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1. HEJIM U BAJJAYHU JUCHUTIJIMHBI
Lean ocBOeHMSI AUCHUNIMHBI (MOAYJISA):

[Ipuo6perenue npodeccuoHaIbHbIX 3HAHUH B 00JIACTH aHATUTHYECKON XUMUU.

3agaun:

1. 3yuyenue TeopeTUYeCKX OCHOB aHAIMTHYECKOM XUMHUU (CYILIECTBA peaKIuil U
MIPOIIECCOB);

2. OBnasieHMe OCHOBHBIMHM METO/IaMU U IIPUEMaMHU Ka4eCTBEHHOT'O ¥ KOJIMYECTBEHHOTO
aHaIu3a;

3. OBnaseHue MeToJ0NI0THel BbIOOpa METO/1a aHAIM3a U HapaBlIeHUE UX MPUMEHEHUS

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OOII
Hukn (pasznen) OIl: B1.0O
TpeGoBanus K npeaABapuTeIbHOI MOATOTOBKE 00y4ar0Ierocs:

®dusuka

Marematuka

Pycckuii s13bIK ¥ KynbTypa peuu
Heopranuueckas xumus

JAucuuminabl (MOAYJIM) U IPAKTUKH, J1JI51 KOTOPBIX OCBOCHUE JAHHON JUCUMILIMHBI
(MoayJisf) He00X0AMMO KAaK NpealecTBYOIIee:

OpraHI/I‘leCKaﬂ XUMUA

dusnyeckas XUMHUA
3. OFBEM JJUCHHUIIVIMHBI

O0mas TpyA0eMKOCTh 18 3ET
Yacos 110 y4eOHOMY IIJIaHY 648
B TOM YHCJIE:

AYAUTOPHBIC 3aHITHS 351
CaMOCTOsTENIbHAs padoTa 63
4acoB Ha KOHTPOJIb 54

4. INTAHUPYEMBIE PE3YJIBTATBI OBYYEHUS 110 JUCHUIIINHE,
COOTHECEHHBIE C INTAHUPYEMBIMHU PE3YJIbTATAMU OCBOEHUSA
OBPA3OBATEJIbHOM ITPOT'PAMMBI

OIIK-1.2: IlpeqmaraeT MHTEPIPETAIIUIO PE3YIHTATOB COOCTBEHHBIX IKCIIEPUMEHTOB H
PacYeTHO-TEOPETUUECKUX PA0OT C UCIIOIH30BAHUEM TEOPETUUECKUX OCHOB TPATUIIMOHHBIX U
HOBBIX Pa3/ieJIOB XUMHUH

OIIK-2.1: PabGoTaer ¢ XUMHUYECKUMH BEIIIECTBAMH C COOJTFOJICHUEM HOPM TEXHUKH
0€e30I1aCHOCTH

OIIK-2.3: IIpoBOoAUT CTaHAApPTHBIE ONEPAINH ISl ONPEIEICHNUS XUMHUYECKOTo U (ha30BOTro
COCTaBa BELIECTB U MAaTEPUAJIOB HA UX OCHOBE

OIIK-6.1: IlpencraBnser pe3yabTaTsl padOTHI B BUAE OTYETa MO CTaHAApTHOU (hopMe Ha
PYCCKOM SI3bIKE

5. BUJAbI KOHTPOJIA

Bunbl KOHTpOJIsL B ceMecTpax:

SK3aMEHBI 3,4

KypCOBbIE pabOThI 4




6. A3BIK ITPEIIOJABAHUSA
SI3BIK TTpenogaBaHus: pyCCKUi.

7. CTPYKTYPA U COAEP)KAHUE JUCUUILIMHBI (MOLYJIS)

Kon HaumeHoBaHue pa3iesioB U Bun Cemectp | YacoB | Ucrtou- | [Ipumeuan-
3aHAT. TeM 3anarus | / Kype HUKH ue

Pasnen 1. Beenenue B
AHATUTHICCKYIO XHUMHIO.
TeopeTnyeckre OCHOBBI

1.1 |BBeacHHE B aHATUTHYECKYIO Jlex 3 2 J1.3

XUMHI0. TeopeTuuecKkue OCHOBBI o1
1.2 |BBenecHue B aHATUTHYECKYIO JIa0 3 12

XuMHUI0. TeopeTnyeckre OCHOBBI D1
1.3 |BBeacHme B aHATUTHYECKYIO Cp 3 6

XuMHUI0. TeopeTnyeckre OCHOBBI D1

Pa3nen 2. KucinotHo-ocHOBHBIE
paBHoBecus. Pacuet pH B
TOMOI'CHHBIX CUCTEMAX

2.1 |KuciaoTHO-OCHOBHBIE Jlex 3 3 J1.1
paBHoBecus. Pacuer pH B o1
TOMOI'E€HHBIX CHCTEMAaX

2.2 | KHucinoTHO-OCHOBHEIE J1ab 3 20
paBHoBecus. Pacuer pH B A1
TOMOT€HHBIX CHCTEMaX

2.3 | KucinoTHO-OCHOBHBIE Cp 3 7
paBHoBecus. Pacuet pH B 91

TOMOI'CHHBIX CUCTEMAX

Pasznen 3. Peakuuu
KOMILIEKCOOOpa30BaHuUs

3.1 |Peakuun Jlex 3 2 JI1.3
KOMIIIEKCO0Opa30BaHus o1

3.2 | Peakmun JIab 3 20
KOMILJIEKCOOOpa30BaHUS 91

Pasgen 4. OkucnurensHoO-
BOCCTAHOBUTEJIbHBIE PEAKIINU

4.1 |[OxucaureibHO- Jlex 3 2 JI1.3
BOCCTAHOBUTEIIbHBIEC PEAKIUU o1

4.2 |[OxkucnurensHo- JIa0 3 20
BOCCTaHOBUTEJIbHBIE PEAKIIUU I1

Paznen 5. Ilponiecchbr ocaxaeHus
U COOCAXKICHUS

5.1 |IIpormecch ocaxaeHMs U Jlex 3 2 J1.3
COOCaXICHUS 1

5.2 |IIporecchl ocaxkIeHus 1 JIab 3 16
COOCAXKICHUS 31

5.3 |IIpomecch ocaxaeHus U Cp 3 3
COOCAXKICHUS 31

Paznen 6. MeToabl BEIACICHUS,
pazaeneHus u
KOHIEHTPHUPOBAHMS




6.1 | Meroasl BBIICICHUS, PA3ACIICHHS Jlek 1 JI1.3J712.4
Y KOHLICHTPUPOBAHHUS o1
6.2 | Metozsl BbIICTICHUS, PA3ACIICHHS JIa0 10
Y KOHLICHTPUPOBAHUS 21
6.3 |Metoapl BeIIICIICHUS, pa3eliCHUs Cp 8
Y KOHLIEHTPUPOBAHUS 21
Paznen 7. Xpomatorpaduueckue
METOTbI aHATN3A
7.1 | XpomaTtorpaduueckue MeTOIbl Jlex 1 JI1.8J12.1
aHaiu3a 21
7.2 | XpomaTtorpaduuecKkue METOIbl JIab 20
aHaiM3a 21
7.3 | Xpomatorpaduueckue MeTOIbI Cp 10
aHanusa 21
Paznen 8. 'paBuMerpuyeckue
METO/TbI aHAT3A
8.1 |I'paBuMeTpUYECKHE METOIbI Jlex 2 JI1.3J12.5
aHajan3a 21
8.2 |I'paBUMETpUYECKHE METOIBI Jlab 8
aHaiM3a 21
8.3 |I'paBuMeTpHYECKHE METOIbI Cp 10
aHanusa 21
Paznen 9. Turpumerpudeckue
METO/IbI aHAJIN3A
9.1 |TurpumeTpUYECKHUE METOIbI Jlex 2 JI1.3
aHaiamn3a 21
9.2 | TuTpuMeTpHUECKUE METOIBI JIab 10 J1.7
aHaiusa 21
9.3 |TurpumeTpuyecKrue METOIbI Cp 10
aHaiamn3a 21
Paznen 10. KonTpons
10.1 |KoHTpoms DK3aMeH 27
€]
Pasgen 11. KuciaoTHO-OCHOBHOE
TUTPOBAHUE
11.1 | KucnoTHO-OCHOBHOE TUTPOBaHUE Jlex 4 JI1.3J12.5
31
11.2 | KucimoTHO-OCHOBHOE TUTPOBAHHE Jlab 30 J1.7
31
11.3 | KucnoTHO-OCHOBHOE THTPOBAHHE Cp 3
€]
Paznen 12. OxucnurenbHO-
BOCCTaHOBUTEIHHOE TUTPOBAHUE
12.1 | OkucnuTeNnbHO- Jlek 2 JI1.2J12.3
BOCCTAHOBUTEIIBHOE TUTPOBAHUE o1
12.2 | OKuCIUTENBHO- Jla6 18
BOCCTAHOBUTEIILHOE TUTPOBAHHUE 21
Pasznmen 13.

KomniekconomeTpuueckoe
TUTPOBAHUE




13.1 | KoMrmmekcoHOMEeTpHIeCcKoe Jlex 2 JI1.3J12.5
TUTPOBaHUE o1
13.2 [KoMIuiekCoHOMEeTpHUYeCKoe JIab 16 JI1.7
TUTPOBaHUE 21
Paznen 14. OcagurenbHoe
TUTPOBAHUE
14.1 | OcagurenbHOE TUTPOBAHUE Jlex 2 JI1.3J12.3
J12.5
21
14.2 | OcagurenbHOE TUTPOBAHUE Jlab 16
€]
Paznen 15. ®uzuko-xumMuueckue
METOIbI aHAJIN3a
15.1 | OUBUKO-XUMUUECKUE METOIBI Jlex 2 JI1.4
aHayiu3a JI1.5J12.2
31
15.2 | ®U3HKO-XUMHUYECKHE METOIBI Cp 2 J1.4J11.5
aHaiu3a 21
Pazyen 16. CnekTpocKonmu4ecKue
METOJIbI aHAJTN3a
16.1 | CeKTpOCKOMMYECKHE METOIbI Jlex 3 JI1.4 J11.5
aHaiu3a 21
16.2 | CIeKTpOCKOMMYECKHE METOIBI Jlab 50 | JI1.9J12.2
aHaiusa 21
16.3 | CnekTpoCcKOMMYecKre METOIbI Cp 2
aHanusa 21
Paznen 17. DnexTpoxuMuyeckue
METOIbI aHATTN3A
17.1 |DnekTpoXuMU4ecKre METOIbI Jlex 3 1.4
aHanusa JI1.5J12.2
31
17.2 | DneKTpOXUMHUYECKHE METOIBI JIab 50 [ JI1.6J12.2
aHaiamn3a 21
17.3 | DneKTpOXUMHUYECKHE METOIBI Cp 2 J1.4J11.5
aHaiam3a o1
Pasnen 18. KonTpois
18.1 |KoHTpoas DK3aMeH 27
€]
Oo0pa3oBaTte/ibHbIE TEXHOJIOTUH
Cnucoxk 00pa3oBaTe/IbHbIX TEXHOJIOTH A
1 [IIpoekTHas TEXHOIOTHS
2 | AuckyccuoHHbIe TeXHOJIOTUH (popyM, CUMIIO3UYM, 1€0aThl, aKBapUyMHasi TUCKYCCHS,
=% N AY
3 |HWudopmarnmonnsie (u(poBbIe) TEXHOIOTHH
4 | TexHONMOTUU Pa3BUTHSI KPUTUIECKOTO MBIIIJICHUS




8. OHEHOYHBIE MATEPHAJIbI JI51 IIPOBEEHUA TEKYIIEA "
INPOMEXYTOYHOU ATTECTALIUA

8.1. OneHoYHbIE MaTEepHAJIbI JJIM IPOBeIeHNs TEKYIeH aTTeCTAIMU

OHCHO‘IHBIG MaTCpHrajibl AJIA IIPOBCACHUA TCKYHIGP'I arTcCTaly NpUuBCACHLI B IIPUIO0KCHUU

8.2. OIIeHO‘lHLIe MaTepHuaJibl 1Jisl IPOBECIACHUS leOMe)KyTO‘lHOﬁ aTTeCTallumn

OneHouyHble MaTepuaibl AJis MPOBEACHUS MPOMEKYTOYHON aTTeCTallul IPUBEICHBI B
MIPUJIOKEHUU 2.
8.3. TpeGoBaHus K PETUHI-KOHTPOJIIO

TpeboBaHust K peUTHHT-KOHTPOJIIO IPUBECHBI B IPUIIOKEHUU 2

9. VYUEBHO-METOJUYECKOE U UTHOPOPMALIMOHHOE OBECIEYEHUE
JTUCLUILIMHBI (MOLYJIS)

9.1. Pekomenjayemasi qureparypa

9.1.1. OcHOBHas JIUTEpPATYypa

HIndgp Jlutreparypa

JI1.1 |Bbopucos, TuxomupoBa, AHaIUTHIECKAs XUMHUS TS Tiearoros. PacyeTsr B
KOJIM4YeCTBEHHOM aHanu3e, Mocksa: IOpaiit, 2021, ISBN: 978-5-534-09281-3,
URL.: https://urait.ru/bcode/469598

JI1.2 |IloxkopeiToB, Heynaunna, llitna, AHanutudeckas Xxumus. OKHCIATEIBHO-
BOCCTaHOBUTEIbHOC THTpOBaHue, Mocksa: FOpaiit, 2021, ISBN: 978-5-9916-9944-0,
URL.: https://urait.ru/bcode/472234

JI1.3 | Anapues, Jlynenko, Anexcanapoa, KazakoBa, Ananutudeckas xumus, Mocksa: IOpaiit,
2021, ISBN: 978-5-534-07837-4,
URL.: https://urait.ru/bcode/472049

JI1.4 | Anos, Bacuienko, [N'ompamrpax, Mimenko, AHaIUTHYECKas XUMHS U PU3HKO-XUMHYECCKUE
MeToabl aHanu3a, Mocksa: Axagemus, 2012, ISBN: 978-5-7695-9146-4 (t. 2),
URL.: http://texts.lib.tversu.ru/texts/9940020gl.pdf

JI1.5 |I'myGoxkos, ['onoBaueBa, E¢pumona, Mmenko, AHanutuueckass XumMusi 1 GU3NKO-
XUMHUYECKHE MeTOAbI aHamu3a, MockBa: Axkanemus, 2012, ISBN: 978-5-7695-9144-0 (r.
1),

URL.: http://texts.lib.tversu.ru/texts/9940270gl.pdf

JI1.6 [Myxunosa 3. I11., AHanuTH4eckast XuMusi U1 PU3NKO-XUMUYECKUE METObI aHAJIN3A.
Jlaboparopusie 3anstus, Cankt-Ilerepoypr: Jlans, 2024, ISBN: 978-5-507-48303-7,
URL.: https://e.lanbook.com/book/380579

JI1.7 |Bomnocosa E. B., llunyna A. H., [Tamkosa E. B., besruna 0. A., 'mazynosa H. H.,
AHanutuueckas XUMHus: 1aboparopatopHblil npaktukym, Ctasponoins: CTI'AY, 2022,
ISBN:,

URL.: https://e.lanbook.com/book/323417

JI1.8 |ITamxoBa E. B., Bonocosa E. B., [llunyns A. H., besruna 1O. A., I'nazynosa H. H.,
Xpomarorpadudeckre MeTo bl ananu3a, Ctaspomosib: CTAY, 2017, ISBN:
URL.: https://e.lanbook.com/book/107233

JI1.9 |Bacunwesa B. U., Crosnosa O. @., [lIkyruna U. B., Kapnios C. U., CnekTpaiibHble
MeTo bl aHanm3a. [Ipaktuueckoe pykoBoacTBo, Cankt-IlerepOypr: Jlans, 2021, ISBN: 978
-5-8114-1638-7,

URL.: https://e.lanbook.com/book/168677

9.1.2. JlonoJiHUTEIbHAA JIUTEPATYypa

HIndgp Jlutreparypa




9.1.2. JlonoJiHUTE/IbHAA JIUTEPATYypa

Iugp Jluteparypa

JI2.1 | Anexkcannposa, ['alinykoBa, AHanuTudeckas Xxumus B 2 kaurax. Kuura 1. Xumnueckue
MeToabl aHaiau3a, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-09354-4,
URL.: https://urait.ru/bcode/450432

JI12.2 |Hukwutuna, boprcoB, XaxannHa, AHAIMTHYCCKAs XUMHS U (PU3HKO-XHUMHYCCKUE METOIbI
ananu3a, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-00427-4,
URL.: https://urait.ru/bcode/449690

J12.3 |I'pebe, [Tantenees B. I1., [IpakTrueckoe pyKOBOACTBO K KOJIUYCCTBEHHOMY aHAIU3Y,
Mocksa: 1. H. Xomnues u K, 1906, ISBN: ,
URL.: http://texts.lib.tversu.ru/texts/1532550gl.pdf

JI2.4 |TaneeB A. A., 3enkeBuu U. I'., Kapuosa JI. A., Mocksu# JI. H., Porurkos O. B., ITox p.
1., AHanUTHYeCKass XUMusi. MeTo bl pa3/iesieHus BEIEeCTB U THOPUAHBIC METOIbI aHATN3A,
Cankr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-9137-7,

URL.: https://e.lanbook.com/book/187643

JI2.5 |Wpaiioman I'. H., Xandwuna I1. JI., bynrakosa O. H., UBanoBa H. B., Pemenue 3agau mo
ananuTuaeckoit xumun, Kemeposo: KemI'Y, 2015, ISBN: 978-5-8353-1821-6,
URL.: http://e.lanbook.com/books/element.php?pll_id=69992

9.2. IlepeueHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKALMOHHOM ceTH "UHTepHeT"

D1 |eLIBRARY.RU : nayunas snexTponHas bubnuoreka : caiit. - Mocksa, 2000. - URL:
https://elibrary.ru (mata o6pamenus: 09.07.2019). - Pesxxum qoctyma: Ijsi 3aperucTpup.
noJib30Baresei. - Texct: anekrponnsl: http://elibrary.ru/

9.3.1 IlepeyeHb MPOrpaMMHOIO O0ecCTeYeHUs

Google Chrome

Kaspersky Endpoint Security 10 amast Windows

WinDjView

1
2
3  [OpenOffice
4
5

Foxit Reader

9.3.2 CoBpemeHHble npodeccuoHaTbHbIE 0a3bl JAHHBIX U HH(POPMALIMOHHbIE CIIPABOYHbIE

OBbC «YHuBepcurerckast OnOIMOTEKa OHJIAH

CHCTEMBI
1 Penosurapnii TBI'Y
2 Hayunas snextponnas 6ubnnorexa eLIBRARY.RU (nmoanucka Ha *KypHaibl)
3 ObC Tel'Y
4 5bC BOOK.ru
5
6

9BC «Jlaup»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHME JJUCHUIIJIMHBI (MOY JIS)

AyauT-1 OoOopynoBanue

3-314 KOMIUICKT Y4eOHOI MeOenn, MepeHOCHOM HOYTOYK, TPOEKTOPHI, SKpaH, MbIIIIb,
YCHITUTEIb, PAIMOCHCTEMa, MUKIIEp, MEKPO(hOH, mkad




3-404 KOMIUICKT y4eOHO# Me0enn, MepeHOCHOM HOYTOYK, TPOEKTOP, aKBaAUCTUILISATOP,
Bechl, UK Dypbe cnekrpoMerp, koMmbtotep, porokomopumerp KDK-2, sanekrponeun

11. METOAWYECKHUE MATEPHAJIBI JJISI OBYUYAIOLIAXCS ITO OCBOEHUIO
TACIATITAHBI

MeTO,Z[I/ILIeCKI/Ie MaT€pHrabl U YKa3aHUS NPUBCACHEI B IIPUIIOKCHUN 1.

INPUJIO’KEHME 1

8. METOANYECKHE YKA3AHUSA JUISI OBYYAIOIIUXCS 1O OCBOEHUIO AUCIHUIIJIMHBI (MO/LY JIS)

IlepeyeHb yueOHO-MeTOAUYECKOT0 00eceYeHHUs JIs1 CAMOCTOATEIbHOI padoThl 00y4aroMXCs M0 AUCHUNINHE

1. Tlporpamma [uisi CAMOKOHTPOIISI U KOHTPOJIS MPETIOABATENIEM PE3YIbTATUBHOCTH N3yUCHUS TUCIUTLTHHBIL.
2. TlpumepHas TeMaTHKa IO BBITOJIHEHUIO KYPCOBBIX paboT
3. Meroauueckue MaTepHAIIbI sl TIOJrOTOBKHU K 9K3aMEHY.

1. lIporpamMmma JIsi CAMOKOHTPOJISI 1 KOHTPOJISI IPenoaBaTesieM pe3yJIbTATUBHOCTH U3YYEeHHUs TUCUHUIIMHbI
IIpoepammul KOAIOKEUYMOS.

| KOJUIOK6UYM. Pasnosecue 6 comoeennvix cucmemax. Kuciomuo-ocnogroe pasHoeecue. Kucnomno-ocnosnoe
mumpoeanue.

KoncranTsl paBHOBecus peakuuil U npoueccoB. IOHHOE COCTOSHHE BELIECTBA B MICANBHBIX U pEallbHBIX
cucreMax. CTpykTypa pacTBoputenei u pacrsopa. ConbBartanys, HOHH3anus, Aucconuanys. [loBeneHne 3J1eKTpONINTOB
1 HE3NIEKTPOIUTOB B pacTBopax. Teopus Jlebas-Xiokkens. TepMonuHaMideckas KOHCTaHTa PAaBHOBECHSA. AKTUBHOCTB U
ko3(¢punreHT akTuBHOCTH. KoHmeHTpammoHHbIE KOHCTaHTHL. OOmas W paBHOBECHAs KOHLEHTPAMA. Y CIOBHBIC
KOHCTAHTBHI.

KucnoTtHo-ocHOBHOe paBHOBecue. CoBpeMeHHBIE NMPEICTABICHHUS O KHCI0TaX U OcHOBaHUAX. Teopus JIprouca.
Teopus bpencrena-Jloypu. PaBHoBecue B cucTeMe KHCIOTa — CONPSHXEHHOE OCHOBAaHHME — PacTBOPUTENh. KOHCTaHTHI
KHCJIOTHOCTH M OCHOBHOCTH. KHCIIOTHBIE M OCHOBHBIC CBOICTBa pacTBopuTenel. KoHcTanTa aBronpoTonusa. BiusHue
NPUPOJIBI  PACTBOPHUTENST HAa CHIY KHUCIOTHI M OCHOBaHMsA. HuBenupyrommii u aunddepeHuupyommii 3hhexTs
pacTBOpUTENS.

KucnotHO-0CHOBHOE paBHOBecHE B MHOTOKOMIIOHEHTHBIX cHCTeMax. bydepHsle pacTBOpEI M HMX CBOWCTBa.
Bydepnas émxoctb. Brramcnenne pH pacTBOpoB 0HO- M MHOTOOCHOBHBIX KHCJIOT M OCHOBAaHHH, CMecCeld KHCIOT W
ocHoBaHMH. ['paduueckoe ommcaHne KHCIOTHO-OCHOBHOTO paBHOBECHS (paclpeAeiuTeNbHbIE W KOHIEHTPAIL[MOHHO-
Jorapu(pMIUIECKUE TUATPAMMEBI).

Turpumerpuueckue meroasl. Kinaccudukanus. TpeGoBauus, MpebsaBIseMble K PeakMi B TATPUMETPHIECKOM
ananmmse. IIpsimoe, oOpaTHoe M KOCBeHHOe TuTpoBaHHE. CrocoObpl BBIpAKEHUS KOHIEHTpalMi pPacTBOPOB B
TUTPUMETPHUH. DKBHUBaJICHT. MoJsipHas Macca 3KBHBaJeHTA. [IepBHUUHBIE CTaHIAPTHBIE PACTBOPBI, TPEOOBAHUS K HHUM.
QuxcaHanel. BTopuuHBIE CTaHAApPTHBIE pacTBOPBl. Buabl kpuBbIX TuTpoBaHusA. CKadok TUTpoBaHMA. Touka
9KBHBAJICHTHOCTH U KOHEYHAsl TOYKAa TUTPOBAHUSI.

KucnotHo-ocHOBHOe TuTpoBaHue. [locTpoeHne KpUBBIX THTPOBaHUA. BiusgHHe BENHMYMHBI KOHCTaHT
KHCJIOTHOCTH FJIM OCHOBHOCTH, KOHIIEHTPAIIMM KHCJIOT WIM OCHOBaHUH, TeMIepaTypsl Ha XapakTep KPHUBBIX
TUTpoBaHUA. KHCIOTHO-OCHOBHOE TUTPOBAHUE B HEBOJAHBIX cpefax. KuciaoTHO-ocHOBHBIE HHAMKATOpBI. [lorpemHocTtu
TUTPOBAHMS TIPH OIIPEICTICHUH CUIIbHBIX U CJIa0BIX KUCIOT U OCHOBaHUH, MHOTOOCHOBHBIX KHCIIOT M OCHOBaHHH.

IIpakTnyeckoe mnpuMeHeHue. IlepBUuUHBIE CTaHAApPTHBIE PAcTBOPBI JUIS YCTAHOBJIEHUS KOHIEHTPALUU
pPacTBOpOB KHUCIOT M OCHOBaHUH. IIpuroToBneHue M craHAapTHU3alUsl PacTBOPOB COJISHOM KHUCIOTBI M THJPOKCUAA
HaTtpus. TUTpOBaHME KHCIIOT, OCHOBAaHHMH, CMecell KHCJIOT M CMecel OCHOBaHMH. AHamn3 cMecedl kapOoHaTa M
rujpokapOoHaTa HaTpus, KapOoHaTta M TuApokcuiaa Harpusa. OnpexpeneHue asota no merony Keenpnans m coseit
aMMOHHUS IIPSIMBIM U KOCBEHHBIM MeToxaMu. OnpeziefieHne HUTPaTOB U HUTPUTOB.

Il xonnoxeuym.  PasHnogecus  peakyuii  KOMRHIEKCOOOpA308aHUS U OKUCIEHUA-80CCMAHOBICHUA.
Komniexconomempuueckoe u OKUCTUMENbHO-80CCIMAHOBUMENbHOEe MUMPOBAHUE.

Kommnekcoobpazopanue. OCHOBHBIE TPH3HAKA KOMILIEKCHBIX coenuHeHud. KoopaMHAIIMOHHOE YHCIIO.
HenratHocth. Kiaccupukamuss KOMIUIEKCHBIX COCAMHCHHH IO XapaKTepy B3aMMOJCHCTBHUS METAIUI-UTaHMA, II0
OJIHOPOJTHOCTH JIMTaHJa W KOMIDIEKCOOOpa3oBaTels: BHyTpUC(EpHbIe W BHEIIHec(epHBIC, OTHOPOIHOIUTAHIHBIC U
CMEIIAHHOJIMTAHIHBIC, TOJHUAICPHbIE KOMIUIEKCHL.  XeNaThl, BHYTPHUKOMIUIEKCHBIC coeauHeHus. CBoiicTBa
KOMILICKCHBIX COCIMHECHUH, UMCIOINE aHATUTHYECKOE 3HAYCHHUE: YCTONYNBOCTh, PACTBOPUMOCTb, OKpPACKa, JIETYy4YeCTh.

Crynenuatoe  KOMIUICKCOOOpa3oBaHue. KONUYECTBCHHBIC  XapaKTCPUCTHKH  pPeakuuil  oOpa3oBaHUs
KOMIUICKCHBIX COCIUHCHUI: KOHCTAHTHI YCTOWMYMBOCTH (CTyNeHYaThie W oOIme), GYHKIMS U CTEIeHh 0Opa30BaHUS.
CKOpOCTh peakIuii KoMIiekcooopazoBanus. PakTOPbI, BIUSIONINE HA YCTOWIMBOCTh KOMIUIEKCOB. XeIaTHBIN 3P QeKT.

Opraandeckue peareHTbl. DyHKIHOHAIHHO-aHATUTHYECCKAE TPYNIBL. BIUsSHWE CTPYKTYpHl OpPTaHHYECKUX
peareHTOB Ha WX CBOWCTBAa. PoJIb pasmuyHbIX (YHKIMOHAJIBHBIX Tpynm. Teopwsi aHAIOTHH B3aWMOJEHCTBUS HOHOB




METaJJIOB C HEOPTaHWYECKUMU M OPraHUYeCKHMH pearcHTaMu. BakHellne opraHndecKie peareHThl, MPUMEHsIeMbIC B
aHanm3e.

AHaNUTUYECKH BAXKHBIE CBOWCTBA KOMIUIEKCHBIX COSIUHEHHI. BiisiHuEe KOMITJIEKCOOOPa30BaHuUsI HA KHCIOTHO-
OCHOBHBIC M OKHCIIUTEIFHO-BOCCTAHOBUTCIHHBIC CBOMCTBA COCIMHCHUMN, PACTBOPHMOCTb, CTAOWMIIM3AIMIO PA3IMIHBIX
CTCICHEH OKHCIICHHUS DIIEMCHTOB. BO3MOXKHOCTH HCIOJIb30BaHHS KOMIUICKCHBIX COCAMHCHHH B PAa3IMYHBIX METOJax
aHanm3a.

OKHCIHMTENbHO-BOCCTAHOBUTEIILHBIC PEakiMu. JIEeKTPOIHbII noTeHman. Ypasaenue Hepacra. CrannapTHBINA
U (opMasbHBIN MOTCHIUAIBL. BIUSHHUE 3JIEKTPOCTATHUCCKUX U XMMUYCCKUX B3aMMOJCHCTBUI Ha MOTEHIHAN: HOHHON
cuibl, pH, 00pa3oBaHUsT KOMIUICKCHBIX W MAJOPAaCTBOPHMBIX COCAMHEHUI. KOHCTaHTHI paBHOBECHS M HAINpPaBJICHUE
OKHCIIUTEeIbHO-BOCCTAHOBUTENBHOTO  mpoliecca.  DakTopbl, BIMAIOUIME HA  HANpPABICHHE  OKHCIUTEIbHO-
BOCCTaHOBUTEIbHBIX peakuuii. [IoHATHE 0 CMEUIaHHOM MOTeHIMane. MeXaHU3Mbl OKHCIIUTEIbHO-BOCCTAHOBHUTEIILHBIX
peakiuii. OCHOBHbBIC OKHCIIUTEIN U BOCCTAHOBUTEIH, IPHMEHIEMbIC B aHAIIH3E.

KommiekcomeTpriueckoe TUTpoBaHHe. HeopraHudeckne M OPraHHYECKHE THUTPAHTHI B KOMIUICKCOMETPHUHU.
Hcnonb3oBaHre aMHHOIOIMKAPOOHOBBIX KHCIOT B KOMIUICKCOHOMETpUH. IlOCTpoeHHe KPUBBIX THUTPOBAHHMS.
MeTaioXpoOMHbIE HHANKATOPHI U TPeOOBaHMUS, IPEAbIBIsAEMbIC K HUM. BaykHelIne yHUBepcaabHbIC U CrieluduIecKne
METAJUIOXPOMHBIC HHIUKATOpPHL. [IpsiMoe, oOpaTHOE, BBITCCHHTEILHOE W KOCBEHHOE THUTpoBaHHE. CeeKTHBHOCTH
TUTPOBAHHUS U CIIOCOOBI €€ TOBBIIICHHUS. [[0TPEeITHOCTh TUTPOBAHUS.

