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1. lean u 3agaun AUCHUATIHMHBI

1.1 Henp qucuuruivHel — GopMUpOBaHUE KOMIIETEHIIHIA:

OIIK-1 CnocobGeH aHanmu3upoBaTh W WHTEPIPETUPOBATH PE3YJIBTAThl XUMUYECKHX OKCIIEPUMEHTOB,
HaOJIFONIEHUH U U3MEPEHUN

OIIK-2 CriocobeH mpoBOANTH C COOMIOACHUEM HOPM TEXHHKH O€30MAaCHOCTH XMMHYECKUN DKCTICPHMEHT,
BKJIIOYAsl CUHTE3, aHajlM3, U3yYeHUE CTPYKTypbl M CBOMCTB BEIIECTB M MaTepUasoB, HCCIEIOBaHHUE
MPOLIECCOB C UX YYaCTHEM

1.2 Tunel 3amay mpoQeCCUOHATBHONW ACSITENLHOCTH, K KOTOPBIM TOTOBSATCS OOyYaroIIHecs B paMKax
OCBOCHUS JUCITUTIINHEI:

- OpraHU3allMOHHO-YIIPABICHYECKUI

- TEXHOJIOTUYECKUN

1.3 JIucuurniauHa OpHEHTHPOBAaHA HA MOATOTOBKY OOydYaromuxcs K MpodeCCHOHAIBLHON JEsSTEIhHOCTH B
chepax: 26 XUMHUYECKOE, XHUMHUKO-TEXHOJIOTMYECKOE TPOU3BOACTBO (B cdepe  ONTUMH3AIUHU
CYLIECTBYIOIIUX M pa3pabOTKH HOBBIX TEXHOJOTUM, METOOB U METOJMK MOMYyUEHUS U aHAIHM3a IMPOILyKIUH,
B cepe KOHTPOJIST KauyecTBa ChIPhA, MOTy(HaOpUKaTOB W TOTOBOM MPOAYKIIMHU, B c(hepe macmopTU3aluu 1
ceprudukanmuu nponykmun), 40 CkBo3HbIC BUABI MPOPECCHOHATBLHON ACATEIHPHOCTH B MIPOMBIIIICHHOCTH
(B cepe HayyYHOTEXHHYECKHUX, ONBITHO-KOHCTPYKTOPCKUX pa3padOTOK U BHEAPEHUS XUMHUYECKOMH
MPOAYKIMU PAa3IMYHOTO Ha3HA4YeHUsA, B cdepe METpPOJOTuU CcepTU(UKALNU U TEXHUYECKOTO KOHTPOJIA
Ka4ecTBa MPOIYKITUHN)

1.4 B pesynbrare 0CBOCHHSI TUCIUILUIUHBI Y 00YYaroIIMUXCsl TOJIKHBI ObITH COPMUPOBAHBI:
KO,Z[ 1 HAUMCHOBAHHC

O0001IeHHBIC TPYIOBBIE

(yHKUMY / TPYAOBBIE komriereHiu @I'OC BO,
(GbyHKUMY / TPYyAOBBIC MU HEOOXOIUMOM ISt .
WnankaTopbl JOCTHKEHHSI KOMIIETSHIHHA
npodeccroHaIbHbIE (hopMHupOBaHUS TPYAOBOTO
JeicTBus (Ipy HaITU9IUU WK Ipo(ecCHOHATBHOTO
npodcranaapra) nefcTBUs

OIIK-1 Crocoben
aHATM3UPOBATH U
WHTEPIPETUPOBAThH
Pe3yNIbTaThl XUMHUYECKUX
IKCIIEPUMEHTOB,
HaOJIFONEHUH 1 N3MEpEeHU

OcymmecTBiser coop, 00paboTKYy, aHaIn3 u
CHCTEMATH3AIHI0 TEOPETUICCKUX M IKCIEPUMEHTATBHBIX
JAHHBIX JUTS PEelIeHUs TPo(ecCHOHANBHBIX 3a/1ad

OIIK-2 Cnocoben
MTPOBOJIUTH C COOTIOICHUEM
HOPM TEXHUKH
0€30IMaCHOCTH XUMUYCCKUH
9KCTIEPUMEHT, BKITIOUast
CHHTE3, aHAJIN3, U3yUCHUE
CTPYKTYPBI H CBOWCTB
BEIIIECTB U MAaTePHAJIOB,
HCCIIEIOBAHMUE MPOIECCOB C
HX y4acTHEM

ITpOBOAUT XUMHUECKUI IKCTICPUMEHT 0 KAueCTBCHHOMY
W KOJMYECTBEHHOMY aHajiM3y COCTaBa BEIIECTB C
HCTIOIb30BAHUEM CTAHAAPTHBIX METOJAMK M HOPM TEXHUKH
0e30IacCHOCTH

1.5 CornacoBanue MEXAUCITUTUTMHAPHBIX CBA3CH MUCIUTIINH, 00€CIIEYNBAIOIINX OCBOCHUE KOMITCTCHITHI:

OIIK-1 CnocobGeH aHanmu3upoBaTb W HWHTEPHPETHPOBATH PE3YJIBTaThl XUMHUYECKHUX
AKCIIEPUMEHTOB, HAOTIOACHUI 1 M3MEPEHUI

Ne HaumenoBanue dopma oOyyeHus
n/n JIMCITUTUINH
on C,Z[CJ'ISIIOH_I;/IX Ounias




WVIV/M YTV YLLULYIOA P DIV

CBA3U

1 |buoxumus +

2 | Kommonguas Xumus +

3 |Heopranuueckas + | +
XUMUSL

4 | TexHoyorn4eckast +
MIPaKTHKA

5 [Ddusnueckasg xumusa + |+ | +

6 |Ou3nyeckre METOIbI +
HACCIIEOBAHNS

OIIK-2 CnocobeH mnpoBOIUTH C COOMIONEHHEM HOPM TEXHUKH O€30MacHOCTH
XMMUYECKUI HKCIIEPUMEHT, BKJIIOYas CHHTE3, aHAJIM3, U3yYCHHE CTPYKTYpPBl M CBOWCTB
BEIIECTB U MaTepUAJIOB, UCCIECAOBAHHUE MTPOIIECCOB C UX YUaCTHEM

Ne HanmenoBanwme ®dopma oOydeHus
n/m JIACLIVIUINH,
OuHas
OTIPEIICIISTFOTITIX
(cemecTp)
MEKTUCITUTUTHHAPHEIE TToTals5T6
CBSI3U
1 |Heopranuueckas + | +
XUMUS
2 |O3HaKOMHTEIbHAS +
MPaKTHKA
3 |Opraandeckast XUMHS + | +
4| Texnomoruyeckas +
MPaKTHKA

2. Mecto nucuunimnHbl B cTpykrype OIl 6akanaBpuara:

JlucuuiuinHa «AHaJIUTHYECKass XUMHUS» OTHOCHTCA K o0s3arenbHON vactu ydeOHoro tuiana OIl mo
HanpasneHuto noarorosku 04.03.01 - Xumus.

JucuuruinHa « AHaUTHYECKAsi XUMUsSD) u3ydaercs B 3, 4 cemecTpax.

3.00beM U coep:kaHMe TUCHUILTHHBI
3.1.00beM gucHuIuIMHLL: 13 3.€.
Ounas: 13 3.e.

Bun yueOHo# paboThI (BCSEI;ZEOB)

O0mast Tpy10éMKOCTb TUCHHUILIHHBI 468
KonrakTHast pabora 336
Jlexmm (Jlextmm) 120
JlaGoparopnsie (J1ab. pab.) 136
[Tpaktuueckue (IIpakr. pab.) 80
CamocrostenbHas pabota (CP) 60
DK3aMeH 72
3.2.Coneprkanue Kypca.

Ne Ha3zBanue Bun yuebHoMU DOpMBI TEKYIIETO

TEMBI paszena/TemMsl pabotsl, yac. KOHTPOJIS




Jlex | JIa6 |IIpa | CP
muu | . |KT
pab. |pab.
O|]O0 |0 ]|O
3 cemectp
MeTomoornyeckue TectupoBanue
aCIeKThl U
CTPYKTypa 4 - 2 | 4
AHAJIUTUYECKOU
XUMHH
Teopus u npakTuka naboparopHas
npobootbOopa u 4 |6 |3 | 4 pabora
poOOIOTOTOBKH
Honnoe naboparopHas
IIPOU3BENIEHUE pabora;
BOAbL. BonopoaHbli TectupoBanue
nokaszarens. [lkana
4 |18 |3 | 4
pH u pOH.
Bbydepunbie
PacTBOPBL.
Bydepnas emxocTh
KucnorHo-ocHOBHO naboparopHas
€ paBHOBECHE. pabora;
I'maponus conei. TectupoBanue
6 | 6 |3 | 4
BriBog
AHATUTUICCKUX
3aBUCUMOCTEH.
Kommiexkcoo6pazor nabopaTtopHas
aHue B 61 s l3la pabora;
AHAJIUTUYECKOM TectupoBanue;
XUMHH. KomnokBuym
OKuCIUTENHbHO-BOCC TectupoBanue;
TaHOBUTEJIbHbBIE naboparopHas
peaKkIuu B 6 |6 |3 |4 pabora
AHAJIUTUYECKOU
XUMHH
3aKoH JIeHCTBHS nmabopaTtopHas
Macc B pabora;
reTepPOreHHbIX TectupoBanue
nporeccax. 6 6 | 3 3
PactBopuMoCT®,
MpOU3BE/ICHUE
pac-TBOPUMOCTH.
MeTtobt nmabopaTtopHas
OoOHapy>KEeHUS U 618l als pabora;
UACHTU(DUKAIIH. TectupoBanue
Xpomarorpadus.
Konnounnueie nmabopaTtopHas
CUCTEMBI B abora
AHAJIUTUYECKOU 6 814 3 ’
XUMHH.




10 AHanu3 cmecei Komnnoksuywm;

HMOHOB. AHa/N3 naboparopHas
pacTtBopa - 8 |4 |3 pabora
XUMHYECKOTO
COEIMHEHMUS.

4 cemectp

11 I'paBumMeTpuyecKkuii g 1121 6 3 nabopaTtopHas
aHaJM3. pabora

12 TutpuMeTpuueckuit nabopaTtopHas
aHaju3 Ha Oasze wllel 3 pabora;
KHCIIOTHO-OCHOBHBI KOJUIOKBHYM
X B3aMMOJECHUCTBHM.

13 OKuCIUTENHbHO-BOCC nmabopaTtopHas
TaHOBHUTEILHOE 10|12 6 | 3 pabora
TUTPOBaHUE

14 Kommnnexkconomerpu naboparopHas
4ECKOE U wlnlels pabora
OCaJIUTEIBHOE
TUTPOBAHHUE.

15 Kunernueckue 10| - 6 3 TectupoBanue;
METO/IbI aHAJIN3A. KOJJTOKBUYM

16 DIEKTPOXUMUYECKHU w0l12] s 3 naboparopHas
€ METO/IbI aHAIM3a pabora

17 CrnexTpaibHble wlinlel s naboparopHas
METO/Ibl aHAJIN32 pabora

18 OBM B JIOKNIaJI;
AHAJIUTUYECKOU 4 - 6 | 3 KonrtponbpHas
XUMHH pabora

Tema 1. MeTogonornyeckne acneKkTbl U CTPYKTypa aHaanTudeckoi xumuu (OIIK-1)

Jlexknus.
Meronomorudyeckue acnekTbl W CTPYKTypa aHAIMTUYECKOM XuMHUH. [Ipenmer aHanuTHUYECKOW XUMUHU.
MeTtonomorudeckue acleKkTbl U CTPYKTypa aHAIUTUYECKOM XuUMuU. Buasl aHanusa: Kade-CTBEHHBIM H
KOJIMYECTBEHHBIH, W30TOMHBIHM, 3JI€MEHTHBIN, (PyHKIIMOHAIBHBINA, CTPYKTYPHBIH, MOJEKYIAPHBIN (ha30BBIH.
Xumuueckue, (U3NKO-XUMUYECKHe, (U3NYEeCKHe METOAbl aHaiu3a. YyBCTBUTENBHOCTh XUMHUECKHUX
pEaKLHA.

IIpakTH4eckoe 3aHATHE.
[TpoBoguTcs B popme ceMuHapa

JlaboparopHbie padoThbI.
He npenycmotrpeno

3agaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. ITpopaboTka MaTepuaa JeKIUi, PEKOMEHIyeMOU JIUTEpaTypsl 10 TEME.
2. IlonroToBka K TECTUPOBAHUIO.
3. PaccMoTpeTh TeMy OBICTpBIE U MEJICHHBIE PEaKIMH B XMMUYECKOM aHAJIN3e

Tema 2. Teopusi u npakTuka nmpod6oordopa u npodonoarorosku (OIIK-2)
Jlekumus.

[TpoBoauTcs B mHTEpakTUBHOW (opme. [IpenogaBartens npemiaraetT CTyJIeHTaM CaMOCTOSTEIIFHO OTOUPATh
npoObl Ui TOCHEAYIONIETO aHajiW3a Ha pPa3JIMYHbIX Mpou3BojacTBaX. CTyIEHT IODKEH OOEeCTEeYHTh
MPEACTaBUTEIBHOCTD MPOOBI. CTYICHT JOJDKEH MOHMMaTh 3HaYeHHE MPOOBI B KauecTBe 00bEKTa aHAIIN3a,
yMeTh 000CHOBaTh BEIOOP MeToa aHanu3a. OTOOp Mpod TOMOTEHHOTO M TETEPO-TEHHOTO COCTaBa.

IIpakTnyeckoe 3ansATHE.



Pewenue 3amau
JlaGopaTopHbie padoThbI.
JlaGopatopHoe 3ansitue. IlepBasi anaauTHYeckas rpynna karuoHos. (Na+, K+, NH4+).
[lenb: n3yyeHrne CBOMCTB KATHOHOB | aHATMTUYECKOW TPYIIIIbI
a) XUMHUYECKHUI aHaIu3 pacTBopa
0) odopMieHHEe OTUETA MO IKCTICPUMEHTATBHBIM JIAHHBIM
B) apryMEHTHpOBaHHas 3alllUTa BHIBOAOB O MPOJEIaHHON paboTe

IlepBasi ananuTn4yeckasi rpynna katuonos (Na+,K+, NH4+)

PeakTHuBBI:: COJISIHAA KHCJIOTA.

Peakunu nonos K+

1. I'maporaprpar HaTpus oOpa3yer ¢ moHamu Kajaus npu pH = 4 - 5 Oeablil KpucTANINYECKU
ocagoxk KHC4H406: K+ + HC4H406—- ® KHC4H406:

Ocaznok ruapoTapTpara Kaiusi CKJIOHEH 00pa30BbIBaTh MepechIlleHHbIe pacTBOPHI. Oca ok pacTBOpsieTCs B
ropsiueit Bojie, 1eo4ax 1 KMCIoTax, 0ojiee CHIIbHBIX, YeM BUHHAS:

KHC4H406 + HC1 -® KC1 + H2C4H406,

KHC4H406 + KOH ® K2C4H406+ H20,

[Ipenen oOHapykeHHs MOHOB Kaius -1,2 mr/mi. Memaer MOH aMMOHUs, OOpa3yIOIIUA aHAJIOTHYHBIN
ocanok. MoHBI TSKENbIX METaJuIoB, Kak MPaBUIIO, 00pa3yloT Mpu M30BITKE TapTpar - HOHOB PaCTBOPUMBIE
KOMITJIEKCHBIE COETUHEHHUSI.

Beinonnenne peakmmu. K 2 - 3 xamnisM pacTBopa, COIEPIKAIEr0 MOHBI Kallvs, TPUOABISIOT 2-3 Kariu

pactBopa NaHC4H4O6u smis yckopeHusl 00pa3oBaHHs OcCajka MOTUPAOT CTEKJISHHON MAJIQUKOW I10
CTEHKaM I1poOupku. BeinagaeT Oeliblii KpUCTAIUIMYECKHUN 0CaJIOK.

2. I'ekcanuTpokodaasTar (III) HaTpus oOpa3yer ¢ moHamu kaausi npu pH = 4-5 xearblil ocagok
KnNam|[Co(NO2)6], rie n + m = 3 (ocHoBHBbIM coequHenueM siBiasieTcss K2Na[Co(NO2)6]):
2KC1 + Na3[Co(NO2)6] ® K2Na[Co(NO2)6] + 2NaCl.
Ocaok HEpacTBOPUM B YKCYCHOM KHCIIOTE, HO PAacTBOPSIETCS MPHU HArPEBAHUM B CHUJIBHBIX KHUCJIOTaX C
o0pa3oBaHMEM a30TUCTON KUCIIOTHI, KOTOpasi JIETKO pas3yaraercs u oJHoBpeMeHHo BoccTanapiuBaeT Co(IIl)
1o Co(II):
Coenunenue paszjaraercs meiodaMu ¢ 00pazoBanreM TeMHO-0Oyporo ocanka Co(OH)3:
K2Na[Co(NO2)6] + 3NaOH ® Co(OH)31 + 2KNO2 + 4NaNO2.
[Ipenen obHapyxeHust HOHOB Kanus - 20 MKT/mMi1. MemaroT HOHbl aMMOHUS U JIUTHS, TaK KaK OHH 00Pa3yroT
AHAJIOTUYHBIE JKENThIE OCAJKU, UOAMUJBI U3-3a UX OKUCJIEHUS HUTPUTOM A0 [2, okuciauTenu, Tak Kak OHU
pa3pylIaOT pEareHT.
Breinonnenne peakmmu. K 2 - 3 kamnsM pacTBopa, COMEPIKAIIETO WOHBI Kajus, JOOABISIOT 2-3 Karum
pacTBopa rekcanuTpokoOansrara (I11) HaTpUs W claerka HarpeBarT Ha BOASHOW OaHe. OOpa3yeTcs sKEAThIH
0CaJIOoK.
3. T'ekcanurpokynpar (II) cBuHua u HATPUsA (MUKPO-KPHCTAIJIOCKONUYECKAS peakuusi). Ilpu
neiictBun Na2Pb[Cu(NO2)6] na pacTtBop coiiM Kajusi 00pa3ylOTCAd 4YepHble MJIM KOPUYHEBbIE
KyOndeckue kpucrauibl K2Pb[Cu(NO2)6]:

Na2Pb[Cu(NO2)6] + 2KC1 ® K2Pb[Cu(NO2)6] + 2NaCl
Brinonuenue peaknuu. Ha npeaMeTHoe CTEKI0 MoMe MAaroT | Karmio pacTBopa, COAEPKANIEr0 HOHBI Kaus,
U _Jiocyxa BelmapuBaroT. [lociie Toro, Kak coib OCTHIHET, 00pabaTh: BatoT ee peakTuBoM Na2Pb[Cu(NO2)6]
(1 xanist). Paccmarpk BaloT 01 MUKPOCKOIIOM 00Pa30BaBIINECS KPUCTAIIBI.

4. OxpamuBanue miaamMenu. IIJIaTHHOBYI0O MJIM HUXPOMOBOBYIO IPOBOJIOKY TINATEJBHO OYHMINAKT OT
CJIeI0OB HATPHM NpoKajauBaHueM. /[Isi 3TOro cMauyMBalT ee B COJSHON KHCJIOT M NPOKATHBAKT B
IUIaMeHe TOpeJIKHM /0 MOJHOI0 MCYe3HOBe HHMs OKpacku IuiaMeHu. Ilpukacarorcst packajieHHO
NMPOBOJIC KOM K KpHCTAJIaM coau Kajaus. IlpucraBmme Kk nmpoBo/ioKe KPYNHHKH COJIM BHOCAT B
IJIaM# ropejiki. biaenHo-¢puoneroso okpammnBanue NJIaMeHH IOpPeJIKH CBOMCTBEHHO COJISIM KaJIHsl.

Peaxknuu nonoB Na+



1. Jurugpoantumonar kaauss KH2SbO4 o0pasyer karmonamm Na+ Oesiblii KpHCTAJIMYECKHH
ocaJok guruapoan TumoHara Harpuss NaH2SbO4

NaCl + KH2SbO4 ® NaH2SbO4+ KCl.

[Tpu oTkpbITHH HOHOB Na+ 3TUM PEakTHBOM HEOOXOIUMO COOTIONATh YCIOBHS:

a. Pa3z0aBrneHHbIC pacTBOpa COJIM HATPHUS YIIAPUBAIOT.

0. Cpena momkHa OBITh HEUTpaNbHOW WM cladomenouHoi. KucimoTel paszmaraioT AUTHAPOAHTUMOHAT
KaJms ¢ 00pa3oBaHreM 0eoro aMmop(dHOro ocajka MerTacypbMsiHO# kuciaotel HSbO3:

Brmmonaenne peakmmu. K 5 - 6 xamiasiM pacTBopa coiaW HaTpus OpHOAaBISIOT TakKOW ke 00beM pacTBOpa
auruapoanTu-mMoHara kanusa KH2SbO4 u moTHparT CTeHKH MPOOUPKHU CTEKISHHON majaoukoi. Belmamaer
OCNIBIA KPUCTAITNYSCKUN 0CAIOK AUTUAPOAHTUMOHATA HATPUS.

3. OxkpamuBanue miaMeHd. QUMINAKT MJIATHHOBYI0 WJIM HUXPOMOBYIO MPOBOJIOKY, CMAYHBAIOT ee
PacTBOPOM COJIM HATPUSA U BHOCAT B OecuBeTHOe MJiaMs ropeku. Ilinams okpammBaercsl B 2KeJaThIil
uBeT. O NPUCYTCTBMU HOHOB HATPHUS MOXKHO CYIUTh JIUIIb B TOM CJIy4ae, €CJIM HHTEHCHBHO-KeJTast
okpacka He ucuesaet 10-15 cexyna.

Peakunu nonos NH4+

1. N'uapoxeunn kajaus (Harpus). IIpu nelicTBMHU 1Ie109eid HA PACTBOP COJIM AMMOHMS IIPU HATPEBAHUM
BbIIEJISIETC aMMHMAK, KOTOPbIi MOKHO OOHAPY:KUTh 10 W3MEHEHMI0 OKPACKH BJIAXKHOMI
YHUBEPCAJIbHOM HHAUKATOPHOI UJIM JJAKMYCOBOIl Oymaru:

NH4+ + OH- ® NH3 + H20.

[Ipenen o6HapykeHUsI HOHOB aMMOHUS - 0,2 MKT/MJL.

Brinonnenue peakiuu. B mpoOupky momemaror 2-3 Kariy pactBopa conu ammonus, 3-4 kamm 2 M NaOH
nin KOH wu crierka HarpeBaroT Ha BOJSHOW OaHe. OOpallaroT BHUMAHKWE HA 3alaxX BBUICISIONICTOCs Ta3a.
OOHaAPYKUTh aMMHAK MOYKHO BJIAYKHON YHMBEPCAIbHOW MHINKATOPHON WM JIAKMYCOBOW OyMarow.

2. PeakTuB Hecciiepa B meno4Hoii cpene oopasyert ¢ nonamu NH4+ kpacHo-Oypblid ocagok:

NH4Cl + 2K2HglI4 + 4KOH ® [OHg2NH2]I2 + 7KI + KC1 + 3H20.

[Ipenen obnapyxenuss noHoB ammMoHus - 0,15 mr/min. Ecnu xoHnentpanus nonoB NH4+ mana, ocanok He
BBINIA/Ia€T, a pPACTBOP OKpaIIMBAaeTCd B OpaHKeBblil IBeT. VoOHBI, o0Opasylomiye MalopacTBOPUMBIE
OKpalIeHHBIC THIPOKCUIBI, peaBapuTebHO ocaxaaroT n30biTkoM NaOH nimu KOH. Monst Hg(II), Sb(III)
u Sn(Il) pearupyroT ¢ HOAWI - HOHOM U Pa3pyNIAIOT PEAKTHB.

Brmmonaenne peakmmu. K 1 - 2 xamisiM pacTBOpa, COAEPIKAIIEro MOHBI aMMOHUS, JIOOABISIOT 1-2 Kariu
peaktuBa Heccriepa. O0OpasyeTcs KpacHO-OYpBINA 0CaIoK.

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. ITpopaboTKa TeOPEeTUYECKOTO MaTepHaa JEKIUI 1 PeKOMEH/IyeMOil TUTepaTypsl 10 TEME.
2. [TonrotoBka K TECTUPOBAHUIO 110 TEME.

Tema 3. MonHoe npousBenenue Boabl. Bonopoansiii nokasareis. lllkana pH n pOH. Bydepnsbie
pactBopsbl. Bydgepnas emkocts (OIIK-1)

Jlexknus.

Honnoe mnpousBenenue Boasl. Bomopomsbiii mokazarens. lllkanma pH um pOH. Bydepnsie pacTBOpbI.
Bydepnas emxocTh

IIpakTH4eckoe 3aHATHE.
Pemenue 3amau.
Tunosble 3a1aHns.
1. Paccuutars pH B 0,025 M pacTtBOpE XJIOPOBOJOPOJHON KUCIOTHI

2. Paccuurars pH 0,015 M pactBopa MmypaBbuHO# kuciotsl. Kak usmenurcs pH, eciu k 20 mi 3Toro
pactBopa npubdasuts 25 mia 0,01 M pactBopa popmuara Harpus?

JlaGopaTopHbie padoThbI.
JlaGopaTtopHoe 3ansiTue. Bropasi anaJnTH4eckas rpynmna KaruoHos (Ag+, Pb2+, Hg2+).
[lenb: n3yyeHrne CBOMCTB KATHOHOB 2 aHAJTUTUYECKOW TPYIIIbI
a) MPOBEJICHUE YACTHBIX PEAKIIMI KAaTHOHOB 2 aHAJIUTUUYECKOU IPyIIIIbI



0) aHaiIM3 cMeCH KaTHOHOB 2 aHATUTHYECKOM TPYIIIIBI
B) odopMIICHHUE U 3alUTa OTUYETA.

Bropasi ananuTH4yeckasi rpynmna katuonos (Ag+,Pb2+,Hg2+)
Peakuuu nonos Ag+
1. eqaoun (NaOH, KOH) 00pa3y1oT ¢ KaTHOHOM Ag+ 0caJ0oKk oKkcuaa cepedpa Ag20:
AgNO3 + KOH ® AgOH , + KNO3,
AgOH ® Ag20+H20.
Oxcup cepebpa pacTBOpsSEeTCS B THAPOKCH]IC aMMOHUS:
Ag20 + NH40H ® 2[Ag(NH3)2]OH + H20.
Brimonaenue ananusa. K 2 kamusam pacteopa AgNO3 nob6asasror 3 kamiun 2 N pactBopa KOH. O6pa3syercst
Oypblii ocayok okcuaa cepedbpa. K Ag20 mpunmBarorT 5 kamenb 2 N pacTBOpa TMAPOKCHIA aMMOHUS U
HAOIIONAIOT 32 PACTBOPCHUEM OCAIKA.
2. Cyasdpua ammonust (NH4)2S. Ilpu neiictBuH cepoBoa0OpoOaa WIH CyJb(uaa aMMOHHUS HA PacTBOP,
colep kanIuii HOHbI cepedpa, ocaxkaaercd cyjab(pua cepedpa Ag2S YepHOro BeTA:
2AgNO3 + (NH4)2S ® Ag2S -+ 2NH4NO3.
Cynbdun cepebpa He pacTBOpsieTCsl B CyTb(PUAAX IMIETOYHBIX METANIOB M B MHUHEPAIBHBIX KUCIOTaX 3a
HCKJIFOUEHHUEM a30THOM KUCIOTHI:
3Ag2S + 8HNO3 ® 6AgNO3 + 2NO + 3S + 4H20.
[Ipenen o6Hapyx)eHuss HOHOB cepedpa - 1 mxr/mi. Memaror Cu(Il), Hg(I1), Bi(III), Sn(Il, IV), o6pa3yromime
Cy/b(UIBI B CUIIbHOKHUCIIBIX PACTBOPAX.
Boinonnenne. K 2 kannsm pactBopa, colepskalllero MOHbI cepebpa, aob6apnsarT 2 xamid 30 %-HOro
pactBopa CH3COOH u 2 xamu cyabduna ammonus. O6pa3yeTcst YepHBIA 0caJIok cyiabduia cepedpa.
3. Xpomar kamusa K2CrO4 pgaer ¢ karmoHomM Ag+ ocaaok xpomara cepedopa Ag2CrO4
KMPNHMYHO-KPACHOI0 BETA, PACTBOPHMBII B 230THOH KHCJI0Te M B PAaCTBOpPe THAPOKCUHAA AMMOHHUS.
K2CrO4 + 2AgNO3 ® Ag2CrO4 + 2KNO3.
B aMMuauHO# U CHIIBHOKUCIION Cpelie 0cagoK He 00pa3yercs, OITOMY PEaKIHI0 CIeNyeT MPOBOAUTE MPHU
pH=6,5-7,5.

Breinonnenue peaknmn. K 3 kamusM pacTBopa HUTpaTta cepedpa J00aBIsioT 4 Kallk JAUCTUILUTUPOBAHHOM
BOJBI U 2 Karuti xpomara kanus. O0pasyercss 0caoK Xxpomara cepedpa KUPIMUYHO-KPACHOTO I[BETA.

4. bpomua n nonua kanus (KBr u KI) o0pa3syror ¢ kaTuoHoM Ag+ 0s1eqHO-KeaThIi 0caloKk OpoMuaa
cepeOpa AgBr u skeaThlil ocasok noauaa cepedpa Agl:

Agt+Br— ® AgBr , Ag++1- ® Agl

Brinonnenue ananuza. B 2 npoOupKu BHOCAT 1O 2 KallJy pacTBOpa MOHOB cepedpa, B OIHY A00ABIAIOT 2

KaIId _pacTBopa OpoMmjia Kajus, B JIPYTYIO - 2 Kaluld pacTBopa Moauaa Kauus. B mepBoit mpoOupke
o0pasyercs OneaHO-KEeNIThIA TBOPOKUCTBIN 0caiok Opomuia cepeOpa, BO BTOPOH - XKEATHII TBOPOXKUCTBIN

0CaJIOK Moauaa cepedpa.

Peaxnuu nonos Pb2+
1. eaoun (NaOH, KOH) o0pa3yrt ¢ karnonom Pb2+6esnblii ocanoxk Pb(OH)2, pacTBopumblii Kak B
KHCJI0TAaX, TAK U B 1IeJI04aX:
Pb(NO3)2 + 2NaOH ® Pb(OH)2 + 2NaNO3.
[Ipu neiicTBuM M30BITKA IIeI0UM 00pa3yeTcs mioMOuT HaTpus Na2PbO2:
Pb(OH)2 + 2NaOH ® Na2PbO2 + 2H20.
Xon anaymza. K 3 karuisim pactBopa HUTpara cBHHIIA 100aBsioT 1 kammo 2 N pactBopa NaOH, o6pa3yercs

OBl 0OCaIOK THIPOKCH/IA CBUHIIA, 3aTEM B HEr0 BHOCAT 4 Karmiu 2H pacTBopa NaOH.
3. Xpomar kaaus K2CrO4 o0pa3syer masopacTtBopumblii xpomat cBuHiia PbCrO4 kearoro usera:

Pb2+ + CrO42- ® PbCrO4
Xpomar CBHMHIIA MPAKTHYECKH HE PACTBOPUM B BOJE€ M YKCYCHOM KHCJIOTE, HO PacTBOPSETCS B a30THOU
KHCJIOTE U ILeJ0Yax:
PbCrO4 + 4NaOH ® Na2Pb(OH)4 + Na2CrO4.



Beinonnenune. K 3 kamnsm pacTBopa HHUTpaTa CBHHIA JO0ABISIOT 3 KAlid pacTBOpa XpoMaTa Kallus.
Oobpasyercs ocanok PbCrO4 sxkentoro nsera.

Peakuun nonos Hg22+
1. eaoun (NaOH, KOH) o6pa3yror ¢ katuonom Hg22+ yepubliii ocagok oxkcuaa pryrtu Hg20:
Hg2(NO3)2 + 2NaOH ® Hg20 + 2NaNO3 + H20.
IIpoBenenue ananmsza. K 2 xamnsam pactsopa Hg2(NO3)2 noGapnstor 2 xammm 2 N pacteopa NaOH.

O6pasyercs yepHblit ocagok Hg20.
2. Tuapoxceun ammonuss NH4OH c¢ karmonom Hg22+ oOpasyer OeJiblii 0CaiOK OKCHAMMIHOIO
coenuHenus pryTu (II) 1 YepHbIH 0Ca0K METANIMYECKOH PTYTH:

2Hg2(NO3)2 + 4NH40H ® [NH2Hg20]NO3™ +2Hg + 3NH4NO3 + 3H20.

BrlnosiHeHue.

1). K 3 xamsam pactBopa Hg2(NO3)2 nobGammsitor 4 karmmum 2 N pacTBOpa THIPOKCHIA aMMOHHSL.
O6pazyercs cmeck [NH2Hg2O]NO3 u Hg, ocanok uepHeeT.

2). K 4 xarsam pactopa Hg2(NO3)2 nobasmnstor 4 xarumm 2 N pactBopa HC1. O6pa3syercs ocagok Hg2Cl2.
OtnenTpudy-rupoBaB ocagok, ero oopadarsBaroT 4 xamsiMu 2 N pactBopa NH4OH. O6pasyercs cmech
HgNH2Cl u Hg, ocanok uepHeer.

3. Xpomar kamus K2CrO4 oOpasyer ¢ karmonamu Hg22+kpacHbnii ocagok Hg2CrO4,
HepacTBOPHUMBI B IIeJI09aX U pa30aBJeHHON a30THOH KUCJIOTE:

Brinonnenne peaknuu. K 3 kamnsam pactBopa Hg2(NO3)2 nobapnsitor 3 Kamiy pacTBOpa XpoMaTa Kallus.

O06pasyercs kpacHbll ocanok Hg2CrO4.

4. Cyabpua ammonus (NH4)2S. Ilpn no6aBienun cyibdua - HOHA K PacTBOPY, COIEPKALLEMY HOHBI
Hg22+ oOpa3yercst yepHblii ocanok, cocrossmmii u3 HgS n Hg: Hg22+ + S2—- ®Hg + HgS .

[Ipenen obHapyxeHust karnoHoB Hg22+ - 5 Mkr/mut.

Xon anammsza. K 4 xannam pactBopa Hg2(NO3)2 noGapnsror 3 kamiau pacTBopa CyinbGuaa aMMOHHMSL.

O6pazyeTrcs YepHBI 0caIoK.
3aganus AJ151 CAaMOCTOSITEIbHOM PadoThlI.

1. ITpopaboTKa TEOPEeTUYECKOTO MaTepHaa JEKIUI 1 PeKOMEH/IyeMOil TUTepaTypsl 10 TEME.

2. [TonrotoBka K TECTUPOBAHUIO 110 TEME.

Tema 4. Knucj10THO-0CHOBHOe paBHOBecHe. ['naposn3 coseii. BbIBo aHAIMTHYECKHX 3aBHCHMOCTEH.
(OIIK-2)

Jlexknus.
Teopust 2MEKTPONUTUUECKOM UCCOIMALMU. DIEKTPOIUTHYECKAs] IUCCOLMUALNS CIA0BIX AJIEKTPOJIUTOB
Appennyca (1887r.). Teopust CUIbHBIX IEKTPOINUTOB.
I'uaponus comneit CUIIBbHOTO OCHOBAHUS U CJ1a00# KUCIOTHL. [ Maponus3 comneit c1aboro OCHOBaHUS U CUIIBHOM
KUCHOTH. [uaponu3 comel crmaboro ocHoBaHUS M ciaboi  KucnoThl. CryneHdaTas IUCCOLMALUS
MHOTOOCHOBHBIX KHMCJIOT U MHOTOKHCJIOTHBIX OCHOBaHUMU. PacdyeT paBHOBECUH KOHLIEHTPALIUU MCXOIHBIX
BEILECTB U IIPOAYKTOB JJIEKTPOIUTHYECCKON NUCCOLMALUN PA3IMUHBIX CTyleHel. B3anmozaeicTeue cmecen
COJIled C pacTBOpUTeseM. BiMsHME HMOHHOM CWIBI pacTBOpa Ha AKTUBHOCTH HOHOB BOJOpPOAA IIPU
B3aUMOJICHCTBUM COJIEH C PAacCTBOPUTENIEM. Y4eT MOHHOW CHJIBI PacTBOpPa B IPOLIECCE TUAPOIM3A COJIH,
00pa3oBaHHOI c1a00H OJHOOCHOBHOW KUCIOTOW U CUJILHBIM OCHOBaHHMEM. YUET HOHHOM CHJIBI pacTBOpA B
IpoIiecce THAPOIN3a COMH caab0i TBYXOCHOBHOW KUCIOTHI M CHJIBHOTO OTHOKHCIOTHOTO OCHOBAHUS. YYeT
MOHHOW CHJIBI pacTBOpa B IpoLEccax TUAPOIU3a COMU CIa00ro OJHOKHCIOTHOTO OCHOBAaHUS U CHIIBHOM
OIHOOCHOBHOM KHCJIOTBI. YYeT HOHHOM CHJIBI pacTBOpa B IpoLeccax THIPOINU3a COIH  chadoii
OHOOCHOBHOM KHCIIOTBI U CJIA00T0 OTHOKHCIOTHOTO OCHOBAHUSI.

HeBognwie pactBoputenu. Cucrema kiaccudukanuu pactBoputeneii bpencrena-Jloypu. AnpoToOHHBIC

pactBoputenu. Amdunporusle  pactBoputenu. IlpororeHnsle  pactBoputenu.  IIporodunbHbie

pactBoputenu. Husenupyromme u auddepenuupyronme pacroputenu. Kinaccudukauus pactsopureneit

[Tapkepa. ApoTOHHBIE AUMONSIPHBIE PACTBOPUTENU. J{UNONspHbIE MPOTOHHBIE PACTBOPUTEIIH. .
IIpakTnyeckoe 3ansATHE.

Pewenue 3amau

JlaGopaTopHbie padoThbI.
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1. TpeTbs anHaIMTHYECKAs Tpynna KaTuoHoB (Ba2+, Ca2+, Sr2+).
[lenb: n3ydeHrne CBOMCTB KAaTHOHOB 3 aHAJTMTUYECKOW TPYIIIIbI
a)  IPOBEJIECHHE YACTHBIX pEAaKLUN KATUOHOB 3 aHAJIUTUYECKON IPyTIIIbI
0) aHanMM3 CMECH KaTUOHOB 3 aHAIMTUYECKON TPYTIIIBI
B) odopmieHue u 3amuTa oT4eTa
2. CucteMaTUyeCKU X0/ aHaJlM3a CMECH KaTHOHOB TPEThEH TPYIIIIbI
Tperbst ananmuTHYecKasi rpynna katTuoHos (Ba2+, Ca2+, Sr2+)
Peakuuu katuona Ba2+

1. Xpomar kamma K2CrO4 oOpasyer ¢ karmonom Ba2+ cBeriio - :xearbiii ocanok BaCrO4,
PACTBOPHUMBIii B MHHEPAJIbHBIX KHCJI0TAX H HEPACTBOPUMbIi B YKCYCHOI KHCJIOTE:

Ba2+ + CrO42— ® BaCrO4
Xpomar KaJus Kak coJib CJ1a00H KUCIOThI B BOJHOM PacTBOPE MOABEPIaeTCs TUAPOIU3Y:
CrO42-+ H20 ® HCrO4- + OH-
HCrO4- « Cr207 + H20
VYBenuuenue koHueHTpaun OH— - HOHOB cBUTaeT paBHOBECHE B CTOPOHY oOpa3zoBanus CrO42—

Brinmonnenne ananu3a. B mpoOupky BHOCAT 3 Karin pactBopa conu Ba2+ u 106aBISIOT 0 Kamie pacTBopa
xpomara xasmg 1 CH3COOH. O0pa3syercs cBeto - xelThlid ocanok BaCrO4.

2. Inxpomar kajust K2Cr207 B aneratnom OyepHom pacTtBope o0pasyert ¢ noHamu Ba2+ :kearbiid
KPHUCTAJINYECKHI 0Ca0K:

2BaC12 + K2Cr207 + H20 + 2CH3COONa ® 2 BaCrO4 + 2KC1 +2CH3COOH + 2NaCl.

Brimonnenne peakiun. K 2 kamasaM pacTBopa, comepskalero Karnouel Ba2+, m1o0aBiIstioT 4 Kaid pacTBopa
CH3COOMa u 2 kamau pacrBopa guxpomara kKauus K2Cr207. I[IpoOupKy HarpeBaroT Ha BOAAHON OaHe.
O6pasyercs sxenteiii ocagok BaCrO4.

3. OxpammBanue njaamMmenu. Couu dapus (BaC12, Ba(NO3)2 okpamuBaiT mjiaMs B 7KeJITO - 3eJIeHbIN
nBeT
Peaxnuu xarnona Ca2+
1. Okcanar ammonus (NH4)2CrO4 oopasyer ¢ nonamu Ca2+ 0esiblii KpUCTAIHYECKUH 0CAT0K
okcajara kajasuusa CaC204:
Ca2+ + C2042- ® CaC204
Ocafiok HepacTBOPUM B YKCYCHOM KHCIIOTE, HO pPACTBOPUM B CHIIBHBIX KHCIIOTaX:
CaC204 + 2HC1 ® CaCl12 + H2C204.
[Ipenen o6napyxkenust Ca2+ - 20 mxr/mi. Memarot Ba(Il) u Sr(IT), naromue ¢ (NH4)2C204 ananoruvsbie
ocagku. OtnuuutenbHO ocobeHHOCThI0 BaC204 u SrC204 sBisieTcs MX pacTBOPUMOCTh B YKCYCHOM
KHCIIOTE:
2BaC204 + 2CH3COOH ® Ba(HC204)2 + Ba(CH3COO)2.

Brmmonnenne peakmu. K 3 xamism pactBopa, coxepikaniero woHbel Ca2+, 100aBasioT 3 Kamid pacTBOP
Boinagaer 6enblif KpUCTAIINYECKUN 0Ca/lOK.

2. I'ekcanmanogeppar (II) kaausa K4[Fe(CN)6] npu pH > 7 B npucyrcrBuu NH4C1 B3aumoneiictByer
¢ wonamu Ca2+ ¢ oOpa3oBaHueM  0eIOr0  KPHUCTAJIMYECKOI0  OCAaJAKa  COCTaBa
Kn(NH4)mCa[Fe(CN)6], rie m 1 m B 3aBUCUMOCTH OT YCJIOBHH MOTYT MeHAThCs OT ) 10 2:

CaCl12 + K4Fe(CN)6] + NH4CI ® K(NH4)Ca[Fe(CN)6] + 3KCl1.

Ocanok vepactsopum B CH3COOH.

[Tepenen obnapyxkenust Ca2+ - 50 mxr/mn. Memator Ba(Il) u Mg(ID).

Xon ananuza. K xame pactBopa conu Ca2+ nobasmsitor 3 karum pactBopa K4[Fe(CN)6], mepeMenmBaor,

3areM J1o6aBisitoT 2 kammm pactBopa NH4CI, xamiio sTaHoia ¥ CHOBA mepeMenmunBarT. [loMyTHEHHE Wn
HOSABJIEHHE KPUCTAIUIMYECKOTO 0CaaKa VKa3bIBAECT HA NPUCYTCTBHUE KaTHOHOB Ca 2+.

Peaknuu karuona Sr2+

1. «'uncoBasi Boga» (HacblmeHHbIH BOAHBbINA pacTBOop CaS04%x2H20) o0pa3yeT ¢ HOHAMM CTPOHLMS
0eJIbIil KPUCTAIMYECKHH 0CaT0K:

SrC12 + CaSO4x2H20 ® SrSO4 + CaCl12 + 2H20.
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[Tockonbky KoHIeHTpanus SO42— - HOHOB B HACBILICHHOM PAacTBOPE CyJb(ara KaabIis HEBEIHKa, 0CaJOK
oOpa3yeTcst He cpazy W B HEOOJBIIOM KOJIWYeCTBE (cmaboe moMyTHEHHE pacTBopa). HarpeBanme pactBopa
yckopsieT oopazoBanue SrSO4.

Mematot Pb(I1) u Ba(Il), koTopsie cpa3y ke Ha X010y 00pa3yIoT ¢ THIICOBOW BOJOW OEJbIN 0Ca0K
cynb(haToB.

Xon aHanu3a. K HECKONBKUM KaIUIsIM pacTBOPa, COAEPKAIIEr0 HOHBI CTPOHIINS, T00aBIASIOT PaBHBIA 00bEM
TUIICOBOM BOJIbI U, MOTHPAs CTEKIASHHOW MaJOYKOW M0 CTEHKaM NpOoOMPKH, HarpeBaloT Ha BOASHOMN Gane 10
MUHYT. OOpa3yeTcs MyTb.

2. Xpomar kanausa K2CrO4 o0pa3syet ¢ Sr2+ :keJITOBaThIi 0CaJ0K XPOMAaTa CTPOHIHMS, PACTBOPHUMOI0
B MUHEPAJbHBIX KHCJI0TAX:

SrCrO4 + 2H+ ® Sr2+ + H2CrO4
B ykcycnoit kucmore SrCrO4 Takke pacTBOpPHM, UYTO TIO3BOJIIET OOHAPYXUBaTh WOHBI Oapusi B BHJIC
BaCrO4 B npucytctBum Sr2+.

Bremonnenune peakrmuu. K 3 KamisiM coiaM CTPOHIIMSA NPUOABISIOT 4 Kaluld pacTBOpa Xpomara Kajwus.
O06pasyeTcst JKENTOBAThI 0CAIOK.

3. Oxcanaar ammonusi (NH4)2C204 ocaxkaaeT kKaTHOH Sr2+ B Bujie 0eJ10ro ocajka:
Sr2+ + C2042-® SrC204 .

[Iponienypa anamm3a. K 3 kamisM pacTBopa COIW CTPOHIHMS J00aBISAIOT 4 Kalljiu pacTBOpa OKcajaTa
amMonus. O0pa3yeTcs OSIbIA 0CaA0K.

4. OxpammBanune miaaMedu. CoiM CTPOHUMST OKpPAaIMBAOT OecHBeTHOEe IUIaMs B
KAPMHMHOBO-KPACHDII LBET.

Jlaboparopnas padora Ne 4.

CucreMaTu4ecKkmii X0 AHAJIN3a CMeCH KATHOHOB TPeTheil rPynIbl
BBuny Toro, uto xpomar kanusa K2CrO4 naet B yKCyCHOKHCIION Cpelie 0CaJoK TOJIBKO ¢ KaTuoHOM Ba2+, To
00b19HO KaTnOoHBI Ba otnemsttor ot Sr2+ u Ca2+ , 100aBiss K HCIIBITYEMOMY PacTBOPY YKCYCHYIO KHCIIOTY U
pactBop xpomara kanus. [Ipu aTom katnonsl Ba2+ nepexonsar B ocamgok BaCrO4, a Sr2+ u Ca2+ u u30bITOK
XpOMar - UOHOB OCTaroTcsl B pacTBope. OcagoK OTIENISIOT UEHTPU(PYTUPOBAHUEM M TPOBEPSIIOT MOJHOTY
OT/EJICHUSI.
K wactu nenTpudyrara 100aBiIsiOT «TUTICOBOM BOABD) M HArPEBAIOT Ha BOASHON OaHe ~7 MuHyT. Ecnu npu
CTOSTHUM BIa/Ia€T OCA/I0K, TO B PACTBOPE HAXOIATCS KaTHOHBI Sr2-+.
Hentpudyrar 6ymet comepkarb katnoHOB Ba + ouenp maio (0,0022 /1), a mosTOMY «THIICOBast Boga» OymeT
JIaBaTh 0CAJ0K TOJIBKO MPY HAIIMYUKM KaTUOHOB Sr2+.
Ecam B pacTBOpe ecTh KaTMOHBI Sr2+ TO K IEHTpUQYTraTy, KOTOPHI HE COIAEPKHUT «THIICOBOW BOIBI»,
N00aBIISIIOT pacTBOpP KapOoHaTa HATPUS U OTACISAIOT 0CAJ0K KapOOHATOB CTPOHIIMS M KaJbLIHs, IPOMBIBAIOT
JTUCTUJUTMPOBAHHOM BOJION M PacCTBOPSIOT B YKCyCHOM Kuciore. K pactBopy n100aBisitoT cyinbhaTra aMMOHUS
(NH4)2SO4, npu stom KathoHbl Sr2+ o0pa3yroT ocaaok cyiabdara cTtpoHims, a karuonel Ca2+ (B
3HAYUTETILHOU MEpe) OCTAIOTCS B pacTBOPE.
Obuapyscenue u omoenenue kamuonos Bal+. B kouuueckyro npobupky bepym 3 Kaniu ucnwvimyemoz2o
pacmeopa, npubasnaiom 4 xanau ykcycHou kuciomul u 3 Kanau pacmeopa xpomama kaaus. Eciu ocadox
obpazyemcs, mo 9mo yKasvleaem Ha npucymcmaeue Kkamuonos Ba2+.
Jlnst ynaneHus: KaTuoHOB Ba2+ OepyT B KOHMYECKYI0 MpPOOMPKY 6 Kamelb aHaJU3UpyeMOro pactBopa, 6
Karelb pacTBOpa YKCYCHOM KHUCJIOTHI W 6 Kamejab pacTBOpa XpoMaTa Kajus, MepeMEUInBaIOT CTEKIJISIHHON
MAJIOYKOH, TAIOT CTOSATh 3 MUHYTHI M OTJIENSIFOT 0CA0K IIEHTPU(YTUPOBAHUEM.
Obnapyacenue kamuonos Sr2+. Llenmpughyeam nocie npogepku Ha NOIHOMY 0CANCOeHUsT KamMUoHo8 Ba 2+
8 Konuuecmee 3 Kaneib nomewarom 6 nNpooupky, 0odasnsaom 3 Kaniu SUNcosol 600bl, HAZPesalom Ha
800aHOoU bane u darom cmosime 20 munym. Obpasosanue ocaoka 2080pum 0 NPUCYMCMEUU 8 UCTbIINYEMOM
pacmeope KamuoHosg Sr2+ .
Obnapyacenue kamuonos Cal2+. 5 kanenv yenmpudghyeama (nocie omoenenus kamuonos Sr2+) eHocam 6
KOHUYECKYI0 Npobupky, 000aenaiom pasuvili 00veM pacmeopa KapOoOHama HAmpus, nepemeuuarom
CMEKSIHHOU NANOYKOLL.
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OOpazoBaBIImiicss 0CagOK OTACNSIOT IEHTPpU(YTHPOBaHUEM, MPOMBIBAIOT JAUCTUIUIMPOBAHHON BOJIOH,
PacTBOPSIIOT B YKCYCHOU KHUCIIOTE M TI0OABISIOT pacTBOp cynbdara ammonust (NH4)2SO4. I1pu 3Tom KatnoH
Sr2+ ocaxnaercs B Buae SrSO4, a Ca2+ ocraercs B OCHOBHOM pactBope. Ocalok OTAENAIOT, a
HeHTpudyrar AT Ha [BE YaCTH.

