILHEIMH BeIHIMHAMI

z>0 (2.2)

WIH, NPUHEMASA BO BHAMAaHHe KOHEYHYI0 TOYHOCTH IIPeACTaBIEHIIH
amcer 8 9BM,
: z>e. (2.2a)

Taxny ofpasom, ycaosme (2.2) meraogaer BoaMOmKHOCTH T — (.

IMosicamy: z =0 ofo3Eavaer, 9T0 BO3MOKHOCTH BEKTOpa, BCE
KOMIIOHEHTHI KOTOPOr0 PaBHEL HYJIO, fponyckaercd. Ecum swe z > 0,
TO BC® KOMIIOHEHTH BEKTOPA He MOIYT OHTL OAHOBPEMEHHO PaBHEL
HYII0.

Bo mHOrHX 3ajauax, HCXOMs M3 SMIHPHYECKOTO OMBITA, Ha BECh
BEKTOD # WIH Ha 9acTh €ro KOMIIOHEHTOB MOTYT OBITH HATO/KEHE!

OJHOCTODOHEWE W JBYXCTOPOHHHE OrpaHdYeHHA:

< zi(j € D1); ;< zj(j € D2);
z; >0 (j € D3), ecim DI(\D2 = D4~ &, 1o
7 < ;< 7 (j € D4), (2.3)

rjie rj U rj — COOTBETCTBEHHO HUMIHNE M BePDXHHE OrDaAaHHYEHHA Tj.

YautsiBasg MOTPENIHOCTH B HCXOAHBX TePMOAMHAMITTECKUX TaH-
HEIX, MO;KHO HAJO/KHTH JBYXCTOPOHHHE OTPAHIYEHHUs TaKKe Ha
BCE W YacTh KOMIOHEHTOB Bertopa gy = (g7)i(j & L); (gr); =<
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<(gr); (€ D5); (gr);<(gr); ( € D6); (D5U D6)< L.
D5\ D6 = D7 u ecam DT &, 10

(8r)i < (gr) 3 < (gn)ii €DT), (2.4)

rie (gr); u (gr); — COOTBETCTBEHHO BePXHIE I HIJKHHE OrpaHmye-

HIGT A (gr);.

Cneremy ypasuennit Garanca Macce, B KOTOPYIO, ec/m HeoOxXou-
MO, BRJIOUACTCA TAK/Ke YPABHEHIE HJIeKTPOHETpPaltbHOCTH, 3amm-
meM B BHJE

Az=b, (2.5)

rie A =a;;(i=1, n; j=1, m) — marpuna rRoa(duIHEHTOB, TORa-
SEIBAIONIX THCI0 MOJeil CTeXHOMeTPHIeCKO eUHIIb i B KOMIO-
menre j; b' = b; (i=1, n) — BeKTOpP HCXOJHOTO XHMHYECKOTO CO-
¢TaBa CHCTEMEI, 2JEMEHT KOTOPOro b; ecTh 9HCI0 Mmodell cTexmo-
MeTpHYecKoil equnuikl i B cucreme. Ilpenmoaaraerea, 4To HCXOHEIE
manmsie sagawres Tak, uro n(P) > n u cmerema (2.5) Beeryga cos-
mecta, Paar A pasenm wmery ypaBHeHmil ', T. e. paBem uucIy 7.
B cuneremy ypaBEennii Oazamca Mace MOKHO BKJIIOYATH JIOMOJTHH-
TeALHEE YPABHEHH %, HATPUMEp, IO YCIOBIAM 3a/Iaql, COXPaHIeT-
¢fl MOCTOAHCTBO O0BEMA CHCTEMbI IIPH JIAHHOIN TeMIoepaTrype H JaB-
meanu. s 9TOrO JIOMONHUTENHHOTO ypaBHeHmsa B Mmarpume A
KoapunmeATaME OpH ¥ GyAyT 3HaYeHHS MapPIMaIbHHX 00DHeMOoB
KOMIIOHeHTOB CHCTEMEl, a by OyaeT mpejcTaBiaTh OOMMIT MOJEKY-
napuEbll ofbem cuctemul. [lIs ypaBHeHHA 2IeKTpPOHelTpaIRHOCTI,
ecliil OHO BXOJUT B cHCTeMy ypasHemuit Oamamca mace, b,=0, Tax
KaK clcTeMa B IeJ0M HJIeKTPoHeiiTpalbHa, a COOTBETCTBYIOIIMI
roadpummenTamm B maTpune A npn z; 6y IyT 3aps/sl KOMIOREHTOB .

1 Ilpu cocTaBIeHMI TPOTPAMM CHe/[YeT IPELYCMOTPeTs I CIYIAl BEIPOsH-
nennst. Heroropeie cTpOKn B MaTpHue A B Hpomecce cHeTa CTAHOBATCH IPaK-
THYCCKH JTNHETHO-3aBHCHMEIMI. 1IHAWe roBOpA, 4WHCA0 He3aBHCIMBEIX KOMIIO-
HeHTOB M3MEHAETCH [0 XOJy HATepanuii. JTO CBA3AHO ¢ TeM, 4TO HEKOTOPLIe
KOMIOHEHTH HPUCYTCTBYIOT B PABHOBECHLIX COCTABAX B HHYTOMKHO MAIBIX
ROJMYecTBAX &4 < €.

