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1. HEJIM U BAJJAYU JUCHUTIJIMHBI
esin 0cBOCHUSA TUCHUIIHHBI (MOYJIA):

[Tpuobperenue npodeccHoHaIBHBIX 3HAHUN B 00JIACTH aHATTUTHYECKOW XUMUH.

3agaun:

1. 3yueHne TeOPETUIECKUX OCHOB aHATMTHYECKOW XMMUH (CyIIeCTBa PeaKIui 1
MIPOIIECCOB);

2. OBnazicHHe OCHOBHBIMU METOJAMH U MTPHEMaMH KaYE€CTBEHHOTO U KOJIMYECTBEHHOTO
aHaIIN3a,

3. OBnasieHre METOJ0NIOTHEH BRIOOpA METO/Ia aHANIM3a U HAPaBIICHUE UX TPUMEHEHUS

2. MECTO JUCHUMIIJIMHBI B CTPYKTYPE OOII
Hukn (paznen) OI: B1.0O
TpeOoBaHusl K NpeIBaAPUTEIbHOI MOATOTOBKE 00yYaK0IIErocs:

dusuka

Marematuka

Pycckuii s13b1K 1 KynbTypa pedn
Heoprannueckas xumus

JMcuMIIMHBI (MOIYJIH) M MPAKTHKH, JIs1 KOTOPBIX 0CBOEHHE TAHHON THCIMIIINHBI
(MoayJis1) He00X0AMMO KaK NpeAlecTBYIIee:

Oprannueckasi XUMust

duznueckass XuMusa
3. OFBbEM JUCHUIIJIMHBI

O6mas Tpya0eMKOCTh 18 3ET
YacoB 1o yueOHOMY IIIaHY 648
B TOM 4HcJIe:

AyJAUTOPHBIC 3aHATHUS 368
CaMOCTOsTENIbHas padoTa 46
4aCcOB Ha KOHTPOJIb 54

4. INTAHUPYEMBIE PE3YJIBTATBI OBYYEHUA 110 JUCHUIIJINMHE,
COOTHECEHHBIE C INTAHUPYEMbBIMH PE3YJIbTATAMU OCBOEHUA
OBPA3OBATEJIbHOM ITPOI'PAMMBI

OIIK-1.2: Ilpennaraet MHTEPIIPETAIIMIO PE3YIHTATOB COOCTBEHHBIX IKCIIEPUMEHTOB U
pacueTHO-TEOPETUIECKUX PabOT ¢ UCMOIBF30BAHUEM TEOPETUUYECKUX OCHOB TPAJAUIIMOHHBIX U
HOBBIX Pa3/IeJIOB XUMHH

OIIK-2.1: PaboTaeT ¢ XUMHYECKUMHU BEUIECTBAMU C COOIIOCHUEM HOPM TEXHUKHU
0e30macHOCTH

OIIK-2.3: ITpoBOIUT CTaHIAPTHBIE ONEPALUH JUIsl ONPEAETICHNUs XUMUYECKOTO U (pa30BOro
COCTaBa BELIECTB U MATEPHUAJIOB HA UX OCHOBE

OIIK-6.1: IlpencraBnser pe3yabTaTshl padOTHI B BUE OTYETa MO CTaHAapTHOU (hopme Ha
PYCCKOM SI3BIKE

5. BUJAbI KOHTPOJIA

Buast KOHTPOJIA B CEMCCTpaAxX:

9K3aMEHBI 3,4

KypcoBble pabOThI 4




6. A3BIK ITPEINIOJJABAHUA
SI3BIK TIpenoaBaHusi: pyCCKUM.

7. CTPYKTYPA U COAEPKAHUE JUCIHUIIJIMHBI (MOAYJIA)

Kon HaumeHoBaHue pa3iesioB U Bun Cemectp | HacoB | Ucrtou- | [Ipumeuan-
3aHAT. TeM 3anaTus | / Kypce HUKH ue

Pasnen 1. Beenenue B
aHaJII/ITI/I‘IeCKyIO XUMHUIO.
Teopernueckre OCHOBBI

1.1 |BBeneHue B aHaTUTUYECKYIO Jlek 3 4 JI1.3

xumuto. TeopeTnueckre OCHOBBI 21
1.2 [BBeneHue B aHATUTHYECKYIO JIab 3 12

xuMuo. TeopeTnyeckue OCHOBBI D1
1.3 |BBeneHue B aHaTUTUYECKYIO Cp 3 4

xuMmuo. TeopeTnyeckue OCHOBBI D1

Paznen 2. KucnoTHO-OCHOBHBIE
paBHoBecus. Pacuer pH B
TOMOTEHHBIX CUCTEMAX

2.1 |KucinorHo-0CHOBHBIE Jlex 3 6 JI1.1
paBHoBecus. Pacuer pH B o1
TOMOTEHHBIX CUCTEMAX

2.2 | KucinoTHO-OCHOBHBIE Jla6 3 20
paBHoBecus. Pacuer pH B 91
TOMOTEHHBIX CUCTEMAX

2.3 | KucinoTHO-OCHOBHBIE Cp 3 4
paBHoBecus. Pacuer pH B o1

T'OMOI'CHHBIX CUCTEMAX

Pa3nen 3. Peakiuu
KOMILIEKCOOOpa30BaHUs

3.1 |Peakuun Jlex 3 4 J1.3
KOMILJIEKCOOOPa30BaHUs 21

3.2 |Peakuun JIab 3 20
KOMILIEKCOOOpa30BaHus o1

Paznen 4. OxucnurenbHO-
BOCCTAHOBUTCIJILHEBIC peaKHI/II/I

4.1 | OKHCAUTETBLHO- Jlex 3 4 JI1.3
BOCCTAaHOBUTEIIbHBIE PEAKIUU o1

4.2 [OxucnuTenbHo- JIab 3 20
BOCCTaHOBUTEJIbHBIC PCAKIIMU 91

Paznen 5. IIpoueccel ocaxaenus
1 COOCAKJICHUS

5.1 |IIpoueccel ocaxxieHus U Jlex 3 3 J1.3
COOCAXIICHUSA 91

5.2 |IIporeccel ocaxkieHus 1 Jla6 3 16
COOCaXICHUS 31

5.3 |IIpoueccsl ocaxxieHus U Cp 3 3
COOCaXICHUS 31

Pasznen 6. MeToip! BEIJIEICHNUS,
pazzeneHus u
KOHIICHTPUPOBAHUS




6.1 |[Metoapl BbIIETICHUS, PA3ICIICHUS Jlex 3 JI1.3]J12.4
Y KOHLIEHTPUPOBAHUS 21
6.2 |Meroasl BbIIEIEHUS, pa3elICHUs Jlab 10
U KOHIIEHTPUPOBAHUA 91
6.3 |Metonapbl BbIJIETICHUS, PA3ICIICHUS Cp 4
Y KOHLICHTPUPOBAHHUS 21
Paznen 7. Xpomarorpaduueckue
METO/Ibl aHAJIN3A
7.1 | XpomarorpaduuecKkue METOAbI Jlex 3 JI1.8J12.1
aHajau3a 21
7.2 | Xpomatorpaduueckue MeTOIbI Jlab 20
aHanusa 21
7.3 | XpomaTtorpaduueckue MEeTOIbl Cp 4
aHayM3a 21
Paznen 8. I'paBumeTpuueckue
METO/Ibl aHAJIN3A
8.1 |I'paBuMeTpuyecKre METOIbI Jlex 4 JI1.3J12.5
aHaiu3a 21
8.2 |I'paBUMETpHUUYECKUE METOIBI JIa6 8
aHanusa 21
8.3 |['paBuMeTpHUYECKHE METOIBI Cp 10
aHayM3a 21
Paznen 9. Turpumerpuueckue
METO/Ibl aHAJIN3A
9.1 |TuTpuMeTpUUECKUE METOIbI Jlex 3 JI1.3
aHaiu3a 21
9.2 | TUTpUMETPUYECKUE METOIbI JIa6 10 JI1.7
aHajau3a 21
9.3 | TurpumeTpruyecKue METO b Cp 8
aHanusa 21
Pasnen 10. KonTpons
10.1 |Kontpoius OK3ameH 27
21
Pazpen 11. Kucnorno-ocHoBHOE
TUTPOBAHUE
11.1 | KucnoTtHo-0CHOBHOE TUTPOBaHUE Jlex 4 JI1.3J12.5
21
11.2 | KucnoTtHo-oCHOBHOE TUTPOBAaHUE Jlab 30 J1.7
21
11.3 |KucnoTHo-0CHOBHOE TUTPOBAHUE Cp 3
21
Pa3nen 12. OxucnurenbHO-
BOCCTaHOBUTEJIbHOE TUTPOBAHUE
12.1 | OkucaurenbHO- Jlex 2 JI1.2J12.3
BOCCTAaHOBUTEIHHOE TUTPOBAHUE 21
12.2 | OxucnuTenbHO- JIab 18
BOCCTaHOBUTEJIbHOE TUTPOBAHKE 21

Pazpnen 13.
Kommekconomerpuueckoe
TUTPOBAHUE




13.1 |KoMmiekcoHOMETpUIECKOE Jlex 2 JI1.3J12.5
TUTPOBAHUE 21
13.2 | KommiiekcoHOMETpHUECKOE Jlab 16 J1.7
TUTPOBAHUE 21
Pa3nen 14. OcagurenpHoe
TUTPOBAHUE
14.1 |OcagurtenbHOE TUTPOBAHUE Jlex 2 JI1.3J12.3
JI2.5
o1
14.2 | OcagutesnbHOE TUTPOBAHUE JIa0 16
)
Pa3nen 15. ®u3uko-xuMHUYeCcKUe
METObI aHaIH3a
15.1 |®DuzuKo-xuMHYECKHE METOIBI Jlex 2 JI1.4
aHaan3a JI1.5J12.2
)
15.2 | DU3BUKO-XUMHUUYECKUE METOIbI Cp 2 JIT.4 J11.5
aHajan3a 91
Paznen 16. CnekTpockonuyeckue
METObI aHaIN3a
16.1 | CnexkTpoCKOMMYECKUE METO b JIek 3 JI1.4 J11.5
aHaan3a 91
16.2 | CnekTpOCKOMUYECKUE METO b JIab 50 JI1.9J12.2
aHaan3a 91
16.3 | CnexkTpoCKONUYECKHE METOIbI Cp 2
aHalu3a o1
Paznen 17. DnexkrpoxumMuyeckue
METObI aHAIN3a
17.1 | DNEeKTpOXUMHUYECKNUE METOIBI Jlex 3 J1.4
aHanm3a JI1.5J12.2
o1
17.2 | DneKTpOXUMUYECKHUE METO b Jla6 50 | JI1.6J12.2
aHanm3a o1
17.3 | DNeKTpOXUMHUYECKUE METOIBI Cp 2 Jd1.4 J11.5
aHajanu3a o1
Pa3nen 18. KonTpons
18.1 |Kontpoius OK3amMeH 27
o1

Oo0pa3oBaTte/ibHbIE TEXHOJIOTHH

Cnncok 00pa3oBaTe/IbHbIX TeXHOJIOT Uil

[IpoekTHas TexXHOIOTHS

JlckyccroHHbIE TEXHOIOTUH ((hOpyM, CUMIIO3UYM, Ae0aThl, aKBApUYMHAsl TUCKYCCHS,
aa 2% nN AY

WNudopmanronnsie (1I1ppoBbIe) TEXHOIOTHH

Bl W

TexHomornn Pa3BUTHA KPUTHYCCKOT'O MBIINIJICHUSA




8. OIEHOYHBIE MATEPHAJIBI 1151 TIPOBEJEHUS TEKYIIEN 1
MMPOMEXXYTOYHOM ATTECTALIUA

8.1. OIIeHO‘lHLIe MaTepHuaJibl 1Jisl IPOBEICHUS Telcymei/i aTreCcranmumn

OHGHO‘IHBIG MaT€pHrabl JJId IPOBECACHUA TGKYH_IGI\/'I arTeécTaluy IpUBEACHEI B IIPUIIOKCHHUN

8.2. OneHoYHbIE MaTEePHAJIbI JJIS IPOBeIeHHsI IPOMEKYTOYHOI aTTecTalNu

OreHOUHBIE MaTEePHAIIBI AJISl IPOBEICHHS TPOMEKYTOYHOM aTTeCTAI[MK IPUBEICHBI B
IPWIOKEHUN 2.
8.3. TpeOGoBaHus K PeliTUHI-KOHTPOJIIO

TpeboBanust kK peHTHHT-KOHTPOJIIO PUBEICHBI B IPUIIOKEHUU 2

9. VYEBHO-METOJAYECKOE U HH®OPMAIIMOHHOE OBECITEYEHUE
TACHATLITAHBI (MOYJIST)

9.1. PexomeHnayemas aureparypa

9.1.1. OcHoBHAas JIUTEpPATYypa

Iudp Jlureparypa

JI1.1 |Bopucos, TuxomupoBa, AHATUTHYECKAS XUMHUS JIJIS Ie1aroros. Pacyers B
KoJIM4ecTBeHHOM aHanu3e, Mocksa: IOpaiit, 2021, ISBN: 978-5-534-09281-3,
URL: https://urait.ru/bcode/469598

JI1.2 |IlonkopeitoB, Heynauuna, llITuH, AHanutuueckas xumusi. OKUCIUTEIBHO-
BOCCTaHOBUTEJIbHOE TUTpoBaHue, MockBa: IOpaiit, 2021, ISBN: 978-5-9916-9944-0,
URL: https://urait.ru/bcode/472234

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

JI1.4 | Anos, Bacunenko, ['onpamrpax, Uenko, AHanutrudeckass XuMusi U1 GU3NKO-XUMHUECKUE
MeTobl aHanu3a, Mocksa: Akanemus, 2012, ISBN: 978-5-7695-9146-4 (t. 2),
URL: http://texts.lib.tversu.ru/texts/994002o0gl.pdf

JI1.5 [I'myGoxos, ['onoBaueBa, Edpumona, Uienko, Ananutuyeckas XuMus 1 GU3NKO-
XUMHUYECKHUE METObI aHanu3a, Mocksa: Akanemus, 2012, ISBN: 978-5-7695-9144-0 (t.

1),
URL: http://texts.lib.tversu.ru/texts/994027ogl.pdf

JI1.6 [Myxunosa 3. I11., AnanuTudeckast XuMusi U GU3NKO-XUMUYECKUE METObI aHAIIH3A.
Jlabopatopusie 3ausatusi, Caukt-IlerepOypr: Jlans, 2024, ISBN: 978-5-507-48303-7,
URL: https://e.lanbook.com/book/380579

JI1.7 |Bonocosa E. B., Illunynsa A. H., [lamkosa E. B., be3runa 0. A., I'nazynosa H. H.,
AnanuTtHueckas Xumus: 1adopaTopatopHslii npaktukyM, CtaBponons: CTI'AY, 2022,
ISBN:,

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

JI1.8 |ITamxkosa E. B., Bonocosa E. B., [llunyns A. H., besruna 0. A., 'mazynosa H. H.,
Xpomarorpaduueckue Meto bl aHanu3a, Ctasponons: CT'AY, 2017, ISBN: ,
URL: https://e.lanbook.com/book/107233

JI1.9 |Bacunsesa B. U., Crosnosa O. @., [IIkyruna U. B., Kapnios C. U., CnekTpajibHbIe

MeTo bl aHanu3a. [Ipaktuyeckoe pykoBoacTBo, Cankr-IlerepOypr: Jlanp, 2021, ISBN: 978
-5-8114-1638-7,

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

9.1.2. JlonosiHMTEIbHAS JIUTEPATYPa

HIndp Jluteparypa




9.1.2. JlonoiHMTEIbHAS JIUTEPATYPa

Hndgp Jlureparypa

JI2.1 | Anekcanaposa, ['aiinykoBa, AHaiiuTruueckas 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 | Hukutuna, boprcos, XaxanuHa, AHAIUTHYECKAs XUMHS U GPU3HKO-XUMHIECKUE METOIbI
ananuza, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-00427-4,
URL: https://urait.ru/bcode/449690

JI12.3 |I'pebe, [Tantenees B. I1., [IpakTrdeckoe pyKOBOACTBO K KOJTUYECTBEHHOMY aHAJIHU3Y,
Mocksa: 1. H. Xomues 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., MocksuH JI. H., Ponunkos O. B., ITox p.
1., AHaTUTHYeCKass XUMUsl. MEeTO bl pa3/iesieHUs BEIIECTB M THOPUAHBIC METOIbI aHATN3A,
Cankr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-9137-7,

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

JI2.5 |WMpaitoman I'. H., Xandwuna I1. JI., bynrakosa O. H., Usanosa H. B., Pemenue 3agau no
ananutuueckor xumun, Kemeposo: KemI'VY, 2015, ISBN: 978-5-8353-1821-6,
URL: http://e.lanbook.com/books/element.php?pll 1d=69992

9.2. IlepeyeHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKAMOHHOM ceTH ""UHTepHeT"

D1 |eLIBRARY.RU : nayunas anexTpoHHas 6ubiunoreka : cailt. - Mocksa, 2000. - URL:
https://elibrary.ru (gara obpamenus: 09.07.2019). - Pexxum noctyna: ans 3aperucTpup.
nosib3oBareneil. - TekcT: anexkTponHsl: http:/elibrary.ru/

9.3.1 IlepevyeHs MPOrpaMMHOI0 obecreyeHust

Google Chrome

Kaspersky Endpoint Security 10 ans Windows

1
2
3 OpenOffice
4 WinDjView

Foxit Reader

5
9.3.2 CoBpemeHHbIe IPodecCHOHATbHBIC 023bI JAHHBIX 1 HH(POPMALIMOHHBbIE CIIPABOYHbIC
CHCTEeMBI

1 Penosurapuii TBI'Y

Hayunas anekrponnas 6ubnuorexa eLIBRARY.RU (noamnucka Ha sxypHaib)

OBC Tel'Y

OBbC «YHuBepcurerckas OMOIMOTEKa OHIAH

2
3
4 SbC BOOK.ru
5
6

9BbC «Jlaup»

10. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI (MOAYJISA)

Ayaurt-s OobopynoBanne

3-314 KOMIUIEKT y4eOHO# MeOenu, MepeHOCHOW HOYTOYK, TPOEKTOPHI, 3KpaH, MbIIIb,
YCHIINTENb, PaIMOCUCTEMA, MUKIIEP, MUKPO(OH, mKad




3-404 KOMIUICKT Y4eOHOU MeOesH, MEPeHOCHOH HOYTOYK, MPOEKTOP, aKBATUCTUILIATOD,
Bechl, IK @ypoe ciektpomerp, kommbioTep, portokoaopumerp KDOK-2, snexrponeun

11. METOJUYECKHUE MATEPHAJIBI JUISI OBYYAIOIUXCSI IO OCBOEHUIO
JUCHUIINHBI

MeTtoauyeckue MaTepralibl U yKa3aHUs IPUBEACHBI B IPUIIOKEHUHU 1.

INPUJIO’KEHME 1

8. METOANYECKHE YKA3AHUSA JUISI OBYYAIOIUXCS 1O OCBOEHUIO JUCHUITIJIMHBI (MO/LY JIS)

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

1. Tlporpamma Ui CAaMOKOHTPOISI ¥ KOHTPOJIS IPETIONABATENEM PE3YIbTATUBHOCTH H3YUCHHS IUCIUILINHBL.
2. IlpumepHas TeMaTHKa MO BBITOTHEHHIO KYPCOBBIX PadOT
3. Meroxaudeckue MaTepHab IS HOATOTOBKH K 9K3aMEHYy.

1. lIporpamMmma 1JIsi CAMOKOHTPOJISI 1 KOHTPOJISI IPenoJaBaTesieM pe3yJIbTATUBHOCTH U3YYEeHHUS TUCUHUIIMHbI
IIpoepammul KOANOKEUYMOS.

1 KOJUIOK6UYM. Pasnosecue 6 comoeennvix cucmemax. Kuciomuo-ocnogroe pasHoeecue. Kucnomno-ocrosnoe
mumpoeanue.

KoncranTsl paBHOBecus peakuuil U npoueccoB. IOHHOE COCTOSHHE BELIECTBA B MJCANBHBIX U pEalTbHBIX
cucreMax. CTpyKTypa pacTBoputenei u pactsopa. ConbBartalys, HOHH3aLus, Aucconnanys. IloBeqeHne 3IeKTponnuToB
1 HE3NIEKTPOINTOB B pacTBopax. Teopus Jlebas-Xiokkemns. TepMonuHamMideckass KOHCTaHTa PAaBHOBECHA. AKTUBHOCTb U
ko3(p¢unreHT akTuBHOCTH. KoHmeHTpammoHHbIE KOHCTaHTHL. OOmas W paBHOBECHAs KOHLECHTPALMA. Y CIOBHBIC
KOHCTAHTBHI.

KucnoTtHo-ocHOBHOe paBHOBecue. CoBpeMeHHBIE NMPEICTABICHNS O KHCI0TaX U OcHOBaHUsIX. Teopus JIptounca.
Teopus bpencrena-Jloypu. PaBHoBecue B cucteMe KHCIOTa — CONpPsHKEHHOE OCHOBaHHE — pacTBOpUTENh. KOHCTaHTHI
KHUCJIOTHOCTH M OCHOBHOCTH. KHCIIOTHBIE M OCHOBHBIC CBOMCTBa pacTBopuTenei. KoncTaHTa aBTonportonusa. BiusHue
NPUPOJBI  PACTBOPHUTENST HAa CHIY KHUCIOTHI M OCHOBaHMsA. HuBenmupyrommii u auddepeHuupyommii 3hhexTs
pacTBOpUTENS.

KucnotHO-0CHOBHOE paBHOBEcHE B MHOTOKOMIIOHEHTHBIX CHCTeMax. bydepHsle pacTBOpHI M HX CBOWCTBa.
Bydepnas émxoctb. Brramcnenne pH pacTBOpoB OHO- M MHOTOOCHOBHBIX KHCJIOT M OCHOBAaHHH, CMeceld KHCIOT W
ocHoBaHMH. ['paduueckoe ommcaHne KHCIOTHO-OCHOBHOTO paBHOBECHS (paclpeAeiuTeNbHbIE W KOHIIEHTPAI[MOHHO-
JorapupMIUIECKUE TUATPAMMEBI).

Turpumerpuueckue Meroasl. Knaccudukanms. TpeGoBanus, nperbsBiIsieMble K PEaKIUN B TATPUMETPHIECKOM
ananmuse. IIpsimoe, oOpaTHoe M KOCBeHHOe TuTpoBaHHE. CrocoObl BBIpaKEHUS KOHIEHTpAlMid pPacTBOPOB B
TUTPUMETPHUH. DKBHUBaJICHT. MoJsipHas Macca SKBHBaJeHTa. [lepBHUHBIE CTaHIAPTHBIE PACTBOPHI, TPEOOBAHMUS K HHUM.
QuxcaHanel. BTopuuHBIE CTaHAApPTHBIE pacTBOPBL. Buabl kpuBbIX TUTpoBaHusA. CKkadok TUTpoBaHMA. Toduka
9KBHBAJICHTHOCTH U KOHEYHAsl TOYKAa TUTPOBAHUSI.

KucnotHo-ocHOBHOe TuTpoBaHue. [locTpoeHHe KpUBBIX THTPOBaHUS. BiusgHHe BETHMYMHBI KOHCTaHT
KHCJIOTHOCTH WJIM OCHOBHOCTH, KOHIEHTpPAlMM KHCIOT WJIM OCHOBAaHMH, TeMIepaTypsl Ha XapakTep KpPHBBIX
TUTpOBaHKA. KHCIOTHO-OCHOBHOE TUTPOBAHUE B HEBOJAHBIX cpefax. KuciaoTHO-ocHOBHBIE MHAMKATOPBL. [lorpemuocTtu
TUTPOBAHMS TIPH OIIPEICTICHUH CHIIBHBIX U CJIa0BIX KUCIOT U OCHOBAHUH, MHOTOOCHOBHBIX KHCIIOT M OCHOBaHHH.

IIpakTnyeckoe mnpuMeHeHue. I[lepBUUHBIE CTaHAApTHBIE PAcTBOPBI Ul YCTAHOBJIEHUS KOHIEHTPAaLUU
pPacTBOpOB KHUCIOT M OCHOBaHUH. IIpuroToBneHme M craHAapTU3alUsl PacTBOPOB COJISTHOM KHCIOTBI M THJIPOKCUAA
HaTpus. TUTpOBaHWE KHCIOT, OCHOBaHWIA, CMeCell KHCIOT M CMecel OCHOBaHWH. AHamm3 cmecedl kapOOHaTa H
ruapoxkapOoHaTa HaTpusi, KapOoHata M THApokcuiaa Harpusa. OmnpexpeneHue asora nmo merony Keenpnans m coseit
aMMOHHUSI IIPSIMBIM U KOCBEHHBIM MeToaaMu. OnpezieNieHne HUTPaTOB U HUTPUTOB.

I xonnoxeuym.  Paenosecus — peaxyuti — KOMHIEKCOOOpA306anusi U  OKUCIEHUS-B0CCHAHOGICHUS.
Komnnexconomempuueckoe u OKUCIUMENbHO-60CCMAHOBUMENbHOE MUMPOBAHUE.

Komnniekcoobpazopanne. OCHOBHBIE IIPH3HAKH KOMIUICKCHBIX COETUHEHMH. KoopawHammoHHOE YHCIIO.
HentatHocTh. Knaccuduxamust KOMIUIEKCHBIX COEIMHEHHH MO XapakTepy B3aHMMOJCHCTBHS METaJUI-JIMTaHi, IO
OJIHOPOJIHOCTH JIMTaHJa M KOMIUIEKCOOoOpa3zoBarelsi: BHYTpUC(]EepHble W BHEIIHec(EepHbIC, OJHOPOJHOJIUIaHIHbIE U
CMEIIAHHOJIMTAHJHbIE, MOJHUAACPHBIE KOMIUIEKCH.  XeNnaTbl, BHYTPHUKOMIUIEKCHbIEe coeauHeHus. CBoiicTBa
KOMILIEKCHBIX COEJUHEHUH, UMEIOIUE aHAIUTHUECKOE 3HAaUeHUE: YCTONUUBOCTh, PACTBOPUMOCTD, OKpPAcKa, JIETYyYeCTb.

CryneHuaroe  KoMILIeKcooOpa3oBanue. KonndecTBeHHblE  XapakTEepUCTHUKH  peakiuuid  oOpasoBaHus
KOMIUIEKCHBIX COEIMHEHHH: KOHCTAHThl YCTOWYMBOCTH (CTyneH4aTsle M o0mue), GpyHKuus u cTeneHb oOpa3oBaHMS.
CKOpoCTh peakiuii koMriekcooopazoBanusi. akTOPkI, BIUSIONNE HA YCTOWIMBOCTh KOMIUIEKCOB. XelaTHBIN 3P QeKT.

Opraandeckue peareHTbl. (DyHKIMOHAIHHO-aHAIUTHYECKHE TPYMIBL. BIUSHWE CTPYKTYpHl OpPTaHHYECKUX
peareHTOB Ha uX cBoiicTBa. Posb pa3snmnuHbIX QyHKIMOHAIBHBIX rpynn. Teopwsi aHAJIOTHHA B3aMMOAEHCTBHSI HOHOB




METAJUIOB ¢ HEOPTAaHWIECKUMHU M OPTaHMYECKUMH peareHTaMu. BakHeimie opraHndeckrue peareHThl, IpUMEHIEMBIE B
aHammse.

AHaIMTHYECKN BaKHBIE CBOHCTBA KOMIUIEKCHBIX COeIMHEHNH. BimsHne koMIuiekcooOpa3oBaHus Ha KHCIOTHO-
OCHOBHBIC M OKHCIIUTEIFHO-BOCCTAHOBUTCIHHBIC CBOMCTBA COCIMHCHUMN, PACTBOPHUMOCTh, CTAOWMIIM3AIMIO PA3IMIHBIX
CTENeHel OKHUCIEHUs! AJIEMEHTOB. BO3MOXKHOCTH HCHOJIb30BAaHUSI KOMIUIEKCHBIX COCIUHEHHH B PAa3NIMYHBIX METOJAX
aHaus3a.

OKHUCIUTENbHO-BOCCTAHOBUTEIBHBIC PEAKIIUU. DIEKTPOAHBINA noTeHuan. Y pasHenue Hepuera. CtanaapTHbIH
U (opMaNbHBIN MOTCHIUANBL. BIUsSHHUE 3JIEKTPOCTATHUCCKUX U XUMUUCCKUX B3aMMOJICHCTBUN Ha MOTEHIHAN: HOHHON
cuibl, pH, 00pa3oBaHUsT KOMIUICKCHBIX W MAJOPAaCTBOPHMBIX COCAMHEHUI. KOHCTaHTHI paBHOBECHS M HAIpPaBJICHUE
OKHCITUTEIIFHO-BOCCTAHOBUTEIBHOTO  mporiecca.  DakToppl, BIMAIONIME Ha  HAlpaBIeHHE  OKHUCIUTEIHHO-
BOCCTAHOBHTENBHBIX peakiuil. [IoHaTHEe 0 cMemaHHOM NoTeHIHane. MeXaHI3MBl OKHCIHTEIHHO-BOCCTAHOBUTEIHHBIX
peaxmmii. OCHOBHBIE OKHUCIUTENN H BOCCTAHOBUTEIH, IPUMEHICMEIC B aHAH3E.

Komnniekcomerprudeckoe TuTpoBanne. Heopranmueckue W OpraHWYECKHE THTPAHTHI B KOMIUIEKCOMETPHH.
Vcnonp30BaHHe aMHHOIIONMKAPOOHOBBIX KHCIOT B KOMIDIEKCOHOMETpHH. IlocTpoeHHe KPHUBBIX THUTPOBAHUS.
MeTamroxpoMHbIe HHANKATOPHI U TPeOOBaHUS, IPEAbABIsICMbIe K HUM. BaskHeiie yHUBepCcaIbHbIC U CIeNU(pUIeCKIe
METAJUIOXPOMHBIC HHIUKATOPHL. [IpsiMoe, oOpaTHOE, BBITCCHHUTECILHOEC U KOCBEHHOE THUTpoBaHHE. CelEeKTHBHOCTH
TUTPOBAHHUS U CIIOCOOBI €€ TOBBIIICHUS. [10TPEITHOCTh TUTPOBAHUS.

