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Less ¥ 321244 AMCHUILTHHBI

Heasro qucruminasl "TepMouHaAMUYECKHE MOJIETH SKOJIOTO-TEOXUMUYECKUX CUCTEM" SIBIIsIETCA
OCBOEHHUE METOJIOB U IIPUEMOB TEPMOJMHAMHUECKOTO MOJIEITMPOBAHMS T€OXUMUYECKUX IIPOLIECCOB
B IIPUPOJHO-TEXHOT€HHBIX CHCTEMAX.

3agaum — mpuoOpeTeHHMe 3HAHUH 00 OCOOCHHOCTSX ©  OTPaHUYCHUSX TPUMEHEHUS
TEPMOJMHAMUYECKOIO0 MOJEIUPOBAHUS K HU3KOTEMIEPATYpHBIM IPUPOJIHBIM  IpoOLiEeccam,
OCBOEHUE METOJIMKHM IPOBEACHUS TEPMOJMHAMHYECKUX PACYETOB C MOMOIIbIO IPOrPaMMHBIX
kommuiekcoB HCh wu  Visual MINTEQ, oBnageHne HaBBIKAMH — TEPMOAWHAMHYECKOTO
MOJIETIMPOBAaHUSI T'€OXMMHYECKUX IIPOLECCOB, 3HAKOMCTBO C BO3MOMKHBIMHM OIIMOKaMH IIpU
IIOCTAHOBKE U MHTEPIIPETALIMHU 3a/1a4 MOJEINPOBAHNUS, aKTyaJIbHBIX JJIs 9KOJOTUYECKOW FEOXUMUH.

1. Mecro mucuuniauebl B crpykrype OIIOII BO — BapuatuBHas 4yacTh, NpOoQecCHOHANbHBIN
UK, TpodeCCHOHATBHBIE TUCIUIUIMHEI 10 BEIOOPY, Kypce — I, cemectp — 3.

2. Bxoanblie TpeGoBaHMs VIS OCBOEHUS UCHUILUIMHBI, MPeABAPUTEIbHBIE YCIOBHS:

OCBOCHHME MPOrpaMMbl OakajaBpuaTa Mo TPOPMII0 «IKOJIOTHYECKAsT TEOJOTUS, TUCIUTUINH
«TepMoauHaMuKka TPUPOIHBIX MPOIIECCOBY, «MoaenupoBaHne B3aUMOJCHCTBUS «BOJIA-TIOPOIA»N»,
«Tepmogunamuueckoe obecrieueHne MOJCIUPOBAHUS TE€OXUMHUYECKUX TTPOIIECCOBY.

JucuumniuHa HeoObXolMMa B KaUeCTBE MPEIIeCTBYIOLIEH sl HAyYHO-HUCCIIEeI0BaTeNbCKON pabOThI
Y BBITIOJTHECHUS BBIMTYCKHBIX KBATM(UKAIIMOHHBIX padoT.

3. Pe3yabTarpl 00yuyeHHsl MO AVCHHUIIMHE, COOTHECEHHbIEe ¢ TPeOyeMbIMH KOMIIETEHIIUSIMHU
BBINYCKHUKOB.

KomMmmnereHmu BBITYCKHUKOB, (GopMUpyeMble (IMOJHOCTHIO WM YACTHYHO) TPH peaTu3aiuu
JTUCLMIUTAHBI:

OIIK-2.M CrocoOHOCTh €caMOCTOSITENBHO (OPMYIHPOBATh 1€KW  PabOThI, YCTAaHABIWBATH
MOCJIEIOBATEIHLHOCTh PEIIeHHsI MPO(GeCcCHOHANBHBIX 33/1a4 ((OPMHUPYETCS YACTHUYHO);

OIIK-4.M CriocoOHOCT, TPUMEHATH Ha TPaKTUKE 3HAHWUA (PyHIAMEHTAIbHBIX M TPUKIIATHBIX
pa3ziesoB AUCIUIUINH, ONPEACSIOMUX MTPOQHIIb MOATOTOBKH ((POPMUPYETCSI YaCTUYHO);

OIIK-5.M CniocoGHOCTh MCIIOIh30BaTh COBPEMEHHBIC BHIUUCIUTEIHHBIE METOJIBI U KOMITBIOTEPHBIC
TEXHOJIOTUH JIJIsl pelIieHus 3a/1a4 NpodeCcCUOHANBHON AesITeNbHOCTH ((OPMUPYETCS YACTUYHO);
[IK-3.M CnocoOHOCTh CaMOCTOSITENIBHO TMPOBOJUTH HAyYHBIE MCCIEAOBAHUS C IOMOUIBIO
COBPEMEHHOr0 000pyn0oBaHUs, WH(GOPMAIMOHHBIX TEXHOJOTHH, C HCIOIb30BAaHHEM HOBEUIIETO
OTEYECTBEHHOTO M 3apy0eHOTro omnbiTa ((hOpMHUPYETCS YACTHIHO);

[IK-4.M CriocoOHOCTh cO37aBaTh W HCCIEAOBATh MOJEIH H3YyYaeMbIX OOBEKTOB Ha OCHOBE
UCIIOJIb30BAHUS TEOPETUYECKUX W MPAKTUYECKUX 3HAHUUW B 00iacTu reojoruu (popmupyercs
YaCTUYHO).