K mepBoii monoBuHe 1ieHTpHrdyrara 100aBISIFOT pACTBOP OKCalaTa aMMOHHSI, KO BTOPOI MOJIOBUHE - alleTOH
win criupt. [losiBeHne ocaika yka3bIBaeT Ha Hamnmuue karnoHos Ca 2+.

Xoa aHa1M3a KATHOHOB IEPBOii, BTOPOil U TPpeThel Ipynn

HccnenyemMblit pacTBOp, Colep KaIliii CMECh KAaTHOHOB TPEX TPYII, MOXKET OBITh C OCaaKoM U 0e3 ocajka.
Ocamox moxet conepxkarb AgCl, PbCl12, Hg2Cl12, unu BaS04, SrSO4, CaSO4, wiu Bce BMecTe.

[ToaTomy pa3nuuaroT ABa ciydas: pacTBOp 0€3 0casika U pPacTBOP € OCAJKOM.

Pacmeop me umeem ocaoka. M3 omoervHoti npobwvr omipwigarom kamuon NH4+ nacpesanuem c
pacmeopom cuopoKcuoa Hampusl.

B xonngeckyto npobupky Oepyt 1,5 M1 uccienyemMoro pacTBopa, J00aBysIOT 4 Karid KOHIICHTPHUPOBAHHOU
COJISIHOHM KHCIIOTBI, IEPEMEIIUBAIOT CTEKIISTHHOM Majioukoi U HeHTpuyrupytoT. Ocagok MpOMBIBAIOT BOIOM
(20 xamensb), noAKUCIEHHON 2 N pacTBOPOM COJISTHOW KUCJOTHI (JIJIs1 TIOHM>KEHUSI pAaCTBOPUMOCTH XJIOpHUJA
CBHHIIA).

Hanee ananusupytot ocanok (I) AgCl, PbCl2, Hg2Cl2.

Hentpudyrar (I) conepKuT KaTHOHBI MEPBOM U TPEThEH TPy U HEKOTOPOE KOJIMUECTBO KaTHOHOB Pb2+. K
nentpudyrary (I) npummsarot 15 kamens pacTBopa cyiabdara aMMOHHMsI, HArPEBAIOT 6 MUHYT Ha KUIISIICH
BO/ISIHOM OaHe, naroT oTcTtosiThes 10 MuHyT M 1eHTpudyrupyroT. Ocanok 00pabaThIBalOT PacTBOPOM
alierara aMMOHHMsI TpU HArpeBaHUM [0 TOJHOrO yaaneHus cyinbdara cBuHna. Ilocnme storo ocamox
cynbdaroB BaSO4, SrSO4, CaSO4 npoMpIBalOT TUCTUIUTUPOBAHHON BOION M TIEPEBOJIAT B KApOOHATHI.
Ocamox (II), conepxammit BaSO4, SrSO4, CaSO4, neperocsaT B (hapdopoByro yamiky, 100aBiasoT 4 M
pacTBopa KapOoHara Kanus ¥ KUnsATAT 5 MuHYT. [locne oxnmaxaeHus B ¢haphopoBylo YamiKy 100aBiIsiOT 2
MJ BOJBI, NMEPEMEIINBAIOT, JAIOT OTCTOSTHCS U MPO3PAUHBIM CIIOM KHAKOCTH CIHMBAIOT. 3aTeéM CHOBa
no0aBisOT 3 M1 KapOOHaTa Kajus, ONSTh HarpeBaloT 5 MUHYT U HEeHTpUPyrupyroT. Ocagok IpOMbIBaIOT
TEIION BOMOM 10 TMOJIHOTO yAajeHus cynbdaTr - HOoHOB. OcaloK pacTBOPSIOT B MpoOHWpke B 12 Karisx
YKCYCHOU KHCJIOTBI U MPOMBIBAIOT €r0 § KaIUIAMHU JUCTUIUIMPOBAHHOM BOAbI. OTKPBIBAIOT KaTHOHBI Ba2+,
Ca2+, Sr2+.

Hentpudyrar (II) moxer comepkars katuonsl Ca2+, K+, Na+, NH4+. OOHapyxeHHE HX MPOBOIAT
YaCTHBIMU PEAKIHUSIMH.

Pacmeop umeem ocaook. 13z omoenvrot npoovl omxpwiearom kamuon NH4+ nazpesanuem co wenousio.
PacTBop ¢ 0cankoM B30ANTHIBAIOT, OCAXKAAIOT KATHOHBI BTOPOU TPYIIIBI U CIEAYIOT OCAIOK.

B xonmdeckyro mpoOupky Oepyt 1,5 M aHamu3upyemMoro pactBopa (BMecCTe ¢ OCaJKOM) M, TTOMEIIHNBas,
MPUOABISIIOT 4 KaIuTH COJISHOW KUCIOTHI. OCaioK OTHAEISAIOT NEHTPU(YTUPOBAHUEM U MPOMBIBAIOT BOJOM,
MOJKHUCIICHHON HECKOJIbKUMU KAIUISIMH COJISTHOM KUCIIOTHI.

Ocanok (I) moxer comepxkarp comm AgCl, PbC12, Hg2 C12, BaSO4, SrSO4, CaSO4, PbSO4, a
uenrpudyrar (I) - karnonst Ba2+, Sr2+ Ca2+, K+, Na+, NH4+, Pb2+. Ero ananus3upyor, kak ykazaHo Ipu
aHaJM3e CMECH KaTHOHOB NIEPBOiA, BTOPOii, TPETHEH IpyII KaTHOHOB 0€3 0caIKa.

Ocamox (I) mpombiBatoT B mpoOuWpKe Topsdyeil Bojoi (Harperol mo kuneHusi) 3 paza, Llenrpudyrar
coOuparoT 1 onpeaessatoT KaTuoH Pb2+ yacTHBRIMU peakIusaMH.

Onpeoenenue uonos cepeopa u pmymu(l). K ocaoky (Il) npubasnsrom 12 xanenv pacmeopa 2udpokcuoa
amMmonus u pasmewusarom. Ilpu smom xnopuo cepebpa pacmeopsiemcs, nepexoosi 8 KOMNJIEeKCHYI0 COlb, d
xnopuo pmymu Hg2C12 oaem ocadox uepnozco ysema. bvicmpoe nouepnenue cmecu om Oeticmeus
2UOPOKCUOA AMMOHUSL YKA3bI8Aem HA HAIUYUe Pmymu.

Ocanox (III) ornensitor nenrpudyruposanuem. B nen-tpudyrare (I1), comepxamem combp [Ag(NH3)2]Cl,
OTKPBIBAIOT KaTUOH Ag+.

Onpeoenenue xamuona PHh2+ u nposepounsie peaxyuu na uowvt pmymu(l). Ocaodok (III) moocem
cooepoicams conu PbSO4, [HgNH2]Cl+Hg, CaSO4, BaSO4, SrSO4.

Ecam oO6HapysxeHbl HOHBI Ag+, TO UX HEOOXOAUMO TOJHOCTHIO yAanuTh. [ 3TOro ocamok oOpadbareBaroT
aMMHaKOM JI0 TeX TOp, NMoKa IeHTpudyraT He JacT OTPULIATENIbHOM peakluy Ha KaTUOHBI Ag+.
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Ocanox mpoMbIBalOT BoOAOH, mobaemsator 15 kamens 30 % - HOro pacTBopa amerara aMMOHUS,
NEpEeMEIINBAIOT U HarpeBaroT Ha BojsiHOU O6ane 4 munyTHI. [Ipn sToM PbSO4 n [HgNH2]Cl pacTtBopsttores.

Ocanok otaenstoT neHTpudyrupoanueM. B otaensHoi nopiun neHTpudyrara (II) oTkpbIBaloT KaTnoHA
Pb2+ npu momomu xpomaTa Kaidus WIM MOIUAa Kanus ¥ MoHel Hg2+ BoccTaHoBIeHHEM 10 CBOOOIHOMN
PTYTH.

Ecnu npucyTtcTBytoT katnonsl Pb2+, To 00paboTKy npu MOMOIIM aneTara aMMOHUS TIOBTOPSIIOT A0 MOJHOTO
ynanenuss PbSO4. Ocamok mpoMBIBaIOT BOAOW M HCCIEAYIOT, KaK YKa3aHO TIIpU ONHUCAHUH
CUCTEMAaTHYECKOI0 X0/a aHaJn3a CMECH KaTHOHOB MEPBBIX TPEX Iy O6e3 ocaaka.

3agaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. ITpopaboTka MaTepuaa JEKIUi, PEKOMEHIyeMOU JIUTEpaTypsl 10 TEME.
2. IlonroToBka K TECTUPOBAHUIO.
3. CnocoObI MoTy4eHUs cpeaHeit MpoObl TBEPABIX, )KUIKUX U ra3000pa3HBIX BEIICCTB

Tema 5. KommiekcooOpasopanue B anagutudyeckoi xumun. (OIIK-1)

Jlekumus.
CBoICTBa aHAJTUTUYECKH BAXKHBIX KOMIUIEKCHBIX COCIMHEHUMN: YCTOMYHMBOCThH, PACTBOPUMOCTH, OKpACKA.
Knaccudukanus KOMIUIEKCHBIX COSAMHEHUHN IO XapakTepy B3aMMOACHCTBUS METaJUI-THraHi. BHyTpu- u
BHelIHec(epHble KOMIUIEKCHhl, TOMO- M TeTepOJIMTaH/IHble, MOHO- M TMOJHJEHTaTHble. MHOrosiepHbIe
KOMITJIEKChI. ~ XeJaTbl, BHYTPUKOMIUIEKCHbIE coenuHeHus. CTymeHyaroe KOMILJIEKCOOOpa3oBaHUE.
KoncranTtel ycToumBocTH (cTyneH4arbie u oOmue). DakTophl, BIMSIONIME Ha KOMILIEKCOOOpa30BaHHE:
CTpOEHHUE LEHTPaIbHOrOo aroMa M Juranna. KoHueHTpaius KOMIIOHEHTOB pacTBopa, pH, MOHHOW cuiibl
pacTBopa.

IIpakTnyeckoe 3aHsATHE.
1.KonnmoxBuym Nel (tema 1-5)
2. Pemienue 3ana4. [Ipumepsl.

1. Byner nu BeInagath 0cagok okcanara iuHka npu gqodasinennn k 0,001 M pactBopy [Zn(NH3)4]2+ 0,1
MOJIb/T OKCajiaTa HaTpusi, €CIM PAaBHOBECHAs! KOHIIEHTPAIUSI aMMHUaka B pactBope coctasisiet 0,1 Monb/n?

2. PaccuuTaiiTe paBHOBECHBIC KOHIICHTpaIu HOHOB kene3a (I11) u ¢pTopuanoHOB B BOTHOM pacTBOpeE,
conepxarieM komriekc K3[FeF6] ¢ kornentpanueii 0,1mounb/n. [lonHas KOHCTaHTa HECTOMKOCTH
KoMIuiekcHoro anuoHa [FeF6]3— pasna 10-16

JlaboparopHbie padoThbI.
YeTBepTas aHAJIMTHYECKAS TPYNINA KATHOHOB (Zn2+, Al13+, Cr3+, Sn2+, Sn4+, As3+, As5+).
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 4 aHATTUTUYECKOM TPYIIIbI
a)  TPpOBEIEHHE YACTHBIX PEAKIIUNA KAaTHOHOB 4 aHAIMTUYECKOMN TPYTIIIBI
0)  aHanIM3 CMECH KaTUOHOB 4 aHAJUTUYECKOM IPyTIIbI
B)  odopMIICHHE U 3aIlIUTa OTYeTa

['pymimoBbIM peareHToM Ha KaTHOHBI Y€TBEPTOU TPYIIIBI SBIISETCS MIEI04b (B U30BITKE), 00pa3yIOIIHecs
TUIPOKCH]IBI aM(DOTEPHBI:
Me2+ + 20H-®Me(OH)2 « 2H+ + Me022—,
Me3+ + 30H-®Me(OH)3 « 3H+ + MeO33—,
PeakTHBBI:: COJISIHAA KHCJIO0TA.
Peaknun karuona Zn2+

1. T'mapokcua aMMOHHUA JaeT ¢ KATHOHOM Zn2+ 0eabl 0caaok ruapokcuaa muHka Zn(OH)2,
pacTBOpMMBbI B M30BITK peareHTa ¢ odopaszoBanueM ammuakara umaka [Zn(NH3)4](OH)2:

ZnC12 + 2NH40H ® Zn(OH)2~ + 2NHAC],
Zn(OH)2 + 4NH40H -® [Zn(NH3)4](OH)2 + 4H20.

Xon ananmza. K 3 kamisaM pacTBopa CONM IIMHKA J00ab JISIOT MO KallasiM PacTBOP THAPOKHIIA aMMOHWS.
Oo0pazyeTe Oenblii 0CaIOK, PACTBOPSIIOIIMICS B M30LITKE pEAreHTa.
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2. KapOoHaThl HIEJOYHBIX METAJJIOB MU AMMOHHUSI ¢ KATHOHAMM Zn2+ o0pa3yloT Oesblii 0CaJ0K
OCHOBHOM COJIM LIMHKA:
27ZnCI2 + 2Na2CO3 + H20 ® (ZnOH)2CO3 + 4NaCl + CO2.

Brmmonnenne peaknmu. K 4 kamnsM pacTtBopa cojid IIMHKA J00aBISAIOT IO S Kamedb pacTBopa KapOoHara
Harpusg. O6pasyercs Oelblii 0CaIOK.

3. CepoBonopoxa odpa3yer ¢ KaTHOHOM Zn2+ OeJiblii 0ca0K cyiabduaa nuHKa ZnS:

Zn2++ H2S ® ZnS + 2H+.

Ocaznok cynbpuaa HuHKAa HEpPACTBOPUM B M30BITKE OCAAUTENsl U B IIeo4aX, HO PACTBOPUM B CHIIbHBIX
KHCIIOTaX.

IIponenypa ananuza. K 4 xamiusam pactBopa xyopuaa nuMHka jo0ansawr 3 kamiu pactBopa CH3COONa

(11 _TpenoTBpaIlleHHs] PacTBOPEHMs ocaika ZnS B 00pa30BaBIICHCS COJSTHOW KHCIOTE) M 7 Karelb

CEPOBOIOPOIHON BOJEL.

Peaxknuu xaruona A13+
1. 'mapokcua aMMOHMS OcaKkaaeT KaTuoH Al13+

A1C13 +3NH40H -® A1(OH)3 + 3NH4Cl1.
I'mapokcun amoMHUHMS HE pacTBOPSETCA B pacTBOPAaxX COJIEH aMMOHHS.
Ecnm anroMuHui HaXOMUTCS B pacTBOPE B BUJIE ATFOMUHATA, TO JUTSI OCAKICHUS €T0 THAPOKCHIOM aMMOHHUS
HEOOXOMMO Pa3pyIIUTh aIFOMHHAT, IEHCTBYS MUHEPATbHON KUCIIOTOM:
Xon ananmza. K 3 kamisiM pacTBOpa COJIM ATFOMHUHMS J00ABISAIOT OCTOPOXKHO I10 KAIUISIM PAacTBOD
TCUAPOKCHIA aMMOHUS M HAOJIOIAIOT 33 BhIMAJICHHEM OeJI0T0 0CaIka THAPOKCHIA ATFOMUHUS.
2. Peakuusi Ha kaTuOH A13+ cyxum nmyremM. O4eHb pa30aBJjieHHbIH PACTBOP HUTPATa KO0AJIbTA JaeT ¢
katuoHoMm A13+ amomunar kodaabra Co(A102)2, nmMeromuili CHHUN BT, HA3bIBAeMbIH TEHAPOBOI
CHHBIO:
2A12(S04)3 +2Co(NO3)2 ® 2Co(A102)2+ 6SO3 + 4NO2 + O2.
Brimmonnenne. Ha monocky ¢uiabTpoBanbHOM OymMaru HaAaHOCST WMCCIASAYEMBIN PacTBOP M PAacTBOpP HUTpaTa

K00aJIbTa, MOJICYIIUBAIOT €€, a 3aTeM CKUTaroT. [Ipn Hamuny noHa A 13+ menen, KOTOPBIM MOay4YaeTcs npu
C)KMTaHUH, UMEET TEMHO-CUHIOI0 OKPACKY.

Peaknuu xkatnona Cr3+
1. I'uapoxcua aMmMoHus oOpasyer ¢ karnoHoM Cr3+ ocagok rmJpoKCcUaAAa XpoMa cepo-3eJIeHOro (Ui
cepo-puo1eTOBOIO) IIBETA:

CrC13 +3NaOH ® Cr(OH)3 + 3NH4CI.
Brinmonnenne ananuza. K 3 xanismM pacTBopa COIM allOMUHUS T00aBISIOT MO KarliiM PacTBOpP TUAPOKHIIA

aMMOHUS ¥ HaOMIONAIOT 32 BBIMAJACHUEM OCAIKa.

2. lesouu o0pa3yoT ¢ katnoHoMm Cr3+ ocagok ruapo-keuaa xpoma Cr(OH)3. IIpu u3dbITKe HIE109H
THAPOKCH XpoMa pacTtBopsiercss ¢ oOpa3oBanueM xpomuta NaCr(O2, mMmemomero sipKo-3eJeHYH
OKpAacCKy:

Cr(OH)3 + NaOH ® NaCrO2 + 2H20.

Xpomut NaCrO2 ruaponu3yeTcs Ipy HarpeBaHUU ¢ 00pa30BaHUEM THIPOKCHAA XpOMa!

NaCrO2 +2H20 ® Cr(OH)3 + NaOH.

[Ipouenypa ananmsa. K 4 xamism pactBopa xjopuaa xpoma jodasnsror 12 kamens 2 N pactBopa NaOH u
HarpeBaoT. OOpa3oBaBIIKICS BHAYaIe 0CAJO0K THAPOKCHIA XpOMaA MPH JaJbHEHUIIEM 100aBICHUN LISI0YH

[ZaCTBO[z}IeTCH, a H[}I/I HaF[zeBaHI/II/I CHOBA BbhIINAJAa€cT B BUJAC CC[}O-3€JICHOI>'I MACCHI.
Peaknuu xaruona Sn2+

1. CepoBonopoa B cwiabHOkucI0# cpeae (2 M HC1) o6pa3yer ¢ moHamu Sn2+ 0ca0K HIOKOJIAHOTO
uBera: Sn2+ + H2S ® SnS  + 2H+.

[Ipenen obHapykeHus kKatnoHa Sn2+ - 1,5 MKr/mit.
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Cynbpdua omoBa SnS pacTBOPHM B KOHIICHTPUPOBAHHOW COJSTHOW KHCIIOTE C 0Opa30BaHUEM XJIOPHUIHBIX
KOMITJIEKCOB; HEPACTBOPUM B PACTBOPAX CYIb(GHUAOB IIECIOYHBIX METAIJIOB U aMMOHHS. ITO OOBSCHSETCS
TeM, 4To SnS o0nagaer OCHOBHBIMHM CBoiicTBamu. OIHAKO OH JIETKO PACTBOPSETCS B MOMYCYIbpuie
aMMOHHUS, KOTOpBIM cHadanma okucisger SnS mo SnS2, a mocneaHwii pacTBOpsieTCss ¢ OOpa3oBaHHUEM
THOCOJICH:

Brimonnenune peakimd. K 3 kamisgM pacTBOpa, COAEPIKAIIEr0 MOHBL Sn2+, mpuOaBisgor 3 kKamm 2 M
pactBopa HC1 u cepoBomoponnoii Boabl. OOpasyeTcs ocagoK IIOKOMAJHOro IiBeTa. OcaoK OTAEIISIOT
neuTpudyrupoBaHuEM M K HEMY H00aBISIOT HECKOILKO Kameiab pacTtBopa (NH4)2S ocamok pacTBOpseETCS.

K noayuennomy pactBopy nobasisror 2 M HC1 1o kuciioil cpelbl, BbINAAAET 30J0TUCTO-KEITHIA 0CAIOK
SnS2.

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. IlpopaboTka MaTepuana JEKIUi, peKOMEHAYeMOH JTUTepaTyphl.
2. [TonroroBka K TECTUPOBAHUIO.

3. BaxkHeiimue peareHThl, IpUMEHIEMbIE B aHAJIU3E IS pa3zieieHus, OOHapyKeHUsl, ONpeIeTICHNUs HOHOB
METAJIJIOB, MACKUPOBKH.

Tema 6. OKHCINTEIBLHO-BOCCTAHOBUTE/IbHbIE peaknun B aHajguTuyeckol xumun (OIIK-1)
Jlekuus.

Koncranta paBHoBecus OBP. OkuciauTenbHO-BOCCTAaHOBHUTENBHBIN MOTEHIMAN. YpaBHeHHe HepHcra.
CBsI3b KOHCTAHTBI PABHOBECHSI C OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIM MTOTEHIINAIIOM.

IIpakTnyeckoe 3aHsATHE.
Pemenue 3ana4 u ynpaxHeHUN
Tunosrle 3a1aHU

1. CocTaBUTh ypaBHEHHE pEaKLMHU MEXIY NEPMAaHraHaT-MOHOM M IEPOKCHAOM BOJOpOJAa B KHUCIOW cpene
3JIEKTPOHHO-MOHHBIM METOJIOM M 3alMcarh ypaBHeHUs HepHcCTa 1 OKMCIUTEIBHO-BOCCTAaHOBUTEIBHBIX
CHCTEM.

2. MoXHO 11 B KHCIION cpefie NEeWCTBUEM IUXpoMara Kajausi OKuciuTh: a) Fe2+ nmo Fe3+; 6) Mn2+ no
MnO4-?

JlaGopaTopHbie padoThbI.
IIsirasi anasuTHYeckas rpynna katuoHos (Tid+,Zr4+,Sb3+,Sb5+,Bi3+,Mn2+,Mg2+,Fe3+,Fe2+).
[lenb: n3ydeHrne CBOMCTB KATHOHOB S5 aHAJTMTUYECKOW TPYIIIIbI
a) MPOBEJICHUE YACTHBIX PEAKIIMI KAaTHOHOB 5 aHAJIUTUUYECKOU IPyIIIIbI
0) aHaIM3 CMECH KaTHOHOB 5 aHAJTUTUYECKOUN TPYIIITHI
B) odopmMIieHHE U 3alUTa OTYEeTa

KatnoHs! 3T0# Tpymnmel co menodaMu 00pa3yroT THIPO-KCHIBI, HEPACTBOPUMEIE B BOJIC U B IIENI0YaX, HO
NENCTBUEM MHHEPAJIbHBIX KUCIOT (a30THOM, CEPHOM U COISTHOM) UX JIETKO MEPEBECTH B PACTBOP.
Peakmuu katnonaTid+

1. I'uapoxcuabl MEJOYHBIX METAJJIOB M aMmMHuake HoHaMu Tutana (IV) odpasyror 6eabiit ocagokTiO2
xH20, pacTBOpuMbIi B KOHHEHTPHUPOBAHHBIX 1€J1049aX U MJI0X0 PACTBOPUMBIN B KHCJI0TaX.

[Ipu yBenuueHuu KOHIEHTPALlUU TUTaHa, a Takxke pH pacTBopa 0o0pa3yroTcs MoMMepHbIE COSTUHEHHS.
Brimonnenne pabotel.K 1-2 kamisiM CHIBHOKHCIIOTO pacTBOpa, cozepkamiero uoHbl TuTaHa (IV),
n06aBmsIoT 1o KarwisiM pactBOpNH3. OOpasyercs 6emnblii 0ca oK.

Peakmuu karnonaZr4+
1. I'mapokcuabl MIEJOYHBIX META/UIOB M aAMMHMAKB3aMMOAEHCTBYHOT ¢ HoHAMU nupkonus (IV) ¢
oOpasoBannem Oesioro ocaakaZrO2xxH20;3T10 coequHeHHe NPAKTUYECKH He PpacTBopsieTcsi B
IeJ104ax U KUcJIoTax



ITpouenypa.K 1 - 2 xaruaMm pacTBopa, CoepKallero HOHbl HUPKOHUS, 100aBsAtoT 1-2 karau pactBopaNH3.
Oo6pasyercs 6enbrit ocamokZrO2xxH20.

Peakuun karnonaSb3+uSb5+
1.MetamnbL,cTosiiMe B PsiAy HanpsikeHHs JieBee CYpPbMbl, B COJSHOKHCJIOM pacTBoOpe
BOCCTAaHABJMBAOT HOHBI cypbMblI (I11,V) 10 yepHoro ryouaroro ocagka MeTalJiM4ecKoii CypbMbl.
HSGHp&TCHBHOCTB PCaKu MOBBIMIACTCS, €CJIM B KAYCCTBC BOCCTAHOBUTCIIA MCIIOJIB30BATh MCTAJUIMYCCKOC

0110B0: 2SbC163—+ 3Sn®2Sb + 3SnC14

[Ipenen oOHapyxkeHus karuoHa CypbMbI - 0,2 Mkr/mi. Memator noHsl Mbibsika (111, V), koTopeie Takxke
BOCCTAHABJIMBAIOTCSA J0 MeTaia. B omiMuue OT MbIlIbSKa METANIMYECKass CypbMa HE pacTBOPSETCS B
pactBopeNaBrO.

Xon ananusza.Ha onoBsHHYyI0 (oJBry MOMEMIAIOT KaIlll0 COJITHOKHCIIOTO PAacTBOPA, COAEPKAIIEr0 HOHbI
CYpPbMBI, U OCTaBISAIOT CTOATh. OOpa3zyercsi yepHOe MATHO METAJUIMYECKOM CypbMbI, HEPAaCTBOPUMOE
BNaBrO.

2. CepoBogopoa uiau cyjabpuabl meaouHbix MeTta/uioBB 6 M HC1 o0pa3ywT opaHikeBble 0CaAKH
CYJb(HI0B CYypPbMBI:

2SbC163—+3H2S®Sb2S3 + 6H++ 12C1-

2SbCl163+5H2S®Sb2S5 + 10H++ 12C1-.

Ocanku pacTBOPSIOTCS MPH HarpeBaHUU B U30bITKE Cynbhuaa Harpus nanNaOH:

Sb2S3+ 3Na2S®2Na3SbS3Sb2S3+ 4NaOH®NaSb(OH)4+ Na3SbS3.

[Tpu wnarpeBanuu cynabpunoB cypbMbl (IILV) ¢ xonuentpupoBanHOHHNO3BBIIENSCTCS MeTacypbMsHAs
kuciora HSbO3 B Bume  Oemoro ocamka. B ommume ot cynbuIOB  MBIIIbsIKa
(IILV)Sb2S3uSb2S5pactBopsatorcss mpu  HarpeBaHud B KoHIeHTpupoBanHod HCI1, HO ycToW4HMBBHI
(MajopacTBOpUMBI) B KapOOHATE AMMOHHUS:

Sb2S5+ 12HC1®2SbCl63- +3H2S + 2S + 6H+.

[Ipenen obHapyxeHus cypbMbI - 0,25 MKT/MII.

Xon ananuza.K 2 karisiM pacTBopa, COAEpIKaIero HOHbBI CypPbMbI, T00ABISIOT KAIUTIO KOHIICHTPHUPOBAHHON
HC1 u xamutio pactBopa cyibduna Hatpus. OOpasyeTcs OpaHKeBbIii 0CaIOK.

Peakmuu katnonaBi3+

1. Xuopuna osioBa (II)B menounoii cpene BoccranapiauBaeT BucmyT (III) 1o Merananyeckoro BucMyra
(oca0OK YepHOIo BETA):

SnC142—+ 40H-®Sn(OH)42++ 4C1—-

2Bi(OH)3+ 3Sn(OH)42-®2Bi + 3Sn(OH)62—

Cnenyet uzberath npuOaBIeHUs] KOHIIEHTPUPOBAHHOM IIENIOYM U HArpeBaHMsl, TaK KaK B 3TUX YCIOBHSIX
MOJKET BBINACTh YEPHBIM 0CaJOK METAIMYECKOTO OJIOBA BCJEJCTBUE PA3JIOKEHUS TMIIPOKCOKOMILIEKCOB
omnona (II):

2 Sn(OH)42-®Sn(OH)62—+ Sn + 20H-

Ecnu e 130bITOK LIeNI0OUN CIUIIKOM MaJl, IPU CTOSHUU MOYET 00pa30BaThCsl YEPHBIN 0CaI0OK OKCHIA
0JIOBA.

[Ipenen obHapyxeHust BUCMyTa - 20 MKI/MII.

Xon ananu3za.K 2 - 3 karsim pactBopa, coneprxkaiero nonsl ososa (1), mpubasistor no karmsm 30 % - Hbli
pactBopNaOHpuo obpazoBanus ocaaka rugpokcuaa onosa (II) m mocnenyromero ero pacrBopenms. K
MOJYYEHHOMY PacTBOpPY J00ABIISAIOT KaIlTIO pacTBOpa HUTpaTa BucMyTa. OOpa3yeTcst YepHbIi 0CaI0K.
2.Monun kaausiodopaszyer ¢ monamu Bucmyrta (III) B Kuciaoi cpeae KoMiuieKCHbIe coequHeHus1, BI3-
0CAa/I0K YEePHOI0 BeTa, pacTBOpUMbI B H30bITKeKI:

BiCl3+ 3KI®Bil3+ 3KCl1

Bil3+KI®KBil4.

[Ipu cuibHOM pa3baBiIeHUM pacTBOpa, coxaepxkarieroBil4—, momydaeTcst opamkeBbiit ocagok comuBiOl:
KBil4+ H20®BiOI+KI+ 2HI.

3. Mleaoun (NaOH, KOH)aarwt ¢ katuonomBi3+6eabiii ocanokBi(OH)3, pactBopuMblii B KHCJI0TAX,
HO HEPACTBOPUMBIii B 1IeJ104YAX:

18



Bi3++ 30H-®Bi(OH)3 .
Brmmonnenne anammza. B mpoOupky momemator 3 - 4 kamm pactBopa xjopuma BucMmyTaBiCl3um
pUOaBISIIOT 2-3 Karuik pacTBopa Imenoud. BeimagaeT Oembiii ocaiok.

Peaxnuu xaruona Mn2+
PacTBopsI coneit Mn2+umeroT 01eIHO-PO30BYIO OKPACKY, @ pa30aBlieHHBIE - OECLIBETHBHI.
1. leaoun (NaOH, KOH)ocaxknaot katuoH M12+c o0pazoBanueM 0eJ10ro 0caaka ruIpoOKCHIa
mapraunua (II), pacteopuMoro B Kucji0Trax, HoO HepacCTBOPUMOI0 B HIeJI0YAX:
Mn2-++ 20H-®Mn(OH)2 .
Ocanok Ha Bo3myxe OypeeT BeiencTBUE mepexona Mn2+B Mnd+, mpu 3tom oOpaszyercss MnO(OH)2umu
H2MnO3(mapranuoBarucrasl KUCIO0TA).
Brimonnenne ananusa. K 3 - 4 xarwsim pactBopa cynbdara mapranua (II) nodasnstor 3-4 xarmu Boas! U 4 -
5 xamenb pactBopa menoun. OOpa3yercs Oenblii 0CajoK, KOTOPBIM HM3MEHSET CBOKO OKPacKy Jo
KENTO-Oypoit.
4. Ammuakocaxxgaetr katnoH Mn2+B Buae Mn(OH)2. B mpucyrcTBum cosieli aMMOHHSI OCaXACHHE HE
MIPOMCXOUT, TaK Kak mpousBeaeHue pacrBopumoctd Mn(OH)2 Hegocrarodno maso.

Xon ananmm3a. K 2 - 3 xamsim pactBopa cynbdara mapranma (II) goGapnstor 2-4 karau Boabl U 3 Karuiu
pacTBopa THApoKcHIa aMMoHUs. [lomydaeTcst Oenblii 0cafoK, PaCTBOPUMBINA B MUHEPAIBHBIX KHUCIOTaX U
M30BITKE THAPOKCHIA AMMOHHUSI.

Peakuun karmonaMg2+

1.Ileaoun KOH nNaOHo0pa3ywor ¢ karmonoMMg2+0enbiii amop¢ublii ocanoxkMg(OH)2I'mapokeny
MAarHusi pACTBOPUM B KHCJIOTAX U B COJIAAX AaMMOHHUSI.
Brinonuenue ananusa.
B npoOupky BHOCAT 4 Karuii pacTBOpa COJIM MarHus U MpUOABIIAIOT 4 KaIllIM HACBIIIEHHOTO pacTBOpa
xjnopuna ammoHuANH4Cl.
Bo BrOopyro mpoOupKy BHOCAT 4 Karuld pacTBOpa COJIM MAarHusi ¥ MPUOABISIOT 4 Karuid BOABI (YTOOBI
KOHIICHTpAIUsl PAcTBOPOB ObLIa OMWHAKOBas). 3areM B 00¢ MpOOMPKHM  AOOABISAIOT  OCamuTeNs -
rugpokcuaa aMMoHusINH4OH.
2.I'mppogocpar narpuaNa2ZHPO4o00pasyer ¢ nonamu marausi B npucyrcrBunNH4OHnpu pH =9
OeJiblil KpucTagsanieckuii ocatokMgNH4PO4x6H20:
MgSO4+ Na2HPO4+ NH,OH = MgNH4PO4+ Na2SO4+ H20
ITpu pH > 10 moryt obpazoBarbcaMg(OH)2uMg3(PO4)2. Pekomenayercss K KUCIOMY aHAIM3UPYEMOMY
pactBopy npubaBmatbNH4OHao pH = 9. U3-3a o6pazoBanusNH4CIpH pactBOopa mnommepskuBaeTcs
MOCTOSIHHBIM.
[Ipenen oOnapyxeHuss Marausg - 10 Mkr/mi. MemamoT HMOHBL, 00pasymlolue MajlopacTBOPUMBIE
docharer;NH4+, K(1) uNa(l) He memaror.
Xon ananuza.K 3 - 4 xamysim pacTBopa, coaepKaliero HoHsl Maruus, npudasisiot 4-6 kanens 2 M HCI, 3
-5 xanens pactBopaNa2HPO4u npu nepememuBanuu 1o karisim npubasisitor 2 MNH4OHzo nosisienust
3anaxa ammuaka (pH ~ 9). Breimagaet Oesnblii KpUCTAUIMYECKUH 0CaIOK.

Peaxnuu xarnonaFe2+
PacTBops! coneiiFe2+okpaiieHs! B O1eIHO-3eNIECHBIH LIBET, pa30aBlieHHbIE paCTBOPHI OCCIIBETHBI.
1. I'ekcaumanodeppar (III) kamus K3[Fe(CN)6]JoOpasyer ¢ monamm :xeie3a (II) cuHuii ocanok,
no-suaumomy, cocraBaMFeFe(CN)6, (rme M -K(I),Na(I)), Ha3biBaeMblii «TYPHOYJI€BOil CHHBIO».
Ocanok  HepacTBOPHM B KHCJIOTaX, HO  pa3jaraercs IIeJO4aMH C  BblieJIeHHEM
ruapoxkcuaosFe(ILIII).
[Ipenen obnapyxenus xenesa - 0,02 mxr/miu. Peaknus cienududHa.
Brimonnenne ananuza.K 1 - 2 xamnsam cnaboKUcIoro pacTBopa, cogepskamiero Honsl xenesa (1),
no6asnsioT 1-2 karu pactBopa pearenta. O0pasyercs CHHUN 0CaJIoK.
2. TnmeTnarmokenM (peaktus Yyraesa)oOpasdyer ¢ nonamu :xeqaesa (II) B aMmmMuadHbIX pacTBopax
YCTOMYHBOE KOMILJICKCHOE COeJHHeHHEe KPAaCHOIO BeTa:
FeC12+ 2H2D + 3NH3+H20®Fe(HD)2(H20)(NH3) + 2NH4CI,



rneH2D- nuMeTHIrInoKCuM.

KommiekcHoe coenqunenueFe(1l) cH2Dxopomio pactBopumMo B Boze.

[Ipenen oOHapyxkenus xenesa - 8 Mkr/miu. Memator nonsl Hukens (1), oOpa3yromue HepacTBOPUMBINA B
BOJIE JUME-THWINIMOKCUMAT HUKENS KpacHoro upera. Mematomee Biusiue sxenesa (III), oOpa3zyromero B
aMMMa4HOM CpeJie OKpAIICHHBIN THAPOKCH, YCTPAHAIOT J0OABICHUEM JIMMOHHOM, 1aBEJICBOM MM BUHHOM
KHUCJIOTBI.

Breimonnenne ananuza.K 2-3 xamism pactBopa, comepxaiiero nonsl xkenesa (II), mobapnstor karto 20 % -
HOTO pacTBOpa BHHHOM KHCIOTHI, | KalIlo AUMETWINIMOKCHMMA W MO KallsiM pacTBOpP aMMHUaka M0
LIEJIOYHOU peakuyu. PacTBOp OKpammBaeTcsi B KPACHBIN 1[BET.
3. tleaouyu (NaOH, KOH)ocaxaawt katnonFe2+B Bujae ruapokcuaa xejesa (II):
Fe2++ 20H«Fe(OH)2J..
CBeXeoCaXICHHBIN 0caZoK uMeeT Oenblid BeT. OTHAKO Ha BO3MyXe B PE3yJbTaTe YaCTUIHOTO OKHUCIICHUS
KHCIIOPOJIOM OCaJI0K MPHUOOPETAET IPSA3HO-3EJICHBIH 1IBET:
4Fe(OH)2+ 2H20 + O2®4Fe¢(OH)3 .
Xon ananuza. K 2 - 3 xarmisam pactBopa cynbdara xkenesa (II), roGansor 5 kanenb TUCTHIUIMPOBAHHON
BOJIBI ¥ 2 Karuty meoun. OOpamaroT BHUIMAaHHUE Ha IIBET U XapaKTep OCajka.
4. N'mapoxcua ammoHusiaeT ¢ katTuoHomFe~+ocanok rugpoxcuna xesnesa (II):
2NH40H + Fe2+®Fe(OH)2 + 2NH4+.
OcaxeHnue IpOUCXOANT HEMOITHO, a B TIPUCYTCTBHH COJIEH aMMOHUS 0CaJIKa BOOOIIE HE 00paszyeTcs.
Brimonaenne ananmmsa. B mpoOupky momemaror 2 - 3 kariy pactBopa cynbdara xenesa (I1I), mobasnsrot 4-5
karenb 10 % - HOro pacTBopa XJIOpHUJa UM cyibpara aMMOHHUS, a 3aTeM 2-3 Kalljld pacTBOpa THAPOKCHAA
aMMOHHSI.

Peaknun katnonaFe3+
PactBopsI coneitFe3+uMeroT KenTyro WIn KpacHO-O0ypyro OKpacky.
1. I'ekcanuanogeppar (II) kaausic nvonamm xkesie3a (I11) od0pazyer TeMHO-CHHII 0CAT0K «OePINHCKOMT
aazypm»MFeFe(CN)6, aHagorm4nblii mo cocTtaBy «TypHOyJeBoii cuHH».CHavajla IPOXOIUT
OKHCJIHUTEJIbHO-BOCCTAHOBUTEIbHAS PeaKIUsA:
FeCl3+ K4Fe(CN)6®FeCI2+K3Fe(CN)6+KCl1.
Jlanee MpoayKTHl peaklMy B3aUMOICHCTBYIOT MEXLy co00ii ¢ 00pa3oBaHUEM TEMHO-CHHETO 0CaIKa
«OEPIUHCKOH JTa3ypu»:
Fed, + K3Fe(CN)6®KFeFe(CN)4+ 2KCl1.
Paznuune B okpacke W CBOMCTBaxX «OEPIWHCKOM JIazypu» s «TYpHOYJIEBOW CHHW» OOBSICHSIETCS TEM, YTO
COCTaB 0OCaJiKa HE MOJHOCTHI0O COOTBETCTBYET HamMCaHHOM BbiIe Gopmyine. Ocagok «OepIuHCKON J1a3ypu»
pacTBOPSIETCS B CHIIBHBIX KUCIIOTaX U MpH J100aBIeHUH U30bITKA peareHTa.
[Ipenen obnapyxenwus xene3a - 0,2 MKr/mi. MemaroT OONbIIME KOJTUYECTBA MOHOB METAJIOB, KOTOPHIE
Jal0T OKpallleHHble ocagku ¢ rekcauumaHogepparom (II) kamms. MemaioT ¢(TOpUIBI U OKCalaThl,
obpa3yromue ycroitunBbie komruiekesl cFe(I11).
Xon awnmamm3za.K 2 - 3 xkammsam pactBopa, comepkamero wuonblFe(Ill), mobGammsror 3-4  karmmm
JTUCTUJUTMPOBAHHOM BOABI, 1-2 Kaluid COJSTHOM KHUCJIOTHI U 2 Kariu peareHTa. HabGmomaroT oOpa3oBaHue
TEMHO-CHUHETO0 0CaJIKa «OepIMHCKON JTa3ypuy».
2. Tuoumanatr ammoHus (xkaaus)(NH4CNS,KCNS) B caaGokucabix pacrBopax oopasyer cFe(III)
KOMILIEKCHbIE COeIMHEHMSsI kpoBaBo-kpacHoro useraFe(SCN)n(3-n)+, raen —1-6.
KommuiekebiFe(SCN)3 nuHFe(SCN)43kcTparupyorces 3(pupoM ¥ H30aMUWJIOBBIM CITHPTOM.
[Ipenen o6Hapyxenwus xenesa - 0,5 Mxr/mii. Mematot pocdarsl, apceHaThl, OKCalaThl, IUTPAThI, TAPTPATHI,
¢dbropunbl, oopazyromiue cFe(Ill) ycroitunBrie KOMIUIIEKCHBIE COSTUHEHUS.
Brmonaenne ananmza.K 1 - 2 xammsim pactBopa, coaepikariero nonsl sxkenesa (I1I), moGaBnstor karuto
pactBopaNH4SCN. TlosiBsieTcst KpOBaBO-KpPAaCHOE OKpaluBaHUE pacTBOpa. J{00aBISIOT HECKOJIBKO Karelb
M30aMHJIOBOTO CIIUPTA WM 3(upa U BeTpsaxuBaroT. Oprannyeckas (aza OKpammBaeTcsi B KpacHbIN I[BET.
3. Ilenoun (NaOH, KOH) uNH4OHo6pa3ytor ¢ karuonomFe3+kpacno-0ypsrii ocanoxFe(OH)3:
Fe3++ 30H-®Fe(OH)3 .
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I'mapokcun xeneza B omimuue or ruapokcuaa xpoma (III) u ruppoxcuga amoMuHUS HE pacTBOpPSETCS B
M30BITKE IIEJIOYH U B COJISAX AMMOHHS.

Xon anamuza. K 3 - 4 karsim pactBopa xsopuza xenesa (I1I), nob6asnstor 3-4 karm AUCTHILIMPOBAHHON
BOJBI U 2 - 3 Karu menoun. OOpamaroT BHUMaHKUE Ha IBET U XapaKTep OcajKa.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTka TeOpeTUYECKOTO MaTepuraa JCKIUHA, PEKOMEHIyeMOW JTUTEPATYPHI TI0 TEME.
2. IlonroToBka K TECTUPOBAHUIO.

3. CocraBbTe ypaBHEHHS OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIIUI 3JIEKTPOHHO-HOHHBIM METO/IOM,
€CJIU Ha pacTBOp, coaeprkanuii nod mapranna (I1), mogeiicTBoBanu: a) BACMYTaTOM HATPHUs B MPUCYTCTBUU
A30THOM KHUCJIOTHI, 0) MEPOKCUIUCYTb()ATOM aMMOHHSI, B) OkcuioM cBuHIA (IV).

Tema 7. 3aKoH JeliCTBUSI MAcCC B reTepOreHHbIX npoueccax. Pacreopumocts, npousBeaeHne
pac-tBopumoctu. (OIIK-2)

Jlexkuns.

3aKkoH JCWCTBUS MacC B TETEPOTEHHBIX TNpoleccax. ToYHbIE M MPUOIMKEHHBIC DPEIICHUS ypaBHEHHI.
®daxkropsl ocaxacHus. J[poObHoe ocaxaeHue. B3ammHoe mpeBpalieHne MajopacTBOPUMBIX OCAJIKOB.YdUeT
K03(pQUIMeHTa aKTUBHOCTH HOHOB MPU PACTBOPEHUHU AIIEKTPOIUTOB.

IIpakTH4Yeckoe 3aHATHE.
Penrenue 3amay
Tumnossle 3a1aHUS
1. Paccuurate MonsspHy0 (MOJIB/I) W MaccoBytlo (T/1) pacTBOPHUMOCTH Cyibdara KambIUs, €CIH
[TP(CaS04)=2,5-10-5.
2. Cmemamm 500 min 0,002 M pactBopa xmopuaa 6apust u 500 mu 0,001 M pacTtBopa cynbdara Kaaus.
Brimaner nu B 3THX yclioBHsIX ocaqiok cyibgara 6apus? [1P(BaSO4)=1,1-10-10.

3. Paccuurare pactBopuMocTh (ocdara cepedbpa B 0,02 M pactBope docdara Harpusa. [IP(Ag3P0O4) =
1,3-10-20

JlaboparopHbie padoThbI.
Ilecras ananuTn4yeckas rpynna karuonos (Co2+, Ni2+, Cd2+, Cu2+, Hg2+)
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 6 aHATTUTUYECKOM TPYIIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 6 aHATMTUYECKOM TPYIIITHI
0) aHaTM3 cMeCcH KaTHOHOB 6 aHAJIMTHYECKOU TPYIIIIBI
B)o(OpMIICHUE U 3aIlIUTa OTYETa

Peaxnuu xatnona Co2+
Katnon Co2+ ummeeT B BOIHBIX PacTBOpPax pO30BO-(HOIETOBYIO OKPACKY.
PeakTuBBI: yKCyCHAsl KHCJIOTA.
1. Tnounanar ammonusa NH4CNS (xkamus (KCNS)) B ykcycHokucaom pacrsope npu pH 4 - S ¢
noHamm kodaabTa (II) o0pasyer okpamieHHbIe B CHHMII IIBEeT KOMILIEKCHbIE COCJUHEHUSI Pa3IHYHOIO
coctaBa oouieii popmyast Co(SCN)n(2—n)+, rae m = 1, 2, 3, 4. Kucjiopoacoaep:kaniue pacTBOpuTeIH
(3¢up, aneTroH, H30aAMHJIOBBIH CIHPT) IKCTPArHPYIOT TEMHO-CHHHE MAJIOYCTOHYHBbIE KOMILIEKCHI
Ko0aabTa, mo-euanmMomy, cocrapa Co(SCN)4(2—n)+. /11 moHM:KeHHs TMCCONHANUMN KOMILIEKCHBIX
coeITMHEeHUI1 He00X0IMMO BBOAUTH 00JIbIION H30BITOK THOLMAHATA.
[Ipenen oOHapyxkeHuss kobampra - 3 MKr/mia. Memaror wuonbsl jxene3a (III), koropele MacKuUpYIOT
nobapieHreM (PTOPUA-UOHOB.
Xon ananuza. K 2 - 3 xanniaM pactBopa, cofepskaniero noHsl kobansra (11), 100aBAsAIOT TBEpAbIA THOLMAHAT
aMMOHUS (Kanus), TBEpAbIA QTopua aMMOHUs, S5-7 Kanenab W30aMHJIOBOTO CHOMPTAa W BCTPIXHUBAKOT. Clion
M30aMHJIOBOTO CIMPTA OKPAITUBAETCA B CHHH LIBET.
2. Hutpur kanusi B yKcycHOKHcJI0M pactBope npu pH 4-5 o6pa3yer ¢ nonamu kodansra (1) sxearprit
0CaJI0K, B KOTOPOM K00AJIbT UMeeT cTeneHb okuciaenus I11:



Co(CH3C0OO0)2 + 7KNO2 + 2CH3COOH ® K3Co(NO2)6 + NO + H20 + 4CH3COOK.

B pas0aBneHHBIX pacTBOpax oOcCagoK o0OpasyeTcs TpH HArpeBaHWMM W BBICTAWBAHHH. OTY PEAKIIHIO
WCTIONIB3YIOT JIJIs1 OT/ICJICHUS K0OaIbTa OT MEIIAIOIIUX HOHOB.

