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IMPEANCJIOBHUE

JlaHHOE y4eOHO-METOIUYECKOE TOCOOME COAECPKUT PACUETHBIE 3a/1aud I10
JUCUUIUIMHE «AHAIATAYECKAs] XUMHUSD JUIsl CTYJE€HTOB, OOy4YaroIIMXCA MO CIe-
HUabHOCTU «DPapManus».

COOpHUK COCTOMUT M3 TPUHAIIATH Pa3/eiIoB, BKIIOYAIOIINX BECh MaTepUall
MIPOTrpaMMBbl MO JUCHUIUIMHE «AHATUTHYECKAs] XUMUsA». B Hauanme kaxaoro pas-
Jiena NpUCyYTCTBYET pa300p OJHOM WIIM HECKOJIBKMX THIIOBBIX 337a4 C MOJHBIM
XOJIOM PEIICHHMS], a TAKXKE BHIBOAOM OCHOBHBIX (popMyJ1. B oTnenbHbIX pa3aenax
NPUCYTCTBYET TEOPETHUYECKAass 4YacThb, KOTOpas HEOoOXoauma sl MOHHMaHHS
X0Jla pelleHus. PelieHne HauUMHAETC ¢ aHaIu3a YCJIOBHUS 3aJlayu, 3aTEM Tpak-
TYETCS alrOPUTM PELICHHS, COCTOSIIUN U3 PACUETHBIX ONEpPAlHil C HCIOJIb30-
BaHHMEM CIIPaBOYHBIX AaHHBIX. KO BceM pacueTHBIM 3ajadyaM B KOHIIE COOpHUKA
MIPUBE/ICHBI OTBETHI.

Jlnst oOnerueHus paboTbl CTYACHTOB B NPUJIOKEHUU COOpPHHKA COOpaHbI
CIIPABOYHBIE JaHHBIC, KOTOPbIE HEOOXOJMMO HCIIOJIb30BaTh MPHU PEIICHUU 3a-
nay. CpaBo4YHbIC TaHHBIE B3SIThHI U3 «CIpaBOYHUKA MO AHATTUTUYECKOU XUMUN
1O. 1O. JIypsee, 1989 .

[lo HameMy MHEHHMIO, UCIIOIB30BAHME CTYJEHTAMHU JAaHHOTO y4eOHO-METO-
JUYECKOr0 MocoOus OyneT CIOoCOOCTBOBATh PAa3BUTHUIO JIOTUYECKOTO MBIIILJIE-
HUS, @ TAK’Ke OOJIErYUT MOATOTOBKY K UTOTOBBIM 3aHATHSAM, 3a4€Ty U dK3aMEHY.

KonnexkTuB aBTOpPOB BbIpa)kaeT 0J1aroJJapHOCTh PELIEH3eHTaM Mpodeccopy
Ka(eapbl aHaTUTHYECKON XUMUU benopycckoro rocyapcTBEHHOTO YHUBEPCH-
tera C. M. JlemeBy u coTpyaHukaM KadeIpbl TOKCUKOJOTUYECKON U aHAJUTHU-
yeckol xuMuum BUTEOCKOro rocyaapCTBEHHOIO MEIUIIMHCKOTO YHUBEPCUTETA
noa pykoBoacTBoMm mpodeccopa A. U. XKebOeHrseBa 3a IeHHBIE 3aMEYaHUS
Y PEKOMEHIALIMH.

ABTOpPBI  BBIpXAIOT MNPU3HATEIBHOCTh noueHTy M. B. MenbcutoBoi
u crapmemy npenojasarento B. C. KonapeBy kadenpsl aHaTUTUUECKOW XUMHUH
benopycckoro rocyjapcTBEHHOTO YHMBEPCHUTETa 3a MOMOILb, OKa3aHHYIO IpPH
HAIMCaHUM JaHHOTO y4eOHO-METOJMYECKOTO MOCOOMs, 32 3aMEUYaHMs U TMOXKe-

JJaHUA.



PA3JIEJ 1
CIMOCOBBI BHIPA’KEHHSI COCTABA PACTBOPA

KOHHGHTpaHI/I}I PaCTBOPCHHOI'O BCIICCTBA — 9TO OTHOIICHUC XUMHNYCCKOT'O
KOJIMYCCTBA PACTBOPCHHOI'O BCUICCTBA HJIK €TO MACChI K O6T)CMy pacTBOpa:

n(B-Ba)

C =——~ — MoJIgIpHas KOHIIEHTpaI¥s (MOJIb/JI
V(ppa) p Tparus ( )
m(B-Ba)

C =—,——< — maccoBas KOHIIeHTpauus (/1)

V (p-pa) P

Tutp — YacTHBINA BUJ MAacCCOBOM KOHIIEHTPAIlMU, PACCUYUTHIBACTCS KaK OT-
HOIIICHHE MacChl pacCTBOPEHHOTO BEIECTBA B T HA 00bEM pacTBOPA, BHIPAYKEH-
HOT'O B MIL:

_ m(s-Ba) (/)
~V(p-pa)

MaccoBasi 10151 paCTBOPEHHOTO BEIIECTBA — OTHOILIEHHE MAacChl PacTBO-
PEHHOI0 BEIIECTBA K MACCE BCEro pacTBopa:

_ m(B-Ba)
m(p-pa)

MaccoBas 1011 U3MepsieTCs B A0JSX OT €AMHUITHI Ui B Y.

MosnbHast (MOJsIpHAsT) J0JI1 — OTHOIIEHUE KOJIMYECTBA MOJIEH pacTBOPEH-
HOTO BEIIECTBA K 00IIeMY YHCIIy MOJIeH BCEX KOMITOHEHTOB CUCTEMBI:

_ N
X = s

MosnbHast 7071 TakkKe MOKET 0003HAYaThCs CUMBOJIOM o. MoJbHas 10
U3MEPSIETCS B IOJISIX OT €AMHUIIBI Wi Yo.

MOoOAsIbHOCTh — OTHOIICHUE KOJMYECTBA MOJIEM pPacTBOPEHHOTO Bellle-
CTBa K Macce pacTBOPUTEIIS:

= N (s-Ba) (MOJIB/KT)
m (p-Jist)

Ipumep 1.1. 1 r Hatpus runpokcuna pactsopriin B 1000 mu Boasl. Beipa-
3uTe coctaB moiiyueHHoro pactBopa NaOH Bcemu BO3MOMKHBIMH CIOCOOAMHU.
N3menenneM oObema Mpu pacTBOPEHUH MTPeHeOpedb, MIIOTHOCTh PACcTBOpA CUH-
TaTh paBHOH 1 T/cm’.

Pewenue: HaﬁaeM XUMHUYECKOE KOJINYECTBO LIETOYUH:

n(NaoH) =" = 1T 5 5.102 yom
V 40 r/monb

Haitnem maccoByro 1 MOJISIpHYHO KOHLIEHTPALUH:

C (NaoH) =" =1 1 01/n
Vo1

JI



C (NaOH) = 3 = 0’225F =2,5-1072 mons/11

JI

ITpu pactBopenuu 1 r HaTpusa rugpokcuaa B 1000 M Boasl Macca pacTBoO-
pa COCTaBUT:
m(p-pa) =m(H,0) + m(NaOH) =1001 r.
PaccuntaeM MaccoBy1o J0J110 HATPUS THAPOKCUIA:
o=MNGOH) _ 1 6 10°=0,1%
m(p-pa) 1001r
PaccunTaeM KOJIM4EeCTBO MOJIEH BOJIBI:

n(H,0) =" = 21000 5610 voms
M 18 r/monb

PaccuntaemM MOJIBHYIO OJTIO HATPUS THAPOKCHUIA!
X (NaOH) =—MNaOH) 5 104 = 45102 %
n(NaOH) + n(H,0)
PaccuntaeM MOJISIIBHOCTH PAacTBOPA HATPHSI THAPOKCUAA:
_ n(NaOH) _ 0,025 momb _ 2 5.10°2 yos/Kr
m(H,0) 1kr
Paccunraem tutp pactBopa. [lockonbky 1 r NaOH cooterctByer 1000 M
pactBopa, a X T NaOH cooTtBercTByeT 1 M1 pacTBOpa, TO:
1=@ = X:1,O-10_3 /M1
X 1
Omeem: C =25 1072 monn/n, C=1,0 r/x, o(NaOH) = 0,1 %,
Xnaon = 4,5 - 107 %, b=2,5- 10" monv/kr, T=1,0 - 10~ r/mm.

Ipumep 1.2. Kakyio maccy MEAHOTO Kymopoca HEOOXOAMMO 100aBHUTH
k 100 M pactBopa CuSO, 0,4 % c mrotHOCTBIO 1,05 T/cM®, 4TOGBI TIOTYIHTH
pactBop CuSO, ¢ koHnentparueit 0,5 M?
Pewenue: Paccuntaem maccy pactBopa:
m (p-pa)=p(p-pa)-V (p-pa)=1,05 /M- 100 M1 =105T
Haiinem maccy CuSO, B MICXOJTHOM pacTBOpeE:
m(CuS0O,)=m(p-pa)-®(CuSO,)=1051-0,004=0,42T
Omnpenenum momsipayto maccy CuSO4 u paccunTaeM ero XMMHYECKOE KO-
JMYECTBO B HCXOJIHOM PacTBOpE:

M (CuSO,) =64+ 32 + 64 =160 r/momp
n(CusO,)= % =2,625-10"2 Mo

B pesynbrare pacTBOpEHHS KPUCTALIOTHUApPATA MPOUCXOIUT YBEITUUYCHHE
o0BeMa pacTBOpa 3a CUET KPUCTAIUTM3AIMOHHOMN BOJIBI:
CuSOy -5H,0 — CuSO4 +5H,0
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[TycTh x MOJIb KpUCTAIIOTHApPATA T0OABHIIN K PACTBOPY, TOT1a KOJIMYECTBO
nob6asiaenHoro CuSQO,4 paBHO X MOJIb, @ KOJTMYECTBO BOJBI — SX.

3anumem Qopmyny st pacuera kKoHueHtpaiuu CuSO, B moigydyeHHOM
pacTBope:

n(Cuso,)

V(p-pa)
Xumuaeckoe komndecTBO CUSO,4 OyIeT COCTOSTh U3 IBYX ClIaracMBbIX:
n(CuSO,)=n,., (CuSO,)+x=2,625-10"° + x
O0beM pacTBOpa Takke OyIeT COCTOATh M3 JBYX CIaraeMbIX, PUIEM BTO-
poe ciiaraemMoe MmoJiy4eHo 3a CYET NepecyeTa Sx MOJIb BOJIbI B 00bEM:

=100+0,09x

C(CuSO,)=

18
V (p-pa)=V -pa)+5x-
(p-pa)=V ex (p-pa)+Sx 1000

[ToxcraBum Bhipaxkenus s N(CuSOy) u V(p-pa) B opmynny s pacdera
KOHIICHTPAITUH:

-3

: +

C(CuSO,)= n(CuS0Oy,) _ 2,625-10 X _ 05

V (p-pa) 100+ 0,09x

PemM ypaBHEHHE C OJHUM HEH3BECTHBIM, TJI€ X — YHCIIO MOJIb KPUCTAII-

JoruapaTa:
-3
2,625-107° + X _05
100 + 0,09x

2,625-10~3 + x = 0,05 + 0,045
0,955x = 0,047375
x =0,0496 moab
HOI[CTaBI/IM HaﬁﬂeHHOG XUMHYCCKOC KOJIHNYCCTBO KpI/ICTaJ'IJ'IOFI/II[paTa
B (hopmyITy 15t HAXOXKIEHUSI MacChl KpUCTAJLTIOTHU IpaTa:
m(CuSO, -5H,0) = n(CuSO, -5H,0) - M (CuSO, -5H,0) =12,4
Omeem: m(CuSO4-5H,0) = 124 .

