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1. HEJIA U 3AJAYU JUCIUATIJIMHBbI
Ilesin ocBOeHUSI ANCIHUTLINHBI (MOLYJIsA):

[Tprobperenue npodeccuoHaNbHbIX 3HAHUM B 00JIACTH aHATUTHUYECKON XUMUU

3amaun:

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

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

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

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

TpeGoBanus k npeaBapuTeIbHOI MOATOTOBKE 00y4al0IIerocs:

dusnka

MaremaTuka

Pycckuii s13bIK U Ky/lbTypa peuu
Heoprannueckas xumus

JAucuunarHbl (MOAYJIH) M MPAKTHKH, VISl KOTOPbIX OCBOCHUE JAHHOM M CIUIINHbBI
(MoayJisi) He00X0AMMO KaK MpeanecTByIOLIee:

OpFaHI/ILICCKaSI XUMMUA

duznyeckas XUMHUs
3. OFBEM JUCHHUIIVIMHbI

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

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

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

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

OIIK-2.1: PaboTaeT ¢ XUMHUYECKHMH BELIECTBAMU C COOJIIOJIEHUEM HOPM TEXHUKU
0e30macHOCTH

OIIK-2.3: [IpoBoaMT cTaHAAPTHBIE ONEPALUH JIJIsl ONIPEIETICHHS] XUMUYECKOT0 U (ha30BOTO
COCTaBa BEUIECTB U MaTEPUAIIOB HA UX OCHOBE

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

5. BUJAbI KOHTPOJIA

Bunsl koHTpONII B cemecTpax:

9K3aMEHBI 3,4
KypCOBbIE pabOThI 4




6. SI3BIK IIPEIIOJIABAHUA
SI3BIK mpenogaBaHus: pyCCKU.

7. CTPYKTYPA U COAEP KAHUE JUCIUIIJINHBI (MOAYJISA)

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

Pasnen 1. Beenenue B
AHAJTUTHICCKYIO XHUMHIO.
TeopeTnyeckre OCHOBBI

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

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

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

xumuro. TeopeTnueckre OCHOBBI 91

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

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

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

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

TOMOI'€HHbIX CUCTEMAX

Pasgen 3. Peakiiun
KOMIUIEKCO0Opa3oBaHus

3.1 [Peakmun Jlex 3 4 JI1.3
KOMIIJIEKCOOOpa30BaHus o1

3.2 |Peaknun JIab 3 20
KOMILJIEKCOOOPa30BaHuUs 21

Pasgen 4. OkucnurensHO-
BOCCTAHOBUTEJIbHBIE PEAKIINU

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

4.2 | OKHUCIUTEILHO- JIab 3 20
BOCCTaHOBUTEJIbHBIC PEAKIIUU 21

Pazgen 5. Iponiecchbr ocaxaeHus
M COOCAXKICHUS

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

5.2 |IIporecchl ocaxkIeHus 1 JIa6 3 16
COOCaKICHUS 91

5.3 |IIporecchl ocaxkIeHus u Cp 3 3
COOCaKICHUS 91

Pasnen 6. MeToIb! BEIIETICHU,
pasjencHus 1
KOHIIEHTPUPOBAHUS




6.1 |Meroabl BeIIETICHUS, pa3ICICHUS Jlex 3 JI1.3J712.4
Y KOHLICHTPUPOBAHUS o1
6.2 |Meroabl BeIICTICHUS, pa3elieHUs JIa6 10
Y KOHLICHTPUPOBAHHUS 21
6.3 |Meroabl BeIICTICHUS, pa3IeICHUS Cp 4
Y KOHLIEHTPUPOBAHUS 21
Paznen 7. Xpomatorpaduueckue
METOIbI aHAJIN3a
7.1 | Xpomarorpaduueckue METOAbI Jlex 3 JI1.10J12.
aHanusa 1
31
7.2 | Xpomarorpaduueckue METOabI Jlab 20
aHanusa 21
7.3 | XpomaTorpaduyeckue METO bl Cp 4
aHaiM3a 21
Paznen 8. 'paBuMeTpuyeckue
METO/Ibl aHATTN3A
8.1 |I'paBuMeTpHUYECKHE METO/IbI Jlex 4 JI1.3J12.5
aHaiu3a 21
8.2 |I'paBuMeTpHUYECKHE METO/IbI JIab 8 J1.4
aHaiu3a 21
8.3 |I'paBUMeTpHYECKHE METOIbI Cp 10
aHaiM3a 21
Paznen 9. Turpumerpuueckue
METOIbI aHAJIN3a
9.1 |TuTrpuMeTpHUECKUE METOIBI Jlex 3 J1.3
aHaiu3a 21
9.2 | TurpuMeTpHUECKUE METOIbI Jlab 10 JI1.8
aHaiamn3a 21
9.3 | TuTpuMeTpHUECKUE METOIBI Cp 8
aHaiusa o1
Paznen 10. KonTpons
10.1 |KouTposs OK3ameH 27
31
Pasgen 11. KuciaoTHO-OCHOBHOE
TUTPOBaHUE
11.1 |KucnoTHO-OCHOBHOE TUTPOBaHHE Jlex 4 JI1.3J12.5
21
11.2 |KucmoTHO-OCHOBHOE TUTPOBAHHE Jlab 30 JI1.8
31
11.3 |KucnoTHO-OCHOBHOE THTPOBAHHE Cp 3
31
Pasgen 12. OKUCIUTENBHO-
BOCCTaHOBUTEIIEHOE THTPOBAHHE
12.1 | OkucnuTeNnbHO- Jlex 2 JI1.2J12.3
BOCCTaHOBUTEIHPHOE TUTPOBAHUE 21
12.2 | OkuCIUTENBHO- Jlab 18
BOCCTAaHOBUTEIIEHOE THTPOBAHHE 31




Pasznmen 13.
Kommiekconomerpuieckoe
TUTPOBAHUE

13.1 [KoMIuiekCOHOMETpHUYEeCKOe Jlex 2 JI1.3J12.5
TUTPOBAHUE 21
13.2 [KoMIuiekCoOHOMEeTpHUYeCKOe JIab 16 JI1.8
TUTPOBaHUE 21
Paznen 14. OcagurensHoe
TUTPOBAHUE
14.1 |[OcaguTenbHOE TUTPOBAHKE Jlex 2 JI1.3J12.3
JI2.5
91
14.2 | OcagurenbHOE TUTPOBAHUE Jlab 16
)
Paznen 15. dusuko-xuMuyeckKue
METObI aHaIN3a
15.1 | PUBUKO-XUMUYECKUE METOIBI Jlek 2 JI1.5
aHajan3a JI1.6J12.2
)
15.2 | ®U3UKO-XUMUYECKUE METOIbI Cp 2 JI1.5 J11.6
aHaan3a 91
Paznen 16. CnekTpocKonu4ecKre
METObI aHAIH3a
16.1 |CnexTpoCKONMHYEeCKUE METOIbI Jlex 3 JI1.5 J11.6
aHaan3a 91
16.2 | CnekTpocKOmu4ecKrue MeTO bl Jlab 50 [ JI1.9J12.2
aHaan3a o1
16.3 | CnexTpOoCKOMYeCKne METOIbI Cp 2
aHanm3a o1
Paznen 17. DnexTpoxuMuyeckue
METO/IbI aHAJIM3a
17.1 |DnekTpoXuMUYECKHE METOIBI Jlex 3 JI1.5
aHammza JI1.6J12.2
21
17.2 | DneKTpOXUMHUYECKHE METOIBI Jlab 50 [ JI1.7J12.2
aHanm3a o1
17.3 | DnekTpoXuMHUYECKHE METO/IbI Cp 2
aHanmza 91
Pasnen 18. KonTpois
18.1 |KoHTpoas DK3aMeH 27
21
Cnucok 06pa3oBaTe/IbHbIX TEXHOJIOT il
1 [IIpoekTHas TEXHOIOTHS

JlMckyccuoHHbIE TeXHONOoruu ((popym, cumMmnosnym, 1edatbl, akBapuyMHast JUCKYCCHS,

naHeNIbHast JUCKYCCHsL, KPYTJIbIA CTOJ, (hacCHIIMTUPOBAHHAS U T.].)




3 |HWudopmarmonnsie (1iudpoBbie) TEXHOIOTHI

4 | TexHonoruu pa3BUTHsI KPUTUYECKOTO MBIIIJICHUS

8. OHEHOYHBIE MATEPHUAJIbBL /51 IIPOBEJEHUA TEKYIIEA U
IMPOMEXYTOYHOU ATTECTALLUU

8.1. OIIeHO‘lHLIe MaTepuaJbl 1JId IIPOBECACHUA Telcymei/i arrecranuu

OHGHO‘IHBIG MaTC€pHralibl 1JI ITPOBEACHUA TeKymeﬁ aTTeCTaluy NPUBCACHEI B IIPUIIOKCHUN

8.2. OneHo4HbIe MaTEePHUAJIbI IJIsl IPOBEIEHUS IPOMEKYTOYHOM aTTECTALMHU

OneHouHble MaTepUabl )i IPOBEACHUS IPOMEXYTOUHONW aTTECTALIUY [TPUBE/ICHBI B
MIPWIOKEHUH 2.

8.3. TpeboBaHUs K PETUHT-KOHTPOJIIO
TpeboBaHMs K pEHTUHT-KOHTPOJIIIO MPUBEACHBI B IPUIIOKEHUH 2
9. YYHEBHO-METOANUYECKOE U HTHOOPMALIMOHHOE OBECIIEYEHHUE
JUCHUITTIMHBI (MO YJISA)
9.1. PexoMeHnayemas Jureparypa

9.1.1. OcHoBHas JUTEpaTypa

Tudp Jlureparypa

JI1.1 |Bopucos, TuxomupoBa, AHATUTHUECKAS XUMHUS JIJIs TIe1aroros. PacyeTs B
KOJIM4YecTBEHHOM aHanu3e, Mocksa: IO0paiit, 2021, ISBN: 978-5-534-09281-3,
URL.: https://urait.ru/bcode/469598

JI1.10 |ITamkosa E. B., Bonocosa E. B., [llunyns A. H., besruna 1O. A., ['nazynosa H. H.,
Xpomarorpadudeckrne MeTo bl ananu3a, Crtaspomnosib: CTAY, 2017, ISBN:
URL.: https://e.lanbook.com/book/107233

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

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

JI1.4 |bapanosa, Pscenckuii, MeodanoBa, KonnuectBeHHbli aHanu3. Meroa
IrpaBUMETPUYECKOro aHanu3a, TBepb: TBepcKoi rocynapcTBeHHbIH yHUBEpCUTeT, 2011,
ISBN: ,

URL.: http://texts.lib.tversu.ru/texts/10001890gl.pdf

JI1.5 | Anos, Bacunenko, ['onpamrpax, Uenko, AHanuTrudeckass XuMusi ¥ GU3NKO-XUMHUECKUE
MeTo bl aHam3a, Mocka: Akanemus, 2012, ISBN: 978-5-7695-9146-4 (1. 2),
URL.: http://texts.lib.tversu.ru/texts/9940020gl.pdf

JI1.6 |I'myGoxos, ['onoBaueBa, E¢umona, Mmenko, AHanmuTraeckas Xumust U GU3HKO-
XUMHYECKHE METOJTbI aHan3a, Mocksa: Akamemus, 2012, ISBN: 978-5-7695-9144-0 (.
1),

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

JI1.7 |Myxunosa 3. l11., AnanuTu4eckas XuMus U (GU3UKO-XUMHUIECKHE METO/IbI aHATH3A.
Jlaboparopusie 3ansatus, Cankr-IlerepOypr: Jlans, 2024, ISBN: 978-5-507-48303-7,
URL.: https://e.lanbook.com/book/380579

JI1.8 |Bonocosa E. B., Illunyns A. H., [Tamkosa E. B., besruna 0. A., I'nmazynosa H. H.,
AnanuTtHueckas Xumus: 1adbopaTopatopHslii mpaktukym, Crasponons: CTI'AY, 2022,
ISBN:,

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




J1.9

Bacunwea B. U., CtosHoBa O. @., llIkyruna . B., Kapnos C. U., CriekTpaibHbIe
MeToabl aHanu3a. [Ipaktuyeckoe pykoBojactBo, Cankt-IlerepOypr: Jlans, 2022, ISBN: 978
-5-8114-1638-7,

URL.: https://e.lanbook.com/book/211631

9.1.2. JlonoJiHMTEILHAS JIUTEPATypa

Hudp

Jlureparypa

J2.1

AunekcanipoBa, ['aliqykoBa, AHanuTuyeckas xuMus B 2 kaurax. Kaura 1. Xumnueckue
MeToabl aHaiau3a, Mocksa: FOpaiit, 2020, ISBN: 978-5-534-09354-4,
URL.: https://urait.ru/bcode/450432

J2.2

Hukwutnna, boprcos, XaxanuHa, AHAIUTHYECKAs XUMHS U (DU3HKO-XUMUYCCKHE METO IbI
ananu3a, Mocksa: IOpaiit, 2020, ISBN: 978-5-534-00427-4,
URL.: https://urait.ru/bcode/449690

J2.3

I'pebe, [TanTenees B. I1., [IpakTuueckoe pyKOBOJICTBO K KOJMYECTBEHHOMY aHAIH3Y,
Mocksa: 1. H. Xomues u K, 1906, ISBN: ,
URL.: http://texts.lib.tversu.ru/texts/1532550g|.pdf

2.4

l'aneeB A. A., 3enkesuu U. I'., Kapnosa JI. A., Mocksun JI. H., Poqunkos O. B., [1ox p.
1., AHaTUTHYeCKas XUMUs. MeToIbI pa3/ieICHUs BEIECTB U THOPUIHBIC METO Bl aHAIIN3A,
Canxkr-IlerepOypr: Jlans, 2022, ISBN: 978-5-8114-9137-7,

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

J2.5

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

9.2.

Ilepeuenb pecypcoB HH(pOPMAIMOHHO-TEJIEKOMMYHUKANIMOHHOM ceTH ""UHTepHeT"

Ol

eLIBRARY.RU : nayunas snexTpoHHas oubnuoteka : caiit. - Mocksa, 2000. - URL:
https://elibrary.ru (nata oopamienus: 09.07.2019). - Pexxum goctyna: st 3aperiucTpup.
nosb3oBaresei. - Texct: anektponnsl: http://elibrary.ru/

9.3.1 Ilepeyenb NPOrpaMMHOI0 odecneyeHus

Google Chrome

Kaspersky Endpoint Security 10 qyis Windows

OpenOffice

WinDjView

1
2
3
4
5

Foxit Reader

9.3.2 CoBpemeHHblIe npodeccuoHATbHBIE 0a3bl JAHHBIX U HH(POPMAIIMOHHbIE CIIPABOYHbIE

CUCTEMBbI

9BC «JIaHb»

OBbC «YHuBepcuterckas OUOIHOTEKA OHIIANHY

9bC BOOK.1u

ObC TBI'Y

Hayunas snextponnas 6ubnuoreka eLIBRARY.RU (noanucka Ha sxypHasb)

o O B W DN -

Penosurapuii Tel'Y

10. M

ATEPHAJIBHO-TEXHUYECKOE OBECIIEYHEHHUE JUCIIUIIJIMHbBI (MOAYJISA)

AyauT-1 Oob6opynoBanue




3-314 KOMIUICKT Y4eOHOU MeOesn, MEPEeHOCHON HOYTOYK, MPOEKTOPHI, IKPaH, MBIIIb,
YCUJIMTENb, PAJMOCUCTEMA, MUKIIIEP, MUKPO(OH, 1IKad

3-404  [xomriekT yueOHOH Mebenu, IepeHOCHO HOYTOYK, POEKTOpP, AKBaAUCTHILIATOP,
Bechl, UK Dypre ciekrpomeTp, koMmnbiotep, porokoropumerp KOK-2, sanexkrponeun

11. METOAWYECKHWUE MATEPHAJIBI JJIS1 OBYYAIOLINXCS ITO OCBOEHUIO
TACIATLITAHBI

MeTtonudeckue MaTepralibl U yKa3aHus IPUBEACHBI B IPUIIOKEHUH 1.

INPUJIO’KEHMUE 1

8. METOIUYECKHE YKA3ZAHUS JJIS OBYYAIOIIUXCA 11O OCBOEHUIO JUCHUITJIMHBI (MO Y JIs)

IlepeyeHb yueOHO-MeTOAUYECKOT0 00eceYeHUs JJIl CAMOCTOSATEILHOI padoThl 00yUalouIuXcs 1Mo JUCHUIINHE

1. TIIporpamma i CAMOKOHTPOJISL M KOHTPOJIS NIPEToiaBaTeNIeM pe3yIbTaTUBHOCTH U3Y4YEHUS TUCIUITIIMHEL.
2. IlpumepHas TemaTHKa MO BBHIIOJIHEHUIO KYPCOBBIX paboT
3. Meroauueckue MaTepHalibl st TIOJrOTOBKHU K 9K3aMEHY.

1. IlporpamMma AJ1si CAMOKOHTPOJISI H KOHTPOJIS MPenoAaBaTeeM pe3yJIbTaATHBHOCTH H3yYeHHs JUCIHUILTHHBI
Ipoepammul KOLIOKEUYMOS.

| KOJLUIOK6UYM. Pasnosecue 6 comoeennvix cucmemax. Kucrommno-ocrnosnoe paernoesecue. Kucnomno-ocnosnoe
mumpoeanue.

KoncraHThI PpaBHOBECHA peaKHHﬁ U MOPOLCCCOB. HoHnHoE cocTosiHuE BCHICCTBA B HUACAJIBHBIX W PE€aJIbHBIX
cucremax. CTpykTypa pacTBoputeinei u pacrsopa. CosbBaTtanus, HOHU3aLus, Aucconuanys. [loBeneHue 31eKTpOIUTOB
U HEIEKTPOJIUTOB B pacTBopax. Teopus [lebas-Xrokkemns. TepmonnHamuueckass KOHCTaHTa paBHOBECHS. AKTHBHOCTb U
ko3(dunreHT akTUBHOCTH. KOHIEHTpanuMoHHbIE KOHCTaHThl. OOmIas W paBHOBECHAsh KOHLEHTpaUMs. Y CIOBHbIE
KOHCTAHTBI.

KucnorHo-ocHOBHOE paBHOBecue. CoBpeMEHHBIE MPEACTABICHUS O KUCIOTaX U OCHOBaHMAX. Teopus JIprouca.
Teopus bpencrena-Jloypu. PaBHoBecue B cucTeMe KHCIOTa — CONPSKEHHOE OCHOBaHHME — pacTBOpUTENb. KOHCTaHTHI
KHCJIOTHOCTH U OCHOBHOCTH. KuCIIOTHBEIE U OCHOBHBIE CBOICTBa pacTBopuTeneil. KoHcTanTa aBTonpoTonusa. BiausHue
MIPUPOJBI  PACTBOPHUTENS HAa CHIY KHCIOTHI M OcHoBaHMA. Husemupyrommii u nuddepennnpyrommii 3¢dexTs
pacTBOpHUTENS.

KucnotHO-0CHOBHOE paBHOBEcHE B MHOTOKOMIIOHEHTHBIX cCHCTeMax. bydepHble pacTBOpBI M HMX CBOWCTBa.
Bydepnas émxocTs. Beruucnenne pH pacTBOpoB OHO- U MHOTOOCHOBHBIX KHCIOT M OCHOBAaHHUHM, cMecei KHCIOT U
ocHOBaHMHU. ['padmueckoe ommcaHHE KHCIOTHO-OCHOBHOTO PaBHOBECHS (pacIpeaeiuTeNbHble M KOHIICHTPAIMOHHO-
sorapu(pMUYECKUe JrUarpaMMbl).

Turpumerpuueckue Meronnl. Kinaccudukanus. TpeGoBaHus, IpeIbIBIsieMble K PEAKIMUA B TATPUMETPUIECKOM
ananuse. [Ipsamoe, o6paTHOE U KOCBEeHHOE TUTpOBaHHE. CrIoCcOOB! BRIpayKeHHUS KOHLIEHTPAIHA paCTBOPOB B THTPHUMETPHU.
OxBuBalieHT. MossipHasi Macca SKBHBaJIeHTa. [lepBUYHbIE CTaHIApTHBIE PAacTBOPHI, TpeOOBaHMS K HUM. DHUKCaHAIBI.
Bropuunble cranmapTHele pacTBOpbl. Buabl kpuBbIx TUTpoBaHHs. Ckadok TUTpoBaHMA. TOYKa KBHBAJEHTHOCTH U
KOHEYHasi TOUKa TUTPOBAHMUS.

KucnotHo-ocHOBHOE _TuTpoBaHue. IlocTpoeHHME KpHUBBIX TUTPOBAHUS. BiMsHUE BENUYMHBI KOHCTAaHT
KHCJIOTHOCTH WJIM OCHOBHOCTH, KOHIIEHTPAI[UK KUCJIOT WM OCHOBaHUI, TEMIIEPATyphl Ha XapaKTep KPUBBIX TUTPOBAHUSI.
KucnoTHO-0CHOBHOE TUTPOBAHUE B HEBOJHBIX cpejaX. KHUCIOTHO-OCHOBHBIE MHIMKATOPHL. IIOrpemHoCTH TUTPOBaHUS
Ipu ONIPEACIICHUN CUJIBHBIX 1 CJ1a0BIX KUCIIOT U OCHOBaHHﬁ, MHOTOOCHOBHBIX KHCJIOT 1 OCHOBAaHUM.

HpaKTI/I'-IeCKOC IMPUMCHCHHUC. HepBI/I‘{HHC CTaHAAPTHBIC PACTBOPEI 1A YCTAHOBJICHUA KOHICHTPAIIMU paCTBOPOB
KHCJIOT W OCHOBAHHH. HpI/IFOTOBHeHI/Ie n crapgapTusanus pacTBOPOB COJITHOM KHCIIOTBI H TUAPOKCHUIA HATPHA.
TuTpoBaHue KUCIIOT, OCHOBaHWH, CMeCel KUCIIOT U CMeceil OCHOBaHWH. AHaJIN3 cMecel kapOboHaTa U rujpokapboHaTa
HaTpwsi, kKapOoHata u Tuapokcuna Hatpus. Onpenenenrue azora Mo MeToay Keenbnans U cojieidl aMMOHHUS MPSMBIM U
KOCBCHHBIM METOAaMMU. Onpenenem/le HUTPATOB U HUTPUTOB.

Il xomnoxeuym.  PasHnogecus — peaxyuili — KOMHIEKCOOOPA308AHUSI U OKUCLEHUS-80CCMAHOBIECHUSL.
Komnnexconomempuueckoe u OKUCIUMENTbHO-80CCMAHOBUMENIbHOE MUMPOBAHIUE.

Kommuiekcoobpa3opanue. OCHOBHBIC IPH3HAKH KOMIUICKCHBIX COCTUHEHHH. KoopaWHAIMOHHOE YHCIIO.
HenratHocth. Kiaccupukanuss KOMIUIEKCHBIX COCAMHCHHH IO XapaKTepy B3aMMOJACHCTBHUS METAILI-UTaHMA, II0
OJTHOPOJHOCTH JIMTaHJa W KOMIDIEKCOOOpa3oBaTels: BHYTpUC(EpHbIC W BHEUmIHecepHBIC, OTHOPOTHOIMTAHIIHBIC H
CMEIIaHHOIHUTaHHBIC, IO IEPHBIC KOMILIEKCHI. XeIaThl, BHYTPUKOMIUIEKCHBIE coenHeHnsI. CBOWCTBA KOMIUIEKCHBIX
COCTMHEHHUH, MMEIOINE aHAIUTHIECKOE 3HAYCHNE: YCTONYNBOCTh, pPACTBOPUMOCTB, OKPACKa, JICTY4IeCTh.




Crymendatoe  KomImiekcooOpa3oBanme. KomndecTBEHHBIE — XapaKTePUCTHKH  peaknuid  0O0pa3oBaHHA
KOMITIEKCHBIX COCTUHEHHI: KOHCTAHTBI YCTOWYMBOCTH (CTyIEHYAThle M OO0IIMe), QYHKIMSI M CTEIeHb 00pa3oBaHUS.
CKOpOCTh peakIuii KoMIiekcooopazoBanus. PakTOPkI, BIUSIONINE HA YCTOHIMBOCTh KOMIUIEKCOB. XeNaTHBIN 3 (eKT.

Oprannyeckne peareHThl. DyHKIMOHAIbHO-aHAJIUTUYECKHE TpPYINIbL. BIiHMsSHHE CTPYKTYypbl OpPraHM4ecKUX
peareHTOB Ha MX cBoicTBa. Poiib pazinnyHbIX (QYHKIMOHAIBHBIX Ipymi. Teopus aHaIOTHi B3aMMOIEHCTBHS HMOHOB
METaJIOB ¢ HEOPraHWYECKUMHU M OPraHUYECKHMH peareHTaMu. BakHellnne opraHndeckue peareHThl, IpUMEHsIEMbIE B
aHanm3e.

AHanUTUYECKH BaXKHBIE CBOWCTBA KOMIUIEKCHBIX COeIMHEHHI. BiisiHue KOMITIIeKco00Opa3oBaHus Ha KMCIOTHO-
OCHOBHBIE M OKHCJIUTEIbHO-BOCCTAHOBUTEJIbHBIE CBOMCTBA COCIMHEHHH, PaCTBOPUMOCTD, CTAOWMIIM3AIMIO Pa3IMYHBIX
CTeTIeHEel OKHCIICHUS DIIEMEHTOB. BO3MOXKHOCTH WCIIONB30BAaHMS KOMIUIEKCHBIX COSAWHEHHH B Pa3IMYHBIX METOJax
aHamm3a.

OKHCIINTENTFHO-BOCCTAHOBUTEIBHBIE PEAKINU. DIEKTPOAHBIA MOTeHIIHan. Y paBHeHne Heprera. CtaHmapTHBIH
1 (opMarBHBIN MOTCHINAIEL. BIMsHAE 3MEKTPOCTaTHUECKNX W XUMHYECKHAX B3aMMOJEHCTBUI HA MOTCHINAN: HOHHOU
cuibel, PH, oOpa3oBaHMS KOMIUIEKCHBIX W MaJOPAacTBOPHMBIX coeqMHEHUH. KOHCTaHTHI paBHOBECHS W HAIpaBJICHUE
OKHCITUTEIIFHO-BOCCTAHOBUTEIBHOTO  mporecca.  DakToppl, BIMAONIME HAa  HANPaBICHHE  OKHUCIHUTEIBHO-
BOCCTaHOBHTEIbHBIX peakuuii. [IoHsATHE 0 CMEIIaHHOM THOTEeHIHane. MeXaHU3Mbl OKHCINTEIHLHO-BOCCTAHOBUTEIILHBIX
peakuuii. OCHOBHBIE OKUCIUTENN U BOCCTAHOBHUTEIIN, IPUMEHSIEMbIE B aHAITU3E.

Kommiekcomerpryeckoe TUTpoBaHHe. HeopraHumdeckne W OpraHHYECKHE TUTPAHTHl B KOMIUIEKCOMETPHUH.
Vcnonp3oBaHre aMHMHOIIOIMKApOOHOBBIX KHCJIOT B KOMIUIEKCOHOMETpUH. IlocTpoeHHMe KpUBBIX TUTPOBAHMS.
MeTatoXpoMHBIE HHAWKATOPEI U TPeOOBaHMS, IPEABSIBIsIEMbIe K HUM. BaskHelne yHuBepcabHbIe U crienuduieckne
METAJUIOXPOMHBIE HHAWKATOPHL. [IpsiMoe, oOpaTHOe, BBITECHHUTENFHOE M KOCBeHHOE THTpoBaHHE. CeleKTHBHOCTH
TUTPOBAHHUS U CIIOCOOBI €€ TOBBIIICHNS. [[0TpeTHOCTh THTPOBAHUS.

IIpakTryeckoe npumenenue. OmnpenencHe KaabIus, MarHus, jKele3a, allOMIHIA, MEIH, IIMHKAa B PacTBOpax
YHCTBIX COJICH W IIPU COBMECTHOM IIpHUCYTCTBUH. OTpeie]icHre aHHOHOB.

OKHCINTENFHO-BOCCTAHOBUTENIFHOE THTpOoBaHMe. [locTpoeHne KpuBBIX TUTpOBaHUA. DaKkTOPHI, BIMAIOMIAE Ha
XapakTep KPHUBBIX THTPOBAHHA: KOHIICHTpAIMs HOHOB BOJOPOIa, KOMIDIEKCOOOpa3oBaHHWE, MOHHAs cmia. CIocoObI
OIpe/iesieHUs] KOHEUYHOM Touku TUTpoBaHus. WMHnukaTopsl. IlorpemHocts TUTpoBaHUA. MeTOAbl OKUCIUTEIBHO-
BOCCTAaHOBHUTCJILHOTO TUTPOBAHMS.

[Tepmanranatomerpus. Onpenenenue xkenesa (1), mapranua (1), okcanaros, nepoxcuaa BoAOPOJa, HUTPUTOB.

Honomerpust n nogumerpus. CucTeMa HOJ-MOHM] KaK OKUCIUTENb WM BOCCTAaHOBHUTENb. OnpeneneHue
apcenutoB, apceHatoB, xeneza (lll), meau (Il), ramoreHua-MOHOB, MEPOKCHUIOB, KHUCIOT. OmnpenenecHUEe BOIbI H
(YHKIMOHAIBHBIX TPYII OPraHUYECKUX COEITUHEHHH.

Buxpomarometpust. Onpenenenue xeiesa (11), ypauna (1V).

Bpomaromerpusi, mepuMeTpHs, BaHAJATOMETPHS, TUTAHOMETPHs, XpoMoMmeTpus. [lepBHYHBIE W BTOPHYHBIC
cra"gapTel. MaauKkaTopel. OnpenencHne HEOPTaHMISCKUX U OPTAaHUIECKUX COSTMHCHUI.