IIpaktuueckoe npumeHeHue. OnpeneneHue KaublMsl, MarHus, skee3a, allOMUHUS, MeIH, [IMHKa B pacTBOpax
YUCTBIX COJIEH U MPU COBMECTHOM NpUCyTCcTBUH. OnpeesieHne aHuOHOB.

OKHCIUTENbHO-BOCCTAHOBUTENBHOE TUTpPOBaHUE. [locTpoeHrne KpUBBIX TUTpOBaHUs. DakTOPhI, BIUSIONINE HA
XapakTep KPWUBBIX THTPOBAHHA: KOHIIGHTPAIMs HOHOB BOJOPOIa, KOMIDIEKCOOOpa3oBaHWE, MOHHAs cmia. CriocoObI
OTIpe/IeICHNs] KOHEYHOW TOUYKH TUTpoBaHUs. MHmmkatopsl. IlorpemHocTs TUTpoBaHWS. MeETONBI OKHCIHTEIBHO-
BOCCTAHOBHTEIFHOTO TUTPOBAHUS.

[Tepmanranatomerpus. Onpenencane sxenesa (I11), mapranma (1), okcanatos, mepokcuaa BOIOPOaa, HUTPUTOB.

Honmomerpus u mommumerpus. CucreMa HOA-MOTUN KaK OKHCIHTENb WM BOCCTaHOBHUTENb. OmpenenceHue
apceHuToB, apceHaToB, jxene3a (III), memm (II), rajmoreHUA-MOHOB, MEPOKCHIOB, KHUCIOT. OmpenencHWe BOIBI U
(YHKIIMOHAJIBHBIX TPYIII OPTaHUYCCKUX COCAUHCHHH.

buxpomatomerpus. Onpenenenue xenesa (II), ypana (IV).

Bpomartomerpus, uepuMeTpusi, BaHAJAaTOMETPUsS, TUTAHOMETPHsI, XpoMoMmeTpus. llepBuuHble U BTOpPUYHBIC
cranaapthl. Uaankatopsl. Onpenenenrne HeOPTaHUIECKUX U OPTraHMYECKUX COSAMHEHUN.

CKOpOCTh peakluii B XUMHUYECKOM aHaiu3e. BhICTphie W MelJieHHble peakiuu. DakTopbl, BIMAIONIAE Ha
cKopocTh peakimid. KatamuzaTopsl, HHTHOUTOPHI. ABTOKATAIUTHYCCKUE peakiuu. VHAYIHPOBAHHBIC U COMPSHKEHHBIC
peakmun.. MaaykimonHsiit gakrop. [IpuMepsl yCKOpeHHs W 3aMENJICHHS PEakIfii M IMPOIECCOB, HCIONB3YEMBIX B
XIMHYICCKOM aHAJIH3E.

1l konnoksuym. Pasnogecue 6 cucmeme ocadok — pacmeop. I pasumempuueckuti memoo. Memoowl pazoenerus
U KOHYEHMPUPOBAHUSL: OCANCOCHUE U IKCIMPAKYUSL.

PaBHOBecue B cucteMe ocafok — pacTtBop. IIpoussenenue pactBopumocTH. IIpaBuiio mHDpousBeAeHUs
pactBopuMocTH. PactBopuMocTb. DaKkTOPHI, BAMAIOIINE HA PACTBOPUMOCTD: TEMIIEPATypa, MOHHAS CUJA, OAHOUMEHHBIN
HOH, KOHKYPUPYIOIIHNE PEeaKLUH, CTPYKTYpa ¥ pa3Mep JacTHII.

I'paBumerpudecknii  MeToa. CyIIHOCTP TPaBUMETPUYECKOTO aHAJIH3a, MPEUMYIIecTBa U HEJOCTaTKH.
TpeboBanusi K ocaxaaeMoll u rpaBuMmerpuucckoir (opmam. OOpasoBanue ocaaka. OOpa3oBaHHe W CBOWCTBa
KOJUIOMAHBIX 4acTull. Kpucrammyeckue u aMopdHBIE OCaJKd. 3aBUCUMOCTh CTPYKTYphl OCaJka OT €ro
WHIMBHUYaJIbHBIX CBOMCTB (PacTBOPMMOCTH, WOJNSAPHOCTH MOJEKYJ) W YCIOBHH OCaXAEHUS (KOHIEHTpanuu
OCakJJaeéMOTr0 MOHA M OCAJUTENsI, COJIEBOTO cocTaBa pacTBopa W pH, Temmeparypsl). 3aBUCHMOCTh (POPMBI OCaaKa OT
CKOPOCTH 00pa30BaHMs IEPBUYHBIX YAaCTHIl, UX POCTA. Y CIOBHS IOJyYEHUS! KPUCTAUIMYECKUX M aMOP(HBIX 0CaIKOB.
I'omorennoe ocaxnenue. CrapeHue ocanka. [IpHUMHBI 3arps3HEHHs Ocajka (COBMECTHOE OCAXKICHHE, COOCAXKIICHHE,
nocneayromniee ocaxkaenue). Kimaccudukanys pasinyHbIX BUIOB COOCXKICHUS (aICOpPOINs, OKKIIIO3US, N30MOPHHU3M U
ap.). CrocoObl yMeHbIIEHHUs coocakaeHHs. [10JI0XKUTENbHOE W OTPHIATENIbHOS 3HAYCHMS SIBICHHS COOCAXKICHHS B
aHanmu3e. llorpemHoCTH B TIpaBUMETPHUYECKOM aHanu3e. VI3MeHeHHs cocTaBa OCagka IPH BBICYIIUBAHWHM U
MIPOKATNBAaHUH.

IIpakTnueckoe npuMmeHeHue. IIpsimMble U KOCBEHHBIE METOABI ONpeAcieHUs. BaxHeillllne OopraHudyecKue u
HeopraHmueckue ocaautenu. OmpeneneHue jxenes3a, aTOMHHHSA, KajblMsd, MarHus, HHUKeNs, KoOaibTa, IHMHKA.
Omnpenenenue cepsl, pocdopa, KpeMHHS U XJIOPa B OPraHUUECKUX U HEOPTaHUYECKUX COSIUHEHHSX.

MeTtomnpl pasfiefieHHs W KOHIEHTPUPOBaHMA. Poib B XMMHYECKOM aHaim3e, BbIOOp u omeHka. CoueraHue
METO/IOB pa3/ielieHHss W KOHLEHTPUPOBAHWS C METOJAAMH ONpEJIeNeHHs; T'HOpuaHBIe MeTonbl. PasneneHne
COIIOCTaBUMBIX KOJIMYECTB JJIEMEHTOB W OTAEIEHHE MAIBIX KOJIWYeCTB OT Oonbmmx. OHOCTyNeHYaTele |
MHOTOCTyIIeHYaThle Ipouecchl pasfeneHus. KoncraHtel pacnpenenenus. Kosdduuument pacnpenenenus. CreneHb
n3Binedenus. Gakrop pazaenenus. KoapduumeHT KOHIEHTPHUPOBAHHSI.

Ocaxnenue. [IpuMeHeHre HEOPTaHUYECKNX U OPraHMYECKHUX PEareHToB Julsl ocakaeHus. CrocoObl pasieneHus
myTéM BapbupoBanus pH, oOpa3oBaHnsT KOMIUIEKCHBIX COEAMHEHUH M IPUMEHEHHSI OKHCIIUTELHO-BOCCTAaHOBUTEIILHBIX
peakmmii. ['pymnmoBple peareHTHI W TPENbsBIIEMBIE K HHAM TpeOOBaHUSA. XapaKTEPUCTHKH MAalOpacTBOPUMBIX
COCIMHEHUH, Hambojee YacTO HCIOJB3YeMbIX B aHann3e. KOHIEHTpHpOBaHHME MHKPOAJIEMEHTOB COOCAKACHHEM Ha
HEOPTaHMYECKUX U OPTAHUIECKHUX KOJUIEKTOpaXx.

Okcrpakmmg. TeopeTndeckne OCHOBBI. 3aKOH pacupexneneHns. Kiaaccupukamys 3KCTPaKIMOHHBIX MPOIECCOB.
CKOpOCTb 3KCTpaKmMU. THIBI 3KCTPAKIIMOHHBIX CHCTEM. YCIOBHS JKCTPAKIMH HEOPTAaHWYECKHX U OPTaHHYECKUX
coequHenuil. Pesxcrpakuust. IIpupona u xapakTepucTHKa IKCTPAareHTOB.

Pasnenenne >1€eMEHTOB METOJOM SKcTpakuuu. OCHOBHBIE OPraHUYECKHE PEareHThI, HCIOJIb3YyEeMble s




pasleneHus MEMEHTOB METOZIOM JKCTpaknuu. CeIeKTUBHOE pa3/IelICHNE IEMEHTOB METOAOM MOAOOPa OPraHUYECKUX
pacTBopuTenei, m3MeHeHust pH BogHO# (a3el, MACKUPOBAHHS U AeMAacKUpOBaHUs. [IprOOpHI I SKCTPAKITUH.

1V konnoxsuym. Cnekmpockonuieckue Memoosvl AHaAU3d.

CHexTp 3JeKTPOMAarHUTHOTO M3JIyYeHHs. DHeprust GOTOHOB, UIMHA BOJIHBI, YaCTOTa, BOJHOBOE YHUCIIO; CBS3b
MEXAY HHMH; TEPMHUHBI, CHUMBOJIB, €IUHMIBI u3MepeHus. CocTaBiIIOIME BHYTPEHHEH OJHEPrHMHM YacTHL U
COOTBETCTBYIOIINE UM JHMAIAa30HBI IEKTPOMArHUTHOTO W3imydeHus. OCHOBHBIC THUIIBI B3aUMOJIEHCTBHUS BEIECTBa C
U3JIyYeHHEM: SMHCCHS (TEIUIOBasi, IIOMMHECLICHIIU), TIOTIIOIeHne, paccesHue. Kilaccnupukanus creKTpoCKOIMYECKHX
METOJIOB IO MPUPOJIE YacTHUI], B3aUMOJICHCTBYIOIIMX C M3Jy4eHHEM (aTOMHbBIE, MOJICKYJIIPHBIE); XapaKTepy Ipolecca
(abcopOLMOHHBIE, SMUCCHOHHBIE); TUaIa30Hy AJIEKTPOMAarHUTHOTO U3ITyYeHHUSI.

Cnextpsl atomMoB. OCHOBHBIE U BO30YKACHHBIE COCTOSIHUSI aTOMOB, XapaKTEPUCTHKH COCTOSHHM.
OHepreTndeckue IEpexonpl, MpaBuia oOTOOpa. BeposTHOCTH S3IEKTPOHHBIX TIEPEXOAOB M BpPEMEHA O KHU3HH
BO30YKIEHHBIX COCTOSHHHA. XapaKTEPUCTHKH CIEKTPAIbHBIX JIMHUN: TIOJIOXKEHHE B CIEKTPE, HHTCHCHUBHOCTB,
noxymupuHa. [IpraruHbl YIIUPEHNs CTIEKTPAIbHBIX JIMHAN.

CriexTpsl MOJEKyd, HuX ocoO0eHHOCTH. CXeMBl »JIEKTPOHHBIX YpPOBHEH MOJIEKYNBL. DICKTPOHHEIE,
KoJsieOaTeNbHBIC U BPAIAaTEIbHBIE CIIEKTPBI MOJICKYII. 3aBUCHMOCTD BHJIA CIIEKTPA OT arperaTHOrO COCTOSIHUS BEIIECTBA.

OCHOBHBIC 3aKOHBI HWCITyCKaHUsSI ¥ TMOTJIOMIEHHS 3JICKTPOMAarHUTHOro u3iydeHus. CBsI3b aHAJIMTHYECKOTO
CUrHajla C KOHLEHTpalHMeH OIpeaensseMoro KoMrnoHeHTa. OCHOBHBIE CIIOCOOBI OIpEAEIeHHUs KOHIEHTPAaLUH B
CHEKTPOCKOIMYECKUX METO/Iax.

Anmnapatypa. CriocoObl MOHOXpOMAaTH3aIKH JIy4HCTOH sHeprun. Kiaccngukanus crnekTpaabHbIX MPHOOPOB, UX
XapaKTepUCTUKHU: JMCHEPCHs, pas3peliaromias crnocoOHOCTh, cBeTocwia. [IpueMHUKH H3IydeHHs: (OTOIMYIIbCHS,
(oTO37IEMEHTHI, (OTOYMHOXHTENH, IOJYNPOBOAHUKOBBIE MpPUEMHHUKH. HCTpymeHTanbHble moMexu. Llymer u
OTHOIIEHHE CUT'HANI-IITYM.

MonekynsapHas _abcopOnuonHas _cnekTpockonus (crnekTpodoroMeTpus).CBsS3p  XUMHUYECKOH CTPYKTYPHI
coenHEHUsT ¢ a0COpOIMOHHBIM crieKTpoM. CHocoObl MONydEeHUs] OKpalIeHHBIX COeAWHEHHH. PoTomeTpHueckue
aHAINTHYECKNE pearcHThl, TpeboBaHua K HUM. CIocoObI oIpeaeneH sl KOHIICHTPAIluN BEIIecTB. V3MepeHne BBICOKHX,
HU3KHX ONTHYECKUX IUIOTHOCTEH (nuddepeHnmanbHelii  MeTon). AHAIN3  MHOTOKOMIIOHEHTHBIX — CHCTEM.
CnexkTpooToMeTpHsi KaKk METOJ HCCJIENOBaHMSl peakiuid B pacTBOpax (KOMIUIEKCOOOpPa30BaHMs, NPOTOJIMTHYECKHX,
arperaiyn), CONPOBOXKAAIOIINXCS H3MEHEHHEM CIEKTPOB IOIVIOMICHUS.. METpOIOruuecKie XapakTepUCTHKH |
AQHAIUTUYECKUE BO3MOKHOCTHU. IIpuMephl MPaKTUUECKOro IPUMEHEHUS.

[MpunnunuaneHas cxema npudopa. Knaccudukanus annapaTypsl ¢ TOUYKH 3peHHsI CIOCO0a MOHOXPOMATH3alUU
(porometpsrl, crnekrpodoToMeTphl). ['JaBHBIC NPUYMHBI OTKJIOHEHHS OT OCHOBHOTO 3aKOHAa CBETOIMOIJIONICHHS
(MHCTpYMEHTAaJIbHBIC U (PU3UKO-XUMUYECKHUE).

MecTo 1 poJIb CIIEKTPOCKOITMYECKUX METO/IOB B AaHAINTHIECKOW XUMHUN M XUMHIECKOM aHaJIN3E.

V konnoksuym. Inekmpoxumuyeckue Memoobl aHaIu3a.

OOmas XxapakTepHCTHKa 3JIEKTPOXMMUYECKHMX MeTonoB. Kiaccnduxamus. DIEKTPOXUMHUECKHE STYCHKH.
VHIMKaTOPHBIA 3JEKTPOA M BJIEKTPOA CpaBHEHHs. PaBHOBECHBIE W HEPAaBHOBECHBIC 3JIEKTPOXMMHYECKHE CHCTEMBI.
SIBneHns, BO3HMKAIOIIME IIPM TPOTEKAHMM TOKAa (OMHYECKOE TAJCHHE HANpsDKCHUS, KOHLEHTPALMOHHAS W
KUHETUYECKas! TIOJSPHU3AIIHS).

INonspu3annoHHBIE KPUBBIE U MX HCIIOJIB30BAHKE B PA3IMIHBIX AIEKTPOXUMHUUECKUX METOIAX.

[lpsmas norenunomerpus. M3amepenne mnoreHuuana. OOpatumble ¥ HEOOpaTHMblE  OKHUCIUTEIBHO-
BOCCTAHOBHTEJIbHBIE CHCTeMBL. MVHaWKaTopHBIE AyeKTpoabl. MoHomerpus. Kiaccuduxanus HMOHOCETEKTHBHBIX
3MEKTPOAOB: AIIEKTPOABI C TOMOT€HHBIMH M FeTePOT€HHBIMU KPHCTAIIIMYECKUMHI MEMOpaHaMH, CTEKJISTHHbBIE 3JICKTPOIBI,
IEKTPOJBI C TMOJBMXHBIMH HOCHTENSIMH, (DEPMEHTHBIC M TI'a304yBCTBUTENBHBIC 3JIEKTPOMABL. DIEKTPOAHAS (QYHKIHS,
K03()(PUIMEHT CETEKTUBHOCTH, BPEMSI OTKIIHKA.

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

Horennmomerpuieckoe TUTpoBaHHWE. lI3MeHEHHME 3JIEKTPOJHOTO IOTEHIMANa B IIPOIECCe THTPOBAHUSL.
Cnoco06bl 00Hapy>KeHNs! KOHEYHON TOYKM THTPOBAaHWS, HHAWKATOPHL. Mcronp3oBaHue peakiuii: KHCIOTHO-OCHOBHBIX,
OCaXK/ICHUS, KOMIIEKCOOOPa30BaHuUs, OKUCICHUI-BOCCTAHOBIICHHUSI.

ITpumepsl mpakTHdeckoro nmpuMeHeHus. TurpoBanue ¢ochopHON, cMecel CONIHOW M OOpHOW, CONMSHON M
YKCYCHOH KHCJIOT B BOJHO-OpTaHHUECKUX cpenax. OnpeneneHue HOAUI0B U XJIOPUIOB IIPU COBMECTHOM IPUCYTCTBHU.
Hcnonp30BaHHE OKHUCIUTENEHO-BOCCTAHOBUTEFHOTO THTPOBAHUS AJIS ONIPEeNICHISI HOHOB METAJUIOB Pa3HBIX CTEIEHEH
OKHUCIICHHS.

Bonpramnepomerpus.  Cymmuocts  MeToma.  Kiaccupukamus — BONBTAMIIEPOMETPHUYECKHX — METOMOB.
WnpvkatopHsle anektpoasl. IlpeumyriecTBa U HEAOCTaTKU PTYTHOTO nekTpoaa. [IpuMeHeHre TBEpABbIX 3JEKTPOIOB.
XapakTepuCTUKH BOJIFTAMIEPHOH KpuBOH. EMKOCTHBINH, MurpannoHHbd, 1uddQy3uoHHB TOKK. I[IpenenbHbIH
1 (y3HOHHBIN TOK.

Amnepumerpudeckoe turpoBanue. CymiHOCTh MeToja. MHanmKaTopHble 37eKTpoabl. BreiOop noTeHmmana
UHAWKATOPHOTO JEKTPOAd. AMIEPOMETPUUYECKOE TUTPOBAHUE C OJHUM M JABYMs HOJISPU30BAHHBIMU 3JIEKTPOAAMHU.
Bubl KpUBBIX TUTPOBaHHSI.

IIpumMepsl MPaKTHYECKOTO IPUMEHEHHS BOJHTAMICPOMETPUYECKHX METOIOB M aMIIEPOMETPHIECKOTO
TUTpOBaHMA. Permcrpanms m pacmmppoBKa MOISIPOrpaMMBl MHAMBHAYAIBHOTO ICMONIpHU3aTOpa - HOHA MeTajuia.
Perucrpamus momsiporpadudeckoro crektpa. OmnpeneneHne KOHIGHTPAMM BEUIECTB METOJOM TI'PaJyHPOBOYHOTO
rpagmka W METOAOM J00aBOK C HCIIONB30BAHMEM KIIACCHYECKOH, OcCImuiorpaguyeckol, NepeMEeHHOTOKOBOMH
BOJIETAMIIEPOMETPHH. AMIIEPOMETPUIECKOE TUTPOBAHUE C OJHUM IJIEKTPOIOM IIMHKA ¥ OMXpoMaTa KajHs.

Kynonomerpus. Teopernueckue ocHOBBL. 3akoH Papanes. CriocoOsl onpeeseHus! KOJIN4ecTBa IeKTPHUYECTBa.
IIpsiMass KyJOHOMETpUSI U KYJOHOMETPUYECKOE TUTpoBaHHE. KynoHoMeTpusi mpu MOCTOSSHHOM TOKE M IOCTOSSHHOM




MoTeHIMaje. BHEMHAS ¥ BHYTPEHHSAA T€HEpaus KyJIOHOMETPUYECKOTO THUTPaHTA. THTpPOBaHWE AIIEKTPOAKTHBHBIX H
9JIEKTPOHEAKTHBHBIX KOMIOHEHTOB. OmpeneneHre KOHEYHOH TOYKM TUTpoBaHWA. [IpemMyiecTBa M OTrpaHHYCHUS
MeTOJa KyJIOHOMETPHYECKOTO TUTPOBAHUS 110 CPABHEHHUIO C IPYTUMHU TUTPUMETPHIECKUMHI METOJaAMH.

IIpumeps! mpakTHdeckoro mpuMeHeHus. ONMpeaesicHHe MallbIX KOJIMYECTB KHCIOTHI U IIENIOYH, THOCY/b(para
HAaTpHUsI, HOHOB METAJJIOB-OKUCIUTENEH.

CpaBHHTENIbHAS ~ XapaKTEPUCTUKA YYBCTBUTCIBHOCTH W  HM30MPATEILHOCTH, O0OJIacTell  MpUMEHCHUS
3JIEKTPOXUMUYECKUX METO/IOB.

VI konnoxeuym. Xpomamozpaguueckue memoovl aHAIU3A.

Omnpeneneane xpomarorpaduu. [ToHsTHE 0 TOABIKHON M HEMOABIDKHON (a3zax. Kmaccudukamus MeTonoB 1o
arperaTHOMy COCTOSHHMIO (a3, IO MEXaHW3My pa3[eleHUs, MO0 TEXHHKE BBINONHEHHSA. CHOCOOBI TMOIydeHUS
xpomarorpaMM ((pOHTANBHBIA, BBEITECHUTEIBHBIN, 3MIOCHTHBIN). [lapamerpsl ynepkuBanus. OCHOBHOE ypaBHEHHE
xpomarorpaduu. CenekTHUBHOCTE W 3(P(HEKTHBHOCTE XPOMATOTPA(pHUECKOTO pa3felicHHs. TeopHus TeOopeTHYECKHX
Tapenok. KuHermueckas Teopus. PaspemeHne kak (akTop ONTHMH3AIMH XpOMATOTPa(UUECcKOro Iporecca.
KauecTBeHHBIH 1 KOIIMYECTBEHHBIN XpoMaTorpaduIecKuii aHams.

lazoBas xpomarorpadus: ['azo-agcopOumonHas (razo-tBeppodasHas) u Trazo-kuakoctHas. CopOeHTH H
HOCHTENHU, TpeOOBaHUs K HUM. MexaHu3M paszaeineHus. Cxema razoBoro xpomatorpada. Komonku. OCHOBHBIE THIIBI
JIETEKTOPOB, MX YYBCTBUTEIHHOCTh U CEJIEKTUBHOCTH. O0IacTH NPUMEHEHHS Ta30BOM XpoMarorpaduH.

KunkocrHas xpomarorpadus. Buabl sxunkoctHoit xpomartorpaduu. [IpemmymectBa Bbicok0d(heKTHBHON
KHUIKOCTHOW Xxpomarorpadguu. Cxema >KHIKOCTHOTO Xpomarorpada. JleTeKTopsl, HX UYyBCTBHTEJIBHOCTH U
CENIEKTHBHOCTb.

AncopOrumonHas KuUAKOCTHas xpomarorpadusa. HopmanbHo-(a3oBblii 1 oOpamieHHO-(a30BbIi BapHaHTHI.
[NonsipHble W HEMOJAPHBIC HETOABIIKHBIE (asbl M NPUHLIMNBI MX BbIOOpa. MoanpuuupoBaHHBIE CHIIMKAresy Kak
copOentsl. [lomBrkHble (a3sl W NPUHIUNB UX BbIOOpa. OOmacTH NPUMEHEHHs aJCOPOIMOHHON JKHIKOCTHOM
xpomarorpadum.

HonooOmenHass _ xpomarorpadgua. CrpoeHHe ¥ (HU3MKO-XHMHUYECKHE CBOMCTBA HOHOOOMEHHHKOB.
HonooOMeHHOe paBHOBecHe. CeeKTUBHOCTh HOHHOTO 00MeHa M (hakTopsl, onpenesstoniie ero. O6nactu NpruMeHEeHUs
noHooOMeHHON xpomartorpaduu. VoHHas xpomarorpaduss Kak BapHaHT BbICOKO3(dEeKTHBHOW HOHOOOMEHHOM
xpomarorpaduu. OCOOCHHOCTH CTPOCHHUS M CBOWCTBA COPOCHTOB Ui MOHHOW XpomaTorpaduu. OIHOKOIOHOYHAS U
JIBYXKOJIOHOYHAsl HOHHAsE XpoMaTorpadus, UX nperuMyIiecTa U HeJocTaTtku. MlonoxpomaTorpaduueckoe onpenencHue
KaTHOHOB M aHUOHOB. MoH-mapHas u nuraHnooOMeHHas xpomatorpadus. OOmme npuHnmnbl. [lonBrKHBIE WU
HenoBYXHbIE (ha3bl. OOIacTH MPUMEHEHHUSI.

OKCKIIO3MOHHAs _xpomarorpadus. OOmue NpUHOUIBI MeTona. [loIBIDKHBIE W HEHNOABWXKHBIC (a3l
OcobenHocTH MexaHN3Ma pasjeneHus. OnpenesnseMple BeIecTBa U 00JacTH MPUMEHEHNS METOAA.

IImanapuas _xpomarorpadus. OOmme npuHOUNBI pasgeneHus. CrnocoObl  MOMyYeHHS IUIOCKOCTHBIX
XpoMaTorpamMMm (BOCXOJSIIECH, HUCXOJSMIEH, KPYroBOH, IBYMEpHOH). PeareHThl U1 NPOSBICHHS XPOMATOIPaMM.
bymaxnas xpomarorpadums. Mexanmsmel pasgencHus. Ilomsmkesle daser.  [IpenmymmecTBa M HEIOCTATKH.
Tonkocnoiinast xpomarorpadus. MexaHu3Msl pazaeneHus. CopOeHTH 1 moaBIKHbIE (a3bl. O0IacTH NPUMEHEHHS.

Texkylmui KOHTPOJIb
Ilepeyenv nabopamopuvix pabom

Ne HaunmenoBanune Tembl HanmenoBanue 1a00paTopHBIX paboT

1 KauecTBeHHBII aHAIN3 1. KauectBennole peakuuu Ha Katuonsl  [-II
AQHAIUTUYECKUX IPyNI. AHaJIU3 CMECH.

2. KauectBeHHrle peakumm Ha  KatuoHsl Il
AQHAJTUTUYECKOH IPYMIbI. AHAJIN3 CMECH.

3. Awnamm3z cmecu katnoHoB [-III amamurmueckmx
Tpym.

4. KauecTBeHHBIE peaklMu Ha KaTHOHBI [V-V
AmnHanus cMecH.

5. AHanmum3 cmecH KaTHOHOB [-V aHAIUTHYECKHX
rpynm.

6. KauecTBeHHbIE peakUMd HAa aHUOHBL. AHaIM3
CMECH.

7. AnHanu3 MHIWBUIYaJbHOTO BEIIECTBA.




2 Kucnorno - OCHOBHOE 1. TlpurotoBieHwe ¥ CTaHIapTH3aUsI pPaboOUUX
TUTPOBaHUE pacTBOpoB
2. 3apmauga: oTpesieNieHNe MHCI. 3amayva:
OINPCACIICHUEC MH3P0O4
3. 3ajava: onpepeneHne muci M Mp,po, UpH
COBMECTHOM IPUCYTCTBUH
4. Ompepenenne mnon H  m(NaxCOs) npu
COBMECTHOM IPUCYTCTBUH.
3 OcanutensHOe u 1.ApreHTomMeTpusl.
KOMIUIEKCOHOMETPHYECKOE THTPOBAHHUE 2. Poganomerpus
3.KommnekconomeTpus
4 I'paBuMeTpHUecKuii METO/1 1. Onpenenenue Ba?' B BaCl,*2H,0
aHaJm3a 2. Omnpenenenne Fe*'B NHsFe(SO4)2*12H,0
5 Xpomororpadudeckuii meton | 1. AHaJINA3 CMECH KATHOHOB
aHanH3a
6 OKHUCIUTENBHO- 1. Homomerpus
BOCCTOHOBHUTEJIEHOE TUTPOBaHHE 2. Ilepmanranaromerpus
3. bBuxpomaromerpus
7 DU3NKO-XUMUYECKUE METOJIbI 1,2,3. Bri6op ONTUMAJIBHBIX yCIOBUMI
aHaiM3a (oTOMETpHYECKUX OIPEACTCHHUM.
Cnexrpodoromerpus 4. MeroJ rpaslyupoBaHHOro rpaduka
HNonomerpus u 5. Meton no6aBok
NIOTEHLIUOMETPUYECKOE TUTPOBAHUE. 6.0npezneneHre HUTPAT-HOHOB
7. OnpeneneHue XJIOpUA-HOHOB
8 Onpexnenenne noHOB KobapTa(ll)
9,10. KucnoTHO-OCHOBHOE TUTPOBaHUE

0.

IIpumepHas TeMaTHKA 10 BBINOJTHEHHIO KYPCOBBIX padoT

0030p xKypHaJIOB “XHUMHUS U KU3HD.

OCHOBHBIE 3Talbl PA3BUTHS AaHATUTHIECKOW XHMUH.
CopneprkaHne NOHATHH “KUCIIOTa” M “OCHOBaHHE B MPOIECCE PA3BUTUSA XUMHUECKOW HAYKH.
Paznmnunble knaccudukanuu pactBoputeneid. HeBoaHbIE pacTBOPUTEINH.

CBoiicTBa BOJBI KaK PACTBOPUTEIIS.

BydepHbie pacTBOPHI 1 UX 3HAUECHHE.

KucaoTHO-0CHOBHBIE HHIUKATOPHI.

OKuCIUTENHO-BOCCTAHOBUTEIbHBIE HHAUKATOPHIL.

KucnoTHO-0CHOBHOE TUTPOBAaHUE B HEBOJHBIX CPEAAX.

Ilepmanranatomerpusi.




11. Bbuxpomaromerpusi.

12. MonomeTpuueckue METO/IbI AHAIH3A.

13. TIpuMeHeHHE OKHCIUTEIHHO-BOCCTAHOBUTEIHHOTO TUTPOBAHHS.

14. OOmas xapaKTepUCTHKA COBPEMEHHBIX (PU3UKO-XMMHUICCKHX METOJIOB aHAIIU3A.

15. Heopranuueckue U OpraHu4ecKue 0CaguTelu.

16. IIpuMmeHeHHE KOMIUIEKCHBIX COSIMHEHUH B XUMUYECKOM aHaJHU3e.

17. Hcnonp30BaHUE OKUCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIMNA B XUMHUECKOM aHAJIU3E.
18. KauecTBeHHBIN aHANIN3: STaNbl Pa3BUTHSL.

