MuHHMCTEepPCTBO HAYKH M BbICIIEero oopasoBanusi Poccuiickoii @enepanuu
(enepanpHOE roCcyJapCTBEHHOE OIOXKETHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIIEr0 00pa30BaHUS
«APKYTCKHUH T'OCYJAPCTBEHHBIII YHUBEPCUTET»
OI'bOY BO «UT'Y»
Kadenpa reosioruu Hepru 1 rasa

PabGouasi nporpaMmma IuCHUIINHBI
HaumenoBanue nucuurummssl: 51.B.J1B.04.01. MoaenupoBane reoOXuMHUYECKUX MPOIECCOB
Hamnpasnenne moarorosku: 05.03.01 «I'eonorus»
Tun oO6pa3oBarenbHON IPOrpaMMBbl: akaleMUYecKuil OakaiaBpuaT
[Ipoduns: «TeopeTnueckre U METOAMUECKHE OCHOBHI Pa3pabOTKH MECTOPOKICHUM HePTH U raza
KBanuduxanus BeimyckHUKa: OakanaBp

®dopma 00yueHus: ouHas

CornacoBaso ¢ YMK reonorageckoro PexomenoBano Kadenpoii:

¢baxynsTeTa

Ilporoxou Ne l
[Tporoxon Ne” ot « 49 » 04 2020 . Or«fo»_ ¢z 2020r.
lpencenarens, . 3aB. Kadeapoii, (0MeEHT,

JOUEHT _ .-~ 7 A.®. JleTHukoBa kor-mu. /. - GH -Hpamuna

Hpxyrck 2020 1.



Conepxanue

1. Lemu ¥ 3a0QUN JUCITHTIIIITHDB «...eeeiiiuvevereseeeessssastsresesssesssssasssssssssesesssnssssssesssessssansssssssseesessananns 3
2. Mecto auctumiuHbl B CTPYKTYPE OITOIL: ..o 3
3. TpeboBaHUS K PE3yJIbTATAM OCBOCHUS JUCIIUIIIIIIHBI «...vvevvveenreeieeasseessreanseesseessseesneesnneesnnssnneens 3
4. O0beM TUCUUTUTAHBI U BUABL YIEOHOM PAOOTBL ... vvieuviieiiieieiiiieasiiieesiteeesiieessireessnneesnnneesnnee s 4
5. ConeprKaHUE TUCTIMTUTAHBI (MOJTYIISI) «uuvveesreeasseessssessssessssesssnssssssssssesssssesssssesssssessssnessnnesnns 5
5.1. ConeprkaHue paszienoB U TEM IUCLHUIUIMHBI (MoayIist). Bee pasaensl u TeMbl HyMepyrOTCS 5
5.1.1. O6miue CBeACHUS O 3aKOHAX TEPMOTMHAMUKHL. ©.veevvveersreeessreesssseesssesssssessssesssssesssseeans 5
5.1.2. XapakTepuCTHKa COBPEMEHHBIX MPOTPAMMHBIX KOMILIEKCOB (DHU3UKO-XHMHUYECKOTO
MOJICTTHIPOBAHISL. ..veeutveeuteesseeasseessseasesasseesseeasse e seeasseesseeasse e s e e as e e e nheeanRe e b e e e mn e e nbe e e nneeaneeenneennneanns 5
5.1.3. CBeneHust 0 MPOrpaMMHOM KOMIUIEKCE {CEIIEKTOP. «.uvvveruvrreiirierieeesieeesineeesneessineeans 6
5.1.4. OcoOGeHHOCTH TPUMEHEHHS TMpPOrpaMMHOTO  Komruiekca  «Cenmektop» K
MOJICJIIUPOBAHUIO T€0JIOTO-TEOXUMHUECKUX TTPOIIECCOB. ..uuvvreurrrerureresireeessreeassreeesseesssneesssness 7
5.1.5. Meroap! 1 criocoObl MOICTTUPOBAHUS IPUKIIATHBIX TEOXUMUYECKUX 3/1AU. ....ovvnveensee. 8

5.1.6. Crioco0bI pacuéra, coriiacoBanusi 1 00paboOTKH TepMOANHAMHYECKON nHpopManuu. . 9
5.2 Pa3mensl JOUCHUIUIMHBI W MEXIUCHMIUIMHAPHBIE CBSI3M € oOecrieunBacMbIMU

(TTOCTICTYFOTIIMMU ) JTACTIMTIITIHAME ... uvveesteeesuteeessteeasseeeassseaasseesnsseesnsneessseeesnseeesnseeessbeesssbeesnsseesnsneeans 9
RPR I AV (SN0 S 9107003007 00010705 0700215 01 0 Qe T 155: 6 % 1 EETR T 10
6.1. [Inman caMOCTOATEIBHOU PAOOTBI CTYICHTOB .......veeuveeireanreessreaseessreessesssseessessnseessesssesssneanns 11
6.2. MeTtonuyeckue yka3aHus 10 OpraHU3alli CaMOCTOSTENIbHON pabOThI CTYI€HTOB ............ 12
7. IlpuMepHasi TEMAaTUKA KYPCOBBIX PAOOT (TIPOCKTOB) ...cuvveeurerrurrareessreesseesnneesseesnneessessnneessessnns 13
8. YueOHO-MeToanyeckoe 1 HH(HOPMAIIMOHHOE 00€CTIeYeHUE TUCTIUILTHHBI (MOIYIIS): ............ 13
Q) OCHOBHAST JTUTECPATYPA +..vveerveerureanreesureeseessseasseessseasseessseasseassessssesssssaseessessssessssssnsesssnsansesssseanns 13
0) JIOTIOTTHUTEIBHAS TATEPATYPA -..vvevreenreessreanreessneasseessreasreessesaseessneasneessesasseessseaneessesanessnessnns 13
B) TIPOTPAMMHOEC OOCCIICUCHIE . vveeuvvveassrresssreesssseesssstsssssessssesssssessssseessssesssssesssssesssssesssssessnssessnsns 13
r) 6a3bl JaHHBIX, THPOPMALIMOHHO-CIIPABOYHBIE U TIOUCKOBBIC CHCTEMBI .....vvvvvvveieeveeire i 13
9. MarepuanbHO-TEXHUYECKOE 00CCTICUCHHUE JUCIIUTITHHBL ....c.vveerveersreeseesneeesseesnseessneaneesneeenns 14
10. OOPa30BATEIBHBIE TEXHOTOTHH «..vveuvreesseessreeseeasreesseessneessesasneessesssneessesasnesssesssneessessnsessnnesnns 14
11. OieHOUHBIE CPEACTBA (D) .iiiiiiiiiiiieiiie ittt ettt e b e e e e 14
11.2. OeHOYHBIE CPEACTBA TEKYIIETO KOHTPOIIS c.uveerreisreesersnreesneessneessesasneesnessnneessessneessessnns 14
11.3. OueHouHsble CpeaCcTBA I IPOMEXYTOUHOM arTecTaluu (B popMe SK3aMeHa WM 3a4eTa).

............................................................................................................................................................ 15



1. ey n 3axa4M IUCHUTITTHHBI

Heabio Kypca sBiIsICTCSA:

- OcBoenune CTyACHTaMH OCHOB XUMHUYECKOH TCPMOJAUMHAMUKU U OBJIAACHUC MCTOJaMU (1)I/I3I/IKO-
XMMHYECKOT0 MOJIEITMPOBAaHUS T€OXUMUYECKUX ITPOLIECCOB.

Kypc conep:xur nBa pasznena

— TEPMOJIMHAMUKA — OCHOBHBIE NOHATHs. Pa30BbIe PABHOBECHA. XMMUYECKOE PABHOBECHUE;

— QJITOPUTMBI U METOBI TEPMOAMHAMUYECKOTO MOJCINPOBAHHUS.

B 3apaum kypca BXOJIUT:

— O3HAaKOMJICHHE CTYJICHTOB C (DEHOMEHOJIOTUYECKUM TOJIXOJOM, KOTOPBIM HCIIOIb3yeT
TepMOJAMHAMUKA VIS peIIeHUs PU3UKO-XUMUUYECKHUX MPOOJIEM B TCOXUMUU;

— oOydyeHHEe MPEJCTABICHUIO MOJIEJIEH TE€OXMMUYECKHX IMPOIECCOB B  TEPMHUHAX
TEPMOJIMHAMUKH, a TAK)KE MeToAaM 00pabOTKHU IKCIIEPUMEHTAIbHBIX JaHHBIX.

2. Mecto aucuuniuubl B cTpykrype OIIOIL:
Kypc oTHOCUTCS K Qucyunaunam no e6160py.

Kypc «MopenupoBaHnue TeOXMMHUYECKHX TPOIIECCOBY» 3aHMMAaeT BaXHOE MECTO B
MOATOTOBKE MaructpoB. Kypc mo3BoiisseT 00OOMIMTh W TMPAKTUYECKU HCIIOJIB30BATh 3HAHUSA,
MOJTyYCHHBIC TIPU OCBOCHUHU 0a30BBIX KYPCOB XMMHHU, (PU3HKH U reoiorud. OU3NKO-XUMHUECKOE
MOJICIMPOBaHNE (OPMHPYET COBPEMEHHOE MHPOBO33pEHHE, U IMO3BOJSET  CIEIHATUCTaM
CaMOCTOSITEIILHO pacCCMaTPUBATh MPOIIECCHI, YIIPABISIOMUE (POPMUPOBAHUEM T'€OJIOTUICCKUX TEll U
nmopoa. Y CHENUAINCTOB, MPAKTUYECKH OCBOUBIIMX METOJBl MOJICIUPOBAHUS, MOSBISCTCS
BO3MOYKHOCTh  CYIIECTBEHHO PACIIUPHUTH KPYr CBOMX 3HaHUH B O00JACTH XHUMHYECKON
TEPMOJUHAMHUKA M TPOBOJUTH CAMOCTOSITCIIBHBIC HCCIICIOBAHHMS XHMHYECKUX IPOIECCOB,
MIPOUCXOJISAIIMX IIPH TOM WJIM UHOM SIBJICHUH.

