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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




MU AL L RGP A DIV
CBS3U 1 41516
1 |broxumus +
2 |Heopraauueckas + | +
XAMMUS
3 | dusznyeckass XuMHS + |+ |+
4 | duzndeckre METOIbI +
HCCIICIOBAHUS

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

Ne HanmenoBanme ®opma oOyueHus
/1 JACLIVIUINH,
OuHas
OTIPEIETISIOIIX
(cemecTtp)
MEXIUCIUTUTHHAPHBIE TToTals5T6
CBSI3H
1 |Heopranuueckas + | +
XUMUS
2 |O3HaKOMHTEIbHAS +
MPaKTHKA
3 |Opraandeckast XuMHs + | +
4| Texnonoruyeckas +
MPaKTHKA
5| XuMHUYECKUA aHaIU3 +
MIPUPOTHBIX OOBEKTOB

2. MecTo nucuuiuiaiabl B cTpykrype OII 0akanaBpuara:

JucruninHa «AHaTUTHYECKas XUMHS» OTHOCUTCS K oOs3arenbHOM yactu ydeOHoro mana OIl mo
HanpasyieHuto moArotoBku 04.03.01 - Xumus.

JucuuninnHa « AHAIUTUYECKash XUMUs» u3ydaercs B 3, 4 cemecTpax.

3.00beM u conepxaHue JUCUUILINHBI
3.1.00peM qUCHMIUTHHEL 15 3.€.
Oumnas: 15 3.e.

Bun yueOHOM paboTh (Bcgglf;io]s)
OO0mas Tpyn0éMKOCTb 1M CHUILTTHHBI 540
KonTaktHas pabora 386
Jlexuu (Jlexiun) 134
Jlaboparopnsie (J1ab. pab.) 120
[Tpakruueckue (Ilpakt. pad.) 132
CamocrostensHas padota (CP) 82
DK3aMeH 72
3.2.ConepxaHue Kypca:
No Haspanue Bun yuebnou DOopMBbI TEKYIIETO
TEMBI pasnena/TeMbl paboThI, yac. KOHTPOJISI
Jlex |JIa6 |TIpa| CP
muu| . |KT

pab. [pad.




[0]ofo]O]

3 cemecTp

1 Merononoruueckue TectupoBanue
aCIIeKTHI U
CTPYKTypa 6 - 4 | 4
AHAJIMTUYECKOMN
XUMHH

2 Teopus u mpakTHKa naboparopHas
npobooTdopa u 6 | 6 | 6| 4 pabora
POOOIIOATOTOBKH

3 HNonnoe nabopaTtopHas
MIPOM3BEICHNE pabora;
BOzbl. BomopoaHblit TectupoBanue
nokasarens. [kana

6 | 8 |4 | 4
pH u pOH.
Bydepnsbie
PacTBOPBHIL.
Bydepnas emkocTh

4 KucnorHo-ocHoBHO nmabopaTtopHas
€ paBHOBECHE. pabora;
I'upponus conen. TectupoBanue

6 | 6 |4 ]| 4
BriBoxn
AHATUTUYECKUX
3aBUCUMOCTEHN.

5 Kommuiekcoobpa3zos naboparopHas
aHHE B Rl s | ala pabora;
AHAJIMTUYECKOMN TectupoBanue;
XUMUU. Konnoksuym

6 OKuCIUTETHLHO-BOCC TectupoBanue;
TaHOBUTEJIbHbIC naboparopHas
peakuuu B 8|16 | 4| 4 pabora
AHAJIMTUYECKOMN
XUMHAH

7 3aKoH AeUCTBUSA naboparopHas
Macc B pabora;
reTepOreHHbBIX TectupoBanue
IpoLeccax. 8| 6| 6| 4
PactBopumocCTS,

MIPOM3BEICHUE
pac-TBOPUMOCTH.

8 Metonbt naboparopHas
oOHapyXeHHUs U Rl s | ala pabora;
UACHTU(DUKAIIIH. TectupoBanue
Xpomarorpagusi.

9 Konnouausie naboparopHas
CUCTEMBI B abora
AHAJIUTUYECKOMN 8 8 6| 4 ’

XUMHUH.

10 AHanu3s cmecei Komnnoksuywm;
HMOHOB. AHa/N3 naboparopHas
pacTtBopa - 8 |6 | 4 pabora
XMUMHYECKOTO

COCOUHCHNA.




4 cemectp

11 I'paBumMeTpuyecKkuii g l10l10l 4 nmabopaTtopHas
aHaJM3. pabora

12 TutpuMerpuueckuit nmabopaTtopHas
aHaju3 Ha Oasze g 1121101l 4 pabora;
KHCIIOTHO-OCHOBHBI KOJUIOKBHYM
X B3aMMOJECHUCTBHM.

13 OKuCIUTENHbHO-BOCC nmabopaTtopHas
TaHOBHUTEILHOE 10|10 |10 | 4 pabora
TUTPOBaHUE

14 Kommnnexkconomerpu naboparopHas
4ECKOE U w!lslnles pabora
OCaJINTEIBHOE
TUTPOBAHHUE.

15 Kunernueckue w!l-l12le TectupoBanue;
METO/IbI aHAJIN3A. KOJUTOKBUYM

16 DIEKTPOXUMUYECKHU wlslinle naboparopHas
€ METO/IbI aHAIHN3a pabota

17 CrnexrpaibHbIe w!lslnle naboparopHas
METO/Ibl aHAJIN32 pabota

18 OBM B JIOKNIaI;
AHAJIUTUYECKOU 4 - 6 | 6 KontponbpHas
XUMHH pabora

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

Jlexknus.
Meronomorudyeckue acnekTbl M CTPYKTypa aHAIMTUYECKOM XuMHUH. [Ipenmer aHanuTHUYECKOW XUMUHU.
MeTronomorudeckue acleKkTbl U CTPYKTypa aHAIUTUYECKOM XuMUU. Buabl aHanusa: Kade-CTBEHHBIM H
KOJIMYECTBEHHBIH, W30TOMHBIHM, 3JI€MEHTHBIN, (PyHKIIMOHAIBHBINA, CTPYKTYPHBIH, MOJEKYIAPHBIN (ha30BBIN.
Xumuueckue, (U3NKO-XUMUYECKHe, (U3UYeCKue METoAbl aHaiu3a. YyBCTBUTENBHOCTh XUMHUECKHUX
pEaKLHA.

IIpakTH4Yeckoe 3aHATHE.
[TpoBoguTcs B popme ceMuHapa

JlaboparopHbie padoThbI.
He npenycmotrpeno

3ananHus AJ151 CAMOCTOSITEILHOI padoThI.
1. ITpopaboTka MaTepuaa JEKIUi, PEKOMEHIyeMOU JIUTEpaTyphl 10 TEME.
2. IlonroToBka K TECTUPOBAHUIO.
3. PaccMoTpeTh TeMy OBICTpBIE U MEJICHHBIE PEaKUH B XMMUYECKOM aHAJIN3e

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

Jlekumus.
[IpoBonutcs B uHTepakTuBHOM (Qopme. [Ipenonasarens mpeniaraeT cTyAeHTaM CaMOCTOSTEIBHO OTOUPATh
npoObl Al TOCHEAYIOUIET0 aHajldu3a Ha pPa3IUYHBIX Mpou3BoACTBaX. CTyIeHT MOMKEeH 0oOecredyuTh
MPEICTaBUTENBHOCTh MPOOBl. CTyAEHT MOJKEH MOHUMAaTh 3HaYeHHE NMpoObl B KauecTBE OOBEKTa aHAIM3a,
yMeTh 000CHOBaTh BEIOOP MeToa aHanu3a. OTOOp Mpod TOMOTEHHOTO M TeTEPO-TeHHOTO COCTaBa.

IIpakTnyeckoe 3ansATHE.
Pewenue 3amau

JlaGopaTopHbie padoThbI.
JlaGoparopHoe 3ansitue. Ilepasi ananmuTHYeckas rpynna karuoHos. (Na+, K+, NH4+).
[lenb: n3yyeHrne CBOMCTB KAaTHOHOB | aHATMTUYECKOW TPYIIIIbI



a) XMMHYECKHI aHAIH3 pacTBOpa
0) odopMieHHEe OTYETA IO IKCTICPUMEHTATBHBIM JIAHHBIM
B) apryMEHTHpOBaHHas 3alllUTa BHIBOAOB O MPOJEIaHHON paboTe

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

PeakTuBBI:: COJISIHAA KHCJIO0TA.

Peakunu nonos K+

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

Ocaznok ruapoTapTpara Kajiusi CKJIOHEH 00pa30BbIBaTh MepechIllleHHble pacTBOPbI. 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 mMr/mi. Memaer MOH aMMOHUs, OOpa3yIOIUA aHAJIOTHYHBIN
ocanok. MoHBI TSKENbIX METaJuIoB, Kak MPaBHIIO, 00pa3yloT Mpu M30BITKE TapTpar - HOHOB PACTBOPUMBIE
KOMIUIEKCHBIE COCANHEHUS.

Beinonnenne peakmmu. K 2 - 3 xamnisM pacTBopa, COIEPKAIEr0 MOHBI Kallvs, TPUOABISIOT 2-3 Kariu

pactBopa NaHC4H40O6u smuis yckopeHusl 00pa3oBaHHs OcCajka MOTHUPAOT CTEKJISHHON MAJIQUKOW IO
CTEHKaM I1poOupku. BeinagaeT Oeliblii KpUCTAIUIMYECKHUN 0CaJIOK.

2. I'ekcanuTpokodaasTar (III) HaTpus oOpasyer ¢ moHamu kaausi npu pH = 4-5 xearblid ocagok
KnNam|[Co(NO2)6], rie n + m = 3 (ocHoBHBbIM coeaquHenueM siBiasieTcss K2Na[Co(NO2)6]):
2KC1 + Na3[Co(NO2)6] ® K2Na[Co(NO2)6] + 2NaCl.
Ocagok HEpacTBOPUM B YKCYCHOM KHCIIOTE, HO PAacTBOPSIETCS MPHU HArpEBAaHUM B CHUJIBHBIX KUCJIOTaX C
o0pa3oBaHMEM a30TUCTON KUCIIOTHI, KOTOpasi JIETKO pas3yaraercs u oJHoBpeMeHHo BoccTaHapiuBaeT Co(IIl)
1o Co(II):
Coenunenue pasziaraercs meiodaMu ¢ 00pazoBanreM TeMHO-Oyporo 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
AQHAJIOTUYHBIE JKENThIE OCAJKU, UOAMUJIBI 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) cBuHIa U HATPUSA (MHUKPO-KPHCTAIIOCKONMYECKAS peakuusi). Ilpu
neiictBun Na2Pb[Cu(NO2)6] na pacTtBop coiim KajJusi 00pa3ylOTCAd 4YepHble MJIM KOPUYHEBbIE
KyOndeckue kpucrauibl K2Pb[Cu(NO2)6]:

Na2Pb[Cu(NO2)6] + 2KC1 ® K2Pb[Cu(NO2)6] + 2NaCl
Brinonsenue peaknuu. Ha npeaMeTHoe CTEKI0 MoMe MArT | Karmio pacTBopa, COAEPKANIEr0 HOHBI Kaus,
U _Jiocyxa BeimapuBaroT. [lociie Toro, Kak coib OCTHIHET, 00pabaTh: BatoT ee peakTuBoM Na2Pb[Cu(NO2)6]
(1 xannist). Paccmarpk BaloT 01 MUKPOCKOTIOM 00Pa30BaBIINECS KPUCTAIIIBI.

4. OxkpamuBanue miaMeHu. [11aTHHOBYI0 MM HUXPOMOBOBYIO NMPOBOJIOKY TIIATEJIbHO OYHMINAIOT OT

cJIe0OB HATPH NpokajuBaHueMm. /[Jisl 3TOro cMa4uBaKT ee B COJITHOH KHMCJIOT M NMPOKAJIMBAT B

IUIAMEHe TOPeJKH /0 TMOJHOI0 MCYe3HOBe HHsl OKpacku mjaaMeHu. Ilpukacaorcs packajeHHO

NMPOBOJIC KO K KpHUcTALIaM couu Kajaud. [IpucraBmme Kk nmpoBo/ioKe KPYNUHKH COJTH BHOCAT B

miams ropejku. bienno-¢guosieToBo okpammnBaHue MJIAMEHH FOPeJIKU CBOHCTBEHHO COJISIM KAJIHS.
Peaxuuu nonos Na+

1. Juruapoantumonar kaausa KH2SbO4 oOpasyer karuoHamm Na+ Oesiblii KpUCTALIHYECKHI

0CcaJIoK auruapoab Tumonara Harpusi NaH2SbO4

NaCl + KH2SbO4 ® NaH2SbO4+ KCIl.

[Tpu oTKkpBITHH HOHOB Na+ 3TUM PeakTHUBOM HEOOXOIUMO COOJOIATh YCIOBHS:

a. Pa3zbaBnenHbIe pacTBOpa COJIM HATPUS YIIapUBAIOT.



6. Cpena momxHa OBITH HEHTpanmpHOU WM ciabomenodHol. KucIoThl pa3maraloT AUTHIPOAHTHMOHAT
KaJus ¢ o0pazoBaHUeM 0e1oro aMopHOTo ocajKa MeTacypbMsaHOM kuciaoTsl HSbO3:

Beinonnenue peakiuu. K 5 - 6 kamisiM pacTBopa COIW HaTpus OpHUOABISIOT TakKoi ke 00beM pacTBOpa
auruapoanTu-MoHara kanus KH2SbO4 v noTuparoT CTeHKH TpOOWPKH CTEKISHHOW nanodkoil. Beimagaer
OeIbIl KPUCTAIUTHICCKUN 0CAJIOK AUTUAPOAHTHMOHATA HATPHSL.

3. OxkpamuBanue miIaMeHd. OYHIIAKT IIATHHOBYI0 MJIH HHXPOMOBYIO IIPOBOJIOKY, CMAYHBAIOT €€
PacTBOPOM COJIM HATPHUS M BHOCAT B 0ecuBeTHOE IJIaMs ropeku. IliamMs okpamnBaeTcst B mKeJIThIH
nBeT. O NpUCYyTCTBHU HOHOB HATPHUSA MOKHO CYAMTH JIMIIb B TOM CJIy4Yae, €CJIM HHTCHCHBHO-KeJITas
okpacka He ucuesaet 10-15 cexynn.

Peakuun nonos NH4+

1. I'mapoxceun xkanus (Harpus). Ilpu neiicTBuy mesi04eil HA paCTBOP COJIM AMMOHMS IIPH HATPeBAHUHU
BbIIEJsIETCS] AMMHAK, KOTOPbIi MOXHO OOHApPY:KHTh 10 HW3MEHEHHI0 OKPACKH BJIAKHOM
YHHBEpPCAJIbHOI HHIAUKATOPHOM WJIM JIAKMYCOBOI Oymaru:

NH4+ + OH- ® NH3 + H20.

[Tpenen o6HapykeHUsI HOHOB aMMOHUS - 0,2 MKT/MIL

Brimonaenue peakimu. B mpobupky nmomeniaroT 2-3 Kariau pacTBopa coin aMmMonus, 3-4 karum 2 M NaOH
nau KOH wu crerka HarpeBaroT Ha BO/AsiHOW Oane. OOpalmaroT BHUMAaHHWE Ha 3amax BBIICISIONICTOCs Tasa.
OO6HapYXUTh aMMHAK MOXHO BJI&XKHOW YHUBEPCAIbHOW WHINKATOPHOW WJIH JIAKMYCOBOW OyMarow.

2. PeaktuB Hecciepa B miesi0uHoii cpene oopasyer ¢ nvonamu NH4+ kpacHo-Oypshlii ocagok:

NHA4CI + 2K2Hgl4 + 4KOH ® [OHg2NH2]I12 + 7KI + KC1 + 3H20.

[Ipenen obHapyxeHus: noHOB aMMoHHs - 0,15 mr/mi. Ecnu koHuenTpanus nonoB NH4+ mana, ocanok He
BBINAJ]AaCT, a PAcCTBOP OKpAIIUBAECTCS B OpaHKeBbIA IBeT. MOHBI, 00pa3syrolye MajaopacTBOPUMBIE
OKpaIlleHHBIE TUAPOKCUIBI, TIpenBapuTenbHo ocaxnatoT n30bpiTkoM NaOH wimu KOH. Nonst Hg(I1), Sb(III)
u Sn(Il) pearupyroT ¢ HOAKU] - HIOHOM U pa3pyILIAIOT PEAKTUB.

Beinonnenue peakimu. K 1 - 2 xanisM pacTBopa, COMEPIKAIIETO0 MOHBI aMMOHUS, T00aBISIOT 1-2 Karum
peaktnBa Hecciepa. O6pasyercst KpacHO-OYpBIii 0CaJIOK.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopabGoTka TEOpETUYECKOTO MaTepraa JCKIUH U PEKOMEHIyeMOU JTUTEPATyPhI TI0 TEME.
2. IloarotoBka K TECTUPOBAHUIO IO TEME.

Tema 3. MonHoe npousBeneHue Boabl. Bonopoanbiii mokasaresb. lllkana pH u pOH. bydepnbie
pactBopbl. bBydepnas emkocts (OIIK-1)

Jlexkuns.

HNonnoe mpowmsBenenue Boawl. Bomopomsbeiii mokaszatenb. [llkama pH um pOH. Bbydepnsie pacTBOpBHL.
Bydepnas emkocTh

IIpakTnyeckoe 3aHsATHE.
Pemenue 3anay.
Tunosblie 3a1aHus.
1. Paccuurars pH B 0,025 M pacTBOpe XJ10pOBOAOPOAHON KHUCIOTHI

2. Paccuurars pH 0,015 M pactBopa MmypaBsuHOM Kuca0Thl. Kak usmenurcs pH, eciu k 20 M1 3T0r0
pactBopa nmpubaButh 25 mit 0,01 M pactBopa dhopmuara HaTpusi?

JlaboparopHbie padoThbI.
JlabGopaTopHoe 3ansiTue. Bropasi anaguTu4eckas rpynmna karuonos (Ag+, Pb2+, Hg2+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 2 aHAJIMTUYECKON TPYTIIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 2 aHATMTUYECKOM TPYIIITHI
0) aHaiIM3 cMeCH KaTHOHOB 2 aHATUTHYECKOM TPYIIIIBI
B) odopMIICHHUE U 3alUTa OTUYETA.

Bropasi ananuTH4yeckasi rpynna karuonos (Ag+,Pb2+,Hg2+)
Peakuuu nonos Ag+



1. Hlesqoun (NaOH, KOH) o0pa3yrT ¢ kaTHOHOM Ag+ 0caoK okcuaa cepedpa Ag20:
AgNO3 + KOH ® AgOH , + KNO3,
AgOH ® Ag20+H20.
Oxcun cepedpa pacTBOpsIeTCSl B THAPOKCHIIC aMMOHUS:
Ag20 + NH40H ® 2[Ag(NH3)2]OH + H20.

Brimmonnenne ananusa. K 2 kamnsam pacteopa AgNO3 nob6asastor 3 kammu 2 N pactBopa KOH. O6pa3zyercst
Oypblii _ocamok okcuaa cepebpa. K Ag20 mprmnuBarotr 5 kamens 2 N pacTBopa T'MAPOKCHAA aMMOHUSA H

HaOIIOAIOT 32 PACTBOPEHUEM OCAJIKA.

2. Cyas¢pua ammonusi (NH4)2S. Ilpu aeiicTBUM cepoBOaOpoOaa WiIN Cyabduaa aMMOHHUSI HA PacTBOP,

coep:kalIuil MOHBI cepedpa, ocazkaaercs cyab(pua cepedpa Ag2S yepHoOro uBera:

2AgNO3 + (NH4)2S ® Ag2S + 2NH4NO3.

Cynbun cepebpa He pacTBOpsieTCsl B Cylb(UAAX LIEIOYHBIX METAJUIOB U B MHHEPAJIBHBIX KHCIOTax 3a
UCKJIFOYEHHEM a30THON KUCIIOTHI:

3Ag2S + 8HNO3 ® 6AgNO3 + 2NO + 3S + 4H20.

ITpenen oOHapyxeHus noHoB cepedpa - 1 mxr/mi. Mematot Cu(Il), Hg(IT), Bi(IIl), Sn(II, IV), o6pa3yromue
Cynb(GUABI B CUIBHOKUCIIBIX PacTBOPAX.

Brimonnenne. K 2 xamisM pacTBOpa, COAEPIKAIIETO MOHBI cepedpa, mo0apistror 2 xamau 30 %-Horo
pactBopa CH3COOH u 2 xamu cyabbuaa aMmmonus. O0pa3yercsa YepHBIN 0CcaJIoK CyiIb(huaa cepedpa.

3.  Xpomar kamua K2CrO4 paer ¢ karuoHom Ag+ ocaaok xpomara cepedopa Ag2CrO4
KHPIUYHO-KPACHOIO LIBETA, PACTBOPUMBI B 230THOI KHCJIOTE M B PACTBOPE THAPOKCHAA AMMOHMS.
K2CrO4 + 2AgNO3 ® Ag2CrO4 + 2KNO3.

B ammmauHO# ¥ CHIIBHOKHCIION Ccpelie 0CaZoK He 00pa3yeTcs, MOATOMY PEaKIUIO CIeAYeT MPOBOANTH MPH
pH=6,5-175.

Brmmonnenne peaknmu. K 3 kamnsM pactBopa HUTpara cepebpa J100aBIsioT 4 KAl JUCTUIMPOBAHHOMN
BOJIBI M 2 Kamay xpomaTa kaausg. O0pa3syercsa 0cagok XxpoMara cepedpa KHpIUYHO-KPACHOTO IBETA.

4. bpomua n nonua kajaus (KBr u KI) o6pa3yror ¢ katuoHoM Ag+ 0J1eAHO-2KeJIThI 0CaI0K OpoMuaa
cepedpa AgBr u keaTblil 0ocagok noauaa cepedopa Agl:

Agt++Br- ® AgBr ,Agt +1-® Agl

Brinonnenue ananusza. B 2 mpoOUpKU BHOCAT 10 2 KaIulk PacTBOpa MOHOB cepedpa, B OHY J100aBISIOT 2

Kallk_pacTBOpa OpoMmJa Kayivs, B OPYIYIO - 2 Kaluld pacTBOpa MoaWja Kanusa. B mepBoil mpoOupke
o0pasyercs 0JieqHO-KEJIThIM TBOPOXKUCTBINA 0cag0K OpoMuia cepedpa, BO BTOPOU - JKEITHIA TBOPOKUCTHIN

0CaJIOK Moauaa cepedpa.

Peakuuu nonos Pb2+
1. Ilesqoun (NaOH, KOH) o0pa3yor ¢ karuonom Pb2+6enniit ocanoxk Pb(OH)2, pacTBopuMBblii Kak B
KHCJI0TaX, TAK M B 1IeJI0YaX:
Pb(NO3)2 + 2NaOH ® Pb(OH)2 + 2NaNO3.
[Tpu neiicTBuM U30BITKA 1IETI04M 00paszyercs ioMOuT Hatpust Na2PbO2:
Pb(OH)2 + 2NaOH ® Na2PbO2 + 2H20.
Xox ananm3a. K 3 kamisim pacTBopa HUTpaTa cBUHIIA 100aBnsioT 1 kammro 2 N pactBopa NaOH, o6pazyercs

Oemblii 0CaJI0K THAPOKCH/IA CBUHIIA, 3aT€M B HEro BHOCAT 4 karuy 2H pactBopa NaOH.
3. Xpomar kanus K2CrO4 odpasyer masiopactBopuMblii xpomat cenHia PbCrO4 xenroro nsera:

Pb2+ + CrO42- ® PbCrO4
Xpomar CBHUHIA MPAKTUYECKU HE PACTBOPUM B BOJE€ M YKCYCHOM KHCIIOTE€, HO PAcTBOPSAETCS B a30THOM
KHUCJIOTE M IIeJIovax:
PbCrO4 + 4NaOH ® Na2Pb(OH)4 + Na2CrO4.
Bremonnenne. K 3 kamisM pacTBopa HHTpaTa CBUHIA J00aBIAIOT 3 Kaljid pacTBOpa Xpomara Kallvs.
Oo6pasyercs ocagok PbCrO4 xenToro 1sera.
Peaxuuu nonos Hg22+
1. Hlesoun (NaOH, KOH) o0pa3yrr ¢ katuonom Hg22+ yepublii ocanok okcuaa pryrtu Hg20:
Hg2(NO3)2 + 2NaOH ® Hg20 + 2NaNO3 + H20.
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IIpoBenenue anammza. K 2 kamnaMm pactBopa Hg2(NO3)2 noGasasror 2 kamnu 2 N pacrBopa NaOH.
Oo6pasyercs yepHbIil ocanok He20.

2. TI'mppoxkcun ammonmss NH4OH ¢ xarmonom Hg22+ oOpasyer Oeiblii 0Cai0K OKCHAMMIHOIO
coenuHeHusi pryTH (II) m YepHBIH 0caJ0K MeTALIHYECKON PTYTH:

2Hg2(NO3)2 + 4NH40H ® [NH2Hg20INO3 +2Hg + 3NH4NO3 + 3H20.

Beinonnenue.

1). K 3 xkaruam pactBopa Hg2(NO3)2 nobGamnsitor 4 karumn 2 N pacTBopa THUAPOKCHIA AMMOHUS.
Oo6pasyercs cmecb [NH2Hg2O]NO3 u Hg, ocanok uepHeer.

2). K 4 xarmsim pactBopa Hg2(NO3)2 nob6asmnsitor 4 karmu 2 N pactBopa HC1. O6pa3zyercs ocagoxk Hg2Cl12.
Otuentpudy-rupoBas ocanok, ero odpadarsiBaror 4 xarmsimu 2 N pactBopa NH4OH. O6pasyetcst cmech
HgNH2Cl u Hg, ocanok uepHeer.

3. Xpomar kamusa K2CrO4 oOpasyer ¢ karmonamu Hg22+kpacubiii ocamok Hg2CrO4,
HEPaCTBOPUMBIii B 1IeJI0YaX U Pa30aBJIeHHOI a30THOM KM CJIOTE:

Boinonnenne peaknuu. K 3 kannsam pactsopa Hg2(NO3)2 no6Gapasior 3 Kamiy pacTBOpa XpoMara Kalus.
O6pasyercs kpacHbIif ocanok Hg2CrO4.

4. Cyabpua ammonus (NH4)2S. Ilpu noéaBiiennu cyiab@ua - HOHA K PacTBOPY, COAepKALEMY HOHbI
Hg22+ o0pa3yercsi yepHbIi ocaaok, cocrosmuii u3 HgS u Hg: Hg22+ + S2— ®Hg + HgS .

[Ipenen obHapyxenust karnoHoB Hg22+ - 5 mxr/mi.

Xon anammza. K 4 kamnam pactBopa He2(NO3)2 nobGapisroT 3 Kamwid pacTtBopa cyiabduia aMMOHUS.
O0pasyeTcst YepHBINA 0CAJIOK.

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
1. [TpopaboTka TEOpEeTUYECKOTO MaTepraa JCKIUH U PEKOMEHIyeMOU JTUTEPATyPhI TI0 TEME.
2. IloarotoBka K TECTUPOBAHUIO IO TEME.

Tema 4. KucioTrHo-ocHOBHOe paBHOBecHe. I'uaposiu3 coseil. BobIBoa aHAIMTHYECKHUX 3ABUCHMOCTEN.
(OIIK-2)

Jlekuus.
Teopus SNEKTPOTUTHUECKON AHUCCOIMALMU. ODJEKTPOIUTHYECKAs IUCCOLHUAIUS CJIa0BbIX 3JIEKTPOIUTOB
Appennyca (18871.). Teopust CHIIbHBIX 3JIEKTPOJIUTOB.
['uaponus coneit CMITbHOTO OCHOBAHUS M CJIa00# KUCTOTHI. [ maponn3 comnelt cmaboro oCHOBaHUS U CHITBHOM
KUCJIOTHL. [muponus coseit cmaboro ocHOBaHUA H  cla0oil KucimoTel. CTyneHdYaras JIUCCOILMAIIHS
MHOTOOCHOBHBIX KHMCIIOT M1 MHOTOKHCJIOTHBIX OCHOBaHWM. PacdyeT paBHOBECHI KOHLIEHTPALIUHU HCXOIHBIX
BEIIIECTB U MPOAYKTOB 3JIEKTPOIUTUUYECKON TUCCOLMAIMY Pa3IMYHbIX CTyneHed. B3anMmoaencTBue cmecen
coliell ¢ pacTtBopuTesNeM. BiMsHME HOHHOW CHJIBI pacTBOpa Ha AaKTHUBHOCTh HMOHOB BOAOPOJAA IpHU
B3aUMOJICHCTBUU COJIE C PACTBOPUTENIEM. YYET MOHHOW CHJIBI pacTBOpa B IMPOIECCE TUAPOIU3a COJH,
00pa3oBaHHOM CJ1a00¥ OTHOOCHOBHOM KHCJIOTOM M CUJILHBIM OCHOBaHHMEM. Y4eT MOHHOW CHJIBI pacTBOpa B
mpolLecce rUApPOoIN3a COMU Cl1adoi TBYXOCHOBHOM KHCIOTHI M CUJIBHOTO OTHOKHCIIOTHOTO OCHOBAaHHUSA. YUeT
MOHHOM CHUJIBI PacTBOpa B MpOILECCaxX T'MIPOJIN3a CONM CIa0Oro OJHOKHCIOTHOTO OCHOBAHMSI U CHIIBHOM
OTHOOCHOBHOM KHCIIOTBI. YYeT HWOHHOM CHJIBI pacTBOpa B TIpolieccax THIPOIW3a COJMU  CIaboM
OJTHOOCHOBHOM KHUCJIOTHI U €1a00T0 OTHOKHUCIOTHOTO OCHOBAHHUS.
HeBoanbie pactBopurenu. Cucrema knaccudukanum pactBopureneid bpencrema-Jloypu. AnpoToHHBIE
pactBoputenu. AmdunpoTtHele  pactBopurenu. IIpororeHnele  pactBoputrenu.  I[IpotodunbHbIe
pactBoputenu. Husenupytonme u auddepennupyromnme pactBoputenu. Kinaccudukanus pactBopurencit
[Tapkepa. ApOTOHHBIE AUTOSPHBIE PACTBOPUTENU. JIUNIONSPHBIE POTOHHBIE PACTBOPUTEIH. .

IIpakTH4eckoe 3aHATHE.
Penrenue 3amay

JlaboparopHbie padoThbI.
1. TpeTbsi aHAINTHYECKAA TPynna KatuoHos (Ba2+, Ca2+, Sr2+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 3 aHAJIMTUYECKON TPYTIIIbI
a)  TPOBEIEHHE YACTHBIX PEAKIIUNA KAaTHOHOB 3 aHAIMTUYECKOMN TPYTIIIBI
0) aHamM3 cCMeCH KaTMOHOB 3 aHAJIIMTHYECKOU TPYIIIBI
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B) odopmieHue u 3amuTa oT4eTa
2. CucteMaTU4YeCKU X0/ aHaJIM3a CMECH KaTHOHOB TPEThEH TPYIIIIbI
Tperbst ananmuTHYecKasi rpynna katTuoHos (Ba2+, Ca2+, Sr2+)
Peakuuu katuona Ba2+

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

Ba2+ + CrO42— ® BaCrO4
Xpomar KaJusi Kak coJib CJ1a00H KUCIOThI B BOJHOM PacTBOPE MOABEPIaeTCs TUAPOIU3Y:
CrO42-+ H20 ® HCrO4- + OH-
HCrO4- « Cr207 + H20
VYBenuuenue koHueHTpaun OH— - HOHOB cABUTaeT paBHOBECHE B CTOPOHY oOpa3oBaHus CrO42—

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

2. Inxpomar kajaust K2Cr207 B aneratnoM O0yepHoMm pacTtBope o0pa3yet ¢ noHamu Ba2+ :kearbiid
KPHUCTAJINYECKHI 0Ca0K:

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

Brimonnenne peakiun. K 2 kamasaM pacTBopa, comepskalero Karnouel Ba2+, mo0aBiIstioT 4 Kaid pacTBopa

CH3COOHa u 2 kamum pacteopa mauxpomara kaausa K2Cr207. IIpobupky HarpeBarOT Ha BOJSHOM OaHe.
Oo6pasyercs xkentolil ocanok BaCrO4.

3. OxpammBanue njaamenu. Couu dapus (BaC12, Ba(NO3)2 okpamuBaioT mjiaMs B 7KeJITO - 3eJIeHbIi
nBeT
Peaxnuu xarnona Ca2+
1. Okcanar ammonus (NH4)2CrO4 oopasyer ¢ nonamu Ca2+ 0e/iblii KpUCTAIHYECKUH 0CAT0K
okcajgara kajasuusa CaC204:
Ca2+ + C2042- ® CaC204
Ocafiok HepacTBOPUM B YKCYCHOM KHCIJIOTE, HO pPACTBOPUM B CHIIBHBIX KHCIIOTaX:
CaC204 + 2HC1 ® CaCl12 + H2C204.
[Ipenen o6napyxenust Ca2+ - 20 mxr/mi. Memarot Ba(Il) u Sr(IT), naromue ¢ (NH4)2C204 ananoruvsbie
ocagku. OtnuuutenbHOM ocobeHHOCThI0 BaC204 u SrC204 sBisieTcs MX pacTBOPUMOCTh B YKCYCHOM
KHCIIOTE:
2BaC204 + 2CH3COOH ® Ba(HC204)2 + Ba(CH3COO)2.

Brmmonnenne peakimu. K 3 xamism pactBopa, coxepikaniero woHbel Ca2+, 100aBasioT 3 Kamid pacTBOP
Boinagaer 6enblii KpUCTAINYECKUN OCa/lOK.

2. I'ekcanmanogeppar (II) kaausa K4[Fe(CN)6] npu pH > 7 B npucyrcrBuu NH4C1 B3aumoneiictByer
¢ wnonamum Ca2+ ¢ oOpa3oBaHueM  0ejI0r0  KPHUCTAJIMYECKOI0  OCAaJAKAa  COCTaBa
Kn(NH4)mCa[Fe(CN)6], rie m 1 m B 3aBUCUMOCTH OT YCJOBHH 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 mkr/min. Memator Ba(Il) u Mg(ID).

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

3areM J1o6aBisitoT 2 kammm pactBopa NH4CI, kamiio sTaHoma ¥ CHOBA mepeMemunBarT. [loMyTHEHHE Wn
HOSABJIEHHE KPUCTAINIMYECKOTO 0CaaKa VKa3bIBAECT HAa NPUCYTCTBHUE KaTHOHOB Ca 2+.

Peakmuu katnona Sr2+

1. «'uncoBasi Boga» (HacblmeHHbIH BOAHBbINA pacTBOp CaS04%x2H20) o0pa3yeT ¢ HOHAMM CTPOHLMS
0eJIbIil KPUCTAIMYECKHH 0Ca0K:

SrC12 + CaS04x2H20 ® SrSO4 + CaCl12 + 2H20.
[Tockonbky KoHIeHTpanus SO42— - HOHOB B HACBILICHHOM PacTBOPE CyJb(ara KaJabIis HEBEIHKa, 0CaJOK
oOpasyercsi He cpa3y M B HEOOJBIIOM KOJHUYECTBE (c1aboe moMyTHEHHE pacTBopa). HarpeBanue pactBopa
yckopsieT oopazoBanue SrSO4.
Mematot Pb(I1) u Ba(Il), kotopsie cpa3y ke Ha X0JI0ay 00pa3yIoT ¢ THIICOBOW BOJOW OEJIbIN 0Ca0K
cynb(haToB.
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XOQ a"aian3a. K HECKOIBLKHUM KarisiM pacTBOpa, COACPIKAMICTO MOHLI CTPOHIIUA, g06aBHHIOT [zaBHBIﬁ 00BeEM

TUIICOBOH BOJIBbI M, IOTHPAs CTEKISHHOW MAJ0YKOW M0 CTEHKaM IPOOHMPKH, HArpeBaloT Ha BOASHOU Gane 10
MuHVT. O0pasyercs MyTh.

2. Xpomar kajust K2CrO4 o0pa3syert ¢ Sr2+ :KeITOBaThIii 0CaI0K XpOMATAa CTPOHIUS, PACTBOPUMOI0
B MHHEPAJIbHBIX KHCJI0TaX:

SrCrO4 + 2H+ ® Sr2+ + H2CrO4
B yxcycnoit kucnore SrCrO4 Ttakke pacTBOpHUM, UTO TO3BOJIET OOHApPYXKHMBAaTh MOHBI OapHs B BHIE
BaCrO4 B npucytctBum Sr2+.

Beinonnenune peakimu. K 3 kxamisMm coimu cTpoHIMS NpUOaBISIOT 4 Kaluld PacTBOpa Xpomara Kajwsl.
O06pasyeTcs KEeNTOBAThIIA 0CAOK.

3. Oxkcanaar ammonusi (NH4)2C204 ocaxkaaetr kKaTHOH Sr2+ B BHje 0€J10r0 ocajaka:
Sr2+ + C2042—® SrC204 .

[Ipouenypa ananuza. K 3 kamusM pacTBOpa CONHM CTPOHIHMS JTOOAaBISIIOT 4 Kalulk pacTBOpa oOKcalara
ammoHus. O6pasyercs 6esblii 0CAIOK.

4. OxpamuBanne miaamMeHu. Coaum  CTPOHIMSI OKpPAIIMBAKT OecuBeTHOe ILIaMsl B
KapMHUHOBO-KPACHBI LBET.

JlabopaTtopHas paGora Ne 4.

