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VTBEPXKJAIO

I[elcg_zié XUMHUY Kdi‘Q;:tb?a’*i\(yaneTa

[Iporpamma yueOGHOM aucuMIUMHBL  «MoJeNMpoBaHke —PaBHOBECHH — pacTBOPax»
cocTaBjieHa Ha OCHOBaHMH I OCyJapCTBEHHOro 0Opa30oBaTeNbHOrO CTaHAapTa BBICIICTO
npodeccuonansroro obpasosanust ('OC BIIO) Jlonenxoit Hapommoi Pecniy6muku (JJHP) mo
Hanpasienuio noxaroroBku 04.03.01 Xwumus, YTBEpKICHHOTO MPUKA30M MunucrepcTBa
obpazopanus u Hayku JIHP Ne 454 ot «20» ampens 2016 r.; mopsaka opraHu3aiin y4eOHOTro
mporecca B 0Opa3oBATENbHBIX OPraHM3alMAX BBICUIETO IPOGECCHOHATBHOTO oOpa3oBaHHs
Jlonenkoii Hapomsoit PecryGivku, yTBep)KICHHOTO HpukasoM MunucrepcTsa obOpa3oBaHus U
rayku JIHP Ne 1171 ot «10» Hos6pst 2017 r.; y4eGHOTO IUIaHa ¥ OCHOBHOM o0pa3oBaTeIbHOM
IIpPOrpaMMBl  BBICHIEr0 NPOdECCHOHANBHOro 00pa3oBaH¥sl HANpPaBICHUS IOIATOTOBKH 04.03.01
Xumus, pazpaboranusix B [OY BIIO «Jlonenkuil HallMOHAIBHBIH YHHBEPCHTET).

’
PazpaGoTuuk: £l L
ACCHCTEHT // A, K.A. YeOrpimeB
Lt
Crapmmii nmpenojasaTeib, K.X. H. }/[,f:?’/ﬁz,//'« E.IO. IToiimanoBa

IIporpaMma y4e6GHOMN JUCIUMILIMHBI YTBEP)KIEHA Ha 3aceaHNU Kadeapsl HeOPraHHIeCKOH
XUMHH

[Tpotoxon Ne 8 ot «18» mapra 2020 r.

3aBenyroumii Kadenpoi ey A.B. Urnaros
k_/

[IporpaMma y4eOHOW JUCIMIUIAHBL OXOOpeHa Y4eOHO-METOIMYECKOH KOMHCCHEH
XHMHYECKOro (pakynprera '
ITpotokon Ne 3 ot «15» anpens 2020 r.

KOMHCCHH (aKyJbTeTa A H.B. fI6noukoBa

\
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IMpencenarens y4eOHO-METOIMUECKOM ) / %?
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1. OBJACTL IPUMEHEHMSI M MECTO JUCUMILUIMHBI B YYEBHOM
MPOLIECCE:

Yuebnas oucyuniuna «Mooenuposanue pasnosecull 6 pacmeopaxy OMHOCUMCA K
8APUAMUBHOU YACU NPOPeCCUOHATbHO2O ON0KA (OUCYUnIuHa no evlbopy cmyoenma). [lns
uzyueHus OaHHOU Y4eOHOU OUCYUNTUHBI HeOOXOOUMbL 3HAHUS, YMEHUs U HABLIKU, (hopmupyemvle
npedwecmsyrlowumu u conymcemsyrowumu oucyuniunamu — Obwas xumus. Heopeanuueckas
xumus. OcHo8bl HeopeaHuuecko2o cunmesa. Dusuueckas xumus. AHarumuyeckas Xumusl.
Opeanuveckas xumusi. Bovicwas mamemamuxa. Obwas u 5KCnepuMeHmMAnbHas —Gusuxa
(Monexynapuasn Qusuxa, mepmoouHamura). Ixonoeus. Quiocopus. Xumus u mexHoi02usi peoKux
U pACCESHHBIX INEMEHMO8.

2. CTPYKTYPA JUCHHUIIJIMHBI

ouHas popma 3aouyHas popma
XapaKTepuCTHKA y4eOHON AUCIUIUINHBI obyuenns Ha base obyueHns Ha base
CIIO CIIO BIIO
0CO 0[0(0)
(ycxop.) (yexop.) | (yckop.)
YpoBeHb BhIcIIEro MpodeccnoHalIbHOTO
bakanaspuar
o0Opa3oBaHMs
OO0pa3oBarenbHBINA YPOBEHD:
p yp bakanasp
Hanpasnenrne noarotoBku 04.03.01 Xumus
KonnuecTBo comepkarenbHbIX MOYJICH )
(Tem)
Jucrnumnnuaa 6a30B0it / BapuatuBHoi yactn | [IpodeccmonaibHblii 6,10K, BApHaTUBHAS YacCTh
. 1
00pa30BaTeNbLHON MPOTPAMMBI JlucuuminHa o BEIOOPY CTyACHTA

MeKyujutl, MOOYIbHblU KOHMPOTIb U UMO208as

DopMBbI KOHTPOJISI
ammecmayus (3auem,).

ouHasi hopma *3a0unas ghopma
Tokasarenu oOydeHus Ha Oasze 00yueHus Ha basze
0Co N0 | oo | CHO BIIO
(ycxop.) (yckop.) | (yckop.)
KonunuecTBo 3a4eTHBIX eqMHUI (KPEAUTOB) 4
KomuuecTBo yacos 144
T'on moarorosku 4
CemecTtp 7
KonuuectBo yacos 72
- JIEKITMOHHBIX 36
- IPAKTUYECKUX, CEMHUHAPCKHUX
- 1aOOPaTOPHBIX 36
- CAMOCTOSATEIBHOIN paboThI 72
B T.4. UHJIUBUIYAIHHOE 3aJIaHUE
HenenpHOE KOTMYECTBO YacoB, T.U.
ayJIUTOPHBIX
CaMOCTOSITENILHOM pa0dOThI CTyIEHTA

OCO - obmmiee cpennee oOpa3oBaHme

CIIO — cpennee nmpodeccrnoHaabHOE 00pa3oBaHUe

BIIO — BrIciee mpodeccruoHanbHOe 00pa3oBaHMe

1- B cootBercTBuM ¢ OOII (0cHOBHOI 00pa3zoBaTesIbHOI MPOrpaMmoit)