3amaum nisa pemeHus. [Ipu npoBeneHnH pacdyeToB MJIOTHOCTh BCEX pac-
TBOPOB CUMTATH PABHOI | I/CM, €CITH HHOE HE YKAa3aHO B YCIOBHH 3aIa4H.

1. B 500 My guCTHIUIMPOBAHHOM BOJBI PACTBOPUIM 2 T Kajus HUTPUTA.
Bripazutre BceMH BO3MOXKHBIMH CIIOCOOAMHM COCTAaB MOJYYEHHOIO pacTBOpa
Kaug HUTpUTa. 3MeHeHueM o0bema pacTBopa Mpu pacTBOPEHUH COJIM MpEHe-
Opeub.

2. Bolpazutre BceMH BO3MOXXHBIMU CIIOCOOAMM KOHIIEHTPALMIO HaTpHs
xnopuaa B pusnonoruueckom pactrope (W(NaCl) = 0,9 %).

3. K 300 r pactBopa caxapo3bl ¢ HEU3BECTHON MacCOBOW JOJIel PacTBO-
penHoro BemecTBa no6aBuiau 200 T pacTBOpa caxapo3bl C MACCOBOM J0JEH pac-
TBOpeHHOro BemiectBa 15 %. Omnpenenure Maccy caxapo3bl, COAECPIKAIILYIOCS
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B HayaJIbHOM PAacTBOPE, €CIIU MOCIEe CIMBAHUS ABYX PACTBOPOB MAcCOBasl JIOJIS
caxapo3bl B KOHEYHOM pacTBope coctaBuia 10 %.

4. ITnotHOCTH 36 % pacTBOpa KUCIOTHI XJIOPUCTOBOJAOPOJAHON COCTABISET
1,19 r/cm®. BbIpasuTe KOHIEHTPALHIO KHCIOTHI XJIOPHCTOBOAOPOIHON BCEMH
BO3MOYKHBIMH CIIOCOOaMHU.

5. B 100 Myl mucTHIIMPOBAHHOM BOJBI PACTBOPWIIM 2 I' AMMOHHS arieTara
u 3 T HaTpus HUTpaTa. OnpeaenuTe MOJIbHbBIE O aMMOHHUS arleTata U HaTpust
HUTpaTa B MOJIYYEHHOM pacTBope. M3MeHeHnem oobeMa pacTBOpa MpH PacTBO-
pEHUU coJiel TpeHeOpeyb.

6. B xakoM pacTBOpe XMMHUYECKOE KOJIMYECTBO PACTBOPEHHOTO BEIIECTBA
6omwmie: B 100 T 10 % pactBopa caxapossl wim B 50 T 5 % pactBopa amMmMoHMS
nuruapodocdara? [ToOoUHBIMU peakUsIMU TPEHEOPEYb.

7. BpIpa3ute KOHIEHTPALMIO PACTBOPEHHOI'O BEIIECTBA BCEMU BO3MOKHBI-
mu criocobamu jtst 0,2 % pactBopa antoMuHuA Cyibdarta.

8. Kakyro Maccy »ene3Horo Kyrnopoca HE0OX0AUMO pacTBOPUTH B 250 mn
BOJIbI, YTOOBI MOJY4YUTh PACTBOP C KOHIIEHTpAlMEed pPacTBOPEHHOI'O BEIECTBA
0,05 M? H3menenne o0beMa pacTBOpa MPOUCXOIUT TOJBKO 3a CUET BOJIBI, CO-
JiepIKalencs B KpUCTAIIIOTHpATeE.

9. Kakyto maccy mennoro kymopoca Hago ao6asuth k 100 ma 0,1 % pac-
tBopa Meau(ll) cynbdara 4TOOBI MONYYUTH PACTBOP C KOHIICHTPAIMEH PacTBO-
peHHoro Bemecta paBHou 0,5 M? M3meHeHune oObema pacTBOpa MPOUCXOIUT
TOJIBKO 32 CUET BOJIbI, COAECPKALIEICS B KpUCTAJUIOTHIpATE.

10. Kakyro maccy KanbIlusi XJOpHJa TeKcaruapata HYKHO J00aBUTh
k 200 mu 0,1 % pacTBOpa Kalblivsl XJIOpUIA, YTOOBI MOJIYYUTh PACTBOP C KOH-
IeHTpanue pactBopeHHoro BemectBa 0,5 M? M3Mmenenue oObeMa pacTBOpa
IPOUCXOAUT TOJIBKO 3a CUET BOABI, COJEpIKAIIeHcs B KpUCTAIIOTHApATE.

11. TImoTHOCTHh pacTBOpa KHUCJIOTHI cepHOIl ¢ maccoBou gonei 0,6 % co-
craBmsier 1,056 r/cm®. Jlas 10 MI ZaHHOTO PAcTBOPA PACCUHTANTE MOJSPHYIO
KOHIIEHTPAIUIO U MOJISUTBHOCTb.

12. Kakoit 06beM Boasl HeoOxoaumo 106aButh k 10 mur 1 % pactBopa ka-
st Opomarta, 4to6s! mosryunts 0,05 M pactBop?

13. Paccuuraiite MaccoBYIO JOJII0 M MOJIIPHYIO KOHLEHTPAIMIO HATpUs
XJIOpUJIa B pacTBOpe, noaydyeHHoM npu ciuBanuu 35 mi 0,1 % pactBopa HaTpus
xjopuaa u 65 mu 0,05 M pactBopa HaTpus XJIOpUA.

14. Paccuuraiite monsipHyto konuentpamuio 0,09 % pactBopa Hatpus
XJIOpHUAA.

15. B kakoM U3 pacTBOPOB Macca KaTUOHOB HaTpusi OyAeT Oosbiie: B 20 mi
0,04 M natpus nutpara unu B 50 mi 0,8 % pactBopa HaTpus xsopusa’?

16. Kakast macca kanus oauna coaepxutcsa B 500 mu 0,5 % pactopa?

17. Onpeaenute MOJAPHYIO KOHUEHTPALUI0 HUTPAT-UOHOB B PACTBOPE,
nosrydueHHoM myteMm cimuBaHus 10 mur 1 % pactBopa xagmus Hutpara u 90 M
0,5 % pacTBOpa Kanus HUTpATA.



18. Kakyro maccy aMmMOHHMS anerata, cojaepxaiiero 5 % unaudepeHTHbIX
pUMeEceH, ciienyeT B3sTh s npurotosieHusd 500 ma 0,2 M pactBopa?

19. Kakoe xommuectBOo 1 M KHCIOTBHI XJIOPUCTOBOJOPOIHOM HEOOXOAMMO
B34Th 11 ipurotoBieHus 100 mu 0,08 M pactBopa?

20. Jlns mpoBeneHus: aHanu3a HeoOXoaumo mpurotoBuTh no 100 mu pac-
TBOpa HATpus rugapokcuaa ¢ konueHtpauusmu 0,05 M; 1-10°3 M; 810* M m3
0,1 M pactBopa. Kakoit 00beM HCXOAHOTO pacTBOpa HEOOXOIWMO B3ATH IS
MIPUTOTOBJICHUS Cepur pacTBOpoB? Bo ckoibko pa3 HEOOXOAMMO pa30aBHUTH
KaX]IbIil pacTBOpP?

21. JIo xakoro o6bema HeoOxoauMo pazdaButTh 200 M1 pacTBOpa KUCIOTHI
XJIOPHCTOBOIOPORHON ¢ MaccoBoit gomeit 36 % (p = 1,18 r/em®), uTo6sI moMy-
antb 25 % pactsop (p = 1,1128 r/em®)?

22. Kakoii 00beM amMmmuaka (H.y.) Heo0xXoaumMo pacTBopuTh B 200 M1 BOJIBI,
YTOOBI MOJYYUTh PACTBOP C MACCOBOM J10yiei ammuaka S5 %7?

23. B xakoM O00OBEMHOM COOTHOIIEHWH HEOO0XOJUMO CMEIIaTh PaCTBOPHI
OJIHOTO U TOTO e BemecTBa ¢ KoHneHTpauusiMu 2 M u 0,02 M, ytoObI mosy-
YUTh PACTBOP C KOHLEHTPALMEN pacTBOpeHHOTO BemecTBa (0,4 M.

24. PactBopumocTb Kanus quxpomarta rpu 70 °C cocrasnser 58 r Ha 100 T
Boabl, a mpu 0 °C — 5 r Ha 100 r. Kakyio Maccy 4nuCTOro Kajiusi Auxpomara
MOYHO MOJYYUTh MYTEM MEPEKPUCTAIIU3ALMU U3 HACHIIIIEHHOTO pacTBOpa Mpu
70 °C oxmaxaennem 10 0 °C, ecnu Ha MPUTOTOBIIEHUE PACTBOPA 3aTPATHIIH
250 r BonbI?

25. PactBopumocTs kanust xnopuaa npu 90 °C cocrasnser 54 T Ha 100 T
Boabl, a mpu 0 °C — 27,6 r Ha 100 r Boawl. Paccunraiite MaccoByrO HOJIO
HEpPACTBOPUMBIX MPUMECEN B TEXHUYECKOM Kayus xjopujie Maccoi 100 r, ecnu
€ro OYMCTKY MPOBOJIMIIN MIPH MTOMOIIY MEPEKPUCTAITU3ANNNA U3 OTOUILTPOBAH-
HOT'O HachlllleHHOro pactBopa npu 90 °C u nmocieayronmM OXJIaKICHUEM 10
0 °C. O6bem ucnonb30BaHHOM BOABI cocTaBwi 150 mul, Macca MOJYy4eHHOTO
Kanus xjaopuaa 36,5 r.



PA3JIEJ 2
MOHHAS CUJIA PACTBOPA. AKTUBHOCTH KOMITOHEHTA.
KOD®OUIUNEHT AKTUBHOCTU KOMIIOHEHTA.
TEPMOJMHAMUYECKAS, KOHIIEHTPAIIMOHHASI,
YCJIOBHASI KOHCTAHTBHI PABHOBECHSI, UX B3AUMOCBSI3b

[Ipu mpoTexaHuy OO0 XMMHYECKOW pPEaKkUHUH B PACTBOPE WIIA T'a30BOU
¢daze HacTynmaeT Takoil MOMEHT, KOTJa KOJUYECTBO MCXOJHBIX BEIIECTB HaXO-
JUTCSI B PaBHOBECHU C MPOAYKTAMHU pEakiuu. Takoe COCTOSHUE HA3bIBACTCS
XUMHYECKUM paBHOBECHEM. J[JIs1 omMcaHusi XUMHUYECKON PEaKkIUu MCTOIb3YIOT
COOTBETCTBYIOIIME KOHCTAHTHI PAaBHOBECHSI.