CTyneHT JOKEH BIaJeTh OCHOBAMH XUMHYECKOW TEPMOIMHAMHKH, CIIOCO0AMU pacdera u
COTJIACOBAaHUSI TEPMOJMHAMHYECKUX JAHHBIX, OCOOCHHOCTSMH KOMITBIOTEPHOTO IPEICTaBICHHSI
TCOXUMHYCCKHX MOJCINCH, NPHHIUIEI TEPMOJIMHAMUYECKOTO MOJICIHPOBAHUS B  YCIOBHSX
HEeOoMpeAeIeHHOCTH UCXOAHON TepMOAMHaMUYeckoi nHpopmarmu. OcBOSHUE TaHHOW TUCIUTLINHBI
HE BO3MOXHO 0e3 u3ydeHUs KypcoB «[ €OXMMHUYECKHE METOJbI TIOMCKOB HE(PTH U Tas3ay,
«Qxonorus». Kypc mpenmiectByeT OCBOSHHIO CIEAYIOMUX IUCHMILIUH: «MeTtoasl (PU3UKO-
XUMHYECKOTO MOJICITHPOBAHUS B TCOJIOTHI

3. TpeGoBaHusi K pe3yJibTaTaM OCBOCHUS TUCHHUIINHBI
ITporecc n3yueHust IUCUMIUIMHBI HarpaBiieH Ha (JOPMUPOBAHUE CIEAYIOIIMX KOMITETEHIIUH:

® CIOCOOHOCTBHIO WCIIOJIH30BAaTh 3HAHUS B 00JIACTU TEOJIOTHH, TeO(U3NKU, TEOXUMHHU,
THUAPOTCOJIOTUA U WHKEHEPHOM T'€OJIOTHH, T€OJIOTHH M T€OXMMHH TOPIOYHX HCKOMAEMBbIX,
IKOJIOTMYECKOM T€OJIOTHH JIJIsl PELICHUs] HaydHO-HCcCieoBaTenbekux 3amad (TTK-1)

® CIOCOOHOCTBIO CO3/1aBaTh U HCCJIENOBaTh MOJIENM HM3y4yaeMbIX OOBEKTOB Ha OCHOBE
WCIIOJIB30BaHUSl YTITYOJICHHBIX TEOPETUUECKUX U MPAKTUUYECKUX 3HAHUN B 00JIACTH T€OJIOTUH
(TIK-3)

® CIIOCOOHOCTBIO  CAMOCTOSITEILHO  TMPOBOJWUTH  TPOU3BOACTBEHHBIE W HAY4YHO-
MIPOU3BOJICTBEHHBIE TTOJIEBBIC, TA0OPATOPHBIE U UHTEPIPETAIIMOHHBIC PAOOTHI TIPH PEIICHUN
npaktudyeckux 3anad (I1K-4)

B pe3ysbrare OCBOCHUS TaHHOW AUCIUTLIAHBI CTYICHTBI JTOJDKHBI 3HAMb

- MpPEACTaBICHHWS O MEXaHW3MaX OJHIOTCHHBIX MPOIECCOB MHHEPAI000pa3oBaHUus U
pya000pa3oBaHus;

- TPUHIUNBl TOCTAaHOBKM U TPOBEICHHUS METPOrpapuuecKkux, IMEeTPOJOTHYECKUX U
METAJUIOTEHUYECKUX UCCIICIOBAHHUIA,

- TMPUHUOUOBL U COBPEMEHHBIE METOJbl aHajdh3a W MaTeMaTHueckod o0paboTku
METPOJIOTHYECKOTO M METPOXUMHYECKOTO Marepuana ¢ TMPUMCHCHHEM KOMITBIOTEPHOIO
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MOJEIIUPOBAHUS.

[TonroroBka OakanaBpoB TIeOJIOTUHM MO JAHHON IUCHUIUIMHE TpeOyeT OIpeneIeHHOro
VMEHUS:

- BbBIOMpaTh HEOOXOJMMBIE METOAbl KOMIIBIOTEPHOTO MOJEIUPOBAHUS, HCXOAS U3
KOHKPETHBIX 33J1a4 I'€0JIOTMYECKUX HCCIIEIOBAHUN;

- 00pabaTbiBaTh IMOJIYYEHHBIE PE3YyJIbTaThl, aHAJTU3UPOBATb U OCMBICIUBATH UX C YYETOM
HMMEIOIINXCS TIUTEPaTypPHBIX JAHHBIX;

- MPEACTaBIAThL HWTOTH BBIOJIHEHHOW paboThl B BHIE OTYETOB, pedeparoB, cTaTe,
0(OpPMIIEHHBIX COOTBETCTBYIOIIUM 00Pa3oM.

[Ipu uccrnenoBaHUM TEOJIOTMYECKUX MPOLECCOB METOJAMH KOMIIBIOTEPHOTO MOJIEIHUPOBAHUS

0akasaBp T€0JIOTUH JIOJKEH 871a0emb.

- CaMOCTOSITENIbHON Hay4HO-HCCIIEI0BAaTENbCKON AEATEeIbHOCThIO, TPeOyIolel MHUPOKOro
r'€0JIOTUYECKOT0 00pa30BaHMS;

- B COBEPILUEHCTBE BJIAJICTh METOAAMH KOMITBIOTEPHOTO MOJAEITUPOBAHUS.

4. O0beM IUCHUIIMHBI U BHAbI Y4e0HOIl padoThl

Bcero CeMmecTpsl
Buja yueoHoit padoThi yacos /
3a4eTHBIX 6
eIMHHUIY
AynuTOpHBIE 3aHATHS (BCEro) 52 52
B ToMm uncne: - -
Jlexkun 26 26
JlaGoparopHbie 3aHATHS 26 26
CamocrosiTesibHas padoTa (Bcero) 53 53
B ToMm unce: - -
Mooenuposanue ceoxumuueckux npoyeccos 53 53
Bua npomexytounoii artecraruu (3a4er) 3 3
KonrakTHasi paGora (Bcero) 95 95
OO611ast Tpy10€MKOCTh 108 108
3a4eTHBIC €IUHUILIBI 3 3




5. Coneprxanue QTMCUMILITAHBI (MOTYJIsSA)

5.1. Conep:xanue pa3iesioB U TeM JUCHUILIMHBI (MoayJis1). Bce pa3iesibl 1 TeMbl HyMepYIOTCSI
5.1.1. O01mme cBeIeHUS 0 3aKOHAX TEPMOJUHAMHUKH.

[Ipenmer TepmoauHamuku. OOLMEe 3aMedaHUs] U OCHOBHBIE ompexaeneHus. OOpatumeie u
HeoOpatumble mporecchl. OOBEKTHI U METOJABl  UCCIENOBaHHUS. YPaBHEHHUS COCTOSIHHMSL.
MatemaTHuuecKue COOTHOIICHUS, CBS3BIBAIOIIUE TapaMEeTPhl COCTOSHUS. DHeprusi. BHyTpeHHss
sHeprus. Temnmora u pabora. IlepBoe Hawano TepmoauHamuku. lIpuMeHneHue mepBoro Havaina
TEPMOJUHAMHUKN K XHMHUYECKUM peakiuusM. TepMoXumusi. DHTaIbIM 00pa30BaHMS U JSHTAIBINS
cropanus. @azoBbie peBpamienus. [IpaBuio a3 ['m66ca. CrabmibHOCTD (a3.

Tepmoaunamuueckass akTuUBHOCTh. OOmme 3ameuanus u onpenencHus. Koadumments
aKTUBHOCTH MOHOB. MeTO/Ibl pacueTa akTUBHOCTH.

XUMHYECKOE paBHOBECHE. 3aKOH JCHCTBYIOIIUX MAacC HM TOMOTCHHOE XHUMHUYECKOE
paBHOBECHE.

Tperbe Hayasio TepMoauHaMuku. TeroBas teopema HepHera. IIpuMeHeHnue TernioBou
TeopeMbl HepHCTa K peakiusaM Mex a1y KOH/IEHCUPOBAHHBIMH peareHTaMHu.

TepMuHbI 1 CUMBOJIBIL. VICTOYHHUKH, TIOTPENTHOCTh U COTIIACOBAHHOCTH TEPMOJIUMHAMUYICCKOM
nHpopMaIuu.

TeopeTnueckre OCHOBBI pacueTa (PU3NKO-XHMHUYSCKUX PABHOBECHH B CIOKHBIX MHOTO(Aa3HBIX
reTepOreHHBIX CUCTEMAX.

5.1.2. XapakTepucTuKa COBpeMeHHBIX MPOrPAMMHBIX KOMILJIEKCOB (PH3HKO-XUMHUYECKOT0
MO/1eJITUPOBAHUS.

OCHOBHBIE ITAITBl Pa3BUTHS METOA0B (DH3UKO-XUMUIECKOTO MOACITUPOBAHUS (MCTOPUIECKAS
cnpaBka). MeTonuyecKkue W TEOPETUYECKHE BOIPOCHI, CBSI3aHHBIE C HCMOJIb30BaHMEM DOBM B
(U3HKO-XMMHYECKOM  MOJICTUPOBAaHUM B  TIeOXUMUU. MuHMME3ausa dHeprum [ uOOca
(cpaBHUTENBHOE OMHMCAHHME CYHIECTBYIOIIUX MporpaMM) [ToHSATHE OTKPBITHIX U 3aKPBITHIX CHUCTEM
no JI.C. Kopxunckomy. [lpuHuun craGuiabHOT0, METacTaOMJIBHOTO, YAaCTUYHOTO PaBHOBECHS,
pacuer HeoOpaTUMOI1 SBOJIOIUU TeOXUMUYECKUX cucteM. OOpaTHble PU3NKO-XUMHUECKUE 3aJaUH.

CoBpeMeHHOe TepMoJUHaMH4Yeckoe MojenupoBanue [Axundues, 1995; bopucos, 2000;
I'puuyk, 2000; benos, 2002; I'eonormueckas sBomtouus..., 2005; IlanssnoBa, Kononun, 2007;
I'acekoBa, bykatel, 2008; Pespkxenko, 2008; Karpov et al., 1997, 2002; Mironenko et al., 2000;
Kulik, 2006; Dolejs, Wagner, 2008] mpeactaBisieT OCHOBY KOMITBIOTEPHOTO HCCIICIOBAHHS
MPOIIECCOB (PU3UKO-XUMUYICCKOTO B3aUMOJICHCTBUS W TPEBPAICHUS BEIIECTBA B NMPUPOIHBIX H
TEXHOJIOTHYECKHX CHCTEMaX, BKJIIOYas YaCTUYHO PABHOBECHBIE U Me-TacTaOWJIbHBIC IMPOIIECCHI
pacTBOpPEHUS, OTJIOKCHHS, KPUCTALIM3AIUHU, (DPAKIHMOHUPOBAHUS, ACCUMWIISINK, CMEIICHHUS,
KOHTAaMHUHAIIMK, WCHAapeHUus, KOHJEHCAIlMHM, TOpeHHs, B3pbiBa. KiltoueBoe 3Haue€HHE B TaKUX
pa3paboTKax MPUHAUICKHUT BBIYUCIUTEIHHBIM aJTOPUTMaM W METOJIaM, C IOMOIIBI0 KOTOPBIX
PaCCUMTHIBAIOTCS XUMUYECKUE PABHOBECHS C OMpEEICeHHEM KOMIOHEHTHOTO U (a30BOr0 COCTaBa
CJIOKHBIX MHOTOKOMITOHEHTHBIX, MHOTO()Aa30BBIX 1 MHOTOArperaTHBIX MPUPOTHBIX CHCTEM.

