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1. lean u 3agaun AUCHUATIHMHBI
1.1 Henp qucuuruivHel — GopMUpOBaHUE KOMIIETEHIIHIA:
OIIK-1 CniocoGeH aHanM3upOBaTh U HHTEPIIPETUPOBATH PE3YAbTAThl XUMHUYECKUX IKCIIEPUMEHTOB, HAOIIOIE

OIIK-6 CriocobeH mpeAcTaBisATh pPe3ylbTaThl CBOCH pabOThl B YCTHOH M NMHUCHBMEHHOH (opMe B COOTBE!
IPUHATHIMU B IPO(hEeCCHOHATBHOM COOOIIECTBE

1.2 Tumnsl 3a1a4 mpodheCCHOHATBHON ACATENHHOCTH, K KOTOPBIM TOTOBSTCS O0yUaromuecs B paMKax OCBOCHH
- OpraHU3alMOHHO-YIIPABICHYECKUI
- TEXHOJIOTUYECKUI

1.3 JlucuuruinHa OpHEHTHUPOBAaHA HA TOJATOTOBKY OOydYaromuxcs K MpodeCCHOHAIBHON JIESITeIBHOCT
XUMHKO-TEXHOJIOTHYECKOE MPOU3BOJACTBO (B cdepe ONTUMHU3ALMU CYHIECTBYIOIIUX U pa3pabOTKH HOBBI
MOJTyYEHUsl U aHaju3a MPOAYKLIHHU, B cepe KOHTPOJIS KadecTBa ChIPhs, MOIy(HadpHUKaToB M TOTOBOM Mpoa
ceprudukanmu nponykuun), 40 CkBO3HBIE BHABI NMPO(PECCHOHATHHOW NEATEIHHOCTH B TMPOMBIIIICHHOC
OTBITHO-KOHCTPYKTOPCKHUX Pa3pabOTOK U BHEAPEHHUS XUMUYECKOW MPOAYKIMH PA3TUYHOIO Ha3HAu€HUs, B
TEXHUYECKOTO KOHTPOJISI KaueCcTBa MPOAYKIIUN)

1.4 B pesynbrare 0CBOCHHSI TUCIUILUIUHBI Y 00YYaroIIMUXCsl TOJKHBI ObITH CHOPMUPOBAHBI:

O0001IeHHBIC TPYIOBBIE
(hyHKUWY / TPYAOBBIC
(hyHKUWY / TPYAOBBIC

W
npoeccCroHaLHBIC
neiicTBus (pu

HAJTMYHH
npodcrangapTa)

Kon n HaumenoBanue
komnetreHu OI'OC
BO, HeoOxonuMoi a4
(dhopMupoBaHus WNHaukaTtophl TOCTHKEHUS KOMITIETSHITUI
TPYIOBOTO HIIH
npo¢eCCHOHATBLHOTO
JICHUCTBUS

OIIK-1 Crocoben Brameer HaBBIKAMH TIPOBENCHHUS XHUMHYECKOTO
aHATM3UPOBATH U JKCTIEPUMEHTA " CIOCOOHOCTHIO
WHTEPIPETUPOBAThH WHTEPIPETUPOBAThH JKCIIEPUMEHTAIILHBIE
pe3yNbTaThl pe3yNbTaThl

XUMHYECKIX
JKCIIEPHUMEHTOB,
HaOIIoNeHu n
U3MEPEHUN
OIIK-6 Cnocoben Bnageer COBPEMEHHBIMH METOAAMH
MPECTABNIATh KaueCTBCHHOTO ¥ KOJWYECTBEHHOTO aHaiu3a, a
Ppe3yNbTaThl CBOEH TaKKe CIOCOOHOCTBIO u TOTOBHOCTBIO
paboThI B yCTHOM U MPECTABIATh SKCICPHUMEHTAIBHBIC PE3YIBTAThI
MUCbMEHHOH Gopme B B COOTBETCTBMM C  TIPO(eCCHOHATHLHBIMU
COOTBETCTBHU C HOpMaMH

HOPMAaMH W TIPaBUIIAMH,
MPUHATHIME B
npoeccruoHATEHOM
cooOriecTBe

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

OIIK-1 CnocobeH aHaauM3UpOBaTh M HHTEPIPETUPOBATH PE3YJIbTAThl XUMHUYECKHX IKC
U3MEpPEHUI

Ne Hanmenosanue ®dopma 0OyueHus
/o JHCIUATLINH, Ounas
OTIpENETAIONINX (cemecrp)
MEXIUCIUTUTHHAD
HBIE CBA3U Liz 567




—

Heopranuueckas + |t
XUMUSI

2 | Texnonoruueckast +
MIPaKTHKA

3 |®usznueckasa + [+ | +
XAMUS

OIIK-6 CriocobeH npeacTaBIATh Pe3yabTaThl CBOCH pabOThl B yCTHOW U MUCbMEHHOH (op
U TIpaBWJIaMU, IPUHATHIMU B TPO(ECCHOHATEHOM COOOIIIEeCTBE

Ne HaumenoBanue ®opma
n/n JUCIIUTLITNH, o0yueHus
OIIPECACIIAONINX Ouynas
MCXKIUCHUILINHAD (CCMGCTp)
HBIC CBsA3U 1 2 3 8
1 |Ucropus xumMun +
2 |Heopranudeckas + | +
XUMUS
3 (IIpenaumniomMmHuas +
MPaKTHKA
4 [CynpamonexyisipH +
ast XUMUs

2. MecTo nucuuiuiaabl B cTpykrype OIl 0akanaBpuara:
JlucuurinuHa « AHATUTHYECKass XUMHUS OTHOCUTCS K 00s13aTebHOM YacTu yuebHnoro miana Ol mo Hampasie
JucuumuinHa « AHaIMTHYECKAsi XUMUsD) u3ydaercs B 3, 4 cemecTpax.

3.00beM U coep:kaHMe TUCHUILTHHBI
3.1.00beM MUCIUTUTHHEL: 24 3.¢.
Ounas: 24 3.e.

Bun yuebno# paboTsI (Bcce)::zjlcoﬁ
O0mast Tpy10éMKOCTb TUCHHUILIHHBI 864
KonrakTHast pabora 592
Jlexuuu (Jlexuum) 208
JlaGoparopnsie (J1ab. pab.) 208
[Tpaktuueckue (IIpakr. pab.) 176
CamocrostenbHas padota (CP) 198
Kypcosas pabora 2
OK3amMeH 72
3.2.ConepxaHue Kypca:
No HazBanue paznena/1 Bug yueOHoit padoTy @opMbl TEKYIIIETO KO
TCMbI Jlexy JIa0.| ITpag CP
uu | pab.| T.
pao.
Ol 0| O] O
3 cemectp
1 MeTomoornyeckue TecTtupoBanue
acCIeKThI ¥ CTpYKTYypq 10 | - 8 | 10
AHAIUTUYECKOU XUMHY




2 Teopus u npaxkTuka Tectuposanue;
npo6ooTdopa u 12| 10| 8 | 10| maboparopnas padd
POOOIIOATOTOBKU

3 HNonnoe npounssencH] nabopatopHas pado
BOzbl. Bomopoaublit TecTtupoBanue
nokaszarensb. [kana
pOH. bydepnsie 1010110110
pactBopbl. bydepnas
€MKOCTh

4 Kucnorno-ocHoBHOE naboparopHasi pabo
paBHO-Becue. ['napos] TectupoBanue
cousieil. BeiBog 10| 10| 10| 10
AHATUTUICCKUX
3aBUCUMOCTEH.

5 Kommuiekcoobpa3zonal TectupoBanue;

o 12112 8 | 10
AHAJTUTUYECKOM XUMHY naboparopHas padq

6 OxucanTenpHO-BOCC] naboparopHas pado|
TenbHble peakquu B | 12 | 12| 8 | 10 TectupoBanue
AHAJIMTHYECKON XUMHY

7 3aKoH JIEHCTBHS Mac( nabopatopHas pado
reTePOreHHBIX MPOLIE KomnokBuym
PactBopumocTs, 12112 8 | 10
MpOU3BE/ICHUE
pac-TBOPUMOCTH.

8 MeTtoabel 0OHApYKEHY TectupoBanue;
HIEHTU(UKAITIH. 12| 12| 8 | 12| naboparopHas padd
Xpomaro-rpadus.

9 Konnouansle cucrem naboparopHas pado|

. 12112 8 | 12
AHATUTUYECKOU XHMHY TectupoBanue

10 |Ananu3 cMeceil HOH( Komnnoksuywm;
Amnanuz pactBopa - | 12| 10| 12 | nmaboparopHas pad(
XMUMUYECKOTO COETUH

4 cemecTp

11 I'paBumerpuueckuit § 18 | 18 | 12 | 12 | maboparopnas pad(

12 Turpumerpuueckuit nabopatopHas pado
Ha 0aze !l 1l 2l KOJIJIOKBHYM
KHCJIOTHO-OCHOBHBIX
B3aUMOJEUCTBUH.

13 OxkucnmuTensHO-BOCC] !l 1l 2l 2 nabopaTtopHas pad(
TEJIbHOE TUTPOBAHUE

14 Kommiekconomerpuy nabopaTtopHas pad(
U OCAIUTEIbHOE 141 14| 12| 12
TUTPOBAHUE.

15 Kunetnueckue MeTo] wul 1l 2l TecTtupoBaHue; KOJI
aHam3a.

16  |Onexrpoxumuyeckue 14114l 121 10 naboparopHas pad(
METOIbl aHATH3a

17 CriekTpanbHble METO] 14114l 121 10 naboparopHas pad(
aHam3a

18 OBM B aHaAJIUTHUYECK noxian; KoHTposibt

4 4] 6|12
XUMHH pabora




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

Meronosmorudeckue acleKkTsl U CTPYKTypa aHaIMTHYEeCKOW XUMHUHU. [Ipenmer aHamutuyeckon xumuu. Met
aHAJUTUYECKOM XMMHMHU. BuABl aHanau3a: Kade-CTBEHHBIM M KOJMYSCTBEHHBIN, H30TOIHLIN, 3JIEMEHTHBIN
MOJIEKYIJISIpHBIHN (pa3oBbIid. XuMuyeckue, GU3NKo-XxuMHUUYecKe, (PU3NIeCcKre METO/Ibl aHannu3a. YyBCTBUTEIIBE

IIpakTn4yeckoe 3ansATHE.
[TpoBoauTcs B popme ceMuHapa

3ajaHus 1J151 CAMOCTOSITEIbHOM PadoThI.
BBICTpBIQ U MCIJICHHBIC PCAKIIUN B XUMUYCCKOM aHaJIN3C

Tema 2. Teopusi n npakTuka npo6ooréopa u npodonoarorosku (OIIK-1)
Jlexknus.
[TpoBonutcst B uHTepakTuBHOM (hopme. [IpenogaBarens mpeuiaraeT CTyeHTaM CaMOCTOSITEIbHO OTOUPATH 1
Ha pas3IMYHbIX MPOU3BOACTBAX. CTYI[GHT JOJIZKCH obecrneynThb MpeaACTaBUTCIIbHOCTD HpO6BI. CTYHCHT J0JI
KauecTBe 0OBEKTa aHAIN3a, YMETh 000CHOBATH BEIOOP MeTona aHamu3a. OTO6op mpod rOMOT€HHOTO U TeTepo-

IIpakTnyeckoe 3ansATHE.
JlaGopaTropHoe 3ansitue. IlepBasi anaauTHYeckas rpynna karuoHos. (Na+, K+, NH4+).
[lenb: n3yyeHrne CBOMCTB KAaTHOHOB | aHATMTUYECKOW TPYIIIIbI
a) XUMHUYECKHUI aHaJIu3 pacTBopa
0) odopMieHHEe OTUETA IO IKCTICPUMEHTATBHBIM JIAHHBIM
B) apryMEHTHpOBaHHas 3alllUTa BHIBOAOB O MPOJIEIaHHON paboTe

IlepBasi ananuTnyeckasi rpynna karuonos (Na+,K+, NH4+)
PeakTuBbI:: COJISIHASA KHCJIO0TA.
Peakunu nonos K+

1. I'maporaprpar HaTpus odOpa3zyer ¢ moHamu Kajauss npu pH = 4 - 5 Oesblil KpucTa/UIHYeCKH
ocagok KHC4H406: K+ + HC4H406— ® KHC4H406:

Ocaznok ruapoTapTpara Kajius CKIOHEH 00pa30BhIBaTh MepecChIllieHHbIe pacTBOPhl. OcaloK pacTBOPSETCS B )
OoJsiee CUIIbHBIX, YEM BUHHAS:

KHC4H406 + HC1 -® KC1 + H2C4H406,
KHC4H406 + KOH ® K2C4H406+ H20,

[Ipenen oOHapyx)eHUsT MOHOB Kanus -1,2 mMr/mi. MemiaeT HOH aMMOHHUS, 0Opa3yroNIui aHAJIOTHYHBIN Oca
MPaBUJIO, 00PA3YIOT PU U30BITKE TAPTPAT - HOHOB PACTBOPUMBIC KOMIUIEKCHBIC COSTMHEHHUS.

Brinonnenue PECAKIINH. K 2 - 3 xamiam pacTBOpaA., COACPKAIIECTO MOHBI KaJIni, l'IDI/I6aBJ'IHI'OT 2-3 xamau pac
O6D330BaHI/I${ ocaaKa nNoTUuparoT CTEKJITHHOW MAJIOYKOM O CTEHKAM HDO6I/IDKI/I. BbmanaeT OeJIbIi KpUucCTaJlliIn

2. I'ekcanuTpokodaabTar (III) HaTpusi oOpasyer ¢ monamu kaaus npu pH = 4-5 kearsiii ocagok
KnNam|[Co(NO2)6], rie n + m = 3 (ocHoBHBbIM coequnenueM siBiasiercss K2Na[Co(NO2)6]):

2KC1 + Na3[Co(NO2)6] ® K2Na[Co(NO2)6] + 2NaCl.

Ocanok HEpacTBOPUM B YKCYCHOW KHCJIOTE, HO PacTBOPSIETCS NPU HAarpEBaHHWU B CHJIBHBIX KHCIIOTaX C (
KOTOpast JIeTKO pasnaraercs 1 oqHoBpeMmeHnHo BocctanasiuBaeT Co(Ill) no Co(Il):

CoenuHeHune pasnaraercs menodaMu ¢ o0pa3oBanueM TeMHO-0yporo ocaaka Co(OH)3:

K2Na[Co(NO2)6] + 3NaOH ® Co(OH)31 + 2KNO2 + 4NaNO2.

[Tpenen o6Hapy)eHUst HOHOB Kajus - 20 MKr/mil. MemaioT HOHbI aMMOHUS M JIUTHUS, TaK KaK OHH 00pa3yIoT .
13-32 UX OKHUCIIEHUS HUTPUTOM 70 [2, OKHCIUTENHN, TaK KaK OHU pa3pyllIatoT pearcHr.

Beinonnenue peaknuu. K 2 - 3 xamisM pacTBopa, coJiepKallero HOHbI Kallvs, JO0ABISIOT 2-3 Kalllk PacTBO|
U CJIeTKa HArpeBaroT Ha BO/IsIHOM Oane. OOpa3yercs ®KeNnThlid 0CaIoK.

3. TI'excanutpokynpar (II) cBuHIAa U HaTPUsi (MHKPO-KPHCTAJIOCKONMHYECKAS peaknus). Ilpn
pericteun Na2Pb[Cu(NO2)6] na pacTBop coM Kajus 00pa3ylTCd 4YepHble WIH KOPHYHEBBbIE
kyOudeckne kpucrauisl K2Pb[Cu(NO2)6]:

Na2Pb[Cu(N02)6] + 2KC1 ® K2Pb[Cu(NO2)6] + 2NaCl



Brimonnenue peakiun. Ha mpeaMeTHOE CTEKIO0 ITOME ITA0T 1 KAIlIi pacTBOPA, COMEPKAIIETO HOHDI KaJIUs,
KaK coJb OCTBHIHET, 00pabarhk: BaroT ee peaktuBoM Na2Pb[Cu(NO2)6] (1 kamis). PaccMaTpk BarOT 110 MUKPC

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

cJIeJ0OB HATPH NpokajuBaHueM. /[l 3TOro cMaYuBaKT ee B COJISTHOH KHMCJIOT M NMPOKAJIMBAT B

IUIAMEHe TOPeJKH /10 TOJHOI0 MCYe3HOBe HHsl OKpacku mjaaMeHu. Ilpukacaorcs packajieHHO

NMPOBOJIC KO K KpHUcTALIaM couu Kaausd. [IpucraBmme Kk nmpoBo/ioKe KPYNUHKH COJIH BHOCAT B

miams ropejku. bienno-¢guosieToBo okpammnBaHyue MJIAMEHH TOPEJIKN CBOCTBEHHO COJISIM KAJIHS.
Peaxuuu nonos Na+

1. Juruapoantumonar kaausa KH2SbO4 oOpasyer karuoHamm Na+ Oesiblii KpUCTALIHYECKHI

0CcaJIoK auruapoab Tumonara Harpusi NaH2SbO4

NaCl + KH2SbO4 ® NaH2SbO4+ KCL.

[Tpu oTKpHITHU HOHOB Na+ 3TUM PEeaKTUBOM HEOOXOAMMO COONIONATh YCIIOBUS:

a. Pa3zbaBneHnHbIe pacTBOpa COJIM HATPUS YIIapUBAIOT.

6. Cpena nomwkHa ObITH HEUTpaTbHON MK clabolenouHoi. Kuciorsl pasnaraior AUruApOaHTUMOHAT KaJlus

ocajika MeTacypbMsHO# KucioTel HSbO3:

Brinonnenue peakiuu. K 5 - 6 xamisM pacTBopa COJIM HATpHs TPUOABISIFOT TaKOW e 00beM pacTBOpa JIUT)
MOTHUPAIOT CTEHKH MPOOUPKU CTEKJISSHHOMN Masnioukoii. Beimaiaer 6emblii KPUCTAIITUIECKUN 0CcalOK AUTHAPOA)

3. OxkpamuBanue mjiaMeHu. OUYMIIAIOT MVIATHHOBYI0 WJIH HHXPOMOBYIO MPOBOJIOKY, CMAYUBAIOT ee
PACTBOPOM COJIM HATPHUS U BHOCAT B OeclBeTHOe IIaMs ropeiku. Ilnams okpammBaeTcs: B JKeJIThIH
uBeT. O NPUCYTCTBUU MOHOB HATPHS MOKHO CYIMTh JHIIb B TOM CJy4ae, ecJIM HHTEHCUBHO-KeJITast
okpacka He ucuesaer 10-15 cexyna.

Peaxnun nonos NH4+

1. N'uapoxeunn kajus (Harpus). [Ipu nelicTBUH 11eJ109eid HA PACTBOP COJIM AMMOHMS IIPU HATPEBAHUM
BbII€JISIETC aMMHMAK, KOTOPbIi MOKHO OOHAPY:KUTh 10 W3MEHEHMI0 OKPACKH BJIAXKHOMI
YHUBEPCAJIbHOM HHAUKATOPHOI UJIM JJAKMYCOBOIl OymMaru:

NH4+ + OH- ® NH3 + H20.

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

Brinonnenue peaknuu. B npoOupky momemaroTr 2-3 Kamiy pactBopa coiu ammonus, 3-4 xamm 2 M NaC
BoAsiHOM OaHe. OOpallaloT BHUMaHUE Ha 3aax BhLACIAIONIErocs raza. OOHAPYKUTh aMMHUAK MOYKHO BJIAYKHO
JIAKMYCOBOM OyMaro.

2. PeakTuB Hecciiepa B meno4Hoii cpene oopasyer ¢ nonamu NH4+ kpacHo-Oypblii ocagok:

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

[Ipenen o6Hapyx)eHUss HOHOB aMMoHUs - 0,15 mr/mit. Ecinu koHnenTpamnus noHoB NH4+ maia, ocanok He B
opaHxeBbli 11BeT. MloHBI, 00pa3yroline MajiopacTBOPUMBIE OKpAIICHHbIE THAPOKCUIBI, MPEABAPUTEIHLHO OC
Wonwr Hg(IT), Sb(IIT) u Sn(Il) pearupyrot ¢ HoauI - HOHOM M pa3pyIIalOT PEaKTHB.

Breinonnenne peakimu. K 1 - 2 xamisM pacTBopa, COAEPKAIIETO MOHBI aMMOHHSI, A00aBISrOT 1-2 Karm
KpacHO-0YpLIi 0CaJIoK.

3agaHus AJ51 CAMOCTOSITEILHOI padoThI.
CrocoOsI Moy4YeHust CPpeHEH MPOOBI TBEPABIX, )KUJIKUX U Ta3000pa3HbIX BEIIECTB

Tema 3. MonHoe npousBenenue Boabl. Bonopoansiii nokasareisb. lllkana pH nu pOH. Bydepusbie
pactBopsbl. Bydgepnas emkocts (OIIK-6)

Jlexknus.

Nonnoe npoussenenue Boasl. Bomopoausiii moka3arens. [lkana pH u pOH. Bydepnsie pactBopsl. bydepnas
IIpakTnyeckoe 3aHsATHE.

IIpakTH4yeckoe 3ansaTHe. Pemienne 3aaay.

JlaGopaTopHoe 3aHsiTue. Bropasi anaguTu4eckas rpynmna karuonos (Ag+, Pb2+, Hg2+).

Ilenb: u3yyeHre CBOMCTB KATHOHOB 2 aHAJIMTUYECKON TPYTIIIbI

a) MPOBEJICHUE YACTHBIX PEAKIIUN KATUOHOB 2 aHAJTUTUYECKON IPyMIIbI

0) aHaJIN3 CMECH KaTUOHOB 2 aHAJIUTHUYECKOM rPpyIIIbl

B) odopMIIEHHE 1 3alIUTa OTYETA.



Bropasi ananuTH4yeckasi rpynna karuonos (Ag+,Pb2+,Hg2+)
Peakuuu nonos Ag+
1. lesoun (NaOH, KOH) 00pa3y1oT ¢ KaTHOHOM Ag+ 0caJ0oKk okcuaa cepedpa Ag20:
AgNO3 + KOH ® AgOH , + KNO3,
AgOH ® Ag20+H20.
Oxcup cepebpa pacTBOpSEeTCS B THAPOKCH]IC aMMOHUS
Ag20 + NH40H ® 2[Ag(NH3)2]OH + H20.
Brinonnenne ananmsa. K 2 kamnsam pactBopa AgNO3 nobasinsitor 3 kamm 2 N pactBopa KOH. O6pazyetc
Ag20 npunuBarot 5 kanenb 2 N pacTBopa THIPOKCH/IA AMMOHUS U HAOTIONAIOT 32 pACTBOPEHUEM OCaJIKa.
2. Cyab¢pua ammonust (NH4)2S. Ilpu aeiicTBUM cepoBOaOpoaa WiIN Cyabduaa aMMOHHUSI HA PacTBOP,
cojiep:kalIuii HOHBI cepedpa, ocazkaaercs cyab(pua cepedpa Ag2S yepHOro uBera:
2AgNO3 + (NH4)2S ® Ag2S + 2NH4NO3.
Cynbdua cepedpa He pacTBOpsieTCS B CyNb(puIax MIEIOUHBIX METAIIOB U B MUHEPAJIbHBIX KHCIIOTAX 3a UCKI
3Ag2S + 8HNO3 ® 6AgNO3 + 2NO + 3S + 4H20.
[Ipenen obHapyxeHust HOHOB cepedpa - 1 Mxr/min. Memaror Cu(Il), Hg(II), Bi(IIT), Sn(Il, IV), o6pazyromue
Beinonnenue. K 2 kaniusim pacTBopa, CoIepIkKalllero HOHBI cepedpa, nobapnstor 2 kaman 30 %-HOro pacTBo
ammonus. OOpasyeTcst YepHbIN 0callok cynbduaa cepedpa.
3. Xpomar kamusgs K2CrO4 paer ¢ karuoHom Ag+ ocaagok xpomara cepedopa Ag2CrO4
KHPIUYHO-KPACHOTO LIBETA, PACTBOPUMBIi B 230THOI KHCJIOTE M B PACTBOPE THAPOKCHIA AMMOHMS.
K2CrO4 + 2AgNO3 ® Ag2CrO4 + 2KNO3.
B ammuauHO# ¥ CHUIBHOKHUCIION cpelie 0CaloK He 00paszyeTcsi, T03TOMY PEaKITUIo CeayeT IPOBOANTH mpu pk
Breinonnenne peakiuu. K 3 xamisiM pactBopa HUTparta cepedpa 100aBisioT 4 Kalid JUCTHIIIUPOBAHHON
Ob6pasyeTcst 0calok Xpomara cepedpa KHPIUYHO-KPACHOTO LIBETA.
4. bpomua n nonua kanus (KBr u KI) o0pa3syror ¢ katuoHom Ag+ 0s1eHO-KeaThIi 0caloKk OpoMuaa
cepeOpa AgBr u :xenThlii ocagok uoauaa cepedopa Agl:
Ag++ Br— ® AgBr , Ag++1-® Agl
Boinonnenue ananuza. B 2 npoOupku BHOCAT 10 2 KAl pacTBOpAa MOHOB cepedpa, B OHY 100aBASIOT 2
OPYTYIO - 2 KalUlk pacTBOpa Moaujaa kanus. B nepBoit npobupke oOpasyercs GieAHO-KEATIA TBOPOKUCTHIN
- JKEITBIA TBOPOXKHUCTHIN 0CAJIOK HOIHIAa cepedpa.

Peaknuu nonos Pb2+
1. Ilesqoun (NaOH, KOH) o0pa3yror ¢ karuonom Pb2+6enniit ocanoxk Pb(OH)2, pacTBopuMBblIii Kak B
KHCJIOTAaX, TAK U B 1IeJI04aX:
Pb(NO3)2 + 2NaOH ® Pb(OH)2 + 2NaNO3.
[Tpu neiicTBuM U30BITKA 1MIETI04N 00paszyercs ioMOuT Hatpust Na2PbO2:
Pb(OH)2 + 2NaOH ® Na2PbO2 + 2H20.

Xon ananuza. K 3 xamisM pacTBopa HUTpaTa cBUHIIA H00aBisroT 1 kammo 2 N pactBopa NaOH, oOpasyercs
3areM B Hero BHOCAT 4 kamiu 2H pactBopa NaOH.

3. Xpomar kanus K2CrO4 odpasyer masiopactBopuMblii xpomat ceuHa PbCrO4 xenroro nsera:
Pb2+ + CrO42- ® PbCrO4
Xpomar cBHHIIA MPAKTUYECKHA HE PACTBOPUM B BOJIE M YKCYCHOM KHCIIOTE, HO PaCTBOPSIETCS B a30THOM KUCJIC
PbCrO4 + 4NaOH ® Na2Pb(OH)4 + Na2CrO4.
Brinonnenwue. K 3 xamisM pacTBopa HUTpara CBHUHIIA JJOOABISIOT 3 KAlId pacTBOpa Xxpomara kanus. O6pasy:
Peaxuuu nonos Hg22+
1. Hlesoun (NaOH, KOH) o0pa3yrr ¢ katuonom Hg22+ yepHblii ocagok okcuaa pryru Hg20:
Hg2(NO3)2 + 2NaOH ® Hg20 + 2NaNO3 + H20.
ITpoBenenue ananm3za. K 2 kamnsam pacteopa Hg2(NO3)2 nobasnstor 2 karmm 2 N pactBopa NaOH. O6pasye

2. Tuapoxceun ammonuss NH4OH c¢ karmonom Hg22+ oOpasyer OeJiblii 0CalOK OKCHAMMIHOIO
coenuHenus pryTu (II) u YepHbIH 0Ca0K MEeTANIMYECKOH PTYTH:
2Hg2(NO3)2 + 4NH40H ® [NH2Hg20]NO3 +2Hg + 3NH4NO3 + 3H20.



Brinosinenue.

1). K 3 xamsim pactBopa Hg2(NO3)2 nobasnstor 4 karu 2 N pacTBopa ruapokcuaa aMMonus. O0pasyerc:
YepHEeT.

2). K 4 xamsam pactBopa Hg2(NO3)2 mobasnsrot 4 karmu 2 N pactBopa HC1. O6pa3syercst ocanok Hg2C
obpabarsiBaroT 4 karisimu 2 N pactBopa NH4OH. O6pazyercs cmecs HgNH2Cl u Hg, ocanok uepHeer.

3. Xpomar kaiusa K2CrO4 o0pasyer ¢ karmoHamm Hg22+kpacubiii ocagok Hg2CrO4,

HEepPacTBOPUMBIN B 1I€J109aX U pa30aBJICHHON a30THOM KUCJI0Te:

Brmmonnenne peakiuu. K 3 xammsim pactBopa Hg2(NO3)2 nobapnsroT 3 kamiy pacTBopa xpomara kaius. O¢
4. Cyabpua ammonus (NH4)2S. Ilpn no6aBiieHun cyib(ua - HOHA K PacTBOPY, COAePKALIEMY HOHBI

Hg22+ o0pa3yercs yepHblii ocaaok, cocrosmmii u3 HgS u Hg: Hg22+ + S2— ®Hg + HgS .

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

Xon anammza. K 4 xarism pactBopa Hg2(NO3)2 nobapnsroT 3 kamau pactBopa cynbbuaa ammorus. Oopazy:

3ananus AJ51 CAMOCTOSITEILHOI padoThI.
Bydepnsie pactBopsl. bydepnast emkocTh

Tema 4. Knucj10THO-0CHOBHOe paBHO-Becue. I'maposms coseil. BoIBO1 aHATUTHYECKUX 3aBHCHMOCTEH.
(OIIK-6)
Jlexknus.

Teopust AMEKTPONIUTHUECKON IUCCOLUAIMU. DIEKTPOIUTHYECKAsT TUCCOIMALNS CIAObIX 3JIEKTPOIUTOB Ap
anekTponuToB. MloHHOE mpowusBeneHne BoAbl. bydepusie pactBopsl. bydepnas emkocts. ['maponus cosmei
KUCIOTHL. [uaponus coneil cnmaboro 0CHOBaHUS M CHIBHOW KUCIOTHI. [HMaponu3 coneil cnmaboro ocHOBaHU
JUCCOLMALUsl MHOTOOCHOBHBIX KHMCJIOT U MHOTOKMCIIOTHBIX OCHOBaHMH. Pacuer paBHOBECHI KOHLEHTpaL]
WIEKTPOIUTUYECKON AUCCOLMALIMM PA3IMYHBIX CTyIIEHEU. B3aumonencTeue cMeceil coslei ¢ pacTBOpPUTEIIE!
Ha aKTUBHOCTb MOHOB BOAOPOAA IPU B3aUMOJCUCTBUU COJIEH C PACTBOPUTEIEM. YUET MOHHOM CHIIbI PACT
o0pa3oBaHHOH c1a00i OJJHOOCHOBHOW KHCIIOTOHM M CHJIBHBIM OCHOBAaHHEM. YYeT MOHHOW CHJIBI PacTBOpa E
JBYXOCHOBHOM KHCJIOTBI U CHJIBHOIO OJHOKMCIIOTHOIO OCHOBAHUsS. Y4YeT MOHHOM CHIIbBI pacTBOpa B IIp
OJHOKHCIIOTHOIO OCHOBAHUS U CUJIBHOM OJHOOCHOBHOW KHCIJIOTBL. YYE€T HMOHHOW CHIIBI pacTBopa B IIp
OHOOCHOBHOM KHCIIOTBI U CJIA00T0 OTHOKHCIOTHOTO OCHOBAHUSI.

HeBoanbie pactBoputenu. Cucrema kinaccudukanuu pactBoputeneii bpencrena-Jloypu. AnpoTOHHBI
pactBoputenu. IIpororennsie pactBoputenu. IlporodunsHbie pactBoputenu. Hupenupytomme u aud
Knaccudukarus pacrBopureneit [lapkepa. ApoTOHHBIE TUTIOSIPHBIE PACTBOPUTENH. J{UITONSPHBIE TPOTOHE

IIpakTnyeckoe 3ansATHE.
IIpakTH4eckoe 3ansaTHE. Pemenne 3agay.
JlaGopaTopHble 3aHATHS.
3. TpeTbs aHanmuTUYeCKas rpymnmna karuoHos (Ba2+, Ca2+, Sr2+).
[lenb: n3yyeHrne CBOMCTB KATHOHOB 3 aHAJTMTUYECKOW IPYIIIIbI
a)  NPOBEIEHUE YaCTHBIX PeaKLUi KAaTUOHOB 3 aHAIUTUYECKOMN TPYMIIbI
0) aHanMM3 CMECH KaTUOHOB 3 aHAIMTUYECKON TPYTIIIBI
B)  oQOopMIICHHE U 3alllUTa OTYeTa
4. IlepBas, BTOpas, TPEThs aHATUTUYECKAs IPyNIa aHUOHOB.
Ilenp: n3ydeHue CBOMCTB aHUOHOB IIEPBOW, BTOPOH U bPEThE AHAIUTUYECKON I'PYIIIIBI
a)  M3yYCHHE CBOWCTB aHMOHOB | aHAJTMTHYECKOU TPYIIIHI
0) TpoOBeACHME YACTHBIX PEaKIMii aHMOHOB | aHATUTUYECKOU TPYIIITBI
B)  H3YyYEHHUE CBOMCTB aHWOHOB 2 aHAIMTUYECKOU TPYIIITHI
I)  IPOBEACHHUE YACTHBIX PEAKLMI aHMOHOB 2 aHAIIUTUYECKON I'PYTIIIbI
)  W3yYCHHE CBOWCTB aHMOHOB 3 aHAIMTHYECKON TPYIIIIBI
€)  IPOBEICHHUE YACTHBIX PEAKLINH AaHUOHOB 3 aHAJTUTHUUYECKOU rPyIIIbI
)  aHaJIU3 CMECH aHMOHOB | - 3 aHATUTUYECKUX TPy
3)  odopmMmieHHE U 3aluUTa OTYeTa

Tperbst anannuTH4YecKasi rpynna katuoHos (Ba2+, Ca2+, Sr2+)
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Peaknuu xatnona Ba2+
1. Xpomar kamus K2CrO4 oOpasyer ¢ karuoHom Ba2+ cBerio - kearblii ocamok BaCrQO4,
PacTBOPMMBIN B MUHEPAJbHBIX KHCJI0TAX U HEPACTBOPUMBIN B YKCYCHOM KUCJI0TE:

Ba2+ + CrO42— ® BaCrO4

XpoMmat KaJius Kak coJib c1a00il KUCIOTH B BOJHOM PACTBOPE MOBEPTaeTCs THIPOIH3Y:

CrO42—+ H20 ® HCrO4-+ OH-

HCrO4- « Cr207 + H20

YBenuuenue konneHTpanuu OH— - HOHOB caBUTAeT paBHOBECHE B CTOpOHY oOpazoBanus CrO42—

Brinmonnenne ananusza. B npoOupky BHOCAT 3 kamiau pacTBopa conu Ba2+ u 106aBisIOT MO Kamie pacTB
Ob6pasyeTcst cBeTI0 - kenThiid ocagok BaCrO4.

2. Inxpomar kaausa K2Cr207 B anerarHom OygepHom pacTBope o0pa3yeT ¢ HoHaMu Ba2+ xenTblid
KPHCTAINYECKHI 0Ca0K:

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

Brimonnenne peakimu. K 2 xamisMm pacTBopa, copeprkailero karnonsl Ba2+, 1o0aBnsor 4 Kamim pacTBOf
muxpomara kaang K2Cr207. ITpoOupky HarpesaroT Ha BoasHoi 0ade. OOpasyercs »enTblii ocagoxk BaCrO4

3. OxpammBanue njaamenu. Coum dapus (BaC12, Ba(NO3)2 okpamuBaioT mjiaMs B 7KeJITO - 3eJIeHbI
nBeT

Peakumnu karnona Ca2+
1. Okcanar ammonus (NH4)2CrO4 oopasyer ¢ nonamu Ca2+ 0esiblii KpUCTAJIHYECKUH 0CAT0K
okcajara kajabuusa CaC204:
Ca2++ C2042—- ® CaC204
Ocafok HepacTBOPUM B YKCYCHOM KHCJIOTE, HO pAaCTBOPUM B CHIIBHBIX KHCIIOTAX:
CaC204 + 2HC1 ® CaCl2 + H2C204.
[Ipenen oonapyxenus Ca2+ - 20 mxr/mi. Memarot Ba(Il) u Sr(I1), marormue ¢ (NH4)2C204 anamorudHsIe
BaC204 u SrC204 aBnsieTcs uX paCTBOPUMOCTh B YKCYCHOU KUCJIOTE:
2BaC204 + 2CH3COOH ® Ba(HC204)2 + Ba(CH3COO)2.
Breinonnenne peakmmn. K 3 kamusM pacTBopa, comepkarniero nonbl Ca2+, no0aBisiroT 3 karu pactBop
0CaJIOK.
2. I'ekcanmanogeppar (II) kanus K4[Fe(CN)6] npu pH > 7 B npucyrcrBun NH4C1 B3aumoaeiicTByer
¢ mnonamu Ca2+ ¢ oOpasoBanmeM  0eJIOr0  KPHCTANIMYECKOI0  OCajgKa  COCTaBa
Kn(NH4)mCa|Fe(CN)6], rie n 1 m B 3aBUCHMOCTH OT YCJIOBUII MOTYT MeHsIThcsl OT 0 10 2:

CaCl12 + K4Fe(CN)6] + NH4CI ® K(NH4)Ca[Fe(CN)6] + 3KC1.
Ocanox nepactsopum B CH3COOH.
[Tepenen oonapyxenust Ca2+ - 50 mxr/mi. Memarot Ba(Il) u Mg(Il).

Xon ananuza. K kame pactBopa conmu Ca2+ noGasnsror 3 karmu pactBopa K4[Fe(CN)6], mepemMenmBarorT, -

NHA4CI, kamio sTaHona ¥ cHOBA nepemernBatoT. [[oMyTHEHUE WU MOSBICHUE KPUCTAINIMYECKOTO 0CaIKa
Ca 2+,

Peaknuu xaruona Sr2+

1. «I'uncoBasi Boxa» (HachIeHHbIH BoAHbIH pacTBop CaSO4x2H20) o0pa3yeT ¢ HOHAMH CTPOHIHUS
0eJIbIi KPUCTAJIHYECKHI 0CA/I0K:

SrC12 + CaSO4x2H20 ® SrSO4 + CaCl12 + 2H20.

[Tockonbky koH1eHTparus SO42— - HOHOB B HACHIIIICHHOM PACTBOPE CyJibdara KajabIus HEBEJIMKa, 0CAIOK O
KonnuecTBe (caaboe nmoMmyTHEHHE pacTBopa). HarpeBanue pactBopa yckopsier oopazoBanue SrSO4.

Mematot Pb(I1) u Ba(Il), koTopsie cpa3y ke Ha X001y 00pa3yIoT C TUIICOBOM BOIOM O€IbIil 0cagok cyiabdar

Xon ananuza. K HECKONBKMM KaIUIIM pPacTBOPA, COMAEPIKAIIET0 MOHBI CTPOHIIHS, JOOABISIOT PABHBIN Of
CTCKJISTHHOW MAJIOUKOM 10 CTEHKAaM MPOOUPKH, HArPEBAIOT Ha BOJsHOM Oane 10 MunyT. OOpa3yeTcst MyTb.

2. Xpomar kanusa K2CrO4 o0pa3syet ¢ Sr2+ :keJITOBaThIi 0CaJ0K XPOMAaTa CTPOHIUS, PACTBOPHMOI0
B MUHEPAJbHBIX KHCJI0TAX:

SrCrO4 + 2H+ ® Sr2+ + H2CrO4
B ykcycnoit kuciore SrCrO4 Ttaxke pacTBOpPHM, UTO IO3BOJIsIET 0OHAPYKUBAaTh HOHBI Oapus B Buae BaCrO4

Beinonnenue peaknuu. K 3 kanism conu cTpoHIMs OprOaBIsaIOT 4 KAy pacTBopa xpomara kanus. O6pasy«
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3. Oxkcaaar ammonusi (NH4)2C204 ocaxkaaer kKaTHOH Sr2+ B BHje 0€J10r0 ocajaka:
Sr2+ + C2042—-® SrC204 .

[pouenypa ananuza. K 3 kaniusm pacTBOpa COIU CTPOHIIHS T00aBISIOT 4 KallIk pacTBOpa OKcajlara aMMOHHU
4. OxpammBanue miaaMedu. CojM CTPOHUMST OKpPAIIMBAOT OecHBeTHOEe IUIaMsi B
KAapPMHHOBO-KPACHBIH LBET.

Jlaboparopnas paGora Ne 4.

CucreMaTnyecKHii X0 aHAJIN3a CMeCH KATHOHOB TPeThel rPyNnibl

BBuny Toro, uro xpomar kanus K2CrO4 gaet B yKCyCHOKHUCIION cpelie 0caZioK TOJBKO ¢ KaTHOHOM Ba2+, To «
n Ca2+ , no6aBisisi K UCIIBITYEMOMY PacTBOPY YKCYCHYIO KHCJIOTY M pacTBOp Xpomara kaius. [Ipu stom 1
BaCrO4, a Sr2+ u Ca2+ u u30BITOK XpOMaT - HOHOB OCTalOTCS B pacTBope. Ocamok OTACIAIOT IEeHTPHUD)
OT/eJICHUSI.

K gactu nenrpudyrara mo0aBisioT «TUTICOBOM BOABDY W HArpeBalOT Ha BOASHOHN OaHe ~7 muHyT. Ecnmm 1
pacTBOpE HAXOMSTCS KaTHOHBI Sr2+.

Hentpudyrar 6ymet comepkarb katnoHOB Ba + ouenp maio (0,0022 /1), a mosTOMy «THIICOBast Boga» OymeT
KAaTUOHOB Sr2+.

Ecnm B pacTBOpe ecTh KaTMOHBI Sr2+ TO K EHTpUdyTaTy, KOTOPBIA HE COACPIKUT «TUIICOBOM BOJIBD», 100al
OTAEJSAIOT 0CaZ0K KapOOHATOB CTPOHIIMS M KaJlbLMs, IPOMBIBAIOT AUCTUIUTMPOBAHHOW BOAON M PACTBOPSIK
no0aBisroT cynbdara ammonus (NH4)2SO4, npu 3ToM katnoHsl Sr2+ 00pa3yroT 0caiok cylbdara CTPOHIIH
Mepe) OCTaIOTCs B pacTBOPE.

Obnapysicenue u omoenenue kamuonos Ba2+. B konuueckyio npobupky 6epym 3 Kaniu ucnvinyemoz2o
pacmeopa, npubasiaom 4 Kaniu YKCYCHOU KUCIOmMbl U 3 Kanau pacmeopa xpomama xanus. Ecnu
0Ccaook obpasyemcs, mo 3mo yKazvléaem Ha NpUcymcmaeue kamuornos Ba2+.

Jnst ynaneHust KaTuoHOB Ba2+ GepyT B KOHMUECKYIO TPOOUPKY 6 Karlesb aHaJIHu3UpyeMOro pacTBopa, 6 Kam
Karellb pacTBOpa XpoMaTa Kajus, NepeMEIINBAIOT CTEKISTHHOM MMajI04KOM, Tal0T CTOATh 3 MUHYTHI U OT/IEIISAK
Obnapysicenue kamuonos Sr2+. Llenmpughyeam nocie nposepku Ha NOTHOMY 0Ca@cOeHuss KamuoHos Ba

2+ 6 konuuecmee 3 kaneivb nomewarom 8 npooupxy, 0odasnsom 3 Kaniu 2UNco8oll 800bl, HA2Pesaom

Ha 600sHoU Oane u oarom cmoamv 20 munym. Obpazosanue o0cadka 2080pum o0 NPUCYMCMBUU 8
ucnvimyemMom pacmeope Kamuoros Sr2+ .

Obuapyoicenue kamuonos Ca2+. 5 kanenv yenmpughyeama (nocie omoenenus kamuonos Sr2+) enocam

8 KOHUYECKYI0 NPOOUPKY, 000as1A10m pasHbulil 00bemM pacmeopa KapooHama Hampus, nepemeuusaom
CMEKIAHHOU NATIOYKOLL.

OO6pa3zoBaBIIUICSA OCaTOK OTIEISAIOT LEHTPU(YTHpOBAHHWEM, MPOMBIBAIOT THUCTUUTMPOBAHHON BONIOH, pa
no0aBisaroT pactBop cyiabdara ammonus (NH4)2SO4. Ilpu stom katmon Sr2+ ocaxmaercs B Buue SrSO
pactBope. OcaoK OTAENSAIOT, @ HEeHTpUQyYTar JeNIAT Ha IBE YacTH.

K nepBoii monoBuHe neHTpudyrara J00aBIAIOT pacTBOP OKcajaTra aMMOHUS, KO BTOPOM MOJOBUHE - aleT
YKa3bIBaeT Ha Hajauuue KaTuoHoB Ca 2+.

Xoa aHa/1M3a KATHOHOB IEPBOii, BTOPOil U TPpeTheil Ipymnn

Uccnenyemsbrit pacTBOp, coepKalinii CMECh KaTHOHOB TPEX TPYIII, MOXET OBITh ¢ 0caakoM u 0e3 ocaaka. O
Hg2ClI2, nim BaSO4, SrSO4, CaSO4, wiu Bce BMecTe.

[ToaTomy pasnuuaroT ABa ciay4asi: pacTBOp 0e3 ocajka U pacTBOP C OCATAKOM.