CKOpOCTh peakiuid B XHMHYECKOM aHajm3e. BBICTphle M MeUIeHHBIe peakiud. DakTopbl, BIHSIONUEC Ha
CKOpoCTh peaknuid. KaTamu3zaTopsl, HHTHOUTOPHI. ABTOKATAIMTHYECKHE peakiuu. VHAYIMPOBaHHBIE U CONPSIKEHHBIC
peakun.. UaaykiuoHHsiit pakrop. [IpuMepsl yCKOpeHHsS W 3aMENJICHHS peakIWil W IPOILECCOB, HCIOIh3yEeMBIX B
XMMHUUYECKOM aHaJIH3e.

1 xonnoxsuym. Pasnogecue 8 cucmeme ocadox — pacmeop. I pasumempuyeckuti memoo. Memoowvl pazoenenus
U KOHYEHMPUPOBAHUA: 0CAHCOEHUEe U IKCMPAKYUSL.

PaBHOBecue B cucrteme ocajiok — pactBop. [IpousBexenue pactBopumocTd. [IpaBuio npousBeneHHs
pactBopuMocTH. PacTBopuMOcTh. DakTOpPEI, BIUSIONIAE HA PACTBOPUMOCTE: TEMIIEpaTypa, HOHHAS CUJIa, OTHOMMEHHBIN
HOH, KOHKYPHPYIOIINE PEaKIUH, CTPYKTYpa U pa3Mep YacTHII.

I'paBumerprueckuit  Meron. CyIIHOCTh TPAaBUMETPHUSCKOTO aHAIM3a, IPEHMYIIECTBA M HEJIOCTATKU.
TpeboBaHuUs K Oca’kaaeMoii i TpaBUMeTprudeckoit popmam. ObpazoBanue ocaka. OOpa3oBaHUE U CBOWCTBA KOJIOHIHBIX
gactun. Kpucrammmaeckue u aMop(HBIE OCaIKkd. 3aBHCUMOCTh CTPYKTYPHI OCaJika OT €ro WHIWBUAYAILHBIX CBOWCTB
(pacTBOPHMOCTH, TMOJSAPHOCTH MOJIEKYN) M YCJIOBHH OCaXICHUS (KOHIICHTPAIIMH OCa)XIAaeMOTO HOHA W OCaIuTes,
COJIEBOTO cocTaBa pactBopa u PH, Temneparypbl). 3aBUCUMOCTh (POPMBI OCaJika OT CKOPOCTH 00pa30BaHUsl TIEPBUYHBIX
YacTHILl, UX POCcTa. YCJOBUS MOJMy4YeHHsS KPUCTAJUIMUECKHX U aMOp(HBIX ocaikoB. ['oMorenHoe ocaxaeHue. CrapeHue
ocamka. IlpuumHBI 3arps3HEHHs oOcagka (COBMECTHOE OCaXKICHHWE, COOCAXACHHE, IIOCIeAYIOIee OCaXICHHE).
Knaccudukarus pa3nuaHeIX BUAOB COOCAXICHAA (aACOpOIMs, OKKIIO3Ms, H30Mopdm3M 1 ap.). CiocoObl yMEHBIIEHUS
coocaxeHus. [loJIOKUTENbHOE W OTPHLATEIbHOE 3HAYCHUS SIBICHHS COOCAKACHHS B aHaiu3e. [lorpeimHocTu B
rpaBUMETPUYECKOM aHaiu3e. FI3MeHeHHs COCTaBa 0cajika MPU BBICYIIUBAHUY U TPOKATHBAHHUH.

[Ipaktiueckoe npumeneHue. [IpsMble W KOCBEHHbIE METOJIBI ONpeseseHHs. BaxHelmme opraHudeckue u
Heopranuueckue ocaautenn. OmnpeneneHue jkelie3a, alIOMHHHS, KajblWs, MarHus, HHUKeNs, KoOanbTa, IUHKA.
Ompenenenne cepsl, pocdopa, KpeMHHS U XJIOpa B OPIraHUYECKUX U HEOPTaHNYECKUX COCTMHEHHSX.

Merto/1bl pazjiesieHus ¥ KOHIIEHTPUPOBaHUs. Poiib B XUMUYECKOM aHaJu3e, BBIOOD 1 oneHKa. CoueTaHne METo/10B
pas3ziesieHuss W KOHIIGHTPUPOBAHUSI C METOJAMM OIpelesieHus; THOpPHAHBIE METOIbl. Pa3jielieHne CONOCTaBUMBIX
KOJIMYECTB 3JIEMEHTOB M OTAEJIEHUE MaJIbIX KOJINYECTB 0T Oonbmux. OTHOCTYIIEHYaThle 1 MHOTOCTYIEHYAThIE ITPOIIECCHI
paznenenus. Koncrantel pacnpeaesnenus. Koadouunenr pacupenenenus. Ctenenp u3piedeHus. Oaktop pasgeneHus.
KoadduuneHT KoHIEHTpUPOBAHHUSL.

Ocaxienne. [IpuMeHeHre HEOPraHUYECKUX M OPraHMYECKUX PeareHToB Juis ocaxaeHus. CrocoObl pa3aeneHus
nyTéM BapbupoBaHus PH, oOpa3oBaHusi KOMIUIEKCHBIX COSAMHEHUH U MPUMEHEHHS OKHCIUTEIbHO-BOCCTAHOBUTEIILHBIX
peakuuit. I'pynmoBble peareHThl M TpenbsBisieMble K HHM TpeOOBaHHUs. XapaKTepPUCTUKH MajopacTBOPUMBIX
COeIMHEHUi, Haubojee YacTo HMCHOJIb3YeMBIX B aHaiu3e. KOHIEHTPHPOBAaHHE MHUKPOIJIEMEHTOB COOCAXKICHHEM Ha
HEOPraHNYECKUX U OPraHUYECKUX KOJUIEKTOPAX.




Okctpakius. TeopeTnueckne OCHOBBEL 3aKOH pacmpeneneHus. Knaccnukanust 3KCTpaKIMOHHBIX TPOLIECCOB.
CKOpOCTb 3KCTpakIMH. THMBI 3KCTPAKIMOHHBIX CHUCTEM. YCJIOBHS SKCTPAKIUH HEOPTAaHWYIECKUX W OPTaHMYECKUX
coequHeHui. Peskctpakmus. [Ipupoa u xapakTepucTHKa SKCTPAreHTOB.

Paznenenne s5eMEHTOB MeTOIOM OHKCTpakiuu. OCHOBHBIC OpraHMYECKHE pPEareHThl, UCIOJb3yeMble JUIs
pasiesieHHs 3JIEMEHTOB METOJI0M dKCTpakuuy. CelleKTHBHOE pa3/ielieHHe JIEMEHTOB METOJIOM 0J00pa OpraHn4ecKux
pactBopuTeneii, u3amMeHenust PH BogHOI (as3bl, MacKMpOBaHMs U AeMackupoBaHusl. [Ipudops! A1 IKCTpaKIuH.

IV komnoksuym.  Cnekmpockonuueckue mMemoosbl anaiusa.

CHexTp 3JeKTPOMAarHUTHOTO M3JIyYeHHs. DHeprust pOTOHOB, [UIMHA BOJHBI, YaCTOTA, BOJHOBOE YHMCIIO; CBS3b
MEXAY HHMH; TEPMHUHBI, CHUMBOJIBI, €IUHMIBI u3MepeHus. CocTaBisiiolMe BHYTPEHHEH OSHEPruM 4YacTHIl U
COOTBETCTBYIOIIME UM AWAIA30HBI ICKTPOMArHUTHOTO H3iydeHHs. OCHOBHBIC THIBI B3aMMOJCHCTBHS BEILIECTBA C
M3ITy4eHHEM: SMHCCHS (TEIUIOBasi, IIOMMHECLICHIINS), TIOTJIONIEHNE, paccesHue. Kiaccnpukanms creKTPOCKOITMYECKIX
METOZIOB IO NMPHUPOJE YACTHUI], B3aNMOJCHCTBYIOIINX C M3IyYCHHEM (aTOMHBIC, MOJIEKYJIIPHBIE); XapakTepy Ipolecca
(abcopOIMOHHBIE, SMIUCCHOHHBIC); THAMTa30HY AJIEKTPOMATHUTHOTO W3ITYICHUS.

Cnextpsl atomMoB. OCHOBHBIE U BO30YKACHHBIE COCTOSIHUSI aTOMOB, XapaKTEPUCTHKH COCTOSHHM.
DHepreTH4ecKue Nepexopl, IpaBuiIa 0TOOpa. BepoATHOCTH 3/IEKTPOHHBIX IIEPEXOI0B U BPEMEHA )KU3HH BO30YKICHHBIX
COCTOSTHUH. XapaKTepPUCTHKU CIIEKTPAIBHBIX JIMHUHI: MOJIOKEHUE B CIIEKTPE, HHTEHCUBHOCTD, ITONyIIMpHHA. [IpHuuHEI
YIIMPEHUS CHEKTPAJIbHBIX JTHHUMH.

CnexTpbl MOJIEKYJT; nX 0co0eHHOCTH. CXEMBI DJIEKTPOHHBIX YPOBHEH MOJIEKYIIbL. DJIEKTPOHHEIE, KOJieOaTeIbHbIE
U BpamatesbHble CHEKTPhI MOJIEKYJI. 3aBUCHMOCTh BHIA CIIEKTPa OT arperaTHOro COCTOSHUS BEILIECTBa.

OCHOBHBIC 3aKOHBI HWCITyCKaHHUsI ¥ TMOTJIOMIEHHS 3JICKTPOMAarHUTHOro u3iydeHus. CBsi3b aHAJIMTHYECKOTO
CHTHaJla C KOHLCHTpAIMeH OIpeAensIeMoro KoMIoHeHTa. OCHOBHBIE CIIOCOOBI OINpPEAEICHUs KOHIEHTPAalUH B
CHEKTPOCKOIMYIECKUX METOJaX.

Amnmapatypa. CriocoOsl MOHOXpOMAaTH3aINH JTy9uCcTOH sHeprun. Kiaccndukanus cnekTpaabHBIX TPUOOPOB, UX
XapaKTepUCTUKU: JHUCHEPCHs, paspemaronias CrocoOHOCTh, CBETOCHIA. [IpHEMHHMKH W3Iy4eHHs: (OTOIMYIIBCHS,
(oTO3IeMEHThI, (OTOYMHOXHTEIHM, MOIYNPOBOJHUKOBBIE MpUeMHHUKH. MHCTpymeHTaneHble momexu. Llymsr u
OTHOIIEHHE CUI'HAII-IITYM.

MounekyssipHas abcopOumonHast _cnekrpockonus (cnekrpodoroMerpus).CBsizb  XUMHUYECKOH CTPYKTYPBI
coerHEeHUs] ¢ aOCOpOIMOHHBIM crieKTpoM. CHocoObI MOJy4eHUs] OKpalleHHBIX coeAuHeHuil. PoTomerpuyeckue
aHAJIMTHYECKUE peareHThl, TpeboBaHus K HUM. CriocoObl onpeiee s KOHICHTPAlMU BEIIECTB. 3MepeHne BBICOKHX,
HU3KUX ONTHYECKUX IUIOTHOCTeH (muddepeHnmanbHblii  MeTon). AHAIM3  MHOTOKOMIIOHEHTHBIX — CHCTEM.
CnexkTpooTOMETpHsl KaKk METOJ HMCCIENOBaHMS PeakUuid B pacTBOpax (KOMIUIEKCOOOPa30BaHMs, MPOTOJUTHYECKHX,
arperaiyn), CONPOBOXKAAIOIINXCS H3MEHEHHEM CIEKTPOB IOINIOMICHUS.. METpOJIOruuecKie XapakTepUCTHKH |
aHAINTHYECKNE BO3MOXXHOCTH. [IprMephI NpaKTHIECKOTO IPUMEHEHHUS.

[IprHnunuaneHas cxema npudopa. Kiraccuduxarys anmaparypsl ¢ TOYKH 3pEHHUS CII0co0a MOHOXPOMATH3AINN
(oTomerpsr, crekTpodoTOoMeTphl). [NaBHBIE NPHYMHBI OTKJIOHEHHS OT OCHOBHOTO 3aKOHA CBETOIOTJIOMICHHS
(MHCTpYMEHTAIIEHBIC M (PU3UKO-XUMHUYECKHUE).

MecTo ¥ poJIb CIIEKTPOCKOITMYECKUX METO/IOB B AaHAINTHIECKOH XUMHN M XUMHYECKOM aHaJIN3E.

V konnoxsuym. dnekmpoxumuyeckue memoosl AHANU3A.

OOmast XapakTepHCTHKA JJICKTPOXMMHUYECKHX MeTomoB. Kiaccuduranus. DIEKTPOXUMHUYCCKHE SUCHKH.
VHAMKAaTOPHBIN 3JIEKTPOJ U DJIEKTPOJ CpaBHEHHSA. PaBHOBECHBIE M HEPABHOBECHBIE JIICKTPOXUMHUYECKHE CHCTEMBI.
SIBneHus1, BO3HUKAIONINE NPH ITPOTEKAHUU TOKA (OMHUYECKOe TTaJeHNe HANIPsDKEHHS, KOHIIEHTPAI[HOHHAsS U KHHETHYecKast
MOJISIPU3ALINS ).

[Nonsipr3animoHHbIE KPUBBIE M MX MCHOJIb30BAHNE B PA3IMYHBIX JIEKTPOXUMHUUECKHX METOax.

[psamvas _moreHumomerpus. M3mepenne mnorteHnmana. OOpaTumMble W HEoOpaTHMbIE OKHCIUTEIBHO-
BOCCTaHOBHTENbHBIE cHucTeMBbl. MHoukaropusle osnekrtpoabl. Honomerpus. Kiaccuduxamuss HOHOCENIEKTHBHBIX
JIEKTPOJIOB: 3JEKTPO/IBI C TOMOTEHHBIMHU M F€TEPOTeHHBIMH KPHCTAJUIMYECKIMU MEMOpaHaMy, CTEKISTHHBIC 3JIEKTPO/IBI,
JIEKTPOJIBI C MOJBMXHBIMU HOCHTEISIMH, (DEPMEHTHBIC M TI'a309yBCTBHTEJILHBIE SJIEKTPOJBI. DNEKTpoaHas (GyHKuus,
KO3()(PUIMEHT CETEKTUBHOCTH, BPEMSI OTKIIHKA.

IIpumepsl mpakTHYeCKOro IpuMeHeHHs HoHoMmeTpuH. OmnpeneneHue pH, HOHOB IIENOYHBIX METANJIOB,
raJIOTeHU/-MOHOB.

HoTtennmomerpuyueckoe TUTpoBaHue. MI3MeHEeHHE 3IEKTPOTHOTO MTOTEHIHANIa B ITpoliecce TUTpoBaHus. CriocoOb
0oOHapy>KeHUs] KOHEYHOHW TOYKH THTPOBAHUS, MHANKATOPHIL. VICIIonp30BaHNE peakIiil: KHCIOTHO-OCHOBHBIX, OCAX/ICHUS,
KOMILIEKCOOOPa30BaHuUs, OKHUCICHUS-BOCCTAHOBIICHHSI.

IIpumMeps! mpakTHYeckoro mpuMeHeHHs. TurpoBanue (GochopHOH, cMecei CONIHOW M OOPHOM, CONTHOW H
YKCYCHOW KHCIIOT B BOJHO-OpraHHYeCcKHX cpenax. OnpeneneHne HOAUAO0B U XJIOPHUAOB IPU COBMECTHOM NPHUCYTCTBHH.
Hcnonb3oBaHNE OKUCINTEIBHO-BOCCTAHOBUTEIBHOTO TUTPOBAHUS JUISl ONIPEAEIICHHUSI HOHOB METAJJIOB Pa3HBIX CTENEHEH
OKHCIICHHS.

Boseramnepomerpus.  CymHocts  Mertosa.  Kimaccudukanus — BOJIBTAMIEPOMETPHYECKMX — METOOB.
WunukaropHele anekrponsl. [IpenMyiiecTBa 1 HEAOCTATKH PTYTHOTO JIEKTpoja. [IpuMeHeHNe TBEpIbIX 3JIEKTPOIOB.
XapakTepuCTUKH BOJILTAMIEPHOH KpuBOH. EMKOCTHBINH, MurpaunoHHbid, aud¢y3nonHslii Toku. IIpexenbHbIi
T Py3MOHHBIHA TOK.

Awmnepumerpuueckoe TuTpoBaHue. CymHOCTh Metona. VHaWkaTopHBIE 3meKTpoasl. Breibop motenmmana
HMHAWKATOPHOTO AIEKTPOAa. AMIEpOMETPUIECKOE THTPOBAHHUE C OTHHUM U JBYMS MOJISIPU30BAHHBIMHE JIEKTpoJaMu. Bust
KPHBBIX TUTPOBAHHSI.

IIpuMepsl MPaKTHYECKOTO IPUMEHEHHS BOJHTAMICPOMETPUYECKHX METOIOB M aMIIEPOMETPHIECKOTrO
TUTpOBaHMs. Perucrpamust u pacmudpoBka MOIIPOrpaMMbl MHIMBHIYAIBHOTO IENOJISIPU3aTOpa - HOHA MeTallla.
Perucrpamyst nossiporpaguyeckoro crnektpa. OnpejpeneHue KOHIEHTPALMM BEHIECTB METOJOM TI'PaJyHpOBOYHOTO




rpagpmka W METOAOM J00aBOK C HCIIONB30BAHMEM KIIACCHYECKOH, OCIuiorpaguyeckoi, NepeMEHHOTOKOBOM
BOJIETAMIIEPOMETPUH. AMIIEPOMETPUIECKOE TUTPOBAHNE C OJHUM JIEKTPOJOM ITMHKA U OMXpoMaTa Kausl.

Kynonomerpus. Teoperndeckne ocHOBHL. 3akoH Papazes. CriocoOb onpeeeHns KOJINIeCTBa IICKTPUIECTRA.
IIpsiMasg kyJZoHOMETpUS U KYJIOHOMETPUYECKOE TUTpoBaHHE. KynoHoMeTpus HmpH MOCTOSSHHOM TOKE M IOCTOSHHOM
noTeHuuasne. BHEWHsS U BHYTPEHHSsI TeHepanusl KyJOHOMETPHUUYECKOro TUTpaHTa. TUTPOBAHUE HIIEKTPOAKTUBHBIX U
3JIeKTPOHEAKTUBHBIX KOMIOHEHTOB. OnpeieneHne KOHEYHOH TOUKY TUTpoBaHus. [IpermMyIecTBa U orpaHUUeHHs METoAa
KYJIOHOMETPHUUECKOTO TUTPOBAHUS 110 CPABHEHUIO C IPYTUMHU TUTPUMETPUUECKUMH METOJaMH.

[Ipumeps! mpakTHyeckoro npuMeHeHus. OnpeieneHre MalblX KOJHYECTB KHUCIIOTHI M ILIENOYH, THOCYNb(ara
HaTpHUsl, HOHOB METAJIJIOB-OKUCTUTENEH.

CpaBHHTENbHAS  XapaKTePUCTHKAa UYBCTBUTEIBHOCTH W HM30MpPATENbHOCTH, OOMacTeli MpUMEHECHHUS
ANMEKTPOXUMHUIECKAX METOJIOB.

VI konnoksuym. Xpomamoepaguuecxkue memoowt anaiusa.

Omnpeneneane xpomarorpaduu. [ToHsTre o moABWKHON 1 HemoABIKHON (aszax. Kimaccnpukarms MeTonoB 1o
arperaTHOMy COCTOSHHMIO (a3, IO MEXaHM3My pa3[eleHUs, MO0 TEXHHKE BBINONHEHHSA. CHocoOBI TMOIydeHUS
Xxpomarorpamm ((pOHTaNIbHBIH, BBITECHUTENbHBIN, 3M0eHTHBIN). [lapamerpsl ynepkuBanus. OCHOBHOE ypaBHEHHE
xpomarorpapun. CeleKTHBHOCTb U 3((HEKTUBHOCTH XpOMATOTrpaUuEcKOro pasaeieHHs. Teopus TeopeTHUECKHX
tapenok. Kunermueckas Tteopus. Paspemenne kak (akTop ONTHMHU3AaIMH XpOMAaTOrpaUuecKoro Ipoliecca.
KauecTBeHHBIH U KOJINYECTBEHHBIH XpoMaTorpapUIecKuil aHaIH3.

lazoBas xpomarorpadus: ['azo-agcopOumonHas (razo-tBeppodasHas) M Trazo-kuakoctHas. CopOeHTH H
HOCHUTENHU, TpeOoBaHUSI K HUM. MexaHm3M pazzaerneHus. Cxema razoBoro xpomatorpada. Komonku. OCHOBHBIE THIIBI
JETEKTOPOB, MX YyBCTBUTEIHHOCTh U CEICKTUBHOCTh. O0IacTH NPUMEHEHHMS Ta30BOH XpoMaTorpaduu.

KunkocrHas xpomarorpadus. Bumbl sxunkoctHoit xpomartorpaduu. [IpemmymectBa BbIcOK03()(eKTHBHON
KHUIKOCTHOH Xxpomarorpadguu. Cxema JKHIKOCTHOTO Xpomarorpada. JleTeKTopsl, WX YyBCTBUTEIBHOCTh W
CEJICKTHBHOCTb.

AncopOrmonHas KHUAKOCTHas xpomarorpadusa. HopmanbHo-(a3oBblii 1 oOpamieHHO-(a30BbIi BapHaHTHI.
[MonsipHble W HENOJAPHBIC HEMOJBWKHBbIE (a3bl M NPUHLMUNBI MX BbIOOpa. MoanpuuIMpOBaHHBIE CHIIMKArelld Kak
copOentsl. [lonBrkHble (a3pl ¥ NPUHLMNBL WX BbIOOpa. OOJaCTM TNPUMEHEHHUS aiCOPOLMOHHONW KUAKOCTHOU
xpomarorpadu.

HonooOmenHass  xpomatorpadus. CrtpoeHne H  (QU3MKO-XMMHYECKHE CBOWCTBA HOHOOOMEHHHUKOB.
HonooOmeHHOe paBHOBecHe. CeeKTUBHOCTh HOHHOTO 00MeHa M (hakTopsl, onpenesstoniie ero. O6nactu NpUMeHEeHUs
noHOOOMeHHON xpomarorpaduu. VoHHas xpomarorpadus Kak BapHaHT BbICOKOO((EKTHBHOW HOHOOOMEHHOI
xpomarorpapun. OCOOEHHOCTH CTPOCHHUS U CBOWCTBA COpPOCHTOB A MOHHOM Xxpomarorpaduu. OIZHOKOIOHOYHAS H
JIBYXKOJIOHOYHAsI HOHHAsI XpoMaTtorpadus, NxX MpeuMyIecTBa U HeJOCTaTKU. MloHOXpoMaTorpaduueckoe onpeaeineHe
KaTHOHOB W aHWOHOB. MoH-mapHas u smrasnooOMeHHas xpomatorpadus. OOmwme npuHOMnsl. [logBrKHBIE WU
HeroIBIKHBIE (pa3bl. O0acTH MPUMEHEHHUS.

OKCKII03MOHHas _xpomarorpadus. OOmmue NpUHOMIBI MeToja. [loJIBIDKHBIE W HENOABHXKHBIE (a3l
OcobenHocTH MexaHU3Ma paszeneHus. OnpenensemMple BeIecTBa 1 00J1acTH MPUMEHEHHST METOIA.

[lnanapnas xpomarorpadus. OOmme npuHIUNB pasaeneHus. CrnocoObl MONy4YeHHs IUIOCKOCTHBIX
XpoMaTrorpaMM (BOCXOAAIIEH, HHUCXOASAIIEH, KPYroBOW, ABYMEpHOW). PeareHTHl I MPOSIBICHHS XPOMATOTPAMM.
Bymaxnas xpomarorpadus. Mexanusmsl pazaenenus. [lonsrmxknbie ¢asbl. [IpenmyiiecTBa 1 HeJ0CTaTKH. TOHKOCIOMHAS
xpomarorpadusi. Mexanusmsl pazaenenus. CopOeHThI U moABKHbBIE (Ba3bl. OOIacTH MPUMEHEHUS.

Texkyumuii KOHTPOJIb
Ilepeyenv nabopamopusix pabom

Ne HanmeHnoBaHue TeMBI HanmenoBanue 1a00paTopHBIX paboT




KaduecTBeHHbIll aHaIN3

KauectBennsie peaknuu Ha  katnoHel -1l
AHATTUTHYCCKUX TPYIIL. AHAJIN3 CMECH.
KauectBennsie  peaknuu  Ha  kKatuonsl ||
AQHAJIUTUYECKOMN TPyNIbl. AHAJIN3 CMECH.

Ananu3 cmecu katwoHoB |-1ll  amanmutHyeckux
IPyYIIIL.

KauectBenHble peakiuu Ha kKatHoHbI V-V AHamus
CMECH.

AHanmu3 cMmecu KaTHOHOB |-V aHanMTHYECKUX
IPyYIIIL.

KauecTBeHHBIE peakuMM Ha aHUOHBI. AHaIU3
CMECH.

AHanmm3 UHINBUAYAIFHOTO BEIIECTBA.

Kucnorno -
TUTPOBaHUE

OCHOBHO€

[IpuroroeneHue u
pPacTBOpoB

3amayva: onpezesieHue MHcl.
OIIpEACICHUE MH3po4

CTaHAapTu3anus paboumx

3amayva:

m
3anmaua: ompenencHue Muycl | H3BOs npu

COBMECTHOM IPUCYTCTBUU
Onpenenenre  MpaoH |
COBMECTHOM IPUCYTCTBUH.

m(Na.CO3) mpu

OcaguTrenbHOE 31
KOMILICKCOHOMETPUYICCKOE TUTPOBAHKE

1.ApreHTOMeTpHsL.
2. Ponanomertpust
3.KommnekconomeTpus

I'paBuMeTpuueckuii
aHaIM3a

METO/

Onpenenenne Ba?* B BaCly*2H;0
Onpenenenne Fe**B NH4Fe(SO4)2*12H,0

XpoMoTorpaguuecKkmii MeTO.
aHaIM3a

1.

Amnanu3 cMecH KaTHOHOB

OKHCIUTENHHO-
BOCCTOHOBUTEJILHOE TUTPOBAHUE

Honomerpus
[TepmanranatomeTrpust
buxpomatomerpust




7 DU3UKO-XMMUYECKHE METOIBI 1,2,3. Bri6op OIITHUMAaIbHBIX

aHajm3a (hoToOMETpHYECKUX OIPEACTCHHIA.
CriektpodoTomMeTpus 4. Metoa rpagynpOBaHHOTO Tpaduka
Honomerpust u 5. MeTton no6aBok

MOTEHIIMOMETPHYECKOE TUTPOBAHHE. 6.0npeencHue HUTPAT-UOHOB

7. OnpeneneHue XJIOpUA-UOHOB
8 Onpenenenue nonos kobansTa(ll)
9,10. KucnoTHO-0CHOBHOE TUTPOBaHUE

YCJIOBUH

RPoOooo~NoO~wWDE
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1.
12.
13.
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

IIpuMepHasi TeMaTHKA MO BHINOJHEHHIO KYPCOBBIX padoT

0030p xKypHaIOB “XUMHUS U KU3HD .
OCHOBHBIE 3TaIbl Pa3BUTHS AHATUTHIECKOW XUMHH.
Copepxanue MOHATHH “KUCI0TAa” U “OCHOBAaHUE” B MPOLIECCE Pa3BUTUS XUMUYECKON HAyKU.
Paznnunble knaccudukanuy pactoputeneii. HeBogHbIe pacTBOPHUTEIH.
CBoiicTBa BOJBI KaK PACTBOPUTEL.
BydepHnbie pacTBOpHI 1 MX 3HAYCHUE.
Kuca0THO-0CHOBHBIE HHIUKATOPBHI.
OKuUCIUTENTFHO-BOCCTAHOBUTEIILHBIE HHAUKATOPHI.
Kuc10THO-0CHOBHOE TUTPOBAaHUE B HEBOJHBIX Cpeax.
IIepmanranaTomerpusi.
Buxpomaromerpus.
MonomeTpuueckie MeTO Bl AHAIN3A.
[TpuMeHeHne OKUCIUTENFHO-BOCCTAHOBUTEIILHOTO THTPOBAHNS.
OOmmas XxapaKTepHUCTHKA COBPEMEHHBIX (PH3NKO-XMMHUECKHX METOIOB aHAIH3A.
Heoprannueckue u opraHn4eckue 0cajnTe .
[TpumeHeHne KOMITIIEKCHBIX COAMHEHNH B XUMUYECKOM aHaIIn3e.
Hcnonp30BaHNE OKUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKINI B XUMUIECKOM aHAJIM3E.
KauecTBeHHBII aHAIN3: TAIBI Pa3BUTHS.
KonngecTBeHHBIN aHATN3: ATAIBI Pa3BUTHA.
IIporonuruueckas teopus bpencrena-Jloypu, JOCTOMHCTBA U HENOCTATKY €€.
HansHelimee passurue Teopun bpercrena-Jloypu B paborax M3maitnona.
Xumnueckast Teopusi pactsopoB . Y. Menneneesa.
DIEeKTPOXMMHUUECKOE OCAXKICHNE KOOAIbTa U €r0 CIUIABOB.
OpraHuyeckne COeMHEHNS B KAUeCTBE MHIUKATOPOB: CTPYKTYpa, CTPOCHHE, CBONCTBA, IPUMEHEHHE.
Hacrosmiee u 6yaymiee On0oCceHCOPOB.
VoHoceneKTHBHBIE U MOJIEBBIE TPAH3UCTOPHI B aHAINTHKE.
HoHocenekTHBHBIE JJIEKTPO/IBI ¢ OTKIMKOM Ha CIIOXKHBIE OPTraHUYECKHE COSTUHEHMS.
AHanmuTHYeCKHe IPUMEHEHNS ITUICHIHAMUHTETPAYKCYCHON KHUCIIOTHI U POICTBEHHBIX COSAMHEHHH.
Xpomatorpadus kak MeTo]1 aHanu3a. Buusl xpomarorpaduu.
MaremaTrueckast 00paboTKa pe3yIbTaTOB XMMHUYECKOTO aHAIN3A.
TeopeTnueckne OCHOBBI aHATUTHYECKOW XUMUH.
CoBpeMeHHOE IPECTaBICHNE O HaYKe.
Omnpenenenne pH. Teopus u mpakTHKa.
Xumus — TpaiuIOHHAS U HETPaJULIMOHHAS.
[MpumeHeHne HOHOCEIEKTUBHBIX MEMOPAHHBIX JJIEKTPO/IOB B aHAJIH3E.
MerTo/p! aHaNTM3a NPUPOTHBIX ¥ MPOMBIIIIEHHBIX 00BEKTOB.
HoBble TUTpUMETPUUECKUE METOBI.
KuneTnueckue METOAbI B aHAIUTHUECKOH XUMUM.
OnTuMu3aIys SKCIEPUMEHTa B XUMHUH U XUMHYECKONW TEXHOJIOTHH.
IIporpamMMupoBaHHBIN KOHTPOJIb TEKYIIUX 3HAHUM 110 aHAJTUTHYECKON XUMUHU.
Kommnexcoobpa3oBanue B aHATUTHYECKON XUMHH.