IlnannpyemMble pe3yJbTaThbl 00y4eHHUs 10 JUCHUILIMHE:

3namp: 3aKOHBI PABHOBECHOM TEPMOJIMHAMUKH; OCHOBHBIE METO/IbI M IIOJXO/Ibl, UCIIOIb3YEMBIE 15
TEPMOAMHAMUYCCKOTO MOJICTUPOBAHMS ITPUPOIHBIX MPOIECCOB; OCOOCHHOCTH TTOCTAHOBKH 3a/1a4 H
HMHTEpIpPETAIMU PE3yJIbTaTOB IIPU MOJEIMPOBAHUM HU3KOTEMIIEPATYypPHBIX MPOLECCOB; TUIUYHBIC
3a7a4i MOJCIIMPOBAHUS MPUPOTHO-TEXHOTC€HHBIX CUCTEM.

Ymems: nipoBoUTH (PU3MKO-XMMHYECKHUE PACUYETHl COCTOSHUS MPUPOTHO-TEXHOTCHHBIX CHCTEM C
MOMOIIBIO TporpaMMHBIX KomiuiekcoB HCh u Visual MINTEQ.

Bnadems: HaBbIKaMH MOATOTOBKH 3a7a4 B mporpaMMHbix kKomiutekcax HCh u Visual MINTEQ),
MPOBEJICHUS PACUYETOB, MOJCIUPYIOIIMX MPOTEKAHUE IPOLIECCOB, XaPAaKTEPHBIX ISl MPUPOIHO-
TEXHOT€HHBIX CUCTEM.

4. ®opmat 00yueHHs — JICKIIMNOHHBIE U CEMUHAPCKUE 3aHSITHSL.
5. O0beM AUCHUILIMHBI (MOAYJs) COCTaBlsieT 2 3.6, B TOM uucie 42 akaJeMUYeCKHX daca,
OTBEJICHHBIX Ha KOHTAaKTHYIO paboTy oOydaromuxcs c¢ mpernonaBaTeneM (14 gacoB — 3aHsTUA



JEKIIMOHHOTO TUMa, 28 4YacoB — 3aHATHS ceMuHapckoro Tuma), 30 akageMHU4ecKhX 4YacoB Ha
CaMOCTOATENBHYIO paboTy oOyuaromuxcs. @opMa NpoMeKyTOUHOH aTTeCTAlUH — SK3aMEH.

6. Conep:xkanue AMCUMILIMHBI (MOAYJIs1), CTPYKTYPHPOBAHHOE TI0 TeMaM (paszzesiaM) ¢ YKa3aHHueM
OTBEJICHHOTO HAa HUX KOJMYECTBA aKaJeMHUYECKUX YaCOB U BUIbI YUCOHBIX 3aHITHN

KpaTkoe conep:kanue IHCHUIIUHBI (AHHOTALUS):

B kypce "TepmomnHamuueckoe MOJCIUPOBAHUE OSKOJOTO-TEOXUMUYECKUX CHCTEM'
paccMaTpuBarOTCs CIEIYIOIINE BOIIPOCHI:

- TEOPETUYECKHE OCHOBBI XUMHUECKON TEPMOIMHAMUKY;

- HCIOJIb3yeMbl€ MOJXOJbl IPU MOJECIMPOBAHUM IPUPOJIHBIX IPOLIECCOB, OTPAaHUYEHUS
METO/1a, TUIIMYHBIE SKOJIOI0-T€OXUMUYECKUE 3aJjauu, BEpUPUKAIIST MOJIEIIEH;

- 3HAKOMCTBO C CYLIECTBYIOIIMMHU 0a3zaMu JaHHBIX TEPMOAMHAMUYECKUX KOHCTAHT
YCTOMYMBOCTH KOMIUIEKCHBIX COEMHEHUN;

- OopraHuszalus MPOrPaMMHOr0 KOMIUIEKCa TepMOAMHAMHUYecKoro Mojnenupoanust HCh,
TpeOOBaHUS K BXOJHBIM JAHHBIM, KOHCTPYKLHUS BXOAHBIX (hailioB; crnocoObl OpraHu3aluu
pacyeToB MpU MOJEIHPOBAHUU MPOIIECCOB;