Pacmeop me umeem ocaoka. M3 omoenvnoti npober omipwiearom kamuon NH4+ nacpesanuem c
pacmeopom euopoKcuoa Hampus.

B xonmueckyto npobupky Oepyt 1,5 Mi1 uccienyemMoro pactopa, J00aBIsSIOT 4 KAl KOHIEHTPUPOBAHHO
CTEKJITHHON Manoukoi u neHTpudyrupyror. Ocagok npoMbiBaioT Bonoi (20 karensb), mogkuciaeHHOH 2 N
MOHMKEHUS PAaCTBOPUMOCTH XJIOPU/1a CBUHIIA).

HNanee anammsupyrot ocanok (I) AgCl, PbCI2, Hg2Cl2.

Hentpudyrar (I) conepkuT KaTHOHBI IEPBOW U TPEThEU TPYII U HEKOTOPOE KOJIMYECTBO KaTHOHOB Pb2+. K
pacTtBopa cyiabdara aMMOHHs, HarpeBaloT 6 MUHYT Ha KUISIIEH BOASHON OaHe, maioT OTCTOAThCA 10 M
00pabaTkIBalOT paCTBOPOM alleTara aMMOHUS NPH HarpEBaHUH J0 TOJIHOTO y/ajieHus cynbgara ceuHma. [loc
SrSO4, CaSO4 npombIBaIOT TUCTHIUIMPOBAHHOM BO/IOH U IEPEBOISAT B KapOOHATHI.
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Ocanox (IT), conepxamuit BaSO4, SrSO4, CaSO4, nepeHocst B pappopoByro Haliky, 100aBsoT 4 M pac
MuHYT. [locne oxnaxaeHust B GappopoByro HamKy J00aBISIOT 2 MJ BOABI, IEPEMEIINBAIOT, TAIOT OTCTOAT
CJIMBAIOT. 3aTe€M CHOBaA JOOABISIOT 3 MJI KapOOHATa KajHsl, ONATh HArPEBAIOT 5 MUHYT U LEHTpUPyTUpytoT. C
MOJTHOTO ynajeHus: cynbdar - moHoB. Ocagok pacTBOPSIOT B MpoOHMpKe B 12 KamisX YKCYCHOH KHCIOT
JUCTUJUIMPOBAHHOM BoAbl. OTKpBIBalOT KaTHOHBI Ba2+, Ca2+, Sr2+.

HenTpudyrar (II) moxxer cogepxarb katuonsl Ca2+, K+, Na+, NH4+. O6HapyxeHune ux MpoBOASIT YACTHBIM
Pacmeop umeem ocadox. M3 omoenvrou npobwvt omkpwiearom kamuon NH4+ naepesanuem co wenouwio.
PacTBop ¢ 0cankoM B30ANTHIBAIOT, OCAXKAAIOT KATHOHBI BTOPOM TPYIIIBI U CICAYIOT OCAIOK.

B xonmnueckyro npobupky 6epyt 1,5 M aHamu3upyemMoro pactBopa (BMeCTe C 0CaIKOM) M, TTIOMEIIINUBAsI, TIPF
Ocallok OTIeNSIOT EHTPUPYTUPOBAHHEM U TIPOMBIBAIOT BOAOH, MMOJKUCICHHONW HECKOJIILKUMH KaIISIMH COJIs

Ocanox (I) moxxet conepxarb conu AgCl, PbC12, Hg2 C12, BaSO4, SrSO4, CaSO4, PbSO4, a nieatpudyrai
NH4+, Pb2+. Ero ananu3upyroT, Kak yKka3aHo MMPU aHAJIN3€ CMECH KaTHOHOB TIEPBOM, BTOPOM, TPEThEH TPy

Ocanox (I) mpombIBatoT B poOUpKe ropsueld Bomol (HarpeTou Ao kumeHus) 3 pasa, LlenTpudyrar coodw
YaCTHBIMHU PEAKIUSIMH.

Onpeodenenue uonos cepeopa u pmymu(l). K ocaoxy (II) npubasnsiom 12 xanenv pacmeopa
auopoxcuda ammonus u pazmewusaiom. Ilpu smom xaopud cepebpa pacmeopsemcs, nepexoos 8
KOMNAEKCHYI0 conb, a xaopud pmymu Hg2CI12 daem ocadox uepnozo ysema. bvicmpoe nouepnenue
cmecu om Oeticmaus 2UOPOKCUOA AMMOHUSL YKA3bI8Aem HA HATUYUe PMYmu.

Ocapox (IIT) otnensiror nienTpudyruposanuem. B nien-tpudyrare (1), conepxamiem cons [Ag(NH3)2]Cl, om
Onpeoenenue kamuona Ph2+ u nposepounvie peaxyuu na uonvt pmymu(l). Ocadox (III) moscem
cooepocams conu PbSO4, [HgNH2]Cl+Hg, CaSO4, BaSO4, SrSOA4.

Ecnmu oGHapykeHBbl HOHBI Ag+, TO UX HEOOXOIMMO TOJTHOCTBIO YHanmuTh. s 3TOro ocamok oOpabarbiB
HeHTpudyrar He TAaCT OTPHUIIATEIIHPHON peaKIy Ha KaTHOHBI Ag+.

Ocatox mpoMBIBaIOT BOAOH, 100aBistoT 15 kanens 30 % - HOro pacTBopa arerara aMMOHUS, TIEPEMEIINBAF
MuHyTHIL. [Ipu 3Tom PbSO4 u [HgNH2]Cl pactBOpsitoTcs.

Ocanok otnensoT neHTpudyrupoBanueM. B otnenpHoi mopuuu nerrpudyrara (1) otkpsiBator karuoHa P
noauaa kanus u nouel Hg2+ BoccTaHOBIEHHEM 10 CBOOOIHOM PTYTH.

Ecnu npucyTcTByIOT KaTHoHBI Pb2+, T0o 00paboTKy Ipy MOMOIIH areTara aMMOHUS TIOBTOPSIOT J0 TOJHOTO
BOJIOM U UCCIIENYIOT, KaK YKa3aHO IIPU OIIMCAHUK CUCTEMATUYECKOIO X0/Ja aHAIN3a CMECH KaTHOHOB IIEPBBIX

3ananus AJ51 CAMOCTOSITeILHOI padoThI.

AnpoToHHbIE anoyisipHbie pacTBopuTend. [Iporonutudeckas teopust bpencrena-Jloypu. Apronoporonus. Te:
bpencrena-Jloypu

Tema 5. KomniekcooOpa3oBanne B aHaauTudeckoil xummu. (OIIK-1)
Jlexknus.

CBolicTBa aHAJIMTUYECKH BAKHBIX KOMIUIEKCHBIX COEIMHEHUMH: yCTOMYMBOCTb, PAaCTBOPUMOCTb, OKPACK:
COEAMHEHUI MO XapakTepy B3aUMOACUCTBHS METaJI-TUraHa. BHyTpHu- u BHemHechepHble KOMIUIEKCHI, T
NOJUACHTAaTHbIE. MHOTOsIIEpHBbIE KOMIUIEKCHI. X€JaTbl, BHYTPUKOMIUIEKCHBIE coequHeHus. CTyneHuyaToe |
ycToiuuBOoCTH (CTymeH4arsle U o0mmue). DakTophl, BIMAIONIME HAa KOMIUIEKCOOOpa30oBaHUE: CTPOCHUE
KoHueHTpalus KOMIOHEHTOB pacTBopa, pH, HOHHOM cuIIbI pacTBOpA.

IIpakTH4eckoe 3aHATHE.
IIpakTnyeckoe 3ansaTue. KostokBuym Nel.
JlaGopaTtopHble 3aHATHA.
1. YUeTBepras aHanuTrueckas rpymnmna KaTuoHoB (Zn2+, Al3+, Cr3+, Sn2+, Snd+, As3+, As5+).
Ilenb: u3yyeHre CBOMCTB KATHOHOB 4 aHAJIMTUYECKON TPYTIIIbI
a)  TpOBeIEHHE YAaCTHBIX PEAKIIUA KAaTUOHOB 4 aHAIUTUYECKOMN TPYTIIIBI
0)  aHaiIM3 CMECH KaTUOHOB 4 aHAJUTUYECKOM IPyTIIIbI
B)  odopMIICHHE U 3alllUTa OTYeTa

YeTBepTas aHAJINTHYECKAS TPYyNIAa KATUOHOB (Zn2+, Al3+, Cr3+, Sn2+, Snd+, As3+, As5+)
['pynmoBbIM peareHTOM Ha KaTHOHBI Y€TBEPTOM IPYIIIHI SIBISETCS 1IENI0Yb (B U30BITKE), 00pasyromuecs TUAf

13
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Me2+ + 20H-®Me(OH)2 « 2H+ + Me022—,
Me3+ + 30H-®Me(OH)3 « 3H+ + MeO33—,
PeakTuBBI:: COJISTHAsI KHCJIOTA.
Peakuumn katuona Zn2+

1. Tumapoxkcma aMMOHHSI JaeT ¢ KaTHOHOM Zn2+ 0Oeabl ocaaok ruapokcuaa nuaka Zn(OH)2,

PacTBOPUMBIIl B M30BITK peareHTa ¢ odpasoBaHueM ammuakara nuHka [Zn(NH3)4](OH)2:

ZnC12 + 2NH40H ® Zn(OH)2 + 2NH4Cl,

Zn(OH)2 + 4NH40H -® [Zn(NH3)4](OH)2 + 4H20.

Xon ananm3a. K 3 kamisiM pacTBOpa COJM IHMHKA J100ab JISIFOT IO KarisM PAacTBOP THUAPOKUIA aMMO!
PACTBOPSIONMIMUICS B N30BITKE peareHTa.

2. KapOoHaThl HIEJOYHBIX METAJIJIOB M AMMOHHUSI ¢ KATHOHAMM Zn2+ o0pa3yloT Oeiblii 0CaJ0K

OCHOBHOM COJIM LIMHKA:

27ZnCl12 + 2Na2CO3 + H20 ® (ZnOH)2CO3 + 4NaCl + CO2.

Brimonnenue peakiuu. K 4 xamisiM pacTBopa Cou IIMHKA T00aBISIOT 10 5 Kanedb pacTBopa kapOoHaTa Hartj
3. CepoBonopoa o0pa3yeT ¢ KaTHOHOM Zn2+ 0enblii 0caiok cyab(uaa HuHKa ZnS:

Zn2++ H2S ® ZnS + 2H+.

Ocanok cynbduaa NMHKAa HEPACTBOPUM B U30BITKE OCATUTENS U B II€JI09aX, HO PACTBOPUM B CUIIHLHBIX KUCIIC

[Iponenypa anammsa. K 4 kaminsaM pacTBopa xjopuia IuHka n106asasroT 3 karmum pactBopa CH3COONa (,
ocaznka ZnS B 00pa3oBaBIIeHcs COMSTHON KUCIOTE) M 7 Kalellb CEPOBOJIOPOTHON BOJIBI.

Peaknun xarnona A13+
1. l'uapoxcux aMMOHMS 0CaxkaaeT KAaTUOH Al13+

A1C13 +3NH40H -® A1(OH)3 + 3NH4Cl.
I'mapokcun amoMHUHNS HE pacTBOPSIETCA B pacTBOPax COJIEHM aMMOHHS.
Ecaun antoMuHui HAXOAUTCS B pacTBOPE B BUJIE AJIFOMUHATA, TO JIsl OCAXKACHUS €ro THAPOKCUIOM aMMOHUS
NENUCTBYSI MUHEPAJIbHON KUCIIOTOM:
Xon ananm3a. K 3 karisiM pacTBopa CoIM alFOMUHUS JO0ABISIFOT OCTOPOXKHO IO KAIJISM PACTBOP THAPOKCH/I
BbIIIaJICHUEM 0€JIOro 0cajKa IMAPOKCUIA ATFOMUHUS.
2. Peaknus Ha kaTtuoH A13+ cyxum nyreM. OueHb pa30aBjeHHbIH PACTBOP HUTPATAa KOOAIbTA JaeT C
KaTHOHOM A13+ amomuuat ko6aabTa Co(A102)2, uMewluii CHHUI IIBET, HA3bIBa€Mblil TEHAPOBOM
CHHBIO:
2A12(S0O4)3 + 2Co(NO3)2 ® 2Co(A102)2+ 6SO3 + 4NO2 + O2.
Beinonnenue. Ha nonocky GuasTpoBasibHON OymMaru HAHOCAT MCCIEAYEMbIN PacTBOP M PACTBOP HUTpPATA K

cxurator. [1py Hannumy noHa A 13+ nenes, KOTOPBIN MOJYYAETCs NPU COKUTAHUU, UMEET TEMHO-CUHIOIO OKP:
Peaknuu katnona Cr3+

1. I'uapoxcua amMoHus odpasyer ¢ karnoHoM Cr3+ ocagok rmJpoKcuaa XpomMa cepo-3ejeHoro (i
cepo-puo1eTOBOIO) IIBETA:

CrC13 + 3NaOH ® Cr(OH)3 + 3NH4CI.
Breinonnenune anammsza. K 3 kamisMm pacTBopa Coiu adrOMUHHUS 100aBISIOT MO KAlIsAM PacTBOP THAPO!
BBINA/ICHUEM OCaJIKa.
2. lllesouu o0pa3yot ¢ katnoHoM Cr3+ ocagok ruapo-keuaa xpoma Cr(OH)3. Ilpu n3dbiTke menouu
THAPOKCH XpoMa pacTtBopsiercss ¢ oOpa3oBanueMm xpomurta NaCr(O2, mMmemomero sipKo-3eJeHYH
OKpAacCKy:
Cr(OH)3 + NaOH ® NaCrO2 + 2H20.
Xpomut NaCrO2 ruaponusyeTcs Ipy HarpeBaHUU ¢ 00pa30BaHUEM THAPOKCUIA XpOMa!
NaCrO2 +2H20 ® Cr(OH)3 + NaOH.
[Ipouenypa ananuza. K 4 kamisgm pactBopa xjaopuja xpoma jo6asistor 12 kanens 2 N pactBopa NaOH u Ha
0CaJIOK TUAPOKCUIA XpOMa IpU JajJbHEeWIIeM J00aBICHUH LISI0YH PACTBOPSETCS, a IPU HArpeBaHUU CHOI

MaccChI.

Peaknuu xatuona Sn2+
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1. CepoBonopoa B cuwiabHokucI0# cpeae (2 M HC1) oOpa3yer ¢ moHamu Sn2+ 0cai0K HIOKOJIAHOTO
nBera: Sn2+ + H2S ® SnS  + 2H+.
[Ipenen obHapykeHus kKatnoHa Sn2+ - 1,5 MKr/mit.
Cynbdun onoBa SnS pacTBOpUM B KOHIIEHTPUPOBAHHOW COJISTHOW KHUCIIOTE C 00pa30BaHUEM XJIOPHUIHBIX KOM
Cy/Ib(HUIOB IIETOYHBIX METAJUIOB U aMMOHHA. JTO OOBSCHSETCS TeM, 4To SnS o0nagaeT OCHOBHBIMHU
pacTBOpSIETCS B MONYCYIb(hUIE aMMOHUS, KOTOPBIH CHadajia okuciseT SnS 10 SnS2, a mocieaHuit pacTBOpsic
Beinonnenne peaknuu. K 3 kamism pacTBopa, copepikaiiero HoHel Sn2+, npubdasnsor 3 kammu 2 M pact
ObpazyeTrcst 0caJIoK IMOKOTAIHOTO 1BeTa. OCaoK OTACNSIOT MEHTPUDYTUPOBAHUEM U K HEMY JI00aBISIOT H
ocaziok pactBopsercs. K nonyyenHomy pactsopy no6asisor 2 M HC1 10 Kucaoi cpe/ibl, BBINAJAET 30J0TH

3ananHus AJ151 CAMOCTOSITEILHOI padoThI.
Bakneiimme peareHThI, IPUMEHIEMBIE B aHATIN3E JUTsl pa3/ielieHus, 0OHapy>KEeHHUS, ONIPEIeJICHUS HOHOB METa

Tema 6. OKHCINTEIBLHO-BOCCTAHOBUTE/IbHbIE peaknun B aHajguTuyecko xumun (OIIK-1)
Jleknus.

Koncranta paBHoBecuss OBP. OkuciauTenbHO-BOCCTAaHOBUTENIbHBINM NOTeHIMAN. YpaBHeHue Hepncra. |
OKHCJIUTEIbHO-BOCCTAHOBUTEIHHBIM OTEHIIUATIOM.

IIpakTnyeckoe 3ansATHE.
IIpakTHyeckoe 3ansaTue.Pemenue 3anau.
JlaGopaTopHoe 3aHsiTHE.
[Taras ananutuyeckas rpymma katuoHoB (Ti4+,Zr4+,Sb3+,Sb5+,Bi3+,Mn2+,Mg2+ Fe3+, Fe2+).
[lenb: n3yyeHrne CBOMCTB KATHOHOB S5 aHATMTUYECKOW TPYIIIIbI

a) MIPOBEICHUE YACTHBIX PEAaKIUI KATUOHOB 5 aHAJIUTUYECKOU IPYIIIIbI
0) aHaJIM3 CMECH KaTHOHOB 5 aHAJTMTHYECKOU TPYIITIHI
B) oopMIICHHE U 3aIIUTa OTYETA

IIaTas anaauTudeckas rpynna katuonos Tid+,Zr4+,Sb3+,Sb5+,Bi3+,Mn2+,Mg2+,Fe3+,Fe2+)

KaTtroHsl 3TOW rpymmbl co IMIeI0o4aMu 00pa3yroT THAPO-KCHIbI, HEPACTBOPUMBIC B BOJIE M B IENIOYAX, H(
(2a30THOM, CEPHOM U COJISTHOM) UX JIETKO MEPEBECTH B PacTBOP.

Peaxnuu xaruonaTid+

1. 'mapokcHbI HIEJT0YHBIX METAJJIOB U aMMHaKe noHamu TuTaHa (IV) o6pasyror Oesbiii ocagokTiO2
xH20, pacTBopuMBIii B KOHIEHTPHPOBAHHBIX 1€JI04YaX U MJIOX0 PACTBOPUMBIH B KHCJI0TAaX.

[Tpu yBenMueHNH KOHLIEHTPAIIMK TUTaHa, a Takxke pH pacTBopa 00pasyroTcs MoJMMEpPHBIE COSTUHEHHUS.

Brmonaenne pa6otel.K 1-2 kamisM cUIIBHOKHCIIOTO pacTBOpa, coaeprkaiiero nonsl Tutana (IV), nodapisro1
OeJIBIi OCaIOK.

Peaxnuu xaTuonaZr4+
1. l'uapokcuabl HIEJTOYHBIX METANJIOB W AMMHAKB3aUMOAEHCTBYIOT ¢ MOHaMu nupkoHus (IV) c
o0paszoBanuem Oesioro ocaagkaZrO2xxH20;3T0 coefuHeHHe NPAKTHYECKH He PACTBOPSETCS B
eJI0YaX U KHCJI0Tax

[Tponenypa.K 1 - 2 karuisim pactBopa, CoAepIKaIiero HOHbl IMPKOHUS, T00aBIAIOT 1-2 Karum pactBopaNH3.
ocanokZrO2xxH20.

Peakunu karmonaSb3+uSb5+
1.Meramnbl,cTosiliMe B pPsiAy HanpsikeHUsl JieBee CYpPbMbl, B COJITHOKHCJIOM pacTBope
BOCCTAHABJUBAIOT HOHBI cypbMblI (I11,V) 10 yepHOro rydouaroro ocagka MeTa/uIn4eCKOi CypbMbl.
N30uparenbHOCTh peakldy MOBBIIIACTCS, €CJIM B KayeCTBE BOCCTAHOBUTENS HMCMOIb30BaTh METaJUINYECK
3SnC14
[Ipenen oOHapyxeHus: kKaTuoHa cypbMbl - 0,2 Mkr/mut. MemaroT nonsl Meimbsika (111, V), koTopeie Taxxke
OTJIMYHME OT MBIIIbsIKAa METAJNINYECKas CypbMa He pacTBopsieTcsa B pacTBopeNaBrO.
Xon ananuza.Ha onoBsHHYIO (OJBIYy MOMEIIAIOT KAaILIKO COJISHOKHCIOTO pacTBOpa, CONIEpKallero HOHI
OO6pa3yeTcst uepHOE MATHO METALTHYECKON CypbMBbl, HepacTBopuMoe BNaBrO.
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2. CepoBogopoa uiau cyjabpuabl meaouHbix Meta/uioBB 6 M HC1 o0pa3yT opaH:keBble 0CaAKH
CYJb(HUI0B CypPbMBI:
2SbC163—+3H2S®Sb2S3 + 6H++ 12C1-
2SbCl163+5H2S®Sb2S5 + 10H++ 12C1-.
Ocanku pacTBOPSIOTCS MPH HarpeBaHUU B U30bITKE Cynbhuaa Harpus nanNaOH:
Sb2S3+ 3Na2S®2Na3SbS3Sb2S3+ 4NaOH®NaSb(OH)4+ Na3SbS3.

ITpu narpeBanuu cynbduaos cypbMsl (111,V) ¢ konuenTpupoBanHOHHNO3BbIIEIsI€TCS METaCypbMsIHAsI KHUC
ommmune oT cyiabpunoB Meimbska (II1,V)Sb2S3uSb2S5pactBopsitoTcss mpu HarpeBaHWM B KOHILIEHTD!
(MajopacTBOpUMBI) B KapOOHATE AMMOHHUS:

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

[Tpenen o6HapyxeHuUs cypbMbI - 0,25 MKI/MIL

Xon ananmuza.K 2 kamisMm pacTBopa, comepiKaliero HOHbI CypbMbI, JOOABIISIOT KAarlli0 KOHIIEHTPUPOBAHHON
Hatpusi. OOpaszyeTcs OpaHKeBBIA 0CAIOK.

Peakuunu karnonaBi3+

1. Xoopua onoa (II)B menounoii cpene BoccranasiauBaeT BucMyT (I11I) 1o meTrasmyeckoro BucMyTa
(ocagok yepHOro BETA):

SnC142— 40H-®Sn(OH)42++ 4C1-

2Bi(OH)3+ 3Sn(OH)42-®2Bi + 3Sn(OH)62—

Crnenyer u3berars npuOaBieHHUs KOHIIEHTPUPOBAHHOMN IIEJIOYM W HArpeBaHUs, TaK KaK B ITHX YCIOBUS:
METaJNINYECKOTO 0JI0BA BCIIEICTBUE PA3IIOKEHUS THIPOKCOKOMILIEKCOB ojoBa (II):

2 Sn(OH)42-®Sn(OH)62—+ Sn + 20H-

Ecnu xe n30bITOK LIEI0UN CIUIIKOM Mall, IPU CTOSHUU MOXET 00pa30oBaThCsl YEPHBI 0Ca0K OKCH/IA 0JI0Ba.
[Ipenen obHapyx)eHus BUCMyTa - 20 MKT/MII.

Xon anamm3a.K 2 - 3 karisim pactBopa, coneprkamiero nonsl onosa (II), mpubasnstor mo xarmisam 30 % -
ocanka ruapokcuaa onona (II) u mocnenyromero ero pactBopenusi. K momyueHHOMY pacTBOpy 100aBISIOT
OO6pa3yeTcst YepHBIN 0CaIOK.
2.Monua kaausioOpasyer ¢ nonamu Bucmyrta (III) B Kucao0ii cpene KoMiuiekcHbIe coeuHenus, BI3-
0Ca/JI0K YepPHOro nBeTa, pacTBOPUMbIi B n30bITKeKI:
BiCl3+ 3KI®Bil3+ 3KC1
Bil3+KI®KBil4.
IIpu cunbHOM pa30aBiIeHMH pacTBOpa, conepxkaineroBil4—, momydaercst opanxeBblit ocagok conuBiOl:
KBil4+ H20®BiOI+KI+ 2HI.
3. lexroun (NaOH, KOH)nawt ¢ karmonomBi3+06eabiii ocanokBi(OH)3, pacTBopuMblii B KHCJI0TAX,
HO HEPACTBOPHUMBIii B 1IeJ104YAX:
Bi3++ 30H-®Bi(OH)3 .
Brimonnenune ananuza. B mpobupky momemaroT 3 - 4 karum pactBopa xjopuaa BucmytaBiCl3u npubas:
Brmmagaer Oenblii 0caioK.
Peaxnuu xaruona Mn2+
PacTBops! coneit Mn2+umeroT 01eIHO-PO30BYIO OKPACKY, @ pa30aBleHHBIE - OECLIBETHBI.
1. leaoun (NaOH, KOH)ocaxknaot katuoH M12+c o0pazoBanueM 0eJ10ro 0caaKa ruIPpoOKCHIa
mapraunua (II), pacteopuMoro B Kucja0Trax, HoO HepacTBOPUMOI0 B HIeJI0YAX:
Mn2-++ 20H-®Mn(OH)2 .
Ocanok Ha Bo3ayxe OypeeT BeiencTBue nepexona Mn2+8 Mn4+, pu atom obpaszyercss MnO(OH)2umu H2V
Brmonaenne ananuza. K 3 - 4 kamnsim pactBopa cynabdara mapranna (I1) mobasnsror 3-4 xamim BOabl
OO6pasyetcst Oemblif 0caIoK, KOTOPBIA U3MEHSIET CBOIO OKPACKY JI0 KEJITO-0ypoii.
4. Ammuakocaxaaetr katmoH Mn2+B Buae Mn(OH)2. B mpucyTcTBHM cojieii aMMOHHUSI OCaXJACHHE HE T
pactBopumoctd Mn(OH)2 HenocraroyHo mano.
Xon ananmuza. K 2 - 3 kamsm pactBopa cynb(dara mapranna (I1) mobasnsror 2-4 xamim Boabl B 3 Karuu
[Tomyuaercst 6emblii 0CaZOK, pACTBOPUMBIN B MUHEPAJIbHBIX KUCIOTaX U U30BITKE THIPOKCH]IA aMMOHHUS.
Peaxknumn karuonaMg2+
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1.llesqoun KOH uNaOHo0Opa3ywor ¢ katuoHomMg2+0eabiii amopdublii ocanokMg(OH)2I'uapoxens
MATrHMSl PACTBOPHM B KHCJIOTAX M B COJISIX AMMOHHUSI.

Brinonnenue ananusa.

B nipoOupky BHOCST 4 Karui pacTBOpa COJIM MarHus U MPUOABIISAIOT 4 KAk HACBIIIIEHHOTO PacTBOPa XJIOPH,

Bo BTOpyro mpoOupky BHOCAT 4 Kaluld pacTBOpa COJIM MarHus W MpuUOaBstoT 4 Karuid BOAbI (UTOOBI
OJIMHAKOBAas). 3aTeM B 00€ MPOOUPKH TOOABISIOT ocaauTels - ruapokcuaa aMMoHusNH4OH.
2.I'mapodochar narpusaNa2ZHPO4o06pasyer ¢ uonamu maruusi B npucyrcrBunNH4OHnpu pH =9
Oesiblil kpucTaaanuecknit ocarokMgNH4PO4x6H2O:

MgS0O4+ Na2HPO4+ NH,OH = MgNH4PO4+ Na2S04+ H20

ITpu pH > 10 moryT ob6paszoBarbcaMg(OH)2uMg3(PO4)2. PekomeHIyeTCsl K KUCIOMY aHAIM3HPYEMOMY D:
N3-3a o6pazoBannaNH4CIpH pactBopa noaaepKuBaeTcsi HOCTOSHHBIM.

[Tpenen o6Hapyxenust Mmaraus - 10 Mkr/mi. Memarot HOHBI, 00pasyromye ManopacTBopuMsie ¢pocdarsr;NH:

Xon ananuza.K 3 - 4 kamisiM pacTBopa, COAepIKaIIero HOHbI Maruus, npubasisoT 4-6 kanens 2 M HC1, 3
nepeMenmBanuu 1o karmsiM npudasisiror 2 MNH4OH no nosinenus 3anaxa ammuaka (pH ~ 9). Beimagaer 6

Peaxnuu xarnonaFe2+
PacTBops! coneiiFe2+okpaiieHsl B O1eIHO-3eNIECHBIHN IBET, pa30aBlieHHbIE pAaCTBOPHI OCCIIBETHBI.

1. I'ekcaumanodeppar (III) kamus K3[Fe(CN)6]JoOpasyer ¢ monamm :xeie3a (II) cuHuii ocanok,
no-suaumomy, cocraBaMFeFe(CN)6, (rme M -K(I),Na(I)), Ha3biBaeMblii «TYPHOYJI€BOil CHHBIO».
Ocagok  HepacTBOPMM B  KHCJOTaX, HO  pa3jaraercsi IIeJloYaMH ¢  BbleJIeHHEM
ruapoxkcuaosFe(ILIII).

[Ipenen obnapyxenus xenesa - 0,02 mxr/miu. Peakuus cnienududHa.

Brimonnenne ananuza.K 1 - 2 xamsm cnabokucioro pactBopa, coaepaxaiiero nonsl xenesa (II), nodasmusror
OO6pazyercst CHHUH 0CaJIOK.

2. TnmeTuarmokenM (peaktus Yyraesa)oOpasdyer ¢ nonamu :xeqaesa (II) B aMmmMuadHbIX pacTBOpax
yCTOYMBOE KOMILIEKCHOE COeJHHEHNe KPACHOIO LIBeTAa:

FeC12+ 2H2D + 3NH3+H20®Fe(HD)2(H20)(NH3) + 2NHA4C(I,

raeH2D- nuMeTHIIMoKCUM.

Kommniekcnoe coequnenueFe(Il) cH2Dxopoiio pactBopumMo B Bozie.

[Ipenen obHapykeHus xene3a - 8§ MKr/mi. Memator nonsl Hukens (1), oOpasyromue HepacTBOPUMBINA B
KpacHoro 1Beta. Memaromiee Biausiaue xene3a (I1I), obpasyromero B aMMuaqHoOl Cpeie OKpalICHHBIA TH
JIUMOHHOM, IIIaBeJIeBON WJIM BUHHOM KUCIIOTHI.

Brimonnenne ananuza.K 2-3 xamnsim pactBopa, cogepskamiero HoHsl xxenesa (1), nobasmusror karo 20 %
KaIuTio JUMETHITITIHOKCHMA U TI0 KaIljIsiM pacTBOp aMMHaKa J0 IIeJI0YHOM peakiuu. PacTBop okparmBaeTcs
3. leaouu (NaOH, KOH)ocaxnawTt katnonFe2+B Buae ruapokcuaa xesnesa (I1I):

Fe2++ 20H«Fe(OH)2J..

CBexeocaxIeHHbII ocazok uMeeT Oeinblii nBeT. OHAKO HAa BO3AyXE B pe3yJbTaTe YaCTUYHOTO OKHUCIICHUS
I'pA3HO-3CJICHBIU LIBCT:

4Fe(OH)2+ 2H20 + O2®4Fe(OH)3 .

Xon ananuza. K 2 - 3 karusim pactBopa cyibgara sxenesa (II), mobaisior 5 kanenb TUCTUUTHPOBAHHON BC
BHUMaHUE Ha LIBET U XapakTep ocajKa.

4. T'mapokcua ammonusiiaet ¢ karnonomFe~+ocanok ruapoxcuna xkenesa (II):

2NH40H + Fe2+®Fe(OH)2 + 2NH4+.

OcaxieHne NpoUCXOAUT HEMOJHO, a B MPUCYTCTBUHU COJIEH aMMOHUS 0Cajika BOOOIIe He 00pazyeTcs.

Brimonnenne ananusa. B mpobupky momentaror 2 - 3 karm pactBopa cynbgara sxenesa (II), moGasistor
XJIOpHU/Ia WK Cyab(aTra aMMOHHUS, a 3aTeM 2-3 KaIuld pacTBOpa IMIPOKCHIa aMMOHHUSL.

Peaxknun katnonaFe3+
PactBopsI coneitFe3+uMeroT enTyro WIn KpacHO-Oypyro OKpacky.

1. I'ekcanuanogeppar (II) kaausic nvonamn xkesie3a (I11) od0pa3zyer TeMHO-CHHII 0CAT0K «OePINHCKOM
aazypm»MFeFe(CN)6, aHajorm4nblii mo cocTraBy «TypHOyJeBoii cuHH».CHavaja IPOXOIUT
OKHCJINTEJIbHO-BOCCTAHOBHUTE/IbHASA PEAKIMA:
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FeCI3+ K4Fe(CN)6®FeCI2+K3Fe(CN)6+KCl.
Jlanee mpoayKThl peakliuy B3aUMOJIEHCTBYIOT MEX1y cOo00ii ¢ 00pa3oBaHUEM TEMHO-CHHETO 0cajKka «OepIIuE
Fed, + K3Fe(CN)6®KFeFe(CN)4+ 2KC1.
Paznuune B okpacke M CBOMCTBAaX «OCPIMHCKOM JTa3ypu» s «TypHOYIEBOW CHHW» OOBSCHSETCS TEM, YT

COOTBETCTBYET HaNKCaHHOU Bhile dopmyne. Ocagok «OEpIUHCKON J1a3ypH» PacTBOPSETCS B CHUIIbHBIX KH(
peareHTa.

[Ipenen obuapyxenwus xene3a - 0,2 Mkr/mia. MemaroT OomnblMe KOTMYECTBA MOHOB METAJUIOB, KOTOPE
rekcarmanogepparom (II) kamms. Memarot GTopHIbl U OKcanaTsl, 00pasyromue yCTOHUNBbIE KOMIUIEKCHI CFi
Xon ananuza.K 2 - 3 kamsam pactBopa, coaepsxkaiiero nonsiFe(Ill), nobasnstor 3-4 karmm IUCTUILTUPOBAHH
u 2 xaru peareHTa. Habmonarot o0pa3oBaHre TEMHO-CUHETO 0Ca/IKa «OCPIMHCKOM JIa3ypuy».

2. Tuoumanatr ammoHus (kaaus)(NH4CNS,KCNS) B caaGokucabix pacrBopax oopasyer cFe(III)
KOMILIEKCHbIE COeIMHEHMSI kpoBaBo-kpacHoro useraFe(SCN)n(3-n)+, rnen —1-6.
KommnexcebiFe(SCN)3 nuHFe(SCN)43kcTparupyrorcsi 3pMpoM U H30aMHJIOBBIM CIIHPTOM.

[Ipenen obGHapyxeHus xenesa - 0,5 Mxr/mu. Memarot docdarbl, apceHaThl, OKCalaThl, [UTPATHI, TapTpaT
YCTOMYUBBIC KOMIUICKCHBIE COSTUHEHHS.

Brmonaenne ananmuza.K 1 - 2 xamsm pactBopa, coaepikamiero wonsl skenesza (III), moGammsioT Karuik
KpPOBaBO-KpacHOE OKpalIMBaHWE pacTBopa. JJ00aBISIOT HECKOJBKO Karelb W30aMHUJIOBOTO CITUPTA WM A1
(a3a okpammBaeTcs B KPaCHBIH IIBET.

3. Hlemnoun (NaOH, KOH) uNH4OHo6pa3sytot ¢ karnonomFe3+kpacHo-0ypsiit ocagokFe(OH)3:
Fe3++ 30H-®Fe(OH)3 .
I'uppokenp xenesa B oTIMuKe oT ruapokcuaa xpoma (I11) u runpokcuia atoMUHIS HE pacTBOPSIETCS B U30b)

Xon anaymmza. K 3 - 4 karusim pactBopa xsmopuna xeinesa (I11), mobasnsror 3-4 kammm TuCTUIUTMPOBAHHOHN BO]
BHUMaHUE Ha LIBET U XapakTep ocajka.

3aganus AJ151 CAaMOCTOSITEJIbHOM PadoThI.
OCHOBHBIG HGOpFaHquCKHC n OpFaHquCKHe OKHUCJIINTCIIN 1 BOCCTAHOBUTCIIN.

Tema 7. 3aKoH JeliCTBUSI MAacC B reTepOreHHbIX npoueccax. Pacreopumocts, npousBeaeHne
pac-tBopumoctu. (OIIK-1)

Jlexkuns.

3aKoH JEUCTBUS MacC B T€TEPOTEHHBIX MpoIleccax. TOUHbIE U MPUOIKEHHBIE pelieHusT ypaBHeHUH. DakTo
B3aumHoe mpeBpaliieHe MaJiopacTBOPUMBIX OCAIKOB.

IIpakTnyeckoe 3ansATHE.
IIpakTuueckoe 3ansitue. Pemenue 3axay.
JlaGopaTopHoe 3aHsiTHE.
[lecrast ananuTrueckas rpymnmna katnoHoB (Co2+, Ni2+, Cd2+, Cu2+, Hg2+)
[lenb: n3ydeHrne CBOMCTB KATHOHOB 6 aHATUTUYECKOW TPYIIbI
a)  MPOBEICHHUE YACTHBIX PEaKIUi KATHOHOB 6 aHATUTUYECKOU TPyTIIIBI
0) aHaJIM3 CMECH KaTHOHOB 6 aHATMTUYECKOM TPYIIITHI
B)  oQOpMIICHHE U 3alllUTa OTYeTa

Ilecras ananuTuyeckasi rpynna katuonos (Co2+, Ni2+, Cd2+, Cu2+,Hg2+)
Peakuun xaruona 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 ¢
uoHamu kob6asbta (II) 06pasyer okpalieHHbIe B CHHUI IIBET KOMILIEKCHbIE COeIMHEHUS] PA3JIMYHOT0
coctaBa oouieii popmyast Co(SCN)n(2—n)+, rae m = 1, 2, 3, 4. Kuciiopoacoaep:kaiiue pacTBOpuTen
(3¢up, aneToH, M30aMHUJIOBBII CHHUPT) IKCTPATMPYIOT TEMHO-CHHHE MAJIOYCTOWYHBBIE KOMILIECKCHI
Ko0aabTa, mo-euanmMomy, cocrapa Co(SCN)4(2—n)+. /I moHM:KeHHs TMCCONMANUMN KOMILIEKCHBIX
coeJHHEHUIT He00X0IMMO BBOANTH 00/IbIION H30BITOK THOLHAHATA.

[Ipenen obHapyxeHust KoOanbTa - 3 MKr/mit. Mematot nossl xene3a (I11), koTopbie MAaCKUPYIOT 100aBICHHUEN



Xon ananuza. K 2 - 3 kanusm pacTBopa, cofepskaiiero noHel kobanera (1I), 100aBAsSIOT TBEPIbIN THOIIMAHAT
aMMOHH3, 5-7 Kalejlb N30aMUJIOBOTO COUPTA U BCTPAXUBAIOT. CI0i N30aMUJIOBOTO CIUPTA OKPAILIUBAETCS B ¢
2. Hutpur kanusi B ykcycHOKHcJI0M pactBope npu pH 4-5 o6pasyer ¢ nonamu kodansra (II) sxearnrit
0Ca/I0K, B KOTOPOM K00aJIbT HMeeT cTeneHb okucaenus I11:

Co(CH3CO0O0)2 + 7KNO2 + 2CH3COOH ® K3Co(NO2)6 + NO + H20 + 4CH3COOK.

B paszbaBrneHHBIX pacTBOpax OcCaJoK oOpasyeTcs ImpHU HarpeBaHUM U BBICTAUBAHUU. DTy PEaKIMIO HUCIIOMN
MEMIAIOIINUX HOHOB.

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

Brimonnenne ananmza. K 2 - 3 kamisaM pacTBopa, colepikaiiero HoHel kobansra (I1), 106aBiusior 2 Kariu
CH3COONa u tBepabiii KNO2. Cmech HarpeBaroT HECKOIbKO MUHYT Ha BoJisiHOW 6ane. OOpasyercs KeThli

Peaknun katnona Ni2+
B BOgHBIX pacTBOpax COJIM HUKEJS UMEIOT 3€JIEHYIO0 OKPACKY.
1. Inmernarauokcum (peaktus Yyraesa) (I) oopasyer ¢ uonamu HukeJs (II) B unrepBase pH =15 -
10 masiopacTBOpHMOE B BOJle KOMILIEKCHOE COeJTMHEHHUE aJ10-KpacHoro usera crpykrypsi (I1):
IIpenen oOHapyxeHus HuUKens -3,2 MKI/MA. JIUMETWIIITMOKCUMAT HHUKENs HUMEET IUIOCKYI0 KBaJpaTHY!
JUMETWITTTHOKCMMA B KOMIUIEKCE CBSA3aHBI MEXIy CO00M BHYTPHUMOJEKYISPHBIMU BOJOPOAHBIMU CBSI3SM!
00yCIJIOBIIMBAET aHOMAJILHOE COOTHOIICHHE CTYNEHYAThIX KOHCTAHT ycroiunBocTd K1 < K2, mostomy max
KOJIMYECTBEHHO 0Opa3zyeTcst komrieke ML2.

Manas pacTBOPpUMOCTbL JUMCTHUIIINIIMOKCHUMATA HUKEIA B BOJAC CBiA3aHa C TCM, YTO KOMIIJICKC HC TMAPATUL
HUKCIIA.

BrinosiHenue anaiusa.

1. K1 -2 kamsm pactBopa, coaepxarero Ni(Il), no6asmistor 1-2 kamu 1 % - HOro 3TaHOIBFHOTO pacTBOpa
NH3. O6pa3zyeTtcs XxapaKTepHBII aJIo-KPaCHBIN 0CaJIOK.

2. K 1 - 2 kamsm uccneayemoro pactBopa nobasmnsitor 1 2 xarum 20 % - HOro pactBopa TapTpara Kajaus
Hatpus, 1-2 kamum 10 % - HOro pac-*pa COJISIHOKMCIIOIO TMapoKcuiaamMuHa U pactBopoM NH3 noBopar |
HachIeHHBIM pacTBopoM pearenta B CHC13. Oprannueckas ¢daza B IpUCYTCTBUM HUKEIIS OKPAIITUBACTCS B

Peakmuu katnona Cu+

PactBops1 coneit Cu2+ umeroT romyOyro Wik 3eJIEHYI0 OKPacCKY.

1. I'ekcannanogeppar (II) kaaua npu pH < 7 ocakgaer HoOHBI MeAu B BHJe KPacHO-0yporo ocaaka
Cu2Fe(CN)6, pacTBoprMOro B aMmMuake ¢ oopasoBanueM amMmmuaxkaros Menau. Ilpexen o0Hapy:kenus
Meau - 10 mkr/mu. IlpoBenenuto anaamsza memawTt uonsl Fe(IlI), Ni(Il), Co(II), o6pa3yromue c
peareHTOM MnBeTHble ocaaku. [lo3TOMy HX NpeABapUTE]BLHO OTACISIOT MJIH CBA3BIBAKT B
yYCTOHYHBbIE PACTBOPHMBbIC KOMILIEKCHbIe coennHeHus. IIpy o4yeHb MabIX KOHLEHTPamusX Meau
0Ca/I0K He BBINAaJaeT, HO PACTBOP OKPAIINBAETCSI B PO30BbIN LBET.

Xon anammsa. K 2 - 3 kamniaM pactBopa, conepykamiero nonsl Meau (I1) (pH < 7)., npubasnstor 1 - 2 kanr

KpacHO-OYphIi 0caioK.

2. AMMHAaK NPH B3aMMOAEHCTBUM ¢ MOHAMHU MeIM CHAYAJIA O0CAKIAAaeT OCHOBHbIE COJIM NMEePeMEHHOr0
COCTaBa 3eJIEHOI'0 LBeTa, JierkopacTBopuMmblie B H30bITKe peareHta. Ilpm pH > 9 oOpa3yrorcs
aMMHaYHble KOMILJIEKCHI Meau uHTeHcuBHO-cuHero nsera: Cu(NH3)(H20)52+; Cu(NH3)4(H20)22+;
BBe/JleHUe NATOoM U mecToil moJiekyabl NH3 3arpynneno.

[Ipenen obHapyxenust Mmenu - 40 MKT/MIL.

Xon ananmu3za. K 2 - 3 xarmuisaM pactBopa, conepskaiiero noHel Meau (1I), noGaBusiroT 60bIol W30BITOK PacTE

MHTEHCUBHO-CHHEH OKPACKHU YKA3hIBACT HA MPUCYTCTBUC MCIIU.

3. Jdutnzon B wuHtTepBase pH 1 - 4 ¢ Cu(ll) oOpa3yer BHYTPHMKOMILJIEKCHOE eJIMHEHHE
KPacHOo-(u0J1eTOBOro 1BeTa, 3kcTparupyemoe CHC13, CC14.

[Mpenen obnapyxennst meau - 0,1 mxr/min. Memmaror Ag(I) Hg(Il). Ecnu B kauecTBe MacKUpYIOIIETo pearel
Meb MOXKHO OOHAPYKUTh C TUTU30HOM 0€3 TIOMEX CO CTOPOHBI APYTUX HOHOB METAJLIOB.

Xon ananmsa. K 1 - 2 xamisiv aHanu3upyemoro pactsopa ¢ pH 1-2 npubaBisior 5-6 kanenb S % - HOro pacTE

pactBopoMm pearenta B CC14. B npucyTcTBUY MM OPraHNYECKU CII0M OKPAIIMBACTCS B KPACHO-(HOJIENOB
4. Twuocynbpar nHarpusi Na2S203, npubGaBjeHHbIH K NOAKHCICHHOMY pPacTBOPY COJH Meau,
obeclBeYMBaeT PacTBOP, TAK Kak o0pa3yercsl KOMILIEKCHAasi coiib. IIpu HarpeBaHHM NOJYy4eHHOIO
pacTBopa o0pa3syercs TeMHO-Oypblii ocanok Cu2S.