3. OIMNCAHME JUCHUIIJINHBI

eau u 3axaun:

IJens - OcHOBHas 11eNb MPENOaBaHus CTyJIeHTaMu Kypca «MoJenupoBaHie paBHOBECUH B
pacTBOpax» -cOPMUPOBATH 3HAHUS IO MOJEIMPOBAHHIO MPOIECCOB KOMILIEKCOOOPAa30BaHUS B
pacTBopax M MPOTOJUTUYECKUX PABHOBECHN. 3HAHUS IIOMOTYT MPOTHO3UPOBATH COCTOSIHUS HOHOB
B pacTBopax JUId AAJbHEHIICHrO IJIAaHUPOBAHUS CHHTE3a HOBBIX HEOPTAaHMUYECKHX BEIIECTB.
OmnazeHre JaHHBIM KYypcoM HEOOXOIUMO il MPO(pECCUOHATBLHON AEATENbHOCTH CIEIMaINCTa-
XMMHUKAa.

3aoauu — HayduTh CTYIACHTOB HCIIOJIb30BaTh IOJyYEHHBIE 3HAHUS KBATU(DUIUPOBAHHO
OCYIIECTBIIATH MMOMCK XUMHUYECKUX MOJIENICi paBHOBECHH, yCTAHABIMBAIOIINXCS B PACTBOPAX.

TpeGoBanus K pe3yJibTaTaAM OCBOECHUSI AMCHMILIMHBL: [Ipoliecc u3yueHust AUCIMUILIUHBI
HarpasjieH Ha (GOPMHPOBAHHUE DJIEMEHTOB CIIEAYIOMUX KOMIeTeHInd B cooTBeTcTBUU ¢ ['OC
BIIO no ganHOMY HaIpaBiIEHHIO MTOATOTOBKH (IIPOPHITIO):

o0meKyJbTypHbIX koMneTeHuuii (OK):
CIOCOOHOCTBIO K caMoopranu3anuu camooodpaszoanuto (OK-7).

o0menpodeccnonaabubix kKomnerenuuni (OIIK):

CHOCOGHOCTBIO HUCIIOJIb30BaTh MOJIYYCHHBIC 3HaAHUA TCOPCTUUCCKHUX OCHOB
(dbyHIaMEHTANBHBIX Pa3/IeIOB XUMHH TIPHU pemeHnn npodeccnoHanbHbx 3amad (OI1K-1);

BJIAAICHUCM HABBIKAMH XHUMHUYCCKOI'O OJSKCICPUMCHTA, OCHOBHBIMHU CHUHTCTUYCCKUMU U
AQHAJIUTUYECKUMHU METOJaMH TOJTYYeHHUS] U HCCIEeOBAaHUS XUMHUYECKUX BEIIECTB U pPEeaKIHi
(OIIK-2);

CIIOCOOHOCTBIO HCIIOJIb30BATh OCHOBHBIE 3aKOHBI E€CTECTBEHHOHAYYHBIX IUCLMIUIUH B
npodeccuonanbHoi aestensHocTH (OI1TK-3);

CIIOCOOHOCTBIO peliaTh CTaHAApTHBIE 3a7auyd  MPOPECCHOHATbHON JIEATENbHOCTH C
HCIIOJIb30BAHUEM COBPCMCHHBIX I/IH(1)OpMaI_II/IOHHO-KOMMYHI/IKaL[I/IOHHBIX TEXHOJIOTHHA C YUeTOM
OCHOBHBIX TpeOoBaHmii nHpopManmonHoi 6e3onacHoctr (OITK-4);

CIOCOOHOCTBIO K TIOMCKY M TIEPBUYHOM 00paboTKe HaydyHOH U HayyHO-TexHuueckoi (OITK-
5).

npodeccuonanbubix komnerenuui (I1K):

HAYYHO-HCCJIEI0BATEIbCKAS 1eSITeIbHOCTD!

CIIOCOOHOCTBIO BBIMOJIHATH CTaHAApTHBIE onepaluu no npeniaraemeiM Metoaukam (I1K-1);

BIIQJICHUEM CUCTeMOH (yHIaMEeHTaNbHBIX XxuMudeckux moustuii (I1K-3);

CIIOCOOHOCTBIO MPHUMEHSTh OCHOBHBIE €CTECTBEHHOHAYYHbIE 3aKOHBI M 3aKOHOMEPHOCTU
Pa3BUTHS XMMHUYECKON HayKH IIPU aHAJIM3€ MOJIyuyeHHBIX pe3ynabTaToB (11K-4);

CIIOCOOHOCTBIO TOJydaTh M 00pabaThiBaTh pe3yiabTaThl HAYYHBIX OSKCIEPUMEHTOB C
MIOMOIIIbIO COBPEMEHHBIX KOMITbIOTEPHBIX TexHOoJorui (I[1K-5);

BJIa/ICHHEM HaBbIKAMU MPEJCTABIICHUS MOJYUYEHHBIX PE3YyJIbTATOB B BUJE KPATKUX OTUETOB U
npesenranuii (I1K-6).



B pe3yabTare udyueHusi yaeOHOH TUCHMILIMHBI CTYEHT J0JIKEH
3namo:

[IpuHLHKIIBI U3y4EeHUS PABHOBECUM B PACTBOPAX;
— OCHOBBI MOJETMPOBAHUS IPOLIECCOB B PACTBOPAX;
— IIporonutuyeckue paBHOBECHUS B PACTBOPAX KUCIIOT U OCHOBAHMIA;

Crnoco0s1 BeruucieHust pH B pacTBopax KUCIOT U OCHOBAaHUH
Ymemos:
— Hcnons30BaTh MaTeMaTHYeKCHE MAKEThI IPOrPAMM ISl MOJEIMPOBAHNS PAaBHOBECHUN B
pacTBopax;
— PaccunthiBaTh  yCTOMYMBOCTH KOMIUIEKCOB KOOPAMHALMOHHBIX COEIMHEHHA B
pacTBopax;
— PaccuuteiBaTh pH pacTBOpOB KHUCIOT U OCHOBAHMIA

Bnaoemuw:

— HaBbIKAMU aHAJIN3a IPOTOJIMTUYECKUX PABHOBECHUM B paCTBOpaxX KUCJIOT U OCHOBaHUM;
— MPUHIUIIAMA MAaTEMAaTUYE€CKOTO MOJICTUPOBAHKS PABHOBECHI B pacTBOpax.