IpakTryeckoe npumenenue. OnpeencHe KaabIus, MarHus, Kele3a, allOMUHNS, MEIU, [IMHKAa B PacTBOpax
YHCTBIX COJICH M IIPU COBMECTHOM MPHUCYTCTBUHU. OnpeiesicHre aHHOHOB.

OKHUCIIUTEILHO-BOCCTAHOBUTENILHOE TUTPOBaHUe. [locTpoeHne KPUBBIX TUTPOBaHUsA. DaKTOPHI, BIUAIOIIME HA
XapaKTep KPUBBIX THTPOBAHHS: KOHICHTpAIMs HOHOB BOJIOPOJAA, KOMILUIEKCOOOpa3oBaHue, wOHHas cuia. CrocoOsl
ONpEeNICHUs] KOHEYHON TOYKM TUTpoBaHus. Wuaukaropsl. [lorpeniHocts TUTpOBaHHs. MeETOJbI OKHUCIUTEIBHO-
BOCCTaHOBUTEIHHOTO THTPOBAHHUSL.

ITepmanranatomerpus. Onpenenenue xenesa (11), mapranmna (l1), okcanaros, mepokcuaa BOJOPOIa, HUTPUTOB.

Honomerpuss u unomumetpusi. CucreMa HOA-MOMUI KAaK OKHCIUTEIb HIM BOCCTaHOBUTENb. OmpexaeneHue
apceHuToB, apceHatoB, xene3a (lIl), meau (Il), ramoreHUA-HMOHOB, MEPOKCHIOB, KUCIOT. OmnpeaeicHHE BOIBI M
(YHKIIMOHAJIBHBIX TPYIII OPTaHUYCCKUX COCAUHCHHH.

Buxpomaromerpust. Onpenenenue xenesa (1), ypana (V).

BbpoMaTomMeTpusi, nepuMeTpuUsi, BaHAIATOMETPHS, THTAHOMETpPHUSA, XpOMOMETpus. [lepBHUYHBIC M BTOPUYHBIC
crangapthl. MHaukaTopbl. OnpesiescHre HEOPraHMISCKUX U OPTaHUICCKUX COCTHHCHUI.

CKOpOCTh peakiMii B XMMHYECKOM aHajmu3e. BhICTpble M MEJICHHBIC peakiuu. DakTopbl, BIHUSIONUEC Ha
CcKopocTh peakimid. KaTamuzaTopsl, HHTHOUTOPHI. ABTOKATAIUTHUYCCKUE peakiuu. VHAYIHPOBAHHBIC U COMPSKEHHBIC
peakuun.. MuaykuuoHusiii ¢akrop. [IpuMepbl YCKOPEHUs M 3aMEJICHHUS PEaKIUii M MPOIECCOB, UCIOIb3yEMbIX B
XMMHUUYECKOM aHaJIH3e.

Il xonnoksuym. Pasrnosecue 6 cucmeme ocadok — pacmeop. I pasumempuyeckuii memood. Memoowl pazdeneHust
U KOHYEHMPUPOBAHUSL: OCAINCOEHUE U IKCIMPAKYU.

PaBHOBecwe B cucrteme ocasok — pactBop. IIpomsBenenume pactBopuMocTH. [IpaBmiio npownsBeneHHs
pactBopuMocTd. PactBopuMOCTb. DaKTOPBI, BAMSIOIIME HA PACTBOPUMOCTD: TEMIIEPATYPa, HOHHASI CUJIA, OJJHOUMEHHBII
HOH, KOHKYPUPYIOIIHNE PEeaKLUH, CTPYKTYpa U pa3Mep JacTHII.

I'paBumerpudecknii  MeTton. CyIIHOCTP TPaBUMETPUYECKOIO aHaN3a, MNPEUMYNIECTBA W HEIOCTaTKH.
TpeboBaHusi K ocaxkgaeMoi u rpaBuMeTpHueckoir (opmam. OOpasoBanue ocaaka. OOpa3oBaHHE W CBOWCTBa
KOJUIOMAHBIX 4acTull. Kpucrammmyeckue u aMopdHBIE OCaJKH. 3aBUCUMOCTh CTPYKTYphl OcCaJka OT €ro
WHIMBUYaJIbHBIX CBOMCTB (PAacTBOPMMOCTH, MOJSPHOCTH MOJIEKYJ]) W YCIOBHH OcaXIeHUS (KOHIEHTpalHuu
OCakJJaeéMOT0 MOHA M OCAJUTENsI, COJIEBOTO cocTaBa pacTBopa W PH, temmeparypsl). 3aBUCHMOCTh (POPMBI OCaaKa OT
CKOPOCTH 00pa30BaHMs IEPBUYHBIX YAaCTHII, UX POCTA. Y CIOBHS IOJNyYEHUS] KPUCTAIUIMIECKUX M aMOP(HBIX OCaIKOB.
I'omorennoe ocaxnenue. CrapeHue ocaika. [IpHUMHBI 3arps3HEHHs Ocajka (COBMECTHOE OCAXKICHHE, COOCAXKIICHHE,
nocneayroniee ocaxxaeHue). Kiaccudukanus pasimdHbIX BUJIOB COOCAKACHUS (acopOuusi, OKKIIIO3Us, U30MOPPH3M U
ap.). CrnocoObl yMeHbIIEHHs coocakaeHHs. [10710XKNTeIbHOe W OTPHULATENBHOE 3HAUEHMS SBICHUS COOCAKACHHS B
aHanmu3e. llorpemHOCTH B TpaBUMETPHUYECKOM aHaim3e. VI3MeHeHHs cocTaBa OCagka MpH BBICYIIMBAaHUH U
MIPOKATNBAHHUH.

IIpaktuueckoe npumeHeHue. [IpsiMble M KOCBEHHbBIE METOJbl ONpEAENICHUs. BakHeiliMe opraHudeckue H
HeopraHmdeckue ocaautenu. OmpeneneHue jxenes3a, aTOMHHHSA, KajblWsd, MarHus, HHUKENsd, KoOaibTa, IMHKA.
Omnpenenenne cepsl, pochopa, KPEMHUS U XJIOPA B OPTAHUIESCKIX U HEOPTaHUIECKUX COCTUHEHHSIX.

Metonpl pasfenceHUs W KOHIEHTPUPOBaHMA. POk B XMMHYECKOM aHaim3e, BbIOOp u oreHka. CouetaHne
METO/IOB pa3/ielieHHss W KOHLEHTPUPOBAHWS C METOJAAMH ONpEJIeNeHHs; T'HMOpuaHBIe MeTonbl. PasneneHne
COIIOCTABUMBIX KOJIMYECTB JJIEMEHTOB M OT/EJIEHHE MaJBIX KOJIWYeCTB OT Oonpmmx. OpHOCTYNEeHYaThle |
MHOTOCTYIIeHYaThle Ipouecchl pasneneHus. KoHcrantel pacnpenenenus. Kospouument pacnpenenenus. CreneHb
n3Binedenus. Gakrop pazaenenus. KoappunmeHT KOHIEHTPHUPOBAHMSI.

Ocaxnenne. [IpuMeHeHNe HEOPTAaHUYECKUX M OPraHMYECKUX PEeareHToB Juis ocaxkaeHus. CriocoOsl pazeneHus
myTéM BapbupoBaHus PH, 0Opa3oBaHMsT KOMIUIEKCHBIX COEAMHEHUH U NMPUMEHEHHS OKHCIUTEIILHO-BOCCTAaHOBUTEIILHBIX
peakmuii. ['pymmoBele peareHTHI W TpenbsSBIIEMbIe K HHM TpeOoBaHHA. XapaKTEPHCTUKH MaJopacTBOPHMBIX
COeAVMHEHUH, HauboJee JacTo HCHONb3YeMBIX B aHanu3e. KOHIEHTpHpOBaHHE MHUKPO3IEMEHTOB COOCAXKICHHEM Ha
HEOPTaHMYECKUX U OPTaHUYECKUX KOJIIEKTOPAX.

Okctpakius. TeopeTnueckne OCHOBBEL 3aKOH pacmpeneneHus. Knaccnpukanust 3KCTpaKIIMOHHBIX TIPOLECCOB.
CKOpOCTb 3KCTpaKIMH. THIBI 3KCTPAKIMOHHBIX CHUCTEM. YCIJIOBHS SKCTPAKIUH HEOPTAaHWYIECKUX U OPTaHMIECKUX
coequHeHuil. Peskctpakuust. IIpupoaa u xapakrepucTuka 3KCTPareHToB.

Pasnenenne s1eMEeHTOB MeTONOM dKcTpakuuu. OCHOBHBIE OPraHHYECKHE PEareHThl, HCIOJIb3yeMble s




pa3feneHus 3JEMEHTOB METOAO0M dKcTpakuu. CeIeKTHBHOE pa3/ielieHHe HIEMEHTOB METOIOM MOoa00pa OpraHMYEeCKIX
pacTBopuTeneit, m3MeHeHus PH BogHOH (a3sl, MACKHPOBAHUS U IEMaCKUPOBaHUA. [IpHOOPHI IS SKCTPAKIIHH.

IV konnoksuym. Crnexmpockonuueckiue memoosl aHanU3d.

CHexTp 3JeKTPOMAarHUTHOTO W3JIy4eHMs. DHeprust pOTOHOB, UIMHA BOJIHBI, YaCTOTA, BOJHOBOE YHMCIIO; CBS3b
MEXIy HHMH; TCPMHUHBI, CHUMBOJBI, CIUHHUILI u3MepeHHs. COCTaBISIONMEC BHYTPEHHCH OSHEPTUM YaCTHI[ H
COOTBETCTBYIOIINE UM AHMAIA30HBI HJICKTPOMArHUTHOTO W3iydeHUs. OCHOBHBIC THIIBI B3aMMOJICHCTBHS BEILIECTBA C
U3JIyYeHHEM: dMHCCHS (TEIUIOBasi, IIOMMHECLICHIIU), TIOTJIONeHne, paccesHue. Kiaccnpukanus creKTpoCKOITMYECKHX
METOJIOB IO MPHUPOJIE YaCTHUI], B3aMMOJICUCTBYIOIINX C M3Jy4eHHEM (aTOMHBIE, MOJICKYJISIPHBIC); XapaKkTepy Ipolecca
(abcopOLMOHHEIE, SMHUCCHOHHBIE); THaNa30Hy 3JIeKTPOMAarHUTHOTO U3JTyYECHUS.

Crextpsl  aromoB. OCHOBHBIE H BO3OYXICHHBIE COCTOSIHHS aTOMOB, XapaKTePHCTUKU COCTOSHHM.
DHepreTHdeckne TIepexoipl, MpaBWia OTOOpa. BeposTHOCTH JIEKTPOHHBIX TIEPEXOJOB M BpEeMEHA IKU3IHHU
BO30YKIICHHBIX COCTOSHMH. XapaKTePUCTHUKH CIEKTPAJbHBIX JIMHUH: TIOJIOKEHHE B CIEKTpe, WHTCHCHBHOCTH,
oymupuHa. [[pUauHBL yITHpPEeHUS CIEKTPATbHBIX JTNHAMN.

CrekTpbl MOJIEKYJd; HX ocobOeHHOocTH. CXeMBbl D3JEKTPOHHBIX YPOBHEH MOJIEKYNBI. DIEKTPOHHBIC,
Koye0aTenbHbIC U BpalllaTeNIbHBIE CIIEKTPHI MOJIEKYII. 3aBUCHMOCTD BHA CIIEKTPa OT arperaTHOro COCTOSHUS BEIIECTBA.

OCHOBHBIC 3aKOHBI HWCITyCKaHHUsSI W MOTJIOMIEHHS 3JICKTPOMAarHUTHOTO u3iydeHus. CBsI3b aHAJIMTHYECKOTO
CUTHajla C KOHLCHTpalHMeH OIpeaensieMoro KoMrnoHeHTa. OCHOBHBIE CIIOCOOBI OIpEAEieHUs] KOHIIEHTPAalWH B
CHEKTPOCKOIMYECKUX METO/Iax.

Anmnapatypa. CriocoObl MOHOXpOMAaTH3alKH JIY4UCTOH sHeprun. Kiaccndukanus cnekTpaibHbIX MPUOOPOB, UX
XapaKTEepUCTUKU: JHUCHEPCHs, pa3peliaroiias CrnocoOHOCTh, CBETOCHIA. [IpUEMHHMKH H3Iy4eHHs: (OTOIMYIIBCHS,
(oTo3eMeHTH, (OTOYMHOKHTENH, IIONYIIPOBOAHUKOBBIE NpHeMHHKH. HMHCTpymMeHTanpHble momexu. LIymer u
OTHOIIICHHE CUTHAJI-TITYM.

MornekynsapHas abcopbunonHas cmuektpockonus (cmekrpodoTomerpust).CBsI3h XUMHYECKOW CTPYKTYPHI
COCTUHEHUS C a0COpPOIMMOHHBIM CHEKTpoM. CIIOCOOBI TMONYYCHUS OKPANICHHBIX coequHeHuil. doTtomeTpuueckue
aHATTUTHYICCKHUE pearcHTHI, TpeOoBaHUA K HUM. CIocoOBI OmpeneeHus] KOHIICHTPAlNU BemlecTB. 3MepeHne BRICOKHX,
HU3KAX ONTHYECKUX IUIOTHOCTeH (muddepeHNManpHBIA  MeTox). AHaIN3 MHOTOKOMIIOHEHTHBIX — CHCTEM.
CnexkTpooToMeTpHsi KaKk METOJ HMCCIENOBaHMS PeakUuid B pacTBOpax (KOMIUIEKCOOOPa30BaHMs, MPOTOJIMTHYECKHX,
arperaiyu), CONPOBOXKAAIOIINXCS H3MEHEHHEM CIEKTPOB IOIVIOMICHUS.. METpOIOruuecKie XapakTepUCTHKH |
AQHAIUTHYECKUE BO3MOXKHOCTH. [IprMephl NpaKTHYECKOTO TPUMEHEHHUSL.

[MpunnunuaneHas cxema npudopa. Knaccudukanus annapaTypsl ¢ TOUYKH 3peHHs COCO0a MOHOXPOMATH3AIUU
(poTomerpsl, crekTpodoToMeTphl). ['NaBHBIE NPUYMHBI OTKJIOHEHHS OT OCHOBHOI'O 3aKOHAa CBETOIOTJIOLICHHS
(MHCTpYMEHTAaJIbHBIC U (PU3UKO-XUMHUYECKHUE).

MecTo u poib CHEKTPOCKOIMMYECKIX METOIOB B aHAIUTHYSCKON XUMHUH U XUMHUIECKOM aHATU3E.

V konnoxeuym. dnexmpoxumuueckue memoosl AHaIU3A.

OOmas xapakTepHCTHKa 3JIEKTPOXMMUYECKMX MeToJoB. Kilaccndpuxamus. DIEKTpOXUMHYECKHE sTYEHKH.
VHIMKaTOPHBIA 37€KTPOA M 3JIEKTPOA CpaBHEHHs. PaBHOBECHBIE M HEPAaBHOBECHBIE SJIEKTPOXMMHYECKHE CHCTEMBI.
SIBneHnsi, BO3HMKAaIOIIME IIPM TIPOTEKAaHMM TOKAa (OMHYECKOE TMaJeHHE HAIpPSOHKEHUs, KOHIEHTPAllMOHHAs U
KUHETUYECKas! TIOSPU3AIIHS).

INonspu3annoHHBIE KPUBBIE U X MCIOJIB30BAHNE B PA3NUYHBIX JIEKTPOXUMHUECKUX METOIAX.

[lpsmas morenunomerpus. M3mepenne mnoreHuuana. OOpatumble ¥ HEOOpaTHMblE  OKHUCIUTEIBHO-
BOCCTaHOBUTENbHbIE cHucTeMbl. MHaukatopHele osnektpoabl. Honomerpus. Kiaccudukanuss HOHOCENEKTHBHBIX
3MEKTPOAOB: AIIEKTPOABI C TOMOT€HHBIMH M Te€T€POT€HHBIMU KPHCTAIIMUYECKUMHI MEMOpaHaMHU, CTEKIISIHHBIE AJIEKTPOBI,
JIEKTPOJIBI C TMOJBIXHBIMU HOCHTEISIMM, (DEPMEHTHBIC M TI'a309yBCTBHTEJILHBIE SJIEKTPOJBI. DJEKTpoaHas (GyHKuus,
K03()(PUIMEHT CETEKTUBHOCTH, BPEMSI OTKIIHKA.

[Ipumepsl mpakTHYecKoro npuMeHeHust noHoMmerpud. Ompenenenue pH, MOHOB INENOYHBIX METaUIOB,
raJoTreHHU/I-HOHOB.

IloTeHnoMeTpuUeCcKOe TUTpOBaHUE. l3MEHEHHE »HIEeKTPOJHOro MOTEHIMala B IPOLECCE TUTPOBAHUS.
Cnoco0bl 0O0HapyKeHNs] KOHEYHON TOYKM THUTPOBAaHWS, MHAMKATOPHL. Mcronbp3oBaHue peakiyii: KUCIOTHO-OCHOBHBIX,
OCaXK/ICHUS, KOMILIEKCOOOPa30BaHuUs, OKUCICHUI-BOCCTAHOBIICHHSI.

IIpuMeps! mpakTHYecKoro mpuMeHeHHs. TutpoBanne (ochopHOi, cMmeceil consHON M OOpPHOH, CONIHON M
YKCYCHOM KHCIIOT B BOJHO-OPTaHUYECKHX cpemax. OmpesneneHne HOIUA0B U XJIOPHUAOB TP COBMECTHOM IPHUCYTCTBHUH.
Hcnonp30BaHNe OKUCIUTEIFHO-BOCCTAHOBUTENFHOTO TUTPOBAHNS JIJIS ONIPECIICHISI HOHOB METAJUIOB Pa3HBIX CTEIEHEH
OKHUCIICHHS.

Bonpramnepomerpus.  Cymmuocts  MeToma.  Kiaccupukamus — BONBTAMIIEPOMETPHYECKHX — METOOB.
WnpukatopHsle anektpoasl. IlpeumyriecTBa U HEAOCTaTKU PTYTHOTO nekTpoaa. [IpuMeHeHre TBEpABbIX 3JEKTPOIOB.
XapakTepuCTUKH BOJILTAMIEPHOH KpuBOH. EMKOCTHBINH, MurpaunoHHbid, aud¢y3nonHslii Toku. [IpemenbHbIi
1 (y3HOHHBIN TOK.

Amnepumerpudeckoe turpoBanue. CymiHOCTh MeToja. MHaumKaTopHble 37eKTpoabl. BreiOop noTeHnmana
HMHAWKATOPHOTO JEKTPOAd. AMIEPOMETPUUYECKOE TUTPOBAHUE C OJHUM M JABYMs HOJSPU30BAHHBIMU 3JIEKTPOAAMHU.
Bubl KpUBBIX TUTPOBaHHSI.

[IpuMepsl MPaKTHYECKOTO IPUMEHEHHS BOJBTAMIICPOMETPHUYECKHMX METOJOB M aMIEPOMETPHUIECKOTO
TUTpOBaHMA. Peructpamust u pacmudpoBka MOIIPOrpaMMbl WHIMUBHIYAIBHOTO IEHOIIPH3aTOpa - HOHA METallla.
Peructpamust mossiporpadmyeckoro crekrpa. OmnpezaeneHne KOHLEHTPALUMH BEIIECTB METOJOM TI'PagyHpPOBOYHOTO
rpaguka ¥ METOJAOM J[00aBOK C WCIOIb30BAaHHEM KIIACCHYECKOH, OCHMIIOTPa(UUecKol, NepeMEHHOTOKOBOM
BOJIbTAMIIEPOMETPUH. AMIIEPOMETPHUUECKOE TUTPOBAHUE C OTHUM DJICKTPOAOM LIMHKA M OMXpoMaTta KasHsl.

Kynonomerpus. Teopernueckue ocHoBbL. 3akoH @apazes. CriocoObl onpeaeeHust KOJIUYeCTBa MICKTPUUECTBA.
IIpsiMass KyJOHOMETpUS U KYJIOHOMETpUYECKOoe TUTpoBaHHE. KynoHoMeTpus mpu NOCTOSSHHOM TOKE M IOCTOSHHOM




MoTeHIMaje. BHEMHAS M BHYTPEHHAA T€HEpalus KyJIOHOMETPUYIECKOTO THUTpaHTa. THUTPOBaHHE AJIEKTPOAKTHUBHBIX U
9JIEKTPOHEAKTHBHBIX KOMIOHEHTOB. OrmpeneneHne KOHEYHOH TOYKM THUTPOBaHMA. lIpenMyIiecTBa W OTpPaHWYCHUS
MeTOJa KyJIOHOMETPHUECKOTO TUTPOBAHUS 110 CPABHEHHUIO C IPYTUMHU TUTPUMETPHIECKUMHI METOJaAMH.

IIpumMepsl mpakTHYecKOro mnpuMeHeHus. ONpeesiecHue MallbiX KOJIMYECTB KUCIOTHI M HICJIOYH, THOCYJb(haTa
HaTpHUsl, HOHOB METAJJIOB-OKUCTUTENEH.

CpaBHHTENIbHAS ~ XapaKTCPUCTUKA YYBCTBUTCIBHOCTH W  HM30MPATEIBHOCTH, O0OIacTell  MPUMEHCHUS
3JIEKTPOXUMUYECKUX METO/IOB.

VI konnoksuym. Xpomamoepaguueckue memoowt ananusa.

Onpenenenne xpomartorpadun. [IoHATHE O TTOJBIKHOW W HEMOABMXKHON (azax. Kimaccudukaius MeTog0B 1o
arperaTHOMY COCTOSHHIO (a3, 1o MeXaHW3My pas[elieHus, N0 TEeXHHKe BEIMONHEHUS. CIocoObl TOTydeHHs
xpomaTorpaMMm ((QpOHTAITLHBIA, BBITSCHUTEIbHBIA, 3IOCHTHBIN). [lapamerpsr ynepkuBaHus. OCHOBHOE YpaBHEHHE
xpomatorpadun. CelneKTHBHOCTh W 3(P(PEKTHBHOCTH XPOMATOTPapUUECKOrO pasleieHus. TeopHus TeOpeTHUSCKUX
tapenok. Kwunermueckas Teopus. PaspemeHme kak (akTop ONTHMHU3AIMH XpOMAaTOrpaduveckoro Iporecca.
KauecTBeHHBINH 1 KOJIMYECTBEHHBIH XpOMAaTOTpapUIeCKI aHaTH3.

lazoBas xpomarorpadus: ['azo-agcopOumonHas (razo-tBepmodasHas) M Trazo-kuakocTHas. CopOeHTH H
HOCHTENH, TpeOOBaHUs K HUM. MexaHu3M paszaeineHus. Cxema razoBoro xpomatorpada. Komonku. OCHOBHBIE THIIBI
JIETEKTOPOB, MX YYBCTBUTEILHOCTh U CEJIEKTUBHOCTH. O0JIacTH NPUMEHEHHUS ra30BOH Xpomarorpaduu.

KunkoctHas xpomarorpadus. Bumsl skuakocTHoi xpomatorpaduu. [IpermyiiecTBa BBICOKOI(DGHEKTHBHOM
KHIKOCTHOW Xxpomarorpaduu. Cxema JKHIKOCTHOrO Xpomarorpada. JleTeKTopbl, HuX UyBCTBHTEIBHOCTH |
CEJIEKTUBHOCTb.

AncopOrmonHas skuaxocTHas xpomatorpadus. HopmambHO-(a30BeIf U o0OpameHHO-(a30BBI BapHaHTHL.
[onspHBIE W HEMONAPHBIC HEMOABIKHBIC (a3bl W MPUHIMIEI MX BbIOOpa. MoanbuIMpoBaHHBIE CHIIMKATEIH Kak
copOerThl. [lomBmwxkHble (a3pl M NPUHOUNBEI WX BBIOOpa. OOIacTH NTPUMEHEHHUS ancopOIMOHHON JKUAKOCTHON
XpomaTorpadum.

HonooOmenHas  xpomarorpadua. Crtpoerne #  (U3HKO-XUMHYECKHE CBOWCTBA HOHOOOMCHHHKOB.
HonooOMeHHOe paBHOBecHe. CeeKTUBHOCTh HOHHOTO 0OMeHa M (hakTopsl, onpenessoniie ero. O6nactu NprUMeHEeHUs!
noHooOMeHHON xpomartorpaduu. VoHHas xpomarorpadus Kak BapuaHT BBICOKOI()(EKTHBHOH HOHOOOMEHHOI
xpomarorpaduu. OCOOCHHOCTH CTPOCHHUS M CBOWCTBA COPOCHTOB i MOHHOW Xpomatorpaduu. OJTHOKOJOHOYHAS U
JIBYXKOJIOHOYHAsl HOHHAsE XpoMaTorpadus, UX nperuMyliecTBa U HeJocTaTku. MloHoxpomaTorpaduueckoe onpenencHue
KaTHOHOB M aHUOHOB. MoH-mapHas u nuraHmpooOMeHHas xpomatorpadus. OOmume npuHuMObL. [logBUKHBIE |
HenoBYKHBIE (ha3bl. OOacTH MPUMEHEHHUSI.

OKcKIIto3WOHHAs _xpomarorpadua. OOmme mnpuHOUOBE MeTona. [IogBMKHBIE W HETOABIKHEBIC —(Da3bl.
OcobeHHOCTH MeXxaHn3Ma pasneneHus. OnpeaenseMble BelecTBa H 00IaCTH IPIMEHEHHS METOIa.

[nanapras xpomarorpadusa. OOmme mnpuHIUNBI pa3geneHus. CrmocoObl TMOMYYCHHS IDIOCKOCTHBIX
XpoMarorpaMM (BOCXOJMSAIIEH, HHUCXOMASAIICH, KPYrOBOW, ABYMEpHOW). PeareHTBI Il TPOSIBICHHS XPOMATOTPAMM.
Bymaxnas xpomarorpadus. MexaHusMbl pasgencHus. [logBmkHble (as3pl. [IpemMymmecTBa ©  HEIOCTATKH.
TonkocnoitHas xpomatorpadus. Mexanu3mel pasaencans. CopOeHTHI 1 MOABIKHBIE (a3bl. O0IacTH MPUMEHEHHUS.

Texkylmui KOHTPOJIb
Ilepeuenv nabopamopuvix pabom

Ne HanmenoBanue TeMbl HanmenoBanue 1a00paToOpHBIX paboOT

1 KauecTBeHHBII aHaN3 1. KauectBeHHble peaknun Ha KaTwoHel |-l
AHATUTHYCCKUX TPYIIL. AHAJIN3 CMECH.

2. KauectBennsle peakinuu Ha  katuoHel |l
AQHAJTUTHYECKOH TPYIIBI. AHAJIN3 CMECH.

3. AHaim3 cMecu katuoHoB |-l aHamuTHueckux
TPYIIIL

4. KauecTBeHHBIE peakuuu Ha KaTwoHBl V-V
AmnHanus cMecH.

5. Auamm3 cmecu katuoHoB |-V aHamuTHYECKHX
TPYIIIL.

6. KauecTBeHHBIC peakIM Ha AaHUOHBL. AHAIN3
CMECH.

7. AHanW3 WHAWBHUIYAJIGHOTO BEIICCTBA.




2 Kucnorno - OCHOBHOE 1. TlpuroroBieHWe W CTaHJAPTHU3ANHA PabOYUX
TUTPOBaHUE pacTBOpoOB
2. 3apaya: ompeesieHre MHcl. 3amayva:
OIIpeACICHUE MH3po4
3. 3ajmavya: ompeneneHue Muci U Mpy,Bo, NPH
COBMECTHOM IPUCYTCTBUH
4. Ompepenerne Myaon  u  M(Na,COs)  mpu
COBMECTHOM IPUCYTCTBUH.
3 OcanutensHoe u 1.ApreHToMeTpHsl.
KOMIUIEKCOHOMETPHYECKOE THTPOBAHHUE 2. Poganomerpus
3.KommnekconomeTpus
4 I'paBuMeTpUYCCKUit MeTo/q 1. Onpenenenue Ba?* s BaCl,*2H,0
aHaan3a 2. Onpenenenne Fe**s NH4Fe(SO4)2*12H,0
5 Xpomororpaduyeckuii meton | 1. AHaiM3 cMeCH KaTHOHOB
aHanH3a
6 OKHCIHUTENBHO- 1. Honmomerpus
BOCCTOHOBHUTEJIbHOE TUTPOBaHHE 2. Ilepmanranaromerpus
3. buxpomaromerpus
7 DU3NKO-XUMUYECKUE METOJIbI 1,2,3. Bri6op ONTHUMAJIBHBIX yCIOBUHI
aHau3a (hoTOMETPUYECKUX OIPEACTCHHUH.
Cnexrpodoromerpus 4. MeroJ rpasyupoBaHHOro rpaduka
HNonomerpus u 5. Metoa no6aBok

TIOTCHIIUOMETPHUUCCKOC TUTPOBAHUE.

6.0npezneneHre HUTPAT-MOHOB

7. OnpeneneHue XJIOpUA-HOHOB

8 Onpenenenue nonos kobansTa(ll)
9,10. KucnoTHO-OCHOBHOE TUTPOBAaHUE

CoNOGA~WNE

IIpumepHas TeMaTHKA 10 BBINOJTHEHHIO KYPCOBBIX padoT

0030p xypHaIOB “XHUMUS U KU3HD.
OCHOBHBIE 3TaIlbl PA3BUTUS AHATUTHIECKON XUMUH.

CopneprkaHne NOHATHH “KHCIIOTa” M “OCHOBaHME™ B IPOIECCE PASBUTUSA XUMHUECKOH HAYKH.
Paznmuunble knaccudukauu pacteopureneii. HeBoaHbIe pacTBOPUTEIIH.

CBoiicTBa BOJBI KaK PaCTBOPHUTEIIS.

BydepHbre pacTBOPHI 1 X 3HAUCHHE.
KucaoTHO-0CHOBHBIE HHIUKATOPHI.
OKUCTUTENBEHO-BOCCTAHOBUTEIbHBIE HHAUKATOPBIL.

KucnotHo-ocHOBHOE TUTPOBAHUC B HCBOJAHBIX Cpeaax.

10. TlepmanranaTomerpusi.




11. BuxpomaromeTpus.

12. HMopmomeTpuuecKue METOIbI AaHATH3A.

13. TIpuMmeHeHHEe OKUCIUTENbHO-BOCCTAHOBUTEIBHOTO TUTPOBAHHSI.

14. OOmiast XapaKTEePUCTHKA COBPEMECHHBIX (PH3UKO-XUMUYCCKUX METOIOB aHAJIH3a.

15. Heoprannueckue U OpraHMYECKUE OCATUTEIH.

16. IIpuMeHEHHE KOMIUIEKCHBIX COCTMHCHUN B XUMHYCCKOM aHAITU3E.

17. Hcnonb30BaHHE OKHUCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIUi B XHMUYECKOM aHAIIH3E.
18. KauecTBeHHBII aHAJIN3: TAIBI PA3BUTHUA.

