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BBEJAEHUE

AHanmuTHuecKas XUMUs, SBISACh QyHIaMEHTaIbHON HAayKOH, uMeeT
OoJbII0E MPAKTHYECKOE 3HAUeHUE B KU3HU OOIIECTBA, TOCKOIbKY CO3/1aeT
CpeICTBa ISl XUMUYECKOTO aHaIM3a U 00ECIIeYUBAET €ro OCYIIECTBICHHE.
XUMHUKO-aHAIUTUYECKHE pacueThl 0a3upyloTcs Ha  OTHOCUTEIBHO
HEOOJIBIIOM KOJIMYeCTBE (POPMYI U MPaBUI U OTPOMHOM MacCcHUBe (PU3HUKO-
XUMHYECKUX KOHCTAHT U CIIPABOYHBIX JaHHBIX.

W3nanusi, B KOTOPBIX COAEpKaMUCh Obl (OPMyIbI, YCIOBUS U
KPUTEPUHU, C OJJHOM CTOPOHBI, U CIIPABOYHbIE BEIMUMHBI — C APYTOM, Mpak-
TUYECKH OTCYTCTBYIOT. [loaTOMy B HacTofleM NOCOOMU CIpPABOYHBIC
MaTepuagbl MPHUBEACHBI MMEHHO B TaKOM COYETaHUH, YTO OKaxeT Bam
MIOMOIIIb TPY BBHITIOJHEHUH BCEX BUJIOB PACUYETOB M BHIOOPE ONTHMANBbHBIX
yCJIOBUI MPOBECHUS aHAIU3a C LENIbI0 OTBETa Ha MPAKTUUYECKHE BOIIPOCHI
Y BBITIOJTHEHUSI 3a4€THBIX IKCIIEPUMEHTAIBHBIX PadoT.

[Tocobue BkIiIOYAET MATH Pa3esioB B COOTBETCTBUU C MPOrPaMMOiA
1a00paTOPHOrO MPAKTUKyMa MO XMMHUYECKMM METOJaM aHaius3a. BHyTpu
pa3aenoB CIpaBOYHbIE MaTepUAIIbI CIPYNIIUPOBAHBI B IOCJIE0BATEILHOCTH
UX MCIIOJIb30BaHUS MpH M3ydeHHH Kypca. Kaxxayro tabmnuily npeaBapsior
KpaTKue CBEIEHUS O TOM, KakuM OOpa3oM HCIOJIB3YIOTCA JaHHBIE
KOHKPETHOTO BHJIa I PEIICHUS XUMUKO-aHAIMTU-YECKHUX 3a/]1a4.

> YcnoBus, TpeGoBaHMd M KOJIMYeCTBeHHBIE KPUTEPUN TTPVIBEIEHBI
B paMKax ¥ BblIeJIeHbI APYIMM HIPUEQTOM.

® MapkepoM BBIJEIEHBI MPUMEPbl PELICHUS] PACUYETHBIX U
MPAKTUYECKUX 3a7a4.

[Ipu moaroTroBKe TaOJWIl WCTIOJIB30BAHBI CICIYIONINE CIIPABOYHBIC
U3/1aHUA:
1) Jypwe FO.IO. CrpaBo4yHuK 1m0 aHamuTHYeCKOW Xumuu. — M.. Xumus,
1989. — 448.
2) CnpaBounuk xumuka-anamutuka / Jlazapes A.M., Xapaamos WU.I1.,
Axosnes I1.4., Axosnea E.®. —M.: Metamnyprus, 1976. — 184.
3) Hdopoxosa E.H., [Ipoxoposa I'.B. 3aauu 1 BOIpOCHI 110 aHATUTHYECKOM
xumuu. —M.: Mup, 2001. — 26¢.
4) Kopenman S.1., CyxanoB I1.T., Kamunkuua C.II. 3agaynuk 10

aHAJIMTUYECKON XuMuu. TuTpumeTpryecKkrue MeTo bl aHaau3a. — BopoHex:
BI'TA, 2001. — 33@.




1. OBIIME BOITPOCHI
1.1.0061u1ue Bonpochl TEOPUHU PACTBOPOB
Tabauya 1. KoagduuueHTHl AKTUBHOCTH PA3JIUYHBIX HOHOB

Koa¢¢puureHTsl akTUBHOCTH MOHOB MCIOJB3YIOT BO BCEX CIydasX,
Korza Tpedyercs nepenT oT TEpMOAMHAMUYECKONW KOHCTaHThl PABHOBECHUS
K° (Tabnmduas BelMUMHA, BBIPAKACTCH UEPE3 GKMUGHOCHIU HMCXOTHBIX
BEIIECTB M MPOAYKTOB PEaKIUH) K peanbHON koHcTaHTe K (BbIpaxaercs
qepe3 pasHo8ecHble KOHYEHMPayuu).

Ji1 06paTUMOM XUMUYECKON peakiuu

aA+bB« cC+dD

COOTHOIIICHUE MEXAY TEPMOJAUHAMUYECKOM W PEAJTbHOM KOHCTaHTAMU
PaBHOBECHS UMEET BU/L:

0= @ _[C1°0D] ¢ fE Ofp
ailhg [A](B]" f20fg

fé oo

fA Ofg

- K%=K

IJIe @ —aKTUBHOCTH BetecTs; f — ko3 puImeHTs ak THBHOCTH.
® [/pumep 1. B HacCHILIEHHOM pacTBOpPE MajlOPaCTBOPUMON COJIH
Ca&(POy), ycTanaBmuBaeTCs paBHOBECUE MEXKIY OCAJIKOM U PACTBOPOM:

Ca(PQy),| <> 3C&" + 2PQ™,

KOTOPOE OIHKCHIBAETCA KOHCTAHTOM — MPOU3BEACHUEM PacTBOPUMOCTH. B
Tabj. 6 MpUBEACHO TEPMOJAMHAMUYECKOE 3HAUCHHUE pP° = 2,0-1029. Ono
IPUTOJHO JJIs1 pacu€Ta paCTBOPUMOCTH COJIH, €ciid noHHasg cuna | = 0.
Jns  pacy€ra pacTBOPUMOCTH B MPUCYTCTBUU TOCTOPOHHETO
CHJIBHOTO _ BJEKTPOJHMTa HEOOXOAMMO  BOCIIOJIB30BAThCS — pealbHOU
koHcTaHTol ([1P), koTOpas BBIYMCISETCS HAa OCHOBAHHMHM TaOJHMYHBIX
BesmunH — 3Hagerns [1P° u 3HaueHuit K03 (HUIIMEHTOB aKTUBHOCTH MOHOB
0CaJIKa MpU TaHHOW NOHHOU CUJIE.
B Ttab6n. 1 HaxoauMm 3HayeHUS KO3(PPUIMEHTOB aKTUBHOCTH MOHOB
kanpuus (1) u pocdar-uonos npu p = 0,1:
f =0405 f =0,095.

2+ 3
Ca PO4

Torna:



e’ 2000%

£, 02, ~ 0,405° [D,095
4

P =[Ca®* ? PO} 1% = =1400% .

Ecnu B Tabnuile OTCYTCTBYIOT JaHHBIE O 3HAYeHUH Kod(duimenrta
AKTUBHOCTH KaKOTro-J1100 MOHA JJI1 KOHKPETHOTO 3HaYEHUSI HOHHOW CHUJIBI,
To 3HaueHue f paccuuThIBalOT MO SMIUpUYECKUM ypaBHeHHsM JleOas —
Xrokkens u [IpBuca ¢ yuérom 3akoHa HOHHOW cuibl JIptonca u Penpamna:

«B 0ocmamouno pasbasieHHbIX pacmeopax ¢ 0OUHAKOBOU UOHHOU

cunou Koaguyuenmol axmusHocmu OOAbUUHCINGA OOUHAKOBO

3apsAAHCEHHBIX UOHO8 NPUOIUSUMENbHO OOUHAKOBHI .

Taomuma 1

Ko punueHTHI AKTUBHOCTH PA3JIMYHBIX HOHOB

3HaueHue kodhPuIMeHTa akTUBHOCTH

Honsbl IIPY HIOHHOM CHJIE, [
0,000¢ 0,001] 0,005 0,01 [0,025] 0,0¢ | 0,1
1 > | 3| 4| 5] 6| 7| 8
H 0,975/ 0,967| 0,933/ 0,914| 0,88 | 0,86| 0,83
L 0,975| 0,965 0,929| 0,907| 0,87 | 0,835 0,80
_?E’ Cs\ NH.. AG', | 975| 0.964| 0,924| 0,898| 0,85 | 0,80| 075
K*, I, Br, T,
CN- N3 NO: 0,075| 0,964| 0,925 0,899| 0,85 | 0,805 0,755
OH-, HS, SCN,
Clo;3,10;, ClO;,
31 - 0,075| 0,964| 0,926 0,900/ 0,855| 0,81 | 0,76
BrO3, MnOy,,
OCN, F

ClO3, 103,HCO;3,
H,PO,, HSO;, Na'
Hg3" ,S0; ,S,05
SeQ; , HPO; ™, 0,903| 0,867| 0,740| 0,660| 0,545| 0,445| 0,355
CrO%”

22{ B&", Cd, HF",

0,975/ 0,964| 0,928/ 0,902| 0,86 | 0,82 0,775

A4

0,903/ 0,868| 0,744| 0,67 | 0,553 0,465| 0,38




Oxkonuyanwue tadm. 1

A4

1 2 3| 4| 5 6 7 8
Mg?*, B&* 0,906| 0,872/ 0,755| 0,69 | 0,595 0,52 | 0,45
Pb*, CO2~,SO¥ | 0,903|0,868| 0,742/ 0,665| 0,55 | 0,455 0,37
,\Cﬂfzilgz ,Z\lrl‘i (S:rjz 0,905/ 0,870 0,749/ 0,675| 0,57 | 0,485 0,405
POY , [Fe(CNY* | 0,796| 0,725/ 0,505/ 0,395| 0,25 | 0,16| 0,095
é'; R, CrIn™, 15 802| 0.738| 0,54 | 0,445 0,325| 0.245| 0,18
[Fe(CN)* 0,668/ 0,57 | 0,31| 0,20 0,10 0,048,021

Tabauya 2. KorppuumeHTbl AKTHBHOCTH Pa3jIMYHbIX HOHOB
NPH BHICOKUX 3HAYEHUSIX HOHHOW CHITBI

I[aHHbIC ATOU Ta6J'II/IHbI HCITOJIB3YHOTCA aHAJIOTHYHO JaHHBIM tabm. 1.
Onu paCCYUTaHbl 110 YPAaBHCHHUIO I[C-)BHC& C y‘léTOM 3aKOHA MOHHOM CHJIBI

JIprouca u Pennamna.

Ko3¢ppunueHTHI AKTUBHOCTH PA3JIMYHbIX HOHOB

IIPHU BBICOKHX 3HAYCHUSAX HOHHOM CHJIBI

Tabmauma 2

3HaueHus Ko3(p(pUIIMeHTa akTUBHOCTH IIPU 3apsJie noHa, Z

! 1 2 3 4 5 6
0,05 0,84 0,50 0,21 0,062 | 0,013 |0,0019
0,1 0,81 0,44 0,16 0,037 |0,0058 |0,00060
0,2 0,80 0,41 0,14 0,028 |0,0038 |0,00033
0,3 0,81 0,42 0,14 0,032 |0,0046 |0,00043
0,4 0,82 0,45 0,17 0,042 |0,0072 |0,00082
0,5 0,84 0,50 0,21 0,062 | 0,013 |0,0020
0,6 0,87 0,56 0,27 0,098 | 0,027 |0,0054
0,7 0,89 0,63 0,36 0,16 0,058 |0,016
0,8 0,92 0,72 0,48 0,27 0,13 0,054
0,9 0,96 0,83 0,66 0,48 0,31 0,19
1,0 0,99 0,96 0,91 0,85 0,78 0,69




1.2.IlpuroTroBijieHre PACTBOPOB M PACUYET Pe3yJIbTATOB aHAJIN3A
Tabauya 3. OTHOCHTEIbHBIE aTOMHBIE MACChI

TouyHbIMY 3HAYEHUSIMHU ATOMHBIX MacC HEOOXO/IMMO I0JIb30BATHCS B
JBYX CIlydasx:
1) npu pacuére pe3yIbTaTOB aHAJIM3a;
2) Tpu pacuére KOHIEHTPAIIMH CTAHIAPTHOTO PACTBOPA, IPUTOTOBICHHOTO

10 TOYHOW HaBECKE BEILIECTBA.

IIpr  BBINONHEHMM JAPYrMX pacu€roB, Hampumep pacudéra
OPUEHTUPOBOYHOM HABECKH, BIIOJIHE MOKHO MCIIOJIB30BATh U OKPYTJIEHHBIE
3HA4YE€HUsI aTOMHBIX MacCC.

Tabmauma 3
OTHOCHTE/IbHBIE ATOMHbIE MACCHI
OJNEMEHT Macca DJEMEHT Macca

1 2 3 4

Ag 107,868 F 18,9984
Al 26,9815 Fe 55,845
As 74,922 Ga 69,723
Au 196,967 Ge 72,61
B 10,811 H 1,00794
Ba 137,33 Hg 200,59
Be 9,0122 I 126,904
Bi 208,980 In 114,82
Br 79,904 Ir 192,22
C 12,011 K 39,0983
Ca 40,078 La 138,906
Cd 112,411 Li 6,941
Ce 140,115 Mg 24,305
Cl 35,453 Mn 54,938
Co 58,933 Mo 95,94
Cr 51,996 N 14,0067
Cu 63,546 Na 22,9898




Oxkonuyanwue tadi. 3

1 2 3 4
Nb 92,906 Se 78,96
Ni 58,693 Si 28,086
O 15,9994 Sn 118,71
P 30,9738 Sr 87,62
Pb 207,2 Ta 180,948
Pd 106,42 Te 127,60
Pt 195,078 Th 232,038
Ra 226,025 Ti 47,87
Rb 85,468 Tl 204,383
Re 186,207 U 238,028
Rh 102,905 V 50,942
Ru 101,07 w 183,84
S 32,066 Y 88,906
Sb 121,76 Zn 65,39
Sc 44,956 Zr 91,224

Tabauya 4. PacTBOPUMOCTH HEOPraHU4YeCKHMX M HEKOTOPBIX
OpraHnvyecKux coeIMHeHHi B Boje

[Ipy  mpuroTtoBIeHUM  BOJHBIX  PACTBOPOB M3  HABECOK
KPUCTAUIMYECKUX PACTBOPUMBIX BEIIECTB YacTO BO3HUKAET BOIPOC:
«MOKHO JIM IPUTOTOBHUTH PACTBOP 3aJaHHOM KOHICHTpamuu?». OH JIerko
peliaeTcs Ha OCHOBAHHMH JIAaHHBIX O PACTBOPUMOCTH, IIPUBEAEHHBIX B ITOU
TalIuILE.

® /Ipumep 2. Heo6X0AMMO MPUTOTOBUTH PACTBOP C KOHILIEHTpAIUEH
NaB4O;, paBuoii 0,1momb/n, H3 KPHUCTAUIMYECKOTO  BEIICCTBA
NaxB4O7-10H,0. Paccunraem HaBecky i npurotosieHuss 100mi (0,1)
TaKOr0 pacTBOpa:

m(N&B,0;- 10H,0)=C(N&B,0;)-V(N&B,O;)-M(Na,B,0;- 10H,0) =
=0,1-0,1-381,372=3,8137

Jlamee BoOCIOJIB3yeMCsl TAaOJIMYHBIMU JaHHBIMH: TIPH KOMHATHOMU
temmeparype (20° C) pacrBopumocTs 910l comu cocrasmsier 2,71 B 100r




BOJBI. YUHTBIBasA, YTO IUIOTHOCTH pazbaenennvix pacmeopos (o <5 %;
C < 1monb/i) mpakTHYECKH paBHA TUIOTHOCTH PACTBOPHUTENS, B JaHHOM
cily4ae BOJbI, IepeBeléM pacTBOPUMOCTh B HEOOXOJUMBIE E€AMHUIIBI
u3mepenuss — 2,6r na 100mn pactBopa. DTa BelIMYMHA MEHBIIE
pacCUMTaHHON HABECKH, CJIEIOBATEIbHO, NMPU KOMHATHOW TeMmIepaType
NPUTOTOBUTH pacTBoOp ¢ KoHueHtpanued NaB4O;, paBHoit 0,1momns/n, u3
kpuctaumaeckoro BemniectBa NapB4O7- 10H,0 HEBO3ZMOKHO.

Tabnuna 4

PacTBOpUMOCTbh HEOPTaHMYECKUX U HEKOTOPBIX OPraHUYeCKHX
coeIMHEeHUH B BOJIe

PactBopumocts| |CuSQ:-5H,0 20,7 |75,4
r/100r Boze! PactBopumOCTb
1IpH r/100r BoxsI
BemectBo Temmeparype,° pi
C Bemectso TeMrneparype,°
20 100 C
1 2 3 20 100
AgNO; 227,9| 900,0 1 2 3
A1C136H20 45,9 49,0 FGC124I‘120 6216 —
AI(NO3)3-9H,0 73,9 | 159,7| |FeCh-2H,0 _ 95,0
A1,(S04)3-18H,0| 36,4 | 89,0 FeCk-6H,0 919 | —
BaC1,-2H,0 35,7 | 58,8 FeCk __ |536,9
CaC1,-6H,0 745 | — Fe(NQ)9H0 | g5 | —
CaC1l,-2H,0 — | 159,0| |FESQ-7H0 265 | —
Ca(NQG)-4H,0 | 129,3| — H3BO; 5,04 | 40,3
Ca(NGy), — | 363,7| |H,C,0, 2H,0 952 | —
CasQ-2H,0 0,20360,1619 |H,C,H,O 139,2 | 344,4
CoCl,-6H,0 52,9 | — (BuHHas)
CoClz-2H,0 — 1 106,2| |H,CH,O4 (surap-| 6,91 |121,3
Co(NO;)2:6H,0 | 100,0) — Has)
CoS0,4- H0 36,3 | — HiCeHsO;  (mm-| 146,0] —
CoSQ-H,O — | 38,5 | |monHas)
Cr0; 167,4| 206,7
CuCl,-2H,0 72,7 (110,0
Cu(NGy),-6H,O | 124,8| —
CU(NC3)2'3H20 — 1247,3




KAI(SO,),12H,0| 59 | 154 1 2 3
K.CO;-1,5H0 | 110,5|155,7| [NgB,0,100O| 2.7 | —
K,C,04-H,O 36,4 | 78,6 N&B,O, 50 | — | 52,5
KCI 34,0 | 56,7 Na,CO;-10H,0 | 21,56 | —
K,CrO, 61,81 | 75,5 Na,COs-H,O — 455
K>Cr,0Oy 12,0 | 97,0 Na,C,0, 341 | 6,5
NaCl 36,0 | 39,8
NaHCO; 96 | —
1 2 | 3 NaNo; 88 | 180
Ks[Fe(CN)Y] | 42,9 | 91,6 NaOH-HO 109 | —
KJFe(CNY]x | 28,9 | 77,8 N&SOy 7HO | 26,9 | —
x3H,0 NaSO; — | 26,6
KI 144 | 208 Na,SO; 10O | 19,4 | —
KMnO, 64 | — N&SOyH,0 | — | 425
KNO, 298,41412,9 N&S,0;-5H,0 | 70,0 | —
KNO3 31,6 246 Na,S,0; _ 266
K,SO, 11,11] 241 NiCl,-6H,0 | 61,0 | —
MgCl,-6H,0 | 54,5 | 73,0 NiCl,2H,0 — 88,0
MgSO, 7H,O | 355 | — NiSO,6H0 | — | 76,7
MgSO,-H,0 — 1683 ZnCh-1,5H0 | 367,5| —
ZnCl, — |614,4
MnC12-4H20 7319 _ Zn(NO3)2-6HzO 118,34 —
MnCL,-2H,0 | — |115,3 ZnSQ-7H0 | 54,4 | —
Mn(NO5),-6H,0 | 1428 ZnsQ-HO0 | — | 60,5
MnSQ,-5H,0 | 62,9 | —
MNnSQ,-H,0 — 34,0
NH,CI 37,2 | 77,3
(NH,) Fe(SQ)x | 225 | —
x6H,0
NH;NO; 192 |871,0
(NH.),SO, 75,4 | 101,7

Okounyauue tabJ. 4

Tabnuya 5. IIJI0THOCTH BOAHBIX PACTBOPOB KHUCJIOT H OCHOBAHMIA
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JlanHbple 3TOH  Ta0OJMIBI HEOOXOMUMBI BO  BCEX  CIIyYasx
HPUTOTOBJICHUSI PACTBOPOB, CBS3aHHBIX C U3MEPEHUEM HX IUIOTHOCTH (p).
Nmest skcnieprMeHTaNbHBIC JaHHBIE O IUIOTHOCTH PAacTBOpa, MOXKHO TIO
TaOJMIMYHBIM JTAHHBIM OBICTPO OTPEJEIUTh €r0 KOHIICHTPAIIUIO — MACCOBYIO
noiio (%), monspuyro (Mosib/i1) Il MaccoByo (/1) KOHIICHTPAIIHIO.