- OpraHu3aiys MpOrpaMMHOIO KOMIUIEKCA TepMOJMHAMUYECKOro MojnenupoBanus Visual
MINTEQ, wunTrepdeiic, TpeOoBaHMS K BXOJHBIM IaHHBIM, HCIIOJIE30BAaHHE MEHIO M OIIIUH JUIS
UMITIOpTa ¥ 3KCIopTa JaHHBIX B/u3 Excel;

- paccueT (GopM HaXOXKACHUS MUKPOAJIEMEHTOB B IOBEPXHOCTHBIX BOJIaX C MCIOJIb30BAaHUEM
nporpamMm HCh for Windows u Visual-MINTEQ ¢ yueTrom u 6e3 ydera KOMIIIIEKCOOOpPA30BaHUS C
OpPraHUYECKUMHU KHCIOTAMU;

- METO/IMKa U OCOOEHHOCTH UHTEPIPETALNU PE3YIbTATOB MOJIETUPOBAHUSI.



HaumeHoBaHMe M KpaTKoe coiep:KaHue Bcero B tom uncrne |
pa3/iesioB ¥ TeM IMCUUILIMHBI (MOAYJIsA), (uachl) KonrakTHas paGora CamocrosiTesibHas padora
(paGoTa BO B3auMO/eliCTBHH C NpenojgaBaTeem) o0yuaroerocs, 4acbl *
dopmMa NPOMEKYTOYHOM aTTECTALlUH 10 Buabl KOHTaKTHOM padoThl, YaChI
AMcCUUIJIMHEe (MOYJII0) o o o
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Paznen 1. MoaenupoBaHue npupoaHbIX 4 - 4 [ToaroroBka K KOHTPOJIBHOMY
MIPOLIECCOB — TEOPETUUECKHE OCHOBBI U omnpocy, 2 yaca
MPUHLIUNNAAIBHBIE TOJIXO/IbI.
Pazgen 2. basbl JaHHBIX TEPMOIMHAMUYECKHUX - 6 6 CocrasiieHue 0a3 TaHHBIX, 6
KOHCTaHT YCTOMYMBOCTH KOMIUIEKCHBIX 4acoB
COETMHEHUHN
Pasnen 3. TIporpammusiii maker HCh: 4 12 16 3 pacueTHO-TpadUIECKUX
WCIIO0JIb30BAHUE ISl PELLICHUS 3KOJIOT0- paboThl, 8§ yacos
r€OXMMHMUYECKHX 3a1a4
Pasnen 4. IIporpammusrii maker Visual- 2 10 12 1 pacueTHO-TpaduuecKas
MINTEQ pabora , 6 yacoB
Paszgen 5. MonenupoBanue 3K0J10ro- 4 - 4 IToaroroBka K KOHTPOJIBLHOMY
F€OXUMHYECKUX CUCTEM: PELICHUS, ompocy, 2 yaca
OTpaHHYEHUs], OIIHOKH MOJIb30BaTENICH.
[IpomexxyTouHas aTTecTanus 9K3ameH 6 yacoB
Hroro 72 42 30




Conep:xanue pa3/ies0B IMCUUILIUHBI:

1. Mooenuposanue npupooHvlX npoueccoé — meopemuiecKkue OCHOGbl U NPUHUUNUATIbHBLE
nooxoowl.

Merononorus moaenupoBanus. [Ipo6ieMbl pu MPUMEHEHUH TEPMOAMHAMUYECKOTO
MOJICTTUPOBAHUS K TUIIEPICHHBIM MporieccaM (IPUIHHBI, CIIEACTBHS, CITIOCOOBI MTPEOIOTICHIS).
Teopernueckre OCHOBBI MOJICTUPOBAHUS. MeTO T MUHUMHU3AIUN TEPMOIUHAMUYECKOTO
MOTEHI[MAaJIa CUCTEMBI. THITBI XUMHUECKUX PEAKTOPOB 10 XapaKTepy NepeHoca BemecTBa. TUurbl
MOJIEJICH VISl OTIMCAHUS B3aUMOJICHCTBHS «BOIa—TIOPOIAY.

2. bazvl 0annbix mepmoouHamMuUecKUX KOHCMAHm yCmou4ueoCcmu KOMnJIEKCHbIX COeOUHEHUIl
3HAKOMCTBO C CYUIECTBYIOIIMMHU 0Oa3amMu JaHHBIX TEPMOJAMHAMHYECKUX KOHCTAaHT YCTOMYHMBOCTHU
komrutekcHbIx coeaunenuii: IUPAC (International Union of Pure and Applied Chemistry), NIST
(National Institute of Standards and Technology), JESS (Joint Expert Speciation System).
CocraBneHue CBOAHBIX TaOMUI[ KOHCTAHT YCTOMYMBOCTH  KOMIUIAKCHBIX  COEIMHEHUM
MHKPOIJIEMEHTOB C HEOPTraHMYECKUMHU U OpPraHMYeCKHUMHU JIdraHgamMu (1o  BapuUaHTaM).
OO6cyxIeHne HeOJHO3HAYHOCTH KOHCTAHT.