19
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CuSO4 + Na2S203 ®+ Na2S04 + CuS203
CuS203 + H20 ® H2S04 + CuS

ITponenypa ananusa. K 2 - 3 xanusam pactBopa cyiabdara Menu 100aBistorT 4-5 kanenb BOJbl, 2-3 Kary |
KPHUCTAJUIMKA THOCYIb(ara Harpus. [lepeMennBarT CTEKISHHON MaJI0YKOr U HarpeBaroT. O0pasyeTcs TEME

U CCPHI.

Peakuun karuona Cd2+
1. CepoBogopoa niam cyiabpuasl meno4ynbix Meraaos npu pH ~ 0,5 o0pasyr ¢ MOHAMH KaAMHuA
JKeJThI ocafok cyabdpuaa kagmus. Ocagok He pacTBOpHM B cy/jb(duae U rHAPoKCcHIe HATPUS, HO
pacTtBopuM B KoHleHTpUpoBaHHbIXx HC1 1 HNO3:
CdS +4HC1 ® H2CdC14, + H2S-
CdS +4HNO3 ® Cd(NO3)2 +S +2NO2 + 2H20.

[Ipenen oOHapyxeHust kaamus - 10 MKr/mi. MemaroT HOHBI METaJIIOB, 00pa3yIoNIue B TUX YCIOBHIX HED:
Bi(IT), Sn(II, V), Sb(IIl, V) u ap.

Xon ananmza. K 1 - 2 xamisiM pacTBOpa, COAEPIKAIIETO MOHBI KaJAMUs, PUOABISIIOT KAIUII0 PacTBOpa CyiT
OCalloK.

2. JIdTH30H B3auMOJeiicTBYeT ¢ HOHAMH KaaMus B uHTepBaJie pH 6,5 - 14 ¢ o0Opa3oBaHueM KpacHOro

BHYTPUKOM-IJIEKCHOTO coeqnHenns, skcTparupyemoro CHC13 u CC14.

[Ipenen obHapyxenust kagmus - 0,5 MKr/mui, Memaroiiee BIUSHHE OOJNBIIMHCTBA MOHOB METAILIOB YCTP
mumetuiarmrokcuma. B atom ciydae memarot tonbko Ag(l), Hg(Il) m Cu(Il), ux ymanstor npeaBapuTeIbHO
CC14 npu pH 1-2.

Xom ananmmza. K 2 - 3 kamnam uccieayemoro pactsopa npuoasisiror 2 M HCI1 go pH 1 - 2 ¥ 9KCTparupyroT

CCl14. Ilocae paznenenus a3 K BOTHONU daze 100aBistior 2-3 kamm 20 % - HOro pacTBopa TapTpara Kaulk
pacTBopa juMeTmiarnuokcuma U 30 % - veiii pactBop NaOH g0 pH 9 - 10 m skcrparupyror 0,002 % - Hr
IPUCYTCTBUU KAJIMUSL OPTraHUYECKUI CI0M OKPAIIMBAETCS B KPACHBIM LIBET.

4. TuomoveBuHa 00pa3yeT ¢ COJAMH KAaJAMHS JIETKOPACTBOPHMbIE KOMILIEKCHbIE COJIH, KOTOpbIE

JIErKO Pa3JiaralTcs cepoBOA0POAOM JIaKe NP N30bITKEe THOMOYEBUHBI.

IIpoBenenne aganuza. K 3 - 4 xamisaM aHaAIU3UPYEMOTO PACcTBOPA 100aBISION 3-4 KPUCTAIINKA THOMOYEBUE
2-3 MHUH 100aBISIOT 5 - 6 Kalelb CBEKEIPUTOTOBIEHHON CEPOBOAOPOIHON BOALL. B MPUCYTCTBUM KATHOH:
OCAaJIoK.

Peakuun karnona Hg2+

1. CepoBogopon wiu cyJb(Puabl HeJOYHbIX MeTa/I0B ¢ HoHaMu pTyTH (II) B KHCJbIX pacTBopax (6 -
7 M HC1) o6pa3zyror yepHbiii ocagox HgS.

W3Bectnpl Tpu Momudukanuu HES: kpacHas, umeromas nuckaxkeHHyro pemetky NaCl ¢ 3ursarooOpasHbi
kuHoBapu. YUepHas ¢opma, BcTpeuaronasicss B BHJIE MUHEpalla MeTallMHHOOapHTa, UMEIas CTPYKTYpy
KoTopasi oOpa3yercsi IpH B3aUMOACHCTBUM THOCYIIb(aTa HATPUS C HEUTPAIBHBIM PaCTBOPOM XJIOPHIA PTYTH
[Tpu memienHoM nponyckanuu H2S depe3 Kucible pacTBOPBI COIM PTYTH MOXHO HaOIOnaTh 00pazoBaHUe
ceporo, xentoro u Oyposaroro nseroB cocraBa HgmCInSx(Hg3Cl12S2). OObuHO U3 KHCIBIX PacTBOPOB
yepHoro ocajka. [Ipoussenenue pacrsopumoctu HgS4cpH pasno 1,5 10" 52, onHako ero pacTBOPUMOCTS 1
13-32 TOOOYHBIX PEAKIINi, MPOTEeKAIIUX ¢ oOpazoBanuem coenunenuit H2S, HS—, Hg(OH)+ u Hg(OH)2+.
JCMCTBUY LIEIIOYHBIX PACTBOPOB MOIUCYIB(UI0B IPEeBpalaeTcs B KpacHyo GpopMy; Cynb(ua pTyTH pacTBo]
n H202;HC1 u KI.

[Ipenen oOHapykeHUsI PTYTH B CHIIBHOKHCIIBIX pacTBopax - 10 MKr/miL.

Xon ananmza. K 2 - 3 xanusam pactBopa, conepxaniero nonsl pryTd (I1), 106aBnsioT 3-4 Kamim KOHIEHTPH
cyinb(huaa aMMOHUS M HarpeBaroT Ha BOAsHOM OaHe. OOpasyercs yepHblil ocanok HgS. Ocanok nenrpudyru
IpOOUPKY U PaCTBOPSIOT B IIAPCKOM BOJIKE; OCTABIIYIOCS YacTh ocajka pactBopstoT B cmecu HCI u KI.

2. Honua xkanus npu B3aumoneicTeuu ¢ nonamu prytu (II) ocaxaaer kpacuslii ocanox Hgl2.
Nwmerorcs nse monudukanmu Hgl2: kpacuas u xentas. Kpacnas mogudukanus npu Harpeanuu a0 150 °Cr
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IIpoBenenne anannza. K 1 - 2 xamigM pactBopa, comeprkariiero nousl pryTH (11), 100aBasIOT 10 KaruisgM pac.
1 130BITOK JIO pacTBOpeHHUs ocaaka u oopazoanus Hel42—. K nonyyenHomMy pactBopy ao0aBisior 1-2 kamm
-Horo pactBopa KOH. O6pazyercs kpacHO-Oypblii 0Ca/IoK.

3. JIUTH30H B pacTBOpPaxX MHHEpPAJbHbIX KHCJI0T o0pasyer ¢ moHamu Hg(Il) BHyTpuKoMILIeKCHOe
coeJMHEHHEe OpaHkeBOro usera, skcrparupyemoe CC1 mu CHC13. Ilpenes odoHapy:keHusi prytu - 1
MKr/mJ1. MemarT noHsl cepedpa. s ux ynaaenus 3kcTpakr paxusawt ¢ 1 M HC1.

Xom anammsza. K 1 - 2 kammgM uccaeayeMoro pactsopa godassaror 1-2 kamaun 6 M H2S04 u sxerparupyiot 0,

B mpucyrcrBun prytu (II) opraHMyeckuid ClOW OKpalIMBAETCA B OpaHXKEBbIM LBET. Eciin B aHanu3upye

oprannyeckvio ¢asy scrpsaxusaor ¢ 1 M HC1.

Xoa aHaM3a cMeCH KATHOHOB HIECTOM IrPyNIbl APOOHBIM METOAOM
Karnonsl sToi rpynmnbl OTHOCUTCIIBHO JICTKO MOT'YT OBITE OMpeACIICHbI YaCTHBIMHU PCAKIIUAMUA U3 OTACIIbHBIX

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

B ToMm cirydae, ecnu okpacka MmoiaydaeTcst HeIOCTaTOYHO XapakTepHas Uit kKarnoHa Cu2+, MOXKHO MTPOBECTH
HCCIIEIyeMOTO pPacTBOpa, MPUOABISIOT 2 KAl pacTBOpa MICJIOYM M OOpa30BaBIIMICS OCAIOK Harpenal
MPUCYTCTBUH KaTHoHa Cu + 0caioK MproOpeTaeT YepHBIi BET BeiencTpue oopasoBanus CuO).

3arem n100aBisIOT M30BITOK (6 Kamenb) pactBopa xyopuaa ammonuss NH4Cl, nmepemMemuBaoT CTEKIISTHH
Llentpudyrar oTaensoT U 0cagokK o0pabo-THIBAIOT 3-4 KaruisiMu a30THOM KHCIOTHL. K modydeHHOMY |
KOHILIEHTPUPOBAaHHOTO PacTBOPA FMAPOKCHIa aMMOHHUA. B mpucyTcTBun karnona Cu2+ pacTBop OKpaimBaeTr

Omkpovimue kamuonoe Hg2+ uz oowezo pacmeopa, codepicauiezo KamuoHvl ulecmoii 2pynnal, 00bI4HO
npoeooumca peaxkyueil ¢ uoOUuOOM Kanusa uiu eoccmarosienuem xaopuoom onosa (I) SnCIl2 oo
MEManIuecKoll pmymu uiu Ha MeOHoll niacmuHKe.

Omkpoimue kamuona Cd2+ yoodono u Haodex#cHo npouzeo0umsv ¢ cepo6oOOPOOHOI 8000l UNU
muocynsgamom Hampus.

Kamuon Cd2+ omkpwieaemcsa peaxyueii ¢ pooanudoom ammonua NH4CNS.

Kamuon Ni2+ omkpuviearom peaxkyueii Uyzaeea ¢ OumemuicnuoKcumom.
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

VYyer ko3 uirieHTa aKTUBHOCTH HOHOB MPU PaCTBOPEHUU HIIEKTPOIUTOB.

Tema 8. MeToabl 00HapyxkeHus1 U uaeHTH(PUKaUU. XpomaTto-rpadus. (OIIK-1)
Jlekumus.

Nnentudukaius arToMoB, HOHOB, MOJICKYJI U BelecTB. JIpoOHBINM U cHCTeMaTUYeCKui aHam3. MUKpOKpUC
aHanu3 (OKpalIMBaHUe MUIAMEHH, BO3TOHKA, 00pa3oBaHUe MepsioB). MeToabl pa3fesieHuss 1 KOHLIEHTPUPOBat
Xpomarorpadus. AncopOuronHas xpoMmartorpadus, BRITECHUTEIbHAS 1 MIOHOOMEHHAasi XpoMarorpadus.

IIpakTH4Yeckoe 3aHATHE.
IIpakTHyeckoe 3anaTHE. Pelienne 3agay.
JlaGopaTtopHoe 3ansiTHE.
IlepBas anaauTuveckas rpynna annonos B(OH)4—,Si032—- ,PO42— ,AsO33- ,AsO043— ,S042—-
,S5032-, S2032- ,F-)
[lenb: n3yyeHrne CBOMCTB aHMOHOB | aHAJTMTUYECKOW IPYIIbl AHUOHOB
a)  MPOBEIEHUE YACTHBIX peakuuid | aHAIUTUUECKOU IPyIIbl aHUOHOB
0) aHaiM3 cMecH KaTMOHOB | aHaTUTHYECKOI rpyIibl aHHOHOB
B)  oQOpMIICHHE U 3alllUTa OTYeTa

IlepBasi ananuTHYeCKasi TPyNIa AHUOHOB:
B(OH)4-,Si1032—-,PO42- ,AsO33- ,As043-,S042-,S032-,52032- ,F-)
AHUOHBI 00pa3yIOTCs p-3€MEHTaMHt, TO ecTb dnemerTamu 1V - VII rpynmn 2-, 3-, 4- u pexe 5- u 6-ro nepuoz
3NIEMEHTOB. B pacTBOopax B BUEe aHMOHOB MOTYT OBITH O0p - anemeHT III rpynmsl 2-ro nepuoaa u HOHBI Tiepe
BBICIIINX CTETEHAX OKUCIeHHs. OMH U TOT K€ 3JI€MEHT MOXKET 00pa30BaTh HECKOJIBKO AHHOHOB C Pa3IUYHbI

Peakuuu 0Oopar-annoHon
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1. OxkpamuBanne mwiamMmenu. Jleryuue coennHeHus1 60pa OKPANIMBAIOT IJIaMsI TOPEJIKH B 3eJIeHbIH
IBET.

BonpmuHCTBO GOpaToB paszmaratorcst KoHeHTpupoBanHoi H2SO4 ¢ Beinenennem nerydeid H3BO3. Peakiut
HUXPOMOBOM IPOBOJIOKH.

IIpoBenenne ananuza. B dhapdopoBoii Yalike BRIIAPUBAIOT 5-8 Kameab pacTBOPa, COAEPIKALIETO OOPAT-HOHBI
KarmaMu (He 6omee) koHeHnTpupoBanuoii H2SO4, 100aBIsIOT HECKOIBKO KAledh dTAHO0IA UIH METAHOJIA, TI€
Y NOoKUTaroT. [1aMs OKpalmmBaeTcs 1o KpasiM B 3€JIEHBIN 1BET.

Peakuuu kapOoHaT-aHMOHA

VYronshaas kucinora H2CO3 cymiecTByeT TOJIBKO B BOAHOM PacTBOPE.

1. Kucaortsl, B ToM yncie 1 CH3COOH, pa3inaraor kap0ooHartsl ¢ Bbigejgennem CO2:

CO32—+2H+ ® H20 + CO2T.

VYrekuciplil raz 00HapyKUBAIOT 110 TOMYTHEHUIO U3BECTKOBOM MIJIM OAPUTOBOM BOJbI (HACHIIIICHHBIX BOIHBI
Ca(OH)2 + CO2 ® CaCO3 + H20, Ba(OH)2 + CO2 ® BaCO3 + H20.

[Tpu nponyckannu Gosnpiux konudecTB CO2 0cagoKk MOKET PaCTBOPUTHCS:

CaCO3 + CO2 + H20 ® Ca(HCO3)2.

Oo6napyxenuto CO32— memraror SO32—u S2032—, tak kak SO2, BRIACISIOMUNACS TPH TOIKUCICHUH PACTB(
C U3BECTKOBOM U OapuToBOM Bomol. [loaTromy npeasaputenbHo okucisator SO32—u S2032— no SO42— nepo
Xon ananmza. B mpobupky BHOcAT 5-6 kamenb pactBopa Na2CO3 u 5 - 6 kamens 2 M HCI1. 3akpeiBak

CTCKJIIHHAA IMaJI0OYKa C MIAPUKOM Ha KOHIIC. Ha MAapyuK IMOABCHIMBAIOT KaIlJIrO W3BECTKOBOW WU 63[2HTOBOi
HaOJIIONAaeTCs TOMYTHEHHE BUCSIICH KaIlJIH.

2. Xnopua 6apus ¢ kapOoHAT-HOHOM oOpa3syer Oeablii ocagok BaCO2, pacTBopuMBINi B KHCJIOTaX
(Kpome cepHOM KMCJIOTHI):

CO32-+ Ba2+ ® BaCO3 .

Brinonnenue ananuza. K 2 - 3 kamisiM pactBopa, coaepxaniero kapOoHar-uoHsl, 100asistor 2-3 kamu BaC
3. Hurpar cepedpa AgNO3 npu B3amMOelHCTBHM ¢ KapOOHAT-MOHOM o0Opa3yer Oe/iblii 0CAO0K
kapOoHara cepedpa Ag2CO3, pactBopumblii B kucjaorax (kpome HC1):

Na2CO3 +2AgNO3 ® Ag2CO3 + 2NaNO3.

Xon ananuza. K 3 - 4 xamuisM pacTBopa kapOoHara HaTpus J00aBIsAiOT 3-4 Karmum pacTBOpa HUTpara ce
XapakTep ocajka.

Peakuuu cuiuKaT-aHuOHA
CBoOomHasi KpeMHHEBas KHCJIOTa TOYTH HEpacTBOpMMa B BOJAE, HO OYEHb JIETKO 00Opa3yeT KOJUIOMIHE
KOJUJTOMTHOTO PAacTBOpa OCa)XaeTcs resb KpeMHUeBo kuciotsl nSiO02 mH20, npuyem TUI 3aBUCAT OT yci
TOJIBKO CUJIMKATHI IIEJIOYHBIX MEeTauI0B. HepacTBOpUMBIE CUIIMKATHI IEPEBOJIST B PACTBOP 00PabOTKOM KHCIT

1. Paz0aBiieHHbIe KHCJIOTHI NPU MEAJEHHOM J00aBJ€HUN K PACTBOPY CHJIMKATA HATPUS BbLAEJSIIOT
0eJIbIi CTYIeHUCThIN 0ca0K (Tejib) KpeMHHueBbIX KMCJI0T NSi02 mH20. Ilpu ObicTpoM npudaBieHnn
KHCJIOTHI 0CA/I0K BbINAJAaeT He cpa3y, MOJHOI0 0CAKIeHHs] KPeMHHEBBIX KUCJIOT PACTBOP HECKOJIbKO
pa3 BbINAPUBAIOT J0cyXa ¢ KoHHeHTpupoBanHoit HC1. Ilpu 3ToM KpeMHHeBasi KHCJI0TA MEPEXOIUT B
NPAaKTHYeCKH HepacTBOPHMOE B KHCJIOTAX COCTOSIHMEe M NpH 00padoTKke pPacTBOM KHCJIOTHI
ocaxaaercs. Takum o0pa3oM, MOKHO O0OHAPYKUTHh CUJIMKAT-UOH B IPUCYTCTBUM BCeX AHMOHOB.

Xon ananmmza. K 2 - 3 xamusM pacTBOpa, CONIEPIKAIero car-uoHbI, npubapistor mo kamism 2 M HC1
CTYAEHHUCTELIN 0CaJO0K.

2. Cosiu aMMOHHS BBIJICJIAIOT M3 pPacTBOPOB CHJAHKATOB KPEMHHEBYIO KHCJIOTY MMOJHEE, YeM
KHCJIOTbI:

SiO32- + 2NH4+ ® 2NH4+ + H2Si03
DToi peakiyel MOXKHO OOHAPYKUTh CHJIMKAT-UOH B IPUCYTCTBUH BCEX aHUOHOB.

Boionsenue asaimza. K 4 - 5 kamwisM pacTBopa, COIEPKAILEr0 CUINKAT-MOHBL, TPUOABIISIOT 3 KAIIA PACTB(
O€JIbll CTYICHUCTBIN 0CaJIoK.

3. Xuiopua 6apus ¢ CHIIMKAT-HOHOM 00pa3yeT Oesiblii 0CaA0K:
Na2Si103 + BaC12 ® BaSiO3 + 2NacCl.
IIpoBenenne anannza. K 2 - 3 karuisiM pacTBOpa, COIEPKAIIETO CUIMKAT-UOHBI, J100aBisatoT 2-3 kamu BaCl?

Peaxuuu dochar-annona
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3. Xuopua Oapusi ¢ dochar-uonom odpasyer Oesblil 0ca0K, PACTBOPHMMBIH B KHCJI0Tax (Kpome
cepHoii kucothl): 2Na3P04 + 3BaCl12 ® Ba3(PO4)2 + 6NaCl

Boionaenue agaimza. K 2 - 3 kamwisaMm pactBopa, conepikaiiero gocdrar-uonsl, 106asisor 2-3 kamm BaCl

4. Hurpar cepedopa AgNO3 npu B3aumogeiictBuu ¢ ¢pochar-uoHoM oOpasyeT KeJTbI 0CATOK
docdara cepedopa Ag3PO4, pacTBOpUMBI B a30THOI KHUCJI0TE:

Na3PO4 + 3AgNO3 ® Ag3P0O4 + 3NaNO3.

[pornenypa ananuza. K 3 - 4 xamusam pactBopa ocdara HaTpus J100aBisroT 3-4 Karid pacTBOpa HUTPATA (
XapakTep ocajka.

Peakunu cynbdar-annona
1. Xuopuxg Oapusi ¢ cyabdar-uoHoMm oOpasyer Oeablii KpuUcTalIndeckuit ocagok BaSO4,
NPAKTH4YeCKH HEPACTBOPUMBIN B KHCJIOTaX:
SO42 +Ba2+® BaS0O4.
[pornenypa ananusza K 2 - 3 kamisM pacTBOpa, COACPIKAIIETO CYIb(haT-HOHBI, HOIKMCICHHOTO HECKOIbKUMH
karu pactBopa BaCl12. O6pasyetcs Genblit ocaiok.
2. Hutpar cepedopa AgNO3 npu B3auMoaeiicTBUM ¢ CYJIb()aT-HOHOM B KOHLUEHTPHUPOBAHHBIX
pacTBopax o0pa3yeT OeJblii ocagok cyjabdara cepedpa Ag2SO4, pacTBOpPUMBII B a30THOH KHCJI0TE:
Na2S04 +2AgNO3 ® Ag3S04 + 2NaNO3.
Xon ananuza. K 3 - 4 kamuisim pactBopa cynbdara Ha- 100aBastoT 3-4 Kamiau pacTBopa HUTpaTa cepebpa. O

ocajika.

Peakuuu cynbpur - annona
1. Honnas nin GpomMHasi BoJa NPH B3aHMOJEliCTBHH ¢ PACTBOPAMH CYJIb(QHI0B 06eCIBEINBACTCS:
SO32—-+12 + H20 ® SO42— +21- +2H+
DTOMW peakuu MemaroT aHuoHbl S2— u NO2—
[posenenne ananmmza. K 4 - 5 kamisaMm cynbuTa HaTpus A00ABISIOT S5 Kareidb CEPHON KHUCIOTHI U 2 -
00eCIIBEYHBACTCHS.
2. Hutpar cepedopa AgNO3 npu B3amMoaeiicTBUM € CYJAb(PUT - HOHOM B KOHLIEHTPHPOBAHHBIX
pacTBopax o0pa3yer 0eJblii ocanok cyjabdura cepedpa Ag2SO3, pacTBOPUMBII B A30THOH KHUCJIOTE:
Na2S03 +2AgNO3 ® Ag2S0O3 + 2NaNO3.
Xon ananuza. K 3 - 4 xanniaM pactBopa cyabbuTa HaTpus 1006aBas0T 3-4 Kajiu pacTBOpa HUTpara cepedpa.
ocajika.
5. Cyab(ur - 1OH MOKHO BOCCTAHOBHUTH 10 H2S.

IIpoBenenne anamm3a. K pactBopy CV.HBd)I/ITa HaTpus Z[O63.BJI$IIOT n306ITOK 2 N pacTBOpPa COJSTHON KHUCIIOTH
IIpu 5TOM BBIACASIETCS CEPOBOIOPOI, KOTOPHIA Y3HAETCS 110 3alaxy, 10 HOYECPHEHUTO 6VM3_FI/I, CMOYECHHOM pac

Na2S03 +2 HC1 ® 2NaCl + H20 + SO2-

Peaxuuu ¢propun - annona

1. Xnopua xkaasnus CaCl2 odpa3syer ¢ ¢propua-uonom denablii ocagoxk CaF2, TpyniHopacTBOpUMBIil B

MHHEPAJIbHBIX KHCJI0TaX, HEPACTBOPUMBIN B YKCYCHOI KHCJIOTE:

2F—+ Ca2+ = CaF2

Xon anayimza. K 2 - 3 xamisim pactBopa, coaepkaniero bTopua-uoHsl, npubdasnsroT 3-4 karm pactBopa CaC
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

PacnipenenurensHas xpomarorpadus. bymaxnas xpomarorpadus. ['azoBas 1 )KuaKocTHas XpoMmaTtorpadus.

Tema 9. Kosutonanbie cucTeMbl B aHaauTHYecKoi xumuu. (OITK-6)
Jlekumus.
XUMUYECKUe peakiiy, Beaylue K 00pa30oBaHUIO KOJUIOUIHBIX cUcTeM. Mulienia v KojutouaHas yactuua. I
IIpakTH4eckoe 3aHATHE.
IIpakTnueckoe 3ansitue. Pemenne 3agay.
JlaGopaTtopHoe 3ansiTHE.
[lenb: n3yyeHrne CBOMCTB aHMOHOB 2 U 3 aHAJIMTUYECKOM TPYIIIbl aHUOHOB
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a)  IPOBEIECHHE YACTHBIX peakuuii 2 U 3 aHAJIUTUYECKOW I'pyNIbl aHUOHOB
0) aHaIM3 CMECH KaTUOHOB 2 U 3 aHAIMTHYECKOW TPYIITbl aHHOHOB
B)  oQOopMIICHHE U 3alllUTa OTYeTa

Bropas ananutnyeckas rpynna annonos (Cr,Br,1,S20
['pynmnoBbIM peareHTOM Ha aHMOHBI BTOPOM TPYIIIIBI SIBIISETCS HUTPAT cepedpa B MPUCYTCTBUU pa30aBIeHHON
Peakuuu cyibpua-anuoHa
Cynbhua-uoH siBISETCS CUIbHBIM OCHOBAHUEM:
S2—+ H20 ® HS—-+ OH-
1. Hutpar cepedpa oOpa3syer ¢ cyab(pua-uoHOM YepHbIi ocagok Ag2S, HepacTtBopuMmbliii B NH3,
Na2S203 u KCN, Ho pacTBopumblii 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 anaymza. K 1 - 2 kamisim pactBopa, coaepkaiiero £ CynbGua-uoHbl, mpuOaBisioT 1-2 Kamiu pacTBopa /
0CaJIOK.
2. PaszbaBiaennblie kucjaorbl (H2SO4 wam HC1) pasznarair kak pacTBOpuMMble, TaK W MHOTHe
MaJIOPpaCcTBOPUMbIE B Bode CYyJab(puabl ¢ BbigejJenneM H2S, koTopblii MOXKHO OOHAPYXKMTH 10
XapaKTepHOMY 3amaxy TYXJbIX SIMI WIH MO0 TMOo4YepHeHHI0 (UIbTPOBAJIbHON OymMaru, cMOYeHHOI
PacTBOPOM aLeTaTa CBUHIA WJIH I'MIPOKCOKOMILIEKCA CBUHIIA.
Boinonnenue ananuza. B razoByio kamepy NOMENIAIOT HECKOIbKO Kaledb PACTBOPA, CONEPIKAIIETO CYIb(u
TBepaoro cynbduma, m1o6asnsroT Heckonbko kamenab 2 M HC1 waun 1 M H2SO04. 3akpbiBaloT Kamepy C’
bunbsTpoBanbHas Oymara, CMOYEHHAsi PACTBOPOM alleTaTa CBUHIIA MU THAPOKCOKOMILIEKca CBUHIA. bymara
3. Conmum kagmusi o00pa3ywT ¢ cyabpua-uoHom xkearblii ocagok CdS, pacTBopumbiii B
koHueHTpuposanHoit HC1 niu pazdasnennoin HNO3:

S2—-+ Cd2+® CdS
IIpoBenenune ananuza. K 1 - 2 xamusM pacTBopa, COIEpKallero cyab(hua-uoHbl, mpuOaBiasioT 1 - 2 Kan
HeOoubioe konnaecTBo CACO3. Obpasyercs xkentbiid ocanok. [1pu ucnonszoBannu CACO3 Genblif 0caiokK !

Peakuuu xjiopua-uoHa
1. Hutpat cepeOpa ¢ XJIOpHI-HOHOM 00pa3yeT OeJiblii TBOPOKUCTHINH 0cagok AgCl, HepacTBOpHMBIii B
HNO3, no serxkopacrsopumsblii B NH3:
Cl-+Agt-+AgCN,
AgCl+ 2NH3 ® Ag(NH3)2Cl,
Ocanok AgCl TemMHeeT Ha CBETYy BCIICACTBHE BBIACICHUS TUIMYECKOTO cepedpa:
2AgCl->2Ag + CI2-
Xon ananuza. K 2 - 3 xarmisiM pacTBopa, CoIepKaIiero HOpUI-uoHbI, 100aBIsitoT 2-3 karau pactBopa AgNC
OCaJIoK.

Peaknumu OpoMua-annoHna
BbpomucroBogopoanas kuciora Tak ke, kak 1 HC1 B BogHbIX pacTBOpax, sIBJISETCS CHIBHOM KHCIOTOW. Ma
PbBr2 u CuBr2.
1. Hwurpar cepeOpa oOpa3yer ¢ OpoMHaA-HOHOM OJ1eIHO-KeJThIH 0cagok AgBr, HepacTBOpUMBII B
HNO3, manopacreopumblii B NH3. IIpenen ooHapyxenus 6pomuaa - S MKI/mJ.
IIpoBenenmne ananm3a. K 2 - 3 kamnsaMm pacTBOpa, copepikamiero OpOMUA-HOHBI, JO0ABIAIOT 2-3 Karuiy
OJ1eTHO-KeNThIN ocaiok. OKpacka 0caJKa 3aBUCUT OT pa3MepoB YacTUIl. YacTo 0caioK MorydaeTcst OebIM.

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

2Br +C12 =Br2 + 2C1-

PactBop Oypeer BcienctBue BbIAeseHUs cBobomHoro Br2. Oprammueckue pactBoputenu - CHCI3, CC
o0pa3oBaHHEM PACTBOPOB, OKPAIIEHHBIX B OPAHKEBEIH IIBET.

Xon ananuza. K 1 - 2 xamisM pacTBopa, cojiepikaniero OpoMua-uoHbl, npuOaBistoT 2-3 kammu 1 M H2SO04 1
oypeert. Jlo6aBnsior Heckonbko kanenb CHCI3, CCI4, C6H6 u BerpsxuBaioT. CIoi OpraHuyecKoro pacTBo
IBET.
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Peaknuu noaua-aHuoHa
B BomHBIX pacTBOpax MOAMCTOBOJOPOIHAS KUCIOTA AUCCOIMHUPYET Halesno. OHa OKUCISIETCS KHUCIOPOIOM BC
CBETY IIPOLIECC YCKOPSAETCS:
1. Hwutpar cepeOpa oOpa3yeTr ¢ MOAMI-MOHOM :KeJThlH ocanok Agl, HepacrBopumbiii B HNO3, Ho
xopomo pacreopumblii B KCN u Na2S203.
[Ipenen obHapyxeHus noauaa - 1 MKr/mit.
Woaun cepedpa, kak u AgBr, B3anMoneicTByeT ¢ IMHKOM B npucyTcTBun 1 M pactBopa H2S04:
2Agl +7Zn ® 2Ag + Zn2+ + 21—
Xox ananm3a. K 2 - 3 xamisiM pacTBopa, coiepKaiiero HoAuI-HOHBL, 100aBisioT 2-3 kamiu pactBopa AgNO!
2. XuopHas Boxa okuciasier I-. mo I12. IIpu 3T0M pacTBOop Oypeer, a mpu J00aBJieHMH Kpaxmaja
cuneeT. Opranudeckue pacropureaun (CHC13, CC14) skcrparupywor [2, oxpammBasich B
(puos1eTOBO-p0O30BHIN LIBET:
21-+Cl12®2C1-+12.

[Iporenenne anammza. K 1 - 2 kamisiM pacTBopa, COACpIKaIero HOauA-HOHBL, JI00aBstoT 2-3 kammm 1M H2¢
Kamuiyd pactBopa kpaxmana. [losgBiasgercs cuHee okpammBaHne. BMecTo KpaxMajia MOKHO 100aBUTH HECKO)

C110#1 OPraHNYeCcKOro PACTBOPHUTEIIS OKPAIITUBACTCS B (PHOJIETOBO-PO30BBINA IIBET.

4. Katnons! ceunna Pb2+ o0pa3yror ¢ annoHoM I- 30/10THCTBII 0ca10K HOAM/IA CBHHIIA.

Xon ananm3za. K 3 - 4 xamisiM aHaIu3MpyeMOro pacTBopa J00aBisoT 3-4 Kalan pacTBOPA, COIEPKAIIETO Ka
0CaJIoK.

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

Peakuuu HUTpaT-aHMOHA

1. Cyabgar xene3a (II) B npucyrcrenu konnenrpupodannoit H2SO4 BoccranaBiauBaer NO3— 1o
NO, xoropas ¢ n3osiTkoM Fe(Il) o6pasyer kommiaexkcHoe coennnenue Fe(H20)SNO2+ Gyporo usera:
6Fe2+ + 2HNO3 + 6H+ ® 6Fe3+ + 2NO + 4H20,

Fe(H20)62+ + NO® Fe(H20)SNO2+ + H20.

Xon ananu3za. Ha cTEKIsSHHYIO MJIACTUHKY NOMEIIAIOT KAIlli0 pacTBOPa, COACPIKAIIEro HUTPAT-UOHBI, KPUCTA
koHneHTpupoBanHoi H2S04. Cra-paroTcs He mepeMennBarh pacTBop. Bokpyr kpucraminka oopasyercs 0y]

Peaknum HUTPUT-aHUOHA
1. Monun xaaus B pazdasaennsix HC1, H2SO4 uin yKCyCHOKHCJION cpee OKUC/IsIeTCs HUTPUTOM 10
12:
2NO- + 2I- + 4H+® 12 + 2NO + 2H20.
[Ipenen obnapyxenust autputa - 0,1 Mxr/mi. Memarot okuciurenu (MnO4— ) u CHIIbHBIE BOCCTAHOBHUTEIH |
XoJ1 aHaIn3a.

1. K 2 - 3 kamisiM pacTBopa, Colep Kamiero HUTpuT-uousl, 106asistoT 1-2 xammm 2 M HC1 unmu CH3COOF
oypeet Bciencteue BoiaeneHus 12. [pu nob6asnenun 1 - 2 kamenb pacTBOpa Kpaxmaja MOSBISIETCS TEMHO-CH

2. Ha ¢unbrpoBasibHyI0 OyMary HaHOCST MOCIEA0BATEILHO KAIUTIO pacTBopa Kpaxmaia, karmo 2 M CH3(
JOJKHA OCTaBaThbes OeciBeTHOW. BHOCAT Karuiio pacTBopa, coiepKaiiero HUTpUT-uoHsbl. [losBnsercs cunss
2. [lepMaHranar kaJjusi B CepHOKHCJI0i cpene okuciaser NO2— no NO3—:

SNO2-+ 2MnO4— + 6H+ ® S5NO3— + 2Mn2+ + 3H20.

[Tpu aToM pactBop KMnO4 oGecriBeunBaercs.

IIpoBenenmne anammza. K 2 - 3 kannsam pactBopa KMnO4 npubamusiror 2-3 ka1 M H2S04, Heckonb!
HUTPHUT-UOHBI, M CJIETKA MO0TrpeBaroT. PacTBop obeciBeunBaeTcs.

Peakuuu anerar-aHuoHa
1. Teepasbie ruapocyIb(aT KaJausi WK HATPHUS NPH PACTHPAHMHU C TBEPABIMH ALETATAMH BbIACISIIOT
Jgeryuyro CH3COOH, koTopyio 00HaApYyKMBAIOT 10 3aMaxy:
CH3COO- + HSO4— ® CH3COOH + SO42—. O6napyxenntro CH3COO- memrarot 6onpime konunaectsa C!
00Hapy>KUBAIOT MOCJIE OCAXICHUS ATUX aHUOHOB TPYIIIOBBIMU PEareHTaMu.

[IpoBenenue ananu3a. B MaaeHbKYIO CTYNKY MOMEMIAIOT CYXOW OCTATOK, MOJTYYECHHBIN MOCIE BhINAPUBAHUS
no6assitoT TBepabii KHSO4, xoportiio nepeMenmBaroT u pactuparoT nectukoM. [ossasercs 3amax CH3CO!
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2. Xnopua xeneza (III) mpm B3ammMoaelcTBHHM ¢ PAacTBOPAMH aleTATOB 00pa3yeT amerar keje3a,
KOTOPBIi JIerKo NMoABepraercs rupoJamsy:
(CH3COO)3Fe + 2H20 ->+ Fe(CH3COO)(OH)2+ 2CH3COOH
Xon ananmza. K 1 - 2 xannsam pacteopa (pH = 7). conepxkamero CH3COO—, mpubapnsior 2-3 kamim paci
aleTar skene3a KpacHO-Oypoii okpacku. Ilpu pa3OaBiaeHuM pacTBopa BoJo B 2 - 3 pa3a U HarpeBaHUU
Fe(CH3COO)(OH)2.
2. CepHasi KHCJOTAa, B3aMMOJCHCTBYS C aleTaTaMH, BBITECHSIeT M3 HHUX CBOOOJHYI0 YKCYCHYIO
KHCJIO0TY, KOTOpasi, YJeTy4HBAasiChb NPH HATPeBaHUM, NPHAAeT PacTBOpPy cnenuduYecKHii 3amax
yKcyca.
Xon ananuza. B mpoGupky momermnair 5-6 kamesib pacTBOpa alerara HaTpus U A00aBISIOT 2 KAk KOHI
OCTOpPOKHO HArpeBaroT. YKCYCHYIO KUCJIOTY OOHApPYKHUBAIOT IO 3araxy.

3ajaHus AJ151 CAMOCTOSITEJIbHOM PadoThlI.
KOE[FYJISILII/ISI " CCANMCHTAIIUA KOJINIOUAHBIX CUCTEM. HGHTI/IBaI_[I/ISI ocaJaka.

Tema 10. Anaym3 cMeceli HOHOB. AHAJIM3 PACTBOPa XUMHU4Yeckoro coenuHenns. (OIIK-6)
Jlexknus.
He npenycmorpena
IIpakTnyeckoe 3ansATHE.
IIpakTH4eckoe 3ansaTHe. KosutokBuym 2.
JlaGopaTopHble 3aHATHS.
AHanu3 cMecu KaTHOHOB BCEX aHAJIMTUYECKUX TPYIII.
I1enb: n3yueHne METOMKHU MPOBEJCHUE aHATIN3a CMECH KaTHOHOB 1-6 aHAIMTHYECKUX TPy HOHOB
a)  aHaJIM3 CMECHU KaTHUOHOB 1-6 aHAJINTHYECKUX Pyl
0) odopmiIeHHE U 3aIIHUTa OTYETA
4. AHann3 aHMOHOB BCEX AHAIUTUYECKUX TPYIIIL.
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

AHaJIU3 cMeCH KATHOHOB BCeX AaHAJIMTHYECKUX TPy
[Tpu aranu3e cMecu KaTHOHOB BCEX aHAMTUYECKUX TPYIII MPEXK]IE BCEro HE0OXOAMMO 0OpaTUTh BHUMAHKE
Ha TIpo0y ¢ CepHOM U COSTHON KHUCIOTaMU, Ha Peakirio ¢ XJopuaoM oiaosa SnC12.
OTcyTCTBHE OKpPACKH JAaeT BO3MOXKHOCTb MPEIANONOXKUTh, YTO B cMecH HeT kaTuoHoB Cr3+, Fe3+, Cu2+,
HEUTpasbHAs, TO MOXKHO CUUTATh, YTO KaTHOHKI Sn2+, Sn4+, Bi3+ u Hg2+ oTcyTcTBYIOT.
Ecnu npu npubaBieHny K OTAETBHON MPoOe UCCIIEAYEMOT0 pacTBOpa CEPHOM KUCIOTHI Ocaaka He oOpa3yer«
Pb2+, Sr2+, Bi2+ u, BeposarHo, katroH Ca2+. Ecnu He BBIAZAeT 0CANOK MPHU MPOOE C CONSTHON KHCIIOT(
KaTHoHOB Ag+, Hg2+ u, Bo3aMoxkHO, karnoHa Pb 2+ Het. Ecnu sxe nipu npubaBieHny K OTACTHON MOPIHH
onoBa SnC12 He MOSBISETCS YEPHBIM 0CATOK, TO ATO SBISETCS OCHOBAHUEM MPEIINOJIOKHUTh, YTO KaTHOH
HcnbITyeMblit pacTBOP MOXET OBITh C OCaIKOM U 0€3 HEro.
AHAJIHU3 CMeCH KATHOHOB, COJIePKAIeH 0CaJ0K AHAJIN3 CMECH C OTeJIeHHEM 0Ca/IKa
OTaensoT 0CaJoK U aHATM3UPYIOT pa3liebHO OCaToK U pactBop. s atoro 6epyT 2 - 3 MIJI TOTYyYEHHOR
aHAIM3UPYEMOT0 MPOAYKTa OCTABJISIOT AJIs IIOBTOPEHUSI ONPEAETEHUs ), 0CAI0K MPEeIBAPUTEIHLHO B3MYUHBA!
0CaJIOK MCCIEAYIOT CHavajaa Ha KaTuoH Pb +, i1 9T0T0 €ro npoMpIBalOT 6 — 8§ KarjisiMu ropsiaeid TUCTUILTE
OTKpBIBAIOT KaTroH Pb2+ nomuaom kammst KI. Otkpeitue katnoHoB Sb3+. Ocanok mocie oTaeneHus] KaTHOH(
(8-10 xamens 2 N pacTBOpa COISTHON KUCIOTHI). LleHTpudyrar muneTkoi mepeHocsIT B APYyTYIO MPOOUPKY H
Ecnau B manHOM ciydae oOpasyeTrcst 0CaJoK, TO €ro OT(GHIBTPOBLIBAIOT U Ha (PrIIbTpe 00pabdaThiBatOT 2 Kar
HaJIMYUU KaTHoHA Sb3+ mosBiseTcs OpaHXeBOE OKpalIUBaHHE.
Obnapyacenue kamuornos Ag+ u Hg2+. Ilocne yoanenus xnopuoa ceunHya u 2UOpOKCUOd CYpbMbl
omkpulearom kamuonsvl Hg2+ u Ag+.
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Omxpvimue kamuonog Bal+, Sr2+, Ca2+ u Pb2+. Dmu xamuoHnvl oOHapyscusaiom 8 ocaodxe Nnocje
omoenenus kamuonos Ag+ u Hg22+. J[na yeco ocadok nocie 00pabomxu pacmeopom uopoKcuod
AMMOHUSL NPOMBIEAIOM OUCMUTLIUPOBAHHOU 6000U (08a paza no 4 - 5 kanenv 600wl). [locne
NPOMBIBKU B0OOU 0CAOOK HECKONbKO pa3 obpabamuieatom copsiuum 30 % - welm pacmeopom ayemama
AMMOHUS 00 NONHO20 YOaneHus kamuona Pb2+ u xnopuo-mepkypammonus.
PactBop (1eHTpU(yTaT MOCIe OTHEICHHS 0CaaKa) aHATTU3UPYUTE IO cXxeMe paboThl Ne9.

AHau3 cMecH 0e3 OT/AeIeHUs 0CAIKa
PacTBOp ¢ 0CajKOM TIIATENHHO B30AITHIBAIOT M YACTh CMECH - 2 - 3 MII - HCCIIEAYIOT, APYTYIO YaCTh COXPaH$
[TpoBomsT mpenBapuUTENbHbIE UCIBITAHUS U3 OTACIHHBIX MOPIUI KaneJIbHBIM METOAOM: Ha KaThuoH Fe2+ ¢
KHCIIOH cpene, Ha KatnoH Fe3+ ¢ rekcarmanogepparom (II) kanus B kucnoii cpene u Ha katuon NH4+ Harpe
[Tocne mpenBapuTEIBHBIX UCTIBITAHUNA K 2 MJI CMECH J100aBistoT 6-7 kamenb 2 N pacTBopa a30THOM KHCIIC
BOJISTHOM OaHe, OXJIK/IAI0T, TOOABIIAIOT 5 Kareab KOHIICHTPUPOBAHHOM COJISTHOM KHUCIIOTHI, Tal0T MOCTOSTH 2-

B ocanke MoryT ObITh KAaTHOHBI BTOPOH M TpeThei rpymibl B Buae coneit PbC12, PbSO4, AgCl, Hg2Cl12, Baf
B pactBope (eHTpHdyrare) MOryT HaXOAUThCSI KATHOHBI BCEX MIECTH TPYIIIL.

AHanu3 cMecu 0e3 ocaaka
[TpenBaputensHOe onpenenenue karnoHoB Fe2+, Fe3+ u NH4+ npoBoasT u3 oTAeIbHBIX IPOO.
Otnenenne U OTKphITHE KaTHOHOB Pb2+, Ag+, Hg22+ mpou3BoasT Tak e, Kak MPU aHAIW3€ CMECH KaTr
nentpudyrara I OyayT BXOIUTh KaTHOHBI TIEPBOH, TPEThEH, YETBEPTOH, MATOW U MIESCTOM TPYIIIL.
Brinenenune n oOHapykeHHE KaTHOHOB TpeThed Tpynmbl. LlenTpudyrar mocne otaenenus coneir PbC12,
KarusiMu 2 N pacTBOpa CepHOM KUCIIOTBI, HarpeBaroT 4-5 MUH, TalOT TOCTOSITh U aHATU3UPYIOT.
Omkpovimue kamuornos nepsoii epynnovl NH4+, K+, Na+. bepym 1 mn yeumpugyeama (nocie omoenemust
KAMUOHO8 mpembvell 2pynnsvl), Heumpanuzyiom 00 clabouelouHol peakyuu KOHYEeHMPUPOBAHHbIM
pacmeopom 2udpoKcuoa amMmonus, 0obaesisaom 5—o6 kanenv kapoonama ammonuss. Ocadox omoensom
yenmpughy2uposanuem, pacmeop ynapuarom 00cyxa Ha cemke U npoKaIuearon 00 HOIHO20 YOAleHUs!
cnedog kamuona NH4+ (npoba ¢ peaxmusom Heccnepa). [lonyuennviii nocie npokaiusaHust 0Caoox
pacmeopsiom 8 5 - 6 Kanjasax OUCMUIIUPOBAHHOU 8006l U onpedensiom kamuon K+ u kamuon Na+.