® /[Ipumep 3. B nmabopatopuu ects pactsop HCI (p = 1,085r/mn).
Heo6xoaumo npurotoButs u3 Hero 500mn 0,2M pactBopa.

[To Tabymiie onpenenseM MOJIIPHYIO KoHIIeHTpaIruio pactBopa HCl ¢
takoi  tioTHocThio:  Cy(HCI) = 5,192vonp/1.  3ateM 1o  3aKoHY
HKBUBAJICHTOB PacCYUTHIBAEM, KaKOW 00BEM 3TOr0 pacTBOpa morpedyercs
st mpuroTtoBierns 5S00mr 0,2 M pactopa:

C1(HCI) -V1(HCI) = Co(HCI) -V,(HCI);

5,192-\{(HCI) = 0,2-500;

V1(HCI) = 0,2-500 / 5,192 = 19p81.

KpoMme Toro, MOXHO HMCHOJB30BaTh JaHHbIE TaOJ. D ISl OBICTPOIO

nepexoJa oT OAHOro croco0a BBIPAKEHHSI KOHUEHTPAUU K ApYyroMy IpH
IIPOBEICHUY OPUEHTUPOBOYHBIX U BCIIOMOTaTEbHBIX PACUETOB.

Tabauma 5
I1.1I0THOCTH BOJAHBIX PACTBOPOB KUCJIOT U OCHOBAHUH
A30THasi KHCJIOTA
KonuenTpanus
p: T/ % MOJIB/TT r/n
1 2 3 4

1,000 0,3296 0,0523 3,295
1,005 1,255 0,2001 12,61
1,010 2,164 0,3468 21,85
1,015 3,073 0,4950 31,19
1,020 3,982 0,6445 40,61
1,025 4,883 0,7943 50,05
1,030 5,784 0,9454 59,57
1,035 6,661 1,094 68,93
1,040 7,530 1,243 78,32
1,045 8,398 1,393 87,77
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1,050 9,259 1,543 97,22
1,055 10,12 1,694 106,7
1,060 10,97 1,845 116.3
1,065 11,81 1,997 125,8
1,070 12,65 2,148 135,3
1,080 14,31 2,453 154,6
1,085 15,13 2,605 164,1
[Iponomkenue Tadm. 5
1 2 3 4
1,090 15,95 2,759 173,8
1,095 16,76 2,913 183,5
1,100 17,58 3,068 193,3
1,105 18,39 3,224 203,1
1,110 19,19 3,381 213,0
1,115 20,00 3,539 223,0
1,120 20,79 3,696 232,9
1,125 21,59 3,854 242.,8
1,130 22,38 4,012 252,8
1,135 23,16 4,171 262,8
1,140 23,94 4,330 272,8
1,145 24,71 4,489 282,9
1,150 25,48 4,649 292,9
1,155 26,24 4,810 303,1
1,160 27,00 4,970 313,2
1,165 27,76 5,132 323,4
1,170 28,51 5,293 333,5
1,175 29,25 5,455 343,7
1,180 30,00 5,618 354,0
1,185 30,74 5,780 364,2
1,190 31,47 5,943 374,5
1,195 32,21 6,110 385,0
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1,200 32,94 6,273 395,3
1,205 33,68 6,440 405,8
1,210 34,41 6,607 416,3
1,215 35,16 6,778 427,1
1,220 35,93 6,956 438,3
1,225 36,70 7,135 449,6
1,230 37,48 7,315 460,9
1,235 38,25 7,497 472,4
[Iponomxenue Tadi. 5
1 2 3 4
1,240 39,02 7,679 483,8
1,245 39,80 7,861 495,5
1,250 40,58 8,049 507,2
1,255 41,36 8,237 519,0
1,260 42,14 8,426 530,9
1,265 42,92 8,616 5429
1,270 43,70 8,808 555,0
1,275 44,48 9,001 567,2
1,285 46,06 9,394 591,9
1,290 46,85 9,590 604,3
1,295 47,63 9,789 616,8
1,300 48,42 9,990 629,5
1,305 49,21 10,19 642,1
1,310 50,00 10,39 654,7
CepHnas kucJjora
1,000 0,261 0,0266 2,608
1,005 0,986 0,1010 9,906
1,010 1,731 0,1783 17,49
1,015 2,485 0,2595 25,45
1,020 3,242 0,3372 33,07
1,025 4,000 0,4180 41,99
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1,030 4,746 0,4983 48,87
1,035 5,493 0,5796 56,85
1,040 6,237 0,6613 64,86
1,045 6,956 0,7411 72,69
1,050 7,704 0,8250 80,92
1,055 8,415 0,9054 88,80
1,060 9,129 0,9856 96,67
1,065 9,843 1,066 104,6
1,070 10,56 1,152 113,0

[Iponomkenue Tadm. 5

1 2 3 4
1,075 11,26 1,235 121,1
1,080 11,96 1,317 129,2
1,085 12,66 1,401 137,4
1,090 13,36 1,484 145,6
1,095 14,04 1,567 153,7
1,100 14,73 1,652 162,0
1,105 15,41 1,735 170,2
1,110 16,08 1,820 178,5
1,115 16,76 1,905 186,8
1,120 17,43 1,990 195,2
1,125 18,09 2,075 203,5
1,130 18,76 2,161 211,9
1,135 19,42 2,247 220,4
1,140 20,08 2,334 228,9
1,145 20,73 2,420 237,4
1,150 21,38 2,507 245,9
1,155 22,03 2,594 254,4
1,160 22,67 2,681 263,0
1,165 23,31 2,768 271,6
1,170 23,95 2,857 280,2
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1,175 24,58 2,945 288,8
1,180 25,21 3,033 297,5
1,185 25,84 3,122 306,2
1,190 26,47 3,211 314,9
1,195 27,10 3,302 323,9
1,200 27,72 3,391 332,6
1,205 28,33 3,481 3414
1,210 28,95 3,572 350,3
1,215 29,57 3,663 359,3
1,220 30,18 3,754 368,2
[Iponomkenue Tadm. 5
1 2 3 4
1,225 30,79 3,846 377,2
1,230 31,40 3,938 386,2
1,235 32,01 4,031 3954
1,240 32,61 4,123 404.,4
1,245 33,22 4,216 413,5
1,250 33,82 4,310 422,7
1,255 34,42 4,404 431,9
1,260 35,01 4,498 441,2
1,265 35,60 4,592 450,4
1,270 36,19 4,686 459,6
1,275 36,78 4,781 468,9
1,280 37,36 4,876 478,2
1,285 37,95 4,972 487,6
1,290 38,53 5,068 497,1
1,295 39,10 5,163 506,4
1,300 39,68 5,259 515,8
1,305 40,25 5,356 525,3
1,310 40,82 5,452 534,7
1,315 41,39 5,549 544,2
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1,320 41,95 5,646 553,8
1,325 42,51 5,743 563,3
1,330 43,07 5,840 572,8
1,335 43,62 5,938 582,4
1,340 44,17 6,035 591,9
1,345 44,72 6,132 601,4
1,350 45,26 6,229 610,9
1,355 45,80 6,327 620,6
1,360 46,33 6,424 630,1
1,365 46,86 6,522 639,7
1,370 47,39 6,620 649,3
[Iponomxenue Tadi. 5
1 2 3 4
1,375 47,92 6,718 658,9
1,380 48,45 6,817 668,6
1,385 48,97 6,915 678,2
1,390 49,48 7,012 687,7
1,395 49,99 7,110 697,3
1,400 50,50 7,208 707,0
XJ10poBOOPOAHAA KHCJIOTA
1,000 0,360 0,099 3,60
1,005 1,360 0,375 13,65
1,010 2,364 0,655 23,87
1,015 3,374 0,939 34,24
1,020 4,388 1,227 44,74
1,025 5,408 1,520 55,42
1,030 6,433 1,817 66,25
1,035 7,464 2,118 77,22
1,040 8,490 2,421 88,27
1,045 9,510 2,725 99,35
1,050 10,52 3,029 110,4
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1,055 11,52 3,333 121,5
1,060 12,51 3,638 132,6
1,065 13,50 3,944 143,8
1,070 14,49 4,253 155,1
1,075 15,48 4,565 166,4
1,080 16,47 4,878 177,8
1,085 17,45 5,192 189,3
1,090 18,43 5,509 200,9
1,095 19,41 5,829 2125
1,100 20,39 6,150 2242
1,105 21,36 6,472 236,0
1,110 22,33 6,796 247.,8
[Iponomxenue Tadi. 5
1 2 3 4
1,115 23,29 7,122 259,7
1,120 24,25 7,449 271,6
1,125 25,22 7,782 283,7
1,130 26,20 8,118 296,0
1,135 27,18 8,459 308,4
1,140 28,18 8,809 321,2
1,145 29,17 9,159 333,9
1,150 30,14 9,505 346,6
1,155 31,14 9,863 359,6
1,160 32,14 10,22 372,8
1,165 33,16 10,59 386,3
1,170 34,18 10,97 399,9
1,175 35,20 11,34 413,6
1,180 36,23 11,73 427,7
1,185 37,27 12,11 441,6
1,190 38,32 12,50 455,8
1,195 39,37 12,90 470,5
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1,198 40,00 13,14 479,1
I'mapoxena kaaus
1,000 0,197 0,035 1,964
1,005 0,743 0,133 7,463
1,010 1,295 0,233 13,07
1,015 1,84 0,333 18,68
1,020 2,38 0,433 24,30
1,025 2,93 0,536 30,07
1,030 3,48 0,639 35,85
1,035 4,03 0,744 41,75
1,040 4,58 0,848 47,58
1,045 5,12 0,954 53,53
1,050 5,66 1,06 59,48
[Iponomkenue Tadm. 5
1 2 3 4
1,060 6,74 1,27 71,26
1,070 7,82 1,49 83,60
1,080 8,89 1,71 95,95
1,090 9,96 1,94 108,9
1,100 11,03 2,16 121,2
1,110 12,08 2,39 134,1
1,120 13,14 2,62 147,0
1,130 14,19 2,86 160,5
1,140 15,22 3,09 173,4
1,150 16,26 3,33 186,8
1,160 17,29 3,58 200,9
1,170 18,32 3,82 214,3
1,180 19,35 4,07 228,4
1,190 20,37 4,32 242 .4
1,200 21,38 4,57 256,4
1,210 22,38 4,83 271,0

18




1,220 23,38 5,08 285,0
1,230 24,37 5,34 299,6
1,240 25,36 5,60 314,2
1,250 26,34 5,87 329,4
1,260 27,32 6,13 344.,0
1,270 28,89 6,40 359,1
1,280 29,25 6,67 374,3
1,290 30,21 6,95 390,0
1,300 31,15 7,22 405,1
1,310 32,09 7,49 420,3
1,320 33,03 7,77 436,0
1,330 33,97 8,05 451,7
1,340 34,90 8,33 467,7
1,350 35,82 8,62 483,7
[Iponomkenue Tadn. 5
1 2 3 4
1,360 36,73 8,90 499,4
1,370 37,65 9,19 515,7
1,380 38,56 9,48 531,9
1,390 39,46 9,78 548,8
1,400 40,37 10,07 565,0
1,410 41,26 10,37 581,9
1,420 42,15 10,67 598,7
1,430 43,04 10,97 615,5
1,440 43,92 11,28 632,9
1,450 44,79 11,58 649,7
1,460 45,66 11,88 666,6
1,470 46,53 12,19 684,0
1,480 47,39 12,50 701,4
1,490 48,25 12,82 719,3
1,500 49,10 13,13 736,7
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1,510 49,95 13,45 54,7
1,520 50,80 13,76 772,1
I'mapoxcua HaTpust
1,000 0,159 0,0398 1,592
1,005 0,602 0,151 6,040
1,010 1,04 0,264 10,56
1,020 1,94 0,494 19,76
1,030 2,84 0,731 29,24
1,040 3,74 0,971 38,84
1,050 4,65 1,222 48,88
1,060 5,56 1,474 58,96
1,070 6,47 1,731 69,24
1,080 7,38 1,992 79,68
1,090 8,28 2,257 90,28
1,100 9,19 2,527 101,1

[Iponomxenue Tabdi. 5
1 2 3 4
1,110 10,10 2,802 112,1
1,120 11,01 3,082 123,3
1,130 11,92 3,367 134,7
1,140 12,83 3,655 146,2
1,150 13,73 3,947 157,9
1,160 14,64 4,244 169,8
1,170 15,54 4,545 181,8
1,180 16,44 4,850 194,0
1,190 17,34 5,160 206,4
1,200 18,25 5,476 219,0
1,210 19,16 5,796 231,8
1,220 20,07 6,122 2449
1,230 20,98 6,451 258,0
1,240 21,90 6,788 271,5
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1,250 22,82 7,129 285,2
1,260 23,73 7,475 299,0
1,270 24,64 7,824 313,0
1,280 25,56 8,178 327,1
1,290 26,48 8,539 341,6
1,300 27,41 8,906 356,2
1,310 28,33 9,278 371,1
1,320 29,26 9,656 386,2
1,330 30,20 10,04 401,6
1,340 31,14 10,43 417,2
1,350 32,10 10,83 433,2
1,360 33,06 11,24 449,6
1,370 34,03 11,65 466,0
1,380 35,01 12,08 483,2
1,390 36,00 12,51 500,4
1,400 36,99 12,95 518,0
[Iponomkenue Tadn. 5
1 2 3 4
1,410 37,99 13,39 535,6
1,420 38,99 13,84 553,6
1,430 40,00 14,30 572,0
1,440 41,03 14,77 590,8
1,450 42,07 15,25 610,0
1,460 43,12 15,74 629,6
1,470 44,17 16,23 649,2
1,480 45,22 16,73 669,2
1,490 46,27 17,23 689,2
1,500 47,33 17,75 710,0
1,510 48,38 18,26 730,4
AMMHAaK
0,998 0,0465 0,0273 0,46
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0,996 0,512 0,299 5,1
0,994 0,977 0,570 9,7
0,992 1,43 0,834 14,2
0,990 1,89 1,10 18,7
0,988 2,35 1,36 23,3
0,986 2,82 1,63 27,8
0,984 3,30 1,91 32,5
0,982 3,78 2,18 37,1
0,980 4,27 2,46 41,8
0,978 4,76 2,73 46,4
0,976 5,25 3,01 51,2
0,974 5,79 3,29 55,9
0,972 6,25 3,57 60,7
0,970 6,75 3,84 65,3
0,968 7,26 4,12 70,0
0,966 1,77 4,41 75,1
0,964 8,29 4,69 79,9
OxoHuanue Tadj. 5
1 2 3 4
0,962 8,82 4,98 84,7
0,960 9,34 5,27 89,6
0,958 9,87 5,55 94,4
0,956 10,40 5,84 99,3
0,954 10,95 6,13 104,2
0,952 11,49 6,42 109,1
0,950 12,03 6,71 114,1
0,948 12,58 7,00 119,0
0,946 13,14 7,29 124,0
0,944 13,71 7,60 129,2
0,942 14,29 7,91 134,5
0,940 14,88 8,21 139,6
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0,938 15,47 8,52 144,8
0,936 16,06 8,83 150,1
0,934 16,55 9,13 155,2
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2. TPABUMETPUYECKHWIA METOJ] AHAJIN3A
2.1.PaBHOBecHE B CCTEME 0CaJI0K — PacTBOP
Tabauya 6. llpousBeneHusi pACTBOPUMOCTH

[IpousBeneHne pacTBOPUMOCTH — OJIHA U3 OCHOBHBIX XapaKTEPUCTHK
0CaJiKa, YUCJICHHOE 3HAYEHUE KOTOPOM HEOOXOAUMO JIJIsl pELICHUS MHOTUX
XUMUKO-aHAJTUTUYECKUX 3a]1ay:

1) pacuér pacCTBOPUMOCTH OCAJIKOB ITPH 33JIAHHBIX YCIOBHSIX:
- B Boge (uepes ITP° npu u — O unu uepes ITP npu i > 0);
- B NPUCYTCTBHH OJHOMMEHHBIX MOHOB (uepe3 I1P° npu u— 0 wiu

yepes I1P npu u > 0),

- B IIPUCYTCTBUH Pa3HOMMEHHBIX HOHOB (uepes I1P);
2) pacyér yCIOBHU PACTBOPEHUS M OCAKIICHHSI OCAJIKOB!
- YCIOBHM  KOJMYECTBEHHOTO  OCAXKIEHHUS  MaJlOpacTBOPUMOTO

coenunenus (cm. [pumep 4);

- ycioBH Hadana oOpa3oBaHUs OCAJIKa,
- YCIJIOBH, NPU KOTOPHIX OCAJIOK HE BHINAJIACT;

3) IpPOTrHO3UPOBAHUE BO3MOYKHOCTH BBIMAJICHHUS OCAJIKA MPH CMEIICHUU
PAacTBOPOB 3aJIaHHON KOHIECHTpAUHU (nymém cpasneHus IIP° u 110);

4) BBIOOp OcCaaUTEINs U OcaxaaeMoi GOpMbl Ui KOHKPETHOTO MoHa (c.
Ipumep 5);

5) olleHKa  BO3MOXKHOCTH _ OOHAPYXKCHHsSI  WJIM  KOJHYECTBEHHOTO
ONpe/IeJICHNUs KOHKPETHOIO HMOHAa C  WMCHOJIb30BAaHUEM peaKui

ocaxienus (cm. [lpumep 6).

[Ipu pemieHnH HEKOTOPBIX U3 ATUX 3a7a4 UCIIOJIb3YIOTCS CIAEAYIOIINE
YCJIOBHUSI, TPEOOBAHUS U KOTUYECTBEHHBIE KPUTEPHH.

» Ocapnok Bemazaet rmput ycstosum [1C > TTPO.

» Ocanok pactBopsercd npu yciiosum [1C < TTPO.

» OcaxjeHne cuynTaeTcs KOJIMYEeCTBEeHHBIM, €CJIM OCTaTOYHasd
KOHIIEHTpalMsl OCaXXIaeMOro MOHa B pacTBOpe He IIpeBblllaeT
10-6 Mo/ 1.

