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1. HEJIM U 3AJJAYU JUCHUTIJIIMHBI
e ocBOCHUA TMCHUIINHBI (MOYJIs):

OcBOeHHE TEOPETUUECKUX OCHOB U MPAKTUYECKUX HABBIKOB pacueTa paBHOBECHOT'O COCTaBa
TOMOI'CHHBIX XMMHYECKUX CUCTEM

3amaum :

1. 3yyeHue TeopeTUYECKUX OCHOB METO/Ia MATEMaTUYECKOTO MOJEITUPOBAHUS
XHMHUYECKUX PABHOBECH;

2. OcBoeHME UCTIOIB30BAHUS METO/IA IS MOJICIMPOBAHMS CUCTEM C Pa3IUIHBIMU TUITAMHU
B3aHMOJICHCTBUM;

3. ®opMHUpOBaHUE YMEHUI Y HABBIKOB MCITOJIb30BaHUS METO/1a MPUMEHUTEIBHO K
peabHBIM XUMHUYECKUM CHCTEMaM.

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OOII
[ukin (pa3nen) OIl: B1.B
TpeGoBanus k npeaABapuTeJIbHOI MOATOTOBKE 00y4alOLIerocs:

Marematuka

AHanmMTAYECKas] XUMHUS

Heoprannueckast xumus

dusnueckas XUMUs

JAMCHMIUIMHBI (MOAY/IH) U IPAKTHKH, 1JIs1 KOTOPLIX 0CBOCHHE JAHHON AUCIHUILIMHBI
(MoayJisi) He00X0AMMO KaK MpeauIecTBYIOIIee:

JucuuninHa 3akiiaibIBaeT 3HaHUS /1711 IOATOTOBKH BBIITYCKHOM KBaTM(PHUKAIMOHHON
paboThI, MPOU3BOACTBEHHOHN MPAKTHKH, CAMOCTOSATEIBHON HAyYHOU pabOTHI.

IIpenumuioMHas pakTUKa

Hayuno-uccnenoBarenbckas pabora

3. OBBEM JUCHHUIIVINHBI

O0mas Tpyr10eMKoCTb 33ET
YacoB 110 yueOGHOMY IUIaHy 108
B TOM 4HcJIe:

caMmocTosiTeNbHast paboTa | 44

4. INTAHUPYEMBIE PE3YJIBTATBI OBYYEHUS 110 JUCHUIIINHE,
COOTHECEHHBIE C INTAHUPYEMBIMHU PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOT'PAMMBbBI

[TK-1.1: IlnmaHupyeT oTaeNbHbBIE CTATUU HCCIEA0BaHUs TPH HaIuuuu obriero nmiaana HUP

Yposenb |  Mertonsl perienus "npsmoit” u "oOpatHO" 3a1a9n 1719 MOIETTUPOBAHUE
XUMHYECKUX PaBHOBECHUH JJIsi CUCTEM pa3HbIX THUMOB; O0nactu
MIPUMEHUMOCTH METO/IOB

VYpoenb |  CTpouTh MO UCXOJIHBIM JAHHBIM MATPUILY CTEXHOMETPUUECKUX
kod(ppurmenToB; PaccunThiBaTh KOHCTAHTHI PABHOBECHST HA OCHOBE
CIIPaBOYHBIX M SKCIIEPUMEHTANBHBIX JaHHBIX; C MCIIOIB30BaHUEM
MaTeMaTUYECKUX METOJOB PACCUUTHIBATh PABHOBECHBIE KOHIIEHTPAIIUU
BEILIECTB.

