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BBEJIEHUE

Bpicokuii ypoBeHb 3HAaHMHM, akKaJAeMHU4YECKas U COLHUAJIbHAd
MOOMJIBHOCTh, TMPO(ECCUOHATU3M  CHEHUAINUCTOB, TOTOBHOCTh K
caMOOOpa30BaHUI0 U  CaMOCOBEPIIEHCTBOBAHUID —  TpeOOBaHUE
CErOJHAIIHEr0 JAHSA. B CBA3M € 3TUM MEHSIOTCS TOAXOABI K
IUIAHUPOBAHUIO, OpraHU3aluu y4eOHO-BOCIIUTATENBHON padOThI, B TOM
YUCJIE U CAMOCTOSITEIbHON pabOThI CTYI€HTOB.

[Ipexnae Bcero, 3T0 KacaeTcsi U3BMEHEHHUS XapaKTepa U COACPKaHUS
y4eOHOIro Mpolecca, MEepeHOca AakKIeHTa Ha CaMOCTOSITENbHBINA BU/T
JESATEIbHOCTH, KOTOPBIN SBJISIETCS HE MPOCTO CaMOLENbIO, & CPEACTBOM
NOCTH)KEHUSI [IIYOOKMX W MPOYHBIX 3HAHUM, HMHCTPYMEHTOM
(hopMUPOBaHUS Y CTYJICHTOB aKTUBHOCTH M CAMOCTOSATEIILHOCTH.

Lens METOIMYECKUX pEKOMEeHAaIui - MOBBIIICHUE
3 PexTUBHOCTH y4EeOHOro mpolecca, B TOM YHUCIE MNPAKTUYECKOU
CaMOCTOSITEIbHOM pabOThI, B KOTOPOH CTYJIEHT CTAaHOBUTCS aKTHUBHBIM
CyOBbEKTOM OOyYEHUSI, YTO O3HAYAET:

- CIIOCOOHOCTh 3aHUMAaTh B 00YYEHNH aKTUBHYIO TO3UIIHIO;

- TOTOBHOCTh MOOWJIM30BAaTh MHTEIJIEKTYallbHbIE U BOJICBBIC
YCWIIMSL JJ1s1 IOCTHKEHUS YIYEOHBIX 1LIETIeH;

- YMEHHE IPOEKTUPOBATh, IUIAHUPOBATh W IPOTHO3UPOBATH
y4eOHYIO JIeATEeIbHOCTD;

- IPUBBIYKY MHUIMHUPOBATh CBOKO NO3HABATENIBHYIO JACATEIBHOCTh
Ha OCHOBE BHYTPEHHEH MOJIOKUTEIBHOW MOTHBALIUY;

- OCO3HaHUE CBOMX NOTEHLUHMAJIbHBIX Y4E€OHBIX BO3MOKHOCTEU M
IICUXOJIOTUYECKYI0 TOTOBHOCTH COCTABUTH MPOrpamMMmy JAEHUCTBHU IIO

CaMOpPa3BUTHUIO.
I[aHHI)IG MCTONHNYCCKHUC YKA3aHUsA 110 BBIITOJIHCHHUIO HpaKTHqGCKOfI
41 CaMOCTOSITCIIbHOU pa6OTI)I CTYACHTOB IIPCAHA3HAYCHBI  JJIA

YIJIyOJICHHOTO HW3YYEHHS NUCHUIUIMHBI  «AHAJIUTHYECKAsT XUMUS,
«Anamutnueckas xumusi 1 OXMA»B ayIUTOPHOE W BHEAYAUTOPHOE
BpEMSL.



1 PABHOBECUA B PACTBOPAX KOMIUIEKCHBIX
COEAUHEHNA

HNoHbl MeTalioB B pacTBOpPE BCErAa COJIbBATUPOBAHBI, MOATOMY
oOpa3oBaHue KOMILIEKCOB cienyer MPEACTABIIATD KaK
MIOCJIEIOBATENIbHOE 3aMelIeHne MOJIeKYJl pacTBoputens (Bojbl) (S) BO
BHYTPEHHEH KOOPAMHALMOHHOM cdepe conbBaTHOrO  (TUAPATHOIO)
KOMILJICKCAa U MOJICKYJIbI MJIM MoHa Juranaa (L):

MS,+ L MS 1L+ S
MSn_l +L MSn_ng + S

MS, + nL—ML, + nS

B pa36aBJ'IeHHBIX pacTBOpax dAKTHUBHOCTH paCTBOPUTCIIA
IMPAKTUYICCKHU IIOCTOSAHHA, HC BCCraa HM3BCCTHO YHCIO MOJICKYJI

PacTBOPHUTENS, COJIBBATHUPYIOIIIETO VIOH, MTO3TOMY peakIuu
KOMILIEKCOOOpa30BaHusl OOBIYHO 3aIMMCHIBAIOT B CIICAYIOIIIEM BHJIC:
M + LML
ML + LML,

Takue paBHOBecHus OOpa3oBaHUS KOMIUIEKCOB  Ha3bIBAIOT
CTYyHEHYAThIMH " XapaKTEPU3YIOT TEPMOJIUHAMUYECKUMU
CTYIEHYaThIMH KOHCTAHTAMH YCTOMYMBOCTUKOMILIIEKCHBIX COEIMHEHHUI:

ooooooooooooooooooooooooooooooo

P CaKIInu KOMHHCKCOO6p330BaHI/IH MOXKHO OITucaThb TAKXKC
CYMMApPHBIMH PABHOBCCUAMMU:



M+ LML
M + 2L-ML,

U 0XapakTepU30BaTh COOTBETCTBYIOIIMMU CyMMapHbIMU (OOIIMMU) KOH-
CTaHTaMH YCTONYMBOCTUKOMIUIEKCHBIX COSIMHECHUM:

0 _ 0 _ Qa
ﬁl _Kl - ML/aMClL

Ecnmu WoHHag cuna pacTBOpa OTIWYHA OT HYJA, HMCIHOJIB3YIOT
COOTBETCTBYIOIIME PEATbHbIC KOHCTAHThI YCTOMYUBOCTUKOMIIJIEKCHBIX
COEIMHEHUH.

Ki = [MLY/IMLiAIL] = KD s, fulfue,
Bi = [|V”—i]/[|\/|][|—]i = :BiofoLi/fMLi

3Hasi KOHCTAHThl YCTOWYMBOCTH KOMILIEKCHBIX COCAUHEHUN W
PAaBHOBECHBIC KOHIIEHTpAIMM CBOOOJHOrO JIMTaHJa, MOXXHO B OO0IIEM
BUJIE paccUUTaTh MOJIAPHYIO [IOJII0 (CmeneHb 00pa306aHus) WOHA
MeTajlla U JIF0OOro KOMIIJIEKCHOTO COEIMHEHUS B pacTBOPE:

_[MLi] .81
a=""c, /z LB

Wcnonb3yst ypaBHEHHE MAaTepUAIbHOTO OajaHca, a TakKe CTENEHb
o0pa3oBaHUs, MOXKHO PacCUUTaTh PABHOBECHBIC KOHIICHTPALUMHIIFOOBIX
YaCcTUIl B PACTBOPax KOMIUIEKCHBIX COEAMHEHUN. s yrporenus pac-
YETOB NPUHUMAIOT PAJ JOMYILICHUAM.



1. PaBHOBeCHasi KOHIIEHTpallusg CBOOOJHOTO JIMTaHAA paBHA €ro McC-
XOJTHOM KOHIIEHTpAIUU, €CJIU JIMTaHJ HaXOJIUTCS B OOJIBIIIOM H30BITKE
10 OTHOIIICHUIO K MOHY METaJLJIA.

2. Tlpu u30BITOYHON KOHIICHTPAIIMK MOHA METajlla MOKHO CUHUTATh, UYTO
JTOMUHUPYIOITUM SBJISIETCS MOHOJIMTaHbINA KOMILIEKC.

