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1. HEJIM U 3AJIAYU JUCIHHUTIJINHBI
Heaun ocBOeHNS AUCHUNJIMHBI (MOAYJIs):

[Tpuobperenue npodeccuoHaIbHBIX 3HAHUH B 00JIACTH aHATUTHYECKON XUMUU.

3amaun:

1. 3yyeHue TeOpeTUYECKUX OCHOB aHAIIMTUYECKOU XUMHUU (CYIIECTBA PEAKIUil 1
MIPOIIECCOB);

2. OBnajieHue OCHOBHBIMH METOJIaMHU U TIPUEMaMH Ka4€CTBEHHOTO M KOJIMYECTBEHHOTO
aHanu3a;

3. OBnajieHre METOI0JIOTHEH BEIOOpA METO/1a aHAIIM3a U HATIPABIICHUE MX TIPUMEHEHUS

2. MECTO JUCHUIIJINHBI B CTPYKTYPE OOII
Hukn (paznen) OIl: B1.0O

TpeGoBanus k npeaBapuTeIbHOI MOATOTOBKE 00y4al0IIerocs:

dusnka

MaremaTuka

Pycckuii s13bIK U KynbTypa peuu
Heoprannueckas xumus

JAucuuniarubl (MOAYJIHM) M PAKTHKH, VISl KOTOPbIX OCBOCHUE JAHHOMN IUCHMILIHHBI
(MoayJisi) He00X0AMMO KaK MpeanecTByIOLIee:

OpFaHI/ILICCKaSI XUMMUA

duznyeckas XUMHUs
3. OFBEM JUCHHUIIVIMHbI

O61asi TPYA0EMKOCTh 18 3ET
YacoB 1o yueOHOMY IIaHY 648
B TOM YHCJIe:

ayJTUTOPHBIC 3aHITHS 368
CcaMOCTOSTENIbHAs paboTa 46
4acOB Ha KOHTPOJIb 94

4. INTAHUPYEMBIE PE3YJIBTATbBI OBYUYEHMUS 110 JUCHUIIJINHE,
COOTHECEHHBIE C INTAHUPYEMbBIMHU PE3YJIBTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOI'PAMMBI

OIIK-1.2: IIpennaraeT MHTEPIPETAIINIO PE3YIHTATOB COOCTBEHHBIX IKCIIEPUMEHTOB U
pPacYeTHO-TEOPETUUECKUX PA0OT C UCIIOIH30BAHUEM TEOPETUUECKUX OCHOB TPAIUIIMOHHBIX U
HOBBIX Pa3/IeNIOB XUMHUHU

OIIK-2.1: PaboTaeT ¢ XUMHUYECKUMHU BELIECTBAMH C COOIIOJIEHUEM HOPM TEXHUKHU
0e30macHOCTH

OIIK-2.3: [IpoBoAMT cTaHAAPTHBIE ONEPALUH JIJIs ONIPeIeIeHHS] XUMUYECKOTo U (ha30BOTO
COCTaBa BEUIECTB U MaTEPUAIIOB HA UX OCHOBE

OIIK-6.1: IIpencrasisieT pe3ynbTaThl padOTH B BUJE OTYETA M0 CTAHAApTHON opme Ha
PYCCKOM SI3bIKE

5. BUJAbI KOHTPOJIA

Bunsl koHTpONII B cemecTpax:

9K3aMEHBI 3,4
KypCOBbIE pabOThI 4




6. SI3BIK IIPEIIOJIABAHUA
SI3BIK mpenogaBaHus: pyCCKU.

7. CTPYKTYPA U COAEPKAHUE JUCIUIIJIMHBI (MOAY JIS)

Kon HaumeHoBaHue pa3jiesioB u Bun Cemectp | HacoB | Ucrtou- | IIpumeuan-
3aHAT. TeM 3anaTus | / Kypce HUKHU ue

Pasnen 1. Beenenue B
AHAJTUTHICCKYIO XHUMHIO.
TeopeTnyeckre OCHOBBI

1.1 |[BBeaeHue B aHATUTUYECKYIO Jlex 3 4 J1.3

XuUMHI0. TeopeTuuecKkue OCHOBBI 21
1.2 [BBenecHue B aHATUTHYECKYIO JIa0 3 12

xumuio. TeopeTnueckre 0CHOBBI 91
1.3 [BBencHue B aHATUTHYECKYIO Cp 3 4

xumuro. TeopeTnueckre OCHOBBI 91

Pasgen 2. KuciaorHO-0OCHOBHBIE
paBHOBecus. Pacuer pH B
TOMOI'CHHBIX CUCTCMax

2.1 | KucnotrHo-ocHOBHbBIE Jlex 3 6 JI1.1
paBHoBecus. Pacuer pH B 21
TOMOTEHHBIX CHCTEMax

2.2 | KucnotrHo-ocHOBHBIE JIab 3 20
paBHoBecus. Pacuet pH B 91
TOMOTEHHBIX CHCTEMax

2.3 | KucinotHo-oCHOBHBIE Cp 3 4
paBHOBecus. Pacuer pH B 21

TOMOI'€HHbIX CUCTEMAX

Pasgen 3. Peakiiun
KOMIUIEKCO0Opa3oBaHus

3.1 [Peakmun Jlex 3 4 JI1.3
KOMIIJIEKCOOOpa30BaHus o1

3.2 |Peaknun JIab 3 20
KOMILJIEKCOOOPa30BaHuUs 21

Pasgen 4. OkucnurensHO-
BOCCTAHOBUTEJIbHBIE PEAKIINU

4.1 |OkuciauTenbHO- Jlex 3 4 J1.3
BOCCTAHOBUTEJIbHBIE PEAKIINH 21

4.2 | OKHUCIUTEILHO- JIab 3 20
BOCCTaHOBUTEJIbHBIC PEAKIIUU 21

Pazgen 5. Iponiecchbr ocaxaeHus
M COOCAXKICHUS

5.1 |IIpomecch ocaxaeHus U Jlex 3 3 J1.3
COOCaXKIEHUS 91

5.2 |IIporecchl ocaxkIeHus 1 JIa6 3 16
COOCaKICHUS 91

5.3 |IIporecchl ocaxkIeHus u Cp 3 3
COOCaKICHUS 91

Pasnen 6. MeToIb! BEIIETICHU,
pasjencHus 1
KOHIIEHTPUPOBAHUS




6.1 |Meroasl BeIIETICHUS, pa3ICICHUS Jlex 3 JI1.3J712.4
Y KOHLICHTPUPOBAHUS o1
6.2 | Meroabl BeIACTICHUS, pa3elieHUs JIa6 10
Y KOHLICHTPUPOBAHHUS 21
6.3 |Meroabl BeIICTICHUS, pa3ICICHUS Cp 4
Y KOHLIEHTPUPOBAHUS 21
Paznen 7. Xpomatorpaduueckue
METOIbI aHAJIN3a
7.1 | Xpomarorpaduueckue METOAbI Jlex 3 JI1.8J12.1
aHaiu3a 21
7.2 | Xpomatorpaduyeckue METOIbl JIab 20
aHayM3a 21
7.3 | Xpomarorpaduueckue METOAbI Cp 4
aHanusa 21
Paznen 8. I'paBumeTrpuueckue
METOIbI aHAJIN3a
8.1 |I'paBUMETpHYECKHE METOIbI Jlex 4 JI1.3J12.5
aHajan3a 21
8.2 |I'paBUMeTpHYECKHE METOIbI JIa6 8
aHayM3a 21
8.3 |I['paBuMeTpHUYECKHE METO/IbI Cp 10
aHanusa 21
Paznen 9. Turpumerpudeckue
METO/Ibl aHATTN3A
9.1 |TuTpumMeTpHUYECKUE METOIbI Jlex 3 JI1.3
aHajau3a 21
9.2 |TuTrpuMeTpHUECKUE METOIbI JIab 10 J1.7
aHanusa 21
9.3 |TurpumeTrpHuecKue METOIbI Cp 8
aHaiamn3a 21
Paznen 10. Kontpomns
10.1 |KoHTpoms DK3aMeH 27
€]
Paznen 11. KucnotHo-ocHOBHOE
TUTPOBAHUE
11.1 | KucnoTHO-OCHOBHOE TUTPOBaHUE Jlex 4 JI1.3J12.5
31
11.2 | KucnoTHO-OCHOBHOE TUTPOBaHUE Jlab 30 J1.7
31
11.3 | KucimoTHO-OCHOBHOE TUTPOBAHHE Cp 3
€]
Paznen 12. OxucnurenbHO-
BOCCTaHOBUTEIHHOE TUTPOBAHUE
12.1 | OKHCIUTENBHO- Jlex 2 JI1.2J12.3
BOCCTAHOBUTEIIBHOE TUTPOBAHUE o1
12.2 | OkucnuTeNnbHO- Jla6 18
BOCCTaHOBUTEJILHOE TUTPOBAHHE 31

Pa3nmen 13.
Komniekconomerpuueckoe
TUTPOBAHUE




13.1 [KomMriekCOHOMETpHUIeCKOe Jlex 2 JI1.3J12.5
TUTPOBaHUE o1
13.2 | KoMIuiekcCoHOMETpru4ecKoe Jlab 16 J1.7
TUTPOBaHUE 21
Pasznen 14. OcagurensHoe
TUTPOBAHUE
14.1 |[OcaguTenbHOE TUTPOBAHKE Jlex 2 JI1.3J12.3
J2.5
€|
14.2 |OcaguTenbHOE TUTPOBAHKE JIa0 16
€]
Pa3znen 15. dusuko-xumuueckue
METOIbI aHAJIN3a
15.1 | ®Pu3UKO-XMMHUYECKHUE METOABI Jlex 2 J1.4
aHaiu3a JI1.5J12.2
31
15.2 | ®u3HKO-XUMHUYECKUE METOIBI Cp 2 J1.4J11.5
aHaiu3a 21
Paznen 16. CnekTpockonuaeckue
METO/IbI aHAJIN3a
16.1 | CnexTpOoCKOMYeCKne METOIbI Jlex 3 J1.4J11.5
aHaiu3a 21
16.2 | CnexTpOoCKOMYeCKnEe METOIbI Jlab 50 [ JI1.9J12.2
aHaiu3a 21
16.3 | CnexTpoCKOMM4eCKrne METOIbI Cp 2
aHanusa 21
Paznen 17. DnexTpoXxumuueckue
METO/IbI aHAJTN3a
17.1 |DnekTpoXuMUYECKHE METOIBI Jlex 3 JI1.4
aHanusa JI1.5J12.2
31
17.2 | DnekTpoXMMHUYECKHE METO/IbI Jlab 50 [ JI1.6J12.2
aHaamn3a o1
17.3 | DneKTpOXUMHUYECKHE METOIBI Cp 2 J1.4J11.5
aHaiusa 21
Paznen 18. Kontpons
18.1 |KoHTpoas DK3aMeH 27
€]
Oo0pa3oBare/ibHbIE TEXHOJIOTHHI
Cnucok o0pa3oBaTe/ibHbIX TEXHOJIOTH I
1 |[IIpoexTHas TEXHOJOTHS
2 | Auckyccnonnsie TexHonoruu (Gopym, CUMIIO3UYM, 1e0aThl, aKBAPHYMHAs IUCKYCCHS,
aa 2% "N AY
3 |Hudopmannonssie (11ppoBbIe) TEXHOIOTHH
4 | TexHOIOTHM Pa3BUTHSI KPUTHUECKOT'O MBIIIICHUS




8. OHEHOYHBIE MATEPHAJIbI IJI51 IPOBEJTEHWA TEKYIIEA "
IMPOMEXYTOYHOU ATTECTALLUU

8.1. OIIeHO‘lHI)Ie MaTepuaJbl 1JId IIPOBECACHUA TeKyIIIeﬁ arrecranuu

OHGHO‘IHBIG MaTCpHraJIbl IJIA IIPOBCACHUA TCKYH_[eﬁ aTTeCTaluy NPpUBCACHEI B IIPUIIOKCHUN

8.2. OneHoYHbIe MaTEPHUAJIbI IJIsl IPOBEIEHUS IPOMEKYTOYHOM aTTECTALMHU

OueHouHble MaTepUabl Ui IPOBEICHUS TPOMEKYTOUHOM aTTECTAllMU TPUBEICHBI B
MPUIIOKEHUH 2.

8.3. TpeOoBaHUs K PETHHT-KOHTPOJIIO

TpeboBaHMs K pEHTUHT-KOHTPOJIIIO MPUBEACHBI B IPUIIOKEHUH 2

9. YYUEBHO-METOJUYECKOE U HTH®OPMAILIMOHHOE OBECHEYEHUE
TACIATLITAHBI (MOLYJIsT)

9.1. PexomeHnayemas JuTeparypa

9.1.1. OcHOBHas JUTEpaTypa

Iudp Jlureparypa

JI1.1 |Bbopucos, TuxomupoBa, AHATUTHYECKAS XUMHUS JIJIs e1aroros. PacyeTs B
KOJIM4YecTBEHHOM aHanu3e, Mocksa: IO0paiit, 2021, ISBN: 978-5-534-09281-3,
URL.: https://urait.ru/bcode/469598

JI1.2 |IlonkopwitoB, Heynauuna, llItTun, Ananuruueckas xumusi. OKUCTUTETHHO-
BOCCTaHOBHUTEIbHOE TUTpOBaHUE, MockBa: FOpaiit, 2021, ISBN: 978-5-9916-9944-0,
URL.: https://urait.ru/bcode/472234

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

JI1.4 | Anos, Bacunenko, ['onpamrpax, Uenko, AHanutrudeckass XuMusi ¥ GU3NKO-XUMHIECKUE
MeTo bl aHanm3a, Mocksa: Akamemus, 2012, ISBN: 978-5-7695-9146-4 (1. 2),
URL.: http://texts.lib.tversu.ru/texts/9940020gl.pdf

JI1.5 [I'myGoxos, ['onoBaueBa, E¢pumona, Uienko, AHanutuyeckas XuMmus U GU3NKo-
XUMHUYECKHE MeTOAbI aHanu3a, MockBa: Axkanemus, 2012, ISBN: 978-5-7695-9144-0 (.
1),

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

JI1.6 |Myxunosa 3. Il., AHanuTudeckas XUMus 1 (PU3MKO-XUMUYECKHE METO bl aHAIIN3A.
JIaGoparopusie 3ausaTusi, Cankt-IlerepOypr: Jlans, 2024, ISBN: 978-5-507-48303-7,
URL.: https://e.lanbook.com/book/380579

JI1.7 |Bonocoga E. B., lllunyns A. H., [1amkosa E. B., besruna 0. A., I'mazynosa H. H.,
AHanutuueckas XUMHUs: 1aboparopatopHblil nmpaktukyMm, Ctasponoins: CTI'AY, 2022,
ISBN:,

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

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

JI1.9 |BacunseBa B. 1., CrosHosa O. @., Hlkyruna 1. B., Kapnos C. U., CnextpanbHble
MeTozb! aHanu3a. [IpakTuyeckoe pykoBojactBo, Cankt-IlerepOypr: Jlans, 2021, ISBN: 978
-5-8114-1638-7,

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

9.1.2. JlonoJiHMTEIbLHAS JIUTEPATypa

HIndgp Jlureparypa




9.1.2. JlonoJHATEJIbHAS JIUTEPATYpa

Hudp Jlureparypa

JI2.1 | AnekcannpoBa, ['aliqykoBa, AHanuTuuyeckas xumus B 2 kaurax. Kaura 1. Xumuueckue
MeToabl aHanu3a, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-09354-4,
URL.: https://urait.ru/bcode/450432

JI2.2 | Huxurtuna, bopucos, XaxannHa, AHATATAYECKAS] XUMUS U PU3HUKO-XUMUYECKHE METO/IbI
ananu3a, Mocksa: IOpaiit, 2020, ISBN: 978-5-534-00427-4,
URL.: https://urait.ru/bcode/449690

JI2.3 [I'pede, ITantenees B. I1., [Ipaktudyeckoe pykOBOACTBO K KOJMYECTBEHHOMY aHAIIU3Y,
Mocksa: 1. H. Xomnues u K, 1906, ISBN: ,
URL.: http://texts.lib.tversu.ru/texts/1532550gl.pdf

JI2.4 |T'aneeB A. A., 3enkeBuu U. I'., Kapuosa JI. A., Mocksun JI. H., Poqunakos O. B., Ilox p.
1., AHaJIIMTHYECKas: XUuMUsL. MeTo/Ibl pa3fiesieHHs BEIIECTB ¥ THOPHIHBIC METO/IbI aHAIIN3A,
Canxkr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-9137-7,

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

JI2.5 |Wpaitoman I'. H., Xanduna I1. /1., Bynrakosa O. H., isanosa H. B., Pemenue 3amgau no
ananmtudeckoit xumun, Kemeposo: KemI'V, 2015, ISBN: 978-5-8353-1821-6,
URL.: http://e.lanbook.com/books/element.php?pll_id=69992

9.2. IlepeueHnb pecypcoB HH(POPMALMOHHO-TEIEKOMMYHUKAIIMOHHOM ceTH ""UHTepHeT"

21 |eLIBRARY.RU : nayunas snexrponHas oubnuotexa : caifT. - Mocksa, 2000. - URL:
https://elibrary.ru (nara oopamenus: 09.07.2019). - Pexxum noctyna: 1yt 3aperucTpup.
noJjib3oBareneii. - TekcT: anekrponnsl: http://elibrary.ru/

9.3.1 IlepeyeHb NPOrpaMMHOI0 odecredeHust

Google Chrome

Kaspersky Endpoint Security 10 qyis Windows

WinDjView

1
2
3  [OpenOffice
4
5

Foxit Reader

9.3.2 CoBpemeHHbIe TPOdecCHOHATbHBIC 02351 JAHHBIX U HH(POPMAIIMOHHBIE CIIPABOYHbIEC

OBbC «YHuBepcuterckas OUOIMOTEKA OHIIAHH

CHCTEeMBI
1 Penosurapuii TBI'Y
2 Hayunas snexrponnas oubnuoreka eLIBRARY.RU (nmoanucka Ha xKypHabl)
3 ObC TBI'Y
4 9bC BOOK.ru
5
6

9BC «Jlaaby»

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJIMHBI (MO Y JIS)

Ayaurt-s OobopynoBanne

3-314 KOMILIEKT Y4eOHOI MeOenu, MepeHOCHON HOYyTOYK, MPOEKTOPbI, IKPaH, MBIILb,
YCUJIUTENb, PAIUOCUCTEMA, MUKIIIEP, MUKPO(OH, HIKad




3-404 KOMIUICKT Y4eOHOU MeOesH, MEPeHOCHON HOYTOYK, MPOEKTOP, aKBATUCTUILIATOD,
Bechl, UK Dypre ciekrpomeTp, koMmnbiotep, porokonopumerp KOK-2, sanexrponeun

11. METOIAWYECKHWE MATEPHUAJIBI JJIS1 OBYYAIOIIINXCS ITO OCBOEHMIO
TACIATLITAHBI

MeTtonudeckue MaTepralibl U yKa3aHus IPUBEACHBI B IPUIIOKEHUH 1.

INPUJIO’KEHME 1

8. METOANYECKHE YKA3AHUMSA JUIS1I OBYYAIOIINXCS IO OCBOEHUIO AN CHUITJIMHBI (MO/LYJIS)

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

1. Tlporpamma ajs CaMOKOHTPOJISL M KOHTPOJIS IIPEHoAaBaTeIeM pe3yabTaTUBHOCTH M3YYCHUS UCUUIIIAHEL.
2. TlpumepHas TeMaTHKa IO BBITOIHEHUIO KypCOBBIX paboOT
3. Meroauyaeckue MaTepraIbl It IOATOTOBKH K SK3aMEHY.

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

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

KoncranThl paBHOBecHs peakiuii M TporieccoB. VIOHHOE COCTOSHHE BEIIECTBA B HACAIBHBIX M pPEalbHbBIX
cucremax. CTpykTypa pacTBoputeneii 1 pactBopa. CospBaTarys, HOHH3anus, qucconuanus. [loBegeHne 31eKTpoIMTOB
1 HE3NICKTPOINTOB B pacTBopax. Teopus Jlebas-Xiokkens. TepMonuHaMideckass KOHCTaHTa PAaBHOBECHSA. AKTUBHOCTb U
ko3(p¢unreHT akTuBHOCTH. KoHmeHTpammoHHbIE KOHCTaHTHL. OOmas W paBHOBECHAs KOHLECHTPALMA. Y CIOBHBIC
KOHCTAHTBHI.

KucnotHo-ocHOBHOE paBHOBecue. COBpEMEHHBIE TIPEJCTABICHHUS O KUCJIOTaX U ocHoBaHUAX. Teopus Jlprouca.
Teopus bpencrena-Jloypu. PaBHoBecue B cucteMe KHCIOTa — CONPsHKEHHOE OCHOBaHHME — pacTBOpUTENh. KOHCTaHTHI
KHUCJIOTHOCTH M OCHOBHOCTH. KHCIIOTHBIE 1 OCHOBHBIE CBOIicTBa pacTBoputeneil. KoHcTanTa aBTompoTonusa. Bnusuue
NPUPOJII  PACTBOPHUTENST HAa CHIY KHUCIOTHI M OCHOBaHMsA. HuBenupyrommii u aunddepeHuupyommii 3hhexTs
pacTBOpHTEIIL.

KucnotHO-0CHOBHOE paBHOBEcHE B MHOTOKOMIIOHEHTHBIX cHCTeMax. bydepHble pacTBOpEI M HMX CBOWCTBa.
Bydepnas émkxoctb. Brramcnenne pH pacTBOpoB 0HO- M MHOTOOCHOBHBIX KHCJIOT W OCHOBAaHHH, CMeCeld KHCIOT W
ocHoBaHMH. ['paduueckoe ommcaHne KHCIOTHO-OCHOBHOTO paBHOBECHS (paclpeAeiuTeNbHbIE W KOHIEHTPAIL[MOHHO-
JorapupMIUIECKUE TUATPAMMEBI).

Turpumerpuueckue meronsl. Kimaccudukanus. TpeGoBanus, MpeabsaBIseMble K peakiii B THTPUMETPHIECKOM
ananuse. [Ipsamoe, o6paTHOE U KOCBEHHOE TUTpOBaHHE. CIIOCOOB! BRIpAXKEHUS KOHIICHTPAIU paCTBOPOB B THTPUMETPHUH.
OkBuBajeHT. MoJsipHas Macca 3KBHBajieHTa. [lepBUYHBIC CTaHIAPTHBIE PAacTBOPHI, TpeOOBaHUS K HuUM. DHUKCAaHAIBI.
BropuuHble cTaHAapTHBIE PAacTBOPHI. Buabl KpuBBIX TUTpoBaHUSA. CKadoK TUTpOBaHUS. Todka 3KBHUBAJCHTHOCTH U
KOHEYHasi TOUKa TUTPOBAHUS.

KucnotHo-ocHoBHOe _TuTpoBaHue. [locTpoeHHe KpUBBIX THTPOBaHUA. BiusgHHe BETHMYMHBI KOHCTaHT
KHUCJIOTHOCTH WJIN OCHOBHOCTH, KOHIIGHTPAITH KHUCIIOT WIM OCHOBAHUIL, TEMIIEPaTyphl Ha XapaKTep KPUBBIX TUTPOBAHHUS.
KuciiotHo-oCHOBHOE THTpOBaHHE B HEBOJHBIX cpenax. KHCIOTHO-OCHOBHBIE MHAWKATOPHL. IlorpenrHocTy TUTpOBaHMS
TIPU OTIPEJICIICHUH CHIIBHBIX M CIIA0BIX KUCIOT M OCHOBaHHMH, MHOTOOCHOBHBIX KHCJIOT M OCHOBAHHH.

[IpakTrueckoe npruMeHeHue. [lepBUUHbIE CcTaHIAPTHBIE PACTBOPHI IJIsl yCTAHOBIICHNS! KOHIIEHTPALMH PaCTBOPOB
KHCIOT U ocHOoBaHUWil. IlpurotoBineHune M cTaHAApTH3aLUsS PACTBOPOB COJISHOM KHUCIIOTHI M TUAPOKCHIA HATpUS.
TurpoBaHMe KUCIOT, OCHOBaHMH, cMecell KMCJIOT M CMecell OCHOBaHMH. AHalIM3 cMecel kapOoHaTa M THApOKapOoHaTa
HaTpus, KapOoHaTa M runpokcuia Hatpus. OnpenesieHue azora no Meroxy Kbenpaaist u coneil aMMOHHS NIPSMBIM U
KOCBEHHBIM MeTofaMu. OmpeieneHne HUTPAaTOB M HUTPUTOB.

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

Kommnekcoobpazopanue. OCHOBHBIE TPHU3HAKA KOMITIEKCHBIX coenuHeHud. KoopaWHAIIMOHHOE YHCIIO.
HenratHocth. Kiaccupukanuss KOMIUIGKCHBIX COCAMHEHHHA I10 XapaKTepy B3aUMOICHUCTBHUSI METAJUI-UTaHM, II0
OJIHOPOJTHOCTH JIMTaHJa U KOMIDIEKCOOOpa3oBaTens: BHYTpUC(EpHble W BHeUIHec(epHBIC, OTHOPOIHOIUTAHIHBIC U
CMELIaHHOJIMTaHAHbIE, MONIHSIEPHbIE KOMIUIEKCHI. XeIaThl, BHYyTPUKOMIUIEKCHbIE coeAuHEeHNs. CBOMCTBA KOMIUIEKCHBIX
COEIMHEHUH, UMEIOLMEe aHAJIMTUYECKOE 3HaYeHHEe: YCTOWIUBOCTb, PACTBOPUMOCTh, OKPACKa, JIETYYECTb.

CrymeHvartoe  KOMIUICKCOOOpa3oBaHWe. KONWMYECTBCHHBIE  XapaKTEPUCTHKH  peakuuid  oOpa3oBaHUs
KOMILUICKCHBIX COCTUHEHUI: KOHCTAHTHI YCTOMYUBOCTH (CTyINEHUYAThle W 0OmIMe), QYHKIUS M CTEIeHb 00pa3oBaHHS.
CKOpOCTh peakiuii kKoMriekcooopazopanus. PakTOPkI, BAUSIONINE HA YCTOHIMBOCTh KOMIUIEKCOB. XeNnaTHBIN 3 (eKT.

Opraandeckue peareHTbl. DyHKIMOHAIHHO-aHAIUTHYECKHAE TPYMIBL. BIUSHWE CTPYKTYpHl OpPTaHHYECKUX
peareHToOB Ha WX CBOWCTBa. Poyib pasnuyHbIX (YHKIHMOHAIBHBIX Tpynn. Teopus aHaJOTHWH B3aWMOJEWCTBHS HOHOB




METa/UIOB ¢ HEOPraHWYECKUMH M OPraHWYECKHMH peareHTaMy. BakHelme opraHM4ecKie peareHTsl, IpIMEHIeMbIe B
aHaIu3e.

AHaJINTHYECKH BaXKHBIE CBOMCTBA KOMIUIEKCHBIX COSAMHEHHI. BusHue KOMIIIEKCO00pa3oBaHus Ha KUCIOTHO-
OCHOBHBIC M OKHCJIUTEIbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA COCIMHEHHMH, PaCTBOPUMOCTD, CTAOWIIM3ALMIO Pa3IMYHBIX
CTEIICHEH OKHCIICHHUSI 3JIEMEHTOB. BO3MOXXHOCTH HMCIIOJIb30BaHMSI KOMIUIEKCHBIX COCIMHEHHH B Pa3IMYHBIX METOIAx
aHanm3a.

OKHCIHMTENbHO-BOCCTAHOBUTEIILHBIC PEakIMu. JJIEeKTPOIHbII noTeHan. Ypasaenue Hepacra. CrannapTHBINA
1 GOopMaNIbHBIA NOTEHIMAJBI. BiIHsHIE 31eKTPOCTaTHYECKUX W XMMUYECKUX B3aHMMOJEHCTBUH Ha MOTEHIMAI: MOHHOM
cuibl, PH, oOpa3oBaHUsI KOMIUIEKCHBIX M MaJlOPaCTBOPUMBIX COeAMHEHUH. KOHCTaHTHI paBHOBecHs M HampaBlileHHE
OKHCITTENIbHO-BOCCTAHOBUTENIBHOTO  mponecca.  DakTophl, BIMAIONME HA  HANPABICHHE  OKHCIUTEIBHO-
BOCCTAQHOBHTEJIBHBIX peakuuid. [IoHATHEe 0 CMEIIaHHOM MoTeHIHane. MeXaHH3Mbl OKHCIUTENbHO-BOCCTAHOBUTEIIBHBIX
peakiuii. OCHOBHBIC OKHCIIUTENIN U BOCCTAHOBHTENIH, IPUMEHICMEBIC B aHAJIN3E.

Komnnekcomerpuueckoe THUTpoBaHHe. HeopraHudeckue W OpraHMYECKHE THUTPAHTHl B KOMIUICKCOMETPHH.
Hcnonp3oBaHne aMHHOIOJIMKAPOOHOBBIX KHCIOT B KOMIUIGKCOHOMETpHH. [lOCTpOeHMe KpUBBIX THUTPOBAHHS.
MeTtaoXpoMHbIe HHANKATOPHI U TpeOOBaHMs, PEIbsBIsieMbIe K HUM. BaxxHelne yHIBepcaIbHble U creupUIecKue
METaIOXPOMHBIE MHAMKATOpbl. lIpsimoe, oOpaTHOE, BHITECHHUTEIBHOE M KOCBEHHOE THTpoBaHHE. CeleKTHBHOCTH
TUTPOBAHMS U CIIOCOOBI €€ MOBBINIeHUs. [lorpeHoCTh THTPOBaHUSI.

[Ipaktryeckoe nmpumeneHue. OnpezaeneHre Kaublys, MarHus, jKejaes3a, allOMHHUS, ME/IM, LIMHKAa B PacTBOpax
YHUCTHIX COJICH U IPU COBMECTHOM NPUCYTCTBHH. OnpeieieHe aHHOHOB.

OKHCIMTETbHO-BOCCTAHOBUTENIbHOE TUTpOBaHue. [locTpoeHre KpuBbIX TUTpOBaHUs. PakToOphl, BIUAIONINE Ha
XapakTep KPHUBBIX THTPOBAHHUS: KOHIIGHTPAIMS HMOHOB BOJOpOJA, KOMIUIEKCOOOpa3oBaHHe, HMOHHas cuia. CrocoObl
OIpe/ieNicHUsT KOHEYHOH TOYKH THTpoBaHMs. MHmukatopel. IlorpemHocTs THUTpOBaHHSA. METOIBI OKHCIUTEIBHO-
BOCCTAQHOBHTEJIEHOTO THTPOBAHUSL.