19. Konu4ecTBCHHBIN aHAIU3: 3TAIBl Pa3BUTHSL.

20. TIportomutmueckas Teopus bpeHcrena-Jloypu, TOCTOMHCTBA M HEOCTATKH €.

21. JlanpHeitmee pa3BuTHe Teopun bpencrena-Jloypu B paborax M3maitiosa.

22. Xwumudeckas Teopus pactBopos [I. M. Mennaeneena.

23. DJCKTPOXMMHUYECKOE OCaXICHHE KOOATbTa M €T0 CILUIABOB.

24, OpraHuyecKie COCIUHCHHUS B KaUeCTBE HHANKATOPOB: CTPYKTYpPa, CTPOSHHE, CBOHCTBA, IPUMCHEHHE.
25. Hacrosmiee n Oyaymiee OHOCEHCOPOB.

26. VOHOCENCKTHBHBIC U TOJIEBBIC TPAH3UCTOPHI B aHAIUTHKE.

27. VloHOCEJIEeKTUBHBIE HJIEKTPOABI C OTKIMKOM Ha CJI0KHBIE OPIraHUYECKHE COCTMHEHMSI.
28. AHaITUTHYCCKUC MPUMEHCHHUS YTWICHINAMUHTETPAYKCYCHOW KUCIIOTHI M POJACTBEHHBIX COCAMHCHHH.
29. Xpomarorpadus Kak MeToJ aHaiuu3a. Buasl xpomatorpaduu.

30. Maremarnueckas 00pabOTKa pe3yJbTaTOB XUMUYECKOTO aHAIIN3a.

31. Teoperndeckre OCHOBHI aHATUTHIECKON XUMHUH.

32. CoBpeMeHHOe IIPEICTaBICHUE O HayKe.

33. Onpenenenne pH. Teopus u npakTUKa.

34. Xumus — TpaJuIMOHHAS U HETPATUIIMOHHAS.

35. [IpuMeHeHHE NOHOCEICKTUBHBIX MEMOPAHHBIX AJICKTPOIOB B aHAIIH3E.

36. MeTonap! aHANMKM3a IPUPOAHBIX M MMPOMBIIIICHHBIX 00BEKTOB.

37. HoBble THTPUMETPUYECKUE METOBL.

38. KuHeTHYECKHE METOIbI B AHATUTHUCCKON XHUMUH.

39 OHTI/IMI/I38,I_II/ISI OKCIICPUMEHTA B XUMUU U XUMHYECKOM TEXHOJIOTUH.

40. TIporpaMMHUpPOBAHHBIA KOHTPOJIb TCKYIIMX 3HAHUHN 110 AaHATUTHYCCKON XHUMUH.

41. KomruiekcooOpa3zoBaHHe B aHATUTHYECKONW XUMUH.

Hpozpamma UMmMo206020 IK3amena

Ananutnueckas xumus. Buapl ananmza. Cragun XuMH4IecKkoro aHaim3a. OCHOBHBIE XapaKTEpPUCTUKH METOJI0B
aHanu3a. AOCONIOTHBIE M OTHOCHTEJIbHBIE MeTOIbI. Bb1OOp MeTona anann3a. CrocoObl MOBBIIIEHHUS] YyBCTBUTEIEHOCTH
1 U30MPaTeNbHOCTH METOZI0OB. ABTOMATH3aINs aHAIIN3A.

Kucnomno-ocnosuvie peaxyuu. IlpoTonmTndeckas Teopus KHCIOT W OCHOBaHWH. PaBHOBecwe B cucTeMe:
KHCJIOTa — CONPSDKEHHOE OCHOBaHME — pacTBOpUTEdb. KOHCTAHTBI KHCIOTHOCTH, OCHOBHOCTH, aBTOIPOTOJIH3A.
Husenupyromuii u muddepenmpytromuii a3 dexts pactBopures.

Peaxyuu xomniexcoobpaszoeanusi. TUIBI ¥ CBOWCTBA KOMIUIEKCHBIX COEAMHEHHUH, WCIOJIb3YEMbIX B
aHaNuTHYeCKOW  xXxumuu. KonnuecTBeHHas  XapakTepHCTHKAa  pPEakIUi  KOMIUIEKCOOOpa30BaHHs:  KOHCTAaHTa
ycroiunBocT. Crynenuaroe KommiekcooOpasoBaHue. Vcronb3oBaHHe KOMIUIEKCHBIX COCAMHEHHWI AJIS pasJiesieHusl,
KOHLICHTPUPOBAHNS, MACKHPOBaHNUS, 0OHAPYKEHHS, OTIPEJICIICHNS SJIEMEHTOB.

Opeanuueckue peazenmvl B XUMHYECKOM aHanm3e. OyHKINOHAIBHO-aHATMTHYECKHE W aHAUTHKO-aKTHBHBIE
rpymnbl. BansHue cTpoeHns: MOJIEKyIIbl Ha CBOWCTBa peareHTa. IIpiMeHeHne opraHudecknX peareHToB B aHaJIun3e.

OxucaumenbHo-60ccmano8umenvhble peakyuu B aHAIMTHYECKOM xumuu. OOpaTtuMble W HeEoOpaTHMBbIE
OKHCIINTEIIbHO-BOCCTAHOBUTEIIbHBIE CUCTEMBI M HMX INOTeHUIManbl. YpaBHeHue Hepucra. CraHmapTHBIM M peanbHBIN
OKHCIINTEIIbHO-BOCCTAHOBUTEIIbHBIE TIOTEHIMANBI. HanpasiieHne OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUH.

Peakyuu ocascoenusi B aHaMUTHUECKON XUMHUK. KOHCTaHTBI paBHOBECHS pPeakiMii ocaxaeHus. PacTBOpUMOCTh
ocanikoB. DakTopbl, BiIUsONMEe Ha pacTBopuMocTh. OOpazoBanue ocaakoB. Kpucramindyeckue u amopHbIe OCa/IKH,
YCIOBUSL OCaXIeHUs. I[IpUYMHBI 3arps3HEHHs OCAIKOB: COBMECTHOE OCXKJIEHHE, COOCAXKICHHE, MOCIEAYIoIIee
ocaxaenue. Bugpl coocaxaenus. IIpuémel, criocoOCTBYIONINE MOTYISHNUIO YUCTHIX OCAIKOB.

MCTO)IBI pa3aciICHus )51 KOHIICHTPUPOBAHUSL. OCHOBBI OKCTpaKIu KakK MEeToaa pasaciacHus )5
KoHIeHTpupoBaHus. KoHcranTa pacmpenenenus, koddduinent pacmpenenenus. KoHcranta skcTpakiun. DaxTop
paszienieHus. YCIOBHUSL 3KCTPakKIMM HEOPraHWYeCKHMX W OpraHM4YecKuX coequHeHHH. [lpakTnyeckoe IpUMEHEHHE
9KCTPaKIUH.

Mertonsl pasfienieHns] 3JEMEHTOB, OCHOBAaHHbIE HA OCAKACHHM HEOPraHWYECKMMH U OPraHW4eCKHMMHU
peareHTaMu. lIcnonb30BaHWME COOCAKAEHHMS [UIl KOHLEHTPUPOBAHMS MHMKPOKOMIIOHEHTOB. Heopranuueckue u
OpraHUYecKue KOJUIEKTOPHI.

Xpomamoepaghuueckue memoodsi. [IpuHIMIBL U KinaccuuKanus. XpoMaTorpaMMBbl U CIIOCOOBI MX TOIYYCHHUSI.
OCHOBHBIE TEOPETHYECKHE TIOJIOKEHWS W XapaKTepHCTHKH MeTonoB. [a3oBas xpomatorpadus. OCHOBHEBIE
TEOpPETHUECKHE MOJOKEHHs. TpeOoBaHMA K CTAalMOHAPHBIM W MOABIKHBIM (azam. IIpuMepsl NpakTHUECKOro
npuMmeHenns. loHooOMeHHass xpomatorpadus. BeicokodpdextuBHas monnas xpomatorpadus. [IpuHIHIBEI METOIOB.
ITpumeps! MPakTUYECKOro NMpUMEHEHHA. byMakHas W TOHKOCIOWHas xpomarorpadus, UX OCHOBHBIE TEOPETHIECKHUE
nojoxeHus. TpeboBaHMs K CTAMOHAPHBIM M MOABIXHBIM (ha3aM. [IprmMeps! MpakTHIECKOro MPUMEHEHHSI.

I'paBumerpudeckue Metosbl. CymHocTts. Ocaxnaemasi 1 rpaBuMeTpudeckast Gopmsl. [IpuMepsl npakTH4ecKOro
IIPUMEHEHUSI.




Turpumerpudeckne MeToasl. CriocoObl YCTaHOBIICHHSI KOHEYHONW TOUKH TUTPOBAHUS.

Kucrnomno-ocnosnoe mumposanue. Kpusble TuTpoBaHus. KucinoTHo-ocHOBHBIE MHAUKATOPHI. IlorpemHoctu
METO/Ia KUCIIOTHO-OCHOBHOTO TUTPOBaHUs. TUTpOBaHUE cMecel KUCIIOT U OCHOBaHUM. TUTpOBaHHE B HEBOJHBIX Cpeaax.

Komnnexconomempuueckoe mumposanue. IlpenmyiiecTBa aMHUHOINOJMKAPOOHOBBIX KHCIIOT IEpe APYTHMH
OpraHMYeCKUMH THUTpPAaHTaMHU. MeTanaoXpoMHbIe MHIUKATOPHI, TpeOoBaHus K HUM. CriocoObl TUTpoOBaHuUS (IIPSIMOH,
0oOpaTHBIN, BBITECHUTEIbHBIH, KOCBEHHBIH). [IpakTHueckoe NpHUMEHEHHE KOMIUICKCOHOMETPUYECKOTO TUTPOBAHMS
(onpeneneHrne HOHOB KaNbIHs, MarHUS, )KEJIe3a).

OxucnumenvHo-6occmanogumensvrhoe mumpogarue. OaKTOPhl, BIUAIONINE HAa BEJIMYMHY CKayka MOTEHIMANA,
CHocoObl OOHapy>KeHHs KOHEYHOW TOYKH TUTpoBaHMA. [lepmMaHraHaToMeTpHyeckoe, OUXPOMAaTOMETPHYECKOE,
HOJOMETPUYECKOE TUTpOBaHUE. I[lepBUUHBIE M BTOpUYHBIE CTaHAapThl. MHaukaropbl. I[Ipumepbl NpakTH4YECKOro
NIPUMEHEHHUS.

OneKkTpoxuMHUYeckne  MeTonsl.  [Ipupoma  aHaimTHYeckoro — curHaia.  Kiaccmdukanus — METOIOB.
DneKTpoXuMuYecKas ssueiika. IHIUKaTOpHBIE IIEKTPOABI U DIIEKTPOALI CPABHEHUS.

Iomenyuomempus. PaBHOBecHBIH noTeHnran. CriocoObl M3MepeHus IMoTeHnuana. [Ipsmas IoTeHIHOMETPHH.
WupukatopHble 3nekTponsl. Kimaccudukanus MOHOCENIEKTHBHBIX 3JCKTPOIOB. XapaKTEePUCTHKH HOHOCEICKTHBHBIX
JJIEKTPOJIOB: 3JeKTpoaHas (QyHKUMS, KOI()(OHUIMEHT CEeNEeKTHBHOCTH, BpeMsi OTKiIMKa. CrHocoObl ompenencHus
koa(punrenta ceneKTUBHOCTH. CIOCOOBI MPSMBIX MOTEHIMOMETPHYECKUX HM3MepeHHid. [IpakTnueckoe nmpuUMeHEeHHe
nonomerpuu: onpenenerue pH, pF, pNOa.

[MToteHnromerpuyaeckoe TuTpoBanue. O0LIas xapakrepuctiuka Merona. CriocoObl HAX0XKICHUS KOHEYHOH TOUKH
TUTpOBaHUA. IHIUKATOPHBIE 37EKTPOJBl B KUCIOTHO-OCHOBHOM, OKHCIHTEIbHO-BOCCTAHOBUTEIBHOM U OCAIUTEIHHOM
TUTPOBAHUU.

Kynonomempusa. 3axonsr Dapanes. Ilpsmas kyjgoHoMeTpusa. YCIOBHS TMOTEHIMOMETPUYECKUX HU3MEPEHUM:
noctuxenne 100%-Horo BbIXOAA MO TOKY; H3MEPEHHE KOJMYECTBAa JJIEKTPUYECTBA; OINPEACIEHUE KOHIA
3JEKTPOXUMUYECKOHN peakuu.

Kynonomerpudeckoe TurpoBanue. Ilpumepsl onpeeneHus 3JIeKTPOAKTUBHBIX U AIEKTPOHEAKTUBHBIX BEIIECTB.
DJIeKTpOreHepUPOBaHHBIE KYJIOHOMETPHUICCKHE TUTPAHTHI. Y CIOBUA TUTpoBaHUs: obecriedenne 100%-HOro BeIXOaa MO
TOKY; W3MEpPEHHME KOJIMYEeCTBAa 3JEKTPHUECTBA; OMpeIesieHHe KOHIla XHUMHUYeckoi peakiuu. [IpeumyiectBa mepen
JPYTUMH TUTPUMETPUUECKUMH METOIaMHU.

Boremamnepomempus. OcHoBbl MeToaa. OCOOEHHOCTH 3JIEKTPOXUMUYECKON siueiku. TeopeTuyeckne OCHOBBI
KJaccuyeckoil nossiporpaduu. XapakTepucTHKH Tossiporpammbl. [loteHnman monyBosHbl. Jnd¢y3noHHBIH TOK.
VYpaBuenue MnbkoBuua. IIpaktuyeckoe npumeHeHue mnossiporpaduu. KauectBenusiii ananu3. [lomsiporpaduueckuii
cnektp. KomnuectBennsiit ananus. CriocoObl ompeneneHuss KOHLEHTPAIMK BellecTBa. BO3MOXXHOCTH M OrpaHMYECHUS
MeToJa.

AmriepoMeTpryecKkoe THTPOBaHHE. BBIOOp YCIOBHI aMIIEpOMETPHYECKOTO THUTPOBAHUA. BHIBI KPUBBIX
TUTpOBaHuA. [IprMeprl MpaKTHYECKOIO NPUMEHEHUSL.

CIIeKTPOCKONIMYECKHE  METONBI. BakHeHmmne XapakTepUCTHKH CIEKTPANbHBIX JHHUAH  (TOJOXCHHE,
WHTCHCUBHOCTh, INHPHHA). ATOMHBIE ¥ MOJCKYJSpPHBIE CIIEKTPHL. B3aMMOCBA3b OCHOBHBIX XapaKTEPHUCTHK
CIIEKTPANTBHBIX JTUHUH C IPHPOJION M KOJIHMIESCTBOM BEIIECTBA (KAUYECTBEHHBIN M KOJMYECTBSHHBIN aHAIN3).

Cnexmpoghomomempuuecxkuti memod. (OCHOBHOM 3aKOH TOTJIOMIEHUSI AJIEKTPOMArHUTHOTO H3IIyYEHUSI.
Mosipablid ko3 durment nornomenus. [IpuMeHeHne Merojga s ONpEJAENEHHs KOHIEHTpAlMU  BEIEeCTB.
UyBCTBUTEJIBHOCTD M CEJIEKTUBHOCTh METO/a. BHIOOp ONTHMANBHBIX YCIOBHUI MPOBEIeHUsT (POTOMETPUIECKUX PEAKIHH.
WuTepBan ompeneiseMblx ONTHYSCKUX IUIOTHOCTeH. Meron auddepeHinanisHol  CeKTpOPOTOMETPUH, €ro
BO3MOXKHOCTH M npeumyiectBa. CrieKTpohoTOMETpHIECKUe METO/Ibl U3y4YEHUs paBHOBECHH B pacTBopax. Onpenenenne
KOHCTaHT KUCJIOTHOM AUCCOLMALIMA OPraHUYECKUX COCTUHEHHM.

MNPUJIOKEHHUE 2

S. ®OHJ1 ONEHOYHBIX CPEJICTB

5.1. OneHo4YHBIC MaTePHAJIbI JJIsl NPOBEACHHS TEKYIIel aTTecTaluu

DoH OLIEHOYHBIX CpeaACTB 1JIsl MpOoBEACHUSA Telcymeﬁ Hu l'lpOMe)KyTO‘ll—[Oﬁ aTTeCTaluu.

OIIK-1 Cnocoben AHAJIU3WPOBATh, HHTCPIIPETUPOBATE KU 0606HIaTL PE3YIBTATHI SKCIICPUMCHTAJIbHBIX W PACYCTHO -
TCOPETUYCCKUX Da60T XHMUYCCKON HAIIPABICHHOCTH

(KOH, HauMMCHOBAHHC KOMHCTGHL{I/II/I)

Howmep | IIpaBunbHbIH OTBET Kpurepun
3agaHy | (KJIOY) OLICHMBaHMs 3aaHUN
o CozepaaHue BOIpoca/3alaHusl

3agaHnsd 3aKpbITOro THIA

1 b Kakne kaTtmoHbl Moryr ObITh | | Gaynt 3a mpaBHUIIBHBIA OTBET
otaeeHsl ocaxaennem HCI?
A Ca®, Ba*, Sr**
B Pb?%, Ag*, Hg.?*
B Mn?*, Mg#, Cr¥*
[ Zn* AP, Sn**
2 r Yro Oymer SABJATBHCH  BecoBOif | 1 Oayul 3a NpaBUILHBIA OTBET
¢dopmoii mnpu rpaBUMeETpPHYECKOM




onmpeaecJeHuun skene3a?

A FE(OH)3
b FESO4
B FEC|3
I' Fe)Os

B Kakoii HHIMKATOP MOKHO | 1 Gasut 3a MpaBUWILHBIA OTBET
HCNOJIb30BATh NP TUTPOBAHHUH
YKCYCHOH KHCJIOTBI THAPOKCHAOM
HaTpusa?

A MetunoBblit opaHxeBblil (pT=4)

b metunoBeli kpacHsli (pT=5)

B denondraneun (pT=9)

I" 6pomMKpe300BbIi 3enenslit (pT=4,5)

r 10,00 ma Bognoro pacrBopa NaCl | 1 6amr 3a IpaBUIBHBIA OTBET
HEU3BEeCTHOH KOHIEHTPpalun
TatpoBaau 0,1000 M AgNO: B
npucyrcrBun  ¢uiyopecuenna. Kak
Ha3bIBAIOT JaHHBII crnocod
THTPOBaHMA?

A KOCBEHHOE TUTPOBaHHE,

b 3amecturenbHOE TUTPOBAHUE,
B o0parHoe TuTpoBaHue,

[’ mpsiMoe THUTpOBaHUE,

b CKo0JIbKO CKAYKOB THUTPOBAaHUSl HA
kpuBoii TurpoBanusa 0,1 M H3POq
pactBopom 0,1 M NaOH?

A onus;
b nBa;

B d4ertnipe;
I' tpu

KauecTBeHHBIMU Yro ABJISIETCH Ka4ecTBeHHOM

Ha3bIBAIOTCS peaxiyy, | peakuueil B aHATUTHYECKOH XUMUM?

MO3BOJISTIOIIHE

UICHTUPHUIIUPOBATH B

HCCIIeTyeMOM 00BekTe

OTIpeieNeHHbIe aTOMBI,

MOJICKYJIFI,

(yHKIIMOHATIBHBIE TPYIIIBI
U T. . IO 1O BHEUIHUM
NPOSIBICHUSIM,  KOTOpBIE
COIIPOBOXKIAIOT PEAKIHIO:

BBIJICJIICHUC rasa,
U3MEHEHHE I[BETA
pactBopa,  obpasoBaHHe
ocajika, MOSIBJIEHUE

cnenu(UIecKoro 3amaxa u
ap.

DakTOp HKBUBAJIEHTHOCTH
(f skB) — o910 uUHCHO,
KOTOpOe o0o3Hauaer,
Kakasi  Jofil  peajbHOH
YaCTHIIbI (noHa W
MOJICKYJIbI) IKBUBAJICHTHA!
OIHOMY MPOTOHY B
KHCJIOTHO-OCHOBHOM
PEaKIN;0THOMY
JJIEKTPOHY B
OKHCITUTEIHHO-
BOCCTAaHOBUTEJIbHON
peaKkIy; OJHOW eANHUIE
3apsia B KOHKPETHOH
peakimu 0OMeHa.

Haiite omnpejeseHne
9KBMBAJIEHTHOCTH.

haxropy

I'paBuMeTprUeCcKUM

aHAJIM30M HAa3bIBAIOT
METOJ  KOJHMYCCTBECHHOI'O
XHMUYECKOTO aHalm3a,
OCHOBAHHBI Ha TOYHOM

OmnpegeneHne rpaBHMeTPHYECKOrO
MeTO/Ia aHAIN3A.




N3MEPCHUU MacCcChl
OIPEACIIAEMOro BCUICCTBA
501058 €ro COCTaBHBIX
‘IaCTCI‘/'I, BBIICIACMBIX B
BUJEC COCAUHEHHUN TOYHO
HU3BCCTHOI'0O IMOCTOSAHHOI'O
COCTaBa.

9 Cnexrpodoromerpus  — | Onpenenenne

METOJ ¢u3nKo- | ceKTpoGOTOMETPHIECKOTO METOaa
XUMUYECKOTO aHa/IM3a.

HCCIIEIOBAHUA W aHaIu3a,
OCHOBaHHBIH Ha
H3MEPEHUHU CIIEKTPOB
[IOTJIOIIEHHUS B
OIITHYECKON obnactu
3JIEKTPOMArHUTHOTO
W3JTyICHUSL.

10 [otenmmomerpust - 510 | Onpenejienne NOTEHIIUOMETPUH
psl METOJOB aHalu3a u
OTpeieNeHust ¢busuko-
XUMHWYCCKUX
XapaKTepUCTUK
IEKTPOIIUTOB "
XUMHYECKHX peaKIHii,
OCHOBaHHBIX Ha
U3MEPEHHUH  DJICKTPOIHBIX
HOTEHLHAJIOB u
EKTPOIBIDKYIIUX  CHII
raJbBaHUYECKOro
JICMEHTA.

33)13HHH OTKPLITOT0 TUIIA

1 Kak pa3ienuTh cMech KaTHoHOB: Ag*. Ba?*, Al®*. Zn?*

3 Gata

IIpaBuibHbBIH 0TBET (KJI104):
1. [lo6asnsiem k pactBopy 2M pactop HCI:
Ag*+Cl.— AgCl | Genblii TBOPOXKHUCTBIN OCAOK
2. OtnenuB 0cajiok, gobasisieMm kK pactsopy 2M pacteop H2SO4
Ba?* + SO4* — BaSO4 ! Genblif KpUCTAILIMYECKHIA 0CAT0K
3. Ilocne otnenenusi cynbpara Oapus K pacTBOpY J00aBisieM H30BITOK
THJPOKCH/Ia AMMOHHS
AP* + 3NH,OH — Al(OH)3d+3NH,4*
OBl CTYIEHUCTHIA 0CaTOK
Zn?* + 2NH4,OH—Zn(OH)24+2NH,*
Zn(OH); + 4NH4OH—[Zn(NH3)4](OH), + 4H,0
pacTBOP KOMIUIEKCHO# cou

1 6amr

1 6amr

1 6amn

Hroro:
3 6aiuia

2 Beimager Jm ocagok xjopmuaa cepedpa, ecim k 10 ma 0,1 M
pacTtBopa HuTpaTa cepebpa npubasurs 20 ma 0,1 M pacreopa
XJI0OpuAa HaTpusi?

3 Gauia

IIpaBu/bHBIH 0TBET (KJI104):
1. Haiinem KOHICHTpAIHMK PACTBOPCHHBIX BEIICCTB MOCIE CMEIIUBAHHS
C(AgNO03)eV(AgNO3) _ 0,110 _
C(AgNO03) = (V(Ag;VO3)+V(I)VaCl) =Toi20 = 0,0333 mosib/ 21
C(NaCl)sV(NaCl) _0,1s20 _
C(NaCl) = TCAgNOD TV (Nacl) 10420 =0,0667 MoIb/1
Otcrona
C(Ag") =C (NO3) = 3,33:102 mons/m,
C(Na*) = C(Cl") = 6,67-1072 Mons/m.
2. BrwrumcianM MOHHYIO CHITy pacTBOpa:
1=10,5°(0,0333+12+ 0,0333 *12 + 0,0667 12+ 0,0667 *1?) = 0,1.
Onpenenum ko3ddunnentsr akruBHoctH HoHOB Ag* n Cl™ mpu 1 = 0,1
fag+ = 0,81, fc.= 0,81.
3. Haiinem npoussenenue aktuBHOCTEH HOHOB Ag* 1 CI™
0,0333+0,81¢0,0667+0,81=1,157+10"
Tak xak npou3BeIcHIE aKTUBHOCTEH HOHOB OOJIbINE BETUUNHBI

ITP(agcny = 1,78-1071°, cnemoBarensHO, 0CamoK BBIMAET.
OtBert: ocagok AgCl Bemmazgaer.

1 Gamn

1 Gamn

1 6amn

Hroro:
3 dayuta




3 Omnpeneaurs pH pacTrBopa, nmoxydenHoro npu cmemuBanun 20 | 3 6ama
ma 0,15 M u 20 ma 0,3 M pacTBopa aneraTra HaTpHsl.
IIpaBu/bHBIH 0TBET (KJI10Y):
1 Gamn
1. HaxoanMm KOHIIEHTpPAIHIO YKCYCHON KHCJIOTHI U alerata HaTpHs IOcCie
CMEIINBaHUA:
C(c|—|3coo|—|) = 0,15’20/(20+20) = 0,075 momap/1
C(c|—|3coo}-|) = 0,3'20/(20+20) =0,15 momp/n
1 Gamn
2. PaccunThiBacM KOHIICHTpAIIMIO HOHOB BOJOpOAa Mo (opmyie s
OydepHOro pactBopa, 00pa30BaHHOIO cl1a00¥ KUCIOTOMH U €€ COJIBIO.
[H*] = Kk-T51 * Ck-T/Ccomu =1,75 « 105+ 0,075/0,15 = 8,75+10°¢ 1 6ann
3. pH=-Ig[H"]==-Ig 8,75°10° = 5,06
Hroro:
Otset: pH = 5,06 3 Gamma
4 Boruuc/uTe 4nc10 MOJIEKYJI H MAaCCOBYIO 10110 BOABI B MoJIeKyJie | 3 Oamta
KPHCTAJLUIOTHAPATA XJOPUAA MATrHUS, €CJIM U3 HABECKH €ro
0,5013r mosryunsin 0,2741r Mg2P.07.
IIpaBuabHBI 0TBET (KJII0Y):
1 Gamn
1. OmnpenenuM MOJSIPHYIO MacCy KPHCTAILIOTHAPATa XJIOPHAAa MarHusI
MMgCl2-xH20) = M(Mg2p207) *2Mmgciz-xH20) / Mmgzr207)
MMecn2 xi20) = M (MeCl2-xH20) * MMg2p207) | 2Mmg2r207) =
0,5013¢222,553/2+0,2741 = 203,51 1 Gamn
2. Haxoaum yuci0o MOJIEKYN B KPUCTAIIIOTHAPATE
X= M(MgC]Z-XHZO) - M(MgCIz) / M(Hzo) =203,51 - 95,21/18:6,02
3. Haxoaum MaccoBylo 10510 1 Gamn
WH20)= 6°18/203,51 = 0,53 wim 53%
OtBeT: 6 Mosteky, W 20)= 53% Hroro:
3 bamma
5 s crangapruzanun pactsopa HCl naBecky 1,9024 r 3 Gamna
NazB4O7 - 10H20 pacTBopu/In B MepHOH K0J10e BMECTHMOCTHIO
100,0 ma. Ha turpoBanue anukpotHoi 4actu (VA = 15,0 ma)
3Toro pacrsopa mnourio 13,1 ma pacreopa HCIl. Bberumeaurs
MOJISIPHYIO KOHIIEHTPAIMIO M TUTP pacTBopa
IIpaBuibHbINA 0TBET (KJII0Y):
1. U3 ypaBHeHHUS NpOTEKAIOIIEH peakIiy HeHTpaaTu3aiu 1 Gann
2HCI + Na,B;07 +5H,0 — 2NaCl + 4H3BO3
cnenyer, uro fake. NaBsO; =1/2, mnosromy MoJsIpHas KOHIEHTpAIHs
9KBHBaJICHTa TeTpabopara HaTpus OyaeT
CNaz2B40*10120) = MNa2Ba07) / MDIKB (Na2Bs07*10120) *V = 1.9024/190,69 « 0,1 =
0,0998 MOaB-9KB/I1
2. Tlo 3akoHy OSKBUBAJICHTOB pACCUYMUTaEM MOJIPHYIO KOHIEHTpamuto | 1 Oamn
skBuBanenta HCI
CHen = 0,099813,1/15 = 0,0872 Monb-3kB/1
fokB (Hc) = 1, modTOMY MOJISpHAss KOHIEHTpanust OyJIeT paBHa MOJSIPHON
koHteHTpaimu skeuBanienta HCl 0,0872 mons/n
3. Twurp paccuurtsiBaercs 1o hopmyie: 1 Gayn
Ten = C rHen*™M wer / 1000 = 0,0872+36,5/1000=0,00318 ¢
Otsert: C(He)y=0,0872 mons/n; T (ey=0.00318r Hroro:
3 bayuia
6 Boryucants maccoByo 1o Al2O3 B cuiimkare, ecian 3 Gauia
HaBecky 1,0220 r mepeBennm B pacTtBop, gobasuim 25,00 mu
pacTBopa TpuwioHa b ¢ konuenrpaumeii 0,1151 moan/n. Ha
TUTPOBaHMe H30bITKA mocjaeaHero mnouwio 9,83 ma 0,1015
MOJIB/JI pacTBOpa cyJibdara IHHKA
IIpaBuabHBII 0TBET (KJII0Y):
1. Onpeaencane AlpO3 MpOBOAWUTCS METOAOM OOPAaTHOrO TUTPOBaHWA. B | 1 Gayr

PacTBOpE TPOTEKAIOT CIICAYIOINE PEAKIIHH:
AP + HyYZ > AlY + 2H*
HoYZ + Zn?* > ZnY? + 2H*




2. KoanuecTBO MOIB-3KBUBAICHTOB ATIOMUHUA  PACCUUTBIBACTCA 110

Pa3sHOCTH MEXAY KONWYECTBOM MOJb-9KBUBAICHTOB Jxo0aBieHHOrO | 1 Gamt
TpwioHa b wm ocraBmerocs mocine peakuuu. IlockonbKy peakums
KOMILIEKCOOOpa3oBaHus TPOXOAUT ONMH K OmHOMy, f 3KB. Kaxmoro
peareHTa paBeH 1. MousipHas KOHLUEHTPAIMS ¥ MOJIIPHAs KOHLCHTPALHS
9KBUBAJICHTA PABHBI.

