1. CTEXIOMETPHUYHI PO3PAXYHKMU.
OJUHUII BUMIPIOBAHb XIMIYHOI'O CRJIAY

CrexioMeTpUuHl PO3PAXyHKH MOB’SI3aHI 3 TMOHATTAM KIJIBKOCTI PEUOBUHH.
Kinokicmb peuosunu —ue pizuuna eenruvuna, w0 Xapaxmepuszye po3mip
nOpuyii peuosuHU YUCEIbHICHIO YACMUHOK, W0 micmambca 6 Hill. YacTuHka-
MU —CTPYKTYPHUMHU €JIE€MEHTAMU PEUYOBHHU MOXKYTh OYTH MOJIEKYJH, aTOMHU,
10HHU, (YHKIIIOHAIBHI Tpynu TOO. KiIbKICTh PEYOBHUHHU MTO3HAYAETHCS JIATHHCh-
KO0 OYKBOIO N, TICJS SKOI B KPYIJIMX Jy>KKaX HABOJAUTHCS CUMBOJ BiJIIMOBITHOTO
CTPYKTYPHOTO €JIEMEHTY, HAIPUKJIAI;

n(S) — kimbkicTh pedoBuHE cipkn; n(SO4° ) — KiTBKICTh PEYOBHHH i0HY
cynbdary; n(O,) — KUTbKICTh pEYOBUHU KHCHIO TOIIIO.

OAuHUIEI0O BUMIPIOBAHHS KUIBKOCTI PEYOBUHHU € MOJIb, OJTHA 3 CEMU OCHOB-
HUX OJIMHHITL MDKHApOAHOT cucTeMu oauHuIlb Gi3uaaux BeauauH (CI).

Monb —uye KinbKicmb peuoeuHu, W0 MiCMUmMs CIIIbKU HC CHPYKHYPHUX
enemenmie (MOEKyl, amomie, i0Hi8, PYHKUIOHATbHUX 2Py MOUWL0), CKLIbKU
amomie micmumaucsa 6 i30moni gyneyro L2C macoro 0,012 ke; a came 6,02-1 0>
amomie gyaneuto.

KisbKicTh pe4OBHHHM MOKHA OOYMCIIUTH, 3HAIOYM Macy MOPIIii peYOBUHU YU ii
00’€eM (SIKIIIO0 pe4yoBUHA —Ta3):

m(A)
nA)=——,
M(A)

ne m(A) —maca nopiii peuoBUHU A;

M(A) —monsipHa Maca pe4oBUHH A.

V(A)
n(A)=———-,
Vi

ne V(A) —o0’em razy A,

Vi, —MousipHuii 06°eM ra3y (3a HopMaJbHUX YMOB 22,4 J1/MOJIB).

Po3paxyHku, TmoOB’si3aHl 3 XIMIYHAMHU TI€PETBOPEHHSMH, OCHOBaHI Ha
cTexioMeTpli XiMIYHUX peakilid. KiTbKoCTi peuOBUHU PEareHTiB, K1 BCTYIIINA B
peaxiriro abo yTBOPUIIUCH B Pe3yibTaTl peakilii, OB’ si3aHi MK COOOI0 MPOCTUMH
CHIBBIAHOIIEHHSAMHM, SIKI BKJIIOYAIOTh CTEXIOMETPUYHI KOE(ILIEHTH 3 PIBHSHHSA
peakiiii. [[is BCiX peareHTiB, IO OEpyTh ydacThb Yy peakiili, oounakoeum oyoe
BIOHOWEHHA  KIIbKOCMI  PEeYOGUHU  peazeHmy 00 CHEXiOMEempuyHo2o



Koeghiyienmy, MO CTOITh TEpell peareHToM Yy piBHAHHI peakuii: Tak, mis
YYaCHUKIB peaKIi
2MnO, +5NO, + 6H* < 2Mn?* +5NO5 + 3H,0

OJIMHAKOBUMU OYAyTh BITHOILICHHS:

n(MnO,) n(NO,) nH) n(Mn™) n(NO;)  n(H,0)

2 5 6 2 5 3

[le cTexiomMeTpuyHE BIJHOIICHHS J103BOJISIE OOYUCIUTH KUIBKICTh PEYOBHHHU
OJIHOTO 3 YYaCHHUKIB peaKIlii, SKIIO BiJOMa KiIbKICTh PEYOBUHH I1HIIIOTO
YYaCHUKA, HAITPUKIIAI:

n(MnO, ) =2/5n(NO;),  a6o n(NO,) = 5/2-n(Mn?").

BigHomeHHsT cTeX1OMETpUYHUX KO€(DIIIEHTIB BUXIIHOTO PEareHry Ta Mpo-
TYKTYy MOXHA BU3HAUUTH, HE CKJIAJal0Yu MOBHE PIBHSHHS peakilii, a KOPUCTYIO-
YUCh JIMII CXEMOIO TIEPETBOPEHHHA. Tak, MEpeTBOPEHHs 3ali3a B OKCHUJ
zamiza(lll) moxkHa BimoOpa3uTu CXeMOIO:

2Fe—Fe,04,

ne KoeilieHT 2 BUPIBHIOE KUIBKICTh aTOMIB 3ajli3a B JIIBIM 1 MpaBiii YaCTHHI.

3BIJICH CTEX1IOMETPUYHE BiTHOIICHHS:
n(Fe)/2 = n(Fe,03).

Pe3ynpTaTi XiMIYHOTO aHami3y, SK MPaBUJIO, BUPAKAIOTh BIJHOCHUMH BEJU-
yyHaMu. HaliOuibll MOMMpPEeHMMH 3 HUX € MacoBa YacTKa Ta MOJISIpHA
KOHIIEHTpAIlis.

MacoBa yactka X(A) KOMIOHEHTY A —II€ BiIHOLIEHHSI Macl KOMIIOHEHTY A
710 3arajibHO1 MAaCH M PEYOBUHHU, 110 MICTUTH 11eH KOMITOHEHT:

X(A) = % (1.1)
a0o
x(A)% = 100%: % . (1.2)

Monsipaa koHieHtpailis ¢(A) KOMIIOHEHTY A —II¢ BiHOIIEHHS KUIBKOCTI

PEUYOBHUHU KOMIIOHEHTY A 110 00’eMy V po3uuHy , 1110 MICTUTb LI€H KOMIIOHEHT:

c(A) = n(\i\). (1.3)

B Tux xe oMMHMIIIX, 1110 ¥ KOHIICHTpPAIlisl, BUMIPIOETHCS PO3YUHHICTD OCAIY:
BOHA JIOPIBHIOE KIJTBKOCTI pEUOBHUHU OCay, 110 PO3UYMHUBCS B 1 J1 pO3UMHY.

IIpukaaau po3B’A3yBaHHA 32124



Ilpuxnao 1.1.
I3 cynbdary xpomy (I1I) Cry(SO4); oneprkano rigpokcua xpomy (I1I) Cr(OH)s.
SIK BITHOCATBHCS KiJTBKOCTI peUOBUHU CyIb(aTy 1 TIAPOKCHITY Xpomy?

Po36’a3ok.
Cynbdat xpomy (II1) nepetBoproerses y riapokcun xpomy (III) 3a cxemoro:
Cr;y(S0O4)3—2 Cr(OH)s.
3BIJICH BHUJIHO, IO KUIBKICTh PEUOBMHU TIIPOKCUAY XpOMY B 2 pas3u Oujibllia
KUTBKOCT1 pEYOBUHU CYIb(})ATYy XpOMY:

N(Cr(OH)s;) = 2-n(Cr(SO4)s).

Ilpuknao 1.2.
I3 minepana azypury Cuz(OH)(COs), macoro 69,2r 100yTo Mijas. OO0YUCIUTH
Macy Miji.

Po3eé’a30k.
Mizap Oyi0 100yTO 3a CXEMOIO:

Cuz(OH),(CO3), >3Cu.
3BIZICH BUJHO, IO KUTBKICTh PEYOBUHH MiAl B 3 pa3u Oiblle, HIK KUIBKICTh

PEYOBUHU a3ypUTY:

n(Cu)=3n(Cu3(OH)2(CO3),).
OO0YHCIMMO KIJTBKICTh PEYOBUHU a3ypHUTY :
n(Cu3(OH),(CO3)2)=m(Cu3(OH)(CO3)2)/M(Cu3(OH)(CO3),)=
=69,2 r / 346 r/mo1p=0,2 MOJIb.
Toni n(Cu)=30,2 monb =0,6 MOJIb.
Maca mizai J10piBHIOE:

m(Cu)=n(Cu)-M(Cu)=0,6 monb 64 r/Mmonp=38.,4r.



Ilpuknao 1.3.

CkiacTv piBHSIHHS peakiiii OKHCIIeHHs nepokcuay Boaaio H,O, nmepmanrana-
ToM Kamo KMnO, y kucioMy cepeaoBuIli. Sk BITHOCATBCS MiX CO0OO
KUTBKOCTI pEYOBHHHU PEAreHTIB, 1110 BCTYIUIH JI0 PeaKiii?

Po36’a3ok.
PiBHAHHS HaIIBpeaKilii OKUCISHHS epokcuay BoaHo H,O,:
H,0,- 2e < O, + 2H";
PiBHsHHS HaIiBpeakxilii BITHOBJICHHS MEpMaHTaHATy B KHUCJIIOMY CEPEIOBHIIII:
MnO, + 8H" + 5e <> Mn*" + 4H,0.
Jonamo 1l piBHSIHHS, JOMHOMKMBIIM TEpIIe Ha KOE(IUIeHT 5, a apyre Ha
Koe(ilieHT 2, 00 3pIBHATH KUIBKICTh €JIEKTPOHIB:
5H,0, + 2MnO, + 6H" < 50, + 2Mn** + 8H,0
3Biacu
n(H,O,) /5=n(MnQ,) /2,
TOOTO KITBKICTH pedoBuHU H,0,, mo mpor3aemomisia 3 MnOy4, B 2,5 pasu
OisbIa KiTbKoCTi peaoBuHU MnO, .

Ilpuxnao 1.4.
MossipHa KOHIIEHTpallis po3unHy cipuanoi kuciotu ¢(H,SO4) = 4,5 mons/n,
ryctuHa posunny p = 1,260 r/cm’. O6uncinti MacoBy gactky H,SO, B po3dmHi.

Po3e’sa3zok.
Macosa gactka H,SO,4 nopisatoe BigHomenHo macu H,SO, 10 Macu m pos-
YUHY, B SKOMY BOHA 3HaXOJHMThCS:
m(H,S0,)
—
Xaii mopiist po3unHy Mae 00’em 1 71; Tox1 1i Maca JOpIBHIOE:
m = V-p =1000 cm®-1,260 r/cm® = 1260 .
B upomy pozumni 3nHaxomuthes 4,5 monb H,;SO, O6umciumo macy 1rie€i
KUIbKOCTI pedoBuHU H,SOy:
m(H,SO,4) = n(H,SO0,4)-M(H,SO4) = 4,5 moinib-98,08 r/mons = 441,36 .
3Bigcu macoBa yactka H,SO,4 mopiBHIOE:
X(H2S04) % =100 % - 441,36 r/1260 r = 35,03 %.

x(H>S04)% = 100%-



Ilpuknao 1.5.
MacoBa yacTka ripoKCHIy HATpilO0 B po3uuHi JopiBHIOE 2 %. ['ycTuHa po3-
anny 1,020 r/em®. O6umcInTH MOISIPHY KoHIEHTpario NaOH B po3unHi.

Po3é’a30k.

Monsipaa xonuentpariss NaOH nopiBHioe kinbkocTi pedoBuHu NaOH B 1 1
po3unHy. O0UKHCINMO Macy Nopii po3urHy 00’ emom 1

m = V-p = 1000 cm®1,020 r/em® = 1020 .
Maca NaOH, 1110 3Hax0AUThCS B [IbOMY PO3UHHI:
m(NaOH) = x(NaOH)% -m/100% = 2%-1020 r/100% = 20,4 .

Tomi kimpkicTe pedoBuHM NaOH B 1 1 po3uuHy, a,3HaudTh, 1 MOJSpHA

koHueHTpauiss NaOH nopiBHIOE:
c(NaOH) =20,4 1/{39,997 r/monb-1 1} = 0,5100 mob/m.

Ilpuknao 1.6.

Ax npuroryBatu po3uuH 00’emoM 200 MII 3 MOJIAPHOIO KOHIIEHTPALIEIO
Na,CO3 0,05 moub/11, sK110 B 1ab0paTopii €:

a) cyxuit kapoonat Hatpito Na,COyg;

0) kpucranorigpat Na,COj3-10H,0;

B) PO34YMH 3 MacoBor0 yacTkor Na,CO310,21%;

T') pO34MH 3 MOJIIpHOIO KOHIIeHTpaliero Na,CO3 1 moinb/n?

Po3eé’a30k.

a) Po3paxyemo macy kapOonary HaTpito Na,COs, HEoOXigHy IS TMPUTOTY-
BaHHA po3unHy. Kinbkicte peduoBuHu Na,COs, 1m0 MICTUTUMETHCS B PO3YHHI,
JIOPIBHIOE:

n(Na,COs3) = ¢(Na,CO3) -V,
3 IHILIOTO OOKY,
m(Na,COj)
M(Na,CO;)
[TpupiBHSABIIM MTpaBl YaCTUHU X PIBHIHB, MAEMO:
m(Na,CO3) = ¢(Na,CO3) -M(Na,CO3) -V,
m(Na,CO3) = 0,05 moub/n 105,989 r/mois - 0,2 1= 1,06 .
0) Hns obuucnenns macu kpucrtanoriapary Na,COsz-5H,O ckopuctaemoch

n(Na,COs) =

CITIBBIIHOILIICHHSM:
M(©Na,CO;) M(©Na,CO;-5H,0)’




3BIIKU:

m(NaZCOg- 5H20) = m(Na 2CO3)

M([Na,CO;)
m(Na,CO;3-5H,0) = 1,06 T - 286,142 r/mo16/105,989 r/moab =2,86 T.
TakuM YuHOM, JUISI IPHUTOTYBaHHS PO3YHMHY HCOOXIZHO  HABa)XKy

'M(N&zCOg : SHzo),

Na,CO3 macoro 1,06 T abo HaBaxxky Na,CO3-5H,0 macoro 2,86 r BHECTH B MIpHY
K0JI0y MicTKiCTIO 200 MJI, pO3YMHUTH B HEBEJIMKIA KIJIBKOCTI TUCTUIIHOBAHOI BO-
71, TOBECTHU JI0 MITKU JUCTHJILOBAHOIO BOJIOIO 1 PETEILHO TIEPEMIIIIaTH.

B) 3rilHO BHW3HAYEHHIO MAaCOBOi YACTKH PO3YMHEHOI PEUOBHMHHU, Maca
HEOOX1THOT MOPIIiT BUXITHOTO PO3YHHY JOPIBHIOE:

m = 100 % -m(Na,CO3) / X(Na,CO3) %,
m =100 %-1,06 /10,21 % = 10,4 r.

Po3uuH 3BakyBaTH HE3PY4YHO, TOMY JOIIBHO OOUMUCIUTH 00’€M IIi€T MOPILi.
HeoOxinHe 3Ha4YeHHA TyCTUHHU PO3YHMHY 3 MacoBoio udacTkoro Na,CO; 10,21%
3HAXOAMMO B OBITHUKY: p = 1,105 /e, Toni 00’eM JOPIBHIOE:

10,4 /1,105 r/em® = 9,41 e,

r) Kinbkicts peuoBunu Na,COg3, 1110 MICTUTUMETHCA B pO3UMHI, MOKHA BUpa-
3UTH 4Y€pe3 KOHIICHTPAIlll0 Ta 00’€M SIK BUXITHOTO PO3YMHY, TaK 1 TOTO, SIKH
Tpeba MPUroTyBaTH:

C(Na;CO3)"V = Couxizu. (Na2CO3)* V gy,
3B1CH
V puxin. = C(Na2CO3)* V [Chuizn. (Na2CO3),
V sixin, = 0,05 Moub/it - 200 mut /1 mone/nm = 10 mut.

Taxkum yuHOM, OO MPUTOTYBATH PO3YUH, HEOOX1THO BHECTH B MIpHY KOJOY
mictkicTio 200 M 9,41 Ma po3unHy 3 MacoBoro yacTkoro Na,CO; 10,21% ab6o
10 M po3unHy 3 MOJsIpHOIO KOHIEHTpamiero Na,CO; 1 monw/n, moBecTH A0
MITKHM JUCTHJILOBAHOIO BOJIOIO 1 PETENHHO MEPEMIILIATH.

3ajadi Ta BIpaBM JJI1 CAMOCTIHHOI po0oTH
1.1.Cxactu piBHSHHS peakiiii Mixk pearentamu A 1 B (quB. B Ta0muir). Yomy

JIOPIBHIOE BIJIHOIIECHHSI KUIBKOCTEW pPEUOBUHM peareHTiB A 1 B, mo MoxyTb
IPOB3AEMOIISITH MK CO0010?

Ne BapianTy Pearent A Pearent B

1 P o))
2 C&CIQ Na3PO4




O© 0 N O O b W

10
11
12
13
14
15

Fe,x(S0,)3
Al
MnO,
Cu
Cl,
Al(OH);
Cu(OH),
Na,CO;
H,C,0,
FeSO,
H,S
KJ
J

NaOH
HCI
HCI

HNO3, xoHiI.
KOH

NaOH
NH;
HCI

KMnQO,
KMnQO,
O,
K,>Cr,04
Na,S,03

1.2. I3 peyoBuHM A Macor m J100yTo pedoBuHy B (nuB. B Tabmuui). Oduuc-
JIUTU BIJTHOIIEHHS KIJILKOCTEH PEYOBUMHU BUXIAHOTO peareHTy A 1 mpoaykTy B Ta

Macy Ipoaykry B.

Ne BapianTy

PeuoBuna A, maca

Peuosuna B

1

O© 00 N O O & WD

11
12
13
14
15

Fe;O,, 464
Ag,S, 62T
Caz(POy),, 620 T
Caz(POy),, 311
Na,B,O;, 10,1 r
Al,O5-3H,0, 600 r
Cu,0, 288
CusFeS,, 5,04 r
KCIO;, 2451
FeS,, 12
AgNOs, 341
Na,COs, 21,21
CaCl,, 22,2
NaOH, 8
Caz(P0O,),, 621

Fe
Ag
P
CaO
HBO,
Al
Cu
CuO
O,
Fe,O4
Ag,0
NaCl
Caz(POy),
Nas;PO,
NH;MgPO,




1.3. B TaGauii HaBeneHo (GopMysau PEYOBHH, IO MICTATHCS B PO3UMHI, 1X
MOJISIPHI KOHIIEHTpalllii Ta TyCTHHA pPO34MHIB. OOYUCIUTH MACOBY YaCTKYy

PO3YMHEHOT pEYOBUHHU.

Ne BapianTy PedoBuna Momnspna I'yctuna
KOHIICHTPALls, | PO34HMHY, I/CM°
MOJIB/JT
1 H,SO, 10 1,290
2 NH; 15 0,898
3 HCI 6 1,098
4 HNO; 6 1,190
5 CH3;COOH 6 1,043
6 H3;PO, 0,6 1,031
7 HCIO, 2 1,115
8 KOH 3 1,140
9 NaOH 0,6 1,025
10 Na,CO; 1,5 1,145
11 NaCl 3 1,120
12 NH,CI 3,5 1,050
13 C,HsOH 11 0,900
14 KCI 2 1,090
15 CaCl, 1,4 1,120

1.4. B Tabnuii HaBeneHo GOpMyIIH pEYOBHUH, iX MAaCOBI YaCTKH B PO3UMHI Ta
rycTrHa po34uHy. OOUHCIUTHA MOJISIPHY KOHIIEHTPAI[II0 PEYOBUHH B PO3UUHI.

Ne Bapianty PedoBuHa Macoga yacrka, I'yctuna
% po3umny, r/cM’
1 H3;PO, 40 1,254
2 H3PO, 18 1,100
3 Na,SO, 12,43 1,120
4 NaOH 20 1,220
3) NaNO; 40 1,320
6 H,SO, 9,3 1,050
7 Na,CO; 15 1,160
8 KCI 8 1,050
9 H,SO, 39,2 1,300




10 HNO; 65 1,400
11 NH3 8 0,970
12 KOH 10 1,080
13 Na,HPO, 10 1,090
14 HCI 37,2 1,190
15 NaOH S 1,060

1.5. Ak npuroryBatu po3duH 06’emoM 500 MJI 3 MOJIIPHOIO KOHIIEHTPAIIIEIO
NaOH 6 mounb/n, sikmio B mabopatopii €:

a) HACHYEHMIT PO3YMH TiIPOKCH/IY HATPI0, IyCTHHA sKoro 1,53 r/em’;

0) po3umH 3 MacoBoro gacTkoro NaOH 40,0%;

B) PO3UYHUH 3 MOJIsipHOIO KOoHIeHTpaiiero NaOH 10 monb/n?
(a)155,31 mi; 6)209,79 mir; B)300,00 mo).

1.6. Sk mpurotyBaTu po3urH 00’eMoM 250 M 3 MOJISIPHOIO KOHLIEHTPALIEI0
KMnQO, 0,02 moms/71, K110 B 1abopaTopii €:
a) cyxuil nepmanraat kainiro KMnQy;
0) po3unH 3 MacoBow 4dacTkoro KMnO,; 5 % (rycTuHy po3uuMHy BBa)KaTH
piBroI0 1 r/em’);
B) PO34YMH 3 MOJIsipHOIO KOoHIIeHTparietro KMnO, 0,5 moms/n ?
(2)0,7902 1; 6)15,80 mi; B)10,00 mi).

1.7. Sx mpurotyBaTu po3urH 00’emoM 100 M1 3 MOJSIPHOIO KOHUEHTPALIED
CIpYaHOi KUCIOTH 3 MOJIB/JI, SIKIIIO B JabopaTopii €:
a) KOHLIEHTPOBAHA CipyaHa KHCIOTa TycTHHOO 1,83 r/em’;
0) po3unH 3 MmacoBoro yactkoro H,SO,60,17%;
B) pO34MH 3 MOJIsIpHOIO KOoHIeHTparieto H,SO, 18 monb/n?
(a)17,16 mu; 6)32,57 mi; B)16,67 mo).

1.8. SIx mpurotyBaTu po3urH 00’emoM 200 MIJT 3 MOJISIPHOIO KOHIIEHTPAIIIEIO
a30THOT KUCJIOTH 2,5 MOJIB/J, AKIIO0 B TabopaTopii €:
a)KOHLICHTPOBAaHa a30THA KUCJI0Ta IryCTUHOIO 1,37 r/em’;
0) po3unH 3 MmacoBoro yacTkoro HNO3; 30%;
B) PO34YUH 3 MOJIApHOIO KoHIeHTpalier0o HNO;z; 12 mosnb/n?
(2)37,90 mu1; 6)88,98 mut; B)41,67 mi).



1.9. Ak npuroryBatu po34uH 006’eMoM 250 MJI 3 MOJIIPHOIO KOHIIEHTPAIIIEIO
XJIOpoBOAHEBOI K1CIOTH 0,05 MOJIB/1, AKII0 B T1ab0paTopii €:
a)KOHIICHTPOBAHA XJTOPOBOAHEBA KUCIOTA rycTHHOM 1,17 T/em’;
0) po3unH 3 MacoBoro yacTkoro HCI 9,5%;
B) po3umH 3 MoJsipHOIO KoHIeHTparieto HCI 1,2 mons/a?
(a)1,14 mur; 6)4,60 mit; B)10,42 mir).

1.10. Ak mpuroryBaTtu po3unH 06’emoM 500 MIT 3 MOJISIPHOIO KOHIICHTPAIIIEIO
oprodocdopnoi kuciaoru 0,5 MoIB/1, SKIIO B JabOpaTopii €:
a)KOHIIEHTPOBaHa opTodocdopHa KHCIOTa TYCTHHO 1,72 r/em’;
0) po3umH 3 MacoBoro yacTkoro H3PO,4 25,57%);
B) PO3YHH 3 MOJISIpHOIO KoHIeHTpariero H3PO, 12 mons/n?
(a)16,18 mut; 6)83,32 mu1; B)20,83 min).

1.11. SIx nmpurotyBatu po3uuH 06’emom 200 MJI 3 MOJISIPHOIO KOHIIEHTPAIIEIO
xJiopHoi kucyiotu 0,1 Mosb/11, K110 B JlabopaTopii €:
a)KOHIICHTPOBAHA XJIOPHA KHCIOTA TycTHHOW 1,21 r/em’;
0) po3umH 3 MacoBoro yactkoro HCIO, 20,26%;
B) po34uH 3 MoJisipHOtO KoHIeHTpatiero HCIO, 1,2 mons/n?
(a)5,45 mi; 6)5,58 mut; B)16,67 mo).

1.12. Sk npurotryBatu po3uuH 06’emoM 500 MJI 3 MOJSIPHOIO KOHLIEHTPALIEIO
OIITOBOT KUCJIOTH 1,5 MOJIB/J, SIKIIO B JJabopaTopii €:
a)KOHIICHTPOBAHA OITOBA KICIOTA Ir'ycTHHOI 1,05 r/em’;
0) po3unH 3 macoBoro yactkoro CH3;COOH 70%;
B) po3uuH 3 MoJsipHOto KoHIeHTpaiiero CH;COOH 6 mons/n?
(2)42,90 mur; 6)60,20 mu1; B8)125,00 mo).

1.13. Sk npuroryBatu po3uuH 06’emom 500 M1 3 MOJSIPHOIO KOHLIEHTPALIEIO
amiaky 1 MoJib/J1, SIKIIO B JIaOOpaTopii €:
a)KOHIIGHTPOBAHHIT pO3dunH amiaky rycrunoo 0,91 r/em’;
0) po3urH 3 MacoBOIO YacTkor NHjz 25%;
B) PO3YMH 3 MOJISIpHOIO KOHIeHTpariero NHjz 15 moinb/n?
(2)38,87 mu; 6)37,53 mu; B)33,34 mo).

1.14. SIx npurotryBatu po3uuH 06’emom 200 MJI 3 MOJISIPHOIO KOHLIEHTPALIEIO
Tiocynbdaty HaTpito Na,S,03 0,05 monb/1, sKio B 1abopatopii €:



a) kpucranoriapat Na,S,03-5H,0;
0) po3uuH 3 MacoBOl 4YacTKol Na,S,03 5 % (rycTuHy po34MHY BBa)KaTu
piBroro 1 r/em’);
B) PO3YHH 3 MOJISIPHOIO KOHIIEHTpamiero Na,S,03 1 mosbs/n?
(2)2,4818 1; 6)31,62 mu; B)10,00 mm).

1.15. SIx mpurotyBaTu po3uuH 00’emoM 100 M1 3 MOJIIPHOIO KOHIICHTPAIIIEIO

cynbdary miai CuSOy4 0,05 monb/1, sSKIIo B 1abopatopii €:

a) 6e3BoHuM cyabdat mimai CuSOy,

0) kpuctanorigpat CuSO,-5H,0;

B) po3uMH 3 MacoBor uacTkoo CuSO,; 5% (TycTuHy poO34MHY BBa)XaTu
piBroo 1 r/em’);

T') pO34MH 3 MOJIAPHOIO KoHIleHTpalieo CuSO, 2 moib/n?

(2)0,7980 1; 6)1,2484 1; B)15,96 mu1).

1.16. Sx mpurotyBaTu po3umH 00’e€MOM 1 1 3 MOJIAPHOIO KOHLEHTPALIEIO
xsopuay 6apiro 0,02 MOJB/1, IKII0 B TJAOOpaTopii €:
a) 6e3BoHuUI xopun 6apito BaCly;
0) kpucranorigpatr BaCl,-2H,0;
B) PO3YMH 3 MacoBoI0 dactkoro BaCl,10% (ryctuna posunny 1,09 r/cm’);
T') po34uH 3 MoJIIpHOIO KoHIleHTparieo BaCl, 1 monb/n?
(a)4,1648 1; 6)4,8854 1; B)38,1 ™Mu; 1)20,00 Mi1).

1.17. Sk npurotryBatu po3uuH 06’emom 500 M1 3 MOJISIPHOIO KOHLIEHTPALIEIO
nepokcuay BoaHto 0,5 Mob/i, sKIno B Jabopatopii €:
a) KOHLIEHTPOBAHMI PO3UHH [EPOKCHIY BOJHIO IyCTHHOIO 1,242 r/cm’,
0) po3unH 3 MmacoBoro yactkoro H,O, 30 %;
B) PO3UYMH 3 MOJISIpHOIO KOHIeHTpatiero HyO, 15 Mons/n?
(a)11,4 mut; 6)25,5 mut; B)16,7 mi).

1.18. SIx mpuroryBatu po3unH 06’emom 100 M 3 MOJISIPHOIO KOHIIEHTPAITIEIO
teTpabopaty HaTpito Na,B,07 0,01 momns/n, ko B mabopaTopii €:
a) kpucranoriapat Na,B,0;-10H,0;
0) po3unH 3 MacoBoro 4vacTkorw Na,B40; 1% (rycTuHy po3uMHY BBa)KaTu
piBroIO 1 r/em’);
B) PO3YHUH 3 MOJIAPHOIO KOHIIeHTpatiero Na,B,0; 1 mons/n?
(2)0,3814 1; 6)20,12 Mmi1; B)1,00 mut)



1.19. Ak npuroryBatu po3unH 06’emoM 500 M1 3 MOJISIPHOIO KOHIIEHTPAIIIEIO
cynbdary Hikemo 0,01 Momb/m, SKIIo B 1abopatopii €:
a) kpuctasoriapat NiSOy4- 7H,0;
0) po3unH 3 MacoBoio yacTkor NiSO,; 2% (TyCTHHY pO3UMHY BBa)XaTH
piBroo 1 r/em’);
B) PO34YHMH 3 MOJIsIpHOIO KOHIeHTpaiiero NiSOy4 0,45 monb/n?
(a)1,4044 1; 6)38,69 mi; B)11,11 Mmim).

1.20. B 500 mut po3unny mictutbes 14,7 r© mixpomary kamito K,Cr,0O;. Po3pa-
XyBaTu MonspHi konentpanii K,Cr,0; ta K' B po3uumi.
(0,1 moaw/a1 0,2 MOJIB/7).

1.21. HaBaxky kpuctanorigpaty K4Fe(CN)g3H,0 macoro 4,22 T po3uyuHEHO Y
BO/1 1 00’eM po3umnHy jJoBeneHo 10 250 mi. Po3paxyBaTu MOJSIpHI KOHIIEHTpAITli
K* ta Fe(CN)s" B 0ZepKaHOMY PO3UHH.

(0,16 mounp/1 1 0,4 MoIIB/1).

1.22. HaBaxky 6ypu Na,B,07;10H,0 macoro 76,4 T po3unHEHO Yy BOJI1 1 00’ €M
posunny goBexero 10 500 mi. PospaxyBatu MomsipHi koHmentpamii Na* i B,O;”
B OJIEPKAHOMY PO3YMHI.

(0,8 mon/m1 1 0,4 MOIB/M).

1.23. HaBaxky kpuctanoriapary BaCl,2H,0 macoro 12,2 T po3unHeHO y BOIi
i 06’eM posunny KoBeaero 10 200 mi1. PospaxyBaTi MOSIpHI KoHIeHTpawii Ba®
1 CI' B omeprxkaHOMY PO3UHHI.
(0,25 momaw/m 1 0,5 Momw/m).

1.24. HaBaxxky anmomokanieBux raiayHiB KAI(SO,), 12H,0 macoro 47,4 T po3-
YUHEHO Yy BojAl 1 00’eM po3umHy pgoBeraeHo 10 1,0 i1. PospaxyBatu MoJsipHi
koutentpamii KAI(SO.), i SO,° B po3umHi.

(0,1 monp/n 1 0,2 MoJB/1).

1.25. B 1,01 po3umHy wmictutbes 24,10 T 3ami30aMOHINHUX TalyHIB
NH4Fe(S0,),12H,0 . Pospaxysatu MousspHi konueHtpamii (NHz)Fe(SOy), i1
SO,* B po3uuHi.

(0,05 momnp/m 10,1 Mmoib/i).



1.26. B 500 ma po3umny mictutbes 9,8 T comi Mopa (NHy),Fe(SO,), 6H,0.
Pospaxysarti MoysipHi koHuertpanii NH,", Fe?*, SO,% B po3unHi.
(0,1 moaw/x; 0,05 mons/m; 0,1 MOIB/T).

1.27. 3mimano piBHI 00’€eMH pO3unHIB 3 MoOJsipHUMH KoHIeHTpamismu KCl
0,5 monb/nt Ta KNOj3 0,2 Mmonw/n. Po3paxyBaTtu MOJIsipHI KOHIIEHTpalii 000X pe-
YOBHH B PO3UHHI, OJICPKAHOMY IICIIS 3MIIITyBaHHS.

(0,25 moaw/m 1 0,1 Mosw/m).

1.28. 3Mimano piBHI 00’€MU PO3UYHHIB 3 MOJSIPHUMU KOHLEHTpauiaMu ZnSO,
0,9 monw/n, MgCl, 0,45 mons/n Ta KNO3 0,3 mons/n. Po3paxyBatu MomsipHi
KOHIIEHTpaLli KO>)KHOI p€YOBHHH B PO3UHHI, OJIEP>KaHOMY IICJIsI 3MIIITYBaHHS.

(0,3 momw/1; 0,15 moaw/m; 0,1 MoJIb/1).

1.29. 3mimano 300 M 1 1,200 1 po3yuHIB 3 MOJIIPHUMHU KOHIEHTPALISIMU
KCI 2 monb/it 1 0,5 mons/i. Po3paxyBatu MossipHy koHreHtpaiiito KCl B oxep-
KAHOMY PO3UHHI.

(0,8 moub/m).

1.30. 3mimano 500 mi po3unHy 3 MoJsApHOIO KoHueHtparieo NaCl
0,1 momb/it 1 250 M1 po3unHy 3 MossIpHOIO KoHIeHTparietro NaNO3 0,4 Momb/m.
Po3paxyBatu MoJIsIpHI KOHIIEHTpaIlli CoJiel B OJIepKaHOMY PO3YMHI.

(0,2 momn/n).

1.31. B mipny xosi0y mictkictio 1000 mut BHeceHO 10 mut po3unHy 3 MacoBOIO
gactkoio NaOH 20% i rycruroo 1,22 r/em® Ta 200 MII PO3YHMHY 3 MOJSIPHOIO
koHieHTpariero NaCl 0,5 Moab/1 1 T0BEIGHO 10 MITKH JUCTUILOBAHOIO BOJIOKO.
Pozpaxysatu mossipai konueHTpartii NaOH 1 NaCl B po3uuHi.

(0,061 monb/m 10,1 Monb/i).

1.32. B MipHy K050y MicTKiCTIO 250 MJT BHECEHO 5 MJI pO3YHMHY 3 MacOBOIO
gactkoto HNO; 65% 1 rycrtunoro 1,4 r/em® Ta 50 M PO3YMHY 3 MOJISIPHOIO
koHieHTparietro NaNO3z 5 MoJIb/J1 1 TOBEACHO 10 MITKH JUCTUIILOBAHOIO BOJIOKO.
Pozpaxysatu mossipai koHueHTpaiii HNO3z 1 NaNOj; B po3uuHi.

(0,29 moap/im i 1 Mob/m).



1.33. B mipHy K010y MicTKicTIO 500 M1 BHECeHO 50 MJT pO3YMHY 3 MacOBOO
gactkoro KOH 10% 1 ryctunowo 1,08 r/em® Ta 200 M PO3UHUHY 3 MOJISIPHOIO
koHieHTparietro KNO3; 3 Moib/1 1 TOBEIEHO 10 MITKH JUCTHJIHOBAHOK BOJIOKO.
Pospaxysatu momspai kortieHTparnii KOH 1 KNO3 B po3uwnHi.

(0,19 momnp/m i 1,2 Moib/1).

1.34. B mipHy k0s10y MicTKicTIO 200 M1 BHeceHO 20 MJT PO3YMHY 3 MacOBOIO
gactkoto HCl 37,2% 1 rycrunow 1,19 r/em® Ta 50 M PO3UMHY 3 MOJISIPHOIO
koHieHTpariero NaCl 0,2 MO/ 1 IOBEJICGHO JI0 MITKH JHUCTUIHOBAHOIO BOJIOKO.
Pospaxysatu momsipai korneHTparii HCI i NaCl B po3uwnHi.

(1,2 mob/n 1 0,05 Momw/).



2. METOIU TEOPETUYHOI'O JOCJ/IIIKEHHA
PIBHOBAKHUX XIMIYHUX CUCTEM

2.1 XimiuHna piBHOBAara i 3aKoH Jil04UX Mac

binpmiicTe XIMIYHUX peakiii € 000POTHUMH: MPOIYKTH, IO YTBOPHINACS 32

IPSIMOIO PEAKITIE0, B3AEMOJIIFOTh MK COOO0I0 3 YTBOPEHHSIM BHX1JIHMX PEareHTIB:
V1R1 + VZRZ + V3R3 +..& V1' Bl + V2’Bz + V3’Bg +.... (21)

Tyt cumBosioM R mo3HaueHo BUX1JHI peareHTH, CMMBOJIOM B —mpoaykTH, v i
V' —cTexioMeTpuuH1 KOeQiIi€HTH.

B pe3ynbTaTi mpOoTIKaHHS TAaKOi peakilii B CUCTEMI BCTAHOBIIOETHCS XiMIUHA
PiéHogaza —1ie TaKuil CTaH CUCTEMH, KOJIA IIBUAKICTh MPSAMOI PEAKLii TIOPIBHIOE
IIBUKOCTI 3BOPOTHOI PEAKIIIi.

KonnenTpartis XiMi9HOI YaCTHHKH, IO JOCSATAETHCS B PIBHOBAXKHIN CHCTEMI,
Ha3UBAETHCS PIGHOGAI}CHOI0 KOHUEHMPAWiclo 111€1 YaCTUHKHU 1 I03HAYAETHCS
XIMIYHUM CHMBOJIOM YaCTHHKH, OTOUYEHUM KBaJIpaTHUMH JY>KKaMH, HAPUKIIAI:
[CI"] —piBHOBaxkHa KOHUEHTpalist iony xmopuny, [HsPO4]— piBHOBaxHa
KOHLIEHTpaliss MoJieKyadl (ocpopHoi KHCIOTH 1 T.I. 3  PIBHOBAXKHOIO
KOHIICHTPALIEIO TIOB’13aHa AKMUGHICHM b XIMIYHOT YaCTUHKU:

ar :fR' [R],

ne  Koe(imieHT TpormopIiioHadbHOCTI fr  Ha3MBaeTbes  KoedilliEHTOM
AKTUBHOCTI YaCTUHKU R.

[IBuaKicTh MNpsIMOI  peakulii MNponopLiOHATbHA AKTUBHOCTAM BUXIIHHX
pEareHTiB B CTENEHSX, 10 JOPIBHIOIOTh CTEXIOMETPUYHUM KOE(DILIIEHTAM :

— VI g2 .
V(—>)_k1 aRl aRZ T

a MBUAKICTb 3BOPOTHOI PEaKlli MPONOpLIOHATbHA AKTUBHOCTAM MPOIYKTIB
peaxiii y BiJIMOBITHUX CTETICHSIX:

!

Vi

_ 2,
Vi)=ke 3,

. a’B2
B crani XiMI4HOI pIBHOBAru v(_,)= V(.), TOAl

!

Vi V2 V1 vh
k, ap -an” - . =k,a anT
1 "R; "Ry 27B; "By
3B1JCH
Vi V2
a .a .....
B “B
kil k, = — 2
Vi V2
a .a .....
R; "Ry



a00, pu ki/k, = K

Vi V2
a Bl . a Bz .....
K = . (2.2)
Vi Vo
R, AR,

Ile piBHsSHHS 3akoHy ditouux mac (3/IM), a K —koncmanma 3/[M a6o koH-
cmaunma pienosazu.
3akoH nirounx mac Oyno chopmyiaboBaHO B 1864 - 1867 pokax HOpPBE3bKH-
mu BueHumMu K.I'ynpa6eprom i [1.Baare.
B po3BeaeHux po3yMHAX AKTUBHOCTI XIMIYHMX YAaCTUHOK MPHUOIH3HO
JOPIBHIOIOTH 1X PIBHOBaKHUM KOHIEHTpAIlisAM, 1 piBHIHHS 3/IM MoXxHa 3anucatu
Y BUTJISIL:

[B]"[B,]" .-

[RyJ" - [Rp]2 oo

Konuenrtpaniiinuii Bupa3 3/IM 3acTOCOBYIOTH 1 AJi1 OUIbII KOHIEHTPOBAHUX
PO3UYHMHIB, y SKUX KOE(IUIEHTH AaKTHUBHOCTI BIAPI3HAIOTHCS BIJ OJWHHUII, 1
AKTUBHOCTI ~ XIMIYHMX YaCTUHOK HE  JIOPIBHIOIOTH 1X  PIBHOBaXXHUM
KOHIICHTparisiM. Ale Toj1 koHcTanTa 3/IM € KOHIICHTpAIiiHOIO 1 3aJIeKUTH BiJ
KOHIIEHTpAIli 1 3apsaiB BCIX 10HIB po3unHy. KoHIeHTpaliiiHa KOHCTaHTa
MO3HAYAETHCS CUMBOJIOM K

B.11.[B-12-....
o BB 23

[RyT"[R,]2

BBaxkaroum, 1o 1 BUXITHUX PEUOBHH CTEXIOMETPUYHI KOE(]III€EHTH €
Bin’eMHuMHU BenuuuHaMu (V; <0), a uisi TPOJYKTIB PEeaKIlii CTeXioMEeTpUYH1
koediienTH mMo3utuBHI (V4 > (), MOKHA 3aMKcaTy PIBHSAHHA Peakili B 3arajbHo-
MY BUTJISIIIL:

Toni piBusaas 3/]IM Mae BUTIISA:
K=Tla, (2.5)
i

a00 TSl KOHIICHTPAIIMHOT KOHCTAHTH:
K =TI[R,]". (2.6)
i



2.1.1. Tunu xiMivyHux piBHoBar y po3unHax. [loznayennss koucranr 3/IM

Jlo XiMIYHHMX pIBHOBAr y pO34MHAX BIAHOCATHCS peakuii CnoayueHHs yacmu-
HOK Ta 2emepozeHHi npouecu, ic po34uH € oHI€r0 3 (a3. OCHOBHI TUIIH PeaKIlii
CHOIYYeHHA YACMUHOK Y PO34UUHI — 1€ KUCIIOTHO-OCHOBHI piBHOBaru (peaxitii
nepenaui mpotony H'), okucIrOBanbHO-BiHOBHI piBHOBarm (peaxiii mepenadi
€JIEKTPOHY e-) Ta PIBHOBAru KOMILJIEKCOYTBOPEHHs (KOOpAMHAIlIS JIiraH iB HaB-
KOJIO IIEHTPAJbHOTO aToMa 3a PaXyHOK JOHOPHO-aKUENTOpHHUX B3aeMoiil). Jlo
2emepo2eHHUX Pi6HO6AZ BITHOCATHCS PIBHOBArW TBepja (¢asza-po3unH (peakiii
PO3YMHEHHST OCafiB), Ta3-po34yWH (peakilii pO3YMHEHHS Ta3iB) Ta PIBHOBATH
PO3MOITY PEYOBUHM M1k JIBOMA PO3YMHHUKAMU, 110 HE 3MIIIYIOThCSI.

Haiibinbm mpoctuii cnoci0 Mo3HAYMTH, 10 SIKOi peakiii BIAHOCUTBCS KOH-
cranta 3/IM, —HaBecTH pIBHSHHS peakxilli B Jy)KKax IICJIs CUMBOJY KOHCTAHTH
4y Jiorapu(pmMy KOHCTAHTH, HATTPUKJIIA/:

Ilg K(NH; + H" < NH,") = 9,24,

JInst CKOpOYEHHS 3aIMCiB KOPUCTYIOTHCS CIEIIalbHUMU MO3HAYEHHSIMHU KOH-
ctanT. Huxde B TaOinill HAaBEJEHO CUMBOJIH, SIKI PEKOMEHI0BaHO MiKHapOJHUM
coro3oM 3 unctoi Ta npukiaanoi ximii (IUPAC) nns no3naueHHs: koHCTaHT 3/ M
OKpPEMUX THUIIIB XIMIYHUX PEAKIIIH.

Peaxini criorydeHHS YaCTHHOK V PO3UYHHI

KvcnoTHO-OCHOBHI PIBHOBAru

Ha3Ba ta nmo3Ha-

YEHHS KOHCTaH- PiBHsiHHSA peakiii [IpuMiTKH 1 TOSICHEHHS
TH
3aragpHa AT +iH" < HA™ Hwxnili iHnekc H CBIigUuThH, W10
KOHCTaHTa Mpo- KOHCTaHTa BIJIHOCUTBHCS 1O peaKIlii
TOHYBaHHSI OC- npuenHanHs npoTtonis H'; ingekc i
HOBH A”, B MO3HAYEHHI KOHCTAHTH JOPIBHIOE
Bhi KUIBKOCTI MPUETHAHUX MTPOTOHIB.

Hanpuxnan, nis peakiii
PO,> + 2H* < H,PO,
KOHCTaHTa MO3HAYAETHCS Bp.

. i-z-1 + - e o . .
Cryminuacra H A"+ H < HA"” |Hwxkniit iHnexkc H CBiquuTh, IO
KOHCTaHTa Mpo- KOHCTAHTa BIJIHOCHUTBCS JO PEaKIlii
TOHYBaHHS OC- npueaHanss npotony H'; ingexc i B

HOBH A7, MO3HAYECHHI KOHCTAHTH JOPIBHIOE




Khi

HOMEpY MIPOTOHY, SIKUH
npuenHyeThbcs. Hampukmam, s
peaxkiii

HPO,* + H' < H,PO,
KOHCTaHTa no3HavaeTbes Kyp.

Koncranra
ncorianii Ku-
CJIOTH,

Kai

Hyis AT HyA + HY

Jlucoriaiito KMUCJIOTH PO3IIISAAI0Th

SIK Imponccu CTVHiH‘{aCTOFO

BIJIIICTUICHHS. TMPOTOHIB. HukHIM
IHIEKC a TOXOIUTh BiJl TEPMIHY
acidum (xucioma), 1HOEKC 1 B
NO3HAYEHHI KOHCTAaHTU JOPIBHIOE
HOMEPY SIKUM
JUCOIIIOE KHUCIIOTa, TOOTO HOMEpY

POTOHY, KU BIIICTUTIOETHCS.

CTYyHEHI0,  3a

Hanpuxnan, nis peakiii
HPO,“ < PO,> + H'
KOHCTaHTa no3HadyaeTbes K.

lonnnit
JT0O0YTOK BOJIH,
Kw

HzO = H++ OH

HwxHiA 1HIEKC W IMOXOIUTHh BIJ
aHTIIICHKOTO TEpPMIHY water (80-
oa).

AKTUBHICT, BOJM BKJIIOYEHO [0

KOHCTAHTH, TOX piBHSAHHS 3/IM mae

purimsan. Ky=a . -a )
A Baw H™ “OH~

KomruiekcoyTBOpeHHs

3arajpHa KOH-
CTAHTAa CTIUKOCTI

M +nL < ML,
(3apsiIy YaCTUHOK HE

HwxHili 1HDEKC N B MO3HAYEHHIL

KOHCTAHTU  JOPIBHIOE  KUIbKOCTI

KOMILJIEKCY HaBEJICHO) npuegHaHuX Jira"aiB. Hampuxnan,
ML, JUISL peaKiii
Bn Cu® + 4NH; < Cu(NHj),”*
KOHCTAHTa M03HAYA€THCS 3.
CryniHvacTa ML,.;+ L < ML, HwxHii 1HOAEKC N B ITO3HAYEHHI
KOHCTaHTa KOHCTAHTH  JIOPIBHIOE  HOMEpY
CTIMKOCTI Jiravny, sKud mnpuenHyerbcs. Ha-
KOMILIEKCY TPUKIIAJ, IS peaKIlii
ML, Cu(NH,;);*" + NH; < Cu(NH3),**
Kh KOHCTaHTa no3HavyaeThes Ky.
3arajipbHa mM + nL < ML, B HwkHBOMY  1HIEKCI  TpH




KOHCTaHTa MO3HAYEHH1 KOHCTAHTH Ha MEPIIOMY
CTIMKOCTI Oara- MICIl BKa3aHO KUIBKICTH JITaHIIB
TOSIAEPHOTO (n), Ha APYromy — KUIbKICTh LIEH-
KOMILJIEKCY TpaJbHUX aTOMIB (M) Y KOMIUIEKCI.
ML, Hamnpuknan, s peaxitii
Bam 3Pb* + 40H < Pb3(OH),**
KOHCTaHTa MO3HAYAETHCS [343.
OKuCII0BaILHO-BITHOBHI peaKilii
KoHcranTa Ox + ne < Red B noBiAKOBUX TaOMUIAX MPUIHSITO
HamiBpeaKIii HAaBOAUTH KOHCTAaHTU caMe JUIs
IpU€ETHAHHS HaIlBpeaKI[ii MIPUETHAHHS
€JICKTPOHIB eNeKTpoHiB. Bemuuuna, oGepHeHa
(BITHOBJICHHS), 1[I KOHCTAHTI, IOPIBHIOE KOHCTAHTI
K 3IM 3BOpOTHOI HamiBpeakiii —
HaliBpeakKilii BiAIIEIICHHS
€JIEKTPOHIB (OKUCJICHHS):
lg K(Red - ne < Ox) =
= - Ig K(Ox + ne < Red).

I'ereporeHHi piBHOBaru

Tumn rereporeHHo1
CHUCTEMU

Ha3sBa ta mo3Ha-
YeHHI KOHCTAaHTU

[TpumiTKH Ta MpUKIAIHA

PeuoBuna
B KOHIIEHCOBaHIN
da3i (piakiit adbo
TBEP/Iiif) —PpO34HH

Koncranra
PO3YMHHOCTI a00
T00YTOK
PO3YHMHHOCTI
Ks

HwxHii 1HODEKC S MNOXOIUTH BIJ
aHriiiicekoro  tepminy  solubility
(po3uunuicms). Tepmin “KOHCTaHTa
PO3YHMHHOCTI” BITHOCHUTBHCS 0 PEAKIIIMA
Nepexoay MOJEKYJISIPHOI YACTUHKH 13
KOHJICHCOBAHO1 (ha3u 10 pO3YUHY:
K(A{ < A) = K. AKTHBHICTh YacTH-
HOK y KOHJEHCOBaHIM a3l €
[MOCTIMHOI BEJIUYUHOIO 1 BXOIUTH 10
K Toxi piBastaas 3[IM Mae BUTIIS;
Ks=aa, 1 K¢ 1MOpiBHIOE PO3YMHHOCTI
pEUOBUHU A.

Tepmin  “m00yTOK  PO3YMHHOCTI”
BIJIHOCUTBCSL JIO TPOIECIB PO3YMHEH-




Hl, 1110
JIMCOITIAIIEF0 MOJIEKYT:

MpA < mM* + nA”,

Toni piBasaES 3/IM Mae BUTIIAL:

KS = aMm' aAn-

CYNIPOBOIKYIOTHCS

I'a3 —po3unn

KoncranTa po3uu-
HEHHs Ta3iB (KOH-
CTaHTa
3akony ['enpi),

Jlns peaxinii po34MHEHHS raszy

AT A

piBHsHHS 3/IM Mae BUTIIS:

K = aa/pa, e pa —TapmiaJbHUN THCK

K razy A.
Boasguuin Koncranra Hwxnuili iggekc d nDoXoguThs Bif
PO3YHH PEUOBUHHU A pO3MOIiTY aHriiicekoro Tepminy  distribution

—PpO34YUH PEUOBUHHU

A y pO3YHHHUKY, 1110

HE 3MIIIYETHCS 3 BO-
TI010

PEUYOBHHH MIX
JBOMA piKUMU (a-
3amu, Ky

(po3noodin).B BHTJISAII

peaKkiilo po3MOAULy pEYOBUHU A

3arajJilbHOMY

B1JI0OpaXka€ piBHSIHHS:
A Ay,
BIJHOCUTBCSA JI0 BOJSHOTO PO3UYHUHY,

JiBa  4YacTUHA  SIKOTO
npaBa —J0 PO3YHHY B OpPraHIYHOMY
po3unHHUKy. PiBHsHHS 3[IM mae Bu-

s Ky = aaopr/aa.




2.1.2.00uncjaenns koHcTaHT 3/IM Ha 0CHOBI JOBIIKOBHX JTaHHX

JI1s OCHOBHHMX THIIIB XIMIYHUX peakilii B JOBIJHUKAX HABOJSTH 3HAUCHHS
koHcTaHT 3/IM (abo ix morapudmm). Born MoxyTh OyTH BUKOpPHCTaHI sl 00-
YUCJICHHS] KOHCTAHT 3/IM 1HIHX peakxiii.

3B’s30K MDK KOHCTaHTamu 3JIM oOKpeMux peakiliii MO)XKHa BCTaHOBUTH,
nopiBHIOI0UM BUpa3u 3IM s nux peakiiii. Tak, s npsMoi peakii

vaA + vgB < veC + vpD (2.7)
KOHIICHTpaIliiuuii Bupas 3/IM mae BUTIISI;
_[CT* - [DT™P
[ATA -[B]'®
J11st 3BOPOTHOT peakiiii
veC + vpD < vaA + vegB (2.9)
[AT™ -[B]™®
[C]' -[D]™

[TopiBHSIHHSA TTpaBUX YacTUH PiBHAHB (2.8) 1 (2.10) cBiIUUTH IO TE, IO 04

K (2.8)

K'=

(2.10)

npamoi i 360pomnoi peaxuiii koncmanmu 3/IM € 63aemno odepHeHumu geu-
yuHamu:
K=K, lgK'=-1g K. (2.11)

Peakiisi nucoriani kucinotd HA € 3BOpOTHOIO 1Jisi peakilii MpOTOHYBaHHS
OCHOBH A, TOMY KOHCTAHTa JWCOIliAIlli KHCIOTH € BEJIUYHUHOIO, O0EPHEHOIO
KOHCTaHTI TPOTOHYBaHHS:

Ke=Kyt  IgK,=-1g K.

3aranbHl KOHCTAHTM NPOTOHYBAHHS YM CTIMKOCTI KOMIUIEKCIB TMOB’S3aHi 3
BIJIMOBITHUMU CTYIIIHYACTUMHU KOHCTaHTaMH. Tak, peakilisiM CTyIIHYaCTOTo Mpo-
TOHYBaHHS CyIbDiny

S +H" < HS, Ky (2.12)
HS + H" < H,S, Ky, (2.13)
BIJIMOBIAI0Th PiBHSHHS 3/[M:
KHl = @, (214)
[STIH"]
KHZ = M (215)
[HS™[H"]

3arayibHIN peakiiii TPOTOHYBaHHS Cyb(iTy
S + 2H* < H,S, By (2.16)



BiAnoBigae piBHAHHS 3/IM
Bup = — 2]
[S*H*P

Bupa3 y npasiit yactuni piBHsAHHS (2.17) MOXXHa OJiep>KaTH, MEPEMHOKHBIIU

(2.17)

npaBi yacTUHU PiBHIHB (2.14) 1 (2.15). Toxi niBa yactuHa piBHAHHA (2.17) Tex
JIOPIBHIOE IOOYTKY JIIBUX YaCTHH PiBHIHB (2.14) 1 (2.15):
Brz = Kh* K.
3Biacu
Ig Brz = 19 Kiz + 19 Ky

Came piBHAHHS 3arainbHOi peaktii (2.16) MoXHa ofep>kKaTH, JOJABIIU IIO-
YWICHHHO PIBHAHHS CTymiH4YacTux peakimiil (2.12) 1 (2.13). Takum ymHOM, CyMi
PIBHSIHBb PEaKIliii BIAMOBIAE cyMa JorapuMiB iX KOHCTaHT.

3azanvhi i cmyniHuacmi KOHCMAHMU NPOMOHYBAHHA UYU CHMIUKOCHI

KOMRNAEKCI8 06 ’A3aHI MIXMC CO00I0 CRIBGBIOHOMWECHHAMU:
n

lg Brn = 2 19 Ky, (2.18)
i=1
9B=> 19K, (2.19)
i=1
Ig Kn = Ig Bn - Ig Bn-l- (2-20)

B 3aranbHOMy BUMaaky st o0uuciaeHHs KoHcTaHTH 3/IM Ha ocHOBI TabIM4-
HUX JaHuX TpeOa MpPEeNCTaBUTU PIBHSHHA PEAKIli SK JIHIUHY KOMOIHaAyio
PIBHSHB THX peakiiii, misa skux € 3HadeHns lg K. Jlinifina koMOiHaIlis piBHAHB
peakIiiii BKIItoUae orepariii MHOKEHHS PIBHSHHS Ha YUCJIO0, MOYJICHHE BlAHIMAHHS
Ta JOJaBaHHS PiBHAHB. T1 K caMi omeparii, 10 BUKOHYIOTbCS HaJ PiBHAHHAMH
peaxiiii, MaroTh OyTH BUKOHAH1 i HaJl JorapupMamMu iX KOHCTaHT, TOOTO:

01 JIHIUHOT KomOinauyii pienans peaxuiii nozapugm xoncmammu 3/IM
00piBHIOE MaKill Jce NIHIUHIN KOMOIHauii nozapumie KoHcmanm uux
peaxkuyii.
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Ilpuknao 2.1.
Kopucryrounch A0BIIKOBUMHU JaHUMHU MPO KOHCTaHTH 3/IM st OCHOBHUX
THUIIIB XIMIYHUX PIBHOBAr, 00UMCIUTH JIOTapu(M KOHCTAHTH JIJISl pEeaKIii

CH3;COO + H,0 < CH3COOH + OH .



Posé’a3ok.
[le KHCIOTHO-OCHOBHA piBHOBara. B JOBIIHMKY 3HAXOJAMMO KOHCTaHTY

peaxiiii 3a yuacTio ioHy aneTaTy Ta iony H':
CH3COO™ +H" < CH3COOH, lg By =4,757.
{06 Buxmountu ionn H', 10 piBHAHHA wLi€i peakuii J0JaMO piBHAHHS
JUCOITiaIii BOIH:
H,0 < H" + OH, Ig K,, = -14,0.
CymapHe piBHSIHHS peaKilii:
CH3;COO + H,0 < CH3COOH + OH,
tomi Ilg K =1g B + 1g Ky, = 4,757-14,0 = -9,243.

Ilpuknao 2.2.
O6uncnuTH Jorapudm KOHCTAHTH JIJIsl PeaKiii
H3PO,4 + 20H™ <> HPO,* +2H,0.

Po3é’a3ok.
B noBignuky mis 1oHy ¢docdary HaBeJEHO KOHCTAHTH, IO BIANOBIIAIOTH

peaKIisam:

1)PO,* + H* < HPO,”, Ig Ky = 12,35,

2)HPO,* + H" < H,PO, , Ig Ky, = 7,199,

3)H,PO, + H' < H3PO,, Ig Ky = 2,148.

[Ilo6 omepxaTu piBHAHHS, B JiBii yacTuHi sikoro —H3PO,, a B mpasiit —
HPO,*", tpeba pisusans (2) i (3) nomHoxuth Ha (-1) i Z0KATH; IPH IBOMY BHK-
mounthes wactuaka H,PO, . 106 Buxmountn iomm H', momamo PIBHSIHHSA
peaxiiii qucoriariii BoAu, JOMHOXHBIIHN Horo Ha (-2):

-1 |HPO,Z + H' < H,PO, , 1g Ky
-1 |H,PO, + H' < HaPOy , Ig Kis
-2 |H,0 & H" +OH ", Ig Ky,
H,PO, + H3PO, + 2H* + 20H < HPO,* + H,PO, + 2H* +2H,0.
[Ticnst ckOpOYEeHHSI OIMHAKOBUX JOJAHKIB (X MIAKPECICHO) OIEPKYEMO 3a/1a-

HE PIBHSHHS PEaKIlil (IUB. YMOBY); JUIsl HHOTO
lg K =(-1)1g Kz + (-1)1g Kz + (-2)- Ig K, =-7,199 - 2,148 +2-14,0 =

=18,75.

Ilpuknao 2.3.
OOuucnutu norapumM KOHCTAHTHU JJIs PEaKIii:



3CuSy + 8H' +2NO; <> 3Cu?* + 3Sd + 2NOT + 4H,0.

Po3é’a3ok.

[le okuCIIOBAIbHO-BITHOBHA PEaAKIIisl: CTYMIHb OKUCIEHHS CIPKH 3MIHIOETHCS
3 (-2) 1o Hyms, azoty — 3 (+5) g0 (+2). 3HaX0AMMO B JOBIIHUKY KOHCTAHTHU
3/IM nns HamiBpeakilid, B skux okucieHuMmu ¢dopmamu € S(0) 1 N(V),
BiJIHOBJIEHUMHU, BianoBigHO, S(-1T) 1 N(III):

1) Sy +2e < S*, Ig K, =-14,17;

2) NO; + 4H" + 3e & NOT + 2H,0, Ig K, = 48,5.

3a yMoBOIO 3amadi S* BXOMMTB 0 CKI4Ly OCAdy, SKHH PO3UMHIOETHCA Y
BIIOBIJTHOCTI 3 PIBHSHHSM:

3) CuS{ < Cu* +S*, Ig K, = —36,1.

B cyMapHOMY piBHSHHI He [IOBUHHO GYTH €IEKTPOHIB Ta i0HIB S° (XHB. yMO-
BY). l1{00 BUKIIOUMTH Ii YACTHHKH, TpeOa JTOMHOXHTH Tepiie piBHAHHS Ha (-3),
Ipyre —Ha 2, TpeTe — Ha 3 1 JoJ1aTH iX:

35 +2NO; +8H" + 3CuS{ +6e <> 3S! + 2NOT + 4H,0 + 3Cu*" +

+35% + Be.

[Ticnist CKOpOYEHHST OJMHAKOBUX JOMAHKIB (X MIIKPECICHO) OJEPKYEMO 3a/1a-
HE PIBHSHHSA PEakKliii; AJis HbOTO:

lg K=(-3)Ig Ky +2-1g K, +3-1g Ks = (-3)(-14,17) + 2-48,5 + 3-(-36,1) =

=31,21.

2.1.3.3acTtocyBanHst koHcTaHT 3/IM 1151 NporHo3yBaHHsA XiMiYHHUX mepe-
TBOpPEeHb

3natoun koHCTaHTy 3/IM, MOkHa mependayaT MOXIIMBICTH THX YU 1HIIMX
XiMIYHUX TiepeTBopeHb. Sk BuaHO 13 piBHsAHHA 3AM (2.3), mpu K>>1 (ToOTO
lg K>0) piBHoBara peakiiii (2.1) 3cyHyTa BIpaBO: pPiBHOB&KHI KOHIICHTpAIii
npoayKTiB B nmepeBulytoTh piBHOBaXXKHI KOHIIEHTpallii peareHTiB R. Yum dinvua
xkoncmanma 3/IM, mum nosniuwie peazenmu R mosrcymo npoezacmooiamu mixyce
coborw i nepemeopumucsa 6 npooykmu B. Koau K<<1 (to6To Ig K<0), uncenn-
HUK piBHsSHHA (2.3) MeHIe 3HaMEHHWKa —piBHOBara peakmii (2.1) 3cyHyra
BJIIBO, TOOTO peazenmu R maiisrce ne 63aemooditomo misxic coodoio.

3o0kpema, 100yTOK PO3YHMHHOCTI 0Cay J03BOJISIE TIepea0aYnuTH, YU YTBOPUTH-
Cs ocajl y pO34MHI 3 BIJOMUMH KOHIIEHTpAlIsIMUA KaTIOHY Ta aHioHY. J[Jig 1boro
ciig 00UnuCIUTH T100YTOK MOYATKOBUX KOHIICHTpAIlii, aHamoriuHui Bupa3y 3JIM.
k1110 oepkaHe 3HaYEHHSI TIEPEBUIIYE T0OYTOK PO3YMHHOCTI —OCa]l BUMAJE.
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Ilpuknao 2.4.
Yu wmoxxkHa poszuumHuTH cynbdix Mapranmo(ll) 1 cyasdig wmimi(ll) B
XJIOPOBOJHEBIM KUCIIOTI 3 MOJISIPHOIO KOHIICHTpAIi€ro 1 Mob/n?

Po3eé’a30k.

PiBHsHHS peakiiii po3uMHEHHS CYNbQIiIIB Y XJOPOBOJIHEBIN KHUCIOTI MOXKHA
oJiepKaTH JI0JaBaHHSM P1BHSIHb:

1) MnS{ < Mn* + §%, Ig K, =-13,5,

2) S* + 2H* < H,S, g B, =20,92,

TOM1

3) MnS{ + 2H* < Mn?** +H,S,

lg K =19 K + 19 Brp =-13,5+20,92=7,42.

[Ipu nmo3utuBHOMY 3HaueHHi lg K piBHOBara peakiii (3) 3milieHa BIpaso,
3HA4UTh, Cylb(ia mapranuto(Il) Oyne po3uMHATUCE Y XJIOPOBOIHEBIN KUCIIOTI.

JInst aHasiorivyHoi peakuii po3unHeHHs cyabdixy miai(1l)

lg K=1g K + Ig Bn, =-36,1+20,92=-15,08,

3HAYUTh, PIBHOBAra peakilii

CuSl + 2H" & Cu** +H,S

3MillIeHa BIiBO, 1 ocaa cynbdiny mimi(Il) He Oyae MOMITHO PO3UYUHSITHCH Y
XJIOPOBOJHEBIN KUCIIOTI.

2.1.4. I'panuui ods1acreil nepeBaKaHHs OKPEMHUX MPOAYKTIB peakuii

EdexkTuBHICTh XIMIYHUX TNEPETBOPEHh MOXXHA OIIHUTH 3a JaHUMH TIPO
PIBHOBOKHUU CKJIaJ CHCTEMH, IO YTBOpWJACh. Taka OIIHKA Ba)JIMBa K MPH
JTOCHIDKEHH] aHAJMITUYHUX TMPOIECIB, TaK 1 B3arajl NpU  JOCTIIHKEHHI
PIBHOBAXXHUX XIMIYHHUX CHCTEM, III0 MalTh MiCIe B XIMIYHIM TEXHOJOTI],
61oJiorii, reonorii Tomo. o piBHaHHS 3/IM BXOIATH pIBHOBa)KHI KOHLIEHTpAIli
IBOX i Oimbire yuacHHKiB peaxiii. 1[0 po3paxyBaTH Kilbka HEBiZOMHX
PIBHOBOKHUX KOHIIEHTpAIlii, 3BUYaiiHO, 3aMajo OJHOrO pIBHSHHSA. Tomy s
PO3paxyHKy PIBHOBKHOTO ckiany piBHSHHS 3/IM MO€THYIOTH 3 pi6HAHHAMU
MmamepianvHo2o Oanaucy, Mpo SKi Wjae MoBa Jajii. Aje JIesKi BUCHOBKH IIPO

0aéei 2d 5%1>+iei ficadn. Ol Ig K = Ig K+ Ig B = Ig Kg . Addeariioi 0a+1agie 6 iiaaifiaare oag® 410°ip° 1, 3
3*afyiiy CAI acep+a® deoa 1416 d*afiaazis &1i6ai00a6%p, Ui 410°Aip° &iifidaid® Ky = [AgCI].



PIBHOBAXHUW CKJIaJ, CUCTEMH MOXXHa 3pOOUTH B)KE€ Ha OCHOBI TUIBKU PIBHSHB
3/1M.

Tak, B KHCIIOTHO-OCHOBHMX PEAKI[ISIX YACTUHKU MEPETBOPIOIOTHCS OJIHA B O/I-
Hy, TIPU€EIHYIOUH UM Biflenmooun ion H', nanpukna:

CH3COO™ +H" < CH3;COOH, g Ky =4,757,
[CH;COOH]
KHl = — o

[CH;COO™ JH]

BigHOMeHHS pIBHOBAXHUX KOHIIEHTPAIIN KACIOTH Ta MPOAYKTY ii JHCOITiaIii

3aJICKUTH BiJl KOHIIEHTpAIIl 10HY BOJHIO:
[CH;COOH] _

—= K [H'].
[CH,CO0™]

Sxmo [H]= (Ku)™, To6to pH=lg Ky:, piBHOBakHa CHCTEMa MICTHTB

OJIMHAKOB1 KUJIBKOCTI KMCJIOTH Ta MPOAYKTY i1 AUCOIIALIIi:
[CH3COOH] = [CH3COO].
ITpu pH < Ig Ky, mepeBaxae kucinoTHa Gopma:
[CH3COOH] > [CH3COO].
[Tpu pH > Ig Kyy; mepeBaxae ocHoBHa hopma:
[CH3COO] > [CH3COOH].

Po3unH 6araTooCHOBHOI KMCIOTH 3arajgbHoi popMynu HpA MICTUTE MHOXKHUHY
NPOJYKTIB JUCOIlIAIli, IO pI3HATBCI MIDK COO0OI0 BMICTOM MPOTOHIB 1
B3a€MOIIEPETBOPIOIOTHCS Y BIJIMOBITHOCTI 3 PIBHSIHHIMH PEAKIIiil:

Hi A+ HY < HA™, Ig Ky,

ne | HaOyBae 3Ha4yeHb Bifg 0 10 n.

Oonacmio nepeearcannHsa OKpemoi npomonimuunoi gopmu i3 MHOMHCUHU
HA™ nasusaemuvca ma oénacme pH, oe pisnoearxcna xonuenmpauia oanoi
Gdopmu oinvwa, Hixc pieHosarcHa KOHUenmpauia 0yo0v-aKkoi inuwoi gopmu i3
MIET H¢ MHOMCUHU NPOOYKMIE.

Ilocnioognicms cmyninuacmux KOHCHIAHM 66AXNCAEMBCA HOPMATbHOIO,
AKWLO 3i 30i1bUeHHAM ROPAOK0B8020 Homepy i 3Hauenna lg Ky 3menuiyromocs.
Toni xoxxHa mpotodiTHdHa (opma Mae o0nacTh nepeBaxkanHsa. Ha epanuyi o06-
Jacmeil nepeearcaHHs PIBHOBAXKHI KOHIEHTpalii (opM, MepeBaXaroyux B
KOXKH1H 00J1aCT1, JOPIBHIOIOTH OJHA OJTHIN:

[Hi_lAi-l-n] — [HiAi_n],
TOMI
pH = lg K;. (2.21)

YumM Gipliie MPOTOHIB MICTUTH (hopMa, TUM JiBilie Ha 1mKaai pH 3HaXoauThbCs

il o06nacTe nepeBakaHHs. Sk mpukiaazn, Ha mkait pH BigMiueHo o0yacTi nepena-



KaHHSI OKpeMHuX MNpOoAyKTiB aucomiarii dochopuoi kuciotu (g Ky = 12,35;
Ig Ko = 7,20; Ig Kus = 2,15)

H,PO, H,PO, HPO,* PO, .
[ o —>
2.15 7.20 1235 pH

OpmHosimepHl KOMIUIEKCH MeTaly M 3 jiranaoM L yTBOpHOIOTH MHOXXHHY, B
SKIM BIJTHOIIICHHS PIBHOBAKHUX KOHIICHTPAII OKPEMHUX KOMIUIEKCIB 3aJICKHUTh
BiJl pIBHOB@XHOT KOHIICHTPAIII1 JIIraHTy:

ML,. + L < ML, lgK,,
. ML,]
“[ML,,JL]

n

TOM1
[ML, ] _
[ML, ]

Oobnacmio nepesarcanHs oKpemozo Komniexcy 3 muoxcunu ML, € ma o06-

Ka[L]. (2.22)

aacmo 3navend g [L], oe pienosarxcna konuenmpauis 0amozo Kommiexcy
Oinvwa, HiXC PIBHOBANCHA KOHUEHMPAUia 0Y0b-AK020 THUL020 KOMNJEKCYy 3
mi€i Jc MHOMICUHU.

[Ipn HOpManbHIN MOCTIAOBHOCTI CTYMIHYACTHX KOHCTAHT CTIMKOCTI KOXXEH
KOMITIEKC 13 MHOXMHU ML, mae obmacte nepeBaxkanHs. Ha rpanwuii oGnacreit
nepeBaxkanns, kojau [ML,] = [ML,.{], sik BuaHO i3 piBHsHHS (2.22),

lg[L] =- Ig K. (2.23)

Cepen peaxiiiii KOMIUIEKCOYTBOPEHHSI 3yCTPIUaIOThCS BUMAAKU 3 AHOMATIb-
HOW RNOCNI008HICMIO CTYMIHYACTUX KOHCTAaHT CTIMKOCTI, KOJM KOHCTaHTa
CTIMKOCTI I€SKOT0 KOMILIEKCY ML BUSABIIAETbCA MEHULOI0 30 HACMYNHY:

lg Kq < 19 Kgua. (2.24)

Kommneke ML, 3 aHOManbHOIO KOHCTAHTOO cTiiikocTi Ky He Mae o0OnacTi ne-
peBaxxanHa. Ha oci 3Hauens Ig[L] cycianiMu OynyTh 00sacTi mepeBakaHHs
KOoMIUIEKCIB MLy1 Ta MLg4q . I'panHuifo Mixk uMH 00JIACTAMHU MOKHA 3HAUTH 13
YMOB PIBHOBAru peakilii yTBOPEHHs 0JIHOr0 KOMILIEKCY 13 IPYyroro:

MLq_l +2L & MLq+1, Ig Kq + Ig Kq+1,

L
Kq Kget = MLge (2.25)

MLy, L}



Ha rpanuni oGmacreii mepeBaxanHs [MLg.«]=[MLg1], Toni 3 piBHAHHSA

(2.25) BuTikae:
Kq Kger = [L] 7,
Ig [L] = -(lg Kq +1g Kg+1)/2. (2.26)

k1o B aHOMaIBHIN MOCITITIOBHOCTI 3HAXOAUTHCS KUTbKA CTYMIHYACTUX KOH-
CTaHT CTIMKOCTI, CepeIHE 3HAYCHHS X jorapudMiB aopiBHIOE 3HaueHH0 —Ig [L]
Ha TPAaHUIIl MDK O0JAacTSIMHU IEepeBakaHHS KOMIUIEKCIB, III0 YTBOPIOIOTHCS JO 1
iCJIsI KOMITJICKCIB 3 aHOMAJIbHUMHU KOHCTaHTaMH.
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Ilpuxnao 2.5.
[Ipu sxux 3Hauenusx pH BunHa kucinora C4HgOg (ckopoueno H,T) icHye B
PO34MHI EPEeBaXKHO B BUTJISAI 10HIB TiporapTpaty HT ?

Po3eé’a30k.

3HaXOAMMO B JIOBITHUKY KOHCTAHTH ITPOTOHYBAHHS 10HY TapTpaTy:

Ig Ky = 4,366, Ig Ky = 3,036.

JI1st Hao4YHOCT1 pO3B’A3KYy HaHecemo Ha Bich pH obnacTti mepeBakaHHs Tap-
TpaTy Ta MPOJYKTIB HOTO MPOTOHYBAHHS:

H,T HT T
L L
lg Ky, = 3,036 Ig Ky = 4,366 pH
TakuMm 4WHOM, 10HM TIAPOTAPTPATY € MEPEBAKAIOUOI0 (POPMOIO BUHHOI KU-
cnotu mipu pH Bix 3,036 mo 4,366.

v

Ilpuknao 2.6.
3nailtu pH Ha  rpaHuugx  oOnacTell  mepeBakKaHHS  OKPEMHX
rigpokcokomMiiekciB cBUHIIO(II).

Po3eé’a30k.

3Hax0InuMO y JOBITHUKY KOHCTAHTH CTIMKOCT1 OJHOSIICPHUX
rigpokcokomiuiekciB cBuHIIO(I]):

l9 Bori =6,3; 19 Bonz =10,2; 19 Bous =13,9.

O6uunciaumo orapudmMu CTYMIHIACTUX KOHCTAHT CTIMKOCTI:



lg Koni = 6,3;
lg Koz = 10,2 - 6,3 = 3,9;
lg Kons =13,9-10,2 =3,7.

KoHcTanTH 3HaxXoAsaThCs B HOpMabHIN mOCTimoBHOCTI: Kopi>Kon>Kops; 1X
norapudmu, B3sATI 31 3BOPOTHUM 3HAKOM, JOPiBHIOIOTH 3HadeHHsM |g [OH] Ha
rpaHuIiX o0JacTel mepeBaKaHHS OKPEMHX TiIPOKCOKOMIUIEKCIB —BHIIl KOM-
IUIEKCH MePEBaKar0Th MPH BUIIKX 3HaueHHAX Ig [OH]:

Pb**  Pb(OH)* Pb(OH), Pb(OH)5
@ —@ L
-6.3 -3,9 -3,7 0 Ig [OH]
3a dhopmyioro
pH=-Ilg K, +I1g [OH]
oOuncnuMo 3HaueHHs pH Ha rpaHuIIX obnacTel nepeBaxaHHs:
- lg Ky - 1g Kony = 14-6,3 = 7,7;
-lg Ky - 1g Kopy = 14-3,9 = 11,1;
- lg Ky - 1g Kopy = 14-3,7 = 11,3.
Buii koMIUJIEKCH MepeBakatoTh B OUIBII JIy’)KHOMY CEpEOBHUII, TOOTO Mpu

A4

Buiux pH:
Pb* Pb(OH)* Pb(OH), Pb(OH);
o ° — e —o >
7,7 11,1113 pH
Ilpuxnao 2.7.

: . 2 :

Hunk(11) yTBOpIoe 3 amiakoM KoMIuiekcHu 3aranbHoi popmyau Zn(NHs)i™, ne i
3MmiHIOeTbes Bim 1 1o 4. Ski KOMIIEKCH TE€pEeBa)kaloTh y PO3YUHI TMpHU
piBHOBaXHIi KOHIEHTpawii amiaky Bix 1-10° 10 3 Momb/1?

Po3e’sa3ok.
3HaX0UMO Yy JIOBIHMKY KOHCTAHTH CTilMKOcTi KomruiekciB IuHKY(II) 3
aMl1aKoM:
lg B; =2,21; Ig B, =4,50; lg B3 =6,86; Ig B, =8,89.
O6uncauMo JiorapuMu CTYIIIHIYACTUX KOHCTAHT CTIMKOCTI:
lg K; =2,21;
lg K, =4,50-2,21 = 2,29;
lg K3 =6,86-4,50 = 2,36.
lg K; =8,89-6,86 = 2,03.



JIB1 mepIri KOHCTaHTH € aHOMaJbHUMHU (IUB. HEPIBHICTH (2.24)). Tomy KoM-
miexcn ZnNH; > i Zn(NHs),”" He MaroTs o6acTeil mepeBaxkaHHs. 3 06JI1aCTIO Tie-
pEBaKAHHS HE 3B’S3aHOCO B KOMIUIGKCH Zn°* IPaHHYUTb OONACTH MEpPEBaKaHHs
xommtekey Zn(NHz)s?*. O6unciumo lg [NH,] mst wiel rpanumi:

Zn* + 3NH; < Zn(NH,):*", Ig B =6,86;
_[Zn(NHy);™)
[Zn* NH;T
Sxuio [Zn(NHs)s>] = [Zn*], o
[NH:] ° = Bs,
-lg [NH3] = (Ig B3)/3 = (Ig K; + Ig K, + Ig K3)/3 = 2,29.
Koncrantu K31 K, 3HaxonsThcs B HOpMabHIM MOCIIIOBHOCTI; JIJIsi TPaHUIIl

Mix o6mactsimu mepeBakanast Zn(NHs)s” i Zn(NHz),*
lg [NH3] =- Ig K, =-2,03.
JIJ1s1 HAOYHOCTI BIIMITUMO OJIEp>KaHi 00J1acTi MepeBakaHHs Ha YHCIIOBIM OcCl
lg [NH;] :
Zn*  Zn(NHs)s** Zn(NH;),2*
*—@ L 2
-2,29 -2,03 0 Ig[NH;]

Takum ynHOM, TpU 30UTBIIIEHH] PIBHOBAXXHOT KOHIIEHTpAIIIl amiaKy

v

Big 1-10° momas/n 1o 102° Mons/n B PO3UKHI MEPEeBaXKaIOTh 10HU Zn**,

-2,29 -2,03
0 0

Bix 1 MOJIB/11 110 1 MOJIB/JT —KOMILIEKC Zn(NH3)32+,

2,03

Big 10" Mouw/n 10 3 MOJIB/IT — KOMILUIEKC Zn(NH3)42+.

3ana4i Ta BIpaBM VIS CAMOCTIHOI po00TH
2.1. Jlo sixoro THIY BIIHOCUTHCS KOXKHA 3 PEaKllii, HaBeIeHUX B Tabmuii? Sk

no3HavyaroTbes KoHCTaHTH 3JIM mux peakmiit? 3anucatu piBHsHHS 3[M mms
PIBHOBAru KOXHOI peaKIlii.

Ne PiBHsHHS peakmil
BapiaHTy

1 HNO, < H" + NO,

2 CdNH;”* + NH; < Cd(NH3),*

3 MnO, + 8H" + 5e <Mn*" + 4H,0

4 S* +H" < HS

5 HgCl,* < HgCl; + CI-

6 PO,* + 3H" < H;PO,




7 Nis(PO,), ¥ < 3Ni* + 2 PO,*
8 Bi**+ 61" < Bilg>

9 BrO +2H" + 2e < Br + H,0
10 Ba’* + SO, < BaSO,

11 HSO; + H" < H,S0;

12 AgCl <Ag" +4CI

13 HsAsO, < H,AsO, + HY
14 PbBr,{ < Pb* + 2Br-

15 Fe(CNS), + 2CNS < Fe(CNS)s*
16 Zn* + 20H < Zn(OH)4
17 Pb(OH); <> PbOH* + 20H"

2.2. B Tabnuill HaBeneHO KOHCTaHTH 3/IM peakiiiii 3a y4acTio peareHTiB A 1
B. 3anucaTtu piBHSIHHA peakiiid, SKUM BIAMOBIIAIOTh II KOHCTAHTH, T4 PIBHSHHS
3/IM 11t piBHOBAr LUX peakKIii.

No Pearent Pearent KoncTanra
BapiaHTy A B 3IM
1 CO5% H* Bh2
2 Hg(CN),* CN- Bs™
3 Hg.Cl4 ol K
4 BiCl, Cl Ks
5 cu* OH" Boh 3
6 Sk =3 Kt
7 H,Cit" H* Koz
8 Co* NH; Bs
9 Fe(OH)sd OH" K
10 HC,04 H Kz
11 Ag’ S,05” B2
12 Cd* PO,* Kt
13 SbF, F K,*
14 PO, H* Buz
15 NiNHz2* NH; K,




2.3. 3anucatu piBHsSHHA 3/IM s piBHOBar peakiiiii, HaBeJeHUX y TaOJIuIIi.
OO6umcuTy 1 HUX KOHCTAaHTH 3/IM, KOpHUCTYIOUYUCH TOBITKOBUMH JaHUMHU PO
KOHCTaHTH 3/IM 1711 OCHOBHUX THITIB XIMIYHUX PEaKIIiil.

No PiBHsIHHS peakiriii

1 H,Cit + H,0 < H,Cit + OH"

2 AgCN +3CI" < AgCl,>

3 Cu(NH3),** + H,S < CuS{ +2NH," + 2NH,

4 Cr,0,” + 6Fe”" + 14H" < 2Cr*" + 6Fe” + 7H,0

5 Hg(NH3),"* + 2NH,0H + 20H™ < Hgi + N, T + 4H,0 +
+ 4 NH,3T

6 2Cr(OH), + 20H + 3H,0, < 2Cr0,* + 8H,0

7 PbSO. + H*+ NO3 < PbNO;* + HSO,

8 Ag(NH:)," + I < Agll + 2 NH;

9 SrSO + CO3% < SrCOsd + SO~

10 Pb(OH),\ + 2 HAC < PbAc* + 2H,0 + Ac”

11 Ni?*+ 2HDm + 20H™ < NiDmy{ + 2H,0

12 Fe,Ssl + 4H" < 2Fe® + S| + 2H,S

13 Cr¥* + 3H,0 + 3NH;z; < Cr(OH);{ + 3 NH,"

14 CaCOsl + 2HAC < Ca® + CO,T + H,0 + 2Ac

15 AgsPO + 2H" + 3Cl < 3AgCH + H,PO,

16 BaC,04) + 2H" < Ba® + H,C,0,

17 CaSO4 + Ba** < BaSO4\ + Ca?*

18 2Cu** + 41" < 2Cull + 1,

19 Cu(OH)4+ 4Cl + 2H" < CuCl,* + 2H,0

20 HsAsO, + 21" + 2H < HAsO, + I, + 2H,0

21 2Hg?* + SnCl,* + 4Cl" < Hg,Cl{ + SnClg*

22 Cd(OH),{ + S* < CdS{ + 20H"

23 Bilsd + I < Bil,

24 Bi** +2HPO,* < BiPO4 + H,PO,

25 AgsPO + 6NH; < 3Ag(NH3)," + PO,

26 2MnO, + 5H,C,0,4 + 6H" < 2Mn** + 10CO,T + 8H,0

27 Mg(OH)4 + 2HAC < Mg* + 2H,0 + 2Ac

28 AP + 3H,0 + 3 NH; < AI(OH)3! + 3NH,*

29 Al(OH)s + OH < AI(OH),

30 AgBrl + 25,05 < Ag(S,0,),> + Br




2.4. Jlo po3uuHy, 110 MICTUTh PEUYOBHHY A, T0AaHO NIEBHUN 00’€M PO3UUHY

peuoBuHu B. ®opmynu, MosIpHI KOHIIEHTpalii pedoBuH A 1 B B po3unHax

Ta 00’€éMH pPO3YMHIB HaBeIeHO B Tabmumi. Yu Bumage ocag Ticis

3MINTyBaHHS PO3YMHIB B KO)KHOMY BHUIIAIKY?

Po3unn 1 Po3unn 2
No O0’em O0’em
BapiaH- | PeuoBuHa | pos- c(A), PedoBuHa | po3- c(B),
Ty A YUHY, | MOJB/JI B YUHY, | MOJIB/N
MJI MIJI

1 AgNO; 5 1-10™ NaCl 10 1-10°
2 Pb(NO3), | 10 5.10° KClI 15 2.10™
3 Pb(NOs), | 12 5.107 Na,S 8 1.10%°
4 Hgo(NO3),| 5 2.10™ KBr 15 5.10™
5 Na,SO, 3 3-10° | Pb(NOy), | 14 1-10™
6 KI 5 2.10° | Pb(NOs), | 10 5.10°
7 BaCl, 11 4-10° | Na,SO, 15 6-10°
8 K,CrO, 7 2.10° | Ba(NO3), | 3 1-10°®
9 Sr(NO;), | 4 1-.10° | Na,COs 12 4.10™
10 Ba(NO;), | 10 310" NaF 5 2-10°°
11 Ag(NOy), | 8 5.10° | NasPO, 4 5.107°
12 Cd(NO3),| 5 1-10° NasPO, 20 4.10°
13 FeCl, 15 4.10™ Na,S 30 5.10°
14 Sr(NO3), | 9 3-10° H,SO, 17 2.10°
15 Ba(NO,), | 14 2.10° | NasPO, 16 5.107

2.5. o ocany A nomano po3uuH pearentry B (quB. Tabm.). Uu Oyae ocaj

MTOMITHO PO3YUHATHUCS?

No Ocag Po3unn No Ocan Po3unn
Bapi- Al peareHty B Bapi- AV pearenty B
aHTy aHTy

1 BaCOs; 3 moab/1 HCI 16 Fe,S; 3 moabs/1 HNO;3
2 Ag,S 3 moune/m1 HNOs 17 Mg3(AsQOy), | 3 moms/mn HNO;
3 AgCl 3 moutb/11 NH3 18 Zn(CN), 1 moste/1 KCN
4 Hg,Cl, Br, 19 CdCO, 3 mous/n HCI
5 PbSO, 6 moiubs/n NaOH 20 Co(OH), 3 moab/n NHs
6 BaSO, 3 moab/n1 HNO; 21 Ni3(PO,), 3 moab/n HCI




10
11
12

13
14
15

Cd(OH),

AI(OH);
Cr(OH)g

Bi(OH)s
Bil
Mn(OH),

Cu(OH),
Zn(CN),
PbSO,

3 Moab/11 NHj

6 monw/1 NaOH
1 mons/1 H,O, +
6 monw/1 NaOH
3 moas/n HCI
1 momape/n KI
1 mons/1 H,O, +
6 monw/1 NaOH
NH;+NH,CI
3 moabe/1 HNO3
6 moiabe/n HAc

22

23

24
25
26

27
28
29
30

Bi,S;
CaS0O;

PbS
Ag2803
Hg(CNS),

CoCO4
Hgl,
FePO,
PbF,

3 moiabs/1 HNO3 +
3 moab/1 HCI
3 moun/1 HNO;

6 mois/1 NaOH
3 mous/n HCI
1 mones/1 KCNS

NH;+ NH,CI

3 moas/n HCI

1 monw/n NaF
6 moas/n NaOH

2.6. Un MOXHA OKHCIUTU peuyoBUHY A peuoBuHOIO B (nuB. Tabm.)? Ske

CEepEIOBUIIIE CIPUSIE OKUCICHHIO?