19. KonuyecTBEeHHBIN aHAJIN3: STAIbl PA3BUTHSL.

20. IIporommrmueckas teopus bpencrena-Jloypu, TOCTOMHCTBA U HETOCTATKH €.

21. [ameneitmee pa3Butue Teopun bpencrena-Jloypu B paborax M3maiinosa.

22. Xwumwudeckas treopus pactBopos J[. 1. Menneneena.

23. DIeKTpOXUMHUYECKOE OCAXKIECHUE KOOAIhTa U €r0 CIIaBOB.

24. OpraHnuecKue COCIMHECHUS B KaUeCTBE HHANKATOPOB: CTPYKTYpPa, CTPOCHHUE, CBOMCTBA, IPHMEHEHHE.
25. Hacrosmmee u Oyaymiee OHOCEHCOPOB.

26. HoHoceneKTUBHBIE U MOJEBbIE TPAH3UCTOPHI B aHAIUTHUKE.

27. HoHOCeneKTUBHBIE 3JEKTPObI C OTKIMKOM Ha CIIOKHBIC OPraHUYECKHE COSMHEHUS.
28. AHanUTUYECKUE NPUMEHEHUS ITUICHIUAMUHTETPAYKCYCHON KHUCIOThI U POJCTBEHHBIX COSAMHEHUN.
29. Xpomatorpadus kak MeTo] aHanu3a. Bunsl xpomarorpaduu.

30. Maremarnueckas 00paboTKa pe3yIbTaTOB XUMUYECKOTO aHAIIN3a.

31. Teoperndeckne OCHOBBI aHATUTHIECKON XUMHUH.

32. CoBpeMEHHOE NPEACTABICHUE O HAYKE.

33. Onpenenenue pH. Teopus u npakTuka.

34. Xumus — TpaJULMOHHAS U HETPAAULIMOHHASL.

35. IIpuMeHeHHE NOHOCEICKTUBHBIX MEMOPAHHBIX AJICKTPOIOB B aHAIIH3E.

36. MeTtonp!l aHANMKM3a IPUPOAHBIX M MMPOMBIIIICHHBIX 00BEKTOB.

37. HoBble TUTPUMETPUUYECKUE METOIBI.

38. KuHeTndeckue METO/Ibl B aHATUTHUECKON XUMUHU.

39. OnTtuMu3anyst SKCIEPUMEHTa B XUMUU M XUMUYECKON TEXHOJIOTHH.

40. IIporpaMMHpOBAHHBII KOHTPOJb TEKYIUX 3HAHUN 10 aHATUTUYECKON XUMUH.

41. KomruiekcooOpa3oBaHUE B aHATUTHYCCKON XUMHUH.

Hpozpamma UMmMo206020 IK3amena

Ananutnueckas xumus. Buapl anannza. Ctanun XxuMudeckoro aHanu3a. OCHOBHBIE XapaKTEPUCTUKH METOJIOB
aHann3a. AOCONIOTHBIE U OTHOCHTEJbHBIE METOBI. BbIOOp MeTona anann3a. CrocoObl MOBBIIICHUS YyBCTBUTEIEHOCTH
1 U30MPaTeNbHOCTH METOZOB. ABTOMATH3AINs aHAIIN3A.

Kucnomno-ocnosuvie peaxyuu. IlpoTonmuTudeckas TeopHs KHCIOT W OCHOBaHMH. PaBHOBecwe B cucTeme:
KHCJIOTA — CONPsDKEHHOE OCHOBaHME — pacTBOpUTEdb. KOHCTAaHTBI KHCIOTHOCTH, OCHOBHOCTH, aBTOIPOTONIH3A.
Husenupyromuii u muddepenumpyromuii a3 dexts pactBopures.

Peaxyuu xomniaexcoobpaszoeanusi. TUIlBl U CBOHCTBA KOMIUIEKCHBIX COEAMHEHUH, HCHOIb3YEMBIX B
aHanmuTH4Yeckol  xumuu. KonmdecTBeHHass  XapaKTepUCTHKA  peakldil  KOMIUIEKCOOOpa3O0BaHMA:  KOHCTaHTa
ycroitunBoct. Crynenuaroe KommiekcoobpasoBanue. Vcrnonb3oBaHHE KOMIUIEKCHBIX COEAMHEHUI OIS pasjelieHus,
KOHILICHTPHUPOBAHNUS, MACKUPOBAHNUS, OOHAPY>KEHHS, OTIPEJICIICHUS SJIEMEHTOB.

Opeanuueckue peazenmbl B XUMHYECKOM aHanm3e. OyHKINOHAIBHO-aHATMTHYECKHE W aHAUTHKO-aKTHBHBIE
rpynnsl. BansHIe cTpoeHnst MOJIEKyIbl Ha CBOWCTBa peareHTa. [IpiMeHeHne opraHuIecKnX peareHToB B aHaJIun3e.

OxucaumenbHo-60ccmanogumenvhble peakyuu B aHAIUTHUECKOH xmmuu. OOpaTtuMble W HeoOpaTHMBbIe
OKHCIIUTEIIbHO-BOCCTAHOBUTEIbHBIE CUCTEMBI M WX IMOTeHUIWanbl. YpaBHeHue Hepucra. CraHmapTHBIM M peanbHBIN
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHBIE TIOTEHIMANBI. HanpasiieHne OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEaKIHi.

Peaxyuu ocasxcoenus B ananuTHdeckoit XuMnu. KOHCTaHTHI paBHOBECHS peakIuii ocakaeHus. PacTBopuMocTs
ocaznkoB. dakTopsl, BIUAIOIINE HA PacTBOPUMOCTh. OOpa3oBaHue ocaakoB. Kpucrammuueckue u amopdHbIe OCanxd,
yciaoBus ocaxkaeHusA. [IpuuMHBI 3arpsi3HEHUs] OCAJKOB: COBMECTHOE OC@XIEHHE, COOCAXICHHUE, IOCIEIYIoIIee
ocaxxaenue. Bumpl coocaxnenus. IIpuémel, criocobcTByONINE MOTYYSHHUIO YUCTHIX 0CAIKOB.

Metonpl pa3jeneHuss W KOHIEHTpuUpoBaHWs. OCHOBBI SKCTpakUMH KaK MeToJa pas3/ieleHus |
KoHIeHTpupoBaHust. KoHcTaHTa pacmpeneneHus, koddduiment pacnpenenerus. Koncranta skcrpakimun. dakrop
pasgeneHus. YCIOBUSL OSKCTPAaKLIUH HEOPraHMYECKUX M OpPraHUYeCKUX coeAuHeHWd. [IpakThdyeckoe NpUMEHEHHe
SKCTPAKIUH.

Metoasl pa3feneHus SJIEMEHTOB, OCHOBAHHBIE Ha OCAXKICHUM HEOPraHMYECKUMH U OPraHUYECKUMU
pearentamu. lcnone3oBaHue cOOCaxaeHHsI AN KOHIEHTPUPOBaHMS MHKPOKOMIOHEHTOB. Heopranudeckue u
OpraHU4eCKHE KOJUIEKTOPHL.

Xpomamoepaghuueckue memoodsi. [IpuHIMIBL U Ki1accuuKanusi. XpoMaTorpaMMBbl U CIIOCOOBI MX HOIYYESHHUS.
OCHOBHBIE TEOPETHUYECKHE TIOJIOKCHWS W XapaKTepPHCTHUKH MeTojoB. ['azoBas xpomarorpadusa. OcHOBHBIE
TEOPETHYECKHE TIOJN0KEHUs. TpeOoBaHUS K CTAallMOHApPHBIM M NOABIDKHBIM (a3aMm. IIpumepsl mpaKkTHYECKOTO
npumeHeHns. MoHooOMeHHas xpomarorpadus. BricokoaddexTnBHas moHHas xpomarorpadus. [IpuHINTIB METOTOB.
[IpumMeps! mpaKTHUECKOTO MpUMEHEeHHA. bymMakHas W TOHKOCIIOWHAs XpoMaTorpadus, WX OCHOBHBIE TEOPETHUECKHE
noyoxeHns. TpeboBaHMA K CTaIlMOHAPHBIM U TTOABIXHBIM (pazam. IIpumeps! mpakTHUECKOro MpUMEHEHNS.

I'paBumerpudeckne Metosbl. CymHocTh. Ocaxaemas 1 rpaBuMeTpudeckast popMsl. [IpuMeps! npakTH4ecKoro
TIPUMEHEHNSI.




Turpumerpuueckne MeTobl. CriocoOb! YCTaHOBIECHHUSI KOHEYHON TOUKH TUTPOBAHMS.

Kucnomno-ocnoenoe mumposanue. Kpubble TuTpoBaHHA. KHCIOTHO-OCHOBHBIE MHAMKATOpHL. Ilorpemmnoctn
METO/Ia KUCIIOTHO-OCHOBHOTO TUTPOBaHUs. TUTpoBaHUe cMecel KUCIOT M OCHOBaHMI. TUTpOBaHKE B HEBOJIHBIX CpEaXx.

Komnnexconomempuueckoe mumposanue. IlpeumyiiecTBa aMHHOIOJUKApOOHOBBIX KHCIOT IEpel APYTHMH
OpPraHMYEeCKUMH TUTpPAaHTaMH. MeTanaoXpoMHbIe MHIMKATOPBI, TpeOoBaHus K HUM. CriocoObl TUTpoOBaHHUS (IIPSIMOH,
0oOpaTHBIH, BBITECHUTEIbHBIH, KOCBEHHBIH). IIpakTHueckoe NpHMEHEHHE KOMILIEKCOHOMETPUYECKOIO THTPOBAHUS
(onpeneneHye HOHOB KalbI¥s, MarHUS, )Keje3a).

OxucnumenvHo-6occmanogumensrhoe mumpogarue. MaKTOphl, BIUAIONINE HA BEJIMYMHY CKayka MOTEHIMANA,
CHocoObl OOHapy>KeHHs KOHEYHOW TOYKM TUTpoBaHHs. IlepmMaHraHaroMmeTpuueckoe, OHUXPOMAaTOMETPUYECKOE,
nojoMeTpudeckoe TUTpoBaHue. IlepBuuHble M BTOpHYHBIE CTaHAAPTHL. HWHAnkatopsl. IIpuMepsl NpakTHYECKOTrO
IIPUMEHEHUSI.

OnekTpoxumudeckue  Mertonpl. Ilpuponma  aHamuTmyeckoro  curHama.  Kmaccudukamms — METOOB.
OnexTpoxuMuUecKas sueiika. IHANKaTOpHBIE 37EKTPOIBI M AJIEKTPOIBI CPABHEHHS.

Iomenyuomempus. PaBHOBecHBIH moreHnuan. CrocoObl u3MepeHus noteHnuana. [Ipsmas MOTEHIMOMETPHU.
Wnanukaropueie snekrpoabl. Kiaccnukanns HOHOCENEKTHBHBIX JIIEKTPOIOB. XapaKTEPUCTHKH HOHOCEIEKTHBHBIX
JJIEKTPOJIOB: 3JeKTpoaHass (yHKUMsS, KOI()(GHUUMEHT CENeKTUBHOCTH, BpeMs OTKIMKa. CrocoObl ornpeneneHus
koa(punrenta ceneKTuBHOCTH. CIOCOOBI MPSMBIX MOTEHIMOMETPHYECKUX HM3MepeHHid. [IpakTnueckoe nmpuUMeHeHHe
nonomerpuu: onpenenenue pH, pF, pNOs.

[Norenumomerpuueckoe TuTpoBanue. O0mas xapakrepuctuka Meroaa. CriocoObl HAX0XKICHUSI KOHEYHOH TOUKH
TUTpOBaHUA. IHIUKATOPHBIE 31EKTPOJBl B KUCIOTHO-OCHOBHOM, OKHCIMTEIbHO-BOCCTAHOBUTEIBHOM U OCAIUTEIBHOM
TUTPOBAHHUHU.

Kynonomempus. 3akonpl @apanes. Ilpsmass KyloHOMeTpus. YCIOBUS NMOTEHLIHUOMETPUUECKUX H3MEPEHUIL:
goctikenre 100%-Horo BBIXOJAa 1O TOKY; HM3MEPEHHE KOIUYECTBA JJIEKTPUYECTBA; ONPEACICHUE KOHIA
ANEKTPOXUMHUYECKOH PEAKIIHN.

Kynonomerpuueckoe tutposanue. [Ipumepsl onpeaeneHus 31eKTPOAKTUBHBIX H JJIEKTPOHEAKTHBHBIX BEILECTB.
DNeKTpOreHepupOBaHHBIE KYJIOHOMETPUIECKUE TUTPAHTHI. Y CIIOBHUS THTpoBaHUs: obecnieuenue 100%-Horo BrIXoaa 1O
TOKY; HM3MEpPEHHUE KOJIMYECTBA JJIEKTPUYECTBA; OIpPEAEICHHE KOHLA XUMHMUYecKOod peakuuu. IIpeumymecrtBa nepen
JPYTUMH TUTPUMETPHUECKUMH METOJaMH.

Boremamnepomempus. OcHoBbl MeTona. OCOOEHHOCTH 3JIEKTPOXUMUYECKON siYeHKU. TeopeTHyeckue OCHOBBI
KJIlaccuueckoil nossiporpaduu. XapakTepucTHKH Tnossiporpammsbl. [lorennuan nomyBonHbl. nd(dy3uOHHBII TOK.
VYpaBuenue UnbkoBuua. IIpaktuyeckoe npumeHeHue mnossiporpaduu. KauectBenusiii ananu3. [lonsiporpaduueckuii
cnekTp. KomnuectBennsiit ananus. CriocoObl omnpenieneHusl KOHIEHTPAalUU BelecTBa. BO3MOXHOCTH M OTpaHUYEHUS
METOJA.

AMnepoMeTprudecKkoe THTPOBAaHHE. BBIOOp yClIOBHHA aMIEepOMETPHUYECKOr0 THUTPOBAaHHA. BHABI KPHBBIX
TUTpOBaHHUsA. [IpuMephl NPaKTUIECKOTO MPUMEHEHHS.

CHEeKTPOCKONMYECKHE  METOABl. BakHeiminme XapaKTepUCTHKH CHEKTPAIbHBIX JIMHWH  (TIOJIOXKEHHE,
WHTEHCHBHOCTh, LIMPHWHA). ATOMHBIE M MOJICKYJSIDHBIC CIIEKTPHL. B3aMMOCBSA3b OCHOBHBIX XapaKTEPHUCTHK
CHEKTPAJBbHBIX JIMHUH C IPUPOION M KOJIMUYECTBOM BEUIECTBA (KAUECTBECHHBIN M KOJMYICCTBEHHBIN aHAIIH3).

Cnexmpoghomomempuuecxkuti memod. (OCHOBHOM 3aKOH TOTJIOIMIEHUS DJIEKTPOMATHUTHOTO HW3ITy4EHUSI.
Mossipablii ko3 durment nornomenus. [IpumeHeHne MeTolna MAJsl  ONPEAEICHUs KOHIEHTpPAIMK  BEIIECTB.
UyBCTBUTEJIBHOCTD M CEJIEKTUBHOCTh METO/1a. BHIOOp ONTHMANBHBIX YCIOBHI MPOBEIeHUsT (POTOMETPUIECKUX PEAKIHH.
WHTepBan omnpenensieMblX ONTHYECKUX IUIOTHOCTeH. Meron nuddepeHnmansHoil  ceKTpoGOTOMETPUH, €ro
BO3MOXKHOCTH M npeumyiectBa. CrieKTpohoToMeTpHIecKne METO/Ibl U3y4YEHUs paBHOBECHH B pacTBopax. Onpenenenne
KOHCTaHT KMCIOTHOM TUCCOLUALNN OPTaHUYECKUX COEINHEHHH.

HPUJIOKEHHUE 2

S. ®OHJ ONEHOYHBIX CPEJCTB

5.1. OueHo4Hble MaTepUAJIbI [1JIs1 IPOBEAEHUS TeKYlIel aTTecTaluu

DoH/ OLIEHOYHBIX CpeacCTB 1Jisl MPpOBEACHUSA TeKymeﬁ Hu l'[pOMe)KyTO‘lHOfI aTTeCTaluu.

OIIK-1 Cnocoben AHAJIWM3WPOBATh, HHTEPIIPETUPOBATE KU O606HIaTB PE3YIBTATHI SKCIICPUMCHTAJIBHbBIX W PACYCTHO -
TCOPETHUYCCKHUX Da6OT XHMHUYCCKON HAIIPABICHHOCTH

(KO,I[, HaMMCHOBAHHC KOMHGTeHL{I/II/I)

Howmep | IIpaBunbHbIH OTBET Kpurepun
3ajaHy | (KJIOY) OLICHMBAaHMs 3a1aHUN
o CozepaaHue BOIpoca/3aaHusl

3agaHnsd 3aKpbITOro THIA
1 b Kakue KaTWOHBI MOryr ObITh | | OaynT 3a MpaBHUIIBHBIA OTBET
otaeeHsl ocaxaennem HCI?
A Ca*, Ba®, Sr**

B Pb2+’ Ag*, Hg22+

B Mn2+’ Mg2+’ Cr3+

I Zn*", AP, Sn**

2 r Yro Oymer sABAATHCS  BecoBOW | 1 0aii3a npaBUIbHBII OTBET
¢opmoii 1npu rpaBuMeTpHYECKOM




onmpeaecJeHuun skene3a?

A Fe(OH);
b FeSO4
B FeC13
I' FexO3

B Kaxoii HHIMKATOP MoskHO | 1 6aru1 3a mpaBUIIbHBIN OTBET
HCNOJIb30BATh NP TUTPOBAHHUH
YKCYCHOH KHCIOTBI T'HAPOKCHAOM
HaTpusa?

A MetunoBblit opaHxeBblil (pT=4)

b metunoBeli kpacHsli (pT=5)

B ¢enondranenn (pT=9)

I" 6pomxpesonoBslit 3emenHslit (pT=4,5)

r 10,00 ma Bognoro pacreopa NaCl | | 6amr 3a mpaBUIEHBINA OTBET
HEU3BEeCTHOH KOHIEHTPpalun
TurpoBaau 00,1000 M AgNOs; B
npucyrcrBun  ¢uiyopecuenna. Kak
Ha3bIBAIOT JAHHBII crnocod
THTPOBaHMA?

A KOCBEHHOE TUTPOBaHUE,

b 3amecturensHOE TUTPOBAHUE,
B obparHoe TuTpoBaHue,

I’ mpsiMoe THUTpOBaHUE,

b CKOJIBKO CKAYKOB THUTPOBAHHS Ha
kpuBoii TurpoBanus 0,1 M HzPOs
pactBopom 0,1 M NaOH?

A onums;
b nBa;

B 4ersipe;
I tpu

KauecTBeHHBIMU Yro ABJISIETCH Ka4ecTBeHHOM

Ha3bIBAIOTCS peakuyy, | peakuueil B AaHATUTHYECKOH XUMUM?

MO3BOJISIOIHE

UICHTU(PHUIIUPOBATH B

HCCIICTyeMOM 00BeKTe

oTpeieNeHHbIe ATOMBI,

MOJICKYJIFI,

(yHKIIMOHATIBHBIE TPYIIIHI
U T. . N0 IO BHEUIHUM
NPOSIBICHUSIM,  KOTOpBIE
COIIPOBOXKIAIOT PEAKIHIO:

BBIJICJIICHUC rasa,
HU3MEHEHHE I[BETA
pactBopa,  obpasoBaHHe
ocajika, MOSIBJIEHHUE

cnenu(UIecKoro 3amaxa u
Ap.

@DakTOp SKBHUBAJIEHTHOCTU
(f sxB) — 9aTO0 HYMCIO,
KOTOpO€e 0003HaYacT,
Kakasi  Jofil  pealbHOH
YJACTHIIEI (noHa A
MOJICKYJIbI) YKBHUBAJICHTHA!
OHOMY MIPOTOHY B
KHCIIOTHO-OCHOBHOM
pPeaKIu;0THOMY
3JIEKTPOHY B
OKHCIINTEIIHHO-
BOCCTaHOBHUTEILHOM
peaKkIy; OIHOW eANHUIE
3apsga B KOHKPETHOM
peakimu oOMeHa.

Haiite omnpeneseHne
IKBHBAJIEHTHOCTH.

daxropy

I'paBuMeTprUecKUM

aHaJIM30M Ha3bIBaIOT
METOJ] KOJIMUECTBEHHOI'O
XUMHUYECKOI'0O aHaJm3a,
OCHOBAHHBII HA TOYHOM

OmnpegeneHne rpaBHMETPHYECKOrO
MeTO0Ja aHAIN3a.




N3MEPCHUHN MacCcChl
OIPECACIIAEMOro BCIICCTBA
501058 €ro COCTaBHBIX
‘IaCTCI‘/'I, BBIICIACMBIX B
BUIC COGL[I/IHGHI/Iﬁ TOYHO
HU3BCCTHOI'0O IMOCTOSHHOI'O
COCTaBa.

9 CriextpodoromeTpus — | Onpenesienune

METOJ ¢u3MKO- | cneKTPOPOTOMETPHUECKOI0 MeToa
XUMHYECKOTO aHaJIu3a.

HCCIEAOBAHUS U aHalu3a,
OCHOBaHHBIH Ha
U3MEpEeHUHI CIIEKTPOB
MTOTJIOILIEH S B
OIITHYECKOH obnactu
3JIEKTPOMarHUTHOTO
W3ITY9ICHUSI.

10 Ilotennnomerpuss - 510 | Onpenejienne NOTEHIIUOMETPUH
PS4 METOJOB aHalmu3a Hu
OIpeieNeHust ¢busuKo-
XUMHYECKHUX
XapaKTepUCTHK
JNEKTPOJIUTOB u
XUMHUYECKUX peaxunii,
OCHOBaHHBIX Ha
WU3MEPEHUH  DIICKTPOIHBIX
MOTEHINAJIOB "
SNEKTPOJBIDKYIINX  CHII
rajJbBaHUYECKOTO
JJIEMEHTA.

33)13HHH OTKPLITOT0 TUIIA

1 Kak pa3genuTh cMech KaTHOHOB: Ag®. Ba?', A, Zn**

3 Gamta

IIpaBuabHBI 0TBET (KJII0Y):
1. [Jo6agmmsiem k pactBopy 2M pacteop HCI:
Ag"+Cl'.— AgCl | Genplii TBOPOXKUCTHIN 0CAIOK
2. OTnenuB ocajok, fo6aBisieM K pactBopy 2M pactBop H2SO4
Ba*" + SO4* — BaSO4 Genblii KpUCTAITMIECKUI 0CaN0K
3. Ilocne otnenenusi cynbpara Oapus K pacTBOpY [00aBisieM HU30BITOK
THJPOKCH/Ia AMMOHHUS
A" + 3NH4sOH — AI(OH);+3NH,"
OeTBIi CTYIEHUCTHIA 0CaTOK
Zn*" + 2NH4OH—Zn(OH),4+2NH4*
Zn(OH)z + 4NH4OH—>[ZI](NH3)4](OH)2 + 4H,0
pacTBOp KOMIUIEKCHOH COH

1 6amn

1 6amr

1 6amn

Hroro:
3 6aiuia

2 Beimager Jm ocagox xJsiopuaa cepedpa, ecau k 10 ma 0,1 M
pacTBopa Hutpata cepedpa nmpudasurs 20 ma 0,1 M pacrBopa
xjiopuaa Harpus?

3 Gamta

IIpaBuibHbBIH 0TBET (KJI104):
1. Haiinem KOHIIGHTpPAIIMH PACTBOPEHHBIX BEIIECTB ITOCIE CMEIIMBAHUS:
C(AgN03)eV(AgNO3) 0,110
C(AgNO3) = V(AgN03)+V(NaCl) ~ 10+20 0,0333 Mosb/ 1
C(NacCl)sV(NaCl) 0,120
C(NaCl) = TCAgNODTV(Nacl) 10420 =0,0667 MoIb/1
Otcrona
C(Ag") =C (NOs) = 3,33-102 mons/m,
C(Na") = C(Cl") = 6,67-1072 Mons/m.
2. BBIYUCITNIM HOHHYIO CHITY pacTBOpA:
1=10,5(0,0333+12 + 0,0333 *12 + 0,0667 *1% + 0,0667 *1?) = 0,1.
Onpenenum ko3dduurents! akTuHOoCTH HOoHOB Ag™ 1 C1™ mpu [ = 0,1
fagr = 0,81, fcr.=0,81.
3. Haiinem npoussenenne aktuBHOCTEH HoHoB Ag™ u ClI™
0,0333+0,81+0,0667¢0,81=1,15710"
Tak xak npou3Be/ieHHEe aKTUBHOCTEH HOHOB OOJIbIIIE BEJTMYHHBI
TP aecry = 1,78:107!°, ciemoBaTenbHO, OCAIOK BBIMAJIET.
Otget: ocagox AgCl Beimagaer.

1 6amr

1 Gamn

1 Gamn

Hroro:
3 Gama




3 Onpegenurs pH pacrBopa, nmony4eHHoro npu cMmemmusanun 20
ma 0,15 M u 20 ma 0,3 M pacTBopa aneraTra HaTpHsl.

3 Gauia

IIpaBuibHBIN 0TBET (KJII0Y):

1 6amr
1. Haxoaum KOHUEHTpaLUIO YKCYCHOM KUCIIOTHI M alleTaTa HaTpus Mociie
CMEIINBaHUA:
Ccuscoon) = 0,15+20/(20+20) = 0,075 momns/n
C(cnscoon = 0,320/(20+20) = 0,15 monb/n
1 Gamn
2. PaccunThiBaeM KOHIEHTpAIMI0O HOHOB BOAOpOJa MO Qopmyie ais
OydepHOro pacTBOpa, 00pa30BaHHOTO cIab0W KHCIOTOH H €€ COJBIO.
[H'] = Kk-TI * Ck-TB1/Ccomu =1,75 « 107+ 0,075/0,15 = 8,7510°° 1 6amn
3. pH=-lg[H"] ==-1g8,75°10° = 5,06
Hroro:
Otser: pH = 5,06 3 Gamma
4 BbIunciiuTe YHCI0 MOJIEKYJ H MaCCOBYIO J10JII0 BO/ABI B MoJIeKyJe | 3 Oama
KPHCTAJUIOTHAPATA XJOPUAA MAarHUsl, €CJIM W3 HAaBEeCKH ero
0,5013r mosyunsu 0,2741r Mg,P»07.
IIpaBuabHbBII 0TBET (KJII0Y):
1 Gamn
1. OmpenenuM MOJSIPHYIO MacCy KPUCTAJUIOTHAPATa XJIOPHUIa MarHAS
M(MgClI2-xH20) = M(Mg2P207) ‘ZM(Mgaz-tzo) / M(Mg2P207)
M(MgCIZ-XHZO): m (MgC12-xH20) ® M(Mg2P207)/ 2m(Mg2P207) =
0,5013¢222,553/2+0,2741 = 203,51 1 Gann
2. Haxoaum 4mc0 MOJEKYJ B KpUCTAJIOTHApaTe
X = M(MgCIZ-xHZO) - M(MgCIZ) / M(Hzo) = 203,51 — 95,21/18:6,02
3. Haxoaum MaccoByIO J10JIIO 1 6ann
W20y = 6°18/203,51 = 0,53 i 53%
Otsert: 6 monekyn, W20= 53% Hroro:
3 Gamra
5 Jast cranpapTusanun pacreopa HCI naBecky 1,9024 r 3 Gamma
Na:B4O7 - 10H20 pacrBopu/id B MepHOH KoJi0e BMECTUMOCTBIO
100,0 ma. Ha turpoBanue aaukBoTHoil yactu (VA = 15,0 mia)
3Toro pacrsopa mnounrio 13,1 ma pacreopa HCl. Berumenaurs
MOJISIPHYIO KOHIIEHTPAIMIO M THTP pacTBopa
IIpaBuibHbINA 0TBET (KJII0Y):
1. W3 ypaBHEeHHS MPOTEKAIOUICH peakuu HeUTpaau3aun 1 Gann
2HCI + Na;B407 +5H20 — 2NaCl + 4H3BO;
cnenyer, uro fikB. NaB4O; =1/2, nosromy MoJjspHas KOHIEHTpalMs
9KBHBaJICHTa TeTpabopara HaTpus OyaeT
CNa2B40*10120) = M(Na2B407) / MOKB (Na2B407*10120) *V = 1.9024/190,69 + 0,1 =
0,0998 MOaB-9KB/I1
2. Tlo 3akoHy AKBHUBAJICHTOB pPACCUYHTACM MOJLIPHYIO KOHIIGHTparwio | 1 Gamr
skBuBaneHTa HCI
Ccyy = 0,0998<13,1/15 = 0,0872 Momb-3KkB/1
5B ey = 1, mo3aTOMy MoJsipHas KOHIEHTpalusi OyJeT paBHAa MOJIIPHOI
koHueHrpauu skpuBaneHTa HC1 0,0872 monb/n
3. Twurp paccuutsiBaercs 1o hopmyie: 1 Gann
Tawen = C @en*™M uer / 1000 = 0,087236,5/1000=0,00318 ¢
OtBer: Cauc)y=0,0872 monb/1; T (1cy=0.00318r Hroro:
3 bayuia
6 Boruucants maccoByo 1010 Al:O3 B cuiimkare, ecin 3 bamna
HaBecky 1,0220 r mepeBeiaum B pacTrBop, aodasmianm 25,00 mu
pacTBopa TpuwioHa b ¢ konuenrpaumeii 0,1151 moan/n. Ha
TUTPOBaHMe H30bITKA mocjaeaHero mnouwio 9,83 ma 0,1015
MOJIb/J1 pacTBOpa cyab(aTa IMHKA
IIpaBuibHbIi 0TBET (KJII0Y):
1.  Ompenenenane Al,O3; mpoBoautcsi MeTogoM oOpaTrHoro TuTpoBaHusa. B | 1 6amn

PacTBOpE TPOTEKAIOT CIICAYIOINE PEAKIIHH:
AP+ HyY> > AlY +2H
HyY? + Zn*" - ZnY?> + 2H"




2. KonmuecTBO MOJIb-7KBHBAJICHTOB AJIOMHUHHUSL PACCUUTHIBACTCA IO
Pa3sHOCTH MEXAY KOJIWYECTBOM MOJIb-DKBUBAJICHTOB J100aBICHHOTO
TpwioHa b wm ocraBmerocs mocine peakuuu. IlockonbKy peakums
KOMILIEKCOOOpa30BaHUs MPOXOOUT OAWH K OJHOMY, f BKB. Kaxkaoro
pearenTa paBeH 1. MonsipHasi KOHIEHTpaLUs U MOJISIpHasi KOHUEHTpaLus
9KBUBAJICHTA PABHBI.

naH=Crp * V1Ip - C 20504 *V znsos
nann=(0,1151 +25 -0,1015+9,83) *103 = (2,88-0,99)107 =
=1,89107 Mmonp-3xB =0,00189 Mob

3. Tak kak B OJHOH MOJEKyJe COACPKHUTCA JBa HOHA AIIOMHUHUIA,
kommaecTBo Moieit Al,O3 Oyzmer B 1Ba paza MEHBIIIE.

m (A1203) = N(AI3+) ® M(A1203)/ 2= 0,00189’102/2:0,0964 T
W(AI203) :0,0964/1,0220'10():9,62%
OtBert: 9,62%

1 Gamr

1 Gamn

Hroro:
3 dauta

7 Berumeaury  omudky TuTpoBaHusi 0,15 M pacTBopa
ruapokcuaa ammonus 0,15 M pacTBopoM COJISHOH KHCIOTHI B
npucyrcreuu penondranenna

(pT=9).