Ny =Ctp eV 1p - C znsos*V znsos

Nz = (0,1151 « 25 - 10,1015+ 9,83) «10- = (2,88-0,99)102 =

=1,8910" Mmonb-3xB =0,00189 Monb

3. Tak kak B OJHOW MOJIEKyJe COJEpXHTCS [Ba HOHa aIIOMHUHUSA, | 1 Oamn
konmaecTBO Monel AlpO3z Oyzmer B 1Ba pa3a MEHBIIIE.

M (A1203) = Naiz+) * M(azoz)/ 2 = 0,00189+102/2=0,0964

W(AI203) :0,0964/1,0220'10029,62% Hroro:

OtBert: 9,62% 3 Oamna

7 Berumeaury  omudky TuTpoBaHusi 0,15 M pactBopa | 3 Gamia

ruapokcuaa ammonns 0,15 M pacTBopoM coJIsIHOI KHCJIOTBI B
npucyTcTBHM QeHoadTATCHHA
(pT=9).

IIpaBuibHbBIN 0TBET (KJIIOY):

1. PaccumthiBaeM pH B Touke odkBHBaneHTHOCTH. [Ipu monHoi | 1,5 Gamna
HeHTpanu3aun THAPOKCHIA aMMOHHS B pacTBOpe OyIeT HaXOIUTHCS
collb, OOpa3oBaHHAs CHJIBHOH KHCIOTOM W CIA0BIM OCHOBaHHUEM,
KOTOpas OyIeT MOABEPraThCs THAPOIH3Y.

NH4OH + HCI — NH4CI + H,O

NH4CI + H,O0 — NH4OH +H* + CI

Orcrona

pH =7 - Y5 pKNHaor) — Y2 1g Cnmaci)

Cnmact) = CinHaoH) * VinHaoH) / V(nHaoH) + V(Ha)

Cnnacty = Cey — VinnaoH) = ViHey —

C(NH4c|) = C(NH40H) /2= 0,15 /2= 0,075

pH =7 —4,75/2 — 1g0,075/2 =5,75

2. Tak xak tuTpoBaHme Oyner 3akoHueHo mpu pH=9, To rHmpokcuxa | 1,5 6amma
aMMOHHs Oyner HemoTUTpoBaH.  VHamkartopHas ommOKa Oyzner
OTIPENICIATECS MPUCYTCTBHEM B PacTBOPE HEJOTUTPOBAHHOTO CIa0OTO
ocHOBaHHs. T.e. HEOOXOIUMO PACCUUTATH OCHOBHYIO OIIHOKY:

_10pT+pKB—14
A%(MeOH) = TOPT+pKe—14 3 | -100
_109+475-14 Hroro:
A%(MeOH) = 109F475-T441 o T 3 Gamna
OTBeT: rTUAPOKCUJAMMOHUSAOYIETHEJOTUTPOBAHHA36%

8 Cmemaau 60 r 6%-Horo pacrBopa cepHoii kucjorbl ¢ 100 mux | 3 Gama
20 %-noro pacTBopa cepHoii KuciaoTsl. KakoBo npouentHoe
cojep:KaHHe M KOHUEHTPALUMS MOJISIPHOTO 3KBHMBAJIEHTA
CepPHOIi KNCJI0THI BO BHOBb MOJIY4eHHOM pacTBope?

IIpaBuiabHbIi 0TBET (KJII0Y):

1. Tlepesenem o6wvem 20% pacTtBOopa B rpamMMbl. B cipaBounmke HaxoanMm | 1 Gayr
wI0THOCTH 20% pacTBOpa CepHOM KUCIOTBL.  P(2o% H2soa=1,1394

M (20% H2so4) = 1,1394 + 100 =113,94 r

2. PaccuuThiBaeM HOBYIO % KOHIICHTPAIHIO

M (H2s04) = (60 * 6 + 113,94 « 20)/100 = 26,39 T 1 Gamn

m HoBoro pactBopa = 60+113,94 =173,94 r

W% (H2s04) = 26,39 » 100/ 173,94 = 15,17 %

3. OnpenensieM (pakTop SKBUBAIEHTHOCTH CEPHOM KUCIIOTHI.

fokB.=2 M oks.=98/2=49 1 6amn

Haxoaum nnotHocts 15% pactopa.

ps% H2so4) =1,1020
PaccunThIBaEM KOHLEHTPALUIO MOJIb-DKBHBAICHTA




w-p-10 _ 15,17-1,1020-10
=Yt = 3,4M0JIb — 3KB/JI

M>KB 49
Hroro:
Otser: W=15,17%, C=3,4 MOIb-2KB/II 3 Gama
9 HaBecky :kesie3ocomep:kameii  pyabl wMaccoit  0,3301 r | 3 6amna

PACTBOPHIIN B KHCJIO0Te €3 10CTyNa BO3/1yXa, epeHecIn

B MEPHYI0 K010y BMecTHMOCThIO 200 M1 1 10BesIn 00beM /10
METKH. AJTHKBOTY IOJYy4eHHOr0 pacTBopa 10MJ1 oTTHTPOBAJIM
noreHuuomerpuyeckn 0,0500u pacrBopom KMnQa Ilo
MOJIy4eHHBIM pe3yJibTaTam

V,ma 2,5 2,6 2,7 2,8 2,85 29 3,0 3,1 3,2

E,mB 585 570 550 530 410 180 165 155 145
onpefeJUMTh TOYKY JKBHUBAJIEHTHOCTH M  PaccUMTaTh
MAacCCOBYIO 10JII0 ;KeJle3a B py/je.

IIpaBuabHBII 0TBET (KJII0Y):
1. Jlnmsg Toro, 4ToOBI WCIIOJNB30BaTh 3aKOH JKBUBAJICHTOB JUIs ompeaeneHus | 1 6amr
Macchl JKelle3a, HEoOXOMUMO y3HaTh OO0BEM TepMaHraHaTta B TOYKE
9KBUBAJICHTHOCTH. [IpeoOpasyeM MoydeHHbIC JaHHBIC.

V,mn 25 26 27 28 285 29 30 31 32

AV - 01 01 01 005 005 01 01 01
E,MB 585 570 550 530 410 180 165 155 145
AE - 15 20 20 120 230 15 10 10

AE/AV - 15 20 2,0 2400 4600 15 1,0 1,0
Haxe 6e3 moctpoeHus nuddepeHnaIbHOi KPUBOI BUIHO, YTO MaKCHMyM Ha
HEll COOTBETCTBYET 00BEMY ITepMaHTaHaTa

V1.5.=2,9 MIL.
2. PaccunThiBaeM KOHIIEHTPAIIMIO U MACCy JKeJie3a B HCXOIHOM PacTBOpe
C(re2+)=2,9 * 0,05/10 = 0,0145 Moab-3KB/1 1 6ann

B nporekaroneli mpy TUTPOBAHUU PEAKLIUU
MnOy4~ + 5Fe?* + 8H" = Mn?* + 5Fe®" + 4H,0
daxrop sxeuBanentHoctu Fe (II) faks. = 1 u Maks. = 55,845
M (rFe2+) = 0,0145 « 55,845 < 0,2=10,1620 r
3. KomuyecTBo kene3a B pacTBOPE COOTBETCTBYET KOJHUYCCTBY Jkeie3a B | 1 Oamn
HaBecke. OTcrona:
W% e = 0,1620 + 100/0,3301 = 49,06%

OtBet: W% re = 49,06% Uroro:
3 Gasuta
10 IIpn ompemesieHMn MapraHoa B CIUIaBe MeTOAOM d00aBOK | 3 Oamia

HaBecky maccoil 0,5000r pacrBopuiu ¥ pa3daBuJIM PacTBoOp
a0 200 ma. K 4erbipeM OJUHAKOBBIM INOPUUSIM PacTBOpa
N00ABWJIM TaKHe ’Ke O00BEMBI CTAHIAPTHBIX  PACTBOPOB,
conep:xkammx: 0; 3; 6; 9 mxr/mu Mn. U3mepuB onTHyeckue
TUIOTHOCTH, MOJYYHWJIM COOTBETCTBEHHO: 0,225; 0,340;
0,455; 0,570. BoruucjanTs MaccoByIo 10110 Mn (%).

[IpaBuUIBHBII OTBET (KJIFOY):
1. PacuuThiBaeM KOHIICHTpAIMIO MapraHila B HCCIeAyeMoM pactBope | 1 Gamn
aHATTUTHYIECKH 0 hopMmyIie

Ax
——, rne CcT —KOHIIGHTpanusl CTaHaapTa, AX —ONTHYECKas
xtcr—Ax HenTpat HapTa,
IJIOTHOCTh HMCCIIEAYEMOTO pacTBOpa 0e3 J00aBKH CTaHIAApTHOTO pacTBopa: A
X+CT — ONTHYECKas TNIOTHOCTh UCCIIEAYEMOT0 pacTBopa ¢ 100aBKoil cTaHaapTa

Cx = CcT
A

Cx = L0225 _ _ 5,87 mxr/mn
0,340—0,225
Cx=6" 225 __ _ 5,87mxr/Man  Cx = 5,87 Mxr/mi = 5,87¢10° r
0,455-0,225
Cx=9- 225 __ _ 5,87 mxr/mn
0,570—0,225 1 Gamn
2. Paccumraem maccy mapranma B 200mt
m=>5,87.10%200=1,174 + 10°r 1 6amn

3.  Bwrumciamm maccoByro noiro. KommuecTBo Maprasia, cojepanieecs B

200mMm  pacTBOpa COOTBETCTBYET KOJHYECTBY COJepkKameMmycss B | Hrtoro:

HaBECKE CILIaBa. 3 Gama

W% = 1,174 + 103+ 100/0,5000 = 0,2348%
Otet: w% = 0,2348%

OIIK-2 CnocoOeH IpoBOAUTE ¢ COOMIOAEHNEM HOPM TEXHHUKHM 0€30IACHOCTH XMMHUYECKHM DKCIEPUMEHT, BKIIOYAS




CHHTE3, aHAJIN3, H3YICHUE CTPYKTYPHI M CBOKMCTB BEIIECTB M MaTEPHUAIOB, HCCICAOBAHHUE IIPOIIECCOB C MX YIACTHEM

(xo11, HaMMEHOBaHHUE KOMIICTCHIIHHN)

b pactBopsIOT HaBecKy HO/Aa B KOHLIEHTPUPOBAHHOM PACTBOPE KaHs
MOJUIa U Pa30aBIISIFOT BOJIOW;
B MCnonb3yioT STHIOBBIN CHHPT KaK PACTBOPUTEIIH

Howmep | IlpaBuibHbIi Kpurepun
3aJaHu | OTBET (KJII0Y) OIICHUBAHHUS
s Conep:kaHue BOIpoca/3aiaHus 3aaHuH
3aganns 3aKpHITOro THIA
1 b Yrto n3yyaer aHAJINTHYECKAST XUMUS? 1 Gan
A H3yuaeT coeAMHEHUS C YIJIEPOJOM Pa3IMYHbBIX JIEMEHTOB, a TAK)Ke | TMPaBUIbHBIN
WX CBOWCTBA M METOABI OIIPEACIICHHUS OTBET
b DOto Hayka o MeTomax MACHTH(DHUKAIINK U OOHAPYKCHHS DJIEMEHTOB
W UX COETMHEHUI
B  Hayka o 3akoHax CTpOEHHUS, CTPYKTYpbl M MpEBpaLICHHS
XUMHUYECKHX BEIIECTB
2 A YT0 TaKkoe BOCIPOU3BOAUMOCTE Pe3yJIbTATOB aHAJIH3a? 1 Oat
A Dra Mepa TOro, KaK MOBTOPSIIOTCS PE3yJIbTAThI IPU MHOTOKPATHOM | MPaBUJIBHBIH
MPOBE/ICHUH aHATN3a OTBET
b TIlapametp, xapakTepu3ymolmuid OIM30CTh IKCIEPUMEHTAIBHBIX U
WUCTHHHBIX 3HAYCHUN U3MEPSIEMON BEITNIHHBI
B OTO0 MHUHHMANBHOE PACXOXKICHHE MEXKAYy pe3ylbTaTaMu,
MTOJTYYCHHBIMU TIPU MCIIBITAHAH OJTHOH IPOOBI
3 A Yrto Takoe craHaapTH3aIUs pacTBopa? 1 Oan
A DT0 yCTaHOBJIEHHE €r0 TOYHON KOHLIEHTPALUU NpaBUJIbHBIN
b IlpuroToBieHue pacTBopa U3 CTaHAAPTA OTBET
B YcraHnosneHme cpoka rogHOCTH pacTBopa
4 b Yro u3 mNpeacTaBJIEHHOro0 sIBJsieTcs MeTOJ0M mnpoBeaenusi | 1 Oaiut
KAa4eCTBEHHOI0 aHau3a? IIPABUIBHBII
A rpaBUMETpHUYECKHUIl METO] OTBET
b npoGubiii aHanu3
B OuoxuMuueckuit
5 B IIpu wuaeHTHPUKATIMM KATHOHA KaJUsI MCHOJb3YIOT pacTtBop | | Gann
HaTpusi rexkcanutpoxodanstrara (III). Kakoii kaTuoH Memaer | mpaBWIbHBII
onpeaeeHUI0 KAJIUs NPU MOMOIIY 3TOi peakuum? OTBET
A Co?*
b Na*
B NH*
6 b YyBCTBUTEJIBHOCTh peakuuil omnpejesiercss ABYMslI OCHOBHBIMHU | 1 Oarr
KPHUTEPUSIMH: TIPaBHIIHHBII
OTBET
A TemmepaTypoil U JaBICHHEM,
b o6napyxuBaeMbIM MHHIMYMOM W MHHHUMAaJIbHON KOHIIEHTpaIHeH,
B MuHMManbHOM KOHIEHTpALMEN U TeMIEpaTypoil.
7 r O0bekTaMu HccIeJOBAHUS B AHATNTHYECKONH XMMUM SIBJISIIOTCS: 1 6art
A armocdepa, Mo4Ba 1 MOJIE3HBIE HCKOTIAEMBIE; MPaBUJIbHBIH
b pacCTCHUA U )KUBOTHBIC, OTBET
B denogek;
I"  BcE BhILIENEPEUYNCICHHOE BHIIIE.
8 b K xuMH4YecKHM MeTo1aM aHAJIN3a OTHOCHTCS: 1 Oain
A dortomerpus; MIPABUIIbHBII
b rpaBumerpus; OTBET
B moteHmmmomeTpus;
9 A B kadecTBe NEPBHYHBIX CTAHJAPTHBIX BeIEeCTB HCHOJBL3YHOT | 1 Gamn
coeHeHMs, 001a1al01IHe CAeAYIOINMH TPeOOBAHUSIMM: NPaBUJIbHBIH
OTBET
A cocTaB COeTUHEHUS CTPOTO  COOTBETCTBYET (PopMyIIE;
b coennHeHne HEPacTBOPUMO B BOJIE;
B coenunenue neryue;
I' coenuHeHue TepMOYCTOMUHBO.
10 b Kak roroBsiT pacTBop HoJa A1 HOAOMETPHYECKOr0 TUTPOBaHua? | 1 Oamn
MpaBUJIbHBIN
A pacTBOPSIOT HABECKY HOJA B BOJE. OTBET




3ananusn OTKPLITOT0 THUIIA

1 IIpenno:xkute cxemy pasiesieHHs1 CMECH, COCTOSIIei n3
K*, Ag*, Pb?*

4 Ganna

IIpaBuabHbBII 0TBET (KJII0Y):
1. Ortaenenue MOHOB cepedpa U CBHHIIA.
OcaxxaeM HOHBI cepebpa U CBHHIIA 00aBICHHEM K HCcleyeMoMy pacTBopy 2 M pactBopa HCI.
Benble amopHbIe XJI0pUABI HEPACTBOPUMBI B BOJE M Pa30aBICHHBIX PaCTBOPaX KUCIOT.
Ag*+ ClI'— AgCl]
Pb?" + 2CI- — PbCl,|
Cnenyer u3berath u30biTKa Oombiroro m3bbitka HCl Benmencteie oOpasoBaHHs pacTBOPHUMBIX
XJIOPUIHBIX KOMIUIEKCOB
AgCl|+HCl—H[AgCI,]
PbCl, + 2HCI = Hz[PbCl.]
2. OrneneHue u onpeneieHie CBUHLA.
Hcnone3ys XOpOILIyl0 pacTBOPHMOCTh XJIOPUZA CBHHIA B rOpsSYeii BOAe, W3BJICKaEM CBHHEL M3
ocazka xjopuaoB. [IpoBouM KauecTBEHHbIC PEaKLK Ha CBHHEL]
Pb?* + 21" — Pbl | 0cagok 30JI0THCTO-KENTOTO 1IBETA
Pb?* + CrO4* — PbCrOy4 | »enThlit ocagok
3. OraencHue U omnpenaecHue cepedpa.
Ocaznok xJiopuaa cepedpa pacTBOpseM B aMMHake M MPOBOJMM KadeCTBEHHbIE PEaKIMHM HAa WOH
cepebpa.
AgCl + 2NHsOH — [Ag(NHs3).]Cl + 2H,0
[pu nelicTBUM a30THOW KUCIIOTHI aMMHAYHBI KOMILIEKC cepedpa pa3pyILIaeTcsi M CHOBa BhIIAgaeT
OeITbIit 0caIoK XJIopuaa cepedpa
[Ag(NH3)]Cl + 2HNO3 = AgCl | + 2NH4" + 2NO3~
OembIit
TBOPOKHUCTHIN 0CaT0K
Takke KOMIUIEKC MOKHO Pa3pyLIUTh AEUCTBUEM HOUA KaJIUS
[Ag(NHs)2]C1 + KI = Agl | + 2NH3 + Cl ~ + K*
JKENTOBATBIN 0CAIOK
4. Ormpenenenune kanus. B pacTBop mocie oT[eneHns HOHOB cepedpa W CBUHIA JT00aBIIIeM
alleTat HaTpus, 4ToOBl CO34aTh CcilaboKuchyro cpeny. [ onpeneneHus Kanust ¢
MOMOIIBI0  KOOAJIbTUHUTPUTA Hatpust Naz[Co(NOz)s] pactBop momKeH OBITH
HEUTPaJbHBIM WITH CIIA00KUCIBIM.
2K* + 3Na* + [Co(NO,)s]* — K2Na[Co(NO2)s |
JKENTHII
KPHCTAJUTMYECKUiT 0caioK
OTH Xe YCIOBHA MOAXOMIAT ISl KAYECTBEHHON peaklMu HOHA KaJHs C THAPOTAPTPATOM HATPHS
(BMHHOM KHCIIOTOH).
K* + NaHC4H40s — KHC4H4Os¢] + Na*
Oenblii
MEJIKOKPUCTANINIECKUI 0CaZ0K

1 6amn

1 6amn

1 6amn

1 Gamn

Hroro:
4 Ganna

2 Omnpenesienne cyiabdar-HOHA TpPaBUMETPUYECKUM  METO0OM. N3noxuth
CYIIHOCTh MeTO/Aa AHAJM3a M PACCYUTATH MACCOBYIO 10JII0 cyJb(aTa B HaBecke
cyiabdara HATPUS MO NOJYyYEeHHBIM JAHHBIM.
m (Na2S04) = 0,3051 r; m (BaS04) = 0,4561 r

4 Ganna

IIpaBuibHBIH 0TBET (KJI104):

1. CymHocTb MeTO/Ia 3aKII0YAETCs B OCAX/ICHNH CynbdaT-noHoB pactBopoM BaCl, B Buze
BaS0;. Bo wm3bexanue ocaxIeHHMs ~JAPYIHX ~cojed  Oapus W IIOJNydeHUS
KPYHMHOKPUCTAIIIMYECKOTO 0CajKa OCaXJCHHE CYJIb(paT-HOHOB HEOOXOANMO MPOBOAWTH
U3 TOPSYEro MOJKHCIeHHOro pactBopa. ConepkaHue Cyib(ar-HOHA OINPENEISIOT 10
Macce IPOKaJIEHHOTO 0CajKa.

SO, + Ba** — BaS0.|

2. Tlepenm KOJIMYECTBEHHBIM OIPEACICHHUEM CYJb(PaT-HOHA MPOBOIAT KAYSCTBEHHYIO MPOOY
Ha €ro HaJu4due B BOAHOM BEITSDKKE. [Toakucistror 10 MiI BOZHOM BBITSDKKH 1—2 KaIUIIMHA
10%-ro pactBopa HCI1, npubasisitor okono 1 mia 10%-ro pacrsopa BaCl, u HarpeBaroT
1o xunenus. Eciu pactBop He MyTHeeT, S042° OTCYTCTBYET; €CIM IOMYTHEHHE cIadoe,
comepxkarcs «cieas» S04%; eciu BBIIAZaeT OcagokK, HEOOXOIMMO KOJIMYECTBEHHOE
OTIpEJICIICHUE.

3. Xojx aHainmsa.

1 6amn

1 6amn




Bepyr mumetkoi 10-50 M1 BOAHOM BBITSDKKH B XUMHUYECKHi crakad Ha 100 mul, moaKuCasioT 1-2
M1 10%-ro pactBopa HC1 u HarpesatoT no kunerns. Ocaxnaior cyasdaT-uoHb! ropsanM 10%-m

pactBopoMm BaCl,, npubaBisis ero mo KamisaM W3 IUIETKH B KoJudecTBe 1-5 M M TmartensHo | 1 Gamn
pa3MemBas KaXIyro Karmo ocanuTels. CTakaH 3aKpBIBAIOT YaCOBBIM CTEKIIOM, KAATAT 2-3 MHH

U OCTaBIISIIOT Ha 2-3 4 B TEIJIOM MECTE.

Ocafok OTQUIBTPOBBHIBAIOT 4Yepe3 IUIOTHBI (UIbTp, NPOMBIBAIOT €ro rops4yeld BOIOM,
nmonkucienHon 10% HCI1, no ucuesnoBeHus peaknuu Ha Ba (mpoda ¢ 10% H2S04). Ocanok c
(UIHTPOM MOACYLIMBAIOT, TOMEIIAIOT B NPEIBAPUTEIBHO POKAIICHHBIH U B3BELICHHBIH TUTENb U

CTaBAT B TOpsiuyl0 My(enbHYIO 1edb JUIsl MpOoKaJUBaHus Npu TeMmneparype He Boime 600-700°C B

Tedenne 25-30 MUH, 10 TeX IOp, MOKa OCAJOK He CTaHeT OesbIM. 3aTeM THreb OXJIAXKIAIoT B
9KCHKATOPE U B3BEIINBAIOT.

4, Pe3ynbTaThl aHAJN3a BEIYHCIAIOT IO opMyIie

m(S04) = mBecoBoiipopmbl ® F, 1€
1 Gamn
Mornpe/eiseMoroBeLiecTBa o
F= — (rpaBuMeTpuUeckuii pakTop WK PaKTOp MepecdeTa)
MBecoBOHpOpMBI
OmnbITHBIC JaHHBIC: M (Na2so4) = 0,3051 15 M (gasos) = 0,4561
96,064 n 233,404 — monekymsipusie Maccel S04 1 BaS04.
96,064 04116
133,404 ’
m(504) = 0,4561 «0,4116 = 0,1877r
Hroro:
w (S04) = 0,1877-100/0,3051 = 61,52% 4 banna
OrtBer: 61,52%
3 | Kakue ocHOBHBIE Onlepaliiy BbINOJIHAIOTCS NPU KAYeCTBEHHOM aHaIu3e? 3 Gamna
IIpaBuabHBI 0TBET (KJII0Y):

1. HarpeBanwue u ynapuBaHue pacTBOPOB TPOW3BOAUTCS Ha BOISHOW OaHe B mpoOupkax mwiu | 1 Gamr
(happopoBBIX HaIIKaX.

2. QcaxreHne U oTAeIeHHE ocanka. [Ipy mpoBeNeHNH OCaXXICHHUS B MPOOHUPKE MCXOIHBIN
o0beM pacTBopa He JoJbKeH mpeBbimarh 2 Mil. [locne co3pmanus HyxHBIX ycioBuil (pH,
MaCKHMPYIOIUI areHT, TeMmIeparypa) OCaJuTe]b BBOAAT IO KAIUIM U IEpEeMEIINBAIOT
COIep)KMMOe TPOOHMPKM CTEKISIHHOM Maloukod. Eciam ocaxkaeHue HCmoNb3yeTcs It
pasfeneHus WIN yJaJeHUs HOHOB, TO 00S3aTENIbHO MPOBEPSETCS MOJHOTY OCAXKACHUS
BBEJICHHMEM B PacTBOp Haja ocaakoM |-2 kamens ocaautens. Otmensior ocamok ot | 1 6amn
pacTBopa HeHTpU(YrupoBaHUEM IO/ IeiiCTBUEM IIEHTPOOEKHOW CHIIBI.

3. IIpovbiBanme ocamgka. Jlns OTHeNeHUs OT OcaJKa COICpXKalIUXCs B pacTBOpe
KOMIOHEHTOB. OTepaIfio MOBTOPSIOT HECKOIBKO Pas.

4. PactBopeHme ocanka. PacTBopeHWe ocaika TPOHM3BOIAT s JaNbHEUIIETO aHaIH3a
TBepIoi (a3bl WK MPU U3YYCHUH CBOHCTB MaJIOPAaCTBOPHUMOTO COSTUHCHHS.

5. DBrmonHeHWe TPOOUPOYHBIX, KANEIbHBIX W MHKPOKPHCTAIMYSCKUX peaknuid i | 1 Gamr
UICHTU(DHUKAIINN BEIIECTB TP MOMOIIN Ka4eCTBEHHBIX PEaKITHIA. .

6. BolmoaHeHHE XO0JIOCTOrO oOmbiTa. IIpW MPOBEACHHHM pEaKIHii OOHAPYKEHHUS MOJIE3HO
cpaBHHMBaTh HaOmogaeMblii 3(QGeKT ¢ pe3ylbTaroM XOJOCTOTO OIbITa, B KOTOPOM
HCIIOJIb30BAJINCh BCE TE )K€ PEAreHThl U B TE€X )K€ YCIOBHUSX, YTO U B OCHOBHOM OIIBITE, HO
B OTCYTCTBHE OTKPBIBAEMOTO HMOHA. 3aKIIOYCHHE O HAJMYUM HMOHA B CHUCTEME MOXKHO
JIeTIaTh JIUIIb B TOM HUroro:

3 Gamta
4 Kakune mnpeaBapuTenbHble HCOBITAHMA NPOBOASAT NPH aHaJu3e HeW3BecTHOro | 3 Gamma

BellecTBa?

IIpaBubHBIH 0TBET (KJI104):
1. OuieHKa BHEUTHETO BH/a HEM3BECTHOTO BELIECTBA, arPeraTHOTO COCTOSIHUS, [[BETa, 3amaxa. 1 6amn
2. OxpalBaHue HECBETSIIETOCS IUIAMEHN ra30BOH TOPENKH Pa3IMYHBIMH JIEMEHTAMHU.
3. Harpesanue B TpyOke mim ¢apdoposoit yamke (600 °C): a) mosiBineHHe BOABL, YTO YKa3bIBaeT
Ha TIPUCYTCTBHE B HCCIEIYyEMOM BEIIECTBE COCIMHEHHMH, COAEPKAMIMX KPUCTALIM3ALHOHHYIO
BOJY, THAPOKCHIOB, OPTaHUYECKHX BEIECTB, OCHOBHBIX MJIM KHCIBIX COJIeil; 0) mosBiIeHne 6emIoro
WM [BETHOTO HajeTa (BO3TOHKA); B) M3MEHEHWE OKPACKU; T) BBIJAEICHUE JIETy4UX IMPOIYKTOB
pasnoKeHusT yKa3blBaeT Ha MPHUCYTCTBHE HEKOTOphix aHWOHOB: CO2 - kapOonatoB, SO -
Ccynb(GUTOB U THOCYIb(}ATOB THKENBIX MeTauioB, NO2 - HUTPaToB W HUTPHUTOB, By - 6pomuaos B | 1 Gamn

MIPUCYTCTBUH OKHUCJINTENEH, |2 - HOOUIOB B IPUCYTCTBUU OKUCIHUTEINCH.

4. TlomydeHue okpamieHHbIX IepioB. Ilpm HarpeBaHnmu BemecTBa ¢ TeTpabopaToM HATpPHUs
(Na2B407) mnu ¢ natpuitammonuiirugpodocdatom (NaNH4HPOs) B yiuke MIaTHHOBOH WM
HUXPOMOBOI1 IPOBOJIOKH 00pa3yeTcs XapaKTepHO OKpaIICHHBIN 1epi (CTeki1oo0pa3Has OycHHKa).
5. BoszgeiictBue cepHoil kucaoTOH. IIpu KUCIOTHOM pa3IOXKEHUU CEPHOM KUCIOTOH BBIIEISIOTCS
ra3oo0pasHble MPOAYKTHI, KOTOpPBIC OIPEAEIAIOTCS IO IBETY WIM MO JPYroil XapakTepHOi
peakumn. Kucnornoe paznoxenue 1M HoSO4 Mcnonb3yIOT Julst OnpeiesieH sl aHHOHOB: KapOoHar,




THOCYIb(AT, CYyITbPUT, CyTb(OHI, HAITPUT- HOHOB.
Ilpu neiictBum KOHICHTpUpOBaHHOW H2SOs BBIAEISIOTCS CICIYIOMIHE ra3bl, COOTBETCTBYIOIIKE:
Cl; - xmopugam, NO; - aurparam, CO - okcanatam, Op - IEPOKCHIAM, OKCHIAM, THAPOKCHIAM.