Paccmorpum paBHoBecue: aA +bB == cC +dD

Jlnia penieHrs OOJBIIMHCTBA 3a/1a4 110 aHATUTUYECKON XUMUU HEO0X0JUMO
OyZeT MoJIb30BaThCs TPEMsI OCHOBHBIMHU BUAAMH KOHCTAHT PaBHOBECHS:

TepmoaguHamMu4YecKHe KOHCTAHTHI paBHOBecHs. TepMOAMHAMHUYECKAs
KOHCTaHTa paBHOBecHs K° BhIpakaeTcs Kak OTHOLIEHHE aKTUBHOCTEN (MITH map-
UAJIbHBIX JABJICHUH JUIsl pAaBHOBECHBIX PEaKIMii, MPOTEKAIOUIMX B ra30Boi (a-
3€) MPOAYKTOB PEaKLUUU K aKTUBHOCTAM (TMapLUaIbHBIM JTaBJICHUSAM) UCXOJHBIX
BEIIECTB B CTEMEHAX COOTBETCTBYIOIIUX CTEXHOMETPHUECKUM KOod((UlneHTam
peaxIuu:

c d
-a
Ko =3¢ 9% (2.1)
a b
rac d — aKTUBHOCTH KOMHOHCHTa;

c d

0 _ I:)C ) I:)D

a b

I:)A ) PB

rae P — mapruanpHOe JaBICHUE KOMIIOHCHTA.
TabmuuHble 3HAYCHUS TEPMOIUHAMUYECKMX KOHCTAHT PABHOBECHUS IS
Pa3TUYHBIX TUTIOB XUMUYECKUX PAaBHOBECUH MTPUBEIEHBI B puil. 2, 3, 4.
KoHueHTpanlMoHHbIE KOHCTAHTHI paBHoBecusi. KoHIleHTparmoHHas
KOHCTaHTa paBHOBecusi K mpelcTaBiisieT co00i OTHOIICHUE PABHOBECHBIX KOH-
[EHTpAIil MPOAYKTOB PEaKIMH K PaBHOBECHBIM KOHIICHTPAIIUSM HCXOJIHBIX
BEII[ECTB B CTETICHSX PABHBIX CTEXHOMETPUIECKUM KOd(DPHUITEHTaM peaKInu:
C c. D d
Ke—=—7% (22)
A -B
AKTHUBHOCTh BEIIECTBA MOXKHO PacCUUTATh KaK MPOU3BEICHHE PABHOBEC-
HOM KOHIICHTpAIlMM KOMIIOHEHTa Ha KOA(OUIIMEHT aKTUBHOCTH JAHHOTO KOM-
MOHEHTA!

a,= X -y, (2.3)



N3 ypaBHeHus (2.3) BbIpa3uM paBHOBECHYIO KOHIIEHTPALIHIO:

X =2 (2.3a)

Yx

B ypaBHeHue 1l KOHIIGHTPAIIMOHHOW KOHCTAHTHI paBHOBecHs (2.2) BMe-
CTO PaBHOBECHBIX KOHIICHTpAIMil BEIIECTB MOACTaBUM COOTBETCTBYIOLIUE
OTHOIIICHHS aKTUBHOCTEH KOMITOHEHTOB K KOA((UIIMEHTaM aKTHBHOCTH (2.3a).
B pesynbrare naHHOrO peoOpa3oBaHus MOJIYYUM CIIEAYIOIIEee ypaBHEHHE:

ac aD

c d a b
aA aB aA'aB Yc - Yp
YA'YB

B nonyyeHHOM ypaBHEHUM 3aMEHHMM JpOOb C OTHOIIEHHEM aKTHBHOCTEU
Ha TEPMOJMHAMHYECKYI0 KOHCTaHTy paBHOBecusi K° ypaBuenus (2.1) u momy-
YUM BBIpaKEHHUE:

a b
K=K°. Ya“Ys (2.5)
c d
Yc - Yp
Taxum 06pa30M, KOHIOCHTPAINOHHYIO KOHCTAHTY PAaBHOBCCHUA MOKHO BBbI-
pa3uTh KaK TEPMOJUHAMHYCCKYIO KOHCTAaHTY PaBHOBECHS, HO C Y4ETOM KOd(-
(bI/II_[I/IeHTOB aKTUBHOCTEN BCEX KOMIIOHEHTOB XMMHUYECKOTO PaBHOBCCHA.
Ycia0BHBIE KOHCTAHTLBI PaBHOBECHA. YcinoBHBIE KOHCTAHTEI PpaBHOBCCHA
K’ BBIpakaroTcsl 4epe3 oOIIre KOHIIEHTPAIMH BEIIECTB B CTEIMEHSIX COOTBET-
CTBYIOIIUX CTEXMOMETPUUECKUM KOIPPULIMEHTaM PEaKIINH

d
. Ct.C

K :% (2.6)
Ca-Cg

OO6mast KOHUEHTpaLKsI — 3TO CyMMa pPaBHOBECHBIX KOHLEHTpAIMil BCex

(dhopM IaHHOTO BEIlECTBA, CYIIECTBYIOMMX B pacTBope. K mpumepy, eciu B pac-
TBOpPE COAEPKUTCI Takoe coenuHenne, kak CO,'H,O, To nanHoe coeauHeHue
SIBJISIETCS Ca0BIM AJICKTPOJIMTOM U CTYIEHYATO JAUCCOIMUPYET B BOJHOM pac-
TBOpe. B pe3yibrate auccoumalniu B PacTBOpPE MNPHUCYTCTBYIOT CIIEAYIOIIHE
YaCTHULIbI: HEMPOAUCCOIMUPOBABIINE MOJIEKYJIbl YTOJIbHOW KUCIOTHI, TUAPOKAp-
OoHaT-aHMOH W KapOoHaT-aHWOH. CJemnoBaTeNbHO, OOIIYI0 KOHIICHTPAIIUIO
YTOJIBHOM KHUCIOTHI PACCUYUTHIBAIOT CIACAYIOIMIUM 00pa3oM:
C = [H,CO5] + [HCO5 ] + [CO5"].

BBenem noHsTHE MOJIBHOW A0JIM KOMIIOHEHTa X B paBHOBECHH. MOJIbHOU
J0JIeH KOMITOHEHTA SIBJISICTCS OTHOIIIEHHE PAaBHOBECHOM KOHIICHTPAILIMK KOMIIO-
HEHTa K ero o0Ieil KOHLIEHTPAIIMHU B pacTBOPE.
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BBIpa3I/IM MOJIBHYIO OIOJIFO KOMIIOHCHTA XB PaBHOBCCHU:

X
o = — 2.7
X=¢, (2.7)
W3 ypaBHeHus (2.7) BbIpa3uM 3HaUYeHHE OOIICH KOHIICHTPALINH:
X
Qx

B ypaBHeHUHU 1151 yCIOBHOM KOHCTAHTHI (2.6) 3aMeHUM 00111ie KOHIIEHTpa-
IIUU BEIECTB Ha COOTBETCTBYIOIINE OTHOIICHUS PABHOBECHBIX KOHIICHTpAIUi
KOMIIOHEHTOB K UX MOJIBHBIM JIOJIsSIM (2.7a). B pesynbrate manHoro mpeodpaso-
BaHUS TIOJYYUM CJICYIOIIEe BhIPAKCHHE:

Cc-Dd

c .d c d a b
Kz _% % =C D ap-ap

Aa-Bb Aa-Bb a%-a%

ad - o

B IIOJIYYCHHOM YpPaBHCHHH 3aMCHHUM Hp06b C OTHOHICHUCM PABHOBCCHBIX

KOHIICHTPAIlMi Ha KOHIICHTPAIMOHHYIO KOHCTaHTy paBHOBecus (2.2), Toraa:
a b
(IA ¢ (IB

c d
OLC ‘(ID

K'=K (2.8)

B cBoro o4ucpcab KOHIOCHTPAIIMOHHYIKO KOHCTAHTY PaBHOBCCHUA MOXKHO 3a-
MCHUTb Ha COOTBCTCTBYIOHIYIO TCPMOIAMHAMHNYCCKYIO KOHCTAHTY PAaBHOBCCH:A
(2.6). CiegoBaTenbHO, IOJIyYAM B3aUMOCBSI3b BCEX TPEX KOHCTAHT PaBHOBECHU.

a b a b a b
OO . a0

K'=K2a% _oYaVs %0 (2.9)
Oc -Op Yc-Yp O¢c-Op

HNonnas cuna. MonHas cuiia pacTBOpa — BEJIMYHMHA, KOTOPAs YUYUTHIBACT
AIEKTPOCTATUYECKOE BIMSHUE BCEX MOHOB B pacTBOpE. 3HAUCHNUE MOHHOM CHJIBI
paccuuThIBaeTCsS o popmyie:

|:%2Cizi2:%(clzlz+czzzz+ +ann2) (2.10)

rae C; — KOHLEHTpaIYsi HOHOB B paCTBOPE; Zj — 3aps] UOHA.

Ha BenmumHy MOHHOW CHJIBI OKA3bIBAIOT BJIMSIHUE TOJIBKO 3apsHKEHHbBIC Ya-
CTHUIIbI, HAXOSIIMECS B pacTBOpe. He Oka3bpIBalOT BIMSHUE HA WOHHYIO CHITY
TPYAHOPACTBOPUMBIE COCAMHEHUS, HE3apSKCHHBIE KOMIUICKCHI, ClaOble JJIeK-
TPOJIUTHI U HEBJIIEKTPOJIUTHI.

Ko3¢gpuuueHTsl aKTUBHOCTH. BBIIEIAIOT CpEIHEMOHHBIE U WHAWBUIY-
anbHbIC KOY(POUIMEHTH aKTHBHOCTH. DKCIEPUMEHTAIBHO BO3MOXKHO OIpeje-
JUTh TOJIBKO CpeIHEHOHHBIC KOA(DPHUIMEHTH akTHUBHOCTH. CpeaHenOHHBIC
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KO3(I)(1)I/IHI/IGHTBI AKTHUBHOCTHU XapPAaKTCPHU3YIOT ITOBCACHUC SJICKTPOJIUTA B ILICIIOM.
Hx OIIPCACIIAIOT KaK CPCAHCC I'COMCTPUICCKOC MHANBUIAYAJIBbHBIX KOC—)(I)(l)I/IHI/IGH-
TOB AKTUBHOCTH MOHOB, BXOJIIUX B COCTAaB JaHHOI'O 3JICKTPOJIUTA.

ve =[y"(A)y" @ ™"

re Y+ — CPEIHEHOHHBIH KO3()(UIIMEHT aKTUBHOCTH, Y — WHAWBHIYAIbHbIH
KO3 PHUIIMEHT aKTHBHOCTH.

WuauBrayanbHbIi KO3(QPHUIIMEHT aKTUBHOCTH SKCIIEPUMEHTAILHO Ompe/e-
JIMTh HEBO3MOXKHO. MHIuBHAyanbHbie KO3(G(UIIUEHTH aKTUBHOCTH OMPEACSIOT
PaCUYCTHBIM ITyTE€M, HCIIOJIB3YS PS JOMYINECHUH U IPEMOI0KCHHUI.

KoaddurreHT aKTHBHOCTH MOXHO MPEACTaBUTh KaK (DYHKIIMIO, 3aBUCS-
IIY¥0 OT MIOHHOMW CHUJIBI:

1) Ilpu nonnot cuine | < 0,01 (npedenvuwiii 3axon Jebas—Xiokkens):

lgy =—Az?J1 (2.11)
rae A — ko3 (ULHMEHT, 3aBUCSIINA OT TEMIEPATYPBL U AUIIEKTPUUECKON MPO-
Hunaemoctu cpegsl (A ~ 0,511), z— 3apsix noHa.

g y4 =—Alzpz_|\I (2.11a)

2) IMpu nonnoi cune B npenenax 0,01 < | < 0,1 (pacwupennoe ypasnenue
Hebas—Xiokkens):
AzZ1

9y="1 BavI
rae B = 0,328 (npu T = 298 K); a — sMnupuveckas KOHCTaHTa, XapaKTepu3y-
1omas pasMep MOHHOI aTmocdepsl (BbIpaxkaercs B A). 3HaueHHe BEIUUMHEI @
OepyT u3 TabnuIlsl (CM. TipuII. 1).

v — Alzyz_[\NI
9T UBadl
3) Ipu nonnoii cune | > 0,1 (ypasuenue /[r6uc):

(2.12)

(2.12a)

VI
— _A72 _
lgy=-Az ] O,ZIJ (2.13)

Mpumep 2.1. Paccunraiite aktuBHOCTH HOHOB COs° B pacTBOpE, MOIY-
yeHHoM nyteM ciuBanus 10 ma 0,01 M pactsopa BaCl, u 40 mur 0,02 M pac-
tBOpa Na,COs.