3 Gamta

IIpaBuibHbBIN 0TBET (KJIIOY):

1. PaccumreiBaeM pH B TOYke »SKBHUBaIEHTHOCTH. IIpm monHOI
HEeWTpanu3alyuy THAPOKCHIA aMMOHHSI B pacTBOpe OyJdeT HaXOJUTHCS
cob, OOpa3OBaHHAs CHJIBHOM KHCIOTOM M Ca0bIM OCHOBaHHEM,
KOTOpast OyAeT IoABEepraThCs THAPOIIU3Y.

NH4OH + HC1 — NH4Cl1 + H.O
NH4Cl1 + H,0O — NH4sOH +H" + CI
OTtcroga

pH =7 - 2 pKnaon) — V2 1g Cinmacyy

Cvnacty= Conngony * Vonrsony / Vnasony + Ve
Canacy = Cuey — Vmaony = Vuey —
Cvnacty = Cnmgony / 2 =0,15/2=0,075

pH=7-4,75/2 -1g0,075/2 =5,75

2. Tak xak tuTpoBaHme OymeT 3akoHUeHO mpu pH=9, TO ruApoKCHA
aMMOHHUSL OyneT HenoTHTpoBaH.  MHawkaTopHas ommbOka Oyner
OTIPEIETISITECS IPUCYTCTBUEM B PACTBOPE HEAOTUTPOBAHHOTO CIIa0OTO
ocHOBaHHs. T.e. HEOOXOIUMO PACCUUTATH OCHOBHYIO OIIHOKY:

_ 10pT+pKB—14

A%(MeOH) =
—109+475-14

A%(MeOH) = 109+475-141

10pT+pKe—-14 +1 - 100

-100=-36%
OTBeT: THAPOKCHU/IAMMOHHUAGYIETHEJOTUTPOBAaHHA36%

1,5 6amna

1,5 banna

Hroro:
3 Gamta

8 Cmemanu 60 r 6%-Horo pacrpopa cepHoii kucjaorsl ¢ 100 Mo
20 %-Horo pacrBopa cepHoii KucjoTbl. KakoBo npoueHTHoe
cojep:kaHHe M KOHUEHTPALMS MOJISIPHOTO 3KBHMBAJIEHTA
CePHOIi KNCJI0THI BO BHOBb IOJIYYeHHOM pacTBope?

3 Gata

IIpaBuibHbIA 0TBET (KJIIOY):
1. TlepeBenem o6bem 20% pacTBopa B TpaMMBbL. B cripaBoYHHKE HAXOIUM
wI10THOCTH 20% pacTBOpa CEpHOM KHUCIOTBL.  P(20% H2s04=1,1394
m (20% H2S04) = 1,1394 . 100 :1 13,94 T
2. PaccuutpiBaeM HOBYIO % KOHIICHTPAIMIO
m (H2s04)= (60 * 6 + 113,94 « 20)/100 = 26,39 r
m HOBOro pactBopa = 60+113,94 =173,94
W% (2s04) = 26,39 + 100/ 173,94 = 15,17 %
3. OnpenensieM (pakTop SKBUBAIEHTHOCTH CEPHOM KHUCIIOTHI.
faxB. =2 M akB. =98/2 =49
Haxonum mnotHocTs 15% pactBopa.
p(15% H2s04) =1,1020
PaccunThIBaeM KOHIICHTPALMIO MOJIb-9KBUBAICHTA

1 6amn

1 Gamn

1 Gamn




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

M>KkB 49
Hroro:
OtBer: w=15,17%, C=3,4 MOJIb-3KB/II 3 Gama
9 HaBecky skese3ocomep:kamieii pyabl  maccoii  0,3301 1 | 3 6amna

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

B MEPHYI0 K0J10y BMecTUMOCThIO 200 M1 M 10BeJ I 00beM 10
METKH. AJTHKBOTY IOJYy4eHHOr0 pacTBopa 10MJ1 oTTHTPOBAJIM
noreHuuomerpuyeckn 0,0500u pacrBopom KMnQs. Ilo
MOJIy4eHHBIM pe3yJibTaTam

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

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

IIpaBuabHBII 0TBET (KJII0Y):
1. JIns Toro, YTOOBI WCHOJB30BATH 3aKOH AIKBHUBAICHTOB UIA omnpeaeneHus | 1 Oamn
Macchl JKelle3a, HEoOXOMUMO y3HaTh OO0BEM MEepMaHraHaTa B  TOYKE
9KBUBAJICHTHOCTH. [IpeoOpasyeM monydeHHbIC JaHHBIC.

V,mn 25 26 2,7 28 285 29 30 3,1 32

AV - 01 01 01 005 005 0,1 0,1 0,1
E,MB 585 570 550 530 410 180 165 155 145
AE - 15 20 20 120 230 15 10 10
AE/AV - 1,5 2,0 2,0 2400 4600 1,5 1,0 1,0

Haxe 6e3 nmoctpoenus nuddepeHnnantsHON KpUBOH BHIHO, YTO MAKCUMyM Ha
HEW COOTBETCTBYET 00BEMY IepMaHraHaTa

V1.5.=2,9 M.
2. PaccunThiBaeM KOHIICHTDPAIMIO U MAacCy JKeje3a B UCXOHOM PacTBOpE
Cre2ry=2,9 * 0,05/10 = 0,0145 monb-3kB/1 1 6ann

B nporekaroneli mpy TUTPOBAHUU PEAKLIUU
MnOy + 5Fe? + 8H' = Mn?" + 5Fe*" + 4H,0
¢axrop sxBuBaneHtHocTH Fe (II) fHoxB. = 1 u Maks. = 55,845
m Fe2+)= 0,0145 55,845 +0,2=0,1620 1
3. KommuecTBo kene3a B pacTBOpE COOTBETCTBYET KOJIMYECTBY *keye3a B | 1 Gamn
HaBecke. OTcrona:
w% re = 0,1620 + 100/0,3301 = 49,06%

OtBet: W% re = 49,06% Hroro:
3 Gamna
10 Ilpu ompenejieHnd MapraHoa B CIJIaBe MeTOA0M 106aBok | 3 Oamia

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

[IpaBuUIBHBII OTBET (KJIFOY):
1. PacuuTbiBaeM KOHIIEHTpAllMI0O MapraHiia B HCCIeayeMoM pacTBope | 1 Oamn
AHAIUTUYECKU 10 hopMyJie
Ax
Cx = Cer Ax+cT—Ax’
IJIOTHOCTh MCCIIEAYEMOTO pacTBOopa 0e3 J00aBKHM CTaHAApTHOTO pacTBopa: A
X+CT — ONTHYeCcKas TNIOTHOCTh UCCIIEAYEMOT0 pacTBopa ¢ 100aBKoil cTaHaapTa

roe CcT —KOHIEHTpaIys craHmapra, AX —ONTHIECKAas

Cx =3 —2% _ = 587 vxr/m
0,340-0,225
0,225
Cx=6-——""—=75_87muxr/mn  Cx = 5,87 Mxr/mia = 5,87+10°r
0,455-0,225
0225
Cx=9 m = 5,87 MKT/MIT 1 6amn
2. Paccuutaem maccy mapranna B 200mur
m=5,8710°+200=1,174+ 10> 1 6

3. Beoruncnaum maccoyto gonto. KonnuecTBo mapraHia, cojepskaiieecs B
200m1 pacTBOpa COOTBETCTBYET KOJMYECTBY colepkaumemycs B | Uroro:
HaBECKE CIIJIaBa. 3 Gama
w% = 1,174 « 107+ 100/0,5000 = 0,2348%
OtBer: w% = 0,2348%

OIIK-2 CrocobeH mpoBOANTE C COOJIFOEHHEM HOPM TEXHMKHM O€30MMACHOCTH XMMHMYECKHHM DKCIEPHMMEHT, BKIIIOUAs




CHHTE3, aHAJIN3, H3YICHUE CTPYKTYPHI M CBOKMCTB BEIIECTB M MaTEPHUAIOB, HCCICIOBAHUE IPOIIECCOB C X YIACTHEM

(kxo/1, HAaMMEHOBaHHUE KOMIICTCHITHHN)

b pacTBOpsIIOT HaBeCKy MOAa B KOHIICHTPUPOBAHHOM PACTBOPE KaJIHsI
MOoJUIa ¥ Pa30aBIISIOT BOJIOW;
B HCIONB3YIOT ATHIIOBBINA CIUPT KaK PACTBOPUTED

Howmep | IlpaBuibHbIi Kpurepun
3aJaHu | OTBET (KJII0Y) OLICHUBAHMS
s Coneprxkanue BOIpoca/3aiaHus 3aaHuH
3ajxaHus 3aKPHITOro THIA
1 b Yrto n3yyaer aHAJINTHYECKAST XUMUS? 1 Garr
A N3yuaeT coequHEHMs C YIVIEPOIOM Pa3JIMYHbIX 3JIEMEHTOB, a TAKXKE | MPaBUIbHBII
UX CBOWCTBA M METOMBI OIPEACIICHHUS OTBET
b DOro Hayka o MeTomax maeHTH(GUKAIINE U OOHAPYKEHHS DIIEMEHTOB
W UX COETMHEHUN
B  Hayka o 3akoHax CTpOEHHS, CTPYKTYphl W NpEBpaILCHUS
XMMHYECKHX BEIIECTB
2 A YT0 TaKkoe BOCIPOU3BOAUMOCTE Pe3yJIbTATOB aHAJIH3a? 1 Oan
A Dta Mepa Toro, Kak MOBTOPSIIOTCS Pe3yIbTaThl IIPU MHOTOKPATHOM | MPaBUJIBHBIH
NPOBEJCHUH aHAIN3a OTBET
b Ilapamerp, XapakTepu3yIOIUH OJU30CTh AKCIIEPUMEHTAIBHBIX U
WCTUHHBIX 3HAUEHUN U3MEPSEMON BETUUMHBI
B OTO0 MHUHHMANbHOE pPACXOXKICHHE MEXAYy pe3ylbTaTaMu,
MTOJTYYCHHBIMHU TIPU MCITBITAHAH OJTHON TPOOBI
3 A Yrto Takoe craHaapTH3aIUs pacTBopa? 1 Garr
A DT0 yCTaHOBJIEHHE €r0 TOYHON KOHLIEHTPALUU NpaBUJIbHBIN
b IlpuroToBieHue pacTBopa U3 CTaHAAPTA OTBET
B VYcraHnoBneHme cpoka roqHOCTH pacTBoOpa
4 b UYUro u3 mNpeacTaBJIeHHOr0 SIBJsIETCS MeTOA0M mpoBeaenus | 1 Oain
KAa4eCTBEHHOI0 aHau3a? MPaBUIIbHBIN
A rpaBuUMETpHUYECKHUIl METO] OTBET
b npoGueiii aHanu3
B OuoxuMuueckuit
5 B IIpu uaeHTHUMKAUMH KATHOHA KaJaWs MCHOJB3YIOT pacTBop | 1 Oasn
HaTpusi rexkcanutpoxodanstara (III). Kakoii kaTuoH Memaer | IpaBUIbHBII
onpeeeHHI0 KAJUsA NPU MOMOIIM 3Toil peakuun? OTBET
A Co*
B Na'
B NH*
6 b YyBCTBUTEJIBHOCTh PeaKNuil ompeaesiercsi ABYMsI OCHOBHbIMH | | Gamn
KPHUTEPUSIMH: TIPaBHIIHHBII
OTBET
A TemmepaTypoil U HaBICHHEM,
b o6HapyxuBaeMbIM MHHHIMYMOM W MHUHUMAaJIbHON KOHIIEHTpaIHeH,
B MuHUManbHON KOHIEHTpAIMEel U TeMIepaTypoil.
7 r O0beKTaMu UCCJIETOBAHNS B AHAJIUTHYECKO XUMHH SIBJISIIOTCS: 1 6art
A armocdepa, No4Ba 1 MOJIE3HBIE HCKOTIAEMBIE; NpaBUIbHBINA
b pacCTEHUA U )KUBOTHBIC, OTBET
B ugenosek;
I' BcéE BBIIIETIEPEUYHCIICHHOE BHIIIE.
8 b K XxuMH4YecKHM MeToaaM aHAJIN3a OTHOCHTCH: 1 Oain
A dotomerpus; MpaBUJIbHBIN
b rpaBumerpus; OTBET
B moteHmmomeTpus;
9 A B kavecTBe mNeEepPBHYHBIX CTAHAAPTHBIX BelIeCTB HCHOJB3YIOT | 1 Oamn
coeHeHMs, 001a1al01IHe CAeAYIOINMH TPeOOBAHUSIMM: NpaBUIbHBINA
OTBET
A cocTaB COeTUHEHUS CTPOTO  COOTBETCTBYET (POpMYIIE;
b coennHeHne HEPacTBOPUMO B BOJIE;
B coenunenue neryue;
I coeanHEHHE TEPMOYCTONUYHUBO.
10 b Kak roroBsiT pacTBOp noaa 1,151 HOAOMeTpHYecKoro Turpopanusi? | 1 Oan
MpaBUIIbHBIN
A pacTBOPSAIOT HABECKY HOJIa B BOJIE. OTBET




3ananusn OTKPLITOT0 THUIIA

1 IIpenno:xkute cxemy pasiesieHHs1 CMECH, COCTOSIIei n3 4 6ama
K+, Ag+, Pb2+

IIpaBuabHbBII 0TBET (KJII0Y):

1. OrtneneHue HOHOB cepedpa M CBUHIIA. 1 6amn

OcaxaeM HOHBI cepeOpa 1 CBHHIIa 0OaBIEHHEM K HcciieqyeMomy pactBopy 2 M pactsopa HCIL.

Benbie amopHbIe XJI0pUABI HEPACTBOPUMBI B BOJE M Pa30aBICHHBIX PACTBOPaX KUCIOT.

Ag'+ Cl— AgCl|

Pb?* + 2Cl- — PbCly|

Cnenyer m3berath u30bITKa Oombmioro m3bbsiTka HCl BeienctBue o0pa3oBaHUsl pacTBOPHMBIX

XJIOPUIHBIX KOMILIEKCOB

AgCl|+HCI—-H[AgCl,]

PbCl; + 2HCI = H2[PbCl4]

2. Ortpgenennie u onpeeeHHe CBUHIIA.

Hcnonp3ys XOpOIIyI0 pacTBOPUMOCTh XJIOpHAA CBHHIIA B TOpSYEi BOJE, M3BJIEKacM CBHUHEN w3 | 1 Gamn
ocazka xjaopuaoB. [IpoBouM KauecTBEHHbIE PeaKK Ha CBHHEL]

Pb?" + 21" — Pbl, | oca/iok 3010THCTO-KENTOTO LBETA

Pb?" + CrO4* — PbCrO; | »enThlit ocagok

3. OrtxpeneHue u onpeseneHue cepedpa.

Ocaznok xJyiopuaa cepedpa pacTBOpseM B aMMHake M MPOBOJMM KadeCTBEHHbIE PEaKIMHM HA WOH
cepebpa.
AgCl + 2NH4OH — [Ag(NH3):]C1 + 2H,0
ITpu meficTBUM a30THOW KHUCIIOTHI aMMHAYHBIH KOMIUIEKC cepeOpa pa3pyIuaeTcsi M CHOBa Bbimaaaet | 1 Gamn
OeTbIit ocaiok xJopuaa cepedpa
[Ag(NH3),]Cl + 2HNOs; = AgCl | + 2NH4" + 2NO3 -

Oembrit

TBOPOXHCTHIA 0CaIOK
Takke KOMIUIEKC MOKHO Pa3pyLIUTh AEUCTBUEM HOIUA KaJIUS
[Ag(NH3),]Cl + KI= Agl | + 2NH3 + Cl -+ K"
JKEJITOBATBIIA OCAIOK

4. Ormpenenenue kanusa. B pacTBop mocie oTaeneHrus HOHOB cepedpa U CBUHIA JT00aBIIsIEeM
aleTat HaTpus, 4TOoOBl CO34aTh CilaboKuchylo cpeny. Jlns onpeneneHus Kamust ¢
MIOMOIIBI0  KOOAIBTHHUTPUTA Hatpusi Na3[Co(NO;)s] pacTtBop [OMKeH OBITh
HEWTPaIBHBIM WIH CIIa00KHCIIBIM.

2K* + 3Na" + [Co(NO2)s]* — KoNa[Co(NO2)s |
JKENTHII
KPHUCTaJUTMYECKUIA 0CaioK
OTH XKe YCIOBUS MOAXOAAT /I KaUeCTBEHHON peakIMM HOHa KajJHs ¢ THAPOTapTPaTOM HaTpHs
(BMHHOM KHCIIOTOH). 1 6amn
K"+ NaHC4H4O¢ — KHC4H4O6] + Na*
Oenblii
MEJIKOKPUCTANINYECKUI 0CaZ0K Hroro:
4 Gamna

2 Onpenenenue cyab(aT-uoHa TrpPaBUMETPUYECKHM  METOJAOM. H3noxurs | 4 6amna

CYIIHOCTh MeTO/Aa AHAJM3a M PACCYUTATH MACCOBYIO 10JII0 cyJb(aTa B HaBecke

cyiabdara HATPUS MO MOJYYEeHHBIM JAHHBIM.

m (Na2S04) = 0,3051 r; m (BaS04) = 0,4561 r
IIpaBu/bHbBIH 0TBET (KJI104):

1. CynrHocTh MeTOHa 3aKIFOYAeTCs B OCAXKICHHHU Ccylb(haT-noHOB pacTtBopoM BaCl, B Buge | 1 6amt
BaS04. Bo wu3bexanme oOcaxneHWs Jpyrux coned  Oapus M MOJIy4eHHS
KPYIMHOKPUCTAIIIMIECKOTO 0CajKa OCaXJCHHE CYJIb(paT-HOHOB HEOOXOANMO MPOBOAUTH
U3 TOPSYEro MOJKHCIeHHOro pactBopa. ConepkaHue Cyib(ar-HOHA OINpPENEISIOT 10
Macce MPOKAIEHHOT0 0CaaKa.

SO4* + Ba?>" — BaSOs]

2. Tlepem xONIMYECTBEHHBIM OIpEIEICHUEM CYJIb(paT-MOHA MPOBOJSAT KAUY€CTBEHHYIO MPOOY

Ha €ro HaJu4dHhe B BOAHON BEITSKKE. [Toakucisiror 10 M1 BOAHOM BEITSIKKK 1—2 Karursimu | 1 Oamn

10%-ro pactBopa HC1, npubasnstor okono 1 mi 10%-ro pactBopa BaCl, u HarpeBatoT
no kunenusi. Bcim pactBop He MyTHeeT, S04%° OTCYTCTBYET; €CJIM NOMYTHEHHE CIabOE,
conepkarcs «cnenb» S0427; ecau BBINAJAET OCATOK, HEOOXOJNMO KOJNMYECTBEHHOE
OTNpENIEIIEHUE.

3. Xoj a”Hamu3a.




Bepyt numnetko#t 10-50 M1 BOAHOH BBITSDKKH B XUMHUYECKHH ctakad Ha 100 mi1, TOAKUACISIOT 1-2
M1 10%-ro pactBopa HC1 u HarpesatoT no kunernus. Ocaxnaior cyasgaT-uoHbl ropsanM 10%-m

pactBopoMm BaCl,, npubaBisis ero mo KamisiM W3 TUIETKH B KoJudecTBe 1-5 M M TmartensHo | 1 Gamn
pasMeImBas Kaxayro Kammo ocagurelis. CTakaH 3aKpbIBalOT YaCOBBIM CTEKJIOM, KHIISTAT 2-3 MUH

U OCTaBIIAIOT HA 2-3 4 B TEILUIOM MECTeE.

Ocafok OTQUIBTPOBBHIBAIOT 4Yepe3 IUIOTHBI (UIBTp, NPOMBIBAIOT €ro rops4yeld BOAOM,
nmonkucienHon 10% HCI1, no ucuesHoBeHus peaknuu Ha Ba (mpoda ¢ 10% H2S04). Ocanok ¢
(UIBTPOM MOACYLIMBAIOT, TOMEIIAIOT B NPEIBAPUTEIHHO IIPOKAIICHHBIH U B3BELICHHBIH TUTENb U

CTaBAT B TOpsuyl0 My(enbHYIO 1edb JUIsl MpOoKaJUBaHus Npu TeMmneparype He Boime 600-700°C B

Tedenne 25-30 MUH, 10 TeX IOp, MOKa OCAJOK HE CTaHeT OesbIM. 3aTeM THrelb OXJIAXKIAIT B
9KCHKATOPE M B3BEIINBAIOT.

4. Pe3ynbpTaThl aHATN3a BEIYHUCISIOT 1O (hopMyIIe

m(S04) = mBecoBoiipopmbl ® F, 1€
1 6amn
F = Mornpe/esisieMoroBeLiecTBa o
= MieconoRgopme (rpaBuMeTpUYecKuil paKTOp WK (PaKTOp mepecueTa)
OmnpITHBIE JaHHBIE: M (Na2so4) = 0,3051 r; m (Baso4) = 0,4561
96,064 n 233,404 — monexynsapHble Maccsl S04 1 BaS04.
96,064 04116
133,404 ’
m(S04) = 0,4561«0,4116 = 0,1877r
Hroro:
w (S04) =0,1877-100/0,3051 = 61,52% 4 banna
OtBer: 61,52%
3 | Kakue ocHOBHBIE Onlepaliiy BbINOJIHAIOTCS NPU KAYeCTBEHHOM aHaju3e? 3 Gamna
IIpaBuabHBI 0TBET (KJII0Y):

1. HarpeBaHue u ynapuBaHHE pacTBOPOB INPOM3BOAMTCS Ha BOASHOM OaHe B mpoOupkax mwimn | 1 Oamn
¢dapdopoBeIx yamTkax.

2. OcaxzaeHue W OTAeICHUE ocajka. [Ipy mpoBeaeHNH OCaXICHUS B NMPOOMPKE HCXOTHBIA
0o0beM pacTBopa He JoJbKeH mpeBbimarh 2 Mil. [locne co3panus HyXHBIX ycioBuil (pH,
MaCKHMPYIOIUI areHT, TeMIeparypa) OCaJuTe]b BBOAAT IO KAIUIM U IEpEeMEINBAIOT
COJICP)KUMOE TMPOOHMPKU CTCKISSHHOW Malo4ykoil. Ecim ocakaeHWe HCMONb3yeTcs s
paszienieHus] WM yIaJeHusT MOHOB, TO 0053aTEJIbHO MPOBEPSIETCS IHOJHOTY OCAKACHHS
BBEJICHHMEM B pacTBOp HajJ ocankoM 1-2 kamenb ocamurens. OTaensioT ocaiok oT | 1 Gamn
pacTBopa HEeHTpU(YrupoBaHUEM IO IeHICTBUEM IIEHTPOOEKHOW CHIIBI.

3. IlpomeiBanme ocaaka. Jlust OTAeNeHHMs OT OcajKa COJAEPXAIIMXCSd B  pacTBOpe
KOMITOHEHTOB. Oriepaiuio HOBTOPSIOT HECKOIBKO pas.

4. PacTtBopenme ocasnka. PacTBopeHme ocagka TPOW3BOIAT Ul IajbHEHIIEro aHaiu3a
TBepA0H (ha3bl WM NIPU U3YUCHUU CBOWCTB MaJIOPACTBOPUMOTO COCIMHECHHSI.

5. BroimonHeHWe NPOOMPOYHBIX, KANEIbHBIX ¥ MHKPOKPHCTAJUIMYECKMX peakuui s | 1 Oamn
UACHTH(HUKALINH BEIIECTB IPH TOMOIIN KaYeCTBEHHBIX PEaKIH. .

6. BrinonHeHwe XonocToro ombiTa. Ilpu mpoBeaeHHH peakuuid OOHAPYKEHHUS TOJIE3HO
cpaBHHMBaTh HaOmogaeMblii 3(QGeKT ¢ pe3ylbTaroM XOJOCTOTO OIbITa, B KOTOPOM
HCIIOJIb30BAJIMCH BCE TE )K€ PEAreHThl U B TE€X )K€ YCIOBHUSX, YTO U B OCHOBHOM OIIBITE, HO
B OTCYTCTBHE OTKPBIBAEMOTO HMOHA. 3aKIIOYCHHE O HAJMYUM HMOHA B CHUCTEME MOXKHO
JIeTIaTh JIUIIb B TOM HUroro:

3 bamna
4 Kakue npeaBaputeibHble WCNBITAHWS TPOBOASAT NPH aHaJIu3e HeW3BecTHoro | 3 Oamra

Belecrnsa’?

IIpaBuibHbBIH 0TBET (KJI104):
1. OueHKa BHENTHETO BHa HEM3BECTHOTO BELIECTBA, arPeraTHOTO COCTOSIHUS, [[BETA, 3amaxa. 1 6amn
2. OxpalmBaHue HECBETSLIETOCs IUIAMEHN Ta30BOH TOPEIKH Pa3IMuHBIMH 3JIEMEHTAMH.
3. Harpesanue B TpyOke min ¢apgoposoii gamke (600 °C): a) mosiBieHHe BOAbI, YTO YKa3bIBAET
Ha TIPUCYTCTBHE B HCCIEIYEMOM BEIIECTBE COCIMHEHHMH, COAEPKAIIMX KPUCTALIM3ALHOHHYIO
BOJY, THAPOKCHIOB, OPTaHUYECKUX BEUIECTB, OCHOBHBIX MJIH KHCIBIX CONel; 0) mosiBieHue 0enoro
WIA IBETHOTO HajeTa (BO3TOHKA); B) M3MEHEHHWE OKPACKW; T) BBIICICHHE JETyYHX IPOIYKTOB
pasnoKeHusT yKa3blBaeT Ha MPHUCYTCTBHE HEKOTOphiXx aHWOHOB: CO, - kapOonatoB, SO, -
Ccynb(pUTOB U THOCYIb(}ATOB THKENBIX MeTauioB, NO, - HUTPaToB U HUTPHUTOB, Bry - 6pomuaos B | 1 Gamr

NIPUCYTCTBUU OKUCIUTENEH, |5 - HOOUI0B B IPUCYTCTBUM OKUCIUTEIEH.

4. TlomywyeHue OKpamieHHBIX IepyioB. Ilpn HarpeBaHmM BeIIecTBa € TeTpaboOpaToM HATPHUS
(Na;B407) wmm ¢ warpuitammonmiiruapodocharom (NaNH4HPOs) B ymke miaTHHOBOM Wik
HUXPOMOBOI1 IIPOBOJIOKH 00pa3yeTcsi XapaKTepHO OKpaIIeHHBIN 1epi (CTeki1oo0pa3Hast OycHHKa).
5. BozgeiictBue cepHOil KUCIOTOH. [IpH KUCIOTHOM pa3loXKEHUU CEPHOM KUCIOTOH BBIIEISIOTCS
ra3oo0pasHble MPOAYKTHI, KOTOpPBIE OIPEAEIAIOTCS 10 IBETY WIM MO JPYroil XapakTepHOM
peakuun. KucnorHoe paznoxenne 1M HoSO4 Mcnonb3yIoT Juls onpeieieH s aHHOHOB: KapOoHar,




THOCYIb(AT, CYyITbPUT, CyTb(OH, HATPUT- HOHOB.
IIpu nmetictBun koHIEeHTpUpOoBaHHON H>SO4 BBIIENSAIOTCS CIEMYIONIME Ta3bl, COOTBETCTBYIOIIME:
Cl; - xnopunam, NO; - autparam, CO - okcanmatam, O; - TEPOKCHIaM, OKCHJIaM, THAPOKCHIAM.