Hpozpa.wna UMO206020 IK3amena

AnanuTHdecKkas XHUMHUS. BI/I,HI)I aHaJiu3a. CTaﬂI/II/I XHMHYECKOro aHainn3a. OCHOBHEIC XapaKTCPUCTUKHU METOAOB
aHajau3a. AOCOJIIOTHBIE K OTHOCHTEIILHBIE MCTOBbI. BI)I60p METOZa aHajinu3a. CrocoO0bI MOBBIICHHUS YYBCTBUTCJIBLHOCTU U




N30MPATETLHOCTH METOAOB. ABTOMATH3aLHUs aHAIH3A.

Kucnomno-ocnoenvie peaxyuu. IlpoTonuTudeckas TeOopHs KUCIOT M OCHOBaHWIl. PaBHoBecne B cucreme:
KHCJIOTA — CONPSDKEHHOE OCHOBAaHWE — pacTBOpUTENb. KOHCTAaHTBI KHCIOTHOCTH, OCHOBHOCTH, aBTOIPOTOJIH3A.
Husenupytomwuii u nuddepenumpyronmii 3¢ dexTs! pacTBopuTes.

Peaxyuu xomniexcoobpaszoeanusi. TUIBl W CBOHCTBA KOMIUIEKCHBIX COEAMHEHUH, MCIOJIb3YEMBIX B
aHanuTH4YeCKO XumMun. KommuecTBeHHAs XapaKTEpUCTHKA PEaKUi KOMIUIEKCOOOpa30BaHMs: KOHCTaHTa YCTOHYMBOCTH.
Crynenuatoe  KommuiekcooOpa3zoBanue.  lcnonb3oBaHME — KOMIUISKCHBIX — COEAMHEHWE Ui pasJielieHus,
KOHLIEHTPHUPOBAHUS, MACKUPOBAHUS, OOHAPY)KEHHMSI, OTIPEJICIICHUS SJIEMEHTOB.

Opeanuueckue peazenmel B XUMHUECKOM aHanusze. DyHKIIMOHATBHO-aHAUTUYECKUE U aHAJIUTUKO-aKTUBHBIE
rpymnbl. BansHue cTpoeHUs! MOJIEKyYIIbl Ha CBOMCTBA peareHTa. [IpuMeHeHne OpraHMYecKuX PeareHToB B aHANIN3E.

Oxucaumenvno-60ccmanogumenvhble peakyuu B aHAIUTHYECKOM xmmun. OOpaTtuMble W HEOoOpaTHMBbIE
OKHCIINTEIIbHO-BOCCTAHOBUTENBHBIE CUCTEMBI M MX MOTCHUIWanbl. YpaBHeHHe Heprcrta. CraHmapTHBIM M peanbHBIN
OKHCIIUTEIbHO-BOCCTAHOBUTEIIbHBIC TIOTEHIMANEL. HampaBieHne OKUCINTENbHO-BOCCTAHOBUTENBHBIX PEaKIHi.

Peaxyuu ocascoenusn B ananutrdeckoit xuMuu. KOHCTaHTHI paBHOBECHS peaKIuid ocakaeHus. PacTBopumMocTs
ocankoB. DakTOpbI, BIUSIONME HAa pacTBopuMocTh. OOpaszoBanue ocankos. Kpucrammmdeckue m aMop(HBIE OCaJKH,
yCIOBUSA OCaxaeHWsA. IIpuunHBI 3arps3HEHHS OCAJAKOB: COBMECTHOE OCaXJAEHHE, COOCaxXJeHHe, IMOocleayrolee
ocaxkaenue. Bunsl coocaxaenus. [Ipuémbl, ciocoOCTBYIOIINE MOTYYEHHIO YUCTHIX OCAJIKOB.

Mertos! pa3jieeHus ¥ KOHIEHTpUpoBaHusa. OCHOBBI 3KCTPAKIIMU KaK METO/1a Pa3/ie/IeHUs U KOHLIEHTPUPOBaHHUS.
KoncranTa pacrpenenenus, koaddumnuent pacnpexnenenus. Koncranta skcrpakiuu. ®aktop paszaeneHus. Y cIoBUS
SKCTPAKIUU HEOPTaHUUECKUX U OpraHUYeCcKUX coeAnHeHu. [IpakTiHueckoe NpUMEHEHUE SKCTPAKIUU.

Mertobl pa3aeneHus 3IEMEHTOB, OCHOBAHHbIC HA OCAKICHUH HEOPTaHNIECKUMH U OPTaHUIECKUMH PeareHTaMu.
Hcnonp3oBaHue COOCaXICHUS Al KOHIIEHTPHPOBAHHWS MHKPOKOMIIOHEHTOB. HeopraHmdeckue W OpTraHHYECKHe
KOJUIEKTOPBI.

Xpomamoepaghuueckue memoosi. [IpuHIMIBI 1 Knaccu(UKanus. XpoMaTOrpaMMBbl M CIIOCOOBI MX MTOJYYEHHS.
OCHOBHBIE TEOPETHIECKHUE ITOJOKEHHS M XapaKTEPUCTUKU MeTOI0B. I'a30Bast xpomarorpadus. OCHOBHBIE TEOPETHIECKHUE
nojoxeHusa. TpeOoBaHMA K CTAalMOHAPHBIM M TOABWKHBIM (asaM. Ilpumepsl NpakTHYECKOTO MPUMEHEHHS.
HonooOmeHHas xpomarorpadus. BricokoaddekrrBHas wnonnas xpomatorpadus. I[Ipunnunsr mertomos. Ilpumepst
MPaKTHYECKOro NMpUMEHeHus. bymMaxkHas 1 TOHKOCIOWHast XxpoMarorpadus, ©X OCHOBHbIE TEOPETUUECKHE MOJIOKEHHUSI.
TpeboBaHust K CTAIMOHAPHBIM M MOABHXHBIM (azaMm. [IpuMepsl MpakTHUECKOTO MPUMEHEHHSI.

I'paBumerpuueckue Metonbl. CymHoctb. OcaxaaeMas u rpaBumerpudeckast popmsl. [IpuMepsl npakTH4ecKoro
MIPUMEHEHUS.

Turpumerpuueckue Meto ibl. CriocoObl YCTaHOBJICHHSI KOHEYHOW TOYKU TUTPOBAHHSI.

Kucnomno-ocnosnoe mumposanue. Kpubbie THTpoBaHUS. KHCIOTHO-OCHOBHBIE MHIMKATOpHL. llorpenrHoctu
METO/1a KHCIIOTHO-OCHOBHOTO TUTPOBaHUsA. TUTpOBaHUE CMecei KUCIIOT M OCHOBaHMH. THUTpOBaHHE B HEBOIHBIX Cpelax.

Komnnexconomempuueckoe mumposanue. llpenmyinecTBa aMHHOIIOINKAPOOHOBBIX KHCIIOT TEPEd APYTHMH
OpPraHMYEeCKUMH THUTpaHTaMH. MeTalIoXpoMHbBIE MHIMKATOPHI, TpeOoBaHMs K HUM. CHocoObl TUTpOBaHHMS (TIPSIMOH,
0oOpaTHBIH, BBITECHUTENbHBIH, KOCBEHHBIH). IIpakTHueckoe NpHMEHEHHE KOMIUIEKCOHOMETPHUYECKOTO THTPOBAHUS
(omnperneneHre NOHOB KAJIBIHS, MArHUS, )KEJIe3a).

Oxucnumenvro-6occmanogumenvroe mumpoganue. PaKkTopbl, BIUAIONINE HAa BEJIMYMHY CKayKa MOTEHIUANA,
crocoObl OOHapy)KeHWs1 KOHEYHOW TOYKM TUTpoBaHHs. IlepmMaHraHaroMmeTpuueckoe, OUXPOMAaTOMETPUYECKOE,
nojoMeTpudeckoe TUTpoBaHue. IlepBuuHBIE W BTOpHYHBIE cTaHAapThl. MHIukaTopsl. [IpuMeps! NpakTHYECcKOTo
MIPUMEHEHHS.

OnekrpoxuMuueckne  Metoabl. Ilpuponma  anamuTnueckoro — curHana.  Kiaccudukaims — MeTonoB.
OnexTpoxuMuuecKas sueiika. IHAMKaTOpHbIE 37€KTPO/IBI M AJIEKTPOIbI CPABHEHHSI.

Iomenyuomempus. PaBHoBecHbIH moreHnnan. CrocoObl n3MepeHns noteHnuana. [psmas moTeHIHOMETpHH.
Wunukaropuele snekrpoabl. Kiaccnpukanns HOHOCENEKTHBHBIX 3JIEKTPOJOB. XapaKTEPUCTHKH HOHOCEIEKTHBHBIX
JIEKTPOJIOB: 3JeKTpoaHass (QyHKIUS, KOI()(OHUIMEHT CENeKTUBHOCTH, BpeMs OTKIMKa. CrocoObl oOInpeaeneHus
ko3(ppunmenTa ceneKTUBHOCTH. CIOCOOBI MPSMBIX TOTEHIMOMETPHYECKUX HM3MepeHHi. [IpakTnyeckoe mpuUMeHEeHHe
noHomerpuu: onpeneneuaue pH, pF, pNOa.

IMorennuomerpuueckoe TutpoBanue. OOIIas xapakTepucTuka Metoaa. CriocoObl HAXOKIACHUS KOHEYHOM TOUKU
TUTpOBaHMA. THIUKATOPHBIE 3JIEKTPOJB! B KUCIOTHO-OCHOBHOM, OKHCIHTEIbHO-BOCCTAHOBUTEIBHOM U OCAIUTEIHHOM
TUTPOBAHUU.

Kynonomempus. 3axkonsl @apanes. Ilpsmas KymoHOMETpHs. YCIIOBHS HOTEHIMOMETPHUYECKHX H3MEpPEHUIM:
noctiokenne 100%-Horo BBIXOJA TO TOKY; W3MEpPEHHE KOJNMYECTBA JJEKTPUUECTBA; ONpeAe]eHHe KOHIA
3JIEKTPOXUMHUYECKOM peaKkuu.

Kynonomerpuueckoe tutpoBanue. [Ipumepsl onpeeneHus 3IeKTPOAKTUBHBIX U 2JIEKTPOHEAKTUBHBIX BEIIECTB.
DJeKTpOoreHepHpOBaHHbIE KyJOHOMETPHYECKNE THTPAHTHL. Y CIIOBUS TUTpoBaHus: obecrieuerne 100%-Horo BeIxoza 1o
TOKY; M3MEpPEHHME KOJIHMYECTBAa 3JEKTPUUECTBA; OMpEJENCHHE KOHIA XHMMHUuYeckoil peakuuu. [IpenmyiectBa mepen
JPYTUMH TUTPUMETPHUECKUMHU METOJaMH.

Boremamnepomempus. OcHoBbsl MeTona. OCOOEHHOCTH 3JIEKTPOXUMUYECKON stueKH. TeopeTHyeckue OCHOBBI
KJlaccuyeckoil nossiporpaduu. XapakTepucTHKH Tossiporpammbl. IloteHnman mosryBosiHbl. JndQy3noHHBIA TOK.
VYpasuenne WnpkoBuua. Ilpaktmueckoe npumeHenne momsporpaduu. KagectBennsiii anamms. ITomsporpadudeckmii
cnekTp. KommuectBenusiit ananmns. CriocoObl ompeneneHusl KOHIIEHTPAUK BEIIeCTBa. BO3MOXHOCTH M OTPaHUYEHUS
MeToJa.

AmniepoMeTprdecKkoe THTpOBaHHE. BBIOOp YCIIOBHI aMIIepOMETPHUYECKOr0 THUTPOBAHHSA. BHIBI KPHBBIX
TUTPOBaHKA. [IpUMepsI IPaKTHIECKOTO MPUMEHEHHSI.

CHEeKTPOCKONMYECKHE  METojbl. BaxkHeilmine XapaKTEpUCTHKH  CHEKTPAIBbHBIX JIMHUH  (TIOJIOXKEHHeE,
MHTEHCUBHOCTb, IIUPHHA). ATOMHBIE ¥ MOJIEKYJISIPHBIE CHEKTPhl. B3aMMOCBSI3b OCHOBHBIX XapaKTEPUCTUK CHEKTPAIbHBIX




JIMHUH C IPUPOAOH M KOJUIECTBOM BelllecTBa (KaUueCTBEHHBIA U KOJIMISCTBCHHBIN aHAN3).

Cnexmpogomomempuueckuti memod. (OCHOBHOM 3aKOH TIOTJIOMICHHS 3JEKTPOMArHUTHOTO H3ITyYeHHS.
Monsipasiii k03¢ ¢uIHeHT morjiomeHus. I[lpuMeHeHme Meroma [UIA  ONpENeNCHUs KOHIICHTPAIlMM  BEIIECTB.
UyBCTBUTEIBHOCTD M CEJICKTUBHOCTh METOAA. BBHIOOP ONTHMANBHBIX YCIOBUH MPOBEICHUS (POTOMETPUICCKUX PEAKIIHI.
WuTepBan ompenenseMbIXx ONTHYSCKUX IUIOTHOCTEH. Meron auddepeHuansHol  CeKTpohOTOMETPUH, €ro
BO3MOKHOCTH U TpeumytiecTBa. CriekTpohoTOMETpHYCCKIEe METO Bl H3YUYCHHUS paBHOBECHH B pacTBopax. OnpenencHue
KOHCTaHT KUCJIOTHON AUCCOIMAIINM OPTaHUUYECKUX COCTUHEHHIA.

MNPUJIOKEHHUE 2

5. POHJ1 OIEHOYHBIX CPEACTB

5.1. OueHo4YHbIe MaTepUAJIbl VIS IPOBEIeHUs] TEKYlIel aTTecTaluu

DoH/T OIIEHOYHBIX CPEICTB JIJIs MPOBEIEHNS TEKYIIeil H MPOMeKyTOYHOH aTTeCTAI[UH.

OIIK-1 CnocoOeH aHaJIM3UPOBATh, MHTEPIPETUPOBATh M 0000IIATh PE3YILTATE DKCIEPHMEHTAILHBIX M PACYETHO-
TEOPETHYECKHUX PAOOT XMMHUYECKON HAIPABIEHHOCTH

(xo11, HaUMEHOBaHNE KOMIICTCHIINH )

Homep | [IpaBwuibHBI OTBET (KIIFOY) Kpurepun
3aaHu OLICHUBAHHMS 3aJaHUH
o CozeprxaHue BOIIpoca/3agaHust

3agaHus 3aKpPbITOr0 THIIA

1 b Kakme kaTtmonnl MoOryr ObITh | | Oayul 3a mpaBUIIBHBIN OTBET
otaesieHbl ocaxxaenuem HCI?
A Ca*, Ba%, Sr**

B Pb2+l Ag+, ngz+

B Mn2+, Mgz+, Cr3+

I Zn%, AI¥, Sp?*

2 r UYro Oyaer #ABJATHCI  BecoBoii | 1 0at 3a mpaBWIBHEIN OTBET
¢dopmoii 1npu rpaBUMeTPHYECKOM
omnpejaeleHuN xKeae3za?

A Fe(OH);
b FeSO4
B FeCl;
T Fe, O3
3 B Kaxoii HHIUKATOP MOkHO | 1 Gasul 3a MpaBUIILHBIN OTBET

HCNOJB30BaTh NpPHM  THTPOBAHUHU
YKCYCHOH KHCJIOTBI THAPOKCHIOM
HaTpusi?

A wMetwioBHIi opamkeBbli (pT=4)

b wmerunoBslii kpacustii (pT=5)

B ¢denondranenn (pT=9)

I" 6pomxpe3onoBslit 3enenslii (pT=4,5)

4 r 10,00 ma BogHoro pacreopa NaCl | 1 6au 3a IpaBUILHBINA OTBET
HEU3BECTHOI KOHIIEHTPAaUuHu
TutpoBasm  0,1000 M AgNOs3 B
npucyrcrBun  ¢uryopecuenna. Kaxk
HA3BIBAKOT JAAHHBIA cnocod
THTPOBaHUA?

A KOCBEHHOE TUTPOBAHME,

b 3amecTtHTenbHOE TUTpPOBAaHUE,

B obparHoe TuTpoBanue,

I npsimoe THUTpOBaHue,

5 b CKOJIBKO CKAYKOB THTPOBaHMSA Ha
kpuBoii TurpoBanusi 0,1 M HsPO4
pacrBopom 0,1 M NaOH?

A onun;
b nBa;
B detsipe;
I' T1pu
6 KaugecTBeHHBEIMHI Yro AABJISIETCS KayeCcTBEHHOI
Ha3bIBAKOTCS peakuuy, | peakuveil B aHAJIUTHYECKOH XUMHUU?

MO3BOJISIONINE
UICHTU(QHUIIIPOBATH B




HCCIIeTyeMOM 00BeKTe
orpe/ieIeHHbIE aTOMBI,
MOJICKYJIbI,

(yHKIHOHATIBHBIE TPYIIIBI
U T. 1. IO TO BHEUIHUM
MPOSIBJIICHUSIM,  KOTOPKIC
COIPOBOXKIAIOT PEAKIINIO:

BbIJIEJICHUE rasa,
HU3MEHEHHE I[BETA
pacTBopa,  0Opa3oBaHHE
ocajika, MOSIBJICHUE

cnenu(UIecKoro 3amaxa u
ap.

@akTop HKBUBAJIEHTHOCTHU
(f 9kB) — o9TO YHCIO,
KOTOpoe obo3Hagaer,
Kakasi  J0Js  pealbHOMH
YACTHUI[LI (noHa J5R1070
MOJICKYJIbI) YKBUBAJICHTHA!
OJIHOMY MPOTOHY B
KHCJIOTHO-OCHOBHOM
peaKkuuu;0IHOMY
JJIEKTPOHY B
OKHCIIUTEIbHO-
BOCCTAHOBHTEIILHOM
peakuuy; OTHOW eAMHUIIC
3apsiga B KOHKPETHOM
peakmu oOMeHa.

Haiite omnpeejaeHne dakropy
IKBUBAJIEHTHOCTH.

I'paBuMeTprUECcKUM
aHaJIU30M Ha3bIBAIOT
METOJ, KOJIMYECTBEHHOI'O
XHUMHYECKOTO aHaju3a,
OCHOBAaHHBIH HA TOYHOM
U3MEpPEHUU Macchl
ONpEeNEeNsieMOro BelllecTBa
581071 ero COCTaBHBIX
JacTe, BBIJICIIIEMBIX B
BUJIE COCIWHEHHH TOYHO
HW3BECTHOI'O ITOCTOSIHHOI'O
COCTaBa.

OmnpeniejiecHde rpaBHUMETPUYECKOrO
MeETO/Ia aHAJIN3A.

CriexrpodoromeTpus —
METOJ, (uzuko-
XUMHUYECKOTO
HUCCJEIOBAaHUS M aHalln3a,
OCHOBAHHBIN Ha
U3MEPEHUU CIIEKTPOB
MOTJIOIIEHHS B ONITHYECKOU
obmactu
3JIEKTPOMArHUTHOTO
W3JTyYEHUsL.

Omnpenenenne
CreKTPooTOMETPHYECKOT0 MEeTO/Aa
aHaJIM3a.

10

[TorenmomeTpus - 3T0 psix
METOJIOB aHamM3a u
OIpeieNeHus ¢usuko-
XUMHUYECKUX
XapaKTepUCTUK
AIIEKTPOJINTOB u
XUMHYECKUX peakiu,
OCHOBaHHBIX Ha
U3MEPEHUH  DIIEKTPOHBIX
MOTEHIHAJIOB "
JNEKTPOJBIDKYIINX  CHII
rajJbBaHUYECKOTO
JJIEMEHTA.

OmnpenesieHne NOTEHIMOMETPHHA

3aganus

OTKPBITOI'0 THIIA

Kak pasnennth cMech KaTnonos: Ag*. Ba?', AP*, Zn?

3 Gamta




IIpaBuABLHBII 0TBET (KJIIOY):

1. Jlo6asmsiem k pactBopy 2M pacteop HCI: 1 6amr
Ag"+Cl.— AgCl ! Genplii  TBOPOXKHCTHIM 0CaIOK
2. OtnenuB ocaiok, nodassieM K pactBopy 2M pacteop H2SO4 1 Gasn
Ba?* + SOs* — BaSO4 ! Genblif kpucTanaudeckuii ocagox
3. Tlocne otnmenenus cynbdarta Oapus K pacTBOpy [00aBisieM H30BITOK
TUIPOKCU/A AMMOHHS 1 6amn
AP* + 3NH,OH — Al(OH)3d+3NH,*
OeIBIil CTYIEHICTBIA 0CaT0K
Hroro:
Zn?* + 2NH,OH—Zn(OH)24+2NH4* 3 Ganma
Zn(OH)2 + 4ANH4OH—[Zn(NH3)4](OH)2 + 4H,0
pacTBOp KOMIUIEKCHOM COJIH
2 | BeimageT JiM ocajgoK XxJopuaa cepedpa, ecom k 10 ma 0,1 M | 3 6amra
pacTBopa HUTpara cepedopa mpudaButs 20 ma 0,1 M pacrBopa
xjopuaa Hatpus?
IIpaBuABLHBII 0TBET (KJIIOY):
1. HaiizeM KOHIIEHTpAIIMH PACTBOPEHHBIX BEIIECTB ITOCTIC CMEIINBAHMS: 1 Gamn
C(AgNO3)e V (AgNO3) _ 0,110
C(AgNO3 ) = v (igN03)+ v (gNaCI) ~ Totz0 0,0333 moxn/n
C(NaCl) = ——Nach = V (Na€h) 01 *20 _ ) 567 \omw/im
V (AgNO3) + V (NaCl) 10+20
Ortcroga
C(Ag") =C (NOg3) = 3,33-102 Mo/,
C(Na*) = C(CIl") = 6,67-107% Mo/
2. BprumcanM HOHHYIO CHITy pacTBOpa:
I[=0,5+(0,0333212+0,0333 *12 + 0,0667 *12 + 0,0667 *12) = 0,1.
Onpenenum ko3GpuunenTs! akTuBHOCTH HOHOB Ag* 1 CI™ mpu [ = 0,1 1 Gann
ng+ = 0,81, fc|.: 0,81.
3. Haiinem npoussenenue aktuHOCTEH noHoB Ag* u Cl™
0,0333+0,81+0,0667+0,81=1,157+103
Tak kaKk MPOU3BEICHUE AKTUBHOCTEH HOHOB OOJIBIIEC BETHYUHBI 1 Gann
IIPagen = 1,78 10719 crnemoBaTenbHO, OCAIOK BBIMTAZET.
Otser: ocanok AgCl Bbinajaer. Hroro:
3 Gamia
3 Omnpenenurs pH pacTBopa, mogy4eHHoro npu cMemmBanum 20 | 3 6amia
ma 0,15 M u 20 ma 0,3 M pacTBopa anerata HaTpHs.
IIpaBuabHbIA 0TBET (KJI04):
1 Gamn
1. HaxoauM KOHIICHTPALMIO YKCYCHOW KHCJIOTHI U alleTata HaTpHs IOCIIe
CMECTIIUBAHHUS:
C(CHBCOOH) = 0,15'20/(20+20) = 0,075 MOJ‘IL/J'I
C(CHBCOOH) = 0,3'20/(20+20) =0,15 mMomup/1
1 Gamn
2. PaccumThiBaeM KOHIICHTPAI[MIO HOHOB BOIOpOJa MO (opmyie st
0yGepHOTrO pacTBOpa, 00Pa30BaHHOIO CIa00¥ KHCIOTON U €€ CONBIO.
[H*] = Kk-151 * Ck-TB1/Cconu =1,75 » 105« 0,075/0,15 = 8,75+10°6 1 6amn
3. pH=-lg[H*]=="-1g 8,75°10°=5,06
Hroro:
Otgert: pH = 5,06 3 bamia
4 BbIYnc/IMTE YHCIIO MOJIEKYJ M MACCOBYIO 10JI10 BOJABI B MoJIeKyJe | 3 Oajia
KPHCTAJLUIOTHAPATA XJOPHAA MATHHUS, €CJIM W3 HABECKH €ro
0,5013r moayunsn 0,2741r Mg2P207.
IIpaBuabHbBIA 0TBET (KJII04):
1 Gayn
1. Ompenenum MOJSIPHYIO MAacCy KPUCTALIOTHIpATa XJIOpUIa MarHUsI
MMgCI2-xH20) = M(Mg2r207) *2Mmgci2xH20) | M(mgzr207)
MMgci2 xH20) = M (MgCl2-xH20) * Mmgzp207) ] 2Mmgzp207) =
0,5013¢222,553/2+0,2741 = 203,51 1 6asn
2. HaxoauM 4YuCiIO MOJIEKYJT B KPUCTAILIOTUApaTe
X= M(MgClZ-xHZO) - M(MgCIZ) / M(HZO) = 203,51 — 95,21/18=6,02
3. Haxoaum maccoByto 10510 1 Gasmn
W (H20)= 6°18/203,51 = 0,53 mm 53%
Otser: 6 monekyi, WH20)= 53% Hroro:
3 bauta
5 Jns ecrangaprusanun pactsopa HCl naBecky 1,9024 r 3 Gayuia
Na2B4O7 - 10H20 pacTBOpH.IN B MepHOH KOJ10e BMECTHMOCTBIO




100,0 ma. Ha TtutpoBanue anukBoTHoi 4actu (VA = 15,0 M)
Toro pacrpopa mouuio 13,1 ma pacrBopa HCL BbIlYHCIAHTH
MOJISIPHYIO KOHIIEHTPAIMIO M TUTP pacTBopa

IIpaBUABLHBII OTBET (KJII0OY):
1. U3 ypaBHEHUs MPOTECKAIOIICH pEakIiK HEHTpaTn3aIuu
2HCI + Na;B40O7 +5H,0 — 2NaCl + 4H3BO3
crenyer, uro faks. NayBsO; =1/2, mnosromy MonspHasi KOHIIEHTpALUsI
JKBHBAJICHTA TeTpabopara HaTpus OyAeT
C(Na2Ba0*10H20) = M(Naz2B407) / MPIKB (NazB407*10H20) *V = 1.9024/190,69 < 0,1 =
0,0998 MOIB-3KB/II
2. Tlo 3akoHy JKBHBAJCHTOB pAacCUYNTAEM MOJSIPHYIO KOHIIEHTPAIIHIO
skBuBajenra HCI
CHery = 0,0998¢13,1/15 = 0,0872 MomB-3KB/1
KB (Hcy = 1, mO3TOMY MOJSpHAsT KOHLEHTpAlUs OyaeT paBHAa MOJISIPHOMN
KoHteHTparuu skBuBanenta HCl  0,0872 mons/n
3. Turp paccuntsiBaeTcs mo Gopmyie:
THen = C (Heny*M wer / 1000 = 0,087236,5/1000=0,00318 ¢

OtBet: C(Hc)y=0,0872 monw/it; T (Hey=0.00318r

1 6amn

1 6amr

1 6amr

Hroro:
3 Gamta

6 Boruucants MaccoByo 100 Al2O3 B cuiimkare, eciin

HaBecky 1,0220 r nepeBenu B pacTBOp, a06aBuan 25,00 mua
pacrBopa TpuioHa b ¢ konumenrpanueir 0,1151 moan/a. Ha
TUTPOBaHMe U30bITKA MocjaeaHero nouwio 9,83 ma 0,1015 moab/a
pacTBopa cyjab(para HUHKA

3 Gama

IIpaBuABLHBII 0TBET (KJIIOY):
1. Ompenenenne Al,O3 mpoBoAWTCS METOIOM OOpaTHOTO THUTpOBaHWA. B
pacTBope NPOTEKAIOT CIACAYIOLINE PEAKIINH:
AR+ HyYZ > AlY + 2H*
HoYZ + Zn?* > ZnY? + 2H*

2. KonnuecTBO MOIB-3KBHBAJICHTOB AJIIOMUHUA  PACCUUTHIBACTCA  I10
PasHOCTH MEXAY KOJNHMYECTBOM MOJb-IKBHBAICHTOB J100aBICHHOTO
TpwioHa b wu ocraBumerocs mnocne peaxkuuu. Ilockonbky peaknus
KOMIUIEKCOOOpa3oBaHUs NPOXOJUT ONUH K oxHOMy, f 9KB. Kakmoro
peareHTa paBeH 1. MoJisipHasi KOHIGHTPALHs M MOJIAPHAsk KOHLICHTPALUS
9KBHBAJICHTA PABHBL

Nazy=CtpeV1p - C znsos*V znsos
Naiz+) = (0,1151 25 -0,1015 +9,83) 10 = (2,88-0,99)10° =
= 1,89+107 mosp-3kB =0,00189 Mo

3. Tak kak B 0/IHOH MOJIEKYJIE COJEPKUTCS JBa MOHA ATIOMUHNS, KOJIMYECTBO
modei AlO3 Oyzer B 1Ba paza MEHbIIIE.

M (a1203) = Neaiz+) * M(azos)/ 2 = 0,00189102/2=0,0964 r
Wai203) =0,0964/1,0220100=9,62%
Ortger: 9,62%

1 6amr

1 6amn

1 6amn

Hroro:
3 Gamta

7 Bpruucaurs omubky TtutpoBanus 0,15 M pacTBopa
rugpoxkcuga ammoHusi 0,15 M pacTBopoM COJISIHOH KHCJIOTBI
B IPUCYTCTBUH (peHoTaNCHHA

(pT=9).