[Tepmanranatomerpus. Onpenencane sxenesa (I1), mapranma (11), okcanaros, mepokcuaa Bogopoaa, HUITPUTOB.

Honomerpuss m woxumetpus. CucteMa HOI-MOIMA KaK OKHCIMTENb WM BOCCTaHOBUTENb. OmpenencHue
apceHuToB, apceHaToB, sxene3a (ll), memm (Il), ramoreHmn-moHOB, mEepoKcHIOB, KHUCIOT. OmnpeneneHWe BOIBI U
(YHKIMOHAIBHBIX TPYII OPraHUYECKUX COETUHEHHH.

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

bpomaromeTpus, uepuMeTpusi, BaHaJaTOMETPHs, THTAHOMETPHUS, XpoMOMeTpus. [lepBUYHBIE M BTOPUYHBIC
cranaaptel. uankaTopel. OnpezeneHie HeOpraHMYECKUX U OPraHMYEeCKUX COSTNHEHHH.

CKOpOCTh peaklii B XMMHYECKOM aHaik3e. BBICTpble M MeJuleHHbIe peakuuu. DakTopbl, BIHUAIOLIME Ha
CKOpOCTh peakuuil. KaTanuzaTtopbl, ”HTHOUTOPBL. ABTOKaTaINTHYECKUE peakuuy. VIHIynupoBaHHbIE U CONPSIKEHHBIC
peakimu.. MHAyKUMOHHBINA (aktop. [IpuMepsl yckOpeHHs W 3aMEAJICHHs Peakluil M IPOLECcCOB, UCIONB3YyEeMbBIX B
XAMHYECKOM aHAIU3e.

Il xonnoksuym. Pasrnosecue 6 cucmeme ocadok — pacmeop. I pasumempuyeckuii memod. Memoowl pasdenerus
U KOHYEHMPUPOBAHUSL: 0CAINCOEHUE U IKCIMPAKYU.

PaBHOBecue B cucrteme ocasok — pactBop. IIpomsBenenme pactBopuMocTH. [IpaBmiio npownsBeneHHs
pactBopuMocTU. PactBopuMOCTb. DaKTOPHI, BAMSIOIIME HA PACTBOPUMOCTD: TEMIIEPATYPa, HOHHASI CUJIA, OJJHOUMEHHBII
HOH, KOHKYPUPYIOIIHNE PEeaKLUH, CTPYKTYpa ¥ pa3Mep JacTHII.

I'paBumerpudecknii  MeTton. CyIIHOCTE TPaBUMETPUYECKOrO aHAN3a, MNPEUMYNIECTBA W HEIOCTaTKH.
TpeboBaHus K OCaKaaeMoii 1 TpaBUMeTpUdeckoil hopmam. Obpa3oBanue ocaaka. OOpa3oBaHUE U CBOWCTBA KOJJIOUIHBIX
yactull. Kpucramindeckue 1 aMmopgHble ocajKi. 3aBUCUMOCTh CTPYKTYpbI OCajiKa OT €ro MHIWBHIYaJIbHBIX CBOWCTB
(pacTBOPUMOCTH, TOJSIPHOCTH MOJICKYJI) M YCJIOBHH OCaXKJCHHUS (KOHIEHTpAlWH OCAXJAaeMOI0 MOHA W OCAJHTEs,
COJIEBOTO cocTaBa pacTtBopa U PH, Temneparypsl). 3aBUCUMOCTh (POPMBI OCaJika OT CKOPOCTH 00pa30BaHUsI TIEPBUIHBIX
YaCTHIl, UX POcTa. YCIOBUS MOJYyYeHHS KPUCTAJUIMUECKUX W aMOpQHBIX ocaakoB. 'oMorenHoe ocaxnenue. CrapeHue
ocanka. [IpmumHBI 3arps3HEHHst oOcazka (COBMECTHOE OCaXKIECHHE, COOCAXKICHHE, IOCIEAYIONee OCaXICHHUE).
Knaccudukanms pa3nmuuHbIX BUAOB COOCRXACHUS (aacopOLust, OKKII03Ks, n30Mopdu3M u 1p.). CriocoObl yMEHBIICHHS
coocaxaeHus. [loyoKUTeNbHOE W OTPHLATEIbHOE 3HAYCHUS SIBICHHWS COOCAKACHHA B aHaimu3e. [lorpemHocTH B
IpaBUMETPHUYECKOM aHau3e. VI3MeHeHHs cocTaBa 0caKa MpH BBICYIIMBAHUH U IPOKATNBAHUH.

IIpaktnueckoe npuMmeHeHue. IIpsiMble U KOCBEHHBIE METOABI ONpeAeieHUs. BaxHeillllne OpraHuyecKue u
HeopraHmdeckue ocaautenu. OmpeneneHue jkenes3a, aTOMHHHSA, KajblWsd, MarHus, HHUKENsd, KoOaibTa, IIMHKA.
Omnpenenenne cepsl, pochopa, KpEMHUS U XJIOPA B OPTAHUUESCKHX U HEOPTaHUIECKUX COCTUHEHHSIX.

MerTomp! pa3eneHus ¥ KOHIIEHTPUPOBaHHA. PO B XUMHYECKOM aHann3e, BEIOOp 1 onieHka. CoueTanne METOA0B
paszeneHus W KOHIICHTPHPOBAHUS C METOAAMHU OIpeNeNeHus; THMOpHUAHBIE METONbl. PasieneHue COmOCTaBHMBIX
KOJIMYECTB 3JIEMEHTOB M OTZAEJIEHUE MaJIbIX KOJINYeCTB 0T Oonbmux. OTHOCTYIIEHYaThle 1 MHOTOCTYIIEHYAThIE ITPOIIECCHI
pasnenenus. Koncrantel pacnpexnenenus. Koagouunent pacupenenenns. Crenens usBiedeHus. Gakrop pasaeneHus.
Koa¢punnent KoHIEHTpHPOBaHHUS.

Ocaxzenne. [IpuMeHeHNe HEOPTAaHUYECKUX M OPraHMYECKUX PEeareHToB Juisl ocaxkaeHus. CriocoOsl paseneHus
myTéM BapbupoBaHus PH, 0Opa3oBaHNs KOMIUIEKCHBIX COEAMHEHUH M NMPUMEHEHHS OKHCIUTEILHO-BOCCTAaHOBUTEIILHBIX
peakuuil. ['pynmoBble peareHTHl M TpenbsBIsSIEeMble K HHMM TpeOoBaHUS. XapaKTEpPUCTHUKH MajopacTBOPUMBIX
COCIMHEHUH, Hambojee YacTO HCIOJIB3YeMbIX B aHann3e. KOHIEHTpHpOBaHHME MHUKPORJIEMEHTOB COOCAKACHHEM Ha
HEOPTaHMYECKUX U OPTAaHMYECKUX KOJUIEKTOpaXx.

Okcrpakmmd. TeopeTndeckne OCHOBHI. 3aKOH pacupeaeneHns. Kimaccupukamys 3KCTPaKIIMOHHBIX MPOIECCOB.
CKOpOCTh 3KCTpaKkmHuu. THITBI 3KCTPAKIMOHHBIX CHCTEM. YCIIOBHS SKCTPAKIMH HEOPTaHWYECKUX U OPTaHUYECKUX
coenuHeHull. Peakcrpakuus. [Tpupona u xapakTepucTUKa SKCTPareHTOB.

Pasnenenne s1eMeHTOB MeTOIOM 3KcTpakuuu. OCHOBHBIE OPraHHUUYECKHE PEareHTHI, HUCIOJb3yeMble s
pasziesieHHs 2JIEMEHTOB METOI0M dKCTpakuuu. CelIeKTHBHOE pa3/ielieHHEe JIEMEHTOB METOJIOM 1000pa OpraHn4ecKux




pacTBopuTenei, nameneHus PH BogHON ¢a3bl, MaCKMpOBaHUS U AeMAaCKUpOBaHUsL. IIpuOOpBI IS IKCTpaKIHN.

IV konnoksuym.  Cnekmpockonuueckiie Memoobvl aHanU3d.

CHexTp 37eKTPOMAarHUTHOTO M3ITydeHHs. DHeprust (GOTOHOB, [UIMHA BOJHBI, YaCTOTA, BOJHOBOE YHCIIO; CBSI3b
MEXAY HHMH; TEPMHUHBI, CHUMBOJIBI, €IWHMIBI u3MepeHus. CocTaBisiolMe BHYTPEHHEH OSHEPruM 4YacTHLl U
COOTBETCTBYIOIINE UM JAHMAIA30HBI JICKTPOMArHUTHOTO W3iydeHus. OCHOBHBIC THIIBI B3aMMOJICHCTBHS BELIECTBA C
U3JIyYeHHEM: SMHCCHS (TEIUIOBasi, IIOMMHECLICHIIU), TIOTIIOeHne, paccesHue. Kiaccnpukanus creKTpoCKOITMYECKHX
METOJIOB IO MPHUPOJIE YaCTHUI], B3aMMOJICUCTBYIOIIMX C M3Jy4eHHEM (aTOMHBIE, MOJICKYJISIPHBIC); XapaKkTepy Ipolecca
(abcopOLMOHHEIE, SMUCCHOHHBIE); THaNa30Hy 3JIeKTPOMAarHUTHOTO U3JTyYECHUS.

Cnextpsl atomMoB. OCHOBHBIE U BO30Y)KAEHHBIE COCTOSIHUSI aTOMOB, XapaKTEPUCTHKH COCTOSHHM.
DHepreTH4ecKue Nepexoapl, IpaBuia 0TOOpa. BeposATHOCTH 3IEKTPOHHBIX IIEPEXOI0B M BPEMEHA )KU3HHU BO30YKICHHBIX
COCTOSTHHH. XapaKTEpPUCTHKH CIIEKTPAIBHBIX JIMHHUHN: TOJIOKECHUE B CIIEKTPE, NHTEHCHBHOCTD, MONymHpHHA. [Ipuaunb!
YIIUPEHUS CIIEKTPATbHBIX JTMHUH.

CrieKTpbl MOJIEKYT; MX 0COOCHHOCTH. CXEMBI AIEKTPOHHBIX YPOBHEH MOJIEKYJIBI. DJIEKTPOHHBIE, KOJIeOaTeNbHbIC
1 BpalmaTesbHbIE CIEKTPHI MOJIEKYJI. 3aBUCHMOCTh BHA CIIEKTPa OT arperaTHOr0 COCTOSHUS BEIECTRA.

OCHOBHBIC 3aKOHBI HCITyCKAaHHUS M MOTJIOMIEHHS 3JEKTPOMAarHUTHOTO M3IMydeHus. CBs3b aHAIMTHYECKOTO
CUrHajla C KOHLCHTpalMeH OIpeaensieMoro KoMrnoHeHTa. OCHOBHBIE CIIOCOOBI OIpEEieHUs] KOHIEHTpPAalUH B
CHEKTPOCKOIMYECKUX METOax.

Anmnapatypa. CriocoObl MOHOXpOMAaTH3aKH JIy4UCcTOH sHeprun. Kiaccngukanus cnekTpaabHbIX MTPUOOPOB, UX
XapaKTEepUCTUKHU: JHUCHEpCHs, pas3peliaromias CrocoOHOCTh, CBeTOCHa. [IpUEMHHMKH H3Iy4eHHs: (OTOIMYIIBCHS,
(oTorsIeMeHTbI, (OTOYMHOXHTENM, MOIYINPOBOJHUKOBEIE MpPUEMHUKH. MHCTpymeHTanpHble mnoMmexu. Llymbl u
OTHOIIEHHE CUT'HANI-IITYM.

MonekynspHas _abcopOnuonHas _cnekrpockonus (crnekTpodoroMeTpus).CBsS3p  XUMHUYECKOH CTPYKTYPHI
coenHEHNsI ¢ aOCOpOIMOHHBIM crieKTpoM. CHocoObl MONTydeHUs] OKpalleHHBIX coeAnHeHni. PoTomerpHyeckue
aHAINTHYECKHE PearcHThl, TpeboBaHusa K HUM. CriocoObl onpeeneHns KOHIICHTPAlliy BEIIECTB. V3MepeHne BBICOKHX,
HU3KHX ONTHYECKMX IUIOTHOCTeH (muddepeHnmanbHplii  MeTom). AHAIN3  MHOTOKOMIIOHEHTHBIX — CHCTEM.
CnexrpodoToMeTpHsi KaK METOJ HCCIECIOBaHMS PEaKIHHd B pacTBOpax (KOMIUIEKCOOOPa30BaHMS, MPOTOIMTHYCCKHX,
arperaiyu), CONPOBOXKAAIOIINXCS H3MEHEHHEM CIEKTPOB IOIVIOMICHUS.. METpOJIOrHuecKie XapaKTepUCTHKH |
AQHAIUTHYECKUE BO3MOXKHOCTH. [IprMephl NpaKTHYECKOTO IPUMEHEHHUSL.

[MpunnunuaneHas cxema npuodopa. Knaccudukanus annapaTypsl ¢ TOUYKH 3peHHs CIOC00a MOHOXPOMATH3alUU
(poTomerpsl, crekTpodoTOMeTphl). ['NaBHBIE NPUYMHBI OTKJIOHEHHS OT OCHOBHOI'O 3aKOHAa CBETOIOTJIOLICHHS
(MHCTpYMEHTAaJIbHBIC U (PU3UKO-XUMUYECKHUE).

MecTo 1 poJib CHEKTPOCKOMMYECKUX METOJI0B B aHATUTUYECKON XMMUHU U XUMUYECKOM aHallu3e.

V konnoxeuym. dnexmpoxumuieckue memoosl AHaIU3aA.

OOmas XxapakTepHCTHKa 3JIEKTPOXMMUYECKHMX MeTonoB. Kiaccndpukamus. DIEKTPOXUMHUECKHE STYCHKH.
VHIMKaTOPHBIA 37€KTPOA M 3JIEKTPOA CpaBHEHHsA. PaBHOBECHBIE M HEPAaBHOBECHBIE SJIEKTPOXMMHYECKHE CHCTEMBI.
SIBneHns1, BO3HUKAIOIIUE IPU MPOTEKAHUN TOKa (OMHYECKOE MaJeHNe HaNPsDKeHUS!, KOHLEHTPAI[MOHHAS U KHHETHIECKast
TOJISIPU3ALINS ).

[Monsspu3anioHHbIE KPUBBIE U MX MCIIOJIb30BAHUE B PA3JIMUHBIX AJIEKTPOXUMHUYECKUX METOJIax.

[lpsimas nmoreHunomerpus. V3mepenne mnorteHumana. OOpaTumble W HeEOOpaTHMbIE  OKHCIUTEIBHO-
BOCCTaHOBUTENbHbIE cHucTeMbl. MHaukatopHele osnektpoabl. Honomerpus. Kiaccudukanuss HOHOCENEKTHBHBIX
3MEKTPOAOB: AIIEKTPOABI C TOMOT€HHBIMH M FeT€POT€HHBIMU KPHCTAIIIMYECKUMHI MEMOpaHaMH, CTEKIITHHbBIE 3JICKTPOIBI,
AJIEKTPOJIBI C TMOJBHXHBIMH HOCHUTEISIMH, (PEPMEHTHBIE M TI'a304yBCTBHTENILHBIE AJIEKTPOJBI. DJEKTpOoAHas (GyHKuus,
K03()(PUIMEHT CEeTEKTUBHOCTH, BPEMSI OTKIIHKA.

[Ipumepsl mpakTHUecKoro npuUMeHeHus noHoMmerpud. Ompenenenue pH, MOHOB INENOYHBIX METaJUIOB,
raJoreHHU/I-HOHOB.

[oreHnmomerprieckoe THTpoBaHue. MI3MeHeHne 31IeKTpOAHOTO MTOTEHINANA B TIpoliecce TUTpoBaHust. CiocoOs!
0oOHapyXeHHs KOHEYHOH TOYKH TUTPOBAHUS, HHAMKATOPHI. Mcronp3oBaHne peaknunii: KNCIOTHO-OCHOBHBIX, OCAXKACHHS,
KOMIUIEKCOOOPa30BaHUsl, OKHCIICHHUS-BOCCTAHOBIICHHS.

[Tpumepsbl npakTHYecKoro npuMmeHeHus. TurtpoBanue QocdopHOi, cMecell COJIHOW U OOPHOMW, CONSHOH U
YKCYCHOH KHCJIOT B BOJHO-OpTaHHUECKUX cpenax. OnpeneneHne HOIUI0B U XJIOPUIOB IIPU COBMECTHOM IPHUCYTCTBHU.
Hcnonp30BaHNe OKHCIUTEIFHO-BOCCTAHOBUTEIFHOTO TUTPOBAHNS /IS OIIPEeNICHIS] HOHOB METAJUIOB Pa3HBIX CTEICHEH
OKHUCIICHHS.

Bonpramnepomerpus.  Cymmuocts  MeToma.  Kimaccupukamus — BOMBTAMIIEPOMETPHUECKHX  METOOB.
WnpnkatopHsle amekTpoasl. [lpenmymmecTBa U HEAOCTaTKH PTYTHOTO AneKTpoaa. [IpuMeHeHwne TBEpABIX 3JIEKTPOIOB.
XapakTepuCTUKH BOJIFTAMIEPHON KpuBOH. EMKoOCTHBIH, MurpaunonHsii, nud¢ysuonnsiii Toku. I[IpenenbHbii
1 (y3HOHHBIN TOK.

Amnepumerpudeckoe turpoBanue. CymiHOCTh MeToja. MHamkaTopHble 37eKTpoabl. BreiOop noTeHmmana
WHJIUKaTOPHOTO JIEKTPO/1a. AMIEPOMETPUIECKOE TUTPOBAHHUE C OTHUM U ABYMSI ITOJISIPU30BaHHBIMHU 3JIEKTpoJaMu. Buis
KPHBBIX TUTPOBAHMSI.

[Ipumepsl NpPaKTHYECKOTO TMPHUMEHEHHS BOJIBTAMIEPOMETPUYECKUX METONOB M aMIEPOMETPHYECKOTO
TUTpOBaHMA. Permcrpanms m pacmmppoBKa MOISIPOrpaMMBl MHAMBHAYAIBHOTO ICMONISpHU3aTopa - HOHA MeTajuia.
Perucrpamus momsiporpadudeckoro cmekrpa. OmpeneneHue KOHIEHTPAIMM BEMIECTB METOJIOM TPalynpOBOYHOTO
rpaguka ¥ METOJOM J[00aBOK C HCIOIb30BAaHUEM KIIACCHYECKOH, OCHMIIOTpadUuecKoli, NepeMEeHHOTOKOBOM
BOJIETAMIIEPOMETPHH. AMIIEPOMETPUIECKOE TUTPOBAHNE C OJHUM IJIEKTPOIOM IIMHKA ¥ OMXpoMaTa KajHs.

Kynonomerpus. Teopetndeckne ocHOBHL. 3akoH Papazes. CriocoObl onpeaeIeHns KOJINIeCcTBa JIeKTPUIECTRA.
[Ipsimast KynOHOMETpPUSL M KYJOHOMETPUYECKOE THTpoBaHUE. KyJIOHOMETpHs NpH IOCTOSHHOM TOKE M ITOCTOSSHHOM
NoTeHIMaae. BHENIHsAs ¥ BHYTPEHHsSI I'eHepalysl KYJIOHOMETPUYECKOrO TUTpaHTa. THUTpPOBAHUE HIICKTPOAKTHBHBIX U




9NIEKTPOHEAKTHBHBIX KOMIOHEHTOB. Onpeenenne KOHEYHOH TOYKH THTPOBaHus. [IpenmMyInecTBa 1 orpaHUueHIS METO/1a
KYJIOHOMETPHUUECKOTO TUTPOBAHUS 110 CPABHEHHUIO C IPYTUMHU TUTPUMETPUIECKUMH METOIAMH.

IIprmMeps! mpakTudeckoro mpuMeHeHud. OmpeneneHne MalblX KOJIMYECTB KHCIIOTHI W INENIOYH, THOCYJb(para
HAaTpHUsl, HOHOB METAJJIOB-OKUCIUTENEH.

CpaBHHTENIbHAST  XapaKTCPUCTUKA YYBCTBUTCIBHOCTH H  HM30MPATCILHOCTH, OOJNacTell  MPUMCEHCHUS
3JIEKTPOXUMUYECKUX METO/IOB.

VI konnoksuym. Xpomamoepaguueckue memoowt ananusa.

Omnpenenenne xpomarorpaduu. [loHsTHE O MOIBWKHOIM K HenmoABWXHOU dazax. Kiaccudukamust MeTo10B 110
arperaTHOMy COCTOSHHMIO (a3, IO MEXaHM3My pa3[eleHUs, MO0 TEXHHKE BBINONHEHHSA. CHocoOBI TMOIydeHHS
xpomarorpaMM ((pOHTANBHBIN, BBEITECHUTEIBHBIN, 3M0eHTHBIN). [lapamerpsl ynep:kuBanus. OCHOBHOE ypaBHEHHE
xpomarorpaduu. CeneKTHUBHOCTE W 3(P(PEKTHBHOCTE XPOMATOTPA(PHUECKOTO pa3felicHHus. TeopHus TeopeTHYECKHX
Tapenok. KuHermueckas Tteopus. PaspemeHne kak (akTop ONTHMH3AIMK  XpOMATOTPa(UUECcKOro Iporecca.
KauecTBeHHBIH 1 KOIMIECTBEHHBIH XpoMaTorpaduaecKuii aHaIH3.

lasoBas xpomatorpadus: ["a3o-amcopOumonHas (ra3o-TBepmodasHas) W razo-xugkoctHas. CopOeHTH u
HOCHTENHU, TpeOOBaHUs K HUM. MexaHu3M paszaeineHus. Cxema razoBoro xpomatorpada. Komonku. OCHOBHBIE THIIBI
JIETEKTOPOB, MX YYBCTBUTEILHOCTh U CEJIEKTUBHOCTb. O0JIaCTH ITPUMEHEHHS Ta30BOI Xpomarorpaduy.

KunkocrHas xpomarorpadus. Buabl sxunkoctHoit xpomartorpaduu. [IpemmymectBa Bbicok0d(heKTHBHON
KHUIKOCTHOW Xxpomarorpadguu. Cxema >KHIKOCTHOTO Xpomarorpada. JleTeKTopbl, HX UYyBCTBHTEIBHOCTH U
CEJIeKTHBHOCTb.

AzcopOrumonHas KHUAKOCTHas xpomarorpadus. HopmanbHo-(a3oBblii 1 oOpamieHHO-(a30BbIi BapHaHTHI.
[NonsipHble W HEMOJAPHBIC HETOMBIIKHBIE (asbl M NPUHLIMNBI MX BbIOOpa. MoampuuupoBaHHBIE CHIIMKAresy Kak
copOentsl. [lomBkHble (a3ssl W NPUHIUNB UX BbIOOpa. OOmacTH NpUMEHEHUs aACOPOIMOHHOW >KHUAKOCTHOM
xpomarorpadum.

HonooOmenHas _ xpomarorpadus. CrpoeHne ¥ (HU3MKO-XHMHUYECKHE CBOMCTBA HOHOOOMEHHHKOB.
HonoobmeHHOE paBHOBecHe. CeIeKTHBHOCTE HOHHOTO 0OMeHa M (hakTopsl, onpenersroniie ero. O6macT MpUMEHEHUS
noHooOMeHHOM xpomarorpaduu. VoHHas xpomarorpadus Kak BapHaHT BbICOKOI((EKTUBHOW HOHOOOMEHHON
xpomarorpaduu. OCOOCHHOCTH CTPOCHHUS W CBOWCTBA COPOCHTOB Ui MOHHOW XpomaTorpaduu. OIHOKOIOHOYHAS U
JIBYXKOJIOHOYHAsl HOHHAsE XpoMaTorpadus, UX nperuMyIiecTBa U HeJocTaTku. MloHoxpomaTorpaduueckoe onpenencHue
KaTHOHOB M aHUOHOB. MoH-mapHas u nuraHnooOMeHHas xpomatorpadus. OOmume npuHumnsl. [loaBrkHBIE U
HenoBYKHbIE (ha3bl. OOacTH MPUMEHEHHUSI.

OKCKJII03MOHHas _xpomarorpadus. OOmue NpUHOUIBI MeToja. [loJIBIKHBIE M HENOABMXKHBIE (Da3bl.
OcobenHocTH MexaHHU3Ma paszeneHns. OnpenenseMple BEIecTBa U 00J1acTH TPUMEHEHHS METOIA.

IImanapuas _xpomarorpadus. OOmme npuHOUNBI pasgeneHus. CrnocoObl  MOMydYeHHS IUIOCKOCTHBIX
XpoMaTorpamMMm (BOCXOJSIIECH, HUCXOJSMIEH, KPYroBOH, IBYMEpHOH). PeareHTbl Ui NPOSBICHHS XPOMATOIPaMM.
Bymaxmnas xpomarorpadus. Mexanusmsl pazaenenus. [lonsrxkasle ¢assl. [IpenMymiectBa u HeocTaTkd. ToHKOCTOHHAS
xpomarorpadust. MexanusMsl pazaeneHusi. CopOeHTHI U moaBKHbIE (a3bl. O0IacTH NPUMEHEHNS.

Texkywuii KOHTPOJIb
Ilepeuens nabopamopuvix pabom

No HaumeHoBaHue TeMbl HaunmenoBanue 1a00paTOpPHBIX pabOT

1 KauecTBeHHsIll aHaIN3 1. KauectBeHHble peaknunn Ha KaTwoHel |-l
AQHAIIMTHYECKUX TPYIIL. AHAIIN3 CMECH.

2. KauectBennsle peaknuun Ha  kathoHel |l
AHAIMTHYECKOM IPYIIIbL. AHAIN3 CMECH.

3. Ampaimms cmecu katuoHoB |-l amanuTHueckux
TPYIIIL

4. KauecTBeHHBIEC peakuny Ha KaTHOHHI V-V Ananmn3
CMECH.

5. AnHamu3 cMecu KaThOHOB |-V aHaIMTHYECKHX
TPYIIIL

6. KauecTBeHHBIC peakIM Ha AaHUOHBL. AHAIN3
CMECH.

7. AHanu3 WHAMBHIYAJIBHOTO BEUICCTBA.




2 Kucmorno -
TUTPOBAHUE

OCHOBHOC

1. TlpuroroBienue w
pacTBOPOB

2. 3apaya: OIpEICIICHUE
OIIpeACICHUE MH3po4

cTaHaapTuzanus  padbodmx

MHcl. 3amayva:

m
3. 3ajgaua: ompeneneHume Myci H HaBOs oy

COBMECTHOM IPUCYTCTBUH
4. OmnpeneneHue  MyaoH H
COBMECTHOM IPUCYTCTBUH.

m(Na,CO3) mpu

3 OcaaurenabHoOE u
KOMIUIEKCOHOMETPHYECKOE TUTPOBAHHUE

1.ApreHTomMeTpusl.
2. Ponanomertpust
3.KommnekconomeTpus

4 I'paBuUMeTpUYCCKHI MeToJ 1. Onpenenenve Ba®* B BaCl,*2H,0
aHaIm3a 2. Onpenenenne Fe¥*B NH4Fe(SO4)2*12H,0
5 Xpomororpadpuyeckuii Metoq | 1.  AHaIU3 CMECH KaTHOHOB
aHaIM3a
6 OKHCINUTENBHO- 1. Honmomerpus
BOCCTOHOBHTEIBHOE TUTPOBAHUE 2. Ilepmanranaromerpus
3. buxpomaromerpus
7 OU3NKO-XUMUYECKUE METOJIbI 1,2,3. Bri6op ONTHUMAJIBHBIX yCIOBUHI
aHanmm3a (hoTOMETPUYECKUX OIPEACTCHHUH.
Crextpodoromerpus 4. MeroJ rpaslyupoBaHHOro rpaduka
Honomerpus " 5. Meron no6aBox

MOTCHIMOMETPUYCCKOC TUTPOBAHUE.

6.0npezneneHre HUTPAT-HOHOB

7. OnpeneneHue XJIOpUA-HOHOB

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

©CoOoNoGA~WNE

10.

IIpumepHas TeMaTHKA 10 BBINOJTHEHHIO KYPCOBBIX padoT

0030p xKypHaJIOB “XHUMHUS U KU3HD.
OCHOBHBIE 3TaIlbl PA3BUTUS AHATUTHIECKON XUMUH.

T3

CopepxaHuie MOHATHI

KHCIIOTa” M “OCHOBaHME” B MPOIIECCE PA3BUTH XMMHUIECCKON HAYKH.

Paznmnunble knaccudukanuu pactBoputenei. HeBoaHbIE pacTBOPUTEINH.

CBoiicTBa BOJBI KaK PACTBOPUTEIS.

BydepHbie pacTBOPHI 1 UX 3HAUECHHE.
KucnoTHO-0CHOBHBIE UHAUKATOPBI.
OKuCINTENHO-BOCCTAHOBUTEIbHBIE HHAUKATOPHIL.

KucmotHo-ocHOBHOE TUTPOBAHUC B HCBOAHBIX Cpeaax.

HepMaHFaHaTOMeTpI/Iﬂ.




11. bBuxpomaromeTpus.

12. HopmoMeTpryecKue METOIBI aHATTH3A.

13. IIpuMeHeHHe OKUCINTENbHO-BOCCTAHOBHTEIBHOTO THTPOBAHUSL.

14. OOmas xapakTepuCTHKa COBPEMEHHBIX (PM3UKO-XUMHUYECKUX METOI0B aHAIN3a.

15. Heopranuueckue u OpraHM4ecKUe 0CaAUTEIH.

16. IlpumeHeHHE KOMILIEKCHBIX COEIMHEHUH B XUMUYECKOM aHaIIu3e.

17. Vcnonb3oBaHHE OKUCIUTEIFHO-BOCCTAHOBUTENBHBIX PEAKIMi B XUMHUYECKOM aHAJIH3E.
18. KauecTBeHHBIH aHAIN3: ATAIIBI PAa3BUTHSL.

19. KonnyecTBeHHBIN aHATU3: STAIlbl PA3BUTHSI.

20. TIIporomutrueckas Teopus bpencrena-Jloypu, JOCTOMHCTBA M HEAOCTATKH €€.

21. JanpHefimree pazButue Teopuu bpercrena-Jloypu B paborax 3maiinosa.

22. Xwnmmdeckas teopus pactsopos J1. . Menneneesa.

23. DJIEKTPOXMMHUYECKOE OCAKICHNE KOOAIBTA U €TO CIUIABOB.

24. OpraHn4YecKHe COCIUHEHHS B KaUeCTBE HHANKATOPOB: CTPYKTYpa, CTPOCHHUE, CBOIICTBA, IPIMEHEHHE.
25. Hacrosee n Oymymiee 6HOCEHCOPOB.