Ypoeens |  Metoasl pemenus "psimoit" u "oOpaTHON" 3a1a4K 111 MOACIIUPOBAHNE
XUMUYECKUX PABHOBECUH ISl CHCTEM Pa3HBIX TUIIOB



I1K-1.2: BeiOupaet TeXHUYECKUE CPEJICTBA U METO bl UCIIBITAHUH (M3 HA00Opa UMEIOIIIMXCS)
JUISL pelieHus nmocTtaBieHHbIx 3ana4y HUP
Vposerb |  OCHOBHBIE KOMITBIOTEPHBIE TPOTPAMMBI IO METOY MATEMATUYECKOTO
MOJEJIMPOBAHUS XUMUYECKUX PAaBHOBECUM
VYpoeens 1  BwiOupats Hanbosiee MOAXOISIIYIO IS PEIICHUSI 330291 TPOTPaMMy

YpoBenb 1  CB0OOOAHOM 3KCIUTyaTaeld KOMIIBIOTEPHON TEXHUKHA U OCHOBHBIX
KOMITBIOTEPHBIX MPOTPAMM 10 METOAY MAaTEMATHIECKOTO MOJICITHPOBAHUS
XHUMHUYECKHX PAaBHOBECUH

I1K-1.3: 'oTOBUT OOBEKTHI UCCIIEOBAHUS

YpoBenb |  MeTobl BeIYHCIEHUS KOOPHUITUEHTOB aKTUBHOCTH KOMIIOHEHTOB;
OCHOBHBI€ MTOHSATHS MATEMATUYECKOU CTATUCTUKH, IPUMEHSIEMBIE TS
00paboTKHU pe3yabTaTOB HAOIIOICHUI; IPaBUiia MOATOTOBKH U BBOJA
WCXOJHBIX TaHHBIX JJI1 KOMIBIOTEPHOIO pacueTa

VYpoBenb |  PaccuuThIBaTh KOHCTAHTHI PABHOBECHSI HA OCHOBE CIIPABOYHBIX U
AKCIEPUMEHTAIIbHBIX JTAHHBIX

Ypoeenb 1  Metozsl pemerus "npsamoi" u "oOpaTHOR" 3a1a4n I MOICTUPOBAHUE
XUMUYECKUX PABHOBECUH ISl CHCTEM Pa3HBIX TUIIOB

[TK-2.1: IIpoBOAMUT TIEPBUYHBII MOUCK WH(GOPMAITUH TI0 33JaHHOW TeMaTHKE (B T.4., C
MCIOJIb30BaHUEM MAaTEHTHBIX 0a3 TaHHBIX)

Vpoenb 1  OcHOBHBIE 0a3bl JaHHBIX, KOTOPHIE MOKHO MCIIOJIb30BaTh B KAUECTBE
HMCTOYHUKOB UH(POpMAIIUU

VYpoenb 1  OcymiecTBIisieT LieJeHaNpaBIeHHbINA TOUCK He0OXoauMoi nHpopmanu

VYposenb 1  Buageer meronaMu norcka He0OX0AUMON UH(POPMALIUU

[1K-2.2: Aranu3upyet u 0000-111aeT pe3yabTaThl IATEHTHOTO IMOMCKA 10 TEMATUKE IMPOEKTa
B BEIOpAHHOM 00JIaCTH XUMHUH (XUMHYECKOH TEXHO-JIOTHH )

Vpoenb 1  OcHOBHBIE 0a3bl JaHHBIX, KOTOPHIE MOKHO MCIIOJIb30BATh B KAUE€CTBE
HWCTOYHUKOB MH(OpMaIuu

Vposenb 1  ComocTaBisieT 1aHHbBIE, TIOTyYaeMble U3 Pa3IMYHBIX HCTOYHUKOB,
OTpeIeNsieT UX TOCTOBEPHOCTh U TPUMEHUMOCTH /I KOHKPETHOU
CUTyaluu

VYpoeenb |  Brageer MeTogaMu morcka HeOOX0AMMON MH(POPMAITTT

5. BUAbI KOHTPOJIA

Bunpr KOHTPOJIA B CEMECTpax:

3a4eThI | 6

6. SAI3BIK ITPEIIOJJABAHUA

SI3BIK TIpenojaBaHus: pyCCKHUH.