CucreMaTu4ecKuii X0 aHAJIM3a CMEeCU KATHOHOB TPeTheil rpynnbl
BBuny Toro, uto xpomar kanust K2CrO4 naet B yKCyCHOKHCIION cpezie 0CaZoK TOJIBKO ¢ KaTuoHOM Ba2+, To
00bIYHO KaTuoHbI Ba otnensior oT Sr2+ u Ca2+ , 106aBisis K UCIIBITYEMOMY PacTBOpPY YKCYCHYIO KUCIIOTY H
pacTtBop xpomara kanus. [Ipu sTom karrnonsl Ba2+ nepexoasar B ocagok BaCrO4, a Sr2+ u Ca2+ u u30bITOK
XpOMar - MOHOB OCTAalOTCs B pacTtBope. Ocalok OTAENSIOT HEeHTPUPYTHUPOBAHUEM H MPOBEPSIOT MOITHOTY
OTZEJICHUS.
K yactu uentpudyrara 1006aBiIsSIOT «THIICOBOM BOJBD) M HArpEBaIOT Ha BOJsHOW OaHe ~7 MHUHYT. Eciu npu
CTOSIHUM BIaJIa€T OCA/I0K, TO B PACTBOPE HAXOJATCS KAaTUOHBI Sr2+.
Lentpudyrar Oynet conepxarb kKarnoHoB Ba + ouens mano (0,0022 r/i), a mo3TOMY «TUIICOBas BOa» OyaeT
JaBaTh OCAJ0K TOJBKO MPU HAJTMYUU KATUOHOB Sr2+.
Ecnu B pacTBOpe ecThb KaruoHbl Sr2+ TO K IEHTpHU]YyTaTy, KOTOPHIl HE COAECPIKUT «TUIICOBOHM BOIBDY,
J00aBISIOT pacCTBOP KapOOHATa HATPHS M OTIACIISAIOT 0CAIOK KapOOHATOB CTPOHLIUS U KaJIbLUS, IPOMBIBAIOT
IUCTUILTUPOBAHHOM BOJIOM U PAacTBOPSIOT B YKCycHOM kuciote. K pacTBopy 100aBisioT cynbdara aMMOHHS
(NH4)2S04, mpu sToM KaTHOHBI Sr2+ o00pa3yloT ocaZok cyinbpara CTpoHUus, a KarnoHel Ca2+ (B
3HAYUTEILHOU MEpE) OCTAIOTCS B PaCTBOPE.
O6Hapy>KeHue 1 OTJeneHne KaTUOHOB Ba2+. B KOHMYeCKyr0 Npobupky 6epyT 3 Kannu WUCrbITyemoro
pacTBopa, NpubaBnAlT 4 Kanam yKCYCHOW KUCNOThl U 3 Kanau pacTsopa XxpomaTa Kaaus. Ecnm ocagok
o6pasyeTcs, TO 3TO YKasblBaeT Ha NPUCY TCTBUE KATMOHOB Ba2+.
Jlnst ymaneHnuss kaTuoHOB Ba2+ OepyT B KOHHMYECKYIO MPOOHMPKY 6 Kameinb aHAJIM3UPYEeMOTO pacTtBopa, 6
Kalelb pacTBOpa YKCYCHOM KHCJIOTBI M 6 Kamledb pacTBOpa Xpomara Kallds, NEpEeMEIIMBAOT CTCKISTHHON
MaJIOYKOH, TAIOT CTOSATh 3 MUHYTHI U OTACISAIOT 0CaA0K EHTPUPYTUPOBAHHEM.

OG6Hapy>keHue KaTuoHOoB Sr2+. LleHTpudyraT nocne npoBepkn Ha NONHOTY OCa>K/AEHWS! KaTMOHOB Ba 2+
B KOMYeCcTBe 3 KaneNb MOMELLaT B MPOOMpKY, A06aBnsa0T 3 Kanau runcoBOW BOAbI, HArpeBalwdT Ha
BOASHOIN 6aHe 1 AalT cToATb 20 MMHYT. O6pa3oBaHMe ocagka roBopuT O NPUCY TCTBUM B UCNbITYEMOM
pacTBOpe KATUOHOB Sr2+ .

OG6Hapy>keHue KaTunoHoB Ca2+. 5 Kanenb ueHTpudyraTa (nocne oTAeNEHUS KaTWOHOB Sr2+) BHOCAT B
KOHWYECKYH0 NpOoOMpPKY, [06aBnsit0T paBHbI 00bEM pacTBoOpa KapboHaTa HaTpus, NepeMeLuMBarT
CTEKNAHHOW NaNoYKoM.

OO6pa3zoBaBIIUICSA OCaTOK OTHEIAIOT HEHTPU(PYTrHpOBaHUEM, MPOMBIBAIOT JUCTHWIIUPOBAHHOW BOJOH,
PacTBOPSIOT B YKCYCHOU KHCIJIOTE M T00ABIISIIOT pacTBop cynbdara ammonust (NH4)2SO4. [1pu 3Tom KaTHOH
Sr2+ ocaxnmaercs B Bume SrSO4, a Ca2+ ocrtaercss B OCHOBHOM pacTBope. Ocagok OTAENAIT, a
neHTpu@yTrar ANAT Ha IBE YacCTH.

K nepBoii nonoBuHe neHTpudyrara 100aBISIOT paCTBOP OKCalaTa aMMOHHMSI, KO BTOPOM MOJIOBUHE - allE€TOH
unu cnupt. [losiBeHne ocasika yka3bplBaeT Ha HaJluyue KaTioHoB Ca 2+.

Xoa aHaIM3a KATHOHOB NEPBOii, BTOPOM U TpeTheil rpynmn
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Hccnemyemsbrit pacTBOp, COIEpKaIMii CMECh KATHOHOB TPEX TPYII, MOXKET OBITh ¢ OCAJKOM U 0e3 ocajka.
Ocanok moxet copepxarb AgCl, PbCI2, Hg2Cl12, unun BaSO4, SrSO4, CaSO4, niu Bce BMecTe.

[TosTOoMy pa3nnyaroT ABa ciiydasi: pacTBOp 0e3 0caka H pacTBOP C OCATKOM.

PacTBOp He uMeeT ocagka. W3 oTpaenbHol npobbl OTKpbIBAOT KaTuOH NH4+ HarpeeaHuem c
pacTBOPOM MMApPOKCUaa HaTpus.

B xoHnueckyro mpobupky 6epyT 1,5 M1 ucciemyemMoro pactpopa, A00aBystOT 4 Karid KOHIIEHTPUPOBAHHON
COJISTHOM KHCIIOTBI, TIEPEMENTNBAIOT CTEKIITHHOM MaTOuKoi U eHTpUYyrupyroT. Ocagok IpOMBIBAIOT BOIOK
(20 xamenp), mogkuciaeHHON 2 N pacTBOPOM COJISTHOM KUCIIOTHI (11 TOHMKEHHUST pACTBOPUMOCTH XJIOpHIa
CBUHIIA).

HNanee anammsupyrot ocanok (I) AgCl, PbClI2, Hg2Cl2.

Hentpudyrar (I) conepUT KaTHOHBI IEPBOM U TPETHEH IPYIIT U HEKOTOPOE KOIUYECTBO KaTHoHOB Pb2+. K
ueHrpudyrary (I) npumsaior 15 kamenp pactBopa cyiab(ara aMMOHHS, HAarpeBaOT 6 MUHYT Ha KHITALICH
BOJSHON OaHe, MatoT oTcTosAThcs 10 MuUHYT U ueHTpudyrupyor. Ocagok 00pabaThIBalOT PAacTBOPOM
alieraTa aMMOHHMSI TpU HarpeBaHUM [0 TOJHOro yhaneHus cyibdara cBuHua. [locie 3toro ocamox
cynegaroB BaSO4, SrSO4, CaSO4 npombIBalOT TUCTUIUIMPOBAHHOHN BO/IOH 1 TIEpEBOAT B KapOOHATHI.
Ocanox (1), comepxxammii BaSO4, SrSO4, CaSO4, nepeHocar B ¢apdopoByio yaiiky, 100aBIsSioT 4 M
pacTBopa KapOoHaTa Kanus ¥ KUrataT 5 MuHyT. [locie oxnaxnaenus B ¢papdopoByio Hamky 100aBisior 2
MJ BOJBl, NEPEMEIINBAIOT, JAIOT OTCTOSATHCS W IPO3PAYHBIM CIIOM KUAKOCTH CIIMBAIOT. 3aT€EM CHOBa
N00aBIsAIOT 3 MII KapOOHaTa Kajusl, OMSTh HAarpeBaroT 5 MUHYT U HEeHTpU(yrupyror. Ocaiok IpOMBIBAIOT
TEIUION BONOW JI0 MOJHOTO yhaleHHs cynb(ar - moHoB. OcaZoKk pacTBOPSIOT B MpoOupke B 12 Karusx
YKCYCHOM KHMCJIOTBI M NIPOMBIBAIOT €T0 8 KallJIsIMU JAUCTUILIMPOBAHHOM BOAbl. OTKpBIBAIOT KaTHoHbI Ba2+,
Ca2+, Sr2+.

Hentpudyrar (II) moxer comepxkarh kartuonbl Ca2+, K+, Na+, NH4+. OOnapyxeHue uX TPOBOIST
YaCTHBIMU PEAKIMSIMH.

PacTBOp MMeeT 0cagokK. V13 0T AenbHOM Npobbl OTKPbIBAT KaTWOH NH4+ HarpeBaHWeM CO LLLENOYLH).
PacTBop ¢ ocankoM B30ANTHIBAIOT, 0CAXk/1al0T KATUOHBI BTOPOIl TPYIIIBI U CIEAYIOT OCAJOK.

B xonmueckyio mpobupky OepyT 1,5 mi aHanmu3upyeMoro pactBopa (BMECTE ¢ OCAJKOM) U, MOMEIIUBAa,
npuOaBISIOT 4 KaIld CONSHOM KHCIOTHL. OcagoK OTIENAIOT EHTPUPYTUPOBAHUEM U IPOMBIBAIOT BOJOH,
MOJAKUCIICHHOW HECKOJIBKUMU KAIUISIMU COJISTHOM KHCJIOTHI.

Ocamox (I) moxer comepxkare comu AgCl, PbC12, Hg2 C12, BaSO4, SrSO4, CaSO4, PbSO4, a
nentpudyrar (I) - karnonsr Ba2+, Sr2+ Ca2+, K+, Na+, NH4+, Pb2+. Ero ananu3upyroT, kak yKa3aHo Ipu
aHaJIM3€ CMECH KaTHOHOB TIEPBOH, BTOPOM, TPEThEH TPy KATHOHOB 0€3 0cajiKa.

Ocanox (I) mpombiBaloT B mpoOupke ropstueil BogoW (Harperoil mo kumeHus) 3 pasza, Llentpudyrar
COOMPAIOT U OMPEAETSIOT KaTHOH Pb2+ 4acTHRIME peakIusIMU.

OnpepeneHne noHoB cepebpa 1 pmymu(l). K ocagky (I1) npubasnsioT 12 kanenb pacTsopa ruapokcuga
aMMOHVMS1 1 pa3MeLunBaoT. [pu 3ToM xnopua cepebpa pacTBOPSETCS, Nepexoas B KOMMNEKCHYH COoMb, a
xnopug pTyT HQ2Cl2 paeT 0CafioK YepHOro LpeTa. BbicTpoe noyepHeHne CMecu OT [AeCTBUS
rmapokcuaa aMMOHNA yKa3blBaeT Ha Hanmume pTyTu.

Ocanoxk (III) otmensitor uentpudyruposanuem. B nen-tpudyrare (II), comepxamem cons [Ag(NH3)2]CL,
OTKpBIBAIOT KaTHOH Ag+.

OnpegeneHne KaTuoHa Pb2+ u npoBepoyHble peakumnm Ha woHbl pmymu(l). Ocagok (I11) mMo>KeT
cogep>kaTb conm PbSO4, [HgNH2]Cl+Hg, CaSO4, BaSO4, SrS04.

Ecnu o6HapykeHbl HOHBI Ag+, TO UX HEOOXOUMO TMOTHOCTHIO YIaIuTh. J{J1s 3TOro ocagok oOpabaTsiBatOT
aMMUAKOM JIO TeX TOop, MOoKa IeHTpudyraT He JacT OTPULIATEILHON peakluy Ha KaTHOHBI Ag+.

Ocanox mpombIBalOT BoOAOH, moOapmsator 15 kamens 30 % - HOro pactBopa amerara aMMOHUS,
NepeMEIINBaIOT U HarpeBaroT Ha BojsiHOU O6ane 4 munyTHI. [Ipn sToM PbSO4 n [HgNH2]Cl pacTtBopsitores.
Ocanok otaenstoT neHTpudyrupoanueM. B oraensHoi noprun neHTpudyrara (II) oTkppIBaloT KaTHoHA
Pb2+ npu momomu xpomaTa Kaius WIM MOIUAA Kanus ¥ MoHel Hg2+ BoccTaHOBIIEHHEM 10 CBOOOIHOMN
PTYTH.

Ecnu npucyTtcTBytoT katnonsl Pb2+, To 00paboTKy npu MOMOIIM aneTara aMMOHUS TIOBTOPSIIOT A0 MOJHOTO
ynanenuss PbSO4. Ocamok mTpoMBIBaIOT BOAOW M HCCIEAYIOT, KaK YKa3aHO TIIpU ONHUCAHUH
CUCTEMAaTH4ECKOro X0Ja aHajn3a CMECH KaTHOHOB MEPBBIX TPEX Iy O6e3 ocaaka.

14



3ananus 1J151 CAMOCTOSITEILHOI padoThI.
1. ITpopaboTka MaTepuaa JEKIUi, PEKOMEHIyeMOU JIUTEpaTyphbl 10 TEME.
2. IlonroToBka K TECTUPOBAHUIO.
3. CnocoObI MoTydeHUs cpeaHeit MpoObl TBEPABIX, )KUIKUX U ra3000pa3HBIX BEIICCTB

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

Jlekumus.
CBoICTBa aHAJTUTUYECKH BaXKHBIX KOMIUIEKCHBIX COCIMHEHUMN: YCTOWYHMBOCTH, PACTBOPUMOCTH, OKpACKA.
Knaccudukanus KOMIUIEKCHBIX COSAMHEHUHN IO XapakKTepy B3aWMOACHCTBUS METaJUI-THraHi. BHyTpu- u
BHelIHec(epHble KOMIUIEKCHhI, TOMO- M TeTepOJIMTaH/IHble, MOHO- M TOJHJEHTaTHble. MHOrosiepHbie
KOMITJIEKChI. ~ XeJaTbl, BHYTPUKOMIUIEKCHbIE coenuHeHus. CTymeHyaroe KOMILJIEKCOOOpa3oBaHUE.
KoncranTtel ycToumBocTH (cTyneH4arbie u oOmme). DakTophl, BIMSIONIME Ha KOMILIEKCOOOpa30BaHHE:
CTpOEHHUE LEHTPaJbHOrOo aroMa M JuraHjaa. KoHueHTpaius KOMIIOHEHTOB pacTBopa, pH, MOHHOW cuiibl
pacTBopa.

IIpakTn4yeckoe 3aHsATHE.
1.KonmoxBuym Nel (tema 1-5)
2. Pemienue 3ana4. [Ipumepsl.

1. Byner nu BeINagath 0cagok okcajnara iuHka npu godasinennn k 0,001 M pactBopy [Zn(NH3)4]2+ 0,1
MOJIb/T OKCajiaTa HaTpHusi, €CIM PaBHOBECHAs! KOHIIEHTPAIUSI aMMHUaka B pacTBope coctasisiet 0,1 Mons/n?

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

JlaboparopHbie padoThbI.
YeTBepTas aHAJIMTUHYECKAS TPYNNA KATHOHOB (Zn2+, Al13+, Cr3+, Sn2+, Sn4+, As3+, As5+).
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 4 aHATTUTUYECKOM TPYIIIbI
a)  TPOBEIEHHE YaCTHBIX PEAKIIUNA KAaTHOHOB 4 aHAIMTUYECKOMN TPYTIIIBI
0)  aHanIM3 CMECH KaTUOHOB 4 aHAJUTUYECKOM IPyTIIIbI
B)  odopMIICHHE U 3alllUTa OTYeTa

['pymmoBbIM peareHToM Ha KaTHOHBI Y€TBEPTOU TPYIIIHI SBISETCS MIEI04b (B U30BITKE), 00pa3yIOIIHecs
THIPOKCHIBI aM(OTEPHBI:

Me2+ + 20H-®Me(OH)2 « 2H+ + MeO22—,
Me3+ + 30H-®Me(OH)3 « 3H+ + MeO33—,
PeakTuBBI:: COJITHAsI KHCJIOTA.
Peaknun karuona Zn2+
1. T'mapoxkcua aMMOHHUA JaeT ¢ KATHOHOM Zn2+ 0eabl 0caaok ruapokcuaa muaka Zn(OH)2,
pacTBOpMMBbI B M30BITK peareHTa ¢ oopasosanuemM ammuakara umaka [Zn(NH3)4](OH)2:
ZnC12 + 2NH40H ® Zn(OH)2 + 2NH4Cl1,
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 0CaIO0K, PACTBOPSIIOIIMICS B M30LITKE PEAreHTa.

2. KapOoHaTpl 1IeJIOYHBIX METAJIOB U aMMOHHMSI ¢ KaTHOHaMM Zn2+ o0pa3yroT 0Oejblii 0CaJ0K
OCHOBHOM COJIM IIUHKA:
27ZnCI2 + 2Na2CO3 + H20 ® (ZnOH)2CO3 + 4NaCl + CO2.

Brinonnenune peakimu. K 4 kamisM pacTBopa CoJM IIMHKA JI00aBISIOT 10 5 Karedb pacTBOpa kapOoHara
Harpud. O6pasyercs Oelblii 0CaI0K.

3. CepoBonopoa o0pa3syeT ¢ KaTHOHOM Zn2+ 0eblii 0caiok cyabduia nuHKa ZnS:
Zn2++ H2S ® ZnS + 2H+.
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OC&[[OK CYHL(bI/I[[a [IUHKa HCPAaCTBOPHUM B H30BITKE ocaauTCiid U B MICJIOYax, HO paCTBOPHUM B CHUJIBHBIX
KHCJIOTaX.

[pouenypa ananmsza. K 4 xamisMm pactBopa xJjopuaa nuHka nob6apistor 3 kamau pactBopa CH3COONa
(Ins_TmpenoTBpallleHus] PacTBOpPEHHs ocaaka ZnS B 00pa3oBaBIICHCs CONSHOW KHCIOTE) M 7 Karenb

CEPOBOAOPOJHON BOJBI.

Peaknun karuona A13+
1. l'uapoxcux aMMOHMS 0CaxkaaeT KAaTUOH Al13+
A1C13 +3NH40H -® A1(OH)3 + 3NH4Cl.
I'uapokcua aatOMUHUS HE paCTBOPSIETCS B paCTBOPAX COJIEH aMMOHHSL.

Ecnu antomMuHuit HaXOIUTCS B pacTBOPE B BUJIE ATIOMUHATA, TO JUISl OCAXKJICHUSI €70 TUAPOKCUIOM aMMOHHUS
HEOOXOIMMO Pa3pyILIUTh ATIOMUHAT, JCHCTBYSI MUHEPAJIbHON KUCIOTOM:
Xox ananu3a. K 3 karisiM pacTBoOpa CoIM allOMUHUS JT00ABISIOT OCTOPOKHO MO KAIJISIM PacTBOP
THJIPOKCH/IA aMMOHUS 1 HAOMIOMAIOT 32 BBIMAIeHUEM OeI0r0 0ca/ika THAPOKCH/IA ATFOMIHHUSL.
2. Peaknus Ha kaTHoH A13+ cyxum nyreM. OueHb pa30aBJIeHHbIH PACTBOP HUTPATA KOOAIbTA AaeT C
KaTHOHOM A13+ amomuuat ko6aasTa Co(A102)2, uMewMii CHHUI IIBET, HA3bIBaeMblil TEHAPOBOM
CHHBIO:
2A12(S0O4)3 + 2Co(NO3)2 ® 2Co(A102)2+ 6SO3 + 4NO2 + O2.
Beinonnenne. Ha monocky GunasTpoBasibHON OyMard HAHOCST HCCIEAYEMbId PACTBOP U PACTBOP HHUTpATa
ko0ajbpTa, MOCYIIMBAIOT €€, a 3aTeM CKUTaroT. [Ipu Hanuuuu noHa A 13+ memnen, KOTOPLIM moxyJaeTcs npu
CKUTAHUH, UMEET TEMHO-CUHIOIO OKPACKY.

Peakuuu karuona Cr3+
1. I'mapokcua ammMoHusA o0pa3syet ¢ kKaTuoHOM Cr3+ 0caiok rHAPOKCHIA XPOMA Cepo-3eJ1eHOoro (i
cepo-(puoseToBOro) uBera:

CrC13 + 3NaOH ® Cr(OH)3 + 3NH4CI.

Bremonnenne ananu3a. K 3 kamism pacTBOpa COJIU AJTOMUHUA 2!06aBJ'I$IIOT 110 KarisiM pacTBOP I'MAPOKU A
aMMOHMS 1 HaOIONAIOT 32 BHINAICHHEM 0CaJIKa.

2. llenouu oOpasyror ¢ katuoHom Cr3+ ocagok ruapo-kcuaa xpoma Cr(OH)3. Ilpu n30bITKe 1I€71049H
TUAPOKCHI XpoMa pacTBopsiercss ¢ oOpazoBanuem xpomuta NaCr(O2, uMewiero sipko-3eJieHyI0
OKpAacKy:

Cr(OH)3 + NaOH ® NaCrO2 + 2H20.

Xpomut NaCrO2 rumponausyeTcst Ipu HarpeBaHWU ¢ 00pa30BaHUEM THIPOKCHIA XpoMa:

NaCrO2 + 2H20 ® Cr(OH)3 + NaOH.

[Ipouenypa ananuza. K 4 xamisaM pactBopa xjopuaa xpoma ao6asnsaior 12 kanenb 2 N pactBopa NaOH u
HarpeBaioT. OOpa3oBaBIIMiicS BHaYalde 0CaJ0K TMIPOKCHIA XpoMa IpH AajJbHEHIIeM J00aBICHUH IIEI0YH

pacTBOpSETCS, a IPU HATPEBAHWU CHOBA BHINAJACT B BUJIE CEPO-3€JICHON MACCHI.
Peaknuu xatuona Sn2+

1. CepoBonopon B cuiabHokuca0i cpeae (2 M HC1) odpa3syer ¢ voHaMu Sn2+ 0cagoK HIOKOJIATHOTO
uBera: Sn2+ + H2S ® SnS  + 2H+.

[Ipenen obHapyxeHust KatoHa Sn2+ - 1,5 MKr/mi1.

Cynbdua omoBa SnS pacTBOPHM B KOHIICHTPUPOBAHHOW COJSHOW KHCIIOTE C 0Opa30BaHUEM XJIOPHUIHBIX
KOMITJIEKCOB; HEPACTBOPUM B PACTBOPAX CYIb(UAOB IIECIOYHBIX METAIJIOB U aMMOHHS. ITO OOBSCHSETCS
TeM, 4To SnS o0nagaer OCHOBHBIMH CBoicTBamu. OIHAKO OH JIETKO PACTBOPSETCS B MOMYCYIbpuie
aMMOHHS, KOTOpBIM cHadanma okucisger SnS mo SnS2, a mocneaHwii pacTBOpsieTCss ¢ OOpa3oBaHUEM
THOCOJICH:

Brimonnenune peakimd. K 3 kamisgM pacTBOpa, COAEPIKAIIEr0 MOHBL Sn2+, mpuOaBisgor 3 kKamm 2 M
pactBopa HC1 u cepoBomopoanoii Bombl. O0pa3yeTcs 0cajioK IIOKOJaJHOro mBeTa. Ocaiok OTACNISIOT
HeuTpudyrupoBaHUEM M K HEMY H00aBISIOT HECKOILKO Kameiab pacTBopa (NH4)2S ocamok pacTBOpseTCs.

K noayuenHomy pactBopy nobasiusror 2 M HC1 1o kuciioil cpelbl, BbINAAAET 30J0TUCTO-KEITHIA 0CAIOK
SnS2.
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17
3ananus 1J151 CAMOCTOSITEILHOI padoThI.
1. [IpopaboTka MaTepuana JeKIud, pEKOMEHTyeMOU JIUTEPaTyPHhl.
2. IlonroToBka K TECTUPOBAHUIO.

3. Baxneiimue peareHThl, IpUMEHsEMbIE B aHaJN3€ AJIs pa3/ieeHus, OOHApYKEHHUsI, ONPEesIEHUsI HOHOB
METaJJIOB, MACKUPOBKH.

Tema 6. OKHCIUTEIBLHO-BOCCTAHOBUTEIbHBIE peakiiui B aHaauTudeckoit xumuu (OIIK-1)
Jlexknus.
Koncranta paHoBecus OBP. OkucnurenbHO-BOCCTAaHOBUTENBHBIN MOTeHIMAN. YpaBHenue Hepucra.
CBs13b KOHCTAHThI PABHOBECHS C OKUCIUTEIBHO-BOCCTAHOBUTEIbHBIM MTOTEHIIMAJIOM.
IIpakTH4Yeckoe 3aHATHE.
Pemenue 3amay u ynpaxHeHuUi
Tunosble 3a1aHus

1. CocTaBUTh ypaBHEHHE pEaKIMU MEXIY MEepPMaHraHaT-MOHOM M MEPOKCHIOM BOJOpOJa B KHUCIIOW cpene
AIIEKTPOHHO-MOHHBIM METOJIOM M 3amucarh ypaBHeHUs HepHcTa 17 OKMCIUTENIbHO-BOCCTAHOBUTENIBHBIX
CUCTEM.

2. MOXHO 1 B KUCJIOH cpene AelcTBUEM IuXpomara Kaimus oKuciuTh: a) Fe2+ no Fe3+; 6) Mn2+ no
MnO4-?

JlaboparopHbie padoThbI.
Iaras anaaurudyeckas rpynna katuonos (Tid4+,Zr4+,Sb3+,Sb5+,Bi3+,Mn2+,Mg2+,Fe3+,Fe2+).
[lenb: n3ydeHne CBOMCTB KATHOHOB 5 aHAJTUTUYECKOM IPYIIIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 5 aHATMTUYECKOM TPYIIITHI
0) aHamM3 cMeCcH KaTHOHOB 5 aHAJIMTHYECKOU TPYIIIBI
B) odopMIICHHUE U 3alUTa OTYETA

KaruoHnsl 370l rpynmsl co menodaMu 00pas3yroT THIPO-KCUAbI, HEPACTBOPUMEBIE B BOJIE U B IlEJ0Yax, HO
NEHCTBUEM MHHEPAJIBHBIX KUCIIOT (a30THOM, CEPHOM M COJISTHOM) UX JIETKO TMIEPEBECTH B PACTBOP.

Peakuunu karnonaTi4d+
1. 'mapokcHabI HIEJT0YHBIX METAJJIOB U aMMHaKe noHamu TuTaHa (IV) o6pasyror Oesbiii ocagokTiO2
xH20, pacTBopuMBIii B KOHIEHTPHPOBAHHBIX 1[€JI04YaX U MJIOX0 PACTBOPUMBII B KHCJI0TAaX.
[Tpu yBenmueHNH KOHLIEHTPAIMK TUTaHa, a Takxke pH pacTBopa 00pazyroTcs MOJMMEPHBIE COSTUHEHHUS.
Bremonaenne pabotel. K 1-2 kamisM CHIIBHOKHCIIOTO pacTBopa, cojaepkamero HoHbl TuTada (IV),
n00aBIsrOT 1Mo KarisiM pacTBOpNH3. O6pa3zyercs Gemnbiii ocaiok.

Peakunu katnonaZr4+
1. l'uapokcuabl MIEJOYHBIX METANJIOB W AMMHAKB3aUMOAEHCTBYIOT ¢ MOHaMu nupkoHus (IV) c
o0paszoBannem Oesioro ocaagkaZrO2xxH20;3T0 coefuHeHHe NPAKTHYECKH He PACTBOPSETCS B
eJ104axX U KUCJI0Tax
[Tponenypa.K 1 - 2 karuisim pactBopa, CoAepIKaIiero HOHbI ITUPKOHUS, T00aBIAIOT 1-2 karum pactBopaNH3.
O6pasyercs Oenbiii ocamokZrO2xxH20.

Peakunu karmonaSb3+uSb5+
1.Metambl,cTosiliMe B PpsiAy HanpsikeHUsl JieBee CYpPbMbl, B COJISHOKHCJIOM pacTBoOpe
BOCCTAHABJMBAIOT HOHBI cypbMblI (IIL,V) 10 yepHOro ry0uaroro ocajka MeTalJin4eckoil CypbMbl.
N30uparenbHOCTh peakiy MOBBIIIAETCS, €CIM B KaYE€CTBE BOCCTAHOBUTEIS UCMOIb30BaTh METAIIIMUECKOE
onoBo: 2SbC163—+ 3Sn®2Sb + 3SnC14
[Ipenen oOHapyxeHus: kKaTuoHa cypbMbl - 0,2 Mkr/mut. MemaroT nonsl Meimbsika (111, V), koTopeie Taxxke
BOCCTaHABJIMBAIOTCS J0 MeTajula. B OoTiuYMe OT MbIIbsKa MeTasIndeckass CcypbMa HE pacTBOpsETCS B
pactBopeNaBrO.



Xon ananuza.Ha onoBsHHYIO (DOJIBIY MOMEIMIAIOT KAIUTKO COJSTHOKHCIOTO PacTBOpa, COMEPIKAIIETO HOHBI
CYpPbMBI, U OCTaBISIOT CTOATh. OOpa3zyercss YepHOe MSATHO METAJUTMYECKOW CypbMBI, HEPACTBOPUMOE
BNaBrO.

2. CepoBogopon wiu cyiabpuabl meaouyHbix MeTa/uioBB 6 M HC1 o00pa3yror opaH:keBble OCAJKHU
cyJiab(}uI0B CypbMBbI:

2SbC163—+3H2S®Sb2S3 + 6H++ 12C1-

2SbC163+5H2S®Sb2S5 + 10H++ 12C1-.

Ocanku pacTBOPSIIOTCS NMPU HArPEBaHUH B U30BITKE Cynbduaa Harpus niauNaOH:

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

[Ipu wnarpeBanuu cynbpuaoB cypeMbl (II11,V) c¢ xonmertpupoBanHoitHNO3BBIACHSICTCS MeETacypbMsHas
kuciora HSbO3 B Bume Oemoro ocaaka. B ommmume ot  CynbpHUIOB  MBINIbSIKA
(ITI,V)Sb2S3uSb2S5pacTBopsroTcss npu  HarpeBaHuud B KoHmeHTpupoBanHoi HCI1, HO ycTOWYUBEHI
(ManopacTBOpHUMBI) B KApOOHATE aMMOHUS

Sb2S5+ 12HC1®2SbC163- +3H2S + 2S + 6H+.

[Tpenen o6HapyxeHus cypbMsI - 0,25 MKI/MIL

Xon ananuza.K 2 karisMm pactBopa, CoepiKaliero HOHbI CypbMbI, I00ABIISIIOT KAaIlli0 KOHIICHTPUPOBAHHOM
HC1 u kammo pactBopa cynbduaa Harpusi. O0pa3yeTcsi OpaHKEeBBIH 0CaIOK.

Peakumnu karnonaBi3+

1. Xoopua ooa (II)B menounoii cpene BoccranasiaubaeT BucMyT (I11I) 1o merasimyeckoro BucMyTa
(ocagok yepHOro BETA):

SnC142—+ 40H-®Sn(OH)42++ 4C1-

2Bi(OH)3+ 3Sn(OH)42-®2Bi + 3Sn(OH)62—

Crnenyer uzberath npubOaBlIeHUS] KOHIICHTPUPOBAHHOW IIEIOYU U HATPEBAHHSI, TaK KaK B ITUX YCIOBHSIX
MOKET BBINACTh YEPHBIA OCaJOK METATMYECKOTO OJIOBA BCIEICTBUE PA3JIOKEHUS THIPOKCOKOMIUIEKCOB
onoga (II):

2 Sn(OH)42-®Sn(OH)62—+ Sn + 20H-

Ecnu e u30BITOK MIEIOUN CIIUIITKOM MaJl, IPHU CTOSTHUU MOXET 00pa30BaThCsl YEPHBIN 0CaIOK OKCHIA
0JIOBA.

[Ipenen obHapyx)eHus BUCMyTa - 20 MKT/MII.

Xon ananuza.K 2 - 3 xarmuisim pactBopa, conepskaiiero nons! onosa (II), npubasnstor no xamsam 30 % - Hblit
pactBopNaOHno oOpaszoBanus ocaaka ruapokcuna onosa (II) m mocnemyromero ero pactBopenus. K
MOJy4YEHHOMY pacTBOPY N00aBISIOT KaIlllo pacTBopa HUTpara BucMmyTa. OOpa3yercs YepHBbIi 0CaoK.

2.Monua kaausiobpasyer ¢ nonamu Bucmyta (III) B Kuca0ii cpene koMiuiekcHbie coeuHenus, BI3-
0Ca/JI0K YepPHOro nBeTa, pacTBOPUMbIi B n30bITKeKI:
BiCl3+ 3KI®Bil3+ 3KC1
Bil3+KI®KBil4.
[Ipu cunbHOM pa30aBiIeHMH pacTBOpa, conepxkaineroBil4—, momydaercst opanxkeBblit ocagok conuBiOl:
KBil4+ H20®BiOI+KI+ 2HI.
3. lexroun (NaOH, KOH)nawt ¢ karmonomBi3+06eabiii ocanokBi(OH)3, pacTBopumMblii B KHCJI0TAX,
HO HEPACTBOPHUMBIH B 11€/I04YAX:
Bi3++ 30H-®Bi(OH)3 .
Brmmonaenne anammza. B mpoOupky momemator 3 - 4 kammm pactBopa xjopuma BucMmyTaBiCl3m
pUOABIISIIOT 2-3 Karuik pacTBopa Imeioun. BeimagaeT O6embiii ocaiok.

Peaxnuu xaruona Mn2+
PacTBops! coneit Mn2+umerot 0J1eIHO-PO30BYIO0 OKPACKY, @ pa30aBlieHHBIE - OECLIBETHBHI.
1. leaoun (NaOH, KOH)ocaxknaot katuoH M12+c o0pazoBanueM 0eJ10ro 0caaka ruIpoOKCHaa
maprauua (II), pactBopuMoro B Kucjaorax, HoO HepacTBOPUMMOI0 B HIeJI0YAX:
Mn2-++ 20H-®Mn(OH)2 .
Ocanok Ha BO3ayxe OypeeT BeiencTBUE mepexona Mn2+B Mnd+, mpu 3tom oOpaszyercss MnO(OH)2umum
H2MnO3(mapranuoBarucras KUCIO0TA).
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Brimonnenne ananmusa. K 3 - 4 xarwsim pactBopa cynbdara mapranua (II) noGasnstor 3-4 xarmu Boas! U 4 -
5 kamenp pactBopa menoud. OOpasyercs Oenblii OCaZoOK, KOTOPBIH H3MEHSET CBOIO OKPacKy M0
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 ananmmza. K 2 - 3 xamsim pactBopa cynbdara mapranma (II) goGapnstor 2-4 karau Boabl U 3 Karuiu
pacTtBopa rujapokcua ammonus. [lomydaercs Oenblii 0CafoK, paCTBOPUMBIA B MUHEPAJIbHBIX KHUCIOTaX U
M30BITKE THAPOKCHIa AaMMOHHSI.

Peakuun karmonaMg2+

1.Ileaoun KOH nNaOHo0pa3ywor ¢ karmonoMMg2+0esbiii amop¢ublii ocanokMg(OH)2I'mapokeny
MArHHUs PACTBOPUM B KHCJIOTAX U B COJISIX aMMOHHSI.
Brinonuenue ananusa.
B npoGupky BHOCAT 4 Karuix pacTBOpa COJIM MarHusi U MpuOaBisAioT 4 Karulk HACKIILIEHHOTO PacTBOpa
xjnopuna ammoHuANH4Cl.
Bo Bropyro mpoOupKy BHOCAT 4 Karuld pacTBOpa COJIM MarHWsi ¥ MPUOABISIOT 4 Karuid BOABI (YTOOBI
KOHIICHTpAIUsl PAcTBOPOB ObLIa OIWHAKOBas). 3areM B 00¢ MpOOMPKHM  AOOABISAIOT  OCamuTeNs -
rugpokcuaa aMMoHUsINH4OH.
2.I'mppogocpar narpuaNa2ZHPO4o00pasyer ¢ nonamu marausi B npucyrcrBunNH4OHnpu pH =9
OeJiblil KpucTagsandeckuii ocatokMgNH4PO4x6H20:
MgS0O4+ Na2HPO4+ NH,OH = MgNH4PO4+ Na2SO4+ H20
IIpu pH > 10 moryt obpazoBarbcaMg(OH)2uMg3(PO4)2. Pekomenayercss K KUCIOMY aHAIU3UPYEMOMY
pactBopy npubaBmatbNH4OHao pH = 9. U3-3a o6pazoBanussNH4CIpH pactBOopa mnommepskuBaeTcs
MTOCTOSTHHBIM.
[Ipenen oOnapyxeHuss Marausg - 10 Mkr/mi. MemamoT HMOHBL, 00pasylollue MajlopacTBOPUMBIE
docharer;NH4+, K(1) uNa(l) He memaror.
Xon ananmu3a.K 3 - 4 xamysim pacTBopa, coaepKaliero HoHbl Maruus, npudasisiot 4-6 xanens 2 M HCI, 3
-5 xanens pactBopaNa2HPO4u npu nepememuBanuu 1o Karwisim npubasisitor 2 MNH4OHpo nosisienust
3anaxa ammuaka (pH ~ 9). BeimagaeT Gesnblii KpUCTAUIMYECKUH 0CaIOK.