No PeyoBuna PeuoBuna
BapiaHTy A B

1 Kl Naz;AsO,
2 Nal KMnO,

3 KBr KCIO;

4 NaNO, KMnO,

5 Na,S,0; [,+KI

6 Hg2(NO3), H.0;

7 MnO,J HNO; koHII.
8 H,0, so,T

9 Na,S,04 K,CrO,4
10 Ni(OH),4 H,0,

11 FeSO, NaNO,
12 Na,S,0q KMnO,
13 NaCl KCIO;
14 Agd HNOj; KkoH.
15 cl,t NazAsO,

2.7. lo sixux 3Ha4eHb Tpeba goBectr pH, mo0 y po3unni hochopHOi KUCIOTH

nepesaxaia gopma HPO,*?




2.8. o sikux 3HayeHb Tpeda gqoBect pH, 1106 y po3unHi pochopHOi KUCITOTH
nepeBaxkana popma H,PO4 ?

2.9. Mo skux 3HaueHb Tpeda gqoBectu pH, 11106 y po3unHi pochopHOi KUCITOTH
nepeBaxana popma HzPO, ?

2.10. Jlo sxux 3Ha4eHb Tpeba moBectr pH, mob y po3umHi amiaky mepeBaxa-
na ¢opma NH,"™ ?

2.11. o sxux 3Ha4eHb Tpeda qoBecTu pH, 11100 y po3urHI CIpKOBOIHIO TIepe-
Baxkasia gopma HS™ ?

2.12. lo sixkux 3Ha4yeHb Tpeda goecTu pH, m00 y po3unHiI MypamimHoOi Ku-
cnotu niepeBaxana popma HCOO™ ?

2.13. [o sixux 3HayeHb Tpeba moBectu pH, 1mo06 y po3urHI OLTOBOI KUCIOTH
nepeBaxana popma CH;COOH ?

2.14. Jlo sxux 3Ha4eHb Tpeda noBecty pH, m00 y po3urHI 1MaBIeBOi KUCIOTH
nepeBaxana popma HC,O4 ?

2.15. Jlo sixux 3Ha4eHb Tpeda noBecty pH, 00 y po3urHI 1MaBIeBOi KUCIOTH
nepeBaxana Gpopma H,C,0,4 ?

2.16. Jlo sikux 3HaueHb Tpeda goectu pH, m00 y po3unH1 JMMOHHOI KUCIOTH
nepeBakana gopma H,Cit™ ?

2.17. Jlo sikux 3Ha4eHb Tpebda noBectd pH, m00 y po3urHi JMMOHHOI KHUCIIO-
TH mepeBaxana Gopma HCit* ?

2.18. Jlo sixux 3Ha4eHb Tpebda noBectu pH, mo6 y po3unHi JUMOHHOT KHCIIO-
1 nepeBaxkana popma HzCit ?

2.19. Jlo sixux 3HadeHb Tpeba moBectd pH, mob y po3unHi CaluIMiIOBOi KU-
cioTH mepeBaxana ¢popma HSal™ ?

2.20. o sixkux 3HaueHb Tpeda moBectd pH, 100 y po3uuHi CaIMIIMIOBOI KU-
cIoTH TepeBaxana popma Sal® ?

2.21. Jlo sxux 3HaueHb Tpeba moBectd pH, mo0 y po3unHi (TaneBoi KUCIOTH
nepeBaxkana popma HFt ?

2.22. 1o saxux 3Ha4YeHb Tpeba noBecTH pH, 1106 y po3unHi ¢raaeBoi KUCIOTH
nepesaxaina gopma Ft*~ ?

2.23. 3Hnaiitu 3HadeHHs pH Ha rpaHuisIx oOiactel MepeBa’kaHHS OKPEMUX
rigpokcokoMiniekciB amominiro(11I) .

2.24. 3naiitu 3HadeHHs pH Ha rpaHMIEsIX oOiacTell mepeBakaHHS OKPEMUX
rigpokcokoMiuiekciB kaamiro(Il).

2.25. 3uaiitu 3HayeHHs pH Ha rpaHuisix obnactel mepeBa’kaHHsS OKpPEMUX
rigpokcokoMiuiekciB kooanbTy(1II).



2.26. 3naiitu 3Ha4yeHHs pH Ha
rigpokcokomiuiekciB xpomy(III).

2.27. 3naiitu 3HayeHHs pH Ha

I'PaHHULIAX

I'PaHHULAX

oOsacreit

oOsacreit

NEpEBAKaAHHA

IICPCBaAKaHHA

OKpEMUX

OKpPCMHUX

riapokcokomiiekciB mimi(Il).

2.28. 3Haiitn 3HaueHHs pH Ha rpaHuIsIX oOsacTell MepeBaKaHHS OKPEMUX
riapokcokomimiekciB 3amiza(ll).
2.29. 3Huaiitu 3HayeHHs pH Ha rpaHuisix obnactel MepeBakaHHS OKPEMUX
rigpokcokomiuiekci 3amiza(Ill).
2.30. 3naiitu 3HayeHHs pH Ha rpaHuisix obiacTel MmepeBa’kaHHS OKPEMUX
rigpokcokomriekciB pryTi(Il).

2.31. 3naiitu 3HaueHHs pH Ha rpaHusIX oOiacTel MepeBa)KaHHS OKPEMUX
rigpokcokoMiuiekciB Hikemo(Il) .

2.32. 3Huaiitu 3HayeHHs pH Ha rpaHuisix obnactel MepeBa’kaHHS OKPEMUX
rigpokcokoMiuiekciB muHKY(II) .

2.33. 3Huaiitu 3HayeHHs pH Ha rpaHuisix obiactel MmepeBa’kaHHS OKPEMUX
rigpokcokomiuiekciB BicmyTy(I1I) .

2.34. KagMmiii yTBOpIOE 3 10HaMU OpOMiAy KOMIUIEKCH 3arajibHol (popmynu
CdBr", ne i sminroerbest Bin 1 1o 4. SIki KOMIUIGKCH MEpEeBaXarOTh y PO3UHHI
npu piBHOBaXHiH KoHIeHTpamii Br Bix 1-10” Moms/m 10 1 Mo/ ?

2.35. KagMmiii yTBOpIOE 3 10HAMH XJIOPUIY KOMIUIEKCH 3arajibHoi (opmymu
cdcl? , ne | 3miHoeTses Big 1 10 4. SIKi KOMIUIEKCH MEPEBaXKarOTh Y PO3YHHI
npu piBHOBaxHii KommenTparii C1™ Bix 1-10™ Moms/1 10 1 Momb/1 ?

2.36. Cypma yTBOpIOE 3 10HAMHU XJIOPUAY KOMIUIEKCH 3arajibHoi (Qopmysu
SbCI*", me i 3minoeThes Big 1 10 6 . SIKi KOMILIEKCH HEpEeBAXAKOTh Y PO3UMHI
npu piBHOBaXHiH KoHIentpamii CI™ Bix 1-10™ mons/1 10 1 MoB/m ?

2.37. OnoBo yTBOPIOE 3 10HAMH XJIOPUAY KOMIUIEKCH 3arajibHOi (popmynu
SnCI# , Ie | 3miHroeTscs Big 1 10 4. SIki KOMIUIEKCH MEePEBaKa0Th y PO3IUYMHI
npu piBHOBaXHii koHIenTparii C1” Bix 1-10™ mMons/1 10 1 Momb/i ?

2.38. AntoMiHii yTBOPIOE 3 10HAMHU (PTOPHUIY KOMIUIEKCH 3arajibHO1 popMynu
AIF®" | ne i sminroerbest Big 1 10 6 . SIKi KOMILIGKCH MepeBaKaroTh y PO3UHHI
Tpy piBHOBaXHiH KoHmentpawuii F Bix 110" Moms/n 10 0,1 Moms/1?

2.39. Xpom yTBOprO€ 3 ioHaMU (TOPHAY KOMILIEKCH 3arajibHoi (popmynu
CrF*", ne i 3miHroeTbest Big 1 10 3 . SIKi KOMIUICKCH MepEBaXKarOTh y pO34HHI
npu piBHOBaXHii KoHIenTpaii F~ Bix 1-10™ Moms/n 10 0,1 Mos/11 ?

2.40. 3anizo yTBOpIOE 3 10HaMH (TOPHUIY KOMIUIEKCH 3arajibHOi (HopmMyiu
FeFiS*i , ne 1 3MiHIOeThes B 1 10 3 . SIKi KOMIUIEKCH MepeBa)karoTh Y PO3UHHI

Tpu piBHOBaXHiH KoHenTpanii F~ Bix 1-10™ moms/n 10 0,1 Moms/m ?



2.41. Cpibno yTBOPIOE 3 aMiakoM KoMIIekcH 3aranpHoi popmynu Ag(NHs)i"
ae 1 3MiHIoeThes Bifg 1 g0 2 . SIKI KOMILIEKCH TMepeBa)karoTh Yy PO3YMHI IIPH
PIBHOBaXKHIM KOHIICHTpAIlli aMmiaKy BiJ 1-10 Momb/1 10 0,1 moin/1 ?

2.42. Kaamiit yTBOpIOe 3 amiakoM Komruiekcn 3aranbroi gopmymn CA(NHs)*
, e | 3MiHIOeThCs Big 1 1m0 6 . SIKi KOMILJIGKCH TMEpEeBaKalOTh Y PO3YHHI MPH
piBHOBaXKHi# KOHIeHTparlii amiaxy Bix 1-10™° Moms/n 10 0,1 MoB/1 ?

2.43. KoOanbT yTBOpIHOE 3 amiakoM KOMIUIEKCH 3arajibHoi (QopMyinu
Co(NH3)** , ne i 3miHroerbest Bix 1 10 6 . SIKi KOMIUIGKCH IEpeBaXAIOTh Y
PO3YHMHI IPH PiBHOBaXKHiil KOHIEHTpawii amiaky Bixg 1-10™ moms/1 10 0,1 Momb/I
?

2.44. Mizp yTBOpIOE 3 aMiakoM KoMIUTekcH 3aranbHoi dopmynn Cu(NH,)i?" |
ae 1 3MiHIOeThes Bim 1 10 4 . SIki KOMIUIEKCH TEpeBa)kar0Th Y PO3YMHI NPH
PIBHOBaXKHIM KOHIIEHTpAIlll amiaKy Bij 1-10° mous/1 10 0,1 moib/1 ?

2.45. PTyTh yTBOPIOE 3 aMiaKOM KOMILUIEKCH 3arajbHoi (opMyu Hg(NHg,)i2+ :
ne 1 3miHoeTbea Bil 1 g0 4 . SIki KOMIUIEKCH IMEpPEeBaXKaloTh y PO3YUHI MpHU
piBHOBaXKHi#1 KOHIeHTparIii amiaxy Bix 1-10™ moms/n 10 0,1 Moms/1 ?

2.46. Hikeib YTBOPIOE 3 aMiakoM KOMIUIEKCH 3aranbHoi gopmymu Ni(NHg)?" |
ae 1 3MiHIOEThCS Bim 1 10 6 . SIki KOMILIEKCH TMEpeBa)kar0Th Y PO3YMHI NPH
PIBHOBaXKHIM KOHIIEHTpAIlIi amiaKy Bij 1-10° mMouns/1 10 0,1 moinb/1 ?

2.47. Mins yrtBOproe 3 SOs°-iOHOM KOMILIEKCH 3arambHOi (hopMyIn
Cu(S03)i*? ., ne i 3minroerbest Big 1 10 3 . SIKi KOMIUIEKCH IEpEeBaKAIOTh Y
PO34KHI NPU PIBHOBAXKHIMA KOHIIEHTpAIIli 8032' Bin 1-10™ Momb/1 10 0,1 monw/n ?

2.48. Cpibno yrtBOproe 3 S,03°- i0HOM KOMIUIEKCH 3arambHOi (opMyn
Ag(S,0:)i"% , ne i 3minroeTses Bix 1 10 3 . SIKi KOMILIEKCH NEpPEBaXarOTh y

PO34YKMHI TIPH PIBHOBAXKHIM KOHIICHTpAIi 82032' Big 1-10° mons/1 10 0,1 monw/n
2



2.2. MarTepiajbHuid 0aJIaHC KOMIIOHEHTIB

2.2.1. 3anuc piBHAHb MaTePiaJIbHOI0 0AJIAHCY KOMIIOHEHTIB ISl
PIBHOBa;KHUX XiMIYHMX CHCTEM

PosristHeMo MOXIMBOCTI OOYHCIICHHS PIBHOBAKHOTO CKJIaJy PO3YMHY 3a J1a-
HUMH TPO KOHIIEHTpaIlli peareHTiB, B3ITHX JJIs XIMIYHO1 peakiiii. Sk yxe 0yio
3rajiano B po3a. 2.1.4, oguux piBHsIHL 3[IM 18 11bOTO 3aMaiio, 00 iX KUJIBKICTh
MEHIIIa KIJIbKOCT1 HEBIJJOMUX PIBHOBKHUX KOHIICHTpPAIIIN.

XiIMIYHY CHUCTEMY, sIKa YTBOPIOETHCS MICTS 3MIIIyBaHHS PEarcHTIB 00 MOYaT-
Ky XIMIYHMX peakuid OyIeMo Ha3uBaTU HOYAMKOB0N) CUCMEMOI0, A
KOHIIEHTpAIlli YaCTUHOK B Hill —nouamkosumu KoHyenmpayiamu. SIKuio mo-
YaTKOBY CHCTEMY YTBOPEHO 3MIIIYBaHHSIM pPO3UMHIB PEAreHTIB, KOHIIEHTpaIlli
pEareHTiB y BUXIJIHUX PO3YMHAX JO 3MIIIyBaHHS OyJeMO Ha3UBATH GUXIOHUMU
KOHyenmpauiamu.

3amnunc Mo4YaTkoBOI CHCTEMH BKIIIOYAE CUJIbHI eJ1eKmpoiimu y eu2iaoi ioHie,
C1A0KI —8 HeOUCouiilo8anomy eu2iAoI.

Tak, mpu nomaBaHHl 10 M3 po3unMHy amiaky 3 MOJISIPHOIO KOHLIEHTPALIEIO
2 Monb/n1 10 30 mu posuuny xnopuay nuHKy(Il) 3 MoJISIpHOIO KOHIIEHTpAIli€I0
0,02 MoJB/11 TOYATKOBA CUCTEMA CKJIAIACTHCS 3 TAKUX YaCTUHOK:

Zn* (0,015 mous/m); C17(0,030 mous/1); NH; (0,5 Momns/n); H,O.

B nyxkax HaBeJAEHO MOYATKOBY KOHIIEHTPALIIO KOXKHOI YaCTUHKU. BuxigH1

KOHIIEHTpAIlii YaCTUHOK CKJIaJaIu BIMOBIIHO:
0,02 moaw/it; 0,04 Moaw/11 1 2 MOAB/II.

[Ticnst mpoTiKaHHS peakilii piIBHOBaYKHA CUCTEMA MICTUTh YACTUHKHU:

Zn*, ZnNHs™*, Zn(NH3),**, Zn(NHj)s**, Zn(NHs).**, ZnOH*, Zn(OH),,
Zn(OH)3", Zn(OH),*", NH;, NH,*, CI, H" ,OH", H,0. (2.27)

XiMI4HI TIEPETBOPEHHSI Yy PIBHOBAXKHIA CHCTEMI MOXXHA NPEJICTaBUTH SIK
peakiiii B3aemMojii JEKIIbKOX peareHTIB, SKI HAa3UBATUMEMO KOMHOHEHMIAMU.
[IponykTamu peakiiiil € Bcl YaCTUHKH, 10 MICTSATHCS B PIBHOBAXKHINA CUCTEMI.

Hanpukiaz, Bei kommieker cknany Zn(NHz)?" yrBopeni koMmnonenTamu Zn>"
ta NH3. CaMi KOMIIOHEHTH TEX MOXKHA PO3TISAATH SIK MMPOIYKTU PEAKINi THITY:

Zn**ezn™,
NH3;<NH;,

TS IKUX KoHCTaHTu 3IM nopiBHIOIOTSH 1.

[Io6 oxep:katu BCi MPOAYKTH, IO MICTATHCS B PIBHOBaXKHIN cucreMi (2.27),
710 YKCTIa KOMIIOHEHTIB clijl BKmounTH mie it yactunku Cl7, H,0 i H' (a6o OH).



PosrnssHeMo 3B’SI30K MK TOYaTKOBUM KOHIIEHTpAIlIIMHM KOMIIOHEHTIB 1
PIBHOBAKHUMHM KOHIIEHTpPAIlISIMU TTPOTYKTIB.

[ToyaTkoBHi 1 pIBHOBOKHHUM PO3UYMHHU MICTSATH OJHY 1 Ty K KIJIbKICTh PEUOBH-
HU IIUHKY; 00’€M pO3YHMHY MpPU MPOTIKAHHI PeaKiliil MPaKTUIHO HE 3MIHIOETHCS.
ToMy cyma piBHOBaKHUX KOHIIEHTpAIIii BCIX MPOAYKTIB, 1m0 MicTATh Zn(Il), mae
JOPIBHIOBATH MTOYATKOBIN KOHIIEHTpAIIil c(Zn2+) = 0,015 momns/m:

0,015 =[Zn*T+ [ZnNHs"1+ [Zn(NHs), ']+ [Zn(NH3)5%* ]+ [Zn(NH3). 2T+
[ZnOH"1+ [Zn(OH),]+ [ Zn(OH); T+ [ Zn(OH),* ]. (2.28)

Bci npoayKTH B pIBHOBaXKHIM CUCTEMI, IO MICTAThH a30T, YTBOPEHO 32 Y4YacTIO
amiaky. Jlo ckiany AesiKux OpoAayKTiB BXOAUTh KilbKa MOJIEKYJ aMiaky. B mibomy
BUIIAJKY BUTpaTa aMiaky Ha YTBOPEHHS NMPOIYKTY Y CMIIbKU pa3ie TEpeBUILye
PIBHOB@)XXHY KOHIIEHTPALIO TPOIYKTY, CKLIbKU MOJIEKYJ amiaky MNpUIHSIIO
y4acThb B YTBOPEHHI1 OJHI€] YAaCTMHKHU INPOJYKTYy. 3arajbHa BUTpaTa amiaky B
XIMIYHUX peakuisx (BkiIodaroun W Mosekyin NHjz, 1o € B pIBHOBaXKHIM
CHCTEMI,) Ma€ JTOPIBHIOBATH IMOYaTKOBIM KoHIeHTpaii ¢(NHz)= 0,5 moss/m:

0,5 = [ZnNH5**]+ 2[Zn(NH3),%* T+ 3[Zn(NH3):* T+ 4[Zn(NH5),* ]+
+ [NH, "]+ [NHg]. (2.29)

PiBusuas  (2.28) 1 (2.29) € pienannamu mamepianvHo2o 0anaHCy
KOMNOHEHmIE.

PiBHSIHHS MarepiaJpbHOTO OalaHCy KOMIIOHEHTIB B1JOOpaXaroTh MPUHIIMII
HE3MIHHOCTI XIMIYHHMX €JIEMEHTIB y XIMIYHUX DPEakKilisiX: B 3aMKHEHIM cuctemi
KUTBKICTh PEUYOBUHU JIAHOTO €JIEMEHTY JI0 1 MICHS XIMIYHOI PeaKIlli 3aIHuIIaeThCs
HE3MIHHOIO.

[Ipn mnpoTikaHHi peakiii B pPO3UYMHAX OO’€M pPO3UMHY MPAKTUYHO HE
3MIHIOETBCSA, 1 TPUHIUO 30€pEKEHHS  BITHOCHUTHCS 10  KOHIIEHTpaIlii
KOMITOHEHTIB:

nouyamkoea KOHUEHmMPAuia KOMHOHEHmMY OO0PIBHIOE 1020 3a2abHill
KOHuyenmpauii 6 pIGHOBAXCHIN cucmemi, mMoOOmMo cymi PiBHOBANHCHUX
KOHuenmpauiii. npooyKmie, 0e KOMCHA KOHUEHMPAuii NOMHONCEHA Ha
cmexiomempuuHuil Koegiyicnm npu KOMNOHEHMI 8 PeaKuyii ymeopeHHs 0ano-
20 nPOOyKmy.

PiBHSIHb MaTepiaibHOrOo OalaHCy MOXKHA CKJIACTH CTUIbKH, CKUIbKU
KOMITOHEHTIB MpHUiiMae ydacTs B peakiisx. Pazom 3 piBasHHsAME 3[M piBHAHHSA



MartepiaibHOro OallaHCy yTBOPIOIOTH BH3HAU€HY CHUCTEMY PiBHSHB, PO3B’SI3KOM
SIKO1 € PIBHOB)KHI KOHIICHTpAIIii BCIX MPOIYKTIB.

Burnsg piBHSHB peakiiid, 32 SKUMU YTBOPIOIOTHCS BC1 YACTUHKU PIBHOBAYKHOT
CUCTEMH, 1 3HAUCHHS CTEX1OMETPUYHUX KOEQILIE€HTIB NpU JAaHOMY KOMITOHEHTI
3anexarh Bl TOTO, sIKI YaCTUHKA OOpaHO Ha poJib KOMIOHEHTIB. Tomy mpu
CKJIaJICHHI PIBHSHb MaTepiaIbHOTO OanaHCy MOIIJIBHO HABOJUTH BECh CIIMCOK
KOMITOHEHTIB. J[JIs1 CripoIlleHHsI MOKHA HE 3alKCyBaTH caMi PiBHSHHS peakiiid, a
CKIacTH 1 BHUKOPHCTOBYBAaTH  TaOJIHUITIO

CTEXIOMETPUYHUX  KOEDIIIEHTIB

(cmexiomempuuny mampuuro). Jlns npukiany, mo po3risiiaBcs, BOHA Ma€e BU-

TJIA:
KOMIIOHCHTH MIPOAYKTH lg K
Zn"”* NH; H,0O OH  CI

1 0 0 0 0 Zn** 0

0 1 0 0 0 NH, 0

0 0 0 1 0 OH 0

0 0 0 0 1 CI 0

1 1 0 0 0 ZnNH,** lg B; =2,21

1 2 0 0 0 Zn(NHs),*" lg B, =4,50

1 3 0 0 0 Zn(NH3)5** lg B; =6,86

1 4 0 0 0 Zn(NH3),** lg B, =8,89

1 0 0 1 0 ZnOH" I9 Boui =5,0

1 0 0 2 0 Zn(OH), Ig Bonz =11,1

1 0 0 3 0 Zn(OH);3" lg Bons =13,6

1 0 0 4 0 Zn(OH),> | Ig Bous =14,8

0 0 1 -1 0 H' lg K,, = -14

0 1 1 -1 0 NH," lg Ko+ 1g Bu
= -14+9,24=

=-4,76

[Io6 Ha 6a3i Takoi TaOIUIl CKIACTH PIBHSHHS MaTepialbHOTO OajaHCy KOM-
MOHEHTY, BUKOPUCTOBYETHCS CTOBIYMK KOE(MIIIEHTIB JII LIBOTO KOMITOHEHTY.
KosxeHn xoedilieHT Tpeba MOMHOXUTH HA PIBHOBAXHY KOHLIEHTPALIIO MPOAYKTY,
BKa3aHOT'O B TOMY X PSIZIKY, 1 JOJIaTH OJIepXaH1 JOOYTKHU.

VY BOASHUX pO34YMHAX KIJTBKICTh PEUOBMHU BOJW HabaraTo OLIbINa KUIBKOCTI
PEYOBUHHM PO3YMHEHUX KOMIIOHEHTIB 1 Majo 3MIHIOETHCA 32 PAXyHOK XIMIYHUX
peakiiii. [locTiiiHa aKTUBHICTh BOJM BXOAMWTH J0 KOHCTAaHT 3JIM BimmoBigHUX



peakiiiii, ToMy HemMa NOTpeOu CKiIaJaTH PIBHSHHS MaTepiaibHOro OaliaHcy is
BOJM SIK KOMIIOHEHTA.

SIKIII0 KOMITOHEHT € PEYOBHUHOIO, 1110 3HAXOAUTHCS B KOHACHCOBaHiH (asi, Ha-
NpUKIaA, B OCajdl, PIBHSIHHSI MaTepiadbHOro OajaHCy BigoOpaXkae 3B’A30K
po3uunnocmi  (J1iBa 4YaCTHUHA PIBHSAHHSA) 3 PIBHOBAKHUMH KOHIICHTpAIISIMU
MPOAYKTIB PO3ZYMHEHHSI.

[Tpu BOOP1 KOMIIOHEHTIB CJI1Jl KEPYBAaTUCh TAKUMU TTPABUIIAMHU:

1. Habip xomnonenmie mae oymu noerHum, 1mo0 13 HUX MOXKHa OyJ0

OJIepKaTU KOKHUHM IMPOYKT, 10 MPHUCYTHIN B PIBHOBAXKHIN CUCTEMI.

2. Komnonenmu ¢ nHaoopi maoms 0ymu He3aneHCHUMU | HEe nepemeo-
progamuce 00uH 6 00HO020. IHaKIIEe Ka)Xy4dd, HE MOBHUHHO OyTH peakuii, B
AKAX TNPUNMAKOTh y4acTb mMIiAbKW KOMIIOHEHTH. 30KpeMa, 0 4YHCIa
KOMIIOHEHTIB HE MOKHA BKJIFOYATH 00M7Ba ioHM posunHHMka —H' i OH, 60
iX KOHIIGHTpAIlil 3aJIe’KaTh OJTHA BiJ OJIHOI: [H']: [OH ] = K.

3. o yucia KOMIIOHEHTIB BKJIIOYAIOTh PO3YMHHUK Ta PEYOBUHHU, IO 3HA-
XOJISIThCS B KOHJIEHCOBaH1M (a3i, Hampukiaa, ocaa. s 3pydHOCTI MOJaib-
X OOYMCIICHb NOIUIBHO OOMpaTH 3a KOMIIOHEHTH YaCTUHKH 3 BEIUKUMU
PIBHOBA)KHUMH KOHILICHTPALIISIMH.
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Ilpuknao 2.8.
Ckuactv piBHSIHHSL MaTepiaibHOro OajaHCy NIl PO3UYHMHY IIaBJIEBO1 KUCIIOTH 3

MossipHoto  kKoHmeHtparietro  H,C,0O, 0,01 mons/n. BBaxkatu omamMm 3
KOMIIOHEHTIB:

a) ion H'; 6) ion OH .

Po3e’sa3ok.

IToyaTkoBa cucTeMa MICTHUTD:

H,C,04 (0,01 moms/n); H,O.

Jlo ckmamy piBHOBaXHOI CUCTEMU BXOJISITh:

H,C,0,, HC,0, , C,0,%, H*, OH ,H,0.

a) O6epemo xommoneHtamu H,C,0,, H' i H,O. CrexioMeTpuyHa MaTpHILA
MaTHUME BUTJISI:

KOMIIOHEHTH MIPOIYKTH lg K

H,C,0, H' H,O

1 0 0 H,C,04 0




0 1 0 H* 0
1 -1 0 HC,04 -1g Ky = -1,252
1 -2 0 C,0,” -lg Ky - 1g Ky =
= -1,252 - 4,266 = -5,518
0 -1 1 OH lg K., = -14,00

PiBHsiHHS MaTepianbHOro 0anancy komnoneHty HoCyOy:

0,01 = [H,C,0,]+[HC,0, ]+[C2047].

PiBHSHHS MaTepiaabHOro 6anancy komrnoseHty H':

0=[H'] - [HC;047] - 2[C,0,"] - [ OH].

JliBa yacTUHa IbOTO PIBHSHHA JOPIBHIOE HYJIO, 00 B MOYATKOBIN CHCTEMI HE
Oyno He3B s3aHuX ioHiB H',

0) O6epemo komnonentamu H,C,04, OH 1 H,O. CrexioMeTpuuHa MaTpHIlsL
MAaTHUME BUTJISI:

KOMIIOHCHTH NpOAYKTH lg K
H,C,04 OH" H,O

1 0 0 H,C,0,4 0

0 1 0 OH" 0

1 1 -1 HC,0, -lg Ky - Ig Ky, =
=-1,252+14,00 = 12,75

1 2 -2 C,04” -1g Ky - 1g Ky -

-2lg Ky, =

=-5,518+28,00=22,48

0 -1 1 H* lg K, =-14,00

CroBruuk crexioMeTpruuHux KoedimieHTiB komnonenty H,C,0,4 Takuii xe, sk

y BUIAAKY a), TOMY U piBHSHHSA MartepianbHoro Oanancy H,C,0, 3amumaerbcs
TaKHM Ke:

0,01 = [H,C,04]+[HC,04 [+[C,04°].
PiBHsiHHS MaTepiasibHOTO Oanancy komnoneHty OH

0= [OH +[HC,04 [+2[C,0,*] - [H].

Ilpuknao 2.9.
Kopucryrouncs JanuMu nonepeaHboi 3aaui, O0YUCIUTHA PIBHOBAKHUM CKIIajl
PO3YMHY IABJIEBOT KUCIOTH 3 MOJIApHOIO KoHIeHTparlieto H,C,04 0,01 momn/m.

Po3zeé’a3ok.



Tpeba 3HaAWTH PIBHOBaXHI KOHIIGHTpAIli IT’ATH NPOAYKTIB. PiBHSHHS
MarepialbHOro OajaHcy, OAep)KaHl IJisd BUIAAKY a), Ta piBHsAHHS 3AM s
BIJIMOBIAHUX PEAKIIIHA CKIaAAI0Th CUCTEMY I’ SITH PIBHSIHB 3 I1’IThMa HEB1JOMUMU:

0,01 = [H,C,04] + [HC,04] + [C204°T;
0=[H]- [HC;041- 2[C,04*]- [OH];
[HC;0,4 1= 10 %% [H'] [H,C,04];
[C204"] = 10 [H'T*[HC-04];
[OH =104 [HT™

[limcTaBuBIIM TpU OCTaHHI BUpPA3d B PIBHSAHHSA MaTepiadbHOTO OajlaHCy,
OJICP)KYEMO CUCTEMY JIBOX PIBHSIHB 3 TBOMA HEBIIOMUMU:

0,01 = [HyC,0,] +10 %% [H'][H,C,04] + 10°>***- [H'] *[H,C,04];

0 = [H'] -102%2. [H'T S [H,Co0,]-2- 10751 [H'] 2 [HyC,04]-10 4% [HT L,

OcTaHHe piBHAHHSA € KyOiunuMm y Bignomensi g0 [H']. Cnpobyemo 3HU3UTH
CTYIIHb PIBHSHHS, 00 CIPOCTUTH PO3B’SI30K.

Kucnora cunbHilIe JUCOIioe 3a MEPIINM CTYTIEHEM, HIXK 33 IPYTUM, TOMY:

[C2047] << [HCz04],

JI0 TOTO B KHCIIOMY PO34HHI

[OH] << [H"].

[IpunycTumo, 110 MEHIIMMU KOHIIEHTPAIIIMH MOKHA 3HEXTYBATH; TOJM1 CHC-

TeMa pPiBHAHb HAOYyBa€ BUTIISILY:
0,01 = [H,C,0,]+10™%% - [H'] ™ [HoC,0.4];
0 = [H']-10%%-[H']? [H,C,04].
JlonaBuiy 111 piBHSIHHS, OACPKUMO:
0,01 = [H,C,04] + [H'].
3Biacu
[H,C,0,4] = 0,01 - [H].

[TincTaBUMO 11€¥ BUpa3 y Ipyre 3 piBHSIHb CUCTEMHU:

0=[H]-10"%%[H'T" (0,01 - [H']).

JIOMHOKMBIIM 1ie piBHAHHA Ha [H'], onepkyeMo KBajgpaTHe piBHSHHS
BigHocHo [H']:

[H' + 101%2.[H"] - 0,01-10"%2 = .
I3 1BOX KOpeHiB piBHSIHHS (I3UYHUN CEHC Ma€ JIUIIE MO3UTUBHUMN KOPIHb:
[H'] = 1/2+(-5,6-102 + /314107 +4-56-10 ) = 8,67:10°.
Tomi
[H,C,0,] = 0,01 -8,67-10°=1,33 -10%
[HC,0,]=10"%?-1,33 -10%8,67-10° = 8,59 -10%;
[C,0,2]=10""133 -10%/(8,67-10°)* = 5,3 -10>;




[OH]=10"%/8,67-10°=1,15 -10"

Konnenrpartis C2042*, SKOI0 3HEXTYBalid, cKjagae mnpubiamzHo 4% BiA
koHeHTparii [H,C,04]. IToxubxka, 1m0 BUHHUKIIA MPU I[bOMY, MEHIIIa, HIXK TTOXHO-
Ka, TOB’s3aHa 3 BUKOPUCTAHHAM KOHCTaHT 3/IM: BimHOCHa mOXWOKa KOHCTAHT
ckianae 5-10%. Konuentparmiss OH Ha Gararo mopsiikiB MeHIA BCIX IHIINX
KOHIICHTpaIlii. TakuM 4uHOM, PUITYIICHHS, BUKOPUCTAaHI TIPH PO3B’ 3Ky, MOKHA
BBa)KaTH CIIPaBEIJIMBUMHU, a OJIEpKaH1 pe3yJbTaTH — OCTATOYHUMHU.

2.2.2. BUKOpUCTAHHSA PIBHAHb MaTEPiaJbHOI0 0aJIaHCy JJIS1 PO3PAXYHKIB
PIBHOBA:KHOI0 CKJIAy NPHU 3a4aHiil PpiBHOBAXKHI KOHIEHTPaLil
OJHOI'0 3 peareHriB

Skimo peareHT s SIKOiCh XIMIYHOT omepartii B3sTO 3 HAJIUIIKOM, 1 JIUIIE He-
3Ha4YHAa HOTr0 YacTHMHA BHUTPAYAEThCS HAa XIMIYHI peakiii, TO pPIBHOBAKHA
KOHIIEHTpAIIiSl peareHTy HaOJUKEHO TOPIBHIOE MOYATKOBIN KOHIIEHTpAIII].

B iHIIMX BUNaAKax pIBHOBAXKHY KOHUEHTPALIIIO OJHOTO 3 PEareHTIB 33J1al0Th
AK YMOBY IMpPOBEIECHHS XIMIYHHUX MepeTBOopeHb.HalyacTiie TakuM peareHToM €
ion H', 3amany piBHOBaKHY KOHIIEHTpaLilo siIKoro crBoproe pH-OydepHa cucre-
Ma.

PeareHT 3 BiZJOMOIO PIBHOB)XXHOIO KOHIIEHTPAINIE€IO JOLUIBHO BKJIIOYATH JI0
HaboOpy KOMMOHEHTIB. Lle criporrye 00YuCIeHHs pIBHOBXKHOTO CKIIATY.
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Ilpuknao 2.10.
OO0YHCIUTH PO3UYMHHICTH TIPOKCUAY IIMHKY Tipu pH 12.

Po3eé’a30k.

TouatkoBa cuctema mictutb: Zn(OH),y, H,0, H'.

Jlo ckiagy piBHOBaxHOI cucremu Bxomsarts: Zn(OH)d, Zn*, Zn(OH),
Zn(OH), Zn(OH);", Zn(OH),*, H,O, H*, OH".

O6epemo xommonentamu Zn(OH),¥, H,0, H" i ckmagemo crexiomerpuuny
MaTPHIIIO:

KOMIIOHEHTH IPOIYKTH lg K

Zn(OH) | H,0 | H'

0 0 1 H 0




0 1 -1 OH™ lg K., =-14,00;
1 -2 2 Zn** lg K2 Ig Ky =
=-15,52 + 28 = 12,48;
1 -1 1 ZnOH" lg Ks - 1g Ky + 19 Bonr =
=-15,52 +14 +5,0 =3,48;
1 0 0 Zn(OH), lg K¢ + 19 Bomz =
=-15,52 +11,1 = — 4,42;
1 1 -1 Zn(OH); lg Ks + 19 Ky, + 19 Bors =
=_1552 — 14 +13,6 = —15,92:
1 2 -2 Zn(OH),* lg Ks +2 1g Ky + 19 Bona =
=-1552 —28 +14,8 =
=_28,72.

PiBHSIHHS MaTepiaibHOTO OaaHCy JIJIsl PO3UUHHOCTI OCaly Ma€ BUTIIAL:
S = [Zn**] + [ZnOH'] + [Zn(OH),] + [Zn(OH); ] + [Zn(OH),* ] .
3rigno 3/IM aiid KOKHOT peakiii poO3UMHEHHS:
[Zn**] = 10"* [H*)%; [ZnOH'] = 1038 [H'];
[Zn(OH),] = 10 **; [Zn(OH); 1= 10 % [H'T;
[Zn(OH),* ] = 1022 [H'T2
[TimcTaBUMO 111 BUpa3u 0 PIBHIHHS MaTepiaJIbHOTO OanaHCy:
S =102 [H]2 +10% [H'] +10%2 +107 59 [H'] +10 82 [H']
tomi mpu [H'] = 10 Monb/11 po34rHHICTS JOPIBHIOE:
S=1,8"10" monn/m.




2.2.3. HacTKkM OKpeMHUX XIMiYHUX YACTHHOK
i yMoBHi koHcTtanTu 3/IM

Y MHOXHWHI YaCTHHOK, IO B3a€EMOIIEPETBOPIOIOTHCS, MPUEAHYIOUN YH
BIIIIETUTIOIOYNA OJIMH 1 TOW JK€ PEareHT, CIIBBIIHOIICHHS MK PIBHOBAKHUMU
KOHIICHTPAIlISIMA YaCTHHOK 3QJICKUTH BiJl PIBHOBAKHOI KOHIIEHTPAIII] IIbOTO pea-
TCHTY.

Yacmka o. oKpemoi wacmuHKu i3 MHOXXHHHM YaCTHHOK -—II€ BiJHOIICHHS
PIBHOBa)KHOI KOHIICHTpAIlii YaCTUHKH J0 3arajlbHOI KOHIICHTpAIlii BCiX YaCTHHOK,
0 CKJIaJaloTh MHOXMHY. Hampukman, B po34yMHI CIPKOBOJIHIO YacTKa 10HY
Cylb(]igy —IIe BIIHOIICHHS:

o = 187]
ey

3arajpHa KOHHGHTpaHiﬂ MHOXHWHH YaCTHMHOK TIICPCAAETbCA piBHHHHHM

MaTeplajJbHOro OalaHCy, HAPUKIA;
o(S*) = [S*T+[HS T+[H:S].
Oxpemi 10AaHKU CyMH MOKHA BUPA3UTU 3a piBHAHHAMU 3AM 11 peaxuiit
B32€EMOINEPETBOPEHHS YACTUHOK, B JAHOMY BHUIIAJKy —/JIs1 pEaKIiii IPOTOHYBaH-
Hs. ToJl yacTka 10Hy cynb(iay TOpiBHIOBATHUME:

_ s> ] _ [S*] _
S [ST]4+[HS J+[H,S]  [S* 14+ Bu[SY ITH" 1+ By [S* [H' T
1

2
1+BH1[H+]+BH2[H+]
Jlnst po3unMHy KHCIIOTH 3arajbHoi ¢dopmynun HynA 3acTocyBaHHS PiBHSHB

a

MmaTepianbHoro Oanmancy ta 3[IM mae Takuii BUpa3 4aCTKU MPOAYKTY AMCOIIAI]
H AN Bix saransHoi KOHIIEHTpAIlii KUCJIOTHU:

H+ k
Oppa = E’Hk#’ (2.30)

YBmHT
i=0
Jie 3HAYCHHS BEpXHBOTO iHAEKCY N'=N, SKII0 BUIOK MPOTOHOBAHOW (op-
Moto € Mmonekyina HyA, 1 N'>N, skiuo B mpoiieci NpOTOHYBaHHS YTBOPIOIOTHCS
KaTIOHOKHUCJIOTH.
3 oxepkaHUX pIBHSHb BHUJHO, 110 6 MHOMCUHI RPOOYKMIE KUCIOMHO-

OCHOBHUX NEPEeMEOPEHb YACMKA OKPEMO20 RPOOYKMY 3AIe)HCUNb MITbKU 610
+q . .
[H'] i, 3nauumes, 6io pH.



AHQJIOTIYHO MO’KHA TIOKa3aTH, 10 8 MHOMCUHI 0OHOAOEPHUX KOMNJIEKCI8
Yacmka OKpemo20 KOMNIEKCYy 3aiedcumsv MmIinbKu 6i0  PieHOBANCHOT
KOHUenmpauii nicanoy:

k
= BylL] . (2.31)

AML, = :
> B;[L]
i=0
Peakinii KOMITJICKCOYTBOPEHHSI YHM PO3YMHEHHS OCAIiB 4acTO CYIIPOBOIKY-

I0ThCSI HOOTUHUMU (KOHKYpYIouumu) peaxyiamu. Tak, 10HU, 0 YTBOPWIUCH MPH
PO3YMHEHH] Ocany:

MnAd < mM* + nA”, Ig K, (2.32)
MOKYTbh IPUIUMATH y4aCTh Y KUCIOTHO-OCHOBHHMX PEaKIIfAX:
M?* + JOH" <M (OH);, Ig Bor . (2:33)
A” +iH < H; A7 Ig Bi , (2.34)
360 B peaKHi}IX KOMIIJICKCOYTBOPCHHA 3 I[OHOMi)KHI/IM pearcHTOM:
M* + kL” <ML X, Ig Br. (2.35)

Peaxmii (2.33) - (2.35) Oyayth noOIYHUMH y BiHOIIECHHI 10 peakiii (2.32).
BB no0OiuHMX peakiiii Ha piBHOBAary OCHOBHOI peakKlii BPaXxOBYIOTh 3 JIOIO-
MOTOI0 yM08HOI Koncmanmu 3/IM 111 OCHOBHOI peaKiiii:

K™ = {ex(MT)}" - {cx(AM)}". (2.36)

B npomy piBHsHHI C*(M*") — KOHIIEHTpaIlis MHOKHHH TIPOIYKTIB, YTBOpE-

HUX i3 KaTioHy M”" B OOIYHUX peaKiisx:
cHM™) = SIM(OH)I ]+ SMLL ), (2.37)
j=0 k=1

c*#(A”) — KOHLEHTpallis MHOXMHHM IPOLYKTIiB, YTBOPEHHX i3 aHioHy A” B
NMOOIYHUX PEAKITISX:

CH(A") = NZ[HiAi_Z]. (2.38)
i=1

[{i xkoHUEeHTpalii NOB’si3aHI 3 PIBHOBAKHUMM KOHIIEHTpALIIMH KaTIOHY 1
aHIOHY CI1BBITHOIIICHHSMM:

[M?] = o C+(M™); (2.39)
[A”] = aa-c*(AY), (2.40)

7€ Oy 1 OLp —YACTKH KaTIOHY 1 aHIOHY.

[limcraBuMO BHpa3d pIBHOBAXHMX KOHIEeHTpamikd (2.39) 1 (2.40) o
KOHIICHTPAIIHHOTO TOOYTKY PO3UUHHOCTI:

Ks = {am c*(M™) I aa-cx(A%)}"



[3 mTOpiBHSAHHSA OJEp>KaHOTO BHPa3y 3 BHUPA30M YMOBHOTO JTOOYTKY
po3unHHOCTI (2.36) BUTIKA€E 3B’SI30K MK YMOBHUM Ta KOHIIEHTpAIIMHUM JO0YT-
KaMH PO3YMHHOCTI, B JJOrapu(PpMigHOMY BUTJISII:

lg K™ = 1g K- m-lg o - n-lg aa . (2.41)

Ockinsku it 0yap-saxoi yactuakd o < 1, Ig K™ > 1g K; inakire kaxydw,
noOiyHl peakilii 3yMOBIIOIOTH 3CyB PIBHOBarM pPO3YMHEHHsS BIpPaBO — B OiK
0111101 PO3YUHHOCTI.

Ski10 noOIYHUMHU € JIMIIIe KUCIOTHO-OCHOBHI peakiii Tumy (2.33) 1 (2.34), To
YJaCTKH 3aJIe)KaTh JuIie Bix pH:

J .
oy = { ZBOHJ .IOJ(ngw‘f‘pH)}*l’ (2.42)
i=0

N’ .
— —-1pH~y-1
oa={ 2By 107 P 3} (2.43)
i=0
TOI[i %1 YMOBHA KOHCTaHTa € CTaJI0K0 BEJIMYMUHOIO IIPU CTAIIOMY 3HAYEHHI pH:

J : N’ i
lg K™ =Ig K, + m-lg zBOHj .10i0eKw+pH) 4 nlg YPBy;-10™ pH (2.44)
far) i=0

Jns komruiekcy ML, yTBOpEHOro 3a peakili€ro:
M+L<s ML IgB, (2.45)

(3apsAM YaCTUHOK HE HABEJICHO), YMOBHA KOHCMAHMA CMINKOCMI BPaXOBY€
BIUTUB MOOIYHUX peakiliii (2.33-2.34) kaTioHy Ta Jirasay 1 NMOOIYHUX peakiii
KOMILJIEKCY, HAIPUKIIA]T, TAKUX:

ML + H" & MHL; (2.46)
ML + OH < MOHL. (2.47)

[le KUCIOTHO-OCHOBHI B3a€MOJii, W0 MPU3BOAATH 1O YTBOPEHHS
IPOTOHBMIIIYIOUMX Ta T1APOKCUIBMIIIYIOUUX KOMIUIEKCIB.

YMOBHa KOHCTaHTa CTIHKOCTI KoMIuiekcy ML BignoBinae piBHsiHHIO 3/IM:

c*(ML) | (2.48)
c*(M)-c*(L)

ne c*(ML) —xkoHueHTparlisi MHOXKHHU KOMIUIEKCIB, sika BKJIroYae ML Ta mpo-

ByMOBH —

OyKTH  HOro  NEpeTBOPEHb 3a  NOOIYHMMH  pEaKkiisiMU;  HalpHUKIaJ,
MPOTOHBMIIILYIOY] Ta TAPOKCUIIBMIIILYIOUY1 KOMIUIEKCH;

c*(M) — KOHIIEHTpallis MeTaly, He 3B 13aHOT0 B KOMILIEKC 3 JIIraHaI0M, TOO-
TO MHOKMHH, 5IKa BKJIIoYae Oesrnocepennbo ion M** Ta npofykTu #oro neperno-
peHb 3a TOOIYHUMHU PEAKIISIMU: TIIPOKCOKOMIUIEKCH 1 KOMIUIEKCH 3
JOTIOMIKHIMH peareHTaMu;



c*(L) — KOHIIeHTpallis JIiraH1y, He 3B’3aHOr0 B KOMILJIEKC 3 METajIoM, TOOTO
MHOHHH, sIKa BKJIIOYae Oe3nocepeiHbo Jiranj (10H 4Y¥ MOJIEKYJy) Ta MPOJAYKTH
HOTO0 MepeTBOpEeHb 3a MOOIYHUMH PEaKIiIMU —IIPOTOHOBaH1 (HOPMYIIH.

3B’S130K MK YMOBHOIO Ta KOHLIEHTPAILIHHOIO KOHCTAHTOIO CTIMKOCTI KOM-
wiekcy ML:

Ig BYMOBH: Ig B + Ig oy + Ig oL - Ig OlML- (249)

s komruiekey Mp Ly,

Ig ByMOBHz |g B + mlg om + l’llg oL - Ig OML- (250)

ko moGIYHUMHU € JIMIe KUCIOTHO-OCHOBHI PEakilii, TO YacTKH 3aJIeKaTh
nuie Bia pH, 1 yMOBHa KOHCTaHTa CTIMKOCTI € CTAJIOI0 BEJIMYMHOIO TIPU CTATIOMY
3Ha4yeHH1 pH.

IIpukaaau po3B’si3yBaHHA 3a1a4

Ilpuknao 2.11.
OO0uncIUTH YMOBHUH JOOYTOK PO3YMHHOCTI JUMETHUITIIIOKCHUMATY HIKEIIO
ipu pH 6.

Po3é’azok.
JIoOyTOK pO3UMHHOCTI TUMETHITIIIOKCUMATY HIKEIIO BIAMOBIAAE peaKIii:
Ni(Dm)d < Ni** + 2 Dm’, Ig K, = -24,64.
3HaxoAMMO B JOBIIHMKY  KOHCTaHTH  CTIHKOCTI ~ MOHOSJIEPHHUX
T'APOKCOKOMILJIEKCIB HIKEIIO:
19 Bon1 = 4,1; 19 Borz = 8; 19 PBons = 11
1 KOHCTaHTy MPOTOHYBaHHs nuMeTwirmokcumary: lg Ky =11,1.
OGuncumo yactky ionis Ni** i muMeTmirmiokenmary 3a piasaEsMH (2.42) i
(2.43):
o = 1/(L + 104510744 4 108107 C246) 4 101t 103 1440y = 1.
apm= 1/(1 +10**1-10°% = 10>,
O6uncauMo Jiorapudm yMOBHOTO JOOYTKY PO3UMHHOCTI 32 PIBHAHHSM (2.41):
lg KS™™ = 1g Ks - 1g o - 2°1g opm = -24,64 - 0 - 2-(-5,1) = -14,04.



3ajaui 1yis caMoCTiMHOT podoTH

2.49. Cknactu piBHSHHS MaTepiaJibHOro OajlaHCy JUIsl PO3YMHY, IO MICTUTH
TaKi peareHTH:

1) camimmunoBy kucnoty HpSal 3 MmonsipHOrO KoHIIeHTpariero 0,1 Moib/i;
2) H3PO, 3 momspHOIO KOHIIeHTpari€eto 0,2 MoJIb/;
2) numonHy kucnoty H3Cit 3 monspHoto konuentparieto 0,05 moinb/i;
3) NH; 3 monspHoro kounenrtpamiero 3 moib/nm i NH4Cl 3 MonspHOIO
KOHIICHTpaIli€w 1 Moib/i;
4) HCOOH 3 momsiproro konteHtpartieto 0,5 mons/m 1 HCOOK 3 mossip-
HOIO KoHIeHTpali€eo 0,1 Moib/m;
5) CH3COOH 3 momnsipuoro konmentpamieto 0,2 moiw/it i CH3COONa 3
MOJISIPHOIO KOHIIeHTparli€eto 0,4 MoJib/ I,
6) K,CrO4 3 momspuoro kouieHtpaiieo 0,05 mons/a i K,Cr,0O; 3 momsp-
HOI0 KoHIeHTpaliew 0,1 Monw/m;
7) H,SO,4 3 mossipHOIO koHIeHTpartiero 0,1 mons/1 1 NaHSO,4 3 MonsipHOIO
KoHIIeHTparlier 0,2 MoJib/J;
8) CuSO, 3 momsiproro koHmeHtpariero 0,1 monb/m i NHz 3 mMomspHOIo
KOHIICHTpaIli€w 1 Moib/;
9) AgNO; 3 MossipHOIO KoHIeHTpattiero 0,1 Mo/ 1 NayS,03 3 MossspHOIO
KOHIICHTPAITIE0 2 MOJIB/J;
10) Cd(NOs3), 3 monspHoro konneHTpamieto 0,05 monb/i i NaCl 3 Mossip-
HOIO KOHUEHTpAIEIO 2 MOJIb/JI;
11) Hg(NOg), 3 monsproro koHreHrpaiiero 0,05 moas/n i KCN 3 Mossip-
HOIO KOHIIEHTpaIl€ 1 MOJb/T;
11) FeCl; 3 mossipHoro konmentpariiiero 0,5 moaw/n i KCNS 3 mMonsipHORO
KOHIICHTPAITI€I0 3 MOJIB/J;
12) AI(NOz3); 3 monsipHOtO KOHIIeHTpanie 0,1 mons/n i NaF 3 monspHOrO
KOHIICHTpAIIIEI0 3 MOJIB/J;
13) Cd(NO3), 3 monsipHOtO KOoHIIeHTpamier 0,05 Moib/i i Nal 3 MmossipHOro
KOHIICHTPAITIE0 2 MOJIB/J;
14) Hg(NOs), 3 momspHoto konrentpamiero 0,05 mons/nm i NHz 3 mossip-
HOIO KOHIISHTPAIIIE€I0 3 MOJIB/II;
15) Ni(NO3), 3 monsproro konuentpaiiero 0,1 moas/i i NHz 3 MonsipHOrO
KOHLIEHTPAIIEI0 3 MOJIB/JI.



2.50. Po3paxyBaTu pIBHOBOKHHMH CKJIaJ PO3YHHIB, IO MICTATh pPEarcHTH,
3a3HauYCH1 B TAOJMII, IPH 3aJaHUX 3HaYeHHX pH :

Ne Pearentn pH
BapiaHTy

1 0,5 monw/n NazPO,4 1 0,1 moas/n Na,HPO, 8112
2 0,2 monw/1 NaH,PO, 1 0,05 mons/n H;PO, 115
3 0,1 mons/n H,C,0, 217
4 0,5 moas/n H,C4H4O6 214
5 0,2 moaws/n H3PO, 1110
6 0,1 mous/n H3Cit 517
7 0,1 moas/n KH,Cit 1 0,5 mons/1 K,HCit 3i5

2.51. Po3paxyBaTu pO34MHHICTh OCA[IIB, 3a3HAYCHUX B TaOJUIIll, TPU 3aIaHUX
3Ha4YeHHAX pH:

Ne Ocan pH
BapiaHTy

1 Al(OH); 2112
2 Cr(OH); 1110
3 Cu(OH), 217
4 Ni(OH), 214
5 Zn(OH), 3110
6 Cd(OH), 318
7 Fe(OH), 1i5
8 Pb(OH); 4110

2.52. Pospaxysaru uactky Ni°* Bix 3aransHoi konnentpauii Hikemo(I) mpu
pH 71 10.

2.53. Pospaxysaru uactky Al®" Bin sarameHoi xoHumeHTpawii amominito(III)
npu pH 51 10.

2.54. PospaxyBatu dactky Fe®" Bix 3aransnoi xonuentpauii 3amiza(Ill) mpu
pH418.

2.55. PospaxyBaru uactky Fe®" Bim 3aramproi konmentpauii 3amiza(Il) mpu
pH618.



2.56. Pospaxysaru yactky Pb®* Bix 3arambHoi konuenTpauii ceunmro(Il) mpu

pH418.

2.57. Pospaxysaru yactky Cu®" Bix 3aransHoi kornentpanii mixi(Il) mpu pH

7110.

2.58. Pospaxysatu uactky CO°* Bin 3aranpHoi koHueHTpauii ko6amsTy(Il)

npu pH 71 8.

2.59. Pospaxysaru qactky Cd** Bix saransHoi koHmenTpamii kaamiro(Il) mpu

pH7111.

2.60. Pospaxysaru uactky Cr’* Bin 3aramproi koHuerTparii xpomy(IIl) mpu

pH5i11.

2.61. Po3paxyBaTu 4acCTKy aHIOHY BiJ] 3arajbHOi KOHIIEHTpAlli KUCIOTH MpHU

3aganomy pH (Tabm.):

Ne AHIOH pH
BapIaHTy

1 CO* 2i7
2 NO, 1i6
3 PO,* 5i12
4 s> 2i7
5 (o 3i8
6 SO~ 2i5
7 C,04% 4110

2.62. Pospaxysaru Ko™ s ocanis mpu 3aganomy pH (tadu.):

No Ocan pH
BapIaHTy

1 PbCrO, 2110
2 Ca3(POy), 419
3 CdS 2112
4 CuS 5110
5 BaSO, 118
6 CaC,0, 319
7 AQg,CO; 5111
8 Ag;PO, 2110
9 NiS 4112
10 PbSO, 118




11 AgzAsO, 3i10
12 Cu3(AsOy), 4i8
13 CdCO; 5i12
14 CaF, 4ill
15 Hgl, 2i13

2.3. KonuenrpauiiiHo-jgsorapugmivni giarpamu (KJII)

2.3.1. OOGrpyHTYBaHHS Ta AJITOPUTM NO0OYI0BM KOHLEHTPALIIHO-
Jorapu(pmMivHMX Aiarpam AJisi reTepOreHHUX CHCTEM

Konuenrpaiiino-norapudmivuai  giarpamMu  BioOpa)xaroTh PIBHOBAKHHMA
CKJIaJ] CHUCTEMH 3 MHOXXMHOI YaCTHHOK, SKI B3a€EMOIEPETBOPIOIOTHCA,
NPUEIHYIOYN YU BIIIIEIUTIOIOYN OJIMH 1 TOM e peareHT. Jlorapudm (abo mokas-
HUK) pPIBHOB@XHOI KOHIIEHTpALli LBOIO PEAreHTy  CIYKUTh HE3aJIECKHOIO
3MiHHOIO, TOOTO abcuucoro KIIJ. I'padiku KJI —3anexnocTi norapudmis
PIBHOBKHUX KOHLEHTpalli YacTHMHOK, [0 CKJIAJaloTh MHOXUHY, BIJ
HE3aJIeKHOI 3MIHHOI.

['padixu KJIJI 11t reTeporeHHUX CUCTEM € MIPSIMUMU JIHISMH, 110 3YMOBJIEHO
JTHIAHUM XapakTepoM Jorapudmiunoi hopmu piBHsSHHS 3/M.

[IpoyKTH pO3UMHEHHS 0Caly, YTBOPEHI 3a pEeaAKIIsSIMH

MAY + (n-1) A” < MA ™ 1g K = Ig Ks + g B, (2.51)
CKJIaJIal0Th MHOXHUHY, PIBHOBLKHMM CKJIaJ] SKOi 3aJ€XUTh TUIBKH BIJ
piBHOBaXKHOI KOHIIEHTpalii pearenTy A* . PiBHsauns 3/IM MarOTh BUTJISL:
Ksn — [MAnZ (l—n)] / [Az—]n—l’
a micist JorapuMyBaHHS:
lg Ko =1g [MA ] - (n-1)1g [A"].  (2.52)
Beaxaroun Ig [A”] He3anexHO0 3MIHHOIO, OJEPIKYEMO PIBHIHHS IIPAMO;
lg [MA 4] = Ig Kq, + (n-1)-1g [A]. (2.53)

TanreHc Kyra Haxwily MHOpsIMOi JOPIBHIOE CTEXIOMETPUUYHOMY KOE(IIIEHTY
pearenTa B peakuii yrBopenns mpoxykry MA™ i3 ocamy; BinbHmil wieH
JIOPIBHIOE JIoTapu(PMy KOHCTAHTH I11€1 peaKiiii.

Anzopumm noodyooseu KJI/] ona zemepozennux cucmem:

1. CxiytacTul piBHSIHHS peakiliii yTBOPEHHS KOJKHOTO MPOJYKTY 13 0caay Ta pea-
TEHTY, JJIsl SIKOTO JiorapudM PIBHOBAXKHOT KOHIIEHTpallli 00paHO 3a He3aJIekKHY

3MIHHY. 3arajJbHUN BUTJISA] PIBHSHHS:
MMAG + (n-gm) A < MyA,. (2.54)



2. O6uucnutu JorapupmMu KoHCTaHT 3/IM 17151 IUX peakiiif:
lg Kgn = m-lg Kg + 19 Brm. (2.55)

3. Koxken rpadik 3amexnocti Ig [MpA,] Bix Ig [A] 300pasutu mpsmoro
JiHIETO, KA BIATHHAE HAa OCI OPJAMHAT BiAPI30K, mo gopiBHIoe Ig Kq,. o oci abc-
IIUC TpsMa HaXWJeHa MiJ KyTOM, TaHT€HC SKOTO JOPIBHIOE CTEXiOMETPUYHOMY
koedimienToBi (N-qm) B peakitii (2.54).

(ITpumiTKa: 3aMiCTh MOBHOTO 3alKCy PIBHAHD peakiii (2.54) MoXHa CKIACTH
CTEXIOMETPUYHY MATPHITIO TSI KOMIIOHEHTIB: ocaj;, peareHT A. CTtexioMeTpu4Hi
Koe(iIl€HTH 13 CTOBIMUMKA JIJIT KOMIIOHEHTa A JOPIBHIOBATUMYTh TaHI€HCAM KY-
Ta HAXWITy NPSIMHUX —TpadikiB).

Hpuxkiaaau po3B’a3yBaHHsA 32124

Ilpuknao 2. 12.
[o6ymysatu KJIJ amst cuctemu: ocan AgIV - ionn I” B posumHi.

Po3eé’a30k.
3HAX0MMO JIOBiKOBI JaHi PO KOHCTAHTH PEAKIIiii 3a ydacTio ioHiB Ag il
lg Ks=-16,08; lg B = 6,58; Ig B, = 11,7,
lg Bs = 13,1; 1g B4 = 14,3; 19 B2 =29,7; 1g Pg3 =46,4.

[To3HaueHHsT KOHCTaHT CBiYaTh MPO CKJIAJ] MPOAYKTIB PO3YMHEHHS OCaiy:
YTBOPIOIOTHCSI OAHOSIICPHI KOMIUIEKCH Aglilfi (rpm i Bix O mo 4) Ta GaratosiepHi
Agls™ i Agslg™.

CkrnageMo CTEeXIOMETpUYHY MATPUIlIO, 110 BIAMOBIIAE PEAKIIISIM PO3UUHEHHS
ocajny, 1 009rcInMO jorapudMu KOHCTAHT JJIA X PEAKITIH:

KOMIIOHCHTH POAYKTH lg K
Agly I
0 1 I 0
1 -1 Ag* lg Ks =-16,08;
1 0 Agl lg Ks+Ig B1 =-16,08 + 6,58 =—9,5;
1 1 Agly, lg Ks +1g B2 = - 16,08 + 11,7 = — 4,38;
1 2 Agls® lg K¢+ 1g B3 = - 16,08 + 13,1= — 2,98;
1 3 Agl® lg K¢+ 1g B, = - 16,08 + 14,3 =—1,78;
2 4 Agols™ 2lg K+ 1g Be, = - 2 16,08 + 29,7 = —2,46;
3 5 Agsls® 3lg K+ 1g g3 =-3 16,08 + 46,4 =— 1,84,

[ToOynyemo na KJIJ] mpsimi minii (puc. 2.1):
1)Ig[Ag']1=-16,08-1g[I'];  2)lg[Agl] =-95;



3)Ig [Agl1=-438+Ig[Il;  4)lg [Agls"]=-2,98 +21g [I';
5)Ig [Agl1=-1,78+31g[IT;  6)Ig[Agals"]=—2,46 +41g [IT;
7) 19 [Agslg®] = -1,84 +5 1g [I].

Puc. 2.1. KonuenTtpariiHo-norapugmivna giarpama Jajsi CACTEMHU:
ocan Agl — ionu I B po3uuHi

lg[l']
16 14 -2 10 8 6 4 2 0

2.3.2. 3acrocyBanns KJI/I 11 BU3Ha4YeHHSI MePeBaKaAlOYUX NMPOAYKTIB
PO3UYMHEHHS TA PO3YMHHOCTI 0Caay

I'padixu KJIJ] 1eMOHCTpYIOTHh CHiBBIAHOLIEHHSI PIBHOBAXKHUX KOHILIEHTPALIIM
MPOJIYKTIB B 3aJICKHOCTI BIJ] KOHIIEHTpaIlii peareHTy. [ cTexiomeTpudHux 00-
YHCIIEHB, TIOB’A3aHUX 3 XIMIYHUMHU NEPETBOPEHHSIMH, BAXKIIMBO 3HATHU, KU came
IPOAYKT 13 MHOKMHU MOKJIMBUX YTBOPIOETHCS B KOHKpeTHUX ymoBax. Lle Oyze
NPOAYKT, nepeeaxcaroyuii B MHOXXUHI NMPOAYKTIB NMpu JaHomy lg [A] ; #oro
2paghik Tpu 1IbOMY 3HAYCHHI aOCIUCU Hpoxooums eéuuje TpadikiB sl THITUX
POJYKTIB.

Tak, manpuknan, npu Ig [I'] = -3 nepeBaxkarounM MNPOIYKTOM PO3UNHCHHS
Agl 6yne xomiiekc Agl, , Toal B3aeMoiro ocaay 3 iI0HaMH 10JUAY B LIMX YMO-
Bax Bi0Opakae piBHAHHA PEaKIi:

Agl + 1" < Agl, .



Po3unHHICTE oOCamy pIBHSHHSMHM MaTepiaibHOro OajlaHCy TIOB’s3aHa 3
PIBHOBQXHMMM  KOHIICHTpAIIIMM  MPOAYKTIB PO3YMHHOCTI, Trpadiku SKUX
HaBeneHl Ha KJIJI. B npuxnany 2.12 3 monepeaHboro Mipo3/iay PO3YMHHICTD
Honuay cpibia TOpiBHIOE:

S = [AgT+[AQIT+[Agl T+H[AQI* T+[Ag1*1+2 [Ag2ls 1+3 [Agals™].

Axmo npu 3amaHomy lg [A] oaHa 3 piIBHOBaKHUX KOHIIEHTpaAIlld Habararto
OinbINa 3a 1HIN, PO3YMHHICTH JOPIBHIOE IIbOMY HaWOLIbIIIOMY H0AaHKY. Tosl B
i obnacti epaghix Ig S cnienaoe 3 mieto npamoio na KJI/l, aka npoxooums
suuie 6CiX IHUWIUX NPAMUX.

Tam, ne mepeTuHarThbCs ABI HAWBUI MPsIMI, PO3YUHHICTH JTOPIBHIOE CyMI
JIBOX OJMHAKOBHUX PIBHOBAKHUX KOHIIEHTpAIlii, TOOTO B JiBa pa3u MEPEBUIIYE
KOXHY 3 KoHueHTpariii. Toal rpadik lg S mae npoxoautu Ha lg 2 = 0,3 BuIe
TOYKH MEPETUHY JBOX MPSIMUX 1 OYAYETHCS 5K MIABHE CIIOTYyUYEHHS MPSMUX.

B Tiit o6nacTi 3Hauens lg [A], ne nepeBaxae OaraTosiiepHU MPOAYKT, Tpadik
lg S mapanensuuit rpadiky A1 NepeBaxaruoro MPOAYKTY i MPOXOIUTH BHIIE BiJ
HBOT'O Ha Jiorapu(m MHOKHHKA, 3 SIKUM PIBHOBa)KHA KOHIIEHTpalid OaraTtosuep-
HOTO MPOJAYKTY BXOJUTH JI0 PIBHSHHS JIJIsl pO34MHHOCTI. Han Toukamu nepeTuny
oJiepKaHoi MPSAMOT 3 IHIIUMHU TPSIMUMU Tpadik 1g S yTOUHIOETHCS TIJIABHUM CITO-
JyYEHHSIM MPAMUX, TIpoBeieHuM Ha 0,3 BHIIle TOUKH MIEPETUHY.

Ipuxaaau po3B’sa3yBaHHsA 32124

Ilpuknao 2.13.

Ocan Hiomuny cpibia ofepkaHo noAaBaHHsIM 10 M po3UMHY HOIUIY Kajiio 3
MoJIsipHOIO KOoHIIeHTpatiero 0,03 Mo/ 1o 50 Mi1 po3urHYy HITpaTy cpibdia 3 Mo-
nsipHOr0 KoHIeHTpatiero 0,001 momb/m.

SAxuii NpOAYKT PO3YMHHOCTI MEPEBAKAE B POIUMHI?

Po36’a3ok.

O6’eM yTBOpEHOTO po34nHy 60 MIL.

O06unCcIMMO TOYaTKOB1 KOHIICHTpAIlii peareHTiB:

c(KI) =0,03 10/ 60 = 0,005 (mosb/mn);

c(AgNO3) = 0,001 50 /60 =0,0008 (mosb/m).

[Ticns yTBOpeHHs ocany Hoauay cpibia B PO3YMHI 3aIMINAETHCA HAJIUILIOK
Honumay, Mo AOPIBHIOE:



c(I)™ ™™ = ¢(KI) - ¢(AgNO3) = 0,005 — 0,0008 = 0,0042 (moJ56/1).
Cxopuctaemocs KJI/I, modynoBanorw B mpukiiaui 2.12.

HaJIJTUIIIK.

Moskna BBaxkatu, 1o c¢(I) ~ [I"], 60 po3YUHHICTL OCaay B ILii 00JacTi

Ig [I'] manma, 3HaYNTH, Ha B3a€EMOJII0 3 OCAJOM BHTPAYa€ThCS HE3HAYHA YACTKA
HOuy.

Ipu Ig [I'] = 1g {c()™"™} = -2.38, sax BugHo 3 KJIJI, mepeBaXkarouum Ipo-
JAYKTOM po3unHEeHHs € Agl, .

Ilpuxnao 2.14.

Sxuit 06’€M PO3UYUHY XJIOPOBOIHEBOI KHUCIOTH 3 MOJISIPHOIO KOHIICHTPAILII€I0
0,80 mons/n  cmix gomatu mo 20 mu po3umHy HiTpaty cBuHINO(II) 3 MomsipHOIO
koHieHTpartiier 0,05 MoJib/J1, 100 sIkoMora HOBHIIIE OCaAUTH CBUHEID ?

Po3zé’a3ok.
. . . .o . . 2+ . _
3HaX0IUMO JIOBIJIKOBI JIaHI MPO KOHCTAHTH PEaKIIii 3a ydacTio 10HiB Pb *iCl

lgKe=-4,87;1g B, =1,59;1gB,=1,8;1gB:=1,7;lg B, = 1,4.

byayemMo koHUEHTpauiiHO-IorapudmiuHy agiarpaMmy i CHUCTEMHU: OCaj
PbCl, — ionu CI” B po3umni. Aociuca KJIJI —Ig [Cl ], piBastHHES nipsiMux:

1) Ig [Pb*+] =—4,87-2Ig[CI]; 2)Ig[PbCl+]=—3,28 —Ig [CI];

3) Ig [PbCl;] =-3,07; 4) Ig [PbCl; ] =-3,17 + Ig [CI];

5) g [PbCl,>] = 3,47 + 2 Ig [CI'].

Ha KJIJI (puc. 2.2) HaHeceMo 3aJIexHICTh Jiorapudma pozunnHocti (Ig S) —
KUpHA JiHIA, M0 OruHae rpadiky 3Bepxy 1 MpoxoauTs mpubdiau3Ho Ha 0,3 BuIie
TOYOK TiepeTuHy. MiHiMmyMm po3unHHOCTI ocanxy PbCl, cmocrepiraerbest mpu
3navenHi Ig [Cl'] = -0,2.



Puc. 2.2. KonuenrparniiHo-norapudmidHa iarpama Jijisi CHCTEMHU:
ocaa PbCl, — ionu Cl” B po3uuHi

Jonanoro HCI noBMHHO BUCTaYUTH Ha OCa/’KEHHS CBUHIIIO T4 HA CTBOPEHHS
y pO3UHHI Haj 0caoM KOHIeHTpawii xopuay 107 moms/i:
N(C1) = N(Cl s+ N(CT Yposs
(BMmicToM xJopuay B NpOAYKTaX PO3UYMHEHHS MOXXHA 3HEXTYBATH, OCKUIbKU
PO3YHHHICTB Ocaxy HaGarato MeHme, Hix 10 > Mob/1).
Xaii mykanuid 06’em pozunny HCI nopisnioe V i1. Ha ocamxenns PbCl, Oyze
BUTPAYEHO:
N(ClNocar = 2 N(Pb*) = 20,05 0,02 = 2 10~ (moub/1),
Ha CTBOPEHHSI ONITUMAILHOT KOHIIEHTPAIIIT XJIOPUY B PO3UHHI:
N(CI)posa = 107%%(V + 0,02) (Moss/).
3aranpHa KUIbKiCTh peuoBuHHU xyopuay 0,80V monw/a, Tozai
0,80V =2-10°+10%%-(V + 0,02).
3Biacu V = 0,086 1 a6o 86 mi.

2.3.3. OOrpyHTyBaHHSAl Ta AJATOPUTM NMOOYA0BH KOHIEHTPALIIHO-
JorapuMivHux aiarpam JJisi FTOMOT€HHUX CUCTEM

KJIJI OynyrooTh i TOMOTE€HHHUX CHCTEM 3 MHOXHHOK YaCTHHOK, SKi
B32€EMOTIEPETBOPIOIOTHCS, PUEIHYIOUN UM BIAIICTUTIOIOYN OJWUH 1 TOW Ke pea-
TCHT.



Bubip nHezanexxHoi 3MiHHOI —aOcuucu KJII[ — 3ymoBieHUN XapaKTepom
pIBHOBAr y MHOKHHI:

pH — 1751 KHCITOTHO-OCHOBHUX PIBHOBAT

Ig [L] (a6o pL =—Ig [L]) —m1s piBHOBAr KOMILJICKCOYTBOPEHHS;

pe =—10 a, —ITOKa3HUK  aKTHUBHOCTI  €ICKTPOHY —/UISI  OKHCIIOBAJILHO-

B1IIHOBHHX PI1BHOBATI'. (]_[5{ BCJIMYMHA OOPIBHIOE ———, IC E —IIOTCHII1aJI CUCTC-

Tk

PosrinsitHemo K mpukiaa ckiaan po3unHy kucinothu HA 3 moisipHOIO

MH).

KOHIIEHTPAIIIEIO C MOJIB/JI B 3aiexHOCTI Big pH.
PiBHOBara gucomiamii KUCJIOTHA
HA < H +A", IgK,=-1g Ky (2.56)
BiIMOBiAa€ piBHAHHIO 3/IM:
K, = —[H+][A ]. (2.57)
[HA]

[Iponorapudmyemo 11eit Bupas:

Ig Ka=1g [H] +1g [A]-Ig [HA] (2.58)

Ta JOMHOXUMO Ha -1:

lg Ky=pH +1g [HA]-Ig [A]. (2.59)

Hezanexunoro 3minnoro —ab6cuucoro KJIJ[ 6yne pH, a rpadikamu KIII —
sanexxHocti 1g [HA] 1 1g [A'] Bix pH. B misioMy 1i 3aiaexHOCTI HE MOXKYTh OyTH
JIHIMHUMHA: KOHIICHTPAIIisl KOKHO1 YaCTUHKH 3aJICKUTh HE TUIBKU Bix pH, a it Bix
KOHIIEHTpAIll Ipyroi YaCTUHKU. AJie Habauxceni rpadiku MOKHA TPEICTABUTH
BIIpI3KaMH TpsIMUX JTiHIA. Cymb HAOAUMHCEHHA —PIBHOBANHCHA KOHUCHMPAUin
nepesa)xcarouo2o npPooOyKmy NPUUMAEMbCA PIGHOIO 3A2AIbHIN KOHUeHmpauii
MHONCUHU NPOOYKMIE.

3riJIHO PIBHSHHS MaTepiabHOTO OaJaHCy:

c=[HA] +[A]. (2.60)

Bics pH mopinsierbest Ha B1 007acTi: 00yacTh EepeBaKaHHS KUCIIOi popMu
HA Ta o6nactp nepeBakaHHs OCHOBHOI (popMU A ; TpaHUIls MIXK 00JaCTAMU —
snavyenns pH = 1g Ky = — Ig K.

B oGnacti nepeBaxkanHsa kucioi dbopmu HA MokHa 3HEXTyBaTH Majolo

PIBHOBa)KHOIO KOHIICHTpAIlI€I0 YaCTUHKU A~ B piBHSHHI (2.60); TOII
c = [HA],
lg [HA] =g c. (2.61)
Lle piBHSHHSA MpsAMOi, IO MapajiesibHa 0Cl a0CIKC 1 BIATUHAE HA OC1 OpJUHAT
BIJPI30K, piBHHI Ig c.



[Ticns miactanoBku piBHAHHSA (2.61) B piBHaHHS 3/IM (2.59) oxepxyemo:
lg[A]=-1lgKy+Igc+pH. (2.62)
Lle piBHSHHS MPSIMOT, 110 BIATHHAE HA OC1 OPJIMHAT BiAPI30K, PIBHUIN
—1g Ky + Ig ¢, i mpoxomuTs mix xyToM 45° 110 oci abciuc (TaHTeHC KyTa Ha-
XHITy TOPIBHIOE 1).
B o6macti mepeBakaHHS OCHOBHOI hopmMu A~ MOKHA 3HEXTYBaTH MAJIOIO

PIBHOBaXXKHOIO KOHIIEHTpaIli€ro yacTuHku HA B piBHsHHI (2.60); Tomi
c=[A],
lg[A]=Igc. (2.63)
3 piBHsaHHS (2.59) BUTIKAE:
lg [HA] =1g Ky + 1g ¢ — pH. (2.64)

Ll npsiMa Mae BiITUHATH HA Oci opAMHAT Biapizok Ig Ky + 1g ¢, a TanTreHc Ky-
Ta MDK HE Ta Biccio abcuuc aopiBHIOE —1. OCKUIBKM PIBHAHHS TpsAMoi (2.64)
cnpaseamuBe npu pH > |g Ky, yactuHa npsiMoi, sika MPUXOIUTHCS Ha 00JIACTh
pH < Ig Ky, mo30aBneHa (i3u4HOTO CEHCY 1 MOXKE BiJirpaBaTH JIMII POJIb
JOMOMIXKHOI JTiHiT mpu moOyaoBi rpadiky. o toro x Bemmuman 1g [A] 1 1g [HA]
HE MOXXYTh Ha0yBaTH 3Ha4Y€Hb, OLIBIINX 32 Ig C.

['padiku 3anexnocrert (2.61 —2.64) nepeTuHalOTLCA B TOYIll, aOcluca sIKOi
pH =1g Ky, a opnunara nopiBHroe 1g c. Ll Touka Ha3UBa€TbCs MOUKOIO CUcCHIe-
mu.

[10611M3y TOYKHM CUCTEMU HANTIOMITHIIIE BUSBIISIETHCS HAOIMKEHHUM XapakTep

niHiHUX rpadikis. s yrouneHHs rpadikis ciaix Bpaxysartu, mo npu pH = Ig Ky
[HA]=[A]=c/2.
Toni
lg[HA]=Ig[A]=Ilgc—Ig 2. (2.65)

Takum uyuHOM, Tpadiku 3anexnocter 1g [A] i lg [HA] neperrHatoThes Ha
rpanuil obnacteit nmepeBaxkanns Ha 1g 2= 0,3 HUXKYE TOYKA CUCTEMHU. Y TOUHEHI
rpadiku MpoOBOAATH Yepe3 TOUKY MEPETHHY, TUTABHO CMOTyYaloud TOPU3OHTAIBHY
1 HaXUJIEHY YaCTUHY KOHOTO Tpadika (puc. 2.3).



Puc. 2.3. KonuenrpartiitHo-norapudmiuna aiarpama cucremu HA — A,

| 1-1g[HA]J,
-8 2-1g[A]

-10-

Ha KJIJ[ cucremu 31 cmyninuacmumu npoTONITUMHUMU piBHOBaramu Oygie
kinoka moyok cucmemu npu pH = lg Ky;, mo aiasate Bcto o6acts pH Ha obnacti
MepeBaKaHHS OKPEMHX TNPOAYKTIB TPOTOHYBaHHS. Po3rimsHemMo piBHSHHSA
miHidHOTO Tpadiky mansa yactuHku HyA B o0nacTi mepeBakanHs yacTUHKU HpA
(3apsiau YacTUHOK HEe HaBeneHo). Peakirisi meperBopenHs yactuHku HyA B miepe-
BaXkarouy Gopmy:

HA +(m—-k) H < HuA, Ig B — Ig k. (2.66)

Toni, 3rigno 3/IM, npu [HhA] = C:

lg [HA] =1g Bx—1g Bm +Igc+ (m—Kk) pH. (2.67)

I3 piBHsHB (2.66) i1 (2.67) BHaHO, 1110 B KOXKHIH 00JIACTI MEpeBayKaHHs Kymo-
euii  koegiyienm (muoycnux npu pH) zpagixy g [HKA] oopisnroe
cmexiomempuunomy Koegpivienmosi npu H' ¢ peaxuii nepemeopenns danoi
YaACMUHKU 6 nepesaxrcaioyy.

[Tpu nmoOynoBi rpadikiB HeMa MOTPeOU BIATBOPIOBATH KOXKHOTO pa3y HaBeJe-
He oOrpyHTyBanHs KJI/[. BusBneni npu oOrpyHTyBaHHI 3aKOHOMIPHOCTI CKJa-
Jal0Th OCHOBY anroputmy nooyaosu KJI/I.

Anzopumm nooyooseu KJI/I ona zomozennux cucmem 3 npomoaimudHumu
pisnosazamu:



1. ITpoBecTu miHiO Ig ¢ 1 BIAMITUTH Ha HIM TOYKH cucTeMH 3 abciucamu pH =
Ig K.

2. JIOOMI>)XHUMHU JTiHISIMH, 10 MPOXOASITh Yepe3 TOUYKU CUCTEMU MapalieTbHO
OCl OpAMHAT, PO3IUTUTA KOOPAMHATHY IJIOUIMHY Ha 00JacTi mepeBaxaHHsS OKpe-
MUX MPOTYKTIB.

3. B obnacti mepeBaxanHs uyactuHku HyA 1i rpadik Ig [HA] 300pa3utu
BIJIPI3KOM, IO CHIBIIaJIa€ 3 BIAPI3KOM JiHIi Ig ¢ B 1miit obacTi.

4. B cyciani o6xacti nepeBakanHs rpadik lg [HyA] nmpoaoBxuTu BiapizkaMu
OpSMUX, 3MIHIOIOYM KYyT HaxWiay Vy BIAMNOBIIHOCTI 31 CTEXIOMETPUYHUM
koedinientom npu H' B peaxuii nepersopenns H,A B mepepakaiody B JaHiil
00J1aCT1 YaCTHHKY.

5. Ha rpanuisx obnacreid nepeBakaHHs yTOUHUTHU Ipadik, TPOBOISYM TUIABHI
CIIOJIYYEHHS JIIHIMHUX B1JIpi3KiB Ha 0,3 HUXKYE TOUKH iX MEPETUHY.

Kpoku 3-5 noBTOPIOIOTH I BCIX MPOAYKTIB IPOTOIITUYHUX NEPETBOPEHD.

Amnanoriuno MoxxHa nooyaysatu KJI/I ona cucmemu 3 Komniekcoymeopen-
HAam. BIIMIHHOCTI BiJl BUNAJKYy 3 HPOTOJITUHYHUMHU PIBHOBAraMu MOJISITAlOTh y
TOMY, II1O:

eadcrmcoro KJIJT € 1g [L] a6o pL = - 1g [L];

exosu abcrucoro € 1g [L], mpu BukoHaHHI Kpoky 4 Haxun zpaghixy 1g [ML,]
0opigHIOE cmexiomempuunomy Koedpiuicumosi npu L ¢ peakuii ymeopenus
xomnaexcy ML, i3 komnnekcy, uio nepesaicac 6 oauiii oo1acmi,

®KOKEH KOMIUIEKC Ma€ oOOJacTh MNEePEeBaAKAHHS JIUIIE MPU HOPMabHIN
MOCHIIOBHOCTI ~ CTYMIHYACTUX  KOHCTAaHT  CTIMKOCTI; TpU  aHOMAaJbHIN
MOCJIIIOBHOCTI YTOYHEHHS rpadikiB NOTpedye cremialbHUX NPUHOMIB, K1 TYT HE
PO3TIISAAOTHCSL.
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Ilpuknao 2.15.
[TobynyBatu KJIJ[ st po3unHy kapOoHATy 3 MOJSIPHOIO KOHLIEHTPALIEI0
0,01 momw/m.

Po36’a3ok.
MHOXHHa MPOAYKTIB KUCIOTHO-OCHOBHHUX MEPETBOPEHb KapOOHATY BKIIIOUAE
2= _ .

CO;”, HCO; Ta ByruipbHy KHCJIOTY, $KY YMOBHO 3allUIIEMO SIK

{H20+C02}= COZ



3rigHo gosinkoBux manux, lg Ky = 10,33; 1g Ky, = 6,35. 3a anropurmom,
HaBEJICHUM BHIIIE, OyayeMo rpadiku:
()19 [COz]; (2)1g [HCOsT; (3) lg [COs"]
(puc. 2.4; yrounenHs rpa@ikiB Ha TPaHUIIX 00JacTell epeBaKaHHS HE TOKa-
3aHO).

Puc. 2.4. KonnenrpartiiifHo-orapugmidyHa jgiarpaMma CUCTEMHU
CO;* — HCO; - CO;.

3amauvi 1os1 caMocTiitHoI podoTH

2.63. B tabnuii HaBeneHO (GOPMYJIHM OCaJliB Ta PEareHTy, 10 3HAXOIUTHCS B
PO34YMHI HaJ OCaJOM 1 BIUIMBAE HA PO34YMHHICTH ocany. [loOyxaysatu KIIJ mns
cucrteM: ocaja — po3uuH. Hanectu Ha ofepkanuii rpadik 3ajaexXHICTh Jiorapudmy
PO3YMHHOCTI Ocaay BIJ KOHIIGHTpallli peareHTy B pO34yuHI. BusnauuTu
PO3YMHHICTH OCaly TPH 33/IaHIM KOHIICHTpAIlii peareHTy

( muB. Tab:. ).

No Ocan Peareur KonmnenTpartis
Bapi- pearexry,
aHTy ( MOTTB/T )

1 AgBr Br 10




2 HgBr, Br- 1

3 PbCl, CI 10°°
4 Zn(CN), CN 1

5 AgCNS CNS 10°°
6 CuCNsS CNS 10°°
7 Hg(CNS), CNS 10*
8 Agl I 1

9 Cul I 10°°
10 CaC,0, C,0.% 102
11 Cd(OH), OH" 10!
12 Co(OH), OH" 10!
13 Cu(OH), OH" 1

14 Fe(OH), OH" 10"
15 Ni(OH), OH" 10°°

2.4. MeTtoa 0as1aHCy peakuil

2.4.1. Po3paxyHKH pPiBHOBAKHOI0 CKJIAY PO3YHHY
Ha 0a3i 0anaHcy peakuii

[TpuHIMn MatepiaabHOro OaJlaHCy MOXHA 3aCTOCYBATH JI0 peakllii, B sKiil Oe-
pPyThb y4yacTh YAaCTUHKU 3 HAWOUIBIIMMHM PIBHOBAXHUMHU KOHILICHTPALISIMU.
PiBHOBa)kHa KOHUEHTpALlisl KOXHOTO peareHTy R; € cymoro HOro mo4arkoBoi
KOHIIEHTpAIIll Ta 3MIHIOBaHHS KOHIICHTpAIlli BHACIIIOK PEaKIIIi:

[Ri] = c(Ri) + A c(R)). (2.68)

JInst BUXITHUX peareHTiB 3MiHIoBaHHs KoHIeHTpalii A C(R;) € Bix’emMHOI0 Be-
JUYHHOIO.

Ax 3ragyBanocs B po3d. 1, s BCIX YYacCHUKIB peakilii OJIHAKOBUMH €
BIJIHOIIICHHSI KUIBKOCTI PEYOBHUHHU JI0 CTEXIOMETPUYHOTO KOedIIieHTY. 3a IIEl0
3aKOHOMIPHICTIO 3MIHIOIOMbCA KOHYEHmpayii peareHTIB y peakIlii, o mpoTiKae
pH NocTiiiHOMY 00’ emi. Tak, nis peaxitii:

vaA + vgB < veC + vpD (2.69)

OJIHAKOBOIO JIJIsl BCIX PEAareHTIB € BEJIMYMHA B1IHOIICHB:

Ac(A) _ A c(B) _ A c(C) _ Ac(D) _y (2.70)
—Va —Vp Ve Vp

B peakmii 3aranpHoro Burisigy (2.4) 3MiHIOBaHHS KOHIICHTpAIlli KOXKHOTO
pEeareHTy BUPAKAETHCS Yepe3 OHY U Ty K BEIUYUHY X:



wzx, Ac(R) =vi X;

Vi
[Ri] = c(Ri) + vi "X, (2.71)

toi piBHsHHA 3/IM (2.6) cTae piBHIHHAM 3 OJTHUM HEBIJIOMHUM:
K= TT{c(R;)+v;-x}". (2.72)

1
OOuucieHHd 3pY4YHO 3aMHMCyBaTH y BUTISAI TaOMUIN 3 TPHOX PSAKIB Iif
piBrsHHSIM peakiii (Cxema Komaps)®. Skmio peakmis (2.69) BinOysaetbcs mpu
KOHIIEHTpaIlisx peareHTiB ¢(A) = ¢; 1 ¢(B) = ¢,, cxeMa mMa€e BUTIIS:

VAA + vgB = veC + vpD
c C1 Cy 0 0
Ac —va'X —vg'X VX Vp'X
[ ] C1— VaX Co— VX veX Vp'X

Bupasu st piBHOBaXHUX KOHIEHTpAIiil (HUKHIA PSAOK) MIiJICTaBISIOTH B
piBHsiHHS 3/IM 1 po3B’s13y10Th #Oro BiIHOCHO X. [loTiM 3a nmMMu BUpa3zaMu 3Ha-
XOJIATh PIBHOBA)KHI KOHLIEHTpPAIli BCIX YYaCHHUKIB PEAKIIii.
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Ilpuknao 2.16.
Po3paxyBaTi piBHOBa)XXHUU CKJIaJl PO3YMHY OLTOBOI KHUCJIOTH 3 MOJIIPHOIO

KoHLeHTpauier 0,1 Mob/m.