7. CTPYKTYPA U COJAEP)KAHUE JUCHUILINHBI (MOJLY.JIST)

Bu
Ne HanmeHoBaHMe pa3jaeioB U TeM ! Cem. | Hacos | IIpumeuanue
3aAHATHA
Paznen 1. Beengenue
1.1 |BBeneHue B MaTeEMaTHUYECKOE JIex 6 1

MOJCIIMPOBAHUSA XUMUYCCKUX paBHOBeCI/Iﬁ

Pazgen 2. Marematnueckue OCHOBEI
MOJICTTUPOBAHMS XUMUYECKUX PAaBHOBECUH




2.1

OCHOBHBIE 3aKOHBI XUMHUYECKUX
paBHOBecHid. DOPMYITUPOBKA IIPSIMOI
3aaui» JJI TOMOTE€HHBIX XUMUYECKUX
paBHOBecuii B pacTBopax. OCHOBHbIE
MOHSTUS MAaTEMAaTUYECKOU CTaTUCTHUKH,
pUMEHsIeMbIE 17151 00pabOTKHU pe3yIbTaToB
HaOmoaeHui. basuc u pacimmpeHHbpli 6a3uc.
Martpuia cTeXuoMeTpu4ecKux

KO3 PHUIIHEHTOB.

Jlex

2.2

CocTaBiieHHEe PacIIMPEHHOT0 0a3uca u
MaTPHIIBI CTEXUOMETPHICCKHX

KO3 PHUIUEHTOB )11 pABHOBECHBIX
MIPOIIECCOB.

JIa0

23

CocTaBiieHHEe PacIIMPEHHOT0 0a3uca u
MaTPHIIBI CTEXUOMETPHUICCKHX

KO3 PHUIUEHTOB 1JIT PABHOBECHBIX
MIPOIIECCOB.

Paznen 3. KommbloTepHas mporpaMma Jyist
METO/Ia MATEeMaTHYECKOT0 MOJICITMPOBAHUS
paBHoBecuii Solution RSS

3.1

3HAKOMCTBO C ITpOrpaMMaMH JIJIsl pacyeTa
pPaBHOBECHBIX KOHLIEHTpanuii. IIpaBuia
MOJICOTOBKH M BBOJA MCXOJIHBIX TAHHBIX JJIS
KOMIBIOTEPHOTO pacyeTa. Popma
MPEJICTABJICHUS PE3YJIbTaTOB PACUETOB.
Nutepnperanus noay4eHHbIX pe3yIbTaTOB.

Jlex

3.2

Hcnonb3oBanue nporpammsl. Beroop
0a3MCHBIX YaCTHIL U €ro BIMSIHUE Ha
UTOTOBYIO MAaTPUILYy CTEXHUOMETPUUECKUX
K03 (UIIMEHTOB.

JIa0

33

Hcnons3oBaHue IIporpaMMmal.

Paznen 4. MonennpoBanue KUCIOTHO-
OCHOBHBIX PaBHOBECUH

4.1

Br16op 0a3zucubix yactuil. CocTaBieHne
pacupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHLIEHTPALUK BCEX YaCTHI] B
pacTBope.

JIek

4.2

CocraBrieHue pacIIMpeHHOro 0asuca.
Pacuer paBHOBECHBIX KOHIIEHTPALMI BCEX
yactul B pacteope. [Tocrpoenne nonesoro
pacrpeiesieH!s] KHCIIOTHO-OCHOBHBIX (hopM
B pacTtBope. [locTpoeHne KpuBbIX
TUTPOBAHUS B PA3IMYHBIX KOMOWHAIUSX.

JIa0

4.3

CocraBieHue paclIipeHHOro 6asuca.
PacueTr paBHOBECHBIX KOHIIEHTPALUH BCEX
yactul B pactBope. Ilocrpoenue nonesoro
pacrpeiesieHus] KHCIIOTHO-OCHOBHBIX (hopM
B pacTtBope. [locTpoeHne KpuBbIX
TUTPOBAHUS B Pa3IMYHBIX KOMOWHAIUSX.

Cp

Pasznen 5. MonenupoBanne paBHOBECHI
KOMILJIEKCOOOPa30BaHUs




5.1

Br16op 6a3ucubix yactuil. CocTaBieHue
pacmpeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHIICHTPAIIMH BCEX YaCTHUIl B
pactBope. [Iporao3upoBaHue NoBeIeHUS
CUCTEMBI TIPU PA3IMYHBIX BO3JACHCTBHSIX Ha
Hee (BimsiHue pH, cooTHOIIECHUS
KOMITOHEHTOB H T.JI.).

