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BBEJIEHUE

Bpicokuii ypoBeHb 3HAaHUM, akKageMHUYecKas U COLHAIbHAS
MOOUJIBHOCTh, MNpO(EecCHoHANM3M  CIEHHAIUCTOB, TOTOBHOCTh K
caMOOOpa30BaHWIO U  CaMOCOBEPIIECHCTBOBAHUID —  TpeOOBaHUE
CErOJHAIIHEr0 JAHSA. B CBA3M € 3TUM MEHSIOTCS TOAXOAbl K
MJIAHUPOBAHUIO, OpPraHU3allid Y4eOHO-BOCIIUTATEIbHOM PadOThI, B TOM
YUCJIE U CAMOCTOSITEIbHON pabOThI CTYIEHTOB.

[Ipexnae Bcero, 3To KacaeTcsi UBMEHEHUS XapaKTepa U COACPKaHUS
y4ueOHOIr0 Mpouecca, MEepeHOca AakleHTa Ha CaMOCTOSITENbHBIN BUJL
NESTEIbHOCTH, KOTOPBIN SBJISIETCS HE IPOCTO CaMOLENbIO, & CPEACTBOM
NOCTH)KEHUSI TJIIYOOKMX W MPOYHBIX 3HAHUM, HHCTPYMEHTOM
(opMUPOBaHUs Y CTYJICHTOB AKTUBHOCTH M CAMOCTOSATEIbHOCTH.

Lens METOANYECKUX PEKOMEH Ia1Uii - MOBBIIIEHUE
3(PEeKTUBHOCTH Y4YEOHOIro TMpoIEecca, B TOM YHCIE MPAKTUUYECKON
CaMOCTOSITEIbHOM paOOThl, B KOTOPOMl CTYJE€HT CTAHOBHUTCS aKTUBHBIM
CyObEKTOM OOYyYEHUSI, YTO 03HAYAET:

- CIIOCOOHOCTh 3aHMMAaTh B 00YYEHNUH AKTUBHYIO MO3ULIHIO;

- TOTOBHOCTb MOOWJIM30BAaTh HHTEIJIEKTYalIbHbIE U BOJIEBBIC
YCWIIHS JJI IOCTUKEHUS YUEOHBIX LIETIEeH;

- YMEHHME MPOEKTHUPOBATh, IUIAHUPOBAaTH M MPOTHO3UPOBATH
y4eOHYIO JEATEIIbHOCTD;

- MPUBBIYKY UHUIIMUPOBATh CBOIO MO3HABATENIbHYIO AEATEIBbHOCTh
Ha OCHOBE BHYTPEHHEHU MOJIOKUTEIbHON MOTUBALUY;

- OCO3HAHHME CBOMX MMOTEHUUAIbHBIX YYEOHBIX BO3MOXKHOCTEU U
MICUXOJIOTUYECKYI0O TOTOBHOCTHh COCTaBUTh NpOrpaMMy JEHCTBHUM IO

CaMOpPa3BUTHIO.
JlaHHbIE METOIMYECKHUE YKa3aHUs MO BBITOJIHEHHUIO MPAKTHUYECKON
U CaMOCTOATENILHOM paboThl CTYACHTOB MpEIHA3HAYCHBI IS

yrayOJIEGHHOTO W3Y4YEHHs] JUCHUIUIMHBL  «AHAIUTHYECKAs XUMUSD,
«Ananutnueckas xumus 1 @XMA» B ayIUTOPHOE U BHEAYAUTOPHOE
BpEMSL.



1 PABHOBECHA B PACTBOPAX KOMIUIEKCHbBIX
COEAUHEHNA

HNoHbl METaioB B pacTBOPE BCEr/la COJbBATUPOBAHBI, MOITOMY
oOpa3oBaHue KOMILJIEKCOB clenyer MPEJCTABISATD KaK
MOCJIEIOBATENIbHOE 3aMEIIeHUEe MOJIEKYJ pactBopuTens (Bojbl) (S) BO
BHYTPEHHEH KOOPAMHALMOHHOM c(depe ConbBaTHOrO  (TUAPATHOIO)
KOMILJIEKCa U MOJIEKYJIbI WM noHa jnuranja (L):

MS,+L & MS, ,L+S
MSn_l +L MSn_2L2 + S

MS, + nL & ML, +nS

B  pa30aBieHHBIX  pacTBOpax  AaKTUBHOCTb  PACTBOPHUTENS
MPAKTUYECKU TMOCTOSIHHA, HE BCETa HW3BECTHO YHCIO MOJEKYJI

pacTBOPUTENS,  CONLBATUPYIOLIETO  HMOH,  IO3TOMY  PEAKIMU
KOMILIEKCO00Pa30BaHUs OOLIYHO 3alIUCHIBAIOT B CIIEAYIOLIEM BHUJIE:
M+L < ML
ML + L - ML,

ML, +L & ML,

Takne paBHOBecHs  OOpa30BaHUS  KOMIUIEKCOB  HAa3bIBAIOT

CTYIIEHYAThIMU U XapaKTEPU3YIOT TEPMOJIMHAMUYECKUMU
CTYIIEHYAaTbIMU  KOHCTaHTaMH YCTOUYMBOCTH  KOMILIEKCHBIX
COECIMHEHUM:

0 _ Aaump
Kl - /aMaL

a
0 __ ML2
KZ /aMaL

PC&KHI/II/I KOMHJIGKCOO6pa3OBaHI/I$I MOKHO OITHUCAaThb TAKXKC
CYMMAapHbIMU PAaBHOBCCHUSMU



M+ L < ML
M + 2L < ML,

M +nL < ML,

1 OXapaKTepU30BaTh COOTBETCTBYIOIIUMHU CYMMAPHBIMU (OOIIMMH) KOH-
CTaHTaMU YCTOMYUBOCTH KOMIUIEKCHBIX COCIUHECHUI:

0_po_ Qa
ﬁl - Kl - ML/aMaL

Ecin wmoHHag cuima pactBopa OTJIMYHA OT HYJSA, HCIOJIb3YIOT
COOTBETCTBYIOILIINE PEAIbHBIE KOHCTAHThl YCTOMYMBOCTA KOMILJIEKCHBIX
COCIMHECHUMU:

K; = [MLJ/[ MLi(1[L] = K? farr,_ fi/fu,
Bi = [IMLi)/[ MI[L]' = B fur S/ fuus,

3Has KOHCTAHTBhl YCTOWYMBOCTH KOMILUIEKCHBIX COCIUHECHUN W
PaBHOBECHBIC KOHIIEHTpAIlMM CBOOOJHOTO JIMTaHIa, MOXKHO B OOIIEeM
BUJIC pACCUUTaTh MOJSIPHYIO JIOJIO (Cmenenb 00pa3oeanusi) WOHA
MeTajlia ¥ JII000ro KOMIUIEKCHOTO COSAMHEHUS B PACTBOPE:

[ML;] _ BilL
a= /CM /Z (),BL

Hcnonbk3ys ypaBHEHHE MaTEpUAIBHOTO OallaHCa, & TAK)KE CTEIEHb
00pa3oBaHus, MOKHO PacCUMTaTh PABHOBECHBIE KOHLIEHTPALUU JIFOOBIX
YaCTUI] B PACTBOPAX KOMIUIEKCHBIX COECAMHEHUU. 11 yrpouieHus pac-
YETOB MPUHUMAIOT P JOMYIIICHUM.



1. PaBHOBecHasi KOHIIEHTpalMsi CBOOOJIHOTO JIMTAaHJAa paBHA €ro Hc-
XOJIHOM KOHIIEHTpAIUHU, €CJIU JIMTaHJ HaXOJIUTCS B OOJIBIIIOM H30BITKE
M0 OTHOIIICHUIO K MOHY METaua.

2. Ilpu U30BITOYHON KOHIIEHTPAIMU MOHA METAJJIa MOKHO CUMTATh, UTO
JTOMUHUPYIOIIUM SIBJISIETCSI MOHOJIMTAHIbIN KOMILJICKC.