6. PactBopenme. /[l mepeBoga TBEpPAOTO BEMIECTBA B PacTBOp MPUMEHSIOT crporo | 1 Gamn
MOCTIEIOBATENbHOE PACTBOPEHHME OTAEIBHBIX €ro 4YacTeil Mmpu KOMHATHON TeMmmepaType U
HarpeBaHuu B cienyromux pactopax: 1) B H2O; 2) 8 CH3COOH; 3) B paz6asnennoit HC1 (2 M);
4) B xonuentpupoBannoit HC1; 5) B pas6asnennoit HCI + H202; 6) B 30%-om NaOH; 9) B 25%-om
NH4OH; 10) B HachIIIeHHOM pacTBOPE COJBI IIPU HAarpEBaHUHU (COMOBAasI BBITSIKKA);
7. OOHapy»XeHHE OKUCIUTENeHd U BoccTaHoBUTeleld. OKHCINTENN OOHApYKUBAIOT NEHCTBHEM Ha
ananuzupyemoe BeniectBo cmecu KI + HoS04, BoccTaHOBUTENN OOHAPYKUBAIOT AEHCTBUEM CMecei
KMn04 + H2S04,= |2 + H2S04
Hroro:
3 bamna
5 Xo/ cHCTEeMATHYEeCKOr0 XHMUYECKOI0 AaHAJTH3a HeU3BECTHOI0 BelllecTBA. 3 Gamma
IIpaBuabHBII 0TBET (KJII0Y):
1. Cucrematndecknii aHANN3 MPEXyCMaTPUBACT pas[elicHHe CMECH aHaIM3HUPYyeMbIX HOHOB | | Garur
[0 aHAJUTHYECKHM TPYNIIaM C TOCIEAYIOMHMM OOHApYXKEHHEM KaXXIOoro HOHa.
CucteMaTHueCcKOMY aHaJM3y HAa KAaTHOHBI M HAa aHHOHBI BEIIECTBO IIOJABEPraloOT IOCIE
IIpeBapUTEIbHBIX HCIBITAHUM M pacTBOpeHus.. KaTHOHHBIH cocTaB HCCIEIyeMOTo
oObekTa naeT nHdpopManuo U 00 aHKOHHOM COCTaBe, TaK KaK MPHCYTCTBUE HEKOTOPBIX
KAaTHOHOB HUCKJIFOUAeT BO3MOXKHOCTH NMPUCYTCTBUS OTACIHHBIX aHHMOHOB HJIU JIaXKe IIEIIBIX
UX TPYIIII
2. BriOmparoT MeTOn CHCTEeMaTHYSCKOTO aHalli3a: KHCIOTHO-OCHOBHOHW, CymbGUAHBIHA, | | Gamr
aMMUaYHO-(PochaTHBIN u 1p.
3. OOnapyxeHHE KaTHOHOB. JIeHCTBYsS TpYNIOBBIMH pEakTHBaMH B OIpeaeicHHOW | 1 Gamn

MOCJIEI0BATENILHOCTH (COTJIACHO BBHIOPAHHOMY METOJy aHaluM3a) CHadvana paselisiioT
IPYIIIBI KATHOHOB. 3aTeM MPOBEAs Pa3[eliCcHHe KATHOHOB BHYTPHU TPYIIIbI, BBIIOIHSIIOT
AHAIUTHYECKUE PEaKIUK, NPU KOTOPBIX KAXIbIH HOH OOHAPYXKUBAIOT MOCIE TOTO, KaK
OyayT OOHapyXKCHBI M yJaJICHbI JPYTHe HOHBI, MCIIAOIINE €ro OOHAPYKCHHUI0. 3aTeM
AHAJIOTUYHO MPOBOAAT aHAJIU3 Ha aHUOHBI.

Hroro: 3 6amig

6 Yro Takoe THTpUMeTpUUeckuii aHaan3? Kakas nocyia u npudopbl HCNOJb3YIOTCSH
TPH ero NpuMeHeHun?

3 Gamna

IIpaBuibHbINA 0TBET (KJII0Y):

1. Twurpumerpuueckuii aHanu3 (0OBEMHBIA) - METOX KOJIWYECTBEHHOTO aHAJu3a,
OCHOBaHHBIH Ha TOYHOM M3MEPEHHMH 00BbEMa pacTBOpa PeakTHBa TOYHO HM3BECTHOM
KOHLCHTPAILlMM, pPACXOMYyeMOro [UIi PEAaKUUH C OIPEIEIIEMBbIM BEIIECTBOM.
TurpoBanue - mporecc MOCTENEHHOIO IOPIMOHHOTO NPHOABICHHUS pacTBOpa
peareHTa (TUTpaHTa) K HCCIEAYEMOMY PACTBOPY 1O JOCTIIKEHUS! KOHEYHOH TOYKH
TUTPOBaHMS, KOTOpas (UKCHpyeTcs IO H3MEHEHHMIO OKDAacKW HHIMKATOPa HIIH
JPYTUM NapaMeTpam.

2. K touHoit MepHOii nocyie, UCTIONb3yeMOil B 00BEMHOM aHallh3e, OTHOCSITCS MEPHBIE
KOJIOBI, TUIIETKH U OIOPETKH.

MepHble KOJIOBI HCTIONB3YIOT A pa30aBlIeHUs] HCCIETYyeMOTO pacTBOpa 10 OINpPEIeIEHHOTO
o0beMa U JUisi PUrOTOBJICHHS IEPBUYHBIX CTAHJAPTHBIX PACTBOPOB.
[IuneTky UCTIONB3YIOT IS TOYHOTO OTMEPUBAHMS OIIPEACIICHHOTO
00BeMa pacTBOpa M IIepeHOca €ro U3 OJHOTO COCyAa B APYyroi (oToop
AIMKBOTHOM yacTh). [TureTku ObIBAIOT IBYX THITOB: MUIETKH Mopa M rpajlyipOBOYHBIE.
Broperka npencTaBisioT co00H CTEKISIHHBIN cocyl IMIMHAPHYECKOH (OPMBI C HAHECEHHBIMH Ha
HETO JIEJICHUSIMH, OCHALIEHHBIA 3a)KMMOM UM KPaHOM.
Oma 3akpemseTcs CTpOoro BepTUKaIbHO B IITATUBE U 3aMOIHIETCS TUTPAHTOM.
Bcs mephas nocyna gomksa cootBercTBoBaTh 'OCT.
Takxe UCTIONB3YIOT KOHNYECKHe KOJIOBI U1 TATPOBAHUS, CTAKaHBI 1 BOPOHKH.

1,5 6anna

1,5 6anna

Uroro: 3 6anng

7 IlepBuYHbIe W BTOPUYHBIE CTAHIAPTHbIE pacTBOpbl. Crnoco0bl MPUroTOBJeHHUs. | 3 Oaia
IIpuBecTH NpuMepsbl CTAHAAPTHBIX BeIECTB.
IIpaBu/bHBIH 0TBET (KJI104):
1. CrammapTHBIM pacTBOPOM HAa3bIBAIOT PACTBOpP pearcHTa C TOYHO HW3BeCTHOM | | Gaur

KOHIEHTpaLueH.
[lepBUYHBIN CTAHIAPTHBIA PACTBOP TOTOBAT PACTBOPEHHEM TOYHOTO KOJHYCCTBA  YHCTOTO
XMMHYECKOTO BCIICCTBA H3BECTHOTO CTEXHMOMETPHYCCKOI'O COCTaBa B ONPEACICHHOM TOYHOM
o0beMe (B MepHOH K010€). CylecTBYIOT ABa CIIOCO0a NMPHUIOTOBJICHHUST IEPBUYHOIO PACTBOpA: a)




13 TOYHOU HaBECKH, B3BELICHHOH HAa aHAJMTUYECKUX Becax; 0) U3 cTaHmapT-TUTpa (TOYHAas HaBecka
3arasiHa B aMITyJie)

2.

BTopuyHBIi cTaHAAapTHBIN PacTBOP A3TO PacTBOP, KOTOPHIM HEBO3MOKHO NMPHUTOTOBUTH IO
TOYHOH HaBeCKe, BCJEACTBUE T'MI'POCKOMHUYHOCTH WIIM HECTEXMOMETPHUYHOCTH COCTaBa.
KoHIleHTpalus BTOPUYHOTO CTAaHIAPTHOTO PacTBOpa YCTAHABIMBACTCS CTaHIApPTH3aIUCH
[0 MEPBUYHOMY CTaHAAPTHOMY PACTBOPY M Ha3bIBAaeTCsS CTaHAapTU3almed. BropudHbie
PACTBOpPHI TOTOBSAT W3 HABECKHM, B3SITOM HAa TEXHMYCCKUX Becax U MyTEM pa30OaBiCHUsS
0o0Jiee KOHIICHTPHUPOBAHHBIX PACTBOPOB.

Ipumepsl cTaHmaapTHBIX BelecTB. J1a KHUCIOTHO-ocHOBHOTO MeTona - NaxBsO7-10H20,
H>C204-2H,0, NayCOs; mnst oxkucaureabHo-BoccTaHoBUTENbHOrO - KoCrO7, NaxCoOy,
H2C204:2H20; s ocamurensHoro — NaCl; 1is  KOMIIEKCOHOMETPHUYECKOTO
MgS0O4+7H,0

1 6amn

1 6amn

Uroro: 3 6anng

Ha 4eM ocHOBaH TOTeHHHOMETPUYEeCKHH MeTon TuTrpoBanus? Kakoe
o0opy1oBaHHe WUCHOJb3yeTcsi B 3TOM MeTode? OCO0EHHOCTH WCNOJIb30BAHUS
3JIEKTPO/AOB.

3 Gamta

IIpaBuabHBII 0TBET (KJII0Y):

1.

IToreHnomMeTpuueckuil MeTOJ aHaluW3a OCHOBAaH Ha 3aBUCHUMOCTH PaBHOBECHOIO
anexTpoaHoro norenHnmana (E) ot akruBHocTH (a) mnm koHueHtpauuu (C) BemiecTBa B
pacTBope.

B nanHoM Merozne A MPOBEACHUS U3MEPEHUM UCIOJB3YIOT TaJlbBAHUYECKUH 3JIEMEHT,
BKJTIOYAIOIIUI /1Ba 3J€KTpoja. DJIEKTPOA, MOTEHINAI KOTOPOrO 3aBUCHUT OT aKTUBHOCTH
(KOHIIEHTpaLlMK) OIpeJeNsieMbIX HOHOB, Ha3bIBAacTCd MHAUKATOPHBIM. [l M3MepeHHs
MOTEHIWaaa MHAWKATOPHOTO DJIEKTPOJa MPHUMEHSIOT BTOPOH 3NEKTPOA — DIEKTPOJI
CpaBHEHUs, MOTEHIMAN KOTOPOT0 MOCTOSHEH M HE 3aBUCHUT OT COCTaBa aHAIU3UPYEMOIo
pacTtBopa. JInd wu3MepeHUs MNOTEHIMada 3NEKTPOAbl MOAKIIOYAlOT K  HOHOMEPY H
mmepstoT DJ]C rarbBaHUYECKOTO JIEMEHTA.

WHnukaTtopHbIE  3MEKTPONBI  Iepel  NPUMEHEHHWEM  JOJDKHBI  OBITh  HPOMBITHI
JUCTUIIIMPOBAHHOW BOJON. W3MMIIKKM BOABI YAANSAIOTCA aKKypaTHBIM HMPOMOKAaHUEM
¢unbTpoBaNbHOI Oymarod. CepeOpsiHBI HJIEKTPOJ CHayalla NPOMBIBAIOT PAacTBOPOM
THOCYNb(haTa AJsl yIaleHNs TAIOTEHUIOB cepedpa 1 TOJIBKO MOTOM BOJIOH.

[Tpu Bcnonb30BaHUM XJIOPCEPEOPSIHOTO 3IEKTPO/ia CPaBHEHHsI HEOOXOIUMO CIIEIUTH 33 TEM, YTOOBI
BHYTPh OJIEKTpoJa OBbLI 3aJUT HACHIIEHHBIH pacTBOp xiopuaa kanus. [Ipu mpoBeneHun
MOTEHIMOMETPUYECKUX M3MEPEHHH YPOBEHb BHYTPEHHEI0 PacTBOPA XJIOPCEPeOPSIHOTO ANIEKTpoa
JIOJDKEH OBITh BBILLE

YPOBHS aHAITU3HPYEMOT'O PacTBOpA.

1 6amn

1 6amn

1 6amn

Uroro: 3 6anng

9

Yto JexuT B OCHOBE 20COPOLMOHHOI cneKkTpockonuu? doTomMeTpruyecKre MeTOAbl
MOJIEKYJISIPHOT0 a0cOpOLIMOHHOT0 aHAau3a. TexHuKa IKcepuMeHTAJbLHBIX padoT.

3 Gata




IIpaBuabLHBII 0TBET (KJII0Y):
1. B ocHoBe aOCOpPOIMOHHON CHEKTPOCKOIUH JIKHUT SIBJICHHUE ITOTJIOMCHHUS CBETa aTOMaMH
WM MoJeKyJamMu. KoJudecTBEHHON Mepoil CIIOCOOHOCTHM TOTJIONIATh CBET CITYXKHT
ONTHYECKAS TIIIOTHOCTD (A)

A= Io
= g —_
I
rae [0 — ”HTeHCUBHOCTH Majaronlero ceera; | — MHTEeHCUBHOCTD CBETA,
MPOIIEAIIETO Yepe3 pacTBOpP. 3aBUCHMOCTh ONTHUYECKON MIIOTHOCTH OT KOHLIEHTPAllUU PacTBOpa
BBIpakaeTcs 3akoHoM byrepa — JlamGepra — bepa

A=¢lC,
rjae A — onTudecKas MIOTHOCTD (WJIM CBETOTIOTIIONICHHUE); € — MOJISIPHBII
KO3()()UIMEHT CBETONOIJIOIIEHHs;, | — TONIIMHA IIOTJIOINAIOMIETO CIIOS; C - wMosspHas

KOHIIEHTpPAalLUs BELECTBA B PACTBOPE.

2. K ¢dotomerpuueckuM MeTOIaM OTHOCSTCS METOJbI, OCHOBAHHBIC Ha MOIJIOIIECHUU CBETa

BemecTBoM B Y ®- 1 BupiMMoi obaactsx. Bkirouaror B cebst Tpu MeToa:

a) BU3yaJbHas KOJOPUMETpHUsl (OCHOBaHA Ha CPAaBHEHUHU OKPACKU aHATM3UPYEMBIX U CTaHJIApTHBIX
PacTBOPOB BU3YaJIbHBIM CIIOCOOOM);
0) ¢dorokonopuMeTpust (OCHOBaHa HAa HM3MEPEHHH WHTEHCHBHOCTH CBETa, IPOILIEAIIEIo dYepes
OKpAILCHHBIHA pacTBOP, (POTOIIEKTPHUUECKUM CIIOCOOOM € TIOMOIIIBIO CIIENUABHBIX TIPHOOPOB);
B) crnekTpodoTomeTpus (OCHOBaHA Ha M3MEPEHHH MHTCHCHBHOCTH CTPOTO MOHOXPOMATHYECKOTO
CBETa, IIPOIIEIIIETO YePe3 PacTBOP, (POTOIIEKTPUIECKIM CIIOCOOOM).
3. Ilpwu BeImoIHEHNH J1a00OPATOPHBIX padoOT MO (POTOKOIOPUMETPUH U
CHEKTPOPOTOMETPUH UCTIONIB3YIOT CIICIIHAIBHBIE INTACTMACCOBBIE WIIN
CTEKJISIHHBIC KIOBETHI. PaboTast ¢ HUIMHM, HEOOXOAMMO BBIIOIHATH CIIEAYOLIHE IIPaBHIIa.
a) TpaHM KIOBET, 4Yepe3 KOTOpble OyAeT NPOXOIUTH CBETOBOHM ITOTOK, HAa3bIBAIOT PabOUMMHU
rpansmu. Ha HuX yka3aHa JJInHa KIOBETHI (MM) U HaHECEHa OTMETKA YPOBHSI XKHUIKOCTH.
0) KIOBETHI cleqyeT JepiKaTh 3a OOKOBBIE TPaHH, 4epe3 KOTOpble He OyJeT MPOXOAMTh CBETOBOW
MIOTOK.
B) mepe paboToW KIOBETH HEOOXOOMMO TIIATEIbHO BBIMBITH W 00S3aTEIbHO HECKOJBKO pa3
OIIOJIOCHYTb AUCTHLIMPOBAHHOW BOJIOMH, a 3aTeM pabouuM PacTBOPOM.
T') pacTBOp B KIOBETY HAIMBAIOT A0 CHENNAILHON TOPU30HTAIBHON OTMETKHM Ha TPAHH KIOBETHI.
) TIepe]] TIOMEIIEHHEM KIOBET B KIOBETOJECpIKaTeNb pabodne rpaHH MPOTHPAIOT (HIHTPOBAILHOM
Oymaroif. Ha HUX He JOIDKHO OCTaThCs KallelieK pacTBOPa, BOPCHHOK, OTIICYATKOB ITAJIBIIEB.
) JUIA IPEIOTBPAIEHHS IPOJIMBAHKS PACTBOPOB, HAXOISIINXCS B
KIOBETax, epeMeIieHHe KapeTKn (POTOKOIOPUMETPa HIIH CIIEKTPO(OTO-
MeTpa OCYHIECTBISIOT MEAJIECHHO U ILIABHO.

1 6amn

1 6amn

1 6amn

Uroro: 3 6anng

10 | IIpaBuja pa6oThl B XMMU4ecKoii 1a0opaTopun

3 Gamna

IIpaBu/bHbIH 0TBET (KJI104):

1. Kateropuyecku 3ampeinaercs paboTaTb OXHOMY B Ja0OpaTOPUH, TaK KaK B IKCTPESHHOM Cliydae
OyJeT HEKOMY OKa3aTh MOCTPaJaBIIeMy IEpPBYHO IOMOLIb W JIMKBUIUPOBATH IOCIEACTBUS
HeyJaBIIerocs JKcrepuMeHTa. PaboTaTh cieayerT TOJNbKO B OTBEACHHOE BpPEMs O] KOHTPOJIEM
MpenoAaBaTesIst WM JPYTrUX COTPYAHUKOB.

2. HeoGxomumo coOumofaTh THIIMHY, YUCTOTY M MOPANOK. IlocmemrHOCTh M HEpAIUINBOCTH B
paboTe yacTo NPUBOASAT K HECYACTHBIM Cliy4dasiM. Henb3st oTBIEKaTh OT pabOThl M OTBJIEKATh CBOMX
ToBapHIleil. 3amnpemnaercs Aepkarh Ha Ja0OPaTOPHOM CTOJIE€ MOCTOPOHHUE MpPEAMETHI (CyMKH,
Y4EeOHHKH U T.1.).

3. Kareropuuecku 3anpeniaercs IpUHAMATh U XPaHUTD IHIILY, TUTh U KypPHUTh.

4. Kaxplil 10JDKEH 3HaTh, I7Ie HaXOAATCS CPEACTBA MHANBUAYaJIbHON 3aIIUTHI, allTeYKa, CPEACTBa
JUISL TYLIEHUSI TI0XKapa.

5. B maGoparopun HEOOXOJMMO HAaXOAWUTHCS B 3aCTETHYTOM XJIOMYATOOYMaXHOM Xaylate. JTO
obecrieunBaeT HEKOTOPYIO HWHIMBHAYalbHYIO 3allUTy M TIO3BOJSIET H30€XaTh 3arpsisHEHUs
OJIEKIBL.

6. IIpucTynarts K paboTe MOXKHO MOCJIE YCBOSHUS! BCEil TEXHUKH €€ BBIIIOJIHEHHSI.

7. Henb3sh OpOBOAMTH OMBITHI B TPSI3HOM IMOCy/AE W CIIEAYET MBITh Cpasy IOCIe OKOHYAHMS
JKCIIEPUMEHTA.

8. Kareropuyecku 3amperiaercsi mpoOOBaTh XUMHUYCCKHE BeEllecTBa Ha BKyc. HioxaTh BemiecTBa
CJIelyeT OCTOPOXKHO, HE IMOJHOCS COCY OJNHM3KO K JIMITY, a JIMIIb HAMIPABIAA K ceOe maphbl WU Ta3bl
JITKMUM JIBMKCHHUEM DPYKH, TIPH 3TOM HE CIEIyeT JeNaTh MOJHBIN BAox. JKuIkue BeliecTsa U
pPacTBOpHI 3amperraercss HaOupaTh B MUICTKH PTOM, JUIL 3TOrO HEOOXOJWMO HCIOJB30BATh
PE3UHOBBIC TPYIIH U APYTHE TPUCTIOCOOICHUS.

9. B mporecce paboThl HEOOXOIMMO CIEIUTh, YTOOBI BEIIECTBA HE IMOMAJAlU HA KOXY, TaK KaK
MHOTHE U3 HUX BBI3BIBAIOT Pa3IpaKCHHUE U 0)KOTU KOXKHU M CIIU3UCTHIX 000JIOUCK.

10. 3anpeniaercs HarpeBaTh, CMEIIMBATH W B30AITHIBATH peaKTUBHI BOJIM3M Jniia. [Ipu HarpeBaHuu
HEJIb3sl JEPIKaTh MPOOMPKY MM KO0y OTBEpCTHEM K ceOe MM B HAIpaBJIEHWH PaOOTAIOLIETO

1 6amn

1 6amn

1 6ain




TOBapHIIA.

13. 3ampemeHo BBUIMBATH B PAKOBHHY OCTATKA KHCIOT ¥ IIENOYEH, OTHEOMacHBIX |
B3PBIBOOTIACHBIX, & TAKXKE CHJIBHO NMAXHYIINX BermecTB. [ cimBa 3THX BEHIECTB B BBITSDKHOM
mKady ITODKHBI HAXOIWUTHCS CIEIHMAaIbHBIE COCYIOBl C IUIOTHO MPHUTEPTHIMH KPBIIKAMHA |
COOTBETCTBYIOIUMH ITHKETKAMHU

Uroro: 3 6anng

OIIK-6 Cnoco0eH IpeacTaBisTh Pe3yIbTaThl NPOo(heCCHOHAILHON AEITENLHOCTH B YCTHOM M ITMCbMEHHON Qopme B

COOTBETCTBMM C HOPMaMH U TIpPaBWIaMH, NPUHATHIME B THpodeccHoHaIbHOM cooOliecTBe (KOJ, HaMMEHOBAaHHUE
KOMITETEHITHH )
Homep | IIpaBunbublit Kpurepuu
3aaHd | OTBET (KITH0Y) OIICHUBAHHUS
P CopneprxaHue BOIIpoca/3aaanus 3aIaHAN
3aganns 3aKpHITOro THIA
1 b C kakoill TOYHOCTHIO B3BeIINBAETCS HABeCKa Ha TeXHHYecKHx | 1 Garr
Becax? TpaBUIBHBIN
A 0,001 OTBET
b 0,01
B 1
r 10
2 B KakoBa oTHOCHTe/IbHASI MOTPEUIHOCTH BECOBOro MeTona anaauza? | 1 bast
A 10% MPaBUIIbHBIN
b or1% 100, 1% OTBET
B or0,1 m00,01%
I 5%
3 B Yemy paBen pH B kucJioii cpeae? 1 Oan
A -7 MpaBUJIBHBIN
b 7 OTBET
B 3
r 10
4 b Kak npaBu/IbHO onpeeIUTh TOYHYIO HABECKY BellecTBa? 1 Oan
A  Ha aHAIIMTUYECKHUX BECax HpaBHHBHBIﬁ
b cuaugana Ha TCXHHUYCCKHUX, a IOTOM Ha aHAJTUTHUYCCKUX OTBET
B pacuerHbIM IIyTEM
I' Ha TexHuM4eckux Becax
5 b Cnoco0bl BbIpaKeHHsI KOHIIEHTPALWH TUTPOBAHHBIX PACTBOPOB: 1 6art
A MaccoBas g0 MPaBUIIBHBIN
b MomnspHast KOHIIEHTpaIus SKBUBAJICHTA OTBET
B mporneHTHAst KOHIIGHTpAIUS
6 A Kakasi koHueHTpauusi Ha3bIBaeTcsl MOJISIDHON KOHUeHTpauuei | 1 Oarr
IKBHMBaJieHTa? NpaBUJIbHBIN
A) HOpMambHast OTBET
Bb) mpouentHas
B) maccosas.
7 B Ecan B pacrBope pH =7, T0 pacTBop siBJIsIeTCS: 1 Garr
A c1abomIeTOYHBIM TIPaBUIIBHBIN
b menounbm OTBET
B HeliTpanbHBIM
I' xucnbim
8 b IIpenenbHasi KOHUEHTPALUS BbIPAXKAETCH B: 1 Oain
A MmwumumuTpax (M) MIPaBHIIBHBII
b mukporpammax (MKr) OTBET
B rpammax Ha MuyutmunTp (T/MIT)
9 B B kakux exuHunax uzmepsiercst TUTp? 1 Oain
A Moie/1 TIPaBUIIBHBIN
b % OTBET
B r/mn
I" MonB-3KBHBaAJICHT/ T
10 A Kakasi koHUeHTpauMsi Ha3bIBaeTcs MOJSIPHOW KOHUeHTpauueii | 1 Gan
IKBUBAJIEHTa? MIPABUIIbHBII




A) HOpMaJTbHAS OTBET
B) mponienTHAs
B) maccoBas
3agaHus OTKPHITOro THIA
1 OdopmiaeHne 1a00paTOPHBIX padoT U COCTABJIEHUE 0TYETA 3 bamna
IIpaBuJbHBIH 0TBET (KJIK0Y):
B otuer o nmaboparopHoil pabore 00s3aTeNbHO 3aHOCAT peE3YNbTaThl BCEX H3MEPEHMH (Iaxke
HEYJAUHBIX) U PacyeThl. DTO HEOOXOIUMO MJIsi MPOBEPKU MPABUIBHOCTH BBHITONHEHUsS paboThl. | 1 Gamt
Takxke 3TO IaeT BO3MOXKHOCTh BHECTH HEOOXOJMMBIC M3MCHCHHS M YTOYHCHHS B BBITIOJHCHHUE
9KCIIEPUMEHTA WM pacyera.
B otuere 00s13aTeNBEHO OTPAXKAIOTCS:
1) nara BEIMOTHEHMS paOOTHI;
2) Ha3BaHWE W HOMEp J1JabOpaTOpPHOI pabOTHI;
3) 1enb 1abopaTopHOM PabOTHI;
4) ucromp3yeMble PeaKTUBEI U 000PYIOBaHHE; 1 Gamn
5) ypaBHEHUS MPOTEKAOIINX XUMUICCKAX PEAKIIHIL;
6) sKClepUMEHTAIbHBIC NaHHBIC W pacdeThl (OYCHb MOJPOOHO, C COOJIOJCHUEM IPABUJ 3alUCH
pe3yIbTaTOB U €AUHUI] U3MEPEHHUIN);
7) Ha MAJJIMMETPOBOM OyMare WM ¢ HOMOMIBIO KOMITBIOTEPa CTPOSITCS TPaIyHpPOBOYHbIE IPpadUKH
JTU00 KpHBBIC THUTPOBaHUS (00S3aTEIHHO BKIICHBAIOTCS B J1aOOPATOPHBIA JKypHAl); OTYETHI O
MIPOBEJICHHON KOMIBIOTEPHON 00pabOTKe TaHHBIX pacIleyaThIBAIOTCS U MPUKIIAABIBAIOTCS K OTYETY
0 BBITIOJTHEHHO# JTabOpaTOpHOii padoTe.
8) oIeHKa MOTPEIIHOCTH OIpeIeNIeHIs (TI0CIe IPOBEPKHU Pe3yIIbTaTa MpernojaBaTeieM).
[Ipu Benennu pabodero xypHaa HECOOXOIUMO YACTITH 0CO00€ BHUMAHNE TOYHOCTH U3MEPECHUH U
3aIUCH UX PE3yIhTaTOB 1 Gamn
Hroro:
3 bamna
2 OnpeneneHne KPUCTAIIH3ANMMOHHOMH BOIbI 4 daiuta
B xsiopuae 6apus. [lopsaaok BbInoHeHHs padoThI.
IIpaBuibHbINA 0TBET (KJII0Y):
L Cymmocts Meroma. KpucTanam3aluMoHHON Ha3bIBAIOT BOAY, BXOJANIYI0O B CTPYKTYypy | 1 Gamn
KPHUCTaJUIOB HEKOTOPBIX BEIIECTB — KpucTamwioruaparos, Hanpumep CuSOs - 5 Hz0,
FeSO, - 7 HO wm 1. xa Tlpu XpaHeHMH 4YacTO TPOMCXOAUT BbIBETPUBAHUE
KPHUCTAJUIOTHPATOB, T. €. YacTH4YHAs MIIM IOJHAs MOTEPS UMU KPUCTAIIM3alUOHHOM
BOJIBl C COOTBETCTBYIOIMM HM3MEHEHHEM XuUMH4eckod (opmysbl. OmnpeseseHne BoJbl B
KPUCTaJUIOTHIPATaX MPOBOJISIT KOCBEHHBIM METOJIOM OTIOHKH. METOJ OCHOBaH Ha TOM,
YTO TPU HATPEBAHHW KPHCTALIOTHIPATHI PA3JIaralOTCS C BBIICICHHUEM BOJBI, Maccy
KOTOPOH HaXOJMST MO Pa3HOCTH MacC HABECKH JIO H MOCJE BBICYIIUBAHMS.
2. OOopynoBaHUe: BeChl TEXHUYECKUE, BECHl aHAIUTHYCCKUE, CYIIIIIBHBIN Kad), THTCIbHBIC
IIMIIIBI, 3KCHKATOP, OIOKC C KPBIIIKOA.
PeakTHBBI: IByXBOIHBIN KpHCTaIoruapar xiopuaa 6apus BaCl, - 2H.0
1 6amn
3. Xonm ompenenenus. HaBecky kpuctamtoruapara Oepyr maccoir 1,0 - 1,5 r. Conb
B3BEIIMBAIOT Ha KaJbKe Ha TEXHUYECKUX Becax. 3aTeM ONpeNesII0T Maccy MycToro Orokca
C KPBIIIKON Ha aHAJIMTHYECKHUX Becax ¢ TOYHOCTHIO 10 0,0002 T (u1s 3TOr0 MpoBOIAT TpHU
napauieNibHBIX B3BEUIMBAHMS U 0 PE3YJIbTATAM BBIUUCISIIOT CPEJHEE 3HAYCHHE — My).
IMepen B3BemmBaHueM OIOKC JOJDKEH OBITH BBICYIICH W mojamnucadH. HaBecky ¢ kampku | 1 Gamn

MEPEHOCAT B OIOKC, 3aKPBIBAIOT €r0 KPBIIIKOW M OMPEACISAIOT Maccy OFOKca ¢ HaBECKOM
(TakKe TPOBOJAT TPU B3BCUIMBAHUSA U IO PE3YJIbTATAM BBIYUCIISIOT CPEHEE 3HAUCHUE —
My). JlaHHBIC 1O B3BCIIMBAHUIO 3aHOCST B TAOJIHUILY.