[Ipenen obHapyxenust kobansra - 0,4 MKT/MIL.

Brimonnenne ananmsa. K 2 - 3 kamaaM pacTBopa, coaepikamero Houel koodansra (11), ;o6aBisior 2 Kamim 2

M CH3COQOH, 2 xannu pactBopa CH3COONa u tBepabiit KNO2. CMech HarpeBaroT HECKOJIbKO MUHYT Ha
BOJISIHOM OaHe. OOpa3yeTcst )KENThINA 0CaJIOK.

Peakuuu karnona Ni2+
B BOIHBIX pacTBOpax COJIM HUKEJS UMEIOT 3€JIEHYI0 OKPACKY.
1. JumeTnaranokcuMm (peaktus Uyraesa) (I) oopasyer ¢ nonamu nukess (II) B unrepsase pH =75 -
10 matopacTBOpuMOE B BOjle KOMILUIEKCHOE COeIMHEHHE AJI0-KPacCHOro nBeta cTpykTypsl (I1):
[Ipenen oOGHapyxkeHUS HUKENA -3,2 MKI/MJ. JIUMETHITIMOKCHMMAT HHUKENSI UMEET IIOCKYIO KBaJpPaTHYIO
koHurypauuo. O06e MOJeKylIbl JUMETHIIIHOKCHMMA B  KOMIUIEKCE CBA3aHbl MeXAy CcoOoi
BHYTPUMOJIEKYJIIPHBIMA  BOJOPOJHBIMU  CBSA3SIMH, CTaOMWIM3HPYIOIIMMU XeJar. OJTO OOyCJIOBIMBAET
AHOMAJIbHOE COOTHOILIECHHWE CTYIMEHYaThbiX KOHCTAHT ycrtoumBoctn K1 < K2, mostomy paxe mpu
HEOOJIBIIIOM M30BITKE peareHTa KOJUIeCTBEHHO oOpasyeTcst komruieke ML2.
Manast pacTBOPHUMOCTh JAUMETWIINIMOKCHUMAra HHKENs B BOJAE CBSi3aHa C TEeM, 4YTO KOMIUIEKC He
TUIPaTUPOBAH B KOOPJIMHAIIMOHHOM cepe HUKEIs.
Brinonsenue ananmsa.

1. K1 -2 kamsam pactBopa, coaepxariero Ni(Il), no6asmstor 1-2 kammu 1 % - HOro 3TaHOTBFHOTO PacTBOpa
auMeTmirrnokcuma u 1 - 2 karum 2 M NH3. O6pazyercst XapaKTepHBIH ano-KpacHbIA 0CaI0K.
2. K 1 - 2 xammsaM uccnexyeMoro pactBopa ao6asistor 1 2 xammm 20 % - HOro pacTBopa TapTpara
KaJHUs-HaTpHsl, KPUCTAIUIMK Tuocynbdara Harpus, 1-2 xammu 10 % - HOro pac-*pa COJISTHOKHCIIOTO
ruzipokcunamuHa u pactBopoM NH3 noBogsat pH pactBopa 10 9. DKcTparupyror HachIIEHHBIM PacTBOPOM
pearentra B CHC13. Oprannyeckas (aza B IpUCYTCTBUH HUKEJISI OKPAIIUBACTCS B KENTHIH 1IBET.

Peaxmuu katnona Cu+
PactBops1 coneit Cu2+ umeroT romyOyro Wik 3eJIEHYI0 OKPaCKY.
1. I'ekcannanogeppar (II) kaaua npu pH < 7 ocakgaer HoOHBI MeAu B BHJe KPacHO-0yporo ocagka
Cu2Fe(CN)6, pacTBOopMOro B aMmMuaxke ¢ o0pasoBanueM aMmmuaxkaros Meau. Ilpexes o0Hapy:keHust
Meau - 10 mkr/mu. IlpoBenenuro anaamsza mMemawTt uonsl Fe(IlI), Ni(Il), Co(II), o6pa3yromue c
peareHTOM INBeTHbIe ocaaku. I[lodToMy HX mNpeaBapUTENbHO OTACJSIOT HJIH CBA3BIBAIOT B
YCTOHYHBbIC PACTBOPHMBbIC KOMILIEKCHbIe coefrHeHus. IIpn o4yeHb MabIX KOHLEHTPamusx Meau
0Ca/I0K He BbINaJaeT, HO PACTBOP OKPAIINBAETCSI B PO30BbIN LBET.

Xon ananuza. K 2 - 3 kamnsaM pactBopa, conepxaiiero nonsl Meau (I1) (pH < 7)., mpubasnsror 1 - 2 xammm

pactBopa peareaTta. O0pasyercss KpacHO-OypEIA 0CAIOK.

2. AMMHAaK NPH B3aMMOAEHCTBUM ¢ MOHAMH MeIH CHAYAJIA 0CAKIAaeT OCHOBHbIE COJIM NMEePeMEeHHOro
COCTaBa 3eJIEHOI0 LBeTa, JierkopacTBopuMmblie B H30bITKe peareHta. Ilpm pH > 9 oOpasyrorcs
aMMHAaYHble KOMILJIEKCHI Meau UHTeHcuBHO-chHero nsera: Cu(NH3)(H20)52+; Cu(NH3)4(H20)22+;
BBe/JleHUe NATOoM U mecToil moJiekyabl NH3 3arpynneno.

[Ipenen obHapyxenust Mmenu - 40 MKT/MIL.

Xon anammza. K 2 - 3 kamism pactBopa, cozepxkaiiero uoHbl Menu (I1), J100aBisitoT O0MibIol U30BITOK
pactBopa ammuaka 0 pH > 9. [losBieHne HHTEHCUBHO-CUHEN OKPACKHU YKA3bIBACT HA MPUCYTCTBUE MEIH.
3. Murm3on B uHTepBaje pH 1 - 4 ¢ Cu(ll) oOpa3dyer BHYTPHKOMILIEKCHOE eIHHEHHE
KPacHo-(u0J1eTOBOro nBeTa, 3kcrparupyemoe CHC13, CC14.

[Mpenen oOuapyxenuss meau - 0,1 mir/mu. Memator Ag(l) Hg(Il). Ecnmu B kadecTBE MaCKUPYIOILIETO
pearenrta ucrnonb3oBarb Kl mpu pH 1 - 2, To Meab MOXKHO OOHAPYKHUThH C TUTH30HOM 0€3 IIOMEX CO CTOPOHBI
JIPYTUX HOHOB METAJIIOB.

Xon ananmza. K 1 - 2 xamism aHanusupyemoro pactBopa ¢ pH 1-2 npubapnsror 5-6 kamnenb 5 % - HOTO
pactBopa KI m skcrparupyror 0,02 % - #pIM pactBopoM pearenta B CCl4. B mpucyTCTBUM MeIH
OpPraHNYeCcKUil CI0M OKpaIIMBAETCS B KPACHO-(HOIENOBBIN IIBET.
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4. Twnocynbpar nHarpusi Na2S203, npubGaBjeHHbIH K NOAKHCICHHOMY pacTBOPY COJH Meawu,
o0ecuBeynBaeT pacTBOpP, TaK Kak o0pasyeTrcsl KOMILUICKCHasi coJib. Ilpy HarpeBaHMu moJy4eHHOro
pacTBopa obpasyercst TeMHO-Oypbiii ocagok Cu2S.

CuSO4 + Na2S5203 ®+ Na2SO4 + CuS203
CuS203 + H20 ® H2S04 + CuS

IIpouenypa anammza. K 2 - 3 kamwiaMm pactBopa cyiabdara Meau no0asisior 4-5 kamens Boabl, 2-3 Karuiu
acTBOpa CepHOM KHUCIOTBL U 2 - 3 KpucTaluInKa THocviabdara Harpusd. llepeMelmnBaoT CTEKITHHONW
IaJIOUKOM U HarpesBatoT. O0Opasyercs TeMHO-0YphIi ocajiok cyibduaa meau (1) u cepsbl.

Peakmuu xkatnona Cd2+
1. CepoBonopon uiau cyabduabl menodnbix MmeranoB npu pH ~ 0,5 oOpasywr ¢ moHamm kaamus
JKeJThIH ocaaok cyiabpuaa kaamusa. Ocalok He pacTBOPUM B CyJb(uae U rHAPOKCUE HATPUS, HO
pactBopuM B koHueHTprupoBanHbix HC1 u HNO3:
CdS +4HC1 ® H2CdC14, + H2S-
CdS +4HNO3 ® Cd(NO3)2 +S +2NO2 + 2H20.

[Ipenen oOHapyxkeHus kaamusi - 10 MKr/mMia. MemarT HOHBI METaJUIOB, 00pa3yoliue B 3THUX YCIOBHUSIX
HepactBopumblie cynbhuasr: Cu(Il), Hg(Il), Bi(Il), Sn(Il, IV), Sb(IIL, V) u ap.

Xon aHanmza. K 1 - 2 xamiasMm pacTBOpa, COACPXKAIIET0 MOHBI KaaMHs, MPUOABISAIOT KAl pacTBOpa
cynb(huaa HATPHs; BHINAIACT KEATBIA 0CAIOK.

2. IuTH30H B3aUMOJeICTBYeT ¢ HOHAMHU KaaMus B uHTepBaJie pH 6,5 - 14 ¢ o6pa3oBanueM KpacHOro
BHYTPHMKOM-IVIEKCHOTO coequHeHus:, ykcrparupyemoro CHC13 u CC14.

[Ipenen oOnapyxkenus kagmus - 0,5 MKr/mi, Memaroniee BIUSHHE OOJBIIMHCTBA HOHOB METAJIJIOB
YCTpaHAIOT 100aBICHUEM TapTPATOB M IUMETHWIIITHOKCHMA. B aToM ciyuae memrarot Tonbko Ag(l), Hg(Il) u
Cu(Il), nx ynansroT npeaBapuTesbHON 3KcTpakuue pactsopom autuzona B CC14 mpu pH 1-2.

Xon ananm3a. K 2 - 3 xanmnsaMm uccnenayemoro pactBopa npubasnstor 2 M HC1 go pH 1 - 2 1 9KcTparupyror
HACBIIIICHHBIM pacTBopoM autn3oHa B CC14. Tlocne pa3nenenus ¢a3 K BOAHOW ¢aze 100aBIsAIoT 2-3 Kamim
20 % - Horo pacTBOpa TapTpaTa Kagusg-Harpus, 1 - 2 karmm 1 % - HOro pacTBopa IuMeTUIrrokcuma u 30
% - nb1ii pactBop NaOH g0 pH 9 - 10 u skcrparupyior 0,002 % - HeIM pacTtBopoM peareHta B CC14. B
NPUCYTCTBUU KAJIMUSI OPTAHUYECKUHN CI0N OKPAITMBAETCS B KPACHBIN IIBET.

4. TuomovyeBrHa 00pa3zyeT ¢ COJNSIMHM KAJAMHUA JErKOPACTBOPUMbIE KOMILIEKCHbIE COJIM, KOTOpbIe
JIErKO pPa3JiaralTcsi CepoBOI0POA0OM jaKe MPH U30bITKEe THOMOYEBUHBI.

IIpoBenenne anamuza. K 3 - 4 xamiusaMm aHaiau3upyeMoro pacTBopa JoOaBiston 3-4 KpUCTaJUIMKa

THOMOYEBHHBI, IEPEMEIITUBAIOT MAJI0YKON, Yepe3 2-3 MUH J00aBISIOT S - 6 Kanelb CBeKEIPUTOTOBICHHOMN
CEPOBOIOPOAHOM Boabl. B mpucyrcreun katnona Cd2+ BeITagaeT KEITO-OPAHKEBBINA 0CANOK.

Peakuuu katuona Hg2+
1. CepoBogopoa nim cyab(puabl mea04HbIX MeTa110B ¢ HoHaMu ptyTH (II) B Kncabix pacreopax (6 -
7 M HC1) o6pa3yrot yepHblii ocagoxk HgS.
W3BectHsl Tpu Moaudukanuu HES: kpacHas, umeromas nckaxennyto pemerky NaCl ¢ 3urzaroodpazHeiMu
nersivu Hg - S - Hg, unentnuynas kuHoBapu. UepHast ¢(opma, BcTpedaromiasicss B BHIE MHHEpaja
MeTallMHHOOApUTa, MMEIOIIAs CTPYKTYypy IMHKOBOW OOMaHKM; P-KMHOBapb, KoTopas oOpasyercs Npu
B3aUMOJICHCTBUHU THOCYINIb(aTa HATPHUS C HEUTpaNIbHBIM pacTBOpoM Xxjopuna prytH (II).
[Tpu memyienHOM nponyckanuu H2S uepes Kuciibie pacTBOPHI COMM PTYTH MOXHO HabIoaaTh 0Opa3oBaHue
IPOMEXKYTOYHBIX ~ TPOAYKTOB  O€J0ro, ceporo, OHKEAToro W  OypoBaroro IBETOB  COCTaBa
HgmCInSx(Hg3Cl2S2). O0b14HO M3 KHCIBIX PAacTBOPOB cojieil pTyTu ocaxmaercs HgS B Buue uepHoro
ocanka. [Ipoussenenue pactsopumoct HgS4cpH pasuo 1,5 10" 52, ogHako ero pacTBOpUMOCTh HA CAMOM
7ieNie 3HAYUTEIbHO OOJIbIIe M3-32 MOOOYHBIX PEakKIMii, MPOTEKAIOUINX ¢ 00pazoBaHueM coeauHeHuil H2S,
HS—, Hg(OH)+ u Hg(OH)2+. Yepnsiit HgS npu HarpeBanuu wiM npu ACUCTBUM IIEIOYHBIX PacCTBOPOB
NOJHCYAb(PHIOB TPEeBpalaeTcs B KpacHyo GopMy; Cylb(hua pTyTH pacCTBOPHM B IIAPCKOM BOJKE; B CMECSX
HC1 n H202;HC1 u KI.

[Ipenen oOHapyKEeHUS PTYTH B CHIIBHOKHUCIIBIX pacTBOpax - 10 MKr/mi.
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Xon amanm3a. K 2 - 3 kamiugM pacTBOpa, cojep:kamiero WoHbl pryt (11 00aBig0oT 3-4 Kamiu
konnenrpuposandoii HC 1,3-4 kamaim pacTtBopa cyiabbuaa aMMOHKS KM HarpeBalOT Ha BOASHOW OaHe.
Oo6pasyercs uepHblii ocamok HgS. Ocanok neHTpuyrUpYIOT, YaCTh €r0 IIEPEHOCIT B APYIYIO IPOOUPKY U
pacTBOPSIOT B IAPCKOM BOJKE; OCTABIIYIOCS YacTh ocajika pacTBopstoT B cMecu HC1 u KI.

2. Moaun xkaausi mpu B3aumojaeiicteun ¢ uonamu prytu (II) ocaxknaer kpacubliii ocanox Hgl2.
Nwmerotcs nBe mopudukanmu Hgl2: kpacHas u xenras. Kpacnas mogudukanus npu Harpeanuu 10 150 °C
MIEPEXOIUT B KEITYIO.

[Iposenenne ananmza. K 1 - 2 xamisaM pacTBopa, copeprkaiiero noHel pryTH (I1), 100aBISIOT MO KarisaM
pactBop KI 10 o6pazoBanms ocaaka HgI2 v M30BITOK 10 pacTBOpeHMs ocajaka U obpazoBanms Hgl42—. K

MOJIYYCHHOMY pacTBopy n06apnsroT 1-2 karmu pactBopa NH4CI u 1 - 2 xarum 30 % -Horo pactBopa KOH.
O06pasyeTcst KpacHO-OYPBIA 0CaJioK.

3. IuTH30H B pacTBOPax MUHEPAJIbHBIX KHUCJ0T oOpa3dyer ¢ monamu Hg(II) BHyTpuKOMILJIEKCHOE
coelMHeHUE OpaHxkeBOro mnBera, 3kcrparupyemoe CC1 u CHCI13. Ilpenesa ooHapykeHuss pryTtu - 1
MKI/Mu1. MemaroTt nonsbl cepedpa. s ux ynajsenus 3xkcTpakr psaxusaior ¢ 1 M HC1.

Xox anammza. K 1 - 2 xamisM uccienyeMoro pactBopa ao6assior 1-2 xamuu 6 M H2SO4 u 9KCTparupyroT
0,002 % -pactBOopoM pearenta B CC14. B npucyTcTBUU v (II) OpraHuyecKuid CIOW OKpaIIMBAETCS B
opamkeBblii 1BeT. Ecnm B aHamusupyeMom pactBope mpucytctByer Ag(l), opranmyeckyio a3y
BerpsaxuBaT ¢ 1 M HCI.

Xoa aHaJIM3a CMeCH KATHOHOB LIECTOM IPyNIbI APOOHBIM METOAOM

KatnoHbl 3TOW Tpynmbl OTHOCHUTEIBHO JIETKO MOTYT OBITH OINpeAeSieHbl YacTHBIMH PEaKIHMSIMH W3
OTIEIBHBIX TPOO.

Omkxkpvimue kamuona Cu2+ yenecoodpazno npoeooums Oelicmeuem KOHYEHmMpPUPOBAHHO20 PAcmeopa
2UOPOKCUOA AMMOHUA.

B tom cnyuae, eciiu okpacka Mmoixy4aercs HeJOCTaTOYHO XapakTepHast s karnoHa Cu2+, MOXKHO MPOBECTH
npoBepky. st aToro k 3 - 4 KarsiM MCCIIeyeMOro pacTBOpa, MPUOABISAIOT 2 Karuld pacTBOpA MIEJIOYU U
00pa3oBaBIIMIACS OCATOK HArpeBalOT Ha BOJAHON OaHe 5 mMuH (B mpucyTcTBHMM KatnoHa CH + ocalok
npuoOpeTaeT YepHbIi 11BeT BeaeacTBue odpazoBanus CuO).

3arem 100aBISIOT M30BITOK (6 Karens) pacTBopa xiopuaa ammonus NH4C1, nmepemenuBaroT CTEKISTHHON
MajJoukor M HeHTpUuyrupyroT. LlenTpudyrar otaensor u ocagok o0padbo-TeBatOT 3-4 KarIIMH a30THOU
kuciotel. K mosyyeHHOMY pacTtBopy npwinBaroT 8-10 kanenab KOHIIEHTPUPOBAHHOTO PACTBOpA TMAPOKCHIA
aMmMmoHus. B npucyrctBun karnona Cu2+ pacTBOp OKpaIIUBAETCA B JIa3ypHO-CHHUH 1IBET.

Omkpovimue kamuonoe Hg2+ uz oowezo pacmeopa, codepicauiezo KamuoHvl Wlecmoii 2pynnal, 00bI4HO
npoeooumca peaxkyueil ¢ uOOUOOM Kanusa uiu eoccmamosienuem xaopuoom onosa (I) SnCIl2 oo
MemannuyecKoll pmymu uiu Ha MeOHoU niacmuHKe.

Omkpoimue kamuona Cd2+ yooono u Haodex#cHo npouzeo0uUmv ¢ Ccepo6OOOPOOHOI 8000l UNU
muocynbspamom nampus.

Kamuon Cd2+ omkpuwieaemcsa peaxyueii ¢ pooanudoom ammonua NH4CNS.

Kamuon Ni2+ omkpuviearom peaxyuen Qyzaeea ¢ OumemuiiuoKcumom.
3anaHus AJ51 CAMOCTOSITEILHOI padoThI.

1. [TpopaboTka TeOpeTHYECKOTO MaTepraa JCKIUH, pPEKOMEHIyeMOU JTUTEPATyPHI.

2. IloarotoBka K TEKyIIEMY KOHTPOJIIO.

Tema 8. MeTonnl o0Hapy:keHus 1 uaeHTuukanuu. Xpomarorpagpus. (OIIK-2)

Jlexknus.
Wnentudukanyus aroMoB, HOHOB, MOJEKYlT U BemlecTB. JIpoOHBIH M CHCTEMaTW4YeCKH aHaIu3.
MUKpOKpUCTAJUIOXUMUYECKUN ¥ NHPOXUMHUYECKUI aHanu3 (OKpallMBaHUE IJJAMEHHM, BO3TOHKA,
oOpa3zoBanue mepioB). Meroasl pas3neneHuss W KoHUeHTpupoBaHusa. Kosdduiuument pacnpenenenus.
Xpomarorpadusi. AncopOunonHass xpomarorpadus, BBITECHUTEIbHAas U MOHOOMEHHAs XpomaTorpadgus.
PacnpenenurensHas xpomarorpadus. bymasknas xpomarorpagusi. ['a3oBas u xKuIKoCTHAs Xpomarorpadusi.

IIpakTH4eckoe 3aHATHE.
Pemenue 3anmau.

JlaboparopHbie padoThbI.
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IlepBasi ananuTnyeckas rpynna annonos B(OH)4-,Si032— ,P0O42- ,AsO33- ,As043—,S042—
,S5032-, S2032- ,F-)
Ilenb: u3yyeHre CBOMCTB aHMOHOB | aHAJIMTUYECKON TPyl AHUOHOB
a)  TPOBEIEHUE YACTHBIX PEaKIni | aHATUTHYECKOW TPyl aHHOHOB
0)  aHanM3 cMeCH KaTUOHOB | aHATUTUYECKOM IPyNITbl aHHOHOB
B)  odopMIICHHE U 3aIllUTa OTYeTa

IlepBast anaIMTHYECKasi TPYNIIA AHUOHOB:
B(OH)4-,Si1032—- ,PO42- ,AsO33- ,As043-,S042-,S032-,S2032- ,F-)
AHHOHBI 00pa3yrOTCs P-3JE€MEHTaMH, TO ecTh 3eMenTamu [V - VII rpynn 2-, 3-, 4- u pexe 5- u 6-1o
MEePHO/IOB IEPUOINYECKON CUCTEMBI JIEMEHTOB. B pacTBopax B Bue aHHOHOB MOTYT OBbITH OOp - 37IEMEHT
III rpymmer 2-ro meproa ¥ HOHBI IEPEXOAHBIX JIEMEHTOB (d-2JIEMEHTBI) B UX BBICIIUX CTEIICHIX
okucyienus. OIMH U TOT e 3JIEMEHT MOXKET 00pa30BaTh HECKOIBKO aHHOHOB C Pa3IMYHbIMHU CBOMCTBAMHU.
Peakuuu 0opar-annoHoB
1. OxpamuBanue miamenu. Jleryune coenHeHnst 60pa OKpPAaIIMBAKT IJIAMS T'OPEJIKH B 3eJ1eHbIN
HBeT.
BonpimucTBO 60paToB pasznaratorcs KoHIeHTpupoBanHoi H2SO4 ¢ Beinenenuem neryueit H3BO3.
Peaxnuto poBOIAT B yIIKE IUIATUHOBOM WJIM HUXPOMOBOM IIPOBOJIOKH.

[IpoBenenue ananuza. B dhapdopoBoii yaike BLIMAPUBAIOT 5-8 Karedb PacTBOPA, COAEPIKAIIETO

0opar-uonbl. Cyxoi ocTtarok cMayuBaroT 1-2 kamaMmu (He Oosiee) koHeHTpupoBadHoiit H2S04.

100aBISIOT HECKOIBKO Kalesb dTAaHOJA MM METAaHOIa, IEPEMEIITUBAIOT CTCKISTHHON MAJIQUKOW 1
HOLKUTaroT. [lyaMs OKpalmmBaeTcs 1o Kpasim B 3€JICHBIN 1BET.
Peakuun kapOoHaT-aHMOHA

VYronenas kucinora H2CO3 cymniecTByeT TOJIBKO B BOIHOM PacTBOPE.

1. Kucaotsl, B Tom uncie u CH3COOH, pa3aaraioTt kap6oHatsl ¢ Bbiaesaennem CO2:

CO32—+2H+ ® H20 + CO2T.

VYIneKucnelii ra3 0OHAPYKUBAIOT MO MOMYTHEHHIO W3BECTKOBOM WM OapuUTOBOM BONBI (HACHIIIEHHBIX
BoaHbIX pacTBopoB Ca(OH)2 u Ba(OH)2):

Ca(OH)2 + CO2 ® CaCO3 + H20, Ba(OH)2 + CO2 ® BaCO3 + H20.

[Tpu nponyckannu Gosnbiiux konudecTB CO2 0cagoKk MOKET PaCTBOPUTHCS:

CaCO3 + CO2 + H20 ® Ca(HCO3)2.

Oo6napyxenuto CO32— memartr SO32— u S2032— , Tak kak SO2, BBIACISIONIUIACSA NMPU MOAKUCICHUN
pactBopa, oOpasyer ocaaku CaSO4 u BaSO4 c¢ wusBectkoBoii u OaputoBoii Bomou. I[loatomy
npeasaputesbHo OKUCHAIOT SO32— u S2032—- 1o SO42— nepokcuoM BOOPO/ia MPYU HArpEBaHUU.

Xon aHanuza. B npoOupky BHOcAT 5-6 kamenb pactBopa Na2CO3 u 5 - 6 kanens 2 M HC1. 3akpeiBaroT
IpoOKOW, B KOTOPYIO BCTaBlieHa CTEKJISIHHAs MAJIOYKa C MIAPUKOM Ha KoHIile. Ha mrapuk moaBemuBaioT

KaIlUTF0 M3BECTKOBOM wim OapuToBoil Boibl. [Ipu HarpeBaHWUW OPOOMPKH HAOIIOMAETCS MOMYTHEHHE

BUCSILIEN KAILIH.

2. Xnopua 6apus ¢ kapOoHAT-HOHOM oOpa3syer Oeablili ocagok BaCO2, pacTBopuMBIii B KHCJIOTaxX
(Kpome cepHOM KHCJIOThI):

CO32-+ Ba2+ ® BaCO3 .

Boinonnenune ananuza. K 2 - 3 xamisiM pacTBopa, coiepxaliero kapOoHaT-HOHBL, 100aBIAIOT 2-3 Karuu
BaCl12. O6pa3yercst Gelnblii 0caloK.

3. Hurpar cepedopa AgNO3 npu B3aumMoaeiicTBUUM ¢ KapOOHAT-HOHOM oOpa3yer Oesiblii 0CaI0K
KapOoHara cepedpa Ag2CO3, pacTBopumblii B kucjaorax (kpome HC1):

Na2CO3 +2AgNO3 ® Ag2CO3 + 2NaNO3.
Xon anammza. K 3 - 4 kamuiaM pactBopa kapOoHara HaTpus H00aBisioT 3-4 Kamiy pacTBopa HHUTpara

cepedpa. OOpalaroT BHUMAHUE HA XapaKTep 0CaJIKa.
Peaknuu cujimkaT-aHHOHA



CBoOomHast KpeMHHEBas KHCJIOTa MOYTH HEpacTBOpMMa B BOJAE, HO OYECHb JIETKO 00pa3yeT KOJUIOMIHBIC
pactBophl. [Ipu paspymieHMH KOJUIOMJHOTO PAcTBOPAa OCaXAAETCs Telb KPEeMHHUEBOM KHCIOTHI nSiO2
mH2O0, npuyeM TUI 3aBUCAT OT yCJIOBUHM OCaXJeHUs. PacTBOpUMBI B BOJIE€ TOJIBKO CHJIMKATHI HIEIIOYHBIX
MeTayioB. HepacTBOprUMBbIE CHIIMKATHI MIEPEBOAAT B PACTBOP OOpaOOTKOM KUCIOTaMHU I CILIaBICHHEM C

Na2CO3.

1. Paz0aByieHHbIe KMCJIOTHI IPH MeIJICHHOM /00aBJEeHNH K PACTBOPY CHJIMKATA HATPHUS BbIACJISIOT
0eJIbIH CTYIeHHMCTBIN 0cafoK (rejb) kpeMHHeBbIX KHCJIO0T nSiO2 mH2O0. IIpu 0bicTpoM npuéaBiIeHUN
KHCJIOTHI 0CAJ0K BBINAJaeT He CPa3y, MOJHOI0 0CAXKICHUSI KPEMHHEBBIX KHCJI0T PAaCTBOP HECKOJIbKO
Pa3 BbINApHUBAIOT 0cyXa ¢ KoHueHTpupoBanHoi HC1. IIpu 3TOM KpeMHHeBasi KHCJIOTa NePeXoauT B
NPAKTHYeCKH HepacTBOPHMOE B KHCJIOTAaX COCTOSIHME M NpH 00padoTKke pacTBOM KHCJIOTHI
ocaxxaaercs. Takum o0pa3oM, MOKHO 00OHAPYKHUTH CHJIMKAT-HOH B IPUCYTCTBUHU BCEeX AHMOHOB.

Xon aHanmuza. K 2 - 3 xamisiM pacTBopa, COIEpXkKaIlero car-uoHbl, nmpuOaBisatoT mo kamisMm 2 M HC1 u
HarpeBaroT. O6pasyercs Oelblil CTYASHUCTBIN 0CaI0K.

2. Cosim aMMOHMAI BBIIEJIAIOT M3 PACTBOPOB CHJIHMKATOB KpPEMHHEBYI0 KHUCJIOTY II0JIHee, 4YeM
KHMCJIOTHI:

Si032- + 2NH4+ ® 2NH4+ + H2Si03
OTol peakuueil MOXXHO OOHAPYKUTh CHIIMKAT-UOH B IPUCYTCTBUH BCEX aHUOHOB.

Brmmonnenue agannsa. K 4 - 5 kamisM pacTBOpA, COAEPIKAIIETO CUIMKAT-HOHBI, OPUOABISIOT 3 Kallid
pactBopaNH4C1 u narpesarot. O0pa3zyeTcst OeIbli CTYIEHUCTRIA 0CAI0K.

3. Xuiopua 0apusi ¢ CHIIMKAT-HOHOM 00pa3yeT OeJblid 0CaT0K:
Na2SiO3 + BaC12 ® BaSiO3 + 2NaCl.

IIpoBenenne amammsza. K 2 - 3 gamngM pacTBOpa. COHEPIKAIIEr0 CHJIMKAT-MOHBI, N00aBISIIOT 2-3 Kaluid
BaC12. O0pasyercs Oeblii 0CalaoK.

Peakuuu dochar-annona

3. Xuopua O6apusi ¢ ¢ochar-uonom odpasyer Oesblil 0ca0K, PACTBOPHMMBIH B KHCJI0Tax (Kpome
cepHoii kucjotbl): 2Na3P04 + 3BaC12 ® Ba3(P04)2 + 6NaCl

Boimonaenne ananmza. K 2 - 3 kamisaM pacTBopa, coiepskaiiero (GocgTraT-HoHBI, JI0O0ABISIOT 2-3 Karuiu
BaC12. O6pa3yeTtcst Oelblii 0CaJIoK.

4. Hutpar cepedpa AgNO3 npu B3aummopaeiictBuu ¢ (Qochar-uoHom olOpasyer :KeJTbIli 0CAAOK
(pochara cepedpa Ag3PO4, pacTBOpUMBIIl B 2a30THOH KHCJIOTE:
Na3P0O4 + 3AgNO3 ® Ag3P0O4 + 3NaNO3.
[Ipouenypa ananuza. K 3 - 4 xanniam pactBopa docdara Hatpus 100aBIsOT 3-4 Kamjiyd pacTBOpa HUTpaTa
cepeOpa. O6paniaroT BHUIMAHHUE HA XapakTep ocajiKa.

Peakuumu cyisdar-annona
1. Xnopua Oapusi ¢ cyabpar-uoHoM oOpasyer Oejblii KpHUcCTaIHdeckuil ocagoxk BaSO4,
NMPAKTHY€CKH HEPACTBOPUMBIN B KHCJIOTAaX:
S042 +Ba2+® BaS04.
IIponienypa ananmza K 2 - 3 gamisMm pacTBOpa, CoAEpIKaIIero Cyiab(har-uoHbl, IMOAKUCICHHOTO
HeckonbkuMHy Karisimu 2 M HC1, no6aBnstor 1 - 2 xannu pactBopa BaC12. OGpa3syercs 6emblii 0caaokK.
2. Hurtpar cepeOpa AgNO3 npu B3auMOAeidcTBHM € CYJb()aT-HOHOM B KOHIEHTPHPOBAHHBIX
pacTBopax o0pasyet 0esiblil 0caaoK cyjb(para cepedpa Ag2SO4, pacTBOPUMBIII B A30THOM KHUCJIOTE:

Na2S04 + 2AgNO3 ® Ag3S04 + 2NaNO3.
Xon ananmza. K 3 - 4 xamsaM pactBopa cynbhara Ha- 100aBisifoT 3-4 Karay pacTBOpa HUTpara cepedpa.
OOpaIaroT BHUMaHUE Ha XapaKTep 0cajka.

Peaknumu cy1b¢uT - aHMOHA
1. Honnas nn GpomMHasi BoJa NPH B3aHMOIeliCTBHH ¢ PACTBOPAMH CYJIb()HI0B 06eCIBEINBACTCS:
SO32—-+ 12 + H20 ® SO42— +21- +2H+
DTOH peakuuu MemaroT aHuoHbI S2— u NO2—

IIpoBenenune anammsa. K 4 - 5 kanuaM cyiabduTa HaTpyusd H00aBIAIOT S5 Kaleilb CEPHOW KHUCIOTHL M 2 - 3
Karu noja. PacTBop mouTtu 00eclBEUNBAETCS.
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2. Hutpar cepedopa AgNO3 npu B3amMoaeiicTBUM € CYJdb(PUT - HOHOM B KOHLIEHTPHPOBAHHBIX
pacTBopax o0pa3syet 0esblil 0caok cyabdura cepedpa Ag2SO3, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S03 +2AgNO3 ® Ag2S03 + 2NaNO3.

Xon anammza. K 3 - 4 kamnam pactBopa cyiabdura Harpus n00aBiasoT 3-4 Kamid pacTBOpa HUTpara

cepebpa. OOpararoT BHUMaHNE Ha XapaKTep OcaJiKa.

5. Cyab(ur - HOH MOKHO BOCCTAHOBHUTH 10 H2S.
HDOBGZ[GHI/IG agammsa. K pPacTBOPY CVJIbd)I/ITa HaTpuda Z[O6aBJI$IIOT I/I36E>ITOK 2N pacTBOpa COJITHOM KHUCJIOTHI
U KYCOYEK METAINIMYECKOTO IMHKA. [Ipyr 3TOM BbIIEASETCA CEPOBOOPOI, KOTOPLIMA Y3HACTCS M0 3amaxy, Mo

[OYCPHEHUIO OyMaru, CMOYEHHOW PacTBOPOM alleTara CBUHIIA:
Na2S0O3 +2 HC1 ® 2NaCl + H20 + SO2-

Peaxuuu ¢propun - anmona

1. Xaopua kaasuusa CaCl2 odpasyet ¢ propua-uonom oesblii ocagok CaF2, TpynrHopacTBOpUMBIii B
MHMHEPAJIbHBIX KHCJI0TAX, HEPACTBOPUMBIIl B YKCYCHOM KHCJI0TE:

2F—+ Ca2+ = CaF2

Xon ananuza. K 2 - 3 xamisM pacTBopa, conepkaiero GTopua-uoHbI, NPUOaBIsIOT 3-4 KAl pacTBOpa

CaCl12. O6yerca 6enblil 0CaaoK.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTka TeOpeTUYECKOTO MaTepraa JCKIUH, pPeKOMEHIyeMOU JTUTEPATyPHI.
2. IlonroToBka K KOJIJIOKBUYMY

Tema 9. Konsiouanbie cuctemMsl B aHaauTuyeckoit xumun. (OIK-1)
Jlexknus.

XHUMHUYECKHUE pcaknuu, BCAYIUC K O6p330BaHI/IIO KOJIJIOMAHBIX CHCTEM. MI/H_IGJIJIa U KOJUIOMAHAasA 4JyaCcTuna.
HpaBI/IJIO JIumaroBa. KO&FYHHHI/I}I U CCAUMMCHTA A KOJJIOUIHBIX CUCTCEM. HGHTI/I38.L[I/I$I ocajJka.

IIpakTH4Yeckoe 3aHATHE.
Penrenue 3amau.
JlaboparopHbie padoThbI.
Bropas u TpeTbs aHAJIMTHYECKAS IPYNIIa AHHOHOB
Ilenb: u3yyeHre cBONCTB aHMOHOB 2 U 3 aHAIMTUYECKOW I'PyIbl aHUOHOB
a)  TPOBEIEHHE YACTHBIX PEaKIUid 2 M 3 aHAJTUTHYCCKOU TPyl aHHOHOB
0)  aHaiM3 CMECH KaTMOHOB 2 M 3 aHAJIMTUYECKOM TPyl aHUOHOB
B)  odopMIICHHE U 3alllUTa OTYeTa

[‘pynmoBsIM peareHTOM Ha aHHOHBI BTOPO TPYIIIBI SIBISIETCSI HUTPAT cepedpa B MPUCYTCTBUU
paz0aBIeHHOMN a30THOM KUCIIOTHI.

Peakuuu cyabpua-anuoHa
Cynb(ua-uoH sBIsieTCS CUIBHBIM OCHOBaHHUEM:
S2—+ H20 ® HS—+ OH-
1. Hutpat cepeOpa oOpa3yer ¢ cyJb(uI-HOHOM YepPHBI ocanok Ag2S, HepacTtBopuMmblii B NH3,
Na2S203 u KCN, Ho pacTBopumblii npu Harpesannu B 2 M HNO3:
3Ag2S + 8HNO3 ® 6AgNO3 + 3S + 2NO+4H20.
O6Hapy uTh S2~ 10 00pa30BaHUIO YEPHOTO OCATKA MOXKHO B MPUCYTCTBUHU BCEX aHUOHOB.

Xox ananm3a. K 1 - 2 xamisim pacTBopa, conepskaiiero £ CynbQua-uoHbl, mpudaBIsoT 1-2 Kamim pacTBopa
AgNC>3. "O0pa3yercst YepHBIA 0CaIO0K.

2. PazoaBaennble kucaorsl (H2SO4 wim HC1) pa3znarailor kak pacTBOpHMbIE, TAK M MHOTHe
MaJIOPacTBOPUMBbIe B Boae Cyjab(puabl ¢ BbiaedeHneM H2S, koTopblii MOKHO OOHAPY:KUTH MO
XapaKTEePHOMY 3amaxy TYyXJbIX SIMI MJIH MO0 MOYePpHeHMI0 (UILTPOBAJIBLHOI OymMaru, CMOYeHHOM
PacTBOPOM aleTaTa CBMHIA UM F'HAPOKCOKOMILJIEKCAa CBUHIIA.
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BreinonHenne ananm3a. B razoByr0 Kamepy MOMEINIAIOT HECKOJIBKO Kalellb PacTBOPA, COAEPIKAIIETO
CYIbGUI-UOHEI, WA HEOOIBIIOE KOIHYECTBO TBEPAOIO Cyabdiaa, 100aBIIIOT HECKOIBKO Kanens 2 M HCl1
wii 1 M H2SO4. 3akpbIBaroT KaMepy CTEKJIOM, K KOTOpPOMY HpUKperieHa (uiabTpoBanbHas Oymara,
CMOYCHHAsI PACTBOPOM alleTara CBHHIIA WIH THIPOKCOKOMILICKCA CBUHIIA. bymara yepHeer.
3. Comum kagmusi o00pa3ywT ¢ cyab(pua-uoHom xearblii ocagok CdS, pacrBopumblii B
koHueHTpuposanHoit HC1 niu pazoasaennoin HNO3:
S2—+ Cd2+ ® CdS

IIpoBenenue ananuza. K 1 - 2 kamisiM pacTBopa, coiepKamero cyab(Oua-uoHbl, TpuOaBasatoT 1 - 2 xarmm
pactBopa CdSO4, CdCI2 wnm HeGombmioe kommdectBo CACO3. OOGpasyercst xentbii ocajok. [lpu
ucnonnzoBanru CdCO3 6ennlit ocagok CACO3 moCTENeHHO KEITEET.

Peakuuu xjopua-uoHa

1. Hurpar cepedpa ¢ XJ10puI-MOHOM 00pa3yeT 0eJiblii TBOPO:KUCTHIH ocagok AgCl, HepacTBOpUMbIi B
HNOZ3, no jgerxkopacrsopumbliii B NH3:

Cl-+ Ag+-+AgCN,

AgCl + 2NH3 ® Ag(NH3)2Cl,

Ocanok AgCl TemHeeT Ha CBETY BCIICJCTBHE BBIJCICHHS TUIMYECKOTO cepedpa:

2AgCl->2Ag + Cl2-

Xon ananmmza. K 2 - 3 xamisM pacTBopa, COAEpPIKAIEro MOPHA-UOHBI, JO0ABIAIOT 2-3 Karulkd pacTBopa
AgNO3. Obpazyercst Gesblil TBOPOKHUCTHII 0CATOK.

Peakuuu Opomna-annona
BpomMucToBogOpoHas kuciaora tak ke, kak 1 HC1 B BOOHBIX pacTBOpax, SIBISETCS CUIBHOW KUCIOTOM.
ManopactBopumbl AgBr, Hg2Br2, HgBr2, PbBr2 u CuBr2.
1. Hurtpar cepedpa o0Opa3dyeTr ¢ OpoMHI-MOHOM OJIeHO-KeJThIN 0canok AgBr, HepacTBOpUMBII B
HNO3, manopacrBopumslii B NH3. I[Ipenen oOnapy:xenusi OpomMmuaa - S MKr/mur.
IIpoBenenune ananuza. K 2 - 3 xamusM pacTBopa, CoIepKaliero OpOMUA-HOHbBI, J00aBASAIOT 2-3 Karuiu
pactBopa AgNO3. OGpasyercs O1eIHO-KeNThI ocagok. OKpacka ocajaka 3aBUCUT OT Pa3MEpOB YACTHIL.
Yacto ocaok noixydaercst OeNbIM.

2. XuopHas Bojaa (Boanblii pacTBop C12) okucasier Br— g0 Br2:

2Br +C12 =Br2 + 2C1-

PactBop Oypeer Bciencrsue BbiaeneHus: cBoOogHoro Br2. Opranndeckue pactBopurenu - CHCI3, CCI4,
C6H6 - sxctparupytot Br2 ¢ o6pazoBaHreM pacTBOPOB, OKpPAIIEHHBIX B OPAH)KEBBIN IIBET.

Xon ananuza. K 1 - 2 xamisiM pacTBopa, cofepKamiero OpoMua-uoHsl, npubapnsior 2-3 kamwm 1 M H2S04
u 1 - 2 xamuu XJOpHOW BOJBI; pacTBop Oypeer. JloGaBustoT Heckonbko kamenb CHCI3, CCI4, C6H6 u
BCTPAXUBAKOT. CIIOM OPraHUYeCcKOro PacTBOPUTEIISI OKPAIIMBACTCS B OPAHKEBBIN IBET.

Peaxknumn noaua-aHuoHa

B BOJHBIX paCTBOpPaAX HUOAUCTOBOAOPOAHASA KUCIOTAa AUCCOLUHUPYCT HALICIIO. Ona okucaseTcs KHCJIOPpOAOM
BO3/1yXa MPHU OOBIYHOM TeMIIepaType Ha CBETY MPOLECC YCKOPSETCS:

1. Hwurpar cepedpa oOpa3yeT ¢ MOOMI-HOHOM :KeaTbiii ocanok Agl, HepacrtBopumsbiii B HNO3, Ho
xopomo pacteopumblii B KCN n Na2S203.

[Ipenen oOHapyKeHUS HOAUA - | MKT/MIL.

HNonmun cepebdpa, kak n AgBr, B3anMoaecTByeT ¢ IIMHKOM B pucyTcTBUU 1| M pactBopa H2SO4:

2Agl +7Zn ® 2Ag + Zn2+ + 21-.

Xon ananmza. K 2 - 3 xamigsM pacTBOpa, COMEPIKAIEro HMOAMJI-MOHBI, JIOOABISIIOT 2-3 KAkl pacTBOpa
AgNO3. O6pa3zyeTcs KeNThlid 0CATOK.

2. XuopHas Boxa oxkuciasier I-. mo I12. IIpu 3T0M pacTBop Oypeer, a mpu J00aBJeHHMH Kpaxmaja
cuneeT. Opranudeckue pacropureaun (CHC13, CC14) skcrparupywor [2, oxpammBasich B
¢u01eTOBO-PO30BbII LIBET:

21-+Cl12®2C1-+12.
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IIposenenue anammza. K 1 - 2 kamisiM pacTBOpa, COAEPKAIIEN0 MOIUA-HOHBI, H100aBiaror 2-3 kammm 1M

H2S04, 1-2 kannu xjaopHo# Boabl ¥ 1 - 2 kamuu pacTtBopa Kpaxmaina. [losBisiercs cuHee oKpallliBaHUE.
Bmecto kpaxmasia MoxHO no0aButh Heckonbko Kareab CHCI13 u BerpsaxHyTh. Clnol OpraHMYECcKOro

pPAaCTBOPUTCIIA OKPANINBACTCA B !l]HOJ’IQTOBO-[}O?;OBBIfI IIBCT.

4. Katnons! ceunana Pb2+ o0pa3yror ¢ anmoHoM I- 30/10THCTBIN 0caI0K HOAM/IA CBUHIIA.

Xon anammza. K 3 - 4 xamisaM aHAIM3UPYEMOTO pacTBopa 100aBisioT 3-4 Kamiu pacTBOpa, COACPIKAIIETO
KaruoHsl Pb2+. BelnajaeT 30J10TUCTRINA OCAIOK.

Tpetbs rpynna annonos (NO3—, NO2—, CH3COO-, C103—, C104—, MnO4-)

Peakuuu HUTpaT-aHMOHA

1. Cyabgar xenesa (II) B npucyrcrBnu koHuenrpupodannoit H2SO4 BoccranasiauBaer NO3— 1o
NO, xoropas ¢ n3osiTkoM Fe(Il) 06pa3yer kommiekcHoe coennnenue Fe(H20)SNO2+ Gyporo usera:
6Fe2+ + 2HNO3 + 6H+ ® 6Fe3+ + 2NO + 4H20,

Fe(H20)62+ + NO® Fe(H20)5SNO2+ + H20.

Xon ananu3a. Ha CTeKISHHYIO IUIACTUHKY NOMEIIAIOT KAIII0 PacTBOPA, CONEPIKAIIEro HUTPAT-HOHBI,

kpuctasuk FeSO4 u octopoxkHo Kamio koHieHTpupoBanHoit H2SO4. Cra-patorcs He epeMelinBaTh
pactBop. Bokpyr kpucrajummka oopasyercs 0ypoe KOJbllo.

Peaknuu HUTPUT-AaHHOHA

1. Honua xaaus B pazdoasiaenabix HC1, H2SO4 wiu yKCyCHOKHCJION cpele OKUCIASIeTCS HUTPUTOM 10
12:

2NO- + 2]- + 4H+® 12 + 2NO + 2H20.

[Ipenen oonapyxkenus autputa - 0,1 mxr/min. Memator okucnurenu (MnO4— ) U CUIbHBIE BOCCTAHOBUTEIH
(SO32—-, S2032—, S2—-).

XoJ1 aHaIM3a.

1. K 2 - 3 xarsm pacTBopa, coepikaiiero HUTpuT-uoHsl, 106asisroT 1-2 karmmm 2 M HC1 wim CH3COOH
u 2 -3 kamwmm pactBopa KI. PactBop Oypeer BcneactBue Boimenenus 12. [Ipu moGasnenuum 1 - 2 kamenb
pacTBopa Kpaxmalia MOSIBISIETCS TEMHO-CUHSSL OKpPacKa.

2. Ha ¢unbrpoBasibHyt0 OymMary HaHOCST IIOCIIEAOBATEIbHO KaIUII0 pacTBOpa Kpaxmalna, Kamimo 2 M
CH3COOH u xammo pactBopa KI. Kamnst momxHa ocraBarbest OecriBeTHOM. BHOcAT karumo pacTBopa,
COZIEpKAlllero HUTPUT-UOHBIL. [losBiseTcs cuHss okpacka.

2. [lepMaHranar kaJjusi B CepHOKMCJI0i cpene okuciaser NO2— no NO3—:

SNO2—-+ 2MnO4- + 6H+ ® 5NO3— + 2Mn2+ + 3H20.

[Tpu aToM pactBop KMnO4 oGecriBeunBaercs.

IIposenenue ananusza. K 2 - 3 kamwiam pacteopa KMnO4 mpubasistor 2-3 kannu 1 M H2SO4, HEeCKOIBKO
Kalellb PacTBOPA, COIEPKAIIETO HUTPUT-UOHBI, ¥ CJIErKa IOIOrpeBaroT. PacTtBop obeclBeunBaeTcs.

Peaknum anmerar-aHMOHA
1. TBepablie ruapocyib(aT KAJIUA UIH HATPHUS NPU PACTUPAHUHU C TBEPAbIMH ALETATAMM BbIIEJISIIOT
Jgetryuyro CH3COOH, koTopy1o 00HaApYyKMBAIOT 10 3aMaxy:
CH3COO- + HSO4— ® CH3COOH + SO42-. O6napyxennto CH3COO— memraroT 00bIiMe KOJIMIecTBa
Cl—, Br—, I-. B rakom cityuae CH3COO- o0OHapy>KHBaIOT MOCIE OCAXKACHHUS STUX aHHOHOB TPYIIIOBBIMHU
peareHTamu.
IIpoBeneHne aHanm3a. B MaIeHBKYIO CTYIIKY OMEIIAIOT CYXOM O0CTATOK, MONYUYCHHBIN ITOCIIC BRIIAPUBAHUS
pactBopa, cogepxkamiero CH3COO—, mobasisror tBepasiii KHSO4, X0polo ImepeMemUBAT U PACTUPAIOT
necturoM. Iogensgercs 3anmax CH3COOH.