Pewenue: 1lpu cnuBaHuu NBYX PacTBOPOB B CHUCTEME OyNeT MPOTEKaTh
CJIEIYIOIIAsl PEaKIUs:

BaCl, + Na,CO3; — BaCO3l + 2NaCl.
B xoxe peakmmm o6pazyercs TpyaHopacTBopumMoe coenunerrne BaCO;,
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3anuiieM BbIpaKEHHUE JJIA pacueTa aKTUBHOCTU KOMIIOHEHTa B PacTBOPE,
UCIIOJIB3Ys ypaBHeHue (2.3):
ax = [X] - yx
AJITOPUTM peIICHUs 3aaud CICIYIONui: 1) HalTH KOHIIEHTpAIMI0 Kap0o-
HAT-MOHOB B pacTBOPE MOCIIE€ CIUBAHUS IBYX paCTBOPOB U MPOTEKAHUSI XUMUYE-
CKOM peaknuu; 2) HaiTh K03 HUIIMEHT aKTUBHOCTH KapOOHAT-HOHA.
PaccunTthiBaeM KOHEYHBIC KOHIICHTPAIIUU MOHOB B PAaCTBOPE TOCIIC CIIMBA-
HUS JBYX PACTBOPOB U MPOTEKAHUS XUMHUIECCKOW PEaKITUH.
XUMHYECKHE KOJTMYECTBA BEIIECTB /10 MPOTEKAHMS PEAKITHH:
n(BaCl,) =C-V=0,01 10,01 mons/t=0,0001 monb
N(Na,CO3) =C -V =0,04 1 - 0,02 mons/11 = 0,0008 MOJIB.
HaiineM cooTBETCTBYIOIME XUMUYECKHUE KOJIMYECTBA JJisi HOHOB, 00pa3o-
BaHHbIX Ipu Auccormaiuu BaCl, u Nay,COa:
n(Ba**) = 0,0001 mob
n(Cl") =0,0002 moJb
n(Na") = 0,0016 monb
n(COz*) = 0,0008 mous.
TTocie IPOTEKaHMs PeaKiliy KOHICHTPALHs HOHOB Ba’" cramer mpaxTide-
CKH paBHA HYIIIO, T. K. HOHBI Ba®" HaxomsTcs B HemocTaTke. XHUMIUIECKOE KOMH-
YECTBO KapOOHAT-MOHOB MOCJIE MPOTEKAHMS PEaKITNN OYyIET paBHO:
Noer(CO3%)= N(CO5”) — n(Ba?*) = 0,0008 — 0,0001 = 0,0007 (mob/x).
XHWMHYECKHE KOJIMYECTBA OCTAIBHBIX MOHOB B PacTBOpPE OCTaHyTCs Oe3
W3MEHEHUM.
3aTeM HEOOXOAMMO HAWTH KOHIICHTPAIIMK WOHOB ITOCJIE MPOTEKAHUS Peak-
U

n(Na®) _ 0,0016 mons

C(Na™) = = = 0,032 momb/1
(Na) YV 0,01n+0,04n
C(CIh) = n(Cl) - 0,0002 mors = 0,004 Mo/t
DV 0,01n+0,04n
2_
C(COg_) = n(Co; ) =0,014 momb/n

dV

PaccunTaem 3HaueHME MOHHOW CHJIBI PACTBOpA:

| %Zqziz =%<C(Na*)-12 +C(CI7)-1° +C(C057)-2°) =

= %(0, 32+ 0,004 +0,056) = 0,046 monb/n

3HaYeHUEe HOHHOW CHJIbI COOTBETCTBYET PACUIMPEHHOMY YPaBHEHUIO
Jlebas—Xrokkens (2.12).
B npuit. 1 HaxoauM 3Hau€HUE KOHCTAHThI @ = O.
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” Azl 0,511-22,/0,046
lgy(CO37)=- = =
1+BaJl 1+0,328-5-,/0,046
lgy =-0,3175; orcroma y = 10 %% = 0,48.
BoruncnuB k03 QUIMEHT aKTUBHOCTH KapOOHAT-MOHOB M MX KOHIIEHTpa-
1IAI0, MO’KHO PACCUUTATh aKTUBHOCThH KapOOHAT-MOHOB B PACTBOPE:

a=c-y=0,014mons-0,48=6,72-10~° mMoms/m

Omeem: aKTUBHOCTh KapOOHAT-HOHOB TOCJIE CIIMBAaHHS JIBYX PacTBOPOB
3
paBHa 6,72 - 10" MomB/11.

—0,3175

3agaum 1J191 penieHus:

1. Paccunraiite nornyro cmry 0,02 M pactBopa NagPOj.

2. PaccunTaiite mHAMBUAyaTbHBIE KOA(DOUIIMEHTH aKTUBHOCTA WOHOB JIJIS
Kanus cynbdara rnpu nonHoi cuie 0,001.

3. Paccunraiite wHOUBHIyabHBIC KOI(DPHUIIMEHTH AKTUBHOCTH HWOHOB
B pactBope Aly(SO,);3 ¢ koHneHTpanueii comau 0,02 M.

4. Paccunraiite cpeJHEMOHHBIA KO3(PPUIMEHT aKTUBHOCTH IIUHKA XJIOpUAa
B 0,001 M pactBope.

5. B xakom o6beme Bojbl HE0OX0auMO pacTBoputh 11,9 r KBr, 4To0BI 110-
JY4YUTh PACTBOP C HOHHOM cuiiol B 0,47

6. PaccunTaiiTe KOHIIEHTpAIIMIO HATPHUSl XJIOpUAA B PacTBOpE, €CIU €ro
noHHas cuia paBHa 0,05 moib/1.

7. B xakoMm u3 pactBopoB MOHHas cuja Oyner Oosnbine: 0,04 M pactBope
Hatpus ¢ocdara wim 0,1 M pacTBope kayus oauma?

8. Monnas cumna kakoro u3 pactBopos Oosbie: 0,2 % pacTBopa Kaaus XJio-
puna unu 0,05 M pacTBopa ayitoMuHUs cysibdara?

9. PaccunTaiiTe MOHHYIO CHJIYy PAacTBOpa, MOJYYEHHOTO MYTEM CIMBAHUS
15 M 0,05 M cepebpa nutpata, 25 ma 0,02 M G6apus xsopuaa u 40 mon 0,01 M
HaTpus cyibdara.

10. B 600 mu Boasl pactBopuin 43,8 T CaCl, - 6H,0. Paccuuraiite non-
HYI0 CHJIy U aKTUBHOCTBH XJIOPHI-MOHOB B IOJYYEHHOM pacTBope. VM3MeHeHwme
o0beMa pacTBOpa MPOUCXOJMUT TOJBKO 3a CUET BOJBI, COJIEPIKAIICHCS B KPU-
CTaJUTOTH]IpaTe.

11. Paccunraiite axtusHocTh noHoB K, Cr** u SO, B 0,01 M pactBope
xpomoBokanueBbIx KBaciioB (KCr(SOy),).

12. K 10 mn 0,05 M pactBopa nunka xsnopuaa npwiiua 50 ma 0,5 % pac-
TBOpa Kanus xyopuna. Onpenenure akTUBHOCTh MOHOB XJIOpa B TMOJYYCHHOM
pacTBope.

13. Paccuuraiite k03(pGUIIMEHT aKTUBHOCTU MTPOTOHOB B PAaCTBOPE, TMOTY-
yeHHOM nyteM cinuBanus 20 mia 0,01 M kucnotsr azotHot u 30 ma 0,05 M kuc-
JIOTHI XJIOPUCTOBOJIOPOTHOM.

14



14. K 10 mi 0,05 M NaOH npumumm 90 mur 0,01 M NaCl. B monydennom
pacTBOpe paccuuTaiiTe HOHHYIO CHITy M aKTUBHOCTH HOHOB Na'.

15. PaccuuraiiTe HOHHYIO CHJIy pacTBOpa M aKTUBHOCTH MoHOB Na' B pac-
TBOpE, MoJydeHHOM 1ipu ciuBanuu 45 mut 0,01 M AgNO3z u 55 mut 0,05 M NacCl.

16. Paccuuraiite akTUBHOCTb XJIOPHJI-MOHOB B PacTBOpPE, MOJIYYCHHOM
npu cnuBanuu 40 ma 0,1 M pactBopa kanus cynsgpara u 60 mia 0,2 M Gapus
XJIOpHUAA.

17. PaccuuTaiiTe 3HaUYC€HHE PEaTbHON KOHCTAHThI JAUCCOIMAIIMA KHUCJIOTHI
yKCycHOH B pactBope: a) 0,05 M kanus xnopuna; 6) 0,1 M kanus cynsgara.

18. Paccunraiite peaqbHyI0 KOHCTAHTY OCHOBHOM JTUCCOITMAIIMU aMMHaKa
B 0,025 M pacTtBope kayms cynbdara.

19. Paccuuraiite peajibHyl0 KOHCTaHTY KHUCJIOTHOM JHMCCOIMAIMUA KUCIOTHI
6en3oitHoit B mpucyTcTBuu 0,2 M kanmus xjopuia.

20. PaccunTaiiTe peajibHyl0 KOHCTaHTY PacTBOPUMOCTU Kajbiusi (pocdara
B 0,002 M pacTBOpE HaTpHUsl HUTpATA.



PA3JIEJI 3
PABHOBECHS C IEPEHOCOM ITPOTOHA (TPOTOJIMTHYECKUE
PABHOBECHS). pH PACTBOPA. PACUET pH PACTBOPOB
CUJIBHBIX U CJIABBIX KHCJIOT U OCHOBAHUH,
T'UJIPOJIN3YIOIINXCS COJIEM. PACUET pH CMECEH KUCJIOT
U OCHOBAHUI. PACUET pH BY®EPHBIX PACTBOPOB

Cornacno Teopun bpencrena—Jloypu, KuciioTa — 3TO BEILIECTBO, CIOCOO-
HOE OTJaBaTh HOHKI Bojopoaa H' (1oHop mpoToHa), a OCHOBaHHE — BEIIECTBO,
CIIOCOOHOE MPHCOETNHATE HOHEI Bojiopoaa H (akuentop mpoToHa).
B BogHOM pacTBOpe COCTOSIHUE MPOTOJIMTHYECKOTO PABHOBECHUS JUJISL KUC-
notel HA OyJnieT BBITTISAIETh CIeAYIONUM 00pa3oM:
HA + H) O = H;0" + A