Po3é’azox.
PiBHOBa)XHUI1 CKJIaJ PO3YMHY 3YMOBIIIOETHCS JTUCOLIAIIEI0 OLTOBOI KUCIOTH

(Ig Ky =—4,76); nucoriamiero Boau, sik ayxe ciadbkoi kucinotu (Ig K, =-14),
MOYKHA 3HEXTYBaTH. 3anoBHUMO cxemy Komapsi:

2 L.1.Efiadii (1900 - 1980) —idioaiitd Oade*aiiisial 4402aaiial 61°4a0fie0400, cafiiiaics 6a0440¢ 5*1P+ii;, 140016143,



CH3;COOH & CH;COO + H*

Cc 0,1 0 0
Ac —X X X
[ 1] 0,1-x X X

[TincTaBuMO BUpas3u Ajisl piBHOBAKHUX KOHIIEHTpallii B piBHIHHS 3IM:
[CH;COO™ J[H"]

[CH,COOH]

X2

01-x

PiBHOBara peakuii nuconianii 3CyHyTa BJIBO, TOX MOKHA MPHUIYCTUTH, IO

a—

a—

X << 0,1. Toai kBaapaTHE PIBHAHHS CIIPOILYETHCS:
2
X
Ka = —
0,1

3Bijgcu x = 4/0,1-K, =1,3° 107 (Monnw/m). 1a BenmumHa ckiaagae Bchoro 1,3%
Bix 0,1; Tox 3poOseHe BuUlIE NPUMYLIEHHS crhpaBeqinBe. Toal piBHOBaXKHI
KOHLIEHTpaLii JOPIBHIOIOTh:

[CH,COO 1=[H1=1,3 10"° mous/x;

[OH]=K,/1,3 10°=77 10" (moas/n);

[CH;COOH]=0,1-1,3 10°=0,1 (Monb/).

Ilpuknao 2.17.
Ha wmetaneBe 3070TO TOMISHO PO3YMHOM 3 MOJISIPHOIO KOHIICHTPAIIEIO
A30THOI KUCJIOTH 3 MOJIB/J. SIkoto Oynae koHueHTpartis 3010ta(l) B po3unni?

Po3eé’a3ok.

Peax1iist B3aemo/ii 30J10Ta 3 a30THOKO KHUCIIOTOKO CKJIAJIA€ThCS 3 HAIIBPEAKITIH
OKHCJIEHHS 1 BITHOBJICHH

Au-le < Au', lg K, =-28,81;

2NO; +4H" + 2e & N,O, + 2H,0, Ig K, = 27,2.

Jns cymapnoi peakii 1g K =2(-28,81) + 27,2 =-30,42.



[1ix piBHSHHAM IIi€1 peakiiii 3amoBHUMO cxemy Komaps:

2AUy + 2NO; + 4H' < 2AU" + N,O, + 2H,0

c - 3 3 0 0 -
Ac - -2X -4x 2X X -
[ 1] - 3-2X 3-4x 2X X -

[TizcTaBuMO o/ieprKaHl BUpPa3H PIBHOBAKHUX KOHIICHTPAIlIN 10 PIBHSHHS
3/IM :
« = (AT [N,0,].
[NO3F-[H'T
103042 _ (2%)°-x
(3-2x)*-(3-4x)*

PiBHOBara peaxiiii 3cyHyTa BJIiBO, TOK MO>KHA MPUITYCTUTH, 10 4x << 3, TOJI

1 2x << 3, 1 piBHSIHHS CIIPOIIYETHCS:
\/7,29 107289

1073042 _ ﬁ - 41107

, 3BiICH X = 3

Konnenrpartis 3o10ta(l) B po3unHi JOpIBHIOE:
[Au]=2x=24,110"=8,210" (monn/n).

2.4.2. I'pannyHuii 3cyB piBHOBAaru xiMmiuHoi peaxuii

Jlnst peakiniii, piBHOBara skux 3cyHyta Bipaso (Ig K > 0), 3pyuno nepeiitu 110
Z2PAHUYUHO020 CKAady, TIPUITYCKAIOUH, IO TIPsIMa PEaKIlis BiIOyBa€ThCS JOTH, JOKH
HE BUTPATUTHCS PEArcHT, KWW B3SITO B HeAocTaTtky. KoHIeHTparlii 4acTUHOK
TiCJIs 3aKIHYCHHS TIPSMOT peaKilii Ha3UBAKOThCS TPAHUYHUMH (Ciim):

Clim(Ri) = C(Ri) + A Clim(Ri)- (273)
Jlns pearenty R, B3siToro B HegocTaTky, ¢im(R) = 0, Toxi
C(R) =A C|im(R), (274)

TO 32 KOHIIEHTPAIIIEIO I[LOTO PEareHTy OOYHCIIIOIOTh TPAHUYHE 3HAYCHHSI X|jm
JUTSI TIPSIMOT PEaKITii:
Xiim = ¢(R)/vr. (2.75)
3a 3HAWJACHUM 3HAYCHHSM Xjiy OOYMCIIOIOTH 3HAYeHHS A Cjim(Rj) misa iHmmx
peareHTIB:



A Ciim(Ri) = Vg, " Xiim (2.76)

11X TpaHUYHI KOHIIEHTpali 3a piBHIHHAM (2.73).

[TotiM po3risialoTh 3BOPOTHY peakililo, NpuUiMarouu Ui Hel TI'paHU4YHI
KOHIICHTpaIlii 3a mo4atkoBi. [ 3BopoTHOi peakiii Ig K < 0. Benuunna x Oyne
MaJjOl0 TMOPIBHSAHO 3 JEAKUMH TPaHUYHUMH KOHIEHTpALiAMU, 1 pO3B’sI3aHHSA
piBusiHHsa 3/IM chpomryerbea. Cxema po3B’Si3aHHA CKIAQAATHUMEThCS 3 I SITH
psakiB (auB. mpukian 2.18).
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Ilpuknao 2.18.

Jo 20Mn po3uviHy 3 MOJISIPHOIO KOHIIGHTPAIEID OITOBOI KHCJIOTH
0,250 monbp/n1 mogaHO S MII PO3YMHY 3 MOJIIPHOIO KOHIEHTPAIIEIO TiAPOKCUIY
Hatpito 0,125 monb/n. Po3paxyBaTu piBHOBa)KHHI CKIIa/1 OJIEP>KAHOTO PO3UYHHY.

Po3é’a30k.
O06YMCIMMO MOYATKOBI KOHIIEHTpAIlli peareHTIB B 0JIEPKAHOMY PO3UMHI:

¢(CH;COOH) = 0.25-20 _ 0,2 moub/It;

0,125-5

c(NaOH) = = 0,025 mounp/m.

O1rToBa KMCI0Ta B3aEMOJIIE 3 JIYTOM 32 PEaKIlI€lo:

CH3;COOH + OH < CH3;COO™ + H,0,

TS SIKO1

lg K=IgK, — IgKw=-4,76 + 14 = 9,24,

PiBHOBara peaxkiii 3cyHyTa BIpaBo, KMCJIOTA B3ATa B HAJJIMIIKY, TOX MOXHA
IMPUITYCTUTH, 10 MpsMa Peakilis Wae J0TH, TOKH HE BUTPATUTHCS BECh I'1JIPOKCHI.
['paHuyHE 3HAYCHHS X|jm BU3HAYAETHCS TTOUYATKOBOIO KOHIIEHTPAIIEIO T1APOKCUTY,
1t IKOro Acjim = ¢(NaOH) = 0,025 Momb/71, TOX Xjim = 0,025. 3anoBHUMO cXxemy
Komapsi, nonaBmm 10 HEl pSAKU IS TPAaHUIHOTO 3MIHIOBAaHHS AC)iy Ta TpaHWY-
HUX KOHIICHTpAIIii:

CH;COOH + OH" & CH;COO + H)0
C 0,2 0,025 0

ACjim 0,025 0,025 0,025



Clim 0,175 0 0,025
Ac X X —X

[ ] 0,175+x X 0,025-x

OpneprkaHi BHpa3W piIBHOBAKHUX KOHIIEHTpPAIliH TiACTAaBUMO 10 PIBHSIHHS

31IM :

K = [CH;COO ] ; 10%% = 0,025 —x |
[CH;COOH]-[OH ] (0.175+x)-x

B ocraHHbOMY pIBHSIHHI BEJIMYMHA X MaJjla: BOHA XapaKTepU3ye MPOTIKAHHS
3BOpoTHOI  peakmii, mnsa sikoi lg K'=—1g K=-9.24. TlpunyctuBmmu, o
X << 0,025, criporyemMo piBHSIHHS:

1092 = 0,025 |

0,175-x

3BIOKU X = ?)’(1)32 10 %% = 8,2'10*11, 0 IIUIKOM BIJMOBiAa€e 3poOJIeHOMY

MPUITYIICHHIO.

O06YKCIMMO PIBHOBAXKHI KOHIICHTPAIIIT :
[OH]=x=8,210"" momb/x;

[CH3COOH] =0,175 + x = 0,175 (momnb/n);
[CH;COO]=0,175 + x = 0,025 (mo1b/1n);
[H]=K,/[OH]=10"/8,210" = 1,2 - 10 *(mous/n).



3. XIMIYHI PIBHOBATI'U ITPHU IIIATIOTOBLI ITPOBU 10
AHAJII3Y.
PO3YUHEHHSA TA PO3JAIJIEHHSA ITPOBHU

3.1. Kuc/I0THO-OCHOBHI piBHOBaru

B KHCITOTHO-OCHOBHUX PEAKIISAX MPUHMAIOTh Y4acTh HPOMOaAimu — pPEeyOBU-
HU, 1110 MPUEIHYIOTh YU BIJIIEIIIIOIOTh 10H BOJIHIO H* (npoton). 3a bpencrenom,
Kucioma —uyacmuHnKka, 30amua eiouieniioeamu iOH 600HIO, OCHO8A — HYaAcC-
MUHKA, 30amHa 1020 RPUEOHYBAMU.

KHCII0THO-0CHOBHI peakiiii MOKyTh BUKOPUCTOBYBATHCH SIK Ha €Tarl po34u-
HEHHS Ta MIITOTOBKU IPOOH, TaK 1 HA €Tari BUMIPIOBaHHS aHATITUYHOTO CUTHAITY
(KMCTIOTHO-OCHOBHE TUTpYyBaHHs). Lle HailO1IbII MOMIMPEH] piIBHOBAru y BOJISTHUX
po3unHax, 00 X cama Boja € aMmdosiTOM, TOOTO 1 KHUCJIOTOK, 1 OCHOBOIO.

KHUCIOTHI BIaCTHBOCTI PO3UKHY XapakTepusye BenuurHa pH:
pH=-1g aH+ ~ - 1g [H].

Yacto peareHTH, O OEpyTh y4acTh y peaklisX KOMIUIEKCOYTBOPEHHS, OKHUC-
JIGHHS 1 BIJHOBJICHHS, PO3YMHEHHS OCaay, MalTh KHUCIOTHO-OCHOBHI
BJIacTUBOCTI. Toal 3 TOJOBHOW PEAKIIEI0 KOHKYPYIOTh KHCIOTHO-OCHOBHI
pIBHOBAarm 3a yd4acTIO IIMX peareHTiB. BIumMB KOHKypyrouux peakxiliidi Ha
PIBHOBAary TOJOBHOI peakilli peryroTh, 3A1MCHIOIYH aHATITHYHI onepallii mpu
3a1aHOMY 3Ha4yeHH1 pH.

3.1.1. pH po3uMHiB KHCJIOT T2 OCHOB

pH po34MHIB 3aJI€KUTH Bl CHJIM Ta KOHIIEHTPAIlli PO3UMHEHUX KHUCIIOT Y OC-
HOB. [Ipu o6uucnenni pH po3uuny ciijg MaTu Ha yBasi:

1) ¥V BoastHUX po34MHAX CUIBLHOT KUCIIOTH 3 MOJISIPHOIO KOHIICHTPAIIIEI0
c(H") >1 -10® Mosb/i MOXKHA BBAXKATH, 11O

[H]=c(H),

pH =-Ig c(H"). (3.1)
2) Y BoAsSHUX pO3YMHAX JIYTY 3 MOJISIPHOIO KOHIICHTPAIIIEIO BUIIIE
1 -10°® monb/n MoskHa BBaxkaTH, mo [OH ] = ¢(OH). Toxi

[H'] = Ky/ c(OH), (3.2)

pH=-1g K,, + Ig c(OH"). (3.3)



3) Ilpu GBI HU3BKUX KOHIIEHTPAIIISIX CHJIBHOT KMCJIOTH YH JIYTy Tpeba Bpa-
XOBYBaTH BHECOK JHUCOIliallli BOAU Y [H+] ta [OH ]; oOunClieHHS 3pYyYHO BECTH
3a METO/I0M OaJlaHCy peakKIlii.

4) HasBHICTb Y pO3UMHI CHJIBHOI KHCIIOTH MPUTHIYYE TUCOLIALIIO0 CIA0KOT KU-
CJIOTH.

5) KoHcTanTH cTymiHYacTOl AMCOIiamii 6araTo0CHOBHUX KUCJIOT 3HAXOASThCS
y TIOCJTIIOBHOCTI:

lg Ko > 1g Ko > 1g Kz > ... > g K.

lonn BOIHIO, 10 YTBOPWJINCH Ha TONEPEIHbOMY CTYIEHI JMCOIallli,
IPUTHIYYIOTh AUCOLIALIIO0 33 HACTYIHUMU cTyneHamu. Jns o6uucnenns [H'], sax
MIPaBUJIO, JOCUTH PO3TISHYTH TUCOIIAIII0 KUCIOTH JIUIIE 3a TIEPIIUM CTYTICHEM.
BuHSATOK MOXYTbh CKJIQJaTH €Kl OPTaHIYHI KUCIOTH 3 OJU3bKUMH 3HAUYCHHSIMU
[IOCJIIJOBHUX KOHCTAHT AMUCOIAI].

6) OcHoBu bpeHctena y BOASHUX pO3YMHAX TIAPONI3YIOTHCS Y BiAMOBIIHOCTI
3 PIBHSIHHSIMU:

A" + H,0 < HA™+OH, (3.4)
HAY+ H,0 < H,A?*+ OH, (3.5)
Hy A"+ H,0 < H,A"?+ OH . (3.6)

Ionn OH', mo yTBOpUIMCS 3a MEPIIMM CTYNEHEM TipOoi3y, NPUTHIYYIOTh
TIAPOITI3 32 HACTYMHUMHU CTyneHsMU. Tomy st o6uucienns pH po3uuny, 1o
MICTUTh OCHOBY bpeHcTena, 1ocuTh, SIK MpaBUIIO, PO3IJISHYTH JIMILIE PIBHOBAry
peakiii (3.4).

7) Amdomnitom HasuBaroTh yacTuaky H,A"” | mo 3maThHa 6yTH i KucaoToro, i

OCHOBOIO:
H,A"? < Hp A" + HY, (3.7)
H,A"? + H" < Hp A" (3.8)
CymapHe piBHSIHHS PEaKilii:
2H,A"? < Hpq A"t + Hpn A" (3.9)

Jla€ 3MOTy 3a METOJO0M OaJlaHCy peakilii OOYMCIUTH HaWOUIbIII PIBHOBaXKHI
KOHIIEHTpAI[ll YaCTUHOK y po3urHi am@odity. [lincraBuBmm ix y piBHsHHS 3[M
s peakii (3.7) a6o (3.8), moxkna obuncautu [ H'] i pH pozunny.



IIpukaaau po3B’si3yBaHHA 3a1a4

Ilpuknao 3.1.

Po3paxyBatu pH po3unmHy 3 MOJSPHOIO KOHIEHTPALIE CIPKOBOIHIO
0,05 mom/m.

Posé’a3ok.

CipkoBogHEBa KHCJIOTa Y BOJSHOMY PO3YMHI JBOXOCHOBHA, 3TiJTHO
JOBIIKOBHX JaHuX, Ig Ky =—7, 1g K =—13,9.

PosrisHeMo piBHOBary aucoiriaiii CipKOBOIHIO 3a TIEPITUM CTYTICHEM:

H,S & HS +  H
C 0,05 0 0
Ac —X X X
[ ] 0,05-x X X

OpneprkaHi BUpa3u PIBHOBAKHUX KOHIIEHTpPAIIN MiICTABUMO J0 PIBHSHHS

3JIM :

_[HSTJH"]. g X
al= ——— 107'= ,
[H,S] 0,05 -x
OckiIbKH KHCIIOTa ciiabka, MOKHA TPUITYCTUTH, 1110 X << 0,05, Tosi
X
0,05

sBigen x = [H*] = 10" mons/n, pH = 4,15.

loan H', mo yTBOpWINCH Ha TepLIOMY CTyNEHi AUCOLialii, MPUIHIYyIOThH
JUCOLIAIII0 32 IPYTHM CTYTIEHEM:

HS s S8 + H
c 10—4,15 O 10—4,15
Ac —X X X

[1 | 10*" X 10 +x



K, = STIHTT. s X070 4+
al — = -
[HS™] 107415 —x
3Bigcn x = 10"°, mo mabarato menme 3Hauenns 10, omepxanoro mwis

MepIIoro crymneHs aucoriaiii. TakuMm drHOM, AUCOITiallis CIPKOBOJIHIO 32 APYTUM

. . + .
CTyNEHEM IMPAaKTUIHO HE BIUIMBAE HAa PIBHOBAXHY KOHIIEHTpalliro H™ 1 3HaueHHA
pH.

Ilpuxnao3.2.
Po3paxyBatn pH po3umHy 3 MOJSPHOIO KOHIIGHTpAIlI€IO aleTaTy HaTpiio
0,2 Moab/11.

Po3é’a30k.

O6uucaumo koHctanty 3JIM miis peakiiii ripoii3y areTaTy HaTpiio:
lgK=IgKy+Ig K, =4,76 - 14 =-9,24,

PosrnsiHemMo piBHOBAry peakiiii riapoJizy:

CH;,COO + H,O0 <« CH3;COOH + OH"

Co 0,2 0 0
Ac —X X X
[ ] 0,2-x X X

OpneprkaHi BUpa3yu pIBHOBAXKHUX KOHIIEHTpAIlIN MIACTAaBUMO J10 PIBHSHHS
31IM :
K= [CH3COOH][OH_]’ 109% = x2 |
[CH;COO ] 0.2 -x
OcCkiJIbKM pIBHOBara peakifii 3MIleHa BJIBO, MOXXHAa MPUIYCTUTH, IO
X << 0,2, Tomi

0,2
3Biacu x = [OH] = 10" momnm/m. PiBHOBa)kHY KOHIIEHTpAIIiIO0 i0HIB BOJIHIO
3HAaXOJIMMO 3 10HHOTO TOOYTKY JUJIsl PO3YMHHHKA!
[H1=K, /[OH] =10°%,
pH =9,03.



3.1.2. by¢epHi po3uunu

JI1st cTBOpEHHS 3a/1aHOTo 1 MOCTIHHOTO 3HaueHHs pH y po3umHax 3actoco-
BYIOTH Oyghepni cucmemu. B HUX Hu3bKa PiBHOBa)KHA KOHIIEHTpalis ioHis H'
HiATPUMYETBCA 32 PaXyHOK XIMIYHOI peakilii, B 3araikHOMY BUTJISI1

HA < A+ H', (3.10)

ne HA — kucnora, A — cynpsbKeHa 3 HEl0 OCHOBA (3apsil YaCTUHOK HE Ha-
BesieHO). [IpukianaMu CympsiKEeHUX Map KUCIOTa-OCHOBA €: OITOBA KHUCIOTA 1
arnterar Harpiro; H,PO, 1 HPO42*; NH," i NHs,.

B Ttakomy po3uuHi, 3rigHo 3/IM:

_ [A]
pH=I1gKy+1g HAT (3.11)

3cyB pIBHOBard 3MEHIIY€ BIUIMB 30BHINIHIX YWHHUKIB Ha PIBHOBAXHY
koHneHTpanito H'. Konu 10 6yhepHoro po3unHy moTparvisioTh I0JaTKOBI i0HHU
H”, BoHU 3B’A3yI0ThCsl OCHOBOIO A, BTpaTa ioHiB H' (BHACHIIIOK 10/ aBaHHS TTyK-
HUX pEareHTIB 4 aJcopOIlli) MOMOBHIOETHCS 3cyBOoM piBHOBaru (3.10) Bmpaso.
KonrenTpanii cynpsikeHUX KHUCJIOTH 1 OCHOBH MaiOTh OyTH JOCUTh BHUCOKHUMHU,
TOJI1 BOHH MIPAKTUYHO HE 3MIHIOIOTHCS MPU 3CyB1 PIBHOBATU:

[HA] = cua; [A] = Ca,
TOX HE 3MIHIOEThCS 1 3HaUeHHs pH:
pH =g Ky +1g A (3.12)
CHA

st obuncnenb 3HaueHHS pH a0 MOYaTKOBUX KOHIIGHTpAIlld pEarcHTiB,
HEOOXITHUX ISl IPUTOTYBaHHS PO3YHMHY 3 3a7aHuM pH, 3pydyHO KOPHCTYBAaTHUCH
MeToZ0M OaraHcy peakiiii (po3a. 2.4).

3natHicTh Oy(epHOro po3urHy MIATPUMYBATH MOCTIHE 3HaueHHs1 pH xapak-

TEPU3YIOTh BEIIMUUHOIO OyghepHoi emuocmi W

dc .
w= - —H (3.13)
dpH

BOHA MOKa3ye, Ha CKUIbKKM Tpeba 3MIHUTH 3arajbHy KOHIIEHTpPAIlI0 10HIB BOJI-

HIO, 100 3Ha4YeHHS pH 3MIHMIOCS Ha OJIMHHMITIO.
Bupa3z nnst ominku 6ypepHoi €eMHOCTI
1 1
+ -
[HA] [A]

w=23|[H"]+[OHT" + (3.14)

€ HaCIiAKOM Ju(dEpEeHIIiIOBaHHS PIBHIHHS MaTepialbHOTO OanaHCy IS 10HIB
BOJIHIO y PO3UMHI, IO MICTUTh CYNPSDKEHI KUCIOTY Ta OCHOBY. SIK MpaBWIIo, JIs



OydepHOro po3uMHy MepI JBa JAOJAHKKH HabaraTo MEHII TPEThOro; TOX, He-
XTYIOYH HAMH,

-1 -1
W=23 {;4} 23 {;L}  (315)
[HA] [A] CuA ©Ca

3 1mporo BUpa3zy BUAHO, 10 OydepHa €MHICTh Maaa€, KOJU 3MEHIIYIOThCS
KOHIIEHTpaIlli KOMIOHEHTIB O0y(pepy— Cya UM Ca.

Ipuxaaau po3B’si3aHHdA 327124

Ilpuxnao 3.3.

Po3paxyBatu pH OydepHOro po3umHy, IO MICTUTh MYPALIUHY KHCIOTY
HCOOH (Ig K, = —3,74) 3 momspHOto KoHIeHTpariiero 0,1 Mois/1 Ta ¢opmiar
Hatpiro HCOONa 3 MmossipHOt0 KOoHIIeHTpaiti€to 0,2 MoJib/1I.

Po3é’a30k.
PosrisiHemo piBHOBary peakilii, 1o 3adesneuye OydepHy 1110 pO3UUHY:

HCOOH = HCOO™ + H*
Co 0,1 0,2 0
Ac —X X X
[] 0,1-x 0,2+X X

Tomi, 3rigHo 3/IM,
_ [HCOO JH"] K. = X(02+%)

a ’ a

[HCOOH] 01—-x
Ockinbkn x<<0,1, MM T0JaHKOM MO>KHA 3HEXTYBATH, TOI1
x-0,2
Ka : .
0,1
0,1-Ka

3Bincu x = [H'] = 02 ,

pH=-lgx=-1g0,1 -Ig K, +lg0,2=1+ 3,74 - 0,7 = 4,04.




Ilpuknao 3.4.

B mipny xonby mictkicTio 100 Myt BBeieHO 50 MJT pO34HMHY 3 MOJISIPHOIO
koHueHtpatietro CH3COOH 0,5 Mmons/n, 10 M1 po34nHy 3 MOJISIPHOIO
koHneHTpaniero NaOH 1,25 Monb/71 1 10BeI€HO TUCTUIIHOBAHOIO BOJIOIO 10
MiTku. Po3paxysatu pH oxepskanoro 6ydepHoro po3dnHy.

Po3e’a3ok.

O6YMCIMMO TOYAaTKOBI KOHIICHTpAIlli peareHTIB:

¢(CH3COOH) = 0,5 '50/100 = 0,25 Mo/,

c¢(NaOH) = 1,2510/100 = 0,125 moup/m.

JI1s1 peaxiiii MiX peareHTaMu

lgK=Ig K,—lg K, =-4,76 + 14 = 9,24.

PiBHOBara 1i€i peakiiii 3MillieHa BIpPaBo, TOXK JJIsl O0YUCICHb 3PYYHO MEepeuTH
0 TPaHWYHOTO CKJIaay, npuiimMarounm a0 yBard, mo OH™ 3HaxomuTbes B
HEJI0CTavl 1 TOBHICTIO BUTPAYAEThCS HA TPSIMY PEAKIIIFO:

CH;COOH  + OH" & CH;COO™ + H.O

Co 0,25 0,125 0
ACiim —0,125 —0,125 0,125
Clim 0,125 0 0,125
Ac X X —X
[] 0,125+x X 0,125-x

Tomi, 3rigao 3/IM,
[CH;COO"]

K= ,
[CH;COOH][OH ]

109,24= 0,125 —X .
(0,125 +x)x
3Biacu, mpu x<<0,125
x=[OH]=10"% [H"] = K,[OH]" = 10",
pH = 4,76.



Ilpuknao 3.5.
Ax npurotyatu 200 mu OydepHoro po3unny 3 pH= 4, ckopuctaBmuch po3-

YUHAMH 3 MOJISIPHUMHU KoHIeHTparissMu onToBoi kuciaotn CHz;COOH 0,2 mons/n
i anferary Hatpito CH;COONa 0,1 monw/x (Ig K, = —4,76)?

Po36’a3ok.
[To3HauuMo 00°€M PO3YMHY KHUCIOTH V MJ, TOAI 00’€M PO3UMHY alleTaTy
HaTpito gopiBHIOBaTHME (200 - V) mi1. [ToyaTKoBI KOHIIEHTpALIil TOPiBHIOIOTh:
¢(CH3COOH) = 0,2 V/200 (Mo1b/1),
¢(CH;COO) =0,1 (200 - V)/200 (Momb/m).
Ipu pH = 4 piBHOBa)KHA KOHIEHTpaIIis ioHiB Bommio [H'] = 10~ Moms/m.
Po3srnsiHemMo piBHOBAry peakiiii, o 3adesneuye 0ypepHy /it0 po3yuHy:

CH;COOH <« CH,COO™ + H*
co 0.2V 0,1 (200 - V) 0
200 200
Ac 10" 10* 10
- —4
[] ().2V__1041 0,1 (200 ‘V)+104 10
200 200

PiBusans 3/IM mae BUTISA:
K. = [CH;COO [H"]
®  [CH,COOH]

. 4 .
Ockuibkn  BenuunHa 10 mnoBuHHA OyTH Habarato MEHIIOW, HIXK

KOHLIEHTpAalli KOMIIOHEHTIB Oy(epy, MOKHA BBaXKaTH, 110

(cH:co0oH] = %2V [cH,coo= &1 R0 - V)
200 200

. [lizcraBuBIIK 111 BUpa3u

1o piBHsiHHS 3/IM, onepxxyemo:
_0,1-(200-V)-107*
Ka= :
02-V
Po3B’s13aB111M 11€ PIBHSAHHS, OA€pKYyeMO 3HaUeHHs V = 133,3 M.

Takum yuHOM, IJIs1 IPUTOTYBaHHS Oy(epHOro po3urHy Tpeda BHECTH JI0
MipHOi KoJiou MicTKicTio 200 M1 133,3 mit po3uuny CH3COONa Tta qoBectu 10
MITKHA PO3UYMHOM KHCIIOTH.
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oi¢+eiad 6eo 1iiia.

IAR

1 facaa iniiae O1d16¢a 1niiae F116410046°,
420%3100 16u/é
1 A3aé NH, 0,5
2 A3 CeHsNH, 0,001
3 A3adacef N,H, 0,2
4 A3adienesai’i NH,OH 0,1
5 Adidoesai’i (CH3),NH 0,001
6 Aeoaisaid (CeHs),NH 0,001
7 A330e8ai’i (C,Hs),NH 0,05
8 1-fadossaii C1oH:NH, 0,001
9 2-faooesai’i C1oH:NH, 0,004
10 8-161i66%1ie% CyH,ON 0,001
11 358481 CsHsN 0,01
12 0d&ia0esai’t (CH3)sN 0,002
13 Od¢aoseai’t (C,Hs)sN 0,005
14 0313 CyH-N 0,001
15 Aodesaii C,HsNH, 0,01

3.3. A 0aaéed’ 1aadaaii iacae, 010i0€e 0a €110diodad’; niédé. la+enéeoe Ol a

0i¢+eiad 0eo nieae.

1

facaa fie?

O10i6¢éa nie?

E1i0aiodad’y, i1ei/e

430%3i00
1 04iieyo 1a0dp CsHsONa 0,01
2 A64040 aifi*p CH3;COONH, 0,4
3 O&ioed aiiip NH,CI 0,5
4 [éfiasao 1408°p Na,C,0, 0,1
5 00a8ao 1200p Na,Ft 0,01
6 011640 1200°p NazPO, 0,05
7 Ea04iiao éas’)p K,COs5 0,02
8 O’aia eaé’p KCN 0,01
9 No6é&ii6 1a0d%p Na,S 0,2
10 N6&i16%0 1200°p Na,SO; 0,4
11 Nag*6%¢a0 1a00°p Na,Sal 0,05




12 Adiiaiao 1400°p NazAsO, 0,001
13 0161340 éa&’p HCOOK 0,02
14 0&0830 1400%p NasCit 0,01
15 30020 1200%p NaNO, 0,1

3.4. A6dadieé dig+ei 1Phoedii 160a0eio éenéioo HCOOH oa 6iditad 1add%p
HCOONa ¢ iigyoicie éiioaiodad*yie 0,1 ii€i/€. Dicdaddaaoe ol dig+eio.
(3,74).
3.5. A 1%di6 élsad Phoéfiop 200 i& aaadail 20 18 dig+eio ¢ 1ieydiip
€1164100a6*°p HCOOH 1 iiéi/eé, 1,36 8 HCOONa * diadaaii denoeéiitaaiip aiaip ai

AN Y

1Poée. Pigdad6aade ol 14adxaiiai 4006a0iial dig+eio.
(3,74)

3.6. Ci*eail ii 25 i€ Oi¢+¢i*a ¢ 11€yoilp €1ivaiodas*’p HCOOH 0,2 iiéi/€ 3
1iey0iip €1i64100a6°°p HCOONa 0,1 iicii/é. Picdadoaace ol 14adaeaiiai 400401141
dic+¢io.

(3,44).

3.7. A 1%3i6 é&léad 1Pfioe*nop 100 ié 4aazail 20 ié dig+eio ¢ iieydiip
€1104100a0°°p ai*aéd NHj 2 ii€ii/é, 30 i€ dig+eid ¢ 1i€yoilp €1i64100a6°°p 0&10edd
aiti’p NH,Cl 1 iféi/eé ® aiaqaail ai Poee aefoséiiaaiip aidip. Digdadoaace ol

(9,37).
3.8. A&y 108ai06aaily 400adiial dig+eid 14°°ili 500 i& aééioehioail 100 ié
dic+ei6 ¢ i1&ydiip é1i6aiodas*p NH; 0,5 1iéi/é 0a 5,35 3 NH,4Cl. Picdadoaaoe of

(8,94).
3.9. Ad0adieé dig=ei Piocoi 0,02 iiéi/é 5&idea0 aiii’h 0a 0,2 1idi/e airacos.

(10,24).
3.10. A&y i0eai00aaily 400401iaT dig+eid 4”1 1 & AcéideRoali 200 ié dig+eid
¢ i16ydiib €ii6ai00a6™p 160iai;, eeficioe CH,COOH 2,5 iigii/é 3 41 a 1ooiaieefieial
400°p CH;COONa. Digdasoaade 81 0asiai dig=eio.
(4,76).
3.11. Ci’eail 200 ié dig+eio ¢ iieydiib €ii6ai00a6*p CH;COOH 2,5 iiéii/é 3

’

800 ié di¢+eio ¢ 11€ydiip Eii 0a106a03°b CH3;COONa 0,5 iiéii/é. Dicdadoaaoe ol
. ] :

(4,66).
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3.12. Ci*eaii 1d¢iaéia® 14°°1¢ dig+ei*a ¢ ii€ydicie €1ivdiodas’yie 4¢a*a016116a00
€aé*p KH,PO, 0,1 ii€ii/€ * a*°408i6inoaod €ae’p K,HPO, 0,2 ii€ii/é. Digdadoaaoe ol
iaadacaiial a6oaoiial oi¢+¢io.

(7,50).
3.13. A 13316 &i¢a6 1Po&*nop 100 ié 4334411 1,06 & adaiiaod 1406°p Na,COj ,

0,84 3 a*idiéadaiiaoo 1aod’p NaHCO; * 4144aail 41 i’oee dcnoeéiiaaiip aidip.

O~

Dicdad6aaoe di 14ad@aiial 466401141 dig=eib.
(10,33).
3.14. A 1816 &isad Pioe*iop 50018 AaddAll 63 4eA’a016iH0a06 1a00%D

NaH,PO,, 14,2 3 3*3016i16a006 1a0d°p Na,HPO, * 41aaaaii a1 i*oée denoceliaail
aiaip. bicdadoaaoe ol idddeeaiial

250 1i¢ aadadii 50ié dig+eid ¢ 11€ydiip

3.15. A 1316 éi¢a6 1PRoeiop
100 ié di¢+¢id ¢ 11€yoilp €1i0aiodad*’p NaHCO;
0

€1164100a6°°p Na,CO3 0,5 iiéii/é,
0,25 1iél/é 3 aiaadail ai 1°0€¢ aen

¢ulaaiip aiaip. DPigdadoaaoe ol 1dadeeaiial
(10,33).
3.16. Ci*eaii 30 i€ Oi¢+e¢id ¢ ii€yoilp €1i6dio0ad*’p NHjz 0,5 iiéi/é * 20 i€
Oi¢+eid ¢ 1iéyoilp €1ivaiodad*p NH,4CI 0,25 iiéii/é. Dicdaodaaoe ol 1dadecaiiai
i .

(9,72).
3.17. CPodi ieiasia® 14 6i9+éi3ﬁ ¢ i1eydicie i6aio0a0%ie 464401600400

éa‘lé3b KHQClt 33401600206 6a&’p K,HCit 0,2 iiéii/é. Pi¢dadoaaoe ol 1aa0aeaiiai

(4,76).
3.18. A 1?0160 éiéad i*oé*nop 250 i€ aadaaii 50i€ Oi¢c+eio ¢ 11€yodiip
€1164100a6*°p Na,CO3 0,5 ii€l/e, 2,1 3 NaHCO; * diadaaii ai i*oée ée

r/\/\

noceuiaaii
a00a0iiai di¢+¢io.
(10,33).

A 1’010 €1€a0 i*noé*nop 200 i€ aadaadii 10ié oig=cio ¢ 11€ydiip

aaip. Picdadoaaoe of i4adaeail

3.19
€1104100a0°°p ai*aeo 4 ii€ii/é, 20 i€ dig+eid ¢ ii€yoilp €1i6aiodad*p 0€101a1aiaaiy,
éenéioe 1 ii€i/€ * 41a44ail a1 i*0é¢ denocéliaailp aiaip. Picdaddaaoe Al idddeaiial

(9,24).
3.20. Ci’eaii ii 20 i€ dig+ei’a ¢ 11€yoieie &livaiodas’yie CH;COONa 0,5 iiéii/é
oa HC10,2 iisi/é. Dicdadoaace ol 14adeeaiial 40040iidl dig+eid.
(4,94).



321. A 1%0i6 é&éad *fioe*nop 100 ié éﬁééiéiii 50i€ 0oi¢+eid ¢ iiéyoiip
€1164100a6°°p CH3COOH 0,25 ii&ii/g, 10 ié dig+¢id g 11€y0iip €1104i00a6*’p NaOH

’

bicdadodaaoe ol idadaeaiiai

/\

0,75 1ieu/e > 41244adi1 denoeciiaailp aidip &l

(4,94).
3.22. A 13016 81846 1*io&*hop 1 & aaaaaii 100 i8 dig+eio ¢ i1&yoiip &1i6ai0das*p
HCOOH 0,5 iiéi/€, 200 i€ di¢+¢id ¢ ii€yodilp €1i6dio0ad*p NaOH 0,1 ii€i/é 3

\~1A\\\ r A O

41434411 4enoeeiiaaiip ataip ai 1*0ée. Picdadoaaoe of 14adaaiial 400401141 dig+eio.
(3,58).
3.23. Ci*eaii 100 i€ 0l¢+¢id ¢ i1€ydiip €ii6aiodas*’p HCOONa 0,6 ii€ti/€ oa
200 ié oi¢+¢id (; 1i6y0iip &1164i00a6>°p HC1 0,15 iigii/é. Pigdadoaaoe ol 14adaeaiiai
i

(3,76).

3.24. A1 di¢+¢i6 14°°10i 72 18 ¢ 116y0iip é1i64i00av*°p 6ifidaod 1a0d’p NasPO,
1ii¢i/€ aiaail 28 ié o1 c; ¢io ¢ 116y0ilp €116ai0das*’p o€i0iaididal; eenéioe HCI
2 1icli/€. Digoad ¢ Of 14a0=aiial 460401141 dig+eio.

(12,89).

3.25. A 1516 é1840 1*fioé*fiop 1 & aaaaail 21,4 4 5610e406 aili’p NH,LCI, 200 ié

0i¢+¢io ¢ 11€y0iip €1i0aiodad*°p NaOH 1 11€li/€ 3 41aaaaii ai i*0é¢ aenocéiiiaaiip

k4

ataip. Pigdadoaaoe of 14adaaiial 40040111 dig+eio.
(9,24).
3.26. Ci*eaii 150 ié 0i¢+e¢id ¢ 1i€yoilp €1i6di00ad*’p NaH,PO, 1ii€li/€ oa
100 ié dig+¢io ¢ 1ieydiip &ii6aiodas>p NaOH 1 iiéii/é. Digdadoaace of 14adaaiiai

aaaxeéod K,HPO, ianip 2,61 a,
Jiiei/€ 3 41244aii a1 i°0ée
aéfioeeniaaiip ataip. Picdadcoaaoe of 14adaiial 400401141
(7,50).
3.28. A 13016 81846 1PR0&*Hop 1 & aiafail iadaeee K,HPO, iafiip 27,84 4, 100 ié
dic+¢io ¢ 1i€yodilp €1i6diodas*’p KOH 0,6 ii€ii/é * 41aadaii a1 i*0é¢ a ¢
aiaip. Picdadoaaoe ol 1430aiial 400401141 dig+eid.
(12,13).
3.29. A dig+ef® 147°1i 250 ié ¢ 1ieydiip é1i6ai00a6*°p HCI 0,10 iisi/é dig+eiaii
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(7,20).
04100
éenéloe
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(Cidioeo

3a6%°p d101ATA18AT
(C6

iéyoicic éliodiodad’yie 0,2 iiel/e,

0aio

3.30. Af dig+ei6 147°11i 100 ié ¢ 11§diip &1i64100a6>°p KH,PO, 0,3 iféi/é 4iaaii
460401141 dig+ei6.

oiip &t

3.32. A

11€y
a*adienead 1aoo’p 0,06 ii€i/e. B ¢
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250 ié 40040iiai dig+eid ¢ Ol=4,5, yéui a €adioaoid’;, °

4

of 14402aiia1 dig+ei6 416°Aipaaa 7,2 ?
(60 i&).

a0¢ 4 Oig+

3.34. 3¢ 10

€yadiip
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v v—

10,247

’

dic+¢io ¢ ol

/4

fiai
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00
i€ 0i¢c+¢id NHy ié 0i¢+¢id6 NHs).
375 i€ dig+eid NH4Cl 3 125 i€ dig+eido NH

i6aiodad*yie NHy 3iigi/e * NH,CI
a

op 250 ié

3
ié

3

5
éyoieie éivaiodas’yiec HzPO, 0,3 ii€ii/é * NaOH

deatooaaiiy 500

o\ 2\

A

(20 ié dig=eid H3PO,, 30 ié dic=¢i6 NaOH ).

o 7\

04100a6°°p 100aeeily, €enieioe 0,3 iiel/e ?
aaa agyoe aey 1

i

0,1 iiéili/€ 00

é

4]

eu/é o

1

00ad*yie HCOONa 0,2

Nl

04

/4

¢ &1ioaiodas’yie Na,HPO, o6a NaH,PO,
dig+¢io ¢ 01=7,2.

i
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¢yoe aéy 1
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acyoe aey 1

\
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A

(103 ié di¢+eio HCOOH ° 147 i€ di¢g+¢io HCOONa).

3.38. B& 18°°i¢ di¢+ei*a ¢ 11éyoi

4

HCOOH 0,3 iiéii/é 00daa a
01=4,74.

0,1 i1€u/€ 0daaa



3.39. Bé 1dedioda 200 18 4606adiial dig+eio ¢ di=4,76, Neidenoadeeiii
oi¢+efaie ¢ iiéyoieie €1ivdiodad’yiec CH;COOH 0,2 iiéii/é * CH3COONa 0,1 iiéi/é
?

(Aiafioe 41 101, éieae Pno&*nop 200 ié

133,3 i€ di¢+e¢i6 CH3COONa o0a
4138n0¢ a1 i1*°0é¢ dig+eili eenéioe).
10¢3i06aa0¢ 100 i 406030iial Oig+eio ¢ 61=7,2, fiidefioadeeiii
iiéyoicic €1ivaiodao®

ao*yie KH,PO, 0,1 ii€ii/€ 6a K,HPO, 0,2 ii&ii/é ?
(Aiafioe 41 %01y 164¢ 1PRo&*nop
100 i€ 6

6,7 i€ di¢c+¢i6 KH,PO, 0a
a1 1*0é¢ oi¢+¢iii KoHPO,).
3.41. Bé i083i06aaoe 200 ié 460adiial dic+eid ¢ 8i=4,0, Neidefioadeeii
Oi¢+éiaie ¢ iléyoicie &livaiodasd’yie KoHCit 0,2 iiéli/é oa KH,Cit 0,1 iiéii/é ?

>

(Aianoe ai i*0ii;, €i€ae i*noe*nop
& 15

by

5,7 i€ di¢+¢id KL,HCit 0a
alaanoe ai i*oéé oi¢+eili KH,Cit ).
3.42. ¢ 'fééNi(‘)(')ﬁ&‘l(‘)é 1 & 466401141 dig+eio ¢ di=4,76, ficidenoadeeii dig+
g i08a6’yie CH3;COOH 0,2 iiéii/ € oa NaOH 0,1 iiéi/€ ?

(Ci%gaoc 11 500 i€ dig+ei’a
CH3COOH 0a NaOH).
3.43. Beeé 1a’°1 0i¢+¢io ¢ 11€yaiip €1i6ai00a6*’p HCI 0,2 iiéii/é 1aiad’ail aiaaoe
a1 50 ié 0l¢+¢io ¢ 11€y0ilp €116ai00a6>°p Na,CO3 0,1 1i€ii/€, uia 14ddaeade a60adicé
dic+ei ¢ 8i=10,6?

-
—
)
__
(@5

(8,77 18).
3.44. Beeé 14701 dic+eio ¢ 116yoiip 61i6ai00a6>°p HCI 0,4 1i6i/8 ia1ad%4ii 44
a1 250 i6 dig=eio ¢ 118ydiip é1i64i00a6%°p Na,HPO, 0,2 ii&ii/é, uia 144
¢ 81=6,0?
(235 i8).
> CH3;COONa 00344
1104

¢ Acyoe A8y 0eai00aaily 1
76, yeui iieyoia eii

a
400401131 di¢+eid ¢ ol=4

4100a6%y CH;COOH & dig+ef?
a10’aip® 0,1 iiéii/e?
(8,2 ).
3.46. Beo iafio faaaxée KH,PO, 00842 acyoe a8y ideaiooaaiiy 250 & 460adiial
dig+i6 ¢ 01=7,2, yéui i

iéyoia €iivdio0as’y K,HPO, a dig+ei® 410°aip° 0,2 11éii/é?
(6,8 2).



3.47. Be6 iand 1adaeée KH,Cit 0044a agyoe &y ioeaiooaaiiy 200 i€ 466aoiial
dig+ei6 ¢ 8l=4,0, yeui 1ieyoia 116410046y K,HCit 4 dig+ei 410%4ip° 0,2 iiéi/eé?
(52,9 3).



3.2. OkuCJIBAIBHO-BIIHOBHI PiBHOBaru
3.2.1. [loTrenuiaa cucTeMH i iioro 3B’s130k 3 KoHcTaHTOI0 3/IM

Y posuwuHi, mo MictuTth okucieHy (Ox) i BigHoBieHy (Red) dhopmu mesikoro
KOMITOHEHTY, ICHY€ piBHOBara:

Ox + ne < Red. (3.16)

®opmu Ox 1 Red cknanaroTh peokc-napy.

VY nepenadi enekTpoHiB Oyje nIpUilMaTH y4acTh 3aHYPEHUN Y PO3UUH MeTae-
BHH €JIEKTPOJ] (3 THEPTHOTO METaTy, HAPUKJIIA, 13 TUIATHHH, 200 3 MeTally, IO €
BiIHOBJIEHOIO (hopMoro). Ha enekTpojil BHHMKAE MOTEHINad, M0 BiI0Opakae
3MIATHICTh CHUCTEMH MNpUMATH YW BiIJgaBaTu eyekTpoHu. llel mnortenmian,
BUMIPSHUIA BITHOCHO CTaHJIAPTHOTO EJIEKTPOJy MOPIBHSIHHS (BOJAHEBUM €JIEK-
TPOJ1), HA3UBAETHCS €1EKMPOOHUM NOMEHYIAAoM a00 NOMEHUIANOM CUCmemMu
(E). [Ipu E > 0 B cucreMi nepeBakar0Th OKUCIIOBAJIbHI BIACTUBOCTI (piBHOBAra
(3.16) 3cynyra BmpaBo), npu E <0 mnepeBakaroTh BIJIHOBHI BJIAaCTHUBOCTI
(piBHOBara (3.16) 3cyHyTa BiiBO).

[ToTeHmiasl cUCTEMHU 3alIeKUTh BIJ CKJIAAy PO3YMHY VY BIAMOBIAHOCTI 3
piBHsHHSAM HepHcTa:

2303RT, ageg
lg
n F a0y

E=E°- , (3.17)

JI€ ARed 1 Aox — AKTUBHOCTI BIJTHOBJICHO1 1 OKUCJIEHOT PopM;

Ne — KUIBKICTH €JICKTPOHIB y HamiBpeakiiii (3.16);

E°— cranmapTHUN TOTEHIlIA; BIH JOPIBHIOE MOTEHIIATY CUCTEMHU, B SKIi

AKTUBHOCTI BIJTHOBJICHOI 1 OKHCJIEHOT (hOpPM JOPIBHIOOTH 1.

[Tpu 25 °C MHOXHUK @ nopisHtoe 0,059 B npu ng = 1.

N

Bupas mig 3nakom sorapudma mae Takuidl ke BUTIAN, K Bupas 3[AM mis
HaIBpPEaKIlii B CTaHIAPTHOMY BWTJISAl (TMpUeTHAHHS eNeKTpoHiB). Hampukian,
JUTSL HaIlIBPEaKIIii:

Cr,0,” + 14 H" + 6e < 2Cr** + 7 H,0,
piBHsiHHS HepHcTa Mae BUTIsi;
2303RT,  Ap3

Ig
6F a 5 'a14+
Cr07 H

E=E°




[Ipu 3anucy piBHsHHA HepHcTa, sik 1 ipu 3anucy piBHIHL 3/IM, aKTUBHOCTI
KOHJIEHCOBaHO1 (pa3u Ta PO3UMHHHUKA BBAKAIOTHCS MOCTIMHUMU BETMYMHAMU, TOXK
BXOJIATH 110 3HaueHHs E°.

CraHgapTHUI MOTEHITIA OB’ sI3aHU 3 KOHCTaHTO0 3/IM HamiBpeakiii:

2,303RT
E°= ——Igk. (3.18)
nF

PiBHsinHs HepHcTa 4acTo 3acTOCOBYIOTh Y KOHIIEHTPAILIHHOMY BUTJISIIL

2303RT ed
E=E°- lg[R ], (3.19)
n F [Ox]
a 3a HasIBHOCTI KOHKYPYIOUMX PEaKIii — y BUTIIAIL
2303RT, c*(Red
Ig ( ) : (3.20)
n F c*(0x)

ne c*(Red) — koHIeHTpalliss MHOKUHHM MPOJYKTIB, 110 MICTSITh BIJIHOBJICHY

E=E°-

(opMy peuOBHHU;

c*(OX) — KOHUEHTpaI[isi MHOKUHHU IPOIYKTIB, IO MICTATh OKUCIEHY (POpMY
PEUYOBUHU;

E° — (opManbHUil HoTeHmian. Moro 3HaYeHHs 3a1eXHUTh Bl CKIIaLy PO3dH-
HY aHaJIOTIYHO TOMY, SIK 1€ CIIOCTEPIra€ThCs Al YMOBHMX KOHCTaHT 3/IM (po3a.
2.2.3).

[ToTeHmian cucTeMu BIJHOCUTBCS IO PO3UYHMHY B LLIOMY. SKIIO 10 PO3UMHY
MOTPANUIM KOMIIOHEHTH PI3HUX PEIOKC-Tap, BOHU B3aEMOJIIOTh M coboro. B
pe3yNbTaTi BCTAHOBIIOETHCS TaKUW PIBHOBAKHHUM CKJIAJ, TIPU SIKOMY PIBHSHHS
Hepucra nnst BCix pefokc-map BIANOBINAIOTH OJHOMY M TOMY K 3HAY€HHIO
notenIiany cuctemu (E).

3.2.2. 3acToCyBaHHA OKMCJIIOBAJILHO-BIITHOBHUX pPeaKUiil HA cTaaiAX Po3-
YMHEHHS Ta NOIEePeIHbOI MiATOTOBKU NPO0H

[TopiBHIOIOYM €NIEKTPO/IHI MMOTEHITIaMN st pizHux nmap OX - Red, moxkHa 3po-
OWTH BUCHOBKHU PO MOMJIMBICTh MIPOTIKAHHS OKUCITIOBAILHO-BITHOBHUX
peakiiii. SIKio noTeHIiaa CUCTeMH 3 HalliBPEaKIIEo

Ox; + nie < Red; (3.21)
nopiBHIOE Eq, a MOTeHIia)l CUCTEMU 3 HaMiBPEaKI[I €10
Ox, + nye < Red, (3.22)

nopiBHOe E,, TO mpu 3agaHuUX KOHIICHTparisx okucioBadeM OX; MOKHA
okHucIuTH peareHT Red,, k1o
E,> E,.



B nmmux ymoBax okucioBad Ox, HE OKHCIIUTh peareHT Red;.

[Ipu BHOOpP1 peareHTIB Il OKUCIIIOBAJIbHO-BIAHOBHUX TMEPETBOPEHb JTOCUTH
MOPIBHATH 3HAYCHHS CTaHAAPTHUX IOTEHIIANIB BIAMOBIIHUX HAMiBpPEaKIIIN:
okucoBad Ox; MOXKHA 3aCTOCYBATH JIJIsl OKUCIICHHS peareHTy Red,, skmio

E°; >> E°,. (3.23)
BimnoBaukom Red; MoxHa BimHOBUTH peareHT OXj, SKIIO
E°; << E°,. (3.24)

IIpukiaaau po3B’A3yBaHHA 32124

Ilpuknao 3.6.
Mins(Il) BigHOBIIOETBCS 10 Midi(]). Ak 3MIHUTBCS CTaHIAPTHUM MOTEHIIIAI
napu Cu”* / Cu* B mpucyTtHOCTI XI0pHIY?

Po3é’a3ok.
Jlns HamiBpeakiii
Cu*" +e < Cu’, E;°=0,1586 B
piBHsHHS HepHcTa Mae BUrsA:
2303RT Ie [Cu™] |
F [Cu2+ ]

B npucytHOCTI XJopuay yTBOPIOEThCS MajopozuuHHui xmopua wmimi(l), 1

E:Elo—

PIBHSIHHSL HAIlIBpEakKIlii, 3amucaHe s MepeBa)Xalouux KOMIIOHEHTIB, HaOyBae
BUTJIALY:
Cu®* +e+ Cl < CucCH,
oMy Bianosinae piBHAHHS HepHcra
2303RT 1
lg o —.
F [Cu™"][Cl]
3a n06yTkom pozunnHocTi (Ig Ks=—6,73):
[Cu =K, [CI]".
[TincTaBuMO el Bupa3 y nepiue 3 piBHAHb HepHcera:
2303RT 2303RT 1
—1gK - lg—- —.
F [Cu™ JIC1"]
[TopiBHIOIOUM Ofiep>KaHU BUpa3 3 APYyruM piBHsSHHAM HepHcTa, 6aunmo, 1mio:

EZO = Elo — —2’30F3RT ngS

E,° = 0,1586 — 0,059(— 6,73) = 0.5557(B),

E:Ezo—

E:Elo—




3HAYHTh, Y TPUCYTHOCTI XJIOPHUIY MOCHIIIOIOTHCS OKHUCIFOBAIBbHI BIACTUBOCTI
2+ +
napu Cu” / Cu’.

Ilpuxnao 3.7.

Jlnst po3duMHEHHS MeTamiB 1 cIiaBiB 3acTocoBytoTh po3uman HCI, HNOj,
H,SO, a6o NaOH. SIki po3YMHHHUKH MOXHa 3aCTOCYBAaTH ISl PO3YMHEHHS
CILJIaB1B HAa OCHOBI MiJ11? MOXJIUBICTh PO3YMHEHHS MIATBEPIUTH OOUUCICHHSIMH.

Po3e’sa3ok.

Minp pO3UHHSIETHCS BHACTIIOK OKMCIICHHS

1) Cud —e & Cu*, E° = 0,5182 B;

2) Cu" —e & Cu®*, E° = 0,1586 B.

Posrnsaemo HamiBpeakinii, 110 3yMOBJIIOIOTh PO3YMHEHHSI B PI3HMX PO3YHH-
HHKaX.

VY po3uuni HCI:

3)2H" +2 e & H,T, E° = 0.

4) Cui —e + CI' < CuCls* , E° = 0,5182 B — 0,059 Ig B; = 0,1819 B.

OKHCIEeHHS MiJIl HE BIIOYAEThCA, OCKIIBKH E°(3) < E°).

VY KOHIIEHTpOBaHI# CipyaHiii KUCIOTI:

5) S0,% +4H" + 2e < SO, + 2H,0, E° = 0,17 B.

OkwuCcIeHHs MiJl TeX He BIIOYAEThCs, OCKIIBKH E° i) < E°y).

VY KOHUEHTPOBaHIi a30THIN KUCIIOTI:

6) NO; + 2H" + e & NO, + H,0, E° = 0,80 B.

OxwucaeHHs Ml BiIOyAeThCs, OCKIIBKN E°g) > E° ().

V¥ po3unni NaOH:

7)2H,0+2e < H,T + 20H", E° =— 0,828 B.

8) Cud —e + OH < CuOHY! , E° = 0,5182 B + 0,059 lg K¢ =-0,349 B.

OkwucIeHHs MiJll He BIAOYIeThes, OCKUIbKU E°g) > E° ).

TakuM 4MHOM, CIJIaBU HAa OCHOBI1 Mifi ciif po3unHsaTd B HNOg.

3ajadi Ta BIpaBM JJI1 CAMOCTIHHOI po0oTH

3.48. SIx 3MIHATHCS TOTCHITIATIHN MTap, HABESJASHUX B TAOJIUIll, IPU TIEPEXOI1 Bl
kucioro cepenosuina (pH 2) no myxuoro (pH 14)?

Ne BapianTy ITapa Ne BapianTy [Tapa

1 AIFY/AI 8 Ni%*/Ni




2 Bi**/Bi 9 Pb?*/Ph
3 Cd**/Ccd 10 Zn?*IZn
4 Co*/Co 11 Mn%/Mn
5 Fe*/Fe 12 Cr**/Cr
6 Mg** /Mg 13 Ca”/Ca
7 Mn**/Mn?* 14 Cu®*/Cu

3.49. [eski mnpupoani cnoiayku posuuHsioTh B HCl 3 gonmaBanHsIM
BimHOBHUKIB (Al, Sn(Il), H,O,). Yn MokHa y Takuii CIIOCIO PO3YMHHUTH CITOITYKH,
HaBEJICHI B TaOHITI?

Ne BapianTy Cnomnyka BigHoBHHK
1 I'ematut Fe, O3 Al
2 Marsetur Fe;04 SnCl,
3 JInmomnit Fe, O3 SnCl,
4 [Tipomro3ut MnO, H,O,

3.50. [Hdeski npupoani cnoiayku posuuHsioTe B HCl 3 pgonaBanHsIM
okucmoBadiB (KClO3;, NaClO;). Uu MokHa y Takuii CIIOCiO pO3YMHUTH CIIOIYKH,
HaBeJIeH1 B Ta0JwHI?

No BapiaHTy Cnonyka OxucioBay
1 Cdanepur ZnS KCIO;
2 Sh,S; NaClO,
3 KinoBap HgS NaClO,
4 SnS KCIO,

3.51. Ans minepaiiB, HaBeACHUX B TAOJUIll, CKJIACTH PIBHSHHS peakiiil po3-
yuHeHHs X B HC1 ta HNOj3. SIKy 3 KUCTIOT CJ1iji 3aCTOCYBATH JJIsl PO3YMHEHHSI?

Ne BapianTy Minepan
1 I"anenit PbS
2 Bicmytut Bi,S3
3 Mipgsaauii onmuck Cu,S
4 Koenun CuS

3.52. Jlnsg po3uMHEHHsS METaliB Ta CIUIaBIB 3acTOocOBYIOTh po3unHu HCI,
HNO3, H,SO, a6o NaOH. O6paty po34MHHUK 711 PO3YMHEHHST KOKHOTO METaTy



YW CIIaBy Ha HOro
OOYHCIIEHHSIMU.

OCHOBI (MB.Ta01.). MOXIJIUBICTh PO3YMHEHHS MiATBEPAUTH

Ne Bapianty Metan Ne BapianTy Mertan
1 3aiizo 4 AJIroMiHIH
2 CBuHENb 5 Maruin
3 OnoBo 6 [{uak

3.3. KommiiekcoyrBopeHnsi. MacKyBaHHSI KOMIIOHEHTIB

KoMriiekcHi Crosiyku yTBOPIOIOTHCS 32 PaXyHOK KOOPJIUHAIIMHUX (JJOHOPHO-
aKIENITOPHUX) 3B’s3KiB. JIOHOpHUN aToM JiraHjay mepenae HENOAUICHY eJeK-
TPOHHY TIapy 10HOB1 METaly, sSIKUi Ma€ BUIbHI €IEKTPOHH1 OpOiTaIi.

Peakuii yTBOpEHHS PO3YMHHUX KOMIUIEKCIB HIMPOKO 3aCTOCOBYIOTh ISl Mac-
KyBaHHSI KOMITOHEHTIB, SIKI 3aBaXaroTh aHamlizy. MacKyeanHHa —ue 3HUMNCEHHA
PieHO6aHCHOT KOHYeHmpayii KOMnOHeHmy 10 PIBHS, Ha SIKOMY IPAKTUYHO HE
BiJI0yBalOThCA HeOaXKaH1 peakKilii Un CTa€e 3HEBAXKAIOUE MAJIUM BILTUB KOMIIOHEHTY
Ha aHATITUYHUNA CUTHAJ, IO BUMIPIOETHCS.

EdexkTuBHICTh MAacKyBaHHS 10HIB METaTy XapakTepu3ye KOeQIli€eHT MacKy-
BaHHA D:

_ (M)

M*]
K110 MacKyBaHHS 311 CHIOETHCS 32 PaXYHOK pEeaKIliif

M* +iL < ML, Ig Bi
npu 1 Big 1 10 N, To koe(illieHT MaCKyBaHHS JOPIBHIOE:

N 1
= 2B, (3.26)

® (3.25)

a MPU HaJUIMILIKY MacKyr4oro peareHry L:

® = iﬁi{c(L)}i. (3.27)




IIpukaaau po3B’A3yBaHHA 32124

Ilpuknao 3.8 .
SIlkum Mae Oytu koedimieHT MackyBanHs Mini(Il), mo6 y po3uuni 3 mMomsip-
HOI0 KoHrenTpamuiero Cu”* 110 Mo/ mpu pH 7 e Bunas ocax Cu(OH), ?

Po3é’a3ok.
Ocan Cu(OH), He yTBOpUTHCS, SKIIIO
[Cu*] < K/ [OH ],
npu pH 7 [OH ] = 10 mouns/1, a [Cu®*] < 10 2%,
[Cu?] < 10°%,
Toni koediieHT MacCKyBaHHS Ma€ OyTH:
@ >10°/10*%, ® > 2200.

3amauvi 1ust caMoCTiitHOI podoTH
3.53. Sxum mae OyTH KOe(IIIEHT MacCKyBaHHS 10HIB METally, 100 Mpu 3aj1a-

HUX 3HaueHHAX pH y po3uuHi (quB. Tabi.) HE YTBOPIOBABCS OCaj BIAMOBIAHOIO
TiapoKcuy ?

Ne BapianTy Ion merany Konuenrpars, pH
MOJIB/JI

1 Fe® 0,05 10
2 Mn?* 0,1 10
3 cd* 0,05 9
4 Co* 0,01 8
5 AP 0,001 5
6 Fe® 0,01 6
7 Fe®* 0,02 8
8 Ni%* 0,005 9

3.54. YV cKUIbKM pa3iB 3MEHIIUTHCA KOHIIEHTpAllld HE3B sI3aHUX 10HIB MeTay
B IIPUCYTHOCTI MAacKyIOUYOT0 peareHTy (JIuB. Tab.) ?

No Ion metany | Konmentpariisi | Mackyrounit | Konnenrparis
BapiaHTy 10Hy MeTaiy, peareHT MacKyr4oro

MOJIb/JI peareHTy, MOoJIb/JI




1 Ag* 0,1 KBr 0,5
2 Bi®* 0,4 Kl 4
3 Cd? 0,2 KCN 1
4 AP 0,035 NaF 0,3
5 Fe* 0,01 KNaC,H,04 0,1
6 AlF 0,01 Na,C,0, 0,1

3.55. Sxum Mae 6yTH kKoedilieHT MackyBaHHS Ag’, 06 y po34MHi 3 MOJAp-
HuMu KoHteHTpanisMu AgNO3 0,02 monas/it 1 Cd(NOs), 0,01 Mob/n ocamKyBaB-
Csl TUTBKH T1APOKCUT] KaAMitO ?

(1,1'10).

3.56. SIkuM Mae Gytr koedirienT MackyBanas Cu?’, 106 y po3unHi 3 MOIIp-
HumH KoHneHTparismMu Cu(NO3), 0,01 monb/n i Fe(NOjz); 0,001 monb/n ocamxy-
BaBCS TUIBKHU T1IPOKCH] 3aji3a ?

(2,9107).

3.57. SIkuM Mae GyTH KoedimieHT MackyBaums Pb>", mo6 y posunHi 3 Mosp-
HuMHu KoHneHTpamisMu Pb(NO3), 0,05 mone/n 1 Fe(NOs); 0,01 moas/n ocamky-
BaBCS TUIBKHU T1APOKCH] 3aji3a ?

(1,81079).

3.58. Sxum mae Oytr koedimient mackyBanus Cd*, mo6 y po3umHi 3 MoIsp-
Humu koHneHtpamisMu Cd(NO3), 0,025 moinb/n 1 AI(NO3)z 0,05 mMoms/im ocamky-
BaBCA TIIBKH T1IPOKCH]T ATIOMIHIIO ?

(1,9107).

3.59. Sxum mae Oytr koedimient mackyBanus Cu”’, mo6 y po3drHi 3 M-
aumu koHteHTpariisMu Cu(NO3), 0,02 moss/m i AI(NO3z)z 0,05 Momb/i ocamxy-
BaBCsl TUIBKU T1IPOKCHU]] ATFOMIHIIO ?

(1,4107).

3.4. PiBHOBaru ocaja-po34uH Npu BUAIJICHHI i po3aijieHHI
KOMIIOHEHTIB

3.4.1.YeproBicTb yTBOpEHHS 0Ca/iB
B cucrtemi, mo MICTUTh JBa OCaaM 31 CHIJIBHUM aHIOHOM, PIBHOBaXHI

KOHIICHTpAIlil KaTIOHIB 3HAXOAThCS y BIJTHOIICHHI, SIKE BU3HAYAETHCS JOOYTKa-
MU PO3YMHHOCTI WX ocamiB. Hampuknazn, y posumHi Ham ocagamu BaSO, ,



lgKs=—-9,96, Ta SrSOy, IgK=-6,50, piBHOBaXXHMI CKJaJ Ma€ 3aJ0BOJIbHATH
JIBOM PiBHSHHAM 3/IM:
[Ba2+]'[SO42* =107°%
[Sr*][SO,*] = 10 ®°.
BuxmtoueHHsT CIJIBHOrO MHOKHHKA — PIBHOB&)KHOI KOHIIEHTpaIii cyibda-
Ty — TPUBOJUTH JIO BITHOIIICHHS:
[Ba™]_1077 _ sus
[Sr 2+ ] 10—6,5

3a UMM CIIBBIIHOIIEHHSIM MOJKHA BHU3HAYUTH, KWW OCaJ BUIIQJIC TEPIIUM

IIpH J0JIaBaHHI OCa/DKyBada JI0 PO3YMHY, IO MICTHTh 00MIBa KaTioHU. JIJIs 11h0-
ro JOCHTh OOYMCIMTH BIJIHOIICHHS IMOYaTKOBHX KOHIICHTpAIliii 000X KaTIOHIB.
SIxmro
c(Ba®")
o(Sr?)

TO B IPOILIECI YTBOPEHHSI MEPIIOro Ocaay 3HA4eHHs JpoOy MOBUHHO 3MEHIIY-

>10 34

BaTHUCh, TOXK MEPIIUM BUTIAJE ocaj cyabdaTy Oapiro.
ko

c(Ba’")

o(Sr?™)

TO B TIPOIECi YTBOPEHHS IMEPIIOTO OCajay 3HA4eHHS Japo0y TOBHHHO

<10 3%

30UIBIITYBATUCh. {711 IbOTO TMOBUHEH 3MEHIIUTHUCS 3HAMEHHUK ApOoO0y, TOX Tep-
UM BHUIIAJIE 0cajl cyiabdaTy cTpoHiit. B oMy Bunaaxky ocaj cyibdary Oapiro
[TOYHE BHIAJATH JIHIIE TO, KOJTH KOHIGHTPAIsi Sr°* 3MCHIINTHCS 10 3HAUCHHS
[Sr**] = 10%*®¢(Ba®™).
AHQJIOTIYHO BHU3HAYAETHCS YEPrOBICTh OCAPKEHHS OCaAiB, IO MAarOTh
CIIUJIBHAM KaTiOH.
IMpukaaau po3B’si3yBaHHd 3a1a4

Ilpuknao 3.9.

Jlo po3unHy 3 MOJSIpHEMH KoHIeHTparismu Ag* 5107 mons/n i Pb®* 2,510
3 MomB/1 J0Ial0Th PO34YuH 3 MoJisipHOIO KoHIeHTpariero HCl 3 monb/n. Sxuii
ocan Bumaje nepmuM? SIkoro Oyae KOHIIEHTpaIlis 10HY, IO OCAKYETHCS Tep-
IITUM, Ha MIOYaTOK YTBOPEHHS APYTOro ocamy?



Po3e’sa3ok.
PiBusuns 3/IM nns ocaniB AgCl ta PbCl, maroTh BUTTIS;
[Ag'T[CIT=10"",
[Pb*T[CI]? = 10**,
JIisi BUKIJTFOUEHHSI CIUTPHOTO MHOYKHHMKA — PIBHOBaKHO1 KoHIeHTparii Cl™ —
nepiie piBHAHHA TpeOa MiHECTH IO KBaApaTy 1 MOWIEHHO PO3JIIUTH HOro Ha
JPYTe PiBHIHHS:

Ag']" 10707’
[Pb 2+ ] 10—4,87

OOuncnMMoO  BIJHOUICHHS ~ TMOYAaTKOBUX  KOHIIGHTpAIlii,  aHaJorivHe

1071461

BIJIHOIIIEHHIO PIBHOBAXKHUX KOHIIEHTPAITIMN:
(c(Ag")® _(5-107)?
c(Pb?*")  25-107°
(C(Ag;r))2 >10 1461
c(Pb"")

PiBHOBa)kHAa KOHILIEHTpallis Ag Ha MHodYaToKk  yTBOpeHHs ocaxy PbCl,

~1-1072.

OCKUIBKH , mepmuM Butaze ocang AgCl.

I[OpiBHIOBaTI/IMe:
[Ag+]2 — C(Pb2+).10714,61 — 2’5.1073.10714,61 — 6’1.10718’
[Ag'] = 2,510 mons/m.

3.4.2. IlIpomuBaHHs ocaaiB

[Tpu BimmiIeHH] OCaay Bl pO3UMHY, B SKOMY BiH YTBOPUBCS, YACTHHKHU OCaIy
yTPUMYIOTh Ha CBOIM TOBEPXHI JESKY KIUIBKICTh PO3YMHY 3 PO3UMHEHUMH pea-
reHTaMU. 3yMOBJICHE IIUM SBHINEM 3a0pyJAHCHHS OcCaay Ha3WBAIOTh
MexaHniuaumu. [1lo0 iX mo30aBUTHCH, OCaayd MPOMUBAIOTH JEKAHTAIIEI) (SKIIO
ocaa KpUCTaliyHui) abo Ha (uibTpi (Km0 ocaj aMopPHUE 1 00’ eMHHI).
EdexTuBHicTh BunaneHHs 3a0pyIHEHb OIIHIOIOTH 3a popMyioro byH3eHa:

C, =C, (L] : (3.28)
vV, +V

JIe Co — KOHIICHTpAIlisS peareHTy-3a0py/THEHHS B PO3UYHHI, JIe YTBOPHUBCS OCAI;

Cnh — KOHIIEHTpAIlisl 3a0pyIHEHHS y PO3YHHI, 1110 YTPUMYETHCS 0CaIOM, TICISA
N-HOT'O MPOMUBAHHS,

V,— 00°eM pO3UHHY, 110 YTPUMYETHCS 0CAIO0M;

V — 00’eM ofHI€T TOPITIT TPOMUBHOI P1JIUHH.



Ha npaktuiii ocaay yrpuMyroTh 3a0py/IHEHHS HE TIJILKM MEXaHI4HO, aje i 3a
paxyHOK ajicopOl1ii, TOMy OIliIHKa 3a0pyaHEHb 3a PiBHAHHAM (3.28) BUABIAETHCA
IO 3aHIKEHOIO.

IIpukaaau po3B’si3yBaHHA 32124

Ilpuknao 3.10.

st ocamkeHHs xjaopuay cpidna qo HaBaxku AgNOs Macoro 5 r, po3uyMHEeHO1
B 350 MJT TMCTUIILOBAHOT BOJH, IOJAHO 5 MJI pO3UMHY 3 MacoBOIO 4acTkoro HNO;
25% Ta 40 mn po3umHy 3 MoysipHOIO KoHIieHTparietro HCl 1 momp/m. Ilpm
MIPOMMBAHHI JIEKaHTAI€0 ocan yTpumye 1 mMi piguHu. CKUTbKH pa3iB HEOOX1THO
MIPOMUTH OCaJl BOJAOKO MOPLISIMU MO 5 MJI, 1100 y PiAMHI, YTPUMYyBaHIA 0CaJOM,
koHuenTparis ionis Cl~ He nepesurrysana 210 " Moib/mn?

Po3é’a30k.

O06’em po3unHy, JIe BUMNAB 0Cajl, 10PiBHIOE 395 M.

O6uncmumo koHueHTpamito Cl° B po3unHi HaJ 0CagoM:

o(Cl) = n(HCI) - n(AgNO;) _ 4-107% = (5/170)
A% 0,395

3rigHo Gopmynu byH3eHa:

= 2,810 %(moin/1).

2107=2,8107% (L) .
1+5

3BiCH, michs Jorapu(MyBaHHS:
n=5+191,4/1g6 =6,6 ~ 7.

3.4.3. JlocaigkeHHsI MOBHOTH OCAIKEHHS KOMIIOHEHTY Ta BUOIp ONTH-
MAJIbHUX YMOB OCQ/I’KE€HHS

Po3unHHICTh OCaay MOB’si3aHa 3 PIBHOBAXXHUMHU KOHUEHTpPALISIMU TIPOIYKTIB
PO3YMHEHHS, TOMY pIBHOBAary pO3YMHEHHS 3pYyYHINIC XapaKTepu3yBaTH
KOHIIEHTpaIliiHoto (hopmoro piBHsHHA 3/IM. [ly1s1 peakirii B 3araqbHOMY BHUTIISIL

+ —
MAN < uM™* + vA* (3.29)

KOHIICHTpaIliiiHuii Bupa3 3[IM mMae BHUTIIAL :

c — v+, n—yv
Ks =M AT .

3HaueHHs KOHLIEHTPAiiHoOro 100yTKy po3unHHOCcT K 3amexkuTs Big npupo-

1 pO3UYMHHUKA, TEMIIEPATYPHU Ta 10HHOI CUJIM PO3UMHY. Y JOBIIHMKAX, SIK Ipa-



BUJIO, HABOATHCS TepMoarHaMmivHi 3HadueHHs 1g Ks npu 25°C. KoHueHTpariiiiai

suauenHs Ig K MoxHa 064uciuTH 3a HopMyIioko:
Ilg K{ =lg K- lg fove =V Ig £ (3.30)

KoeoitienTH akTHUBHOCTI 10HIB MOXHAa OOYHCIWTH 3a piBHAHHAM JleOas-
Xrokkens abo piBHsIHHIM JleBic.

OOuparoun yMOBH OCQDKCHHSI, CIIiJT MaTH Ha yBa3i, IO Ha IMOJOXEHHS
piBHOBaru po34MHEHHs, a, 3HAYUTh, 1 PO3YMHHICTh OCaAy, BIUTMBAIOTH TEMIIEpa-
Typa, 10HHA CHJIa PO3YMHY, HAJJIMIIOK OCa/PKyBaya Ta KOHKYPYIOUl peakiiii 10HIB
ocajy, 30KpeMa yTBOPEHHs T'iJIpOKCOKOMILIEKCiB kaTioHy M'" i mpoToHyBaHHs
aniony A"

3.4.3.1. Bnaue memnepamypu ma ioHHOI cuiu Ha po34uHHIicmb ocady. Sk-
10 10HU OCaay He OepyTh Y4acTi B KOHKYPYIOUUX peakiisX, TO pO3YHMHHICTh Oca-
Iy 3py4HO OOYMCIIIOBATH 3a METOJIOM OanaHcy peakiii. Po3risitHemo piBHOBary
MIXK OCaJIoM 1 PO3YMHOM 32 YMOBH, IO 10HU OCaJy MOTPAIUISIIOTH JO PO3UYUHY
TUIbKH 32 PaXyHOK PO3UYMHEHHS. Xail B 1 J1 pO3uMHY pO3UMHIIOCH S MOJIb OCay,
Toxai cxema Komaps utst peakiiii po34MHEHHS 0Ccay Ma€ BUTIIS;

MAd o MY+ vAf

C — 0 0
Ac — uS vS
[ ] — pS vS

OpneprkaHi BUpa3u PIBHOBAKHUX KOHIIEHTpPAIIN MiICTABUMO J0 PIBHSHHS
31IM :
KS = (hS)"(vS)"

3BIIKHA

Axmo ocaag poO3YMHIOETHCS Y PO3UMHI, JI€ BXKE € OJWH 3 10HIB Ocaay 3
KOHIICHTPAITIEI0 ¢ MOJIb/JI, cXema OallaHCy peakIlii Mae BUTIIAL;

M,A, ¥ =N nY + vA¥



Ac — uS vS

[ ] — uS ¢ +vS

Tomi
K¢ = (uS)“(c +vS)".

OCKITBKY ¢ >>VS, pO3UMHHICTD JOPIBHIOE:

Ipuxnaau po3B’sa3yBaHHA 32124

Ilpuknao 3.11.

SAxoro Oyne po3unHHICTH ocany Hg,Br,:

1) y Bomi i B po3umHi 3 MossipHOtO KoHIeHTparietro KNO3z 0,01 mons/nm nipu
25 °C;

2) y Boai ipu 10 °C, 50 °C?

Po3é6’a3ok.

Peaxkiristi po3unHEHHS Ocaiy:

Hg.Br < Hg,”" + 2Br, lg K= —22,25.

OckUIbKM 10HU 0cafy Y BOJASHOMY po3urHi Ta po3urHi KNOj He BcTynaioTh B
KOHKYpYIOUYl peakiii, piBHOBa)XHI KOHUEHTpaIlll 10HIB TOB’s13aH1 3 PO3YMHHICTIO
ocajay CITiBBITHOIICHHSIMHU

[Hg,"]=S; [Br] =2S.

Toni, 3rigao 3/IM,

K, = 4S°,

4

3HadeHHs JOOYTKY PO3YMHHOCTI B IIbOMY PIBHSIHHI 3aJICKUTH B1J TEMIIEpaTy-

3BIJIKHA

pY Ta 10HHO1 CHUJTU PO3YUHY.
[Ipu po3umHEHHI Ocaay y BOJi YTBOPIOETHCS PO3BEICHUN PO3YHMH, B SKOMY
AKTUBHOCTI 10HIB MPAKTUYHO JIOPIBHIOIOTH PIBHOBAKHUM KOHIICHTpAIIisIM, 1 B 00-



YHUCIIEHHSIX MO)KHa BUKOPHCTOBYBaTH TepMoauHamiune 3HaueHHsS K. [lpu 25 °C
lg K= 22,25, Toni
S =2,4110"° moms/m.
O6uncmumo 3Hauenns lg K npu 10 °C 1 50 °C. 3rigHo AOBIAKOBUX AaHUX,
mutst peakii posunaenHs ocaxy AH = 130 k/[>x/mMo:b, Tomi
mpu 10 °C 1g K= -22,25 + 130(10 - 25)5,88'10 * = —23,40 ,
mpu 50 °C 1g Ks=-22,25 + 130(50 - 25)'5,8810 * = —20,34,
[{um 3HaueHHsM 1g K¢ BIITTOB11a10Th 3HAYEHHS PO3YNHHOCTI:
npu 10 °C S =1,OO'1O*8 MOJIB/I ;
npu 50 °C S =1,0510" moms/m.
[Ipu po3umnenH1 ocany B po3unHi KNOjz; Ha koedili€eHTH aKTUBHOCTI 10HIB
Hg,”* i Br BIumBac ioHHA CIUIa, SIKA JOPIBHIOE:
| =1/2(0,01 + 0,01) = 0,01 momw/m,
1 KOHIIEHTpAaI[iHHUN JOOYTOK PO3YMHHOCTI MOKHA OOUMCIUTH 32 (POPMYJIaMHU:
Ilg K§ -lg K - 1g ng%+ -21g fBr_,

OOYHMCIMBIIM KOS(IIIEHTH aKTUBHOCTI 10HIB OCaYy:
Ig ng%+ =7z°1gf,i lgf —=lgf ne

g f = 05001

1+/001

Tonilgf, . =4(-004)=-016:lgf =-004
2 T

+0,15-0,01=-0,04.

Ilg K{ =-22,25 +0,16 + 0,08 = -22,01.

3Bigcn y posunsi KNO; posunsmicTs ocany S = 2,910 mos/m.

3.4.3.2. Bnnue naoauwky ocaoicysaua Ha po3uuHHicmb ocady. SIKIo 10HH,
110 OCaKYIOThCS, B3AEMOJIIIOTH 3 10HAMU OCaJ[XKyBaya Julie 3a peakiiero (3.29),
HAJJIMIIOK OCaJKyBaua MPUTHIYYE po3duHeHHs ocany (muB. m. 3.4.3.1.). Akmio
YTBOPEHHUH 0CaJ] B3aEMOJII€ 3 HAUIMIIIKOM OCa[)KyBayda 3 YTBOPCHHIM PO3YHMHHHUX
KOMILJIEKCIB, PO3YMHHICTH oOcaay 3poctatume. KuIbKICTh oOcamKyBada, 10
3a0e3neyye HalOUIbII MOBHE OCA/KEHHSI, MOKHa 00paTu 3a gornomororo KJI/, ne
abcmuca — yorapudmM piBHOBaKHOT KOHIICHTpaIIii 10HIB ocamkyBada (quB. [Ipu-
kian 2.14).

3.4.3.3. Bnaue KOHKypyouux peaxyiit Ha po3uuHHicmb ocady. PO3UMHHICTD
ocaJy 3pocTaTuMe, SKIIO KaTIOH Ta aHIOH OCaay TiApOoi3yIoThCsl UM pearyroTh 3
JOTIOMDKHUMH PEareHTaMu, 10 € B pO3uuHI. BIIUB KOHKYpYIOUHX peakiiii Ha



PO3YHMHHICTH 0Cay BPaXOBYIOTh 3a JIOIIOMOI'0I0 YMOBHOTO JIOOYTKY PO3YMHHOCTI
(mmB. m. 2.2.3., mpukian 2.11).

3anaui nis1 caMocCTiiiHOI podoTH

3.60. Jlo posumHy 3 MomspHEMH KoHueHTtpamismu Ag' 0,1 mons/m i Ba®*
0,5 Monp/n1 oAaroTh PoO34MH 3 MOJsipHOIO KoHIeHTpaniero K,CrO, 1 monsw/m.
Sxuit ocan Bumane nepmuM? SIkoro Oyne KOHIIEHTpAIis 10HY, IO 0CaJKY€EThCS
NIEpIITUM, Ha TIOYATOK YTBOPEHHS APYroro ocamxy?

(Ag2CrQy; 0,05 momb/m).

3.61. Jlo po3umHy 3 MOISpHEMH KoHueHTpamismu Ag® 0,2 moms/m i Hg,™
0,5 Moub/n momaroTh po34yuH 3 MosipHOIO KoHmeHTpamiero HCl 3 monb/n. SAxuii
ocan Bumaje nepmuM? Skoro Oyae KOHIIEHTpallis 10HYy, IO OCAKYETHCS Tep-
IIMM, Ha MOYaTOK YTBOPEHHS JAPYroro ocamy?

(AgCl; 0,12 moub/n).

3.62. Jlo po3umHy 3 MOJSPHMMH KoHIeHTpamismu Ag' 0,2 moms/1 i Zn**
0,5 Moub/11 TOAr0Th PO3YMH 3 MOJAPHOIO KoHIeHTpaiiero KCN 3 monw/n. SAxuii
ocaj Bunaje nepmum? Skoro Oyle KOHIIEHTpallis 10HY, 110 OCAJKY€EThCS Mep-
IIMM, Ha TOYaTOK YTBOPEHHS JAPYroro ocamy?

(AgCN:; 8,710 moms/n).

3.63. Jlo po3umHy 3 MonspHMMH KoHueHrtpanismu Ag' 0,3 mons/n i Cu’
0,15 Mons/n1 AomaroTh po3uuH 3 MOJIsIpHOIO KoHmeHTpariero KCNS 1 momnw/m.
Axuit ocan Bunaae nepmuM? ko Oyae KOHLEHTpAIlis 10HY, IO OCAIKYEThCS
MIePIIIMM, Ha TIOYaTOK YTBOPEHHSI IPYTOTo Ocamy?

(CuCNS; 0,01 momb/m).

3.64. Jlo po3umHy 3 MOJSpHMMH KoHueHTpamismu Ag' 0,2 moms/1 i Ca®*
0,1 MoB/11 MOAaFOTH PO3YMH 3 MOJIIPHOIO KoHIeHTpaliero Na,CO3z 0,5 mons/m.
Axuit ocan Bumane nepmmm? ko Oyne KOHIEHTpallisl 10HY, IO OCAKYEThCS
NIEPIIIAM, HA TTIOYaTOK YTBOPEHHS JIPYroro ocamy?

(Ag,COs; 1,310 monb/1).

3.65. Jlo po3UMHY 3 MOJSPHHMH KoHieHTpamismu Ba®* 310 moms/1 i Sr**
0,6 MOIB/TT MOIAFOTh PO3YMH 3 MOJIIPHOIO KOHIIeHTpamiero Na,CO3z 0,5 mons/m.
Sxuii ocan Bumane nepmum? SIkoro Oyne KOHIICHTpAIlis 10HY, IO OCAIKY€EThCS
NIEPIIAM, Ha TTIOYaTOK YTBOPEHHS JIPYroro ocamy?

(SrCOs3; 5,610 mos/n).

3.66. Jlo po3unHy 3 MoJsIpHEMH KoHueHTparismu Ca®* 2102 mons/n i Mg”*

410" MONIB/T HOJAIOTH PO3YHH 3 MOJSIPHOIO KoHieHTpamiero NaF 0,01 mous/i.



Sxuit ocan Bumazne nepmuM? SIkoro Oyne KOHIEHTpAIlis 10HY, [0 OCaIKyEThCS
MEpPIITUM, Ha TIOYATOK YTBOPEHHS JAPYroro ocamy?
(CaF; 2,410 " moms/n).

3.67. Jlo po3unHy 3 MomsipHEME KoHmeHtparmismu Cu’ 4107 momns/m i Hg,™*
110" Mo/ HOmAIOTH PO3UMH 3 MOMSIPHOW KoHueHTpamicro KI 0,01 Momb/m.
Sxuii ocan Bumane nepmum? SIkoro Oyne KOHIICHTpAIlis 10HY, IO OCAIKY€EThCS
NIEpIITUM, Ha TIOYATOK YTBOPEHHS JAPYroro ocamy?

(Hg,l,; 7,510 moms/n).

3.68. Jlo po3unHy 3 MomsipHEMHE KoHueHTpauismMu SO4° 0,5 Momb/1 i C,04%
0,25 MOJIB/TT OJAIOTH PO3YMH 3 MOJSIPHOIO KoHmeHTpamicro Ca’" 0,5 Momb/IL.
Sxkuii ocan Bumae nepmmm?

(CaC,0,).

3.69. Jlo po3umHy 3 MOJSIPHEMHE KoHieHtparismu SO,° 0,5 Mous/n i COs”
2,510 MoJIB/1 HOAAIOTH PO3YHH 3 MOJSIPHOIO KoHIenTpamieio Ca®* 0,5 Mob/i.
Axuil ocan yTBOPUTHCS?

(CaCo0s).

3.70. o po3dmHy 3 MOJSIPHEMHE KoHIeHTparismu SO,° 3 mMons/m i C17 1,210
? MOJIB/TT JOJAIOTh PO3YHH 3 MOIAPHOIO KoHIeHTpamieo Ag' 0,1 Momb/m. Skwuii
ocaJi YTBOPUTHCS?

(AgCl).

3.71. Jlo po34uuHy 3 MOJISIPHUMH KOHIICHTPAIISIMH SO42' 1 CI' 0,2 moab/1 1o-
AI0Th PO3YHH 3 MOJISIPHOIO KOHIEHTpamieo Pb® 0,1 mons/n. Skuii ocax yTBo-
puThCS?