3. B paz0aBieHHBIX pacTBOpaxX MaJOYCTOMYMBBIX KOMILIEKCHBIX CO-
€IMHEHUU TPU OTCYTCTBUM OOJIBIIMX KOHIICHTpAlMid JHUTraHjaa
MaJIOBEPOATHO MPUCOEAUHEHHUE 00JIee YEM OJIHOTO WJIM ABYX JIMTAHOB.

IIpu npoTeKaHny KOHKYPUPYIOLIUX PEAKLIUI C y4aCTUEM HOHA Me-
Tajyla WM JUMraHja yCTOWYMBOCTh KOMILUIEKCA XapaKTEepU3yHOT
VCI08HbIMU KOHCTAHTAMH YCTOMYMBOCTH (B ITUX CJIydasXx OOBIYHO
HCTOJIb3YIOT O0IIME KOHCTAHTHI):

_ [ML] — B i _ po i YMYL
B = /CM(CL)i = Biay(ay)' = Biayay oL,

TJIE Cp ¥ C; — OOIIMe KOHIEHTPAIMK BceX (OpM MeTalla M JUraH/a,
HECBSI3aHHBIX B KoMILIekce ML;.

Hanbonee pacnpocTpaHEHHbIE KOHKYPUPYIOLIWE pPEakIWHU, B
KOTOPBIX MOXET Yy4YacTBOBaTh JIMTAHJ, — KHUCJIOTHO-OCHOBHBIE
(MpOTOHH3AIMs); MOH MeTajula MOXKET Y4YacTBOBATh B PEAKIMIX
0o0pa3oBaHUsi  KOMILJIEKCOB ¢  gapyrumu  juranjgamu (X)),
MPUCYTCTBYIOIIUMH B cucteMe. CieaoBaTenbHO, YCIOBHBIE KOHCTAHTHI
YCTOWYMBOCTU KOMIUIEKCOB 3aBUCAT OT pH u cocraBa pactBopa. B tex
ClIy4asix, KOrja B yCJIOBHSX 3a/1a4 HE MPUBEACHBI JIaHHbIC JIJISl pacyeTa
HMOHHOM CHIIBI PAcTBOpa, MPUHHMAIOT, 4To B° = [ M PacCUMTHIBAIOT
TOJIBKO MOJSIpHbIE J0Jd. MomsipHble 1o (0-KO3(P(ULIMEHTHI)

BBIYUCJIAOT KaK:
Cu 2o BqlX17°

wW-1) -

Ko 1Koz Kan
[H+]n + [H+]n_1Ka',1 + e+ [H+]Ka,1Ka,2...Ka,n—1 + Ka,lKa,z...Ka,n




Pemrenusi THIIOBBIX 3adav

Ilpumep 1. Paccuuraiite creneHb oOpa3zoBaHus komiuiekca FeFs,
€CJIM W3BECTHO, YTO paBHOBECHAsl KOHIICHTpanus (TOpUI-MOHA B
o 3+ .
pactBope paBHa 0.0100 M. B pesynbraTe B3aumoneuncteua Fe u F B
pacTBOpe 00pa3yroTCs CAEAYIOIINE KOMIUIEKCHBIE COCIMHEHUS:

Fe'' + F « FeF*"
FeF, + F < FeF;
FCF3 +F & FCF4_
FeF, + F < FeFs*

B cnpaBounuke [ 1] nmpuBeaeHbl 3Ha4€HUST KOHCTAHT YCTOWMYHUBOCTH
()TOPUIHBIX KOMILIEKCOB xemesa: B; = 1.10-10° B, = 5.50-10'"; B; =
5.50-10"%; B4 =5.50-10"%; ps=1.26-10"°.

Pewenue. Crenenn o6pa30BaHH51 koMmruiekca Fel; paBna:

a; = [Fng]/ /Z OIBL

Bs[FT/(1 + Bi[F] + Bo[F]* + Bs[F T + Ba[F]* + Bs[F ) =
5.50-10" (1-10%)*/(1+1.10-10%1-10%+ 5.50-10'°-(1-10%)* +
5.50-10"-(1-10%) + 5.50-10"+(1-10%)* + 1.26:10'%(1-10%)°) = 0.47

Ilpumep 2. Kakoil KoMmIIeKC mpeoOsialaeT B  PacTBOPE,
coaepxkarnieM 0.0500 M kagmus (1) u 2.0 M iionuna xanusa? KoHCTaHTEI
YCTOMYUBOCTH I/IOI[I/II[HBIX KOMIIIEKCOB KaaMust paBHbL: By = 1.91-10% B,
=2.69-10°; B3 = 3.09-10%; B, =2.57-10°.

Pewenue. B pactBope, coaepamleM HOH KaAMHUS WU HWOJIWUI-UOH,
YCTAaHABJIMBAOTCS CIEAYIOIINE PABHOBECHS:

Cd* +T o Cdl’
CdI' + T < CdI,
CdIz +1 CdI3_
Cdly + I CdL*~
PaccuntaeM MonsipHBIC TOJM BCEX YaCTHI], MPUCYTCTBYIOIIMX B
pactBope, npuHumasi, uto [I] = C; =2 M, tak kak C; >> Ccg:



o = [Cd)/Ceq=1/(1 + Ba[[] + Bof I + B3I T + Bu[I]") =
1/(1+1.91-10*2 + 2.69:10°2* - 3.09-10*2° - 2.57-10°2*) = 2.3-10”
oy = [CAT')/Ceq = Bi[[ o = 1.91-10*2-2.3-107 = 8.8-107

oy = [CAL)/Ceq = Bo[TTP0g = 2.69:10°2%-2.3-107 = 2.5107

oz = [CdL;)/Ceq = B3[P0 = 3.09-10%2°-2.3-107 = 5.7-107

oy = [CAL)/Ceq = Ba[I 1 0 = 2.57-10°2%2.3-107 = 94.6-10™%.

Taxum 06pa3oM, B pacTBope mpeodnanaer komrurexe [CdL™].

Ilpumep 3. PaccuntaiiTe paBHOBECHYIO KOHIICHTPAILIMIO KOMIIJIEKCA
[Pb(OH),] B 0.0200 M pactBope HUTpara cBUHIA B npucyrctBuu 1.00
M NaOH B, = 7.94-10% B, = 6.31-10'"; B; =2.00-10"".

Pewenue. YpaBHeHue maTepuaabHOro OajiaHca Jisl pacTBOpa,
2+ -
cozaepxkariero nonsl Pb™ 1 OH umeer Bu:

Cpp = [Pb*'] + [PbOH] + [Pb(OH),] +[Pb(OH);].

[TpeoOpaszyem 3TO ypaBHEHHE TaKUM 00pa3oM, UTOObI YpaBHEHHUE TaKUM
00pa3oM, 4yTOOBl B HEM HEU3BECTHOUW ocTanack BenuuuHa [Pb(OH),].
JIst 5TOro BBIPa3WM KOHIIGHTPAIIMHM BCEX APYTHMX YacCTHII, MCIOJIb3YS
KOHCTaHTBhI YCTOMYUBOCTH P, 32, Ps:

_ [PbOML,] | [PH(OH) 1,
R AT B

. [Pb(OH),][0H"]p;
P [OH_]33> _

5,
= POMe (grom T * o g

0.0200
1, 79410% _ 201011
6.31-1010 " 6311010 "~ " 6.31-1010

[Pb(OH),] = =48-10"3M

Ilpumep 4. PaccuurTaiiTe paBHOBECHYIO KOHIICHTPALMIO HOHOB
Cu(I) B pactBOpe, 1 1 koTOoporo coaepxut 0.1000 mosbe Cu(NOs), u 2.0
MOJIb aMMHAKa.