Kkucriora 1  OCHoBaHue 2 COlpsPKeHHas COlpsKeHHoe
kucriora 2 ocHoBaHne 1

B kayecTBe OCHOBaHUSI BBICTYNAIOT MOJIEKYJbI pacTtBoputens. IIponecc
nepeHoca MpOTOHAa MOXKET MpoTeKaTh u 6e3 HA, B TakoM cilydae ofHa MoJIeKyja
pacTBopUTENsl OylIeT SBIATHCS OCHOBAaHHWEM, a BTOpas MOJIEKYyJia PacTBOPUTE-
71 — KHCJIOTOM (aBTONPOTOJIM30M pacTBOpUTENs). PaccMOTpuM NaHHBIN mpo-
LEeCC IS MOJIEKYJ BOJBL:

H,O +H,0 [ H;O"+ OH"
OO0Opa3oBaHHBIN KATHOH HA3BIBAIOT JIMOHMIA, & aHUOH — JIHAT.
JlaHHBIN IPOIIECC MOKHO 3anrcaTh B YIIPOIICHHOM BHJIE:
H,O H"+OH

KoHueHTpauu 1MoHus U JuaTa CBsI3aHbl MKy COOOM KOHCTAHTOM aBTO-

nporosu3a pactBopurens (st Bomsl Ky, = 10 mpu 25 °C):
Kw = [H'][OH]
pK,, = pH + pOH.

pH — Bo#opoaHsIil MOKa3aTeNb, pACCUUTHIBACTCA KAK OTPULIATEIIBHBIN J[€-
CATUYHBINA JOrapu(M aKTUBHOCTH (KOHLIEHTPAI[MK) HOHOB JIMOHMS B paCTBOPE:

CooTHOIIEHNE aKTUBHOCTEN (KOHLIEHTPALMIA) TMOHUS U JIMATa ONPEAENsIeT
PEaKIUIO CPEebl:

1) a(H") = a(OH); pH = 1/2pK,, — cpena HeifTpansHas

2) a(H") > a(OH"); pH < 1/2pK,, — cpena kucnas

3)a(H") <a(OH"); pH > 1/2pK,, — cpena 1menouHas

Mouekyiibl pacTBOPUTENST MOTYT BBICTYIIaTh KaK B Ka4eCTBE OCHOBAHUS,
TaK U B KA4eCTBE KHUCIOTBL. PaccCMOTpUM MpPOTOJUTUYECKHE PABHOBECHS IS
kuciotsl (HA) u conpsikeHHOro ocHoBaHus (A7) ¢ yyacTueM MOJIEKYJ pacTBO-
puTens:

HA+H,0 [ H;O'+A
A +H,OU HA+OH
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B IEPBOM CJIydac IMPOTOJIMTHICCKOC PABHOBCCHUC 6y,H€T OIINCBhIBATHCSA KOH-
CTAaHTOM KHCJIOTHOCTH, @ BO BTOPOM — KOHCTAaHTOM OCHOBHOCTH:

« _[HOTA]
. [HA]
« _[HAI[OH"]
© [AT]

YMHOXHUM BBIPAKCHUC OJIA KOHCTAHTBI KHCJIIOTHOCTH, Ha BBIPAXKCHUC JIA
KOHCTAaHTBEI OCHOBHOCTH:

+ - _
KoK, = MO MATNHAIONTT_ 1y 5ji0H-1=K,,
[HA] [A7]

CrnenoBaTenbHO, KOHCTaHTa KUCIOTHOCTU AJsi KucioTel HA u xoHcTaHTa
OCHOBHOCTHU JUIsl CONPSDKEHHOTO OCHOBaHHUS A~ CBSI3aHbI MEXIy coOoi uepes
KOHCTAHTY aBTOIIPOTOJIN3a PACTBOPUTEIIS:

KaK, =Ky

B o6uem ciyuae pacuer pH ans 1r00bIX cHCTEM TPOBOAST IO CIETYIOINUM
dbopmymnam.

Ecnu cpena xucnas, To:

pH=—Iga(H")
uiu 0e3 yueTa HOHHOM CHUJIBL:
pH=—Ig[H"] (3.1)
Ecnu cpena mwenoynas, To:
pH =pK,, —pOH =14 -pOH =14 + Iga[OH]
0e3 yueTa HOHHOM CHJIbI
pH=14+Ig[OH ] (3.2)

[Tpu pemennu 3aaa4 Ha pacueT pH He0OX0IMMO BBIICHUTH, KaKasi CUCTEMa
HaXOAMUTCA B PaBHOBECHM, M 3aT€M IPaBUJIBHO PAacCUUTAaTh PAaBHOBECHBIE KOH-
uentparuu H' unu OH™,

PaccmoTpum pacuer pH 0CHOBHBIX cucTeM:

1. Pacuem pH pacmeopoe cuipbHbIX KUC10m u OCHOBAHUIL.

Ipumep 3.1. Paccunraiite pH 0,01 M pacTBOpa KHUCIOTHI XJIOPHUCTOBOIO-

POIIHOM.
Pewenue: 3anviiiemM CXeMy JUCCOLMAIINM KUCIOTHI XJIOPUCTOBOIOPOIHOM:
HCl — H" + CI” (1)
HOH [l H'+OH )]

Housl H' o6pasyrorcs B pesynsrate peakuuu (1) u (11), u asnsiorcs o6mmu-
mu ist peaximii (1) u (11). 3anuiem ypaBHEHHE IEKTPOHEHTPATBHOCTH:
[H]=[CI'T+[OH]
CunpHbIE KUCJIOTHI U OCHOBAHHS TOJHOCTHIO JHCCOIMUPYIOT B BOJHBIX
pactBopax. JlaHHbIi mpouecc HeoOpatum. KonmuectBo moHoB Bomopona HY,
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obpasyromuxcs B ypapHenuu (1), 3HaUnTENBLHO 60JIbIIE KOMMYECTBA HOHOB H,
obpasyromxcs B ypaBHenuu (l1), ciegoBarenbHO, aBTONPOTOIU30M PACTBOPH-
TeJsl MOXKHO IIpeHeOpeyb. Y paBHEHUE 3JIEKTPOHEUTPATILHOCTA IPUMET BUJL:
[H1=[CI]
VY4uThIBaTh aBTOIPOTOIN3 HEOOXOAUMO Ul OYEHb pa30aBICHHBIX PAaCTBO-
POB CHIIbHBIX KHCJIOT M OCHOBAHHH C KOHIEHTpammeil MeHbieii 107° Momb/m.
Jl5is pacTBOpOB ci1alObIX KUCIOT M OCHOBAaHUU NpeHeOperaTh aBTOMPOTOIU30M
PACTBOPUTEIISI MOXHO, €CJIM MOHHOE NPOU3BEACHUE BOABl HAMHOI'O MEHBIIE
[0 BEJIMYMHE MPOU3BEJACHHUS KOHCTAHTHI JMCCOLUMALMHA Ha KOHIEHTPALMIO:
K, << K-C. Ecnu npenebperaTb aBTONPOTOIU30M PACTBOPUTEINS HENb3s, TO 3a-
Jlaya pelraeTcsi Kak pacTBOP CMECH KUCIOT (CM. mpumep penienus 3.8).
3anuiueM ypaBHEHHE MaTepHalibHOro OanaHca:
C(HClH)=[CI']=0,01 M
[H]=[CI']=0,01 M
3Has paBHOBECHYIO KOHIIeHTpawuio [H'] MoxHO paccuurats pH pactsopa,
ucnoib3ys popmyiy (3.1):
pH=-1g[H"]=-1g0,01=2
Omeem: pH 0,01 M pacTBOpa KUCIOTHI XJOPUCTOBOJIOPOJIHON PaBEH 2.

Ipumep 3.2. Paccuuraiite pH 0,01 M pacTBOpa Kanus rupoKcHIa.
Pewenue: 3anumieM cxeMy QUCCOLMALMN Kalus THAPOKCUAA!
KOH — K" + OH"

KOH sBisieTcst CHIIbHBIM 3JIEKTPOJIUTOM, TI03TOMY TOYHO Takxe, kak 1 HCI
MOJIHOCTHIO JTUCCOIIMUPYET B BOJHOM pacTBOpe. AHAJIOTMYHO mpumepy 3.1
HaiiJIeM paBHOBECHYIO KOHIEHTPALIUIO THAPOKCUI-UOHOB:

[OH]=[K']=0,01 M

Jlanee paccunteiBaeM pH pactBopa no dopmyie (3.2):

pH=14+Ig[OH ]=14+190,01=14+ (-2) =12

Omeem: pH 0,01 M pacTBopa Kanus ruipoKcujia paBeH 12.

2. Pacuem pH pacmeopos caadwvix Kuciom u 0CHOBAHUN.

Ipumep 3.3. Paccuurars pH 0,1 M pacTBOpa KHCIOTHI MYPaBBHHOM.
Ka=1,8-107".

Kucnora mypaBpuHas sBisieTcs ClaObIM 3JIEKTPOJUTOM M YAaCTHYHO IHC-
COLIMMPYET B BOJHOM PacTBOpE, B PE3yJIbTaTe YETO yCTaHABIUBACTCS CIEIyIO-
1Iee paBHOBECHE:

HCOOH [ HCOO +H*

3anuueM ypaBHEHHE dJIEKTPOHEUTPAIBHOCTH
[H] = [HCOOH]

3anuiemM ypaBHEHHE MaTepHaIbHOTO OanaHca i KHCIOTh MypaBbUHOM:
C(HCOOH) = [HCOOH] + [HCOO]
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3al'II/IIIICM KOHCTaHTy I[I/ICCOHI/IaHI/II/I:
_ [HCOO ][H"]
4 [HCOOH]

[Tycts x monexkyn HCOOH mnpoaucconmmmpoBano; Toraa KOHIEHTPAIHS
npotonos [H'] = x u xonnenrparms popmuar-uonos [HCOOT] = x, (C — x) —
KOHIICHTPALUS HETIPOIMCCOLIMUPOBABIINX MOJICKYJI KUCIOThI MypPaBbUHOM.

Takum oOpa3om, KoHCcTaHTa quccorranuu (3.3.1) npuHUMaeT BUI:

Ka _ XX
C—x

Ecnu X MoJieKkys mponucCOMUpPOBAIIO, TO CTEICHD AUCCOUUAIMHA KUCIOTHI

3aIUIICTCS KaK:

X
o 3.3.3
C ( )

W13 ypaBuenus (3.3.3) BbIpa3uM X ¥ MOJCTABUM MOJTYYEHHOE BBIPOKCHHUE B
ypaBHeHue (3.3.2):
X=0a-C

_x:Xx _0C-0C a-aC a’C

® C-x C-oC l-o 1-a

[TonydeHHOE BBIPAKECHHE MOXKHO IMPEICTABUTh B BUJC KBAJPATHOTO YpaB-

HCHHS U HAUTU KOPHH YPaBHCHHUS

0’C+aK-K=0 (3.3.5)

Ho, eciu kuciora aucconuupyer ciaabo, T. €. o OUueHb Majia, TO 3HaMeHa-

tenb ypaBHeHus (3.3.4) (1- o) crpemutcs k 1, u ypaBHenue (3.3.4) mpuMeT BUI:

(3.3.1)

(3.3.2)

(3.3.4)

2 2
K,=%C L %C 2 (3.3.6)
l1-a 1
M3 nosry4eHHOTO YpaBHEHUS BBIPA3HUM O
Ka
0=, |2 3.3.7
- (33.7)

Ecnu cpaBHUTH OTBETHI, TIOJIYYCHHBIC TIPU PEIICHUU KBAJIPATHOTO YpaBHE-
Hus (3.3.5) u ypaBrenus (3.3.6), ToO UX KOpHU OYIyT MPAKTUYCCKUA UICHTHUYHBI
npu o < 5 %.