4. COIAEPXAHME AUCHUIIVIMHBI U ®OPMbI OPI'AHU3ALIMAU YYEBHOI'O
IMPOLECCA

Kypc mucuumnunel "MopenupoBaHue paBHOBECHMH B pacTBopax' MpeaycMaTpHUBaeT
cnenyromye (GopMbI OpTaHU3aIMK YIeOHOTO TIpoIiecca:

- JeKIIHH,

- TabOpaTOpPHBIC 3aAHSITHS,

- CaMOCTOATENbHas paboTa CTyCHTA.

Marepuan uznaraercs ¢ UCHOIb30BAHUEM CIIOBECHBIX, 00BACHUTEIbHO-UIUIIOCTPATUBHBIX,
HBPUCTHYECKHX, MPOOJIEMHBIX U HCCIEI0BATEIILCKUX METOJOB MpernojaBanus. [Ipu npoBeneHnn
JeKIUM 11 o0CYXKJIEHUsl MaTepuaja IMIMPOKO HCHOJIb3YIOTCS MYJIbTUMEIUNHBIE MPE3eHTALUH,
aHMMallu¥, a TaKXe pa3laTo4yHble MaTepuaibl. Bo Bpemsi mabopaTOpHBIX 3aHSATHH CO3AIOTCS
pOOJEMHbBIE CUTYallMH, PaCCMAaTPUBAIOTCA 33Ja4d MaKCUMAaJIbHO NPHOIMKEHHbIE K IPAKTHUKE,
IUISL CAMOCTOSITENTbHON pabOThI PEJIaraloTcsi TBOPUECKUE 3a1aHUsL.

B ydeOHOM mpolecce MMPOKO NPUMEHSIOTCS AKTUBHBIE M HHTEPAKTUBHBIE (HOPMBI
NPOBEACHUS 3aHATUN (JEMOHCTpAIlMM XHMHUYECKHX peakuuii, pa3dop 3aKkoHOMEpHOCTEH
IPOTEKaHMUsT XMMHUYECKUX IMPOLECCOB, TUCKYCCUs, NOJEMHKA), BHEAYAUTOPHAsT CAMOCTOSITENIbHAs
pabota, OaNIbHO-PEUTHUHIOBasi CUCTEMa OLIEHKHU YCIIEBAEMOCTH, JMYHOCTHO-OPHUEHTHPOBAHHOE
oOydeHue, mpobjaeMHOe 00ydeHHe, OJIOYHO-MOAyJbHOE oOydeHue. Mcmonb3oBanue B yueOHOM
IpoLecce MPaKTUYECKUX BUACOONBITOB 10 JAHHOMY KYpCy; PACCMOTPEHHE pa3IN4HBIX THUIIOB
TEOPETUYECKUX U MPAKTHUUYECKUX 3aJ]ad, HarJsJAHO JAEMOHCTPUPYIOLINX CBA3b XUMHUH C JKHU3HBIO,
XHUMHAYECKOT0 KCIIEPUMEHTA, TECTOB M KOHTPOJIBHBIX paboT.

CamocrodrenbHas paboTa CTYyIE€HTOB NpPENLyCMaTPUBAET BBINOJIHEHUE WHIWBUAYAJIbHBIX
3aJaHui, TOATOTOBKY K J1a0OpaTOpHBIM 3aHATHSAM, HU3ydeHHE Y4eOHOH M MeTOAMYecKOn
auteparypbl. CTyI€HTBI CaMOCTOSITEIbHO 10pa0ATHIBAIOT HEKOTOPHIE TEMBbI, KOTOPbIE U3YYAJIUCh B
Kypce XMMHUU: Ta30BbI€ 3aKOHBI, KJIAcChl HEOPTaHWYECKHX COCIMHEHHUH, CIIOCOOBI MOTydeHUs
OCHOBAHHUH, KUCIJIOT, THJIPOKCUIOB, COJIEH, N3y4aloT NIPUMEHEHNE HEOPraHUYECKUX COECJUHEHUH,
MPOCTHIE BEIECTBA U COEAUHEHUs1 B mpupoje. [IpoBoast u3ydenune npubopoB u 000pyI0BaHus,
IPOBOJAT IKCIEPUMEHT, 00padaThIBAIOT IMOJIyYEHHBIE PE3YNIbTaThl, aHAIU3UPYIOT IMOJIy4YEHHbIE
pe3yJIbTaTHI.
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HopsiakoBbIi
HOMEp U TeMa

Kparkoe cogep;kanue TemMbl

Cooeporcamenvuwtii Mmooy 1 [Ipunyunst mooeruposanus pasHosecull 8
pacmeopax

Tema 1. OCHOBHBIE TIOHATHUSI, TEOPETUUECKUE OCHOBBI Kypca. [IpoToHHas teopus
OcHoBHbIE KHCIOT M OCHOBaHMH. OCHOBHBIE TIOHATHS TIPOTOHHOM TEOpUH.
MOHATUSA, KOHCTaHTBI KHCIIOTHOCTH U OCHOBHOCTH. ABTONPOTOJIN3 PACTBOPUTEIIS.
TEOPETUUECKUE I'maponus cosnei.
OCHOBBI Kypca
Tema 2. ANropuT™M MpUOIMKEHHOTO pelieHHs. Y paBHEHHE MaTepHaIbHOTO
Marematnueckue | OajaHca. YCIIOBHE JIEKTPOHEHTPATLHOCTH.
METO/Ibl pacueTa
paBHOBECHUI
Tema 3. PacTtBOpBI CHIIBHBIX KUCIIOT. PacTBOpBI CHIIBHBIX OCHOBAaHMWM. PacTBOpBI
Beraucnenne pH c1a0bIX KUCIIOT, CTa0BIX OCHOBAHMIA.
pacTBOpOB
Cooeprcamenvhulit mooyns 2 IIpoToIUTHYECKHE PABHOBECHS B
pacTBopax
Tema 4. [TpoTomuTrYecKkre paBHOBECHS B pACTBOPAaX MHOTOIIPOTOHHBIX KMCIIOT
MHoOronpoToHHsIe
KHCJIOTBI
Tema 5. [IporomuTyeckue paBHOBECUS B  pacTBOpaXx  MHOTONPOTOHHBIX
MHOronpoTOHHbBIE | OCHOBAaHUM
OCHOBaHUS
Tema 6. [IpoTonuTHyeckre paBHOBECHS B PAaCTBOpaxX aM(OIUTOB.
PacTtBopBI
amM(OJIUTOB
Tema 7. Bbydepusie pactBopsl. Pacuer pH
Bydepusie
pacTBOpPHI
Tema 8. CoctaB pacTBOPOB OJIHO ¥ MHOTOIIPOTOHHBIX KUCIOT Kak ¢pyHKuus pH
CocTtaB pacTBOpPOB
KHCIIOT KaK
dbyakums pH
Tema 9. CMmecH CHIIBHBIX M CIa0BIX KHCIOT B pa3iuyHON koMOuHaumu. CMecu