HcTopudeck CIOXHUIOCh TaK, YTO B HACTOAIIEe BPEeMs CYIIECTBYET JABa MapajlieldbHO
pa3BHBACMBIX TIOJXOJa B IOCTAHOBKE M PEIICHUH 3a7ad pacdyera XUMHUYCCKHX PaBHOBECHIA.
[lepBoiii OcHOBaH Ha (GopManM3Me CTEXHMOMETPUYEC-KUX YpPaBHEHHH peakIuii M KOHCTaHTaX X
paBHOBECHsI - pacyeT IO pEeaKIHsIM, BTOPOH - Ha TPUBJICYCHUH MATEMAaTHYECKOTO armapara
BBIMYKJIOTO TPOTPaMMHUPOBAHUS - METOJ MHHHMH3AIMH. PacueT mo peakiusM HCIOIh30BaJICS
XUMHUKAaMH W TEXHOJOTaMH eIle B JOKOMITBIOTEPHYIO 3py pa3BuUTHs Hayku. C MOsSBICHUEM
KOMITBIOTEPOB PA3JIMYHBIE CXEMBl pacyeToB IO peakiusM Obuid ¢GopManu30BaHbBl B BHUJE
0000IIIeHHBIX MaTeMaTHYECKHX MOJeNieil XxuMudeckux paBHoBecuit [Brinkley, 1946, 1947; Boll,
1960; Bethke, 1996], pa3paboTaHbl BBIYHCINTEIBHBIC aTOPUTMBI H COCTABJICHBI KOMITBIOTEPHBIE
nporpaMMbl. Cpefii 3apyOeKHBIX TE€OXHMMHKOB IMPOTPAMMBI, B OCHOBY KOTOPBIX ITOJIOXKEH METO]T
KOHCTaHT pAaBHOBECHS, TMOJNYYHJIM MIMPOKOE PACHPOCTpaHEHHWE TIPU HU3YYCHHH TPOILIECCOB
B3aUMOJICHCTBUS "BOJa-TOPHBIC TOPOBI", TJIABHBIM 00pa3oM Oyiaromapsi MTHOHEpHBIM pabdoTam I
Xenbrecona [Helgeson, 1967, 1968, 1969, 1970; Helgeson et al., 1969, 1970]. Nm x Hauamy 1970-x
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rT. Obutm  pa3paboTaHbl MaTeMAaTUYEeCKass MOJIENb, BBIYMCIUTEIBLHBIN aNrOpUTM, METOBI
¢dbopMupoBaHus 6a3bl TEPMOJMHAMUYECKHUX JAHHBIX C Y4aCTUEM KOMIIOHEHTOB BOJHBIX PaCTBOPOB
ANEKTPOJINTA; CO3JaHa KOMIIBIOTEpHas MporpaMma M (4YTo, MO-BUAMMOMY, TIJaBHOE) IIOKa3aH
MPUHIMITUATIBFHO HOBBIA MOJIXOJ K MOAEIUPOBAHUIO (PU3UKO-XUMUYECKUX MPOILECCOB C YYETOM HX
HEOOPAaTUMOCTH Ha IPUMEPE MO 00pa30BaHUs METACOMAaTHIECKON 30HAIBHOCTH.

BonbIIMHCTBO k€ 3apyOeKHBIX T€OXUMHUKOB U IETPOJIOTOB B MOAABIIAIOIIEM YUCIIE CITy4acB
HCIIONB3YIOT CEepUiHBbIE padoure KOMIBIOTEPHBIE MPOrpaMMbl pacueTa B3aUMOJCUCTBUSI THUIIA
"BOJa-TOpHBIE MOPOJBI", OCHOBAHHBIE HAa aJIrOPUTMAax pacyeTa XUMHUYECKUX PABHOBECHUH IO
KOHCTaHTaM CTeXHOMeTpHueckux ypaBHeHui peakiuii [Kharaka et al., 1988; Plummer, 1992;
Nordstrom et al., 1993; Parkhurst, Appelo, 1999]. Henb3s cka3arh, 4T0 0 BO3MOYKHOCTSIX METOJa
MUHUMU3ALUN 3apYOCIKHBIE TEOXUMUKHA MH(GOPMUPOBAHBI B MEHBIIICH Mepe, 4YeM O pacuerax Iio
peakuusM. Mmu onyGnukoBaHbl pabOThl B BEIYIIUX TICOXMMUYECKUX U METPOJIOTUYECKUX
KypHajaX, B KOTOPBIX OTMEYAIOTCS MPEUMYIIECTBA METOJa MHHUMU3ALMNH, TPEIIOKEHBI
pa3iMyYHbIe BBIUMCIUTEIbHBIE ANTOPUTMbI, CO3JaHbI KOMIBIOTEPHBIE MPOrpaMMbl, paboTa 3THX
porpamMM MPOJCMOHCTPUPOBaHA yueOHbIMH M TecToBbiMH mpumepamu [Eriks son, 1971, 1974,
Eriksson, Rozen, 1973; Harvie, Weare, 1980; Ghiorso, 1985; Capitani, Brown, 1987; Harvie et al.,
1987]. C nomomibto METOI0B MUHUMHU3ALMK TPEIIPUHATHI MONBITKA PEIICHUs OTIACNIbHBIX 3ajau
reoxumun u rerponoruu [Heald, Naughton, 1962; Shimazu, 1967; Holloway, Reese, 1974; Saxena,
Eriksson, 1983; Harvie et al., 1984]. Cpenu 3Tux paboT HEOOXOAMMO B KAa4eCTBE HCKIIIOUCHHS
BBIJICJTUTh U OTMETHTh 3aMevaTelibHbIe ncciienoBanus Mapka ['nopcoy u SIna Kapmaiikia [ Ghiorso,
Carmichael, 1980, 1985; Ghiorso, 1985, 1987]. B Teucnue nepBoii mosoBuHb 1980-X rT. OHH
OCYILIECTBUIIM OECIPUMEPHYI0 HAYYHYIO MPOTpamMMy CKBO3HOTO pELICHHUS MPOOJIeMbl KOMIIBIO-
TEPHOI'0 MOJEIUPOBAHNUS IBOJIFOLIMOHHBIX (PU3UKO-XUMHUYECKHUX ITPOLIECCOB B CUCTEMAX C y4aCTHEM
MarM OCHOBHOTO cocTaBa. [IporpamMma BkItoyaeT co3gaHue 0a3bl BXOJHBIX TEPMOJWHAMUYECKUX
JAHHBIX, B TOM 4YMCJIE€ KOMIIOHEHTHI paciljiaBa, TEOPETHUECKOE OOOCHOBAaHME U MATEMATUUYECKYIO
[IOCTAHOBKY, CO3JaHUE BBIYUCIUTEIBHOTO QIrOpUTMa M MPOrPaMMbl, U B HUTOT€ IMOIYYEHBI
HETPUBHAJIbHBIE T€OXMMUYECKUE PE3YJbTaThl, JAIOLIME HOBOE, Oojiee IIyOOKOE MOHUMaHHE U
00BsICHEHHE TEPMOJIMHAMUYECKIM MEXaHU3MaM CEJIeKTUBHON MarMaTu4eckon auddepeHnnaniu u
B3aUMO/ICHCTBHUSI OCHOBHBIX HHTPY3HI C BMEIIAIOIITUMHU MTOPOJAMHU.

Ho B wmenom, naxxe c yderom pabor M. I'mopcoy m S. Kapmaiikna, mo cpaBHEHHUIO C
MacmtabaMu pacpoCTPAHEHHUST KOMITBIOTEPHBIX MPOrpaMM pacdyeTa paBHOBECHH MO KOHCTAaHTaM
paBHOBECHs MPOTPaMMbI Ha OCHOBE aJrOPUTMOB MHUHHMH3AIUU PACIPOCTPaHEHBI 32 PyOeKoM B
CYLIECTBEHHO MeHblIeH crerneHn. OHU NPUMEHSIOTCS 3MU30JUYECKH, OT cilydas K Cllydalr, B
OCHOBHOM TE€MH, KTO UX CO3/A€T.

5.1.3. CBenenusi 0 nporpaMMHOM KoMmiIljiekce «CerekTopy».

Cenexmop-Windows — sBisieTcsi MHTETPHPOBAHHOW — MOMAYJIBHOW — CHCTEMOW  OTKPBHITON
apxutekTypbl. [lonubii kommuiekT Cenekmop-WINdOWS mpencraBiseT COBOKYIMHOCTh MOJIYJICH,
00BEIMHEHHBIX ¢ WHGOPMAIIMOHHON cpefol B equHbIA KoMmIiuiekc. MakpoctpykTrypa Cenexkmop-
Windows BkitrogaeT ciieiyrorire OCHOBHbBIC (DYHKIMOHAIbHBIE U HH()OPMAIHOHHBIE OJIOKH

1. Bazvl moodeneri. Daiinpl TOTOBBIX K HCIONB30BAHUIO MOJIENEH: TECTOBBIC, YyueOHbIE,
STaJIOHHbIE, pabouue MOJENU Haubojee pacHpOCTPAHEHHBIX CHUCTEM THIIA MOPCKOM BOJIbI, BOABI
o3epa baiikan, atmocdepsi, yrneBogopoanoii cuctembl C-H-O-N. Ecnam pemaemoii mpobieme
yIaeTcsl COMOCTaBUTh COOTBETCTBYIOLIYIO MOJENb U3 0a3bl, TO 3TO MOXKET 3HAYUTEIHHO YCKOPUTH
HaYaNbHBIM Tporiecc GOPMUPOBAHUSA M OTIAAKH Mojenu. ba3za OTKphITa K JOMOJHEHUIO HOBBIX
MOJIEJIEW UCCIIeN0BAaTE.

2. bnox gopmuposanusa modeneu. IlpousBogurcs cOopka (PU3MKO-XMMHUYECKHX MOjEIen
pa3IMYHOIO THUIIA, BKIIIOYash MHOTOpe3epByapHble MeracucreMmsl. lccienoBaTens 3alaeT CIHUCOK
MOTEHIIUAJIHFHO BO3MOXKHBIX B PAaBHOBECHH (a3 M 3aBUCUMBIX KOMIIOHEHTOB M COCTaB CHCTEMBI 110
HE3aBHCHMBIM  KOMIIOHEHTaM, a TakK)Xe COMVIACHO BXOJHBIM JIUPEKTHUBAM  -CIIEHApHUi
MOJEIUpPOBaHUs. Moellb MOXKET BKIIIOUATh CIAEAYIOIINE BUAbI CLIEHAPUEB:

1. B 3aBUCHMOCTM OT YCJIOBUH CYHIECTBOBaHMSI BBIOMpAeTCs OJUH M3 IIECTH
TepMoauHamMuueckux moteHnuanon: G(T,P) - nomenyuan ITubbca;, A(T,V) - nomenyuan
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Tenvmeonvya;  -S(H,P) - wuzobapno-uzosumanonuiineiti nomenyuan; -S(U,V) - wuzoxopno-
uzoanepeemuyeckuil nomenyuan; U(S,\V) - uzoxopro-uzosnmponuiinvlic ROmeHyuan,

H(S,P) - uzobapno-uzosumponuiinviti nomenyuan. Kpome TOro, MOXHO MaKCHMH3HPOBATh
noteHipan ['nd0ca, MEHsIs 3HaK Ha MPOTHUBOIOJIOKHBIN y TMHEHHBIX wieHoB GyHkiuu G(T,P).

2. BpiOupaeTrcst TUI MOJETH, B 3aBUCHMOCTH OT XapakKTepa paBHOBECHUS: TIOJIHOTO,
METacTaOUIBHOTO WM YaCTUYHOTO.

3. B cayuae MoaenupoBaHHS CIOXKHBIX MOJENEH, COCTOANIUX W3 HECKOJIBKHX CHUCTEM,
(bOpMHPYIOTCS MHOTOPE3epBYapHast MOJIEIb.

4. Eciiu HEOOXOAMMO OIEHUTHh BIUSHUE HEOMPEACICHHOCTH BXOJHBIX TEPMOIMHAMHUYECKUX
JaHHBIX, XUMHUYECKOTO COCTaBa CHUCTEMbl 10 HE3aBUCHMBIM KOMIIOHEHTaM, K03(duuueHToB
AKTUBHOCTH 3aBUCHMBIX KOMIIOHEHTOB, TEMIIEpaTyp W/WIM JAaBJICHUS HAa KOHEYHOE pEIICHUE,
3aJjaeTCsl MOJICITh pacdeTa B YCIIOBHSIX HEOMPEICICHHOCTH.