Jlex

5.2

CocraBieHue paclmpeHHoro dasuca.
Pacyer paBHOBECHBIX KOHIIEHTpALIUN BCeX
yacTull B pactBope. [loctpoenue gonesoro
pacmpezeneHus: KOMIUIEKCHBIX (opMm B
pactBope. [locTpoeHne KpUBbIX TUTPOBAHUS
B PA3IMYHBIX KOMOMHALIUAX.
[Iporuo3upoBanue MOBEACHUSI CUCTEMBI MPU
pPa3IMYHBIX BO3JICUCTBUSIX HA Hee (BIUSHUE
pH, cooTHOIIEHNS KOMITIOHEHTOB U T.1.).

JIa0

53

CocraBieHue pacumpeHHoro dasuca.
PacueT paBHOBECHBIX KOHIICHTpAIIHI BCEX
yactull B pactBope. [locTpoenue noneBoro
pacrpeeneHus: KOMIUIEKCHBIX (opM B
pactBope. [TocTpoeHue KpUBBIX TUTPOBAHUS
B Pa3JIMYHbIX KOMOUHAIIUSX.
[Tporuo3upoBaHue NMOBEJACHUS CHCTEMBI TIPU
Ppa3IMYHbIX BO3II€I>'ICTBI/I$[X Ha HEEC (BJ'II/ISIHI/IG
pH, cooTHOIIEHNSI KOMIIOHEHTOB U T.1I.).

Paznen 6. MonenupoBaHue OKHCIUTEIBHO-
BOCCTAHOBUTEIbHBIX PABHOBECHM

6.1

Br16op 0a3zuchbix yactui. CocTaBieHne
pacupeHHoro 6asuca. Pacuer
PaBHOBECHBIX KOHLIEHTPALUK BCEX YaCTHI] B
pactBope. [locTpoeHne KpuBbIX
KYJIOHOMETPUYECKHUM METOA0M
(ranbBaHOCTATHYECKUM PEKUM).

JIek

6.2

CocraBiieHru€e pacIIMpeHHOro 0asuca.
Pacuer paBHOBECHBIX KOHIIEHTPALMI BCEX
yacTull B pactBope. [locTpoenne KpuBbIx
TUTPOBAHUSA B PA3IMYHBIX KOMOUHAIIUSAX
TUTPaHTOB. [locTpoeHne KPUBBIX
KYJIOHOMETPUUYECKUM METOIOM
(ranbBaHOCTATHYECKUM PEKUM).
[Iporuo3upoBanue MOBEAEHUSI CUCTEMBI IPU
Pa3TMYHBIX BO3JICUCTBUSIX HA Hee (BIUSHUE
pH, cooTHOmIEHNs KOMITIOHEHTOB, OB-
MOTEHITMANA U T.1T.)

JIa0




6.3

CocraBiieHre pacuIMpeHHOTo Oasuca.
Pacdet paBHOBECHBIX KOHIIEHTPALIUA BCEX
yactull B pactBope. [locTpoenne KpuBbIx
TUTPOBAHUS B PA3TMYHBIX KOMOMHAIIUSIX
TUTPAHTOB. [locTpoeHue KpUBBIX
KYJIOHOMETPUYECKUM METOA0M
(raTbBaHOCTATUYECKUI PEKUM).
[Tporuo3upoBaHue MOBEACHUS CUCTEMBI IIPU
pa3IMYHBIX BO3JCHCTBUSIX HA Hee (BIHSHUC
pH, cooTHomenus: komnoneHTon, OB-
MOTEHITMAA U T.1I.)