2. Xuopun skeneza (III) mpu B3ammoneiicTBUM ¢ pacTBOpamMm aneTaroB o0pa3yeT amerar sKeje3a,
KOTOPBIii J1erKko nojaBepraercs ruipoJamsy:

(CH3COO0)3Fe + 2H20 ->+ Fe(CH3COO0)(OH)2+ 2CH3COOH

Xon anammsza. K 1 - 2 kamaMm pacteopa (pH = 7). conepxaero CH3COO—, npubasisior 2-3 Karwu
pactBopa FeCl13. npu 3toM o0pasyercs arerar xkejesza KpacHo-0ypoii okpacku. [Ipu pa3zdaBiieHUH pacTBOpa

BOJION B 2 - 3 pa3a U HarpeBaHUHM BbinajaeT ocaaok ocHoBHOM conn Fe(CH3COO)(OH)?2.




2. CepHasi KHCJI0TA, B3aUMOJCHCTBYSl C aleTATAMHU, BBITECHSIET M3 HUX CBOOOJHYI0 YKCYCHYIO
KHCJIOTY, KOTOpasi, yJeTy4YMBasicCb NPH HATPeBAHUH, NMPHIAET PACTBOPY cneuuduueckuii 3amax
yKcyca.

Xon aHanmm3a. B mpoOupky momemiaroT 5-6 Kamedab pacTBOpa areTrara HAaTpusd W 100aBAAOT 2 KaIlid
KOHIICHTPUPOBAHHOW CEPHON KHUCIOThL. OCTOPOXKHO HArPEBAIOT. YKCYCHYIO KHCIOTY OOHAPYKHBAKOT TIO0
3armaxy.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTka TeOpeTUYECKOTO MaTepuraa JCKIUH, PEKOMEHIyeMOU JTUTEPATYPHI TI0 TEME.

2. IloarroBka K TECTUPOBAHMUIO.

Tema 10. Anaym3 cMeceli HOHOB. AHAJIM3 PACTBOPa XUMHU4Yeckoro coenuHenns. (OIIK-2)
Jlexknus.
He mpenycmorpena
IIpakTnyeckoe 3ansATHE.
Pewenue 3ananui
TunoBrle 3agaHu:

1. Cmech cyxux couneid: kapOonar kamus, xmnopun xpoma (III), xmopun xenesa (III), murpar memu (II)
pactBopwin B Bojzie. Kakue coequHenust OyayT B ocajike, Kakue HOHBI OyayT B pactBope? CocTaBbTe CXeMy
aHaM3a, YpaBHEHUS peEakluid B HMOHHOM BHJE Pa3lElCHHS, PACTBOPEHHUS OOpPa3yIONIUXCS OCAIKOB M
oOHapyKEeHUsI IPUCYTCTBYIONINX B CMECH KaTHOHOB M AaHUOHOB .

2. Cmech cyxux comneil: cynbhar Kanus, XJOpUA aMMOHUS, HUTPAT CTPOHIMS, XJIOPHJ KaJbIHs, XJIOPUT
Oapust pacTBopuiu B Boje. Kakue coeannenus OynyT B ocazike, Kakue HOHBI OynyT B pactBope? CocTaBbTe
CXEMY XOJla aHaJI13a, ypaBHEHUS

peakiuii B MOHHOM BHJE pasJelieHHs, pAacTBOPEHHUs OOpa3yIoIUXCs OCagKOB U  OOHAapYyXEHUs
IIPUCYTCTBYIOLUX B CMECH KATHOHOB.

3. Cmechb cyxux coneil: HUTpar cepebpa, xiopun Oapusi, Hurpar xpoma (III), xmopuza cypemsr (III)
pactBopwin B Boze. Kakue coennnenus OyayT B ocajke, Kakiue HOHBI OyayT B pacTBope? CocTaBbIe CXeMy
aHaJn3a, ypaBHEHUs peakifii B MOHHOM

BUJIC JUIA pa3/ieieHUs, paCTBOPEHUsI 00pa3yIOIUXCS OCAJAKOB M OOHAPY)KEHHs MPUCYTCTBYIOIIUX B CMECH
KAaTUOHOB.

JlaGopaTopHbie padoThbI.
AHaJIU3 cMecH KATHOHOB BCeX aHAJMTUYECKHUX IPyII.
I1enb: n3yueHne METOMKHU MPOBECHUE aHATIN3a CMECH KaTHOHOB 1-6 aHAIMTHYECKUX TPy HOHOB
a)  aHaJIM3 CMECHU KaTHUOHOB 1-6 aHaJIUTHYECKUX Py
0) odopmiIeHHE U 3aIIHUTa OTYETA
AHnanu3 aHuono06 ecex aHAIUMUYECKUX ZPYNN.
Ienb: n3yueHne METOIUKYU MPOBECHUE aHATIN3a CMECH KaTHUOHOB 1-3 aHAJIMTHUYECKUX IPyII aHUOHOB
a)  aHaJIu3 CMECH AHTUOHOB 1-3 aHAJIUTUYECKUX IPYII
0) odopmiIeHHE U 3aIIHUTa OTYETA

[Ipu ananm3e cMeCH KaTHOHOB BCEX aHAJTUTHYCCKHUX TPYII MPEK/IE BCET0 HEOOXOAMMO 00paTUTh BHUMaHUE
Ha OKpacKy, peakmuio pactsopa (pH), Ha mpoOy ¢ cepHOI U CONITHOW KUCIOTaMH, Ha PEAKIIUIO C XJIOPHUIOM
osioBa SnC12.

OTcyTCTBHE OKpAacKH JaeT BO3MOXKHOCTh IMPEIIOJIIOKHUTh, 4YTO B cMecu HeT kaTuoHoB Cr3+, Fe3+, Cu2+,
Co2+, Ni2+. Ecau peakuusi pacTBOpa HEHTpaibHas, TO MOKHO CYUTATh, YTO KaTMHOHBI Sn2+, Sn4+, Bi3+ u
Hg2+ orcyTcTBY!IOT.
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Ecnmu mpu npubaBieHMu K OTAENBHOM MpoOE HCCIIEAyeMOro pacTBOpa CEpHOW KHCIIOTHI OcCajKa He
oOpa3yercsi, T0O B CMECH OTCYTCTBYIOT KaTwoHbl Pb2+, Sr2+, Bi2+ u, BepostHo, katuoH Ca2+. Eciu He
BBITIA/IAET OCAJIOK MIPH MPOOE C CONISTHOM KUCIOTOM, TO MOXKHO C/IETIaTh BBIBOJ, UTO KaTHOHOB Ag+, Hg2+ w,
BO3MOXKHO, kKaTtioHa Pb 2+ ner. Ecnu ke npu npubaBneHUH K OTACIBHONW MOPIMH PacTBOpa TMIPOKCHIA
HaTpusg W xsuopuza onoa SnCl2 He mnosABIsAETCS YEPHBIM OCANOK, TO O3TO SBJISETCS OCHOBaHHEM
NPENOIOKUTh, YTO KatuoHsl Bi3+, Hg2+, Hg22+ orcyrctByior. McnbiTyemblii pacTBOp MOXET OBITH C
0CaJIKoM U 0e3 Hero.
AHaJIN3 cMeCH KaTHOHOB, cofiepiKalieil 0caioKk AHAJIN3 CMECH € OTAeJeHHEeM 0CaIKa
OTAensoT 0CaJioK M aHAIM3UPYIOT Pa3fenbHO 0CaloK U pacTBop. st aToro 6epyt 2 - 3 MJI MOTydYEeHHON
JUIS MICCIIEIOBAaHUSl CMeCH (YacTh aHAJIM3HPYEMOIo MPOAYKTa OCTAaBJISIOT Ui MOBTOPEHUS ONpeAeseHus),
0CaJIOK MpEeABAPUTENIHHO B3MYUYHBAIOT U HEeHTpUPyrupyior. [lomydeHHbIN 0CaoK MCCIEAYIOT CHadajga Ha
katnoH Pb +, mi1s 3TOro ero mpompIBalOT 6 — 8§ KaluBsIMU TOpSYEed JUCTWIIMPOBAHHOW BOJBI,
HEeHTpU(Yy-MPYIOT U OTKphIBalOT KatnoH Pb2+ wmommaom kamus KI. Otkpeitue xatmoHoB Sb3+. Ocamok
mocje oTaeNeHus kKatnoHoB Pb2+ mpomeiBator comsitHoit kucioroit (8-10 kamens 2 N pacTBopa COISHOM
KUCJIOTHI). LleHTpudyrar numeTkoi mepeHocsT B IPyryto MPOOUPKY U pa30aBIIsIOT MATHI0 00beMaMH POJIBI.
Ecau B manHOM ciywae oOpa3yeTcsi 0caJioK, TO €ro OT(GUIBTPOBHIBAIOT U Ha (GUIBTpe 00pabdaThIBalOT 2
KaIJIIMHA CEpOBOIOPOAHON BoabL. [1pn Hammmuny katnoHa Sb3+ mosBiseTCsl OpaHXeBOE OKpaIlTHBaHUE.
Obnapyscenue xamuonoe Ag+ u Hg2+. Ilocne yoanenus xaopuoa ceuHya u eUOPOKCUOd CYpbMbl
omkpwiearom kamuousvl Hg2+ u Ag+.
Omxpvimue xkamuonos Bal+, Sr2+, Cal2+ u Pb2+. Dmu xamuonsl oOHapyscusaiom 6 ocaoke nocie
omoenenus kamuonog Ag+ u Hg22+. Jlna ueco 0cadok nocie 00pabomxu pacmeopom 2uopokcuod
AMMOHUSL NPOMBIBATOM OUCTMULIUPOBAHHOU 80001 (064 pasza no 4 - 5 kanens 800vl). I[1lociie npomviéKu 80001
0Ca0oK Heckonvko pas obpabamuiearom copayum 30 % - ubim pacmeopom ayemama amMmMOoHUs 00 NOTHO20
yoanenusi kamuona Pb2+ u xn1opuo-meprypammonus.
PacTBop (1IeHTpHUdyTaT 1MOCIe OTAEICHUS 0CaIKa) aHAIU3UPYHTE 10 cxeme paboTbl Ne9.

AHau3 cMecH 0e3 0TAeIeHUs 0CAIKa
PacTBOp C ocaakoMm THIaTENbHO B30ANTHIBAIOT M YacThb CMECH - 2 - 3 MJ - HCCIEAYIOT, JPYIyI0 4acTh
COXPAHSIIOT Il KOHTPOJBHBIX orpeaeneHuid. [IpoBomaT mnpeaBapuTeNbHbIE HCHBITAHUS W3 OTIACIbHBIX
MOPIM KarmeabHbIM MeTofoM: Ha KaTnoH Fe2+ ¢ rexcammanodepparom (III) xamus B kucioit cpene, Ha
katnoH Fe3+ c rekcammanogepparom (II) kamust B kucioir cperne m Ha katuoH NH4+ narpeBaHuem c
TUAPOKCUIOM HATPHSL.
[Tocne mpenBapuUTENbHBIX HCIBITAHUH K 2 MIJI cMecH 00aBisiioT 6-7 kamenb 2 N pacTBOpa a30THOM
KHCIIOTHI, TIEPEMEIINBAIOT, HArpeBalOT Ha BONSHON OaHe, OXJAXKIAOT, MO00ABISIOT 5 Karelb
KOHIICHTPUPOBAHHOW COJISTHOM KHCIIOTHI, JAIOT TOCTOSITh 2-3 MUH M LIEHTPUPYTUPYIOT.

B ocanke moryT ObITh KaTHOHBI BTOPOH M TpeThelt rpymmbl B Bune coneir PbC12, PbSO4, AgCl, Hg2Cl2,
BaS04, CrS04, CaSO4.
B pactBope (neHTpudyrare) MOryT HaXOAUTHCSI KATHOHBI BCEX IIECTH TPYIIIL.

AHaam3 cMecH 0e3 ocaaKa
[IpenaBapurensHoe onpeneneHue katnonoB Fe2+, Fe3+ u NH4+ npoBoasT u3 oTAenbHBIX TIPOO.
Otnenenne W OTKpBITHE KaTHOHOB Pb2+, Ag+, Hg22+ mpou3BoasT Tak jke, Kak MpHU aHAIU3€ CMECH
KaTHMOHOB TEpBBIX Tpex rpynm. B coctaB unentpudyrara I OyayT BXOIUTh KaTHOHBI TEPBOW, TPETHEH,
YETBEPTOM, IATOM U IIECTOM TPYIIIL.
Brinenenne u oOHapyXeHHE KaTHOHOB TpeThed Tpynmbl. LlenTpudyrar nocie otnenenus conerr PbCl2,
Hg2CI2 u AgCl o6pabarsiBator 8-10 kamsimu 2 N pacTBopa CEpHOM KHCJIOTHI, HarpeBaroT 4-5 MHUH, JalOT
MOCTOSITh ¥ aHAJIU3UPYIOT.
Omxpvimue xamuonos nepgoul epynnot NH4+, K+, Na+. bepym 1 mn yenmpughyeama (nocie omoenenus
KAmuoHo8 mpemvell 2pynnvl), HeUmpanuzyrom 0o c1aboweloyHou peakyuu KOHYEHMPUPOBAHHBIM
PAcmeopom 2UOPoKCUOa amMmonus, dobaesisiom 5—6 kaneiv Kapoonama ammonus. Ocadok omoensom
yenmpugyaupoeanuem, pacmeop ynapusaiom 00CyXa Ha cemke U NPOKAAUSAIOM 00 NOIHO20 YOAleHUs.
cneooe kamuona NH4+ (npoba ¢ peaxmusom Heccnepa). I[lonyuennulii nocie npoKamuamus 0caodok
pacmeopsom 8 5 - 6 Kanjiax OUCMUIIUPOBAHHOU 800bl U onpedendiom kamuon K+ u kamuon Na+.
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Bvioenenue u omkpvimue Kamuonos uemeepmou, namou u wecmou epynn. Llenmpugyeam nocne
omoeneHuss KamuoHo8 mpemvell cpynnvl (onpedeieHusi KAmuoHO8 Nepeoll 2pYnnvl) Heumpaiuzyom
2UOPOKCUOOM HAMPUSL 00 WEeNOUHOU Peakyuy Ha IaKMyc, HanoI08uHy ynapusaiom u anaiuzupyiom). Kpoue
mMo2o, CMeCb KAMUOHO8 Yemeepmotl, NAmou u wecmou epynn, Kak 9mo Obllo YKA3AHO 6bluie, MONCHO
ucciedosams OPOOHLIM MEMOOOM.

AHaJn3 cMecH aHHOHOB TePBOi, BTOPOii U TpeThei rpynn

Jns ananusa 6epyT oxono 30 xarens (1,5 mir) ucnsiTyemoro pactsopa. OcTajabHYIO 4acTh pacTBOpa
COXPAHSIOT A0 OKOHYaHUS UCCIIEIOBAHUS U CIAYM PE3YNIbTaTOB PabOoTHI.

IIpenBapuTteabHble HCTIBITAHUS

Ilpoba na anuonwvt nepeoui zpynnol. K 4 - 5 kannam neitmpanvnozo unu ciadpouienounozo pacmeopa
npubaenawm cmoavko dce pacmeopa xaopuoa éapus (BaCl2). Oopazoeanue ocadka ykazvigaem Ha
npucymcmeue aHUOHO8 hepeoil zpynnvl. B makom ciayuae npodenvigarom uacmuvie peakyuu Ha
Kaxcowlii aHUOH nepeoil Zpynnol.

Ilpooa na anuonvl emopoit cpynnel. K 4 - 5 kanaam ucciedyemozo pacmeopa npuoasisiiom HeCcKOabKo
Kanenv azomuou Kuciomsl u 4 - 5 kanenv pacmeopa numpama cepeopa. Eciu ocadok oopazyemcs,
3HaAYUUmM, NPUCYMCMEYIOM AHUOHBL 6MOPOI 2pynnbl. B maxkom ciyuae ¢ omoenvnoii nopyuu pacmeopa
OMKPBIEAIOM AHUOHBL 6MOPOIL ZPYNNbL.

Hcnovimanue peaxyuu pacmeopa na nakmyc. Hcnvimuleéaiom ananusupyemuvlii pacmeop HaA NAKMYC.
Ecnu on nokazan Kuciyt peakyuro, mo 6 Hem He MO2Ym RPUCYMCIME06amb AHUOHbBL

C032, SO32.
Ilpo6a na npucymcmeue anuonog-oKucaumeneil.

K 6 xammsM mccneayeMoro pacTBopa, MOAKUCICHHOTO 2 N pacTBOPOM CEPHOM KHCIOTHI, MPUOABISIOT 2-3
Karui pactBopa wmomuaa kKanuss KI v Heckonbko Kamenb KpaxmaiabHOro kieicrepa. [lpu Hamuuum
aHuoHa-okucauTenss NO2— pacTBOp OKpalIMBAETCA B CUHUM LIBET.

Hcnvimanue na anuonvi-6occmanosumenu. K 5 - 6 xkannam uccnedyemozo pacmeopa npuoaensiwom 2
kanau 2 N pacmeopa cepnoii kuciomol u 2 - 3 Kanau pa3oasieHHo20 pacmeopa nepmanzanama Kaaius
KMnO4. Ecau npu 3mom nepmanzanam oodecygevyusaemcs, mo 6 pacmeope mMo2ym npucymcmeoeams
anuonvi-eoccmanosumenu S0O32—, NO2—, I-, Br—, u, 6o3moozicno, CI1—-.

IIpoba na evioenenue 2azos. K 3 - 4 kannam uccnedyemozo pacmeopa npunuearom 3 kanau 2 N
pacmeopa cepHoll Kuciomeul u ciezka ecmpaxuearom npooupky. Ecnu evlioenenue 2aza nezamemuo, mo
pacmeop cnezka nazpesarom. Bwvidenenue ny3vipvkoe 2aza ykazvleaem Ha 603MOIMCHOE RPUCYHICHIGUE
anuonoe C0O32—, S032—, S2-, NO2-. Ilo ceoiicmeam zazoe CO2, SO2, H2S, NO2 (3anax, ueem)
ycmanognueaom ux 603modcuulii cocmas. Ha ocnoseanuu npedsapumenvHulx uUCRbImMAaHUil Oenarom
661600 0 MOM, KaAKue AHUOHbL MO2Ym HAX00umuvca 6 pacmeope. Ilocne mozo npucmynarwom K ux
ooHapycenulo.

Oo0Hapy:keHue OTAeJIbHBIX AHMOHOB

Oobnapyscenue anuona SO42-. Anuon SO42— omkpwvieaiom OpoOHBIM OcajdrcOeHuem U3 OmoenbHOu
npoowvl pacmeopa Oeiicmeuem xnopuoa dapus BaCl2 ¢ cpede noOKucieHHol a30mHO UIU CONAHOU
Kuciomou.

Oonapyscenue anuona SO32-. Anuon SO32— omkpwvliearom u3 o0moeIbHOU NOPUUU PACMEOPA
Ppasznodcenuem cepHoll Kuciomoul (npu nazpeeanuu). Buvloenawwjuiica cepHucmulii 2a3 nponycKarom
yepes pacmeop nepmaHzanama Kaaus.

Oonapyyncenue anuona CO32—-. Anuon C0O32— omkpwiearom omoeabHoi ROPYUU pacmeopa YacmHvblmMu
peaxkyuamu. Ecnu pacmeope npucymcmeyem anuon SO32-, mo e2o npedeapumenv-nepesoosam 6
8$042-, mak kak on oyoem mewamsv oonapyycenuro CO32— /Ina smozo K ucciedyemomy pacmeopy
oobasnarom I % - nelit pacmeop nepekucu 6odopooa u nazpeearom Ha 600anou oane. Ilocne smozo
ucnvimulearom pacmeop na anuon CO32-.

Oonapyyncenue anuona SiO32—-. Anuon SiO32— oonapyrycusarom uz omoeabHOU NPOObL UCHBINYEMOZ0
pacmeopa nymem abomKu ee Xa0pudom amMmMOHUA UL CONLAHOU KUCTIOMOIl.



Oonapyyncenue anuona PO43—-. Anuon PO43— omkpeiearom omoenvHoil npoodvl pacmeopa
Mmaznesuanvhou cmecvio Ecnu 6 pacmeope npucymcmeyiom aHuoHvl 6mopoil pynnvl, mo omkpvimue
uona PO43— npouzeooam cneoyrowum oopazom. K 5 - 6 kannam pacmeopa npunusarom makoil ice
pacmeopa xaopuoda éapusa BaCl2. Ocadok yenmpughycupyrom u npomviearom 6000 u pacmeopsarom 6 2
N conanoit kucarome. Ilonyuennwlit pacmeop Heumpanu3yiom ammuakom u omoviearom anuon PO43—
MAZHE3UANbHOI CMEChIO.

Oonapyyncenue xnopuo-uonoé CI-. Ecnu 6 ucnvimyemom pacmeope omcymcmeyem aHuon Br—, mo
anuon CIl— omkpuiearom wacmuvimu peakyuamu. Ecnu sce 6 pacmeope npucymcmeyiom anuonvt Br—,
mo omkpuwieams anuonwvt CI— cnedyem mak jiece, HO MOALKO 0CAOOK conlell cepedbpa odpadbamvieaom ne
2uopokcuoom ammonus NH4OH, a kapbonamom ammonus.

Oonapyscenue anuona Br— Omkpvimue anuonos Br— ocywecmensaom okucieHuem ux XaopHoi 60001
00 c80000H020 Opoma 6 npucymcmeuu den3ona.

Oonapysyncenue anuona I-. K 5 kannam ucnvimyemozo pacmeopa 0oodagnawm 2 Kaniu
KOHUEHmMPUPOBAHHOU  CepHOU  Kuciomul. Bwidenuswiuiica c60000nwvlil  u00 obOHapyrcueaom
KpaxmanvHou OymMaxcKoil.

Oonapysncenue anuona S2—. Anuonvt S2— omkpusiearom u3 omoenbHbIX NOPYUIL PACHEOPA HUMPANOM
COUHUA UNU OKUCTICHUEM UX 00 C60DO0OHOIL cepbl.

Oonapyyncenue anuona NO3— Ecnu ¢ pacmeope omcymcmeyrwom uonvt NO2—, mo anuonvt NO3—
omkpuiearom ougpenunamunom. Ecnu sce ¢ pacmeope npucymcmeyrom anuonvt NO2—, mo ux naoo
npeosapumenvHo yoaiums npu ROMOWU XA0PUOA AMMOHUSA WU MOYEGUHDI.

Oonapyscenue anuona NO2— Anuon NO2— omkpuviearom u3z omoeavHslX npod pacmeopa Kucjiomamu
(8v10enenue Oypozo 2aza), UOOUOOM KAUA.

Oonapyscenue anuona CH3COO-. Anuonvt CH3COO- omkpuviearom u3 omoenvHviX npod pacmeopa:
delicmeuem cepHoll Kuciomul (8vloesieHue ce0000HOU YKCYCHOU KUCI0mMBblL), 63aUMOOCUCHEUEM CO
cnupmom.

3aganus 1J151 CAaMOCTOSITEJIbHOM PadoThI.
1. IlpopaboTKa TeOPETUYECKOTO MaTepHraa JEKIuil, peKOMEHIYEMOH JINTepaTypsl MO TEME.

Tema 11. I'paBumerpuyecknii ananus. (OIIK-2)

Jlexknus.
MerTo/b! BbIIENIEHUS, OCAXKAEHUS U OTTOHKHU. [IpsiMble 1 KOCBEHHBIE METO/BL. TpeOoBaHUs K OCaXKIaeMON U
BecoBoit opmam. KonmnuectBo ocanutens. [IpombiBanue ocaaka. UyBCTBUTEIb-HOCTh aHAINM3a U OIIMOKH B
IpaBUMETPUH.

IIpakTnyeckoe 3ansATHE.
Pewenue 3anay.

JlaGopaTopHbie padoThbI.
JlaGopaTtopnasi pabora 1. OnpeneseHue KpuCTAVIN3aMOHHON BOABI B KpHCTAJUIOTHApaTe
BaCl2x2H2O0.
Lenb: Onpenenenne KpUCTATU3AIMOHHON BOABI B MIPEIOKEHHOM 00pa3iie METOA0M KOCBEHHOM OTTOHKH.
Peaxmuevi: xnopuoa bapus kpucmannoeuopam (1,5 2)
Bzamue Hasecku. biokc, 6 xomopom Oyoem npouzeooumcs 636euiuganue, HeoOXOOUMO MUaAmenbHO
BbIMbIMDG, BbLICYUWUMD 6 CYUUILHOM WKaQy u nocmasums 6 sxcuxamop Ha 20 mun. Ilpu evicywusanuu u
oxXaaNHcOeHUuU OIKC 00aXHCeH ObIMb OMKPLIM, A NPU 636EULUBAHUU 3aKpblm Kpbluwikol. [locie 3mozo 61okce
836ewusaOm Ha aHaiumuyeckux eéecax. bepym na mexnuueckux eecax epyoyro nasecka BaCl2-H20O okono
1,5 2 u nomecmumu ee 6 OI0Kc, 3aKPLIMb €20 KPLIWKOU U YIMOYHUMb HABECKY HA AHATUMUYECKUX 8eCaX.
Buicywusanue. Ilepegepnys Kpwviuky 0O10Kca Ha pebpo, nocmasvme €20 8 CYWUNbHBIN WKAGQ, 3aKpolime
0gepyy wikaga u depaxcume 8 Hem OIOKC 0K0N0 08Yx yacog npu memnepamype 120-1250C. Ilo ucmeyenuu
9MO20 8peMenU nepemecmume Mu2elbHbIMU WUNYAMU OI0KC emecme ¢ KpululKou ¢ skcukamop. Yepes 20
MuH. 3akpotime 610KC KpbIWKOU U 636ecbme HA AHAIUmMU4eckux eecax. /lanee cnosa nocmagvme OIOKC ¢
CONMbIO 8 CYWUNbHBIU WKAQ u nodepocume e2o mam okono uaca. CHoga oxaadume 8 dKCUKamope u
836ecome. Ecnu emopoe 636ewusanue omauyaemces om nepsozo 6onee uem na 0,0001 2, mo svicywiueanue
HeobX00UMO NPOOONHCUMb 00 NOLYYEHUS NOCMOAHHOU MACCHl
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JlabopaTopHas padora 2. Onpenesnenue 6apusi B Kpucrajgoruapare xaopuiaa 6apus (BaCl2x2H20)
ens: Onpenenenne copepxanus 6apus B mpenioxxeHHoMm oopasiie BaCI2x2H20 metonom ocaxkieHus.
Peakmuswi: xnopuoa 6apus kpucmannocuopam (0,5 2), 2 1 conanas kucioma, 2 H cepras KUCI0ma.

HNon Ba2+ o0OpazyeT MHOTO TpPyAHOPACTBOPHMBIX COJICH, OJHAKO HAMMEHEE PACTBOPHUMOU M TOITOMY
MIPUTOTHOM B KadyecTBE ocaxkaaemon (opmbl siBisieTcs cyiabpar 6apus BaSO4 (ITP=1,1x10-10). Tak kak
npu npokanuBanuu coctaB BaSO4 He n3mensiercs, To BaSO4 sBnsiercs u BecoBoid (hopmoid.

Ocanox BaSO4 sBrsieTcss MEIKOKPHCTANIMYECKHMM M HMHOTZA TMPOXOJUT CKBO3b TOPHI (PUIBTpa, 4YTO
WCKakaeT pe3ynbTar aHanmsza. s momydeHus: Oojiee KPYMHBIX KPUCTAJUIOB MPU OCAKICHUH €ro HYXHO
MOBBICUTH PACTBOPUMOCTH BEIIECTBA, a JJIsl ATOTO CIEAYET COOMIONaTh CIeAYIOIUe MpaBuia;

a) HaBecky BaC122H20 pactBoputh B 6051b1110M 00BEME BOIBI (CHIIBHO Pa30aBUTh);

0) pactBop ocamutens (21 H2SO4) Takxe cunbHO pa30aBUTh BOAOK;

B) Iepel] OCAKICHUEM PACTBOPBI COJIU M KUCIIOTHI HATPETh MOUYTH 10 KUTICHUS;

') OCAAUTENh MPUIUBATH K PACTBOPY COJH MO KaIUISIM, MMOCTOSHHO MEePEMEINBasi MaI04KOM;

1) (UIBTpOBaHHE TPOBOAWTH HE Cpa3y, a MO HCTCYCHHUU HECKOJIBKHX 4acoB (B ITO BpPEeMs IMPOXOAUT
«CO3pEeBaHUEy, YKPYITHCHHUE 0CATKA).

[Ipu ocaxaeHWW B TaKWUX YCIOBHSAX OCAJIOK IOydaeTcsl 0oiee YMUCTBhIM, CBOOOTHBIM OT OCaKIEHHBIX
npumMeceit. [lpakTHdeckn TONHOE OCaXKACHWE HWOHA Oapus IOCTHUTAETCsS M00aBICHUEM TIOIYTOPHOTO
M30bITKA OCaUTES.

[Tpuctynasi K BBHIMOJHEHUIO aHAN3a, HY)KHO BHHMATEJIHHO MPOYMTATh XOJ| aHAJM3a, MPUTOTOBUTH MU
TIIATENIbHO BBIMBITH BCIO HEOOXoAuMyIo mocyny: ctakanbl Ha 200 u 100 M «c HOCHKOMY», CTEKIISHHYIO
MaJOYKy, CTAKAHYHMK JUIs B3ATHS HABECKH, BOPOHKY, (HIBTP THUIA «CHHSS JIGHTa» (MEJIKOTOPHCTHIN
0€330JIbHBII), MTAaTUB C KOJBIIOM, (apPOpOBBIA TUTEIh, SKCUKATOP, MPOMBIBAIKY C JUCTHJUTHPOBAHHON
BOJION.

Joseoenue muensi 0o nocmosiHHou maccwol. Ilycmotl apghoposwviti mueenv Heobxo0umo 0ogecmu 00
NOCMOAHHOU MACChL. 836€CUMb €20 HA AHATIUMUYECKUX 8eCaX; NOCMABUMb NPOKAIUEAMb 8 MYDETbHYI0 neub
npu memnepamype 600° C na 00uH 4ac, eblHymsb €20 mucelbHblMu wunyamu, 15 mun oxraoums Ha 6030yxe
Ha ¢apghoposoli noocmaske, a NOMOM NOCMABUMb OXJAAHCOAMbCS 00 KOMHAMHOU MeMnepamypuvl 6
akcukamop Ha 30 Mun; 836ecums CHO8A Mu2elb Ha Mex Jce gecax (mueeib Opamsv MoabKO WUNYAMU), CHOBA
nocmasums €20 6 neuv Ha 15 mum, oxnadumv maxkum dce obpazom u e3gecums. Maccy muens MOAMCHO
cuumams NOCMOAHHOU, KO20d pe3yibmamsl 08YX NOCIeOHUX 636eUUBAHULl OYOYm Omauuamscs He Oonee
uem na 0,0002 2. Xpanums muzens 6 sxcukamope.

Pacmeopenue nasecku u pacuem obvema ocaoumens. Bzamb Hagecky ucxo0Ho2o ewjecmaa xaopuoa bapus
(m(BaC122H20)). Tak xax BaSO4 - kpucmannuueckuii 0cadox, mo HyjicHo 3amv oxono 0,5 e npenapama
(macca ocaoxa BaSO4 mooice 6yoem oxono 0,5 2). B3gecumv Ha ananiumuyeckux 6ecax CyXou YUCMblil
CMakau4ux, nomecmums 6 He2o Hasecky maccou 0,5 2 (éce 636ewusanus nNpo8OOUMb HA OOHUX U MeX dce
gecax!). Ilo pasHocmu macc cmakaHyuka ¢ cONbi0 U NYCMO20 CMAKAHYUKA ONpeoenumv MAccy HA8eCKU
(m(BaC122H20)). Pacmeopumv wnagecky 6 100 mn Oucmuiiupos8awHou 600bl U KOIUYECTNEEHHO
nepenecmu 6 cmaxau (a 200 mn), oodbasums 3 ma 2n HCL. Paccuumams 06vém 2n pacmeopa H2S04,
HeoOX00UMbILL 0151 HOJIHO20 0CaMcoenus uoHa bapus (<= 2 mu). Yeeruuums 06vém 6 1,5 paza: 2 mn x 1,5 = 3
min. Ommepums mepuvim yununopom 3 ma 2u H2SO4, neperums 6 cmaxan na 100 mn, pasdoasumo
OUCULIUPOBAHHOU 80001 30 M.

Ocaoicoenue uona d6apus. Ocaoums UoH 6apusi c1edyruWuUM 00PA30M.

- HarpeTh Ha MEKTPUUECKON IUTMTKE TTOYTH JI0 KUIICHUSI CTaKaHbl C pAaCTBOPAMHU XJIOpHIa Oapusl U CepHOM
KHCJIOTHI;

- IPWJIMBATh MEUICHHO T10 KaIUISM I10 CTSKJISTHHOW ITajlOuKe IMOYTH BCIO CEPHYIO KHCIIOTY K PacTBOPY COJU
(BCE BpeMs epeMenInBaTh, HE Kacasch THA U CTEHOK CTaKaHa).

[Tocne moGamieHust Bcero oObema ocamuTens (IO KaluisiM — B CIydae OCAXKICHHS KPHCTaJUTMYECKHX
0CaJIKOB U TIOPIHSIMHU — B clIydae aMOpP(HBIX) OCAJIKY JAIOT OTCTOSTHCS U TIPOBEPHUTH MOTHOTY OCAXKICHUSI.
JIsist 3TOTO K pacTBOPY, HAXOMSAIIEMYCsI HaJl OCAJIKOM, KaleJIbHON MHUIETKOW HO0ABHTh KaIUTIO OCAIUTEIs.
Ecmu B MecTe mo0aBiieHUs Karjii pacTBOP MyTHEET, OCaXICHUE HEITOJTHOE U HEOOXOMMO J0OABHTH HOBYIO
MOPIHIO ocaauTes. [Ipyu OTCYTCTBHH MOMYTHEHUS MTOJTHOTA OCAXKICHUS IOCTHTHYTA.



HaxkpoiTh cTakan Oymaroif, HakoloB €€ Ha HaJoyKy (Ha Oymare HamucaTh CBOIO (DaMMIIMIO M TPYIILy),
OCTaBUTh OCAJOK JI0 cienyromero 3ausaTus. Baumanue! anouky U3 crakana BHIHUMAaTh U KJIACTh Ha CTOJ
HEJIB3sI, TaK KaK K HeW MPUJIMILIN YacTUIBI OCA KA.

Qurvmposanue u npomviearue ocaoka. Om@uibmposams 0CA00OK CAEOYIOUUM 00PA3OM:A) CLONCUMD
8YemMeepo (QUILMP «CUHSL JTeHMA» U NOO0ZHAMb €20 K CYXOU 80pPOHKe, (60POHKY NOOOUpAlom ¢ MmaxKum
pacuémom, umoodwl Guabmp He 00X00un 00 Kpaés eé na 5-15 mm), max, umodvl OH NIOMHO NOOXOOUN K
CMEHKAM, 3ameM HAIUMb 8 He20 OUCMULIUPOBAHHOU B00bl OCMOPOICHO, YMobbl He Nopeamsv uibmp.
Ecnu ¢unemp xopowo noooecman, mo HOCUK BOPOHKU 3ANOIHUMCS 6000l U @Quibmposanue 0yoem
npoxooums Ovicmpee. BoponKy ¢ ¢hunbmpom nomecmumsv 6 KOIbYO WMAMuUd u NOOCMAgumv noo Heé
yucmolll cmakam,; 6) nomepems naabyem no0 «HOCUKOMY CMAKAHA C 0CAOKOM (OH He bydem CMauusamvcs
60001, U KanIu Quibmpyemoul H#CUOKOCmu no eHeulHell cmeHke cmakana cmekams He 0yoym). Ocadok He
B3MYUUBAMb, OCHOPON’CHO NO CHMEKJISAHHOU NALOYKe CIUBAMb NPO3PAYHBII PACMEOP HA (UIbMP, 3ANOIHSA
e2o He bonee wem Ha 2/3. [loonumams cmakan moodice no najiouke, mo2oa pacmeop He oyoem npoaueamucs
Ha 6HewH0l0 cmopony cmakana. CmeKIsAHHAS NALOYKA OONNCHA HAXOOUMbCS. MOIbKO HAO QUIbmMpom, uiu
8 cmakame, Heb3s dompazueamvcs et 00 gurvmpa. Takum odpazom, om@uibmposams NOYMu Bechb
Pacmeop ¢ 0cadka, cmapasich MeHbue 83My4U8amy e2o.

Takoli Merom QuIbTpoBaHMS W TIPOMBIBAHUS OCaJIka Ha3bIBACTCSA «JACKaHTanuew». B  mporecce
(bunpTpoBaHUsS HEOOXOIUMO MPOBEPHUTH, HE TIPOILIH JIM YACTHYKH OCajKa uyepes mopsl ¢uiabrpa. s sToro
(GbuIBTpaT B CTaKaHE PACKPyTHTh M IMOCMOTPETh HA TEMHOM (hOHE, €CITM OcajKka B (PUIBTpATEe HET, BHUIUTH
€ero.

3areM HEOOXOAMMO MPOMBITH OCAIOK OT OCaaAUTeNs. J[Is 3TOr0 MPUMEHSIOT PacTBOP 2H CEPHOM KUCIIOTHI .
[IpompIBaHME TPOBOASAT CIEMYIONIAM O0pa3oM: MOPIHMIO MPOMBIBHOW KUAKOCTH (10 M) mpuiamBaroT K
0CaJIKy, 3aTeM OCaJI0K MEPEMEIINBAIOT , 1al0T OTCTOSITHCS U OT(PUIBTPOBBIBAIOT.

Buicywusanue u npoxanusanue ocaoka. Buicywums unvmp 6 6oponxe 6 cywunoHom wikagy (15 mun npu
t=1000C) 0o cnecka 61aX*CHO20 COCMOAHUA, CEEPHYMb €20 MAK, 4moObl 0CA0OK OKA3AACA GHYMPU,
nomecmums 8 008e0EHHBIUL 00 NOCMOAHHOU MACCbl Mu2elb U NOCMABUMb NO0 MA2Y HA INEeKMPUUECKYVIO
naumky O0ns obyenusanus (guremp He Ooadcen 2opemv niaamenem). Obyenusanue 3aKOHYEHO, K0204
Gunomp yoice ne ObLMum.
[ToctaBuTh GUIBTP C OCAIKOM MpPOKaIUBaThcs B My(enbHyto neub Ha 1,5 4. OcTyauTh Ha BO3QyXe Ha
dapdoposoit moacraBke 15 MuH, a 3aTeM oMecTUTh Ha 30 MUH B 3KCHKATOP.
OxnaxnéHHpli Turenb B3BemmBaeM. [locTtaBuTe B meub emé pa3 Ha 15 MHMH M CHOBa B3BECHUTH
oXJTaKIEHHBIN TUTENb. (BHUManue! bpats Turens Toapko muniamu!)
[loBTOpPSITH MNpOKaJMBaHWE M B3BEUIMBAaHUE [O IIOCTOSHHOM Macchl. Bce pesynbraTel B3BEIIMBAHUSA
3anuckiBaTh B xKypHai. Haiitu maccy BaSO4 (m(BaSO4)) mo pa3HOCTH Macc THUIJIS C OCAJIKOM U MTyCTOTO
tunia. Paccunrarh conepkanue O6apust B % B HCXOIJHOM HaBeCKe, MCIONB3ys Maccy IpaBHUMETPUYECKON
¢dopmet u F - dakrop nmepecué€ra, paBHBIN OTHOIIEHUIO MOJSIPHBIX Macc ompeaenseMoro Bemectsa (Ba) k
MOJIsIpHOI Macce BecoBoit popmbl (BaSO4). B namewm cinyuae F= 137,3/233,4 = 0,5883.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTKka KOHCTIEKTA JICKIIUU IO BOMPOCAM, MTO3BOJISIONINM MTOATOTOBUTRLCS K JJaOOpaTopHOit padoTe,
KOJIJIOKBUYMY, MOAYJIBHOMY TECTUPOBAHMIO, & TAKXKE PEIICHUE TUITOBBIX KaUECTBEHHBIX M PACYETHBIX 3a]1a4
JUTS TOJITOTOBKH K KOHTPOJIBHOM padore.
2.11onb3ysCh AONOJHUTENIBHOMN U CIIPABOYHOM JINTEPATYPOil, CIELYET PACCMOTPETH CAMOCTOSATEILHO
YyBCTBUTEIHHOCTh TPABUMETPUUYECKOTO aHAIN3A U OIIMOKU B TPABUMETPHH.

Tema 12. TuTpuMeTpuUYeCKHid aHAJIN3 HA 0a3e KHUCJIOTHO-0CHOBHBIX B3aumoaeicTeuii. (OIIK-2)
Jlekumus.
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Tutpumerpuyeckuii ananus. TpeOoBaHUs, MPENBABICHHBIE K PEAKIWU B TUTPHUMETPUUYECKOM aHAJM3E.
[Ipsimoe u obOpatHoe TuTpoBaHue. CrocoObl BBIpaXKEHHUS] KOHLEHTPAIMH PACTBOPOB B THUTPHUMETPHH.
@duxcaHaibl. ODKBUB&JIECHT. MossipHas Macca 3KBUBajeHTAa. Touka 3KBUBaJeHTHOCTU. MHaukaropsl B
KHUCJIOTHO-OCHOBHOM THTpoBaHUH. Teopun uHaukaropo OcTBanpaa u xpomodopnas. HTepBan nepexona
okpacku wuHaukaropoB. pK u pT wunauxaropoB.TuTpoBaHune pacTBOpa CHIJIBHOM KHUCJIOTBI CHJIBHBIM
OCHOBaHMEM. Pacder W BHI KpHBOH TUTpOBaHMs. BiusHME KOHIEHTpalMM KUCIOTH M mienodn. Beibop
MH/IWKaTOpa Mo BUAY KpuBod TuTpoBanus. H+ - m OH- - ommOka TUTpOBaHUs, UX CBS3b C MPHPOIOMH
WHAWKaTOpa. TUTpOBaHME PACTBOPOB CIAOBIX OAHOOCHOBHBIX KHCIIOT CHJIBHBIMM OCHOBaHUSAMH. Pacuer
KpHUBBIX TUTpOoBaHUs. [lon0op MHIMKATOpa KUCIOTHO-OCHOBHOTO TUTPOBAHMS M €TO CBS3b C BHJIOM KPUBOM
TuTpoBaHusA. KucnorHas W miesnoyHas OIIMOKH THUTPOBaHUS. TUTPOBAaHHME CMECH CHIIBHBIX KHCIIOT.
BenuuuHbl KOHCTAHT KHUCJIOTHOCTH M BO3MOXHOCTb INPOBEACHUS TUTPOBaHMs. PacueT m BUA KpHUBOHU
TuTpoBaHuA. [lonokeHne M BeMMYMHA CKayka TUTPOBaHMA. PacdeT KpHBBIX THUTPOBAaHHUS CMECH Cla-ObIX
KHMCIOT. TUTpOBaHME MHOTOOCHOBHBIX KHCIOT. KpuBble TuTpoBaHus. TUTpOoBaHME pacTBOPOB COJIEH.
Kpussie TuTpoBaHus. BiusiHue pa3nudHbX (akTopoB Ha BHJI KPUBBIX KHUCIOTHO-OCHOBHOTO TUTPOBAHMS
(Benuuunst Ka, KB, pH, Cxucnorsl, 1 CocHOBaHUS).

IIpakTn4yeckoe 3ansATHE.
Pemenune 3amaulicnionbp3oBaHue KOHIIGHTPHUPOBAHHOW CONSTHOW KHCJIOTHI, OTHOcsAmiedcs k tabmuue 11,
ciucka [V nmpekypcopoB, 060poT koTopbix B Poccuiickoit @enepanun orpaHUydeH U B OTHOIIEHUH KOTOPBIX
YCTaHABJIMBAIOTCA MEpbl KOHTPOJIS B COOTBETCTBHM C 3akoHoAarenbcTBOM Poccuiickonn denepauuu u
MEXKIyHApOAHbIMU  goroBopamMu  Poccuiickont  @enepauuu, pEenNIAMEHTUPYIOTCA — JEHCTBYIOLIUM
3aKOHOZAATEIbCTBOM U HOPMATUBHBIMM IIPAaBOBBIMU aKTaMU YHHUBEPCUTETA.

JlabopaTropHbie padoThbI.
JlaGoparTopHasi padora 1. [IpuroroBiieHre U CTaHAAPTU3AIMUSA PACTBOPA COJSIHON KHUCIOTHI.
KapOonaTHasi ’keCTKOCTb BO/bI.
Llens: oTpaboTaTh METOAUKY IMPUTOTOBICHHS M CTAHIAPTU3ALUU PACTBOPOB MJSI TUTPUMETPUUYECKOTO
METO/la aHaJn3a, OIpeieleHle KapOOHATHOM KECTKOCTH BOJBI.
Peaxmuevi: konyenmpuposanuas conanasn xuciomafl] (=2,5 e unu 2,2 mn), mempabopam nampus,
UHOUKAOP MEMUTLOBBIL OPAHICEBDILL.
Onwim 1. [Ipueomoenenue pacmeopa consiHou KUCIOMBbl.
T'otoBat 250 mn npubnusurensho 0,1 H pactBopa HCl 13 KOHIEHTPUPOBAHHOM COJITHOM KUCIOTHI.
[TnotHocTh kOHIEHTpUpoBaHHOW HCI wu3MepsOT, OMycTHB apeoMeTp B MWJIMHIAP C KHCIOTOW, |
ONPEIEIISIOT IO CIPABOYHBIM JAHHBIM €€ MACCOBYIO JIOJIIO.
HeoOxoaumbiii 00beM KOHIIEHTPUPOBAHHOW COJISTHOM KHCIIOTBHI TIEPEHOCIT B MEPHYIO KojOy Ha 250 mi u
JIOBOZIAT B HEH /10 METKH (110 HIDKHEMY KPal0 MEHHCKA, TaK KaK KUAKOCTh CMAauYUBAET CTEHKH COCY/a).
Onwvim 2. Ilpueomosnenue cmanoapmuo2o pacmeopa mempabopama nampus (0ypsl).
[Tpu weitrpanuzanuu Oypsl Na2B40O7x10H20 constHO#M KHCIOTON MPOTEKAST PeaKIIysi:
Na2B407 + 2HCIl + 5H20 ® 4H3BO3 + 2NaCl.
[TpenmymiecTBO Oypbl KaK MCXOJHOTO BEIIECTBA 3aKJIIOYAETCS B BHICOKOW MOJIIPHOM SKBHUBAJIEHTHON Macce
(mD) comu B 310i1 peakuuu: M(Na2B40O7x10H20) = 381,42 r/monb, m3(Oypsr) = 190,71.
PaccuuthiBatoT Maccy Terpabopara HaTpus, HeoOxoaumyto 1t npuroroBienus 100 mn 0,1 H pacTBopa. B
Orokce OepyT HaBecKy Oypbl U TIEPEHOCAT KOJIMYECTBEHHO MPU MOMOIIM BOPOHKH B MEpHYI0 Koy Ha 100
M. PacTtBopumocTh TeTpabopara HaTpus IpU KOMHATHOW TEMIIEpaType HEBEJIMKA, 1 HABECKA PacTBOPSETCS
JOBOJIBHO MEJICHHO, MO3TOMY HCHOJIB3YIOT ropsiuyio Boay. s pacTBopeHus Oypbl B KoJOy HaIWBAIOT
IPUMEPHO Y2 o0beMa HarpeTod AMCTHIUIMPOBAHHOW BOJBI. JJOOMBIIMCH MOJIHOTO PacTBOPEHUS, KOJOYy ¢
TeTpabopaToM OXJaKIJAIOT 1O KOMHATHOW TeMIeparypsl U JOBOAAT O0ObEM pacTBOpa [0 METKU
JUCTUWJIMPOBAHHOW BOJOM.
BbUuCIAIOT THTP M HOPMAJbHOCTH HPUTOTOBIEHHOTO pacTBOpa Oyphl, YYHUTHIBAas, YTO STH BEIUUYMHBI
BCEr/a JOJDKHBI MIMETh YeThIpe 3HAYaIUX HUQPHI.
Onwvim 3. Onpedenenue mumpa u HOpMAILHOCMU PACMEOPA CONSAHOU KUCTIOMbI.
[Tumetkoit Ha 10 M1 IEpeHOCAT B KOJIOY JJII TUTPOBAHUS PacTBOP Oyphl M JOOABISAIOT 3 Karld HHIUKATOPA
METHIIOBOTO OPaHKEBOIO.
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[lepen TuTpOoBaHMEM OIOPETKY MPOMBIBAIOT 2 pa3a HEOOJNBLIMM KOJIMYECTBOM COJITHOM KHCIIOTHI M 3aTeM
HAIOJIHSOT C IIOMOILBIO BOPOHKH, T0BOJS MEHHUCK 10 HyJleBOW uepThl. [IpoBepuB, HET 1M B KaIWIISIPHON
TpyOKe Iy3BIPHKOB BO3yXa, W3 OIOPETKH H3BJIEKAIOT BOPOHKY, M THTPYIOT JO TOSIBICHHS OPAaHKEBOI'O
OKpAaILIMBaHUS.