* Hampusep, @mpHm pacdere paBHOBECHODO €OCTABA TOTHO HAa JAHII
MOHOBADIAHTHOrO paBHOBecHA. ['eoXMMWYecKH BameH ciydail, Korja Heol-
X0AMMO BBOJINTH OrpaHdvdeHme Ha 00beM — pacueT paBHOBecHOr0 COCTaBa
Ta30BOIl M JRUKOA (a3l m uX KojnuecTs 1o auuun Hackmiennsg H,0

3 [Ipm  HAJOMEHHH VYCHOBHII DIeKTPOHCHTDPATLHOCTH Ccieflyer PyKo-
BOJICTBOBATHCA CACAVIOMHMME MOJOKeHHAMN: 1) ecan KasK/LIl dJeMeHT CICTeMbl
mMeeT TOJILKO OJHY BajeHTHOCTH, TO VCJAOBHE 9JIeKTPOHEHTPANLHOCTH H30bI-
TOYHO; 2) ecad XOTA BH OJ{HH 2JIeMeHT CHCTeMEl IMeeT TepeMeHHYI0 BaJeHTHOCTh
B PAsiU4IHLIX KOMIOHEHTAX, HECYNNX 3apsa, TO HeoOXOAMMO BBOIUTE YCJIOBIE
AACKTPOHETPANILHOCTH; 3) B BRMNCANTEILHOM IIpomecce MOryT OHTh H Goaee
CJIOKHBIE CHTYAIIN, KOTZa CHCTeMa 3ajaHa ¢ y9eTOM dJIeKTPOHeilTpaabHOCTH
T 70 XOAY HTepaTHBHOrO Impomecca, MO Mepe HPHOIILKCHHA K 00/acTH MIHII-
MyMd, KOIHIeCTBO KOMIOHEHTOB, UMEOIMIX HHYI0 BAJICHTHOCTB, MOMKeT CTATh
Hpeted peskiMO Mas0il BeuainHoil. B mrore Mur GyzeM HMeTh 610 ¢ CHCTEMOI,
B KOTOPO yCAOBHEe HIeKTPOHEHTPANLHOCTH NpaKTHUYCCKH CTAHOBHTCA HB3=
OhITOTHBIM.
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Tak ke kak W Ha BEKTOPH T M gy, ABYXCTOPOHHME OTPAHIICHHSN
MOTYyT OBITh HaJOMKeHHl I Ha BekTop b

b< b, (2.6)

Cjopuyupyem Temeps B obmem BIje 3ajauy (U3MKO-XHMHTe-
CROTO MOJIINPOBAHNA Kak 3aja4y MHHEMH3Annn GyHKIUN crobos-
HOIl DHEPIMH CHCTEMBIL.

ITyers Q Oyner muoO;kecTBO Beex & &= E™, mis koropuix z >0,
T. €. () — HeOTPHUATENBHHII OKTAHT M-MEPHOTO BBRIM0OBOTO
npocrpanctsa E. Ofosmawmu:

ar=(ty 72,), T ap=2z;(jE l; a s D);

n=n(elkN;ec®,); a=2(ckil; =)

M OTMETHM /[BA TPHHOHOAAJRHO BajKHHIX cBoiicTBA (yHKIHN
G(z), KoTOpEie WOTPeOYIOTCA B JAJBHEIEM W3J0/KeHnl.
Cpoiictro 1. Mus moboro z;, = Q cupaseinso:

G (z) = 7 (z,) + G (x1,) = G (z,).

9T0 HEmoCpejcTBEHHO CHeAyeT U3 TOTr0, UTO 10 OIPeje/IeHHIo,
xr, =09 G{zg,) = 0.

Caoitcrno 2. Oyurnua G(z) semykra wa Q. Bospmem
z, y& Q; 254y n z € Q Tar, uro

=ha+(1—Mp: b e 0K A< ).

W3 dyapaventansmoro rubdcosekoro mepasemctea (I'mbée, 1950;
Hpnuescknii, 1962; Croponkmu, 1967, 1969; Xaase, 1967) AG < 0

cIejyer:
G(z) < G)+GI(1 — Nyl

Tar rak G(r) — opnopoguas ynrouA nmepsoro mopsjka (ITpuro-
wow, [edgeii, 1966), To

GlAz-+(1 — Myl < Ma(z)+(1 — MG(y).

JT0 HePABEHCTRO ABJAETCA OHpefejenieM BHOYKIOH ¢dymkmmm *
(Rapmum, 1964; @uxrenroasm, 1962).