26. loHOCeNeKTHBHBIC U TIOJIEBBIC TPAH3UCTOPHI B AHAJTUTHUKE.

27. VloHOCeNeKTHBHBIE JIEKTPOJIBI C OTKIMKOM Ha CJIOXKHBIE OPraHU4eCKUE COSTNHEHUS.
28. AmHanuTHYECKHE NPUMEHEHUS STHICHANaMUHTETPAayKCyCHON KHCIIOTHI U POJCTBEHHBIX COCMHEHHUI.
29. Xpomarorpadus kak MeTo] aHanu3a. Buael xpomarorpaduu.

30. Maremaruueckas 00paboTKa pe3yIbTaTOB XMMHUUECKOTO aHAJIH3A.

31. Teopernyeckne OCHOBBI aHATUTHYCCKON XUMUH.

32. CoBpeMeHHOE NPEACTaBICHNE O HAyKe.

33. Omnpenenernne pH. Teopus u mpakTHKa.

34. Xumwus — TpaJUIUOHHAS M HETPaIUINOHHAS.

35. TIpumeHeHHE HOHOCEIEKTUBHBIX MEMOPaHHBIX 3IEKTPOIOB B aHAIIU3E.

36. Mertos! aHANIN3a IPUPOAHBIX U TPOMBIIUICHHBIX 00BEKTOB.

37. HoBble THTPUMETPUYECKHE METOIBI.

38. KuHernueckue METO/bl B aHATUTUUECKON XUMUH.

39. Ontumu3anus SKCIEPUMEHTa B XUMHH ¥ XUMHYECKOI TEXHOJIOTHH.

40. TIIporpaMMHPOBaHHBII KOHTPOJb TEKYIIUX 3HAHUH 110 aHATUTHYCCKON XUMUH.

41. KommiaekcooOpa3oBaHUE B aHATUTHYECKOH XUMHH.

Hpozpamma UMmMoO206020 IK3amena

Ananutnueckas xumus. Buapl ananmza. Cragun XuMH4IecKoro aHanu3a. OCHOBHBIC XapaKTEPUCTUKH METOJIOB
aHanu3a. AGCOJIOTHBIE U OTHOCHTENbHBIE MeTOIbl. BEIOOp MeTona ananmn3a. CriocoOb! ITOBBIIEHHST 9yBCTBUTEIILHOCTH
n30MpaTeTbHOCTH METOA0B. ABTOMATH3AIIMs aHAIIN3A.

Kucnomno-ocnosuvie peaxyuu. Ilporomurndeckas TeopHsi KHCIOT W OCHOBaHWMH. PaBHOBecwe B cucreme:
KHCJIOTa — COMPSDKEHHOE OCHOBAaHHME — pacTBOpUTENb. KOHCTaHTBI KHCIIOTHOCTH, OCHOBHOCTH, aBTOIPOTONIH3A.
Husenupyromuii u muddepenumpyromuii a3 dexts pactBopures.

Peaxyuu romnnexcoobpazosanus. Tumel n CBOHCTBA KOMIUIEKCHBIX COCIMHEHHMH, HCIIOJIB3YEMBIX B
aHamUTHYeCcKOi xuMuK. KonnuecTBeHHast XapaKTepUCTHKA PeaKIiil KOMIUIEKCOOOpa30BaHUA: KOHCTAHTa YCTOIUNBOCTH.
Crynenuatoe  KommekcooOpasoBanue.  Mcmonp3oBaHWE ~ KOMIUIEKCHBIX — COCIMHEHWH IS pasJielieHus,
KOHILICHTPHUPOBAHNUS, MACKHPOBaHNUs, 00HAPY KEHHS, OTIPEJICIICHNS SJIEMEHTOB.

Opzeanuueckue peazenmvl B XUMHYECKOM aHanm3e. DyHKIMOHAIBHO-aHATMTHYECKHE W aHAJIUTHKO-aKTHBHBIC
rpynnsl. BansHIe cTpoeHnst MOJIEKyIbl Ha CBOWCTBa peareHTa. [IpiMeHeHne opraHuIecKnX peareHToB B aHaJIun3e.

OxucaumenvbHo-60ccmanogumenvhble peakyuu B aHAIUTHYECKOM xumuu. OOpaTtuMble W HeEoOpaTHMBbIE
OKHCIIUTEIIbHO-BOCCTAHOBUTEIIHBIE CUCTEMBI M WX INMOTeHIWanbl. YpaBHeHue Hepucra. CraHmapTHBIM M peanbHBIN
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIE TIOTEHIIMANBI. HanpasiieHne OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUH.

Peaxyuu ocasxrcoenus B ananuTHdeckoit XuMuu. KOHCTaHTHI paBHOBECHS peaknMi ocaXkaeHus. PacTBopuMocTh
ocankoB. DakTopbl, BiIuMsIONMEe Ha pacTBopuMocTh. OOpazoBanue ocaakoB. Kpucraminueckue u amopHbIE OCaJIKH,
YCIIOBHSL OCaxaeHUs. IIpWdmHBI 3arpsA3HEHHS OCAIKOB: COBMECTHOE OC@XKICHHE, COOCAKACHHE, IOCIeayIomee
ocaxaenue. Buapl coocaxaenus. IIpuémel, criocoOCTBYIONINE MOTYISHNUIO YUCTHIX OCAIKOB.

MCTO)IBI Pa3saciacHuAa U KOHIICHTPUPOBAHUA. OCHOBBI OKCTpPaKIU1 KaK M€TOJIa pa3ACJICHUA 1 KOHIICHTPUPOBAHUA.
KoHncranta pacnpenenenus, kodg¢uiueHT pacupesnenenus. Koncranta skcrpakiuu. Paktop pasneneHus. Y CIOBH
9KCTPAKIMHU HEOPTaHUUECKUX U OpPraHUYecKUX coenHeHni. [IpakTnyeckoe NnpuMEeHEHHE SKCTPaKIUH.

Mertobl pazfienie st 3JIEMEHTOB, OCHOBAHHbIE HA OCKIAEHUH HEOPTaHNYECKHUMHU U OPraHNYEeCKUMH PeareHTaMH.
Hcnons3oBaHue CcOOCaXIEHUS /sl KOHIIEHTPHPOBAHHMS MHKPOKOMIIOHEHTOB. HeopraHmdeckue M OpraHMYecKue
KOJUIEKTOPBI.

Xpomamoepaghuueckue memoodsi. [IpuHIMIBI 1 KnaccupuKanusi. XpoMaTorpaMMbl U CIIOCOOBI X TOTYYCHHUS.
OCHOBHBIE TEOPETHYECKHUE ITOJIOKEHHS M XapaKTEPUCTUKU MeTo10B. ['a3oBast xpomarorpadust. OCHOBHBIE TEOPETHIECKHUE
MOJIOKEeHNA. TpeOoBaHUS K CTAallMOHAPHBIM M TOABIDKHBIM (asaM. [IpuMepsl MpPaKTHYECKOTO MPHUMEHEHHS.
HonoobmenHast xpomatorpadust. BricokoaddexrnBHas wmonHass xpomarorpadusa. Ilpumarmmmer merono. I[Ipumepst
MIPAKTUIECKOTO MpUMEHEeHHs. bymaskHas ¥ TOHKOCIHOHAs XpoMaTorpadusi, UX OCHOBHBIE TEOPETHUECKHE MOJIOKECHHUS.
TpebGoBaHus K cTalIMOHAPHBIM M MOABIDKHEIM (ha3zam. [IpuMeps! mpakTHIecKoro IpUMEHEHHS.

I'paBumMerpudeckne Metoabl. CymHocTh. OcaxmaeMast U TpaBuMeTpuueckas Gopmsl. [IpuMepsl mpakTHIECKOTO
NIPUMEHEHUSI.

Turpumerpuueckue Metosbl. CriocoObl YCTaHOBJIEHHSI KOHSYHOW TOYKH TUTPOBAHMSI.




Kucnomno-ocnosenoe mumposanue. Kpubble THTpoBaHHA. KHCIOTHO-OCHOBHBIE MHAMKATOpHL IlorpemnocTn
METO/Ia KUCIIOTHO-OCHOBHOTO TUTPOBaHUs. TUTpOBaHUE cMecel KUCIIOT U OCHOBaHUM. TUTpOBaHHE B HEBOJHBIX Cpeaax.

Komnnexconomempuueckoe mumposanue. llpenmyinecTBa aMHHONOIUKAPOOHOBBIX KHCIIOT IMEpel APYTUMH
OpPraHMYeCKUMH TUTpPAaHTaMH. MeTanaoXpoMHbIe MHIUKATOPBI, TpeOoBaHusi K HUM. CriocoObl THUTpoBaHUS (IIPSIMOH,
0oOpaTHBIH, BBITECHUTEIbHBIH, KOCBEHHBIH). IIpakTHueckoe NpUMEHEHHE KOMIUICKCOHOMETPUYECKOIO TUTPOBAHMS
(onpeneneHye HOHOB KaJbIHs, MarHUS, )KEJIe3a).

OxucnumenvHo-6occmanogumenshoe mumpogarue. MaKTOPhl, BIUAIONINE HA BEJIMYMHY CKayka MOTEHIMANA,
CHocoObl OOHapy>KeHHs KOHEYHOW TOYKM TUTpoBaHMA. [lepmMaHraHaToMeTpHyeckoe, OUXPOMAaTOMETPHYECKOE,
nojoMerpudyeckoe TuTpoBaHue. IlepBuuHble U BTOpUuYHBIe cTaHAapThl. MHmukatopsl. I[IpuMepsl HpakTHYecKOro
IIPUMEHEHUSI.

OnektpoxuMudeckue  Mertonpl. Ilpuponma  aHamuTmueckoro  curHama.  Kmaccudukamms — METOJOB.
OnexTpoxuMuUecKas sueiika. HANKaTOpHBIE 3JEKTPOABI U 3JIEKTPO/IbI CPABHEHHUS.

Ilomenyuomempus. PaBHOBecHBIH moTteHnuan. CrocoOsl n3MepeHns noTeHnuana. [Ipsmas moTeHIMOMETPHH.
Wnnukaropuele snekrpoabl. Kiaccnukanns HOHOCENEKTHBHBIX JIIEKTPOIOB. XapaKTEPUCTHKNH HOHOCEIEKTHBHBIX
QNEKTPOAOB: AJIEKTpoAHas (YHKOHA, KOI(PPHUIHEHT CENeKTHBHOCTH, BpeMs oTkimka. CrnocoOsl ompemeneHus
koa(punrenta ceneKTUBHOCTH. CIOCOOBI MPSMBIX MOTEHIMOMETPHYECKUX HM3MepeHHid. [IpakTnueckoe nmpuUMeHEHHe
noHnomerpuu: onpenenerue pH, pF, pNOa.

[Norenumomerpuueckoe TuTpoBanue. O0mas xapakrepuctuka Merosa. CriocoObl HAX0XKJICHUSI KOHEYHOH TOUKH
TUTpoBaHUA. IHIUKATOPHBIE 31EKTPOJBl B KUCIOTHO-OCHOBHOM, OKHCIMTEIbHO-BOCCTAHOBUTEIBHOM U OCAIUTEIBHOM
TUTPOBAHHUU.

Kynonomempus. 3akonpl @apages. Ilpsmas KyloHOMeTpus. YCIOBUS MOTEHLIHUOMETPUUECKUX H3MEPEHUIL:
noctikenre 100%-Horo BBIXOJA TO TOKY; HM3MEpPEHHE KOJIMYECTBA JJEKTPUUYECTBA; OMNpEAeIcHHE KOHIA
ANEKTPOXUMUYECKOH PEAKIIHN.

Kynonomerpuueckoe tutposanue. [Ipumepsl onpeaeneHus 21eKTPOAKTUBHBIX H JJIEKTPOHEAKTHBHBIX BEILECTB.
ONeKTpOreHepupOBaHHBIE KYJOHOMETPUYECKUE TUTPAHTHI. Y CIIOBHUS THTpoBaHus: obecrieuerne 100%-Horo BrIXOaa 1O
TOKY; M3MEpPEHHE KOIMYECTBAa DJJEKTPUUYECTBA; OMpEIENCHHE KOHIA XMMU4YecKo peakuuu. [IpenMyinectBa mepen
JPYTUMH TUTPUMETPHUECKUMH METOJaMH.

Boremamnepomempus. OcHoBbl MeToaa. OCOOEHHOCTH 3JIEKTPOXUMUYECKON siueiku. TeopeTuyeckne OCHOBBI
KJaccuueckoil nossiporpaduu. XapakTepucTHKH Tosssporpammbl. [loteHnman monyBosHbl. Jnd¢y3noHHBIH TOK.
VYpaBuenue MnbkoBuua. IIpaktiyeckoe npumeHeHue mnossiporpaduu. KauectBenusiii ananu3. [lomsiporpaduueckuii
cnekTp. KomnuectBennsiit ananus. CriocoObl ompeneneHuss KOHLEHTpPAIMM BellecTBa. BO3MOXXHOCTH M OrpaHMYEHUS
MeToa.

AMnepoMeTpudecKkoe THTPOBAaHHE. BBIOOp yCIOBHH aMIIEpOMETPHUYECKOrO THUTPOBAaHHSA. BHIBI KPHBBIX
TUTpOBaHUsA. [IpuMephl NPaKTUIECKOTO MPUMEHEHHS.

CHEeKTPOCKONMYECKHE METOABl. BakHeimme XapakTepHCTHKH  CHEKTPAJIbHBIX JIMHUK  (TIOJIOKEHHE,
WHTEHCHUBHOCTD, IMPUHA). ATOMHBIE U MOJIEKYJISIPHBIE CTIEKTPBI. B3anMOCBSI3b OCHOBHBIX XapaKTEPUCTUK CHEKTPATbHBIX
JIMHUH ¢ IPUPOAOH M KOJIMYECTBOM BelllecTBa (KaueCTBEHHBIH M KOJIMUECTBEHHBIH aHAIIN3).

Cnexmpoghomomempuueckuii memoo. (OCHOBHON 3aKOH TIOTJIONICHUS 3JICKTPOMAarHUTHOTO W3ITyYSHHS.
Mossipablid ko3 durmenr nornomenus. [IpuMeHeHne Merojqa s ONpE/AENEHHs KOHIEHTpPAlMU  BEIEeCTB.
UyBCTBUTEIBHOCTD M CEJIEKTUBHOCTh METO/1a. BHIOOp ONTHMANBHBIX YCIOBHI MPOBEIeHUsT (POTOMETPUIECKUX PEAKIHH.
WuTepBan ompeneiseMblx ONTHYSCKUX IUIOTHOCTeH. Meron auddepeHinanisHol  CeKTpOPOTOMETPUH, €ro
BO3MOXKHOCTH M npeumyiectBa. CreKTpohoTOMETpHUIECKUEe METO/IbI U3y4YEHUs paBHOBECHH B pacTBopax. Onpenenenne
KOHCTaHT KHCJIOTHOHM THUCCOITHAlNU OPTaHUYECKUX COSTNHEHUH.

MNPUJIOKEHMUE 2

5. ®OHJ OHEHOYHBIX CPEJICTB

5.1. OueHoYHbIEe MaTepHAJIbI 1JIsl IPOBeAeHUS TeKylleil aTTecTaluuu

DoH/1 OLIEHOYHBIX CPEACTB /sl IPOBeIeHUs TeKyIIeil U MPOMEe:KYTOYHOI aTTecTaluM.

OIIK-1 CrocobeH aHaaM3UpPOBATh, MHTEPHPETUPOBATL M 0000MIATE PE3YIHTATEI DKCIIEPUMEHTAILHBIX M PACUETHO-
TEOPETHYECKUX pabOT XMMHUYECKON HAIIPABJIEHHOCTH

(x0J1, HANMEHOBAHHE KOMITCTCHITUH )

Howmep | [IpaBuibHbIH oTBET (KITFOY) Kpurepuu
3aJjaHu OLICHUBaHMUS 3aaHUI
G ConepkaHue BOIIpoca/3a1aHus

3ananus 3aKpbITOro THIA

1 b Kakue kaTuMoHbl MOryT ObITh | | OaynT 3a MpaBHUIIBHBIA OTBET
otaeiensl ocaxknennem HCI?
A Ca*, Ba?, Sr*

b pb2+l Ag+, ngz+

B Ml’l2+, Mgz+, Cr3+

I Zn* AP, Sn?

2 r Yro Oyaer SBJIATHCH  BecoBOii | 1 0aul 32 mpaBUIIbHBIN OTBET
dopMmoii mnpum rpaBHMeTpPHYECKOM
onpeeJeHUHN xKeJjie3a?




A Fe(OH)s

b FeSO4
B FeCI3
r Fe,O3

B Kakoii HHANKATOP MO:kHO | 1 OamT 3a mpaBUIIBHBIA OTBET
HCIOJb30BAaTh MNPH  THUTPOBAHHH
YKCYCHOH KHMCJIOTBI THAPOKCHIOM
HATpHA?

A MetunoBsli opanxkeBslit (pT=4)

b MetunoBslif kpacHslif (pT=5)

B ¢enondranenn (pT=9)

I" 6pomxpe3onoBslii 3enenslil (pT=4,5)

r 10,00 ma Boamoro pacrsopa NaCl | 1 0amn 3a npaBuIbHBINA OTBET
HEeU3BECTHOM KOHUEHTPAIUU
TarpoBasu  0,1000 M AgNOs B
npucyrcrBun  ¢uyopecueuna. Kak
Ha3bIBAIOT JTAHHBI crocoo
THTPOBaHUA?

A KOCBEHHOE TUTPOBaHHE,

b 3amecTuTEnbHOE TUTPOBAHUE,
B obparHoe TuTpoBaHue,

I" npsiMoe TUTpOBaHuE,

b CKo0JbKO CKaYKOB THTPOBaHHs Ha
kpuBoii turpoBanus 0,1 M H3PO4
pactBopom 0,1 M NaOH?

A onunH;
b nBa;

B uetsipe;
I' Tpu

KauecTBeHHBIMU Yro sIBJIAIETCS KayecTBeHHOM

Ha3bIBAIOTCS peakiuy, | peakuueii B aHATUTHYECKOH XUMHH?

MO3BOJISIOIHE

UICHTU(PHUIIUPOBATH B

HCCIICTyeMOM 00BeKTe

OTIpeieNeHHbIe aTOMBI,

MOJIEKYJIBI,

(yHKIIMOHATIBHBIE TPYIIIHI
U T. . IO 1O BHEUIHUM

MPOSIBJICHUSIM,  KOTOPBIE
COIPOBOXKIAIOT PEAKIIUIO:
BbIJICTICHUE rasa,
HU3MEHEHHE I[BETA
pactBopa,  obpasoBaHHe
ocajika, MOSIBJIEHHUE

cnenu(UIecKoro 3amaxa u
Ap.

@DakTOp HKBUBAJIEHTHOCTU
(f okB) — 91O uUHCHO,
KOTOpO€e o0o03Havaer,
Kakasi  Jofil  pealbHOH
YaCTHIIbI (noHa W
MOJICKYJIbI) YKBUBAJICHTHA!
OJHOMY MIPOTOHY B
KHCJIOTHO-OCHOBHOM
pPeaKIu;0THOMY
3JIEKTPOHY B
OKHUCITUTEIIBHO-
BOCCTAHOBUTEIIbHOM
peaKkiuy; OJHOU eANHUIIE
3apsijla B KOHKpPETHOM
peakimu 0OMeHa.

Haijite omnpeneseHue
IKBHUBAJIEHTHOCTH.

haxropy

I'paBumeTprdecKuM

aHAITM30M Ha3bIBAIOT
METOJl  KOJMYECTBEHHOTO
XHMHYECKOTO aHaJIN3a,
OCHOBAaHHBI Ha TOYHOM
U3MEPEHUH MacChl

Omnpenenenne
MeTo/1a aHAJIU3A.

rpaBHMETPUYECKOT0




OTIpEeNIeNsIEMOr0  BeIecTBa
WIA  €ro COCTaBHBIX
yacTed, BBIIEIIEMBIX B
BUJIE COEIUHEHUH TOYHO
W3BECTHOTO IIOCTOSIHHOTO
COCTaBa.
9 CriexktpodoromeTpus — | Onpenesnenune
METOoJ ¢u3uKO- | cHeKTPOGOTOMETPUYECKOTO MeToaa
XUMHYECKOTO aHaiu3a.
UCCIIEJIOBAaHUSl M aHaJIN3a,
OCHOBAHHBII Ha
U3MEPEeHUHI CIIEKTPOB
TIOTJIOTIEHHS B OTITHYECKOM
obmacTi
3JIEKTPOMarHUTHOTO
W3JIY9ICHUSI.
10 ITotenuuomeTpus - 3to psin | OnpenejieHHe NOTEHIMOMETPHHI
METOZOB aHanmm3za |
OIpeieNneHust ¢busuko-
XUMHUYECKUX
XapaKTepUCTUK
AIIEKTPOJIUTOB u
XUMHUYECKUX peaxkuui,
OCHOBAHHBIX Ha
U3MEPEeHUHN DJIEKTPOTHBIX
MOTEHIINAJIOB u
SNEKTPOABIDKYIINX  CHII
TalbBAHMYECKOTO
JJIEMEHTA.
3agaHusl OTKPBITOI0 THIIA
1 Kak pasgennts cMech kaTnonos: Ag*. Ba?', AP*, Zn? 3 Gama
IIpaBUABLHBII 0TBET (KJIIOY):
1. Jlo6asnsiem k pactBopy 2M pactBop HCI: 1 Gamn
Ag"+Cl.— AgCl ! Genpiii  TBOPOXKHCTHII 0CATOK
2. OtnenuB ocajiok, nodasisieM K pactopy 2M pacteop HoSO4 1 Gann
Ba?* + SO — BaSO, | Genblii KpUCTAIIMUECKHE 0CA0K
3. Tlocme otmenenms cymbpaTta Oapus K pacTBOpYy H00aBisieM H30BITOK
TUJPOKCHIA AMMOHHS 1 6amn
AP* + 3NH,OH — Al(OH)3d+3NH,4*
OeIBIil CTYIEHUCTBIA 0CATO0K
Hroro:
Zn?* + 2NH,OH—Zn(OH)24+2NH4* 3 Gama
Zn(OH); + 4ANH4OH—[Zn(NHj3)4](OH), + 4H,0
pacTBOp KOMIUIEKCHOH CoJH
2 | Belmager Ju ocagok xJopuaa cepedpa, ecsim k 10 ma 0,1 M | 3 6amna
pacTBopa Hutpara cepeépa nmpudasurs 20 ma 0,1 M pacrBopa
xjiopuaa Harpus?
IIpaBuabHBIH OTBET (KJII0Y):
1. HaiizeM KOHIIEHTpAIIMH PACTBOPCHHBIX BEIIECTB MTOCIIE CMEIINBAHMS: 1 Gamn
C(AgNO3 ) = SABNO3)- V (ANOS) _ 01410 _ 4333 oy, /n
V (AgNO3)+ V (NaCl) 10420
C(NaCl) = ——Nach = V (NaCh 01 *20 _ ) 567 vommw/im
V (AgNO3) + V (NaCl)  10+20
Ortcrona
C(Ag") = C (NO3) = 3,33-1072 moun/,
C(Na*) = C(CI") = 6,67-102 mons/m.
2. BpluncanM HOHHYIO CHITy pacTBOpa:
1=0,5+(0,0333212+0,0333 *12 + 0,0667 *1%2 + 0,0667 1) = 0,1.
Onpexnenum ko3 dunmenTsr aktuBHocTH HOHOB Ag* n Cl™ mpu [ = 0,1 1 Gan
f/.\g+ = 0,81, fc|.= 0,81.
3. Haiinem npoussenenue akruHocTeill nonoB Ag* u Cl™
0,0333+0,8120,0667+0,81=1,157+103
Tak Kak NpOU3BEICHHE AKTUBHOCTEH MOHOB GOJIbIIE BETHYUHBI 1 Gann
IP(agciy = 1,78-107!°, cnemosatensHO, 0CaI0K BHINALET.
Hroro:

Otgert: ocagok AgCl Beimanaer.

3 Gamta




3 Onpeneaurs pH pacTBopa, nmosaydeHHoro npu cmemuBanum 20 | 3 Gamia
ma 0,15 M u 20 ma 0,3 M pacTBopa aneraTa HaTpusi.
IIpaBUABHBII OTBET (KJIIOY):
1 6armn
1. HaxoauMm KOHIICHTpaLMIO YKCYCHOW KHCJIOTHI U aleTata HaTpHs IOCie
CMELINBaHMUS:
C(cHacoon) = 0,1520/(20+20) = 0,075 monb/n
C(cHacoon) = 0,320/(20+20) = 0,15 monb/n
1 Gamn
2. PaccunTeiBaeM KOHIEHTpAIMIO HOHOB BOAOpoOJa MO Qopmyie s
OydepHoro pacTBopa, 00pa30BaHHOTO CJIa00W KUCIIOTOU U €€ COJBIO.
[H*] = Kk-51 * Ck-TB1/Ccomu =1,75 » 10+ 0,075/0,15 = 8,75+10°6 1 6ann
3. pH=-lg[H*]==-Ig 8,75°10°=5,06
Hroro:
Otsert: pH = 5,06 3 Gamma
4 BbIunc/iuTe YHCI0 MOJIEKYJ H MaCCOBYIO J0JII0 BO/ABI B MoJieKyJe | 3 Gama
KPHCTAJUIOTHAPATA XJOPUAA MATrHUsl, €CJIM U3 HAaBeCKU ero
0,5013r moayuniu 0,2741r Mg2P207.
IIpaBuabHBIH OTBET (KJII04):
1 Gann
1. Onpenenum MOJIIPHYIO MacCy KpUCTaJUIOTUAPATa XJIOpUa MarHUs
M(MgCl2-xH20) = M(Mg2r207) *2MmMgci2-xH20) | M(mgzr207)
Mmgci2-xH20) = M (MeCl2-xH20) * MMg2pr207)/ 2Mvg2p207) =
0,5013+222,553/2+0,2741 = 203,51 1 Gamn
2. Haxonmm 9mcio MOJEKyN B KPHCTAIIOTHIPATE
X= M(Mgc124x1—120) - M(Mgc|2) / M(Hzo) = 203,51 - 95,21/18:6,02
3. Haxommm MaccoByrO OO 1 Gamn
W(H20)= 6°18/203,51 = 0,53 mmm 53%
Otgert: 6 Mmomekyi, WH20)= 53% HUroro:
3 Gamuta
5 Jas cranpaprusanuu pacrsopa HCI naBecky 1,9024 r 3 Gamna
NazB4O7 + 10H20 pacTBopu/Iu B MepHOH K0JI0e BMECTHMOCTHIO
100,0 ma. Ha turpoBanue anukBoTHoi 4actu (VA = 15,0 ma)
3Toro pacrsopa mouuio 13,1 mia pacreopa HCl. Berumenaurs
MOJISIPHYIO KOHIIEHTPAIMIO M TUTP pacTBopa
IIpaBuabHbI 0TBET (KJI04):
1. U3 ypaBHeHUs MPOTEKAIOIICH pEakIiy HEWTpaTu3aii 1 Gamn
2HCI + Na,B4O7 +5H,0 — 2NaCl + 4H3BO3
crenyer, uro fak. NayBsO; =1/2, mnosromy MonispHas KOHIIEHTpALUSI
SKBHBaJICHTa TeTpabopara HaTpus OymeT
Cna2B40*10H20) = MNaze4ao7) /| MIKB (Na2Ba07*10m20) *V = 1.9024/190,69 « 0,1 =
0,0998 mob-3KB/1
2. Tlo 3akOoHy DKBHBAJICHTOB pAacCUMTaeM MOJSIPHYIO KOHIEHTpamuoo | 1 Oamn
skBuBajenTa HCI
Cteny = 0,099813,1/15 = 0,0872 Moub-3KB/1
fakB (Hc)) = 1, mO3TOMY MOJISpHAsl KOHIEHTpanusi OydeT paBHa MOJSPHOI
koHIeHTparuu skBuBanenta HCl  0,0872 mons/n
3. Twurp paccunutsiBaetcs mo Gopmyie: 1 Gamn
THery = C Hey*M Her / 1000 = 0,0872+36,5/1000=0,00318 T
OrtBet: Cire)=0,0872 monb/1; T (Hey=0.00318r Hroro:
3 bauia
6 Boranciauts maccoByio goaio Al2O3 B cuiiukare, ecian 3 bamna
HaBecky 1,0220 r mepeBesid B pacTBOp, AodaBuiau 25,00 mu
pacTBopa Tpwiona b ¢ konuenrpaumeii 0,1151 moan/n. Ha
THUTpPOBaHMe N30bITKA MocJieaHero nouwio 9,83 ma 0,1015 moan/n
pacTBopa cyab(aTa IMHKA
IIpaBuabHBIH OTBET (KJII04):
1. Onpenenenne AlO3 mpoBomurcsi MeToJOoM 0OparHOro TUTpoBaHus. B | 1 Gamn

PACTBOPE MPOTEKAIOT CIEAYIONINE PEAKIIHH:
AP+ HYZ - AlY- + 2H*
HaY% + Zn?* - ZnY? + 2H*

2. KomnuecTBO MOJIL-3KBHBAJICHTOB AJIIOMUHUA  PACCUUTBHIBACTCA 110

1 6amn




Pa3sHOCTH MEXAY KOJMYECTBOM MOJb-9KBUBAJICHTOB 100ABICHHOTO
TpusoHa b w ocraBmierocsi mocine peakuuu. IlockombKy peakius
KOMILIEKCOOOPA30BaHUs TIPOXOJUT OMWUH K omHoMy, f 9KB. Kakmoro
pearenTa paBeH |. MosipHas KOHIEHTpAIM U MOJISIpHAsT KOHIICHTPAIIHS
SKBHUBAJICHTA PaBHBI.

Nan=CtpeV1p - C zn504*V znsos

Nz = (0,1151 <25 - 10,1015« 9,83) <10 = (2,88-0,99)103 =

=1,8910" Monp-3xB =0,00189 Monb 1 6ann
3. Tak kax B 0/IHOH MOJIEKYJIE COJEPKUTCS [Ba HOHA ATIOMUHHS, KOJIMYECTBO
Mmoiei AlO3 Oyzer B 1Ba paza MEHbIIE.