CnenoBaTeiLHO:

1) ecimm crenenp aucconuanuu Kuciaotel o < 0,05 (5 %), To MOKHO CUH-
TaTh, YTO KUCJIOTA TUCCOIMUPYET Ca00 M TUCCOIMANMEH KUCIOTHI MOXKHO TIpe-
HeOpeyb, a paBHOBECHAs KOHIICHTPAIIUS KUCJIOTHI CTPEMHTCS K €€ OO0IIei KOH-
[IEHTPAIMN B PACTBOPE, T. €. YpaBHEHUE MATEPUAILHOTO OaslaHca ISl KUCIIOTHI
MIPUMET BUI:

C(HA) = [HA]

2) eciu o> 0,05 (5 %), To peHeOperaTh AMCCOIMAIIUCH HENTb3s, [T03TOMY

IpU pacueTe PaBHOBECHOW KOHIICHTPAIUU KUCJIOTHI, HEOOXOMMMO YYUTHIBATH
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KOJIMYECTBO MPOJAUCCOIUUPOBABIINX MOJIEKYJI, T. €. YPAaBHEHUE MAaTEPUATBLHOIO
OanaHca JJ1s1 KUCIIOThI PUMET B/
C(HA)=[A] + [HA]
B nmannoii 3agaue:

—4
o= Ka: 18-10 =0,042=4,2 % <5 %
\/ C 0,1

Tax xak a < 5 %, TO cunTaeM, 4TO paBHOBECHAs] KOHIIEHTPAIUS KUCIOTHI

MYypaBbUHOM MPAKTHUECKH paBHA €€ 00I1el KOHIIEHTPAIlUU B PaCTBOPE:
[HCOOH] = C(HCOOH)=0,1 M
3anuiieM KOHCTAHTY PEAKIUU C YYETOM BCEX NMPEHEOPEIKEHUIA:

_[HCOOIH']  x-x _x:x_ X*
@ [HCOOH] C-x C ¢C
B pe3ynbrare noay4unocs ypaBHEHUE C OJJHOW HEU3BECTHOU, U3 KOTOPOTO

HaxoauM 3Ha4YCHUC X:

x = JKaC =4/0,1-1,8-10* =0,00424
pH=—Ig[H"]=-1g0,00424 = 2,37
Omeem: pH 0,1 M pacTBOpa KHCIOTBI MypaBbUHOW paBeH 2,37.

Ipumep 3.4. Paccuutats pH 0,001 M pacTBOpa KHCIOTHI MypaBBUHOIA.
Ka=1,8107".

Kucnora mypaBbuHas siBJsieTCSl C1aObIM 3JEKTPOJUTOM U YACTUYHO JIHUC-
COIMUPYET B BOJHOM pAacTBOpE. 3aluIIeM CXeMy JUCCOIUALUM KUCIIOTHI
MYypPaBbHHOM:

HCOOH [ HCOO +H"
[To ypaBHEHUIO SIEKTPOHEUTPAIBHOCTH PABHOBECHBIE KOHUEHTPALUU
1oHOB Bojopoaa H' u ¢popmuar-nonos HCOO™ paBHbL:

[HCOO] = [H"] =x
3anuineM ypaBHEHUE MaTEPHAILHOTO OanaHca:

C(HCOOH) = [HCOOH] + [HCOO]
Bripaszum paBHOBecHy10 KoHIIeHTpanuo [HCOOH]:

[HCOOH] = C—x
3anuiieM KOHCTaHTY AUCCOLIMALINN:

_[HCOO JH]  x-x  x°
& [HCOOH] C-x C-x

N3 Gopmynet (3.3.7), paccuntaeM CTENEHb AUCCOIMAIIMH 0L KUCIOTHI:

—4
o= Ka: 18-10 =0,42=42 % >5%
\l C 0,001
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CreneHb Aucconuan B JaHHOM CJIydac ABJIACTCA HOCTATOYHO OO0JIBIION
BGHHHHHOﬁ, N KOJUYCCTBO HCIIPOAUCCOIHNHNPOBABIIUX MOJICKYJI COIIOCTABHMO
C KOJIHNYCCTBOM IIPOAUCCOLIMNHBABIINX. I[Hccounauueﬁ KHCJIOTBI HpCHC6pCF&TB
B JaHHOM CJIy4ac€ HCJIIb3:. HOBTOMy PCUICHUC 3aada4u CBOAUTCA K PCHICHUIO

KBaaApPaTHOT'O YPAaBHCHHA:

X2

:C—x

XZ:Ka(C—x)

x?+x-K,—C-Ky=0

x> +1,8-10%-x-1,8:107" =0
D=b%—-4ac=(-18-10"%)%-(4-1-(-18-107")) =7,52.10~'

Ka

JD =0,00087
b+
m:%—f — x=0,000343=[H"]

BTopoii kopeHb He yIOBIETBOPSET YCIOBHIO 3aa49H, TaK KaK KOHIICHTPAITUS
H" Bcerna nonosxkutensHa. Mcnonssys Gopmyay (3.1) naxoaum pH pactBopa:

pH=-1g[H"]=-1g0,000343=3,46
Omeem: pH 0,001 M pacTtBopa KUCIOTBI MypaBbHHOU paBeH 3,46.

Ipumep 3.5. Paccumraiite pH 0,1 M pactBOopa THUApOKCHIAMHUHA.
Kp=9,6-10".
['mppokcunamMuH sBIsiETCA CHa0bIM OCHOBAaHHMEM, B BOJHBIX pPacTBOpax
JUCCOLMUPYET YACTUYHO:
NH,OH - H,0 [I  NH;OH" + OH"
3amaun Ha pacyer pH pacTBOPOB OCHOBaHMI NPHUHLUIHAIBHO HUYEM
HE OTIMYaroTcs oT pacdyeta pH pacTBopoB kuciioT. Penmienue 3agaun CBOAUTCS
K BBIPQXCHUIO PABHOBECHOM KOHLEHTpAlMM THAPOKCHI-UOHOB B PACTBOPE,
a 3aTeM 1o opmyiie (3.2) pacuera pH pactBopa.
[To ypaBHEHUIO 3MEKTPOHEUTPAIBHOCTA PABHOBECHBIE KOHLIEHTPALMU U /I~
pokcua-uonos OH™ u nonos NH;OH” paBHsr:
[OH] = [NH3;0H™] = x
3anuieM ypaBHEHHE MaTepUabHOrO OajaHca AJis THAPOKCHIIAMUHA:
C(NH,0H) = [NH,0H-H,0] + [NH;0H"]
Beipaszum paBHOBecHy0 kKoHneHTparuio [NH,OH-H,0]:
[NH,OH] = C—x
3anuiieM KOHCTaHTY PaBHOBECHUS YEPE3 PABHOBECHBIE KOHIICHTPALIUHU:
K _ [NHZOHT][OH™]  x-X
® 7 INH,OH-H,0] C-x

(3.4.1)
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[TpoBepsiem 3HadeHwue o o Gopmysie (3.3.7):

-9
o= Ko _ [2.6-10 =0,00031=0,031% < 5 %
\/ C 0,1

ITockoabKy cTeNeHb AUCCOUMAIMKI MeHbIe 5 %, TO TUCCOoIMalue THIIPOK-

CHJIaMHHa MOKHO TIpeHeOpedb, T. €. (C —x) = C. Beipaxenue (3.4.1) npumert Bu:
2

X-X X
C-x C
I/IS HOHY‘IGHHOI‘O ypaBHeHI/ISI pacchTaeM 3HAUYCHHUC X.

x = \JKoC =4/0,1-9,6-104 =3,1.10°5
Berurcium 3nauenne pH:

pH=pK,,—pOH=14+I1g[OH ]=14-4,5=9,5
Omeem: Bemmunna pH 0,1 M pactBopa rupokcunamuHa paBsa 9,5.

Kp

3. Pacuem pH pacmeopos zudponusyrouuxcs coneil.
IIpumep 3.6. Paccunraiire pH 0,1 M pactBopa KNO,.
KoHcTaHTa KHCIIOTHOCTH KUCJIOTHI a30THCTON paBHa K, = 5,110,
Conu ABISIOTCS CUIBHBIMU JJIEKTPOIUTAMH M MOJHOCTBIO JUCCOLUUUPYIOT
B BOJIHOM pacTBOpE:
KNO, — K" + NO,
Hutput-annon — aHuoH cinaboil KUCIOTHl M MOKET BCTyNaTh BO B3aUMO-
JEUCTBUE C MOJIEKYJIaMHU BOJBI:
NO, + HOH [l HNO, + OH"
Jlist Toro utoObl paccuutaTth pH Takol cuctembl, HEOOXOJIMMO HaAWTH,
CKOJIBKO THJIPOKCUA-MOHOB 00pa30BaAJIOCh B PE3yJIbTaTe TMAPOIIHN3A.
PaBHOBecue onuchIBaeTCsa KOHCTAaHTON OCHOBHOCTH K:

K, = [HNO,JIOH "] (3.5.1)

[NO; ]
[IycTh X MOHOB KHMCJIOTBHI a30TUCTOM BCTYNHWJIO B PEAKIUIO THUIPOJIMN3A,
TOrJa:

[HNO,] =[OH ] =x
YpaBHeHue MarepuanbHOro 0ananca st HUTpuT-uoHoB NO,
C(NO2) = [HNO,] + [NO; ]
[NOz_] =C-X
[ToncTtaBuM TMOJIy4YEHHBIE PABHOBECHBIC KOHIICHTpPAllMd B BBIPAXKEHUE

(3.5.1):

(3.5.2)
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IIo ananorum c pacucToOM pH c7a0BIX KHCJIOT CICAYyCT OLCHUTDL CTCIICHDL
ruapoJin3a o, a TaKXKe H€O6XOI[I/IMO HpCO6p&30BaTI) KOHCTAHTY Kb 4cpe3 HOHHOC

HpOI/IBBCI[GHI/Ie BOAbI U KOHCTAHTY KHCJIOTHOCTH K COHpH)KCHHOﬁ KUCJIOTBI.
=Ky Kb

a—,/Kb \/ / =1,4-10°=0,0014 %<5 %

[Tockonbky nostyuernHoe 3HaueHue o << 5 %, 1o (C — x) crpemurcs Kk C,

TakuM 00pa3oM, BeipakeHue (3.5.2) npumeT BU/I;
2

X-X X
Kb = = —
C-x C
U3 IOIy4EeHHOTO ypaBHEHHs BHIPA3UM X, 3aMEHHUB KOHCTAHTY OCHOBHOCTH
K
Ha —W -
Ka

=JK,-C= CI'(KW -1,4-107°

a
3Hasl paBHOBECHYIO KOHUEHTPALUIO THIPOKCHI-HOHOB, MOXKHO PAaCCUUTATh
pH nmonydennoro pacrBopa:

pH=14—-pOH =14+Ig[OH ]=8,15
Omeem: pH 0,1 M pactBopa KNO, pasen 8,15.