CymecTByoT HeodXoiuMble i JOCTATOYHBIE YCJAO0BHA JIA TOTrO,
9T00K HEKOTOPAa# TOUKA T npescrapiana coboii pemeHne sajati
MEHEMAZAMIN BenykiIoil gyakmun (2.1) npr orpanwdennsax (2.2)
u (2.5). B Teopunm BHIIYKIOr0 mPOTpaMMHPOBAHNA JTH YCJIOBHA

1 Bunyrinoers G(zr) MOMHO JI0ORa3aTh I uEﬂmmu AHAJNUTHYCCKEM -
depennnpopanneM ypashemnsa 2.1 (Shapiro, Shapley, 1965).




- paer Teopema Hyma — Takkepa, npexgcrasasiomasn oGobmenn
. KIaccHYecKoro meroia muourexeii Jlarpamma mia onpenenenma
SKCTPeMyMa IIPH HaJHYHH OTPaHNIMBAIONINX YCJIOBHIL, B TOM 9HCIe
- Ha claydyam, Korja mocJefHUe COAepAaT He TOJABKO paBeHCTBa,
~ HO u HepasenctBa. Hpurepmm, koroprie paer teopema Hyma —
Takkepa, Brpaalorca wepes obobmennyo ¢ynkmumo Jlarpanxa.
B nmamem caywae oma Oyjer mmern B
D(z, u)=G(z)+u'(b — Az). (2.7)
3pecs u' = ui(i=1, n) — Bexrop mmomureneii Jarpamma; z'=
= zj(j = l,; @ € D). B npegmonossennu Buimyraoctn G(z) (cBoii-
cTBO 2) Oyer MMers MecTo cJeaylmas TeopeMma.
Teopema HKyna — Takrepa. Bextop z Torga m toanko Torja
- npejcTaBiger cof0il ONTHMATLHOE PEHICHIE 3aTaTl MIUHIMI3AINNT
BeyKa0it pyurmun (2.1) upm orpanmgennsnx (2.2) m (2.5), worga
CYIECTBYET BEKTOP 1 TaKoOil, 4T0 z > 0, % MPOM3BOIBHOTO 3HAKA,

Dz, u)=D(z, u) < O(z, u) (2.8)

71 Beex x > () m w MPONBBOXLHOrO 3HAKA.

Caeposarensuo, M(z, u) B Touke (Z, &) AOWKHA TPHHAMATH
rxoGaTbHEl MEEEMYM B oGmactn z > (0 OTHOCHTENBHO Z M TJIO-
OANBHBI MAKCHMYM OTHOCHTENBHO 1, T. e. (&, u) IpescTaBixer
BHPORAEHHYIO cemmnopyio Toury mius O(z, u).

JlorazaTesbeTEO TEOPEMBEI COCTONT B OYEBHJHOI Iepedpazmpos-
Ke 1 paclpOCTpaHeHNN PeayabTaToB, NoJdyYeHANX X. Yasasa (dp-
poy u ap., 1962) u xonkpernsuposannsix satem k. Xemun (1967).
- Jleramm, oruocsmmecs K TeXHIRE J0KA3aTelbCTBA, M OIIyCKaeM,
HO NOTUepKEBAEM TOT MPUHONNNAILHO BarKHBIL MOMEHT, 4TO I
CITPABE/IITHBOCTH TeOpeMEl ne Tpedyercs ycaoua nuddepennmpye-
MocTn G(x), 0CTATOUNO TOrO, 4TO OHa BEIOYKIAa. Tarkum oGpasom,
CIPaBeAINBOCTh YTBeP:K/eNIl TeOpPEeMEl ABISETCH, IO CYMECTBY,
- MaTeMaTHYIeCKIIM CJeJ[CTBIeM BTOPOro cwoiicTsa ¢Qymxmmn G(z),
~ KOTOpOe, B CBOIO OYePe/ib, ABIAETCH HEIOCPEICTBCHIBIM CIeICTBHEM
BTOPOTO 3aKOHA TEPMOHHAMIKIL.

Hepndpepenumansnasn gpopma reopemsr Hyna — Tarkepa nocur
o0mmit xapaxrep. Ona ABIAETCA TeM PYKOBOIANINM IPHHIIIIOM,
. Ha OCHOBE KOTOPOTO MOKHO IOCTPONTH 00Jee KOMKPEeTHHIT B IpaK-
. THYECKOM OTHOMEHHN BAPHMaHT YCIOBHIl ONTHMAJBHOCTH, IPHUTO-
. HBIT Kak JUIA TeOPeTHIeCKOT0 aHajinsa PasIHIHBIX 3a7ad MITHIMU-
. BaINH BEITYKJIBIX QYVHKINN, Tak o JUiS ODOCTPOSHNA BRIYHCIINTEIb-
. HBEIX IPOmeyp HexmHeiiHoro mporpammuposannsi. Ho Gomee womk-
- KpeTHsle yeA0BIA JalOTCS BReeHIeM JOMOTHATeIbHBIX Or paHHIeHII
“Ha cpoiictBa pynrmum G(z) u f=b; — M a;z;. Tar, ecan mMu

d 3
~ magokaM Tpebosanne ux auddepenmupyemoctn mo z; (Kapmamn,
- 1964), o o6mume ycaosna Hyna — Takkepa MOMKHO OHOJHHTE
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