ITo pasHuie Macc OMOKCa C HABECKOM W IYCTOro OIOKCAa BBIYHCISIOT MAacCy HABECKH




KpHcTautoruapara (ms).
OTKpBIB OIOKC, TOMEMIAIOT €r0 B CYIMMIbHBIHN mkad Ha 30 MUH. 3aTeM THTEIHHBIMU
IIUITIAMH TIEPEHOCAT OI0KC B AKCHKaTop. KphImKy Ofokca IpH 3TOM HE 3aKpHIBAalOT. B 3kcukaTope
OIOKC OXJIAXKIAIOT 0 KOMHATHOW TeMmImepaTyphl B TedeHne 10—15 MHH, 3aKpBIBaOT KPBIMIKOH
MEPEHOCAT Ha aHAIMTHYCCKUE BECHI [T IEPBOTO B3BCIIUBAHMS [TOCTIC BHICYIIMBAHUSA. Maccy CoH,
OTPENICTICHHYI0 KaK cpeaHee apu(METHYSCKOe TpeX MNapaUieIbHBIX H3MEPEHHUH, 3aHOCAT B
Tabnuny (ms1). Janee cHoBa craBsT OIOKC (C OTKPHITOHM KPBINIKOI) B CYIIWIBHBIN Ikad Ha 20
MUH, TOBTOPHO OXJXKAAIOT B AKCHKATOPE M CHOBa B3BemMBAIOT (Mm42). Eciam pesymbrar
MMOBTOPHOTO B3BEIIMBAHUS OTIMYACTCS OT mpeapiaymiero He 6onee yem Ha 0,0002 T, TO MOXHO
CYHTaTh, YTO KPHUCTAJUIM3ALMOHHAS BOJA IMOJIHOCTHIO ynajicHa. B MPOTHBHOM ciiyyae MPOBOMST
TPEThE BHICYIIUBAHKE, OXJIAXKICHHE M ONPEeIeIIeHIE MACCHI (M4 3).
4., O6paboTKa pe3yibTaToB.
OrnpeneneHne Macchl HABECKH KpUCTauIoruapara ms (T):
mz=my—m;.
OrnpeneneHne Macchl BOABI Ms (T):
Ms = M2 —M4.2 , €CITM TPOBOAMIIOCH /IBa BBICYIITUBAHHUA,
Ms = M2 —M4.3 , €CIIH TPOBOIMIIOCH TPH BBHICYIITMBAHUS.
Teoperudeckoe onpeneneHnue MacCoBOM 10H BOIbI (%):

BaCl, - 2H,O — BaCl, + 2H,0

n=1 moJb n =2 MoJib
M = 244,26 r/moib M = 18,015 r/moinb
m=nM =24426r m=nM=36,03r

7]

m(H20)-100% _ 36,03-100%

a)(HZO)TeOp = m(BaCl2 2H20) 24426

= 14,75%

[IpakTHyecKoe ompeeaeHrue MaccoBoii o Boasl ($):
120 _ m5(H20) - 100%
w(H20)mpaKr. = etz 2H20)

AGcooTHas OTrpemHoCTh onpeaencuus Ax (%):
AX = o (H20)npaxkt. —» (H20) teop. .
OTHOCHTENbHAS TOTPEIIHOCTE omnpeneneHus O (%):

_ Ax-100%
~ w(H20)Teop.

1 6amn

Uroro: 4 6anng

3 | AHaJIM3 cMeCH KaTHOHOB TPeThell anajuTnyeckoii rpynnsi (Ba?*, Sr*, Ca?),

3 Gamna

IIpaBuibHbBIH 0TBET (KJI104):
7. TpeTbs aHANUTHYECKAs TPYIINA BKIIOYAECT HOHBI IEJI0YHO-3€MEJIbHBIX JJIEMEHTOB!

Ba?*, Sr?*, Ca?*. I'pyNINoBbIM PEArcHTOM KaTHMOHOB TPEThEil aHAIMTHYECKOW IPYMIbl SBJISETCS
pa3zbaBieHHas cepHas KHCJIOTa, OCAXJaroIlas HWOHBI ATOM Tpymmsl B CleAyromel
MOCJIEZIOBATENILHOCTH: CyJbdaT Oapus, cynbdar cTpoHIus, cyabdaTr kanbiusd. Cynbdar KaabIus
0CaXJaeTCs TOJBKO B MMPUCYTCTBUH ITHIOBOTO cnupTa. TakuM 00pa3oM TPEThIO IPYIITY KaTHOHOB
OTJEJISIOT OT KATHOHOB JIPYTUX aHAITUTUYECKUX TPYIIIL.

8. OOopynoBaHne W PEaKTUBHI: NMPOOUPKH KOHMYECKHE W LWIMHJIPUYECKHE, CTEKJITHHBIC
NajovKky, neHTpudyra, BoasHas OaHs, conu Oapus, CTPOHIMS W KajbLUs, aleTaTHBIA
Oydep, auxpomar kanus, rexkcanmanodeppar kamus (1), okcanar aMMOHMsI, HACBHIIIEHHBIN
pacTBop cyibhaTa aMMOHHUSL.
9. Pa3zzgerneHue KaTHOHOB BHYTPH IPYIIBI BEAYT IO CIENyIOLIEH cXeMe:
A) K HCCIeIyeMOMY pacTBOPY MOOABISIOT alleTaTHBIN Oydep 1 Tuxpomar Kamust
2 Ba?* + Cr,0% + H,0O » 2 BaCrO44 + 2H*

MeﬂKOKpVICTaﬂJ’IH'—IeCKHﬁ 0caJioK

JKEJITOro uBera

IIpoBEpSIOT MOTHOTY OCAXKAEHHUS U OTAEIAIOT 0CA0K.
B) Llentpudyrar ucnons3yioT 1jis obHapyxeHus cTpoHius. K pacTBopy 106aBISIOT HACKIIIEHHBIIH
pactBOp cymbara aMMOHHS M  HArpeBalOT. B  NPUCYTCTBMM  CTPOHIHS  BBIIAJAET
MEJKOKPHUCTAINYECKUH 0cafok cynsdara cTpoHmus Genoro mpera. MHOrna IS BhINAAeHHUS
ocazka TpeOyeTcs co3JaTh HEHTP KPUCTAIN3AlUN — MOTEPETh CTEKIISIHHON MajJo4Koil O CTEHKY
MIPOOHUPKH.

Sr>* + SO - SrSO4 ) MenkokpucTaqIMueckuii Oenblii 0camoK
B) Iocine moIHOTo OTAENSHHS CTPOHITHS IPOBOMSIT KauecTBEHHbIE peaknun Ha Ca2t.

1 Gamn

1 Gamn

1 6an

Hroro:
3 Gauta




Ca®* + Cy04> > (CaCy04| Genblif KPUCTAITMYECKHI 0CATOK
Ca?* + Ko[Fe(CN)g] + NHs* = KCaNH4[Fe(CN)g]| + K* Genblii KpuCTaIMUeCKuii 0CaIoOK TIpH
HArpeBaHHUU O KHIICHHS

4 | CraHaapTu3anus pacTBoOpa CoJSTHON KHCJIOTHI 5 GaytoB
IIpaBuJbHBIH 0TBET (KJIK0Y):

1. Ienb paGoThl: YCTAaHOBUTH TOUYHYIO KOHIIEHTpaIuio pactsopa HCI. 1 Gamn
CymuHocTh MeTo/1a. TOUHYI0 KOHLIEHTPAIUIO COJISHOW KHUCIOTHI B PaCTBOPE MOYKHO YCTAHOBUTH C
MIOMOIIBI0 NIEPBUYHOTO CTaHIapTa — pacTBopa Oypsl. BomHelli pacTBop Oyphl mojBepraercs
THIPOJINA3Y, B PE3YJIbTaTe YETO UMEET IIEIOYHYIO CPEIy:

Na,BsO7 + 7 H,O — 2 Na* + 2 OH" + 4 H3BOs
PactBOop Oypbl THTPYIOT pPAacTBOPOM COJITHOW KHCJOTHI TPSMBIM CIOCOOOM, KakK CHJIBHOE
OCHOBaHME CUJIBHOM KHCIOTOH. B mpomecce TUTpOBaHUS NPOTEKAIOT PEAKLIUU:
Na:B4O7 + 7 H,O — 2 NaOH + 4 H3BO3
2 NaOH + 2 HCl — 2 NaCl + 2 H,0
Na,B4O7 + 2 HCI + 5 H,O — 2 NaCl + 4 H;BO;
W3 cyMMapHOTO ypaBHEHHs BHIHO, 4TO TIKB. (Na2ao7) = 1/2
B Touke »KBHUBaJICHTHOCTH BenuduHa pH Oyzaer Hmke 7, T. K. B pe3yjbTaTe peakiuu o0pa3yercs
6opHas kucinota (pH = 5). [TosToMy 1718 ycTaHOBJICHUS KOHEYHON TOYKH THTPOBAHHS HCIIOIB3YIOT
HHIUKATOp, KOTOPBI MEHSET OKpackKy B Kuciod obmactw, mpu pH Ommskux k 5. Haumbonee
TTOIXOIATITIE HHIUKATOPHI B 3TOM
Juana3zoHe — METUIJIOBBIM KpacHbIM U METUIIOBBIM OpaH>KEBbIH.
2. OOopynoBaHHWe: BeChl TCXHHUYECKHE, BECHl aHAIUTHICCKHE, OIOKC C KPBIIIKOW, OIOpeTka
o0beMoM 25 M1, KOJIOBI MepHBIE ¢ poOkoi oobemoM 100 m 250 M1, K0J10a KOHHYECKAs
JUI TUTpoBaHUS oO0beMoM 50 Mil, mUMeTKH o0beMoM 5 mi (rpagyupoBanHas) u 10 mu,
BOpPOHKa, IpylIa, CTaKaH JJIs CJIUBA, IPOMBIBANIKA. 1 6amn
PeakTuBBI: AeCATUBOIHBIN KPUCTAIUIOTHAPAT TeTpabopaTa HaTpus (Oypa), KUCI0Ta
ConsiHasi (KOHICHTPUPOBaHHBIH pacTBop, p = 1,17 /M), MHIUKATOp METHIIOBBIN OpaHKEBBIN
(BoIHBIH pacTBOD).

3. Xon ompeneneHus.

1 IlpuroToBieHHE CTAaHIAPTHOTO pacTBOpa Oyphl. PacTBop Oypel TOTOBAT KaK IEPBHYHBII
CTaHIApT C MOJIPHOM KOHIeHTpanuei skBuBajeHTa 0,05 MOJB-3KB/I B MEPHOU KOJIOE 00BEeMOM

100 M. Maccy HaBecku OypHI (T) pacCYUTHIBAIOT IO (pOpMyJIe:

m=%-M Na2B407 -10 H20 * V-C= 1/2'381,36 . 0,1 . 0,05

PaccuntanHyro Maccy Oypbl B3BEeHMIMBAalOT B OIOKCE CHadajda Ha TEXHHYECKHX, a 3aTeM Ha
AQHAIMTHYECKUX BecaX. HaBecky MepeHoCsT B YHCTYIO MEpHYyI0 KojOy, a Owokc B3BemmBatot. [1o
PA3HOCTH HAXOJSIT TOYHYIO Maccy Oypbl. B mepHyro koiOy no6aBimsitor 1/3 ob6béma Bomsl u | 1 Gann

MIEPEMEIINBAIOT JI0 MTOJTHOTO PACTBOPEHHUS COJIH.
[Tocne 3TOTO PacTBOP JOBOAAT 10 METKH TUCTUIUTUPOBAHHOM Booil. OTcueT BeayT
0 HIKHEMY MeHHCKY. Komnly 3akpbIBatoT MpoOKoii U MOJIIHUCHIBAIOT.
2 [puroroBnenne pacrtBopa coyissHOM kucaorel. ConsiHash KHUCJIOTa JieTydas, TOYHOU
KOHIIGHTpanue# He o6OmagaeT. TOYHYHO KOHIEHTpAIMIO KHCIOTH yCTaHABIUBAIOT  IIO
CTaHIApTHOMY pacTBOpy Oypel, HO cHadama rotoBiT pactBop HCl ¢ npubmusuTensHON
KOHIIeHTpanuei sxBuBaneHTa 0,05 Monw/m. i1 3TOro MCHONB3YIOT PaCTBOP KOHIIEHTPHUPOBAHHOM
HCI, nmetontuiicst B maboparopun. PacueT BenyT mo gopmyore:

Venen < MACD T -V

(HCh 1000 -w-p

[110THOCTh KOHLEHTPUPOBAHHOIO PACTBOPA COISIHOM KHCIIOTHI 3aMEPSIIOT apEOMETPOM B MEPHOM
MIIMHAPE C COOJIOAEHHEM BCEX NPABWJI TEXHHUKM OE30MacHOCTH, a 3aTeM ONPEACISIOT II0
CIIPaBOYHUKY MACCOBYIO JIOJTIO.
PaccunTtanHblii 00BEM KOHIICHTPHPOBAHHOW COJSTHOM KHCIIOTBI OTMEpSIIOT TpaTyHpOBaHHON
MMUNETKOH W TOMEIIAloT B UYHCTYI0 MEpHYI0 KOOy HYXHOTO 00B&Ma, NpenBapHTENbHO
3aMO0JTHEHHYIO Ha %2 BOJIOW. KOHIIEHTPUPOBAHHOW COJISTHOH KHCIOTHI. PacTBOp MOBOJST A0 METKH
TUCTHIUTUPOBAHHON BO/IoN. KonOy 3akphIBatOT MPOOKOHA, EPEMENUBAIOT U TIOIICHIBAIOT.
3 Meromuka TUTpoBaHMA. BIOpEeTKy MOIOT, ONOJIACKMBAIOT AWCTWIIMPOBAHHOW BOJOHM, a 3aTeM
npuroroBieHHbIM pactBopoM HCI. [lanee OropeTKy HANOJHSIOT 3TUM PAcTBOPOM BBIIIE HYJIEBOTO
JIeTICHUs] ¥ YIIOT BO3AYX W3 HaKOHEYHHMKAa M PE3WHOBOM TPYOKH OIOpETKH. YCTaHAaBIMBAIOT
YPOBEHb JKHAKOCTH Ha HYJIEBOM JeIeHHHM (OTCUeT BEeIyT IO HIDKHEMY MEHHCKY). B Tpum
KOHHYECKHE KOJIObI MUIETKONH OTMEpPSIIOT alMKBOTHL — 10 M1 pacTBopa Oypsl M 100aBisOT 1o 1—
2 KaruiM MHJIUKAaTopa METHIOBOIO OpaH)XeBOro. PacTBop Oyphl OKpalMBaeTcst IPH STOM B JKEJITHIH
uBer. OnHY W3 KOO C pacTBOPOM OYyphl CTAaBAT MO OOPETKY Ha JHUCT Oenmoit Oymaru. PactBop
Oypbl THTPYIOT COJSHOH KHCIIOTOM, NpHOaBIsAsA TOCIEAHIOI 10 KAaIUIIM W IOCTOSHHO
IepeMeInBasl JKUAKOCTh IUTABHBIMU JBIKCHHUAMH KOJOBL. TWTpoBaHME MPOBOAAT 0 MOMEHTA
CMEHBI JKeNTOW OKpPacKH PacTBOpa Ha OpAHXXeBYI0. Pe3ympTaT THTpoBaHHS HO OIOpETKe cpasy




3aMMCHIBAIOT B TAOOPATOPHBIN KYpHAJ, YYUTHIBAas TOYHOCTH TprOopa (7151 OFOPETKH ONpEIesIeTCs
KaK TIOJIOBMHA IeHbI aeneHus, T. €. 0,05 mi). Takum ke o0pa3soM THUTPYIOT COICPKUMOE JBYX
ocraBuuxcs koy6. TouHoe TUTpOBaHUE CJEAyeT NPOBOAWTH HE MeHee TpexX pa3. Eciu pasHuia B
OTCUeTaxX Mo OIOpEeTKe MEXIy MapauieIbHBIMU omnpeaencHusMu npebimaet 0,1 M (00beM IBYX

Kamenb), TO THUTPOBAaHHE IIOBTOPSIIOT 1O IOJYYEHUS TpeX CXOJSIIMXCS pe3ynbTaroB. Bee | 1 Gamn

pe3ynbTaThl (B TOM YHCIEe M HECOBIAJAIONIMe) 3aHOCIT B JIa0OPATOPHBII JKypHAT M BBIYHCIISIOT

cpennee apupmernyeckoe VHCI, yauTpiBasi TOJBKO CXOASIIMECS 3HAUCHHMSI.

4. TlpoBeneHHe pacvyeToB
MosipHy10 KOHIIEHTpaLuio Oypsl (MOJIB/JI) pACCUUTHIBAIOT IO B3STOH HaBECKE M, PACTBOPEHHOH B
kosibe ooremoM VK (100 mn):
C(Na2B407) 1000m(Na2B40710H20)
a =
M(Na2B40710H20)VK

MonspHy!0 KOHIIEHTpALUIO SKBHBAJIEHTAa (MONB-3KB/N) consiHoi kucinorel CHCl , B nmanHOM

cllydae YMCICHHO paBHYI MonsipHOit koHueHtpauuun CHCI (tak kak fak = 1), ompenmensiror no

pe3ynbTaTaM TUTPOBAHMUS COTJIACHO 3aKOHY SKBUBAJICHTOB:

CCHCD) C(Na2B407) - V(Na2B407)
- V(HCD)

rae V(Na2B40O7) — o0beM anukBoTH pactBopa Oypsl, paBublii 10 mir; V(HCI) — cpenuuit o0bem

KHCIIOTHI, TIOMIEIINA HA TUTPOBaHHUE (MII).
1 Gamn
Hroro:
5 GaynoB

5 | Onpenenenne BpeMeHHOI KeCTKOCTH BOJIbI 3 Gamna

IIpaBuibHbBIH 0TBET (KJI104):

1. Ilenb paGoOTHI: ONpENENUTh COJIEPXKaHWE THAPOKAPOOHATOB KaJbIMd M MarHusg B mpobe | 1 Gamn

BOJIbI (MMOJIB/T).
CymurHocth MeToza. OOImas ecTKOCTh BOABI OIpENeNseTcss CyMMapHOI KOHIIEHTpanueil HOHOB
Kanbliiss U MarHus. [IpeacraBiseT co0oil CyMMY TOCTOSITHHOM (HEKapOOHATHOW) M BpPEMEHHOM
(kapboHaTHOH) JKecTKOCTH. IlOCTOSTHHAsI JKECTKOCTh OOYCIIOBJICHA HAJIMYUEM KaJbIMEBBIX W
MarHUEBBIX COJIEH CUIIBHBIX KUCIIOT (CEPHOM, a30THOH, CONTHON). [IpH KUTISTYeHNN HE YCTPaHSIETCS.
BpemMeHHas kecTKOCTh BOJBI OOYyCIIOBJIEHAa MPUCYTCTBHEM B HEH T'MAPOKAapOOHATOB KajbLUS U
Marus. OTOT BUJI )KECTKOCTH MOXKHO YCTPAHUTH ITyTeM KHUIISTYEHHUS, OTKYZa M B3sUIOCH Ha3BaHHUE
«BpeMeHHas». [Ipy KUMSYeHuH TUAPOKapOOHATHI pasjiararoTcsi ¢ 00pa3oBaHHEM HEPacTBOPHUMBIX
KapOOHATOB, YIJIEKHCIOTO Ta3a M BOJBl. BpeMEHHYI0 JKECTKOCTh ONpPENENSIOT HPSMBIM
TUTPOBAaHMEM BOABI COJITHOM KHCJIOTOHM, IPU 3TOM IPOMCXOANT paspylIeHHE THIpOKapOOHATOB
COTJIACHO PeaKIHsIM:
Ca(HCO3), + 2 HCI = CaCl; +2 CO2 1 + 2 H0,
Mg(HCQ3), + 2 HCI = MgCl, + 2 CO; 1 + 2 H20.

W3 ypaBHeHWl BHIHO, YTO COJH BpeMeHHOW xecTkocti pearupyor ¢ HCl B momstprOoM
cootHourenun 1:2. 9to o3nayaer, uro faks.(HCI) = 1, a faks.(comn) = Y.
Jnsl 9UCIICHHOTO BBIPQKEHHUSI )KECTKOCTH BOJbI YKa3bIBAIOT CYMMAapHYIO KOHIGHTpAIMIO B Heil
KaTHOHOB KaJblIWsi M MarHus B rpagycax xectkoctn (°K). 1 °XK (ycrap. — wmr-sks/m)
COOTBETCTBYET KOHLIEHTPALMH IIEIOYHO3EMEIBHOTO 3JIEMEHTa, YHCIICHHO PaBHOH Y2 €ro
MWUINMOJISL HA JUTP. TakuM o0pa3oM, JKECTKOCTh MO CBOEH CYTH 3TO MOJISAPHAS KOHLEHTPALHS
SKBUBAJICHTA.

2. Oo6opynoBanue: Owoperka odbemoMm 25 My, konda MepHas oovemom 100 i, konba

KOHMYECKast JUIsl THTpOBaHHs 00beMoM 250 Mil, BOPOHKA, CTaKaH ISl CIIMBA.

PeakTuBbl: Boga (aHAIM3UPYEMBIH PACcTBOP), KMCIOTA COJIsiHAs (CTaHAAapTU30BaHHBIM pacTBOp, C=




0,05 MoJIB/1T), HHANKATOP METHIIOBBIA OpaH)KEeBBIN (BOIHBIA PacTBOP).

3. Xon ompenenenus. B Tpu xoHumdeckue KojaObl 00bemMoMm 250 mu otouparor mo 100 mu
nuccienyeMon (HampuMep, BOJOINPOBOAHOH) BOJBI C IOMOINBIO MEPHOH KOJOBI.
JI00aBIAIOT B KKIYIO KOJOY MO 3 Kaluli WHAWKATOpa METHJIIOBOTO OPAHXKEBOTO M
TUTPYIOT PAacTBOPOM COJISTHOW KHCIOTBHI JI0 HEepexola OKPAacCKH pacTBopa M3 JKEJITOH B
OpaHXeByl0. THUTpOBaHHE IPOBOAAT O IOJNYYEHHS TpPEX CXOJSIIUXCS Pe3YNbTaToB,
KOTOpBIE 3aHOCAT B J1aOOPaTOPHBIA KypHal M ONpPENeISIOT CpeiHee 3HaueHHe o0beMa
kucaotsl VHCI.

4. TlpoBenenue pacueToB. BpeMeHHYI0 )ecTKOCTh BoAbI JKBpeM (°2K) paccuureiBator

o hopmyie:

_ C(HCL) - V(HCL) - 1000

1 6amn

1 6amn

Kepem V(H20)
HWroro: 3 6amig
6 | Onpenenenne aMMHaKa B PacTBOpe COJIM AMMOHUS 3 bayia
IIpaBuibHbBIN 0TBET (KJII0Y):
1. lLlensb pabotsl: onpenenuts Maccy NHsz B mpo6e (T). 1 6amn
2. Cymsocts Metona. ConepxaHue aMMHUaKa B COJISIX aMMOHHMSI HE MOXKET OBITh ONpPe/IeNIeHO
HETOCPEICTBEHHBIM TUTPOBAHUEM aHAJIM3UPYEMOTO pacTBopa (IpsMoe TUTpoBaHue). [
9TOM IIETH MCIOJB3YIOT KOCBCHHBIC CIIOCOOBI, HampuMep odpaTHoe TuTpoBanue. Crocoo
OCHOBaH Ha THUTPOBaHMHM M30BITKA ILEJOYM, OCTAaBIUEHCS B pacTBOpPE IOCIE
B3auMojeicTBus conu amMmMoHus ¢ NaOH. Hampumep, peakuus pasnokeHUs XJIopuaa
aMMOHWUS IIPOTEKAET PH HarPEBaHUH COTJIACHO YPAaBHEHUIO:
t
NH4Cl + NaOH - NaCl + NH3 1 + H20
W36BITOK IIET0YN OTTUTPOBBIBAIOT PACTBOPOM COJISIH O KHCIIOTHI B IPUCYTCTBHM HHAUKATOpA:
NaOH + HCI » NaCl + H20.
3. OO6opyIoBaHUE:BECHl TEXHHUYECKHE W AHAIUTHYCCKHE, IUIUTA JJICKTPHUYECKasi, OOKC C
KPBIIIKOW, XMMHYECKHE CTaKaHbl (TEPMOCTOWKHE), OropeTka oObeMoM 25 mi, Kojba
mepHas oobemoM 100 mut, munetku o6bemoM 10 M u 20 mi1, xKoyba KOHWYECKAs IS
TUTpOBaHUA 00BeMOM 250 MJI, BOPOHKA, TPYIIIa, CTAaKaH JAJIs CIMBA, IPOMBIBAJIKA. 1 Gamn
PeakTuBBI:  XJOpHJ ~ aMMOHHUS  (QHATM3UPYyeMOE€  BEIIECTBO),  THAPOKCHI  HATpHUS
(cranmaptuzoBanHEI pactBop), C= 0,1 Momb/m), kucmora consaas (pactsop, C = 0,1 moms/m),
WHAUKATOp OPOMTHMOIIOBBIN CHHUH (BOJHBIN pacTBOp), YHUBEpCalbHas HHANKATOpHAs Oymara.
4. Xon onpenenenus. HaBecky xiopuia aMMOHHS KOJHYECTBEHHO MEPEHOCAT
B K010y Ha 100 Mu. OOBEM KHIKOCTH B KOJIOEC IOBOIAT A0 METKH IUCTHIJUIMPOBAHHON BOIOW U
TIATENIbHO NepeMemnBaoT. B 2-3 TepMOCTOWKMX CTakaHa BHOCAT mnuneTtkod mno 10 ma
HCCIleAyeMoro pactBopa W mo 20 M pacTBopa THApokcuaa Hatpus. CTakaHBl C pacTBOpaMHU
HAarpeBaroT Ha JJIEKTPUYECKOU
IUINTKEe Tpu Temneparype,6mu3koil k 100 °C, no mnojHoro ynaneHus: ammuaka. OOBIYHO 3TO 16
A

JOCTHTAeTCs NMPH HCTIApPEHUH MPUMEPHO TOJOBUHBI COJAEPKHUMOTO CTakaHOB. lloiHOTY ynameHus
aMMHaKa KOHTPOJHUPYIOT C TIOMOIIBI0 YHHBEPCAIbHOW HMHINKATOPHOW OyMarw, CMOUYEHHOI
JUCTUIUTMPOBAHHOM BOJOM
(mpm neiicTBuM mapoB aMMuaka Oymara cuHeeT). llocme 3aBepmieHHS peakIH COJEPKIMOE
CTaKaHOB OXJIAX/AIOT /10 KOMHAaTHOW TEMIIEpaTyphl, BHOCAT 1O 1 Karuie OpOMTHMOJIOBOTO CHHETO
U TUTPYIOT PACTBOPOM COJITHOM KHCIOTHI JI0 MEPEX0Aa OKPACKU pacTBOpa U3 CUHEH B TPABSIHUCTO-
3eneHyro. Ecnu pesynbraTsl ABYX TUTPOBAHMN aHAIU3HUPYEMOTO PacTBOPa Pa3IMYAIOTCS MEXKAY
coboit Goxnpnre, yem Ha 0,20 M, TPOBOIAT JONOJHHUTENBHBIN ONBIT. ONpenessioT cperaHee
3HaUYeHHEe 00beMa pacTBOpa KUCIOTHI VHcl, MOLIEIIET0 Ha TUTPOBAHHUE IIEIOYH.

5. TIIpoBenenue pacueTos.
Maccy aMMuaka (T) B XJIOpHIe aMMOHHMS PACCUUTHIBAIOT 10 (hOpMyJIe:

(CNaOH - VNaOH — CHCL- VHCL) - MNH3 - Vmk
m(NH3) = o

PaccuunteiBarot a6COJ’IIOTHyIO 1 OTHOCUTCJIbHYIO OTI'PEITHOCTH

Uroro: 3 6anng




7 | CTaHz[aansauml pacTBopa nnepMaHraHaTa Kajimus

3 Gamra

IIpaBuJbHBIH 0TBET (KJI10Y):
1. Ilenb paGoOThI: yCTAHOBUTH TOUHYIO KOHIICHTpaIuio pactBopa KMnOa.

CymHocTh ~ MeToma. TOYHYIO KOHIIGHTPALMIO pacTBOpa IepMaHTaHaTa KaJIust
yCTaHaBIUBAIOT depe3 8—10 mHeil mocie ero MpuUroToBICHUS IO ImaBelieBoi kucimore H2C204 -
2H20 wmu oxkcamary Hatpus Na2C204 u apyruM BemiecTBaM. 3a 3TO BpeMs IPOUCXOIUT
OKHUCIICHHE€ BOCCTAHOBHTENICH, TPHCYTCTBYIOIINX B TUCTHJUIMPOBAHHON BoAe (IBLIb, CIEIBI
OpraHNYeCKUX COCTUHEHU), U KoHIeHTpamust KMnO4 ctabumusnpyercs.

OxcamaT HaTpusi W ImaBeJeBas KHUCIIOTA SBILIIOTCS HamOoilee YHOOHBIMH YCTaHOBOYHBIMH
BEIIIECTBAMH, TAK KAK OHU HE TOKCUYHBI U YCTOHYHBEI.

B ocHOBE TUTPOBaHUS JICKHUT PEAKITUA

5 C204% + 2MnOyg +16H* = 2Mn?* + 8H,0 + 10CO; 1

@DaKTOphI SKBUBAJICHTHOCTH IIEPMAaHTaHATA U OKCAJIaTa ONPEACISIOTCS, UCXOS U3 MOJTyPCaKITHiA
MnOs + 5e— <> Mn?* + 4H,0 = f5xB(Mn04 ) =1/5

C204% -2¢e & 2C0217 = DHrB(C204) =1/2

TurpoBaHne OKcalaT-MOHOB IIEPMAHTAHATOM KalWs IPOBOIAT B CHJIBHOKHCIOW Ccpele IIo
CIIEAYIONIM IPUYUHAM:

— 06pasyroTcs GecBETHBIE HOHBI MN2* | KOTOpBIE HE MEIIAKOT (DUKCH-

pOBaTh KOHEUHYIO TOUKY TUTPOBAHUSI;

— okucauTenbHas cnocooHocts KMnO4 B kuciI0it cpeie HAMHOTO BbI-

1Ie, 4eM B HEHTpaJIbHOW U CaboIleIouHOH cperie:

E Mno4-Hemnz+ =1,51 B;  E mnoa-/ mnoz, on- = 0,60 B

Cpena co3nmaetcs m30biTkoM H2SO4. Hembss mcmonb3oBate HNOz m HCI, tak kak B uX
MIPUCYTCTBUM TIPOTEKAIOT MOOOYHBIC peakiuu. Peakuust B3aMMOJICHCTBHS IEepMaHraHaTa Kallks C
OKCaJaT-HOHAMHM OTHOCHTCS K THUIy aBTOKaTaIUTHYeCKHX. OHa KaTalIn3upyercs INPOLYKTOM
peaximu — nonamu Mn 2*. Tlepsbie kammu KMnOg ake B ropsdeM pacTBOpE 00ECIBEUHBAOTCS
OYeHb MEUIEHHO. B X0/le TATPOBAHKs KOHIIEHTpAIKs HOHOB Mn2* BO3pacTaeT ¥ CKOPOCTh PEAKIIMH
yBeJIM4MBaeTcs. HarpeBaHme THTPYeMOro pacTBOpa CHOCOOCTBYET YBEJIMYEHHIO CKOPOCTH
peakuun. Kpome TOro, mnpu HarpeBaHWM YBEIMYMBACTCS BEJIMYMHA CKauyka THUTPOBAHHUA,
CJIeJJOBATEJIbHO, TIOBBIIIIAETCS TOYHOCTh ONIPEACIICHUS.

TurpoBanue npoBoAWTCs 0e3 MHAMKATOPa, TaK KakK BCE MPOJAYKTHI PeakiMu OSCLIBETHHI U OJIHA
mumaAs  kamwis KMnOs mociie TOYKM SKBUBAJIEHTHOCTH IPUAACT PAcCTBOPY COOCTBEHHYIO
MaJIMHOBYIO OKPAcKy.

OOopynoBaHME W pEaKkTUBBI: OropeTka, mumeTka Mopa, KOHHYecKue KOoJIObI, MepHas Kojoda,
MepHblid mmHAp (10-25 M), smektprdeckas mimtka, ~0,05 H. pactBop KMnO4, nepBudHBIH
crargaptHeii pactBop HoCoO4 mimr NaoCo0s, 2 H. pactBop HoSO4.