» OcannTesb JOJDKeH 0Opa30BbIBaTh C OIpesesisieMbIM MOHOM Kak
MOKHO MeHee pacTBOpPVMOe COeIIHEeHe.

» B kauectBe ocaxxgaemort (pOpMBbI IIPUTOIHBI TOJIBKO Te OCaIKV,
st KoTopeix [1P0 < 10-8 (044 bunapHbvix 21exmposumob).
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® [Ipumep 4.1lpu kakoi KoOHIEHTpanuu GTopua-uoHoB maraui (|1)
KOJIMYECTBEHHO ocaauTcs B Bujae MgF,?
PaBHOBecue

MgF,l  Mg? + 2F

XapaKTepU3yeTcs TaOJIMYHON BEIMUMHON MPOU3BENECHUS PACTBOPUMOCTHU:

rp° = a2+ Eag_ = 650107

[lockombky B HACBHIIICHHOM  pacTBOpPE  MaJlOpacTBOPHMOTO
anektposmta P — 0, To aKTUBHOCTH MOYXHO 3aMEHHTHh Ha KOHIICHTPAIIHH.
241 _ 176 .
I[Tocne noacranoku [Mg“’] = 10° Mons/n nomyuum:

nmr®  |6500°

o = —— = 80610 % mons/ 1
[Mg=] ¥ 10

F 1=

® [/pumep 5. BwiOparh ocaxmaemyr (GopMy U OCAAUTENb IJIS
rpaBuMeTpudeckoro onpeaencHus amromuaus (111).

N3 npuBen€HHbIX B TaOIUIE OCAgKOB, COJEPKAIIMX HOH
ammomuaus (111, HauMeHee  pacTBopuMbiM  siBasietcs  Al(OH)s,
CJIeI0BaTEIbLHO, OH SBJISETCS MOAXOAIICH TpaBUMETpUUECKOU popMoH, a
B KAadeCTBE OCATUTEIS MOKHO HCIOJIB30BATh MIETOYH JTUOO THUIAPOKCHU]
ammonus. OnHako B M30bITKE mieoueii ampotepubiii ruapokcua Al(OH);
pacTBOPSIETCS, TIOITOMY OCaXACHUE HaZ0 MPoBOAUTH pacTtBopom NH,OH.

® [/pumep 6. MOXHO 1M HCIIOJB30BaTh PEAKIMIO OOpa30BaHUS
MgC,O4 s kommuecTtBeHHOro — ompenenenus — maraus (1) ¢
UCIIOJIb30BaHUEM TPAaBHUMETPUYECKOTO HIIM TEPMaHTaHATOMETPHYECKOTO
METO/IOB
aHanauza ?

ITo 3mauenuio ITP° = 8,6-10° MOXHO ClelaTh BHIBOJ, YTO OCANOK
MgC,0,4 B 3aMETHOM CTENICHU PACTBOPHUM, CJICJIOBATEIHLHO, OH HE MOXKET
CITY)UTh OCaXIaeMoi (opMOI B TpPaBUMETPUICCKOM METOJIC aHAIA3a U HE
MO3BOJUT C JIOCTATOYHOW TOYHOCTHIO TPOBECTH TUTPUMETPUICCKOE
oTpeeNicHue.

Tabnuia 6
IIpousBeneHus paCTBOPUMOCTH BaKHEHIMX
MAaJIOPaCTBOPUMBbIX BelllECTB
dopmyna BelecTra ITP AgszAsSOs 1-10°
1 2 ®dopmyna BellecTBa I1P
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3 4 Ag,SO; 1,5-10™
AgsASO, 1:10% | AgSO;NH, 1-10"
[Tpomomxenue Tabi. 6
1 2 3 4
AgBO, 410° | Ag,SO, 1,6-10°
AgBr 5,310 | AgSeCN 4,0-10°
AgBrO; 5,510° | Ag,SeQ 9,8-10"°
AgC,H30, 410° | Ag,SeQ 5,6-10°
AgCN 1,410 | AgVO; 5.10"
Ag,CO; 1,210 | Ag,WO, 5,5-10"
Ag,C,04 3,510 | AIAsO, 1,6-10"°
AgCl 1,7810*° | A1(OH); 3,2-10*
AgCIlO, 210" | A1PO, 5,75-10"
AgCIO; 5,0107 | Bag(AsOy); 7,8-10°
Ag,CroO, 1,110 | Ba(BrOs), 5,5-10°
Ag.Cr,0; 1:10*° | BaCQ 4,0-10%
AgsFe(CN) 1:10% | BaG,O, 1,1-10°
Ag.Fe(CN) 8,510 | BaCrQ, 1,2-10%
Ag,HVO, 210" | Bak 1,1-10°
Agl 8,3-10"" | BaFe(CN) 3-10°
AglO; 3,0-10° | Ba(I0y), 1,5-10°
AgMnO, 1,6-10° | BaMnO, 2,5-10%
Ag,MoO, 2,8-10° | BaMoQ, 4.10°
AgN; 2,9-10° | Bag(POy), 6-10%
AgNO, 6,0-10° | BaP.O, 310
Ag,0 (Ag+,0OH) 1,95.-10° | BaSQ 810"
AgOCN 2,3-10' |BasSQ 1,110
AgsPO, 1,3-10%° | BaS0; 1,610°
AgReQ, 7,95.10° | BaSeQ 510°
Ag2S 6,3-10°° | BeCG; 1-107°
AgSCN 1,110 | BeMoQ, 3,210
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Be(OH), 4,910 | CdSeQ 5,0-10°
BiAsO, 2,810 | Ce(10y)4 5.10""
[Tpomomxenue Tabi. 6

1 2 3 4

Bil 8,110 | Ce(OH}) 1,5-10%
Bi(OH); 3,210°% | CoCQ; 1,05-10"
BiPO, 1,310 | CoGO, 6,3-10°
Bi,Ss 1-10°%" | Co,Fe(CN) 4,8-10°°
Cay(AsOy), 6,810 | Co(10,), 1,0-10"
CaCH.Os (tapTpar) 7,710 | Co(OH), 2,0-10™°
CaCQ 3,810° | Co(OH) 4.10%
CaGO, 2,310° | CoSa 4,0-10°
CaCrQ 7,110" | CoSB 2,0-10%
Cak 4,010 | CoSeQ 1,6-10"
Ca(NH,).Fe(CN) 4-10° | CrAsO, 7,8-10°"
Ca(105), 7,010 | Cr(OH), 1,0-10"'
Ca(OH), 6,510° | Cr(OH) 6,3-10°"
Ca(POy), 2,010 | CrPQ, 2,4-10%°
CaPQF (C&*, POFY) | 410° |CsCIQ 4107
CaSQ 3,210 | Cus(AsOy); 7,610°°
CaSQ 2,510° | CuBr 5,2510°
CaSeQ 4,710° | CuCN 3,210
CaSik 8,110" | CuCQ 2,510
CawQ 9,010° | CuGO, 310°
Cds(AsOy), 2,210 | CuCl 1,210°
Cd(CN), 1,010° | CuCrg, 3,610°
CdCO 1,010 | CuFe(CN) 1,310
CdG,0, 1,510° | Cul 1,1210°"
Cd,Fe(CN); 4,210 | Cu(10,), 7,410°°
Cd(OH), 5,910 " | CuN; 5,0107
Cds 1,6-10”° | Cw,O (2CU, OH) 110
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Cu(OH), 8,310 | MgF, 6,5107°
Cuy(OH),CO; 1,710 | Mg(103), 310°
[Tpomomxenue Tabi. 6
1 2 3 4
Cw,P,0; 8,310 | MgK,Fe(CN); 5107
CuS 6,310 | Mg(NH,),Fe(CN) 410°
CwS 2,510 | MgNH,PO, 2,510
CuSCN 4,810 | Mg(OH), 7,110°%
CuSe 10" | Mgy(PQy), 1103
CuSeQ 1,710° | MgSO, 310°
FeAsQ 58107 | MgSeQ 4,410°
FeCQ 3,510 | Mn3(AsO,), 1,910%
FeGO, 210" | MnCO; 1,810
FejFe(CNY]s 3,010" | MnC,0, 5107°
Fe(OH) 7,110° | Mn,Fe(CN) 7,910
Fe(OH) 6,310 | MnNH,PO, 1107
FePQ 1,310 | Mn(OH), 1,910%
FeS 510 | Mn(OH); 1-10°%
HgS 1,610°% | MnS 2,510
IN(OH); 1,210°" | MnSeQ 5,410°°
IN,S; 5,7510 " | (NH4)sAIF¢ 1,6107
K3AIFg 1,6107° | (NH4)sCo(NO)s 7,610°
K(CgHs).B 2,2510° | (NH,)IrClg 310
KsCo(NOy)s 4,310 | (NH,)PtCk 910°
K,PdCl 6,010° | NaAlFs 4,1:10"°
K,PtCl 1,110 | NaSb(OH) 410°
Lay,S; 2,010 | NaSiFs 2,810
LisPOy 3,2107° | Nig(AsOy); 3,110%
Mgs(AsOy), 2,1:10° | Ni(CN), 31072
MgCO; 2,1:10° | NiCO; 1,310
MgC,O, 8,610° | NiC,0, 41010
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Ni(ClOs), 110" | PbWQ, 4,510
Ni,Fe(CN) 1,310 | Pb(OH), 3,010
OxoHuyanue Ta0i. 6

1 2 3 4

Ni(103), 1,410° | Sc(OH) 5,010
Ni(OH), 2,010™ | Snk, 8,310°
Ni,P,0; ,7:20™** | Sn(OH) 6,310
NiS 3,210 | Sn(OH), 11077
NiSeO, 1,010 | SnS 2,510
Pby(AsOy), 4,1:10% | Sr(AsOy), 1,310'8
PbBK, 9,110° | SrCcQ 1,1:107°
Pb(BrQ,), 8,010° | SrGO, 1,610
PbCQ 7,510 | SrcrQ, 3,6107°
PbGO, 4,810" | Sk 2,5107°
PbC1, 1,610 | Sr(10s); 3,310
PbCrO, 1,810 | StMoQ, 210”7
PbR 2,710°° | Sr(OH), 3,210
Ph,Fe(CN) 9,5510° | Sr(POY), 1103
Pbl, 1,210° | SrsQ 410°°
Pb(105), 2,610 | SrsQ 3,210
PbMoO, 4,010° |SrseQ 4,410°
Pb(Ns). 2,610° | Y(OH), 6,310%
Pb(OH), 7,910 | Zny(AsOy), 1,310
Pb3(PO.), 7,910 | Zn(CN), 2,610
PbS 2,510%" | ZnCO; 1,4510
Pb(SCN) 2,010° | ZnC,0,4 2,7510°°
PbSQ 1,610° | Zn,Fe(CN) 2,110
PbSO; 4,010 | Zn(10s), 2,010°
PbSe 1103® | Zn(OH), 1,410
PbSeQ@ 310" | Zny(POy), 9,110
PbSeQ 1,4510" | ZnS 1,610
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ZnSe 1103 | ZnSeQ 1,910°8

Tabauya 7. 3navyenus: pH ocaxieHusi THAPOKCHI0B METAJLIIOB

3Hauenus pH Hawana ocaxaeHus THAPOKCHAOB METAJIOB,
MPAKTUYECKH TMOJHOTO HUX OCAXKIEHHUSA, a TaKKe Hayajga pPacTBOPEHUS U
MOJIHOTO PACTBOPEHHS OCATKOB aM(POTEPHBIX THAPOKCHIOB HEOOXOIUMBI
BO BCEX CJIy4asix BbIOOpa ONTUMAJILHOTO MHTEpBaja 3HaueHut pH ¢ menbio
oOHapy)XeHUs, pa3/elieHus W KOJIMYECTBEHHOTO OIpeeieHUsI HOHOB
MHOTOBAJICHTHBIX METAJIJIOB.

® [lpumep 7. B xakod cpene  MOXHO  OTTUTPOBATH
KOMILICKCOHOMETPHYCCKH MOH FE IpH ero KOHIEHTpAIMH B PacTBOpPE
~ 0,01moman/a ?

[Tockonbky ruapokcun xenesa (Ill) u3 0,01M pactBopa HaumHaeT
ocaxkmatbest mpu pH = 2,3, To TUTpOBaHWE MOXKHO TMPOBECTH TOJHKO B
KHUCIION cpelie.

® /Ipumep 8. MOXHO U pa3IeIuTh HOHBI Cr* u Mg® mpu ux
koHneHTpanusax 0,01momns/i, perynupys 3uadenue pH pactBopa ?

Cr(OH) mnpakTtrueckd MOJMHOCTBIO ocakgaercs npu pH =6,8, a
HaunHaeT pactBopsAThes mpu pH = 9,4. Mg(OH) naumnaer ocaxmarbes
npu pH = 10,4, nonHota ocaxiaeHus ero gocrturaercsa npu pH = 124.
CnenoBarenbHo, B uHTepBate 6,8 <pH < 9,4noH cr* OyIeT HaXOaUThCS B
ocajke, a noH Mg®* —B pacTBope, T. €. paselICHIE BO3MOXKHO.

Ta0Omuna 7
3nauvenusi pH ocaxiaeHus rUIPOKCUIOB METALIIOB

3nauenus pH
Hayayia OCaXJACHUS | MPAKTHUYECK | Hayaia MOJIHOTO
PU UCXOTHOM U TIOJIHOTO |pacTBOPEHUSI| PaCTBOPE
THAPOKCHIT KOHLIGHTPALUU | OCAXICHUS ocajika HUS
0Ca)J1aeMOT0 HOHa, | (ocTaTouHas | (OCaKICHHE |BBITIABIIIET
paBHOM KOHIIEHTpAIll | TepecTaeT | O Ocajka
1w [ ootm | M| e
1 2 3 4 5 6
Sn(OH), 0 0,5 1 13 15
TiIO(OH), 0 0,5 2,0 — —
Sb(OH} 0,2 0,9 1,9 6,9 —
Sn(OH) 0,9 2,1 4,7 10,0 13,5
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HgO 1,3 2,4 50 11,5 —

Oxkonuanue tadm. 7

1 2 3 4 5 6
Fe(OHy | 15 2,3 4,1 14 —
Zro(OH), | 1,7 2,7 4,2 — —
Ga(OHy | 1,7 2,4 3,6 5,6 —
In(OH)s 2,9 3,6 4,6 11 —
Al(OH); | 3,3 4,0 5,2 7.8 10,8
Cr(OHy | 4,0 4,7 6,8 9,4 12-13
Cu(OH) | 42 6,2 7,1 14 —
Be(OHy | 5,2 6,2 8,8 13,5 —
Zn(OH), | 5,4 6,4 8,0 10,5 12-13
Ag,0 6,2 8,2 11,2 12,7 —
Pb(OH) | 6,4 7.4 9,0 10,5 —
Fe(OH) | 6,5 7,5 9,7 13,5 —
Co(OH), | 6,6 7,6 9,2 14,1 —
Ni(OH), | 6,7 7,7 9,5 13,2 —
Cd(OH) | 7.2 8,2 9,7 13,7 —
Mn(OH), | 7,8 8,8 10,4 14 —
Mg(OH), | 9,4 10,4 12,4 — —

2.2.Bb10op yc/10BHIl TPaBUMETPUYECKOT0 ONpeaeIeHHs

BOJILIIMHCTBO ~ BOIPOCOB, CBSI3aHHBIX C  BBEIOOPOM  YCIIOBMIA
IPaBUMETPUIECKOTO OIPEIEIEHHUS, PEIIaeTCs Ha OCHOBAHUH 3HAYEHU I 1p°
(cm. noscnenuss x mabn. 6, n. 2, 4, 5. OgHako OPOrHO3HPOBAHUE
BO3MOKHOCTH H30MOP(GHOI0 COOCaXKIEHHUS MOKHO IPOBECTH TOJBKO Ha
OCHOBAHMHM JAHHBIX O PaJnycax HOHOB.

Tabauya 8. NoHHBIE pagnyChl

Cormnocraisiss paauychl 0CaK1aeMOTr0 U MPUMECHOTO HOHOB, MOYKHO
NPENONI0XKUTh, OyIET JIU MPOUCXOAUTH 3arpsi3HEHUE OcaXaaeMoi popmbl
3a cueT uzoMopdusMma.

31



HpI/I BBISICHCHHH 3TOT'O BOIIPOCA HCIIOJB3YIOTCA CIICAYIOIIUC YCIIOBUA
U KOJUYCCTBCHHLIC KPUTCPUHU.

> VIzomopdnsM HabronaeTcs Ayist MIOHOB C OJIVM3KMMML Pagity CcaMI:
Ar<10-15 %.

» OcaxpaeMmbl 1 M30MOPHO COOCaXKJaeMbIl VOHBI JOJDKHBI
oOpa3oBbIBaTh CcoenVIHEHVSI C OIVHAKOBBIM TUIIOM
KPUCTAJUTMYIECKOV PEIIETKN.

® /lpumep 9. Tpebyercs  mTpoOBECTH  TI'PABUMETPUUYECKOE
ompenenenne Ba” (ocazuts BaSQ, Bssecuts BaSQ) B mpucyTCTBHE
MHKPOKOJIUYICCTB PKY*. Moxuo 1u npeanonaratb  3arps3HCHHUE
ocaxkmaemoi (hopmel 3a cueT nzomopduzma ?

Wous B&" u PE' wumeror pamguycet 0,143 u 0,132aMm
COOTBETCTBEHHO, UX cyibpatel BaSQ u PbSQ umMeroT oauHakoBbIi THIT
KpucTayuinueckoi pemérku. Ha ocHoBanuu pacuéra

Ar=1(0,143 -0,132) / 0,143100 % = 7,7 %
nenaeM BbiBoH, uto PH' moxer samectuts Ba' B KPUCTAUTUYECKOMN
pemérke BaSQ. CnenoBarenbHo, MpU MPOBEJACHUN aHAIU3a HEOOXOIMMO
MPUHSATE MEPHI 11 YMEHbBIICHUS U30Mopdu3Ma.