3. IlIpozpammnusiit nakem HCh: ucnonvsosanue ons pewrenus IKon020-2e0XUMUYECKUX 3A0aY
baza Ttepmomunamudeckux naHHbix Unitherm. Ilonstue kBaszudnementa. Bwibop 3HadyeHMit
KOHCTAaHT OCHOBHBIX KOMILJICKCOB, XapaKTePHBIX IS TPUPOTHBIX BOJ, JJI BHECCHHS B OaHK
nmaaabeiXx Unitherm. Co3gaHue 1os30BaTeIbCKOM 0a3bl JaHHBIX.

[Tpunnuner padoTs! nmporpamMmMbl Gibbs. Pacuer ¢opm HaxoxaeHHsS MUKPOAJIEMEHTOB B PAacTBOPE,
MPU  HMCTOJB30BAaHUM I 3a7aHusl CUCTeMbl omiuu «MOHBI W KOMIUIEKCHI»: (HOPMYITHUPOBKA
reoJIOTHYEeCKOM Mojenu 3amaur; ¢GopmupoBanue daino *.st, *.bl, *.in; pabora ¢ maHHBIMHU;
TepEeHOC pe3yJbTaToB pacueToB B Excel, mocTpoenne rpadukoB v MX aHATIHU3.

3ajanne MoJIeTupyeMoi cucteMbl depes ommuio «CyOcTaHInmy: TepecyeT aHATUTUYECKUX JTaHHBIX
MaKkpococTaBa BoJibl Ha cyocranimu B Excel, pacuets B mporpamme Gibbs, orieHka OTHOCUTEIIBHON
OIMOKH pacyeToB.

4. Ilpocpammmustii nakem Visual-MINTEQ

3HaKOMCTBO C MPOrPaMMHBIM MaKeTOM TEPMOJUHAMHYECKOTO MO/IETTUPOBAHUS
HuskoTemmeparypusix mporeccoB Visual MINTEQ: ycraHoBka Ha NEpCOHAJIBHBIH KOMITBIOTED,
uHTepdeiic, TpebOBaHUS K BXOJHBIM JAHHBIM, UCIOJb30BaHHWE MEHIO M OMNUUN Ui UMIIOpTa U
skcropta AaHHbIX B/M3 Excel. OOcyxkaeHne OCHOBHBIX MOJENEH KOMILIEKCOOOpa3oBaHUS C
OpraHWYECKUMH KHCJIOoTaMHu, ucnoiab3yeMbix B Visual MINTEQ (CrokrosbMckas TyMHHOBas
mozenb (SHM) u mogens NICA-Donnan): ux cxoacTtBo W paznmuuus. Pacder popm HaxoxaeHHsS
MHUKpODJIEMEHTOB B PAacTBOpE C y4eToM M 0e3 ydera KOMILIEKCOOOpa3oBaHUs C OpraHMYeCKUMH
murangamu.  OOpaboTka TMOJNY4YEHHBIX pe3yibTaToB, mocTpoeHue rpaduxoB. CpaBHeHUE
pacnpeneieHuii MUKpPOdJIEMEHTOB 1O (opMaM HaXOXKJIEHHUS, MOJYyUYEHHBIX C HCIOIb30BAaHHEM
Pa3IUYHBIX IPOrPAMM TEPMOAMHAMHUYECKOTO MOJICTUPOBAHUSI.

5. Mooenuposanue 3IKON020-2€0XUMUUECKUX CUCMEM: PEUIEHUA, O2PAHUYEHUA, OWUOKU
noJjv3osameeii.

[Ipumeps! ycrenmHoro npuMeHeHus: MOJISTUPOBAHUSI B 9KOJIOTHYEeCKON reoxumun. Poib
AKCIEPUMEHTAJIbHBIX UCCIEAOBAHNUN B CO3/IaHUU TeopeTuueckux mozeneit. [Ipeacrapnenue
MeTacTaOMIBHBIX COCTOSIHUI B PABHOBECHBIX MOJIETISIX MMPUPOAHBIX CUCTEM.

XapakTepHble MPUMEPHI OLTHOOK MPHU MPUMEHEHUN TEPMOJMHAMUYECKOTO MOJISITUPOBAHUS K
TUIEPreHHBIM TPOIECCaM, B TOM YHUCIIE — B 9KOJIOT0-T€OXUMHUECKUX MCCIEAOBAHUSIX.