3. B pazbaBiaeHHBIX pacTBOpax MajOyCTOMYMBBIX KOMILJIEKCHBIX CO-
CAMHECHUM TIPU OTCYTCTBMU OOJBIIMX KOHIEHTPAIMU JIMraHa
MaJIOBEPOSITHO MPUCOETUHEHHE 00JIee YEM OJTHOTO WJIU ABYX JIMTaHOB.

IIpu npoTekaHny KOHKYPUPYIOLIUX PEAKLIUN C y4aCTUEM HOHA Me-
TaJUla WA JIMFaHAa YCTOMYMBOCTH KOMIUIEKCA XapaKTEepU3YIOT
YCI08HbIMYU KOHCTAHTAMU YCTOMYMBOCTH (B 3THX CIIydasX OOBIYHO
UCIOJIb3YIOT OOIIME KOHCTAHTHI):

ML) _p i _ po, qiYMVi
B = /CM(CL)i = Biay(ay)' = B ayaj .

TJIe Cy M C; — OOIIMe KOHIIEHTPAIlMH BceX (hopM MeTamia M JUraHia,
HECBSI3aHHBIX B KoMmIuiekce ML;.

Hanbonee pacnpocTpaHEHHbIE KOHKYPUPYIOUIME pPEaKlUHh, B
KOTOPBIX ~ MOXKET  y4acTBOBaTh  JIMTaHJ,—  KHUCJIOTHO-OCHOBHBIE
(MpoTOHH3AIMs); WOH MeTaula MOKET Y4acTBOBATb B pPEaKIMIX
oOpa3oBaHMsI  KOMIUIGKCOB ¢ Apyrumu  Jjuragamua  (X),
NPUCYTCTBYIOIIUMHU B cucteMe. CienoBaTelbHO, YCIOBHBIE KOHCTAHTHI
YCTOMYHUBOCTH KOMIUJIEKCOB 3aBUCAT OT pH u cocraBa pactBopa. B Tex
ClIy4asix, KOrja B YCJIOBUSX 3a/lad HE MPUBEACHBI TaHHBIC NIl pacyeTa
MOHHOM CHIIBI pacTBopa, NpUHHMMAIOT, uTo ° = B WM pacCUMTHIBAIOT
TOJIbKO ~ MOJSipHbIE  joiu.MomsipHeie Ao (0-KO3(PUIIMEHTHI)

BBIYUCJIAIOT KaK.
Cu 20 BqlX]7

o=, -

Ka,lKa,Z...Ka,n
[H+]n + [H+]n_1Ka,1 + ot [H+]Ka,1Ka,2...Ka,n—1 + Ka,lKa,Z...Ka,n




PemreHusi TMIIOBBIX 32124

Ilpumep 1. Paccumraiite cTeneHb oOpa3zoBaHUs Komiuiekca Feks,
€CIM HW3BECTHO, 4YTO pABHOBECHAs KOHILEHTpalus ¢GTOpUI-MOHA B
V) 3+ -
pactBope paBHa 0.0100 M. B pesynwsrare B3aumoneiicteus Fe~ u F B
pacTBOpe 00OPa3yrOTCA CICAYIOIINE KOMIIJIEKCHBIE COSUHECHMUS:

Fe’" + F — FeF”
FeF2+ +F < FEFg
FeF3+ F < FEF4-
FeF,+ F < FeFs”
B cnpaBounuke [1] npuBeneHbl 3HaUCHNUS] KOHCTAHT YCTOMYHBOCTH

DTOPHIHBIX KOMILIEKCOB kemesa: By = 1.10-10°B, =5.50-10" B, =
5.50-10"%; B, = 5.50-10"; Bs= 1.26:10".

Pewenue. Ctenennr o0pazoBanusi komruiekca FeF; paBHa:
a3=[FeF3]/ =,33[F_]3/ : o

Ba[FT/(L + Bu[F + BAF T + Ba[F1° + BalFT* + Bs[F1°) =
5.50-10" (1-10%)*/(1+1.10-10%1-102 + 5.50-10™-(1-107%)* +
5.50-10"-(1-10%)® + 5.50-10"-(1-10%)"* + 1.26:10'%(1-10%)°) = 0.47

Ilpumep 2. Kaxoii koMmIUIeKC TmpeoOiajaeT B  pacTBOpE,
coaepxatieM 0.0500 M xagmust (11) u 2.0 M itoauna kanusi? KoncrtanTbl

YCTONYMBOCTH HOMMIHBIX KOMILIEKCOB KaaMusi paBHsI: By| = 1.91-10% B,
= 2.69-10% B5 = 3.09-10% B, = 2.57-10".

Pewenue.B pactBope, coaepkalmeM HOH KaaMHUS W HOAUI-WOH,
YCTaHABJIMBAIOTCS CIEAYIOIIUE PABHOBECHS:

Cd* + I CdI*
Cdl" + I' & Cdl,
Cd|2 + 1 o Cd|3

Cdly + I Cdl~
PaccuntaeM MOJISpHBIE JOJM BCEX YACTHI], MPUCYTCTBYIOIIHMX B
pacTtBope, npuHumMasi, uto [lI] = C; =2 M, tak kak C;>>Ccy:



ag = [CAY/Ccq = /(L + BafI7] +Bo[I* + B3[IT° + Ba[I") =

1/(1+ 1.91-10%2 + 2.69-10°-2% - 3.09-10*2° - 2.57-10°>-2%) = 2.3-10”’
aq = [CAI)/Ceq = Bu[I oo = 1.91:10%2:2.3-107 = 8.8:107

ap = [Cd1, ]/Ceq = Bo[ 1 TP00 = 2.69-10%2%2.3-107 = 2.5-10°®

ag = [Cdl5]/Ceq = B3[1 TP00 = 3.09-10%2%2.3-107 = 5.7-10°

o = [CA1,/Ceq = Ba[ 1700 = 2.57-10°-2%2.3-107 = 94.6-1072.

Takum oGpa3oMm, B pacTBope mpeobiagaer komrwreke [Cdl,*].

IIpumep 3. Paccuuraiite paBHOBECHYIO KOHIIECHTPALINIO KOMILIEKCA
[Pb(OH),] B 0.0200 M pactBOope HuUTpaTa cBUHIA B mpucyrcTBuu 1.00
M NaOHp; = 7.94-10°% B,=6.31-10"%; B =2.00-10"".

Pewenue. YpaBHeHue maTepuaabHOro OajiaHca Jisl pacTBOpa,
2+ -
coneprkaiero HoHbIPb™ 1 OH umeer Bu:

Cpp= [Pb**] + [PbOH*] + [Pb(OH),] +[Pb(OH)31].

IIpeoOpaszyem 3TO ypaBHEHHUE TaKUM 00pa3oM, 4TOObl ypaBHEHUE TaKUM
oOpa3oM, 4TOOBI B HEM HEHM3BECTHOH ocrtajach BemumuuHa [Pb(OH),].
JIst 5TOro BBIpa3WM KOHLIEHTPALIMM BCEX APYIMX YacTHUIl, HCIOJIb3Ys
KOHCTaHTHI YCTOMYMBOCTHU P, B2, Pa:

_ [Pb(OH)];] = [Pb(OH);1p:
= BIoH T T plonmy O

N [Pb(OH),][OH™]B3
b1 [OH_],Bs) _

5,
= (PO (G omp * o 1 g
0.0200

1 7.94-100  _ 2.0-1011
6311010 " 6311010 "~ "6.31-1010

[Pb(0OH),] = =48-1073M

Ilpumep 4. PaccunranTe paBHOBECHYIO KOHLEHTPALUKD HOHOB
Cu(ll) B pactBOpe, 1 1 kotoporo coaepkut 0.1000 mob CU(NO3), u 2.0
MOJIb aMMHaKa.