K pactBopy Oypel B KonOe Al TUTPOBAHUS MPUIMBAIOT M3 OIOPETKH PACTBOP COJISIHOM KHCIOTHI
HEOONBIIMMHU MOPLHSIMU TIPH TOCTOSHHOM IEepEeMEIIMBaHUU COACPKHUMOro Koyobl. IlepBoe TUTpOBaHHE
CUUTAIOT OPUEHTUPOBOYHBIM; €ro JENAlOT TOJBKO Il NPUOIH3UTEIHHOM OLEHKHM O0beMa KHUCIOTHI,
pacxogyemMoro Ha TUTpoBaHue. IIpy nepBoM TUTPOBAaHMM MOYKHO NMPWJIMBATh KUCJIOTY HMOpLUSAMH 1o 1 — 2
MJI, 9TOOBI YCTAHOBUTH TPAHUIIBI, B KOTOPBIX MPOUCXOIUT M3MEHEHHE IBeTa MHAMKATopa. Tak, Hampumep,
YCTaHaBJIMBAIOT, YTO MOCJE MPWINBAHUSA 8 MJI KMCIIOTHI HHIUKATOP UMEET €Ille KPACHYI0 OKpAacKy, a Ioclie
npubaBneHus emie | M (To ecTh Bcero 9 mir) 1BET MHAUKATOPAa CTAHOBHUTCS OpaHkeBbIM. ClIeJOBaTENbHO,
TOYKA 3KBUBAJIECHTHOCTHU JIEKHUT B Ipelnenax MexIy 8 U 9 M KUCIOTBL. 3aT€M TUTPOBAaHUE IOBTOPSIOT.
Tenepp 8 M KHCIOTBI MOKHO MPHJIUTH OBICTPO, W TOJNBKO IOCIIE 3TOTO CIEAYET MPUOAaBIATH KUCIOTY
OT/ETBHBIMH KallJIsIMH, B30anThIBasi KaXIbld pa3 pacTBOp B KojOe. B SKBHMBaJIEHTHOW TOYKE OT OIHOM
KaIUIM IPOUCXOIUT MEPEX0] OKPACKH METUIIOBOTO OPAHKEBOTO.

HopManbHOCTh KUCTIOTHI CUMTAIOT YCTAHOBICHHON MPABUIIBLHO, €CIIM PE3YIbTaThl TPEX MOCIEeI0BATEIbHBIX
TUTPOBaHUU HE pacxomsarcs O6osee yeM Ha 0,02 — 0,03 mut. Torma amst BRIUMCIEHUN TUTPA M HOPMAJIBHOCTH
KHCIIOTBI OepyT cpeiHee apupMeTUYeCKOe U3 MOITyYEHHBIX PE3YIbTaTOB.

Onwvim 4. Onpedenenue KapOOHAMHOU HCECMKOCIU 00bL.

Jlns onpeneneHuss KapOOHATHOM KECTKOCTU THUTPYIOT HEKOTOpbIH 00BeM BOAbI pabouMM pacTBOPOM
COJITHOM KHMCIIOTBI B PUCYTCTBUU METHIIOBOTO OPAaHKEBOTO.

Crioco0 0CHOBaH Ha MPEANOI0KEHNH, YTO BO/Ia HE COACPKUT TUAPOKApPOOHATOB JIPYTHX METAIIOB.

Jns ompenenenust orOupator nunerkod 100 M umccnmemyemoil Boapl, NPWIMBAIOT K Hel 3 Karum
METUJIOBOTO OpPAH)XEBOI'O U TUTPYIOT PAacCTBOPOM COJSTHOM KHCIIOTHI 10 NEPEXOAa OKpacKH HMHAMKATOpa
(pactBOpa) U3 KEITOM B OPAHKEBYIO.

Jlnis BbIpakeHUs] KapOOHATHOM >KECTKOCTH B MMOJIb - DKBHBaJIeHTaxX B 1 JI BOABI, €€ PacCUUTHIBAIOT IO
dbopmyre: , MMOJIb-IKB/,

rne CH(HCI1) — HopMallbHOCTh pacTBOpa COISTHOM KHUCIIOTHI;

V — 00beM CONAHOM KUCIIOTHI, 3aTpadeHHoM Ha TuTpoBaHue 100 M1 aHAIM3UPYEMOM BOJIBI.

JlaGopaTopHasi padora 2. [IpuroroBjieHue padoyero pacrBopa ruApoKcuaa HaTpus. TurpoBaHue
YKCYCHOH KHCJIOTBI.

lens: oTpaboTaTh METONMKY MPUTOTOBICHHMS W CTaHAApPTU3allMM  pacTBopa  LIEJIOYU TUTSE
TUTPUMETPUYECKOTO METO/Ia aHAIM3a, TUTPOBAHUE CIIa00M KUCIOTHI.

Peaxmusvi: NaOH (ms.), 0,1 n wasenesaa kucnoma, odpasey cmonoso2o ykcyca (6-9%), unouxamop
Genongpmaneun

Onvim 1. [lpuecomosnenue pacmeopa cudpoxkcuoa Hampusi.

PaccuutsiBator maccy NaOH, neoOxomaumyro misi mpurotosienus 250 mu 0,1 H pactBopa. I'mupokcun
HaTpusi He oOJiaZaeT CBOMCTBAMHU HMCXOAHOTO BELIECTBA: OH TUTPOCKONUYEH M JIETKO pearhupyer ¢
YIJIEKUCIBIM Ta3oM Bo3ayxa. Iloatomy NaOH Bcerma conepKuT MEHSIONIMECS KOJIMYECTBAa BIaru MU
kapOonatoB. IIpumecs Na2CO3 B pacTBOpe THUAPOKCHIA HATpPHUS YCIOXHSET THTPOBAHUE C
benondrasenHoOM.

PactBop NaOH, coxpepxamuii CpaBHHTEIBHO Majo KapOOHATOB, TOTOBAT CIEIYIOIIUM 00pa3oM.
OTBemMBalOT HAa TEXHUYECKUX BecaxX TUAPOKCHI HATpPUsl B KOJUYECTBE, IPEBBILIAIONEM Ha 2 T
HeoOxonumoe ansi mpurorosnerus 250 mun 0,1 H pactBopa. HaBecky momemaroT B cTakaH U OBICTPO
OTOJIACKUBAIOT 2 - 3 pa3a HeOOJbIIMMHU MOPLUUSMHU JUCTHIUIMPOBAHHOW BOJBI, KOTOPYIO BBUIMBAIOT. M3
ocraBmerocs NaOH OepyTr HaBecky maccoil 1,2 T, KOTHYECTBEHHO MEPEHOCAT B KoyuOy Ha 250 mu, H
PacTBOPSIOT, 10BOAS 00bEM pacTBOpa 10 METKH.

[IpuBenenusbIii cnocod ocHoBaH Ha ToM, uTo CO2 pearupyeT ¢ THAPOKCHUIOM HATpHsl CHadaja TOJBKO Ha
noBepxHocTH. TOHKasi KOpKa coibl, MOKphIBaromas cBepxy kycodek NaOH, mpu omosiackuBaHuW BOJOH
pacTBopsieTcsl.

Onwvim 2. Ilpucomosnenue cmanoapmmuozo pacmeopa waeenegoii KUciomol.

Crannapthsriii 0,1 H pacTBOp IIaBEIEBON KUCIOTHI TOTOBST U3 (hUKCaHAA.
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Onvim 3. Onpedenenue mumpa u HOpMAIbHOCMU PACMBOPA 2UOPOKCUOA HAMPUSL.

st onpenenenus TUTpa U HopMaidbHOCTH pacTtBopa NaOH ot6uparor numnerkoit 10 mi 0,1 H pacTBopa
I1aBeJIEBOM KUCIIOTHI, MIPUOABISIIOT K HEMY 3 Karuik (eHondranenHa U TUTPYIOT THIPOKCUOM HATpus 10
MTOSIBJICHUST HEMCUE3alolel Mpy B30anThIBAHUH B TedeHHE | — 2 MUHYT KpacHOU okpacku. [IpoBomsar 3 — 4
napajyieNIbHbIX TUTPOBAHUS U JJISl BBIUKCICHHUS HOPMAJbHOCTH OEpyT CpeAHEe W3 XOPOUIO CXOISIIMXCS
PE3yIBTATOB.

Onwim 4. TumposaHue yKcyCHOU KUCI0mbl.

OtOupator nunerkoi 10 MI pacTBOpa YKCYCHOM KHCIOTBI HEM3BECTHOM KOHIIEHTPALWHU (IIPUTOTOBJICH
pa30aBIeHUEM CTOJIOBOTO YKCyCa) M NEPEHOCAT B KOJOY IUIsl TUTPOBAHMSA, 3aTeM MPHOABIAIOT 3 Karuiu
¢denondranenHa U TUTPYIOT THIPOKCUIOM HATPHs 10 MOSABICHUS HEHcUe3arolel po30BOil OKpacKH.
BoruncnsiioT HOpMalibHYIO0 KOHIEHTPALUI0 aHAIU3UPYEMOI0 pacTBOpa M MPOLEHTHOE COAepaHHEe B HEM
YKCYCHOU KUCIIOTBI.

JlaGopaTopHasi padora 3. OnpeneseHue rmJIpoKCUAA HATPUSA U KapOOHATa HATPHUA NPHU
COBMECTHOM MPHUCYTCTBHHM.

Ilenb: oTpaboTaTh METONMKY COBMECTHOTO OMpeesieHus MmEIour U KapOoHara (OIpelneieHue UMEET
BaXHOE MPAKTHUUECKOE 3HAUYEHUE MPU KOHTPOJIE YUCTOTHI IPETapaToB THAPOKCUIA HATPHUS).

Peaxmuswi: 0,1 n pacmeop mempabopama nampus, = 10% pacmeopa conaHol KUCIOMbL, AHATUSUPYEMOLL
cmecu NaOH u Na2CO3 (=1 2), unouxamopwi ¢henongpmaneur, Memuiopauic

Onvim 1. Onpedenenue HopmarbHOCMU paboye2o pacmeopa CoasAHOU KUCTOMbI.

TotoBat 250 ma 0,1 v pabouero pactBopa HCI u3 = 10% pacTtBopa, 3aTeM yTOUHSIOT €r0 HOPMaJIbHOCTb,
TUTPYSd TPUTOTOBIICHHBIM pacTBOpoM coisiHoM kucinotel 10 mim 0,1 H pactBopa Oypsl (momydeH Wu3
¢duKcanana) B IPUCYTCTBUH 3 KaIleJlb METHIIOBOTO OPAaH)KEBOTO.

Onvim 2. Tumposanue cmecu uopokcuoa Hampus U KapoOoOHama Hampus.

Hagecky anammsupyemoii cmecu NaOH u Na2CO3 maccoii 1 T momemaior B MepHyo Kosly Ha 250 m,
PacTBOPSIOT U JOBOJAT OOBEM pacTBOpa AUCTHIUIMPOBAHHON BOJOH 10 METKHU.

OtOupator nunerkoir 20 MJI pacTBOpa HCCIEAYeMOH CMECH M TEpPEHOCAT B KOOy Al THUTPOBAHUS,
nob6asnstor 10 kamenb ¢geHondransenHa U TUTPYIOT PACTBOPOM COJISTHOW KHCIIOTBHI OT KPacHOM A0 MOYTH
OecLBEeTHON OKpacKH.

O6vem HCI, momenmuii Ha TUTPOBAHUE, OTMEPSIOT MO OIOPETKE M 3aIMUCHIBAIOT. 3aTeM MPUOABISAIOT K
OTTUTPOBAHHOMY PAcTBOPY 3 KaIlIM METHJIOBOTO OPaHXEBOTO (PacTBOP OKPAIIMBAETCS B JKENTHIA IIBET),
TUTPYIOT MOCIEAHUN W3 TOW ke OIOPETKH COJITHOW KHCJIOTOHN IO TIOSIBICHHUS OPaH)XEBOTO OKpAIIMBAHUSI.
CHoBa nenaroT OTYET MO OOpEeTKH (OT HYJIEBOTO 3Ha4YeHUs). TuTpoBaHHME TMOBTOPSIOT 3 — 4 paza U u3
MOJTyYEHHBIX PE3yJIbTaTOB OEPYT CPEIHIOIO0 BETUUHHY.

Obpabomka nony4eHHvIX pe3yibmamos

[Tpu TUTpOBAaHUU KCCIETYEMOTO pacTBopa ¢ PeHONPTAICUHOM OTTUTPOBBIBAIOT BECh THAPOKCH] HATPHS U
kapOonar wHarpus a0 NaHCO3. Ilocme noGaBneHHs METHIOBOTO OpPAaHXKEBOTO JIOTUTPOBBIBAIOT
rugpokap6onar Harpus 1o H20 + CO2.

Ecau ipu TutpoBannu ¢ penondranennom uzpacxomnorano Vo.d. mi pacteopa HCI (ortutpoBan NaOH u
1/2Na2C0O3), a ¢ METHWIOBBIM OpPaHXEBBIM — VM.0. MJI COJSTHOM KHCJIOTHI (oTTUTpoBaH Bech NaOH wu
Na2CO3), To Ha TUTPOBAHUU TOJOBUHBI KapOoHaTa HaTpus 3arpadeHo (Vm.o. - Vb.d.) mi HCI, a Ha Bech
Na2CO3 2(Vm.o. - Vd.d.) mun turpanta. CriemoBarenbHo, Ha TuTpoBanue NaOH 3arpayeHo Vwm.o. -
2(Vm.o. - V.d.) mu pactopa HCI.

Haiinsg o6bemMbl pacTBOpPOB THTpaHTa, 3aTpadeHHbie Ha HedTpammsanuio NaOH u Na2CO3, BeuucasiorT
THCI/NaOH, wu omnpenenstoT Macchl THIPOKCHAA W KapOoHara HaTpus, comepxkammecs B 20 M
aHAJIM3UPYEMOT'0 pacTBOpa, HAIPUMeEpP

m(Na2C03)20 mx pactBopa = X2(Vm.0. - V.d.), .
Hanee Bprauciistot, ckoinbko rpamMmMoB NaOH u Na2CO3 naxoautca B 250 M1 HCClIeIyeMOro pacTBopa, 1
PacCUUTHIBAIOT UX MPOLIEHTHOE CONIEpPKaHNUE.
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[1] Ucnonb30BaHHEe KOHIEHTPUPOBAHHOM COJISIHOM KHUCJI0THI, oTHOCsimIelcsa k Tadaune I, cnmcka
IV npekypcopoB, 060poT koTopbIX B Poccuiickoii denepanun orpaHuYeH ¥ B OTHOLLIEHUM KOTOPBIX
YCTAHABJIMBAKTCHA MepPbl KOHTPOJIS B COOTBETCTBHH € 3aKOHOAATEJbCTBOM Poccuiickoit ®dexepauuu
U MeXAYHApPOAHbIMU Aorosopamu Poccuiickoii ®egepanuy, perJiaMeHTHPYIOTCH JAeHCTBYIOIIUM
3aKOHOAATEJbCTBOM U HOPMATUBHBIMM NPABOBBIMHM AKTAMHU YHHBEpPCHTETA.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
[TpopabGoTka KOHCIIEKTA JICKITUU TI0 BOIMPOCaM, MTO3BOJISIIONTAM MOTOTOBUTHLCS K JTA0OpaTOpHOI padoTe,
KOJUIOKBHYMY, MOJYyIbHOMY T€CTUPOBAHHUIO, 4 TAKXKE PEIICHNE TUIOBBIX KAYECTBEHHBIX U PACUETHBIX 3a/1a4
JUTSl TIOATOTOBKHU K KOHTPOJIBHOM padote. [1ob3ysach TONMOTHUTEILHON M CIIPABOYHON JTUTEPATYPOH CIIEIyeT
PaccMOTpETh CIEAYIOUINE BOMPOCHI: HHAWKATOPBI B KUCIOTHO-OCHOBHOM TUTPOBAaHUH, 10100 MHAUKATOpA
KHCIIOTHO-OCHOBHOTO TUTPOBAHUS M €T0 CBSA3b C BUJIOM KPUBOI TUTPOBAHUS, BETUUNHBI KOHCTAHT
KHCJIOTHOCTH U BO3MOKHOCTH IPOBE/ICHUSI TUTPOBAHUS, BIUSHUE PA3INYHBIX (PAKTOPOB HA BUJ KPUBBIX
KHCJIOTHO-OCHOBHOTO TUTPOBAHUSI.

Tema 13. OkucanTe1bHO-BOCCTAHOBUTEIbHOE TUTpoBaHue (OIIK-1)

Jlexknus.
OKHCIUTENBPHO-BOCCTAHOBUTENBHOE  TUTpoBaHuME.  Metoasl  pegokcumerpuu.  OKuUCAUTEND U
BOoCCTaHOBHTENb. OOpamienue ux QyHKIui. PacueT 1 mocTpoeHne KpUBbIX TUTPOBAHUS B PEAOK-CUMETPHH.
NHaukaTopbl peA0KCUMETPUYECKOTO TUTPOBAHUS.

IIpakTn4yeckoe 3ansATHE.
Pemenue 3anau2+.

JlaGopaTopHbie padoThbI.
JlaGoparopnasi pa6ora 1. IlpuroroBieHne THTPOBAHHOIO pad04yero pacTBopa NEePpMAHIAHATA KAJIHUS.
Ilepmanranaromerpudeckoe onpenesenne Fe (II) B com Mopa.
Lens: oTpaboTarb METOAUKY  IpPsIMOTO OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHOTO  TUTPOBaHUS,
NepMaHraHaTOMETPUIECKOE OMpe/IeTICHHE BOCCTAHOBICHHOM (DOpMBI kere3a.
Peaxmueuwi: 0,1 H wasenesoti kuciomol, 2 H cepHas KUcioma, KOHMpOIbHblU pacmeop (conv Mopa)
Onwvim 1. Yemanoexa nopmansnocmu KMnO4 no wasenesou xuciome.
Haunbonee ynoOHO NpOBOAMTH YCTAaHOBKY HOPMAaJbHOCTH INEpMaHraHara Kajus IO IIABEJIEBOM KHUCIIOTE
H2C204x2H20. Jlna ycraHoBkM HopMmasbHOCTH pactBopa KMnO4, ero npunusator k 10 mia 0,1 H
maBenieBoit kucnotel (H2C204x2H20 rotoBsaT u3 ¢ukcanana), Harperoir 1o 70 — 80 °C. He cnemyer
HarpeBaTh PacTBOP /10 KUIIEHHUS, TaK KaK 3TO IPUBOANUT K YACTUYHOMY PA3JIOKEHUIO KUCIOTHI. K ropsuemy
pacTBOpy LIaBEJIEBON KUCIIOTHI Iepe]] TUTpoBaHueM 106asisitoT 10 mut 2 H pactBopa H2SO4.
IIpy TUTpOBaHMHU NPUIMBAIOT CHadaja HECKOJIbKO Karenb pacTBopa KMnO4 u oxupaaror, moka pacTBOp
obecrBeTuTcsl. TUTpPOBaHME CUMTAETCS 3aKOHUYEHHBIM, KOIZIa OT OJHOM KaIrlld pacTBOpP OKpAIIMBACTCS B
ONeTHO-PO30BBIN IIBET, HE MCUE3AIOMIHI B TEUCHUE
1 — 2 muHyT. OTCUET AENIeHU B OIOpETKE MPOU3BOIST 110 BEPXHEMY KPar0 MEHHUCKA.
Onem 2. Ilepmaneanamomempuueckoe  onpedeiieHue  dcene3d (1) 6 comu  Mopa
((NH4)2S04 xFeSO4*x6H20,).
KoHTpOosIbHBIN pacTBOp, MOTYYECHHBIH B MepHOH Koioe Ha 100 Mu1, JOBOIAT AMCTHILIMPOBAHHONW BOJOH 110
METKH ¥ TIIATEIbHO MepeMemunBaioT. 10 MII MOJyYeHHOTO pacTBOPA MEPEHOCAT B KOJIOY IS TUTPOBAHUS U
nobasnstoT 5 M 2 H pactBopa H2SO4. be3 narpeBaHusi TUTPYIOT pacTBOPOM II€pMaHIaHaTa Kajus,
HOPMAJTBHOCTh KOTOpOro ompenenaeHa (m. 1), 10 mosBIeHHS Ci1a00-pO30BOTO OKpAlllMBaHUs, HE
MCYE3al0IIEro B TeUEHNUE | MUHYTHI.
Maccy xemne3a B MOy4eHHOU MPo0e OMPENeIsIFoT 1Mo hopMyIie:

m(Fe2+)=,r;
T(KMnO4/Fe2+) = [Ca(KMnO4)xm3(Fe2+)]/1000, r/mi.

JlaGopaTopHasi padora 2. Honomerpusi.
Llenb:  orpaboTraTh  METOAMKY  OOparHOTO  OKHMCIHMTEIbHO-BOCCTAHOBUTENIBHOTO  TUTPOBAHMUS,
MOZOMETPUYECKOE OTIPEICIICHUE OKUCIEHHON (POPMBI MEITH.
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Peaxmuswi: 0,1 n pacmeopa ouxpomama xanus, 2 H cepras xkucioma, 10 %-20 pacmeop KJ, = 0,1 H
pacmeop muocynvghama Hampus, KOHMpoavusili pacmeop Cul+, Kpaxma.

Onwvim 1. Ycmanosxka nopmanvHocmu paboye2o pacmeopa muocyibghama Hampus no OUXpoMamy Kauus.

B xonOy nnst turpoBanus numnetkoit otoupator 10 mut 0,1 H pacTBopa muxpomara Kajusi, 3aTeM JT00aBIsSIoT
10 mi 10 %-ro pactBopa KJ u 10 ma 2 u cepHoiil kuciotel. KonlOy HakpbIBalOT 4aCOBBIM CTEKJIOM HIIH
JIUCTOM TIJIOTHOM OyMaru v CTaBsT Ha 5 — 10 MUHYT B TEMHOE MECTO.

BropeTky 3amonHSIOT pacTBOpOM THOCYIb(ara Hatpus. [Ipu TuTpoBaHNH (3KUIKOCTH B KOJI0OE HETPEPHIBHO
MEPEMEIIMBAIOT) TEMHO-OypbIii PAacTBOp CBETIACET W MPHHUMACT IKEITO-3€JIEHYI0 OKpacKy. 3areM
MPUIMBAIOT | MJI KpaxMaa U IPOA0JDKAIOT THTPOBAHKE IO CIA00CHHETO OKpAIIMBAHHUS.

Onvim 2. Hooomempuueckoe onpedenenue Cul+.

KonTponbueiii pactBop Cu2+ pa30aBisioT AMCTWIIMPOBAHHOW BOAON B MepHOM koibe Ha 50 mu u
TIIATENIFHO TepeMelmnBaoT. B konly st TuTpoBaHus orOMparoT numnetrkod 10 mi aHanu3upyemoro
pactBopa u no6asistor o 10 M 10 %-noro pactBopa KJ u 2 u H2SO4. Konly HakpbIBalOT 4acOBBIM
CTEKJIOM WJIHM JIUCTOM IUIOTHOW OymMard M CTaBAT B TeMHOe MecTo Ha 5 — 10 MMHYT Uil 3aBepLICHHUS
peakiuu. Ilocie 3Toro mpoOy TUTPYIOT THOCYNb()ATOM HATpUsl O COJIOMEHHO-XKEJITOTO OKpAIIWBaHUS,
npuOaBsOT 1 MIT Kpaxmasia v MpoIoJKaloT TUTPOBAaHUE 10 00ECIIBEYMBAHUS PACTBOPA.

3aganus AJ151 CAMOCTOSITEJIbHOM PadoThlI.
[TpopaboTKa KOHCIIEKTa JIEKLIMH 110 BOIPOCaM, MO3BOJISIONIUM MOJTOTOBUTHCS K J1abOpaTopHO# padoTe,
KOJUIOKBUYMY, MOYIbHOMY T€CTUPOBAHHUIO, & TAKXKE PEIICHNE TUIIOBBIX KAYECTBEHHBIX U PACUETHBIX 3a/1a4
ISl IOATOTOBKU K KOHTPOJIbHOU pabote. [1omab3ysch TOMOIHUTENFHON U CIIPABOYHON JIUTEPATYPOil,
CJIElyeT CAMOCTOSATEIBHO PACCMOTPETh WHAMKATOPHI PEIOKCUMETPHUYECKOTO TUTPOBAHMS, UX O0JIACTH
IIPUMEHEHHUS, JOCTOMHCTBA U HEOCTATKU OTAEIbHBIX MPEACTaBUTENEH.

Tema 14. KoMiiiekcoHOMeTpHYeCKOe H 0CAIUTeIbHOE THTPOBAHME.
(OIIK-2)

Jlexknus.
OcagutenbHOE€ TUTpOBaHUE. PacueT M MOCTpOEHHE KPHUBBIX THUTpPOBaHMs. BiusHuE pacTBOPUMOCTH
COCIMHEHHM, KOHIICHTPALMK ONpPEEIseMbIX HMOHOB, TEMIIEpaTypbl Ha XapakTep KPUBBIX TUTPOBAHUS.
NupukaTopsl ocax1eHUS.
Kommnekcomerpuueckoe TutTpoBanue. IIpuHUIMIBI TOCTpOeHHs KPUBBIX TUTpoBaHUA. CrHocoObl
oTpesieNieH!s] KOHEYHOW TOYKM TUTpoBaHMs. Vcmonb3oBaHMe MONMIEHTATHBIX JUraHaoB. Mcmonb3oBaHue
TpeHa, TMeNTeHa U aMUHOIOJIMKAPOOHOBBIX KHUCIOT B KomIuiekcomeTpuu. IIpsmoe u oOparHoe
KOMITJIEKCOMeTprueckoe TuTpoBaHue. OOpa3oBaHME€ U YCTOWYMBOCTh KOMILIEKCOB. (CeNeKTUBHOCTh
KOMITJIEKCOMETPUUECKOTO  aHaJIu3a. KpuBble  TuTpoBaHums  2-Xx  MeETaJUIOB. Wnaukaropsl
KOMITJIEKCOMETPHUUECKOTO TUTPOBAHUS MOHOB MarHusi U KaJbIUsl U UX CMECH.

IIpakTH4eckoe 3aHATHE.
Pemenue 3amau — HOpMmasbHas KOHIIGHTpamus pactBopa TpwioHa b; VI — o0wsem pabGodero pactBopa
TpuioHa b, 3aTpadeHHbI Ha TUTpOBaHUE (MT); V — 00BeM BOABI (MIT), B3SITBIN JIJIs1 OTIPEICIICHHUS.

JlaGopaTopHbie padoThbI.
Jlaboparopnasi paGora 1. IlpuroroB/ieHue U yCTAaHOBKa THTPa pacTBOpPa HUTparTa cepedpa 1o MeToxy
Mopa. Onpenenenune ClI -.
Lenb: oTpaboTaTh METOAMKY MPSMOTO apreHTOMETPUUYECKOTO ONPENEICHUSI XJIOPHIOB, a TAK)KEe METOIUKY
WUHAUKAaTOPHOI'O ONPEJEIICHNS] TOYKM 3KBUBAJEHTHOCTU B TUTPOBAHUU 110 METOLY OCAXKIACHMS.
Peaxmuswvi: NaCl (kp.), 5 %-e0 pacmeop K2CrO4, = 0,1 u pacmeop numpama cepedpa
Onvim 1. Ilpueomosnenue pacmeopa NaCl no mounoii nasecke.
Ha ananutudeckux Becax OepyT Takyr HaBECKYy XJIOpUIa HATpHsl (X.4.), 9TOOBI MPU PACTBOPEHUU €€ B
MepHOH KoJbe eMKOCThIo 250 M nmomyumscs npubnusutensHo 0,1 H pacTBOp, M BBIYHUCISIIOT €r0 TOYHYIO
(pakTHUeCKy0) HOPpMATBHOCTh. MOXKHO TaKKe UCIONB30BaTh COOTBETCTBYOMUN (hukcanan NaCl.
Onvim 2. Yemanoska mumpa pacmeopa AgNO3 u onpedenenue maccol Cl- 6 mumpyemom pacmeope.



B xon0y st tutpoBanust otouparot 10 Mt 0,1 H (ukcaHAIBHOTO pacTBOpa XJIOPHIA HATPHUS MPUOABISIOT
Kk HeMy 0,5 ma 5 %-Horo pactBopa K2CrO4 u OTTUTPOBBIBAIOT COAEPKHUMOE HCCIENYEMBIM PAaCTBOPOM
AgNO3. Ilpu TUTpPOBaHMM TNEPEMEIINBAIOT COAEPKUMOE KOJIOBI, YTOOBI YCIIEBAJIO YCTAHABIMBATHCS
azicopOLIMOHHOE paBHOBecHe. TUTpoBaHue OyleT 3aKOHUEHHBIM, KOTJIa YUCTO KENITHIN IBET KHUIKON (a3bl
CO B3MYyUYEHHBIM B HEW OCAJIKOM NPUOOPETET OT OJHOW KAl pacTBOpa HHUTpara cepedpa 4yThb-4yTh
KpacHOBaThI 0TTeHOK (Hauano BeimaaeHust Ag2CrO4). [{ns noBeIllIeHUs TOYHOCTU TUTPOBAHUE MTOBTOPSIOT
3 paza, HaxXoAAT BEIMUYMHY HOpManbHOCTH pacTBopa AgNO3 u mepecuutsiBaioT ee Ha T(AgNO3/CI-).
YMHOXXHB 3Ty BEIHMYMHY Ha OOBEM pacTBOpa HHUTpara cepedpa, M3pacxXOJ0BaHHOTO Ha TUTPOBAHHE,
MOJTy4aroT UucKoMmoe KosnmdecTtBo rpamMM Cl- B 10 mut TuTpyemoro pactBopa.

JlaGoparopHasi padora 2. Pomanomerpuyeckoe omnpenejgenne mnpumecu NaCl B TexHHYeCKOM
TUAPOKCHUAEe HATPHS.

Lens: oTpaboTaTs METOAUKY apreHTOMETPUYECKOTO ONpeAeNICHUs XJIOPUAOB M0 METOY 0OpaTHOTO
TUTPOBAHUS, a TAKKE METOAUKY WHIMKATOPHOTO OMpPEEICHUS TOYKU SKBUBAJICHTHOCTH B TUTPOBAaHHUHU B
METOZIE OCaXKACHHUS.

Peaxmuswi: 0,05 1 pacmeop NaCl, 0,05 n pacmeop numpama cepedpa, = 0,05 n pacmeop podanuda
AMMOHUSL, KOHYEHMPUPOBAHHAS A30MHASL KUCTIOMA, HCENe30AMMOHULIHbIE K8ACYbL (HACLIUEHHbI PACMEOp),
MexHu4ecKull 2UOPOKCUO HAMPUsL C NPUMECHIO XA0puoa, genorgpmaneun

Onwvim 1. Yemanoexa mounou xonyenmpayuu pacmeopa NH4SCN.

BropeTKy 3amoiHSAI0T NPUTOTOBICHHBIM PaCTBOPOM POJIaHUAa aMMOHUs. B koiOy ams TUTpOBaHMS BHOCST
10 mn pactBopa AgNO3 mn3BecTHON KOHLEHTpanuu, 50 Mi1 Boabl, 3 Kaljii KOHLIEHTPUPOBAHHOW a30THOM
KHCIIOTHl (4711 NIpefoTBpallleHus rujponusa), 1 mu HaceimieHHoro pactBopa NH4Fe(SO4)2x12H20
(>kese30aMMOHMIHBIE KBacIlbl), TUTPYIOT pactBopoM NH4SCN u onpenensior ero HopMaiabHOCTh. BOnu3u
TOYKU DKBHUBAJIEHTHOCTU TUTPYEMBIN pACTBOpP CTAHOBUTCS OPAHKEBO-KPACHBIM, B SKBUBAJIEHTHOI TOUKE —
KOPUYHEBO-KPACHBIM.

Onwvim 2. Onpedenenue npumecu xaopuoa Hampus 6 mexuuueckom NaOH.

HaBecky TexHHYECKOTO T'MIpOKcHaa HaTpus (0KoJIo 1 T), B3ATYI0 HAa aHAIMTUYECKUX BECaX, KOJTMYECTBEHHO
nepeHocsaT B MepHyto konOy Ha 100 mu, noGasmstor 50 mi Boabl M pacTBopsitor. [locne pactBopeHust
BHOCST B KoNOy 2 Karumu ¢eHondranentHa u croiabko 2 - 4 H pactBopa HNO3, ckonbko notpedyercs s
HerTpanuzauun NaOH, nonuBaroT BoJoil 10 METKH U THIATENbHO NepemeninBasi. [lonyduicss KOHTpOJIbHBIN
pacTBop.

B xonGy mns tutpoBanus or6upaior 10 mMi koHTponbHOro pactBopa, 10 mur pactBopa AgNO3, 1 mn
MHAMKATOpa (HACBHILIEHHBIM pacTBOp KEJI€30aMMOHHMIHBIX KBACLIOB) M TUTPYIOT pOJaHUIOM aMMOHMs. B
KOHIIE TUTPOBAHUS MPOUCXOIUT KOATyJISIIKs KOJUIOMIHOTO PacTBOpa poJaHuIa cepedpa U MyTHBIN pacTBOp
HaJ/l 0CAJIKOM CTaHOBHTCS MPO3pauHbIM. [I0BEpXHOCTH Ocaaka aacopOHpyeT HEKOTOPOE KOIWYECTBO HOHOB
Ag+, 1 OKpacka poJaHHU/1a jKeje3a MOSBISIETCS paHbLIe JOCTHKEHHUS TOUKU SKBUBAJIEHTHOCTH. OHaKo 3Ta
OKpacka MCYe3aeT, TaK KaK HOHBI cepedpa IMOCTEINEHHO PearupyroT ¢ poAaHuoM. TUTPOBaHUE MPEKPALIAIOT
MoClie TOSBJICHUST HEUCUE3aoUIe TNpU HSHEPrMYHOM B30ANTHIBAHUM KOPHUYHEBATO-PO30BON OKPACKH
pacTBopa BciieAcTBHe 0O0pazoBanus komruiekca: Fe3+ + nSCN- ® [Fe(SCN)n]Z+.

Pacuet npumecu NaCl (w, %) BenyT no ¢popmyie:

JlabopaTtopnas pa6ora 3. OnpeneseHue o01iei :KeCTKOCTH BOAbl KOMIIEKCOMETPHYECKHM METO/I0M.
Ilenb: oTpaboTaTh METOOUKY KOMILIEKCOHOMETPUYECKOTO THUTPOBAHHS TPHJIOHOM b, mpoaHamu3upoBaTh
00pa3ipl BOJIBI Ha OONTYIO )KECTKOCTh

Peaxmuswi: 0,05 n pacmeop mpunona b, ammuaunsiti 6yghep (comosam 20 %-nvix pacmeopos xiopuoa u
2UOPOKCUOA AMMOHUSL), Xpomozen uépHultl T, 06paszyvl 600bl 01 aHAIU3A

Onwvim 1. Ilpueomosnenue ammuauroti OyghepHoti cmecu.

T'otoBsaT o 100 Mt 20 %-HBIX pacTBOPOB XJIOPUAA U TUAPOKCHA AMMOHHUS, CITUBAIOT UX B MEPHYIO KOJIOY
Ha 1 1 1 1oBOAAT 0OBEM pacTBOpPA BOJOM JJO METKH.

Onwvim 2. Onpedenenue obweti sHcecmxocmu 800bl.

B xonby nns tutpoBanus BHOCAT 100 M micciieryeMoi BOABI M IPUOABIISIOT 5 MJI aMMUa4HON OydepHOit
cMecH. 3aTeM MPWIKUBAIOT MO KaIljIsiM pacTBOP MHAMKATOpa XpPOMOTE€HA YEPHOTO N0 MOJIy4YEeHHUs 3aMETHOM,
HO HE CJIMIIKOM TE€MHOW BHHHO-KpacHOW okpacku pactBopa. Ilocne storo turpyror 0,05 H pacTBOpoM
TpuiioHa b 10 3MeHeHNs OKpacKy B CHHIOKO, HHOTTIA C 3€JICHOBATHIM OTTEHKOM.
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O6mryro sxecTkoCTh Bofbl (Ca2+ u Mg2+ Ha | 1) BRIYHCIAIOT 10 popmyre:
, MMOJIb-DKB/11,

rae CH — HopManbHas KOHLEHTpalus pactBopa TpuioHa b; V1 — o6sem pabouero pacrBopa TpuioHa b,
3aTpadeHHbIN Ha TUTpOBaHUE (MIT); V — 00BEM BOJIBI (MIT), B3ATHIN ISl ONIPEICIICHUS.
[To onpeneneHHON 001IIEH KECTKOCTH BOIY KIACCHPUIMPYIOT CIEAyOMUM 00pa3oM: o4eHb Msrkas (1o 1,5
MMOJITb-3KB/M); MsTkast (> 1,5 no 3,0 mmonb-3kB/m); cpensss (> 3,0 mo 6,0 MMmonb-3kB/11); xecTkas (> 6,0 1o
10,0 MmMoITb-3KB/1T); O4eHb xkecTKas (> 10,0 MMOJIb-3KB/I).

3ajaHus AJ151 CAMOCTOSITEJIbHOM PadoThlI.

CamocrosaTenbHas paboTa TeMbI HalleJIeHa Ha MPOpabOTKy KOHCIIEKTA JIEKLIUH 110 BOIIPOCAM, ITO3BOJISIOIINM
MOATOTOBUTHCS K TaOOpaTOpHO paboTe, KOJUIOKBUYMY, MOJYJIbHOMY T€CTHPOBaHNIO. CaMOCTOSATEIIEHOE
pelIeHHE TUITOBBIX Ka4eCTBEHHBIX U PACYETHBIX 3a/1a4 HEOOXOMMO JIJIsl TOATOTOBKU K KOHTPOJIBHON
pabore. [Tonb3ysch JONOTHUTEIBHON U CIIPABOYHOM JTUTEPATYPOH, CIETYET CAMOCTOSTEIBLHO PACCMOTPETh
00JIaCTH MPAKTUYECKOTO MPUMEHEHHUS OCATUTEIBHOTO M U KOMIIEKCOMETPHUYECKOTO TUTPOBAHHUSL.

Tema 15. Kunernueckue Metoabl anaausa. (OIIK-1)
Jlekumus.
Kunernueckne Metonpl aHanu3a. TUIBI U TPUMEPHl peakUUid B KUHETHYECKUX Metoaax. OrpaHuyeHus
MeTO/10B. HyBCTBUTENBHOCTD U CEJIEKTUBHOCTh METOAOB. [IpakTruecKkoe BBIOJIHEHUE AaHAJIN3A.
IIpakTnyeckoe 3ansATHE.
[IpoBoaurcs B popme ceMuHapa.
JlaGopaTopHbie padoThbI.
He npenycmorpeno
3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.

Lenbto caMOCTOATENBHOM PabOTHI ABJISIETCA MPOPAOOTKa KOHCIIEKTA JIEKIIUH 110 BOIPOCaM, MO3BOJISIFOIIUM
MOATOTOBUTHCS K KOJUIOKBUYMY M MOJYJIBHOMY TeCcTHpoBaHuI0. CiemnyeT ooparuth 0co00oe BHUMaHHUE Ha
MeTObl (PUKCUPOBAHMS KOHIIEHTPAIIMU OTIPEIEIIIEMOT0 BEIIECTBA B JaOOPAaTOPHON U MPOMBIIIUIEHHON
IIPaKTHUKE.

Tema 16. diekrpoxumudeckue Metoabl anajausa (OIIK-2)

Jlekumus.
DnexTpoXxuMudeckue MeToAbl aHanuza. OOmias XapakTepucTUKa MeTofa. DIEKTPOXMMHUYEcKasl LeNb U
sdeiika. MHIuKaTOpHBIN AIEKTPOA M AJIEKTpoA cpaBHEHUA. [loTeHIMOMETpHs M MOTEH-IIMOMETPUYECKOE
TUTPOBAHUE.
Bonsramnepomerpust. PryTHbI snexTpon. Murpaunonssiii 1 audgysuonssii Toku. IlpenenbHbll TOK.
[Monsipuzanus. YpaBHenue MnbkoBuua. YpaBHeHue nossiporpaduyeckoit BoaHbl. [loTeHIMam moxyBOIHBL.
AmniepoMerpuueckoe THUTpoBaHMe. Bupx kpusbix TtuUTpoBaHMs. KymnoHomerpus. 3akonsl Papanes.
Onpenenenne KOHEYHON TOUKU TUTPOBaHUSA. BHUbl KpUBBIX TUTPOBAHUS.

IIpakTH4eckoe 3aHATHE.
[IpoBoauTcst B popme cemuHapa.

JlaboparopHbie padoThbI.
JlaGopaTopHasi padora. [loTreHuMOMeTpUYeCKoe oOnpeaesieHNe COJAHOM KHCJIO0THI B pacTBope.
Lenb: oTpaboTaTh METOAMKY MOTEHIIMOMETPUYECKOTO TUTPOBAHUS HA IPUMEPE PEAKIIMU HEeUTpan3aIim.
Peaxmuewi: 1 n pacmeop NaOH, pacmeop consnoii kuciomst (< 1 H).
CoOuparoT yCTaHOBKY MAJsl MOTEHIIMOMETPHUYECKOTO TUTPOBAaHHUS (sS4eiKa C HCCIeIyeMbIM PacTBOPOM,
XJIOPUACEPEOPSHBIM AIEKTPOJI, arap-arapoBblii MOCTHK, OIOpETKa, XMHTHIPOHHBINA 3JIEKTPOA, KaTOIHBIN
BOJIETMETP)

B crakan Ha 250 mi1 BHOCAT 20 M1 pacTBOpa COJSIHOM KUCIOTHI HEM3BECTHOM KOHLIEHTPAIIUU U TUTPYIOT €10
1 u pactBopom NaOH, mpubapisisi B Kaxaoud Touke TUTpoBaHus mo 0,5 M THUTpaHTa U OJHOBPEMEHHO
¢bukcupys MOTEHIMAJl PAcTBOpa MO KaTOJHOMY BOJBTMETPY. TUTpPOBaHME CUMTAIOT 3aKOHYEHHBIM, KOTJa
MOTEHITHUAJ CUCTEMBI OyZIeT OJIM30K K HYITIO.
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CTposIT KPUBYIO TOTEHIIMOMETPHUUECKOTO THUTPOBAHMS, OTKJIIbIBAs MO OCH a0CIUCC 00bEM TUTpaAHTA, IO
ocu opaunat — E, B. Ilo rpaduxy onpenensror VKTT, koropsriit ucnons3yrot mst ounenkun m(HCI): m(HCI)
= (VKTTxCua(NaOH)*x50x3(HCI))/(20x1000), mo mnomxydeHHod m(HCl) BBIYUCIAIOT HOPMaJIbHYIO
KOHIICHTPAIIHIO paCcTBOPA COJISTHOM KHCIIOTHI

JlaGoparopnasi pabora 2. AMnepomerpnuyeckoe turposanue Fe (II) pacrBopom K2Cr207.

Lens:  orpaboTrarh  METOAMKY  aMIEPOMETPUYECKOTO  TUTPOBAaHUS  Ha  NpPUMEpe  peakluu
OKHCJIEHUS-BOCCTAHOBJICHHUS.

Peaxmuewi: 0,1 n pacmeop K2Cr207, 1 M pacmeop HCI, 50 mn pacmeopa conu Fe (I1).

CobOuparoT yCTaHOBKY I aMIEPOMETPUYCCKOTO THTPOBAHHS (BBIMPSIMUTENHh MEPEMEHHOTO TOKAa HWIIU
YHUBEPCAJbHBI MCTOYHUK MHUTAHUS, MUJLJTUAMIIEPMETP, PEOCTAT, BOJIBTMETP, COCAUHUTEIBHBIE TPOBOA,
AIIEKTPOTUTHYECKAS sTUeHKa C TNIATHHOBBIMU 3JICKTPOIaMu, OIOpeTKa).

B snexrponutndeckyto sueriky nepeHocsT no 20 mi ananusupyemoro u ¢onosoro (1 M HCI) pactBopos.
bropetky 3anonusitor 0,1 H pactBopom K2Cr207. DaeKTpUYECKYIO IEMb 3aMBIKAIOT KIIOYOM M CO34al0T
HanpspkeHue 1 B. PacTBop TuTpaHTa NpUIMBAIOT K COACPKUMOMY AJIEKTPOIUTHYECKON sueiiku 1o 0,5 mu,
KaXAblH pa3 pukcupys TOK MO MHUJUITMaMIiepMeTpy. Tak Kak 3JeKTPOAaKTUBHBIM BEIIECTBOM B JaHHOM
ciydae sIBISIOTCS MOHbI Fe2+, To TUTpoBaHME BEOyT N0 TeX IMOp, MOKa He OyleT MOMydeHO HE MeHee
YEeThIPEX TOUEK, COOTBETCTBYIOIIUX IMOCTOSHHOMN BETMYMHE TOKA.
CTposIT KpUBYIO aMIEpPOMETPUUYECKOTO THUTPOBAHHUS, OTKIAAbIBasi MO OCH OpPJAMHAT CWIYy TOKa, MO OCHU
abcrucc — oobem tutpanTta. ['papuuecknm cnocodom onpenensitor VKTT u paccunrsiBatror m(Fe2+):
3ananus AJ51 CAMOCTOSITEILHOI padoThI.
[TonroroBka k maboparopHoil paboTe, KOJUIOKBUYMY, KOHTPOJIBHOM paboTe U MOIYJIbHOMY T€CTUPOBAHHUIO.
Ha camocrtosiTensHoe U3ydeHre BHIHOCSTCS BOIPOCHI: AIEKTPOXUMHUYECKAs LIETb U sTYeliKa, WHANKATOPHBIH
AIIEKTPO] U ANEKTPOJI CpaBHEHHUS, 3aKOHBI Dapajiesi, MpaKTUUeCKOe NPUMEHEHHUE dIEKTPOXUMHUYECKUX
METOZIOB aHaJIH3a.

Tema 17. CnektpajibHble MeToAbI aHaau3a (OIK-1)
Jlexknus.

CrieKkTp 37eKTpPOMarHUTHOIO U3iIydeHus. /[nrHa BONHBI M BOJHOBOE 4MCiIO. CHEKTPBI aTOMOB M MOJIEKYIL.
Oueprust (OTOHOB M 3SHepreTuyeckue mnepexonsl. 3akoH byrepa-JlamGepra-bapa. Ero maremaruueckoe
BbIpakeHue. HMcnonpzoBanue Y®-, MK-u crnekrpoB BUAMMONW 00JacTH B AHAINTHYECKOW XUMHH.
CrniekTpooTOMETPUIECKHI METOI.

WudpakpacHble CHEKTPbl U CTPOCHHE XHMHUYECKHUX COCTUHEHUH. MONEeKyIapHbIH KOd(pPHUIUEHT
norouieHusi. Teopus MK-cmekTpoB W CHEKTpOB  KOMOMHAIIMOHHOTO —paccesHus. I[IpumeHenue
MH(PPAKpPaCHBIX CIHEKTPOB U CIEKTPOB KOMOHMHAIIMOHHOTO pAacCesiHUs B AHAJIUTHYECKOW XUMUH.
@nroopecueHTHBIM aHanu3. Macc-cniektpockonus. llpupoga u BUA  Macc-CHEKTPOB. OMHUCCHOHHAS
CIEKTPOCKONHA. BHIBl SMHCCHOHHOTO CHEKTPaJbHOIO aHaju3a: BU3YyalbHbIM, (oTorpaduueckui,
¢doroanekrpuueckuii. [IporcxokaeHne dMHCCUOHHBIX CHEKTPOB. V3MepeHHe IUIMH BOJIH CHEKTPaJbHBIX
nuHui. KadecTBEHHBI M KOJIMUYECTBEHHBIM CIEKTpabHBIN aHaIW3. MeToabl KOJIMYECTBEHHOIO AaHAIU3a.
Meron A1epHOr0O MarHUTHOIO PE30HAHCA. SACpHBINA NPOTOHHBIN pe30HaHC. XMUMHUYECKUM CABUL. Buiel
cnektpoB. AMP (IIMP). Cnun-cnuHoBoe B3aumozaeiictue B IMP.

IIpakTnyeckoe 3ansATHE.
Pewenue 3amay.
JlaGopaTopHbie padoThbI.

Jlabopatopnasi pabora . OJKcHepuMeHTa/lbHasi TMpoBepka 3akoHa byrepa-Jlam6epra-bapa.
Omnpenenenue xpoma B BUje OMXpoMara KaJius.

Lenb: orpaboTaTh METOAMKY (OTOMETPUUECKOTO METO/A aHAN3a, ONpPEACTICHUs COACPKaHUS BEILEeCTBA B
CMECH 10 METONy TOCTpPOSHHUs KanuOpoBouHOW KpuBoil. KomumdecTBeHHOE ompeneneHue xpoma B
aHAJIM3MPYEMOM PacTBOPE.