7. ®ona oueHo4HbIX cpeacTs (POC) nJist oleHUBaHKUS Pe3yJIbTATOB 00y4YeHHUsI 10
AUCHHUILINHE (MOIYJIIO)
7.1. TUNOBbIE KOHTPOJIbHbIE 3aJaHUS MJIM HHbIE MaTepHaJIbl /sl IPOBeAeHUs TeKYIIero
KOHTPOJIS yCIIeBAEMOCTH.

Texymuii KOHTPOJIb YCBOEHUS AUCLUIUIMHBI IPOBOJUTCS IIyTEM KOHTPOJIBHBIX OIPOCOB IO
TEOPETUYECKUM pa3/ieliaM Kypca U BBIIOJHEHHs pacyeTHO-rpaduiyeckux paboT MO MPaKTHYECKUM
pazaenam.



Ilpumepnulii nepeuenv 60nPoOCo6 HA KOHMPONLHBIX ONPOCAX:
Ilo pazoeny 1 Moodenupoeanue npupooHvlX RPOUECCO8 — meopemuiecKue 0CHO8blL U
RPUHUUNUATILHBIE HOOXO0ObL.
1 MeToonorus MoICIMPOBAHUS IPUPOAHBIX MPOLECCOB (MPUBECTU M OMHUCATH CXEMY
HCIOJIb3YEMOT0 MOAX0/A).
2 IIpenmytiecTBa U HEAOCTATKH METO/Ia MUHMUMH3AIIMN U METO/1a KOHCTAHT PaBHOBECHS C
MO3UINH MOJIH30BATENS B 9KOJIOTHUYECKON T€OXUMUH.
3 Knaccudukaius XUMAYECKHX PEaKTOPOB IO XapaKTepy MepeHoca BeIeCcTBa.
4 Turmbel MOACNIEH, MPENTOKEHHBIX JIJIs ONUCAHUS B3aUMOJIEHCTBHUS «BOJa—TIOPOIaY.
5 CriocoOslI MpeicTaBIeHNUs] KHHETUKH MPOIIECCOB B 3a/]a4ax, PelIaeMbIX METOJIOM PaBHOBECHOM
6 Crioco0 BKITIOYEHHS] OPraHM4eCcKOTo BEIIECTBA B 33/1aUH, pelIaeéMble METOI0M MUHUMHU3AIINH
TEPMOJMHAMUYECKOTO MOTEHIIHANIA.
1o pazoeny 5 Moodenuposanue IK01020-260XUMUUECKUX CUCIEM: PeUIeHUsl, O2PAHUYEHU,
ouwiudKuU nonvzoeameieil.
1 XapakTepHbIe TUITBI KOJIOTO-TEOXUMUYECKUX 33]1a4, YCIICITHO PelIaeMble METOIaMU
TEPMOJAMHAMUYECKOTO MOJICTTUPOBAHUSI.
2 COOTHOIIIEHHNE SKCIIEPUMEHTAIBHOTO U TEOPETUYECKOT'O MOJISTTMPOBAHUS B 9KOJIOTMUECKON T€OXUMUHU
3 Ilpupona npensiTCTBUN Jyisi MPUMEHEHUSI PABHOBECHOTO MOJIETTMPOBAHUS K
HU3KOTEMIIEPATYPHBIM MTPUPOJTHBIM CHCTEMAM.
4 Tyt npeacTaBieHusi MHOT00Opas3usi GopM HaXOKICHHSI TOKCUIHBIX AJIEMEHTOB B
TEPMOJMHAMUYECKIX MOJIEIISIX.
5 CymectBo mpo0biemsl «back-reactionsy IpH ONMMCAHKUK MPOIECCOB ¢ (PrUTbTpaIiel BOIbI.
6 [Touemy mpu MOAETMPOBAHUH 00s3aTEIbHA MTPOIIEAYPa BepUPUKAITUN?

Ilepeuens npakmuueckux 3a0anuil 0141 RPOGEOCHUA MEKYULe20 KOHMPONA:

Hazsanue Conepxanue
CocraBnenue 6a3 naHHbIX KOHCTaHT | [loAroroBka CBOMHBIX TAOJIMIL IO KOHCTAHTAM
YCTOMYMBOCTH KOMIUIEKCHBIX YCTOMYUBOCTH HEOPTAHUYECKUX U OPTaHUUYECKUX
COEINHEHUH coemunennit Cu, Zn, Cd u Pb, ucronp3yeMbIx B

pa3IUuHbIX 0a3ax JaHHBIX (IO BApUAHTaM).
[IpoaHanu3upoBaTh pa3inyusi B 3HAYCHUSIX KOHCTAHT.