TaOmuma 8
Honubie paguyceol
Paguyc, Hm
OnemeHT, |[3apsan noHa| 1o I'onsa- | o Ilonms- | o benoBy | mo apyrum
WOH HIMUAITY ry u boknro | aBTopam
1 2 3 4 5 6
Al +3 0,057 0,050 0,057 —
Ba +2 0,143 0,135 0,138 —
Be + 2 0,034 0,031 0,034 —
+7 — 0,039 0,039 —
Br +5 — — — 0,0147
-1 0,196 0,195 0,196 —
CN -1 — — — 0,192
Ca +2 0,106 0,098 0,104 —
Cd +2 0,103 0,097 0,099 —
Cl +7 — 0,026 0,026 —
+5 — — — 0,034

32




-1 0,181 0,181 0,181 —
ClO, -1 — — — 0,236
[Iponomxenue Tadn. 8
1 2 3 4 5 6
Co +3 — — 0,064 —
+ 2 0,082 0,072 0,078 —
+6 0,035 0,052 0,035 0,052
Cr +3 — 0,064 0,064 —
+2 — — 0,083 0,083
CrO;” -2 — — — 0,300
Cs +1 0,165 0,169 0,165 —
Cu +2 — — 0,080 0,072
+1 — 0,096 0,098 0,096
F -1 0,133 0,136 0,133 —
Fo +3 0,067 0,060 0,067 —
+2 0,083 0,075 0,080 —
+7 — 0,050 0,050 —
I +5 0,094 — — —
-1 0,220 0,216 0,220 —
K +1 0,133 0,133 0,133 —
Li +1 0,078 0,060 0,068 —
Mg +2 0,078 0,065 0,074 —
+7 — 0,046 0,046 —
Mn +4 0,052 0,050 0,052 —
+3 0,070 0,062 0,070 —
+2 0,091 0,080 0,091 —
NH:1r +1 0,143 — — 0,159
NO, -1 — — — 0,189
Na +1 0,098 0,095 0,098 —
Ni +2 0,078 0,069 0,074 —
OH" -1 — — — 0,153
PO;- -3 — — — 0,300
Pb +4 0,084 0,084 0,076 —
+2 0,132 0,121 0,126 —
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+6 0,034 0,029 0,029 —
S +4 — — — 0,037
-2 0,174 0,184 0,182 —
OxoHuanue Tadi. 8
1 2 3 4 5 6
SOﬁ_ -2 — — — 0,295
Sio;” —4 — — — 0,290
sn +4 0,074 0,071 0,067 —
+2 — — 0,102 0,093
Sr +2 0,127 0,113 0,120 —
Zn +2 0,083 0,074 0,083 —

2.3.PacuéT pe3yibTaTOB IPABUMETPUYECKOT0 ONPeaeeHusl

Tabauya 9. AHAIUTHYECKHE M CTeXHOMeTpHuYecKHe MHOKHUTEIH
(rpaBuUMeTpHUYECcKHEe (PAKTOPHI)

I'paBumMerpudeckue (aktopsl (F) MCIONB3YIOT i OOJCTYCHUS H
YCKOPEHHS pacuéra pe3yIbTaToB aHAN3a.
® [Ipumep 10.Paccuurats comepxanue NH,' B mpobe, eciu mocie
IIPOBEICHHS TPABUMETPHUECKOTO OIPECICHHS 10 CXEME
NH," — (NH,),PtCk — Pt
Macca rpaBumeTpudeckoit popmel (Pt) cocraBuna 0,0243r.
Bocnonb3yemcs TtabnuunpiM 3HaueHnem F = 0,1849 nns storo

cliyduasd aHaJIn3a.
m(NH,") = m(Pt)-F = 0,0243-0,1849 = 0,0045

Ta0muma 9
AHAJIUTHYECKHE U CTEXHOMETPHYECKHEe MHOKHUTETN
Omnpenensa| ['paBumer- MHOSKHTEN Ba BaCrQ, 0,5421
eMoe pudeckast . BaSQ 0,5884
BEIIECTBO bopma Be BeO 0,3603
1 2 3 Omnpenensi| I'paBuMeT- M
Ag AgBr 0,5745 eMoe puueckas HO):HTGH
AgCl 0,7526 |BewmecTBo (prMa
Agl 0,4595 4 5 6
Al Al20; | 0,5293 Bi Bi,O;, | 0,8970
Al(CgHsON);| 0,05872
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Br AgBr 0,4255 | H,SO, BaSQ 0,4202
C BaCO, | 0,06087 | Agl 0,5405
Ca CaCQ 0,4004 In IN,O3 0,8271

CaGO,-H,0| 0,2743
Oxonyaunue Tadi. 9
Cd Cdo 0,8754
Cd,P,0, | 0,5638 4 5 6

K KCIO, 0,2822
1 5 3 Mg Mg,P,0-, 0,2184
Co el 08141 Mn Mn,P,0;, | 0,3871
Ci AgCl 02474 | N Pt 0,1436
Co CoP,.0, | 0,4039 | M Pt 0,1849
Cr | BaCrg, | 0,2053 NI NIO 0,7858
Cr,0; 0,6842 P Mg,P,0-; 0,2783

Cu CuO 0,7989 Pb PbCrQ | 0,641
F Cah 0,4867 S BaSQ 0,1374
Fe Fe0; 0,6994 | s02 BaSQ 0,4116
Ga Ga0s 0,7440 Si Sio, 0,4674
Ge GeQ 0,6941 Sn SnG 0,7877

HBr AgBr 0,4309 Sr SrG,0,-H,0O | 0,452

HI Agl 0,5448 Ti TiO, 0,5994
HsPO, Mg.P,0O; 0,8806 Zn Zn0O 0,8034
Zn,P,0;, | 0,429;
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3. KUCJIOTHO-OCHOBHOE TUTPOBAHUE
3.1. Kucj10THO-0CHOBHOE paBHOBecHe
Tabnuya 10. KoncranTbl nonuzamnu kuciaot (K,)

KoncTanTta wWoHM3alMM — OCHOBHas XapaKTepHCTUKa cJiaboi
KHCJIOTBl WJIM KHUCJIOTBHI CpeAHEW CHJIbI, YUCJICHHOE 3HAYCHHE KOTOpPOU
HEOOXO0IMMO JIJIS PEIICHUS MHOTHUX XMMUKO-aHAIMTHICCKHX 3a1a4:

1) pacuér pH B pacTBOpax:
- cJIa0BIX KUCJIOT U UX COJIEH;
- KHCJOT CPEJHEU CUJIbI U UX COJIEH;
- MHOTOOCHOBHBIX KHCJIOT U UX COJIEH;
- OydepHbIX cMeceil Ha OCHOBE CIaOBIX KUCIOT M UX COJIeH, KUCIIOT

CpeaHel CUJIbI M UX COJICH, MHOTOOCHOBHBIX KHCJIOT M X COJIEH;

- amM(OIUTOB,;

2) pacuéT KPUBBIX KHCIOTHO-OCHOBHOTO THTPOBAHHUS:
- cJIa0BIX 1 MHOT'OOCHOBHBIX KHUCJIOT CUJILHBIMU OCHOBAHUSMH,
- coJiel ciaObIX 1 MHOTOOCHOBHBIX KUCIIOT CHJIbHBIMU KUCJIOTaMU;
- CMecel KUCTIOT M CMeCceH KHcioTa + cojib ¢1a00ro OCHOBAHMS,

3) OpOrHO3MPOBAHKWE BO3MOXKHOCTH THUTPOBAHMS CIA0BIX KHMCIOT W HMX
COJIEH;

4) mporHo3MpOBaHUE YKCIIA TOUEK SKBHBAJICHTHOCTH M YKCIIA CKAYKOB Ha
KPHUBBIX THTPOBAHUS MHOTOOCHOBHBIX KMCJIOT M MIX COJICH;

5) pacy€T KUCIOTHOU U COJICBOM OIIMOOK TUTPOBAHMSL.

[Ipu perieHnn HEKOTOPBIX U3 ATUX 3a/1a4 UCTOJIb3YIOTCS CIETYIOIINE
YCJIOBUS, TPEOOBAHHUS U KOTUYECTBEHHBIE KPUTECPUH

» Kwucnora cunraetcs c;1abovi, ecyiv cTerieHb auccormanmm a < 5 %,
VI KMCJIOTOVI CpeiHeVi CWJIbL, eCJIVL d > 5 %.

> ITpubmrxéaubiMu dopMyaMu g pacdyéra 3HadeHus pH B
pacTBOpe KMCIJIOTBI MOJXKHO ITIOJIB30BaTBhCS, €CJIV BBIIIOJIHSAIOTCA
CJIeAyIOIVe YCIIOBYS:
Cxuer > 104 MorB/ 11,
Cnern / Ka 2103,
a<5 %.

» ITpn K, <108 wm K, Caer <10-10-10-11 ckayok Ha KpuBOM
TUTPOBaHVA OTCYTCTBYeT.

» KoHCTaHTBI WMOHM3AIMM KWMCIOTHI U COHPSDKEHHOTO C He!
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OCHOBaHW B BOIHOM PacTBOpe B3aVIMOCBS3aHbI COOTHOIIIEHVIEM:
Ka Ky = Kw = 10-14,

i pK, + pKy = 14.

Ecrmm s maoroocHoBHOM K1ciaoThl K; / Ky, > 104, o I i 11 T. .
pacnosiaraloTcsi Ha KpWBOVI TUTPOBaHWMS pasfesibHO, KMCJIOTa
TUTpyeTcss cTyneH4daro, a e K;/ K;<104 1o I u II T. 5.
COBIIAZIAIOT, KMICJIOTa TUTPYETCs Cpasy I10 IBYM CTYIICHSIM.

Ecmn tutpyercs cMech CcWIbHOM U C1aOoVl KMUCIIOT, TO IIpU
BBITIOJIHEHM yCJIOBUS

10-8< K, <10-5

Ha KpMBOW TUTpOBaHMS OyaeT 1Be T.3. M JBa CKadka, T.e.
pasaesIbHOe omperesieHye KVCJIOT BO3MOXKHO.

OueHb yacTo A 00JerYeHusl pacu€TOB UCIOJIb3YETCA HE 3HAUCHUE

caMoii KOHCTaHThl noHu3anuu K,, a e€ orpunarenbHblii Jorapupm

pKa = - |gI<a;
KOTOPBIN TaK)Ke MPUBEJICH B TaOIHIIC.
Taomumna 10
KoHCTaHTBI HOHM3AIHN BasKHEHIIMX KHCJIOT
HazBanue dopmyia K, pK.,
1 2 3 4
AmummHoBas  Kj 3,9-10° 441
K, HOOC(Ch)/COOH 3,9-10° 5,41
Asotucras HNO, 5,1.10 3,29
A3MO0BOJIOPOTHAS HN3 2.0-10° 4,70
AzortHoBarucras Kj H.NLO 6,2-10° 7,21
Ky| 2722 2,9-10" | 11,54
AxpunoBas CH,=CHCOOH 5,5-10° 4,26
O~ AMHHONIOIHOHOBAS | vy N ) COOH 1,3.10° | 9,89
(a-Ananun)
B-AMUHONPOMUOHOBAT | \ 1y COOH 2,6-10" | 10,58
(B-Ananun)
AMPHOYKCYCHAA |\ ~H cOOH 1,7-10° | 9,77
(I murun)
AckopounoBas K 9,1-10° 4,04
K, | H2CeHeOs 4,6-10" | 11,34
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[Tponomkenue Tadm. 10

1 2 3 4
Bensoiinas CsHsCOOH 6,3-10 | 4,20
bopnas (opro-) Ki 7,1-10% 9,15
Kz | H,BO, 1,8:10" | 12.74
Ks 1,6-10™ | 13.80

Bopnas(rerpa-) Ki H.B.O 1,8-10" 3,74
K| %7 2,0:.10° | 7,70

BbpomMHoBaTucTas HBrO 2.2:10° 8,66
Banepuanosas (nopm.) | CHy(CH,);COOH 1,4-10° 4,86
Banepuanosas (u30-) | (CHz),CHCH,COOH 1,7-10° 4,76
Banaauesas (opro-) Ky 1,8-10" 3,74
K> | HaVO, 3,2:10" 9,5

K 4,010 | 144

Bunnas K 9,1:10" | 3,04

K, | M2CaHaOe 4,3:10° | 4,37

BombdpamoBas K 6,3-10° | 2,20
K, | 2O 2,0-10 | 3,70

TamoBas CsHo(OH);COOH 3,9-10° 4,41
I'epmanneBas K; 7,9-10% 9,10
K, | H4CeQ 20108 | 127

I'mapocepuucras K; H,S,0 5,0-10% 0,30
(mutronuctasn) Ko 2224 3,2-10° 2,50
[ HIPOXHHOH CsH4(OH), (1,4) 1,1-10° | 9,96
I'mukoneBas CH,(OH)COOH 1,5-10 3,88
['muniepuHOBast CH,(OH)CH(OH)COOH| 3,0-10 3,52
I'myramunoBas K; 4,7-10° 4,33
K, | H2CsOHN 8,7-10" | 10,06

I'nmyrapoBas  Kj 4,6-10° 4,34
K, HOOC(CH,);:COOH 54.10° 527

I'mrokoHOBas CH,OH(CHOH),COOH 1,4-10 3,86
JlmmonunbaeHoBas H-Mo0,0, 9,55-10° 5,02
Jluxpomosast K> | H,Cr,0; 2,3-10° 1,64
JlutnonoBas K 6,3-10" 0,2
K, | 2206 4,0-10" 3,4
JluxopyKcycHas CHCIL,COOH 5,0-10° 1,30
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[Tponomkenue Tadm. 10

1 2 3 ; 4
Kenesucro- Kj 5,6-10 2,25
CHUHEPOUCTAsI K, HaFe(CN) 6,0-10° 422
Wonnas K 2,45-10° | 1,61
K> | HIO4; HslOg 4,3-10° | 8,33
Ks 1,010 | 15,0
WonxosaTas HIO; 1,7-10" 0,77
WongunoBarucras HIO 2.3-10" | 10,64
Kopuunas (tpanc-) | CgHsCH=CHCOOH 3,7-10 4,43
Kopuunas (1uc-) CsHsCH=CHCOOH 1,3-170 3,88
m-Kpeson CH,;CeH4OH (1,3) 8,1-10" | 10,09
o-Kpeson CH;CeH4OH (1,2) 6,3-10" | 10,20
n-Kpeson CH;CeH4OH (1,4) 5,5-10" | 10,26
Kpemuesas (opto) K 1,3-10"° 9,9
K> | HiSiO, 1,6:10 | 11,8
Ks 2,0-10" | 13,7
JlumouHas K 7.4-10% 3,13
K> |H3CsHs05 2,2.10° | 4,66
Ks 4,0-102 6,40
ManennoBas Kj _ 1,2-10 1,92
K, HOOCCH=CHCOOH 6,0-10; 6.22
MajoHoBas Ki 4,2-10 1,38
K, HOOCCHCOOH 2’1_1?6 568
Mapranmnosucras K ~10 ~1
’ K, | 12MnOx 7,1.10" | 10,15
MacnsHast (HOpM.) CH;CH,CH,COOH 1,5-10° 4,82
Macsizast (130-) (CH,),CHCOOH 1,4-10 4,86
MuHjanbHast CsHsCH(OH)COOH 4,3-1ﬁ31 3,37
MomubnenoBas K 2,9-10 2,54
K, | 2MoOx 1,410° | 3.86
MonoyHas CH;CH(OH)COOH 1,5-10 3,83
MypaBbHHasE HCOOH 1,8-10 3,75
MpeimbssgkoBas K 5,6-10° 2,25
K> | H3AsO, 1,7:10" | 6,77
K 2,95-10"° | 11,53
MBIIIBEIKOBUCTAS HiAsOs 5,9-10% 9,23
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[Tponomkenue Tadm. 10

1 2 3 4
o-Hutpoben3zoiinas NO,C¢H,COOH (1,2) 6,8-10 2,17
m-Hutpobensoitnas | NO,CsH,COOH (1,3) 3,5-10 3,49
n-Hutpobewnsoitnas | NO,CgH,COOH (1,4) 3,7-1¢ 3,43

8-OKCUXHHOINH CoH,ON 1,3-10" 9,90
ITepokcun Bogopona | H,O, 2,0-10% | 11,70
[TukpuHoBas HOGCsH,(NO,)3 4,2 10110 0,38
ITupokaTexuH ﬁ; CoHa(OH), (1.,2) f;,g 1313 12,‘;5(5)
[IponuoHOoBas CH;CH,COOH 1,3-10° 4,87

p K .10%°
€30pLHH Kz CsHa(OH),»(1,3) g'g 1812 1:9L’g(6)
Canunuiosas CeH4(OH)COOH 1,1-10 2,97

5
CebanmHoBas i; HOOC(CH)sCOOH 2,8:186 2,421(2)

3
Ceneuucras i; H,SeQ é,g:igg g,gg
CenenoBomopoanas Ki H,Se 1,3-10141 3,89
K> 1,0-10 11,00
CenenoBas K> | H,SeQ 1,2-10° 1,92
CepHas K> | H,SO, 1,15-10° | 1,94

2
Cepnucras i; H,SO, é:gigs %:gg
CepoBonoponnas K H,S 1,0-10173 6,99
K> 2,5-10 12,60
CuHnnpHas HCN 5,0-10" 9,30
CynbhaMuHOBAS H,NSO;H 1,01-10° 0,99
CynbhanunoBas HNCgH,SO;H 6,3-10% 3,20

3
CynbshocanuumioBas §§ CoHs(OH)(COOH)SGH S’(:)Lfgﬁ 1?_’3%
CypbMsiHast H[Sb(OH)] 4,0-10° 4,40
Tennypucras Kj 2.7-10° 2,57

H,TeG; 8
K> 1,8-10 7,74
TennypoBogopoanas K H,Te 2,3-10133 2,64
K> 6,9-10 12,06
TemnypoBas  K; 2.45.10° 7,61
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[Tponomkenue Tadm. 10

1 2 3 4
Temnyposas K> 1,1-10"" | 10,95
HeT€Og 15
K3 1-10 15
1
Tuocepnas g; H,5,05 igigz ggg
TpuxnopykcycHast CCLCOOH 2,0-10" 0,70
VYronpHas K 4,5-10" 6,35
K, | COzt HO 4,810 | 10,32
YkcycHas CH;COOH 1,74-10 4,76
deHo CsHsOH 1,0-10"° | 10,0
®ochopucras  K; HaPO, 1,6-10? 1,80
K, 2,0-10 6,79
dochopnas (opro-) K 7,1-10° 2,15
K> | H3PO, 6,2-10° 7,21
Ks 5,0-10" | 12,30
dochopuas (mupo-)K; 1,2-10; 0,91
K 7,9-10 2,10
K, | HaP207 20-10" | 670
K, 4,8:10° | 9,32
®ochopHoBaras K; 6,3-102 2,20
K 1,6-10 2,81
K, | HeP2O6 54.10° | 7.27
K, 9,3-10" | 10,03
dochopuoBaructas | HsPO, 5,9-10° 1,23
-@raneBas K 1,2-10° 2,93
¢ K; CeH4(COOH), (1,2) 39.10° | 5a1
-@raneBas K 2,0-10% 3,70
M K, | CeHa(COOH)(1.,3) 25105 | 460
n-OraneBas K 2.9.10" 3,54
Kz CeH4(COOH), (1,4) 35.10° 446
DTOPOBOIOPOTHAS HF 6,2-10" 3,21
dtopodochopHas K; 2,8-10" 0,55
H,[PO3F] 5
K 1,6-10 4,80
7
Pyvaposa K1 HOOCHC=CHCOOH 2’3'185 i’gg
2 ) ) )
Xiopucrast HCIO, 1,1-10° 1,97
XJIOpHOBATHCTAS HCIO 2,95.10° 7,53
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Oxkonuanue tadmn. 10

1 2 3 4
XJIopyKcycHas CH,CICOOH 1,4-10° 2,86

T
S o Lot | ot

5
XpomoTpornosas % Ci1oHs(OH)x(SGsH): ; ﬁffgm 12’22
[{uaHoBas HOCN 2,7-10 3,57
[IlaBeneBas K 5,6-10° 1,25
K, H2C204 5,4-10° 4,27

DTUneHIMaMUHTETpa-

yKCyCHas K, 1,0-10° 2,00
K> | HiC10H1,08N, 2,1-103 2,67
K3 6,9-10 6,16
K 5,5-10" | 10,26

7
SI6mounas % H,CaH.O ggige ggg
AnTapHas K 1,6-10° 421
K, HOOCCHCH,COOH 2.3.10° 563

Tabnuya 11 KoncranTbl noHu3anuu ocHoBanuii (Ky)

KoncranTta wWOHM3alUM — OCHOBHAs XapaKTEpHUCTHKA CJIaboro
OCHOBAHUSI WJIM OCHOBAHUS CPEIHEN CHUJIbI, YUCICHHOE 3HAYEHUE KOTOPOH
HEOOXOIUMO JIUISI PEIICHUSI MHOTHX XMMHUKO-aHAINTHYSCKUX 3aa4.