CMecH KUCIIOT.
CMecHu OCHOBaHUM

OCHOBaHHH.

Tema 10.

PacnipenenurenbHuple guarpaMMbl Kak GyHKIus ot pH

JuarpamMmsl

pacrpeeseHus

Tema 11. Cocrosinne woHoB Bosb(pama (VI) B pacTtBopax. 3aBHCHMOCTH OT
CocTosiHME HOHOB | KUCIIOTHOCTH CPEAbl, COCTaBa PACTBOPUTEINS], KOHIIEHTPALMU UCXOAHOTO
Bonbe(pama (VI) B | oproBonbsppamara. JlnarpaMmsl pacipeeneHus.

pacTBopax




TemMaTuyecKu MJIaH

CoaepskaTeabHbIH MOAYJIb 1
KoanuecTBO yacos
3aounas ¢opma
Ounas ¢opma Ha 6a3e 061Iero cpeaHero
o0pa3oBaHus
Hazpanus B T.4. B T.4.
w w
conepmatenbnblx ® o 3 5 ® o | 8 )
MOJyJIed M TeM s 2 = = = 2 | = =
o) & g = ) & £ | 8
= = ) o, g S|E s = = () S |8 S| B
Q = 5] ) = = = O = 5] ) = = =
Q 5| & & = Q|2 9| 2 =§ ) £ | = 9| 2.9
M 2 | = < sQ | X9 A Z = s Q| H©
O = o, = < = < D) = (a9 = 2] =
5| X ) O & B o = 2 1) O | B o
g te) o) = © te) o) =
< s = o < s =
= = < ost = = < Jout
51 = o =
Tema 1.
OCHOBHBIE TTOHSITHS
’ 12 | 3 |- 3 6 -
TEOPETHUCCKIE OCHOBBI
Kypca
Tema 2.
MaremMaTHuecKHue METOIBI 12 | 3 | - 3 6 -
pacueta paBHOBECUI
Tema 3.
Brruncnenune pH 12 | 3| - 3 6 -
pPacTBOpOB
Hmozo no 1
cooepircamenbHomy 36 | 9 | - 9 18 R
MO0y

ConepxaTebHbIIE MOAYJIb 2

KoanuecTBo 4acoB

3aouHas popma
Ounas popma Ha 0a3e 0011ero cpexHero
oOpa3oBaHus
B T.U. B T.4.
Ha3Banus conep:kaTeJbHBIX
MoyJieii H TeM o 2|8 |5 ol 2| & =
o S| £ |5 =8 | o S| 2| Es| B s
s = [ a |8 gsE s = 1) s, L & S E
o = o 19 = o » © o = o 1) 5 o > O
Q = g |39l He| 9 S| g 2 SO | H©
@ Z = 5 @35 = z ) = © = o
3 ) S |5 9 a ) ) o, 5 & 8 &
5| % SER R = 5] 25| E5
a, % 5 < = o] S, Lg 5 < = <
= 5| S = = = S =
Tema 4.
MHOrONPOTOHHBIE KUCIOTHI 12 | 3 | - 3 6 -
Tema 5.
12 | 3 | - 3 6 -
MHOTOTIPOTOHHBIE OCHOBAHUS
Tema 6.
PactBopb! amdonuToB 1213 | - 3 6 -
Tema 7.
BydepHbie pacTBOpHI 1213 B 3 6 -
Tema 8.
CocraB pacTBOPOB KHUCIIOT KaK 12 3 - 3 6 -




dbyaxaus pH
Tema 9.
CwMmecu kucior. CMmecu 12 3 3 6
OCHOBaHMH
Tema 10.
JlnarpaMmbl pacripeneieHus 16 4 4 8
Tema 11.
CocTostHHE HOHOB 20 5 5 10
Bosbdpama (VI) B pacTBopax
Hmozo no 2
cooepircamenbHoOMy MOOYJIo 108 | 27 27 | 54
Bcezo uacoe no oucuunnune

144 | 36 36 |72




5.  METOAUWYECKHUE PEKOMEHJIALMU JUISI TIPOBEJAEHUA
JEKIIMOHHBIX, IPAKTUYECKHUX U JIABOPATOPHBIX 3AHATHUU

TeMbl JeKIIMOHHBIX 3aHATHH

) Konuuecmeo
i Hazeanue memot wacos
1 |OcHOBHBIC MOHATHS, TCOPETUUCCKUE OCHOBBI Kypca 3
2 |MareMaTH4YeCKHE METOIBI pacueTa PaBHOBECH I 3
3 |Bwruncnenue pH pactBopoB 3
4 |MHOronpoTOHHbIE KUCIOTHI 3
5 |MHOronpoTOHHbIE OCHOBaHUS 3
6 [PacTBOpEI amdonuTOB 3
7 |BydepHbie pacTBOPBI 3
& |CoctaB pacTBOpoB KHCIOT Kak QpyHKIHsI pH 3
9 [Cmecu kucnot. Cmecu OCHOBaHUM 3
10 |duarpaMMsl pacipeneaeHus 4
11 [Cocrosnue nonos Bonbdpama (VI) B pactBopax 5