6. PactBopenme. Jlns mepeBoga TBEpPAOrO BEIIECTBA B PAcTBOP TMPUMEHSIOT cTporo | 1 Gamn
MOCIE0BATENBHOE PACTBOPEHHE OTAEIbHBIX €ro 4YacTeil Mmpu KOMHATHOM TeMmmepaType U
HarpeBaHuu B cienyromux pactopax: 1) B H>O; 2) 8 CH3COOH; 3) B paz6asiennoit HC1 (2 M);
4) B xonuentpupoBannoit HC1; 5) B pas6asnennoit HCI + H,0»; 6) B 30%-om NaOH; 9) B 25%-om
NH;OH; 10) B HachIIeHHOM pacTBOpPE COJBI IIPU HAarpeBaHUHU (COMOBAasI BBITSIKKA);
7. OOHapy»XeHHE OKUCIUTENeH U BoccTaHoBUTedeld. OKHCINTENN OOHApYKUBAIOT NEHCTBHEM Ha
a"anuzupyemoe BeniectBo cmecu KI + H,S04, BoccTaHOBUTENN 0OHApYKUBAIOT AEHCTBUEM CMeECeit
KMnO4 + H,S04,= Ir + H2S04
Hroro:
3 Gamna
5 Xo/ cHCTEMATHYECKOr0 XMMHUY€CKOI0 aHAIN3a HEU3BECTHOI0 BElIECTBA. 3 Gamna
IIpaBuabHBII 0TBET (KJII0Y):
1. CucremaTndecKuil aHaIN3 NPEAyCMAaTPUBACT pa3/ielICHHE CMECH aHAIN3UPYEMBIX HOHOB | 1 Oamn
[0 AaHATUTHYECKHM TpyNmaM ¢ MOCHEAYIOIINM OOHapyKEHHEM KaXKIOTO HOHa.
CucteMaTHueCcKOMYy aHaJIM3y Ha KAaTHOHBI M Ha aHHOHBI BEIIECTBO IOABEPraloT IMOCHE
IIpeJBapUTENbHBIX MCIBITAHMM M pacTBOpeHHs.. KaTHOHHBIN cocTaB HCCIEAyeMOro
oObekTa naeT nHpopManuio ¥ 00 aHHOHHOM COCTaBe, TaK KaK MPHCYTCTBUE HEKOTOPBIX
KAaTHOHOB HUCKJIFOYAeT BO3MOXKHOCTH NMPUCYTCTBUS OTACIHHBIX aHHMOHOB HJIM JIaXKe IIEIIBIX
HX TPy
2. BelOuparoTr MeToJ CHCTEMAaTHYECKOTO aHalM3a: KHCIOTHO-OCHOBHOHW, Cynb(umHbId, | 1 Oamn
aMMuaqHO-(pochaTHBIN U 1Ip.
3. OOHapyxeHHE KaTHOHOB. JIeWCTBYsS TpPYNIOBBIMH pEakTHBaMH B OIpenelieHHoH | 1 Gamr

MOCJIEI0BATENILHOCTH (COTJIACHO BBHIOPAHHOMY METOJy aHaluW3a) CHadvana pasfelisiioT
IPYIIBI KATHOHOB. 3aTeM MPOBEAs Pa3[eiCHUE KATUOHOB BHYTPH TPYIIIIbI, BBIMTOIHSIIOT
AHAIUTHYECKUE PEaKIUK, MPU KOTOPBIX KAKABIH MOH OOHAPYKHMBAIOT IMOCJIE TOrO, Kak
OyayT OOHapyXKCHBI M yJaJICHbl JPYTrHe HOHBI, MCIIAOIINE €ro OOHAPYKCHHUIO. 3aTeM
AHAJIOTUYHO MMPOBOAAT aHAJIU3 Ha aHUOHBI.

Uroro: 3 6amng

6 Yro Takoe THTpUMeTpUYeckuii aHaimn3? Kakas mocyaa u npuéopsl MCHOJIbL3YIOTCS
TPH ero NpuMeHeHun?

3 Oamna

IIpaBuibHbBIA 0TBET (KJII0Y):

1. Turpumerpudeckuii aHamu3 (0OBEMHBIN) - METOA KOJHMYECTBEHHOTO aHalIM3a,
OCHOBAaHHBI Ha TOYHOM H3MEpeHHH 00BhEMa pacTBOpa pPeaKTHBA TOYHO W3BECTHOMH
KOHLEHTpALUK, PacXOAyeMoro [Uil peakUud C OINPEAENsieMbIM BEIECTBOM.
TutpoBaHue - Tmporecc TOCTEIIEHHOTO TMOPIHOHHOTO TIPUOABICHUS pacTBOpa
peareHTa (THTpaHTa) K UCCIEAYEMOMY PAacTBOPY OO JOCTHKCHHS KOHEYHOH TOUYKH
TUTPOBAHUSA, KOTOpas (HUKCHPYETCS IO HM3MEHEHHWIO OKPACKA HWHIWKATOpa WIIH
JIPYTUM NapaMeTpam.

2. K touHoil MepHO# TOCyIe, UCTIONB3yeMON B 0ObEMHOM aHaJM3e, OTHOCATCS MEpPHBIE
KOJIOBI, TUIIETKH U OIOPETKH.

MepHble KOJIOBI HCTONB3YIOT A pa30aBlIeHUs] HMCCIELYyeMOTO pacTBOpa 0 OIpPEIeIEHHOTO
o0beMa U JUisi TPUTOTOBJICHHS TIEPBUYHBIX CTAHJAPTHBIX PACTBOPOB.
[IuneTky UCTIONB3YIOT IS TOYHOTO OTMEPUBAHMUS OIIPEEIIEHHOTO
00BeMa pacTBOpa B IepeHOca ero U3 OJHOTO cOCyAa B Apyroi (oToop
AIMKBOTHOH yacTu). [Tumnerkn OBIBArOT ABYX THUIIOB: MUOETKH Mopa ¥ IpalyHipOBOYHBIC.
BropeTka mpencTaBIsiIOT cOOOH CTEKIITHHBIN COCYJ IHJIUHIPHYECKON (OPMBI ¢ HAHECCHHBIMH Ha
HEro JEJICHUsIMU, OCHAILEHHBIH 3aKHMOM WM KPaHOM.
OHa 3aKperuigeTcs CTPOro BEPTUKAJIBLHO B IUTATHBE U 3aI0IHIETCS TUTPAHTOM.
Bcs mepnas nocyna gomksa coorBerctBoBarh ['OCT.
Takxe UCTIONB3YIOT KOHNYECKHe KOJObI ISt THTPOBAHUS, CTAaKaHBI M BOPOHKH.

1,5 6amna

1,5 Oamna

Uroro: 3 6anng

7 IlepBuYHbIe W BTOPUYHBIE CTAHIAPTHbIE pacTBOpbl. Crnoco0bI MPUroTOBJeHHUs. | 3 Oamma
IIpuBecTH npuMepsbl CTAHAAPTHBIX BEIECTB.
IIpaBubHbBIH 0TBET (KJI104):
1. CraHmapTHBIM pacTBOPOM HA3bIBAKOT pAcCTBOp peareHTa ¢ TOYHO W3BecTHOW | 1 Gaimt

KOHLEHTpaLueH.
[lepBUYHBIN CTAaHIAPTHBIA PACTBOP TOTOBSAT PACTBOPEHHEM TOYHOTO KOJHYECTBA  YHCTOTO
XMMHYECKOTO BEIICCTBA H3BECTHOTO CTEXHMOMETPHUYCCKOI'O COCTaBa B OIPEACICHHOM TOYHOM
obbeMe (B MepHOii Ko6e). CylecTBYIOT JiBa Croco0a MPUTOTOBJICHHUSI IEPBUYHOTO PACTBOpaA: a)




13 TOYHOU HaBECKH, B3BELICHHOM HAa aHAJMTUYECKHUX Becax; 0) M3 craHaapT-TUTpa (TOYHAas HaBecka
3arasiHa B aMITyJie)

2.

BTopuyHBIi cTaHAApPTHBIN PacTBOP 3TO PacTBOP, KOTOPBIM HEBO3MOKHO IMPUTOTOBUTH IO
TOYHOH HaBECKe, BCIEACTBHE THTPOCKONMUYHOCTH WM HECTEXHMOMETPUIHOCTH COCTaBa.
KoHieHTpaus BTOPUYHOTO CTAHIAPTHOTO PAcTBOpPA YCTAHABIMBACTCS CTAaHAAPTU3ALUCH
[0 MEPBUYHOMY CTaHAAPTHOMY PACTBOPY M Ha3bIBAaeTCsS CTaHAapTU3almed. BropudHbie
PACTBOpPHI TOTOBSAT W3 HABECKH, B3STOM HAa TCXHHUYCCKUX Becax W MyTEM pa30aBICHUS
0o0Jiee KOHIICHTPUPOBAHHBIX PACTBOPOB.

IIpuMephl cTaHIAPTHBIX BEIIECTB. J[11 KUCIOTHO-OCHOBHOTO MeTojsa - Na,B4O7-10H,0,
H>C,04:2H,0, NayCOs; mas OKHCIUTEIbHO-BOCCTAaHOBUTEIBHOTO - KyCroO7, NayCrOy,
H>C>04-2H,0; nms  ocagmrensHOro — NaCl; 1mm1g  KOMITIEKCOHOMETPHUYIECKOTO
MgS04+7H,0

1 6amn

1 6amn

Uroro: 3 6amng

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

3 Gamta

IIpaBuabHBII 0TBET (KJII0Y):

1.

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

B nanHOM MeTone AN MPOBEAEHUS M3MEPEHUIl HUCIONB3YIOT TalbBaHUUECKUI 3JIEMEHT,
BKJIIOYAOIIUI /1Ba 37€KTpoja. DJIEKTPOA, MOTEHINAI KOTOPOro 3aBUCUT OT aKTUBHOCTH
(KOHIIEHTpalMK) OMpeeNsieMbIX HOHOB, Ha3bIBACTCd HMHIMKATOPHBIM. I M3MepeHHs
MOTEHIMAJa HWHIUKATOPHOTO 3JEKTPOAA IPHUMEHSIOT BTOPOH JJIEKTPOA — 3JIEKTPOJ
CPaBHEHUS, MOTEHINAT KOTOPOTO MOCTOSHEH M HE 3aBHCUT OT COCTaBa aHAJIM3HPYEMOTO
pactBopa. [lisi M3MepeHMs MOTEHHOMana BJICKTPOAB! MOIKIIOYAIOT K  HOHOMEpY |
nm3MepsroT DJIC raibBaHUYECKOrO HIEMEHTA.

WHnukaTtopHble  3MEKTPOABI  Iepel  NPUMEHEHHWEM  JOJDKHBI  OBITh  MPOMBITHI
JVCTHJUTUPOBAHHOM BOJOH. V3MHIIKM BOABI yHANSIOTCS AaKKypaTHBIM IIPOMOKaHHUEM
¢unbTpoBaNbHOI Oymarol. CepeOpsiHBI AJIEKTPOJ CHayala MPOMBIBAIOT PAacTBOPOM
THOCYNb(haTa AJsl yIaleHNs TAIOTEHUIOB cepedpa 1 TOJIBKO MMOTOM BOJIOH.

[Tpu ucnonb30BaHUM XJIOPCEPEOPSIHOTO 3JIEKTPOia CPaBHEHHSI HEOOXOIMMO CIIETUTD 32 TEM, YTOOBI
BHYTPh OJIEKTpoJa OBbLI 3aJUT HAChILIEHHBIH pacTBOp xiopuaa kanus. [Ipu mpoBeneHun
HNOTEHIMOMETPUUYECKUX U3MEPEHHH ypOBEHb BHYTPEHHETO PAacTBOPA XJIOPCEPEOPSHOrO IEKTpoa
JIOJDKEH OBITH BBILLE

YPOBHS aHATM3HPYEMOT'O PaCTBOPA.

1 6amn

1 6amn

1 6amn

Uroro: 3 6amndg

9

Yrto JIe:KUT B OCHOBE a0COPOLMOHHOM cniekTpockonuu? MoToMeTpuueckne MeTOAbI
MOJIEKYJISIPHOTo a0copOLMOHHOTI0 aHau3a. TexHuKa IKCIepMMeHTAJbHBIX padoT.

3 Gamta




IIpaBuabLHBII 0TBET (KJII0Y):
1. B ocHoBe abCOpOIIMOHHONW CIIEKTPOCKOIHMHU JISKUT SIBJICHUE TIOTJIONICHHS CBETa aTOMaMHM
WM MOJeKyJamMu. KoJudecTBeHHON Mepoil CIIOCOOHOCTHM TIOTJIONIATh CBET CITYXKHT
ONTHYECKAS TIIIOTHOCTD (A)

A Io
= g —_—
I
rze lo — *HTeHCUBHOCTB MAaI0IIEro CBeTa; | — MHTEHCHBHOCTh CBETA,
MPOIIEAIIET0 Yepe3 pacTBOP. 3aBUCHUMOCTb ONTHUYECKOH IUIOTHOCTU OT KOHIIGHTpAIllUH pacTBOpa
BEIpa)kaeTcst 3akoHoM byrepa — JlamGepra — bepa
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rae A — onTrdecKas IUIOTHOCTH (FUTH CBETOIIOTIIOMICHHUE); € — MOJIIPHBII
KOX(QHUIHUEHT CBETOMOTJIOMEHN; | — TONIIMHA TIOTJIOMIAIOIIETO CIIO; C — w™omsipHas

KOHIIEHTpPAaIUs BELECTBA B PACTBOPE.

2. K ¢oTtomerprueckuM METOAaM OTHOCSTCS METO/bI, OCHOBAaHHbIE HA IOTJIOLIEHUH CBETa

BemecTBoM B Y ®- 1 BupimMoit obiactsx. Bkiroyaror B cebs Tpu MeToa:

a) BU3yaJbHas KOJOPUMETpHUs (OCHOBaHA Ha CPAaBHEHMU OKPACKH aHAJIM3HPYEMBIX U CTAHAAPTHBIX
PacTBOPOB BU3YaJIbHBIM CIIOCOOOM);
0) ¢dorokonopuMeTpust (OCHOBaHa HAa HM3MEPEHHH WHTEHCHBHOCTH CBETa, IPOIIEAIIECIO dYepes
OKpAILCHHBIH pacTBOP, (POTOIIEKTPHUECKUM CIIOCOOOM € TIOMOIIBIO CIIENUAIBHBIX IIPHOOPOB);
B) crnekTpodoTomeTpus (OCHOBaHA Ha M3MEPEHHUHM MHTCHCHBHOCTH CTPOTO MOHOXPOMATHYECKOTO
CBeTa, IPOIIEAICTO Yepe3 pacTBOP, (POTOIIEKTPHIECKUM CIIOCOO0M).
3. Ilpwu BeImoIHEHNH 1aOOPATOPHBIX padOT 10 (HOTOKOIOPUMETPUH U
CHEKTPOPOTOMETPUH UCTIONIB3YIOT CIICIIHAIBHBIE INTACTMACCOBBIE MITH
CTEKJISIHHBIC KIOBETHI. PaboTast ¢ HUMHM, HEOOXOAMMO BBIIOIHATH CJIEAYIOIIHE TIPaBHIIa.
a) TpaHM KIOBET, 4Yepe3 KOTOpble OyAeT NPOXOIUTH CBETOBOH ITOTOK, HAa3bIBAIOT PabOUMMHU
rpassmu. Ha HuX yka3aHa ASTMHA KIOBETHI (MM) M HaHECEHA OTMETKA YPOBHA *KHUIKOCTH.
0) KIOBETHI clieqyeT JepiKaTh 3a OOKOBBIE TPaHH, Yepe3 KOTOpbIe He OyIeT MPOXOJUTh CBETOBOM
MIOTOK.
B) mepe paboTol KIOBETbl HEOOXOOMMO TIIATEIbHO BBIMBITH W 00s3aTEIbHO HECKOJBKO pa3
OTIOJIOCHYTh JUCTIIIIMPOBAHHON BOJIOMH, a 3aTeM pabounuM pacTBOPOM.
T') pacTBOp B KIOBETY HAIMBAIOT A0 CHENNAIBLHON TOPU30HTAIBHON OTMETKH Ha TPAHHU KIOBETHI.
) TIepe]] TIOMEIIEHHEM KIOBET B KIOBETOJEpKaTeNb paboune IrpaHHu MPOTHPAIOT (HIBTPOBAILHOM
Oymaroif. Ha HUX He JOMDKHO OCTaThCs KalleleK pacTBOPa, BOPCHHOK, OTHEYATKOB MaJIBIIEB.
) JUIA IPEIOTBPAIEHHS IPOJIMBAHMS PACTBOPOB, HAXOAAIINXCS B
KIOBETax, epeMeIeHHEe KapeTKH (OTOKOIOPUMETPA HITH CIIEKTPOPOTO-
MeETpa OCYHIECTBISAIOT MEAJICHHO U ILIABHO.

1 6amn

1 6amn

1 6amn

Uroro: 3 6amng

10 IIpaBuja pa6oThl B XMMU4ecKoii 1a0opaTopun

3 Gamna

IIpaBuibHbIH 0TBET (KJI104):

1. Kateropuyecku 3amperinaercs paboTaTb OXHOMY B Ja0OpaTOPUH, TaK KaK B IKCTPEHHOM Cliydae
OyJeT HEKOMY OKa3aTh MOCTPaJaBIIEeMy IEpPBYHO IOMOLIb W JIMKBUIUPOBATH IOCIEACTBUS
Hey/aBIIerocs JKcrnepuMeHTa. PaboTaTh cieayeT TOJNbKO B OTBEACHHOE BpPEMs O] KOHTPOJIEM
MpernoAaBaTesst WM JPYTrUX COTPYAHUKOB.

2. HeoGxomumo coOumofaTh THIINHY, YHUCTOTY M MOPAIOK. IlocmemrHOCTh M HEpANUINBOCTH B
paboTe yacTo NPUBOAAT K HECYACTHBIM CliydasM. Henb3st oTBIIEKaTh OT pabOTHI M OTBJIEKATh CBOMX
ToBapHIlei. 3anpenaercs Aepkarh Ha JaOOPaTOPHOM CTOJIE HOCTOPOHHHE IMPEAMETHI (CYMKH,
y4eOHUKHU U T.1.).

3. Kateropuyecku 3anperiaercsi HpUHUMATh M XPAaHUTb IHILY, TUTh U KYPUTb.

4. Kaxaplil OMKEH 3HaTh, TI€ HAXOIATCS CPEACTBa HMHAMBHUIYAIbHON 3alIHThI, allTeyKa, CPeCTBa
JUIsL TYLLCHUS TI0Kapa.

5. B naboparopuy HEOOXOAMMO HAXOIUTBCS B 3aCTETHYTOM XJIOMYATOOYMaKHOM Xamare. DTo
obecrieunBaeT HEKOTOPYI) HWHIMBUIYAIBHYIO 3aIUTy M MO3BOJSACT HM30€XKATh 3arps3HeHUs
OJIEKIBL.

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

7. Henb3s OpPOBOAWTH OMBITHI B TPSI3HOM MOCYA€ M CIEAYyeT MBITh Cpa3y IOCie OKOHYAHHS
JKCIIEPUMEHTA.

8. Kareropuyecku 3amperiaercsi mpoOOBaTh XUMHUYCCKHE BellecTBa Ha BKyc. HioxaTh BeliecTBa
CJIelyeT OCTOPOXKHO, HE IMOJHOCS COCY OJHM3KO K JIUITY, a JIUIIb HAMIPABIAA K ceOe maphl WU Ta3bl
JICTKMUM JIBMKCHUEM DPYKH, TIPH 3TOM HE CIIEAyeT NeNaTh MOJHBIN BAOX. JKHIKHE BellecTBa U
pacTBOpHI 3amperraercss HaOupaTh B MUIETKH PTOM, JUIL 3TOr0 HEOOXOJWMO HCIIOJIB30BATh
PE3UHOBBIC TPYIIH U APYTHE IPUCTIOCOOIICHHS.

9. B mporecce paboThl HEOOXOIMMO CIIEIUTH, YTOOBI BENIECTBA HE IMOMAIalid Ha KOXY, TaK Kak
MHOTHE U3 HUX BBI3BIBAIOT Pa3IpaKeHHUE U 0)KOTH KOXKHU H CIIM3UCTHIX 000JIOUCK.

10. 3amperniaercst HarpeBaTh, CMEIINBATh ¥ B30AIThIBATh PEAKTUBBI BOIM3M Juia. [Ipyu HarpeBaHuU
HEJB3s JIEP)KaTh MPOOUPKY HIIM KOJOY OTBEPCTHEM K cebe WM B HAIpPAaBIEHHH PabOTAIOIIErO

1 6amn

1 6amn

1 6an




TOBapHIIA.

13. 3ampemeHO BBUIMBATH B PAKOBHHY OCTATKA KHCIOT ¥ IIENOYEH, OTHEOMAacHBIX |
B3PBIBOOIIACHBIX, & TAKXKE CHJIBHO NMaxXHYIIWX BemiecTB. J[II cimMBa ATHX BEUIECTB B BHITSHIKHOM
mKady IODKHBI HAXOIWUTHCS CIEINHAaIbHBIE COCYIOBl C IUIOTHO MPHUTEPTHIMH KPBIIIKAMH |
COOTBETCTBYIOIIMMH STUKETKAMHU

Uroro: 3 6anng

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

COOTBETCTBMM C HOPMaMH U TpPaBWIaMH, NPUHATHIME B THpodeccHoHaIbHOM cooOliecTBe (KOJ, HaMMEHOBAaHUE
KOMIIETCHIINN)
Homep | IIpaBunbHBIA Kpurepun
3aaHd | OTBET (KITI0Y) OIICHUBAHHUS
P CopeprxaHue BOIIpoca/3aaanus 3aIaHnAi
3ajxaHus 3aKPHITOro THIA
1 b C kakoii TOYHOCTHbIO B3BeIINMBAETC HAaBeCKa Ha TeXHUYeckux | 1 Gamn
Becax? MIPABHUIIbHBII
A 0,001 OTBET
b 0,01
B 1
r 10
2 B KakoBa oTHOCHTe/IbHAs OTPEeIIHOCTH BECOBOT0 MeTo/1a aHaiau3a? | 1 Gamn
A 10% MPaBUIIbHBIN
b or1% 100, 1% OTBET
B or0,1 m00,01%
I 5%
3 B Yemy paBen pH B xucioii cpene? 1 Garr
A -7 NpaBUJIbHBIN
b 7 OTBET
B 3
r 10
4 b Kak npaBUJIbHO onpeaeMTh TOYHYIO HABeCKY BelecTBa? 1 Garr
A Ha aHAJIMTHYECKHX Becax NpaBUIbHBINA
b cHavana Ha TEXHUYECKHX,  IOTOM HA aHATUTHYECKUX OTBET
B pacuerHbIM IIyTEM
I' Ha TexHMUYECKUX Becax
5 b Cnoco0bl BbIpaKeHHsI KOHIIEHTPALWH TUTPOBAHHBIX PACTBOPOB: 1 6amn
A MaccoBas g0 MPaBUIIBHBIN
b MonspHas KOHIIEHTpaIMs 3KBHBAJICHTA OTBET
B nporneHTHas KOHIEHTpaIMs
6 A Kakas koHumeHTpamusi Ha3bIBaeTcsi MOJSPHOIl KoOHHmeHTpammei | 1 Gamn
IKBHMBaJieHTa? MIPAaBUIIbHBII
A) HOpManbHas OTBET
B) mpouenrtnas
B) maccosas.
7 B Ecau B pacrBope pH =7, To pacTBop siBjIsIeTCSI: 1 Gann
A cnabomienouyHbsIM MPaBUIIBHBIN
b menounsM OTBET
B HeliTpanbHbIM
I' xucnem
8 b IIpenenbHasi KOHHEHTPALMSA BbIPAMXKAETCH B: 1 Oamn
A MmwumumuTpax (M) MIPaBHIIBHBII
b mukporpammax (MKr) OTBET
B rpammax Ha MusutunTp (1/Min)
9 B B xakux equHHIaX U3MepsieTcs: TUTP? 1 Gamn
A Moie/1 TPaBUIIBHBIN
b % OTBET
B r/mn
I" MonTB-3KBHBaAICHT/NT
10 A Kakasi koHUeHTpauusi Ha3bIBaeTcsi MOJISIPHOW KOHUeHTpammeii | | 6amn
IKBUBAJIEHTa? MIPABUIIbHBII




A) HOpMaJTbHAS OTBET
B) mponienTHAs
B) maccoBas
3anaHus OTKPBITOro THIA
1 OdopmieHue 1a00paTOPHBIX padoT U COCTABJICHUE 0TYETa 3 bamna
IIpaBuJbHBIH 0TBET (KJIK0Y):
B otuer o nmaboparopHoil pabore 00s3aTENBHO 3aHOCIT PE3yJbTaThl BCEX M3MEpEHUil (maxe
HEYJa4HBIX) U pacyeTbl. JTO HEOOXOIUMO /IS MPOBEPKH NMPAaBUILHOCTH BBHINNOJIHEHHS paboThl. | 1 Gayur
Taxke 3TO JaeT BO3MOXKHOCTH BHECTH HEOOXOJIUMBIE M3MEHEHHsS W yYTOYHEHUs! B BBIIOJHEHHE
9KCIIEPUMEHTA WM pacyera.
B otuere 00s13aTeNBbHO OTPAXKAIOTCS:
1) mara BBIIOTHEHUS paboOTEHI,
2) Ha3BaHHE M HOMEp JTabopaTOpHOIl paboTHI;
3) menp 1abOpaTOpHO PabOTHI;
4) ucromp3yeMble PeaKTUBBI U 000pYIOBaHHE; 1 Gamn
5) ypaBHEHUS MPOTEKAOIINX XUMUIECKUX PEAKIIHI;
6) 9KCIEepUMEHTANIbHBIE JaHHbIE U pacdeThl (OYeHb MOJIPOOHO, ¢ COOIOJCHUEM MNpaBHJI 3allUCH
pe3yIbTaTOB U SAUHUI] U3MEPEHHUIN);
7) Ha MAJJIMMETPOBON OyMare WM ¢ HOMOUIBIO KOMIIBIOTEPa CTPOSITCS TPaIyHpPOBOYHbIE IpadUKH
JTU00 KpHBBIC THUTPOBaHUS (00sM3aTEIHHO BKIICHBAIOTCS B J1aOOPATOPHBIA JKypHAl), OTYETHI O
MIPOBEJCHHON KOMIBIOTEPHON 00pabOTKe TaHHBIX pacleyaThIBAIOTCS U MPUKIAABIBAIOTCS K OTYETY
0 BBITIOJTHEHHO JTabOpaTOpHOii padoTe.
8) oleHKa MOTPENTHOCTH ONpeeNeHNs (TI0CIe TPOBEPKH PE3yJIbTaTa MPEMNoAaBaTEeIEM).
[Tpu Benennn pabouero KypHana HeOOXOIUMO YAETSITh 0c000e BHIMaHNE TOYHOCTH N3MEPEHUH U
3aIlFCH UX PE3YJIbTaTOB 1 6amn
Hroro:
3 Gamna
2 Omnpenenenue KPUCTAVIN3ALMOHHON BOABI 4 Ganna
B xsiopuae 6apus. [lopsaaok BbInoHeHHs padoThI.
IIpaBuibHbINA 0TBET (KJII0Y):
I Cymnocts Merona. KpHCTalnmM3alMOHHOM HA3hIBAIOT BOAY, BXOIALIYI0O B CTPYKTYypy | 1 Gamn
KpHUCTAJJIOB HEKOTOPBIX BEIIECTB — KpucTamutoruaparos, Hampumep CuSOs - 5 HyO,
FeSO; - 7 HO wm 1. n Ilpm XpaHeHHMM dYacTO TIPOMCXOAWUT BBIBETPUBAHUE
KpUCTAJJIOTUAPATOB, T. €. YaCTUYHad WM IOJHad NOTEpA HUMH KpHCTaHHHSaL[PIOHHOﬁ
BOJIBI C COOTBETCTBYIOIIMM HM3MEHEHHEM XUMHUYECKOoH (opmynsl. OmnpenereHrue BOABI B
KPHUCTAJUIOTHPATaX MPOBOJSAT KOCBEHHBIM METOAOM OTTOHKH. MeToJ] OCHOBaH Ha TOM,
YTO TPU HArpeBaHWM KPUCTAIIOTHAPATHl PA3jIaraloTcs C BBIICICHHEM BOJBI, Maccy
KOTOPOH HaXOJAT IO Pa3HOCTH MACC HABECKH JIO U 1TOCTIE BHICYIIMBAHMS.
2. OO6opyJoBaHKE: BECHl TEXHUYECKHUE, BECHl AHAJIMTHUECKHE, CYIIMIIbHBIN KA, TUreJIbHbIC
LIMMIIBI, IKCUKATOP, OIOKC ¢ KPBIIIKOH.
PeakTuBBI: ABYXBOAHBIN KpHcTawtoruapar xjaopuaa 6apus BaCl, - 2H,O
1 6amn
3. Xon ompexneneHus. HaBecky kpuctaminoruapata Oepyr maccoi 1,0 - 1,5 r. Comp
B3BEIIMBAIOT HA KaJIbKE HA TEXHUYECKHUX Becax. 3aTeM OIpPEIeNIoT Maccy IycToro Orokca
C KPBIIIKON Ha aHAJTMTHYECKHUX Becax ¢ TOYHOCTHIO 10 0,0002 T (u1s 3TOr0 MpoBOIAT TpU
NapauleNIbHBIX B3BEUIMBAHMS M IO PE3YJIbTaTaM BBIUMCISIOT CpelHee 3HaYeHHue — my).
Iepen B3BemnBaHHEM OFOKC JOJDKEH OBITH BBICYIIEH W moamucad. HaBecky ¢ kambku | 1 Oamn

TNIEPEHOCAT B 6IOKC, 3aKpBIBAIOT €TI0 KpBIIHKOﬁ " ONpCACIIAIOT MacCy OIOKCA C HAaBECKOM
(TaK)KC OPOBOJAT TPU B3BCHIMBAHUA U IO PE3yJibTaTaM BbBIYHUCIIAIOT CPEAHCE 3HAYCHUEC —
mz). I[aHHLIe 110 B3BCIIMBAHHUIO 3aHOCAT B Ta6n1/111y.