Pewenue. ITpu cTonb 3HAUUTETLHOM U30BITKE JIHTAH/IA — aMMHaKa
— BCce MOHBI Mea cBsi3biBatoTcs B kommieke [Cu(NH;)4]*". PaBHOBecHe
00pa30BaHUsl ATOTO KOMIUIEKCA, KOTOPOE MOXKHO OINKUCATh CyMMAapHbBIM

YpaBHCHHUEM:
Cu®" + 4NH; o [Cu(NH;)]*".



XapaAKTEPU3YETCSI KOHCTAHTOM YCTOMYMBOCTH

_ [Cu(NH3),]** _ 12
By = [Cuz I [NH, T =1.1-10

B ykazaHHBIX YCIIOBUSIX MOXHO MPHUHSTH, YTO [Cu(NH;),]*" = Cey =
0.1000 M. [NH;] = Cyps - 4Ccy= 2.0 - 4:0.1000 — 1.60 M. PaBHOBECHYIO
KOHIIEHTPAIMIO HOHOB MEIU PACCUUTHIBAIOT MO (hopmyJie:
CCu
[Cu?t] = = 14-1071*M
Ba(Cnpy — 4Ccy)*

Ilpumep 5. Cxonbko moneir NH;SCN HeoOxoaumo BBecTH B 1 1

5.0-10” Hg(NOs),, uTo6bl CHU3HTH KOHIEHTpaImio noHoB prytu (I1) 10

1.0-10"" M cuer 00pa30BaHUsI KOMIUIEKCHBIX HOHOB [Hg(SCN)4]2' (Bs =
5.90-10".

Pewenue. Peakuus o0pa3oBaHus KOMILIEKCA Hg2+ + 4SCN <
[Hg(SCN),]* xapakTepu3yercst KOHCTAHTOI €ro YCTOHUHBOCTH:

_ [Hg(SCN)4J*"
* 7 [Hg**][SCN-]*

L +|lHgseny, - 4| 50107
[SCN ] = \[ [ng+]’34 - \[1 .10-11 .59.1019

= 5.4-10"% mosb

Csey = [SCN™]+ 4[Hg(SCN),]*" = 54-107*+ 4-5-107°
= 7.4-10"* = MoJb.

=5.9-10%

Ilpumep 6. Paccumraiite MakcumanbHOe 3HadeHue pH, npwu
koropoMm B 0.0200 M pactBope CdA(NOs3) 99.0% kanmMus HaxoauTcs B
cocTaBe akBakoMmruiekca, a 1 % — B cocTaBe THAPOKCOKOMILIEKCA
[CA(OH)]" (IgB; = 4.3).

Pewenue. CoctaBUM ypaBHEHHE MaTEpUaIbHOrO OaaHca:
Ccq = [Cd*]+ [CAOHT".

N3 ycrnoBus 3agayud M3BECTHO, UTO [Cd*T] = 2.0-10%:0.99 =
1.98:10° M, a [CdOH] =2.0-10" M.
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KoHCTaHTa yCTOWMYMBOCTH MNPHUCYTCTBYIOIIETO B  PacTBOpE
TUAPOKCOKOMIIIIEKCA KAIMUS:

_ _lcaom]*t _ 104
By = Az o] 1.99 - 10~.
Otcrona

[Cd(lom)]* 2-107*
[Cd?*]-B; 1.99-10%-1.98-102

Ig[OH]=-6.3; pH="7.7.

[OH™] = = 51-1077 M.

Ilpumep 7. Paccuurtante YCIOBHYIO KOHCTAaHTYy YCTOWYUBOCTHU
xommiekca Maraus ¢ DJTA (MgY?) npu pH 5.00, ecnu KoHCTaHTa
YCTOMYHUBOCTU €ro paBHA 4.90-10°, a Ko1Ky 2Ky 3Ky 4 — KOHCTAHTBI
kucnoraoct DJTA, pasuer 1.0-107% 2.1-107; 6.9-107; 5.5:10",
COOTBETCTBEHHO.

Pewenue. ]Jlns pacuera VCJIOBHOW KOHCTaHTBI YCTONYMBOCTH
KoMIuiekcoHaTta mMarHuu npu pH 5.0 HE0OX0auMO ydecTb NMpPOTEKaHUE
KOHKYPUPYIOIIEW pEaKkUuu MpOTOHM3auuMuh Jwraaa. Jmg atoro
BBIYUCIIUM MOJISIPHYIO JI0J1t0 Oy Tipu pH 5 o dopmyie:

ay
Ko1Kaz. Kan

[H+]n + [H+]n_1Kaf,1 + e+ [H+]Ka,1Ka,2...Ka,n—1 + Ka,lKa,z...Ka,n
==3.5-10""7
YcioBHAas KOHCTaHTa YCTOMYMBOCTHU Mng' CBsSI3aHAa C TaOJIUYHOMN
KOHCTAaHTOM YCTOMYMBOCTH CJIEAYIOIUM 00pa3oMm:
[MgY?~]
[Mg?*]cy

B = =4.9-108qy+-

CrnenoBarenbHO, YCIOBHAS KOHCTAHTA YCTOMYMBOCTH MgY2 npu pH 5.0
paBHa:
g =49-10%-35-1077 = 1.7 - 102

Ilpumep 8. PaccuuraiiTe YCIOBHYKO KOHCTaHTY YCTOWYMBOCTH
[Ag(CN),] B npucyrcrsuu 0.0030 M Na,S,05 (Bagcny; = 7.08 - 101%;
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Bag(s,00~ = 6:61-10° 5 Bags,003- = 28810 5 Bugis,005 =
1.41- 10,

Pewenue. Jlna pacuera yCIOBHOM KOHCTaHTbl YCTOMYMBOCTH
[Ag(CN), ] B maHHOM cily4ae CIEQyeT YYUTHIBATh IPOTEKAHUE
KOHKYPHDYIOILIEH peakiuuu o6pasoBaHms kommuiekca [Ag(S;05);”] mo
CIICIYIOIINM CTaJUSIM:

Ag" + S$,05 o [Ag(S,05)]
[Ag(S,05) ] + $:05” <> [Ag(S:05), 7]
[Ag(S,05), 7]+ $,05™ > [Ag(S,05); 1.
CocTaBuM ypaBHEHHE MaTepUAILHOTO OajlaHca:

¢ ae = [AZ]+ [Ag(S:05) T + [Ag(S:05), 7] + [Ag(S:05); .

PaccuntaeM MOJIIpHYIO 10110 MOHA cepedpa (0ae+) B pacTBope Na,S,03,
MIPUHUMAas, YTO [S,05] = Cs,02- = 3.0-107 M:

[Ag™] 1
aA + = g / = =
g Cag 1+ B1[S,027] + Bo[S,0271% + B5[S, 0273
_ 1
 14+6.61-108-3-10"3+2.88-1013.9.10"6-1.41-1014.27.109
=3.8-10"°

[Tockonbky :B;Lg(CN)E = Bagcny; Xag+ TOTYyINM:
ﬁlllg(CN)E =7.08-10.38-107% = 2.7- 101
3agaum 1J151 CAMOCTOAATEILHOI PadoThI

1. Paccuuraiite ycioBHyto KoHcTaHTy yctolunBoctu Al(H,PO,) npu
pH 6.00. Omeem. 1.2.

2. PaccuuTaiTe yCIOBHYIO KOHCTaHTY YCTOMYMBOCTH [HgBr42'] B [pU-
cyrerun 0.0010 M KC1. Omsem: 2.5-10".

3. Paccuuraiite yCIOBHYIO KOHCTaHTYy YCTOMYMBOCTH KOMILJIEKCOHATA
kaamus B 0.0100 M pactBope KCN. Omesem: 2.8:10%.

4. Paccuuraiite paBHOBecHyr KoHieHTpanutro Hg(II) B 0.0100 M
pacteope Hg(NO3), B mpucyreraun 0.0800 M KL Omgem: 5.8:1077 M.
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5. Paccuurtaiite paBHOBecHyro koHIeHTpanuio Ag(I) B pactBope,
conepskameM 0.10 M [Ag(NH;),]" 1 0.50 M NH;. Omegem: 2.4:10° M.