3 Gamra

IIpaBuabHbBIH 0TBET (KJII04):

1. PaccumteiBaeM pH B TOuke OSKBUBaJEHTHOCTH. Ilpm mosmHOM
HEUTpanu3aIy THAPOKCHAA aMMOHHS B pacTBOpe OyJdeT HaXOIAHUTHCS
coilb, oOpa3oBaHHas CHJIBHOH KHCJIOTOM H CIa0bIM OCHOBaHHEM,
KOTOpas OyAeT MOABEPTaThCS THIPOIH3Y.

NH4OH + HCI — NH.CI + H,0
NH,CIl + H,O0 — NH;,OH +H*+ CI-
Ortcrona

pH =7 - V2 pKnnaory — 72 19 Cinracy)

Cnnact) = Cnraory * Vnraory / V(NHaoH) + V(Her
CivHacy = CHey  — Vnwaor) = Ve —
C(NH4C|) = C(NH4OH) /2= 0,15 /2= 0,075

1,5 6ama




pH =7-4,75/2 - Ig0,075/2 =5,75

2. Tak xak TuUTpoBaHWe OyneT 3akoHueHo mpu pH=9, TO THapokcun | 1,5 Gamra
aMMOHMsI OyneT HemOoTHTpoBaH.  VHaukaTopHas ommbka Oyner
OIPEEIATHCS MPUCYTCTBUEM B PAacTBOpPE HEJAOTUTPOBAHHOTO CJIAOOT0
ocHoBaHus. T.e. HE0OOXOUMO paccunuTaTh OCHOBHYIO OIIHUOKY:

10pT+pKB—14
A%(MeOH) = —W -100
9+4,75—-14 .
A%(MeOH) = -0 2" 100 = — 36% Joros
OTBeT: TMAPOKCU], aMMOHHA OyJeT HeJOTUTpoBaH Ha 36 %

8 Cmemaau 60 r 6%-Horo pacrBopa cepHoii kucjorbl ¢ 100 max | 3 6amna
20 %-noro pacTBopa cepHoii kuci10Thl. KakoBo mpouentHoe
cofiep’kaHMe W KOHIEHTPanMsi MOJSIPHOTO JKBHBAJIEHTA
CepHOii KHCJI0ThI BO BHOBB MOJIYYeHHOM pacTBope?

IIpaBuabHBIH OTBET (KJII04):

1. TIlepeBenem oobem 20% pacTBopa B rpamMMbl. B cnpaBounuke Haxomum | 1 Gasmn
wioTHOCTH 20% pacTBOpa CEpHON KHCIOTHIL. P20% H2s04)=1,1394

M (20% H2s04) = 1,1394 « 100 =113,94 r

2. PaccunteiBaeM HOBYIO % KOHIICHTPAITHIO

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

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

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

3. OmnpenenseM GpakTop SKBUBATCHTHOCTH CEPHOM KHUCIIOTHI.

fokB.=2  Moks. =98/2=49 1 Gamn

Haxomaum mnotHocTh 15% pactBopa.

P(s% Hzso4) =1,1020

PaccunteiBaem KOHICHTpAUuIO0 MOJIb-OKBHUBAJICHTA

w +p10 _ 1517 +1,1020 -10

C= o prs = 3,4 MOoJIb — 3KB/ 1

Orter: W=15,17%, C=3,4 MOab-9KB/II

Hroro:
3 bauta

9 Hagecky skese3oconep:kamieii  pyabl  maccoit  0,3301 r | 3 Gama
PACTBOPHJIM B KHCJIOTe 0€3 10CTyIa BO31yXa, MepeHecIH
B MEpPHYI0 K010y BMecTUMOCThI0 200 M1 1 10BesIM 00beM /10
METKH. AJIMKBOTY IOJIy4YeHHOro pacrBopa 10Mi1 oTTUTpOBAIH
noreHuuomerpuyeckn 0,0500n pacrBopom KMnOs Ilo
MOJIy4YeHHBIM pe3yJibTaTam
V, ma 25 26 27 28 285 29 30 3,1
3,2
E,MmB 585 570 550 530 410 180 165 155 145
onpeaeTuTh TOUYKY IKBUBAJEHTHOCTH M PACCYHTATH MaCCOBYIO
JOJIIO JKeJie3a B pyae.

IIpaBuabHBIA OTBET (KJII0Y):

1. Inst TOorO, 9TOOBI HCITOTB30BATH 3aKOH SKBUBAJICHTOB ISl ONpeAeICHAs MacCchl | 1 Gant

JKene3a, He0OOXOAMMO y3HaTh 00BEM IMepMaHraHaTa B TOYKE 3KBHBAJICHTHOCTH.

IIpeobpa3yem noTydeHHBIC TaHHBIE.

V,mn 2,5 26 27 2,8 2,85 29 3,0 31 3.2

AV - 01 01 021 0,06 0,05 01 01 01

E,MB 585 570 550 530 410 180 165 155 145

AE - 15 20 20 120 230 15 10 10

AE/AV - 15 20 20 2400 4600 15 10 10

Haxe 6e3 mocrpoenus nuddepeHuansHON KpUBOH BUIHO, YTO MakCUMyM Ha

Hell COOTBETCTBYET 00BEMY IepMaHraHaTa

VT.3.=2,9 ML

2. PaccunTtheiBaeM KOHIEHTpAIMIO 1 Maccy JKeje3a B NCXOJHOM pacTBOpe

C(re2+)=2,9 + 0,05/10 = 0,0145 mMonb-3KB/1 1 6ann

B nporekaroieil npu TUTPOBAaHUU pEaKLUU

MnO4~ + 5Fe?* + 8H* = Mn?* + 5Fe®" + 4H,0

¢axrop sxeuBanentaocTr Fe (I1) faks. = 1 1 Mbaks. = 55,845

M (Fe2+) = 0,0145 55,845 ¢ 0,2 =0,1620 ¢

3. KommuecTBo kene3a B pacTBOpPE COOTBETCTBYET KOJIMYECTBY jkelyie3a B | 1 Gasmn

HaBecke. OTcrona:




W% re = 0,1620 « 100/0,3301 = 49,06%

OtBet: w% = 0,2348%

Orter: W% re = 49,06% Hroro:
3 basa
10 Ilpu omnpeneleHnu MapraHoa B CIUIaBe MeTOJOM 006aBok | 3 Gamia
HaBecky maccoii 0,5000r pacTBopusiu u pa3déaBuu pacTBop 10
200 ma. K derblpeM OAMHAKOBBIM MNOPHMSAM PpPacTBOpa
A00aBMIIM TaKWe 3Ke O00BEMBI CTAaHAAPTHBIX  PacTBOPOB,
conep:xkammx:  0; 33 6; 9 mxr/ma Mn. MU3mepus
ONTHYeCKHe  IUIOTHOCTH, TOJYYHJIH  COOTBETCTBEHHO:
0,225; 0,340; 0,455; 0,570. BbIYMCIUTH MACCOBYIO /10JIIO
Mn (%).
IIpaBunbHEIN OTBET (KITIOY):
1. PacunmTeiBaeM KOHIIEHTpAIlMIO MapraHIla B HCCIeIyeMoM pacTBope | 1 Gamr
AHATTUTHYECKH 110 (hopMyIIe
Cx=C cT m, rae CcT —KOHIEHTpaIus CTaHAapTa, AX —ONTHIECKAs
IUIOTHOCTb HCCIIEyeMOro pacTBopa 0e3 100aBKM CTaHAApPTHOTO pacTBopa: A
X+CT — ONTHYECcKast INIOTHOCTh UCCIIEAYEMOT0 pacTBopa ¢ 100aBKOM cTaHapTa
Cx=3 L0225 5,87 MKr/miu
0,340-0,225
Cx=6-—22° _ — 587 mkr/mn Cx =5,87 mxr/ma = 5,8710% r
0,455-0,225
Cx=9- - 5,87 MKr/min
0,570-0,225
2. Paccumraem maccy mapranma B 200mi 1 Gamn
m=5,87-106+200=1,174« 10%r
3. BBIUHCINM MaccoByo 10mo. KommuecTBo Mapramia, coseprarieecst B | 1 Oam
200mMn pacTBOpa COOTBETCTBYET KOJIHMYECTBY COJIepXKalieMycs B
HaBECKe CIUIABa. Hroro:
W% = 1,174 « 103+ 100/0,5000 = 0,2348% 3 Gara

OIIK-2 CrocoOeH IpOBOAUTE C COOIIOJEHMEM HOPM TEXHHMKHM 0OE€30IMACHOCTH XMMHYECKHHA DKCIIEPHMEHT, BKIIFOYAs
CHHTE3, aHAJIN3, M3YYEHHE CTPYKTYPBI M CBOMCTB BEIIECTB M MATEPHUAJIOB, HCCIIEAOBAHHUE IIPOIIECCOB C MX YYACTHEM

(KOI[, HanMMCHOBaHHEC KOMHCTGHHI/II/I)

Homep | IIpaBunbHblit Kpurepun
3a/1aHd | OTBET (KITI0Y) OIICHUBAHHUS
S CojneprxaHue BOonpoca/3aiaHus 3aaHu’
3aganus 3aKpbITOro THNA
1 b Yro u3ydyaer aHAINTHYECKAS XUMHA? 1 6an
A H3zyuaer coeMHEHHS C YrIIepOIOM Pa3IMYHbIX SJIEMEHTOB, a TAKXKE | MPaBHIIbHBINA
UX CBOMCTBa M METObI OTIPEEIICHNUS OTBET
b 310 Hayka o MeTonax uaeHTHGUKAIUN 1 0OHApYKEHHS SJIEMEHTOB
U UX COCIMHEHUN
B Hayka o 3akoHax CTpOE€HMs, CTPYKTYypbl U IIpEBpAlllEHUs
XMMHUYECKHX BEIECTB
2 A Yro TaKkoe BOCIIPOM3BOAUMOCTH Pe3yJIbTATOB aHAJIN3a? 1 6amn
A Drta Mepa TOro, Kak MOBTOPSIIOTCS PE3YJIBTAThl IPU MHOTOKPAaTHOM | IPaBUIIBHBIN
MIPOBEACHUH aHAIIN3a OTBET
b Tlapamerp, xapakTepusyronuii 6JM30CTh IKCTIEPUMEHTAIBHBIX U
WCTHUHHBIX 3HAYEHUH N3MEpsieMON BEJTMIHHBI
B OTO MUHHMalbHOE PpAcXOXJICHHE MEXIy pe3yibTaTaMH,
MIOJTYYEHHBIMU ITPH MCIIBITAHUH OJTHOM NpoOBI
3 A Yro TaKkoe CTAHJAPTHU3ALMSA pacTBOpa? 1 6an
A DTO0 yCTaHOBJIEHHUE €r0 TOYHOI KOHIIEHTpalul MIpaBUJIbHBIN
b Ilpurorosienue pacTBopa U3 CTaHAapTa OTBET
B VYcraHnoBneHue cpoka rogHOCTH pacTBopa
4 b Yro W3 TPEICTABJIEHHOI0 SIBJIseTCsl METOA0M mpoBeaenus | | 6an
Ka4yecTBEHHOro aHaau3a? MIPaBUIIBHBIH
A TpaBUMETPUYECKUI METOL, OTBET
b npoGwuerii aHanm3
B  Ouoxumuueckwuii
5 B Ipu uaeHTHPUKANMM KATHOHA KaJus HCHOJAL3YWT pacTBop | | 6amn
HaTpusa rekcanuTpokodansTata (III). Kakoii kaTmoH Memaer | IpaBHIBHBIN




onpeaeaeHUI0 KaJus MPH MOMOIIH 3TOMH peakuuu? OTBET
A Co*
b Na*
B NH*
6 b YyBCTBUTEIbHOCTh PeaKIUil ompeaessieTcsl IBYMs OCHOBHbIMH | 1 6amn 3a
KPUTEpPUSIMHU: MIPABUJIBHBIH
OTBET
A Temmeparypoil u 1aBleHHUEM,
b oOHapyxuBaeMbIM MHHUMYMOM M MHHUMAaJIbHOH KOHIICHTpaLHeEH,
B MuHHMaJIbHOM KOHILIEHTpAlMEN U TEMIEPATYPOU.
7 r O0beKkTaMu HCCIIeJ0BAHMS B AHAJUTHYECKOH XHMUH SIBJSIIOTCS 1 Oan 3a
A armocdepa, I04Ba U IOJIE3HBIE HCKOTIAEMBIE; MIPABUJIBHBIH
B pacreHns m KUBOTHEIE, OTBET
B uenosek;
I’  Bcé BBIICNEPEUHCICHHOE BHIIIE.
8 b K xumMu4yecKuM MeTo1aM aHAJIU3a OTHOCUTCS: 1 6amn 3a
A doromerpus; [IpaBUJIbHBIN
b rpaBumerpus; OTBET
B noreHunomerpus;
9 A B kayecTBe mNepBHYHBIX CTAHIAPTHBIX BeNIECTB HMCHOJB3YIOT | 1 Oan 3a
coelMHeHHUs, o0/1aaoIKe CJeAYIOIMMU TPeOOBAHUAMM: NPaBHJIbHBIN
OTBET
A cocTaB COGMHEHUS CTPOTO  COOTBETCTBYET (hopMyIIe;
b coenuHeHue HepaCTBOPUMO B BOJE;
B coenuHennme netyde;
I' coenuHeHue TepMOYCTOWYMBO.
10 b Kak roToBsit pacTBOp HOIA AJIs HOAOMETPUYECKOro TUTpoBanuna? | 1 Oamn 3a
MIpaBUJIbHBIN
A pacTBOPSIOT HaBECKYy HOJa B BOJIC. OTBET
B pacTBOpSIIOT HaBEeCKY HOIa B KOHIICHTPUPOBAHHOM PACTBOPE KaJuUs
nomuaa M pa3zdaBIgIOT BOAOH;
B ucnonb3yroT STUIOBBIA CIUPT KaK paCTBOPUTEIH
3aaHus OTKPHITOTO THIIA
1 IIpenno:xure cxemy pa3esieHHsi CMeCH, COCTOSIIIE 13 4 Ganna
K+, Ag+, Pb2+
IIpaBuiabLHbINA 0TBET (KJII0Y):
1. OrzmeneHue HOHOB cepebpa U CBUHIIA. 1 Gann
OcaxraeM HOHBI cepedpa U CBHHIIA JI00aBIEHHEM K HCclieyeMomMy pactBopy 2 M pactopa HCI.
Benvre amopdHBIE XTOpHIEI HEPACTBOPUMEI B BOJIE B Pa30aBICHHBIX PACTBOPAX KHCIIOT.
Ag"+ Cl"— AgCl|
Pb%* + 2CI" — PbCl,|
Crenyer wm3berath u30biTKa Oombmioro u3deiTka HCl BcrencrBue oOpa3oBaHMS pacTBOPHUMBIX
XJIOPUIHBIX KOMIUIEKCOB
AgCl|+HCI—H[AgCI;]
PbCl, + 2HCI = Hy[PbCl4]
2. OrtneneHue U onpesieieHle CBUHIIA.
Hcnonp3ys XOpoIIyro pacTBOPHMOCTh XJIOPHA CBHHIIA B Tops4el BOJE, W3BIEKAEM CBHHEIl U3
ocajka XJIopuaoB. [IpoBoaNM KadueCTBEHHBIE PEaKIIMU Ha CBUHEI
Pb2* + 21" — Pbl | ocaok 30JI0THCTO-KENTOrO [BETA 1 Gamn
Pb%" + CrOs* — PbCrQ4 | »enTslii ocagok
3. Ortnenenue u onpeseneHue cepedpa.
Ocanok xyopuja cepebpa pacTBOpsSeM B aMMHAKe M IPOBOJMM KayeCTBEHHBIE PEaKIWH Ha WOH
cepeoOpa.
AgCl + 2NH4OH — [Ag(NHj3),]Cl + 2H,0
IIpu neiicTBUM a30THON KHCIOTHI aMMHAYHBI KOMITJIEKC cepedpa pa3pyliaeTcs U CHOBA BBIMAIACT
OerbIit ocasok XJopuaa cepedpa
[Ag(NH3)2]C| + 2HNO;3; = AgCl l+ 2NH4 + 2NO3 ™~ 1 Gamn

OemnbIit
TBOPOXKHUCTBIN 0CaTOK
Takke KOMIUIEKC MOKHO pa3pyLIUTh AEHCTBUEM HOAUAA KaJUs
[Ag(NH3)2]Cl1 + KI = Agl | + 2NH3 + Cl - + K*
JKEJITOBATBIN 0Cal0K




4. Omnpenenenue xanus. B pacTBop mociie OTIElIeHUsI HOHOB cepedpa W CBUHIA J00aBIsIEM
alerar HaTpusi, 4TOOBI CO3aTh claboKuciyto cpeny. st onpeneneHns Kanus ¢ IOMOUIBIO
kobansTrauTpuTa HaTpus Naz[Co(NOz)s] pacTBop IO/DKEH OBITH HEHTPAIbHBIM HJIH
CITa0OKHCITBIM.

2K* + 3Na* + [Co(NO2)s]* — K2Na[Co(NO2)s |
JKENTHIN
KPHUCTAJUTHUECKHI 0CaI0K
OTH e YCIOBUS MOAXOMAAT JJIsi KAYeCTBEHHON PEaKMd HOHA Kalusl ¢ TMAPOTApTPATOM HATPHUS
(BUHHOI KHCIIOTOM).
K* + NaHCsH:O¢ — KHC4H41Os| + Na*
OebIit
MEITKOKPUCTAIUTNYECKHI 0CaI0K

1 Gamn

Hroro:
4 6amia

2 Omnpenenenne cyab(ar-uOHA TpPaBUMETPUYECKHUM METOAOM. N3noxurs
CYIIHOCTH METO/Aa AHAJM3a M PACCYUTATH MACCOBYIO 10JII0 cyJb(aTa B HaBecKe
cyab(haTa HATPHUS MO NOJTYYEHHBIM AAHHBIM.
m (Na2S04) = 0,3051 r; m (BaS04) = 0,4561 r

4 6amna

IIpaBUABLHBII 0OTBET (KJIIOY):

1. CymHocTh METO/a 3aKJII0YACTCS B OCAXKICHUH cyabdaT-noHoB pactBopoM BaCl; B Buze
BaS0s. Bo wu30exaHume ocaxkIeHUS JApYyrux cojed  Oapus M MOJIyYeHUs
KPYIMHOKPHUCTAJUTHYECKOTO 0CA/IKa OCAXKICHUE CYIb(PaT-HOHOB HEOOXOMUMO POBOAUTD H3
ropsiuero MmoaKuciaeHHoro pacteopa. ComepikaHue Cyib(har-HoHA OMPEACTAIOT MO0 Macce
TPOKAICHHOTO 0CajIKa.

S0.% + Ba** — BaSO4]

2. Tlepen xonm4yecTBEHHBIM OTIPeIeIICHUEM CYIb(aT-MoHa IPOBOIAT KAaYEeCTBCHHYIO P00y Ha
ero Hajauuue B BOAHON BBITSKKE. [lomkucistor 10 M BOOHON BBITSDKKH 1—2 KamigMu
10%-to pactBopa HC1, mpubasmsiror okosno 1 M 10%-ro pactBopa BaCl, u HarpeBaroT 110
kunenus. Ecmu pactBop He MyTHeeT, S04% OTCYTCTBYET; €cld IOMyTHEHHE cladoe,
conepxkarcst «cnefbl» S04%7; ecld BBINAJaeT 0CaAoK, HEOOXOAMMO KOJIHYECTBEHHOE
ompejieNieHue.
3. Xoj aHanu3za.
Bepyt nunerxoit 10-50 My BOHOI BBITSDKKY B XUMHYeCcKHH cTakad Ha 100 M1, moaxucisioT 1-2 mi
10%-ro pactBopa HC1 u HarpeBator no kunenusi. OcaxxaaroT cyibgar-uoHsl ropsaum 10%-m
pactBopoMm BaCl,, mpubaBmnsisi ero mo KamisiM U3 MUNETKH B KOJIUYECTBE 1-5 MII M TIIATENBHO
pa3MernuBas KaXIyr Karmmo ocanutels. CTakaH 3aKpBIBAIOT YaCOBBIM CTEKIIOM, KHTATAT 2-3 MHH
1 OCTaBJISIIOT Ha 2-3 4 B TEIJIOM MECTE.
Ocamok OTQWIBTPOBBIBAIOT dYepe3 IUIOTHBIA (QHUIBTP, NPOMBEIBAIOT €ro TOps4Yeil BOIOH,
nogkucieHHoi 10% HC1, mo ucuesHoBenus peakmunm Ha Ba (mpo6a ¢ 10% H»S04). Ocamok ¢
(bHUIBTPOM MOJCYIINBAIOT, IIOMEIIAIOT B IPEABAPUTEIHHO MPOKAIICHHBIN I B3BEIICHHBIN THICIb U
CTaBAT B ropsiuyto My(denbHYIO 1edb JUls MPOKaJMBaHus NpHu TeMieparype He Bbie 600-700°C B
teyenne 25-30 MuH, 0 TeX MOp, MOKAa OCAJOK HE CTaHEeT OeNbIM. 3aTeM THUTeNb OXJKIAIOT B
HKCHUKATOPE U B3BEIINBAIOT.

4. Pe3synbTaThl aHANU3a BEIYUCISIOT 1O GopMyJIe
m (S04) = m BecoBoit ¢opmbl eF , riue

F = L onpefennenoro emecrsa (rpaBumerpuueckuii pakrop win GakTop rnepecyera)
- M BecoBoit GopMbI p p p p Tiep
OnbITHBIE TaHHBIE: M (Na2so4) = 0,3051 T; M (gasos) = 0,4561

96,064 u 233,404 — mounekynsipusie Maccel S04 u BaS04.

_ J606d 0,4116
T 133,404

m (S04) = 0,4561 «0,4116 = 0,1877 r

w (S04) =0,1877+100/0,3051 = 61,52%
Ortsert: 61,52%

1 Gamn

1 6amr

1 6amn

1 Gamn

Hroro:
4 6amna

3 | Kakmne ocHOBHBIE ornepanv BbIMOJHAKTCH MPU KAYCCTBCHHOM anaamse?

3 daiuia

IIpaBuabHbBIA 0TBET (KJII04):

1. Harperanwe ¥ ynapuBaHue pacTBOPOB IPOU3BOAUTCS HA BOISHOM OaHE B MPOOHPKAX MU
(aphopoBBIX YaIIKax.

2. QcaxJeHne M OTAeNeHHe Ocajika. [Ipu MpOBEICHUM OCAXKICHHUS B MPOOHPKE HMCXOIHBIN
00BeM pacTBOpa HE JOJDKEH MpeBbImaTh 2 Mi. llocie co3maHus HyXHBIX ycioBuil (pH,
MacCKHPYIOIIUNA areHT, TeMIepaTypa) OCaJHuTeIh BBOJAT MO KAIUIIM M TEPEMEIINBaIOT
colep)KUMOe TMPOOUPKU CTEKISIHHON manoukod. Ecnm ocaxkaeHWe HCIOIb3yeTcs Jist
pa3fencHus WIN YHaJCHHUS MOHOB, TO 00S3aTENbHO MPOBEPSETCS TONHOTY OCAXKICHUS
BBEJICHUEM B pacTBOp Han ocaakoM 1—2 kamenb ocaautenst. OTHENSIOT  0CagoK OT

1 6amn




pacTBopa IeHTpU(YrupoOBaHUEM IO JEHCTBHEM EHTPOOESKHOW CHITBL.

3. IpowmbiBanue ocajka. [jist OTAEICHHS OT OCaKa COACPIKALIMXCS B PACTBOPE KOMIIOHEHTOB.
Omnepariuro MOBTOPAIOT HECKOIBKO Pas.

4. PactBopeHme ocajka. PacTBopeHHe ocamka TpPOW3BOIAT JUIS AaJbHEHIIEro aHaim3a
TBEpIO (ha3bl WK TPU U3YYCHUU CBONCTB MAJIOPACTBOPHMOTO COCTUHCHUSI.

5. DBeimonHeHue OPOOUMPOYHBIX, KANCIBHBIX M MHUKPOKPUCTAIUIUYCCKUX PEAKIMHA IS
UICHTU(UKAIIUN BEIICCTB MPH MOMOIIY KAYSCCTBEHHBIX PEAKIIUN. .

6. DBreimomHeHHe X0i0OCTOro ombita. [IpW MPOBEJACHUM peakIUil OOHAPYKCHUS IOJC3HO
CpaBHUBATh HAOMIOAaeMblid 3(PQGEKT ¢ Pe3ylIbTaTOM XOJIOCTOTO OIBITa, B KOTOPOM
HCIOJIb30BAJIUCh BCE TE JK€ PEAreHTHI U B TEX K€ YCIOBUAX, YTO U B OCHOBHOM OTIBITE, HO B
OTCYTCTBHE OTKPHIBAEMOTO HOHA. 3aKIIOYCHUE O HATHINH HOHA B CHCTEME MOKHO JeTIaTh
JIIIH B TOM

1 6amn

1 Gamn

Hroro:
3 dauta

4 Kakue mnpeaBapuTe/ibHbIe HCHBITAHUS NPOBOAAT NPH AaHAJIU3e HEHM3BECTHOIO
BelecTna?

3 bata

IIpaBuAbHBII OTBET (KJIIOY):

1. OueHKa BHELTHETO BHUAAa HEN3BECTHOTO BEIIECTBA, arPETAaTHOTO COCTOSIHUS, IIBETA, 3aIaxa.

2. OxpamBaHie HECBETAILIECTOCS INIAMEHHU ra30BOH TOPEIKH Pa3IMIHBIMH JIEMEHTAMH.

3. Harpeanue B TpyOKe win dapdopooii gamike (600 °C): a) mosiBIIicHHE BOJBI, YTO YKA3bIBACT HA
NPUCYTCTBHE B HCCIICTYEMOM BEIIECTBE COCAMHEHUH, COJEpKAIINX KPUCTAIUIU3AIMOHHYIO BOAY,
THAPOKCUIOB, OPTaHUYECKUX BELIECTB, OCHOBHBIX WIIM KHCJBIX COJIeH; 0) MosBIeHHe 0el1oro i
I[BETHOTO HajeTa (BO3TOHKA); B) M3MEHEHHE OKpPACKH; TI) BBIJICJIEHHE JIETY4HUX IPOIYKTOB
pasnoxeHust yKa3blBaeT Ha IIPUCYTCTBHE HEKOTOPHIX aHHOHOB: CO; - kapboHaToB, SO7 - Cynb(hUTOB
¥ THOCYJTb(ATOB THKEIBIX MeTa/utoB, NO2 - HUTPAaTOB ¥ HUTPUTOB, BI2 - GpOMHIIOB B IPHCYTCTBUU
oKHcIuTENeH, |2 - HOOUIOB B IPUCYTCTBUU OKUCIHTENCH.

4. IlonyyeHue OKpalleHHbIX nepiioB. [Ipy HarpeBanuu BelecTa ¢ Terpadopatom Hatpus (Na2B407)
wm ¢ Harpuiammonuiruapodocdarom (NaNHsHPOs) B ymke MmiaTWHOBOM WM HHUXPOMOBOH
MIPOBOJIOKH 00pa3yeTcss XapakTepHO OKpaIIeHHBIH Mepi (CTeKIoo0pa3Has OycHHKa).

5. BoznelictBue cepHoil kKuciaoToil. IIpyu KMCIOTHOM Pa3yioKEHUN CEPHOM KHUCIOTOH BBIAEISIOTCS
ra3o00pa3Hble MPOAYKTHI, KOTOPHIE ONPEACISIOTCS 110 LBETY WIIH 10 IpYrol XapakTepHOW peaKiuy.
Kucnornoe paznoxenne 1M HSOs  MCmonb3yloT [Uisi ONpenelieHHs aHHWOHOB: KapOOHarT,
THOCYIIBGAT, CYIb(UT, CYIb(UI, HUITPUT- HOHOB.

I[Tpu nevictBumn koHueHTpupoBanHoi HoSO4 BeIIEISIOTCS Clieayromye ra3sl, coorserctBytomue: Clp
- xaopuaaMm, NO; - autpatam, CO - okcanaram, Oz - mepokcuam, OKCUIaM, THAPOKCUIAM.