Peaxnuu xarnonaFe2+
PacTBops! coneiiFe2+okpaiieHsl B OieIHO-3eNIEHBIH IBET, pa30aBlieHHbIE pAaCTBOPHI OCCIIBETHBI.
1. I'ekcaumanodeppar (III) kamus K3[Fe(CN)6]JoOpasyer ¢ monamm :xkeje3a (II) cuHuii ocanok,
no-suaumomy, cocraBaMFeFe(CN)6, (rme M -K(I),Na(I)), Ha3biBaeMblii «TYPHOYJI€BOl CHHBIO».
Ocagok  HepacTBOPMM B  KHCJIOTAaX, HO  pa3jaraerci mleJo4aMH ¢  BblJeJeHHeM
ruapokcuaosFe(ILIII).
[Ipenen obnapyxenus xenesa - 0,02 mxr/mi. Peakuus cnienududHa.
Brimonnenne ananuza.K 1 - 2 xamnsam cnaboKUCIoro pacTBopa, cogepskariero Honsl xenesa (1),
no6asnsioT 1-2 karmu pactBopa pearenta. O0pasyercsi CHHUN 0CaJIoK.
2. TnmeTnarmokenM (peaktus Yyraesa)oOpasdyer ¢ nonamu :xeqaesa (II) B aMmmMuadHbIX pacTBOpax
YCTOHYHBOE KOMILJIEKCHOE COeJHHEHHEe KPAaCHOIO iBeTa:
FeC12+ 2H2D + 3NH3+H20®Fe(HD)2(H20)(NH3) + 2NH4CI,
rneH2D- nuMeTHIIMOKCUM.
Kommniexkcnoe coequnenueFe(Il) cH2Dxopoiio pactBopumMo B Bozie.
[Ipenen oOHapykeHus xene3a - 8 Mkr/mi. Memarotr nonsl Hukens (1), oOpasyromue HEpacTBOPUMBIN B
BOJIC TUME-THINIMOKCUMAT HUKEJS KpacHoro npera. Mematomee BiusiHue sxenesa (III), oGpasyromero B
aMMHUAYHOU Cpesie OKPAIICHHBIN THAPOKCHU]I, YCTPAHSIOT 100aBICHUEM JIMMOHHOM, IIIABEICBON MJIM BUHHOM
KHCIIOTHI.
Brinonnenne ananuza.K 2-3 xamnisM pactBopa, copepxaiiero nossl xeinesa (II), nobapnstor karto 20 % -
HOTO PAcTBOpa BUHHOW KHCJIOTHL, | Kamio AMMETWINIMOKCMMAa W IO KaljisiM pacTBOp aMMHaka 0
LIEJIOYHOM peakuuu. PacTBOp okpanimBaeTcsi B KpaCHbIN 1IBET.
3. leaouu (NaOH, KOH)ocaxnawrt katnonFe2+B Buae ruapokcuaa xesnesa (II):
Fe2++ 20H«Fe(OH)2J..
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CBexeocaxIeHHBIN 0caJoK uMeeT Oeiblii 1BeT. OIHAKO Ha BO3/AyXE B Pe3yJbTaTe YACTUYHOTO OKHCICHHS
KHCJIOPOJIOM OCaJIOK MPHUOOpETaeT IpsA3HO-3€ICHbIH 1IBET:
4Fe(OH)2+ 2H20 + O2®4Fe(OH)3 .
Xon ananm3a. K 2 - 3 xamsim pactBopa cynbdara sxenesa (I1), moGapnsaroT 5 kanenb AUCTHILTAPOBAHHOM
BOJIbI U 2 Kary 1meiaoun. OOpaniatoT BHUMaHHE Ha IIBET U XapaKTep 0cajka.
4. T'mapokcua ammonusigaet ¢ karnonomFe~+ocanok ruapoxcuna skenesa (II):
2NH40H + Fe2+®Fe(OH)2 + 2NH4+.
OcaxeHne NpoUCXOAUT HEMOJHO, a B MPUCYTCTBUU COJIEH aMMOHUS 0Cajika BOOOIIe He 00pazyeTcs.
Brimonnenne ananuza. B mpoOupky nmomemaror 2 - 3 kariu pactBopa cynbgara xenesa (II), nodasmustor 4-5
kanens 10 % - HOoro pacTBopa XJjopuia Win cyiab(para aMMOHHUS, a 3aTeM 2-3 KaIluId pacTBOpa TUAPOKCHIA
aMMOHUSI.

Peaxnuu xarnonaFe3+
PactBops! coneiiFe3+uMeror KenTyro Uin KpacHO-0ypyro OKpacky.
1. 'ekcanuanogeppar (II) kaausic nonamu skesnesa (I11) oOpasyer TeMHO-CMHUIT 0CAIOK «OEPIMHCKOM
adazypu»MFeFe(CN)6, aHajloruyHblii M0 COCTaBy «TYpHOyJeBoii cuHu».CHayaja MNPOXOIUT
OKHUCJINTE/IbHO-BOCCTAHOBUTEIbHASA PeaKMs:

FeClI3+ K4Fe(CN)6®FeCI2+K3Fe(CN)6+KCl.

Jlanee mpomyKThI peakiliy B3aUMOJICUCTBYIOT MEXKIY OO0 ¢ 00pa30BaHHEM TEMHO-CHHETO 0CaJiKa
«OepIMHCKOH Ja3ypu»:

Fed, + K3Fe(CN)6®KFeFe(CN)4+ 2KC1.

Paznuune B OKpacke M CBOWCTBaX «OEpIMHCKOHN Ja3ypu» s «TypHOYIEBOH CHHM» OOBSCHIETCA TEM, UTO
COCTaB 0OCajiKa HE MOJHOCTHIO COOTBETCTBYET HANKMCAHHOW BhIIE opmyine. Ocanok «OEepIMHCKON J1azypu»
pacTBOPSETCS B CWIIBHBIX KUCJIOTAX U MIPU J0OABICHUN U30BITKA pearcHTa.
[Ipenen obnapyxenus xenesa - 0,2 MKr/mia. MemaroT OOJbIITHE KOJUYECTBA MOHOB METAILIOB, KOTOPHIE
JAIOT OKpalleHHble ocaaku ¢ Trekcaruanodepparom (II) kxamms. Memaror ¢GTOpUIBI W OKCalarhl,
oOpasytomue ycroiuubie Komriekehl cFe(I11).
Xon anammza.K 2 - 3 kamwmsim pactBopa, coxpepxkamero wuonbslFe(Ill), mobGasnstor 3-4  xamum
JTUCTUILTUPOBAHHOM BOABI, 1-2 Kamiu COJSHOM KHMCIOTHI M 2 KaruiM peareHta. HaOmiomaror oOpa3oBanue
TEMHO-CHHETO 0CajKa «OepIMHCKOM JTa3ypu».
2. Tuoumanar ammonus (kaaus)(NH4CNS,KCNS) B ciaadokucabix pacrBopax oopasyer cFe(IIl)
KOMILJIEKCHBbIE COeIMHEeHUs KkpoBaBo-kpacHoro useraFe(SCN)n(3-n)+, raen —1-6.
KommiiekebiFe(SCN)3 nHFe(SCN)4akcTparupyrorcs 3pupom ¥ H30aMHJIOBBIM CIIUPTOM.
[Tpenen oOHapyxeHus xenesa - 0,5 mxr/mi. Memaior ¢ocdarsl, apceHaTbl, OKCaNaThl, IUTPAThI, TAPTPATH,
¢dTopunsl, oopasyromue cFe(Ill) ycroiiunBble KOMIJIEKCHBIE COSTUHEHUSI.
Brmonnenne anammza.K 1 - 2 kamusim pactBopa, coxepskamero uonsl xenesa (III), mobaBnstoT kariro
pactBopaNH4SCN. TlosiBrisieTcst KpOBaBO-KpacHOE OKpalIMBaHUE pacTBopa. J{00aBIsIOT HECKOIBKO Karlesb
M30aMUJIOBOTO CIIMPTA WK dpHUpa U BCTpsIXuBaroT. Oprannyeckas gasa OKpalmBaeTcs B KPACHBIN I[BET.
3. Ilemoun (NaOH, KOH) uNH4OHo6pa3ytot ¢ karnonomFe3+kpacHo-0ypsriit ocamokFe(OH)3:
Fe3++ 30H-®Fe(OH)3 .
I'uapokcun xene3a B omnuue oT ruapokcuaa xpoma (1) m rugpokcuma anroMUHUS HE pacTBOPSETCS B
M30BITKE LIEJIOUH U B COISIX aMMOHHSI.
Xon anammza. K 3 - 4 karsm pactBopa xmopuaa xkenesa (I11), mobasmsitor 3-4 karmm IUCTHIUTMPOBAHHOMN
BO/IBI M 2 - 3 Karuu mienodr. OOpariaroT BHUMaHHUE Ha IIBET U XapaKTep OcajKa.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. ITIpopaboTKa TeOPETUYECKOTO MaTepHrasa JEKIuil, peKOMEHIYEeMOH JINTepaTypsl MO TEME.
2. ITonroroBka K TECTUPOBAHUIO.
3. CocraBbTe ypaBHEHMS OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIX PEAKIIUI 3JIEKTPOHHO-HOHHBIM METO/IOM,
€CJIU Ha pacTBOp, coAepkamuii nod mapranua (1), mogeiictBoBanu: a) BACMYTaToM HaTpus B PUCYTCTBUU
a30THOU KUCIIOTHI, 0) MEPOKCUIUCYIb(hATOM aMMOHUS, B) okcuaoM cBuHma (IV).
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Tema 7. 3aKoH JeliCTBUSI MAacC B reTepoOreHHbIX npoueccax. Pacreopumocts, npousBeaeHne
pac-tBopumoctu. (OIIK-2)

Jlekumus.
3aKkoH JCWCTBUS MacC B TETEPOTEHHBIX Npoleccax. TodHbIE M MPUOIUKEHHBIC PEIICHUS ypaBHEHHI.
®daxkropbl ocaxacHus. J[poObHoe ocaxiaeHue. B3ammMHOe TpeBpalieHne MajlopacTBOPUMBIX OCAJIKOB.YdUeT
K03(ppUIMeHTa aKTUBHOCTH HOHOB MPU PACTBOPEHUHU AIIEKTPOIUTOB.

IIpakTH4Yeckoe 3aHATHE.
Penrtenue 3amay
Tumnosrsle 3agaHUS
1. Paccuurate MonsspHyIO (MOJIB/I) W MaccoBylo (T/1) pacTBOPHUMOCTH Cylbdara KambIUs, €CIH
[TP(CaS04)=2,5-10-5.
2. Cmemamu 500 min 0,002 M pactBopa xmopuaa 6apust u 500 mu 0,001 M pacTtBopa cynbdara Kaaus.
Brimazer nu B 3THX yclioBHsIX ocanok cyibdara 6apus? [1P(BaSO4)=1,1-10-10.

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

JlabopaTropHbie padoThbI.
Ilecras ananuTn4yeckas rpynna karuonos (Co2+, Ni2+, Cd2+, Cu2+, Hg2+)
Lenb: n3yyeHue CBOMCTB KAaTHOHOB 6 aHATTUTUYECKOM TPYTIIbI
a) MPOBEJICHUE YaCTHBIX PEAKIINN KATHOHOB 6 aHATMTUYECKOM TPYIIITHI
0) aHamM3 cMeCcH KaTHOHOB 6 aHAJIMTHYECKOU TPYIIIIBI
B)o(OpMIICHHE U 3aIIUTa OTYETa

Peaxnuu xatnona Co2+
Karnon Co2+ mMeeT B BOAHBIX PAacTBOPaxX PO30BO-(PHOIETOBYIO OKPACKY.
PeakTuBBI: yKCyCHAsl KHCJIOTA.
1. Tnounanar ammonusa NH4CNS (xkamus (KCNS)) B ykcycHokucaom pacrsope npu pH 4 - S ¢
noHamm kod6aabTa (II) o0pasyer okpameHHbIe B CHHMII IIBEeT KOMILIEKCHbIE COeJHHEHUSI Pa3IHYHOIO
coctaBa oouieii popmyast Co(SCN)n(2—n)+, rae m = 1, 2, 3, 4. Kuciiopoacoaep:kaniue pacTBOpuTeIn
(3¢up, aneTroH, H30aAMHJIOBBIH CIHPT) IKCTPArHPYIOT TEMHO-CHHHE MAJIOYCTOHYHBbIE KOMILIEKCHI
Ko0aabTa, mo-euanmMomy, cocrapa Co(SCN)4(2—n)+. [l moHM:KeHHs TMCCONHANUMN KOMILIEKCHBIX
coelMHEHUI1 He00X0IMMO BBOAUTH 00JIbIIO0N H30BITOK THOLMAHATA.
[Ipenen oOHapyxeHuss kobampra - 3 MKr/mia. Memaror wuoHbl jxene3a (III), koropwle MacKuUpYIOT
nobapieHreM (PTOPUA-UOHOB.
Xon ananuza. K 2 - 3 xannigM pactBopa, cofepskaniero noHsl kobansra (11), 100aBAsSIOT TBEpAbIA THOLIMAHAT
aMMOHUS (Kanus), TBEpAbIA QTopua aMMOHUs, S5-7 Kanenab W30aMHJIOBOTO CHOMPTAa W BCTPIXHUBAKOT. Clion
M30aMUJIOBOTO CIIMPTA OKPAIIMBAETCS B CHHUH IIBET.
2. Hutpur kanusi B yKcycHOKHcJI0M pactBope npu pH 4-5 o6pasyer ¢ nonamu kodansra (1) sxearnrit
0CaJI0K, B KOTOPOM K00AJIbT UMeeT cTeneHb okuciaenus I11:
Co(CH3COO0)2 + 7KNO2 + 2CH3COOH ® K3Co(NO2)6 + NO + H20 + 4CH3COOK.
B paszbaBieHHBIX pacTBOpax OCaJOK OOpa3yeTcsi MpU HArpeBaHUM W BBICTAWBAHUU. OTY PEAKIHIO
UCIOJIB3YIOT JUIsl OT/AETICHHs KOOalbTa OT MEIIAOUINX HOHOB.
[Ipenen obHapyxeHust kobanbra - 0,4 MKT/MIL.
Brinonnenue ananuza. K 2 - 3 xamisim pacTBopa, coaeprkaiiero noHbl kobanera (II), mobapnsior 2 xamim 2

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

Peaxnuu xaruona Ni2+
B BOIHBIX pacTBOpax COJIM HUKENS UMEIOT 3€JIEHYI0 OKPACKY.

1. JumeTnaranokcuMm (peaktus Uyraesa) (I) oopasyer ¢ nonamu nukess (II) B unrepsase pH =75 -
10 matopacTBOpuMOE B BOjle KOMILUIEKCHOE COeIMHEHHE AJI0-KPACHOro nBeta cTpyKTyphI (I1):



[Ipenen oOHapyxeHus HuKensd -3,2 MKI/MI. JIUMETHIITMOKCHMAT HUKENs MMEeT IUIOCKYI0 KBaJpaTHYIO
koH(purypauuio. OOe MONeKyabl AMMETHIIMOKCMMAa B  KOMIUIEKCE CBsI3aHBl MEXIYy CoOoM
BHYTPUMOJICKYJSIPHBIMA ~ BOZAOPOIHBIMU  CBSI3SIMH, CTaOWJIM3MPYIOUIMMH XenaT. 2DTo 00yCIOBIHMBAET
aHOMAJIbHOE COOTHOILEHUE CTYNEHYaTblX KOHCTaHT yctoWuumBocTH K1 < K2, mosromy pnaxe mnpu
HEOOIBIIOM U30BITKE peareHTa KOJIM4eCTBEHHO 00pasyercst Komruiekc ML2.

Masasi pacTBOPUMOCTb IUMETHIINIMOKCHMAaTa HUKEIsT B BOJE CBfA3aHA C TEM, YTO KOMIUIEKC He
THJPAaTUPOBAH B KOOPAWHAIIMOHHOHN cepe HUKES.

BoinonHenue aHanusa.

1. K1 -2 kamsm pactBopa, coaepxarero Ni(Il), noGasmistor 1-2 kamu 1 % - HOro 3TaHOIBFHOTO pacTBOpa
mumetuiarrokcnma u 1 - 2 karmu 2 M NH3. O6pasyercs xapakTepHbIN al0o-KpacHBIA 0CaOK.

2. K 1 - 2 xamnsaMm uccneayemMoro pactsopa aobasnsaoor 1 2 kammu 20 % - HOro pactBopa TapTpara
Kalus-HaTpHsl, KPUCTAJUIMK THOCynb(para Harpus, 1-2 xammum 10 % - HOro pac-*pa COJSHOKHCIIOTO
rugpokcuiaaMuaa u pactsopom NH3 nooxst pH pactBopa 10 9. DKCTparupyroT HACHIIIEHHBIM PaCTBOPOM
pearenta B CHC13. Opranudeckas (a3a B IpUCYTCTBUU HUKEIS OKPAIIUBACTCS B HKEIITHIHN I[BET.

Peakuunu karnona Cu2+

PactBops! coneii Cu2+ UMEIOT roxyOyIo WIH 3eTIEHYI0 OKPACKY.

1. I'ekcanuanogeppar (II) kaausa npu pH < 7 ocaxxaaer MOHBI MeM B BHJe KPAaCHO-0yporo ocajaka
Cu2Fe(CN)6, pacTBOpUMOro B aMMHaKe ¢ o0pa3oBaHueM aMMuakaroB meau. Ilpenen ooHapyxeHus
Mean - 10 mkr/mi. IlpoBenenuro ananusa memarwt uonbl Fe(IlI), Ni(II), Co(Il), odpa3yromue c
peareHTOM 1BeTHble ocaaku. [lo3ToMy HX nNpeABapuTE]bHO OTAEASIOT MJIUH CBA3BIBAKOT B
yCTOHYHBbIE PACTBOPHMbIe KOMILIeKCHbIe coeAnHeHusi. [Ipy o4eHb MajbIX KOHIEHTPALUSIX Meau
0Ca/I0K He BbINAJaeT, HO PACTBOP OKPAIIMBAETCSl B PO30BbIi LBET.

Xon anammza. K 2 - 3 kannsam pactBopa, conepxaiiero nonsl menu (I1) (pH < 7), npubapnsior 1 - 2 kammm

pactBopa pearenra. O0paszyercs KpacHO-OVDBIN 0CAJIOK.

2. AMMHaK NpH B3aMMOJEHCTBHHM C MOHAMH MeIH CHA4Yajia 0Ca’KIaeT OCHOBHBIE COJIM NEepPeMEeHHOI0
COCTaBa 3€JICHOI0 LBeTa, JIerKopacTBOpuMble B H30bITKe peareHTa. Ilpm pH > 9 oOpa3syrorcs
aMMHAYHbIe KOMIUIeKChI MeIM UHTeHCuBHO-cuHero nsera: Cu(NH3)(H20)52+; Cu(NH3)4(H20)22+;
BBe/leHMe NATOoi U mectoil Mosekyabl NH3 3arpynneno.

[Tpenen obHapyxeHust meau - 40 MKr/miL.

Xon anammza. K 2 - 3 kamisMm pactBopa, conepskaiiero noHel Menu (1), mo6aBasroT O0bIIoi M30BITOK

pacTBopa amMuaka o pH > 9. [losBaeHNEe HHTEHCHBHO-CUHEW OKPACKH YKA3bIBACT HA MPUCYTCTBUE MEJIH.

3. Hurtuzon B wuHTepBaje pH 1 - 4 ¢ Cu(ll) oOpa3syer BHYTPHMKOMILICEKCHOE eIHMHEHHE
KpacHo-Guos1eTOBOrO0 1BeTa, 3kcTparnpyemoe CHC13, CC14.

[Ipenen oGmapyxenuss menu - 0,1 mxr/mu. Memator Ag(l) Hg(Il). Ecnmm B kauecTBe MacKHpYIOIIETO
pearenTa ucnonb3oBarb KI mpu pH 1 - 2, To Meap MOKHO OOHAPYKUTH C AUTH3OHOM 0€3 MOMEX CO CTOPOHBI
IPYTUX UOHOB METAJIJIOB.

Xon anamuza. K 1 - 2 xamnsaM ananu3upyemoro pactBopa ¢ pH 1-2 npubapnsror 5-6 kamenb S % - HOro
pactBopa KI u skcrparupyror 0,02 % - #piM pactBopoMm pearedra B CCl4. B mpucyrcTBUM MeIu
OPTraHWYECKUM CJIOW OKPAIIUBAETCS B KPACHO-(DUOJIENOBBIN TIBET.

4. Tuocynbpar nHarpus Na2S203, npudaBjieHHbIH K NOAKHCICHHOMY PacTBOpPY COJIM MeIu,
ol0ecuBeYMBaeT PacTBOpP, TAK Kak o0pa3yeTcss KOMILJIEKCHAasi coJib. I[Ipy HarpeBaHuu MOJy4eHHOIO
pacTBopa obpa3yercs TeMHO-Oypbiil ocagok CulS.

CuSO4 + Na2S203 ®+ Na2S04 + CuS203
CuS203 + H20 ® H2S04 + CuS

IIponenypa anmammsa. K 2 - 3 gamiaMm pacTtBopa cyiabdara Meau no0asisiorT 4-5 xamens Bombl, 2-3 Karuin
acTBOpa CEpHOM KHCIOTHI M 2 - 3 xpucTaluimka THocyiabdara Harpus. IlepeMelmuBarOT CTEKITHHON
IMAJIOYKON 1 HarpesaroT. O0pasyercsa TeMHO-0YPBIA ocanok cyiabbumaa Menn (1) u cepsl.

Peaxnuu xaruona Cd2+

22



1. CepoBogopoa niam cyiabpuasl meno4yHbix Meraaos npu pH ~ 0,5 o0pa3yor ¢ HOHAMH KaAMHA
JKeJTHIA ocafok cyabduaa kagmus. Ocagok He pacTBOpHM B cy/jb(duae U rHAPOKCHIE HATPUS, HO
pacTBopuM B KoHIeHTpupoBaHHbIX HC1 1 HNO3:
CdS +4HC1 ® H2CdC14, + H2S-
CdS + 4HNO3 ® Cd(NO3)2 + S +2NO2 + 2H20.
[Ipenen oOHapyxenust kagmus - 10 Mkr/mu. MemaroT MOHBI METAJUIOB, 00pa3yIOIHUe B 3THX YCIOBHSIX
HepactBopumbie cyabduaer: Cu(ll), Hg(Il), Bi(Il), Sn(Il, IV), Sb(III, V) u ap.

Xon aHammza. K 1 - 2 xamiasM pacTBOpa, CONEPXKAIIETO HMOHBI KaJIMHsI, MPUOABISIIOT KAaIUTIO PacTBOpa
cynb(huIa HATPH; BRINAIACT KEITBIA 0CAIOK.

2. JIdTH30H B3auMOJeiicTBYeT ¢ HOHAMH KaaMus B nHTepBaJie pH 6,5 - 14 ¢ o0Opa3oBaHueM KpacHOro
BHYTPUKOM-IJIEKCHOTO coeqnHenns, skcTparupyemoro CHC13 u CC14.

[Ipenen oOnapyxenuss kaamusa - 0,5 MKr/mi, Memaromiee BIHMSHHE OONBIIMHCTBA HOHOB METAJJIOB
YCTPaHSIOT T0OABJICHHEM TapTPaTOB M AUMETHITIIMOKCUMA. B 3TOoM ciydae mematot Tompko Ag(l), Hg(Il) u
Cu(Il), ux ymanstoT nmpeaBapuTeIbHON dKCTpakiuen pactopom autuzoHa B CC14 mpu pH 1-2.

Xox ananmza. K 2 - 3 kamnaM uccienyemoro pactsopa npuoasistor 2 M HC1 go pH 1 - 2 ¥ 9KCTparupyroT
HACKIIIEHHBIM pacTBopoM auTu3oHa B CC14. [Tocne pasgeneuus a3 K BOTHON (ase 100aBiIsgioT 2-3 KA
20 % - HOrO pacTBOpa TapTpara Kanus-Harpus, 1 - 2 xamim 1 % - Horo pactBopa quMeruiamuokcuma u 30
% - e pactBop NaOH 1o pH 9 - 10 u skcrparupyror 0,002 % - HpIM pacTtBopoM peareHra B CC14. B
NPUCYTCTBUM KaJIMUS OPIraHUYECKUI CII0W OKPAIIMBAETCA B KDACHBIM IIBET.

4. TuomodeBuHA 00pa3yeT € COJSAMH KAJAMHS JIETKOPACTBOPHMbIE KOMILIEKCHbIE COJIH, KOTOpbIE
JIETKO Pa3JiaralTcsi CepoBOA0POAOM JaKe NP N30bITKEe THOMOYEBUHBI.

IIpoBenenne anammza. K 3 - 4 xamjndMm aHaaM3MpyeMoOro pacTBopa Jo0aBision 3-4 KpUCTaJUIMKA
THOMOYEBHHEI, IEPEMENIMBAIOT MAJOYKOM, Yepe3 2-3 MUH J00ABISIOT 5 - 6 Kallelb CBEXKEIPUTOTOBICHHOI
cepoBoopoaHoii Boabl. B mpucyrcrBuu katrnona Cd2+ BRIIAIAET XKEITO-OPAHKEBLII OCAIOK.

Peakunu karnona Hg2+
1. CepoBogopon wiu cyJb(Puabl MeJOYHbIX MeTa/I0B ¢ HoHaMu pTyTH (II) B KHCJbIX pacTBopax (6 -
7 M HC1) obpa3zyror yepHbiii ocagox HgS.
N3Bectnpl Tpu Mmogudukanuu HgS: kpacHas, numeromas uckaxennyto pemietky NaCl ¢ 3urzaroo0pa3HpiMu
nenssmu Hg - S - Hg, unentnynas kwHOBapu. YepHas Qopma, BCTpedaromiascs B BHAEC MHHEpaa
MeTalMHHOOapUTa, UMEIoUas CTPYKTypy IIMHKOBOM oOMaHkH; P-kuHOBaph, KoTOpas oOpasyercs Npu
B3aUMOJICUCTBUH THOCYJIb(paTa HATPUs C HEUTpaATBHBIM pacTBOpoM xyopuaa prytu (II).

[Tpu mennennom mporyckannu H2S depes Kucibie pacTBOPHI COMM PTYTH MOXHO HaOM0AaTh 00pa3oBaHue
MPOMEXKYTOYHBIX  MPOAYKTOB  O€Joro, ceporo, JKEATOro M OypoBaToro IIBETOB  COCTaBa
HgmCInSx(Hg3Cl12S2). O0Gb9HO M3 KHUCIBIX PAacTBOPOB cojield pTyTH ocaxmaercs HgS B Buume yepHOTO
ocaznka. [Ipousseaenue pacrsopumoctu HgS4cpH pasno 1,5 10" 52, oqHako ero paCTBOPUMOCTh Ha CaMOM
JieNie 3HAYUTENIbHO OOJIbIe M3-3a MOOOYHBIX PEaKIni, MPOTeKaronuX ¢ oOpazoBaHueM coenuHenuid H2S,
HS-, Hg(OH)+ u Hg(OH)2+. Yepnsiii HgS npu HarpeBaHuW Wi TPH JIEUCTBHH MIEIOYHBIX PaCTBOPOB
MONUCYNb(UIOB MPEBpALAETCS B KpacHyIo GopMy; cyiabGua pTyTH pacTBOPUM B I[APCKOM BOJKE; B CMECSX
HC1 u H202;HC1 u KIL.

[Ipenen oOHapyXeHUsI PTYTH B CHIIBHOKHCIIBIX pacTBOpax - 10 MKr/miL.

Xon amanm3a. K 2 - 3 xamiugM pacTBOpa, cojep:kamiero WoHbl pryte (11 00aBig0oT 3-4 Kamiu
xoHnenrpuposandoii HC 1,3-4 kamam pacTtBopa cyiabbuaa aMMOHKS KM HarpeBalOT Ha BOASHOW OaHe.
Oo6pasyercs uepHbIii ocamok HgS. Ocanok neHTpuyrUpYIOT, YaCTh €r0 IIEPEHOCIT B APYIYIO IPOOUPKY U
pPAacTBOPSIOT B IAPCKOM BOJKE; OCTABIIYIOCS YacTh ocajika pacTBopstoT B cMecu HC1 u KI.

2. Moaun xkaausi mpu B3aumojaeiicteun ¢ uonamu prytu (II) ocaxknaer kpacusliii ocanox Hgl2.
Nmerotcs nee mopudukannu Hgl2: kpacHas u xenras. Kpacnas mogudukanus npu Harpeanuu 10 150 °C
MEPEXOIUT B KENTYIO.

IIpoBenenne ananmsza. K 1 - 2 kamisM pacTBopa, coaeprkariero uoHel pryTu (1I), 100aBISIOT M0 Kaasam

pactBop KI 10 o6pazoBanms ocaaka HgI2 v n30BITOK 10 pacTBOpeHMs ocajka U obpazoBanms Hgl42—. K

MOJIYYCHHOMY pacTBopy n06apnsroT 1-2 kamu pactBopa NH4CI u 1 - 2 xarum 30 % -Horo pactBopa KOH.
O06pasyeTcst KpacHO-OYPBIA 0CaJioK.
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3. /IuTH30H B pacTBOPaX MHHEPAJbHBIX KHCJI0T oOpasyer ¢ moHammu Hg(Il) BHyTpuKOMIIEKCHOE
coelHHeHUEe OpaH:KeBOro 1Bera, s3xkcrparupyemoe CC1 m CHCI13. Ilpenen o0Hapy:xeHusi pryTH - 1
MKr/Mi. MemarT HoHBbI cepedpa. s ux ynanenus skerpakr psixusawt ¢ 1 M HCI1.

Xon ananuza. K 1 - 2 xanniamM ucciienyeMoro pactsopa a06asstor 1-2 xamau 6 M H2SO4 u sKkcTparupyrot
0.002 % -pactBopom pearenra B CC14. B npucyrcTBun prytu (II) opraHndeckuii Clioi OKpammBaercs B
opamkeBbli 1BeT. Eciam B aHanmmsupyeMoMm pactBope mnpucytctByer Ag(l), opranuyeckyio dasy
BcrpaxuBawt ¢ 1 M HCI.

Xoa aHaIM3a CMeCH KATHOHOB IIECTOM IPyninbl APOOHBIM METOI0OM

KatroHbl 3TOM TPyl OTHOCHUTEIBLHO JIETKO MOTYT OBITh ONPEACICHBI YaCTHBIMHU DPEAKIUIMHU W3
OTACIBHBIX TPOO.

Omxkpovimue kamuona Cu+ yenecoodpazno npoeooums oOeiicmeuem KOHUEHMpPUPOBAHHO20 PACMEopa
2UOPOKCUOA AMMOHUA.

B Tom ciyuae, eciin okpacka Mosy4aeTcs HeJOCTaTOYHO XapakTepHast U1 katnoHa Cu2+, MOKHO MPOBECTH
npoBepky. st 3Toro k 3 - 4 KarjisiM UCCIEAYeMOro pacTBOpa, MPUOABISIOT 2 KAaIUIM PAacTBOpa LIEJIOYH U
00pa3oBaBIIMICSA OCAJOK HArpeBalOT Ha BONAsSHOW OaHe 5 MMH (B mpHcyTcTBHM KaTHoHa CH + ocagok
npuoOpeTaeT YepHsbIii 1IBET BeaeacTsre oopasosanus CuO).

3arem 100aBIsAIOT M30BITOK (6 Kamesb) pacTBopa xjopuna amMmonus NH4C1, nepeMemnBaoT CTEKISIHHON
najoykoi U neHtTpudyrupyror. Llentpudyrar oTaensioT u ocagok o0pado-ThBAIOT 3-4 KaruisiMy a30THOU
kucnothl. K nmonmyueHHoMy pacTBopy npuiuBaroT §8-10 xanenb KOHLEHTPUPOBAHHOIO pacTBOpa I'MIPOKCHIA
amMMoHus. B mpucyrcTBum karnona Cu2+ pacTBop OKpaliuBaeTcs B Ja3ypHO-CUHUI LIBET.

Omkpvimue kamuonoe Hg2+ uz oouezo pacmeopa, cooepircauiezo KAmMuoHsvl ulecmoil 2pynnot, 00bl14HO
npoeooumcsa peakyueil ¢ UOOUOOM Kaausa uiu eoccmamnosnenuem xiaopuoom onoea (II) SnCIl2 oo
MEmannu4ecKoil pmymu uiu Ha MeoHOIl N1ACMUHKe.

Omxkpvimue kamuona Cd2+ yoooHo u HadexicHo npou3eo0UmMsv ¢ CEPOGOOOPOOHON 6000I UNU
muocynvgamom nampus.

Kamuon Cd2+ omkpwvieaemca peaxyueit ¢ pooanuoom ammonus NH4CNS.

Kamuon Ni2+ omkpuwiearom peaxuyueit Uyzaeea ¢ OumemuiiuoKCumMom.
3aganus AJ151 CAMOCTOSITEJIbHOM PadoThI.

1. ITIpopaboTKa TEOPETUYECKOTO MaTepHaa JEKIUi, peKOMEHAyeMOM JTUTepaTyphl.

2. [TonrotoBka K TeKyIeMy KOHTPOJIIO.

Tema 8. MeToabl 00Hapy:xkeHus1 U uaeHTU(PUKanuu. Xpomarorpadus. (OIIK-2)
Jlekumus.

Nnentudukamus aTtoMoB, HOHOB, MOJIEKyl W BemecTB. J[poOHBIH W CHCTEMAaTHYECKHH aHaIH3.
MUKpOKpUCTAJUIOXUMUYECKUH W MHPOXUMHUYECKUN aHanu3 (OKpallMBaHWE IJIaMEHH, BO3TOHKA,
oOpazoBaHue TiepsioB). MeTonmbl pasaeneHuss W KOHICHTpupoBaHus. KoddduimeHT pacnpeneneHus.
Xpomarorpadus. AncopOnronHas Xxpomarorpadusi, BEITECHUTEIbHAS WU HOHOOMEHHash XxpomaTtorpadusi.
PacnipenenurensHas xpomarorpadus. bymaxnas xpomarorpadus. ['azoBas 1 )KuaKocTHas XpoMmaTtorpadus.

IIpakTnyeckoe 3ansATHE.
Pemenue 3amau.

JlaGopaTopHbie padoThbI.

IlepBasi ananuTnyeckas rpynna annonos B(OH)4-,Si032— ,P042- ,AsO33—- ,As043—,S042—
5032, S2032- ,F-)

Lenb: n3yyeHue CBOMCTB aHMOHOB | aHATTUTUYECKOM TPYIIIbl aHUOHOB
a)  TPOBEIEHUE YACTHBIX PEaKIUi | aHATUTHYECKOW TPyl aHHOHOB
0) aHaNIM3 CMECH KaTUOHOB | aHaTUTHYECKOH rpyIbl aHHOHOB
B)  odopMIICHHE U 3allUTa OTYeTa

IlepBasi anannuTHYeCKasi TPYNIAa AHUOHOB:
B(OH)4-,Si1032—- ,PO42- ,AsO33- ,As043-,S042-,S032-,S2032- ,F-)
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AHUOHBI 00pa3yIOTCs p-3J€MEHTaMH, TO ecTbh neMeHTamu 1V - VII rpynm 2-, 3-, 4- u pexe 5- u 6-ro
NIEPUOJIOB MEPUOMUECKON CHCTEMBI JIEMEHTOB. B pacTBOpax B BHIe aHHOHOB MOTYT OBITb OOp - 3JIeMEHT
I rpynmsl 2-ro neproaa U HOHBI EPEXOTHBIX AIEMEHTOB (d-37IEMEHTHI) B MX BBICIIMX CTEICHSIX
okucneHus. OUH U TOT JKe IEMEHT MOXKeT 00pa30BaTh HECKOIBKO aHUOHOB C PA3JIMYHBIMU CBOMCTBAMH.

Peakunu OopaTr-aHnoHOB
1. OxkpammBaHue mjiamMmeHu. Jleryyue coeqnHeHnsi 00pa OKpPANIMBAIOT IJIAMS IOPeJIKU B 3eJIeHbIi
LBeT.
BonsmmHCTBO G0paToB pasznararoTcs kKoHneHTpupoBanHoit H2SO4 ¢ Brigenenuem nerydeit H3BO3.
Peakuuto mpoBoAsT B ylIKe IJIATUHOBOW MJIM HUXPOMOBOM MPOBOJIOKH.
IIpoBenenue ananuza. B dhapdopoBoii yaiike BhIMAPUBAIOT 5-8 Kanedb pacTBOPA, COAEPIKAIIErO
0opat-noHbl. CyXOl 0CTAaTOK CMauuBarOT 1-2 KaruiaMu (He Gosiee) KoHmeHTpupoBanHoit H2S04,
100aBISIOT HECKOIbKO Kalesb 3TaHOJIa M METaHOIa, NEPEMEITNBAIOT CTEKISIHHON MaJIOYKOW 1
No/KUraroT. [1aMs oKpanmBaeTcs 1o KpasiM B 3€JICHBIN 1IBET.
Peakuuu kapOoHaT-aHMOHA
VYronbHas kucinora H2CO3 cyiiecTByeT TOJIBKO B BOIHOM PacTBOPE.

1. Kucaorsl, B ToM yncie 1 CH3COOH, pa3inararot kapooHartsl ¢ Bbigejgennem CO2:

CO32-+2H+ ® H20 + CO2T.

VYrnekucnelii ra3 0OHApY)KHMBAIOT IO MOMYTHEHHIO HM3BECTKOBOW WJIM OapUTOBON BOABI (HACHIIIEHHBIX
BoaHBIX pacTBopoB Ca(OH)2 u Ba(OH)2):

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

[Tpu nponyckanuu Gonpimx konuaectB CO2 0caiok MOXKET paCTBOPUTHCS:

CaCO3 + CO2 + H20 ® Ca(HCO3)2.

Oo6napyxennio CO32— memaror SO32— u S2032— , tak kak SO2, BBACTSIONIUICS TIPU MOAKUCICHUU
pactBopa, oOpasyer ocagku CaSO4 u BaSO4 c¢ wusBecTkoBOii u OapuroBoi Bomoil. IlosTomy
npenBapuTenabHo oKUCIstoT SO32—u S2032— no SO42— nepokcuioM BOAOPOAA IIPU HarpEBaHUU.

Xon aHanu3a. B mpobupky BHocAT 5-6 kamenb pactBopa Na2CO3 u 5 - 6 kanens 2 M HC1. 3akpbiBatoT
IpoOKOW, B KOTOPYIO BCTaBjieHa CTEKIsSHHAs MaJoyka C IIApuKoM Ha KoHie. Ha miapuk monBemmBaioT

KaIUTF0 W3BECTKOBOM wWim OapuTOBOW BOIbI. [Ipy HarpeBaHWW TPOOMPKHM HAOIIOMACTCS MOMYTHCHHE
BUCSIIEN KA.

2. Xuopuja 0apusi ¢ kapOoHaT-uOHOM oOpa3yet Oesblii ocagok BaCQO2, pacTBopuMBbIii B KHCJI0TAX
(Kkpome cepHOii KHCJIO0ThI):

CO32-+ Ba2+ ® BaCO3 .

Boimonaenne ananmza. K 2 - 3 xamisaMm pactBopa, cojiepKaliero KapOOHaT-HOHbBI, JIO0aBAAOT 2-3 Karuiu
BaC12. O6pa3yeTtcst Oelblii 0CaJIoK.

3. Hurpar cepedpa AgNO3 npu B3amMOAeHCTBHM ¢ KapOOHAT-MOHOM oOpa3yer Oe/iblii 0CAIOK
kapOoHara cepedpa Ag2CO3, pactBopumblii B kucjaorax (kpome HC1):
Na2CO3 + 2AgNO3 ® Ag2CO3 + 2NaNO3.

Xon anammza. K 3 - 4 kamnsaMm pactBopa kapOoHaTa HaTpus J00aBisioT 3-4 Kamjiyd pacTBOpa HUTpaTa
cepebpa. OOpaiaT BHUMaHNE HA XapaKTep 0CajKa.