6. Paccuuraiite paBHOBecHYIO KoHueHTpauio Cu(l) B 0.6000 M pac-
tBOpe K,;Cu(CN);3, k koTopomy nodasuiii 0.0050 M pactBop nmanuga
Kkamust. Omeem. 24107 M.

7. Paccumraiite paBHOBecHyr KoHIleHTpauuto Co(Il) B pactBOpe,
coaepxamieM 25.96 r/n xjaopuaa kobanpta u 2.8 M amMmuaka, eciu
CUMTATh, 9TO B PACTBOpPE 00pasyroTcs KoMiekcHbie nousl [Co(NH;)]* .
Omesem: 8.5-107 M.

8. Paccuurtaiite paBHOBecHyt0 KoHIeHTpaiuo Cd(C,04) B 0.0100 M
pactBope Hutpara kaamusa B npucyrctBuu 0.50 M okcanara Hatpus.
Omeem: 2.1-10* M.

9. Paccumraiite paBHOBecHble KoHueHTpamuu Ag(l), [AgNH;]',
[Ag(NH3),]' m NH; B pactBope, comepxamem 0.0500 M
[Ag(NH;),]NO;. Omgem: 3.1:10%;1.9-107; 4.8:10; 3.0-10™ M.

10. Paccuwnraiite paBHoBecHsle koHnentparuu Fe(Il), FeCl', FeCl,, CI,
nojgy4yuBImecs: nocyie pactBopeHuss B 10 mu 2.0 M ConstHOM KUCTOTHI
0.1270 t xmopuma xemesa. Omeem: 6.2:107; 2.9-107; 6.5:107; 2.0
M.

11. PaccumTaiiTe KOHIIEHTPAIIMIO HECBSI3aHHOTO B KOMIUJICKC HHUKEJS B
pactBope, monydeHHOM npu cmemenuun 25.0 mu 0.05 M xnopuna
aukens 1 25.0 vt 0.50 M pactBopa NaOH. Omeem: 2.2-107".

12. PaccuuTaiite cTreneHu oOpa3oBaHUsI [Cu(NH;);*"] u [Cu(NH;),* 1B
pacTBOpE C paBHOBECHOU KOHIeHTpanuen ammuaka 010 M. Omeem: 9.8
%, 90.0 %.

13. PaccuuTaiite cTeneHb 0Opa3oBaHUsI [CA(CN),]* B pactBope, 00-
pazoBasiiemcs npu npudasiaenun k 0.0010 M pactBopy kaamus (1) 0.2
M mmanuga xanusa. Omeem. 98.9 %.

14. Cxonbko moner NaF nyxHo BBecTH B 100 M 1.0-10° M pacTtBopa
LaCl; mpu pH 3.00, uto6s1 nonu3uTh KoH1eHTpanuto La(Ill) no 1.0 107
M 3a cder obpasoBanmst kommiekca LaF>'? Omeem: 0.068 MoIIb.
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15. Ckonpko rpammoB NaOH HeoOxomumo s oOpa3oBaHUS
[Zn(OH),*] 13 50.0 Mt 0.8 M ZnCl,, eciu KOHIIEHTpaIIUs Zn*" B KoHeu-
HOM pPacTBOPE HE IMPEBBINIACT 1.0-10"° M. (Mon. macca NaOH =
39.98.) Omeem. 7.14 r.

16. Ckonbko MusmuautpoB 2.0 M pactBopa NH;, Heobxoaumo mo-
0aButh k 200 mu 0.0500 M pactBopa AgNO;3, 4TOOBI KOHUEHTpALHUS
HoHa cepebpa moHu3mnack 10 1.0-10° M? Omeem: 11.76 M.

17. Cxonsko moneit KOH neoOxomumo modaButh Kk 1 1 0.0560 M
pactBopy Pb(NO;),, uToObI paBHOBecHasi KoHIeHTpaluss noHoB Pb(II)
noHuzuaack 10 3.5:-10 M 3a cuer obpaszoBanusi [Pb(OH);]? Omeem:
0.17 momb.

18. B 1.0 M pacrope KSCN cogepxurcs 0.0100 M [Ag(SCN), 1.
Cxonpko wmwummiuTpoB 2 M pactBopa KCN Hamo m00aBUTH K
100 mn »sTOro pactBopa, 4YTOOBI KOHIICHTpaIlUs [Ag(SCN)4]3' To-
Huzunachk 10 1.0-10 M 3a cuer oOpa3oBaHusI KOMILIEKCA [Ag(CN)4]3'?
Omeem: 3.54 mi.

19. Paccuurante pH, mpu kotopoMm B pactBope, coaepxamiem 0.0100 M
FeCl;, u 0.1000 M NaH,PO,4, 99 % xene3a (ILI) HaxoguTcss B BUJE
komruiekca [FeHPOy]. Omeem: pH 1.58.

Bonpocs! Ui caMOKOHTPOJIA
1. HazoBuTe OCHOBHBIE MPU3HAKHA KOMILJIEKCHOTO COCTUHEHUS.

2. Uto Takoe KOOpAMHAIIMOHHOE uyucio? Yem onpenenstorcs
MAKCUMQJIBHOE M XapaKTEPUCTUUYECKOE KOOPAWHAIMOHHBIE 4YHCIA?
IIpuBenure npumepsl.

3. Uem ompenensercs IEHTATHOCTh JHraHaa? OTBET MOSCHUTE
MpUMEPAMHU.

4. Ha kakux TOpUHLOMIAX MOXET OBITh OCHOBaHA KiacCU(UKaIUs
KOMILJIEKCHBIX COETMHEHUN?

5. Ha3zoBuTe OCHOBHBIE THUIBI KOMIUICKCHBIX coenuHeHni. [IpuBequre
MIPUMEPHL.

6. Uto Takoe noHHbIM accouuat? [IpuBeaure nmpumepsl.
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7. llpuBeaute npuMepbl BHYTPU- M BHEIIHEC(HEPHBIX KOMIUJIEKCHBIX
COEIMHCHUM.

8. IlpuBenute nmpuMepbl OJHOPOJHO- W CMEMIAHOJUTAHIHBIX KOMII-
JICKCHBIX CO€IUHECHUM.

9. Urto Takoe monusAIEpHBIE KOMIUIEKCHBIE coenuHeHus? [IpuBenute
MIPUMEPHBI TOMO- U TETEPOIOJIUSIAEPHBIX KOMILICKCOB.

10. YeMm oTamyaroTcs CTyNeHYaThle U OOLIME KOHCTAHThl YCTOMYUBOCTH
KOMILUIEKCHBIX COeIMHEHNI? OTBET MOSCHUTE NPUMEPAMHU.

11. Ha3zoBurte (akTopbl, BIUAIONIME HA YCTOMYMBOCTH KOMIIJIEKCHBIX
coeauHeHu. OTBET NOSICHUTE TPUMEPAMMU.

12. Kakue KOMIIIEKChI OTHOCATCS K JJAOMIJIBHBIM, @ KaKU€ K UHEPTHBIM?
IIpuBenure npumepsl.

13. Yro Takoe xenat? B uem mposiBisiercs xenaTHbid 3Pdekt? OTBeT
MOSICHUTE MPUMEPAMH.

14. Kakue coennHeHus Ha3bIBAIOTCS BHYTPUKOMILIEKCHBIMU? [IpuBe-
ZUTE TIPUMEPBHI.

15. Ha3zoBuTe OCHOBHBIE (PAKTOPBI, ONPEICIAIONINE PEAKIIMOHHYIO
CIIOCOOHOCTh OPTaHUYECKOTO peareHTa. OTBET MOSCHUTE MPUMEPAMH.

16. Uem oOBsACHSIETCS OKpacka KOMILIEKCOB MEPEXOAHBIX METAJIOB C
HEOKPAILICHHBIMU JIMTaH/1aMU !

17. Kak MOXHO OBBICUTH PACTBOPUMOCTb OPIraHUYECKUX pearcH-

18. Kakue rpynnel MeTauioB MPEUMYIIECTBEHHO B3aWUMOJECUCTBYIOT C
KHUCJIOPOA-, a30T- U CEPOCOACPKAIMMU OPTraHMYECKUMU peareHTamu’?
IIpuBenure npumepsl.