5. Pemenne oOpaTHOM 3aa4uu ONIPEICIICHUS TEMIIEPATYPHI U JIABJICHUS 10 U3BECTHOMY BEKTOPY
COCTaBa 3aBHCUMBIX KOMIIOHEHTOB TOJIpa3yMeBacT ((OPMUPOBAHHUE MOJICITU 2eomepmobapomempa.

3. Cucmema 6a3 dannvix. BKiltoyaeT HECKOIBKO 0a3 MCXOIHBIX TEPMOJNHAMHYECKUX JaHHBIX.
[IpencraBnsier coO0OM KOMIBIOTEPHBINH CHPABOYHUK C MPOTPAMMHBIMU CPEICTBAMHU YIPABJICHUS,
pacdera TEPMOJMHAMUYCCKUX XapaKTePUCTHK B IMUPOKOH OOJACTH TeMIepaTyp W JaBJICHHA,
NPOBEPKH W COMOCTABIICHHS JaHHBIX M3 pa3JIMYHBIX KMCTOYHUKOB, a Takxke 00paboTkw,
KOPPEKTHPOBKU M BHU3YAIHM3AI[MH TEPMOJUHAMHYCCKHUX JTAHHBIX KOMIIOHEHTOB BOJHOTO PacTBOpA
AJIEKTPOJIMTA, Ta30B, JKUAKUX YIJIEBOJOPOJIOB M KOHICHCHPOBaHHBIX (a3. Cucrema 0a3 JaHHBIX
MOCTOSIHHO ~coBepmieHcTByeTcs. OHa Bcerma JOCTynmHAa K pacmupeHuro. CUCTeMaTHYecKu
MIPOU3BOJIUTCS €€ TIOMOJHCHUE  KOPPEKTHPOBKA.

4. Boiyucrumenvuwiii 610k. B 3TOM 0510K€ pacCUUTHIBAIOTCS TEPMOJAMHAMUYECKUE ITapaMETPhl B
3aBHCU-MOCTH OT TEMIIEPATypbl, NaBJICHUS U KO3(PPHUIIMEHTOB aKTUBHOCTH H/WITH PYTrUTUBHOCTH. B
pacderax M30TEPMHUYSCKUX MU3MEHEHHUU TEPMOJUHAMUYCCKUX (DYHKIIUN MCIIONB3YIOTCS: YPABHCHHS
3aBHCUMOCTH U3MEHECHHUs 00beMa KOHJICHCHPOBAaHHBIX (a3 OT TeMIIepaTyphl M JIaBJICHUS B 0azax
nanubix Helgeson et al., 1978, Berman, 1988, Holland and Powell, 1990;

ypaBHeHust coctostHus JIu-Kecnepa KMOKMX W Ta3000pa3HBIX  YIIIEBOJOPOJIOB; IMOJIY-
SMIUPHUYECKHE COCTOSIHHS Ta30B B MPUBEACHHBIX MTapaMeTpax, OXBATHIBAIOIINE OOJBIIYIO 00JIACTh
BBICOKMX TeMIleparyp u JaBieHuil. TepMoauHaMH4ecKHe CBOWCT-Ba KOMIIOHEHTOB BOJHOTO
pactBopa B obmactu 10 1000°C u 5000 Gap paccUMThIBa-IOTCS O MOAUGMUIIMPOBAHHON MOJETH
HKF Xensrecona - Kupkxena - ®nayspca (Helgeson et al., 1981; Tanger and Helgeson, 1988).
KoadduimenTsl aKTUBHOCTH KOMIIOHEHTOB BOJHOTO PAcTBOpPA 3JIEKTPOJIUTA BBIUUCIISIFOTCS I10
ypaBHeHuo Jlebas-Xrwokkens B moaubpukarmu Xemsrecona (Helgeson et al., 1981). Pacuer
paBHOBECHOTO (Da30BOr0O H KOMIIOHEHTHOTO COCTaBa CHCTEMBI OCYIIE-CTBIISICTCS IyTEM
MHHAMH3AIUK  KU300apHO-u30TepMHuUueckoro mnorennuana (Karpov et al., 1997, 2002). B
BBEIYHCITUTEILHOM OJIOKE peali30BaH OJMH W3 CaMblX 3((EKTHB-HBIX AITOPUTMOB BBITYKIOTO
MporpaMMUpOBaHus - MeToln BHYTpeHHHMX Todek (MBT) ¢ ogHO- W JIBYXCTOPOHHHMH
OTpaHUYCHUSIMA Ha HCKOoMble BenuuuHbl. MBT - onHa u3 mMoaudukamuii MeTo/la BO3MOKHBIX
HampaBieHu# 3oiTeHaelika. Beioop HauanbHOTO MPUOTUKEHUS OCYIIECTBISIETCS aBTOMaTHUECKH, C
MPUMEHCHHEM  MOJIU(PHUIIUPOBAH-HOTO  CHUMIUIEKC-MeToqa. [lo  CpaBHEHHMIO C  JPYTHMH
MPUMEHSIIOIIMMHUCA Y Hac U 3a pyOexkoM anroputMamu MuHuMmmsanuu, MBT nemoHctpupyet
HCKITIOYUTEIIEHO BBI-COKYI0 3()()EKTHBHOCTh B PEIICHUW 3a7a4 XHUMHUYECKOW TEPMOTUHAMUKH,
MOCTaBIIEH-HBIX KaK 33J]Ja4M BBITYKIIOTO MPOTPaMMHUPOBAHUS.

5. Busyanusayus u ananus noayyenuvix pesyivmamos. CriennaibHBIA TPOTPaMMHBIA MOIYITh
MO3BOJISIET BBIBOJAWTH Ha OJKpaH Tab-TMYHOE U Tpaduyeckoe TMpeACcTaBIeHUE pe3yIbTaToB
MOJICTTUPOBAHUS, a TaKXkKe, MPH HEOOXOIUMOCTH, 3KCIIOPTHPOBATh JIAHHBIC B JIPYTHE MPOTPAMMBI
00paboTKH TeKCTO-BOM 1 rpaduyeckoit nHpopmarmu B cpeaeWindows.

6. Koppexmuposka u ymounenue modeau . Ha 3TOM Imare aenaercsi OIEHKa IMOJyYeHHBIX
pE3yNbTaTOB U, €CIM €CThb Takas HeO0OXOIWMOCTb, BHOCATCS B MOJIEIh COOTBETCTBYIOIINE
W3MCHCHHUS U YTOUHEHUS U PAacdeT MOBTOPSETCS.

5.1.4. OcoOeHHOCTHM TIPUMEHEHHs1 NPOrpaMMHOro Komiuiekca «CejekTop» K
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MO/IeJINPOBAHHUIO I'e0JI0r0-Te0XHMHYECKHX MPOLecCoB.

C momompro IIK "Cenekrop" mocTaBieHO W pemnieHO OOJBIINOE KOJIMYECTBO 3a7ad B
pa3IMYHBIX 00JACTIX NPUMEHEHUS XUMUYECKOW TEPMOAMHAMHKH B TC€OXUMHH, METPOJIOTHH,
TEXHOJIOTUYECKHUX MPHIOKEHUsIX. OTMETUM JIHILb HEKOTOpPbIE OCHOBHBIE PE3YJIbTAThI, MOJTYyYCHHE
KOTOPBIX CTaJI0 BO3MOXHBIM TJIABHBIM 00pa3oM IOTOMY, YTO B pyKax HccienoBareneil Obul Takon
MOIIHBIH WHCTPYMEHT (hU3UKO-XuMudeckoro monenupopanus, kak [1K "Cenexrop". 310 Moaenu
u3MeHeHus arMmocdepsl B gokemOpum  [[po3moBckas, 1990]; rumepreHHbIX MPOLIECCOB
pynoobpaszoBanus [Kamuk, Kapmor, 1978]; mpormeccoB, MpOTEKAOIMIMX B JIATEPUTHBIX KOpax
BeiBeTpuBanus [Komneiikun, 1988]; MuHepano-o0pa3oBaHus B BHICOKOTEMIIEPATYPHBIX (DIIFOMIHBIX
cuctemax [IlaBmoB, 1992]; pacuer TemioBbIX 0ajJaHCOB reOXMMHUYECKUX IporeccoB [UymHeHKo,
Kaprnios, 1990a]; oOpa3oBanms xene30MapraHIeBbIX KOHKPEIMI Ha JHE MOpel U okeaHoB [['pamm-
Ocwurmos, 1991]; o6ocHOBaHUS TEPMOAMHAMUYCCKON YCTOMUYUBOCTH YTIIEBOJAOPOJIOB B 3€MHOM KOpE
u BepxHed mantuu [3yokoB, 2005]; ocamkoobpa3zoBanus B banruiickom mope [Kulik et al., 2000];
00pa30BaHus SIUTEPMATbHBIX 30JIOTOPYIHBIX MECTOPOXKIEHUN ceBepo-BocToka Poccun [Kapros u
ap., 2001a; KpaBuosa u ap., 2003 ]; mouBoobpazoBanus [[1loda u ap., 1992; llo6a, Kapmos, 2004];
skojornyeckux 3aaad Kombckoro Cesepa [Masyxuna, 2005]; B3auMoaecTBUS NMOA3EMHBIX BOJ C
TOpHBIMU NOpoAaMu B 30He runeprenesa [Jlyrosa, 2004]; nzyuyeHus IucnponopLUUOHUPOBAHUS U
bpakuuoHupoBaHus yriepoaa B npupoaHbix Bojxax [[laBmoB u gp., 2008]; pa3BuTHs
HagacteHocepHbix (monaaeix cucreM [lllapamos, 2005]; reokaranu3 [IllapamoB u ap., 2007];
reotepmobapomerpusi [Uyanenko u ap., 2007]; moaenupoBaHHe MHHEpANbHBIX accolUalil B
MeTaMop(hUIecKux mopoaax [ AB4eHKo u ap., 2009].

5.1.5. MeToanbl U crioco0bl MOAEJTUPOBAHMS MPUKJIATHBIX T€OXUMHYECKHUX 32/1a4.

B3peiB - OpIcTpOe pacmiupeHue BemecTBa A0 00beMa, BO MHOTO pa3 MPEBBIIIAIOIIETO €ro
MepBOHAYallbHBIE pa3Mephl. 3HAUMTENbHOE pa3pyllarolee NeicTBUE B3phIBUaTHIX BemlecTB (BB)
CBSI3aHO HE C JKCTPEMaJIbHBIM 3allacoM 3HEpruu, cozaepxaiuemcs B BB, a ¢ Tem, uro sHeprus
KOHIIEHTPUPOBAaHA B BECbMa MaJOM O0bEME M CKOPOCTh €€ BBIJICICHUS UCKIIOYUTEIHLHO BBICOKA.
JleToHausl SIBISIETCSI OCOOBIM THUIIOM JK30TEPMHUYECKOW pEaKIMH, COMPOBOXKIAEMOU yHapHOU
BOJIHOM W TPOTEKAaIoIIell C Takoil OOJNBIION CKOPOCTHIO, YTO BCS SHEPTHUA, 3aKiioueHHas B BB,
0CBOOOXKIaeTcs A0 TOrO MOMEHTa, KOTJa HAcTyMaeT CKOJIbKO-HHOYIb 3aMETHOE pacUIMpeHue
BEILIECTBA.