Peakuuu cuiamkar-aHuoHa
CBoOomHast KpeMHHEBas KHCJIOTa MOYTH HEpacTBOpMMa B BOJAE, HO OYEHb JIETKO 00pa3yeT KOJUIOMIHBIC
pacTtBophl. [Ipu paspylieHMH KOJUIOMAHOTO pacTBOpa OCaXJAaeTcs Telb KPEeMHHEBOW KuciaoThl nSiO2
mH20, npudeM TUI 3aBUCAT OT YCIIOBUM OCaXJIeHHs. PacTBOPUMBI B BOJIE TOJIBKO CHJIMKATHI LIEIOYHBIX
MeTayioB. HepacTBOprUMBbIe CHIIMKATHI MIEPEBOAAT B PACTBOP OOpaOOTKOM KUCIOTaMHU HMIIU CILIaBICHHEM C

Na2CO3.

1. Paz0aByeHHbIe KMCJIOTHI IPH MeIJICHHOM /00aBJEeHNH K PACTBOPY CHJIMKATA HATPHUS BbIACJISIOT
0eJIbIH CTYIeHHMCTBIN 0cafoK (rejb) kpeMHHeBbIX KHCJI0T nSiO2 mH2O0. IIpu 0bicTpoM npuéaBiIeHUN
KHCJIOTHI 0CAJ0K BBINaJaeT He CPa3y, MOJHOI0 0CAXKICHUSI KPEeMHHEBBIX KHCJI0T PACTBOP 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.
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Xonx anammza. K 2 - 3 xamisiM pacTBOpa, COAEPIKAIIEro caT-HOHBI, MpubaBisioT mo kamisiv 2 M HC1 u
HarpesaroT. O0pasyercs Oelblil CTYIEHUCTHINA 0CaIOK.

2. Cosiu aMMOHHS BBIICJIAIOT M3 pPacTBOPOB CHJIHKATOB KPEMHHEBYIO KHCJIOTY MOJHEE, YeM
KHCJIOTbI:

Si032- + 2NH4+ ® 2NH4+ + H2Si03
DTOoi peakiyelr MOXKHO OOHAPYKUTh CHJTMKAT-UOH B TIPUCYTCTBUH BCEX aHHOHOB.

Boimonsenue ananmsa. K 4 - 5 xamwisiM pacTBOpa, COAEPKAIIETO CUIMKAT-UOHBL, NMPUOABISIIOT 3 Karulu
pactBopaNH4C1 u Harpesaror. O0pasyercs 6eablii CTYAEHUCTBII 0CAIA0K.

3. Xutopua 6apus ¢ CHIIMKAT-HOHOM 00pa3syeT OesIblii 0CaA0K:
Na2SiO3 + BaCl12 ® BaSiO3 + 2NaCl.

IIpoBenenue ananmsza. K 2 - 3 kamngM pacTBOpA, COAEPIKAILIETO CHJIMKAT-MOHBI, N00aBISIOT 2-3 Kaluiu
BaC12. O6pasyercs 6eblii 0CaIOK.

Peakunu ¢gocpar-annona

3. Xuopua O0apusi ¢ ¢ochar-uonom odpasyer 0eiiblii 0CaOK, PACTBOPUMBIN B KHCJI0Tax (Kpome
cepHoii kucsiotbl): 2Na3P0O4 + 3BaC12 ® Ba3(P04)2 + 6NaCl

Bremmonnenne anammza. K 2 - 3 kamnsaM pacTBopa, comepskaiiero (hocdTar-uoHbI, T00aBISIOT 2-3 Karuiu
BaC12. OGpa3syetcs 6emblif 0caioK.

4. Hurtpar cepedopa AgNO3 npu B3aumogeiictBuu ¢ ¢pochar-uoHoM oOpasyer KeJTbIii 0CATOK
docdara cepedpa Ag3P0O4, pacTBOpUMBIii B a30THOM KHUCJI0TE:

Na3PO4 + 3AgNO3 ® Ag3P0O4 + 3NaNO3.
IIpouenypa anammza. K 3 - 4 karwsim pactBopa docdara Harpus 100aBiIsgoT 3-4 Kawiyd pacTBOpa HUTPATa

cepedpa. OOpalaroT BHUMAHKUE HA XapaKTep 0CaJIKa.
Peakuuu cynbdar-annona

1. Xuopua Oapusi ¢ cyabdar-uoHoM oOpasyer Oeiablid KpUcTaIMYeckuil ocagok BaSO4,
NMPaKTHYeCKH HEPACTBOPUMBIi B KMCJI0TAaX:

S0O42 +Ba2+® BaSO4.

IMpouenypa amammza K 2 - 3 kamjnsaM pacTBOpa, CONEPIKAIIETr0 Cylb(aT-HOHBI, MOJKHCIECHHOTO
HeckonpkuMu Karisivu 2 M HC1, noGasnsirot 1 - 2 xamu pactBopa BaC12. OGpa3yercs Gemnblii 0CanokK.

2. Hutpar cepedopa AgNO3 npu B3auMoneiicTBuM ¢ CyJab()ar-muOHOM B KOHUEHTPHUPOBAHHBIX
pacTBopax o0pa3syeT Oesblil ocaok cyabdara cepedpa Ag2SO4, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S04 +2AgNO3 ® Ag3S04 + 2NaNO3.

Xon anammsa. K 3 - 4 xamuisM pactBopa cynbdara Ha- 100aBasaioT 3-4 Kamiyd pacTBOpa HHUTpaTa cepedpa.

OO0OpamarnT BHUMAaHHUE HA XapakTep OcaaKa.

Peakuuu cynbpur - annona
1. Honnas nin GpomMHasi BOJA NPH B3aHMOJEHiCTBHH ¢ PACTBOPAMH CYJIb(HI0B 06eCIBETNBACTCS:
SO32—+12 + H20 ® SO42—- +21- +2H+
DTOW peakuyu MemarT aHuoHbl S2— 1 NO2—

IIpoBenenue ananusza. K 4 - 5 kanngaM cyabdura Hartpusa H00aBIAOT 5 Kamejlb CEepHOU KHUCIOTHL M 2 - 3
Kamiy uoaa. PacteBop moutu obecnBeynBacTcs.

2. Hutpar cepedopa AgNO3 npu B3amMoaeiicTBUM ¢ CYJdb(PUT - HOHOM B KOHLHEHTPHPOBAHHBIX
pacTBopax o0pa3syet 0esblil 0caok cyjabdura cepedpa Ag2SO3, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S03 +2AgNO3 ® Ag2S03 + 2NaNO3.

Xon anammza. K 3 - 4 kamnaMm pactBopa cyiabdura Harpus n00aBisoT 3-4 Kamid pacTBOpa HUTpara

cepebpa. OOpaIaT BHUMaHNUE HA XapaKTep 0CajIKa.
5. Cyab(ur - HOH MOKHO BOCCTAHOBHUTH 10 H2S.

IIpoBenenne ananuza. K pacteopy CVJIbd)I/ITa HaTpusa Z[O6aBJI$IIOT n305ITOK 2 N pPACcTBOPA CONSTHOMN KHCIIOTHI
" KYCOYCK MCTAJJIMYCCKOT'O IHWHKA. H[}I/I 9TOM BBIACTACTCA CEPOBOAOPOI, KOTO[!BIP'I Y3HACTCA IO 3a1axy, 1o

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

Peakuuu ¢propun - anmona
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1. Xuopua xkaasnus CaCl2 odpa3syer ¢ ¢gropua-uonom denablii ocagoxk CaF2, TpyniHopacTBOpUMBIil B
MHHEPAJbHBIX KHCJIO0TAX, HEPACTBOPUMbIN B YKCYCHOH KHCJIOTE:
2F—+ Ca2+ = CaF2
Xon ananmza. K 2 - 3 xamisiM pacTBopa, coiepiKaiiero QTopua-uoHbl, MpuOaBisaioT 3-4 Kaliau pacTBOpa
CaCl2. OGyercs Genblit 0ca/ioK.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
1. ITIpopaboTKa TEOPETUYECKOTO MaTepHaa JEKIUi, peKOMEHAyeMOM JTUTepaTyphl.

2. [TonroroBka K KOJUIOKBUYMY

Tema 9. Kosutonanbie cucTeMbl B aHaauTHYecKkoi xumuu. (OIIK-1)
Jlekumus.
XUMUYECKUEe peakiiy, BeAylIre K 00pa30BaHUIO KOJUIOMIHBIX cUCTeM. MuIlenia U KOJUIOMAHAas 4acTULIA.
[IpaBuno Jlunarosa. Koarynsuus u cequMeHTanus KOJUIOMAHBIX cucteM. [lentuzanus ocaka.
IIpakTnyeckoe 3ansATHE.
Pewenue 3amay.
JlaGopaTopHbie padoThbI.
Bropasi u TpeThsl aHAJINTHYECKAS TPYNIIa AHMOHOB
[lenb: n3yyeHrne CBOMCTB aHMOHOB 2 U 3 aHAJIMTUYECKOM TPYIIIbl aHUOHOB
a)  IPOBENECHHE YAaCTHBIX peakluuil 2 U 3 aHAJIUTUYECKOW I'pyNIbl aHUOHOB
0) aHaJIM3 CMECH KaTUOHOB 2 U 3 aHAIMTHYECKOW TPYIITbl aHHOHOB
B) odopmieHue u 3amuTa oT4eTa

['pynmoBsIM peareHTOM Ha aHHOHBI BTOPOM I'PYIIIBI SABJISIETCS HUTPAT cepedpa B MPUCYTCTBUU
pa30aBICHHON a30THOM KUCIIOTHI.

Peakuuu cynb(pua-anuona
Cynbhua-uoH siBISeTCsS CUIbHBIM OCHOBAHUEM:

S2—+ H20 ® HS-+ OH-

1. Hutpar cepedpa oOpa3syer ¢ cyab(pua-uoHOM YepHbIi ocaaok Ag2S, HepacTtBopuMbliii B NH3,
Na2S203 u KCN, Ho pacrBopumblii npu Harpesanuu B 2 M HNO3:
3Ag2S + 8HNO3 ® 6AgNO3 + 3S + 2NO+4H20.
OOHapy)uTh S2~ 10 00pa30BaHUIO YEPHOTO OCAKA MOXKHO B IPUCYTCTBUH BCEX aHUOHOB.

Xon ananuza. K 1 - 2 xkaniaM pactBopa, conepskainiero £ Cynb@ua-uoHbl, NpudaBsior 1-2 kanam pacteopa
AgNC>3. “"ObpazyeTrcs YEpHBIil 0CcaIoK.
2. PaszbaBiaennblie kucjaorbl (H2SO4 wam HC1) pa3znaraior kak pacTBOpuMMbIe, TaK W MHOTHe
MaJIOPaCcTBOPUMbIE B Bode CYJab(puabl ¢ BbigejJennemM H2S, koTopblii MOXKHO OOHAPYXKMTH 110
XapaKTepHOMY 3amaxy TYXJbIX SIMI WIH MO0 MOo4YepHeHHI0 (UIbTPOBAJIbHON OymMaru, cMOYeHHOI
PacTBOPOM aneTaTa CBUHLA WJIH I'MIPOKCOKOMILIEKCA CBUHIIA.
Beinonnenne aHanusa. B razoByro Kamepy NOMEIAIOT HECKOJIBKO Kalelb pPacTBOPA, COAEPIKAIIEro
CYNb(HI-UOHBI, WJIKM HEOOIbINIOE KOJUYECTBO TBEPIOTO cyabduaa, 1006aBadi0T Heckonbko kanens 2 M HC1
mwin 1 M H2S04. 3akpblBaloT KaMepy CTEKJIOM, K KOTOpPOMY MpHUKperuieHa (uiabTpoBalibHas Oymara,
CMOYEHHAsl paCTBOPOM alleTara CBUHIIA WM TMIPOKCOKOMILIEKca CBUHIIA. bymara yepHeer.
3. Coim kaammusi o00pa3yloT ¢ CyJb(PuI-HOHOM xKeJThIH ocagok CdS, pacTrBopuMbIli B
koHueHTpuposannoii HC1 wiu pasoasiaennoit HNO3:
S2—+ Cd2+ ® CdS™

[IpoBenenme ananmza. K 1 - 2 kamisiM pacTBOpa, COAEPIKANIETO CyNb(OUI-HOHBI, TPHOABIAIOT 1 - 2 Karum
pactBopa CdSO4, CdCI2 wmam nHeGonbmioe koamyecTBO CdCO3. O6pasyercs kedtblit ocanok. Ilpu
ucnonbzoBannn CdCO3 Genbrit ocagok CACO3 mocTeneHHO KENITEeT.

Peakuuu xjopua-uoHa
1. Hutpar cepeOpa ¢ XJIOpHI-HOHOM 00pa3yeT OeJiblii TBOPOKUCTHINH 0cagok AgCl, HepacTBOpHMBIii B
HNO3, no serxkopacrsopumsblii B NH3:
Cl-+ Agt-+AgCN,
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AgCl + 2NH3 ® Ag(NH3)2Cl,

Ocamok AgCl TemHeeT Ha CBETY BCIICJCTBHE BBIJCICHHSI TUIMYECKOTO cepedpa:

2AgCl->2Ag + Cl2-

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

Peakunu Opomuna-annona
BpomMucToBogopoHas kuciaora tak ke, kak 1 HC1 B BOOHBIX pacTBOpax, SBISETCA CUIBHOW KUCIOTOM.
ManopactBopumsl AgBr, Hg2Br2, HgBr2, PbBr2 u CuBr2.
1. Hurtpar cepedpa o0pa3dyer ¢ OpoMHI-MOHOM OJIeHO-KeJThIN 0canok AgBr, HepacTBOpUMBII B
HNO3, manopacreopumslii B NH3. I[Ipenen oOnapy:xenusi OpomMmuaa - S MKr/mur.
IIpoBenenue ananmza. K 2 - 3 xamusMm pacTBopa, COIEprKallero OPOMUA-MOHBI, J100aBIAOT 2-3 Kariu
pactBopa AgNO3. O6pasyercss GnenHO-KenThlil ocanok. OKpacka ocajka 3aBUCUT OT Pa3MEpPOB YACTHIL.
YacTto ocaiok noiaydaercs OesbIM.
2. XuopHas Bojaa (Boanblii pacTBop C12) okucasier Br— g0 Br2:
2Br +C12 = Br2 + 2C1-
PactBop Oypeer BcienctBue BbiaeneHus: cBoOogHoro Br2. Opranndeckue pactBopurenu - CHCI3, CCI4,
C6H6 - sxctparupytot Br2 ¢ o6pazoBaHreM pacTBOPOB, OKpPAIIEHHBIX B OPAH)KEBBIN I[BET.

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
BCTPAXUBAIOT. CIIOM OPraHUYeCcKOro PacTBOPUTEIISI OKPAIIIMBACTCS B OPAHKEBBIN IBET.

Peaxknuu momua-aHuoHAa

B BomHBIX pacTBOpax MOAMCTOBOJOPOJAHAS KUCIOTA AUCCOLMMUPYET Haresno. OHa OKUCISETCS KUCIOPOIOM
BO3/1yXa IPHU OOBIYHOM TeMIIepaType Ha CBETY MPOLECC YCKOPSETCS:

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

[Ipenen oOHapyKeHUS HOAUA - | MKT/MIL
HNonmun cepedpa, kak n AgBr, B3anMoaeCcTBYET C IIMHKOM B pucyTcTBUU 1| M pactBopa H2SO4:
2Agl +7Zn ® 2Ag + Zn2+ + 21-.

Xon ananmza. K 2 - 3 xamiasiM pacTBOpa, COMEPIKAIEro HMOAMJI-MOHBI, JI0OABISIIOT 2-3 Karuiki pacTBoOpa
AgNO3. O6pazyercst )KEeNThIi 0caIoK.

2. XuopHas Boxa oxkuciasier I-. mo I12. IIpu 3T0M pacTBop Oypeer, a mpu J00aBJeHHMH Kpaxmaja
cuHeeT. Opranudeckue pacropureaun (CHC13, CC14) skcrparupywor [2, oxpammBasich B
¢u0.1eTOBO-PO30BBbIIH LBET:

21-+Cl12®2C1-+12.

[Iporenenne ananms3a. K 1 - 2 kamisM pacTBopa, COIEPIKAIEro MOMUI-UOHBI, A00aBisaoT 2-3 kamm 1M
H2S04, 1-2 xaniu xj0pHOW BoJbI M 1 - 2 Karmuiy pacTBopa kpaxmana. IlosgBiasercs cuHee oKpallldBaHUE.
Bmecto kpaxmana MokHO no0aBurh Heckonbko Karenb CHCI13 u BcTpsaxHYTHE. CHOW OpraHHYeCcKOro

PaCTBOPUTEIIA OKPAIIIMBACTCA B {l!HOJ’IGTOBO-[!OSOBBIfI IBCT.

4. Katuonbl cBuHia Pb2+ o0pa3yror ¢ aHuoHOM I— 3010 THCTBIN 0CA0K MOAMIA CBUHLIA.

Xon anammza. K 3 - 4 kamigM aHaJIM3HPYEMOTO PacTBOpa H00aBISAIOT 3-4 Karuld pacTBOPA, COMEPIKAIIETO
KatuoHbl Pb2+. BelnajgaeT 30J10TUCTBINA OCA0K.

Tperbs rpynna annonos (NO3—, NO2—, CH3COO-, C103—, C104—, MnO4-)
Peakuuu HUTpaT-aHHOHA

1. Cyasdar kene3a (II) B npucyrcreuu konuearpupodannoit H2S0O4 BoccranasiauBaer NO3— 1o
NO, kotropas ¢ u3dobiTkoM Fe(Il) o0pasyer kommiekcHoe coennnenne Fe(H20)SNO2+ 6yporo usera:

6Fe2+ + 2HNO3 + 6H+ ® 6Fe3+ + 2NO + 4H20,
Fe(H20)62+ + NO® Fe(H20)SNO2+ + H20.



Xox ananu3a. Ha CTEeKIIHHYIO TNIACTUHKY TTOMENIAI0OT KAIlJII0 PACTBOPA, COASPKAMIST0 HUTPAT-NOHBI,

kpuctainuk FeSO4 u octopoxkHo Kamio koHieHTpupoBanHoit H2SO4. Cra-patorcs He epeMelinBaTh
pactBop. Bokpyr kpucrajuimka 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 aurputa - 0,1 mxr/min. Memator okucnurenu (MnO4— ) u CUIbHBIE BOCCTAHOBUTEIH
(SO32—-, S2032—, S2—-).

XoJ1 aHaIM3a.

1. K 2 - 3 xarsim pacTBopa, coepikaiiero HUTpuT-uoHsl, 106asisroT 1-2 kammm 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-CUHSISL OKpPacKa.

2. Ha ¢unprpoBasibHyt0 OymMary HaHOCST IIOCIIEAOBATEIbHO KaIUII0 pacTBOpa Kpaxmalna, Kammo 2 M
CH3COOH u xammo pactBopa KI. Kamnst momxHa ocraBarbesi OecriBeTHOM. BHOcAT karumo pacTBopa,
COZIEpKAalllero HUTPUT-UOHBIL. [losBiseTcs cuHsAsa okpacka.

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

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

[Tpu aToM pactBop KMnO4 oGecriBeunBaercs.

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

Peaknuu anerar-aHuoHa

1. TBepablie ruapocyib(aT KAJIUA UIH HATPHUS NPU PACTUPAHUHU C TBEPAbIMH ALETATAMM BbIIEJISIIOT
Jetyuyro CH3COOH, koTopy1o 00HapYyKMBAIOT 10 3aMaxy:

CH3COO- + HSO4— ® CH3COOH + S0O42-. O6napyxennto CH3COO— memraroT 00ibIlMe KOJIMIecTBa
Cl—, Br—, I-. B rakom cityuae CH3COO- o0OHapy>KHBaIOT MOCIE OCAXKACHHUS STUX aHHOHOB TPYIIIOBBIMHU
peareHTamu.

IIpoBeneHne aHanm3a. B MaIeHBKYIO CTYIIKY TOMEIIAIOT CYXOM OCTAaTOK, MONYUYCHHBIN ITOCIIC BRIIAPUBAHUS
pactBopa, coxepxkamiero CH3COO-, nob6asnsior TBepabiii KHSO4, xopoliio nepeMennBaoT U pacTUPAIOT
nectrkoM. Tosgpnsgercs 3anax CH3COOH.

2. Xuopun skeae3a (III) mpu B3ammoneiicTBUHM ¢ pacTBOpamMm aleTaroB o0pa3yeT amerar Keje3a,
KOTOPBIH JIETKO MOABEePraercsi ruAposausy:
(CH3COO)3Fe + 2H20 ->+ Fe(CH3COO)(OH)2+ 2CH3COOH
Xon ananmmza. K 1 - 2 xammsm pactBopa (pH = 7). comepxkamero CH3COO-, mpubapnsior 2-3 Karum
pactBopa FeC13, npu 3ToM 00pasyeTcs amerar kene3a KpacHo-0ypoit okpacku. [lpu pa3zdaBieHHuu pacTBOpa
BOJION B 2 - 3 pa3a ¥ HarpeBaHUHU BbinajaeT ocaaok ocHoBHOM conu Fe(CH3COO)(OH)?2.
2. CepHasi KHMCJIOTA, B3aMMOJEHCTBYSl C aleTATAMH, BBITECHSIET U3 HHUX CBOOOJHYI YKCYCHYIO
KHCJIOTY, KOTOpasi, yJIeTYYMBasiCb NPH HATrPeBAHUM, NPHIAET PacTBOpPy crneurdpuyeckui 3amax
yKcyca.
Xon ananuza. B mpoOupKy momMemiaroT S5-6 Kamenb pacTBOpa alleTara HaTpusl W J00aBISIOT 2 Kariu
KOHIICHTPUPOBAHHOW CEPHOM KHUCIOTHL. OCTOPOKHO HArpeBaloT. YKCYCHYIO KHUCJIOTY OOHApYKHBAIOT TIO
3armaxy.

3aganus 1J151 CAMOCTOSITEJIbHOM PadoThlI.
1. ITIpopaboTKa TeOPETUYECKOTO MaTepHraa JIEKIUil, peKOMEHIYEMOH JINTepaTypsl IO TEME.

2. IToarroBka K TECTUPOBAHUIO.

Tema 10. AHasu3 cMecell HOHOB. AHAJIN3 PacTBOpPa XUMU4eckoro coequnenus. (OIIK-2)
Jlekumus.
He npenycmorpena
IIpakTH4eckoe 3aHATHE.
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Pewenue 3ananui

Tunossle 3a1aHus:

1. Cmech cyxux couneid: kapOonar kamus, xmopun xpoma (III), xmopun xenesa (III), murpar memu (II)
pactBopmin B Bozie. Kakue coequHenust OyayT B ocajike, Kakue HOHBI OyayT B pactBope? CocTaBbTe CXeMy
aHaM3a, YpaBHEHUS pEakluid B HMOHHOM BHJE Pa3lEICHHS, PACTBOPEHHUS OOpPa3yIONIUXCS OCAIKOB M
oOHapyKEeHUsI TPUCYTCTBYIOIINX B CMECH KaTHOHOB M aHUOHOB .

2. CMech Cyxux cojieil: cynb(ar Kamaus, XJIOPUA aMMOHHS, HUTPAT CTPOHIUS, XJIOPH] KaJIbIHS, XJIOPU
Oapus pacTBopwin B Bojfe. Kakue coequaenus OynyT B ocajike, Kakre HOHBI OyayT B pactBope? CocraBbre
CXEMy XOJla aHaJIN3a, YpaBHEHUS

peakiuii B MOHHOM BHJE pasJelieHHs, pAacTBOPEHHUs OOpa3yIoOIUXCs OCagKOB U OOHApYXEHUs
MPUCYTCTBYIOLIMX B CMECH KaTHOHOB.

3. Cmechb cyxux coneil: HUTpar cepebpa, xiopun Oapusi, Hurpar xpoma (III), xmopua cypemsr (III)
pactBopuin B Boze. Kakue coennHenus OyayT B ocajke, Kakiue HOHbI OyayT B pactBope? CocTaBbIe CXeMy
aHaJn3a, ypaBHEHUs peakifii B HOHHOM

BUJIC JUIS pa3/ieieHUs, paCTBOPEHUsI 00pa3yIOIIUXCS OCAJAKOB M OOHAPY)KEHHsI MPUCYTCTBYIOIUX B CMECH
KAaTUOHOB.

JlaGopaTopHbie padoThbI.
AHaJIU3 cMeCcH KATHOHOB BCeX aHAJMTUYECKHUX IPyII.
I1enb: n3yueHne METOMKHU MPOBEICHUE aHATIN3a CMECH KaTHOHOB 1-6 aHAIMTHYECKUX IPYIIIT HOHOB
a)  aHaJIM3 CMECHU KaTHUOHOB 1-6 aHAJINTHYECKUX Pyl
0) odopmiIeHHE U 3aIIUTa OTYETA
AHnanu3 aHuono06 ecex aHAIUMUYECKUX ZPYNN.
Ienb: n3yueHne METOIUKHU MPOBECHUE aHATIN3a CMECH KaTHUOHOB 1-3 aHAIMTHUYECKUX IPyIII aHUOHOB
a)  aHaJIM3 CMECH AHTHOHOB 1-3 aHAJIUTUYECKUX IPYII
0) odopmiIeHHE U 3aIIHUTa OTYETA

[Ipu aHanm3e cMecu KaTMOHOB BCEX aHAIMTUYECKUX TPYII MPeXk/Ie BCEro He0OX0AMMO OOpaTUTh BHUMaHHE
Ha OKpacky, peakuuio pactBopa (pH), Ha mpoOy ¢ cepHOil U CONSTHON KUCIOTaMH, Ha PEAKLHUIO C XJIOPUAOM
onoBa SnC12.

OTcyTCTBHE OKpacKH AaeT BO3MOXKHOCTh IMPEIIOJNIOKHUTh, 4YTO B cMecu HeT kaTuoHoB Cr3+, Fe3+, Cu2+,
Co2+, Ni2+. Ecau peakuusi pacTBOpa HEHTpaibHas, TO MOKHO CYUTATh, YTO KaTUOHBI Sn2+, Sn4+, Bi3+ u
Hg2+ orcyTcTBY!IOT.

Ecom npu mpubaBneHWH K OTACIBHOW MPOOE MCCIEAYyeMOrO pacTBOpa CEPHOM KHCIOTHI Ocaaka He
oOpasyeTcsi, TO B CMECH OTCYTCTBYIOT KathoHbl Pb2+, Sr2+, Bi2+ u, BepostHo, katnon Ca2+. Eciou He
BBITIAJIAET OCAJ0K MpH MPoOe C COMTHON KUCIOTOM, TO MOXKHO CJIEIaTh BBIBO/, YTO KaTHOHOB Ag+, Hg2+ u,
BO3MOXHO, kKarnoHa Pb 2+ Het. Ecnu e mpu npubaBieHUH K OTIEIBLHON MOPIHUUA pAacTBOPa THIPOKCHAA
Hatpud U xjopuaa ojoBa SnCl2 He MOABISIETCA YEPHBIA OCAI0K, TO 3TO SBISETCS OCHOBAaHUEM
MIPEANOIOKUTh, 4To KaTnoHbl Bi3+, Hg2+, Hg22+ orcyrcrBytor. UcnbiTyeMblii pacTBOp MOXKET OBITH C
ocaaKkoM U 0e3 Hero.

AHaJIU3 CMeCH KATHOHOB, COePKALIEH 0CAJ0K AHAJIN3 CMECH C OTAeJIeHHEM 0Ca/IKa

OTaensioT 0cagoK U aHATU3UPYIOT Pa3leNbHO 0CaA0K U pacTtBop. st atoro OepyTt 2 - 3 MJI MOMy4eHHOU
JUTSL MCCJIEIOBAHUSI CMECH (YacTh aHAJIM3UPYEMOTO MPOIYKTa OCTABIISIIOT JIJIsi IOBTOPEHUS OMPEICIICHHUS),
OCaJIOK MPEABAPUTENHHO B3MYUYHUBAIOT U HEHTPpUPYTrupyroT. [lomydeHHbI 0CaoK MCCIEAYIOT CHadaaa Ha
katTuoH Pb +, nams 3TOro ero mpoMbIBalOT 6 — § KamwisAMU TOpsiued AMCTUIUTMPOBAHHON BOIBI,
HEHTPUQY-IIPYIOT U OTKPBIBAIOT KaTHoH Pb2+ momumom kamust KI. OtkpeiTHe katnoHOB Sb3+. Ocamok
nocine oTAeneHus KaTnoHoB Pb2+ mpombiBaroT consHoit kucioroit (8-10 xamens 2 N pactBopa consHON
KUCOTHI). LleHTpudyrar numneTkon nepeHocaT B pyryio NPoOUPKY U pa3z0aBisIOT MATbI0 00beMaMu POJIBL.
Ecnu B nanHOM citydae oOpa3yercsi 0CaZioK, TO €ro OT(GUIBTPOBHIBAIOT M Ha (QuiabTpe oOpalarbiBaroT 2
KaruIsIMH CepOBOAOPOAHOMN BoAbL. [Ipy Hanmuuu kaTroHa Sb3+ MosiBIIsIeTCs OpaHKEBOE OKPAIIUBAHUE.
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O6Hapy>keHne kaTuoHoB Ag+ u Hg2+. TMocne yganeHus xnopuja CBMHLA W TUAPOKCKUAA CYpbMbl
OTKpPLIBAT KaTUWOHbI Hg2+ 1 Ag+.
OTKpbITHE KaTWOHOB Ba2+, Sr2+, Ca2+ u Pb2+. 3Tu KaTUOHbI OOHApy>kuBatOT B OCaflKe Mocne
OTAeneHns KaTuoHoB Ag+ u Hg22+. [ns 4ero ocagok nocne o6paboTKM pacTBOPOM ruapokcuaa
aMMOHUSA NMPOMbIBAIOT AUCTUIMPOBAHHON BOLOW (4Ba pa3a no 4 - 5 kanenb BoAbl). [ocne NnpoMbIBKY BOAOW
0Ca/lOK HECKONbKO pa3 obpabaTbiBatoT ropsaunmM 30 % - HbIM PacTBOPOM aueTaTa aMMOHUS [0 MOMHOro
yAaneHnsa kaTvoHa Pb2+ 1 xnopua-mepKypammoHus.
PacTBop (1IeHTpHdYyTaT 1MOCIIe OTAEICHUS 0CaIKa) aHAIU3UPYHTE 10 cxeme paboTbl Ne9.

AHanu3 cMecH 0e3 OT/AeIeHUs 0CAIKa
PacTBOp C ocaakoMm THIATENBbHO B30ANTHIBAIOT M YacThb CMECH - 2 - 3 MJ - HCCIEAYIOT, JIPYIyl0 4acTh
COXpaHAKT IJIsI KOHTPOJIbHBIX onpe;[eneHHﬁ. HpOBO,Z[SIT NpCABAPUTCIILHBIC UCIBITAHUA U3 OTACIBbHBIX
MOPIM KameabHbIM MeTofoM: Ha KaThoH Fe2+ ¢ rexcammanodepparom (III) xamus B kucioit cpene, Ha
katnoH Fe3+ c rekcammanogepparom (II) kamust B kucioi cpene u Ha katmoH NH4+ narpeBaHuem c
THAPOKCUIAOM HATPHSL.
[Tocne mpenBapuUTENbHBIX HCIBITAHUH K 2 MII cMecH [00aBisioT 6-7 kamenb 2 N pacTBOpa a30THOM
KHCIIOTHI, TIEPEMEIINBAIOT, HArpeBalOT Ha BONSHON OaHe, OXJAXKIAOT, M00aBISIOT 5 Karelb
KOHIICHTPUPOBAHHOW COJISTHOM KHCIIOTHI, AIOT MOCTOSITh 2-3 MUH M LIEHTPUPYTHPYIOT.

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

AHaJm3 cMecH 0e3 ocaaka
[IpenaBapurensHoe onpeneneHue katnonoB Fe2+, Fe3+ u NH4+ npoBoasT u3 oTAenbHBIX TIPOO.
Otnenenue W OTKpBITHE KaTHOHOB Pb2+, Ag+, Hg22+ mpou3BoaaT Tak jke, Kak MpHU aHAIU3E CMECH
KaTHMOHOB TEpBBIX Tpex rpynm. B coctaB unentpudyrara I OyayT BXOIUTh KaTHOHBI TEPBOW, TPETHEH,
YETBEPTOM, ATOM U LIECTOM TPYIIIL.
Brinenenune u oOHapyKeHHE KaTHOHOB TpeThed Tpynmbl. LlenTpudyrar nocie otnenenus conerr PbCl2,
Hg2CI2 u AgCl o6pabarsiBator 8-10 kamssmu 2 N pacTBopa CEpHOM KHCJIOTHI, HarpeBaroT 4-5 MHUH, JalOT
MOCTOSITh ¥ aHAJIU3UPYIOT.
OTKpbITVe KaTWOHOB nepsoi rpynnbl NH4+, K+, Na+. bepyT 1 Mn ueHTpudyraTa (nocne oTaeneHus
KaTWOHOB TPEeTbeln Trpynnbl), HEATPanM3yloT [0 CNaboLLeNOYHOM peakuun KOHLEHTPUPOBAHHbLIM
pacTBOPOM rMApPOKCMAA aMMOHUA, [06aBnal0T 5—6 kanenb kapboHaTa amMMoHMA. OcafoK OTAensiT
LEeHTPMGYyrmposaHmemM, pacTBop ynapuBaloT [0OCyxa Ha CETKE U MPOKaNMBalOT [0 MOMHOrO yAasieHws
cnegoB KaTuoHa NH4+ (npoba ¢ peakTusoM Heccnepa). lMonyyeHHbIi nocne npokKanmMBaHUs OCafoK
pacTBOPAT B 5 - 6 Kannsx AUCTUNIMPOBAHHOI BOAbI M ONpedenstoT KaTuoH K+ 1 kaTunoH Na+.
BblgeneHne M OTKpPbITWE KAaTWOHOB YETBEPTOR, NATOM M LWecToi rpynn. LleHTpudyraT nocne
OT[LEeNeHNs KaTWOHOB TpeTbel rpynnbl (ONpefeneHnss  KaTWOHOB MepBOW TPynnbl) HENTpaamsylT
rMAPOKCUAOM HATPUA [0 LLEeNOYHON peakLyn Ha nakMyc, HanonoBMHY ynapusaloT v aHansnpytoT). Kpome
TOro, CMeCb KaTWOHOB YeTBEPTON, NATON M LIECTOW rpynn, kak 3TO 6blN0 yKa3aHO BblIlE, MOXKHO
nccnenosaTb APOOHBIM METOLOM.

AHaJIN3 cMeCH aHNOHOB IepBOii, BTOPOil M TpeTheil rpynn

Jlst ananmza 6epyT okosto 30 kamens (1,5 mur) ucneityemoro pactsopa. OCTanbHYIO 4acTh pacTBOpa
COXPAHSIIOT 0 OKOHYaHUS UCCIICIOBAHUS U CJTAYM PE3YIIBTaTOB PaOOTHI.

IIpenBapurtenbHble HCTIBITAHUS

Ilpooa na anuonwt nepeoii cpynnvt. K 4 - 5 kannam neumpanvnozo uiu ciabouieiounozo pacmeopa
npuoasnAOm cmoavko xce pacmeopa xiaopuoa oapus (BaCl2). Obpazosanue ocadka ykazvieaem Ha
npucymcmeue AHUOHOG nepeoill cpynnvl. B maxom ciayuae npooenvigaiom uacmuvie peaKyuu Ha
Kaxcovlil aHUOH nepeoil Zpynnal.

IlIpooba na anuonwvt émopoiu cpynnult. K 4 - 5 kannam uccinedyemozo pacmeopa npudasisaom HeCKoabKo
Kanenv azomnoil kucnomol u 4 - 5 kanenv pacmeopa numpama cepeopa. Ecnu ocadox obpasyemcs,
3HAUUmM, RPUCYMCMEYIOM AHUOHbBL 6MOPOIL 2pynnbl. B makom ciyuae 6 omoenvnoil nopyuu pacmeopa
OMKPbI8AIOM AHUOHbBL 6MOPOIL ZPYNNbL.
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Hcnvimanue peaxkyuu pacmeopa na aakmyc. Hcnvimoieaiom ananusupyemlil pacmeop Ha 1aAKMYC.
Ecnu on nokazan Kuciyrw peakyuio, mo ¢ Hem He MOZYHm RPUCYHICIMEOBANb AHUOHbI

C0O32, SO32.
Ilpo6a na npucymcmeue anuonos-oxucaumeneil.

K 6 karusaM uccnenyeMoro pactBopa, MoJKuciIeHHoro 2 N pacTBOpOM CEpHOM KHUCIOTHI, MPHOaBIAoT 2-3
Karm pactBopa moauna kamuss Kl M HECKONBKO Kamenb KpaxmalbHOro kierncrepa. Ilpm nHanmuuum
aHnoHa-okucauTenst NO2— pacTBOp OKpaIlMBaeTCs B CHHUH 1IBET.

Hcnvimanue na anuonsi-eoccmanoseumenu. K 5 - 6 xkannam uccnedyemozo pacmeopa npubasnawom 2
kanau 2 N pacmeopa cepuoil Kuciomul u 2 - 3 Kanau pazoaenenHozo pacmeopa nepmanzanama Kaaus
KMnO4. Echu npu smom nepmanzanam odecyeeuusaemcs, mo 6 pacmeope mMozyn npucyncmeosans
anuonvl-eoccmanosumenu SO32—, NO2-, I-, Br—, u, 6o3morxcno, C1-

Ilpooa na evidoenenue 2azoe. K 3 - 4 xkannam uccnedyemozo pacmeopa npuausarom 3 kanau 2 N
pacmeopa cepHoll KUCi0mul u ciezka ecmpaxueaiom npooupky. Ecnau evldenenue zaza nesamemno, mo
pacmeop cnecka Hazpesaiom. Bvloenenue ny3wipbkoe 2aza yKazvleaem HA 803MOXNCHOE HPUCYHICHEUE
anuonoe C0O32-, S0O32—, S2-, NO2-. Ilo ceoiicmeam zazoe CO2, SO2, H2S, NO2 (3anax, ueem)
ycmaunoenuearwm ux 603modxcHulii cocmas. Ha ocnosanuu npeosapumensvuvix ucnovlmanuil oenaiom
6b1600 0 MOM, KaKue AHUOHB MOZYm Haxooumwcsa 6 pacmeope. Ilocine mozo npucmynarom K ux
00Hapyscenuio.

OoOHapyskeHHe OTAeJIbHbIX aHHOHOB

Oonapysycenue anuona SO42— Anuon SO42— omkpwiearom OpoOHLIM ocaxcOeHuem U3 OmoenbHol
npoowvt pacmeopa oOeiicmeuem xaopuoa oapus BaCl2 ¢ cpede noOKuciennou azomuou uiu COaAAHOU
Kucaomoi.