19. Kakune cBo¥cTBa KOMIUIEKCHBIX COEIMHEHUI HMEIOT HAWOOJILIIEE
3HAYEHUE N1 OOHAPYKEHUS U Pa3/IeICHUS] HOHOB?

20. IlpuBemute npuMeEpbl NPAKTHYECKOTO HCIOJb30BAHUS PEAKLIMUI
KOMILJIEKCOOOpa30BaHMs ISl PA3EIICHNs KATUOHOB.
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21. IlpuBeauTe mNpUMEpPHl HCMHOJIB30BAHUA PEAKLIHUN KOMILIEKCOOO-
pa3oBaHMs ISl MAaCKMPOBAHUS MEIIAKOIIAX WOHOB NPU ONPENEIICHUU
MOHOB HUKEJSI, KOOAJIbTa, MEIH, KaJIMUSI.

22. llpuBenure nmpUMEPHl UCIOJIB30BAHUSA KOMIUIEKCHBIX COECIUHEHHU
IUTSL OTIPENEICHUS DJIEMEHTOB.

2 PABHOBECHA B OKHCIIUTEJIBHO-
BOCCTAHOBHUTEJIbHBIX CUCTEMAX

2.1 KpuBble TUTPOBaHMS

B X0J1e TUTPOBAHMUS U3MEHSIETCA OKHUCITUTEIbHO-
BOCCTAHOBHUTEJIbHBIA ~ MOTEHUHAJ CHCTEMbl, TPHUYEM B  TOYKE
SKBUBAJICHTHOCTA MPOUCXOJUT €ro pe3Koe U3MEHEHHE — CKayoK
noreHuyana. Iloatomy g pacdyera KpUBOM  OKHMCIIUTEIBHO-
BOCCTAHOBHUTEIIBHOTO TUTPOBAHHUS pPacCYUTHIBAIOT 3HAYCHUS
OKHUCIIUTEIbHO-BOCCTAHOBUTENILHOIO MOTEHIIMANA B 3aJJAHHBIX TOYKAX.

Pacuer norenuuana npoBoasT No ypaBHeHHnto HepHcra:

RT a
E=E'+ —In—>%,
nr Ared

roe E” — CTaHJAPTHBIA OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIN ITOTEHINAA,
R — yHuBepcanbHas razoBasi nocrosiHHasi, paBHas 8.312 [[x/(monb-K);
T— abcomtotHas temneparypa; F — nocrosnnas ®@apazes, paBras 96 500
Ki; n — 4yucmo 37meKTpOHOB, NMPUHHUMAOIMIMX YYACTHE B DJIEKTPOIHOM
MPOLECCE; Apx Ared — AKTHUBHOCTH COOTBETCTBEHHO OKHUCJIEHHOW U
BOCCTaHOBJICHHOW (DOpPM BellleCTBa.

Ctporo roBopsi, aKTUBHOCTH B JIOTApU(PMUYECKOM BBIPAKEHUU
JOJKHBI OBITh BO3BEACHBI B CTEIEHb, PABHYID CTEXHOMETPUUYECKOMY
KO3(P(PUUHUEHTY ATUX BEUIECTB B YPABHEHUU MOIYPEAKIIUH.

JI0O TOYKM DSKBHUBAJEHTHOCTH IIOTECHIIMAJ PACCUUTBHIBAIOT 10
CHUCTEME TUTPYEMOI'O BEMIECTBA, & MOCJIE TOYKH DKBHUBAJICHTHOCTH IIO
CHUCTEME TUTPAHTA.
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O6piuno kpuBbie OBT crpost B koopauHatax E = f(V) u ux
aHaJIU3 NO3BOJISIET ONPENEIUTh W3MEHEHHE IOTEHIMala  pacTBopa
BOJIM3HM TOYKHU 3KBUBAJEHTHOCTH, TO €CTh BEJIIMUYMHY CKauKa HAa KPUBOH
TATPOBaHUS  (CKAQUOK  TUTPOBAaHMS), W  MPABUIBHO  BBIOpATh
ONTUMAJIbHBIN PEIOKC-UHANKATOP AJIs1 JAHHOTO TUTPOBAHUS.

Ilpumep 1. Beruucnuts 3Ha4YCHUE OKUCJIUTEIIbHO-
BOCCTAHOBUTEIIBHOIO TOTEHIMATa B PACTBOPE, MOJIYYCHHOM IIpH
nob6asnennun 50 mu 0.1 M pactBopa Na,S,0;3 k ciaeayromuyMm oobeMam
0.2 H pactBopa I,: a) 20 mu; 6) 30 M.

Pewenue. 3anuimem ypaBHEHME pEaKUHUM, NPOTEKAIOUIECH NPH
B3aUMOJECICTBUH THOCYJIb(aTa HATpUs U MOJa:

IQ +2¢ —2I
25,0;% - 2 — S,04

L, + 25,0, — 2T + S,0¢F

H OnpCaCInM Q)aKTOpBI S9KBUBAJICHTHOCTHU BCCX BCUICCTB, YHACTBYIOUINX
B peakiii f,;5(8:05") = 1 £,5(8406™) = V25 fa(l2) = V25 fr(1) = 1.

PaccuuTaem 3KBUBaJICHTHBIN 00bEM pacTBOpa Hoja:

C(NClezOg) * V(Na25203) 01 * 50
Vie(I2) = 1 = 02 25 MJ1
C(*/512)

a) maHHAs TOYKAa JIGKHT 0 TOYKH DKBHBAJICHTHOCTH, TaK Kak
no0aBiiecH O00bEM THUTpPaHTa MEHBIIE SKBUBAJICHTHOTO, ITO3TOMY
3HAYCHHUE TTOTEHIMAJIa PACCUUTHIBAEM TI0 OIPECISIEMOMY BEIIECTBY,

T. €. II0 CUCTEME S4O62'/ 82032'(ETH0):

0.059  [S,0%7]
2 5,02

ETI/IO — Egno +

Yuciao Mojb SKBUBAJICHTOB, O0Opa30BaBIIETOCS B Pe3yJbTaTe
peakIMu TETPAaTHOHAT-MOHA PABHO YHCIYy MOJb JKBHBAJECHTOB
100aBJIEHHOIO Hoaa:
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n(l/2 5406—> = n(l/2 12> =C (1/2 12> V(1) =0.2-20
= 4 MMOJIb.

Tak xak B ypaBHeHue HepHCTa BXOIAT MOJISIPHBIE KOHLUEHTPALMU
VOHOB, TO:

n(S,087) = 1/211(1/2 5406_> = 1/2 -4 = 2 MMOJIb.

n(S,0&7)

S,027] = =
[54067] V(Na,S,05) +V(l,) 50+ 20

= 0.028 Moub/ 1

Yucno MMoJib THOCYJb(haTa HaTpus, BCTYIHUBIIETO B PEAKIIUIO,
PaBHO YHUCJIY MMOJIb SKBHUBAJIICHTOB JTIOOABJIECHHOIO HOZAa, TOrAA YHCIIO
2-
MOJIb U KOHIICHTpAIXsI OCTABIIErocs B pacTBope S,03” paBHHI:

Tl(520§_) = C(Na25203) . V(Na25203) - C(l/z 12) . V(Iz) =5—-4 = 1mMMoJb

[S,057] = n(52057) = = 0.014 Mosb/n
273 V(Na,S,05) + V() 50+20
E 4 0.059  [S,027] 009+0'0591 0.028
mo = Fme T T IS0 T 2 910.014)?
— 0.15B

0) maHHasi TOYKa JICKHUT TMOCJIE TOYKU HSKBUBAJICHTHOCTH, TaK Kak
no0aBieH 0O0ObEeM THUTpaHTa OOJbIIE€ SKBUBAJIEHTHOTO, MO3TOMY