Bvioenenue u omkpvimue Kamuonog uemeepmoul, namou u wiecmou epynn. Llenmpughyeam nocne
OMOeNeHUsl KAMUOHO8 mpembell epynnvl (ONpedeleHus KAmuoHo8 Nepeoll pynnvl) Helumpaiusyom
2UOPOKCUOOM HAMPUSL 00 WENOUHOU Peakyu Ha IAKMYC, HANOI08UHY YNAPUBAIOM U AHATUZUPYIOM,).
Kpome moeco, cmecy kamuonos uemeepmotl, nsamoul u wecmou epynn, Kak 9mo Ovllo YKA3aHO 6blile,
MOJICHO UCCLe008AMb OPOOHBIM MEMOOOM.

AHaJIM3 cMeCH AHMOHOB NEPBOii, BTOPOM M TpeThell rpymi
Jiis ananmsa 6epyT okomno 30 kamens (1,5 mur) ucneityemoro pactopa. OcTanbHyI0 9acTh pPacTBOpa COXpaHs
CIa4M PE3yIbTaTOB PabOTHI.

IIpenBapuTteabHble HCTIBITAHUS

IIpoba na anuonwvl nepeoit cpynnvl. K 4 - 5 kannam Heumpanvho2o uiu ciadouyeiounozo pacmeopa
npubaenarm cmoavko yce pacmeopa xaopuoa dapus (BaCl2). Oopazoeanue ocadka yxkazvigaem Ha
npucymcmeue QHUOHOE nepeoul cpynnwvl. B makom ciayuae npodenviearom uacmuvle peakuyuu Ha
Kaxcowlii aHUOH nepeoil Zpynnol.
Ilpooa na anuonwvt emopoit cpynnvi. K 4 - 5 kanaam uccnedyemozo pacmeopa npubaenatom
HeCKOIbKO Kaneib a3omuoil xuciomuvl u 4 - 5 Kkanenv pacmeopa numpama cepeopa. Ecau ocadox
obpazyemcs, 3Hauum, NPUCYMCMEYIOM AHUOHLL 6MOpPOU Zpynnvl. B makom ciayuae 6 omoenvHoi
nopuuu pacmeopa omKpvlEaom aHUOHbL 6MOPOIL ZPYNNbL.
Hcnvimanue peaxkyuu pacmeopa na aakmyc. Hcnvimoigaiom ananu3upyemvlii pacmeop Ha J1aAKMYC.
Ecnu on nokazan kucnyrw peakyuio, mo é Hem He MOZYHm RPUCYHICINEOBANb AHUOHbI

C032, SO32.
Ilpoba na npucymcmeue anuonog-oKucaumeneil.

K 6 xamism ucciemyemMoro pactBopa, MoAKUCICHHOTo 2 N pacTBOPOM CEpPHOM KUCIIOTHI, MPUOaBisioT 2-3
HECKOJIBKO Karesb KpaxMalibHOTro kjencrepa. [Ipu Hannunu annona-okucautesns NO2— pacTBOp OKpaiimBae
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Hcnvimanue na anuonvi-6occmanosumenu. K 5 - 6 kannam uccinedyemozo pacmeopa npuoaenaom 2 Kan.
N pacmeopa cepnoiui kucaiomol u 2 - 3 kanau pazoaesnennozo pacmeopa nepmanzanama xaaua KMnO4.
Ecnu npu ’mom nepmanzanam obecuygeuusaemcs, mo € pacmeope MoOZym HPUCYHICIEOBANb
anuonvi-eoccmanosumenu S0O32—, NO2—, I-, Br—, u, 6o3moozicno, CI1—-.

IlIpoba na ewvidenenue 2azoe. K 3 - 4 kannam uccinedyemozo pacmeopa npunuearom 3 kanau 2
pacmeopa cepHoll Kuciomeul u ciezka ecmpaxuearom npooupky. Ecnu evlioenenue 2aza nezamemuo, mo
pacmeop cnezka nazpesarom. Bwvidenenue ny3vipvkoe 2aza ykazvleaem HaA 603MOIMCHOE RPUCYHICHGUE
anuonoe C0O32-, S032—-, S2-, NO2-. Ilo ceoiicmeéam 2azoe CO2, SO2, H2S, NO2 (3anax, ueer
ycmanoegnugeaom ux 603modcuulii cocmaes. Ha ocnoseanuu npedsapumenvnvlx uUcnblmanuil 0enarom
661600 0 MOM, KaKue AHUOHbL MO2Ym HAX00umuvca 6 pacmeope. Ilocne mozo npucmynarwom K ux
ooHapyscenulo.

OoHapy:keHue 0TAeJIbHBIX AHMOHOB

Oonapyscenue anuona SO42—-. Anuon SO42— omkpwvieaiom OpoOHBIM OcajdrcOeHueM U3 OmMOenbHOu
npoowvl pacmeopa Oeiicmeuem xnopuoa dapus BaCl2 ¢ cpede noOKucieHHOU a30MHOU UAU CONAHOU
Kucaomou.

Oonapysycenue anuona SO032-. Anuon SO32— omkpwviearom u3 o0moeIbHOU NOPUUU pPACMEOPA
pasznodcenuem cepHoll Kuciomoul (npu nazpeeanuu). Buvloenawwjuiica cepHucmulii 2a3 nponycKarom
yepes pacmeop nepmaHzanama Kaaus.

Oobnapyscenue anuona CO32-. Anuon CO32—- omKpwieaiom omoenbHOU NOpYUU pacmeopa 4acmi
peaxkyuamu. Ecnu pacmeope npucymcmeyem anuon SO32—, mo e2o npeosapumenv-nepeeooam ¢ SO42-
Kaxk on oyoem mewiamsv oonapyycenuto CO32— /lna smozo k uccinedyemomy pacmeopy oooaenatom I % -

pacmeop nepekucu 6000pooa u Hazpesaiom Ha 600anou dane. Ilocne amozo ucnvimuvléaom pacmeop Ha ¢
C0O32-.

Oonapyyncenue anuona SiO32— Anuon SiO32— ooénapyrcusarom u3 omoenvbHOU NPOObLL UCHBIMYEM
pacmeopa nymem abomku ee Xa0pudom amMmMOHUA UL CONAHOU KUCTIOMOIL.

Oonapyyncenue anuona PO43— Anuon PO43— omkpvieaiom omoenvHou npoodvl pacmeopa

maznezuanvhou cmecvio Ecnu 6 pacmeope npucymcmeyiom aHuOHbl 6mOpoIl Zpynnvl, mo OmKpvlmu
PO43— npouszeooam cnedyrouwum oopazom. K 5 - 6 kanaam pacmeopa npunuearom makou dnce

pacmeopa xaopuoa 6apus BaCl2. Ocadox yenmpughyzupyrom u npomviéaiom 60001 U pacmeopaion 6 2

N conanoit kucnome. Ilonyuennulii pacmeop Heumpaiuzyom ammuakom u omovieaom anuon PO43—

MAZHE3UANbHOU CMECHIO.

Oonapyscenue xnopuo-uonoe CI-. Ecnu 6 ucnvimyemom pacmeope omcymcmeyem aHuoH Br-
anuon CIl—- omkpuviearom uwacmuvimu peakyuamu. Ecnu sce 6 pacmeope npucymcemeyrom anuonvt Br—,

mo omkpwvieams anuonvt CI— ciedyem mak sce, HO MONBLKO 0CAOOK coneil cepedpa 00padamovlec
2uopokcuoom ammonus NH4OH, a kapoonamom ammonus.

Oébnapysycenue anuona Br— Omkpvimue anuonoe Br— ocyuwjecmenawom oKucieHuem ux XaopHoi 80001

00 c60000H020 Opoma 6 npucymcmeuu den3ona.

Oonapyyncenue anuona I-. K 5 kannam ucnvimyemozo pacmeopa 0odaenaom 2 Kaniu KOHYEHMPUPOBAHH
cepHoil Kuciomul. Bvloenuguwiuiicsa c60000HbLIL LOO 0OHAPYIHCUBAIOM KPAXMATLHOU OYMAHCKOUL.

Oonapyscenue anuona S2—. Anuonsvt S2— omkpwviearom u3 omoeabHbIX NOPUUIL PACMEOPA HUMPAMOM (
UJIU OKUCSIEHUEM UX 00 C80000HOIL cepbl.

Oonapyscenue anuona NO3—-. Ecnu 6 pacmeope omcymcmeyiom uonvt NO2—, mo anuonvt NO3-
omkpuvigarom ougenunamunom. Ecnu sce 6 pacmeope npucymcmeyrom anuonvt NO2—, mo ux Hao
npeosapumenvHo yOaiumes nPu ROMOUIU XA0PUOA AMMOHUSA WU MOYEGUHDL.

Oonapyyncenue anuona NO2— Anuon NO2— omKpuiearom u3z omoeapbHblX nPod pacmeopa Kuciomamu

(év10enenue oypozo 2aza), UOOUOOM Kanus.

Oonapyyncenue anuona CH3COO-. Anuonvt CH3COO- omkpuiearom u3z omoenvHslx npod pacmeopa:

oelicmeuem CepHoll Kuciomol (evloenenue ce0000HOU YKCYCHOU KUCTOMblL), 63AUMOOCUCMEUEM CO

cnupmom.

Tema 11. I'paBumerpuuecknii anaaus. (OIIK-1)
Jlekumus.
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MeTonb! BbIACIEHUS, OCAXKACHUS M OTTOHKH. IIpsiMble U KOCBEHHBIE METObl. TpeOoBaHMS K OCaXKIaeMoi
ocaaurens. [IpombiBanue ocanka. UyBCTBUTENb-HOCTh aHAIM3a M OIIMOKH B TPaBUMETPUH.

IIpakTH4Yeckoe 3aHATHE.
IIpakTH4eckoe 3ansaTHe. Pemenne 3agay4.
JlaGopaTtopHble 3aHATHA.

JlaGopaTropuass paGora 1. OmnpeaejieHHMe KPHUCTAUIM3ANMOHHOW BOAbI B KPHUCTAJLUIOTHApATE
BaClI2x2H20.

ens: Onpenenenne KpUCTALTA3AIMOHHON BOIBI B TIPEIJIOKEHHOM 00pa3iie METOI0M KOCBEHHOM OTTOHKH.
Peaxmuswi: xnopuda 6apus xpucmannocuopam (1,5 2)

Bzamue nasecku. broxc, 6 komopom Oyoem npou3eooumcs 63eeuiusauue, HeoOXooumo mujameibHo
8bIMbIMb, BLICYWUMb 6 CYWUTbHOM wWKagy u nocmagume 6 okcukamop Ha 20 mun. Ilpu
BBICYUUBAHUU U OXTIANHCOCHUU OIOKC 0012HceH DblMb OMKPLIM, d NPU 836EUUUBAHULU 3AKPLIN KPLIUKOU.
Ilocne amozo 610Kc 636ewusarom Ha anarumudeckux eecax. bepym na mexuuueckux eecax epyo6yio
nasecka BaCI2-H20 okono 1,5 ¢ u nomecmums ee 8 OM0KC, 3aKpblmb €20 KPbLUKOU U VIMOYHUMD
HABeCKy HA AHANUMUYECKUX 8eCaXx.

Buicywusanue. Ilepesepnye Kpuluiky Oilokca Ha pebpo, nocmagbme e20 8 CYUWUTbHbIL wKap,
3axpoume 08epyy wikagha u depacume 8 Hem OIKC 0KOI0 08YX yacos npu memnepamype 120-1250C. 1o
UCmeyeHuu 3mMo20 6peMeHU nepemecmume MUeIbHbIMU WUNyamu OI0KC émecme ¢ KpPbIUKOU C
akcukamop. Yepes 20 mun. 3axpotime O010KC KpbIWKOU U 836ecbme HA AHAIUMUYecKux eecax. /lanee
CHOB8a nocmagvme OIOKC C COMbIO 8 CYWUNbHBIU WKagh U nooepxicume e2o mam oxono yaca. CHosa
oxaaoume 6 sKcuxkamope u e3gecbme. Eciu emopoe 836euiusanie omauiaemcs om nepeozo bonee uem

Ha 0,0001 2, mo gvicywiuganue HeobX0OUMO NPOOOIAHCUMb OO NOTYYEHUs. NOCIOSIHHOU MACCHl
JlabopaTopHas patdora 2. Onpenesnenue 6apusi B kpucrajgoruapare xaopuaa 6apus (BaCI2x2H20)
ens: Onpenenenne copepxanus 6apus B mpenioxxkeHHoMm oopasiie BaCI2x2H20 meTonom ocaxkieHus.
Peaxmuswi: xnopuda 6apus kpucmannozuopam (0,5 2), 2 1 consanasn kucioma, 2 H cepras KUCIOMA.

Hon Ba2+ obpaszyeT MHOTO TPYIHOPACTBOPUMBIX COJICH, OTHAKO HAUMEHEE PaCTBOPUMOM U MTOATOMY IPHUTO)
sBisieTcst cynbdar 6apust BaSO4 (ITP=1,1x10-10). Tak kak npu npokaiduBaHuu coctaB BaSO4 He m3MeHsic
hopmoii.

Ocanox BaSO4 sBnsieTcs MEIKOKPUCTAIUTMYECKUM U MHOTA MPOXOAUT CKBO3b MOPHI (DMIIBTPA, UTO UCKAXKae
0osiee KPyMHBIX KPUCTAIIOB MPU OCAXICHUU €r0 HY>KHO MOBBICUTH PACTBOPUMOCTH BEIIECTBA, a JJIS ITO
MpaBuIIa;

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

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

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

') OCAAUTENh MPUIUBATH K PACTBOPY COJH MO KaIUISIM, MMOCTOSHHO MEePEMEINBasi MaI04KOH;

1) punsTpoBaHKe MPOBOAUTH HE CPa3y, a O UCTEUEHUH HECKOJIBKUX YacoB (B 3TO BpeMsl MPOXOAUT «CO3pEBa
[Tpu ocakaeHNH B TAKUX YCIOBUSAX 0CAOK MOTy4YaeTcs 60yiee YHUCThHIM, CBOOOTHBIM OT OCaXJIEHHBIX MTPUME
MOHA 0apust JOCTUTAETCS T00ABIEHUEM TOITYTOPHOTO U30BITKA OCATUTEIIS.

[Ipuctynas K BBIMOTHEHUIO aHANN3a, HY)KHO BHUMATEIbHO MPOYMUTATh XOJ aHAINW3a, MPUTOTOBUTH U TINA
nocyny: crakanbl Ha 200 u 100 M3 «C HOCUKOMY, CTEKJISIHHYIO MaJOYKy, CTAKAHYUK JJIS B3SITUSI HABECKH, B(
(MENKOTIOPHUCTHIN 0€330bHBIN ), IITATHB C KOIBIIOM, (hapPOPOBBIN THUTETh, SKCUKATOP, TPOMBIBAJIKY C TUCTHUJ
Jloseoenue muensi 0o nocmosaunou maccol. Ilycmoii gpapghoposwiii mueenv HeobX00umo oosecmiu 00
NOCMOSIHHOU MACChl: 636eCUmMb €20 HA AHATUMUYECKUX 8ecax; NoCmasums NpoKAIU8ams 8
myghenvryto neub npu memnepamype 600° C na o0un uac, 8biHymb e20 muceibHbiMu wunyamu, 15

MUH 0X1a0umv Ha 6030yxe Ha @aphoposoii noocmaske, a NOMOM NOCMABUMb OXAANCOAMBCL OO0
KOMHAMHOU memnepanmypul 8 Ikcukamop Ha 30 MuH,; 836ecumsv CHO8A Mu2elb HA mex Jice 8ecax (muzeib
Opams MONbLKO Wunyamu);, CHoO8a NOCMABUMb €20 8 neub Ha 15 MuH, ox1a0umes maxkum dHce 0opazom u
g3secums. Maccy muensi MONCHO CcuUmMamsv NOCMOSHHOU, K020ad pe3yibmamvl 08YX HOCIEOHUX
e3sewusanutl 6yoym omauuamocs ne oonee uwem na 0,0002 e. Xpanume mueens 6 sxcukamope.
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Pacmeopenue nasecku u pacuem obvema ocadumens. Bzsamv Hagecky ucxoonoeo eewjecmea Xaopuoa
oapus (m(BaC12 2H20)). Tak xax BaSO4 - kpucmaniuyeckuii 0cadox, mo HyjicHo 3amsv oxono 0,5

2 npenapama (macca ocaoka BaSO4 mooiwce 6yoem oxono 0,5 2). Bzgecumv Ha aHATUMUYECKUX BeCAX
CYXOU YUCMbIU CMAKAHYUK, NOMeCmUums 8 He2o Hagecky maccou 0,5 e (6ce 836ewusanus nposooums
Ha 00HuUx u mex oace eecax!). Ilo pasnocmu macc cmaxkauHuuka ¢ COAbIO U NYCMO20 CMAKAHYUKA
onpedenums maccy nagecku (m(BaCl2 2H20)). Pacmeéopums nasecxy ¢ 100 ma oucmuniuposanHot
800bl U KOIUuecmeeHHo neperecmu 8 cmakau (na 200 mn), oobasume 3 mn 2n HCI. Paccuumameo
06vém 2u pacmeopa H2SO4, neobxooumvlii 015 NOAHO20 ocaxicoenus uoHa oapus (= 2 mi).
Veenuuumo 06vém 6 1,5 pasa: 2 mn % 1,5 = 3 mn. Ommepums mepuvim yununopom 3 ma 2n H2504,
nepenums 6 cmaxat Ha 100 ma, pazbasums oucmuiiupogantoi 6000t 30 mi.

Ocadicoenue uona d6apus. Ocaoums UoH 6apusi c1edyrwUM 00PA30M.
- HArpeTh Ha MEKTPUIECKOM MIUTKE MOYTH 10 KUTICHUS CTaKaHbI C PACTBOPAMHU XJIOpHIa OapHsi U CEPHOM K

- IPWJIMBATh MEJICHHO TI0 KAIUISM 10 CTEKJISTHHON MaJIOUKe MOYTH BCIO CEPHYIO KUCIIOTY K PacTBOPY COJH (B
JTHAa U CTEHOK CTaKaHa).

[Tocne noGaBnenust Bcero obbema ocamuTelns (MO KalulsiM — B CIy4Yae OCAKICHHS KPHUCTAUTMYECKHX Of
aMOp(HBIX) OCaIKy TAIOT OTCTOSATHCS U MPOBEPHUTH MOJTHOTY OCaXIeHHUs. [[si 3TOro x pacTBopy, Haxois
MUTIETKON J00aBUTH Karutmio ocaautens. Eciau B MecTe mo0aBlieHUs KAl pacTBOP MYTHEET, OCaXICHUE F
HOBYIO MOPIIHIO ocaauTens. [Ipy oTCyTCTBHH MOMYTHEHUS MOJTHOTA OCAXKICHHSI TOCTUTHYTA.

HakpeiTh cTakan Oymaroi, HaKoJIoB €€ Ha Majo4ky (Ha Oymare Hamucarh CBOIO (haMWJIMIO U TPYIIITY), OCTaBI
Buumanue! [lanouky u3 cTakaHa BBIHUMATh U KJIACTh HA CTOJ HEJB3sI, TAK KaK K HEW MPMIIUILIN YaCTHIIBI OCE
Dunvmposanue u npomwvieanue ocaoxka. Omeurbmposams 0cadoK credVIoWUM 00paA3oM:a) CLOHCUMD
guemeepo Puibmp «CUHASL IeHMA» U NOOOSHAMb €20 K CYXOll 8OPOHKe, (60POHKY noObUparom ¢ makum
pacuémom, umodwvl guirbmp He 00X00ul 00 Kpaée eé na 5-15 mm), max, umodvl OH NIOMHO NOOXOOU]L K
CMEHKAM, 3amemM HAIUMb 8 He20 OUCULIUPOBAHHOU 800bl OCMOPOICHO, YMOoObl He Nopeamyv Quibmp.
Ecnu ¢unomp xopowio nodoenan, mo HOCUK 60OPOHKU 3ANOIHUMCA 6000l U huibmpoganue Oyoem
npoxooums Ovicmpee. Boponky ¢ gunbmpom nomecmums 6 KOIbYO wmamued u noocmasums noo Heé
yyucmolli cmaxan, 6) nomepemv naivyemM NOO «HOCUKOMY» CMAKAHA ¢ 0CAOKOM (OH He Oydem
cMauugamsbcsi 000U, U Kanau Quibmpyemor H#UOKOCmy no 6HewHel CmeHKe CMAaKaHa cmekamyv He
oyoym). Ocadox He 83MyHUBamv, OCMOPOAICHO NO CMEKIAHHOU NAJIOYKe CIUBAMb NPO3PAUHBIL PACMEOD

Ha gurbmp, 3anonmas e2o He bonee yem Ha 2/3. [loOHUMames cmakan modice No nNAIOYKe, Mo20a pacmeop
He bydem npoaueamuvCs HA 6HEWHION Cmopony cmakana. CmeKIAHHASA NAIOYKA OONHCHA HAXOOUMbCA
MONbKO HAO PUILMPOM, UIU 8 CMAKAHe, Helb3si dompazusamscs e 0o guivmpa. Taxum obpazom,
omguremposams noumu 6ecb pacmeop ¢ 0caoka, Cmapasicb MeHbule 83MyYUBAMs e20.

Taxoif Meton (GuUIBTPOBAaHUS W MPOMBIBAHUS OCAJKa Ha3bIBACTCS «JIeKaHTauuei». B mporecce GuibTpos
MIPOIIN JIM YaCTUYKHU O0CaJiKa uepe3 mopsl GuibTpa. s sToro puinsrpar B CTakaHE paCKPyTUTh U MTOCMOTP:
(bunbTpare HEeT, BBUIUTH €T0.

3areM HEOOXOIMMO MPOMBITH OCAZO0K OT ocaauTess. JJig 3TOro MPUMEHSIOT PAaCTBOP 2H CEPHON KUCIIOTHI . -
00pa3oM: MOPLHIO MPOMBIBHOM KUAKOCTH (10 MII.) IpUIMBAIOT K OCAJIKY, 3aT€M OCaJ0K IEPEMEIINBAIOT , /1Al
Buvicywueanue u npokanusanue ocaoxa. Bvicywums guiremp 6 oponke 6 cywunvrom wikagy (15

mun npu t=1[000C) 0o cneexka 61aMHCHO20 COCMOSHUS, CEEPHYMb €20 MAK, Umodbl 0CAOOK OKA3AICS
BHYMPU, NOMeCmums 6 008€0EHHbILL 00 NOCMOAHHOU MACCbl Mu2elb U NOCMAasums Hoo msa2y Ha
NEKMPUUECKVIO NAUMK)Y 018 00yenusanus (puivmp He 0ondiceH copemv niamenem). Qoyenusanue
3aKOHUEHO, K020 (hunbmp yoice He OblMUM.

[TocTtaBuTh GUIABTP C OCAJKOM MPOKATHBATHCS B MydeabHyI0 1edb Ha 1,5 4. OcTynuth Ha Bo3ayxe Ha dapd:
MOMECTUTh Ha 30 MUH B 3KCUKATOP.

OxnaxaEHupli TUrenb B3BemrBaeM. [locTaBuTh B neyb emi€ pa3 Ha 15 MUH M CHOBA B3BECUTh OXJIAKIEHHB!
TOJIBKO TIUMIaMU!)

[ToBTOpSITH pOKaJIMBaHUE U B3BEUIMBaHHUE A0 MOCTOSIHHOM Macchl. Bece pe3ynbrarhl B3BEIIMBAHUS 3aITUCHIB
(m(BaSO4)) no pazHOCTH Macc TUIVIS ¢ OCAJIKOM U ImycToro Turis. Paccunrars copepxanue 6apus B % B ]

rpaBuMeTpudeckoil popmel U F - dakTop nepecuéra, paBHBI OTHOIICHUIO MOJIIPHBIX MacC OMPEAeIIsIeMOT(
BecoBoii popmer (BaSO4). B namem cnyuae F= 137,3/233,4 = 0,5883.

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
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ITpopaboTKa KOHCIIEKTa JIEKLIUH 110 BOIPOCaM, MO3BOJISIFOIIUM ITOITOTOBUTHCA K J1a00paTopHON paboTe, KO
TECTHUPOBAHUIO, a TAKXKE PEIICHHE THUITOBBIX KAYECTBEHHBIX U PACUETHBIX 3a/1a4 JIJIs TOATOTOBKU K KOHTPOJIbI
JOTIOJTHUTENBHOM U CIIPAaBOYHOM TUTEPATypOH, CIIENyET PACCMOTPETh CAMOCTOSITENIbHO YYBCTBUTEIBHOCTH If
OLIMOKH B TPABUMETPHH.

Tema 12. TuTpuMeTpuUYeCKHid aHAJIN3 HA 0a3e KHUCJIOTHO-0CHOBHBIX B3aumoaeicTeuii. (OIIK-1)
Jlekumus.

Turpumerpudeckuii ananus. TpeOoBaHUs, TPEABIBICHHBIE K PEAKIINHU B TATPUMETPpHUECKOM aHau3e. [Ipsm
BBIPQKEHHS] KOHIICHTPALlMU PacTBOPOB B TUTpuMeTpuu. Dukcanansl. DkBUBaieHT. MospHas macca 5KBI
WNHnukaTtopbl B KHCIIOTHO-OCHOBHOM TUTpOBaHUU. Teopuu nnaukatopoB OcTBanbaa u xpomodopHas. MuTey
pK u pT ungukaropoB.TuTpoBaHHE pacTBOpa CHJIBHOM KHUCJIOTHI CHJIBHBIM OCHOBaHHWEeM. Pacuer u By
KOHIICHTPAIIMH KUCJIOTHI U Iiesioun. BeiOop mHaMKaTOpa nmo Buay KpuBoi tTutpoBaHus. H+ - u OH- - omm(
uHANKaropa. TurpoBaHue pacTBOPOB cIaObIX OTHOOCHOBHBIX KHCIOT CHJIBHBIMU OCHOBaHUSIMU. Pacuer kpui
KHCIIOTHO-OCHOBHOTO THUTPOBAHUS U €0 CBsI3b C BUJIOM KpUBOHM TUTpoBaHMs. KHCIOTHAS U mIesouHas oLy
CWJIBHBIX KUCJIOT. BeIMUrHbBI KOHCTAHT KUCIOTHOCTH M BO3MOXXHOCTh MPOBEACHUS TUTPOBaHUS. PacueT u BI
BEJIMYMHA CKayka TUTPOBaHMs. PacueT KpUBBIX TUTPOBAHUSA CMECHU Cla-ObIX KUCIOT. TUTpOBaHHME MHOTOOCH
TutpoBanme pactBopoB coseil. KpuBbie TuTpoBaHMs. BnusiHue pa3nudHbXx (aKTOpPOB Ha BHJ KPHUBBIX
(Bemnuunst Ka, KB, pH, Cxucnorsl, 1 CocHOBaHUA).

IIpakTH4Yeckoe 3aHATHE.
IIpakTH4eckoe 3anaTHe. Pemenne 3agay.
JlaGopaTtopHblie 3aHATHSA.

JlaGopaTropuasi paGora 1. IlpuroroBjieHMe W CTAHAAPTH3ALMS PACTBOPA COJISIHOM  KHUCJIOTHI.
KapOonaTHasi ’keCTKOCTb BOJbI.

Ilenb: oTpaboTaTh METONMKY NPUTOTOBICHHMS W CTaHAAPTU3AIMH PACTBOPOB JUISI TUTPUMETPUUYECKOTO
KapOOHATHOM >KECTKOCTH BOJIBI.

Peaxmuebvl: konyenmpuposaunas conanas kuciomafl] (=2,5 e unu 2,2 mn), mempabopam Hampusi,
UHOUKATOP MEMUTLOBBILL OPAHICEBDILL.

Onwim 1. [Ipucomoeénenue pacmeopa consiHou KUCIOmMbl.

T'otoBat 250 ma npubnusurensho 0,1 H pactBopa HCl 13 KOHIIEHTPUPOBAHHOM COJITHOM KUCIOTHI.
[TnotHoCTh KOHIEHTpUpoBaHHOW HCI mM3MepsroT, omycTUB apeoMeTp B IWJIMHAP C KUCJIOTOM, M Ompene
MacCOBYIO JIOJIO.

Heo6xoaumbiii 00beM KOHIIEHTPUPOBAHHOW COJITHOW KHUCIIOTHI TIEPEHOCAT B MEpPHYIO KoyiOy Ha 250 M u f¢
Kpalo MEHUCKA, TaK KaK )KHJIKOCTh CMAaYMBAET CTEHKU COCY/a).

Onwvim 2. Ilpueomosnenue cmanoapmno2o pacmeopa mempabopama nampus (0ypsl).

[Tpu weitrpanuzanuu Oypsl Na2B40O7x10H20 constHO#M KHCIOTON MPOTEKACT PeaKIysi:

Na2B407 + 2HCIl + 5H20 ® 4H3BO3 + 2NaCl.

[MpenmymecTBo Oypbl Kak MCXOAHOTO BEIIECTBA 3aKIIOYACTCS B BBICOKOW MOJISIPHON SKBHBAJICHTHOW M:
M(Na2B407x10H20) = 381,42 r/mons, m3(0ypsl) = 190,71.

PaccuutsiBatoT Maccy terpabopara HaTpus, HeoOXxoaumyto it npurotoBieHus 100 mn 0,1 H pacTBOpa.
NEPEHOCAT KOJIMYECTBEHHO IPH MOMOIIM BOPOHKM B MepHylo konOy Ha 100 mu. PactBopumocTh Tety
TEeMIIepaType HEBEJINKA, U HAaBECKAa PACTBOPSIETCS JOBOJIBHO MEIJIEHHO, IOATOMY MCIOJb3YIOT TOPSIUYIO BOJ
HAJIMBAIOT PUMEPHO 72 00BbeMa HArpeToil TUCTHIUIMPOBAHHON BOAbI. JJOOMBIIMCH OJTHOTO PACTBOPEHUS, KC
KOMHATHOW TeMIIepaTypsl U JOBOIAT OOBEM pacTBOpa A0 METKU AUCTHUILIIMPOBAHHON BOJOH.

BbIUUCHAIOT TUTP ¥ HOPMAJIBHOCTH MPUTOTOBIEHHOTO PAacTBOpa Oyphl, YUUTHIBASI, YTO 3TU BEJIUYHHBI BCET)
UQPBI.

Onwvim 3. Onpedenenue mumpa u HOpMAIbLHOCMU PACMBOPA CONAHOU KUCTIOMMbI.

[Tunetkoit Ha 10 M1 mepeHOCAT B KOOy 711 THTPOBAHMS pacTBOP Oypbl M TOOABISIOT 3 Karuld MHIUKATOpa M
[lepen TuTpoBaHreM OIOPETKY MPOMBIBAIOT 2 pa3a HEOOIBLINM KOJHMYECTBOM COJITHOM KUCIOTHI M 3aTEM Hall
MEHHCK /10 HyJeBoW 4yepTsl. [IpoBepuB, HET M B KaNnWUIAIPHON TpyOKe IMy3bIPHKOB BO3yXa, U3 OIOpETKU
MIOSIBJIEHUS] OPAH)KEBOT'O OKPAIIMBAHMSL.
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K pactBopy Oypbl B KONIO€ Ui TUTPOBAHUS TMPUIMBAIOT U3 OIOPETKH PACTBOP COJSHOW KHUCIOTHI HEOOJE
NEepEeMEIINBAaHIH COEPKUMOro KoiObl. [lepBoe TUTpOBaHME CUMTAIOT OPHUEHTHUPOBOYHBIM; €TO JENAI0T TO.
o0beMa KHCIIOThI, paCXOAyeMoro Ha TuTpoBanue. [Ipu nepBoM TUTPOBAHUU MOXKHO MTPUIIMBATH KUCIIOTY MOPI
IpaHuUllpl, B KOTOPBIX IPOUCXOAUT M3MEHEHUE I[BETa MHJAMKaTopa. Tak, HalmpuMmep, yCTaHABIUBAIOT, YTO
MH/IMKAaTOP UMEET ellle KPacHYI0 OKpacKy, a rnocie npubasineHus emie 1| mMi (To ecTh Bcero 9 mi) 1BeT UH
CrnenoBarenbHO, TOYKAa SKBUBAJICHTHOCTH JICKHUT B MpeAesax MEXIy 8 U 9 MJ KUCIOTHI. 3aTeéM TUTPOBAHUE
MOXHO HPWIHTBH OBICTPO, U TOJIBKO IOCIIE ITOTO CIENyeT MPUOaBIATh KUCIOTY OTICIbHBIMU KaIuIIMU, B30ar
B 3KBUBaJICHTHOM TOYKE OT OJHOM KaIlIA MPOUCXOAUT NEPEXO] OKPACKH METUIIOBOTO OPAHKEBOTO.
HopManbHOCTb KMCIIOTBI CYMTAIOT YCTAHOBJIEHHON IIPABUIIBHO, €CIIM PE3YJIbTaThl TPEX MOCIIEN0BATENbHBIX TI
Ha 0,02 — 0,03 m1. Torga U1t BEIYMCIIEHUH TUTPA U HOPMAJIBHOCTH KUCIIOTHI OEpyT cpeaHee apupMeTHIECKO
Onvim 4. Onpedenenue KapOOHAMHOU HCECMKOCIU B0O0bL.
Jlst onipeneniennst KapOOHATHOM JKECTKOCTH TUTPYIOT HEKOTOPBIH 00BEM BOIBI PaOOYMM pacTBOPOM COJISTHOW
OpaH>XEBOTO.
Crioco0 0CHOBaH Ha MPEANOI0KEHNH, YTO BO/Ia HE COACPKUT TUAPOKApPOOHATOB JIPYTHX METAIIOB.
Jnst onpenenenust oroupatotr nunerkoir 100 M uccnexyeMoil Boabl, NPUIMBAIOT K HEW 3 Karull METHUIIOBOT
COJISTHOM KHCJIOTHI 10 TIepexo/ia OKPACKU MHIUKaTopa (pacTBOpa) U3 KEITOH B OPaHKEBYIO.
Jlnst BIpaskeHHs KapOOHATHOM JKECTKOCTH B MMOJIb - KBUBAJIEHTaX B 1 J1 BOJIBI, €€ PACCUUTHIBAIOT 110 GOPMY
rne CH(HCI1) — HopMallbHOCTH pacTBOpa COISTHOM KHUCIIOTHI;
V — 00beM CONAHOM KUCIIOTHI, 3aTpadeHHoM Ha TuTpoBaHue 100 M1 aHAIM3UPYEMOM BOJBI.
JlabopatopHas pabora 2. IIpuroroBiienne padodero pacrBopa ruapokcuga Harpus. TurpoBanue
YKCYCHOH KHCJIOTHI.
Ilenb: oTpaboTaTh METOAMKY HMPUIOTOBIEHUS U CTaHIAPTHU3ALMM PACTBOPA IIEJIOYH JJISl TUTPUMETPUYEC!
c11a00i KUCIIOTHI.
Peaxmuevr: NaOH (ms.), 0,1 n wasenesas kucioma, obpazey cmonogozo ykcyca (6-9%), unoukamop
Genongpmaneun
Onvim 1. [lpuecomosnenue pacmeopa 2uopoxkcuoa Hampusi.
PaccuuTtsiBator Maccy NaOH, neobxoaumyto aist npurotosienus 250 mu 0,1 H pactBopa. ['mapokeus HaTpus
BELIECTBA: OH TMI'POCKONMYEH U JIETKO pearupyer ¢ ymIeKHCIbIM ra3oMm Bo3ayxa. [lostomy NaOH Bcerma
Biaru u kapoonatoB. [Ipumecs Na2CO3 B pacTBOpe rHIpOKCHIa HATPHUS YCIOKHIET TUTPOBAaHUE C HeHONPT
PactBop NaOH, conepxamuii cpaBHATEILHO Majlo KapOOHATOB, TOTOBSAT ClAeAYIOMMUM 00pazoM. OTBemHBal
HaTpHs B KOJIMYECTBE, MPEBHITIAIONIEM Ha 2 T HeoOoxoaumoe aiist mpurotosnenus 250 miu 0,1 H pacTBopa. Has
OTIOJIACKUBAIOT 2 - 3 pa3a HEOOIBITUMHU MOPIHUSIMHU AUCTHILTHPOBAHHOM BOIBI, KOTOPYIO BBUIMBAIOT. 13 ocTak
1,2 T, KOTMYECTBEHHO MIEPEHOCST B KOJIOy Ha 250 M1, U pacTBOPSIOT, IOBOJII 00BEM PacTBOPA 10 METKHU.
[IpuBenenusbIii ciocod ocHoBaH Ha ToM, uTo CO2 pearupyeT ¢ THAPOKCHUIOM HATpHsl CHadaja TOJHKO Ha
MOKpbIBatoias cepxy kycouek NaOH, mpu onoslackuBaHUU BOAOW pacTBOPSIETCA.
Onwvim 2. Ilpueomosnenue cmanoapmno2o pacmeopa wasenesotl KUCI0mol.
Crannaprusiii 0,1 H pacTBOp L1aBeNeBON KUCIOTHI TOTOBAT U3 (pUKcaHaa.
OnbIT 3. OnpeneseHne TATPAa H HOPMAJIBHOCTH PACTBOPA TMAPOKCH/IA HATPHUS.
Jlnst onipenenieHust TUTpa U HopMaiabHOCTH pactBopa NaOH orOupator nunerkoit 10 mi 0,1 H pacTBOpa 1m1ase
3 xarmu peHondTaNenHa U TUTPYIOT TUAPOKCHIOM HATpPUs 10 MOSBJICHUS HEHCUE3arolleil mpyu B30aJIThIBAE
okpacku. [IpoBoasT 3 — 4 mapaiebHBIX TUTPOBAHUS U 711 BBIYMCIICHUS HOPMAJIbHOCTH OepyT CpeaHee U3
Onvim 4. TumposaHue yKcycHOU KUCI0Mmbl.
OtOupator nunerkoidr 10 M1 pacTBopa yKCYCHOM KHCIIOTHI HEM3BECTHOM KOHLIEHTPALUUHU (TPUTOTOBJIECH P
NEPEeHOCAT B KoJOy Ui TUTPOBAaHUS, 3aTeM NpUOaBiAOT 3 Kamiu ¢eHondrasernHa U TUTPYIOT THAPC
HEHCUE3arIEN PO30BOM OKPACKHU.
Boruncnsitor HopMallbHYI0 KOHLIEHTPALMIO aHATTM3UPYEMOT0 pacTBOpa U MPOLIEHTHOE COJIEp:KaHne B HEM YKC
JlabopaTtopnasi paGora 3. OnpenesieHne THAPOKCHAAa HATPHUSA M KapOOHATa HaTPHUs NPH
COBMECTHOM IPHCYTCTBHH.
Lenb: oTpaboTaTh METOIMKY COBMECTHOTO ONpEeAeNeHHs IIEIouYM M KapOoHarta (OmpenesieHue MMEET Badk
KOHTPOJIE YUCTOTHI IIPENApaToOB I'MIPOKCHIA HATPHS).
Peaxmuevi: 0,1 n pacmeop mempabopama wnampus, <~ 10% pacmeopa  conaHOU KUCIOMBbI,
ananuzupyemoui cmecu NaOH u Na2CO3 (=1 2), unouxamopwl ¢henongpmaneut, Mmemuiopandic
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Onvim 1. Onpedenenue HopmanrbHoCMu paboue2o pacmeopa CoNsIHOU KUCTIOMbI.

T'otoar 250 ma 0,1 u pabouero pactBopa HCl u3 = 10% pactBopa, 3aTeM yTOUHSIOT €r0 HOPMajJbHOCTb, T
constHoM kucnoThl 10 Myt 0,1 H pacTBOpa Oypsl (TIoTydeH U3 puKcaHana) B IPUCYTCTBUH 3 Karelb METUIIOBOI

Onvim 2. Tumposanue cmecu 2uopokcuda Hampus U KapoOOHama HAmpus.

Hagecky ananusupyemoii cmecu NaOH u Na2CO3 maccoii 1 r moMeniaiotr B MepHy0 kon0y Ha 250 mu, pac

JUCTUJIMPOBAHHOW BOJOM JO METKH.

Otbuparot numnerkoit 20 MJI pacTBOpa UCCIETyEMON CMECH U TIEPEHOCAT B KOJIOY JJIsi THTPOBAHMS, JOOABN

TUTPYIOT PACTBOPOM COJISTHON KHUCJIOTBI OT KPACHOM JI0 MOYTH OECIBETHOW OKPACKH.

O6bem HCI, momenmmii Ha TUTPOBAHUE, OTMEPSIOT MO OIOPETKE M 3aMCHIBAIOT. 3aTeM MPHOABISIOT K C

METHJIOBOTO OPaHKEBOTO (PAaCTBOP OKPAIIMBAETCS B JKENTHIN IBET), TUTPYIOT TOCIEAHMUIA U3 TOH ke Oropel

opamxeBoro okparuBanus. CHOBa JENAlOT OTYET MO OOpPETKH (OT HyJIEBOTO 3Ha4deHUs ). TUTpOBaHHE MOBT

PE3yABTATOB OEPyT CPEIHIOD BEINYHHY.

Obpabomxa nonyyeHHvIX pe3yibmamos

[Ipu TuTpOBaHMHM HCCIIETyEMOTO pacTBOpa ¢ (peHon(TarIenHOM OTTUTPOBBIBAIOT BECh THPOKCU HATPHS U K

100aBJICHUSI METHJIOBOTO OPAHKEBOTO TIOTUTPOBBIBAIOT ruapokapOonHar Hatpus 10 H20 + CO2.

Ecam npu tutpoBanuu ¢ denondranenHom mipacxomoBano Vd.d. ma pactBopa HCl (ortutpoan NaOl

OpaH)KeBBIM — VM.0. MJI COJISTHOM KUCO0THI (orTUTpoBaH Bech NaOH m Na2CO3), To Ha TUTPOBAaHUU TOJT

(Vm.o. - Vd.d.) m HCI, a na Becr Na2CO3 2(Vm.o. - Vd.d.) ma tutpanTa. CienoBareabHO, HA THTPOBAHY

V.d.) ma pactBopa HCI.

Haiinsg oObeMbl pacTBOpOB TUTpaHTa, 3aTpadeHHble Ha HeuTpanuzanuio NaOH u Na2CO3, BeUUCIAIOT

TUIpOKCcHIA U KapOOHaTa HaTpus, coneprkaiuecs B 20 M1 aHATU3UPYEMOT0 pacTBOpa, HaIpuMep
m(Na2C0O3)20 mn pactBopa = x2(Vm.o. - Vb.d.), .

Hanee Bbruucisiotr, ckonbko rpammoB NaOH u Na2CO3 naxonutcs B 250 M1 mcclieqyemMoro pactBopa,

coJiep>KaHUe.

1] UcnoJib30BaHNEe KOHIEHTPUPOBAHHOW COJISTHOM KHMCJOTBI, OTHOcsmelics k Tabaune I, cnucka
IV npekypcopoB, 060poT koTOpLIX B Poccuiickoii Deepanuy orpaHuyYeH ¥ B OTHOLIEHUH KOTOPBIX
YCTAHABJIMBAIOTCA MePbl KOHTPOJIS B COOTBETCTBUM C 3aKOHOAAaTeJbCTBOM Poccmiickoii @enepannu
H_MEKIVHAPOAHBbIMU _aoroBopamu Poccuiickoit Penepanuu, peryiaMeHTHPYIOTCH JACHCTBYIOIUM
3aKOHO/1aTe1bCTBOM U HOPMATHBHBIMY NPABOBbIMHM AKTAMH YHHMBEpPCHTETA.

3agaHus AJ51 CAMOCTOSITEILHOI padoThI.

[IpopaboTka KOHCIIEKTa JIEKIIMH [0 BOIPOCaM, O3BOJISIOLUIUM MOATOTOBUTHCS K JJAOOpaTopHOil paboTe, KO
TECTUPOBAHUIO, & TAKXKE PEIICHNE TUIOBBIX KAYECTBEHHBIX U PACUETHBIX 3a/1a4 JUIsI TOJATOTOBKH K KOHTPOJIbE
JIOTIOJIHUTENBHOMN U CTIPAaBOYHOU JIUTEPATypOH ClIEAyEeT paCCMOTPETH CIEAYIOLINE BOIIPOCHI: MHAUKATOPHI B K
noa00p UHIUKATOPa KUCIOTHO-OCHOBHOTO TUTPOBAHUS U €T0 CBSA3b C BUJIOM KPUBOM TUTPOBAHMSI, BETUYHUHBI
BO3MOXKHOCTbH MPOBE/ICHUSI TUTPOBAHUS, BIUSHUE PA3TUYHBIX (DAKTOPOB HA BUJ KPUBBIX KUCIOTHO-OCHOBHOT

Tema 13. OkncanTeIbHO-BOCCTAHOBUTEIBbHOE TUTpOoBaHue (OIIK-6)
Jlexknus.

OKHCANTENBHO-BOCCTAHOBUTEIBHOE TUTpOBaHUE. MeTonbl penokcuMmeTpuu. OKUCIUTENb U BOCCTAHOBUTEN]
IIOCTPOCHUE KPUBBIX TUTPOBAHUS B peAOK-CUMETpUH. IHIUKATOPBI PEIOKCUMETPUYECKOTO TUTPOBAHHUS.