ITo pasHuile Macc OmOKca ¢ HaBECKOH W MYyCTOro OrOKca BBIUUCISIIOT MAacCy HaBECKH




KpUcTajioruapara (ms).
OTKpBIB OIOKC, TOMEIIAIOT €r0 B CYIMIbHBIHN mkad Ha 30 MUH. 3aTeM THTEITHHBIMU
LIUITIAME TIEPEHOCAT OI0KC B AKCHKaTop. KphImKy Olokca ImpH 3TOM HE 3aKpHIBAalOT. B 3kcukaTope
OIOKC OXJIAXKIAIOT 0 KOMHATHOW TeMmImepaTypsl B TedeHne 10—15 MHH, 3aKpBIBAOT KPBIMIKOH
MIEPEHOCAT Ha aHAIMTHYECKUE BECHI [T ICPBOTO B3BCIIUBAHMS [TOCIIC BHICYIIMBAHUSA. Maccy Co,
OINpEJETICHHYI0 KaK CpejiHee apu(MeTHYecKoe TpeX Mapaie]bHbIX W3MEpPEHUH, 3aHOCAT B
tabnuny (ms). Janee cHoBa craBsT OIOKC (C OTKPHITOM KPBINIKOI) B CYIIWIBHBIN Inkad Ha 20
MHH, TIOBTOPHO OXJ@XJAIOT B OKCHKAaTOpPEe M CHOBa B3BeWIMBAIOT (M42). Eciam pesynbrar
MMOBTOPHOTO B3BEIIMBAHUS OTIMUYACTCS OT mHpeapiaymiero He 6onee yem Ha 0,0002 T, TO MOXHO
CYNTATh, YTO KPHCTAJUIM3AIIMOHHAS BOJIA MOJHOCTHIO yAajeHa. B mpoTMBHOM ciydae HpOBOIST
TPEThEe BHICYIIMBAHNE, OXIAKICHNE U OTIPEICICHUE MACCHI (M4 3).
4. O06paboTka pe3ynbTaToB.
OmnpeneneHre Macchl HAaBECKH KpUCTAJUTOTHApaTa ms (T):
msz=mp;—mj.
Omnpenenenne Maccel BOABI Ms (T):
ms = my —M42, €CIIH IPOBOIMIOCH IBa BEICYIINBAHMUS,
ms = My —M43 , €CIIM IPOBOIMIOCH TPY BHICYIITUBAHHS.
Teopernueckoe onpeneneHne MaccoBoil qomu Boasl (%):

BaCl, - 2H,O — BaCl, + 2H,0

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

7]

m(H20, )0% _ 36,03-100%

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

= 14,75%

[pakTHyeckoe onpeseneHue MaccoBoit 1o Bojs! (p
120  mS5(H20)  00%
w(H20)mpaKr. = etz 2H20)

AGcooTHAs MOTrpeHOCTh onpeaencuus Ax (%):
Ax = o (H20)npaxkt. —» (H20) teop. .
OTHOCHUTENbHAs OTPEIIHOCTD onpeneneHus o (%):

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

1 6amn

Uroro: 4 6anng

3 AHAJIM3 CMeCH KATHOHOB TPeTheil anaJuTH4ecKoii rpynnsl (Ba?t, Sr?*, Ca?").

3 Gamna

IIpaBuibHbBIH 0TBET (KJI104):
7. TpeTbs aHaNUTHYECKAs TPYINA BKIIOYAECT HOHBI IEJI0YHO-3eMEJIbHBIX JJIEMEHTOB!
Ba?*, Sr**, Ca?'. I'pynmoBbIM peareHToM KAaTHOHOB TPETHEW aHAIMTHYECKOW TPYIIILI SBISETCS
pa3zbaBneHHas cepHas KHCJIOTa, OCAXJaroIlas HOHBI ATOH Tpymmsl B CleAyromel
MOCJICIOBATENBHOCTH: CylbGaT 0apusi, cynbhar cTpoHuus, cyiabdar kambitust. CynbhaT Kaablus
0CaXXJJaeTCs TOJBKO B MPUCYTCTBUH ITHIJIOBOTO cnupTa. TakuMm 00pa3oM TPETHIO IPYIITY KaTHOHOB
OTJEJISIOT OT KATHOHOB JIPYTUX aHATUTUYECKUX TPYIIIL.
8. OOopymoBaHHE W PEaKTUBBI: NPOOUPKH KOHMYECKHE M LWIMHAPHYECKHE, CTCKIJITHHBIC
NaJouKy, HeHTpUdyra, BoisHAs OaHs, CONU Oapuis, CTPOHLMS M KaJbIMs, aleTaTHBIH
Oydep, nuxpomar kanus, rekcanuanodpeppar kamust (1), okcamar aMMOHUs, HACHIIICHHBIH
pacTBop cyibhara aMMOHHS.
9. Pa3zzuerneHue KaTHOHOB BHYTPH I'PYIIBI BEAYT IO CIENYIOLIEH cXeMe:
A) K HCCIeTyeMOMY pacTBOPY MOOABISIOT alleTaTHBIN Oydep 1 Tuxpomar Kamust

2 Ba*" + Cr,0+ + H,O » 2BaCrO4¢ + 2H*

MeﬂKOKpVICTaﬂJ’IH'—IeCKHﬁ 0caJioK

JKEJITOro uBera

TTpOBEPSIOT MOJIHOTY OCAXK/EHHUS U OTAENSIOT OCAIOK.
B) LenTpudyrar ucnonb3yioT s oOHapykeHHs cTpoHuus. K pacTBopy 106aBIAIOT HACKHIIIEHHBIN
pactBop cyibpara aMMOHMSI W  HarpeBaloT. B  NPUCYTCTBHM  CTPOHIMS  BBINAIaeT
MENKOKPUCTAIIMYECKUH 0caok cyibdara CTpoHLus Oenoro usera. MHOrna juis BbINaACHHUS
ocajika TpeOyeTcsl cO3/[aTh LIEHTP KPUCTAIUIM3AUUU — TOTEPETh CTEKIAHHOM MAlo4YKOi O CTEHKY
MIPOOHPKH.

Sr** 4+ S04 - SrSO4{ MeNKOKpHCTAIIMYECKHMI Gelblii 0cagoK
B) Ilociie IOJIHOro OTAENEH s CTPOHIHKS IIPOBOAST KaueCTBEHHbIE peakuuu Ha Ca’’.

1 Gamn

1 Gamn

1 6amn

Hroro:
3 Gata




Ca’* + (04 - (CaCy04] Genpliif KpUCTAIIMYECKHI 0CATOK
Ca?" + Ky[Fe(CN)g] + NHs" = KCaNH4[Fe(CN)g]| + K* Genblii KpUCTaIMUECKHii 0CAIOK TIpH
HArpeBaHHUU O KHIICHHS

4 | CraHaapTu3anus pacTBoOpa CoJSTHON KHCJIOTHI 5 6amnoB
IIpaBuJbHBIH 0TBET (KJIK0Y):

1. Lenb paboThl: YCTAaHOBUTH TOUHYIO KOHIEHTpanuio pactsopa HCI. 1 Gamn
CymHocTh MeTo/1a. TOUHYI0 KOHLIEHTPAIUIO COJISHOW KHUCIOTHI B PaCTBOPE MOYKHO YCTAHOBUTH C
MIOMOIIBI0 TIEPBUYHOTO CTaHIapTa — pacTBopa Oypsl. Bomselli pacTBop Oyphl mojBepraercs
THAPOJIN3Y, B PE3yIbTaTE YET0 NMEET LIETOYHYIO CPEy:

Na,B;07 + 7 H,O — 2 Na" + 2 OH" + 4 H;BO3
PactBop Oypsl THTPYIOT pacTBOPOM COJITHOM KHCJIOTHI TPSIMBIM CIIOCOOOM, Kak CHJIBHOE
OCHOBaHME CUJIBHOM KHCIOTOH. B mpomnecce TUTpOBaHUS NPOTEKAIOT PEAKLIUU:
Na,B407 +7 H,O — 2 NaOH + 4 H;BOs
2 NaOH + 2 HCl — 2 NaCl + 2 H,O
Na,B407 + 2 HC1 + 5 H,O — 2 NaCl + 4 H3;BOs
W3 cymMapHOTO ypaBHEHUs BUAHO, 9TO fIKB. (Na2B407)= 1/2
B Touke sKBHBaJeHTHOCTH BeinunHa pH Oyzmer Hwke 7, T. K. B pe3yibTaTe peakiuu oOpazyercs
6opHas kucnora (pH = 5). [ToaToMy 111 yCTaHOBIEHUS] KOHEYHOH TOYKH TUTPOBAHHS NCTIONIB3YIOT
WHAWKATOp, KOTOPHI MEHSIET OKpacKy B KHcioW obOmactw, mpu pH Ommskux k 5. Hambomee
TIOJXOISIINE HHANKATOPHI B ’TOM
JMana3zoHe — METUJIOBBIM KpacHbIM U METUIIOBBIM OpaH>KEBbIH.
2. OO6opyaoBaHME: BEChl TEXHHYECKHE, BECHl aHAJIMTHUECKHE, OIOKC C KPBIMIKOH, OlopeTKa
o0BemMoM 25 MII, KOJIOBI MepHBIe ¢ TpoOkoit o6semom 100 u 250 mu1, Komda KOHHYECKas
JUIE TUTpoBaHHUS oO0beMoM 50 Mil, mUMeTKH o0beMoM 5 mi (rpagyupoBanHas) u 10 mu,
BOpPOHKa, IpylIa, CTaKaH JJIs CIUBA, IPOMBIBANIKA. 1 6amn
PeakTuBBI: AeCATUBOIHBIN KPUCTAIUIOTHAPAT TeTpabopaTa HaTpus (Oypa), KUCI0Ta
ConsiHasi (KOHICHTPUPOBaHHBIH pacTtBop, p = 1,17 I/Mi), HHIUKATOp METHIIOBBIN OpaHKEBBIN
(BOIHBIH pacTBOD).

3. Xon ompezeneHusl.

1 IIpuroToBieHWE CTaHIAPTHOIO pacTBopa Oypbl. PacTBop Oypsl TOTOBAT Kak IEPBHUYHBIN
CTaHapT C MOJIPHOI KOHIeHTpanuel skBuBajeHTa 0,05 MOIB-3KB/IT B MEPHOW KOJIOE 00BEeMOM

100 M. Maccy HaBecku OypbI (T') pacCUHUTHIBAIOT IO opmyIie:

m="% M naB407-10120 V- C=1/2-381,36 - 0,1 - 0,05

Paccunrannyio maccy Oypbl B3BEIIMBAIOT B OIOKCE CHadyajla Ha TEXHUUYECKHX, a 3aTeM Ha
AHAIMTHYECKUX BecaX. HaBecky MmepeHoCsT B YHCTYIO MEpHYyI0 KojOy, a Orokc B3BemmBatotr. [1o
Pa3HOCTH HAXOJSIT TOYHYIO Maccy Oypbl. B mepHyio koiOy no06aBimsitorT 1/3 o6béma Bomsl u | 1 Gayn

MIEPEMEIINBAIOT JI0 MOJTHOTO PACTBOPEHHUS COJIH.
[Tocne 3TOTO PacTBOP JOBOAAT 10 METKH TUCTUIUTUPOBAHHOM Booil. OTcueT BeayT
0 HIKHEMY MeHHCKY. KomnOy 3akpbIBatoT MpoOKoii U MOJIIHUCHIBAIOT.
2 [puroroBnenne pactBopa coyisHOM kucaorel. ConsiHash KHUCJIOTa JieTydas, TOYHOU
KOHLEeHTpanueld He oOmagaer. TOYHYI0O KOHLIEHTPALMIO KHCIOTHI  YCTAHABIMBAIOT 110
CTaHAApPTHOMY pacTBOpy Oypsl, HO cHauyama rotoBaT pactBop HCl ¢ mnpubnmsurensHOiM
KOHIIeHTpanuei sxBuBaneHTa 0,05 Monw/m. [ 3TOro MCHONB3YIOT PaCTBOP KOHIICHTPHUPOBAHHOM
HCI, nmetontuiicst B maboparopun. PacueT BeqyT no gpopmyse:

Venen < MAHCD - C -V

HCD =500 -w - p

[110THOCTE KOHLEHTPUPOBAHHOIO PACTBOPA COJISIHOM KHCIOTHI 3aMEPSIIOT apEOMETPOM B MEPHOM
LIINHAPE C COOJIOAEHHEM BCEX IPABWJI TEXHUKM OE30MacHOCTH, a 3aTeM ONPEACIIIOT 10
CIIPaBOYHUKY MacCOBYIO JIOJIIO.
PaccunTtanHblii 00BEM KOHIICHTPHPOBAHHOW COJITHOW KHCIIOTBI OTMEpSIOT T'pagyHpOBAaHHON
MMUNETKOH W TOMEIIAloT B UYHCTYI0 MEpHYI0 KOOy HYXHOTO 00B&Ma, NpenBapHTENbHO
3aMO0JTHEHHYIO Ha %2 BOJIOW. KOHIIEHTPUPOBAHHOW COJISTHOH KHCIOTHI. PacTBOp MOBOJST A0 METKH
TUCTHIUTUPOBAHHON BOI0N. KonOy 3akphIBatoT MPOOKOH, IEPEMENTUBAIOT U TIOIICHIBAIOT.
3 Meroauka TUTpOBaHUs. BropeTky MOIOT, ONOJAaCKUBAIOT AUCTHIUIMPOBAHHON BOJOW, a 3aTeM
npuroroBieHHbIM pactBopoM HCI. [lanee Or0peTKy HANOJHSIIOT 3TUM PacTBOPOM BBIIIE HYJIEBOTO
JIeTICHUs] ¥ YIIIOT BO3IAYX W3 HaKOHEYHHMKAa M PE3WHOBOW TPYOKHM OIOpETKH. YCTaHAaBIMBAIOT
YPOBEHb JKHAKOCTH Ha HYJIEBOM JeJIeHHHM (OTCUeT BEXyT IO HIDKHEMY MEHHCKY). B Tpum
KOHMYECKHE KOJIObI MUIETKONH OTMEpSIIOT alMKBOTHL — 10 M1 pacTBopa Oypsl M 100aBisfOT 1O 1—
2 Karui MHJIMKAaTopa METHIOBOTO OpaH)XeBOro. PacTBOp Oyphl OKpaIIMBaeTCst IPH 3TOM B JKEJITHIH
uBetr. OnHy U3 Koi0 ¢ pacTBOpoM Oypsl CTaBAT IO OIOpPETKYy Ha JUCT Oenoit Oymaru. PactBop
Oypbl THTPYIOT COJSHOH KHCIIOTOH, NpHUOaBIAA TOCIEAHIOI 10 KAaIIIM W IOCTOSHHO
IepeMeInBas JKUAKOCTh IUIABHBIMH JABIKCHHAMH KOJOBL. THWTpoBaHHWE HPOBOAAT IO MOMEHTa
CMEHBI JKeNITOW OKPacKH PacTBOpa Ha OpAH)XeBYyI0. Pe3ympTaT THTpoBaHHS HO OIOpEeTKe cpasy




3aMMCHIBAIOT B JTAOOPATOPHBIHN KYpHAJ, YIUTHIBAas TOYHOCTH TIprOopa (7151 OFOPETKH ONPEIesIeTCs
KaK TOJIOBWHA IeHbI neneHws, T. €. 0,05 mui). Takum ke 00pa3oM THUTPYIOT COACPKUMOE IBYX
ocraBuuxcs koy0. TouHOe TUTpOBaHUE CJeAyeT NPOBOIUTH HE MeHee TpexX pa3. Eciu pasHuia B
OoTCUeTaxX 1Mo OIOpEeTKe MEXIy MapalieIbHBIMU omnpeaencHusMu npebimaet 0,1 M (00beM IBYX

Kamenb), TO THUTPOBAaHHE IIOBTOPSIIOT JO TIIOJNYYCHUS] TpeX CXOAAIIMXCS pe3ysbTatoB. Bcee | 1 Gamn

pe3ynbTaThl (B TOM YHCJIEe M HECOBIAJAIONINe) 3aHOCIT B J1a0OPATOPHBII JKypHAT M BBIYHCIISIOT

cpennee apupmernyeckoe VHCI, yauTpiBasi TOJBKO CXOASIIMECS 3HAUCHHMSI.

4. IlIpoBeneHue pacyeToB
MonsipHy10 KOHIIEHTpaLuio Oypsl (MOJIB/JI) pACCUUTHIBAIOT 10 B3STOM HaBECKE M, PACTBOPEHHOH B
kosibe oovremoM VK (100 m):
C(Na2B407) 1000m(Na2B40710H20)
a =
M(Na2B40710H20)VK

MonsipHy0 KOHIICHTPAIIMIO JKBUBAJICHTa (MOJb-3KB/J) coisiHoM kucnotel CHCI , B manHOM

cilyyae 4YMCJIeHHO paBHYI0 MousipHod koHueHtpauuu CHCI (tak kak f5kB = 1), onpenensior mo

pe3ynbTaTaM TUTPOBAHMUS COTJIACHO 3aKOHY SKBUBAJICHTOB!

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

rae V(Na2B40O7) — o0beM ainukBoTH pactBopa Oypsl, paBublii 10 mir; V(HCI) — cpenuuit o6bem

KHCIIOTHI, TIONIEIINA HAa TUTPOBaHUE (MII).
1 Gamn
Hroro:
5 GamnoB

5 | Onpenenenne BpeMeHHOI KeCTKOCTH BOJIbI 3 Gamna

IIpaBuibHbBIH 0TBET (KJI104):

1. Lenb paboThI: ONPEAETUTh COJIEpPKaHHWE TUAPOKAPOOHATOB KalbllMsl W MarHus B mpodOe | 1 Gamn

BOJBI (MMOJIB/IT).
CymurHocth MeToza. OOImas »ecTKOCTh BOABI OIpENeNseTcss CyMMapHOI KOHIlEHTpanuei HMOHOB
Kanbliuss W MarHus. [IpeacraBnsier co0Ol CyMMy MOCTOSHHO#M (HeKapOOHATHOW) M BPEMEHHOMN
(kapOoHaTHOM) KecTKOCcTH. IlOCTOSTHHAsI JKECTKOCTh OOYCJIOBJIEHA HAIMYUEM KaJIbI[UEBBIX U
MarHUEBBIX COJIEH CUIIBHBIX KUCIIOT (CEPHOM, a30THOH, CONTHON). [IpH KUTISTYeHNN HE YCTpaHsIeTCs.
BpemeHHas KecTKOCTh BOJBI OOYyCIIOBJICHA MPUCYTCTBHEM B HEH T'MAPOKapOOHATOB KaibLUS U
Marus. OTOT BUJI )KECTKOCTH MOXKHO YCTPaHWTh IyTeM KHUIISTYEHHUS, OTKYZA M B3SJIOCH HA3BaHHE
«BpeMeHHas». [Ipu KUMSYeHuH THAPOKapOOHATHI pasjararoTcsi ¢ 00pa3oBaHUEM HEPAaCTBOPHUMBIX
KapOOHATOB, YIJIEKHCIOTO Ta3a M BOJBl. BpeMEHHYI0 JKECTKOCTh ONPENEINSIOT HPSMBIM
TUTPOBAHMEM BOABI COJITHOM KHCJIOTOHM, MPU 3TOM IPOHMCXOMUT paspyLIeHHE T'HJIpOoKapOOHATOB
COTJIACHO PEaKIUsIM:
Ca(HCOs3), +2 HCl = CaCl, + 2 CO2 1 + 2 H,0,
Mg(HCOs3), +2 HCI = MgCl, + 2 CO; 1 + 2 H,0.

W3 ypaBHeHHH BHIHO, YTO COJHM BpEeMEHHOW jkecTkocTH pearupyioT ¢ HCl B momstpHOM
cootHomeHuu 1:2. 910 o3Hauvaer, uro fHkB.(HCI) = 1, a fHxs.(comm) = 5.
JUIs 9MCIICHHOTO BBIPAKEHUS JKECTKOCTH BOJBI YKAa3BIBAIOT CyMMAapHYIO KOHIIEHTPAIIO B HEH
KaTHOHOB KaJblMsl M MarHus B rpamycax xectkoctu (°XK). 1 °XK (ycrap. — wmr-sks/m)
COOTBETCTBYET KOHLIEHTPALUH IEI0YHO3EMENBHOI0 2JIEMEHTA, YUCIEHHO PAaBHOH 72 €ro
MUJUIUMOJISL HA JUTP. TakuM o0pa3oM, >KECTKOCTh MO CBOEH CYTH 3TO MOJISIPHAS KOHLEHTPALHS
SKBUBAJICHTA.

2. O6opynoBanue: Omoperka odbeMoM 25 wmi, konda MepHas oovemom 100 wmi, konba

KOHMYECKas /U1l THTpOBaHHUs 00beMoM 250 MiI, BOPOHKA, CTaKaH JUIsl CJIMBA.

PeakTuBbl: BOjIa (AaHAJIM3UPYEMBIH PACTBOD), KMUCJIOTA COJISTHAS (CTaHIApPTH30BaHHBIN pacTBop, C=




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

3. Xon ompexneneHus. B Tpu xoHMueckue KoiaObl o0bemMoM 250 mi orOupator mo 100 M
nuccienyeMon (HampuMep, BOJOINPOBOAHOH) BOJBI C IOMOINBIO MEPHOH KOJOBI.
JI00aBISAIOT B KKIYI KOJOY MO 3 Kaluli WHAWKATOpa METHJIIOBOTO OPAHXKEBOTO M
TUTPYIOT PAacTBOPOM COJISHOW KHCIIOTBI ZI0 HEpPEeXOoia OKPAacKH pacTBOpa M3 JKEITOH B
opamXeByr0. THUTpOBaHWE IPOBOAAT O IOJYYEHUS TPEX CXOISIINXCS Pe3ybTaToB,
KOTOpBIE 3aHOCAT B J1aOOPaTOPHBIA KypHal M ONpPENeISIIOT CpeiHee 3HaueHHe o0beMa
kucaotsl VHCI.

4. Ilposenenue pacueroB. BpemeHnHyo xecTtkocTh Bojbl XKBpeM (°0K) paccunuTsiBaroT

o hopmyie:

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

1 6amn

1 6amn

Kepem. V(H20)
HWroro: 3 Ganng
6 | OnpegeneHne aMMHAKa B pAaCTBOPe COJIM aMMOHHS 3 Gana
IIpaBuibHbBIN 0TBET (KJII0Y):
1. Iens pabotsl: onpenenuth Maccy NH3 B mpo0Ge (T). 1 6amn
2. Cymnocts Metona. ConepikaHue aMMHUaKka B COJISIX aMMOHHSI HE MOKET OBITh OTIPEJIEIICHO
HETOCPECTBEHHBIM TUTPOBAHUEM aHAJIM3HPYEMOTO pacTBopa (IpsMoe TUTpoBaHue). [l
9TOM IIeTH MCIOJB3YIOT KOCBCHHBIC CIIOCOOBI, HampuMep odpaTtHoe TuTpoBanue. Crocoo
OCHOBaH Ha THUTPOBaHMM W30BITKA INEJIOYH, OCTaBIIeiics B pacTBOpe ToOcCie
B3auMojeicTBUs coinu aMMoHMs ¢ NaOH. Hanpumep, peaknus pasnokeHus XJopuaa
aMMOHHUSI ITPOTEKAET IIPH HarpeBaHUU COTJIACHO YPaBHEHHIO:
t
NH4Cl +NaOH - NaCl+NH; 1+ H20
W36BITOK 1I€T0YN OTTUTPOBBIBAIOT PACTBOPOM COJISH ON KHCIIOTHI B IPUCYTCTBUHM HHAWKATOPA:
NaOH + HCI » NaCl + H20.
3. OOopynoBaHue:BeChl TEXHHYECKHE W aHAJIMTHYECKHE, IUTUTA JJIEKTpHYecKas, OIOKC ¢
KPBIIIKOW, XMMHYECKHE CTaKaHbl (TEPMOCTOWKHE), OropeTka oObeMoM 25 Mi, Koida
MepHas oobemom 100 mi, mumetku oobemMom 10 mur u 20 My, Koyba KOHHYECKAs ISt
TUTPOBaHUA 00beMOM 250 MJI, BOPOHKA, TPYIIIa, CTAaKaH JAJI CIMBA, IPOMBIBAJIKA. 1 bann
PeakTuBBl:  XJOpHJ ~ aMMOHHS  (QHATM3UpYyeMOE€  BENIECTBO),  THAPOKCHI  HATpHUS
(cranmaptuzoBaHHEI pacTtBop), C= 0,1 Momw/m), kucmora consHas (pactBop, C = 0,1 Monw/m),
WHJIMKATOp OPOMTHMOJIOBBIA CHHUH (BOJIHBIIN PacTBOP), yHUBEpCATIbHAS HHANKATOpHAs Oymara.
4. Xon onpenenenus. HaBecky Xyopruaa aMMOHHUST KOJIMYECTBEHHO TIEPEHOCST
B K010y Ha 100 Mu. OOBEM XHUAKOCTH B KOJIOE MOBOISAT O METKU TUCTHUTUPOBAHHOM BOJOU W
TIATEJIbHO NepeMemnBaoT. B 2-3 TepMOCTOWKHMX CTakaHa BHOCAT mnumeTtkod mno 10 ma
ucciegyemMoro pactsopa u mo 20 mur pactBopa ruapokcuaa Hatpus. CTakaHel C pacTBOpaMH
HAarpeBaroT Ha JIEKTPUYECKOU
IUINTKE Tpu Temmeparype,0mmskoi k 100 °C, mo monHoro ynamneHus ammuaka. OOBIYHO 3TO 16
A

JOCTHTAaeTCs NMPH HCTIAPEHUH MPUMEPHO TOJOBUHBI COJAEPKHUMOTO CTakaHOB. lloiHOTY ynameHus
aMMMaKa KOHTPOJHUPYIOT C TIOMOIIBI0 YHHBEPCAIbHOM HMHIMKATOPHOW OyMarw, CMOUYEHHOI
JUCTUIUIMPOBAHHON BOJOU
(mpm neiicTBuM mapoB aMMuaka Oymara cuHeeT). Ilocne 3aBepuIeHHMsS peakIUH COJEPKHUMOE
CTaKaHOB OXJIAXAIOT 10 KOMHaTHOW TEMIIEpaTyphl, BHOCAT 1O 1 Karuie OpOMTHMOJIOBOTO CHHETO
U TUTPYIOT PACTBOPOM COJITHOM KHCJIOTHI J0 NEPEX0/a OKPACKU PACTBOPA U3 CHHEH B TPABIHUCTO-
3eleHyl0. Ecnu pe3ynbTaTsl ABYX TUTPOBAHUM aHAIU3UPYEMOIO PacTBOPA Pa3IMYalOTCS MEKLY
coboif Ooxpme, yem Ha 0,20 MI, MPOBOAAT AOTONHUTEIBHBINA OMBIT. OIpenensioT cpeaHee
3HaUYeHHEe 00beMa pacTBOpa KUCIOTHI V¢, TOLIEIIET0 Ha TATPOBAHHUE IIEIOYH.

5. TlpoBeneHue pacyeToB.
Maccy aMMuaka (T) B XJIOpHIe aMMOHUS PACCUUTHIBAIOT 1O (hOpMyIIe:

(CNaOH - VNaOH — CHCl - VHCI) - MNH3 - VMK
m(NH3) = Ve

PaccuuntreiBarot a6COJ’IIOTHyIO 1 OTHOCUTCJIbHYIO OTI'PEITHOCTH

Uroro: 3 6anng




7 | CTaHz[aansauml pacTBopa nepMaHraHaTa Kajus

3 Gamta

IIpaBuJbHBIH 0TBET (KJI10Y):
1. Lesb paboThI: YCTAaHOBUTH TOYHYIO KOHIEHTpauuio pactBopa KMnOy.

CymHocth _MeTona. TouHyI0 KOHLEHTPAIMIO pacTBOpa IEpMaHraHara Kanus
yCTaHaBIMBAIOT depe3 8—10 mHeil mocie ero MpuroToBIEHUS IO IiaBeneBoi kuciore H2C204 -
2H20 wmm okcamary Hatpus Na2C204 u npyrmM BemiecTBaM. 3a 3TO BpeMsl IPOUCXOAUT
OKHCJICHHE BOCCTAaHOBUTEJIEH, IPUCYTCTBYIOIIMX B AWCTHUIMPOBAHHOW BoAe (TIBUIb, CIIEHBI
OpTaHUYECKHUX COCTUHEHNH ), U KoHIeHTpannsi KMnO4 crabmmmsupyercs.

OxcanaT HaTpusi M IIaBeJeBas KHCIIOTA SBIAIOTCS Hanboliee YIOOHBIMH YCTaHOBOYHBIMH
BEIIECTBAMH, TaK KaK OHH HE TOKCHYHBI U YCTOHYMBEI.

B ocHOBe TUTPOBaHMS JISKUT PEaKIMs

5 C04* +2MnOs +16H"=2Mn?" + 8H,0 + 10CO; 1

@dakTophl SKBUBAJICHTHOCTH IIEpMaHraHaTa U OKcajaTta ONpPeessIFOTCs, UCXOs U3 TI0JTypeaKIui
MnOys + Se— < Mn** + 4H,0 = f3x(Mn0O4 ) =1/5

C04% -2¢ & 2C0O,1 = DrB(C047) =1/2

TuTpoBaHHE OKCaNaT-MOHOB IEPMAHTaHATOM KallUs IPOBONSIT B CHJIBHOKUCIOH cpene 1o
CJICTYIOIIUM IIPUYHHAM:

— 00pasyroTcs GecuBeTHBIE HOHBI Mn?", KOTOpBIE HE MEMAIOT PHKCH-

pOBaTh KOHEYHYIO TOUKY TUTPOBAHUS;

— okucauTenbHas cocooHocts KMnO4 B KHCiI0it cpeie HaMHOTO BBI-

1Ie, 4eM B HEHTpaJIbHOW ¥ ClIaboILEeNIOYHON cpeie:

E Mnoa-mimmzs =1,51 B;  E Mnoa~/ mno2, on-= 0,60 B

Cpema co3maercs m30piTkoM H>SO4. Henp3s ucmomp3oBate HNOs m HCl, tak kak B mx
MIPUCYTCTBUM TIPOTEKAIOT MOOOYHBIC peakiuu. Peakuust B3aMMOJICHCTBHS IEepMaHraHaTa KallHis C
OKCallaT-HOHAaMU OTHOCHTCSI K THITy aBTOKaTanuTHueckuX. OHa KaTalnu3HpyeTcss HPOAYKTOM
peakuun — nonamu Mn 2%, Tlepebie kammm KMnOy4 naxke B TopsSsd4eM pacTBope 0G€CIBEUMBAIOTCS
OuYEeHb MEJIEHHO. B X0l TATPOBaHMs KOHIEHTpaKs HOHOB Mn?" Bo3pacTaeT U CKOPOCTh Peakiuu
yBenuuuBaeTcs. HarpeBaHne THTpPyeMOro pacTBOpa CIIOCOOCTBYET YBEIMUEHHIO CKOPOCTH
peakiuu. Kpome TOro, mpu HarpeBaHMM YBEJIMYMBAETCS BEIMYMHA CKauyka THUTPOBAHMA,
CJIeJJOBATEJIbHO, TIOBBIIIIAETCS TOYHOCTh ONPEACIICHUS.

TutpoBanue npoBoauTcs 6e3 MHIUKATOpPa, TaK KaK BCE MPOMYKTHI peakiMM OECHBETHHI M OJHA
mumHAs  kamat KMnOgs mocne TOYKM SKBHBAJCHTHOCTH IIPUAACT PacTBOPY COOCTBEHHYIO
MaJIMHOBYIO OKPacKy.

OOopynoBaHME W pEaKTUBBI: OropeTka, mumeTka Mopa, KOHHYecKHe KOJIObI, MepHas Kojoda,
MepHblid mmHAp (10-25 M), smektpudeckas mmtka, ~0,05 H. pactBop KMnO4, mepBuyHbIiI
cragaapTHbiid pactBop HoCoO4 mitn NaxCoOy, 2 H. pacTBOop H2SO4.