Pewenue.llpu cTONb 3HaYUTEIFHOM M30BITKE JTHTAHJIa — aMMHaKa
— Bce HOHBI MeH cBsi3biBatoTcs B Komiuieke [CU(NH;),]*". PaBHoBecue
00pa3oBaHUs ATOTO KOMILJIEKCA, KOTOPOE€ MOXKHO OMHUCATh CyMMapHBIM

YpaBHCHUCM:
Cu®* +4NHz [Cu(NH5)4]*".



XapaKTEPU3YETCSI KOHCTAHTOM YCTOMYMBOCTH

_ [CU(NH3)4]2+ _
b = Tewm i~ 10

B yKa3aHHBIX VCIOBHSX MOXHO mpuHsth, uto [CU(NHs)]*" = Cey =
0.1000M. [NHs] =Cnns- 4Cc,=2.0-4:0.1000-1.60M. PaBHOBecHYIO
KOHIICHTPAIIMIO HOHOB MEJIN PACCUHUTHIBAIOT 11O (hOpMYyIIE:

CCu

Cut] = =14-1074% M
) Gy — 4G,y

Hgywwep 5.Ckonpko monern NH;SCN meobOxommmo BBectd B 1 11

5.0-10°Hg(NOs3),, uTo0BI CHU3HTH KOHIICHTpaIuio HoHOB pTyTH (I1) 1Mo

1.0-10 " Mcuer oOpa3zoBaHUs KOMIUIEKCHBIX MOHOB [Hg(SCN).]* (Bs =
5.90-10".

2 -

Pewenue. Peaxuus o6pasoBanums kommiekca Hg™ +4SCN
2- o . .
—[HQ(SCN),]"" xapakTepusyercss KOHCTAHTOM €r0 YCTOMYUBOCTH.

_ [Hg(SCN),1*
* 7 [Hg**][SCN-]*

. 4|[Hg(SCN),J2- 4 5-107°
[SCN™] = \/ [Hg?*1Bs \/1-10—11 -5.9-101°

= 5.4-10"* mosib

Cocy = [SCN™]+ 4[Hg(SCN),]>~ = 54-107*+ 4-5-107°
= 7.4-10~* = moub.

=5.9.101°

Ilpumep 6. Paccuuraiite MakcumanabHOe 3HadyeHue pH, mpu
kotopoM B 0.0200 M pactBope Cd(NO3z) 99.0%kaamusi HaXoaHUTCS B
COCTaBE akKBakoMIUiekca, a 1 % — B cocTaBe THIPOKCOKOMILIEKCA

[CA(OH)]" (IgB1 = 4.3).
Pewenue. CoctaBuM ypaBHEHHE MaTepHaIbHOTO OajlaHca:
Ccq = [Cd**]+[CdOH]".

U3 ycioBus 3amaud u3BecTHo, uto [Cd®*]= 2.0-:102-0.99 =
1.98:10° M, a [CAOH]* =2.0-10* M.
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KoHcTranta ycTOMYMBOCTH NPUCYTCTBYIOIIETO B  PacTBOpE
TUAPOKCOKOMIIIEKCA KAIMUS:

_ O _ 4 g9 10
By = CaZH[oH] 1.99 - 10~.
Otcrona

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

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

[OH7] = = 51-1077 M.

Ilpumep 7. PaccuntalTe YCIOBHYIO KOHCTAaHTy YCTOWYUBOCTHU
KOMILJIEKCA MAarHus cS)ITA(MgYZ')anpH 5.00, ecnm KoHCTaHTa
ycroitunBocTH ero pasHa 4.90-10° aK, 1Ky 2K, 3Ky 4 — KOHCTAHTEI
kuciotHocty OJ[TA, paBHBI 1.0-10'2; 2.1-10’3; 6.9-10’7; 5.5-10’11,
COOTBETCTBEHHO.

Pewenue. JIns pacdera YCJIOBHOMKOHCTAHTHI YCTOWYHMBOCTHU
KoMIUleKcoHaTa mMarauu npu pH 5.0 HeoOXoauMo ydecTh MpOTEKaHUE
KOHKYpUPYIOUIEH peakiuu NpOoTOHW3auuMu Juranaa. [ns 3Toro
BBIYMCIIMM MOJISIPHYIO 10110 oy Tipu pH 5 o ¢opmyse:

Ay
Ka,lKa,Z...Ka,n
[H+]n + [H+]n_1Ka',1 +o Tt [H+]Ka,1Ka,2...Ka,n—1 + Ka,lKa,Z...Ka,n
==3.5-10""
YCIOBHAs KOHCTaHTa ycroitumBoctd MQY? cBs3aHa ¢ TaGIMYHOlM
KOHCTAaHTON YCTOMYHUBOCTH CICAYIOITUM 00pa3oMm:
[MgY*]

= = = =49-10%q,4-
P = Mg, v

~ 2
CrnenoBatenbHO, YCIOBHAA KOHCTaHTa ycToitunBoctd MgY* ipu pH 5.0
paBHa:

B =49-10%-3.5-1077 = 1.7 - 10?

Illpumep 8. PaccuutaiiTeé YCIOBHYHO KOHCTaHTY YCTOWYMBOCTH
[Ag(CN).] B mpucyrcrunm 0.0030 M NapS;03 (Bag (cny; = 7-08 1019;
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Bag(s,09)~ = 6:61-10% By; (5,003~ = 2.88-10"; By (5, 0,95- = 141+
1014,

Pewenue. JIna pacuera YCIOBHOM KOHCTaHTbl YCTOMYMBOCTH
[AQ(CN),] B nmaHHOM cilydae cieayeT YYUThIBaTh TNPOTCKAHHE
KOHKYPHUPYIOLIeH peakiun oOpasoBarms xommiekca [Ag(S;03);”] mo
CJICAYIOIINM CTaIHSIM:

Ag" + $,05” < [Ag(S;05)]
[Ag(S205)] + S,05" > [Ag(S,05), °]
[Ag(S205), °] + S,05" > [Ag(S205)3 .
CocTaBMM ypaBHEHHE MaTEepHAaIbLHOro OaaHca:

C g = [AQ'] + [Ag(S205)T + [Ag(S203)2 *T + [Ag(S205): *1.
PaccunTaem MonsipHytO 07110 MOHA cepedpa (aaq+) B pactBope Na,S,03,
npuarMast, 910 [S,05°] =Cg, 0\%—:3.0-10'3 M:

[Ag™] 1
Apgt+ = J /C = 2— 2—12 2—13
Ag 1+ B1[S2057] + B2[S2057]° + B3[S2057]
1

+ 6.619- 108-3-1073+2.88-1013-9-1076-1.41-10™"-27-107°
8-10"

1
=3
Hockombky 'Btllg(CN)E = [))Ag(CN)Z‘aAgh MOJIYYHM:

:B,;lg(CN)E = 7.08 - 1019 -3.8- 10_9 =27- 1011.

3amauum Il CaMOCTOATEIbHOM PadoThI

1. Paccuuraiite ycrmoBHyr KoHCTaHTy yctonuumBoctu Al(H,PO,) npu
pH 6.00. Omeem. 1.2.

2. PaccunraiiTe yCciI0BHYIO KOHCTaHTy ycroiunsoctu [HgBr,”] B mpu-
cyrereun 0.0010 M KC1. Omgem: 2.5-10*.

3. PaccuuraiiTe yciI0BHYIO KOHCTaHTY YCTOMYMBOCTH KOMILIEKCOHATA
xagmust B 0.0100 M pacteope KCN. Omesem: 2.8-10%.

4. Paccumtaiite paBHOBecHyI0 KoHieHTparuto Hg(ll) B 0.0100 M
pactBope Hg(NOs), B mpucyrcteun 0.0800 M KI. Omesem: 5.8-10%" M.
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5. Paccuuraiite paBHOBecHyro konmeHntpanuio Ag(l) B pactBOpe,
conepxarem 0.10 M [Ag(NHs),]* 1 0.50 M NHs. Omesem: 2.4-10° M.