M (A1203) = Naz+) * Mazoz)/ 2 =0,00189+102/2=0,0964 r Hroro:

W(AI203) :0,0964/1,0220'10029,62% 3 Gamna

Otsert: 9,62%

7 Boryucaurs omudky TurpoBanus 0,15 M pacrBopa | 3 6amna

ruapokcuaa ammonus 0,15 M pacTBOpoM COJIAHOH KHUCJIOTBHI
B IpUCyTcTBUM (peHoNPTaIENHA
(pT=9).

IIpaBuabHBIH OTBET (KJII04):

1. PaccuutsiBaeM pH B TOouke oSkBuBaneHTHOcTH. [Ipu monHoi | 1,5 Gamna
HEeWTpaln3aluy THAPOKCHIA aMMOHUS B pacTBOpe OyJeT HaXOIHUThCS
CoJib, 00Opa30BaHHAsl CUJIBHON KHCIOTOW W CIAOBIM OCHOBaHHEM,
KOTOpast OyAeT MOABEPTaThCS THIPOIIH3Y.

NH4OH + HCI — NH4CI + H,0

NH.4CIl + H,O — NH,OH +H* + CI

Ortcroga

pH =7 - ¥ pKnraon)— ¥4 19 Cnnacry

Cnnact) = Cnraory * Vinraory / V(NHaoH) + V(Her

Cwracty = CHey  —  Vnmaor) = V(o) —

C(NH4C|) = C(NH40H) /2=0,15/2=0,075

pH =7 —4,75/2 —190,075/2 =5,75

2. Tak xax tuTpoBanme OymeT 3akoHUeHO mpu pH=9, TO THmpokcux | 1,5 6amma
aMMOHHUS Oyner HenotuTpoBaH.  WHAmKatopHas ommOka Oyzner
OTIPENIeNATHCS. TIPUCYTCTBHEM B PACTBOPE HEAOTHUTPOBAHHOTO CIIA0OTO
ocHOBaHUA. T.e. HEOOXOIUMO PaCCUUTATh OCHOBHYIO OIIHOKY:

10pT+pKB—14
A%(MEOH) = —W -100
9+4,75—-14 .
A%(MeOH) = — g - 100 = — 36% 13/1221?131
OTBeT: THPOKCH], aMMOHHUS OyJeT HeJOTUTpoBaH Ha 36 %

8 Cmemanu 60 r 6%-Horo pactBopa cepHoii kucaoTbl ¢ 100 ma | 3 6amna
20 %-noro pacrBopa cepHoii KucJa0Thl. KakoBo mpoumeHTHOE
cojiep’kaHMe W KOHIEHTPauMsi MOJISIPHOTO 3JKBHBAJIEHTA
CepHOii KHCJIOThI BO BHOBB MOJIY4YeHHOM pacTBope?

IIpaBuabHBIH OTBET (KJII04):

1. TlepeBenem o6wem 20% pacTBOpa B rpaMMBbl. B cipaBouHmKe HaxoauMm | 1 Gayr
mioTHOCTh 20% pacTBOpa CEpHOM KHCIOTHI. P(20% H2so4)=1,1394

M 20% H2so4) = 1,1394 « 100 =113,94 r

2. PaccuuthiBaeM HOBYIO % KOHIICHTDPAIIHIO

M (H2so4) = (60 « 6 + 113,94 « 20)/100 = 26,39 r 1 6ann

M HoBoro pacteopa = 60+113,94 = 173,94 r

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

3. OnpenensieM (akTop 3KBUBATIEHTHOCTH CEPHOI KHUCIIOTHI.

fokB.=2  Moks. =98/2 =49 1 6ayn

Haxoaum mnotHocTs 15% pactBopa.
p(s% Hesos) =1,1020
PaccunTeIiBaeM KOHIICHTPAIIUIO MOJIb-IKBUBAICHTA

w -p-10 15,17 -1,1020 -10
=P - = 3,4 MoJIb — 3KB/1
MbskB 49

C

Otset: W=15,17%, C=3,4 MOIb-9KB/JI




Hroro:

Oteet: w% = 0,2348%

3 Gamma
9 Hagecky :kese3ocomep:kamieii pyabl wMaccoii  0,3301 r | 3 Gamra
PacTBOPMJIM B KHCJIOTE 0e3 A0CTyNa BO31yXa, NepeHecaIn
B MEPHYI0 K0JI0y BMecTUMOCTBHI0O 200 M1 U 10BesIin 00beM /10
MeTKH. AJTHKBOTY IMOJY4eHHOT0 pacTBopa 10MJ1 oTTHTpOBAIN
noreHuuomerpuyeckn 0,0500n pacrBopom KMnOs Ilo
MOJY4YeHHBIM pe3yJbTaTaM
V, M 25 26 27 28 285 29 30 3,1
3,2
E,MB 585 570 550 530 410 180 165 155 145
onpeaeTuTh TOUYKY IKBUBAJEHTHOCTH M PACCYUTATH MACCOBYIO
JOJIIO JKeJie3a B py/e.
IIpaBUABLHBII 0TBET (KJIIOY):
1. JIns ToTO, 9TOOBI HCIIOTB30BATh 3aKOH SKBUBAJICHTOB ISl ONPEAeIICHAs Macchl | 1 Gat
JKelne3a, He0OOXOIMMO y3HaTh 00BEM IepMaHTaHaTa B TOYKE SKBHBAJICHTHOCTH.
[Ipeobpa3yem noxydeHHBIC TaHHBIE.
V,mn 25 2,6 2,7 2,8 2,85 2,9 3,0 31 32
AV - 01 01 01 0,05 0,05 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 20 2400 4600 15 10 10
Jaxe 6e3 moctpoenus nudhepeHInanIbHON KPUBOH BUIHO, YTO MAaKCUMyM Ha
HEH COOTBETCTBYET 00BEMY NIepMaHTaHaTa
V1.5.=2,9 MiL
2. PaccumnTthiBaeM KOHIICHTPAIIMIO U MacCy XKelle3a B HCXOAHOM PacTBOpe
C(re2+)=2,9 * 0,05/10 = 0,0145 MomB-3KB/1I 1 6amn
B mpoTekaromeit mpu THTPOBAHNH PEAKITHH
MnQO, + 5Fe?* + 8H* = Mn?* + 5Fe®* + 4H,0
¢axrop sxeuBanenTHocTH Fe (I1) faks. = 1 1 Mbaks. = 55,845
M (Fe2+) = 0,0145 « 55,845 < 0,2 =0,1620 v
3. KonmuecTBo xene3a B pacTBOPE COOTBETCTBYET KOJUUCCTBY jkeje3a B | 1 Oamn
HaBecke. OTcrona:
W% re = 0,1620 * 100/0,3301 = 49,06%
OrtBer: W% e = 49,06% Hroro:
3 Gaya
10 Ipu ompenejieHHd MapraHoa B CIJIaBe MeTOAOM J00aBok | 3 Oamia
HaBecky maccoii 0,5000r pacTBopuiu U pa3daBu/Id PACTBOP /10
200 ma. K dyerbipeM o0OAMHAKOBBIM MOPUMSAM pacTBOpa
A00aBUJM Takue 3Ke O00bEMBbI CTAHAAPTHBIX  PacTBOPOB,
cogep:xkammux:  0; 35 6; 9 mxr/ma Mn. HWsmepus
ONTHYECKHE  IUIOTHOCTH, TOJYYHJIH  COOTBETCTBEHHO:
0,225; 0,340; 0,455; 0,570. BbIYMCIUTH MACCOBYIO J10JIIO
Mn (%).
ITpaBUIBHBIN OTBET (KIIFOY):
1. PacuuThiBaeM KOHIIEHTpAIMI0 MapraHiia B HUCClIeIyeMoM pactBope | | Gamn
AHATUTHYECKH 110 (HopMyJIe
Cx=C cr ﬁ, rae CcT —KOHIEHTpalus CTaHaapTa, AX —ONTHIECKast
TJIOTHOCTh HCCJENYeMOro pacTBopa 0e3 J00aBKM CTaHAAPTHOTO pacTBopa: A
X+CT — ONTHYECKas INIOTHOCTD MCCIIEyeMOr0 pacTBOpa ¢ 100aBKoil cTanaapra
Cx=3 L0225 __ _ 5,87 MKr/Mi
0,340-0,225
Cx=6" 0225 _ 5,87 MKr/mi Cx =5,87 Mxr/ma = 5,8710% r
0,455-0,225
Cx=9- 2225 _ 5,87 MKr/Mi
0,570-0,225
2. Paccunraem maccy mapranna B 200mi 1 Gann
m=5,87-10%+200=1,174 + 1031
3. BBIUMCIHM MaccoBylo n0mo. KonmuectBo Maprania, cosepakarieecs B | 1 Oam
200mMa  pacTBOpa COOTBETCTBYET KOJIMYECTBY COAEpKameMycs B
HaBeCKe CILIaBa. Hroro:
W% = 1,174 « 10+ 100/0,5000 = 0,2348% 3 Gamna

OIIK-2 Croco6eH IMpOBOAUTH C COOJIIOAEHHEM HOPM TEXHHUKH 0O€30IIaCHOCTH XMMHUUYECKHH DKCIIEPDUMEHT, BKIFOYas

CHMHTE3, aHAJIU3, M3YUYCHHE CTPYKTYPhI M CBOWCTB BEIIECTB M MATEPHUAJIOB, HCCICAOBAHME IIPOIISCCOB C UX YYACTUEM

(KO,H, HanuMCHOBaHHC KOMHGTCHHI/II/I)




Howmep | IlpaBuibHbIN Kpurepuu
3a1aHd | OTBET (KITI0Y) OIICHUBAHHS
P Copepxanrie BoImpoca/3aiaHus 3aIaHuNA
3aganus 3aKpbITOro THNA
1 b YTo u3yvyaeT aHAJIUTHIECKAST XUMHSA? 1 Oan
A U3ygaer coelnHEHUS C YTIEPOAOM PA3JINYHBIX 3JIEMEHTOB, a TAKXKE | MPaBUIIbHBII
WX CBOMCTBA M METOIBI ONPEICIICHHS OTBET
B Dro Hayka o Meronax uaeHTH(UKAIINHA H OOHAPYKESHHUS PIEMEHTOB
U UX COETUHEHUN
B Hayka o 3akoHax CTpoe€HMs, CTPYKTYphl M IpEBpALLEHUS
XIMHYECKHX BEIIECTB
2 A YT1o TaKkoe BOCIHPOU3BOIUMOCTH Pe3yJIbTATOB aHAIM3a? 1 Oamn
A Dra Mepa TOro, Kak MOBTOPSIOTCS PE3YJIbTAThl IPU MHOTOKPATHOM | TPaBHJIBHBIN
MIPOBEACHUH aHaIN3a OTBET
b Ilapamerp, XxapakTepH3yIONIHMA OJU30CTh IKCIICPUMEHTAIBHBIX U
UCTHHHBIX 3HAYCHUIA U3MEPSIECMOI BEIIMIHHBI
B DT0 MUHHMAJBHOE PACXOXKICHHEC MEXAY pe3yIbTaTaMH,
MTOJTYICHHBIMH TIPU MCITBITAHUH OJTHOW TPOOBI
3 A Yro Takoe cTaHAApPTH3AIMUS pacTBOpa? 1 Oamn
A DTO yCTaHOBIJIEHUE €r0 TOYHON KOHIIEHTPALUU MIpaBUJIbHBIN
b IIpurorosneHne pacTBOpa U3 CTaHIApTa OTBET
B VYcraHOBIICHHE CpOKa TOTHOCTH PacTBoOpa
4 b Ytro ©3 MNpeACTABJIEHHOr0 SIBJsieTC MeToAOM mpoBexenus | 1 6amn
Ka4eCTBEHHOIr0 aHau3a? MIpaBUJIbHBIN
A TpaBUMETPUYECKUI METOL OTBET
b npo6HusIif aHamN3
B  Ouoxumuueckwuii
5 B IIpn upeHTHUKANMM KATHOHA KAJUs WCHOJL3YIOT pactBop | 1 Oan
HaTpusi rekcanuTpokodanbrara (III). Kakoii kaTmoH Memaer | IPaBUIIbHBIN
onpeeaeHUI0 KAJUs NPH MOMOIIM 3TOMH peakuuu? OTBET
A Co*
b Na*
B NH*
6 b YyBCTBUTEIBHOCTh PEAKIHIl oOmpenessieTcss IBYMsI OCHOBHbIMH | 1 6an
KPHUTEPUSIMH: TIPaBUJIBHBIH
OTBET
A TemmepaTypoi U 1aBJIE€HUEM,
b  obOHapyxuBaeMbIM MUHUMYMOM U MUHUMAaJILHOW KOHIIEHTpAaIIUEH,
B MuHHMMalIbHOW KOHILIEHTpalMel U TeMIepaTypou.
7 r O0beKkTaMu UCCIeT0BAHNS B AHAJTUTHYECKOI XUMHUM SIBJISTIOTCS: 1 6amn
A armocdepa, 04Ba U MOJIE3HbIE HCKOMIAEMBIE; MIPaBUJIBHBIH
b PaCTCHUA U )KUBOTHBIC, OTBET
B  uyenosexk;
I"  BcE BhlLIENEPEUMCICHHOE BBIILE.
8 b K XxuMHYecKHM MeT0AaM aHAJIN3a OTHOCHTCSH: 1 Oamt
A doromerpus; MIpaBUJIbHBIN
b rpaBumerpus; OTBET
B moteHmmomerpus;
9 A B kauecTBe mNepBHYHBIX CTAHIAPTHBIX BelIeCTB MCHOJB3YIOT | 1 Oan
coelMHeHHN, 00/1a1al01IHe CJEAYIOIMMH TPeOOBAHUAMH: MIPAaBUIIBHBIH
OTBET
A COCTaB COCTUHEHHUS CTPOTO  COOTBETCTBYET (hOopMyJIe;
B coennHeHne HepacTBOPUMO B BO/IE;
B coenuneHue neryue;
I" coenuHeHue TEPMOYCTOWUYHUBO.
10 b Kak roroBsit pacTBop Hoja JJisi HOOMETPHUYeCKOro TuTpoBanus? | | 6amn
IIpaBUJIbHBIN
A pacTBOPSIOT HABECKY HOJA B BOJIC. OTBET

B pacTBOpSIIOT HaBECKY MOJIa B KOHIICHTPUPOBAHHOM PacTBOPE Kallus
noIuia M pa3daBIgIOT BOJIOM;
B  HCHONB3YIOT 3TUIIOBBIN CIIUPT KaK PACTBOPUTEIH




3ananus OTKPLITOI'O TUIIA

1 IIpennoxkute cxemy pasesieHHs CMECH, COCTOSIIell n3 4 banna
K*, Ag*, Pb?*

IIpaBuABHBII 0TBET (KJIIOY):

1. OrzmeneHre HOHOB cepedpa U CBUHIIA. 1 Gamn

OcaxnaeM HOHBI cepedpa 1 CBUHIA A00aBICHHEM K HcclegyeMoMy pactBopy 2 M pacteopa HCI.

Benbie amopdHbIe XJIOpHUABI HEPACTBOPUMEI B BOZIE M pa30aBlICHHBIX PACTBOPaX KUCIIOT.

Ag*+ ClI"— AgCl]

Pb?* + 2CI- — PbCl,|

Crenyer u3berath u3bbiTKa OGonbiroro u3bbeitka HCl Bemenmcreue o0pasoBaHHs pacTBOPUMBIX

XJIOPUHBIX KOMITJIEKCOB

AgCl|+HCI—H[AgCI;]

PbCl; + 2HCI = H,[PbCl4]

2. OrtneneHne U onpeieicHIE CBUHIIA.

Hcnonp3ys XOpoIIyio pacTBOPHMOCTH XJIOPHIA CBHHIIA B TOpSYEl BOJIE, M3BJIEKAeM CBHHEN U3 | 1 Gamn
ocajka xJIopuaoB. [IpoBoarM KadeCcTBEHHBIE PEaKIIMK Ha CBUHET

Pb?* + 21" — Pbl | ocagok 30J10TUCTO-KEITOro [BETA

Pb?* + CrO4% — PbCrOy | enThlii ocamok

3. Ortnenenue u onpeaenacHue cepedpa.

Ocanok xyopuaa cepedpa pacTBOpsSeM B aMMHAKe M IPOBOJMM KayeCTBEHHBIC PEaKIM Ha HOH
cepebpa.
AgCl + 2NH4OH — [Ag(NHj3),]Cl + 2H,0
IIpu meficTBUM a30THOI KMUCIOTH aMMHAYHBIH KOMIUIEKC cepedpa pa3pyliaeTcst M CHOBa BhIMagaeT | 1 Gamr
OeTbIit 0caioK XJIopuIa cepedpa
[Ag(NH3)2]Cl + 2HNOs = AgCl | + 2NH4" + 2NO3 ™~
Oermprit

TBOPOKUCTHIN 0CaTIOK
Taxke KOMITICKC MOKHO Pa3pyIIUTh JCHCTBUEM HOTUIA KATHS
[Ag(NH3)2]Cl1 + KI = Agl | + 2NH3 + Cl ~ + K*

JKENTOBAThIN 0CA0K

4. Onmnpenenenue Kanusa. B pacTBop mociie OTAEJICHUS HOHOB cepedpa U CBHUHIIA J00aBIIsEM
alerar HaTpus, 4TOObI co3/1aTh claboKuciyto cpeny. st onpeneneHns Kauus ¢ HOMOUIBIO
kobanpruauTputa Hatpusi Nas[CO(NOyz)s] pactBop momKkeH OBITh HEUTPATbHBIM HITH
CITa0OKHCITBIM.

2K* + 3Na* + [Co(NO2)s]* — KoNa[Co(NO2)s |
SKENTHIN
KPUCTaJLUTHYECKUH 0CaloK
OTH K€ YCIIOBHS TMOAXOMAT JUIS KAYECTBEHHOW PEaKIMd WOHA KANWs C THAPOTAPTPATOM HATPUS
(BUHHOW KHCIIOTOH). 1 6amn
K* + NaHC4H405 — KHC4H40el + Na*
GenbIit
MEJIKOKPHUCTAININYECKUI 0CaZ0K HUroro:
4 Gayna
2 Onpenenenue cyab(ar-uHOHA TIPABUMETPUYECKHMM METOJAOM. Hznoxuts | 4 6amna
CYIIHOCTh MeTO/Aa AHAJM3a M PACCYUTATH MACCOBYIO J0JII0 cy/Jb(aTa B HaBecke
cyjabdara HATPUS MO0 NOJY4YEHHBIM JaHHBIM.
m (Na2S04) = 0,3051 r; m (BaS04) = 0,4561 r
IIpaBuabHbBIH OTBET (KJII0Y):

1. CymHocTh METO/A 3aKIOYAETCsl B OCAXICHUHU CyibdaT-noHoB pactBopoM BaCl, B Bune | 1 6aimn
BaS0;. Bo wu3bexaHume ocaxIeHWS Jpyrux cojed Oapus W IOJyUYEHUS
KPYMHOKPHUCTAJUIMYECKOTO 0CaJIKa OCAX/CHUE Cyb(aT-HOHOB HEOOX0ANMO POBOIUTH H3
ropsyero MoAKHCIeHHOro pactBopa. CojepikaHue Cyib]aT-HOHA ONPEAENIOT 0 Macce
MPOKAJEHHOTO 0Ca/IKa.

SO4* + Ba?* — BaSO04]

2. Tlepen KOIMUECTBEHHBIM OIPECICHUEM CYIb(aT-HOHA TPOBOASAT KAUECTBEHHYIO IIPOOY Ha
ero Haiuuhe B BOAHOM BHITSDKKE. Iloakucisior 10 M BogHOM BRITSDKKM 1—2 xarumsmu | 1 Gamn
10%-ro pactBopa HC1, npubasisitor okoino 1 mi 10%-ro pactBopa BaCl, u HarpeBatot 110
xunenus. Eciu pactBop He MyTHeeT, S04% OTCYTCTBYET; €CiM TOMYyTHEHHE Claboe,
conepkarcst «cnemb» S04%; €Ccu BBINAJAET OCATOK, HEOOXOIUMO KOJNHYECTBEHHOE
orpezierieHue.

3. Xonx aHanmsa.

Bepyt numeTkoii 10-50 M1 BOTHOM BBITSDKKH B XUMIYECKU cTakad Ha 100 M1, MOIKUCISIOT 1-2 Mt
10%-ro pactBopa HC1 u HarpeBator no kunenusi. OcaxaaroT cyibgar-uoHsl ropsaum 10%-m
pactBopoMm BaCl,, mpubaBmnsis ero mo KamisM W3 TMUNETKH B KoJndecTBe 1-5 M1 u TmatenbHo | 1 Gamn




pa3MernBas KaKaAyro Kario ocanures. CTakaH 3aKpbIBAIOT YaCOBBIM CTEKJIOM, KHISTAT 2-3 MUH
M OCTaBIISIOT Ha 2-3 9 B TEIIOM MeECTe.

Ocanok OTQHWILTPOBBIBAIOT dYepe3 IUIOTHBIA (QHIBTP, TPOMBIBAIOT €ro TOpSYe BOJIOW,
noakucientoit 10% HCI1, no ucyesnoBenus peakiuu Ha Ba (mpoba ¢ 10% HS04). Ocanok c
(GUIBTPOM TOACYIIMBAIOT, MOMEIIAIOT B IPEABAPUTEIBHO MPOKAICHHBIA U B3BCLICHHBINH THIENb U
CTaBAT B ropsiuylo My(denbHYIO Iedb JUlsl MpOoKaJUBaHus Npu TeMieparype He Boime 600-700°C B
Teuenne 25-30 MUH, 10 TeX IOp, MOKa OCAJOK HE CTaHeT OesbIM. 3aTeM THrelb OXJIaXJaloT B
9KCHKATOPE U B3BELIMBAIOT.

4. Pe3ynbpTaThl aHATU3a BRIYHCIISIOT IO (OpMYyJIe

m (S04) = m BecoBoii ¢opmbl o F rue
1 6amn
F = Y onpeiennenoro semectsa (rpaBumeTpuueckuii pakrop win GakTop rnepecyera)
M BecoBod ¢opMbl
OmnbITHBIE TaHHBIE: M (Na2so4) = 0,3051 15 M (gasos) = 0,4561
96,064 u 233,404 — monexymnsapHble Maccsl S04 1 BaS04.
po 000 4116
133,404
m (S04) =0,4561 «0,4116 =0,1877 r
W B B . Hroro:

(S04) = 0,1877100/0,3051 = 61,52% 4 6amna
Ortsert: 61,52%
3 | Kakue ocHOBHBIE Onepaniuy BbIOJTHAIOTCS NPU Ka4eCTBEHHOM aHaIn3e? 3 Gamna
IIpaBuabHBIA 0TBET (KJI04):

1. HarpeBaHue u ynapuBaHue pacTBOPOB IPOM3BOAUTCS HA BOASHOM OaHe B Ipobupkax win | 1 6amn
(hapdopoBHIX HamIKax.

2. OcaxaeHne n OTAEICHHE ocajka. IIpy mpoBefeHUN OCaXICHUS B NMPOOMPKE MCXOIHBIN
00BeM pacTBopa HE JOJDKEH mpeBbimiath 2 Mil. Ilocne co3manusa HyXHBIX ycinoBuil (pH,
MacKHPYIOIIMHA areHT, TEMIIepaTypa) OCaJuTeNb BBOAAT MO KAIUIIM M NEPEMEIINUBAIOT
COJZICP’)KUMOE TPOOMPKM CTEKISIHHON mnanoukoil. Ecim ocaxnaeHne Hcmosb3yercst Ais
paszeNieHusl WM yJaJeHUs HOHOB, TO 0053aTEJbHO MPOBEPSIETCS MOJHOTY OCAKACHUS
BBE/ICHHMEM B pacTBOp Haja ocajkoM 1-2 kamenb ocaauteis. OTnensior ocanok oT | 1 6amn
pacTBopa LEeHTpU(YrupoBaHUEM MO/ IeHCTBUEM LIEHTPOOCIKHOM CHIIBI.

3. IpombiBanue ocajka. /st OTAENEHHS OT OCaIKa COAEPIKALIUXCS B pACTBOPE KOMIIOHEHTOB.
Omnepariuio MOBTOPSAIOT HECKOJIBKO Pas.

4. PactBopeHue ocazaka. PacTBopeHHe ocajka MPOM3BOIAT s AajbHEHINEro aHaiau3a
TBEPAOH (a3bl MM PU N3yYEHNH CBOHCTB MaJIOPACTBOPUMOTO COCANHEHNS.

5. BelmonHeHne NpPOOMPOYHBIX, KANEIbHBIX ¥ MHKPOKPHUCTAUIMYECKUX peaknuid amst | 1 6amn
WIEHTU(HUKALIUY BEIIECTB P MOMOIIN KaYeCTBCHHBIX PEAKIIHH. .

6. Beimonnenuwe xosoctoro ombita. Ilpm mpoBepeHMM peakiuii OOHApYKEHHS MOJIE3HO
CpaBHHMBaTh HaOmomaeMblii 3(QQEeKT C pe3ylbTaTOM XOJOCTOTO OIbITa, B KOTOPOM
UCTIOJIb30BAJINCH BCE TE )K€ PEAreHTHI U B TEX )K€ YCIOBHAX, YTO M B OCHOBHOM OIIBITE, HO B
OTCYTCTBHE OTKPHIBAEMOTO HOHA. 3aKJIIOYCHNE O HATMYNH HOHA B CUCTEME MOKHO JeIaTh
JIAIIb B TOM HUroro:

3 Ganna
4 Kakue mnpenBapure/ibHbIe HCIBITAHUS TPOBOAAT NpPH aHaJIu3e Heu3BecTHOro | 3 Oamia

BelecTsa?

IIpaBuabHbI 0TBET (KJ104):
1. OmeHKa BHEIIHETO BUJIa HEU3BECTHOTO BEIIECTBA, alPEraTHOI0 COCTOSHUS, [[BETa, 3amaxa. 1 Gann
2. OkpammBaHNe HECBETSIIETOCs IIIAMEHH ra30BOM TOPENKH Pa3IMIHBIMU 3JIEMEHTaMH.
3. Harpesanue B TpyOxe unn ¢apgoposoii yamke (600 °C): a) nmosBiaeHHe BOABL, YTO yKa3bIBaeT Ha
MPUCYTCTBHE B UCCIEAYEMOM BELIECTBE COEIUHEHUH, COAEP KAlIMX KPUCTAIU3AlMOHHYI0 BOAY,
THJPOKCHIOB, OPraHUYECKUX BEIECTB, OCHOBHBIX WJIM KHCJBIX cOJiei; 0) mosiBieHne 0ei1oro mim
I[BETHOTO HayeTa (BO3rOHKA); B) W3MEHEHHE OKPACKH; TI') BBIJEICHHE JIETYYHX MPOIYKTOB
pasNioxKeHusl yKa3bIBaeT Ha IIPUCYTCTBHE HEKOTOPHIX aHHOHOB: CO3 - kapboHaToB, SOz - CynbhUTOB
1 THOCYNB(}ATOB TSHKETBIX MeTayuioB, NO2 - HUTPaTOB M HUTPUTOB, BI; - 6poMuioB B mpucyrerBuu | 1 6amn

OKHCTUTENCH, |2 - MOTUIOB B IPUCYTCTBUU OKUCITUTEINCH.

4. TTonyueHue OKpaleHHbIX mepiioB. [Ipu HarpeBanuu BerecTsa ¢ Terpaboparom Hatpus (NazB.07)
win ¢ Harpuiiammonwuiirugpodocdarom (NaNHsHPOs) B yiike miaTvHOBOW HIIM HUXPOMOBOM
MIPOBOJIOKH 00pa3yeTcst XapaKTepHO OKPAIICHHBIN mepJt (CTexnoo0pa3Has OycuHKa).

5. BospnelictBue cepHoil kKuciaoToil. IIpyu KMCIOTHOM pPa3jioKEHUU CEPHOM KHUCIOTOM BBIAEISAIOTCS
ra3oo0pa3Hble IPOIYKTHI, KOTOPBIE ONPEEISIOTCS MO IBETY WX 110 APYTroil XapakTepHOil peaKkunH.
KucnorHoe pasznoxenne 1M HpSOs  ncmonb3yloT Ui OINpeAeneHWs aHHOHOB: KapOoHart,
THOCYNB(AT, CyIbQUT, Cyab(pHI, HUTPUT- HOHOB.

[Ipu neiictBun koHueHtpupoBanHoii HoSO4 BeInensitores cnenyromye rassl, coorsercrpytomue: Clp
- xsopugaMm, NO; - Hutparam, CO - okcanaram, O, - IEPOKCHAAM, OKCUAAM, THAPOKCUIAM.