BCEI'O 36
Tembl J1a00PATOPHBIX 3aHATHI
No Konuuecmeo
i Hazeanue memut 4aCOs
1 |PaBHOBecHs B IMMOJKHUCICHHBIX BOJHBIX paCTBOpax OPTOBOJIb(paMaT-aHHOHA 6
2 |PaBHOBecHs B MOAKUCIEHHBIX BOAHO-OPTraHUUYECKUX PacTBOpax 6
OpTOBOJB(paMaT-aHUOHA
3 |PaBHOBecHs B MOAKHUCICHHBIX BOJIHBIX PACTBOPAX OPTOMOIHOIaT-aHHOHA 6
4 |PaBHOBecHsi B  TMOJKHUCICHHBIX  BOJHO-OPraHMYECKHUX  PacTBOpax 6
OpTOMONHOJaT-aHHOHA
5 [PaBHOBecHs B TOAKHUCIEHHBIX BOJHBIX PACTBOPAX OPTOBaHAJAT-aHUOHA 6
6 |PaBHOBecuss B  MOJKHUCIEHHBIX  BOJHO-OPraHUYECKHX  pPacTBOpax| 6
OpPTOBAHAIaT-aHUOHA
BCEI'O 36

6. METOIUYECKHE PEKOMEHJIAIIUMU I10 OPTAHU3ALIUU

CAMOCTOSTEJBbHON PABOTHI CTYJIEHTOB

Oprasusanus caMoCTosITeIbHON PadoThl CTYICHTOB

1. OcHOBHBIE TEOPUH KUCIIOT U OCHOBaHUM
2. O1eHKa CUJIbI JIEKTPOJIUTA
3. KoHCcTaHTHI KUCIIOTHOCTH U OCHOBHOCTH




4.
3.
6.
7.
8.
9.
10
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Camas cunbHas 4 camasi ciiabasi KUCJIOThI B BOJHOM pacTBOpe
ABTONPOTOJIN3 PAaCTBOPUTEIS

KoHcTanTa npoToNIUTHYECKOTO PaBHOBECHS

I'mpponus conent

MaremaTruyeckue METO/Ibl pacueTa paBHOBECUI

AnTOpUTM NPUOIUKEHHOTO PEIICHUS

. PacnipenienurensHbie quarpamMmbl A1t pacTBOPOB KHUCIIOT

4. Boripocbl MOYJILHOTO KOHTPOJISI

. OCHOBHBIE TOHATHS TPOTOHHOW TEOPUU

. Psan nmpoToHHOrO cponcraa

. KOHCTaHTBI KHCIIOTHOCTH U OCHOBHOCTH

. Camas cunbHas u camasi cradast KUCIOTH B BOJHOM PacTBOpE
. ABTOIIPOTOJIN3 PACTBOPUTENS

. KoHcTaHTa mpoTonnTuieckoro paBHOBECHS

. O runponuse coneun

. MareMaTnuyeckue METO/Ibl pacyeTa paBHOBECUN

. AropuT™ npUOIMKEHHOTO PEIIeHUS

. YpaBHEHHE MaTepUaIbLHOTO OanaHca
. YCII0BHE JIEKTPOHEUTPATBHOCTH
. IIpoToHHOE ycioBHE
. Berunciienue pH B pacTBopax KUCIOT W OCHOBaHUM
. PacTBOpBI CUJIBHBIX KUCIOT
. PacTBOpHBI CHIIbHBIX OCHOBaHUI
. PacTBOpHI c1abbIX KUCIIOT U OCHOBAHUH.
. [IpoTonuTnyeckne paBHOBECHS B paCTBOPaX MHOIOMPOTOHHBIX KUCIOT
. [IpoTonuTnyeckrue paBHOBECUS B PaCTBOpPaX MHOTOIMPOTOHHBIX OCHOBAHHM
. [IpoTonuTHyeckue paBHOBECHSI B pacTBOpax aM(oIUTOB.
. IlonsiTie o OydepHbIX pacTBOpax
. CocrtaB pacTBOpOB KUCIOT Kak pyHkius pH
. CocTaB pacTBOPOB OJHONPOTOHHBIX KUCIOT Kak (yHkIus pH
. CocTaB pacTBOpPOB MHOTOMPOTOHHBIX KUCIOT Kak pyHkuus pH
. CMmech ABYX CHUIIBHBIX KUCIOT
. CMmechb cuiibHOM U claboi KUCTIOT
. CMech IBYyX CIIa0BbIX KUCIOT
. Cmecu OCHOBaHMI
. Pactipenenurenbubie qUarpaMMbl JJIE PaCTBOPOB KUCIIOT
5.00pa3en MoayJbLHOIO OMJIeTa
buner Nel

1. PacTBOpBI CMIIBHBIX KHUCIIOT

2. JluarpaMMBbl pacipeIesIeHHs U30I0JIMBOIb(PpaMaT-aHHOHOB B paCTBOPAx

3. 'maponus conei. [Ipumepsl.

Iucemennwiit 6x00noii onpoc K Kypcy «Moodenuposanue pasnogecuil 6 pacmeopaxy

1. PactBop —

2. PactBopurens —

3. PacTBOpeHHOE BEMIECTBO —

4. KoHleHTpanus pacTBopa —

5. CriocoObl BEIpaKEHUS] KOHIICHTPALIUU PACTBOPOB:

Ne

Dopmyia HasBanue Enununst uamepenus

)i




N[N N ([w b

6. DIEKTPOIUT —

7. CTeneHp qUCCOIUAIIN —

8. KoHcTaHTa quccoruanmuy —

Koncranra auccormanuu kuciiotst HA S H + A
KoncranTa mucconmanuu ocaoBanus B(OH), S B> +20H
9. 3akon pa3Benenus OcTBanbaa

10. Tuaponms —

N3.2CO3 + Hzo s

11. Crenens rugponmsa

11. MorHOE MPON3BECHUE BOIBI

12. pH

13. AKTUBHOCTH

14. TenoBo# 3¢ dexT nporecca pacTBOPEHUS

15. Teopuu KUCIOT U OCHOBAHUM:

1 | Kucnora — otnaer npoToH A Teopuss bpencrena-
OcHOBaHUE — IPUHUMAET IPOTOH Jloypu