6. Paccuuraiite paBHoBecHyr0 konmeHTparuio Cu(l) B 0.6000 M pac-
tBope K,CU(CN)3, x kotropomy gobasmm 0.0050 M pacTBOp nuanuma
kaus.. Omeem: 2.4-10°% M.

/. Paccumraiite paBHOBecHyr KoHIieHTpauuto Co(I) B pactBope,
coaepxamieM 25.96 r/n xjopuma kodanbTta u 2.8 M amMmuaka, eciu
CUHTATh, YTO B PacTBOpe 00pasyroTcs: kommiekcHbie nousr [CO(NH3)]* .
Omeem: 8.510" M.

8. Paccumraiite paBHOBecHyt0 KoHreHTpanuto Cd(C,04) B 0.0100 M

pacTBope HuTpara Kaamus B mpucyrctBuu 0.50 M okcanata Hatpwus.
Omeem: 2.1-10"M.

9. Paccumraiite paBHoBecHble konueHtparu  Ag(l), [AgNHs]",
[Ag(NHs);]" u NH; B pactBope, comepxamem 0.0500 M
[Ag(NH3),]NOs. Omgem: 3.1-10%; 1.9-10°; 4.8-10°%; 3.0-10°M.

10. Paccumuraiite paBHoBecHsle konnenTparuu Fe(ll), FeCl*, FeCl,, CI,
noiayuyuBIIMecs mocie pactBopeHus B 10 mur 2.0 M CONSTHOM KUCIOTBI
0.1270 r xmopuma xemesa. Omeem: 6.2:10°; 2.9-10°:6.5-10°; 2.0
M.

11. PaccuuTaiiTe KOHIIEHTpPAIMIO HECBSI3aHHOTO B KOMILUIEKC HUKEIS B

pactBope, moiydeHHoM npu cmemennun 25.0 mu 0.05 M xjopuaa
aukerst 1 25.0 it 0.50 M pactBopa NaOH. Omsem: 2.2-10™.

12. Paccunraiite crenenn obpasosarms [CU(NH3)s*] u [Cu(NH,),* 8

pacTBOpe C paBHOBECHOW KoOHIeHTpamued ammuaka 010 M. Omeem:
9.8%, 90.0%.

13. Paccunraiite crenens obpasosanust [CA(CN),]° B pactBOpe, 06-
pazoBagiiemcs npu npuodasiennn k 0.0010 M pacteopy xagmus (I1) 0.2
M mmanuna kamust. Omeem: 98.9%.

14.Cxomsko Mmoneii NaF myxuo BBectn B 100 Mot 1.0-10° M pac-
tBopalaCl; mpu pH 3.00, yTtoO6sr moHM3uTH KoHIeHTpanuto La(lll) mo
1.0 10°® M 3a cuer obpasoBanms komruzekca LaF?*? Omeem: 0.068
MOJTb.
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15. Ckonpko rtpammoB NaOH nHeobxomumo nis  oOpa3oBaHUsA
[Zn(OH),*] u3 50.0 M 0.8 M ZnCl,, eciu koHueHTparws Zn°* B KoHeu-
HOM pactBope He mpesbimraer 1.0-10™ M. (Mox.macca NaOH = 39.98.)
Omeem:. {.14r.

16. Ckonbko mmmmuauTpoB 2.0 M pactBopa NHj;, HEeoOxomammo mo-
6aButh Kk 200 mu 0.0500 M pactBopa AGNO3, 9TOOBI KOHIIEHTpPALIHS
noHa cepedpa MOHU3WIACH /10 1.0-10° M? Omeem: 11.76 mu.

17.Cxonpko Mosiei KOH neoOxomumo modaBute k 1 1 0.0560 M
pactBopy PB(NOs3),, uToOsl paBHOBecHass KoHIeHTpaluss noHoB Ph(II)
noum3uiaack 10 3.5:10 M 3a cuer oOpazoBanus [Pb(OH)s3]? Omeem:
0.17 mob.

18. B 1.0 M pacrBope KSCN cozepxurcst 0.0100 M [Ag(SCN),”].
Ckonbko wMwumunutpoB 2 M pactBopa KCN Hamo nobGaButh k
100 M storo pacrtBopa, utoOb KoHmentparms [Ag(SCN)4]® mo-
ausmiack 10 1.0-10 M 3a cuer obpasoBanmst kommiekca [AG(CN)4]*?
Omeem: 3.54 mi.

19. PaccuwmTaiite pH, mpu kotopoM B pactBope, cojepkaiiem 0.0100 M
FeCl;, u 0.1000 M NaH,PO,4, 99% sxene3a (ILI) HaxomuTcs B BHUC
komiuiekca [FEHPO,4]. Omsem: pH 1.58.

Bonpocs! 11 CAMOKOHTPOJIA
1. HazoBuTEe OCHOBHBIEC MPU3HAKU KOMIIJIEKCHOTO COCTMHEHMUSI.

2. Uto Takoe KOOpIAMHAIMOHHOE YHCiI0? YeM onpenenstorcs
MaKCHMaJbHOE W XapaKTEPUCTHUYECKOE KOOpPJUHALMOHHBIC 4YHcIa?
[IpuBenure nnpumepsl.

3. Uem ompenensercs JIEHTATHOCTh JHraHaa? OTBET MOSICHUTE
IIpUMEpPaMH.

4, Ha kakux MPUHIIMIIAX MOXKET OBITh OCHOBaHAa KJacCHU(UKAIIAI
KOMIUIEKCHBIX COSTMHEHWI?

5. HazoBuTe OCHOBHBIC THUIBI KOMIUIEKCHBIX coeauHeHui. IIpuBenure
MIPUMEPHI.

6. Urto Takoe noHHbIN accormat? [IpuBeauTe npuMepHl.
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/. llpuBenute npumepsl BHYTPU- U BHEIIHECHEPHBIX KOMILJIEKCHBIX
COEIUHEHUMN.

8. IlpuBeauTe mpuMephl OJHOPOJHO- W CMEIIAHOJWUTAHIHBIX KOMII-
JICKCHBIX CO€IUHECHUM.

9. Uro Takoe monusaepHbIE KOMIUICKCHBIE coenuHenus? [IpuBemute
IPUMEPHI TOMO- U TETEPOIOTIUSIACPHBIX KOMILICKCOB.

10. Yem oTimMuaroTCs CTyMEHYAThIE U OOIIME KOHCTAHTHI YCTONYHMBOCTH
KOMIUIEKCHBIX COeIMHEHUN? OTBET MOACHUTE PUMEPAMHU.

11. HazoBute (akTOphl, BIMSIONIME HA YCTOMUYUBOCTH KOMIUIEKCHBIX
coequHeHuil. OTBET MOSICHUTE TPUMEPAMH.

12. Kakue KOMIUIEKChI OTHOCSITCA K JJAOUJIbHBIM, @ KaKU€ K UHEPTHBIM?
[IpuBeauTe NpUMEpPBHI.

13. Yto takoe xenat? B dem nposiBisiercs xenaTHbid b dext? OTBeT
MOSICHUTE ITPUMEPAMH.

14. Kakue coeanHEHUs HA3bIBAIOTCS BHyTpUKOMIUIeKCHbIMU? [IpuBe-
JUTE TPUMEPBI.

15. Ha3zoBute OCHOBHBIE (DAKTOPBI, OMPEACISIONINE PEAKIUOHHYIO
CIIOCOOHOCTh OPraHUYECKOTo peareHTa. OTBET MOSCHUTE MPUMEPAMH.

16. Yem 0OBsICHAETCS OKpacka KOMILJIEKCOB MEPEXOAHBIX METAIOB C
HEOKpaIIEHHBIMU JIUTaHaamMu?

17. Kak MO>HO MOBBICUTH PACTBOPUMOCTh OPTaHUYECKUX pearcH-

18. Kakwue rpynmbsl METALIOB NPEUMYIIECTBEHHO B3aUMOJEHCTBYIOT C
KHUCJIOPOJ-, a30T- U CEPOCOJEPKAIIMMU OPTaHUYECKHUMHU peareHTaMu?
[IpuBenure npumepsl.