(PbSOy).

3.72. lo po3unHy 3 MoisipHEME KoHueHTpauismMu SO,~ i CrO,” 0,1 Mo/
NOJAI0Th PO3YMH 3 MOJSIPHOIO KOHIeHTpamiero Pb™ 0,1 momb/n. Skmit ocap
YTBOPUTHCA?

(PbCrQOy).

3.73. o po3uunHy 3 moJyisipuumu koHieHtpamismu F 0,02 monb/n 1 C,0,%
0,05 Monwp/n1 moAaroTh PO3YMH 3 MOJISIPHOIO KOHIIEHTPAILI€r0 Ca®* 0,1 momp/m.
Sxnii ocan yTBOPUTHCS?

(CaC,0y).

3.74. Jlo po3unHy 3 MOJSIPHHUMH KOHIICHTPAIlISIMH SO42_ 0,1 Mo/ 1 Cng_

0,05 Monb/1 10JaK0Th PO3YMH 3 MOJIIPHOIO KOHIIEHTpPAIlIE€I0 Ba? 0,1 momp/1 .

SAxui1 ocan yTBOpUTHCS?
(BaSOy,).



3.75. Ansa ocamxenHsa xpomaty 6apiro 10 100 ma po3unny, 1o mictuth 0,1 r
CrO42*, JI0JIaHO PO3YMH 3 MOJIsIpHOIO KoHIeHTpaliero BaCl, 0,05 monw/n 3 Haz-
aumikoMm 20%. Ocaa BIAAUIEHO BiJl pO3YMHY Ta MPOMHUTO JAcKaHTarli€w. O0’eM
pPLAMHMU, IO YTPUMYETbCA 0caaoM, aopiBHIoe 2 mi. Ckinbku pasiB ocag BaCrO,
CJIiJT TPOMUTH BOJIOIO TOpIisiMu 10 10 MJ1, 11100 KOHIIEHTpAIlis JOMIIIOK Y PiAMHI,
yTpuMaHiii ocazoM, He nepesuinysata 110 Mosb/n?

(7)

3.76. dns ocamkeHHs Opominy cpioma go 200 M po3duHy, IO MICTHTh
0,2975 r KBr, nogano HeoOXigHui 00’€M pO3YMHY 3 MOJISIPHOIO KOHIICHTPAIIIEIO
AgNQO; 0,1 monp/nt Ta e Haamumok B 5 mut. Ocan BAIUIEHO BiJf pO3YMHY Ta
MPOMUTO JekaHTaiiero. O0’eM piAMHM, 10 YTPUMYETHCS OCAaZOM, JOPIBHIOE
1 mn. SIxoro Oyae KOHUEHTpalisi JOMIIIOK y PiMHI, YTPUMaHIM 0ocaioM, MICis
I’ SITH IPOMHUBAHb BOJI0I0 TopiiisiMu 1o 20 mi1?

(6,78'10° moub/m).

3.77. Ons ocamkeHHs Homuay cpibna po 200 mu po3dMHy, IO MICTUTH
0,2614r KI, momano 25 Mi po34ymHy 3 MOJsIpHOIO KoHIEeHTpariero AgNO;
0,1 mome/t . Ocan BIAAINEHO Bim PO3YMHY Ta MPOMHUTO JekaHTamiero. O0’em
PIIMHU, 1110 YTPUMYEThCA ocafoM, aopiBHIoe 1 mut. Ckinbku pa3iB ocan Agl crin
IIPOMHUTH BOJOKO TMOPIISAMH MO 15 miI, m00 KOHIEHTpAIlisl JOMIIIOK y PIIUHI,
yTpuMaHiii ocazom, He nepesurryBana 210 ° Moss/n?

3)

3.78. Hns ocamxenus ¢ropuay kaibiiro 10 200 MJI po3uuHy, 0 MICTUTh
300 mr F, momano 50 Ma po3umHy 3 MOJsApHOW KoHIeHTparieto CaCl,
0,2 mone/n. Ocapx BiAmiIeHO BiAg PO3YMHY Ta MPOMHUTO JekaHTarliero. O0’eM
PIIMHU, IO YTPUMYETHCS OCanoM, JnopiBHIOE 1 mur. SIkoro Oyae KOHIIGHTpaIlis
JOMIIIOK y PIAUHI, YTpUMaHIA 0caaoM, MICIs YOTUPHOX MPOMHBAHB BOJOIO
nopiisiMu o 10 mi?

(4,310 mosnb/).

3.79. HaBaxky Na,SO,10H,0 macoro 0,9998 r po3unHeHO B MipHiil KOJO1
mictkicTio 100 mit. Bigiopano 25 Mi1 IbOTO PO3YMHY, PO3BEICHO JTUCTHUIHOBAHOIO
BoA00 110 200 Mt Ta miakucieHo. st ocamkeHHs cyibdary 0apito 10 ojepxka-
HOTO po3uuHy gonano 10 mur po3umHy 3 macoBor yacTkoro BaCl, 5%. Ocan
BIUTIJICHO B PO3YMHY Ta TMPOMUTO JekaHTamiero. OO0’eM piauHU, IO
YTPUMYETBCS 0CaZOM, TOPIBHIOE 1 M. SIKMMU OyIyTh KOHLEHTpAIi JOMIIIOK Y
PIAUHI, M0 YTPUMYIOTHCS OCaJOM, SIKIIIO OCaJ MPOMHUBAIOThH: OJAWH pa3 MOPLIEIO
Boau 50 mut; ATk pa3iB nopiisiMu mo 10 m.

(3,8'10_2; 2410 MOJIB/JI).



3.80. Hapaxky CaCl,6H,0 macow 0,3084 r pozunneno B 200 ma Boau 1
AgCl ocamkeHo nogaBaHHsAM 15 M1 po3unHy 3 MacoBow yacTtkoro AgNOjz 5%.
Ocan BIIICHO BiJ PO3YMHY Ta IMPOMHUTO JekaHTaliero. O6’eM pIaUHH, IO
YTPUMYETHCA OCaaOM, JOpPiBHIOE 2 MiI. UM JOCTaTHRO TPHOX IMPOMHUBAHD
nopuisMu 1o 10 mi1, 106 3HU3UTH KOHILIEHTPAIIO JAOMIIIOK Yy PiJIMHI, IO YTPH-
MYIOTBCST 0caoM, 10 610" MoB/m?

(Hi)

3.81. lns ocampkeHHs ocaay Mojioaaty cBuHIO A0 100 M1 po3uuMHY 3 MO-
JsipHOrO KoHIeHTpamiero Pb(NOjz), 0,01 monb/n momaHo 75 Ml po3udHY 3 MO-
nsipHOO KoHIeHTpatiero Na,MoO, 0,02 mons/n. Ocan BiAAiIEHO BiJ PO3YHHY Ta
MPOMUTO JekaHTaiiero. O0’eM piIMHM, 10 YTPUMYETHCS OCaJIOM, JOPIBHIOE
2 M. Slkumu OyyTh KOHIICHTpAIll JOMIIIOK y PIUHI, IO YTPUMYETHCS 0CATIOM,
AKIIO 0CaJ] MTPOMUBAIOTH: TPbOMa MOPIIsIMU BOJU 10 20 MJI; IT’ATbMa MOPIISIMHU
no 10 mi.

(2,310°%; 4,010° moms/m).

3.82. HaBaxxky pyau macoro 1 T 3 macoBoro gacTkoro Fe,O3 20% po3unHeHo B
XJIOPOBOAHEBIM KUCJIOTI 1 00’eM po3unHy joBeneHo 10 200 mi. Ocan rigpokcusy
3aJi3a OTPUMAaHO JO0JIABAHHIM MIBTOPAKPATHOTO 00’ €My PO3YHHY 3 MAacOBOIO Ya-
ctkoto  NHj; 2%. Ilpu mpomuBaHHI Ocajly JEKaHTAIEI0 Ocajl yTpUMye 3 Ml
pimuau. CKUIBKM pa3iB HEOOXIIHO TMPOMHUTH OCaJ  TPOMUBHOKO PIAHHOIO
nopiisimu 1o 10 mu1, mo6 xkonuentpariss NH,Cl y po3uuHi, 1o yrpumyeTbest oca-
oM, He nepesnryBana 110~ Moms/n?

(4).

3.83. HaBaxky Bamnsky Macor 0,5263 r 3 MacoBOI YacTKOO JOMIIIOK 5%
PO3YHMHEHO B XJIOPOBOJHEBIM KHUCIIOTI 1 00°€M po3unHy jgoBeaeHo 10 200 mir. s
OCAJDKEHHS 0Cay OKcajaTy KaJbIlis JI0 OJEPXKAHOTO PO3UMHY H0AaHo S50 mu
po3uuny, 110 MicTuTh 3 T (NH4),C,04H,0. Ocan BiaineHo Bi po3unHy Ta Mpo-
muTO Ha GinpTpi. Ocax yrpumye 1 M pimmmu. SIkoro 6yne kouuentparis C,0,°
ta NH," y po3uuHi, 110 YTPUMYETBCS 0Ca0M, ITicis IPOMHMBAHHS 0Cay YOTUPMA
NOPLISIMU IPOMHUBHOI PIAVMHY 1025 Mi1?

(4,610°%; 9,2:10° mous/n).

3.84. HaBaxxky MgSO,7H,0 macoro 0,6162 T po3unHeHo y Boj1 1 006’ eM po3-
yuHy noBeaeHo 1o 150 mur. st ocamxenns MgNH,PO, no onepxkanoro pozunny
noxano 10 M po3unHy 3 MacoBoro 9actkoro (NH4),HPO,4 20%. ITpu npomuBanHi
ocany Ha PinbTpl yrpumyeThest 1 mMit piuau. CKIJIBKU pa3iB HEOOX1THO MPOMUTH
ocajJ MOpUIsIMH BOJAW MO 5 MJI, 100 KOHIEHTpAIls JOMIIIOK Y PiAWHI, IO
yTpuMye oca, He mepesuiryBana 510 ° Mos/n?



(6).

3.85. HaBaxky MgSO,7H,0 macoro 0,3081 r po3unHeHo y Boai 1 00’ €M po3-
quHy JoBeAeHO n0 150 mu. IS ocaipkeHHS  OKCHUXIHOJATY — MarHiro
Mg(CgHgNO,),2H,0 1o onmepkanoro po3umHy mgojgaHo 10 M1 po3duHy 3 Maco-
BOIO YaCTKOIO OKCHXiHOMIHY 5% Ta po3unH NHjz mo pH 9. Ilpu npomuBanHi oca-
ny Ha OGineTpi yTpuMyerthcs | M pimumn. B sxomy pasi xonmenTpaiis SO,
MEHIIIA; TIPU MPOMHUBAHHI OCaJy BOJOI TpHU4l MOPIIAMH 1Mo 20 MJI, YM IIICTh
pasiB nopitismu o 10 mn?

(ITpu mecTUKpaTHOMY ITPOMHUBAHHI).

3.86. HaBaxxxy NiSO,7H,0 macoro 0,2421 r pozunneno B 200 M Boau, 10-
nano 10 mu po3uuny 3 MossipHoro kKoHieHTpauiero HCI 1 mons/mn, 20 r kapbaminy
Ta 50 MJI PO3UHMHY 3 MAaCOBOIO YACTKOI AUMETHITIIOKCUMY 1% 1 00’eM po3unHy
noBeaeHo 10 300 ma. OpepkaHuii ocajg NPOMUTO Ha QUIBTPi, OPU I[LOMY
yTpuMyeThesi 1 M1 piauHu. SIKoro OyJie KOHIIEHTpallis JOMIIIOK Y PiIuHI, 110
YTPUMYETBCSL OCAJIOM, SIKIIO OCaJ MPOMHUTO II'SITh pa3iB BOJAOKO MOPIISIMU TIO
10 mn?

(210" moub/i) .

3.87. Ha npomuBanus ocany BaSO, nekantaniero ButpaueHo 200 M BOIU.
O0’eMm pimuHM, WO YTPUMYETbCA ocaaoM,  jaopiBHOe 1 mu. ITlouaTkoBa
KOHIICHTPAL[isl ZOMIIIOK Y PO3dMHi Hax ocazoM mopiBuioe 3107 moms/1. Skoro
OyJle KOHIICHTpAIS JOMIIIOK y PIAWHI, IO YTPUMYETHCS OCAJOM, SKIIO OCAJ
MIPOMUTO: MOPLISIMU MO 25 MIT; opLisiMu 1o 50 muL.

(1,410 i 4,410 mounb/n).

3.88. Ha mpomuBanns ocaxy CaC,0, nekanrtamiero Butpadeno 100 mur Boam.
OG’em piguHM, IO YTPUMYEThCA ocaaoMm,  jaopiBHioe 1 mu. IloyaTkoBa
KOHIIEHTpAIlisl JOMIIIOK Y pO34MHI HaJl ocagoM fopiBHIOe 0,3 Monb/n. SIkoro Oyne
KOHIIEHTpAIIisl JOMIIIOK Yy PIMHI, 110 YTPUMYETHCS 0CAJIOM, SIKIIIO OCaJl TPOMHU-
TO: mopuisMu 1o 20 mi; nopuisiMu mo 50 M.

(7,310 1,210 mounb/x).

3.89. Sxkoro 6yne po3unHHicTh ocany HgBr,

1) y Boxi 1 B po3unHi 3 MoJisspHOto KoHieHtpariero NaNOs 0,01 mons/n1 npu
25 °C;

2)yBomimpu 15 °C, 60 °C?

( 1)3,2'1077 MOJTB/1; 3,910 Mos/i;
2)2,0'1077 mouw/it; 1,7:10°° MOJIB/T).

3.90. SIkoro Oyae pozunHHicTh ocaaxy Cu(103),



1) y Boai 1 B po3uuHi 3 MoJisipHOt0 KoHieHTpatietro HCIO, 0,03 monw/n npu
25 °C;
2) y Boai nipu 20 °C, 50 °C?
(1)2,7'10_3 MOJIB/1T; 3,610 Mow/;
2)2,5'10_3 Mous/it; 3,7°10°° MOJIB/T).
3.91. Sxoro Oyme po3unHHICTH 0caxy SrSO,
1) y Boai 1 B po3unHi 3 MosisipHOt0 KoHueHTpatietro KNO3 0,02 mons/n npu
25°C;
2) y Boai ipu 16 °C, 75 °C?
(1)5,6'10* mous/i; 9,710 * Moss/;
2)5,6'10* mos/i1; 6,0:10* MosB/1).
3.92. Sxoro Oyme po3unHHICTH ocaxy Ag,CrO,
1) y Boai 1 B po3uuni 3 MossipHoto koHneHtpaiiero KCl 0,01 mons/n nipu
25°C;
2) y Boai ipu 10°C, 30°C?
(1)6,7'1075 MOJIB/TT; 8,2°10° MoMB/;
2)4,3'10*5 Mouw/it; 7,710 MOJIB/T).
3.93. SIkoro Oyne pozunHHICTh ocaay Ca(I103),
1) y Boai 1 B po3uuHi 3 MoJisipHOIO KoHueHTpariero NaNOs 0,05 momnw/n1 npu
25°C;
2) y BoAi 1 B po3unHi 3 MoJisipHOIO KoHIeHTpariero NaNO3z 0,05 mons/n ipu
90°C?
(1)5,6'10"° mous/; 8,310 2 moss/i;
2)7,410 " mons/11; 0,11 Moms/).
3.94. Slkoro Oyne po3unHHICTH ocaxy BaSO,
1) y Bozi i B po3umHi 3 MOMsIpHORO KOHIEHTpariero NaNO; 9107 Mo/ pu
25 °C;
2) y BoAi i B po3umHi 3 MOJSIPHORO KOHIEHTparicro NaNO; 910 mouns/1 ipu
temneparypax 18 °C?
(1)1,1‘1075 MOJIB/IT; 5,610 Mo/,
2)9,4'10° mons/i1; 5,010 * Monb/1).
3.95. Sxoro 6yne po3unHHICTH 0ocaxy CaSOy
1) y Bomi i B po3umHi 3 MomsipHOO KoHnenTpauiero NaCl 5:10°° monb/1 mpu
25 °C;
2) y Boi i B po3umHi 3 MomsipHOR KoHneHTpauiero NaCl 510 monb/1 npu
15 °C?
(1)4,910°° moms/11; 6,610 ° MonB/1I;



2)4,9'10" mons/11; 6,610 Moub/1).
3.96. Skoro 6yne pozunHHICTh ocanxy BaCrO,
1) y Boai 1 B po3uuHi 3 MoJisipHOtO KoHueHTpaliero KNO3 0,5 mons/n npu
25 °C;
2) y Boai 1 B po3unHi 3 MoysipHOIO KoHIeHTpaiiero KNO3z 0,5 mons/n nipu
50 °C?
(1)1,510° mous/i; 4,910 > Moms/1;
2)1,310° mos/; 4,210 > Moub/n).
3.97. Skoro Oyne posuuHHICT, ocagy AgCl B po3unHI 3 MOJISIPHOIO
koHnentparitiero KNO3z 0,05 mons/n ipu 15 °C, 25 °C, 75 °C?
(7,8'1076 mouw/it; 1,1'10°° momnw/ot; 1,010 MOJIB/T).
3.98. Sxoro Oyne po3uuHHICTH ocany AgBr B po3uuHl 3 MOJSIPHOIO
koHieHTpariero KNO3 0,01 mons/n nmpu 17 °C, 25 °C, 53 °C?
(4,0'1077 MOJTB/1T; 6,410 MoB/1; 3,2'10*6 MOJIB/T).
3.99. fxorwo Oynme po3umHHICT, ocaxy HgBr, B po3umHi 3 MOJISPHOIO
koHneHTparitiero NaNO3z 0,01 mons/m ipu 10 °C, 25 °C, 60 °C?
(1,910 mous/i; 3,910 mous/it; 2,0°10 ° moss/).
3.100. Sxoro Oyne posuuHHICTH ocagy AgCNS B po3uuHiI 3 MOJISPHOIO
koHieHTpariero NaNO3 0,01 mons/n ipu 5 °C, 25 °C, 90 °C?
(2,610 momb/i; 9,410 " Mous/i1; 6,010 ° MouB/MM).
3.101. Sxoro Oyme po3uumHHICTH ocamy PbSO, B po3umHi 3 MOISPHOIO
koHneHTparitiero NaNO3 0,05 mons/m ipu 10 °C, 25 °C, 95 °C?
(9,2:10° mous/i; 1,1°10°* moss/it; 1,3:10™ moss/n).
3.102. Sxoro Oyae po3unHHICTh ocany BaSO, y Boai 1 B po3uuHI 3 MOJISIPHOIO
koHieHTparieo Na,SO,4 0,1 mons/n?
(1,110 mous/i; 1,1°10"° mMoms/n).
3.103. Sxoro Oyae pozunHHIcTh ocany CaSO,4 y Boal 1 B pO3YHHI 3 MOJISIPHOIO
koHieHTpaitieo Na,SO,4 0,05 mosnb/n?
(4,910 mons/m; 4,810 * Mos/m).
3.104. Sxoro Oyne pozuuHHICTE ocany CdCOs; B po3udHI 3 MOJISIPHOIO
koureHTpariiero Na,COz; 0,01 moas/n?
(1,810 momns/1).
3.105. fAxoro 6yne pozunnHicTh ocany Hg,Cly y Bomi 1 B po3umnHi 3 MOJISIPHOIO
koHueHTpatieo NaCl 0,02 mons/n?
(6,810 " mons/i; 3,110 Moms/n).
3.106. Sxoro Oyne posuuHHICTH ocany AgszPO, B po3uMHI 3 MOJSIPHOIO
koHnentparier NazgPO, 0,02 mons/n?



(1,7:10°° moms/m).
3.107. Axorw Oyne pos3umHHICTH ocaxy CoS B po3uuHI 3 MOJIAPHOIO
KoHIeHTpartie Na,S 0,5 Mmons/n?
(1,010 % moms/n).
3.108. Sxorwo Oyne poszumHHICTE ocagy SrCOj; B po3uuHi 3 MOJIAPHOIO
koHnentparieo Nay,CO3; 0,25 moinb/n?
(3,7:10° moms/m).
3.109. Slkoro Oynae pozunnHicTh ocaay Pb(IO3), y Boai i B po34mHi 3 MOJISp-
Hoto KoHIeHTpaliero KIO3 0,2 Mmons/n?
(3,910 mous/; 6,1°10 % Moss/x).
3.110. Axoro Oyae po3umHHICTH ocamy CaF, B po3uMHI 3 MOJSAPHOIO
koHueHrtpauiero NaF 0,02 mons/n?
(9,7:10"® moub/x).
3.111. Sxoro Oyxae po3uuHHICTh ocany Ag,CrO, y BOjl 1 B pO3UMHI 3 MOJISIp-
Hoto koHIeHTpariew K,CrO4 0,1 Mmonb/n?
(6,710 mous/i; 1,7:10°° Moss/n).
3.112. fkoro Oyme po3umHHICTH ocamy Ag,CO; B po34mMHI 3 MOJAPHOIO
koHnentparieo K,CO3; 0,2 Mmons/n?
(3,2:10°® moub/x).
3.113. Sxoro Oyne poszumnHicTh ocany CaC,0O4 y BOIl 1 B PO3UMHI 3 MOJISIP-
HOI0 KoHIeHTpalliero Na,C,04 0,02 Monn/n?
(4,210 moms/i1; 8,910 ® momb/m).
3.114. Sxoro Oyae pozuuHHicTh ocany PbSO,4 y BoJl 1 B po34MHI 3 MOJIIPHOIO
koHmeHTpariero Na,;SO4 0,05 mons/n?
(1,310 moms/i; 3,210 " Mous/1).
3.115. Axoro 6yne po3zuunHicTh ocany SrSO4 y BOJII 1 B PO3UHHI 3 MOJISIPHOIO
koHieHTparieo Na,SO,4 0,01 monb/n?
(5,610 moms/i; 3,210 > MoiB/1).
3.116. Sxoro Oyne po3unHHICTh ocaxy Hg,Br, y Bozi 1 B po34mHi 3 MOJISIPHOIO
koHueHTpatieo NaBr 0,1 Mmons/n?
(2,410°° moms/i1; 5,6'10 %! monb/1).
3.117. Sxoro 6yzae pozunnHicTh ocanxy PbCrO, mpu pH1 1127
(7,210 moums/i; 1,210 Moms/n).
3.118. fkoro 6yne po3zuunHicth ocaxy CdCOz; ipu pH 21 10?
(0,56 moub/m; 1,810 Momb/m).
3.119. Skoto O6yae pozunnHicTh ocany AgsAsO, npu pH 21 12?
(0,01 moms/im; 1,410°° Momnb/).



3.120. Slkoro Oynme posuumHHIicTh ocany BaCrO, B po3umHi, SIKMH MICTHTh
0,2 monw/n NH4Cl 1 0,2 mons/1 NH3?
(1,510 moub/1).
3.121. Sxoro Oyame posuunHICTh ocamxy Ag,CO; B po3uuHi, SIKUN MICTUTH
0,1 moas/n CH3COONa i 0,1 mons/a1 CH;COOH?
(7,810 moub/i).
3.122. Slkoro Oyme po3unHHICTh ocanxy Niz(ASO4), B po3unHi, SKHH MICTHTh
0,05 monws/n CH3;COONa 1 0,05 moas/n CH;COOH?
(1,910 mosb/1).
3.123. Sxoto Oyne pozumHHicTh ocany AgzPO, B po3uuHi, SIKHH MICTHTH
0,1 moas/mn HCOONa 1 0,5 mons/m1 HCOOH?
(4,510 moub/1).
3.124. Slkoro Oynme po3umHHicTh ocany Cdz(POg4), B po3unHi, SKHH MICTHTb
0,3 mons/m1 HCOONa 1 0,3 moas/n HCOOH?
(3,110 ° mMomb/m).
3.125. Sxoro Oyne po3uMHHICTH ocaay Agl B po3uuHI, SKUH MICTUTh
0,5 moas/n NH3?
(1,910° moms/m).
3.126. Slkorwo Oyzae po3umHHICTH ocanmy HgBr, B po3umHi, sIKUi MICTUTH
0,1 momns/1 KBr?
(0,16 momb/m).
3.127. Sxoro Oyne po3uMHHICTH ocany Bils B po3uuHi, AKUH MICTUTH
0,2 mons/n KI?
(4,2'1072 MOJIB/JT).
3.128. Ilpu sixomy 3HauenH1 pH tpeba 3akinuuTu ocamkenHs ocaaxy Fe(OH)s,
100 PO3YHUHHICTH Ocady OyJia MIHIMAJIBHOIO?
(7,5-9).
3.129. Ilpu sxomy 3HayeHHi pH Tpeba 3akiHunTH ocamxenHs ocaaxy Cr(OH)s,
1100 PO3YMHHICTh Ocaay OyJsia MiHIMAJIBHOIO?
(7 - 8).
3.130. Ilpu saxomy 3nauenHi pH tpeba 3akiHunTu ocamkenns ocanyFe(OH),,
1100 PO3YMHHICTH 0cay OyJia MiHIMaIHHOO?
(10,5-12).
3.131. IIpu sikoMy 3HaY€HHI PIBHOBA)KHOI KOHIIEHTpAlli XJIOpUA-10HIB Tpebda
3aKiHUUTH ocaKeHHs ocaay CuCl, mo6 po3unHHICTE ocaay Oyia MiHIMAJIbHOIO?
(1,810 moub/).



3.132. Tlpu sskoMy 3Hau4Y€HHI1 PIBHOBA)KHOI KOHIIEHTpAIlli IiaHIA-10HIB Tpeda
3aKkiHUUTH ocakeHHss ocany Zn(CN),;, o0 po3uuHHICTE ocaay Oylna
MIHIMAJIbHOIO?

(10 - 10°° moms/m).

3.133. Ilpu sikoMy 3Hau€HHI PIBHOBa)KHOI KOHIIEHTpaIlil HogaT-ioHIB Tpeda
3aKIHYUTH ocaipkeHHs ocaxy AglO;, 106 po3unHHICTE ocamy Oyrna
MIHIMAJIbHOIO?

(0,1 momb/m).

3.134. Ilpu saxomy 3Ha4YE€HH1 PIBHOBAXKHOI KOHIIEHTpaIlli OpoMiI-i0HIB Tpeba

3aKIHYUTH O0CaDKEHHS ocaaxy AgBr, mo0 po3uynHHICTh ocaay Oyia MiHIMATEHOIO?
(510°— 510 monb/1).

3.135. Ilpu AxoMy 3HAaY€HHI PIBHOBaYKHOI KOHIIEHTpALlli OKcajlaT-10HIB Tpebda
3aKiHYUTH ocapkeHHs ocany CaC,0, 1mo0 po3uuHHICTE ocaay Oyia
M1HIMAJIbHOIO?

([C,044] > 1,610 mounb/n).

3.136. Ilpu sixomMy 3Ha4Y€HHI PIBHOBA)KHOI KOHUEHTpAIil IlaHig-10HIB Tpebda
3aKIHUUTH  ocajukeHHs ocany AgCN, mo0 po3uuHHICT, ocamxy Oyna
MiHIMaJIbHOW? fKkuil 00’eM po3unHy 3 MossipHOO KCN 1 Moiib/11 HEOO0X11HO J10-
natya 10 100 M po3unHy 3 MOJsipHOIO KoHIeHTpaliero AgNO;z 0,05 moaw/n mis
MIOBHOT'O OCAaJI)KEHHSI?

3.137. Ilpu sikoMy 3Ha4€HH1 PIBHOBa)XHOI KOHLEHTpAIIll TiOL10HAT-10HIB Tpe-
0a 3akiHuuTH ocamkeHHsa ocany AgCNS, mo0 po3uuHHICTH ocaxy Oyna
MiHIMaJbHOW? Skuit 00’eM po3unny 3 moJisspHoro KCNS 0,5 mosib/n He00X1HO
nonatu 10 100 mu po3unHy 3 MouisspHOIO KoHieHTpariero AgNO;z 0,05 monb/n
JUIS TIOBHOT'O OCaJKEHHS?

3.138. Ilpu sikomMy 3HaY€HHI PIBHOBAXKHOI KOHUEHTpALii Hoaua-10HIB Tpebda
3aKIHYUTH OCaKeHHS ocany Agl, mo0 po3uuHHICTh ocaay Oyia MiHIMaIbHOIO?
Axuit 06’eM posunny 3 mosisipHoro KI 0,02 Monb/n HeoOXxiaHo poxatu A0 50 M
po3unHy 3 MoOJsipHOIO KoHIeHTpariero AgNO;z 0,02 Moab/a1 aj1st 171 TIOBHOTO
ocaJpKeHHs?

3.139. Ilpu axomy 3Ha4YeHH1 PIBHOBA)KHOI KOHLIEHTpalii OpoMia-i0HIB Tpebda
3aKIHUMTH OCQKeHHS ocangy PbBr,, mo0 po3uuHHICTE ocagy Oyna
MiHIMaIbHOIO? Skuit 00’eM po3unHy 3 MoJisipHOr0 KBr 1 Moib/n HEoOXiIHO 10-



aati 10 100 M1 po3unHy 3 MOJISIpHOIO KOoHIeHTpalieo Pb(NO3), 0,1 Monb/n mst
JUTSI TIOBHOTO OCAKEHHA?

3.140. IIpu sskomMy 3HA4YE€HHI PIBHOBaXKHOI KOHIIEHTpaIii cynbdar-ioHiB Tpeda
3aKIHYUTH OCa/pKeHHs ocamy BaSO,, mo0 po3umHHICTE ocagy Oyia
MiHIManbHOW0O? fKkuit 00’em po3umHy 3 moisipHoO H,SO,; 2 Monb/nm HEOOXiIHO
noaatu 1o 100 mur po3uuny 3 MossipHOto KoHueHTpaitiero BaCl, 0,02 monb/n ais
TUTSL TIOBHOTO OCAKEHHS?

3.141. [Ipu sixoMy 3HA4YE€HHI PIBHOBa)KHOI KOHIIEHTpalii HOAMA-10HIB Tpeda
3aKIHYUTHU OcaJKeHHs ocany Pbl,, mob po3unHHICTE ocany Oyiia MiHIMAJIbHOKO?
SAxuii 06’eM po3urHy 3 MossipHOrO KI 2 mose/n HeoOxigHo noxatu o 100 mo
po3unHy 3 MOJsIpHOIO KoHIleHTpamiclo Pb(NOjz), 0,2 Moab/a ans 1 TOBHOI'O
OCAJKEHHs?

3.142. Ilpu sikOMy 3HAY€HHI PIBHOBA)XHOI KOHIIEHTpALli XJIOpUI-10HIB Tpebda
3aKIHUUTH  ocakeHHsi ocany PbCl,, mo0 po3uuHHICT ocamxy Oyna
MiHIMaJIbHOK? SAKkuil 00’em po3uuny 3 MossipHoro HCl 2 moie/n HeoOx1aHO 110-
natu 10 100 M1 po3urHy 3 MOJIsIpHOIO KOoHIeHTpamiero Pb(NO3), 0,1 monw/i as
JUIS TIOBHOT'O OCaJKEHHS?

3.143. Ilpu sikoMy 3Ha4€HH1 PIBHOBa)XHOI KOHLEHTpAIIll TiOL1OHAT-10HIB Tpe-
0a 3akiHuuTH ocamxkeHHs ocany CuCNS, mo6 po3uMHHICTE ocaxy Oyra
MiHIMaNbHOW? Skuit 00’eM po3unHy 3 MossipHoro KCNS 1 mosnb/n HeoOXiaHO
nonatu 10 100 M po3unHy 3 MoJsipHOrO KoHieHTpaiiiero CuNOj 0,1 monw/n s
JUIS TIOBHOT'O OCaJKEHHS?

3.5.EkcTpakiis sK MeTO BUIIJICHHS TA PO3ALIICHHS
KOMIIOHEHTIB
Excmpakyisa —MeTos pO3AUICHHS Ta KOHIEHTPYBAHHS, IO OA3YEMbCA HA
BUJIYYEHHI KOMNOHEHMY 3 600AH020 PO3UUHY 6 (ha3y IHUL020 POZYUHHUKA, STKAI

HE 3MIIIYETHCS 3 BOJIOKO.

3.5.1. KUIbKICHI XapaKTEepPUCTUKH eKCTPAKIII



EnexTpoHeliTpanbHa YacTHHKA A, IO TIEPETHHAE MEXY MDK pPO3YMHAMH,
PO3MOAIAETHCS MiX ABOMA (Da3aMM Y BIAMOBITHOCTI 3 KOHCTAHTOIO PO3IOILITY:

A s Ay, (3.31)
a

Kg= —20Pr (3.32)

an
a00 B KOHIICHTPAI[IHHOMY BUTJISIL:

A

K= Ahopr (3.33)

[A]

KoMrioneHT A, mo po3momiumsieThcss MK JIBOMa piakuMu (azaMu, MOXKE
NpUIMATH Y4acTh y peaKiisX, aKi BiIOyBarOThCS B KOXkHIM 3 ¢a3. Lle mpuBoauTh
110 3MileHHs piBHOBaru posnoauty (3.31). EexTuBHICTh BUIIyYEeHHS KOMIIOHEH-
Ty B KOHKPETHHUX YyMOBaX XapakTepusye Koeghiuicnm po3nodiny D. Bin
JIOPIBHIOE BIJHOIIEHHIO 3arajbHUX KOHIICHTPAIllii KOMIIOHEHTY A B HEBOJSHOMY
C*(A)opr 1 BOIIHOMY C*(A) po3unHax:

*
p= & Mopr (3.34)
c*(A)

Koedimient po3snoaity BigoOpaxkae BIUIMB KOHKYPYIOUMX peakiii Ha
pPIBHOBary po3mnojuly aHajoriyHO TOMY, SIK 1€ pOoOJIATh YMOBHI KOHCTAHTH IS
pIBHOBAar KOMILUIEKCOYTBOPEHHSI 1 PpO3YMHEHHS ocaliB abo  (dopMalbHUI
MOTEHLIAJT JIJIsl OKUCIIIOBAILHO-BITHOBHUX PEAKIIIN.

KoeditieHT po3mnonily OOYHMCIIOITh 32 3HAYCHHSM KOHCTAHTH PO3MOLTY
aHAJIOTIYHO OOYUCIICHHIO YMOBHUX KOHCTAHT (po3. 2.2.3). OCKinbKu

[Al = aa ¢*(A);  [Alopr = 0taopr €*(A) opr,
JI€ Olpoprl OLo— YACTKM EJIEKTPOHEUTPAIbHOI YAaCTMHKM A BiJ 3arajbHUX
KOHLIEHTpalii A y HeBOJIIHIN 1 BOJsHIN (a3, 3 piBHAHD (3.33) 1 (3.34) BuTikae:
D =Ky oA/ 0taoprs
a60 B jorapuMiyHOMY BHUTJISIII:
Ig D = lg Kyt 1g aa — 19 ataepr - (3.35)

YacTo B HEBOASAHIN (pa3l KOHKYpPYIOUMX PEAKLIl HEMAE, TOXK Olaopr = 1,

TOM1
D= Kj aa, (3.36)

3BIAKM BUJHO, IO 32 HASBHOCTI KOHKYPYIOUMX peakuiid y BOJAHIN (a3l

(aa < 1) KOCOIIIEHT PO3MOIITY 3MEHIITYEThCS.

IIpukaaau po3B’A3yBaHHA 32124

Ilpuxnao 3.12.



HietunaitiokapObamMiHOBa KHUCIIOTA, IO PO3MOIISETHCS MK BOAOKO 1 XJIOPO-
dopmom (Ig Ky =3,37), y BOASHOMY pO3UMHI € OJHOOCHOBHOIO KHcJoTor (HR,
lg K; =-3,35). Sl noB’s3aHuii kKoe(ilieHT PO3MOALIY IieTHIAITIOKapOaMiHOBOT
KHCJIOTH 3 1i KOHCTAaHTOIO po3mnoainy? Yomy HOpiBHIOE KOSDIMIEHT PO3MOILITY
TieTuaiTiokapOaMiHOBO1 kKucioTu mpu pH 5?

Po3é’a3ok.

HMietunaitiokapObamMiHOBa KHUCIIOTa MPUMMAE y4acTh y piBHOBarax (mpaBopyd
HABEJICHO MO3HAYCHHS KOHCTAHT):

HR < HR .., Ky
HR < H"+R ,K..
3TiIHO KOHIIEHTpalliHUM BUpaszaM piBHIHHS 3IM:
_ [HR]OpF .
4= —[HR] ;
g IRT]
[HR]
PiBHAHHS MaTepiaJbHOTO OajaHCy JJisl BOASHOTO PO3YUHY:
c*(HR) =[HR] + [R'].

KoMmOinytouu 11e piBHSHHA 3 piBHSHHSAM 3/IM, 3HaX0AMMO 3B’SI30K MK 3a-
ranibHOIO ¢*(HR) 1 piBHOBaxkHOI0 [HR] KOHIEHTpaIisiMu €leKTpOHEUTpaIbHOI
YaCTUHKU (MOJIEKYJT A1E€THIIIITIOKApOAMIHOBOT KUCIIOTH ):

[HR] = c*(HR) _ c*(HR) |
1+ K, [HT' 1+K, 10"

[TizcraBuMo 11eii Bupa3 B piBHIHHS 115 Ky:

HR
K4= ﬂ.{lJrKalopH};
c*(HR)
3BIJICH
D:[HR]opr Ky

c*(HR) 1+K, 10"

TyT yacTKa eJIeKTPOHEUTPAIBHOT YACTUHKH:

1
OHR = — -
1+K,10PH
[Tpu pH 5 xoedimieHT po3noaLTy TOPIBHIOE:
10337
D= =51.

14107 .10°



3.5.2. JocaigxeHHst epeKTUBHOCTI i BUOIp YMOB eKCTparyBaHHs

Dakmop eunyueHHA — BIAHOIICHHS KiJIbKOCTI PEYOBHMHU KOMIIOHEHTY A B
HEBOJSIHOMY PO3YMHI JI0 3arajbHOi KITBKOCTI PeYOBHHH A B JBO(a3HIN CUCTEMI:

n(A)OpF _ n(A)OpF
n(A)+n(A)g,  n°(A)

0 . . . .
aen (A) — IIOYAaTKOBA KUJIBKICTh PCYOBUHHU, B3ATO1 IUIA PO3AIJICHHA,

(3.37)

N (A)in (A)yp— KUIBKICTh PEYOBHHH MICIIS PO3/ITICHHS y BOJSHOMY 1 HEBO-
JSTHOMY PO34YMHaX BIIIOBIIHO.
®dakTop BWIYICHHS OB’ SI3aHUN 3 KOS(IIIEHTOM PO3IMOALTY:

R=_ 2 (3.38)
D +y
VOpF

ne V 1V, — 00’eMu BOISHOTO 1 HEBOASHOTO PO3YHHY BiAIIOBIIHO.
EdexkTuBHICTh BWIyYEHHS IMIJBUILYIOTh, MOBTOPIOIOYM EKCTPAaKIlii HOBUMU
HNOPLISIMM HEBOJASHOTO po3unHHUKA. [licmss m excTpakiiid (akTop BUIYyYEHHS

JIOPIBHIOE:

Ry=l—— L (3.39)

(Dr+1)m

Tyrr=V, ! V.

MoOXIHUBICTh E€KCTPAKI[IMHOTO PpO3JUICHHS JBOX KOMIIOHEHTIB A 1 B
XapaKkTepu3ye ¢pakmop 30azauenns Sga: BIH TIOKa3ye, y CKUIBKH pa3iB
BIJIHOIIICHHS KUIbKOCTEeM pedoBMHU A 1 B B a3l excrpareHTa mepeBUILyeE 1€
BIJTHOIICHHS Y BOASHOMY PO3YHHI JI0 €KCTPaKIIii:

n(B)opr n(B)

n(A—)Opr = SB/A n(A) . (340)

3BiacHu akTop 30arauyeHHs JOPIBHIOE BITHOIICHHIO ()aKTOPIB BUITyUYEHHS:
SB/A = RB/ RA. (341)

loHn mMeTaniB eKCTParyroTh 3 BOASHUX PO3UMHIB Y BUTIISA/II €IEKTPOHEHUTPaAIb-
HUX KOMITJIEKCHHUX CIIOJTYK: XeJiaTiB a00 10HHUX acorfiaTiB. HeoOxigHuit 1y kom-
MJICKCOYTBOPEHHS opraHiyauil peareHT HL, sik mpaBuiio, kparie po3unHsIETHCS B
HEBOJASIHOMY PO3YMHHUKY. THIIOBUMH €KCTPaKIIMHMMHM peareHtamu € 8-
OKCHUXIHOJIIH, JITU30H, alleTUJIalleToH. Peakiito ekcTpakiiii 300paxye piBHSHHS:

M™ +n HLypy < ML, o5 + N HY, (3.42)
3 KoHcTaHTor 3JIM, sika Ha3uBa€eTbCs KoHcmanmor ekempaxuyii K.



_ ML, 1, [H" ]

(3.43)
[M™ [HLT;

opr

[TonoxeHHs1 piBHOBArv €KCTPAaKIi 3aJIeKUTh Bl KHCIOTHOCTI BOJISHOTO PO3-
yuHy. /{7151 OLIHOK, OB’ A3aHUX 3 BUOOPOM YMOB €KCTpPAKIlli, MOKHa KOpPHUCTyBa-
THCh 3HaueHHsAM pH HamiBekcTpakiii pHy,: 1e Take 3HadyeHHs pH, npu sxomy
EKCTparyeTbcs MOJOBHHA METaly, TOOTO MPU OAMHAKOBHX 00’€Max BOJSHOTO 1
HEBOJISTHOTO PO3YHUHIB!

[M™] = [MLu]opr- (3.44)
3a i€l yMoBU 3 piBHIHHSA (3.43) micis torapudMyBaHHS OJEPKYEMO:

lg K
pHyp= - = —Ig[HLy.  (345)

Pearenr, sk npasuio, 6epyTs y Hamumiiuky, ToAi [HL]qpr = c(HL)opr, 1

lg K
le/Z = _% - Ig C(HL)opr- (346)

Ipuxnaau po3B’sa3yBaHHA 32124

Ilpuknao 3.13.

Mins(Il) ekcTparyroTs y XJI0poopM PO3UUHOM 3 MOJISIPHOIO KOHIICHTPAIIIEIO
mutusony 11107 moms/n (Ig Key = 6,5). Yomy mopiBrioe pH HarmiBekcTpaKiiii?
Sxum Oyne koedimient posnoaiay miai(Il) mpu pH 2 ?

Po3é’azoxk.
Excrpakiiis BigOyBa€eThCs 3a PIBHSHHSM:
Cu®* + 2 HDz,,, < CuDZz, o + 2 H™.
PiBastaas 3/IM mae BUTIISIA!
_ [CuDz ), [H'F

[Cu®" [HDz]

opr
B ymMmoBax HamiBeKcTpakiiii, fKIO 00’eMu (a3 OJIMHAKOBI, BUKOHYETHCS
PIBHICTB:
[Cu*" ] = [CUDZ, o]
CKOpOTHBIIIM OJJHAKOBI MHOXKHUKH B piBHSHHI 3/IM Ta BBaXkarouu, 110
[HDz,,] = 1'10™* MoB/11, OmEPIKYEMO:
[H'T
(1-1074)%°

3BlIICHU

Kex =



6,5
H,),=——
pHip )

—(-4) =0,75.

Koedimient posnoainy mimi(Il) oduuciammo 3a KoHIIEHTpaIisMu GopM, 10
NePEBAXKAIOTh Y KOXKHIN (a3i:
5o ¢(Cu™)gpr _ [Cu(D2),]
o(Cu*™) [Cu®"]
Sx Butikae 3 piBHsHHS 3[IM, KoeditieHT po3noainy npu pH 2 nopiBHIOE:
D = Key [HDZ,, J7[H'] * = 10%°" (110 %> (10 %) 2 = 316.

opr

Caia=? 4éy naiinoéil;, olaioe

3.144. SIxum Oyne 3HaueHHs KoeillenTy po3noaury nutu3ony HDz Mix Bo-
noto 1 CCl, mpu pH 21 6 (Ig Ky = 5,9)? YoMy nopiBHIOBaTUME (DAKTOP BUITYyUEHHS
autu3ony npu pH 6, sikio 06’eM BoasiHoro po3uuny 50 mi, a 06’em CCly
10 mn?

(7,910°% 2,2110% 1).

3.145. SIxum Oyne 3HaueHHs KoeillenTy po3noaury okcuxiHoiainy HOx mixk
Boz010 1 OyTanosiom ipu pH 6 1 12 (Ig Ky = 1,66)? YoMy nopiBHIOBaTUME (HaKTOp
BUJTyYEHHS OKCHXIHOMIHY npu pH 12, gxmio 06’eM BOASHOr0 po3uuny 25 M, a
00’em O6yranomy 10 mn?

(42;0,3;0,1).

3.146. SIxum Oyne 3HaueHHs KoedilieHTy po3noauty okcuxinoiainy HOx mix
Boz010 1 TomyosioM ripu pH 3 1 8 (Ig Ky = 2,21)? Homy nopiBHIOBaTHUME (HaKTOP
BUJTyYEHHS OKCHXIHOMIHY Ipu pH 8, sikio 06’em BoasHOTrO po3unHy 50 mi, a

00’eM Tomyosy 20 mi?
(1,8; 160; 0,98).

3.147. Slkum Oyne 3HadeHHs KoedimieHTy posmnoainy 1-(2-mipuaniaso)-2-
HadToy (Y BOASHOMY PO34YHMHI € IBOOCHOBHOIO KUCOTOO, Ig Ky, = 11,2;
lg Kz = 3,0) mik Bogoro i CCly mpu pH 116 (Ig Ky = 5,4)? Yomy
nopiBHIOBaTHME (hakTop BHITydeHHs 1-(2-mipuannaso)-2-wadromy npu pH 6,
AK110 00’ eM BoasiHOTO po3unny 20 mi, a 06’em CCly 10 mn?
(2,510 251:; 0,99).

3.148. Sxkum Oyne 3HaueHHs1 KOe(IIEHTY PO3NOALITY TUMETUITIIIOKCUMY
HDm mix Bogoro 1 CCly mpu pH 51 12 (Ig Ky =-0,92)? Yomy nopiBHIOBaTUME



dbakTop BrIIydeHHS TUMETHITiIoKciMy ipu pH 12, sikiio 06’eM BOASIHOTO PO3-
quHy 20 mi1, a 06’em CCly 5 mn?
(0,12; 0,01; 0,002).

3.149. SIxum Oyzae 3HaueHHS KOCQIIIEHTY POMOALTY TUMETUITITIOKCUMY
HDm mix Bogoto 1 6yranosiom npu pH 31 10 (Ig Ky = 1,08)? Homy
nopiBHIOBaTUME (hakTOp BUIydeHHs AuMeTuiriiokcimy mpu pH 10, sximo 06’em
BOJISTHOT'O pOo3urHy 25 MiI, a 00’em Oytanony 10 mn?

(12; 11, 0,8).

3.150. Sxum Oyne 3HaUeHHS KOS(IIEHTY PO3MOLTY CATIIIIOBOT KUCIOTH
H,Sal mix Bomoro 1 CCl, mpu pH 116 (Ig Ky = 0,5)? Homy nopiBHIOBaTUME (hak-
TOP BWJIyYEHHSI caJIIIUIOBO1 KucaoTu npu pH 1, Ko 06’eM BOASHOTO PO3UHUHY
50 mi1, a 06°em CCl, 5 ma?

(2; 110°% 0,17).

3.151. SIxum Oyne 3HaueHHs KOoeIllieHTY PO3MOALTY CATIIOBOT KUCIOTH
H,Sal mixx Bogoro 1 metunizooytunkeronom npu pH 2 1 10 (Ig Ky = 2,51)? Yomy
JOPIBHIOBATUME (PAKTOP BHIIYUYEHHSI CAIILUIOBOT KUcaoTu nmpu pH 2, sikio 06’em
BostHOTO po3unny 20 My, a 06’em CCly 10 mn?

(49; 110 % 0,96).

3.152°. 3anizo(IIl) ekcTparyroTh y X10podGopM PO3UHHOM 3 MOISPHOIO
KOHIEeHTpaiero okcuxinominy 1710 mons/1 (Ig Kex = 4,11). Yomy mopisrroe pH
HamiBeKCTpakiii? Skum Oyne koedimenT po3noairy 3aniza(lll) mpu pH 7?

(2,6: 1,310™).

3.153. Manamii(Il) excTparytoTs y X10podopM pO3UMHOM 3 MOJISIPHOIO
KOHIeHTpaiero oxcuxinominy 110 mons/1 (Ig Kex = 15) . YoMy nopisaioe pH
HamiBeKCcTpakiii? Skum Oyne koedimenT po3noairy nantagiro(Il) mpu pH 6?

(<0; 10").

3.154. T'amii(II) excrparytoTs y XJ10po)opM po3UnHOM 3 MOJISIPHOIO
KOHIIeHTparielo okcuxinominy 1710 mons/1 (Ig Kex = 3,72). Yomy nopisaioe pH
HaniBekcTpakuii? Axkum Oyne koedimienT posnoaity ramiro(IIl) mpu pH 7?

(2,76; 510™).

3.155. Cpi6m0o(I) excTparyroTh y XJI0popOopM PO3UHMHOM 3 MOJISIPHOIO
KOHIIeHTpamieto autu3ony 510~ Moas/n (Ig Kex = 5,9). Yomy nopisatoe pH
HamiBekcTpakiii? Axkum Oyme koedimient posmoainy cpidma(l) mpu pH 3?

(<0; 410°).

3.156. Bicmyt(Ill) excTparytoTh y YHOTUPUXJIOPUCTHI BYIJICIb POZUYUHOM 3

MOJISIPHOIO KOHIeHTparieto guti3ony 4,610~ monn/1 (Ig Kex = 10). Yomy

xxxxx



nopiBHtoe pH HamiBekcTpakiii ? Sxkum Oyzae koedimieHT po3noainy BicMyTy(111)
npu pH 2 ?
(0; 810%.

3.157. Huuk(II) ekcTparytoTh y YOTUPUXJIOPUCTUI BYTIIELb PO3YHMHOM 3 MO-
JSIPHOIO KOHIEHTpawi€to quta3ony 2'10 ™ moms/n (Ig Key = 2). YoMy mopiBHIOE
pH namiBekcTpakmii? SAxkum 0yne xoedimieHT po3noainy nuaky(Il) mpu pH 1?

(2,7: 4107%).

3.158. Pryte(I]) ekcTparyioTh y 4OTUPUXJIOPUCTUI BYTJICIh PO3YMHOM 3 MO-
JSIPHOIO KOHIIeHTpamiero autusony 110 momb/1 (Ig Keyx = 26,7). YoMy mopiBHIOE
pH namiBekcTpakmii? Axkum 6yne koedimient posnoaity pryti(Il) mpu pH 2?

(<0; 510%).



4. MATEMATHUYHA OBPOBKA PE3YJIBTATIB
BUMIPIOBAHD

4.1. O0unc/IeHHS TOBIPYOro Aiana3oHy pe3yabTaTy
BUMIPIOBAHb

YucenpHi J1aHi, sIKI OTPUMYIOTH B ITPOIIEC] XIMIYHOTO aHATI3y, € pe3yJIibTaTaMH
BUMIPIOBAHHS Ta BUSHAYEHHS (PI3UYHUX BEJIHYHUH.

Pe3ynbTaTi BUMIpIOBaHHS 3aBXKIU MICTSATh MOXUOKH, SIK1 MOIIMPIOIOTHCS 1 Ha
pesynbTat  BU3HaueHHsA.  Iloxubka —ue  @iOXujieHna  pezyivmamy
BUMIDIOGAHHA 610 OICHO20 3HAYEHHA GUMIPIO8anoi (hizuunoi eeauuunu. 1lo-
XrOKa HA3WBAETHCS CUCHEMAMUYHO0, SKIIO TP TOBTOPIOBAHHI BHMIpPIOBAHb
BOHA MTOBTOPIOETHCS 3 OJTHUM 1 TUM KE 3HAKOM (pe3yJIbTaTh BUMIPIOBaHb 3aBXKIU
3aHIKEH1 a00 3aBXKIM 3aBUILCHI). Bunaokoea 1noxmnbka 3MIHIOEThCS K 3a 3Ha-
KOM, TakK 1 32 3HAYCHHSIM.

BruinB BumagkoBuxX MOXMOOK HA pe3yiabTaT aHATII3y 3MEHIIYIOTh, IOBTOPIOIO-
Yy aHajl3 KUIbKa pa3iB B OAHUX 1 THUX K€ yMmMoBax (MmapajeibHl BU3HAYEHHS).
CyKyIHICTh pPe3yNbTaTiB NapajelbHUX BUMIPIOBaHb a00 BU3HAUYE€Hb HA3UBAETHCS
suodipkoro. CyKymHICTh BCIX pe3yJIbTaTiB, AKI MOXKHa Oyino O ojepkaTu mpu
HECKIHUCHHOMY IMOBTOPIOBAHHI BUMIPIOBAHb JAHOI BEJIMYMHU B JAaHUX YMOBaX,
HAa3UBAETHCS 2EHEPANbHOI0 CYKYRHICMIO.

3a pe3yrvmam ananizy NpUEMAaIOTh cepeone apuMeTUUHE 3HaueHHs (X)

pe3yJbTaTiB NapajieibHUX BU3HAYCHbD:
n

2 X

X=Xy + Xo + Xg+ e # X+ X))/ N = 12— (4.1)
n

JIe Xj— Pe3yJbTaT I—TOr0 OJMHUYHOTO BU3HAYCHHS;

N —4UCII0 MapaieIbHUX BU3HAYCHbD.

CtyniHb po3CifOBaHHS OKPEMUX PE3yJIbTAaTiB BUMIPIOBAHb BITHOCHO CEPEIHb-
OT0 3HAYCHHS XapaKTepusye oucnepcia. 3a IaHUMU BUOIPKH OOYHCIIOIOTH
JTUCTIEPCII0 OTMHUYHOTO PE3yJIbTaTy:

i(xi -x)*
== — (4.2)

1 IUCTIIEPCII0 CEPETHBOTO 3HAUYCHHS



S —\2
2 (x; =)
s% === (4.3)
n n(n —1)
Benuuuna, 1mo AOpIBHIOE KBaJpaTHOMY KOPEHIO 3 JTUCHEpCii, HA3UBAETHCS
cmanoapmuum gioxunennuam. CTaHJapTHE BIAXWIEHHS OJMHUYHOTO pe3yibTa-

Ty:

s= s =

CTaHI[apTHe Bi,ZIXI/IJIeHHSI CCPCAHBOI'O 3HAUYCHHA .

_ 2 _
Sz = 4/S% =

Pe3ynbraT aHamizy MNpeACTaBISIIOTH y BUIIIAAL 008ipu020 0ianazoHy: 1ie

(4.4)

(4.5)

J1anasoH, y SIKOMY 3 3aJIlaHOI0 JIOBIpYO0 MMOBIPHICTIO 3HAXOAMUTHCS NIMCHE 3HA-
YeHHS BEJIMYMHH, 1110 BU3HAYAETHCS:
X t tp;f' Sx (46)
ne f — gucno crynenis ceodoam; f=n—1;
tp. t —koedimienT CTbrofeHTa TIPH 3aJaHUX JOBIpUiid iMoBipHOCTI P 1 ymncmni
CTymeHiB cB0OO U f;

St — CTaHAapTHC Bi,Z[XI/IJ'IeHHﬂ CCPCAHBOI'O 3HAYCHHA.

OOuuncneHHs B XIMIYHOMY aHalli3l MPOBAJATh, SK MPaBUIO, TIPHU JIOBIpUii
fimoBipHOCTI 0,95 (95 %).

Cepen  pe3yabTaTiB  MOXKYTh  TPAIUITUCh  3HAYEHHS, 1[0 MOMITHO
BIJIPI3HSIIOTHCA BIJl 1HIIHX, € PE3YyIbTATOM I'PyOHX MOMUIIOK 1 HA3UBAIOTHCA HPO-
Mmaxamu. BoHU He HaJIeXKaTh 10 JaHOI BUOIPKU, TOX iX Tpeda BUKIIIOUUTH, eI
HDK OOYHCIIIOBATH CEepEeHE 3HAYCHHS Ta AucIiepcito. J[is BUSBICHHS MPOMaxiB
PE3yNbTaTH BIOPSIKOBYIOTH TIO Mipl 3pOCTaHHS 1 OOYMCITIOIOTH KPUTEPIi, 110 Oa-
3YIOThCS Ha po3Maci BapitoBaHHs. Po3max eapirweanna R— 1ie pi3HULA
HANUOLIBIIOTO 1 HAWMEHILOTO PE3yJIbTaTIB:

R = X,— X;1.
[IIo6 BM3HAYUTH, YU € TPOMAXOM HAMOUTBIIMN a00 HAMMEHIIM pe3ynbTart,

00UuCTIOITH KpUTEpin Q:

_ X
Q= R (4.7)



1€ X; —Ppe3ysbTar, 0 MEePEBIPSAIOTh HA TPOMaX; X, — HAHOIMKIUN O HBOTO
pesyabrar. O6uncieHe 3HadeHHs (Q MOPIBHIOKOTH 3 TaOJWYHUM, SIKE BIAMOBIIAE
JTAHOMY YHUCJTy BUMIPIOBaHb Ta 3ajJaHii JIOBIpUii HMOBIpHOCTI. Pe3ynbTaT X, npu-
3HAIOTh TPOMAXOM 1 HE BKITFOUAIOTH JI0 BUOIPKH, SKIIIO

Q> QTa6n.
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[Tpu BHU3HaAuUEHH] HIKENIO B CTall OAEPKAHO TakKi 3HAYEHHS MAcCOBOi YaCTKH
Hikemo (%): 1,22; 1,15; 1,21; 1,23; 1,20. Yu MicTITh pe3yibTaTy aHAII3y Tpyouit
npomax ? Po3paxyBatu aucnepciio Ta JOBIpYMI Jiana3oH pe3ysbTaTy aHaizy
pu I0BIpYiil iiMoBipHOCTI 95%.

Po3eé’a3zok.
['py0i mpomaxu BuABISAIOTE 3a Q-kputepiem. IlpenctaBumo pe3ynbratu
aHajizy B Mopsaky ix 30iumemenss: 1,15; 1,20; 1,21; 1,22; 1,23. I'pybum npoma-
XOM MOKe OyTH HalOuIblIMi abo HaliMeHIIHd pe3yibTaT. HaliMeHmmil pe3yiib-
TaT IMOMITHIIIIE BIIPI3HAETHCS BiJl CYCIIHBOTO, HIXK HalOUIbIui. Po3paxyemo nis
HBOT'0 3HAYCHHS Q-KpHUTEPitO:
1,20-1,15

Q= 1,23-115

3a Tabnunero (auB. Jlomatok) 3HaxoauMo 3HadeHHs Q-kputepito ipu P=95%

=0,62.

1 n=5: Qa6:.= 0,64. Ockiibku po3paxoBaHe 3HaueHHs 0,62 MeHIe TaOJIUuYHOTO
0,64, pesynbtat 1,15 He € rpyOuM mpomaxom.

Jlst po3paxyHKy qucrnepcii CroyaTKy 3HaiIeMO CepelHE 3HAUYCHHSI MacOBOI
YaCTKHU:

x =(1,22+1,15+1,21+1,23+1,20) / 5 = 1,202,

MOTIM 3HAWJIEMO BIIXWICHHS KOXXHOTO pe3yJabTaTy BiJl CEPEeIHbOTO,
mijiHeceMo iX 10 KBajapary, moaamo i po3aiiuMo Ha (n - 1) = 4. 1li obuncienHs
3py49HO 0(OPMITIOBATH Y BUTJISIAI TAOUIIL:

i Xi Xj- x, 10 2 (xi- )?)2, 10

1 1,22 1,8 3,2 $=38,8-10/4 =
2 1,15 5,2 27,0 =9,7-10%;

3 1,21 0,8 0,6

4 1,23 2,8 7.8 s2 =9,7.10%/5=
5 1,20 0,2 0,04 =1,94-10"%




2

5 J—
'Zl(xi -X) =
= 38,8:

Toni cTangapTHE BIIXUJICHHS JTOPIBHIOE:

S =+/1,94-107 = 1,410,

Jns oOYMCIeHHsT JIOBIpUYOTO Jllala3oHy pe3yiabTaTy aHallidy 3HaXOoJIUMO
koedimient Cteroaenta npu P=95% 1 =4 (nuB. Jomatok): t=2,78.
3rizmHo dhopmynu (4.6) JOBIpUMI Tiana30H CKIIAIAE:
1,202 +2,78 1,4-10 °= 1,202 + 0,038.
B 3HaueHHI HamiBIIMPUHM Jialla30Hy 3aJIUIIAEMO OAHY 3Hauylly nudpy, a B
cepeHbOMY 3HAUCHHI 3aJIMIIAEMO CTUILKHU K 3HAKIB MICIS KOMH, CKUIBKH iX 3a-
JUIIWIOCH B HaMIBIIUPHUHI 1HTepBaty: 1,20 + 0,04,

4.2. IlepeBipka craTucTUYHHUX rinore3. CucreMaTHYHI MOXUOKH.

[[{o6 BIEBHUTHCH, IO JTaHUK METOA a00 METOIMKA aHalli3y JIal0Th MPaBUIILHI
pe3yibTaTH, X 3aCTOCOBYIOThH JI0 aHAN3Y CHIAHOAPHIHO20 3PA3KA —pPECUOBUHH,
JUISL IKO1 3 BHCOKOIO TOYHICTIO BiJOMHI BMICT KOMIIOHEHTY, III0 BU3HAYAETHCS.
PesynbraTi aHamizy mopiBHIOIOTH 3 JAIMCHUM BMICTOM KOMIIOHEHTY B CTaHJIapT-
HOMY 3pasKy. JlJis IbOT0 0OYUCIIIOIOTH 3HAYEHHS t —KpUTEPito:

(= o

Sx

(4.8)

Je | —IiiCHE 3HAYEHHS BEJMYWHU, 110 BU3HaYasach. OOYMCIICHE 3HAYEHHS
KpUTEPiI0 MOPIBHIOIOTH 3 TAaOJIWYHUM MPHU JTAHOMY YHUCI CTYIEHIB CBOOOAM Ta
3a/1aHii TOBIpYiil UMOBIPHOCTI 1p. 1. SIKIITO

t< tp. ¢, (49)

NpUIMAETHCS TIMOTE3a MPO TE, IO Pe3yibTaTU aHAJI3y HaJeXaTh 0 TIEl K
reHepaIbHO1 CYKYIHOCTI, 10 ¥ J1iCHE 3HAYE€HHS, TOOTO HE MICTATh CUCTEMaTH-
HuX nmoxuook. [Ipu

t>1tp ¢, (4.10)

pe3yJbTaTH aHaJi3y MICTSATh CHCTEMAaTUYHY TOXUOKY.

[1106 mopiBHATH ABa pe3yNbTaTH aHAi3y 3 CEPEJHIMU 3HAUYEHHAMHU X; 1 X,,
CIIOYaTKy MEPEBIPSAIOTh, YA OJHOPIJIHI JUCIIEpCii 512 1 s% Ux pe3ynabTaTiB. s

IbOTO OOYHUCIIOIOTh 3HaUeHHsI F —Kpurepito

S (4.11)



ne s12 —Oupla 3 JuCHepcidi, Ta MOPIBHIOIOTh 3 TAOIUYHUM 3HAYEHHSIM
FP;fl;fz, AK€ BIAMOBIIAaE CTymeHsM cBoboau f; 1 f, Ta 3amaniit moBipuii
nmoBipHocTi P. /lucnepcii BBaxkatoTh OTHOPITHUMH, SKIIIO
F<Fpg.s, - (4.12)
Toni 3HaX0AATH 00’ €AHAHY JUCTIEPCIIO:
52 (n; =1)-sf +(n, =)

= 4.13
n,+n, -2 (4-13)

1 CTaHJapTHE BIIXUJICHHS:

OpepkaHe 3HAYEHHS CTAaHIAPTHOTO BIIXWJICHHS BUKOPUCTOBYIOTH IJIsT 00-
YUCJICHHS t —KpUTEPIIO JIJIS PI3HULIL JJBOX CEPEAHIX 3HAUYEHD :

X —’_‘2‘_

t= (4.15)

X
Horo nopiBHIOIOTh 3 TaOMMYHUM 3HadeHHsAM (p. ¢, sIke BiaNoBinae 3amaHiii
JIOBIpYiii KMOBIPHOCTI Ta CYMapHOMY YHCIIy CTYIIE€HIB CBOOOIN
f= fl + f2. k1o
t<tp.r, (4.16)

MPUIMAETHCS TINOTe3a, 0 00MABA PE3YJIbTATH aHAII3y HaJIEKaTh 10 OJIHIE]
reHepaIbHO1 CYKYITHOCTI, TOOTO Pi3HATHCS HE3HAYKMO.

IMpukaaau po3B’si3yBaHHA 3a1a4

Ilpuknao 4.2.

MacoBy 4acTKy OKCHAY M1/l B MiHEpasl BU3BHAYEHO METOJAaMHU HOIOMETpii Ta
KoMIuiekcoHomeTpii. [Ipu nibomy oTpumano ciigyroui pesynbtata (%): 1. 38,20;
38,00; 37,66; I1. 37,70; 37,65; 37,55. Uu ogHOpiAHI AUCTIEpCii pe3ysbTaTiB JBOX
MeToaiB? Uu 3HAUUMO PI3HATHCS PE3yIbTaTH, OTPUMaH1 PI3HUMU METOAaMU?

Po3é6’a3ok.

[lepeBipka 0AHOPITHOCTI AUCTIEPCii MPOBOUTHCA 3a F-kpuTepiem, a 11 oro
PO3paxyHKy HEOOXIJTHO OOUYMCIUTU Aucrepcli pe3ynbTaTiB 000X MeToaiB. Cro-
YyaTKy 3HAWJEMO cepefHl 3HAaYeHHS pe3yJIbTaTiB MacOBOI YaCTKH KOKHOT'O METO-

ay:



x 1 = (38,20 + 38,00 + 37,66)/ 3 = 37,95; x, = (37,70 + 37,65 + 37,55) / 3 =
37,63.

OOuucieHHs BIAXWIEHb KO)KHOTO PE3yJIbTaTy Bl CEPEHHOTO 3HAUEHHSA Ta iX
KBaJIpaTiB, sIK 1 B mpukiazi 4.1., 3py4Ho opOPMUTH Y BUTIISAII TaOIUIIL:

I meTog IT meTon

Xi Xi-x (Xi-)?)2 X; Xi-x (Xi')?)2
38,20 0,25 0,0625 37,70 0,07 0,0049
38,00 0,05 0,0025 37,65 0,02 0,0004
37,66 0,29 0,0841 37,55 0,08 0,0064

5 2 5 2

El(xi—f) = El(xi—f) =
=0,1491 =0,0117

Hucnepcii Ta F-xputepiii 10piBHIOIOTH:

st =0,1491/2=0,0745; s =0,0117 /2 =0, 0058;

F=0,0745/0,0058 = 12,78.

B tabmui (nuB.Jdomatok) miss P=95% 1 f; = 2, f, = 2 3Haxoaumo:

Fraer = 19,00.

OckibKH Fposp. < Frasn., AuCTIEpCiT OHOPIIHI.

3a popmynamu (4.13) 1 (4.14) oGuucntoeMo 00’eqHAHyY JTUCIEPCIIO Ta CTaH-
JapTHE BIIXUJICHHS:

$2= (20,0745 + 200,0058) / (3 + 3 - 2) = 0,0402,

s, =4/0,0402-(3+3)/3-3=0,168,

a 3a hopmyroro (4.15) — t-kpurepiit:

t=137,95-37,63 /0,168 = 1,96.

Po3spaxoBane 3HayeHHS t TMOPIBHIOIOTH 3 TaOJMMYHUM TIpU JOBIpUid

nmoBipHocTi 0,95 1 00’€nmHaHOMYy 4HMCHi CTyHeHIB cBobomu 4: tgs, = 2,78.
OCKUIBKH 105, < trapn, PISHULA MK X 1 1 X 2 He3HaUMMa. Pe3ynpTat 000X METOMIB

MO’KHa 00’ €THATH.

4.3. llomupenHsi NOXHOOK BUMIPIOBAHHA (Pi3MYHMX BEJIUYHUH HA
pe3yJbTAT BU3HAYCHHS

Skmo pe3ynbTraTé BUMIprOBaHHS (Di3UYHUX BEIMYMH BHUKOPHUCTOBYIOTH IS
0OYHCIICHHS BEJTMYMHU X 32 (PYHKIIIOHAJIBHOIO 3aJIe)KHICTIO:



X = O(y1, Y2, Y3), (4.17)
TO MOXUOKH BUMIipPIOBAHHS MOIIUPIOIOTHCS HA Pe3yIbTaT OOUNCIICHHS.
CucrematnyuHi NOXUOKU Ay; 3yMOBIIOIOTh CUCTEMATUYHY OXUOKY BEJIMUYMHU
X, IKy MOYKHA OI[IHUTH 3a (HOpPMYJIOTO:

0D,
AX =) L. Ay, (4.18)
i 0Yi
0D, ) ..
Je 5 — YaCTKOBa MOXiAHa QPyHKIIT X MO 3MiHHIN Y;.
Yi

BI/IHaI[KOBi TTOXHOKH BI/IMipI-OBaHHH BCJIMYHUH Y; 3YMOBJIIOIOTh BHUIIAJIKOBY I1O0-

. . : 2
XH6Ky BCIIMYHMHH X. MlpOIO BHUITaAKOBO1 MMOXHOKH € aucnepert s, , dKa

00YHCITIOETHCS 32 (HOPMYJIIOIO:
2
oD, 2

)
SESDY "8y
T\ oy i

ne sii — IHUCHepCisi BAMIPIOBAHHS BEIUYHUHH Y;.

(4.19)

dopMysId MOMIMPEHHS] TOXUOOK HAOYBAaIOTh MPOCTOIO BUTIISLY JJIsi 0O4YHC-
JIEHb 32 MPOCTUMH apUPMETUUHUMH TiSIMU: HPU 000A6AHHI ma GiOHIMAHHI e-
JUYUH 000aliombcea ix oucnepcii:

X=Y;+Yr-Ys, (4.20)

2_2 .2 2
Sy =8y, +8y, +8y, . (4.21)

Cucmemamuuna noxuoka anzedopaiynoi cymu éeauduH 0OPieHIOE MAKIil yHce
anzedpaiunin cymi cucmemamuyHux noxuook oooamnkie. Hanpuknan, niga Be-
JUYUHH, 00uKcIieHo1 3a hopmynoro (4.20), cucteMaTnyHa NOXMOKa JOPIBHIOE:

AX = Ay + Ay, - Ays. (4.22)

Ilpu mnooscenni ma OieHHI 6eIUUUH 000alOmbCA iX 6IOHOCHI Oucnepcii
(Kéaopamu GiOHOCHUX CMAHOAPMHUX 6I0XUTIEHb): NI BEIWYWHU, 0OUMUCIICHOT
3a PIBHSHHSIM:

x= 102 (4.23)
Y3

KBaJIpaT BiJIHOCHOTO CTAHIAPTHOTO BIXHMJICHHS JIOPIBHIOE:
L

=t (4.24)

X Y1 Y2 Y3

Ilpu muosxcenni eeuuun 000arOmMovCAa ix GIOHOCHI cucmemamuyuni noxuo-

KuU; npu O0ineHHi 8e1uYUH GIOHIMAIOMbCA IX IOHOCHI cucmeMamuyHni NOXUOKU,
TOX JUIS PE3yJIbTaTy OOUYMCICHHHS 3a PIBHAHHSM (4.23) BiIHOCHA CHCTEeMaTH4HA
MOXHOKa JJOPIBHIOE:



Ax Ay, + Ay, Ay;
X Y1 Y2 Y3

(4.26)
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B nabopatopii Oys0 MpUroTOBaHO PO3YMH XJIOPOBOJHEBOI KUCIOTH 3 MOJISIP-
HOIO KOHIIEHTpaIi€o npuban3Ho 1 Monb/n. [ yTouHeHHs KOHLEHTpallii Kucio-
TH 25 MJI IPUTOTOBAHOTO PO3YMHY 3a JOTIOMOTOIO MIMETKH MEPEHECEHO 10 MIpHOT
KOJIOM MICTKICTIO 250 MJI, TOBEACHO TUCTHIIHOBAHOKO BOJIOIO JIO MITKH 1 pETEIHHO
nepemimado. OnepkaHUM PO3YMHOM BIATUTPOBaHO HaBaxky Na,COz; macoro
0,1105 r y BiAMIOBITHOCTI 3 pEAKIII€IO:

CO;* +2H" < H,0 + CO,,

Ha 1e BuTpayeHo 20,8 Myl po3unHy KUCIOTH. SIkoro Oyzae BiTHOCHA MOXHOKa
BHU3HAUCHHS KOHIICHTPAIlil KUCIIOTH, SIKIIO CTAaHAAPTHE BIAXUICHHS BUMIPIOBAaHHS
macu mopirioe 1'10* r, mictkocTi MipHOT K016H—0,3 MiT, MiCTKOCTI MimeTKH—
0,06 mn, mictkocTi 6ropetkn—0,1 m?

Po3é’a30k.
Konnentpariis HCI B mpuroroBaHoMy po34rHi 00UHUCIIOETHCS 32 (OPMYJIOHO:

c(HCI) = 2m(Na2CO3)VK onb u_ __ 2-0,1105-250 3
M(Na2C03)'VHC1 " VhimeTk u 105,98920,810_3 .25
= 1,002 (monab/m).

[ToxnOKkOr BH3HAYECHHS MOJIIPHOT MacH MOYKHA 3HEXTyBaTH. Maca HaBaKKH
OOYHUCITIOETHCS SIK PI3HMIIS PE3yJIbTATIB ABOX 3BaKyBaHb. 1ol ¢hopmysa MOIIH-
PEHHS BUIAJIKOBOI MOXHOKN HAOyBa€ BUTIISILY:

S¢ 2 S 2 Sv 2 Sv._ 2 Sv. 2
C _ m .
(—)" =X CO)+( )" +( )" +( )7
CHcl m(Na,CO3) Vi V, V,

K 0J0O 1 MiImeTK "

4\ 2 2 2 2
(Sey? :2[1 10 j +(0,1) +(0,3j +(0,06) _
Chel 0,1105 208/ \250 25

=28,210"+2,3110° +1,410° + 5,810° = 3,1910.
Binnocna moxu0ka Bu3zHaueHHs koHuentpailii HCl y npuroroBanomy po3umnHi

JIOP1BHIOE:

% 2100 %-_|(—=-)? =100 %-~/3,19-10~ = 0,56 %.
CHcl CHcl




3ajaui 1yis caMoCTiMHOI podoTH

4.1. Ilpu rpaayroBaHH1 MINETKA MICTKICTIO 10 MJI ofep)kaHO TakKi Pe3yIbTaTH:
9,99 mm; 9,98 wmu; 9,97 mm; 9,98 mu; 9,96 mn. Po3paxyBatu craHmapTHe
BIIXWJICHHS Ta MOBIPYHI Jlanma30H MICTKOCTI IMIMETKH P JOBIpUid HMOBIPHOCTI
95%.

(0,01; 9,98+0,02).

4.2. Tlpu Bu3HaueHH1 PEHOy METOJOM TUTPYBAHHS OJEP’KaHO TaKl 3HAUCHHS
MacoBoi dactku (enony (%): 55,27; 56,40; 55,80; 57,00; 55,90. Po3paxyBaru
CTaHJapTHE BIAXWICHHS Ta JOBIPYUH Jlama3oH pe3yNbTaTy aHalli3y mpH J0BIpUil
1MoBIpHOCTI 95%.

(0,65; 56,07+0,90).

4.3. [Ipu dhoToMeTpuyHOMY BU3HAYEHHI MiJlb B PO3YUHI OJIEPKAHO TaKl 3Ha-
YEHHS MOJIIPHOI KOHIIEHTpaIii (MOJIb/J): 5,1-1073; 5,5-1073; 5,4-1073; 5,8-1073;
5,2-10 %, Po3paxyBaTH CTaHIapTHE BIIXMICHHS Ta HOBIPYHil AialasoH pe3ylIbTaTy
aHani3y Npu JOBIpUii WMOBIpHOCTI 95%.

(0,3-10°%; (5,4+0,4)-107°)

4.4. Cipky B Ha()Tl BU3HAYaldu MNOTEHIIOMETPUYHUM METOJOM, MPU IbOMY
0JIep)KaHO CIIayr0Ul 3HaYeHHsT MacoBoi yacTku cipku (%) : 0,280; 0,277; 0,287;
0,290; 0,280. Po3paxyBaTu cTaHAapTHE BIIXWJICHHS Ta JIOBIPYMI diama3oH pe-
3yJbTaTy aHaji3y IpH J0BipUii iiMoBipHOCTI 95%.

(0,005; 0,283+0,007).

4.5. bapiii B xjopuzi 0apito BU3HAYAIM TPABIMETPUYHUM METOJIOM, MPHU IHO-
My OJiep>KaHO Taki 3HaueHHs MmacoBoi dactku (%): 70,82; 71,00; 71,02; 70,91;
70,85. Po3paxyBaTu cTaHIapTHE BIIXWJICHHS Ta JOBIPUMA Jdiama3oH Pe3yJbTary
aHaI3y mpu JOBIpUii iMOBIpHOCTI 95%.

(0,09; 70,92+0,11).

4.6. B m’atu mapanenbHUX BHU3HAUYEHHSX 3aii3a OJIEpPkKaHO TaKl 3HAYEHHS
MacoBoi yactku (%): 90,04; 90,12; 89,92; 89,94; 90,08. Po3paxyBatu cTaHIapTHE
BIIXWICHHS Ta JOBIPYMW [1alla3oH pe3yJbTaTy aHalidy IMpu JOBIpUid
“MoBipHOCTI 95%.

(0,08; 90,02+0,08).

4.7. MacoBy uactky FeO B com Mopa BU3HauY€HO METOJOM MEPMaHTaHATO-
METPUYHOTO TUTPYBAHHs 1 oJiepxkaHo Taki pesynabratu (%): 17,75; 17,95; 18,05.
Yomy nopiBHioe MacoBa yactka FeO npu noBipuiii iMOBIpHOCTI 95%?

(17,9+0,4).



4.8. Ilpu rpaBiMeTpuyHOMY BU3HAuYeHHI Kajblliio y Burisiai CaCOj ogepkaHo
HACTYITHI 3Ha4Y€HHS MacoBoi yacTku (%): 22,86; 22,90; 22,93; 22,84. Po3paxyBa-
TH CTaHAApTHE BIIXWICHHS Ta JOBIPYMM [l1ala30H pe3ysbTaTy aHajizy IpH
J0Bipyiil iiMoBipHOCTI 95%.

(0,04, 22,88+0,05).

4.9. IIpu GpoToMeTpUIHOMY BHU3HAUYCHHI CYpMH B CIUIaBi OJIep>KaHO TaKi 3Ha-
yeHHs MacoBoi yacTku (%): 22,95; 22,03; 22,98; 22,04. Po3paxyBaTu cTaHIapTHE
BIIXWJIEHHS Ta JIOBIpUMW Jlalma3oH pe3ynbTaTy aHajlizy IIpu JIOBipUld
nMoBipHocTi 95%.

(0,04; 22,50+0,07).

4.10. Tlpu BU3HAYEHHI KOHLIEHTpalli NE€pPMaHTaHATy KaJllo OJepKaHO Taki
pesyabtatu (Moiw/n): 0,1013, 0,1014, 0,1012, 0,1015, 0,1013. Yomy nopiBHIOE
MOJISIpHA KOHIIEHTpAIlisl IepMaHTaHaTy mpH JI0BipYiil iMoBipHOCTI 95%?

(0,1013+2-10°%).

4.11. B Tppox mapanenbHUX TUTPYBAHHSX PO3UYHMHY OPTOPOCHPOPHOI KUCIOTH
00’emMu (MJ1) BUTpau€HOro TUTpaHTy aopiBHioBanu 10,05, 10,10, 10,03 . Po3pa-
XYBaTH CTaHAAPTHE BIAXUJIEHHS Ta JOBIPYM I1ama3oH pe3ybTaTy BUMIPIOBAaHHS
00’eMy npu JOBIpUiid KMOBIPHOCTI 95%.

0,04; 10,06+0,09).

4.12. Ilpu iiogoMeTpUYHOMY BH3HAUYEHHI Macu Miji B 1 J1 pO34MHY OJIepKaHO
Taki 3Ha4eHHs (mr): 12,39; 12,85; 12,68. YoMy nopiBHIOE MacoBa KOHIICHTpAIiS
MIJIl B pO34MHI (MI/J1) pu JOBipUlid KMOBIpHOCTI 95%7?

(12,6+0,6).

4.13. IIpu ¢doTomMeTpUYHOMY BHU3HAUYEHHI MAacCOBOi YAaCTKHM XpOMY B CTall
ojaeprkaHo Taki pesyabratu (%): 2,13; 2,15; 2,08. YoMy 10piBHIOE MacOBa YacTKa
XpOMY MpHU JOBIpUiit KMOBIpHOCTI 95%7?

(2,12+0,12).

4.14. Tlpu BU3HAYEHHI MacOBOi YaCTKM MapraHil0 B CTajl METOAOM
NOTEHIIIOMETPUYHOTO TUTPYBaHHA ofepxkaHo Taki pesynbratu (%): 0,70; 0,55;
0,48; 0,64; 0,50. Yu € cepen pe3yapTariB rpy0i npomaxu? YoMy J0piBHIOE Maco-
Ba YacTKa MapTaHIlio IPH OBipUiil iiMoBipHOCTI 95%?

(0,09; 0,57+0,12).

4.15. Ha TuTpyBaHHS TPbhOX ITIKBOT PO3UYMHY KapOOHATY HATpit0, 00’emMoM 15
M KokHa, BuTpadeno 20,05, 20,12, 20,10 mu po3uuny HCI. Po3paxyBatu cran-
JapTHE BIAXWJICHHS Ta JIOBIPYMIA Jl1alla30H BUMIPIOBAHHS 00’€My TUTPAHTY TMpHU
JOBIpUiid KMOBIpHOCTI 95%.

(0,04; 20,09+0,09).



4.16. MacoBa yacTka MiJil B CTaH/IapTHOMY 3pa3Ky JIaTyH1 J1opiBHIOE 67,80%.
[Ipu BHU3HAYEHHI B LbOMY 3pa3Ky Mijii €JIEKTPOrpaBIMETPUUYHUM METOJIOM OJIep-
aHo Tak1 pe3ynbtaTtu (%): 68,02; 68,22; 67,94; 68,30; 68,10. Uu € cucremaTuy-
Ha TOXHUOKa B pe3ysIbTaTax aHalizy?

(©).

4.17. MacoBa yacTka Oepuiiio B CTaHAAPTHOMY 3pa3Ky OpOH3M CTaHOBUTH
3,12%. Ilpu Bu3Ha4YeHH1 OEpUiIil0 B IIbOMY 3pa3Ky HOBUM METOJOM OJEP>KaHO
Taki pesyibTatu (%): 3,16; 3,12; 3,18; 3,19; 3,25. Uu € cuctemarudHa nmoxuoOka B
pe3ynbTaTax aHamuizy?

(©).

4.18. MacoBa yacTka cpibJia B CTAaHIapTHOMY 3pa3Ky CpiOHOI pyiH CTAHOBUTh
95,97%. 1lpu BU3HaUeHH] cpibia B HbOMY 3pa3Ky HOBUM METOJIOM OJIEPHKAHO TaKl
pesyabtatu (%): 95,97; 95,71; 95,84; 95,79; 95,81. Un € cucremaruyHa moxubka
B pe3yJibTaTax aHalizy?

(Hemae).

4.19. Ilpu TUTpyBaHHI CTaHJAPTHOTO PO3YHMHY 3 MOJSIPHOKO KOHLIEHTPALIEO
HC1 0,0285 moub/n ogepkaHo Taki pe3yiabtat (MoJib/i): 0,0274; 0,0278; 0,0280;
0,0275; 0,0276. Yu € cuctremaTnyHa noxuOka B pe3yjbTaTax aHajizy?

(€©).

4.20. Bmict muHKy B mpo01 ctaHoBuTh 15,00 mr. [Ipu BU3HA4YeHH! IMHKY B
i mpobi aMIepoOMETPUYHUM TUTPYBAHHSM OJIEPKAHO TaKl pe3yiabTaTH (Mr):
15,10; 15,05; 14,97; 14,00; 13,50; 13,00; 14,50. Yu € cucremarnyHa moxuoOKa B
pe3yJbTarax aHanizy?

(€©).

4.21. BmicT Miai B pyZii BU3HaUY€HO (POTOMETPUYHUM Ta MOTEHI[IOMETPUIHUM
metonamu. [Ipu oMy onepxkano Taki pe3yibTat (%): GOTOMETPUUHUN METO/I:
70,12, 71,00, 71,25; noreHuioMmeTpuaHuii Meto: 68,75; 68,90; 69,50. Uu 3naun-
MO PI3HATBHCS Pe3yibTaTH aHaTI3y, OJepkKaHi 3a [1BoMa MeTtojgaMu? Yu oHOPIIHI
JUCIIepCii?

(Bnauumo. OHOPIAHI).

4.22. Bwmicrt 3ami3za B py/i BUBHAYEHO MMEPMAHTaHATOMETPUYHUM Ta KOMILUICK-
COHOMETpUYHUM  Metojgamu. [lpu  1mpomy  Taki  pesymbratn  (%):
nepManranarometpis: 60,22; 61,10; 61,35; kommiekconomerpis: 58,85; 59,00;
59,60. Uu 3HaUMMO pI3HATHCS PE3yibTaTH aHali3y, OJIepXkKaHl 3a JBOMa METOja-
Mu? Uu otHOPiaHI quctiepcii?

(He 3naunmo. OaHOpIIHI).



4.23. JIBa cTyJaeHTU AOCIIKYBaJIM OJIUH 1 TOW K€ 3pa30oK KaJlliHOI coJli Ha
BMICT B HI{ KaJlit0 1 OJepKalu Taki 3HaYeHHS MacoBOi yacTku (%): mepiuit cTy-
nent: 15,00; 15,23; 15,18; apyruit ctyaent: 14,91; 15,01; 14,79. Uu 3Haunmo
PI3HATHCA pe3yabTaTH aHAJI3y, OJepKaH1 IBOMA CTyJACHTaMu?

(He 3naunmo).

4.24. MacoBa yacTka IUIATUHU B CTaHJAPTHOMY 3pa3Ky CTaHOBUTH 85,97%.
[Ipu anami3i UBOTO 3pa3Ky HOBUM METOJOM OjiepaHO Taki pe3ynbratu (%):
85,97; 85,71; 85,84; 85,79; 85,70. Un nae cucreMaTH4Hy MOXUOKY HOBUH METOJ
aHajizy?

(Tax).

4.25. BMICT UMHKY BHU3HAY€HO METOJIOM aMIIEPOMETPUYHOIO TUTPYBAHHS Ta
(dpoToMeTpuyHUM MeToI0M. [TpH IbOMY OiepKaHO TaKl PE3yIbTaTH (MT): €PN
meron: 15,10; 15,05; 14,97; npyruii meron: 14,00; 13,50; 13,00. Yu 3HaUMMO
PI3HATBCS pe3yJIbTaTU aHaJi3y, OJIep)KaHi 3a JBOMA METOIaMu ?

(3Hauumo).

4.26. Ilpu BU3HAYEHHI MAaCOBOI YAaCTKH XJIOPY B XJIOPHOMY BaIlHI OJI€P>KaHO
taki pesynbratu (%): 37,11; 37,18; 37,23; 37,15; 37,12. 3HaueHHsI CEPEIHBOTO
reHepaIbHOI CYKYNMHOCTI cTaHOBUTH 37,02. UM 3HAYMMO PI3HITHCA BHUOIPKOBE
CEPENIHE 1 CepeIHE TeHEPATIbHOIT CYKYITHOCTI MPH JA0BipYiit HMOBIpHOCTI 95%?

(3HaunuMmo).

4.27. BMmict 3aii3a B pyai BU3HauY€HO (OTOMETPUYHUM Ta KOMILJIEKCOHOMET-
puunuM  MeTtonamu. Ilpu upomy ozepxkaHo chigytoul pesyiabtatd  (%):
dbortometpis: 71,12; 71,00; 71,25; xomruiekcoHomeTpisi: 58,75; 58,90; 59,91. Uu
3HAUYUMO PI3HATHCS pe3yJbTaTH aHali3dy, OAEp>KaHl 3a JIBOMa METOAaMH, Mpu
JOBIpuiii iMOBIpHOCTI 95%? YUn ogHOpiaHI ArCTIepCii?