[TockonbKy B3pbIBHBIE MPOIIECCH UTPAIOT BaXKHYIO POJIb HE TOJILKO B BOEHHOM JIelie, HO U B
MPUPOJHBIX U TEXHOJIIOTMUECKUX CHCTEMAaX, B YACTHOCTH, MPU MPOBEAECHUHU T'€0JOr0-pa3Bel0YHbIX
paboT, X U3yYEHUIO MOCBALIEHO OO0JIBIIOE KOJUYECTBO JOCTATOUHO MOJPOOHBIX U 0OCTOSATENbHBIX
uccnenoBanuii [Anapees, benses, 1960; baym u ap., 1975].

B cBs3u ¢ pa3paboTKON TEOpPETUYECKHMX OCHOB TI€He3uca YIJIEBOJOPOJOB BeEChbMa
aKTyallbHOM B TIOCIEAHHME TOABI cTaja MpoOieMa AEeTOHAIMHM TSOKENbIX YIIIEBOJAOPOJOB Kak
00BsICHEHHE MPUPOABI 3€MIIETPSICEHUM BCIEACTBHE XMMHUYECKMX B3PHIBOB B JUTOC(EpPE U BEpXHEH
mantun 3emnu [KapnoB u ap., 1998; 3y6kos, 2005]. Ha rmyOGune 7-120 kM cymiecTByeT
SHEPreTUUECKU Oapbep OTHOCUTEIBHO HUCXOJANIMX M BOCXOJSIIMX IOTOKOB TSXKEJNbIX
yriaeBo1opoaoB. B unteppane 60-120 kM 3TOT Oapbep TOCTUTaeT MaKCUMaJIbHBIX 3HaUYEHUH. 3/1eCh
o0bEMHasi PHEPreTHYecKas eMKOCTh METAcTaOMIIbHBIX TSDKENBIX YIJIE€BOJOPOIOB COIMOCTaBUMa C
SHEPreTUYECKOW E€MKOCThIO  MOIIHBIX  B3pBIBYATBIX  BEUIECTB - TPUHUTPOTONIyoJla M
HUTPOTJIUIEPUHA.

[TIponeMoHCTpUpYEeM Ha MPOCTOW TEPMOIAMHAMUYECKOM MOJENH, KakuM oO0pa3oM MOXKHO
paccuuTaTh TEMIepaTypy, JaBJICHHE U XapaKTEPUCTUKH MPOJYKTOB B3pbIBa MpU aauabaTHYECcCKOM
NpeBpalleHH  BelecTBa B  COOCTBEHHOM oObeme. B kadecTBE  MUHMMH3MPYEMOIO
TepMOJMHAMHYECKOTO moTeHnuana mnpumem -S(U,V). Drtor BBIOOp mpemomnpenesieH TeMm
OOCTOSITENILCTBOM, YTO MOJAETHPYEMbI MpoIecC MNPOUCXOAUT B H30XOPUUYECKHX YCIOBUSX,
KOTOpBIE 3a/1al0TCS [IEPBOHAYAIBHBIM 00BEMOM METACTaOUIILHOM CHCTEMBL. DHEPTHUs, 3aKII0UEHHAs
B JJAHHOM O0BEME METAacTa0WIBHON CHCTEMBI, 3TO HE TOJIHKO XUMHUYECKas JSHEPTHUS, HO TaKXKe
"Tepmudeckas" M "BHYTPEHHsISI MEXaHUYECKas' 3HEpPrusi, KOTOPbIe COOTBETCTBYIOT IIPOU3BEICHHUIO
TS (temneparypa u sutponus) u PV ¢ orpunarensubiM 3HakoM [Kopxkunckuit, 1957]. Tlostomy
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Apyrue TepMOAMHAMHUYECKHME (YHKIMHM HE JAlOT CTOJb IOJHOTO TPEACTaBICHUs 00
SHEPTEeTUUYECKOM 3arace TaKOi MeTacTaOMIIBHOW CHCTEMBI.
5.1.6. Cnoco0bI pacuéra, corjiacoBanus 1 00padoTKN TepMOAMHAMUYECKO HHPOPMALMH.

B reoxumMuueckux U METPOJIOTMYECKUX HCCIIEIOBAHUSAX YacTO BO3HHMKAET HEOOXOIUMOCTH
pacuera HEW3BECTHBIX 3HAUYEHUH CBOOOJHON sHepruu obOpazoBanus ['mbOOca coequHEHUH MO HMX
U3BECTHBIM COJepKaHMUSIM B cucteme. [lycTh, Hampumep, B JAHHBIX YCIOBHUSAX TEMIEPAaTyphbl U
JaBJICHUS] MBI 3Ha€M AHAJIMTUYECKHH COCTaB BOJHOTO PAacTBOPA, PABHOBECHOTO C MHHEPAIbHBIM
naparese3ucom. TpeOyeTrcs onpeAeuTh CBOOOTHYIO SHEPruio0 oOpa3oBaHus | nOOca MuUHEpaoB
sTOro maparenesuca. CTeXMOMETPUYECKH COCTaB MUHEPAJIOB IMPEAINOJIaraeTcsi N3BeCTHbBIM. Ecin
MBI pacrojiaraéM HCXOIAHBIMU TEPMOJMHAMUYECKUMU JAHHBIMH, C TOMOIIbIO KOTOPBIX METO/IOM
MUHUMU3aUKA CBOOOAHON sHepruu ['mOOca MOXKeM paccuuTaTh PAaBHOBECHBIH COCTaB BOJIHOTO
pacTtBopa, TO 3a/aya OmpeneieHus CBOOOJHON »Heprun obpazoBanus ['n6Oca MuHEpalloB Takxke
MOET ObITh perieHa. PaccunTaB paBHOBECHE BOJHOTO PACTBOPA, MBI MO YUCIICHHBIM 3HAYCHUSM
XUMHUYECKUX TOTEHIIMAIOB HE3aBUCHMBIX KOMIIOHEHTOB OIpEACTUM U CBOOOJHYIO JHEPIHI0
obpa3zoBanus ' m60ca paBHOBECHBIX ¢ BOAHBIM pPacTBOPOM MUHepanoB. [1o Takoii ke cxeme MOKHO
OTIPEAECTUTh CBOOOHYIO PHEPTHI0 00pa30BaHus 3aBUCUMBIX KOMIIOHEHTOB CUJIMKATHOTO pacIljiaBa,
PaBHOBECHOTO C Ta30BOM (ha3oii, cojepikaiiell BCE HE3aBHCHUMBIC KOMITOHEHTBI, M3 KOTOPBIX
COCTOHT CHUJIMKATHBIN pacIijiaB.

B ycrnoBusix paBHOBecHS BCEH CHCTEMBl XHUMHYECKHE IOTCHIMAIBl HE3aBUCHMBIX
KOMITOHEHTOB B II€PBOM U BTOPOH MoJicucTeMax OyayT UMETh OJHO U TO ke 3HadeHue. [loatomy mno
JBOWCTBEHHBIM pEIICHUsIM 0a30BOM IMOACHCTEMBI MOXHO paccuuTarh (GyHKiuu G, 3aBUCHUMBIX
KOMITIOHEHTOB BTOpO#, HE0a30BOil MOJCUCTEMBI, €CIIM HaM HU3BECTEH HX CTEXHOMETPHUYECKHIt
cocraB. OyHKIMU (., ] € J; paccUUTHIBaOTCS 0 (HOpMyJiaM, KOTOPbIC BBIBOIATCS M3 YpaBHCHUMN
OO0IIEeIOCTYITHBIX ypaBHEHUEH

CraHgapTHBIE TepMOIWHAMUYECKHAE (YHKIUH: SHTAIBIHNS, SHTPOMUS U M300apHO-U30TEPMHUUECKUI
IIOTCHIMAJI B3aMMOCBS3aHBI. HOSTOMy 0 ABYM HU3BECTHBIM TEPMOIUHAMHUYCCKUM IIapaM€TpaM BCEraa
MOKHO pacCcyuTaTb TpeTI/II\/'I. Ota ornepanusa O4Y€Hb BaXXHa BO BHYTPUCUCTCMHOM COIIaCOBAaHUMN
TePMOJMHAMHYECKUX (YHKIIMA, a TakKe B pacdyeTe HEM3BECTHBIX TEPMOJWHAMHYECKUX XapaKTEPHCTHK B
cJIydac, Korjga u3B€CTHbI 110 KpaﬁHeﬁ MEpEC ABa CTAHAAPTHBIX TCPMOJNHAMHWYCCKHUX MMOTCHIUAJIA.

[TpuBenem pacyeTHbie HOPMYJIBI.
OHTaNBIUA

0 0 0
AHf,T = AGf,T + T (ST - LT) ’
OHTponus
0 0
AHf,T - AGf,T "

T
Ouneprus ['n66ca

AG p =AH] » —T(Sp — Ly).

Sp =

L.

roe Ly =23? %; s? — DHTPOINSA TEPMOXMMHUYECKH IIPOCTOr'0 BeIeCTBA j IPHU
j i

Temneparype T ¥ CTAHAAPTHOM JaBJIEHMH; X; — YHUCJO SI€MEHTOB IPOCTOTO Be-
mecTBa j B 6pyTTO-hopMyJsie coearHEeHU;

5.2 Pa3zmenbl JMCUMIUIMHBI M MEXIMCUMIUIMHAPHBIE CBSI3M ¢ o0ecrneYyHBaeMbIMU
(mocseAyOIIMMHU) AUCHUIIIMHAMUA
JuctuninHa HeoOXoAuMa JUIst MOATOTOBKM MAaruCTpaHTa K UTOTOBOW aTTeCTallun



5.3. Pa3nesbl JUCHUIIJINH U BUABI 3aHATHN

Ne

n/a

HaumenoBanue pasnena

Bunrwl 3ansTuil B gacax

JIekar.

[Ipakr.
3aH.

CemuH

JIa6. 3aH.

CPC

Bcero

1.

O06mmue
3aKOHax
TEPMOIUHAMUKHU

CBCACHU ()

14

XapakTepucTuka
COBPEMEHHBIX
IIPOTrPaMMHBIX
KOMILIIEKCOB
XUMHUYECKOTO
MOJICTIUPOBAHUs

busuKo-

16

Caenenus o
IIPOrpaMMHOM
KoMIuiekce «CeneKkTop»

16

OcobeHHOCTH
MIPUMCHCHHUS
IIPOrpPaMMHOI'0
koMIuiekca CenexkTop K
MOJICJTUPOBAHUIO
MIPOIIECCOB
(hOpMHUPOBAHHMS TSIKEIIBIX
YTIIEBOIOPOIOB

19

MeTtob1 1 cIOCOOBI
MOJIEITUPOBAHUS
MeTacTaOUIbHBIX
paBHOBECHIA

22

Crnioco6sl pacuera,
COI'JIACOBAHUS U
00paboTku
TEePMOINHAMHUYECKON
nH(popManuu

18

6. Ile

€CYCHb CCMUHAPCKUX, IPAKTUYICCKUX 3aHATHII B J1a00

aTOPHBIX padoT

n/n

No paznena u Tembl
JAUCILUITIINHBI
(Momynst)

HaumeHnoBanue cemuHapos,
MPaKTUUECKUX U JabOpaTOpHBIX paboT

Tpyn
OCMK
OCThb
(gac.)