IIpakTH4eckoe 3aHATHE.
IIpakTH4eckoe 3ansaTHe. Pemenne 3agay4.
JlaGopaTtopHblie 3aHATHA.

JlaGoparopHasi padora 1. [IpuroroBi/ieHre TUTPOBAHHOIO Pa004ero pacTBopa MepMAHIaHATA KAJIMs.
Ilepmanranaromerpudeckoe onpenesnenue Fe (II) B coomm Mopa.

Ilenb: orpaboTaTh METOAMKY TPSMOTO OKHCIUTEIHHO-BOCCTAHOBHUTEIBHOTO THTPOBAHUS, IIEPMaHT¢
BOCCTAHOBIICHHOH ()OPMBI JKelTe3a.

Peaxmusbt: 0,1 1 wasenesoii kuciomsl, 2 H cepHas KUCIOMA, KOHMPOIbHII pacmeop (conb Mopa)
Onvim 1. Yemanoska nopmanvnocmu KMnO4 no waeenegou kuciome.
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Haubonee ymoOHO MpOBOAWTH YCTAHOBKY HOPMAadbHOCTH TEPMaHTaHaTa Kallds 1O IIABEJICBOW KHCIOTE
HopManbHOCTH pacTBopa KMnO4, ero npminbarot k 10 mi 0,1 H masenesoii kuciors! (H2C204x2H20 rot
80 °C. He cnenyer HarpeBarb pacTBOp 10 KHUIIEHHS, TaK KaK ATO NMPUBOAMUT K YACTUUHOMY PA3IOKECHHE
IIaBEJIEBOM KUCIIOTHI TIepe]] TUTpoBaHueM 100aBisitoT 10 M 2 H pactBopa H2SO4.
[Ipu TUTpOBaHMM NMPUIMBAIOT CHayajda HECKOJIbKO Kameib pactBopa KMnO4 u oxuaaior, moka pactBop of
3aKOHYEHHBIM, KOT/Ia OT OJJHOM KaIlIM PACTBOP OKpAIIMBACTCS B OJIETHO-PO3OBHI IIBET, HE MCUE3AIOIINN B TE
1 — 2 munyT. OTCUeT feneHuii B OropeTKe MPOU3BOIAT 110 BEPXHEMY Kpar0 MEHHUCKA.
Oneim 2. Ilepmaneanamomempuueckoe  onpeodenenue  owcenesa  (II) 6  comu  Mopa
((NH4)2504 xFeSO4*x6H20).
KoHTpoibpHBIN pacTBOp, MOTYUYEHHBIN B MepHOU Kos10e Ha 100 M1, ZOBOAST MUCTWIIMPOBAHHOW BOJIOH J0 M€
MJI TTOJTYYEHHOTO PAcTBOpa MEPEHOCAT B KOJIOY JJisi TATPOBAaHUS M 100aBistoT S Mt 2 H pactBopa H2SO4. E
MepMaHraHara Kajiis, HOpMajJbHOCTh KOTOPOro omnpezeneHa (1. 1), 1o nosBiaeHus ciabo-po30BOT0 OKPAIIUEB
MUHYTBHI.
Maccy xene3a B MOJTy4eHHON TPoOe onpeAesstoT no hopmyne:
m(Fe2+)=,r;
T(KMnO4/Fe2+) = [Cu(KMnO4)xm3(Fe2+)]/1000, r/mi.
JlabopaTtopnasi paGora 2. Honomerpusi.
Iens: oTpaboTaTh METOAMKY OOPaTHOTO OKUCIUTEIHHO-BOCCTAHOBUTEIHHOTO TUTPOBAHUS, HOAOMETPUYECK!
MeEH.
Peaxtussl: 0,1 H pacTBopa nuxpomara kaius, 2 H cepHas kucinora, 10 %-ro pactsop KJ, = 0,1 H pactBop
pactBop Cu2+, kpaxmail.
Onwvim 1. Yemanoeka nopmaneHocmu pabouezo pacmeopa muocyib@ama Hampus no OUXpomMamy Kaausl.
B kon0y anst turpoBanus nunetkoit oroupatot 10 Mt 0,1 H pacTBopa auxpomMara Kajus, 3aTeM J00aBisioT 1(
H cepHOU KuCIoThl. Koy HaKpBIBAIOT YaCOBBIM CTEKJIOM HJIU JINCTOM TUIOTHOW Oymaru u ctaBst Ha 5 — 10 a
BropeTky 3anoiHSIOT pacTBOpoM THOCYIb(ara Harpus. [Ipu THTpoBaHUU (KUAKOCTH B KOJI0€ HEMPEPBIBHO Ti¢
CBETJICET U MPUHUMAET KEJITO-3EJICHYI0 OKPACKy. 3aTeM MPUIIMBAIOT 1 MJI Kpaxmalia U poAOoKalOT TUTPOBA
Onvim 2. Hooomempuueckoe onpedenenue Cul+.
KonTponsHsiii pactBop Cu2+ paz0aBisioT TUCTWIIMPOBAHHOW BOAOW B MEpHOM Koibe Ha 50 mu u Tmiare.
TUTPOBaHUs OTOMparoT numnetkoid 10 mi aHanusupyemoro pactBopa u no0apisioT mo 10 mia 10 %-Horo |
HaKpBIBAIOT YaCOBBIM CTEKJIOM WJIH JIICTOM TUIOTHOM OyMaru v CTaBsAT B TeMHOE MecTo Ha 5 — 10 MuHyT 1715
npoOy TUTPYIOT THOCYIb(GATOM HATPUs 0 COJIOMEHHO-KEITOr0 OKpallliBaHWs, MPUOABIAIOT 1 MII Kpaxm
oOecIBeUnBaHMS pacTBOpa.
3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.
[TpopaboTka KOHCTIEKTA JIGKIIHMH [0 BOMPOCaM, TTO3BOJISIONIUM MOATOTOBUTHCS K TAOOPATOPHOU paboTe, KO
TECTHUPOBAHUIO, & TAKKE PEUICHUE TUIOBBIX KAYECTBEHHBIX U PACUETHBIX 3aa4 JJIs MOATOTOBKH K KOHTPOJIbE
JOTIOJTHUTENBHOU U CIIPABOUHOM JIMTEPATYPO, CIEAyeT CaMOCTOSTEILHO PACCMOTPETh MHIUKATOPHI PEIOKC!
o0JlacTv MPUMEHEHUSs, IOCTOUHCTBA M HEJJOCTATKH OT/IEIbHBIX MPEICTABUTEICH.

Tema 14. KoMiiiekcoHOMeTpHYeCKOe H 0CAIUTeIbHOe THTPOBAHME.
(OIIK-1)
Jlexknus.

OcaaurenpHoe TUTpOBaHUE. PacyeT u nMocTpoeHne KpUBBIX TUTPOBAHUA. BiMsiHIE pacTBOPUMOCTH COEIUH
HMOHOB, TEMIIEPATYPHI HA XapaKTep KPUBBIX TUTPOBaHUsA. VIHIUKATOPBI OCaKICHHUS.

Kommuiekcomerpudeckoe TuTpoBanue. [IpHHIMIBI MOCTpPOSHHUS KPHUBBIX THTpoBaHUs. CriocoObl ompezaen

Hcnonp3oBanne NOJIMACHTATHBIX JIMTaHOOB. Hcnonp3oBanue TPpCHA, NICNITCHA 1 aMI/IHOHOJII/IKaPGOHOBBIX KH

o0paTHOEe KOMIUIEKCOMEeTpudeckoe TuTpoBanue. OOpa3oBaHNE U YCTOHYUBOCTh KOMILIEKCOB. CEeIeKTUBHOCT

Kpusble TuTpoBanus 2-x MeTayaoB. HAMKATOPbl KOMIUIEKCOMETPUYECKOTO TUTPOBAaHUSI HOHOB MAarHus M Ka
IIpakTH4eckoe 3aHATHE.

IIpakTH4eckoe 3anaTHe. Pemenne 3agay.

JlaGopaTtopHblie 3aHATHA.

JlaGopaTopHasi padora 1. [IpuroroB/ieHre 1 yCTAHOBKA TUTPa PAacTBOPa HUTPATA cepedpa MO MeTOLY
Mopa. Onpenesenue CI -.
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Lenb: oTpaboTaTh METOAMKY MPSIMOTO apreHTOMETPHUYECKOTO OMpPEICICHHS XJIOPUIOB, a TAKKE METOTUKY
SKBHUBAJICHTHOCTH B TUTPOBAHUU TI0 METOAY OCAXKICHUSI.
Peaxmuswi: NaCl (kp.), 5 %-e0 pacmeop K2CrO4, = 0,1 u pacmeop numpama cepedpa
Onvim 1. Ilpueomosnenue pacmeopa NaCl no mounoii nasecke.
Ha ananmutnyeckux Becax OepyT Takyl HABECKy XJOpUAa HaTpus (X.4.), 4YTOOBI MPU PACTBOPEHUU €€ B
noiyuuics npubnusutensHo 0,1 H pacTBOp, M BBIYUCISIOT €r0 TOYHYIO ((paKTHYECKYI0) HOPMAalbHOC
cootBeTcTByIomMi pukcanan NaCl.
Onvim 2. Yemanoska mumpa pacmeopa AgNO3 u onpedenenue maccol Cl- 6 mumpyemom pacmeope.
B xonOy s turpoBanust oroupatotr 10 M 0,1 H QuKcaHATBHOTO pacTBOpa XJIOPHUAA HATPUs HPUOABIAIOT
K2CrO4 u oTTUTpPOBBIBAIOT copep:kuUMoOe ucciexryeMbiM pactBopoM AgNO3. Ilpu TUTpoBaHMHM HEpeMel
yCIIeBaJO yCTaHABIMBAThCS AJCOPOIIMOHHOE paBHOBeCHE. TUTpoBaHHE OyJeT 3aKOHUEHHBIM, KOTZA YHCTC
B3MYYCHHBIM B HEW OCAJKOM MPHUOOPETET OT OJHOW KAaIlIM pacTBOpa HUTpara cepedpa 4yTh-uyTh KPACHOE
Ag2CrO4). Jlns noBbIIEHUS TOYHOCTU TUTPOBAHUE MOBTOPAIOT 3 pa3a, HAXOJAT BEIMUNHY HOPMAJIBHOCTH |
Ha T(AgNO3/Cl-). YMHOXUB 3Ty BEIWYHHY Ha 00BEM pacTBOpa HUTpara cepedpa, M3PacXOIOBAHHOTO F
konmuaectBo rpamm Cl- B 10 Mt TUTpyemMoro pacteopa.
JlaGopaTopunasi padora 2. Ponanomerpuueckoe omnpeaenenue npumecd NaCl B TexHHueckom
THAPOKCHIE HATPHS.
Lenb: oTpaboTaTh METOAMKY apPTEHTOMETPHUUECKOTO OIPEIeNICHHs XJIOPUAOB IO METOy 00paTHOTO TUTPOBAl
MH/IMKAaTOPHOTO OTIPEIEJICHUS] TOYKU SKBUBAJICHTHOCTH B TATPOBAHUHU B METOZE OCAKICHHUS.
Peaxmuswi: 0,05 1 pacmeop NaCl, 0,05 n pacmeop numpama cepeopa, = 0,05 n pacmeop pooanuda
AMMOHUS, KOHYEHMPUPOBAHHAS A30MHASL KUCIOMA, MHCEeNe30AMMOHULHbIE KEACYbl (HACLIUeHHbLU
pacmeop), mexHuyecKuti 2UOPOKCUO Hampusi ¢ NPUMeCHIO X10puoa, heHorgpmaneun
Onwvim 1. Yemanoexa mounou xonyenmpayuu pacmseopa NH4SCN.
BropeTky 3amoiHSIOT IPUTOTOBICHHBIM PACTBOPOM POJAHUIA aMMOHUsS. B KomOy IJsi TUTPOBaHUS BHOCST
KOHIIEHTparwu, S0 M BOIIbI, 3 Karii KOHIICHTPUPOBAHHOW a30THOM KHUCIOTHI (ISl MPEIOTBPAILIEHUS THAPC
NH4Fe(S04)2x12H20 (skene3oamMMoHMHBIE KBaclbl), TUTPYIOT pacTBopoM NH4SCN u ompenenstor
HKBHUBAJICHTHOCTH TUTPYEMBII PACTBOP CTAHOBUTCS OPAH)KEBO-KPACHBIM, B SKBUBAJICHTHOW TOYKE — KOPUIHE
Onwvim 2. Onpedenenue npumecu xaopuda Hampus 6 mexuuyeckom NaOH.
HaBecky TexHuueckoro ruipokcuia HaTpus (0kosio 1 T), B3ATYIO Ha aHAJIMTUYECKUX BECaX, KOIMYECTBEHH!
MJ1, 100aBisr0T SO MIT BOJBI M pacTBOPSIOT. [Tocie pacTBopeHHst BHOCAT B KOOy 2 Karut (heHondTaienHa 1
CKOJIbKO moTpedyeTcst 11t Herrpanusauu NaOH, noauBaroT BogoH 0 METKH U TIIATEIBHO epeMennBast. |
B konOy mnst TutpoBanus otébuparor 10 mi KoHTpospHOrO pactBopa, 10 mu pactBopa AgNO3, 1 mi mi
KEIIe30aMMOHHITHBIX KBACIIOB) U TUTPYIOT POJAHUIOM aMMOHUs. B KOHIIE TUTPOBAaHUS MIPOUCXOTUT KOATYIIs
cepebpa U MyTHBI pacTBOp HaJ OCAJIKOM CTaHOBHTCS MPO3pauHbIM. [I0BEpXHOCTH Ocajka aacopOupyeT Hi
OKpacka pofaHua *KeJe3a MOSBIAETCS paHblle JOCTHKEHHUS TOUYKH SKBHUBaJICHTHOCTH. OJJHAKO 3Ta OKPAack
MOCTENIEHHO PEearupyloT C POAAHUAOM. TUTpPOBaHHME MPEKPAIIAIOT TOCIE MOABICHUSA HeHcye3aromen
KOPUYHEBATO-PO30BOI OKpaCKH pacTBOpa BelieacTBre obpazoBaHus komruiekca: Fe3+ + nSCN- ® [Fe(SCN)
Pacuer mpumecu NaCl (w, %) BexyT no hopmyie:

JlaGopaTopHasi padora 3. OnpenesneHue o0Iei }KeCTKOCTH BOAbI KOMILJIEKCOMETPUYECKUM METO0M.
[lenp: oTpaboTaTh METOAUKY KOMIUIEKCOHOMETPUIECKOTO TUTPOBAHMS TPUIIOHOM b, TpoaHann3upoBarh 00p:

Peaxmueuvl: 0,05 u pacmeop mpunona b, ammuaunviii 6ygep (comoeam 20 %-Hvix pacmeopos xiopuda
U 2UOPOKCUOA AMMOHUSL), XpomozeH uépHblli T, 00pasyvi 600bl 0151 aHAIU3A

Onvim 1. Ilpueomosnenue ammuaunoti OyghepHoti cmecu.

T'otoBat o 100 mit 20 %-HBIX pacTBOPOB XJIOPHJA U TUAPOKCHIA AMMOHUS, CIIMBAIOT UX B MEPHYIO KOJIOY
BOJIOM 10 METKH.

Onwvim 2. Onpedenenue obujeti scecmrocmu 800bl.

B xonOy st tutpoBanust BHOCAT 100 MiT BicciieryeMoid BOJbI M MPUOABIISIOT 5 MJT aMMHadyHOUM OydepHOi C1
pacTBOp MHAMKATOpPAa XPOMOT€HA YEPHOTO JI0 MOJIyYEHUS 3aMETHOM, HO HE CIIMIIKOM TE€MHON BHHHO-KpAaCE
tutpyroT 0,05 H pacTBOpoM TpuiioHa b 10 U3MEHEHUsI OKPACKU B CUHIOIO, MHOT/IA C 3€JIEHOBATHIM OTTEHKOM.

O6mryro sxecTkoCcTh Bofbl (Ca2+ u Mg2+ Ha | 1) BRIYHCIAIOT 10 popmyre:
, MMOJIb-2KB/1I,
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rae CH — HopMmanbHast KOHIIeHTpanus pactBopa TpuwioHa b; V1 — o6bem pabodero pactBopa Tpuiiona b, 3artj
00beM BOIBI (MJT), B3SITHIN AJIsI OTIPEACTICHUSI.

[To ompeneneHHoi OOIIEH KECTKOCTH BOAY KJIACCU(DUIIUPYIOT CIEAYIONUM 00pa3oM: oueHb Msrkas (1o 1,5
MMOITb-3KB/1); cpeansst (> 3,0 mo 6,0 MMmonb-3kB/11); )kectkast (> 6,0 1o 10,0 MMOITB-3KB/1); O4eHb KecTKas (-
3ananus AJ51 CAMOCTOSITEILHOI padoThI.

CamocTosTenbHast paboTa TeMbI HalleJieHa Ha MPopabOTKy KOHCIIEKTa JIEKLUU IO BOIPOCaM, TO3BOJISIOLUIIM
paboTe, KOJUIOKBUYMY, MOJIyJIbHOMY TeCTUPOBaHHI0. CaMOCTOATEIbHOE PEIlIEHNE TUITOBbIX KaU€CTBEHHbIX U
MOJITOTOBKH K KOHTPOJIbHOHM pabdoTte. [1oab3ysch AOTOHUTEIBHON U CIIPABOYHOM JIUTEPATYPOM, CIEAYET cam:
MPAKTHUYECKOTO MPUMEHEHHSI 0CATUTENILHOTO U U KOMIUIEKCOMETPUYECKOTO TUTPOBAHUS.

Tema 15. Kuneruueckne meroasl anaausa. (OIIK-1)

Jlexknus.
Kunetnueckue METOAbI aHalJin3a. Tuner u MMPUMCPbI peaKuHﬁ B KHHCTHUYCCKHUX METOJax. Or PAHUYCHI
CCIICKTUBHOCTH MCTOAOB. HpaKTI/I‘-ICCKOC BBITIOJTHCHHUC aHAJIN3a.

IIpakTH4eckoe 3aHATHE.
IIpakTnueckoe 3ansitue. [lposogurcsa B popme cemunapa..
JlabopartopHoe 3ansitue. He npenycmorpeno

3aganus AJ151 CAMOCTOSITEIbHOM PadoThI.

Lenbio caMOCTOATENBHOM pabOTHI ABJSIETCA MPOPAOOTKA KOHCIIEKTA JIEKLIUH 110 BOIIPOCAM, MO3BOJISIOIINM TI(
MOJYJIbHOMY TecTHpoBaHuI0. CremayeT oopatuTh 0co00e BHUMaHUE Ha METO/AbI (PUKCHPOBAHMSI KOHLIEHTPAIY
1a00paTOPHOI U MPOMBIIIUIEHHON TPAKTHKE.

Tema 16. dnexTpoxumudeckne MeToabl anaauza (OIIK-6)

Jlexknus.
DNeKTpOXUMHUYECKHEe MeTOo/bl aHanu3a. OOmas XapakTepuCTHKa METOo/a. DJIEKTPOXMMHUYECKas Ielb U S
WIEKTPOA cpaBHEHUS. [loTeHIIMOMETPpHS U TOTEH-LIUOMETPUYECKOE TUTPOBAHUE.
Bonberamnepomerpusi. PryTHblii anekrpoa. Murpanuonusiii U auddysuonnsiii Toku. [Ipenensupiii Tok. 1T
VYpaBHeHue nossporpaduueckoit BonHbl. [loTeHIMaM mMomyBONHEL. AMIIEpOMETpUUECKOe TUTpOBaHKE. Bun
3akonsl Papanes. OnpeneneHne KOHEUHON TOUKH TUTPOBaHUA. Bl KpUBBIX TUTPOBaHUS.

IIpakTn4yeckoe 3ansATHE.
IIpakTuyeckoe 3ansatue. [lposonurcs B popme cemuHapa.
JlaGopaTopHble 3aHATHS.
Jlaboparopnasi pa6ora 1. IloreHHOMeTpHYEeCKOe ONpeeseHue COJIAHON KHCJIOTBHI B pacTBope.
Ienb: orpaboTaTh METOANKY MOTEHIIMOMETPUYECKOTO TUTPOBAHUS HA IPUMEPE PEAKIIMN HEUTpaIU3aliHy.
Peaxmuevi: 1 n pacmeop NaOH, pacmeop consanoti kuciomsl (< 1 H).

CobupaioT yCTaHOBKY [UIsl HMOTEHIMOMETPHUUYECKOTO THUTPOBaHMs (sUeliKa C HCCIEAyeMBbIM PacTBOPON
arap-arapoBbIii MOCTHK, OIOpETKa, XUHTHIPOHHBINA IEKTPOJI, KATOIHBIH BOJIBTMET))

B crakan Ha 250 Ma BHOCAT 20 MJI pacTBOpa COJSIHOM KUCJIOTHI HEM3BECTHOW KOHIIEHTPALIMKU U TUTPYIOT €I
KaXXI0W Touke TUTpoBaHMs 1o 0,5 MiI TUTpaHTa M OJHOBPEMEHHO (pUKCHpYs MOTEHIMaJl pacTBOpa MO Ka
CUMTAIOT 3aKOHUYEHHBIM, KOTJIa TIOTEHIMAJI CUCTEMBI OyIeT OJIM30K K HYJIIO.

CTposIT KpUBYIO MOTCHIIMOMETPUYECKOTO THTPOBAHMSI, OTKIAAbIBAs MO OcH abcuucc 00beM THTpaHTa, IO
omnpenensitor VKTT, kotopsiit ucnons3yror s ouenkun m(HCI): m(HCl) = (VKTTxCr(NaOH)x50x2(F
BBIYHCIISIOT HOPMAJIbHYIO KOHIIEHTPAIMIO PACTBOPA COISTHOW KUCTIOTHI

JlaGopaTopHasi padora 2. AMnepomerpuyeckoe turposanue Fe (II) pactBopom K2Cr207.

[lenp: oTpaboTaTh METOAUKY aMIIEPOMETPUICCKOTO TUTPOBAHUS HA IPUMEPE PEAKIIUN OKUCICHUSI-BOCCTAHO!
Peaxmuswt: 0,1 u pacmeop K2Cr207, 1 M pacmeop HCI, 50 mn pacmeopa conu Fe (1).

CoOuparoT yCTaHOBKY Uil aMIIEPOMETPHUUECKOTO TUTPOBAHMA (BBIIPSIMUTENb MEPEMEHHOIO TOKAa WIH Y
MUJUITMAMIIEPMETP, PEOCTAT, BOIBTMETP, COCAMHUTEIIBHBIE IIPOBOAA, IEKTPOIUTHYECKAs AUYEHKA C INIATUHOB!
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B anexrponutuyeckyto stueiiky neperocsat mo 20 mu ananusupyemoro u ponosoro (1 M HCI) pactsopos. |
K2Cr207. Dnekrpuueckyro LENb 3aMbIKAIOT KIOYOM M co3AaroT HampspkeHue 1 B. PactBop TuTpat
ANEKTPOJIUTHUECKON siueiiku 1o 0,5 M1, KakIbli pa3 UKCHUPYs TOK MO0 MUJUIMAMIepMmerpy. Tak Kak ajiex
cilyyae SIBISIIOTCS MOHBI Fe2+, To TuTpoBaHMEe BeIyT A0 TEX IOp, IMOKa He OyleT MOJlyueHO He MEeHee t©
IIOCTOSIHHOW BEJIMYMHE TOKA.
CTposIT KpUBYIO aMIIEpPOMETPUUECKOTO TUTPOBAHHMSI, OTKJIAJIbIBAS [0 OCH OPJMHAT CHITy TOKa, IO OCH abcuu
cnocobom omnpenensaor VKTT u paccunrsiBator m(Fe2+):

3ananHus AJ151 CAMOCTOSITEILHOI padoThI.
[TonroroBka k 1abopaTopHOit paboTe, KOJUTOKBHYMY, KOHTPOJIBHON paboTe ¥ MOAYIbHOMY TeCcTHpoBaHM0. H:
BBIHOCSTCSI BOIIPOCHI: DJIEKTPOXUMHYECKAS LENb U sTYEiKa, MHAUKATOPHBIA MIEKTPOJ U IEKTPOJ CPABHEHHS,
IIPUMEHEHHE IEKTPOXMMHUYECKUX METOAOB aHAIM3a.

Tema 17. CnexkrpajibHbie MeToabl aHaau3a (OIIK-6)
Jlexnus.

CrekTp 3leKTpOMarHuTHOTO M3IydeHHs. J[JInHa BOJIHBI M BOJTHOBOE YMCIIO0. CHEKTPbl aTOMOB M MOJIEKYJI. .
nepexonbl. 3akoH byrepa-JlamGepra-bapa. Ero maremarmdeckoe Boipakenue. Mcmonb3zoBanue YO-, UK
aHamuTH4YecKor XxuMuu. CrieKTpooToMeTpudecKuii METO/.

WudpakpacHble CIEKTPbl U CTPOCHUE XUMHUYECKUX COCTUHEHUH. MONeKyIspHbIA KO3 UIMEHT MOTIONEeH
KOMOMHAIIMOHHOTO paccessHus. [IpruMeHeHne MHQpPaKpacHbIX CHEKTPOB U CHEKTPOB KOMOMHALIMOHHOTO .
@nroopecueHTHBIM aHanu3. Macc-cnekTpockonus. Ilpupoga M BHI Macc-CHEKTPOB. OMHCCHOHHAs CIie
CIEKTPAJILHOTO aHajH3a: BU3yalbHBIH, (oTorpaduueckuii, poroanekrpuueckuid. [IpoucxoxaeHne 3Muccr
BOJIH CIIEKTpaJIbHbIX JUHUI. KauecTBEeHHBIN U KOJMYECTBEHHBIN CHEKTPAJIbHBIM aHamu3. MeTonbl Koinuuec

MarHMTHOIO PE30HaHca. SInepHbli NPOTOHHBIN pe3oHaHC. Xumudeckuil casur. Bunasl cnexrpos. AMP (IIM
SAMP.

IIpakTH4eckoe 3aHATHE.
IIpakTHyeckoe 3anaTHE. Pemienne 3agay.
JlabopaTopHoe 3aHsiTHE.
JlaGopaTropHass paGora 1. IJkcnepuMeHTajlbHasi mNpoBepka 3akoHa byrepa-JlamOepra-bapa.
Onpenesienne xpoma B Bije OMXpoMara KaJiusl.
Lens: orpaborars METOAUKY (POTOMETPUYECKOTO METO/AA aHalIM3a, ONPEICNICHUs COJEp>KaHUsl BEIlecTBa
KaMOpOoBOYHOM KprBOM. KommuecTBeHHOE OTpeiesieHne XpoMa B aHAJTU3UPYyEMOM PacTBOPE.
Peaxmuevl: cmanoapmuwiii pacmeopa buxpomama xaus (¢ konyenmpayueu 8,481 me/mn)
Onwvim 1. Ilposepka evinonnumocmu 3axona byeepa-Jlambepma-bapa.

Bapuanm 1. B mepuyro konoy na 100 mn ombepume 5 mMi cmaHoapmuo2o pacmeopa ouxpomama xaaius (¢
Konyeumpayueu 8,481 me/mn), Oonetime 0o Mmemku u muameivHo nepemewavme. Ilposeoume
onpeodenieHue ONMU4eckou HNIOMHOCMU NOTYYEHHO20 PAcmeopd  NOC1e008amelbHO 8 KI08emax ¢
pasnoi moawunou nocnowarowezo cios (5, 10, 20, 30 u 50 mm) npu onume 6onnvt 430 Hm. B
Kauecmee pacmeopa CPASHEHUsi MOJNCHO 63Amb OUCMULIUposanHyio 600y. Illocmpotime epagux,
OmMKIA0bIBAs NO OCU OPOUHAM 3HAYeHUs onmuyeckou niomuocmu (D), a na ocu abcyucc — moawuny
noenowarouezo cnos 6 mm. Coenatime bl800 0 3A8UCUMOCIU ONMUYECKOU NAOMHOCMU ON MONUUHbL
no2nowjarouie2o Cios.
Bapuanm 2. B 7 mepuvix xono uma 100 mn ombepume coomeemcmeenno 2, 4, 6, 8, 10, 12, 14 mn
cmanoapmuoco pacmeopa ouxpomama xaaus. Jloseoume 00 MemKu OUCTULTUPOBAHHOU B000U U
mujamenvHo nepemewiavime. IllocneoosamenvHo npogeoume usMepeHusi ONMUYECKOl NIOMHOCMU
pacmeopos Ha (homosnekmpoKoiopumempe 6 Krogene ¢ moauuHot noaiowarouie2o cios 10 um u npu
onuHe gonnvl 430 um. B kauecmee pacmeopa cpagHeHUs MONCHO UCNONb308aMb  OUCTMULIUPOBAHHYIO
600y. Ilo nonyuenHvIM OAHHLIM ROCMpOUmME KAIUOPOBOUHBIU epaguk 6 koopounamax D —
xkonyeumpayusi K2Cr207. Onpedenume cooepicarnue Xpoma 8 pacmeope 6 me.

m (Cr) =,
CnemnaiiTe BBIBOJ O 32aBUCHMOCTH ONTHYECKOHN TIIOTHOCTH OT KOHIIEHTPALUU PacTBOpa
Onwvim Ne2. Onpedenenue xpoma 6 gude buxpomama.
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[Tonyuurte y mpemnonaBaressi aHAIM3UPYEMBbIH pacTBOp B MepHO# koibe Ha 100 mi. JloBemute ero Ao Me
THIaTeabHO nepeMeiaite. [IpoBenuTe omnpeneneHne ONTUYECKOW IUIOTHOCTH IIOJYYEHHOIO pacTBOpa
nornoutaromero cios 10 mm npu jymmae BoiHb! 430 HM. [lonb3ysch KaauOpOBOYHBIM Tpa(UKOM MOTYHl
OIpeJeNIuTe KOHLIEHTPAIMI0 OuxpoMara Kaius B aHAJM3UPYEMOM B PACTBOPE M COAEPIKaHUE B HEM Xpoma
OTHOCHUTEJIbHYIO OIINOKY U3MEPEHHS.

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.

CamocTtosTenbHast paboTa TeMbI HalleJieHa Ha MPopabOTKy KOHCIIEKTa JIEKLUU IO BOIPOCaM, TO3BOJISIOLUIIM
paboTe, KOJUIOKBUYMY, MOJTYyJIbHOMY TeCTHPOBaHHI0. CaMOCTOATEIbHOE PEIlIeHNE TUITOBBIX KaU€CTBEHHBIX U
MOJITOTOBKH K KOHTPOJIbHOM padoTte. [1oab3ysch AOMOMHUTEIBHON U CIIPABOYHOM JIUTEPATYPOM, CIEAYET cam:
ANEKTPOMArHUTHOTO U3JTy4YeHUs, 0003HAYUTh 00JIACTH MpaKTUYecKoro npuMeHeHus: YO-, K- u ciekTpos i
XUMHH, METOZA SJIEPHOT0 MArHUTHOTO PE30HAHCA U SIIEPHOTO IPOTOHHOTO PE30HAHCA.

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

[Mpunun padotsr 9BM. Iporpammuoe obecnieuenne. OcoOeHHOCTH U MPUHIMIIBI HCTIONb30BaHus DBM B
coop nauuHbix. [lepBuuHas oOpaboTka maHHBIX. MHTepmpeTanus NaHHBIX: MaTeMaTHUYECKOE MOJECIHPOR
MaTreMaTu-4eCcKue MOJIeTH 0OBEKTOB aHAIH3A.

IIpakTnyeckoe 3ansATHE.
IIpakTuyeckoe 3ansatue. [lpoBogurcs B popme cemuHapa.
JlabopatopHoe 3ansitue. He npexycmorpeHo

3anaHus AJ51 CAMOCTOSITEILHOI padoThI.

[Tonp3ysich NOMOTHUTEIBLHON U CIIPABOYHOM JIUTEPATYPOH, CIEAYET CAaMOCTOSTEILHO PACCMOTPETh MPUHITUIT
MIPOTPaMMHOTO 00ECTICUCHUSI.

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

3 cemecTp
*  TeKyLIui KOHTposb — 50 6amioB
*  KOHTPOJIbHBIC Cpe3bl — 2 cpe3a 1mo 10 6aIoB Kaxablid
* mpemuanbHbie 6amisl — 10 Ganos
* OTBET Ha ’K3aMeHe: He Oonee 30 G6ansioB

Pacripenenenne 6aioB 1Mo 3aaHUsIM:

No HasBanue DopMBbI Max. MeTtoauka mpoBeICHUS 3aHATUS U OLICHKU
T€ | TeMbl/BHUI TEKyLler | KOJI-BO
MBI yueOHOM 0 OamnoB
paboThI KOHTPOI
st/ cpe3sl
1. |Metononorny | Tectupo 2 Tect cocTouT U3 12 Bompocos.
€CKHe BaHUE 3 Oamma — cTymeHT mnpaBuibHO oOTBedaeT Ha 75-100%
ACTIEKTHI U BOIIPOCOB B TECTE
CTPYKTypa 2 Oamnma — CTyOeHT MpaBWIbHO oOTBeyaeT Ha 50-74%
aHAJTMTUYECK BOIIPOCOB B TECTE
Ol XUMHH 1 OGamn — cTygeHT mpaBWiIbHO oOTBeyaer Ha 25-50%
BOIIPOCOB B TECTE.
2. Teopus u Tectupo 3 Tect coctout u3 10 Bompocos.
MIpaKkTHKa BaHUC 3 Oamma — CTygeHT npaBuiabHO oTBedaeT Ha 75-100%
mpobooTbopa BOIIPOCOB B TE€CTE
u 2 Oamma — CTyAeHT mpaBWIbHO oTBedaer Ha 50-74%
Ipo0OoNoAroTo BOIIPOCOB B TECTE
BKH 1 ©Oamm — cTymeHT mnpaBWiIbHO oOTBedaeTr Ha 25-50%

BOIIPOCOB B TECTCE.
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nabopar 3arIaHupoBaHO BHIMOMHEHKE | 1abopa-TOpHOH paboTHl. 3a
opHas naboparopHylo pabOTy MakCHUMaJbHO HauyHucisercs 3
pabora Oamta: 1 Oamn -  BelmonHeHwe; 1 Oamn — pacueTsl U
oopmienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana
K J1a0opaTopHoil padote
Honnoe nabopar 3arraHupoBaHO BhIMOMHEHKE | 1abopa-TOpHOH paboTHl. 3a
pOU3BENICHHIE opHas nabopaTopHylo pabOTy MakCHUMaJbHO HauyHucisercs 3
BOJIBI. pabora Oamta: 1 Oamn -  BelmonHeHwe; 1 Oamin — pacueTsl U
Bonoponnsrii oopmienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana
MOKa3aTellb. K J1a0opaTopHoil pabote
Ilxana pH u Tectupo Tect coctout u3 10 Bompocos.
pOH. BaHUE 3 Oamma — cTymeHT mnpaBwibHO oOTBeuaeT Ha 75-100%
Bydepusbie BOIIPOCOB B TECTE
PacTBOPBEL. 2 Oamnma — CTyOeHT MpaBWiIbHO oOTBeyaeT Ha 50-74%
Bydephast BOIIPOCOB B TECTE
€MKOCTh 1 OGamn — cTygeHT mpaBWiIbHO oOTBeyaeTr Ha 25-50%
BOIIPOCOB B TECTE.
Kucnorno-oc | mabopar 3aruraaupoBaHo BeITIoNHEHNE 1 mabopa-TopHO# paboTHL. 3a
HOBHOE OpHast nmabopaTopHyo paboTy MaKCHMajlbHO HAdHMCIsIeTCsS 3
paBHO-BECHE. pabora Oayma: 1 Gamr -  BeIoNHEHWE;, 1 0Oamn — pacyeTsl U
I'maponus odopmiienue; 1 6amr — 3ammTa TEOPETHIECKOTO MaTepraia
coneii. BeBon K JTabopaTopHOil paboTe
AHATTUTHIECK Tectupo Tect coctout u3 10 Bommpocos.
ux BaHUC 3 Oamma — CTygeHT npaBuiabHO oTBedaeT Ha 75-100%
3aBUCHMOCTEH BOIIPOCOB B TECTE
2 Oamma — CTyAeHT mpaBWIbHO oTBedaer Ha 50-74%
BOTIPOCOB B TECTE
1 ©Oamm — cTymeHT mnpaBWwiIbHO oOTBedaer Ha 25-50%
BOIIPOCOB B TECTE.
Komrmnexcoo6 | Tectupo Tect coctout u3 10 Bompocos.
pa3oBaHUE B BaHUE 3 Oamma — cTymeHT mnpaBwibHO oTBedaeT Ha 75-100%
aHAJTMTUYECK BOIIPOCOB B TECTE
Ol XUMUH. 2 Oamnma — CTyOeHT MpaBWiIbHO oTBeyaeT Ha 50-74%
BOIIPOCOB B TECTE
1 OGamn — cTygeHT mpaBWiIbHO oTBeyaeTr Ha 25-50%
BOIIPOCOB B TECTE.
nmabopar 3aruraaupoBaHo BeITIoNHEHNE 1 mabopa-TopHO# paboTHL. 3a
OpHast nmabopaTopHylo paboTy MaKCHMajlbHO HAdHCIsIeTCs 3
pabora O6ayma: 1 Gamr -  BeImoNHEHWE;, 1 Oamn — pacyeTsl U
odpopmienue; 1 6amr — 3amuTa TEOPETUICCKOTO Marepraa
K JTabopaTopHOil paboTe
OxkuciurensH | 1abopar 3aruraaupoBaHo BeITIoNHEHNE 1 mabopa-TopHO# paboTHL. 3a
0-BOCCTaHOBH OpHast nmabopaTopHy0 paboTy MaKCHMajlbHO HAdMCIsIeTCsS 3
TEIbHBIE pabora Oayma: 1 Gamr -  BeIoNHEHWE;, 1 06amn — pacyeTsl U
peaxiuu B odopmiienue; 1 6amt — 3ammTa TEOPETHIECKOTO MaTepralia
AHATTUTHICCK K JTabopaTopHOil paboTe
O XUMHHU Tectupo Tect coctout u3 10 Bompocos.
BaHUC 3 Oamma — CTygeHT npaBuiabHO oTBedaeT Ha 75-100%
BOTIPOCOB B TECTE
2 Oamma — CTyAeHT mpaBWIbHO oTBedaer Ha 50-74%
BOTIPOCOB B TECTE
1 ©Oamm — cTymeHT mnpaBWiIbHO oOTBedaer Ha 25-50%
BOIIPOCOB B TECTE.
3akoH nabopar 3ariaHupoBaHoO BHIMOMHEHKE | 1abopa-TOpHOH paboTHl. 3a
JecTBUsS opHas naboparopHylo pabOTy MakCHUMaJbHO HayHucisercs 3
Macc B pabora Oamta: 1 Oamn -  BelmonHeHwe; 1 Oamn — pacueTsl U
reTePOTrCHHEI oopmienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana

X TIPOIIeCcCax.

K J1a0opaTopHoil pabote
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Kosustoxs

HYM(KOHT

PONBHBINI
cpe3)

10

Komnnoxsuym cpaercst B ycTHOH hopme 1o TpeaBapUTEIEHO
0003HaYEHHBIM TEOPETUUECKUM BONPOCAM U MaKCUMAallbHO
oueHuBaercs B 10 Gaiios:

9-10 0annoB BBICTABISETCS, €CIM CTYACHT OOHAPYKMII
BCECTOPOHHEE, CHUCTEMaTHYeCKoe M DIyOOKoe 3HaHHE
MPOTPaMMHOTO MaTepHajia, yMEHHE CBOOOIHO BBIMOJHSTH
3aJlaHus, TNPEAYCMOTPEHHBIE TMPOTpaMMOM, OCBOMBIIUI
OCHOBHYI0, ¥ 3HAaKOMBIH C JTOTIOJHUTENBHOMN JIUTEPATypOH.
OTBET MOCTPOEH JOTMYHO, MaTepuan H3JIaraercs YeTKo,
SICHO, XOpOIIMM SI3bIKOM, apryMEHTHpPOBaHO, YMECTHO
UCTIONB3yeTcsl HMH(POPMAIMOHHBIM W WIUTFOCTPATUBHBIN
Marepuan (IpUMepsl U3 MPAKTUKU, TaOMUIbl, TpaduKkd U
T.4.). Ha Bompockl oTBewaeT KpaTKo, apryMEHTHPOBAaHO,
YBEPEHHO, O CYILECTBY.

8-7 0amyoB  BBICTABISETCS, €CIM CTYACHT OOHApPYKHI
JOCTaTOYHO TIyOOKHE 3HaHWA MPOTrPaMMHOIO MaTepHana,
YMEHHE HCIIONIB30BaTh paHEE MOJIYUYEHHBIC 3HAHUS C BHOBb
nproOpeTEHHBIMH, MPHUMEHATh MX Ha mpakTuke. OTBeT
MIOCTPOEH JIOTMYHO, MaTepual M3JaracTcs XOpOIIUM
SI3BIKOM, NPUBJICKACTCS MH(QOPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepual, HO NMPU OTBETE JOIMYyCKaeT
HEKOTOpBIE MOTPELIHOCTH. Bompocs, 3a/laBacMble
MpernoaaBaTesneM, HE BBI3BIBAIOT CYILECTBEHHBIX
3aTpyIHEHUH

5-6 0anoB: CTyACHT MOKa3bIBAET HE JOCTAaTOYHBIH YPOBEHb
3HaHUH y4yeOHOTO M JIKUMOHHOTO Marepuaja, He B MOJTHOM
o0beMe BiajgeeT NPAKTHYECKUMH HAaBBIKAMH, UYyBCTBYET
ce0s HEyBepEeHHO NpU OTBETe Ha BOMNPOCHL. B oTBeTe He
BCEra MPUCYTCTBYET JIOTMKA, apryMEHTHI MPH-BICKAIOTCS
HEJAOCTAaTOYHO Beckue. Ha  mocTaBieHHBIE  BOMPOCHI
3aTpyJHSETCS C OTBETaMHM, IIOKa3bIBA€T HEJOCTATOYHO
IyOOKHe 3HAHUS

0-4 OannmoB: CTyEEHT TOKa3bIBaeT CJal0bli  ypOBEHBb
npodeCCHOHANBHBIX 3HAHWM, 3aTPyJHSCTCS NpPU aHaJH3e
MpaKTHUYECKUX cUTyanuid. He MoxeT mpuBecTH MpUMepHI U3
peanbHOM  mpakTuku.  HeyBepeHHO M JOTHYECKH
HEMOCIIEA0BAaTeNbHO M3MaraeT Marepuan. HenpaBuiabHO
OTBEYAET Ha MOCTABJIEHHBIE BONPOCH MJIU 3aTPYIHSAETCS C
OTBETOM

Meronpl
0OHapyKeHUS
u
naeHTuduKar
17178
Xpomaro-rpa
bus.

Tectupo
BaHUE

Tect coctout u3 10 Bompocos.

3 Oamma — CTygeHT npaBuiabHO oTBedaeT Ha 75-100%
BOIIPOCOB B TECTE

2 Oamma — CTyAeHT mpaBWIbHO oTBedaer Ha 50-74%
BOIIPOCOB B TECTE

1 ©Oamm — cTymeHT mnpaBWiIbHO oOTBedaer Ha 25-50%
BOIIPOCOB B TECTE.

nabopar
opHas
pabora

3arraHupoBaHO BHIMOMHEHKE | 1abopa-TOpHOH paboTHl. 3a

nabopatopHylo pabOTy MakCHUMaJbHO HauyHucisercs 3
Oamta: 1 Oamn -  BelmonHeHwe; 1 Oamin — pacueTsl U
oopmiienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana

K J1abopaTopHoil pabote

Komtonaaeie
CHCTEMEI B
aHAJIUTUYECK
OH XHMHH.

nabopar
opHas
pabora

3ariaHupoBaHO BhIMOMHEHKE | 1abopa-TopHOH paboThl. 3a

naboparopHylo pabOTy MakCHUMaJbHO HauyHucisercs 3
Oamta: 1 Oamn -  BelmonHeHwe; 1 Oamin — pacueTsl U
oopmienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana

K J1abopaTopHoil pabote
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Tectupo
BaHUE

Tect coctout u3 10 Bompocos.

3 Oamma — cTymeHT mnpaBwibHO oOTBedaeT Ha 75-100%
BOIIPOCOB B TECTE

2 Oamnma — CTyOeHT MpaBWIbHO oOTBeyaeT Ha 50-74%
BOIIPOCOB B TECTE

1 OGamn — cTygeHT mpaBWiIbHO oTBeyaeTr Ha 25-50%
BOIIPOCOB B TECTE.

10.

Amnanus
cMecen
HOHOB.

Amnanus

pacTBopa
XHMHYECKOTO
COEIMHECHHS.