Peaxmuevi: cmanoapmuwviii pacmeopa buxpomama xanus (¢ konyeumpayuet 8,481 me/mn)
Onwvim 1. Ilposepka evinonnumocmu 3axona byeepa-Jlambepma-bapa.
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Bapuanum 1. B mepuyro xkonby na 100 mn ombepume 5 M1 cmanoapmuo2o pacmeopa ouxpomama Kaaus (¢
Konyenmpayueu 8,481 me/mn), ooneiime 0o memku u mujamenvHo nepemewaiime. Ilposedume onpedenerue
ONMUYECKol NJIOMHOCMU NOTYYEHHO20 PACMEOPA  NOCIe008AMENbHO 6 KI08emax ¢ pPA3HOU MONUWUHOU
noenowarouezo cnos (35, 10, 20, 30 u 50 mm) npu orune onuvt 430 Hm. B kauecmee pacmeopa cpagneHus
MOJICHO 838Mb OUCTMULIUPOBAHHYIO 600Y. [locmpotime zpaghux, omKaadwviédas no ocu OpOUHAm 3HAYEHUs.
onmuyeckot niomuocmu (D), a na ocu abcyucc — moawury no2nowaouiezo cios 8 um. Coenatime 8vl600 0
3a8UCUMOCIU ONMUYECKOU NIOMHOCMU OM MONWUHBL NO2IOUAI0We20 COS.
Bapuaum 2. B 7 mepuvix xon6 na 100 mn ombepume coomeemcmeenno 2, 4, 6, 8, 10, 12, 14 mn
cmaHoapmuo20 pacmeopa oOuxpomama xamus. Jlosedume 00 MemKu OUCMULIUPOBAHHOU B000U U
muamenvHo nepemewaime. IlocnedosamenvHo npogeoume UMepeHUs ONMUYEcKol MNIOMHOCMU
Pacmeopos Ha ¢homoanekmpoxoiopumempe 6 Krogeme ¢ MoawuHou noziowjarouieeo cios 10 mm u npu
onune 6onHvl 430 um. B kauecmee pacmeopa cpasHeHUus MOXCHO UCHONB308aMb OUCTULIUPOBAHHYIO 800Y.
Ilo nonyuenHviM OaHHbIM HOCHMpOUmMe KAIUOPOBOUHLIU 2paduKk 8 KoopounHamax D — Kowyewmpayus
K2Cr207. Onpeodenume codepaicanue xpoma 8 pacmeope 8 me.

m (Cr) =,
CnenaiiTe BbIBOJ O 3aBUCUMOCTHU ONTUYECKOM TJIOTHOCTH OT KOHLIEHTPAIIMU PacTBOpa
Onwvim Ne2. Onpedenenue xpoma 6 8ude duxpomama.
[TomyuuTe y mpenogaBaTeliss aHATU3UPYEMbIH pacTBOp B MepHOi koioe Ha 100 mut. JloBenure ero 10 METKH
JTUCTWIJIMPOBAHHOW BOJOM M TIIATENIbHO nepemeniaiTe. [IpoBeaure onpeneneHne ONTUYECKOW MIIOTHOCTH
MOJYYEHHOTO PacTBOpa B KIOBETE C Pa3HOM TOJIIMHOW momiomaroniero ciios 10 mm npu ayuHe BojHbI 430
HM. [lonb3ysick KaauMOpOBOUHBIM TpadUKOM TMONy4YeHHBIM B ombiTe Nel (BapwaHT 2) ompenenuTte
KOHIIEHTpAIMIO OuXpomara Kajus B aHAIM3HPYEMOM B PAaCcTBOpPE M COJCpKAHWE B HEM XpOMa B M.
PaccuuTaiite aOCOTIOTHYIO 1 OTHOCHTEIBHYIO ONIHOKY U3MEPEHHUSI.

3ananus AJ51 CAMOCTOSITeILHOI padoThI.

CamocTrosTenbHast paboTa TeMbI HalleJieHa Ha MPopabOTKy KOHCIIEKTa JIEKLUU IO BOIPOCaM, TO3BOJISIOIIIM
MOJTOTOBUTHCS K 1a00paTOpHON padoTe, KOIOKBUYMY, MOAYJIBHOMY TeCTHpOBaHUI0. CaMOCTOSTENbHOE
pellIeHre TUTIOBBIX KAYeCTBEHHBIX U PACUETHBIX 3a/1a4 HEOOXOAUMO ISl TOATOTOBKHU K KOHTPOIbHON
pab6orte. [Tonb3ysch TOMOTHUTEHLHOM U CIIPABOYHOM JIUTEPATYPOH, CIIEAYET CAMOCTOSTEIHHO PACCMOTPETh
CHIEKTP AJICKTPOMArHUTHOTO M3JIy4eHHs, 0003HAYUTh 00JIACTH MPaKTUYECKOTO puMeHeHust YO-, UK- u
CIEKTPOB BUIUMOM 001aCTH B aHATUTUYECKOM XUMHH, METOa SIIEPHOT0 MAarHUTHOTO PE30HAHCA U
SJIEPHOTO MPOTOHHOTO PE30HAHCA.

Tema 18. IBM B ananutudeckoii xumuu (OIIK-1)
Jlexknus.

[Tpuniun padotrsr OBM. IIporpammHoe obecnieuerne. OcoOEHHOCTH U MPUHIIMITBI UCTIONB30BaHus OBM B
aHATUTUYECKOM XUMUH. YmpasieHue U cOop maHHbIX. [lepBuunas oOpaboTka naHHBIX. VHTepmpeTarus
JAHHBIX: MaTEMAaTHYECKOE MOJCITUPOBAHNE aHATTUTUYECKOTO MPOIecca, MaTeMaTu-4eCKue MOIeTIH 00BEKTOB
aHaau3a.

IIpakTH4eckoe 3aHATHE.

[IpoBoauTcst B popme cemuHapa.
JlaboparopHbie padoThbI.

He npenycmotrpeno
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

[Tonp3ysich NOMOTHUTENBRHON U CIIPABOYHOM JIUTEPATYPOH, CIEAYET CaMOCTOSTEILHO PACCMOTPETh MPUHITUIT
pabotel DBM, 0CHOBHBIE BHJIBI IPOTPAMMHOTO 00CCIICUCHHSI.

4. Konrpoab 3HaHMI 00y4alOLINXCS M THIIOBbIE OLICHOYHBbIE CPEICTBA
4.1. Pactipenenenue 0auioB:

3 cemecTp
*  TeKylMi KoHTpoIsb — 50 OaoB
*  KOHTPOJIbHBIE Cpe3bl — 2 cpe3a no 10 6amioB KakapIid
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npemuanbHbie 6amel — 10 6amion

OTBET Ha dK3ameHe: He Ooiee 30 0aiuioB

Pacnipenenenne 6aJiioB 10 3aaHKSIM:
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Ne |HaszBanme tembl | Dopmbl Max. MeTtonrka NpoBeAEHNS 3aHATUS U OLIEHKU
Te | /BHJI y4eOHOH |TEKyIEro | KoJI-BO
MBI paboThI KOHTpoJist | 0asuioB
/ cpe3bl
1. [Metononorunuec | Tectupos 5 Tect coctout u3 10 Bonmpocos.
KM€ acIeKThl U aHue
CTPYKTypa 1 mpaBunbHBIHA 0TBEeT-0,5 Oana.
aHAJINTUYECKON
XUMUHU
2. Teopus n naboparop 3 3amiaHupoBaHO  BBIOJHEHHWE 1  jabopa-TOpHO paboTel. 3a
MpaKTUKa Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
npobootbopau | pabora BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
npoOOoMIoAroToB TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
KH
3. Nonnoe naboparop 3 3amaHupoBaHO  BBIOJHEHHWE 1  abopa-TOpHOH paboTel. 3a
MIPOU3BEJCHHE Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
BOJIBI. pabora BbIMoNHeHue; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
Bonoponnsrit TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
MOKa3aTeb.
lIxanapHu | Tectupos 3 Tect coctout u3 10 Bompocos.
pOH. Bydepusie aHue 3 Oamra — cTyleHT mpaBWIBHO oTBeyaeT Ha 75-100% BOmpocoB B
pacTBOPBIL. TecTe
Bydepnas 2 Gaya — CTYAEeHT NpaBUIIbHO oTBeuyaeT Ha 50-74% BompocoB B TecTe
€MKOCTb 1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
4. | KucnotrHo-ocHo [nabopatop 3 3amaHupoBaHO  BBIOJHEHWE 1  jabopa-TOpHOH pabotel. 3a
BHOE Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
paBHOBECHE. pabora BbIMoNTHeHKe; 1 Oamn — pacyetsl U opopmienue; 1 Oamn — 3amura
I'moponus TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
couneil. BeiBox | Tectupos 3 Tect coctout u3 10 Bompocos.
AHATTUTAICCKUX aHue 3 Oamra — cTyleHT mpaBWIBHO oTBeyaeT Ha 75-100% BOmpocoB B
3aBUCUMOCTCH. TEeCcTe
2 Oamia — CTyIeHT MpaBWIBHO oTBeuaeT Ha 50-74% BOMPOCOB B TECTE
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
5. | Kommnekcoobpa |nmaboparop 3 3amaHupoBaHO  BBIOJHEHHWE 1  jabopa-TOpHOM pabotel. 3a
30BaHUE B Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
aHaJMTHYeCKoi | pabora BbIMoNHeHue; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
XUMUH. TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
Tectupos 3 Tect coctout u3 10 Bonmpocos.
aHue 3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B

TecTe
2 Gaa — CTYOEHT paBUIIbHO oTBevaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
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Kosustoxs

HYM(KOHT

PONBHBINI
cpe3)

10

KomnokBuym cmaercss B ycTHOH (¢opme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAaKOMBIM C JOTOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIINUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs WH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl W3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, IO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIE 3HAHMS C BHOBb NMPUOOPETCHHBIMH, MPUMEHATH
X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepHaj H3jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBareieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIKHOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MIPUBJIEKAIOTCA HEJOCTATOYHO Beckue. Ha mocraBieHHBIE BONPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHUeCKuX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JIOTMYECKH HENOCIeN0BaTENbHO
u3naraer Marepuan. HempaBuiIbHO OTBEUaeT Ha IOCTaBICHHbBIE
BOIPOCHI WM 3aTPYIHAETCS C OTBETOM.

OKHCIIUTEIIBHO-
BOCCTaHOBHTEID
HBIC PEaKIuu B
aHAJINTUYECKOM
XAMUH

Tectupos
aHue

Tect coctout u3 10 Bompocos.

3 Oamna — cTymeHT mpaBWiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

2 Gaa — CTYJEeHT paBUIIbHO oTBeuaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.

naboparop
Hast
pabora

3amaHupoBaHO  BBINOJHEHHWE 1  abopa-TOpHOH pabotel. 3a
abOpaTOPHYIO PabOTy MaKCHUMAaJILHO HavyuciseTcs 3 Oamna: 1 Oamn -
BbIMoNHeHue; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro MaTepuaia K labopaTopHoil padote

3aKoH IeHCTBUSA
Macc B
reTepPOreHHBIX
mporeccax.
PactBOopuMOCTS,
MIPOU3BEJCHHUE
pac-TBOPHUMOCTH

naboparop
Hast
pabora

3amiaHupoBaHO  BBINOJHEHWE 1 jabopa-TOpHOH pabotel. 3a
abOPaTOPHYIO PabOTy MaKCHUMAaILHO HavyuciseTcs 3 Oamna: 1 Oamn -
BbIMoNTHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro Marepuaa K labopaTopHoil padorte

Tectupos
aHue

Tect coctout u3 10 Bompocos.

3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

2 Gaa — CTYAEHT paBUIIbHO oTBeuaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BOIpOCOB B TecTe.

MeTtonas!
oOHapyXeHus u
uaeHTU(GUKAIUN

naboparop
Hast
pabora

3amaHupoBaHO  BBIOJHEHWE 1  jgabopa-TOpHOH pabotel. 3a
abOPaTOPHYIO PabOTy MaKCHUMAaILHO HavyuciseTcs 3 Oamna: 1 Oamn -
BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro Marepuaa K labopaTopHoil padorte
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Tectupos
aHue

Tect coctout u3 10 Bompocos.

3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

2 Gaa — CTYAEHT paBUIIbHO oTBevyaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.

Konnounnsie
CHCTEMBI B
aHAJINTUYECKOM
XHAMUH.

naboparop
Hast
pabora

3amiaHupoBaHO  BBIOJHEHHWE 1  jabopa-TOpHOH pabotel. 3a
abOpaTOPHYIO PabOTy MaKCHUMAaJILHO HaduciseTcs 3 Oamna: 1 Gamn -
BhIMoNHeHKe; 1 Oamn — pacdyeTsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro MaTepuaia K labopaTopHoil padote

10.

AHann3 cMeceit
HOHOB. AHaIn3
pactBopa
XHUMHYECKOTO
COCIIMHCHHSL.

Kosstoxs

HYM(KOHT

PONBHBINI
cpe3)

10

KomnokBuym cmaercss B ycTHOH (opMme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETUYECKHUM BONpOCaM | MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOrO
MaTepuaia, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAKOMBIM C JOTOJHUTENBbHOU JnuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jaracrcsd 4YeTKO, SICHO, XOPOIIUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs HMH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl U3 MPaKTUKW, TaOIUIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, MO CYILECTBY.

8-7 0amioB BBICTABISETCS, €CIU CTYAEHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIIOJIb30BaTh
paHee NONyYeHHBIE 3HAHMS C BHOBb NMPUOOPETCHHBIMH, HMPUMEHATH
X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepHaj H3jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO PU OTBETE JIOIMYCKAET HEKOTOPhIE
MOTpeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBaTreieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIEKIMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpPOCHL. B oTBETe HE Bcerna MpHUCYTCTBYET JIOTHKA, apTyMEHTBI
MpU-BIEKAIOTCSL HEJOCTAaTOYHO Beckue. Ha mocTaBneHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAa€T HEAOCTATOYHO TIyOOKHeE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHB
npodecCHOHANBHBIX ~ 3HAHUM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHYeCKUX cuTyanuil. He MoxeTr mnpuBecTH mnpuMepsl U3
peanbHOM NpakTHKU. HeyBepeHHO M JOTMYECKH HENOCIeN0BaTENbHO
u3naraer Marepuan. HempaBuiIbHO OTBeYaeT Ha IOCTaBIICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

naboparop
Hast
pabora

3a nabGoparopHyio pabOTy MakcMMalbHO Hawucisercs 3 Oamma: |1
Oamt - BoeimonHenue; 1 Gamn — pacuetsl u odopmiteHue; 1 Oamm —
3alUTa TEOPETHUECKOTO MaTepraia K J1adopaTopHoil pabote

11.

[IpeMuansHbie OaIbl

10

JlomomHUTENbHBIC TTPeMUaIbHbIE 0auTbl MOTYT OBITh HAYUCIICHBI 32
MOCTOSTHHYIO aKTUBHOCTH BO BpeMsl J1a0OpaTopHbIX 3aHATHH — 10
0aJUIOB

12.

OTBeT Ha PK3aMCHE

30

10-17 ©annoB — CTyAEGHT PacKpbUl OCHOBHBIE BOMPOCHI M 3aJaHus
OusieTa Ha OLICHKY «YIOBJICTBOPUTEIHHO»

18-24 ©annoB — CTyAEGHT PacKpbUI OCHOBHBIE BOMPOCHI M 3aJaHUs
OusieTa Ha OLIGHKY «XOPOLIOY,

25-30 6anynoB — CTYyAEHT PAacKpbll OCHOBHBIE BOMPOCH M 3aJaHuUs
Ousera Ha OLIEHKY «OTIMYHO».
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13. |nnuBHayansHBIE 3a0aHNA, 50 Homamssist KoHTpoJbHas pabora (30 6aiios). IlpencraBnser coboit
C TMIOMOILBIO0 KOTOPBIX WHAWBUAyaAbHOE 3aJjaHue, cocTosimee Hu3 6 pacu€THBIX 3ajad
MOXHO HaOpaTb MOBBIILIEHHOTO YPOBHS CJIIOKHOCTH. (5 0aJjIoB 32 KaKAYIO MPaBUILHO
JOTIOJTHUTENIbHBIE OalTbI PELICHHYIO 3a/1a4y).
Tecrupoanue (100 BompocoB) mo Bcemy Kypcy cemectpa (50
6asutoB: 0,5 Oanna 3a KaIbplii IPaBUIILHBINA OTBET)
14. Hroro 3a cemectp 100
4 cemecTp
*  TeKylMi KoHTpoisb — 50 OanoB
*  KOHTPOJIbHBIE Cpe3bl — 2 cpe3a no 10 6amioB KakapIid
* npemuanbHble 6amiel — 10 6amioB
*  OTBeT Ha ’k3aMeHe: He Oonee 30 6amuioB
Pacnipenenenre 6aJiioB 10 3aaHMSIM:
Ne |HaszBanue tembl | Dopmbl Max. MeTtonrka npoBeACHUS 3aHATUS U OLICHKU
Te | /BHJI y4eOHOH |TEKyIEro | KoJI-BO
MBI paboThI KOHTpoJist | 0asuioB
/ cpe3sl
1. |I'paBumerpudec |naboparop 6 3arIaHupPOBaHO BBITIONHEHHE 2 J1a00opa-TOpHBIX padoT. 3a KaxIyro
KW aHaju3. Has naboparop-Hy1o paboTy MakCUMaIbHO HauuciseTcs 3 Oamna: 1 6amn -
pabora BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro MaTepuaa K 1Jabopa-TopHOH pabore
2. | Turpumerpudec [1abopatop 9 3arIaHupOBaHO BBITIONHEHHE 3 J1abopa-TOpHBIX padoT. 3a KaxIyro

KUl aHaIM3 Ha Hast
Oaze pabora
KHCJIOTHO-OCHOB

nmaboparop-HyIo paboTy MakCUMaabHO Hauucsercs 3 Oamma: 1 Gamr -
BBIMIONTHEHKE; | Oayn — pacdeTsl U odopmieHue; 1 Oamn — 3ammra
TEOPETUIECKOTO MaTepuaia K 1abopa-TopHOH padoTe




HBIX

B3aMMOJICHCTBH

v

u.

49

KOJJIOKB
HYM(KOHT
PONBHBINI

cpe3)

10

KomnokBuym cmaercss B ycTHOH (¢opme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAaKOMBIM C JOTOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIINUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs WH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl W3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, IO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIE 3HAHMS C BHOBb NMPUOOPETCHHBIMH, MPUMEHATH
X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepHaj H3jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBareieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIKHOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MpU-BIEKAIOTCSL HEJOCTAaTOYHO Beckue. Ha mocraBneHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHUeCKuX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JIOTMYECKH HENOCIeN0BaTENbHO
u3naraer Marepuan. HempaBuiIbHO OTBEUaeT Ha IOCTaBICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

OKUCIUTEILHO-
BOCCTAHOBUTEID
HOE TUTPOBaHUE

naboparop
Hast
pabora

3ariaHUpOBaHO BEHITIONHEHUE 2 J1a00-paTOPHBIX paboT. 3a KaKIYIO
mabopa-TOPHYO pabOTy MakCHMalbHO Havyuc-jsiercs 3 Oamra: 1 Gamn
- BeIONHEHUE; 1 Oamr — pacyetsl u opopmieHue; 1 Gamn — 3ammra
TEOPETUYECKOTO MaTe-pHalia K JJaboparopHoil pabote

Kommiaexkconome

TPUYECKOE U

0CaguTCIIbHOC

TUTPOBAHUC.

naboparop
Hast
pabora

3armaHUpOBAHO BHITIONHEHUE 3 J1a0Opa-TOPHBIX paloT. 3a KaKIYIO
nmaboparop-HyIo paboTy MakCUMaabHO Hauucsercs 3 Oamma: 1 Gamr -
BBIMIONTHEHKE; | Oayn — pacdeTsl U odopmieHue; 1 Oamn — 3ammra
TEOPETUIECKOTO MaTepuaia K 1abopa-TopHOH padoTe

Kunetnueckue

METOJBI
aHajIu3a.

Tectupos
aHue

Tect coctout u3 10 Bompocos.

3 Oamna — cTymeHT mpaBWiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe

2 Gaa — CTYOEHT paBUIIbHO oTBevaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpOCOB B TecTe.
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KomnokBuym cmaercss B ycTHOH (¢opme 1O mNpeaBapUTEIbHO
0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaiios:

9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOTO
MaTepuaa, yMEHHE CBOOOHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAaKOMBIM C JOTOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIINUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs WH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl W3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, IO CYILECTBY.

8-7 0aminoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIOJIb30BaTh
paHee NONyYeHHBIE 3HAHMS C BHOBb NMPUOOPETCHHBIMH, MPUMEHATH
X Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepHaj H3jaraercs
XOPOIIUM SI3BIKOM, MIpUBJIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBareieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
y4eOHOTO M JIKHOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsi HEYBEPEHHO IPU OTBETE
Ha BONpOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MpU-BIEKAIOTCSL HEJOCTAaTOYHO Beckue. Ha mocraBneHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HEJOCTATOYHO TIyOOKHE
3HaHU

0-4 0asIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHUeCKuX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JIOTMYECKH HENOCIeN0BaTENbHO
u3naraer Marepuan. HempaBuiIbHO OTBEUaeT Ha IOCTaBICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

DNEeKTpOXUMHUIe
CKHE METOJIBI
aHaJIM3a

naboparop
Hast
pabora

3armiaHUpOBAHO BBIMIOJNHEHUE 2 JTAOOPATOPHBIX paboT. 3a KakKAyHo
abOPaTOPHYIO PabOTy MaKCHUMAILHO HavyuciseTcs 3 Oamna: 1 Oam -
BBIMIONTHEeHKE; | Oayn — pacdeTsl U odopmiecHue; 1 Oamn — 3ammra
TEOPETUIECKOTO MaTepuaia K 1abopa-TOpHOH padoTe

CrnexrpanbHbIe
METOZBI aHAJIN3a

naboparop
Hast
pabora

3a mabopaTopHyr0 pabOTy MakCH-MalbHO Haumcisercs 3 Oamma: 1
Oamt - BoeimonHenue; 1 Gamn — pacuetsl u odopmiieHue; 1 Oamn —
3alUTa TEOPETHUECKOT0 MaTepraia K J1adopaTopHoil pabote

OBM B
aHAJIUTHYECKOU
XAMUHA

JIOKJIa

VYCTHOE BBICTYIUICHUE CTYACHTA IO BOIPOCAM MPAKTHYESCKOTO 3aHATHS
c uenpto Oomee OOCTOSATEIHHOTO OCBEUICHUS TMPOTPAMMHOTO
Marepuaia ¢ IpUBICYCHUEM HanOoJiee COBPEMEHHBIX HCCIICIOBAaHUN
B 00J1aCTH aHAJIUTHYCCKOW HAYKH.

3 Oaxnma — CTYICHT rPaMOTHO BBICTPAWBAaEeT JIOTUKY CBOETO JOKIIANa,
packpbIBaeT TEMY HUCCICIOBaHUS, ONHPAsCh Ha  Pe3yJbTaThl
TEOPETHYESCKHX U IMITUPUUCSCKUX HCCICIOBAHUI MOCIEAHUX 3-5 JIeT.
['paMOTHBIE OTBETHI Ha JOTIOTHUTEIILHBIC BOIIPOCHI

2 Gamnma - CTYAGHT 'pPaMOTHO BBICTPAMBACT JIOTHKY CBOETO JOKJIAJa,
packpbIBaeT TEMY HCCICIOBAHHUS, OMNHPAsCh Ha  Pe3yJbTaThl
TECOPETHYECCKHX WM SMIIUPUYCCKUX HCCICIOBAaHUN COBPEMEHHOU
HAayKH, JTaHbl TPAMOTHBIC OTBETHl HA OTJACIBHBIC JOMOJHHUTEIBHBIC
BOITPOCHI

1 Gayut — OTBET MPENCTABISAET COOOM MPOCTOE 3aYUTHIBAHUE TEKCTA,
OTIENbHBIC OTBETHI HA JIOTOJHHUTEIbHBIE BONPOCH  TPEOYIOT
YTOYHEHHUS
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Kontpons 5 Ha nuceMeHHyI0 KOHTpONIBHYIO paboTy orBoautcs 90 munyT. PaGoTa

Has COCTOMT B PEIIEHUH 5 pacyeTHBIX 33Jad M0 TEME M MaKCHUMAJIbHO

pabora oueHuBaercs B 5 6amutoB (1 6ait 3a KaKAyI0 MPaBUILHO PELICHHYIO
3ajadqy).

9. [IpemuansHbie OaIBl 10 JlononHuTeNbHBIE MTPEeMUaNbHbIe 0aiibl MOTYT OBITH HAYUCICHBI 3a
MOCTOSIHHYIO aKTUBHOCTh BO BpeMs JlabopaTopHbIX 3aHsATHA — 10
0asioB

10. OTBeT Ha ’K3aMeHe 30 10-17 ©annoB — CTyAEGHT PacKpbUI OCHOBHBIE BOMPOCHI M 3aJaHUs

OusieTa Ha OLICHKY «YIOBJICTBOPUTEILHO»

18-24 ©annoB — CTyAEGHT PacKpbUI OCHOBHBIE BOMPOCHI M 3aJaHUs
Ousera Ha OLIGHKY «XOPOLIOY,

25-30 6amnoB — CTYyAEHT PAacKpbll OCHOBHBIE BOMPOCH M 3aaHuUs
Ousera Ha OLIEHKY «OTIMYHO».

11. |MunuBuIyallbHBIC 3aIaHUA, 50 Jomamass koHTposbHAsE padorta (30 6amros). [Ipeacrasmsier coboi

C TIOMOIIIBI0 KOTOPBIX WHIWBUAyaAlbHOE 3ajJlaHue, cocTosimee u3 6 pacu€THBIX 3ajad

MOXKHO HaOparhb TIOBBLIIIIEHHOTO YPOBHS CJI0XKHOCTH. (5 0aJlIoB 3a KaXIyI0 MPaBHILHO
TOTIOJTHUTEIIBHBIC OAJIITBI pEIIeHHYIO 3a7a4y ).

TectupoBanue (40 BompocoB) mo BceMy Kypcy cemectpa (20 6amios:
0,5 6ayma 3a KaXKIblid TPaBUIILHBIA OTBET)

12. HUroro 3a cemectp 100

WtoroBass omeHka 1O »dKk3aMmeHy BeicTaBisieTcss B 100-0ayibHON 1mikKame W B TPaTUIIMOHHOMN
yerplpexOampHol  1mikane. IlepeBony 100-OamnpHON  pEeHTHHIOBOWM  OLIGHKM 1O JUCHUIUIMHE B
TPAJAUIIMOHHYIO YETHIPEXOATUTHHYIO OCYIIECTBISIETCS CISIYIOIIINM 00pa3oMm:

100-6annpHas cucrema Tpagunuonnas cucrema
85 - 100 GannoB OTnuyHO
70 - 84 Gannos Xoporo
50 - 69 6aiu1oB YIOBIETBOPUTEITHHO
Memnee 50 HeynosnerBoputenbHO

4.2 TunoBsle OLICHOYHBIE CPEACTBA TEKYILIETO KOHTPOJIS
AOKJIA

Tema 18. DBM B aHanuTU4YECKON XUMHUHU
1. ITpunanmn pa6oter 9BM, 0CHOBHBIE MOTYJIH.
2. [IporpamMMHOe o0ecrnieueHue, UCIOJIb3yeMOE B aHATTUTHYECKOM MPAKTHKE.
3. OcoOEHHOCTH ¥ MIPUHIIMITBI UCTTONIb30BaHUSI DBM B aHaTUTHYECKOW XUMUH.

4. Ymupasnenue u cOop naHubIX. [lepBuunas o6paboTka naHHbIX. IHTEprpeTanus NaHHBIX:
MaTeMaTH4ecKoe MOJICIMPOBAaHIE aHAIMTHYECKOTO MPoliecca, MaTeMaTHYeCKUe MOJIENIN OObEKTOB aHAIIN3A.

KonsiokBuym

Tema 5. KomriekcooOpa3oBaHne B aHAUIUTHUECKON XHUMUH.
Komnoksuym Ne 1

1. IlpenmeT aHaMUTUYECKON XUMUU. METOIOIOTHYE€CKHUE aCIIEKThI U CTPYKTYypa aHAJIUTHUYECKOMN
xumun.KBanuduxanus yuctots! BenjectBa. Okpacka rmiameHd. CucTeMbl KaYeCTBEHHOTO aHaIn3a.

2. 3aKkoH IeUCTBUS Macc ¢ yueToM nocrtyinara ['ynpadepra u Baare.. 3akoH AeiCTBUS Macc 4yepe3 ypaBHEHUS
JUISL KOHCTAHThI paBHOBecHs. TpeOoBaHMS K CKOPOCTH PEAKIIUN U CKOPOCTH TOCTHXKEHUSI PAaBHOBECHSI B
aHanuTU4YecKor XxuMuu KonmmdecTBeHHbBIE pacueThl ¢ CIOIB30BAaHUEM 3-Ha JEHCTBUS Macc.

3. MonHoe npousseneHue Boabl. Bogopoaustii nokaszarens. [lkana pH u pOH.
4.bydepubie pactBopsl. bydepHas eMKOCTb.
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5. Teopust anexkrponutnueckoil auccornuanuu C. Appernyca. CMellleHue HOHHBIX PABHOBECUM B pacTBOpax
CJIa0BbIX AIEKTPOIUTOB.
6.Teopusi CUITBHBIX 3JICKTPOJUTOB. AKTHBHOCTb, KO3()(PHUIIMEHT aKTUBHOCTH, MOHHASI CHJIA PACTBOPA.
[Tpubnmxenus [lebas. YpaBuenue JleBuca.
7.I'maponus coneli c1aboro OCHOBAHUS U CHIIBHOUM KUCITOTHL. CTeNeHb U KOHCTaHTa THAPOIH3a. BeiBoa
AHAJINTUYECKUX 3aBUCUMOCTEM.
8.I'maponu3s coneil CUIIBHOTO OCHOBAaHMSI U ¢1a00# KUCIOTHI. BRIBOA aHATUTHYECKIX 3aBUCUMOCTEH.
3agauu 1o TeMe.
9.I'mnponus cosneli c1aboro OCHOBAHUS U CIA00M KUCIOTHI. BBIBO aHATUTUYECKUX 3aBUCUMOCTEH.
10. IIporonutnueckas teopust bpencrena-Jloypu. Apronoporonus. Teopusi KUCIOT U OCHOBAHUH
bpencrena-Jloypu.
11. Heomupie pactBoputenu. Cucrema kinaccudukamuu  pactBopureneir  bpencrena-Jloypu.
Knaccudukanus pactBoputeneit Ilapkepa. ANpoTOHHBIE AUMNOJSPHBIE PacTBOpPUTENH. JluTIONsIpHBIE
MIPOTOHHBIE PACTBOPUTENIN. ATIPOTOHHBIE AMOJISIPHBIE PACTBOPUTENH.
12. Knaccudukanus KOMIUIEKCHBIX COSTUHEHHH MO XapakTepy B3aMMOACUCTBUS METAII-TUTaH . BHyTpH-
1 BHemHec(epHbIe KOMIUIEKCH, TOMO- M TE€TEepOJHMraHAHbIe, MOHO- M TOJUACHTaTHbIC. MHOTOSIEPHBIE
KOMILIEKCHI. XeJaTbl, BHyTPUKOMIIJIEKCHBIE COCTUHEHUS.

13. Crynenyaroe koMmruiekcoobpazoBanre. KoHCTaHTHI ycTOMYMBOCTH (cTyneH4arbie U obmue). dakTopsr,
BIMSIONINE Ha KOMIUIEKCOOOpa3oBaHHE: CTPOCHHE IIEHTPajJbHOrOo aroma W Jjuranjaa. KoHueHTpauus
KOMITOHEHTOB pacTBopa, pH, HOHHOM cuiibl pacTBOpa. BaxkHelne peareHThl, TPUMEHSIEMbIE B aHATU3E JJIS
paszzeneHus, OOHapy>KeHUs, ONPeIeICHUs HOHOB METaJNIOB, MACKUPOBKH.

Tema 10. Ananus cMecell HOHOB. AHaJIM3 pacTBOpa XMMHUECKOTO COEIUHEHUS.
Komnoksuym Ne 2

1.Koncranra paBHoBecust OBP. OkucnurenbHO-BOCCTaHOBUTEIbHBIN noTeHMaln. YpaBHenue HepHcra.
CBs13b KOHCTAHTBI PABHOBECHS C OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIM MTOTEHIIMAJIOM.

2.0cHOBHBIE HCOPraHNYCCKHUEC U OPTaHUYCCKUC OKUCIUTCIIN U BOCCTAHOBUTCIIN.

3. 3aKkoH JEWCTBUS MacC B T€TEPOTEHHBIX Mporeccax. TouyHble W MPUONMKCHHBIE PEIICHHS YpaBHCHHI.
DaKTOPBI OCAKICHUS.

4. JlpoOHoe ocaxaeHue. B3anMHOe NpeBpalleHHEe MajOpacTBOPUMBIX OCAIKOB. YueT KoddduimeHrta
AKTUBHOCTH MOHOB IIPU PACTBOPEHUU JICKTPOIUTOB.

5. Wnpentudukanus aroMoB, HOHOB, MOJICKYJT M BemiecTB. J[poOHBII W CHCTEMaTHYECKHA aHAJIN3.
MUKpPOKPUCTAITIOXUMUYECKM W TUPOXUMUYCCKHM aHanmu3 (OKpallMBaHWE ITUTAMEHH, BO3TOHKA,
oOpa3oBaHUeE TIEPIIOB).

6. Metozp! pazaeneHus U KoHeHTpupoBanus. Koadduuuent pacnpenenenus.

7. Xpomarorpadus. AncopOrimonHas xpomaTorpadusi, BRITSCHUTEIbHAS ¥ MOHOOMEHHas XpoMartorpadus.
Pacnpenenurenpras xpomarorpadus. bymaknas xpomarorpadusi. ['a3oBas u KuIKoCcTHAs XpoMaTorpadusi.

8. XuMHUeCKHEe peaklMH, BeIylue K 0Opa3oBaHMIO KOJUIOMIHBIX CHCTeM. Mumemia ¥ KOJUIOWIHAs
yactuia. [Ipasuno Jlunarosa.

9. Koarynsuus u cemuMeHTalus KOJUIOMAHBIX cucTeM. [lenTuzamus ocaaka.

Tema 12. TutpumeTpudeckuii aHanu3 Ha 0a3e KUCIOTHO-OCHOBHBIX B3aUMOJICHCTBHA.

1. I'paBuMeTpuyeckuii MmeTos aHanu3a. JJOCTOMHCTBA U HEAOCTATKU. MeTO/bl BBIJIETICHUS, OCAXKACHUS U
OTTOHKH B T'PABUMETPUUECKOM aHaiu3e. [ [pumepsl.

2. TpeboBanus k popme ocaxaeHus u BecoBoii popme. OT60p mpol. [IpomeiBaHUE OcaIKa.

3. KucnorHo-ocHOBHOE TuTpoBaHue. OOIee mpencTaBieHne. DKBUBAJIICHT. 3aKOH SKBUBAJICHTOB.
CriocoObl BeIpaskeHUsI KOHLIEHTpAalMK pacTBOpoB. CTaHIapTHBIE PAaCcTBOPA.

4. Teopun UHIUKATOPOB KMUCIOTHO-OCHOBHOTO TUTpoBaHus (OctBanbaa u xpomodopnas). UHTepBan
nepexona okpacku. pK u pT mHmukaropos. MeTunopanx u ¢peHon(TaICHH ¢ TOUYKH 3PCHUS
HMOHHO-XPOMOGOPHOM TEOPUU UHIUKATOPOB.

5. Pacuer kxpuBOM TUTPOBAHMS PacTBOpPA CUIIBHOW KUCJIOTBHI CUJIBHBIM OCHOBaHUEM.



6. Pacuet kpuBOW TUTPOBAHUS PACTBOPA CIA00N KUCIIOTHI CUIBHBIM OCHOBAaHHEM.
7. TuTpoBaHHE CMECH CUIILHOM M CJ1a00M KUCIIOT CUIIBHBIM OCHOBAaHHUEM.
8. TurpoBanue MHOrooCHOBHOM KucioThl Ha puMmepe H3PO4. Kpusas turpoBanus.

9. TutpoBanme pacTBOpa KapOOHATA IIEIOYHOTO METaJlIa M PACTBOPA CMECH IIEJI0YM U KapOoHara
IEJIOYHOTO METalIa. DTaIbl TUTPOBAHHSL.

10. Bnusiaue pa3nuyuHbiX (PaKTOpoB HA BUJ KPUBBIX TUTPOBAHUS.

11. Ommbku KUCIOTHO-0CHOBHOTO TUTpoBanus (H+ - ommbka, OH- - ommOka, KUCIIOTHAS U TIeTOYHAs
OIITMOKH).

Tema 15. Ku"netnyeckue METOIEI aHAIN3A.
1. HOHSITI/IG 06 OKHUCJIIUTCIIBHO-BOCCTAHOBUTCIIBHOM ITIOTCHIIHUAJIC. HanpaBneHHe
OKI/ICHI/ITCHBHO-BOCCTaHOBHTeHBHOﬁ peaKI_[I/II/I. KOHCTaHTa paBHOBeCI/Iﬂ OKI/ICHI/ITGHBHO-BOCCTaHOBHTeﬂbHOﬁ
peaKiuu.
2. KpuBast OKHCIUTEIHFHO-BOCCTAHOBUTEIIBHOTO TUTPOBAHUSI.

3. Meron ocaxaenusi. TpeOoBaHMsI K peakIHsIM B METOJIE OCAKICHHSI. MeToabl (pUKCAITUN SKBUBAICHTHOM
TOYKHU (MHIUKATOPHBIC U OC3MHIUKATOPHBIE).

4. KpuBasi THTpOBaHUS IO METOAY OCAXICHUSI.

5. OO1ee NOHATHE O KOMITJIEKCOMETPHUH U KOMILJIEKCOHOMETpUU. TpeGoBaHMsl, PEabIBISIEMbIE K
peakuusM B KOMITJIEKCOMETpHH. BaskHel11ie KOMITJIEKCOHBI.

6. MeTtonbl puKCHpPOBaHUS YIKBUBAJICHTHOW TOUYKH B KOMITJIEKCOHOMETpUU. IHIUKaTOphI
KOMITJIEKCOHOMETPUYECKOTO TUTPOBAHHS.

7. YcnoBusi poBeACHUS KOMILIEKCOHOMETPUYECKOTO TUTpoBanus. Biusaue pH. CenekTuBHOCTh METO/A.

8. Teopust KHHETHYECKUX METONIOB aHanu3a. JuddepeHnnanbupie 1 MHTErpaJibHbIe METO/IBI aHATN3A.
TpeOGoBaHus K MHAUKATOPHBIM PEAKLIUSM. .

9. CnocoObI onpesieneHnss HEM3BECTHOM KOHIIEHTPAIIMH BEUIECTBA (TAHI€HCOB, (PUKCHPOBAHHOTO
BpEeMEHH, (PUKCHPOBAaHHOM KOHLIEHTpaluu). Karanutudeckuil 1 HeKaTaluTHYECKUNA BapUaHTHI
KUHETHYECKUX METO/IOB aHAJIH3a.

Kontponbnas padora

Tema 18. OBM B aHaIUTUYECKOU XUMUH
BapuaHTBl KOHTPOJIBHBIX PabOT:

Bapuant No 1.

1. Ilpu anHanm3e ABYX MpoO LMHKOBOM py/bl B IEpBON U3 HUX, conepxameil 1,5 % Bnaru, Haiineno 45,3 %
nuHKa. Bo Bropoii, conepxkarieit 0,67 % Bnaru, Haiinieno 45,7 % muHKa. BymyT mu 9T ipo0Obl pa3nuyarbes
10 COAEPKaHUIO B HUX LIMHKA TPU OJMHAKOBOM BIAXKHOCTH.

2. Tutp cepHOl KUCIOTHI 10 THApOoKcuAy HaTpus paBeH 0,005250 r/min. BeraucanTs ee HOpMaIbHOCTh U
TUTP IO paboueMy BEIIECTBY.

3. OnpenenuTs HOPMAIBHOCTH PaCTBOPA HUTPATa cepedpa Ha OCHOBAHUU CIICAYIOIIUX ITaHHbBIX: HA
tutpoBanue 20,00 ma pactBopa, conepxaiiero 2,3804 r xmopuaa kanusa B 250 mi, uzpacxogoBaHo 18,3 mi
pacTBopa HUTpara cepedpa.

4. Onpenenuth DJIC B ranpbBaHYECKOM dneMenTe Zn/Zn2+//H+/H2(Pt), ecnu u .

5. OnpenenuTs TONIIUHY CJI0s OKPAILIEHHOTO PacTBOpa, KOTopas morpedyercs /Uit ociallieHus
MHTEHCUBHOCTH MAJAl0IIETo MOTOKA CBETa B 5 pa3 npH KodpGUIIMEHTe MOJISPHOTO MOTalleH!s, PABHOM
0,054.

Bapuanr 2.

1. Ilpu ananmze obpasia J0JIOMHUTA HailieHo: coaepkanue okcunaa yriaepoaa (IV) pasno 46,66 %, okcuna
maraus 22,07 %, oxcuna xanbiws 30,59 %, nomyropubix okcunoB (Fe304 u A1203) 0,56 %, Bnaru 0,12
%. KakoB Mpo1eHTHBIH cocTaB abCoMOTHO cyXxoro obpasma’?
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2. Boruncnuts TiTp 0,1 H pacTBOpa cEpHOM KMCIOTHI IO THIPOKCUY HATPHUs, KaJbLUHUPOBAHHON COZE U
OKCHUJY KaJIbLIUS.

3. Ckonpko rpaMMOB XJIopua KaJblius coaepkutcs B 250 M pacTBopa, ecii Ha TutpoBanue 25,00 miu
ero 3arpadeno 34,00 ma 0,1050 1 pacTBopa HUTpara cepebdpa?

4. HaiiTu KoHCTaHTY paBHOBecHs peakuuu AsO43- + 21- + 2H+ = AsO33- + 12 + H20

u.

5. Ilpu npoxoXAeHUH CBETOBOIO IIOTOKA YEPE3 CJIOM TOJMIIMHON 2 CM pacTBOpa MHTEHCUBHOCTD €r0
yMmeHblunachk Ha 32%. Onpeaenutb UHTEHCUBHOCTh CBETOBOTO TOTOKA MPHU MPOXOXKICHUH Yepe3 CIIoM
TOJIILIMHOM 5 CM TOTO K€ PacTBOpa.

Bapwuanr 3.
1. B xkamenHoMm yriie HaiizieHo 5,3 % 301b1 U 2,5 % Bnaru. [lepecuntars Ha aOCOTIOTHO CyXO€ BEIIECTBO.

2. YeMy paBeH TUTP pacTBOPA CEPHON KUCIIOTHI, €CIIH JUIS MOIY4YEHHs 3 J1 TOI0 pacTBOpa B3ATO 25 M
CEPHOM KUCIIOTHI C TUIOTHOCTHIO 1,515 v/Mit m MmaccoBoit moneit 61,54 %.

3. Hasecka 1,52 r cynbdara maraus (MgSO4x7H20) pactBopeHa B MepHOI Koi10e emkocThio 250 mi1. Ha
tutpoBanue 20,00 My TOIy4YEHHOIO pacTBOpa n3pacxonosaHo 19,85 miu pactsopa Tpuiona b. Beruncnuth
TUTP, HOPMAJIBLHOCTh U MOJISIPHOCTbH PAcTBOpa TpuiioHa b.

4. Onpeaenuts IJIC raapBaHMYECKOTO AIEMEHTA, COCTABJIEHHOIO U3 METHOTO U KaJIMHUEBOTO 3JIEKTPOJIOB,
OMYIIEHHBIX B PACTBOPHI COJICH ¢ aKTUBHOCTSIMU MOHOB MeTaJToB, paBHbiMH 0,01 T/11. 1

5. PaccunTtaTh HAMMEHBIITYIO KOHIIEHTPAIUIO BEIIECTBA, KOTOPYIO MOXHO ONPEAETUTh KOJIOPUMETPUUECKH,
€CITM M3BECTHO, YTO MOJISIpHBIN K03 duiineHT noramenus paseH 1,25-103. Haumensiiee 3HaueHHe
ONTUYECKOW IJIOTHOCTHU MPHU TONIIHHE ¢i1og 3 ¢cM paBHO 0,02.

Bapuanr 4.

1. U3 1,3162 r crinaa nomyueno 0,1234 r okcuna amomunus u 0,0267 r nuokcuga kpeMHuust. CKOJIbKO
MPOLICHTOB AJIFOMUHUS U KPEMHUS B CIlIaBe?

2. Beruucnuth HHAMKaTOpHYIO omnOKy TuTpoBanus 0,1 H pactBopa HC1 0,1 M pactBopom NaOH ¢
MeTHIIOBBIM KpacHbIM (pT = 5).

3. Cxonpko ma 0,3 H pactBopa AgNO3 nano npubasuts k 200 mi 0,15 u pactBopa NaCl, uTo6b1
MOJTHOCTHIO OCAIUTh MOHKI cepedpa?

4. CKoJIBbKO MPOLIEHTOB IIMHKA COJIEP’KUTCS B CIUIABE, €CIIM Ha TUTPOBAHUE IIMHKA, COAEpPIKAIIErocs B 1 T
cruiaBa, 3aTpadeHo 26,03 miu 0,0222 M pactBopa Tpuiona b.

5. BonroBoe uucno ¢orona pasao 3500 cMm-1. HaiiTi yactoty ero xonebaHuii.

Bapuanr 5.

1. Beruncnouts rpaBuMeTpudeckue Gaktopsl: onpeaenssoT Fe203, monmyduerno FePO4; onpenensror S
nonydeno BaSO4.

2. KakoBa HOpManbHOCTb 2,35 % pactBopa ammuaka (r = 0,988 r/mMi) U CKOJIBKO MII pacTBOpa HEOOXOIUMO
115t ipurotoBieHus 2 1 0,2 H pacTBopa

3. KaxoBBbI MOJIIPHOCTH, HOPMAJIBHOCTh U TUTP MO XJIOPY PAaCTBOpPA POJAHUIA AMMOHMS, €CJIM HA
tutpoBanue 10 My 3Toro pactBopa 3arpadeno 12,00 ma 0,05 H pacTBOpa HUTpaTa cepedpa.

4. BBIUUCITUTh OKUCIUTEIHHO-BOCCTAHOBHUTEIBHBIN TOTeHIMA mapwl [ |[111113+/[1[][1[12+ mpu KOHIIEHTpa
noHoB [ |[1[1[13+, paBHoii 0,2 MONBb-3KB/J, @a HOHOB [ | [ [ ][12+, paBHo#t 0,15 Monb-3kB/1. YCI0BUS CTaHIAPT
ECIOO3+/00112+0= 0,77 B.

5. Hcnonb3yeMsblil pacTBOp UMEET ONTHUECKYO IUIOTHOCTH 0,5 IpH TOJIIMHE MOIVIOLIAIOUIETO CI0S 5 CM.
KonueHTpanus pactBopeHHo conu coctasiseT 2:10-5 1 B 90 M pactBopa. OnpenennuTs MOISPHBIN
K03(pPHUIHEHT OTTIONIECHUSI.

JaboparopHasi padora

Tema 2. Teopus u npakTHKa Mpo600oTOOPa U MPOOOIIOATOTOBKU



CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHOi padoTe, BKIIIOYAIONINI odopmiieHHE (3amuch HaOIoneHul,
pacyeTsl, ypaBHEHHS PEAKIIUIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 3. MonHoe npoussenenue Bozsl. Bogoponusiit nokasarens. [llkana pH u pOH. Bydepubie pacTBOpHI.
Bydepnas emxocTh

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAIIHA oopMileHHe (3amich HAOIIONCHHH,
pacyeTsl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 4. KucnorHo-ocHOBHOE paBHOBecHe. [ maponus conell. BbiBog aHaIUTHUECKUX 3aBUCUMOCTEH.

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOIHi oopmileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 5. KomriekcooOpazoBaHue B aHATUTUYECKON XUMHH.

CTyneHT I0JDKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOIHi ohopmileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 6. OKHCIMTEIFHO-BOCCTAHOBUTEILHBIE pCaKkuu B aHATUTHYECKOM XUMUH

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOIHi ohopmileHHe (3amuch HAOIIONCHHIH,
pacyeTsl, ypaBHEHHS PEAKIIMA, BBIBOJBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 7. 3akoH JEWCTBUSA MAacC B TETEPOTrE€HHBIX Mpoleccax. PacTBOpuMoOCTh, NpOU3BEICHUE
pac-TBOPUMOCTH.

CTyneHT JOoJDKeH cAaTh OTYET 10 1abopaTopHOi padoTe, BKIIOYAIONINH odopmiieHHE (3anmuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIUIA, BBIBOJbI) U OTBETUTh HA KOHTPOJIHHBIE BOIPOCHI

Tema 8. MeToasl 0OHapykeHUs U uaeHTU(HUKAIK. XpoMaTorpadusi.

CTyneHT JOoJDKeH cAaTh OTYET 10 1abopaTopHOi padoTe, BKIIIOYAIONINH odopmiieHHE (3anmuch HaOIoneHul,
pacyeTsl, ypaBHEHHS PEAKIUIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 9. KomounHpele CUCTEMEI B aHAJITUTUYSCKON XUMUH.

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHoi padoTe, BKIIIOYAIONINI odopmiieHHE (3anmuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIUIA, BBIBOJbI) U OTBETUTh HA KOHTPOJIHHBIE BOIPOCHI

Tema 10. Ananu3 cmeceil MFOHOB. AHaJIU3 pacTBOPa XMMUYECKOTO COCTUHEHUS.

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHOi padoTe, BKIIIOYAIONINI odopmiieHHe (3anmuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIUIA, BBIBOJbI) U OTBETUTh HA KOHTPOJIHHBIE BOIPOCHI

Tema 11. ['paBUMETpUYECKUI aHAIIN3S.

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHoi padoTe, BKIIOYAIONINI odopmiieHHE (3amuch HaOIoneHul,
pacyeTsl, ypaBHEHHS PEAKIUIA, BBIBOJbI) U OTBETUTh HA KOHTPOJIHHBIE BOIPOCHI

1. Kak ycTpOo€eHbl aHaJIUTHYECKHUE BECHI?

2. KakoBa CymnHOCTb BECOBBIX OIPEACICHUN a) MO METOY OCaXACHUS, O) 1O METOAY OTTOHKU?

3. UyBCTBUTENBHOCTD BECOB, OT KaKuX ()aKTOPOB OHA 3aBUCHUT U KaK BhIpaXKaeTcs?

4. Tlorpemnoctu aHanu3a. [IpaBHIBHOCT U TOYHOCTD aHaN3a. AOCOIIOTHAS U OTHOCHUTEIIbHAS OIITHOKHY.
5. YeM pyKOBOACTBYIOTCS IIPU BBIUNCIIEHUH BEIMYHUHBI HaBecKu? IIpumMepsl.