Ipumep 3.7. Paccuuraiite pH 0,1 M pactBopa NH,CI.
Pewienue: AMMOHUS XJIOPUJ SBJISIETCS CUJIBHBIM JJIEKTPOJUTOM M MO3TO-
MY TIOJIHOCTBIO TUCCOLIUUPYET B BOJTHOM PaCTBOpE:
NH4C| — NH4+ X{ le
Katnon NH," siBngercs cnaboif KMCIOTOM M B BOJHOM PacTBOpE BCTYMAeT
BO B3aMMO/ICHCTBUE C BOJOM, B pe3yJIbTaTe yCTAHABIUBAETCS PABHOBECHUE:
NH,"+ HOH [ NH;-H,0 + H"
3anuiieM KOHCTaHTy paBHOBECHS IAHHOW peaKIuu:
[NH5 - H,0][H"]
[NH,"]
[IycTh X MOHOB aMMOHUSI BCTYIWJIO B PEAKIUIO THAPOIU3A, TOTJa PaBHO-
BECHBIE KOHIIEHTpAIMKN OyAyT PaBHBI:
[NH3 . HZO] = [H+] =X
YpaBHeHHe MaTepuanbHOro 6ananca Ay KaTHOHOB aMmMoHus NH,':
C(NH,") = [NH;"] + [NH3-H,0]
[N H4+] =C-X

Ky = (3.6.1)
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[ToxcTaBUM MOTYYCHHBIE PAaBHOBECHBIE KOHIIEHTPAIMU B BBIPAXCHHUE IS
KOHCTaHTBI OCHOBHOCTH (3.6.1):
Ka _ X-X
C-x
[To ananorum ¢ pacyeroM pH crmaObIX KHCIOT CIEIyeT OIICHUTh CTEICHb
THJIPOJIU3a O, @ TAK)Ke HE0OX0IMMO MpeoOpa3oBaTh KOHCTAHTY K, depe3 noHHOe

HpOI/ISBCI[eHI/Ie BOJbI U KOHCTAHTY COIIPAKCHHOT'O OCHOBAHMWA Kb'
=K Kb

o= / \/ Kb / =7.56-10"° =0,0076 %<5 %

[Tockonbky mosydeHHOe 3HauYeHHe o << 5 %, To 3HameHaTenb (C — Xx)

ctpemutcs Kk C, TakuM 00pa3oM BeipaxkeHue (3.6.2) mpumeT Bu:
X-X X
Ka =
C-x C

U3 IMOJIYYCHHOI'O YPAaBHCHHUSA BbIPA3UM X, 3dMCHHNB KOHCTAHTY KHCJIOTHOCTH
KW

HA —.
Kb

(3.6.2)

=JK,-C = CkKW =7,56-107°

b
3Has paBHOBECHYIO KOHIICHTPAIIMIO TPOTOHOB, MOXHO paccuutath pH mo-
JY4YEHHOT'O pacTBoOpa:

pH=-Ig[H"]=5,12
Omeem: pH 0,1 M pactBopa NH,Cl pasen 5,12.

4. Pacuem pH pacmeopos, codeprcaujux HeCKOAbKO KUCI0M UIAU OCHO-
6anul.
B 3agmavax Ha pacuer pH cMeceil pacTBOpOB KHCIOT (OCHOBaHMi1) MOKHO
BBIJICTTUTH CIEAYIONIUE CIIydau:
1) cMech ByX U 0oJiee CUIIBHBIX KUCIOT (OCHOBAHHMIA);
Ipumep 3.8. Paccuumraiite pH pactBopa, coxepxkamero 0,1 M HCI
u 0,1 M HNO;.
Pewenue: xorna B pacTBOpe COAEPKUTCS HECKOJIBKO CUIIBHBIX AJIEKTPOJIU-
TOB, TO OHU AUCCOLMUPYIOT HE3ABUCUMO JIPYT OT JIpyra:
HCl - H" + CI
HNO; — H" + NO;
[Ipouecc aucconuany CHIBHBIX 3JEKTPOJIMTOB HEOOpaTHM. 3aruiieM
ypaBHEHUS MaTepHUaIbHOrO OanaHca AJis KUCIIOT:

C(HCI) = [CI'T=0,1 M
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C(HNO3) = [NO37] = 0,1 M
3anuiieM ypaBHEHHUE JIEKTPOHEUTPAIIBHOCTH:
[H']=[CI'T+[NOs]
[H] = C(HCI) + C(HNO3)=0,1 M+ 0,1 M=0,2 M
ITo dhopmyie (3.1) paccuutaem pH pactBopa:
pH =—-Ig[H']=0,7
Omeem: pH =0,7.

2) CMeCh CHIILHOM 1 CJTa00M KHCIIOT (OCHOBAaHHU)
2a) mpeo0IagaeT cuiibHas KUCIIOTa (OCHOBAHMUE)

Ipumep 3.9. Paccumraiite pH pactBopa, comepxkamiero 0,1 M HCI
u 0,1 M CH;COOH. K, = 1,75-10°°.
Pewienue: xorna B pacTBOpe COAEPKUTCS OJJTHOBPEMEHHO CHJIBHBIA U Clia-
OBIN AJIEKTPOJIUT, TO CHIIbHBIN AJIEKTPOJIUT B PACTBOPE JUCCOIMUPYET HEOOpa-
THUMO, a CJIa0bIil ¢ YCTaHOBJIEHHEM XUMHUYECKOT0 paBHOBecus. MoHBI BogOpo/Ia,
oOpa30BaHHbIE B MEPBON peaKIMK OYyT CMEIIAaTh paBHOBECHE BTOPOH B CTOPO-
Hy oopazoBanus CH3;COOH:
HCI — H" + CI” ()
CH;COOH I H'+ CH;COO~ (1)
HOH [ H"+ OH — aBTonpoToiu3 pacTBOpHUTENs
3anuiieM ypaBHEHHS] MaTepUalibHOTO OanlaHca JiJisi KUCJIOT:
C(HChH=[CI']=0,1M
C(CH3COOH) = [CH3COOH] =0,1 M

3anuiieM ypaBHEHHUE JIEKTPOHEHTPAIIBHOCTH:
[H*] = [CI"] + [CH3COO 7] + [OH]

3anuiieM koHcTaHTy peakuuu (11) 1 BeIpa3um paBHOBECHYIO KOHIIEHTPAIIHIO
«_[CH3COO [H"]

& [CH,COOH]
K, -[CH3;COOH]
[H']

3anumieM KOHCTAHTY aBTOMPOTOJIU3a BOJBI U BHIPA3HM PAaBHOBECHYIO KOH-
nerrpanuo [OH]:

Kw = [H][OH]
[OH ]= Sw
[H']

[TopcTaBuM mosTydeHHBIE pAaBHOBECHBIC KOHIIEHTPAIIMU B YPaBHEHUE DJICK-

TPOHEUTPAIBLHOCTH:

[H*]1=[CI" ]+

[CH,COO ] =

Kq-[CHsCOOH] K,
[H'] [H']
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[lepeneceM Bce crnaraeMble B OJJHY CTOPOHY U JIOMHOXKUM H JIEBYIO H TIpa-
ByI0 yacTh ypaBHeHus Ha [H']:
[H]? = [CI'][H'] - Ko[CH;COOH] - K,, = 0
[Tockombky K, << K,:C(CH3COOH), T0 aBTOIPOTOJN30M BOIBI MOXHO
npeHeopeyb.

B pesynbrare nosrydeHHOE KBagpaTHOE YpaBHEHUE ITPUMET BUA!
[H]? - [CI'][H'] - Ko[CH;COOH] = 0
D = b® - 4ac = [CI']* — 4-1-(—K,[CH;COOH]) = 0,010007
/D =0,10003
X,/ = bj—f — x=0,100015=[H"]
pH =0,9999 ~ 1
B PacCTBOPC CMCCH CIWJIbHOU U cna60171 KHUCJIOT CHUJIbHAaA KHUCJIOTaA ITOAAaBJIACT
cnalyto. B nanHOM citydae MOKHO MpeHeOpeUb MPUCYTCTBUEM CIa00M KUCIOTHI
B paCTBOpPC. 3HaueHue pH pacTBOpa paCCUUTBIBACTCA TOJIBKO I10 HOHAM BOJOPO-
Hda, KOTOPELIC 06pa3yIOTCSI B PC3yJIbTAaTC OJUCCOLHAIINH CUJIBHONU KHCJIIOTHI
B pacTBOpE.
pH pactBopa a1 JaHHOTO IpUMepa 03 yueTa YKCYCHOM KUCIOTHI:
pH=-Ig[ClI']=-1g0,1 =1
Omeem: pH = 1.

20) nmpeoOianaeT ciadasi KUCI0Ta (OCHOBAHHUE)

IIpumep 3.10. Paccuuraiite pH pactBopa, conepxatiero cmech 0,1 M am-
monwus ruapokcuaa u 0,001 M vaTpust ruapokcuaa.
Pewenue: B cucreme HaxomdTCAd JBa OCHOBAHUWA: HATPUS THUAPOKCHU]L
Y aMMOHMS Tuapokcua. Hatpust ruapoKcu 1 SBISIETCS CUIIbHBIM 3JIEKTPOJIUTOM,
Y MOJHOCTBIO IUCCOLIMUPYET B BOAHOM pacTBOpPE. AMMOHUS THJIPOKCHI, B CBOIO
ouepeib, ABISIETCS CIIa0bIM AJIEKTPOJIMTOM. B pacTBope ycraHaBiuBaroTcs cle-
IYIOIIME PAaBHOBECHS:
NaOH — Na" + OH" (1
NH; - H,O [ NH," +OH" )
HOH [I H"+ OH — aBTonpoTonu3 pacTBOpHUTENS
[Iporekanue peakuuu (l) cMmemiaer octanbHble paBHOBECHS BJIEBO, CIIEN0-
BaTeNbHO, YPAaBHEHHUS MaTepUaIbHOTO OajaHca Ui THAPOKCUIA HATPUSI U TU/I-
POKCH/Ia AMMOHUS 3aITUIITYTCS TaK:
C(NaOH) = [Na']
C(NH3H20) = [NHgHzo]
['unpoxcua-uoHsl 00pa3yrOTCsa B PE3YNIbTATE TPEX PABHOBECHUM, U SIBISIOT-
st OOIMMU TSI BCEX PEaKIMi. 3amuIleM YpaBHEHHE dJIEKTPOHEUTPATbHOCTH:
[OH]=[Na’] + [NH,'] + [H]
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Bripazum paBHOBECHBIE KOHIIEHTPAIMU KATHOHOB Y€Pe3 KOHCTAHTY PAaBHO-
BECHS PEAKIINU:

< _ [NH " JOH ]
[NH3-H,0]
Kp[NH3-H,0]
[OH"]
Kw = [H]-[OH]
[H*]=—Tw
[OH"]
[TopcTaBuM BBIpaKEHHBIE PABHOBECHBIE KOHIIEHTPAIIMU KaTHOHOB B ypaB-
HEHHE 3JIEKTPOHEHUTPATbHOCTH:
[OH] [OH]
YMHOKHM TIPABYIO | JICBYIO YacTh ypaBHeHUs Ha [OH ]:
[OH™T* =[Na*]J[OH ]+ K}, - [NH3-H,0] + Ky,
[Mockonbky K, << K,-C(NH3-H,0), To aBTONPOTOIM30M BOIBI MOYKHO Ipe-

HEOpeyb.
B pe3ynbTaTe monmydaeTcsi KBaApaTHOE ypaBHECHUE:

[OH™]?>-0,001-[OH"]-1,75-107°-0,1=0
D=b%-4ac=71-10"
JD =0,0084

b+D

pH =14 —pOH =14 + Ig[OH] = 11,67.
Omeem: pH cmecu ocHOBaHui pasex 11,67.

[NH, 1=

3) cMech OBYX U OoJree cabbIX KUCIOT

IMpumep 3.11. Paccuuraiitre pH pactBopa, comepxkamiero 0,1 M ykcycHoi
n 0,1 M MmypaBbHHOW KHUCIIOT.