1) pacuér pH B pacTBOpax:
- cJIaOBIX OCHOBAHHUU U UX COJIEH,
- OCHOBAHHUMU CPEIHEN CUJIbI U UX COJIEH;
-  MHOT'OKHMCJIOTHBIX OCHOBAHUM M UX COJICH,
- OydepHBIX cMeceil Ha OCHOBE CJIa0bIX OCHOBAaHUM M WX COJIEH,
OCHOBaHUU CPEIHEN CUJIBI U UX COJIEW, MHOTOKHCIIOTHBIX OCHOBAaHUH
U UX COJICH,
2) pacuér KPUBBIX KHCIOTHO-OCHOBHOTO THTPOBAHHUS:
- cJIaOBIX M MHOTOKHCJIOTHBIX OCHOBAHUM CUIBHBIMHU KHCJIOTAMU,
- cojel cnaabbIX M  MHOIOKHCJIOTHBIX OCHOBAHHHM CHJIbHBIMH

OCHOBaHHUSIMH,

- CcMecel OCHOBAaHMM M CMeCeN OCHOBAHHUE + COJIb CJ1a00M KUCIIOTHEI,
3) IPOTrHO3UPOBAHKME BO3MOKHOCTH TUTPOBAHUS CIA0BIX OCHOBAHUM U MX
COJICH,
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4) IIPOTHO3HUPOBAHHMEC YHCJIa TOYCK 3KBHUBAJICHTHOCTH M 4YHMCJIa CKAYKOB Ha

KPHUBBIX TUTPOBAHHUA MHOTOKHCJIOTHBIX OCHOBAHMH U UX COHGﬁ;

5) pac4ét OCHOBHOI U COJICBOM OLIMOOK TUTPOBAHHSI.

HpI/I PCHICHUHN HCKOTOPBIX U3 3THX 3aJa4 UCIIOJBb3YIOTCA CIICAYIOIIUC

YCJIOBHS, TDC6OBaHI/IH H KOJTMYCCTBCHHBIC KPUTCPHH.

>

>

OcHoBaHme cumraercd 1a0bbIM, ecjIM CTeleHb IIMCCOITMAIINN
a <5 %, v ocHOBaHMeM CpeJHeVI CWJIbL, eciim d > 5 %.

[IpubmokénaeiMm dpopMyslamMm i pacuéra 3HadeHus pH B
pacTBOpe OCHOBaHMS MOXHO IIOJIb30BaTbCsl, €CJIVI BBIIIOJIHAIOTCA
CJIeAyIOIIVe YCIIOBYS:

Coc > 104 MoJTB/ 11,

Coun / Ko 2 107,

a<5%.

I[Tpn Ky <108 wmwm Ky Cien <10-19-10-11 ckagox Ha KpwmBOM
TUTPOBaHWA OTCyTCTBYeT.

KoHcTraHTBl MOHM3anMV OCHOBaHMSA W COHPSDKEHHOM C UM
KVICJIOTBI B BOJJHOM PacTBOPe B3aVIMOCBA3aHbI COOTHOIIIEHVIEM:

K, Ky =Ky =10-14

WIn

pK. + pKy = 14.

Ecmm g muaOTOKMCcmoTHOrOo ocHoBaumsa Ki / Ky > 104, to I n 11
T.3. PpaclojaraloTcss Ha KpPWMBOWI TUTPOBaHMSA pasgesIbHO,
OCHOBaHMe TUTpyeTcs cryleHyaro, a ecm Ky / K <104, o I m 11
T. 3. COBIIQJAIOT, OCHOBaHVe TUTPYeTCsd Cpa3y 110 OBYM CTYIIeHSIM.

Eciimt TTpyeTcst cMech CMIIBHOTO 1 €J1a00r0 OCHOBaHM, TO HIpU
BBITIOJIHEHWV YCIIOBVS

10-8< Ky <10-°

Ha KpWUBOW TUTpOBaHMsA OyheT ABe T.3. M [Ba CKadka, T.e.
paszesibHOe oIpeesieHrie OCHOBAHMI BO3MOXHO.

OueHb yacTo AJig 00JerYeHusl pacu€TOB UCIOJIb3YETCA HE 3HAUCHUE

caMoii KOHCTaHThl noHu3anuu Ky, a e€ orpuriatenbHblil torapudm

pKy = — oK,
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KOTOpLIﬁ TAaKKC IIPUBCICH B Ta6J'II/III€.

Taomuma 11
KoHCcTaHTBHI HOHM3ALMH BAaKHEHIIUX OCHOBAHUM

Ha3zBanue dopmyna Ky pKp

1 2 3 4
AMMuakKa pacTBop NH; + H,O 1,76-10° | 4,755
AHHIHH CeHsNH, + H,0 4,2:10° | 9,37
bapus runpokcun K, | Ba(OH), 2,3-10" 0,64
beusnaun K; | HONCgH4CgHsNH, — + 9,3-10%° 9,03

H,O
K | HoNCgH,CeH/NH3"  +| 5,6-10™ | 10,25
H,O

Tugpasun N,H, + H,O 9,8.10" | 6,03
IM'uapoxcunamuu NH,OH + H,0O 8,9-109 8,05
['yanunuu (H2N).CNH + H,O 3,55-10' | 0,55
JluMeTuIaMuH (CHs3),NH + H,O 5,4-10* 3,27
JudeHnamMun (CeHs),NH + H,0 6,2.10" | 13,21
JIMATHIAMUH (CoHs),NH + H,0 1,2:10° | 2,91
Kanpuus rugpoxcun K, | Ca(OH) 4,0-10° 1,40
Jlutus runpoxcun LiIOH 6,8-10* 0,17
MeTtunamuH CH3NH, + H,0 4,6-10° | 3,34
MoueBnHa CO(NH,), + H,O 1,5-10" | 13,82
1-Hadrunamun C1oH7NH, + H,O 8,4-10" | 10,08
2-Hadbtunamun C1oH7NH5 + H,O 1,3-10% 9,89
8-OKCUXHUHOIINH CoH,ON + H,0O 1,0-10° 8,99
[Mupuaua CegHsN + H,O 1,5-10° 8,82
Csunia runpokcug K 9,55-10% 3,02
. K; PH(OH) 3,0-.10° | 7,52
Cemukapbasuz H,NCONHNH, + H,0 | 2,7-10" | 10,57
CepeOpa rupoKcu/I AgOH 5,0-103 2,30
TuomoueBrHa CS(NHy), + H,O 1,1-10% | 11,97
TpumeTmnamuH (CH3)3N + H,O 6,5-10° 4,19
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Oxkonuanue tadm. 11

1 2 3 4

YpOTpOIHH (CHp)eNs + H,0 1,410° | 8,87
(rexcaMeTHIICHTETPAMHIH)

deHuITUAPa3uH CeHsNHNH, + H,O 1,6-10° 8,80
XusommH CoHsN + H,0 7,410 | 9,13
DTaHOJIaMUH H,NCH>,CH,OH + H,O 1,8-10° 4,75
DTUIaMUH CH3CH,NH, + H,O 6,5-10" 3,19
Omunenguamud  K; | HHONCH,—CH,NH, +| 1,2-10% 3,92
K> | H,0 9,8.10° | 7,01

3.2.Bp100p nHAUKATOpA
Tabauya 12. Kucji0THO-OCHOBHbIE MHAMKATOPLI

JlanHple 3TOW TaOMWIBI TIO3BOJIAIOT  BBIOpATh  MOJAXOASIIUN
KHCJIOTHO-OCHOBHBIM HMHAUKATOP JUISI KOHKPETHOTO Ciydyas KHCJIOTHO-
OCHOBHOT'O THTpOBaHHWsA. B Heill mpuBeneHa OCHOBHAs KOJWYECTBEHHAas
XapaKTepUCTUKa WHAMKATOpa — HHTEpPBAI Iepexoda OKpacku. Brioop
WHJIUKATOPa OCYIIECTBIISIETCS B COOTBETCTBUHM C MPABUIIOM:

«Humepesan nepexooa unouxamopa (ApH) oondxcen nonnocmvio unu

YACMUYHO YKIAObIBAMbCSL 8 NPedebl CKAYKA KPUBOU MUMPOBAHUSL

1501041
«llokazamenv mumposanus (pT) unouxamopa Oondxcen nexcamv 6
npeoenax cKauka Kpugou mumpoeaHus.

Kpome Toro, 3nauenune pT ABYXIIBETHOTO HWHAMKATOPA, KOTOPOE
MOXHO pacCcyuTaTh IO TaOJMYHOMY 3HAYCHUIO MHTEpBaja TNEpexoja,
UCTIONB3YIOT JJIsi  pacuéra WHIWKATOPHBIX OMMUOOK BCEX THIIOB:
BOJIOPOJAHOU, THAPOKCUIHOM, KUCIIOTHOW, OCHOBHOU U COJICBOM.

IIpu pemieHun 3TOM 3aja4u HUCMOJIB3YIOTCS CIEIYIOIIUE YCIOBUS,
TpeOOBaHUs U KOJMYECTBEHHBIE KPUTEPHH:

» ApH=2en. pH.

» Jlia gByXUBeTHBIX MHAMKATOPOB 3HadeHMe pl mpuMepHO paBHO
cepelViHe VHTepBala Iepexoaa.

> VIlupukatopHas ommbka TuUTpoBaHMs (0) MMHMMAaIbHA, eciI
roKasaTesIb TUTPOBaHWM:A MHAOMKATOPa HPAaKTUYeCK! COBHamaeT
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co 3HaueHMeM pH B T. 3.
pT =pHq,.

» Eom 0<0,2%, TOo mMHAMKaTOp BBIOpaH IIPaBWIBHO, a ecin
6 >0,2 %, To HEeITpaBUJIbHO.

Tabmuma 12
pH - unaukaTopsl
HuTtepBan nepexoga
Nuaukarop p pEXOA N3meHneHnne okpacku
OKpacKu
TUMOJIOBBIF CUHUUI 1,2-2,8 Kpacnas —xenras
Tponeonun 00 1,3-3,2 Kpacnas —xenras
MeTunoBbIi
. 3,1-4,0 PosoBag — xxenras
OpaHKEBBIN
BpomMdeHnonoBsIit cunmii 3,0-4,6 Kenras — cuusas
MeTuoBblid KpacHbIN 4,2-6,2 Kpacnas —xenras
Jlakmyc 5,0-8,0 Kpacnas — cunss
n-Hurpodenon 5,6-7,6 BecuBeTnas —xenras
BpomTHMOIIOBBIN CHUHUI 6,0-7,6 Kenras — cunss
. . o Kpacnas —
HeiitpanbHblil KpacHBIN 6,8-8,4 P
STHTAPHO-)KEIITasI
o . Kenrasa —
Kpe30510BbIil KpacHbIN 7,2-8,8
nypIrypHas
Kenro-po3oBas —
1-Hadrondranenn 7,4-8,6 P
cHHe-3eJIeHas
TUMOJIOBBIN CUHUUI 8,0-9,6 Kenrad - cunssg
becuBernas —
denondranenx 8,2-10,0 H
nypIrypHas
Mopun 8,8-9,8 BecuBeTHnas —3enenas
Tumondranenn 9,3-10,5 becuBeTHass — cuuss
. o JInmonHas —
ANM3apruHOBBIN JKEITHIMN 10,0-12,1
KOpUYHEBas
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Tabauya 13. CMemaHHbIE HHANKATOPbI

Ecmu ckadok KpHUBOW THTPOBaHUS BBIpaXEH clabo (BeJMYMHA
ckauka < 2exa.pH), TO Hemp3s MNPOBECTH TUTPOBaHHE C TpedOyemoi
TOYHOCTBIO, HCIIOJIb3Ysl OOBIYHBIE KHCJIOTHO-OCHOBHBIE HHAMKATOPHL. B
TOM CJIyda€ MOKHO HCIOJIb30BaTh TOJIBKO CMEIIAHHBIE WHJIUKATOPHI,
KOTOpBIE MMEIOT Topasno Oosiee y3kmii mHTepBan nepexoma ApH = 0,1—
0,2en. pH.

JlanHbIe OSTOW TAOMUIBI HCIOJB3YIOTCS AHAJOTUYHO JTaHHBIM
Taba. 12, TOORKO BMECTO HMHTEpBaja IEpexojla HHIWKATOPOB B HEH
NIPHUBEICHBI 3HAYCHMS MMOKa3aTelss TutpoBanus (pT).

Tabnuma 13
HexoTopblie cMenIaHHbIe HHAUKATOPBI
CootH Oxkpacka
T K o- WHJIUKaToOpa
P OMTOHCHTET IICHAC | 5 wpcoit | B memou-
cpene HOW cpelie
1 2 3 4 S
MeTHUI0OBbBIN KENTBIHN, Cune- 3eseHasn
3,25 | MmeTuiieHOBas CUHSA 1:1 | duoneroBa
s
4.1 MeTHIIOBBIN OpaHKEBBIH, 11 ®duomneroB | 3eneHas
WH]JIUTOKapMUH ast
4.3 BpOMerzsovJIOBLIﬁ CHHvaI, 11 Kenras Cumne-
METHUJIOBBI OPaH>KEBBIN 3eJIeHas
5.1 BpOMer:souJIOBLIﬁ CI/\IJHI/II‘/JI, 31 BunHo- 3eneHas
METUJIOBBIN KPaCHBIN KpacHasi
54 MeTunoBbIil KpacHbIH, 11 Kpacno- 3eneHas
' |MeTwIeHOBas CUHSS buoneroBas
6.1 BbpoMkpe3010BbIl CUHUIT, 11 Kenro- Cumne-
XJIOp(HEHOJIOBBIN KpacHBII 3eyieHast  |puoneToBas
Bpomkpe3onoBblii Kenras Cumne-
6,7 |mypmypoBbIid, OpoMmTUMONOBBIHA| 1:1 ¢dbuoneronas
CUHUU
7.0 HevitpanbsHbiil KpacHbIH, 11 ®duoneroBo | 3eneHas
METUJICHOBAs! CUHSIS -CUHSS
7 HenitpanbsHbliil KpacHbIH, 11 Po3zoBas 3eneHas
" |OpOMTHMOJIOBBIM CUHUU
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75 bpoMTHUMOJIIOBBIN CUHKH, 11 Kentas | DuoneroBa

" |(eHonoBBIN KpacHBIN A
Oxonuanue Ta6a. 13

1 2 3 4 5

8.3 er:;onom)iﬁ KpachLIp"I, 1:3 Kenras | Puonerosa
THUMOJIOBBIM CUHUM i

8.9 a-Hadrondraneus, 1:3 bnenno- | ®uoneroBa
dbenondranenn po30Bas s

90 THuMONIOBEIN CUHUH, 1:3 Kentass | DuoneroBa
" |deHondranenn s

99 denondraneus, 11 Her duoneroBa
’ TUMOJI(pTAIeNH S

10,2 THMon(pTaneHvH, } 2:1 Kenrag | Duosnerona
aJTM3apUHOBBIN KenThiid P i
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4. OKUCJIMTEJIBHO-BOCCTAHOBUTEJIBHOE
TUTPOBAHUE

4.1. OKUCIUTEIbHO-BOCCTAHOBUTEILHOE PABHOBECHE
Tabauya 14. CtangapTHbIe 31eKTpoanbIe noTeHnnain: (E°)

B ornuume OT [OpyruxX THIOB pEaKUUM, IS XapaKTEPUCTHKU
OKHUCJIUTEIbHO-BOCCTAaHOBHUTENbHBIX peaknuii (OBP) vamie ncmosb3yror He
KOHCTaHTy paBHOBECHUs, a JPYryl0 (QyHIaMEHTaJbHYIO BEIUYUHY —
CTaHJAAPTHBIA 3JIEKTPOJHBIM TMOTECHIMAI E°. Yucnennoe snaucHme E°
HEOOXOAMMO JJI PEIICHHUS] MHOTUX XMMUKO-aHAIUTUYECKHUX 3a/1ay:

1) onpenencuue Hampabienuss OBP s BBISICHEHHS BO3MOXKHOCTH
OKHMCJIEHHS WJA  BOCCTAHOBJICHUS  AHAJM3UPYEMOIO  BENIECTBA
KOHKPETHBIM aHAMTUYECKUM PEAreéHTOM C IEbl0 OOHApYKEHUS WITU
ONpEAEICHUS;

2) pacuér koHctanTbl paBHOBecusst OBP (K) ansi BBISICHEHHS IMOJHOTEHI
POTEKAHUS AHATUTUYECKON PEaKIUu;

3) BBIOOP MOAXOMAIICTO OKUCIUTEIIS MW BOCCTAHOBUTENS (Ha oCcHO8aHUU
cpasHeHus E°u E° unu pacuéma K);

4) OpOrHO3WPOBaHUE BO3MOXKHOCTH TpuMeHeHus ganHod OBP  mus
MIPOBEAECHUS] TATPUMETPUUECKOTO ONPEICIICHUS;

5) pacuér MHAMKATOPHBIX OMIUOOK TUTPOBAHHSI,;

6) XMMHKO-aHATUTHICCKHE PAcUEThI 110 ypaBHEeHHI0 HepHcTa:

- pacy€Tr KPUBBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO TUTPOBAHHS;

- pacyé€Tr yCIOBHM MNPOBEICHUSA aHaIM3a C MUCHoib3oBaHuemM OBP —
3HaueHuss  pH, KOHUEHTPAUM  PEarupyrolmmux  BEIIECTB,
KOHIIEHTPalMd MAacKUPYIOLIUX areHTOB WJIM PEareHTOB-OCaaUTENEH
(yu€T mOOOYHBIX peakiuii), B T.4. C ILEIbI0 YBCIWYCHUS CKayKa
KpHUBOI TUTPOBAHHS.

HpI/I PCHICHUHN HCKOTOPBIX U3 3THX 3aJa4 UCIIOJBb3YIOTCA CIICAYIOIIUC
YCJIOBHS, TDC6OBaHI/IH U KOJUYCCTBCHHBIC KPUTCPUH.

» OBP nporekaet B 3aaHHOM HarpasiieHny, eciin D C peakiym
AE = Eox = Esoc > 0.
Ecmt AE <0, To OBP nportekaer B oOpaTHOM HallpaB/IeHUM, a
ecsin AE = 0, To HabIr01aeTcst COCTOSIHMIE PaBHOBECHSL.

> Yewm Oosplite AE, Tem nHTeHCHBHee, ObicTpee TipoTekaeT OBP.

» MunumanpHOe 3HaueHve AE nmorpkHo coctasizars 0,2-0,3 B.
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» Turposanme ¢ mnorpemHocteio 10 0,1 % BO3MOXHO IIpuU
COOJIIOIeHNN Y CIIOBUIA:
AE = 0,35 B,
IgK = (n; + n2) 3,
e Ny ¥ Ny — YMCIIO JIeKTPOHOB, yYaCTBYIOLIVIX B IIOJIY PeaKLIVsIX.