BBox B 6ask magaeix Unitherm u JloGaBieHne MoJIb30BaTEIBCKOI0 3JIeMeHTa Fu.
peIaKTHpOBaHUE HHPOPMAITHH. Bp160p 3HaYeHHIT KOHCTAHT YCTOWYHUBOCTH OCHOBHBIX
Co3aHue MoIb30BaTEeNIbCKOM 0a3bl | KOMIUIEKCHBIX COSMHEHUMN, XapaKTEPHBIX IS
JIAHHBIX. IMPHPOJIHBIX BOA (THIPOKCOKOMILIEKC, XJIOPHTHBIH,

cynb(aTHBIN, KapOOHATHBIN, PyILBATHBIN ), KOTOPBIMHU
OyneT nornonHeH 6aHK gaHHbIX Unitherm, Ha OCHOBaHUH
COCTaBJICHHBIX IIPH BBHITOJHEHUHU TIEPBOI
CaMOCTOSITeNIbHOW paboThI Tabau, O00CHOBaHUE
C/IeJITaHHOTO BBIOOpA.

BHeceHre KOMIUIEKCOB M COOTBETCTBYIOIIMX KOHCTAHT B
O0ank ganabeix Unitherm.

Pacuer ¢popm HaxoxIeHUS DopMyIMpPOBKA I'e0JIOTNYECKON MOEIH 3a/1auH.
MHUKPO3JIEMEHTOB B Pa3IMUHBIX 10 [TonroToBka aHAIMTUYECKUX JAHHBIX /7151 BHECEHUS B
MaKpOCOCTaBy ITOBEPXHOCTHBIX nporpammy Gibbs.

BOJIaX C UCIOJIb30BaHUEM Pacuer ¢popm HaxoxeHUst MukpoaemeHToB (Cu, Zn,
nporpammuoro nakera HCh Cd, Pb) B noBepXHOCTHBIX BOJaX Ha IpUMepe paiioHa

VYpynckoro XBOCTOXpaHWIUINA B ABYX BapHaHTax (¢
y4eToM U 0e3 yyeTa KOMILIEKCOOOpa30BaHus C
OpPraHUYECKUMU KUCIIOTaMH).

O06paboTKy pe3ysbTaTOB PacyeTOB KaX /bl CTYAECHT
IIPOBOAMT I10 TOMY JIEMEHTY, 110 KOTOPOMY OH F'OTOBUJI
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HasBanue

Coneprxanue

0a3y MaHHBIX KOHCTAHT YCTOMYMBOCTH KOMIUICKCHBIX
coeauHeHnil. UToroBble 3HaAYCHUS MTPEACTABIISIOTCS B
BHU/IE TAOJIHII, B KOTOPHIX YKA3aHO MPOIICHTHOE
COZEPIKAHUE KaXKIO0T0 KOMIUIEKCA, a TAKKE B BUIE
JUarpaMm, HILTIOCTPUPYIOMINX (POPMBI HAXO0XKICHUS
MHKpPO3JIEMEHTOB B pa3IMyHbIX TUaX BoA. Kpome Toro,
JTAETCsl CIIOBECHOE ONMCAHUE PACIIPEACIEHUS
MHUKPOAJIEMEHTOB B PacTBOpe 1o (opMaM HaxXOXKJICHHUSI.

[lepecuer MakpococTaBa pacTBopa C
HNOHOB U KOMIIJICKCOB Ha
cyOcTaHuu

Iepecuer cocraBa pactBopa B EXcel ¢ nonos u
KOMIIJIEKCOB Ha BO3MOXHBIC Cy6CTaHIII/II/I.

Pacuer coctaBa cucremsl B HCh.

CpaBHeHuE KOJIMYecTBa MOJIEH HOHOB, 00PAa30BaBILIUXCS
B pacyeTax ¢ JabopaTOPHBIMU aHATUTHYECKUMU
JaHHBIMHU U OILICHKa OTHOCHUTENBHOH OIIMOKH.

Pacuer dhopm HaxoxaeHUS
MHKPOIJIEMEHTOB B PA3IUYHBIX 110
MaKpOCOCTaBy TTOBEPXHOCTHBIX
BOJIaX C MCIOJIb30BaHUEM

IporpaMMHoOro nakera Visual
MINTEQ

Pacuer popm HaxoxaeHus mukposnemenTos (Cu, Zn,
Cd, Pb) B noBepxHOCTHBIX BOJIaX Ha IpUMepe paiioHa
VYpynckoro XBocToXpaHWIKIIA B TPEX BapraHTax (06e3
ydera KOMIUIEKCO0Opa30BaHUs C OpraHU4eCKUMHU
KHCIIOTaMHU U C €r0 YYE€TOM IO ABYM HCIIOJIb3YEM B
Visual MINTEQ Mopaensim npeactaBieHus
pacTBOPEHHOTO OpraHuyeckoro Bemecrsa: SHM u
NICA-Donnan).