2 | OcHOBaHHE — JOHOP JIEKTPOHOB b Teopus JIstouca
Kucnora — akuentop 3JeKTpOHOB

3 | Kucmora — yBelM9uBaeT KOHIIEHTPAIIUIO KATHOHOB B Teopust HOHOTpOTTHHI
pacTBOpHUTENS
OcHOBaHWE —  yBEIWYMBACT  KOHIICHTPAIUIO
AQHNOHOB PACTBOPHUTEIS

4 | Msirkue KUCIIOTHI — UMEIOT OOJIBIIION pasMep, r Teopus [Tupcona

MaJICHbKUH 3aps]l
MsTKre OCHOBAaHHS — JIETKO MOJISIPU3YIOTCA U
HUMCIOT HEOOJBIIYIO 3JICKTPOOTPUIIATEIHHOCTD

5 | Kucnora — oTaaer kKaTHOHBI WM IPUHUMAET Pl Teopust YcanoBuya
AHHOHBI
OcHoOBaHHe — NPUHUMAET KATHOHBI U OTJAeT
AHUOHBI

JladopaTopHasi paGoTa Ne 1

Tewma: Boiuucnenue cocmasa uorog 8 pacmeopax eonvgppama (VI) no oannvim pH-nomenyuomempuu

WzBecTHO, 4TO B Cna0OOLIENOYHBIX, HEHTpaJbHBIX W KHCIBIX BOJIHBIX pacTBopax Boib(pama (VI) B
PaBHOBECHH COCYHIECTBYIOT H3OIMOJUAHUOHBI, SIBISIONIMECS ITOJUMEPHBIMH OKcoaHnoHamu. OOlee ypaBHEHHE
o0OpazoBaHust TakMX H3omoauBosbdpamar-annoHoB (UIIBA) npu noaxucieHny pacTBopa MOKHO MPEJCTaBUTh B BUIIE
CXEMBI:

nWO,” + mH" S [Hy 5 W04, ] ™ + k H,0 (Z=m/n)
— [[Hm—ZkWnO4n—k ](2n ™ ]
m|n [Woif]n .[H+]m

Pasnple 3HaueHWS] KMUCIOTHOCTH Z BOIHOTO PAacTBOpa MOTYT NPHBOAHWTH K OOPa30BAaHHIO PA3IHIHBIX IO
cocraBy MIIBA: teTpaBomsdpamara — [W,014(OH),]*, rexkcaBombdpamara — [W0,0(OH),]*", mapaBonshpamara A —
[W,0,]%, mapaBomsdpamata b — [W,04(OH),]'"", mnporonmpoBanmeix dopm mapaBombdpamara b —
H,[W12040(0OH),]"*™" (x =1 + 3), runporentaBonsdpamara — [HW;0,4]>, meraBombdpamara — [W,035(OH),],
nexaBoibhpamara — [W005,]", rekcaBonsdpamara co cTpykTypoii JImHakBHCTA — [WsO10]*. Kpome Toro, cienyer
OTMETUTh, YTO NMPOTOHHPOBAHHE OPTOBOJIb()paMAT-aHUOHA BO3MOXHO TOJBKO B BOJXHBIX pacTBOpax ¢ Cy <1-10°
> MO/

B kauecTBe MCXOAHBIX AAHHBIX UIS MOCTPOEHHS MaTEeMaTHMYECKUX MOJIENICH paBHOBECHBIX IPOLECCOB B
pacTBOpax HCMOJIB3yHTe 3HAYEHHA AKTMBHOCTH HOHOB Bojopoga a(H'), momyuennsie B pesymbrate pH-
MOTEHLMOMETPUYECKUX U3MEPEHHH.

st onpenesieHnst KOHIEHTPAIMOHHOTO HOHHOT'O TIPON3BEACHHS BOJIBI BOCIIONB3YHTECh JAHHBIMH O MPUPOJIE
U KOHIICHTpaUWU (HPOHOBOTO DJIEKTPOJNTA, KOTOPBHIM CO3/1aBalach IIOCTOSIHHAS WOHHAs CWIa, W TEMIepaType
MIPOBEICHUS HCCICOBAHUS:




KO
K, =——,
Yu Yo
e K‘jv =0.69-10"* (mpu 294 K), 1.00-10™"* (mpu 298 K), 1.48:10™"* (1pu 303 K), 2.95:10"* (mpm 313 K), 5.50-10
(pu 323 K), 9.55-107" (mpu 333 K). Tlapamerpsl vy ¥ Yo — cpeanue koshuuuents! akTusHocTH oo H' n OH,
KOTOPBIEC BHIYHMCIIECHBI C YYETOM HOHHOM CHIIBI pacTBopa I, MOJIb/I:

1 & 5
1=2>(c;2)
2 ] ]
=l
HeobOxoaumble 3HaueHMs KO3()(UIMEHTOB aKTUBHOCTH Juisi Temmeparypsl T, K MoxHO paccuuraTh 110

bopmye
A-ziz-\/f
1+B-a. -1

rae A — MOCTOSIHHAS, 3HAYCHHE KOTOPOH 3aBHCHUT OT TEMIICPaTyphbl PacTBOPa M OTHOCHTEIBHOMN AMIIEKTPHUCCKON
MPOHUIIAEMOCTH PacTBOPHUTENS (Ajgzx = 0.5046, Ajggic = 0.5091, Azp3x =0.5139, Az =0.5241, Ajpx=0.5351,
Asz3x = 0.5470); z; — uncno 3apsaa0B, KoTopoe HeceT MoH “i” (1= H' m6o OH); B — mocTosHHAs, KOTOpas BKIIOYAET
3HAUEHUs] TeMIepaTypbl U OTHOCUTENIBHON AMdIeKTpuuecKoil mnpoHUIaeMocTH (Bog;x =0.03276, Byggx = 0.03286,
B3z = 0.03297, Bsjs = 0.03318, Biysx = 0.03341, Bsys=0.03366); a; — paamyc HOHHOW aTMOC(Ephl, KOTOPHIMA
OTIpENIeNsIeT PACCTOSHUE HAMOOJBINEro CONMKCHUS MOHOB (MOHHBIN mapameTp); b; W ¢; — mapaMeTpbl, KOTOpEIC
YUYUTHIBAIOT XUMHUYECKYIO IPUPOTY HOHOB (TaldI. 1).