19. Kakwue cBoicTBa KOMIUIEKCHBIX COEIMHEHUUN HUMEIOT HAMOOJIBIIEE
3HAYEHUE JIJI1 OOHAPYKEHUS U pa3/ieIeHUs] HOHOB?

20. TlpuBemuTe mpUMEpHl MPAKTHUYECKOTO HCIIOIB30BAHUS PEAKIIUM
KOMILIEKCOOOpa30BaHUs JJIsl pa3AesieHUs] KaTHOHOB.
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21. IlpuBenutre mpUMEpHl HCIIOIB30BAHUS PEAKIUNA KOMILIEKCO00-
pa3oBaHUs ISl MAaCKHMPOBAHHUS MEHIAIOIMIUX HWOHOB TIPH OIpeeTeHUU
MOHOB HUKEIIS, KOOabTa, MU, KaJMHSI.

22. llpuBenure mpUMEphl UCMOIb30BAHUS KOMILUIEKCHBIX COCIUHEHUMN
JUTSL OTIPENIETICHUS DJIEMEHTOB.

2 PABHOBECHA BOKUCIIMTEJIBHO-
BOCCTAHOBHUTEJIbHBIX CUCTEMAX

2.1 KpuBble TUTPOBAHUA

B X0J1e TUTPOBAHUS U3MEHSIETCS OKHUCITUTENBHO-
BOCCTAHOBHUTEIIbHBIA ~ MOTEHLUHAJI  CHCTEMbl, TPUYEM B  TOYKE
SKBUBAJICHTHOCTA TMPOUCXOJUT €ro pe3Koe HU3MEHEHUE — CKayoK
noteHiuana. IloatoMy nns  pacyeta KpPUBOM  OKUCIUTEIBHO-
BOCCTAHOBUTEIIHLHOTO TUTPOBAHMUS pPacCYUTHIBAIOT 3HAYCHUS
OKHCJIUTEIbHO-BOCCTAHOBUTENILHOIO MOTEHIINANA B 33/IaHHBIX TOYKAaX.

Pacuer norenuana npoBoAsT Mo ypaBHeHHI0 HepHcra:

RT a,,

E=E"+ —I :
nF nared

rae E’— CTaHgapTHbIA OKHCIUTEIbHO-BOCCTAHOBHTEIBHBIH OTCHIHAIL
R— yHuBepcanbHasi razoBasi mocrosiHHas, paBHag 8.312 Jx/(Monb-K);
T— abcomoTHasa Temmneparypa; F—nocrosanas ®apanesi, pasHas 96 500
Ki; n— 4Kcio 37eKTpOHOB, MPUHUMAIOIIMX YYacTHUE B DJIEKTPOIHOM
IPOLIECCE; Aoxdreg— AKTUBHOCTH COOTBETCTBEHHO OKHUCJICHHOM W
BOCCTAHOBJICHHOW (pOpM BelllecTBa.

Ctporo roBopsi, aKTUBHOCTH B JOTapU(PMUUYECKOM BbIpaAKEHUU
JOJKHBI OBITh BO3BEACHBI B CTENECHb, PABHYID CTEXHOMETPUYECKOMY
KO3 PUIUEHTY ITUX BEIIECTB B YPaBHEHUH MOJYyPEAKIIUU.

JIo TOYKM DSKBHBAJECHTHOCTH TMOTEHIMAT PACCUUTHIBAIOT TIO
CHUCTEME TUTPYEMOI'O BEIIECTBA, a IMOCJE€ TOYKH SKBUBAJICHTHOCTH IIO
CHUCTEME TUTPAHTA.
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OoObruno kpuBbiec OBT crposr B koopamnarax E = f(V) u ux
aHaJau3 TMO3BOJISIET OINPEICIUTh H3MEHEHUE IOTEHLHAIa  pacTBoOpa
BOJIM3M TOYKHU 3KBHBAJICHTHOCTH, TO €CTh BEJIMYMHY CKAuyKa Ha KPHUBOM
TUTPOBaHUsS  (CKAQUOK  TUTPOBaHUS), W  MPABUIBHO  BBIOpaTh
ONTUMAJIbHBIN PEIOKC-UHIUKATOP IJIsl JAHHOTO TUTPOBAHUSI.

Ilpumep 1. Berunciaurh 3HA4YCHUE OKUCJIUTEIILHO-
BOCCTAaHOBUTEJIBHOTO TOTEHIHAJIA B PACcTBOpPE, IOJIYYEHHOM IIpH
nobasneranu 50 mur 0.1 M pactBopa Na,5,03 k cienyroniuMm odbemMam
0.2 H pactBopa l,: a) 20 mu; 6) 30 M.

Pewenue. 3anuiiem ypaBHEHUE pPEAaKUWH, NPOTEKAOIIEH MpPH
B3aUMOJECHCTBUM THOCYIb(aTa HATpHS U oa:

l, + 26" — 2I
25,05 - 265,04

l, + 25,055 — 21" + S,0¢”

" OIIPCACIINM (I)aKTOpBI 9KBUBAJICHTHOCTHU BCCX BCUICCTB, YHACTBYIOINX
B peaKHHI/IfaxB(SZOf_): 1; fBKB(S‘lOGZ-) = 1/2; f3KB(|2) = 1/2; fSKB(I-) =1

PaccunTaeM >KBHBaJICHTHBINM 00BEM pacTBOpa 1710):[a:

C(N(lezOg) . V(Na25203) 0.1-50
]/SKB(IZ) = 1 = = 25 M
C(*/512) 0.2

a) JaHHAs TOYKA JIGKUT 0 TOYKH SKBHBAJICHTHOCTH, TaK Kak
nobaBiieH 00bEM THTPAaHTA MEHBIIC OSKBHUBAJICHTHOIO, IIOATOMY
3HAYCHHE MTOTCHIMAIA PACCUUTHIBAEM I10 ONPEACIIIEMOMY BEIICCTBY,

T. €. [I0 CUCTEME 84062'/82032'(Em0):

0.059 [S,0¢7]
g =
2 [S2,0571

ETHO = E’?I/IO +

Yucmo MOJbp 3KBUBAJICHTOB, OOPa30BaBIIETOCS B pe3yJbTaTe
peaKkiui TETPAaTHOHAT-HOHA PaBHO YHCIY MOJb JKBHUBAJICHTOB
100aBJIEHHOTO HOaA:
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n <1/2 540§—> — n<1/2 12> =C (1/2 12) V() =0.2-20
= 4 MMOJIb.

Tak xak B ypaBHeHMe HepHCTa BXOIAT MOJSIPHBIE KOHUEHTPALIUU
UOHOB, TO:

n($,027) = 1/2n<1/2 540§—) — 1/, 4= 2 usons,

n(S,0¢7)

S40¢7] = =
154087 V(NayS,03) + V(I,) 50+ 20

= 0.028 Mosb/ 1

Yuciao mmoinib THOCYJb(aTa HATpHUs, BCTYMHUBIIETO B PEAKIIHUIO,
PaBHO YHUCJIY MMOJIb SKBHBAJICHTOB JI00aBJIEHHOIO HOJa, TOrAa YHCIO
2-
MOJIb U KOHIIEHTpAllKsI OCTaBIIErocs B pactBopeS;O3” paBHBI:

n($,037) = C(Nay$,03) - V(Na,$,03) — C(1/,1,) - V({I,) =5—4 = 1 mmonb

[S,057] = n(5;057) = = 0.014 mosb/n
V(Na,S,05) +V(l,) 50+ 20
E = E 4 0.059 ; [S4027] _ .09+0'05919 0.028
2 [S,0%7]2 2 (0.014)2
= 0.15B