Oonapyyncenue anuona S032-. Anuon SO32— omkpwiearom u3 O0mMOenNbHOU RNOPUUU PACMEOPA
Ppasznoxcenuem cepHoul Kucaomoil (npu Hazpeeanuu). Buvioenarowuiica cepuucmulit 2a3 nponyckarom
yepes pacmeop nepmaHzaHama Kanus.

Oonapyscenue anuona CO32—- Anuon CO32— omkpwiearom omoeabHOU ROPYUU PACMEOPa YACHHbIMU
peakyuamu. Ecnu pacmeope npucymcmeyem anuon SO32—, mo ezo npedeapumenv-nepesoosm 6
8042—, mak kax on oyoem mewamo oonapyycenuro CO32— /lna amozo Kk ucciedyemomy pacmeopy
oobasnarwom I % - uelil pacmeop nepekucu 600opooa u Hazpeeaiom Ha 600aHou Oane. Ilocne smozo
ucnoimolearom pacmeop nHa anuon CO32—-.

Oonapyscenue anuona SiO32— Anuon SiO32— oonapysrycuearom uz omoenbHoOl nPOOLL UCHBIMYEMO20
pacmeopa nymem a6omKu ee Xa0pudom amMMOHUA UTTU CONAHON KUCTOMOI.

Oonapyycenue anuona PO43—-. Anuon PO43— omkpwviearom omoenvHoit npodvl pacmeopa
Mmaznesuanvhou cmecvio Ecnu 6 pacmeope npucymcmeyiom anHuoHvl 6mopoil pynnvl, mo omkpvimue
uona PO43— npouzeooam cnedyrowum oopazom. K 5 - 6 kannam pacmeopa npunugarom makoiul iice
pacmeopa xaopuoa éapusa BaCl2. Ocadok yenmpughycupyrom u npomviearom 6000 u pacmeopsarom 6 2
N conanoit kucnrome. Ilonyuennwlit pacmeop Heumpanu3yiom ammuakom u omoviearom anuon PO43—
MAZHE3UANbHO CMEChIO.

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

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

Oonapysyncenue anuona I-. K 5 kannam ucnvimyemozo pacmeopa 0oodagnawm 2 Kaniu
KOHUEHmMPUPOBAHHOU  CepHOU  Kuciaomwl. Bwidenuswiuiica c60000nwvlll  u00 obOHapyscueaom
KpaxmanvHou OymaxcKoil.

Oonapysyncenue anuona S2—. Anuonvlt S2— omkpuviearom u3z omoenbHbIX NOPYUIL PACHEOPA HUMPANOM
COUHUA UU OKUCTICHUEM UX 00 C60DO0OHOIL cepbl.
Oonapyyncenue anuona NO3— Ecnu ¢ pacmeope omcymcmeyrwom uonvt NO2—, mo anuonvt NO3—

omkpuigatom ougpenunamunom. Ecnu sce ¢ pacmeope npucymcmeyiom anuonvt NO2—, mo ux Haoo
npeosapumenvHo yoaiums RPU ROMOWLU XJ10PUOA AMMOHUA UTU MOYEGUHBL.
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Oonapyscenue anuona NO2— Anuon NO2— omkpuiearom u3z omoeabHblX npod pacmeopa Kucjiomamu
(6v10enenue Oypozo 2aza), HOOUOOM KAUA.

Oonapyscenue anuona CH3COO-. Anuonvt CH3COO- omkpuviearom u3 omoenvHviX npod pacmeopa:
delicmeuem cepHoOll Kuciomul (8vloesieHue ce0000HOU YKCYCHOU KUCI0MBblL), 63aUMOOCUCHBEUEM CO
cnupmonm.

3aganus AJ151 CAMOCTOSITEJIbHOM PadoThI.
1. ITIpopaboTka TEOPETUYECKOTO MaTepHraa JEKIUil, peKOMEHIYEMOH JINTepaTypsl IO TEME.

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

Jleknus.
MerTo/b! BbIIEIEHUS, OCAXKIEHUS U OTTOHKHU. [IpsiMble 1 KOCBeHHBIE METONBL. TpeOoBaHUs K OCaXIaeMON 1
BecoBoil popmam. KommuectBo ocanutens. [IpoMbiBanue ocanka. UyBCTBUTENb-HOCTh aHAIN3a U OIIHOKH B
rpaBUMETPUU.

IIpakTn4yeckoe 3aHsATHE.
Pewenue 3amay.

JlaGopaTopHbie padoThbI.
JlabopaTopHas patdora 1. OnpenesieHne KpUCTANIU3ANMOHHON BOAbI B KPUCTALIOTHAPATE
BaClI2x2H20.
[ens: OnpeneneHne KpUCTATUTM3AIMOHHON BOBI B IPEAJIOKEHHOM 00pa3iie METOIOM KOCBEHHOW OTTOHKH.
PeakTwBbl: xnopuga 6apusa kpuctantorngpaT (1,5 )
B3ATue HaBecku. BIOKC, B KOTOpPOM O6ygeT NPOM3BOAMTCS B3BeLUMBaHME, HEOOXOAMMO TLLaTeNbHO
BbIMbITb, BbICYLU/Tb B CYLUAIbHOM LUKAgy U NOCTaBUTb B 3KCMKATOP Ha 20 MuH. Tpun BbiCyLLIMBAHUN U
OXNa>XKAeHUN BIOKC JOMKeH ObITb OTKPbLIT, @ NpK B3BELUMBAHUM 3aKPbIT KPbILKOW. Mocne aToro 61Ke
B3BELUMBAIOT HA aHa/MTUYECKMX Becax. bepyT Ha TexHuyeckux Becax rpybyto Hasecka BaCl2-H20 okono
1,5 1 NOMEeCTUTH ee B BHOKC, 3aKPbITb €ro KPbILLKOWA 1 Y TOYHUTb HABECKY HA aHANINTUYECKMX BECAX.
BbicywunBaHue. NepeBepHyB KpbILLKy OHOKCa Ha pebpo, NocTasBbTe ero B CyLUWbHbIA LKag, 3akponTe
[Bepuy LWKada v fep>XUuTe B HeM OHOKC OKONO AByX 4acos npu TemnepaType 120-1250C. Mo ncTeyeHun
3TOro BPeEMEeHV NepemMecTUTe TUrelbHbIMU LWMnLamMy 610KC BMeCTe C KPbILLKOW ¢ akcukaTop. Yepes 20
MUWH. 3aKponTe BHOKC KPbILLKON W B3BECbTE Ha aHaNNTUYeCKUX Becax. [lanee cHoBa NocTasbTe OHOKC C
COMbI0 B CYLUM/bHBIA LKA M nogep>KUTe ero Tam Ookono vaca. CHoBa OxnaguTe B 3KCMKATOpe W
B3BeCbTe. Ecnn BTOpoe B3BelLVBaHWe OT/IM4aeTCca 0T nepeoro 6onee yem Ha 0,0001 r, TO BbICyLUMBaHME
HEo6X0AMMO NPOAOMKN T A0 MOMyYeHNst NOCTOSHHON Macchl
JlabopaTopHas pabdora 2. Onpenesnenue 6apusi B Kpucrajgoruapare xaopuiaa 6apus (BaCl2x2H20)
ens: Onpenenenne copepxanus 6apus B mpenioxxkeHHoMm oopasiie BaCI2x2H20 meTonom ocaxkieHus.
PeakTwuBbl: xnopuga dapusa kpuctannorugpaT (0,5 r), 2 H consHas KUCNOTa, 2 H CepHas KUCnoTa.
HNon Ba2+ oOpazyeT MHOTO TPYAHOPACTBOPHMBIX COJIEH, OJHAKO HAMMEHEE PACTBOPHUMOW M TOITOMY
MIPUTOTHOM B KadecTBE ocaxkaaemon (opmbl siBisieTcs cyiabdar 6apus BaSO4 (ITP=1,1x10-10). Tak kak
npu npokanuBanuu coctaB BaSO4 He n3mensiercs, To BaSO4 snsiercs u BecoBoii (hopmoid.
Ocanox BaSO4 sBrsieTcss MEIKOKPHCTANIMYECKHMM M HMHOTZA TPOXOJUT CKBO3b MOPHI (PUIBTpa, 4YTO
HCKa)KaeT pe3ysbTar aHanuza. st moiydeHus Oojee KPYMHBIX KPHCTAJUIOB MPH OCAXKACHUU €ro HY>KHO
MOBBICUTH PACTBOPUMOCTD BCUICCTBA, a JIA 9TOI0 CICAYCT CO6JIIOI[aTI> CJICAYIOIIUC ITpaBrJIa:
a) HaBecky BaC122H20 pactBoputh B 6051b1110M 00BEME BOIBI (CHIIBHO Pa30aBUTh);
0) pactBop ocamutens (21 H2SO4) Takxe cunbHO pa30aBUTh BOAOK;
B) Iiepel] OCAKICHUEM PACTBOPBI COJIU M KUCIIOTHI HATPETh MOUTH 10 KUTICHUS;
') OCAQAUTENb IPUIUBATh K paCTBOPY COJIM MO KaIUISIM, IOCTOSHHO N€PEMEINBas aJI04KOM;
1) unpTpoBaHHE NPOBOAWTH HE Cpa3y, a MO HCTEUYEHUM HECKOJIBbKUX YacoB (B 3TO BpeMsl IPOXOIUT
«CO3peBaHue», YKPyIHEHHUE 0CAKa).
[Ipn ocaxaeHUH B TakuX YCIOBUSAX OCAJOK IOJIy4aeTcs Oojee YUCTHIM, CBOOOAHBIM OT OCAKIEHHBIX
npumeceil. [IpakThuecku mMoMHOE oOcCaXIeHHWe HOoHa Oapus AOcTUTraeTcs A00aBICHHEM MOIYTOPHOTO
M30bITKa OCaTUTEIs.
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HpI/ICTYHaSI K BBIIIOJIHCHHUIO aHaJIn3d, HYXHO BHHMATCJIBHO MNPOYUTATh XOJ aHalin3a, NPHUTOTOBUTL H
TIIATENIbHO BBIMBITH BCIO HEOOXouMylo mocyny: ctakanbl Ha 200 u 100 M «c HOCHKOMY», CTEKIISHHYIO
MaJIOYKy, CTaKaHYHMK JUIS B3ATUS HABECKHM, BOPOHKY, (HIBTP THIA «CHHAA JIGHTa» (MEIKOMOPHUCTHIN
0€330JIbHBII), ITAaTUB C KOJNbLOM, (apdOopoBBI TUrelb, SKCUKATOP, MPOMBIBAIKY C JAUCTHIUIMPOBAHHON
BOJIOM.

JloBefileHne TwWrNs [0 NOCTOSHHOW maccbl. ycTon hapdoposblii TuUreab HeoOXo4MMO [0BeCTU [0
MOCTOSHHON MaccChl: B3BECUTb €ro Ha aHaMTUYECKMX Becax; NOCTaBNThb NPOKaMBaTb B My(DeNbHYHO MeYb
npu TemnepaType 600° C Ha OAMH Yac; BbIHYTb ero TUrefbHbIMM Wunuamu, 15 M1uH oxnagnuThb Ha BO34yXxe
Ha (papopoBoii NOACTaBKe, a NOTOM MOCTaBUTb OXNa>XKAAaTbCH A0 KOMHATHOW TemnepaTypbl B
aKcmkaTop Ha 30 MUH; B3BECUTb CHOBA TUre/lb HA Tex XKe Becax (TureNb 6paTh TO/bKO Wynyamu); cHoea
MOCTaBUTb €ro B Meyb Ha 15 MWH, OXNaAMTb TakuMm >Ke 06pasoM ¥ B3BeCUTb. Maccy TUrns MOXKHO
CYUATaTb NOCTOAHHOW, KOraa pe3ynbTaThbl ABYX MOCNEAHUX B3BELUMBAHWIA OyAyT OTNM4aTbCs He 6onee
yem Ha 0,0002 r. XpaHnTb TUrenb B 3KCUKATOPeE.

PacTBOpeHVe HaBeCKM 1 pacyeT obbeMa ocaauTens. B3aTb HaBecKy NCXOAHOrO BellecTBa xnopuga 6apus
(m(BaC122H20)). Tak kak BaSO4 - KpucTa/IM4YecKnin 0caflok, TO Hy>KHO B3 Tb 0Kono 0,5 I npenapaTa
(macca ocagka BaSO4 Toyke 6ygeT okono 0,5 r). B3BeCMTb Ha aHaNMTUYECKMX BEcax CYXOM UYNCTbIN
CTakaHuMK, NOMeCTUTb B Hero HaBecky maccoi 0,5 r (Bce B3BeLUMBaHUA NPOBOANTb HA OHUX U TeX >Ke
Becax!). Mo pasHOCTM Macc CTakaHyvMKa C COMbl0 M MyCTOr0 CTakaH4yv/ka OnpeaeMTb MacCy HaBecKu
(m(BaC12'2H20)). PacTBOopuTb Hasecky B 100 M AMCTUAIMPOBAHHOW BOAbl WM KOMMYECTBEHHO
nepeHecTun B cTakaH (Ha 200 mn), go6asuTb 3 Mn 2H HCI. PaccunTaTb 06bEM 2H pacTBopa H2SO04,
HEoOX0AUMBIN N1 NONHOrO OCaXKAeHMs NoHa bapus (= 2 Mn). YBenmunTb 06bEM B 1,5 paza: 2 mn x 1,5 =3
M. OTMepUTb MepHbIM uuaMHapoM 3 Mn 2H H2SO4, nepennTb B cTakaH Ha 100 mn, pa3baBuTb
ANCTUNIMPOBaHHOI BoAoW 30 M/

OcaxkeHue noHa bapusa. OcagnTb MOH 6apusa cnegyoLmm 06pasom:

- HarpeTh Ha JIEKTPUUYECKOHN MUIMTKE MOUYTH JI0 KUTICHUS CTaKaHbl C PACTBOPAMH XJIOpHUIA OapHsi U CEpHOM
KHCJIIOTHI,

- IPUJIMBATh MEJICHHO MO KaIlIsIM MO CTEKJISTHHOM MaJjl0YKe MOYTH BCIO CEPHYIO KHUCJIOTY K pacTBOpPY COJHU
(BcE BpeMs mepeMenInBaTh, HE Kacasch THA U CTEHOK CTaKaHa).

[Tocne moGaBneHust Bcero obobeMa ocamuTens (MO KaljisiM — B Clydae OCaXKICHUS KPUCTAIUTMYECKUX
OCaJIKOB M TIOPIIUSAMH — B CIydae aMOP(HBIX) OCAIKY AAIOT OTCTOSTHCS U MMPOBEPHUTH MOTHOTY OCAXKIACHHUS.
JIJ1st 3TOTO K pacTBOpY, HAXOMAMIEMYCSl HaJl 0CAJIKOM, KaleabHOW MUMETKOW H00aBUTh KaIUIIO OCaIUTEIIs.
Ecam B MecTe mo0aBieHus Karuid pacTBOP MYTHEET, OCAKICHUE HETIOITHOE M HE00X0IMMO J0OaBUTh HOBYIO
IMOPLHUIO OCAOUTECIIA. HpI/I OTCYTCTBHH IIOMYTHCHUSA IIOJHOTA OCAXKIACHUA JOCTUTHYTA.

HakppiTh cTakan Oymaroil, HakojJoB €€ Ha MaJIOYKy (Ha Oymare HamucaTh CBOIO (aMUJIMIO M TPYIIY),
OCTaBUTH OCAJ0K OO0 CICAYIOIICTO 3aHATHA. Banmanne! Hanquy N3 CTaKaHa BbIHUMATh U KJIACTh HAa CTOJ
HECJIb34, TaK KaK K HeH IMPUITUIIIN YaCTHUILbI OCaaKa.

®PunbTpoBaHKe U NPOMbIBaHWe ocafka. OT(UILTPOBATb 0CaA0K CNeaylwmuM 06pasom:a) CNOXKUTH
BYUETBEPO (PUbTP «CUHAA NEeHTa» U NOAOrHaTb ero K CyxoW BOPOHKe, (BOPOHKY NoAbupalT C Takum
pacyéToM, YTO0ObI (MNbTP HE AOXOAMN A0 KpaéB eé Ha 5-15 MM), Tak, 4T00bl OH NIOTHO NOAXOAMN K
CTEeHKaM, 3aTEeM HaMTb B HEr0 AUCTWIIMPOBAHHOW BOAbI OCTOPO>KHO, YTO0ObI He MopBaTb ULTP.
Ecnm ¢umnbTp XOpoWo MOAOrHaH, TO HOCMK BOPOHKM 3amnofHATCA BOAOW W (hunbTpoBaHue 6yaeT
npoxXoauThb BbiCTpee. BOPOHKY C (bvnbTPOM NOMECTUTb B KOMbLO WTAaTVBa M NOACTaBUTb NOA Heé
UACTbIA CTakaH; 6) NOTepeTb Na/bLEM MOJ KHOCUKOM» CTakaHa C 0cafkoM (OH He OyAeT cmauMBaTbCA
BOAON, ¥ Kannu ouabTPyeMOon >KMAKOCTYW MO BHELWHel CTeHKe CTakaHa cTekaTb He 6yayT). Ocafok He
B3MYy4MBATb, OCTOPOXKHO MO CTEKNAHHOW Nasoyke CMBATh NPO3payHblii pacTBOP Ha PUAbTP, 3anoHAS
ero He 6onee yem Ha 2/3. MNMogHMMaTb CTakaH TO>XKE N0 Nasoyke, TOr4a pacTBop He 6yaeT NponMBaTbCA
Ha BHELLHIOK CTOPOHY CTakaHa. CTeKNsHHaA nasoyka LomKHA HAXOANThCA TONbKO Hag (UIbTPOM, Un
B CTakaHe, HeNb3sa AoTparMBaTbhCA € A0 (uabTpa. Takum o6pasoMm, OT(UILTPOBATbL NOYTU BECh
pacTBOp C 0Caflka, CTapasCb MeHbLLE B3My4MBaTh €ro.

Takoii wmeron QuiIbTpoBaHMS W TPOMBIBAHUS OCaJKa HasbIBaeTCsA «JeKaHTanuei». B mpomecce
¢buIbTpOoBaHUs HEOOXOIUMO MPOBEPHUTH, HE TMPOIIUIN JIM YACTUUYKU Ocallka yepe3 mopsl puisrpa. s 3Toro
(GuIbTpaT B CTakaHe pPacCKpPyTHTh M MOCMOTPETh HA TEMHOM (OHE, €CIH Oocajika B (pUIbTpare HET, BBUIUTh
€ro.



3areM He0OXOAMMO MPOMBITH OCAJO0K OT OcaauTeNs. [ 3TOro MPUMEHSIOT PacTBOP 2H CEPHOU KUCIOTHI .
[IpoMbiBaHME MPOBOAAT CIEAYIOMUM 00pa3oM: MOPIHIO MPOMBIBHON XKUAKOCTH (10 MIL) MpHIMBAIOT K
OCaJIKy, 3aTeM OCaJI0K IMEePEMENINBAIOT , TAI0T OTCTOSTHCS U OT(PUIBTPOBBIBAIOT.
BbicyLuMBaHWe 1 NpoKaniBaHne ocagka. BbicylumTb unbTP B BOPOHKE B CyLUMNbHOM WKady (15 MuH npu
t=1000C) [0 cnerka BAa>KHOrO0 COCTOSHUSA, CBEPHYTb €ro TakK, YTOoObl 0Caf0oK OKasancs BHYTPM,
NMOMECTUTDL B ,U,OBe,U,éHHbIVI no MOCTOSIHHON Maccbl TWUreNb 1 NOCTaBUThb nog TAry Ha aneKTpu4eckyro
MNTKY Ana obyrnmeaHus (punbTp He [OMKEH ropeThb nnameHem). OOGYrnMBaHWe 3aKOHYEHO, Koraa
UL TP Y>Ke He AbIMUT.
[TocTtaBuTh (HUIABTP C OCaAKOM MPOKAIMBATHCS B My(denbHy0 meub Ha 1,5 4. OcTyauTh Ha BO3IyXe Ha
dbapdopoBoii moncraBke 15 MuH, a 3aTeM moMecTuTh Ha 30 MUH B SKCHKATOP.
OxnaxaéHupld Turenab B3BemmMBaeM. [locTaBuTh B meub emé€ pa3 HaA 15 MUH M CHOBa B3BECHUTH
oXJTaXIEHHBIN TUTENb. (BHUManue! bpats Turens Toapko mumamu!)
[ToBTOpSITH MpOKaNMBaHWE M B3BEUIMBAaHHE [0 IOCTOSHHOM Macchl. Bce pesynbraThl B3BEIIMBAHUSA
3anmuchiBaTh B KypHal. Haittm maccy BaSO4 (m(BaSO4)) mo pa3HocTH Macc THUIIIA ¢ OCAJIKOM M ITyCTOTO
turis. Paccunrars conepkanue 6apust B % B HCXOIHOM HaBeCKe, UCIOJB3Ysl Maccy TIpaBUMETPUUYECKOM
dopmbl u F - akTop mepecuéra, paBHBI OTHOIIEHHIO MOJISIPHBIX Macc ompenesseMoro Bemiectna (Ba)
MousipHO# Macce BecoBoid (popmer (BaSO4). B namem cnyuae F= 137,3/233,4 = 0,5883.

3aganus AJ151 CAMOCTOSITEJIbHOM PadoThlI.
1. ITpopaboTKka KOHCIIEKTA JIGKIIMH [0 BOMPOCaM, TTO3BOJISIONINM ITOATOTOBUTHCS K TAOOpaTopHOM padoTe,
KOJUIOKBHYMY, MOTYThbHOMY T€CTUPOBAHHUIO, & TAKXKE PEIICHNE TUTIOBBIX KAYECTBECHHBIX U PACUETHBIX 3a/1a4
JUTSL IOJITOTOBKH K KOHTPOJIBHOM padore.

2.1Tonb3ysCh JOMOJHUTENBHON U CIIPABOYHOM JIMTEPATYPOIl, CIIETYET PACCMOTPETH CAMOCTOSITEIHLHO
YyBCTBUTEJIHLHOCTh IPAaBUMETPUUYECKOTO aHAJIN3a U OLIMOKU B TPAaBUMETPHH.

Tema 12. TuTpuMeTpHYECKHUI aHAIU3 HA 0a3e KUCI0THO-OCHOBHBIX B3aumopaeicreuii. (OIIK-2)

Jlexknus.
Tutpumerpuyeckuii ananus. TpeOoBaHUs, MPENBABICHHBIE K PEAKIUU B TUTPHUMETPUUYECKOM aHAJIM3E.
[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 nepexonaa
okpacku wuHaukaropoB. pK u pT wunauxaropoB.TuTpoBaHune pacTBOpa CHJIBHOM KHUCJIOTBI CHJIBHBIM
OCHOBaHMEM. Pacder W BHI KpHBOH TUTpOBaHMs. BiusHME KOHIEHTpalMKU KUCIOTH M mienodn. Beibop
WH/IMKaTOpa Mo BUAY KpuBod TuTtpoBanus. H+ - m OH- - ommOka TUTpOBaHUs, UX CBS3b C NMPHPOIOMH
WHAWKaTOpa. TUTpOBaHME PACTBOPOB CIAOBIX OAHOOCHOBHBIX KHCIIOT CHJIBHBIMM OCHOBaHUsMH. Pacuer
KpHUBBIX TUTpOoBaHUs. [lon0op MHIMKATOpa KUCIOTHO-OCHOBHOTO TUTPOBAHMS M €TO CBS3b C BHJIOM KPUBOM
TuTpoBaHusA. KucnorHas u miesnoyHast OIIMOKH THUTPOBaHUS. TUTPOBAaHME CMECH CHIIBHBIX KHCIIOT.
BenuuuHbl KOHCTAHT KUCJIOTHOCTH M BO3MOXHOCTBH IIPOBEACHUS TUTPOBaHUA. Pacduer u BUA KpUBOU
TuTpoBaHuA. [lonokeHne M BeMMYMHA CKayka TUTPOBaHMA. PacdeT KpHBBIX THUTPOBAaHHUS CMECH Cla-ObIX
KHMCIOT. TUTpOBaHME MHOTOOCHOBHBIX KHCIOT. KpuBble TuTpoBaHus. TUTpoBaHHME pacTBOPOB COJIEH.
Kpussie TuTpoBaHus. BiusiHue pa3nudHbX (akTopoB Ha BHJI KPUBBIX KHUCIOTHO-OCHOBHOTO TUTPOBAHMS
(Benuuunst Ka, KB, pH, Cxucnotsl, 1 CocHOBaHUSA).

IIpakTnyeckoe 3ansATHE.
Pemenune 3amaulicnionbp3oBaHue KOHIICHTPHUPOBAHHOW CONSTHOM KHCJIOTHI, OTHOcsAmiedcs k tabmuue 11,
cicka [V mpekypcopoB, 060poT koTopbix B Poccuiickoit @enepanuy orpaHUydeH U B OTHOIIEHUH KOTOPBIX
YCTaHABIUBAIOTCSI MEpbl KOHTPOJIS B COOTBETCTBUU C 3aKoHOAarenbCcTBOM Poccuiickon denepanuu u
MEXKIyHApOAHbIMU  goroBopamMu  Poccuiickont ~ @enepauuu, pEenNIAMEHTUPYIOTCA — JEHCTBYIOLIUM
3aKOHOJATEIbLCTBOM U HOPMATUBHBIMU IIPABOBBIMU aKTaMU YHUBEPCUTETA.

JlaboparopHbie padoThbI.
JlaGoparTopHasi padora 1. [IpuroroBiieHre U CTAaHAAPTU3AIMSA PACTBOPA COJSIHON KHUCIOTHI.
KapOonaTHasi ’keCTKOCTb BObI.
Ilenb: oTpaboTarh METOAMKY NPUTOTOBICHHS M CTaHIAPTU3ALMM PAaCTBOPOB S TUTPUMETPUYECKOTO
METO/1a aHaJIN3a, ONpe/ielIeHne KapOOHATHOM KECTKOCTU BOBI.
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PeakTVBbl: KOHLEHTpPMpPOBaHHas consaHas kucnoTall] (=2,5 r uam 2,2 mn), TeTpabopaT HATPUS,
VHAMKATOP METWOBbLIN OPaH>KEBBIA.

OnbIT 1. MpuUroToBneHne pacTBopa CONSHON KUCNOTbl.

TorossT 250 mut nmpubnusutenbHo 0,1 H pactBopa HCl 13 KOHIIEHTPUPOBAHHOMN COJITHON KHUCIIOTHI.
[TnotHocTh KOHIEeHTpUpoBaHHOW HCl u3MepsA0T, OMyCTHB apeoMeTp B IWIMHAP C KHCIOTOH, U
OIIPENETAIOT 10 CIIPABOYHBIM JIaHHBIM €€ MacCOBYIO JI0JIIO.

Heo6xonumbiii 00beM KOHLIEHTPUPOBAHHOM COJSIHOM KHCIIOTHI IEPEHOCAT B MEpHYIO KojlOy Ha 250 mu u
JIOBOJISIT B HEW 70 METKU (TI0 HUYKHEMY Kpar0 MEHHCKA, TaK KaK KHJAKOCTh CMAaYMBAET CTEHKU COCY/a).
OnbIT 2. MNpuroToBneHne cTaHAapTHOro pacTeopa TeTpabopaTa HaTpus (Bypbl).

[Tpu weniTpamuzanuu 6ypsl Na2B4O7x10H20 comnsiHO# KUCT0TOM MPOTEKaeT PeaKIysl:

Na2B407 + 2HCI + 5SH20 ® 4H3BO3 + 2NaCl.

[TpenmytiecTBO OyphI KaKk HCXOIHOTO BEIIECTBA 3aKIIOYACTCS B BHICOKOM MOJISPHOM SKBHBAJICHTHON Macce
(mD) conm B aT0M peakuun: M(Na2B40O7x10H20) = 381,42 r/monb, mD(0ypsr) = 190,71.

PaccuutsiBatoT Maccy terpabopara Harpus, Heoboxomumyro s npurorosieHus 100 mur 0,1 v pactBopa. B
Orokce OepyT HaBeCKy Oypbl M MEPEHOCAT KOJWYECTBEHHO MPH IMOMOIIM BOPOHKH B MEpHYI0 KoiOy Ha 100
M. PactBopumocTts TeTpabopara HaTpus Py KOMHATHOW TeMIlepaType HeBeJINKa, 1 HaBeCKa pacTBOPSETCS
JOBOJIBHO MEAJIEHHO, MO3TOMY HCHOJIB3YIOT ropsiuyio Bomy. st pactBopeHus: Oypbl B KOOy HalIMBarOT
MPUMEpPHO Y2 00beMa HarpeToil NUCTUILTMPOBAHHOW BOABI. J[OOMBIIKCH MOJIHOTO pacTBOpPEHUs, Kojily c
TeTpabopaToM OXJAXKIAIOT [0 KOMHATHOM TeMmIepaTypbl W JOBOAAT OO0BEM pacTBOpa [0 METKHU
JTUCTUWIIMPOBAHHOW BOJIOM.

BblyncnsiioT TUTp U HOPMAIbHOCTh IMPHUTOTOBIEHHOTO pacTBopa Oyphl, YUWUTHIBAsl, YTO ITH BEJIUYMHBI
BCET/Ia JI0JDKHBI MMETh YeThIpe 3Ha4al X U phl.
OnbIT 3. OnpeaeneHne TUTPA W HOPMANBHOC TV PacTBOPA CONSHOMN KUCNOTbl.

[Munerkoii Ha 10 M1 MepeHOCAT B KOOy AJISi TATPOBAHUS PacTBOP Oyphl U JOOABISIOT 3 KAl MHIMKATOpa
METHIJIOBOTO OPaHXKEBOTO.

[lepen TuTpOBaHMEM OIOPETKY MPOMBIBAIOT 2 pa3a HEOOJNBUIMM KOJIMYECTBOM COJITHOM KUCIIOTHI M 3aTeM
HAIOJIHSIOT C IIOMOILBIO BOPOHKH, 10BOJS MEHHUCK 10 HyleBOW uepThl. [IpoBepuB, HET 1M B KaIWIISIPHON
TpyOKe Iy3BIPHKOB BO3yXa, W3 OIOPETKH H3BJIEKAIOT BOPOHKY, M THTPYIOT JO TOSIBICHHS OPAaHKEBOI'O
OKpAaILMBaHUS.

K pactBopy Oypel B Koinbe Al TUTPOBAHUS MPUIMBAIOT W3 OIOPETKH pPACTBOP COJISIHOM KHCIIOTHI
HEOONBIIMMU MOPLHSIMU TIPH TOCTOSHHOM TEepEeMEIIMBaHUU COACPKHUMOTo Koyiobl. IlepBoe TUTpOBaHHE
CUUTAIOT OPUEHTUPOBOYHBIM; €ro JENAlOT TOJBKO Il NPUOIM3UTEIHHOM OLEHKHM O0beMa KHUCIOTHI,
pacxogyemMoro Ha TUTpoBaHue. IIpy nepBoM TUTPOBAaHMM MOYKHO NPWJIMBATh KUCJIOTY HMOpUUSAMH 1o 1 — 2
MJI, 9TOOBI YCTAHOBUTH T'PAHUIIBI, 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 MHAUKATOPA CTAHOBHUTCS OpaHkeBbIM. ClIeI0BaTENBHO,
TOYKA 3KBUBAJIEHTHOCTHU JIEKHUT B Ipenenax Mexay 8 U 9 Ml KUCIOTBL. 3aT€éM TUTPOBAaHUE IOBTOPSIOT.
Tenepp 8 M KHCIOTBI MOKHO MPWJIUTH OBICTPO, W TOJNBKO IOCJIE 3TOTO CIEAYeT MPUOAaBIATH KUCIOTY
OT/CTBHBIMH KaIlJIsIMH, B30anThIBasi KaXIbld pa3 pacTBOp B KojOe. B SKBHMBaJIEHTHOW TOYKE OT OIHOM
KaIUIM IPOUCXOIUT MEPEX0]] OKPACKH METUIIOBOTO OPAHIKEBOTO.

HopmasbHOCTh KMCIIOTBHI CYUTAIOT YCTAHOBICHHOW MPAaBUIIBHO, €CIIA PE3YIABTAThl TPEX MOCIEI0BATEIBHBIX
TUTpOBaHUH HE pacxomsarcs O6osee yeM Ha 0,02 — 0,03 mut. Torma amst BRIYMCIEHUN TUTPA M HOPMAJIBHOCTH
KHCIIOTBI OepyT cpeiHee apupMeTUIeCKoe U3 MOTyYSHHBIX PE3YIbTaTOB.

OnbIT 4. OnpegeneHne KapoboHaTHON >KECTKOC T BOAbI.

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

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

s ompenenenust orOupator nunerkod 100 Mi umccnmemyemoil BoAbl, NPWIMBAIOT K Hel 3 Karum
METUJIOBOTO OpPAH)XEBOI'O U TUTPYIOT PAacCTBOPOM COJISTHOM KHCIIOTHI 10 MEPEXOAa OKpacKH HMHAMKATOpa
(pacTBOpa) U3 KEJITON B OPAHKEBYIO.

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

36



rae CH(HCl) — HopManbHOCTH pacTBOpa COJITHOM KUCIIOTHI;
V — 00beM CONSTHOM KUCIIOTHI, 3aTpadyeHHOM Ha TuTpoBaHue 100 M1 aHATU3UPYEMOI BOJIBI.

JlabopaTopHnas pabora 2. [IpuroroBienne padodero pacrBopa rujpokcuaa Harpus. TurpoBanue
YKCYCHOM KHCJIOTBI.

Lenb: orpaboTarb METOAMKY TNPUTOTOBICHHUS M  CTaHJAPTU3AIMM  pacTBOpa  IIEJI0YU I
TUTPUMETPUIECKOTO METO/Ia aHAJIN3a, TATPOBAHUE CIIa00i KHCIOTHI.

PeakTuBbl: NaOH (T8B.), 0,1 H wWaBenesas KucnoTa, obpasel, CTON0BOro ykcyca (6-9%), nHaMKaTOp
theHondpTanenH

OnbiT 1. lNpuroTosneHne pacTBopa rmapokcnaa HaTpus.

PaccuuteiBator maccy NaOH, neobxomumyto st mpurotosienus 250 mur 0,1 H pactBopa. I'mapokcun
HaTpus He oOnazaeT CBOMCTBAMHM HCXOJHOTO BEIIECTBAa: OH TUIPOCKONMMYEH U JIETKO pearupyer c
YIJIEKUCIBIM TrazoM Bo3ayxa. lloatomy NaOH Bcerma coaepXUT MEHSIOIIMECS KOJWYECTBA BIIATU M
kapOonaroB. Ilpumece Na2CO3 B pacTBOope THIPOKCHAA HATPUS YCIOXKHSIET TUTPOBAHUE C
dheHondTanenHOM.

PactBop NaOH, conepkammii CpaBHHTEIBHO Majo KapOOHATOB, TOTOBAT CIEAYIONIMM 00Opa3oMm.
OTBEemIMBAIOT HAa TEXHUYECKUX BECaX THAPOKCUJ HATpPUs B KOJMYECTBE, IPEBBINIAIONEM HAa 2 T
HeoOxomaumoe nyisi mpurotosienus 250 ma 0,1 H pactBopa. HaBecky momemiaroT B cTakaH M OBICTPO
OTOJACKUBAIOT 2 - 3 pasza HEOONBIIMMH TMOPUUSIMH AUCTHILIUPOBAHHOW BOJBI, KOTOPYIO BbUIMBAIOT. M3
octaBmerocs NaOH Oepytr HaBecky Maccod 1,2 T, KOJMMYECTBEHHO IMEpPEHOCAT B KoiOy Ha 250 Mi, u
PacTBOPSIOT, 10BOJII 00bEM PacTBOpaA 10 METKH.

[TpuBeneHHslii crocod ocHoBaH Ha ToM, yTo CO2 pearupyeT ¢ THAPOKCUAOM HATpUs CHayaua TOJIBKO Ha
NOBEpXHOCTU. TOHKas KOpKa CoOJbl, MOKpbIBarolas cBepxy kycouek NaOH, npu ononackuBaHUU BOJOU
pacTBOpsIETCHI.

OnbIT 2. MpuroToBneHne CTaHAapPTHOIO pacTBOpa LLABENEeBOi KNCNOTbl.

Crannaprusiii 0,1 H pacTBOp LIaBeNeBON KUCIOTHI TOTOBAT U3 (pUKcaHaa.

OnbIT 3. OnpeaeneHne TUTPaA M HOPMaNbHOCTY pacTBOpa rmapoKcnaa HaTpus.

Jlns ompeneneHuss TUTpa U HOpMadbHOCTH pacTtBopa NaOH or6uparor nunerkoit 10 ma 0,1 H pacTtBopa
I1aBEJIeBOM KUCIIOTHI, IPUOABIAIOT K HeMy 3 Karuu ¢eHondrasernHa 1 TUTPYIOT THAPOKCHIOM HATpHs 10
MOSIBJICHUSI HEMCUe3alollel mpu B30aNThIBaHUU B TeueHue | — 2 MUHYT KpacHO# okpacku. [IpoBomsr 3 — 4
napaiuICJIbHbIX THUTPOBAHUA W IJId BBIYHUCIICHHUA HOPMAJIbLHOCTH GQPYT CpCAHCC U3 XOpOIIO CXOAAIUNXCH
pEe3yIbTaToB.

OnbIT 4. TUTPOBaHUE YKCYCHON KUCNOTbI.

Ot6uparor nunetkoid 10 M pacTBOpa YKCYCHOW KHCJIOTBI HEM3BECTHOM KOHIIEHTpAIuu (TIPUTOTOBJICH
paz0aBlIeHUEM CTOJIOBOTO YKCyCa) M MEPEHOCAT B KOOy MJisi TUTPOBAHUS, 3aTeM MPHUOABISAIOT 3 Karuiu
denondTanenHa u TUTPYIOT THAPOKCUIOM HATPHS 10 MOSBICHUS HEMCUE3aloIIe po30BOi OKPaCKH.
BpIUnCIAI0T HOPMaIbHYI0 KOHLICHTPALMIO aHAJIM3UPYEMOIO pacTBOpa W IMPOLEHTHOE COAEpKAHUE B HEM
YKCYCHOU KUCJIOTBI.

JlabopaTtopnasi paGora 3. OnpenesieHne THAPOKCHAA HATPHSA M KapOOHATAa HaTPHUs NPH
COBMECTHOM MNPHUCYTCTBHH.

Lenb: oTpaboTarh METOIUKY COBMECTHOTO OINpeAeieHUs INENouM M KapOoHaTta (OmperesieHHe HMeEeT
Ba)KHOE MIPAKTUYECKOE 3HAUEHUE MPU KOHTPOJIE YUCTOTHI IPEMapaToOB TUIPOKCHUIA HATPUS).