(Buauumo. OaHOPIAHI).

4.28. Tlpu anami3zi CTaHAAPTHOTO 3pa3Ky 3 MacoBOrO yacTkoro Boau 1,31%
CTYJCHTOM ojiep>kaHo Taki pe3ynbratu (%): 1,28; 1,26; 1,29. Uu € cucremarnuna
noxuOKa B pe3yibTaTax aHamizy?

(Hemae).

4.29. BMicT CBUHIIO B OCH3MHI BU3HAYEHO JBOMA aHamiTUKamu. [Ipu mipomy
onepxkaHo Taki pesynbratu (%): 1) 0,72; 0,69; 0,75; 2) 0,68; 0,65; 0,63. Uu 3Ha-
YUMO PI3HATHCS PE3YJIBTATH aHAJI3Y, OJIepKaHl JBOMA aHAIITUKAMU?

(3Hauumo).

4.30. T'oTyroTb PO3YMH 3 MOJISIPHOIO KOHUEHTpPAIEID AUXPOMATY KaJilo
0,5 Momw/n1. [Inst 1bOTO Ha TEXHOXIMIUHUX Tepe3ax 3BaxyioTh 147,10 T K,Cr,05,
HABaXKy MEPEHOCATh B MIpHY KOJOY MICTKICTIO | JI, pO3UMHSIOTH 1 JOBOASATH 10



MITKU JTUCTHJIHOBAHOIO BOJOIO Ta PETEIBHO MEPEMIIyI0Th. SIkoto Oy/e BITHOCHA
noxuOKa OOYMCIICHHS KOHIICHTpAIlli JUXpoMaTy Kajilo, SKIO CTaHJapTHE
BIIXWUJIEHHS BUMIiprOoBaHHS Macu JopiBHIOe 0,01 T, MiCTKOCTI MIpHOI KOJOM—
0,6 mi?

(0,06 %).

4.31. ToTyroTh pO3YMH 3 MOJISIPHOIO KOHIICHTpAIEI0 XJIOpUAy Oapiro
0,02 monw/n. JIyis 1bOT0 HA aHANITHYHKUX Tepe3ax 3BaxytoTh 1,0412 r BaCl,, Ha-
BaXXKY MEPEHOCATh B MipHY KOJI0Y MICTKICTIO 250 MJI, pO3YHHSIOTH 1 IOBOJSATH J0
MITKH JUCTHJIHOBAHOIO BOJOIO Ta PETEIBHO MEPEMIlTyI0Th. Skoto Oyje BiIHOCHA
moxuOKa OOYMCIICHHS KOHIIGHTpaIlli Xiopuay Oapiro, SKIO CTaHIApPTHE
BIIXMITCHHST BUMipIoBaHHs Macu mopisHioe 110 r, MicTkocTi MipHOI KOT6H—
0,3 mur?

(0,12 %).

4.32. ToTyl0OTh pO3YMH 3 MOJISIPHOIO KOHIIGHTPAII€I0 TiOCyJb(aTy HaATpiio
0,1 Monws/n.  JIjsi 1mBpOTO HA aHANTHYHUX Tepe3ax 3BaXyrTbh 4,9636T
Na,S,035H,0 HaBaxkky mepeHoCsITh B MipHY KoJOy MicTKicTio 200 mi1, po3dm-
HSIOTH 1 TOBOJATH 10 MITKH JTUCTUIHLOBAHOIO BOJIOIO Ta PETEIHHO MEPEMIITYIOTh.
SAkoro Oyne BITHOCHA MOXMOKAa OOYMCIEHHS KOHIIEHTpallii Tiocynb(hary HaTpiio,
SKIIO CTaHAApPTHE BIIXWJICHHS BUMIPIOBAHHS MacH JIOPiBHIOE 210" I', MICTKOCTI
MipHOi K016u—0,3 Mi1?

(0,15 %).

4.33. 'oTy10Th PO3UMH 3 MOJIIPHOIO KOHIIEHTPAIIIE€I0 HITPATY Kajiito 1 MOJb/I.
JIJ1st 1bOTO Ha TEXHOXIMIYHMX Tepe3ax 3BaxyroTh 25,28 1 KNOs3, HaBaxKy nepe-
HOCSITh B MIpHY KOJ0Y MICTKICTIO 250 MJI, pO3UHMHSIOTH 1 IOBOAATH A0 MITKU JUC-
THUJILOBAHOIO BOJIOIO Ta PETEIBHO MEPEMITyIOTh. SIkor0 Oyze BiTHOCHA MOXUOKa
OoOYHMCIIEHHS KOHIIGHTpAIlli HITpaTy Kajilo, SKIIO CTaHAapTHE BIAXUICHHS
BUMiproBaHHs Macu fopiBHioe 0,01 r, micTkocTi MipHOT K016u—0,3 Mi1?

(0,13 %).

4.34. Bu3HavyaroTh MaCOBY YaCTKY IiJIpokapOOHaTy Kaiito B cymimii. [[is 1po-
ro HaBaxky cyMiiii mMacoro 0,2153 r po3unHEHO 1 BIATUTPOBAHO PO3YMHOM 3 MO-
JISIPHOIO KOHIIEHTparliero xyiopoBoaHeBoi kucyiotu 0,1010 momns/n. Ha tutpyBan-
Ha BuTpadeHo 18,50 M po3umHy KucimoTu. YoMy MOpIBHIOE MacoBa YacTKa
KHCO; B cymimii Ta sikoro Oyze BiIHOCHA MOXMOKa pe3ylbTaTy aHaji3y, SKILO
CTaHIApTHE BIIXWIEHHS BHUMipioBaHHS Macu gopiBHioe 1107°r, 06’emy—

0,05 mn, BU3HAYEHHS KOHI_IGHTpaI_Ii'l'—5'1O4 MOJIB/1?
(86,9 %; 0,57 %).



4.35. BuzHavaroTh MacoOBY YacTKy TiApocyibdiTy HaTpito B cyMimii. JJis 11p0-
ro HaBaxkKy cyminr Macor 0,5246 r po34yMHEHO 1 BIATUTPOBAHO PO3YUHOM 3 MO-
JIIPHOIO KOHIIEHTpaIli€to riapokcuay Hatpito 0,152 monw/n. Ha TutpyBaHHs BUT-
padeHo 21,45 mn po3umnHy syry. Yomy nopiBHroe MacoBa dactka NaHSOj; B
CyMilr Ta KO OyJie BITHOCHA MOXHOKA pe3yibTaTy aHali3y, SKIO CTaHAApTHE
BiIXMJTCHHS BUMIpIOBaHHs Macu nopisHioe 210 * 1, 06’ emy—0,07 Mu, BU3HAYCH-
HA KOHueHTpaui'i—l'1073 MOJIB/T1?

(64,7 %; 0,74 %).

4.36. Bu3zHavaroTh MacoBY YacTKy IllaHy Kadil0o B TEXHIYHOMY IMPOIYKTI.
Jlnig 1boro HaBakKy NpoAyKTy macoro 0,1495 r po3unHEHO 1 BiITUTPOBAHO PO3-
YUHOM 3 MOJIIPHOIO KOHIIEHTPALI€l0 XJI0poBoAHEBOI kucaotu 0,1255 mons/n. Ha
TUTPYBaHHS BUTpayeHo 15,70 mi1 po3unHy KHCIOTH. YoMy TIOpiBHIOE MacoBa ya-
ctka KCN B TeXHIYHOMY IIPOJYKTI Ta SIKOIO OyJie BITHOCHA MOXHOKA Pe3yJIbTaTy
aHaji3y, K0 CTaHAAPTHE BIIXWJICHHS BUMIPIOBAHHS MacH JOPIBHIOE 1110* T,
06’emy—0,01 M1, BusHaudeHHs KoHIeHTpamii—310 * Moms/1?

(85,8 %; 0,69 %).

4.37. Bu3HauaroTh MaCOBY YacTKY Tiipocyiib(dary kaiito B cymini. [{jst mporo
HaBaXKy cyMimll Macoro 0,5865 r po3unHEHO 1 BIATUTPOBAHO PO3YMHOM 3 MOJISIP-
HOIO KOHIIEHTpali€ew riapokcuny kamiro 0,1198 mons/n. Ha turpyBanHsa BuUTpa-
4yeHo19,25 mn po3zuuny nyry. Homy nopiBHioe macoBa yactka KHSO4 B cyminmi
Ta sKOK OyJe BIHOCHA MOXHOKAa pe3ylbTaTy aHajlidy, SKIIO CTaHIapTHE
BiJIXWJICHHSI BUMIPIOBAaHHS MacH JIOPiBHIOE 110 r, 00’emy—0,05 M1, BU3Ha-
YEeHHS KOHueHTpaL[i'f—S'lO41 MOJIb/1?

(53,5 %; 0,49 %).

4.38. Po3urH 3 MOJSPHOIO KOHIIGHTPAIIEI0 XJIOPOBOJHEBOI KHUCIOTH
1,025 monw/11 po3BOAATH IBOMA criocobamu. B mepriiomy pasi BUKOPHCTOBYIOTh
mineTky MictkicTio 25,05 ma 1 mipHy kosOy micTkictio 500,2 mut; B apyromy
pasi—iineTky MicTkicTio 5,02 M 1 MipHy kosOy mictkicTio 100,1 mi. B sikomy
pasi BigHOCHA noxuOka oOuucienHs koHueHTpauii HCl B po3BeneHoMy po3uunHi
O0yne Menmow? CraHaapTHe BiIxXujeHHsS Bu3HaueHHs koHueHTpauii HCI B mo-
YaTKOBOMY  PO3YWHI  JOPIBHIOE 510°° MOJIB/J, CTAHIAPTHI  BIAXUJICHHS
BUMIipIoBaHHS MicTKOCTI mneTok—~0,06 1 0,04 mu, mipauX K016—0,5 1 0,2 MII.

(B mepmomy pasi).

4.39. Po3uymH 3 MOJISIPHOIO KOHIIEHTpaLi€lo rigpokcuay Harpito 0,5018 monb/n
PO3BOIATH IBOMA criocobamu. B mepiiomy pasi po3uuH po3BOIATH OAUH Pa3, BU-
KOPHUCTABIIM MINETKY MICTKICTIO 5,04 M 1 MipHY KoJIOy MicTkicTio 500,3 mut; B
IpPYroMy pasi MOYaTKOBUW PO3YMH PO3BOASATH [BidUi, BUKOPHCTABIIM IIETKY



MmictkicTio 10,04 mut 1 MipHY K010y MicTKicTiO 100,3 mut. B sikomy pasi BiiHOCHA
noxubka oouncieHHs konmeHtpaiii HCl B po3BeaeHoMy po3uuHi 0y1€ MEHIIIOH0?
CranpmapTHe BIOXWICHHS BHU3HaueHHs KoHueHtpaunli NaOH B mnoudatkoBomy
posumni gopiBHioe 810 " MONMB/1, CTAHZAPTHI BiIXHICHHS BHMIpIOBAHHS
MmictkocTi mnetok—~0,04 mut, mipaux K016—0,5 1 0,2 M.

(B apyromy pasi).

4.40. Po3unH 3 MOJISIPHOIO KOHIIEHTpAIlIE€I0 HITPATy Kajito 5,22 MOJIb/JI po3-
BOJATH JBOMa criocobamu. B mepiiomy pasi po3urH po3BOISATH OJIMH pa3, BUKO-
pucTaBIIM TineTky mictkictio 1,01 M 1 MipHy KoiOy mictkictio 1000,2 mut; B
ApyroMy pasi MOYaTKOBUH PO3YMH PO3BOJATH TPUYl, BUKOPHCTABIIU MINETKY
MicTkicTio 20,03 Mi 1 MipHy K00y MicTkicTio 200,0 M. B sikomy pasi BigHOCHA
noxuoka obuncieHHs: konueHTpaiii KNO3; B po3BeneHOMy po34uHi Oy/ie MEH-
mor? CraHgapTHe BIXWICHHS BU3HaueHHs KoHIeHTpaiii KNOj B moyatkoBomy
posumni gopiBHOe 51072 MONB/N, CTAHAAPTHI BIIXHICHHS BHMipIOBAHHS
MmicTkocTi TineTok—~0,02 1 0,06 mu1, Mipaux koi16—~0,6 1 0,2 M.

(B npyromy pasi).

4.41. Po3unH 3 MOJIIPHOIO KOHUEHTpaliero xjaopuay Hatpito 0,115 mons/n
PO3BOIATH IBOMA criocobamu. B mepiiomy pasi po3uuH po3BOIATH OAUH Pa3, BU-
KOPHUCTABIIM MINETKy MicTKicTio 2,00 M 1 MipHY K0JIOY MicTKicTio 199,8 mu; B
JIpYroMy pasi MOYATKOBUN PO3YMH PO3BOASATH JBidl, BUKOPHUCTABIIM IIIETKY
MICTKICTIO 24,96 M1 1 MipHY K0JIOY MicTKicTIO 250,1 M. B sikomy pasi BiiHOCHA
noxuoka oOuucneHnHss konieHtpallii NaCl B po3BeneHOMY po3uuHi Oyjae MEH-
mor? CtaHgapTHE BIIXWICHHsS BU3HaueHHs KoHueHTpanii NaCl B mouarkoBomy
posumni gopiBaioe 1107 MONB/1, CTAHAAPTHI BIJXHICHHS BHMIpIOBAHHS
MmictrocTi minetok—~0,02 1 0,06 mu1, Mipaux k0j16—0,3 M.

(B apyromy pasi).

4.42. B naGopartopii TPUTOTOBAHO PO3YMH TPWIOHY b 3 MomspHOIO
KOHIIeHTparlieo mpuoau3no 0, 5 Monw/n. s yroyHeHHs] KOHIIEHTpaIlli TPUIOHY
b 20 mu1 mpuroToBaHOTO PO3YMHY 3a JOTMOMOTOIO MIMETKH MEPEHECEHO A0 MipHOI
K0JI0M MicTKICTIO 200 MJI, JOBEJACHO AUCTHIHOBAHOIO BOJIOIO 10 MITKH 1 PETEIIbHO
nepemimano. OnepkaHUM PO3YMHOM BIATUTPOBAHO PO3UYMHEHY B a30THIM
KHCIIOTI HaBaXKy MeTamiuHoro BicmyTy Macotro 0,2173 r. Ha ne BuTpaueHo
20,8 M poszumny Ttpusiony b. Skoto Oyne BimHOCHAa MOXHMOKA BU3HAYCHHS
KOHIIEHTpallli TpwioHy b, SKI0 cTaHmapTHE BIAXWICHHS BUMIPIOBaHHS Macu
JIOPIBHIOE 110 r, MICTKOCTI MipHOT K0JO0U—0,2 MJI, MICTKOCTI MINETKHU—
0,03 mn, mictkocTi 6ropetkrn—0,01 mi?

(0,20 %).



4.43. B nmaGopaTtopii OpUroTOBaHO PO3YUH TIOCYIbh(ATy HATPIIO 3 MOJISIPHOIO
KOHIIEHTpariero  npubau3Ho 1 Monw/n. i yTOYHEHHS  KOHIEHTpallii
Tiocynbdary Hatpito 10 MJI IPUTOTOBAHOTO PO3YMHY 3a JOMIOMOIOIO MIMETKH Ie-
peHeceHo 70 MipHOi Kos16u MmicTKicTio 100 M1, TOBEACHO AUCTHILOBAHOIO BOJIOIO
710 MITKH 1 peTebHO nepemimniano. OaepKaHuM PO3YHHOM BiITUTPOBAHO HaBaX-
Ky foay macoro 0,2475 r y BIANIOBIAHOCTI 3 PIBHSIHHSIM:

I, +25,05° < 21" + S,06”

Ha ne Burpaueno 19,5 Mn po3uuHy Tiocynbdary Hatpioo. Skoro Oyrie
BIJIHOCHA TOXMOKa BU3HAUYCHHS KOHIICHTpAIlli Tiocyab(daTy HaATpito, SKIIO CTaH-
NAapTHE BiIXHICHHS BUMipIoBaHHA Macu nopismioe 2107 r, mictkocti MipHOi
konon—~0,2 M, mictkocTi mineTku—~0,04 M, mictkocTi 6ropeTkn—0,05 Mn?

(0,53 %).

4.44. B nabopaTopii MpUroTOBAaHO PO3YMH MEPMAHTAHATY KaJilo 3 MOJSPHOIO
KOHIIeHTpallieo npudan3no 0,2 Monw/n. Jiig yrouHeHHsT KOHIIEHTpallii nepMaH-
raHaTy Kajiio 25 MJI MPUTrOTOBAHOTO PO3YMHY 32 JIOMIOMOTOIO MINETKHU NepeHece-
HO 70 MIpPHOi1 KOJIOM MICTKICTIO 250 MJI, TOBEACHO NMCTUIHLOBAHOI BOJOKO J0O
MITKH 1 PEeTeNIbHO mnepeMimano. Oaep>XKaHuM PO3YMHOM BIATUTPOBAHO HABAXKKY
okcanaty Hatpito Macoro 0,1018 r y BiAMOBIIHOCTI 3 PIBHAHHSIM:

2MnO, +5C,0,” + 16H" <> 2Mn*" + 10CO; + 8H,0.

Ha 1me Butpaueno 15,2 M po3uumHy mnepMaHraHaty kaiiro. Skoro Oyne
BIJIHOCHA MOXWOKAa BU3HAYCHHS KOHIICHTPAIll IepMaHraHaty Kallifo, SKIIO CTaH-
MapTHE BiIXHICHHS BUMiproBaHHS Macu fopismioe 2107 r, mictkocti MipHOi
konon—~0,3 M1, mictkocTi mineTkn—~0,06 My, mictkocTi 6ropeTkn—0,05 Mn?

(0,51 %).



5. METO/IM BUSHAYEHH/I.
I'PABIMETPIA.

5.1. CrexioMeTpHYHi pO3paxyHKH B rpaBimMeTpil

B rpaBimeTpii BUMIPIOIOTH Macy Ocaiy, IO YTBOPHUBCS 3 aHAJIITUYHOTO KOM-
MIOHEHTY A 3a PeaKIli€ro:
vaA +VgR & vgBl. (5.1)
Ocan, Macy SIKOTO BUMIPIOIOTh, HA3UBAETHCS 2PAGIMEMPUYUHOIO (hOPMOIO.
PesynbTaTi aHamizy 0OYHMCIIOIOTH HA OCHOBI CTEXIOMETPUYHOTO BiTHOIIECHHS

(muB. po3ain 1):

n(A) _ n(B) . (5.2)
VA VB
3BizcH Maca KOMIIOHEHTY, 1[0 BU3HAYAEThCS, JOPIBHIOC:
m(A) = VA'—M(A)-m(B). (5.3)

HpI/I BCiX BU3HAUYCHHAX, OB’ SI3aHUX 3 JAHOIO peaKHiGIO, 3AJINIINAETHCA
HGBMiHHI/IM MHO>XHHUK:

_ va -M(A)

vg -M(B)

SKUW HA3UBAIOTh Zpasimempuynum ghakmopom. JIjis Horo OOUKMCIICHHS HE

(5.4)

000B’SI3KOBO 3aMMCyBaTH PIBHSHHSA PEakilii, TOCUTh 10 BIJHOIIEHHS MOJSIPHUX
Mac BBECTU MHOKHUK, 110 BUPIBHIOE KIJIbKICTh @TOMIB OJJHOTO M TOTO K €JIeMEH-
Ty B YMCEJIbHUKY 1 3HAMEHHUKY, HAITPUKIAI;

2-M(Fe)
M(Fe,05)
MacoBa yacTka KOMIOHEHTY, 1110 BUBHAYA€ThCA, JOPIBHIOE:

m(B
%% = Yo MA) . 100 %, (5.5)

H aBax

abo

X% =F 100 %, (5.6)

H aBaxXx

JI€ Myapax. — MACA HABAXKKHU, B3ATOL JIJIST aHAI3Y.



IIpukaaau po3B’A3yBaHHA 32124

Ilpuknao 5.1.

Macogsa gactka Fe3;O4 B maraeruri 611 70 %. 3aimizo BU3HAYAIOTh, OCAIKYIO-
91 HOTO PO3YMHOM 3 MacoBOrO 9acTkoio NHjz 2 %. O6’em po3unny NHj 6epyTh 3
MIBTOpaKpaTHUM HAJUTMIIKOM. Maca ocaay Mmiclis TpoXXapIOBaHHS HE IMOBHHHA
nepesunryBatu 0,2 . OOYUCIUTH Macy HaBaXKU MarHeTUTY, IKY HEOOX1HO B3s-
TH JIJIS BU3HAYCHHS 3aji3a. SIkuii 00’eM po3unHy aMiaKy BUTPadaeThCs Ha OCal-
YKEHHSI ?

Po3eé’a30k.

3 xoxHOi MoJiekynu Fe;O4 ipu po3urHEHHI 3 OKHCICHHAM Fe** YTBOPIOETHCS
Tpu ionn Fe*, siki ocapKyr0Thes aMmiakoM:

Fe** + 3NH; + 3H,0 = Fe(OH)s4d + 3NH,".

Ocan Fe(OH); mpu npoxkaproBaHHi repeTBOproeThes B Fe,Og.

Jlnst o0YMCIIeHHS MacH HaBaKKU MarHETUTY CKIIAZIEMO CXEeMY TIEPETBOPCHHS:

2 Fe;0,= 3 Fe,0s4,

3 SIKO1 BUTIKAE, II10:

n(Fe;O0,) n(Fe,05)

23
3Biacu

n(Fes0,) = 2 n(Fe,0p) =2 MEe203) _ 2:02 g a964 om).
3 3 M(Fe,O;) 3-159,69

O6uuciumo macy Fe;O4 Ta Macy MarHeTury:

m (Fe;04) = n(Fe;0,)M(Fe;0,) = 8,310 231,54 = 0,1933 (1);

m(maraeruty) = 0,1933 /0,7 = 0,2762 (1).

KinbKicTh pe4OBUHU 3al1i3a, SIKE YTBOPIOETHCS 3 MATHETUTY, JOPIBHIOE:

n(Fe**) = 3 n(Fe;0,) = 3 8,310 * = 2,510 (mous).

3 pIBHSHHS peakKilii 0CaPKeHHS 3aJ113a BUTIKAE:

n(NHs) = 3 n(Fe*") =3 2,510° = 7,510 (moub).

Maca amiaky Ta Maca po34MHY J1OPiBHIOIOTb:

m(NH3) = n(NH3)M(NH,) = 7,510 17,0304 = 0,127 (1),

m(NH;) _ 0127 _ 636 (1)

@o(NH;) 0,02

OOunciuMo 00’eM PO3UMHY aMmiaky, HEOOXITHUN AJi1 OCAJKEHHsI, BpaXyBaB-

m(po3yuHy) =

Y MIBTOPAKPATHUN HAAJIHUIIOK:

V(po3uuny) = m(po3uuny) / p = 6,36 /0,990 = 6,42 (M),



V(po3uuHY )y = 6,42°1,5 = 9,64 (mn).
3ajaui s caMoCTiHHOI podoTH

5.1. Ckuactu BUpa3 Jyuisi OOYUCIECHHS TPaBIMETPUYHOTO (DAKTOPY, SKIIO BU-
3Ha4aroTh FezAl,Si30;,, a rpaBiMeTpruHO0 POPMOIO € HACTYITHI PEUOBUHHU:

a) Fe,0s; B) Al,O3;

0) S10y; ) Al(CgHsON)3.

5.2. Cxnactu BHpa3 it 0OUKCICHHS TPaBIMETPUYHOTO (PAKTOPY B KOKHOMY 3
HACTYIHUX MPUKIIATIB:

Ne KomnoneHT, sikuii Bu- ['paBimeTpuuna popma
3HAYar0Th

1 Na,B,0-; KBF,

2 Nb NDb,Os

3 NDb,O; NDb,Os

4 SiF, SiO, 12Mo0;

5 Mo SiO, 12Mo00;

6 P Zn,P,0;

5.3. Ckiactu BUpa3 At 0OUUCIECHHS IPABIMETPUYHOTO (PAKTOPY B KOKHOMY 3
HACTYIHUX MPUKIIA]IB:

No KomnoneHr, sikuil Bu- I'paBimeTpuuna popma
3HAYaI0Th

1 Th Th,O-

2 CeHeClg AgCl

3 C030, Co,P,04

4 CoHeS; BaSO,

5 Rh,SO, RhB(CgHs),

6 Hg,Cl, Hgs(AsO,),

5.4. Cknactu Bupa3 [uisi OOYMCIECHHS TPaBIMETPUYHOTO (DaKTOpy AJisi BU3HA-
YEeHHsI KOMIIOHEHTY, SIKUH TIEPETBOPIOETHCA B IPaBIMETPUUHY (POPMY 3a CXEMOIO:
1) As—As,S;—>S0,>—BaS0y;

2) CaC,—H,C,—»Ag,C,—~AgCl,;
3) S>H,S—>CdS—»>CuS—CuO;
4) HF—CaF,—CaSO0,.



5.5. Ilpu Bu3HaueHH1 MarHio oaepxyrTh ocan MgNH,PO, 1 npoxapioroTh
noro. Maca ocagy Mg,P,0;, sKuili YTBOPIOETBCA MICIS MpOKAPIOBaAHHS
MgNH,PO, , ne moBunHa nepesuinyBaTt 0,3 r. SIKy HaBa)KKy pE4OBHUHU 3 MacO-
BO10 yacTkoro MgCOj3 40 % Tpebda B3sTH 17151 BA3HAYCHHS MarHito?

(0,6 ).

5.6. MacoBa yacTka kapOOHATy KaJbllil0 B BalHAKY CKjanae 0iau3pko 75 .
SIky HaBaXkKy BamHsKy TpeOa B3ATU JJid BU3HAUeHHS Kaibilito y Burisial CaCOs,
00 Maca ocajy micisl mpokaproBaHHs qopiBHioBana 0,1 r?

(0,13 ).

5.7. Ilpn BU3HAYEHHI CBUHLIO y BUIJIAL Cyib(daTy CBHHIIO Maca Ocaay He
noBuHHa nepesuiyBatu 0,1 r. SIky HaBaxKy cruiaBy Tpeba B3ATHU JJIsI aHAJI3Y,
SIKIIIO MacoBa YacTKa CBUHIIO y crutaBi 15 %7?

(0,46 1).

5.8. MacoBa yacTka 0yioBa y CIUIaBi ckjiagae O0iu3bko 15 %. SIky HaBaxKy
CIUIaBy TpeOa B3SATH Jisi BU3HAYEHHs oyioBa y BUIIAAl SnO,, mo0 maca ocamy
MIiCIIsl IPOXKaproBaHHs opiBHIoBana 0,2 r?

(1,0 ).

5.9. MacoBa yactka cynbdaTy Miji B peuoBUHI ckiagae 75 %. SAKy HaBaxKy
peyoBrHHU Tpeba B3SITH JIs BU3HaUYCHHS Mial y BUrIsAl ocaxy CuSCN, mob mMaca
ocajly MmicJisi BUCYIIyBaHHs opiBHIoBana 0,3 r?

(0,5T).

5.10. IIpu Bu3HAUYEHH] CTPOHIIIIO OAEPXKYIOTh ocasl SrCO3 1 MpoXKapIOTh HO-
ro. Maca nposkapeHoro ocagy He nmoBUHHA nepeOuibiyBaTu 0,5 1. SIKy HaBaXKy
PEYOBHHM 3 MACOBOIO YacTKOIO cyibdaTy CTpoHIio 25 % Tpeba B3ITH IJis BU-
3HAYCHHS CTPOHIIIIO?

(2,51).

5.11. MacoBa 4yactka Aly(SO,)318H,O0 B TexHIYHOMY CipYaHOKUCIOMY
antoMiHIi cTaHOBUTH 88 %. SIKy HaBa)KKy pe4OBHHM TpeOa B3STH AJi BUSHAUCHHS
amoMiHito y Burisial Al,Oz, 1100 Maca ocay miciis mpoXxaproBaHHS JIOPIBHIOBAJIA
0,1r?

(0,7 1)

5.12. MacoBa yacTka MarHito y ueMeHTi ckiaaae 20 %. SIky HaBaKKy LeMeH-
Ty TOTPIOHO B3SITH AJI1 BU3HAUEHHS MArHil0 y BUIJISAI OKCUXIHOJISITY MAarHito
Mg(CgHsON),, 11106 Maca BucyieHoro ocaay aopisaiosaia 0,3 r?

(0,12 7).



5.13. MacoBa yactka xpomy y pedoBuHi ckianae 40 %. SIky HaBaxky L€l pe-
YOBHHU MOTPIOHO B3STU JJIs1 BABHAUYCHHS XPOMY Y BUIJISAI XpoMmaTy 0apiro, oo
Maca MpoxapeHoro ocaay aopisHtoBaia 0,3 r?

(0,15 ).

5.14. Tlpu Bu3HaveHHi cynbbary y Burisal BaSO, maca ocaxy Mae ckiagatu
o6muzpko 0,3 1. SIKy HaBaXXKy pE4YOBHHU Tpeba B3ATU HJS T'PaBIMETPUUYHOTO
aHaJji3y, K0 MacoBa YacTKa CyJb(aTy HaTpit0 y peuoBHHI JopiBHIOE 45 %7?

(0,27 1).

5.15. MacoBa yacTka 3ajmiza y cmiaBi ckianae 25 %. SIky HaBaxKy CIUIaBy

moTpiOHO B3sITH, MO0 Maca mposkapeHoro ocany Fe,O3; mopiBatoBana 0,25 r?
(0,7 r).

5.16. Ilpu Bu3HaueHH1 BICMYyTY oAepKytoTh ocana BiPO, 1 npoxkaprotoTs Horo.
SIKy HaBa)XKy peU4OBHMHHU 3 MAaCOBOIO YaCTKOIO BicMyTy 85 % Tpeba B3SITH il BU-
3HAYEHHS BICMYTY, 1100 Maca mpoxapeHoro ocaay ckianana 0,3 r?

(0,24).

5.17. Ilpu BU3HAYEHI CIPKH Yy PEUYOBHHI OJCPXKYIOTh OCaJ[ CIPUaHOKHUCIIOTO
0apiro 1 MPOXKAPIOIOTh HOro. SIKy HAaBaXKKy PEYOBHUHH 3 MacOBOIO YaCTKOKO CIPKHU
1,5 % Tpeba B3aTH 1151 BU3HAUCHHS cipku y Bursial BaSO,, mo6 maca ocany
nopisHtoBaia 0,15 r?

(1,4r).

5.18. MacoBa yacTka CipyaHOKHMCJIOTO Kajilo y pedoBuHI JopiBHIOE 1 %, a
xmopuny kKamito — 3 %. SIky HaBakKy peuyoBHHM Tpebda B3ATH IS
IpaBIMETPUYHOIO aHamizy, o0 Maca BucyuieHoro ocany KClO, mopiBHioBana
0,2r?

(2,8 1).

5.19. MacoBa gactka XJOopuay HaTpito B pedoBuHi ckiangae 20 %, a xjaopumay
kanito — 30 %. SIky HaBaXKy peuOBHUHU TpeOa B3SITH sl BU3HAUCHHS XJIOPUIY Y
Burisial AgCl, mo6 Maca ocasy micist BUCYITyBaHHS AopiBHIoBajia 0,5 r?

(0,47 7).

5.20. Po3unHeHO HaBaXKKy cruiaBy Macoro 2,000 T 3 MacoBOIO 4acTKOO cpidiia
22 %. Jlist ocakeHHs cpi0iia BUKOPUCTOBYIOTh pOo3BeAeHUH y BigHOMmeHH] 1:100
PO3YMH XJIOPOBOJHEBOI KHUCIOTH 3 TycTHHOW 1,17 r/mi. Skuit 06’eM po3unHy
KHCJIOTH HEOOXITHO B3STH, SKIIO OCA/PKCHHS TPOBOJAUTHCS B yMOBax
MiBTOPAKPATHOTO HAJUIAIIKY KUCIOTH.

(56 m).

5.21. HaBaxky antoMoaMOHIMHUX raigyHiB Macoro 0,9656 r po3unHEHO y BOI.

J7is ocayKeHHS aJlFOMIHII0 BUKOPUCTOBYIOTh PO3YHMH 3 MAaCOBOIO YaCTKOIO aMiaKy



2% (p = 0,990 r/mn). Skuii 00’eM poO3yMHY amiaky HEOOXITHO B3SITH, SIKIIO
OCaJI>KEHHS MMPOBOJIUTHCS B YMOBAX JBOKPATHOTO HAJIUIIKY OCaKyBada?
(11 mm).

5.22. na ocamxkeHHs xynopumay cpioma mo 200 Ma po3uuHy 3 MOJSIPHOIO
KOHIeHTpatiero xiaopuny Hatpito 0,01 Monb/1 10JaI0Th PO3YMH 3 MAaCOBOIO YaCT-
Koo HiTpary cpibna 3,4 %. OOuuciute Macy poO3UMHY HITpaTy cpibia,
HeoOx1Horo /it ocamxeHHss AgCl B yMOBax JBOKPATHOTO HAJUIMIIKY OCAIKY-
Baya.

(20 T).

5.23. Po3unHeHO HaBaxKy okcuay Kaibiiro Macoro 0,3500 r. Jlnsa ocakeHHS
KaJIbLIIF0 BUKOPUCTOBYIOTh pO3BeACHMI y BigHOWIEHH] 1:10 po3uuH cipyaHoi Ku-
CJIOTU 3 TyCTHUHOW 1,24 r/min. SIkuil 00’€M pO3YMHY KUCIOTH HEOOXIAHO B3SITH,
SKIIO OCA/KEHHSI POBOJAUTHCS B YMOBaX JBOKPATHOTO HAJIUIIKY KUCIOTH?

(30 mu).

5.24. Ins ocamxeHHs cynbdary 6apito BaSO,4 1o 100 mi po3unny 3 Momsip-
HOIO KOHIIEHTpaIli€ro cipyaHokuciioro Hatpio 0,05 MOnb/1 107al0Th PO3YMH 3
MacCOBOIO 4acTKowo xjopuny Oapito 10 %. Sky macy po3uuHy xjopuuay Oapito
HEOOXITHO B3SITH IJIsl OCAHKCHHS, SKIIO OCAIKCHHS TMPOBOJUTHCS B YMOBax
MIBTOPAKpPaTHOTO HAJTUIIKY XJIOpUIY Oapito.

(15,60 r).

5.25. Po3umHEeHO HaBakKy cruiaBy Macoro 0,5865 r 3 MacoBOI 4YacTKOMO
cBuHLIO 12 %. Jlyis ocamKeHHs CBUHIIO BUKOPUCTOBYIOTH PO3YHMH 3 MACOBOIO
YacTKOIO cipyaHoi Kuciaotu 1 %. OOYucinuTi Macy po3uuHy CIpYaHOi KHUCIIOTH,
HEOOXITHOTO ISl OCAKEHHS, SKIIO OCAKEHHS MPOBOIUTHCS B yMOBax IBO-
KpPaTHOTO HAJIMIIKY KUCIIOTH.

(6,7 ).

5.26. Po3unHeHO HaBaXKy ciuiaBy Macoro 0,6856 r 3 MacoBOIO YacTKOIO
cBuHILIO 30%. [ ocageHHsI CBUHIIO BUKOPUCTOBYIOTh PO3YHMH 3 MaCOBOIO 4a-
CTKOIO cipyaHoi kuciotu 1 %. OOUMucIuTH Macy pO3YMHY CipyaHOI KUCIOTH,
HEOOX1THOTO JUISi OCaJKEHHsI, SKIIO0 OCA)KEHHS TPOBOJIUTHCS B YMOBaxX
I’ ITHKPATHOTO HAJIAIIKY KUCIIOTH.

(49 ).

5.27. Jlna ocamxenHst Opomimy cpibna g0 100 i po3uumHy 3 MOJISIPHOIO
KOHIIEHTpalliero opominy kaiio 0,01 Moib/n 107al0Th PO3YMH 3 MAaCOBOIO YacT-
KO HiTpatry cpibna 2,5 %. OOuuciut Macy poO3uMHY HITpaTy cpibia,
HEOOX1THOTO JUISi OCAJKEHHsI, SKIIO0 OCA)KEHHS TPOBOJUTHCS B YMOBax
MIBTOPAKPaTHOTO HAJIUIIIKY HITpaTy cpibia.



(6,791)

5.28. Jlns ocamxkenns okcanaty kanbiito CaC,04 10 200 Mi1 3 MOJISIPHOIO
koHueHTparietro CaCl, 0,05 Monb/m 101al0Th PO3UYMH 3 MAacOBOIO YaCTKOIO
(NH4),C,04 2,5 %. O0uncnut Macy po3dnHy OKcajaTy aMoOHil0, HEOOXiTHOTO
JUTSI OCAQJKCHHSI, SIKIIO OCA/PKCHHS MPOBOJUTHCS B yMOBaX JBOKPATHOTO HAa-
JIMIIKY OKCalaTy aMOHIIO.

(99,29r1).

5.29. Po3zumneno HaBaxky BaCl,-2H,0 macorw 0,4880 r. Jlna ocamkeHHs
0apito BUKOPHUCTOBYIOTh PO3BEJICHHUM y BiHOIIEHH! 1:10 po34uH cipyaHOi KUCTIO-
TH 3 rycTuHoto 1,1 r/™Mi. SIkuit 06’eM po3YMHY KUCIOTH HEOOXITHO B3SITH, SKILO
OCaJPKEHHS MMPOBOJIUTHCS B YMOBAX MIBTOPAKPATHOTO HAJIUINKY KUCIOTH?

(18 mm).

5.30. Po3umHeHo HaBaxKy cmiaBy Macow 0,5000 r 3 MacoBOIO YacTKOKO
MmarHiro 90 %. Jlns ocamkerHss MarHiro B Burisiai MgNH;PO, BUKOpHCTOBYIOTH
pO3urH 3 MOJIsApHOI KoHueHTpaiieto Na,HPO, 0,5 monw/n. O6uucautu 00’em
po3uuny riipodocdary HaTpit0, HEOOXIAHOTO JIJISi OCAKEHHS, SIKIO OCAJKEHHS
MPOBOAUTHLCA B YMOBaX JIBOKPATHOTO HAJIMIIKY Tiapodocdary.

(74 mm).

5.31. Po3unneno HaBaxky amatuty Caz(POg4),-CaCl, wmacoro 1,500 r. [Ins
0Ca/PKEHHS KaJIbI[iF0 BUKOPUCTOBYIOTh PO3YMH 3 MacoBoro yacTkow (NH,),C,04
3,5 %. O0uucanTH Macy po34rHy OKcalaTy aMOHII0, HEOOX1THOTO ISl OCaKEH-
HS KQJIBITIIO 32 YMOBH JIBOKPATHOT'O HAUIHIIKY OCa)KyBada.

(87 1).

5.32. Po3umHeHO HaBaxkky pyaud macor 2,00 r 3 MacoBoro yacTkor Fe,Os
20 %. Jns ocamxenns 3ami3a B Burisiai Fe(OH); BUKOPUCTOBYIOTH pO3YUH 3 Ma-
coBOIO yacTkoro amiaky 2 % (p =0,99 r/mn). Skuii 00’eM po3dyMHYy amiaky
HEOOX1JTHO B3SITH, SKIIO OCAJKEHHS MPOBOJUTHCS B YMOBaX MIBTOPAKPATHOTO
HAJUIAILIKY aMiaky?

(19 m).

5.33. Jlns ocamkeHHs okcanary Kaubilito 10 200 My po3UHHY 3 MOJISIPHOIO
konuentpariieo CaCl, 0,05 monb/m 10/1a10Th PO3YMH 3 MAaCOBOIO YaCTKOKO OKCa-
naty amoHito 2,5 %. OO6UUCIUTH Macy pO34MHY OKcallaTy aMOH1I0, HEOOX1IHOTO
JUTSL OCAQJKEHHSI, SIKIIO OCA/PKCHHS MPOBOJUTHCS B yMOBaX JBOKPATHOTO HaI-
JIUIIKY OKCaJIaty.

(99r).

5.34. Jlnga ocamxenHs Opomigy 1o 200 M1 po3uMHY 3  MOJISIPHOIO

KOHIeHTpalieo opomiay kanito 0,05 MoJb/1 10AaI0Th PO3YMH 3 MAaCOBOIO YaCT-



KO0 HiTpary cpibna 5 %. O6uncnutu macy po3unHy AgNOsj, HEOOXiAHOTO AJis
OCaJKCHHSI, SKIO0 OCAJKCHHS MPOBOJUTHCS B YMOBaxX JBOKPATHOTO HAJUJIUIIKY
pPO3UYMHY HITpaTy cpibiia.

(68 1).

5.35. Jlng BU3HAuUEHHS aJIOMIHIIO B3ATO HAaBaXKy KaoiiHy Macoro 1,00 r.
[Ticns po3ynMHEHHST HABAXKKHU Ta BIIIJICHHS KPEMHEBOI KUCIOTH (PUIBTpaT Tiepe-
HECEHO B MipHY KoJIOy MicTKicTiO 250 mut. 100 M1 oiepKaHOTO pO3UYMHY BUKOPH-
CTaHO JUIsI OCA/DKCHHS AIOMIHII0 PO3YMHOM amiaky. Maca ofep»aHOoro Ticis
nposxaproBanHs ocany Al,Oz nmopiHioBana 0,1561 r. YoMy qopiBHIOE MacoBa 4a-
CTKa aJIOMIiHIIO B KaOJIiH1?

(16,53 %).

5.36. [Ins1 BU3HAUEHHA KPEMHIIO y YaBYHI OyJIO B35ITO HABAXXKY YaBYHY MacOlO
3,000 r. ITicns mposkaproBaHHsi oaepkaHo ocaa SiO, macow 0,1244 r. Yomy
JIOPIBHIOE MAcOBa YacTKa KPEMHIIO B YaByH1?

(1,94 %).

5.37. HaBaxky ctam Macoro 2,0046 T po34rHEHO 1 micisi 00poOKH ofepKaHO

ocag WO3 macoro 0,1942 r. YoMy 10pIBHIOE MacoOBa 4acTKa BoJibppamy B cTaii?
(7,68 %).

5.38. B texniyHOMY mipenapari cyib(aTy aMOHII0 BU3HAYalOTh MAacOBY 4acT-
Ky MgSO,-7H,0. lnsg ananizy Oysio B3sSTO HAaBaXKy TEXHIYHOIO MperapaTry ma-
coro 0,5117 r. Ilicnsa o6poOku oxepkano ocax Mg,P,0; macoro 0,0183 r. Homy
nopiBHIOE MacoBa yactka MgSO,-7H,O B TexHiuHOMY npenaparti?

(7,92 %).

5.39. Jlnst BU3HAYEHHS XJI0pY OyJI0 B3SITO HaBaXKKy peuoBuHHU Macoro 0,5000 r
1 omepxkaHo ocaj xjopuny cpidna macoro 0,4042 r. Yomy nopiBHIOE MacoBa 4a-
CTKa XJIOPY B PEYOBHHI?

(20,0 %).

5.40. Jlns BU3HAYCHHS OKCHIY MAarHir0 B3ATO HABAXKY IIEMEHTY Macolo
1,9578 . Ilicns po3kiany HaBaXKH PO3YMH TIEPEHECEHO B MIpHY KOJOY
MICTKICTIO 250 MJT 1 IOBEIEHO AUCTUILOBAHOI BOJOI0 A0 MiTKU. 100 M oxep-
KAHOTO PO3YMHY BUKOPUCTAHO JIJIsi OCaKeHHs MmarHito B Burisiai MgNH4PO,,
MICIsl MPOKapIOBaHHA SIKOro Oyno oxaepxkaHo ocax Mg,P,0; macoro 0,2234 r.
YoMy TOpIBHIOE MacoOBa YaCTKa OKCUAY MarHito B LIEMEHT1?

(10,33 %).

5.41. Jlns BuU3HAYCHHS AQJIOMIHIIO HABAXKKY aJIIOMOKAJI€BUX TalyHIB
AIK(SO,),; -12H,0 wmacoro 2,6710 T po3uynHEHO B MipHIH KOOI MIiCTKICTIO
200 mut. To 20 Mt ofep:kaHOTo pO3YMHY NOAAHO PO3YWH Xyopuay Oapiro. Maca



ocany cyiabdary Oapito micis mpoxkaproBaHHs gopiBHIOe 0,2680 . Yomy
JIOPIBHIOE MAacOBa YacTKa aJIFOMIHIIO B rajiyHax?
(5,80 %).

5.42. ]Ins BU3HA4YE€HHA KOOANBTY PO3YMHEHO HaBaXxKy cruiaBy macoro 0,1012 r
1 10 0JIep>kKaHOT0 PO3YHMHY JO0JIAaHO PO3YUH O-HITPO30-B-HadTomy. [licns mpoxa-
pIoBaHHS yTBOpeHOTO ocamy oxaepxkaHo ocan Coz0O, wmacorw 0,1012 r. Yomy
JIOPIBHIOE MacoOBa YacTKa KOOaIbTy B CIUIaBi?

(35,38 %).

5.43. Ins BuzHaueHHs pocopy B3STO HABAKKY OPraHIYHOI pEYOBUHU MACOIO
0,4004 r, 06po0IeHO KOHIIEHTPOBAHOKO CIPYAHOKO KHCJIOTOIO 1 MEPEBEACHO JI0
MipHOi K0y1OM MicTkicTio 200 M. 20,00 M 1IBOTO PO3YMHY BUKOPHUCTAHO IS
onmepxkanHs ocany (NHg)3PO412M0O;, maca sKOro miclis BHCYIIYBaHHS
nopieaioe 0,1982 r. Homy nopiBHIOE MacoBa 4dacTka (Gochopy B OpraHiuHii
PEYOBHHI?

(8,17 %).

5.44. Jlna BU3HAYEHHS XJIOPUAY Kajil0 HAaBaXKYy MiHepairy macoro 5,000 r
pPO3UMHWIM B MipHiil k0101 MicTKicTIO 500 mut. 10,0 M1 bOTO pO3YMHY BUKOPH-
CTaHO JUIs oJiepkaHHs ocaay Terpadeninmoopary kaimiro KB(CgHs)s, Maca sikoro
micis BucyuryBanHsa fgopiBHioe 0,1948 r. Homy n10piBHIOE MacoBa 4acTKa XJIOpH-
1y KaJjito B MiHepai?

(40,57 %).

5.45. HaBaxxky TexHIYHOTO xjopuay HaTpito macoro 0,2120 r po3unHEHO B
MipHiit k001 MmicTkicTio 200 mi. 20,0 M IBOTO PO3YMHY BUKOPUCTAHO IS
ocapkeHHs HaTpito B BUrIsal NaZn(UO,)3(C,H30,)e-6H,0, Maca sxoro micis
BUCyIIyBaHHS JnopiBHIOE 00,5578 1. YoMy MJOpIBHIOE MacoBa 4YacTKa OKCHIY
HATPIIO B TEXHIYHOMY TPOTYKTI?

(53 %).

5.46. 13 naBaxku cynepdocdary macoro 0,5302 r oxepxkano ocag Mg,P,0-;
macoro 0,3240 r. Yomy nopiBHIOe MacoBa uactka okcuay ¢ochopy P,0Os B
cynepdocdari?

(39,0 %).

5.47. HaBaxky TexHiuHOro npoaykry macorw 00,9200 r po3umHeHO 1 3a1i30
OCaJPKEHO po3unHOM aMiaky. Maca ocany Fe,O3 micist mpoxaproBaHHsI TOPIBHIOE
0,2545 r. Yomy nopiBHioe MacoBa yacTka FeO B TexHIUHOMY TTPOIYKTI?

(24,89 %).

5.48. Po3unHeHO HaBaxKy xyxenuill macoro 0,8876 r, ocan SiO, BiaaiIeHO, a

¢GinpTpaT mepeHeceHo B MipHY kos0y mictkicTio 250 mu. 100 mut omeprkaHOTro



PO3YMHY BUKOPHUCTAHO ISl OCAIDKEHHS TIAPOKCUAY amtoMiHip0. Maca mpoxkape-
Horo ocany Al,Oz nopisuroe 0,0506 r. YoMy 10piBHIOE MacoBa 4acTKa aJIFOMIHIIO
B XKY>KEJTHIT?

(7,54 %).

5.49. I3 maBaxxku crani macoro 1,000 r ogepkano ocamu SiO, 1 WO3 Macoro
0,1021 r. Ilicma oOpoOku ocamiB (HTOPOBOTHEBOIO KHCIOTOK Ta BiJIIJICHHS
kpeMHil0 Maca ocaxy WOj; gopiBHioBana 0,0712 r. Yomy NOpiBHIOIOTH MacoBi
YaCTKH KPEMHIIO Ta BOJb(Ppamy B cTami?

(1,44 %; 5,65 %).

5.50. I3 maBaxkku craBy macoro 0,2545 r omepikaHoO ocaa OKCHUIY aTIOMIHIIO
Al,O3 macoro 0,2004 r Ta ocan okcuay kpemHiro SiO, macoro 0,0518 r. Homy
JOPIBHIOIOTh MAacOB1 YaCTKH AJIFOMIHIIO 1 KPEMHIIO y CILIaBi?

(11,72 %; 5,35 %).

5.51. HaBaxky BamHsaky macoro 0,9866 T po3UMHEHO 1 B PO3YMHI OCAIKEHO
KaJbllii 1 Mardiii. Maca nposxkapenoro ocagy CaCOj; gopisaioe 0,6702 r, a Maca
npoxapenoro ocaxy Mg,P,0O; — 0,4105r. YoMy OpIBHIOIOTH MAacOBI YacCTKH
KapOOHATIB KaJIbIIiI0 TA MarHil0 y BalHAKY?

(67,94 %; 31,48 %).

5.52. HaBaxxky macoro 0,1225 r cyminn XJIOPUAIB Kalilo Ta HATPil0 PO3UMHE-
HO 1 XJIOpUJ OCa/pKeHO HiTpaTtoM cpibia. Maca ocany AgCl nmopisutoe 0,2850 .
YoMy HOpIBHIOIOTH MAaCOBI YACTKH XJIOPHUIB KaJlil0 Ta HATPIO B CyMiIIi?

(23,74 %; 76,26 %).

5.53. HaBaxky cmiaBy macor 1,50 T po3UMHEHO B MipHIA KOJIO1 MICTKICTIO
250 mut. 100 M1 oiepKaHOTO PO3YMHY BUKOPUCTAHO JJISI OCAKEHHS TiIPOKCHUIIB
3aii3a Ta amoMiHio. Maca mpoxkapenux ocaniB Fe,O; ta Al,Osz nmopiBHIOE
0,1015 r. B 100 mi1 Takoro * po34rHy OyJI0 3aMacKOBAHO QJIOMIHINA 1 OCAKEHO
rigpokcun 3amsa. [licns mposkaproBanHs maca ocany Fe,Os; ckmamae 0,0561 r.
YoMy AOpIBHIOIOTh MACOBI YACTKH 3aJ1i3a Ta AJIFOMIHIIO B CIUIaB1?

(6,55 %; 4,00 %).

5.54. I3 HaBakku (epocuiiniro Macoro 2,2417 r ogepxkano ocaau TiO, 1 ZrO,
macoro 0,0684 r. Ilicnsi BigANEHHS TUTaHy UUPKOHIM OCaKEHO Y BHUIVIAII
ZrP,04, maca sikoro nmopiHioe 0,0842 r. YoMy HOpIBHIOIOTh MacCOBI YaCTKU THTa-
HYy Ta IUPKOHIIO B (hepOCHIiii?

(0,78 %; 1,29 %).

5.55. I3 HaBaxkku cuiikary macoto 0,7524 T ogep:kaHo CyMill XJOPUIIB Kaito

Ta Hatpiro Macor 0,2415 r. I3 wiel cymimi orpumano ocan K,PtClg, maca sikoro



nicnsa npokaproBaHHsl jopiBHIOE 0,2760 r. YUomy NOpIBHIOIOTH MAacoBi YacTKU
K,O Tta Na,O B cunikari?
(7,11 %; 11,05 %).

5.56. HaBaxky macoro 0,7500 r cymimni cynb(paTiB HaTpilo Ta Kalilo po3du-
HEHO, a Cynb(aTh 0CaHKeHO PO3UYMHOM XJopuay Oapito. Maca mpoxkapeHOro
ocany BaSO, nopisaroe 0,1120 r. YoMy AOpiBHIOIOTh MAaCOBI YacTKU CYyJb(aTiB
HATPIIO Ta KaJil0 B IOYATKOBIM CyMiIii?

(50,88 %; 49,12 %).

5.57. I3 HaBaxkku cuitikaty Macoro 1,5000 r ogepkaHo CyMilll XJIOPUIIB KaJliko
1 Hatpito macoro 0,1322 r. [{ro cymimn po34rMHEHO 1 Kajiii OCaJKEHO y BUTJIAII
ocany KClO4, maca sikoro micis mpokaproBaHHs aopiBHioe 0,1022 r. Yomy
OpiBHIOIOTH MacoBl yacTku K,O Ta Na,O B cuiikari?

(2,32 %; 2,73 %).

5.58. HaBaxky cymimi OKCHAIB 3amiza Ta amomiHiio Macoro 0,7000 r
BIJTHOBUJIM Y CTPYMI BOJIHIO. Maca oiep»aHOTO MPOAYKTY, KU MICTUTh 3aJi30
Ta OKCHJ aIOMIHIIO, Ticias mnpoxaproBaHHa JopiBHioe 0,6350r. Yomy
JOPIBHIOIOTh MACOB1 YaCTKH OKCH/IIB 3aj1i3a Ta aJIIOMIHIIO B TOYATKOBIM CyMinii?

(31,24 %; 68,76 %).

5.59. I3 naBaxxku macoro 0,5000 r cymimr okcujiB 6api0 Ta KaJbIlil0 OTPH-
MaHO CyMmill cyib(hariB O6apiro Ta Kanubiio Macor 0,9151 r. YoMy mA0piBHIOIOTH
MacOBI YaCTKH 0apiro Ta KaJbIlil0 Y BUXIAHIN cyMmini?

(59,09 %; 24,31 %).

5.60. HaBaxky macoro 2,0260 r romiHOpOpY, SIKUI CKIaIaeThes 13 Cylb(iaiB
LIMHKY 1 KaJMIi0, PO3UMHEHO B MipHii k0101 MicTkicTio 100 mi. 20,08 M onep-
’KaHOT'O PO3YMHY BHKOPHCTAHO JUIS OCaJDKCHHS ITMHKY 1 Kaamiro. Maca ocaniB
Zn,P,0; Tta Cdy,P,0O; micma mnpoxaproBanHs npopiBHioe 0,6227 r. UYomy
JIOPIBHIOIOTh MAacOB1 YaCTKH CyJIb(i/IIB IIMHKY Ta KaJAMIiIO y JItoMiHOGOpi?

(81,87 %; 18,13 %).

5.2.TeopeTuune qoCaiI>KeHHs MOXUOOK rpaBiMeTpii

[Toxubku pe3yabTaTiB TPaBIMETPUYHOTO aHAi3y 3yMOBJIEHI MOXHOKaMH
BUMIPIOBAaHHSI Macu (1HCTpyMEHTaJbHI MOXWOKH), a TaKOXX PO3YMHHICTIO Ta 3a-
OpyJIHEHHSIM OCaJIiB.

Pe3ynbTaT rpaBIMETpUYHOIO BU3HAUYCHHSI OOUHCITIOITE 3a hopmyJioro (5.6) 3a
pe3ylbTaTaMu YOTHPHOX 3BaXKYBaHb:



m, —mj
Xa%=F o 100%, (5.7)

ne (m, —mj) — Maca ocany; (m, —m;) — Maca HaBaKKH.

JIns oOUKCIIeHHST IHCTPYMEHTAIBHOI MOXUOKHU il 70 piBHSAHHA (5.7) 3acTo-
cyBaTd (popMyiy MOIIUPEHHS MOXUOO0K (po3aun 4, pieH. 4.19). BBaxkarouu, 110
CTaHJapTHE BIAXHWJICHHS BUMIPIOBAaHHS MacH (Sp) OJIMHAKOBE MPHU BCIX 3Ba)KyBaH-
HSX, OJIEPIKYEMO:

S 1 |
X _ . .
= Siy /2 5 +— : (5.8)
A My apax ocany
Sy : : :
e — BIJHOCHC CTAHAAPTHC BIAXUJICHHA PC3YJIbTATy aHAJI13Yy.
X
A

Jlnst oOuunciaeHHsT pO3YMHHOCTI O0Caly B YMOBax HMOTO OCa/PKEHHS Ta MPOMHU-
BaHHS, TMepef0aueHuX METOJAMKOI BHM3HAYCHHS, 3aCTOCOBYIOTH METOMM,
po3risiHyTi B po3A. 3.4.3. PO3uMHHICTh OCajy BBaXXalOTh JOCTaTHHO HU3BKOIO,
AKIIO 3YMOBJICHA HEIO0 MOXMOKa HE MEPEBUIIYE 1HCTPYMEHTaIbHOI MOXUOKH pe-
3yJbTaTy aHami3y.

[ToxuOKku, 3yMOBIICHI 3a0pyJHEHHSM OCaJliB, 3BOJATH JO MIHIMyMY, pery-
JIOIYM  PO3MIP YACTHMHOK OCajay Ta MpoBaasud oOmepaiii MonepeaHboro
PO3/UICHHS, IEPEOCAIKEHHSI, MPOMUBAHHS 1 TEPMIYHOI 00pOOKHU ocamy.

Hpuxnaaau po3B’sa3yBaHHsA 32124

Ilpuxnao 5.2.

Jlnst rpaBiMeTpUYHOTO BU3HaueHHs Oapito B kpuctanoriapati BaCl,-2H,0
HaBaxky Horo Macoro 0,2094 r pozunHeHo B 150 mi qucTUILOBAHOI BOJIU, JA0/1a-
HO 3 MJI po3uuHy 3 MossipHOtO koHIeHTpaliero HCl 2 monw/m. [licist HarpiBaHHS
pO3UMHY Maibke 70 KUIliHHA Oapiifi OCaJPKEHO PO3UYUHOM 3 MOJIIPHOIO
koHieHTparieto H,SO, 0,1 Monw/n. O6’eMm ocamkyBada B3SITO 3 HAJIUIIIKOM B
20%. O6uncanT MOXUOKY, 3yMOBJIEHY PO3UYMHHICTIO OCay.

Po36’a3ok.

O6uucanMo 00’ €M PO3UYHHY, € YTBOPIOETHCA OCa/l, 1 TOYATKOB1 KOHIIEHTpAIIii
peareHTiIB.

KinbkicTh peyoBMHM 0apit0 MOXXKHA OOYUCIMTH 32 Macol HaBaXKd
kpuctanorigpary BaCl,-2H,0:



m(BaCl, -2H,0)  02094r
M(BaCl, -2H,0) 244,28t /Mo 1

KinpkicTh pedoBUHH CipyaHOi KHCIOTH, 3 BpaxyBaHHSIM HaJJIMIIKY,

n(Ba?") = =8,58-10~" Moub.

TOPIBHIOE:
n(H,S0,) = 1,2 n(Ba*") = 1,2:8,5810* moxs = 1,03 10> mou1b.
O6’eM J0/1aHOTO PO3UYMHY CIPUYAHOI KHCIIOTH:
V = n(H,S0,) / ¢(H,S0,) = 1,0310° mous / 0,1 mons/n = 0,0103 1.
3aranpHui 00’ €M PO3UHHY:
V =150 mut + 3 mu1 +10,3 M1 =163,3 mut.
KoHrmieHTparrii peareHriB 10 yTBOPEHHS OCaIy:
c(BaCl,) = 8,58'10 " moms / 0,1633 11 = 5,25'10"° mMoms/m,
c¢(H,S0,) =1,0310° moms / 0,1633 1 = 6,31°10 ° moub/1,
2MO B/ J1-3 M

c(HCI) = 633 = 3,67°10 % moub/1,
,OMII

co(Ba?") = ¢(BaCl,) = 5,2510° moub/x,

co(Cl') = 2¢(BaCly) + ¢(HCl) = 2'5,2510° + 3,6710 % =

= 4,72:102 (mounb/1),

co(SO4%) = ¢(H,SO,) = 6,31'10 2 monb/x,

co(H") = ¢(HCI) +2 ¢(H,S0,) = 3,6710° + 26,3110 =

= 4,9310 * (Monb/1).

[Ticns ocamxenns BaSO, 1 yTBopeHHs rigpocyibdaTy T'paHHYHI 3HAYEHHS

KOHLIEHTpAIlil peareHTIB JOPIBHIOIOTh:

c(Ba?") = 0;

¢(Cl) = ¢o(Cl) = 4,7210 momb/x;

¢(HSO,) = ¢(SO4) = ¢o(S04Y) - co(Ba*") = 6,3110° —5,2510° =

=1,0610° (monb/n);

c(H") = co(H") — ¢(HSO, ) = 4,9310 % — 1,06'10 ° = 4,8210 ? (moub/1).

Ha po3umnnnicts ocagy BaSO, B TakoMy po3unHi BIinBatoTh: (1) ioHHA cuia;
(2) xOHKypyro4l peakilii 3 HaJJIMIIKOM OCaJKyBada: YTBOPEHHS PO3UYMHHUX
xommiekciB BaSOy (Ig B1=2,7 ) Ta Ba(SO,),> (Ig B.=1,42); (3) KOHKypyrOUi KH-
CIIOTHO-OCHOBHI peaxiyii: mpororysanast SO,° (Ig Puy =1,99).

Jlnst po3paxyHKiB JOIUIBHO 0OpaTh MeToa OajaHCy KOMIIOHEHTIB, OO4HC-
JUBIIKA KOHIEHTpaIiiHi koHcTaHTH 3/IM. JIo KOMIIOHEHTIB BITHOCHMO oOcaj 1
peareHT 3 BUCOKMMHU PiBHOBaKHMMH KoHIeHTpanismu HSO4 i H'.

KOMIIOHEHTHU MPOIYKTH lg K

BaSO,{ HSO, | H'




0 0 1 H* 0

1 -1 1 Ba”™* lg K<+ 1gBn° =
= 0,30 +1,58 = 7,72;

1 0 0 BaSO, lg K +1g B =
=-9,30 +2,04 =7,26;

1 1 ~1 | Ba(S0.),* lg K+ 1g B2°— 19 Bra° =
= 0,30 +0,43 — 1,58 =

= -10,45;
0 1 0 HSO, 0
0 1 -1 SO~ —19 Bri” = -1,58;

KH:

O6YKUCIMMO 10HHY CHJIYy PO3YHMHY, BPAaXOBYIOUH JIUIIE MEPeBaKar0vl YaCTHUH-

1=1/2 {c(Cl) + c(HSO4) + c(H"} = 1/2 (4,72107% +1,0610 ° +
+4,82:107%) = 4,8210 % (Mo11B/1);
KOe(DILIEHTH aKTUBHOCTI OJTHO3APSAIHUX 10HIB:

0,51/4,82-1072 e _
+ 0,15 4,82:102 = - 0,083;
1++/4,82-1072

Ing+ = Igf = -0,097.

|gf:_

KoedirieHTH akTUBHOCTI 10HIB 0CaJly TOPIBHIOIOTH:
Inga2+ = IngO ,. =4(-0,083) =-0,33,
4

O0YHCIMMO KOHIEHTpALiTHI KoHCTaHTH 3/]M:
lgK§ = IgKs —Igf_ ,, —Igf__,_ =-9,96 + 20,33 = -9,30;
Ba S04

Cc — —_ . —_ .
lgB: = lgBy + Inga2+ + IngO42, =2,1-20,33=2,04

Cc — —_ . —_ .
lgB, = lgB, + Inga2+ +2 IngO42_ =142 -30,33=0,43;
Ig Bri“ =19 By + IgfsO ot Ing+ =1,99-0,33-0,083 =1,58,

4

1 KOHILIEHTpaIliiiH1 koHcTaHTu 3/IM s peakiiiii, HapeAeHUX y Tabui (Tadm).
PiBHSIHHS MaTepianbHOTO 0anaHCy KOMIIOHETIB MalOTh BUTJISIA:

S =[Ba*] + [BaSO,] + [Ba(S04)," ] = K§ Bri“[HSO, T [H'T + K§ B +

+ K§ B2 (Bra”) '[HSOL JHT

c(HSO,) = [HSO, ] - [Ba®*] +[ Ba(SO,)," ] +[ SO41;

c(H") = [H'] + [Ba®] - [ Ba(SO.),"] - [ SO4*]



PiBHOBa)kH1 KOHIIeHTparlii komnoHeHTiB HSO, 1 H" mabararo OimbIm, HiX
PIBHOBa)KHI KOHIIGHTpAIlil MPOAYKTIB PO3YMHEHHS OCaay. 3aJMIIMMO B JIBOX
OCTaHHIX PIBHSIHHSX JIMII HAHO1IBIII JOIaHKU:

c(HSO,) = [HSO, ] = 1,06 - 10" moub/i;

c(H") =[H]=4,82 10 mouns/m.

[limcTaBUMO 111 3HAYEHHS PIBHOBAKHHUX KOHIEGHTpAIlii B PIBHAHHS IS
PO3YHMHHOCTI:

S=10""(1,06 10°)"4,8210% + 10 "* +

+1071%* 1,06 °10°(4,82°102 )*=9,3°10"' ( monb/1).

BimnocHa moxuOka, 3yMOBJIeHA PO3YMHHICTIO OCAY:

S/co(Ba**) =9,310 7 /5,2510 %= 1,810 a60 0,018 % .

3amauvi 1ust caMoCTiitHOI podoTH

5.61. [Ins TpaBIMETPUYHOTO BU3HAUEHHS XJOPUIY B  KPHUCTAJOTiApaTi
CaCl,-6H,0 1ioro HaBaxxky macoro 0,3084 r pozurHero B 200 MII TUCTHILOBAHOT
BOJY, JOJAHO 5 MJI PO3YMHY Q30THOI KUCIOTH. JlJIA OCAaIKEeHHS XJIOpUIY Y
Buriisizii AgCl 1o ogep:kaHoro po3yuHy J0/1aHO, PETEIBLHO MEPEMIINITYIOUH, pO3pa-
XOBaHUM 00’€M pO3uMHY 3 MacoBOr0 4acTkoo AgNO;3; 5 %, a moTiM 11e HaIu-
mokK B 5 M. OOYUCIUTH BIIHOCHY TMOXMOKY pe3yjbTaTy aHaji3zy, 3yMOBIICHY
PO3YMHHICTIO OCay.

5.62. Jlns rpaBIMETPUYHOIO BU3HAUYEHHS cpiOia B peakTunl “Cpibiio a30THO-
KHUCJIE” HABAXKY PEaKTHUBY MAacOI0 5 T pO3YMHEHO B 350 MJI IUCTUIIHOBAHOI BOAM,
J0J1aHO 5 M1 po34rHYy 3 MacoBor yacTtkoro HNOjz 25 % Ta 40 M po3uuny 3 Mo-
nsipHoto koHueHtpariieto HCl 1 monp/n. O6uuciutu BiATHOCHY MOXUOKY pe3yib-
TaTy aHali3y, 3yMOBJIEHY PO3YHMHHICTIO OCay.

5.63. Macosa gactka SO,° B coui gopiBrioe 34,22 %. J{is rpaBiMETPHIHOTO
BU3HAYCHHS Cyib(pary HaBaxky coyii Macoro 0,2542 r poszuumneno B 100 mn
JTUCTHIIHOBAHOI BOAM, AojaHo 10 i po3uuHy 3 MoisspHOIO KoHIeHTpartieo HCI
1 Monb/i1, HarpiTO Maike 10 KUMHHS 1 CyIb(aT 0CaIKEHO PO3ZUMHOM 3 MOJISAP-
Hoto koHueHtpariieo BaCl, 0,02 monb/n. O6’eM ocapkyBada B3sSTO 3 HAJIHIIIKOM
B 10 %. OOunMciutu BIJHOCHY IOXHMOKY pe3yJbTaTy aHalli3dy, 3YMOBIICHY
PO3UYMHHICTIO OCay.



5.64. JIns rpaBIMETpUYHOTO BU3HAUYEHHS KaJbI[iI0 B BalHSAKY 3 MAacOBOIO 4a-
CTKOI0 JOMIIIOK 5% HaBaxky BamHiky Macow 0,5263 r po3unneHo B HCL
0O6’em po3umuny joBeaeHo 10 200 M AUCTUILOBAHOK BOJIOI0, Ta HEHTPaTI30BaHO
po3unHOM amiaky 1o pH 6. [ToTiM 10 po3unMHy M0JaHO 5 M KOHIIEHTPOBAHOTO
po3unHy HCI Ta 50 M rapsi9oro po3uumHy OKcajaTy aMOHII0, SIKHH MICTUTh 3 T
(NH4),C,04-H,O. Po3umH HarpiBarmoTh, J0JAIOTh KiJIbKa Kpareidb PO3YHHY
1HIMKaTOpa METUJIOpAHXXy 1 MpU TepeMillyBaHHI po3BeacHuid poszuuH (1:1)
amiaky 710 3MiHU 3a0apBJICHHS METUJIOPAHXXY 3 YEPBOHOIrO B >KOBTE. O0UMCIUTU
BIJTHOCHY MOXHOKY pe3yibTaTy aHaji3y, 3yMOBJICHY PO3UMHHICTIO OCaly.

5.65. lns rpaBIMETPUYHOTO BU3HAYEHHS MAarHiro mipopocpaTHUM METOIAOM
HaBaxKy Kpuctanoriapary MgSO,-7H,0, sika mictute He Outbiie 0,1 r MgO,
PO3UYMHEHO B JUCTHJIbOBaHIN BoAl. Jlo oep:kaHOro pO3YMHY J10aHO 5 MJI KOH-
neHTpoBaHoro pozunHy HCI, po3BeneHo nuctuiiboBaHOO BOAow 10 150 mu Ta
nogano 10 mut po3uuny 3 MacoBoxo yactkoro (NH4),HPO, 20 %. Ilicas mporo 1o
PO34YMHY MOBUIBHO MPH MEPEMIITYBaHHI JOJJaHO KOHLIEHTPOBAHUM PO3YUH aMIaKy
o pH 9. OOuucnuTu BIJHOCHY NOXHUOKY pe3yJbTaTy aHalli3y, 3YMOBJIEHY
PO3YMHHICTIO OCay.

5.66. Jlist rpaBIMETPUYHOTO BU3HAYCHHS MArHil0 B BUIJISIAI OKCUXIHOJISTY
marHito Mg(CgHgNO,),-2H,0 HaBaxkky kpuctanoriapaty MgSO4-7H,0, 110
MmictuTh 0,05 r MgO, po3uuneno B 150 mu guctunboBanoi Bogu. [[o Harpitoro
10 70-80°C po3umny aogano 10 M1 po3urHY 3 MAaCOBOIO YaCTKOK OKCHXIHOJIHY
5%, a moTIM KpalisiMH TPy [EpPEMIIIYBaHHI PO3YMH 3  MOJISIPHOIO
koH1teHnTpariietro NHz 6 mons/n 1o pH 9. O6uncnuty BiTHOCHY TOXUOKY pe3yJib-
TaTy aHaJli3y, 3yMOBJIEHY PO3YMHHICTIO OCay.

5.67. Jlng  TpaBIMETPUYHOTO  BHM3HAYEHHsS  HIKEIIO Yy  BUIJISAAL
JTUMETWITTIOKCUMATy HIKeN HaBaxky kpuctaiorigpaty NiSO4 7H,0, mio
mictuth 0,05 T Hikemo, po3unHeHo B 200 MJI JUCTUIILOBAHOI BOM, 10JaH0 10 mi
po3unHy 3 MomsipHoro KouueHTpamietro HCl 1 mons/n, 20 r xapbamimy, 50 mi
PO3YMHY 3 MAaCOBOIO YACTKOI AUMETHUTIIOKCUMY 1 % 1 00’€M pO34HMHY T0BEICHO
10 300 mur. Po3unH HarpiBaroTh Ha BOJsHIN OaHi mpoTsroMm 1-1,5 rogwnu, mpu
oMy pH po3unHy gocsirae 3HaueHHs 8. YTBOpeHui ocaj (QpiabTPyHOTh, BUCY-
MIYIOTh 1 3BaKyI0Th. OOUMCIUTH BIAHOCHY TOXHOKY pe3yJbTaTy aHami3zy, 3yMOB-
JIEHY PO3YMHHICTIO OCay.



5.68. Jlns rpaBiMeTpuyHOTO BU3HaueHHs 3aiiza y Burisiai Fe(OH); HaBaxky
macoto 1,000 r pyau 3 macoBor udactkorw Fe,O3 20 % po3umHeHO B KHUCHOTI 1
00’eM po3unHy aoBeaeHO 10 200 mi1. Po3uuH HarpiTo Maike 10 KUIMIHHSA 1 J0/1a-
HO TIBTOpaKpaTHUil 00’e€M po34nHY 3 MacoBor0 dacTkor NHjz 2 %. OGuucnutu
BiJTHOCHY MOXHOKY pe3yJabpTaTy aHali3y, 3yMOBIIEHY PO3YHHHICTIO OCady.

5.69. Jlns rpaBIMETPUYHOTO BU3HAYEHHS ATIOMIHIIO B aJIFOMOKAIIEBUX Tally-
Hax y BUTJISI OKCUXIHOJISITY aJFOMIHIIO HaBaXXKy TaiyHiB Macow 0,5078 r pos-
yuHeHo B 10 Mi aucTuiaboBaHoi Bojau, Harpito g0 70-80°C, momano 3 kparuii
PO3BEIEHOT XJIOPOBOJHEBOI KHUCIOTH, 15 MJI pO3YHMHY 3 MAacOBOIO YacTKOK 8—
OKCHUXIHOJIIHY 5 % 1 NOBUIBHO, KpAIISIMU, IPU MEPEMIITYBaHHI 25 MJI PO3UUHY 3
mossipaoto  koHmeHTpariiero CH3COONH,; 2 monw/n. IlotiMm momano mie 25 mu
toro x po3unHy CH3COONH,. OG6uuciutu BIiAHOCHY NOXHOKY pe3yjbTaTy
aHasi3y, 3yMOBJICHY PO3UHMHHICTIO OCaJy.

5.70. na Bu3HadueHHs Xpomary po3uuH, 100 mil SIKOro MiCTUTh TPHUOIU3HO
0,1t CrO/, HEWUTpaIi30BaHO JO MOYATKy YTBOPEHHS OCay, PO3YMHEHO Ocaj B
OLITOBIM KHUCIIOTI 1 HarpiTo 10 KUIiHHA. [I0TIM MOBLIRHO IPU NEpEMINTYBaHHI J10-
naHo 24 M po3unHy 3 MoJiipHOIo KoHIeHTpatiero BaCl, 0,1 moinb/n 1 3anuiieHo
npu HarpiBaHHi Ha 2 roaunu. [licas nuporo ocan BiadiILTPOBAHO, TPOMHUTO 1 BU-
cymeHo. OOYHCIUTH BIJHOCHY TOXMOKY pE3yJlbTaTy aHalidy, 3yMOBIICHY
PO3UYMHHICTIO OCaJy.

5.71. Jlns rpaBIMETPUYHOTO BHU3HAUYEHHSI OpoMiny B BUTIAnl AgBr HaBaxKy
KBr macoro 0,2975 r po3unHeno B 200 Myl IUCTWIIBOBAHOI BOAM, AOJaHO | M
po3unHy 3 MoOJIIpHOI KoHIeHTpamieto HNOz; 6 Monb/m 1 TOBUIBHO, TIpH
NepeMillyBaHHi, JOTUTO 00’€M PO3YHHY 3 MOJSPHOIO KoHIeHTparieo AgNO;
npubau3zHo 0,1 Moib/1, po3paxoBaHUil 32 CTEXIOMETPUYHUM BIAHOILIEHHSM, Ta
3Bepx Toro uie 5 mil. Harpito 10 KUMiHHS, MEepeMilllaHO MPOTIAroM |—2 XBUIIUH.
[Ticst mepeBipky Ha TOBHOTY OCQ/PKEHHS PO3YUH 3 0CAJIOM 3AIHUIIEHO B TEMHOMY
MicIll Ha 2 TOAWHM, MOTIM BiAduTbTpoBaHO. OOUUCITUTH BIAHOCHY MOXHOKY pe-
3yJbTaTy aHaJi3y, 3yMOBJIEHY PO3UMHHICTIO OCAy.

5.72. J1ns rpaBIMETPUYHOrO BU3HAYeHHsS Honuay B BUIIAAl Agl HaBaxky Kl
Mmacoro 0,2614 r po3unHeno B 200 M AUCTUIIBOBAHOI BOJIM, JOAAHO 1 MJI po34u-
Hy 3 MoOJsipHOIO KoHieHTpariero HNO; 6 wmonbp/m 1 TOBIIBHO, TMpHU
nepeMilTyBaHHi, JOJUTO 00’€M pO34MHY 3 MOJISIpHOIO KoHIeHTpariero AgNO;



npuom3Ho 0,1 MOib/1, po3paxoBaHUM 3a CTEXIOMETPUYHHUM BIJTHOIIIEHHSM, Ta
3Bepx Toro mie 5 mi. Harpito 10 kumiHHS, MepeMiliano mpoTsaromM 1—2 XBHIIKH.
[Tics mepeBipky Ha TOBHOTY OCa/KEHHS PO3YUH 3 0CAJIOM 3JIHIIEHO B TEMHOMY
MicIli Ha 2 TOAWHM, MOTIM BiAduTeTpoBaHo. OOUHUCIUTH BITHOCHY MOXHOKY pe-
3yJbTaTy aHaJi3y, 3yMOBJICHY PO3YMHHICTIO OCay.

5.73. Jlns rpaBiMeTpUYHOTrO BU3HaueHHs (ropuay B Burisai CaF, B3sto
200 M po3uuny, 110 mictuth 300 Mr F . JIo cmaGKoKuCI0T0 pO3YrHYy JI0AaHO 2 T
CH3COONa Ta ki1bKa MUILTITPIB pO34uHY TaHiHy. HarpiTo A0 KUMNiHHA 1 JOJAaHO
00’e€M pO3YnHYy 3 MOJISIPHOIO KOHIICHTpAIli€l0 XJopuay Kaibilito 0,1 Mons/m, po3-
paxoBaHWK 3a CTEXIOMETPHUYHUM BIJHOIICHHSM, Ta 3BEPX TOTO HAJJIMIIOK B
20 %. YT1BOpenuii ocan BindimerpoBano. OOUMCINTH BIAHOCHY MTOXHOKY pe3yiib-
TaTy aHalli3y, 3yMOBJIEHY PO3YMHHICTIO OCay.

5.74. B 100 M po3uuHy Jikapcbkoro mpenapary “Pinmuna BypoBa” mMicTUTBCS
7,6-9,2T OCHOBHOTO arerary amoMmiHito. IS TrpaBIMETPUYHOTO BH3HAYCHHS
AIIOMIHIIO 5 MJI TIpenapary po3BEIEHO IUCTHIbOBaHOIO Bojoro g0 100 mu. o
ojaepkanoro po3unHy nojanoS r NH4Cl ta narpito o kuminas. Jlo rapsdoro
PO34YMHY J0JIaHO 2—3 Kparlll 1HJAMKATOpa METHUJIOBOIO0 YEPBOHOIO Ta KPArUISIMH
po3unH 3 MacoBoro uYacTkoro NHz 2% 10 TosiBU 3KOBTOTO 3a0apBiICHHS
inaukaropa (pH 6). Ilicns mporo gomano me 150 mit Boau, 3HOBY HArpito o
KUIIHHS 1 ocaja BiAQiabTpoBaHo. OOUMCIUTU OXUOKY pe3ybTary aHamizy, 3Y-
MOBJIEHY PO3YMHHICTIO OCafy.

5.75. Jlnd rpaBIMETPUYHOTO BU3HAYEHHS CyJb(}aTy B JIKAPCHKOMY Mpenapari
“I'mayOepoBa ciib” HaBakKy mpemapary macoro 0,9998 r po3umHeHO B MipHIi
k0101 micTkicTio 100 M1 1 IOBEIEHO JO MITKH JUCTHJIHOBAHOIO BOJOIO. 25 MII
0JIEP’KaHOTO PO3YMHY PO3BEeACHO BOJ00 A0 200 MJI, MAKUCICHO 1 MII pO3YHHY 3
mostsipHoto KoHreHTpariiero HCI 1 monw/n 1 Harpito A0 kumiHHA. Jlo rapsuoro
PO34YMHY MOBUILHO J0AaHO0 10 M1 HarpiTOro 10 KUIMIHHSA PO3YMHY 3 MAacOBOIO Ya-
ctkoto BaCl, 5%. OOuncnuti nOXMOKY pe3yJbTaTy aHali3y, 3yMOBJIECHY
PO3YMHHICTIO OCay.



6. METO/IU BUSHAYEHHSA. KUCJIOTHO-OCHOBHE
TUTPYBAHHSA

6.1. OCHOBHI MOHATTH THTPUMETPIl
B tutpumeTpii BUMIpIOIOTh BUTPATy pPEeareHTY-TUTPAHTY Ha PEAKIIIo 3 KOMIIO-

HEHTOM, SIKMM BU3HAa4Ya€eThCs. KiMbKOCTI peuOBUHM KOMIOHEHTY A Ta TuTpaHty T,
10 BCTYIUJIM JI0 peaKIlii

VAA + VTT = VBB, (61)
3HAXOMATHCS B CTEXIOMETPUYHOMY BiTHOIICHHI:
n(A) _ n(T) . (6.2)
VA V1

CrexiomMeTpUyHE BIJHOIIECHHS BUPAXAIOTh TAKOX SK PIBHICTh KUIBKOCTEH pevo-
BUHU €KBIBAJICHTIB KOMIOHEHTY A 1 TuTpanty T:

n(LA Aj _ HGT 7). (6.3)

1€ Za Ta ZT - YMCIa €KBIBAJICHTHOCTI KOXKHO1 3 pearylounux peuoBHH.

MoMmeHT y mporieci TUTPYBAaHHS, KOJIU KiIbKICHb peuoGUHU 000AHO20 MUM-
paumy @ionogioac cmexioMempuyHomMy 6IOHOUWIEHHI0, MAaE€ Ha3BY MOUKA
exgisanenmnocmi (TE) a6o mouxa cmexiomempuunocmi (TC).

[Ipo 3akiHUYEHHS peakilii J13HAIOTHCS, CIIOCTEPIralodM 3a JSIKUMH BIIACTHUBOCTSI-
MH, SIK1 TOB’sI3aH1 3 PIBHOBAKHOIO KOHIIEHTPALIIEI0 OJTHOTO 200 KUIBKOX PEareHTIB 1
XapaKTEPHO 3MIHIOIOTHCS, KOJIM PeaKilisl 3aKiHUMiIach. MOMEHT, KOJIU 3’A61a€mubcea
03HAKA 3aKIHYEHHA peakuyii, sKa CUTHAII3YE MPO HEOOXIAHICTh MPUIUHUTH J0J]1a-
BaHHS TUTPAHTY, Ma€ Ha3By KiHyeea mouka mumpyeannusn (KTT).

KTT mo’kHa BU3HAYUTH BI3yaJIbHO MO TMOSIB1 200 3MIHEHHIO KOJIBOPY PO3UHHY,
nosiBl  ocany. JlJisi IbOTO BUKOPHUCTOBYETHCS BIacHE 3a0apBICHHS KOMIIOHEHTY A
a6o tutpanty ( camoinaukaiis KTT ) abo BHOCUTBCS 10 pO3UMHY CHEliajdbHa pedo-
BUHA — IHOUKAMOp.

[Ipu iHcTpymMeHnTambHOMYy Bu3HaueHHI KTT peecTpytoTh 3MiHIOBaHHS MpH
TUTPYBaHHI  TaKWX  BJIACTHBOCTEW  pO3YMHY SK  TIOTJMHAHHS  CBITIA,
eNeKTponpoBigHicTh, pH 1 T.1. Jlos 1hOro BUKOPUCTOBYIOTH  BIATIOBIAHI
BUMIPIOBaIBHI Tipuiiaau ( criekTpodoTomMeTpu, KOHTyKTOMETpH, pH-MeTpu Ta iHIIIl).

Crnoci6 inaukaiiii oouparTs Tak, moo6 KTT Oyna sikomora Ommxye go TC, ane
Bce Kk 1e pidHl Touku. Iloxmbka pe3ynbTary TUTPYBaHHS, 3)MO06/1€HA
po3oixcuicmio KTT i TC, Ha3UBA€THCS HOXUOKOW IHOUKAYI.



6.2. CtexioMeTpH4HI PO3PaAXyHKH
B KHCJIOTHO-OCHOBHOMY TUTPYBAaHHI

KHCI0THO-OCHOBHE TUTPYBaHHs 0a3yeThcs HA peakiliax oOminy iomamu H' misx
PEUYOBUHOIO, SIKY TUTPYIOTh, Ta TUTPAHTOM. TUTpPAHTaMHU CIYTYIOTh PO3UMHU CHIIb-
HUX KUCHOT Ta myriB, HaityacTime HCl ta NaOH. TouHy KOHIIEHTpallil0 TUTPAHTIB
BU3HAYAIOTh LUILIXOM CMaHOapmu3ayii, TUTPYIOUM TOYHO 3BAXKEHY HABaXKy
TBEP/I01 KUCIOTU YU OCHOBH. [[J1s1 cTaHmapTu3aiii po34nHiB KUCIOT BUKOPUCTOBY-
I0Tb KapOOHaTH JIy>)KHHX MeTaliB, TeTpabopar Hatpiro Na,B,0;10 H,O; nns
CTaHIapTHU3AaIlil PO3UMHIB JIyTiB BUKOPUCTOBYIOTH TipodTanar kamiro, OCH30WHY 4u
aJUMIHOBY KUCIIOTH.

Jnsa BusHaueHHss KTT 3acToCOBYIOTH Kuciomuo-ocnogni inouxkamopu. lle
opraHiyHi peuyoBuHH, y akux kuciaotHa (HInd) 1 ocnoBna (Ind ") popmu marots pizHe
3a0apBiieHHs. 3MiHIOBaHHA pH B mpoleci TUTpyBaHHS CyNpPOBOJKYETHCS 3CYBOM
PIBHOBAru 1HAMKATOPHOI PeaKlii:

Hind < Ind” + H", K, (6.4)

1 po3unH HaOyBae 3a0apBieHHs MepeBaxarodoi popmu iHaUKaTtopa. [Tpuknaau

KHCJIOTHO-OCHOBHUX 1HIMKATOPIB HABEIECHO B TAOJIHIII.

HasBa inaukaropy InrepBan pH Konbsopu xucnornoi
nepexoy 1 OCHOBHOI (hopM
3a0apBIeHHs IHIUKATOPY
MertuiioBuii Ghi0JIETOBUH, 0,13—0,5 YKOBTUIN —3€JICHUM
1-# mepexin
MetunoBuii ¢1071eTOBUM, 1,0—15 3€JIEHUU —CHUHIN

2-11 mepexin

Tponeosnin 00 1,4 —3,2 YEPBOHU—KOBTUI
MertunoBwuii ¢i10eTOBUIA, 2,0—3,0 CUHINA —(]iosIeTOBUI
3-# mepexin
2,4 -nuHiTpodeHoa 28—44 0e30apBH. —KOBTHUI
MeTtuiioBuii opaHKeBUit 3,0—44 YEepBOHUN —
(MeTHIOpaHXK) OpaH>KEBO-KOBTUHI
BpomkpesonoBuii cuniit (OpoMkpe- 3,8—5/4 KOBTUN —CHHIN

30JI0BUI 3€JICHUI)




Jlakmoin 40—64 YEPBOHUM —CHHIN
BpoMTumosioBuii cuHin 6,0 —7,6 JKOBTUUA —CHHIN
deHooBUI YEPBOHUI 6,8 —8.,0 KOBTHUH —YEPBOHUIN

Tpomneomnin 000 7,6 —8,9 ’KOBTO-3€JIEHUHN —
pOXKEBUU
®denondranein 8,2—10,0 0e30apBH. —
IIypIypOBHU
Tumondranein 9,4 —10,6 0e30apBH. —CHHIN
Aui3apiHOBUI )KOBTHM P 10,1 —12,1 JKOBTUU —IIIJIOBUI

3navenus pH B KTT npubau3HO BiANOBIIa€E cepeauHl IHTEpBAIY MEPEexXoay 3a-
OapBiieHHd a00 3HadyeHHO pH Ha rpanumi oOnacTedl mepeBa)xkaHHs JBOX (hopMm

1HUKaTOpA:
pHirr = — 19 King. (6.5)
[Tpu BUKOpUCTaHHI 3MIIIAHUX THAUKATOPIB MOKHA BBAXKATH, 1110
pHkrr = pT, (6.6)

ne pT —rmoka3HuK TUTpyBaHHS; L€ 3HaYeHHS pH, mpu sKoMy croctepiraerbcs
HaOUIBII pi3Ka 3MiHA 3a0apBJICHHS 1HIUKATOPA.