0) JaHHAs TOYKA JIEKHUT TOCJIE TOYKH SKBUBAJICHTHOCTH, TaK Kak
no0aBieH o0O0beM THUTpaHTa OOJIbIlI€ HSKBUBAJIEHTHOTO, IO3TOMY
3HA4YCHHE MOTEHIMAJIa PACCUYMTHIBAEM TI0 TUTPAHTY, TO €CTh [0 CUCTEME

|2/|_:
0.059,  [I]
2 I

— o
Ef/io,q - Ef/io,q +

Yuciao MMoJb 00pa30BaBIIETOCs HOAUI-MOHA PABHO MCXOJHOMY YHCITY
MOJIb THOCYJIb(aTa HATPHUSL:

Tl([_) = n(Na25203) = C(Na25203) . V(NClezOg) = 0.1-50
= 5 MMOJIb
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_ n(”) _
"~ V(Na,S,03) +V(l,) 50+ 30

[I7] = 0.0625 mosb/ 2

Yucno MMOJIb SKBHUBAJICHTOB MOJIa, BCTYNHUBILIETO B PEAKIMIO, PAaBHO
HUCXOAHOMY 4YHCIYy MMOJb THOCYJb(ara HaATpusi, TOTJa YUCIO MOJb
M30BITOYHOIO M0/1a PaBHO:

n(1/51) =c(1/, L) -V(I) = C(NayS,03) - V(Na,S,03) = 6 — 5 = 1 MMosb

Tak kak B ypaBHeHHe HepHCTa BXOIAT MOJSIPHBIE KOHIECHTpAIUU
HOHOB, TO:

n(l,) = 1/2n<1/2 12) = 1/2 -1 = 0.5 MMoOJIb.

1] = = = 0.00625
2] = VN S,00) V) ~ 50+ 30 MO/
. 0059 [L] 0.059  0.00625
Eiion = Ejion T > lg TRE = 0.54 + > lg (0.0625)?
— 0.546 B

2.2 KosinyecTBEHHbIE PACYEThI
B OKHCJIUTETbHO-BOCCTAHOBUTEIbHOM TUTPOBAHUM

[Ipu mpoBeneHUH KOJIMYECTBEHHBIX PACUETOB CJEAyeT OOpaTUTh
0co00€ BHHMAaHHE Ha OKHUCIUTEIbHO-BOCCTAHOBUTEIBHYIO PEaKIIMIO,
IIPOTEKAIOUIYI0 B XOJI€ TUTPOBaHMs. Pemias KOHKPETHYHO 3aaauvy,
HEO0OXOAMMO HAMKUCaTh YPABHEHUE PEAKIIMU U MOJYyPEAKIIUM, UCXON U3
Yero OonpeAessaioT (PakTopbl IKBUBAJECHTHOCTH PEArupyIOIINX BEIIECTB.
B nanHom meTone mOMHMO MHPSIMOTO U OOpPaTHOTO TUTPOBAHHUSA YACTO
UCHOJIB3YOT METOJ] 3aMECTUTEIIbHOTO TUTPOBAHUA.

lIpumep 2.Paccuutarh maccy xene3a B 200.0 M xjmopuaa xene3a
(I), ecim Ha THTpoBanWe 20.00 MJI 3TOrO pacTBOpa H3PACXOIOBAHO
25.00 mn pactBopa OuxpomaTa Kajusi, UMEIOIIET0 TUTP IO >KeJe3y
0.005585 r/mu.

Pewenue. HanueM COOTBETCTBYIOIIME PEAKIMIO U MOIYPEAKIIHH,
yTOOBI ~ OMpeAeNuTh (PAKTOPHl  SKBUBAJICHTHOCTH  PEArupPYyIOLIUX
BEILECTB:
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Cr,0:% + 14H" + 66 - 2Cr* + TH,O0  x1 f,,(K.Cr,07) = 1/6
Fe™ — e — Fe™x 6f, (FeCh) =1

Cr,0,% + Fe*? + 14H"— 2Cr*" + Fe™+ 7H,0

B JAHHOM ClIy4dac UMCCT MCCTO IIPAMOC TUTPOBAHUC U I10 3aKOHY
3KBUBAJICHTOB MOXKHO 3al1MCaThb:

n(Fe) = n(1/6K2Cr207)
Torma ¢ y4eToM alMKBOTHOM YacTH MOTYUUM:

m(Fe) _ T(K3Cry,07/Fe) - V(KyC107) Viecy,
M(Fe) M(Fe) Vs

200
= 0.005585 - 25.00 'S0 " 1.396r

Ipumep 3.K 2.5 mn pactBopa KCIOzmpubasmmu 25.00 mur 0.1200
M pactBopa FeSO,, n30bITOK KOTOpOoro 3ateM oTTuTpoBaiu 5.00 mi
0.11 H pactBopa KMnO,. Paccunrats MaccoByro aono (%)KCIO; B
pPacTBOpE, €CJIM MIIOTHOCTH 3TOro pactBopa p = 1.0200 r/mu.

Pewenue. HanvieM COOTBETCTBYIOIIUE PEAKIUIO U MTOTYPEAKIIUH,
yTOOBl ~ ONpeAeNUTh  (DAKTOPHl  SKBUBAJICHTHOCTH  PEarupyrolux
BELIECTB:

ClO; + 6H" + 6e"— CI' + 3H,0 x 1 f,(KClos) = 1/6
Fe™ — e — Fe"x 6f, (Feso,) =1

ClO5 + 6H* + Fe*™— CI" + 3H,0 +Fe™

MnO, + 8H* + 56— Mn?*" + 4H,0 x1 f,,(KMno,) = 1/5
Fe™ — e — Fe"x5f, (Fes0,) = 1

MnO, + Fe™+ 8H*— Mn*" + Fe*® + 4H,0

B nanHOM ciiydae MMeeT MecTO OoOpaTHOE TUTPOBAHHME W 3aKOH
HKBUBAJICHTOB MOKHO 3aMHUCaTh CICAYIOIMINM 00Pa30M:

n(FeSO,) = n(1/6KCIO3) + n(1/SKMnQy,)
n(1/6KCIO3) =n(FeSQ,) - n(1/5KMn0Oy)



20

m(KCLO3)
M1/ KCl03)

1 .
_ C(FeS04)-V(FeSO,) C(*/5 KMnO,) - V(KMnO,)

1000 1000
1
C(FeS0,) -V(Fes0,) C|'/sKMn0,)-V(KMn0,)
m(KClO;) = “1000 L (s 1020 M(1/¢ Kclo;)
B [0.1200-25.00 0.1100-5.00] 1/ 122,55 = 0.05818
- 1000 1000 6 o9 = r

Maccy pactBopa xjopara Kalius PacCUMTBIBAEM C YUYETOM €ro
IUIOTHOCTHU:
mp=Vp=2.50-1.020=2.55r.
Torna

m(KCIO3) 005818

-100 = 1.96 %.
p

Ilpumep 4. 10 mn1 nepokcuaa Bogopoaa pazdasuiau Bojon 10 200
M B MepHor konbe. K 20.00 mi mosydyeHHOro pacTBopa IMpUOABHIIH
M30BITOK pacTBOpa MoaAuaa Kajaus U MOJKUCIUIN cepHOM KucioToi. Ha
TUTPOBAHUE BBIJEIUBIIETOCa Koja u3pacxomoBaimd 15.65 mu 0.1 M
pactBopa THocynb(para Hatpus (K = 0.9800). Onpenenuts Maccy
nepoKcuaa BOAOPO/Ia B UCXOJTHOM PACTBOPE.

Pewenue. HanueM COOTBETCTBYIOIIME PEAKIHUIO U MTOIYPEAKIIHH,
yTOOBl ~ ONpeAeHUTh  (HAKTOPbl  SKBUBAJICHTHOCTH  pPEarupyrolux
BEILIECTB:

H,O, + 2H" + 2e'— 2H20f3KB(H202) =1/2
21" - 26— f, .01, = 1/2

H202 + |2 + 2H+—> ZHZO

I, + 26— 21" f,,,(1) = 1/2
25,05% - 265,06 F,4(S:044) = V5
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l, + 25,055 — 21" + S,04.