PeakTuBbl: 0,1 H pacTBOp TeTpabopaTa HaTpus, = 10% pacTBopa COMSHON KUCNOTbI, aHaIM3NPyeMONn
cmecn NaOH 1 Na2CO3 (=1 r), uHaukaTopbl (heHongTanenH, MeTuUIopaH>K

OnbIT 1. OnpeaeneHne HOPManbHOC T paboyero pacTBopa CONSHON KNCNOTbI.

TotoBar 250 miu 0,1 u paGouero pactBopa HCI u3 = 10% pactBopa, 3aTeM YTOYHSIOT €r0 HOPMaJbHOCTbD,
TATPYS TPUTOTOBJICHHBIM PacTBOpoM conissHOM kucioTel 10 mur 0,1 H pactBopa Oyphl (MOITy4YeH u3
(uKkcaHaa) B MPUCYTCTBUU 3 Kareslb METUIOBOTO OPaHKEBOTO.

OnbIT 2. TUTpOBaHMe CMeCU rMApoKcuaa HaTpus 1 KapboHaTa HaTpus.

Hagecky ananmusupyemoit cmecn NaOH u Na2CO3 maccoif 1 T moMmemarT B MepHyI0 KojiaOy Ha 250 wmu,
PacTBOPSIOT U TOBOAAT 00bEM pacTBOpa JUCTHIUITMPOBAHHON BOJOM JJO METKHU.
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OtOupator nunerkoir 20 MJI pacTBOpa HCCIEAYeMOH CMECH M TEpEHOCAT B KOOy A THUTPOBAHUS,
nob6asnstor 10 kamenb ¢geHondransenHa U TUTPYIOT PACTBOPOM COJISTHOW KHCIOTBHI OT KPacHOM A0 MOYTH
OecLBETHON OKpacKH.
O6vem HCI, momenmuii Ha TUTPOBAaHUE, OTMEPSIOT MO OIOPETKE M 3aNMUCHIBAIOT. 3aTeM MPUOABISAIOT K
OTTUTPOBAHHOMY PAacTBOPY 3 KaIlIM METUJIOBOTO OPaHXEBOTO (PacTBOP OKPAIIMBAETCS B JKENTHIA IIBET),
TUTPYIOT TOCTEAHUN W3 TOW ke OIOPETKH COJITHOW KHCJIOTOM IO TIOSIBJICHHUS OPaH)KEBOTO OKpPAIIMBAHUS.
CHoBa nenaroT OTYET Mo OIOpEeTKH (OT HYJIEBOTO 3Ha4YeHUs). TuTpoBaHHME TMOBTOPSIOT 3 — 4 pa3a U u3
MOJTyYEHHBIX PE3yJIbTaTOB OEPYT CPEIHIOIO0 BETUUHHY.
O6paboTKa NonyyYeHHbIX pe3ynbTaToB

[Tpu TUTpOBAaHUU KCCIETYEMOTO pacTBopa ¢ PeHONPTAICUHOM OTTUTPOBBIBAIOT BECh THAPOKCH] HATPHS U
kapOonar wHarpus a0 NaHCO3. Ilocme noGaBneHHs METHIOBOTO OpPAaHXEBOTO JIOTUTPOBBIBAIOT
rugpokap6onar Harpus 1o H20 + CO2.
Ecau ipu TutpoBanuu ¢ penondranennom uzpacxomnorano Vo.d. mi pacteopa HCI (ortutpoBan NaOH u
1/2Na2C0O3), a ¢ METHWIOBBIM OpPaHXEBBIM — VM.O0. 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 turpanrta. CrnemoBarenbHo, Ha TuTpoBanue NaOH 3arpaseno Vwm.o. -
2(Vm.o. - V.d.) mu pactopa HCI.
Haiinsg o6bembl pacTBOpPOB THTpaHTa, 3aTpadeHHbie Ha HehTpammsanuio NaOH u Na2CO3, BeUucCasAOT
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 Beruuciisiot, ckoinbko rpamMmMoB NaOH n Na2CO3 naxoautca B 250 mMil HCClIeIyeMOro pacTBopa, 1
PacCUUTHIBAIOT UX MPOLIEHTHOE CONIEPKaHNUE.
[1] Ucnmonb30BaHNEe KOHUEHTPHPOBAHHOM COJITHOM KHCJIOTHI, OTHocselcsa Kk Ttadauue III, cnmcka
IV npekypcopoB, 060pot koTopbix B Poccuiickoii @enepanuy OrpaHu4eH ¥ B OTHOLIEHUH KOTOPbIX
YCTAHABJIMBAKTCA MePbl KOHTPOJISI B COOTBETCTBHH € 3aKOHOAATeJabCTBOM Poccuiickoii @exepauun
U MEeXKIYHApPOAHbIMU aorosopamu Poccuiickoii Penepanuu, periaMeHTHPYIOTCS JAeHCTBYHOIIUM
3aKOHOATeJIbCTBOM U HOPMATHBHBIMM NIPABOBbIMH AKTAMHU YHUBEPCHUTETA.

3aganus 1J151 CAaMOCTOSITEJIbHOM PadoThI.
[TpopaboTka KOHCTIEKTA JIGKIIMH [0 BOMPOCaM, TTO3BOJISIONINM ITOATOTOBUTHCS K TAOOpaTopHOM padoTe,
KOJUIOKBUYMY, MOJIYJIbHOMY T€CTUPOBAHUIO, a TAK)KE PEIICHHE TUITOBBIX KAYECTBEHHBIX U PACUETHBIX 33124
JUTSL IOJITOTOBKH K KOHTPOJIBHOU pabore. [101b3ysch AOMOTHUTENBHON U CIIPAaBOYHON JIUTEPATypOl CleayeT
PaccMOTpPETh CIAEAYIOIINE BOMPOCH: HHAUKATOPHI B KUCIIOTHO-OCHOBHOM TUTPOBAaHUH, IMOI00p MHAUKATOPA
KHUCJIOTHO-OCHOBHOT'O TUTPOBAHHUS U €0 CBSI3b C BUJOM KPUBOW TUTPOBAHUS, BEJIMYMHBI KOHCTAHT
KHCIIOTHOCTH M BO3MOKHOCTH IMPOBEICHUSI TATPOBAHUS, BIUSHUE PA3INIHBIX (PAKTOPOB HA BUJ KPUBBIX
KHUCJIOTHO-OCHOBHOTO TUTPOBAHUSI.

Tema 13. OkucauTeIbHO-BOCCTAHOBUTEILHOE TUTPOBaHKe (OIIK-1)
Jlekuus.

OKHCANTENBbHO-BOCCTAHOBUTENIbHOE  TUTpoBaHue.  Metoasl — peaokcumerpuu.  OKUCIAUTENs |
BoccTaHoBHTENb. OOpaiieHre ux yHkuui. Pacuer u moctpoeHune KpUBBIX TUTPOBAHUS B PEIOK-CUMETPUH.
WNuaukaTtopbl peA0KCUMETPUUECKOTO TUTPOBAHUS.

IIpakTH4eckoe 3aHATHE.
Penrenue 3amau2+.
JlaboparopHbie padoThbI.

JlaGoparTopHasi padora 1. [IpuroroBi/ieHre TUTPOBAHHOIO Pa004ero pacTBopa MepMAHIaHATA KaJIMs.
IHepmanranaromerpudeckoe onpenenenue Fe (II) B cooim Mopa.

ens: oTpaboTarb METOAMKY  MpPSIMOTO OKHUCJIUTEIbHO-BOCCTAHOBUTEILHOTO  TUTPOBaHUS,
MepMaHraHaATOMETPUUECKOE OIpeieJIeHHE BOCCTaHOBIEHHOM (OPMBI jkesesa.

PeakTwusbl: 0,1 H LL,aBENEBOIN KNCNOTbI, 2 H CEPHAsA KUCNOTa, KOHTPObHbIA pacTBop (conb Mopa)



OnbIT 1. YcTaHoBka HopmanibHOCTU KMnO4 o LwaBenesoii KUcnoTe.
Haubonee yno6HO mpoBOAWTH YCTAHOBKY HOPMAajbHOCTHU IEpMaHTaHaTa Kallds MO IIaBEJIeBOW KHUCIOTE
H2C204x2H20. Jlns ycraHoBku HopmaiabHOCTH pacTtBopa KMnO4, ero npunubator k 10 miu 0,1 H
maBeneBoit kuciotel (H2C204%2H20 roroBsat u3 ¢ukcanana), Harperor g0 70 — 80 °C. He cnemyet
HarpeBaTh PacTBOP /10 KHUIIEHHUSA, TaK KaK 3TO MPUBOAUT K YACTUYHOMY PA3JIOKEHUIO KUCIOTHL. K ropsuemy
pacTBOPY IIABEICBOM KUCIIOTHI Mepe] TUTpoBaHueM 100asistor 10 M 2 H pactBopa H2SO4.
[Ipu TUTpOBaHWM NPUIMBAIOT CHavajla HECKOJIBbKO Kamenab pactBopa KMnO4 u oxuaaror, moka pacTBop
obecuBetutcs. TUTpOBaHHE CUMTAETCS 3aKOHUEHHBIM, KOTZIa OT OJHOM Kalljiu pacTBOp OKpAalllWBaeTcs B
OJIeTHO-PO30BBIN IIBET, HE UCUE3AIOIINI B TCUCHUE
1 — 2 munyT. OTCUeT feneHuii B OropeTKe MPOU3BOIAT 110 BEPXHEMY Kparo MEHHUCKA.
OnbiIT 2. [MepmaHraHaToMeTpuyeckoe  onpegeneHne  >kenesa () B COM Mopa
((NH4)2504xFeS0O4x6H20).
KoHTpoibpHBIN pacTBOp, MONyYEHHBIH B MepHOH Koj10e Ha 100 M1, JOBOAAT AMCTHITMPOBAHHOW BOIOH 10
METKHU U TIIATEeJbHO NepeMenmunBaioT. 10 M1 MoJyuyeHHOro pacTBOpa MEPEHOCAT B KOOy AJIsi TUTPOBAHUS U
nobapmsaror 5 mu 2 H pactBopa H2SO4. be3 HarpeBaHusi TUTPYIOT pacTBOPOM I€pMaHTraHaTa Kallus,
HOPMAaJIbHOCTh KOTOporo ompeneneHa (m. 1), g0 mosBIeHUs c1ab0-pO30BOTO OKpaIlMBaHUs, HE
MCYE3aloNIero B TeueHne 1 MUHYTHI.
Maccy xene3a B MOJTy4eHHON TPoOe OnpeAesioT mo hopmye:
m(Fe2+)=,r;
T(KMnO4/Fe2+) = [Cu(KMnO4)xm3(Fe2+)]/1000, r/mi.
JlabopaTtopnasi pa6ora 2. Honomerpus.
lens:  orpaGoTarb  METOOUKY  OOpaTHOTO  OKUCIMTEIbHO-BOCCTAHOBUTEIBHOTO  THUTPOBAHUSA,
MOJIOMETPUYECKOE OIpeIeJIeHHE OKUCICHHON (OPMBI MEH.
PeakTuebl: 0,1 H pacTBOopa guxpoMaTa Kanms, 2 H cepHaa kucnoTa, 10 %-ro pacTsop KJ, = 0,1 H
pacTBoOp TuocynbaTa HaTpPusi, KOHTPONbHbIA pacTBop Cu2+, Kpaxman.
OnbIT 1. YcTaHoBKa HOpMaNnbHOC T paboyero pacTsopa TUocyNbgaTa HaTpus no ANXpoMaTy Kanus.
B xonby ans tutpoBanus numneTkoil orouparor 10 mut 0,1 H pacTBopa muxpomara Kajius, 3aTeM J100aBIsioT
10 M 10 %-ro pactBopa KJ u 10 mn 2 H cepHoli kucnoTel. KonOy HakpbIBalOT 4aCOBBIM CTEKJIOM HIIH
JIMCTOM IUIOTHOM Oymaru u cTaBsT Ha 5 — 10 MUHYT B TEMHOE MECTO.
bropeTky 3amonHsOT pacTBOpoM THOCY/IbGara HaTpus. [Ipu TuTpoBaHUM (3KUIKOCTH B KOJI0€ HETPEPHIBHO
MEePEMEIIMBAIOT) TEMHO-Oypblil pPAacTBOp CBETICET M NPUHUMAET JKEJITO-3€JIEHYI0 OKpacKy. 3areM
MPWIKBAIOT | MJI Kpaxmala U IpOJ0JKAIOT TUTPOBAHKE O C1a00CHHET0 OKpAIIMBAHUS.
OnbIT 2. MlogomeTpuryeckoe onpegeneHue Cu2+.
KonTponpHueiii pactBop Cul+ pa30aBisioT DUCTWUIMPOBAHHOW BOMOM B MepHOM konbe Ha 50 Mi u
TIIATEJIPHO TIEpeMEIMBalOT. B konOy 1y TuTpoBaHus OTOMparoT mumnetko 10 M aHanmM3upyeMoro
pactBopa u aob6asisaor o 10 mu 10 %-noro pactBopa KJ u 2 v H2SO4. Konby HakphIBaroT 4acOBBIM
CTEKJIOM WJIM JHUCTOM IUIOTHOM OymMaru M CTaBSIT B TEMHOE MecTO Ha 5 — 10 MHHYT I 3aBEpIICHHS
peakuuu. [locne sToro mpoOy TUTPYIOT THOCYIb(PATOM HATPUs A0 COJIOMEHHO-KENTOr0 OKpaIIMBaHMS,
npuOaBiAIOT 1 MIJT Kpaxmala U IpoIoJKaIOT TUTPOBAHKE O 00€CIBEUMBAHMS pacTBOPA.
3agaHus AJ51 CAMOCTOSITEILHOI padoThI.
[TpopabGoTka KOHCIIEKTA JICKITUU TI0 BOIMPOCaM, MTO3BOJISIIONTUAM MOTOTOBUTHLCS K JTA0OpaTOpHOI padoTe,
KOJUIOKBHYMY, MOJYyIbHOMY T€CTUPOBAHHUIO, & TAKXKE PEIICHNE TUIOBBIX KAYECTBEHHBIX U PACUETHBIX 3a/1a4
JUTs TIOATOTOBKHU K KOHTPOJIBHOM padote. [1oyb3ysch TOTOTHUTEIHLHOM U CIIPABOYHOMN JIUTEPATYPOH,
CJIEyeT CaMOCTOSITENIbHO PAaCCMOTPETh HHIUKATOPHI PEJOKCUMETPHUYECKOTO TUTPOBAHUS, UX 00JIacTH
MPUMEHEHHUS, JOCTOMHCTBA U HEIOCTAaTKH OTAEIbHBIX MpPEeACTaBUTENEH.

Tema 14. KommiiekcoHoMeTprUYecKoe U 0CaAUTEeIbHOE THUTPOBAHME.
(OIIK-2)
Jlekuus.
OcagurenbHoe TUTpOBaHHME. PacueT W NOCTpOEHHME KPUBBIX TUTPOBaHUA. BiusHHE pacTBOPUMOCTH
COEIMHEHMM, KOHILICHTPALMHM ONpPEIEIEMbIX HOHOB, TEMIIEpaTypbl Ha XapakTep KPUBBIX THUTPOBAHUS.
NuaukaTopbl 0caxkIeHUs.
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Kommuiekcomerpudeckoe TuTpoBaHue. [IpHMHIMIBI MOCTPOEHUS KPHUBBIX TUTpoBaHHA. CrocoObl
ONpENENICHUs] KOHEYHOU TOYKM TUTPOBaHUA. Mcrosnb30BaHMe MOJIMIECHTATHBIX JIMraHaoB. Mcnonbs3oBaHue
TpeHa, TeNnTeHa W aMHHOIOJIMKAPOOHOBBIX KHUCIOT B KOMIulekcoMeTpuu. IIpsimoe u oOparHoe
KOMIUIEKCOMETpUYecKoe TUTpoBaHue. (OOpa3oBaHWE U YCTOHUMBOCTb KOMIUIEKCOB. CeNeKTHBHOCTh
KOMIUIEKCOMETPUYECKOTO aHanu3a. Kpusbie  tuTpoBaHus 2-X  METaJuIOoB. WNHpukaropsl
KOMIUIEKCOMETPUYECKOTO TUTPOBAHUS HOHOB MarHus U KajablLUs U UX CMECH.

IIpakTn4yeckoe 3ansATHE.
Pemenne 3amau — HOpMasbHAsE KOHIIGHTpaIMs pacTBopa TpuioHa b; V1 — obwem pabodero pactBopa
TpwioHa b, 3arpaueHnsii Ha TUTpOBaHKE (M1); V — 00beM BOIBI (M), B3SITBIN JIJIsl ONIPEICTICHHSL.
JlaboparopHbie padoThbI.
JlaGopaTopHasi padora 1. [IpuroroB/ieHre U yCTAHOBKA TUTPa PACTBOPa HUTPATA cepedpa MO METOLY
Mopa. Onpenenenne ClI -.
[enb: oTpaboTarh METOAMKY MPSIMOTO apreHTOMETPUUYECKOTO ONPEENICHUs XJIOPUIOB, a TAKKe METOAUKY
WHANKATOPHOTO ONPEEIICHNS TOYKU SKBUBAJICHTHOCTH B TUTPOBAHHUH 10 METOLY OCAXKICHHUS.
PeakTwBbl: NaCl (kp.), 5 %-ro pacTseop K2CrO4, = 0,1 H pacTBOp HATpPaTa cepebpa
OnbIT 1. MpuroToeneHune pacTeopa NaCl no To4YHO HaBecke.
Ha ananutmyecknx Becax OepyT TaKyl0 HaBECKy XJOpuaa HaTpus (X.d.), 4TOOBI TIPH PACTBOPCHHUH €€ B
MEpHOH KoJ10€ eMKOCThIO 250 M1 momyduiics npuoau3uTesnbHo 0,1 H pacTBOp, U BBIYUCISIOT €0 TOYHYIO
(hakTHUECKYI0) HOPMATBHOCTE. MOXKHO TaK)Ke UCIIONB30BaTh COOTBETCTBYIoNMH (hrukcanan NaCl.
OnbIT 2. YcTaHoBka TUTpa pacTseopa AgNO3 n onpeaeneHne maccol Cl- B TUTpyemom pacTBope.
B xonOy mist tutpoBanus oroupator 10 M 0,1 H ¢dukcaHAIBHOTO pacTBOpa XJIOPHIa HATPUST TPUOABIISIOT
Kk Hemy 0,5 mi 5 %-nHoro pactBopa K2CrO4 m OTTUTPOBBIBAIOT COAEPKUMOE HCCIELYEMBIM PacTBOPOM
AgNO3. Tlpu TUTpPOBaHMHM TEPEMEIINBAIOT COACPKUMOE KOJOBI, YTOOBI YyCTEBaJIO yCTaHABIUBATHCS
azicopOLMOHHOE paBHOBecHe. TutpoBaHue OyJeT 3aKOHYEHHBIM, KOTa YUCTO JKEITHINA I[BET KUIKOU (hazbl
CO B3MYYEHHBIM B HEH O0CaJKOM NpUOOpETeT OT ONHOM KAl pacTBOpa HUTpara cepedpa 4yThb-uyTh
KpacHOBaThI OTTEeHOK (Hauaso BeimaaeHus Ag2CrO4). /[ noBBIIIEHUS TOYHOCTH TUTPOBAHUE TTOBTOPSIOT
3 pasza, HaxXoIiIT BEJMYMHY HOpMabHOCTH pacTBopa AgNO3 u mepecunthiBator ee Ha T(AgNO3/Cl-).
YMHOXUB 3Ty BEIMYMHY Ha OOBEM pacTBOpa HUTpara cepeOpa, HM3pacXOJOBAHHOTO Ha THUTPOBAHHE,
MoJTy4aroT uckoMoe konnuectBo rpamMm Cl- B 10 M TUTpyeMOTO pacTBopa.

JlabopaTropnas pabGora 2. Pomanomerpudeckoe omnpeaeinenue npumecu NaCl B TexHHMYecKoM
THAPOKCHIE HATpPHS.

Lenb: oTpaboTaTh METOAUKY aprEHTOMETPHUUECKOTO OIPEIeNICHHs XJIOPUAO0B IO METOy 00paTHOTO
TUTPOBAHUA, 4 TAKXKC MCTOAUKY NMHAUKATOPHOI'O OMPCACIICHUS TOYKHU S3KBUBAJICHTHOCTHU B TUTPOBAHHHU B
METOJI€ OCAXKICHUSI.

PeakTwBbl: 0,05 H pacTBop NaCl, 0,05 H pacTBOp HUTpaTa cepebpa, = 0,05 H pacTBOp pofaHunga
aMMOHUS1, KOHLEHTPUpOBaHHasa a30THas KNCN0Ta, XKene30aMMOHUiHbIe KBaclbl (HACbILEHHbIN pacTBop),
TEXHUYECKNIA TMAPOKCUE, HATPUS C MPUMECHIO XNopuraa, heHongTanemH

OnbIT 1. YcTaHoBKa TO4YHOW KOHUeHTpaunn pacTsopa NH4ASCN.

BropeTky 3amoiHSIOT MPUTOTOBICHHBIM PACTBOPOM poJaHUAa aMMOHMs. B konly A TUTpOBaHUS BHOCST
10 M pactBopa AgNO3 u3BecTHOW KOHIeHTpauuu, SO MiI BOABI, 3 Kaljiyd KOHIIEHTPUPOBAHHOM a30THOM
KHUCJIOTBI ()11 TpeaoTBpamieHus Tuaponusa), | mi HaceimeHHoro pactBopa NH4Fe(S04)2x12H20
(>kene30aMMOHHUIMHBIE KBACIIbl), TUTPYIOT pacTBopoM NH4SCN u onpeaensroT ero HopMaabHOCTh. BOmm3u
TOYKU IKBHUBAJIEHTHOCTU TUTPYEMBIN pPACTBOpP CTAHOBUTCS OpPAHKEBO-KPACHBIM, B SKBHUBAJIEHTHOI TOUKE —
KOPUYHEBO-KPACHBIM.

OnbIT 2. ONnpeseneHne npumecy xnopuga HaTpua B TexHmuyeckom NaOH.

HaBecky TexHn4eckoro rujipokcua HaTpus (0kojo 1 1), B3ATyI0 Ha aHAIMTHYECKUX BecaxX, KOJTMYECTBEHHO
nepeHocsAT B MepHyro konlOy Ha 100 mut, moGammsitor 50 M Bombl M pactBopsitoT. Ilocie pactBopeHus
BHOCST B KoJIOy 2 karmu (eHondTanenHa u croibko 2 - 4 H pactBopa HNO3, ckonmbko motrpelyercs st
Herpanuzanuu NaOH, nonuBaroT BOJIOM 10 METKM M THIATENIbHO niepeMennBasi. [1omydnsicss KOHTPOJIbHbBIN
pacTBop.
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B xonGy mns tutpoBanus or6upaior 10 mMi koHTponbHOro pactBopa, 10 mu pactBopa AgNO3, 1 mn
WH/IMKaTOpa (HACBIICHHBIA PAacTBOpP KEJIE30aMMOHUUHBIX KBACIIOB) M THTPYIOT POAAHUIOM aMMoOHus. 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 oOKpacka poaHu/Ia Kele3a MOSIBISETCS PaHbIIe TOCTHKEHUS TOYKU SKBUBaJIeHTHOCTU. OHAKO 3Ta
OKpacka MCYe3aeT, TaK KaK HOHBI cepedpa IMOCTEINEHHO PearupyroT ¢ poAaHuoM. TUTPOBaHUE MPEKPALIAIOT
MoClie TIOSBJICHUST HEUCUE3aoUIe TNpU HSHEPrMYHOM B30ANTHIBAHUM KOPHUUHEBATO-PO30BOM OKPACKH
pacTBopa BciieAcTBHe 0OpazoBanus komruiekca: Fe3+ + nSCN- ® [Fe(SCN)n]Z+.

Pacuer mpumecu NaCl (w, %) BexayT no hopmyie:

JlabopaTtopnas pa6ora 3. OnpenesneHue o01ei :KeCTKOCTH BOAbl KOMIIEKCOMETPHYECKHM METO/I0M.

Ilenb: oTpaboTaTh METOIUKY KOMILICKCOHOMETPHYCSCKOTO THTPOBAHHS TPHIOHOM b, MpoaHamu3upoBaTh
00pa3ipl BOJIBI Ha OONTYIO )KECTKOCTh

PeakTwusbl: 0,05 H pacTBOp TpunoHa b, ammuauHblii 6ydep (roToBsT 20 %-HbIX pacTBOPOB X10pKAa W
rMAPOKCKAA aMMOHWS), XPOMOTeH YépHbIn T, 06pasLibl BOAb! 418 aHanm3a

OnbIT 1. MpuroTosneHne aMMmuadHom 6ygepHoii cmecu.

T'otoBsaT o 100 M 20 %-HBIX pacTBOPOB XJIOPUAA U TUAPOKCHA aMMOHHUS, CITUBAIOT UX B MEPHYIO KOJIOY
Ha 1 11 1 10BOZAT 0OBEM pacTBOpa BOJOH 10 METKH.

OnbIT 2. OnpegeneHne 06LLER XKeCTKOCTW BOAbI.

B xonby nns tutpoBanus BHOCAT 100 M micciieryeMoi BOABI M IPUOABIISAIOT 5 MJT aMMUa4HON OydepHOi
cMecH. 3aTeM MPWIKUBAIOT MO KaIjIsiM pacTBOP MHAMKATOPa XpPOMOTE€HA YEPHOTO N0 MOJIy4YE€HHUs 3aMETHOM,
HO HE CJMIIKOM TE€MHOW BHHHO-KpacHOW okpacku pactBopa. Ilocne storo turpyror 0,05 H pacTBOpoM
TpuioHa b 10 M3MeHeHHs OKpacKy B CHHIOIO, HHOTTIA C 3€JICHOBATHIM OTTEHKOM.

O6myro sxecTKoCTh Bofbl (Ca2+ u Mg2+ Ha 1 1) BRIUKCTSIOT 110 hopMyJie:
, MMOJIb-3KB/JI,

rne CH — HopmanbHasi KOHIIEHTpaIusl pacTBopa TpuiioHa b; V1 — o6wem pabodero pactBopa TpuioHa b,
3aTpadyeHHbBIA HA TUTpOBaHKE (MJ1); V — 00BEM BOJIBI (MJT), B3SITHIN TSI ONIPEACIICHUS.
[To onpeneneHHOM 00IIEH KECTKOCTH BOAY KIACCU(PHUIIUPYIOT CIETYIONUM 00pa3oM: odeHb Msrkas (10 1,5
MMOJTBb-3KB/1); Markast (> 1,5 no 3,0 mmoinb-3kB/n); cpenusis (> 3,0 go 6,0 mmonb-3kB/); )xectkas (> 6,0 1o
10,0 mMoIb-3KB/1T); o4eHb xecTKas (> 10,0 MMOJTB-9KB/ ).

3anaHus AJ51 CAMOCTOSITeILHOI padoThI.

CamocTrosTenbHast paboTa TeMbI HalleJieHa Ha MPopabOTKy KOHCIIEKTa JIEKLUU IO BOIPOCaM, TO3BOJISIOLUIIM
MOJTOTOBUTKCS K 1a00paTOpHON padoTe, KOIOKBUYMY, MOAYJIBHOMY TeCTHpOBaHUI0. CaMOCTOSTEIbHOE
pellIeHre TUTIOBBIX KAYeCTBEHHBIX U PACUETHBIX 33/1a4 HEOOXOAUMO ISl TOATOTOBKU K KOHTPOJIbHON
pab6orte. [Tonb3ysch TOMOTHUTEHFHOM U CIIPABOYHOM JTUTEPATYPOH, CIIEAYET CAMOCTOSTEIHHO PACCMOTPETh
00J1acTH MPAaKTUYECKOTO MPUMEHEHHUS OCAAUTEIHLHOTO U ¥ KOMIUIEKCOMETPUYECKOTO TUTPOBAHHUSL.

Tema 15. Kuneruueckune meroasl anaausa. (OIIK-1)
Jlexknus.

Kunernyeckue Meronpl aHanu3a. TUIBI M IPUMEpHl peakUMil B KMHETUYECKUX MeTonax. OrpaHuueHus
METONOB. UyBCTBUTEIBHOCTD U CEIIEKTUBHOCTh METOAOB. [IpakTruecKoe BBIIIOJIHEHUE aHAJIA3A.

IIpakTH4eckoe 3aHATHE.

[IpoBoauTcst B popme cemuHapa.
JlaboparopHbie padoThbI.

He npenycmotrpeno
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

[enbto camocTOATENBbHOM paboTH ABISETCS MPOPadOTKa KOHCIIEKTA JIEKIIUH 110 BOPOCAM, MO3BOJISIFOIINM
MOJTOTOBUTHCS K KOJUIOKBUYMY U MOIYJIbHOMY TecTHpoBaHHUI0. CienyeT oOpaTuTh 0co00e BHUMaHHE Ha
MeToAbl (PMKCUPOBAaHUS KOHLIEHTPAIMK OMPEEIIEMOr0 BelllecTBa B J1a00paTOPHON U MPOMBIIIIICHHON
MIPAKTHKE.
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Tema 16. dnexTpoxumudeckne MeToabl anaausa (OIIK-2)

Jlexknus.
DNeKTpoXUMUYecKre MeToApl aHanm3a. OOmas XapakTepuCTHKa METofa. DIEKTPOXMMHYECKasl IeNb U
A4erka. MHAMKaTOpHBIN IIEKTPOA U JIIEKTPOA cpaBHEHUsA. IloTeHUImMoOMeETpHs U MOTEH-LIMOMETPUYECKOE
TUTPOBAHUE.
Bonsramnepomerpusi. PTyTHbIN 3nekTpon. Murpanuonusidi U nuddy3uoHHslid Toku. [IpeaenbHbI TOK.
[Tomsipuzamus. YpaBaenune UnpkoBuda. YpaBHeHue mossiporpadudeckoil BoiHBL [loTeHIMAam moayBOTHBI.
AmnepoMeTpudyeckoe TuTpoBaHue. Bua kpuBbix TuUTpoBanus. KymoHomerpusa. 3axonsl @Papapes.
Onpenenenre KOHEYHOM TOUYKU TUTPOBaHMS. BUIbI KpUBBIX TUTPOBAHUS.

IIpakTn4yeckoe 3ansATHE.
[IpoBoaurcs B popme ceMuHapa.

JlaGopaTopHbie padoThbI.
JlaGoparopHasi pa6ora. [loreHnImOMeTpHYeCcKoe onpee/ieHHe COJISIHON KHCJIOTHI B pacTBOpe.
Lens: oTpaboTars METOAUKY MOTEHIIMOMETPUUECKOTO TUTPOBAHUS HA IPUMEPE PEeaKIMU HEHTPaTIU3alllu.
PeakTwusbl: 1 H pacTBop NaOH, pacTBOp CONAHON KUCOThI (= 1 H).
CobuparoT yCTaHOBKY AJisi MOTEHIIMOMETPUYECKOTO THUTPOBAHMS (SUEHKa C HCCIEIyeMBIM PacTBOPOM,
XJIOPUACEPEOPSHBIN 3JEKTPOJI, arap-arapoBblii MOCTHK, OIOpPETKa, XMHTHUIPOHHBINA DIIEKTPOJ, KaTOTHBIN
BOJIBTMETP)
B crakan na 250 mu BHOCST 20 M1 pacTBOpa COISTHOM KUCIOTHI HEM3BECTHOM KOHIEHTPAILMU U TUTPYIOT €r0
1 v pactBopom NaOH, npu6apnss B Kaxa0il Touke THUTpoBaHUS 1o 0,5 M TUTpaHTa U OAHOBPEMEHHO
(buKCHpys MOTEHIMA PAcTBOpA MO KATOJHOMY BOJBTMETPY. THTpPOBaHME CUMTAIOT 3aKOHUEHHBIM, KOTJa
MOTEHIIMAJ CUCTEMBI OyzieT OJIM30K K HYITIO.
CTposIT KpUBYIO NMOTEHIIMOMETPUYECKOTO TUTPOBAHMUS, OTKJIAIbIBAs 10 OCHU abcuUcC 00beM THTpaHTa, IO
ocu opaunat — E, B. Ilo rpaduxy onpenensror VKTT, koropsriit ucnons3yrot mist ounenku m(HCI): m(HCI)
= (VKTTxCua(NaOH)*x50x3(HCI))/(20x1000), mo mnomxydeHHor m(HCl) BBIYUCIAIOT HOPMaJIbHYIO
KOHIIEHTPALUIO pacTBOPa COJISTHOU KMCIIOThI
JlaGoparopHnasi pabora 2. AMnepomerpnuyeckoe turposanue Fe (II) pacrBopom K2Cr207.
Lens:  orpaborarh  METOAMKY  aMIEPOMETPUYECKOTO  TUTPOBAaHUS  Ha  NpUMEpe  peakiuu
OKHCJIEHUS-BOCCTAHOBIICHUSI.
PeakTwBbl: 0,1 H pacTBop K2Cr207, 1 M pacTsop HCI, 50 mn pacTsopa conu Fe (11).
CobuparoT yCTaHOBKY I aMIEPOMETPUYCCKOTO THUTPOBAHHS (BBIMPSIMUTENHh MEPEMEHHOTO TOKAa WIIU
YHUBEPCAJbHBI MCTOYHUK MHUTAHUS, MUJJTUAMIIEPMETP, PEOCTAT, BOJIBTMETP, COCAUHUTEIBHBIE TPOBOA,
AIIEKTPOTUTHYECKAS sTUeHKa C TNIATHHOBBIMU 3JICKTPO/IaMu, OIOpeTKa).
B anexrponutndeckyto sueriky nepeHocsT no 20 mi ananusupyemoro u ¢onosoro (1 M HCI) pactBopos.
bropetky 3anonustor 0,1 H pactBopom K2Cr207. DneKTpUYECKYIO IEMb 3aMBIKAIOT KIHOYOM M CO3[al0T
HanpspkeHue 1 B. PacTBop TuTpaHTa NpUIMBAIOT K COACPKUMOMY AJIEKTPOIUTHYECKON sueiiku 1o 0,5 mu,
KaXAblH pa3 pukcupys TOK MO MUJUITMaMIiepMmeTpy. Tak Kak 3JeKTPOAaKTUBHBIM BEIIECTBOM B JaHHOM
ciydae sIBIAIOTCS MOHbI Fe2+, To TUTpoBaHME BEOyT N0 TeX IMOp, MOKa He Oy/leT MOMydeHO HE MeHee
YEThIpEX TOYEK, COOTBETCTBYIOIIUX IMOCTOSTHHOM BEJIMUMHE TOKA.
CTposIT KpUBYIO aMIEpPOMETPUUYECKOTO TUTPOBAHHUS, OTKIAAbIBasi MO OCH OpPJAMHAT CWIYy TOKa, MO OCHU
abcrucc — oobem tutpanTta. [ papuueckum cnocodbom onpenensitor VKTT u paccunrsiBatror m(Fe2+):

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.
[TonroroBka k maboparopHoil padboTe, KOJUIOKBHYMY, KOHTPOJIBHOM paboTe U MOYIbHOMY T€CTUPOBAHHUIO.
Ha camocrosTenbHOE n3ydeHne BBIHOCATCS BOIIPOCHI: 3JIEKTPOXUMUYECKAs LENb U YK, MHANKATOPHBIN
UIEKTPOA U IEKTPOJ] CpaBHEHUS, 3aKOHBI Dapajes, NPaKTUYECKOE IPUMEHEHHE dIEKTPOXUMUYECKUX
METOJIOB aHaJIN3A.

Tema 17. CnektpajibHble MeToAbI aHaau3a (OIK-1)
Jlexknus.
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CrieKkTp 37eKTpPOMarHUTHOIO U3iMydeHus. /[n1Ha BONHBI M BOJHOBOE 4MCiIO. CHEKTPBI aTOMOB M MOJIEKYIL.
Oueprust (OTOHOB M 3SHepreTuueckue mnepexonsl. 3akoH byrepa-JlamGepra-bapa. Ero maremaruueckoe
BblpakeHue. McnonpzoBanue Y®-, MK-u crnekrpoB BUAMMONW 00JacTH B AHAINTHYECKOW XUMHH.
CrniekTpooTOMETPUIECKHI METOI.
WNudpakpacHble CHEKTPbl U CTPOCHHE XHMHUYECKHUX COCTUHEHUH. MONEeKynapHbIH KOd(pPHUIUEHT
norouieHusi. Teopus MK-cmekTpoB W CHEKTpOB  KOMOMHAIIMOHHOTO —paccesHus. I[IpumeHenue
MHPpPAKpaCHbIX CHEKTPOB U CIEKTPOB KOMOHMHAIIMOHHOTO pAacCesiHUs B AHAJIUTHYECKOW XUMUH.
@nroopecueHTHBIM aHanu3. Macc-cniektpockonus. llpupoga u BuA  Macc-CHEKTPOB. OMHUCCHOHHAS
CHEKTPOCKONHA. BHIBl SMHCCHOHHOTO CHEKTPaJbHOIO aHaju3a: BU3YyalbHbIM, (oTorpaduueckui,
¢doroanekrpuueckuii. [IporcxokaeHne SMHCCUOHHBIX CHEKTPOB. V3MepeHHe IUIMH BOJIH CHEKTPaJbHBIX
nuHui. KayecTBeHHbI W KOJNMYECTBEHHBIM CIEKTPAJIbHBIA aHaln3. MeTo/bl KOJMYECTBEHHOIO aHau3a.
Meron A1epHOr0 MarHUTHOIO PE30HAHCA. SAEpHBINA NPOTOHHBIN pe30HaHC. XMUMHUYECKHU CABUL. Byl
cnektpoB. AMP (IIMP). Cnun-cnuHoBoe B3aumozaeiictue B IMP.

IIpakTnyeckoe 3aHsATHE.
Pemenue 3anay.