Kostoxs

UYM(KOHT

POJIbHBII
cpe3)

10

KosnokBuyM craetcst B yCTHO#M hopMe 10 IpeaBapUTeIbHO
0003HaYEHHBIM TEOPETUIECKHUM BOIPOCAM U MaKCHUMAaJbHO
orennBaercs B 10 Gamos:

9-10 GayTOB BBICTABIACTCS, €CIH CTYACHT OOHApPYKELT
BCECTOPOHHEE, CHCTEeMaTHYecKoe U TIyOOKoe 3HaHWe
MPOrpaMMHOTO MarepHalia, YMeHHe CBOOOIHO BBHITIOIHSTH
3a7laHud, TPEIYyCMOTPEHHbIE MPOTrpaMMOM, OCBOUBIIUH
OCHOBHYI0, U 3HAKOMBIH C JOMOJHUTEIbHOU JIUTEPATYPOM.
OTBET MOCTPOEH JOTHYHO, MaTepual H3JIaraercs 4YeTKo,
SICHO, XOpPOIINM SI3bIKOM, apTyMEHTHPOBAaHO, YMECTHO
WCTIONB3yeTcs HHGOPMAIMOHHBIM W FJUTFOCTPATHBHBIN
Matepras (IpUMEPHl U3 MPAKTUKH, TAONHIBI, TpaQuKd H
T.0.). Ha Bompochkl oTBewaeT KpaTko, apryMEHTHPOBAHO,
YBEPEHHO, 10 CYIIIECTRY.

8-7 ©OamIoB  BBICTABISICTCS, €CITU CTYACHT OOHApPYKHI
JOCTaTOYHO TIyOOKWE 3HAaHWS MPOrpaMMHOIO Marepuana,
YMEHHE HCIIONIb30BaTh paHee MOMyuYeHHbIC 3HAHHUS C BHOBD
MPHOOPETEHHBIMU, MPUMEHATh WX Ha mpakThuke. OTBeT
MOCTPOEH JIOTHYHO, MaTepual M3JIaraeTcsl XOpOIIUM
SI3BIKOM, TIPHUBIIEKAETCS WH(OPMATHUBHBIHI u
WJUTIOCTPUPOBAHHBIN MaTepual, HO MPHU OTBETE JOMyCKaeT
HEKOTOpBIE MOTPETTHOCTH. Bompockr, 3a/laBaeMbIe
MperoaBaTesnem, HE BBI3BIBAIOT CYIIIECTBEHHBIX
3aTpyHEHU N

5-6 0ayUTIOB: CTYACHT MOKA3bIBAET HE JOCTATOYHEIN YPOBEHD
3HaHWU y4eOHOTO W JIEKIMOHHOTO MaTepraia, HE B MOJTHOM
o0beMe BiIameeT NPAKTHUYECKIMH HaBbIKAMH, YYBCTBYET
cebd HEyBEepEeHHO TpPU OTBETE Ha BOIPOCH. B oTBeTre HE
BCETJa MPUCYTCTBYET JIOTWKA, apTyMEHTHI IPH-BIEKAIOTCS
HEJOCTAaTOYHO Beckwe. Ha  mocTaBleHHBIE  BOMPOCHI
3aTpygHSIETCSl C OTBETaMHM, TIOKa3bIBae€T HEJOCTATOYHO
TyOOKHEe 3HAHMS

0-4 OammoB: CTymeHT TIOKasblBaeT CilaOBIi  ypOBEHB
npoeCCHOHANPHBIX 3HAHWH, 3aTpyIHSICTCS TpPU aHaJu3e
MPaKTHYECKUX CUTyanuid. He MoXkeT mpuBecTH MpUMEpPHI U3
peaIbHOM  TPaKTUKH. Heysepenno U JIOTUYECKHU
HEMOCIIEI0BAaTeIbHO ~H3/Maraer wmarepuai. HemnpaBuibHO
OTBEYAET Ha IMOCTABJIEHHBIE BOIPOCHI MIIM 3aTPYIHSAETCS C
OTBETOM

nabopar
opHas
pabora

3a naboparopHyilo paOoTy MakCHUMajbHO HauuciseTcs 3
Oamta: 1 Oamn -  BeimonHeHwe; 1 Oamin — pacueTsl U
oopmienue; 1 Gann — 3amuTa TEOPETHUECKOTO Marepuana
K J1abopaTopHoil pabote

11.

[IpemuansHbie OaIbl

10

JlononHuTeNbHBIE MpEeMUAIbHBIE Oalibl  MOTYyT OBITh
HayMCIeHbl 3a TMOCTOSHHYIO aKTHBHOCTb BO  BpeMs
naboparopHbIX 3aHsATHH — 10 GanioB

12.

OTBeT Ha PK3aMCHE

30

10-17 GamioB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCH H
3aJaHus OUJIeTa Ha OLICHKY «YIOBJICTBOPUTEIIHLHOY

18-24 GamnoB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCH H
3aJaHus OMJIeTa Ha OLIEHKY «XOPOILOY,

25-30 GamIoB — CTYAEHT PacKpblUl OCHOBHBIE BOMPOCHI U
3aJaHus OMJIeTa Ha OLICHKY «OTIAMYHOY.




42

13. WnnuBunyansHble 50 Jomamssas KOHTPOJIbHAS pabora (30 0asioB).
3aJaHusl, C IOMOLIBIO [IpencraBnser coboif MHAMBHAYANBHOE 33/IaHUE, COCTOSIIIEE
KOTOPBIX MOXKHO n3 6 pacyETHBIX 3a/1a4 MOBBIIEHHOTO YPOBHS CIOXHOCTH. (5
HaOpaTthb 0aJuIOB 3a KaXKIyI0 MIPAaBUWIBHO PELICHHYIO 3a/1a4y).
JIOTIOJTHUTEJIbHBIE TectupoBanue (100 BompocoB) MO BceMy Kypcy cemecTpa
0aJuTbl HA SK3aMeHe (50 6anmnos: 0,5 6anna 3a KaXXAbli IPaBUIBHBIA OTBET)
14. Hroro 3a cemectp 100
4 cemecTp
*  TeKyLIui KOHTposb — 50 6amioB
*  KOHTPOJIbHBIC Cpe3bl — 2 cpe3a 1o 10 6ayIoB Kaxablid
* mpemuanbHbie 6amisl — 10 Ganos
* OTBET Ha ’K3aMeHe: He Ooinee 30 GayoB
Pacnipenenenne 6anioB 1mo 3aiaHusIM:
Ne Hazpanue Dopmbl Max. MeTonrka NpoBeAECHNS 3aHATUS U OLIEHKU
T€ | TeMbl/BHUI TEKyLer | KoJI-BO
MBI yueOHOM 0 OamnoB
paboThI KOHTPOI
st/ cpe3sl
1. |I'paBumerpuu nabopar 6 3artaHupoBaHO BBITIONHEHHE 2 Jabopa-TOpHBIX padoT. 3a
ecKkuit opHas KaXIIy1o naboparop-HyIo paboty MaKCHMAaJIbHO
aHaJIN3. pabora Hauncnsercs 3 Oamma: 1 Gamn - BeimonHeHnue; 1 Oamm —
pacyeTsl U opopmieHue; 1 Gana — 3almmTa TeOPETUIECKOTO
Marepuaia K 1adopa-TopHOi paboTte
2. | Tutpumerpn nabopar 9 3artaHupoBaHO BbINONHEHHE 3 jabopa-TOpHBIX paboT. 3a

YeCcKui OpHas
aHanu3 Ha pabora
Oaze

KHCJIOTHO-OCH

KXKIYIO n1abopaTop-Hyto paboty MaKCHMAaJIbHO
Hauncisercss 3 Oauta: 1 Oaiur - BeImonHeHwe, 1 Oamn —
pacueTsl U odopmiieHHe; 1 6ayT — 3amuTa TeOPETUICCKOTO
MaTepuana kK 1abopa-TopHOH paboTe
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KOJJIOKB
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Komnnoxsuym cpaercst B ycTHOH hopme 1o TpeaBapUTEIEHO
0003HaYEHHBIM TEOPETUUECKUM BONPOCAM U MaKCUMAallbHO
oueHuBaercs B 10 Gaiios:

9-10 0annoB BBICTABISETCS, €CIM CTYACHT OOHAPYKMII
BCECTOPOHHEE, CHUCTEMaTHYeCKoe M DIyOOKoe 3HaHHE
MPOTPaMMHOTO MaTepHajia, yMEHHE CBOOOIHO BBIMOJHSTH
3aJlaHus, TNPEAYCMOTPEHHBIE TMPOTpaMMOM, OCBOMBIIUI
OCHOBHYI0, ¥ 3HAaKOMBIH C JTOTIOJHUTENBHOMN JIUTEPATypOH.
OTBET MOCTPOEH JOTMYHO, MaTepuan H3JIaraercs YeTKo,
SICHO, XOpOIIMM SI3bIKOM, apryMEHTHpPOBaHO, YMECTHO
UCTIONB3yeTcsl HMH(POPMAIMOHHBIM W WIUTFOCTPATUBHBIN
Marepuan (IpUMepsl U3 MPAKTUKU, TaOMUIbl, TpaduKkd U
T.4.). Ha Bompockl oTBewaeT KpaTKo, apryMEHTHPOBAaHO,
YBEPEHHO, O CYILECTBY.

8-7 0amyoB  BBICTABISETCS, €CIM CTYACHT OOHApPYKHI
JOCTaTOYHO TIyOOKHE 3HaHWA MPOTrPaMMHOIO MaTepHana,
YMEHHE HCIIONIB30BaTh paHEE MOJIYUYEHHBIC 3HAHUS C BHOBb
nproOpeTEHHBIMH, MPHUMEHATh MX Ha mpakTuke. OTBeT
MIOCTPOEH JIOTMYHO, MaTepual M3JaracTcs XOpOIIUM
SI3BIKOM, NPUBJICKACTCS MH(QOPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepual, HO NMPU OTBETE JOIMYyCKaeT
HEKOTOpBIE MOTPELIHOCTH. Bompocs, 3a/laBacMble
MpernoaaBaTesneM, HE BBI3BIBAIOT CYILECTBEHHBIX
3aTpyIHEHUH

5-6 0anoB: CTyACHT MOKa3bIBAET HE JOCTAaTOYHBIH YPOBEHb
3HaHUH y4yeOHOTO M JIKUMOHHOTO Marepuaja, He B MOJTHOM
o0beMe BiajgeeT NPAKTHYECKUMH HAaBBIKAMH, UYyBCTBYET
ce0s HEyBepEeHHO NpU OTBETe Ha BOMNPOCHL. B oTBeTe He
BCEra MPUCYTCTBYET JIOTMKA, apryMEHTHI MPH-BICKAIOTCS
HEJAOCTAaTOYHO Beckue. Ha  mocTaBieHHBIE  BOMPOCHI
3aTpyJHSETCS C OTBETaMHM, IIOKa3bIBA€T HEJOCTATOYHO
IyOOKHe 3HAHUS

0-4 OannmoB: CTyEEHT TOKa3bIBaeT CJal0bli  ypOBEHBb
npodeCCHOHANBHBIX 3HAHWM, 3aTPyJHSCTCS NpPU aHaJH3e
MpaKTHUYECKUX cUTyanuid. He MoxeT mpuBecTH MpUMepHI U3
peanbHOM  mpakTuku.  HeyBepeHHO M JOTHYECKH
HEMOCIIEA0BAaTeNbHO M3MaraeT Marepuan. HenpaBuiabHO
OTBEYAET Ha MOCTABJIEHHBIE BONPOCH MJIU 3aTPYIHSAETCS C
OTBETOM

OKucnIuTEIbH
0-BOCCTaHOBH
TEIBHOE
TUTPOBAHUE

nmabopar
opHas
pabora

3aruTaHupPOBaHO BBIMOTHEHHE 2 JTA00-paTopHBIX pabot. 3a
KKITyIO Jabopa-TOpHYIO paboty MaKCHMaJIbHO
Hauuc-JisseTcs 3 Oawta: 1 Oamn - BeIOJAHeHHE, 1 Gamm —
pacuetsl u oopmiteHre; 1 6amr — 3ammTa TEOPETHIECKOTO
MaTe-praja K JaboparopHoii pabdote

Komrrexcono
METPHUIECKOE
u
ocaguTelIbHOE
THTPOBAHUE.

nmabopar
opHas
pabora

3aruTaHupOBaHO BBINONIHEHHE 3 Jabopa-TOpHBIX paboT. 3a
KOKITYIO nabopaTop-HyIo paboty MaKCHMaJIbHO
Hauucnsercss 3 Oaura: 1 Oaiur - BeImonHeHwe;, 1 Oamn —
pacuetsl u oopmiteHne; 1 6amr — 3ammTa TEOPETHIECKOTO
MaTepuaia K 1abopa-TopHoil pabote

Kunetnueckn
€ METObI
aHajn3a.

Tectupo
BaHUE

Tect coctout u3 10 Bommpocos.

3 Oamma — CTygeHT npaBWiabHO oTBedaeT Ha 75-100%
BOIIPOCOB B TECTE

2 Oamma — CTyAeHT mpaBWIbHO oTBedaer Ha 50-74%
BOIIPOCOB B TECTE

1 ©Oamm — cTymeHT mnpaBWiIbHO oOTBedaeTr Ha 25-50%
BOIIPOCOB B TECTE.
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KOJJIOKB
HYM(KOHT
PONBHBINI

cpe3)

10

Komnnoxsuym cpaercst B ycTHOH hopme 1o TpeaBapUTEIEHO
0003HaYEHHBIM TEOPETUUECKUM BONPOCAM U MaKCUMAallbHO
oueHuBaercs B 10 Gaiios:

9-10 0annoB BBICTABISETCS, €CIM CTYACHT OOHAPYKMII
BCECTOPOHHEE, CHUCTEMaTHYeCKoe M DIyOOKoe 3HaHHE
MPOTPaMMHOTO MaTepHajia, yMEHHE CBOOOIHO BBIMOJHSTH
3aJlaHus, TNPEAYCMOTPEHHBIE TMPOTpaMMOM, OCBOMBIIUI
OCHOBHYI0, ¥ 3HAaKOMBIH C JTOTIOJHUTENBHOMN JIUTEPATypOH.
OTBET MOCTPOEH JOTMYHO, MaTepuan H3JIaraercs YeTKo,
SICHO, XOpOIIMM SI3bIKOM, apryMEHTHpPOBaHO, YMECTHO
UCTIONB3yeTcsl HMH(POPMAIMOHHBIM W WIUTFOCTPATUBHBIN
Marepuan (IpUMepsl U3 MPAKTUKU, TaOMUIbl, TpaduKkd U
T.4.). Ha Bompockl oTBewaeT KpaTKo, apryMEHTHPOBAaHO,
YBEPEHHO, O CYILECTBY.

8-7 0amyoB  BBICTABISETCS, €CIM CTYACHT OOHApPYKHI
JOCTaTOYHO TIyOOKHE 3HaHWA MPOTrPaMMHOIO MaTepHana,
YMEHHE HCIIONIB30BaTh paHEE MOJIYUYEHHBIC 3HAHUS C BHOBb
nproOpeTEHHBIMH, MPHUMEHATh MX Ha mpakTuke. OTBeT
MIOCTPOEH JIOTMYHO, MaTepual M3JaracTcs XOpOIIUM
SI3BIKOM, NPUBJICKACTCS MH(QOPMATHBHBIN u
WTIOCTPUPOBAHHBIN MaTepual, HO NMPU OTBETE JOIMYyCKaeT
HEKOTOpBIE MOTPELIHOCTH. Bompocs, 3a/laBacMble
MpernoaaBaTesneM, HE BBI3BIBAIOT CYILECTBEHHBIX
3aTpyIHEHUH

5-6 0anoB: CTyACHT MOKa3bIBAET HE JOCTAaTOYHBIH YPOBEHb
3HaHUH y4yeOHOTO M JIKUMOHHOTO Marepuaja, He B MOJTHOM
o0beMe BiajgeeT NPAKTHYECKUMH HAaBBIKAMH, UYyBCTBYET
ce0s HEyBepEeHHO NpU OTBETe Ha BOMNPOCHL. B oTBeTe He
BCEra MPUCYTCTBYET JIOTMKA, apryMEHTHI MPH-BICKAIOTCS
HEJAOCTAaTOYHO Beckue. Ha  mocTaBieHHBIE  BOMPOCHI
3aTpyJHSETCS C OTBETaMHM, IIOKa3bIBA€T HEJOCTATOYHO
IyOOKHe 3HAHUS

0-4 OannmoB: CTyEEHT TOKa3bIBaeT CJal0bli  ypOBEHBb
npodeCCHOHANBHBIX 3HAHWM, 3aTPyJHSCTCS NpPU aHaJH3e
MpaKTHUYECKUX cUTyanuid. He MoxeT mpuBecTH MpUMepHI U3
peanbHOM  mpakTuku.  HeyBepeHHO M JOTHYECKH
HEMOCIIEA0BAaTeNbHO M3MaraeT Marepuan. HenpaBuiabHO
OTBEYAET Ha MOCTABJIEHHBIE BONPOCH MJIU 3aTPYIHSAETCS C
OTBETOM

DIEKTPOXUMHU
YECKHE
METOJIBI
aHanmm3a

nmabopar
opHas
pabora

3aruTaHupPOBaHO BBIMTONIHEHHUE 2 J1a00OpaTOpHBIX paboT. 3a
KOKIyIo J1a00paTopHyo padoTy MaKCUMAaJIbHO HAYHUCIISETCS
3 Gamma: 1 Gaym - BeITONIHEHHME; | Oamr — pacueTsl U
odpopmienue; 1 6amr — 3amuTa TEOPETUICCKOTO Marepraa
K JTabopa-TopHO# padoTe

CriekTpasibH
bIE METOJIBI
aHanmm3a

nmabopar
opHas
pabora

3a mabopaTopHy0 paboTy MaKCH-MajbHO HadHciseTcs 3
Oayma: 1 Gamr -  BeIoNHEHWE;, 1 Oamn — pacyeTsl U
odpopmienue; 1 6amr — 3amuTa TEOPETUICCKOTO MaTepraa
K JTabopaTopHOil paboTe
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OBM B JOKIam
aHAJUTUYECK
Ol XMMHU

VerHoe BBICTYILJICHUE CTY/ICHTA o BOIIpOCam
MPAKTHYECKOTO 3aHATHSI C LENbI0 0ojee OOCTOSTEIHLHOTO
OCBEUICHUSI MPOTPaMMHOr0 Marepuajga C IPUBICUYCHUEM
HamOoJiee  COBPEMEHHBIX  HWCCIICZIOBaHMH B oOmactu
AHATUTUYCCKON HAYKH.

3 Oamma — CTyACHT IPpaMOTHO BBICTPAWBAET JIOTHKY CBOETO
JIOKJIa/1a, PacKphIBa€T TEMY HMCCICAOBAHMS, ONHUPAsCh Ha
pe3yIbTaThl TEOPETHUUECKUX Hu SMITUPUIECKUX
HCCIEeNOBaHUN mocienHux 3-5 neT. I'paMoTHBIE OTBETHI Ha
JOTIOJTHUTENIbHBIE BOTIPOCHI

2 Oamma - CTYICHT TPaMOTHO BBICTPAWBAET JIOTHKY CBOETO
JIOKJIa/a, PacKphIBA€T TEMY HMCCICAOBAHMS, ONHUPAsCh Ha
pe3yIbTaThl TEOPETUUECKUX WITH AMIUPUICCKUX
WCCIEAOBAHUNM COBPEMEHHOM HAyKH, JaHbl T'PaMOTHBIC
OTBETHI HA OTACNIbHBIC JOMOJIHUTEIBHBIE BOMPOCHI

1 Gaym — OTBET MpEACTABIACT COOON MPOCTOS 3aUNUTHIBAHUE
TEKCTa, OTNICIbHBIC OTBETHl HA JOMOJHUTEIBHBIE BOMPOCHI
TpeOyIOT YTOUHEHHUS

Kontpon
bHas
pabora

Ha mnucemeHHyl0o KOHTpodbHYIO paboty otBogutcs 90
MuHYT. Pabota cocTouT B pemieHnn 5 pacyeTHBIX 3a/1ad 10
TEME U MaKCHMaJlbHO OlleHHBaeTca B 5 OamnoB (1 Oamnm 3a
KaXXIyI0 IPaBUIBHO PEILICHHYIO 3a/1a4y).

[IpemuansHbie OaIbl

10

JlononHuTEeNbHBIE MpPEeMUATbHBIE Oamibl  MOTYT OBITh
HAyMCIeHbl 3a TMOCTOSHHYIO aKTHBHOCTb BO  BpeMs
naboparopHbIX 3aHsATHH — 10 GanioB

10.

OTBeT Ha PK3aMCHE

30

10-17 GamioB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCH H
3aJaHus OUJIeTa Ha OLICHKY «YIOBJICTBOPUTEIIHLHOY

18-24 GamnoB — CTYIEHT pacKpbll OCHOBHBIE BOIPOCH H
3aJaHus OMJIeTa Ha OLIEHKY «XOPOILOY,

25-30 GamIoB — CTYAEHT pacKpblUl OCHOBHBIE BOMPOCHI U
3aJaHus OMJIeTa Ha OLICHKY «OTIAMYHOY.

11.

NuaauBuayanbHbIe
3aJlaHMs, C IIOMOIILIO
KOTOPBIX MOXKHO
HaOpaThb
JIONIOJIHUTEILHBIE
OaJIIbl Ha DK3aMEHe

50

JlomamrHsis KOHTPOJIbHAS pabora (30 OatoB).
[Ipencrasnsier coboit HHIUBUIYAIBHOE 3aJaHUE, COCTOSIICE
13 6 pacu€THBIX 3aj1a4 MOBBIIIEHHOTO YPOBHS CIIOKHOCTH. (5
0aJTOB 32 KKIYIO IPABIIIBHO PEIICHHYIO 33139y ).
TectupoBanue (40 BompocoB) 1Mo BceMy Kypcy cemectpa (20
6aytoB: 0,5 6aa 3a KaXKIblid MPaBUILHBIA OTBET)

12.

Uroro 3a cemectp

100

Hrorosas ornenka mo sk3ameHy BbicTaBisieTcss B 100-0aibHON 1IKajae U B TPAAUITMOHHONW YETHIPEXOaJUIbE
PEUTHUHIOBOM OLIEHKH I10 IUCUUIUIMHE B TPAJAULMOHHYIO YEThIPEX0aUIbHYIO OCYIIECTBIISETCS CAEIYIOINM O

100-6ayuipHasA cucTeMa TpanuimonHas cuctema
85 - 100 6anmoB OTnugyHO
70 - 84 6annoB Xoporto
50 - 69 Gannos YIOBIETBOPUTEIBEHO
Menee 50 HeynosnerBopurenbHo

Pacnipenenenne 6amioB mo KypcoBoii padore:

NpeACTaBICHUE COlepKaTeIbHOM yacTu — He 6osee 55 6aos,

odopmiieHre U HHOOPMAITMOHHOE CONTPOBOXKICHHE — HEe Oosee 20 6aoB,

3alUTa KypcoBoi paboTsl — He Oonee 25 OaoB.

Pacnpenenenue 6amioB no BuaaM y4eOHONH pabOTHl M METOAMKA HAYMCICHHUS OaJlIOB:
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Bun yueoHoii padoThI

Max.
KO0JI-BO
0asL10B

MeTonuka HAYHCJIeHUA 0a1710B

[IpencraBnenue
coliep>KaTeabHOM YacTu

55

41-55 OamnoB — comepkaHue pabOTBI COOTBETCTBYET
BBIOPaHHOMY HAIPaBJICHUIO MOATOTOBKH/CIENHUAIBHOCTH H
TeMe pabortsl, pabora aKTyaJbHa, BBITOJTHEHA
CaMOCTOSITENILHO, UMEET TBOPUECKUI XapaKTep, OTINIAETCS
ONPENCICHHON  HOBU3HOH; TPOBENEH  OOCTOSTEIBHBIN
aHaJIN3 CTETEHU TEOPETUUECKOTO UCCIe0BaHuUs MpOOIeMBl,
pPa3IMUYHBIX MOAXOJOB K €€ pEIICHUIO, MOKa3aHO 3HaHME
nHPOPMAIMOHHON (IpM HEOOXOAUMOCTH — HOPMATHBHOM)
0a3bl, HCIOJB30BAHBl AaKTyaJbHBIE JaHHBIC; MpobieMa
packpeiTa TIyOOKO M BCECTOPOHHE, Marepuan H3JI0XKEH
JIOTUYHO; TEOPETHUIECKHE MIOJIOKEHHS OpraHUYHO
CONMpSDKEHBl € TpPakTUKOM,  JaHbl  TNpaKkTHYECKHE
PEKOMEHAALMK, BBHITEKAIOIIWE W3 aHalu3a MpoOJIeMBl;
MpOBENEH KOJIMYECTBEHHBIH aHaIM3 MPOOJIEMBI, KOTOPBIN
MOATBEPKAAET BBIBOZIBI aBTopa, WJUTIOCTPUPYET
aKTyaJIbHYI0 CHTYallUIo, NPUBEACHBI TaONWIBI CpaBHEHUH,
rpaduKy, AUarpaMMbl, GOpMYIbI, TOKa3bIBAIOIINE YMEHUE
aBTOpa OpPMaN30BATh PE3YNIBTATH NCCICIOBAHMS,;

21-40 6annoB — conepxkaHue paboTHI B LIEJIOM COOTBETCTBYET
BbIOpaHHOW  TeMe, CTPYKTypa IUlaHa JIOTHYHA W
MPONOPLMOHATIbHA; O0OCHOBAaHUE AKTYaJbHOCTH TEMBI
MOJKPEIUIAETCA ~ AHANM30M  CTENEHH  TEOPETHYECKOIo
UCCIIeIOBaHUSI MPOOIEMBI; OCHOBHBIC MOJOKEHHS pPabOTHI
PacCKpBITHI Ha JIOCTAaTOYHOM TEOPETHIECKOM u
METOZIOJIOTHYECKOM YPOBHE, OOJIbIIAsl YaCTh TEOPETHUECKUX
MOJIOKEHUA  COTIpSDKEHAa C  MPaKTUKOH; TpakTHYECKHe
peKoMeHAauud  OOOCHOBAaHBI,  BBIBOABI MO  paboTe
cofieparelbHbl M B LIEJIOM COOTBETCTBYIOT IOCTaBIEHHBIM
3aJadam;

1-20 GannoB — UMEET MECTO OIPEIEIICHHOE HECOOTBETCTBUC
comepkaHuss pPaOOTHl 3asABICHHON TeMe; HCCleayeMas
npobieMa B OCHOBHOM pacKpbiTa, HO HE OTIMYaeTCs

HOBHU3HOM, TEOPETHUIECKOI 1yOnHOU u

apryMEHTUPOBAHHOCTEHIO; BBISIBIICHBI HE0YETHI B
METOAO0IOTHYECKHUX XapaKTepUCTUKAX KypCOBOTO
WCCIIEIOBAHUSA; €CThb HApYIIEHUSA JIOTUKH H3JIO0KEHUS
MaTepuana, IOCTaBICHHBIE 331a4M PEIICHBI HE MOJTHOCTHIO;
TEOpPETUYECKHE TONOXKEeHUsT cabo CBA3aHBl C MPAKTHKOM,
NpakTHYECKHE  PEKOMEHJAlWW  HOCAT  (OpMaJbHBIHA
0e310Ka3aTeNbHBII XapaKkTep

Odopmenue u
MHPOPMALIIOHHOE
COIIPOBOXKIICHHE

20

16-20 GamnoB — mMPOKO MpeAcTaBieHa Oubmuorpadus mo
TeMe paboTbl, B TOM 4YHUCIE W 3apyOeKHbIe HCTOYHUKH,
MPUIOKEHHUS K paboTe WILTIOCTPUPYIOT JOCTHXKEHHS aBTOpa

W TOAKPEIUISIOT €ro BBIBOABL, OdopMmileHHE pPaldOTHI
MOJTHOCTBIO COOTBETCTBYET TPEOOBAHUAM, MPEIBIBIISIEMbIM
K KypCOBOMY HCCIIEZOBaHHIO;

8-15  OammoB —  TPWIOKEHHs,  HCHOIb3yeMbIE B
WCCIIEIOBAHUH, COCTaBJICHBI TPAMOTHO, MPOCIIEKHUBACTCS
CBSI3b C TIOJIOKCHUSIMH  KypCOBOH  pabOTBI;  CIIMCOK
HCIIONIB30BAaHHOM JTUTEPATyphl cocTarieH, ciaeays [OCTy, u

B JIOCTATOYHOH Mepe COOTBETCTBYET TeME PaOOThI; HMEIOTCS
OTHENbHBIE  HETOYHOCTH B OodopMIIeHHH  paboOTHI
(OTCYTCTBYET YacTh CCHUIOK Ha HCIOJIb3YeMble NCTOYHUKH,
€CTh OTJECNbHBIC CTHJIMCTHUYECKUE, TpaMMarudyeckue W
opdorpaduaeckre ommoOKm);
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1-7 OGamioB — B paboTe HE MOJHOCTHIO HCIONb30BaHA
HeoOXoauMasl IJsl PacKpBITHsI TEeMbl HaydHasl JIUTEPaTypa,
nHpOpMaMOHHbIE 0a3bl JAaHHBIX, a TaKXKe MaTepUallbl
uccrnenoBanuil; Oubnuorpaduveckuil CHUCOK OQOPMIICH
HEBEPHO; COAepKaHUE TNPUIIOKECHUN HE OTpakaeT PELICHUs
MOCTaBICHHBIX  3agad  (OTCYTCTBYIOT  HEOOXOAMMBIE
MPUIOKEHHS); MMEIOTCS MHOTOYHCIICHHBIE HETOYHOCTH B
odopmIIeHUH pabOTHI

3. |3ammTa KypCcoBOit
paboThI

25

19-25 GamnoB — 3ammTa OTIMYAETCS MOTHOTON PACKPBITHS
TEMBI U IPEACTaBICHHs IOJIyYEHHBIX PE3yJbTaToOB; CTyAECHT
JNEMOHCTPUPYET YBEPEHHOCTh U YOEIUTEIBbHOCTh MaHEpHI
BBICTYIUICHUS; CTUJIb U TPAMOTHOCTb PEYM COOTBETCTBYIOT
KyJbTYpe IIPEACTaBIECHUS pe3yJIbTaToB Hay4yHOI'0
UCCIICIOBAHUS; OTBETHl Ha JIONOJHUTEIbHBIE BOIPOCHI
XapaKTepU3yTCs KPaTKOCThIO M apryMEHTHPOBAaHHOCTHIO;
10-18 GanmoB — CTPyKTypa W pETIaMEHT BBICTYIUICHHS B
L[ETI0M COOJTIONICHBI; 3amuTa COTIPOBOXKJIAETCS
rpaMMaTHYECKH TPaBWIBHOH, 53MOLMOHAIBHOM peyblo;
CTYIEHT MOIJEPKHUBACT XOPOIINN KOHTAKT C ayIUTOpHEM;
OTMEYaeTCsi TBOPYECKHH TIOAXOJ B MOATOTOBKE OOBEKTOB
HaIMIIAHOCTH MPE3CHTAlMM; JOMOJIHUTENBHBIE BOMPOCHI
BBI3BIBAIOT HEKOTOPBIE 3aTPyIHEHHUS;

1-9 6amnoB — CTYIEHT AEMOHCTPUPYET HEBHICOKOE KaudeCTBO
YCTHOTO JTOKJTaja; JIOCTYITHOCTH u 00pa3HOCTh
MPEJICTABICHUSI MPOAETAaHHOW pPabOThl ¥  IONYYEHHBIX
PE3yaBTaTOB BBI3BIBAET BOMPOCHI, OTMEYAETCS YACTHIHOE
HECOOTBETCTBHE TPE3CHTAIMHA CONEPKAaHUIO KYpPCOBOTO
WCCIIEJIOBaHMs;  JM3allH  BU3yaJbHOM  HMHTEpIpETaluu
MIpeJICTaBICHHON pabOoTHI 3aTPYAHAET €€ BOCIPHUITHE

HUTOI'O:

100

HroroBast omeHka mo KypcoBoi pabote BeicTaBisieTcss B 100-0amipbHOM mIKajie M B TPATUIIMOHHOW Yel
100-6ampHO# pEUTUHTOBOM OIEHKH MO0 JUCITUIUIIMHE B TPAJAUIIMOHHYIO YETHIPEX0aUTbHYIO OCYIIIECTBIISACTCS

100-6ayuipHasA cucreMa TpanuimonHas cuctema
85 - 100 6anmoB OTnugyHO
70 - 84 6annoB Xoporto
50 - 69 Gannos YIOBIETBOPUTEIBEHO
Menee 50 HeynosnerBopurenbHo

4.2 TunoBsie OLIEHOYHBIE CPEACTBA TEKYIIIETO KOHTPOJIS

JOKJIAJ

Tema 18. OBM B aHaauTHYECKOU XUMUU

1. Ipunnun padotst 9BM, 0CHOBHBIE MOJTYIIH.

2. IIporpamMmMmHOE 0O€CTIEUCHHE, UCTIONB3YEMOE B AaHAIUTUYECKOM TIPAKTHKE.

3. Oco0eHHOCTH Y IPUHIIUITHI UCTIONIb30BaHusl DBM B aHaTUTHYECKOW XUMUH.

4. VYmpasnenue u coop nanabix. [lepBuanas o6padoTka qaHHBIX. IHTEpnpeTanus NTaHHBIX: MATEMaTUYECKO
mporecca, MareMaTuyeckue MoJIe OObEKTOB aHaIN3a.

KossioxkBuym

Tema 7. 3akoH A€MCTBUSA Macc B FeTEPOreHHBIX Ipoleccax. PacTBOpUMOCTb, POU3BEIACHUE PaC
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1. KBanudukanus yuctoTsl BemecTBa. Okpacka rurameHn. CHCTEMBbI KAYECTBEHHOTO aHalIn3a. 3aKOH JICHCTBI
I'ynpabepra u Baare.

2. 3aKOH JCWCTBUS MacC KaK BhIpaKEHHE KOHCTAaHThI paBHOBECHSI XUMUUECKON peakiuu. noctynar ['ynbadep

3. 3aKoH JEUCTBUS Macc yepe3 ypaBHEHHs Il KOHCTaHThI paBHOBecHs. TpeOoBaHMsI K CKOPOCTH PEaKLIUH H
aHAINTUYECKON XUMHUU KomuecTBEHHbIE pacyeThl C NCIIOJIb30BAaHUEM 3-Ha JEHCTBUS Macc.

4. NonHoe nmpousseneHue Boasl. Bonoponauslii nokasareins. llkana pH u pOH.

5. Bydepnsie pactBopsl. BydepHas eMKoCTb.

6. Teopus anexrponutnueckoil nucconnannu C. Appennyca. CMellleHUE HOHHBIX PaBHOBECUI B PACTBOPAX (
7. Teopust CUITBHBIX AMEKTPOIUTOB. AKTUBHOCTD, KOO(P(DHUIIUECHT aKTUBHOCTH, HOHHAsI cHJia pacTBopa. [Ipuomn
8. 3aKoH NeHCTBUS MAacC B T€TEPOTE€HHBIX CUCTEMax. PacTBOPUMOCTBh, MPOU3BEIEHHE PACTBOPUMOCTH. CMery
9. NpobHoe ocaxaenne. DakTopsl ocaxaeHus1. B3auMHoe pacTBOpEHHE TIJI0X0 PACTBOPUMBIX OCAJIKOB.

10. T'unponu3 coneit cnaboro OCHOBAaHUS M CUILHOM KHCIOTHI. CTeleHb U KOHCTaHTa TuApoiin3a. BeiBon ana
11. Tuaponus comneit CHIBHOTO OCHOBAHUSA U C1a00W KUCIIOTHI. BBIBOA aHAIMTUYECKUX 3aBUCUMOCTEH. 3aaa4d
12. Tunponu3 coneit cnaboro oCHOBaHUS M caboi KUCIOTHL. BEIBO aHATMTHYECKUX 3aBUCHMOCTEH.

Tema 10. Ananu3 cMecell HOHOB. AHaJIN3 pacTBOpa XMMHUECKOTO COEINHEHUS.

1. Ctynenyaras nqucconuanys MHOTOOCHOBHBIX KMCJIOT U MHOTOKHCJIOTHBIX OCHOBaHM. PacueT paBHOBecuii
MIPOYKTOB JIEKTPOJIUTUYECKOMN TUCCOLUAIIMH PA3IMYHBIX CTYTICHEH.

2. BzaumogencTBue cMecel cosel ¢ pacTBopuTeneM. BinsiHue HOHHOM CHIIbI pacTBOpPa Ha AKTUBHOCTh HOHO
COJIEH C paCTBOPUTENIEM.

3. OKHCIUTENBHO-BOCCTAHOBUTEbHBIE MPOLECCHI B aHATTUTUYECKON XUMUU. MeTo1 MoMypeakiuii Ipy Hamu:
nponeccoB. OB - morennman u ypaBuenue HepHcra.

4 KomiongHple CUCTEMBI B aHATUTUYECKON XUMHUH. CTPOCHHE KOJJTIOUIHBIX YaCTHLl U MULIEILI.
5. ABTOmIpOoTONIM3.
6. Xpomarorpadus.
7. IlporonuTtrueckas TeOpUs KUCIOT U OCHOBaHUM bpencrena-Jloypu.
8. Bunpl pactBoputeneit. OCOOEHHOCTH UX BIUSHHS Ha (PU3HKO-XMMHUYECKHUE CBOWCTBA BEIIECTBA, HCTIOIB3Y(
9. Knaccugukanus [lapkepa.
10. IIpoTonutrueckoe paBHOBecHE. TeopHsi KUCJIOT U OCHOBaHUM 110 Appenuycy. [loHsTHe "XUMUYECKU 3K
11. I'paBumeTpuyeckuii (BECOBOI) aHAJIN3 B aHAJTUTUUECKON XUMUH.
12. KommiiekcooOpa3oBaHue B aHATUTHIECCKOW XUMUHU.

Tema 12. TutpumeTpuveckuii ananu3 Ha 0a3e KUCIOTHO-OCHOBHBIX B3aUMOJICHCTBHA.
1. I'paBuMeTprueckuii MmeTos aHanu3a. JJOCTOMHCTBA U HEAOCTAaTKU. METO/Ibl BBIIENECHUS, OCAXKIACHUS U OTI
IIpumepsl.
2. TpeboBanus k popme ocaxaeHus u BecoBoii popme. OT60p mpol. [IpomeiBaHUE OcaIKa.

3. KucnorHo-ocHOBHOE TuTpoBanue. OOI1ee mpeacTapieHne. DKBUBAICHT. 3aKOH SKBHUBaJIeHTOB. CIToCcOOBI
pactBopoB. CTaHAapTHBIE PacTBOpA.

4. Teopun UHIUKATOPOB KUCJIOTHO-OCHOBHOTO TUTpoBaHus (OcTBasiba u XxpomodopHas). UuTepBa nepexc
MeTtunopanx u ¢peHondTansenH ¢ TOUKH 3peHUST HOHHO-XpOMOGOPHOH TEOPHUU WHIUKATOPOB.

5. PacyeT KpuBOI TUTPOBaHUS PacTBOPA CHIIBHON KUCIIOTHI CUIIBHBIM OCHOBAHUEM.

6. Pacuet kpuBOW TUTPOBAHUS PAaCTBOPA CIA00N KUCIOTHI CUIIBHBIM OCHOBAaHHEM.

7. TuTpoBaHHE CMECH CUIILHOM M CJ1a00M KUCIIOT CUIIBHBIM OCHOBAaHHUEM.

8. TurpoBanue MHOrooCHOBHOU KucoThl Ha puMmepe H3PO4. Kpusas tutpoBanusl.

9. TutrpoBaHue pacTBopa KapOOHaTa II€JI0YHOTr0 MeTalljla U pacTBOpa CMECH LIEeJIOUU U KapOOHaTa IIEJI0YHOI
10. Bausiauie pa3nuyuHbiX ()aKTOPOB HA BHUJI KPUBBIX TUTPOBAHUS.

11. OmmOKu KUCI0THO-0CHOBHOTO TUTpoBaHus (H+ - ommOka, OH- - ommOka, KUCIOTHAS | IIeTouHast OIIwH(

Tema 15. Ku"netnyeckue METOILI aHAIN3A.
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1. [Tousite 06 OKUCIUTEIHFHO-BOCCTAHOBUTEILHOM INOTCHIUAJIC. HaHpaBHeHI/Ie OKHUCIHUTCIIBbHO-BOCCTAHOBU"
PaBHOBCCHUA OKHCIIUTEIILHO-BOCCTAHOBUTEIILHOM pCaKkuuu.

2. KpI/IBaH OKHCJIUTCIBHO-BOCCTAHOBUTCIBHOI'O TUTPOBAaHUS.

3. Meton ocaxxaenus. TpeOoBaHUS K peakUsIM B METOZE OcakIeHus. MeTonbl (PpuKcaluu SKBUBaJICHTHOM
0€3WHINKATOPHEIE).

4. KpuBasi THTPOBaHMS IO METOIY OCAXKJICHHUS.

5. OO1ee NOHATHE O KOMIUIEKCOMETPHUU U KOMITJIEKCOHOMETpUH. TpeOoBaHus, MpeabsBIsieMble K peaKIUsiN
KOMIIJIEKCOHBI.

6. MeTozap! pUKCHPOBAaHMS SKBUBAJICHTHOW TOUYKH B KOMIUIEKCOHOMETPHHU. MIHIUKATOPhl KOMIUIEKCOHOMETPH
7. YcnoBusi poBeACHUS KOMILIEKCOHOMETPUYECKOTO TUTpoBanus. Biusaue pH. CenekTuBHOCTh METO/A.
8. Teopust KHHETHUYECKUX METONIOB aHanu3a. JuddepeHnnanbapie 1 MHTErpajibHbIe METOBI aHau3a. Tpedc

9. CrnocoObl onpe/iesieHrss HEU3BECTHON KOHIIEHTPALlMU BEIIeCTBa (TAHT€HCOB, (PUKCUPOBAHHOTO BPEMEHHU,
Karanutnueckuii 1 HeKaTaJTUTHUYECKUI BapuaHThl KHHETUYECKUX METOJIOB aHAN3a.

Kontponbnas padora

Tema 18. OBM B aHaTUTHYECKON XUMUHU
BapuaHTBI KOHTPOJIBHBIX palOT:

Bapuant No 1.

1. Ilpu ananm3e OByX MpoO LMHKOBOW py/bl B IEPBOU U3 HUX, coaepxamieit 1,5 % Bnaru, Haitneno 45,3 % ¢
% Bnaru, HaiigeHo 45,7 % muHKa. BynyT au 3TH poObI pa3aryaTbes MO COACPIKAHUIO B HUX LIMHKA TIPH O¥
2. Tutp cepHOIl KUCIOTHI IO THAPOKcH Ly HaTpus paBeH 0,005250 r/mi. Beruuciantb ee HOPMAJIBHOCTD U TUT]

3. OmnpenenuTs HOPMAIBHOCTH PacTBOPa HUTpATa cepedpa Ha OCHOBAHUU CIICAYIOIIUX TaHHBIX: HA TUTPOBA
coneprkamero 2,3804 r ximopuna kamus B 250 M1, m3pacxogoBaHo 18,3 Mi1 pacTBopa HUTpara cepedpa.

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

5. OmpenenuTh TONIIKHY CJIO0S OKPAILIEHHOTO PacTBOPa, KOTOpasi MOTpedyeTcs Al 0CIabaeHUs MHTEHCUBHC
pa3 npu ko3 duumeHTe MoispHOro noramenus, pasaom 0,054.

Bapuanr 2.

1. Ilpu ananu3e oOpasia 10IOMHUTA HAHACHO: cofepx)aHue okcuaa yriepona (IV) pasuo 46,66 %, okcuna m
30,59 %, momyTtopubix okcuaoB (Fe304 u Al1203) 0,56 %, Bnaru 0,12 %. KakoB mporieHTHBINA cocTaB adcon
2. Beraucnuts TaTp 0,1 H pacTBOpa cepHOM KUCIOTHI MO THAPOKCUTY HATPUs, KaJbIIMHUPOBAHHON COJIE U OK!

3. CKOJIbKO TpaMMOB XJIOpHUa KaJbIUs comepkutcs B 250 mut pactBopa, ecinu Ha TuTpoBaHue 25,00 mit ero
pacTBopa HUTpara cepebpa?

4. Haiitu KoHCTaHTy paBHOBecHs peakiuu AsO43- + 21- + 2H+ = AsO33- + 12 + H20
n.

5. Tlpu npoxoXA€HUU CBETOBOTO MOTOKA Yepe3 CIOM TOIIMIMHON 2 CM pacTBOpa MHTEHCHUBHOCTH €TI0 YMEHBII
MHTEHCUBHOCTh CBETOBOTO TMOTOKA MPH MPOXOKIECHUH Yepe3 CIIOHM TONIMHON 5 CM TOTO K€ PacTBOpA.

Bapwuanr 3.

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

2. YeMy paBeH TUTP pacTBOPA CEPHON KHUCIIOTHI, €CIIH [ OIY4YEHHsI 3 JI TOr0 pacTBOpa B3ATO 25 MJI CEpE
/M1 1 MaccoBoi moneit 61,54 %.

3. Hasecka 1,52 r cynbdara maraus (MgSO4x7H20) pacTtBopeHa B MEpHOII koji6e eMkocThio 250 mi1. Ha 11
pacTBopa uspacxonosaHo 19,85 mu pactBopa TpuioHa b. Beluucnute TUTp, HOpMaIbHOCTb U MOJISIPHOCTD P
4. Onpenenuts IJIC ranbBaHUYECKOTO 3JIEMEHTA, COCTABICHHOTO U3 MEHOIO U KaJMHUEBOI0 AJIEKTPOIOB, O
aKTUBHOCTSIMH MOHOB MeTayuioB, paBHbiMu 0,01 /1. 1

5. PaccunTtaTh HAMMEHBIIYI0 KOHIIEHTPALUIO BELIECTBA, KOTOPY MOXHO ONPEAEIUTh KOJIOPUMETPUUECKH, ¢
ko3¢ ¢urrent noramenus pasex 1,25-103. Haumensiiee 3HaueHUE ONTUYECKOH MJIOTHOCTH MPH TOJIIKHE C.