6. PactBopenue. /[l mepeBoia TBEpAOro BeELIECTBA B pacTBOP MPHUMEHSIOT CTPOro
MIOCJIC/IOBATENIbHOE PAacCTBOPEHHE OT/AEIBbHBIX €ro 4dYacTeil NpuW KOMHATHOW TeMIeparype H
HarpeBaHUU B cienyronmx pacteopax: 1) B H>O; 2) B CH3COOH; 3) B pa3oasnennoit HC1 (2 M);
4) B xoHneHTpupoBanroit HC1; 5) B paz6asnennoit HCI + H20»; 6) B 30%-om NaOH; 9) B 25%-om
NH4OH; 10) B HACBITIIEHHOM PAaCcTBOPE COJBI MIPH HarpeBaHUM (COJOBas BBITSKKA);

7. OOHapyKeHHe OKHCIHTENeH W BOoccTaHOBHTENeH. OKUCIUTENN OOHAPYKHUBAIOT NEHCTBHEM Ha
aHanuzupyemoe BetectBo cmecu KI + HyS04, BoccTaHOBUTEIM OOHAPYKUBAIOT ACHCTBUEM CMeceit
KMnOs + H2S04, 12+ H2S04

1 6amn

1 6amn

1 Gamn

Hroro:
3 Gaiuia

5 Xo1 cHCTEeMATHYECKOT0 XHMHUY€ECKOI0 aHAJIN3a HEM3BECTHOI0 BENIeCTBA.

3 Gamia

IIpaBuabHbBIH 0TBET (KJII04):

1. Cucremarndecknii aHaIN3 MPEIyCMaTPUBACT paselicHHe CMECH aHAJM3UPYEMBIX HOHOB
[0 AHAJIWTHYECKHM TpPyIIaM C TOCIEAYIOIIMM OOHApYXEHHEM KaXXJI0r0 HOHA.
CucreMaTHuecKOMy aHaJM3y HAa KAaTHOHBI M HAa AHMOHBI BEUIECTBO IOABEPTAIOT MOCIE
[IPEBAPUTEIbHBIX MCIBITAHUA M pacTBOpeHUs.. KaTHOHHBIM COCTaB HCCIIELyEMOIO
00BeKTa maeT mH(pOpMAIHIO U 00 AaHHOHHOM COCTaBe, TaK KakK MPHUCYTCTBHE HEKOTOPHIX
KaTHOHOB HCKJII0YAeT BO3MOYKHOCTH IIPHCYTCTBUS OTACIHHBIX aHHOHOB MU JTaXKe IIEIBIX
UX TPy

2. BepiOuparor MeTOA CHCTEMaTHYECKOTO aHAIN3a: KHUCIOTHO-OCHOBHOHM, CYIb(QUIHBIH,
amMmuagHo-(ocdaTHbIi U ap.

3. OOHnapyxeHHEe KaTHOHOB. JleHCTBYs TIpyNIOBBIMH pEakTHBAaMH B  ONpPEIeJICHHON
MOCJIC/IOBATENILHOCTH (COTJIACHO BHIOPAaHHOMY METOJy aHalnM3a) CHayala pasfelisioT
IPYIbI KATHOHOB. 3aTeM MPOBe/s pa3zeieHie KaTHOHOB BHYTPU TPYIIbI, BBIIOIHSIIOT
AHATMTHYECKHUE PEaKIMH, MPU KOTOPBIX KaXKABIH HMOH OOHApYXHBAIOT IOCIE TOTO, Kak
OynyT oOHapy>KeHbl W yAaJleHbl JAPYrUe HOHBI, MENIAloIHe ero OOHapyXeHHI0. 3aTeM

1 6amn

1 6amn

1 6amn




AHAJIOTUYHO IIPOBOJAT aHAJIM3 HA aHUOHBI.

Hroro: 3 6amnd

6 Yro Takoe TuTpUMeTpuYeckuii anann3? Kakas mocyna m npugopsl HCNOIL3YIOTCS
TPH €ro NpuMeHeHun?

3 Gauta

IIpaBUABLHBII OTBET (KJII0OY):

1. Turpumerpuueckuil aHaian3 (0OBEMHBIH) - METOJ KOJMYECTBEHHOTO aHaJK3a,
OCHOBaHHBIH Ha TOYHOM HM3MEpEHHMH 00BbEMa pacTBOpa peakTHBAa TOYHO HU3BECTHOU
KOHLEHTPAIlMH, pPACXOJIyeMOro Uil pEakUu C ONpPEACIIEMBIM BEIECTBOM.
TurpoBanue - mporecc MOCTENEHHOTO MOPIMOHHOTO PUOaBJIeHHs pacTBOpa peareHTa
(TUTpaHTa) K UCCIEAYEMOMY PacTBOPY 10 JOCTH)KEHHSI KOHEUHON TOUKH TUTPOBAHHUS,
KOTOpast (PUKCUPYETCsI IO N3MEHEHHIO OKPACKU MHIUKATOpa WU APYTUM [TapaMeTpaMm.

2. K touHo#i MepHOI1 mocyne, NCHoIb3yeMOol B 0OBEMHOM aHANIN3e, OTHOCATCS MEPHEIC
KOJIOBI, TATICTKH U OIOPETKH.

MepHble K0I0bI HCHOIB3YIOT AT Pa30aBICHUS HCCIEAYEMOTO PacTBOpa J0 ONPEEICHHOT0 00beMa
W Ul TIPUTOTOBJICHUS TIEPBUYHBIX CTAHAAPTHBIX PACTBOPOB.
[IuneTky NCTIONB3YIOT U TOYHOTO OTMEPHUBAHHMS ONPEIEIEHHOTO
o0BeMa pacTBOpa U IEpeHOCa €ro M3 OAHOTO cocyAa B Apyroi (oTdop
IMKBOTHOH yacTH). [TuneTku ObIBalOT IBYX THIIOB: MUIETKH Mopa U rpaJlyupOBOYHBIE.
Broperka npencraBisiioT co00i CTEKISIHHBINA COCYN LIMIMHAPUYECKOH (OpMBI C HAaHECEHHBIMH Ha
HCTO NCIICHUAMU, OCHaHIeHHI:-Iﬁ 3aKUMOM HJIM KPAaHOM.
OHa 3aKpeIuIsieTcsl CTPOro BEPTHKAIBHO B IITATUBE U 3aIIOJIHSACTCS TUTPAHTOM.
Bces mephas mocyna nomxHa coorserctBoBats ['OCT.
Taxoke HCTIONB3YIOT KOHMYECKHE KOJIOBI VISl THTPOBAHMS, CTAKaHbl 1 BOPOHKH.

1,5 6amna

1,5 6amna

Hroro: 3 6amid

7 IlepBuyHble U BTOPHYHBbIE CTAHIAPTHBLIE PacTBOPbI. Cnoco0bl MPHUIOTOBJEHHs. | 3 Oamma
IIpuBecTH MpUMePHI CTAHIAPTHBIX BElIECTB.
IIpaBUABLHBII 0TBET (KJIIOY):
1. CraHmapTHBIM pacTBOPOM HAa3BIBAIOT pACTBOp peareHra ¢ TOYHO W3BecTHOW | 1 Gamn
KOHLIEHTpaLUeH.
[lepBUYHBIN cTaHNAPTHBIA PACTBOP TOTOBSAT PACTBOPEHHEM TOYHOTO KOJIHYECTBA  YHCTOTO
XIMHYECKOTO BEIIECTBA H3BECTHOTO CTEXHOMETPHUYECKOTO COCTaBa B OMNPEACICHHOM TOYHOM
o0beme (B MepHOH Kkoube). CymecTBYIOT JjBa CII0CO0a MPUTOTOBJICHHS IIEPBUYHOTO PAcCTBOpa: a) U3
TOYHOW HABECKH, B3BCIICHHON Ha aHAJIMTUYCCKUX Becax; 0) M3 CTaHAAapT-TUTpa (TOUHAS HaBeckKa
3amasiHa B aMITyJie)
2. BropuyHBIi cTaHIAPTHBIA PAcTBOP TO PACTBOP, KOTOPHI HEBO3MOXKHO MPUTOTOBHUTH MO
TOYHOU HABECKE, BCJCACTBHE TMIPOCKOIMHYHOCTH WJIM HECTEXHOMETPUYHOCTH cocTaBa. | 1 Gamt
KoHIiieHTpalysi BTOPUYHOTO CTAHIAPTHOTO PacTBOpPA YCTAHABIMBAETCS CTaHAapPTU3ALUCH
M0 TICPBUYHOMY CTaHAapTHOMY PacTBOPY WM Ha3bIBaeTCA CTaHAapTH3anmed. BropudHsie
PacTBOPHI TOTOBSAT U3 HABECKH, B3ATON Ha TEXHHYECKIX BecaxX U ITyTEM pa30aBlieHHs Oolee
KOHIICHTPHUPOBAHHBIX PACTBOPOB.
3. Ilpumeps! craHmapTHBIX BemiecTB. (s KUCIOTHO-OocHOBHOTO MeTona - NaxBsO7-10H20,
H>C204:2H,0, NayCOgs; minst okucinurenbHo-BoccTtaHoBuTeNbHOr0 -  KoCroO7, NaxCoOy,
H2C204:2H,0; nist ocagurensroro — NaCl; miis kommiekconomerpuueckoro MgSQO4+7H,0 | 1 6amn

HUtoro: 3 6amnd

8 Ha 4yem ocHoBaH noTeHnuoMerpuyeckuii Meroa Tutposanusi? Kaxoe o6opynosanne
HCI0JIb3yeTcsl B 3TOM MeTo[e? Oco0eHHOCTH HCN0Ib30BAHUS 3JIEKTPOJOB.

3 damia

IIpaBuabHbI 0TBET (KJ104):

1. TloTeHIMOMETPHUUYECKHMH METOJ aHaIW3a OCHOBAaH Ha 3aBUCHUMOCTH PABHOBECHOTO
anextpoaHoro noreHmana (E) ot aktuBHOcTH (a) min KoHueHTpanuu (C) BemecTBa B
pacTBope.

2. B nmanHOM MeTone AUl IPOBEIEHUSI M3MEPEHHH HCIONB3YIOT I'ajIbBAHUUECKUH 3JIEMEHT,
BKIIIOYAIOLIUH J1Ba 31EKTpoJa. DNEKTPOJ, MOTEHIMad KOTOPOTro 3aBUCUT OT aKTUBHOCTH
(KOHIIEHTpaLWK) OINpeesIEMbIX HOHOB, Ha3bIBAE€TCS WHAMKATOPHBIM. sl M3MepeHus
NOTEHIMada WHAMKATOPHOIO 3JEKTpoJa HPHUMEHSIOT BTOPOIl AJEKTPOA — DSIEKTPOJ
CpaBHEHMs, MOTEHIMA] KOTOPOro MOCTOSIHEH U HE 3aBHCUT OT COCTaBa aHAIH3HPYEMOro
pactBopa. [l wm3MepeHHMS NOTEHNHANa D3JEKTPOJIBl MOJIKIYAIOT K  HOHOMEpPY U
m3mepsaoT 3/IC rarpBaHHYECKOTO HIIEMEHTa.

3. VHnuxatopHble  9JEKTPOJBI  Mepell NPUMEHEHHWEM  JIOJDKHBI  OBITh  HPOMBITHI
JUCTWUTAPOBAHHOW BOJOW. V3MUIIKM BOABl YHANSIOTCS aKKypaTHBIM IIPOMOKAHHEM
dunpTpoBanbHOl Oymaroil. CepeOpsHBINH JJIEKTPOJ CHadalla MPOMBIBAIOT PACTBOPOM
THOCYNb(aTa s yJaleHus rajlorTeHUI0B cepedpa U TOJIBKO ITOTOM BOIOM.

[Ipu ucnonb30BaHUY XJIOPCEPEOPSIHOTO AIIEKTPOAa CPAaBHEHHST HEOOX0IMMO CIIEUTH 3a TEM, YTOObI
BHYTPb OJIEKTpOJa OBIT 3aJUT HACBIIEHHBIH pacTBOp xjopuaa kamuwsa. [lpm mpoBeneHnu
MOTEHIIMOMETPUYECKUX M3MEPEHHH YPOBEHb BHYTPEHHEIO PAacTBOPA XJIOPCEPEOPSHOTO AIIEKTPOAA
JIOJDKEH OBITh BBIIIE

YPOBHSI aHAJIU3UPYEMOI'0 PacTBOPA.

1 Gamn

1 6amr

1 6amn

HUroro: 3 6amid




9 YT0 JIeKUT B OCHOBE a0COPOIMOHHOI cnekTpockonun? MoToMeTpUYecKHe METO/IbI
MOJIEKYJISIPHOTO a6copOIMOHHOr0 aHaau3a. TexHnka IKcepuMeHTAIbHBIX pagor.

3 6auta

IIpaBUABHBII OTBET (KJIIOY):

1. B ocHOBe aOCOpPOIMOHHON CIEKTPOCKOITUH JISKHUT SBJICHHE TTOTJIONMIEHUSI CBETA aTOMaMH
n Moiekynamu. KommdecTBeHHOH Mepoid CIIOCOOHOCTH TIOTJIOMIATh CBET CIYKHUT
OINTHYECKas MIIOTHOCTS (A)

Io
A= lgT
rzie 10 — MHTeHCHBHOCTH NMAAIONIEro CBETa; | — NHTEHCHBHOCTH CBETa,
MPOIIEAIIETO Yepe3 pacTBOP. 3aBUCUMOCTh ONTHYECKOH IUIOTHOCTH OT KOHIEHTPAIMH PacTBOpa
BeIpaXkaeTcs 3akoHoM byrepa — Jlambepra — bepa

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

KOHIICHTpPAIHS BEIECTBa B PacTBOPE.

2. K doTtomerpnueckuM MeTOAaM OTHOCSTCS METOJIbI, OCHOBAaHHBIC Ha MOTJIOMIEHHH CBETa
BeriecTBOM B Y ®- u BuanMoii obactsax. Bkirouatot B ceOst Tpu MeToAA:

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

PacTBOPOB BH3YAIBEHBIM CIIOCOOOM);

0) ¢oroxoropumMeTpusi (OCHOBaHA Ha WM3MEPEHHHM HWHTCHCHBHOCTH CBETa, MPOIIEAIIETO dYepes

OKpAaIICHHBIN pacTBOP, POTOIIEKTPHIECKAM CIIOCOOOM C TIOMOIIBIO CHIENHATBHBIX TPHOOPOB);

B) crekTpodoTomeTpust (OCHOBaHa Ha M3MEPEHHH WHTEHCHBHOCTH CTPOTO MOHOXPOMAaTHYECKOTO

CBETa, NPOLIE/ILIEro Yepe3 pacTBop, POTOIIEKTPUIECKUM CIIOCOOOM).

3. Ilpwu BeimonHEHUHU J1aOOPATOPHBIX padoT M0 GOTOKOIOPUMETPUH U

CHEKTPO(OTOMETPUH UCTIOJIB3YIOT CIICIHUATBHBIC IIACTMACCOBBIC MK

CTCKIISTHHBIC KIOBEThI. PaboTast ¢ HUMH, HEOOXOJMMO BBITIOJIHSTh CICAYIOIIHE TPaBUIIa.

a) rpaHH KIOBET, Yepe3 KOTOPbIe OYET IMPOXOUTh CBETOBOM MOTOK, HA3BIBAIOT PA0OUYUMHU TPAHAMHU.

Ha Hux yka3aHa /JuinHa KIOBeTHI (MM) U HAaHECEHA OTMETKA YPOBHS KHUIKOCTH.

0) KIOBETHI CIIeIyeT JepXKaTh 3a OOKOBBIC TPAaHH, Yepe3 KOTOphIe HE OyJAeT MPOXOIUTh CBETOBOM

MOTOK.

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

OTIOJIOCHYTh ANCTHILIMPOBAHHON BOJIOH, a 3aTeM pabodUM PaCTBOPOM.

T') PacTBOp B KIOBETY HAJMBAIOT 0 CIICNNAILHON TOPU30HTAIBHON OTMETKN HA TPAHH KIOBETHI.

) TIepe]] TIOMCIICHHEM KIOBET B KIOBETOJCpXKATEeNlb paboYue rpaHd MPOTUPAIOT (HHIBTPOBAIBLHON

Oymaroii. Ha HUX He OJDKHO OCTaThCsl Karellek pacTBopa, BOPCHHOK, OTIICYATKOB MajbLEB.

K) JUIS TIPEAOTBPAIICHHUS IPOJIMBAHUS PACTBOPOB, HAXOSIIUXCS B

KIOBETAaX, IIepeMellieHre KapeTKu (pOTOKOIOpUMETpa HilH CrieKTpodoTo-

METpa OCYIIECTBISIIOT MEJUICHHO U IJIaBHO.

1 6amn

1 6amn

1 6amn

Hroro: 3 6amid

10 | IIpaBuaa pa6oTel B XUMH4YECKOIi JadopaTopun

3 6aiuia

IIpaBuabHBIH OTBET (KJII0Y):

1. Kareropudeckn 3ampermaercst paboTaTh 0OJHOMY B JJAOOpaTOpPHH, TaK KaKk B HKCTPEHHOM Cllydae
OyzneT HEKOMy OKa3aTh IIOCTpaJaBLIEMy MEpPBYIO MOMOIIb M JIMKBHIUPOBATH IIOCIEICTBUS
Hey/aBIIeTocsl dKcrepuMeHTa. PaboTaTh ciemyeT TOJNIBKO B OTBEAEGHHOE BpEMs MOJ KOHTPOJIEM
MperoiaBaTeNs WM IPYruX COTPYIHUKOB.

2. Heo6xoauMo coOIr01aTh THIIHHY, YHCTOTY U MOPSAIOK. II0CTIETHOCTS ¥ HEPAIITUBOCTE B paboTe
9acTO MPHUBOAAT K HECYACTHBIM ciydasM. Henb3s oTBIEKaTh OT pabOTHI M OTBIEKATh CBOMX
ToBapHILeil. 3ampemniaeTcss Iep’kaTh Ha J1a0OpPaTOPHOM CTOJIE IOCTOPOHHHE TpPEeIMETH (CYMKH,
y4eOHHUKH U T.1.).

3. Kateropuuecku 3amnpemaeTcs IpUHUMAaTh U XpaHUTh MUIY, TUTh U KypHUTb.

4. Kaxaplil JOJDKEeH 3HATh, T HAXOIITCA CPEeICTBA MHIUBUAYAIbHON 3aIIUTHI, allTeYKa, CPEACTBa
JUIS TYLIEHUS M0XKapa.

5. B nabGoparopun HEOOXOJMMO HAaXOAWTHCS B 3aCTETHYTOM XJIOITYATOOYMaKHOM Xajare. JTo
obecrieunBaeT HEKOTOPYIO MHIMBHYJIBHYIO 3alIUTY U TIO3BOJISIET N30€XKaTh 3arps3HEHNUS OJICHKIbI.
6. Ilpuctynats kK paboTe MOXHO I10CIIE YCBOSHHS BCEH TEXHUKH €€ BHITIOTHEHHS.

7. Henw3s mpoBOAUTH ONBITHI B TIPSI3HOM MOCYyA€ M CIEAYyEeT MBITh Cpa3zy MHOCHEe OKOHYAHHS
SKCIEPUMEHTA.

8. Kareropmuecku 3ampemniaercss mpoOOBaTh XUMHUECKHE BellecTBa Ha BKyc. HioxaTe BemecTa
CIIeZyeT OCTOPOXKHO, HE TTOJTHOCS COCYA ONM3KO K JIMITY, a JINIIb HAMPaBJsasd K cebe maphl MU Ta3bl
JIETKAM [JBW)KEHHEM PYKH, IIpH 3TOM HE cJeXyeT JelaTh MOJHBIN BAoX. JKuikue BemiecTBa U
pacTBOpHI 3amperraeTcss HaOUpaTh B MUIETKH PTOM, I 3TOTO HEOOXOAWMO HCIOIB30BATh
PE3MHOBBIE TPYILIH U IPYTUe MPUCTIOCOOICHHS.

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

10. 3anpeniaercst HarpeBaTh, CMEIIUBATh U B30AITHIBATH PEaKTUBBI BONM3H Juna. [Ipun HarpeBaHuu
HEJb3sl JIepXKaTh NMPOOMPKY WM Koj0y OoTBepcTHeM K cebe WM B HAIpaBlICHHH pabOTalolero
TOBApUILA.

1 6amr

1 6amr

1 6amn




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

Hroro: 3 6amnd

OIIK-6 CnocoOeH IpeacTaBisiTh pe3yALTAaThl IPOhECCHOHAILHOM IETEILHOCTH B YCTHOM M MUCbMEHHOM opme B

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

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

A MaccoBast 10
b MomspHas KOHIEHTpaNHs YKBUBAJICHTA
B mporeHTHas KOHIICHTpANUs

[IPaBUJIbHBIN
OTBET

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




A) HOpMaITbHAS OTBET
Bb) mpouenTHas
B) maccoBas
3agaHus OTKPHITOrO THIIA
1 OdopmiieHne 1a60paTOPHBIX padoT U COCTABJIEHHE OTUYETA 3 bamna
IIpaBuabHBIH OTBET (KJII04):
B otyer o nabGoparopHoii paboTe 00s3aTeNBHO 3aHOCIT PE3YJbTaThl BCEX W3MEpEeHUil (maxe
HEy/lauHbIX) ¥ pacyeTsl. JTO HEOOXOIUMO JUIS NMPOBEPKH MPAaBUILHOCTH BBINOJIHEHHs paOoOTHL. | 1 Gayn
Taxke 3TO JaeT BO3MOXKHOCTh BHECTH HEOOXOIMMBbIE U3MEHEHMS W YTOUYHCHHS B BBHINOJHEHHE
9KCIIEPUMEHTA WM pacyera.
B oruere 00s13aTeNIbHO OTpaXKAIOTCS:
1) pmara BBIOTHEHUS paboOTEHI;
2) Ha3BaHHE ¥ HOMEp J1abopaTOpHOil padoTHI;
3) mens mabopaTopHOil paboTEHI; 1 Gamn
4) uCTONB3yeMbIe PEaKTHBEI H 000pyJOBaHUE;
5) ypaBHEHHS MPOTECKAOIINX XUMHUIECKAX PEAKIIUI;
6) SKcIepUMEHTaJIbHbIe JaHHBIE U pacdyeThl (0YeHb MOAPOOHO, ¢ COOIIOJEHUEM MPaBUI 3alUCH
pe3yIbTaTOB U €AUHUI] U3MEPEHUIN);
7) Ha MIJIJIUMETPOBOW Oymare WM ¢ MOMOLIBIO KOMITBIOTEPA CTPOSITCS TPalyHpOBOYHbIE TPA(UKH
nu00 KpHBBIC THUTPOBaHUS (00s3aTEJIbHO BKICHBAIOTCS B J1a0OPATOPHBIA JKypHAd), OTYETHI O
MPOBEICHHOI KOMIIBIOTEPHOIH 00pabOTKe TaHHBIX pacleyaThIBalOTCS M MPUKIAABIBAIOTCS K 0TYeTy | 1 Gamn
0 BBITIOJIHEHHOH J1Ta0OpaTOpHOI padoTe.
8) olleHKa MOTPEITHOCTH OIpeIesieH s (TI0CIe IPOBEPKU pe3yIbTaTa IpenoaaBaTeieM).
[Ipu Benennu padouero xypHaia HEOOXOAUMO YACIATH 0CO00e BHUMAaHNE TOYHOCTH M3MEPEHHUN U
3aIHACH UX PE3yTHTATOB HUroro:
3 bama
2 OnpeneneHue KPUCTAIN3ANMOHHON BOBI 4 6amia
B xuiopuje 6apus. [lopsigok BbINOJHEeHUsI padoThI.
IIpaBUABLHBII 0TBET (KJIIOY):
1 Cymnpocts Merona. KpucTannmsalMoHHON Ha3bIBAIOT BOJAY, BXOIAILYI0O B CTPYKTypy | 1 6amn
KPHCTAJJIOB HEKOTOPBIX BEIIECTB — Kpuctawioruaparos, Hanpumep CuSOs - 5 H20,
FeSOs - 7 HO wm 1. n Tlpu XpaHeHMHM 4YAcTO IPOMCXOJIUT BBIBETPUBAHUE
KPpUCTAJUIOTHUAPATOB, T. €. HaCTUYHAA WM ITOJHAA NOTEPS UMU KpPICTaJ'IJ'IPI?;aHHOHHOfI BOAbBI
C COOTBETCTBYIOIIUM HW3MEHEHHEM XUMHYecKoil Qopmyibl. OrmpeneneHue BOAbI B
KPHUCTAJUIOTHIpaTaX MPOBOAAT KOCBEHHBIM METOIOM OTIOHKH. MeTol OCHOBaH Ha TOM, 4TO
NP HATPEBaHWU KPHUCTAIDIOTHIPATH PA3NAralOTCs C BBIACICHHEM BOJBI, Maccy KOTOPOM
HaXOJIAT 110 PA3HOCTH MAcC HaBECKH JIO M TIOCIIC BHICYIITUBAHUS.
2. OOopynoBaHHe: BeChl TEXHUYECKHE, BECHl aHAIUTHYECKUE, CYIIIIIBHBIN KA, THTeIEHBIC
IIHIIIBL, SKCUKATOP, OIOKC C KPBIIIKOM.
PeakTuBbI: TBYXBOHBIN KpHCTAIIOTHApAT Xtopuaa Gapus BaCl, - 2H,0
1 Gann
3. Xoxa ompenenenus. HaBecky kpucrtamutoruapara Oepyr maccoid 1,0 - 1,5 r. Corb
B3BEIIMBAIOT Ha KAJIbKE Ha TEXHUYECKUX BecaX. 3aTeM ONpeJelsitoT Maccy MyCToro Orokca
C KPBIMIKOM Ha aHAJTUTUYECKUX Becax ¢ TOYHOCTHIO 10 0,0002 T (A7 3TOro MpoBOASAT TPH
napajiyiCJIbHbIX B3BCHIMBAHUA W IO PE3YJbTaTaM BBIYHUCIIAIOT CPEAHEEC 3HAUYCHUC — m]_).
Ilepen B3BemmBaHHEM OFOKC MOJDKEH OBITH BBICYIICH W Tmoanucad. HaBecky ¢ kambku | 1 Gamn

IMEPEHOCAT B 6IOKC, 3aKpbIBAOT €ro KpLIIHKOfI H ONpPCALIIAIOT MacCy OIOKCa C HaBECKOit
(TaK)Ke MPOBOAAT TPU B3BCHIMBAHHWA U IO PE3YyJibTaTaM BbBIYHCIIAIOT CPEIHEC 3HAYCHUC —
mz). I[aHHI)IC 110 B3BCHIMBAHHIO 3aHOCAT B Ta6nnuy.

[lo pasnmne macc OlOKca C HaBECKOM M ITyCTOro OOKCa BBIYHCIIOT Maccy HaBECKH
KpUCTauToruapata (ms).
OTKpBIB OIOKC, IIOMEMIAIOT €r0 B CYIIMIBHEINA mKad Ha 30 MuH. 3aTeM TUTETHHBIMH
IIMIIIIAMH TIEPEHOCST OIOKC B 3KCHKaTOop. KphImKy Of0Kca IpH 3TOM HE 3aKphIBalOT. B akcukatope
OTOKC OXJTaXKAAIOT 10 KOMHATHOW TemmepaTypsl B TeueHue 10—15 MHH, 3aKpBIBAIOT KPHIIKOH U
MEPEeHOCAT Ha aHATUTHYECKIE BECHI IS TIEPBOTO B3BEIIMBAHMS MOCIIE BRICYIINBaHMI. Maccy coun,
OTIpeZIeTIEHHYIO KaK CpeiHee apu(METHYECKOE TPeX MapalIeIbHBIX N3MEPEHHH, 3aHOCST B TaOIHILy
(m4.1). danee cHOBa cTaBAT OIOKC (C OTKPBITOH KPBILIKO§T) B CYIIHIbHBIN Kad Ha 20 MUH, TOBTOPHO
OXJIZKAAIOT B DKCUKATOpPE M CHOBA B3BEIIMBAIOT (Ma4.2). Eciy pe3ynbTaT MOBTOPHOTO B3BEIIMBAHUS
oTaMyaeTcs OT mpeasigymiero He Oomee uwemM Ha 0,0002 T, TO MOXHO CYUTATh, 4YTO
KpHCTaIN3allMOHHAs BOJAa MOJHOCTBbIO YyjaneHa. B NpoTUBHOM cilyyae NOpPOBOJST TPEThE
BBICYILIBaHHE, OXJIAXKICHHE U ONPEICTICHHE MACChI (IM4.3).

4. O6paboTKa pe3yIbTaToB.




Ornpenenenre Macchl HABECKH KpUCTaJLIoTHaApaTa ms (T):
mz=my;—-my.
Ornpenenenre Macchl BOAbI ms (T):
Ms = M2 —M4.2 , €CITH TPOBOANIIOCH [1BA BHICYIITHBAHNS,
Ms = M2 —M4.3 , €CJIA TIPOBOAMIIOCH TPH BHICYIINBAHUS.
TeopeTtrndeckoe onpeneneHne MaccoBoi qomu Bopl (%):

BaCl, - 2H,0 — BaCl, + 2H,0

n =1 Moib n =2 MoJb
M = 244,26 r/moinb M = 18,015 r/momnb
m=nM = 244,2 r m=nM=36,03r
__m (H20)-100 % _ 36,03-100 % _ o
w (H20)reop = m (BaCl2 2H20) 24426 14,75%

[IpakTuueckoe onpeneneHue MacCoOBOUM J0au BOJBpI (%):
m5 (H20)-100%

m3(BaCl2 2H20)
AOCOINIOTHAS MOTPENTHOCTh onpeaencHus Ax (%):
AX = © (H20)npakT. —® (H20) Teop. .
OTHOCHTEBHAS TOTPEITHOCTE onpeaencHus O (%):
Ax -100%

T (H20)Teop.

® (H20) mpakr.=

1 Gamn

Hroro: 4 6amnd

3 | AHaJIM3 cMeCH KAaTHOHORB TPeThell anajiuTnuyeckoii rpynnsl (Ba?*, Sr*, Ca?),

3 bamna

IIpaBuabHbIA 0TBET (KJI04):
7. Tperbs aHanuTHYECKas rPyIIa BKIOYAET HOHBI LIEJI0YHO-3EMEIIbHBIX AIEMEHTOB!