BrinonHenue paboTsl.

3anomnsstoT OtopeTky pactBopoM KMnO4 1 ycTaHaBIMBAIOT YPOBEHB )KUAKOCTH Ha Hyse. OTcUeTs
oObeMa NpH TUTPOBAHMM IEPMAHIAHATOM KaJlks LIEJNecOO0pa3HO JIeJaTh IO BEPXHEMY Kparo
MEHHUCKa YPOBHS KMJIKOCTH, TaK KaK HI>KHUU Kpall MEHMCKA HE BUJICH U3-32 UHTCHCUBHOU OKPACKHU
pacTBopa.

[TomemaroT B KOHMYECKYIO KouOy 1uist TutpoBanust 10 mi 2 H. pactBopa H2SO4 1 Harpesarot, He
JoITycKas 3akumnaHud. [IuneTkoil 6epyT aJMKBOTHYIO YacTh PACTBOPA YCTAHOBOYHOTO BEIIECTBA U
BHOCSIT B HarpeThlii pacTBOp CEPHOW KHUCJIOTHI (HAarpeBaTb M KHIISITHTh KHCIIbIE PaCTBOPEI
OKCaJaTOB HE CIIEAYET, TaK KaKk OHM pas3naratorcs). [ opsuuii pacTBOpP THTPYIOT IEPMaHIaHATOM
KaJIMsl 10 KaIulsiM, SHEPTUYHO IepemernBas. Kaxylo Cleayronyo Karuio NpuodaBisioT TOJIBKO
TIOCJIE TOTO, KaK MCYE3HET OKpacKka OT Mpeslaylied. TUTPYIOT epMaHraHaToOM /10 MOSIBICHHS He
ncuesaroniell B reueHne 30 cekyH[ c1a00-pO30BOH OKPACKH.

[To pesynapraTam THUTPOBAaHMS PACCUMTHIBAIOT TOYHYIO KOHIIEHTPAIMIO pacTBOpa IepMaHraHarta
KaJInsi, MOJIb-3KB/JI.

1 Gain

1 6amn

1 6amn

Uroro: 3 6anng

8 | Cranaaprusanus pacreopa komiuiekcona |1l (Tpuiona B) 3 Gamna
IIpaBuibHBIH 0TBET (KJI104):
1. Ienp paOoTHI: YCTAHOBUTHh TOYHYHO KOHIICHTpAIMIO pacTBopa komiuiekcoHa III (momb- | 1 Gamr

9KB/T).

CymHocTh paboThl. OCHOBHBIM Pa0OYMM pPACTBOPOM B KOMIDIEKCOHOMETPHH SIBIISICTCS PacTBOP
xomriuiekcona Il (BATA, tpunon B). Jlns ero mpuroToBIeHHs] MPUMEHSIOT AWHATPUEBYIO COJIb
STHNeHANaMUHTeTpayKkcycHoi kucnoTel - NapCioH1408N, - 2H20 (yenosro — NapH2Y unu HoY?).
OnHa 5erKo MOJyYaeTcsl B YHUCTOM BHIE, XOPOIIO PACTBOPHMA B BOJAE, PACTBOPHI YCTONYUBEI IIPH
xpaHeHnd. [Ipym OOBIYHBIX YCIHOBHAX Tpemapar coaepxuT mnpumepHo 0,3% Biarm, mosTomy
turTpoBaHHsle pacTBopbl DJITA MOKHO TOTOBHUTH MO TOUYHOM HaBecke (¢ yuerom 0,3% H>O).
OnHako OOBIYHO €ro TOYHYHO KOHIICHTPAIMIO YCTAaHABIMBAKOT I10 PACTBOPY COJIM I[MHKA.
OmnpenesieHre OCHOBAHO HA PEaKIMU B3aUMOCHCTBUS koMmIuiekcoHna Il ¢ moHamu nuHKa B cpefe
aMMuavHoro oydepa:




Zn? + HY* — ZnYZ +2H'

B oroit peakmum f 2kB. muHKa W KOMIUIeKcoHa = 1. OTcioga KOHIEHTpalus MOJIIPHOTO
JKBHBAJCHTA paBHAa MOJApHOW. KOHEYHas TOYKa THUTPOBAHUS (PUKCHPYETCA C IMOMOIIBIO
HHIUKATOpa dpUOXpoMa YepHOTo T, KOTOPBIA UMEET CUHIOIO OKPACKy, a €r0 KOMIUIEKC ¢ IUHKOM —
JINJIOBYIO.

2. OOopynoBaHWE U PEaKTHBEI: MEpPHas KoJ0a, OropeTka, nuneTka Mopa, MepHBIH UIHHAD
(50-100 mu), konnueckasi konba, 0,05 H. pacTBop KomruiekcoHa 11, KpHuCTaTITHICCKHHA
ZnS0O4 - 7TH20 (x. 4.), ammuaunslii Oydep ¢ pH=9, nnnukarop spuoxpom uepHsiii T B
cmecu ¢ NaCl (1 : 100).

3. BrmoaHenue pabotel. PaccunteiBatoT HaBecky coiu ZnSO4 - 7TH20, HEOOX0MUMYIO TS
MpUrOoTOBIIcHUST Tpebyemoro obOvema 0,05 H©H. pactBopa. B3BemmBamOT e¢ Ha
AHATUTHYICCKHUX BECaX, MEPEHOCAT B MEPHYIO KOJIOY, paCTBOPSIOT B BOJAE U TOBOISAT 00BEM
0 METKH. PacCUMTHIBAalOT TOYHYIO KOHIIEHTPAIWIO IPHTOTOBIEHHOTO PacTBOpa (MOJIb-
9KkB/1). B K00y I TUTPOBAHUS MMEPEHOCAT MUIETKOH ATHKBOTHYIO YacTh CTaHAAPTHOTO
pacTBopa coii NHHKa, a00aBisaoT 20-25 mu ammuayHoro Oydepa U MHIUKATOP Ha
KOHUHMKe mmatens. TuTpyroT pactBopoM komiuiekcoHa III no nepexona nunoBoil okpacku
pacTBopa B cHHION. [1o pe3ynpTaTaM TUTPOBaHHS PACCUUTHIBAIOT TOUHYIO KOHIIEHTPAIHIO
pactBopa komiuiekcona I11, (Mob-3kB/1)

m(ZnS04 - 7TH20) «
C(ZnS04) =

M(ZnS04 - 7H20) ¢ VMKO0/I6bI
C(ZnS04) « V(ZnS04)a
C(Tp.B) = ( ) e V( )

V(Tp.B)

1 6amn

1 6amn

Wtoro: 3 6amng

9 OnpeneieHue 3nauenust pH pacrBopa ¢ ucnoib30BaHneM
CTEKJISIHHOTO 3JIEKTPO/Ia

3 Oamna

IIpaBuibHbBIA 0TBET (KJII0Y):
1. lleap pabGothl: ompenenuTh 3HaueHWe pH pacTBopa ¢ HCHONB30BAHUEM  CTEKISTHHOTO
3IIEKTPO/Ia ¥ MO MOJTYYCHHBIM JaHHBIM PACCUUTATH KOHIIEHTpaIMio HoHOB H' B pacTBOpe.

CyurHocth pabotel. OmpezneneHue KHUCIOTHOCTH pacTBopa (pH) sBmsercs BakHOW 3amaueit
OTpacieBOro aHaju3a. Tak, IpHM M3Y4YEHHH KHCIOTHOCTH IOYB ONPEAeIIoT BeauuuHy pH
MIOYBEHHOH BBITSKKH. [loiTydeHHbIe CBEIEHHS YUMTHIBAIOT MIPU BHECEHUH B IIOYBY HEOOXOIMMBIX
ynoOpeHnit 1 MUKPOJIEMEHTOB.

KonmuectBennoe onpenenenne BenuuuHbl pH pacTBopa MOXeT ObITh OCYIIECTBICHO PA3IMYHBIMHU
cnocobamu. IIpe/uioKeHHBIE METOJ ONpEeNeNICHNs] BKIIOYAeT INPSMOE HOTEHIMOMETPHYECKOe
N3MEpPEHNE C WCIOJB30BAHUEM CTEKIISTHHOTO JJIEKTPOAa (MHIMKATOPHBIA) M XJIOpCEpeOpsSHOTO
3JIeKTpoaa (7eKTpo cpaBHeHUS ). CTEKIISIHHBIN AJIEKTPOJ OTHOCUTCS K MEMOPAHHBIM JJIEKTPOIaM
U B pacTBopax ¢ BenuuunHoW pH ot 2 mo 9 cenextuBen k wony H'. st MOTEHIIMOMETPHYECKOTO
HM3MEPEHUs UCIOJB3YeTCs CHEeINaIbHbI mpubop — noHomep. PyHkuus u3Mepenus pH mosBonser
HM3MEPEHHYIO BEJIMYNHY MOTEHIHAaa cpa3y ke MpeoOpa3oBeIBaTh B eAUHHUIEI pH.

2. Ilocyna w obGopyloBaHMe: CTakaH BMECTUMOCTBIO 150 MII; 3JIEKTPOHHBIH HOHOMED;
WHIIUKATOPHBIA AJIEKTPOJ — CTEKISIHHBIN; 3JIEKTPOJ CPaBHEHUS — XJIOpCepeOpsHBIH,
MarHuTHas MeEIIaiKa.

3. BrpimonHeHue paboThI:

DJeKTpo/bl MPOMBIBAIOT BOAOH M M3JIMIIKK €€ CHUMAroT (uibTpoBanbHON Oymaroil. B crakan
HAJIMBAIOT aHAJIU3UPYEMBIH PACTBOp, OMYCKAIOT B HEro MpOIeNIep MarHUTHOM MeEIIalKd U
MIOTPYXAIOT IEKTPoas! Ha 1-2 cM. Birouaror nmepememmBanue u noHomep. [lokasanust npudopa
3aIMCHIBAIOT B JIA0OPATOPHBIH KypHAJI.
Ilo nmonyuenHoil BenuuuHe pH paccumThIBalOT KOHLEHTpauuio HMoHOB H+ B aHamusupyemom
pacTBope.

Tax kak pH = —1gCus+, T0, cnenoparensno, Cp+ = 10PH (Mons/m)

1 6amn

1 Gamn

1 Gamn

Uroro: 3 6amndg

10 CnekrpodoTomMeTpriecKkoe onpesejeHne IepMaHTAaHAT-HOHA 3 bamna
IIpaBu/bHBIH 0TBET (KJI104):
1. DHenb pabGoThl: omnpenenuth KoHIeHTpanmuio MnOs B aHamusupyeMoMm pactBope | 1 6amr

CHEKTPO(POTOMETPUIECCKUM METOIOM IO BeMWIHHE KO3(D(HUIIHEHTa MOJISIPHOTO TTOTIIOMICHHUS.
CymrHocTh  pabotel.  KosmdecTBEHHBIN aHAMW3  CoAep)KaHUs IepMaHTaHAT-HOHA  SIBISIETCS




KIIIOYEBBIM 3TAIIOM OINpejeeHns HoHoB Mn?*. Jlng ananusupyeMblii 00beKT, coaepskamero Mn2*
MTOJIBEPTal0T OKUCIICHUIO MepcyiabhaToM aMMOHHA. B pesymprare moiydaercss BOXHBIA PacTBOP
IepMaHTaHaT-HoHA. Tak Kak MaKCHMyM MOTJIOIICHHS 3TOTO PacTBOpa HAXOTUTCA B BHIUMOHN
00JacTH  CHEeKTPAJBHOTO  JOWama3oHa, TO MOXHO IPOBOAWTH  OTNpPENEICHHE  JIOOBIM
(doToMeTpUYCCKIM METOJIOM aHanu3a. B mabopaTopHO# paboTe conep)kaHHWE MEepMaHraHAT-HOHA
OTPENICISIOT CHEKTpopoToMeTpudeckn. Tak Kak [Uis CHEKTPO(POTOMETPUYECKUAX H3MEPCHHUI
HCTIOJIb3YETCSl CBET BBICOKOM CTENMEHH MOHOXPOMATUYHOCTH, TO OIpeaeieHHe KOHIEHTpaIuu
BEIIIeCTBA MOXKHO BBITIOJHHTH 110 3aKoHY Byrepa — JlamGepTa — Bepa. I[Ipu 3ToM He00X0a1MMO 3HATH
BEJIMYUHY KOI(Q(GUIMEHTA MOJIIPHOTO TMOTJIOIICHUS € TPH JUIMHE BOJIHBI MaKCHUMAaTbHOTO
noromeHust. s pacuera ko3dduiuenTa MOJSPHOro TOTJIOUICHUS B JTA0OpaTOpHON paboTe
U3MEPSIOT ONITHYECKYIO TUNIOTHOCTh CTaHIAPTHOTO pacTBopa KMnO4.

2. PeaktuBbl: crapmaptabidi 0,0100 M pactBop KMnOs; 2 H. pactBop H2SO4. Mocyna u
000pyZOBaHKHe: MEpHBIE KOJIOBI BMECTHMOCTBHIO 100,0 MII; MHITETKH TpaaydpOBaHHBIC
BMECTUMOCTBIO 5,0 MJI; MEpHBIH IIUIMHAP BMECTUMOCTBIO 5 Mir;, crmekTtpodoTomerp;
KroBeThI JuinHoi 1,0 cM.

3. Brmonnenue paboTh

IToxarotoBka crektpodoromerpa k padote. CriekTpohOoTOMETP BKIIOYAIOT B CETh U MPOTPEBAIOT
30 MuH.

[IpurotoBnenue pa30aBICHHOTO CTaHAapTHOro pacteopa KMnOs. B wMepHyro konby
BMmectuMocThio 100,0 M munetkoit BHOCAT 5,0 M ucxoauoro 0,0100 M pactBopa mepmaHraHata
KaJuss U C MOMOIIBI0 MEPHOTO HWIMHIApA MOOABISAIOT 5 MJ pacTBopa CepHOU KUCIOTHL. O0beM
pacTBopa ZOBOIAT IO METKH JUCTUILIMPOBAHHON BOJIOW U TIATEIHHO IIEPEMEIIHBAIOT.
PaccunTBIBalOT MOJSIPHYIO KOHIICHTPAIMIO ITPUTOTOBJICHHOTO pacTBOpa IEpMaHTaHAaTa Kallus
C(MnOy" ), Mob/11, IO hopmyte:

C(Mn04—) =

Cct.p—paeVcT.p —pa

/MepH. KOJIOBI

[IpurorosneHue pacTBopa cpaBHEHUs. J{1s1 IPUTOTOBJICHUS PacTBOpa CPABHEHHS B MEPHYIO KOJIOY
BMectumocteio  100,0 ma nobGasistor 5 mu pactBopa H»SOs, moBomsT o0beM 10 MeETKH
JUCTUIJUIMPOBAHHON BOJOW U TIATEIBHO MEPEMEIINBALOT.

Ilonyuenue cnekrtpa norjomienus. IIpoBomdar wu3MepeHHe ONTHYECKOM IIJIOTHOCTH pacTBOpa
IepMaHraHaTa OTHOCHTEJIBHO pacTBOpa CpaBHEHUs B nauama3zoHe uiuH BoiaH 400-600 HM.
Breibuparor [IMHY BOJNHBI, TPH KOTOPOW TPOUCXOAWUT MAaKCHMajbHOE TIOTJIONICHHE U
PaCcCUUTHIBAIOT & KO3 PUIHEHT MOJIIPHOTO MOTIIOIIEHUS 110 (popMyIe:

E=E

rae A — onTHYecKas IOTHOCTh TPH BBIOpaHHOM JutiHe BosHbI Amax; C(MnOy4 ) — KOHIIEHTpAIHs
crargaptHoro pactBopa KMnO4 (Monb/mm); | — minHA KIOBETHI (CM).

[poBenenune ananmza. AHaM3upyeMbiit pactBop KMnO4 momemarot B MepHyto Kooy (100,0 mir).
K momyyenHomy pactBopy nob6aBmstor 5 wi pactBopa HpSOs u  moBomsT 10 MeTKH
JUCTHJUTUPOBAHHOM BOJOH. 3alONHSIOT KIOBETY aHAIM3UPYEMBIM PACTBOPOM M H3MEPSIOT €ro
ONTHYECKYI0 IUIOTHOCTE AX TpH BHIOPAaHHOW JUIMHE BOJIHBI AMAax OTHOCHTEIBHO pacTBOpa
CpaBHEHHUS.

Hcnonp3ys W3MEpPEHHYI0 BEIHYMHY ONTHYECKOH IUIOTHOCTH M PACCUMTaHHOE 3HA4YCHHE
ko3((uLMeHTa TOTJIOIIEHNs, HAXOAAT KOHUCHTPAIMIO IepMaHraHaT-uoOHa B aHAIM3UPYEMOM
pacTBope

Cx(MnOy’), MOB/1T:

Ax
CX(MT’l04—) = m

1 6amn

1 6anna

Uroro: 3 6anng

1 cemecTp

PACCUYET BAJIJIOB B 1 CEMECTPE

MO IUCHUIIVIMHE «<HEOPTAHUYECKAS XUMMUSI»
1 MoayJb




Ne Pe3yabTart Bua padotsl / ciocod
(MHaMKATOP) Kpurtepuu oneHuBaHUs
1 OIIK-1 JlaboparopHsie paboThI-8 12 (1,5 Gamma 3a 1 mabGopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 Konrpossnas pabora Nel ™
Kontponsnas padora Ne 2 7
(8 3ananmii, 3 Bompoca u 5 3amau;
0,5 0ass1a 32 NpaBWJIbLHBINA OTBET Ha
Bompoc ®W 1 3a mNpaBWILHO
PeLICHHYI0 32/1a4Y)
3 BerinosiHeHue gjoMalisei paboTsl, 1
4 INocemniaeMocTh 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MoayJab
No Pe3yabTar Bua pa6otsl / cnocod
(MHIUKATOP
)
Kpurepuu onieHuBaHus
1 OIIK-1 JlabopaTopHbie pabOTHI - 8 12 (1,5 6amn 3a 1 maGopaTopHytO
OIIK-2 paboty)
2 OIIK-6 KonTpoabHas padora Ne 4 ™
KonTtpoabHas padora Ne 5 7
(8 3amanmii, 3 Bompoca m 5 3amau;
0,5 6a/u1a 3a MpaBUJIbLHBIA OTBET HA
Bompoc W 1 3a mNpaBWILHO
pelIeHHYI0 3a1a4y)
3 BrinonHeHue gomaniHei paboTel 1
4 IocemmaemocTth 1
5 Pabota Ha 3aHATHH 2
Hroro: 30
6 IK3aMeH 40 (4 3apanusi B Owmiere mo 10
0aJ1J10B)
Hroro 3a 1 cemectp 100 6as10B
2 cemecTp

PACCYET BAJJIOB B 2 CEMECTPE
MO JUCIIUTIJIMHE «<HEOPI'TAHUYECKASA XUMMUSA»

1 Mmoayab
Ne PesyabTart Bupn padotsl / cnocod
(MHAMKAaTOP) Kpurepuu onleHuBaHus
1 OIIK-1 JlabopatopHsie pabOTHI-6 9 (1,5 Gamma 3a 1 mabopaTopHyrO
OIIK-2 paboty)
2 OIIK-6 KonrponbHas padora Nel 5*
Kontpomnsuas padora Ne 2 5
KonTtponbHast padorta Ne 3 5
(6 3ananmii, 2 Bonpoca u 4 3a1auu;
0,5 6a/u1a 3a MpaBUJIbHBINA OTBET HA
Bompoc W 1 3a mnNpaBMIBHO
PeLICHHYI0 32/124Y)
3 BrinonHeHne qomMaiHei paboThl, 2
4 [NocemnraemMocth 1
5 Pabora Ha 3aHsITHH 3
HTroro: 30
2 MoayJab
Ne PesynabTrar | Bupa padotsl / cnocod
(MHOUKATOP
) Kpurtepnu onennBanns




1 OIIK-1 JlabopaTopHbie paboThI - 8 12 (1,5 6ann 3a 1 mnaboparopHyO
OIIK-2 paboty)

2 OIIK-6 KonrponbsHas padora Ne 4 5*

KonrponbHast padora Ne 5 5

*(6 3ajaHuii, 2 Bonpoca u 4 3ajgaumu;
0,5 0ass1a 32 NpaBWJIbLHBIA OTBET Ha
Bompoc u 1 3a mnpaBWIbHO
pelIeHHYI0 3a1a4y)

3
Tect (rect copep:xkur 20 Bompocos, 1
NpaBUJIbHBIHA 0TBeT -0,15 0a/l1a)
3 Brinonnenue nomaiiseil paboThl 2
4 IocemmaemocTh 1
5 Pabota Ha 3aHATUH 2
Hroro: 30
6 JK3aMeH 40 (4 zagamusi B Omiere mo 10
0aJ1J10B)
Hroro 3a 1 cemectp 100 6an10B

BO]'[pOCbI K KOJUIOKBUYMY 110 TEME «AHaJUTHYECKHE cBoiicTBa kKaTUOHOB | u 11 rpymoim»
(NH*, K*, Na*, Mg?*, Ba?*, Sr?*, Ca?")

1. Tlouemy kKaTHOHHI | TPYIIIEI HE IMEIOT TPYIIIIOBOTO peareHTa’?

2. B uem 3akmrouaroTcsi 0COOCHHOCTH MOHA MarHus 10 CPaBHEHHUIO C IpyrUMH KaTrHoHamu | rpynmsl? Kak oHu
UCTIONB3YIOTCS B XOJI€ aHaIM3a?

3. Kaxkune cBoiicTBa nMeeT MoH MarHus ¢ noHam# || rpymmsr?

4. Tlouemy 1Jisi 0OHApYKEHUsI KATHOHOB | TPyIITbI HEOOXOAUMO YAANUTh KaTHOHBI || rpymnmb1?

5. Kakwue xatnoss! | rpynmsl MOXKHO OTKPBITH JPOOHBIM IMyTeM B cMecH KaTHoHOB I-11 rpymm?

6. Kakas peakius Ha MOHBI aMMOHHs Oojiee crenu(pHUYHA: peakilys BbIICIECHHS aMMHaka MO JeiCcTBHEM
IesI0ur WK ¢ peaktuBoM Hecnepa?

7. OOGHapy>XeHHIO KaKMX KaTHOHOB | rpymIiel MemaeT HOH aMMOHUS? (YKa3aTh PeakIi).

8. Kak ynanurtes nonsl ammonus? Kak npoBepuTh MOJHOTY yAajdeHus ?

9. Tloyemy npu TepMHYECKOM PA3JI0KEHUH COJICH aMMOHHSI pEKOMEH TyeTcsl IPHOaBIIATh KOHIEHTPUPOBAHHYIO

A30THYIO KHCIIOTY?

10. Kak pa3maraercs mpu MpoKaJHBaHUHU XJIOPUA, HUTPAT, CyIbdar, pocdar, kapOOHAT, XpOMAT aAMMOHHS?

11. Kakoe HepacTBOPHMOE COCIMHEHHS OCTaeTcsi NpH OOpabOTKM BOMOW OCTaTKa IOCIE€ TEPMHUYECKOTO
yAaJIEeHUs] aMMOHUNHBIX COJIEi?

12. PacrtBopsiercst sm IBOHHOM ¢ocdar MarHus ¥ aMMOHHUS B Kuciorax? Kakwe mpomyKTel oOpasyloTcs B
3aBHCHUMOCTH OT KHCIOTHI?

13. OOHapyXeHHIO KaKuX KaTHOHOB | rpymibl MeriaeT MarHui?

14. Tlouemy peakuuio Kanus ¢ KOOATBTHHUTPUTOM HATPHS HENB3s MPOBOJUTH B IIEIOYHOM cpese?

15. Tlouemy B KadecTBe TpPYNIIOBOTO peareHTa MWCHOJB3yeTcss KapboHat ammoHus? [lokaxute, dTO
WCIIOJIb30BaHUE XpoMara, cyiab(ara, okcanara, pocdara HelnenecoodpaszHo?

16. Ilouemy B MpUCYTCTBUH COJel aMMOHHS HE 00pa3yeTcs 0CaloK OCHOBHOTO KapOOHATa MarHus?

17. Tlouyemy HY>KHO IPOBOJHTH OcaXkieHHEe KapOoHaToB || rpymms! npu HarpeBaHuy ( HO HE ITPU KUIITYCHUH)?

18. B uyemM mpuYMHBI HEMOJNHOTrO OcaxkAeHHs KapOoHaroB |l rpynmel mpu ngeiictBum kapOoHaTta aMMOHMSA?
KakoBbI crioco0b! nX ycTpaHeHus ?

19. MoxHO 7T BMECTO XJIOpHJA aMMOHHMS HCIOJIB30BaTh CyJdb(aT aMMOHMS IIPH OCaKAE€HMH KaTtnoHos |l
rpynmsi?

20. Kak paccuutarh 3HaueHue PH monHoro ocaxneHus kapOonatoB |l rpynmbi? ITokaxxuTe, 9TO THIPOOKUCH
Mar"us a 3THUX yCIOBHUSIX HE 0Opa3yercs.

21. Tlouemy He NPUMEHSIOT KApOOHAT HATPHS WM KaJlvsl B KA4eCTBE IPYIIIOBOIO peareHTa?

22. Kak mnepeBectu cynbdarel |l rpynmel B kapOonaTl? B Kkakux yCIOBHSX M MO4YeMy HeoOXoauma
MHOTOKpaTHast 00paboTka ocanka cyibdaros |l rpynmsl kapOoHATOM HATpHS U HarpeBaHue?

23. Tlouemy cyabdar KajablHs PACTBOPHM B COJIX aMMOHHUS?

24. B yem pactBopumbl pocdarsl |l rpynmner? Kakue npogyKThl Mojy4aroTcs NPU PacTBOPEHUHU B PassIMUHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIAHOM, yKCYCHOIT)?

25. Tloyemy B KHCJIO# Cpesie HENb3s 0CaANTh ABy3aMelleHHbIe (pocdarsl kaTnousl || rpynmsr?

26. IloyeMy B YKCYCHOKHCIION Cpejie M3 CMECH KaTHOHOB Oapusi, CTPOHIIMS KaJIbIMsl BBINAIAET B OCAJIOK TOJIBKO




xpoMmart 6apus?

27. TloueMy mpu ASHCTBHM OMXpoMarta Kalns Ha PacTBOP COJIM Oapwvs BBIAAACT OCAJ0K Xpomara oapus?

28. Tlouemy xpomar Oapusi pacTBOPSIETCS B YKCYCHOI KHUCIIOTE MPU HATPEBAHUH?

29. Kak MOXHO pacTBOpUTH XpoMarbl Oapust ¥ cTpoHuus? Kakue npoayKThl MONydaroTcs IpU HarpeBaHHWU B
Pa3IMYHBIX KHCIOTAX (XJIOPUCTOBOIOPOIHON, YKCYCHOM)?

30. KakoBblI mpu4nHBI OIIMOOK IPU 0OHApYKEHUH OapHs ¢ OMXpOMATOM Kajsl B IPUCYTCTBUU CTPOHIMA?

31. B uem pactBopsitorcest okcanatsl || rpynmer? Kakne npoaykTsl 00pa3yroTcsi IpU pacTBOPEHHHU B Pa3IMUHBIX
KHCJIOTaX (XJIOPHUCTOBOJOPOIHOM, yKCYCHOIT)?

32. Kak marauii pactBOpsieTcs C OKCajJaToM aMMOHUsI?

33. Kakwue crioco0sI pasaenenus KaThoHoB || rpyIsl BBl MOXKETE TPEIOKHUTD?

34. Kakue MeToapl pa3ieicHIs U OOHAPYKEHUS KaIbIHsI U CTPOHITUS BBl MOXKETE TPEIOKHUTH?

35. Kakue opraHwdueckwe peareHThl MOXHO HCIIOIb30BaTh JUIS pasfciieHuss W oOHapyxeHus KatuoHOB |l
TpymIbI?

36. Kak M0OXHO 00BSCHUTL 00pa30BaHUe CTPOHITUS TIPU JCHCTBUY TUTICOBOM BOJBI HA PACTBOP COJIM CTPOHITHS?

37. KaxoBbl BO3MOXKHBIC HCTOYHHUKH OIIHOOK TPpH 0OHAPYKEHUH CTPOHITUS pEeaKIMel ¢ THIICOBOM BOJOH?

38. Kak pearupyer ¢eppouranu Kajus ¢ HOHAMU CTPOHLMS M KNI B NPUCYTCTBHM aMMHaKa U XJIOpUaa
amMMoHusi? KakoBbl CBOWCTBA (heppolMaHnia KalbIys?

39. Yro Takoe npenBapUTEIbHBIC peakuuu?

40. Kakwue npenBapuTesbHbIe peakiiuy Heo0X0IMMO MTPOBECTH NPH aHalu3e cMecH kaTtioHoB | u Il rpynm?

Bonpocs! K KOJUIOKBUYMY 10 TeMe
«AHaTUTHYECKH e CBOiicTBA KaTHOHOB |1 rpynnbn»

1.Paccunraiite pH momHoro ocaxaeHus cyiabhumaoB Il rpymmel. Chopmynmupyiite ycmoBus otaenenus |11
rpynmsl ot | u |l rpymm.
2.1Touemy mnpu neiictBun (NH4)2S B ycnoBmsx ocaxknmenuss katuonoB |l rpynmel agroMuHHE B XpoMm

OCaX/IAFOTCS B BUJIE THUIPOOKHUCEI?

3.Tlouemy ocaxxneHue cyIb(OUAOB CleayeT IPOBOJUTH IIPU HarpeBanuu? Kakyro poib urpaet XJIopua aMMOHHS
MPU OCAXKJICHUH CyIb(pHI0B?

4.Kak pacTBOpPUTb TpyOHO pacTBopuMble Cynbhuapl metawioB |l rpynnei? Hanummre ypaBHeHus
COOTBETCTBYIOIIMUX PEAKIIMN.

5. Kak ucnoss3yroT sBiicHHE aM(pOTSPHOCTH MPH Pa3ACICHUU KATHOHOB?

6. [IpuBeauTe nmpuMepsI pa3ziesieHns HOHOB, OCHOBAaHHbIE HA IPUMEHEHUH KOMILUIEKCOO0pa30BaHMsL.

7.PaccunraiiTe KOHIICHTPALNIO CYTb(OHUI-HOHA B PACTBOPE CyIbhuIa aMMoHuA ipu pH=9.

8.1Ipu anamuse cmecu uonos Al*, Cr¥*, Fe®*, Mn?*, Zn?* neiicTByIOT M30BITKOM LIEJI0YH U HEPEKHCH BOAOPOAA
npH HarpeBaHUM. YTO ocTaeTcs B pacTBOpE, UTO OyIeT B ocaake?