6. YcnoBusi, HEOOXOIUMBIE JUISI TOCTHKEHUS KOJTMUYECTBEHHOTO OCaXICHUS OMNPEAeIIeMOro HOHa.

7. Kakue pakTopbl BIUAIOT HA YUCTOTY Ocaaka? UTo Takoe COOCaKICHUE U KAKOBBI MEPhl OOPHOBI C HUM B
BECOBOM aHau3e?

8. UeM pyKOBOJICTBYIOTCS MPH BBIOOpE ocanuTens? PacyeT komudyecTBa 0caauTes.
9. Urto HazpIBaeTCs ocaxkaaeMoi (opMoi, Kakue TpeOOBaHUS MPEABSIBISIIOTCS K HEH?
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10. Kakue nienu npecnenyet npomsiBaHue ocaakoB? Kak BEIOpaTs MPOMBIBHYIO KUIKOCTH?

11. Yro Ha3wiBaeTcs BecoBoi hopmoii? Kakue TpeboBaHMs MPeabABISIOTCS K BECOBOH dhopme?

12. Yro Takoe rpaBumeTpuueckuii paxtop? [Ipu kakux pacderax ero MO>XHO MPUMEHSTH?

13. ITorpemHocTh aHanu3a. [IpaBUILHOCTS M TOYHOCTH aHAIHM3a. AOCOIIOTHASI 1 OTHOCUTEIbHAS OIUOKH.
14. Tlouemy nipu OCakJIEHUU HYKHO OpaTh H30BITOK ocanuTelnsa? Kakum MomKeH ObITh U30BITOK?

Tema 12. TutpumeTpuyeckuii ananu3 Ha 6a3e KUCIOTHO-OCHOBHBIX B3aUMOACHCTBUIA.

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIFOUAOIIHA ohopMIleHHe (3amich HAOIIONCHHH,
pacyeThl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. Aupaumetpust v ankanauMeTpus. X cylHoCcTh 1 001aCTh IPUMEHEHUSI.

2. Kakue paboune TUTpOBAaHHBIE pACTBOPHI UCIIOIB3YIOTCS B MeTo/ie HelTpanu3anun? CrnocoObl ux
MIPUTOTOBJICHHUS.

3. Kakoe nosiojxeHue 3aHUMaeT Ha KpUBOM TUTPOBaHUs CKadoK TUTpoBaHus? Yto takoe pT nuaukaropa?
4. Ha npuMepe METUIIOBOTO OPaH)KEBOT0 OOBSICHUTH MEXaHU3M OKPACKH MHJIMKATOpa C TOYKU 3PEHUS
HOHHO-XPOMO(DOPHOU TEOPHH.

4. NnTepBal nepexosia OKpacku MHIUKATOpa. 3aBUCUMOCTD [IBETA MHAMKATOPOB OT COOTHOIICHUS UX
MOJIEKYJISIpHOW 1 MOHHOM (popmbl. [Tokazarens TUTpOBaHUSI.

5. VcxonHble TUTPOBAHHBIE PACTBOPHI, IPUMEHSEMbBIE B METO/IE HENTpanu3auu. FcxoqHble BelecTBa.
6. Kakyro okpacky OyzaeT umeTh Jakmyc U penondranent B pactBopax ¢ pH, paBusim: 7; 8,5 u 117

7. OcoOeHHOCTH TUTPOBAHUS CIAOBIX KUCIOT CHJIBHBIMH OCHOBAHHMSIMH U CJ1a0bIX OCHOBAHUMN CHIIBHBIMHU
kucioramu. Kakve HHAMKATOPbI MPUTOIHBI AJISI STUX TUTPOBAHUIN?

8. BausiHue obinacTu MHTEpBalia Iepexoia MHAUKATopa Ha BETMYMHY OIMOKU TuTpoBanus. [IpuBenure
MIPUMEPHI.

9. IloueMy 1ipy TUTPOBAHUU PACTBOPA THAPOKCHUAA KaJIKs XJIOPOBOJOPOIHON KUCIOTOM B PAJIE CTydacB
MOJTyYaloT Pa3InYHbIE PE3YNIbTAThl IPU YIOTPEOIEHNN B Kaue€CTBE MHANKATOPa METHIIOBOTO OPAHKEBOTO U
dbenondranenna?

10. 3aBUCUMOCTh BEIMYUHBI CKaYKa TUTPOBAHUS OT KOHCTAHTBI TUCCOLUAIIUU THTPYEMOH clTab0i KUCIOTHI
(cmaboro ocHOBaHUS).

11. Kakoe npakTHueckoe 3HaueHHE NMEET COBMECTHOE TUTPOBAHHUE LIEJIIOYN U KapOOHaTa MIETOYHOTO
Merasia?

12. O6BsicHUTE HaTU4Ke ABYX TOYEK SKBHUBAJIICHTHOCTH MPHU TUTPOBAHUU CMECH IIETIOYH U KapOoHaTa
11eJ04Horo Metaia. IlosicHute BBIOOp MHMKATOPOB.

Tema 13. OKUCIUTENTBHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHOi padoTe, BKIIOYAIONINI odopmiieHHE (3amuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. 3aBUCUMOCTb TE€UEHUS PEAKIIUN OKHUCIEHUS IEpMaHIaHaTOM OT KOHLIEHTPALMK HOHOB BOJIOPOJIA B
pactBope. OnpenenuTs SKBUBAJICHT NIEPMaHraHaTa Kajaus B KUCJION, HEUTpaJIbHOM U LIEIOYHOH Cpese.

2. Ilouemy pacTBOp NepMaHraHara Kajaust HEOOXOJIMMO OTIEIUTh OT ocajka okcuaa mapranua (IV) u
3allUIIATh OT JEHCTBUS cBETa?

3. Kakue BeliecTBa UCOIB3YIOTCA JIJIs1 YCTAHOBKY TUTpa MEpMaHraHaTta Kanusi?

4. Kak onpenesitoT OKUCIUTENN U BOCCTAHOBUTENIN METOA0OM nepmanranatometpuun? [Ipuseaure
MIPUMEpBHI.

5. [louemy mpu TUTPOBAHUU IIABEJIEBOI KUCIIOTHI IIEpMaHTaHATOM IEpPBbIE KaIlJId pacTBOpPa €ro
o0ecBeunBalOTCst MeUIeHHO? OObSICHUTE MEXaHW3M FOMOTEHHOTO KaTalln3a.

6. PaccumuTaiiTe 5KBUBaJICHTHYIO MaccCy eje3a B coii Mopa npu B3auMOIEHCTBUU €€ C IEPMaHTaHaTOM
KaJIMs B KUCJIOM cperie.

7. Kakne BOCCTaHOBHUTENN OKUCTISIOTCS CBOOOMHBIM HostoM? Kak rotoBsiT pabouwnii pactBop noma?
8. PaccuuTaiiTe 5KBUBAJICHT THOCYb(aTa HATPHUS B PEAKIIMH CO CBOOOIHBIM HOJIOM.

9. Kakue OKHUCIUTENIN MOKHO ONIPEACIIUTH METOIOM HOAOMETPHUU?

10. TTouemy nipu HOJOMETPUUECKOM OMPECIICHUN OKUCIIUTENEH OepyT U30BITOK MOTUAA Kalusi?
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11. IlpuBenute ypaBHEHUs peaklMii, JexkKalile B OCHOBE HOJAOMETPUUYECKOTO OINPEIEIICHUS ME/IH.
OOBsicHUTE HAIIpaBJICHUE peakIu B3aumoseiicTeus nonos menu (1) ¢ mogua-nonamm.

12. KakoBbI yCIIOBHSI, KOTOPBIE HEOOXOIUMO COOIONAThH MPU UOJOMETPHUSCKIX U3MEPECHHSIX ?

13. Kak BBIYMCIINTE TOTCHIIMAJ B TOYKE YKBUBAJICHTHOCTH IIPpU OKHUCIUTCIIbHO-BOCCTAHOBUTCIBHOM
TUTPOBAHUH, UCXOOA U3 CTAHAAPTHBIX OKHCIIUTCIbHO-BOCCTAHOBUTCIIbHBIX HOTCHHI/IaJ'IOB?

Tema 14. KoMIUIEKCOHOMETPUUECKOE U 0CATUTEIBHOE TUTPOBAHHUE.

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAIHi ohopmileHHe (3amuch HAOIIONCHHIH,
pacyeTsl, ypaBHEHHS PEAKIIMA, BBIBOJbI) H OTBETUTH HA KOHTPOJIHHBIE BOIIPOCHI

1. CymHocTh 6€3MHANKATOPHOTO METOA ONpeesIeHNsT OPOMHIOB U XJIOPHUIOB PACTBOPOM HHUTpaTa
cepeodpa.

2. Kakue BemiecTsa onpeneistorcs MerogoM Mopa? Kakoro Tuna nHIUKaTop NpuMEHSIETCsSl B ’TOM MeTojie?
3. AncopOunoHHbBIE SIBICHHS, HAOTIONaeMbIe IPU TUTPOBAHUU IO METOY OCaXICHUS.

4. Ha yeM 0CHOBaHO MPUMEHEHHE aICOPOIIMOHHBIX HHAUKATOPOB? [IpumMepsl.

5. B kakoii cpezie Xxpomar Kajiausi UCIIOJIb3YETCsl KaK MHAUKATOp?

6. Kakue BemecTBa onpeaenstorcs no merony @onbrapaa? Jlaiite CpaBHUTEIbHYIO XapaKTEPUCTUKY
MetonoB Mopa u ®onsrapaa.

7. Kakue pabourie pacTBOPBI U HHIUKATOPHI MPUMEHSIOTCS 110 MeToxy Donbrapaa?

8. Pomanomerpusi, ee CyIHOCTb U 00JaCTh MPUMEHEHH. MeTOANKa POIaHOMETPUIECKUX ONPEICIICHUM.
OcCHOBHBIE YpaBHEHUS PEAKIIUH.

9. Kommiekconsl. X npuMeHeHue.

10. MeTon onpeaenenust 00IIeH KeCTKOCTH BOABI ¢ ToMoIsio komiuiekcona [1I. 3nauenne pH pacTBopa
MIPH OTIPECIICHUH KECTKOCTH.

11. Xapakrepuctuka komiuiekcona IIl. Kakue BemecTBa ucnonb3yroTcs sl yCTAHOBKHU €r0 TUTPA.
12. KakoBbI IpenMyI11€CTBa BHYTPUKOMILIEKCHBIX COEUHEHUM JUIsl OCaXACHU MeTasuloB. [IpuMepsl.
13. KakoBa kiaccudukanus BOAbI 10 )KECTKOCTH?

Tema 16. DeKTpOXUMUYECKUE METO/IbI aHAJIN3A

CTyneHT JOoJDKeH cAaTh OTYET 10 1abopaTopHoi padoTe, BKIIIOYAIONINHI odopmiieHHE (3amuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIUIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. Kakue criocoObl u3mMepeHust MOTEHIaNa CYIEeCTBYIOT?

2. Yto Takoe paBHOBECHBIN MOTEHIMaN? Kak HYy>KHO MPOBOAUTH U3MEPEHUE MOTEHIMAIa UHIAUKATOPHOTO
ANIEKTPOJIa, YTOOBI €ro BEJIMYMHY MOYKHO OBLJIO MPUHSITH PAaBHOM paBHOBECHOMY?

3. Onumure PASHOBUAHOCTHU IMOTCHIUOMETPHUYCCKOTO TUTPOBAHUA. Ha ocHoBaHMu 4ero B HUX
OIPEACIIACTCS DKBUBAJICHTHAA TOYKa?

4. B 4eM COCTOUT CYIIHOCTh MOTEHIIMOMETPUUECKOTO TUTPOBaHUA? KaKkoBbI €ro npenumyIiiecTna?

5. Kakue TpeboBaHus NPEIBSIBISIOTCS K PEAKIIUSIM, UCTIOIb3yEMbIM B TIOTEHITHOMETPHH?

6. Ha xakoM mpuHITMIIE OCHOBaHA KiacCU(UKAINSI HOHOCEICKTUBHBIX AIEKTPOIOB?

7. Kakue obiue cBolicTBa MEMOpaH, HCIIOJIb3YEMBIX JIJIsi M3TOTOBJICHHSI HOHOCEIIEKTUBHBIX JIEKTPOIOB?
8. Uto xapakrepusyeT KO3 (PHUIIMEHT CEIEKTUBHOCTH HOHOCEIEKTUBHOTO JIeKTpoa?

9. UeMm o0ycrnoBiieHa BBICOKAsl CEJIEKTUBHOCTD TBEP/IbIX KPUCTALTUICCKUX MeMOpaH?

10. OnummTe XuMHU3M MPOLECCOB MPOUCXOASIINX HA XUHTHIPOHHOM AJIEKTPOJIE.

11. Yem onpenensercs BUJ KpUBOH aMIEPOMETPUYECKOTO TUTPOBAHUS?

12. KakoBbI mpeuMyiecTBa METOIa aMIIEPOMETPUUYECKOTO TUTPOBAHUS MTEPE]T IPSIMOM
BOJITAMIIEPOMETPUECH?

Tema 17. CnexkTpasibHbIE METO/IbI aHATIN3a

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIFOUAIHi ohopMmIileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJIbI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. KakoBa cymHoCTh KoopumMeTpun? O6macTu ee mpuMeHEHHSI.
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2. [IpeumyiiecTBa U HEJOCTATKH KOJIOPUMETPHUUECKOTO aHaJIM3a Mepe]] BECOBBIM U 0ObEMHBIM.

3. Peakuyy Kakux THIOB UCIOJB3YIOT B KOJIOPUMETPHUU JIJIsl TOTYUYECHHS OKPAIIEHHBIX PACTBOPOB?
[IpuBeauTe mpuMepsI.

4. CyniHOCTh METOJ]a CTAHIAPTHBIX CEPUH.
5. Kakue ycioBust Heo0X0AUMO cOOMI0AATh, CPABHUBASI OKPACKY MO METO/LY BU3YaJIbHOW KOJIOPUMETPHUH.
6. KakoBa cymHoOCTh OTOKOTOPUMETPUUECKUX U3MEPECHHI?

TecTupoBanme

Tema 1. MeTogosioru4eckue acreKkThl U CTPYKTYpa aHATUTUYECKOU XUMHUH

1. Bee BemectBa mo 'OCTY aensitcs Ha HECKOIBKO KIIACCOB IO YUCTOTE, KAKOHM U3 MPOILYKTOB Hanboee
YUCTBIN?

(@ T;

©) 9

(B) HHA;

(r) X.4.;

(m) «O.Y.» .

2. B xakoii 1IBET OKpaIMBaroT TUIaMs coiu oapus?
(a) 3eneHBIN.

(6) KapMHUHOBO-KPaCHBIM.

(B) JKENTHIM.

(T) TOITyOOH.

3. Kaxkoli aHanu3 Ha3bIBaIOT MOJYMUKPOAHAIM30M I10 MacITabam aHATMTHYECKOTO AKCIIepUMeHTa?
(a) macca ot 1 go 10r, 066em — ot 10 1o 100 M.

(6) macca ot 0,05 10 0,5 1, 06beM — oT 2 10 10 M.

(8) macca ot 10-3 1o 10-6 1, 06sem — ot 0,1 1o 10-4 mut (5 — 2,5 karum).

(r) macca ot 10-6 go 10-9 1, 066em — oT 10-4 10 10-6 MT;

(1) macca ot 10-9 no 10-12 1, 066em — ot 10-7 g0 10-11 M.

4. Kak Ha3bpIBalOT CUCTEMY aHalu3a, B KOTOPOM OLIEHMBAIOT OTHOLIEHUE KaTHOHOB M aHHOHOB K COJISIHOH,
CEPHOH, YKCYCHOM KUCIJIOTE U 1iesiouaM. Bce kaTHOHBI JenaT Ha 6 Ipyni, aHUOHbI — Ha 3 TpyMIbI?

(?) CepoBonopoanblii (CynbhUIHBIN).

(1) KuciiotHO — OCHOBHOM METO/I.

(?) AMmuauno - gpocdartHbiit MeTo.

(?) AuerarHblii METO/I.

5. Kak Ha3bIBaloT METO/, TO3BOJISIONINI aHAIM3UPOBATH WHANBUIYAIbHBIE XUMUYECKUE COCTUHCHHS,
XapaKTePHU3YIOIIUECS OMPeAeTICHHBIM MOJIEKYISIPHBIM BECOM?

(a) p7eMEHTHBIM aHATM30M.

(6) byHKIIMOHATHEHBIM aHATH30M.
(B) MOJIEKYJIIPHBIM aHAJIM30M.
() dhba30BBIM aHATIU30M.

6. Kak onpenennTs 9yBCTBUTEIIBHOCTh 0a30BOM PEaKIIHH?
(a) MO UBMEHEHMIO TEIUIO- NEKTPONPOBOAHOCTH, pH, OKpacku pacTBopa U T.A.

(6) mo HaMMEHbBIIEMY KOJWYECTBY HMCKOMOTO BEIIECTBA, KOTOPOE MOXET OBITh OOHAPYXEHO JTaHHBIM
PEaKTHBOM B Karuie pacTBOpA.

(B) MO HAMTUYMIO OMMOOK U UX BEITMYUHE.
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7. YTo xapakTepu3yeT NpeAeIbHOE pa3BeIeHUE?
(a) MMHUMAaJIBHOE YHCII0O MUKPOIpPaMMOB BelllecTBa g B 1 Mi1 pacTBopa.
(0) OoTKpbIBa€MbIii MUHHUMYM.

(B) MakcuMaJbHBII 00BEM pacTBOpa, B KOTOPOM €III€ MOKHO OMPEnesuTh (OTKPHITH) 1 rpamMm
00Hapy>KUBaeMOTO BEIIIECTRA.

8. Kakue TpeGoBaHus MPEbABIAIOTCSA K 0a30BBIM PEAKIIUAM?
(a) peakiu TOKHBI OBITH OBICTPBHIMU U HEOOPATUMBIMHU.

(0) peakmuu JOMKHBI OBITH OOPATUMBIMHU.

(B) peakiuu He JOHKHBI OBITh OBICTPBHIMH.

(T) peakuu HEe TOJHKHBI OBITH OBICTPHIMU U HEOOPATUMBIMH.

9. lns Kakoro aHajaM3a XapaKTEpHBI CIEIyIOIIME TPpEUMyLIecTBa?

- VickoMbrIit HOH 00HAPYKUBAIOT B JII000H MOCIIEIOBATEILHOCTH B OT/ICIBHBIX MPOOAX.
- Uckirogaercst mpoiiecc BRIApUBAHUS U TIPOKATHBAHMSL.

- Uckitouaetcst mpoMbIBaHHE 0CAJIKa, T.K. 0OBIYHO aHAIM3UPYIOT (PUIBTpaT.

(a) cucTeMaTUYECKHiA;

(6) npoOHBbIii;

() dazoBeri;

(T) MOJIEKYIISIPHBIH.

10.

Tewma 3. MonHoe npousBenenue Boabl. Bogopoausiil mokazarens. llkana pH u pOH. bBydepnbie pacTBOpHI.
Bydepnas emxocTh

1.Yemy paBHO HOHHOE MPOU3BEICHHE BOJbI?
(a) KW = [H+][OH-];

(6) KW = [H+]2(];

(B)KW = [H+]2[OH-];

(KW = [H+].

2. Yto Takoe pH?
(a) [H+];

(6) -1g[H+];

() Ig[H+];

(r) 1g[OH-].

3. YUemy paBeHn pH B HeliTpanbHOI cpene?
(a) 0;

0)<7;

(8)<7;

(r) 7.

4. Kak nucrionb3yroTcst OydepHbie cMecH?

(a) Bydepusie cmecu nmoiepkuBatoT 3HaueHue pH B onpeieseHHbIX Mpeienax Mpu BBEACHUN KUCIOTHI UITH
LIEJI0YU B PacTBOP.

(0) Bydepnble cMecu TpUMEHSIOT 11 pa30aBIEHUs] pacCTBOPA.
(B) by(epHbie cmMecu MPUMEHSIOT JIJIs1 CO3AaHUS OTPEICICHHOW KOHIIEHTPAIIUH COJIH.
(r) BydepHble cMecH TPUMEHSIIOT U151 CO3JJaHUS OTIPEICIIEHHON KOHIICHTPAIUU KUCIIOTHI.

5. Kakyto cMech He HCTIONB3YIOT B KauecTBe OydepHoit cmecu?
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(a) CH3COOH u CH3COONa;
(6) NH40OH u NH4CIl;
(8) NaH2PO4 , Na2HPO4;
(T) XpomMoBasi CMeCh.

6. Uto Takoe OydepHast eMKOCTH?

(a) KOTMYECTBO MOJIb-3KBUBAJICHTOB CHIIBHOW KUCIJIOTHI WJIM CHJIBHOM IIENI0YH, KOTOPOE HY>KHO BBECTH B 1
utp OydepHoro pactBopa, YTOObI U3MEHUTH BOJOPOIHBIH MMOKa3aTelb Ha CAUHHUILY;

(0) KOTMYECTBO SKBUBAJIICHTOB CUJIBHOIN KHUCIOTHI MM CHJIBHOW IIIEJI0YH, KOTOPOE HY>KHO BBECTH B | HTp
OyhepHoro pacTBopa, 4TOObI H3MEHUTH BOJOPOIHBIIN MOKA3aTeNb HA €AUHUILY;

(B) KOJMYECTBO MOJIb CHJIBHOW KHCJIOTHI HWIIM CHJIBHON MIEIOYHM, KOTOPOE HYKHO BBECTH B | JIHTp
OydepHoro pacTBopa, 4TOOBI H3MEHUTH BOJOPOTHBIN MTOKA3aTelb Ha JIBa;

(T) KONMMYECTBO MOJIb CHUJIBHOW MIENIOYH, KOTOpO€ HYXKHO BBecTH B 1 nutp OydepHOro pactBopa, 4ToObI
W3MEHUTH BOJOPOJHBIN [MOKA3aTEb HA CAUHHUILY.

7. Kakas OydepHas cMech MpeACTaBIsSeT HAauOOJBIIYO IICHHOCTh?
(a) c MuHIManbHOHN Oy(hepHOI eMKOCTBIO;

(6) ¢ MmakcumanbHOU OyhepHON EMKOCTHIO;

(B) ¢ HyneBo# Oy(hepHOIl eMKOCTHIO;

() ¢ mocTosiHHOM Oy(epHOI EMKOCTHIO.

8. Ilpu mobaBneHnu K KUciIoMy Oydepy HEOONBIIOr0 KOIWYECTBA CHILHOTO OCHOBaHMS ero pH MeHsercs
HE3HAYUTEHHO, T. K

a)CuipHOE OCHOBaHUE HEUTPAIHU3YETCSI CONBIO

0)Cnabast KucjaoTa HeUTpaIu3yeTcs: C1abbIM OCHOBAaHUEM
B)CHUIIPHOE OCHOBaHHE HEUTPAIN3YETCS] CUIIBHOM KHCIOTOM
r)CHUIbHOE OCHOBaHHME HEUTPAIU3YyeTCs C1a00i KUCIOTOM }
9. Ilpu nobaBieHny K 1menouHoMy Oydepy HEMHOTO CHIIBHOM KHCIOTHI ero pH
a) He3HAYUTEIbHO YMEHbBILIAETCS

0)He mensieTcs

B) HE3HAUUTEJIbHO YBEINUUBACTCS

I') 3HAYUTEITHHO YBEIHMYUBACTCS

10. YUemy paBHo 3nauenue pH 0,01M pactBopa HNO3?

a)2

0) 1

B) 10

r) 12

Tema 4. KucnotHo-ocHOBHOE paBHOBecHe. [ naponns coneil. BbiBo aHaIUTHUECKUX 3aBUCUMOCTEH.
1.Kakoe u3 monoskeHuid Teopun AppeHnyca « JIeKTPOTUTHIECKas JUCCOIHAITUS CITa0bIX 3JIEKTPOJIUTOBY HE
BEpHO?

(a) Ilpu pacTBOpeHHH 53JEKTPOJIMTOB B BOJE YMCIO YaCTUI[ B pPAacTBOpE OKa3bIBAaeTCs OOJbIlIe uuciIa
HCXOJIHBIX MOJIEKYIL.

(6) OOpazyromuecss Mpu pacrajae MOJEKYJ YacTUIBl 3apsDKeHBI, HO CyMMAapHBIM 3aps pacTBopa (Bcex
YaCTHI[) PABEH HYIIIO, T.€. YUCIIO MOJIOKUTEIHHBIX 3apsI0B PABHO YHCITY OTPHIATEIHHBIX 3aPsI0B.

(B) OtpunarensHo 3apsbKeHHbIE HOHBI (KATHOHBI) JBUXKYTCSA K MOJOKHUTEIBHO 3apsyKEHHOMY 3JIEKTPOAY —
KaTOJY, a MOJIOKUTENBHO 3apsHKEHHbIE aHUOHBI — K OTPULIATENIbHO 3apSKEHHOMY 3JIEKTPOIY — aHOY.

(r) Bce BemecTBa HE IOTHOCTHIO PACIIAAIOTCS] HA HOHBI.

2. Kakoe BeIpaxeHUE TPUMEHUMO JIJIs1 OTIMCAHUS AMEKTPOITUTHIECCKOM TUCCOIMAIIMN KapOOHaTa aMMOHUS?



(a) Kp =mm Cm+n am+nnn/ C(1 —a).
(6) Kp=Ca2/(1-a).

(8) Kp=mn Cn+n am+nnm/C(1 —a).
(r) Kp =mm Cm+n am+nnn/ Ca.

3. B kakyro cTopoHy cMemaeTcsi paBHOBECHE NIPY BBEJICHUH OJHOMMEHHOTO MOHA (TOH K€ MPUPOJBI, YTO U
oOpa3zyeTcst Ipy TUCCOIUaInn)?

(a) paBHOBeCHE CMENIACTCS] B CTOPOHY JUCCOIIMUPOBAHHON (DOPMBL.

(0) paBHOBecHE cMeNIAeTCsl B CTOPOHY HEAMCCOLMUPOBAHHON (POPMBI.

(B) paBHOBECHE HE CMEIIACTCH.

(r) paBHOBECHE CMEIIAETCA TOJIBKO B Cllydyae BBIBOJA MPOLYKTOB 3JIEKTPOJIMTUYECKOW IHUCCOLMALMU U3
cdepsbl peakiuu (pacTBopa).

4.YT1o Takoe aKTUBHOCTE?

(a) nelicTBUTENbHAs KOHIICHTpAIUS, KOTOpas MOXET OBITh paBHA KOHIEHTPAUM B pa30aBICHHBIX
pacTBopax, a B KOHIIEHTPUPOBAHHBIX - MOXKET U3MEHSTHCS B OOJBIIYIO WK MEHBIITYIO CTOPOHY.

(0) neiicTBUTENbHAS KOHIIGHTPALIUS, KOTOPasi HE MOXKET ObITh paBHA KOHLEHTPAIIMH CHIIBHOTO HJICKTPOIUTA.

(B) nmeicTBUTENIbHAS KOHIIGHTpAIMs, KOTOpas MOXKET OBITh paBHAa KOHIIGHTpAllMd B pPa30aBICHHBIX
pacTBopax.

(r) neiicTBUTENbHAs KOHIIEHTpAIUs, KOTOpas B KOHIICHTPUPOBAHHBIX PAacTBOpax HE MOXET U3MEHSTHCS B
OOJBIIYIO WJIK MEHBIIYIO CTOPOHY.

5. Yemy cootBeTcTBYeT f B ypaBHEHHH ?

(a) pakTopy SKBHBAJIIETHOCTH.

(0) paxTopy HEOTTUTPOBAHHOCTH.

(B) k0a(puIMEeHTY aKTHBHOCTH.

(r) o3HayaeT (PYyHKIHMOHAIBHYIO 3aBUCUMOCTh AKTUBHOCTH OT KOHIICHTPAIIHH.

6. Kakoii u3 nepeuncieHHBIX (PAKTOPOB HE BIUSET Ha KOHCTAHTY THIPOJIHM3a COJIM, 00pa30BaHHOW CITa0bIM
OCHOBAHHUEM U 1200 KUCIIOTOM?

(a) mpupoaa KaTMOHA U aHUOHA,
(6) Ka u Kb;

(B) Temmeparypa;

(T) KOHIICHTpAIHS COJIH.

7. Kak Bnuser pa30aBieHHE pacTBOpa Ha CTEMEHb THAPONHM3a COJIM CHILHOTO OCHOBAaHWUS W CJIa0O0i
KHUCJIOTHI?

(a) ymeHbIIIaET;

(0) yBenmuumBaer;

(B) HE BIIHSICT.

8.Kakue BuIBI pacTBOpUTENEi peaycMarpuBaet kiaccupukanus bpencrena-Jloypu?
(a) anpOTOHHBIC W MMPOTOITUTHIECKHUE;

(6) BomHBIE U HEBOJIHEIC;

(B) eTyure u HENIETy4ne;

(r) runpooOHBIEe U TUAPODUITBHEIE.

9. Ha kakue BUBI IOJPA3AEIAIOTCS IPOTOTUTUYECKUE PACTBOPUTENH?
(a) ampunpoTHBIE, MPOTOTCHHBIC U BOIAHBIC;

(0) ampunpoTHBIE, IPOTOTEHHBIE, TPOTOPUIBHBIE;

(B) mpoToreHHbIe, MPOTO(UIBLHBIEC U HEBOHBIC;
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(T) mpoTOreHHbIe, MPOTO(UIBHBIE U CMEUIaHHBIE.

10. Kakoii pacTBOpUTENH CIEIyeT MPEANOYeCTb, YTOOBI MpoauphepeHINpOBaTh CUITY OYEHb CIA0BIX KUCIOT
Y OYEHB CJIA0ObIX OCHOBaHMN?

(a) anpoTOHHBII;

(6) mpoTodUITLHBII;

(B) aMpUIPOTHBIN;

(T) anpOTOHHBIN ATIOJIIPHBIH.

Tema 5. KomriekcooOpa3oBaHne B aHAUTUTHUECKON XHUMUH.
1. >xenTast KpOBSIHASL COJIb — SIBJISIETCS XapaKTEPHBIM PEAKTUBOM JUISI:
a) Mn2+
0) Fe3+
B) Al3+
r) K+
2. Ompenenure 3apsg X komrmuiekcHoro woHa [Fe(CN)6]X, B KOTOpOM Kene30 MPOSBISIET CTENEHb
OKucJIeHus +37
a) +2
0) +3
B) +1
r)-3
3. Kpacnas kpossinast conb K3[Fe(CN)6] sBisieTcst peareHToM I OIIPeIeTICHUs B PaCTBOPE
a) Cu2+
0) Fe2+
B) Pb2+
r) Ba2+
4. KaTHOHHBIM KOMILIEKCOM SIBJISIETCS
a) [Ag(NH3)2]Cl
0) Na3[AI(OH)6]
B) K4[Fe(CN)6]
r) Na2[Cu(OH)4]
5. B ponu xommiekcooOpa3oBaTelisi MOTYT BBICTYTIATh
a) arom H;
0) uon Fe2+;
B) noH H—;
r) atoM Ar
6. [Tpu 0O6pazoBaHNM KOOPAMHAIIMOHHOW CBSI3H KOMILIEKCOOOpa30BaTellb BEICTYIACT B POIIU
a) TOHOPA MEKTPOHHON Maphl;
0) akuenTopa dIeKTPOHHOM Maphl;
B) HOCHUTEJISI OTPULIATEIHHOTO 3apsiia;
I') ICTOYHHUKA HECMIAPEHHBIX JIEKTPOHOB
7. Kaxo# u3 nepedncieHHbIX HOHOB MacKupyeT Tpudocdar Harpus?
a) Bi3+;
0) Fe2+;
B) Cu2+;
r) Hg+.

Tema 6. OKHCIIMTEIFHO-BOCCTAHOBUTEILHBIE pCaKkuu B aHATUTHYECKOM XUMUH
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I. TecT o Teme.

1.Kaxkoe IIOHSITHUE HCTIONB3YETCsI TUTS onpeneacHus HarpaBJICHUS MIPOTEKAHUS
OKHCIIUTEIIbHO-BOCCTAHOBUTEILHOU PEAKIIUH?

(?) KOoHCTaHTa THAPOITH3A;

(?) KOHCTaHTa UCCOLMAITUY;

(?) noHHOE TIPOU3BEICHHE BOIBI,

(?) noHATHE OKUCIUTEIHLHO-BOCCTAHOBUTEIIBHOTO MOTCHITHATIA.

2. Kakoe ypaBHeHUE BhIpakaeT 3aBUCUMOCTh O-B noTeHnmana qjaHHOW apbl OKUCIUTEIb-BOCCTAHOBUTED
OT KOHIIEHTpAIIMU OKUCIHUTENS U BoccTaHoBuTens? (!) ypaBuenue HepHcera;

(?) ypaBHeHue AppeHuyca;

(?) ypaBuenue JpBuca;

(?) 3aKoH neHCTBUS Macc.

3. Kakue noreHuuasnsl Ha3bIBalOT HOPMaJIbHBIMU?

(?) moTteHnManbl, U3MEPEHHBIC B TApe C BOJOPOMHBIM JJIEKTPOAOM, NMPH KOHIICHTPAIMH (aKTUBHOCTH)
HMOHOB, paBHOU 1 1 Temneparype 250C;

(?) moTteHIMAaNBl, U3MEPEHHBIC B Mape C KaJOMEIbHBIM DJIEKTPOAOM, MPH KOHIIEHTPAlUU (aKTUBHOCTH)
HMOHOB, paBHOU 1 1 Temneparype 250C;

(?) moTteHnManbl, U3MEPEHHBIC B Tape C BOJOPOMHBIM JJIEKTPOAOM, NMPH KOHIICHTPAIMH (aKTUBHOCTH)
HMOHOB, paBHOU 1 u Temneparype 00C;

(?) moreHnMaNbl, U3MEPEHHBIC B TMape C IJIATHHOBBIM D3JIEKTPOJIOM, MPHU KOHIEHTpPAlUU (AaKTHBHOCTH)
HMOHOB, paBHOU 1 u Temneparype 200C.

4. Kaxoil nporiecc nporekaer Ha karoje?
(?) oxucnenue;

(?) BOCCTaHOBIICHHE;

(?) pacTBOpEHHE;

(?) xoMITIIEKCOOOpa3OBaHUE.

5. B xakoM HarpaBiIeHUU TPOTEKAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIE PEAKIIUU B PACTBOPAX?

(?) oxucnuTeNneM SBIAETCS OKUCIEHHas (opMa, OKHUCIMTEIBHO-BOCCTaHOBUTENbHBIN moTeHInan (OBII)
KOTOpOH OospIe, a BOCCTaHOBHTEJIEM - BOCCTAHOBIICHHAS dopma mapel,
OKHCIIUTEIHHO-BOCCTAHOBUTEIILHBIN TIOTCHIIMAT KOTOPOH MEHBIIIE,

(?) okucnuTeNneM SIBISETCS OKHCIEHHAs (popMa, OKHCIUTEIbHO-BOCCTAHOBUTENBHBIN MOTEHIIUAT KOTOPO
MEHBIIIE, a2 BOCCTAHOBHUTEIEM — BOCCTAHOBJICHHAs (opMa Mapbl, OKUCIUTEIHLHO-BOCCTAHOBUTEIHHBIM
MOTEHIIUAT KOTOPOi OOJIbIIIE;

(?) OKHCITUTETEHO-BOCCTAHOBUTEIBHBIN MMOTEHITNAT OKUCITUTEINSI U BOCCTAHOBUTEISI OJTMHAKOBBHI.
(?) HMYEro U3 MEePeUnCICHHOTO.

6. Kakue moyioxeHust HICOIb3YIOTCS B METO/E MOTYPEaAKITUI?

(?) 3aKOH coXpaHEHHsI MacChl BEIIECTBA U MPUHIUI 3JIEKTPOHEHTPAIBHOCTH;
(?) mpubmmkenue [ledas;

(?) Teopust Appenunyca;

(?) ypaBueHue I'yrena.

7. Kak ypaBHMBAIOT YHMCIIO arOMOB BCEX JJIEMEHTOB JIEBOM M IpaBOM YacTH HOHHO-MOJEKYJISIPHOTO
yYpaBHEHHsI KaXAO0H M3 IMONypeakifif, €ClIM MCXOAHBIM MOH WM MOJEKyJa colepkar OoJblie aTOMOB
KHCIIOpOJa, YEM MPOIYKT pEaKIIMU B KUCIIOU cpene?

(?) cBs3pIBatoT HoHAaMU H+ B MOJIEKYJTbI BOJIBI,

(?)cBa3bIBalOT MoOJIEKyIaMH Bozbl B Tpynisl OH—;

(?) xoMneHCHpYETCA 32 CUET MOJICKYJT BOBI;
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(?) 3a cuet mono OH-—.

8. Kak ypaBHMBaIOT 4YHMCIIO aTOMOB BCEX JJIEMEHTOB JIEBOM M MPaBOM 4YaCTU HOHHO-MOJIEKYJISPHOTO
ypaBHEHHsI KaXAOH M3 IMOMypeaKkifif, €ClIM HCXOAHBIM MOH WM MOJEKyJa colepkar OoJblie aToOMOB
KHCIIOpOJa, YEM MPOIYKT PEaKIIMK B HEUTPAJIBLHON U IIET0YHON cpene?

(?) cBs3pIBatoT HOHAMU H+ B MOJIEKYJTBI BOJIBI,

(?) cBsA3BIBAIOT MOJIEKYIaMH BOAibI B rpymnnbel OH—;

(?) xoMneHCUpYETCS 32 CUET MOJICKYJT BOBI;

(?) 3a cuet mono OH-—.

9. Kak ypaBHHBAIOT YHUCJIO arOMOB BCEX JJIEMEHTOB JIEBOM W MPaBOi YacTH HOHHO-MOJEKYJISPHOTO
YpaBHEHHS KaXIOH W3 TOJTypeakluid, eCIU UCXOTHBIA MOH WM MOJIEKyJa COJAEpKaT HEIOCTAaTOK aTOMOB
KHCIIOpOJIa, YEM MPOIYKT pEaKIIMK B HEUTPAJILHOM U KUCIION cpene?

(?) cBs3pIBatoT HOoHaMU H+ B MOJIEKYJTBI BOJIBI,

(?) cBsA3BIBAIOT MOJIEKYIaMH BOAibI B rpynnbel OH—;

(?) xoMneHCHpYETCA 32 CUET MOJICKYJT BOJBI;

(?) 3a cuer mono OH-—.

10.Kak ypaBHHBAIOT YHCJIO aTOMOB BCEX D3JIEMEHTOB JIEBOM M MPaBOM YacTH HOHHO-MOJIEKYJISPHOTO
ypaBHEHUSI KaXIOH W3 MOJTypeakUui, ecIu MCXOJHBIA MOH WM MOJIEKyJa COAep>KaT HEIOCTAaTOK aTOMOB
KHUCJI0pO/a, YeM MPOAYKT PEAKIMHU B IIEIIOYHOMN cpene?

(?) cBs3piBatoT HoHAaMU H+ B MOJIeKys bl BOJIBI,

(?) cBs13pIBAIOT MOJIEKY/IaMH BOJIBI B Tpynmbl OH—;

(?) koMIeHCUpYETCA 3a CYET MOJIEKYII BOJBL;

(?) 3a cuer monos OH-—.

Tema 7. 3aKoH eHCTBUS Macc B TETEPOTEHHBIX Mpoleccax. PacTBopuMocTs, npousBeieHNE
pac-TBOPUMOCTH.

1. IIBet ocaagka PbS?

a) OebIit

0)KENTHINA

B) KpacHbIN

T) Y€pHBINA

2.benblil, TBOPOXKUCTHIN 0CaOK B pacTBOpe oOpa3yer?

a) Cu(OH)2

6) AgCl

B) K3[Fe(CN)6]

r) Agl

3.ITP A1(OH)3 PACCUUTBHIBAETCA 110 YPABHEHUIO:
a)[IP = [AI3+] [OH-]3

0)ITP = [Al3+] 3[OH-]

B)IIP = [Al]3+ + 3[OH]-

r)IIP = [AI3+] + [OH-]3

4. PacTBOpUMOCTH XJIOpHa cepedpa B IPUCYTCTBUH HUTPATa HATPHUS. . .
a) MOBBICUTCATIOHU3UTCS

0) HE U3MCHUTCS

B) CHayaJsia MOHU3UTCS, a TOTOM MOBBICUTCS

r)

5. Jlna kakux BeniectB yMeHblieHue pH ot 8 10 2 npuBen€T K 3aMEeTHOMY U3MEHEHUIO PACTBOPUMOCTH?
a)uonun cepedpa

0) kapOoHar Oapus



B) CHJIMKAT HATPHs

r) cyabdar 6apust

6. Ykaxure ocaaku, pacTBoOpuMele B pactBope NH3

a) Fe(OH)3

6) AgCl

B) Cu(OH)2

r) BaSO4

7. HachIIIEHHBIM SIBJISIETCSA PACTBOP. ..

a) B KOTOPOM JIOCTUTHYTA MpeebHas PaCTBOPUMOCTD BEIIECTBA
0) HaxOIAIIMIICS B PABHOBECHUHU C OCATKOM

B) B KOTOPOM HE JIOCTUTHYTA NPEAEIbHAs PACTBOPUMOCTD BEIIECTBA
1) IOJTyYEHHBIN MyTEM pacTBOPEHUS OcalKa

8. PacTBOpMMOCTb BelllecTBa IPU JaHHBIX YCIOBUAX — ATO. ..

a) KOHIIGHTpAIUs BEIIECTBA B HACKHIILIEHHOM PacTBOpPE

0) KOHIICHTpalus BEIIEeCTBA B pacCTBOpPE

B) Macca BelllecTBa B 00bEME pacTBopa

') Macca BEIIECTBA B MAacCe PACTBOPUTENS

9. IIpoussenenue pactsopumoctH (I1P) xapakrepusyer pacTBOPUMOCTD
a)MaJIOpPaCTBOPUMOTO CHUJIBHOTO AJIEKTPOIUTA
0)MaopacTBOPUMOTO HEAEKTPOIUTA

B)J1F000T0 MaJIOpacCTBOPUMOIO BEILIECTBA

')MaJIOpacTBOPUMOTO €1a00T0 MEKTPOINTA

10. Ocaiox BBIMAACT, €CIIH. ..

a)MOHHOE TIpou3BeaeHue Oombiie [1P

0)noHHOE TIpou3BeeHue MeHbIe [1P

B)MOHHOE Ipou3BeaeHne paHo [1P

I')pacTBOp CTaHET HACBILEHHBIM

Tema 8. MeToasl 0OHapyxeHUs U uaeHTU(PHUKAIK. XpoMaTorpadusi.
1. C nomouibio 1poOHOTO aHaAIN3a

a) MOX)KHO OOHAPY>KUTh MOH C MOMOUIbIO CHEU(PUUECKUX PEAKIIUN B OTAEIbHBIX MOPLUUIX aHAITU3UPYEMOTO
pacTBopa, MPOBOAUMBIX B JII000M MOCIE0BATEIHHOCTH

0) MOXXHO OOHapy)XWBaTh WOH B OTIEIBHOW MOPIHMH aHAJIU3UPYEMOTO pacTBOpa, HE CUUTAsACh C
MPUCYTCTBUEM JIPYTUX HOHOB

B) TO3BOJISIET OMpPENENIUTh HMOH IPH IOCIEI0BATEIbHOCTH BBINOJHEHHS AHATUTHUYECKUX peakiuil, Mmpu
KOTOPOH KaKJIplii HOH OOHAPYKUBAIOT TOJIBKO MOCIIE TOT0, Kak OyayT OOHapy>KeHbI U yIaleHbl JPyTrie HOHbI

I') MOXXHO OOHapy>KHWTh MOH C TOMOIIBIO CIENU(PUISCKUX PEaKIHMi Jake B CiIydasx, KOIJa B pacTBOpE
HaXOJSITCSl TOCTOPOHHUE MOHBI, MEIIAIONTUE aHATU3Y |

2. CucreMaTHyeCKUU aHaIN3

a) ITO3BOJISICT OHpeI[eJII/ITB HOH HpI/I IIOCJIICAOBATCIIBHOCTU BBIIIOJIHCHUS AHAJIUTHUYCCKHUX peaKHHﬁ, HpI/I
KOTOPOH KaKJblii HOH OOHAPY>KHUBAIOT TOJIBKO MOCJE TOTO, KaK OyayT OOHApYKEHBI U YIAJICHbI JPyTrUe HOHbBI

0) MO)XHO OOHAPYKUTh MOH C MIOMOIIBIO CIICIU(PUUECKUX PEaKIHi B OTACIbHBIX MOPIHUAX aHAIU3UPYEMOTO
pacTBopa, MPOBOIUMBIX B JTF000H MMOCIIEI0BaTEIHLHOCTH

B) MO3BOJISIET OOHAPYKUTh MOH C TIOMOLIBIO CTPOTO OMPEACIEHHOMN MMOCIIEA0BATEIBHOCTH CHEIM(PUISCKUX
peakuil B CiIy4asix, KOrjaa B paCTBOPE HaXOAATCS IOCTOPOHHUE MOHBI, MELIAIOIIUE aHAIU3Y

I') TO3BOJIIET OOHAPYXUTh MOH C IOMOIIBIO JTI000M MOCIENOBATENBHOCTH CHEUU(UUYECKUX pEeakiuil B
Cllydasix, KOTrjia B paCTBOPE HAXOATCS MOCTOPOHHKE MOHBI, MEIIAIOIINE aHAJIH3Y }

3. Ha yem ocHOBaH xpomarorpaduueckuii MeTo aHamu3a?

a) Ha U30MPATEITHLHOMN aICOPOIIMHI KOMITOHEHTOB CHCTEM;
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0) Ha pa3IMYHOI CKOPOCTHU MEPEMEIICHUS KOMIIOHEHTOB PacTBOPA IO CJIOI0 aICOPOEHTA;
B) Ha Pa3JIMYHOM OKpacKe KOMIIOHEHTOB CMECH;
') HUYETO U3 NIEPEUNCIIEHHOTO.

4. Yto Takoe agcopOeHTHI?

a) )KUAKOCTH, MOTVIOIIAIOIINE KOMIOHEHTHI CMECH;

0) TBepble Tesa, Ha TOBEPXHOCTH KOTOPHIX MPOUCXOIUT MOTIIOLICHUE aICOPOMPYEMOTO BEIIECTBRa;
B) r'eJib Ha MOBEPXHOCTH TBEPIOTO TENA;

I') Ta30BbIE€ CMECH.

5. YTO MOJIOKEHO B OCHOBY aJICOPOLIMOHHON XpoMmarorpaduun?

a) pa3n4Has afcopOUPYEMOCTb U CKOPOCTh IIEPEIBUKEHNUS BEIIECTB, B aHATU3UPYEMON CMECH,
KOMIIOHEHTBI KOTOPOH yAEep>KUBAIOTCS Ha Pa3IM4YHOM BbICOTE cTOI0A acOpOEHTa B BUE OTACIbHBIX 30H
(cioe);

0) B KOJIOHKY BBOJISIT pacTBOp OoJiee CUIIBHO aJICOPOUPYIOIIETocss KOMIIOHEHTa, OH BBITECHSET Oonee cabo
aIcOpOMPYIOLIHIACS, KOTOPBI OyJeT BEIXOANUTH U3 KOJMOHKH. HOTIa pasnenenue MOKHO IPOBOAMUTH
YHCTBIM PAcTBOpHUTENEM (Boza). MOJIEKyIIbI BOJIBI TOKE aICOPOUPYIOTCS M OyIAyT BBITECHATH Ooee cabo
aIcOpOMPYIOLTHIICS KOMIOHEHT.

B) BBomsaT cmech (2 agcopbara B ONpeeIeHHOM pacTBOPUTEIIE), KOTOPYIO HYKHO pa3[euTh. 3aTeM depes
KOJIOHKY MPOIYCKAIOT YUCTHII pacTBOpUTEINb (Hanmpumep, 6yTanom). B cumy pa3nndHbix K03 GUIMEHTOB
pacripeniesnieHus aacopOaToB B pa3IHMUHBIX PACTBOPUTEIISX KOMIIOHEHT ¢ OONBIINM KO3 (HUITHEHTOM
pacripenenieHus B OytaHose OyleT MepexoAnuTh B pacTBOpUTEIND (OyTaHOT) U BHIXOAUTH U3 KOJIOHKHU B €TI0
cocTage.

r) IIpu npomyckanuu pacTBOpa NMEKTPOIUTA Yepe3 KOJOHKY MPOUCXOAUT OOMEH MOABMKHBIX HOHOB
azicopOeHTa Ha MOH PaCTBOPEHHOTO BEIIECTBA.