Ba?*, Sr?*, Ca?". I'pynmoBbIM peareHTOM KaTHOHOB TPEThEH aHAIMTHYECKOW TIPYIMbI SBISETCS
pa3baBneHHas cepHas KHCIOTa, OCaXJaroIlas HOHBI JTOH TIpymmel B CleAyloIen
MOCJIeIOBAaTeNIbHOCTU: CynbdaT Oapus, cynbdar cTpoHims, cynbdar kanpiusa. CyiapdaTt kanpuus
OCaXJaeTcs TOJBKO B MPUCYTCTBUH 3THIJIOBOTO cnupTa. TakuM 00pa3oM TPEThIO IPYIITY KaTHOHOB
OT/ICIISIFOT OT KaTHOHOB JPYI'UX aHATUTHYSCKUX IPYIIL

8. OOopynoBaHHe W PEAKTHBBI: MPOOMPKH KOHHUYECKUE M LMIMHIPHYCCKHE, CTCKISHHBIC
NaJouKky, LeHTpudyra, BoAsHas OaHs, colu OapHs, CTPOHLHMSA W KalbLWs, aleTaTHBIH
Oydep, nuxpomar Kanws, rekcannaHodeppar kamus (1), okcamar aMMOHMs, HACHIIIEHHBII
pacTBOp cynb(hara aMMOHHS.
9. PasnerneHue KaTHOHOB BHYTPH IPYIIIIBI BEAYT IO CIEAYIOIICH cXxeme:
A) K HuCclenryeMoMy pacTBOpY JOOABISIOT alleTaTHBIN Oydep U TUXpomMaT Kaius

2 Ba?* +Cr,0:# +H,0 > 2BaCrOs! + 2H*

MeﬂKOKpVICTﬂJ’IJ’IH‘{ECKHﬁ 0caoK

JKEJITOro uBeTa

[IpoBePSIOT TOTHOTY OCAXKIEHHS M OTACISAIOT OCAIOK.

b) Lentpudyrar ucrons3yoT 1is 00HapyKeHust cTpoHIus. K pacTBopy 100aBIIsIOT HACKIIIEHHBIN

pacTBOp cyinb(ara aMMOHMSI M  HarpeBalOT. B  TNPUCYTCTBMM  CTPOHIMS  BBINAAaeT

MEJIKOKPUCTAIINYECKHH 0CajIOK Cyiib(ara CTpOHIUs 6e1oro nBeTa. MHora Juist BhIlaJeH s 0CajKa

TpeGyeTcs CO3/1aTh LEHTP KPUCTALIN3AIMHI — II0OTEPETh CTEKJIAHHOM MAI0UYKON O CTEHKY TPOOUPKH.
Sr* 4+ S04 >  SrSO; | MenKkokpucTamIMdeckuil 6esblif ocasok

B) Iloce n0MHOrO OTAENEeHUs CTPOHLHUS IPOBOAAT KaueCTBEeHHble peakiuu Ha CaZ*,

Ca®* + C)04& - CaCy04] Genslit KpUCTAMIMUECKH OCaOK

Ca?" + Ky[Fe(CN)g] + NHs* = KCaNH4[Fe(CN)s]| + K* Genblii kpucTalLIM4ecKuii 0cagoK Ipu

HarpeBaHHH J0 KUIIEHHS

1 6amn

1 6amr

1 6amr

Hroro:
3 baiuia

4 | Cranfaaprusanus pacTBopa COJISHON KHCIO0THI

5 6aiutoB

IIpaBuabHBIH 0TBET (KJII04):

1. Ienb paboThl: YCTAaHOBUTH TOYHYIO KOHIEHTpauuio pactsopa HCI,
CymHocts MeTona. TOYHYI0 KOHIEHTPALUIO COJISTHOM KHCIIOTHI B PaCTBOPE MOXXHO YCTAHOBHTH C
MIOMOIIBI0 MEPBUYHOTO CTaHJapTa — pacTtBopa Oypbel. BoamHblii pacTBop Oyphl moaBepraercs
THIPOJIN3Y, B PE3yJIbTaTe YEro NMeEeT LIEJI0UHYIO Cpey:

Na,B;07; + 7 H,O — 2 Na* + 2 OH" + 4 H3BO3

PactBOp OypBI TUTPYIOT PACTBOPOM COJISTHON KHCIIOTHI MPSIMBIM CIIOCOOOM, KaK CHIIbHOE OCHOBAHHE
CUJIbHOM KHCIIOTOU. B mpornecce TUTpOBaHUS IPOTEKAIOT PEAKIIUU:

Na,B4O7 + 7 H,O — 2 NaOH + 4 H3BO3

2 NaOH + 2 HCI — 2 NaCl + 2 H,O

1 6amn




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

W3 cyMMapHOTO ypaBHEHHS BHIHO, uTO TIKB. (Na2sa07) = 1/2

B Touke skBuBaneHTHOCTH BenudynHa pH Oymer Hmke 7, T. K. B Pe3yJIbTaTe peaknuu 00pa3yeTcs
6opHas kucnora (pH = 5). [loaToMy miist yCTaHOBICHHSI KOHEYHON TOYKH TUTPOBAHUS UCITOJIB3YIOT
MHJMKAaTOp, KOTOPBIA MEHSET OKpacKy B KuCIOW oOmactw, npu pH Ommskmx k 5. Haubonee
HOIXOAAIINE HHIUKATOPHI B 3TOM

Jl1ana3oHe — METUIIOBBIN KPACHBIM U METUIIOBBII OPAHKEBBIN.

2. OO6opyjoBaHue: BeChl TEXHHUYECKHE, BECHl aHAJUTUUECKHE, OIOKC C KPBIMIKOH, OropeTka
00BeMOM 25 MJ1, KOJIOBI MepHBIC ¢ MTPoOKoi 00bemMoM 100 u 250 M1, ko102 KOHUYECKast st
TUTPOBaHUS 00beMOM 50 MJI, MUTIETKH 00beMOoM 5 MiT (TpamyupoBaHHas) U 10 M1, BOPOHKA,
rpylIa, CTakaH AJs CIMBA, TPOMBIBAJIKA.

PeakTuBBI: IeCATHBOIHBIN KPUCTAJUIOTHAPAT TeTpabopaTa HaTpus (Oypa), KHCIOoTa
ConsHas (KOHIEGHTPUPOBAHHEBIN pacTBOp, p = 1,17 r/MiI), HHAWKATOp METWIIOBBIH OpPaHKEBEII
(BomHBIIT pacTBOD).
3. Xopx ompeneneHus.
1 IlpuroToBieHNEe CTAaHAAPTHOTO pacTBopa Oypel. PacTBOp OyphI TOTOBST Kak MEPBUYHBINA CTaHAAPT
C MOJIIPHOW KOHLEeHTparued skBuBajeHTa 0,05 Monb-3kB/m B MepHO# Koi0e oobemom 100 mur.
Maccy HaBecku OypHI (I') paCCUMTBIBAIOT O (hOpMYJIE:
m =% - M nazB407 -10H20 - V- C = 1/2-381,36 - 0,1 - 0,05
Paccunrannyto maccy Oypbl B3BEIIMBAaIOT B OIOKCE CHayala Ha TEXHHUYECKHX, a 3aTeM Ha
aHATUTHYEeCKNX BecaX. HaBecky mepeHocAT B YHCTYI0 MEpHYIO Koy0y, a Orokc B3pemmBaroT. [1o
Pa3HOCTH HAXOAAT TOYHYIO Maccy Oypbl. B mepHyo komOy mobGaBnsior 1/3 o0béma BOmsl U
MEPEMEIINBAIOT /10 MOJHOTO PACTBOPEHUS COJIH.
[Toce 3TOr0 pacTBOp JOBOIAT A0 METKH AUCTHIUIMPOBAHHOM BoJoi. OTCUeT BeayT
10 HIKHEMY MeHHCKY. K00y 3akpbIBatoT MpoOKOH 1 MOIHCHIBAIOT.
2 [puroroBnenne pacTtBopa coisHOW kucnorel. ConsHas KHCIOTa JieTydas, TOYHOH
KOHIIEHTpaIe He o6agaeT. ToUHyI0 KOHIIGHTPALUIO KUCIIOTHI YCTaHABIMBAIOT 110 CTAaHIAPTHOMY
pactBopy Oypbl, HO cHauanma rotoBiT pacTBop HCl ¢ mnpuOIM3UTENbHON KOHLEHTpAIHen
skBuBajieHTa 0,05 moib/i. J{ns aToro ncnons3yior pactBop koHueHTpupoBanHoi HCI, nmeronuiics
B Jlaboparopuu. Pacuer BeayT 1o gopmyore:
v | M (HCl) -C -V k
(HCD = 1000 -w -p
[110THOCTP KOHIEHTPHPOBAHHOTO PACTBOPA COJITHOI KHCIOTHI 3aMEPSIOT apeoMETPOM B MEPHOM
IWJIMHAPE C COOJIONEHWEM BCEX IIPAaBMJI TEXHUKH OE30MacHOCTH, a 3aTeéM OMNPEACIAIOT II0
CIPaBOYHHUKY MAacCOBYIO JIOJIIO.
Paccunransbelii 00bEM KOHLEHTPUPOBAHHOW COJISTHOW KHCJIOTBI OTMEpSIOT TpagynpOBaHHOM
MHUIETKOH ¥ IOMEIIAIOT B YUCTYIO MEPHYIO KOJIOY HYXHOTO 00bEMa, MPeIBAPUTENILHO 3a0THEHHYO
Ha Y2 BOJOW. KOHIICHTPUPOBAHHOW COJSIHOM KHCIOTBI. PacTBOp JOBOAAT JO METKH
JTUCTUILTUPOBAaHHOM BOoK. KonOy 3akphIBAIOT IPOOKOA, IEPEMENTUBAIOT U MONKUCHIBAIOT.
3 Meronuka tuTpoBaHus. BlOpeTky MOIOT, ONOJNACKHBAIOT AMCTHILIMPOBAHHOW BOJIOW, a 3aTeM
npurotoBieHHbIM pactBopoM HCI. [lanee OropeTKy HamOJNHSIOT 3TUM PAacCTBOPOM BBIILIE HYJIEBOTO
JIeNIeHUST M YAAJSIOT BO3AYX W3 HAKOHEYHHKA M PE3WHOBOM TPyOKM OrOpeTKu. YCTaHaBIHUBAIOT
YPOBEHb )KHUAKOCTH HA HYJIEBOM JIEJICHUH (OTCUET BEAYT IO HIDKHEMY MEHHUCKY). B Tpn KoHMYeckne
KOJIOBI MTUTIETKOH OTMEpSAI0T anuKBOTEI — 10 Mi pactBopa Oypbl u m00aBisfOT 1Mo 1-2 Karum
MHJIMKAaTOpa METHJIOBOTO OpaHXeBoro. PacTBop Oypbl OKpamIMBaeTCsi PH 3TOM B JKEITHIH LIBET.
OnmHy u3 K0J0 ¢ pacTBOpoM OypBI CTaBAT IMOJ OIOPETKY Ha JHCT Oenoit Oymaru. PactBop Oyphr
TUTPYIOT COJITHOW KHCJIOTOW, NMpHOAaBisAs ITOCIEIHIOI0 IO KaIUIAM U TTOCTOSHHO IepeMeInBast
JKUJIKOCTh TIJIABHBIMH JIBWKEHHSMHU KOJIObL. TUTpOBaHHE NMPOBOISAT 0 MOMEHTa CMEHBI JKENTON
OKpacKH pacTBOpa Ha OpaHXKeByI0. Pe3ynbTaT TUTpoBaHMSA NO OIOpETKE cpa3y 3allMCBHIBAIOT B
71a00paTOPHBIN KypHAJI, YIUTHIBast TOYHOCTH pHUOOpa (11 OIOPETKH ompeenseTcs: Kak MOJI0OBUHA
neHsl aeneHus, T. €. 0,05 mur). TakuMm xe 00pa3oM TUTPYIOT COJIEPKUMOE ABYX OCTABIIHUXCS KOJO.
TouHOE TUTPOBaHNKE CIIeTyeT IPOBOIUTE HE MEHEe TpeX pa3. Ecim pa3HuIia B oTcueTax mo OropeTke
MEXIy MapauieIbHBIMU olpeneseHus My mpesbimaeT 0,1 M (00peM ABYX Karesb), TO THTPOBAaHUE
MOBTOPSIOT JIO TOJIyYEHHS] TPEX CXOMSIIMXCS pe3ynbTaroB. Bce pesynbraTsl (B TOM 4HCIIE H
HECOBNAAAIOIINE) 3aHOCAT B JIAOOPATOPHBIH JKypHal M BBIYMCISIIOT CpellHee aphU(MeTHYeCcKoe
VHCI, y4uTsiBast TOJIBKO CXOASIIUECS 3HAUCHHUSI.
4. TlpoBeneHue pacuyeToB
MosnspHyr0 KOHIIEHTpanuio Oypsl (MOJIB/JT) paCCYUTHIBAIOT IO B3ATOH HaBECKE M, paCTBOPEHHOH B
konoe oobremom VK (100 mi):

1000 -m(Na2B407 -10 H20)

2B407) =
C(NaZB407) = S~ Na2B407 10 H20)VK

MonspHy0 KOHIIEHTPAITHIO YKBUBAJIEHTA (MOIIB-3KB/1T) cosrsiHor kucinotsl CHCI , B tanHOM cityuae
YHCIIeHHO paBHyro Mossipao# KouteHTpaimn CHCI (Tak kak faks = 1), onpenensirot 1o pe3ynbratam
TUTPOBAHUS COTJIACHO 3aKOHY SKBHBAJICHTOB:

1 6amn

1 6amn

1 6amn

1 6amr




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

C(HCD) =

rae V(Na2B40O7) — ob6bem anukBOTH pactBopa Oypsbl, paBubiid 10 mut; V(HCI) — cpennmii o0bem
KHCJIOTHI, TOMIEAIINA Ha THTPOBaHKE (MJI).

Hroro:
5 6ayutoB

5 | Onpeaesnenne BpeMeHHOM KeCTKOCTH BO/bI

3 data

IIpaBuABLHBII 0TBET (KJIIOY):

1. Iexp paGoOTHI: ONpENeNuTh COAEpKaHWE THAPOKAPOOHATOB KANBISI W MarHus B mpobe

BOZBI (MMOJIB/I).

Cymaocts MeTona. OOmasi KeCTKOCTh BOABI OMPENEISAETCS CyMMapHOH KOHIIGHTpanueil HOHOB
Kanpluusg U MarHus. IlpencraBnser coboif cyMMy NOCTOSIHHOM (HekapOOHATHOH) M BpeMEHHOI
(xapOonaTHOI) xecTKOCTH. IloCTOsIHHAsE KECTKOCTh OOYyCJOBJIEHA HAIMYHMEM KaJbIHUEBBIX U
MAarHueBBIX COJICH CUIIBHBIX KUCIIOT (CepHOH, a30THOM, congHoil). [Ipu kunsyeHnu He ycTpaHseTcs.
BpemenHas jkecTKOCTh BOJBI OOYCIIOBJICHA NPUCYTCTBHEM B HEll TMAPOKapOOHATOB KajbLUs H
MarHusi. OTOT BHJ| JKECTKOCTH MOXKHO YCTPaHMTh IIyTeM KHISYEHHMs, OTKYJa U B3SJIOCh Ha3BaHME
«BpeMeHHas. [Ipy KUNSYeHUN THAPOKApOOHATHl pas3araroTcsi ¢ 00pa3oBaHHEM HEPacTBOPHMBIX
KapOOHATOB, YIJIEKUCIIOTO Ta3a 1 BOABL. BpeMeHHY0 )KeCTKOCTh ONPENEIISAIOT PSIMBIM TUTPOBAaHUEM
BOJBl COJSIHOW KHCJIOTOHM, NPH 3TOM MPOHUCXOJUT pa3pylLIeHHE THIPOKapOOHATOB COTIACHO
pEeaKIMAM:

Ca(HCO3), + 2 HCI = CaCl; + 2 CO2 1 + 2 H20,
Mg(HCOz3)2 + 2 HCl = MgClz + 2 CO; 1 + 2 H20.
U3 ypaBHEHWI BHAHO, 4YTO COJM BPEMEHHOH »xecTkocTd pearupyror ¢ HCl B momspHOM
cootHotreHud 1:2. 1o o3navaet, uro faxs.(HCI) = 1, a foks.(comn) = %.
Jlyisi 4MCNIeHHOTO BBIPAKEHUS! KECTKOCTH BOJBI YKa3bIBAIOT CyMMapHYIO KOHICHTPAIMIO B HEM
KaTHOHOB KaJIbIMs ¥ MarHus B rpaaycax xectkoctu (°2K). 1 °XK (ycrap. — Mr-sKB/it) COOTBETCTBYET
KOHLEHTPAIMH 1LeI0YHO3EMEIBHOTO 3JIEMEHTa, YUCIICHHO PaBHOH Y2 ero
MWUIUMOJISL Ha JIUTP. TakuM o0pa3oM, >KECTKOCTh MO CBOEH CYTH 3TO MOJISIPHAs KOHLEHTpAIHs
SKBUBAJICHTA.
2. OOopynoBanue: Oroperka o0bemMoM 25 mur, komba MepHas oObemom 100 mi, komba
KOHWYECKast 711 THTPOBaHMs 00beMoM 250 M1, BOPOHKA, CTAKaH IS CIIMBA.
PeakTuBBI: BoJa (aHATM3UPYEMBIH PacTBOp), KUCIOTA CONsHAs (CTaHAAPTH30BaHHBIN pacTBop, C=
0,05 MomB/1T), THIUKATOP METHIIOBHIN OpaH)XKeBhIH (BOTHBIN pacTBOD).
3. Xog ompenenenus. B Tpu koHmuyeckue KoimObl oobemMoM 250 mur orObuparotr mo 100 M
uccienyeMon (HampuMep, BOAOIIPOBOIHON) BOBI C TOMOIIBIO0 MEPHO KOJIOBI. J]06aBIsIOT
B KKAYIO KOJIOY MO 3 KaIruli MHAWKATOpa METHIIOBOTO OPAHIKEBOTO U TUTPYIOT PACTBOPOM
COJISSHOW KHUCIIOTHI JI0 Mepexo/ia OKPaCKH pacTBOPA U3 JKENTOW B OpaHkeByI0. TUTpoBaHKe
NPOBOJAT JI0 TOJYYEHHsT TpPeX CXOJSIIMXCS pPe3yJIbTaToB, KOTOpble 3aHOCAT B
nabopaToOPHBII KypHA U ONPEIENIAIOT CpeiHee 3HaueHne oobema kuciaotel VHCI.
4. TlpoBenenue pacueToB. BpemeHnHyo xecTkocTh Boabl JKBpem (°XK) paccunuTtriBaroT
o hopmyie:
C(HCD) - V(HCD) - 1000

1 6amn

1 6amr

1 Gamn

K Bpem.= vV (HZ0)
HWroro: 3 6amndg
6 | Onpenenenne aMMHaKa B pacTBope COJIM AMMOHUS 3 6amia
IIpaBuabHBIH OTBET (KJII0Y):
1. Hexp pabotsl: onpenenuts Maccy NHz B ipobe (T). 1 6amn
2. Cymmaocts Metona. ComepikaHue aMMHaKa B COJISIX aMMOHHS HE MOXET OBITh OIpeesicHO
HEMOCPE/ICTBEHHBIM TUTPOBAHUEM aHAITM3UPYEMOTO pacTBopa (IpsiMoe TutpoBanue). s
STOW LENH HCIOJIb3YIOT KOCBEHHBIE CIIOCO0bI, HanpuMep obpaTHoe TUTpoBaHue. Criocob
OCHOBaH Ha THUTPOBAaHWHM W30BITKA INEJIOYH, OCTaBIIEWCsS B pacTBOpe TOCIe
B3auMojeiicTBUs conmu aMMoHus ¢ NaOH. Hampumep, peakmusi paszinoKeHUs XJIOpHUaa
aMMOHUSI TPOTEKAET MPU HATPEBaHHH COTIIACHO YPaBHEHUIO:
t
NH.Cl + NaOH - NaCl + NH3 1 + H20
W30BITOK 1IEN0YX OTTUTPOBBIBAIOT PACTBOPOM COJISIH OM KHCJIOTHI B IPUCYTCTBUU HHAMKATOPA!
NaOH + HCI = NaCl + H20.
3. OOopynoBaHWE:BeCHl TEXHUYECKHAC W AHAIUTHYCCKUE, IUTUTA JJICKTpUYECKas, OOKC ¢
KPBIIIKOH, XHMUYECKHE CTaKaHbl (TEPMOCTOWKHE), OI0peTka 00beMoM 25 Mi1, Kosiba MepHast
oosemoM 100 mi, umeTku o6bemMoM 10 vt u 20 M1, K0J10a KOHUYECKas Ul TUTPOBAHHUS 16
A

o0BsemMomM 250 M1, BOPOHKA, TPYIIIA, CTaKaH JJIS CIMBA, IPOMBIBAIKA.
PeakTuBBI: XIOpHA aMMOHHS (aHATH3UPYEMOE BEIIECTBO), THAPOKCH HATPUS (CTAaHAAPTH30BAHHBIN
pactBop), C= 0,1 monb/11), kuciota consHas (pacteop, C = 0,1 MoJb/IT), ”HIUKATOP OPOMTUMOIOBEII
CUHMH (BOAHBIN pacTBOp), YHUBEpCaIbHAs HHINKATOpHAs Oymara.
4. Xon onpenencHus. HaBecky xJopuaa aMMOHUST  KOJIMYECTBEHHO MEPEHOCST




B kos0y Ha 100 my. OOBEeM XHUIKOCTH B KOJIOE MOBOIAT O METKH AUCTHUTMPOBAHHOW BOJOW M
TIIATENILHO TIepeMenuBaloT. B 2-3 TepMOCTOWKHMX CTakaHa BHOCAT NUNETKOW 1o 10 M
nccieryeMoro pactsopa M mo 20 Mi pactBopa ruapokcuaa Hatpus. CTakaHbBl ¢ pacTBOpamMH
HarpeBaroT Ha 3JIEKTPUYECKON
IUIMTKEe Tpu Temneparype,6mu3koit k 100 °C, no momHoro ynaneHust ammuaka. OOBIYHO 3TO
JIOCTHTAETCs MPU UCIAPEHUH MPHUMEPHO MOJIOBHHBI COJEPKUMOTO CTakaHOB. [lomHOTY ynaneHus
aMMpaKa KOHTPOJIUPYIOT C TOMOIIBIO YHUBEPCAJIbHOW WHIMKATOPHOM OyMmard, CMOYEHHOM
JIACTUIUTUPOBAHHON BOJOM
(npu peiicTBUM mapoB ammuaka Oymara cuHeer). llocne 3aBeplieHHs peakIud COJCPKUMOE
CTaKaHOB OXJIAXKIAIOT 0 KOMHATHOM TeMIepaTypsl, BHOCAT 10 1 Karjie GpOMTHMOJIOBOTO CUHETO U
TUTPYIOT PacTBOPOM COJITHOH KHCIIOTHI JIO IEPEeX0Aa OKPACKH PacTBOpa M3 CHHEH B TPAaBSIHHUCTO-
3eneHylo. Ecim pe3yipTaThl ABYX THTPOBAaHHMN aHATM3UPYEMOTO PACTBOPA PAa3NUYAIOTCS MEXKIY
co0oti 6ompire, yem Ha 0,20 M1, TIPOBOIST TOTIOHUTENBHBIH ONBIT. ONPENeNsioT cpeiHee 3HAUCHNE
o0BeMa pacTBOpa KUCIOTH V Hcl, TOMIEANIEr0 Ha TATPOBAHHUE MIETOUH.

5. TIlpoBenenue pacueTos.
Maccy amMuaka (T') B XJIOpHIE aMMOHHS PACCUUTHIBAIOT 110 (hOpPMYIIE:

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

PaccuuthiBaroT a6COJ’I}OTHyIO 1 OTHOCUTEJIbHYIO IOTPCIIHOCTH

1 Gamn

Hroro: 3 6amid

7 | CTaH}IapTI/BaHl/Iﬂ pacTrBopa nepMaHraHaTa Kajaus

3 banna

IIpaBuabHbIA 0TBET (KJI04):
1. Ienb paboThl: yCTaHOBUTH TOYHYIO KOHIIEHTpaluto pactBopa KMnOa.

CyuiHocTh MeTona. TOuHYI0 KOHIEHTpAallMIO pacTBOpa IIepMaHraHata  Kajius
ycTaHaBIMBalOT yepe3 8—10 mHel mociie ero MpUroTOBIEHUS IO IiaBeneBod kuciaore H2C204 -
2H20 unu okcanaty Hatpus Na2C204 u apyrum BemecTBaM. 3a 3TO BpeMsl IPOUCXOIUT OKUCIEHUE
BOCCTAHOBHUTENEH, MPUCYTCTBYIOUINX B AUCTWUIMPOBAHHON BOAE (MbUIb, CIEAbl OPraHUYECKUX
coequHEHNH), 1 KoHneHTpas KMnO4 ctabunmsupyercs.

Oxcanmar HaTpus M IIaBeJeBas KHUCIIOTA SBISIIOTCS Hanbosiee yNOOHBIMH yCTaHOBOYHBIMH
BEIIICCTBAMH, TAaK KaK OHH HE TOKCHYHBI U YCTOHIHBEL.

B ocHOBe TUTPOBAHMS JISKUT PEAKIIHA

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

@DakTopsI SKBUBAJICHTHOCTH IIEPMaHraHaTa U OKcajaTa ONpeIessIOTCs, NCXO S U3 TIOJTypEeaKIIui
MnOy4 + 5e— <> Mn?* + 4H,0 = frxe(MnO4 ) =1/5

C04% -2¢ « 2C0,1 = DHre(C204>) =1/2

TuTtpoBaHue OKcajJaT-HOHOB MEPMAHTaHATOM Kajusl TMPOBOJAT B CHUJIBHOKHCION cpene Mo
CIICAYIOIINM NPUIHHAM:

— 06pasy1oTcs GeclBeTHbIE HOHBI MN?* | KOTOpbIE HE MEMAIOT (QUKCHU-

POBaTh KOHEYHYIO TOUKY TUTPOBAHHUS,

— okHciHTeNbHAs crmocoOHOCT KMnO4 B KUCITOH cpelie HAMHOTO BBI-

1Ie, 9YeM B HeHTpaIbHOW U cIaboIeIouHol cpeie:

E Mnos-temnz+ =1,51 B;  E mnoa-/ mno2, on-= 0,60 B

Cpena coznaercs n3ositkoM H2SO4. Henb3st ucnonb3oBats HNO3 u HCI, Tak kak B X NPUCYTCTBUU
MPOTEKAIOT TOO0YHBIE peakuy. PeakIfist B3anMoIeiCTBHS IepMaHTraHaTa Kajus C OKcalaT-HOHAMHU
OTHOCHUTCS K THUIy aBTOKaTaauTHyeckux. OHa KaTalnu3upyeTcs: NPOIyKTOM pPeaklnu — HOHaMH Mn
2+ Tlepssie kamiu KMnOy4 nae B TopsiueM pacTBOpe 00eCIBEYMBAIOTCS OUYEHb MeJIEHHO. B xoze
THTPOBAHUs KOHIIEHTpAlMs HMOHOB Mn?' BO3pAacTaeT M CKOPOCTh PEaKIMM yBEIMYUBAETCS.
HarpeBanue THUTpyeMOro pacTBopa CHOCOOCTBYET YBEJIMYEHHIO CKOPOCTH peakuuu. Kpome Toro,
IpY HarpeBaHUM YBEIMYHMBACTCS BEJIMYMHA CKayka THTPOBAHMS, CIICJOBATENILHO, IOBBINIAETCS
TOYHOCTb ONPEAETICHHUS.

TurpoBanue npoBoauTcss 0€3 MHAMKATOPA, TaK KakK BCE NMPOIYKTHI PEakIMy OECIBETHHI M OJHA
mumHAs  kamast KMnOjs mocne TOYKM  SKBHBAJCHTHOCTH IPHIACT PAaCTBOPY COOCTBEHHYIO
MaJIMHOBYIO OKPACKY.

O6opynoBaHne M PEaKTUBHL: OIOpeTKa, MUIeTka Mopa, KOHHYeCcKHe KOJIObI, MepHas K0ji0a, MepHBIi
mrHAp (10-25 mi), anextpudeckas mwutka, ~0,05 H. pactBop KMnO4, nmepBUYHbII cTaHTApTHBIN
pactBop H2C204 nmn NazCy04, 2 H. pactBop H2SO4.

Bemmosnaenne padoThl.

3anonHsioT OropeTKy pactBopoM KMnO4 1 ycTaHaBIMBAIOT YPOBEHb JKHIKOCTH Ha Hyne. OTCUeTs
o0beMa NpH TUTPOBAHMM IEPMAaHraHATOM KajJMs LeJiecoO0pa3sHO JeiaTh 110 BEpXHEMY Kparo
MEHHUCKa yPOBHS XKHJKOCTH, TaK KaK HIDKHUI Kpail MEHUCKA He BUJICH N3-3a HHTEHCUBHON OKPAacKH
pacTBopa.

[Tomemaror B KOHMYECKYI0 KoyIOy Juist TutpoBanus 10 mi 2 H. pactBopa H2SO4 u Harpesarot, He
Jonyckas 3akunanus. IlnneTkoil 6epyT aMKBOTHYIO YacTh PacTBOPa YCTAaHOBOYHOI'O BELIECTBA U

1 6amn

1 6amn

1 6amn




BHOCSIT B HAIPEThIN PACTBOP CEPHOM KHUCIIOTHI (HATPEBaTh U KUILSITHTh KHUCIIbIE PACTBOPHI OKCAIATOB
HE CJIe[lyeT, TaK KaK OHM paziararorcs). [opsunii pacTBOp THUTPYIOT MEPMAHTaHATOM KalUsl IO
KaIlisiM, SHEPrHYHO nepeMeninBas. Kaxayro cieyronyo Kamio npudaBisiioT TOJIbKO MOCie TOro,
KaK MCYE3HEeT OKPACKa OT MpeblAyIlei. TUTPYIOT HepMaHTaHATOM JI0 MOSIBIICHUS HE UCUYe3aoliel B
teuenue 30 cekyH c1ab0-pO30BOM OKPACKH.