10

Paznen 7. MonenupoBanue
KOMOWHHUPOBAHHBIX XUMHUYECKHUX
paBHOBECHUI

7.1

Br16op 6a3ucHbix yactuil. CocraBieHue
pacmuperHoro 6a3uca. Pacyer
PaBHOBECHBIX KOHIICHTPAIIMK BCEX YACTHII B
pactBope. [IporHo3upoBaHue MOBEICHUS
CHCTEMBI MIPH Pa3IUIHBIX BO3JCHCTBUAX HA
Hee (Bnmustaue pH, cooTHOIMICHUS
komnoHeHToB, OB-moTeHnuana, JIMraHa0B u
T.J.)

JIex

7.2

CocraBieHue paciupeHHOro basuca.
PacueT paBHOBECHBIX KOHIIEHTPALIMI BCEX
yacTull B pacTBope. [locTpoeHue noseBoro
pacupeneneHus OKUCIUTEIbHO-
BOCCTAHOBUTEJIbHBIX, KUCIIOTHO-OCHOBHBIX,
KOMIUICKCHBIX ()OPM B pacTBOpE.
[TocTpoeHre KpUBBIX TUTPOBAHUS B
pa3IMYHBIX KOMOMHALIUSX THTPAHTOB,
BKJIFOYAsi KyJIOHOMETPUUYECKOE TUTPOBAHUE B
raJbBaHOCTATHYECKOM PEKUME.
[Iporuo3upoBanue MOBEJACHUSI CUCTEMBI TIPU
Pa3IUYHBIX BO3/JICUCTBUSAX HA HEE (BIUSIHHE
pH, cooTHomeHust komnoHeHToB, OB-
MOTEHIMaNa, JTUTaHa0B U T.J.)

JIa0

7.3

CocraBieHue paclipeHHoro 6asuca.
Pacuer paBHOBECHBIX KOHIIEHTPALMI BCEX
yacTull B pactBope. IlocTpoenne noseBoro
pacipeneneHus OKUCIUTEIbHO-
BOCCTaHOBUTEJIbHBIX, KUCIIOTHO-OCHOBHBIX,
KOMIUIEKCHBIX ()OPM B pacTBOpE.
ITocTpoeHne KpUBBIX TATPOBAHUS B
pa3IMYHbIX KOMOMHALIUSX TUTPAHTOB,
BKJIFOYasi KYJIOHOMETPUYECKOE TUTPOBAHUE B
raJbBaHOCTATUYECKOM PEKUME.
IIporao3upoBaHue NOBEAEHUS CUCTEMBI IIPH
pa3IMYHbIX BO3JCHCTBUIX HA Hee (BIMSHUE
pH, cooTHomenus kommnonenton, OB-
NOTEHLIMaNa, JUTaHJ0B U T.1I.)

10




Oopa3oBaTe/ibHbIE TEXHOJIOTUH

1. TpaauimonHble (JIEKIUs, PEIICHUE YIPAXKHEHU),
2. ludpossle (MOKa3 mpe3eHTaIUH, BHITOJHEHUE MPAKTUYECKUX padboT),
3. I'pynmnoBas pabora

Cnncok 06pa3oBaTe/ibHbIX TeXHOJIOT Uil

Nudopmanmonnsie (u(poBbIe) TEXHOJIOTHH

8. OHEHOYHBIE MATEPHAJIbI V151 IIPOBETEHUA TEKYIIEA "
ITPOMEXYTOYHOU ATTECTALLUU

8.1. OIIeHO‘lHLIe MaTepuaJbl 1JId IIPOBECACHUA TeKymeﬁ arrecranmuun

OHeHO‘lHBIG MaTC€pHralibl JI ITPOBEACHUA TeKymeﬁ aTTeCTaluy NPUBCACHEI B IIPUIIOKCHUN

8.2. OIIeHO‘lHLIe MaTepHuaJbl 1JI IIPOBECACHUA l'lpOMe)KyTO‘lH()ﬁ arrecranmuun

OI_IeHO‘lHBIe MaTCpHraJibl AJIA IIPOBCACHUA HpOMe)KYTOqHOﬁ aTTeCTalu MMpruBCACHLI B

MIPUIJIOKEHUU 2

8.3. TpeOoBaHUs K PEHTUHT-KOHTPOJIIO

CrpykTypa peUTHHIOBBIX OAJIJIOB:

1. I[TepBbIit MOIYITH

- 3a71au Ha MOJICIMPOBAHKUE KUCIIOTHO-OCHOBHBIX B3auMoiercTBrid - 10 0.
- 3a7a4M Ha MOJICIIMPOBAHKE MPOIIECCOB KOMILTIeKcooOpa3zoBanus - 10 0.