9. O6mme peakuuu katnoHoB || rpymer.

10. TIpaBmna ocaxkaeHust kKatroHOB |11 TpymnmE! B BUIE CyNMb(UIOB U THIPOKCHIOB.

11. Pacuer [S?], HEOOXOAMMOH 151 OCAKICHHUS cynmbhuIa IHHKA.

12. Pacuer koHIeHTpanuii HOHOB, 0Opasyromuxcs B pactBope (NHa)2S.

13. PaBHOBecue B pacTBOpax MajopacTBOPHMBIX JIEKTPOJIHUTOB.

14. dakropbl BIUWSIOLIME HAa PACTBOPUMOCTh Ocajka (BIMSHME OJHOMMEHHOI'O HOHA, MOCTOPOHHHX
AEKTPONIUTOB, pH, KOMITIIEKCOOOPa30BaHUS, THIPOIIN3A).

15. TlocnemoBaTenbHOCTH OOPa30BaHUS OCAIKOB.

16. PacTBOPUMOCTH MANOPAaCTBOPUMBIX COSAUHCHHN B KUCIIOTaX.

Bonpocsl K KONJI0KBUYMY
«['paBUMeTpHYECKHIl METO/ AHAIM32)

1. CyIIHOCT TPaBUMETPUUECKOTO METOAA.

Mexanusm O6pa3OBaHI/I$I 0CaaKoOB.

wn

OTHOCHUTENbHOE TIepechimeHne. Kak OHO CBSI3aHO ¢ YHCIIOM LEHTPOB KPHUCTAJUIM3AINHU, CKOPOCTHIO
KPHUCTAJUTU3AINH, Pa3MEPOB KPHUCTAIIIIOB

OX&paKTepI/ISOBaTL YCJI0BUA NTOJYUCHUS KPUCTAIIUNYCCKHUX OCAZIKOB.

o s

IMoyemy ocaxxnenue BaSOs npoBoasT: a) u3 pa3baBlieHHBIX PacTBOPOB; 0) B KUCIIOW cpejie; B) NpH
HarpeBaHWU PacTBOPOB; T) B MPHUCYTCTBUH coJiell amMMoHMs? MexaHuU3M 00pa3oBaHUs aMOPQPHBIX
0CaJIKOB.

«['paBUMETpHYECKNI METO/ aHANIN3a)
[Tpu4nHEI 3arpsA3HEHUS 0CAIKOB: aJICOPOINS, OKKIIIO3US, N30MOP(DHU3M.

AHanmuTHueckue MPUEMBI, UCTTIOJIB3YEMBIC JIJId YMCHBIICHUA aacop6upm " OKKJIFO3UH.

©ooNOo

dopma ocaxeHus, TpeOOBaHUS K HEH.

10 I'paBuMeTrpuueckas Gopma, TpeOOBaHUS K HEH.
11. Br100p BeIMYHHBI HABECKU.

12.B516op ocaauteis. KoimuecTBo ocaguTens.

13.Kax Bmusor xomuuectso IIPOMBIBHOW JKMJOCTH M KpPaTHOCTb IPOMBIBaHMS Ha 3(PQEeKTUBHOCTH
IIPOMBIBAHUS?




14 Kaxue PacTBOPUTENH UCIIOJIb3YIOT B KAUECTBE MPOMBIBHOM >kuK0oCTH. [IpuBecTu npumep.
15.<I)aI<Top nepecueTa, ero GU3NIECKUid CMBICIT.

16.Ka1<y}o conb Oapusi — Ba(NOs),, BaBr.  BaCl, unmu Ba(ClOs)2- uenecoobpa3Ho HCIONB30BaTh B
Ka4yecTBe OCaauTeNs A1l MoTydeHus: Hanbosee unctoro ocaaka BaSO4? O0bscHUTH moYeMy.

17.Byz[eT JIM PE3YIILTAT ONpENENIEHHs JKele3a 1Mo MeToauke — ocaxaenne Fe(OH)s u B3BemmBanue Fe203
— 3aBbIllICH, 3aHWKEH WM MPAaBWICH B MEPEUUCICHHBIX CIIydasX: a) OCAXICHHE B U3
pa30aBIEHHBIX PACTBOPOB MPH KOMHATHOU Temmeparype; 0) ocagok Fe(OH)s ocraBuiu HactauBaThCs
C MaTOYHBIM PAcCTBOPOM; B) B pacTBOpe MPUCYTCTBOBANIUA (TOpUI - WOHBI F7; T) B pacTtBope
npucytcTBoBaiu uonsl AlPP*; 1) ocagox Fe(OH)s mpombuin 4YmcTOH BOXOM BMECTO pacTBOpa,
COJICPIKAIETO COJIb AMMOHHMS U aMMHUAK?

18.8 CYITHOCTH MeToJ1a JekaHTanuu? C KaKoH 1eIbl0 UCTIONB3YIOT IPOMBIBAHHE dTHM METOI0M?

19.Kakue YCIIOBHS HEOOXOMMO CO3/1aTh I KOATYJISIIIMU KOJUTOMIHBIX pacTBOpoB? K kakuMm ommOkam
IPaBUMECTPUUYECKOTO ONPEACICHUS MOXET MPHUBECTH O0pa3oBaHUE KOJUIOMIHBIX pPacTBOPOB?
IIpuBecTu npumepsl.

20.4Y10 Takoe nenTusaums ocaaxa? Kax npenoTBpatuth nenrusanuio ocaakos (Fe(OH)s, AgCl) mpu ux
IIPOMBIBaHHU?

21.B xakom ciaydae motepu npu npombiBaHmu ocanka CaCyO4: a) 100mm Bomer; 6) 100ma 0,1M
(NH4)2C204; B) 500Ma Bozbl Oy 1yT HAHOOBIIMMY U B KAKOM — HAUMEHBIIIMMU?

22 .Hau6onee pacIpocTpaHeHHbIE OpraHUYECKHe OcaauTeNy. X npenmymecTsa.
23.Heopranuaeckue ocaauTen.

24.HpI/IBeCTI/I NPUMEPHI pa3/ielieHNs] HOHOB 3a CUeT KOMILUIEKCOO0pa30BaHHUsL.
25.B uem CymHOCTE OCAXACHMS ¢ KOIUIEKTOPOM.

26.Pasjienenne HOHOB METOAOM 9KCTPAKIIUH.

27 . Xpomatorpaduueckne MeTObI pasacIcHue
- HOHOOOMEHHast Xxpomarorpadus
- pacmpenenuTensHas XxpoMarorpadus
- agcopOILOHHAs XpoMaTorpadust
- 0caziouHas Xpomarorpadus — ra30kKUIKOCTHAsE Xpomarorpadus
28. BeruucnuTh MHTEpBa 3HaueHus PH pacTBopa B KOTOPOM 00ECIIEYMBAETCSl KOJIMUECTBEHHOE PasJiejieHUe B BUIC
ruapokcuos: a) Fe¥* or Mg?*; 6) A" or Mg?* B) Ni?* or Mg?* r) Fe®* or Ca?* i) AI¥* ot Ca?*

Bonpocsl K KOLJIOKBUYMY

«OKHCINTETBHO — BOCCTAHOBUTEIbHBIE PeAKIIHI

1.CranmapTHBII MOTAaHIMAN OKHCINTEIbHO-BOCCTAHOBUTEIHHOW CHCTEMBI. @akToppl BIUSIONINE HAa BEIHIHHY
E°.

2.HampaBnenne OBP. Kak onpenenuTs HarpaBieHHe peakiUy, 3Has CTaHJApPTHBIC MOTEHINAIBI COOTBETCTBY FOLIMX
nap.

3.IToctpoenne kpusoit OB TuTpoBanust. OT 4ero 3aBUCUT BUJ KPUBBIX M CKAYEK TUTPOBAHUSI.

4. PacyeT NOTEHIIMAJIOB B TOYKE SKBUBAJICHTHOCTH.

5. Knaccugukanusi METOI0B OKHCIIUTEIbHO-BOCCTAHOBUTEILHOTO TUTPOBAHUS, 00JIACTh IPUMEHEHHS.

6. Muaukatopbl pen-okc TUTpoBaHMs. MHTepBan mnepexona okpacku. OT dero 3aBuciT ux mnokasanusi? Kak
noaouparoT MHAMKATOpHl. BenmmumHa ckadka TuTpoBaHua coctaBmiaa 0,84-1,02. Kakue HHIMKATOpBI MOXKHO
UCIIONIb30BaTh B 3TOM ciydae?

7. YcTaHOBOYHBIC BEIIECTBA B PENOKCTUTpOBaHWMHU. OXapakTepu3yHTe CBOHCTBA yCTAaHOBOYHBIX BEIIECTB B
NepMaHraHaTOMETPHUH, HOAOMETPHH, XPOMOMETPHHU.

8. Ilepmanranatromerpusi. CyIHoOCT METOAA.

9. CranmapTHble pacTBOpPHl B IepMaHraHatomMerpuu. Kak roToBs u XpaHaT TuTpoBaHHBIM pacTBop KMnOs.
Hanuinre ypaBHenus peakuuu paznoxenust KMnOg : 4To cOOTBETCTBYET ee MPOTeKaHHI0?

10. TlepmaHraHaTOMETPUUECKOE ONpE/CTICHHE OKUCIUTENEH 1 BOCCTAHOBUTENEH: YCIIOBHSI, IPUMEPbI — OOBSCHUTE C
TOYKH 3PEHUS YBEIMUCHHS PEATbHON Pa3HOCTH MOTEHIINATIOB.

11. [lepmMaHTaHATOMETPUUECKOE OTIPE/ICIEHHUE Kee3a.

Meroasl mpeasapurenbHoro BoccraHoBienus Fe (1), Kakosa pone cmecu Iluriepmana-PeitHrapara npu
MepMaHTaHATOMETPHYECKOM OIIPEISIICHIH B COJISTHOKUCIION cpefe.

12. Kak OOBSCHSIOT YCIOBHS NEpMaHTaHATOMETPHUYECKUX OIpeleleHui: HarpeBanue 10 80°, MeeHHOe
npuOaBIEHUE TUTPAHTA, BEICOKAsK KUCIOTHOCTb.

13. Monomerpus. O6mmas XapakTepUCTMKa MeTOla. YCIOBHS HOJOMETPHUECKHX OMNpejeieHuii. [IpuBenute
YPaBHEHHSI COOTBETCTBYIOLIUX PEeaKLUil.

14. Pabouune pactBOpbI B iomoMerpuu. IIpuroroienue, cranpapTusaunus ¥ xpaHeHue pactBopoB NaS;Oz u I,
WNupuxarop. Tlouemy npu HOIZOMETPUYECKOM OIpPEACICHHUHM PAcTBOPHl OTCTAUBAIOT HEKOTOPOE BpeMsl B TEMHOTE,
3aTeM THTPYIOT A0 COJIOMEHHO-)KEJITOTO IBETA M TOIBKO MMOTOM HOOABIISIOT Kpaxman?

15. Momomerprueckoe onpeenenne cyabhuaos. [TouemMy MeTox 0GpaTHOTO THTPOBAHKS MPEANOYTUTEIFHEE METOIA
MPSIMOTO TUTPOBAHUS?

16. VomomeTprueckoe ompeeNenne OKHCIUTENed M BOCCTAHOBUTENEH: CYIb(QHUTOB, CyIb()HIOB, XPOMATOB,




apCeHaToOB, HUTPATOB. Y CIIOBHS PEAIbHOTO YBEIMYCHHUS PA3HOCTH MOTCHIHAJIOB.

17. Bpomatometpus. [Ipumepbl 6pOMaTOMETPUIESCKUX OTIpECTICHUH.

18. Xpomaromerpus. OnpeneneHust xene3a. B kakux ycaoBusax Au()EHUIAMHH HE AaeT OIIMOKU B KOHEYHON TOYKH
TUTPOBAHUSL.

19. CkopocTh M MEXaHU3M OKHCJIHMTEIbHO-BOCCTAHOBHUTENBHBIX peakiuii Ha npumepe B3aumojeictBus KMnOs ¢
OKCaJIaTOM.

20.KaranuTudeckue OKHCIMTENLHO-BOCCTAHOBMTENbHbIE peakuud. Kakosa poas Mn?* B mepMaHraHaTHOM
OKHCITUTEIBHOM TUTPOBAHUH.

21. ConpsikeHHBIE OKUCITUTEIHHO-BOCCTAHOBUTEIIBHBIC PEaKIUU, PakTop MHIYKIUU. Kak 0OBSICHUTH TOT (aKT, 4TO
B npuCyTCTBMM MN?* He MIET CONpsKEHHAas pPeaklus OKMCIEHHs XJIOPUIOB IIPH IEPMAHIAHATOMETPUYECKHKOM
OTIpeJICIICHUH Keme3a’?

22. Tlpemioxute METOAbl ONpEICTCHUs] KalblHsA(BECOBOH, KHUCIOTHO-OCHOBHOE M  PEIOKCTUTPOBAHUE,
XEIIOTOMETPHS).

23. Pen-oxc metonsr onpenenenus Fe(IT)(1L).

24. MeTop! onpeicieHUs] HUTPUTOB.

25. Mopometpuueckoe ompeencHie Meau. UeM BhI3BaHO MPOTEKAHUE PEAKIUU B HY>)KHOM HarpaBJicHUH?

26. KakuM U3 pei-OKC METOJIOB U IPU KAKOM COOTHOIIICHUH PEarcHTOB MOXKHO OMPEICIUTh COACPKaHUE KUCIOTHI B
pacTtBope?

IIkasa oneHNBAHUA BBINOJHEHHS] HHINKATOPOB:

WHnnkaTop cuuTaeTcsl BBIIIOJHEHHBIM, €CIIM MO0 BO BpeMs TEKyIIeH, 1100 MpOMEeXyTOUHONW aTTeCTallud CTYAEHT
Habpan Kak MHHHMYM [OPOTOBOE KOJMYECTBO OAIJIOB 3a T€ BUbI aKTUBHOCTH, KOTOPBIC OTBEYAIOT 3a JAHHBIN
WH]IUKATOP.

1-ii cemecTp

MpomexKyToyHan
TeKywan aTrecrayua
Ne WMHupukartop arTectayua (sksameH)
MNopor Makcumym Mopor Makcnmym
1 OnK-1.2 20 60 20 40
OnK-2.1
OnK-2.3
OnNnK-6.1
2-ii cemecTp
MpomexKyTo4uHan
Tekyw,aa atrecrauma
Ne WMupukatop aTtTectayma (3k3ameH)
Mopor MaKkcumym Mopor MaKkcumym
1 OMnkK-1.1 20 60 20 40
OnkK-2.1
OrnkK-2.3
OrlK-6.1

IIkaja 1 KPUTEPUH BHICTABJIEHHUS OLEHOK 32 AUCHUILINHY:

Illkama ©  KpUTEpUH  BBICTABJIEHHUS  OLECHOK  «OTIUYHO»,  «XOPOLIO»,  «YAOBIETBOPUTEIBHO» H
«HEYJIOBIIETBOPUTENBHO» OINMCAaHbl B JIOKAIbHOM HOPMAaTHUBHOM JOKyMEHTalMM TBEPCKOro TOCYAapCTBEHHOTO
yausepcurera (Ilonoxenue o peiituHrosoii cucteme ooyuenus crynentoB TBI'Y). [lonoxuTenbHas oneHKa MOXET
OBITH BBHICTABJICHA TOJIEKO B TOM CJIy4Yae, €I BHIIOIHEHBI BCE HHANKATOPBL.

5.2. OneHo4YHbIe MaTePHAJIbI JJIsl NPOBEACHHS IPOMEKYTOYHOIH aTTecTaluu

Ilepeuenv mem u 60npoco Oist IK3aMeHa

Ananutnueckas xumus. Bunel ananuza. Ctagun xumuueckoro aHanu3a. OCHOBHBIE XapaKTEPUCTHKH METOJIOB
aHann3a. AGCOJIIOTHBIE U OTHOCHTENIbHbIE METO/Ibl. BeIOOp MeTona anam3a. CriocoObl OBBIIEHHS YyBCTBUTEILHOCTH
1 U30MPaTeNbHOCTH METOZI0B. ABTOMATH3alMsl aHaJIN3a.

Kucnomno-ocnosnvie peaxyuu. Ilporonurudeckas TeOpus KUCIOT U OCHOBaHMW. PaBHOBecue B cucreMme:
KHCJIOTa — COMPSDKEHHOE OCHOBAaHHWE — pacTBOpHUTENb. KOHCTAHTHI KHCIIOTHOCTH, OCHOBHOCTH, aBTOMPOTOJIH3A.
Husemupytommuii 1 nuddepernupyrommii 3ppexTsl pacTBOPHUTEIIS.

Peaxkyuu komnnexcoobpasosanus. THIBI W CBOWCTBA KOMIUICKCHBIX COCIMHEHHH, HCIIOIB3YEMBIX B
aHamuTHYecKol xuMuu. KoJnmduecTBeHHas XapakTepUCTHKAa peakmuid  KOMIUIEKCOOOpa3oBaHMSA:  KOHCTaHTa
ycroiunBoctr. Crynendaroe KomrmiekcooOpa3oBanue. Vcmonb30Banne KOMIUIEKCHBIX COSIMHEHUH IS pa3JesieHus,
KOHLIEHTPHUPOBAHUS, MACKUPOBAHUS, OOHAPY)KEHHMSI, OTIPEJICIICHUS SJIEMEHTOB.

Opeanuueckue peazenmuvl B XUMHUUECKOM aHanmu3e. OYHKIMOHAIBHO-aHAIUTHUECKUE U aHATUTUKO-AKTUBHBIE
rpynmnel. BausHue crpoeHus MoJIeKyiIbl Ha CBOMCTBa peareHTa. [[puMeHeHne opraHu4ecKix peareHToB B aHaIM3e.

OxucaumenbHo-60ccmanogumenvhvle peakyuy B aHAJIUTHYeCKOW xumuu. OOpartumble W HeoOpaTHMble
OKHUCIIUTEIbHO-BOCCTAHOBUTEIbHBIE CUCTEMBl M UX INOTeHIManbl. YpaBHeHue Hepucrta. CTaHZApTHBIN M peasibHbIN




OKHCITUTEILHO-BOCCTAHOBUTEIbHBIE TIOTEHITHANBI. HanpaBieHne OKUCITUTEIbHO-BOCCTAHOBUTEIHHBIX PEaKIIN.

Peakyuu ocadccoenuss B aHANUTHISCKOW XUMHUH. KOHCTAaHTBI paBHOBECHsI pEaKIUHA  OCAKICHHUSI.
PactBopuMocTs ocankoB. DakTophl, BIMSAIONIAE Ha pacTBOpUMOCTh. OOpazoBaHWe ocalnkoB. KpucTaimudeckwe u
aMOp(QHBIC OCAJKH, YCIOBUS OCaxIcHHs. [IpHYMHBI 3arpsS3HCHUS OCAJKOB: COBMECTHOE OCAKICHHUE, COOCAXKICHUE,
nocienyoiiee ocaxaenue. Bupl coocaxnenus. [Ipuémel, criocoOCTBYIONINE MOTYICHUIO YHCTHIX OCAIKOB.

Meronbl paszneneHus M KoHUeHTpupoBaHus. OCHOBBI JKCTPaKIMU KaK MeETOJa pa3ielieHus |
KoHIleHTpupoBaHus. KoHcTtaHTa pacnpenenenusi, koddduiueHt pacnpenencaus. KoHcranTa skctpaknuu. dakrop
pasneneHus. YCIOBUSA SKCTPaKUUMU HEOPTaHWYECKUX M OpraHudeckux coeauHeHui. llpakTuueckoe NpHUMeHEHHUe
SKCTpaKIUH.

Meronbl pasneneHus JJIEMEHTOB, OCHOBaHHBIE Ha OCaXKICHUM HEOPTaHUYCCKUMH W OPTaHUYCCKHMH
peareHTamMu. VICIONBb30BaHWE COOCAKIACHHUSA JUIsI KOHIIGHTPHPOBAHHS MHKPOKOMITIOHEHTOB. HeopraHmdeckue wu
OpraHUYeCKHe KOJUIEKTOPHI.

Xpomamoepaguueckue memooul. [IpUHIHITEI U KITACCUPUKAITNA. XPOMATOTPAMMBI H CIIOCOOBI MIX ITOJTYYICHHUS.
OCHOBHBIE TEOPETHYCCKUE TIOJIOKCHUS W XapaKTePUCTHKH MeTojoB. ['a3oBas Xpomarorpadus. OCHOBHBIC
TEOPETUICCKUE TIOJIOKEHUsA. TpeOoBaHWS K CTAallMOHAPHBIM M TOABIKHBIM (azaM. [IpuMepbl TpaKTHYECKOTO
npuMeHeHus. MlonooOMeHHas xpomaTorpadus. BricokoaddekTrBHas nonHas xpomaTtorpadus. [TpuHIMIBEI METOIOB.
[IpuMepbl MPaKTUYECKOTO MPUMEHECHUsA. bymMaskHas U TOHKOCIOMHAs Xpomarorpadus, WX OCHOBHBEIC TCOPETUUCCKUC
nosoxeHus. TpeOOBaHUS K CTAMOHAPHBIM U MOJBMKHBIM (pazam. [IpuMepsl MpakTHUECKOro MPUMEHCHUS.

'paBumerpuueckue Meroabl. CymHocts. Ocaxpaemas W rpaBuMerpuueckas  ¢Gopmbl.  IIpumMepsr
MPAKTUYECKOI'0 MPUMEHEHUS.

TurpumMerprdeckne MeToJibl. CIocoObl YCTAaHOBJICHUS KOHEYHOW TOYKHM TUTPOBAHUS.

Kucrnomno-ocnosnoe mumposanue. Kpuble THTpoBaHHS. KUCIOTHO-OCHOBHBIC WHAMKATOPHL. [lorpentHocTH
METOJIa KHCIIOTHO-OCHOBHOTO THTPOBaHHSA. THTPOBAaHHWE CMeced KHCIOT W OCHOBaHHMH. THTpOBaHWE B HEBOIHBIX
cpenax.

Komnnexconomempuueckoe mumposanue. IlpenMymiecTBa aMHHOMOIMKAPOOHOBBIX KHCJIOT TEpEel APYTHMHU
OpPraHWYECKUMH TUTPaHTaMH. MeTalIoXpoMHbBIE HHIMKATOPHI, TpeOoBaHMs K HUM. CrocoObl THTPOBaHUS (TIPSIMOH,
0oOpaTHBIN, BBITECHUTENbHBIH, KOCBEHHBIH). [IpakTHueckoe NpUMEHEHHE KOMILIEKCOHOMETPUYECKOIO THTPOBAHUS
(ompeneneHue HOHOB KaJblIMs, MarHus, jkejesa).

Oxucnumenvro-6occmarnogumenvroe mumpoganue. GakToOpsl, BIUIIONIME Ha BEJIMUUHY CKadKa MOTEHIUANA,
CHocoObl OOHapyXeHHsi KOHEYHOW TOYKM TUTpoBaHMs. IlepmMaHraHaromerpuyeckoe, OUXPOMAaTOMETPUYECKOE,
HoJloMeTpHUYeckoe TUTpoBaHME. llepBUuHBIE M BTOpHYHBIC cTaHAapThl. VHaukatopsl. Ilpumepsl NpakTHUECKOTro
IIPUMEHEHUS.

ONeKTpoXHUMHUYECKHe  MeTonpl. Ilpupoma  aHamuTmdeckoro  curHama. Krnaccudukamms  MeTomos.
OnekTpoxuMudeckas ssueika. IHIuKaTOpHbIE SIIEKTPOABI U AJIEKTPOAbI CPABHEHUSI.

Iomenyuomempus. PaBHOBecHBII noTeHMan. CriocoObl m3MepeHus noTeHnuana. IIpsmas moTeHINOMETPHH.
Wunukaropueie anexTporapl. Knaccudukanys MOHOCENEKTHBHBIX 3JIEKTPOAOB. XapaKTEPHCTHKH HOHOCEIEKTHBHBIX
JIEKTPOJIOB: BIIEKTpOAHAs (YHKIMS, KO3()(UIMEHT CeNeKTHBHOCTH, BpeMs OTkiIuka. CrocoObl ompeneneHus
ko3(ppunrenTa ceneKTHBHOCTH. CriocoOBl MPSIMBIX MOTEHIIMOMETPUYECKUX n3MepeHui. IIpakTnieckoe nmpuMeHeHHe
noHometpuu: onpenenerue pH, pF, pNOa.

[MToreHnuomerpuueckoe TuTpoBaHue. OOmas xapakrepuctuka meroja. CriocoObl HAaXOXKIEHUS KOHEUHOH
TOYKH THUTpOBaHMS. MHIUKATOPHBIE JJIEKTPOABI B KHCIOTHO-OCHOBHOM, OKHCJIUTEIFHO-BOCCTAHOBUTEIBHOM H
0CaIUTEIHHOM TUTPOBAHUH.

Kynonomempusa. 3axonsr @apanes. Ilpsmas KygoHOMeTpus. YCIOBHS HOTECHIMOMETPHYECKHX H3MEPEHUH:
poctikenre 100%-Horo BbBIXOJAa MO TOKY; HM3MEpPEHHE KOIMYECTBA DJIEKTPUYECTBA; OINpPEJECIICHUE KOHIA
INEKTPOXUMHUUECKOH peaKIHN.

Kynonomerpuueckoe turpoBanue. IIpuMepsl omNpeneneHust SNEKTPOAKTHUBHBIX M 3IEKTPOHEAKTUBHBIX
BEIECTB. DJIEKTPOr€HEPHPOBAHHBIE KYJIOHOMETPUYECKHE TUTPAHTHL. Y CIoBHs THTpoBaHus: obecnieuenne 100%-Horo
BBIX0JIa MO TOKY; U3MEpPEHHE KOJIMUECTBA JIEKTPUUECTBA; ONpeIeIeHUe KOHLA XUMHUYecKol peakiuu. [IpenMymecTsa
nepes JpyruMu TUTPUMETPHUUECKUMH METOAaMU.

Borvmamnepomempus. OcHOBB MeToAa. OCOOCHHOCTH IEKTPOXUMHUYECKON SUeKH. TeopeTnueckne OCHOBEI
KJIacCHYecKoi momsgporpadun. XapaKTepUCTHKH Tossgporpammsl. lloTeHiman mnomayBosHBL. Jnd¢dy3HOHHBIH TOK.
VYpasuenne MnpkoBuya. [Ipaktndeckoe mpumenenue momsporpadun. KauectBenusiit ananus. Ilomsaporpaduaeckuit
cnexTp. KonndecTBennslii anann3. CriocoOb!I onpe/iesieHusT KOHIICHTPAluK BeIIecTBa. BO3MOXHOCTH M OTpaHUYEHUS
METOJA.

AmniepoMeTpryeckoe THUTpoBaHHE. BEBIOOp YCIIOBHI aMIepoMeTpHYecKOro THUTPOBAaHWA. BHIBI KpPHBBIX
TUTpOBaHUsA. [IpuMepsl NPaKTUUECKOrO MPUMEHEHHUS.

CHEeKTPOCKONMYECKHE METO/bl. BakHeHIne XapakTepHCTHKH CIEKTPAIBHBIX JIMHUHA  (TTOJIOXKEHHE,
WHTEHCHBHOCTb, INMPUHA). ATOMHBIE M MOJIEKYJSIpDHBIE CIIEKTpHl. B3alMOCBS3b OCHOBHBIX XapaKTEPHUCTHK
CHEKTPAJBbHBIX JIMHUH C IPUPOJION M KOJIMYECTBOM BELIECTBA (KaYeCTBEHHBIN M KOJMYECTBEHHBIN aHAIIN3).

Cnexmpogomomempuueckuii memod. OCHOBHOW 3aKOH TIIOTJIOUNIEHUSI 3JISKTPOMAarHUTHOTO M3IyYCHHUS.
Mossipaplid - k03¢ guiMeHT mnoryomieHus. IlpuMmeHeHne MeToma sl ONpENeNeHHS KOHLEHTPALUM  BELIECTB.
UyBCTBUTEIBHOCTh W CEJIEKTUBHOCTh METOJa. BBIOOpP ONTHMaNbHBIX YCIOBHI NpoBeNeHHS (HOTOMETPHUUECKUX
peakiuii. IHTEpBaN onpenenseMbIX ONTHYECKUX IMIIOoTHOCTeH. MeTon nuddepeHnanbHol CIeKTpO(GOTOMETPHH, €ro
BO3MOXKHOCTH U mpeumymecTBa. CrneKkTpopoTOMETpUdecKHe METOABl H3Yy4YeHHS PpaBHOBECHH B pacTBOPax.
OmnpeneneHne KOHCTAHT KUCIOTHON TUCCONMANH OPTaHUIECKUX COCTNHEHHH.

IMPUJIOKEHHUE 3




6. YHAEBHO-METOANYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE JUCIHUITJINHBI
MOAaYyJisl)
6.1. PexomeHnayemasi JJurepatypa

a) OcHOBHas IUTEpaTypAa:

1. Anamutmueckas xumus. YueOuuk / Mosuan H.W., Pomanosa P.I'., ['opoynosa T.C. u ap. -
M.: HUIl UHD®PA-M, 2016. - 394 c. - DnexTpoHHbIi pecypc. — Pexxum nocrymna:
http://znanium.com/go.php?id=431581

2. AmnanmuTtudeckas XuMus [ DIEKTPOHHBIA pecypc]: yuebnoe nocodbue/ O.b. Kykuna [u ap.].—
DJIEKTPOH.  TEKCTOBbIe  JlaHHble.—  BopoHex: BOpOHEXCKHUIM  TrocyaapCTBEHHBIN
apXUTEKTYpHO-CTpOUTENbHbIN yHHBepcuTeT, DbC ACB, 2014.— 162 ¢.— Pexxum goctyna:
http://www.iprbookshop.ru/30833.html.— 3BC «IPRbooks»

0) JonosiHuTe/ILHAS JIMTEPaTypa:

1. AHnanuTmueckas XuMmus [DIEKTPOHHBIN pecypc]: COOPHHK JTa00paTOPHBIX PAOOT IS CTYICHTOB
TEXHUYECKUX HampaBleHUI JTHEBHON M 3a04HO QopMm oOyueHUsi/ — DJIEKTPOH. TEKCTOBBIC
nanabie.— HoBocuOupck: HoBocuOMpCKuii TocynapCTBEHHBIH TEXHUYECKUH YHUBEPCHUTET,
2014.— 62 c.— Pexwum moctyma: http://www.iprbookshop.ru/45072.html.

2. Tpudonosa A.H. AnanuTtrueckas Xumus [ DIEKTPOHHBIN pecypc]: 1a00paTOpHbIA MPAKTHKYM.
Yuebnoe nocobue/ Tpudonosa A.H., MenscutoBa 1.B.— DneKTpoH. TEKCTOBBIE JaHHbIC.—
MuHck: Boimmitmras IKoJIa, 2013.— 161 c— Pexum JOCTYTIA:
http://www.iprbookshop.ru/24051.html
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9. CBeneHusi 00 00HOBJIEHHH padoyeii MPOrpaMMbl M CUUILIHHBI (MJIM MOIYJIA)

OOHOBJICHHBIN pa3es
Ner.a. paboyeil mporpamMmbl
JUCIUILIAHBL (MOJTIYIISA)

Onucanune BHECEHHBIX PexBU3UTEI TOKYMEHTA,
U3MEHEHUN YTBEPAUBLIETO U3MEHEHUS
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