BrinonHeHue paboTsl.

3anonsstoT OtopeTky pactBopoM KMnO4 1 ycTaHaBIMBAIOT YPOBEHB )KUAKOCTH Ha Hyse. OTcUeTs
oObeMa TpH TUTPOBAHMM IEPMAHIAHATOM KaJlks LIEJNecOO0pa3HO JIeJaTh IO BEPXHEMY Kparo
MEHHUCKa YPOBHS KMJIKOCTH, TaK KaK HIOKHUM Kpall MEHUCKA HE BUJIEH U3-32 UHTCHCUBHOU OKPACKHU
pacTBopa.

[TomemtaroT B KOHHYECKYIO KOOy aist TutpoBanus 10 mi 2 H. pactBopa H.SO4 u Harpesarot, He
JoITycKas 3akumnaHud. [IuneTkoil 6epyT aJMKBOTHYIO YacTh PAacCTBOPA YCTAHOBOYHOTO BEIIECTBA U
BHOCAT B HarpeTblii pacTBOp CEPHON KHUCIOTHI (HarpeBaTb M KHISATHTh KHCIBIE PacTBOPHI
OKCaJaTOB HE CIIEAYET, TaK KaKk OHM pasyiaratorcs). [opsduii pacTBOp THTPYIOT NE€pMaHTaHATOM
KaJIMsl MO KaIulsiM, SHEPTUYHO IepemernBas. Kaxylo clIeayronlylo Karuio NpuoOaBiIsioT TOJIBKO
IocJe TOro, KaK MCYE3HET OKpacka OT mpelblaynieid. TUTpyroT nepMaHraHaToOM JI0 MOSBICHHS HE
uc4esaromieii B TeueHne 30 ceKyHI ciabo-po30BOil OKPACKH.

[lo pesynbpraTaM THUTPOBAHHUS PACCUUTHIBAIOT TOYHYIO KOHIIEHTPALMIO pacTBOpa IepMaHraHaTta
KaJInsi, MOJIb-3KB/JI.

1 6amn

1 6amn

1 6amn

Uroro: 3 6anng

8 | Cranpaprusanus pacrtsopa kommniaekcona III (Tpusiona B) 3 Gamna
IIpaBuibHBIH 0TBET (KJI104):
1. Lenb paGoThl: yCTAaHOBHTH TOYHYIO KOHIEHTPAILMIO pacTBOpa KomruiekcoHa [II (mosb- | 1 Gamn

9KB/T).

CymHocth _paborel. OCHOBHBIM PabOYMM PacTBOPOM B KOMILIEKCOHOMETPHH SIBISICTCS PAaCTBOD
xomiuiekcona Il (BATA, tpunon B). Jlns ero mpuUTOTOBICHUS MPUMEHSIIOT TUHATPUEBYIO COJIb
STHJICHANAMUHTETPAYKCYCHON KUCIOTEI - Na,CioH140sN, + 2H,0 (yemosno — Na,Ho Y womm HoY?).
OnHa 5erko MOJTyYaeTcsl B YHUCTOM BHIE, XOPOIIO PACTBOPHMA B BOJAE, PACTBOPHI YCTONUYMBEI IIPH
xpaHeHnd. lIpym OOBIYHBIX YCHOBHAX Tpemapar coxepxuT mnpumepHo 0,3% Bmarm, mo3toMmy
TUTpPOBaHHbIE pacTBOpbl DJITA MOXXHO TOTOBUTH MO TouyHOW HaBecke (¢ yderom 0,3% H,0).
OnmHako OOBIYHO €ro TOYHYIO KOHIEHTPALMIO YCTaHABIMBAIOT II0 PAacTBOPY COJM IIMHKA.
OmpeneneHne OCHOBAHO HA peaknuH B3aumojeiicTBus komiurekcona III ¢ monamu nuHKa B cpexe
ammuagHoro Oydepa:




Zn?* + H,Y* — ZnY* +2H'

B oroit peakmum f 2kB. muHKa W KOMIUIekcoHa = 1. OTcioga KOHIEHTpalus MOJIIPHOTO
JKBUBAJCHTa paBHa MoyisipHOH. KoHewuHass Touka THUTpOBaHUS (UKCHPYETCS C ITOMOIIBIO
HMHAMKATOpa 3pHoxpoMa depHoro T, KOTOpBIN UMEET CHHIOI0 OKPACKY, a €r0 KOMILIEKC C IIMHKOM —
JINJIOBYIO.

2. OO0opyJoBaHME U PEaKTUBBI: MEpHas Koj0a, OropeTka, nuneTka Mopa, MepHBIH LUIUHID
(50-100 mu), xoHmueckas konba, 0,05 H. pacTBop kKomruiekcoHa III, kpucrammmyecknit
ZnS0O4 - 7TH20 (x. 4.), ammuaunslii Oydep ¢ pH=9, unankatop spuoxpom uepusii T B
cmecu ¢ NaCl (1 : 100).

3. Brumonnenune pabotel. PaccunteBaror HaBecky comu ZnSO4 - 7TH,O, HEoOXomumyro Iuis
npurotoBneHns Tpedyemoro obOwsema 0,05 H. pactBopa. B3BemmBaioT ee Ha
aHAINTHYECKNX BECaX, IEPEHOCAT B MEPHYIO KOJIOY, PACTBOPSAIOT B BOJIE M JOBOAAT 00BEM
70 METKH. PacCUMTBIBAIOT TOYHYIO KOHIIEHTPALWIO IPUTOTOBIEHHOTO PAacTBOpPa (MOIb-
9KB/11). B x0n0y 11 TUTPOBaHMS NMEPEHOCAT MUMETKON ATMKBOTHYIO YacThb CTAaHJAPTHOTO
pacTBopa cojiM IMHKa, No0aBistor 20-25 mi ammuauHoro Oydepa M MHAMKATOp Ha
KOHYMKe mmnarens. TuTpyroT pactBopoM komiuiekcona Il no nepexona 1uioBoi OKpacku
pactBopa B cuHION. [1o pe3ynpTaraM TUTPOBaHUS PACCUUTHIBAIOT TOUHYIO KOHLIEHTPALHIO
pactBopa koMrutekcoHa 11, (Mob-3kB/i1)

m(ZnS04 - 7TH20) o
C(ZnS04) =

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

V(Tp.B)

1 6amn

1 6amn

Uroro: 3 6amng

9 Onpenenenne 3Hauenusi pH pacTBopa ¢ ucnoJib30BaHMEM
CTEKJISTHHOTO JIeKTPo/ia

3 Oamna

IIpaBuibHbBIA 0TBET (KJII0Y):
1. Lenb paboTbl: ompenenuts 3HayeHue pH pacTBOpa C HCNONIB30BAaHMEM CTEKJISIHHOTO
9IIEKTPO/Ia ¥ MO MOJTYYCHHBIM JaHHBIM PACCUUTATH KOHIIEHTpaIio noHoB H' B pacTBOpe.

CymHocth pabotel. OmpeneneHne KUCIOTHOCTH pactBopa (pH) sBisercss BaxkHOW 3ajgaueid
OTpacieBOro aHajau3a. Tak, IpH M3YYEHHH KHCIOTHOCTH IIOYB OIpENeNsioT BenuuuHy pH
MIOYBEHHOH BBITSKKH. [loJTydeHHbIE CBEICHHS YUMTHIBAIOT MIPU BHECCHUH B II0YBY HEOOXOIMMBIX
ynoOpeHni 1 MUKPOJIEMEHTOB.

KonmuectBenHoe onpenencHne BennduHbl pH pacTBopa MOXKET OBITH OCYIIECTBICHO Pa3lUIHBIMU
cnocobamu. IIpe/uIoKeHHBIE METOJ ONpenieNeHHs] BKIIOYAeT MPSMOE MOTEHIIHOMETPUYECKOE
N3MEpPEHNE C WCIOJB30BAHUEM CTEKIISTHHOTO JJIEKTPOoJa (MHIMKATOPHBIA) M XJIOpCEepeOpsHOTOo
3JIeKTpoaa (37eKTpo cpaBHeHUS ). CTEKISIHHBIN 3JIEKTPOJ OTHOCUTCS K MEMOPAaHHBIM JJIEKTPOIaM
U B pacTBopax ¢ BenuuuHoW pH ot 2 mo 9 cenexruBeH k nony H'. st mOTEHIIMOMETPHYECKOTO
HM3MEPEHUs UCIOJB3YeTCs CHEeNaIbHbI mpubop — noHomep. PyHkuus u3Mmepenus pH mosponser
HM3MEPEHHYIO BEJIMYHHY MOTEHIHAaa cpa3y ke MpeoOpa3oBeIBaTh B eAUHHUIEI pH.

2. Docyna u ob6opynoBaHue: CTakaH BMECTHMOCTBIO 150 MII; 3MeKTpOHHBIH HOHOMED;
WHIIUKATOPHBIA AJIEKTPOJl — CTEKISIHHBINH; 3JIEKTPOJ CPaBHEHHUS — XJIOpCepeOpsHBIH,
MarHuTHas MeIlaiKa.

3. BrmonHeHue paboTH:

DIEeKTPOIBl MPOMBIBAIOT BOJOW W W3JIHMINKK ¢€ CHAMAIOT (IIBTPOBabHON Oymaroil. B crakan
HAJIMBAIOT aHAJIU3UPYEMBIA PACTBOP, OMYCKAIOT B HEr0 IPONEIEp MAarHUTHOW MENIalKd U
MIOTPYXAIOT IEKTPoas! Ha 1-2 cM. Brirouaror nmepememmBanme u noHomep. [lokasanust npudopa
3aIMCHIBAIOT B JTA0OPATOPHBIH KypHaJI.
Ilo nmonyuenHoil BemuuuHe pH paccuuThIBalOT KOHLEHTpauuro0 HOHOB H+ B aHanusupyemom
pacTBope.

Tax kak pH = —1gCus, T0, cienoparensro, Cus = 10PH (Momns/m)

1 6amn

1 6amn

1 Gamn

Uroro: 3 6anng

10 CrnexkTpodoromMeTpryeckoe onpeejieHue NePMaHraHaT-noOHA 3 bama
IIpaBubHbBIH 0TBET (KJI104):
1. Ilenp paGoTel: ompenenuTh KoHIEHTpamumio MnO4 B aHanm3upyemMoMm pacTBope | 1 Gamn

CIEKTPO(POTOMETPUIECKUM METOJIOM TI0 BEIMUKHE KOIPPHUITMEHTA MOJIIPHOTO MTOTIIOMIEHHUSI.
CymHOCTh _paboThl. KonudecTBEHHBIN aHaaW3 CoJEp)KaHWs TEepPMaHraHAT-WOHA  SIBIISIETCS




KITIOUEBEIM 3TAloM OIpejelieHuss HOHOB Mn?'. Jlng aHanusupyeMblil 00BEKT, coepskaiero Mn?"
MOJIBEPTAIOT OKHCIECHUIO IepcynbdaTtom amMMoHus. B pesynpTare momydaercs BOXHBIN pacTBOp
NepMaHraHaT-uoHa. Tak Kak MakCHMyM IOTJIOIICHMS 3TOTO PAaCTBOPAa HAXOAWUTCA B BUAUMOM
o0lacTi  CHEKTPalpHOTO  [AWamna3oHa, TO MOXHO TPOBOJAWTH  OMNPENENICHHE  JIIOOBIM
(oTOoMEeTpUYECKUM METOJIOM aHanu3a. B nmaboparopHoii pabore cojiepikaHue NepMaHraHaT-HOHa
OIIPENETSIIOT CIEKTPOPOTOMETpUYECKH. Tak Kak sl CIeKTPO(OTOMETPHUYECKUX H3MEPEHHI
HCTIONB3YeTCsl CBET BBICOKON CTENMEHM MOHOXPOMATHYHOCTH, TO OIpEJeNeHHE KOHIEHTPaLUuu
BEIIIECTBA MOXKHO BBITIOJIHUTG 110 3aKoHY byrepa — Jlambepra — bepa. IIpu aToM HeoOX0aUMO 3HATh
BeNMMYMHY Kod((dUIMEeHTa MOJIIPHOTO TMOTJIONIEHUsT € NpH JJIMHE BOJHBI MaKCHMalbHOTO
nornommenus. s pacyera ko3¢ ¢uIMEHTa MOJISIPHOTO MOTJIOMIEHHS B JlabopaTopHoil pabore
H3MEPSIOT ONITHYECKYIO ITIOTHOCTH CTaHIapTHOTO pacTBopa KMnO4.

2. PeaxtuBol: cranmaptabii 0,0100 M pactBop KMnOy; 2 H. pactBop H»SOs4. IMocynma u
obopynoBaHne: MepHBIE KOJIOB BMecTHMOCThIO 100,0 MII; MUNETKH TpaTyHpOBaHHEIC
BMECTHMOCTEI0 5,0 MII; MEpHBI HWIMHAP BMECTHMOCTBIO 5 MI, CHEKTpo(dOoTOMETp;
KIOBETHI JuinHOoM 1,0 cM.

3. BrmmonnaeHue paboTh

IoaroroBka crnekrpodoromerpa Kk padore. CeKTpohOoTOMETP BKIIIOYAIOT B CETh U MPOTPEBAIOT
30 muH.

[IpuroroBnenne pazdaBieHHOro craHgapTHoro pactBopa KMnOs. B MepHyro konOy
BMecTuMOocThi0 100,0 Mu1 muneTkoit BHOCAT 5,0 M1 ucxonxoro 0,0100 M pactBopa nepmaHranara
KaJIus M C MOMOLIbI0O MEPHOTO LIMIMHJpA J00aBISIIOT 5 MI pacTBopa cepHOil KucioTsl. O0beM
pacTBOpa ZOBOAAT 10 METKU JTUCTHIUIMPOBAHHON BOIOW M TIIATEIBEHO IEPEMEIINBAIOT.
PaccunThIBalOT MOJISIPHYIO KOHIICHTPAIMIO MPUTOTOBJICHHOTO pPAacTBOpa II€pMaHraHaTa Kauus
C(MnOy ), Mo1/11, IO popMyIIe:

C(Mn04—) =

Cct.p—paeVcT.p —pa

V/MepH. K0J16bI

[IpurorosneHue pacTBopa cpaBHeHUs. J{1s IPUTOTOBJICHUS pacTBOpa CPABHEHHS B MEPHYIO KOJIOY
BMectumocteio  100,0 M nobGasistor 5 mu pactBopa HrSOs, noBomsT o0beM 10 MeETKH
JUCTUJUIMPOBAHHOW BOJOM U TIIATEJIBHO NIEPEMEINBAIOT.

Ilonyuenue cnektpa mnorjomenus. IIpoBondar wu3MepeHHe ONTHYECKOM IIJIOTHOCTH pacTBOpa
IepMaHraHaTa OTHOCHTEJIBHO pPAacTBOpa CpaBHEHUs B juanazoHe anuH BoiH 400-600 HM.
BeiOnparor AnMHY BOMHBI, TNpPH KOTOPOH TIPOMCXOAWT MAaKCHMAJIbHOE IOTJIOMICHHE |
paccUuTHIBAIOT & KOIGPHUIIMEHT MOJISIPHOTO MOTJIOMIEHUS 1O (hopMyIIe:

€=
C

rae A — onrtuueckas INIOTHOCTh TPH BBIOpaHHO# aiuHe BosHBI Amax; C(MnOy ) — KOHIIEHTpanus
crargaptHoro pactBopa KMnO4 (Moms/m); | — mnHa KIOBETHI (CM).

[poBenenune ananmza. AHaMM3upyemsbiit pactBop KMnO4 momemarot B MepHyto koioy (100,0 mir).
K momydenHomy pactBopy pmobaBmsstor 5 wmi pactBopa H»SOs u moBomaTr 1m0 MeTKH
JUCTHJUTUPOBAHHOM BOJOH. 3alONHSIOT KIOBETY aHAJIM3UPYEMBIM PACTBOPOM M H3MEPSIOT €ro
ONTHYECKYI0 IUIOTHOCTH AX IpH BBIOpPAaHHOW [UIMHE BOJIHBI AMAax OTHOCHTEIHHO pacTBOpa
CpaBHEHHUS.

Hcnonp3ys W3MEpEeHHYI0 BEIHYMHY ONTHYECKOHW IJIOTHOCTH U PACCUMTAHHOE 3HAYCHHE
K03((ulKEeHTa TOTIJIOIIEHNs, HAXOAAT KOHUCHTPAIMIO IepMaHraHaT-uoOHa B aHAM3UPYEMOM
pacTtBope

Cx(MnOy’), MOB/1I:

Ax
CX(MTI04—) = ﬁ

1 6amn

1 6auia

Uroro: 3 6anng

1 cemecTp

PACCUYET BAJIJIOB B 1 CEMECTPE

MO JTUCIUIIJINHE «HEOPTAHUYECKAS XUMMUSI»
1 Mmoayab




Ne Pe3yabTart Bun padotsl / cnocod
(MHAMKATOP) Kpurtepuu onieHuBaHus
1 OIIK-1 JlaboparopHbie pabOTHI-8 12 (1,5 Gamma 3a 1 mabGopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KonrponbHas padora Nel 7*
KonrponbHas padora Ne 2 7
*(8 3aganumii, 3 Bompoca m 5 3amau;
0,5 0ass1a 32 NpaBWJIbLHBINA OTBET Ha
Bompoc W 1 3a TNpaBWIbLHO
PeLICHHYI0 32/1a4Y)
3 BerinosiHenue gomarisei paboTsl, 1
4 ITocemaeMocThb 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MoayJab
No Pe3yabTar Bua pa6otsl / cnocod
(MHIUKATOP
)
Kpurtepuu onenuBanus
1 OIIK-1 JlabopaTopHsle paboOTHI - § 12 (1,5 Gamm 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KontponsHas pabora Ne 4 7*
Konrponsnas padora Ne 5 7
*(8 3apanumii, 3 Bompoca u 5 3amau;
0,5 6a/u1a 3a MpaBUIbHLIA OTBET Ha
Bompoc W 1 3a TNpaBWIbLHO
pelIeHHYI0 3a1a4y)
3 Brinmonxenue gomaniHei paboTsl 1
4 ITocemmaemocTth 1
5 Pabota Ha 3aHATHH 2
Hroro: 30
6 IK3aMeH 40 (4 3amanuss B Owiere mo 10
0aJ1J10B)
Hroro 3a 1 cemectp 100 6as10B
2 cemecTp

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

1 Mmoayab
Ne PesyabTart Bupn padotsl / cnocod
(MHAMKAaTOP) Kpurtepuu onenuBanus
1 OIIK-1 JlabopatopHbie pabOTHI-6 9 (1,5 OGamma 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 Kontpomnsnas pabora Nel 5*
Kontpomnsnas pabora Ne 2 5
Kontponsnas padora Ne 3 5
“(6 3amanuii, 2 Bompoca u 4 3axaun;
0,5 6a/u1a 3a MpaBUJIbHBINA OTBET HA
Bompoc W 1 3a mnNpaBMIBHO
PeLICHHYI0 32/124Y)
3 BrimonHeHne qoMairHeit paboTel, 2
4 ITocemaeMocTb 1
5 Pabora Ha 3aHsITHH 3
Hroro: 30
2 MoayJab
Ne PesyabTrar | Bua padorsl / cnocod
(MHaUKATOP
) Kpurepnu onennBanns




1 OIIK-1 JlabopaTopHbie pabOTHI - § 12 (1,5 6amn 3a 1 mabopaTopHyIO
OIIK-2 paborty)

2 OIIK-6 KonTtponsHas pabora Ne 4 5*

KonrponbHas padora Ne 5 5

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

3
Tect (rect copep:xkur 20 Bompocos, 1
NpaBUJIbHBINA 0TBeT -0,15 0a/l1a)
3 Brinonnenue nomaiiseil paboThl 2
4 ITocemaeMocTs 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
6 IK3aMeH 40 (4 3apanusi B Omiere mo 10
0aJ1J10B)
Hroro 3a 1 cemectp 100 6an10B

Bomnpochl kK KOJUIOKBHYMY 110 TeMe «AHaJIUTH4YecKkHe cBoiicTBa KaTHOHOB I m Il rpynm»
(NH*4, K*, Na*, Mg**, Ba?*, Sr**, Ca?")

1. Tlouyemy xaTtuoHsl I rpynmel He UMEIOT IPYIIIOBOTO peareHTa’?

2. B uem 3akimrouaroTcsi 0COOCHHOCTH MOHA MarHus 10 CPaBHEHHUIO C IpyrUMH KaTHoHamu | rpynmsl? Kak oHu

UCTIONB3YIOTCS B XOJI€ aHaIM3a?

Kaxue cBoiicTBa uMeeT noH Maraus ¢ nonamu Il rpynnsi?

[Mouyemy i1t oOHapykeHHs KaTHOHOB | rpymnIbl HEOOXOIUMO yIAIUTh KaTHOHBI 11 rpynmbt?

Kakue kaTrons! | rpymnmnsl MOKHO OTKPBITH JPOOHBIM ITyTeM B cMecu kKaTuoHOB I-11 rpynn?

Kakast peaknusi Ha MOHBI aMMOHUs Oojiee creuM(pHUYHA: PEakKlys BBIICICHHS aMMHaKa MO JeHCTBHEM

IesI0ur WK ¢ peaktuBoM Hecnepa?

OO6HapyXeHUIO KaKUX KaTHOHOB | Tpymmsl MeniaeT HoH aMMOHHMA? (yKa3aTh PEaKIuu).

Kak ynanute nonst aMmmorua? Kak IpoBepuTh MOTHOTY yaleHus?

9. [Iloyemy npu TepMHYECKOM PA3JI0KEHHH COJICH aMMOHHSI pEKOMEH TyeTcsl IPHOaBIIATh KOHIEHTPUPOBAHHYIO
A30THYIO KHCIIOTY?

10. Kak paznaraercst mpy pOKIMBaHUHU XJIOPHI, HUTPAT, Cynbdat, pocdar, kapOboHaT, XpoMaT aMMOHHS?

11. Kakoe HepacTBOpHMOE COEAMHEHHS OCTaeTcsi NpH 0OpabOTKM BOJOH OCTaTka IIOCIE TEPMHUYECKOTO
yAaJIeHUs] aMMOHUNHBIX COJIEi?

12. PactBOpsiercss mu nBOWHOW (ochaT MarHus W aMMOHHA B Kuciorax? Kakwe mpoAykTel oOpasyroTcs B
3aBHCHUMOCTH OT KHCIOTHI?

13. OGHapyXeHHIO KaKuX KaTHOHOB | TpyImsl MeniaeT Maruuif?

14. Tlouemy peakIro Kajuus ¢ KOOATBTHHUTPUTOM HATPUS HEJIb3s MPOBOAMTH B IIEIIOYHON cpeze?

15. Tlouemy B KauecTBE TPYMNIOBOTO peareHTa HCIONb3yeTcs KkapOoHaT ammonwus? IlokaxuTe, UTO
HCIIOJIb30BAaHUE XpoMara, CyJabdara, okcanara, hocdara HerenecoodpasHo?

16. Ilouemy B MPUCYTCTBHHM COJICii aMMOHHMS HE 00pa3yeTcst 0caJ0OK OCHOBHOTO KapOoHaTa MarHus?

17. Touemy HyXHO IPOBOAUTH OCAKACHUE KapOoHaTOB 11 rpyme! Ipu HarpeBaHuu ( HO HE TPU KUIITYCHIH)?

18. B yem mpWuMHEI HEMOIHOTO OCaXIeHWs KapOoHaroB Il rpymmel mpw aelicTBHM KapOoHAaTa aMMOHHS?
KakoBbI crioco0b! nX ycTpaHeHus ?

19. MoxHO M BMECTO XJIOpHJa aMMOHHUS HCIIOJIb30BaTh CyJib(aT aMMOHHUS IIPU OCAXKIECHHM KaTHOHOB Il
rpynmsi?

20. Kax paccunrtath 3HaueHue pH momnHoro ocaxnaenus xap6onatoB Il rpymmer? ITokaxkure, 9TO THAPOOKUCH
Mar"us a 3THUX yCIOBHUSIX HE 00pa3yercs.

21. Tlouemy He MPUMEHSIOT KapOOHAT HATPHS WM KaJHs B KAUECTBE IPYIIIOBOTO peareHra?

22. Kak mepeBectu cynbdarsr II rpymmer B kapOoHaTel? B Kakux yCIOBHSX M TodeMy HeoOXoauma
MHOT'OKpaTHasi 00paboTka ocanka cyibparos Il rpynmer kapboHaTOM HaTpUs U HarpeBaHue?

23. Tlouemy cynbdaT KaJIbIIUs PACTBOPUM B COJIX aMMOHUs?

24. B yem pactBopumsl pocdarsl II rpynmner? Kakue npogyKThl Moy4aroTcs NPU PacTBOPEHUH B Pa3IMUHBIX
KUCJIOTaxX (XJIOPUCTOBOAOPOTHOM, YKCYCHOH)?

25. Tloyemy B KHCJIO# Cpejie Heb3s 0CaINTD JABy3aMelleHHbIe ocdarsl KaTnons! 11 rpynmsr?

26. IloyeMy B yKCYCHOKHCIION Cpejie M3 CMECH KaTHOHOB Oapyisi, CTPOHIIMS KaJIbIMs BBINAIAE€T B OCAJIOK TOJIBKO
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xpoMmart 6apus?

27. TloueMy mpu AelcTBUM OMXpoMaTa Kalusi Ha pacTBOP COJIM Oapusl BBIMAIAET OCAIOK XpoMarta oapus?

28. Tlouemy xpoMat O6apust pacTBOPSIETCS B YKCYCHOHN KUCIIOTE TIPH HArpeBaHUU?

29. Kak MOHO pacTBOPHUTH XpoMatbl Oapust ¥ cTpoHuus? Kakue npoayKThl MONydYaroTcs MpU HarpeBaHHWU B
Pa3IMYHBIX KUCIOTAX (XJIOPUCTOBOIOPOIHOM, YKCYCHOI)?

30. KakoBbl npu4yuHBI OMIMOOK NPH 0OHAPYKEHUU Oapusi ¢ OMXPOMATOM Kajusl B IPUCYTCTBUU CTPOHIMA?

31. B uem pactBopsitotrcs okcanarsl 1 rpynmer? Kakue nponykTel 00pa3yroTcst Ipy pacTBOPEHUH B PA3IMYHBIX
KHCJIOTaX (XJIOPHCTOBOJOPOIHOM, yKCYCHOIT)?

32. Kaxk maruuil pactBopsieTcs ¢ OKcanaToM aMMOHUS?

33. Kaxkue crioco0s1 pa3aeneHust KaTHOHOB 11 rpyIiimer BB MOKETE MTPETOKUTH?

34. Kakne MeToAbI pa3aencHus 1 OOHAPYKCHUS KaJIbIINS U CTPOHINS BBl MOXKETE MPEJIOKHUTS?

35. Kakne opraHnveckrne peareHThl MOXKHO HCIOJB30BATh UIA pasfelieHHs M oOHapyKeHHWs KaTHoHOB Il
TPyIIIBL?

36. Kak M0XHO 00BACHUTH 00pa30BaHUE CTPOHIMS P JICHCTBUH THIICOBOI BOABI HA PACTBOP COJIM CTPOHIIHSA?

37. KakoBBI BO3MOKHBIE NCTOYHHUKHU OMIMOOK MpH 00HAPYKEHUH CTPOHITUS PEaKIiell ¢ THIICOBON BOJON?

38. Kak pearupyer ¢eppoumaHu Kanusi ¢ HOHAMH CTPOHLMS M KalbLUs B MPUCYTCTBHUHM aMMHaKa U XJOpHIa
amMMoHusi? KakoBbl cBOWCTBa (heppoLMaHnia Kaablys?

39. Yto Taxkoe npenBapUTEIbHbIE peaKkuuu?

40. Kakue npeaBapuTeIbHBIEC peakiMd HEOOXOJUMO POBECTH NPH aHajInu3e cMecH KaThoHoB | u 1l rpynmn?

Bonpocs! Kk KO1I0OKBHYMY 10 TeMe
«AHaautu4deckue cpoiicrBa katuoHoB I1I rpynnbi»
1. Paccumratite pH momnoro ocaxnmenus cymbpunos III rpymmer. Chopmymmpyiite ycmoBus otaenenus 111
rpynnsl ot [ u 11 rpynm.
2.Tloyuemy mpu pefictBum (NH4),S B ycnoBmsax ocaxneHus katuoHoB III rpynmbl amroMuHUE W XpoMm
OCaXXJAOTCS B BUAE TUAPOOKUCEN?
3.Tlouemy ocaxkaeHue CyIb(UAOB ClienyeT IPOBOIUTH Npu HarpeBaHun? Kakyro poib Urpaer XJIopuja aMMOHHS
MPU OCAXKJICHUH CyIb(pHI0B?
4.Kak pacTBOpUTb TpyOHO pacTBopuMble Cynbhuapl MetawioB [l rpynnei? Hanmmmre ypaBHeHus
COOTBETCTBYIOIIMX PEAKIIMH.
5. Kak ucnonb3yloT sBjieHue aM(pOTEpHOCTH NP pa3/ielieHUH KaTHOHOB?
6. IlpuBeauTe npuUMeps! paseeHUsI HOHOB, OCHOBaHHbIE Ha MPUMEHEHUH KOMITJIEKCOOOPa30BaHHUs.
7.PaccunraiiTe KOHIICHTPALNIO CYTb(QHUI-HOHA B PaCTBOPE CyIb(puIa aMMoHus ipu pH=9.
8.Ilpu amanmse cmecu nonoB AlYY, Cr*', Fe**, Mn?', Zn?" melicTByIOT M36BITKOM INENOYH U MEPEKHUCH BOIOPOIA
IpY HarpeBaHuu. YTo ocTaeTcs B pacTBOpE, 4TO OyaeT B ocanke?
9. O6mme peakunu katnoHoB 11l rpymer.
10. TIpaBuna ocaxxaenus kaTroHOB III rpymms! B BuIE Cynb(UAOB U THIPOKCHIOB.
11. Pacuer [S*], HeOOXOAMMOI IS OCAKICHHS cynmbuIa IHHKA.
12. Pacuet KOHIIeHTpalMii HOHOB, oOpa3yromuxcs B pactBope (NHa),S.
13. PaBHOBecue B pacTBOpax MajJOpacTBOPUMBIX IJIEKTPOIUTOB.
14. dakTopsl BIUSAIOIIME Ha pPACTBOPHUMOCTb Ocajaka (BIMAHHE OJHOMMEHHOTO WOHA, IOCTOPOHHUX
AEKTPONIUTOB, pH, KOMITIIEKCOOOPa30BaHUS, THIPOIIN3A).
15. TlocnenoBareabHOCTh 0OpPa30BaHUsI OCAIKOB.
16. PacTBOpUMOCTBH MalOpaCTBOPUMBIX COETUHEHHUM B KUCIIOTAX.
Bonpocsl K KONJI0KBUYMY
«['paBUMeTpHYECKHIl METO/ AHAIM32)

1. CyIIHOCT TPaBUMETPHUUECKOTO METOAA.

Mexanusm 06paSOBaHI/I$I OCaaKOB.