6. UTo moJ10’keHO B OCHOBY HOHOOOMEHHOM Xpomarorpadun?

a) pa3nu4dHas aacopOUpPyeMOCTh B CKOPOCTh MEPEABIKEHHUS BEIIECTB, B AHATTU3UPYEMOM CMECH,
KOMIIOHEHTHI KOTOPOH yAEpP>KUBAIOTCS HAa PA3IUYHOM BbICOTE CTONI0A afcopOeHTa B BUAE OTACIbHBIX 30H
(cnoes);

0) B KOJIOHKY BBOJISIT pacTBOp 00JIee CHIIBHO aJCOPOMPYIONIETOCS KOMITOHEHTa, OH BRITECHSIET Oojiee cabo
aJICOpOMPYIOIHNIACS, KOTOPBIH OyJeT BEIXOANUTH U3 KOJIOHKH. MHOTIA pa3nenenne MOKHO TPOBOAMTH
YUCTBIM pacTBOpHUTENIeM (Boaa). MoJeKyibl BOJBI TOKE afCOPOUPYIOTCS M OyIyT BBHITECHATH OoJiee cado
a7ICOPOUPYIOMIUNCS KOMITOHEHT.

B) BBomsAT cMech (2 ajcopOara B ONpeieIeHHOM PacTBOPUTEIE), KOTOPYIO HYXKHO pa3IeuTh. 3aTeM Yepes
KOJIOHKY TIPOITYCKAIOT YHUCTBIN pacTBOPUTENb (Harpumep, Oytanon). B cuty paznuanbix kodduimeHTon
pacripenenieHus aacopOaToB B pa3IMUHbBIX PACTBOPHUTEIISIX KOMIIOHEHT C OOJIBITNM KO3 PUIimeHTom
pacripeneneHus B OyTaHose OyIeT MepexoauTh B paCTBOPUTENH (OyTaHO) U BBIXOAUTH U3 KOJIOHKH B €T0
cocrage.

r) [Ipu npormyckaHuu pacTBOpa AMEKTPOINUTA Yepe3 KOJOHKY MPOUCXOAUT OOMEH MOJABMKHBIX HOHOB
aJicopOeHTa Ha MOH PaCTBOPSHHOTO BEIIECTBA.

7. YTO MOJIOKEHO B OCHOBY paclpeleIUuTeIbHON XpoMarorpadun?

a) pa3n4Has aicopOUPyEeMOCTb U CKOPOCTh IIEPEIBUKEHNUS BEIIECTB, B aHATU3UPYEMON CMECH,
KOMIIOHEHTBI KOTOPOH yAEep>KUBAIOTCS Ha PAa3IM4YHOM BbICOTE cTOI0A acOpOEHTa B BUE OTACIbHBIX 30H
(cioe);

0) B KOJIOHKY BBOJISIT pacTBOp OoJiee CUIIBHO aJICOPOUPYIOIIETOcss KOMIIOHEHTa, OH BBITECHSET Oonee cabo
aIcOpOMPYIOLIHIACS, KOTOPBI OyJeT BEIXOANUTH U3 KOJOHKH. HOTIa pas3nenenue MOKHO IPOBOAMUTH
YHUCTBIM PACTBOpHUTENEM (Boza). MOJIEKyYIIbI BOJBI TOKE aICOPOUPYIOTCS M OYyIAyT BBITECHSTH Oosee ciabo
aIcOpOMPYIOLTHIICS KOMIIOHEHT.
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B) BBomsaT cmech (2 agcopbara B ONpeeICHHOM pacTBOPUTEIIE), KOTOPYIO HYKHO pa3JeuTh. 3aTeM depes
KOJIOHKY MPOIYCKAIOT YUCTHII pacTBOpUTEINb (Hanmpumep, OyTanom). B cumy pa3nndHbix K03 UIMEHTOB
pacripeniesnieHus acopOaToB B pa3IHMUHBIX PACTBOPUTEIISX KOMIIOHEHT ¢ OONBIINM KO3 (HUITHEHTOM
pacripenenieHus B OytaHose OyleT MepexoanuTh B pacTBOpUTEIND (OyTaHOM) M BHIXOAUTH U3 KOJIOHKH B €TI0
COCTaBe.

r) IIpu npomyckanuu pacTBOpa JEKTPOINUTA Yepe3 KOJOHKY MPOUCXOAUT OOMEH MOBMKHBIX HOHOB
azicopOeHTa Ha MOH PaCTBOPEHHOTO BEIIECTBA.

8. UTo MoJI0’)KeHO B OCHOBY BBITECHUTEILHON XpoMarorpahun?

a) pa3nu4dHas aacopOUpyeMOCTh H CKOPOCTh MEPEABIKEHHUS BEIIECTB, B AHATTU3UPYEMOM CMECH,
KOMIIOHEHTHI KOTOPOH yAEp>KUBAIOTCS HAa PA3IMYHOM BbICOTE CTONI0A afcopOeHTa B BUAE OTACIbHBIX 30H
(cnoes);

0) B KOJIOHKY BBOJISIT pacTBOp 00JIee CHIIBHO aJCOPOMPYIONIETOCS KOMITOHEHTa, OH BRITECHSIET Oojiee cabo
aJICOpOHMPYIOIHNIACS, KOTOPBI OyJeT BEIXOANUTH U3 KOJIOHKH. MHOTIA pa3nenenne MOKHO TPOBOAMTH
YUCTBIM pacTBOpHUTENIeM (Boaa). MoJeKybl BOJBI TOXKE afiICOPOUPYIOTCS M OyIyT BBHITECHATH OoJiee caabo
a7ICOPOUPYIOMUNICS KOMITOHEHT.

B) BBOomsAT cMech (2 ajcopOara B ONpeieICHHOM PacTBOPUTENIE), KOTOPYIO HYXKHO pa3IeluTh. 3aTeM Yepes
KOJIOHKY TIPOITYCKaIOT YHUCTBIN pacTBOPUTENb (Harpumep, Oytanon). B cuty paznuanbix kodduimeHTon
pacripenenieHus aacopOaToB B pa3IMUHbBIX PACTBOPHUTEIISIX KOMIIOHEHT ¢ OOJIBITNM KO3 PUIIneHTOM
pacripeneneHus B OyTaHose OyIeT MepexoauTh B paCTBOPUTENH (OyTaHO) U BBIXOAUTH U3 KOJIOHKH B €T0
cocTage.

r) [Ipu nponyckanuu pacTBopa 3MEKTPOIUTA Yepe3 KOJIOHKY MPOUCXOAUT OOMEH MOJABUKHBIX HOHOB
azicopOeHTa Ha HOH PaCTBOPEHHOTO BELIECTRA.

9. KarnoHsI kanus OKpalIuBarOT IUIAMS B... IBET
a) 3eJICHBIN

0) puoneToBbIH

B) KEJTHIN

T') HE OKpaIITuBaIOT

10. Karnonsl 6apusi OKpammBaroT IiamMs

a) JKEJITO-3€JICHBIN 1[BET

0) KpacHBIN

B) KEJTHIN

r) GUOIETOBBII

Tema 15. Kunernueckue MeToAbl aHAIU3A.
1. B gem cocrout cyntHocTh AuddepeHIInaaIbHOr0 METOIa KHHETUYECKOTO aHaan3a?
a) ucrnonb3oBanue 3apucumoctu CD ot t (CD = k) npu nocTosSTHHOM KOHIIEHTPALMU pearcHTOB;
b) Ucronb3yIoT 3aBUCUMOCTh WJIU ~ U Mp., KOHLIEHTpalus peareHToB usmensercs Ha 10%;
C) HUYETO U3 NEPEUNCIIEHHOTO.
2. Ha 3aBucuMOCTH MEXy KAKUMH MapaMeTpaMH OCHOBAHbI KHHETHUECKHE METO/IbI aHaIn3a’?
a) ONTUYECKOM IJIOTHOCTBIO U KOHLIEHTPALUEN PacTBOPA;
b) CKOPOCTBIO peaKIMK M KOHIIEHTPAIIMEH pearupyronux BEIecTB;
C) aHaJIM3e KPUBBIX aMIIEPOMETPHUIECCKOTO TUTPOBAHHS;
d) KoIMUEeCTBOM DIIEKTPUUECTBA K MACCOM 00Pa3yIOIIEToCs WIIH PACXOyeMOT0 BEIIeCTRa.
3. UTo NEeKUT B OCHOBE KUHETUYECKUX METOJIOB aHaiIn3a?
a) usmenenue pH pactBopa;
b) n3MeHeHne CUITbl TOKA B CHCTEME BO BPEMEHH;
C) 3aBUCUMOCTb CKOPOCTH PEAKLIUU OT KOHLIEHTPAIH UCCIIEeyeMbIX BELIECTB;
d) ocnabnenue HHTEHCUBHOCTH MPOILIEAIIETO Yepe3 CUCTEMY CBETa.

4. B yem 3aKIII04aeTCs METOJT OTIPE/ICTICHUSI HEM3BECTHON KOHIICHTPAIMH BEIIECTBA CIIOCOOOM
(bUKCHPOBAHHOTO BPEeMEHU?
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a) B IOCTPOEHUH KaJTMOPOBOYHOTO rpaduka B KOOpAUHATAX ) IPU (PUKCUPOBAHHOW KOHIICHTPAIUU
WH/IUKATOPA;

b) B uamepenun Clnd npu cTporo GUKCUPOBaHHOM BPEMEHH;

C) HMYETO U3 MEePEYUCICHHOTO.

5. Kakoii npyHIIKIT TTOJIO’KEH B OCHOBY KMHETHYECKUX METO/IOB B X KaTaIUTUYECKOM BapuaHTe?
a) onpeenseMblM KOMIIOHEHTOM SBJISIETCS KaTaJln3aTop WIN CBSI3aHHBIE C HUM COEIUHEHNUS;

b) onpenenseMbM KOMIOHEHTOM SBJISIETCS BOCCTAHOBHUTEIb;

C) olnpeeNnsseMbIM KOMIOHEHTOM SBIISIETCS OKUCIUTE;

d) onpenensieMbIM KOMIIOHEHTOM SIBJISIETCS. MHIUKAaTOPHOE BEIIECTBO.

6. KakoBbl IpenMy1IecTBa HEKATATUTUUECKUX KUHETHUECKUX METOI0B aHaIu3a?

a) BBICOKasi YyBCTBUTEIIHOCTD;

b) BeICOKas CEIEKTUBHOCTB;

C) HUYETO U3 NIEPEUNCIIEHHOTO;

d) He HYy)KHO CTPOHTH TPaAYUPOBOYHBIN rpaduk.

7. B xakoM ciiydae He IPUMEHSAIOTCSI KHHETHUECKUE METO/Ibl aHaIn3a?

a) aHaJIN3 NOJTYIPOBOAHUKOB;

b) XMMHUYECKIIT MOHUTOPHHT OKPYKAIOIIEH Cpe/Ibl;

C) olpeJieIeHNe KOHIIEHTPALUHU IPUMECEN B YUCTHIX BELIECTBAX;

d) KUCIIOTHO-OCHOBHOE TUTPOBAHUE.

8. B ueM 3axmmrouaercst crioco0 onpeneneHuss HEM3BECTHOM KOHIIEHTPAIIMU BEIECTBA METOIOM
(bUKCHpPOBAaHHOM KOHIICHTpAIUU?

a) B IOCTPOCHUH KAITMOPOBOYHOTO rpadka B KOOpJAWHATAX ) TPH (PUKCUPOBAHHOW KOHIIEHTPAIIUN
MHANKATOPA;

b) B uamepenuu Clnd npu cTporo puKkcupoBaHHOM BpEMEHH;

C) HUYETO U3 NIEPEUNCIIEHHOTO.

9. B ueM cOCTOUT CYyIIHOCTh HHTEHPAIBHOTO METO/1a KHHETUYECKOTO aHanu3a?

a) ucrnonb3oBanue 3apucumoctu CD ot T (CD = k) npu nocTosSHHOI KOHIIEHTPALMU pearcHToB;

b) ucnonb3yIoT 3aBUCUMOCTh WJIU ~ U Tp., KOHLIEHTpalus peareHToB usmensercs Ha 10%;

C) HUYETO U3 NIEPEUNCIIEHHOTO.

10. Kakoit MmeTon onpeaieneHrs HEM3BECTHOM KOHIICHTPAIlMK BEIIECTBA SIBISETCS CAMbIM TOYHBIM?
a) MeToJ1 TAaHT€HCOB;

b) meTonoa puKkCUpOBAaHHOM KOHIIEHTpAIUU?

C) METO/IOM (PMKCHPOBAHHOTO BPEMEHU?

d) Huuero u3 nepevncieHHOTo

4.3 IIpomexxyTouHast aTTeCTalU 110 AUCIUIUTHHE MPOBOAUTCS B hOopMe dK3aMeHa

Tunosblie Bonpockl 3k3amena (OIIK-1, OIIK-2)
3 cemecTp

1. IlpenmeT aHaTUTUYECKON XUMUU. METOI0IOTHYE€CKHE aCIIEKThl U CTPYKTYpa aHAJIUTHYECKOM
xumun.KBanuduxanus yuctots! BenjectBa. Okpacka rmiameHd. CucTeMbl KaYeCTBEHHOTO aHaIK3a.

2. 3aKkoH IeUCTBUS Macc ¢ yueToM nocrtyinara ['ynpadepra u Baare.. 3akoH AeiCTBUS Macc 4yepe3 ypaBHEHUS
JUISL KOHCTAHThI paBHOBecHs. TpeOoBaHMS K CKOPOCTH PEAKIIUN U CKOPOCTH TOCTHXKEHUSI PAaBHOBECHSI B
aHanuTU4YecKor XxuMHuK KonmmdecTBeHHbBIE pacuyeThl ¢ CIOIB30BaHUEM 3-Ha JEHCTBUS Macc.

3. MonHoe npousseneHue Boabl. Bogopoaustii nokaszarens. [lkana pH u pOH.

4.bydepusie pactBopsl. bydepHas eMKOCTb.

5. Teopust anexktponuTnueckoil auccornuanuu C. Appernyca. CMellleHue HOHHBIX PABHOBECHM B pacTBOpax
CJIa0BbIX AIEKTPOIUTOB.

6.Teopusi CUIIBHBIX ANIEKTPOIUTOB. AKTUBHOCTbD, KOA((MUIIMEHT aKTUBHOCTH, HOHHAS CHJIa PacTBOpA.
[Tpubnmxenus [ebas. YpaBuenue JleBuca.
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7.I'maponus coneli c1aboro OCHOBAHUS U CHIIBHON KUCIOTHL. CTeNeHbh U KOHCTaHTa THAPOIH3a. BeiBoa
aHaJIUTUYECKUX 3aBUCUMOCTEH.

8.I'maponu3s coneil CUIIBHOTO OCHOBAaHMSI U ¢1a00# KUCIOTHI. BRIBOA aHATUTHYECKUX 3aBUCUMOCTEH.
3agauu 1o TeMe.

9.I'mnponus cosneli c1aboro OCHOBAHUS U CIA00M KUCIOTHL. BBIBO aHATUTUYECKUX 3aBUCUMOCTEH.

10. IIporonutuueckas Tteopusi bpencrena-Jloypu. ABromopoTtonus. Teopusi KUCIOT W OCHOBaHMIA
bpencrena-Jloypu.

11. Heomupie pactBoputenu. Cucrema kinaccudukanuu  pactBopureneir  bpencrena-Jloypu.
Knaccudukanus pactBoputeneit Ilapkepa. AmNpoTOHHBIE AUMNOJSPHBIE PAaCTBOPUTENH. JluTIONSIpHBIE
MIPOTOHHBIE PACTBOPUTENIN. ATIPOTOHHBIE AMOJISIPHBIE PACTBOPUTENH.

12. Knaccugukaiysi KOMIUIEKCHBIX COSIMHEHUI MO XapakTepy B3auMOACUCTBUS MeTaJUT-TUraa. BayTpu-
U BHeIIHec(epHble KOMIUIEKCHI, TOMO- U TeTepPOJIMIaHIHble, MOHO- M TOJHMJACHTAaTHbIC. MHOTOSEpHBIC
KOMIIJIEKCHI. X€JIaThl, BHYTPUKOMIIJIEKCHBIE COETUHEHUS.

13. Crynenyaroe koMmruiekcoobpazoBanre. KoHCTaHTHI ycTOMYMBOCTH (cTyneH4arbie U obuue). dakTopsr,
BIMSIONINE Ha KOMIUIEKCOOOpa3oBaHHE: CTPOCHHE IIEHTPajJbHOrOo aroma W Jjuranjaa. KoHueHTpauus
KOMITOHEHTOB pacTBopa, pH, HOHHOM cuiibl pacTBOpa. BaxkHelne peareHThl, IPUMEHSIEMbIE B aHAIU3E JJIS
paszzeneHus, OOHapy>KeHUs, ONPeIeIeHUs HOHOB METaJNIOB, MACKUPOBKH.

14.Koncranta paBHoBecuss OBP. OkuciauTenbHO-BOCCTAaHOBUTENIbHBIN MOTEHIHAN. YpaBHeHHE HepHcra.
CBsI3b KOHCTAHTBI PABHOBECHSI C OKUCIUTEIbHO-BOCCTAHOBUTEIHHBIM MTOTEHIINAJIOM.

15.0CHOBHBIE HEOPTaHUYECKNE U OPTaHUYECKUE OKUCIUTEIN U BOCCTAHOBUTEIIH.

16. 3akoH nEHCTBHS Macc B TeTEPOTeHHBIX Mpoueccax. TouHble W MPUOIMKEHHbIE PELICHUs YPaBHEHU.
@DakTOpbI OCaXICHMUSL.

17. JIpobHoe ocaxneHue. B3auMHOe mpeBpalieHHEe MaJloOpacTBOPHUMBIX OCAIKOB. YUeT Kod(pQHIHEHTa
aKTUBHOCTH MOHOB TPU PACTBOPEHUU JIEKTPOIHUTOB.

18. WpenTudukanus aToMOB, HOHOB, MOJEKyl U BemecTB. [IpoOHBIH M CHCTEeMaTHYECKUN aHAIIU3.
MUKpOKpUCTAJUIOXUMUYECKUN ¥ NHPOXUMHUYECKUI aHanu3 (OKpallMBaHUE IIJJAMEHHM, BO3TOHKA,
o0Opa3oBaHHE MIEPIIOB).

19. MeTozs! pazaeneHus U KoHIIeHTpupoBaHus. KoadduimeHt pacnpenencHusl.

20. Xpomatorpadus. AncopOLunoHHas XpoMaTorpadus, BHITECHUTEIbHAS 1 HOHOOMEHHast Xpomarorpagusi.
PacnpenenurensHas xpomarorpadus. bymasknas xpomarorpagusi. ['a3oBas u xKuIKoCTHAS XpomaTorpadusi.

21. XuMu4eckrue peaklud, BeAylIue K OOpa30BaHUIO KOJUIOMIHBIX CHUCTEM. MWUIena ¥ KOJUIOWIHAS
yactuua. [Ipasuino Jlunarosa.

22. Koarynsauus ¥ celMMEHTAaIUs KOJUIOUIHbIX cucteM. [lentuszanus ocaaka.

4 cemecTp

1. I'paBuMeTpruueckuii MeTos aHanu3a. JlocTonHCTBa M HEAOCTATKU. METObI BBIICICHUS, OCAKICHUS U
OTTOHKH B TpaBUMETPHUYECKOM aHauze. [Ipumepsi.

2. TpeboBanus k hopme ocaxknenus u BecoBoit popme. OT60p npob. [IpombiBaHUE OCaaKa.

3. TutpumeTpudeckuii Metox aHanuza. TpeOoBaHUs K HCIIOIB3yeMbIM peakuusiM. Kiaccuduxanus MeTonos
TUTPUMETPUYECKOro aHanu3a. [Ipsmoe u oOpaTHOE TUTPOBAHHUE.

4. DKBHUBAJICHT. 3aKOH SKBUBAJIEHTOB. CIIOCOOBI BBIpaXKEHUSI KOHIICHTPAIIMU PacTBOPOB. TUTp 1o pabouemy
U TI0 ONPEAEIIEMOMY BEIIECTBY.

5.Kucnorno-ocHoBHoe tutpoBanue. Kimaccudpukanus. CtannapTHble pacTBOPHI.

6. Onpenenenne TOUKN 3KBUBAJICHTHOCTH B KMUCIOTHO-OCHOBHOM TUTpOBaHUU. TpeboBaHus,
IpeabsaBIsieMble K MHANKaTopaM. Teopuu HHAMKATOPOB KUCIOTHO-OCHOBHOTO TUTpoBaHus (OcTBasibaa U
xpomModopHasi).

7. Nurepsan nepexona okpacku. pK u pT unnukaropos. Metunopanx 1 GeHOIPTAICHH C TOUKU 3PSHHUS
MOHHO-XPOMO(OPHOI TEOPUH UHIUKATOPOB.

8. PacueTr KpuBOW TUTPOBAHUS pacTBOPA CUIIBHON KUCIIOThI CUJIBHBIM OCHOBAaHUEM.

9. Pacuer xpuBO# TUTPOBAaHMS pacTBOpa CJIa00I KUCIOTHI CHIIBHBIM OCHOBAaHHUEM.

10. TurpoBanue cMecu CHILHOU U ¢1a00i KUCIIOT CHIIbHBIM OCHOBaHHEeM. KpuBasi THTpoBaHus.
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11. PacueT KpuBOI TUTPOBAHUS CMECH CJIA0BIX KUCIOT. DTanbl TATPOBAHUS.
12. TutpoBaHHEe TBYXOCHOBHBIX KHCIIOT. [IpoOIeMbl THTPOBaHKUE YTOTHHOM KHUCIOTHI.
13. TutrpoBanne MHOrOOCHOBHOM KucaoTel Ha npuMepe H3PO4. Kpusast TutpoBanus.
14. TutpoBaHue pacTBOpa KapOOHaTa MIEJIOYHOTO METaJla U pacTBOpa CMECH IIEJI0YN U KapOoHaTa
LIEJI0YHOro MeTaia. Kpusble THTpOBaHuS.
15. Bniusaue pa3nuyHbiX (PaKTOpOB HA BUJ KPUBBIX TUTPOBAHUS.
16. Ommbku KUCIOTHO-O0CHOBHOTO TUTpoBaHUs (H+ - ommbka, OH- - ommOka, KUCIOTHAS U HIeI0YHas
OIITMOKH).
17. TlonsiTue 00 OKUCIUTEIBHO-BOCCTAHOBUTEIBHOM MOTeHIMaNe. Hanpasienue
OKHCJIUTEIbHO-BOCCTAHOBUTEIBHON peakiui. KoHcTaHTa paBHOBECHS OKHCIUTEIIBHO-BOCCTAHOBUTEIBHON
peakiun. CMelieHue paBHOBECHUS 1 00OpallieHIe PeaKiuu.
18. KpuBasi OKMCITUTENbHO-BOCCTAHOBUTENILHOTO TUTPOBAHUSA HA TIPUMEpe TUTPOBAHUS Cylb(ara xees3a
(IT) nepmanranaToM Kayus.
19. naukaTopbl OKUCIUTENBHO-BOCCTAHOBUTEIBHOTO TUTPOBAHHUS.
20. Meton ocaxxaeHusi. TpeGoBaHMS K peakIUsIM B METOJIE OCaXKACHHsI. MeToabl (PUKCAIIUN SKBUBATICHTHOMN
TOYKHU (MHIUKATOPHBIC U O€3WHIUKATOPHBIE).
21.KpuBas TUTpOBaHMs 110 METOY OCAKICHHS HA IPUMEPE TUTPOBAHUS pacTBOPA XJIOpUAA HATPUS
pacTBopoM HUTpara cepedpa. PakTopsl, BIUAIOMINE HA XapaKTep KPUBBIX THTPOBAHUSL.
22. O61ee MOHATHE O KOMIUIEKCOMETPHUU U KOMITJIEKCOHOMETpuH. TpeOoBaHus, peabsIBIIEMbIC K
peaKkusaM B KOMIUIEKCOMETpUU. BaskHeNIIne KOMILUIEKCOHBI.
23. Metonsl (pUKCUPOBaHMS SKBUBAJICHTHON TOUKU B KOMILIEKCOHOMETpUU. MHIUKATOPBI
KOMITJIEKCOHOMETPUYECKOTO TUTPOBAHMSL.
24. YcnoBusl IpOBEIEHUS KOMIUIEKCOHOMETpUUECKOT0 TUTpoBaHus. Biusnue pH. CenexkTuBHOCTh METOA.
25. Teopust KHHETHYECKUX METOJIOB aHanu3a. JluddepeHimaabuble 1 MHTETpaIbHBIC METOIBI aHATH3A.
TpeboBaHus K MHAMKATOPHBIM PEAKIIUSIM.
26.CriocoObI omnpeiesieHrs] HEM3BECTHOM KOHIIEHTPAIIMU BEIIECTBA B KWHETHYSCKUX METO/IaX aHaJIHM3a.
27 KaranuTu4ecKuil 1 HeKaTaIUTUYECKH BapUaHThl KHHETUYECKUX METONIOB aHanu3a. Obnactu
IIPUMEHEHHUS.
28.05eKkTpoXxuMuIecKre MeTo bl aHanu3a. OO0Ias XapakTepucTUKa MPSMBIX U KOCBEHHBIX METO/I0B
ANIEKTPOXMMHUYECKOTO aHaIN3a. JJIEKTPOXUMUYECKAs 1IeTb, SUCiiKa 1 UHAUKATOPHBIN 3JIEKTPOA.

29. IloreHMOMETPHS U TOTEHIMOMETPUIECKOE TUTPOBAHUE.
30.ITonsiporpadus. Teopust meTona.

31. KauecTBeHHBIH U KOJTMYECTBEHHBIH NoJsiporpaduyeckuii ananus. Ypasuenue MinbpkoBuda. YpaBHeHHE
IOTEeHIMaa BOJIHBL. [loTeHIIMa OIyBOIHEL.

32. AMnepoMeTpruiECcKOe TUTPOBAHMUE.

33.KynmoHomeTpus npu MOCTOSHHOM MOTEHIMAJIE U MTPU MTOCTOSHHOM TOKe. OnpeieieHrne KOHEYHON TOYKH.
34. TlonsiTe 00 ONTUYECKUX METOAaX aHaMMU3a. Bu3yanpHas 1 HHCTPYMEHTAIbHAS KOIOPUMETPHSL.

35. 3akoHOMepHOCTH cBeTomomIomeHus. 3akon byrepa — Jlambepra - bapa.

36.CriekTp 37€KTpOMarHuTHOTO U3TydeHus. JJI1MHa BOIHBI U BOJIHOBOE 4nciio. CekTpsl aTOMOB U
MOJIEKYJ. DHEPTUs U3ITyUYEHUSI.

37.BnusiHue 1IuHBI BOJHBI Ha cBetononiouieHue. [llupuna cnexkrpanbHoil nHuu. JlopeHnesckoe,
JOTIJIEPOBCKOE M €CTECTBEHHOE YIIMPEHUE CIIEKTPAILHON JTUHUU.

38.CnekrpodoToMeTprUecKOe OMpeeIeHHe IBYX KOMIIOHEHTOB B cMecH. DOTOMETpHUECKOE TUTPOBAHHUE.
39.Ucnonp3oBanue YO-, UK- u ciekTpoB BUAUMOI 00JIaCTH B aHATUTUYECKON XUMHUH. CIIEKTPhI
MIPOITYCKAHUS Y HOMIOIIECHHUS.

40.1K-crexTpbl ¥ CTPOCHUE XUMUYECKUX COCAMHEHUM M UX aCCOLIMATOB.

41. Teopus ¢nyopecueHy. OryopecleHTHBIN aHaIN3.

42.Ucnons3zoBanne DBM B aHamMTUYECKON XUMHUH.

TunoBble 3axanus s sk3amena (OIIK-1, OIIK-2)
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3 cemecTp

1. Paccuuraiite cpeaauii koahHUIMEHT aKTUBHOCTH XJiopuaa amtomMuuaus B 0,1 M pacTBope u cpaBHUTE C
3KcepUMEHTaNbHON BennunHou 0,340.

2. Paccuuraiite pH pacTBopa, MoJIydeHHOTO B pe3yibTare cMemurBanus paBHbIX 00béMoB 0,01M pactBOpa
anerara Harpus U 0,05M pacTBopa yKCYCHOU KUCIIOTBI.

3. Kak u3menurcst pactBopuMocTh cyibdara 6apus B 0,01 M pactBope cynbdara Kaaus M0 CPAaBHEHHIO C
pPacTBOPUMOCTBIO B YHUCTOM BOJE.

4. CxoJbKO TpaMMOB areTaTa HaTpus HY>XHO pacTBOpUTH B 500 MJ1 BOJBI, YTOOBI MOTYYUTh pacTBop ¢ pH
8,52.

5. Cxonbko Mi 96 10 %-Ho¥l cepHOil KUCIOTHI oTpedyeTrcs A npurotosiaeHus 6 1 2,0 H pactBopa?

4 cemecTp
1. Kaxkoit 006ém cepHoit kucnotsl (p = 1,06 r/mi1) TpebyeTcs s ocaxaeHus Bcero 6apus B BUje cynbdara
6apust U3 pactBopa, conepxariero 0,5500 r yucroro BaCI2-2H20?
2. Onpenenuts pH B Touke 3kBUBajeHTHOCTH Ipu TuTpoBaHuu 0,1 H pacTBopa ykcycHoi kuciotel 0,1 H
pactBopoM NaOH. Ka(CH3COOH) = 1,75-10-5
3. Onpenennuts NPOLEHTHOE COAECpPXKAHHUE JKejle3a B JKEJIE3HOW py[e, €ClIu IOCIE COOTBETCTBYIOIIEH
00paboTku u pactBopeHus HaBecku 2,9500 r B 250 Ma kucioTsl, Ha TuTpoBanue 20,00 M1 pacTBOpa conu
xenesa (II) 3arpaueno 18,40 mi pactBopa nepmanranata kanus (= 0,002850 r/mu)
4. Dueprusi BogopoaHou cBsi3u coctapisieT 30 kJx/mMonb. OnpenaenuTs IIMHY BOJHBI M BOJTHOBOE YHCIIO,
IIPU KOTOPBIX BO3MOYKHO OIPEIEJIEHUE HAIUYMs BOJOPOIHBIX CBSI3€H B PacTBOPE UCCIIEAYEMOIO BELIECTBA
CHEKTPOHOTOMETPUICCKH.

4.4. Illkana orieHMBaHMsI IPOMEXKYTOUYHOU aTTECTALIUU

Jeckpuntops! (ypOBHN) — OCHOBHBIC IPU3HAKK OCBOCHUS (TIOKa3aTEIH

OneHka Kommnerenrim
TIOCTYKCHHSI pe3YJIBTaTa)

OIIK-1 AHanu3upyeT W = UHTEPIPETHPYET  pe3yabTaTbl  XUMUYECKUX
HKCIIEPUMEHTOB, HAOMIOACHUHN U U3MEPEHUI.

JIeMOHCTpUpYeT BBICOKUH YypOBEHb 3HAHHS OCHOBHBIX 3aKOHOB
XMMUU UX HHTEPIIPETALUU Ha OCHOBE COBPEMEHHBIX TEOPHIA.
Hcnonb3yeT cOBpeMEHHbIE METOAbl MaTeMaTHUECKOrO aHaju3a JUIs
OLIEHKH JIOCTOBEPHOCTH PE3YIIBTATOB.

OTBEeT MOCTPOEH JOrMYHO, Marepuan H3JaraeTcsi YeTKO, SICHO,
XOPOILIUM S3BIKOM, apTyMEHTHPOBAHO

«OTIIMYHOY
(85 - 100 6anyoB)

OIIK-2 VYBEpEHHO MPOBOAUT XUMUYECKUIN IKCIIEPUMEHT II0 Kaue-CTBEHHOMY
U KOJMYECTBEHHOMY aHaJHM3y COCTaBa BEIIECTB C HCIOJIb30BaHHEM
CTaHJAPTHBIX METOIUK U HOPM TEXHHUKH O€30MacHOCTH.
[Ipencrapnsier  MOMy4YeHHBIE — pPE3yJAbTAaThl  KAuUE€CTBEHHOTO M
KOJTMYECTBCHHOTO aHAJIM3a B YCTHON M MUCBMEHHOM (opme.

Ha Bompocsl O0TBe4aeT KpaTKo, apryMEHTHPOBAHO, YBE-PEHHO, IO
CYLLECTBY

OIlK-1 JleMOHCTpUpYeT CIOCOOHOCTh, B IIEJIOM, K HWHTEpIpeTa-IHU
AKCIIEPUMEHTAIBHBIX ()AaKTOB Ha OCHOBE COBPEMEHHBIX TCOPHId B
00JIaCTH XHUMHH.

B 00bIIMHCTBE IPUMEPOB MOXKET BBIZACITUTH MEKIUCIH-TUTMHAPHBIC
CBSI3U

«XOpOLIO» OTBET NOCTPOCH JIOTUYHO, MAaTEPHAJT M3JIAaraeTCsl XOPO-IITUM SI3BIKOM.
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(70 - 84 Gannos) OIlK-2 CrnocoGeH  NPOBOAWTH  XUMHMYECKMH  OKCIIEDHMEHT O
Ka-4€CTBEHHOMY U KOJMYECTBEHHOMY aHAJIM3y COCTaBa BEIIECTB C
VICIIONB30BAHMEM ~ CTAHIAPTHBIX METOAMK M HOPM  TEXHHMKH
0€30MacHOCTH.

Bonpochl,  3aJaBacMble  IpENOAABATENEM, HE  BBI3BIBAIOT
CYILIECTBEHHBIX 3aTPyIHEHMIA

OIlIK-1 C Tpymom ocymecTBiaseT cOop, 00pabOTKy, aHamM3 |
CH-CTEMAaTH3aIMI0 TEOPETUYECKUX M IKCIIEPUMEHTAIBHBIX JTaHHBIX
TSl pelIeHnst TPOeCCHOHATBLHBIX 3a/1ad.

JIeMOHCTpPUpPYET  HEBBICOKYIO  CIIOCOOHOCTH K  OOBSICHEHHIO
HaAOTIOAaeMBIX SKCIEPUMEHTABHBIX SIBICHUH HAa OCHOBE 3HAHUH

«YAOBJICTBOPHUTCIBHO» OCHOBHBIX 3aKOHOB XUMUHU.
(50 - 69 6amoB) OTBeT He BCeraa JIOTMYHO BBICTPOCH, Marepuaj u3jaraer-csi 6e3
MPUMEHEHHUS COBPEMEHHOW HAyYHOW TEPMHUHOJIOTUH.
OIlIK-2 CrocoOHOCTh ~ TPOBOIUTH  XHUMHYECKHH  JKCIIEPUMEHT  II0

Ka-4C€CTBCHHOMY M KOJIMYCCTBCHHOMY aHAJIMU3y COCTaBa BCUICCTB C
HCIIOJIB30BAHUEM CTAaHAAPTHBIX METOAHK pa3BHUTaA cia0o.
He 3naer OTACIBbHBIC HOPMbI TEXHUKHU 0e30macHOCTH

OIlIK-1 JIeMOHCTpPUpPYET OTCYTCTBHE CIIOCOOHOCTH K HMHTEPIpETAIluU
IKCIIEPUMEHTAIbHBIC (PAKTHI.

He MOXeT BbIIEINTh MEXIUCHUIUTHHAPHBIC CBA3M W TPUMEHSTH
TEOPETUUECKUE 3HAHHS H MPAKTUUECKOM eITEIIbHOCTH.

HeyBepeHHO U IOTHYECKH HETIOCIEIOBATEIbHO U3JIaracT MaTepHall.

OIIK-2 He coco6en nmpoBoANTh KaueCTBEHHBIN M KOJTUYECTBEH-HbBIN aHATIN3
XUMHYECKHUX BEIIECTB MO CTAaHIAPTHBIM METOIH-KaM.

PerynsapHo Hapymaer HOPMBI TEXHHKH O€30MacCHOCTH  IIPH
MTPOBEJICHIUHM XUMHUYECKOTO IKCIIEPUMEHTA.

He cmocobeH apryMeHTHpOBAaHO BECTH JHAJIOT M HCIOJIb-30BaTh
TEOPETUYCCKUE 3HAHUS Ha MMPAKTHUKE.

HemnpaBwiibHO  OTBe4aeT Ha IOCTABJIICHHBIC  BOIPOCHl  WIIH
3aTPYIHACTCS C OTBETOM.

«HEYIOBICTBOPUTEILHOY
(menee 50 6amioB)

5. MeTonnueckue ykazaHusi AJisi 00y4a0IIUXCS 110 OCBOCHUIO M CHUILTHHBI (MOLYJIS)

5.1 MeTtoandeckue yka3aHus IO OPTaHU3aIlMN CaAMOCTOSTEIBHOM PabOThI 00YUYaIOIIUXCSI:

[Ipuctynas K W3y4eHUIO TUCIUIUIMHBI, B MEPBYIO Odepelb OO0ydaromuMmcsi HEOOXOAMMO O3HAKOMHUTHCS
comepx)aHueM paboueil mporpammbl nuctuiumHbl (PIT[]), xotopas ompexaenser coaepxaHue, o0beMm, a
TaKKe MOPSAIOK U3YUCHHsI U MTPETIOaBaHus yIeOHOM TUCIUILIMHEL, €€ pa3/iena, YacTu.

J171 caMOCTOSTENbHOM paboThl BaXKHOE 3HaYEHHE UMEIOT pa3zeisl «O0beM U collepikaHne AUCIUTITMHBD),
«YuebHo-MeTonyeckoe U HHGOpMaIIMOHHOE 00ecieyeHIe TUCIUIUIUHBD U «MaTepruaabHO-TEXHUYECKOe
obecrnieueHre JUCITUTUIMHBI, TpOrpaMMHOE obecreueHue, MpodecCHoHaIbHBIC Oa3bl TaHHBIX U
MH(OPMAIIMOHHBIE CIIPABOYHBIE CUCTEMBI».

B pazmene «O0beM u copepkaHHE AMCHUIUIMHBDY YKa3bIBAIOTCS BCE pas3leibl M TEMbl H3ydaeMoi
JTUCLMIUTMHBL, @ TAK)KE BUJIbI 3aHATHI U TUTAHUPYEMBI 00BEM B aKaJIeMUYECKHUX Yacax.

B pasgene «YdeOHO-meTomumueckoe U HH(POpMaLMOHHOE oOecleueHrne AMCHUIUIMHBDY — yKazaHa
peKoMeHayeMasi OCHOBHAs U IONOJIHUTENbHAS JINTEpaTypa.

B paznmene «MarepuanbHO-TeXHUYECKOE OOeCIeueHue TUCIHUILIMHBL, TMPOrpaMMHOE oOecreueHue,
npodeccuoHanbHble 0a3bl JaHHBIX U HWH(GOPMAIMOHHBIE CIPAaBOYHBIE CHCTEMBD» COACPKHUTCS IEepeueHb
npodeccruoHanbHbIX 0a3 JaHHBIX U MHPOPMALIMOHHBIX CIIPABOYHBIX CHCTEM, HEOOXOIUMBIX AJII OCBOCHHUS
JTUCIUIUTAHBL.

5.2 PexomeHnanuu o0y4aronmMcs o padore ¢ TEOpeTUYeCKUMU MaTepraiaMy Mo TUCIUIUINHE

[Tpu u3ydeHnn 1 mpopadbOTKe TEOPETUICCKOTO MaTepraia HeOOXOaUMO:



- IPOCMOTPETH €1lIe pa3 npe3eHTaluo Jekuu B cucteMe MOODLe, noBTOpUTh 3aKOHCIIEKTUPOBaHHBIN Ha
JEKUMOHHOM 3aHATUM MaTepual M JOMNOJIHUTh €ro € YYE€TOM PEKOMEHJOBAHHOM IOMOJIHUTEIbHOU
JIUTEPATYPBL;

- IIPA CAMOCTOATEIbHOM M3Y4YEHHH TEOPETUYECKON TEMBI CAEIaTh KOHCIIEKT, HCIOJIb3Yysl PEKOMEHIOBAHHbIE
B PITJI ucrounuku, npogeccuoHanbHble 0a3bl JaHHBIX U HHPOPMALMOHHBIE CIIPAaBOYHBIE CUCTEMBI:

- OTBETUTD Ha BOIIPOCHI JIsI CAMOCTOATEIILHON pabOoThI, TIO TeMe MpecTaBieHHbIe B myHKTe 3.2 PIT/I.

- [P IOATOTOBKE K TEKYIIEMY KOHTPOJIIO HCIIOIb30BaTh MaTepuaiibl (hoHa oreHouHbIX cpencts (POC).
5.3 Pexomenmanuu mo paboTe ¢ Hay9HOU U y4eOHOM JIUTepaTypoit

PabGoTa ¢ OCHOBHOM M JONOJIHMUTENBHOM JHMTEPAaTYpOl SBISETCS IIaBHOM (POpMOI caMOCTOATENbHOM
paboThl M HEoOXOoOMMa MPH MOATOTOBKE K YCTHOMY ONpPOCY Ha CEMUHAPCKUX 3aHATHAX, K Jebartam,
TECTHUPOBAHHUIO, 3Kk3aMeHy. OHa BKIIOYaeT MpopabOTKy JIEKIMOHHOTO MaTephalia M pPEeKOMEHIOBAHHBIX
HCTOYHHMKOB U JINTEPATYPHI 110 TEMATHKE JIEKLIUH.

KoHCHeKT JIeKInu JOJKEeH coliepKaTh peepaTuBHYIO 3alIUCh OCHOBHBIX BOIPOCOB JICKIIUH, B TOM YHUCIIE C
ornopoii Ha pa3MmeneHHble B cucteme MOODLe mpe3eHTany, OCHOBHBIX MCTOYHUKOB M JIUTEPATYpPhl IO
TeMaM, BBIBOJBI MO KaXAOMY Bompocy. KOHCIeKT MOXKeT OBITh BBITIONHEH B paMKax pacliedyaTKd BbIIa4uH
Mpe3eHTAlUi JIEKIUH WM B OTACNIbHOW TeTpaau mo mpeamery. OH JOKEH ObITh aKKypaTHBIM, XOPOIIO
YUTAaEMBbIM, HE COAEPIKaTh HE OTHOCALIYIOCS K TeMe HH(POPMAITUIO HITH PUCYHKH.

KoHcnieKkThl HayyHOW JHUTEparypbl NMPU CaMOCTOSATENbHOM IOATOTOBKE K 3aHATHUAM JOJDKHBI CONEPIKaTh
OTBETHl HA KaX/bli TOCTAaBICHHBIH B TEME BONPOC, MMETh CCHUIKY Ha HCTOYHHK WH(POpPMALUU C
00s13aTeNbHBIM YKa3aHUEM aBTOpAa, HAa3BaHMS W TOJa HU3AAHUS HCIOJNb3YeMOH HaydyHOW JHMTEpaTyphl.
KoHcniekT MoOXeT ObITh ONOpPHBIM (COAEpXkAaTh JIUIIb OCHOBHBIC KIIIOUYEBbIC MO3MIMHU), HO TPH 3TOM
MO3BOJISIIOIMM  JIaTh TIOJIHBIA OTBET IO BOINPOCY, MOXET ObITh MOAPOOHBIM. OO0beM KOHCHEKTa
OIIPENIETSAETCS CAMUM CTYIACHTOM.

B nporecce paboThl ¢ OCHOBHOM U JOTIOTHUTEIIBHON JTUTEPATYPOH CTYICHT MOXKET:

- JenaTh 3allUCU IO XOAy 4YTE€HHS B BMJIE NPOCTOr0 WIM Pa3BEPHYTOro IIaHa (co31aBaTh IEPEUYEHb
OCHOBHBIX BOIIPOCOB, PACCMOTPEHHBIX B UCTOYHHKE);

- COCTaBJATH Te3HUCHl (LMTHpOBaHHE HauOoOJee BAKHBIX MECT CTaTbu MJIM MOHOTpaduu, KOPOTKOE
U3JI0KEHUE OCHOBHBIX MBICJIEH aBTOpA);

- TOTOBUTH aHHOTAIMH (KpaTKoe 0000I1eHe OCHOBHBIX BOIIPOCOB PabOTHhI);

- CO3/1aBaTh KOHCIIEKTHI (Pa3BEPHYTHIC TE3UCHI).

5.4. PexoMeH1a1tuy MO NOATOTOBKE K OTAENIBHBIM 33aHUAM TEKYIIETO KOHTPOJISA

CoOecenoBaHue TmpeanoyaraeT OpraHU3alUI0 Oecelbl MpernojaBaTeiss €O CTYIEHTaMH II0 BOIpOcaM
IIPAKTUYECKOTO 3aHATUS C LENbl0 0ojee OOCTOATENBHOIO BBISBICHUS UX 3HAHUN IO ONPEAEICHHOMY
paszmeny, TeMe, npolieme M T.II. Bce uieHbl Ipynmbsl MOTYT ydacTBOBaTb B OOCYKICHHH, 100aBISTH
MH(POPMALUIO, TUCKYTUPOBATh, 331aBaTh BOIPOCH! U T.1.

YCTHBIA OMpOC MOXKET TMPUMEHATHCS B pa3audHbIX (Qopmax: (QpoHTaIbHBIN, WHIWBUIYAIBHBIN,
KOMOMHUPOBaHHbII. OCHOBHBIE Kau€CTBA YCTHOTO OTBETA MOJUIEXKAILETO OLICHKE:

- IPaBUJIBHOCTB OTBETA IO CONEPIKAHHUIO;

- IOJTHOTA U TIIyOuHa OTBETA;

- CO3HATEJIBHOCTh OTBETA;

- JIOTHKA U3JI0KEHUS MaTepuaa;

- PallMOHAIILHOCTD MCIIOJIb30BAHHBIX IIPUEMOB U CIIOCOOOB PELIEHUs OCTABICHHON yueOHOil 3a1auy;

- CBOEBPEMEHHOCTh M 3((EKTUBHOCTH MCIIOIB30BAHUS HATNISIHBIX MOCOOMHA M TEXHUYECKUX CPEICTB IPH
OTBETE;

- HCII0JIb30BAaHUE JIONIOJHUTEIBHOTO MaTepraa;

- PalIMOHAJILHOCTb HUCIIOJIBb30BaHUS BPEMEHH, OTBEJCHHOIO Ha 3a/laHNE.

YCTHBIM OIIPOC MOXKET CONPOBOXKAATHCS IMPE3ECHTALUEH, KOTOpas IMOATOTaBIMBAECTCA IO OAHOMY U3
BOIIPOCOB MPAKTHUYECKOTO 3aHATUSA. [Ipy BRICTYIUIEHHH ¢ Mpe3eHTalnueld HeoOXoauMo oOpamarb BHUIMaHUE
Ha TaKU€ MOMEHTBI KaK:

73



74

- cofep)KaHUE MPE3CHTAlMN: AKTYaJIbHOCTh TEMbI, MOJHOTA €€ PACKPBITUS, CMBICIOBOE COJAEp)KaHUE,
COOTBETCTBHE 3asIBICHHOW TEMBI COJIEPKAHHUIO, COOTBETCTBHE METOAMYECKUM TPEOOBAaHUAM (IIETTH. CCHUIKU
Ha PeCypChl. COOTBETCTBHE COJEPXKAHHUS M JUTEPaTyphl), MPaKTHYECKash HAlpaBIE€HHOCTb, COOTBETCTBHE
coziepKaHus 3asiBICHHON (opMe, aleKBaTHOCTh UCIIOJIb30BaHUS TEXHHUUECKUX CPEJCTB yUEOHBIM 3a1adam,
MOCIIEIOBATEILHOCTD U JIOTHYHOCTb MPE3CHTYEMOT0 MaTrepuara;

- odopmiieHHE TMpe3eHTalMu: 00beM (ONTUMAIbHOE KOJIWYECTBO), IHM3aiiH (YMTaeMOCTb, HAJIWYHE HU
COOTBETCTBHE TpapUKd W aHUMAIMM, 3BYKOBOE OQOpMIICHHE, CTPYKTYypUpOBaHHE HWH(POpPMALUH,
COOTBETCTBHE 3asBJICHHBIM TpPEOOBAHUSIM), OPUTHHAIBHOCTH OGOPMIICHHS, 3CTETHKA, HCIIOIb30BaHHUE
BO3MO)KHOCTH ITPOTPaAaMMHOI CpeJibl, COOTBETCTBHE CTaHIapTaM 0(hOpMIICHUS;

- IMYHOCTHBIC Ka4eCTBa: OPATOPCKUE CIIOCOOHOCTH. COOMIONEHHE PErIaMEHTa, SMOLMOHAIBHOCTD, YMEHHE
OTBETHUTbH Ha BOIPOCHI, CHCTEMATU3UPOBAHHBIE, TITyOOKHE 1 TIOJIHbIE 3HAHUS 110 BCEM pa3JiesiaM IpOrpaMMBI:
- COIep)KaHHE BBICTYIUICHUS: JIOTMYHOCTh M3JIOKEHUS Marepuasa, pacKpblTHE TEeMbl, JOCTYIHOCTb
m3noxkeHus, dPdexTuBHOCT npuMeHeHust cpeactB WKT, cmocoObl ©u  yClIOBHS  JTOCTHIKCHHUS
PE3yABTaTUBHOCTH M IPGEKTUBHOCTH AJIsS BBIONHEHUS 3a/ad CcBoed MpodeccHoHANbHOW WU yueOHOU
JeSTeIbHOCTH, J0KA3aTeIbHOCTh NMPUHUMAEMBIX PELICHUH, YMEHHE apTyMEHTHUPOBATh CBOM 3aKJIIOYCHUS,
BEIBO/IBI.
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5. TlogxopwitoB A. JI., Heymauuna JI. K., IItun C. A. AmnHanuTuyeckas XHUMHUS.
OKHCIUTENHEHO-BOCCTAHOBUTEILHOE TUTPOBAaHKE | Y4eOHOe ocobue it By30B. - Mocksa: FOpaiit, 2020. -
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