JlaGopaTopHbie padoThbI.
Jlaboparopnasi pabora . OJKcnepuMeHTa/lbHasi TMpoBepka 3akoHa byrepa-Jlaméepra-bapa.
Omnpenenenue xpoma B BUje OMXpoMara KaJius.
Lenb: orpaboTaTh METOAMKY (POTOMETPUUECKOTO METO/A aHAN3a, ONpPEACTICHNs COACPIKaHUS BEILEeCTBA B
CMECH 10 METONy TOCTPOSHHUs KanuOpoBouHOM KpuBoil. KomuuecTBeHHOE ompeneneHue Xxpoma B
aHAJIM3UPYEMOM PACTBOPE.
PeakTuBbI: CTaHAaPTHbIN pacTBOpa buxpomaTa Kanms (C KoHUeHTpaumen 8,481 mr/mn)
OnbIT 1. MNMpoBepKa BbINOAHAMOCT Y 3aKoHa byrepa-/lambepTa-bapa.
BapuaHT 1. B mepHyto konby Ha 100 mn oTbepuTe 5 M1 cTaHAapTHOroO pacTeopa buxpomaTa Kanms (¢
KOHLEeHTpaumen 8,481 mr/mn), goneinTe 40 METKX 1 TWATeNbHO NnepemellanTe. MpoBeanTe onpeaenexHne
ONTWYECKON NNOTHOCTM nony4eHHOro pacTseopa NocneaoBaTe/NbHO B KHOBETAX C pa3H017| TOﬂIJ.WIHOVI
nornowatowero cnos (5, 10, 20, 30 n 50 mm) npu anmHe BonHbl 430 HM. B KayecTBe pacTBOpa CpaBHeHUA
MO>XHO B3ATb AUCTWUNAMPOBaHHYO BoAy. MocTpoiTe rpadmk, 0TKnadbiBas N0 OCU OpAVHAT 3HAYeHUs
onTun4yeckoin nnoTHocTY (D), a Ha ocK abeumce — TOALLMHY NOrNoLWaroLWwero cnos B Mm. CaenainTe BblBoj 0
3aBMCUMOCT M ONTUYECKOA NIOTHOCTMN OT TOMWMHBI nornowaroLwero cnos.

BapuaHT 2. B 7 MepHbIx kon6 Ha 100 mn oTb6epuTe COOTBETCTBEHHO 2, 4, 6, 8, 10, 12, 14 wmn
CTaHAapTHOrO pacTBopa OuxpomaTa Kammsd. [oseauTe A0 METKW ANCTUAIMPOBAHHON BOAOIA W
TWaTeNbHO HGpEMeLuaVITe. I'Iocne,u,osaTeano npoBegnTeE WUIMEPEHUA ONTUYECKON MNOTHOCTHU
pacTBOPOB Ha (POTO3NEKTPOKONOPUMETPE B KIOBETE C TOMWMHONM nornowatowero cnos 10 mm 1 npm
AnmHe BoMHbI 430 HM. B kauecTBe pacTBOpa CPaBHEHWSI MOXKHO MCMOMb30BaThb AVCTWUNIMPOBAHHYO BOAY.
Mo nonyyeHHbIM [daHHbIM MOCTPOVTE KanMOpPOBOYHbLIN rpadvk B KoopaMHaTax D — KOHUeHTpauus
K2Cr207. OnpegennTe cofep>KaHue xpoma B pacTBOPe B M.

m(Cr) =,
Cremnaiite BBIBOJ O 32aBUCHMOCTH ONTHYECKOM MNIOTHOCTH OT KOHLEHTPALIUK PacTBOpa
OnbIT No2. OnpeseneHne xpoma B Buge buxpomaTa.
[Tonyuurte y mpenogaBaTens aHaTU3UPYEMbIii pacTBOp B MepHOH kos10e Ha 100 mut. JloBeauTe ero 10 METKU
JUCTUUIMPOBAHHOM BOJOW M TIIATENIBHO Iepemelnaire. [Iposenure onpeneneHue ONTUYECKON INIOTHOCTH
IIOJIly4YEHHOI'0 pacTBOpA B KIOBETE C pa3HOM TOJIIMHON nomiomatonero ciost 10 mm npu uirHe BoiaHsl 430
HM. [lonb3ysich KanmuOpoBOUHBIM TpadukoM TMOMy4YeHHbIM B ombiTe Nel (BapuanT 2) ompenenure
KOHIIEHTpAIMI0O Ouxpomara Kajus B aHAJIM3HPYEMOM B DPAaCTBOpPE M COJACpKAHHWE B HEM XpOMa B ML
PaccunraiiTe abCONOTHYIO M OTHOCHTEIBHYIO OMIHOKY M3MEPEHUSI.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
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CamocrosaTenbHas paboTa TeMbI HalleJIeHa Ha MPopabOTKy KOHCIIEKTA JIEKLIUH 110 BOIIPOCAM, ITO3BOJISIOIINM
MOATOTOBUTHCS K TAOOpaTOpHO paboTe, KOJUIOKBUYMY, MOJYJIbHOMY T€CTHPOBaHUI0. CaMOCTOSATEIEHOE
pelIeHHE TUITOBBIX KaYeCTBEHHBIX U PACYETHBIX 3a/1a4 HEOOXOMMO JIJIsl TOATOTOBKU K KOHTPOJIBHOMN
pabore. [Tonb3ysch JONOTHUTEIBHONM U CIIPABOYHOM JTUTEPATYPOH, CIETYET CAMOCTOSITEILHO PACCMOTPETh
CIIEKTP 3JIEKTPOMArHUTHOTO U3NTy4eHHsI, 0003HAYUTh 00JacTH MpakTHueckoro npumenenus YO-, UK- u
CIIEKTPOB BUMMOM 00JaCTH B aHAJTUTUYECKON XMMHHU, METOJIa ICPHOTO MArHUTHOTO PE30HAHCa U
SIEPHOTO IIPOTOHHOI'O PE30HAHCA.

Tema 18. 9BM B anaautnueckoii xumuu (OIIK-1)
Jlekumus.
[Tpunnun padorer 9BM. IIporpammuoe obecnieuenne. OcOOCHHOCTH W MPUHITUITBI HCTIONB30Banus OBM B
aHAJTMTUYECKOM XUMHH. YTpapiieHne u coop maHHbxX. [lepBuunas oOpaboTka maHHBIX. WHTepmpeTarus

JaHHBIX: MaTEMAaTHYCCKOC MOACIIMPOBAHNEC aHATTUTUICCKOI'O ITpouccca, Mar€MaTu-4€CKUE MOACIIN 00BEKTOB
dHaJInu3a.

IIpakTn4yeckoe 3ansATHE.

[IpoBoaurcs B popme ceMuHapa.
JlaGopaTopHbie padoThbI.

He npenycmorpeno
3ajaHus 1J151 CAMOCTOSITEIbHOM PadoThI.

[Tonb3ysAch TONOIHUTEIBLHON U CIIPABOYHOU JIUTEPATYPOH, CIELYET CAMOCTOSATEIBHO PACCMOTPETh IIPUHIIMIL
pabotel DBM, 0oCHOBHBIE BH/IbI TPOIPAMMHOTO 00€CIICUCHHS.

4. KoHTpO/Ib 3HAHUI 00YYAKOIIMXCS U THIIOBbIE OLIEHOYHbIE CPeICTBA
4.1. Pactipenenenue 6amios:

3 cemectp
*  TEKyIHUH KOHTPOJIbL — 50 OamioB
*  KOHTPOJIBHBIEC Cpe3bl — 2 cpe3a mo 10 6amIoB KaKabIi
* mpeMuanbHbIe OaTel — 10 6amioB
* OTBeT Ha ’Kk3aMeHe: He Oonee 30 6amioB

Pacripenenenne 6aioB 1mo 3aJaHusIM:

No |HazBanue tembl | @opmbl Max. Mertonuka npoBeJeHUs 3aHIATUS U OIIEHKU
Te | /BHUI y4eOHOH |TEKylIero | KOI-BO
MBI paboTsI KOHTpOJsl | Oamos
/ cpe3bl
1. |Metomonorudec | Tectupon 5 Tect coctout u3 10 Bompocos.
KM€ aCIeKTHl U aHue
CTPYKTypa 1 mpaBunbHEI oTBeT-0,5 Gamna.
AHAJIUTUYECKON
XUMHH
2. Teopus u maboparop 3 3arutanupoBaHo  BeITIONHEHHWEe 1 jabopa-topHOW paboThl.  3a
MIpaKkTHKa Has nabopaTopHyo paboTy MaKCHUMalbHO Haumcisercs 3 Oamia: 1 6amn -
nmpoboorbopau | pabora BBINIOJIHEHKE; 1 Oain — pacueTsl U odopmicHue; 1 Oamn — 3armra
MPOOOTIOATOTOB TEOPETHUCCKOTO MaTepraia K JaboparopHoii padorte
KA
3. Honnoe maboparop 3 3aruranupoBaHo  BeITIONHEHWEe 1 jabopa-topHOW paboThl.  3a
MIPOU3BEIACHUE Has JabopaTopHyIo paboTy MaKCHUMalbHO Haumcissercs 3 Oamia: 1 6amr -
BOJIBL. pabora BbINIOJIHEHKE; 1 Oain — pacueTsl U odopmicHue; 1 Oamn — 3armra
Bonopoaubrit TEOPETHYCCKOTO MaTepraia K JaboparopHoii padorte
MOKa3aTelb.
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IxanapHu | Tectupos 3 Tect coctout u3 10 Bonmpocos.
pOH. Bydepnsie aHue 3 Oamra — cTyleHT NpaBWIBHO oTBeyaeT Ha 75-100% BOmpocoB B
PpacTBOPBI. TecTe
Bydepnas 2 Gaa — CTYAEHT paBUIIbHO oTBevyaeT Ha 50-74% BompocoB B TecTe
€MKOCTb 1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
Kucnorno-ocHo |1aboparop 3 3amiaHupoBaHO  BBIOJHEHHWE 1  jabopa-TOpHOH pabotel. 3a
BHOE Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
paBHOBECHE. pabora BhIMoNHeHKe; 1 Oamn — pacdyeTsl U opopmienue; 1 Oamn — 3amura
I'moponus TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
corneil. BeiBox | Tectupos 3 Tect coctout u3 10 BOIpocos.
AHAJIMTUECKUX aHue 3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
3aBUCUMOCTCH. TEeCcTe
2 Gaa — CTYAEHT NpaBUIIbHO oTBevaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
KommuiexcooOpa [1abopatop 3 3amaHupoBaHO  BBIMOJHEHHWE 1  jabopa-TOpHOH pabotel. 3a
30BaHUE B Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
aHaJMTHYeCKo | pabora BbIMoNHeHKe; 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 — CTYAEHT paBUIIbHO oTBeuaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIBHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
Kosustoxs 10 KomnmokBuym cmaercss B ycTHOH (opMme 1O mNpeaBapUTEIbHO
HYM(KOHT 0003HAUEHHBIM TEOPETHYECKHUM BONpOCaM U MaKCUMAaJIbHO
PONBHBINI oueHuBaercs B 10 Gaiios:
cpe3) 9-10 0aJuIOB  BBICTABISIETCS, €CIOM  CTYOGHT OOHapyXKWiI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOrO
MaTepuaa, yMEHHE CBOOOIHO BBITIOTHATH 3aJ1aHus,
MPETyCMOTPEHHBIE TIPOrpaMMOM, OCBOMBIIMH OCHOBHYIO, u

3HAKOMBI C JONOJHUTENBHOW muTeparypoil. OTBET MOCTpOEH
JIOTHYHO, Marepuan H3JIaraeTcsl YeTKO, SICHO, XOPOIIUM SI3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs HWH()OPMALMOHHBIH U
WITIOCTPAaTUBHBIA Marepuan (IpUMepbl U3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, 110 CYIIECTBY.

8-7 0amioB BBICTABISETCS, €CIU CTYAEHT OOHApY>KWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIIOJIb30BaTh
paHee NONyYeHHBIC 3HAHWS C BHOBb NMPUOOPETECHHBIMH, HMPUMEHATH
ux Ha mpaktuke. OTBET MOCTPOEH JIOTHYHO, MaTepHall M3JaracTcs
XOPOILINM SI3BIKOM, MIPUBJIEKACTCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBINA MaTepHall, HO IIPH OTBETE JOMYCKACT HEKOTOPHIC
MOTPEIIHOCTH.  Bompockl, 3amaBaeMble  NpenoaaBaTeieM, HE
BBI3BIBAIOT CYLIECTBEHHBIX 3aTPyIHCHHUN

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUUN
yueOHOTO M JICKIMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiajeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsl HEYBEPEHHO IPU OTBETE
Ha BOIPOCHL. B oTBeTe He Bcerma MPUCYTCTBYET JIOTHKA, apIyMEHTHI
MPUBJIEKAIOTCS HEJIOCTATOYHO Beckue. Ha mocTaBiieHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAa€T HENOCTATOYHO TIyOOKHE
3HaHU

0-4 0aJuIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodeCcCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MPaKTHYECKUX CcHTyanuid. He MoXeT mnpuBecTH mNpuUMEphl U3
peanbHON MpakTUKU. HeyBepeHHO W JOTWYEeCcKH HEemoceN0BaTeIbHO
u3jaraer Marepuai. HemnmpaBwibHO OTBe4aeT Ha TMOCTaBICHHBIC
BOIIPOCHI WJIH 3aTPYAHSETCS C OTBETOM.
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OxucnurensHo- | TecTupos Tect coctout u3 10 Bonmpocos.
BOCCTAaHOBUTEIb| aHHE 3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
HBIC PEAKLUH B TecTe
aHAJIUTUYECKOI 2 Gaa — CTYAEHT paBUIIbHO oTBevyaeT Ha 50-74% BompocoB B TecTe
XUMUU 1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
naboparop 3amiaHupoBaHO  BBIOJHEHHWE 1  jabopa-TOpHOH pabotel. 3a
Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
pabora BhIMoNHeHKe; 1 Oamn — pacdyeTsl U opopmienue; 1 Oamn — 3amura
TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
3akoH gelicTBus |naboparop 3amiaHupoBaHO  BBINOJIHEHWE 1  jabopa-TOpHOH paboTel. 3a
Macc B Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
reTeporeHHbIX | paboTa BhbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
poleccax. TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
PactBopumocTs, | Tectupos Tect coctout u3 10 Bompocos.
NPOU3BCICHUC aHue 3 Oamra — cTyleHT mpaBWIBHO oTBeyaeT Ha 75-100% BoOmpocoB B
pac-TBOPUMOCTH TecTe
2 Gaya — CTYAEeHT NpaBUIIbHO oTBeuyaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
Metonst naboparop 3amaHupoBaHO  BBIOJHEHWE 1  jabopa-TOpHOH pabotel. 3a
oOHapyXeHus u Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gam -
uaeHTuukauuu| padora BbIMoNTHeHKe; 1 Oamn — pacdeTsl U opopmienue; 1 Oamn — 3amura
. TEOPETUYECKOro Marepuaia K labopaTopHoil padote
Xpomarorpadus | Tectupos Tect coctout u3 10 Bompocos.
aHue 3 Oamna — cTymeHT mpaBwiIbHO oTBedaeT Ha 75-100% BompocoB B
TecTe
2 Gaja — CTYAEeHT NpaBUIIbHO oTBevyaeT Ha 50-74% BompocoB B TecTe
1 Gann — cTyaeHT npaBUWIIbHO OTBeuaeT Ha 25-50% BONpPOCOB B TecTe.
Konmounnsie |maGoparop 3amaHupoBaHO  BBIOJHEHHWE 1  abopa-TOpHOH paboTel. 3a
CHCTEMEI B Has nabopaTtopHyio paboTy MakcUMallbHO HauuciseTcs 3 Oamna: 1 Gamn -
aHaJMTHYeCKoi | pabora BbIMoNHeHKe; 1 Oamn — pacdyetsl U opopmienue; 1 Oamn — 3amura
XUMUH. TEOPETUYECKOro MaTepuaia K labopaTopHoil padote
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10.

Amnanns cmeceil | Kossioks
MOHOB. AHanmn3 |AyM(KOHT
pactBopa PONBHBINI
XUMUYECKOTO cpe3)
COETUHEHMSL.

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

naboparop
Hast
pabora

3a nabGoparopHyio pabOTy MakcMMalbHO Hauucisercs 3 Oamma: |1
Oamt - BoeimonHenue; 1 Gamn — pacuetsl u odopmiteHue; 1 Oamm —
3alIUTa TEOPETHUECKOT0 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 ©annmoB — CTyAEGHT PacKpbUI OCHOBHBIE BOMPOCHI M 3aJaHUs
OusieTa Ha OLICHKY «YIOBJICTBOPUTEILHO»

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

25-30 6amynoB — CTYAEHT PAacKpbLl OCHOBHBIE BOMPOCH M 3aJaHuUs
Ousera Ha OLIEHKY «OTIMYHO».

13.

WNunuBuayansHble 3a/1aHAS,
C TMIOMOIIIBI0 KOTOPBIX
MOXKHO HaOparhb
JIOTIOJTHUTENTLHBIC OaJlTbI

50

Jomamasis koHTposbHAsE padorta (30 6amros). [Ipeacrasmsier coboi
WHIWBUAyaAIbHOE 3ajJlaHue, cocTosimee u3 6 pacu€THBIX 3ajadu
MOBBIIIEHHOTO YPOBHS CJIIOKHOCTH. (5 0aJIJIOB 32 KOKAYIO PaBUILHO
pEIIeHHYIO 3a7a4y ).

TectupoBanme (100 BompocoB) mo Bcemy Kypcy cemectpa (50
6aytoB: 0,5 6aa 3a KaXKIblid MPaBUILHBIA OTBET)

14.

HUroro 3a cemectp

100

TeKylui KOHTpostb — 50 6aioB

4 cemectp

KOHTPOJBHBIE Cpe3bl — 2 cpe3a mo 10 6amioB KaxabIi

npemMuaabHbie 0amisl — 10 6amoB



OTBET Ha dK3ameHe: He Oosiee 30 0aiuioB

Pacripenenenne 6aioB 1mo 3aJaHusIM:

TC
MbI

Ha3Banwne TeMbl
/ BUI yueOHOM
paboThI

®opmbl
TEKYIIETO
KOHTPOJIS

/ cpe3sl

Max.
KOJI-BO
(%:08)():]

MeTtoauka pOBEICHUS 3aHATHS U OIICHKU

I'paBumMerpuuec
KU aHaJIn3.

maboparop
Hast
pabora

3aruTaHupPOBAHO BBIMOIHEHHE 2 JIa00Opa-TOPHBIX padoT. 3a KaKIyro
nabopaTop-Hy0 paboTy MaKCUMaIbHO HauucisieTcs 3 6amna: 1 6amr -
BbINOJIHEHUE; 1 Oain — pacueTsl U odopmicHue; 1 Oamn — 3ammra
TEOPETHUECKOTO MaTepraja K Jabopa-TopHoi pabote

Tutpumerpuuec
KW aHaJIn3 Ha
Oase
KHCJIOTHO-OCHOB
HBIX
B3aHMOJCHCTBHU

u.

maboparop
Hast
pabora

3aruTaHupPOBaHO BBIMOITHEHHE 3 J1a0opa-TOPHBIX padoT. 3a KaKIyro
nabopaTop-Hy0 paboTy MakCUMaIbHO HauucisieTcs 3 6amna: 1 6amr -
BBINIOJIHEHKE; 1 Oain — pacueTsl U odopmicHue; 1 Oamn — 3armra
TEOPETHUECKOTO MaTepraja K Jabopa-TopHoi pabote

KOJLJIOKB

UYM(KOHT

POJIBbHBII
cpe3)

10

KommokBuyM crmaeTcss B yCTHOH (opMe IO IPeaBapUTEILHO
0003HAaYEHHBIM TEOPETHYECKHM BONpOCaM U MaKCHMAaJIbHO
orennBaercs B 10 Gamos:

9-10 0aJUTOB  BBICTABIISICTCSA, €CIIH  CTYASHT  OOHAPYKUI
BCECTOPOHHEE, CUCTEMaTHUECKOe U IITyOOKOe 3HAHWE MPOTPaMMHOTO
Marepuana, yYMEHHE cBOOOITHO BEITIOHSTH 3a/1aHus,
MPEyCMOTPEHHBIE MPOTPAMMOM, OCBOMBIIMI OCHOBHYIO, u
3HAKOMBIM C JOTIOJHUTENbHOW JuTeparypoil. OTBET NOCTpOEH
JIOTUYHO, MaTepHhall M3JIaraeTcs YEeTKO, SICHO, XOPOIIWUM S3BIKOM,
apryMEHTHPOBAaHO, yMECTHO UCHONb3yeTCs HWHGOPMAIMOHHBIA U
WUTIOCTPATUBHBIA Marepuail (MpUMEpPsl M3 MPAKTHKH, TaOIHIIHI,
rpaduku ¥ T.71.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, I10 CYIIIECTRY.

8-7 0a;uTOB BBICTABIIACTCS, €CIU CTYASCHT OOHAPYKIII JOCTATOUYHO
[TyOOKHE 3HaHUS MPOTPAMMHOTO MaTephaia, YMEHHE HCIOIb30BaTh
paHee TONyYEeHHbIE 3HAHHS C BHOBb NMPHOOPETEHHBIMH, MPHUMEHATH
VX Ha mpaktuke. OTBET MOCTPOEH JIOTUYHO, MaTepuaj H3Jiaraercs
XOPOIINM SI3BIKOM, MIPHUBIIEKAETCS UH(QOPMATHBHBIN u
WUTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMYCKAaeT HEKOTOPbIE
MOTpemHoCTH.  Bompocsl, 3amaBaeMble  TperojaBareiieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0ayuIoB: CTYIEHT MOKAa3bIBACT HE JOCTATOYHBIM ypOBEHb 3HAHUU
y4e0HOTO U JIGKIIMOHHOTO Marepuala, He B MOJHOM 00beMe BiaieeT
MPaKTHYECKUMH HaBBIKAMH, YyBCTBYET ceOsi HEYyBEpPEHHO IIPH OTBETE
Ha BOTPOCHL. B OTBeTe HE Bcernma MPHUCYTCTBYET JIOTHKA, apTyMEHTHI
MPHU-BJIIEKAIOTCS HEJOCTaTOYHO Beckwe. Ha mocTaBieHHBIE BOMPOCHI
3aTpygHSETCS C OTBETaMH, IOKa3bIBa€T HEMIOCTAaTOYHO TIIyOOKHe
3HAHUSA

0-4 OaIIIOB: CTYICHT ITOKa3bIBACT cabbIit YPOBCHB
npoeCCHOHANBHBIX ~ 3HAHUWM,  3aTpyJHSeTCs  TpU  aHAIU3e
MpakTHYeCKuX cuTyanuil. He Moxer mnpuBecTH mpuMepsl U3
peanbpHON TpakTHKH. HeyBepeHHO M JIOTHYECKH HEeroCseI0BaTeIhbHO
v3Naraer Marepuan. HempaBmibHO OTBEUaeT Ha IOCTaBJICHHbBIE
BOIIPOCHI WJIH 3aTPYIHSIETCS C OTBETOM

OKHUCINTEIBHO-
BOCCTAaHOBUTEND
HOE TUTPOBaHUE

maboparop
Hast
pabora

3aruTaHupPOBAHO BBITIOTHEHUE 2 JT1a00-paTOPHBIX PaboT. 3a KaKIyro
nabopa-TopHYI0 paboTy MaKCUMAaJIbHO HaducC-JisseTcs 3 Oamna: 1 6amn
- BbIMONIHEHHUE; 1 0amr — pacyeTsl u oopmieHue; 1 Gamt — 3ammra
TEOPETHUECKOTO MaTe-praia K JJaboparopHoii padore

Komrmrexkconome
TPUIECKOE U
ocaguTelIbHOE
THTPOBAHUE.

maboparop
Hast
pabora

3aruTaHupPOBAHO BBIMTOITHEHHE 3 J1abopa-TOPHBIX padoT. 3a KaKIyro
nabopaTop-Hy0 paboTy MakCUMaabHO HauucisieTcs 3 6amna: 1 6amr -
BbINOJIHEHKE; 1 Oain — pacueTsl U odopmicHue; 1 Oamn — 3aimra
TEOPETHUECKOTO MaTepraja K Jabopa-TopHoi pabote
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Kunetnueckue
METOBI
aHajgusa.

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.

KOJJIOKB
HYM(KOHT
PONBHBINI

cpe3)

10

KomnmokBuym cmaercss B ycTHOH (¢opMme 1O mNpeaBapUTEIbHO
0003HAUYEHHBIM TEOPETUYECKHUM BONpOCaM U MaKCUMAaJIbHO
oueHuBaercs B 10 Gaios:

9-10 0aJuIOB  BBICTABISIETCS, €CIM  CTYOGHT OOHapyKWI
BCECTOPOHHEE, CUCTEMaTHYECKOe M ITyOOKOe 3HaHHE MPOrPaMMHOIO
MaTepuaia, yMEHHE CBOOOIHO BBITIOTHATH 3aJlaHus,
MPETyCMOTPEHHBIE IIPOrpaMMON, OCBOMBIIMH OCHOBHYIO, u
3HAaKOMBIM C JOTMOJHUTENBbHOU JuTeparypod. OTBET NOCTPOEH
JIOTUYHO, MaTepuall M3Jlaracrcsd YeTKO, SICHO, XOPOIIUM SA3BIKOM,
apryMEHTUPOBAHO, YMECTHO HCIOJIB3yeTcs HMH()OPMALMOHHBIA U
WITIOCTPAaTUBHBIA Marepuan (IpuUMepbl W3 MPaKTUKW, TaOIWIH,
rpaduku U T.4.). Ha Bompockl oTBeuaeT KpaTko, apryMEHTUPOBAHO,
YBEPEHHO, MO CYILECTBY.

8-7 0amnoB BBICTABISETCS, €CIU CTYACHT OOHApYKWJ JOCTATOYHO
DIyOOKHe 3HAHHWS MPOTPaMMHOTO Marepuania, YMEHHE HCIIOJIb30BaTh
paHee NONyYeHHBIC 3HAHMS C BHOBb NMPUOOPETCHHBIMH, MPUMEHATH
UX Ha mpakTtuke. OTBET MOCTPOEH JIOTHYHO, MaTepHaj H3Jaraercs
XOPOIIHUM SI3BIKOM, MIpUBIIEKAETCS WH(POPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepHa, HO MPU OTBETE JIOMMyCKAET HEKOTOPhIE
MOTpEeIHOCTH.  Bompocsl, 3amaBaeMble  IpenojaBaTreieM, He
BBI3BIBAIOT CYIIECTBEHHBIX 3aTPYIHEHUI

5-6 0anyoB: CTYIEHT MOKA3bIBaE€T HE JOCTATOYHBIH YPOBEHb 3HAHUMN
yueOHOTO M JIEKIMOHHOTO Marepuaia, He B MOJTHOM oObeMe BiaaeeT
MPaKTUYECKUMHU HaBBIKAMH, YYBCTBYET ceOsl HEYBEpEHHO IPU OTBETE
Ha BONpPOCHL. B oTBETe HE Bcerna MPHUCYTCTBYET JIOTHKA, apTyMEHTBI
MpU-BIEKAIOTCSL HEJOCTAaTOYHO Beckue. Ha mocraBneHHBIE BOMPOCHI
3aTPyAHSIETCSl C OTBETAMH, IIOKa3bIBAaeT HENOCTATOYHO TIIyOOKHE
3HaHU

0-4 0aJuIoB: CTYIEHT MTOKa3bIBAET CcI1a0bIi YpOBEHBb
npodecCHOHANBHBIX ~ 3HAHUHM,  3aTpygHAETCS  OpU  aHaJU3e
MpakTHYeCKUX cuTyanuil. He MoxeT mnpuBecTH mnpuMepsl U3
peanbHOM npakTHKU. HeyBepeHHO M JOTMYECKH HENOCIeI0BaTENbHO
u3naraerT Marepuan. HempaBuiIbHO OTBeYaeT Ha IOCTaBICHHbBIE
BOIIPOCHI WM 3aTPYIHAETCS C OTBETOM

DNEeKTpOXUMHUYIE
CKHE METOJIBI
aHaJIM3a

naboparop
Hast
pabora

3armiaHUpPOBAHO BBIMIOJNIHEHUE 2 JTAOOPATOPHBIX paboT. 3a KaXKAYHO
abOpaTOPHYIO PabOTy MaKCHUMAaJILHO HavyuciseTcs 3 Oamna: 1 Oamn -
BBIMIONTHEHKE; | Oayn — pacdeTsl U odopmieHue; 1 Oamn — 3ammra
TEOPETUIECKOTO MaTepuaia K 1abopa-TopHOH padoTe

CrnextpanbHbIe
METOZBI aHAJIN3a

naboparop
Hast
pabora

3a mabopaTopHyr0 pabOTy MakCH-MalbHO Haumcisercs 3 Oamma: 1
Oamt - BoeimonHenue; 1 Gamn — pacuetsl u odopmiteHue; 1 Oamm —
3alUTa TEOPETHUECKOTO MaTepraia K J1adopaTopHoil pabote




OBM B JOKIam
aHAJTUTHYECKOU
XUMUH

VYCTHOE BBICTYIUICHUE CTYACHTA IO BOIPOCAM MPAKTHYESCKOTO 3aHATHS
c uenpto Oomee OOCTOSATETHHOTO OCBEUICHUS TMPOTPAMMHOTO
Marepuaia ¢ IpUBJICYCHUEM HanOoJiee COBPEMEHHBIX HCCIICIOBAaHUI
B 00J1aCTH aHAIUTHYCCKON HAYKH.

3 Gaxnma — CTYICHT rPaMOTHO BBICTPAaWBAaEeT JIOTUKY CBOETO JOKIIANa,
packpbIBaeT TEMY HCCICIOBaHUS, ONHPAsCh Ha  Pe3yJbTaThl
TEOPETHYCCKUX U IMITUPUUECKUX HCCIICIOBAHUI MOCIEAHUX 3-5 JIeT.
I'pamMOTHBIC OTBETHI Ha JJONOJIHUTEIBHBIC BOIIPOCH

2 Gamna - CTYACGHT I'PaMOTHO BBICTPAMBACT JIOTHKY CBOETO JOKJIAJa,
packpbIBaeT TEMY HCCICIOBaHUS, OMNHPAsCh Ha  Pe3yJbTaThl
TECOPETHYECCKHX WM SMIIUPUYCCKUX HCCICIOBAaHUN COBPEMEHHOU
HAayKH, JTaHbl TPAMOTHBIC OTBETHl HA OTJACIBHBIC JOMOJHUTEIBHBIC
BOITPOCHI

1 Gayut — OTBET MPENCTABISAET COOOM MPOCTOE 3aYUTHIBAHUE TEKCTA,
OTIENbHBIC OTBEThI HA JIONOJHHUTEIbHBIE BONPOCH  TPEOYIOT
YTOYHEHHUS

50

Kontpomns
Has
pabora

Ha nmuceMeHHyI0 KOHTpONIBHYIO paboTy orBoautcs 90 munyt. PaGoTa
COCTOMT B PELIEHUH 5 pacyeTHBIX 33Jad M0 TEME M MaKCHUMAJIbHO
oueHuBaercs B 5 6amnoB (1 6at 3a KaKAyI0 MPaBUILHO PELICHHYIO
3ajaqy).

[IpemuansHbie OaIbl

10

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

10.

OTBeT Ha PK3aMCHE

30

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

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

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

11.

WNunuBuayansHble 3a/1aHAS,
C TMIOMOIIIBI0 KOTOPBIX
MOXKHO HaOpaTh
JIOTIOJTHUTEINTLHBIC OaJlTbI

50

Jomamasis koHTposbHAsE padora (30 6amros). [Ipeacrasmsier coboit
WHIWBUAyaAIbHOE 3ajJlaHue, cocTosimee u3 6 pacu€THBIX 3ajadu
MOBBIIIEHHOTO YPOBHS CIIOKHOCTH. (5 0aJJIOB 32 KOKAYIO PaBUILHO
pEIIeHHYIO 3a7a4y ).

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

12.

Hroro 3a cemectp

100

HtoroBass omeHka 1o »dk3aMmeHy BeicTaBisieTcss B 100-0ayibHON 1mikame W B TPaTUIIMOHHOMN

YeThIpexOasIbHONW  IIIKaJIe.

[TepeBon

100-6annbHOM  pEeHTHUHTOBOM OICHKHM 1O JUCIHIUIAHE B

TPaIUIIMOHHYIO YETHIPEX0aTbHYIO OCYIIECTBISIETCS CIEAYIOIIMM 00pa3oM:

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

4.2 TunoBsle OLICHOYHBIE CPEACTBA TEKYILIETO KOHTPOJIS

IOKJIAg

Tema 18. OBM B aHaIUTUYECKOU XUMUHU

1. ITpunanmn pa6oter 9BM, 0CHOBHBIE MOTYJIH.
2. [IporpamMmmHOE o0OecrnieueHue, UCIOJIb3yeMOE B aHATTUTHYECKOM MPAKTHKE.

3. OcoOEHHOCTH ¥ MIPUHIIMITBI UCTTOJIb30BaHUS DBM B aHaTUTHYECKOW XUMUH.
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4. Ymupasnenue u cOop naHHbIX. [lepBuunas oOpaboTka naHHBIX. IHTEprpeTanus NaHHBIX:
MaTeMaTu4ecKoe MOJICIMPOBAaHIE aHAIMTHYECKOTO MPoLiecca, MaTeMaTHYeCKUe MOJIENIN OObEKTOB aHAIIN3A.

KonsiokBuym

Tema 5. KomriekcooOpa3oBaHne B aHAUIUTHUECKON XHUMUH.
Komnoksuym Ne 1
1. IlpenmeT aHaMUTUYECKON XUMUU. METOIOIOTHYECKHE ACTIEKThI U CTPYKTYypa aHAJIUTHUYECKOMN
xumun.KBanuduxanus yuctots! BenjectBa. Okpacka miameHd. CucTeMbl KaYeCTBEHHOTO aHaIK3a.

2. 3aKkoH IeUCTBHUS Macc ¢ yueToM nocrtyinara ['ynpadepra u Baare.. 3akoH AeiCTBUS Macc 4yepe3 ypaBHEHUS
JUISL KOHCTAHThI paBHOBecHs. TpeOoBaHMS K CKOPOCTH PEAKIIUN U CKOPOCTH TOCTH>KEHUSI PABHOBECHSI B
aHanuTU4YecKor XxuMuu KonmndecTBeHHbBIE pacueThl ¢ CIOIB30BAaHUEM 3-Ha JEHCTBUS Macc.

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

4.bydepubie pactBopsl. bydepHas eMKOCTb.

5. Teopust anexkrponuTnueckoil aucconuanuu C. Appernyca. CMellleHue HOHHBIX PABHOBECHH B pacTBOpax
CJIa0BbIX ANEKTPOIUTOB.

6.Teopusi CUITBHBIX 3JICKTPOJUTOB. AKTHBHOCTb, KO3()(PHUIIMEHT aKTUBHOCTH, MOHHASI CHJIa PACTBOPA.
[Tpubnmxenus [lebas. YpaBuenue JleBuca.

7.I'maponus coneli c1aboro OCHOBAHUS U CHIIBHOUM KUCIOTHL. CTeNeHbh U KOHCTaHTa THIPOIN3a. 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. BBIBOI aHATUTUYECKUX 3aBUCUMOCTEH.

10. IIporonutnueckas Teopust bpencrena-Jloypu. Apronoporonus. Teopusi KUCIOT U OCHOBAHUHN
bpencrena-Jloypu.

11. Heomupie pactBoputenu. Cucrema kinaccudukamuu  pactBopureneir  bpencrena-Jloypu.
Knaccudukanus pactBoputeneit Ilapkepa. ANpoTOHHBIE AUMNOJSPHBIE PAacTBOPUTENH. JlUTIONSIpHBIE
MIPOTOHHBIE PACTBOPUTENN. ATIPOTOHHBIE AOJISIPHbBIE PACTBOPUTEIIH.

12. Knaccudukanus KOMIUIEKCHBIX COCTUHEHHUH MO XapakTepy B3aWMMOACUCTBUS METAII-TUTaH. BHyTpH-
1 BHemHec(epHbIe KOMIUIEKCH, TOMO- M TE€TEepOJHMraHAHbIe, MOHO- M TOJUACHTAaTHbIE. MHOTOSIEPHBIE
KOMILIEKCHI. XeJaThl, BHyTPUKOMIUJIEKCHBIE COSTUHEHUS.

13. Crynenyaroe koMruiekcoobpazoBanre. KoHCTaHTHI yCTOMYMBOCTH (cTyneH4arbie U obmue). dakTopsl,
BIMSIONINE Ha KOMIUIEKCOOOpa3oBaHHME: CTPOCHHE IIEHTPajJbHOrOo aroma W Jjuranjaa. KoHueHTpauus
KOMITOHEHTOB pacTBopa, pH, HOHHOM cuiibl pacTBOpa. BaxkHelne peareHThl, TPUMEHSIEMbIE B aHATIU3E JIJIS
paszzeneHus, OOHapy>KeHUs, ONPeIeICHUs HOHOB METaJJIOB, MACKUPOBKH.

Tema 10. Ananu3 cMecell HOHOB. AHaJIN3 pacTBOpa XMMHUECKOTO COEIUHEHUS.
Komnoksuym Ne 2

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

2.0cHOBHBIE HCOPraHNYCCKHUEC U OPTaHUYCCKUC OKUCIUTCIIN U BOCCTAHOBUTCIIN.

3. 3akoH 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 JIEKTPOIUTOB.

5. Wnpentudukanus aroMoB, HOHOB, MOJICKYJT M BemiecTB. J[poOHBII W CHCTEMaTHYECKHA aHAIIN3.
MUKpOKpUCTAJUIOXUMUYECKUH W MHPOXUMHUYECKUN aHanu3 (OKpallMBaHWE IJIaMEHH, BO3TOHKA,
oOpa3oBaHuUeE TIEPIIOB).

6. Metozp! paszaeneHus U KoHeHTpupoBanus. Koadduuuenrt pacnpenenenus.

7. Xpomarorpadus. AncopOrimonHas xpomaTorpadusi, BRITSCHUTEIbHAsS ¥ MOHOOMEHHas XxpoMartorpadus.
PacnipenenurensHas xpomarorpadus. bymaxunas xpomarorpadus. ['azoBas 1 )KuaKocTHas XpoMmaTtorpadus.



8. Xummuueckue peakiuy, BeAyIIHEe K OOpa3oBaHUIO KOJUIOMIHBIX CHUCTEM. MuIllemia U KOJUIOHIHAS
yactuua. [Ipasuno Jlunarosa.

9. KO&FYJISILII/ISI U CCAMMCHTAI A KOJJIOUOHBIX CUCTEM. HGHTI/I?)aI_[I/ISI ocaaka.

Tema 12. TutrpumeTpuyeckuii ananus Ha 6a3e KUCIOTHO-OCHOBHBIX B3aUMOACHCTBUIA.

1. I'paBuMeTpuueckuii MeTo aHanu3a. [{ocTonHCcTBa M HEAOCTATKU. METObI BBIACICHUS, OCAKICHUS U
OTTOHKH B TpaBUMETpPUYECKOM aHaiuze. [Ipumepsi.