O11eHOYHEIE
cpezcTBa

Dopmu

pyeMble
KOMIIET
CHIIUU

2

3

4

5.1.1. OOuiue
CBEJIEHMS O 3aKOHAX
TEPMOAMHAMUKHU

JlBa Hauana TEPMOJIMHAMUKH,
TEPMOJANHAMHYCCKHIA TOTECHIIHA,
npasmio ¢a3 ['mb6oca

3a4eT

5.1.2.
XapakTepHucTHKa
COBPEMEHHBIX
MIPOTrPaMMHBIX
KOMIUIEKCOB (PM3HKO-
XUMHUYECKOTO
MOJICITHPOBAHHSA

Mertons! pacuéTa 3HaUEeHUI
TEPMOANHAMHUYECKHUX TOTEHLIUAIOB IPH
BBICOKUX TEMIIEPATypax U JaBICHUIX

3a4€cT
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3 5.1.3. CBenenus o Pacuér paBHOBECHOT'0 COCTaBa CUCTEM 4 3a4eT TIK-
IIPOrpaMMHOM METOZ0M MUHUMH3ALHUU 1,3,6
KOMILIEKCE TEPMOJMHAMHYECKHUX MTOTEHIHAIOB
«Cemnextopy.

4 5.1.4. OcobenHocTn MeTtozas! TepMOAMHAMHUYECKON 6 3aueT K-
IIPUMEHEHHUS 00paboTKN SKCIEPHUMEHTAIBHBIX JaHHBIX 1,3,6
HPOrpaMMHOTO B F€OXUMUH U TIETPOJIOTHH
KOMIUIEKCa
«CenexTop» K
MO/ICIMPOBAHUIO
re0JIoro-

TEOXUMHIECKHX
IPOIIECCOB.

5 5.15. Meromsr u | Ilpumepsr ncciegoBaHus ¢ TIOMOIIHIO 6 3a4eT IIK-
CHOCOOBI TEePMOJMHAMUYECKUX MoJieseit (PU3UKO- 1,3,6
MO/ICIIUPOBAHUS XUMUYECKHUX ABICHUN
OPHUKIIATHBIX
FEOXMMHYECKUX
3a/ay.

6 5.1.6. Cnoco0s1 | IIpakTudeckue 3aHsATHS, TOCTPOCHHE 4 3a4er K-
pacuéra, rpadMKOB, OTPAKAKOIIUX B3aUMOCBS3b 1,3,6
COTJIACOBAHUS U | paBHOBECHOT'O COCTaBa M HE3aBHCHMBIX
06paboTku [apaMeTPOB COCTOSIHUS CHCTEMBI
TEPMOANHAMUYECKOM
nHpopmanuy.

6.1. Il1an camocTosITE/IbHON PA0dOTHI CTY/ICHTOB
Ne Tema Bun 3aganue Pexomennyemas | Konnue
HeJl. CaMOCTOSITETbHON JIuTepaTypa CTBO
paboThI 4acoB
5.1.1. Obume pedepar Hamucanue pedepata mo | Och. JIut.1-5 8
CBEJIEHUS O ONHOU W3 mpeIoxkeHHbIX | Jorm. JIur.
3aKOHaxX TEM 1,3,4,7
TEPMOJIMHAMUKHU
5.1.2. MopnenupoBanue Cdopmuposatb Ocs. Jlut.1-5 8
XapakTepuCTUKa | IeOJIOrMYEeCKUX reOTEPMOMETP st | Hom. Jlur. 3.4.
COBPEMEHHBIX MIPOIIECCOB C | CIaHIEB M  OMpEIeNUTh
MPOrpaMMHBIX MPUMEHEHUEM TeMIiepaTypy oOpazoBaHUS
KOMILIIEKCOB KOMITbIOTEPHBIX MOPOJBI
¢duzmnko- porpamm
XUMHYECKOTO
MOJEJIUPOBAHUS
5.1.3. Ceenenust | pedepar Hamucanue pedepata mo | Och. JIut.1-5 8
0 IPOrpaMMHOM omHoM w3 mperoxeHHbIX | Hom. Jlut. 3,4.
KOMILIEKCE TeM
«Cenexrop».
5.1.4. MonenupoBaHue Mertobl OcH. JIut.1-5 9
OcoGenHocT TE0JIOTHIECKUX TEPMOAMHAMUYECKON Hom. Jlut. 1-5.
MIpUMEHEHUS MPOLIECCOB ¢ | obpaboTku
MIPOrpPaMMHOI0O MIPUMEHEHUEM AKCIIEPUMEHTANIBHBIX
KOMIUIEKca KOMITBIOTEPHBIX JIAaHHBIX B TCOXHUMHH U
«Cenektop» K porpamMmm METPOJIOTUU
MOJIETHPOBAHHIO
reoJoro-
T€OXUMHYECKUX
IIPOLIECCOB.
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5.1.5. Mertoas! u | MonenupoBanue [Mpaktuueckue  3ausTud, | OcH. JIut.1-5 10
CITOCOOBI TEOJIOTHYECKIX MTOCTPOCHUE rpadukos, | Horm. JIur. 1-5.
MOJICITUPOBAHUS | MPOLIECCOB OTpPaKaOIINX B3aUMOCBS3b
HPHKJIATHBIX PUMCHEHUEM PaBHOBECHOTO COCTaBa M
TCOXUMHUYECKHX | KOMITBIOTEPHBIX HE3aBHUCHUMBIX [aPaMETPOB
3a/1ad. IporpaMm COCTOSIHHSI CHCTEMBI
5.1.6. CnocoObl | MoxenupoBaHue [IpakTuyeckue 3aHsTHS, OcH. JIut.1-5 10
pacuéra, TeOJIOTHYECKHX MOCTPOCHHE rPadUKOB, Hor. JIut. 1-5.
COTJIACOBAHMSI U | TMPOIECCOB OTPaXKAIOLINX B3aHMOCBS3b
00paboTKH MIPUMEHEHUEM PaBHOBECHOT'O COCTaBa
TEPMOJHHAMHUYEC | KOMITBIOTEPHBIX HE3aBHCUMBIX MTAPAMETPOB
KOM porpaMm COCTOSIHHSI CHCTEMBI
nHpOpMaIuu.
IIpuMmepHbIe TeMBbl 11 pedepaToB:
1. MaremaTuveckue MeTOAbl OO0pabOTKM T'€OXMMHYECKMX JaHHBIX u OBM-
MOJICIIUPOBAHNUE
2. TlpaBuio da3 u dazoBoe pazHOOOpa3e MUHEPATLHOT'O MHPA .
3. TlpexncraBieHue 0 KOpax IUTAHET KaK O TCOXUMHUYECKOW CHCTEME
4. TlpencraBnenue o0 atmocdepax u ruapocdepax TIMIIAHET KaK TCOXUMHYECKHX
cUcTeMax
5. OCHOBBI TEPMOJUHAMUKYU MPUPOIHBIX CUCTEM
6. 3akon muddepennmanpaoi moaBrxKHOCTH KoMoHeHToB [[.C. Kop)uHCKOTro
7. BpicokoTemmepaTypHbIi  BBICOKOOApUYECKHII ~ MeTacoMaTo3 B YCJIOBHSX
TPaHyIMTOBOH (halliy B 30HAX CABUTOBBIX JIe(OPMALINH ..
8. KommnekcHas wmojenb pa3pe3a 30HBI CYOnyKIuM ((U3HKO-XUMUYECKHH U
JTUHAMUAYECKHUI aCTIeKThI
9. TeocnumoMeTpusi U TEPMOXPOHOIOTHS METAMOPPUIECKUX CUCTEM
10. TepmoauHaMudeckas MoJiesb oBeaeHns P35 B mocTMarMaTH4ecKkoM MpoLecce.
11. ®usuko-xumuueckue HakTopbl THAPOTEPMATHLHOTO MUHEPATIO00pa30BaHUS
12. OU3UKO-XUMHUYECKHIA HKCTIEPUMEHT B H3yYCHHUHU DBOIIOIMN 3EMITH
13. O6 0COOEHHOCTSX WCMOJB30BAHUS TEPMOOAPOTEOXMMUYECKUX METOAOB B
METPOJIOTHUECKUX UCCIEIOBAHUIX
14. TepmoauHaMuKa CTPYKTYPHO-TEKCTYPHBIX MPeoOpa3oBaHuil mpu MeTaMophusme
15. Peanu3zanus Gpu3NKO-XMMHUECKHUX 3aKOHOB B MArMaTH4YECKOM IpoIecce

6.2. MeToanyeckue yKa3aHusi 10 OPraHu3alii CaMOCTOSITeJIbHON padoThl CTYI€eHTOB
CamocrosTenbHas paboTa CTYJIEHTOB IMPOBOAATCS JIS 3aKPEIUIEHUS OCHOBHBIX pa3fiesioB
71a00paTOPHBIX 3aHATUH JaHHOW JMCUUIUIMHBL. bakanmaBpaMm TIeolorud HPHUBUBAIOTCS HaBBIKU
cucTeMaTh3aluu (pakTUYeCKOro Marepuana, MoCTPOEHHUs! Ha 3TOW OCHOBE BBIBOJIOB 00 YCIIOBUSX U
MexaHM3Max 00pa30BaHUs TOPHBIX MTOPOJ, paclIu(ppOBKE HCTOPUU UX IBOJIOIHH.
MonenrpoBaHue OCYIIECTBIISETCS Ha IPOrPaMMHOM KoMIuiekce «CelekTopy»

[Tpexne

4YeM MPUCTYIHUTL K IPAKTUYCCKOMY MOACIUPOBAHHUIO, CTYACHT OOJDKCH

c(OpMyIHPOBATH OTBETHI HA CJIEAYIOIINE BOTIPOCHI:

® KaKOB XMMHUYECKHUH COCTaB HCCIEAYEMOro 00beKTa

® 13 KaKWX BEIIeCTB (KOMIIOHEHTOB, MUHEPAJIOB, COEIMHEHU) COCTOUT UCCIIETyEMbIH OOBEKT?

e KaKOBbl HE3aBHCHMbIE NapaMeTpbl CYIIECTBOBAaHHUS MOJEIMPYEMON CHCTeMbl (TemrepaTypa,
0o0BbeM, TaBJICHHE U T.J.)?

® KaK B3aMMOCBSI3aHA CUCTEMA C OKpYXKarollel cpenoi?

® OTKpBITA OHA WJIM 3aKPbITA, U, €CIU OTKPHITA, TO B OTHOLUICHUH KaKUX [apaMeTPOB COCTOSIHUS?

Ha wsavanbHOU

CTaguu OpraHu3aluu CaMOCTOSTEIILHOM pa6OTBI CTYACHT [JOJIKCH

copMynupoBaTh 3agady HCCIEIOBaHMA. 3aTeM IPOU3BOIMUTCSA OMNHMCAHUE BHEIIHUX YCIOBHM
(HE3aBUCUMBIX MApPaMETPOB COCTOSIHMS), B KOTOPOM HAXOAWUTCS CHUCTEMA, €€ XMMHUYECKUN COCTaB.
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3arem popmupyetcst Habop a3, oOpa3oBaHUE KOTOPBIX BEPOSATHO B JAHHOH cucteme. Tpelyercs
TaK)Xe ONpeAeNUTh, KaKue mapaMeTpbl CHCTEMbl HEOOX0AUMO PacCUUTATh.

3areM cienyeT GOopMUPOBAHHUE MOJEIH, ONMMcaHHOe B yueOHOM mocobun (beramuckmii B.A.,
Hcaes B.I1., Tynuiba A.A. OU3UKO-XUMUYECKOE MOJICTUPOBaHKE B HedTerazoBoi reoxumuu. Y.
2. Monenu reTeporeHHbIX cuctem: Yuebnoe nocooue. — Upkyrck: Upkyt. yH-T, 2004. — 158 ¢.)