lgyiz —bi-I—ci-I3/2,

Taéauuna 1. KoddppuuuenTsl ypaBHenus 1as pacuera kodgpduuuenTos aktupHoctn nonos H mu OH B
BOJHO-COJIEBBIX PACTBOPax

Y —— Jlnst wona H' Jlnst uona OH
a b c a b c
NaCl 4.20 0.22 0 1.08 0.037 0
KCl 6.10 0.113 0 1.50 0.124 0
KNO; 8.02 0.092 0 1.34 0.113 0
NaClO, 9.30 0.16 0 1.53 0.033 0
3aganus:

1. 3anumuTe ypaBHEHUs peaKiuii 00pa30BaHMs BCEX NMEPEUUCICHHBIX BOJIb(PAMCOIEPKAIINX aHUOHOB U3
HOHOB WO427 uH".

2. OnpeaenuTe KACIOTHOCTh Z 00pa30BaHUs KaKJOW YaCTHIIBL.

3. CocTaBbTe MaTPUILy CTEXHOMETPUH PEAKIIHH.

4. Bocnop30BaBIIMCh  JUTCPATYPHBIMHA JAHHBIMH 110 3HAUCHHWSM KOHCTAaHT pABHOBECHS PEaKIHA
00pa3oBaHus [Hi 2k WnOun i ™™ (rabu 2), npoBemure OOpPaOOTKY SKCICPUMEHTAIBHO IONYYCHHBIX KPHUBBIX
TUTPOBAaHHUS B CHUCTEME WO42’— H' -H,0 u MoI0epPUTEe MOJCIU PABHOBECHBIX MPOIECCOB I 3aJaHHOU
KOHIIEHTPAIIUY ¥ HIOHHOW CHJIBI B TIPEIOKEHHOM BaM BapuaHTe paboTHI.

Tab6auua 2. OpueHTHPOBOYHbIE 3HAYEHUS KOHIEHTPAUHOHHBIX
KOHCTAHT (NMpH 25°C) peakumii oopazoBanusi UIIBA B BoAHBIX pacTBOpax

Yacrtuma 1gK YacTuma 1gK
[W,0,4(OH),]" 24-28 | [HW,05,]" 68-74
[W0,0(0OH),]* 50-55 | [W,035(OH),]* | 132-140
[W,0,,]" 62-68 | [Wi003]" 115-125
[Wi204(OH)]"™ | 116-120 | [WeOyo]” *?
H[W,0,(0H),]” | 122-124 | HWO, 4-6
H,[W1,040(0H),I* | 125-130 | H,WO, 9-11
H3[W,0,4(OH),]" | 130-135
* — B BOJIC HE CYIIIECTBYET

6. Kpurepuu oneHnBaHus

(Paspabamulearomes u ymeepaircoaromces kageopoti)

ConepikaHue TUCHUIUTUHBI «XHMHS W TEXHOJOTHS PEAKHX M PACCESTHHBIX SJIEMEHTOBY
COCTOUT M3 JBYX 3aY€THBIX MOjyied. Kaxaplii 3aueTHBI MOIYJb COCTOUT U3 TEOPETHUUECKOTO




Marepuanga W TPAKTUYECKUX 3ajad, BBITOJHEHHE KOTOPHIX TpeOyeT OBJIaJIeHUs TEOopue B
yKa3aHHOM B MOAYJe 00BbeMe.

OreHka 3HaHWM CTYJIEHTOB MpoBoAUTCS 10 100-0ayuTbHOM MIKaJIe COTJIACHO CIEAYIOIINM
KPUTEPUSM:

3a4yeTHbIe MOAYJIH DopMa KOHTPOJIA Bbaunbl
CMbICII0BOM MOAYNB 2 WnpuBunyanbHas paboTa 1O pELICHUIO|S
3aj1a4
3amuTa 1abopaTopHbIX padboT
MonaynbHas padora 15
CMbICII0BOM MOAYNB 2 WnpuBunyanbHas paboTa 1O pELICHUIO|S
3a1a4
3amuTa 1a00paTOpHBIX padboT 5
MonynbHas pabora 15
3auer 50
OO0t urtor 100

[Ikama oneHUBaHUA:

Cymma 0asioB

ITo .
no 100 ITo rocynapcTBeHHOI
GALILHOI HIKaJjie Onpenesnienne
ECTS 1IKaJe
Kajie
OTJINYHO — OTJIIMYHOE BBHITOJTHEHHE C
90-100 A «Otmuno» (5) HE3HAYUTENIbHBIM KOJIMYECTBOM
HETOYHOCTEN
XOPOIIIO — B IIEJIOM IPABUIILHO
80-89 B BBITIOJTHEHHAs! paboTa ¢ He3HAYUTEIILHBIM
Konn4ecTBOM omrnook (1o 10%
«Xoporio» (4) ( )

XOPOIIIO — B [1EJIOM HPABUIILHO
75-79 C BBITIOJTHEHHAs paboTa ¢ He3HAYUTEIILHBIM
KOJIN4ecTBOM ommbok (10 15%)

YIOBJIETBOPUTEIILHO — HEILIOXO, HO CO

70-74 D 3HAYUTEIbHBIM KOJIMYECTBOM
HEIOCTATKOB
«Y 10BNETBOPUTEITBHOY (3)
JIOCTaTOYHO — BBITIOJTHEHHE
60—-69 E YJOBJIETBOPSIET MUHUMAJIbHBIM
KPUTEPHUSIM

«HeynoBierBopuTenbLHO» €
o HEYJOBJIETBOPUTENIBHO — HAZI0
BO3MOKHOCTBIO ITOBTOPHOM

nopaboTaTk HaJl TEM, YTOOBI TIOJTYIHUTh
arrecranumuu
@) MOJIOXKUTENBHYIO OIICHKY

35-59 FX

OneHnBaHue OTBETa HA MOAYJIE

45-50 0a)y10B — BBICTABISETCA 3a TIIYOOKHE, apryMEHTHPOBAaHHBIE IMPAaBUJIBHO HaIMCAaHHBIC
OTBETHI Ha BCE BONPOCHI OWIIeTa B Ipeenax MporpamMMmbl TUCHUIUIMHBL. Bcee 3amaun pemieHsl ¢
NOJIPOOHBIM  OOBSICHEHHEM, YPaBHEHHUS peakIUil HamucaHbl MPaBHIBHO, C  Y4YETOM
CTEXHMOMETpUUYecKnX  kodddunuentoB. Ha  Teopernueckwit  BOMpoC  JaH  TOJIHBIN
apryMEeHTHPOBAHHbBIN OTBET.