2. TpeboBanus k hopme ocaxkaeHus u Becopo popme. OT60p npo6. [IpombiBaHme ocaaka.

3. KucnorHo-ocHOBHOE THTpoBaHue. O01ee npeacTaBieHie. JKBUBAJICHT. 3aKOH 3KBHBAJICHTOB.
Crioco0b! BeIpayKeHHs KOHIIEHTpAIMK pacTBOpoB. CTaHAapTHBIE PacTBOPA.

4. Teopun UHAMKATOPOB KUCIOTHO-OCHOBHOTO TUTpoBaHus (OcTBanpaa u xpomodopHas). Marepsan
nepexona okpacku. pK u pT unanKaTopoB. MeTunopanx U GpeHonpTanent ¢ TOUKH 3pEeHHS
MOHHO-XPOMO(OPHON TEOPHH WHAUKATOPOB.

5. PacyeT kpuBOIl TUTPOBaHUS PacTBOPA CHIIbHON KUCIIOTHI CUIIBHBIM OCHOBAHUEM.

6. Pacuet kpuBOW TUTPOBAHUS pAaCTBOPA CIA00N KUCIIOTHI CUIIBHBIM OCHOBAaHHEM.

7. TuTpoBaHHE CMECH CUIILHOM M CJ1a00M KUCIIOT CUIIBHBIM OCHOBAaHHUEM.

8. TurpoBanue MHOroocHOBHOU Kucio0Thl Ha mpuMmepe H3PO4. Kpusas tutpoBanusl.

9. TutpoBaHue pacTBOpa KapOOHATA IIEIOYHOTO METaJlIa M PACTBOPA CMECH IIEJI0YH U KapOoHara
IEJIOYHOTO MeTalIa. JTalbl TUTPOBAHHMS.

10. Bniusiaue 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/IC 06 OKHUCJIIUTCIIBHO-BOCCTAHOBUTCJIIBHOM ITIOTCHIIHUAJIC. HanpaBneHHe
OKI/ICHI/ITCJIBHO-BOCCTaHOBI/ITeJIBHOfI peaKI_[I/II/I. KOHCTaHTa paBHOBeCI/Iﬂ OKI/ICHI/ITGHBHO-BOCCTaHOBHTeﬂbHOﬁ
peaKIuu.
2. KpuBast OKHUCIUTETHHO-BOCCTAHOBUTEIIHBHOTO TUTPOBAHUSI.

3. Meron ocaxaenusi. TpeOoBaHMs K peaKIHsIM B METOJIE OCAKICHHS. MeToabl (pUKCAIIUN SKBUBAJICHTHOM
TOYKHU (MHIUKATOPHBIC U O€3MHIUKATOPHBIE).

4. KpuBasi THTpOBaHUS IO METOAY OCaXICHUSI.

5. OO1ee NOHATHE O KOMITJIEKCOMETPHUH U KOMILJIEKCOHOMETpUU. TpeGoBaHMsl, IPEabIBISIEMbIE K
peakuusM B KOMITJIEKCOMETpHH. BaskHel1ie KOMITJIEKCOHBI.

6. MeTtonbl puKCHpOBaHUS YIKBHBAJICHTHOW TOUYKH B KOMITJIEKCOHOMETpUU. IHIUKaTOphI
KOMITJIEKCOHOMETPUYECKOTO TUTPOBAHHSL.

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

8. Teopust KWHETHYECKUX METONIOB aHanu3a. JuddepeHnnanbapie 1 MHTErpaibHbIe METO/BI aHATN3A.
TpeOGoBaHus K MHAUKATOPHBIM PEAKLIUSM. .

9. CnocoObI onpenieneHnss HEM3BECTHOM KOHIIEHTPAIIUH BEUIECTBA (TAHI€HCOB, (PUKCHPOBAHHOTO
BpEeMEHH, (PUKCUPOBAaHHOM KOHLIEHTpaluy). KaranuTudeckuil 1 HeKaTaluTHYECKUNA BapUaHTHI
KUHETHYECKUX METO/IOB aHAJIH3a.

Kontponbnas padora

Tema 18. OBM B aHaIUTUYECKOU XUMUHU
BapuaHTBI KOHTPOJIBHBIX pa0OT:

Bapuant No 1.

1. Ilpu anHanm3e ABYX MpoO LIMHKOBOM py/bl B IEpBON U3 HUX, conepxameil 1,5 % Bnaru, Haiineno 45,3 %
nuHKa. Bo Bropoii, conepxarieit 0,67 % Brnaru, Haiineno 45,7 % muHKa. BymyT mu 9T ipo0Obl pa3nuyarbes
10 COZIEP’)KaHUIO B HUX IMHKA IIPU OIMHAKOBOM BIAYKHOCTH.
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2. Tutp cepHOI KHCIOTHI IO THAPOKcH Ly HaTpus paBeH 0,005250 r/mi. Beruuciants ee HOpMaJIBHOCTD U
TUTP 1O paboYeMy BEILIECTBY.

3. OmpenenuTh HOPMAIBHOCTh PACTBOPA HUTpATa cepedpa Ha OCHOBAHUU CIIEAYIOMIMX JaHHBIX: HA
tutpoanue 20,00 miu pacTBopa, coneprxkaero 2,3804 r xnopuaa kanus B 250 mu1, n3pacxonosaso 18,3 miu
pacTBopa HUTpara cepeodpa.

4. Onpenenuts I/IC B ragpBaHuYeCcKOM dJieMenTe Zn/Zn2+//H+/H2(Pt), ecnu u .

5. OmpenenuTh TONIIKHY CJI0S OKPAILIEHHOTO PacTBOpa, KOTOpasi MOTpedyeTcs A OCIabIeHHS
MHTEHCUBHOCTH MaJAI0IIET0 MTOTOKA CBETa B 5 pa3 mpu Ko3((UIIMEHTE MOJSPHOTO MOTAIIEHHs, PABHOM
0,054.

Bapwuanrt 2.

1. Ilpu ananusze ob6pasiia 1oJ0MHUTa HAlICHO: cofepxanue okcuaa yriepoaa (IV) pasno 46,66 %, okcuna
maraus 22,07 %, okcuna kanbius 30,59 %, nomytopabeix okcuaoB (Fe304 u A1203) 0,56 %, Bnaru 0,12
%. KakoB Mpo1eHTHBIH cocTaB abCo0THO cyXxoro oOpa3sua’?

2. Boruncnuts TiTp 0,1 H pacTBOpa CEpHOM KMCIOTHI IO THIPOKCUY HATPHUs, KaJbLUHUPOBAHHON COZE U
OKCHUJY KaJIbLIUS.

3. Ckonpko rpaMMOB XJIopuja Kajblius coaepkutcs B 250 M pacTBopa, eciii Ha TutpoBanue 25,00 miu
ero 3arpadeno 34,00 ma 0,1050 1 pacTBopa HUTpara cepedpa?

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

u.

5. Ilpu npoxoXAeHUH CBETOBOIO IIOTOKA YEPE3 CJIOM TOMIIMHON 2 CM pacTBOpa MHTEHCUBHOCTD €r0
yMmeHblunachk Ha 32%. Onpeaenutb UHTEHCUBHOCTh CBETOBOTO TOTOKA MPHU MPOXOXKICHUH Yepe3 CII0M
TOJILLIMHOM 5 CM TOTO K€ PacTBOpa.

Bapwuanr 3.
1. B xkamenHoM yriie HaiizieHo 5,3 % 30761 U 2,5 % Bnaru. [lepecuntars Ha aOCOTIOTHO CyXO€ BEIIECTBO.

2. YeMy paBeH TUTP pacTBOpA CEPHON KUCIIOTHI, €CIIH JUIS MOIY4YEHHs 3 JI TOI0 pacTBOpa B3ATO 25 M
CEPHOM KUCIIOTHI C TUNIOTHOCTHIO 1,515 v/Mit u MmaccoBoit moneit 61,54 %.

3. Hasecka 1,52 r cynbdara maraus (MgSO4x7H20) pactBopeHa B MepHOI Koi10e emkocThio 250 mi1. Ha
tutpoBanue 20,00 My TOIy4YEHHOrO pacTBopa u3pacxonosano 19,85 miu pactsopa Tpuiona b. Beruncnuts
TUTP, HOPMAJIBLHOCTh U MOJISIPHOCTh PAcTBOpa TpuiioHa b.

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

5. PaccunTtaTh HAMMEHBIITYIO KOHIICHTPAIUIO BEIIECTBA, KOTOPYIO MOXHO ONPEAETUTh KOJIOPUMETPUUECKH,
€CITM M3BECTHO, YTO MOJISIpHBIN Ko duiineHT noramenus paseH 1,25-103. Haumensiiee 3HaueHHe
ONTUYECKOW IJIOTHOCTHU MPHU TONIIHMHE ¢j1og 3 ¢cM paBHO 0,02.

Bapuanr 4.

1. N3 1,3162 r crinaBa nomyueno 0,1234 r okcuna amomunus u 0,0267 r nuokcuaa kpeMHust. CKOJIBKO
MPOLICHTOB AJIFOMUHMS U KPEMHUS B CIlIaBe?

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

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

4. CKOJIBKO NPOLIEHTOB LIMHKA COJIEP’KUTCSA B CIUIABE, €CIIM Ha TUTPOBAHUE IIMHKA, COAEpIKAIIEerocsi B 1 T
cruiaBa, 3aTpadeHo 26,03 mu 0,0222 M pactBopa Tpuiona b.

5. BonHoBoe uncno ¢orona pasao 3500 cMm-1. HaiiTi yactoty ero xonebaHuii.

Bapuanr 5.

1. Beruncnouts rpaBuMeTpudeckue Gaktopsl: onpeaensaor Fe203, momyuerno FePO4; onpenensror S
nonydeno BaSO4.



2. KakoBa HOpManbHOCTH 2,35 % pacTBopa ammuaka (r = 0,988 r/Mi1) 1 CKOJIBKO MII pacTBOpa HEOOXOIUMO
quist mpurotoBienus 2 1 0,2 H pacTBopa

3. KakoBbl MOJISIPHOCTH, HOPMAJIBHOCTB M TUTP I10 XJIOPY pacTBOpa poJaHU/ia aMMOHHS, €CJIM Ha
tutpoBanue 10 mi aToro pactBopa 3arpadero 12,00 ma 0,05 H pacTBOpa HUTpara cepedpa.

4. BBIUMCIIUTh OKUCIUTEIbHO-BOCCTAHOBUTENbHBIN MoTeHIman mapsl [ [111[13+/[11[]1[]2+ npu KOHLEHTpa
nonoB [J[1[1[13+, paBHoii 0,2 MOnb-3kB/11, a HOHOB [ | [1[1[12+, paBHO# 0,15 MONB-9KB/N1. YCIOBUS CTaHIAPT
ECCOO0O3+/00002+0= 0,77 B.

5. Hcnonb3yemblil paCTBOP UMEET ONTUYECKYIO MIIOTHOCTH 0,5 TIpH TOJIIHMHE MOMIOMIAONIETO CI0S 5 CM.
Konuentpanus pactBoperHoit conu cocranisier 2:10-5 1 B 90 mit pactBopa. OnpenenuTs MOJISIPHbIN
K03 (OUIIUEHT MOTIIOMIEHUS.

JaboparopHasi padora

Tema 2. Teopus u mpakTrKa TpoO00TOOpa U TPOOOTIOATOTOBKH

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

Tema 3. Monnoe npoussenenue Bozsl. Bogoponusiit nokasarens. [lkana pH u pOH. Bydepnbie pacTBOpHI.
Bydepnas emxocTh

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOIHA oopmileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 4. KucnorHo-ocHOBHOE paBHOBecHe. [ naponns coneil. BbIBog aHaIUTHUECKUX 3aBUCUMOCTEH.

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAIHA oopMileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 5. KomriekcooOpazoBaHue B aHATUTUYECKON XUMHH.

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

Tema 6. OKHCIMTEIFHO-BOCCTAHOBUTEILHBIE pCaKknuu B aHATUTHYECKOM XUMUH

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

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

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

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

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHoi padoTe, BKIIIOYAIONINI odopmiieHHe (3anmuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

Tema 9. KomounHpele CUCTEMEI B aHAJIUTUYESCKON XUMUH.

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

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

CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHoi padoTe, BKIIOYAIONINI odopmiieHHe (3anmuch HaOIoneHuil,
pacyeTsl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI
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Tema 11. I'paBuMeTpuueckuil aHaus.

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIFOUAOIHA ohopMmileHHe (3amuch HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJIBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. Kak ycTpoeHbl aHaTUTUYECKHE BECHI?

2. KakoBa CyIIHOCTh BECOBBIX ONPEACTICHHI a) MO METOIY OCaXJIeHus, 0) IO METOAY OTTOHKH?

3. UyBCTBUTENBHOCTH BECOB, OT KaKWX ()aKTOPOB OHA 3aBUCHUT M KaK BhIpakaeTcs?

4. [MorpemHocTty aHanu3a. [IpaBUIILHOCTE M TOUHOCTH aHaIN3a. AOCONTIOTHASI U OTHOCUTENIbHAS OIIHOKH.
5. UeM pyKOBOJCTBYIOTCS IIPH BBIYMCICHUM BEIUYMHBI HaBecku? [Ipumepsl.

6. YcnoBusi, HEOOXOIUMBIE JUTSI TOCTHKEHUS! KOJTHMYECTBEHHOTO OCaXICHUS OTPEACIIIEMOT0 HOHA.

7. Kakue (hakTopsl BIUAIOT Ha YUCTOTY ocaaka? UTo Takoe cOOCaxACHUE M KAaKOBBI MEpPbI OOPHOBI C HUM B
BECOBOM aHaiu3e?

8. Uem pyKOBOJICTBYIOTCSI PU BBIOOpE ocaauTesi? Pacder kolnuecTBa 0CcauTers.

9. Uto Ha3bIBaeTCs ocaxkaaeMoi popMoii, kakue TpeOoBaHMS MPEIbABISIOTCS K HEl?

10. Kakue nienu npecineayer mpoMbiBanue ocaakoB? Kak BeIOpaTh MPOMBIBHYIO KHUAKOCTH?

11. Yro Ha3bIiBaeTCs BecoBoii opmoii? Kakue TpeGoBaHuUs MPEbABIAIOTCS K BECOBOI popme?

12. Yrto Takoe rpaBuMerpudeckuii pakrop? [Ipu kakux pacdyerax ero MOKHO IPUMEHSTh?

13. [lorpeurHocts ananu3a. [IpaBUIBHOCTE M TOYHOCTH aHAIM3a. AOCONIOTHAS M OTHOCHUTEIbHAS OLITHOKH.
14. TToueMy Tipu OCaXKJICHUH HYKHO OpaTh U30BITOK ocamuTens? Kakum 1omkeH ObITh H30BITOK?

Tema 12. TutpumeTpuveckuii aHanu3 Ha 0a3e KUCIOTHO-OCHOBHBIX B3aUMOJICHCTBHA.
CTyneHT JOoJDKeH cAaTh OTYET 10 JabopaTopHoi padoTe, BKIIOYAIONINHI odopmiieHHE (3anmuch HaOIoneHu,
pacyeTsl, ypaBHEHHS PEAKIIMIA, BBIBOJbI) U OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI
1. Auunumerpus u ankanumetpusi. X cylHoCTs ¥ 001acTh TPUMEHEHUSI.

2. Kakue paboune TUTpOBaHHBIE PACTBOPHI UCTIOIB3YIOTCS B MeToze HelTpanm3auu? Croco0sl ux
IIPUTOTOBJICHHUS.

3. Kakoe mosoxeHrue 3aHUMaeT Ha KpUBOM TUTPOBAHUS CKa4OK TUTpoBaHus? Uto takoe pT mHaukaropa?
4. Ha mpuMepe METHIIOBOTO OPaHKEBOTO OOBSICHUTH MEXaHU3M OKPACKH HHIIUKATOPA C TOYKH 3PCHHUS
HMOHHO-XPOMO(OPHOI TeOpHUH.

4. VlaTepBai nepexojia OKpacKu MHAUKATOPA. 3aBUCUMOCTD LIBETa MHIUKATOPOB OT COOTHOILIEHUS UX
MOJICKYJIIPHOM 1 MOHHOM (hopMbl. [TokazaTens TUTPOBAHMUSL.

5. Mcxonnble TUTPOBaHHBIE PACTBOPLI, IPUMEHSAEMBIE B METOJE HEUTpanu3anuu. McxonHble BenecTna.
6. Kakyro okpacky OyneT uMeTh Jlakmyc u peHomndTanenH B pactBopax ¢ pH, paBabiM: 7; 8,5 u 117

7. OcoOEHHOCTH TUTPOBAHUS CIAOBIX KUCIOT CHILHBIMH OCHOBAHHUSIMH U CTA0BIX OCHOBaHUMN CHIIBHBIMHU
kuciotaMu. Kakue MHANKATOPBI MPUTOAHBI ISl 3TUX TUTPOBAHUI?

8. BausHue obnacTu MHTEpBalia epexo/ia MHAUKATOpa Ha BETMYHHY OIIUOKY TuTpoBanus. [IpuBenure
MIPUMEPBHIL.

9. [louemy 1pu TUTPOBAHUH PACTBOPA TUAPOKCH/IA KAJIUS XJIOPOBOJOPOJAHON KUCIIOTOU B PSJIE CIIyyacB
MONTy4YaloT Pa3IMYHbIC PE3YNIBTATHI IPU YIIOTPEOICHNH B KaUe€CTBE HHANKATOPA METHIIOBOTO OPAHKEBOTO U
¢benondranenna?

10. 3aBUCUMOCTD BETMYMHBI CKauKa TUTPOBAHUS OT KOHCTAHTHI TUCCOLMAIIMHA TUTPYEMON CI1a00N KUCIIOTHI
(cmtaboro ocHOBaHMS).

11. Kakoe mpakTudeckoe 3Hau€HHEe UMEET COBMECTHOE TUTPOBAHHE IIIEJIOUN U KapOOHATa IIEJIOYHOTO
Merasa?

12. OObsicHUTE HaTU4Ke ABYX TOYEK SKBHUBAJIEHTHOCTH MPU TUTPOBAHUU CMECH ILIEJIOYH U KapOoHaTa
niesniogyHoro Metasia. [loscHuTte BBIOOp MHAUKATOPOB.

Tema 13. OxucnuTenbHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE

CTyneHT T0DKEH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOINA ohopMileHHe (3amich HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJIbI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI
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1. 3aBUCUMOCTD TE€UEHUS PEAKIIUN OKHUCIEHUS IEPMaHIaHaTOM OT KOHLIEHTPALMK HOHOB BOJIOPOJIA B
pactBope. OnpenenuTs SKBUBAJICHT NIEPMaHraHaTa Kajaus B KUCJION, HEUTpaJIbHOM U LLETOYHOH Cpesie.

2. Ilouemy pacTBOp nepMaHraHara Kajausi HEOOXOJIMMO OTIEIUTh OT ocajka okcuaa mapranua (IV) u
3allMIIATh OT JEHCTBUA cBEeTa?

3. Kakue BelecTBa UCOIB3YIOTCA JIJIs1 YCTAHOBKY TUTpa MEpMaHraHaTta Kanus?

4. Kak onpenessitoT OKUCIUTENN U BOCCTAHOBUTENIN METOAOM nepmanranatometpuu? [Ipuseaure
MIPUMEpBHI.

5. [louemy mpu TUTPOBAHUU IIABEJIEBOI KUCIIOTHI IIEpMaHTaHATOM IEpPBbIE KaIlJId pacTBOpPa €ro
o0ecrBeunBalOTCs MeUIeHHO? OObSICHUTE MEXaHW3M FOMOTEHHOTO KaTalln3a.

6. PaccumuTaiiTe 5KBUBaJIEHTHYIO Maccy eje3a B coii Mopa npu B3auMOIEHCTBUU €€ C IEPMaHraHaTOM
KaJIMs B KUCJION cperie.

7. Kakne BOCCTaHOBHUTENN OKUCTISIOTCS CBOOOMHBIM HostoM? Kak rotoBsiT pabounii pactBop noaa?
8. PaccunTaiiTe S5KBUBAJICHT THOCYIb(aTa HATPHUS B PEAKIIMH CO CBOOOIHBIM HOJIOM.

9. Kakue OKHUCIUTENIN MOKHO ONIPEACIIUTh METOIOM HUOAOMETPHUU?

10. [Touemy npu HOTOMETPUUECKOM ONPEACTICHUN OKHCIUTENCH OepyT M30BITOK HOAUAA KaHs?

11. IIpuBenuTe ypaBHEHUS pEaKIIMii, JIKAIIKE B OCHOBE HOJOMETPUUYECKOTO ONPEAETICHUS MEIH.
OObsicHUTE HampaBlieHWEe peakiny B3auMoaecTeust noHoB meau (I1I) ¢ nonua-nonammu.

12. KakoBbI yCIIOBUs, KOTOPbIE HEOOXOMMMO COOIONATh MPU MOIOMETPUUECKUX H3MEPEHUSX ?

13. Kak BBIYMCIUTD MOTCHIIUAJI B TOYKC SKBUBAJICHTHOCTHU ITPU OKHUCIUTCIBHO-BOCCTAHOBUTCIIbHOM
TUTPOBAHUU, UCXOAS U3 CTAHAAPTHBIX OKHUCIUTCIbHO-BOCCTAHOBUTCIIbHBIX HOTGHHI/IaHOB?

Tema 14. KOMIUIEKCOHOMETPUYECKOE U OCAAUTEIBHOE TUTPOBAHHUE.

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

1. CymHocTh 0€3MHAMKATOPHOTO METO/IA OTIpeiesIeHUs] OPOMHJIOB U XJIOPHIOB paCTBOPOM HUTpaTa
cepedpa.

2. Kakue Bemectsa onpeaenstorcs MmetogoM Mopa? Kakoro tuna MHAMKATOp NPUMEHSETCS B TOM MeToe?
3. AncopOuMOHHBIE BIEHUS, HAOIIOAaEeMble IPU TUTPOBAHUU IO METOLY OCaKICHMUS.

4. Ha yeM 0CHOBaHO ITPUMEHEHHE a/ICOPOIIMOHHBIX HHANKATOPOB? [IpuMephl.

5. B kakoii cpesie XpoMar Kajausi UCIOIb3YETCsl KaK MHIUKATOp?

6. Kakue Bemectsa onpenessatorcs no merony Ponsrapaa? Jlaiite CpaBHUTEIbHYIO XapaKTEPUCTHKY
MeTonoB Mopa u @omnbrapaa.

7. Kakue pabouue pacTBOpbI U UHIAUKATOPBI MPUMEHSIOTCS 110 Metoay Donbrapaa?

8. PomanomeTtpusi, €€ CyIHOCTh M 00JIaCTh MPUMEHEHHsI. MeToInKa pOIaHOMETPHUIECKUX OTPECTICHHI.
OcHOBHbIE YpaBHEHUS PEAKIIHH.

9. Kommiiekconsl. MIx npumeHeHue.

10. MeTton omnpeneneHus 0011eH AKecTKOCTH BOJbI € oMoInbio komruiekcona 1. 3nauenue pH pactBopa
IIPHU OIIPECIICHUH KECTKOCTH.

11. Xapakrepucruka komiuiekcona III. Kakue BemecTBa ncnonp3ytoTcs Al yCTaHOBKU €r0 TUTPA.
12. KakoBbI mpeuMyiecTBa BHY TPUKOMIUIEKCHBIX COCTMHEHUM JIsl OCaXKICHHS MeTaJuToB. [Ipumepsl.
13. KakoBa knaccuukaius Bojbl 1Mo KeCTKOCTH?

Tema 16. DeKTpOXUMUYECKUE METO/IbI aHATN3a

CTyneHT T0DKeH caTh OTYET MO JabopaTopHOM padoTe, BKIIFOUAOINA ohopmileHHe (3amich HAOIIONCHHIH,
pacyeThl, ypaBHEHHS PEAKIIMA, BBIBOJBI) H OTBETUTH HA KOHTPOJIHHBIE BOIPOCHI

1. Kakue criocoObl M3MepeHHsl MOTEHIIHAJA CYIIEeCTBYIOT?

2. Yro Takoe paBHOBECHBIN noTeHnuan? Kak Hy)KHO IPOBOAUTH U3MEPEHHE NTOTEHIIMAJIA WHIUKAaTOPHOTO
AIIEKTPOJIA, YTOOBI €T0 BEIMYMHY MOXKHO OBUIO MPUHSTH PABHOM paBHOBECHOMY?

3. Onumure PASHOBUAHOCTU MOTCHIIUOMCTPHUYCCKOTO TUTPOBAHUA. Ha ocHOBaHMM 4ero B HUX
OIPCACIIACTCS SKBUBAJICHTHAS TOYKa?

4. B ueM COCTOMT CYIIHOCTh MOTEHIIMOMETPUUECKOTO TUTpOBaHusA? KakoBbl ero npeumyuecrna’?
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5. Kakue TpeboBaHuUs IPEABSIBISIOTCS K PEAKIIUSIM, UCTIOIb3yEMbIM B TIOTEHITHOMETPHH?

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

7. Kakue obmue cBolicTBa MEMOpaH, HCIIOJIb3YEMBIX JIJIsi H3TOTOBJICHHSI HOHOCEIIEKTUBHBIX JIEKTPOIOB?
8. Uto xapakrepusyeT KOdQPHUIIMEHT CEIEKTUBHOCTH HOHOCEIEKTUBHOTO JIeKTpoa?

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

10. OnummTe XuMHU3M MPOLECCOB MPOUCXOSIINX HA XUHTUAPOHHOM AJIEKTPOJIE.

11. Yem onpenensercs BUJ KpUBOH aMIEPOMETPUYECKOTO TUTPOBAHUS?

12. KakoBbI mpeuMyiecTBa METOIa AMIIEPOMETPUUYECKOTO TUTPOBAHUS MTEPE]T IPSAMOM
BOJIbTAMIIEPOMETPUECH?

Tema 17. CniexkTpasibHbIE METO/IbI aHATIN3a

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

1. KakoBa cymHoCTh KoopumeTpuun? O0mactu ee mpruMeHEHHS.
2. [IpeumymiecTBa U HEJOCTATKH KOJIOPUMETPHUUECKOTO aHaJIM3a Mepe]] BECOBBIM U OObEMHBIM.

3. Peakuyuy Kakux THIOB UCIONB3YIOT B KOJIOPUMETPHUU JIJIsl TOTYUYECHHS OKPAIIEHHBIX PACTBOPOB?
[IpuBeauTe mpuMepsI.

4. CyniHOCTh METOJ]a CTAaHIAPTHBIX CEPUH.
5. Kakue ycioBust He00X0AUMO cOOMI0AATh, CPABHUBASI OKPACKY MO METO/LY BU3YaJIbHOW KOJIOPUMETPHUHU.
6. KakoBa cymHOCTh JOTOKOTOPUMETPUUECKUX U3MEPECHHI?

TecTupoBanme

Tema 1. MeTogosioru4eckue acreKkThl U CTPYKTYpa aHATUTUYECKOU XUMHUH

1. Bee BemectBa no 'OCTY aensitcs Ha HECKOJIBKO KJIACCOB IO YUCTOTE, KAKOHM U3 MPOILYKTOB Hauboee
YUCTBIN?

(@ T;

©) 9

(B) HHA;

(r) X.4.;

(m) «O.Y.» .

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

(6) KapMHUHOBO-KPaCHBIM.

(B) JKENTHI.

(T) TOITyOOH.

3. Kaxkoli aHanmu3 Ha3bIBAIOT MOJTYMUKPOAHAIM30M 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;

() 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 JesaT Ha 6 Ipymil, aHUOHbI — Ha 3 TpyMIbI?

(?) CepoBonoponHsblii (CyabQHUIHBIN).
(1) KuciiotHO — OCHOBHOM METO/I.
(?) AMmuauno - gpocdarHbiit MeTo.
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(?) AuerarHplii METOSI.

5. Kak Ha3pIBalOT METO/, MO3BOJISIONMINN aHATM3UPOBATh UHIANBUTyaJIbHBIC XUMUYECKUE COCTUHEHNS,
XapaKTePU3YIOIIHECS OTPECTICHHBIM MOJICKYIIPHBIM BECOM?

(2) 2IIeMEHTHBIM aHATH30M.

(0) pyHKIIMOHATHHBIM aHAIA30M.
(B) MOJIEKYJIIPHBIM aHATH30M.
() Gpa30oBBIM aHATH3OM.

6. Kax ompenenuTs 4yBCTBUTENFHOCTh 0a30BOM peakun’?
(a) MO U3MEHEHUIO TEIUIO- AEKTPOIPOBOAHOCTH, pH, Okpacku pacTBopa u T.1.

(0) mo HaMMeHbIIEMY KOJIMYECTBY HCKOMOIO BEIIECTBA, KOTOPOE MOXKET OBITh OOHApYKEHO JaHHBIM
PEaKTUBOM B KaIrule pacTBOPA.

(B) MO HATMYHIO OMTMOOK U MX BEJIHYUHE.

7. YTo xapakTrepu3yeT NpeAeIbHOE pa3BeIeHUE?
(a) MMHUMAaJIBHOE YMCII0O MUKPOIpPaMMOB BelllecTBa g B 1 Mi1 pacTBopa.
(0) OoTKpbIBa€MbIii MUHHUMYM.

(B) MakcuMasbHBII 00BEM pacTBOpa, B KOTOPOM €III€ MOKHO OMPENesuTh (OTKPHITH) 1 rpamMm
00Hapy>KUBaeMOTO BEIIECTRA.

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) peaku He TOJHKHBI OBITH OBICTPHIMU U HEOOPATUMBIMH.

9. lns Kakoro aHajaM3a XapaKTEpHBI CIEyIOIIME IpEUMyLIecTBa?

- VickoMbrIit HOH 00HAPYKUBAIOT B JII000H MOCIIEIOBATEILHOCTH B OT/ICIBHBIX MPOOaX.
- Uckirogaercst mpoiiece BRIApUBAHUS U TIPOKATHBAHHSL.

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

(a) cucTeMaTUYECKHiA;

(6) npoOHBbIii;

() dazoBeri;

(T) MOJIEKYIISIPHBIH.

10.

Tema 3. MonHoe npoussenenue Boabl. Bogopoausiil mokazarens. llkana pH u pOH. bBydepnsie pacTBOpHI.
Bydepnas emkocTh

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-].
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3. Uemy paBeH pH B HelTpasibHOM cpene?
(a) 0;

0)<7,

(8) <7,

(r) 7.

4. Kak ucnionb3ytorcs OydepHbie cmecu?

(a) bydepubie cMecu mogaepKUBarOT 3HaueHNe pH B onpeneneHHbIX npeaenax Mpyu BBEIEHUU KUCIOThI WIH
IeJIOYU B PacTBOP.

(6) bydepnsie cMecu MPUMEHSIOT AJ1 pa30aBlIeHUs PacTBOPA.
(8) bydepnbie cMecu IPUMEHSIOT ISl CO3AaHUs ONPEeIEHHON KOHIIGHTPALIUHU COJIH.
(r) BydepHble cMecH IPUMEHSIFOT IJTs1 CO3JJaHUS OTIPENIEIICHHON KOHIICHTPAIIMN KUCIIOTHI.

5. Kakyro cMech He HCTIONB3YIOT B KadecTBe OyQepHOl cMecH?
(a) CH3COOH u CH3COONa;

(6) NH40H u NH4CI;

(8) NaH2PO4 , Na2HPO4;

(T) XpomMoBasi CMeCh.

6. Uto Takoe OydepHast eMKOCTH?

(a) KOTMYECTBO MOJIb-3KBUBAJICHTOB CHJIBHOW 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 IIEJI0YH, KOTOPOE HY>KHO BBECTH B | JHUTp
OyhepHoro pacTBopa, 4TOObI H3MEHUTH BOJOPOIHBIN MOKA3aTeNb HA €AUHUILY;

(B) KOJMYECTBO MOJIb CHJIBHON KHCJIOTHI HIIM CHJIBHON MIEIOYH, KOTOPOE HYKHO BBECTH B | JIHTp
OydepHoro pacTBopa, 4TOOBI H3MEHUTH BOJOPOIHBIN MOKA3aTelNb Ha JIBa;

(T) KONMMYECTBO MOJIb CHUJIBHOW MIENIOYH, KOTOpPO€ HYXKHO BBecTH B 1 ynutp OydepHOro pactBopa, 4ToObI
W3MEHUTH BOJOPOJHBIN [MOKA3aTEIb HA CAUHHUILY.

7. Kakas OydepHas cMech MpeACTaBIseT HauOOJBIIYIO IICHHOCTh?
(a) c MuHIManBHOH Oy(hepHOI eMKOCTBIO;

(6) ¢ MmakcumanbHOU Oy(hepHON EMKOCTHIO;

(B) ¢ HyneBo# Oy(hepHOIl eMKOCTBIO;

() ¢ mocTosiHHOM Oy(epHOI EMKOCTHIO.

8. Ilpu mobaBneHnn K KUciIoMy Oydepy HEOONBIIOr0 KOIMYECTBA CHILHOTO OCHOBaHMS ero pH MeHsercs
HE3HAYUTEIHHO, T. K

a)CuipHOE OCHOBaHUE HEUTPAIU3YETCSI CONBIO

0)Cnabast KucjaoTa HeUTpaIu3yeTcs: C1abbIM OCHOBAaHUEM
B)CHUIIPHOE OCHOBaHHE HEUTPAIN3YETCS] CUIIBHOM KHCIIOTOM
r)CHUIbHOE OCHOBaHHME HEUTPAIU3YETCs C1a00i KUCIOTOM }
9. Ilpu nobaBieHny K 1menouHoMy Oydepy HEMHOTO CHIIBHOM KHCIOTHI ero pH
a) He3HAYUTEIHbHO YMEHbILIAETCS

0)He mensieTcs

B) HE3HAUUTEJIHHO YBEINUUBACTCS

I') 3HAYUTEITHHO YBEIHMYUBACTCS

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

a)2

0) 1

B) 10
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r) 12

Tema 4. KuciioTHO-0CHOBHOE paBHOBecHE. [ uaponus coneid. BIBOI aHAIMTUYECKUX 3aBUCUMOCTEM.
1.Kakoe u3 nonoxxeHuit Teopun AppeHnyca « JNMeKTPOIUTHIECKAst JUCCOIMALIUS CA0bIX JIEKTPOIUTOBY HE
BEpHO?

(a) IIpu pacTBOpeHUH 3JEKTPOJIMTOB B BOJE YMCIO YaCTHUI] B PACTBOpPE OKa3bIBaeTcs OOJbIIE YHCIA
HCXOJHBIX MOJIEKYII.

(6) Obpa3yrouecst Ipu pacraje MOJEKYJI YacTHIIBI 3apsDKEHBbI, HO CYMMapHBIH 3apsii pacTBopa (Bcex
YaCTHI[) PaBEH HYIIIO, T.€. YUCIIO MOJIOKHUTEIBHBIX 3apsI0B PAaBHO YHCITY OTPHULIATEIBHBIX 3aps/I0B.

(B) OTpunaTesibHO 3apsKEHHbIE MOHBI (KATHUOHBI) JABMXKYTCS K MOJIOKHUTENIBHO 3apsKEHHOMY 3JIEKTPOAY —
KaTO[ly, a MOJIOXKUTEJIbHO 3apsKEHHbIE AHMOHBI — K OTPULIATENIBHO 3apSXKEHHOMY 3JIEKTPOY — aHOTY.

(r) Bce BemiecTBa HE OJHOCTHIO PACIIAAIOTCS HA UOHBI.

2. Kakoe BeIpakeHHE IPUMEHHUMO JIJISl ONMCAHUS AIIEKTPOIUTHUECKON Tucconuany kapooHara aMMOHHS?
(a) Kp=mm Cm+n am+nnn/ C(1 —a).

(6) Kp=Ca2/(1-a).

(8) Kp =mn Cn+n am+n nm/ C(1 — a).

(r) Kp = mm Cm+n am+nnn/ Ca.

3. B kakyio CTOpOHY CMEMIaeTCsl paBHOBECHE TIPU BBEACHUN OJHOMMEHHOTO MOHA (TO e MPUpOAbI, 9TO U
o0pa3zyeTcs Ipu JUCCOLUAIIH)?

(a) paBHOBecHE CMEIIAeTCS B CTOPOHY AMCCOITMUPOBAHHON (HOPMBI.

(6) paBHOBECHE CMEIIACTCSI B CTOPOHY HEAUCCOIMUPOBAHHON (HOPMBI.

(B) paBHOBECHE HE CMEIACTCHI.

(r) paBHOBECHE CMEIIAETCSl TOJBKO B CIy4ae BBHIBOJA MPOIYKTOB DJICKTPOIUTHUYSCKON AMCCOIMAIIUN W3
chepsl peakiuu (pacTBopa).

4. Y10 Takoe aKTUBHOCTE?

(a) nmeiicTBUTENBHAS KOHIIEHTpAIMs, KOTOpas MOXKET OBIThb paBHa KOHIICHTPAIMM B Ppa30aBICHHBIX
pacTBopax, a B KOHIICHTPUPOBAHHBIX - MOJKET U3MEHSTHCS B OOJBIIYIO WIM MEHBIIYIO CTOPOHY.

(6) neiicTBUTEIBHAS KOHIICHTPAIIHS, KOTOpas HE MOXKET OBITh paBHA KOHIIEHTPAIIUU CHUIIBHOTO JIEKTPOJIUTA.

(B) [meHCTBUTENbHAs KOHIICHTpAIUsl, KOTOpas MOXET OBbITh paBHAa KOHIIGHTpAIlMM B pPa30aBICHHBIX
pacTBopax.

(r) meWcTBUTENbHAS KOHIIGHTPALUs, KOTOpas B KOHLEHTPUPOBAHHBIX PAacTBOPaX HE MOXKET M3MEHSTHCS B
OOJIBIIYIO WJIM MEHBIIYIO CTOPOHY.

5. Yemy cootBeTCTBYeT f B ypaBHCHUH ?

(a) paxTOpy SKBUBAJIETHOCTH.

(6) baxTOpy HEOTTUTPOBAHHOCTH.

(B) k03¢ GUIMEHTY aKTHBHOCTH.

() o3HavaeT PyHKIMOHAIBLHYIO 3aBUCHUMOCTb aKTHBHOCTH OT KOHIICHTPAITHH.

6. Kakoit u3 nepeunciaeHHbIX ()aKTOPOB HE BIUSET Ha KOHCTAHTY THAPOJIHM3a COJH, 00pa30BaHHOMN ClaObIM
OCHOBaHHUEM U cJ1aboi KUCIOTOM?

(a) mpuposa KaTHOHA U AaHWOHA;
(6) Ka u Kb;

(B) Temneparypa;

(T) KOHILIEHTpALMS COJIH.
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