Ha mnpakTumi iHTepBan mnepexony 3a0apBiEHHS 3aleXKUTh BiJ TeMIIEpaTypH,
10HHOi CHJIM PO3YMHY, HasBHOCTI YAaCTMHOK CYCIIEH31i UM KOJIOiTy, TOXK HaBEIECH1
crocoom naroTh HabaMKeHe 3HaueHHS pHyrr 3 moxuokoro 6mu3bko + 0,5,

TutpyBaHHS OJTHOOCHOBHHUX KHCIJIOT YU OJJHOKHCIOTHUX OCHOB OITUCYETHCS MPO-
CTUM CTEX1OMETPUYHUM BITHOIICHHSIM:

n(A) = n(T). (6.7)

SIK1I0 TUTPYBaHHS PEYOBHMHH A MOXKE BiI0OYBAaTHCH 3a KIIBKOMA CTYTIEHAMH, AJIs
CKJIQZICHHSI CTEXIOMETPUYHOTO BIAHOILIEHHS Tpeba 3HaTH, SKUM caMe MPOAYKT
YTBOPIOETHCS B KiHIII TUTpYBaHHS. [{e Oy/e Ta KHCIOTHO-OCHOBHA (DOpMa PeUOBUHU
A, sixa mepeBaxae npu pHyrr. Hampuknazn, npu tutpyBanni pocdopHoi KuCioTH B
MPUCYTHOCTI iHaUKaTtopa denondraneiny intepBan pH mepexomny 3abapBieHHS 8 —

10, i, 3HaunTh, KTT 3Hax0muThCs B 00macTi mepesaxamms Gpopmu HPO,> (pH 7.2 —
12,35; nuB. po3a. 2.1.4.). TutpyBaHHs BiAOyBa€eThCA 3a PEAKIIELO:
HsPO, + 2 OH < HPO,* +2 H,0, (6.8)

CTEX10METPUYHE BIAHOUICHHS MA€ BUTJISI:

n(OH")

n(H3PO4 ): 5



[Ipu TuTpyBaHH1 pochopHOI KUCIOTH B MPUCYTHOCTI 1HAUKATOPA METUIIOPAHKY
3abapieHHs 3MiHtoeThes pu pH 3,0 —4,4. KTT 3Haxoguthes B objacTi nepeBa-
xanus H,PO, (pH 2,13 -7,2; nuB. po3a. 2.1.4.). TurpyBaHHs BinOyBa€eThCcs 3a
peaKIi€ero:

H;PO, + OH < H,PO, + H,0, (6.9)

CTEX1OMETPUYHE BIAHOIICHHS MA€ BUTJISI:

n(H;PO, )=n(OH").

IIpukaaau po3B’A3yBaHHA 32124

Ilpuknao 6.1.

HaBaxky 0ypu Na,B,0;10H,0 macoro 0,3221 r pozunnunu y Boai. Ha tutpy-
BAHHSA OJEP>KAHOTO PO3YMHY BUTpayeHO 16,85 M po34MHYy XJIOPOBOJHEBOI KHUCIIO-
. O0uncnuTu MoiisipHy KoHleHTpauiro HCI B po3uuHi.

Po3é’a3ok.

Bypa npu po3unHeHH1 B3a€EMOJI€ 3 BOJOIO:

B,O;" +3H,0 — 2H;BO; + 2BO,,

1 yTBOpEHUI MeTabopaT TUTPYIOTh KUCIOTOIO:

BO, + H" + H,0 < H3BO;.

Ha 1 Monb Oypy IIpU TUTPYBaHHI BUTpadaeThes 2 Mojib H':

n(B,O;") =n(H") / 2.

Ca #aiéie ¢ada=> 41636iil 46dacede 361 ion da+acie 0200a4ida06 n(B,07)
+&04c 1ano ? 11€y0io 1ano adoe:

n(B,0;*) = n(Na,B,0710H,0) =

= m(Na,B,0;10H,0) / M(Na,B,0; 10H,0),

a KinbKicTh pedoBrHn H' — uepes xonuentpanito HCl Ta 06’eM po3uuny, skuit
BUTPAYCHO HA TUTPYBAHHS:

n(H") = n(HCI) = c(HCI) V.

[lincTaBUBIIM OCTaHHI JBa BUpa3u B PIBHSHHS Mg KUIBKOCTEH pPEUYOBUHH,
Ma€EMO:

m(Na,B,0;10H,0)/ M(Na,B,0;10H,0) = c(HCI) V/2,

3BIAKH

c(HCI) = 2m(Na,B,0;10H,0)/M(Na,B,0; 10H,0) V.

B pe3ynbTaTi 004MCIIeHb OJEPKYEMO:

c(HCI) = 2:03221r = 0,1002 Mo 1/ 1.
381,371/ Mo 16 0,01685 i




Ilpuknao 6.2.
Hapakky KpucTamoriipary IIaBiIeBOi KHCIOTH Macow 1,2922 r po3uynHEHO B
MipHiil ko061 MicTkicTiO 250 mui. Ha TutpyBaHHS 25 MIT 0JIep>KaHOTO PO3UMHY BUT-

padeno 20,50 M1 po3uMHY TiApOKCHUAY HaTpito. OOYUCTUTH  MOJSPHY
koHneHntpaiiito NaOH B po3uuHi.

Po3eé’a30k.

TuTpyBaHHs BITOYBAETHCS 32 PIBHSIHHSIM:

H,C, 04+ 20H < C,0,* + 2H,0.

B Tou11i cTeXioMeTpUYHOCTI BUKOHYETHCS CITIBBITHOILICHHS:
n(H,C,04) =n(OH) / 2.

KiibKicTh pe4OBUHU 11aBJIEBOT KUCIOTH, IO TUTPYETHCS, JOPIBHIOE:
n(H,C,0,) = m(H,C,0,) - Vy, ’

M(H2CZO4) ) VK

ne V,; — 00’eM alliKBOTH (YaCTUHU PO3YMHY, B3SITOL JIJIsl TATPYBaHHS );

V¢ —MICTKICTh MIpHOi KOJIOH, B SIKiif pO3YMHEHO HABAXKKY.

KinbkicTh  pedoBMHM TIAPOKCHAY HATPIO  JIOIUIBHO  BHUPA3UTH  4Yepes
KOHIICHTPAIIiI0 Ta 00’ €M:

n(OH") = ¢(NaOH) V.

Opep>kaHi BUpa3u JUisl KUIbKOCTEH pEYOBUHU ILIABJIEBOI KMCIOTH Ta T1APOKCUTY
HATPIIO MIJCTAaBUMO B CTEXIOMETPUYHE BIIHOIIECHHS. T0/11 MaEMO:

m(H,C,0,-2H,0)-V,, c¢(NaOH)-V

M(H,C,0, -2H,0)-V, 2 '

3BIJICU KOHUEHTpALIis T1IPOKCUIY HATPIIO JTOPIBHIOE:

¢(NaOH) = 2-m(H,C,0,-2H,0)-V,, _
M(H,C,0,-2H,0)-V, -V
3 2:1,29221-25Mmn
126,066 T/ M0 160,250 11-20,5 M1

=0,1000 Mo B/ 1.

Ilpuxnao 6.3.

Po3unn Mmae myxHy peakiito. € NPUITYIIEHHS, [0 B HBOMY MOXYTbh 3HAaXOJIH-
TUCH OJiHa abo0 Kinbka 3 Takux pedoBuH: NaOH, Na,CO3;, NaHCO3; Ha tutpyBanus
25,00 M1 Takoro po3uuMHy B MPUCYTHOCTI iHAMKaTopa (peHondraneiny (OD) Burt-
padyeHo 15,67 ma po3unHy 3 MojsipHoto koHueHtpauiero HCl 0,1012 monw/n, a Ha
TUTPYBaHHS TaKOT'O K 00’€My pO3UMHY B PUCYTHOCTI 1HAUKATOPa OPOMKPE30710BO-



ro 3eneHoro (bK3) — 42,13 ma toro x po3unny HCI. fki pedoBUHU 3HAXOASTHCA B
po3urHi? OOUUCIUTH TX MacH.

Po36’a3ok.

SAx6u po3unH mictuB Tibkun NaOH, Ha #Ooro TUTpyBaHHS B MPUCYTHOCTI Oyb-
SKOTO 3 JIBOX 3raJlaHuX 1HAMKATOPIB BUTPAYaIUCh OM OJIMHAKOBI 00’€MHU PO3UMHY
KUCIIOTH, TOOTO V¢ = Vk3.

Axbu po3umH mictuB TibkM Na,COjz;, Ha HOro TUTpyBaHHS B IMPUCYTHOCTI
(peHondTaneiny BuTpayansock OM B 2 pa3d MEHIIE PO3YMHY KHUCIOTH, YUM B

MPHUCYTHOCTI OPOMKPE30JI0BOTO 3€JIEHOT0, TOOTO

1
V@q): 5’ K3 -

AxOu pozunH wmictuB TUbkK NaHCOs, TO mpu TUTpyBaHHI B HMPUCYTHOCTI
(deHondraneiny po3unH OM 3HEOAPBIIOBABCS MPU JO/aBaHHI MEPIIUX Kalelb po3-
YUHY KUCJIOTH, TOOTO Voo = 0.

Ax6u po3unn mictuB NaOH Tta Na,COs;, To Ha TUTpyBaHHS B MPUCYTHOCTI
dbenondraneiny ButpayaBcsa 6 00’€M pPO3UMHY KHCIOTH OLIBIINN, HIK IOJIOBHHA
TOT0, 1110 BUTPAYAE€ThCA HA TUTPYBAHHS B IIPUCYTHOCTI OPOMKPE30JI0BOTO 3€JEHOTO,
T00TO Voo > 1/2 Vixs.

3riJIHO 3 YMOBOIO 33J1a4l, HA TUTPYBaHHS B MPUCYTHOCTI (peHo(Taneiny BUTpa-
YeHO MEHIIIE PO3YMHY KHCJIOTH, HDK TOJOBHHA TOTO, IIO BHUTPAYA€ThCA HA THTPY-
BaHHS B MPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIeHOT0, TOOTO Voo < 1/2Viys.

Otxe, po3unH MicTuTh Na,CO3; Ta NaHCO:s.

B npucytHocTi perondraneiny tutpyerbes Tuibku Na,COg:

CO;s* + H" < HCO5 .

B Toul1i cTeXIOMETPUYHOCTI MA€ MICLIE PIBHICTD:

ny(H") = n(CO5%), abo

¢(HCI) Vgae = m(Na,CO3)/M(Na,COs) ,

3BIKH

M(Na,CO3) = ¢c(HCI) Voo M(Na,COs).

B pe3ynbTaTi 00UMCIIeHb OJEPKYEMO:

m(Na,COs) = 0,1012 moms/1 "15,67'10 % 1 105,989 r/moms = 0,1681 T.

B mpucytHocTi OpOMKpE30J0BOr0 3€JI€HOr0 TUTPYIOThCS AK KapOOHaT, Tak 1
riapokapOonar. [Ipu 1boMy TPOTIKAIOTH PEaKIIii:

CO;* + 2H" < H,0 + CO,,

HCO; + H" < H,0 + CO,,

1 KUIBKOCT1 PEYOBUHU TOB’s13aH1 MK COOOI0 PIBHSHHSM:



n,(H") = 2n(CO5%) + n(HCO5), abo
c(HCI) Vi = 2¢(HCI) Vo + m(NaHCOs) / M(NaHCO3),

3BIIKHU
m(NaHCO3) = M(NaHCO3) c(HCI) (V5k3 - 2Voo)-
O6uucimumo macy NaHCOg:

m(NaHCO;) = 84,007 r/mons”  0,1012 moms/mr (42,13 —215,67)10°n =
0,0917 .

Ilpuknao 6.4.

B wmipay konOy wmictkicTio 250 M BHecnu 5,00 Mi cymimii, siKa MiCTUTh
texHiuHi cipyany H,SO, ta opTodochopny HzPO, kucmoTn, 1 moBenu nucTuiboBa-
HOIO BoJor0 A0 MiTku. Ha TutpyBanns 25,00 M oJepXaHOro pO3YMHY B
IPUCYTHOCTI 1HJUKaTopa OpomkpesonoBoro 3eneHoro (bK3) sutpaueno 26,40 mn
po3unHy 3 MoJsipHOIO KoHueHTpalietro NaOH 0,0986 monws/n. Ha TurpyBanHs Tako-
ro X 00’e€My pO3UMHY B IPUCYTHOCTI iHIMKaTopa perondraneiny (OD) ButpaueHo
40,00 mut Toro x po3urHy NaOH. OGuucnute Macu KUCIOT B 1 J1 cymiti.

Po36’a30k.

B npucytnocTi BK3 TuTpyeThCs cipyaHa KHCIOTa 3a JIBOMa CTYNEHSMH Ta Op-
TodochopHa kuciora 1o auriapodocdary:

H* + OH < H,0,

HSO, + OH™ < H,0 + SO,

H;PO,+ OH < H,PO, + H,0.

B Toul1i cTeX1IOMETPUYHOCTI BUKOHYETHCS PIBHICTD!

nl(NaOH) = 2n(HZSO4) + n(H3PO4), (1)
abo
¢(NaOH)' Viges = 2n(H,S0,) + n(HsPO). 2

B npucytnocti @O TUTPYIOThCS 1 cipyaHa, 1 opToocdopHa KUCIOTH 3a JBOMA
CTYTICHSIMU:

H* + OH < H,0,

HSO, + OH < H,0 + SO,

H3PO,+ 2 OH <> HPO,* + 2H,0.

B Toulli cTEX10METPUYHOCTI B JAHOMY BHUIAJIKy BUKOHY€ETHCS PIBHICTb!

nz(NaOH) = 2n(H2804) + 2n(H3PO4), (3)
abo
¢(NaOH) Vo = 2n(H,50,) + 2n(HsPO,). (4)

BimnimMemo piBHsHHS (2) 3 piBHsAHHS (4):



n(H3PO,) = ¢(NaOH) (Voo — Vik3) - 5)

Maca H3POy, sixa mictuthes B 5,00 M1 cymiltni, T1OpiBHIOE:

M(H3PO,4) = M(H3POy) - ¢(NaOH) - (Voo — Vik3) - VidVar =

= 97,995 r/mous - 0,0986 momw/a - (40,00 — 26,40) - 1031 - 250 M / 25 mn

=1,3140r,

aB 1 o cymimi:

1,3140 r - 1000 mu1 / 5,00 M1 = 262,8 1.

[TixcraBuBimM piBHSAHHS (5) B piBHIHHSA (2), OAEPKUMO:

n(H,SO,) = ¢(NaOH) - (2Vix3 - Voo) / 2.

3Biacu maca H,SOy, sxa mictuthes B 5,00 Mt cymini, TOpiBHIOE:

M(H,SO,4) = ¢(NaOH) - (2Vgks - Voo) - M(H,SOy) - V[ 2V, =

= 0,0986 mo:n/m1 (2-26,40— 40,00)'1073H - 98,07 r/monb - 250 M/ 2-25 M1 =
0,6188,

aB 1 1 cymimii:

0,6188 r- 1000 ma / 5,00 ma = 123,8 r.

IlIpuknao 6.5.

HaBaxky cymimi gurigpodocdaty Harpito NaH,PO, Ta rimpodocdaty Hatpito
Na,HPO, wmacoo 4,82151 poszunneno B 200 M po3YMHY 3 MOJISIPHOIO
kounentpariiero HCI 0,1982 monw/n. Ha tutpyBanns 20,00 M oaepKaHOTO po3uu-
HY B IPUCYTHOCTI 1HAMKaTOpa denondraneiny surpadero 21,00 Mi po3uuny 3 Mo-
nspraoto koHrentpaiiero NaOH 0,25 mone/n. OGuucnutu MmacoBy 4actky Na,HPO,
B CyMIIII.

Po3é6’a3ok.

®enondranein 3abapemtoerbess npu pH 8—10, Komum YaCTUHKH, MO0 MICTHIIH
docdar, meperBoprorotsest B HPO,” . 3HaiiieMo KiIbKIiCTh PEUOBHHHI iOHIB BOZHIO,
110 MPOB3AEMO/IISTN 3 JTyTOM TMPU TUTPYBaHHI. /(71 IbOTO TOCUTH MOPIBHATH CKJIa
peareHTiB, 110 BHECEH1 A0 modaTtkoBoro po3uuny (Na,HPO,, NaH,PO, i HCI), ta
cKTax pos3umHy B KiHm tutpyBamHs (iomm Na®, CI, HPO,%). 3 myrom
MIPOB3aEMOJISUTH Ti 10HU BOJHIO, 10 MicTuiuch y po3unni HCI ta B NaH,PO,, npu-
YoMy KOXHA dYacTMHKa auriipodocdaTy BHOCHTH oauH ioH H' 1o 3aranmbHoi
kutbkocTi. Ha tutpyBanss B3aro 20 mi, To6To 1/10 yacTKy mo4aTKOBOTO PO3YMHY.
Toni kinbkicTh pedoBnnn H', 1110 IpoB3aeMotisiia 3 IyroM, J0PiBHIOE:

n(H") = 1/10{n(NaH,PO,) + n(HCI)}.

B Toul1i cTeX10MEeTpUYHOCTI BUKOHYETHCS PIBHICTD:

n(H") = n(OH"),



abo:

n(OH") = 1/10{n(NaH,PQ,4) + n(HCI)}.

O06YHUCITMMO KUJTBKOCTI PEYOBUHM KUCJIOTH Ta JIYTY:

n(HCI) = 0,1982 momaw/a - 0,2 1= 0,03964 Mob,

n(OH") = n(NaOH) = 0,25 mous/x - 21-10°° 11 = 0,00525 moJIb.

Toni kimpKicTh peuoBUHH auriapodocdary B cyMillnl TOPiBHIOE:

n(NaH,PO,) = 10 n(OH") - n(HCI) = 10 - 0,00525 mons - 0,03964 monb =
0,01286 mob.

Maca NaH,PQO, B cymimii 1opiBHIOE:

m(NaH,PO,) = 119,977 r/mouns - 0,01286 monb = 1,5429 r.

Maca rigpodocdaTy HaTpitO TOPIBHIOE:

m(Na,HPO,) = 4,82151r-1,5429 r=3,2786 1.

O6uKCcIMMO MacoBy 4acTKy TiapodocdaTty HaTpito:

X(Na,HPO,4) = 3,2786 r - 100 % / 4,8215 r = 68,0 %.

3amauvi qoist caMocTiitHoOI podoTH

6.1. Ha TutpyBanns 20,00 mi po3urHy, 10 MICTUTh PEYOBUHY A, BUTpaueHO V
MJI PO3UMHY TUTPAHTY 3 MOJISIPHOIO KOHIIEHTpAIli€to ¢ MOJb/i1. Dopmynu peuoBUHU
A 1 TUTpaHTy, 3HAYEHHS KOHIIEHTpaIlli Ta 00’€My TUTpPaHTy HaBEJICHI B TaOJHII.
O06UKCIUTH MOJISIPHY KOHIIEHTPAIIII0 PEUOBUHU A B PO3UYMHI.

No PeuoBuna A Turpant Konuenrpanuis O6’em
Bapi- TUTPAHTY (C), TUTPAHTY,
aHTy MOJIB/JT V, M

1 HCI NaOH 0,1026 19,20
2 KOH HCI 0,0785 18.70
3 Na,C,04 HCI 0,2005 15,45
4 Na,COs HCI 0,1145 12,63
3) H,SO, NaOH 0,0997 14.83
6 HNO; KOH 0,1325 20,01
7 Na,B,0; HCI 0,1675 19,50
8 CH;COOH KOH 0,1500 20,00
9 NH3 HCI 0,1051 19,88

10 NaHCO; H,SO, 0,1251 13,50

11 KHCgH,O4 NaOH 0,1285 14,50

12 H,C,0, NaOH 0.1054 15,60

13 C¢HsCOOH NaOH 0,0683 18,90




14 Ba(OH), HCI 0,1046 16,40
15 HCOOH NaOH 0,1052 17,52

6.2. O0uncnutu Macy HaBaxku 0ypu Na,B,07;10H,0, Ha TuTpyBanHs sKOi Oyae

ButpaueHo 20,00 M po3unHy 3 MoJsipHOI0 KoHIeHTpatiero HCI 0,1060 momns/m.
(0,40 ).

6.3. OO0uMcnUTH Macy HABaAXKU KPUCTAIOTApATy MIABIEBOI KHUCIOTH
H,C,0,2H,0, na turpyBanHs sikoi OyJe BuTpaueHo 01u3bko 20 M1 po34HHY 3 MO-
asipHoto KoHIeHTparnieto NaOH 6mau3bko 0,10 Mounb/m.

(0,13 1).

6.4. PeyoBuna wmictute 50 % CaO, 40 % CaCO; ta 10 % inmudepeHTHHX
JOMILIOK. SIKy HaBaXkKKy pedyoBUHHM TpeOa B3ATH, 1100 HA 1i TUTPYBAHHS BUTpaya-
nock 20 mut po3unHy 3 MoJsipHOto KoHIeHTpatiero HCI 0,1 mons/n?

(0,08 r).

6.5. HaBaxkky T€XHIYHOTO T1poKcUy Kajio Macoro 0,3158 r po3unHeHo y BOI.
Ha TutpyBaHHS 0A€ep:KaHOTO pO3YMHY BUTpayeHO 27,45 Ml pO34MHY 3 MOJSPHOIO
konieHtpaniero HCl 0,1966 monws/n. Yomy nopiBHioe macoBa udactka KOH B
TEXHIYHOMY TIPOJTYKTI?

(95,88%).

6.6. Buno mictuth BuHHY Kucinoty H,C4H4O6. KucnoTHicTh BUHA BU3HAYAETHCS
BMICTOM BHUHHOi KHUCIOTH B rpamax Ha 100 ma BuHa. OOYUCHAUTH KHUCIIOTHICTh
O1I0ro CTOJIOBOTO BHMHA, SKIIO Ha TUTpyBaHHd S50 Myl MOoro B MPUCYTHOCTI
iHaukaropa (QeHondraneiny ButTpadeHo 10,75 Mma  po3uMHy 3  MOJSIPHOIO
kouteHntpariiero NaOH 0,0754 momns/m.

(0,122 r ma 100 mu).

6.7. HaBaxxxy TexHiuHoi opTodochopHoi kuciotu Macor 0,300 r po3unHeHO y
Boal. Ha TturpyBaHHA onepKaHOrO PO3YMHY B IPUCYTHOCTI IHIUKATOpA
denondraneiny Butpaueno 20,85 M po3unHy 3 MOJISIpHOIO KoHUEeHTpaliero NaOH
0,1921 monw/n. YoMy nopiBHioe MacoBa yactka H3PO, B TexHiuH1l KuCIOTI?

(65,42%).

6.8. OOumciutu Macy HaBaXKH Kpucrajorigpary riapodocdary Harpiro
Na,HPO,12H,0, na TutpyBaHHs SKOi B MPUCYTHOCTI 1HAUKATOpPAa OPOMKPE30JI0BO-
ro 3eJeHOro BuUTpayanoch O6u 20 Mi po3unHy 3 MoJisgpHOIO KoHIeHTpariero HCl
0,0524 monp/m.

(0,38 1).

6.9. HaBaxxxy 6ypu Na,B,0710H,0 macor 7,6410 r po3unHeHO y BOJII 1 00’ €M

po3uuny aoBeaeHo 10 250 ma. Ha tutpyBanus 25,0 MJ1 0iep>KaHOTO PO3UHMHY BUT-



paueno 22,17 mn pozunny HCl. Yomy nopiBHioe MomsipHa koHueHtpaiis HCI B
pO3unHiI?
(0,1804 moib/).

6.10. HaBaxky xkpuctamoriapaty masneBoi kuciotu H,C,0,2H,0 wmacoro
0,5445 r po3unneHo B MipHiid k061 mictkicTio 100 M. Ha tutpyBanus 20,00 mn
oJlep>kaHoro po3unHy BuTpaudeHo 18,34 mu po3unny NaOH. Yomy nopiBHIOE MO-
nsipHa KoHueHTpaiist NaOH B po3unHi?

(0,0942 monw/m).

6.11. HaBaxky macoro 0,5341 r nyry, mo mictutb 92 % NaOH Ta inaudepeHTHi
JOMIIIKHA, PO3YMHEHO B MipHii k0101 MicTkicTio 100 M. Ha TurpyBanus 10,00 mn
oJiepKaHoro po3unHy ButpadeHo 15,40 mu pozunny HCIl. HYomy nopiBHIOE MOJsipHA
konueHntpauis HCl B po3unni?

(0,0798 mouw/m).

6.12. HaBaxky kapOoHaTy Iy>KHOTOo MeTaly Macoio 2,3585 r po3uMHEHO B
MipHii k0101 micTtkicTio 100 mi. Ha tutpyBanus 10,00 mut ofepaHOTO pO3UYUHY
ButpadeHo 20,00 ms1 po3unHy 3 MossipHoro koHueHTpauiero HCl 0,2225 momnb/m.
KapOonar sikoro metany OyB B3ATHIA?

(Na).

6.13. Po3unn xs10poBoHEBOT KHCIOTH 00’ eMom 50,00 M1 BHECEHO B MipHY KOJI-
Oy 1 po36aBneHo Boj1010 710 00’ emy 1000 mu1. 18,20 Mt ofep:kaHOro po34MHY KUCIIO-
TH BUTpaueHo Ha TuTpyBaHHsA 20,00 M pO3UMHY 3 MOJISIPHOIO KOHIIEHTPAIIIEIO
NaOH 0,0854 mons/n. Yomy mopiBHioe moisipHa kKoHrentpailiss HCl B Buxignomy
pPO34MHI?

(1,88 mounb/i).

6.14. [loOytoBuii Muroumii po3uuH o0’emom 25,0 Mi po30aBIIEHO BOJAOIO [0
250 mu. Ha tutpyBanns 20,0 Mt ofiep>kaHOT0 po3unHy BUTpadeHo 32,24 Mil po3yu-
Hy 3 MossipHOrO KoHIeHTpaliero HCl 0,1250 moaw/1. YoMy 1OpiBHIOE MacoBa 4acT-
ka NHj B MutouoMy po3uuHi, sIKIo ioro ryctuna aopiBHioe 0,9840 r/mn?

(2,16 %).

6.15. Po3uuH cipuaHoi KUCIOTH 00’€MOM 5 MJT po30aBIEHO ITUCTUIHOBAHOIO BO-
noto 10 500 ma. Ha tutpyBanns 25,0 M oiep:KaHOro po3unHy BUTpadeHo 19,50 mi
po3unHy 3 MoJsspHOto KoHieHTpaiiero NaOH 0,0985 mons/n. YoMy mopiBHIOE MO-
nsipHa koH1eHTpaiis H,SO, B BUXITHOMY pO3YMHI KHCIIOTH?

(76,8 monb/1).

6.16. Hamaxky wmacorwo 1,4550r kanbUMHOBAHOI COJW, IO MICTUTh
1HAUGEpPEHTH] AOMIIIKH, PO3YMHEHO B MipHiil kos01 MicTKicTio 250 M. Ha Tutpy-
BaHHA 25,00 M1 oJ1ep’KaHOTO PO3YHMHY B MPUCYTHOCTI 1HIUKATOpa OPOMKPE30JI0BO-



ro 3eneHoro ButTpadeHo 20,95 mi po3umHy 3 MOJsipHOIO KoHIeHTpaliero HCl
0,1025 monw/n1. YoMy J0piBHIOE MacOBa YacTKa JIOMIIIOK B COJIi?
(21,78%).

6.17. Busnauntu 00’eM po3uuHy 3 MOJspHOIO KoHueHTpamiero HCI
0,1224 momnb/n, SKuif BUTPAYAETHCS HA TUTPYBAHHS:

a) 20,0 mi posumHy 3 MossipHOIO KoHIeHTparmiero NagPO, 0,1116 mons/m B
pUCYTHOCTI heHoadTaNeiHY;

0) TOTO K CaMOro po34MHY B MPUCYTHOCTI OPOMKPE30JIOBOTO 3€JIEHOTO;

B) 40,0 M1 po3uuHy, sikuii MicTuTh NazPO, 3 MOJISIPHOIO KOHIIEHTpAIII€r0
0,1050 monms/m Ta Na,HPO, 3 wmomsapHoto koHueHtparieo 0,0825 mons/n, B
MIPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIEHOT0;

r) 20,0 MJI TOTO 3K caMOro po34rHY (IMMyHKT B)) B IPUCYTHOCTI (heHoNPTaNCIHY.

(a) 18,24 mu; 6) 36,48 mur; B) 95,59 mur; 1) 17,16 mun).

6.18. Busnauutu 00’€eM po3uuMHYy 3 MOJSPHOIO KoOHIEeHTpamiero NaOH
0,1073 momnb/1, sSiKUif BUTPAYAETHCS HA TUTPYBAHHS:

a) 25,0 mn po3uuny, skuil wmictutb HCl 3 MOIspHOIO KOHIIEHTpAIlIEIO
0,1030 mome/m Ta NaH,PO, 3 w™momsapHoto konueHtparieo 0,1250 mons/n, B
npucyTHOCTI heHondraneiny;

0) TOTO  CaMOro PO3YMHY B IPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIE€HOTO;

B) 30,0 M pozumny, sikuii mictuth NaH,PO, 3 MOJSIpHOIO KOHIEHTpAIIIEO
0,1640 momnb/n1, B mpucyTHOCTI deHondTraneiny;

r) 25,0 mn po3umHy, mo wmictuth H3PO, 3 MomspHOIO KOHIIEHTpAIiE
0,1200 mome/m Ta NaH,PO, 3 wmomsapuoro konueHtparieo 0,1350 mons/n, B
MPUCYTHOCTI (heHoNPTaNIEiHY.

(a) 82,2 mur; 6) 77,12 mu; B) 45,85 mur; 1) 87,37 mn).

6.19. Busnauutu 00’€eM po3uMHY 3 MOJSIPHOIO KOHIEeHTparietro NaOH
0,1200 momnb/1, IKUif BUTPAYAETHCS HA TUTPYBAHHS:

a) 25,00 mn po3umny, sikuii mictuth H3PO,; 3 MOJSPHOIO KOHIIEHTPALIEIO
0,1250 mosb/11, B IPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIEHOT0;

0) TOTo X CaMOro po34MHy B MPUCYTHOCTI (peHondTaneiny;

B) 25,00 M1 po3umHy, mo MictuTh H3PO, 3 MONSpHOIO KOHIEHTpAIIEO
0,1150 mons/m Ta NaH,PO, 3 w™omsapuoro xonueHrpamiero 0,0925 monw/n, B
MIPUCYTHOCTI OPOMKPE30JI0BOTO 3€JICHOTO;

I') TOTO K CaMOro po34nHy (ITyHKT B)) B IPUCYTHOCTI heHONPTAICiHY.

(a) 26,04 mut; 6) 52,08 mut; B)23,96 mut; 1) 67,19 mit.)

6.20. BuznHauntu 00’eM po3uMHy 3 MoisipHOIO KoHueHTpamietro HCI

0,1065 Moub/1, sIKUi BUTpAYaETHCSl HA TUTPYBAHHS:



a) 20,00 mn posuuny, 1o Mmictuth Na,HPO, 3 MOIspHOIO KOHIIEHTpAIlI€I0
0,0925 monb/11, B IPpUCYTHOCTI OPOMKPE30JI0BOTO 3€JICHOTO;

06) 25,00 M1 po3umHy, mo wmictuTh NaOH 3 MOJSpHOIO KOHIICHTPALIEIO
0,1065 Moub/11, B MPUCYTHOCTI OPOMKPE30I0BOT0 3€JI€HOTO;

B) 20,00 M1 po3umHy, mo wmictuTh NaOH 3 MOJSIpHOIO KOHIICHTPAIIEO
0,1065 monme/m  Ta NagPO, 3 wMomsaproto xkonneHTpamiero 00,1050 Mmonw/n, B
pUCYTHOCTI (heHoadTaNeiny;

r) 20,00 mi1 po3uuHy, 1o MicTuTh NagPO,; 3 MOJSPHOIO KOHIIEHTPAIIEI0
0,1065 mons/n Ta Na,HPO, 3 wmomspHorwo koHueHtpanuero 00,0925 monw/in, B
MPUCYTHOCTI OPOMKPE30JI0OBOTO 3€JIEHOTO.

a) 16,44 mi; 0) 23,67 mut; B)37,60; 1) 54,31 MiL.

6.21. HaBaxky macoro 0,1000 r cymimi, mo MICTUTh KapOOHATH HATpIlO Ta
KaJlilo, pO3YMHEHO y Boji. Ha TUTpyBaHHS OJlep>XKaHOTO0 PO3YMHY B MPHUCYTHOCTI
OpOMKpE30JI0BOT0  3eJieHOro  BuTpadueHo 22,00 M1 po3duMHy 3  MOJSIPHOIO
koHtentpariieto HCI 0,0732 mons/n1. YoMy JOpIBHIOIOTH MAacCOBi1 YaCTKU KapOOHATIB
B cymimi?

(37,00 % Na,COs; 63,00 % K,COs).

6.22. HaBaxky macoro 0,2140 r cymimi, o0 MICTUTh KapOOHATH HATPIlO Ta
KaJlil0, pO3YMHEHO Yy Boji. Ha TUTpyBaHHS OJIep>KaHOTO0 PO3YMHY B MPHUCYTHOCTI
iHauKaropa GdeHondTaneiny BuTpadeHo 16,50 M1 po3uMHy 3  MOJISIPHOIO
kouteHntpariieto HCI 0,1065 mons/n. YoMy JOpIBHIOIOTH MAacCOB1 YaCTKU KapOOHATIB
B CyMmini?

(45,88 % Na,COs; 54,12 % K,COs).

6.23. HaBaxky macoro 0,1240 r cymimi, 1mo MICTHTh KapOOHATH KalbIIO Ta
Oapiro, HeirtpamizoBano 15,00 ma po3unHy 3 MossipHOIO KoHueHTtpaiieo HCI
0,2000 momnb/n1. YoMy MOpiBHIOIOTH MAaCOBI YaCTKH KapOOHATIB B CyMiIlli?

(39,26 % CaCOs; 60,74 % BaCOs).

6.24. HaBaxky TexHiuHoro Jyry macoro 0,3251 r po3uriHeHO B MIipHIH KOJ0i
mictkicTio 100 mn. Ha tutrpyBanus 25,00 mi ofep:kaHOro po34MHY B MPUCYTHOCTI
dbenondraneiny Burpaueno 18,40 mi1 po3unHy 3 MoJIsipHOIO KOHIeHTpaiiero HCIl
0,10 monw/n1, a B mpucyTHOCTI OpoMKpe3ooBoro 3emnenoro - 18,80 mi Toro x po3-
yuHy KucioTu. Yomy nopiBHIoe MacoBa yactka NaOH B TexHiuHOMY 11y31?

(88,6 %).

6.25. HaBaxxky Macoro 0,9184 r TeXHIYHOrO JIyTy, 110 MICTUTh JOMIIIKHA Kal-
pOoHaTy, PO3YMHEHO B MipHIii K001 MicTKicTiO 250 M. Ha tutpyBanns 25,00 mn
OJIepKaHOT0 PO3UYMHY B MPUCYTHOCTI I1HAMKATOpa (QeHon]TalieiHy BHUTPAYEHO
20,70 M1, a B TPHUCYTHOCTI 1HAUKATOpa OpPOMKpEe30J0BOTO 3ereHoro —21,48 mi



po3unHy 3 MossipHoto KoHreHTpariero HCI 0,1042 mons/n . YoMy AOpiBHIOIOTH
macoBi yacTku NaOH Tta Na,CO3; B TexHIUYHOMY JTy31?
(90,65 % NaOH; 9,35 % Na,CO,).

6.26. HaBaxky macoro 0,0979 r 3pa3ky, 1m0 MICTUTh KapOOHAT 1 TiTPOKCH]
HATPiI0, PO3UMHEHO Yy BoJi. Ha TUTpyBaHHS Ofep» aHOrO PO3YMHY B MPUCYTHOCTI
denondraneiny BurpadeHo 20,65 mMa po3unHy 3 MoJsipHOIO KoHIeHTtpamiero HCI
0,1063 monb/n. Ha mpo/IoB)XKeHHS TUTPYBAHHS I[LOTO K PO3UYUHY B IPUCYTHOCTI
OpOMKpPE30JI0BOT0 3€JIEHOr0 BUTpayeHo 1ie 1,45 Mi1 Toro »* po3uuHy Kuciaotu. Yo-
My JopiBHIOIOTH MacoBi yacTku NaOH ta Na,COj3; B 3pa3ky?

(83,35 %;16,65 %).

6.27. HaBaxky 3pa3ky macow 1,5141 r 3 macoBumu yactkamu NaOH 60% Tta
Na,CO; 40% posunHeHo B MipHii k0101 micTkicTio 250 M. O0uncnuti 00’ eM
po3unHy 3 moisipHoto KoHIeHTpaiiero HCl 0,1025 monw/n, saxuit Oyae BUTpadyeHO
Ha TUTpyBaHHs 25,00 MJI OJIep>KaHOTO PO3UMHY B MPUCYTHOCTI (heHondTaieiHy ta
Ha TUTPYBAHHA TOTO X 00’€MY PO3UMHY B MPUCYTHOCTI OPOMKPE30JIOBOTO 3€JIEHO-
ro.

(27,72 mi; 33,29 mm).

6.28. HaBaxxxy macoro 0,3223 r inkoro kaini, [0 MICTUTh AOMIIIKK KapOOHaTy,
po3uMHEeHO y Bojl. Ha TurpyBaHHsS oJepKaHOTO PO3YMHY B MPHUCYTHOCTI
denondraneiny BurpaueHo 29,65 Ma po3unHy 3 MoJisgspHOIO KonieHTtpaiiero HCI
0,1794 monw/n. TToTiM 10 1ILOTO PO3YMHY JIOAAHO OPOMKPE30JIOBHM 3€JICHUM 1 Mpo-
JOBXXEHO TUTPYBaHHS, JOKU CHHE 3a0apBJICHHS HE 3MIHWIOCH Ha 3eneHe. [Ipu upo-
My PiBE€Hb PO3YMHY TUTPAHTy B Oropetii pocsr BiaMiTku 30,90 mi. YoMy nopiBHIOE
MacoBa yactka KOH B inkomy kami?

(88,69%).

6.29. HaBaxxky TexHiuHOTro rigpokcuay HaTpito macoro 0,4000 r po3umHEHO B
MipHii k001 MicTkicTio 100 M. Ha tutpyBanns 20,00 M ofepKaHOTO pO3YMHY B
MPUCYTHOCTI OPOMKPE30JI0BOTO 3eJieHOro BuTpadueHo 19,20 Ma po3uuHy 3 MOJISIp-
Hoto KoHueHTpamietro HCl 0,0986 monw/n. Takuii xe 00’eM po3unHy 0OpoOJieHO
XJOpUIOM 0Oapito 10 TIOBHOIO OCAQDKCHHS KapOOHATiB, a pPO3YMH, SKHUI
BIIOKPEMJICHO  BiJl ocaay KapOOHAaTiB, BIATHTPOBAHO B  TMPUCYTHOCTI
denondraneiny. [Ipu npomy Butpaueno 18,80 mur TOro x po3unHy KUCIOTH. YoMy
nopiBHIOE MacoBa yacTtka Na,CO3 B TEXHIYHOMY T1POKCH/I1 HATPIIO?

(2,62 %).

6.30. TexHiyHMUI JIyT MICTUTh AOMIIIKK KapOoHaTy. HaBaxkKky TEXHIYHOTO Jyry
macoto 0,1553 r po3umHeHo y Boxi. Ha TuTpyBaHHS onepKaHOTrO pPO3YHMHY B
npucyTHocTi  (QeHondTaneiny ButpadeHo 26,20 Ma pO3YUHY 3  MOJSIPHOIO



koHueHTpariero HCI 0,1225 monw/a. [loTiM 10 1IbOTO pO3YMHY J0AaHO OPOMKpPE30-

JIOBUM 3€JI€HUM 1 MPOJOBKEHO TUTPYBAHHS, JOKU CHUHE 3a0AapBIICHHS PO3UYMHY HE

3MIHWIOCH Ha 3elieHe. [Ipu 1boMy piBeHb PO3UMHY TUTPAHTy B OIOpETIl AOCST

BigMiTku 29,30 M. Yomy nopiBHIOe MacoBa yacTka NaOH B TexHigyHOMY 11y31?
(72,88 %).

6.31. KapboHar HaTpito MICTUTH AOMIIIKK TiApokapOoHary. HaBaxkky Takoro
kapoonaty Macor 0,5070 r po3uumHEHO y BOAl 1 00’€M PO3YMHY JOBEIEHO JI0
100 mn. Ha TutpyBanus 10,00 M1 ojepkaHOTO pO3UYMHY B MPHUCYTHOCTI
dbeHondraneiny BuTpadeHo 8,72 mul po3uMHY 3 MOJspHOIO KoHieHTparieo HCI
0,1004 momnp/n. TloTiM 70 IIHOTO PO3YMHY JOAaHO OPOMKPE30JIOBHM 3€JICHUM 1 TPO-
JIOB)KEHO TUTPYBAaHHS, TOKU CHUHE 3a0apBJICHHS PO3YMHY HE 3MIHWIOCH Ha 3€JICHE.
[Ipu npomMy piBeHb PO3UYMHY TUTPAHTy B OropeTui gocsr Biamitku 18,10 mu. Yomy
nopiBHioe MacoBa yactka NaHCO; B kapOoHaTi HaTpir0?

(10,97%).

6.32. HaBaxky macorw 0,1354 r kapOoHaTy HaTpito, IO MICTUTH JOMIIIKH
riApokapOoOHaTy, PO3YMHEHO Yy BoOJI. Ha TUTpyBaHHS oOJepkKaHOTrO PO3YHMHY B
NpPUCYTHOCTI  (eHondraneiny ButpadeHo 10,25 ma  po3unHy 3 MOJISPHOIO
konteHtpariero HCI 0,1028 mosnp/n. IToTiM B po3unH 107aHO0 OpOMKpPE30JI0BUH 3€-
JIEHUH 1 MPOAOBKEHO TUTPYBaHHS JI0 3MIHM CHHBOTO 3a0apBiieHHs Ha 3eneHe. [lpu
IbOMY PIBEHb PO3YMHY THUTPAHTy B OrOpeTii Jocsr BiaMiTku 23,24 ma. Yomy
nopiBHioe macoBa yactka NaHCO; B kapOoHaTi HaTpir0?

(17,47%).

6.33. KapOoHat HaTpil0 MICTUTh JOMIIIKU TrigpokapOoHaTy. HaBaxky Takoro
kapOonaty macoro 0,1428 r po3unneno y Boai. Ha TuTpyBaHHs oziepKaHOTO pO34H-
Hy B TpuCyTHOCTI (eHondraneiny ButrpayeHo 10,95 mi po3unHy 3 MOJSPHOIO
koHeHTpariero HCI 0,1020 moinp/i. TToTiM 10 1I5OT0 PO3YHHY J0JIaHO OPOMKPE30-
JIOBUY 3€JICHUH 1 MPOJOBKEHO TUTPYBAHHSA, JOKH CHHE 3a0apBIEHHS HE 3MIHWIOCH
Ha 3eneHe. [Ipu 1bOMy piBEHb pPO3UYMHY TUTPAHTy B OIOPETLi JOCST BIAMITKH
24,60 mu1. YoMy nopiBHIOE MAacOBa YacTKa TpokapOoHaTy B kKapOOHATI HATPirO?

(16,31%).

6.34. B cyMiIiri MOXyTb 3HAaXOJUTUCH OJIHA 200 KibKa 3 Takux pedoBuH: K,COs,
KHCO;, KOH. Haaxky cymimi Macoro 0,2623 r po3uumHeHo y Boai. Ilpum
TUTPYBaHHI OACPKAHOTO PO3YMHY B TPHUCYTHOCTI (eHondTaneiny ocTaHHIN
3HEO0APBIIOETHCSA TPH JI0JIaBaHHI TEPIINX Karelb PO3UYMHY KHCIOTH, a Ha TUTPY-
BaHHS B MPUCYTHOCTI OPOMKPE30JI0BOTO 3€JeHOT0 BUTpadaeTbes 21,50 M po3unHy
3 mouisipHoto kKoHueHTpariero HCI 0,1075 monb/n. SIkuii KOMIOHEHT B CyMIllll OC-
HOBHUI? fIka loro macoBa 4acTka?



(88,20% KHCO:s).

6.35. B cymimi MOXyTh 3HaXOJUTUCh OJHA ab0 KUIbKAa 3 TaKUX PEYOBHH:
Na,COs3, NaHCO3;, NaOH. HaBaxky cymimii macoro 0,2800 r po3unHeHo y Boji. Ha
TUTPYBaHHS OJIEP’KAHOTO PO3YMHY B MPHUCYTHOCTI (PeHondTaneiny BHUTPAUYECHO
5,14 mn po3unny 3 MossipHoto koHIeHTparieto HCI 0,1521 mons/. TToTiM A0 11b0T0
PO3YMHY J0/IaHO OPOMKPE30JIOBHI 3€JCHHUM 1 MPOJOBKEHO THUTPYBAHHS 10 3MIHU
CUHBOTO 3a0apBieHHS B 3eneHe. [Ipu 1boMy piBeHb PO3UYMHY TUTPAHTY B OIOpETIIi
nocsar  BiaMiTku 21,45 mi.  SIki  pedyoBHMHM 3HaxoasaThesa B cymimi? Yomy
JOPIBHIOIOTH X MacCOB1 YaCTKH?

(29,59% Na,COg; 50,97% NaHCOs).

6.36. B cyminni MOXyTh 3HAXOAUTUCH OJIHA a00 KiibKa TakuxX pedoBuH: Na,COs,
NaHCO;, NaOH. HaBaxky cywmimi macoro 0.2582 1 po3umneno y Boxi. I[lpum
TUTPYBAHHI OJEPKAHOTO PO3YMHY B MPUCYTHOCTI (eHondTaneiHy OCTaHHIM
3HEOAPBIIOETHCS MPHU JO0JIABaHHI MEPUIUX Kameidb PO3YMHY KUCIOTHU, a HA TUTPY-
BaHHS B MPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIEHOr0 BUTpayeHo 14,65 M po3uuHy 3
MosisipHoro kKoHueHTpamiero HCl 0,2040 monb/n. Skl pe4OBHHHM BXOIATH B CyMilI?
YoMy AOpIBHIOE MacOBa YaCTKa OCHOBHOTO KOMITOHEHTY CyMimIi?

(97,23% NaHCO:s).

6.37. Po3unH Mae Jy’KHy peakiito. € NpUIyIIeHHs, [0 B HhOMY MOXYTb 3HaXO0-
TUTHCH ofHa abo kibKka 3 Takux pedoBuH: K,CO3;, KHCO3;, KOH. Ha tutpyBanus
nopiii po34rHy B MPHUCYTHOCTI deHondTalieiHy BUTpaYeHoO 7,52 MIJI pO3UHHY 3 MO-
nsipHoro koHueHtpaniero HCl 0,2012 mosnb/i, a B IpUCYTHOCTI OPOMKPE30JI0BOTO
3eneHoro — 18,25 Myt Toro ) TUTpaHTy. SIKi pe4OBUHU 3HAXOASTHCS B PO3UHHI, SIKi
ix macu?

(0,2091 r K,COg; 0,0646 r KHCO3).

6.38. B cyMmiIni MOXyTbh 3HAXOJIUTHCH OJIHA a00 KiJibKa 3 Takux pedoBuH: K,COg,
KHCO;, KOH. HaBaxky cymiii macoro 0,4177 r po3uMHEHO y BOJI1 1 BIATUTPOBAHO
B pUCyTHOCTI QeHondraneiny. Ilpu npomy BuTpaueno 21,15 mMa po3dnHy 3 MOJIsp-
Hoto KoHueHTtpauiero HCI 0,2482 monb/n. Ha TuTpyBaHHS Takoi % HABAXKKHU CyMIII
B MPUCYTHOCTI OPOMKPE30JIOBOTO 3€JICHOT0 BUTpaudeHo 27,20 MJI TOTO XK PO3UHHY
KHUCIOTU. SIK1 peYOBHHM 3HAXOAAThC B cyMimni? YoMy AOpiBHIOIOTH iX MacoBi ua-
CTKH?

(49,67% K,CO3; 50,33% KOH).

6.39. Po3uun mictuth xsnopoBojaueBy HCI ta oprodochopny H3PO, kucnoru.
[Ipoby Takoro po3uumny o06’emom 10 M po3BeiaeHO B MIpHIA KOJO1 MICTKICTIO
200 mn. Ha tutrpyBanss 20,00 M1 ofep:kaHOTO PO3YMHY B MPUCYTHOCTI OPOMKPE30-
JIOBOTO 3€JICHOTO BUTpadeHo 16,65 M1 po3unHy 3 MOJSIPHOIO KOHIeHTpamiero NaOH



0,0997 monb/1, a Ha TUTPYBAaHHS TaKOi > TOPIIi PO3YMHY B MPUCYTHOCTI
dbenondraneiny — 24,65 mi1 TOro X TUTpaHTy. YoMy JIOPIBHIOIOTh MacH KUCJIOT B 1
J BUX1AHOTO PO3YUHY?

(78,2 r H3POy; 31,5 T HCI).

6.40. TutpyBanu AB1 OJIMHAKOBI AJIKBOTH PO3UUHY, SIKUHA MICTUTH OpTOdhochop-
Hy kucnory HzPO, Ta murigpodocdar marpiro NaH,PO,, ogHy — B mpucyTHOCTI
OpOMKpPE30JI0BOT0 3€JI€HOTr0, MPHU [IbOMY BUTpadyeHO 7,45 MJI PO3UMHY 3 MOJISIPHOIO
koHueHTpaiietro NaOH 0,0975 monw/n, Apyry — B HNPUCYTHOCTI (deHondTaneiny,
npu oMy BHUTpadeHO 23,95 mi Toro >k TUTpaHTy. YoMy AOpIBHIOIOTH MacH
KOMITOHEHTIB B PO34HHi?

(0,0711 r H3POy; 0,1058 r NaH,POy,).

6.41. 5 mu cymimi, sika mictuth cipuany H,SO, Ta oprodochopny HzPO, ku-
CJIOTH, TOMIIIEHO B MipHY KOJIOY MICTKICTIO 250 MJI 1 IOBEICHO IHUCTHIIHOBAHOIO
BOAOI0 110 MiTkU. Ha tutpyBanns 25,00 mu1 ofiep»KaHOTO PO3YMHY B MPUCYTHOCTI
OpOMKpE30JI0BOTO ~ 3€JICHOT0  BUTpadueHo 13,79 Ma  po3uMHy 3  MOJSPHOIO
konieHTpaiiero NaOH 0,1826 monb/n. Ha TuTpyBaHHs Takoro »* 00’emy ojepika-
HOTO PO3YMHY B NPUCYTHOCTI (heHonTaneiny BurpayeHo 20,47 MJ1 TOTO X PO3UUHY
TUTpaHTy. YoMy OpIBHIOIOTH MAacH KOXHOI KHCIOTH B | 1 cywimni, B3STOi JUIs
aHamizy?

(238,91 r H3POy; 126,56 T H,SOy).

6.42. 10 mn cymimii, sika mictuth cipyany H,SO,4 Ta oprodochopny H3PO, ku-
CJIOTH, p0o30aBJIEHO JUCTUIBOBaHOI BOJOK 10 500 mu. Ha TuTpyBaHHs ofaep:kaHo-
ro po3unHy BifiOpano ABi anikBotu no 20,00 my. Burtpara po3unHy 3 MOJSPHOIO
koHieHTpaiiero NaOH 0,0996 Mob/1 B MPUCYTHOCTI OPOMKPE30JI0BOTO 3€JIEHOTO
cTaHOBUTh 9,25 M, a B mnpucytHocTi (erondpraneiny — 14,90 mn. Yomy
JIOPIBHIOIOTh MacH KUCJIOT B BUXIJHIN cymiti o6’emom 1 1?

(137,86 r H3POy; 43,90 r H,SO,).

6.43. Jlo HaBa)XKM TeXHIYHOTO OKcuay HuHKy Macorw 0,1007 r momano 25,0 ma
po3urHy 3 MoJisipHOIO KoHIeHTpartieto H,SO, 0,1206 monws/n. Ha TutpyBanHs Haj-
JUIIKY KUCJIOTU BUTpaueHo 20,95 mil po3urHy 3 MOJSIPHOIO KoHLeHTpamiero NaOH
0,1909 momnb/n. Homy mopiBHIOE MacoBa yacTka ZnO B TEXHIYHOMY OKCH/I1?

(82,03 %).

6.44. HaBaxxky TexHi4HOro cynbdary nuHky macoro 0,1324 r po3yuHeHo y BO/I.
Jlo onmep)kaHOTO PO3YMHY JOJAHO 25 M PO3YMHY 3 MOJIIPHOIO KOHIICHTPAIIIEIO
Ba(OH), 0,0695 moinw/n. Ocan BaSO4 BiadiapTpoBaHo, a HA TUTPYBAHHS HAJJIUIIKY
Ba(OH), BurpaueHo 18,2 M1 po3unHy 3 MoyisspHOIO KoHueHTpariero HCI
0,1026 momnb/n1. Homy mopiBHIOE MacoBa yacTka ZnSO, B TEXHIYHOMY MPOIYKTi?



(98 %).

6.45. UYepes 25mn po3unmHy 3 MOJIsSIpHOHO KoHIeHTpaliero Ba(OH),
0,0116 monb/n mponyieHo 3 i1 mickkoro mnoBiTps. Ocan BaCOs, mo yTBOpHBCH,
BindineTpoBano, a Hammmok Ba(OH), BiATHTpOBaHO pPO3YMHOM 3 MOJISIPHOIO
koHrentpamniero HCl 0,0124 mone/n. Tlpu npomy BuTpadeno 20,6 Mit po3unHy KH-
cinotu. Yomy nopiBHioe 00’emHa yactka CO, B MOBITPI MPH TYCTHUHI MOBITPS
1,98 r/n?

(0,12 %).

6.46. Jlo xapOonaty kanbiito Macorw 0,2002 r mogano 100 Ma po3uuHy 3 MO-
nsipaoto koHueHtpauiero HCl 0,1217 mons/n. OpepkaHuil po34yuH MPOKUIT TIYCHO
s BuganeHHs CO,, a nHagmmok HCI BiATUTpOBaHO PO3YMHOM 3 MOJISIPHOIO
koHieHTpaiiero NaOH 0,2019 monw/n. Po3paxyBatu 006’em pozunny NaOH, skuit
BUTPAYCHO HA TUTPYBAHHS.

(40,5 mm).

6.47. 1o HaBaxxku a30THOI kuciaotu macoro 0,5050 r gomano 50 mi1 po3uuHy 3
MouisipHOto KoHueHTpaniero NaOH 0,1025 moinb/n. Ha TuTpyBaHHS HaAIUMIIKY JIyTY
ButpadeHo 10,12 mu po3unny 3 mossipHoro koHueHTpauiero HCl 0,1045 momnb/m.
Yomy nopiBHIOE MacoBa yacTka N,Os B HaBaXKIli KHUCIIOTH?

(43,50 %).

6.48. HaBaxky xsopuay amoHito macoro 0,1706 r po3unHeHo y Boji, a A0 OJep-
®KaHOTOo po3unHy noxaHo 50,0 mu1 po3unHy 3 MOJIIpHOIO KOHIeHTpaiiero NaOH
0,1000 monb/n. Po3uuH HarpiTo AJis MOBHOrO BHJajeHHs amiaky. Ha TutpyBaHHs
Hajumiiky NaOH Butpaueno 14,65 mMa po3unny 3 MossipHoro KoHueHTtpauiero HCl
0,1706 momnb/n1. Homy mopiBHIoe MacoBa yacTka NH,4Cl B HaBaxI1i?

(78,39 %).

6.49. A30T, 110 MICTUTBCSI B OpraHiyHii pedoBuHi Macor 0,4436 r, nepeBeieHo
B cynbhat amonio (NH),SO,. Jlo HhOro 101aHO KOHIICHTPUPOBAHUHN PO3UYUH JIYTY
Ta MPOKUIT TYEHO. AMIiakK, 0 BUILIMBCS MPHU I[bOMY, IPONYIIEHO Yepe3 20 M1 po3-
yuHy 3 MoJsipHOO KoHueHtpauiero HCl 0,1115 monb/n. Ha TuTpyBaHHs HaAJIMIIKY
KUCJIOTH BUTpadeHo 10,2 M1 po3uMHY 3 MOJISIpHOIO KoHIeHTpariero NaOH
0,0688 momnb/n1. Yomy OpiBHIOE MacoBa YacTKa a30Ty B OPTaHIuHIM PEYOBUHI?

(4,83 %).

6.50. 1o naBaxxku macorw 0,2046 r cymimii, 0 MICTUTh KapOoHatu Oapito Ta
HaTpito, AojaaHo 50 M po3uuHy 3 MossipHOIO KoHueHTtpauiero HCl 0,1056 monb/m.
Opnep>xanuii po3urH Npokui’ ssueHo ajs BujgageHHss CO, 1 Ha TUTPYBAHHS HAJIUIIKY
HCl Burpayeno 10,95 Mn po3unHy 3 MOJspHOWO KoHuUeHTpauiero NaOH
0,2082 mounb/n1. YoMy 1OpiBHIOIOTH MACOBI YaCTKU KapOOHATIB B CyMiri?



(48,16 % BaCOs; 51,84 % Na,COy).

6.3. JlocigskeHHsI XapaKTEPUCTHK KHUCJIOTHO-OCHOBHOTO
TUTPYBAHHA i BUOIp IHAUKATOPY

XiJT KUCIIOTHO-OCHOBHOTO TUTPYBAHHS XapakTepHU3ye 3ajekHICTh pH po3umHy
BiJl 00’€My JOJAHOIO TUTPAHTY, SIKA HA3UBAETHCA Kpueow mumpyeanus. Pizka
smina pH no6iauzy TC 3ymoBneHa mnajaiHHAM OydepHOI €MHOCTI PO3YUHY 1
HA3MBAETHCS CTPUOKOM THUTpPYBaHHA. [HIMKATOpHY cHUCTeMy OOMparoTh TakK, 1100
3Ha4eHHS pHyrr 3HAXO0MUIIOCH camMe Ha CTPUOKY TUTPYBaHHS.

3HadyeHHsa pH B Todlli CTEXIOMETPUYHOCTI 3aJICKUTh BIJl CUJIM Ta KOHIEHTpAILIil
MPOTONITY, IO TUTPYEThCS. [Ipy TUTpyBaHHI CHIIBHUX KUCIOT 1 ayriB pHrc = 7, npu
TUTPYBaHHI cIa0KuX KUCIOT pHrc > 7, mpu TutpyBanHi c1abkux ocHOB pHpc < 7.

OCHOBHOIO METOJIMYHOIO TOXMOKOI KHCIOTHO-OCHOBHOTO TUTPYBaHHSI € HO-
Xuobka inoukauii, 3ymoenena piznuyeiro 3nauenv pHyrr i pHyrc. Bona ckiiagaetscs
3 8UNAOK060I | cucmemamuyHnoi ckiaooeux. JIns OIIHKKM MOXHOKH 1HAMKAIL B
KOHKPETHOMY TUTPYBaHHI Cilii o04yuciuTy 1 chiBctaButh 3HadeHHs pH B TC i
KTT.

Cucmemamuuna ck1a0oéa noxXuodKu iHOuKayii IepeBaxae BUMAIKOBY, SKIIO

[PHrc — pHirr| > 0,5. (6.10)

3a HasgBHOCTI CHCTEMAaTUYHOI MOXUOKU pe3yJbTaTH TUTPYBAaHHS, OOUYHUCIICHI 3a
CTEXIOMETPUYHUM  BIJHOLICHHSM, OyAyTh 3aBUIICHUMH a00 3aHMKEHUMH
MOPIBHSHO 3 A1ICHUM 3HAYEHHSM.

Haii0inbi1 yHiBepcaabHUNA METOJ 3HAXO/KEHHS 3HaueHHs pHryc 1 AOCIIIKEHHS
CUCTEMATUYHUX MOXUOOK THUTPYBAaHHS —METO]I OallaHCy KOMITOHEHTIB. 3a KOMIIO-
HEHTU 00uparoTh ioH H' i mpoayKT peaxiii TUTpyBaHHS.

VY po3uuHi, SIKUl TUTPYIOTh, 3arajbHa KOHIICHTPAIlisl 10HIB BOJAHIO CTBOPIOETHCS
BiJIIIETUICHHSIM 1X KHUCJIOTOIO Ta MPHUETHAHHSIM JI0 OCHOBH:

KinbKicTh pedoBuan H, KinbKicTs pedoBuan H,
BIJILIETIIICHUX KUCIOTOIO —  MpUEAHAHUX OCHOBOIO
c(H") =
Vo + V7
(6.11)

ne Vo —Io4aTKOBUM 00’ €M PO3UUHY, SIKHI TUTPYIOT;

V1— 00’eM J10JJaHOTO PO3YHUHY TUTPAHTY.

B Tou1ii cTexioMeTpu4yHOCTI Il KIJIBKOCTI PEYOBUHM 10HIB H* piBHI OJTHa OJHIH,
TOXK



c(H") =0. (6.12)

B xiHI11€B1# TOYIll TUTPYBAHHS i1 PIBHICTh HE BUKOHYETHCS, 1 BIIMIHHA BiJ HYJIA
BEJIMYMHA c(H+) JOPIBHIOE  CHUCTEMATHYHIM CKJIQJIOBIM TMOXWMOKM  1HJWKAIIIT,
BIIHECEHIH 0 CYMapHOTO 00’ €My PO3UYHHY:

Vo
Vo +Vp
I[Ipu TuTpyBaHHi kucnotu A ¢, = c(H"), npu TUTpyBaHHI OCHOBH
A Coen = — c(H").

CucremMaTHuHy TOXUOKY 1HAMKAII OOYHCIIOIOTH 32 PIBHAHHSAM MaTepiaibHOrO

(6.13)

Ac= (CﬂiﬁCH. - CBPI3Ha'i.)

OanmaHCy A 10HIB BOJHIO, BUKOPUCTOBYIOUH JIaH1 MPO PIBHOBAKHUU CKJIaJl pO3YH-
Hy B KTT. B mpaBiii yacTuH1 piBHSHHSA MaTepialbHOro OajgaHCy JOCHTh BpaxyBaTH
JUIIIe HAMOUTBII 32 aOCOJIFOTHOIO BEJIMUUHOIO JIOTAHKH.

Ilpu mumpyeanni cunvHux npomonimie pPIBHSIHHS MaTepiaJbHOTO OajaHCy
Ma€ BUTJISI:

c(H") =[H"]-[OH]. (6.14)

B TC [H']=[OH]=K,"*=110", pHrc = 7.

3HarouM, KU 1HIUKATOP 3aCTOCOBAHO B TUTPYBaHHI, MOXKHA JIETKO BH3HAYNTH,
AKa 3 PIBHOBAXHUX KOHIIEHTpAIlM B MpaBiil 4aCTUHI PIBHSHHA OUIbIIA 1 BU3HAYAE
MOXHOKY.

[Tpu 3acrocyBanni iHaukaropa 3 pHyrr < pHrc po3unna B KTT mictuts Haamu-
mwok H'. Toxi [OH] << [H"]. Hexrtytoun manum 3HadeHHsMm [OH ]|, 3 piBHsAHHA
(6.14) onepKy€eMO 3HaYEHHS CUCTEMATUYHOI MOXUOKU MTPU TUTPYBAHHI KUCIIOTH:

A ¢ = [Hkrr = 107PHKTT (6.15)

IIpu 3acrocyBanHi iHAMKatopa 3 pHygrr > pHpc po3unH mepeTutpoBaHO, BiH
mictuth Hagnumok OH ™, i [H']<< [OH]. Toxi 3 piBusuHs (6.14) cucTeMaTHyHa Mo-
XuOKa IOPIBHIOE:

A ¢, = — [OH Jpr = — 107 14PHKTT (6.16)

(3Hak MiHYC CBIIYUTH MPO TE, IO 3aBUIICHE 3HAYCHHS KOHIICHTpAIlli KUCIIOTH,
00YHCIICHE 3a CTEXIOMETPUYHUM BITHOIIEHHSM, MOKHA YTOYHWUTHU, BIAHSBIIHA Bij
Hporo pemmunny 107 HPHKTT),

Ilpu mumpysanni cnaékux npomonimie piBHAHHS MaTepianbHoro 6amancy H'
00’€THy€e pIBHOBa)KHI KOHIIGHTpAIlil O1bIIe, HIXK IBOX YaCTUHOK. CIiBBIIHOIICHHS
MDK OKpPEMHUMHM J0JaHKaMHu B piBHsSHHI Mb He 3aBxnu oueBugHo. Illo6 oOGpatu
HaNOLIbII ToAaHKU Juist oOuucieHHs pHrc un noxubku inaukauii npu pHygrr, 3pyu-
HO CKOPHCTATHCh KOHIIEHTpaIliiiHO-IorapudmivHor0 miarpamoro. Jliarpamy ciig Oy-
JyBaTH JJIsl TOTO 3HAYEHHS 3arajbHOi KOHIIEHTpallli mporomry, ske oyme B TC 3
ypaxyBaHHSM PO3BEIICHHS.



Tak, HanpuKIaa, OpU TUTPYBAHHI JYroM PO34MHY clia0koi kuciotu HA mpo-
JTYKTOM TUTpyBaHHS Oyne ¢opma A . PiBHAHHS MarepiaibHOro OalaHCy JJis 10HIB
H" mae BUTIISUT:

c(H") =[H'] + [HA] - [OH]. (6.17)

[Tobynyemo KIJIJI mms cuctemun HA —A™ (puc. 6.1). Skmo modarkoBa
KOHIICHTpAIlisl KUCJIOTH 70 JOAaBaHHS TUTpaHTy nopiBHIOE co(HA), KJIJI 6ymyemo
npu

Vo
Vo +Vp

Sk Buano 3 KJIJI, [H']<< [HA], SKIIIO ¢, Ma€ He y’Ke MaJle 3HAYEHHS.

¢= co(HA) (6.18)

Toni B TC, six BuTiKa€e 3 piBHAHHA (6.17) mpu ¢(H") = 0:
[HA] = [OH]. (6.19)



Puc. 6.1. KonnenrpartiiftHo-orapudmivHa aiarpama Jjisi CHCTEMH
cmabka kuciaora HA — cynpsbkeHa ocHOBa A

1—Ig[HA];  2—Ig[A];
3—Ig [HT; 4 —Ig [OHT].

PiBHicTiO (6.19) MoxkHa ckopuctatuch mig oOuucieHHs pHrpe. dns uporo
[HA] i [OH ] Tpeba BupasuTu 3a piBHsHHsAME 3/IM depe3 piBHOBa)KHI KOHIICHTpAIIii
KoMroHeHTiB A" i H":

Ku[HI[A T =Ka[HT". (6.20)

OckUIbKM TPOJIYKT TUTPpYBaHHS A~ € mepeBaxarouor ¢opmoto B TC, moxHa

BBaXkatu, mo [A"] = ¢, Toxi piBHsHHS (6.20) HaOyBa€e BUTISAAY:

Kt [H'Tre ¢ = Ko [H'T ™ (6.21)
[Tpu po3B’si3aHHI ITHOTO PIBHSIHHS 3HAXOIUMO:
pHrc = 1/2{lg Ky — Ig K, + Ig c,}, (6.22)
abo
Vo

pHrc = 1/2{lg Ky — Ig K, + Ig co(HA) Y} (6.23)

+
0TVt

e 3HadeHHsI MOKHA 3HANTH 1 6€3 0OuncneHs, 6e3nocepenubo 3a KJIJI. PiBHOCTI
(6.19) BigmoBimae Touka neperuny rpadikis Ig [HA] i Ig [OH] Ha puc. (6.1); abe-
1[MCa TOYKH MEPETUHY 1 € 3Ha4eHHSIM pPHrc.



SAxmo pHyrr BimpizHseTses Bix pHre Ounbiie, Hixk Ha 0,5, cucreMaTu4yHa 1MoxXuo-
Ka 1HAMKAaIli1 JOPIBHIOE:
Ac, =c(H") = [H'] + [HA] - [OH]. (6.24)
[Tpu [H]<< [HA] noxubka Bu3Ha4aeThcs GanancoM koHnenTpanii [HA] i [OH

Ac, = [HA]-[OHT]. (6.25)
3 KJIJ] Mo>xHa Ai3HATHCh, KA 3 IMX KOHIIEHTpalii Oiabiina npu pHyrr, 3HANTH
il 3HAYEHHS, TOX 1 3HaYeHHs MoXuOku. st mboro Ha KJIJ| mpoBoasSTE 1OTIOMIKHY
JIHIIO 3 abcucoro, 1Mo aopiBHIOE pHyrr (puc.6.1).
Ko pHyrr < pHre, rpadik lg [HA] nmpoxoauts Bume rpadika lg [OH], Tox,
3IMIIIAK0Y Y JIMIIEe OUTBIINUM 3 JOJIaHKIB B PiBHSIHHI (6.17), ogepxumo:

Ac, = [HA];

lg Ac, =Ig[HA].
Ipu pHyrr > pHrc

[Acd = [OH],

lg |Ac =19 [OHT].
Bunaokosa cknadosea noxu6ku TOB’sS3aHa 3 BHUIIAAKOBOIO IOXHOKOIO OIIHKH
pHyrr (p031.6.1.), sika mpu Bi3yalibHIN iHAUKAIT ckiragae 61 + 0,5.
[ToxubOka iHaMKaIii 0OMeXeHa TUIbKHM BHITQJKOBOIO CKJIQJ0BOIO (CHCTEMATH4-
HOIO MOKHA 3HEXTYBATHU), SIKIIIO
IpHrc — pHyrr| < 0,5. (6.26)
BunaakoBa noxuOka iHIUKalli s, ToB’si3aHa 3 0ydepHoro eMHicTio mooauzy TC.
3rifHo (GOpMyJIH MOUIUPEHHS TOXUOOK:

dc
o= gor (6.27)
dc .
ne dpH = ® — OydepHa EMHICTB;

Spn —BHIIAIKOBA IIOXUOKa BU3HAUYeHHs pHyrr.

Ha KJIJ nss KMCIOTHO-OCHOBHUX CHCTEM JIETKO MOOYAYBAaTH 3aJI€KHICTh BiJ
pH Bemmuunm Ig (o / 2,303) (puc. 6.1). B o0nacti nepeBakanHsi MPOAYKTY TUTPY-
BaHHs 3a1exkHICTh 1g (® / 2,303) nmpoxoauTs yepe3 MiHiMyM Ha 0,3 BHIIlE TOYKH ITe-
pPETUHY, IO BIJAIMOBIIA€ TOUIl CTEXIOMETPUYHOCTI.

3 piBHAHHA (6.27) npu spy = £ 0,5 BUTIKaE:

lgsc=lgw+1gsu=1g w+1g92,303-192,303 +1g 0,5~Ig (w/ 2,303)1c,

TOOTO HaOJIM>KEeHE 3HaueHHs 1g S MoskHa 3HaiTH 3a KJIJI sik 3HaueHHS BETUYUHU
lg (0 /2,303) B MinimMyMi, 1m0 Biamosigae TC. OOunciieHe TAKMM YHHOM 3HAYCHHS



MOXMUOKH € TPaHMYHMM (HAfMEHIIMM) JUIsl JJAHOTO THTPYBAaHHS. Voro ocsraioTh
IIPU ONTUMAJIBLHOMY BUOOP1 IHAUKATOPY Y BIAMOBITHOCTI 3 YMOBOIO (6.26).

['mubuna minimymy Ha KJIJI, 1o Biamosigae maainHiO OydepHOi €MHOCTI, SK
MOKHa TIOKa3aTH, 3MEHIIYEThCS MpPU 3MEHIICHHI KOHIEHTpalii abo KOHCTaHTHU
mucotiarii npotonity. Komu 6ydepna emnictes B TC mamae menie, HK Ha 2 T0-
psaaku, BenmnuuHa pH mobmuszy TC 3MiHIOETBCA HE Pi3KO, TOMY Ba)XKO MOMITUTH
3MiHY 3a0apBJICHHS 1HIUKATOPY IICHS J0JaBaHHS Majoi Mopiii TuTpanTy. Busna-
yenHs KTT yckmagHioeTses abo ¥ crae HemMoXxJMBUM. lle ocHOBHa mpuvMHa
HEMPUIATHOCTI KUCJIOTHO-OCHOBHOTO TUTPYBAaHHS JUIsl aHANI3y AYyXE PO3BEICHUX
PO34YMHIB HABITh CHJIbHUX MPOTOJITIB 1 /Ui BUSHAYEHHS AyXKe CIa0KHX KUCIOT YU
OCHOB. MOXIJIMBICTh KOHKPETHOTO TUTpYBaHHs BH3HadaroTh 3a KJI/I: Tpeba, 1mo6
npu pH,. BizcTans Bif miHii Ig C mo MiHiMyMy 3anexHocTi lg (o / 2,303) nepeBury-
Baja 2.

OpepskaHi BUILle PE3yJIbTaTU MOXHA y3arajlbHUTH, 100 BU3HAYATH MOXUOKHU
TUTpyBaHHs Oe3nocepennso 3a KJIJI, e samucytoun piBusuas Mb ans H':

1. Jns BusHauenHs pHrc cnig posrisHytu Ha KJIJ[ ob6macte nepeBakaHHs Ti€i
KHCIIOTHO-OCHOBHOI ~ ¢OpMH, 10 €  TPOAYKTOM  TUTpyBaHHA.  Touyi
cmexiomempuuHocmi 6i0no0sioae Halleuuwia MouKa nNePemuHny 080X HAXUIEHUX
2pacgpixie, wgo npoxooamep nio cpagikom 0na npooyKkmy mumpyeanHs. 3Ha4CHHS
pHrtc nopiBHIOE aOCIKCI TOYKU TTEPETUHY.

2. Jlns Bu3HaueHHs oxuOok iHaukarii ciix Ha KJIJ] mpoBecTn nomomixHy Bep-
TUKAJIbHY JIIHIIO Yepe3 TOUKY pHyrr 1 IPOJOBXKUTH ii 10 MEpEeTUHY 3 HAUBUILUM 3
HaxWIeHHX rpadikis, Akl NPOXOIATh Mija TpadiKoM Uil MPOAYKTY TUTpYyBaHHsS. Op-
JWHATA TOYKU TIEPETHHY OPiBHIOE Jorapudmy BunankoBoi noxudku (19 s, ), skmio
pHxrr 1 pHpc pisHarecs He Oumbm HiK Ha 0,5, abo morapudmy Momyss
cucremaTruHoi noxuOku (19 |A ¢|), sxmo pHyrr BiapisHseTsest Bix pHye Oinblire,
ik Ha 0,5.

3. o6 oOpaTu iHAMUKATOp, SIKUM 3a0e3medye TUTPYBAHHS 3 BIJHOCHOIO MOXUO-
KOI0 HE BHIIE 3a/IaHOT0 3HaueHHs O, ciif mpoecty Ha KJIJ[ momomikHy ropu3oH-
TalbHy JdiHII0O Ha lg & Hwxkde Bix mdiHil g c. [maukatop MokHa 00patH, SKILIO
JIOTIOMIDKHA JIiHIS TPOXOJUTh BHINE Ti€l TOYKU MEpeTUHy TpadikiB, MO BIAMOBIIAE
TC, na 0,5 a6o OGimbmie. Toxl TOYKH MEPETUHY MOMOMINKHOI JIiHIT 3 HAXWJICHUMU
rpadikamu 0OMeXyroTh fiana3on pH, B sxomy moBuHHa 3Haxoautuch KTT, 1mo6
noxuOKa 1HIUKAIlli He TepeBUIlyBayia 3aaHoro 3HaueHHs (auB. [Ipukian 6.6, puc.
6.2).

['pacdiuni BU3HAYEHHS] MAIOTh TIOCTaTHIO TOYHICTD, SIKIIO HAXWJIEHI Ipadiku, 1o
neperuHatotbea B TC, BigaaneHi BiJ nmapajeibHUX iM rpadikiB Oiiblue, HIX Ha 1.



. . . . . + ..
SAkio BiCTaHb MK MapajelbHUMH TpadikamMu MeHia, B piBHAHHI Mb nius H™ im
BIIMOBIAATUMYTh OJIM3bKI 3a 3HAYCHHSMM JOJIAHKH, sIKI Tpeba BpaxoBYBaTH IPHU
BU3HaueHH1 pH,, Ta 1OCTiKEHH] TOXHOOK.

Ilpukjaagu po3B’A3yBaHHA 3a1a4

Ilpuknao 6.6.

Yomy nopiBHioe pH B TOYIll CTEXIOMETPUYHOCTI IPU TUTPYBAHHI PO3UYUHY 3
MOJISIPHOIO KOHIIeHTparieto rigpodranary kamo KHFt 0,02 mons/n po3dnHoM 3
Takoro k KoHmeHtpariero NaOH? IlimiOpatu imaukaTtop mjisi TUTPYBaHHS, 100
BIJIHOCHA IOXMOKA TUTpYBaHHS He nepesulryBana 0,5 %.

Po3é’a30k.

[Ipu TUTpyBaHHI MPOTIKAE PEAKITIA:

HFt + OH < Ft* + H,0 .

B Toulli cTexioMeTpuuHOCTI

n(NaOH) = n(HFt) ,

toai B TC 00’em NaOH, nonanuii 10 po34yuHy KUCIOTH, JOPIBHIOE:
_ o(KHFt)-V,

- c(NaOH) -

0O6’eM po3unHy B TC MOpIBHSHO 3 TOYATKOBUM 00’€MOM 30UIBIIYETHCS B 2 pa-

3M, @ KOHLIEHTpALisl KUCJIOTH B CTUIBKHU % pa3 3MEHIIYETHCS 1 IOPIBHIOE:

c(HFt) = 0,01 monp/m.

[Mo6ynyemo KJIJI miist pozunny HoFt mpu 1gKy; = 5,4; IgKy, = 3,0; Igc(HFt ) =—
2 (puc.6.2, a).

Jlns 3HaxomkeHHs 3HayeHHs pHrc CKOpUCTaeEMOCH PIBHSHHSIM MaTepiajbHOTO
Gamancy mis H'. O6paBmi KOMIOHEHTaMH mpoaykT tutpysanns Ft, H* i H,0,
0JICP’)KUMO MATPHUINIO CTEX10METPUYHUX KOS(DIII€HTIB:

Komnonentn IIponyxkTu
Ft* H H,O
1 0 0 Ft*
0 1 0 H*
1 1 0 HFt
1 2 0 H,Ft
0 -1 1 OH"

PiBHAHHS MaTepianbHOro 6anancy s H':
c(H") = [H"] + [HFt] +2[H,Ft] — [OH].



B TC npu ¢(H") = 0 Maemo:

[H'] + [HFt] +2[H,Ft] = [OH].

SAx Bunno 3 KJIJ, B Tiif o6acti pH, 1e nepeBakae mpoIyKT peakilii TUTPyBaHHS
Ft*,

[HFt ]>>[H'] i [HFt ]>>[H,F],

3HA4YUTh, B PIBHSIHHI MaTepiaJbHOro OajaHCy MOKHA 3HEXTYyBaTH MaJlMMHU 3Ha-
yennamu [H'] i [HoFt], i Toxi B TC:

[HFt]=[OHT].

Taxum unrom, TC Bignosigae Touri nepetuny rpadikis 1g [HFt ] i

Ig [OH ], s stxoi pH = 8,7.

Busznaunmo nianazoH 3HaueHb pHygrr, OpH  SKUX BIJHOCHA IOXUOKA HE
nepesuiye 0,5 %. a6o 6 = 0,005. Bixg Touku 1g ¢ Ha opauHATI BIAKIAAEMO 3HAYCH-
Hs I1g 0,005 = —2,3 1 mpoBeneMo JTONMOMDKHY JIIHIIO TapanenbHo oci abcmuc. Touku
nepeTuHy wiel JiHii 3 rpadikamu 1g [HFt] i 1g [OH ] odMexyroTs mianaszon pH, ne
mae 6yt KTT : ne 3nauenns Bix 7,7 10 9,7. Bynp-sxuii iHAuKaTOp, 110 3MIHIOE 3a-
OapBiIeHHS B IIbOMY fiamna3oHi, 3a0e3neuye iHaukaimio KTT 3 moxubkoro He BUIlE
0,005. e MmoxyTh Oyt 1HaUKaTOpu denondranein (pHyrr = 9,0) abo TuMonoBuit
cuniit (pHgrr = 8,8).

Ilpuknao 6.7.

Po3uun 3 momsapHoro KoHieHtparieto rigpodranary kamiro KHFt 0,02 mons/n
TUTPYIOTh PO3YMHOM 3 TaKOIO XK MOJISIpHOIO KoHLeHTpauiero NaOH B npucyTHOCTI
IHAUKaTopa TUMOJ(TANEIHy 0 MOSABUM CHHBOrO 3a0apBieHHsS. YoMy HOpIBHIOE
BIJIHOCHA MOXMOKa TUTPYBaHHS, 3yMoBiieHa po30ixkHicTi0O TC 3 KTT?

Po3é’a30k.

[Tpu 3actocyBanni TumondTaneiny pHyrr = 9,8, 10 BiMOBITAE MEpEeBaAKAHHIO
dbopmu Ft*". PiBHsHHS MaTepianbHOro 6anancy s H' Mae Takuii sxe BUITIAM, 5K i B
nonepeaHii 3a1aui:

e(H) = Sx¥s ~CoenVocn = 4] 4 [HFt] +2[H,Ft] - [OH ]
VK + VO CH
B KTT c(H") # 0, To’ BUHHKA€E MOXUOKA, KA TOPIBHIOE:
_Cc Vi —CuoV

Ac ocwoen = (4] + [HFt ] +2[H,Ft] — [OH 1.

V. +V

OCH




Puc. 6.2. KonnenrpartiiftHo-norapudmidHa aiarpama Jjisi po3uuHy QpTaiaeBoi Ku-
CIIOTH

o 2 .4 6 8 10 12 14 PH

1—Ig[OHT; 2—Ig[H];, 3—Ig[HFt];
4—Ig[HFt]; 5—Ig[Ft*].



Sk Buano 3 KJIJ| ans ¢raneBoi kucnotu (puc. 6.2, 6), B KTT HaiiOinbmumm 1o-
JTAHKOM B IpaBiii yacTuHi piBHsAHHA € [OH ], TOXK, HEXTYHOUM MEHIIIMMH J10IaHKAMH,
OJIEPIKYEMO:

Ac~—[OH1,a601g|Ac|~Ig [OHT].

3unaxoaumo 3a rpadikom g |A c| sk 3navenns Ig [OH ] mpu pHyrr 9,8.

lg |Ac|=—4.,1. Toni Ac=—810".

[{s aGcomroTHa MOXMOKa BiTHOCUTHCS IO PO3BEICHOTO JTOJABAHHIM TUTPAHTY
po3unHy. J[nsi oOYHMCIeHHS BiTHOCHOI TOXMOKM PO3IUIMMO 1€ 3HAYEHHS Ha
KOHIICHTpAIlit0 PTaneBoi KUCJIOTH 3 BpaxyBaHHAM po3BeaeHHs (0,01 momb/i):

Ac/c=-810°/0,01=-810" a6o - 0,8 %.

3HaK MiHyC TOKa3ye, IO PO3YUH IEPETUTPOBAHO, TOXK YTOYHEHE 3HAYCHHS
KoHIleHTparii Oyne Ha 0,8 % MeHie, HiX OOYUCIEHE 3a CTEXIOMETPUUYHUM
BIJTHOIICHHSM 1 3HaueHHsM 00’ eMy TuTpanty B KTT.

3anmauvi 1u1s1 caMocTiitHOI podoTH

6.51." Yomy nopisrioe pH B TOUIl CTEXiOMETPHYHOCTI TIPU TUTPYBAHHI PO3UH-
Hy 3 MoisipHOoO KoHmeHtpariero HNO, 0,01 Momb/nm po3uymHOM 3 Takol XK
koHuenTpariietro NaOH? I1iniOpatu iHaukaTop sl TUTPYBaHHS, 11100 BIAHOCHA TO-
XxnOKa TUTpyBaHHs He nepeBuiyBaia 0,5 %.
(pHrc = 7,4; pHirr 5,4 — 9,4).
6.52. YoMy nopiBHIoe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 wmoisipHoto KoHmeHtpariero HiPO, 0,1 Mmomb/m  po3umHOM 3 Takow XK
koHieHTpaiiero NaOH? IliniOpatu iHaukaTop Jyisl TUTPYBaHHS, 1100 BIAHOCHA MO-
X1OKa TUTPYBaHHs HE nepeBuiryBaia 1%.
(pHrc = 4,7; pHirr 4,2 —5,2).
6.53. Uomy nopiBHioe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MoJisipHOKO KoHueHTpamieto Na,SOz; 0,01 Mmonws/n  po3urMHOM 3  Takow XK
koHueHTpaiiero HCI, skmo npoaykroMm peakuii € rigpocyiabdit-ion? IlimiOpatu
IHIUKATOp JI1 TUTPYBaHHS, 10O BIIHOCHA MOXUOKA TUTPYBAHHS HE MEPEBUIIyBala
1%.
(pHrc = 4,8; pHirr 4,3 —5,3).
6.54. YUomy nopiBHIoe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MOJISIpHOIO KOHIIeHTparttier denonary HaTpito CgHsONa 0,01 mons/n pozunHoM 3

* A&y 0ica’§¢e6 ¢ada+ 6.51-6.66. fieldenoacoani Eiivaiodas*éii-eiaaoeoi’+ieie
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Ttakoro >k koHreHtpamiero HCI? Ilimibpatu iHaukaTop JUisi TUTPYBaHHS, 1100
BIJTHOCHA MOXMOKa TUTpYBaHHs He nepesuiyBaia 0,3%.
(pHrc = 6,3; pHirr 4,9 —7,6).
6.55. Yomy nopiBHioe pH B TOUIIl CTEXIOMETPUYHOCTI TPU TUTPYBAHHI PO3UUHY
3 MOJISIPHOIO KOHIICHTpariero camnmiaTy Harpito NaySal 0,05 moins/n po3unHoM 3
Takor k KoumneHtparlietro HCl, sxmo mpomaykToMm peakilii € rigpocaminuiaT-ion?
[TiniObpatu 1HaAUKATOp AJISI TUTPYBAHHS, 1100 BIHOCHA MOXMOKA TUTPYBAHHS HE Tie-
pesuiyBaia 0,5%.
(pHrc = 7,7; pHkrr 5,4 —10,0).
6.56. Yomy nopiBHioe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAaHHI PO3UUHY
3 MOJIIPHOIO KOHIIeHTparmi€ero caiimmioBoi kuciotu HpSal 0,01 moie/n po3dyrHOM 3
Takoro X KoHieHTpariero NaOH, Ko npoaykToM peakilii € TiApocalinmiaT-ion?
[TiniOpaTtu iIHAMKATOP JJISi TUTPYBAHHS, 00 BIIHOCHA MOXHOKA TUTPYBAHHS HE Tie-
pesuiryBaina 0,1%.
(pHtc = 7,4; pHgrr 6,0 —8,7).
6.57. Homy nopiBHIoe pH B TOUIll CTEXIOMETPUYHOCTI MIPU TUTPYBAHHI POZUUHY
3 MOJIIPHOIO KOHIICHTpaIi€o okcamary Hatpiro Na,C,0, 0,1 moms/m po3dnHOM 3
Takor X KoHueHtpamieto HCl, ko npoaykroM peakiii € rigpookcanar-ioH? Yu
MO>KHA TIIOpaTH 1HAUKATOP ISl TAKOTO TUTPYBaHHS, 00 BIJHOCHA TOXHUOKA TUT-
pyBaHHs He niepeBuiryBana 1 %7?
(pHrc =2,8; HEMOXIMBO).
6.58. Homy nopiBHIO€ pH B TOYIll CTEXIOMETPUYHOCTI TPHU TUTPYBAaHHI PO3YUHY
3 MOJISIPHOIO KOHIICHTpaIli€ro rigporutpary Harpito NaHCit 0,01 Moms/n po3urnHOM
3 Takomw X KoHueHTpamiero NaOH? IliniOpatu iHIUKaTOp AJIA TAKOTO TUTPYBAaHHS,
00 BITHOCHA MOXUOKA TUTPYBaHHs He nepeBuiyBaia 1,0 %.
(pHrc = 9,0; pHgrr 8,4 —9,7).
6.59. Uomy nopiBHioe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MOJISIPHOIO KOHIIeHTpaliew rigpodranaty kamiro KHFt 0,06 Moas/n po3unHOM 3
Tako X KoHueHTpaiietro NaOH? [liniOpatu iHAUKATOp AJIA TAaKOrOo TUTPYBaHHS,
00 BIJHOCHA MOXUOKA TUTpyBaHHs He nepeBuiryBana 0,4%.
(pHrc = 8,9; pHkrr 7,8 —10,1).
6.60. Yomy nmopiBHIoe pH B TOUIl CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MojspHoro KonmeHtpariero HsPO, 0,15 mons/m po3umHOM 3 Takow XK
koHueHTpaliero NaOH, skuo npoaykroM peakuii € rigpodocdar-ion? IlinidOpatu
IHIUKATOP JJisi TAKOTO TUTPYBaHHSA, 00 BIAHOCHA MOXMOKA TUTPYBAHHS HE Tepe-
BuiyBaia 1%.
(pHrc = 9,8; pHirr 9,2 —10,3).