S3HAYCHUC MMOTCHIHAJIA PACCYUTBIBACM 110 TUTPAHTY, TO €CTb 11O CUCTCMC
Iz/ I:

0.059  [1,]
— o
Eﬁo,q - Eﬁo,q + ) g [1—]2

Yucno MMoJIb 00pa3oBaBIIErocsd MOAUA-MOHA PABHO MCXOJHOMY YHUCIY
MOJIb THOCYJIb(paTa HATPUSL:

n(I_) == n(Na25203) = C(NClezOg) . V(Na25203) == 01 . 50
= 5 MMoJib
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_ n(”) _
- V(Na,S,05) +V(l,) 50+ 30

[17] = 0.0625 mosb/n

Yucno MMOJIb SKBUBAJICHTOB MOJa, BCTYNUBILIETO B PEAKIMIO, PABHO
HUCXOJHOMY YHCIY MMOJIb THOCYJIb(aTa HATpHUs, TOTIA YHUCIO MOJIb
M30BITOYHOIO 10/1a PaBHO:

n(1/y1) =c(1/, L) - V(L) — C(NayS,05) - V(NayS$;05) = 6 — 5 = 1 MMonb
Tak xak B ypaBHeHHEe HepHcTa BXOIAT MOJISPHBIC KOHIICHTPAIIUH

HOHOB, TO:

n(l,) = 1/211 1/2 I, | = 1/2 -1 = 0.5 MMoOJIB.

L] = nl) __ 9% 500625 /
2] = V(Na,S,0;) +V(l,) 50+30 MOTB/ T
0 0059, [I] _ 0.059 ,  0.00625 _
Eion = Eiox + — g = 0.54 +—=1g Soesn = 0.546 B

2.2 KosiuyecTBeHHbIE pacyeThbl
B OKHMCJIUTEJIbHO-BOCCTAHOBUTEIbHOM TUTPOBAHUU

[Ipy npoBeneHUM KOJIMYECTBEHHBIX PACUETOB CJIEAYET OOpaTUTh
0c000€ BHHMAHME HA OKHUCIMTEIBbHO-BOCCTAHOBUTEIBHYIO PEAKIUIO,
IIPOTEKAIOIIYI0 B XOAE TUTPOBAaHUA. Pemas KOHKPETHYHO 3ajady,
HEO0OXOAMMO HAMCATh YPABHEHUE PEAKLIUH U MOJIYPEaKIHil, UCXOAs U3
YEero OnpeAesaoT (PakToOphl 3KBUBAJEHTHOCTH PEArupyOIINX BEIIECTB.
B nanHOoM meTone mOMHMO OPSIMOTO U OOpPaTHOTO TUTPOBAHUSA YACTO
MCTIOJIB3YIOT METOJT 3aMECTUTEIILHOTO TUTPOBAHUSL.

Ilpumep 2. Paccunrtars mMaccy xkenesa B 200.0 mn xnopunaa xenesa
(I), ecnmu Ha TutpoBanue 20.00 My 3TOro pactBopa HM3PaACXOJOBAHO
25.00 mi pactBOopa OMXpomaTra Kajius, HUMEIOIIETO TUTP MO XKEJIe3y
0.005585 1/mu.

Pewenue. Haniiem cOOTBETCTBYIOIIME PEAKIIUIO U MOJIYPEAKIUH,
yTOOBl ~ ONpEAENUTh  (PAKTOPbl  SKBUBAJICHTHOCTH  PEATHPYHOLIUX
BEILECTB:
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1|Cr,0,% + 14H" + 6" — 2Cr’" + 7TH,0 s (K2Cr07) = 1/6
6[Fe” — ¢ — Fe" f,(FeClL) = 1
Cr,0,> + 6Fe™ + 14H" — 2Cr*" + 6Fe™ + 7TH,0O

B AAHHOM CJIy4dac UMCCT MCCTO IMPAMOC TUTPOBAHHUC U 110 3aKOHY
3KBHUBAJICHTOB MOXKHO 3allMCaThb:

n(Fe) = n(1/6K,Cr,0)
Torga ¢ yueToM aJuKBOTHOM YaCcTH TOJTYyUHM:

m(Fe) _ T(K;Cr,07/Fe) - V(K,Cr,07) . Vrect,
M(Fe) M(Fe) Vannxs

200
= 0.005585 - 25.00 - S0 - 1.396r

Ilpumep 3. K 2.5 mn pactBopa KCI1O; npubasunu 25.00 mi 0.1200
M pactBopa FeSOy4, u30bITOK KOTOpOro 3arem ortutpoBaiu 5.00 mn
0.11 H pactBopa KMnQ,. Paccuutate MaccoByto nomito (%) KClO; B
pacTBOpE, €CJIM MIIOTHOCTh 3TOT0 pactBopa p = 1.0200 r/mu1.

Pewenue. HanuiieM COOTBETCTBYIOILIUE PEAKLIUIO U MOJIYPEAKIIUY,
yTOOBl ~ ONpEeAENUTh  (DAKTOPBl  SKBUBAJICHTHOCTH  PEArnpyrOLIUX
BEILECTB:

1/C105 + 6H" + 6e” — CI + 3H,O £, (KCIO3) = 1/6
6|[Fe> — ¢ — Fe" £, s(FeSOy) = 1
ClO; + 6H" +6 Fe™ — CI' + 3H,0 + 6Fe"

1MnO, + 8H" + 5¢"— Mn*" + 4H,0 £, s(KMnOy) = 1/5
5/5Fe™ — ¢ — 5Fe" £ o(FeSO,) = 1
MnQOy4 + 5Fe? + 8H" — Mn>" + 5Fe" + 4H,0

B nmanHOM ciiydyae uMeeT MECTO OOpaTHOE THUTPOBAHHME U 3aKOH
AKBUBAJICHTOB MOKHO 3aIUCaTh CIACAYIOIIUM 00pa3oM:

n(FeSO,4) = n(1/6KCIO3) + n(1/5KMnQy)
n(1/6KCl103) = n(FeSO,) - n(1/5KMnQy,)
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1 .
m(KClOy)  C(Fe 504).V(F8504)_c( /5 KMnO0,) - V(KMnO,)

M/gKClO5) 1000 1000

C(FeS0,) - V(Fes0,) € (1/ 5 KM n04) -V(KMnO,)

m(KClO3) = M(1/¢ KClos)

000 1000
B [0.1200 .25.00 0.1100 - 5.00] 1/ . 12255 = 005818
= 1000 1000 e '

Maccy pactBopa xjopara KaJius PaCcCUYUTHIBAEM C YYETOM €ro
IJIOTHOCTHU:
m, = Vp=2.50-1.020 =2.55.
Torna

m(KCl05) 0.05818
3100 = ——

w(KClO3) = —

-100 = 1.96 %.
P

Ilpumep 4. 10 mn nepokcua Boaopoaa pazdoasuwin Bogot 10 200
M B MepHou koioe. K 20.00 Ma monydeHHOTro pacTBopa NpuOaBUiIn
M30BITOK pacTBOpa MoaMIa Kajlvs U MOAKUCIIWIN CEpHOM Kuciaotor. Ha
TUTPOBAHUE BBIICIMUBIICTOCS MoAa u3pacxomoBamu 15.65 ma 0.1 M
pactBopa THocyiab(para Hatpus (K = 0.9800). Onpenenuts Maccy
MEPOKCHJIa BOJIOPO/Ia B UCXOAHOM PACTBOPE.

Pewenue. Hanviem cOOTBETCTBYIOIIME PEAKIIUIO U MOJIYPEAKIUH,
yTOOBl ~ OmpeAcNuTh  (PaKTOpbl IKBUBAJICHTHOCTU  pPEarupyronux
BEILECTB:

H,0, + 2H" + 2¢” — 2H,0 fs(H:02) = 1/2
2l -2¢ > ) foe(l) = 1/2
H202 + 12 + 2H+ — 2H20

L +2e —2I £ = 1/2

28,05> - 2¢° — S,04" £ ,0(S:0:5) = Y4

L, + 28,0, — 2I + S,0¢.