@

OTHOCHUTEIILHOE MEPECHIICHUE. Kak oHO cBsI3aHO C YHCIOM HCHTPOB KpUCTAJUIM3AIUH, CKOPOCTHIO
KpucTajlsim3alquu, pasmMepoB KpHUCTAJIJIOB

OX&paKTCpI/ISOBaTL YCJIO0BUA NTOJYUCHUSA KPUCTAIIMICCKHUX OCAaIKOB.

2

ITouemy ocaxnenne BaSO4 mpoBosT: a) U3 pa30aBICHHBIX PACTBOPOB; 0) B KHUCIOH cpeze; B) IpH
HarpeBaHUU PacTBOPOB; T) B MPHUCYTCTBUHU coJiell amMMoHMsI? MexaHu3Mm oOpa3oBaHusl aMOpP(HBIX
0CaJIKOB.

«['paBUMETPHUYECKUIT METO ] aHAITHN3a

HpI/I‘II/IHLI 3arpsA3HEHUA OCaAKOB: aﬂCOp6HI/I${, OKKIJIFO3H1, I/I3OMOp(1)I/I3M.

AHanmuTHueckue IMPpUEMBI, UCTTIOJIB3YEMBIC JIJId YMCHBIICHUA aacop6upm " OKKJIFO3UH.

\© 90 3 &

. ®opma ocaxneHus1, TpeOOBaHNUS K HEH.
10.FpaBnmeTquec1<aﬂ (hopma, TpeGOBaHUS K HEH.
11 «BB100p BemMUMHBI HABECKH.

12.B516op ocaznutena. KonuuecTBo ocaauresns.

13.Kax Bamsor konmuectso IIPOMBIBHOW JKHJOCTH M KpPaTHOCTb IPOMBIBaHMS Ha 3(QeKTUBHOCTH
IIPOMBIBAHUS?




14.Kaxue PacTBOPUTENH UCTIOJIb3YIOT B KaUeCTBE MPOMBIBHOM >kuKOCTH. [IpuBecTu npumep.
15.<I)aI<Top nepecueTa, ero GU3NIECKU CMBICTT.

16.Ka1<y}o comp Oapusi — Ba(NOs),, BaBr; | BaCl, nwnu Ba(ClO4),- nemnecoodpa3Ho HCIOIB30BATH B
Ka4yeCTBE OCAJAUTEIIS JJIs TOTyYeHHs Hanboiee yuctoro ocanka BaSO4? OOBACHUTE IOYEMY.

17.Byz[eT JIU pe3yNbTaT OTpeesIeHus JKele3a o Metoauke — ocaxkaeane Fe(OH); u B3BemmBanme Fe,O3
— 3aBBIIICH, 3aHIKCH WIM TPABWIEH B MEPEUNCICHHBIX CIIydasx: a) OCAXICHHE BEIU U3
pa30aBJICHHBIX PacTBOPOB IIPH KOMHATHOW Temneparype; 0) ocanok Fe(OH); ocraBuim HactanBaThes
C MaTOYHBIM pPAacTBOPOM; B) B pacTBOpE INPHUCYTCTBOBalM (GTOpux - HOHBI F7; T) B pacTBOpe
npucyrctBoBain MoHbl AT, 1) ocamok Fe(OH); mpoMbuid umMCTONW BOJOW BMECTO pacTBOpA,
COJIepIKAIleTo COJIb aMMOHMS U aMMHUaK?

18.8 CYIIHOCTH MeToAa AeKkaHTarun? C KaKo# [eNb0 UCTIONB3YIOT IPOMBIBAaHHE 3TUM METOIOM?

19.Kakue yCIOBUSI HEOOXOIUMO CO3JaTh ISl KOAryJ AU KOJUIOUAHBIX pacTBopoB? K kakuM ommbkam
IPaBUMETPUYECKOTO OINpEJCICHUS] MOXET NPHBECTH 00pa3oBaHHE KOJUIOWAHBIX pacTBOPOB?
[IpuBecTu npumepsl.

20.4ro takoe nenrusanms ocaaxa? Kax npenoTBparuth nentusanuio ocankos (Fe(OH)s, AgCl) npu ux
IIPOMBIBaHHU?

21.B xaxom ciydae mortepu mpu mpombiBaHum ocanka CaCyOs4: a) 100mm Bomer; 6) 100mm 0,1M
(NH4)2C>04; B) 500mi Bogs! OymyT HAaHOOIBIIUMH U B KAKOM — HANMEHBITIMH?

22 .Hau6onee pacnpocTpaHEHHbIE OPTaHHYECKHE 0CAIHTEH. X IPeHMyIIecTBa.
23.Heoprauuueckue ocauTes.

24.TIpuBecTn npuMepBI pas/Ie/IeHNs HOHOB 33 CYET KOMIUIEKCOOOPa30BaHMS.
25.B uem cymHOCTb 0CaKICHUS ¢ KOIICKTOPOM.

26.Paszenenie HOHOB METOIOM SKCTPAKIIHIL

277 . Xpomatorpaduueckie MeTob! pase/cH e
- HOHOOOMEHHast Xxpomarorpadus
- pacmpenenuTeNnsHas XxpoMarorpadus
- agcopOIoOHHas XpoMaTorpadust
- 0caziouHas Xpomarorpadus — ra30KUIKOCTHAsE Xpomarorpadus
28. Beruucnuth MHTEpBaN 3HaueHus pH pacTBopa B KOTOpPOM 00€CIEYMBAETCSl KOJMUECTBEHHOE pas/iejieHUue B BUIEC
ruapokcuos: a) Fe’™ or Mg?*; 6) A" or Mg?* B) Ni?" or Mg?* r) Fe** or Ca?" 1) AI** ot Ca?*

Bomnpochl kK KOJLIOKBUYMY

«OKHCJINTETbHO — BOCCTAHOBHUTE/IbHbBIC PEAKIIUID

1.CrangapTHBIN NOTaHIAA OKUCIUTEIBHO-BOCCTAHOBUTEIBHON CHCTEMBI. @DakTOpbl BIHUAIOIINE HA BEINYUHY
E°.

2.Hanpasnenune OBP. Kak onpenenuts HampaBlleHHE PEaKLMU, 3Has CTaHJAPTHBIE MOTEHIUAIBI COOTBETCTBYOLIMX
nap.

3.IToctpoenue kpuBoit OB tuTpoBanus. OT 4ero 3aBUCUT BUJ KPUBBIX U CKa4€K TUTPOBAHUS.

4. PacyeT MOTEHINAJIOB B TOYKE SKBUBAJICHTHOCTH.

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

6. Vnpukatopsl pena-okc TuTpoBaHHs. MHTepBam mepexoma okpacku. OT dgero 3aBucaT ux nokazaHusa? Kaxk
noaouparoT MHAMKATOpHl. BenmmumHa ckadka TuTpoBaHua coctaBmiaa 0,84-1,02. Kakue HHIMKATOpBI MOXKHO
UCIIONIB30BaTh B 9TOM clty4ae?

7. YcTaHOBOYHBIE BeIECTBA B peAOKCTUTpoBaHMU. OxapakTepusyiiTe CBOICTBa YCTaHOBOYHBIX BEHIECTB B
HNEpPMaHraHaTOMETPHH, HOAOMETPHH, XPOMOMETPHH.

8. I[lepmanranatomerpusi. CyliHOCTh METOJIA.

9. CranpapTHble pacTBOphl B NepMaHraHaroMerpuu. Kak roroBs M XpaHaT TUTpoBaHHBIM pacTBOp KMnOs.
Hammmmre ypaBHeHus peakiuu pasnoxkeHns KMnOj : 9TO COOTBETCTBYET ee MPOTeKaHHI0?

10. ITepmaHraHaTOMETPUYECKOE OTIPE/IeNeHNe OKUCIUTENEeH U BOCCTAHOBHUTENEH: YCIIOBHS, IPUMEPH — OOBACHHUTE C
TOYKH 3pPEHUS YBEIMUYCHHS PEaTbHOM Pa3sHOCTH MOTEHIIUATIOB.

11. [TlepmaHraHaTOMETpHYECKOE OIIPEEIICHHE Kee3a.

Metomsr mpeaBapurensHoro BocctaHoBieHust Fe (II). Kakxoa pomps cmecnm Ilunepmana-PeliHrapara mpu
MEPMaHTaHATOMETPHUECKOM OTIPEICTICHUH B COJITHOKUCIION Cpefe.

12. Kak OOBSCHSIOT YCJIOBHS II€pMaHraHaTOMETPHYECKUX OIpeAeeHui: HarpeBanue 10 80°, MelIeHHOe
npuOaBIIeHUE TUTPAHTA, BEICOKAsK KUCIOTHOCTb.

13. Momomerpus. OGmias XapaKTepUCTHKAa MeToia. YCIOBHS HOZOMETpPHYECKHX oOnpesenenuit. Ilpupemure
YPaBHEHHSI COOTBETCTBYIOLIUX PEeaKLUil.

14. Paboune pactBOphl B Homomerpuu. [IpurortoBineHue, cranpapTu3anus U xpaHeHHe pacTBopoB NaxS;0O3 u 1o,
Wupuxarop. TloueMy npu HOJOMETPUYECKOM OMpPENENCHUHM PACTBOPBI OTCTaMBAIOT HEKOTOPOE BpPEMsI B TEMHOTE,
3aTeM THTPYIOT 0 COJIOMEHHO-)KEJITOrO IBETA M TOJIBKO MMOTOM HOOABIISIOT Kpaxman?

15. Honomerpudeckoe onpesenenue cymbhunon. [TodemMy MeTon 06pPaTHOTO THTPOBAHKS TPEATIOUTHTEILHEE METOIA
MPSMOTO TUTPOBAHUSA?

16. Monomerpuueckoe OnpeneieHHe OKHMCIHTENeHl M BOCCTAHOBHTENEH: Cymb()HUTOB, CYIbOHIOB, XPOMATOB,




apceHaToB, HUTPATOB. Y CJIOBHUS PEAIbHOTO YBEIMUSHHS Pa3HOCTH MOTEHIIHAIOB.

17. BpomaTtometpust. [Ipumepsl 6poMaTOMETPUIESCKHUX OTIPEICTICHHM.

18. Xpomaromerpus. OnpeneneHus xene3a. B kakux ycnoBusx audeHmIaMUH HE JaeT OMUOKU B KOHEYHON TOYKH
TUTPOBAHUS.

19. CkopocTh U MEXaHU3M OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX peakluil Ha mpumepe B3aumonercTBusi KMnO4 ¢
OKCaJIaTOM.

20.KaranuTudeckue OKHCIMTENLHO-BOCCTAHOBMTENbHbIE peakuud. Kakosa poas Mn?' B mepMaHTraHaTHOM
OKHCITUTEIBHOM TUTPOBAHUH.

21. ComnpsikeHHbIE OKUCITUTEILHO-BOCCTAHOBUTEIIBHBIC PEaKIUU, PakTop MHIYKIKU. Kak 0OBSICHUTH TOT (aKT, 4TO
B IIpUCYTCTBMM Mn?' He HIET CONpsUKEHHAs peakIus OKHMCICHHS XJIOPUIOB HPH IIEPMAHTaHATOMETPHYECKHKOM
oTIpeNieNIeHuH xKee3a’?

22. [IlpemmoxuTe METOABI ONPEACICHUS KaNbIHA(BECOBOH, KHCIOTHO-OCHOBHOE W  PEIOKCTUTPOBaHUE,
XEIIOTOMETPHS).

23. Pen-okc meronusr onpenenenus Fe(IT)(L).

24. MeTozp! OTIpeneneHus HUTPUTOB.

25. Mopometprueckoe omnpeencHie Meau. UeM BBI3BAHO MPOTEKAHUE PEAKIUU B HY>)KHOM HarpaBlicHUH?

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

IIkasa oneHNBAaHUA BHINOJHEHHS HHINKATOPOB:

WunukaTop cuuTaeTCs BBHIMOJHCHHBIM, CCITU JTUOO BO BpeMs TEKYIICH, THOO0 MPOMEKYTOUHOW aTTECTAIlMU CTYACHT
HaOpall Kak MHHHMYM IIOpPOTOBOE€ KOJIMYECTBO OAaJJIOB 3a T€ BHIBI AKTHBHOCTH, KOTOPBIE OTBEYAIOT 3a JAHHBIN
WHIAKATOP.

1-ii cemecTp

MpomexKyToyHan
TeKywan aTrecrayua
Ne WMHupukartop arTectayua (sksameH)
MNopor Makcumym Mopor Makcumym
1 OnNnK-1.2 20 60 20 40
OnK-2.1
OnK-2.3
OnNnK-6.1
2-ii cemecTp
MpomexKyTo4yHan
TeKywan aTrecrayua
Ne WMupukatop atTectayma (3k3ameH)
Mopor MaKkcumym Mopor MaKkcumym
1 OMnkK-1.1 20 60 20 40
OnkK-2.1
OrnkK-2.3
OrlK-6.1

IIkaja 1 KPUTEPUH BHICTABJIEHHUS OLEHOK 32 AUCHUILINHY:

Ilkanma w®  KpUTEpUH  BBICTABICHUS  OLECHOK  «OTJIMYHO»,  «XOPOIIO»,  «yNOBIETBOPHUTEILHO»  H
«HEYZOBIICTBOPUTEIHHO» OINUCAHBl B JIOKUIBHOH HOPMAaTMBHON JOKyMEHTannud TBEpCcKOro rocyaapcTBEHHOTO
yauBepcureTa ([lonoxeHne o peHTHHTOBOM cucteMe o0ydeHus cryneHToB TBI'Y). [lomoxurenpHas oleHKAa MOXKET
OBITH BHICTABJICHA TOJIBKO B TOM CIIy4Yae, €CIIM BHIIOIHEHBI BCE HHANKATOPHI.

5.2. OueHo4Hble MaTepUAJIbI 1JIs1 IPOBEAEHUS TPOMEKYTOYHOMH aTTeCTAllUuM

Ilepeuenv mem u 60npoco st IK3aMeHa

Ananutnueckas xumus. Bunel ananmuza. Ctagun xumudeckoro aHanu3a. OCHOBHBIE XapaKTEPUCTHKH METOJIOB
aHann3a. AGCOJIIOTHBIE U OTHOCHTENIbHbIE METO/Ibl. BeIOOp MeTona ananm3a. CriocoObl OBBIIEHHS YyBCTBUTEIBHOCTH
1 U30MPaTeNbHOCTH METOZI0B. ABTOMATH3AINs aHAIIN3a.

Kucnomno-ocrnognvle peaxyuu. IpoTonuThueckas Teopusi KHUCIOT M OCHOBaHHWHA. PaBHOBecwe B cHcTeMe:
KHCJIOTa — CONPSDKEHHOE OCHOBAHHWE — pacTBOpHUTENb. KOHCTAHTBI KHCIIOTHOCTH, OCHOBHOCTH, aBTOMPOTOJIH3A.
Husemupyrommuit 1 nuddepernnpyrommuii 3pdexTsr pacTBOpUTENS.

Peaxyuu komnnexcoobpasosanus. THIBI W CBOWCTBA KOMIUIEKCHBIX COCIWHEHHH, WCIONB3YEMBIX B
aHanmuTHYecKol xuMuu. KoJnmduecTBeHHas XapakTepUCTHKAa peakmuid  KOMIUIEKCOOOpa3oBaHMSA:  KOHCTaHTa
ycroiuuBoctr. Crynendaroe KommiekcooOpa3oBanue. Vcmob30BaHne KOMITIEKCHBIX COCTUHEHUH ISl pa3aeleHus,
KOHLIEHTPHUPOBAHNUS, MACKHPOBaHMUs, 00HAPY KEHHSI, OTIPEJICIICHNS SJIEMEHTOB.

Opeanuueckue peazenmuvl B XUMUUECKOM aHanmu3e. OYHKIMOHAIBHO-aHAIUTHUECKUE U aHATUTUKO-AKTUBHBIE
rpynmnsl. BausHue crpoeHus MoKyl Ha CBOMCTBA peareHTa. [I[puMeHeHne opraHu4eckuX pearecHToB B aHAJIU3E.

OxucaumenbHo-60ccmano8umenvHble peakyuy B aHAIUTHYeCKOW xumuu. OOpartumble W HeoOpaTHMble
OKHUCIIUTEIbHO-BOCCTAHOBUTEIbHBIE CUCTEMBI U UX NoTeHIManbl. YpaBHeHHe Hepucta. CTaHZapTHBIM U peabHbIN




OKHCITUTEILHO-BOCCTAHOBUTEIbHBIE TIOTEHITHANEI. HanpaBieHne OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIX PEAKIINH.

Peakyuu ocadcoenuss B aHAIATHISCKOW XUMHUH. KOHCTAaHTBI paBHOBECHs] pEaKIUHA  OCAKICHHUSL.
PactBopuMocTh ocankoB. DakTophl, BIMAIONMIAE Ha pacTBOpUMOCTh. OOpazoBaHWe oOcalnkoB. KpucTaimudeckwe u
aMOp(HBIC OCaJIKU, YCIOBUS OCAXICHHS. [IpUYMHBI 3arps3HCHUS OCAIKOB: COBMECTHOC OCAXKICHHUE, COOCAXKICHHE,
nocienymoiee ocaxaenue. Bumpl coocaxnenus. [Ipuémel, criocoOOCTBYONINE MOTYICHUIO YHCTHIX OCAIKOB.

Meronbl pasneneHus M KoHUeHTpupoBaHus. OCHOBBI OJKCTPaKIMU KaKk MeEToJa pa3ieiieHus Hu
KoHIleHTpupoBanus. KoHcTtanTa pacnpenenenus, kodddunueHt pacnpenencHus. Koncranta skcrpakimu. Daktop
pasneneHus. YCIOBUSA SKCTPaKUUU HEOPTaHUYECKUX M OpraHudecKux coeauHeHui. llpakTuueckoe mNpUMeHEHHE
SKCTpaKIUH.

MeTtompl pasfeneHHus >IEMEHTOB, OCHOBAHHBIE Ha OCAXKACHHM HEOPTaHWYECKUMH W OPTaHMYECKUMH
pearentamu. lcnonp3oBaHWE COOCAXKICHHS M KOHICHTPHPOBAHHS MHKPOKOMIIOHEHTOB. Heopranuwdeckne wu
OpTaHUYECKHE KOJUIEKTOPHL.

Xpomamoepaguuecxkue memoout. IIpuHIAIEI 1 KIaccuUKAusA. XpOMaTOTPaMMBI A CIOCOOBI HX TIOTYYICHUS.
OCHOBHBIE TEOpPETHYECKHE TIOJOXKCHUS W XapaKTepUCTHKH MeTojoB. ['a3oBas xpomarorpadus. OCHOBHBIC
TEOPETHUYECKHE IMOJIOKEeHHsA. TpeboBaHMA K CTallMOHAPHBIM M TIOABIXKHBIM (Qa3am. [IpuMepsl mpakTHYECKOTO
npuMeHeHus. lonooOMeHHas xpomaTorpadus. BricokoaddekrrBHas noHHas xpomaTtorpadus. [IpHHIUIB METOIOB.
[IpuMepbl MPaKTUYECKOTO MPUMEHEHUsA. byMakHas U TOHKOCIOIHAs XpoMmatorpadus, UX OCHOBHBIC TCOPETUYCCKUE
nosoxeHus. TpeOOBaHUS K CTAIMOHAPHBIM U MOJBUKHEBIM (pazam. [IpuMepsl MpakTHUECKOro MPUMEHCHUS.

I'paBumerpuueckue  meronabl. Cymuocts. OcaxkigaeMas © — rpaBuMmeTpuueckas (opmel.  [IpumMepst
MIPaKTUYECKOT'O IPUMEHEHUS.

Turpumerpudeckne MeToasl. CriocoObl YCTaHOBIICHHSI KOHEYHONW TOUKH TUTPOBAHUSI.

Kucnomno-ocnosnoe mumposanue. Kpussie TuTpoBanus. KucioTHo-ocHOBHBIE WHAWKATOPHL. [lorpemmHoctn
METOJ]a KHCJIOTHO-OCHOBHOTO THUTPOBAaHWA. THTpPOBaHHE CMeECEe KHCIOT M OCHOBaHWHA. THUTpOBaHHE B HEBOIHBIX
cpenax.

Komnnexconomempuueckoe mumposanue. IlpenMyniecTBa aMHHOMOIMKAPOOHOBBIX KHCJIOT TIEpel APYTHMHU
OpPraHWYECKUMH TUTPaHTaMH. MeTalIoXpOMHbBIE WHIMKATOPHI, TpeOboBaHMs K HUM. CrocoObl THTPOBaHUS (TIPSIMOH,
0oOpaTHBIN, BBITECHUTENbHBIH, KOCBEHHBIH). [IpakTHueckoe NpHMEHEHHE KOMIUIEKCOHOMETPUYECKOIO THUTPOBAHHMS
(ompeneneHue HOHOB KaJblIMs, MarHUs, jkejesa).

Oxucnumenvro-6occmarnogumenvrhoe mumpoganue. GaKTOpsl, BIUIONIME Ha BEJIMUUHY CKadKa MOTEHIHUANA,
CcHocoObl OOHapy)XeHHsi KOHEYHOH TOYKM TUTpoBaHMs. [lepMaHraHaroMmeTpuyeckoe, OHXpPOMAaTOMETPHYECKOE,
HOJIOMETpHUYEecKoe TUTpoBaHME. llepBUUHBIE M BTOpHYHBIE cTaHAapThl. MHaukaTopsl. llpumepsl MpakTH4ecKOTo
IIPUMEHEHUS.

ONeKTpoXUMHUYecKne  MeTonpl. Ilpupoma  aHamuTmdeckoro  curHama. Krnaccudukamms — MeTomos.
OneKkTpoxuMudeckas ssueiika. MIHIuKkaToOpHbIE IIEKTPOABI U JJIEKTPOALI CPABHEHUS.

Ilomenyuomempus. PaBHOBecHBII noTeHnMant. CriocoOsl m3MepeHus nmoTeHnuana. [IpsMas moTeHIuoMETprH.
Wunukaropueie snekTpoapl. Knaccudukanus MOHOCENEKTHBHBIX 3JIEKTPOAOB. XapaKTEPHCTHKU HOHOCEICKTHBHBIX
JJIEKTPOJIOB: AJNIEKTpoAHAs (YHKIHS, KO3()(UIMEHT CceleKTUBHOCTH, BpeMs OTkinKa. CrocoObl ompenencHus
ko3(ppunrenTa ceneKTHBHOCTH. CrocoOBl MPSIMBIX MOTEHIIMOMETPUUCCKUX M3MepeHHUi. [IpakTuueckoe mpuMeHeHne
noHoMeTpuu: onpenenenue pH, pF, pNO;.

[Morennuomerpuueckoe TuTpoBanue. OOIIas xapakrepuctuka MeToaa. CrocoObl HAaXOXKICHHS KOHEUHOM
TOYKH THUTPOBaHM. MHIUKATOPHBIE JJIEKTPOABI B KHCIOTHO-OCHOBHOM, OKHCJIUTEIFHO-BOCCTAHOBUTEIBHOM H
0CaIUTEIHHOM TUTPOBAHUH.

Kynonomempusa. 3axonsr @apanes. Ilpsmas KygoHOMeTpus. YCIOBHS HOTECHIMOMETPHYECKHX H3MEPEHUH:
poctikenre 100%-Horo BbIXOJAa MO TOKY; HU3MEPEHHE KOJIMYECTBA DIEKTPUYECTBA; OINPEJCICHUE KOHIA
ANEKTPOXUMUUECKOH peaKIHN.

Kynonomerpuueckoe TtuTpoBanue. [IpuMepsl omNpeneneHust SIEKTPOAKTHBHBIX M 3IEKTPOHEAKTUBHBIX
BEIIECTB. DJIEKTPOr€HEPHPOBAHHBIE KYJIOHOMETPUYECKHE TUTPAHTHL. Y CIOBHS THTpoBaHus: obecnieuenue 100%-Horo
BBIX0JIa IO TOKY; U3MEPEHHE KOJIMUYECTBA IIEKTPUIECTBA; ONpPEEICHHEe KOHLIA XUMUYEeCKO! peaknuu. [Ipenmymectsa
nepes JpyruMu TUTPUMETPHUECKUMH METOAAMU.

Bonvmamnepomempusa. OcHoBel MeToa. OCOOEHHOCTH ANIEKTPOXUMHUUECKOH sueiiku. TeopeTnyeckne OCHOBBI
KJIacCHYecKoi monsporpadun. XapaKTepUCTHKH mosgporpammsl. lloTeHiman mnomayBosiHBL. ¢ ¢y3HOHHBINH TOK.
VYpasuenne MipkoBuya. [Ipaktudeckoe npumenenue monsporpadun. KauectBennsiit ananus. Ilomsaporpadudeckuit
cnekTp. KonuuecTBeHHbIH aHann3. CriocoOb! onpeesieHus] KOHIIEHTPAIK BellecTBa. BO3MOXXKHOCTH U OTpaHWYCHHUS
METOJA.

AmniepomeTprdeckoe TUTpOBaHHE. BBIOOp yCIIOBHI aMIepOMETpHYEcKOr0 THTPOBAHUS. BHABI KPHUBBIX
TUTpOBaHUsA. [IpuMepsl NPaKTUUECKOro MPUMEHEHHUS.

CHEeKTPOCKONMYECKHE METO/bl. BakHeHInne XapaKTepHCTHKH CIEKTPAIBHBIX JIMHUKA  (TIOJIOXKEHHE,
WHTEHCHBHOCTb, INMPUHA). ATOMHBIE M MOJIEKYJSIpDHBIE CIIEKTpHl. B3alMOCBS3b OCHOBHBIX XapaKTEPUCTHK
CHEKTPAJBbHBIX JIMHUH C IPUPOJION M KOJIMYECTBOM BEUIECTBA (KaUYeCTBEHHBIN M KOJMYECTBEHHBIN aHAIIN3).

Cnexmpoghomomempuueckuii memod. OCHOBHOW 3aKOH TIIOTJIOUNIEHUS 3JICKTPOMArHUTHOTO H3JIy4EHHS.
Mosipaplid - k03¢ duiMenT mnoryomeHus. lIpuMeHeHne MeToja s ONpENETeHUs] KOHLEHTPAIlMM  BEILEeCTB.
UyBCTBUTEIBHOCTh U CEJIEKTUBHOCTh METOJa. BBIOOpP ONTHMaNbHBIX YCIOBHI NpoBeNeHHS (HOTOMETPHUUECKUX
peakmmii. lHTEpBan ompenenseMbIX ONTHYECKUX IUIOTHOCTeH. MeTtox muddepeHnmanbHoi crieKTpoOTOMETPHH, €ro
BO3MOKHOCTH H mpeuMymiectBa. CrekTpooTOMETpHYECKHe METOAsl H3YyYeHHs paBHOBECHH B pacTBOpax.
OmnpeneneHne KOHCTAHT KUCIIOTHOM JUCCONMAIINH OPTaHNIECKUX COCTUHEHUH.

MNPUJIOKEHHUE 3



6. YYAEBHO-METOANYECKOE U TH®OPMAIIUOHHOE OBECIIEYEHUE JUCIIUITJINHBI
MOAaYyJisl)
6.1. PexomeHnayemasi JJurepatypa

a) OcHoBHAaA JUTepaTypa:

1. Anamutndeckas xumus. YueOHuk / Mosuan H.U., Pomanosa P.I'., 'op6ynosa T.C. u 1p. -
M.: HUIl UTHD®PA-M, 2016. - 394 c. - DnexTpoHHbIi pecypc. — Pexxum nocrymna:
http://znanium.com/go.php?id=431581

2. AHamuTH4eckas XUMHS [ DICKTpOHHBIN pecypc]: yueoHoe nmocodue/ O.b. Kykuna [u ap.].—
DJIEKTPOH.  TEKCTOBbIe  JlaHHble.—  BopoHex: BoOpOHEXCKHUI  TrocyaapCTBEHHBIN
apXUTEKTYpHO-CTpouTENbHBIN yHUBepcuTeT, DbC ACB, 2014.— 162 ¢.— Pexum gocryna:
http://www.iprbookshop.ru/30833.html.— 3BbC «IPRbooks»

0) JlonoJHUTEIbHAS JIUTEPATYypa:

1. Anamutudeckas XuMus [ DJICKTPOHHBINA pecypc]: cOOpHUK Ta00PaTOPHBIX padOT IS CTYIESHTOB
TEXHUYECKUX HampaBleHUI JTHEBHON M 3a0uHOi QopMm oOyueHUsi/ — DJEKTPOH. TEKCTOBBIC
nanaele.— HoBocubupck: HoBocHOMpPCKHIT TOCYHapCTBEHHBIM TEXHUYECKHI YHUBEPCHTET,
2014.— 62 c.— Pexum nocryna: http:// www.iprbookshop.ru/45072.html.

2. Tpudonoa A.H. Ananutuueckas XuMus [ DIEKTPOHHBIN pecypc]: 1a00paTOPHBIN MPAKTUKYM.
Yuebnoe nocobue/ Tpudonosa A.H., MenscutoBa 1.B.— DneKTpoH. TEKCTOBBIE JaHHbIC.—
MuHck: Boimmitmras 1IKosna, 2013.— 161 c— Pexum JOCTYTIA:
http://www.iprbookshop.ru/24051.html

INPUJIOKEHHUE 4

9. CBeneHusi 00 00HOBJIEHHH padoyeii MPOrpaMMbl M CUUILIHHBI (MJIM MOIYJIA)

OOHOBJICHHBIN pa3el
Nerr.a. paboueil nmporpamMmbl
JUCIUIUIAHBI (MOJIYIIs)

Onuncanue BHECEHHBIX PexBu3uTHI AOKYMCHTA,
H3MCHCHHI YTBCPAUBUICTO USMCHCHUSA
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http://znanium.com/go.php?id=431581
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