Tabauma 14
CranaapTHbIe 3J1eKTPOaAHbIe moTeHunaabl (E°) mpu 25°C
DreMeHT [Momypeakuus E°B
1 2 3
Ag®+e=Ag| +0,7994
Ag AgBr|+e=Ag| + Br +0,071
AgCl|+e=Ag| + CI +0,222
Agl|+e=Ag| + I -0,152
As HsAsO, + 2H" + 2e = HASG; + 2H,0 +0,56
AsQ; + 2H,0+2¢ = AsO, + 4H" -0,71
Br, + 2e = 2Br +1,087
Br 2BrO; + 12H + 10 = Br,| + 6H,0 +1,52
2BrO; +6H,0 + 1Ge = Br,| + 120H +0,50
c CO,1 + 2H + 2e= HCOOH -0,20
2CO,1 + 2H + 22 = H,C,0,4 —-0,49
Ca Ca®+2e=Ca —2,79
Cd Cd*+2e=Cq| —0,403
Ce Ce* +e=Cé€" +1,77
Cl Cl,1+2e=2CT +1,359
2HOC1 + 2H™+2e = Ch1+H,0 +1,63
2C10+2H,0+2e = C1,t +40H +0,40
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HC10 + H+2e=CI" + H,0O +1,50
IIponomxenue Tadn. 14
1 2 3
ClO™ + H,O+2e =CI™ + 20H" +0,88
HCIO,+2H"+2e = HCIO + HO +1,64
2HCIO, + 6H'+ 6e = Ch1+4H,0 +1,63
HCIO, + 3H" + 4e = CI" + 2H,0 + 1,56
ClO; + H0 + 2 = ClO + 20H™ +0,66
ClO; + 2H,0 + 4e = C1+ 40H +0,77
ClOZ+3H" +2e =HC10;, + H,0 +1,21
c ClO; + H,O+2e =ClO; + 20H +0,33
ClO3 + 2H +e = C1G,1 + H,O +1,15
ClO;+ 6H" +6e = CI" + 3H,0 +1,45
ClO3 + 3H,0+6e = CI™ + 60H™ +0,63
ClO; + 2H + 2e = ClO3 + H,0 +1,19
ClO,+H,0+2e = CIO5 + 20H +0,36
2ClO} + 16H+ 14e = C1,1 +8H,0 +1,39
ClO; + 8H+8e=CI" + 4H,0 +1,38
ClO, + 4H,0+8e =C1 + 8CH™ +0,56
Co* +e=Co* +1,95
Co Co*+2e=Co| ~0,29
Co(NH,)2" +e= Co(NH,)&" +0,1
crf+e=Cr* —0,41
or Cr**+3e=Cr| ~0,74
Cr,05 + 14"+ 6e= 2Cr* + 7TH,0 +1,33
CrO3~ + 4H,0 + 3e = Cr(OH)3| +50H" ~0,13
Cu CU¥" + 2e=Cu| +0,345
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Cu +e=Cu|

+0,531

IIponomxenue Tadn. 14

1 2 3
Cu Cu/ +e=Cu" +0,159
F Fo1+2e = 2F +2,77

Fe" +e=F&* +0,771
o Fe" + 3e =Fe| — 0,058
FE" + 2¢ = Fe| - 0,473
Fe(CNE™ +e = Fe(CNE~ +0,364
Ga Ga'+ 3e =Ga| — 0,56
2H"+2¢ =H,1 0,0000
’ 2H,0 + 2¢ = Hy} +20H -0,828
H,O, + 2H"+2e = 2H,0 +1,77
HO; + H,O+2e= 30H" +0,88
2HG™ + 2e = Hg5" +0,907
Hg Hg™ + 2e = Hg| +0,850
Hgs* + 2 = Hg| +0,792
l I,] + 2e = 21 +0,536
I, + 2e = 2I +0,621
I3 + 2¢ =3I +0,545
2IBr + 2¢ = I,| + 2BF +1,02
ICNT + 2¢ = I+ CN° +0,30
2ICNt + 2H' + 2¢ =I,| +2HCN +0,63
2ICIt +2e = I,| + 2CI +1,19
2HIO + 2H* +2¢ = I,| +2H,0 +1,45
210" + H,O+2¢ = I, + 40H +0,45
HIO + H'+2e¢ = I” + H,0 +0,99
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IO + H,O+2 = I + 20H

+0,49

IIponomxenue Tadn. 14

1 2 3
|03 + 5H'+ 4e = HIO + 2H0 +1,14

103 +2H,0 + 4 = 10" + 40H +0,14

210; + 12H + 10 = I,| + 6H,0 +1,19

2103 +6H,0 + 1= I, + 120H +0,21

|03 + 6H + 6e = I + 3H,0 +1,08

103 + 3H,0 + & = I” + 60H +0,26

HslOg + H" + 22 = 103 + 3H,0 ~+1,6

H,lO8™ + 2¢ = 105 + 3CH™ ~+0,7
HslOg + 7TH + 8 = I~ + 6H,0 ~+1,24
H,lOZ™ +3H,0 + & ="+ 9CH™ ~+0,37

In In** + 3 =In| -0,34
Ir Ir¥* + 3 =1r| ~+1,15
K K'+e=K| -2,923
La La® + 3¢ = La| 2,52
Li Li* +e=Li| —3,04
Mg Mg®" + 2 = Mg| 2,37
Mn Mn* + e = Mn?** +1,51
Mn** + 2e =Mn| -1,17

Mn(OH);| + e=Mn(OH),| + OH +0,1

MnO,| + 4H"+2e = Mn?*+2H,0 +1,23

MnO3~ + 2H,0+2e =MnO,| + 40H +0,58
MnO; +e= MnOj” +0,558

MnO; + 4H+3e = MnO,| + 2H,0 +1,69

MnOj + 2H0 + 3e= MnQ;,| + 40H +0,60
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MnOj + 8H+ 5e = Mn** + 4H,0 +1,51
IIponomxenue Tadn. 14
1 2 3
Mo*>*+3e = Mo| -0,2
MoOj + 4H+2e = Mo>* + 2H,0 0,0
Mo MoO3" +e = MoO3 +0,48
H,Mo00, + 6H" + 6e = Mo| + 4H,0 0,0
MoO3~ + 4H,0 + 6e = Mo| + 8OH ~1,05
N HN; + 11H + 8e= 3NH} +0,69
3N,T + 2H" + 2¢ = 2HN;, -3,1
3N,1 + 22 = 2N; -3,4
N,1 + 2H,0 + 4H + 2¢ = 2(NH,OH-H") -1,87
N,t + 4H,0 + 2¢ = 2NH,OH+ 20H ~3,04
N,7 + 5H' + 4e = NH4-H -0,23
N,1 + 4H,0 + 4e = NyH, + 40H -1,16
N,1 + 8H' + 6e = 2NH, +0,26
N,7 + 8H,0 + 6e = 2NH,OH+ 60H -0,74
NoH4-H + 3H + 2¢ =2NH}, +1,27
NoH, + 4H,0 + 2e¢ = 2NH,OH+ 20H +0,1
NH,OH-H'+2H" + 2¢ = NH} + H,0 +1,35
NH,OH + 2H0 + 2e = NH,OH + 20H +0,42
HoN,O; + 2H + 2¢ = Nyt +2H,0 +2,65
H,N,O; + 6H' + 4e = 2(NH,OH-H") +0,50
2HNO,+ 4H' + 4e = H,N,0, + 2H,0 +0,83
HNO, + H" +e = NOf + H,0 +0,98
NO, + H,0 + ¢ = NOt + 20H —0,46
2HNO; + 4H' + 4e= N,01 + 3H,0 +1,29
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2HNO, + 6H" + 4e =N, + 4H,0 +1,44
IIponomxenue Tadn. 14
1 2 3
2NO, +4H0O + & = N, + 80OH +0,41
HNO, + 7H" + 6e = NH} + 2H,0 +0,86
NO, + 6H0 + € = NH,OH + 70H -0,15
N,O1 + 2H + 22 = N,1 + H,O +1,77
N,OT + H,O + 22 = N1 + +20H +0,94
2NOt +4H" + 4e = N,T + 2H,0 +1,68
2NOT +2H,0 + 4e = N1 + 40H +0,85
N,O41 + 2H" + 2e = 2HNG, +1,07
N,O,1 + 2¢ = 2NO; +0,88
N,O41 + 8H+8e = N»1 + 4H,0 +1,35
N N,O;1 + 4H,0 + 8e = N,1+80H" +0,53
NO; + 3H + 2¢ = HNO, + H,O +0,94
NO; + H,0 + 2 = NO, + 20H +0,01
NO3 + 2H + e = NO;1 + H,0 +0,80
NO; + H,O+ e = NO,t +20H —0,86
NO3 + 4H + 3¢ = NOt + 2H,0 +0,96
NO3 + 2H0 + 2 = NOt + 40H -0,14
2NO3 + 12H + 10e = N1+6H,0 +1,24
NO; + 8H + 6e = NH,OH-H" + 2H,0 +0,73
2NO; + 17H+ 14e = N,H,-H" + 6H,0 +0,84
NO; + 10H + 8 = NH} + 3H,0 +0,87
NO3; + 7H0O + 8¢ = NH,OH +90H -0,12
Na Na’ +e= Na| —2,713
Nb Nb*" + 3¢ = Nb}| -1,1
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Ni Ni%* + 2e = Ni| -0,228
IIponomxenue Tadn. 14
1 2 3
O,1 + 4H" + 4e=2H,0 +1,229
0,1 + 2H,0 + 4de= 40H +0,401
0,1 + 2H" + 2¢ = H,0, +0,682
o 0,1 + H,0 + 2¢ = HO, + OH ~0,076
H,O, + 2H" + 22 = 2H,0 +1,77
HO; + HO + 2¢ = 30H +0,88
Ozt + 2H + 2e = 0,1 + H,O +2,07
O31 + H,O + 2e = O,1 + 20H +0,02
Os Os* + 2¢=0g +0,85
0sQy| + 8H'+ 8¢ = Og, + 4H,0 +0,85
P| + 3H + 3e = PH? +0,06
P| + 3H,0 + 3= PH;1+30H ~0,89
HisPO, + H'+ e = P| +2H,0 0,51
H,PO, + e = P| + 20H —2,05
HsPO;+ 3H' + 3¢ = P| + 3H,0 —0,50
HsPOs+ 2H + 2e = HsPO, + H,0O —0,50
P HPQO3™ + 2H,0 + 2¢ = H,PO, + 30H ~1,57
H,P,0s + 2H" + 2¢ = 2H;PO; +0,38
HsPO, + 5H' + 5e = P|+4H,0 ~0,41
HsPO, + 4H' + 4e = H3PO, + 2H,0 ~0,39
2HPO, + 2H" + 2¢ = Hy,P,05 + 2H,0 —0,94
HsPO, + 2H' + 2¢ = HyPO; + H,0 —0,276
PO; +2HO+2¢= HPO; + 30H" -1,12
Pb Pb*" + 2¢ = Ph| —0,126

56




PB" + 2¢ = Pb*"

+1,66

IIponomxenue Tadn. 14

1 2 3
PG" + 4e = Ph| +0,77
Pb PbQy| + H,0 + 2¢ = PhQ| + 200" +0,28
PbQ,| + 4H' + 2¢ = Pb** + 2H,0 +1,455
Pd Pdf* + 2¢ = Pd| +0,915
Pt P&+ 2e = Py +1,2
S|+ 2e=% —0,476
S| + 2H" + 2e = H,St +0,171
(SCN)? + 2¢ = 2SCN +0,77
S,03” + 2e = 25,05~ +0,09
S,035” + 6H + 4e= 25 +3H,0 +0,5
2H,S0; + 2H" + 4e= S,05 + 3HO +0,40
25035~ + 3HO + 4e= S,05” + 60H -0,58
< 2H,SOs+H" + 2¢ = HS,03~ + H,0 —0,08
2503 +2HO + 2¢ = S,05 + 40H -1,12
SO3™ + 4H + 2¢ = H,SO; + H,0 +0,17
SO3™ +H,0 + 2¢ = SO5 + 20H —0,93
2505~ + 10H + 8e= S,035™ + HH,0 +0,29
2S03” +5H0+ 8¢=S,05 +100H | -0,76
SO3™ +8H + 6e = S| + 4H,0 +0,36
SO3” +4HO + 6e = S| + 80H -0,75
S,03” + 2e=2S03" +2,01
Sb ShO* + 2H* + 3e = Sh|+H,0 +0,212
Sc S+ 3¢=Sq —2,08
Se SeD7” + HO+ 2¢ = SeD5™ + 20H +0,05
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Si Si02™ + 3H0 + 4 = Si| + 60H -1,7
IIponomxenue Tadn. 14
1 2 3
S+ 2 =5n -0,140
Sn S + 2e = Srf* +0,15
S + 4e =Sn| +0,01
Sr S+ 2¢=Sr| —2,89
Te TeO7” + HO + 2=TeO3™ +20H +0,4
Th Th* + 4e = Th| -1,90
Ti%* + 2e = Ti| ~1,63
TiO,] + 4H" + 4e = Ti| + 2H,0 -0,86
Ti TiO** + 2H + 4e=Ti| + H,0 -0,88
TiO* + 2H + e = Ti** + H,0 +0,1
Ti** +e=Ti*" -0,37
- TI"+ e= Tl -0,357
TI** + 2e =TI +1,25
U +3e=U| ~1,80
U U* +e=U* -0,61
UO3Z* + 4H + 2¢ = U* + 2H,0 +0,33
\ V¥ +2e=V| ~1,18
V¥ + o=V -0,255
VO + 2H +e =V** + H,O +0,337
VO** +e=VO' —0,044
VO, + 2H + e = VO™ + H,0 +1,000
VO; + 4H' +2e¢ = V**+ 2H,0 +0,668
VO3 +4H" + 3¢ = V¥*+2H,0 +0,360
VO3 +4H + 5 = V| + 2H,0 -0,25
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VO3S + 6H + 2 =VO' + 3H,0 +1,26

Oxkonuyanue taba. 14

1 2 3
H,VO} + 4H+e = VO™ + 3H,0 +1,31

W WO3™ + 8H + 6e = W| + 4H,0 +0,05
Y Y3+ 3e=Y| —2,37
Zn** + 2e = Zn| -0,764

Zn Zn(OH), + 2e = Zr} + 20H ~1,245
Zn05~ +2HO = Zn + 40H ~1,216

Zr ZrO,| + 4H" + 4e = Zr| + 2H,0 ~1,43

4.2.BpI00p HHAMKATOPA U YCJIOBUI NPOBeJeHUs AHAJIN3A
Tabauya 15 OKHCAUTETbHO-BOCCTAHOBUTE/IbHbIE HHIMKATOPDI

JlaHHbIE 3TOM TaOJAWIBI TO3BOJAIOT BBIOpATh  MOAXOAAIIHAM
OKHUCJIUTEIbHO-BOCCTAHOBUTEIBHBIM UHAUKATOP MJI1 KOHKPETHOIO CIllydas
OKHUCJINTEIbHO-BOCCTAHOBUTEJIBHOIO THUTpOBaHUs. B HelW mnpuBeaecHa
OCHOBHAas KOJIMYECTBEHHAsi XapaKTEPUCTHKA pEIOKC-UHAMKATOpa —
CTaHJapTHBIN moTeHiman EC. BriGop wuHaukaTopa OCYIIECTBISCTCS B
COOTBETCTBHUU C MPABUJIOM:

«Cmanoapmuwlii NOMEHYUAL UHOUKAmMopa (EO) 00JI0ICeH T1edcams 6

npeoenax cKauka Kpueou mumposaHus».

Kpome Toro, 3HaueHue E° pPEIOKC-UHAMKATOpa MCIOJb3YIOT JJIs
pacuéTa MHAMKATOPHBIX OMIMOOK BCEX THUIIOB. MPU HEAOTUTPOBAHUHM U
MEPETUTPOBAHNH TUTPAHTAMHU-OKHUCIUTEIISIMH U TUTPAHTAMHU-BOCCTAHOBU-
TCIISIMH.

[Ipu penreHun 3TOM 3aa4u UCIOJB3YIOTCS CIEAYIOIIAE YCIOBUS U
KOJIMYSCTBEHHBIC KPUTECPHU.

» VlapukatopHas ommbka TuTpoBaHus (0) MyMHMMaIbHa, eciy EO
VHAMKaTOpa IpaKTU4YecK! COBIIajaeT CO 3HaUeHyeM II0TeHIasIa
pacTBopa B T. 3.:

EIndO = ET.a.-
» Ecmm 6 £0,1-0,2 %, To MHAMKATOP IPUTOeH I TUTPOBAHMS.
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Taomumna 15
OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIE HHANKATOPBI

Okpacka
Huaukarop Eng. B OKUCJIEHHOM
¥ BOCCTAHOBJICHHOU hopM

HewtpanbsHblii KpacHbIN + 0,24 |KpacHas —OeciBeTHas

HNuaurorpucynbhoHOBas
& pUCYIbG + 0,33 |Cunssa —OecuBeTHAs

KHCJIOTa
MetunenoBast CUHsA + 0,53 |Cunss —OeciBeTHas
BapunaMuHOBBIN CUHUI + 0,71 |Cunsas —0OecuseTHas
Hudennnamun + 0,76 |Cunsas —OecnBeTHas
DTOKCHUXPH30H/IMH + 0,76 |XKenras —kpacHas
Hudennndensuaun + 0,78 |Duonerosas —OeclBeTHAs
o-Jlnanu3uaun + 0,85 |Kpacuas — OecuBeTHas
g,é;g)nnnpnnnn (xomrLTexe + 0,97 |['ony6as — kpacHas
OpuoriayuuH + 1,00 |3eneHas —cuHAA
®eppoun + 1,06 |briegHo-ronmybas —KpacHas
deHUTaHTPAHMIIOBAS +108 KpacHo-¢puoneroBas —
KHCJIOTa ’ OeciBeTHAs

Putpo3o0-o-henantponus,

+ 1,25 |Bbaegno-romy0as —kpacHas
komIiekc ¢ Fef* a y p

Tabauya 16. YcaoBus npoBeieHUs] IEPMAHTAHATOMETPUYECKOTO
onpeae/ieHUsi HEKOTOPbHIX HOHOB U COeTUHEHM I

M3 BceX THMOB PEaKIMii TOJBKO KHCIOTHO-OCHOBHBIE HE TPEOYIOT
CO3/IaHusl KaKuX-THOO YCIOBHU WX MpPOBEACHHS. B OCTaNbHBIX Clydasx
HEOOXONMMO 3apaHee BbIOpaTh ycloBus TuTpoBanusi. Haubonee
CIIO)KHBIMHM 10 MEXaHU3MY SBJISIOTCS OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIC
peakiuu (OBP), mosTomy 0e3 3HaHUS 0COOSHHOCTEH KOHKPETHOW peaKInu
U YCIIOBHI €€ MpOBEACHUS THUTPOBAHHE JIMOO BOOOINE HEIb3s MPOBECTH,
1100 HeJb3s MPOBECTU C TPEOYEMOI TOYHOCTBIO.
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B ar1oii Tabnuiie coOpaHbl OCHOBHBIE CBeleHUs (peakiMH, YCIOBHUS
UX TPOBEACHHS, CIIOCOOBI THUTPOBAHHUs), KOTOPHIC IMOMOTYT BBIITOJHHUTD
MIepMaHTaHATOMETPUYECKOE OMPEACTICHUE HEKOTOPHIX KATUOHOB, aHUOHOB
Y OPraHUYECKUX COCTUHEHUM.
Taomumna 16
Yci0BusI NEPMAHTAaHATOMETPUYECKOI0 ONPeAeIeHU HEKOTOPBIX
HOHOB U COeIUHEHUH

Omnpenensemoe Peakunu, ucnons3zyemole B YcnoBus npoBeaEHUs
COeIMHEHNE XO0JIe aHaJIn3a aHainmza
(nomn)
1 2 3
Srf* 5SIf*+2MnO; + 16H = Cpena — 1mons/n
= 551 +2Mn**+8H,0 H,S Oy, uckmountsb
noctyn O,
Br~ 10Br +2Mn0O; + 16H = TutpoBanue B
= 2Mn?" +8H,0 + 5B, 2 monb/n H,SO, mpu
KUTISTYCHUN 151
yaanenus Br,
CH;OH CH3O0H + 6MnO, +80H = O6parnoe
= COZ +6MnO?> + tutpoBanue. OcraTok
HEeTpopearunpoBaBIIer
+ 6H,0 +(MNO; Joer o CHPOPERED
2(MnQ;, )..; + HCOO™ + MnO; nocine
+ 3B&*+ 30H = 1100aBJIEHHUS COJH
=|2BaMnO,+ BaCQ + 8H,0O | 6apus TUTPYIOT
pactBopoM popmuara
HATpUS
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HCOOH