6. PactBopenme. Jlnms mepeBoja TBEPAOTO BEIIECTBA B PAacTBOp TNPUMEHSIOT cTporo | 1 Gamn
MIOCJICIOBATENIHOE PAaCTBOPEHME OTACIBHBIX €ro dYacTedl MNpuM KOMHATHOW TeMIeparype W
HarpeBaHuu B cieAyromux pacteopax: 1) B H20; 2) 8 CH3COOH; 3) B paz6asnennoit HC1 (2 M);
4) B xouuentpuposannoit HC1; 5) B pazbasnennoir HCI + H202; 6) B 30%-om NaOH; 9) B 25%-om
NH4OH; 10) B HaCBIIIEHHOM PAacTBOPE COJBI IIPH HArpEeBaHUU (COI0BAsSI BHITSKKA);
7. OOHapyKeHHe OKUCIUTENeH M BoccTaHOBUTENeH. OKHCINTENN OOHAPYKUBAIOT JIEHCTBHEM Ha
aHanuzupyemoe BemectBo cmecu KI + HS04, BoccTaHOBUTEIM 0OHApYKUBAIOT AEHCTBUEM CMeceit
KMnO04 + H2S04,= 1, + H2S04
Hroro:
3 bana
5 X0 cHCTEMAaTHYeCKOT0 XHMHUYECKOr0 aHAIN3a HEN3BECTHOTO BellecTBAa. 3 Gamna
IIpaBuABLHBII 0TBET (KJIIOY):
1. Cucremarnieckuil aHaJIN3 TPEIYCMaTPUBACT Pa3elieHNe CMECH aHATU3UPYEeMbIX HOHOB | | Gamr
[0 aHAIWTHYECKHM TIpYIIaM C MOCIEAYIONMM OOHAapyXXEHHEM KaXJOro HOHA.
CucrteMaTHueCKOMY aHAIM3y Ha KAaTHOHBI M HAa AHHOHBI BEIECTBO IOJBEPTalOT IIOCIE
MpEeBAapUTEIbHBIX WCIBITAHUA W pacTBOpeHUS.. KaTHOHHBIH COCTaB HCCIIEAYyEMOTO
0o0BeKTa maeT mHGOPMAIHMIO U 00 aHHOHHOM COCTaBe, TaK KakK MPHCYTCTBHE HEKOTOPBIX
KaTHOHOB HCKJIIOYAeT BO3MOXKHOCTH NPHCYTCTBHSI OT/AENBHBIX aHUOHOB MIIM JaXe IEJIbIX
UX TPy
2. BpIOMparOT METOJ CHUCTEMAaTHYCCKOTO aHaN3a: KHUCIOTHO-OCHOBHOW, CynbGuIHbIHA, | 1 Gamt
ammuauHo-(ocdaTHbIi U ap.
3. OOHapyxeHHEe KaTHOHOB. JleHCTBYs TIpyNmoBBIMH pEakTHBAaMH B OIpelelieHHoW | 1 6amn

MOCJICIOBATENIFHOCTH (COTJIACHO BHIOPAaHHOMY METOAY aHanW3a) CHadana pasZelsioT
TPYINBI KATHOHOB. 3aTe€M TPOBEAs pa3ZeieHUe KaTHOHOB BHYTPH TPYIIbI, BBIIOIHSIIOT
AQHATMTHYECKHUE PEaKIMH, MPU KOTOPHIX KaXKABIH MOH OOHApyXHBAIOT IIOCJIE TOTO, Kak
OymyT oOHapy)XeHBI M YHAJCHBI IPYrHe WOHBI, MEIIAoIne ero OOHAPYKEHHIO. 3aTeM
AQHAJOTUYHO NPOBOJIAT aHAIN3 Ha aHUOHBI.

Hroro: 3 6amid

6 Yro Takoe THTpUMeTpUUeckHii aHaan3? Kakas nocysa u npudopbl HCIOJIb3YIOTCS
TPH ero NpuMeHeHun?

3 bamna

IIpaBuabHBIA 0TBET (KJII04):

1. Turpumerpuueckuii aHaian3 (0OBEMHBIA) - METOJ KOJMYECTBEHHOTO aHaJK3a,
OCHOBaHHBI Ha TOYHOM M3MEpeHHH 0OBbEMa pacTBOpa peakTHBAa TOYHO HM3BECTHOU
KOHIIGHTPAIMH, PAacXOAyeMOIo JUIi pPEaKUWH C OINpeNelsieMbIM BEIIECTBOM.
TurpoBaHue - MpoIECC MOCTETIEHHOTO MOPIMOHHOTO PUOAaBJIEHHs pacTBOpa peareHra
(TuTpaHTa) K MCCIEeAYEMOMY PacTBOPY 10 JOCTHKEHHS KOHEYHON TOYKH THTPOBAHUS,
KOTOpast GUKCUPYETCsI IO N3MEHEHHIO OKPACKH MHIMKATOpa WU APYTUM ITapaMeTpaM.

2. K TouHoi1 MepHOIl nocyze, NCTIoNb3yeMoi B 00BEMHOM aHalIN3€e, OTHOCATCS MEpHBIE
KOJIOBI, MATICTKH U OFOPETKH.

MepHble K0J0bI HCHOIB3YIOT A pa30aBICHUS UCCIEAYEMOTO PacTBOpa JI0 ONPEICNICHHOT0 00beMa
U UL TIPUTOTOBJICHUS NEPBUYHBIX CTAHAAPTHBIX PACTBOPOB.
IIureTky UCTIONB3YIOT I TOYHOTO OTMEPUBAHMS OTIPEIECIIEHHOTO
o0bemMa pacTBOpa 1 EPeHoca ero U3 0JJHOTo COCy/a B Ipyroi (0T6op
ANMKBOTHOH yacTn). [luneTku OBIBAIOT ABYX THUIIOB: MUIETKH Mopa U rpailyHpOBOYHEIE.
BropeTka npencTaBisioT cO00N CTEKJISHHBIN COCY[] IMIHMHIPUYIECKON (OPMBI C HAHECEHHBIMU Ha
HETO JeNICHUSIMH, OCHAICHHBIN 32)KMMOM HJIH KPaHOM.
OHa 3aKpeIuiseTcs CTpOro BEpTHKAIbHO B IITATUBE U 3aMOJIHAETCS TUTPAHTOM.
Bcs mephas nocyna gomknaa coorserctBoBaTh [OCT.
Taxoke NCTIONB3YIOT KOHMYECKHE KOJIOBI ISl THTPOBAHUSA, CTaKaHbl M BOPOHKH.

1,5 6amna

1,5 6amna

Hroro: 3 6amid

7 IlepBuuHble W BTOPUYHBbIE CTaHAApPTHbIe pacTBOpbl. Cnoco0bl nmpurorosJieHus. | 3 6amna
IIpuBecTH NpUMePHI CTAHIAPTHBIX BellleCTB.
IIpaBuabHBIH OTBET (KJII04):
1. CrangapTHBIM pacTBOPOM HAa3BIBAIOT pPAcTBOp peareHra ¢ TOYHO H3BeCcTHOH | | Gamn

KOHLIEHTpaLeH.
IlepBUYHBINA CTaHIAPTHBIA PAcTBOP TOTOBAT PACTBOPEHHEM TOYHOTO KOJMYECTBA  YHCTOTO
XUMHUYECKOI'0 BEILIECTBA H3BECTHOTO CTEXHOMETPHUUECKOrO0 COCTaBa B OINpPEAEICHHOM TOYHOM
o0Beme (B MepHOIt koitbe). CymecTBYIOT JBa crioco0a MPUTOTOBJICHUS IIEPBUYHOIO PACTBOPA: a) U3
TOYHOW HABECKH, B3BCIICHHON Ha aHAIMTUYECKUX Becax; 0) M3 CTaHAApT-TUTpa (TOYHAs HaBeckKa
3amasiHa B aMITyJie)
2. BropwuHbBI CTaHIAPTHBIA PACTBOP ATO PACTBOP, KOTOPBIA HEBO3MOXKHO NMPUTOTOBHTH IO




TOYHOW HABECKE, BCJICACTBHE T'MIPOCKOIMHYHOCTH HIIM HECTEXHOMETPUYHOCTH COCTaBa.
KoHnrieHTpaus BTOPHYHOTO CTaHAAPTHOTO PACTBOPA yCTaHABIMBACTCS CTaHIApTH3ALMCH
[0 MEPBUYHOMY CTAaHAAPTHOMY PacTBOPY M Ha3bIBAacTCS CTaHAapTH3anmedl. BropuuHbie
PacTBOPBI TOTOBSAT M3 HABECKH, B3ATONW HAa TEXHMYCCKHMX BECAX U IMyTEM pa3daBicHHs OoJiee
KOHI[CHTPUPOBAHHBIX PACTBOPOB.

IIpumepbl cTaHAapTHBIX BemiecTB. JIJisg KUCIOTHO-OCHOBHOTO Metona - Na:BsO7-10H20,
H2C204-2H,0, Na;COs; mas okuciauTenbHo-BoccTaHOBUTENBEHOIO -  KoCrO7, NayCyOy,
H2C204:2H,0; nist ocagutenproro — NaCl; mis kommiekconomerpuueckoro MgSO4+7H,0

1 6amn

1 Oann

HUroro: 3 6amid

8

Ha yeM ocHOBaH noTeHUMOMeTpUYecKkuii MeToa TUTpoBaHusi? Kakoe odopynoBanue
HCNoJIb3yeTcs B 3TOM MeToe? Oco0eHHOCTH MCI0JIb30BaHuUsl )J1E€KTPOI0B.

3 bamna

IIpaBuabHBIA 0TBET (KJII0Y):

1.

[ToTeHmmomeTpruecknii METOJ aHAIW3a OCHOBaH Ha 3aBHCHMOCTH PaBHOBECHOTO
anektponHoro noteHimana (E) or aktmBHOCTH (a) mym koHumeHTparuu (C) BemiecTBa B
pacTtBope.

B manHOM MeTrone AU MPOBEICHUS M3MEPEHUH HCIIONB3YIOT TalbBaHHYECKHH JIEMEHT,
BKITIOYAIOIIMIA J1Ba 3JIEKTPOJa. DIIEKTPOJ, MOTEHIHAI KOTOPOTO 3aBUCHT OT aKTHBHOCTH
(KOHIIEHTpanHuK) OIpeneNsieMBIX HOHOB, Ha3bIBACTCA WHIAMKATOPHBIM. (s M3MepeHHs
MOTEHIMajla HMHIMKATOPHOTO DJEKTPOJa HPUMEHSIOT BTOPOH JJIEKTPOA — JIIEKTPOL
CpaBHEHUsI, HOTCHIMAJ KOTOPOTo MOCTOSHEH M HE 3aBHCUT OT COCTaBa aHAIM3UPYEMOTO
pactBopa. Jlns W3MEpeHWs NOTEHLMajda O3JEKTPOAbl MOAKIIOYAIOT K HOHOMEpY |
n3mepsaoT 3/IC rabBaHHYECKOTO AJIEMEHTa.

WHnukaTopHBIE  JIEKTPOABI  MepeA; IPUMEHEHHEM  JOJDKHBI  OBITh  NIPOMBITHI
TUCTHUTUPOBAHHOW BOMOW. V3MUIIKM BOABI YHANSIOTCS AKKypaTHBIM IIPOMOKAaHHUEM
¢unbTpoBanbHO Oymaroil. CepeOpsHBI 3JEKTpOJ CHadala TPOMBIBAIOT PAaCTBOPOM
THOCYNB(aTa IS yOaleHus TaIOTeHU0B cepedpa U TOIBKO OTOM BOJIOM.

[pu KCTOTBE30BAHMH XJIOPCEPEOPSIHOTO AIEKTPOIA CPABHEHHSI HEOOXOAUMO CIICUTh 32 TEM, YTOOBI
BHYTPb OJIEKTpOJa ObLI 3aJUT HACBIIICHHBIH pacTBOp xiopuaa kanus. [lpu mpoBeneHUU
MOTCHIHOMETPUYECKUX M3MEPEHHUH YPOBEHb BHYTPEHHETO PACTBOPA XJIOPCEPEOPSHOTO AIIEKTPOAA
JIOJKEH OBITh BBILIIE

YPOBHSI aHAJTU3UPYEMOI'0 PACTBOPA.

1 6amn

1 6amn

1 6amn

Wroro: 3 6amid

9

Yro JIeKUT B OCHOBE a0cOpOLOHHOI ciekTpockonuu? doToMeTpHYecKHue MeTObI
MOJICKYJISPHOro a0copOIHOHHOr0 aHaau3a. TexHnKa 3KCiepUMEHTATbHBIX PadoT.

3 bamna




IIpaBuABLHBII 0TBET (KJIIOY):
1. B ocHOBe aOCOpPOIMOHHON CIEKTPOCKOITUH JISKHUT SBJICHHE TOTJIONMIEHUSI CBETA aTOMaMH
i Mosiekynamu. KoaudecTBEeHHOW Mepoil CIOCOOHOCTH TOTJIOIIATh CBET CITY)KHT

OTITHYECKas TUIOTHOCTH (A)
Io

A= lgT
rzae 10 — ”HTEHCUBHOCTB NAAIOIIETO CBETA; | — MHTEHCHBHOCTD CBETA,
MPOIIEAIIETO Yepe3 PacTBOP. 3aBUCUMOCTh ONTHYECKOH IUIOTHOCTH OT KOHIEHTPAIMH PacTBOpa
BEIpa)kaeTcs 3akoHOM byrepa — JlamOepTa — bepa

A=¢lC,
riae A — ONTHYECKas IUIOTHOCTE (MJIM CBETOMOIIOIIEHHUE); € — MOJISIPHBIH
Koo duument cperonomomenus; | — TommumHa mormomamomero ciaos;  C —  MonspHas

KOHIICHTpPAIHS BEIECTBa B PacTBOPE.

2. K doTtomerpnueckuM MeTOAaM OTHOCSTCS METOJIbI, OCHOBAaHHBIC Ha MOTJIOIIEHHH CBETa
BeriecTBOM B Y®- u BuaMMoii 001actsx. Bkirouarot B ce0st Tpu METOAA:

a) BU3yaJlbHasl KOJIOPUMETPHs (OCHOBAaHA HA CPABHCHNWH OKPACKH aHAIM3HPYEMbIX U CTAHAAPTHBIX

PacTBOPOB BH3YAIBEHBIM CIIOCOOOM);

0) ¢oroxomopumeTpusi (OCHOBaHA Ha W3MEPEHHHM HWHTCHCHBHOCTH CBETa, MPOIIEAIIETO dYepes

OKpAIIeHHBIN pacTBOP, (POTOIIEKTPUIECCKUAM CITIOCOOOM C TIOMOIIBIO CTICIIHATIFHBIX IPHOOPOB);

B) crekTpodoTromeTpust (OCHOBaHA Ha M3MEPEHHH WHTEHCHBHOCTH CTPOTO MOHOXPOMAaTHYECKOTO

CBETA, MPOMIE/IIETO Yepe3 PacTBOP, (POTOIIEKTPUIECKUM CIIOCOOOM).

3. Ilpwu BeimonHEHUHU J1aOOPaTOPHBIX paboT 1Mo GOTOKOIOPUMETPUH U

CHEKTPO(OTOMETPUH UCTIOIB3YIOT CIICIHATBHBIC IIACTMACCOBBIC MK

CTCKIISTHHBIC KIOBEThI. PaboTast ¢ HUMH, HCOOXOJMMO BBITIOJIHSTh CICAYIOIIHNE TIPaBUIIa.

a) rpaHH KIOBET, Yepe3 KOTOPbIe OYIET IMPOXOUTh CBETOBOM MOTOK, HA3BIBAIOT PA0OUYHMHU IPAHAMHU.

Ha Hux yka3aHa JuinHa KIOBeTHI (MM) U HaHECEHa OTMETKA YPOBHS KUIKOCTH.

0) KIOBETHI ClieqyeT Jiep»kaTh 32 OOKOBBIE TPaHH, Yepe3 KOTOpbIe He OyJAeT MPOXOJUTh CBETOBOM

MOTOK.

B) mepex paboTOH KIOBETHI HEOOXOIMMO TINATEIHHO BBIMBITE M 00S3aTENbHO HECKOJBKO pa3

OTIOJIOCHYTh ANCTWIIIMPOBAHHOW BOZIOH, a 3aTeM pab0YNM PacTBOPOM.

T') PacTBOp B KIOBETY HAJIMBAIOT 0 CIICNNAILHOIN TOPU30HTAIBHOM OTMETKN HA TPAHH KIOBETHI.

) TIepe]l TIOMEIIEHHEM KIOBET B KIOBETOJEp)KaTedb padodne rpaHu NPOTHPAIOT (QHIBTPOBAIBHOM

Oymaroil. Ha HUX He OJDKHO OCTaThCsl Karellek pacTBOpa, BOPCHHOK, OTIIEYATKOB MaJbLEB.

K) JUIS IPEAOTBPAILEHHUS IPOJIMBAHUS PACTBOPOB, HAXOSAIIUXCS B

KIOBETAaX, IIepeMelleHre KapeTKu (pOTOKOIOpUMETpa UK CIIeKTpodoTo-

METpa OCYIIECTBISIIOT MEJUICHHO U IJIaBHO.

1 6amn

1 6amn

1 6amr

Hroro: 3 6amnd

10 | IIpaBuja pa6oThl B XMMHU4ecKoii 1a0opaTopun

3 damia

IIpaBuabHBIH OTBET (KJII0Y):

1. Kareropudeckn 3ampermaercst paboTaTth 0OHOMY B JJAOOpaTOpPHH, TaK KaKk B HKCTPEHHOM Cllydae
OyneT HEKOMy OKa3aTh IIOCTPaJaBLIEMy MEpPBYIO MOMOIIb M JIMKBHIMPOBATH MOCIEACTBHA
Hey/IaBILIErocsi dKCcrepuMeHTa. PaboTaTh ciiefyeT TOJIBKO B OTBEAEHHOE BpEMsi MOJ KOHTPOJEM
MpernoaBaTessi UK APYTUX COTPYAHUKOB.

2. Heo6xoauMo coOIr01aTh THIIHHY, YHCTOTY U MOPSAIOK. [I0CTIETHOCTS ¥ HEPAITUBOCTE B paboTe
9acTO MPHUBOAAT K HECYACTHBIM ciydasM. Henp3s oTBiekaTh OT pabOTHI M OTBIEKATh CBOMX
ToBapHILeil. 3ampemniaeTcss Iep)kaTh Ha J1a0OpPaTOPHOM CTOJIE IOCTOPOHHHE TNpPeIMETHl (CYMKH,
y4eOHHUKH U T.1.).

3. Kareropuuecku 3anpeniaercst IpUHAMATh U XPaHUTb IHILY, TUTh U KypHUTh.

4. Kaxnplil 10JDKEH 3HATh, I'7le HAXOAATCS CpPeICcTBa MHANBUAYAIHLHOM 3aIUTHI, allTeyKa, CPeCcTBa
JUIS TYLIEHUS M0XKapa.

5. B nabGoparopun HEOOXOJMMO HAaXOAWTHCS B 3aCTETHYTOM XJIOITYATOOYMaKHOM Xajare. JTo
obecrieunBaeT HEKOTOPYIO MHIMBHYJIBHYIO 3alIUTY U TIO3BOJISIET N30€XKaTh 3arpsA3HEHNUS OJICHKIbI.
6. ITpuctynath K paboTe MOXKHO ITOCTIE YCBOSHUS BCEH TEXHHUKH €€ BBITIOITHEHUS.

7. Henp3s MpOBOIWTH OMBITHI B TPSA3HON MOCyne M CIEAyeT MBITh Cpa3y MOCiHe OKOHYAHHS
SKCIEPUMEHTA.

8. Kareropmuecku 3ampemniaercss mpoOOBaTh XMUMHUYECKHE BellecTBa Ha BKyc. HioxaTe BemecTa
CIIeZyeT OCTOPOXKHO, HE MTOJTHOCA COCYA ONM3KO K JINITY, a JIWIIb HAMPaBIIAsA K cebe maphl WIN Ta3bl
JIETKUM JIBIDKEHHEM PYyKH, IIPH 3TOM HE CIEAyeT Jenarh MOJHBIA BIOX. JKuiukne BemiecTBa U
pacTBOpbI 3ampeniaercs HaOWUpaTb B TNUIETKH PTOM, JUIS 3TOTO HEOOXOJMMO HCIIOJB30BATh
PE3MHOBBIE TPYILIH U IpyTrUe NPUCTIOCOOICHHS.

9. B mponecce paboThl HEOOXOJMMO CIIETUTH, YTOOBI BEIIECTBA HE IONAJall Ha KOXY, TaK Kak
MHOTHE U3 HUX BBI3BIBAIOT Pa3IpaKCHUE U 0XKOTH KOKH U CIM3HUCTHIX 000JI0YEK.

10. 3ampermiaercst HarpeBaTh, CMEIIMBATh M B30ANTHIBATh peakTUBBI BOMM3M juia. [Ipu HarpeBanuu
HeNb3s JIepKaTh NMPOOHPKY WM KOJIOY OTBEpCTHEM K cebe FUIM B HalpaBICHHH pPabOTaromero
TOBAPHIIA.

1 6amr

1 6amn

1 6amn




13. 3ampemeHO BBUIMBATE B PAaKOBHHY OCTATKH KHCJIOT ¥ IINEJNOYEH, OTHEOMacHBIX U
B3pBIBOOIIACHBIX, 4 TAKXKE CHJIBHO NMAXHYIINX BEIIeCTB. /[ cimBa 3THX BEMIECTB B BBHITSIKHOM
mKaQy MOKHBI HAXOMUTHCS CIENHAJIbHBIE COCYABl C IDIOTHO MPUTEPTHIMH KpPBIIKAMH U
COOTBETCTBYIOUTIMH ITHUKETKAMHU

Hroro: 3 6amnd

OIIK-6 CnocoOeH mpeacTaBisTh pe3yabTaThl NPOoheCCHOHANILHOM IESTENLHOCTH B YCTHOM M MUCbMEHHOM opme B

COOTBCTCTBHMM C HOpMaMH W TNpaBHJIaMH, HNPUHATBIMHU B HDOd)eCCI/IOHaJ'IBHOM COOGHICCTBC (KO[[, HanMCHOBaHHC

KOMIIETEHIINH)
Homep | IIpaBunbHBIM Kpurepuu
3aJ1aHd | OTBET (KITI0Y) OLIEHUBAHUSI
P’ ConeprkaHue BOIpoca/3agaHus 3alaHuNA
3agannus 3aKpBHITOro THIA
1 b C Kakoii TOYHOCTHIO B3BEIIMBAETCH HABECKAa Ha TeXHUYecKkux | | 6amn
Becax? IIPAaBUJIBHBIH
A 0,001 OTBET
b 0,01
B 1
r 10
2 B KakoBa oTHOCHTEIbHAS OTPEITHOCTH BECOBOr0 MeTo1a aHaam3a? | 1 6amn
A 10% MIPaBUIIBHBIH
B or1% mo0, 1% OTBET
B or0,1 m00,01%
r 5%
3 B Yemy paBed pH B kucioii cpeae? 1 Oamn
A -7 TIPaBUJIBHBIH
b 7 OTBET
B 3
r 10
4 b Kak npaBWJIBLHO ONpeaeJuTh TOYHYI0O HABECKY BemecTBa? 1 Oamn
A Ha aHAJIMTHYCCKHUX BECax HpaBI/IHLHLIﬁ
b CHayaJia Ha TCXHHYCCKHUX, a4 IOTOM Ha aHAJIUTHYCCKHUX OTBET
B pacuerHbIM ITyTEM
I" Ha TexHHYECKHX Becax
5 b Coco0nl BoIpazkeHHs] KOHIEHTPAIIMU THTPOBAHHBIX PACTBOPOB: 1 6amn

A MaccoBast 10
b MomspHas KOHIEHTpaNHs YKBUBAJICHTA
B mporeHTHas KOHIICHTpANUs

[IPaBUJIbHBIN
OTBET

6 A Kakasi KOHUIEHTpAIUsl HA3bIBAETCH MOJISIPHOW KOHUeHTpaumeid | | 6an
IKBHMBaJIleHTa? IIPaBUJIbHBIH
A) HOpMasbHAs OTBET
B) npouenTHas
B) wmaccoBas.
7 B Ecsn B pactBope pH =7, To pacTBOp fAIBJIsIeTCH: 1 6amn
A c1aboIenoYHbIM NPaBHJIbHBIN
b menouHeM OTBET
B HeliTpanbHbIM
I'  kucapim
8 b IIpenenbHasi KOHUEHTPALUS BbIPAKaeTCH B: 1 Oas
A MwDTIITATpax (M) MIPABUJIBHBIH
b muxporpammax (MKr) OTBET
B rpammax Ha MummmaMTp (T/MI1)
9 B B xakux equHHMIaX H3MepsieTcsl THTP? 1 Oan
A Monp/n MIPaBUIIBHBIH
b % OTBET
B r/mn
I' MonB-3KBHUBAJICHT/ T
10 A Kakasi KOHIEHTpalusl Ha3bIBaeTCsl MOJISIpHOW KoHueHTpamueii | 1 6amn
JKBHBAJICHTA? IIPaBUIIbHBIH




A) HOpMaITbHAS OTBET
Bb) mpouenTHas
B) maccoBas
3agaHus OTKPHITOrO THIIA
1 OdopmiieHne 1a60paTOPHBIX padoT U COCTABJIEHHE OTUYETA 3 bamna
IIpaBuabHBIH OTBET (KJII04):
B otyer o nabGoparopHoii paboTe 00s3aTeNBHO 3aHOCIT PE3YJbTaThl BCEX W3MEpEeHUil (maxe
HEy/lauHbIX) ¥ pacyeTsl. JTO HEOOXOIUMO JUIS NMPOBEPKH MPAaBUILHOCTH BBINOJIHEHHs paOoOTHL. | 1 Gayn
Taxke 3TO JaeT BO3MOXKHOCTh BHECTH HEOOXOIMMBbIE U3MEHEHMS W YTOUYHCHHS B BBHINOJHEHHE
9KCIIEPUMEHTA WM pacyera.
B oruere 00s13aTeNIbHO OTpaXKAIOTCS:
1) pmara BBIOTHEHUS paboOTEHI;
2) Ha3BaHHE ¥ HOMEp J1abopaTOpHOil padoTHI;
3) mens mabopaTopHOil paboTEHI;
4) uCTONB3yeMbIe PEaKTHBEI H 000pyJOBaHUE; 1 Gamn
5) ypaBHEHHS MPOTECKAOIINX XUMHUIECKAX PEAKIIUI;
6) SKcIepUMEHTaJIbHbIe JaHHBIE U pacdyeThl (0YeHb MOAPOOHO, ¢ COOIIOJEHUEM MPaBUI 3alUCH
pe3yIbTaTOB U €AUHUI] U3MEPEHUIN);
7) Ha MIJIJIUMETPOBOW Oymare WM ¢ MOMOLIBIO KOMITBIOTEPA CTPOSITCS TPalyHpOBOYHbIE TPA(UKH
nu00 KpHBBIC THUTPOBaHUS (00s3aTEJIbHO BKICHBAIOTCS B J1a0OPATOPHBIA JKypHAd), OTYETHI O
MPOBEICHHOIN KOMIIBIOTEPHON 00pabOTKe TaHHBIX PacleyaThIBalOTCS M MPUKIAABIBAIOTCS K OTYETY
0 BBITIOJIHEHHOH J1Ta0OpaTOpHOI padoTe.
8) oIeHKa MOTPENIHOCTH ONpENeNICHHUS (TIOCIIe TPOBEPKHU PE3YNbTaTa IIPENoJaBaTeeM).
[Ipn Benennn pabodero xypHana HEOOXOAUMO YIEISITh 0c000€ BHIMaHNE TOYHOCTH U3MEPEHUH U
3aIICH UX PE3YJIbTATOB 1 6amn
Hroro:
3 bamna
2 OnpeneneHne KPUCTAIIH3ANMMOHHOMH BOIbI 4 6amia
B xsiopuae 6apus. [lopsaaok BbINoJHEeHHs padoThI.
IIpaBuabHbIA 0TBET (KJI04):
L Cymmuocth Merona. KpHCTalIM3alMOHHOM Ha3bIBAIOT BOJY, BXOJMSAILYI0 B CTPYKTYpy | 1 Gamn
KPHCTAJNIOB HEKOTOPBIX BEIIECTB — Kpuctawioruaparos, Hanpumep CuSOs - 5 H20,
FeSOs - 7 HO wm 1. n Tlpu XpaHeHMHM 4YAcTO IPOMCXOJIUT BBIBETPUBAHUE
KPpUCTAJUIOTHUAPATOB, T. €. HaCTUYHAA WM IOJHAA NOTEPS UMU KpI/ICTaHHI/BaHI/IOHHOﬁ BOAbBI
C COOTBETCTBYIOIIUM HW3MEHEHHEM XHUMHYecKoi Qopmyibl. OrmpeneneHue BOAbI B
KPHUCTAJUIOTHJpaTax MPOBOJST KOCBEHHBIM METOJIOM OTTOHKH. MeTo/1 OCHOBaH Ha TOM, 4TO
NPY HarpeBaHUM KPHUCTAJUIOTHPATHI pas3jiaraloTcsl C BBIICICHUEM BOABI, MacCcy KOTOpOH
HaxOoJsT 110 Pa3HOCTH Macc HABECKH JI0 M MIOCJIC BBHICYIIUBAHUSL.
2. OO6opyJoBaHKE: BECHl TEXHUYECKHE, BECHI aHAJIUTHYECKNE, CYIIMIBHBIN MIKad, THTeJIbHbIE
MBI, 3KCUKATOP, OIOKC C KPBIIIKOH.
PeakTuBbI: ABYXBOIHBINM KpHCTAILIOTHAPAT XIopuaa 6apust BaCl, - 2H,0
1 Gann
3. Xox ompenenenus. HaBecky kpuctamtoruapara Oepyr maccoir 1,0 - 1,5 r. Coib
B3BEIIMBAIOT Ha KAJIbKE Ha TEXHUYECKUX BecaX. 3aTeM ONpeelsiioT Maccy MyCToro Orokca
C KPBIMIKOH Ha aHAJTUTUYECKHUX Becax ¢ TOYHOCTHIO 10 0,0002 T (a7 3TOT0 MPOBOAAT TPH
NapajIeNbHBIX B3BCLIMBAHUS M MO PE3yJbTaTaM BBIYUCIAIOT CPEAHEe 3HAUYCHHe — My).
Iepen B3BeMBaHHEM OFOKC JOJDKEH OBITh BBICYIIEH W moimucaH. HaBecky ¢ kampku | 1 Oamn

IMEPEHOCAT B 6IOKC, 3aKpbIBAKOT €ro KpLIIHKOﬁ " ONpPCALIIAIOT MacCy OIOKCa C HaBECKOi
(TaK)KC MPOBOJAT TPU B3BCHIMBAHHWA U IO PE3yJibTaTaM BbIYHCIIAIOT CPEAHEC 3HAYCHUE —
mz). ﬂaHHLIe 110 B3BCIIMBAHUIO 3aHOCAT B Ta6nnuy.