- Monynbnas konTposibHas 1 - 20 6.

Hroro 3a 1 moxyns - 40 6.

2. Bropoii moayJsib

- 3a71a41 Ha MOJICIIMPOBAHUE OKHCIIMTEILHO-BOCCTAHOBUTEIIBHBIX paBHOBecHH - 10 0.
- 3aaun Ha MOJICITMPOBaHNE KOMOMHUPOBAHHBIX B3auMoeicTBui - 20 6.
- MonynbHast KoHTpoJbHast 2 - 30 6.

Htoro 3a BTOpoi Moayisb - 60 0.

9. YYEBHO-METOJUYECKOE U UTH®OPMALIMOHHOE OBECHIEYEHUE
JUCLUILIMHBI (MOLYJIS)

Pexomennyemas aureparypa

Ilepeyens pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKANMOHHOM ceTH ""UHTepHeT"

21

eLIBRARY.RU : nayu. snextpos. 0-ka : caiit. Mocksa, 2000. URL: https://elibrary.ru (nara
obparmenusi: 14.02.2024). Pexxum goctyna: s 3apeTUCTPUP. MOIH30BaTENECH. !
https://elibrary.ru

22

LMS : Cuctema ynpasnenusi o0yuenuem : caiit. Tsepp, 2024. URL: https://Ims.tversu.ru
(mata obpamenus: 14.02.2024). Pexum nocryna: ans ctyaeHToB TBI'Y:
https://Ims.tversu.ru

33

Pacuer xumuueckux paBHOBecull B pacTBopax : caiit. MockBa. URL https://chemequ.ru
(mata obpamenus: 14.02.2024).: https://chemequ.ru

24

DnekTpoHHas OMOIMOTeKa yueOHBIX MaTepHalioB Mo XumuH : caiiT. Mocksa. URL:
https://www.chem.msu.ru/rus/elibrary/welcome.html (mata oOpamenus: 14.02.2024).:
https://www.chem.msu.ru/rus/elibrary/welcome.html

25

YueOHbIe MaTepuaisl : AHaTUTAYECKast Xxumusi: cailT. MockBa. URL:
https://chembaby.ru/predmety/analiticheskaya-ximiya/materials (1ara oO6pamenus:
14.02.2024).: https://chembaby.ru/predmety/analiticheskaya-ximiya/materials




IlepeyeHb MporpaMMHOro odecrneyeHust

Google Chrome

Kaspersky Endpoint Security 10 ms Windows

Muorodyukrmonanbhbiii penaktop ONLYOFFICE

OC Linux Ubuntu

Adobe Acrobat Reader

AN n|Bh|WIN]|—

Foxit Reader

COBpeMeHHbIe leO(l)eCCI/IOHaJILHLIe 0a3mbl JAHHBIX U I/IH(])OpMaIIHOHHLIe CIIPABOYHbIC

CUCTECMbI

9BC «Jlanp»

9BbC «ZNANIUM.COM»

OBC «YHuBepcuterckas OnOIMOTeKa OHIAINH

9BC IPRbooks

SbC BOOK.ru

OBbC Tel'Y

N N | B W

Hayunas snekrponnas 6ubnuoreka eLIBRARY.RU (nmoamnucka Ha sxypHAaIbI)

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJINHBI (MOAY JIS)

Ayaur-1 OobopynoBanue

3-243

KOMIUICKT Y4eOHOU MeOeIn, KOMITbIOTEPhI

11. METOAUYECKHUE MATEPUAJIBI U1 OBYYAIOLIUXCHA 11O OCBOEHHIO

JUCIHUITVINHBI

MeTtoaudyeckue MaTCpUaJIbl U YKA3aHUS IPUBCACHBI B IIPUJIOKCHUN 1