6.61. YoMy nopiBHIO€ pH B TOUIll CTEXIOMETPUYHOCTI TPHU TUTPYBAHHI PO3UUHY
3 MOJISIpHOIO KOHIeHTpali€ero manuay kamio KCN 0,02 Moiab/1 po3uMHOM 3 TaKOIO
x konneHtpamiero HCI? IligiGpatu iHAMKATOpP JJI TAKOTO THUTPYBaHHs, I100
BiJTHOCHA MTOXMOKa TUTpyBaHHs HE nepesuiysaia 0,5%.

(pHrc = 5,6; pHirr 4,4 —6,8).

6.62. Yomy nopiBHioe pH B TOUIIl CTEXIOMETPUYHOCTI TPU TUTPYBAaHHI PO3UUHY
3 MOJIIPHOIO KOHIIEHTpalli€to 1ianoBoAHeBo1 kuciotu HCN 0,1 Monb/1 po3urHOM 3
Takor X KoHleHTpamiero NaOH? IligiOpatu iHauKaTop IJis TaKOTO TUTPYBaHHS,
100 BIJTHOCHA MOXUOKA TUTPYBaHHs HE nepeBuiyBaia 1%.

(pHtc = 11,0; HEMOXITHBO).

6.63. HUomy nopiBHIoe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MOJIAPHOIO KOHIICHTpaIiero auriapoapcerity Hatpito NaH,AsOz; 0,03 Mons/n po3-
YUHOM 3 Takoro x koHreHTpauiero HCI? Iligibpatu iHAUKaTOp AJIA TAKOTO TUTPY-
BaHHS, 100 BiJIHOCHA MOXKUOKA TUTpYBaHHs He nepeBulyBaia 0,3%.

(pHrc = 5,6; pHyrr 4,4 —6,8).

6.65. HUomy nopiBHIoe pH B TOUIll CTEXIOMETPUYHOCTI NPU TUTPYBAHHI POZUUHY
3 MOJIIPHOIO KOHIICHTpalliero qurigpouutpary Hatpiro NaH,Cit 0,06 Mob/n po3un-
HOM 3 Takor X KoHIeHTpaliero NaOH, skmo npoaykTom peakiiii € uurpar-ioH?
[TimiGpaTtu 1HAMKATOP JJIsi TAKOTO TUTPYBAHHS, 11100 BiIHOCHA MOXUOKA TUTPYBAaHHS
He nepeuiyBana 0,3%.

(pHrc = 9,4; pHgrr 8,9 —9,9).

6.66. YoMy nopiBHI0oe pH B TOUIll CTEXIOMETPUYHOCTI TPU TUTPYBAHHI POZUUHY
3 MOJIAPHOIO KOHIIeHTparier manieBoi kuciota H,C,04 0,05 Mons/n po3unHOM 3
Takow K KoOHIeHTpamietro NaOH, skio npoaykTom peakiii € okcajnar-ioH?
[TimiGpaTtu iIHAMKATOP JJIsi TAKOTO TUTPYBAHHS, 1100 BiIHOCHA MOXUOKA TUTPYBAHHS
He nepeuiyBana 0,5%.

(pHrc = 8,3; pHkrr 6,6 —9,9).

6.67. Po3uun 3 momnsipHoto koHueHtpauiero H3PO, 0,1 monbs/a TUTpYyIOTH po3un-
HOM 3 TakKOK > MOJISIpHOIO KOHIeHTpalicro NaOH B mpucyTHOCTI 1HIMKaTtopa
OpOMKpE30JI0BOr0 3€JIEHOr0 J0 3MIHM KOBTOTO 3a0apBJICHHS PO3YMHY Ha 3€JICHE.
YoMy mopiBHIOE BiTHOCHA TTOXMOKA TUTPYBaHHS, 3ymMoBiieHa BinMiHHicTIO KTT Bin
TC?

(1 %).

6.68. Po3unH 3 MossipHOIO KOHLEHTpamieo ¢enonsaty Hatpito CgHsONa
0,05 MonB/1 TUTPYIOTH PO3YMHOM 3 TAKOK K MOJIApHOK KoHieHTpariero HCl B
OPUCYTHOCTI 1HJIMKATOpa JIAKMOIIy 1O 3MIHM CHHBOTO 3a0apBJICHHS PO3YMHY Ha



yepBoHe. YoMy JOpIBHIOE BIIHOCHA MMOXMOKA TUTPYBAHHS, 3yMOBJICHA BIJIMIHHICTIO
KTT Big TC?
(0,08 %).

6.69. Po3unn 3 momsapHoro konmeHtpaiiieo H3PO, 0,08 mons/n TUTpyrOTH poO3-
YUHOM 3 TaKOIO X MOJISIpHOIO KoHIeHTpamiero NaOH B mpucyTHOCTI iHIHKaTOpa
TUMOJ(TANCTHY 10 TMOSBH CHHBOTO 3a0apBICHHS pO34YMHY. YoMy IOpPiIBHIOE
BIJIHOCHA MOXHOKa TUTpyBaHHs, 3yMoBJieHa BiaMiHHICTIO KTT Big TC?

(0,8 %).

6.70. Po3umH 3 MOJSpHOIO KOHIEHTpal€ew riapodranaty kamiro KHEFt
0,1 MOJIB/T TUTPYIOTH PO3YMHOM 3 TAKOIO K MOJAPHOIO KoHIeHTpariero NaOH B
MPUCYTHOCTI IHAMKATOPa TUMOJI(PTANIEIHY A0 MOSBH CUHBOTO 3a0apBJICHHS PO3UMHY.
YoMy IOpIBHIOE BiIHOCHA NOXMOKA TUTPYBaHHs, 3yMoBiieHa BiiMiHHICTIO KTT Big
TC?

(0,06 %).

6.71. Po3uuH 3 MOJSIPHOIO KOHIIEHTpaIli€ro auriapoapcenity Harpiro NaH,AsO3
0,01 Monb/T TUTPYIOTH PO3YMHOM 3 TaKOIO X MOJIIpHOIO KoHIeHTpamiero HCl B
MPUCYTHOCTI 1HAUKATOPA METHJIOBOTO YEPBOHOT'O 0 3MIHH JKOBTOTO 3a0apBJICHHS
pO3urHYy Ha yepBoHE. YoMy JIOpIBHIOE BIIHOCHA MOXMOKAa TUTPYBAaHHS, 3yMOBJICHA
BiaminHicTiO KTT Big TC?

(1,2 %).

6.72. Po3umH 3 MOJIAPHOIO KOHIICHTpaIlie Tigporurpary Harpiro Na,HCit
0,04 MONB/TT TUTPYIOTH PO3YMHOM 3 TAKOIO K MOJIIPHOIO KoHIeHTpariero NaOH B
MPUCYTHOCTI 1HAUKATOpPa TUMOI(TANEIHY 10 MOSIBU B PO3UYHHI CUHBOTO 3a0apBIieH-
Hs. YoMy JOpIBHIOE BIJHOCHA MOXUOKA TUTPYBaHHs, 3yMoBJieHa BiaMiHHICTIO KTT
Big TC?

(0,4 %).

6.73. Po3umH 3 MOJSPHOI KOHIIEHTpalie€lo cynbdiTy Hatpito Na,SOj
0,06 MoB/1 TUTPYIOTH PO3YMHOM 3 TAKOK K MOJIApHOK KoHieHTpariero HCl B
OPUCYTHOCTI 1IHAUKATOpa OpOM(EHOTOBOr0 CUHBOTO 0 3MIHU CUHBOIO 3a0apBIICH-
HS pO3UYMHY Ha 3eineHe. YoMy JIOpiBHIOE BIJIHOCHA TOXMOKa THUTPYBaHHS,
BigminHicTiO KTT Big TC ?

(1,2 %).

6.74. Po3unH 3 MOJISIpHOIO KOHIIeHTparli€to mianiay kamito KCN 0,1 monb/m Tut-
PYIOTb PO3UYMHOM 3 TakKOK X MoJisApHOI KoHIeHTpaliero HCl B mpucyTHOCTI
1HIUKaTOpa OPOMTHUMOJIOBOTO CHHBOTO JI0 3MIHU CUHBOTO 3a0apBIICHHS PO3YMHY Ha
3enieHe. YoMy NOpPIBHIOE BIJIHOCHA MOXMOKA TUTPYBaHHS, 3yMOBJIEHA BIJIMIHHICTIO
KTT Big TC?



(0,4 %).

6.75. Po3umH 3 MOJIApHOK KOHIEHTpali€ew azotuctoi kuciaotu HNO,
0,05 MOJIB/TT TUTPYIOTH PO3UYMHOM 3 TAKOIO K MOJIAPHOIO KoHIeHTpauiero NaOH B
MPUCYTHOCTI 1HAUKAaTOpa (heHondTaaeiHy 10 MOSBU MATMHOBOTO 3a0apBIICHHS PO3-
yiHy. YoMy JOpIBHIOE BiAHOCHA MOXMOKAa TUTPYBaHHs, 3yMOBJIEHA BiAMIHHICTIO
KTT Bixg TC?

(0,05 %).

6.76. Po3uMH 3 MOJSIpHOIO KOHIIEHTpAIl€0 cajiumiaty HaTpiro NapSal
0,02 MONB/TT TUTPYIOTH PO3YMHOM 3 TaKOIO K MoJIsApHOIO KoHIeHTpauiero HCl B
NPUCYTHOCTI 1HAUKaTopa (eHondraneiny n0 3HeOapBiIeHHS po3uuHy. Yomy
JOPIBHIOE BITHOCHA MOXUOKA TUTPYBaHHs, 3yMoBJieHa BiiMiHHICTIO KTT Big TC?

(0,01 %).

6.77. Po3unH 3 MOJIIPHOIO KOHIIEHTparllie€to aurigporurpary Hatpito NaH,Cit
0,01 MOnB/T TUTPYIOTH PO3UMHOM 3 TaKOIO K MOJISIpHOIO KOHIIeHTpaliero NaOH B
OPUCYTHOCTI 1HAMKATOPA TUMOJIPTAIEIHY 10 TIOSBU CUHBOTO 3a0apBIICHHS PO3UHHY.
YoMy IOpIBHIOE BiIHOCHA OXMOKA TUTpYBaHHs, 3ymoBieHa BiamiHHIcTIO KTT Bin
TC?

(2,5 %).

6.78. Po3unH 3 MOJIIpHOIO KOHIEHTpaliew Triapocyibdity HaTpito NaHSOj
0,1 MoNb/TT TUTPYIOTH PO3YMHOM 3 TAKOIO kK MOJIAPHOIO KoHIeHTparietro NaOH B
IPUCYTHOCTI 1HAMKaTOopa deHondTalieiny 10 MOSBU MaJMHOBOTO 3a0apBIICHHS PO3-
yuHy. YoMy JOpIBHIOE BIJHOCHA MOXHMOKA TUTPYBAHHS, 3YMOBJIEHA BIJMIHHICTIO
KTT Big TC?

(1,2 %).

6.79. Po3uMH 3 MOJSIPHOIO KOHIICHTpaIli€ro canuiuioBoi kuciotu H,Sal
0,05 MOJB/TT TUTPYIOTH PO3UYUHOM 3 TAKOIO K MOJISIpHOIO KoHIeHTpaiiero NaOH B
IPUCYTHOCTI 1HIUKAaTOpa OpOoM(EHOIOBOTr0 YEPBOHOTO JI0 3MIHHM KOBTOTO 3a0apB-
JIEHHSI PO3YMHY Ha yepBoHE. YoMy NOpiBHIOE BIJHOCHA MOXHOKA TUTPYBaHHS, 3Y-
moBJiieHa BigMiHHICTIO KTT Big TC?

(0,12 %).

6.80. Po3umH 3 MONApHOIO KOHIIEHTparieo 1masiaeBoi kuciaotn H,C,04
0,06 MONB/TT TUTPYIOTH PO3YMHOM 3 TAKOIO K MOJIIPHOIO KoHIeHTparicro NaOH B
MPUCYTHOCTI 1HANKATOpa (heHondTaneiHy 10 MOSIBU MAIMHOBOTO 3a0apBJICHHS PO3-
yuHy. YoMy JOpIBHIOE BiJHOCHAa MOXMOKA TUTPYBAHHS, 3yMOBJIEHA BIJMIHHICTIO
KTT Big TC?

(0,06 %).



6.81. Po3umH 3 MOJApHOI KOHIeHTpaliero mypamuHoi kuciotn HCOOH
0,01 MonB/1 TUTPYIOTH PO3YMHOM 3 TaKOK K MOJSIpHOIO KoHIeHTpaiietro NaOH B
IPUCYTHOCTI 1HIUKATOpa TUMOJI(TANIEIHY 10 MOSIBU CUHBOTO 3a0apBIICHHS PO3YUHY.
YoMy nopiBHIOE BiTHOCHA MOXUOKA TUTPYBaHHA, 3ymoBieHa BiamiHHicTIO KTT Bin
TC?

(1,6 %).

6.82. Jlis BU3HAYEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (hapMaleBTUYHOMY
npenapati “JIiTis kapOOHAT” HaBaXXKy IMOIEPEAHbO BHUCYIIEHHOTO MpernapaTy Ma-
coro 0,7015 r po3unHeHO B MipHii K001 MicTKICTIO 250 MJI 1 TOBEACHO JTUCTHIIHO-
BAaHOIO BOJIOIO JIO MITKH. 25 MJI OJIEP’KaHOTO PO3YHMHY BIITUTPOBAHO PO3YMHOM 3
MOJISIPHOIO KOHIIEHTpaIli€r0 XjaopoBojHeBoi kuciaoTu 0,100 MoJb/1 B MPUCYTHOCTI
IHIUKAaTOpa METHJIOBOTO OPAH)KEBOTO J0 3MIHU JKOBTOTO 3a0apBIICHHS HAa POXKEBE.
Ha tutpyBanus ButpaueHo 18,85 mi po3unny TuTpanty. YoMy HOpiBHIOE MacoBa
yacTtka L1,CO3 B mpenapari? YoMy JOpiBHIOE BiIHOCHA MOXUOKA TUTPYBaHHS?

6.83. Jlis BU3HAYEHHS BMICTY OCHOBHOT'O KOMIIOHEHTY B (hapMaleBTHUYHOMY
npenapari ‘“Marsis okcuJ® HaBaxXKy mnpenapaty macoro 0,5368 r po3umHeHO B
50,0 M1 po3umHy 3 MOJSPHOK KOHIICHTPAIIEI0 XJOPOBOAHEBOI KHCIOTH
1,025 monb/n. Haanuimok KUCI0TH BIATUTPOBAHO PO3YMHOM 3 TAKOIO K MOJISIPHOIO
KOHIIEHTPAIIIEIO TIAPOKCULY HATPIIO B MPUCYTHOCTI 1HAMKATOPAa METUIIOBOTO OpaH-
’KEBOT0 /10 3MIHM POKEBOT0 3a0apBiieHHs Ha *oBTe. Ha TUTpyBaHHS BUTpayeHO
24,50 mn po3unHy TUTpaHTy. YoMy mopiBHIO€ MacoBa yactka MgO B mpemapati?
YoMy AOpIBHIOE BiIHOCHA MOXHUOKA TUTPYBaHHS?

6.84. Jlis BU3HAYEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (hapMaleBTUYHOMY
npenapati “Kucnora 6eH3oiiHa” HaBaxKy npenapaty macoro 0,1995 r po3unHeHo B
20,0 M1 eranoisy, He#TpamizoBaHoro 3a (enondTaneiHom. OnepkaHuil PO3UUH
BIITUTPOBAHO PO3YMHOM 3 MOJISIPHOK KOHIIEHTPAII€I0 TIiAPOKCUIY HATPIIO
0,0998 mosnb/1 B MPUCYTHOCTI TOTO K 1HAMKATOpPA A0 MOSIBU MAJIMHOBOIO 3a0apB-
nenns. Ha tutpyBanus ButpadeHo 16,30 mi tutpanty. YoMy AOpiBHIOE MacoBa va-
ctka CgHsCOOH B mpenapari? YoMy HOpiBHIOE BiTHOCHA MOXWOKA TUTPYBaHHS?

6.85. Jlns BU3HAUEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (papManeBTHUHOMY
npenapati “Kucnora caninuinoBa” HaBaXKy mnpenapary macoro 0,2508 T po3unHeHo
B 15,0 mn eraHony, HedTpamizoBaHoro 3a (enondraneinom. OnepkaHuil po3unH
BIITUTPOBAHO PO3YMHOM 3 MOJISIPHOK KOHIIEHTPAII€I0 TIiAPOKCUIY HATPIIO
0,1010 mMonb/n1 B MPHUCYTHOCTI TOTO 3K 1HAMKATOpa A0 MOSBH MAJIMHOBOTO 3a0apB-



nenHs. Ha tutpyBanns Butpaueno 17,90 mun tutpanty. YoMy nOpiBHIOE MacoBa 4a-
CTKa CaJIIIMJIOBOI KMCJIOTH B Tipenapati? YoMy OpiBHIOE BIJTHOCHA MOXHOKA TUT-
pyBaHHA?

6.86. Jlns BU3HAUEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (papMareBTUYHOMY
npemnaparti “AMOHIA XJIOpUT” OCTaHHIN OYJI0 BUCYIIEHO B €KCUKATOP1 HAJl CIPUYAHOIO
KHUCIIOTOIO /10 MOCTiHOI Macu. HaBaxkky npenapaty macoro 1,0250 r po3unHeHO B
MIpHIM K001 MicTKicTIO 49,96 MJI 1 TOBEIEHO 10 MITKH JUCTHUIBLOBAHOIO BOJIOIO.
5,05 M1 oiepKaHOTO PO3UMHY KUJIbKICHO IIEPEHECEHO B KOJIOHKY 3 KaTioHiToM KV -1
B H-dbopwmi. Pinuni natots crikatu 3 mBuakicTio 20-25 kpanens B xBunuHy. Komon-
Ky [IPOMUTO BOJIOIO JI0 HEMTPAJIbHOI peaKilii 32 METWIIOBUM OpaHkeBUM. DinbTpar 1
MIPOMHBHY BOJly 310paHO B KOHIYHY KOJIOY 1 BIATUTPOBAHO PO3YMHOM 3 MOJIIPHOIO
KOHIIEHTpaIli€lo riapokcuay Hatpito 0,1015 Moab/1 B pUCYyTHOCTI 1HIUKATOpa Me-
THUJIOBOTO OPaH>KEBOI0O JI0 3MIHU pOKEBOTr0 3a0apBieHHs Ha *oBTe. Ha TuTpyBaHHS
ButpaueHo 19,00 mu po3unny tutrpanty. Yomy nopiBHioe macoBa yactka NH4CI B
npenapari? YoMy AOpIBHIOE BiIHOCHA MOXHOKA TUTPYBaHH:?

6.87. Jlis BU3HAYEHHS BMICTY OCHOBHOT'O KOMIIOHEHTY B (hapMaleBTHUYHOMY
npenapati “Kanbliisi okcua” HaBaxKy MpokapeHoro mnpemnapary macow 0,4815r
BHECEHO B KOHIUHY K0J0y 1 momano 5,0 ma Boau. OnepxaHuil T1IAPOKCHT KaJbIIII0
po3unHeHo B 40,20 M pO34YMHY 3 MOJIIPHOIO KOHIICHTPAIIIEI0 XJIOPOBOJIHEBOI KH-
cnotu 0,500 monw/n. Ha TUTpyBaHHS HAIJIMIIKY KUCJIOTH B MPUCYTHOCTI METUIIOBO-
ro OpaHXeBOro BUTpayeHo 6,20 MJ1 pO3YMHY 3 TAKOIO K MOJISIPHOIO KOHIIEHTPALIEO
TIAPOKCUILY HATPIIO, SIK 1 KUCIOTH. IIpu 1boMy uepBOHE 3a0apBJEHHS PO3UYHUHY
3MIHWIOCH Ha koBTe. YoMy nopiBHIOe MacoBa yacTka CaO B mpemapati? Yomy
JIOPIBHIOE BIJHOCHA MOXHOKA TUTPYBAHHS?

6.88. Jlis BU3HAYEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (hapMaleBTUYHOMY
npenapati “Kamig amerar” octaHHid Oyji0 BUCYIIEHO A0 cTajoi Macu. HaBaxky
npenapaty macoro 0,5072 r BHECEHO J0 KOHIYHO1 K0JIOU MicTkicTio 100 M1 1 po3uu-
HeHo B 50 Mn Boau. Ha TutpyBaHHS OJep:KaHOTO PO3YMHY B MPHUCYTHOCTI
iHaukaropa Tpomeodiny 00 Butpaueno 10,25 Ma  po3umHy 3  MOJISPHOIO
KOHIIeHTpalliero xjopoBogHeBoi kuciotu 0,5008 monp/n. Ilpu mpomy xkoBTe 3a-
OapBJICHHS PO3UYMHY 3MIHWJIOCH Ha yepBoHE. YoMy HOpIBHIOE MAacOBa YacTKa areTa-
Ty Kauito B ipenapari? YoMy JOpiBHIOE BIAHOCHA MOXHOKA TUTPYBaHHA?



6.89. Jlis BU3HAYEHHS BMICTY OCHOBHOTO KOMIIOHEHTY B (hapMaleBTUYHOMY
npenapati “Hatpist riaponuTpar’ HaBaxky mpemnapary macorw 0,2985 r po3unHeHo
B 10,10 Ms1 BOaM, SIKY MPOKUIT ITWJIM Ta OXOJIOAWIW. Ha TUTpyBaHHS OAEpkKaHOTO
pPO3UMHY B MPHUCYTHOCTI 1HAMKaTOpa Qenondraneiny surpaueno 10,10 ma po3unny
3 MOJISIPHOIO KOHIIeHTparliero Tiapokcuaa Hatpiro 0,1008 mons/n. YoMy mopiBHIOE
macoBa yactka Na,HCit1,5H,0 B npemapari? YoMy JOpiBHIOE BiJHOCHA TIOXHOKa
TUTPYBaHHS?

6.90. /lns BU3HAUYEHHS BMICTY OCHOBHOT'O KOMIIOHEHTY B (papMaleBTUYHOMY
npemnapati “bypa” HaBaxKy npenapaty macor 3,9855 r po3unHEHO Yy BOJi, IEpeHe-
CEHO B MipHY K0J0y MicTKicTiO 250,02 M1 1 JOBEAEHO NUCTUIBLOBAHOIO BOJIOIO IO
MiTku. Ha TtutpyBanns 25,03 M ozepKaHOrO pO34MHY B MPUCYTHOCTI 1HAMKATOpa
METWJIOBOIO  OpaHkeBoro BuTpadeHo 20,35 MiI  po3uMHy 3  MOJISIPHOIO
KOHIIeHTparieo xjaopoBogHeBoi kuciaoTu 0,1011 monw/n. [Ipu mpomy KOoBTE 3a-
OapBIEHHS PO3UYMHY 3MIHMJIOCH Ha uepBoHE. YoMy JOpIBHIOE MacoBa 4YacTKa
Na,B,0;10H,0 B npemnapari? YoMy nOpiBHIOE BiJHOCHA TOXHUOKA TUTPYBaHHS?

6.91. Jlnsg BU3HAYEHHS BMICTY OCHOBHOT'O KOMIIOHEHTY B (hapMaleBTHUYHOMY
npenaparti “HamatupHuil cnupt” HaBaXkKy mnpernapaTty macoro 4,6245 T nepeHeceHo
B MipHY K010y MicTKicTiO 100,05 M1 1 TOBEIEHO UCTHIIHOBAHOIO BOJOKO IO MITKH.
Ha tutrpyBanusa 10,04 Mn ofepkaHOTO pO3YMHY B MPUCYTHOCTI 1HIUKATOpa METHU-
JIOBOrO OpaHkeBoro BHUTpayeHo 23,50 M1 pO3YMHY 3 MOJISIPHOIO KOHLEHTpAIIEK
cipuanoi kucinotu 0,0554 monp/n. Ilpu 1poMy >KOBTE€ 3a0apBIEHHS PO3UYUHY
3MIHWJIOCH Ha yepBoHe. YoMy nopiBHIOE MacoBa yacTka NHjz B mpenapati? Yomy
JIOPIBHIOE BIJHOCHA MOXHOKA TUTPYBaHHS?



7. METOAU BUSHAYEHHS. KOMIIVIEKCOHOMETPIA.
7.1. CTrexioMeTPU4YHI PO3PAXYHKH B KOMILJIEKCOHOMETPIil

B 0OCHOBI KOMIUIEKCOHOMETPUYHOTO TUTPYBAaHHA JieXKaTh pPeakilii B3aeMoii
KaTiOHIB METaJiB 3 MOJIJCHTATHUMHU OPTraHIYHUMH JIITaHAAMHU - KOMIUIEKCOHAMHU.
Haii61y1p1110r0 momupeHHs B MPaKTUIl TUTPUMETPii HaOyIu KapOOKCUIBMIIITYIOU1
KOMIUICKCOHH, 30KpeMa, eTHJICHJlaMIHTeTpaolToBa Kuciora. [i  aHIOH —
eTueHaiaMmiHTeTpaanerar (ckopoueHo EJ[TA) € mecTuieHTaTHUM JIITaHI0M:

"O0C-H,C CH,-COO
\ /
N-CH,-CH,-N
/ \
“O0C-H,C CH,-COO .

Jlns mpuroTyBaHHS PO3YMHIB THUTPAHTY 3aCTOCOBYIOTh JWHATPIEBY CUIb
EJATA Na,H,EdtaH,0O, Bimomy min Ha3zBamu komruiekCoH Ill abo tpmion b.
Maitxe BCi karioHn B3aemojifoTh 3 EJITA mpakTudHO MHUTTEBO. BUHATOK
CKJIaar0Th KiHeTHuHO iHepTHI KaTionu amrominiro(ll) ta xpomy (I11); mi kaTionn
BHU3HAYAIOTh METOJIOM 3BOPOTHOTO KOMIUIEKCOHOMETPUYHOIO THUTPYBaHHS. 3 Ie-
peBaxkHOIO OUTbIIICTIO KaTioHIB MeTaniB EJITA yrBoproe CTiliKi KOMIJIEKCHI
Croiyku (KOMIUIEKCOHATH) y CTeXioMeTpu4HOMY BimHomieHHi 1:1, Tox B Touri
CTEX10METPUYHOCTI BUKOHY€ETHCSI PIBHICTB!

n(M?") = n(Edta).
IMpukaaau po3B’si3yBaHHA 3a1a4

Ilpuknao 7.1.

Hapaxky macorw 1,4545 r crinaBy, 110 MICTUTh CBHUHEIlb, PO3UMHEHO 1 00’ €M
po3uuny noBeneHo a0 100 mu. Ha tutpyBanusa 10,0 M oepaHOro po3uvHy B
MPUCYTHOCTI 1HIUKATOPa KCUJICHOBOTO OPAHKEBOTO BUTpaueHo 12,25 M po3uu-
Hy 3 MoysipHOto KoHIieHTparlieto EJITA 0,0543 monb/n.YoMy mopiBHIOE MacoBa
YacTKa CBUHIIIO B CILIaB1 ?



Po36’a30k.

EATA B3aemoxmie 3 1oHamMu CBUHIIO Yy BigHomeHHi 1:1. B Touri
CTEX10METPUYIHOCTI:

n(Pb**) = n(Edta) = c(Edta) - V = 0,0543 mouns/x - 12,25-10 % n =

=6,65-10* moub.

Ha TtutpyBanHs Oyno B34TO HOECATY YacTHHY pPO3YHHY, OTXKE, B YChOMY
pO3YHHI KiIBKICTH peuoBHHH CBUHIO B 10 pa3 Gimbure i gopiBriOE 6,65-107°
MOJTb.

O6YKCIMMO Macy CBHUHIIIO:

m(Pb) = M(Pb) - n(Pb) = 207,2 r/mous - 6,65-10 % mos = 1,3781 r

1 MAaCOBY YacCTKy HOro B CIUIaBI:

x(Pb)=1,37811- 100 %/ 1,4545 r = 94,75 %.

Ilpuxnao 7.2.

HaBaxxky texniuHoro xpomy macow 0,1034 r pozumneno B kucinoti. o
oJiep’KaHoro po3unHy goaaHo 50,0 M po3uMHY 3 MOJISIPHOIO KOHIICHTPAIlIEIO
EATA 0,0502 monb/n. Ha tutrpyBanusa nammumky EJITA Butpaueno 15,50 mn
po3unHy 3 MossipHOIO KoHueHTpamiero ZnCl, 0,0498 monw/n. Yomy mopiBHIOE
MacoBa YacTKa XpOMY B TEXHIYHOMY MPOAYKT1?

Po3é’a3ok.

O6uncauMo kuibkicTh pedyoBuHu EJITA, nomaHoro 1o po3uuHy, MO MICTUTh
XpOM:

c(Edta) - V =0,0502 moman/7 - 50,0-10 3 1= 2,51-1073 MOJIb.

YacTtuHa #oro mpoB3aeMojisiia 3 XpOMOM, a HAJUIMIIOK —3 10HAMH ITUHKY.
Kinbkicte pevoBunu Hapmuimky EJITA nopiBaioe kinbkocTi peuoBuaH ZnCly:

Nuane ( EAta) = N(ZNCL,) = ¢(ZnCly) -V = 0,0498 monn/1-15,50-10° 1 = 7,210
* MOIIB.

Toni 3 XpoMOM MpopearyBao:

2,51-10 moub — 7,2:10 *mons = 1,79-10°° mons EJITA.

Takoto xk OyJe 1 KUTbKICTh peuoBUHU XpoMy. OOUUCIIMO Macy XpoMy:

m(Cr) = M(Cr) - n(Cr) = 51,9961 r/mous - 1,79-10"° moms = 0,0931 r

Ta MOr0 MacOBY YacCTKYy:

X(Cr) =0,0931r- 100 %/ 0,1034 r = 90,04 %.



Ilpuknao 7.3.

Hapaxxky ¢eputy macoro 0,5192 r, mo mictuth okcuau 3amiza(lll), Hikemns ta
AJIIOMIHII0, PO3YMHEHO B KUCJIOTI. 3aJ1130 BUJIIYYEHO HUISIXOM €KCTpakiiii, a 00’eM
PO34MHY, B SKOMY 3aJIUIIMINCH HIKEJIb Ta amoMiHii, goBeaero a0 100,0 mi. [lo
20,0 M1 opmepkaHoro po3umHy momaHo 50,0 M1 po3uMHY 3 MOJISIPHOIO
koHneHTpauieo EJITA 0,0491 mons/n. Ha tutpyBanus naanmumky EJITA Butpa-
yeHo 18,15 M po3uuny 3 moussgpHoio KoHueHTtpanieo ZnCl, 0,0536 momnb/m.
IToTim B Tiif e mpoO1 aTroMiHIA 3aMacKyBalM 3a JoroMorow ¢ropuny. Ha tut-
pyBanusi EJITA, mo BuminuBcs, BuTpaueHo 16,45 mu toro x poszuuny ZnCl,.
YoMy HOpIBHIOTH MAaCOBiI YaCTKU OKCHUIIB y peputi?

Po3eé’a30k.

O6uncnumo KubkicTh peuoBuHu EJITA, nomanoro no po3uuHy, 1m0 MiCTUTh
HIKEJIb Ta aJTFOMIHIN:

n,(Edta) = c(Edta) -V = 0,0491 mois/1-50,0-10 > 11 =

= 2,46-1073 MOJIb.

Kinskicts pedyoBunu EJITA, mo 3anummiacek B HaJUIUIIKY, TOPIBHIOE:

Nuane ( EAta) = n(ZNCly) = ¢(ZnCly) -V = 0,0536 moms/1-18,15-10 2 1

=9,7-10* moub.

PisHumst 1mx BenmWuuH JOpiBHIOE KitbkocTi pedoBuHu EJTA, mo
IIPOB3AEMO/IIsUIA 3 HIKEJIEM Ta aTFOMIHIEM:

ny(Edta) = ny(Edta) — n,,,,.( Edta) =

= 2,46-1073 MOJIb — 9,7-104 MOJIb = 1,49~1073 MOJIb.

Takotro x OyJe 1 Cyma KIJTbKOCTEH PEUOBUHHU HIKENIO Ta AJTFOMIHIIO!

n(Ni) + n(Al) = ny(EATA) = 1,49-10 ° monb.

KibKiCTh peYOBMHU aTIOMIHIIO JOPIBHIOE KUIbKOCTI peuoBuHu EJITA, mio
BUJITAIIACH TTICIIT MAaCKyBaHHSI allfOMiHIIO, 1, 3HAYUTh, KUIBKOCTI PEUYOBUHHM ITUH-
Ky, BATPA4YCHOTO Ha APYTre TUTPyBaHHS:

n(Al) = n(Edta) = n(ZnCl,) = c(ZnCl,) - V =

= 0,0536 mouib/i - 16,45-1073 n=28,810"* mou.

Toni KiNBKICTh PEYOBHHH HIKEITIO JOPIBHIOE PI3HUIIL

n(Ni) = 1,49-10"° moub — 8,810 * momb = 6,1-10 * Mou1B.

Ockisnbku i a”amizy Oyyno B3ATO 1/5 4WacTuHY OJEp)KaHOTO PO3YUHY, Y
BCbOMY PO3UYHMHI MICTUJIOCH B 5 pa3 OUIbIlIE aJTIOMIHIIO Ta HIKEIIO:

n(Al) =5 - 8,8-10* moxs = 4,4-10" mous,

n(Ni) =5 - 6,1.10* moxs = 3,05-102 mosb.

OOunCcIMMO KIJTBKOCTI PEYOBHUH OKCH/IIB HIKEIIO Ta aTIOMIHIIO:



n(NiO) = n(Ni) = 3,05-10 " moub,

n(Al,03) = 1/2n(Al) = 2,210 mous,

1X Macu:

m(NiO) = n(NiO) - M(NiO) =

= 3,05-10"° moub - 74,69 r/monb = 0,2278 1,
m(Al,03) = n(Al,03) - M(AIL,O;) = 2,2-10 ° moub - 101,961 r/mons = 0,2243 T
Ta MacoBl YaCTKH:

X(NiO) =0,2278 r - 100 % / 0,5192 r = 43,88 %,
X(Al,03) =0,2243 - 100 % / 0,5192 r = 43,20 %.
Macoy gactky Fe,O3 3Haiiemo 3a pizHUIEIO:

100 % — 43,88 % — 43,20 % = 12,92 %.

3amauvi 1ust caMoCTiitHOI podoTH

7.1. Ins crangapTusallii po3uyuHy TPWIOHY b MpoBOASTH TUTpYBaHHS OKpe-
MHX HaBaXOK BicMyTy. Po3paxyBaTu Macy HaBaXKH BICMYTy, Ha THTPYBaHHS
AKO1 BUTpadyasioch Ou 01u3bKo 20 MII pO3YMHY 3 MOJISIPHOIO KOHLEHTPALIEK TPU-
nony b 6115 0,05 mons/n.

(0,21 ).

7.2. Ha TuTpyBaHHS pO3YUHY, IO MICTUTH MijJb, BUTpaueHo 15,20 miu po3uu-
HY 3 MOJIIpHOIO KOoHIleHTpartieto Tpuwiony b 0,0405 mounb/n. Yomy nopiBHIOE Maca
M/l B PO3YHHI?

(0,0394 r).

7.3. HaBaxkky macoto 0,6159 r comi, mo mictute MgCly, po3unHEHO B MipHIN
k0101 micTkicTio 250 M. Ha tutpyBanns 25,0 il oJiep:kaHOro po3yuHy BUTpa-
yeHo 20,70 M1 po3unHy 3 MOJISIPHOIO KOHIIEHTpaliero Tpuwiony b 0,0250 momns/m.
Yomy nopiBHioe macoBa yactka MgCl, B comi?

(80 %).

7.4. lonu cpibna, mo mictarbes B 50,0 M1 po3urHy, 3a 0MOMOTOI0 PeaKIlii

Ni(CN),* + 2Ag* < 2Ag(CN), + Ni**

MepeBe/IcH0 B IMaHIIHUN KOMIUIEKC. Ha TuUTpyBaHHS 10HIB HIKENIO, IIIO
BUJISIOTHCSI, BUTpadeHo 21,85 mi1 po3unHy 3 MOJIIPHOIO KOHIIEHTPAIIEID TPH-
nony b 0,0480 mons/n. Yomy n0piBHIOE MONsApHA KOHIIeHTpawis Ag” B po3unHi?

(0,0420 monw/m).

7.5. Ha TuTpyBaHHs po3uuHy, mo MictuTh 3aii3o(Il) ta 3amizo(Ill), Burpaue-

HO npu pH=2 13,7 Mn po3uMHy 3 MOJISIPHOIO KOHUEHTpAL€ TpUIoHY b



0,0552 monw/n, a mpu pH=6—23,50 M Toro x poszunHy. YoMy JOpiIBHIOIOTH
macu 3amniza(Il) Ta 3amiza(Ill) B po3unni?
(0,0423 r; 0,0302 1).

7.6. HaBaxkky BamHsaKy mMacoro 1,2512 T po3unHeHO B MipHiil K0JIO1 MICTKICTIO
100 mu. Ilpu BU3HAYCHHI CyMHU MarHiro i Kaibiiro Ha TuTpyBanas 20,0 M oxep-
’KAHOTO PO3YMHY BHUTpadeHo 19,25 mi po3unHy 3 MOJSPHOIO KOHIEHTPALIEI0
tpuiiony b 0,0514 monw/n. Ilpu BU3HAUCHHI Kajbllil0 HA TUTPYBAHHS TaKOTO X
00’eMmy po3unHy nipu pH=12 BuTpaueHo 6,25 M pO3UHUHY TOTO X TUTpaHTy. Yo-
My opiBHIOIOTH MacoBi yacTku CaCO3 Ta MgCO3 B BanHsIKY?

(12,84 %; 22,51 %).

7.7. HaBaxxky macoro 0,8512 r cruiaBy, 1110 MICTUTh UMHK 1 MiJib, PO3YUHEHO 1
00’eM po3uuny aoseneHo 10 100 mu. [Ipu BU3HAYeHHI CyMH IMHKY Ta Mifl Ha
tutpyBaHHs 10 mu oxepkaHoro po3uuHy ButpadeHo 20,05 mi po3uuHy 3 MOJSIp-
HOIO KoOHIeHTpamiero TpuioHny b 0,0512 monws/n. B npyriéi mopuii po3duHy
o0’emom 20,0 M1 Mih 3aMacKOBAaHO, a Ha TUTPYBaHHS IIMHKY BHUTpPAYEHO
10,80 mn Toro x po3unny TpmwioHy b. YoMy JOpIBHIOIOTH MAacOBI YaCTKH LIUHKY
Ta M1JI1 B cIj1aB1?

(21,11 %; 56,43 %).

7.8. HaBaxky natyni macoro 0,1640 r po3unHeHo B a30THINA kucioTi. Ocan
METAO0JIOB’SIHOT KHCIOTH Bi(UIbTpOBaHO, a (UIBTpAT Ta TMPOMUBHI BOJAH
NepeHeceHo B MipHY KojOy micTkicTio 250 mu. Ha TuTpyBaHHS CymMU CBUHIIIO,
LIMHKY Ta Mifl, 1o mictiiuch B 10,0 mi1 po3uuny, ButpadeHo 18,75 miu po3uuny
3 MOJISIpHOIO KOHIeHTpatieto Tpuiony b 0,0050 monw/n. B apyriit nopuii po3uu-
Hy 00’emoMm 25,0 Mi1 MiIb 3aMacKOBaHO TIOCYJIb(ATOM, a HA TUTPYBAHHS CBUHI[IO
Ta NUHKY BUTpadeHo 13,80 mut Toro x po3uuny Tpuwiony b. B Tpetiit mopii po3s-
guHy 00’emomM 50,0 MJT 3aMacKOBaHO MijJb Ta IIMHK IIaHIOM, a HA TUTPYBaHHS
CBUHIIO BUTpayeHo 5,40 Ml po3uMHY 3 MOJISIPHOIO KOHIIGHTpAIli€l0 TPUJIOHY b
0,0025 mosnb/1. OOUKMCIUTH MACOBI YACTKU KOMITIOHEHTIB B JIaTYHI.

(8,52 %; 24,67 %; 64,49 %; 2,32 %).

7.9. o 10 M1 eNeKTpOdITHOTO PO3YMHY, IO MICTUTh CyJib(haT HaATPiO
Na,SO4, momano 50 Ma po3umHy 3 MOJsipHOIO KoHIeHTpaliero Pb(NOj3),
0,1086 mosb/n. Ha turpyBanus Hammumky Pb(NOj), Butpadeno 12,5 Ma po3uu-
HY 3 MOJSIpHOIO KoHIeHTpariero TpuwioHy b 0,0908 mons/n. SIlka maca Na,SO,
MICTUTBCS B 1 J1 €JIEKTpOIIITY?

(61,0 ).

7.10. HaBaxxxy macoro 0,2205 r cruiaBy, 10 MICTUTh alIOMIHIM, PO3YMHEHO 1

BUJIyYEHO 10HH, 110 3aBa)KalOTh BU3HAYEHHIO aliOMiHII0. J[0 ofepx’aHOoro po3yu-



Hy JomgaHo 50 Mia  po3uMHY 3 MOJSIPHOIO KOHIEHTpall€w TpuioHy b
0,0502 monw/n. Ha tutpyBanHs Hagmuiky TpuioHy b Butrpaueno 14,50 mi pos-
yuHy 3 MoJisipHOoto KoHueHtpamieto ZnCl, 0,1111 mons/n. Yomy nopiBHIOE
MacoBa YacTKa aJIOMIHIIO B CIUIaBi?

(11,02 %).

7.11. Haaxky macoro 0,5628 r comi, mo mictuth MgSQO,, po3unHEHO B
MipHii k0101 micTkicTio 100 mu1. Jlo 20 mu oxepxkanoro pozunny goaado 10,0 mu
PO34YHHY 3 MOJIAPHOIO KOHIIeHTpaliero Tpwiony b 0,0310 monw/n. Ha TuTpyBanHs
HaUIMIIKY Tpuiony b ButpaueHo 9,25 mi po3unHy 3 MOJISIPHOIO KOHIIEHTPAIIEIO
ZnS0O, 0,0102 mMonw/n. O6uucauT MacoBy 9actky MgSO, B coui.

(23,06 %).

7.12. XpoMm, 10 BHUAIJIEHO Ha TOBEPXHI IUIACTUHH, PO3YMHEHO B
XJIOPOBOJIHEBIM KHUCJIOTI 1 00’eM po3unHy jaoBeneHo 10 250 mu. B 25,0 mu onep-
xaHoro po3uuny pH nmoseneno mo 5 ta gogano 40,0 Ma po3yuHy 3 MOJISIPHOIO
koHI1eHTpartieto Tpuiony b 0,01062 monw/n. Ha TuTpyBaHHS HaJTUIIKY TPUIOHY
b Butpaueno 17,36 M1 po3unMHy 3 MOJSPHOIO KOHIEHTpauiero MgSO,
0,0104 momne/n1. Yomy mOpiBHIOE Maca XpoMy, IO BUAUTMBCS Ha TUTACTHHI?

(0,1270 r).

7.13. Hikeneuii enextpoiit Mictuth coii NiSO,4 ta Na,SO,. Ha tutpyBanus
nopiii enexTpoity o6’emom 5,0 mu BuTpadueHo 15,0 Myl po3uyuHy 3 MOJISIPHOIO
KoHIleHTparieto Tpwiony b 0,0450 wmonws/n. Jlo apyroi Ttakoi »x mopiri
SJIeKTpOIIiTY JnomaHo 50 My pO3YMHY 3 MOJISIpHOIO KoHIeHTpaliero Pb(NOs),
0,1200 monw/n. Ocan PbSO, BimokpemsieHo. Ha TUTpyBaHHSI 10HIB HIKENIO Ta
CBUHLIIO, 1110 MICTUTh PO3YHH MICIIs BUWIYYEHHS 0caly, BUTpaueHo 20,2 MJI TOro x
po3unHy TprwioHy b. O0unciuT Macu cojiel B €JICKTPOJIITI.

(0,1045 1; 0,7245 1).

7.14. HaBaxky macoro 0,5012 r cmiaBy, IO MICTUTh CBHHEIb, MarHii Ta
IIUHK, PO3YMHEHO B KHUCIOTI. JI)Isi MacKyBaHHS IIMHKY JO OJIEPKAHOTO PO3UMHY
noaaHo miania. Ha TurpyBanHs CBUHIIO Ta MarHito ButpadeHo 21,10 M po3uuny
3 MOJISIpHOIO KOHIeHTpali€eo TpuiaoHy b 0,0412 monw/n. IloTiM 10 11bOTO pO34H-
HY T0JaHO 2,3-TUMepKanTaHOIPOAaHOJ, SKUH 3B’3y€ CBUHEIb B OUIBII MIITHUAN
komruiekc, Hik komruieke 3 EJITA. Ha tutpyBanns EJITA, mo BUAUTUBCS TIpH
IbOMY, BHUTpaueHO 9,65 M pO34uMHY 3 MOJSPHOI KOHIEHTpaiicro MgSO,
0,0153 monb/n. s geMackyBaHHSI IMHKY JI0 PO3YMHY J0JaHO (hOopMaibAeTil.
Ha tutpyBaHHs LIMHKY, 1110 BUAUIUBCS, BUTpa4yeHo 21,6 M pOo34HMHY 3 MOJISIPHOIO
KoHIeHTparieto Tpuiony b 0,0206 monw/n. YoMy IOpiBHIOIOTH MAacOBI YacTKU
METaJiB B CIUIaBi?



(6,10 %; 3,45 %; 5,77 %).

7.15. HaBaxxky Macoro 0,5176 r crutaBy, 110 MICTUTh HIKEJb, 3aJ1130 Ta XpOM,
pO3urHEHO 1 00°eM po3uuny noBeneHo A0 200 mut. o 25,0 M1 oepKaHOTO PO3-
YUHY J0JIaHO TaKUH k€ 00’ €M PO3YHMHY 3 MOJIIPHOIO KOHIIEHTpAIli€0 TpuioHy b
0,0518 momnb/n. [1pu 1bOMY BCi TpH 10HH 3B’SI3YIOTHCSI B KOMIUIEKC 3 TPUJIOHOM b,
a Ha TUTPYBAHHsI HAJUIMILIKY TPWIOHY b BUTpadeHo 5,25 Mil pO34MHY 3 MOJISIPHOIO
koHueHtpaiietro MgSO, 0,0304 monw/n. B apyriit mopuii po3unHy 00’€eMoM
25 MJI XpOM 3aMacKOBaHO, a HAa TUTPYBAHHS 3aji3a Ta Hikesst ButpadeHo 18,0 mi
TOTO X PO34MHY TpujIoHYy b. B TpeTii mopiiii po3unHy 00’eMoM 25 MiI 3ai1i30 Ta
XpoM 3amackoBaHo mipodocdarom. Ha TurpyBanns Hikento BuTpadeHo 12,95 mn
TOrO X po3uuHy TpuioHy b. YoMy I0piBHIOIOTH MAacoBI YacTKU METaliB B
crutasi?

(60,78 %; 22,45 %; 16,50 %).
7.2.YMOBHI KOHCTAHTH CTIHKOCTI KOMILJIEKCOHATIB

3 peakuisiMH KOMIUIEKCOYTBOPEHHSI KOHKYPYIOTh KUCIOTHO-OCHOBHI peaklii:
npotonyBaHHs EJITA, yTBOpeHHS IIpOKCOKOMIUIEKCIB METaly, YTBOPEHHS MpoO-
TOH- Ta T1APOKCUIBMIIIYIOUUX KOMIUIEKCOHATIB (Tak, Hampukiaa, 3amizo(lll),
kpim komruiekcy FeEdta, yrBoproe kommiekconatu ckiany FeHEdta,
FeOHEdta® i Fe(OH),Edta®).

Sk npaBuio, TUTPYBAaHHA NMPOBAIATH MpHU NocTiitHOMY 3HaueHHi pH. [ToBHOTY
3B’SI3yBaHHA KaTiOHY B MPOLECI TUTPYBAHHS XapaKTepU3YyIOTh YMOBHI KOHCTAHTU
CTIMKOCTI KOMILJIEKCIB :

c(MY*
B = SN (A
cx(M™)-cx(Y*)
ne ¢(MY”“*)— cymapHa konuenTpauis kommiekcis M”* 3 EJITA, uio

BKIIOYae Kommekcn MY?™* | mpoTomBMimmyrouwi Ta  TiApOKCHIBMINLyiodi
KOMILICKCH,

c*(M*") — koHIleHTpaIlis MeTay, He 3B’s3aHOr0 B Komiuieke 3 EJITA; Bona
BKJTIOUAa€ pIBHOBaXKHY KOHIIGHTpallilo Oe3mocepennso M® Ta  piBHOBaxkHI
KOHIICHTpAIIli HOTO T1IPOKCOKOMIIICKCIB;

cx(Y") — xonnentparis EJITA, He 3B’53aHOTO B KOMIIIEKC 3 METAIOM; BOHA
BKJTIOYA€ PIBHOBAXHY KOHIGHTpALi0 GesrmocepeHbo iony Y* Ta piBHOBaxHi
KOHIIEHTpAIlli 1Oro MpOTOHOBAHUX (HOPM.



YMOBHa KOHCTaHTa CTIHKOCTI MOB’s3aHa 3 KOHICHTPAIIHOI KOHCTAHTOIO
CTIMKOCT1 KOMILICKCY MY?** criBBigHONIEHHAM:
lg B =1g B +1g om + 19 oy — Ig amy , (7.2)
e Oy, Oy 1 Oy — YaCTKA KaTiOHY MeETaly M*, aniony EJITA Y* Ta
xommnexCy MY**:
ap = [M*)/cx(M™), (7.3)
ay = [Y*)ex(Y*), (7.4)
amy = [MY*)c(MY*™).  (7.5)
[Tpu 3aganomy pH 4acTku 0OYUCITIOIOTHCS 3a PIBHAHHSIMH:

J .
lg am=-1g 3 oy ;- 10108KwPH), (7.6)
=0

lg oy = —Ig f)ﬂHi 1071PH (7.7)
i=0

3aranbHUM BUpa3 A pO3pPaxXyHKY Oy HE HABOAUTHCA. [l KOKHOTO KOH-
KPETHOT'O KOMILIEKCOHATY PO3PaxyHOK Olyy 3J1HCHIOETHCS Y BIAMOBIIHOCTI 3 BU-
3HAYEHHSIM:

amy [MYZ*]/ c(MYZ?), (7.8)

y BIAMOBIJHOCTI 3 TUM, Kl caM€ MPOAYKTH YTBOPIOE KOMILJIEKCOHAT 3a KOH-
KypYIOUUMH pEaKkLisIMH.

[HKONMM 10H MeTaJy yTBOPIOE KOMIUIEKCH 3 JONOMDKHHMHU peareHTamHu, IO
HasBHI B pO3YMHI, HAMpHUKIaJ, 3 KOMIOHEHTamMH OydepHOi cucremu, ska
3acTocoByeThcsi  quisa crabumizamii pH. Tomi wacTka oy 3a0€XUTh 1 Bif
KOHLIEHTpaLli JOTIOMI)KHOTO PEareHTy 1 Moxke OyTH po3paxoBaHa 3a PIBHSIHHIM:

J . N
Ig oam=-1g (X Bon - 10ME P+ T g L"), (7.9)
§=0 n=1

ne [L]— piBHOBaxHA KOHIIGHTpAIlisl JOMOMDKHOTO peareHry, [n—
KOHCTaHTHU CTIMKOCTI KOMILUIEKCiB ML, yTBOPEHHX 3 TOMOMIKHIM pEareHTOM.

Jlis BU3HAuUEHHS KIHIIEBOI TOYKM B KOMIUIEKCOHOMETPHUYHOMY THUTpPYBaHHI
3aCTOCOBYIOTh METAJIOXPOMHI 1HAMKATOPU —pPEUOBUHH, IO 3MIHIOIOTH 3a0apB-
JICHHS, B3a€MOJIIOYM 3 10HaMU MeETalliB. [HIMKAaTOpHY pPEaKIlil0 B 3arajlbHOMY
BUTJISAII MOKHA MPEJCTABUTH 3a JOTIOMOTOI0 PIBHSIHHS:

M Ind <M?* + Ind”,

Ha crifikicte kommuiekcy M Ind BIiMBarOTh KHUCIOTHO-OCHOBHI B3a€MOJI,

30Kkpema, mportoniTuudi peaknii Ind”. ToMy a1 XapakTepMCTHKH DPiBHOBAru

{HIMKATOPHOI peakuil TeX 3aCTOCOBYIOTh YMOBHI KOHCTAHTH CTiHKOCTI By ™"

[Tpuknaau METaITOXpOMHUX 1HIUKATOPIB HABEJIEHO B TaOJIHIII.



Inukatop lon me- Ig Bing lg By ™" YMoBu
Taly BU3HAYCHHA
Epioxpom uopuuii T | H” lg Kn1=11,5
lg Ki1,=6,35
lg Ki15=3,85
ca” 5,4 3,9 pH 10
Cd* 12,74 10,79 pH 10
Mg 7,0 55 pH 10
Pb?* 13,19 8,68 pH 10
KankonkapbonoBa H* lg Ky=13,7
KHCJIOTA lg Ky=9,26
lg Kis=3,8
ca” 5,0 3,26 pH 13
Kanbrein H* lg Ky=12
lg Kyp=10,5
lg Kis=9,0
lg Ki1s=5,4
lg Kus=4
Ba®* pH 12
Kcunenomnosuit H* lg Ky=12
OpaHXEBUU lg Kyp=10,3
lg Kyus=7,5
lg Kiys=4,49
lg Kys=2,74
lg Kis=2,00
Bi** 5,1 pH 2
Hg** 11,5 pH 7
Cd* 3,8 pH 5,5
Zn** 6,1 pH 5,8-6,2
Mypexkcu, lg Kyix14,5
H,Ind* lg K\,=13,5
lg Kys=10,3
lg Kiys=8,7
lg Kps=1,6
Cu* 15 9,9 (CuH,Ind) pH 7
1,74
Ni** 3,36 3,36 pH 10




(NiH4Ind) pH 7
[TipokaTexiHOBHIA lg Ky=11,7
(ioseToBMiA lg Ky=9,80
lg Kys=7,82

Bi** 27,1 2,8 pH 2

IIpukaaau po3B’si3yBaHHs 3a1a4

Ilpuknao 7. 4.
Po3paxyBaTi yMOBHY KOHCTaHTY CTIMKOCTI KOMILJIEKCY aJIOMIHIIO 3
EATA mpu pH=S.

Po3é’a3ok.
OGuncimmo wactku Al*Y, Y* i AlY ™ mpu pH=S5.
Torn AI** yTBOPIOIOTH YOTHPH MOHOSACPHI TiAPOKCOKOMIUIEKCH, U SKHX,
3r1AHO JOBIAKOBUX JAHUX:
lg B =9,01, Ig B, = 18,7, Ig Bs= 27,0, Ig B4 = 33,0.
Toni:
Ig aua = —lg (1410901107 2445410187. 102 14494 10270, 13 1449,
+10%0.10+49)) = _0,90.
Jlnst Y* mpu pH=5:
g ary = —Ig (1 + 1010241075 +10104. 10692 4+1019%. 1693 4
+10%198. 10694 4£102256.1 (¢S 4102246, 1069 0) = _g 43,
Karionu amominito(Il1) yrBoprorots 3 EJITA xommiekcu cknany ALY, AIHY,
AIOHY?, AI(OH),Y* . Yacrka xommiekcy AlY
[AIY]
[AIY] + [AIHY] + [AIOHY?>] + [Al(OH)2Y3' ].
3rigHO JOBIJIKOBUX JTAHUX:
lg K(AIY +H" < AIHY)=2.5;
lg K(AIOHY?* + H" < AIY™ + H,0) = 5,89;
lg K(AI(OH),Y* + H" < AIOHY? + H,0) = 9,97.
3a piBHsHHAMU 3/IM BHpa3uMo KOHIIEHTpaLlli MPOAYKTIB KUCIOTHO-OCHOBHUX

Aary =

nepeTBopeHb KoMmiuiekcy AlY ™ depes ioro piBHOBaKHY KOHUEHTpPAIIO:
[AIHY] = 10*>-10""-[AlY ];
[AIOHY?] = 10 >%-10°"-[AlY ];
[AI(OH),Y*] = 10°%-10°"-[AIOHY? ]= 10 *"-10>%-10*"-[AIY].




[lizcTaBuBIIM 111 BUPa3U B PIBHSHHS JJIA Olay 1 CKOPOTHBIIM YHCEJIBHHK 1
3HAMEHHHMK Ha 3araJibHuil MHOXKHUK [AlY ], ogepxyemo:

aary = /(1 +10%°-10""+ 107> 10°" + 10°%7-107°%°-10%1).

HpI/I pH =5 oy = 0,88, Ig aay =—0,05.

ITixcraBumo 3Hauenust Ig o, 19 oy, 119 oayy B piBHsHEsS s Ig 7™

Ig p7*" = 16,3 - 0,90 - 6,43 + 0,05 = 9,02.

3ajaui s caMoCTiHHOI podoTH

7.16. O6UHCIUTH YMOBHY KOHCTAaHTY cTiiikocTi kommnekcy Ca”* 3 EJITA mpu
pH 5 1 12. Skoro Oyae B TOUIl CTEXIOMETPUYHOCTI KOHLIEHTpAllsl METally, He
3B’s13aHOTO B KOMIUIEKC 3 EJITA, Axmo npu Ko)kHOMY 3 1uX 3HadyeHb pH TuTpy-
BaTH PO3YHMH 3 MOJIIPHOIO KOHIICHTPAIIIEIO Ca*" 0,05 monb/1 pozunHoM EJITA
TaKoi K KOHIIEHTpaIli?

(Ig B = 4,55; 8,410 * moub/x;
lg B = 10,91; 5,5-10 " moms/m).

7.17. O6G4HCTUTH yMOBHY KOHCTAHTY crifikocti kommiekcy Cd** 3 EJITA mpu
pH 3 1 10. Skoro Oyae B TOUIll CTEXIOMETPUYHOCTI KOHLIEHTpAlisl METally, He
3B’s13aHOr0 B KOoMIUiekc 3 EJITA, saxuio npu Ko)kHOMY 3 IMX 3HaueHb pH TuTpy-
BaTH PO3YMH 3 MOJSIPHON KoHienTpamicro Cd®* 0,02 mons/n pozumaom EJITA
TaKoi K KOHIIEHTpaIlii?

(Ig P = 6,10; 8,9- 10" MmoB/11;
lg B = 15,57; 1,6-10"° moms/m).

7.18. O6UHCTUTH YMOBHY KOHCTAaHTY CTiifkocTi kommnekcy Ba** 3 EJITA mpu
pH 4 1 11. Skoro Oyne B TOUIll CTEXIOMETPUYHOCTI KOHIICEHTpAIlld METaily, He
3B’s13aHOT0 B KOoMIUiekc 3 EJITA, saxuo npu Ko)kHOMY 3 1UX 3HauyeHb pH TuTpy-
BATH PO3YMH 3 MOISIPHOIO KOHIeHTpariero Ba®" 0,05 Mons/n posunzom EJITA
TaKOi K KOHUEHTpALii?

(Ig g™ = -0,09; 0,048 momns/x;
lg ™™ = 7,71; 2,2-10"° mous/).

7.19. OGUHCINTH YMOBHY KOHCTAaHTY CTiiikocTi kommrekcy Mn”* 3 EJITA mpu
pH 4 1 10. Slkoro Oyze B TOUIll CTEXIOMETPUYHOCTI KOHIICHTpAIli METally, HE
3B’s13aHOTO B KOMIUiekc 3 EJITA, sxuio npu Ko)kHOMY 3 1IuX 3HauyeHb pH Tutpy-
BaTH PO3YUH 3 MOJISIPHOIO KOHIICHTPAIIIE€I0 Mn*" 0,04 moms/n po3unHom EJITA
TaKOi K KOHUEHTpALii?

(Ig B = 5,56; 2,310 * moub/x;
lg B = 13,32; 3,1-10 ° mous/n).



7.20. O6YuCINTH YMOBHY KOHCTAHTY CTIMKOCTI KOMILIEKCY Cu” 3 EITA npu
pH 2 1 6. ko Oyzae B TOYIll CTEXIOMETPUYHOCTI KOHIIEHTpAIlls METally, He
3B’s13aHOT0 B KoMmIuiekc 3 EJITA, K110 mpu KOXKHOMY 3 IIUX 3HaueHb pH TUTpy-
BATH PO3YMH 3 MOJIpHOIO KoHueHTparicro Cu®" 0,01 mons/1 pozumaom EJITA
TaKOi K KOHLIEHTpaii?

(Ig P = 6,23; 5,410 MoB/11;
lg B = 14,08; 6,410 ° Mous/m).

7.21. O6UUCTUTH YMOBHY KOHCTAHTY CTIHKOCTI KOMIUIEKCY Fe?* 3 EITA npu
pH 3 1 11. fxoro Oyae B TOYIN CTEXIOMETPUYHOCTI KOHIICHTpAIll MeTaly, He
3B’s13aHOrO B KoMIuiekce 3 EJITA, skmo npu koxxHOMY 3 IIUX 3HaueHb pH tutpy-
BATH PO3YMH 3 MOJIPHOI KoHIeHTpamicro Fe”* 0,025 mons/1 posunaom EJITA
TaKOi K KOHUEHTpALii?

(Ig B =3,90; 1,7-10" monb/1;
lg B = 12,42; 6,910 ® moub/1).

7.22. O0UUCTUTH YMOBHY KOHCTAHTY CTIHKOCTI KOMIUIEKCY Fe** 3 EATA pu
pH 2 1 8. fkoro Oyne B TOUIll CTEXIOMETPUYHOCTI KOHIIEHTpALis MeTanay, He
3B’s13aHOTO B KOMIUIEKC 3 EJITA, Axmo npu Ko)kHOMY 3 1uX 3HadyeHb pH TuUTpy-
BATH PO3YMH 3 MOJLIPHOI KoHmeHTpamicro Fe** 0,005 monbs/1 posumaom EJITA
TaKoi K KOHIIEHTpaIli?

(Ig P =11,35; 1,1- 10" monb/x;
lg B = 13,13; 1,9-10 " moms/n).

7.23. OGUHCIHTH YMOBHY KOHCTAHTY cTifikocti kommiekcy Bi** 3 EJITA mpu
pH 1 1 10. Skoro Oyne B TOUIl CTEXIOMETPUYHOCTI KOHIIEHTpaLlld METaily, He
3B’s13aHOTO B KOMIUTeKC 3 EJITA, Axmo npu Ko)kHOMY 3 X 3HadyeHb pH TuUTpy-
BATH PO3YHMH 3 MOJSIPHOIO KoHienTpamieo Bi" 0,01 mons/n posunzom EJITA
TaKoi K KOHIIEHTpaIlii?

(Ig P =9,12; 1,9-10° monb/x;
lg ™™ = 5,19; 1,8- 10 mob/m).

7.24. OGYHCITATH yMOBHY KOHCTAHTY crifikocti kommiekcy Co>* 3 EJITA mpu
pH 3 1 6. fIkoro Oyae B TOUIll CTEXIOMETPUYHOCTI KOHLIEHTpAllis METaily, He
3B’s13aHOTO B KOMIUIeKkC 3 EJITA, sxuio npu Ko)kHOMY 3 1IUX 3HauyeHb pH TuUTpy-
BaTH PO3YMH 3 MOJSIpHOI KoHueHTtpamiero Co’ 0,1 mons/1 posumuom EJITA
TaKoi K KOHIIEHTpaIlii?

(Ig B = 6,03; 2,310 * moub/x;
lg B = 11,68; 3,1-10° mous/m).

7.25. OGUHCIHTH YMOBHY KOHCTaHTY cTifikocTi kommrekcy Ni’* 3 EJJTA mpu
pH 2 1 9. fkoto Oyne B TOUIll CTEXIOMETPUYHOCTI KOHIEHTpAllisi MeTaly, He



3B’s13aHOr0 B KomIuiekc 3 EJITA, Ko npu KOXKHOMY 3 IMX 3Ha4eHb pH TUTpy-
BaTH PO3YHMH 3 MOJSIPHON KoHueHTpamiero Ni** 0,01 mons/n posunsom EJITA
TaKoi K KOHIIEHTpaIli?
(Ig P = 6,38; 2,310 mob/x;
lg B = 17,30; 3,1-10 ° moms/m).
7.26. O6UHCTUTH YMOBHY KOHCTAaHTY CTiiikocTi kommnekcy Zn”* 3 EJITA mpu
pH 5 1 12. SIxoro Oyzae B TOYINl CTEXIOMETPUYHOCTI KOHIICHTpAIll MeTaly, He
3B’s13aHOT0 B KoMmIuiekc 3 EJITA, K110 npy KOXKHOMY 3 IIUX 3HaueHb pH TUTpy-
BaTH PO3YMH 3 MOJSIPHOIO KOHIeHTpauieo Zn>* 0,02 mons/n posunsom EJITA
TaKOi K KOHLIEHTpaii?
(Ig P =10,01; 2,310 monb/x;
lg B =9,02; 3,1-10"° mou/).
7.27. O6YHCIUTH YMOBHY KOHCTAHTY cTiiikocTi kommekcy Ag' 3 EJTA npu
pH 5 1 10. Skoro Oyne B TOYIll CTEXIOMETPUYHOCTI KOHIIEHTpAIlld METaily, He
3B’s13aHOr0 B KoMIuiekc 3 EJITA, ko npu Ko)kHOMY 3 1UX 3HauyeHb pH TuTpy-
BATH PO3YMH 3 MOJSIPHOIO KoHIeHTpaniero Ag' 0,05 mons/n pozunnom EJITA
TaKOi K KOHUEHTpALii?
(Ig P = 1,73; 2,310 * monb/x;
lg B = 6,88; 3,1-10° Mos/1).
7.28. OGUHCINTH YMOBHY KOHCTaHTYy cTifikocti kommutekcy Cre 3 EJITA mpu
pH 3,5 i 6. lo po3uuny 3 mMospHOI0 koHienrpamiero Cr’* 0,01 mons/1 mpu pH
3,5 nomano Takuit ke 00’em pozunHy EJ[TA 3 Takoi X MOJISIPHOIO
KOHLIeHTpauier. Oaep:kaHuii po3urMH HArpito 10 KUIIHHSA, MOTIM OXOJOJKEHO.
Yomy mopiBHioe konuenTpais Cr'*, He 38’s3aHoro B komiurekce 3 EJITA, B Tako-
My pO34uHi?
(Ig P = 13,82; 2,310 monb/x;
lg B = 16,65; 3,1-10° Moms/n).
7.29. O6GYHCIATH yMOBHY KOHCTAHTY crifikocti komrurekcy Hg?* 3 EJITA mpu
pH 4 1 11. Skoro Oyne B TOUIll CTEXIOMETPUYHOCTI KOHIIEHTpALlil MeTaily, He
3B’s13aHOTO B KOMIUIeKC 3 EJITA, sxmo npu Ko)kHOMY 3 IHUX 3HadueHb pH TuTpy-
BaTH PO3YMH 3 MOJISIPHOIO KOHIICHTPAIIIEIO Hg2+ 0,03 monw/n pozunaom EJITA
TaKoi K KOHIIEHTpaIlii?
(Ig P = 11,30; 2,310 monb/x;
lg B = 7,53; 3,1-10"° moub/1).
7.30. OBUHCINTH YMOBHY KOHCTAHTY CTilikocTi Komiutekcy Pb® 3 EJITA mpu
pH 2 1 6. SIxoro Oyme B TOYII CTEXIOMETPUYHOCTI KOHIIEHTpAIlisl MeTaly, He
3B’s13aHOrO0 B KoMIuiekce 3 EJITA, skmo npu koxxHOMY 3 1IUX 3HaueHb pH tutpy-



BaTH PO3YHMH 3 MOJSIPHON KoHIeHTpamiero Pb?* 0,05 momns/nm posunsom EJITA
TaKoi K KOHIIEHTpaIli?
(Ig B = 5,44; 2,310 * moub/x;
lg B = 13,40; 3,1-10 ° moms/n).
7.31. OGUHCINTH YMOBHY KOHCTAaHTY CTifikocTi kommurekcy Mg” 3 EJITA mpu
pH 6 1 10. fkoro Oyne B TOYIl CTEXIOMETPUYHOCTI KOHLIEHTpALisl METaly, He
3B’s13aHOT0 B KomIuiekc 3 EJITA, K110 npu KOKHOMY 3 IIUX 3HadYeHb pH TUTpy-
. 2+
BaTH PO3YMH 3 MOJSIpHOIO KOHIeHTpaiiero Mg” 0,1 monw/n pozunnom EJITA
TaKoi K KOHIIEHTpaIli?
(Ig P = 4,17; 2,310 monb/x;
lg B = 8,34; 3,1-10°° mous/).
7.32. 1o 20 mi1 po3uuHy, 110 MICTUTh 10HM Me€Tany, nofaHo 10 Ma po3duHy
EATA Ta 10 mun OydepHoro po3uuHy, crocid NMpUroTyBaHHs SIKOTO HaBEJICHO B
Tabnuill (IuB. HIDKYE). YoMy JOpIBHIOE YMOBHA KOHCTaHTa CTIHKOCTI KOMILICK-
COHATY B TAKOMY PO3UHHI?

Homep Ion Crnoci6 npurotyBaHHs Oy(epHOTrO pO3UUHY
BapIaHTy METATY

1 Ni?* 3mimano piBHi 00’ emu po3urHy 1 Mojb/1 NH4CI
1 po3urHy 3 MacoBoo yacTkoro NHjz 25 %

2 zZn** Jlo 70 r NH4Cl1 nogano 570 M1 po3uuny
3 MacoBoro yacTkoro NHjz 25 % 1 06’em po3uuny
JIOBEZEHO 110 1 a1

3 Ccd* o 70 r NH4CI nogano 570 mi po3uuHy 3
MacoBoro yacTkoro NHz 25 % 1 06’em po3uuny J10-
BeIE€HO 110 1 11

4 Co** 3MilaHo piBHI 00’ €MH PO3YUHY 3 MOJISIPHOIO
koHneHTpariiero NH,CI 2 Mmoaw/n
1 po34urHy 3 MacoBoi0 yacTkor NHjz 25 %

5 Hg** Jo 70 r NH,Cl nonano 570 M po3uuHy 3
MacoBoro yacTkor NHs 25 % 1 06’em po3unHy 110-
BEIEHO 110 1 11

2 . .. .
6 Cu“” 3Mima”o piBHI 00’ €MU PO3YUHIB 3 MOJISIPHUMU

konneHTparismu NH4Cl 1 NH3z 1 mons/n

7.3. TeopeTu4He JOCIIKEHHS XaPAKTEPUCTUK
KOMILICEKCOHOMETPUYHOI0 TUTPYBAHHS



X1 KOMIUIEKCOHOMETPUYHOI'O TUTPYBaHHS XapaKTEpU3y€e 3MIHIOBAHHS Be-
JUYUHU
pM = —lg c*(M*) (7.10)
IIpU J10JIaBaHHI PO3YUHY TUTPAHTY. B KIHIEB1i TOYIll TUTPYBAaHHS MO’KHA Ha-
OJIMKEHO BBaXKATH, 1110
pMirr = 19 B¢ ™ (7.11)
3uauenns pM B TC 3anexuTh BiJl BEIMYMHH YMOBHOI KOHCTAHTH CTIHKOCTI
KOMIUIEKCOHATY Ta KOHIICHTpAIlli 10HIB METaly B PO3UMHI, IKH TUTPYIOTb.
[ToBHOTY 3B’s13yBaHHsI MeTaly KOMIUIEKCOHOM MO’KHA OLIIHIOBAaTH 332 METOJI0M
OayaHCy peakiii, 3aCTOCOBYIOUM YMOBHY KOHCTaHTY CTIMKOCTI KOMIUIEKCY, sIKa
BpaxoBye BCl 1HII peakilii 3a yudacTio kaTioHiB Ta EJITA. Po3rnsnemo Gananc
peaxiii B TOUIli CTeXiOMETPHYHOCTI IPH TUTPYBaHHi KaTiony M”" :

M + Yt = MY**,  lg g
C c c 0
ACiim —C —C C
Clim 0 0 C
Ac X X —X
[ ] X X c—X




CHMBOJIOM ¢ TYT TTO3HAYEHO 3arajibHy KOHIIEHTPAIII0 METAITy 3 BpaxyBaHHIM

PO3BEACHHS B TOYIll CTE€X10METPUYHOCTI:
cC= Co'Vo/ (Vo + V),

ne Vo—o0’eM po3uuHy, IKUi TUTPYIOTb;

Co —I104aTKOBA MOJISIPHA KOHIEHTpallisl ioHiB M*" B po3uuHi, sKuii THTPYIOTH;

V — 00’eM 01aHOTO PO3YMHY TUTPAHTY.

[lizcraBuMO ojepkaHl BHUpa3d PIBHOBAKHUX KOHIIEHTpAIlld (TOYHIIIE,
KOHIICHTpAIlili KOMIUIEKCOHATY Ta HE 3B’s3aHUX y KoMmIuieke kationy i EJITA) no
piBHsHHS 3/M:

B = (¢ — x) / X (7.12)

[Ipn x<<c

BN = ¢ [ X (7.13)

X = c#(M*)re = c* (Y ) e = /%WOBH, (7.14)

PMrc = —lg cx(M*) e = (Ig B™**—Ig ¢) / 2. (7.15)
Buacmpgox BigMminnocti KTT Bim TC BuHHMKae NOXHMOKa I1HAUKAIL, IO

3BIJICH:

BKJIIOYA€ CUCTEMATUYHY Ta BUIIAJIKOBY CKJIaJ0Bi. MOKHA BBaXKaTH, 110 CUCTEMa-
TUYHA CKJIaJI0Ba MOXUOKHU NEpeBakae npu | pMgkrr — pPMrc | > 0,5. Ti ouinrorors Ha
OCHOBI PIBHSIHHS MaTepiaJIbHOTO OaaHCy ISt Y* a6o M**:
coVo—cyV
M) =-o(Y)= " Vg rv = ox(M¥)-cx(YH). (716)

B tourii crexioMmerpuuHoCTi ¢V = CyV, TOII

cx(M™) - cx(Y*9)=0.

PiBHICTh IMX KOHLIEHTpalli 0yJ0 BUKOPUCTAHO BUILE TPU 00UMCIIeHH] pMc.

B KiHUEBIM TOYIll TUTPYBaHHS ISl PIBHICTh HE BUKOHYEThCA: CoVy # CyV.
Bigminna Bix Hyss Bemuuna ¢(M?') nopiBHIOE cHCTeMaTHUHil CKIIaI0Bii MOXUOKK
1HIMKAIIl1, BITHECEHIH 10 CyMapHOTO 00’ €My PO3YUHY:

L. (7.17)
Vo +V

3HaK TOXMOKM 1HAWKAIl TpPH BU3HAYCHHI KOHIICHTpAIi 10HIB MeETaly

Ac= (C;[iﬁcH. - CBI/ISHa‘I.)

CHiBMa/a€ 31 3HAKOM 3araibHoi KoHHeHTpaiii M”" i mpoTHIeKHUi 3HAKY BeENH-
auan c(Y*h):
C()V() —CyV
Ac=" Vy+v  =cx(MT)—cx(Yh). (7.18)

Sk mpaBuIio, AJia 0OUKCICHHS 1€l TOXUOKHU JOCUTh BPaxyBaTH JUIIE OUIBILY
3 1BOX KoHIeHTpauii — C*(M*) un c*(Y*). Ix 3Hauenns B KTT morxHa 3HaiiTH



3a KJIJI ab6o obuucnutu 3a BimoMuM pMgrr . [Ipu pMyrr < pMrc po3uuH Hedo-
mumpoeano, T00To
cvV <oV
Toni cucremMarnyHa MOXUOKA 1HIUKAIT JOPIBHIOE:
A ¢ = cx(M?) = 107 PMKTT (7.19)
[Ipu pMkrr > pM1c pO3UMH nepemumpoeano:.
cvV >V,
CucremaTnuHa CKJIaJJOBa MOXMUOKHU BiJl’€MHA:
Ac=—cx( YY) = (™)' -10PMKTT ¢ (7.20)

3HaK MiHYC CBIIYHTH PO TE, IO 3aBUINCHE 3HAYCHHS KOHIICHTpAIIlli 10HIB MeTa-
oy, OOYHMCIIeHE 3a CTeXIOMETPUYHHM  BIJIHOIICHHSM, MOXHA YTOYHUTH,
BifHSBIIM Bix HBOTrO Bemmumny (B7*) ' - 10PMKTT -,

SIkmro |pMKTT — pMrc |< 0,5, iHauKaTopHa MoXHMOKa OOMEXKEeHa BHUIIAJIKO-
BOIO CKJIQJIOBOIO S¢, SIKa 3aJIEKUTh BiJl PI3KOCTI CTpHOKa TUTPYBaHHs, a BIATAK 1
B/l 3HAYEHHS YMOBHOI KOHCTAHTH CTIMKOCTI:

s~ 10 ¢ /g™, (7.21)

MOXIUBICTh KOMIUJIEKCOHOMETPUYHOTO BHU3HAYEHHS OJIHOTO METaly B
MPUCYTHOCTI JIPYrOTO 3aJ€XHUTh BIJI CHIBBIIHOUIEHHS YMOBHHUX KOHCTAHT
CTIMKOCTI KOMIUIEKCOHATIB 1 KOHLEHTpalld IMX JABOX MeTamB. Tak, npu
BU3HA4YeHHI MeTanry M{' B mpucyTHOCTI Metamy M3 BigHocHa moxuOka, 3y-

MOBJIEHA HAsIBHICTIO IPYTOro METaay, MO>Ke OyTH OLIIHEHA 3 PIBHSHHAM:

2 MO BH
(Aclj BT e (7.22)

MO BH
€ 1y Y

ne innexcu 1 i 2 BigHOCATHCA 10 ioHiB M{™ i M 5" Bigmosingno. Jlns oGumc-
JIleHb PIBHOBAXKHOTO CKJIaly PO3YMHY B IIPOIIECi TUTpYBaHHS M| 3pydHO CKO-

pUCTATUCh PIBHAHHAM MartepiainbHoro 6anancy EJITA y Burisui:
Cy e CIVO
c(Y)= " Vy+V = cx(MpY ) +ex(YH) - cx(M™),

1€ M(Z)YZ_4 —xomiuieke apyroro merainy 3 EJTA. Toni B TC BukoHyeThCs
PIBHICTB:
c*(Mp Y™ + cx(Y*H) = cx(M™).
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Ilpuknao 7. 5.

JI71s1 KOMITJIEKCOHOMETPUYHOTO BH3HAYEHHS KaNbIIito 10 10 M1 po34nHy 3 MO-
JSIpHOIO KoHIeHTpamiero Ca®* 0,03 monb/1 gomaso 10 Mt 6ydepHOro posduHy 3
mossipaumu  koHneHTpamismu  NH4Cl 0,1 mons/m 1 NHz 0,6 mone/m  Ta
1HAUKaTOpHy cyMim epioxpoMy uyopHoro T 3 NaCl. Opepxxkanuii po3uuH
BIITUTPOBAHO PO3UYMHOM 3 MOJIsipHOIO KoHIeHTpalieo EJITA 0,03 momnw/n. koo
OyJie B TOUIll CTEX1OMETPUYHOCTI KOHIIEHTpPAIisI Ca2+, HE 3B’I3aHOTO B KOMILIEKC
3 EATA ? Yomy nopiBHIOE MOXHOKa THUTPYBAaHHS, 3yMOBJIEHA BiJIMIHHICTIO
KIHIIEBOT TOYKH TUTPYBAHHS BIJl TOUKH CTEX1OMETPUYHOCTI?

Po3é6’a3ok.

B TC BuKoHYy€eTHCS PIBHICTB:

n(Ca?*) = n(Edta),

3Biacu 00’em po3unny EJITA, noganoro B TC, nopiBHtoe 10 mu. Cymapnuii
00’eM po3unHy 30 MJI, TOX 3arajibHi KOHIIEHTparli peareHTiB B TC 1OpiBHIOIOTH:

c(Ca?) = ¢(Y") = 00310 _ 0,01 (Mosb/n);
c¢(NH3) = 06-10 _ 0,2 (Momb/m);

; -1 A
c¢(NHy) = 0300 -0 (MOB/I1).
3a KOHIIEHTpallIsIMI KOMIIOHEHTIB Oy(depy oOuucinmo 3HadueHns pH po3uunny:
pH = Ig Ky, + Ig c(NH;).

c(NH})

pH = 9,24 + Ig 023 _9.24+0,77=100;

O6Guuncmumo lg B komrutekcy kamsiiro 3 EITA mpu pH 10:

lg ™™ =1Ig B +1g oy + 1g ooy — 19 ocay = 11,00 — 1,10 = 9,90.

KonnenTpartito Ca2+, He 3B’s3aHoro B koMiuieke 3 EJITA B TC, 3Haxoaumo 3a
METOJIOM OajaHCy peakIiii:

ca’’ + Yt = Cay”, g g
c 0,01 0,01 0

Acjim -0,01 0,01 0,01



Clim 0 0 0,01
Ac X X —X

[ ] X X 0,01-x

[TincTaBuMO ofeprKaHi BUpa3H PIBHOBAKHUX KOHIEHTpaIlii B piBHsAHHA 3/IM
3 YMOBHOIO KOHCTaHTOIO:
10%° = (0,01 — x) / X2
[Tpumnyctumo, mo x<<0,01, Tomi:
10%°=0,01/ X%,

10,01
X = c*(Ca?)rc = cx(Y e = 1099 =1,1'10 ®*mons/m.

pCaTC = 5,96,
3nadyeHHs pCayrr OLIHIOEMO 32 YMOBHOIO KOHCTAHTOIO 1HIUKATOPHOI peakilii

npu pH 10; nns epioxpomy yopHoro T(auB. Tad1.):

pCaxrr =19 B707 " = 3.9.

Ockinbku pCayrr < pCarc, po34MH HEAOTUTPOBAHO 1 CUCTEMaTUYHA TTOXHOKa
1HIUKAIT TOPIBHIOE:

A ¢ = cx(Ca®)err = 107 PEUKTT = 10739 =1 3107
BIJTHOCHA ITOXHOKA:
Ac 13-107"
c 00l

=1,310%a60 1,3 %.

3amauvi 1u1s1 caMocTiitHoI podoTH

7.33. lna Bu3HaueHHA anmoMiHiio 10 100 mu1 po3unHy, 110 MICTUTh OJIM3BKO
100 mr AI*, momarore 50 MI pO34MHY 3 MOJSIPHON KoHIEHTpaumiero EJITA
0,1 Monp/m 1 2 mMin po3uuHy 3 MossipHOO KoHueHtpauiero HCl 1 monw/m,
HarpiBalOTh JO KUIIHHA 1 BUTPUMYIOTh Ha KUIUIUiM BojsaHik Oani 10 xB. Ilicns
OXOJIOJDKEHHS JO0JIal0Th aretar Hatpito g0 pH 5,6 1 iHAUKaTop KCHUIICHOJIOBUMN
opanxeBHuil. TUTPYIOTh PO3YMHOM 3 MOJISIPHOIO KOHILIEHTpPALIEIO CyIb(aTy IIUHKY
0,1 Monb/n 0 3MiHM 3a0apBiEHHS PO3YMHY 3 JKOBTOTO Ha 4YepBOHE. SKkoro Oyne
KOHIICHTpAIlist Zn* , He 3B’s3aHoro B komiuiekc 3 EJITA, B Toumi
CTEX1IOMETPUYHOCTI Ta B KIHILIEBIN TOYLl TUTpYBaHHSA? YoMy HOPIBHIOE MOXUOKa
TUTpYyBaHHs, 3ymoBieHa BiaminHicTIO KTT Big TC?



7.34. IIns BusHaueHHs Oapiro 10 100 mu1 po3dymHy, IO MICTUTH OJU3BKO
100 mr Ba2+, JOJAI0Th 3 MJI PO3YMHY 3 MOJISIpHOIO KoHIeHTpaliero KOH
S MONB/NT 1 IHAMKATOpPHY CyMmill (KaJblieiH, TUMOJIOBHM TONXyOMil Ta HITpar
kanio). TurpyoTh po3unHoM 3 MossipHoro KoHieHtpamieio EJITA 0,1 monb/m,
JOKM 3HUKHE JKOBTO-3eJieHe duIyopectitoroue 3a0apBieHHs, 1 3 SIBHTHCS
dioneroBe 3abapeneHHs. SIkor0 Gye KOHIEHTpauis Ba’’, He 3B’13aHOr0 B KOM-
mwiekce 3 EJITA, B Toulll cTeXIOMETPUYHOCTI Ta B KIHIIEBIH TOUIll TUTPYBaHHS?
YoMy A0piBHIOE MOXMOKA TUTPYyBaHHsI, 3ymoBiieHa BiaMiHHICTIO KTT Bixg TC?

7.35. Jlna BuzHaueHHsa BicMyTy a0 100 Myl po3uuHy, IO MICTUTh OJHM3BKO
100 mr Bi** Ta a30THY KHCIOTY, ZOAAIOTH ameTar abo rigpokapbOHAT HATPIKO 1O
pH 2. TloTiMm 1oar0Th IHAUKATOPHY CyMill (KCUJICHOJIOBUN OpaHKEBUM Ta HITpaAT
KaJlil0) 1 TATPYIOTh PO3YMHOM 3 MOJIsipHOIO KoHIeHTpartlieto EJITA 0,1 mons/a 1o
3MIHH 4epBOHOTO 3a0apBICHHS Ha KOBTe. SIkoo Oyne KoHieHrtpamis Bi**, e
3B’s13aHOTO B KoMIUIeKc 3 EJITA, B To4Ill CTEX10METPUYHOCTI Ta B KIHIIEBIM TOUII
TUTpYBaHHSA? YoMy [IOpIBHIOE MOXMOKAa TUTPYBAHHS, 3yMOBJIEHA BIIMIHHICTIO
KTT Big TC?

7.36. Ilpy KOMIUIEKCOHOMETPUYHOMY BH3HAYEHHI BICMYTY (JIMB. TOTEPETHIO
3amauy) npu pH 2 MokHA BHUKOPHUCTOBYBATH 1HJAMKATOP MIPOKATEXIHOBHMA
(1oeTOBUI 1 TUTPYBATU 10 3MIHM TEMHO-TOIYOOro 3a0apBiEHHS Ha >KOBTE.
Sxuil 1HAMKATOp — MIPOKATEXIHOBUI (PIOJETOBUM UM KCUJICHOJIOBUM OpaHXke-
BUI —3a0e31euye Kpalle HaOMMKEHHS KIHIIEBOI TOYKM TUTPYBAaHHSA IO TOYKH

CTEX10METPUYHOCTI?

7.37. dns Buznayenns 3amiza g0 100 M1 po3uuHy, 1110 MICTUTh OJn3bK0 80 MT
Fe** Ta a30THY KHUCJIOTY, M0Aal0Th amerar amoHito g0 pH 2,5. IloTiMm nomaroTh
IMJ1 po3UMHY 3 MacoBOIO YaCTKOIO CyJb(hOocamiiuioBoi KUciaotu 5 % (BoHa ciy-
XKUTh 1HAMKAaTOpoM). OepkaHuil PO3UYMH YEPBOHOTO KOJHOPY THUTPYIOTH PO3YH-
HOM 3 MoJisipHOIO KoHneHTparieo EJITA 0,1 mons/n, qoku 3abapBieHHs 3HUKHE,
TOJ1 JOJIAI0Th IIe KUThbKa Kpamneib iHauKaTopa. SIKIo po34rH 3HOBY CTaB YEPBO-
HUM, TUTPYBaHHS TMPOJOBXKYIOTH J0 3HeOapBieHHs. Bimomo, 1mo yepBoHE 3a-
OapBJICHHS 3HUKAE, KOJM KOHILICHTPAILIis Fe3+, He 3B’s3aHO0r0 B KoMmIuiekc 3 EJITA,
cTae MEHIIo, Hix 10~ MOJIB/IL.