B nanHOM ciydae MMEET MECTO 3aMECTHUTENIbHOE TUTPOBAHUE (110
3aMEIICHUIO0) U 110 3aKOHY SKBUBAJICHTOB MOKHO 3aIIUCATh:

n(1/2H,05) = n(1/21,) =n(Na,5,05)
n(1/2H202) = n(NaQSQOg)

Torma ¢ y4eToM aJIMKBOTHOW YaCTH MOJYyYaeM:

m(Hzoz) _ C(Na25203) ‘K- V(Na252032) ) VHZOZ
M(1/y H,0,) 1000 Voo

C(Nazszo3) ‘K - V(Na252032) VHZOZ 1
: M H,0
1000 Vaniks (/2 H202)

0.1-0.98-15.65-1/,34.015 200.0
1000 20.0

m(H,0,) =

=0.2609r

2.3 3apaum AJ151 CaMOCTOSATEeIbHO PadoThI

1. Paccuuraiite HaBecky NaNO, s nOpurotroBiieHuss 3 JUTpa
pactBopa ero ¢ T = 0.024321 r/mi.

2.  Paccuuraiite HaBecky KMnQO, ana npurotoBienus 1.5 1 pactBopa
eroc T=0.001616 r/mmn.

3.  Paccuwraiite nHaBecky KMnO, nns npuroroBienus 3 1 0.02 u
pactBopa?

4.  PaccumTaiiTe HaBECKy KpHUCTAUIOTHApATa OKcajlara aMMOHMS
(NH4)2C,04:2H,0 nns npurorosierust 500 Mt 0.1 1 pacTBopa?

5.  Paccuwuraiite HaBecky KMnO,, HeoOX0AUMYIO JJ1s1 MPUTOTOBJICHUS
2.5 m pactBopa ero ¢ Tynoare=0.005585 /M.

6. Paccuuraiitte  HaBecky Opomara kamus (M.167) s
npurotoBieHuit 500 M 0.02 H pactBopa.

/. Paccuurailte HaBecky auxpomara kamus (M.294) s
npurotosyieHus 100 mun 0.1H pactBopa.

8.  Paccuuraiite HaBecKy cynbdaHuioBor kuciaorel (M.173) mus
npurotoieHuit 100 M1 0.1H pactBopa.

9. Paccumraiite HaBecky THocyilb(para Hatpus (M.158) s
npurotosyieHus 200 mi 0.1H pactBopa.
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PaccuuTaiite HaBeCKy X.4. IUXpoMara Kajus JJisi MPUTOTOBICHUS
pacTBOpa ¢ MOJIIpHOM KOHLIeHTpauuein 3xkBrBajieHTa 0.05 Mosb/i1 B
oobeMe 100 My (11 METOJIa OKMCIUTEIbHO-BOCCTAHOBUTEIHLHOIO
TUTPOBAHU).

Paccuuraiite tutp 0.1.H pactBopa OpomaTa Kajausl MO MBIIIBIKY
(M, =37.4)

Paccuuraiite TuTp 0.1H pactBopa fioga o acCkopOMHOBOW KHCIOTE
(M,=83)

Paccunraiite Tutp 0.1H pactBopa HUTpUTa HATPUS IO HOBOKAUHY
(M =272.78)

PaccuuTaiite TUTp U TUTP HUTPUTA HATPHUS IO OMPEACIISIEMOMY
BEILECTBY, €CJIM Ha TUTpOBaHUE 25 mu pacTBopa ypocyibhana (M
= 233.25) uzpacxomaoBano 15 mi 0.1 H pactBopa NaNO..
PaccuyuTaiite  TUTp W ODKBHUBAJEHTHYIO  KOHIIEHTPAIIUIO
thocynbdara, ecnu HaBecky 0.1275r guxpomara  Kamus
pacTBOpWIM B BOJe, J00aBUIIM H3OBITOK HOAWIA Kaius U
BBIICJIMBIIMMCA ~ WoA  OTTUTpoBaM  22.85 M pacTBopa
TUOCYJIb(aTa HATPUSI.

Paccuuraiite MONSIpHYIO KOHIEHTpanuio skBHBaieHTa NaNO,,
eciu ero TuTp 0.0320r/mi1.

Paccuuraiite MOJSpPHYIO KOHUEHTPALMIO SKBHUBAJIEHTa PACTBOpA
KMnQO, eciu Ha TutpoBanue 20 MJ1 pacTBOpa IIaBEIEBOM KUCIOTHI
H,C,042H,0, npurotoBiaeHHoro u3 TouHoil HaBecku (1.2608 1) B
MepHoit kosioe Ha 200 M Obu1O M3pacxomoBaHo 20.3 mi pacTBopa
KMnOQO,.

Paccunraiite MOJApHYIO KOHLEHTPALMIO 3KBUBAJIICHTA PACcTBOpPA
NaNO, mno cynbbanunosoit kucnore (Tnanozeymsx-re=1.01732).
s onpenenenust Tutpa NaNO, B3sulM HaBECKY CyJb(paHUIIOBOM
kuciaotrel Macco 0.2 r m pactBopwiu €€ B 10 M pasBeneHHON
HCI. IlpuGaBuim Opomua Kanus W JAUCTUIMPOBAHHYIO BOIY.
Oo6muit oobem tutpyeMorr cmecu 80 mi. Ha tuTtpoBaHume 3TOrO
pactBopa 3atpatwiia B cpeaHeM 10 ma NaNO,.

Paccunraite MOJApHYHO KOHUEHTPALMIO SKBUBAJICHTA PACcTBOpPA
IUXpomaTa Kajids, eCJIi HaBeCKa AuxpomMarta kKamaus maccou 1.2230
r Obula pacTBOpeHa B MeEpHOU Kojabe eMkocThio 500 mun (mis
METOJa OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOTO TUTPOBAHUS )
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PaccuuTaiite: MOJSIPHYIO KOHILICHTPAIIMIO SKBUBAJIICHTA, TUTP U
TATP TE€PMaHraHaTa Kajus IO OmpeenseMomMy BemlecTBy. /[
omnpezaeneHuss Tutpa pactBopa KMnQO, B3siim HaBeCKy okcajiaTa
HaTpusi Na,C,0,4 maccoit 1.3444 r 1 moMEeCTHIIM B MEPHYIO KOJIOY
Ha 200 mu. Ha tutpoBanme 20 M 3TOro pactBopa B CpPEIHEM
3atpatuiu 20 mu pactBopa KMnOQO,.

Paccuurtailte HOpMaJbHYIO KOHILIEHTPALMIO U TUTP MO KEIE3Y
pactBopa nepmanranta kanua. Ha turpoBamme 0.1085 r
XUMHUUYECKH YMCTOTO OKcajaTa HaTpusl B KHUCJION cpejie 3aTpauyeHoO
21.25 mu1 KMnO,.

Paccuurailte HOpMaJbHYIO KOHIICHTPALMIO W TUTP pacTtBopa
tuocynb(dara Hatpus. HaBecky nuxpomara kamus B 0.12 T
PacTBOPWIM B BOJIE, TIOOABWJIM CEPHOW KHUCIOTHI U MOIUJ Kalusl.
BeigenuBiiuiicss cBOOOJIHBIA MO  OTTUTPOBAIM  PACTBOPOM
KpucTauioruapara tTuocynbdara Hatpusi Na,S,03-5H,0, 3atpatun
py 3TOM 24 mul.

PaccuuTaiiTe HOpPMajdbHYIO KOHIIGHTpPAIIMIO W TUTP pacTBOpa
KMnO,. HaBecky Kpucrajuiorgapara okcajata aMMOHUS
(NH4),C,04-H,0O B 0.32 1 pacTBOpHIN B MPOU3BOJIHLHOM OOBEME
BO/JIbI, OTTUTPOBAJIA pacTBopoM KMnQO,, 3aTpatuB npu 3tom 10.26
M.