[lo pe3ynbraTaM THTPOBAHUS PACCUUTHIBAIOT TOYHYIO KOHIICHTPAIIMIO pAcTBOpa IepMaHraHaTa
KaJIusl, MOJIb-2KB/J1.

Hroro: 3 6amid

8 | Crangaprusanust pactBopa kommiekcona |1l (Tpuiona b)

3 Oamna

IIpaBUABLHBII OTBET (KJII0OY):

1. Llenp paGoThl: YCTaHOBUTH TOYHYIO KOHIIEHTpauUuio pactBopa komiuiekcona III (moib-

9KB/I).

CymHocts pabotel. OCHOBHBIM Pa0o4nMM pacTBOPOM B KOMILJIEKCOHOMETPHH SIBISAETCS PacTBOP
kommiaekcona III (BATA, tpunon b). [Ins ero mpuroTroBieHUs NPUMEHSIOT IUHATPHUEBYIO COJb
STHJIEHIHAMUHTETPaYKCYCHON KMCTOThl - NaCioH1408N2 - 2H,0 (yemosno — NazH,Y umm HpY?).
OHa JIerKO MONTy4YaeTcsl B YUCTOM BHJIE, XOPOIIO PACTBOPHMA B BOJE, PACTBOPHI YCTOHUYMBHI NPH
XpaHeHHH. [Ipu OOBIYHBIX YCIOBHSX mpemapar cozpepxur npuMepHo 0,3% Brarw, mosToMy
TUTpOBaHHBIE PacTBOPEI D/ITA MOXHO TOTOBHUTH 10 TOYHOU HaBecke (¢ yaeToM 0,3% H20). Onnaxo
OOBIYHO €r0 TOYHYI0 KOHIEHTPALHMIO YCTAHABIMBAIOT MO PacTBOPY conu IuHKa. OmnpeneneHue
OCHOBAaHO Ha PEAKLUH B3auUMOAecTBUs KoMmIiulekcoHa III ¢ moHamMu LUHKa B cpelle aMMHUAYHOIO

Oyodepa:

Zn¥ 4 HYZ —  ZnYZ  +2H"

B a10i1 peaknuu f 3kB. nuHKa 1 KoMmIiekcoHa = 1. OTClo1a KOHIICHTPALU MOJIIPHOTO SKBHBAJICHTa
paBHa MoJsipHOM. KoHEeuHast Touka TUTPOBaHUS (PUKCUPYETCS ¢ MOMOIIBI0 HHANKATOPA IPHOXPOMa
yepHOro T, KOTOPBI UMEET CHHIOI0 OKPACKY, @ €0 KOMILJICKC C IMHKOM — JIMJIOBYIO.
2. OOopynoBaHWE W PEaKTHBBI: MEepHas KoiOa, OropeTka, mumeTka Mopa, MepHBIH HITHHID
(50-100 mu1), xonuueckas xoiba, 0,05 H. pacTBop KomruiekcoHa III, kpucrammudeckuit
ZnS0O4 - 7TH20 (x. 4.), ammuaussnii 0ydep ¢ pH=9, mraukarop spuoxpom uepHbiii T B
cMmecu ¢ NaCl (1 : 100).
3. BrmonHenne pabotel. PaccuuteiBatoT HaBecky coiu ZnSQO4 - 7H20, HeoOXomumyro mis
npurotoBieHus Tpedyemoro oorema 0,05 H. pacTBopa. B3BemmBaroT ee Ha aHATUTHYECKUX
BecCax, MEPEHOCIT B MEPHYIO KOJOy, PacTBOPSIOT B BOJAE W JOBOISIT OOBEM 10 METKH.
PaccunThIBalOT TOYHYIO KOHIICHTPAIMIO IPUTOTOBICHHOTO pacTBopa (Moib-3kB/1). B
KOJIOY JUISi TUTPOBAHMS TIEPCHOCST MUMETKON aJMKBOTHYIO YacTh CTAHAaPTHOTO PacTBOpa
conM IMHKa, nobamisaoT 20-25 mi amMmuauHoro Oydepa M HHIUKATOpP HAa KOHYHKE
mmnarens. Turpyror pactBopom komiekcona III 1o nepexona nuiioBoil OKpacku pacTBopa
B cHHIOK0. [10 pe3ympTaTaM THTPOBAHUSI PACCUUTHIBAIOT TOYHYIO KOHIICHTPAIIUIO PACTBOPA
koMmIuiekcona I11, (Mob-3KB/IT)

m(ZnS04 - 7H20) «

M (ZnS04 - 7H20) ¢ VMKO0./16bI
C (ZnS0O4) ¢V (ZnS04)a
C(Tp.B) =

V(Tp.b)

C (ZnS04) =

1 Gamn

1 6amr

1 6amn

HUtoro: 3 6amid

9 Onpenesienue 3nauenust pH pacTBopa ¢ ucnojb30BaHneM
CTEKJISIHHOTO 3JIEKTPO/Ia

3 damia

IIpaBuabHbI 0TBET (KJ104):

1. Ienp paGoTel: ompenenuTh 3HaueHHe pH pacTBopa ¢ HCMOJB30BaHMEM CTEKISTHHOTO

AIEKTPO/IA ¥ TIO MOTYYCHHBIM JIAHHBIM PACCUUTATH KOHIIEHTparuio noHoB H* B pactBope.

Cymuocts pabotel. OmperneneHue KHUCIOTHOCTH pacTBopa (pH) sBisercs BakHOW 3amaueit
OoTpacineBoro asHanu3a. Tak, NpU M3Y4YEHUH KHUCIOTHOCTH IIOYB ONPEAEsIOT BenuunHy pH
MOYBEHHOH BHITSOKKH. [loJTydeHHbIE CBEICHNSI YUUTHIBAIOT IIPH BHECEHUH B II0YBY HEOOXOANMBIX
yIOOpeHHH U MUKPORJIEMEHTOB.
KonmuectBeHHoe onpenenenne BenuunHbl pH pacTBopa MoKeT OBITh OCYIIECTBICHO Pa3IMYHBIMHU
criocobamu. [IpenyioxkeHHBIH MeTOJ OmpeleNeHus] BKIIOYAeT IPSMOE IOTEHIIMOMETPHYECKOE
W3MEpEHNe C HCIIOJIb30BAHUEM CTEKJITHHOTO JJIEKTpoaa (MHIWKATOPHBIN) M XJIOpCEepeOpsSHOTO
aMeKTpoaa (ANEKTpoa cpaBHEeHUs). CTEKIISTHHBIN 2JIEKTPOJI OTHOCUTCSI K MEMOPaHHBIM DJIEKTPOJIaM
U B pacTtBopax ¢ BenuuunON pH or 2 mo 9 cenextrBen Kk wony H*. s MOTEHIIMOMETPHUYECKOTO
M3MEPEHUs] UCIOIB3YyeTCs CHeMaIbHbI mprubop — noHomep. Pynkiusa n3mepenns pH mo3Bomser
M3MEPEHHYIO BEIMINHY MTOTEHIHAJIa cpa3y ke IpeoOpa3oBeIBaTh B €AUHHIEI pH.

2. Docyna m obGopynoBaHue: CTakaH BMECTUMOCTBIO 150 Mil; 3JIEKTPOHHBIH HOHOMED;
WHJIMKaTOPHBIM 3JIEKTPOJ] — CTEKISIHHBIN; D3JEKTPOJ CpPaBHEHHS — XJOpcepeOpsHBI,
MarHuTHas MelIajKa.

3. BeimonHenue paboThI:

DJeKTpOobl NPOMBIBAIOT BOAOW M M3JIMUIIKK €€ CHMMaroT (WIbTpOBaNbHON Oymaroi. B crakan
HAJINBAIOT AHAJU3UPYEMbI PacTBOp, OMYCKAIOT B HEr0 IMPOMNENIep MarHUTHOM MeEIIAlKH U

1 Gamn

1 Gamn

1 6amn




MOTPYXKAIOT JEKTPoasl Ha 1-2 cMm. Brumouaror nepeMemnmBanue n nonomep. [lokazanus npudopa
3aMMCHIBAIOT B JIAOOPATOPHEII KypHAII.
Ilo momyuenHo#l BenmnunHe pH paccuuThIBalOT KOHIEHTpanuioo HoHOB H+ B aHanusmpyemom
pacTtBope.

Tak kak pH = -IgCu:, 10, cnienosarensuo, Crs = 10 PH (Monn/m)

Wroro: 3 6amid

10 CunekTpodoTromMeTpryeckoe onpe/ejeHue NePMaHraHaT-uoHA

3 banna

IIpaBuabHBIH OTBET (KJII04):

1. Lenb paboThl: oOmpeAenuTh KOHIEHTpanuio MnOs B aHaIM3UPYyeMOM  pacTBOpe
CHEKTPO(POTOMETPUIECKUM METOJIOM I10 BEJIMYNHE KO PHUINEHTA MOJISIPHOTO MOTJIOICHHS.
CymiHocts paboThl. KonnuecTBeHHbIH aHAIN3 COACPKaHUs IEpPMaHTaHAT-HOHA SIBIISIETCS KIIIOUYEBBIM
3TaroM onpeeneHus 1oHoB Mn?*. JIns aHamusupyeMblil 00beKT, cojepkaiiero Mn?* nojsepraror
OKHCIICHHIO TIepcynbhaToM aMMOHHUSA. B pe3ynpraTe moxydaercss BOTHBIH pacTBOp NepMaHTaHAT-
noHa. Tak Kak MaKCHMyM IIOTJIOMICHHS ATOTO pAacTBOpa HAXOAWTCS B BHUAUMOW 00JacTH
CHEKTPAIBHOTO JAHWAana30Ha, TO MOXKHO IIPOBOAWTH OIpeAeicHHE IIOOBIM (HOTOMETPHUECKUM
MeToAOM aHanmm3a. B mabopaTopHOil paboTe cozep)kaHHe IepMaHTaHAT-HOHA OMPEHEISIOT
cnekTpodoToMeTpudecku. Tak Kak I CrieKTPOo(OTOMETPHUCSCKIX N3MEPEHUH UCIIONIB3YeTCs CBET
BBICOKOI CTENEHM MOHOXPOMATHYHOCTH, TO OINpEJEJICHHE KOHLEHTPAlMM BELIECTBA MOYXHO
BBINIOJIHUTH 10 3akoHy byrepa — JlamGepra — bepa. [Ipu 3ToM HeoOX0AMMO 3HATh BETUYUHY
K03(hdULKEHTa MOJIIPHOTO TOTJIOIIEHUS € MPU JJIMHE BOJHBI MAaKCHMAJIBHOTO moryomieHus. s
pacdera K03 QHIIEHTa MOJISIPHOTO HOIJIOIIEHHS B TaOOpaTOPHO#H paboTe U3MEPSIOT ONTHYECKYIO
IUIOTHOCTB CTaHAapTHOro pactBopa KMnO4.

2. Peaxruso: cranmaptaerii 0,0100 M pactBop KMnOs; 2 H. pactBop H>SO4. IMocyna u
obopynoBaHue: MepHBIE KOIOBI BMecTuMocThio 100,0 MII; MUIETKH TpaZyHpOBAaHHBIC
BMECTHMOCTBIO 5,0 MII; MEpHBIH LIIMHAP BMECTHMOCTBIO 5 MI, CIIEKTPO(OTOMETD;
KIOBeTHI JuiHO# 1,0 cM.

3. BrmonHeHue paboThI

IoxaroroBka criekTpodoromerpa K padore. CekTpoGoTOMETp BKIIFOUAIOT B CETh U IPOTPEBAIOT
30 MuH.

[IpurotoBnenue pa3daBiIeHHOrO craHmapTHoro pactBopa KMnOs. B MepHyro KoyOy
BMectuMocThi0 100,0 M1 muneTtkoit BHOCAT 5,0 Mit ucxognoro 0,0100 M pacTBopa nmepMaHraHata
Kaliusi ¥ C TMOMOIIBI0O MEPHOTO IMIUHApA J00aBJIAIOT 5 MJI pacTBopa CEpHOM KUCIOThL. O0beM
pacTBOpa JOBOJAT 4O METKU HHCTHHHHpOBaHHOﬁ BO}IOﬁ 1 TIIATCJIbHO NEPEMEIINBALIOT.
PaccunThIBalOT MOJSIDHYIO KOHICHTPAIMIO NPUTOTOBJICHHOI'O pPAacTBOpa IIepMaHraHarta Kajus
C(MnOy ), Mo/, TIO hopMyIIE:

C
C(Mn0O4-) =

cT.p—pa eV cT.p—pa

V MepH. KoJI6bI

IIpuroroBneHue pacTBopa cpaBHEHUs. J[1s1 MPUTOTOBIEHUS pacTBOpa CPABHEHHS B MEPHYIO KOJIOY
BMectumocteio  100,0 M gobaBmstor 5 mu pactBopa H»SOs, moBomsT o0beM O METKH
JUCTWIIUPOBAHHOM BOAOH U TIATENIBHO IEPEMEIINBAIOT.

Honydenue cnekTpa nornomeHus. [IpoBoAsT H3MepeHHE ONTHYECKOW IIIOTHOCTH pacTBOpa
nepMaHraHaTa OTHOCHTEIBHO PacTBOpa CpaBHEHHS B Auarna3zone H BoiH 400-600 HM. Beidupatot
JUIMHY BOJHBI, IIPU KOTOPOW IIPOMCXOMWT MAaKCHMajJbHOE IIOTJIONIEHHE M pacCUUTHIBAIOT &
K03 PHUIUEHT MOJISPHOTO MOTJIOMICHHS 10 (hopMyIIe:

€= C(Mn0O4 —) o1
rae A — onTuyecKas IOTHOCTh MPH BHIOPaHHOM aiuHe BOJHBI Amax; C(MnOys ) — KOHIIEHTpanus
crargapTHoro pactBopa KMnO4 (Momb/m); | — [umHa KFOBETHI (CM).
[IpoBenenue ananuza. AHanu3upyeMsbii pactBop KMnO4 nomemaior B MmepHyro kosoy (100,0 mu).
K mnoaysenHomy pactBopy mobamisitor 5 wmi pactBopa HSOs u  moBomsT [0 MeETKA
JMUCTWITUPOBAHHOW BOJIOW. 3alOJHAIOT KIOBETY AHAIU3UPYEMBIM PAacTBOPOM M HM3MEPSIOT €ro
ONTHYECKYIO IUIOTHOCTh AX IIpH BBIOpAHHON [JIMHE BOJHBI AmMax OTHOCHTEIBHO pacTBOpa
CpaBHEHUSI.
Hcnonp3ys W3MEpEHHYIO BEIUYMHY ONTHYCCKOW IUIOTHOCTH U PAcCYUTAHHOE 3HAYCHHE
KO3 QHIMEHTa TOTJIOMIEHU, HAXOAIT KOHICHTPAIWIO MEepMaHraHAT-HOHA B aHAIM3HPYEMOM
pacTtBope
Cx(MnOy’), MoIB/I:

Ax
CX(MHO4—) = m

1 Gamn

1 6amr

1 6amna

Hroro: 3 6amnd

1 cemecTp

PACCYET BAJJIOB B 1 CEMECTPE

IO TNCHUIIJINHE «<HEOPTAHUYECKASA XUMMUSA»
1 Mmoxysib




Ne Pe3yabTart Bun padotsl / cnocod
(MHaMKATOP) Kpurtepuu oneHuBaHus
1 OIIK-1 JlaboparopHsie paboThI-8 12 (1,5 Gamma 3a 1 maGopaTopHyrO
OIIK-2 paboty)
2 OIIK-6 KonrponbHas padora Nel *
KonrponbHas padora Ne 2 7
*(8 3apanuii, 3 Bonpoca u 5 3agau; 0,5
f6a/1a 3a TpPaBWIbHBIH OTBET Ha
Bomnpoc u 1 3a NpaBMJIBHO pelIeHHYI0
3ajavy)
3 BrinosiHenye goMarisei paboTsl, 1
4 Iocemnaemoctsh 1
5 Pabora Ha 3aHsITHH 2
Hroro: 30
2 MoayJb
Ne PesyabTrar | Bua paéotsl / cnocod
(MHIUKATOP
)
Kpurtepuu ounenuBanus
1 OIIK-1 JlabopaTopHsie paboTHI - 8 12 (1,5 Gamn 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 KontpomsHas pabora Ne 4 *
Konrponbnas padora Ne 5 7
*(8 3amanmii, 3 Bompoca u 5 3agau; 0,5
f0aj1a 3a TpaBWJIbHBIH OTBeT Ha
Bonpoc u 1 3a NpaBMJIBHO peLIeHHYI0
3ajauy)
3 BrimonHenue gomaniHei paboTel 1
4 ITocemmaemocTth 1
5 Pabota Ha 3aHATHH 2
Hroro: 30
6 IK3aMeH 40 (4 3ananus B 6uiiere o 10 6aj10B)
Hroro 3a 1 cemectp 100 6as10B
2 cemecTp

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

1 Mmoayab
Ne PesynbsTart Bupn padotsl / cnocod
(unMKaTop) Kputepuu ouennBanus
1 OIIK-1 JlabopatopHbie pabOTHI-6 9 (1,5 Gamma 3a 1 mabopaTopHyIO
OIIK-2 paboty)
2 OIIK-6 Konrtponsras padora Nel 5*
Kontpomnsnas pabora Ne 2 5
Kontponsnas padora Ne 3 5
(6 3ananmii, 2 Bonpoca u 4 3a1auu;
0,5 6a/1a 3a MpaBUWIbHLIA OTBET HA
Bonpoc u 1 3a NpaBUWIILHO peLIEeHHYI0
3ajgavy)
3 BrimonHeHne qomManHei paboThl, 2
4 [Nocemnaemocth 1
5 Pabora Ha 3aHsITHH 3
Hroro: 30
2 MoayJb
Ne PesyabTrar | Bua padorsl / cnocod
(MHOUKATOP
)
Kpurepnu onennBanns




1 OIIK-1 JlabopaTopHbie paboTsI - 8 12 (1,5 Gann 3a 1 mnabopaTtopHyO
OIIK-2 paborty)

2 OIIK-6 KonrponbsHas padora Ne 4 5*

Konrponbnast padora Ne 5 5

*(6 3ajaHuii, 2 Bonpoca u 4 3ajgauu;
0,5 0ass1a 3a NpaBUJIbLHBIA OTBET HA
Bomnpoc u 1 3a IpaBUJIbHO PellIeHHYI0

3aaavy)
3
Tect (tect coaep:xut 20 Bompocos, 1
NpaBUJIbHBINA 0TBeT -0,15 0a/l1a)
3 Brinonnenue nomaiseil paboThl 2
4 [Nocemaemoctsb 1
5 Pabora Ha 3aHsTHH 2
Hroro: 30
6 IK3aMeH 40 (4 3ananus B 6mitere o 10 6aj110B)
Hroro 3a 1 cemectp 100 6an10B

Bonpocsl kK KOJJIOKBUYMY T10 TeMe «AHAJUTHYECKUE cBoiicTBa KaTHOHOB | 1 |1 rpynm»
(NH*s, K*, Na*, Mg?*, Ba?*, Sr?*, Ca?)

1. Tlouemy KaTHOHBI | TPYIITEI HE UMEIOT TPYNIIOBOTO pearcHra?

2. B gem 3akmo4aroTcst 0COOEHHOCTH HOHA MarHus 10 CPaBHEHHUIO C IPYyTrUMH KaTroHamu | rpynmsl? Kak oHn
UCTIONB3YIOTCS B X0JI€ aHaIH3a?

3. Kaxkwue cBoiicTBa MeeT MOH MarHus ¢ noHamu |l rpymms?

4. Tloyemy it oOHapy>KeHHUS KATHOHOB | TPyIIBI HEOOXOIMMO yIOamuTh KaTuoHs! || rpymmer?

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

6. Kakas peaxuuss Ha MOHbI aMMOHUs OoJjiee crienU(HUYHA: PEeakKiys BBIICICHHS aMMHaKa HOJ JeHCTBHEM
1IeJIoun WK ¢ peakTuBoM Hecnepa?

7. OOGHapy>XeHMIO KaKHX KaTHOHOB | rpymITel MeImaeT HOH aMMOHU? (YKa3aTh PEaKIUN).

8. Kak ynanuth nonsl aMmonusi? Kak npoBepuTh MOJIHOTY yAaJIeHUs?

9. Tlouemy npH TEpPMHYECKOM Pa3I0KEHHU COJICi aMMOHHUSI pEKOMEHIyeTCsl IIPUOABIISITh KOHLIEHTPUPOBAHHYIO
a30THYIO KHCIIOTY?

10. Kak pasmaraercs mnpu mpoKaJHuBaHUHU XJIOPUA, HUTPAT, cynbdart, pocdar, kapOoHAT, XpOMaT aMMOHUS?

11. Kaxoe HepacTBOPHMOE COEIMHEHHS OCTACTCS IIPU 00paOOTKH BOJOI OCTAaTKa ITOCIIE TEPMUUECKOTO yAaJICHUS
AMMOHHUMHBIX COJNEN?

12. PacrtBopsiercs Jn ABoiHOW Qocdar MarHus ¥ aMMOHHUsS B kucinorax? Kakwe mpoxykTel oOpa3syioTcst B
3aBUCHMOCTH OT KHCIOTHI?

13. OGHapyXeHHIO KaKuX KaTHOHOB | rpyImbl Melaet Maruui?

14. Tlouemy peakuuio Kajus ¢ KOOAUIBTHHUTPUTOM HATPHsI HEJb3sl IPOBOJIMTH B MIEIOYHO cpere?

15. Tlouemy B KauecTBe TIpYNIIOBOIO peareHTa HCHONb3yeTcss kapbonar ammonua? Iloxaxkure, UTO
HCIIOJIb30BaHUE XpOoMarTa, Cyabdara, okcanara, pocdara HelenecoodpasHo?

16. Tlouemy B IPUCYTCTBUH COJIEH aMMOHHsI HE 00pa3yeTcsi 0Calok OCHOBHOTO KapOoHaTa Maruus?

17. Tlouemy Hy>kKHO IPOBOJMTH OcaXJieHNe kapOoHaToB || rpynmsl npu HarpeBaHnu ( HO HE PU KHUIISTYCHUN)?

18. B ueM npu4HMHBI HENOJIHOTO OCaXIeHUs KapOoHatoB || rpymms! pu neiicTBun kapoonata aMmmoHust? KakoBsl
CHOCOObI UX YCTpaHeHHs?

19. MoxxHO 7 BMECTO XJIOpHJIa aMMOHHS HCIIOJIB30BAaTh CyJb(aT aMMOHHMS NpH OCaXKAE€HHHM KaTHoHOB |l
rpynmst?

20. Kak paccumrath 3Hauenune PH moxHoro ocaxnenust kapoonaros |l rpymmer? [Tokakure, 4TO THIPOOKUCH
MarHusl a 9TUX YCIOBUSAX HE oOpa3yeTrcs.

21. Tlouemy He NPUMEHSIOT KapOOHAT HATPUS WK KaJIKsl B KaUeCTBE TPYyIIIOBOro peareHra?

22. Kak nepeBectu cynbdartst |l rpymnmbl B kapooHaTh? B Kakux yCIOBHSX U II0UeMY HEOOX01MMa MHOTOKpATHast
obpaboTka ocaaka cynsdaToB || rpynmsr kapOoHATOM HATPHS U HarpeBaHue?

23. Tlouemy cynbdar KaiblHs pACTBOPUM B COJIX aMMOHHUSI?

24. B gem pactBopumsbl (ocdater Il rpynner? Kakue mpoayKThl MOJIy4aroTCs OPU PACTBOPEHUH B Pa3HYHbBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIHOM, YKCYCHOI)?

25. Tlouemy B KHCIJIOH Cpejie HeNb3s 0CaUTh JBy3aMelleHHbIe (ocdarsl kKaTnoHs! || rpynmst?

26. TloueMy B yKCYCHOKHCIION Cpesie U3 CMeCH KaTHOHOB Oapys, CTPOHIMS KaJIbIIMs BBIAJAET B 0CaJOK TOJIBKO
xpomar 6apusi?




27. Tlouemy npu ASHCTBMM OMXpOMATa KaJds Ha pacTBOP COJIM OapHs BBIIAgacT 0CaIoK XpoMara bapus?

28. Ilouemy xpomar Gapusi pacTBOPSETCS B YKCYCHOM KHCIIOTE IIpU HarpeBaHuu?

29. Kak MOXHO pacTBOPHUTH XpoMaThl Oapust W cTpoHIuA? Kakue mpomyKThl IOMY4aloTCsl IPH HarpeBaHUU B
PA3IMYHBIX KUCIOTAX (XJIOPHUCTOBOJIOPOIHOM, YKCYCHOM)?

30. KakoBbI mpu4nHBI OIIMOOK NpH 0OHApYKEHUH Oapus ¢ OMXPOMATOM KaJIUs B IPUCYTCTBHH CTPOHLIUS?

31. B uem pactBopsitorcst okcanatsl |l rpynmel? Kakue npoaykTsl 00pa3yroTcst IpH pacTBOPEHHUHU B Pa3UUHBIX
KHCJIOTaX (XJIOPUCTOBOJOPOIHOM, YKCYCHOI)?

32. Kaxk marHuii pacTBopsieTcs C OKCaJaToM aMMOHUS?

33. Kakwue cioco0bI pazeneHusi KaTHOHOB || rpymIibl BB MOKETE TIPEUIOKHUTH?

34. Kaxme MeTop!l pa3zfeneHus 1 OOHAPYKCHUS KaNbLHUI U CTPOHIUS BBl MOXETE TPEATIOKHUTE?

35. Kaxwue opranmgeckue peareHTsl MOKHO HCITONIB30BATH IS pa3zelieHus 1 0OHapykeHus kaTnoHos || rpymmsr?

36. Kax M0>XHO OOBSICHHTH 00pa30BaHHE CTPOHITUS IIPH JCHCTBUH THIICOBON BOJBI HA PACTBOP COJIH CTPOHITUSA?

37. KaxoBbI BO3MOKHBIE ICTOYHUKH OIINOOK IPY OOHAPYKESHUU CTPOHIIHS PEaKIHei ¢ THIICOBOM BOIO?

38. Kak pearupyer ¢eppounaHu Kalus ¢ HOHAMH CTPOHIMS M KaabLHs B IPUCYTCTBHU aMMHAaKa U XJIOpHOA
ammoHmsI? KakoBsI cBOWCTBa (peppormaHiia KaibIus?