HCOO + 2MnO, + 30H=
=COZ + 2MnO7 +
+ 2H,0+(MnO; )oer

3MnO? + 4H+ = MnQ +
+2MnO; + 210

1)5C,0% +2Mn0O; +16H =
= 10CQ + 2Mr* +8H,0
5C,07 +2MnQ+16H" =
= 10CQ + 2Mr** +8H,0
5C,0% +2MnO; +16H =
= 10CQ + 2Mr** +8H,0

Peakiuio mpoBOsIT B
IEIIOYHOM Cpelie.
ITocne moakucieHus
pacTBOpa MPOUCXOIUT
JTUCTIPOTIOPIIUOHUPOB
anre MnO? . Jlanee

BO3MO>KHBI BApHAHTHI
1) npu HarpeBaHuU
MPOBOIST PEAKIIUIO
¢C,07 no monHoro
OCBETIICHHS
pactBopa. N30bITOK
C,O Tutpyror
pactBopoMm KMNOy;

Okonyanue taom. 1

1 2 3
2) 2MnO; + 10r+ 160" = 2) IPOBOJIST
= 2Mr** + 5, + 8H,0 MOJOMETPUUYECKOE
MnO.+ 21 + 411" = omnpezeneHne n30bITKa
) =
- Mn2+ + |2 + 2H20 KMI’]O4
ca’, |V|92+, M?*+ C,0% s =LMC,0, + Ocanox MC,0,
Zn2+, C02+, 2- OTHENIAIOT U
La®*, Th* + G0 o 0TOpachIBAIOT
Ba™*, SF*, 5C,0> +2MnO; +16H = dbuBTpaT 1
P, Ag = 10CQ + 2Mrf* +8H,0O IIPOMBIBHBIE BOJEI

M?*+C,0% .5 =|MC,0,
MC,0, + 2H" = M** + H,C,0,

5C,0% +2MnO; +16H =
=10CQ + 2Mr?* +8H,0

tutpytot ipu 70-80C
pactBopom KMnQO, B
cpene 2 mob/im HySO,.
Ocanox MC,0,
OTIEIISIOT,
IPOMBIBAIOT,
pPacTBOPSIOT B

2 moab/n H,SO, u
TUTPYIOT, KaK yKa3aHO
BBIIIIE
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Tabauya 17. YcjaoBusi nMpoBeeHUS HOAOMETPHYECKOT0 oOIpe-

ACJICHUHA HEKOTOPBLIX HOHOB H coeIMHEeHU U

B ar1oii Tabnuiie coOpaHbl OCHOBHBIE CBeleHUs (peakIMH, YCIOBHUS
UX TPOBEIACHHS, CIIOCOOBI TUTPOBAHHUsS), KOTOPBIE IMOMOTYT BBITOJHHUTH

HOOJOMCTPHUYICCKOC OIIPCACICHUC HCKOTOPBIX KATHUOHOB,

COGHHHGHHﬁ, B T. 4. OpTraHUYCCKHX.

AHUOHOB U

Tabmuma 17

YcaoBus HOJOMETPHYCCKOTO ONIPEACICHUA HEKOTOPLIX HOHOB

M coeIMHEeHUuH

OmnpenensieMmoe Peaxkiuu, Cmoib3yeMble YciioBus MPOBEICHUS
coenunenue (MoH) B XOJI€ aHAIN3a aHaJm3a
1 2 3

TurpoBaHue 1Mo 3aMeICHUIO
(6 pezyibmame npedsapumenvhoti peakyuu gvioensemcsi |,
komoputii mumpyiom pacmseopom NapS03)

ClO3, BrO3, 105 | BrO; + 6I' + 6H =Br + Cpena — 0,5moms/m HC1.
[Iponomxkenne Tabdm. 17
1 2 3
+31,+3H,0 Peaknus 3ameniiena
Br,, C1, Clz + 20 =2C|_+|2 To xe
O, O,+ 4Mn(OH), + 2H,0 = | [lo6aBrerne Mn~ u
= 4Mn(OH); NaOH, 3aTeM
OMn(OH)s+ 6H' + 21 = MOJKHUCICHHE 2 MOJIB/T
=2Mn?* + I, + 6H,0 HC1 10 pH=4-5,
BBeacHue Ki
H202 H202+ 21 + ZI‘F = Cpez[a — 1moman/n H2804,
=2H0 + b, karammzatop — NH;M0O;
MnO, 2MnO; + 10+ 16H" = Cpena — 0,1moms/1
= 2Mn** + 5l, + 8H,0 H2S0O,
MnO, MnO,+ 2"+ 4H" = Cpena — 0,5Momns/n
= Mn” + |, + 2H,0 H3PO,
NO, 2NO;, +2I +4H" = Cpena — 1monb/n H,SO,
=2NO + b + 2H,0
Fe** 2Fe” + 21 = 2F€* + |, Cpenia — KOHII. pacTBOp
HC1, peakuust 3ame jieHa
Fe(CN); 2Fe(CN)Y +2I = Cpena — 1mons/n HC1
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=2Fg(CN)¢ +

S,0F S,0F +2r=2S0O + b, Cpena HeitTpasibHas,
nepe]] TATPOBaHUEM
MOJIKUCITUTH PACTBOPOM
HCI
P, B&, SF° M2++CrOj' — IMCIO, Ocanox MCrO,
pacTBOPSIFOT B 2 MOJIB/JI
2MCrQ, + 2H" = 2M?** HC1 B npucyrcrBuun
+Cr,07 + H0 m30bITKa Kl
Cr,0* +6I" + 14H =2Cr*
+ 3l + 7TH0O
RCOOH 6R-COOH+ 5KI +KIGQ = | B npucyrcTBruu U30bITKA
(kapOOHOBEBIC = 6R-COOK + 3I, + I"u 10;
KHCJIOTHI) + 3H,0
OOpaTHOe THTPOBaHHUe
SO SO + bgus) + H,O = Ocraroxk P B
= SO + 2T + 2H +(In)ows CI1a0OKHCIION cpene
TUTPYIOT pacTBOpoM
Na,S,05
Oxonuanue Tab6n. 17
1 2 3
s S+ lygus) = S+ 2T + To xe
+ (IZ)OCT
cd*, zrt* M?* +H,S =| MS + 2H | Ocamox MS pactBopsitot

MS + 2H = M** +H,S

H2S+ busg) = S+ 2H +
+ 2 + (IZ)OCT

B 3 Monb/i HCl,
no0aBiagaoT  u30. |y,
OCTaTOK KOTOPOTO
TUTPYIOT pacTBOpOM
NapS,03
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5. KOMIVNIEKCOMETPUYECKOE TUTPOBAHUE

5.1.PaBHOBecHEe KOMILJIEKCOOOPA30BaHUA

Tabauya 18  KoHCTAaHTBI  yYCTOMYMBOCTH  KOMILJIEKCHBIX

coeIUHEeHUuH

KoHncranra YCTOﬁqHBOCTH - OCHOBHAas XapaKTCPUCTUKA

KOMIIJICKCHOI'O COCANHCHUNA, YHCICHHOC 3HA4YCHUC KOTOpOﬁ HCO6XOI{I/IMO
JJIL peIICHUS MHOTUX XMMHUKO-aHAJIMTHYCCKHUX 3a/1a4.

1)

2)

3)

5)

6)

pacuyéT paBHOBECHBIX KOHIICHTPAIIMI MOHOB B PACTBOPaX KOMILIEKCHBIX

COEIUHEHUII,

pacuéT CI0XKHBIX PABHOBECHI B MHOTOKOMIIOHEHTHBIX PACTBOPAX:

— pacyéT PACTBOPUMOCTH MAJIOPACTBOPUMOTO JJIEKTPOJUTA, €CIU
OMMH W3 HOHOB OJHOBPEMEHHO yYaCTBYeT B  pEaKIHu
KOMITJIEKCOOOPa30BaHHS;

— pacuéT OKUCIUTEIbHO-BOCCTAHOBUTEIILHOTO MIOTEHITHAIIA, €CITH OUH
U3 KOMIIOHEHTOB COMNPSDKEHHON OKHCIUTEILHO-BOCCTAHOBUTEIBHOMN
napbl OJTHOBPEMEHHO yJaCTBYET B PEaKIIMK KOMILIEKCOOOpa30BaHus;

pacyéT KPUBBIX KOMIUIEKCOMETPHUUECKOIO TUTPOBAHUS;

BBIOOD MACKHMPYIONIEr0 areHra Juis KOHKpeTHoro woHa (cm. Ilpumep

11);

OLICHKA __ BO3MOYKHOCTH  OOHApPY)KEHHS WM  KOJMYECTBEHHOI'O

OTpeie/icHHsl KOHKPETHOrO HOHAa C  HCIOJIb30BAHUEM  PEaKIHid

KOMILIeKcoo0pazoBauus (cm. [lpumep 12);

[POTHO3MPOBAHUE BO3MOKHOCTH TUTPOBAHHS HOHOB-KOMILIEKCOOOpa-

30BaTejIe MM HOHOB-IUTaHa0B (cvm. [lpumep 12).

HpI/I PCHIICHUN HCKOTOPBIX U3 3THUX 3a1a4 UCIIOJb3YIOTCA CIICAYIOIIUC

YCJIOBUA U KOJIMYCCTBCHHBIC KPUTCPUU.

>

>

CyMmapHass KOHCTaHTa YCTOMYMBOCTYM pPaBHa IIPOM3BEIEHNIO
CTYIIEHYaTbIX KOHCTaHT:

K= K1 'Kz'Kg'...Kn_l'Kn

WU

pK =pK; + pKs + pKs +...+ pK,1 + pK..

B wiydae crymeHuaToro KoMIulekcooOpa3oBaHMS CKa4OK Ha
KpUBO TUTpOBaHMs OyleT HaOIIOHATbCs, eCyIn CTyIleHdaTble
KOHCTaHTBI YCTOMYMBOCTH pasInyaroTcsa He MeHee yeM B 104 pas.
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Odenp yacTo asst o0JeryeHusi pacy€ToB UCIOIB3YETCSl HE 3HAUEHUE
caMO KOHCTaHTHI ycTounBoCcTH K, a €€ orapudm

pK = —IgK,
KOTOPKIH U IPUBEIECH B TAOJIHIIE.

® [lpumep 11. HeoGxoammo 3amackupoBaTh Fe€'  (mpomykt
peakiuu Memaer 3aUKCHUpOBaTh K. T. T. 32 CYET COOCTBEHHOW OKpPACKH)
pH MEePMAHTAHATOMETPHYECKOM OIPEHCICHHH F€ B CHIBHOKHCION
cperne.

[lo JaHHBIM TaGIMIbI BBIICHSEM, uT0 FE'™ 00pa3yeT KOMILIEKCHI CO
muorumu auragnamu. CN, CI, F, HPQZ_, H,PO,, OH, SCN. U3 Hux:
v xomrutekcsl ¢ woHamMu CIT m SCN  sBJSIFOTCS MalOyCTOWYHMBBIMH,

3HAYUT, HEMIPUTOJIHBIMU IS 11eJIeld MacCKUPOBaHUS;

v' nurang CN™ oueHb TOKCHUYEH;

v xomrutekcsl ¢ woHaMmu OH™ He MOryT CymiecTBOBaTh B YCIIOBHSX
NpOBEICHUS aHan3a (CHJILHOKKCTIAs Cpeia);

v’ KOoMIUIEKCbI ¢ woHamu F, HPQz_, H,PO, saBnsaroTcst o4eHb
YCTOWYMBBIMH, KpPOME TOro, OHU HeoKpamieHbl. CleloBaTeabHO, 3TU
JIMTAHBl MOYHO HCIIONB30BAaTh IS MACKHPOBaHWs FE€', Hampmmep,
N00aBUTh B TUTPYEMBIN pacTBOpP HEMHOTO (POCHOPHON KUCTOTHI.

® /Ipumep 12.MOKHO JIi IPOBECTH KOJIMYECTBEHHOE OMpeIeTICHIE
CU", HCromb3ysl PeakUid KOMILIEKCOOOPa30BAHMS C HEOPTaHMYCCKUMH
JIMTa”HIaMu 7

Won CU* — THmHYHBI KOMILIEKCOOOpPa3oBaTedb, 0Opasyer
YCTOWYMBBIE KOMIUIEKCHI CO MHOTHMMH HEOPTaHWYECKUMH JIMTaHIaMHU,
Hanmpumep ¢ NHs;, OH, SCN. OpHako KOMIIJIEKCOMETPUYECKOE
TUTPOBAaHUE C MCIOJH30BAaHUEM OSTUX PEAKIMN MPOBECTH HEBO3MOXKHO,
MOCKOJIbKY pa3HMIla B CTYNMEHYAaThIX KOHCTAHTAX YCTONYMBOCTH
coctaBisieT 1-3nopsaka, T. €. Ckauka Ha KpUBOW TUTPOBAHUA HE OyIeT.

Taomuma 18
Jlorapu(mMbl CyMMapHBbIX KOHCTAHT YCTOMYUBOCTH KOMILIEKCHbIX
coeUHEeHUuM
LenTpans lgK; npm i
JIuran| HbI HOH

1 2 3 4 5 6
1 2 3 4 5 6 7 8
Br- Ag® 4,38 7,34 8,00 8,73 8,44 -
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Hg™* 9,05 | 17,33 | 19,74 | 21,00| - —
[Tponomkenue Tabdm. 18

1 2 3 4 5 6 7 8
Br- P 2,23 | 3,00 | 2,83 | 2,93 — —
CN Ag* ? 19,85 | 20,55 | 19,42 | - —
Fe™* ? ? ? ? 18,6 | 36,9

Fe** ? ? ? ? ? 43,9

Hg” | 17,00 | 32,75| 36,31 | 38,97 | 39,83 | 40,62

cos; | c& 3,2 - - - - -
Cu’ 6,77 | 10,01 | - _ — —

PG ? 9,09 —~ _ —~ —~

cl- Ag* 3,04 | 504 | 504 | 5,30 — —
Bi** 243 | 47 5,0 5,6 6,1 | 6,42

ce” | 048 — _ — — —

cu’ ? 535 | 5,63 — — —

Fe* 1,45 | 2,10 | 1,10 | 0,85 — —

Hg™ 6,74 | 13,22 | 14,17 | 1522 | - —

TI** 7,72 | 13,48 | 16,48 | 18,29 | - —

Pt* ? 11,48 | 14,48 | 16,00 | -— —

F Al** 7,10 | 11,98 | 15,83 | 18,53 | 20,20 | 20,67
Fe** 6,04 | 10,74 | 13,74 | 15,74 | 16,10 | 16,10
HPO; | Fé&° 7,2 - - - - -
Fe'* 9,75 — — — — —
H,PO, | Fe" 3,5 ? ? 9,15 — —
I Ag* 6,58 | 11,74 | 13,68 | 13,10 | - —
Hg”™ | 12,87 | 23,82 | 27,60 | 29,83 | - —

PL* 1,26 | 2,80 | 3,42 | 3,92 — —

NH; Ag* 332 | 7,23 — — — —
cu* 399 | 7,33 | 10,06 | 12,03 | 11,43 | 8,9

Hg™ 88 | 175 | 185 | 19,3 — —
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Ni®* 267 | 479 | 6,40 | 7,47 | 8,10 | 8,01
OH~ Ag® 2,30 | 4,0 5,2 — — _
Okonuanue Ta0a. 18
1 2 3 4 5 6 7 8
OH™ Al 9,0 ? 27 33 — —
Bi°* 12,4 | 15,8 ? 35,2 — —
ca” 1,46 | 11,0 — —
ce” 4,6 — — — — —
ce" 13,28 | 27,06 — — — —
crt 10,1 | 17,8 — 29,9 — —
cu”* 6,0 | 13,18 | 14,42 | 14,56 — —
Fe'* 556 | 9,77 | 9,67 | 8,56 — —
Fe'* 11,87 | 21,17 | 30,67 — — —
Hg3* 9,0 - - — — -
Hg™ | 10,30 | 21,70 | 21,20 — — —
Ni** 497 | 855 | 11,33 — — —
PL 7,52 | 10,54 | 13,95 — — —
Srf* 11,93 | 20,94 | 25,40 — — —
St ? ? ? ? ? 63,0
TI* 0,82 — — — — —
TI 12,86 | 25,37 — — — —
SCN | Ad' 475 | 823 | 9,45 | 9,67 — —
Al%* 0,42 — — — — —
cu ? ? 990 | 10,05| 9,59 | 9,27
cu’ 230 | 365 | 519 | 6,62 — —
Fet 1,31 | 0,43 — — — —
Fe'* 303 | 433 | 463 | 453 | 423 | 3,23
Hg™ — 17,60 | 20,40 | 21,20 | - —
504‘ Al3* 3,2 51 - - - -
Fe* 2,30 — — — — —
Fe'* 4,04 | 5,38 — — — —

68




PL* 2,62 | 3,47 — _ — _

Tabauya 19, KoHCTaHTBI YCTOWYMBOCTH KOMILIEKCOHATOB
MEeTaJLI0B

JlaHHBIE 9TOM TaONUIBI HWCIONB3YIOTCS AHAJIOTHYHO JaHHBIM
Tabn. 18 MPUMEHUTEIHLHO K KOHKPETHOMY JIUTaHTy -
srunenguamunrerpaarerary (Y*). Kpome Toro, oHH HeoOXOMMMbI s
pacuéra WHIMKATOPHOW  TOTPEIIHOCTH  KOMIUJIEKCOHOMETPHYECKOTO
TUTPOBAHUS.

Tabmuma 19
Jlorapu¢mMbl KOHCTAHT YCTOHYMBOCTH KOMILJICKCOHATOB
METAJJI0B
Karuon IlgK Karuon lgK
Ag* 7,31 Mg?* 9,12
Al®* 16,5 Mn?%* 14,04
Ba®"* 7,78 Na' 1,79
Ca?* 10,59 Ni%* 18,62
cd** 16,46 Pb* 18,04
ce* 15,81 =h 18,5
Co** 16,31 sct 23,0
Co** 40,6 e 8,80
cr* 23,40 Th** 25,3
cu** 18,80 Ti* 21,3
Fe* 14,20 Tio* 17,5
Fe* 24,23 T1%* 37,8
Ga”* 20,5 Vol 12,70
Hg?* 21,8 V3 25,9
In** 25,3 VO** 18,0
La* 15,5 zZn** 16,26
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Tabauya 20. MoJssipHbIe 101 3THJIEHIUAMUHTETPAAETAT-HOHOB
(Y") npu pazanunsix 3nauennsix pH pacrsopa

Pacy€r KpuUBBIX KOMIUIEKCOHOMETPUYECKOTO THTPOBAHUS MpHU
pH <10 Bcerma mpoOBOIWTCS C HCIHOJB30BAHWEM YCIOBHBIX KOHCTaHT
o0pa3oBaHUsl KOMIUIEKCOHATOB METAJUIOB TPHU OMPEICIEHHOM 3HAYCHHUU
pH (K’), mockombky B 3TOM cllydae MpOTEKAaeT MOOOYHAs peaKius
MPOTOHHpPOBaHHs Juranaa Y.