Ilo pa3uumne macc OIOKCa € HABECKOW M MYCTOro OIOKCa BBIYHUCISIOT MAacCy HaBeCKH




KpHCTauoruapara (ms).
OTKpBIB OIOKC, MOMEINAIOT €ro B CYyIWIbHBIN mKad Ha 30 MUH. 3aTEM THTEITHHBIMU
IIAIIIIAMH TIEPEHOCST OIOKC B 3KCHKaTOp. KpBImKy Giokca mpu 3TOM HE 3aKphIBAalOT. B akcukarope
OIOKC OXJTAKIAIOT IO KOMHATHOW Temmeparypbl B TeueHne 10—15 MuH, 3aKphIBAIOT KPBIIMIKOW U
MEPEHOCAT Ha aHAINTHYECKUE BECHI JUIS IIEPBOTO B3BELIMBAaHU MIOCIIE BBICYIIMBaHUs. Maccy couy,
OIIpe/IeJIeHHYIO KaK CpeiHee apu(METHYECKOE TPeX MapayieIbHbIX H3MEPEHHH, 3aHOCST B TaOIHILy
(m4.1). Manee cHOBa CTaBAT GIOKC (C OTKPBITOH KPBILIKO#T) B CYIIHIbHBIN kad Ha 20 MUH, TOBTOPHO
OXJIZKIAIOT B DKCUKATOpE M CHOBA B3BEIIUBAIOT (Ma4.2). Eciy pe3ynbTaT MOBTOPHOTO B3BEIIMBAHUS
oTIaMyaeTcs OT mpenasiayniero He Oomee uyem Ha 0,0002 T, TO MOXHO CYMTAaTh, YTO
KpHCTaNIN3allMOHHAs BOJAa MOJHOCTBbIO yjaleHa. B IpOTUBHOM cilyyae HpPOBOJSAT TPEThE
BBICYIIIBAHKE, OXJIaXKICHHIE W OIpeIeTIeHIE MacCh (M4 3).
4. O06paboTka pe3yIbTaTOB.
OmnpeneneHne MacChl HABECKH KPHCTAILIOTHApaTa m3 (T):
mz=my;—-my.
Omnpenernenne Macchl BOIBI Ms (T):
Ms = M2 —M4.2 , €CITH TIPOBOANIIOCH [1BA BHICYIITHBAHUS,
Ms = M2 —M4.3 , €CJI TIPOBOAMIIOCH TPH BHICYIIINBAHUS.
TeopeTtrndeckoe onpeneneHne MaccoBoi qomu Bopl (%):

BaCl, - 2H,0 — BaCl, + 2H,0

n= 1 MoJb n =2 MOJb
M = 244,26 r/moib M = 18,015 r/moinb
m=nM=24426T m=nM=236,03r
_ m (H20)7100 % _ 3603100 % _ o
w (H2O)reop = m (BaClz 2H20) 24426 14,75%

[IpakTrdeckoe onpeneIeHne MacCOBOM O BOZB! (%):
m5 (H20) - 100%

m3(BaCl2 2H20)
AOGCOoIIOTHAS MMOTPENIHOCTH onpeaencHus Ax (%):
AX = o (H20)npakT. —» (H20) Teop. .
OTHOCHTE IbHAS TIOTPEITHOCTE omnpeaencHus & (%):
Ax -100%

T (H20)Teop.

w (H20) nmpakr.=

1 6amn

Htoro: 4 6amnd

3 | AHaJIM3 cMeCH KaTHOHOB TPeThell anajuTnyeckoii rpynnsi (Ba?*, Sr2*, Ca?),

3 damia

IIpaBuabHBIH OTBET (KJII0Y):
7. Tperbs aHanuTHYECKas rPyIa BKIOYAET HOHBI HIEJI0YHO-3EMEIIbHBIX AJIEMEHTOB!

Ba?*, Sr?*, Ca?". I'pynnoBbIM peareHTOM KaTHOHOB TPEThe aHaMTUYECKOH IPYMIIbI SBISETCS
pa3baBneHHas cepHas KHCIOTa, OCaXJaroIlas HOHBI JTOH Tpymmsl B ClEAyIOIen
MOCJIeI0BATEILHOCTH: CyJbdaT Oapus, cyabdar cTpoHIws, cynbdar kampims. Cynbdar KaabIus
OCaXJaeTCs TOJBbKO B IPUCYTCTBUH 3THIOBOTO cnupTa. Takum 00pa3oM TPEThIO IPyIy KaTHOHOB
OTAEJAIOT OT KATHOHOB JPYIMX aHAJIMTHYECKHX IPYIIIL.

8. OOopynoBaHHe U PEaKTUBBI: MPOOUPKH KOHHYECKUE U MWIMHIPUYECKUE, CTEKIISTHHBIC
MAJIOYKY, UEHTPUQPYTa, BOJSHAS OaHs, COMM Oapuisl, CTPOHIMS W KalbIHs, alleTaTHBIH
Oydep, nuxpomar kanus, rekcannanodeppar kamms (1), okcanar aMMOHWMs, HACHIIIIEHHBII
pactBop cynbdara aMMOHHSI.
9. Paznenenuie kKaTHOHOB BHYTpPH I'PYIIIBI BEAYT 110 CIEAYIOLIEH CXeMe:
A) K HuCcenryeMoMy pacTBOPY JOOABISIOT alleTaTHBIN Oydep U TUXpoMaT Kaius

2 Ba** +Cr0% +H,0 - 2BaCrOsd + 2H*

MEJIKOKPUCTAJIIIMYECKHMHI 0CaoK

JKEJITOro uBera

[IpoBepsIOT MOJHOTY OCAXKICHHUS U OTACISFOT OCAIO0K.

b) Lentpudyrar ucnons3yroT 1uist o0HapyKeHust cTpoHLus. K pacTBopy 100aBISFOT HACBIICHHBIH

pacTBop cyiabdara aMMOHMS M  HArpeBalOT. B  TPHUCYTCTBHH  CTPOHIMS  BBINAJAeT

MEJKOKPUCTAIUTMIECKHI 0CaIOK Cyb(hara CTpOHITHs 6eoro nBera. MHOTIa U1l BBITTAACHHS OCaIKa

TpebyeTcs CO31aTh IEHTP KPUCTAIUTU3AINY — TIOTEPETh CTEKISIHHOM MAIOYKON O CTEHKY MPOOHPKH.
Sr*  + S04 - SrSO; | MenKoKpHCTaIMYecKui Oenblil 0camok

B) TlocJie ONHOTO OT/ENEHUs CTPOHIUS MPOBOJAT KaueCTBEHHbIE peakimu Ha CaZ*,

Ca?* + C047 - (CaCy04] Genblii KpUCTAUIMIECKUH OCATOK

1 Gamn

1 Gamn

1 6amn

Hroro:
3 Gaiuia




Ca?* + Ky[Fe(CN)e] + NHs* = KCaNH4[Fe(CN)s]| + K* Genblif KpucTamm4eckuii 0cagok Ipu
HArpeBaHKH 10 KUIIEHHS

4 | CraHaapTu3anus pacTBoOpPa COJISTHON KUCIOTHI 5 bamnoB
IIpaBUABLHBII 0TBET (KJIIOY):

1. Iemb paGoTBI: YCTAaHOBUTH TOYHYIO KOHIIEHTpanuio pactsopa HCI. 1 Gamn
Cymaocts MeTona. TOuHYI0 KOHIEHTPALHUIO COJSTHOM KHCIIOTHI B PACTBOPE MOXKHO YCTAHOBHTH C
MIOMOIIBI0 MEPBHYHOTO CTaHapTa — pacTtBopa Oypel. BomHblil pacTBOp Oypsl moaBepraetcs
THIPOJIN3Y, B PE3yIbTaTe YEro NMEET LIETOYHYIO Cpeny:

NazB4O7 + 7 H,O — 2 Na* + 2 OH" + 4 H3BO3

PactBOp OYpbI TUTPYIOT pACTBOPOM COJISTHOI KHUCIIOTHI PSIMBIM CIIOCOOOM, KaK CHIIBHOE OCHOBAaHHUE
CIJIbHOM KUCNOTOH. B mporecce THTpoBaHUS MPOTEKAIOT PEAKLIUU:

Na,B4O7 + 7 H,O — 2 NaOH + 4 H3BOs3

2 NaOH + 2 HCl — 2 NaCl + 2 H.0

Na,B;07 + 2 HCl + 5 H,O — 2 NaCl + 4 H3BO3

W3 cyMMapHOTO ypaBHEHHS BHIHO, uTO KB, (Na2sao7) = 1/2

B Touke skBuBaneHTHOCTH BenndynHa pH Oyzer Hmke 7, T. K. B PE3yJbTaTe peaknuu 00pa3yeTcs
6opHas kucnora (pH = 5). [osToMy /U1 yCTaHOBICHHUSI KOHEYHOI TOUKH THTPOBAHUS HCIOIB3YIOT
HMHIUKATOp, KOTOPBIM MEHseT OKpacKy B kucnoil obmactu, mpu pH Ommskux x 5. HawubGonee
MOIXOAAIINE HHIUKATOPHI B 3TOM

Jluana3oHe — METUIIOBBIN KPACHBIM U METUIIOBBII OPAHKEBBI.

2. OOopynoBaHHUE: BEChl TEXHHUCCKUE, BEChl aHATMTHYECKUE, OIOKC C KPBIIIKOH, OIOpeTKa
06beMoM 25 mi1, KoJObI MepHbIe ¢ TIPpoOkoi oobemoM 100 u 250 M1, ko162 KOHUYECKast IS
TUTpOBaHUsA 00beMoM 50 Mi1, muneTku 00beMoM 5 Ml (TpaayupoBanHas) u 10 My, BOpoHKa,
rpylIa, CTakaH JJIs CIIMBA, TPOMBIBAJIKA. 1 6amn

PeakTHBBI: HEeCATHBOIHBIN KPUCTAIUIOTHAPAT TeTpabopaTa Hatpus (Oypa), KHcIoTa
ConsHas (KOHICHTPHUPOBAHHBIA pacTBOp, p = 1,17 r/MiI), HHAWKATOP METHIIOBBIH OpPaHKEBEII
(BOIHEII pacTBOD).

3. Xox ompenencHusl.

1 [puroroBieHne CTaHIAPTHOTO PacTBOpa Oyphl. PacTBOp Oyphl TOTOBST Kak MEPBUYHBINA CTAHAAPT

C MOJIAPHOW KOHLEeHTparuen skBuBajeHTa 0,05 Monb-3kB/1 B MepHO# Koj0e oobemom 100 mur.

Maccy HaBecku OypbI (I') paCCUMTBIBAIOT MO (hOpPMYJIE:

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

Paccunrannyro maccy Oypbl B3BEIIMBAIOT B OIOKCE CHayaja Ha TEXHHUUYECKHX, a 3aTeM Ha
aHAIMTHYECKHX BecaX. HaBecky mepeHocAT B YHCTYIO0 MepHYIO Koily, a Orokc B3emmBaioT. [1o
Pa3HOCTH HAXOIAIT TOYHYH Maccy Oypbl. B mepHyro konOy mobasmsior 1/3 o0béma Boasl u | 1 Gamn

MEPEMEIINBAIOT JIO0 TTOJTHOTO PACTBOPEHUS COJIH.
[Tocne 3TOr0 PacTBOP TOBOASAT 10 METKH IUCTHIUIMPOBAHHOHM BOHOH. OTCUET BeoyT
o HIDKHEMY MeHHCKY. K00y 3aKkphIBalOT MPOOKOWH U IMTOAMTUCHIBAIOT.
2 [purorosnenne pactBopa conssHOW KkucaoThl. CoyisiHas KHCIIOTa JieTydas, TOYHOM
KOHIIEHTpaIen He obagaeT. TouHyI0 KOHIIEHTPALHIO KUCIIOTHI YCTaHABIMBAIOT 110 CTaHIAPTHOMY
pactBopy Oypbl, HO cHauyama rotoBsat pactBop HCl ¢ mnpuOIM3UTEIbHON KOHIEHTpAIHen
skBuBajieHTa 0,05 Mosb/i1. st aToro ncnons3yror pactBop koHieHTpupoanHoit HCl, nmeroruiics
B aboparopuu. Pacuer BeayT no dhopmye:

v ) M (HCl) -C -V x

(HCD = 1000 -w -p

[I70THOCTh KOHIIEHTPHPOBAHHOTO PACcTBOPA COJITHOM KHCIIOTHI 3aMEpSIOT apeoOMETPOM B MEPHOM
IUIMHAPE ¢ COOJIONEHHEM BCEX IPaBMJI TEXHUKH OE30MAacCHOCTH, a 3aTeM OIPENeNSIoT 10
CIPaBOYHHUKY MAacCOBYIO JOIIO.
PaccunranHpli 00bEM KOHLEHTPUPOBAHHOM COJSIHOW KHCIIOTHI OTMEpSIOT T'pagynpOBaHHOMN
MUIETKOH ¥ TOMEIAIOT B YHCTYIO MEPHYIO KOJIOY HYKHOTO 00BhEMa, IpeABAPUTEIHHO 3aIIOTHEHHY IO
Ha Y2 BOJOW. KOHIICHTPUPOBAHHOW COJISTHOM KHCIOTBL. PacTBOp JOBOAAT [0 METKH
JTUCTHWILTUPOBaHHOM Bogoi. K00y 3akphIBAIOT IPOOKOM, IEPEMENTUBAIOT U TIOIITUCHIBAIOT.
3 Meronuka tuTpoBaHus. BIOpEeTKy MOIOT, ONONACKUBAIOT AMCTHIUIMPOBAHHOW BOJIOW, a 3aTeM
npurotoBieHHBIM pacTBopoM HCI. Jlanee OopeTKy HAMOJHIIOT 3THM PAaCTBOPOM BEIIIE HYJIEBOTO
JISTICHUS] ¥ YJQJSIOT BO3JAYX M3 HAaKOHEYHHMKAa W PE3NHOBOH TPYOKH OIOpETKH. YCTaHaBIMBAIOT
YPOBEHb )KHUAKOCTH HA HYJIEBOM JIEJIEHUH (OTCUET BEAYT 10 HIDKHEMY MEHHUCKY). B Tpn KoHHYeckne
KOJIOBI NMUTIETKOW OTMEPSIOT aduKBOTHI — 10 Mur pacTBopa Oypel U m00aBistOT Mo 1-2 Karumm
MHJIMKAaTOpa METHJIOBOTO OpaHXeBoro. PacTBop Oypbl OKpaliMBaeTcsl IPH 3TOM B JKENTHIH IIBET.
OnHy 13 K00 ¢ pacTBOpoM Oypbl CTaBAT MOA OIOpeTKy Ha JucT Oenoit Oymaru. Pacteop Oypsl
TUTPYIOT COJISHOW KHCIIOTOW, NMpHOAaBiss IOCIETHIOI IO KaIUIIM U IOCTOSHHO IepeMelnBas
KHUJIKOCTh TIJIABHBIMH JIBHKCHUSMH KOJIOBI. THTpOBaHME MPOBOAAT JO MOMEHTAa CMEHBI JKEITOM
OKpacK{ pacTBOpa Ha OpPaHXKEBYIO. Pe3ynbTaT TUTpoBaHHMSA MO OIOpETKE cpa3y 3allMCHIBAIOT B
abOPaTOPHBIN KypHAJI, YIUTHIBAs TOYHOCTH MPUOOpa (1711 OIOPETKH OMpeaessseTcsl KaK MOJOBHHA
1eHs! aeneHus, T. €. 0,05 mur). TakuMm xe 00pa3oM THTPYIOT COAEPIKUMOE JIBYX OCTABIIUXCS KOJIO.




TouHOE TUTPOBaHNUE CIIEIyeT IPOBOINTE HE MEHEe TpeX pa3. Ecim pa3HuIia B oTcueTax mo OropeTke
MEX Ty TIapauIeTbHBIMA onpeieieHussMu rpeBbimaeT 0,1 mir (00beM ABYX Karenb), TO TATPOBAHUE
MOBTOPSIOT IO TIONYYEHHsI TPEX CXOIAIINXCA Pe3yibTaToB. Bce pesymbTaThl (B TOM dHCIE U
HECOBIMAIAIONINE) 3aHOCAT B JIAOOPATOPHBIN >KypHAT W BBIUMCILIIOT CpeaHee apupMeTHIecKoe
VHCI, yuutsiBasi TOJIBKO CXOASIIHECS 3HAYCHUS.
4. TlpoBeneHue pacyeToB
MoJsIpHY0 KOHIICHTPAIUIO OyphI (MOJIB/J) pACCUUTHIBAIOT IO B3STOI HaBeCKEe m, pACTBOPCHHOMW B
kostbe oobemom VK (100 mu):
1000 -m(Na2B407 -10 H20)

M (Na2B407 -10 H20)-VK

C(Na2B407) =

MonsipHYIO KOHIIEHTPALUIO SKBUBaJIEHTa (MOJIb-3KB/1) cosstHol kucnotel CHCI , B nanHOM cityyae
YHCIICHHO paBHY0 MossipHOil koHneHTpaimu CHCI (tak kak faks = 1), onpeesstoT mo pe3yibraTaMm
TUTPOBAHMUS COTJIACHO 3aKOHY SKBHBAJICHTOB:

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

C(HCD) =

rae V(Na2B407) — o0beM anukBOTH pacTBopa Oypsl, paBHbi 10 mim; V(HCI) — cpenanit o6peM
KHCJIOTHI, TOMIEAIIHA Ha THTPOBaHKE (MI).

1 6amn

1 6amr

Uroro:
5 GaioB

5 | Onpenenenne BpeMeHHOI KeCTKOCTH BOJIbI

3 damia

IIpaBuabHBIH OTBET (KJII0Y):

1. Ienb paOOTHI: ONPENENUTh CONCPKAHHE THAPOKAPOOHATOB KANBIMSA W MAarHHUS B TPoOe

BOJIbI (MMOJIB/J).

CymHocts MeTona. OOmias >KeCTKOCTh BOZBI ONPENENIIeTCs] CyMMapHOH KOHIIEHTpAIed HOHOB
Kanpiusi U MarHus. [IpeacraBnsieT co0OW CyMMYy MOCTOSHHOM (HEKapOOHATHOW) M BpEMEHHOMH
(kapOoHaTHOMN) >kecTKOCTH. IloCcTOSHHAsI JKECTKOCTh OOYCJIOBI€HA HaJIWMYMeM KaJbIIMEBBIX H
MarHMeBBIX COJIEH CHUJIBHBIX KUCIIOT (CEPHOM, a30THOH, CONSTHON). [IpH KUTISTYeHUN HE yCTpaHsIeTCs.
BpemeHHast ’KecTKOCTh BOABI 00yCIOBJICHA NMPHUCYTCTBHEM B Hel T'MAPOKapOOHATOB KaJBIUS U
MarHus. DTOT BHJ| JKECTKOCTH MOXKHO YCTPAHHUTH IIyTEM KHILTICHUS, OTKYJA M B3sUIOCH HAa3BaHUC
«BpeMeHHasy. [Ipy KUISTYECHUHN THAPOKApOOHATHI Pa3liaraloTcs ¢ 00pa30BaHUEM HEPACTBOPHMBIX
KapOOHATOB, YTICKUCIIOrO ra3a ¥ BOJbl. BpeMEHHYIO )KECTKOCTh OMPECIISIOT IPSIMBIM TUTPOBAHUEM
BOJBl COJSIHOW KHCJIOTOHM, NPH 3TOM MPOUCXOJHUT pa3pylIeHHe THIpOKapOOHATOB COTJIACHO
peakuusaM:

Ca(HCOs), + 2 HCI = CaCl; + 2 CO2 1 + 2 H20,

Mg(HCQOg3), + 2 HCI = MgCl; + 2 CO2 1 + 2 H20.
W3 ypaBHEHWid BHIHO, YTO COJHM BPEMEHHON skecTkoctd pearmpyior ¢ HCl B wmomspHOM
coorromreHnu 1:2. 910 o3nagaer, uto fake.(HCI) = 1, a fHks.(conn) = %.
JUis 9UCTIEHHOTO BBIPAKEHHUS KECTKOCTH BOJABI YKa3bIBAlOT CYMMAapHYIO KOHIIGHTpAIMIO B HEH
KaTHOHOB KaJIbIIMS U MarHus B rpamycax skectkoctH (°XK). 1 °K (yecrap. — Mr-sks/i) COOTBETCTBYET
KOHILIEHTPAlH MIET0YHO3EMENIBHOTO JJIEMEHTA, YUCIEHHO PaBHOM Y2 ero
MWUIUMOJISL Ha JIUTP. TakuM o0pa3oM, jKECTKOCTh MO CBOEH CYTH 3TO MOJISAPHAS KOHLEHTPALHS
SKBUBAJICHTA.

2. OO6opynoBanue: Owoperka odbeMoM 25 My, koida MepHas obovemom 100 My, kosba
KOHWYECKast AJIs1 THTPOBaHMs 00beMoM 250 M1, BOpOHKa, CTaKaH IS CIIMBA.

PeakTuBbl: Boja (aHAIU3UPYEMBI pacTBOp), KUCIOTA COJsiHAs (CTaHAApTU30BaHHLIN pacTBOp, C=
0,05 MoB/1T), FHIUKATOP METHIIOBBIA OpaHXeBBIH (BOIHBIM PaCTBOP).

1 6amr

1 6amn




3. Xon ompenenenusi. B Tpu KoHH4eckne KoaObI o6bemom 250 mur otomparor mo 100 mur
HccieryeMon (HanmpuMep, BOAOIIPOBOIHOMN ) BOABI ¢ TIOMOIIBIO MEPHOU KOJIOBI. J[00aBIsrOT
B KOXIyI0 KOJIOY TI0 3 KaruTi HHANKATOpa METHIIOBOTO OPAH)KEBOTO U TUTPYIOT PACTBOPOM
COJISTHOM KHCJIOTHI JIO TIEPEeX0/ia OKPACKH pacTBOpa U3 KEJITOW B OpaHkeByto. TUTpoBaHue
NPOBOJAAT JIO TOJNYYCHHS TPEX CXOAALIMXCS pE3yJbTaToB, KOTOPHIE 3aHOCAT B
Ja00paTOPHBIN JKypHAN U ONPEEISIOT cpeiHee 3HaueHne oobrema kucinotel VHCI.

4. Tlposenenue pacueroB. BpemeHHy!0 skecTKOCTh BoJIbI JKBpeM (°JK) paccuuthiBatoT

o hopmyie:
C(HCD) - V(HCI) - 1000

1 Gamn

K Bpem Vv (H20)
HUroro: 3 6anng
6 | OnpenejieHHe aMMHAKa B PACTBOPe COJIH aMMOHHUS 3 Gama
IIpaBUABLHBII OTBET (KJIIOY):

1. Lensb paGotsl: onpenenuts maccy NHs B mpobe (T). 1 6ann

2. Cymsocts Merona. CoaepikaHue aMMHUaKa B COJISIX aMMOHHSI HE MOKET OBITh OIPEAEICHO
HETOCPEeACTBEHHBIM TUTPOBAHUEM aHAIM3UPYEMOTO pacTBopa (mpsMoe TUTpoBaHue). Jlist
3TOH LENM UCIMOJBb3YIOT KOCBEHHBIE CIIOCOOBI, HapuMep odOpartHoe TuTpoBaHue. Criocod
OCHOBaH Ha TUTPOBAaHMM H30BITKA IIEJOYM, OCTaBLICHCS B pacTBOpe IOCie
B3auMoJieiicTBusa conu amMMmoHMs ¢ NaOH. Hampumep, peakuus pasioxkKeHus Xjiopuaa
aMMOHHS NTPOTEKACT NPH HAIPEBAHUH COTIIACHO YPABHEHUIO:

t
NH4Cl + NaOH - NaCl + NHz 1+ H20
W30BITOK 1I€I04M OTTUTPOBBIBAIOT PACTBOPOM COJISIH Oif KUCJIOTHI B MPUCYTCTBUU WHANKATOPA!
NaOH + HCI -» NaCl + H20.

3. OO6opynoBaHKE:BECHl TEXHHYECKHE W aHAJIWTHYECKHE, IUTUTA JIICKTpHUYEcKas, OIOKC ¢
KPBIILIKOW, XHMUYECKUE CTaKaHbl (TEPMOCTOWKHE), OI0peTKa 00beMoM 25 MJ1, KoJiba MepHast
oosemoM 100 My, muneTku o6beMoM 10 M u 20 M1, ko6a KOHUYECKas Uil TUTPOBAHUSA
o0BeMoM 250 M1, BOPOHKA, TPYIIA, CTaKaH AT CIMBA, IPOMBIBANIKA. 1 Gann

PeaxTuBbl: xJ1I0pH] aMMOHUS (aHAIM3UPYEMOE BEIIECTBO), THAPOKCH/I HATPUs (CTaHIapTU30BaHHbII
pactBop), C= 0,1 mMosb/1), kuciaoTa cossiaas (pactBop, C = 0,1 MOJIB/JT), HHIUKATOP OPOMTHMOJIOBBIN
CHHUI1 (BOAHBIN pacTBOp), yHUBEpCAIbHAS HHIUKATOPHAS Oymara.

4. Xon onpenenenus. HaBecky xJiopua aMMOHUSL  KOJIMYECTBEHHO MEPEHOCST
B koi10y Ha 100 mu. OOBEM XHUAKOCTH B KOJIOE MOBOIAT 10 METKH NUCTHILIMPOBAHHOW BOHOH U
THIATEJIbHO nepeMemuBaloT. B 2-3 TepMOCTOMKHMX CcTakaHa BHOCAT nunetkoil mo 10 M
uccienyemMoro pactsopa u no 20 mur pactBopa runpokcuaa Harpus. CTakaHel ¢ pacTBOPaMHu
HarpeBaroT Ha 3JIEKTPHIECKON
IUIMTKE Tpu Temmeparype,omm3koi k 100 °C, mo momHoro ymaneHus ammpuaka. OOBIYHO 3TO L6

aJl

JIOCTUTaeTcs MPHU UCTIAPEHHUU MPUMEPHO MOJOBUHBI CONEPKUMOTO cTakaHOB. IlomHOTY ymaneHus
aMMHaKa KOHTPOJUPYIOT C TOMOIIBI0 YHHBEPCAJIbHON HWHIMKATOPHON Oymarm, cMOYEHHOMH
JIUCTUIUTUPOBAHHON BOJIOM

(mpu neiicTBMM MapoB amMMuaka Oymara cuneeT). llocne 3aBepiieHHS peakIMH COJEPKHMOE
CTaKaHOB OXJIAXKJAIOT 0 KOMHATHOH TeMIepaTypbl, BHOCAT 1O | Karuie 6pOMTHMOIOBOTO CHHETO U
TUTPYIOT PACTBOPOM COJITHOM KHUCIIOTBI 10 MEPEX0a OKPACKH PACTBOpA U3 CHHEH B TPaBSIHUCTO-
3eneHyr0. Ecnu pe3ynbTaTsl ABYX TUTPOBAHUN aHAIM3MPYEMOro pacTBOpa Pas3IUYAIOTCS MEXKAY
co0oit 6oibie, uem Ha 0,20 M1, TPOBOAT JIOTIOIHUTENBHBINH ONBIT. ONPEeNeNIIOT Cpe/iHee 3HAUYCHUE
o0bemMa pacTBOpa KMCIOTHI V Hcl, TOIIEANIEro Ha THTPOBAHHE IIEOYH.

5. IIpoBenenue pacyeTos.
Maccy amMuaka (') B XJIOpH/I€ aMMOHHS PACCUUTHIBAIOT 1O (hopMyIIe:

(C NaOH-V NaOH—C HCl -VHCD)-M NH3 -V Mk
m (NH3) = v

PaccunThiBatOT a0COMOTHYIO M OTHOCHUTENBHYIO TTOTPEITHOCTH

HUroro: 3 6amid

7 | CrangapTu3anusi pacTBOpa NePMaHTaHATA KaJIUs

3 daiuia




IIpaBuABLHBII 0TBET (KJIIOY):
1. Ienb paboThl: yCTAHOBUTH TOUHYIO KOHIIEHTpanuto pactBopa KMnOa.

CymHocth _MeTofga. TOYHYIO KOHIIGHTPANMIO pacTBOpa MEpMaHraHata  Kalus
yCTaHaBJIMBAIOT depe3 8—10 mHe# mocie ero MpUroTOBISHHS I0 IaBesieBoil kucimore H2C204 -
2H20 unu okcanarty Hatpus Na2C204 u gpyrum BemiecTsaM. 3a 3T0 BpeMs IPOUCXOIUT OKUCIEHUE
BOCCTAaHOBHUTENEH, MPUCYTCTBYIOIUX B AUCTHUIMPOBAHHON BOJE (IbLIb, CIEABI OPraHUYECKHX
coelMHeHui), n koHneHTpanuss KMnO4 cradunusupyercs.

Oxcanar HaTpus M IIaBeJieBas KHCJIOTa SBJSIFOTCS Haubosiee yJOOHBIMH yCTaHOBOYHBIMH
BEILECTBAMH, TaK KaK OHH HE TOKCHYHBI U YCTOHYHBEL.

B ocHOBe TUTPOBAHUS JICKUT peaKIHsl

5C204% +2MnO4 +16H*=2Mn?" + 8H,0 + 10CO- 1

@DakTopsI SKBUBAJICHTHOCTH IIEPMaHraHaTa U OKCajaTa ONPEeNeIsFOTCS, NCXO S U3 TOTypEaKIUi
MnOy4 + 5e— <> Mn?* + 4H,0 = f5xB(Mn04 ) =1/5

C04% -2¢ o 2C0O21 = f3KB(C2042') =1/2

TutpoBaHue OKcagaT-UOHOB TMEPMAHTaHATOM Kajus IPOBOJSAT B CHJIBHOKHCIOW cpeie 1o
CJICAYIOIIMM MPUYHHAM:

— 00pasyroTcs GeclBETHBIE HOHBI MN?* | KOTOpBIE HE MEMIAIOT (PUKCH-

POBaTh KOHCYHYIO TOUKY TUTPOBAHHUS,

— OKHCIHTENBHAs cmocoOHOCT KMnO4 B KUCITOWH Cpejic HAMHOTO BBI-

1Ie, 9YeM B HEHTpaIbHOU U cIaboIIeIOuHON cpee:

E mno4-H+mn2+ =1,51 B;  E mnoa-/ mno2, on-= 0,60 B

Cpena coznaercs n30srTkoM HoSO4. Henbsst ncnonp3oBats HNO3 1 HCI, Tak kak B X MPUCYTCTBHA
MPOTEKArOT MMOOOYHBIE peaknuy. Peakius B3auMoAeicTBISI IepMaHTaHaTa Kalns ¢ OKcalaT-HOHAMHU
OTHOCHUTCS K TUIy aBTOKaTaauTH4deckux. OHa KaTalnu3upyeTcs MPOIYyKTOM Peaklui — HOHaMH Mn
2 [Tepsrie kammn KMnO4 naxe B ropsueM pacTBOpe 00eCIBEUUBAIOTCS OUeHb MeAJIeHHO. B xoe
THTPOBAHMS KOHIIEHTpAlMs MOHOB Mn?* BO3pacTaeT M CKOPOCTh PEaKlUM yBEJIMYUBAETCA.
HarpeBanue THTpyeMOro pacTBopa CIIOCOOCTBYET YBEIHMYECHHIO CKOPOCTH peakiuu. Kpome Toro,
IPY HarpeBaHWU YyBEIHUYUBACTCA BEIMYMHA CKAayKa THTPOBAHUSA, CIIEAOBATEIIbHO, IOBBIIIACTCS
TOYHOCTH OTIPEJICIICHNSI.