O06paboTKy pe3yJbTaTOB PACYETOB KAXKIbIA CTYICHT
IPOBOJUT 110 TOMY 3JIEMEHTY, 10 KOTOPOMY OH T'OTOBUII
0a3y JaHHBIX KOHCTAHT YCTOWYMBOCTH KOMIUIEKCHBIX
coeauHeHnil. IToroBbie 3HaYCHUS TTPEACTABIISIOTCS B
BUJIe TaOJMILL, B KOTOPBIX YKa3aHO NPOLIEHTHOE

COJIep KaHNe KaKJIOT0 KOMIUIEKCa, a TAK)KE B BUJIE
JMarpaMM, HIUTIOCTPUPYIOLINX (OPMBI HAXOMKAECHUS
MHUKpPO3JIEMEHTOB B pa3IMuHbIX TUIAX BoJ. Kpome Toro,
JIAETCs CIIOBECHOE ONMCAHUE pacIipelelIeHUs
MHUKPO3JIEMEHTOB B pacTBOpe 10 (hopMaM HaXOXKJICHHMSL.

7.2. TunoBblie KOHTPOJIbHBIC 3aIaHUS WJIH HHBIC MATCPHUAJIbI IJIA IPOBCACHUSA

NPOMEKYTOYHOM aATTeCTAllUM.

Ilpumepnulii nepeuens 60npPOCO8 NPU NPOMENHCYMOYHOU AMMECMAYUU:
1. Twunsl Mozenei 1isi ONMCaHMs B3aUMOJICHCTBUS «BOAa—TIOPOAAY.

2. lTlpupoma  mpensATCTBHIMA

JUIA IMPUMCHCHUA PaBHOBCCHOI'O MOACIIUPOBAHUA

HU3KOTEMIIEPATYPHBIM IPUPOTHBIM CUCTEMAM.
3. IlpeumymiecTBa M HEAOCTATKH METOJa MUHHUMHU3AIMU U METOJIa KOHCTAaHT PAaBHOBECHS C
MO3UIINI MOJB30BATENS B 9KOJOTUUECKON T€OXUMUMU.
4. TepMoauHaMUYECKHE€  KOHCTAHTHl  YCTOMYMBOCTH  KOMIUIEKCHBIX  COCIUHEHHIA
CYIIECTBYIOIIME 0a3bl JaHHBIX 11O HUM.

o

HpI/I‘{I/IHLI HCOAHO3HAYHOCTHU TECPMOJUHAMUYCCKUX XAPAKTCPUCTUK BCIICCTB.

K

u

6. BBon B ©Oank gaHHeix Unitherm u penaktupoBanue wuHpopmanuu. Co3ganue
M0JIb30BaTEIbCKON 0a3bl TaHHBIX.

~

Crpykrypa nporpammuoro komiuiekca HCh. Tumsl co3naBaembix (aiiinos.

8. Crpykrypa nporpammHuoro komiuiekca Visual MINTEQ: TpeGoBaHusI K BXOAHBIM JaHHBIM,
WCIOJIb30BaHKE MEHIO U OIIIUH 711 UMIIOPTa U SKCIOpTa AaHHbIX B/u3 Excel



9. CrokronmpMmckas rtymuHOBas Mozaenb (SHM) u ee wucmonb3oBaHHE B IPOrPaMMHOM
komruiekce Visual MINTEQ
10. UcnonwszoBanue monenmu NICA-Donnan ajisi OIIEHKH KOMILIEKCOOOPa30BaHHE METAIIOB C
OpPraHMYECKUMHU KHCIOTaMU
11. Tumnel 3aa4, 11 peUICHUS KOTOPBIX MOKHO MCIIONB30BaTh MPOrpaMMHBIN KoMmIuieke Visual

MINTEQ.

12. Ilpumeps! 3amad, A pEHICHHUs KOTOPBIX HE NMPHUMEHUM HpPOTrPaMMHBIA KOMIUIEKC Visual

MINTEQ.

IIkana n KPUTECPUHU OLICHUBAHUA PE3yJIbTAaTOB Oﬁy‘lel{]{lﬂ no JTMCUUIJIMHE.