Bapuanr 4.

1. W3 1,3162 r cniiaBa nonyueno 0,1234 r oxkcuna amomunus u 0,0267 r nuokcuna kpemHusi. CKOIbKO POl
cruiaBe?

2. Beruucnuth HHAMKaTOpHYI0 omnoky TutpoBanus 0,1 u pactBopa HC1 0,1 M pactBopom NaOH ¢ meTHIIOE
3. Cxomnwko mit 0,3 H pactBopa AgNO3 Hano npubaButs k 200 mit 0,15 1 pactBopa NaCl, 4To0bI MOTHOCTHIO

4. CKoJIbKO NPOLIEHTOB IIMHKA COJIEP’KUTCSA B CIUIABE, €CJIU Ha TUTPOBAHUE IIMHKA, COAEpIKalierocs B 1 r ciw
pactBopa TpuioHa b.

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

Bapuanr 5.
1. Beruucouts rpaBuMeTprueckue GakTopsl: onpeaenssor Fe203, nomydyerno FePO4; onpenensror S momyuer

2. KaxoBa HopMmanbHOCTb 2,35 % pacTBopa ammuaka (r = 0,988 r/mi) 1 CKOJIBKO MJI pacTBOpa HEOOXOIUMO ,
pacTtBopa

3. KakoBbl MOJIIPHOCTH, HOPMAJILHOCTh U TUTP MO XJIOPY PacTBOpPa pOJaHUIAa AMMOHMS, €CJIM Ha TUTPOBAHI
12,00 M 0,05 H pacTBOpa HUTpara cepedpa.

4. BBIUUCIIUTh OKUCIUTEIbHO-BOCCTAHOBUTENBHBIN MoTeHman mapsl [ [11113+/[111[]1[]2+ npu KOHLEHTpa
a noHoB [|[][1[]2+, paBrHoil 0,15 monb-3kB/1. YenoBus crannaprasie. EL T 113+/0101110124+0= 0,77 B.

5. Wcnonb3yemblil pacTBOp UMEET ONTUYECKYIO IJIOTHOCTH 0,5 MpHU TONIIMHE MOIVIOMIANIero ciost 5 cM. K
cocrasister 2-10-5 r B 90 mi pactBopa. OnpenenuTs MOJISPHBIN K03()(HUITHEHT NOITIOIICHUSI.

JabopaTropHasi padora

Tema 2. Teopwust u mpakTrKa TPoO00TOOpPA U TPOOOTIOATOTOBKH

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi pabote, BKIOYaromuii oopmiieHHe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 3. MonHoe npousBenenue Boabl. Bomopoausiii mokaszarens. [llkana pH u pOH. bydepnsie pacTte

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHoi pabote, BKIIOYaromuil oopmiieHHE (3anKch HAOMIOACHNUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 4. KucioTHO-0OCHOBHOE paBHO-BecHe. [ uapoau3 coneid. BoIBO aHAIUTHYECKUX 3aBUC

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHOi pabote, BKIIOYaromuii oopmiieHHe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 5. KomriekcooOpa3oBaHne B aHAUIUTHUECKON XHUMUH.

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHoi pabote, BKIOYaomuil oopmiieHHEe (3anKich HAOMIOACHNUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 6. OKHCIUTETBLHO-BOCCTAHOBUTEIBHBIE PEAKIIMHI B AaHAJIUTHYECKON XUMUU

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi paboTe, BKIIOYaromuii oopmiieHHE (3anich HAOMIOACHUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 7. 3aKOH JEWCTBUA Macc B TETEPOTCHHBIX Ipoleccax. PacTBOpUMOCTh, IPOU3BEICHHUE pac

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHoi pabote, BKIIOYaromuii oopmiieHHE (3anKich HaOMIOACHNUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 8. MeToasl 0OHapykeHUsI 1 UIeHTU(PUKAIIN. X poMaTo-rpadusi.

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi pabote, BKIIOYaromuii opopmiieHHEe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI
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Tema 9. KommounHpele CUCTEMEI B aHAJIUTUYESCKOA XUMUH.

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHoil paboTe, BKIIOYaromuii oopmiieHHe (3anich HAOMIOACHNUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

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

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHoi paboTe, BKIIOYaromuii oopmiieHHe (3anich HaOMIOACHUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 11. ' paBuMeTprdecKuil aHau3.

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHOi pabote, BKIIOYaOmuil oopmiieHHEe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 12. TutpumeTpudeckuii ananu3 Ha 0a3e KUCIOTHO-OCHOBHBIX B3aUMOJICHCTBHMA.

CTyneHT JOJDKeH cAaTh OTYET 10 JJabopaTopHoi paboTe, BKIIOYaromuii opopmiieHHe (3anich HAOMIOACHNUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tema 13. OKHUCIUTETBHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE

CTyneHT JOJDKeH cAaTh OTYET 110 J1JabopaTopHOi paboTe, BKIoYaomuil opopmiieHHe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 14. KOMIIJIEKCOHOMETPUYECKOE U OCATUTEIHHOE TUTPOBAHHUE.

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi paboTe, BKIIOYaromuii oopmiieHHE (3anich HAOMIOACHUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

Tema 16. DIeKTPOXUMUYECKUE METObI AHATU3A

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi pabote, BKIIOYaromuii oopmiieHHe (3anich HAOMIOACHUH, |
BBIBO/IbI) U OTBETUTH Ha KOHTPOJIHBIE BOIIPOCHI

Tewma 17. CriekTpaibHble METO/IbI aHAJIH3A

CTyneHT JOJDKeH cAaTh OTYET 10 J1JabopaTopHoi paboTe, BKIOYaromuil oopmiieHHEe (3anich HAOMIOACHNUH, |
BBIBO/IbI) M OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI

TecTupoBanme

Tema 1. MeTogosI0rn4ecKue acreKkThl U CTPYKTYpa aHATUTUYECKOW XUMHUH
1. Bee BemectBa o 'OCTY pensitcs Ha HECKOJIBKO KJIACCOB IO YUCTOTE, KAKOHM M3 MPOITYKTOB HANOOIee YH(
M T;
M9
(7) YHA;
(7)) X4,;
(1) «0O.YU.» .
2. B kako¥i 1IBeT OKpaImmBaroT miams cou oapus?
(!) 3eneHbIi.
(?) KapMHHOBO-KPACHBIH.
(?) JKenTHIN.
(?) romy6oii.

3. Kaxkoii aHanu3 Ha3bIBAIOT MOTYMUKPOAHAIN30M IO MacITabaM aHaJTUTUYECKOTO SKCIIepUMeHTa?
(?) macca ot 1 g0 10r, 066em — ot 10 10 100 M.



(1) macca ot 0,05 m0 0,5 1, 00beM — oT 2 10 10 M.

(?) macca ot 10-3 mo 10-6 1, 06veM — ot 0,1 g0 10-4 mu (5 — 2,5 karm).
(?) macca ot 10-6 10 10-9 1, 06beM — ot 10-4 10 10-6 mut;

(?) macca ot 10-9 mo 10-12 1, 06Bem — oT 10-7 m0 10-11 mut.

4. Kak Ha3bIBalOT CUCTEMY aHAJIN3a, B KOTOPOH OLIEHUBAIOT OTHOIIEHUE KAaTHOHOB U AHMOHOB K COJISTHOM, C€
Bce katnonsl nenst Ha 6 TpyIi, aHUOHBI — HA 3 TPYNIIbI?

(?) CepoBomopoHblii (Cyab(umaHbIN).
(1) KucinotHo — oCHOBHOM MeTOA.

(?) AMmmuauHo - pocdaTHbI METO/I.
(?) AuerarHplii METOSI.

5. Kak Ha3bIBaloT METO/, MO3BOJISIONIUI aHAIM3UPOBATH UHAUBHIyaIbHbIE XUMUUYECKUE COCIMHEHHUSI, XapaK]
MOJIEKYJISIPHBIM BECOM?

(?) peMEHTHBIM aHATH30M.

(?) pyHKIIMOHATBHBIM aHAJIA30M.
() MOJIEKYISIPHBIM aHAITU30M.
(?) dhazoBBIM aHATTU30M.

6. Kax omnpenenuTs 4yBCTBUTENFHOCTD 0a30BOi peakun’?

(?) MO U3MEHEHUIO TEIUIO- AEKTPOIPOBOAHOCTH, pH, oOkpacku pacTBopa u T.1.

(!) mo HauMeHbIIEMY KOIMYECTBY HCKOMOTO BEIIECTBA, KOTOPOE MOXKET ObITh 0OHAPY>KEHO TaHHBIM PEaKTUB(
(?) mo HamMYMIO OMIMOOK M UX BEIIMUUHE.

7. UTo XapaKTepHu3yeT NpenesibHOE pa3BeieHue?

(?) MUHHMaJIBHOE YHUCII0 MUKPOTPaMMOB BEIIECTBA g B | M1 pacTBOpa.

(?) OTKpBIBaEMBIF MUHUMYM.

(!) MakcuManbHBIH 00BEM PAaCTBOPA, B KOTOPOM €I11€ MOXKHO ONPEAETUTh (OTKPHITH) | rpaMm oOHapyXHBaeM

8. Kakue TpeGoBaHus MPEbABIAIOTCSA K 0a30BBIM PEAKIIUAM?
(1) peakumu TOJKHBI OBITH OBICTPHIMH M HEOOPATUMBIMH.

(?) peakuuu 1OMHKHBI OBITH OOPATUMBIMH.

(?) peakmuu HEe TOJDKHBI OBITH OBICTPHIMHU.

(?) peakuuu He JOIKHBI OBITH OBICTPHIMU U HEOOPATUMBIMHU.

9. Uto Takoe MopsAA0K peakiuy 1o BemecTBy B as peakuuu aA + bB ® npomykTsi?

(?) Jopsim = kxCAaxCBb.

(7 k.

(?) CBb.

(M b.

10. Ecnu BeniecTBO HE MPUHUMAET YYaCTHUE B JAHHOM PEaKIMU, TO YEMY PaBEH MOPSIIOK PEAKIUHU 110 JAHHOM
(M 1.

(7 -1.

(7) -2.

M O0.

11. Yro Takoe sHEeprus akTUBALMKU?

(!) MUHUMANIBHBIN 3aT1aC YHEPTUHU, KOTOPBIN JOIKHA UMETh MOJIEKYIa (pearupyromias 4yactTuia) 4rod nepeiT
IIPOTEKAHUS PEAKIIUH.
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(?) npen KCIIOHEHIINAIbHBIA MHOYKUTEINb B ypaBHEHUU AppeHuyca, AJIs KaX10M peaKkiuy OH CBOW U CUUTAET
TEMIIEpaTyphl.

(?) cymMMa nokaszaresneil cTeneHel, ¢ KOTOPbIMU KOHIIEHTPALlMU PearupyroiX BEIECTB BXOAAT B KHHETHUEC]
(?) HMUETO U3 MEePEUNCICHHOTO.

12. JInst kKakoro aHajau3a XapaKTEPHBI CIEIYIONINE TpeuMyniecTBa’?

- Vickomblii HOH OOHAPYKHUBAIOT B JIOOOH MOCIEI0BATENILHOCTH B OTIEJIBHBIX MPOOax.
- Uckirouaetcs poriece BBITAPUBAHUS M IPOKAJIHBAHUSI.

- Uckirouaetcs mpoMbIBaHHE 0CAJIKa, T.K. OOBIYHO aHATU3UPYIOT (PUIIBTPAT.

(?) cucremMaTuyeCcKuii;

(!) npoOHBrIif;

(?) dazonsrii;

(?) MonexynspHBI.

Tema 2. Teopus u npakTHKa Mpo600TOOPA U MPOOOIIOATOTOBKI
1. OT 4ero 3aBUCUT BOCIPOU3BOAUMOCTh aHaIu3a?
(?) oT KONMMUYECTBa MPOMAXOB.
(!) OT BENIMUMHBI CITyYaitHOM OIITHOKH.
(?) OT BEIMYMHBI CUCTEMATHYCCKOM OIIMOKH.
(?) oT cucTeMaTHYECKUH U CITy4aitHOM OITHOKH.

2.Kakoe u3 monokeHuii Teopu AppeHnyca « ANMeKTPOTUTHICCKAs TUCCOIUAIUS CTIA0BIX JIEKTPOIIUTOBY» HE
(1) Ilpu pacTBOpeHHH AIIEKTPOIUTOB B BOJIC YHCIIO YACTHI] B PACTBOPE OKA3BIBACTCS OOJBIIIE YHCIIA HCXOIHBL

(?) Obpasyromuecss pu pacmaae MOJEKYJ YaCTHIbI 3apsiKEHBI, HO CyMMAapHBIA 3apsii pacTtBopa (BceX °
MOJIOKUTENTBHBIX 3apPSI0B PABHO YMCITY OTPUIATEIBHBIX 3apS/IOB.

(?) OtpunatenbHO 3apsKEHHbIE HOHBI (KATUOHBI) JBUKYTCS K MOJIOKUTEIBHO 3aPSKEHHOMY SJIEKTPOIY — K
aHMOHBI — K OTPULIATEIILHO 3apPSKEHHOMY JIEKTPOIY — aHOJY.

(?) Bce BemecTBa He MOJIHOCTHIO PACIIaIalOTCsl HA HOHBI.

3. Kakoe BbIpaskeHHE TPUMEHUMO JIJIsl OMUCAHUS DJICKTPOIUTUYECKON JUCCOIUAIINYN KapOOHAaTa aMMOHUs?
() Kp=mm Cm+n am+nnn/C(1 — a).

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

(?7) Kp=mn Cn+n am+nnm/C(1 —a).

(?) Kp=mm Cm+n am+n nn/ Ca.

4. B xaKky1o CTOpOHY CMEIIaeTcs paBHOBECHE MPU BBEACHUN OJJHOUMEHHOTO HOHA (TOM e MPUPOJBI, YTO U O
(!) paBHOBecHe cMeNIaeTCsl B CTOPOHY IUCCOLUMUPOBAHHON (DOPMBI.

(?) paBHOBeCHE CMENIACTCS B CTOPOHY HEMCCOITMUPOBAHHON (DOPMBI.

(?) paBHOBecHE HE CMEIIAETCS.

(?) paBHOBecHe cMelIaeTcs TOJIBKO B CIy4yae BbIBOJIA MPOAYKTOB IEKTPOIUTUUECKON AUCCOIMALMU U3 cep]
5.4UT0 Takoe aKTUBHOCTH?

(!) meiicTBUTENBHAS KOHIICHTPAIIHS, KOTOPas MOXET ObITh paBHA KOHIICHTPAIIMU B pa30aBICHHBIX PacTBOpa
U3MEHSTHCS B OOJIBIIYIO WJIM MEHBIIYIO CTOPOHY.

(?) neiicTBUTENBHAS KOHIEHTPALIKA, KOTOpasi HE MOXKET OBITh paBHA KOHLIEHTPAIIMH CUIILHOTO AJIEKTPOJIUTA.
(?) neiicTBUTENBHAS KOHIIEHTPALIKS, KOTOPask MOXKET OBITh PaBHA KOHIICHTPAIIUH B pa30aBICHHBIX PaCTBOpax.
(?) meiicTBUTENBHAS KOHIEHTPALIKS, KOTOpask B KOHIEHTPUPOBAHHBIX PACTBOpPaX HE MOXKET U3MEHATHCS B 007
6. Uemy cootBercTByeT f B ypaBHEHHH ?

(?) pakTopy SKBHBAJIETHOCTH.

(?) dpaxTOpy HEOTTUTPOBAHHOCTH.

(1) ko3 dULMEeHTY aKTUBHOCTH.

(?) o3HauaeT PyHKIMOHAIBHYIO 3aBUCUMOCTh aKTUBHOCTH OT KOHIICHTPAIUH.
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Tema 3. MonHoe npousBenenue Boabl. Bogopoausiii mokaszarens. [llkana pH u pOH. bydepnsie pacTte
1.YT0 Takoe akTUBHOCTb?

(!) neiicTBUTEBHAS KOHIIEHTpAIIUS, KOTOpast MOKET ObITh paBHA KOHIIGHTPAIIUU B pa30aBlIEeHHBIX PacTBOPAX,
U3MEHSTHCS B OOJIBIIYIO WM MEHBIIYIO CTOPOHY.

(?) meiicTBUTENBHAS KOHIEHTPALIKA, KOTOpasi HE MOXKET OBITh paBHA KOHLIEHTPAIIMH CUIILHOTO AJIEKTPOJIUTA.
(?) neiicTBUTENBHAS KOHIIEHTPALIKS, KOTOPAsk MOXKET OBITh PaBHA KOHIICHTPAIIUH B pa30aBICHHBIX PaCTBOpax.
(?) neiicTBUTENBHAS KOHIEHTPALKS, KOTOpPask B KOHIEHTPUPOBAHHBIX PACTBOpPaX HE MOXKET U3MEHATHCS B 007
2. Yemy cootBercTBYyeT f B ypaBHEHUH ?

(?) pakTopy SKBHBAJIIETHOCTH.

(?) dpakTOpy HEOTTUTPOBAHHOCTH.

(1) ko3 dULMEeHTY aKTUBHOCTH.

(?) o3HauaeT PyHKIMOHAIBHYIO 3aBUCUMOCTh aKTUBHOCTH OT KOHIICHTPAIUH.

3. JInst KakuX HOHOB KOA(DPHUITMEHT aKTUBHOCTH MPH OJIMHAKOBOM KOHIIEHTPAIIUU PACTBOPA OMHAKOB?

(?) Ca2+; K+; Al 3+;

(?) Nat+; Ba2+; Al3+;

M5

;-

4.Yemy paBHO MOHHOE TIPOU3BEICHHIE BOMIBI?

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

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

(DKW = [H+]2[OH-];

(DKW = [H+].

5. Yto takoe pH?

(?) [H+];

(1) -lg[H+];

(?) lg[H+];

(?) 1g[OH-].

6. Uemy paBeH pH B HeliTpanbHOIl cpene?

(?) 0;

(<7

M <T7

M7

Tema 4. KucnoTHO-0CHOBHOE paBHO-BecHe. ' uaponus coneil. BeiBoa aHaIUTUUECKUX 3aBUC
1. Kak ucnonb3yrorcst OydepHbie cMecu?
(1) Bydepnsie cmecu noaepKuBaroT 3HaueHue pH B onpeieneHHbIX Mpeienax Mpy BBEJCHUN KUCIOThI UIH |
(?) Bydepubie cMecu TPUMEHSIOT JTsl pa30aBICHHs pacTBOpa.
(?) BydepHbie cMecu TPUMEHSIOT [Tl CO3TaHMSI ONIPEIEICHHON KOHIICHTPAIIUU COJIH.
(?) BydepHble cMecH IPUMEHSIOT JUIsl CO3/1aHUS ONPEAEICHHON KOHLIIEHTPALUN KHCIIOTHI.

2. Kakyto cMech He UCTIONB3YIOT B KadecTBe OydepHoit cmecu?
(?) CH3COOH u CH3COONa;

(?) NH40OH u NH4CI,

(?) NaH2PO4 , Na2HPO4;

(1) XxpomoBas cmech.

3. Uro Takoe OydepHast eMKOCTH?
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(!) xoMMYECTBO MOJIb-3KBUBAJIEHTOB CUJIBHOM KHMCIOTHI WM CUJIBHOM IIEJIOYH, KOTOPOE HYKHO BBECTH B 1
M3MEHUTh BOJOPOJHBIN NTOKAa3aTeb HA €AUHULLY;

(?) KOMMYECTBO HKBUBAJIEHTOB CHIIBHOM KHCIIOTHI MIIM CHJIBHOM IIEJI0YH, KOTOPOE HY>KHO BBeCTH B | JUTp 0)
BOJIOPOJIHBIN [10KA3aTENb HA €IMHULLY;

(?) KoMM4YeCTBO MOJIb CHJIBHOW KHCIIOTHI WJIM CHJIBHOW IIEJIO0YH, KOTOpOE HY>KHO BBeCTH B 1 mutp Oyde
BOJIOPOJIHBIN [T0KA3aTeNb HA J1Ba;

(?) xomu4ecTBO MOJIb CHMJIBHOM IIIEJI0YH, KOTOPOE HYKHO BBECTU B 1 JHUTp OydepHOro pacTBopa, YTOOBI HU3M
€IMHULLY.

4. Kakas OydepHas cMeCh IpeCTaBIsIeT HAnOOBITYIO IIEHHOCTh?
(?) c MunIManbHOMU Oy(hepHOI eMKOCTBIO;

(!) c makcuManbHOM Oy(EepPHON EMKOCTHIO;

(?) c myneBoit OyhepHOU EMKOCTHIO;

(?) ¢ mocrostHHOM Oy(hepHOI €MKOCTHIO.

5. 'upponus kakux cojeit uaeT 10 KoHua?

(?) conmu cUITLHOTO OCHOBAHUS M CHUIBHOW KHUCJIOTHI,

(?) cnaboif KUCIOTHI M CHJIBHOTO OCHOBAHHUS;

(!) conu cUIBLHOM KUCIIOTHI M CJIA00TO OCHOBAHMSI;

(?) conm cmaboro 0OCHOBAaHUS U CJA00M KHCIIOTBI.

6. Kakoif u3 nmepeunciieHHbIX (JaKTOpOB HE BIUSET HA KOHCTAHTY TUAPOJIHA3A COJIM, OOPa30BaHHOM cabbIM OC
(?) mpupoaa KaTHOHA U AaHWOHA;

(1) Ka u Kb;

(?) remmeparypa;

(?) KOHLIEHTpAIUs COJIH.

7. Kaxk BiusieT pazbaBieHre pacTBOpa Ha CTENIEHb TUAPOJIN3a COU CUIBHOTO OCHOBAHUS U CJIA00N KUCIIOTHI?
(1) ymensbImaer;

(?) yBenmuuuBaer;

(?) He BrUsCT.

8.CKoJIbKO CcTyTeHeH BKIItovaeT auccornuanus GochopHOi KUCIOThI?

(?) onny;

() Tpu;

(?) nse;

(?) He mucconmmpyeT BOOOIIIE.

9. KakoBo ypaBHEeHHE MaTepuaIbHOTo OanaHca B pacTBope GocPOopHOil KHCTOTHI?
(1) [H3PO4] + [H2PO4-] +[HPO42-] +[PO43-]=C (H3PO4);

(?) [H2PO4-] + [HPO42-] +[PO43-]=C (H3PO4)

(?) [H3PO4] + [H2PO4-] +[HPO42-]=C (H3PO4);

(?) [H3PO4] + [H2PO4-]=C (H3PO4).

Tema 5. KomruiekcooOpazoBaHue B aHATUTUYECKON XUMHH.
1.Kakoe moHATHE UCTIONB3YETCS I ONPEIeTICHUS HAalTpaBICHHUS IPOTEKAHNS OKHCIUTEIbHO-BOCCTAHOBUTE
(?) KOHCTaHTa TUAPOIIN3A;
(?) KOHCTaHTa TUCCOITHAITUY;
(?) uOHHOE IPOU3BEACHHUE BOJIBI,
(?) moHATHE OKUCITUTETHLHO-BOCCTAHOBUTEIHHOTO ITOTEHITHATIA.
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2. Kakoe ypaBHeHUE BbIpakaeT 3aBUCMMOCTb O-B moreHnuana JaHHOW Hapbl OKHUCIUTEIb-BOCCTAHOBUTE)
BoccTaHoBuTens? (1) ypaBHeHnue HepHcra,

(?) ypaBHEeHuEe AppeHnuyca;
(?) ypaBuenue [|pBuca;
(?) 3aKoH nercTBUS Macce.

3. Kakue noreHuuansl Ha3bIBalOT HOPMaJIbHBIMU?

(?) moTeHIMAIBI, U3MEPEHHBIE B TIapE C BOJOPOIHBIM AJICKTPOIOM, IIPHU KOHIIEHTPAIUHU (AKTUBHOCTH) HOHOB,
(?) noreHMaNbl, U3MEPEHHBIE B I1ape ¢ KaJIOMEIbHBIM IEKTPOJOM, IPU KOHLEHTPALUH (AKTUBHOCTH ) HOHOE
(?) moTeHIIMABI, U3MEPEHHBIE B TIape C BOJOPOIHBIM JJIEKTPOIOM, IIPHU KOHIIEHTPAIUHU (aKTUBHOCTH) HOHOB,
(?) noreHMaNbl, U3MEPEHHBIE B I1APE € IUIATUHOBBIM AJIEKTPOJOM, IIPY KOHLEHTPALUH (AKTUBHOCTH) HOHOB,

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

(?) BOCCTaHOBIICHHE;

(?) pacTBOpeHHE;

(?) xomIuIEKCOOOpa30BaHUE.

5. B kakoM HampaBiIeHUH NPOTEKAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKILIUU B PaCTBOPAX?

(?) oxucnuTeneM SBISETCA OKUCICHHas (popma, OKUCIUTENHHO-BOCCTaHOBUTENIBbHBIN noTeHnan (OBII) kot
BOCCTAHOBIICHHAsI (hopMa mapbl, OKUCIUTEIEHO-BOCCTAHOBUTEIIBHBIH IMOTEHIHAN KOTOPOI MEHBIIIE;

(?) okucnuTeneM sBIAETCA OKHCIEHHas (opMa, OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIM MOTEHIMAT KOTOPOI
BOCCTaHOBJIEHHAs! (opMa Maphl, OKUCIUTEIHHO-BOCCTAHOBUTEIbHBINA MOTEHIIMAT KOTOPOH OOJIbIIE;

(?) OKHCITUTETEHO-BOCCTAHOBUTEIBHBIN MMOTEHITAA OKUCITUTEINSI U BOCCTAHOBHUTEISI OJTMHAKOBBHI.
(?) HMYEro U3 MEePevnCICHHOTO.

6. Kakue moyioxeHust HICHOJIb3YIOTCS B METOAE MOTYPEaAKITIii?

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

(?) Teopust Appenunyca;

(?) ypaBueHue I'yrena.

7. Kak ypaBHHBAIOT YUCJIO aTOMOB BCEX AJIEMEHTOB JIEBOH M MPaBOW YacTH MOHHO-MOJIEKYISIPHOTO YpaBHE
MCXOJTHBIY MOH WJIM MOJIEKYIIa CoiepKaT OOJIbIIIe aTOMOB KUCIIOPO/Ia, 9YeM MPOAYKT PEaKIUH B KUCIIOH cpee’
(?) cBs3piBatoT HoHaMU H+ B MOJIeKys bl BOJIBI;

(?)cBs3BIBAIOT MOJIEKYIaMU BOMIbI B Tpynmibel OH—;

(?) koMneHCUpYETCA 3a CYET MOJIEKYIT BOJBIL;

(?) 3a cuer monos OH-—.

8. Kak ypaBHMBAIOT 4MCJIO aTOMOB BCEX 3JIEMEHTOB JIEBOM M MPaBOM YaCTU MOHHO-MOJIEKYJISIPHOTO YpaBHE
WCXOJTHBIA MOH WJIM MOJIEKYJIa CoZiepKaT OOJIbIlIe aTOMOB KHCIIOPO/Ia, YeM MPOAYKT PEakui B HEUTpaibHOI

(?) cBs3pIBatoT HOoHaMU H+ B MOJIEKYJTbI BOJIBI,

(?) cBA3BIBAIOT MOJIEKYIaMH BOAibI B rpynnel OH—;
(?) xoMneHCUpYETCA 32 CUET MOJICKYJT BOJBI;

(?) 3a cuet mono OH-—.

9. Kak ypaBHMBAIOT YUCJIO aTOMOB BCEX AJIEMEHTOB JIEBOM M MPaBOW YAaCTH MOHHO-MOJIEKYJISIPHOTO ypaBHE
MCXOJIHBIN MOH WJIK MOJIEKYJIa COIEPKAT HEIOCTAaTOK aTOMOB KUCIIOPO/Ia, YEM MPOAYKT PEaKIUU B HEUTpaibt
(?) cBs3piBatoT HoHaMU H+ B MOJIeKybl BOJIBI,
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(?) cBsA3BIBAIOT MOJIEKYIaMH BOAibI B rpynnel OH—;
(?) xoMneHCUpYETCA 32 CUET MOJICKYJT BOJBI;
(?) 3a cuet mono OH-—.

10.Kak ypaBHUBAIOT YUCJIO aTOMOB BCEX JIEMEHTOB JICBOM W MPABOM YaCTH MOHHO-MOJIEKYJISIPHOTO ypaBH¢
MCXOJTHBIA MOH WJIM MOJIEKYJIa COZepKaT HEA0CTAaTOK aTOMOB KUCJIOPOAA, YeM MPOAYKT peakluy B IIETOYHON

(?) cBs3pIBatoT HoHaMU H+ B MOJIEKYJTbI BOJIBI,

(?) cBA3BIBAIOT MOJIEKYIaMH BOAibI B rpynnbel OH—;
(?) xoMneHCUpYETCS 32 CUET MOJICKYJT BOIBI;

(?) 3a cuer mono OH-—.

Tema 6. OKHCITUTEIIEHO-BOCCTAHOBUTEIILHBIC PEAKIIUN B aHATUTUYCCKOU XHMHH
I. Tect mo Teme.
1.Kakoe noHsATHE UCTIONB3YeTCs AJIsl OTPEACTICHUS HAPABICHUS MPOTEKAHUS OKUCIUTETHHO-BOCCTAHOBUTE
(?) KOoHCTaHTa THAPOIIH3A;
(?) KOHCTaHTa UCCOLMAITUY;
(?) noHHOE TIPOU3BEICHHE BOIBI,
(?) noHATHE OKUCIUTEILHO-BOCCTAHOBUTEIIBHOTO MOTCHITHATIA.

2. Kakoe ypaBHeHHE BbIpakaeT 3aBUCUMOCTh O-B moteHnuana gaHHOW Mapbl OKUCIUTEIb-BOCCTAHOBUTE!
BoccranoBurensa? (!) ypasuenue HepHcera;

(?) ypaBHeHue AppeHuyca;

(?) ypaBuenue J3Buca;

(?) 3aKoH neHCTBUS Macc.

3. Kakue noreHuuasnsl Ha3bIBalOT HOPMaJIbHBIMU?

(?) moTeHIMABI, U3MEPEHHBIE B TIapE C BOJOPOIHBIM AJIEKTPOIOM, IIPHU KOHIIEHTPAIUHU (AKTUBHOCTH) HOHOB,
(?) noreHMaNbl, U3MEPEHHBIE B I1ape ¢ KaJIOMEIbHBIM IEKTPOJOM, IPU KOHLEHTPALUH (AKTUBHOCTH ) HOHOE
(?) moTeHIMAIBI, U3MEPEHHBIE B TIape C BOJOPOIHBIM AJIEKTPOIOM, IIPHU KOHIIEHTPAIUHU (AaKTUBHOCTH) NOHOB,
(?) noreHMaNbl, U3MEPEHHBIE B I1APE C IUIATUHOBBIM AJIEKTPOJOM, IIPU KOHLEHTPALUH (AKTUBHOCTH) HOHOB,

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

(?) BOCCTaHOBIICHHE;

(?) pacTBOpEHHE;

(?) xoMITIIEKCOOOpa3OBaHUE.

5. B xakoM HarpaBiIeHUU TPOTEKAIOT OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE PEAKIIMU B PACTBOPAxX?

(?) oxucnuTeneM SBISETCA OKUCICHHas (opma, OKUCIUTENHHO-BOCCTAaHOBUTENIbHBIN noTeHnan (OBII) kot
BOCCTaHOBIICHHasI (hopMa mapbl, OKUCIUTEIEHO-BOCCTAHOBUTEIIBHBII IMOTEHIHAN KOTOPOI MEHBIIIE;

(?) okucnuTeneM sBIAETCA OKHCIEHHas (opMa, OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIM MOTEHIMAT KOTOPOI
BOCCTaHOBJIEHHAs! (opMa Maphl, OKUCIUTEIHHO-BOCCTAHOBUTEIbHBINA MOTEHIIMAT KOTOPOH OOJIbIIE;

(?) OKHCITUTETEHO-BOCCTAHOBUTEIBHBIN MMOTEHITNA OKUCITUTEINSI U BOCCTAHOBUTEIISI OJTMHAKOBBHI.
(?) HMYEro U3 MEePEeUYnCICHHOTO.

6. Kakue mosioxeHust HICOIb3YIOTCS B METOAE MOTYPEaAKITUii?

(?) 3aKOH coXpaHEHMsI MacChl BEIIECTBA U MPUHIUI 3JIEKTPOHEHTPAILHOCTH;
(?) mpubmmkenue [ledas;

(?) Teopust Appenunyca;

(?) ypaBueHue I'yrena.



7. Kak ypaBHUBAIOT YUCJIO aTOMOB BCEX AJIEMEHTOB JIEBOM M MPaBOW YAaCTH MOHHO-MOJIEKYJISIPHOTO ypaBHE
MCXOJTHBI MOH MJIM MOJIEKYIIa CoiepKar OOJIbIIIe aTOMOB KUCIIOPO/Ia, 9YeM MPOAYKT PEaKIUU B KUCIIOH cpee’

(?) cBs3piBatoT HoHAMU H+ B MOJeKybl BOJIBI;
(?)cBs3BIBAIOT MOJIEKYIaMU BOAIbI B Tpyniel OH—;
(?) koMnIeHCUpYETCA 3a CYET MOJIEKYI BOJBL;

(?) 3a cuer monos OH-—.

8. Kak ypaBHMBAIOT 4MCJIO aTOMOB BCEX 3JIEMEHTOB JIEBOM M MPaBOM YAaCTU MOHHO-MOJIEKYJISIPHOTO YpaBHE
MCXOJHBIA MOH WJIM MOJIEKYJIa CoZiepKaT OOJIbIlIe aTOMOB KHCIIOPO/Ia, YeM MPOAYKT PEakui B HEUTpaabHOI

(?) cBs3pIBatoT HOoHaMU H+ B MOJIEKYJTbI BOJIBI,

(?) cBA3BIBAIOT MOJIEKYIaMH BOAibI B rpynnbel OH—;
(?) xoMneHCUpYETCA 32 CUET MOJICKYJT BOJBI;

(?) 3a cuer mono OH-—.

9. Kak ypaBHMBAIOT YMCJIO aTOMOB BCEX JJIEMEHTOB JIEBOI M MPaBOW 4acTH MOHHO-MOJIEKYJISIPHOTO YpaBHE
HCXOJIHBIM MOH WJIK MOJIEKYJIA COAEPKAT HELOCTATOK aTOMOB KHUCIIOPOAA, YEM IIPOAYKT PEaKL[UU B HEUTPaJIbt

(?) cBs3piBatoT HoHaMU H+ B MOJIeKybl BOJIBI;

(?) cBsI3pIBAIOT MOJIEKYIaMH BOJIBI B Tpymmbl OH—;
(?) koMIIeHCUpYETCA 3a CUET MOJIEKYII BOJBL;

(?) 3a cuer monos OH-—.

10.Kak ypaBHMBAIOT YMCJIO aTOMOB BCEX 3JIEMEHTOB JIEBOM M MPABOM YaCTH MOHHO-MOJIEKYJISIPHOTO ypaBH(
HCXOHBIN MOH WJIM MOJIEKYJIA COAEPKAT HEOCTATOK aTOMOB KUCJIOPOZAA, YEM IPOAYKT PEAKLUHU B IICIIOYHOM

(?) cBs3piBatoT HoHaMU H+ B MOJIeKysbl BOJIBI,

(?) cBsI3pIBAIOT MOJIEKYTaMH BOJIbI B Tpymmbl OH—;
(?) koMneHCUpYETCA 3a CYET MOJIEKYIT BOJBL;

(?) 3a cuer monos OH-—.

Tema 8. MeToasl 0OHapykeHUs 1 UIeHTU(PUKAIIN. X poMaTo-rpadusi.
1.Kakue cucTeMsnl Ha3bIBAIOT KOJUIOUIHBIMHU?
(?) KOJITOMTHBIMU HA3BIBAIOT PACTBOPHI, YACTHUIIBI KOTOPHIX UMEIOT YCpeaHeHHbIH quametp 10-7 — 10-6 m (1!
(?) KOJUTOMAHBIMY HA3BIBAIOT PACTBOPBI, YACTUIBI KOTOPBIX UMEIOT ycpenHeHHbl quamerp 10-7 —10-9 m (1
(?) KOJITOMTHBIMU HA3BIBAIOT PACTBOPHI, YACTHUIIHI KOTOPHIX UMEIOT YCpenHeHHbIN quametp 10-5 — 10-7 m;
(?) KOJUIOMAHBIMY HA3BIBAIOT PACTBOPBI, YACTUIBI KOTOPHIX UMEIOT ycpenHeHHbI quametp 10-8 — 10-6 m.

2. KakuM 00pa3oM MOXKHO YBHUIETh KOJUIOMIHBIEC YaCTHIIbI?
(?) B OOBIUHBIN ONITHYECKUN MUKPOCKOIT;

(?) B ynbTpaMUKPOCKOI IPH TEMHOIIOJBHOM OCBEIICHUH;
(?) HE BOOPYKEHHBIM TJ1a30M;

(?) HMYEro U3 MEePevnCICHHOTO.

3. Kaxoii 3apsig OyaeT uMeTh KOJUIOHIHAs YaCTHLIA, €CTIM cMelIaTh pa3zdasieHHble pacTBopbl AgNO3 u NaCl
(?) HeliTpanbHa;

(?) oTpULIaTENBHBIH;

(?) MONOXKUTENHHBIN;

(?) 3aBHCHT OT TEMIIEPATYPbl CUCTEMBI.

4. Kakue HOHBI BBICTYIIST B POJIA TOTEHIIUATONPEISISIFOIINX, €CJIM CMENIaTh pa3daBneHHbIe pacTBOPhI AgN(
(? Cl;
(?) Nat;
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(7) Agt;
?).

5. Kakve noHBI BRICTYIST B POJIM MPOTHBOMOHOB, €CIIA cMemaTh pa3dasineHHbie pacTBOpbl AgNO3 u NaCl mj
(7)) Cl-;

(?) Nat;

(7) Agt;

().

6. KakoBa npupoja siapa MUIIEIIIBI, €clii cMeniath pazdasiennbie pacTBopbl AgNO3 u NaCl npu uz0bitke N
(7)) Cl-;

(?7) AgCl;

(7) Agt;

().

7. Kakne noHsl OymyT HaXOIUTHCS B aICOPOIIMOHHOM CJIO€ MUIIEIIIBI, €CITM CMEIIaTh pa30aBICHHBIE PACTBOP:
(7)) Cls;

(?) Nat;

(7) Agt;

(1) Na+ 1 Cl-.

8. Uto Takoe koaryasmus?

(!) oOpazoBaHue ocaaKa U3-3a CIUMAHUS KOJUTOUIHBIX YaCTHIL;

(?) mepexon cBe:Ke0OPA30BAHHOTO OCAIKa B KOJUTOMIHBIA PacTBOD;
(?) ocaxaeHue 4acTHI] B OCaJIOK;

(?) HMUETO U3 MEePEUNCICHHOTO.

9. Yo Takoe nentuzanusa’

(?) oOpa3oBanHme OcajKa M3-3a CIUIMAHUS KOJUIOUIHBIX YaCTHII,

(?) mepexon cBeke0OPA30BAHHOTO OCAIKa B KOJUTOMIHBIA PacTBOD;
(?) ocaxaeHue 4acTHI] B 0CaJIOK;

(?) BpoyHOBCKOE IBUKEHUE.

10.Kakyto okpacky umeet rekcaruanokobansrar 11 aukens?

(?) cunsis;

(?) po3oBo-KkpacHas;

(?) 3enenyro;

(?) xenryro.

10. Kak u3MeHs10TCSl KOHCTAHThl HECTOMKOCTH MPH MEPEX0AE Ha KAKIYIO MOCIEAYIONTYIO CTYIIEHb IUCCOIMa

(?) B coorBeTcTBUHU ¢ npuHIUIIOM Jle-1llarenbe 3a cueT HaIMYMsl OTHOMMEHHOI'O MOHA B MPEIIECTBYIONICH C
MOCJIEYIOIIEH CTYTIEHU CMEIIAETCSl B CTOPOHY HEIUCCOIMUPOBAHHOM (DOPMEI, T.€. YMEHBIIIACTCS,

(?) HE U3MeHseTCS;
(?) yBemuumBaercs;
(?) xapakTep U3MEHEHHUS 3aBUCUT OT MIPUPO/IbI KOMIIEKCHOTO 00Pa30BaHHS

11. KakoB ¢pu3ndeckuii cMbIc 0011ei KOHCTaHThI HECTOWKOCTH KOMILIEKCHOTO 00pa30oBaHus?

(?) mpousBeieHrE BCEX BBHIPAKEHUM KOHCTAHT HECTOMKOCTH JIJIsl KXKJIOW CTYTNIEHU JUCCOIHALIHH;

(?) yacTHOE OT J€JICHHS BCEX BBIPAKEHUN KOHCTAHT HECTOMKOCTHU JUIsl KQXK/I0W CTYNEHHU IUCCOLUALINN;
(?) cymma Bcex BBIpaKEHUH KOHCTAHT HECTOMKOCTH TSl KQXKIOW CTYTICHH TUCCOIUAIINN;

(?) pa3HOCTH BCEX BBIPAKEHUI KOHCTAHT HECTOMKOCTH JJIsL KXKJIOM CTYIEHU JUCCOIUAIUH.
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12. Kakyro okpacky uMmeeT rekcamnuanomeppar [V aukobansra?
(?) cunsis;

(?) po3oBo-KkpacHasi;

(?7) 3enenyto;

(?) xenryto.

13. Kakyro okpacky umeet rekcanmanodeppar 111 sxenesa 11?7
(?) cunsis;

(?) po3oBo-KkpacHasi;

(?) 3enenyto;

(?) xenryto.

14. Kakyro okpacky uMmeeT rekcanutpurokooansrar 111 kamms?
(?) cunsis;

(?) po3oBo-KkpacHasi;

(?7) 3enenyto;

(?) xenryto.

15. Kakue KOMIUIEKCHI IIMPOKO UCTIOIB3YIOTCSA B KUCIOTHO-OCHOBHOM TUTPOBAHUU?
(?) ammuakarsl;

(?) aKBaKOMILIIEKCHI;

(?) IMaHOKOMILJIEKCHI;

(?) HMUETO U3 MEePEUHCICHHOTO.

16. Uto Takoe mackupoBka?

(?) mepeBoA MEIIAIOIIETO aHAIN3Y KOMIIOHEHTA B 0CAJI0K;

(?) moGaByieHHE B CHCTEMY JIUTAHI0B, 00pa3yIOIMNUX C MEIIAIOITUM aHAJIN3y HOHOM OYEHb ITPOYHBIC, OCCIIBET
(?) oOpa3oBaHHE OKpAIIEHHBIX KOMIUIEKCHBIX COSIMHEHUH;

(?) HMUETO U3 MEePEUHCICHHOTO.

17. Kako#t u3 KOMIUIEKCHBIX HOHOB HE CIIOCOOCH K MAaCKHPOBKE?
(7)[Fe3+(CN)6]3-;

(?) [FeF6]3-;

(7) [Fe(C204 ) 3]3-;

(?) [Fe(C4H406)3]3-.

18. Kakoii u3 rnepeuncieHHbIX HOHOB HE MacKupyeT Tpudocdar Harpus?
(?) Pb2+;

(7) Al3+;

(7) Agt;

(?) Sn4+.

19. . Kakoii n3 mepeuncaeHHbIX HOHOB MacKupyeT Tpudocdar Harpus?
(?) Bi3+;

(?) Fe2+;

(?) Cu2+;

(?) Hg+.
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20. KakoBo uncio crynenet nucconuanuu [Hg(CN)4]2-?
ML
(?) 2
(7 3;
(7) 4.

Tema 9. KomounHele CUCTEMEI B aHAJIUTUYESCKOM XUMUH.
1. Ha yem ocHOBaH xpomarorpaduieckuii MeTos aHamu3a?
(!) Ha n3bupaTenbHON aCcOPOIMH KOMITOHEHTOB CUCTEM;
(?) Ha pa3IMYHOI CKOPOCTHU MEPEMELICHHS KOMIIOHEHTOB PacTBOpa IO CJIOK0 a/ICOPOCHTA;
(?) Ha pa3TUYHON OKpacKe KOMIIOHEHTOB CMECH;
(?) HMYEro U3 MEePevnCICHHOTO.

2. Yto Takoe agcopOeHTHI?

(?) )KUIKOCTH, MOTVIONIAOIINE KOMITOHEHTHI CMECH;

(!) TBepabIe TENa, HAa TOBEPXHOCTH KOTOPBIX MPOUCXOIHUT MOIVIOHICHUE aICOPOUPYEMOro BEIIECTBa;
(?) resb Ha MOBEPXHOCTH TBEPJIOTO TEJIA;

(?) razoBbie cMecCH.