7. IlpuMepHasi TeMATHKA KyPCOBBIX padoT (IPOEKTOB)
HalMCcaHUe KypCOBBIX pabOT HE MPELYCMOTPEHO IUIAHOM

8. YueOHo-MeTOAMYecKOe U MH(OPMAITMOHHOE O0ecTIieyeHne TUCHMILIUHBI (MOYJIfA):
a) OCHOBHasl JINTepaTypa

1. bopucos M.B. TepmoauHaMmuka reoxuMuueckux mpormeccos/ M.B. bopucos, 10.b.11IBapos. —
M.: U3a-Bo. MI'Y, 1992. — 256 c.

2. bynax A.I'. Metonpl TepmoauHamuku B Munepanoruu/ A.I'.bynax. — JI: U3n-Bo Henpa, 1968.
- 176 c.

3. I'appenc P.M. PactBOpbI, MuHepaisl, paBHoBecus/ P.M.I"appenc, W.JI.Kpaiict. — M.: Mup,
1968. — 386 c.

4. Hcaes B.Il. TepMonMHAMHYECKHE AaCTEKThl T'€OXMMHUH NPUPOAHBIX raszos, |, |l wactw/
B.[1.UcaeB. — Upkytck: UpkyT. roc. yu-1, 1991. — 300 c.

5. Kapnos U K. ®usuko-xummuueckoe MoaenupoBanue Ha DOBM B reoxumun/ M.K.Kapmos. —
Hosocubupck: Hayka, 1981. — 240 c.

0) JoMoIHUTEIbHAS JINTEpaTypa

1. Jlopocoxyney ILH. TepMmoauHamMHKa MHUHEPAJOB ¥ MHUHEPAIbHBIX PaBHOBECHI/
I1.1. Joporokynen, N.K.Kapros. — HoBocubupck: Hayka. 1984. — 185 c.

2. lpozoosckasn A.A. Xumudeckasi SBOJIIOLHS OKeaHa U aTMOc(epbl B ITe0JIOrMYECKOil UCTOPUU
3emmn/ A.A.JIlpo3noBckas. — Kues: Haykosa [{ymka, 1990. —208 c.

3. Kpaiinos C.P. I'eoxumusa nomzemusix Boj/ C.P.Kpaiinos, b.H.Peokenko, b.H.IlIBer. — M.:
Hayxka, 2004. — 678 c.

B) IPOrpaMMHoOe o0ecredeHne
Windows Professional XP SP3 / Windows 7/8/10, MS Office 2003-2010; moaenupoBaHue
MMPOU3BOJUTCA HA IPOT'PAMMHOM KOMIIJIEKCE «CeneKTOp-C»

r) 6a3bl JaHHBIX, HHGOPMALIMOHHO-CIIPABOYHbIE H MIOUCKOBbIE CHCTEMbI

Hayunas 6ubnuoteka Poccuiickoro rocyaapcTBeHHOTO yHUBepcuTeTa He(TH U raza um. M.M.
I'yoxuHa — Www.gybkin.ru

Hayunas 6u6mmorexa MI'Y — www.lib.msm.su

OnekTpoHHas OubnmuoTeka MOCKOBCKOTO TOCYAapCTBEHHOTO YHHBEPCUTETAa SKOHOMMKH,
cratuctuky U nHpopmatuku (MI'YDICull) — www.ibc.mesi.ru

bubnunoreka Cankr-IlerepOyprekoro ynusepcurera — WwWw.unilib.neva.ru

Hayuno-texuuueckas oudmnoreka Cudl TY — www.lib.sibstru.kts.ru

Poccwuiickas ['ocynapcTBenHas oubamnoTexa — WWW.Isl.ru

[ocynapcTBeHHast MyOIMYHAs HAYYHO-TEXHUUECKass OnOimoTexa — WwWw.gpntb.ru

bubnunoreka ecrectBeHHbix Hayk PAH — www.ben.irex.ru

Bcepoccuiickas rocynapcTBeHHast OMOIMOTEKa MHOCTpaHHOM uTeparypsl — Www.libfl.ru

bubnunoreka Axanemun Hayk — WWWw.Spb.org.ru/ban

HanmonanbHas anekTponHas Oubianorexka — Www.nel.ru

bubmorexka BHUMODHI - www.vniioeng.men.ru

Bceepoccuiickuii MHCTUTYT Hay4yHOM MH(popManuu Mo TexHuyeckuM Haykam (BUHUTU) —
www.fuji,viniti.msk.su

Poccuiickas HanmonansHas oubmuoreka, r. Cankr-Iletepoypr — www.nlr.ru
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http://www.gybkin.ru/
http://www.lib.msm.su/
http://www.ibc.mesi.ru/
http://www.unilib.neva.ru/
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http://www.gpntb.ru/
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http://www.spb.org.ru/ban
http://www.nel.ru/
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http://www.fuji,viniti.msk.su/
http://www.nlr.ru/

['eonmorus Hedtu 1 raza — www.geoinform.ru

["a30Bast MPOMBIIIIIEHHOCTH — WWW.Jas-journal.ru

Hedrsanoe xo3siictBo — Www.0il-industry.ru

Hedrerazoas BepTukans - WWW.Ngv.ru

Oil Gas Journal — www.o0gj.com

Hedts Poccun. Oil of Russia — www.press.lukoil.ru

Hedtp u kammuran — www.oilcapital.ru

Heds, ra3 u npaBo — www.oilgaslaw.ru

TOK Poccun. HedrerazomoOpiBatomas u HedrenepepadaThIBalOIas MPOMBIIUIEHHOCTh —
Www.ratex.ru

H3Bectus By30B «I'eosiorus u pasBeaka» - Www.msgpa.edu.ru

MupoBas sHepreTHuecKas MoJIUTUKa — WWW.Wep.ru

MuHepanbHbie pecypcbl Poccun. DkoHOMEKA U ynpaBiieHre — WWW.geoinform.ru

Geological Society of America Bulletin — www.geosociety.org/pubs/journals.ru

9. MaTrepuaibHO-TEXHUYECKOE o0ecriedeHne T CHUNIHHbI
KommbrotepHslii k1ace reogorudeckoro akymnpreta (ayn. 221).
B KOMIBIOTEpHOM KJIacce YCTAHOBIICH SJIEKTPOHHBIA BapuaHT «ATiac BceX He(TEra3zoBBIX
MmecropokacHuii mupa» Millennium Energy AtlasThe Petroleum Economist LTD. 2000 r.
MynbTUMEIUIHBIA TPOEKTOP, HOYTOYK, SKpaH. OBepxea U cepusi KON (HparMeHTOB s
JEMOHCTpPALUNA K TaOOPATOPHBIM 3aHSATHSIM.

10. O6pa3oBaTe/ibHbIE TEXHOJIOTUM:

[TpumensieTcs BTOpOi THI 00pa30BaTENbHOW TEXHOJIOTMU - «IIPEMoJaBaTellb - ayIUTOPHS»
T.e. Auanoruyeckas ¢opma oOpalieHuss C Iebl0 MOOWIM3AIMH, MPOCBEIIEHUS B KOHTEKCTE
npodeccuHanbHON HampaBieHHOCTH. OcHOBHas opma 0OmeHUs ¢ OOJBIION ayAUTOpUCH JICKIIHS.
[Ipy TakoM THIIE Ba)KHYXO pPOJb WIPACT MOMEHT PalMOHAJIBHOM IIOJAYM MaTepuaja U HOBOU
uHbopManuu. DTOT THI ayAUTOPHOro 00y4eHMs XapakTepeH Juid BeIciIed mkonbl. Ha ceMunapax
BO3MO>XHO IIPUMEHEHHUE TPETHEr0 THUIA «yUUTEIND - TPYIIIa», C HENOCPEACTBEHHON KOMMYHHUKAIMEH
MEX1y TPYIIOil 00yJaeMbIX.

11. Ouenounsbie cpeacrsa (OC):
11.1. OuenouHnble cpeAcTBa A7 BXOJHOTO KOHTPOIS (MOTYT OBITh B BUJE TECTOB C 3aKPHITHIMU

WA OTKPBITBIMU BOTIPOCAMH).
OIICHOYHBIM ~ CPEACTBOM JUIS BXOJHOTO KOHTpOJIA OakajaBpOB T'€OJOTHH  SIBIISIETCS
co0eceoBaHue.

11.2. OneHo4HbIe CpPeACTBA TEKYIIEro KOHTPOJS

Tekyuii KOHTPOJIb OCYIIECTBIISIETCS MMOCPEACTBOM MPOBEAEHHUS YCTHOTO OMPOCaA.
OneHo4HBIC CPeCTBa VI YCTHOI'O ONPOCA

OcHOBHBIE 3TaIlbl Pa3BUTHS METO/I0B (PU3UKO-XMMHUECKOTO MOJICITUPOBAHUS

Munumuzanus sueprun [ m66ca (cpaBHUTENBHOE OMMCAHUE CYIIECTBYIOUINX MPOTPAMM)

[ToHsiTHE OTKPBITHIX U 3aKpbIThIX cucTeM 1o [.C. KopxxuHckomy.

[Tpuniun cTabuIbHOTrO0, METaCTaOUIBLHOTO, YACTUYHOI'O PAaBHOBECHS, pacueT HeoOpaTuMoin

SBOJIIOLINNA T€OXUMHUYECKUX CHCTEM.

MeTtoo0rns MOCTPOEHNUS MOJIETN U ONIPENIEIIEHHE 331a4 MOIETTUPOBaHUS.

[TocraHoBKka 3agaun: BEIOOP 3aBUCHMBIX U HE3aBUCUMBIX ITapaMETPOB COCTOSIHUSI CHCTEMBI,

THUI MOJIEJIN: CUCTEMA, METACUCTEMA, PEAKTOP.

el oA

oo
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o ~

10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

MeTtacTabuinbpbHOE paBHOBECHE.

Br160p MUHUMH3UPYEMOTO TEPMOJMHAMHYECKOTO TOTEHIIMANA.

Hcxonnbie naHHBIE: BHIOOP HE3aBUCHMBIX KOMIIOHEHTOB M XMMMYECKHHA COCTaB CHUCTEMBI,
BBIOOD (pa3 ¥ 3aBUCUMBIX KOMIIOHEHTOB.

JIONOJTHUTENbHBIE OTPAHUYEHUSI.

MonennpoBaHue 3TalioB HEOOPATUMOM IBOTIOIIMH FTEOXUMUYECKUX CUCTEM.

[TpuumHbI, M0 KOTOPHIM MPUXOAUTCS 3HAUYUTEIHHO YBEIHMUMBATH CIIMCOK MHIUBUAYAIbHBIX
BELIECTB (3aBUCHUMBIX KOMIIOHEHTOB B cMbIciie J[>k.I'n66ca) B MCXOAHON MYJIbTUCUCTEME.
[lpuHIMOBl afanTalMd W pacliupsomuyecss 0a3bl TEPMOAMHAMHYECKHUX JIAHHBIX 10
3aBUCHMbBIM KOMIIOHEHTaM BOJHBIX ((IIOMIHBIX) PACTBOPOB 3JIEKTPOJIMTOB HA OCHOBE
MoauduIpoBaHHOTO ypaBHeHUs coctosHUs HKF.