40-44 6aJs1a - BBICTABIIAECTCS CTYACHTY, HOMYCTUBIIEMY |-2 HETOYHOCTU B OoTBeTE. Bee 3amaun
pellieHbl, U ypaBHEHHS PEaKIMi HaluCaHbl MPaBUIBHO, HO HE MPOCTAaBIEHBI KOA((UIMEHTHI,
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0OBsCHEHHE JIOTHYHO W ToclieoBaTenbHO. Ha TeopeTwdeckuil BOMPOC JaH HCUYEPIIBIBAFOIINI
OTBET.

35-39 6asJ10B - BBICTABIISETCS 3a TTYOOKHE, apTyMEHTHPOBAHHBIC OTBETHI Ha BCE BOIPOCH B
npenenax OwiieTa, HO MPU 3TOM CTYACHT JOMYCTHI HEKOTOPhIE HETOYHOCTH B mpeaenax 3-4
omuoOoK, 160 1-2 TpyOBIX OMHUOOK.

30-34 6a1a — npu 2-3 HeloveTax, a Takke, eciu Ha 1-2 Bompoca JTaHbl HEMOJIHbIE OTBETHI, a M0
OCTaJbHBIM BOMNpPOCAM 3HaHUS TIIyOOKHe U apryMeHTHpoBaHHbIE. JINOO MpH MOITHOM OTCYTCTBHU
oTBeTa Ha | BOMPOC, a MO OCTATLHBIM BOIPOCAM 3HAHUS TITyOOKHE U apryMeHTHpOBaHHEIE. JIn0o
OoJpIIIast YacTh YPAaBHEHUM peaKIMil HamMcaHa ¢ OMMOKaMu, KO3 PHUITHMEHTHI HE MPOCTABJICHBI.

25-29 6a/1510B — BBICTABIISIETCS 3@ BEPHBIE, HO HEAOCTATOYHO ITOJIHBIE OTBETHI HA BCE BOIIPOCHI
owera, mn6o 3a 3-4 rpyObie OMMOKK B OTBETaX, WJIM 3a MOJHOE HE3HAHHE 2 BOIPOCOB OWIIeTa, 3a
OTCYTCTBHE JIOTHYECKOTO pelieHus | 3a1a4um, HeMpaBIWIIbLHO TPUBEICHHBIC YPAaBHEHUS PEAKIIHIA.

20-24 Oamma— 3a T1pyOble OmMMOKHM, HEJOYEThl, HETOYHOCTH, HEJOTUYHOCTh |
HEMOCIIE0BATEeIPHOCTh B M3JIOKEHUU MaTepuaina. JInbo ecnmu He BBIMIOJHEHO 3 BOIpoca W3
ousnera.

15-19 6ay110B - BBICTABISICTCS 32 HE3HAHUE 3 BOMPOCOB, 3a TPyObIe OMIMOKH U HETOYHOCTH.

10-14 6a110B - BBICTABJISETCS 3a TOJIHOE HE3HaHUE OoJiee 3-X BOMPOCOB OWIIETa, UK TPYObIE
OIIMOKY ¥ HEIOYETHI BO BCEX BOMPOCAX.

0-9 6ay0B — BBICTABIIETCS 3a IOJHBIM OTKA3 OT HaIMCaHWs OwmiieTa, JuOO 3a ITOJIHOE
OTCYTCTBHE 3HAHH 110 BCEM BOIIPOCaM OHIIETa.

7. MaTepuajbHO-TeXHUYECKOe ol0ecniedeHne yueOHOro npouecca

Jlnis mpoBeieHUs JIEKIMOHHBIX 3aHATHI TpeOyeTcs ayIuTOpHs Ha Ipymily, 000pyaoBaHHAs
MEJIOBOM WJIM UHTEPAKTUBHOU TOCKOU, MYJIBTUMEIUUHBIM IIPOEKTOPOM U DKPAHOM.

s obecrieyeHus: 1adOPaTOPHBIX 3aHATHH O JaHHOMY Kypcy HEOOXOIMMBI XMMHUYECKHUE
nabopaTopuu, OCHAIIEHHbIE HEOOXOJUMBIM 000PYI0BaHHEM U PEAaKTHBAMHU.

JononuutensHoe obecneuenune: Wi-Fi mocTtym B Kopriycax YHHBEPCHTETa, TEKCTOBBIC W
3JIEKTPOHHBIE pecypchl HayuHol 6MOIMOTEKH YHUBEPCHUTETA.
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9. UudopmaniuoHHbie pecypeol

1. Caiit AIIEKTPOHHBIX y4eOHUKOB u nocoouit o XUMUH:
http://www.rushim.ru/books/books.htm

2. DNEeKTpOHHAs OoubnmoTeka caiita "Chemnet" MIy o XUMUU:
http://www.chem.msu.su/rus/elibrary/

3. Ob6pa3zoBarenbHbli cepBep XUMXeNI - MOJMHBINA Kypc Xxumun: 12 www.himhelp.ru/

4. OO6pa3zoBaTenbHbIC pecypchl WNuTtepuera o XUMUU: http://sc.adm-
edu.spb.ru/vmk/Fiz_Mat/Him.pdf

5. OcHoBHI TeopeTndeckoit xumuu. Heopranmueckas xumust: http://bobych.ru/lection/himiya/
6. OcHOBHBIE Y4YE€OHHMKH, TPAKTUKyMbl W CIPAaBOYHUKM 1O xumuu: http://chemistry-
chemists.com/Uchebniki.html