3. YTO MOJIOKEHO B OCHOBY aJCOPOLIMOHHON XpoMarorpadun?

(?) paznuuHas aacopOUpyeMOCTh U CKOPOCTh MEPEIBUKEHUS BELIECTB, B AaHAIM3UPYEMOM CMECH, KOMITOHEHT
Pa3IUYHOM BBICOTE CTOJI0A aicOpOEHTa B BUIEC OT/ACIbHBIX 30H (CIIOCB);

(?) B KOJIOHKY BBOJISIT pacTBOp O0JIee CHIIBHO aJICOPOMPYIONIETOCS KOMIIOHEHTA, OH BRITECHSIET Oojiee cabo aJ
BBIXO/IUTh U3 KOJIOHKH. IHOTAa pa3/ienenne MOKHO IPOBOJAUTE YUCTHIM PAcTBOPHUTENEM (BoAa). MOJIEKyIIb B
BBITECHATH OoJiee ci1abo aacopOUPYIOIIHICS KOMITOHEHT.

(1) BBomsar cmecs (2 agcopOara B orpeeieHHOM pacTBOPUTEIIE), KOTOPYIO HYXKHO pa3JeluTh. 3aTeM yepes K
pacTBopuTens (Hanpumep, OyraHoi). B cuimy pa3nuuHbIX KOAGGHUIMEHTOB pacnpeaeeHus aacopoaroB B pa3
¢ 0oIbIIUM KOA(PPHUIIMEHTOM pacrpe/iesieHus B OyTaHose OyleT MepexoanuTh B pacTBOpUTEINb (OyTaHOM) U BB
(?) Ilpu nmpomnyckaHuu pacTBOPA IEKTPOJINTA YEPE3 KOJOHKY MPOUCXOAUT OOMEH MOABHKHBIX HOHOB a/1cop(
BEIIIECTBA.

4. Yo NOJI0KEHO B OCHOBY HOHOOOMEHHO XpomaTtorpadpuu?

(?) paznuuHas aacopOUpyeMOCTh U CKOPOCTh MEPEIBUKEHUS BELIECTB, B AaHAIM3UPYEMOM CMECH, KOMITOHEHT
Pa3IMYHON BBICOTE CTOJI0A aicOpOEHTa B BUIE OT/ACIbHBIX 30H (CIIOCB);

(!) B KOJIOHKY BBOJST pacTBOp O0Jiee CHIIBHO aJCcOPOUPYIOMIETOCs KOMIIOHEHTA, OH BBITECHSET Oonee cabo ar
BBIXO/IUTh U3 KOJIOHKH. IHOTAa pa3/ienenne MOKHO IPOBOJAUTE YUCTHIM PAcTBOPHUTENEM (BoAa). MoJIEeKyIIbl B
BBITECHATH OoJiee c1abo amcopOUPYIOIIHICS KOMITOHEHT.

(?) BBomat cmecs (2 ancopOata B OnpeieIeHHOM pacTBOPHUTENE), KOTOPYIO HY>KHO Pa3Je/nuTh. 3aTeM uepes K
pacTBopuTens (Hanpumep, OyraHoi). B cuimy pa3nuuHbIX KO3GGHUIMEHTOB pacnpeaeneHus aacopoaroB B pa3
¢ 0oIbIIUM KOA(PPHUIIMEHTOM pacrpe/iesieHus B OyTaHose OyleT MepexoanuTh B pacTBOpUTEINb (OyTaHOM) U BB
(?) Ilpu nmpornyckaHuu pacTBOPA IEKTPOJINTA YEPE3 KOJIOHKY MPOUCXOAUT OOMEH MOABHKHBIX HOHOB a/1cop(
BEIIIECTBA.

5. YTO MOJIOKEHO B OCHOBY paclpeleUuTeIbHON XpoMarorpadun?

(1) paznuyHas ancopOUpPyeMOCTh U CKOPOCTh MEPEIBUKEHHSI BEILIECTB, B aHAIU3UPYEMO CMECH, KOMITOHEHT
Pa3IMYHOM BBICOTE CTOJI0A aicOpOCHTa B BUIEC OT/ACIbHBIX 30H (CIIOCB);

(?) B KOJIOHKY BBOJISIT pacTBOp O0JIee CHIIBHO aJICOPOMPYIONIETOCS KOMIIOHEHTA, OH BRITECHSIET Oojiee cabo aJ
BBIXOJIUTH U3 KOJIOHKU. MHOTIa pa3nenenne MOKHO MPOBOAUTH YHCTHIM pacTBOpUTENEM (Boaa). MoseKyibl B
BBITECHATH OoJiee c1abo amcopOUPYIOIIHICS KOMITOHEHT.
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(?) BBomat cmecs (2 ancopOata B OnpeieIeHHOM pacTBOPHUTENE), KOTOPYIO HY>KHO Pa3Je/nuTh. 3aTeM uepes K
pacTBopuTens (Hanpumep, OyraHoi). B cuimy pa3nuuHbIX KOAGGHUIMEHTOB pacipeaeeHus aacopoaroB B pa3
¢ 0oIbIIUM KOA(PPHUIIUEHTOM pactpe/iesieHus B OyTaHose OyleT MepexoanuTh B pacTBOpUTEINb (OyTaHOM) U BBl

(?) IIpu mpormyckaHUM pacTBOpa SIEKTPOIUTA Yepe3 KOJIOHKY MPOUCXOIUT OOMEH MOABHKHBIX HOHOB aacopl
BELIECTBA.

6. YTo 10/105keHO B OCHOBY BBITECHUTEJILHOH XpomaTorpapuun?

(!) paznmuHast ancopOUpPyeMOCTh U CKOPOCTH MEPEIBIKEHISI BEIIECTB, B aHAJTU3UPYEMOI CMECH, KOMITOHEHT
Pa3IMYHON BBICOTE CTOJI0A aicOpOCHTa B BUIEC OT/ACIbHBIX 30H (CIIOCB);

(?) B KOJIOHKY BBOJISIT pacTBOp O0JIee CHIIBHO aJICOPOMPYIONIETOCSI KOMIIOHEHTA, OH BRITECHSIET Oojiee cabo aJ
BBIXO/IUTH M3 KOJIOHKH. MTHOTIa pa3/ienieHne MOKHO MTPOBOJMTE YHCTHIM pacTBOpHUTEIeM (Boaa). MOJIEKYITbI B
BBITECHATH OoJiee ci1abo amcopOUPYIOIIHIICS KOMITOHEHT.

(?) BBomat cmecs (2 ancopbata B OnpeieIeHHOM pacTBOPHUTENE), KOTOPYIO HY>KHO Pa3Je/nuTh. 3aTeM uepes K
pacTBopuTens (Hanpumep, OyraHoi). B cuimy pa3nuuHbIX KOAGGHUIMEHTOB pacnpeaeneHus aacopoaroB B pa3
¢ 0oIBbIIUM KOA(PPHUIIMEHTOM pactpe/iesieHus B OyTaHose OyleT MepexoanuTh B pacTBOpUTEINb (OyTaHOM) U BbI

(1) IIpu mporryckaHuM pacTBOpPA IEKTPOIUTA Yepe3 KOJOHKY MPOUCXOIUT OOMEH MOABMKHBIX HOHOB aJ1cOpO
BEIIIECTBA.

7.Kakue BuIbI pacTBOpUTENICH NpeaycMarpuBaeT kinaccudukamnus bpencrena-Jloypu?
(?) anpoTOHHBIE U IPOTOJINTUYECKHUE;

(?) BomHBIC Y HEBOJIHBIC;

(?) neryune u HeneTyuue;

(V) ruapodoOHBIC U THAPODUILHBIE.

8. Ha xakue BUIbI TOAPA3ACISIIOTCS TPOTOIMTHYECKUE PACTBOPUTENN?
(?) amdurpoTHBIE, TPOTOTEHHBIC U BOTHBIC;

(?) amdunpoTHbIe, MPOTOTeHHBIC, TPOTODUITLHBIC;

(!) mpoTtorenHsle, MPOTO(PUIBHBIC U HEBOAHBIE,

(?) mpororenHsie, TPOTOPUIHHBIC U CMEIIIAHHEIE.

9. Kaxkoii pacTBOpUTENH CIEAYET MPEANIOUECTh, YTOOBI MpoarQGHEepEeHIIUPOBATh CUITY OYCHB CJIA0BIX KHCIIOT
(?) anpoTOHHBII;

(1) mpoTodUILHBIH;

(?) amdunpoTHBI;

(?) anmpOTOHHBIN ATTOJSIPHBIH.

10. Kakoit pacTBOpUTENb CIEIyET MPEAOYeCTh, YTOOBI HUBEIMPOBATH CHITY HE OYEHB CIa0bIX OCHOBAHMIA?
(!) anpoTOHHBIIA;

(?) mpoTrodUIBHBIH;

(?) amdunpoTHBI;

(?) MpOTOTCHHBIN.

11. Kak BIUseT poCT AUAIEKTPUYECKON TPOHUIIAEMOCTH PACTBOPUTENS HA €r0 HUBEJIUPYIOIIEE IeCcTBUE?
(1) ycunuBaer;

(?) ymeHsbIaeT;

(?) HE OKa3bIBACT BIUSHUS;

(?) HMUETO U3 MEePEUHCICHHOTO.

12. Kak BiusieT yBelIMueHne HOHHOTO MPOU3BEICHUS paCTBOPUTEIS Ha ero nuddepeHnupyroiee aeicTeue?
(?) ymeHbIIaeT;
(?) yBenmuumBacr;
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(!)HE oka3bIBaCT BIUSHHUS;
(?) HMUETO U3 MEePEUNCICHHOTO.

13. Kakue BUIBI pacTBOpHUTEIICH NpeaycMaTpuBaeT kinaccudukarus [Tapkepa?

(!) anpoTOHHBIE ¥ TPOTOIUTUUECKHUE;

(?) BomHBIC Y HEBOJIHBIC;

(?) neryune u HeneTyuue;

(?) anpoToHHBIE AUMOISPHBIE, TUIOISPHbIE IPOTOHHBIE, AITPOTOHHBIE AMOJIIPHBIE.

Tema 15. Kunernueckue MeToAbl aHAIU3A.
1. B gem cocrout cyntHocTh AuddepeHInaaIbHOr0 METOIa KHHETUYECKOTO aHaan3a?
a) ucnonb3oBanue 3apucumoctu CD ot t (CD = k) npu nocTosSTHHOI KOHIIEHTPALUU pEarcHTOB;
b) ucmonb3yIoT 3aBUCUMOCTh WJIU ~ U Tp., KOHLIEHTpalus peareHToB usmensercs Ha 10%;
C) HUYETO U3 NIEPEUNCIIEHHOTO.
2. Ha 3aBucuMOCTH MEXy KAaKUMH MTapaMeTpaMH OCHOBAHbI KHHETHUECKHE METO/IbI aHaIn3a?
a) ONTUYECKOM IJIOTHOCTBIO ¥ KOHLIEHTPALUEN PacTBOPA;
b) CKOPOCTBIO peaKIMK M KOHIIEHTPAIIUEH pearupyronux BEIecTB;
C) aHaJM3e KPUBBIX aMIIEPOMETPHUIECCKOTO TUTPOBAHHS;
d) KomMYEeCTBOM AIIEKTPUUECTBA K MACCOM 00Pa3yIOIIEToCs WIH PACXOyeMOT0 BEIIeCTRa.
3. UTo NEeXUT B OCHOBE KUHETUYECKUX METOJIOB aHaIn3a?
a) u3menenue pH pactBopa;
b) U3MeHEeHHE CUITBI TOKA B CUCTEME BO BPEMEHH;
C) 3aBUCUMOCTb CKOPOCTH PEAKLIUU OT KOHLIEHTPAIMH UCCIIEyEMbIX BELIECTB;
d) ocnabnenue MHTEHCUBHOCTH MPOILIEAIIETO Yepe3 CUCTEMY CBETa.
4. B uem 3akito4aeTcs METOJ] ONpeIeIeHUs HEN3BECTHON KOHLIEHTPAIMK BELIECTBA CIIOCOO0M (PUKCUPOBAHH
a) B MOCTPOCHUHU KaTHOPOBOYHOTO rpaduika B KOOPAWHATAX ) IPU (PUKCUPOBAHHOM KOHIICHTPAIIMU UHIUKATO
b) B uamepennu Clnd npu cTporo puKkcupoBaHHOM BpPEMEHH;
C) HUYETO U3 NEPEUNCIIEHHOTO.
5. Kako¥i mpuHIUII TOJIOKEH B OCHOBY KHHETUYECKUX METO/IOB B UX KaTaJIUTUYECKOM BapuaHTe?
a) ONpeeIIeMbIM KOMIIOHEHTOM SIBIISIETCS KaTaJlM3aTop WK CBSA3aHHBIE C HUM COCTUHEHMUS;
b) onpenenseMbIM KOMIOHEHTOM SIBJISIETCSI BOCCTAHOBUTED;
C) OIpeeNIIeMbIM KOMIIOHEHTOM SIBIISIETCSI OKHCIIUTEND;
d) onpenensieMbIM KOMIIOHEHTOM SIBIISIETCSI UHIUKATOPHOE BEIIECTBO.
6. KakoBbl mpenmyIiecTBa HEKaTaTUTHIECKUX KUHETHUECKUX METOAO0B aHam3a’?
a) BBICOKAsi UyBCTBUTEIIbHOCTH;
b) BBICOKAs CEIICKTUBHOCTB;
C) HUYETO U3 MIEPEUUCIICHHOTO;
d) He HYXHO CTPOUTH TPaTyUPOBOYHBIHN rpaduK.
7. B kakoM ciiy4yae HE IPUMEHSIOTCSI KHHETUYECKUE METO/IbI aHau3a?
a) aHaJU3 NOJYNPOBOAHHUKOB;
b) XuMHYECKNI T MOHUTOPUHT OKPYKAIOIIEH CPEIbI;
C) ompeesieHne KOHIIEHTPAIUY TPUMECEH B UUCTHIX BEIIECTBAX;
d) KHCIIOTHO-OCHOBHOE TUTPOBAHHUE.
8. B uem 3akmodaercst cnoco0 ornpeaesieHusl HeM3BECTHOW KOHIIGHTPAIMY BEIIECTBA METOAOM (PUKCHPOBAHH
a) B IOCTPOCHUH KAITMOPOBOYHOTO rpadka B KOOpAWHATAX ) TPU (PMKCUPOBAHHOMN KOHIICHTPAIIUA WHIUKATO
b) B uamepenun Clnd npu cTporo GuUKCUpOBaHHOM BpEMEHH;
C) HMYETO U3 MEePEYUCICHHOTO.
9. B 4em cocToUT CYITHOCTh MHTEHPATLHOTO METOJa KWHETHYECKOTO aHamn3a’?
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a) ucrnonb3oBanue 3apucumoctu CD ot t (CD = k) npu nocTosSTHHOIH KOHIIEHTPALMU pEarcHTOB;
b) Ucmonb3yIoT 3aBUCUMOCTh WJIU ~ U Tp., KOHLIEHTpalus peareHToB usmensercs Ha 10%;
C) HUYETO U3 NIEPEUNCIIEHHOTO.
10. Kakoit MmeTon onpeaieneHrs HEM3BECTHOM KOHIICHTPAIlMK BEIIECTBA SBJISETCS CAMbIM TOYHBIM?
a) MeToJ1 TaHT€HCOB;
b) meTonoa puKCUPOBAHHOM KOHIIEHTpAIUN?
C) METO/IOM (PMKCHPOBAHHOTO BPEMEHU?
d) Huuero u3 nepevncieHHOro

4.3 IIpomexxyTouHast aTTeCTalUs 110 AUCIUIUTHHE MPOBOAUTCS B hopMe dK3aMeHa

Tunossblie Bonpocsl 3k3amena (OIIK-1, OITK-6)
3 cemecTp
1. Bunbl u cragun xumudeckoro aHanmu3a. OCHOBHBIE XapaKTEPUCTHUKNA METO/IOB aHanu3a. Beibop Merona :
YYBCTBUTEIBHOCTU U U30UPATEIBHOCTH METOIOB. ABTOMATH3allMs aHATIN3a.
2. IlpaBunpHOCTH U BOCIIpon3BOAUMOCTh. Kitaccudukanus morpemuocreid. CucreMarnyeckue MorpenrHoC
CinyyaliHple TOTPEIIHOCTH.
3. OpraHuyeckue peareHThl B XUMHUECKOM aHaiu3e. OyHKINOHATbHO-aHATUTHUECKIE U aHATUTUKO-aKTHUE
MOJIEKYJIbl Ha CBOMCTBa peareHTa. [I[puMeHeHre opraHnuecKuX peareHTOB B aHaJIM3e.

4. OCHOBBI 3KCTpaKLMU KaK METOJa pa3/iesieHusl U KoHIeHTpupoBanus. Koncranra pacrpeneneHus, kodpd
skcTpakuuu. Dakrop pazaeneHus. YCiI0oBUsA SKCTPAKIIMKM HEOPTAHMYECKUX U OPraHUYECKUX coequHeHun. [1p.

4 cemecTp

I. DOKBUBAJICHT. 3aKOH 3KBUBATCHTOB. CIIOCOOBI BEIPAXKEHHS KOHIICHTPAIIMK pacTBOPOB. TUTP 1m0 pade
BELIECCTBY.
2. Kucnorno-ocnoBHoe tutpoBanue. Knaccudukanusa. CtannapTHble pacTBOPBHI.
3. PacueT xpuBoit TUTpPOBaHMSI pacTBOpa CJIa00# KUCIOTHI CUIIHHBIM OCHOBAaHHUEM.
4. [Monsiporpadus. Teopust meTona.
5. KavecTBeHHBIN 1 KOTUYECTBEHHBIN TIONIsIporpaduueckuii ananu3. Ypasuenue UnpkoBruya. YpaBHet
MIOJTyBOJIHBI.

Tunossble 3apanns aas 3x3amena (OIIK-1, OITK-6)
3 cemecTp

1. PaccumTaiite cpequuii k03hUIMeHT akTUBHOCTH XJopuaa amomunus B 0,1 M pactBope U cpaBHUTE
0,340.

2. Paccunraiite pH pacTBOpa, NOIXy4eHHOTO B pe3ylbTare cMemunBaHus paBHbIX 00bEMOB 0,01M pactBopa
YKCYCHOU KUCIIOTBI.

3. Kak u3meHuTcst pacTBOpUMOCTH cynbdara Oapus B 0,01 M pactBope cyibdara Kanus 0 CpaBHEHHIO € pac
4. CkoJIbKO TPAMMOB alrieTara HaTpusi Hy)KHO pacTBOpUTH B 500 M1 BOZBI, YTOOBI MOTY4YuTh pacTBop ¢ pH 8,5
5. Cxonbko M 96 10 %-Hoil cepHOI KHUCTOTHI oTpedyeTcs i npurotoBieHus 6 i1 2,0 H pactBopa?

4 cemecTp
1 1. Kaxkoit 066&M cepHoit kuciotsl (p = 1,06 r/mit) TpeOyeTcs i OCaKIeHUsI BCEro 0apus B BUJIE CYIb(
conepskarero 0,5500 r uncroro BaCl2-2H20?

2. Onpenenuth pH B Touke 3KBUBaJICHTHOCTH Tipu TUTpoBaHuu 0,1 H pacTBOpa ykcycHOM Kuciaotsl 0,1 H
1,75-10-5
3. OnpenenuTh TPOLIEHTHOE COIEPKAHUE KeJe3a B JKEJIE3HOU py/e, €CIIH MOCJIe COOTBETCTBYIOIIEH 00pado1
B 250 Mn kuciothl, Ha TuTpoBanue 20,00 M pactBopa conu xene3a (I1) 3arpaueno 18,40 M pacTBopa nepm
4. DHeprust BogoponHoi cBsa3zu coctaisieT 30 k/[x/Monb. OnpenenuTs AIMHY BOJTHBI M BOJTHOBOE YHCIIO, TT
HaJIU4Us BOJOPOJIHBIX CBS3EH B PACTBOPE UCCIIETyEMOro BEIIeCTBa CIIEKTPO(POTOMETPUUYECKH.
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Tunosbie TeMbl KypcoBbix pador (OIIK-1, OITK-6)

. MeTonpl aHanM3a BEMIECTB BHICOKON YHUCTOTHI.

. Nonnast xpomarorpadusi B OpraHu4eCcKoM - 3JIEMEHTHOM aHaJIU3e.

. OU3HKO-XUMUYECKHE U aHATTMTUYECKUE METObI UCCIEAOBAHUS KOMIIJIEKCOHOB M MX KOMILJIEKCOB.
. AHanUTHYECKOE OMpeiesieHne TePOKCHIa BOIOPO/Ia.

. AHanMUTHYECKHE BO3MOKHOCTH U TEOPHUS METO/Ia Ta30KUIKOCTHOU XpoMaTorpadum.

. JIIOMUHHCLIEHTHBIE METO/IbI B aHAIM3E MPUPOAHBIX U CTOYHBIX BOI.

. OKUCIHUTENbHO-BOCCTAHOBUTENbHBIE peakiiuu U OB-noTeHuansl B aHAIUTUYECKON XUMUH.

. D deKkTruBHBIE MacChl TPOO TSI AHATUTUYECKUX IIEIICH.

9. Yenexu B xpomarorpauueckoM OINpeaesIeHUH MaJIbIX KOHICHTPAIMHA 3arps3HEHU.

10. Tanaui B KUCIOTHO-OCHOBHOM CHUCTEME KaYeCTBEHHOI'0 aHaJIN3a KaTHOHOB.

11. T'azoxpomarorpaduyeckoe onpeaeacHe OpraHnuecKiX KUCIOT B Cpe/iax ojieyMa U CepHON KUCIIOTHI (e

OKpY’KArOLEH Cpebl.

12. T'azoxpomarorpagudeckoe onpeaeieHne GopMabaeruaa B 00beKTax OKpyKaromei cpebl.

13. Cnenduyeckre 0COOEHHOCTH aHATUTHIECKOW XUMHUH TSKEIIBIX METAJUIOB B IPUPOIHBIX CPEIax.

4.4. llIkana oueHUBaHUS TPOMEKYTOUHOM aTTeCTALMKI
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Orenka

KommeTeniy
15071

JeckpunTops! (YpOBHU) — OCHOBHBIC TIPU3HAKH OCBOCHUS
(mokasarenu JOCTUKECHHUS PEe3yJIbTaTa)

COTIAMYHOY
(85 - 100 6amoB)

OIIK-1

Crioco0eH aHaMM3UPOBAaTh U MHTEPIIPETHPOBATH PE3YJbTaThl XUMHUY
HaOJIFOIEHU N U U3MEPEHUM.
JleMOHCTpHUPYET BBICOKHI YpOBEHb 3HAHHSI OCHOBHBIX 3aKOHOB XUMH
OCHOBE COBpPEMEHHBIX Teopuil. — CrnocoOeH HCMIoIb30BaTh COB
MaTeMaTU4YEeCKOTro aHalln3a JUIsl OLIEHKHU J1I0CTOBEPHOCTH PE3YJbTaTOB.
OTBeT MOCTPOEH JIOTUYHO, MaTepHall HU3Jaraercs 4YeTKo, SICHO,
apryMEeHTHPOBAHO

OIIK-6

YMeeT nmpencTaBiIsaTh MOMyUYeHHBIE Pe3yJIbTaThl KAYeCTBEHHOTO U KOJ
B YCTHOW M THCHBMEHHOH (popmMe, TpaMOTHO HCIOJB3YET COBpEM
TEXHOJIOTHIO JIJISl aHAJIMTUYECKUX METOJIOB HCCIIEIOBAHUS XUMHUYECK]
Ha Bompocs! oTBeyaeT kpaTko, apryMEeHTUPOBAHO, YBEPEHHO, 110 CYIII|

«XOPOIIIO»
(70 - 84 6amoB)

OIIK-1

JleMOHCTpUpPYET JOCTATOUHBIA YPOBEHD 3HAHUIT OCHOBHBIX 3AKOHOME]
CrocobOeH, B 1eNOM, K HWHTEpIpETali HSKCIEPUMEHTAIbHBIX
COBPEMEHHBIX TEOpUi B OOJNIACTH TEPMOIMHAMUKU, XUMUUECKON K}
SIBIICHUH U IEKTPOXUMUH.
B oTnenbHBIX TpUMeEpax MOXKET BbIACTUTH MEKIUCIUILIN-HAPHBIE CBS
OTBeT MOCTPOEH JOTMYHO, MaTepraj U3JIaraeTcsi XOPOILIUM SI3bIKOM.

OIIK-6

CriocobeH mpeACTaBIsATh PE3YJIBTAaThl XUMUYECKOTO IKCTICPUMEHTA B
dbopme. YMeeT UCIoIb30BaTh COBPEMEHHBIE METO/IBI HCCIIEIOBAHUS X
pEaKLHA.
Bomnpocsl, 3agaBaemblie MpenogaBaTesieM, HE BBI3bIBAIOT CYIIECTBEHHK

«YIOBJIETBOPUTEIBEHO
»
(50 - 69 6amoB)

OIIK-1

JlemoHCcTpUpyeT cinalblil ypOoBEeHb 3HAHWI OCHOBHBIX 3aKOHOB XUMUH
C TpynoM aHalM3UpYyeT pE3YJIbTaTbl XUMUYECKHUX OSKCIEPUMEHT]
U3MEPEHUM.
OTBeT He Bceraa JIOTUYHO BBICTPOEH, MaTepHall uzjaraercs 0e3 mpuy
Hay4YHOU TEPMUHOJIOTUH.

OIIK-6

VYMeHue MNPEACTABJIATD MMOJTYYCHHBIC PC3YJIbTAThI KAYCCTBCHHOI'O U KOJ|
B YCTHOU M MUCBMEHHOH popme chopMupoBaHo ci1ado.

«HEYTOBJIETBOPUTEIb
HO»

OIIK-1

JleMOHCTpHUpYyET HE3HAHUE TEOPETUUECKUX 3aKOHOMEPHOCTEN XUMHUHU.
He cmocoOeH wuHTEprpeTHpoBaTh SKCHEpUMEHTaIbHbIC (akTl. H
MEXIUCLUIUITMHAPHBIE CBA3H

HCYBepeHHO H JIOTUYCCKH HCTIOCJICAOBATCIILHO U3JIaracT Marcpuall.
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(menee 50 Gasos) OIIK-6 He opueHTHpYyeTCs B OCHOBHBIX TEOPETUYECKHMX KOHIEMIHAX, JIEKA
Ka4eCTBEHHOTO U KOJIMIECTBEHHOIO aHanu3a. He crocobeH apryMeHT
HenpasuiibHO OTBEYAET Ha HOCTABIEHHBIC BOIPOCHI WU 3aTPYIHSETC

5. MeTonnueckue ykazaHusi AJ1s1 00y4a0IIUXCS 10 OCBOCHUIO M CHUILTUHBI (MOLYJIS)
5.1 MeTtoandeckue yka3aHus 110 OPTaHU3aIMN CaAMOCTOSTEIBbHOM PadO0ThI 00YUYaIOIIUXCSI:

[Tpuctynas K M3y4eHUIO AUCLUUIUIMHBL, B TEPBYIO O4yepeab OOydyaromMMCs HEOOXOIMMO O3HAKOMHUTHCA (
mucuutuinael (PI1J]), koTopas onpenensieT coaepxanue, 00beM, a TaKKe MOPSAIOK U3yUEHHsI U TTPETIoJaBaHu:
4acCTH.

JI71st caMOCTOSATENEHOM pabOThl BAYKHOE 3HAYCHHE UMEIOT pa3aeiibl «O0beM U COAEPKaHUE TUCIUTTUHBD), «
nH(pOpMaIMOHHOE 00eCIIeUeHHE TUCIUILTHHB U «MaTtepuaibHO-TeXHUUYECKOe o0ecTieueHne JUCITUTUTHHBL, -
npodeccuoHaabHbIe 0a3bl JAHHBIX U WH(OOPMAITMOHHBIC CITPABOYHBIC CHCTEMBDY.

B paznene «O0beM U conepikaHue TUCHMIUIMHBDY YKa3bIBAIOTCS BCE PA3JENbl U TEMbl M3y4aeMOW AMUCIU
IUTAHUPYEMBbIi 00bEM B aKaJIEeMUYECKHX Yacax.

B pasznene «YuebHO-MeToAMUECKOE U MHPOPMALIMOHHOE OOecreueHNe TUCIUILIMHBD) yKa3aHa PEKOMEHIY

JaUTeparypa.

B pasgene «MarepuanbHO-TEXHHUYECKOE oOOecreueHre MUCIMILIMHBI, MPOrpaMMHOE OOecredeHue, Mpoc
MH(POPMALIMOHHBIE CIIPABOYHBIE CUCTEMBD) COAEPIKUTCS MepeueHb Mpo(peCcCHOHANbHBIX 0a3 JaHHBIX U UH(Q
HEOOXOIUMBIX JUIl OCBOCHUS TUCIIUITIIHHBI.

5.2 PexomeHmanuu o0y4aromuMces 1mo paboTe ¢ TEOPETHICCKUMH MaTepuaIaMu 1o TUCIUTIINHE
[Tpu u3ydeHnn 1 mpopadbOTKe TEOPETUICCKOTO MaTepraia HeOOXOaUMO:

- IPOCMOTPETH €llle pa3 mnpe3eHTanuio Jekuuu B cucteMe MOODLe, moBTOPUTH 3aKOHCIIEKTUPOBAHHBIN F
JIOTIOJIHUTH €T0 C yUYE€TOM PEKOMEHI0BAaHHOW JAOMOIHUTENLHOM TNTEPaTyPhl;

- TPU CAMOCTOSITEIIFHOM W3yYEHHH TEOPETHYECKOH TEMBI CJHIeNaTh KOHCIEKT, HCIOJIb3Yys PEKOMEH]
npodeccroHatbHbIe 0a3bl JAHHBIX U WH()OPMAITMOHHBIE CITPABOYHBIC CHCTEMBI:

- OTBETUTH Ha BOIIPOCHI JIsI CAMOCTOATEIILHON pabOThI, TTO TeMe MpecTaBieHHbIe B myHKTe 3.2 PIT/I.
- TP MOATOTOBKE K TEKYIIEMY KOHTPOJIIO HCIIOIb30BaTh MaTepralibl (hoHIa oreHouHbIX cpencts (POC).
5.3 Pexomenmanuu mo paboTe ¢ HayYHOU U y4eOHOM JIUTepaTypoit

PaboTa ¢ OCHOBHOHM U JOTOJHUTEILHON JIUTEPATYpOil ABJsETCA TIIaBHOM (HOpMON caMOCTOSTENbHON paboT
YCTHOMY ONpOCY Ha CEMHUHApPCKUX 3aHATHSAX, K Je0araM, TECTUPOBaHMIO, 3k3aMeHy. OHa BKJIIOYaeT Mpof
PEKOMEHI0BAaHHBIX UCTOYHUKOB U JIUTEPATYPHI 110 TEMATUKE JICKLIUMN.

KoncmnekT nexkunu I0KeH coepkarh peepaTuBHYIO 3alMCh OCHOBHBIX BOIPOCOB JIEKIIMH, B TOM YHCJIE C |
MOODLe mnpe3eHTanu, 0OCHOBHbIX UCTOYHUKOB M JIUTEPATYpPhl MO TEMaM, BBIBOJbI MO Ka)KJIOMY BOIIPOCY.
paMKax pacreyaTKy BbIJauu Mpe3eHTalui JeKIUi Wi B OTAENbHOM TeTpaau mo npeaMery. OH J0KeH ObIT
cofieparb He OTHOCSIIYIOCS K TeMe HHGOPMAIUIO WK PUCYHKH.

KoHcmniekTbl HayqHOH JUTEpaTyphl MIPU CaMOCTOSTENbHOM MOATOTOBKE K 3aHATUSAM JTOJIKHBI COJIEPIKaTh OTBE
BOIPOC, UMETh CCHUIKY Ha MCTOYHHMK HMH(OpMalMU ¢ 00s3aTeNIbHbIM yKa3aHHWEM aBTOpa, Ha3BaHMs U TOJ¢
nuTepaTypbl. KOHCIIEKT MOXKET OBbITh OMIOPHBIM (COAEPKATH JIMIITL OCHOBHBIE KIIIOYEBBIE MTO3UIUH), HO TPH 31
0 BOIIPOCY, MOXKET OBbITh MOAPOOHBIM. OOBEM KOHCIIEKTa ONPEAEISETCS CAMUM CTYJCHTOM.

B nporecce paboThl ¢ OCHOBHOM U JOTIOTHUTEIIBHON JTUTEPATYPOH CTYICHT MOXKET:

- JIeNiaTh 3alUCH 1O XOAY YTE€HHsI B BUJE MPOCTOrO WM Pa3BEPHYTOro IIaHA (CO3[aBaTh MEPEUYCHb OCHOE
HCTOYHUKE);

- COCTaBJISTh T€3UCHI (IUTUPOBAHKE HAMOOJIEe BAXKHBIX MECT CTaThH MU MOHOTpaduu, KOPOTKOE U3TIOKECHHE
- TOTOBUTDH aHHOTAITMH (KpaTKoe 0000IIeHHE OCHOBHBIX BOITPOCOB PadOTHI);

- co371aBaTh KOHCIIEKTHI (pa3BEPHYTHIE TE3HUCHI).

5.4. PexomeHa1iuu Mo NOATOTOBKE K OTAENIbHBIM 33JaHUSM TEKYIIETOo KOHTPOJIS

CobecenoBanre MpeANoNaracT OpraHu3aIio OeceIbl MPETmoaaBaTeisi CO CTyACHTaMU 110 BOMPOCAaM MPAKT
0OCTOSITETPHOTO BBISIBJICHHUS MX 3HAHHWHA 10 OMPEIEICHHOMY pasfely, Teme, mpobieme u T.. Bce dien
oOcyxaeHnu, 100aBIITh HHYOPMAIINIO, AUCKYTHPOBATh, 33/1aBaTh BOMPOCHI U T.1I.

VYCTHBIN OMpPOC MOKET MPUMEHSTHCS B pa3Nu4HbIX opMmax: GpOHTATBHBIN, HHANBUAYATbHBINA, KOMOUHUPOE
OTBETa MOJUIEXKAIIIETO OLIEHKE:
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- IPaBUJIBHOCTH OTBETA 110 COIEPIKAHHUIO;

- IOJTHOTA U INIyOuHa OTBETA;

- CO3HATEJIbHOCTh OTBETA;

- JIOTHKa U3JI0KCHUS MaTepuaa,

- PallMOHAIBLHOCTH MCTIOIB30BAHHBIX IIPUEMOB U CIIOCOOOB PELIeHNs TOCTAaBICHHON yueOHOil 3a1auu;

- CBOEBPEMEHHOCTh U A3PPEKTUBHOCTb UCIOIb30BAHUS HAIVISIHBIX MOCOOUI U TEXHUUECKUX CPEICTB MPH OT!
- HCII0JIb30BAaHUE JIONIOJHUTEIBHOTO MaTepraa;

- PallMOHAJILHOCTb HUCIIOJIBb30BaHUS BPEMEHH, OTBEJCHHOIO Ha 3a/IaHNE.

VYCTHBII OIIPOC MOXKET CONPOBOXKIATHCS IMPE3EHTALMEN, KOTOpasi MOJArOTaBIMBAETCA MO OIHOMY U3 BOIP(
BBICTYIIJICHUH C Mpe3eHTanneil Heo0XoauMo oOpaliaTh BHUMaHUE Ha TAKWE MOMEHTHI KaK:

- COZEp>KaHME IPE3ECHTALMU: AKTyaJbHOCTb TEMBI, IOJHOTA €€ PACKPBITHS, CMBICIOBOE COJIEP)KAaHUE, (
COZIEP’KaHUI0, COOTBETCTBUE METOIMUYECKHM TPEOOBAHUAM (LIEJIU. CCHUIKH HA PECYpPChl. COOTBETCTBHE COJIEP:
HaIlpaBJIEHHOCTh, COOTBETCTBUE CONEPKaHMs 3asBICHHOHN (hopme, aJeKBaTHOCTh HCIIONb30BAHUS TEXHHUYE
IIOCJIEIOBATENBHOCTD U JIOTUYHOCTD IIPE3EHTYEMOT0 MaTepHara;

- oopmiieHHE TIpe3eHTAlMU: 00beM (ONMTUMAIbHOE KOJIWYECTBO), MU3AHH (YUTAEMOCTb, HAJIMYUE M COO
3ByKOBO€ O(hopMIIeHUE, CTPYKTYpHUpPOBaHNE WH(POPMALIUU, COOTBETCTBUE 3asBICHHBIM TPEOOBAHUSAM), OPHTY
MCTIOJIb30BaHHE BO3MOKHOCTH ITPOTPAMMHOI Cpe/bl, COOTBETCTBHE CTaHIapTaM 0(OpMIICHHS;

- JIMYHOCTHBIE KayecTBa: OPATOPCKHE CIOCOOHOCTH. COONIOEHHE pEerIaMeHTa, 3MOLMOHAIBHOCTb, Y
CHCTEMaTU3UPOBaHHbIE, TYOOKUE U MOJIHbIE 3HAHUS 110 BCEM pa3zieiaM IIpOrpaMMbl:

- COACpKaHME BBICTYIUICHUS: JIOTUYHOCTh M3JIOKEHUS MaTepuasa, PacKpbITHE TEMBI, JOCTYITHOCTb M3JIOK(
cpeactB UKT, cnocoObl 1 ycaoBUs TOCTHKEHHS PE3yIbTaTUBHOCTH U 3()()EKTUBHOCTH I BBIIOJHEHUS 32
y4eOHOH J1esTeNbHOCTH, 10KAa3aTeIbHOCTh IPUHUMAEMBbIX PELICHNH, yMEHNE apIyMEHTUPOBATh CBOU 3aKJIIOT

6. YueOHO-MeTONM4YecKoe M HHPOPMALIMOHHOE o0ecredyeHre JUCHMIIITHHbI

6.1 OcHoBHas UTEpaTypa:

1. Hukutuna H. I, bopucos A. I., Xaxanuna T. . Ananutudeckas Xumusi 1 GU3HKO-XUMHUICCKHE MeTo/Ib
BY30B. - ITep. U J101T; 4-¢ u3.. - Mocksa: FOpaiit, 2020. - 394 c. - Tekct : anexrporHsIi // DBC «FOPAUT» [c:
2. Anekcangposa J. A., lNaiigykoBa H. I'. AHanutndeckas xumus B 2 kaurax. Kaura 1. Xumudeckue METOx
BY30B. - HCTIP. U J01T; 3-¢ u31.. - Mocksa: FOpaiit, 2020. - 537 c. - Tekct : anexkrponHsii / OBC «FOPAUT» [
3. AnekcangpoBa J. A., laiinykoBa H. I. Ananutuueckas xumus B 2 kHurax. Kaura 2. OU3NKO-XUMHU(

IIPAKTUKYM JUIsl BY30B. - UCHp. U Jom; 3-€ u3f.. - Mocksa: FOpaiit, 2020. - 344 c. - TekcT : 3eKTPOHHBL
https://urait.ru/bcode/450453

6.2 JlononHUTENbHAS JIUTEPATYpA!

1. Mukunesa, I. H., Mensuenxko, I. I'., FOunukoBa, H. B. Ananutuueckass Xumusi. NEKTPOXUMUUYECKHUE M
Becb cpok oxpaHbl aBTOPCKOro IMpaBa; AHAIUTHYECKas XUMHS. DJIEKTPOXUMHUYECKHE METOAbl aHal
TEXHOJIOTMUECKUM HMHCTUTYT NuUIeBOW mnpoMsbliiieHHoctd, 2010. - 184 c. - TekcT : a1eKTpOHHBIN
http://www.iprbookshop.ru/14357 .html

2. XapuronoB FO.fl. AnanmuTnueckas Xumusi. AHAJIUTHKA : y4eO. Ui CTyJACHTOB BY30B: B 2 KH.. - 5-€ U3, CT
3. Bacunnwer B.I1., Mopo3ogsa P.I1., Kouepruna JI.A. Ananutudeckass XuMus : 1a00OpaTOPHBIN MPAKTHKYM: Y4
nepepad. u gor.. - M.: [Ipoda, 2004. - 415 c.

4. AnapueB A. U., Jlynenko I. K., Anekcannpona T. I1., KazakoBa A. A. AHaIUTHYECKast XUMUS : Y4eOHOE |
u311.. - Mocksa: FOpaiit, 2020. - 107 c. - Teker : anexrpornsiit // DBC « FOPANT» [caiit]. - URL: https://urait
5. IHonkopswitoB A. JI., Heynaunna JI. K., Illtun C. A. Ananutuueckas xumusa. OKHCIUTEITbHO-BOCCTAHOBUT!
IU1s By30B. - Mockaa: FOpaiit, 2020. - 60 c. - Teker : anexrpornsiii // DBC «FOPAWT [caitr]. - URL: https://
6. Tkauenko, C. B., CokonoBa, C. A. AHanuTHYECKasi XUMHUsL. XUMUYIECKUE METOIBI aHAIH3A : Y4eOHOE TTOC(
npaBa; AHanuTH4yecKas XUMUsA. XMMHUYECKHE METOIbl aHanu3a. - Boponex: Boponexckuil I'ocymapcTse
Nmmneparopa Ilerpa [lepsoro, 2015. - 189 c. - Tekcr : anexrponnsiii // [PR BOOKS [caiir]. - URL: http://ww
7. bopucos A. H., Tuxomuposa U. FO. Ananutudeckas Xxumus i ieAaroroB. PacueTsl B KOIMUE€CTBEHHOM
BY30B. - HCIIP. H JIOI; 3-¢ u311.. - Mocksa: IOpaiit, 2020. - 146 c. - Teker : anexrponnsiii // DBC « FOPAUT» [/
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6.3 1Hble UICTOUYHUKH:
1. DnekrponHas Oubnanoreka counonoruyeckoro gaxynsrera MI'Y umenn M.B. JlomoHocoBa - http://lib.soc
2. NaTepHet-3HIIMKIONEANH - http://www.rubicon.com/

7. MaTepuaJbHO-TeXHHMYeCKOe o0ecnedeHHe TUCHUILVINHBI, IPOrpaMMHOe o0ecredyeHue,
npogeccnoHanbHbIe 023bI JAHHBIX 1 HHPOPMALMOHHBbIE CIIPABOYHbIE CHCTEMbI

Jlist mpoBeAieHUsT 3aHATHU 1O AUCIUIUITMHE HEOOXOIUMO CIICAYIOIIee MaTepUaIbHO-TEXHUYECKOE OOECII
MIPOBEICHMSI 3aHATUH JIEKIIMOHHOTO ¥ CEMUHAPCKOTO THUIIA, TPYIIIIOBBIX U MHAUBUAYAJbHBIX KOHCYJIbTAIUH,
aTTeCTaIlM{, TOMEIICHUS JIJIS1 CAMOCTOSITEIbHON PabOTHI.

VY4eOHble ayIUTOPHUH M TOMELICHHUS JUISI CAMOCTOSTEIBbHONH pPabOThl YKOMIUIEKTOBAHBI CIEIHATU3UPOBE
cpeacTBaMH 00yUYeHHs, CITy>KAIUMU JUTSl TPEACTaBICHHUS yueOHOM nH(popMannu O0BIION ayTUTOpUN.
[TomerieHust Al CaMOCTOSATENBHOM pabOThl YKOMIUIEKTOBAHBI KOMITBIOTEPHOM TEXHUKOW C BO3MOXKHOCTBIC
o0ecredeHrneM JI0CTyTa B ANIEKTPOHHYIO HHPOPMAITMOHHO-00pa30BaTeIbHYIO Cpely YHUBEPCUTETA.

Jlnst mpoBeeHNs 3aHATHH JEKIIMOHHOTO TUIA HCIHOJIB3YIOTCS HAOOpHI JAEMOHCTPALMOHHOTO 000pYIOBAaHY
WITIOCTpAK (IPOEKTOp, HOYTOYK, 9KpaH/ MHTEPAKTHUBHAS JOCKA).

JlumeH3noHHOE U CBOOOIHO pacpOCTpaHsIeMOe IPOrpaMMHOE 00ecTICUeHHE:

Kaspersky Endpoint Security mis 6usneca - Cranmaptasiit Russian Edition. 1500-2499 Node 1 year Educati
Omneparmonnas cuctema Microsoft Windows 10

Adobe Reader XI (11.0.08) - Russian Adobe Systems Incorporated 10.11.2014 187,00 MB 11.0.08

7-Zip 9.20

Microsoft Office [Ipodeccronanbhsrii mioc 2007

Adobe Dreamweaver CS3

Adobe Photoshop CS3

ITpodeccronanbhbie 6a3bl JaHHBIX U UHPOPMAITMOHHBIE CIIPABOYHBIE CUCTEMBI:

1. Hayunas snextponHas 6ubnuoreka Poccuiickoit akamemun ecrectBozHanus. — URL: https://www.monogr:
2. Dnexrponnsbli Karanor OynnamentanbHoi Oubanotexn TI'Y. — URL: http:/biblio.tsutmb.ru/elektronnyij-
3. YHuBepcuteTckas OMOIMOTEeKa OHJIANH: AIeKTPOHHO-O0nbOmoreyHas cuctema. — URL: https://biblioclub.ru

yIeKTpPOHHAS HH(POPMALIMOHHO-00pa3oBaTe/IbHas cpeaa
https://auth.tsutmb.ru/authorize?response _type=code&client id=moodle&s

B3aumoneiicTBue mpenopaBaTenss M CTy[AEHTa B Tpolecce OOy4EeHHUS OCYLIECTBIISCTCS MOCPEACTBOM MY
CETEBBIX, TEJICKOMMYHHKAIIMOHHBIX TEXHOJIOTUH, UCIIOIB3YEMBIX B AJIEKTPOHHON HH(OPMAIIMOHHO-00pazoBa