B nanHOM ciydae MMEET MECTO 3aMECTUTENIbHOE THUTPOBAaHUE (110
3aMEIIEHUIO0) U M0 3aKOHY SKBUBAJIEHTOB MOKHO 3alIUCATh:
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n(1/2H202) = n(1/212) = Il(NaQSQOg)
n(1/2H202) = Il(NaQSQOg)

Torma ¢ yueToM aJIMKBOTHOW YacTH MOJyYaeM:

m(H202) _ C(Na25203) ¢ K ¢ V(Na252032) ) VHZOZ

M(1/2H202) 1000 VélJII/IKB
C(Na25203) ¢ K ¢ V(Na25203 ) VH [0)
m(H0)=l ==zl M(1/, Hy0
2 1000 Ve M1(/21202)
0.1-0.98-15.65-1/,34.015 200.0
- : =0.2609
1000 20.0

2.3 3agaum AJ151 CAaMOCTOATEILHOU PadoOThI

Paccunraiite HaBecky NaNQO, misg mnOpuroroBieHuss 3 JUTpa
pactBopa ero ¢ T = 0.024321 r/mi.

Paccuunraiite nHaBecky KMnQOy ast mpurorosienus 1.5 1 pactBopa
eroc T=0.001616 r/mmn.

Paccuuraiite HaBecky KMnO, nns npuroroBnennss 3 1 0.02 H
pacTtBOpa?

PaccunraiiTe HaBeCKy KpHUCTAJLUIOTHpaTa OKcajaTa aMMOHUS
(NH4),C,04-2H,0 nanst npurorosyienus 500 mi 0.1 H pactBopa?
Paccunraiite HaBecky KMnO,4, He0OX0AUMYIO JUIsl TPUTOTOBJICHUS
2.5 1 pactBopa ero ¢ Typmosre = 0.005585 /M.

Paccuuraiite = HaBecky  Opomara kamua  (M.167)  mud
npurorosieHuit S00 mu 0.02 H pactBopa.

Paccunraiite  HaBecky amxpomara kamus (M.294) g
npurotoBieHus 100 mi 0.1H pactBopa.

Paccunraiite HaBecky cyib(aHuaoBoil kuciaorel (M.173) pus
npurotoBiennit 100 mi 0.1H pacTtBopa.

Paccunraiite HaBecky Ttuocynb(ara Hatpus (M.158) mud
npurotoBieHus 200 mi 0.1H pacTtBopa.

PaccunraiiTe HaBecKy X.4. AUXpoMaTa Kajus JJisl IPUTOTOBIICHUS
pacTBOpa ¢ MOJISIpHOM KOHLIEHTpanueil sxkBuBaiienTa 0.05 moiib/i B
oobeMe 100 M1 (111 METOJ1a OKMCIUTEIHbHO-BOCCTAHOBUTEIHHOIO
TUTPOBAHHS).
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Paccuuraiite Tutp 0.1.H pactBopa OpomaTa Kajusl MO MBIIIBIKY
M, =374)

Paccuunraiite TuTp 0.1H pactBOpa fioga no acCKOpOMHOBOU KHUCIOTE
(M, = 88)

Paccuuraiite Tutp 0.1H pacTtBOpa HUTpHUTa HATPUS 10 HOBOKAUHY
(M =272.78)

PaccunraiiTe TUTp U TUTP HUTPUTA HATPUS MO ONPEAEIISIEMOMY
BEILIECTBY, €CJIM Ha TUTpOBaHUE 25 MJI pacTBopa ypocyibdana (M
= 233.25) uzpacxonosano 15 mi 0.1 H pactBopa NaNO..
Paccunraiite = TUTp U DKBUBAJIEHTHYIO  KOHILICHTPALUIO
tauocynb(dara, ecau Haecky 0.1275 r pguxpomara Kanus
pacTBOpWJIM B BOJE, J00aBUIIM H3OBITOK HOAUIA Kaiusi U
BBIICJIMBIINMCA ~ WOA  OTTUTpoBaM  22.85 M pacTBOpa
TUOCYJIb(aTa HATPUSI.

Paccuuraiite MOJSIpHYHO KOHLEHTpauuio skBuBajieHTa NaNO,,
eciu ero TuTp 0.0320 r/mu.

PaccuuTaiite MOJISIPHYHO KOHLIEHTPAMKO SKBUBAJCHTA PacTBOpA
KMnOQO, ecnu Ha TutpoBanue 20 MJI pacTBOpa IIABEJIEBOU KUCIOTHI
H,C,042H,0, npuroroBieHHoro u3 TouHot HaBecku (1.2608 r) B
MepHoi koJioe Ha 200 M ObL10 U3pacxomoBaHo 20.3 miu pacTBopa
KMIIO4.

Paccunraiite MOJSAPHYIO KOHLIEHTPALMIO JKBUBAJIIEHTA PAacTBOpA
NaNO, no cynbdanunoBorn kuciore (Tnanozeymprre= 1.01732).
st onpenenenus tutpa NaNO, B3su HaBECKYy CyiIb(paHUIIOBOU
KucJoTel Maccor 0.2 r u pactBopuinu €€ B 10 M pa3BeAeHHOU
HCI. ITpubaBwiu Opomuj Kaausi U AUCTUWIIMPOBAHHYIO BOY.
O6muii 00bem tutpyemoit cmecu 80 mui. Ha TuTpoBaHue 3TOrO
pactBopa 3atpatiiu B cpeareM 10 mur NaNQO,.

PaccuuTaiite MOJISIPHYHO KOHIIEHTPAMIO SKBUBAJECHTA PacTBOpa
IMXpoMaTa Kalivsi, €CJIM HaBECKa quxpomara kainus maccou 1.2230
r Opula pacTBOpeHa B MepHOW Koibe eMkocTthio 500 M (mus
METO/1a OKUCIUTEIbHO-BOCCTAHOBUTEIBLHOIO TUTPOBAHHUS)
PaccunraiiTe: MOJIIpHYIO KOHUEHTPALMIO 3KBHUBAJIEHTA, TUTP H
TUTP TMEpMaHraHaTa Kajus IO ONpeAessieMoMy BellecTBy. [lis
onpeneneHus tutpa pactBopa KMnO, B3siaM HaBeCKy oOKcajiara
Hatpusi Na,C,0,4 maccoii 1.3444 r 1 MOMECTUIIM B MEPHYIO KOJIOY
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Ha 200 mun. Ha tutpoBanme 20 M 3TOrO pacTtBopa B CpPEIHEM
3aTpatiim 20 mu pactBopa KMnO,.

PaccunraiiTe HOPMJIBHYIO KOHLEHTPALMIO UM TUTP IO XKeEIe3y
pacTBopa mnepmaHranta kKamusa. Ha turpoBanme 0.1085 T
XUMUYECKU YUCTOrO OKCajlaTa HAaTpUsl B KUCIION Cpesie 3aTpayeHo
21.25 ma KMnOQOj,.

PaccunraiiTe HOPMAJIBHYXO KOHLIEHTPALMIO © TUTP pacTtBopa
thuocynb(ara Hatpus. HaBecky nuxpomara kamuss B 0.12 T
pPacTBOPWIM B BOJIC, OOABWJIM CEPHOW KUCIOTHI U MOJUJ Kausl.
BrigenuBimuiicsi cBOOOJHBIA  MOJ  OTTUTPOBAIM  PacTBOPOM
KpUcTajulorupara Tuocyiabdara Hatpusi Na,S,0; -5H,0, 3atpatun
ITpU 3TOM 24 ML

Paccuurailte HOpMaJbHYIO KOHICHTPALMIO U TUTP pacTtBopa
KMnO,. HaBecky kpucrauiorujgpara oOkcajiaTa aMMOHHUS
(NH,4),C,04-H,O B 0.32 T pacTBOpWId B MPOU3BOJILHOM O0bEME
BOJIbI, OTTUTPOBAJIA pacTBopoM KMnO,, 3aTtpatus nipu 3tom 10.26
M.