TurpoBanue npoBoxuTcs 0e3 MHAMKATOPA, TaK KaK BCE MPOMYKTHI PEakUy OECIBETHBI M OJHA
mamHAA  Kamwsl KMnOs4 mocne TOYKM SKBHUBAJICHTHOCTH IIPUAACT PAcTBOPY COOCTBEHHYIO
MAaJIMHOBYIO OKpackKy.

O6opynoBaHne U PEaKTUBLI: OlopeTKa, nunerka Mopa, KoHndecKre KoJIObl, MepHas Koji0a, MEepHBIi
mmHap (10-25 mi), anextpudeckas wutka, ~0,05 H. pactBop KMnO4, mepBUYHEII cCTaHTApTHBIH
pactBop HoC204 mu NayCy04, 2 H. pactBop H2SO4.

Brlinosinenne padoThL.

3anonHAOT Ot0peTKy pacTBopoM KMnO4 1 yCTaHABIMBAIOT YPOBEHb XKHUJIKOCTH Ha Hyse. OTCUETHI
o0beMa NpH TUTPOBAHUM IIEPMAHTAHATOM Kalus LENecooOpa3HO [enaTh IO BEpXHEMY Kparo
MEHHUCKa YPOBHS KMJIKOCTH, TaK KaK H)KHUN Kpall MEHHCKA HE BUJICH U3-32 UHTCHCUBHOU OKPACKU
pacTBopa.

[MomemaroT B kKOHHYECKYIO KOOy ans tutpoBanus 10 mi 2 H. pactBopa HoSO4 m Harpeatot, He
JomycKast 3akunanus. [InneTkoil 6epyT alTMKBOTHYIO YacTh PAcTBOPA YCTAaHOBOYHOTO BELIECTBA U
BHOCSIT B HAIPETHIH pacTBOP CEPHOI KNUCIIOTHI (HarpeBaTh M KUISTUTH KUCIIBIE PACTBOPHI OKCAJIATOB
HE CJIEAyeT, TaK KaKk OHM pasiaratorcs). [opsdmii pacTBOp THUTPYIOT NEpMaHraHaTOM KaJusl I10
KaIuIsiM, SHEPIHYHO TepeMentnBasi. Kaxyto ciieyronyto Kariro MpuOaBisiioT TOJIBKO 10CiIe TOTo,
KaK MCYE3HET OKpacKa OT MpeasLayieid. TUTPYIOT IepMaHTraHAaTOM JIO0 MOSIBJICHHUS He UcUe3aoliel B
teyenue 30 cekyHa c1abo-po30BOI OKpacKH.

Ilo pesymbraTaM THTPOBAHUS PACCUMTHIBAIOT TOYHYIO KOHIIEHTPAI[MIO pacTBOpa IepMaHraHarta
KaJIusl, MOJIb-3KB/JI.

1 6amn

1 6amr

1 Gamn

Hroro: 3 6amid

8 | CranpaapTusanus pactsopa kommniekcona 11 (Tpusona B) 3 Ganna
I[IpaBuabHBIH OTBET (KJII04):
1. Ilenb paGoThl: yCTAaHOBUTH TOYHYIO KOHIICHTpAIMIO pacTBopa komriuiekcoHa III (mMomb- | 1 6amn

9KB/I).
CymHocts paboTel. OCHOBHBIM pabOYMM PacTBOPOM B KOMIIJIEKCOHOMETPHH SIBIAETCS PAacTBOP
komiuiekcona III (BATA, tpunon B). JIns ero mpuroToBJieHHUS NMPUMEHSIOT JHUHATPUEBYIO COJIb
STUNEHAMAaMUHTETpayKcycHOM kucnoThl - NazCioH1408N2 - 2H20 (yenoBHo — NagH2Y min HoY?Z).
OHa 5lerko nmoayd4aercss B YMCTOM BHJE, XOPOLIO PACTBOPUMA B BOJE, PACTBOPBLI YCTOHYUBBI MPHU
xpaHeHHH. [Ipu OOBIYHBIX YCIOBHSIX Hpemapar coaepkur npumepHo 0,3% Bnard, mosToMy
TUTpOBaHHBIE pacTBOpbl D/ TA MOXHO TOTOBHUTH 10 TOYHOU HaBecke (¢ yueTom 0,3% H20). Onnako
OOBIYHO €ro TOYHYIO KOHIEHTPALMIO YCTAHABIMBAIOT MO PacTBOpY cosid IuHKAa. OmpezneneHue
OCHOBAHO Ha peakUuH B3auMojencTBus kommiekcoHa III ¢ monamu nuHKa B cpefie aMMHAYHOTO

Oyodepa:




Zn%  + HY* —  ZnY%Z +2H*

B sto0ii peaknnu f 9kB. IMHKA 1 KOMIUIEKCOHA = 1. OTCI0Aa KOHIIEHTPANNs MOJISIPHOTO SKBUBAJICHTA
paBHa MousipHOH. KoHewHast Touka THTpOBaHUS (PUKCUPYETCS C MOMOIIBIO HHANKATOPa PHOXPOMa
gepHOro T, KOTOpBIH UMEET CUHIOI OKPACKy, a €r0 KOMILIEKC € IIUHKOM — JIMJIOBYIO.
2. OO0opyJoBaHHE U PEaKTUBBI: MepHas Kojba, OlopeTka, muIeTka Mopa, MEpHBIH LUITHHID
(50-100 mut), konuueckas konba, 0,05 H. pacTBop kKomIuiekcoHa III, KpHUCTaMTHYSCKHA
ZnSO4 - 7TH20 (x. 4.), ammuaunblii Oydep ¢ pH=9, unnukarop spuoxpom uepHsiii T B
cmecu ¢ NaCl (1 : 100).
3. BreimomHenue pabotel. PaccuuteiBatoT HaBecky conu ZnSQOas - 7H20, HeoOXomumyro s
npuroToBieHns Tpedyemoro oorema 0,05 H. pacTBopa. B3BemmBaioT ee Ha aHATUTHIECKUX
BECaX, MEPEHOCAT B MEPHYIO KOJIOy, PacTBOPSIOT B BOJEC M JOBOAAT OOBEM O METKH.
PaccunTRIBalOT TOYHYIO KOHIIEHTPAIMIO MPHUTOTOBICHHOTO pacTBopa (MOIb-3KB/I). B
KOJIOY JUII TUTPOBAHUSA NMEPEHOCST MUIETKON aIMKBOTHYIO YacTh CTAaHAAPTHOTO PACTBOpPA
comn IMHKA, mobaBmsaor 20-25 mn ammumauHoro Oydepa ¥ HHOMKATOp HAa KOHYHKE
mmnarens. Turpyrot pactBopom kommiekcona Il 1o nepexona muiioBoil 0Kkpacku pacTBopa
B cuHIOM0. [1o pe3ynpTaTaM TUTPOBAHMSI PACCUMTHIBAIOT TOUHYIO KOHIIEHTPAIUIO PacTBOpa
komriutekcoHa 111, (Monb-3kB/1)

C (ZnS04) =

m(ZnS04 - 7H20) »

M (ZnS04 - 7H20) e VMKO0JIGbI
C (ZnSO4) «V (ZnSO4)a
C(Tp.B) =

V(Tp.B)

1 Gamn

1 6amn

Hroro: 3 6amid

9 Onpenenenne 3Hauenusi pH pacrBopa ¢ ncnosib30BaHneM
CTEKJISIHHOT'O 3JIEKTPOoAa

3 6auta

IIpaBuabHBIA 0TBET (KJI04):

1. Ilenb paGoTel: ompenenuTh 3HaueHHe pH pacTBopa ¢ HCMONB30BaHMEM CTEKISIHHOTO

AIEKTPO/Ia ¥ N0 MOJTYYCHHBIM JIAaHHBIM PACCUUTATh KOHIIEHTparuio noHoB H* B pactBope.

CymHocts _pabotbl. OmnpeneneHne KHCIOTHOCTH pactBopa (pH) sBisiercss BakHOW 3anmaueit
OoTpacieBoro asaim3a. Tak, NpH M3Y4YEHHH KHCIOTHOCTH IIOYB ONpeAesioT BeauuuHy pH
MOYBEHHOH BHITSHKKH. [losTydeHHbIE CBECHNSI YUUTHIBAIOT DY BHECEHUH B II0YBY HEOOXOAUMBIX
yIOOpeHNI 1 MUKPORJIEMEHTOB.
KommuectBennoe onpenenenne BennunHbl pH pacTBopa MOKeT OBITH OCYIIECTBICHO PA3IMYHBIMHU
crocobamu. [IpeyioxeHHBIIE METOJ OmpeNeNeHns] BKIII0YAeT IPSIMOE IOTEHIIMOMETPHUYECKOe
M3MEpPEHUE C HCIOJIb30BAHMEM CTEKISIHHOTO 3JIEKTpoAa (MHIAMKATOPHBIA) M XJIOpcepeOpsHOTo
anekTpoa (35eKTpos cpaBHeHHS). CTEKIISIHHBIN 3JIEKTPOA OTHOCUTCS K MEMOPaHHBIM 3JIEKTPOIaM
U B pacTtBopax ¢ Benuuunoi pH ot 2 mo 9 cenextuBer k wony H*. s mOTEHIIMOMETPHYECKOTO
M3MEPEHUs] UCIOIB3YeTCs CHEeIMaIbHbIN Mpubop — noHoMep. DyHkuusa u3meperus pH mossomnser
M3MEPEHHYIO BEIMYMHY NOTEHIHAalIa cpa3y 'ke IpeoOpa3oBeIBaTh B eAUHUIEI pH.

2. Docyna m obGopyjnoBaHMe: CTakaH BMECTUMOCTBIO 150 MiI; 3JIEKTPOHHBIH HOHOMED;
WHINKATOPHBIN 3JIEKTPOX — CTEKISHHBIN; 3JIEKTPOX CpaBHEHHUS — XJIOpCepeOpsHBIH,
MarHuTHas MeIIaJIKa.

3. Beimonnenue paboThl:

DNEeKTPOIBI MPOMBIBAIOT BOMOW WM W3JIHINKKA €€ CHHMAIOT (MIBTPOBANBFHONH Oymaroil. B crakan
HAJIUBAIOT aHAJIU3UPYEMBI PacTBOp, OMYCKAIOT B HET0  MPONEIEp MArHUTHOW MENIANKd U
MOTPYKaIOT ANEKTpobl Ha 1-2 cM. Brimrouaror nepememmBanue u nonomep. [lokazanust npubdopa
3aMKCBIBAIOT B JIAOOPATOPHBIN KypHAIL.
Ilo nonmydyenHod BemuunHe pH paccUMTBHIBAIOT KOHIEHTpaLul0 HOHOB H+ B aHanmusupyemom
pacTBope.

Taxk kak pH = —IgCus+, T0, cnemoBarensno, Crs = 10PH (Momn/m)

1 6amn

1 6amr

1 6amn

Hroro: 3 6amid

10 CroekrpodoroMeTprieckoe onpenaeeHne NePMAHTAHAT-HOHA 3 bayta
IIpaBuabHBIH 0TBET (KJII04):
1. ellb _ paboThl: ONpEeAeNuTh KOHIeHTpanuio MnOs B aHamu3upyemom pactBope | 1 Gamn

CHeKTpO(bOTOMeTpI/I‘IeCKI/IM METOAOM II0O BECIIMYHNHE KOBq)(bI/ILII/IeHTa MOJIAPHOTO IOTJIOIICHUA.
CymnHocTs pabotsl. KonndaecTBeHHBIH aHATN3 COEPKAHUS TIEPMaHTaHAT-HOHA SIBIISETCS KITFOUEBBIM
3TaroM omnpeseneHns HoHos Mn?*. JIna aHanusupyemslii 00beKT, copepikamero Mn?" nogsepraior




OKHCJICHHIO IepcynbhaToM aMMOHUS. B pe3ynpTare mosrydaeTcst BOAHBINH pacTBOp HMEpMaHTaHAT-
noHa. Tak Kak MakCHMyM TIIOIJIOLICHMS 3TOTO pacTBOpa HAXOAWTCS B BUANMON 001acTH
CIEKTPAIbHOTO JHana3oHa, TO MOXKHO TIPOBOJWTH OINPEICICHUE IIO0BIM (POTOMETPHUECKUM
METOJIOM aHanmm3a. B mabopaTopHOii paboTe copepkaHHE I€pMaHraHaT-HOHA OIPEICITIOT
cnekrpodoTomerprudecky. Tak Kak A CIeKTPO(GOTOMETPHUECKUX U3MEPEHUH HCIIONBb3YEeTCs CBET
BBICOKOIl CTENEHM MOHOXPOMAaTHYHOCTH, TO OINpEJENICHHE KOHLEHTPAIMU BEIECTBA MOKHO
BBINIOJIHUTH 10 3akoHy byrepa — JlamGepra — Bepa. [Ipu 3ToM HeoOX0oAMMO 3HATh BETUYUHY
K03(dULIKEHTa MOJIIPHOTO TOTJIOIIEHUS € MIPU JUTMHE BOJIHBI MaKCUMaJbHOTO morjomeHus. Jis
pacdera KO3 PHIIEHTa MOJISIPHOTO OTJIOIIEHUS B TA0OPaTOPHOH PadOTe U3MEPSIOT ONTHYECKYIO
TUIOTHOCTB CTaHIapTHOro pactBopa KMnO4.

2. Peaxtusor: crapmapteeiii 0,0100 M pactBop KMnOs; 2 H. pactBop H>SO4. IMocyna u
obopynoBanue: MepHBIE KOIOBI BMecTuMocThio 100,0 MII; MHUIETKH TpagyHpOBAaHHBIC
BMECTHMOCTBIO 5,0 MJI; MEpHBIH IIIMHAP BMECTHMOCTBIO 5 MIL; CHEKTPO(OTOMET);
KIOBETHI JyIHOM 1,0 cM.

3. BeimomHeHue paboTEI

IMoxaroroBka criektpodoromerpa K padore. CieKTpooTOMETp BKIFOYAIOT B CETh M IPOTPEBAIOT
30 muH.

[IpuroroBnenne pasbaBieHHOro craHgapTHoro pacrBopa KMnOs B MepHylo konOy
BMecTUMOcCThI0 100,0 Mt nunetkoi BHocAT 5,0 Ma ucxoxnoro 0,0100 M pacTBopa nepmanranata
KaJIusl ¥ C MOMOIIBI0O MEPHOTO LIMJIMHApa JOOaBJIAIOT 5 MII pacTBOpa CepHOH KuciIoThl. O0beM
pacTBOpa JOBOJAT 4O METKU HHCTHHHHpOBaHHOﬁ BO}IOﬁ 1 TIIATCJIbHO NEPEMEIIUBALIOT.
PaccunThIBalOT MOJSIPHYIO KOHIICHTPAIMIO IIPUTOTOBJICHHOTO pPAaCTBOpAa MNEpPMaHTaHATa KaJus
C(MnOy ), Mo/, IO hOopMyIIE:

C(Mn04—) =

C cr.p—pa ¢V cT.p—pa

V MepH. KoJI6bI

[TpuroroBneHue pacTBopa cpaBHeHHUs . J{JIsi IPUTOTOBIECHHS PACTBOPA CPABHEHHUSI B MEPHYIO KOJIOY
BMecTuMOCThi0 100,0 mi mobGaBnsttor 5 M pactBopa H»SOs, IOBOAST 00BEM O METKU
JUCTWIIIUPOBAHHOM BOAOH U TIATEJIBHO IEPEMEIINBAIOT.

Ionydenune crmekTpa mnornomeHus. [IpoBoAsT H3MEpeHHE ONTHYECKON IIIIOTHOCTH pPacTBOpa
TepMaHraHaTa OTHOCHTEIBHO PacTBOpa CpaBHEHHS B Auamna3one uH BoyH 400-600 HM. Beidupatot
JUIMHY BOJHBI, IIPU KOTOPOHW IPOHCXOANT MAKCHMAaJbHOE IOTJIONICHHE WM PAacCUHUTHIBAIOT &
K03 PHUINEHT MOJISPHOTO MOTIIOMICHHS IO (hopMyIIe:

€= C(Mn04 —) o1
rae A — onTuyeckas IOTHOCTh MPH BHIOpaHHOI juHe BoiHBI Amax; C(MnOy4 ) — KOHIEHTpanus
cranaptHoro pactsopa KMnOg, (Moib/n); | — airHa KioBeTHI (CM).
[IpoBenenue ananuza. AHanu3upyeMbli pactBop KMnO4 nomemaior B MmepHyro kosoy (100,0 m).
K mnonysenHomy pactBopy mobaeisitor 5w pactBopa HSOs u  moBomsT [0 MeTKA
JUCTWITUPOBAHHOM BOJIOW. 3aMONHAIOT KIOBETY aHAIU3UPYEMBIM PacTBOPOM M HU3MEPSIIOT €ro
ONTHYECKYIO IUIOTHOCTh AX IpU BBIOpAaHHOW JUIMHE BOJIHBI Amax OTHOCHUTEJIBHO pacTBOpa
CpaBHEHUSI.
Hcnonp3ys W3MEpeHHYI0 BEIUYMHY ONTHYSCKOW IUIOTHOCTH U PAacCYUTaHHOE 3HAYCHHE
K03 PHIIMEHTa TOTIIOMIEHU, HAXOMAT KOHICHTPALUIO MepMaHTaHAT-HOHA B aHAIM3HPYEMOM
pactBope
Cx(MnOy’), MOJIB/IT:

Ax
CX(MI’IO4—) = a

1 6amn

1 6amia

Hroro: 3 6amnd

1 cemectp

PACCYET BAJUUIOB B 1 CEMECTPE

Mo JMCHUIIVIMHE <HEOPT'TAHUYECKASI XUMMUS»
1 Mmoayab

Ne PesyabTart Bupn padotsl / cnocod

(MHaMKAaTOp) Kputepuu oueHnBanus




1 OIIK-1 JlaboparopHsie paboThI-8 12 (1,5 Gamma 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 Konrponbhast padbora Nel *
Kontponsuas padora Ne 2 7
*(8 3apanuii, 3 Bonpoca u 5 3agau; 0,5
0a/ula 3a NpaBUIbHBLIA OTBeT Ha
Bonpoc u 1 32 IpaBHWIILHO PelIEHHYI0
3ajauy)
3 BrinosiHeHue goMarisei paboTsl, 1
4 INocemnaemocth 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MoayJb
Ne PesyabTrar | Bupa paéotsl / cnocod
(MHIUKATOP
)
Kpurepuu ouennBanus
1 OIIK-1 JlabopaTopHsie paboTHI - 8 12 (1,5 Gamn 3a 1 xabopaTopHyiO
OIIK-2 paboty)
2 OIIK-6 KontpomsHas pabora Ne 4 *
KonTponbnas pabora Ne 5 7
*(8 3amanmii, 3 Bompoca u 5 3agau; 0,5
0ajsia 3a NPABWIbHBIIL OTBET Ha
Bonpoc u 1 3a IpaBWIILHO PelIEHHY IO
3ajauy)
3 Brimonaenne noManraeii paboTel 1
4 TTocemaemocTts 1
5 PaboTa Ha 3aHATHH 2
Hroro: 30
6 IK3aMeH 40 (4 3apanus B Ouiiere no 10 6as10B)
Hroro 3a 1 cemectp 100 6as10B
2 cemecTp

PACCYET BAJUUIOB B 2 CEMECTPE
o JUCIHUIIJIMHE «<HEOPTAHUYECKASA XUMUSA»

1 Mmoayab
Ne PesynbsTart Bupn padotsl / cnocod
(unMKaTop) Kpurtepuu ouennBanus
1 OIIK-1 JlabopatopHbie pabOTHI-6 9 (1,5 Oamma 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KonrponbHas padora Nel 5%
Kontpomnsnas pabora Ne 2 5
Kontponsnas pabora Ne 3 5
(6 3apanmii, 2 Bompoca u 4 3a1auu;
0,5 6a/u1a 3a MpaBUWIbHBIA OTBET HA
Bonpoc u 1 3a NpaBUJIBLHO peLIeHHYI0
3ajgauy)
3 BrimonHeHne qomManrHei paboThl, 2
4 [NocemnaeMocth 1
5 Pabora Ha 3aHsITHH 3
Hroro: 30
2 MoayJb
Ne PesyasTrar | Bua padotsl / cnocod
(MHOUKATOP
)
Kpurepnu onennBanns
1 OIIK-1 JlabopaTopHbie pabOTHI - 8 12 (1,5 6amr 3a 1 gabopaTopHYIO




OIIK-2 pabory)
2 OIIK-6 KonrponsHas padora Ne 4 5*
KonTtponsnas padora Ne 5 5
(6 3ananmii, 2 Bonpoca u 4 3a1auu;
0,5 0ass1a 3a NpaBUJIbLHBIA OTBET HA
Bonpoc u 1 32 IpaBWIILHO PelIeHHYI0
3ajauy)
3
Tect (tect copep:xur 20 Bompocos, 1
NpaBUJIbHBINA 0TBeT -0,15 0a/l1a)
3 Brinonnenue nomaiseil paboThl 2
4 [Nocemaemoctsb 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
6 JK3aMeH 40 (4 3ananus B Ouiiere no 10 6a;10B)
HToro 3a 1 cemectp 100 6as10B

Bonpochl K KOJJIOKBHYMY 0 TeMe «AHaJUTHYecKUe cBoiicTBa kaTHoHOB | u || rpymm»
(NH*;, K*, Na*, Mg?*, Ba?*, Sr?*, Ca?")

1. Tlouemy kaTHOHBI | rpyNIIEI HE UMEIOT IPYIIIOBOTO peareHTa’?
2. B yem 3akio4aroTcs 0COOEHHOCTH MOHA MarHus M0 CPaBHEHUIO C IpyruMu KaTtruoHamu | rpynmnsi? Kak oHu
HCTIONIB3YIOTCA B XOJI€ aHanu3a?

3. Kakue cBoiicTBa nMeeT MOH MarHus ¢ noHamu |l rpynmsi?

4. Tlouemy anst oOHapy»XeHHs KaTHOHOB | TpynIibl HEOOXOAMMO yAAIUTh KaTHOHEI || rpynmb?

5. Kaxue katuoHs! | rpynmbsl MOKHO OTKPBITE APOOHBIM IyTeM B cMecH KaTHoHOB |-11 rpynmn?

6. Kakas peakuus Ha MOHBI aMMOHHs Oojee cHenU(HWIHA: PEaKIHs BBIICICHHS aMMHakKa IOJA JCHCTBHEM
LIeJIoun WK ¢ peaktuBoM Hecnepa?

7. OOHapyXCHHIO KaKHX KATHOHOB | rpyIIITel MemaeT HOH aMMOHUSA? (YKa3aTh pEaKIum).

8. Kax ymanute nonsr ammonus? Kak mpoBepuTh MOIHOTY yAaJICHUSA?

9. Tlouemy npH TEpMHYIECKOM Pa3I0KEHUH COJICH aMMOHHMS PpEKOMEHYeTCs IIPHOABISATh KOHLICHTPUPOBAHHYIO
a30THYIO KHCIIOTY?

10. Kak pasnaraercs npH MpoKaJIMBaHUH XJIOPHUJ, HUTPAT, CyibdaT, hocdar, kapooHAT, XpoMAT aMMOHUS?

11. Kakoe HepaCTBOPUMOE COETMHEHUS OCTaeTCs pu 00pabOTKH BOJIOH OCTaTKa MOCIIE TEPMUUIECKOTO yIaJICHUS
AMMOHHUMHBIX coNen?

12. PactBopsiercss Ju aBOWHOW (ochar MarHus u aMMOHHs B Kuciorax? Kakue mpoayktel oOpasyroTcs B
3aBUCHMOCTH OT KHCIOTHI?

13. OOHapyXeHHIO KaKAX KaTHOHOB | TPYIIIIBI MemaeT MarHuii?

14. Tlouemy peakuuio Kajaus ¢ KOOUIBTHHUTPUTOM HATPUS HEJIB3s IIPOBOJNUTH B LIETOYHOH cpene?

15. Tlouemy B KauecTBe TpYINIOBOIO peareHTa HcCIoib3yeTcs KapOoHar amMonus? Ilokaxure, dTO
HCTIONIB30BAaHKE XpOMaTa, cylbdara, okcanara, pocdara HerenecoodpazHo?

16. Tlouemy B IPUCYTCTBUH COJIeH aMMOHHMS HEe 00pa3yeTcst 0caloK OCHOBHOTO KapOoHaTa MarHus?

17. Tlouemy HyXHO POBOAUTH OCaXKICHUE KapOOoHATOB || TpyIITel Ipy HarpeBaHUY ( HO HE TIPU KUIITIYCHUHN)?

18. B ueMm npu4HHBI HEMOJIHOTO OCcaXeHus kKapOoHatos || rpymmsl npu neiictBin kapdonaTa ammonust? KakoBsl
CIocoOBl UX yCTpaHEHU?

19. MoXHO 7M1 BMECTO XJIOpHJA aMMOHHMs HCIOJIb30BaTh CyJb(paT aMMOHHsS IPH OCaKAEHHH KatuoHos |l
rpymisi?

20. Kak paccuutath 3Hauenune PH mosiHoro ocaxienus kapobonaros |l rpymmer? Tlokakure, 4TO THIPOOKUCH
MarHusl a ’TUX YCIIOBUSAX HE oOpa3yeTrcs.

21. Tlouemy He NPUMEHSIOT KapOOHAT HATPUS WIM KaJlksl B Ka4eCTBE TPYIIIOBOTO peareHTa’?

22. Kax nepesectu cynbdartsl || rpynms B kapooHaTs? B Kakux yciIoBHSX ¥ II0UYeMy He0OX01MMa MHOTOKpaTHast
o0paboTka ocanka cyiabdaros || rpynmer kapooHaTOM HaTpusl U HarpeBaHue?

23. Tlouemy cynbdar KaJblHs pACTBOPUM B COJIX aMMOHUS?

24. B gem pactBopumbl Gocdarsl |l rpynmer? Kakue mpogyKThl MOIydaroTcs NPH PaCTBOPEHUH B PasiMYHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIHOM, YKCYCHOI)?

25. Tloyemy B KHCJIO¥ Cpejie Helb3s 0CaINTh JIBy3aMelleHHbIe (ocdarsl kaTnons! || rpymnmst?

26. TloyeMy B yKCYCHOKHCIIOW Cpe/ie M3 CMECH KaTHOHOB OapHsi, CTPOHIIUS KaJbIHs BHIIIAJAET B 0CA/I0K TOJIBKO
xpomar Oapus?

27. Tloyemy 1pu IeWiCTBHU OMXpOMaTa Kalusi Ha pacTBOP COJIM Oapus BBINAAAET 0CaJ0K XpoMaTa dapus?

28. Tlouyemy xpomar Gapusi pacTBOPSETCS B YKCYCHOM KUCIIOTE [IPU HArpeBaHUU?

29. Kak MOXHO pacTBOpHUTH XpoMmathl Oapust u ctpoHuust? Kakue NmpoJyKThl MOIy4aloOTcs NPH HarpeBaHWU B
Pas3IMYHBIX KUCIOTaX (XJIOPUCTOBOIOPOHOM, YKCYCHOM)?

30. KakoBbI mpu4nHBI OIIMOOK NpH 0OHApYXEeHUH O6apus ¢ OUXPOMAaTOM KaJIus B IPUCYTCTBHH CTPOHIUS?

31. B uem pactBopsitorcst okcanatsl |l rpynms? Kakne npoaykTsl 00pa3yroTcsi IpH PacTBOPEHHH B Pa3IMYHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOJIHOM, YKCYCHOI)?




32. Kak mMaramii pacTBOPSICTCS C OKCAJIaTOM aMMOHHS?

33. Kakwue croco0sI pa3aeneHust KaTHOHOB || TpyIIbl BBI MOXKETE MPEIIOKUTH?

34. Kakue MeTo/ibl pa3feieHust 1 00HAPYKEHUsI KaIbLUs U CTPOHIUSI BbI MOXKETE MPEITI0KUTH?

35. Kakue opraHnueckme peareHTbl MOXKHO HCIIOJIb30BATh JJIsl pa3zieieHus 1 0OHapyeHus KaTnoHoB || rpymnmb?

36. Kak MOXXHO 00BSICHUTH 00pa30BaHNE CTPOHLMS MPH ACHCTBUH T'MIICOBOW BOJBI HA PACTBOP COJIM CTPOHLUS?

37. KakoBbI BO3MOXXHBIE HCTOUYHHKH OLIMOOK IPH 0OOHAPYKEHUU CTPOHIUS PeaKIHel ¢ THIICOBOW BOIO#?

38. Kak pearupyer QepporuaHu Kajaus ¢ HOHAMH CTPOHLMS U KaJIbIMs B IPUCYTCTBHM aMMHaKa U XJIOpHJIa
amMoHus? KakoBbl cBolicTBa (epponranuia Kaabuus?