Pesynbrarsl «HeynoBn «Y IOBIETBO- «Xopomo» «OTIU4YHO»
oOyueHus €TBO- PUTEIBHO»
pUTENBHO
»

3HaHus: 3HaHus ®parmenTtapueie | OO1ue, HO HE CucremaTtnuecku
3aKOHBI PaBHOBECHOM OTCYTCTBY | 3HaHUS CTPYKTYpUPOBAaHH | € 3HAHUS
TEPMOJIUHAMUKHU; OCHOBHBIE 10T bl€ 3HAHUS
METO/IbI U MOIXO/IBI,
UCIOJIb3YEMBbIe IS
TEPMOIUHAMHYECKOT O
MOJIETTMPOBAHUS PUPOTHBIX
MIPOLIECCOB; OCOOEHHOCTH
ITOCTAaHOBKH 3a/1a4 U
MHTEPIIPETALMM PE3YJIBTATOB IIPU
MOJEIUPOBAHUHU
HU3KOTEMIIEPATyPHBIX
IIPOLIECCOB; TUITMYHBIC 3aa41
MOJEIUPOBAHUS IIPUPOTHO-
TEXHOI'€HHBIX CHCTEM.
VYMenus: VYmMmenus B neiom B niesiom VYcnenrsoe
BBITNOJIHEHUE (PU3HKO- OTCYTCTBY | YCIIEHIHOE, HO HE | YCIIELIHOE, HO yMEHHE
XMMHYECKHUX PAaCYETOB COCTOSIHUS | FOT CHUCTEMAaTHYECKOE | COAEpIKallee UCII0JIb30BATh
IIPUPOJHO-TEXHOTEHHBIX CUCTEM C yMEHHE, OTJIEJIbHbIE BO3MOXHOCTH
ITOMOIIBIO ITPOrPAMMHBIX JIOITyCKaeT po0esbl yMeHue TEPMOJUHAMUYEC
komiuiekcoB HCh u Visual HETOYHOCTHU HCII0JIb30BaTh KOro
MINTEQ HEMPUHIIUIIAATIBH | BO3MOXXHOCTH MOJICITUPOBAHUS

Oro Xapaxrepa IIPOrPaMMHBIX JUISL pELICHHUS

KOMILIEKCOB. r€OXMMHUYECKHUX
3aja4.
Bnanenus: HaBreikn ®parmeHTapHoe B nenom Bnanenue
HaBbIKaMU MOJrOTOBKH 3aJa4 B BIIQJICHUS | BJaJeHUE c(OpMHpPOBaHHbBIE | METOJaMU
nporpammHbIX komriiekcax HCh | oTCyTcTBY | METOIMKOM, HaBbIKU MOJIETTUPOBAHUS
u Visual MINTEQ, nposenenus 0T HaJln4ue HCIIOJIb30BaHUS HHU3KOTEMIIEpATyp
pacyeToB, MOJEINUPYIOIINX OTJIENBHBIX IIPOrPaMMHBIX HBIX IIPOLIECCOB B
IIPOTEKaHNE IPOLIECCOB, HaBBIKOB KOMIUIEKCOB, HO IIPOrPaMMHBIX
XapaKTEepHBIX ISl IPUPOIHO- UMeEEeTCs komriekcax HCh
TEXHOT€HHBIX CUCTEM. onpeeneHHas u Visual
HEYBEPEHHOCTb. MINTEQ
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- METOAUYECCKHUE MaTEPHUAJIbI:

WHuceTpykuus T10JIb30BATENS nakera porpaMm HCh. MI'Y, 2009. —
http://www.geol.msu.ru/deps/geochems/soft/index.html

MINTEQAZ2/PRODEFA2, A Geochemical Assessment Model for Environmental Systems: User
Manual Supplement for Version 4.0 https://vminteq.lwr.kth.se/

b) IlepeueHp NUIIEH3MOHHOIO IMpOrpaMMHOro obecriedeHust maketsl nmporpamm: Microsoft Office
Excel, Microsoft Office PowerPoint.

B) Ilepeuens npodeccroHanbHbIX 0a3 JaHHBIX U MHGOPMALIMOHHBIX CIIPABOYHBIX CUCTEM
[TomHoTekcToBas 6a3a qaHHbBIX ScienceDirect: https://www.sciencedirect.com/

I') nporpammuOe obecrieuenre u MHTEpHET-peCypChl: MPOrpaMMHBIN TTAKET TEPMOAMHAMHUIECKOTO
mozaemupoBanuss HCh (astop FO.B.11IBapoB)
http://www.geol.msu.ru/deps/geochems/soft/index.html,
nporpammHsiil maket Visual MINTEQ https://vminteq.lwr.kth.se/download/

Hayunas Dnextponnas 6ubimoreka http://www.e-library.ru
[TomHoTekcToBas 6a3a gaHHbIX ScienceDirect: https://www.sciencedirect.com/

Z[) MaTepI/IaJ'IBHO-TeXHI/ILIeCKOFO obecrieyeHue. - INEPCOHATIBHBIE KOMIIBIOTEPHI.

9. S3pIk penogaBaHus — PyCCKUM.
10. IIpenonaBarenu — I'puuyk JI.B., JIunataukosa O.A.

11. ABtopsl nporpammsel — ['puuyk J1.B., JIumataukosa O.A.
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