PaccuuTaiite MaccoByto 10110 niepekucu Bogopoaa (M = 34). K 25
M pactBopa H,O, nobGaBuim Woaua Kajiusi U XJIOPOBOJIOPOJAHYIO
KHUCJIOTY, BbIAenuBIIMICA noa ortutpoBanu 25 mu 0.1 H pacteopa
TUOCYJIb(aTa HATPUSI.

PaccuuTaiite MaccoByto a0Jt0 nepekucu Bogopoaa (M =34 ) B 10
MJI pacTBOpa €CJIM HAa THUTPOBAHHE METOJIOM OpOMATOMETPUH
notpedoBaniock 10 ma 0.1 H pactBopa.

PaccuuTaiite MaccoByto a0Jt0 nepekucu Bogopoaa (M =34 ) B 10
MJI pacTBOpa €CJii Ha TUTPOBAHUE METOJOM MEPMAHTAHTOMETPUHU
notpedoBanock 20 ma 0.1 H pactBopa.

Paccunranite maccy H,S B 1 1 mcciemyemoro pacrtBopa. s
onpenenenusa H,S k 25 mi pactBopa ero npudasunu 50 M 0.0196
H pactBopa iona, nmocne yero u30bITOK HE BOIIEAIIETO B PEAKIIUIO
rona orrutpoBanu (0.0204 H pactBopom THOCYJb(aTa HaTpHs,
KOTOpOro 3arpayeHo 11 mu.

Paccunraiite maccy OuxpomaTa Kajuds B PAacTBOpPE, €CIHU IOCIE
nobasnenust pacropa Kl BwimenuBmniics ton orrurpoBainu 48.8
mi 0.1H pactBopa THOCynb(daTa HATpHS.

Paccuutaiite maccoByro go0i0 (%) akTMBHOrO KHCJIOpPOJa BO
B34ATOM KonmuecTBe pactBopa H,O,. HaBecky pactBopa nepokcuaa
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BojJI0poJia B 1.16 r nepeHecau B MepHyto k0i0y Ha 200 M, 1oBenun
0o0beM 110 MeTKHu BoAou u nepemernanv. Ha 20 mi aToro pactsopa
nmpu tTuTpoBaHuu u3pacxogoBam 30.05 mi pactBopa KMnOy4. T
KMnO4/H202 — 0.00045 r/m.

Paccuuraiite coxaepxkanue cyiabdareHa B TabneTke (MeETof
nunetupoBanusi) Ha tutpoBanne 10 mMn pactBopa cyibdaneHa,
nonyyeHHoro pactsopeHueM 0.4000 r mopoiika B MEpHOU Koi0Oe
Ha 100 mn, m3pacxomoBano 10 mu pacTBOpa HUTpPUTA HATpPUA C
tutpoM 1o cyiabdaneny T = 0.02803 r/m1.

Cxkonbko r HCI conepsxutcs B 200 M1 CONSIHOM KUCIIOTBI, €CIU HA
tutpoBanue I, BeigeneHHoro u3z 20 ma u3doeitkom cmecu KIO; u
KI, n3pacxonosanu 18.25 mn 0.020 H. pactBopa Na,S,0s.
PactBop, coaepxamiuii cmech FeCls u K,Cr,0O7, noBenu 10 oobema
100 M1 W OTTUTPOBAIM HOJOMETPHUYECKA B JABYX OTIEIBHBIX
npobax (amukBoThl 1mo 20 mur). Ha TutpoBanuwe mnepBoil mpoObI
zarparuin - 21.72 M 0.020 H. pactBopa Na,S,0;, uTO
cootBercTByeT cymme Fe m Cr. Ko BTopoi mnpobe npubaBuiu
nupodochar HaTpus I cBs3bBaHMS Fe'' B KOMILIEKC, M HA e¢
TuTpoBanue mipacxoxosanmu 10.35 mur pactBopa Na,S,0;5 Ton ke
KOHILIeHTpaiuu. Paccuutath Maccy Fe u Cr B pacTBope.

Ckonbko M THOCYyNb(aTa HaTpus notpedyercss Ha
BOCCTaHOBJICHHE MO/Ia, BBIJCIICHHOTO U3 MOAMIAa KaIus JeHCTBUEM
0. 1525 r Ky,Cr,0O7  ecim 2 11 THOCYNb(aTa HATPUS IPUTOTOBIICHBI
u3 ¢ukcanana, cojaepxkaiiero B ammyse 0.5000 moiib/7KB.

. Paccuuraiite MaccoByto n1ot0 Hopcyiab(dazona B HaBecke 0.5000 r,

€CJIM Ha TUTpoBaHue u3pacxonoBano 9 miu 0.1 M p-pa NaNO,.
PaccunraiiTe KOJIMYECTBEHHOE CcoOJepKaHue HoBOokamHa (M =
272.778) B p-pe, ecnu Ha TUTpoBaHue 3arpadyeHo 12 ma 0.1 H
pactBopa HuTpuTa Hatpus ¢ T = 0.02728.

Paccunraiite KOJMYECTBEHHOE COACPKAHUE CTPENTOLMIA B
nopoike BecoM 0.5 r, ecau Ha TUTPOBAHUE PACTBOpA CTPENTOLMAA
ObL10 3aTpadueHo 15 mu 0.1Mob-3KB/11 pacTBOpa HUTpATa HATPHS.

. PaccuuTaiite MaccoByro J0it0 Mbilibsika (M = 37.5 ) B ero coiu

ecnu Ha TutpoBanue 10 mu ee pacTBOpa METOAOM OpOMAaTOMETPUU
obL10 3aTpaueHo 20 mu 0.1 H pactBopa Opomara kanus.

. Paccuuraiite MaccoByto noito Hutputa HaTtpus (M = 69 ) B 10 mn

pacTtBopa eciu Ha TuTpoBanue n30biTka 20 wi 0.1 H pactBopa
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MepMaHraHaTa Kajlisg METOJ0M HOAMETpuM norpedoBanoch 10 mi
0.1 H pactBopa Tnocynbdara HaTpHsl.

< 2+
39. Paccuuraiite maccy Mn”~ B pacTBOpe, €CIM Ha €ro TUTPOBAHUE JI0

MnO, B cnabomienoynoit cpeae 3arpadeHo 21.0 mu pabouero
pactBopa KMnQO,, HOpMalibHas KOHLEHTpanus KOTOPOro Ipu
MCTOJIb30BaHUU B Kuciol cpene coctapisieT 0.1010 mons/m.

40. Hasecky 0,150 r wusBectHsika pactBopuiau B HCI, 3atem Ca**

41.

42.

OCaAWIM B BHUJAE OKcajlaTa, MPOMBITHIM OCAJOK PacTBOPUIM B
pazbasnennoit H,SO4, u ortutpoBamu 18.85 mu pactBopa KMnO4
¢ tutpom 1o CaCO; 0.00600 r/mi. Paccuntarh MaccoByrO AOJIO
CaCOs; B uzBecTHsike. Paccuuraiite o0bem 0.1H nutputa Hatpus,
nomeamuid Ha TutpoBaHue (.2 T HaBecku CyJb(HaHUIOBON
kuciotel (M =173.2), eciu TUTp pacTBOpa HUTPUTA HATPUS IO
cynbanuinoBoit kuciore 0.01732.

Paccuuraiite o0o0bem 0.1H pacTtBOopa mnepMaHraHara Kaius,
nomeamuid Ha tutpoBanue 0.2 r HaBecku cynbdara xenesa (1)
(M = 278), ecnau TUTp pacTBOpa MEpMaHraHaTa KaJds IO
cynbdary xeneza 0.01390.

Kaxkoii 06bem 0.10 H pactBopa KMnO,4 noiiieT Ha TUTpOBaHUE
0.15 r okcanara HaTpus.