39. Yrto Takoe npenBapuTEIbHbIE pEaKIu?

40. Kaxkue npenBapuTeNbHbIE peakKIIni HE00X0AUMO IIPOBECTH NP aHAIH3e cMecH KatnoHoB | u |l rpymm?

Bonpocs! K KOLT0KBUYMY IO TeMe
«AHaJTUTHYeCKHUe cBOiicTBa KaTHOHOB |11 rpynnbny
1. Paccumraiire pH noxaoTo ocaxnenus cynbdunos |1 rpymmsr. Chopmymupyiite yenosus otaenenus |1 rpymmst
ot | u Il rpymm.
2. Touemy npu aeiictBun (NH4)2S B ycnoBusix ocaxxaeHust KaTHOHOB ||| TpyIiibl amfoMUHUIIT U XPOM OCaXKIAK0TCS
B BUJIE THJIPOOKHCEH?
3. Tlouemy ocaxkneHue cynb(huIOB cleayeT MPOBOAUTH NP HarpeBaHun? Kakyro posib UrpaeT XJIOpHJ aMMOHUS
TIPU OCAXKIICHUU CYIbPHUIOB?
4.Kak pacTBOpUTH TpPYIOHO pacTBopuMble cynbhuael meramioB Il rpymnei? Hamnwmure ypaBHeHus
COOTBETCTBYIOIINX PEAKIIHH.
5. Kak ncrionb3ytoT sBieHne aM(pOTEPHOCTH NPU pa3/ieICHUN KaTHOHOB?
6. [IpuBeanTe mpuUMepHI pa3/ieliCHNs] HOHOB, OCHOBAaHHBIC Ha IIPMMEHEHHUH KOMIUIEKCOO0Pa30BaHMsL.
7. Paccuuraiite KOHIIEHTpaNUIoO cyab(pHI-NOHA B pacTBOpe cyabduaa aMmMoHus npu pH=9.
8.TIpu amanuse cmecu uonos Al Cr¥*, Fe®*, Mn?*, Zn?* neiicTByIOT M30BITKOM LIEI0YH U MEPEKUCH BOJOPOAA
npu HarpeBaHuu. UTo ocTaeTrcst B pacTBOpe, 4To OyeT B ocagke?
9. O6ume peaknuu katuoHoB |11 rpymmer.
10. IlpaBuia ocaxaenus kaTuoHoB |l rpynmsl B BuAe cynb(uI0B U THIPOKCHIOB.
11. Pacuer [S?], HeoOX0AUMOI 111 OcaXkaeHUs Cynb(Ua IUHKA.
12. Pacuer KOHIICHTpaIHii HOHOB, 0Opa3yroumxcs B pactBope (NHa)2S.
13. PaBHOBecHue B pacTBOpax MaJOpaCTBOPUMBIX AJIEKTPOIHUTOB.
14. daktopbl BIMAIOLIME HA PAaCTBOPUMOCTh Ocaika (BIMSHHE OJHOMMEHHOTO HWOHA, IOCTOPOHHUX
NIEKTPOINTOB, pH, KOMIUIEKCOOOpa30BaHUs, THIPOIIH3A).
15. TocnemoBaTenbHOCTH 00Pa30BaHMS OCAIKOB.
16. PactBOpHMOCTH MaJIOPACTBOPUMBIX COCTMHEHUN B KHCIIOTaX.
Bonpocs! k KOJLLIOKBUYMY
«['paBUMeTpHYeCKHil METO AHAJIM3A)»

1. CymHOCTh TPaBUMETPHUIECKOTO METOA.
2. Mexanmsm 00pa3zoBaHus 0CAAKOB.

3. OTHOCHUTEIBLHOE TNICPECHIIICHUE. Kak OHO CBsI3aHO C 4YHCJIOM LIEHTPOB KpUCTATIIM3alIUH, CKOPOCTHIO
KpUucCTauIn3aluun, pa3mMepoB KpUCTAJLJIOB

4, OxapaKTepu30BaTh YCIOBUS MOITyYSHHUS KPUCTAUTHMUECKUX OCAKOB.

. Iouemy ocaxnerne BaSOs mpoBogsT: a) u3 pa30aBICHHBIX PAcTBOPOB; 0) B KHUCJIOH cpene; B) IpH
HAarpeBaHWU PAacTBOPOB; I') B NPUCYTCTBUH COJei aMMOHHA? MexaHu3M 00pa3oBaHHs aMOPQHBIX
OCaJIKOB.

6. «I"paBUMETPUYECKUI1 METO/ aHAIU3a»

1. [TprunHBI 3arps3HEHNS 0CAIKOB: aICOPOIHMs, OKKITIO3Us, H30MOP(HHU3M.

8. Amnamnrnueckue HpHEMBI, HCIIOJIB3yEeMbIE Il YMEHBIICHHUS aACOPOIMH 1 OKKITIO3UH.
9. ®dopma ocaxeHns], TpeOOBaHUS K HEH.

10.FpaBHMeTpWIeCKaﬂ ¢dopma, TpeOOBaHUS K HEH.

11. Br100p BenMUMHBI HABECKH.

12.BBI60p ocanurend. KonuuecTBo ocagures.

13.Kak Bawsior xommuectso MIPOMBIBHOW JKHAOCTH M KPAaTHOCTh TNPOMBIBaHHA Ha 3(P(EeKTHBHOCTH
MIPOMBIBAHUS?

14 . Kaxue PacTBOPUTENH UCHIOJB3YIOT B KaUECTBE MPOMBIBHOM >xuakoctu. [IpuBectu mpumep.
15.®aKTop nepecyeTa, ero GU3MIECKuii CMBICI.

16.Ka1<y}0 comp Oapusi — Ba(NOs),, BaBr,  BaCl, mwnmun Ba(ClOs)2- nenecoobpa3Ho HCIONb30BaTh B
Ka4yeCcTBE OCAIUTEIIA IS MOTydeHus Hanbolee yrctoro ocagka BaSO,4? O0bscHUTE TIOUEMY.

17.Ey)1eT JIM pe3yNIbTaT OMpPEIeNICHHsI XKee3a o MeToauke — ocaxaenue Fe(OH)z u B3BemmnBanme Fe03
— 3aBBIIICH, 3aHMKEH WU TIPABUJICH B IIEPEUUCIICHHBIX CIy4asx: a) OCAKICHHE BEJIH U3 pa30aBIeHHBIX
pacTBOPOB MpH KOMHATHOM Temieparype; 6) ocagok Fe(OH)s ocraBuin HacTaMBaThCs ¢ MATOYHBIM
pacTBOpOM; B) B PacTBOpE NPUCYTCTBOBAJIN (TOPHUJ - HOHBI F'; T) B pacTBOpe NPUCYTCTBOBAIN HOHBI




APP*; 1) ocanox Fe(OH)s npomblan unucToif BOMOH BMECTO PacTBOpA, COAEP/KAILETO COTb AMMOHHS U
amMMuaK?

18B CYIIHOCTb ME€TOAa ,Z[eKaHTaIII/II/I? C xaxoii LCJIbIO UCTTOJIB3YIOT IPOMBIBAHUC 3TUM MGTOZ[OM?

19.Kakne YCIIOBHS HEOOXOIMMO CO3IaTh I KOATYJIIUN KOJUTOMIHBIX pacTBopoB? K KakmM ommOkam
TPaBUMETPHUECKOTO ONPEACTICHUS MOKET IPUBECTH 00pa30BaHNe KOJTIOUAHBIX pacTBopoB? IIpuBectn
NPUMEpBHI.

20.41o Takoe nenrusauns ocanxa? Kax npeaoTBpaTuTh menrusanuio ocankos (Fe(OH)s, AgCl) mpu ux
TIPOMBIBAaHUH?

21.B xakom cilydae motepu Inpu npombiBaHuM ocaaka CaCrO4: a) 100mn Bogsr; 6) 100ma 0,1M
(NH4)2C204; B) 500M1 BoabI OyAyT HAMOOIBIIMME ¥ B KAKOM — HAUMEHBIIUMU?

22 .HauGonee pacIrpocTpaHeHHbIE OpraHHYeCKHe ocaguTeny. 1x npenmyimnecTsa.
23. Heopranuueckne ocaaureny.

24.HpHBeCTH MIPUMEPBI pa3/IeICHHs] HOHOB 3a CUET KOMIUIEKCOOOPa30BaHusL.
25.B uem CYIIHOCTb OCQ)KAEHUSI C KOJJIEKTOPOM.

26.Paznencrme noHoB MeTOLOM SKCTPAKIUH.

27. Xpomarorpaduueckne METOIBI Pa3ACICHUE
- HIOHOOOMEHHas XpoMartorpadus
- pacmpeienuTeNbHas XpoMaTorpadus
- afcOpOIOHHAs XpOMaTOrpadus
- 0cajo4Has XpoMarorpadus — ra30KHAKOCTHAS XpOMaTorpadus
28. BplunciuTh MHTEpBAJ 3HaYeHHs PH pacTBopa B KOTOPOM 00ECIICUMBACTCS KOJMYECCTBEHHOE PA3eICHHUE B BUJIC
ruapokcunos: a) Fe* or Mg?*; 6) AlI¥* or Mg?* B) Ni?* ot Mg?* r) Fe®* or Ca?* 1) AI¥* ot Ca?*

Bonpocs! kK KOJUIOKBUYMY

«OKHMCINTEIbHO — BOCCTAHOBHTE/JIbHbIE PeaKIHID

1.CranmapTHBIf MOTaHLMAJ OKHCIMTEIbHO-BOCCTAHOBUTEIBHON CHUCTEMBI. @DaxkTOpsl  BIMAIOLINE Ha
Bennuuny E°.

2.Hampasnenne OBP. Kak onpenenuts HampaBieHHe peakiuy, 3Hasl CTAHAAPTHBIC MMOTEHINAIBI COOTBETCTBYIOIINX
nap.

3.IToctpoenne kpuBoit OB tTnTpoBanus. OT 4ero 3aBUCHT BUA KPUBBIX U CKa4EK TUTPOBAHUS.

4. PacueTr MOTEHINAJIOB B TOYKE 3KBHBAJICHTHOCTH.

5. Kitaccuduxarust METo10B OKHCINTEIbHO-BOCCTAHOBUTEIHLHOTO THTPOBAHHUSI, 00JIaCTh TPUMECHEHHS.

6. Mnnukarops! pen-okc TuTpoBaHus. MIHTepBa nepexona okpacku. OT uero 3aBucAT uX nokasanus? Kak nogbuparor
HHAWKaTOpHl. BennunHa ckauka TutpoBaHus cocrasmia 0,84-1,02. Kakue HHAMKATOPBI MOKHO HCIOJIH30BATH B ATOM
ciy4ae?

7. YcCTaHOBOYHBIE BEIIECTBA B PEIOKCTUTpoBaHMH. OxapakTepu3yHWTe CBOWCTBA yCTAaHOBOUHBIX BEIIECTB B
MIepMaHTaHATOMETPHH, HOJOMETPUH, XPOMOMETPHH.

8. [lepmanranaTomerpusi. CylHOCTh METO/IA.

9. CranngapTHbIe pacTBOPHI B IepMaHranaToMerpuu. Kak rotoBs u xpaHsaT TuTpoBaHHbIi pacTBop KMnO,. Hanumnre
ypaBHeHUs peakiuu pasnoxkernss KMNnO, : 9To coOTBETCTBYET ee IPOTEKaHUIo?

10. IlepmaHranaTroMeTprUUECKOE ONpEeIeHIE OKUCIUTENCH 1 BOCCTAHOBUTEIICH: YCIIOBHS, IPUMEPHI — OOBSICHUTE C
TOYKH 3PEHUS YBEIMUECHHUS peaJbHON pa3HOCTU ITOTEHIINAJIOB.

11. IlepmMaHraHaTOMETPUIECKOE OPE/ICIICHHE JKeIle3a.

Meroxel mpeaBaputensHoro BoccraHoBienus Fe (I11). KakoBa ponp cmecn ILluuepmana-Peiinrapara npu
MIepMaHTaHATOMETPHUECKOM OTIPEJICJIEHUH B COJITHOKUCIIOHN cpere.

12. Kak O0OBSICHSIOT YCIOBHS NEPMaHraHATOMETPHYECKUX OIpeAeseHuid: HarpeBanue a0 80°, MeieHHOe
npuOaBiIeHHe TUTPAHTA, BEICOKAst KUCIOTHOCTb.

13. Monomerpusi. OG1as XapaKTepiCTHKA METOa. Y CII0BHS HOIOMETPHYECKHX ONpe/e/eHHil. [IpuBeuTe ypaBHeHHs
COOTBETCTBYIOILINX PEAKIIUM.

14. Paboune pacTBOpbl B iomoMerpuu. [IpurotoBieHue, craHmapTu3anus u xpaHeHue pactBopoB NapS;Oz u Iz,
Wnpukartop. IloueMy npu ilogoMeTpuueckoM ONpeAeIeHUN PACTBOPBI OTCTaUBAIOT HEKOTOPOE BPEMs B TEMHOTE, 3aTEM
TUTPYIOT IO COJIOMEHHO-KEJITOTO IBETa U TOJIBKO MIOTOM J00aBISIOT Kpaxman?

15. Monomerpuueckoe onpesenenue Cynbhunon. [lodeMy MeTos 06paTHOr0 THTPOBAHHS MPEINOYTHTEHEE METOA
IIPSIMOTO TUTPOBAHUSA?

16. Mopmomerpuueckoe ONpeseleHHe OKHUCIHTENeH H BOCCTAHOBHTENEH: Cy/Ib(QHUTOB, CyIb(OHIOB, XPOMATOB,
apCceHaToB, HUTPATOB. Y CIIOBUS PEAIbHOIO YBEIMUYEHHS PA3HOCTU OTEHIIUANIOB.

17. BpomaTtometpus. [IpuMepsl GpoMaTOMETPHUECKIX OMPEICIICHIH.

18. Xpomaromerpus. OnpeneneHus xeae3a. B kakux ycinoBusx nu)eHUIAMHH HE JaeT OMHUOKH B KOHEYHOH TOYKH
TUTPOBAHHUS.

19. CkopocTh M MeXaHH3M OKHCIIUTEIbHO-BOCCTAHOBUTEJIBHBIX peakiuii Ha npumepe B3aumojeiictBust KMnOs ¢
OKCaJaToM.

20.KaTanuTHYECKME OKHMCIUTEILHO-BOCCTAHOBUTENbHBIE peakiuu. Kakosa pons Mn?* B nepMaHraHaTHOM
OKHUCIIUTEIbHOM TUTPOBAHHU.

21. ConpspKeHHBIE OKUCIUTEIEHO-BOCCTAHOBUTENBHBIE —PEaKIiK, pakTop MHAYKIHU. Kak 0OBsCHUTD TOT (aKT, 4TO
B mpucyTcTBMU MnN?" He WJIET CONpsKEHHAs PEaKIMsl OKMCIEHHUs XJIOPUJIOB TPH MEPMAHraHATOMETPUYECKUKOM




OTIpe/IeIICHNH JKkene3a’?

22. TIpeanoxuTe METOBI ONPEACIICHUS KaIbIUsA(BECOBOM, KUCIOTHO-OCHOBHOE M PSIOKCTHTPOBAHKE, XEJIOTOMETPH).
23. Pen-oxc merosl onpenenenus Fe(IT)(11).

24. MeTozp! onpeieNICHHsI HUTPUTOB.

25. NogomeTrpudeckoe onpejelicHue Meau. YeM BbI3BAHO MPOTEKAHUE PEAKI[UK B HY)KHOM HATPaBICHUU?

26. KakuM U3 pei-oKC METOJIOB U IPU KAKOM COOTHOIIICHUH PEareéHTOB MOXKHO OIPEICIIUTh COIACPKaHUE KUCIIOTHI B
pactBope?

IIkaja oueHUBAHHUS BHINOJIHEHUS UHIUKATOPOB:

WHIUKAaTOp CYMTAETCS BBIMOJHEHHBIM, €CITH MO0 BO BpeMs TEKyIIel, THO0 MPOMEXYTOYHON aTTECTAIIMU CTYICHT
Ha0Opan Kak MHHHMYM [OPOTrOBOE€ KOJHMYECTBO OAOB 3a T€ BHABI aKTUBHOCTH, KOTOPHIC OTBEYAIOT 3a JAHHBIN
HHIUKATOP.

1-ii cemecTp

MpomexKyToyHan
Tekywian atrecrauuma
Ne WMHpgukartop atTectauyua (aksameH)
Mopor Makcumym Mopor Makcmym
1 OnNnK-1.2 20 60 20 40
OlnK-2.1
OlK-2.3
OnNnK-6.1
2-ii cemecTp
MpomeKyTo4uHan
Tekyw,asa atrecrauma
Ne WHauKaTop atTecrauuma (3K3ameH)
Mopor MaKkcumym Mopor MaKkcumym
1 OlMK-1.1 20 60 20 40
OnK-2.1
OlK-2.3
OlK-6.1

IIxana n KPHUTEPHUH BBICTABJICHUA OLICHOK 32 TUCHUILINHY:

IIxama u KPUTCPUU BBICTABJICHUS OLCHOK «KOTIMYHO», «XOPOIIO0», «YAOBJICTBOPUTCIBbHO» U «HCYAOBJICTBOPUTCILHO»
OIMMCaHbI B JIOKAJILHOM HOpMaTI/IBHOI\/’I AOKYMEHTAalluH TBepCKOI‘O TOCyJapCTBEHHOI'0 YHUBCPCUTCTA (HOJ’IO)K@HI/Ie (6]
peﬁTHHFOBOﬁ CHUCTEME 06y‘IGHI/I$I CTYACHTOB TBFY) [TomoxxurenpHas OIICHKAa MOXET OBITh BEICTaBJICHA TOJIEKO B TOM
CcJIydac, €CJIN BbIITOJIHCHBI BCC NHIUKATOPLI.

5.2. OueHOYHbIe MAaTepHAJIbI UISI TPOBeJeHHUs] IPOMEKYTOYHOM aTTeCTalun

Ilepeuenv mem u 60npocos Ot IK3AMeHA

AnanuTtnueckas xumus. Buasl ananmusza. Ctagun xumudeckoro aHanu3a. OCHOBHBIE XapaKTEPUCTUKH METOJ0B
aHanu3a. AGCONIIOTHBIE U OTHOCHUTENIbHBIE METO/bl. BE1O0p MeTona ananm3a. CriocoObl NOBBIIIEHHS YyBCTBUTEILHOCTH
¥ N30MpaTeIbHOCTH METOAOB. ABTOMATH3aLMs aHAIH3A.

Kucnomno-ocnoenvie peaxyuu. IlpoTonutuueckas Teopusi KHUCIOT M OCHOBaHHWHA. PaBHOBecme B cucreme:
KHCJIOTa — CONpPsDKEHHOE OCHOBAaHME — pacTBOpUTENb. KOHCTaHTBI KHCIOTHOCTH, OCHOBHOCTH, aBTOIPOTOJIM3A.
Hugenupytomuii u nuddepenunpyronuii agpdexTs pacTBopuTes.

Peaxyuu xomnnexcoobpasosanus. TuIbBl W CBOWCTBA KOMIUICKCHBIX COEIWHEHHMH, WCIONb3YEMBIX B
aHanmuTH4Yeckoi  xuMuu. KoJIWuecTBeHHAas XapaKTepUCTHKAa pEakIuid KOMIUIEKCOOOpa3OBaHMA: KOHCTAaHTa
ycroruuBoctu. Ctynenuatoe KommiekcooOpazoBanue. Vcmonb30BaHne KOMIUIEKCHBIX COSTUHEHHMH IS pa3/eIeHYs,
KOHILEHTPUPOBAHUS, MACKHUPOBAHU, OOHAPY>KEHHSI, OTIPEIEIICHNUS SJIEMEHTOB.

Opeanuueckue peazenmul B XUMHYECKOM aHanu3e. OYHKIUOHAIBHO-aHAIMTUUECKUE U aHATUTUKO-aKTUBHBIE
rpynnsl. BausHue cTtpoeHust MoJleKyibl Ha CBOMcTBa peareHTa. I[puMeHeHne opraHn4eckux peareHToB B aHAJIN3E.

OKrucaumenbHo-60CCmMaHoO8UMmMenbHble peakyuy B aHAIMTHYeCKOW xumuu. OOparumble M HeoOpaTHMBbIe
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIE CUCTEMBI U UX NOTEHIManbl. YpaBHeHue Hepucrta. CraHmapTHBIM M peanbHbIN
OKHCJINTCIIbHO-BOCCTAHOBUTCIIBHBIC ITOTCHIIMAJIBI. HanpaBneHne OKHCJIUTCIbHO-BOCCTAHOBUTCIIbHBIX peaKm/Iﬁ.

Peaxyuu ocaxcoenus B aHATATHIECKON XUMHUH. KOHCTaHTHI paBHOBECHS peaklnii ocaxkaeHns. PactBopumocTs
ocankoB. PakTOPHI, BIUAIOMNE Ha pacTBOpHUMOCTh. OOpa3oBaHne ocaakoB. Kpucrammmdeckue m aMop(HBIE 0CaIKH,
YCIOBHSA OCAXKACHUS. I[IpHMUMHBI 3arpsA3HEHHUS OCATKOB: COBMECTHOE OCAXKICHHE, COOCaXIEHHEe, IOCIEAyIoIee
ocaxeHune. Buapl coocaxxnerns. [IpuéMel, ciocoOCTBYIOIIIE MOTYIEHUIO YHCTHIX OCAKOB.

MeTO}Z[I)I pasacJICHus U KOHIICHTPUPOBAHUA. OCHOBEBI OKCTpAaKIMU KakKk METoJa pPasaACICHUuA U
KOHLeHTpupoBaHus. KoHcTanTa pacnpeneneHus, kodpduuueHt pacupeneneHus. KoHcranra skctpakiuu. Paxrop
pasgeneHus. YCIOBUSL JKCTPAKIMKM HEOPraHMYECKHMX M OPraHM4YecKUX coeAuHeHui. IlpakThueckoe HpUMEHEHUe
SKCTPaKLUU.

Metoabl pasfeneHuss 3JIEMEHTOB, OCHOBAHHBIE HA OCaXACHUM HEOPraHMYECKUMHM U OpPraHMYeCKHUMH
pearentamu. Mcrnonb3oBaHUE COOCAXKJAEHUS Ml KOHIEHTPUPOBAHUS MUKPOKOMIOHEHTOB. Heopranmueckue u




OpPraHUYECKHE KOJUIEKTOPBIL.

Xpomamoepaguueckue memoow:. IIpuHINIBI ¥ KIaccupukanus. XpoMaTorpaMMbl U CIIOCOOBI UX MOIY4EHHS.
OCHOBHBIE TECOPETHYECKHE TIOJOXKEHHA U XapaKTepHCTHKH MeTonoB. [asoBas xpomatorpadus. OCHOBHBIE
TEOpEeTHYECKNE TMOJOXKeHUs. TpeOoBaHMS K CTAallMOHAPHBIM M HOABIXHBIM (a3aM. [IpuMepsl NpakTH4YECKOro
npuMmeHeHus. llonooOMenHas xpomarorpadus. BeicokoaddexrnBHas nonHas xpomarorpadus. [IpuHInnsr MeTo0B.
[Tpumepsbl MpakTHYeCKOro MpUMeHeHHs. byma)kHasi U TOHKOCIOMHas Xpomarorpadus, UX OCHOBHBIE TEOPETHYECKHE
nosoxxeHus. TpeOoBaHuUs K CTAMOHAPHBIM M MOABMXHEIM (ha3aM. [IpuMephl IpakTHIeCKOro NPUMEHEHHS.

I'paBumerpuyeckue metospl. CymuocTs. Ocaxknaemas U rpaBuMeTpudeckas popMel. [Ipumepsl npakTHYECKOro
MPUMEHEHUS.

Turpumerpuaeckue Metobl. CriocoOb! yCTAaHOBICHHUS KOHEYHOW TOUKN TUTPOBAHMA.

Kucnomno-ocnosnoe mumposeanue. Kpusble TuTpoBaHus. KucioTHO-oCHOBHBIE MHAMKATOPHIL. ITorpemuoctn
METO0/1a KUCJIIOTHO-OCHOBHOT'O TUTPOBaHUs. TUTpOBaHUE cMeCel KUCIIOT U OCHOBaHUM. TUTpOBaHME B HEBOJIHBIX CPEAAX.

Komnnexconomempuueckoe mumposanue. IlpenMyiiecTBa aMHHONOINKaPOOHOBBIX KHCIIOT TEped APYTHMH
OpPTaHWYIECKUMH TUTPaHTaMH. MeTaluIoXpOMHBIE MHIUKATOPHI, TpeOoBaHUS K HUM. CrocoObl THTpOBaHUS (IIPSIMOH,
0oOpaTHBIN, BBITECHUTEIBHBINH, KOCBEHHBIN). IIpakTHueckoe NpHMEHEHHE KOMIUIEKCOHOMETPUYECKOTO THUTPOBAHMS
(ompeneneHue HOHOB KaJbIMs, MarHus, XKejesa).

Oxucnumenvro-goccmanogumenvroe mumpogsarue. GaKTOPbI, BIUAIOIINE Ha BEIUMYUHY CKauka MOTEHIMANA,
CHOCcOObI OOHApyKeHHs KOHEYHOW TOUYKM THUTpoBaHus. IlepmMaHraHatoMmeTrpuyeckoe, OHXPOMATOMETPHUYECKOE,
HOJOMEeTpUYecKoe TUTpoBaHUe. [lepBHuHBIE M BTOpHUYHBIE cTaHAapTel. MHnukaTopsl. IIpumepsl HpakTHUECKOro
MPUMEHEHUS.

ONEeKTPOXMMHUYECKHE  MeToabl. [Ipupoma  aHamutuueckoro curHana. Kimaccudukamms  METOMOB.
OnexTpoxuMHdecKas ssueiika. THIuKaTOpHbIE 2JIEKTPOIBI M ANEKTPOABI CPABHEHUS.

Tomenyuomempus. PaBHOBecHBIN noTeHIMan. CriocoOsl m3MepeHus moTeHnuana. IIpsamas moTeHnHOMETpHH.
WnnukaropHsle snekTpoapl. Knaccudukamyus MOHOCENEKTHBHBIX 3JEKTPOAOB. XapaKTEPUCTHKH HOHOCEIEKTUBHBIX
3MEKTPOJOB: 3IeKTpoaHas (yHKIus, KodpduuueHT cenekTuBHOCTH, Bpems oTkinka. CrocoObl omnpeneneHus
ko3¢ ¢punnenTa ceneKTUBHOCTH. CrocoOBI MPSAMBIX IMOTEHIMOMETPHUYECKHX M3MepeHuH. [IpakTiueckoe MpHUMEHEHHUE
noHometpuu: onpenenenue pH, pF, pNOa.

[Morenuomerpudeckoe TuTpoBanue. O01Iast xapakrepucTuka Meto1a. CriocoObl HaXOXKICHHSI KOHEYHOW TOYKH
TUTpoBaHUA. VIHANKAaTOPHBIE 3MEKTPO/IBI B KUCIOTHO-OCHOBHOM, OKHCIUTEIbHO-BOCCTAHOBUTEIHHOM U OCAIUTEIBHOM
TUTPOBAHUHU.

Kynonomempusa. 3axonst @apanes. [Ipsmas xygoHOMeTpHs. YCIOBHS NMOTEHIMOMETPHYECKUX H3MEPEHHIA:
noctiokeHne 100%-Horo BbIXOJAa IO TOKY; H3MEpEHHE KOJMYECTBA JJICKTPUYECTBA; OIpeleleHHue KOHIa
3NEKTPOXUMUYECKON PEAKIIHH.

Kynonomerpuueckoe tutpoBanue. [Ipumepsl onpeneneHus 3IeKTPOAKTUBHBIX U DJIEKTPOHEAKTUBHBIX BEILECTB.
DJeKTpOreHepUPOBAHHBIC KYJIOHOMETPHUECKHE TUTPAHTHI. Y CIIOBHS THTpOBaHuUs: obecrieueHne 100%-Horo BIXo1a MO
TOKY; HU3MEpPEHHE KOJIMYECTBA 3JIEKTPUYECTBA; ONPEACICHHE KOHIA XUMHYecKod peakuuu. IIpemmymiectBa mepen
JPYTUMU TUTPUMETPUUECKUMHU METOJAMH.

Bonvmamnepomempus. OcHoBb MeTona. OcCOOEHHOCTH AIIEKTPOXUMHUYECKON TUeiKu. TeopeTnaecKie OCHOBBI
KJaccuyeckoil nossporpaduu. XapakTepucTUku mnojsiporpaMMbl. [loteHuman monyBonHbl. [ud(dy3noHHBIH TOK.
VYpasuenue WnbkoBuya. [IpakTudeckoe npumeHenue noisiporpadun. KauecrBennslii ananus. Ilomsporpaduueckuit
cnexTp. KonmmuecTBennsli aHam3. CriocoObl omnpeeNieHns KOHLEHTPAIMK BelecTBAa. BO3MOXHOCTH U OTpaHUYEHUS
MeToAA.

AmnepoMeTpudeckoe TUTpOBaHHE. BBIOOp yCIOBHH aMIepOMETPHYECKOTO THUTPOBAHHS. BHABI KpHBBIX
TUTpOBaHus. [IpuMepsl MPaKTUUECKOrO NPUMEHEHUSI.

CHeKTPOCKOITMYECKHE METONBbl. BakHeHImne XapaKTePUCTHKH CHEKTPANBHBIX JIMHUHA  (TIOJIOXKEHHE,
WHTCHCUBHOCTh, IIHPUHA). ATOMHBIE ¥ MOJICKYJSIPDHBIC CIIEKTPHL. B3aMMOCBSA3b OCHOBHBIX XapaKTEPHUCTHK
CHEKTPANBHBIX JIUHUN C IPUPOION M KOITMISCTBOM BelIeCTBA (KaYeCTBEHHBIN M KOJMYECTBECHHBIN aHAIIN3).

Cnexmpogomomempuueckuti memod. OCHOBHOH 3aKOH TOTJIOMEHHUS AICKTPOMATHUTHOTO W3ITyYCHUS.
MonsipHerid  kodpdunueHT mornomeHus. [IpuMeHeHWe MeTona UIS ONpeAeiCHUsS KOHICHTPAIMH BEHICCTB.
YyBCTBUTENBHOCTD U CENIEKTUBHOCTh METO/Ia. BHIOOp ONTUMAJIBHBIX YCIOBHUH MPOBEIEHNST POTOMETPUUECKUX PEAKIH.
WuTepBas ompenesieMbIX ONTHYECKHX IUIOTHOCTEH. Meron muddepeHnuanbHoi  cieKTpohOTOMETPHH, €ro
BO3MOKHOCTH | penMyIecTBa. CriekTpohoToMeTprIecKie METOIbI H3y9IEeHHUS PAaBHOBECHH B pacTBopax. Onpenenenue
KOHCTAaHT KMCJIOTHOHM IUCCOLMALIMYA OPTraHUYECKUX COCIUHEHUMN.

MNPUJIOKEHMUE 3

6. YAEBHO-METOJNYECKOE 1 THOOPMALIMOHHOE OBECIIEYEHUE JUCIOUILTAHBI
(MOJTYJIST)

6.1. PexomeHnayemasi JuTeparypa

a) OcHoBHas JIUTEpaTypa:

1. Anamutnueckas xumus. YueOuuk / Mosuan H.U., Pomanosa P.I'., 'opoynosa T.C. u nap. -
M.: HUL] UTH®PA-M, 2016. - 394 c. - DnekTpoHHbIN pecypc. — Pexum nocryna:
http://znanium.com/go.php?id=431581

2. AHanuTH4eckast XuMus [ DJIeKTpOHHBIH pecypc]: yueOHnoe mocodue/ O.b. Kykuna [u ap.].—
OJIEKTPOH.  TEKCTOBbIE  JaHHble.— BopoHex: BOpOHEXCKHMII  TroCyIapCTBEHHBIN



http://znanium.com/go.php?id=431581
http://znanium.com/go.php?id=431581

aApXUTEKTYypHO-CcTpouTeNnbHbIN yHUBepcuTeT, DbC ACB, 2014.— 162 ¢.— Pexum gocryma:
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