39. Yrto Takoe npenBapuTEIbHbIE pEaKIu?

40. Kakue nmpeaBapHTesIbHbIE PeaKIMi HE0OXO0IMMO IPOBECTH IPH aHainu3e cMecH KaTioHoB | u Il rpynn?

Bonpocs! K KOITOKBHYMY 1O TeMe
«AHanuTHYeckue cBoiicTBa kaTHOHOB |1 rpynnbn
1. Paccuwmraiire pH noxroTo ocaxnerus cynbdunos |l rpymmsr. Chopmymupyiite yenmosus otaenerus |1 rpymms
ot | u Il rpymm.
2.Tlouemy nipu neiictBun (NHa)2S B ycnoBusix ocaxaenust katuoHoB |1 rpymimbr anoMiHUE 1 XpOM OCaKAAI0TCS
B BHJIE TUIPOOKHUCEI?
3. Tlouemy ocaxkneHue cynb(UAOB cIeayeT MPOBOAUTE IIPH HarpeBaHnH? Kakyio posib UTpaeT XJIOpU aMMOHUS
TIPU OCAXKICHHUH CYIb(PHUIOB?
4.Kak pacTBOpUTH TpPYOHO pacTBopuMble cynbunel meramuoB |l rpynnei? Hamnwmure ypaBHeHus
COOTBETCTBYIOIINX PEAKIIUM.
5. Kak UCrons3yroT sBjicHHE aM(POTEPHOCTH MPH Pa3ACICHUU KATHOHOB?
6. [IpuBenuTe nNpuMepHI pa3/ielieH!s HOHOB, OCHOBAaHHBIC Ha IIPUMEHEHUH KOMIUIEKCOO0pa30BaHMsL.
7.PaccunrtaiiTe KOHIICHTPAIUIO CYIb(UA-HOHA B pACTBOPE CYIb(una aMmmoHus mpu pH=9.
8.IIpu ananmse cmecu uonos Al¥*, Cr¥*, Fe3*, Mn?*, Zn?* neiicTBYIOT H36BLITKOM ILENOYH U IIEPEKHCH BOJOPOIA
npu HarpeBaHuu. UTo ocTaeTcst B pacTBOpe, 4To OyneT B ocagke?
9. O6mwe peakiun katuoHOB |11 rpymeL
10. IIpaBuna ocaxaeHus katuoHOB || rpymmE! B BHIE Cymb(OUI0B U THIPOKCUIOB.
11. Pacuer [S%], HeOOXOAUMOI IS OCAKIEHHUS Cynmb(uIa IIHHKA.
12. Pacuer koHIeHTpaluii HOHOB, 0Opa3ytomuxcs B pactBope (NHa),S.
13. PaBHOBecHe B pacTBOpax MaJOpacTBOPUMBIX HJIEKTPOIHUTOB.
14. dakTopbl BIMAIOLIME HA PAaCTBOPUMOCTh OcCajka (BIUSHHE OJHOMMEHHOTO HMOHA, IOCTOPOHHHX
3JIEKTPOIUTOB, pH, KoMIIIEKcO0Opa3zoBaHusl, THAPOIN3A).
15. TlocnemnoBaTenbHOCTH OOPA30OBAHMS OCAIKOB.
16. PacTBOpHMOCTb MaJIOPACTBOPUMBIX COSTMHEHHI B KHCIIOTaX.
Bonpocskl K KOJIIOKBHYMY
«['paBUMeTpHYeCKHil METO AHAJIM3A)
1. CymHocTh rpaBUMETPHUUECKOTO METO/A.
2. MexaHu3M 00pa30BaHHS OCAIKOB.
3. OtHocuTenbHOE mepechinienne. Kak oHO CBsI3aHO C YHMCJIOM IIEHTPOB KPHCTAJUIM3ALMH, CKOPOCTBIO
KPHUCTAIUTU3aLlNH, Pa3MEPOB KPHUCTAIIIOB
OxapakTepu30BaTh YCIOBHS MOIyYEHUS] KPUCTAIUINIECKUX OCAIKOB.
[Touemy ocaxxaenne BaSO4 npoBomsT: a) U3 pa3baBieHHBIX PACTBOPOB; 0) B KUCIIOH cpelie; B) MPH
HarpeBaHWU pPacTBOPOB; I') B NPUCYTCTBHM cojiell aMMOHHMs? MexaHM3M 00pa3oBaHUs aMOPQHBIX
0CaJIKOB.
6. «['paBUMETPHUYECKHUI METO aHAIHN3a)
7. Tlpu4uHBI 3arpsA3HEHUS OCAJIKOB: a/ICOPOLIMSI, OKKIIFO3HSI, HU30OMOPHH3M.
8. AHanuTHuYECKHE PUEMbI, UCIIOJIb3yeMbIE U1l YMEHBILICHHUS aJICOPOLIUH U OKKITIO3HH.
9. ®opma ocaxieHus], TpeOOBaHUS K HEH.
10. I'paBumerpuueckas popma, TpeOOBaHMS K HEH.
11. BrIOOp BeNMUMHBI HABECKH.
12. Bwi6op ocagurens. KomuuecTBo ocaauTes.
13. Kak BIMAIOT KOJMYECTBO INPOMBIBHOM JKHIOCTH M KPAaTHOCTh HPOMBIBaHMA Ha 3(QQPEKTUBHOCTH
MPOMBIBaHUS?
14. Kakue pacTBOPUTENHN HCHOJIB3YIOT B KaUueCTBE MMPOMBIBHOM kuAKOCTH. [IpuBecTr npumep.
15. ®axrop mepecyera, ero GU3NIESCKUH CMBICIT.
16. Kakyro comb Oapus — Ba(NOs),, BaBrz , BaCl, win Ba(ClOg4)2- 1ien16c000pa3HO HMCIONIB30BaTh B
Ka4ecTBEe OCaUTEIs /sl oJTyueHus: Haubomnee uncroro ocanka BaSO4? OObsICHUTH HOUeMy.
17. Bynmer siu pe3yabTar onpeaesieHus jxenesa mo meroauke — ocaxaenue Fe(OH)s u B3emmBanne Fe,0s3
— 3aBBILIEH, 3aHKEH WY NIPaBUJICH B IIEPEUMCIICHHBIX CIyYasX: a) OCAXAECHHE BEIN U3 pa30aBICHHBIX
pPacTBOPOB IPU KOMHATHO# Temmeparype; 6) ocamok Fe(OH)s octaBuin HactanBatbCsi ¢ MATOYHBIM

o &>




pPacTBOpPOM; B) B pacTBOpE MPUCYTCTBOBAIIN (pTOpHI - HOHBI F; T) B pacTBOpe MPUCYTCTBOBAIN HOHBI
APP*; 1) ocanox Fe(OH)s mpomblan uucToif BOMOH BMECTO PacTBOPA, COAEP/KAILETO COTb AMMOHHS U
aMMHuaKx?
18. B cymHocts MeToza aekaHTanuu? C Kakoil Leabio NCIIONIB3YIOT IIPOMBIBAHUE 9THM METOAO0M?
19. Kaxkue ycinoBusi HEOOXOAMMO CO3/aTh JUIS KOATYJSIIMN KOJUIOMIHBIX pacTBopoB? K kakum ommoOkam
rPaBUMETPHYECKOTO ONPE/ICIICHHS] MOYKET IPUBECTH 00pa3oBaHKe KOJUIOMIHBIX pacTBopoB? [IpuBectn
NPUMEpBHI.
20. Yro takoe mentusauus ocanka? Kak mpemotBpatuts nentusanuio ocaakos (Fe(OH)s, AgCl) mpu ux
MPOMBIBaHUU?
21. B kakoMm ciyyae moTepu npu npombiBanmn ocagka CaC;Os: a) 100mm Bomer; 6) 100mm 0,1M
(NH4)2C204; B) 500Mi1 BoabI OyIyT HAMOOIBITUME M B KAKOM — HAUMEHBIITUMU?
22. Hawubonee pactpocTpaHeHHBIE OpraHMYECKIe OCaqUTeNH. VX mpenMyImecTsa.
23. Heopraandeckne 0CaJnuTeIN.
24. TlpuBecTr IpUMEPHI Pa3IeICHUI HOHOB 3a CUET KOMILIEKCOOOpa30BaHus.
25. B geMm CymHOCTh OCaKICHUS C KOJTICKTOPOM.
26. Paznenennie HOHOB METOAOM HKCTPAKLIUH.
27. Xpomatorpaduieckie MeToIbl pa3aeieHue
- MOHOOOMEHHas Xpomarorpagus
- pacnpenenuTenbHas XxpoMarorpadus
- ajicopOIOHHas XpoMaTorpadust
- 0cajo4Has XpoMarorpadus — ra30KHAKOCTHAS XpOMaTorpadus
28. BplunciiTh MHTEpBaJ 3HaYeHHs1 PH pacTBopa B KOTOPOM 00ECIeUMBACTCS KOJMYCSCTBEHHOE Pa3JiejicHHE B BHIC
ruapokcuos: a) Fed* or Mg?*; 6) AlI¥* or Mg?* B) Ni?* ot Mg?* r) Fe®* or Ca?* 1) AI¥* ot Ca?*

Bonpochl K KOJJIOKBHYMY

«OKHCIUTETHHO — BOCCTAHOBHTEIbHBIE PeAKIHID

1.CranmapTHBIf MOTaHLMA OKHCIMTEIbHO-BOCCTAHOBUTEIBHON CHUCTEMBI. @DaxkTOpsl  BIHUAIONME Ha
Bennuuny E°.

2.Hampasnenne OBP. Kak onpenenuts HampaBieHHe peakiuy, 3Hasi CTAHAAPTHBIC MOTEHIUAIBI COOTBETCTBYIOIIUX
nap.

3.IToctpoenue kpuBoit OB TutpoBanus. OT yero 3aBUCUT BUJ KPUBBIX U CKa4€K TUTPOBAHUSI.

4. PacyeT MOTEHIIMAJIOB B TOYKE 3KBUBAJICHTHOCTH.

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

6. Munukarops! pen-okc TutpoBaHus. MIHTepBan nepexona okpacku. OT uero 3aBuCcAT UX nokazanust? Kak nogbuparor
HMHAWKATOphl. BenndnHa ckauka TutpoBanus coctasuna 0,84-1,02. Kakue HHAMKATOPEI MOKHO HCIOIb30BATh B 3TOM
ciayyae?

7. VYcTaHOBOYHBIC BEUIECTBA B PENOKCTHUTpPOBaHWMH. OXapakTepu3yiiTe CBOHCTBA YCTAaHOBOUYHBIX BEIIECTB B
NIepMaHraHaTOMETPUH, HOJIOMETPHH, XPOMOMETPHH.

8. [lepmanranatomerpusi. CylnHoOCTh METOAA.

9. CrangapTHbIe pacTBOPHI B IepMaHranaroMerpuu. Kak rotoBs u xpaHsaT TuTpoBaHHbIi pacTBop KMnO,. Hanumnre
ypaBHeHHs peakuuu passoxenus KMnOg : 4To cOOTBETCTBYET ee MPOTEKaHHI0?

10. [lepmaHraHaTOMETpUUYECKOE OINPEeIeHHE OKUCIUTEINEH 1 BOCCTAHOBHUTEIICH: YCIOBHSI, NPUMEPHI — OOBSICHUTE C
TOYKHU 3pEHUS YBEIMUYCHUS PEeaTbHOM Pa3HOCTH MOTEHIIMAIOB.

11. IlepmMaHraHaTOMETPUIECKOE OIPE/ICIICHHE JKelle3a.

Meronel mpeaBapurensHoro BoccraHoBienus Fe (I11). KakoBa ponp cmecn Lluuepmana-PeiiHrapara npu
TIepMaHraHATOMETPHUUECKOM OIIPEIENICHUH B COISTHOKUCIION cperie.

12. Kak OOBSICHSIOT YCIOBHS NEPMAaHTaHATOMETPUUYECKUX OIpeAeieHuid: HarpeBanue a0 80°, MeyieHHOe
NIpu0OaBIIeHNE TUTPAHTA, BEICOKAsE KUCIOTHOCTb.

13. MomomeTpus. O6Imas XapakTepucTHKa METo/1a. Y CIIOBHS HOIOMETpHUYECKHX onpe ieneHuii. [[puBeIuTe ypaBHeHus
COOTBETCTBYIOILIUX PEAKIIUM.

14. PabGoume pacTBOpbI B iomomerpuu. [IpurotoBineHue, craHmaptuzanus u xpaHeHue pactBopoB NapS;0z u Iz,
Wnpnkatop. [logemy npu ilogoMeTpuaecKoM ONpeAeTICHHN PACTBOPHI OTCTAaUBAIOT HEKOTOPOE BPEMS B TEMHOTE, 3aTEM
TUTPYIOT IO COJIOMEHHO-KEJITOTO I[BETA U TOJIBKO ITOTOM JTOOABIAIOT Kpaxmain?

15. Mlomomerpuueckoe onpesenesne cyabhuaos. [louemy MeTo 06paTHOrO THTPOBAHHS TPEANIOUTHTEIBHEE METOIA
MIPSIMOTO TUTPOBAHHUSA?

16. HomoMerpuueckoe ONpeseleHne OKHMCIHTENeH H BOCCTAHOBUTENEH: CYIb(QHTOB, CyJIb(QHIOB, XPOMATOB,
apCceHaToB, HUTPATOB. Y CIIOBUS PEAIbHOIO YBEIMUYEHHS PA3HOCTU IOTEHIIUANIOB.

17. bpomaTtomerpusi. [Ipumepsl GpoMaTOMETPUIECKUX ONPEICIICHHH.

18. Xpomaromerpus. Onpenesnenns xene3a. B kakux yclnoBusx TudeHuIaMiH He JaeT OUIMOKH B KOHEYHOW TOUKH
TUTPOBAHHUS.

19. CxopocTb M MEXaHHM3M OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX peakiuii Ha npumepe Bzaumoaeiictsust KMnOs ¢
OKCaslaToM.

20.KaTanuTHYeCKME OKHMCIUTEILHO-BOCCTAHOBUTENbHbIE peakiuu. Kakosa pons Mn?* B nepMaHraHaTHOM
OKHCITUTEIIFHOM TUTPOBAHHU.

21. ConpsbKeHHbIE OKUCIUTEIbHO-BOCCTAHOBUTENBHBIE —PEaKiiu, pakTop HHAYKIHU. Kak 0OBsICHUTD TOT (aKT, 4TO
B MpUCYTCTBMU MN?* He MIET CONpsKEHHAas PEaKlMsl OKMCIEHHUS XJOPUIOB IIPU MEPMAHIaHATOMETPUYECKHUKOM
OnpeesieHnu xene3a’?

22. IlpeyioxuTe METOABI ONpeIeJICHHs KaJIbIHsI(BECOBOH, KHCIOTHO-OCHOBHOE Y PEIOKCTUTPOBAHHE, XEJIOTOMETPHS).




23. Pen-oxc merosl onpenenenus Fe(IT)(11).

24. Meto/p! Onpe/iesieHNs] HOTPUTOB.

25. Nogomerpuyeckoe onpeelieHne Mean. Yem BbI3BAHO NPOTEKaHUE PEAKLMK B HY)KHOM HalpaBlieHUU?

26. Kakum U3 pea-oKc METO/IOB U MPH KAKOM COOTHOIICHUH PEAreHTOB MOKHO OMpPEICIUTh COAEPKAHUE KUCIOTHI B
pactBope?

IIkaja oneHUBAHHUS BHINOJHEHUS HHINKATOPOB:

WHIUKAaTOp CYMTAETCS BBIMOJHEHHBIM, €CITH MO0 BO BpeMs TEKyIlel, THO0 MPOMEXYTOYHOM aTTECTAIIMU CTYICHT
Habpan Kak MHHMMYM [OPOTOBOE KOJHUYECTBO OAIOB 3a T€ BHAbI aKTUBHOCTH, KOTOPHIE OTBEYAIOT 3a JAHHBIN
UHTUKATOP.

1-ii cemecTp

MpomexKyTouHaa
TeKyw,an arrecrayma
Ne WMHpgukartop atTectayma (3k3ameH)
MNopor Makcmmym MNopor Makcmym
1 OnNnK-1.2 20 60 20 40
OnkK-2.1
OnNnK-2.3
OnNnK-6.1
2-i cemecTp
MpomexKyTouHaa
TeKywan aTrecrayua
Ne WMHpgukatop aTtTectayma (3k3ameH)
Mopor MaKkcumym Mopor MaKkcumym
1 OnkK-1.1 20 60 20 40
OnK-2.1
OnNnK-2.3
OnNnK-6.1

Ixana n KPUTEPUH BBICTABJCHUSA OUECHOK 32 TUCHUILIMHY:

IlIkana u KPUTCPUU BBICTABJICHUSA OLICHOK «OTJIMYHO», «XOPOII0», «YAOBJICTBOPUTECIHLHO» U KHCYAOBJICTBOPUTECIILHO»
OIMMCaHbI B JIOKAJILHOM HOpMaTI/IBHOI\/‘I AOKYMCEHTAalluu TBepCKOI‘O TOCyJapCTBEHHOI'0 YHUBEPCUTCTA (HOJ’IO)KBHI/Ie (6]
peﬁTHHFOBOﬁ CHUCTEME O6y‘IGHI/I$I CTYACHTOB TBFY) [TomoxxurenpHas OIICHKA MOXET OBITh BEICTaBJICHA TOJIEKO B TOM
cJlydac, €CJIN BbIITOJIHCHBI BCC NMHIUKATOPLI.

5.2. OueHoYHbIe MAaTepHAJIbI UISI TPOBeJeHHUs] IPOMEKYTOYHOM aTTeCTaluu

Ilepeuenv mem u 60npoco6 st IK3AMeHA

AnanuTtnueckas xumus. Buasl ananusza. Ctagun xumudeckoro aHanu3a. OCHOBHBIE XapaKTEPUCTUKH METOJ0B
aHanu3a. AGCONIIOTHBIE U OTHOCHUTENIbHBIE METO/Ibl. BE1O0p MeTona ananm3a. CriocoObl NOBBIIIEHHS YyBCTBUTEILHOCTH
M N30MpaTeIbHOCTH METOA0B. ABTOMATH3aLMs aHAIIH3A.

Kucnomno-ocnosuvie peaxyuu. Ilporonurudeckas TeopHs KHUCIOT W OCHOBaHUWIl. PaBHOBecue B cucreme:
KHCJIOTa — COMNpPSDKEHHOE OCHOBAHUE — pAcTBOPUTENb. KOHCTaHTBI KUCIOTHOCTH, OCHOBHOCTH, aBTONPOTOJIU3A.
Hugenupytomuii u nuddepenunpyronuii agdexts pacTBopuTes.

Peakyuu komnnexcoobpazoganus. Tunbl U CBOWCTBA KOMIUIEKCHBIX COCJUHEHHH, HCIONb3YEMBIX B
aHanmuTH4Yeckoi  xuMuu. KoJgnuecTBeHHAs XapaKTepUCTHKAa pEakIid  KOMIUIEKCOOOpa3OBaHMA: KOHCTAaHTa
ycroiunBocT. Ctynendyaroe KommiekcoobpasoBanue. Vcrnonb3oBaHHe KOMIUIEKCHBIX COSIMHEHHN AT pa3/iesicHus,
KOHIIEHTPUPOBAHUS, MACKHPOBAHNUS, OOHAPYKEHUS, OIPEICTICHUS JIEMEHTOB.

Opzaanuyeckue peazenmsl B XUMUIECKOM aHanu3e. OyHKIMOHAIBHO-AHAIUTHIECKUE U aHATUTUKO-aKTHBHBIE
rpynnsl. BausHue ctpoeHust MoJleKyIbl Ha CBOMCTBa peareHTa. I[[puMeHeHne opraHn4eckux peareHToB B aHAJIN3E.

OKrucaumenbHo-60CCmMano8UmeNnbHble peakyuy B aHAIMTHYeCKOW xumuu. OOparnmble W HeoOpaTHMBbIE
OKHCIIUTEIbHO-BOCCTAHOBUTENIBHBIE CUCTEMBI UM UX NOTEHIManbl. YpaBHeHue Hepucrta. CraHmapTHBIM M peanbHbIN
OKHCIIUTEIbHO-BOCCTAHOBUTEIbHbIE NOTEHIIMANBL. HanpaBieHue OKuCINTENbHO-BOCCTAHOBUTENIbHBIX PEAKIIHMA.

Peaxyuu ocasxcoenus B ananutndeckoil xummun. KoncranTel paBHOBecHs peakuuii ocaxeHus. PactBopuMocth
ocankoB. DakTopsl, BIUSIONINE Ha pacTBopuMocTb. OOpazoBanue ocankoB. Kpucranmudeckue u amopdHbIE OCagKy,
ycnoBust ocaxjeHus. IIpuumHBI 3arpsA3HEHHS OCAJKOB: COBMECTHOE OC@KAEHHE, COOCAXKIEHHE, IOCIEAYIOIIee
ocaxeHne. Buapl coocaxxnerns. [IpuéMel, ciocoOCTBYIOIIIE MOTYIEHUIO YHCTHIX OCAKOB.

MGTO}IH pPasacJICHus u KOHIICHTPUPOBAHUA. OCHOBBI OKCTpAaKIMU KakKk METoJa pPas3ACICHUA U
KoHIeHTpupoBaHusi. KoHcTranTa pacnpeneneHus, kodpouiment pacmpeneneHus. Koncranta skcrpakmuu. Dakrop
pa3mencHus. YCIOBUS JKCTPAKIMKM HEOPTaHWYECKHMX M OPraHWYECKWX CcoeAnHeHWH. llpakTmdueckoe NpUMEHEHHE
SKCTPaKLUU.

Metoabl pasfeneHuss 3JIEMEHTOB, OCHOBAHHBIE HA OCaXACHUM HEOPraHMYECKUMHM U OpPraHMYeCKHUMH
pearenTamu. Mcrnonb30BaHUE COOCAXKICHUS AN KOHIEHTPUPOBAHUS MUKPOKOMIIOHEHTOB. Heopranmueckue u
OpPraHUYECKUE KOJIEKTOPBI.

Xpomamoepaghuueckue memoowl. [TpuHumNb! ¥ K1accuukanys. XpoMaTorpaMMbl U CIIOCOOBI UX MOJTY4EHHS.




OCHOBHBIE TECOPETHYECKHE IOJOXKEHHS U XapaKTepHCTHKH MeTonoB. lazoBas xpomatorpadus. OCHOBHBIE
TEOPETHYECKNE TOJOXKEHUs. TpeOoBaHMS K CTalMOHAPHBIM M MOABIXHBIM (a3aM. I[IpuMmepsl mHpakTH4ECKOTro
npuMmeHenns. onooOMenHass xpomarorpadus. BeicokoddhdexrnBHass nonHass xpomarorpadus. [IpHHIUIIEI METOIOB.
[Ipumeps! mpakTHYecKOro NpuMeHeHus. bymaxkHass ¥ TOHKOCIOIHAs XpoMarorpadus, UX OCHOBHBIC TEOPETUUECKHE
nosnoxeHus. TpeOoBaHuUs K CTALMOHAPHBIM M NOABMXHBEIM (ha3aM. [IpuMephl MpakTHIEeCcKOro NpUMEHEHHUS.

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

Turpumerpuyeckue Metobl. CriocoObl YCTAHOBJICHUSI KOHEYHOW TOUKU TUTPOBAHHUS.

Kucnomno-ocnosnoe mumpoeanue. Kpussle tTutpoBanus. KuciorHo-ocHoBHbIE MHAUKATOpHL. Ilorpemnoctu
METO0/1a KUCJIIOTHO-OCHOBHOT'O TUTPOBaHUs. TUTpOBaHUE cMeCEN KUCIIOT U OCHOBaHUM. TUTpOBaHME B HEBOJIHBIX CPEAAX.

Komnaexconomempuueckoe mumposanue. IlpenMyiiecTBa aMHHONOINKaPOOHOBBIX KHCIIOT TEped APYTHMHU
OpPTaHWYIECKUMH TUTPaHTaMH. MeTaluIoXpOMHBIE MHIUKATOPHI, TpeOoBaHUs K HUM. CrocoObl THTpOBaHUS (IIPSIMOH,
0oOpaTHBIN, BBITECHUTEIBHBINH, KOCBEHHBIN). IIpakTHueckoe NpHUMEHEHHE KOMIUIEKCOHOMETPUYECKOTO THUTPOBAHHMS
(ompeneneHre MOHOB KaJIbIH, MarHusL, )KeJe3a).

Okucaumenvro-eoccmanogumensroe mumpoganue. OaKTOps, BIMAIONINE HA BEIMYNHY CKadyKa MOTCHIIHANA,
CHocOObl OOHApyKeHHs KOHEYHOW TOUYKM THUTpoBaHus. IlepmaHraHaroMmerpuyeckoe, OHUXpOMAaTOMETPHUYECKOE,
MOZIOMETPUYECKOe TUTpoBaHHe. [lepBuuHBIE M BTOpWYHBIC cTaHAapThl. MHaukatopsl. I[Ipumepsl NpakTHYECKOTO
NPUMEHEHHSI.

DnekTpoxuMuyeckue  Meronbl. [lpupoma  aHamuTmueckoro — curHaia.  Kiaccudukamms — MeETOMOB.
DrekTpoxuMuuecKas ssuelika. HIUKaTopHbIE 3JIEKTPOABI U 3JIEKTPO/IbI CPAaBHEHUSL.

Tomenyuomempus. PaBHOBecHBIH noTeHran. CriocoOsl n3MepeHus moTeHnuana. IIpsamas moTeHnHOMETpHH.
WnnukaropHsle snekTpoapl. Knaccudukamyus HMOHOCENEKTHBHBIX 3JEKTPOAOB. XapaKTEPUCTHKH HOHOCEIEKTUBHBIX
3MEKTPOJOB: uIeKTpoaHas (yHKIus, KoddduuueHT cenekTuBHOCTH, Bpems oTkinka. CrocoObl ompeneneHus
ko3¢ ¢punnenTa ceneKTUBHOCTH. CrocoObI MPSMBIX IMOTEHIMOMETPHUYECKHX M3MepeHuH. [IpakTiueckoe MpUMEHEHHUE
nonometpuu: onpenencaue PH, pF, pNOa.

[Morenmomerpudeckoe TuTpoBanue. O0mIas xapakrepucTuka Mmeroga. CriocoObl HaX0XKJCHNS KOHEUHOH TOUKH
TUTpoBaHUA. VIHANKAaTOPHBIE 3JEKTPO/IBI B KUCIOTHO-OCHOBHOM, OKHCIUTEIHHO-BOCCTAHOBUTEIHHOM U OCAIUTEIEHOM
TUTPOBAHUU.

Kynonomempusa. 3axonst @apanes. [Ipsmas xygoHoMeTpHs. YCIOBUS NMOTEHIIMOMETPUUECKUX H3MEpPEHUMH:
noctiokeHne 100%-Horo BbIXOJAa IO TOKY; H3MEpEHHE KOJHUYECTBA JJICKTPUYECTBA; OIpeleleHHue KOHIa
9NEKTPOXUMUYECKOU PEAKIUU.

KyHOHOMeTpI/I‘ICCKOC TUTPOBAHUC. HpI/IMepI)I OIMPCACIICHUA DJICKTPOAKTUBHBIX U 3JICKTPOHCAKTUBHBIX BCUICCTB.
DJeKTpOreHepHPOBAHHBIC KYJIOHOMETPHUECKHE TUTPAHTHI. Y CIIOBHS THTpoBaHUA: obecnieuerne 100%-Horo BbIxoa mo
TOKY; W3MEpPEHHE KOJIMYECTBA 3JCKTPUYECTBA; ONpENEICHHE KOHIA XUMHYECKOW peakimu. I[IpemMymiectBa mepen
JPYTUMHU TUTPUMETPUUCCKIMHU METOAAMH.

Boremamnepomempus. OcHoBbl MeToa. OCOOEHHOCTH ANIEKTPOXUMHUUYECKOH sueliku. TeopeTnieckne OCHOBBI
KJaccudeckoi mnomsporpaduu. XapakTepucTUKu moisiporpaMMbl. IloTeHiman momyBonHbl. [ud(dy3HOHHBINH TOK.
VYpaeuenue Mnbpkosmua. [IpakTmyeckoe mpumeHeHne nossiporpaduu. KauectBenHsidi aHamm3. I[lomsporpadraeckuii
cnexTp. KonmmuecTBeHHsll aHan3. CriocoObl oIpeqeNeHns KOHIIGHTPALUK BeIlecTBa. BO3MOXKHOCTH M OrpaHHYCHHS
MeToAA.

AmnepoMeTpUdeckoe TUTpOBaHHE. BBIOOp yCIOBHH aMIepOMETPHYECKOTO THUTPOBAHHS. BHABI KpHBBIX
TUTpOBaHus. IIpuMepsl MPAKTUUECKOrO NPUMEHEHUS.

CHeKTPOCKONIMYECKHe METOJbl. BakHelmme XapaKTepUCTHKH CIEKTPaJIbHBIX JIMHUHA (TIONOXKEHHe,
MHTEHCUBHOCTb, IIHPHHA). ATOMHBIE M MOJEKYJSIDHBIE CIIEKTPHl. B3anMMOCBS3b OCHOBHBIX XapaKTEPHCTHK
CTEKTPAIBLHBIX JINHUH C IPUPOJION U KOJIMIECTBOM BEIIECTBA (KAYECTBEHHBII M KOJIMYECTBEHHbIH aHAIN3).

Cnexmpogomomempuueckuii memoo. OCHOBHOWH 3aKOH IIOTJIOMIEHHS 3JIEKTPOMArHUTHOTO W3ITydCHHUS.
Monsapasiii ko3¢ dunuenT mnornomieHus. IlpuMmeHeHne MeToAa AN ONpENeNeHHS KOHIEHTPALMH  BEIIECTB.
YyBCTBUTENBEHOCTD U CENIEKTUBHOCTD METO/Ia. BEIOOp ONTHMAIBHBIX yCIIOBHIA MPOBeIeHHS (POTOMETPUIECKUX PEaKInil.
WHtepBan ompenensieMbIXx ONTHYECKHMX IUIOTHOCTEH. Meton auddepeHnnanbHOi CHeKTpoOTOMETPHH, €ro
BO3MOXKHOCTH U niperMyiiecTBa. CriekTpooTOMETpHUECKHE METO/IbI H3yUYESHHUS PaBHOBECHH B pacTBopax. OnpeeneHne
KOHCTAaHT KMCJIOTHOHM IUCCOLMALIMYA OPraHUYECKUX COCTUHEHUM.

MPUJIOKEHUE 3
6. YAEBHO-METOJNYECKOE 1 THOOPMAILIMOHHOE OBECIEYEHUE JUCIUTLINHBI
(MOJTYJIST)

6.1. PexomeHnayemasi JuTeparypa

a) OcHoBHAas JUTepaTypa:

1. Amnanutuueckas xumusa. YueOnuk / Mosuan H.U., Pomanosa P.I'., ['opOynosa T.C. u ap. -
M.: HUALl UTH®PA-M, 2016. - 394 c. - DnekTpoHHBII pecypc. — Pexxum nocryna:
http://znanium.com/go.php?id=431581

2. AHanuTH4eckast XuMus [ DJIeKTpOHHBIH pecypc]: yueOHnoe mocodue/ O.b. Kykuna [u ap.].—
ONEeKTPOH. TEKCTOBble  JaHHble.—  Boponex: BopoHexckuil rocyaapcTBEHHBIN
apXUTEKTypHO-cTpouTenbHbIN yHUBepcuTeT, DbC ACB, 2014.— 162 ¢.— Pexum gocryma:
http://www.iprbookshop.ru/30833.html.— 3BC «IPRbooks»



http://znanium.com/go.php?id=431581
http://znanium.com/go.php?id=431581
http://www.iprbookshop.ru/30833.html

0) lonosiHuTEILHAS JIMTEPaTypa:

1.

AHanmuTrueckast XuMHus [ DIeKTPOHHBIN pecypc]: COOpHHUK JTab0paTOPHBIX paboT I CTYJEHTOB
TEXHUYECKUX HAMpaBICHUI JTHEBHON M 3a04HON (GopM oOyueHUsi/ — DJNEKTPOH. TEKCTOBBIC
nanuble.— HoBocuOupck: HoBocuOMpCKMiA TOCYIapCTBEHHBIH TEXHUYECKUNM YHUBEPCHTET,
2014.— 62 c.— Pexxum mocryma: http://www.iprbookshop.ru/45072.html.

Tpudonora A.H. Ananutudeckas XumMus [ DIEKTPOHHBIA pecypc]: 1a00paTOPHBINA MPAKTUKYM.
Yyebnoe nocodue/ Tpudonoa A.H., MenscutoBa N.B.— DNEKTpOH. TEKCTOBBIE JaHHBIC.—
Musck: Brmmitmias IIIKOJIA, 2013.— 161 cC.— Pexum JIOCTYyTIa:
http://www.iprbookshop.ru/24051.html

NPUJIOKEHUE 4

9. CBeneHusi 00 00HOBJIEHHMH padoyeii MPorpaMMbl THCHUIIMHBI (HJIM MOTYJIs1)

Nor.m. paboueii mporpamMmsI

OOHOBNIECHHBIN pa3aen
Onucanue BHECEHHBIX PexBusnuthl AOKYMCHTA,

W3MEHEHUI YTBEPAUBILIETO U3MEHEHUS
JTUCHUATITAHBI (MOJTYJIs1)
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