. 3+ .

Skoro O6yne koHueHTpariss Fe™', ne 3B’s13anoro B komruiekc 3 EJITA, B Toui

CTEX1OMETPUYHOCTI Ta B KIHIIEBIM TOUIlll TUTPpYyBaHHA? YoMy JIOpIBHIOE MOXHOKA
TUTpYyBaHHs, 3ymoBjeHa BiaminHicTi0O KTT Big TC?

7.38. lnsa mpurotyBanHs 0ydepHOro po3urHy B MipHY K0J0y micTtkicTio 1000
M Oyiio BHeceHO 70 T NH4Cl 1 570 M po3unHy 3 MacoBoro yactkoro NHj 25 %
Ta JOBEJECHO BOAOIO A0 MITKU. [Ipy BU3HaueHHI KaaMio 2 MJI 1Iboro O0ydepHoro
po3unHy A01ar0Th 10 100 M po34rHy, 10 MICTUTH OJM3bKO 20 MT Cd?". Torim
n0/1at0Th 0M3bk0 50 Mr iHaMKaTOpHOI cyMmimn epioxpomy yopHoro T 3 NaCl i
TUTPYIOTh PO3YMHOM 3 MOJIsIpHOIO KoHIeHTpauieto EJITA 0,01 mons/n 10 3MiHU
4epBOHOTO 3a0apBieHHs Ha romybe. SIkoro Oyme kommentpamiss Cd®*, He
3B’s13aHOTO B KoMIUIeKC 3 EJITA, B To4Ill CTEX10METPUYHOCTI Ta B KIHIIEB1M TOUII
TUTpYBaHHsA? YoMy MOpPIBHIOE MOXHOKAa TUTPYBaHHs, 3yMOBJICHA BIJMIHHICTIO
KTT Bixg TC?

7.39. IIpy KOMIUIEKCOHOMETPUYHOMY BU3HAUYEHHI KaJIMIF0 MOKHA 3aCTOCOBY-
BAaTHU 1HAMKATOP KCHJIEHOJIOBUI opanxeBuil npu pH 6 (HeoOXiIHY KHCIOTHICTb
CTBOPIOIOTH JIOJJaBaHHSIM YpOTpOIiHY). B skiii MeTomauill —3 KCHJICHOJOBUM
OpaH)XEBUM UM 3 €ploXpOMOM 4HOpHUM T (ZIMB. MOMEpPEAHIO 3aJauy) — HUKYE
noxuOKa TUTPYBaHHS, 110 3YMOBJICHA BIJIMIHHICTIO KiHIIEBOi TOYKH THTPYBaHHS
B1JI TOYKH CTEX10METPHUYHOCTI?

7.40. IIpu BU3HAYEHHI CyMapHO1 KOHIIEHTpAIlli KaJbI[1l0 1 MarHit0 3aCTOCOBY-
I0Th aMIauHO-aMOHIMHUI OypepHHil pO34YMH, MPUTOTYBaHHS SIKOIO OMHCAHO B
3amaui 7.38. Jlo 100 M1 po3unHy 3 MOJISIPHOIO KOHIIEHTPAIIEIO KAJBI[II0 1 MarHito
npu6amsao 1-10°° Moas/n gomaroTs 2 M Gy(epHOro po3dunHy Ta iHIMKATOPHY
cymim epioxpomy uopHoro T 3 NaCl. TutpyioTh pO3YHMHOM 3 MOJISIPHOIO
koHueHTparieto EJITA 0,01 mosb/ 10 3MiHA 4€pPBOHOTO 3a0apBJICHHSI HA YUCTO
rony6e. Slkoro Oyme kommentpamis Ca®* i Mg”’, He 3B’SI3aHHX B KOMIUICKCH 3
EATA, B KTT Big TC?

7.41. Ins BusHaueHHd Kanbiito 0 100 M HEHTpaTbHOTO PO3YHHY, IO
MicTuTs 61m3bk0 40 Mr Ca®*, nomarots 10 Mt po3dmHy 3 MacoBoro dacTkoo KOH
25 %. IloTiM A0MalOTh 1HAUKATOPHY CyMilll (KaJJKOH a00 KaJIKOHKapOOHOBA KHU-
ciota 3 cyiabdarom Hatpito). [licis nogaBaHHs 1HAUMKATOPY 3pa3y K, MO0 more-
penutu ocamxkeHHs CaCQOz, TUTPYIOTh PO3YMHOM 3 MOJISIPHOIO KOHIIEHTPAIIIEI0
EJATA 0,1 mons/n no 3MiHM YepBOHOTO 3a0apBiieHHs Ha ronyoOe. SIkoro Oyne



. 2+ .
koHueHTpamiss Ca®, He 3B’s3aHoro B komiuiekc 3 EJITA, B Toumi
CTEX10METPUYHOCTI Ta B KIHIIEBIA TOYIll TUTpyBaHHA? YoMy MOpiBHIOE TTOXHOKa
TUTpYyBaHHs, 3ymoBjeHa BiaminHicTi0O KTT Big TC?

7.42. Jns BuzHaueHHs MarHito 10 100 Ma HEHTpadbHOTO PO3YUHY, IO
MicTHTh Gmm3bko 50 Mr Mg®*, m0maoTe 2 MI aMiadHO-aMOHIHHOTO GydepHOro
po3uuHy (nuB. 3amaudy 7.38.). [licis mogaBaHHS 1HAMKATOPHOI CyMIIIl €pioXpomMy
goproro T 3 NaCl posunn narpisatots 10 40 C i TUTPYIOTh PO3UMHOM 3 MOJISIP-
Hoto koHIieHTpaiiero EJITA 0,1 monp/n 10 3MiHM 4epBOHOTO 3a0apBJieHHs Ha
roy6e. SIkoro Gyme KoHnernTpaiis Mg, He 38’s3aH0r0 B KOMIieke 3 EJITA, B
TOYILIl CTEXIOMETPUYHOCTI Ta B KIHIIEBIM TOYI[l TUTpYBaHHA? YoMy OpiBHIOE TO-
xubka tutrpyBanHs, 3ymoBieHa BiamiHHiCTIO KTT Big TC? (Ilpu oOuucieHHsX
3HEXTYBATH BILUIMBOM I1JIBUIIIEHOT TEMIIEPATypH HA KOHCTAHTH PIBHOBAT).

7.43. Ons BuzHauenns miai go 100 M po3uuHy, 1m0 MICTUTh 01u3bko 20 mr
Cu?*, momarotsb PO3UYMH aMmiaky 3 MOJsipHOIO KoHIleHTpalieo NHz 1 Mo/ nipu-
omm3no 1o pH 8. [otiM nomatots 10 Mi1 po34MHY 3 MOJIIPHOIO KOHIIEHTPAIIIEIO
NH,Cl 1wmonp/m 1 pozunmH Mmypekcuay.TUTPYIOTh PO3UYMHOM 3 MOJIIPHOIO
kouuentparietro EJITA 0,05 Mons/m 10 3MiHHM JKOBTOTO 3a0apBJCHHS Ha
¢bioneTose. Skoro Oyae KOHIIEHTpAIIisA Cu2+, He 3B’s3aHOro B KoMiuieke 3 EJITA,
B TOYI[l CTEXIOMETPUYHOCTI Ta B KIHIEBIN Toulll TUTpyBaHH:A? YoMy mOpiBHIOE
noxuOKa TUTpyBaHHs, 3yMoBieHa BigMiHHICTIO KTT Big TC?

7.44. Jlna Bu3HaueHHA Hikemo 6epyTh 100 M po3unHy, 1110 MICTUTh OJIHM3BKO
15 mr Ni**, monepennbo HEHTPaTi30BAHOTO 32 METHIOBHM YepPBOHUM (HEBEITHKA
KUTBKICTh I[HOTO 1HAMKATOpa HE 3aBa)ka€ HACTYIMHOMY BHU3HAYECHHIO Hikelnto). Jlo
PO3YHHY JOJIAI0Th 5 MJI PO34MHY 3 MoOJIIpHOIO KoHIeHTparietro NH4Cl 1 mons/m,
PO3YMH 1HAMKATOPA MYPEKCUIY 1 KOHIIEHTPOBAHWM PO3YMH amiaky IO MOSBH
KOBTOTr0 3a0apBiieHHs. CIOYaTKy PO34YMH 3a0apBIIIOETHCS B OPAHXKEBUU KOJIp, 1
JIAII TIOTiM —B OBTHIA. Jlaimi po3unH HarpisaroTs npubmmsHo 10 40 C i TuTpy-
I0Th PO3YMHOM 3 MOJIIpHOIO KoHIeHTparlieo EJITA 0,01 mons/n, 10 pi3koi 3MiHH
’KOBTOTO 3a0apBiieHHs Ha (i0JIeTOBO-TONy0e. SKIo npu TUTpyBaHHI 3a0apBicH-
HS 3MIHIOETHCSI HA OPAaHXKEBE, JIOAAIOTh KUTbKA KPAIUIMH PO3YHHY aMmiaky i1 Mmpo-
JOBXYIOTb TUTpYBaHHs. Peakilisi KOMIUIEKCOYTBOPEHHS 3 HIKEJIEeM NpOTIKa€e
CHOBUIBHEHO, TOMY TUTPYBaHHsI 0€3M0CEpEIHBO MEPel KIHIEBOIO TOYKOIO BE1YTh
MOBUIBLHO. SIKOI0 Oy/1e KOHIIEHTpaIlis Ni2+, He 3B’s13aHOoT0 B KoMIuieke 3 EJITA, B



TOYI[l CTEXIOMETPUYHOCTI Ta B KIHIIEBIH TOUIll TUTPYBaHHA? YoMy JTIOpIBHIOE TIO-
XuOKa TUTpyBaHHS, 3yMoBJieHa BiaMiHHICTIO KTT Big TC?

7.45. Ins BuzHaueHHs pryti 10 100 M po3unHy, 1m0 MictTuth 6:1m36K0 300 Mr
Hg®*, momaroTh iHAMKATOPHY CyMill (KCHJICHONOBHH OPAHKEBHH 3 HITpaTOM
KaJlif0) 1 PO3YMH 3 MAacOBOI YacTKoo ypotporiny 20 % 10 mosiBH 4epBOHO-
dbioaeToBoro 3adapBieHHs po3unHy (mpudau3Ho 10 pH 6). TUTPYIOTH pO34ynHOM
3 MosisipHOIO KoHueHTpatlieo EJITA 0,1 Mosb/1 10 MOSBHU KOBTOTO 3a0apBIICHHS
po3unHy. ko Oyae KOHIEHTpaIlis Hg2+, He 3B’s13aHOr0 B KoMmIuiekce 3 EJITA, B
TOUYLII CTEXIOMETPUYHOCTI Ta B KIHIIEBIH ToUIll TUTpyBaHH:A? YoMy HOPiIBHIOE MMO-
X1OKa TUTpyBaHHs, 3yMoBJieHa BiiMiHHICTIO KTT Bix TC?

7.46. Ilpu BU3HAUYEHHI CBUHIIIO 3aCTOCOBYIOTh OydepHUil po34uH, IJIs MPUTO-
TYBaHHS SIKOTO B MipHYy KoyiOy wmicTkicTio 1000 Mt O6ymno BHeceno 70 T NH4CI,
570 Mn1 po3unHy 3 MacoBor 4yacTtkoro NHz 25 % Ta noBeneHo 10 MITKH pO34H-
HOM 3 MOJISIPHOIO KOHIIEHTpALII€I0 TapTpary Hatpiro-kamito 1 mons/n. JJo 100 ma
PO34MHY, 1O MIiCTUTH 6aM36K0 50 Mr Pb®*, 107a10Th 5 MJT PO3YMHY 3 MOJSPHOIO
KOHLIGHTPALIEI0 TapTpaTy HaTpito-Kalio 1 Monw/n 1 2 Ma OydepHOro po3uuHy.
[ToTiMm ponaroTh iHAUKATOpHY cyMimn epioxpomy dopHoro T 3 NaCl. Pozuun
HarpiBatoTh 10 40 C i THTPYIOTh PO3YMHOM 3 MOJSIPHOIO KOHIEHTpauiero EJJTA
0,02 monw/n 1o 3miHM (ioneToBoro 3abapBiieHHS Ha roiyoe. Ilpm momaBaHHI
ocranHboi kpamin EJITA B Koiabopi po3uMHY Ma€ 3HUKHYTHM YEpBOHYBAaTUM
BIITIHOK. SIKOt0 OyJie KOHILIEHTpaIlis Pb2+, He 3B’sa3aHoro B komiuiekc 3 EJITA, B
TOYILIl CTEXIOMETPUYHOCTI Ta B KIHIIEBIM TOYI[l TUTpYBaHHA? YoMy OpiBHIOE TO-
xubka TuTpyBaHHs, 3yMmoBieHa BigMmiHHICTIO KTT Big TC? (Ilpu oOuucieHHsX
3HEXTYBATH BILUTMBOM I1JIBUIIIEHOT TEMIIEPATYPH HA KOHCTAHTH PIBHOBAT).

7.47. Jns Bu3HaueHHs UMHKY 10 100 Ma po3uMHy, IIO MICTUTh OJHM3BKO
100 Mr Zn?*, 10maroTh iHAMKATOPHY CyMim (KCHJICHOIOBHI OpAHKEBHH 3
HITPATOM KaJjil0) 1 pO3UMH 3 MAaCOBOIO YacTKOw ypoTporiny 20 % npuliau3Ho A0
pH 6. Tutpytoth po3unHOM 3 MOJsipHOIO KoHIeHTpaiieo EJITA 0,1 mons/n 1o
3MIHU 4YepBOHO-(DI0JIETOBOTO 3a0apBJICHHS pPO3YMHY Ha >KOBTe. SIkow Oyne
KoHUeHTparis Zn°*, He 3B’s3amoro B komwiekc 3 EJTA, B Toumi
CTEX1IOMETPUYHOCTI Ta B KIHLEBIN TOUlll TUTpYBaHHSA? YoMy NOpiBHIOE OXMOKA
TUTpYBaHH, 3ymoBiieHa BiaminHicTIO KTT Big TC?



8. METO/IM BUSHAYEHH/I.
OKHUCJIIOBAJIBHO-BIZIHOBHE TUTPYBAHHA

8.1. CtexiomeTpuuHi pO3paxXyHKH B OKHCJIIOBAJIbLHO-BiITHOBHOMY
THUTPYBaHHI

B oxucnoBaabHO-BITHOBHOMY THTPYBaHHI BUKOPHUCTOBYIOTBCS peakilii oOMiHY
€JIEKTPOHAMU MK TUTPAHTOM Ta PEUOBUHOIO, SIKY TUTPYIOTh. TUTpaHT, SIK MPaBUIIO, €
okucioBadeM. HailOub NOoMMpeHNMH 3 HUX € IEpMaHraHar Kaliko, JUXpoMar Kaliko,
fon, Opomar kaiiro, crionyku mepito (1V).

B metonax nepmanzanamomempii BUKOPUCTOBYETHCS HaIIBPEAKIIIs:

MnO, + 8H" + 5e & Mn*" + 4H,0. (8.1)

KTT Bu3HauatoTh MO MOSABI XapaKTEPHOT'O POXKEBOTO 3a0apBIICHHS IME€pMaHTaHATY
(camoinaMKaIis).

Metoau ouxpomamomempii 6a3yr0ThCS Ha HAIBPEAKIIII:

Cr,0;% + 14 H* + 6e < 2Cr*" +7H,0. (8.2)

Bracue 3abapBiieHHsT AMXpOMaTy HE JOCUTH 1HTEHCHUBHE MJI CaMOIHJMKAIlii, TOX
KTT Bu3HauatoTh 32 TOMOMOTOI0 PEIOKCIHANKATOPIB.

B metonax yepimempii BUKOPUCTOBYIOTHCSI OKHCIIIOBAIBHI BiacTUBOCTI 1epiro(IV):

Ce(lV) + e < Ce(lll). (8.3)

Po3uunu mictate pisHi npoayktu rigaponizy Ce(lV) i Ce(lll), i He 3aBxau Bigomo,
YaCTUHKHM SIKOTO ckiany mnepeBaxaroth. Jns iHgukamii KTT BukopucTOBYHOTH
PEAOKCIHIUKATOPH.

B Meronax #ooumempii TUTpAaHTOM € PO3YMH HOAY, pO3UMHHA (hopMa SIKOTOo —
KOMIUIEKC 3 HoauaoMm I3 . PiBHSHHS HaIiBpeaxilii:

I3 +2e <30, (84)

Hns iagukamii KTT 3actocoByroTh crnenudiuHuil 1HAMKATOP — KpPOXMalb, IO
YTBOPIOE KOMIUIEKCH CHHBOTO KOJBOPY 3 MOJIEKYJISpHUM HojoM. 3abapBieHHS CTae
MOMITHEM TIPH KOHIEHTpaIii ifoxy 6mmspko 510 ° momb/m1.

B meTonax opomamomempii nipsiMe TUTpYBaHHA 0a3yeThCs HA HAIBPEAKIIii:

BrO; + 6H" + 5e < Br + 3H,0. (8.5)

Henpsime OpomaroMeTpuuHe BHU3HAUCHHS OpPraHIYHUX PEUYOBHUH TIONIATAE B

MPUTrOTYBaHHI OpOMAaT-OpOMIJTHOT CYMIIlli 3 TOYHO BiIOMOIO KIJIBKICTIO pEYOBUHHU Opo-

MaTty. B Hiif yTBOproeTbcst Opom:

BrO; +6H" + 5 Br~ < 3Br, + 3H,0. (8.6)



Bbpom, 110 yTBOpHBCS, BUTpadyaeTbcss Ha OpOMYBaHHS OpPraHIYHOI PEUOBUHU, HAJI-
JUIIOK OpOMY BU3HAYaIOTh HOJOMETPUYHUM METOJIOM.

BigHoBHUKM piako OyBalOTh TUTpPaHTaMH, OO KOHIIGHTpaIlis iX PO3YHHIB MpHU
30epiraHHi MO’K€ 3MIHIOBaTUCh BHACIIJOK B3a€MOIil 3 KUCHeM MoBiTps. [Ipukiamom
THTPAHTY — BiTHOBHHKA € Tiocynbdar HaTpito. Oro 3acTOCOBYIOTh y HENPSIMHX METO-
nax #o0omempii, KO O KOMIOHEHTY, IKUWA BU3HAYAIOTh, JOAAIOTh Y HAJIMIIKY HO-
mua. Ilpu B3aemonli BUAUISETHCS MOM, AKUH TUTPYIOTh PO3YMHOM Tiocyibhary y
BIJITTOBITHOCTI 3 PEAKITI€I0:

Iy + 25,04 < 31 + S,06°. (8.7)
KTT Bu3Ha4aroTh MO 3HUKHEHHIO CHHBOTO 3a0apBIEHHS KOMILIEKCY HOIy 3 KpOX-

MaJCM.

IIpuxaagu po3B’si3yBaHHs 3a/1a4.

Ilepmanranaromerpis.

Ilpuknao 8.1.

HaBaxxky macoro 0,2250 r cymimri, 1o MicTUTh 3aii30 ta okcua 3amiza(lll), po3uu-
HEHO B KHCJOTI, a 3a1i30 BigHOBNeHO 10 Fe’'. Ha THTpyBaHHS OXEPKAHOTO PO3UHMHY
ButpaueHo 20,50 mu po3unHy 3 MOJspHOIO KoHIeHTpamiero KMnO, 0,0402 momns/m.

OO6UYHCINTH MacOB1 YaCTKHA KOMITOHEHTIB B CyMIIIIi.

Po3é’a3ok.

Xai maca 3amiza B cymimii gopiBaioe m 1. Tozi maca Fe,Os nopisaioe (0,2250 -m) r.
M(Fe) = 55,847 r/monb, M(Fe,03) = 159,69 r/moinsb, kinpkocTi peuoBunu Fe Ta Fe,0Os
JOPIBHIOKOTH:

n(Fe) = (m/ 55,847) mons,

n(Fe,03) = (0,2250 -m) / 159,69 mons.

[Tpu po3urHEeHH1 Ta BiIHOBJEHHI MPOOH 3 KOKHOT yacTHHKU Fe yTBoproeTbes 1 10H
Fez+, a 3 xoxHoi yactuHku Fe,O; — 2 ioHa Fe?*. Toni kimbKicTh PEYOBUHU Fe’" B
PO3UMHI 711 TUTPYBAHHS JIOPiBHIOE:

n(Fe?*) = n(Fe) + 2n(Fe,05) .

Ipu TuTpyBanni Fe** B3aemonie 3 MnO, y BiAOBIAHOCTI 3 PIBHAHHAM:

5| Fe?" —le < Fe**

1/MnO, +8H" +5e < Mn®" + 4H,0

5Fe?* + MnO, + 8H" < 5Fe*" + Mn*" + 4H,0

B TC BuKOHY€THCS PIBHICTS!



n(Fe?*) / 5 = n(MnOy).

KinbkicTs pedoBurn MnO, , 1110 BUTpadeHa Ha THTPYBaHHs Fe*, jopiBHIOE:
n(MnO,) = ¢(KMnO,)-V = 0,0362 mous/1 -20,5-10 211 = 7,4-10* mous.
Toni KIIBKICTh PEUOBUHU Fe2 JIOPIBHIOE

n(Fe?*) =5.n(Mn0O,") = 5-7,4-10* moub = 3,7-10 % Mo,

M1JICTABUMO 11€ 3HAYEHHs B nonepeaHii Bupas aisa n(F ez+):

m / 55,847 + 2(0,2250 -m) / 159,69 = 3,7-10°>.

P03B’430K 1IbOTO PIBHAHHS J1a€ 3HAYCHHS MacH 3ai3a:

m =m(Fe) = 0,1667 r.

MacoBa yacTka 3aii3a IOpiBHIOE:

x(Fe)=0,1667 r-100 % / 0,2250 r = 74,09 %,

a macoBa vacTtka Fe,O; :

100 % — 74,09 % = 25,91 %.

Ilpuknao 8.2.

Bananiii, mo mictuthes B crutaBi macoro 0,9899 r, mepeBeieHO 10 PO3UYMHY Ta
okuciieHo 10 BaHamaty VOj . [o ogepxkanoro po3unHy goaaHo 40 mu po3uuHy 3 MO-
nspHoto kKoHmeHTpariero FeSO,4 0,1119 mons/n. Ha TutpyBanns mammmmky FeSO, But-
paueno 20,25 ma po3uuHy 3 MoJsipHOO KoHueHTpaniero KMnO, 0,0230 mons/n. O6-

YHUCIIUTH MAaCOBY YaCTKy BaHa/Iil0 B CIIJIaBI.

Po3é’a3ok.

s po3paxyHKy MacoBOi YaCTKH HEOOXI1JHO 3HATH Macy BaHAII0 B CIUiaBi. Xaif
BOHA JIOPiBHIOE M T. TO/1 KUIBKICTh PEUOBMHU BaHA1I0 Ta YTBOPEHOTO 3 HHOT'O BaHAa-
TY JOPIBHIOE:

n(V) =n(VO3z) =m/ 50,9415 moub.

Peakiist Mixk VO3 Ta Fe?* BinGyBaeThest 3a piBHSHHAMIE:

VO; +4H" + e o VO™ + 4H,0

Fe* —e o Fe*

VO; + Fe” + 4H" & VO™ + Fe** + 4H,0.

KinpkicTh  peuoBUHU Fe2+, mo mnpoB3aemonisiia 3 VOjz, Bignosimae
CTEXIOMETPHUYHOMY BiJHOIICHHIO:

n(Fe?*) = n(VOy).

Hammumniox Fe?* npoB3aemoiisiB 3 MNO, y BIAMOBIAHOCTI 3 PIBHSIHHSIM:

5|Fe?* — e < Fe*

1| MnO, + 8H" + 5e <> Mn?* + 4H,0




5Fe”" + MnO, + 8H" < 5Fe®" + Mn** + 4H,0.

B TC BUKOHY€TBCS PIBHICTD:

Nuan (FE™) =5 - n(MNO,) = 5 - ¢(KMnQO,) - V = 5 - 0,0230 - 20,25-10° = 2,3-10°
% (Moub).

Bceworo no6asneno

0,1119 mons/n - 40-10°% 1 = 4,5-10"2 mons Fe?*.

Toni Ha peakitito 3 VO3 BUTpadeHO:

n(Fe?*) = 4,5-10 ° momb — 2,3-10 2 monb = 2,2-10"° moub.

Takumu >k OyAyTh 1 KITBKOCTI pEYOBHHHU BaHAAATy Ta BaHAIIO:

n(V) = n(VO;y) = n(Fe®") = 2,2-10" mous.

Toxi m/ 50,9415 = 2,2-10(moub/1).

3B11CH

m = 2,2-10"° mons - 50,9415 r/moms = 0,1121 T,

a MacoBa YacTKa BaHAJil0 JOPIBHIOE:

x(V)=0,1121r-100 %/ 0,9899 r = 11,32 %.

Honomerpis

Ilpuknao 8.3.

HaBaxkky macoro 5,1225 r pyau, 110 MICTHTh Mifb, PO3YHHEHO B KHUCIIOTI, MiJb TIe-
pPEBENICHO B PO3YMH B BUTJISAI 10HA Cu2+, a 00’em po3uuny goseaeHo o 250 mur. Jlo
25,0 M1 ogxepkaHoro pos3uumHy gomaHo Hammumok KI. Ha tutpyBanHs iomy, mio
BUJIUIKBCS, BUTpadeHO 14,10 M po3umHy 3 MOJSPHOIO KOHIEHTpaiiero Na,S,0;3

0,1016 monw/n. YoMy m0piBHIOE MacoBa YacTKa MiJll B pyai?

Po3é’a30k.

Xaif Maca Mial B HaBaxIIl JOpiBHIOE m T. Tosi B aliKBOTI, 10 SIKOi JOJaHO HaJTH-
ok KI, micturhes:

(m - 25,0/ 250) r mimi.

M(Cu) = 63,546 r/moub. Toxi KinbkicTs pedoBrar Cu’" B aTiKBOTI ZOPIBHIOE:

n(Cu*) =m- 25,0/ 250 - 63,546 = 1,6-10 % - m (moub).

[Tpu nonaBanni 10 po3unny Haanumky Kl BinOyBaeTscst peakiis:

2|cu* +ee Cu’

2|cut +1" e culd

12r-2e = 1,

2CU* + 41" < 2Culd + 1.

. . 2+ . . .
KinpkocTi PE€YOBHUHHU Cu” Ta Iz 3HaXOAAThCA B CTCX1IOMCTPUYHOMY B1THOIIICHHI:



n(Cu®) /2 =n(l,).

ﬁog, 10 BUIUIMBCS, B3aEMOJIIE 3 TIOCYIb(aTOM HATPIIO 3a PIBHIHHAM PEaKIIii:
IL,+2e <21

28,05 —2e <> S,04"

I, + 25,05 < 21" + S,0¢"

1 B TOYIIl CTEX1OMETPUYHOCTI:

n(l,) = n(S,05%) / 2.

[TincTaBuBLIN 1Ie¥ BUpa3 B MOMEPEIHIO PIBHICTD, OJAEPKUMO:

n(Cu?) = n(S,0:%).

KinpkicTh pedoBHHU S,05> 3a naHMMHM 3a1adi TOILIBHO BHUPA3UTHU YEPE3 MOJISPHY
KoHIeHTpamio Na,S;03Ta 00’eM po34unHy, BUTpAYeHUH HA TUTPYBAHHS:

n(S,05%) = ¢(Na,S,03) - V.

Toni:

1,6-10% - m = ¢(Na,S,0;) - V.

3BIIKHM Maca Mifli JOPIBHIOE:

m(Cu) = c(Na,S,05) - V/1,6-10 % = 0,1016 - 14,10-10 %/1,6-10> = 0,8953 r,

a MacoBa YacTKa:

x(Cu) =0,8953 r-100 % /5,12251 = 17,48 %.

Ilpuknao 8.4.

HaBaxxky cnnaBy macoto 6,4114 r po3umHEHO, a CBUHEIb, IO MICTUTHCS B HIil,
ocamxeHo B Burianal ocany PbCrO,4. Ocaz BiadinbTpoBaHO, IPOMUTO Ta PO3YMHEHO B
kucnoti. Jlo onepxkanoro po3unHy noaano Haamumok KI. Ha tutpyBanus iony, 1o
BUIITUBCS, BUTpaueHo 18,30 M po3uMHy 3 MOJISIPHOIO KOHIEHTpariero Na,S,0;3

0,1028 monw/n. YoMy TOpiBHIOE MacoBa YacTKa CBUHIIIO B CIUIaBi?

Po3é’a3ok.

CBHHEIb TIPH PO3YMHEHHI CIUIABY NIEPEXOMNTh B PO3UMH B BUIIIsiI 00y Pb”", siknit
yrBopioe 3 CrO,> oca:

Pb** + CrO, — PbCrO.

3 piBHSHHS peaxilii Cliaye, o

n(Pb*) = n(PbCrO,)

Pozunnenns ocaxy PbCrOy4 B KHCIIOTI epeaeThesl pIBHSIHHSIM:

2PbCrO4d + 2H" < Cr,0;% + 2Pb*" + H,0,

3 SIKOTO BUJHO, 1110

n(PbCrO,) = 2n(Cr,0;%).



[Ipu pomaBaHHI 10 KHCIOTO po3uuHy, mo Mictuth K,Cr,0;, mammmky KI
BiJIOYBA€ETHCS PEAKIIIS:

1] Cr,0/% + 14H" + 6e < 2Cr** + 7TH,0

3l 2 —2ee 1y

Cr,0;% + 61" + 14H" < 2Cr** + 31, + 7TH,0.

KinbkocTi peuoBUHH Cr2072_ Ta I, 3HaXOOATHCSA B BIIHOIIECHHI:
n(Cr,0-%) = n(l,) / 3, a6o n(l,) = 3n(Cr,0;%).

Mo, 110 BUALIMBCS, B3aEMOJIIE 3 TiOCYJIb(aTOM HATPIIO 3a PIBHSIHHIM PeaKilii:
I, + 25,05 < 21 + S,06,

1 B TOYL[l CTEXIOMETPUYHOCTI BUKOHYETHCS PIBHICTD:

n(l,) = n(S,0:°) / 2.

[TizcTaBUBIIY B 1110 PIBHICTH MONIEPEAH] PIBHOCTI, OJICPKUMO:
3n(Pb%") = n(S,05%), a6o

3m(Pb) / M(Pb) = c(Na,S,03) - V.

3BIJKH, Maca CBUHIIIO JOPIBHIOE:!

m(Pb) = ¢(Na,S,03) - V- M(Pb) /3 =

= 0,1028 mons/n - 18,30-10° 11 - 207,2 r/mons / 3 =0,1299 .,

a MacoBa JacTKa:

x(Pb) = 0,1229 r- 100 %/ 6,4114 r = 2,03 %.



Ilpuxknao 8.5.

HaBaxkky cram macorw 3,0350 v po3uumneHo B kuciioTi. Cipky BIZHOBJIEHO 0
CIPKOBOJIHIO, SIKMW BHUIUIGHO Ta TOTJIUHEHO PO3YMHOM OITOBOKHCIOTO KaJIMito
Cd(CH3;COOQ),. Mo po3uuny 3 ocagom CdS momano 10,00 Mu1 po3dnHy 3 MOJISIPHOIO
koHneHTpaiiero [, 0,1760 monw/n. Ha TuTpyBaHHS Ha/UIHINKY HOAY BUTpAdeHO 5,65 mir
PO3YHHY 3 MOJISIpPHOIO KOHIIeHTpatiero Na,S,03 0,5070 mons/n. YoMy gopiBHIOE MacoBa

YacTKa CipKH B cTaji?

Po3é’a3ok.

Cipka, 110 MICTUTBCSL B CTall, epeTBopioeTbest B H,S, npu mornuHaHHI SKOTO po3-
yuaoM Cd(CH3COO), yrBoproeTsest ocan CdS. Tomy:

n(S) = n(H,S) = n(CdS).

Xaii Maca cipku B ctaji JopiBHIOE m T. M(S) = 32,066 r/MoJb, TOA1 KIJIBKICTh PEYO-
BHHHM CIPKH JOPIBHIOE:

n(S) =m/ 32,066 moib.

CdS Bzaemonie 3 I, 3a piBHAHHAM:

CdS —2e < Cd* +S

I, +2e <217

CdS + I, Cd** +S + 21",

Sk BUTIKA€E 3 PIBHSIHHS PeaKIlii,

n(CdS) =n(l,) .

Hannmumiok ony B3aemoji€e 3 Tiocyab(}haToM HATPIKO Y BIAMOBIAHOCTI 3 PIBHSAHHSIM:
I, + 25,05 < 21 + S,04” .

B TouIi cTexioMeTpuYHOCTI BUKOHYETHCS PIBHICTH:

Muaza (12) = N(S2057) / 2 = ¢(Na,S;03) - V / 2 =

= 0,5070 mos/n - 5,65-10° 11/ 2 = 1,43-10"° mons.

Ycporo 1oaaHo HONY:

n(l,) = c(l,) - V = 0,1760 momb/1 - 10,00-107 11 = 1,76-10 > moub.
Toni Ha peakitito 3 CdS BuTpaueHo:

n(l,) = 1,76-10 2 monb — 1,43-10 2 Mo = 3,3-10* mous.
Taxumu x OyayTs Kinbkocti pedoBunu CdS, H,S Ta S:

n(S) = n(H,S) = n(CdS) = 3,3-10* mous.

Toni m /32,066 = 3,3-10™".

3B1jcH

m(S) = 3,3-10* moub - 32,066 r/moxns = 0,0106 T,

a MacoBa YacTKa CIpKU JOPIBHIOE:



X(S) =0,0106 r - 100 %/ 3,0350 r=0,35 %
3anaui 1A camocTiliHOl po6oTH

8.1. JIns cranmapTH3ailii po3uMHY 3 MOJISIPHOIO KOHIeHTpaliero KMnO, 61u3pko
0,02 MmOnB/T  BUKOPHUCTOBYIOTH HABAKKH KPUCTAJOTIAPATy IIABIEBOI  KHCIOTH
H,C,042H,0. O6’em po3umny, skuii OyJe BUTpAueHO Ha TUTPYBAaHHS, HE MOBHHEH
nepeOinbiryBatu 20,0 mii. BusHaunTH Macy HaBa)KKH 11aBJIEBOT KUCIOTH.

(0,1261 ).

8.2. B3saTo HaBaxkky okcanary HaTpito Na,C,0,4 macoro 0,1700 r. Un MOXkHA BHKO-
pHUCTAaTH IF0 HABAXKKY /IS CTaHAApTHU3allii PO3YMHY 3 MOJSIPHOIO KOHIICHTPAIIIEO
KMnO, 6:m36k0 0,02 MOJIB/M, SKIIO MICTKICTh OIOPETKHU I TUTPYBaHHS 25,0 Mit?

(He moxHa).

8.3. HaBaxxky coni Mopa (NH,),Fe(SO,4), 6H,0 macoro 0,6779 T po3unHEHO Y BO/I.
Ha tutpyBanHs ojep>kaHOTO PO3YMHY BUTpaueHO 15,45 MII po3uyuHY 3 MOJISIPHOIO
koHreHTpamiero KMnO,4 0,0223 mons/n. YoMy 10piBHIOE MacoBa 4acTKa 3ajliza B COJIi
Mopa?

(14,23 %).

8.4. PozpaxyBatu Macy HaBa)KH 3aJli3HOI PyJId 3 MAaCOBOIO YaCTKOIO 3ajTi3a OJIM3bKO
40 %, sky HEoOXiHO B3SATH IJIs aHai3y, SKIO MOJsipHa KoHueHTtpamis KMnO, B
po3unHi nopiBHIOE 0,0225 Monb/1, a 00’€M TUTPAHTy HE MOBUHEH NepeOiIbIIyBaTh
20 m.

(He Ginpmre 0,315 r).

8.5. Hamaxky macorwo 1,5152 t pyau, mo mictuth Fe,Os, po3umHeno, a 3amizo
BimHOBIeHO 10 Fe?*. Ha TUTPYBAHHS OJIEP’KAHOTO PO3UYMHY BUTpayeHo 22,45 miu pos-
yuHy 3 MOJIApHOIO KoHueHTpariero KMnO, 0,0305 mons/n. YoMy nopiBHIOE MacoBa
gacTtka Fe,O3 y pymi?

(18,04 %).

8.6. HaBaxkky TexHiuHOTO HITpiTY HaTpito macor 0,1521 r pozunneno y Boai. Ha
TUTPYBaHHS OJCPKAHOTO PO3YMHY BUTpadeHo 15,0 M po34rHYy 3 MOJISIPHOIO
kounentpamiecro KMnO, 0,0470 mone/nn. YoMy mopiBHIOE macoBa yactka NaNO;, B
TEXHIYHOMY MPOJIYKTIi?

(80 %).

8.7. HaBaxky meprigponto macoro 0,1228 r po3unHeHo y Boai. Ha TutpyBanHHS
OJIEPXKAHOTO PO3YMHY BUTpadeHO 14,50 M poO34YMHY 3 MOJISIPHOIO KOHIICHTPAIIE€I0
KMnQO, 0,0299 monw/n. Homy nopiBHioe macoBa yactka H,O, B meprigposi?

(30 %).



8.8. HaBaxxky macoro 0,1155 r mpobu, 1110 MICTUTh TUIBKH 3a1i30 Ta OKCHJ 3ai3a
(I11), po3YNHEHO B KUCIOTI, a 3ami30 BixHOBIEHO 10 Fe?*. Ha TUTpyBaHHS 0epKaHOro
po3uuny BuTpadeHo 17,50 M po3uumHy 3 MOJSpHOIO KoHIeHTpariero KMnO,
0,0220 momnw/n. YoMy TOpiBHIOIOTH MacOBI YaCTKH 3aj1i3a Ta OKCHA 3ai3a B pooi?

(77,8 % Fe; 22,2 % Fe,05).

8.9. HaBaxxky macoro 0,5082 r nmpo6wu, mo mictuth okcuau 3aiiza Fe,Oz ta FesOy,
PO3YMHEHO B KHCJIOTI, a 3ai30 BixHOBIeHO 10 Fe’*. Ha THTpyBaHHS Oep)aHOr0 Po3-
gyuHy BuTpadeHo 20,65 M  po3uMHY 3 MOJSpHOIO KOHIeHTpaliero KMnOy
0,0620 monw/n. YoMy TOpiBHIOIOTH MaCOB1 YaCTKH OKCH/IIB B TIP0O0i?

(77,68 % Fe,03; 22,32 % Fe30,).

8.10. HaBaxxky Bamusiky Macoro 0,1862 r po34yrMHEHO B KUCJIOTI, KaJIbIIH 0CAKEHO
B BUIUBIAI okcanaty kambilito CaC,0,4 IlpomuTHii ocam po3UMHEHO B PO3BEICHIN
cipuaHiii kucioti. Ha TUTpyBaHHS 0JIep>KaHOTO PO3UYMHY BUTpAdyeHO 22,15 M1 po3uuHy
3 MoJisipHOIO KOoHIeHTpaiiero KMnO, 0,0233 monb/n. YoMy TOpiBHIOE MacoBa 4acTKa
KapOOHATy KaJbI[il0 B BaITHIKY?

(69,23 %).

8.11. 3pa3zok TexHiuHOI comi amomiHiio Macow 0,1360 r po3unHeHo, 00pOOIIEHO
HAJUIMIIKOM PO3YMHY OKCalaTy aMOHII0, a MOTIM JOAAHO PO3YMH amiaky 10 ciabo
TykHOT peakiii cepegosuima. Ocas okcanaTy altOMiHIIO BiAdiIbTPOBAHO, TIPOMUTO 1
PO3YMHEHO B poO3BeeHIN kucnoTi. Ha TUTpyBaHHS OJIep:KaHOTO PO3YMHY BHUTPAYCHO
16,0 Mt po3unny 3 MoJsipHOIO KoHIeHTpatiero KMnO, 0,0242 mons/n. YoMy gopiBHIOE
MacoBa YacTKa aJIFOMIHIIO B 3pa3Ky TEXHIYHOT coi?

(12,81 %).

8.12. Ha TuTpyBaHHS HaBa)XKM KpUCTAJOTIAPATy OKcajaTy KaJlbLil0 Macolo
0,2044r Butpaueno 20,41 Mman po3umHy 3 MOJSpHOW KoHIeHTpaliero KMnO,
0,0274 monw/n. CKUIbKU MOJIEKYJT KPUCTAI3aIIifHOT BOJIU MPUXOIUTHCSA HA OJIHY MOJIE-
KYJIy OKCaJaTy KajbIlito?

(Onna).

8.13. B mpucyTHoCcTi hTOpHA-ioHiB 10HM MapraHimo Mn>* MOKHO THTPYBATH PO3-
YiHOM nepManraHaty kaiito KMnOy. Ilpu npomy 1 Mn?*, i MnO4~ [IEPETBOPIOIOTHCS B
kommuieke MnF,, ne mapranens mposiBise CTymiHb OkucieHHs +3. HaBakky macoro
0,2725 r pynu, mo mictuth Mn3O,4, pO3YHMHEHO, 2 MapraHelb BiTHOBICHO 10 Mn?*. Ha
TUTPYBaHHS OJEP>KaHOTO PO3UYMHY B MPUCYTHOCTI (TOpuA-ioHIB BUTpaueHo 15,50 mu
po3uuHy 3 MOJISIpHOIO KoHIeHTpaiietro KMnO,4 0,0234 monw/n. YoMy m0piBHIOE MacoBa
gacTka Mn3O4 B pymi?

(40,61%).



8.14. HaBaxxky macoro 0,3355 r crami, 0 MICTUTh MapraHellb, PO3YMHEHO, a Map-
ra"enb okucieHo 10 MnO, . Ha TuTpyBaHHA OJEp>KaHOTO PO3YMHY BUTPAUYECHO
15,0 M po3umnny 3 MossipHOIO KoHIleHTpaliero NaNO, 0,0102 moinb/n. YoMy mopiBHIOE
MacoBa yacTKa MapraHiro B cTaii?

(1 %).

8.15. HaBaxky macoro 0,2820 r mpo0Owu, mo MictuTh cyiabgartu 3amiza (II) Ta 3amiza
(I11), po3unreHo y Bojai. Ha TuTpyBaHHS OAEp:KaHOTO PO3UMHY BHUTpadeHo 12,50 M
po3uuny 3 MossipHOro KoHIeHTpariero KMnO, 0,0100 monp/n. Taky »x HaBaKKy coJii
micis 1 po3unHeHHsI 00po6ieHo 1uHKoM B nipucyTHocTi H,SO,4. Ha TuTpyBanHs 1150T0
po3unHy BUTpayeHo 21,22 mu Toro x po3unHy KMnO,. YoMy 1OpiBHIOIOTH MAacOBi 4a-
CTKHU coJielt B ipo0i?

(33,65 % FeS0y; 66,35 % Fe,(SO4)3).

8.16. HaBaxxky macoro 1,5 T pyau 3 MacoBoro yacTkoro 3amiza 70 % po34MHEHO B
KHCJIOTI, a 3aJ1130 BIAHOBJIEHO 10 Fe?". J1o sikoro 00’emy Tpeba TOBECTH pO3UKH, 100 Ha
TUTPYBaHHS 25 Mil #ioro BuTpadanoch 15,40 M po3uuHy 3 MOJSIPHOIO KOHIICHTPAIIIEIO
KMnO, 0,0243 monn/a?

(250 mum).

8.17. HaBaxkxxy maraetuty macor 1,00 r po34yMHEHO B KHUCIOTI, 3a1130 BiTHOBJICHO
10 Fe**. OnepsxaHuil po3unH mepeHeceHo B MipHy KOOy MicTKicTio 250 MiT i JOBEIeHO
710 MITKH JUCTHJIbOBAaHOIO BojoI0. Ha tutpyBanHs 25,00 Ml Takoro po3ynMHy BUTpaye-
HO 15,45 Mn po3unmHy 3 MossipHOIO KoHIeHTpariero KMnO, 0,0157 mons/n. Uomy
JIOPIBHIOE MAacOBa YacTKa 3aji3a B MarHeTUT1?

(67,92 %).

8.18. HaBaxky macoro 1,000 r miHepany 3 MacoBOr 4acTKkoro 3amiza 50 % pozuu-
HEHO B KHCJIOTI, a 3ai1i30 BigHOBIeHO 10 Fe?'. OnepkaHuii po3unH IIepeHECEHO B MipHY
kos0y MictkicTio 200 MJI 1 JOBEICHO 1O MITKM TUCTHIHOBAHOKO BOJOKO. KU 00’ €M
po3uuHy 3 MoJsipHOIO KoHIeHTpariero KMnO,4 0,0209 Mo/ Oyae BUTpaueHO Ha THT-
pyBaHHs 50 MJI TAaKOTO PO34UHY?

(21,36 mi).

8.19. HaBaxxky macoro 0,9938 r TeXHIUHOTO OKcajaTy aMOHII0 3 MaCOBOIO YaCTKOIO
(NHy4),C,04 98,87 % po3umHeHo y Bofi i 00’eM po3unHy AoBeaeHO 10 250 mut. Sxuit
00’eM 1ILOTO PO3UMHY Tpeda B3ATH, 100 Ha HOro TUTPYBaHHS BUTpadaioch 22,35 mi
pO34HHY 3 MOJISIpHOIO KoHIIeHTpatiero KMnO, 0,0142 mons/n?

(25 mm).
8.20. MacoBa uactka Na,SO3 B TeXHIYHOMY NPOAYKTI A0piBHIOE 45,54 %. Po3paxy-

BaTH Macy HaBAKKH TEXHIYHOTO MPOIYKTY, Ky HEOOX1HO PO3UYMHUTU B MIpHIN K001



MmicTkicTio 250 My, mo6 Ha TUTpyBaHHS 25,00 MI OJep)KaHOTO PO3YMHY BHTPAUATIOCh
6mm3beko 20,00 Mt po3unHy 3 MossipHOIO KoHIIeHTpaniero KMnO,4 0,0243 mounb/m.
(3,36 1).

8.21. Hamaxky cram Macoro 00,4052 r po3zumHeHo Oe3 JocTymy TMOBITPS B
XJIOpOBOJHEBINH Kucaoti. Po3uun noBeneno g0 o0’emy 100 min. Ha TutpyBanHs
10,00 M omepxkaHOro po3umHy BUTpadyeHo 7,00 M PO3UMHY 3  MOJISPHOIO
koHneHntpaiiero KMnO,4 0,0201 monb/n. YoMy q0opiBHIOE MacoBa YacTKa 3aji3a B CTami?

(97,23 %).

8.22. Hapaxky mepriaponto Macoro 2,50 r po3dyMHEHO B MipHIH KOJIOI MiCTKICTIO
500,0 M. Ha tutpyBanus 50,00 Ma omep)kaHoro po3unHy BUTpadeHo 37,45 M po3dm-
HY 3 MoJIsipHOIO KoHIeHTpariero KMnO,4 0,0225 mons/n. YoMy nopiBHIOE MacoBa 4acT-
ka H,O, B mepriapomi?

(28,65 %).

8.23. HaBakKy TeXHIYHOro HITpiTy HaTpiro Macor 0,5228 r po3umHEHO 1 00’eM
po3uuny nosejaeHo a0 200 mu. Ha tutrpyBanus 20,00 mu1 oJiep’KaHOTO PO3YMHY BHUTpa-
yeHo 14,25 mn po3unHy 3 MossipHOIO KoHmeHTparieto KMnO, 0,0196 mons/n. Yomy
nopiBHIOE MacoBa yacTka NaNO; B TEXHIYHOMY IPOAYKTi?

(92,16 %).

8.24. HaBaxxky kpucrtanoriapary masieBoi kuciotu H,C,04-2H,0 macoro 0,7510 T
PO3YMHEHO B MipHiil kon6i micTkicTio 250 M. Ha tutpyBanns 25,00 Ma oxepkaHoro
po3unHy Butpaderno 20,65 mn po3unHy KMnO, Yomy nopiBHIOE MOJISIpHA
koHieHtpaiiiss KMnO,4 B po3unHi?

(0,0115 momnp/m).

8.25. HaBaxky crami macoro 1,3422 1 po3uMHEeHO B KHCIIOTI. Mapraseup, IO
MICTHBCS B CTaii, okuciIeHo 10 MnO, . Po3unH nepeBeieHO B MipHY KOJIOY MICTKICTIO
100 mut 1 JOBEIEHO 10 MITKH JHCTHIIBOBaHOIO BoJor0. Ha TutpyBanus 10,0 mur onepixa-
HOTO PO34MHY BUTpadueHo 12,20 My po34yWHY 3 MOJIIpHOIO KOHIleHTpariero NaNO,
0,005 momnw/n. YoMy OpiBHIOE MacOBa YacTKa MAapraHIliO B CTai?

(1%).

8.26. HaBaxky okcamary Hatpito Na,C,0, macoro 3,2520 r po3unHEeHO B MipHii
ko601 MicTkicTio 500 mut. SIkuit 06’eM po3umMHy 3 MOJSApHOIO KOoHIEeHTpamiero KMnO,
0,0215 monw/n 6yne ButpaueHno Ha TutpyBanHsg 50,0 M1 ofepKaHOTO POZUHHY?

(45,15 mn).

8.27. B mipHiii kon01 SKOi MICTKOCTI Tpeba pO3YMHUTH HABAXKKY KPHUCTAJIOTiApaTy
masneBoi kucnotu H,C,04-H,O macorw 0,7564 r, mo6 Ha tutpyBanus 20,0 mi oxep-
’KaHOTO PO3YMHY BUTpadanock 18,50 M1 po3urHy 3 MOJIIPHOIO KOHIeHTpamiero KMnOy
0,0130 monn/n?



(200 mum).

8.28. HaBaXKy CILUIaBy PO3YMHEHO B KHCJIOTI, 3al1i30 BigHOBIeHO 10 Fe?*, 06’em
po3unHy noBeaeHo 10 250 mu. Ha tutpyBanus 25,0 M1 oiep>kaHOTO pO3YUHY TTOBUHHO
BUTpayaTuch He Ouibiie 20,0 M po3unMHy 3 MOJISIpHOIO KoOHIeHTpaliero KMnO,
0,02 moup/11. SIKy HaBaXKy CIUIaBY CJiJ B3SATH JUJIS aHATI3Y, SKIIO MacoBa YacTKa 3ajliza
B HBOMY JIOpiBHIOE O5M3bKO0 20 % ?

(7,84 1).

8.29. HaBaxxky macoro 0,5 r craii, mo MICTUTh KOOaJbT, EPEBEICHO B PO3YHH, a
K00anbpT ocamkeno B Burisami ocany KsCo(NO,)e, ocan BiadiabTpoBaHO Ta MPOMHUTO.
Jo ocany pnomano 40,0 M1 po3uuHy 3 MOJSApHOIO KoHIEHTpauiero KMnOy
0,0165 monsw/n. Ha tutpyBanns vammmky KMnO, Butpadeno 21,25 mi po3unny 3 Mo-
nspHOIO KoHIeHTparietro NaNO;, 0,0525 mons/n. YoMy mopiBHIOE MacoBa YacTKa KO-
OanbTy B cTaii?

(1,12 %).

8.30. HaBaxxky macoro 0,3145 r comi, mo mictuth nepcyiabdar kamio K,S,0g, po3-
yuHeHo y Boxl. [lo omepkanoro posuumny npomaHo 50,0 M po34MHY 3 MOJISIPHOIO
konnentpamiero FeSO,4 0,1065 mons/n. Ha tutpyBanns nHaamumky cynbdaty 3amiza(ll)
BUTpadeHo 32,65 M po3unHy 3 MOJsIpHOIO KoHmeHTparietro KMnO, 0,0224 moms/m.
Yomy nopiBHIOE MacoBa YacTKa nepcyibdaTy Kamiro B comi?

(71,98 %).

8.31. HaBaxky macoro 0,2022 r cymimri, o mictuth xiopat kanito KCIO3 ta xio-
pun kamito KCI, po3unneno y Boxi. [lo ogep:kanoro po3uuHy goaano 25,0 Mi1 po3uuHy
3 mousgpHoto KoHueHtpaiiero FeSO, 0,1070 monw/n. Ha TuTpyBaHHS HaIJIMIIKY Fe?*
BUTpaueHo 15,15 Ma po3umHy 3 MojsipHOO KoHUeHTpauiero KMnO, 0,0199 mons/n.
YoMy TOpiBHIOIOTH MaCOBI YaCTKH COJIEH y CyMiIi?

(11,87 % KCIO3 , 88,13 % KCI).

8.32. Hamaxky macorw 1,5 cymimi, mo Mictuth okcuau xpomy(IIl) Ta mapran-
mro(11), cmasneno 3 mepokcunom Hatpio Na,O,. Hagmumox Na,O, BuiydeHo, a po3-
YuH TigkuciieHo. [Ipu pomMy BIAMOBIAHO peakirii

3H,MnO,; — MnO,{ + 2MnO,

Bumnagae ocax MnO,, a B po3unHi 3ajuIalThcs i0oHU MnO, Ta Cr20727. Ocan
BiA(QUIBTPOBAHO, a PO3YUH HArpito 3 50 MJI PO3YMHY 3 MOJSIPHOIO KOHIIEHTPALIEI0
FeSQO, 0,1002 mons/n. Ha TutpyBannsa magmmky FeSO,4 Butpaueno 18,40 mu po3unny
3 MossipHoro koHIeHTpaliero KMnO,4 0,0020 mons/n. lo ocaxy MnO, nomano 10 mu
po3uuny 3 MoJsipHoio koHreHTparieto H,C,04 0,0505 Monw/n Ta Harpito. Ha Tutpy-
BanHs Hammumky H,C,0, Butpaueno 8,24 ma Toro x poszunHny KMnO,; Yomy

JOPIBHIOIOTH MacOBI YaCTKH OKCHIB Y CyMIimTi?



(0,38 % Cr,05, 6,63 % MnO).

8.33. lnst cranmaptuzalili po3unHy Tiocynbdary HaTpito Na,S,03; HaBaKKy IUXPO-
Mmaty kamito K,Cr,0O7 macoro 0,1510 T po3uriHEHO Y BOJI1, PO3YMH IMiAKUCICHO 1 J0JIaHO
Hagumok Homuay kamiro KI. Ha tutpyBanHs oy, IO BUILIMBCS, BHUTPAuYCHO
31,00 M po3umay Na,S,03 . YoMy nmopiBHIOE MoJsipHa KOHIEHTparlis Na,S,03 B
pO34MHI?

(0,0968 mounb/i).

8.34. Insa crammaptu3anii po3unHy Na,S;03; BHKOPHCTOBYIOTh HAaBAXKKH OpoMaty
kanito KBrOz siki po3uuHSIOTH Y BOJII Ta MIJKUCIIOTh. [0 0J1ep>KaHOr0 pO3UnHY J0-
natoth Haanuiok Kl. Ha tutpyBanns ioay, 1o BUILISETHCS, TOBUHHO BUTPAYATUCh HE
oureme 40,0 M po34uMHY 3 MOJSIPHOIO KOHIIEHTparliero Na,S,0; 6mu3pko 0,1 Mob/i.
PospaxyBatu macy HaBaxkku KBrOs.

(0,10 r).

8.35. Jlo kucnoro pozuuny 06’emom 20,0 M 3 MossipHOIO KOoHIeHTpatiero KMnO,
0,0205 mons/n  momano Hammumok KI. Skuit 00’eM po3uMHY 3 MOJISIPHOIO
KoHreHTpamiero Na,S,03 0,0557 mone/nm Oyze BUTpadeHO Ha TUTPYBAHHS WOAY, IO
BUIITIUBCA?

(36,80 mu).

8.36. HaBaxxky mauxpomary kaiito K,Cr,O; macoro 0,5655 r po3unHEHO B MipHIii
k0101 micTkicTio 250 M1, SIkuit 06’ €M o1epKaHOTO PO3UUHY CIIiJT B3SITH, 00 MICHS J0-
OaBieHHs 10 Hhoro HaamUIKy KI Ha TUTpyBaHHS WOy, 110 BUAUISIETHCS, BUTPAYATIOCh
11,68 M po3uuHy 3 MOJIIpHOIO KOHIIEHTpartlieo Na,S,03 0,0989 mons/n?

(25,0 mu).

8.37. HaBaxky Oponsu macor 0,1470 r po3urHeHO B KUCIOTI. [{0 oepx’aHoro pos-
yuHy gojano Hagmumok KI. Ha tutpyBaHHs fiony, 1110 BUIIIUBCS, BUTpadeHo 22,55 M
PO34YMHY 3 MOJISIPHOIO KOHIIeHTpaliero Na,S,03 0,0886 monw/n. Homy nopiBHIOE MacoBa
JacTKa MiJIi B OpoH3i1?

(86,98 %).

8.38. HaBaxxxy macoro 2,0130 r O6poH3u 3 MacOBOIO YacTKOO Mijii 86 % pO3UyMHEHO
B KucIOTI. [0 sikoro 00’emMy Tpeba m0BeCTU PO3UMH, 00 Micis JojaBaHHsS 10 25,0 mi
Takoro po3unHy Hajumky Kl Ha TUTpyBaHHS HOAY, IO BUAUIMBCS, BUTPAYaIoCh Ou
20,0 M1 po3unHy 3 MOJISIPHOIO KOHIIEHTpatliero Na,S,03 0,1352 mons/m.

(250 m).

8.39. HaBaxxky macor 1,9863 r cruiaBy, 110 MiCTUTh Mijib, PO3YMHEHO B KUCJIOTI, a

00’eM po3uuny noseneHo a0 200 mu. Jlo 20,0 i1 oepKaHOTO PO3UMHY JOJAHO HaJl-

mumok KI. Ha tutpyBanns oy, mo BuAiIMBCs, BuTpaueHo 12,60 mi po3uuny 3 Mo-



JIIpHOIO KOHIIeHTpaliero Na,S,03 0,1478 moinb/n. YoMy TOpIBHIOE MacoBa YacTKa Mifi
B CIUIaBi?
(60 %).

8.40. HaBaxxky xnopHoro BanHa macoro 0,1211 r po3unHeHo y BoAl Ta MiJKUCIEHO.
Jlo onepkaHoro pozuuny gojaHo Hajuumok KI. Ha tutpyBanHs #ofy, 1110 BUALIUBCA,
BuTpadeHo 20,50 My po3unHy 3 MOJISIPHOIO KOHIEHTpariero Na,S,03 0,0512 moms/m.
YoMy 0piBHIOE MacOBa YaCTKa aKTUBHOTO XJIOPY B XJIOPHOMY BarHi?

(30,77 %).

8.41. Hamaxky xjopHoro BamHa Mmacow 1,1531r po3umHeHo B MipHIH KoJ0i
MictkicTio 500 mut. [lo 50,0 M ozneprkanoro po3unHy noaano Hajuuiok Kl. Ha turpy-
BaHHS MOy, IO BUAUIMBCSA, BUTpaueHo 10,56 M1 po3uuHy 3 MOJISIPHOIO KOHIICHTPAIII€10
Na,S,03 0,0769 mone/n. YoMy OpiBHIOE MacoBa 4acTKa aKTUBHOTO XJIOPY B XJIOPHOMY
BariHi ?

(25 %).

8.42. HaBaxxky MipUTy Macoro 2 T pO3YMHEHO B KHCJIOTI, 321130 OKHUCIIEHO 0 Fe*', a
OJIepKaHUN PO3UYMH TEPEHECEHO B MIpHY KOJIOY MICTKicTIO 250 MJI Ta JIOBEECHO JHC-
TUJILOBAHOIO BOJIOKO 110 MITKH. J{0o 25,0 M ofepkaHoro po3unHy nogaHo Haanumok K.
Ha turpyBanHs WHoay, 10 BUIIMBCS, BUTpayeHo 15,25 mi po3uuHy 3 MOJIIPHOIO
KoHIIeHTpamiero Nap,S,03 00,0939 mone/n. Yomy nopiBHIOE MacoBa 4YacTKa 3alli3a B
mipuTi?

(40 %).

8.43. I3 po3uuny 06’emoM 25,00 MJI CBUHEIH OCA/KEHO B BUTJISIII XpOMATy CBUHIIIO
PbCrO,. Ocan oadiasTpoBaHO Ta MPOMHUTO, a MOTIM PO3UMHEHO B KUCIOTI. Jlo oaepika-
HOro po3unHy noaaHo Hagnuimok KI. Ha tutpyBanss Hony, mo BUAUIMBCS, BUTPAYEHO
15,92 M1 po3umHy 3 MOJIpHOIO KOHIEHTpalieo Na,S,03 0,0989 monw/n. Yomy
JIOPIBHIOE MOJISIPHA KOHIIGHTpAIlisi CBUHITIO B PO3YHHI?

(0,0210 momb/).

8.44. HaBaxxky macoro 4,00 T criaBy, 110 MICTUTh CBHHEI[h, PO3YHHEHO B KUCJIOTI 1
00’eM po3uuny aoseaeHo 10 250 mi. Jlo 25,0 M1 ofep:kaHOTO PO3UYMHY JI0JaHO XpoMaT
kainiro K,CrOy4. Ocan xpomaty cBuHis PbCrO4 01¢di1bTpoBaHO, TPOMHUTO Ta PO3UYNHEHO
B kucinoti. [lo oxgepxkanoro po3unny gonano wamumok KI. Ha tutpyBanss ioxny, mo
BUJUIMBCA, BUTpadeHo 16,85 M po3uMHy 3 MOJSIpHOIO KOHIEHTpamieto NayS;03
0,0718 monw/n. YoMy 1OpiBHIOE MAacOBa YacTKa CBHHIIIO B CIUIaBi ?

(20,5 %).

8.45. Po3unn 06’ emoM 25 mit 3 MacoBoro yacTkoro H,O, 3 % (p = 1 r/mu) BHECEHO B

MIpHY KO0y MICTKICTIO 250 MJI Ta IOBEIEHO 0 MITKH JUCTHIBOBAHOI BOJOK. SKuit

00’€M TaKOro PO3YMHY HEOOXIHO B3STH, OO HA TUTPYBAHHS MOy, IO BHIIISETHCS



MIiCTs MIIKUCICHHS PO34YMHY Ta AojaaBaHHs Hamumky KI, sutpadanocs 34,60 mi pos-
YUHY 3 MOJISIPHOIO KOHIIeHTpalliero Na,S,03 0,1275 monb/n?
(25,0 mum).

8.46. HaBaxxka yaByHy Mmacorw 2,5910r po3umHeHa B XJIOPOBOJHEBIM KHCIOTI.
Cynbhia BUAUIEHO 1 MOTJIMHEHO PO3YMHOM OLITOBOKHCIIOTO KaaMmito. /o po3unHy 3 oca-
nom CdS momano 25,0 M po3unHy 3 MOJISIpHOIO KOoHIIeHTpamiero [, 0,1268 mons/n. Ha
TUTPYBAHHS HAJUTUIIKY MOy BUTpadeHo 9,75 Ml pO3YHHY 3 MOJISIPHOIO KOHIICHTPAIIIEI0
Na,S,03 0,0794 mons/n1. YoMy 1OpiBHIOE MacOBa YacTKa CIpKH B YaBYHi?

(2,96 %) .

8.47. HaBaxka crami macoro 10 T po3dMHEHa B KHCIOTI, Cipka BimHoBmeHa 10 S*—
ioHa. CipKOBOAEHb BHJUIEHO Ta MOMIMHEHO PO3YMHOM OLITOBOKHUCIOrO Kaamito. Jlo
po3uuny 3 ocagom CdS nmomano 20 Ma po34MHY 3 MOJISIPHOIO KOHIIEHTpaliew I,
0,0962 monw/n. Ha TuTpyBaHHS HaANUIIKY Hoay BUTpadeHO 8,50 MIT pO3UYHHY 3 MOJISIp-
HOIO KOHIeHTpaliero Na,S;03 0,0982 monb/n. YoMy OpiBHIOE MacoBa 4acTKa CIPKH B
cram?

(0,48 %).

8.48. 1o naBaxkku Macoro 0,5052 r mpobu, 1o MicTuTh (HEeHOoI, T0AaHO 25 MIT PO3-
ynHy 3 MoysipHuMH KoHIeHTpamisimu KBrOjz 0,04 mons/n i KBr 0,2 mons/n. Bigomo,
o ¢eHo B3aeMoie 3 OpomoM B criBBigHOIIeHH] 1:3. Uepes 15 XB. 0 po3unHy J107a-
Ho Haamumok KI. Ha tTutpyBanHus iiony, 1o BUAIMUBCS, BUTpadeHo 12,50 M po3uuny 3
MOJISIPHOIO KOHIIeHTpamiero Na,S,03; 0,0998 monbe/n. YoMy nopiBHIOE MacoBa dacTKa
dbenony B mpo6i1?

(0,025 %).

8.49. Jlna BU3HAYEHHS MAcOBOi YaCTKM OCHOBHOI PEYOBHMHHU B TEXHIYHOMY aHUIIHI
HaBaXXKy Horo Macoro 0,1982 r mepeHeceHO B KOHIYHY KOJIOY 3 MPUTEPTOIO MPOOKOIO,
migkucaeHo Ta gonano 50,0 M po3unmHy 3 MossipHUMH KoHIeHTpamismu KBrO;
0,0411 monw/n 1 KBr 0,2054 monw/n. Po3umH BuaepxkaHo 15 XB. JId 3aBepIICHHS
peakii Mi>xk OpoMoM Ta aHUTiHOM. BioMo, 110 BOHU B3a€MOJIIIOTH Y CITIBBITHOIICHHI
3:1. Tlotim 1o po3umny nonano Haanumok KI. Ha TutpyBanHs oy, 110 BUIITUBCS,
ButpaueHo 20,50 M po3urHy 3 MOJIApHOIO KOHIeHTpaliero Na,S,03 0,1023 monb/i.
Yomy IOpiBHIOE MacOBa YaCTKa aHUIIHY B TEXHIYHOMY MPOJTYKTIi?

(80 %).

8.50. AHami3yI0Th CTYMiHb YUCTOTH HiTpodeHomy. /s nboro Horo HaBaxKy Macoro
0,8510 r po3unHeHO B MipHiil kK001 MicTKicTIO 250 Mi. lo 25,0 mut ozepkaHOTO pO3-
YUHY B KOHIYHIN KOJIO1 3 MPUTEPTOI0 MpodKoro noaano 50,0 M po3unHy 3 MOJISIPHUMU
koHueHTpamismu KBrOz 0,0197 mons/n 1 KBr 0,0987 mons/n. Bimomo, 1o "HiTpodeHOoT

B3aeMoii€ 3 6pomoM B cmiBBinHOmEeHH] 1:2. Uepes 15 xB. 10 po3unHy BHECEHO HATH-



mok KI. Ha TutpyBaHHs Hoay, 110 BHIIIUBCS, BUTpadeHo 36,10 M1 pO3UnHY 3 MOJISIp-
HOIO KOHIIeHTpaIier Na,S,03 0,1018 mons/n. YoMy gOpiBHIOE MacoBa YacTKa JOMIIIIOK
B HiTpodeHOo1?

(2 %).



8.2. TeopeTu4He XOCTIIKEHHS XaPAKTEPUCTHK OKHCJIIOBAJIbHO-
BiITHOBHOT'0 TUTPYBaHHS

X1l OKHUCIIOBaJIbHO-BIIHOBHOTO THUTPYBAaHHSA XapaKTEpU3YyIOTh 3MIHIOBAaHHSIM
MOTEHIlaJly CUCTEMHU IpPH JOJAaBaHHI TUTPAHTy, 1 KpHUBAa TUTPYBAaHHS —3aJICKHICTh
MOTEHIIAly CUCTEMH B1Jl 00’€My JOJJaHOTO TUTPAHTY. B mporeci TUTpyBaHHS pO3YUH
MICTUTB peokc-napu TUTpanTy (T) Ta KOMIIOHEHTY, 110 BU3HavYaeThes (A):

Aox + Na€ < Ared, E°A, (8.8)
Tox + N1€ < Trea, E°7. (8.9)
[Ticas nonaBaHHS TUTPAHTY BCTAHOBJIIOETHCS PIBHOBAra, 1 3HAYEHHs IMOTEHIIATY

CHUCTEMH 3a/I0BOJIbHSIE IBOM piBHSHHAM HepHcTa:

2303RT, [Apg]

E = E°5 — g : (8.10)
n,F [Aox]

F o pe, 2303RT g [Treal 6.10)
nTF [TOX]

Penokc-napa, KOMIIOHEHTH SKOi MalOTh BUIII KOHLIEHTpallli, BUCTYIAE K Oydep y
BIJTHOLIECHHI /10 MOTEHLIATy CUCTEMH; cCaMe BOHA 3a/1a€ 3HAUYEHHs MOTEHIIaly CUCTEMH,
aHajioriuHo Tomy, sk pH po3umHiB 3amaroTh kKomMnoHeHTH pH-OydepHux cucrtem.
PiBussnas Hepucta s Takux “OygepHHX” map 3acTOCOBYIOTh JJIsi OOYMCIIEHB
MOTEHI1aJly CHCTEMU B P13HI MOMEHTHU TUTPYBaHHS.

Jo TC B HaAnuIIKy 3HAXOJUTHCSI KOMIIOHEHT, SIKUH TUTPYIOTh, TOX HOro peaokc-
napa € “Oydepnoro”, i obuucnenns Beayth 3a piBHAHHIM (8.10). ITicna TC B po3uuni
YTBOPIOETHCS HAIUIMIIIOK TUTPAHTY, “‘OypepHO0” cTae peioKc-mapa TUTPaHTY, 1 JJs
oOuHcIlieHb 3py4HO BUKOpHCTOBYBaTH piBHAHHS (8.11). g oGuucnens B TC cknana-
I0Th JIIHIAHY KOMOiHaIlio piBHAHb HepHcTa, JOMHOXKAI0UM KOKHE Ha BIAMOBIIHE YUCIIO

€JIEKTPOHIB:
29303RT 1 [ARed ][TRed ]

F [A Ox ][TOX ] .

Bupaz mix 3HakoMm norapudpmy wmoxHa crpoctutd, 60 B TC piBHOBaxkHI

(Na+n7) Erc =Na E°A+ N7 E°7 —

(8.12)

KOHIIEHTpallii peareHTiB (K 1 KimbkocTi peuoBuHH A 1 T) moB’s3aHi MiK CO00O
CTEXIOMETPHUYHUMH BiHOMIEHHAMHU. Hamnpuknan, npu tutpyBanHi po3unny 3aniza(ll)
PO3UYMHOM NEPMaHTaHATY B1IOYBA€THCS PEaKIIis:
5Fe’*+ MnO, + 8H' < 5Fe* + Mn** + 4H,0,
1 B TC BUKOHYIOTbCS PIBHOCTI:

[Fe*] = 5[Mn?]; [Fe?*] =5[Mn0O,]. (8.13)



CHnpocCTHUBIIHN y BIAMOBIIHOCTI 3 CTEXIOMETPUYHUMH BITHOIIEHHSAMH BUpa3 IiJ 3Ha-
KoM Jiorapudma, piBHSHHSA (8.12) po3B’s13y10Th BiIHOCHO Erc, 3HaX0a149M HOTO 3HAYEH-
Hsa B TC.

B namiBpeakmisix ans TUTpaHty (8.9) Ta KOMIOHEHTY, 110 BHU3HAdaeTbes (8.8),
OKHUCJICHA 1 BiJHOBJEHA (POPMU MArOTh OJHAKOBI cTexiomMeTpuuHi koedimieHtu. Toxi
MOTEHII1aJl CUCTEMU HE 3aJIEKUTh BiJl pO3BEJEHHS PO3UMHY, 00, 3riAHO piBHsAHHIO HepH-
CTa, BIH BU3HAYAETHCS BIOHOUIEHHAM KOHIICHTpAIIiil.

Bunstok ckiamaiTh HamiBpeakuii 3a ydacTio Honay, AMXpoMary, Tiocyiabdary, B
SIKUX OKHCJICHA 1 BiTHOBJIEHA (POPMHU MAIOTh Pi3HI CTEX1IOMETPUYHI KOC(IIIEHTH:

I; + 2e & 31,
Cr,0; + 14 H + 6e < 2Cr** +7H,0,
Si0¢” + 2e < 25,05 .

Tomi piBHOBaXXHI KOHIICHTpAIlii KOMIIOHEHTIB PEIOKC-TIapH BXOAATH O PIBHSHHS
HepHcra y pi3HUX cTeneHsx, HapuKIaI:
2303RT e 1

)

2F [15]

1 MOTEHINaJI CHCTEMH, 3YMOBJICHUH IT1€I0 PEOKC-TIApOI0, 3aJICKHUTh BiJl PO3BEICHHS

E=E°-

PO3UHNHY.

Cnipg BiA3HAUWUTH, IO B TUTPYBAaHHI BUKOPHUCTOBYIOTH OKHCIIIOBAaJIbHO-BIJHOBHI
peakiiii 3 BACOKUMH KOHCTaHTaMu 3/IM —Hnabarato BumuMu, Hixk KoHCTaHTH 3/IM s
peaxiliii KUCIOTHO-OCHOBHOTO TUTPYBaHHS 4M KOoMIUIeKcoHOMeTpii. [Ipu Bucokux 3na-
yeHHAX KoHCTaHT 3/IM piBHOBakHHH ckiax mobauszy TC cTpiMKo 3MIHIOEThCS, Oydep-
Ha €MHICTh Majae HabaraTo CTpIMKIiIle, Hi)K B KHCIOTHO-OCHOBHOMY TUTPYBaHHI YU
KOMILUIEKCOHOMETpii. 3aBASKH IIbOMY B OKHCIIOBaJIbHO-BITHOBHOMY THUTPYBaHHI IIO-
XUOKY 1HMKAIlT B IJIOMY HUXY1, a BUOIp 1HAUKATOPY MEHIII OOMEKEHUH.

Penoxkc-iHaukaTopu, siKi 3aCTOCOBYIOTH Juisl 3HaxomkeHHss KTT,—ie pedyoBuHu, y
sxux okucieHa (Indoy) 1 BimHOBIIeHA (Indgey) hopMU MaroTh pi3HE 3abapBiieHHS. 3MiHA
MOTEHIialy PO3YMHY BHKJIMKA€E 3MILICHHS 1HIUKATOPHOI PIBHOBATH:

|ndoX + Ny <= |ndRed, E°nds (814)

1 po3urH HaOyBae 3a0apBiIeHHS MepeBaxardoi GopmMu iHANKaTOpa (OKUCICHOI, SKIO

E >> E°q, BigHOBIIEHOT, K10 E << E°| ). [HTEepBa) moTeHIaMiB epexoy 3a0apBiicH-

Hi CKJIaJac:

2,3RT
E=E°gt——. (8.15)
1’1IndF
[Tpuknanom penokc-iHauKaTopiB € audeHiaamin 1 oro noxiaxi. lle opraniyHi crno-

JYKH, Y SKUX 1HAMKATOpHA PEAKIlisl CYNPOBOKYETbCA CTPYKTYPHOIO MepedyAoBO0 3a



Y4aCTIO JIBOX €NeKTPOHiB Ta ABox ioHiB H'. I[ToTeHnian nmepexony 3a0apBIeHHs 3aleKUTh
Bix pH, E°nq = 0,76 B.

[HImM# THO peIoKC-1HANKATOPIB —KOMIIJIEKC OPTaHIYHOTO JIITaHIy 3 10HOM MeTaiy,
SKAA MOXE 3MIHIOBATU CTYMiHb OKHUCIEHHS. [IpuKiiazioM HbOro TUIY 1HAMKATOPIB €
dbeppoin —komiuiekc 1,10 - penanTpomniny 3 3a1i30M. 3MiHA CTYIIEHS OKUCJIEHHS 3aii3a
Bin Fe(ll) mo Fe(Ill) cympoBOmXyeThCS 3MIHOIO YEPBOHOTO 3abapBieHHS Ha Omifo-

ronyoe. [ToreHmian nepexoay 3adapBieHHs He 3anexuTh Big pH, E°\ng = 1,11 B.
IMpuxknaaau po3B’sa3yBaHHs 3a1a4

Ilpuknao 8.6.

20 mut po3unny 3 MosisipHOtO KoHIeHTpattiero Sb(IIl) 0,03 Monb/1 TUTPYIOTH pO3YH-
HOM 3 MOJIsipHOIO KoHIIeHTpalieto KBrO3 0,02 Monb/1 B IpUCYTHOCTI CipyaHOi KUCIOTH
3 MOJIIPHOIO KOHIIeHTpamiero 1 mMomiw/n. Yomy mopiBHIOE moTeHmian cucremMu B TC Ta

TicIs JoaaBaHHs 5 1 15 Mt TutpanTy?

Po3é’azok.

[Tpu TuTpyBaHH1 BiAOYBaIOTHCS peaKIIii:
3|Sb(Ill) — 2e & Sh(V), E°; =0,818 B

1|BrO; + 6H" + 6e < Br~ + 3H,0, E°, = 1,44 B

3Sb(I11) + BrO; + 6H" <3Sh(V) + Br + 3H,0.

B TC BHKOHY€TBCS BiJIHOIICHHS

n(Sb(l)) /3 =n(BrO3) .

3Biacu 06’eM TUTpanty, nogaanuii B TC, MOpiBHIOE:

200,03/3=V0,02;

V =200,03/30,02 =10 (mn).

OG’em 5 Mn TuUTpaHTy BiANoOBiZae TUTpyBaHHIO 10 TC, MOTEHIIal CUCTEMH

JOIILHO 00uMCITIOBaTH 3a piBHsSHHAM Heprcera mist mapu Sb(III) - Sh(V):
2,303RT Ig c*(Sb(III)) .

2F cx(Sb(V))

3aranphi koHueHTpaunii Sb(III) Ta BrO3; 3 ypaxyBaHHAM po3BeIeHHS TOPIBHIOIOTh:

c(Sb(IIT)) = 0,0320 / (20 + 5) = 0,024 (moms/1),

¢(BrO3;) =0,025/ (20 + 5) = 0,004 (momb/m).

BBaxarouu, o BrO3 BUTpayaeThCs MOBHICTIO, 00YHUCIMMO IPAaHUYHI KOHIIEHTpAIIii
kommoHeHTiB mapu Sb(III) - Sb(V):

¢ (Sh(V)) = 3 ¢(BrO3") = 0,012 mous/1,

E:Eol—



c*(Sb(I 1)) = ¢(Sb(IlI)) — c*( Sb(V)) = 0,024 - 0,012 = 0,012 (monb/m).
Toni moTeHIial JOPIBHIOE:
E=0818_ 0,059lg 0,012

2 0,012

O6’em TutpanTy 15 mu Bignosigae TutpyBaHHio micis TC, oTxe, HOTEHIIal CUCTE-

= 0,818 (B).

MU JOLLIBHO 00uKcioBaTH 3a piBHsSHHAM Hepuera i napu BrO; — Br:

2303RT Br-
E=E°- P
6F "~ [BrO;][H"]

B po3umHi cipuaHOi KHCIOTH 3 MOJAPHOI KOHIEHTpamiero 1 moms/n [H']=1

MOJIB/JT (UCOITiallis 3a APYTUM CTyIICHEM MIPUTHIYCHA).

3aranpHi koHHeHTpatii Sb(II) Ta BrO3; 3 ypaxyBaHHSIM po3Be/ieHHS JOPIBHIOIOTh:

¢(Sb(III)) = 0,0320 / (20 + 15) = 0,017 (momb/n),

¢(BrO3;) =0,0215/ (20 +15) = 0,008 (Mmomn/m).

BBaxatoun, mo Sb(Ill) BuTpadaerbcsi MOBHICTIO, OOYHCIMMO TpPaHUYHI
KOHIEHTpallii KoMIOHEeHTIB napu BrO; — Br:

[Br]=1/3 c(Sb(Ill)) = 0,0057 (monb/m),

[BrOs] = c¢(BrO3) — [Br ] = 0,008 —0,0057 = 0,0023 (mo1b/71).

Toni moTeHIial JOPIBHIOE:

E=144— 0.03 9lg 00057 _ 1,436 (B).
6 ~0,0023

st o6uncnenns notenuiany B TC momamo piBHAHHS HepHcTa, JOMHOXKHUBIIH TIEep-

1Ie 3 HUX Ha 2, a apyre Ha 6:
[Br ™ ]-c*Sb(I1I)
[BrO3 - [H* I°c*Sb(V) -
B TC piBHOBaxH1 KOHIEHTpAaLlli OB’ 3aH1 CTEXIOMETPUYHUMHU BIHOIIECHHSAMH:
c*(Sb(111)) =3 [BrO3™ ]; c*(Sb(V)) =3 [Br];

MIJICTAaBMBIIH 1[I BHUpPa3H JI0 OCTAHHLOTO PiBHAHHSA HepHcTa omepxyemo:

8E=2E° +6E°, - 0,059]g

8E =2 E° + 6 E°, — 0,0591g .
1 2 .[H+]6

Ockinpku [H'] = 1 mons/n1, notenmian cuctemu B TC 10piBHIOE:
E=1/8(2 E°; + 6 E°; ) = 1,28 (B).

3agaui ag camMoCTiiHOI podoTH
8.51. 50 mi po3uuny 3 moissipHOr KoHueHTpamiero FeSO4 0,01 monb/n TUTPYIOTH

po3unHOM 3 MoJsipHOIO KoHIeHTpamiero KMnO, 0,01 mons/m mpu pH 1. Yomy

JOPIBHIOE MTOTEHITIA)I CUCTEMU Ticst moaaBanHs 5, 10 1 15 mu tutpanTy?



(0,708 B; 1,308 B; 1,41 B).

8.52. 20 mu po3unny 3 MossipHOro KoHIeHTpaliero NaNO, 0,02 Moib/1 TUTPYIOTH
po3unHOM 3 MoOJspHOIO KoHIeHTpariero KMnO,; 0,004 mons/m mpu pH 1. Yomy
JOPIBHIOE MOTEHIIaN cucTteMH miciis nofgaBanss 30, 40 1 50 mi TutpanTy?

(0,90 B; 1,34 B; 1,41 B).

8.53. 20 mut po3unny 3 MossipHOIO KoHIeHTpatiero H,C,0,4 0,025 Mob/n TUTPYIOTH
po3unHOM 3 MoOJisipHOIO KoHIeHTpamieto KMnO, 0,01 mons/n mpu pH 1. Yomy
JOPIBHIOE TTOTEHITIA]I CUCTEMH MMics foAaBaHHs 15; 20 1 25 mu tutpanTty?

(-0,58 B; 0,86 B; 1,41 B).

8.54. 25 mu po3unny 3 MospHOIO KoHIeHTparieo Na,HAsO3z 0,05 mons/n TuTpy-
I0Th PO3YMHOM 3 MOJSIpHOIO KoHIeHTpariero KMnO, 0,02 mons/n mpu pH 1. Yomy
JIOPIBHIOE TTOTEHITIAN cucTeMH micis nofgaBanns 20; 25 1 30 mu tutpanty?

(0,576 B; 1,171 B; 1,41 B).

8.55. 25 mn po3zunny 3 momsipHoro koHieHTpamiero U(IV) 0,02 Monb/n TUTPYIOTH
pO3UMHOM 3 MOJsIpHOIO KoHIeHTpamiero KMnO, 0,02 mons/n mpu pH 0. Yomy
JIOPIBHIOE TIOTEHIIIAN CUCTEeMH Micis nofgaBanus 5; 10 1 15 mu tutpanty?

(0,33B; 1,17 B; 1,51 B).

8.56. 30 M pozunny 3 momsipHOIO KoHIeHTparieo FeSO, 0,001 Monb/ TUTPYIOTH
po3urHOM 3 MouisipHOtO KoHueHTpariero K,Cr,O; 0,001 mons/n mpu pH 1. Homy
JOPIBHIOE TTOTEHITIAJl CHCTEMH ITiCII ToAaBaHHs 3, 5 1 8 M1 TUTpaHTy?

(0,779 B; 1,161 B; 1,22 B).

8.57. 20 M po3unHy 3 MOJsipHOIO KOHIeHTpaliero Na,SO3; 0,03 Monb/1 TUTPYIOTH
po3uMHOM 3 MoJisipHOIO KoHueHTpaiieo KoCr,O; 0,01 mons/n mpu pH 0. Yomy
nopiBHIo€ noTeHIian cucremu B TC Ta micnst qonasanus 15 1 25 mu tutpanty?

(1,06 B; 0,16 B; 1,34 B).

8.58. 25 mu1 po3zunny 3 MouspHoo KoHieHTpariero (NHy),Fe(SO,4), 0,02 mons/n
TUTPYIOTh PO3UMHOM 3 MoJisspHOIO koHieHTtpaiieo Ce(IV) 0,04 monb/n B cepenoBuii
cipuaHoi kuciotu . YoMy nopiBHIO€e noteHuian cuctemu B TC Ta micis noaaBaHHS S 1
15 mi TuTpaHTy?

(1,254 B; 0,756 B; 1,70 B).

8.59. 10 ma po3unny 3 mossipHoro koHuenrtpamiero U(IV) 0,01 mons/n TuTpyIOTH
po3urHOM 3 MoisipHOtO KoHueHTpamiero Ce(IV) 0,02 monw/n B cepenoBuiili cipyaHoi
KucnoTi. YoMy JOPIBHIOE MOTEHINANl CUCTeMHU Miciis gofaBanus 5; 10 i 15 mur Tutpan-
TYy?

(0,09 B; 0,64 B; 1,72 B).
8.60. 15 mu po3unny 3 mosspHoro KoHueHnrtpamiero K4Fe(CN)g 0,005 momaw/n TUT-

pyIOTh po3unHOM 3 MosipHOIO KoHmeHTtparieo Ce(IV) 0,01 monw/m B cepemoBwmii



cipua”oi kuciaoTu. YoMy AopiBHIOE moTeHIian cuctemu B TC Ta micis gogaBaHHsS S 1
10 mu TutpanTy?
(1,052 B; 0,382 B; 1,71 B).

8.61. 5 mu po3unHy 3 MossipHOIO KoHIeHTpariero H,SeOz 0,03 Moaw/n TUTPYIOTH
po3urHOM 3 MoJsipHOIO KoHIeHTpamiero Ce(IV) 0,01 mons/n B cepenoBuiii cipyaHoi
KHUCIIOTH 3 MOJISIPHOIO KOHILIEHTpali€eo 1 Moib/1. YoMy HOPIBHIOE MOTEHI[IAI CUCTEMH B
TC ta micnsa nogaBanus 10 1 40 M TutpanTty?

(1,59 B; 1,14 B; 1,71 B).

8.62. 25 Mn po3unHy 3 MoJisipHOIO KoHIeHTpalliero Na,HASO3z 0,01 mons/nm TuTpy-
I0Tb po3uMHOM 3 MousipHOIO KoHIeHTpamiero Ce(IV) 0,05 monws/n B cepenoBwmii
cipuaHoi kuciaotu. YoMy popiBHioe noteHmian cucreMud B TC Ta micast gogaBaHHsA 3 1
12 M tuTpanTy?

(0,953 B;0,548 B; 1,69 B).

8.63. 10 mi po3unny 3 MoussipHoto KoHieHTpatieo SnCl, 0,05 mMonb/n TUTPYIOTH
PO3YMHOM 3 MOJIIpHOIO KoHIeHTpaiiero [, 0,025 monb/n B cepeoBuIii cipuaHoi KUCIIO-
ta. Yomy nopiBHIoe noteHIian cuctemud B TC Ta micas gogaBanHs 15 1 25 M Tutpan-
TYy?

(0,36 B; 0,558 B; 0,17 B).

8.64. 20 mu pozunHy 3 MoisipHOI KoHIieHTpariero (NHy),Fe(SO,4), 0,06 momns/n
TUTPYIOTh PO3UYMHOM 3 MOJsipHOIO KoHIeHTpalieto KBrO; 0,01 monb/n B cepenoBuii
CipuaHOi KHCIIOTH 3 MOJISIPHOIO KOHIIEHTpalieto 1 Monb/in. YoMy JOpIBHIOE TOTEHIIIal
cuctemu B TC Ta micas qonaBanHus 5 1 10 ma Tutpanty?

(1,34 B; 0,797 B; 1,43 B).
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