HoBble BO3MOXXKHOCTH pelIeHUs 3a/1ay, CBS3aHHBIX C B3aUMOJICHCTBUEM «BOAA-TIOPOJA» B
THJIPOTEPMAIIBHBIX CUCTEMAX.

MeToapl TepMOJIMHAMUYECKOW OOpaOOTKH SKCHEPUMEHTANIBHBIX JAaHHBIX B TCOXUMHUHU U
NETPOJIOTHH (PAaCUeT IO BTOPOMY U TPETHEMY 3aKOHAM TEPMOJUHAMUKH).

Kputnueckuii aHaimM3 W ONTHMAaIbHOE COIJIACOBAaHME TEPMOJAMHAMUYECKUX CBOICTB
WH/IMBUYAIbHBIX BEIIECTB.

CBoOognast sHeprus mno [ubbcy, MeTonapl pacyera 3HAYCHHH TEPMOAMHAMHYECKHX
MOTEHINAJIOB B YCJOBUAX BBICOKMX TEMIIEPaTyp, (OPMBI IPEICTABICHHUS 3aBUCUMOCTH
TEIJIOEMKOCTH OT TeMIIepaTypBhl.

Hctounnku u 0a3bl TEPMOAMHAMUYECKHUX JAaHHBIX (OCHOBHBIE TpeOoBanms Oazam TJI).
KitoueBbie 1 6a3ucHbIe TEPMOJMHAMHYECKHE BETHUYMUHBI (MIPOCTHIE BEIIECTBA, DJIEMEHTHI,
OKHCIIBI).

3HayeHUe XMMHUYECKHX ITOTEHIHAJOB HE3aBUCHUMBIX KOMIIOHEHTOB B HHTEpIpETaluu
Pe3yIbTATOB MOJCTHPOBAHHUS.

CreneHp TMpOTEKaHUsA TMpollecca KaK XapaKTepUCTHKAa OTHOCHUTENBHOTO BPEMEHHU
B3aMMOJICHCTBHS MOJICUCTEM.

3aBUCUMBIC U HE3aBUCUMBIE MApaMeTphl COCTOSHHUS CUCTEM KaK KOOpPAMHATBI TUarpaMm
COCTOSTHUSI.

ITocTtpoenue rpadukoB M AMarpamMm IO pe3ylbTaTaM MojeiaupoBaHus. Pabora ¢ Gazamu
TaHHBIX.

11.3. OneHoynble cpeacTBa I NPOMEKYTOYHOH arrectanuu (B (opme 3K3amMeHa HIH
3auera).
@®opma UTOrOBOr0 KOHTPOJIS IO TAHHOW JTUCIUIUINHE — 3a4€T.

=

w

NPUMEPHBINA CIIUCOK BOITPOCOB K 3AUYETY

ITonsiTHE O MOJETMPOBAHUM U MOJENSAX B TEOXUMUH.

Meroandeckue U TEOPETHUECKUE BOMIPOCHI, CBSI3aHHBIE C UCTIONb30BaHneM OBM B ¢usuko-
XUMHUYECKOM MOJEIMPOBAHUU B TECOXUMHUH.

OcHOBHBIE MOJOKEHUS XUMUYECKOH TEPMOJUHAMUKHY.

IIpenmer TepmoanHaMuKU. O HEKOTOPHIX TEPMOJMHAMUYECKHX MOHATHSAX U TEPMHUHAX.
[Tone3nbie popManbHBIE COOTHOIICHHS.

TepmoaunaMuyeckue MOTEHUMANbI, (U3WYECKHe KOHCTAHTBI, €AWHUIBI HM3MEpeHus,
0003HaYEHUsI, CTaHJAPTHbIE COCTOSHUA. VCTOUHMKH, MOTPEIIHOCTh M COTJIaCOBAaHHOCTD
TEpPMOJIMHAMUYECKON MHPOPMALIUH.

Teopernueckne OCHOBBI pacyeTa (U3MKO-XMMHUYECKMX PaBHOBECHH B  CIOXHBIX
MHOT0()a3HbIX T€TEPOTeHHBIX CUCTEMAX.

OcHOBHbIE  3Tambl  pPa3BUTHSI  METOAOB  (DU3HKO-XMMHUYECKOTO  MOJEIHPOBAHUS
(ucropuueckas CipaBKa).

MeTtoauyeckue 1 TEOpeTUYECKHE BOMIPOCHL, CBSI3aHHBIE ¢ HcIob3oBaHueM OBM B ¢uzuko-
XUMHUYECKOM MOJETUPOBAHUU B HE(PTEra30Boil reOXMMUH.
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26.

Munumuzanus sueprun [ m66ca (cpaBHUTENBHOE ONMCAHUE CYILIECTBYIOIIUX IPOTPaMM).
[TonsiTue oTKpBITHIX U 3aKpbIThIX cucTeM 1o [.C. KopxkuHckomy

[Tpuniun cTabuIbHOTrO0, METaCTAOUIBLHOTO, YACTUYHOTO PAaBHOBECHUS, pacueT HeOOpaTuMOi
9BOJIIOLIMHA FEOXUMHUYECKUX CUCTEM.

OO6parnbie puznko-xuMuueckue 3aaadu. (Beienenne yeTsipex KiaccoB 0OpaTHBIX (U3HKO-
XMMHYECKHX 3a/1a4. ).

Hcxonnble TepMOOMHAMUYECKHE JaHHBIE. MeEToAbl TEepMOAMHAMHYECKOW 00paboTKU
HKCHEPUMEHTAIbHON NaHHBIX B reoXuMuu M nerpojoruu. (Pacuer mo merony BTOpPOro
3aKOHA TEPMOJANHAMMKH, pacueT 110 METOly TPETHETO 3aKOHA TEPMOJIUHAMUKHU. )
CornacoBanue, pacyeT, KOPPEKTHPOBKAa TEPMOJMHAMUYECKUX CBOWCTB WMHIMBUAYAJIBHBIX
BeuiectB. (CoryiacoBaHue IOCJIEIOBATEIbHBIM WM  ILIEMOYEUYHBIM METO/IO0M, METOA
I'opnona.) Bbeibop kputepus cornacoBaHus. Kpurtudyeckuid aHain3 M ONTUMAIBHOE
COIJIACOBAaHUE TEPMOIMHAMUYECKUX CBOMCTB UHANBHIyaJIbHBIX BELIECTB.

CBoOonHas sHeprus mno I'ubbcy, Meronpl pacueTa 3HAYEHUH TEPMOAMHAMHUYECKUX
MOTEHIMAJIOB B YCJOBUAX BBICOKMX TEMIIEPaTyp, (OPMBI IPEICTABICHHUS 3aBUCUMOCTH
TEIJIOEMKOCTH OT TEMIIEPATYPBHI.

Hcrounnkn u 0a3bl TEPMOJMHAMHUYECKHX JaHHBIX (OCHOBHBIE TpeOoBaHus 0OazaM TII.)
KJIIIOYeBble M Oa3uCHBbIE TEPMOJUMHAMUYECKHE BEIMUYUHBI (IPOCTHIE BEIIECTBA, HJIEMEHTHI,
OKUCIIBI.)

Metononorus NMOCTPOEHUS MOJEIM WM ONPEIEICHHE 3aJad MOJEIUPOBAaHUSA. IOCTAaHOBKA
3ajauu: BEIOOP 3aBHCUMBIX U HE3aBUCHMBIX I1apaMETPOB COCTOSIHHUS CHCTEMBI, THIT MOJICIIH:
CHUCTEMA, MEracucTeMa, peakrop.

MertacrabunbHoe  paBHOBecHe. BbIOOp  MUHUMHU3HPYEMOTO  TEPMOJMHAMHYECKOIO
noreHuana. McxonHele JaHHbIE: BbIOOp HE3aBUCUMBIX KOMIIOHEHTOB M XHMHMYECKUIl
COCTaB CHUCTEMBI, BEIOOpP (ha3 M 3aBUCHUMBIX KOMIIOHEHTOB. J[OTIOJTHUTEIbHBIE OTPAHUYCHUSI.
I'eoxumuyeckre NpuiIoKeHus: PU3MKO-XUMUYECKHUE MOAEIIH IPUPOIHBIX TPOLECCOB.
UccnepoBanue TtepMOAMHAMUYECKONM Mojenu ycTtouuBoctu cucremel C-H B P, T -
YCIIOBUSIX 36MHOM KOPBI.

HccnenoBanue TepMoIuHAMUYECKONH MOJIENH MPeoOpa3oBaHMsl OPraHUYECKOro BEIECTBA B
cucreme “Boansiit PactBop - ITopoast - Hedts - Keporen™.

HccnenoBanne  BausHMA — napuuanbHoro  gaieHuss CO2  © OKHCIUTEIBHO-

BOCCTaHOBHTEJILHOTO MTOTEHIMAIA Ha IPeoOpa3oBaHNe OPraHMYECKOTO BEIIECTBA.

Pacuer cocTaBa ruipoTepMabHbIX PACTBOPOB U PACTBOPEHHBIX B HUX Ta30B B 3aBUCUMOCTHU
oT P, T - ycroBuii 36eMHOM KOPBI M COCTaBa BMEIIAKOIIUX ITOPOI.

O06paboTka U MHTEpIPETALUS PE3yIbTaTOB (PU3UKO-XUMHUECKOTO MOJEIUPOBAHMSL.
XUMHUECKUE TTOTEHINABl HE3aBUCUMBIX KOMIIOHEHTOB KaK HHCTPYMEHT KOPPEKTUPOBKU H
pacueTa HeM3BECTHBIX TEPMOJUHAMUYECKHUX MMOTEHIIUAIOB 3aBUCUMbIX KOMIIOHEHTOB.
CreneHp TpOTEKaHHWS TMpoIecca KaK XapaKTEPUCTHKAa OTHOCHUTEIBHOTO BPEMEHH
B3aUMOJICHCTBHS MTOJICUCTEM.

TepmoanHaMu4yeckoe MOACTHPOBAHWE B YCIOBUSX HEONPENEICHHOCTH BBEIEHHE B
npoOnemy. [MorpemHocTu HCXO/IHOM TE€PMOIMHAMHYECKOM uHpOpMaLnH.
[IpenmecTBytromrie pabOTHI. MpeTaraeéMblii Moaxo. GOpMyITUpOBKa U 3a/IaHUE HHTEPBAJIOB
HEOIPEeICIEHHOCTH, KpUTEPHH BIOOpA ONITUMAIIBHBIX PEIICHUH.

Pabora ¢ Oazamu nanubix IIK “Cenexmop-C” pacueT TepMOAMHAMHYECKHUX CBOMCTB.

[lepeanmpokcumariusi ypaBHEHUH TEIIOEMKOCTH OCOOCHHOCTH.
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Pa3zpabdorunkm:

PASPABOTHHK:
< EZ /_ . Q'-‘;(f;f-ﬂ‘f#i- Py Feitt el o L
(moammHes) (3arfivMacyan 0/DKHOCTE) (HHHIHATEL, thavmumsg)

[TporpamMma paccMOTpeHa Ha 3acelaHuu KadeIpbl reoIoruu HedTH U rasza

«10» mapra 2020 . 9 77 )
ITpotokon Ne 7 3aB. kadempoii \/7/‘ o
Vi

Hacmoswas npocpamma, He Mmoocem Ovimb 60cnpouzsedeHa Hu 8 Kaxkou @opme 0Oe3

npeosapumenbHo20 NUCbMEHHO20 paspeuteHus Kagheopvl-pa3spabomuuxa npocpammol.
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