PaccuuTaiite MaccoByro 10110 niepekucu Bogopoaa (M = 34). K 25
M pactBopa H,O, mobGaBuim Hoaua Kajlus U XJIOPOBOJIOPOTHYIO
KHUCJIOTY, BbIAENUBIIHICS oa ortuTpoBanu 25 miu 0.1 H pactBopa
TUOCYJIb(aTa HATPUSI.

Paccuuraiite MaccoByto aomtonepekucu Bojopoga (M =34 ) B 10
MUIT pacTBopa eCIIu Ha TUTPOBAHUE METOJIOM
opomatomerpuunorpedoBanocs 10 mi 0.1 H pactBopa.
PaccuuTaiite MaccoByro pomronepekucu Bojgopoaa (M =34 ) B 10
MJI pacTBOpa €ClM Ha TUTPOBAHUE METOJOM IMEPMAaHTaHTOMETPUU
notpedoBaniock 20 mi 0.1 H pactBopa.

Paccuuraiite maccy H,S B 1 1 mccnemyemoro pactBopa. [is
onpenenenus HyS x 25 M pactBopa ero npubdasuiu 50 mi 0.0196
H pactBopa #ona, mocsne 4yero u30bITOK HE BOIICAIIETO B PEAKIIUIO
riona orrutpoBann 0.0204 H pacTtBOpoM THOCYIb(aTa HATpUs,
KOTOpOro 3arpayeHo 11 mir
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PaccuuTaiite maccy Ouxpomara Kajausi B pacTBOpE, €CJIU IOCIIe
nobasimeHns pactBopa Kl BeimenuBIuiics ioa ortutpoBaiu 48.8
mia 0.1H pactBopa THoCynb(daTa HATpHS.

Paccuuraiite maccoByro go0it0 (%) aKTMBHOrO KHUCJIOpPOAa BO
B3sATOM KoJjimdecTBe pactBopa H,O,. HaBecky pacTBopa nmepokcuaa
BoJI0poia B 1.16 r nmepenecnu B MepHyto K00y Ha 200 M1, 1oBeIn
00beM J10 MeTKHU BoAou u nepemerianv. Ha 20 mi aToro pactsopa
npu tuTpoBanun wuspacxomoBai 30.05 mu pactBopa KMnO,.
TKMno4/H202:O.OOO45 I/MJI.

Paccuuraiite coxaepxkanue cyiabdanreHa B TabneTke (MeTOx
nunetupoBanusi) Ha tutpoBanue 10 mi pacTBopa cyibdaseHa,
nosydyeHHoro pactBoperremM 0.4000 r mopoiika B MEpHOU Kos0e
Ha 100mn, m3pacxomoBano 10 mi pacTBOpa HHMTpUTA HATpUS C
TUTpOM 110 cyibpaneny T=0.02803r/m.

Cxkounbko r HCI copepxurcst B 200 M COISTHON KUCIIOTBI, €CJIM Ha
TuTpoBaHue I, BeiaenenHoro u3 20 mi u3osiTkoM cMmecu KIO3 u
K1, uzpacxonosanu 18.25 M 0.020 H. pactBopa Na,S,0s.
PactBop, coaepxamiuit cmech FeCls u KoCr,0;, noBenu 10 oo6beMa
100 M1 ¥ OTTUTPOBAIM HOJOMETPUYECKA B JBYX OTIEIbHBIX
npobax (anmkBoThl mo 20 mi). Ha tuTpoBaHue mnepBoil mpoObI
satpatuaun 21.72 wmn 0.020 H. pactBopa NayS,03, drto
cootBeTcTByeT cymMme Fe um Cr. Ko BTOopoi mpobe mpubaBuiu
mupodochar Hatpus mIs cBsi3biBaHMs Fe°' B KOMILIEKC, M Ha ee
TUTpoBaHue u3pacxomoBainn 10.35 mu pactBopa Na,S,03 Toi xe
KoHIeHTpauun. Paccunrars Maccy Fe u Cr B pacTBope.

. CKonbKO MJ1 THOCYJb(aTa HATpHUsl MOTPEOYETCs] HA BOCCTAHOBJICHUE

1oJa, BBIACIICHHOrO M3 uoauaa kKaaus acucrBuem 0. 1525 r
K,Cr,O;  ecnum 2 151 TuocyinbdaTa HATpUsi MPUTOTOBIICHBI U3
dukcanaia, comepxamiero B ammyie 0.5000 Moib/7KB.

. Paccuuraiite MaccoByro nomito Hopcyibdazona B HaBecke 0.5000 r,

€CJIM Ha TUTpoBaHUE u3pacxoaoBanHo 9 miu 0.1 M p-pa NaNO,.
PaccuuTalite KOMMYECTBEHHOE COJEepXKaHHUE HOBOKamHa (M =
272.78) B p-pe, ecnu Ha TUTpoBaHue 3arpadeHo 12mim 0.1 H
pactBopa HuTpuTa HaTpus ¢ T=0.02728.

Paccuuraiite KOJMYECTBEHHOE COACP)KAHUE CTPENTOLMA B
nopomke BecoM (.51, ecii Ha TUTPOBAHUE PACTBOPA CTPENTOLXIA
ObL10 3aTpadeHo 15mi1 0.1Mob-3KB/J1 pacTBOpa HUTpaTa HATPHUSL.
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37. Paccuuraiite MaccoByro 1010 MbImbsika (M = 37.5 ) B ero conwu
eciu Ha TuTpoBanue 10 mi1 ee pacTBopa METOAOM OpOMAaTOMETPUU
obL10 3aTpaueHo 20 miu 0.1 H pactBopa Opomara kanus.

38. Paccuuraiite maccoByro noitro Hutputa Hatpust (M = 69 ) B 10 mn
pacTtBopa eciv Ha TuTpoBanue nu30biTka 20 mi 0.1 H pactBopa
NepMaHraHaTa Kajaus METOJOM HoameTpuu notpedoBanock 10 M
0.1 H pactBopa THOCY/IB(DaTa HATPHUSL.

39. PaccuuTaiite Maccy Mn“" B pacTBope, ecili Ha €ro TUTPOBAHHUE JIO
MnO, B cnabomienouHoi cpenae 3arpadeHo 21.0 mu pabouero
pactBopa KMnQO,, HOpMajibHasi KOHIIEHTpAIUsi KOTOPOTO TMpH
UCITIOIb30BaHNU B Kucion cpeze coctapiseT 0.1010 Moms/m.

40. Hasecky 0,150 t wm3Bectmsika pactsopwin B HCI, 3arem Ca®’
Oocaluiii B BHUJE OKcajaTa, MPOMBITHIA OCAJOK pPACTBOPWIH B
paszo6asnenHoit H,SO,4 u ortutpoBanu 18.85 miu pactBopa KMnOy
¢ tutpom no CaCO;z 0.00600 r/mi. Paccuntarh MacCoBYIO AOJIO
CaCOj; B u3BectHsike.Paccuuraiite o0bem 0.1H nHuTputa Hatpus,
nomeamuidi Ha TUTpoBaHue (.2 T HaBeCKH CyIb(HaHUIOBON
kucioTel (M =173.2), eciin TUTp pacTBOpa HUTPUTA HATPHUS IIO
cynbhanuioBoit kuciaore 0.01732.

41. Paccuutaiite o0meM O0.1H pactBopa mnepmaHraHara Kajius,
nome Ui Ha TutpoBanue 0.2r HaBecku cynbdata xkenesa (1) (M
= 278), eciau TUTp pacTBOpa IIEPMaHraHaTa Kajus MO Cyiabdary
xene3a 0.01390.

42. Kakoit 06bem 0.10 H pactBopa KMnO, noiiner Ha tutpoanue 0.15
I OKcajaTa HaTpHsl.