Jlis pacuéra yCIOBHBIX KOHCTaHT HEOOXOIMMBI TaHHBIE O MOJISIPHOU
nore Y* mpu xoukperHoM 3Hauenuu pH (0t), KOTOpBIE MPUBEACHBI B ITOM
TadJmIeE.

Kpome Toro, 0 TO3BOJISET BBIYHCIUTH KOIPHUIMEHT MOOOTHOU
peakiuu suranga (K), mo BenuyMHE KOTOPOTO PACCUMTHIBACTCS YCIOBHAS
KOHCTaHTA.

[Ipu pemieHuu 3TUX 3a7a4 HCIONB3YIOTCS CICAYIOIINE YCIOBUS U
KOJIMYECTBEHHBIC KPUTECPUU:

> MongpHasa goins 3TWIeHIMaMMHTeTpaalleTaT-MoHa B pacTBOpe
IpM  KOHKpeTHOM 3HadeHuu pH paBHa  OTHOIIIEHMIO
paBHOBeCHOVI KOHIIeHTpa1mu [ Y#4-] Kk oOrent koHIteHTparmm Cy:
a=[Y+]/ Cy.

» Ecm moOouHast peakijsi IIPOTOHMPOBaHMS WMOHa Y4 He
IpoTrekaet, To 0 =1, a ecstv mpoTekaet, To O < 1.

» Tepmommuammdyeckas (K% wm  yoroBHas (K') KoHcTaHTEI
yCTOMYMBOCTY KOMITJIEKCOHATA CBA3aHbl COOTHOIIIEHVIEM
K'=K"/ a

i
K'=K0 -a.

» Bemumia 1 / o Ha3biBaeTcs KO3 DUIMEHTOM KOHKY PUPVIOIIEN
peakimu (k):
k=1/a=Cy/[Y*]

» Ecmm moOouHast peakisi IIPOTOHMPOBaHMS WMOHa Y4 He
ImpoTekaet, To k =1, a ecsii mpoTekaeT, To k > 1.

» Tepmommuammdyeckas (K% w  yoroBHas (K’) KoHcTaHTEI
yCTOMUMBOCTY KOMIUIEKCOHATA CBsI3aHBbI COOTHOIIIEHVIEM
KV=K" -k

VI
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K'=K'/k.
> B pesyipTaTe 1I0OOYHOV peakly IPOTOHMPOBAHMS MOHA Y4

YCTOMYMBOCTL KOMIUIEKCOHATA IIPY OIPeIe/IEHHBIX KOHKPETHBIX
YCJIOBMSIX Pe3KO CHvpKaeTcst, moaToMy K’ < K0,

® /Ipumep 13. PaccuuTtaTh yCIOBHYIO KOHCTaHTY YCTOWYHMBOCTH
xoMIuiekconara Ca®* npu pH = 8.

B tabmune 19 maxoamM s kommwiekconara Ca®’ 3nauenme
pK; = 10,59.CnenoBarensHo K% =10°°= 3,89-160. 3areMm B Ta0imne 20
s pH = 8 HaxoauM 3HaYeHHWE MOJIAPHOW JIOJIM JIMTaHAa — O = 5,4-103.
Wmes 3T naHHbIe, paccunThiBacM K

K =K% =3,89-1¢°. 5,4.10°= 2,116,

Tabmuma 20

MoJasipubie goau Y*~ B pacrBope JITA npu pasinunbsix pH

pH O 4- pH O, 4-

2,0 3,7-10™ 8,0 5,4-10°

3,0 2,5-10™ 9,0 5,2-10°

4,0 3,6-10° 10,0 3,5-10"

5,0 2,5-107 11,0 8,5-10"

6,0 2,2-10° 12,0 9,8-10"

7,0 4,8-10"

5.2.BbI00p MHAMKATOPA U YCJIOBUI NMPOBeIeHUs aHAJIN3A

Tabauya 21 WHAUKATOPBI JJI KOMILIEKCOHOMETPUYECKOTO
TUTPOBAHUS

JlanHbie  3TOW TAOMWIBI TO3BOJISIIOT  BBIOPATh  MOIXOJSIITUN
MHIUKATOP W ONTUMalbHOE 3HaueHWe pH mid KOHKpeTHOro ciydas
KOMILJIEKCOHOMETPUYECKOTO TUTPOBAHUS.

Kpome Toro, Ha OCHOBAaHWM TaOJMYHBIX JTAHHBIX MOXKHO PEIIUTH
CJIEYIOIIMNE BOMPOCHI:

v HackoJIbKO CeIeKTHBHA KOHKPETHAS METOIUKA,

v  Hago 1M NpUHATE MEphl C IENBI0 yAEpKaHHsS THTPYEMOIO HOHA
MeTasia B pacTBOPE.
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® [Ipumep 14. Bribpats WHIUKATOP TUISt
KOMIUIEKCOHOMETPUUECKOTO OIpeeICHUS Ca®" B MHOTOKOMIIOHEHTHOM
pacTBope.

Uon Ca®* moxHO oTrTutpoBaTh pactBopoM IJTA co MHOrmMH
WHJIUKATOpaMU — KaJbIIOHKApOOHOBOW  KHUCJIOTOM, KCHJICHOJOBBIM
OPaH)XEBbIM, METUJITUMOJIOBBIM CHHUM, MypekcuaoMm, IIAH, IIAP,
bayopekcoHoM U (HTATEHHKOMIUIGKCOHOM — B  CHJIBHOIIEIOYHOM,
ciraboIeounoil n cabokucioit cpene. Oamaxo s onpenenerns Ca”’ B
MHOTOKOMIIOHEHTHOM pPAacTBOpPE MPHUTOJHA TOJIHKO OYECHBH CEICKTHUBHAS
METO/MKA, KaKOU U ABJIIETCS TATPOBAHUE C KAJbLIOHKAPOOHOBOM KHCIOTOMN
npu pH > 12. Bo Bcex OCTaNbHBIX CIydasx ¢ KOHKPETHBIM WHIUKATOPOM
npu omnpeaciéHHOM 3HaueHuu pH TUTpyercs cpa3dy HECKOJIbKO HOHOB
METAJIOB.

® [I/pumep 15. HeoO6XxoauMo MPOBECTH KOMILIEKCOHOMETPHUUYECKOE
omnpejeieHue HOHOB cu* npu  KoHueHtpanuu ~ 0,01lmone/n ¢
WHJIUKATOPOM KCHJIEHOJIOBBIM OpaH)XeBbIM. Hajo i1 mpuHUMATh MEpHI 10
yACP)KAHUIO Cu®'B pactBope ?

[To Tabnune 21 BeisicHsieM ontumanbHoe 3HaueHue pH = 9—10,a mo
tabmmne 7 — 3Hadenme pH mHawama ocaxaenus Cu(OH), w3 0,01M
pactBopa, OHO paBHO 6,2. CnegoBaTrenbHO, B TUTPYEMBI pacTBOp
HEOOXOAMMO BBECTH JIUTAHNBI, KOTOPBIC CBS3aIM OBl HOHBI Cu** B
npoYHbIA KoMmIuieke Tak, uToO0bl CU(OH), He BbImaman B 0cajliok, a HOHBI
Cu** B xome TUTPOBAHUSA MOTJM Obl TepeiiTH B emé OoJjiee MPOYHBIN
komimieke ¢ DJITA. ITo tabmune 18 maxomum takoi aurang — NHs. Ilo
tabaune 19 ycraHaBiuMBaeM, YTO KOMILJIEKCHI Cu® ¢ OJITA o©Gomee
ycToituuBbie, yeM ¢ NHs.

Taomuma 21
NupukaTopsl 11 KOMILUIEKCOHOMETPUYECKOT0 THTPOBAHMS
WHuxaTop OnpenensieMblii oH N3menenne PactBop
UOH OKDacKu WHIUKATODA
1 2 3 4 5
Kcunenonosel| Zn°', F&*, Co** 5-6 Kpacnas — |0,5 Y%#b1it
11 opaH)XeBbIN Fe’ 15 JKenTas  |pacTBOp B
Al FE€', Ni%* 5-6 ATAHOJIE
obpartHoe
TUTPOBaHUE
conbro Zn?
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MeTUITuMOoII0 Ba~t, SF* 10-11 |Cunss —cepas| TBepaas cMech
BBIM CUHUH ca’ 12 To xe ¢ KNO;3
Mg?* 10-11,5 » (1:100)mnu
Co**, Cd* 5-6 » 0,1%b1ii B
12 » BOJIE
Ccu* 11,5 |Cunsisa —cepo-
3eseHas
Mn®, PB*, Zr?* | 6-6,5| Cumss —
JKenTas
In®* 3-4 To xe
[Tponomkenue Tadm. 21
1 2 3 4 5
Mypekcug ca” >12 Kpacnas — |TBepnas cmech
Co™” 8 duoneronas ¢ NaCl
CU" 7-8 To xe (1:100)
Ni2* 8,5-9,k| OpamxeBas —
dbuoneroBas
TIAH cu’ 3-5 | Pososas— | 0,01-0,1%-
1-(mupuau- JKENTO- HBIA B DTaHOJIE
2)-a30-HadTo 3eJIeHas
9-10 | ®uoneroBas—
JKenTas
Ni%* 4 duoneroBo-
KpacHasi—
JKenTas
zn* 4-6 Po3oBas —
JKenTas
AlI** c&*, Co”’,| 3-5 Kenro-
Fe*, Mg®*, Mn*", 3eJIeHas—
Ni?* (o6parHoe po3oBas

TUTPOBaHUE
conpro CUY)
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I[TAP cut 5-6 Bunno- 0,1%+#51i1 B
4-(mupuani- 11,5 KpacHasi — BOJIE
2)-a3ope3op 3eneHas
UH Mn?* 9 Kpacnas —
HaTpUeBast Kenrast
COJIb NiZ* 5 To xe
Zn** 5-11,5 »
[MupokaTexun Co, Ni¢* 8 — 9,3| 3enenosaro- | 0,1%41b1i1 B
OBBIN Cu* 5—6,5 romnybas — BOJIE
duonerossiii | Mn?*, Zrf*, Mg?*| 9 — 10 KpacHO-
dbuoneroBas
AI* FE*,Gd" |5-6,5 Toxe
(oOpaTtHOE
TUTPOBaHUE
conbro CUFY)
Oxonuanue Tab6mn. 21
1 2 3 4 5
Cynnhocanuil Fe* 2-3 Kpacnas — 5%-nbI1ii B
WII0Bas Kenrast BOJIC
KHCJIOTa
Tatipon Fe* 2-3 Cunsisa — 2%-ub1i B
OecrBeTHAs BOJIC
®ranenskomn| SFY, Ba, C&® | 10,5 —| Kpacko- 2%-Hb1H1 B
JIEKCOH 11 |¢wuoneroBas — BOJIE
OnenHo-
po3oBas
dyopeKkcoH ca” >12 3enenas 2%-Hblil B
(kasbLenH) S, B 11,5 — | pryopecueni BOJIE
12,5 | us —po3oBas
Cu” 10 - 11 To xe
Mn** g8—11 »
DpUOXpoM ca’, Cd’, Co™, 10 Bunno- TBepaast cmech
wepubtit T | Zn?*, Mg®, Mn?* KpacHasi — c NaCl
roiayoas (1:100)
Ni%* PI?* To xe
obpartHoe
TUTPOBaHUE
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Tabauya 22, Mackupyoluiue  areHTbl, NpUMeHseMble
B KOMILIEKCOHOMETPUYECKOM THTPOBAHUH

Janupie 3TOM  TaOMMIBI TO3BOJSIOT HE TOJILKO  BbIOpATh
NOAXOASIINN MAacCKUPYIOIMUA areHT AJii KOHKPETHOI'O MEIIAIOIIero MOHa,
HO W ToayduTth  uwHOpManuiO 00  YCIOBHUSX  TPOBEICHHS
KOMIUICKCOHOMETPHYECKOTO  THUTpOBaHUs (MHIUKATOP, ONTHMAILHOE
3HaueHue pH, HarpeBanue, cioco0 TUTPOBAHUS, 0OCOOEHHOCTH TIPOBEICHHS
PCaKIUu H T. 11.).

® [lpumep 16. Hamo ortutpoBats Zn*" pactBopom DJITA B
npucyrersun CU.

ITo tabnuie 21 BeISICHAEM, YTO MPHU TUTPOBAHUU Zn*t ¢ mo6BIM U3
IPUBEICHHBIX HHAMKATOPOB HOHBI CUY* TOXKE OYIyT TUTPOBATHCS. 3HAUNT,
HaJo0 uX 3amackupoBarh. I[lo Tabnmuue 22 HaxoAUM TOAXOMASIIMMA
MACKHPYIOIHii areHT — tHocynbdar-nonsl 037, Ecim BBecTH nx B
pacTBOp, TO OHM CBSKYT MOHBI CUY" B KOMIUIEKC, a HOHBI ZI' MOXHO
Oyner 6e3 momex oTTUTpoBaTh ¢ uHAUKaTopom ITAH npu pH = 5-6.

Ta0muma 22
Mackupymoime areHTbl, MpUMeHsieMble B KOMILJIEKCOHOMETPHYECKOM
TUTPOBAHUH
. |Mackupye| Tutpyem
Mackupylommit| e s pie HomHbI Y cnosus WNuaukatop
areHT TUTPOBAHUS
1 2 3 4 5
JloGaBneHnue TumondTranexc
peakTuBa K|OH
ca*, |kuciaomy P-pY,
crt Mn?*, |kunsueHue
Aexons Ni?>* |(o6pasoBanmme Cr*'-
CKOpOMHOBAs KOMIL),
KHCJI0Ta MoIIEIaYuBaAHUE,
cu™” Zn°*  |Ammuaunsii p-p +/Mypekcun
+ peakTuB o
oOeclBeUnBaHu,
IPSIM. TUTP.
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AckopOuHOBasI cu™ Mn®* |O6ecuseunsanne |, dproxpom
kuciiora + |~ (ocaxe- n00aBIeHUEM yepHbId T
uue Cul) S,03” mpsm, THTp.,
pH =10
Nonma-noHsl ng " cut [Ipsm. tutp., pH =7,|ITAH
70°C
Cynbdar-nonsr |Ba (oca [Mn*,  [TIpsm. tutp., Opuoxpom
kaerue) |Zn®t pH =10 KpacHbIil b
PL* St*u [P-p H,SO, (1:1)KcuneHonosr
(ocaxxaeH sV KUIISTUCHHE, W OPaHXKEBBIU
ue) OXJIAXKIECHUE,
no6asnenue DJ[TA B
N30BITKE,
NH4C2H302 a0 pH =
22,5, HEMHOTO
tBepaoro Bi(NOs)s,
[Iponomkenue Tadn. 22
1 2 3 4 5
Cynbdua-nonst|Fe”, man. |Ca”, [Ipsam. Tutp., men. |Dpuoxpom
k-Ba 1p.  |Mg®, PP yepHbIi T,
Ts0K. Met. |Ca "+ mypekcu (Ha
+Mg** cah
Cynbdun-nonst| Mg, |Ca” K  wme#itp.  p-py|/Iro6oit
+ TUPOKCH/I- Mn?* npubaBisitor N&S +|unaukaTop Ha
WOHBI + NaOH, uepe3 3-b cat
MuH. [Ipam. Tutp.
Cyasocamumu|  Al°* Mn?*  [TIpsm. Tutp., Opuoxpom
JIOBasi KHUCIIOTa pH = 10| uepnbrif T
acKOpOWHOBas K-Ta
Al Zn**  |Ipsm. tatp., To xe
(MaJbIe pH =10
KOJI-Ba)
Talipon Al Zn**  |Ipsm. tatp., Kcunenoino-
pH=5,2 BBII OpaHXke-

BbIU
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AI** TiV'| Mn®* |O6p. tutp. u3bbiTka] DpHOXpOM
OJITA conbio Mn2+, yepHbI T
pH = 10
acKOpOWHOBAs K-Ta
TapTpaT-noHbI Al Zn**  [IIpsm. Tatp., Kcunenomno-
WJIU BUHHAA pH=5,2 BbII
KHCJIOTa OpaHXKEBBIN
Al* Fet| cd, [Ipsim. TuTp., Cu-ITAH
Mg** |pH = 1C
(ackopOuHOBasT K-Ta
pU  ONpeIeICHUN
Al** Fet | cat [Ipsam. Tutp., Kanprienu mimmn
MaJible K- pH> 12 Ipyrou
Ba T1" HHZMKATOp Ha
Taprpar-uonst | CU™, Ni“*  |[Ipsm. Tutp., ITAH
+ tnocynsdar- | W' pH = 4,0, 76C
HOHBI
[Tponomkenue Tadn. 22
1 2 3 4 5
Taprpat-uonst |Al°Y, Fe*,| C& + |[psam. tutp., Dpuoxpom
+ TpUATAHOI- Ti"V +Mg** |pH = 10 yepHbI T
aMUH
Tuocynsdar- |CUF Cd™, [Ipsam, Tutp., I[TAH
HMOHBI Zn* pH =5-6
Ni** [Ipsm. Tutp., pH = Mypekcun
=4,0, 70C.
JloGaBieHue
NaS,03 k HEUTD. p-
Py, areTaTHOTO
Oydepa,
pH = 8,59, mpsam.
PL™* K wmeurp. p-py| Kennenonosst
npuOaBIsAIOT 1 OpaHKeBbIN
Na,S,03 10
oOeclBeUnBaHu,

npsM. Tutp., pH = £
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Tpustano:n- Al Mg [Tpsim. TUTP.,| DPHOXPOM
amud (TEA) OXJaXJICHUE p-pa,| YepHBIA T
pH==9-10
AlI®* (man. |Zn** [Tpsim. TUTp., To xe
K-Ba) pH =10
Al**, crt |cet K cnmabokucnomy p-|Tumondranekc
Fe Py NpUOABIISIOT |OH UITH
TEA, 3arem NHs,|MeTHITHMOIIOB
KMISTAT, BbIil CHHUU
oxnaxnaaT. DJTA
B M30BITKE,
pa3baBienue, 0oOp.
TUTP, COJIBIO ca*
AlI** Fe* [Mn** K xucnomy p-py|Tumondranekc
npubasistor TEA,|on
NH,OH, mnonmena-
YUBAIOT, PSIM.
TUTP.
OxoHuanue Tabiu. 22
1 2 3 4 5
Tpustano:n- Al** Fe* |cat [Ipsam. Tutp., Mypexkcun,
amud (TEA) |u man. k- pH > 12 Tr000MH
Ba Mn?* WHAUKATOp Ha
ca”
Al** Fe' [Ni** [Tpsim. Tutp., NH; [Mypekcun
TiVu
MaJtbie
x-Ba Mn?*
Al** Fe” |cd, K xuciomy p-py/Opuoxpom
snV, Ti'v Mgz+, npubasistor TEA,|uepnbrii T
Mn®, |NH; 1o pH=1C
PK*,  |(NH,OH npu
Zn?* OTIPE/ICIICHU U

Mn?"), mpsm. Tatp.
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dropun-nonsr Al > zZn* [psm. THTP., KcuneHonossr
pH = 5-6 1 OPAHKEBBIU
Ce’, Ni** OO6p. TUTp. U3OBITKA| IPUOXPOM
M92+, A3 DATA coinbro Mn?*, YepHbIi T
acKOpOWHOBas K-Ta,
pH =10
Al** Fe' [cu? [IpsiM. THTP., Xpomazyposa C
pH = 6-6,5
Llurpar-monsr |AI°* (man. [Zn** [Ipsim. TuTp., Opuoxpom
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