Pewenue: Korna B pacTBOpe HaXOJIUTCA Cpa3y HECKOJBKO CIIA0BIX DJICK-
TPOJIUTOB, TO BCE OHU OKAa3bIBAIOT B3aMMHOE BJIMSHUE Ha JUCCOLMALIMIO APYT
Jpyra, TEM CaMbIM YMEHbIIAsl CTEIIEHb AUCCOIUALIMU PYT APYra.

B pe3ynbTaTe B pacTBOpE yCTaHABIMUBAIOTCS CIEAYIOIINE PABHOBECHSI:
HCOOH [] H'+HCOO Ki=18-10"
CH;COOH [J H' + CH3;COO" Ka=1,75-10"

HOH [ H"+ OH — aBTOonmpoTONU3 pacTBOPHUTENS
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PaBHOBecHs Bcex Tpex peakluid CMEIIeHbl B CTOPOHY 00pa30BaHUs UCXO/I-
HbIX BemlecTB. ClenoBaTeNbHO, PABHOBECHBIE KOHIICHTPAIIMU HEMPOIUCCOLUU-
POBABLINX KUCJIOT CTPEMSTCS K UX OOIIMM KOHIIEHTPALIHSIM.

3anuiieM ypaBHEHUsI MaTepUaIbHOTO OajnaHca JJis KUCIOT:

C(HCOOH) = [HCOOH]
C(CH;COOH) = [CH3COOH]

[IpoToHbl 00pa3yrOTCs B pe3ysibTaTe TPEX PAaBHOBECUM U SBISIOTCS OOIIU-

MU JUIsl BCEX TPEX peaKlMil. 3alMieM ypaBHEHHE 3JIEKTPOHENTPaIbHOCTH:
[H'] = [HCOO ]+ [CH;COO] + [OH]
pH=—Ig[H"]

Pemenue 3agaun cOCTOUT B TOM, UTO HEOOXOAMMO BBIPa3UTh PABHOBECHBIE
KOHLIEHTPallMy BCEX AHMOHOB M3 KOHCTAHTHl PAaBHOBECHI COOTBETCTBYIOLIUX
peakuuii ¥ MOACTABUTH B YPABHEHHUE 3JICKTPOHEHUTPAIILHOCTH.

JI71s1 KUCIIOTBI MypaBbUHOM:

_[HCOO][H"]

4 [HCOOH]
(HCOO ] = K, -[HCOOH]
[H']

JInst KUCITOTHI YKCYCHOM:
K _[CHZCOOT][H"]
4 [CH,COOH]
K, -[CH3COQH]
[H']

[CH,CO0 ] =

Ky = [H']-[OH]
_ K
[OH ]=—W
[H"]
B ypaBHEHUE 3JIEKTPOHENTPATBHOCTH NOJCTABUM BBIPAKEHHBIE PaBHOBEC-
HbI€ KOHILICHTPALIMK aHUOHOB:

K, -[HCOOH] , Ka-[CHsCOOH] _ K,
[H'] [H'] [H']
YMHOkKHUM HpaBYIO U JIEBYIO YacTh ypaBHeHus Ha [H']:
[H+]2 = Ka' -[HCOOH] + K, -[CH3COOH] + K|,
[H*]= /K, - [HCOOH] + K, - [CHsCOOH] + K,
ITockonbky Ky, << K, -C, TO aBTONPOTOJIM30M BOJbI MOKHO MpEeHEOpEYb.

[H*]=+18-104.0,1+1,75-10°-0,1 = 0,00444

[H*]=
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pH=—-Ig[H"]=2,35
Omeem: pH pactBopa, cocrosimero u3 0,1 M ykcycunoit u 0,1 M mypaBbu-
HOW KHUCJIOT paBeH 2,35.

5. Pacuem pH Kucnommno-ocnosnvix Oygheprvix pacmeopos.

Kucnotno-ocHOBHBIMU Oy(epHBIMH PAacTBOpaMH Ha3bIBAIOTCS PACTBOPHI,
KOTOpBbIE COXPaHSIOT MPUMEPHO IMOCTOSIHHOE 3HaueHue pH mpu 1oOaBieHUH
K HEMY HE CIMIIKOM OOJIBIIUX KOJWYECTB CUJILHOIO OCHOBAaHUSA WJIH CUJIHHOU
KHUCIIOTHI U pa30aBieHUS.

KucnotHo-ocHOBHBIE OydepHble PacTBOpPHI COJEpPKAT Cliadble KUCIOTHI
(HA) u compspkennbie ¢ HuMu ocHoBanus (A). [Tpu mobasieHuu k OypepHoMy
PacTBOPY CHUIBHOMN KMCJIOTHI HpOTEKaeT peakuus Mexay H' u ciabbiv ocHoBa-
HUEM A, B pe3yibrare yero oopasyercs cnabas kuciota. Ilpu nobasinenun
CHJILHOTO OCHOBaHUS K Oy(epHOMY pacTBOpY MpoTeKaeT peakius mexay OH™
u cnaboit kucnotot HA, B pe3ynbTat yero oopasyercs ciiaboe OCHOBaHHUE.

H;0"+ A~ — HA + H,0
OH + HA — A" + H,0O

CunpHag kucioTa npu 100aBiIeHUH K 0yPepHOMY pacTBOpPY IpeBpaIaeTCs
B CcJ1a0YI0 KUCIIOTY, @ CUJIBHOE OCHOBaHHWE — B ci1aboe ocHoBaHMe. Takum oOpa-
30M, HE MPOUCXOAUT 3aMeTHOro m3meHeHus pH npu noOaBieHUM HEOOIBIINX
KOJIMYECTB CHJIbHBIX KUCJIOT WJIM OCHOBAHUH.

Pacuer pH KHCIIOTHO-OCHOBHBIX Oy(pEepHBIX PacTBOPOB HAXOMAT IO ypaB-
Henuto ['engepcona—Xeccenpbaxa. YpaBHEHHE MOXKHO JIETKO BBIBECTH, €CITU
pacnucath KOHCTaHTy AMCCOLMAIMK cIab0oi KUCIOThI, BXOJALIEH B cocTaB 0y-
dbepHoro pactsopa:

HALD H +A
B pactBope HanuuMe CONPSKEHHOTO OCHOBaHUS A CMELIAET PaBHOBECHE
JUCCOLMAIIMU KUCTIOTHI B CTOPOHY 00pa3oBaHust HA:
C(ocHoBanus) = [A]
C(xucnoter) = [HA]
3anuineM KOHCTaHTY JUCCOLUAIUU KUCIIOTHI:

_[AT][H"] _C(ocnosanns)[H"]
W [HA] - C(xucmoTsr)

U3 1oay4eHHOro ypaBHeHus BeipasuM [H'] u mposnorapudmupyem moiy-
YEHHOE BBIPAXKCHUE C OTPULIATEIIBHBIM 3HAKOM:

[H]=K, [HA] K, C(KHCIOTBI)
[A7] C(ocHoBanms)
C (kucmoTsl
pH=pK, ~lg ( )
C(ocHoBaHwus)
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[TomyueHHOEe ypaBHEHHE HA3bIBAIOT ypaBHEHHEM | eHaepcoHa—Xeccemb-
Oaxa.

BbydepHas eMKOCTh — KOJIMYECTBEHHAs: Mepa crocoOHOCTH OydepHoit cu-
CTEMBI COTIPOTHBIISIThCS M3MeHeHHI0 pH. MakcumanbHas mpu SKBHMOJISIPHOM
COOTHOIIICHUH KOMITOHEHTOB. by(epHyr0 eMKOCTh KHCIOTHO-OCHOBHBIX Oydep-
HBIX PaCTBOPOB PACCUMTHIBAIOT MO (hopmyJie:

C C

B =2,3—K-Tbl " ~OCHOBaHUs
b

C + COCHOBaHI/ISI
Pabounit nuanazon OypepHOi CHCTEMBI:
pPKa£1

K-TBI

Ipumep 3.12. Paccuuraiite pH OydepHoii cuctemsl, cocrosmeit u3 0,1 M
Hatpus anerata u 0,1 M kucnotsl ykcycHol. Onpenenute 0ypepHyr0 eMKOCTb.
Pewenue: Auerat HaTpusi — CHJIBHBIA JJIEKTPOJIUT, B PACTBOPE IMOJHO-
CTBIO IMCCOLMUPYET Ha MOHBL. Kucnora ykcycHasi — ciaOblil 31eKTPOJIUT, JUC-
colManusl KOTOporo MpOMCXOAUT HE MOJHOCTBIO. CJIEN0BATENBHO, B PaCTBOPE
YCTaHABJIMBAOTCS CIEAYIOIINE PABHOBECHS:
CH;COOH [J H"+ CH;COO~
CH;COONa — Na" + CH;COO™
Crenenp aucconpanyy KUCIOTHI 3HAYNUTEIBHO CHMXKAETCS 3a CUET JUCCO-
nyanuy Hatpus anetara (npunyun Jle-Illamenve). I10CKOIBKY CTENEHb JAUCCO-
[MalMMd KHACIOThl HE3HAYuTelIbHA, TO PABHOBECHAs KOHLIEHTpalus aleraT-
MOHOB OYJIET CTPEMUTHCS K OOIIEH KOHLIEHTPAllMK HAaTpUs alleTrara, a paBHOBEC-
Has KOHIIEHTPALMs KUCIOTbI, N3-32 HU3KOM CTENEHU TUCCOLMAIMHN, CTPEMUTCS
K 00I11ei KOHIIEHTPAUU KUCIIOTHI.
C(CH;COOH) =~ [CH3COOH] = 0,1 M
C(CH3;COONa) =~ [CH3COO01=0,1M
3anuieM KOHCTAHTY PaBHOBECHS:
_[CH,COO][H"]
4 [CH;COOH]
W3 mnoaydyeHHOTrO YpPaBHEHHsI BBIPA3MM PABHOBECHYIO KOHIIEHTPALMIO
MPOTOHOB:

[H 1=K,

[CHsCOOH] _ . C(CH3COOH) _
[CH,COO™] ° C(CH3COONa)

pH=—-1g[H"]=4,76
bydephnas emxocTsh 3 paccuntbiBaeTcs 1mo Gopmyiie:

B =23 CK-TI:I ) COCHOBaHI/ISI =0,015

CK—TBI + COCHOBaHI/IH

Omeem: pH =4,76; f = 0,015 monn/m.

1,75-107°
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IIpumep 3.13. Paccuuraiite pH O6ydepHoii cucremsl, coctosimment uz 0,1 M
amMoHus xyopusa u 0,1 M aMMoHUS THIIPOKCHUIA.

Pewenue: AMMOHUS XJIOpUJT — CHJIBHBIN AJIEKTPOJUT, KOTOPBIM B pac-
TBOpE MOJHOCTHIO AUCCOLIMUPYET HA MOHBI. AMMOHUSI THIPOKCUI — ClaObIi
ANEKTPOJIUT, JAUCCOLUAIMS KOTOPOTO MPOUCXOAUT HE MONHOCThIO. CrepoBa-
TEJILHO B MOJYYEHHOW CUCTEME YCTAaHABIMBACTCSI PABHOBECHE:

NH;-H,O [ NH, +OH"
NH4C1 — NH4+ + CI_

CrerneHp TUCCOIMAIIMN CJIA00TO OCHOBAaHWS 3HAYUTEIBHO CHIDKACTCS 3a
CYET JucCCOlMalMi aMMOHUS xjopuna (npunyun Jle-Illamenve). T1ocKonbKy
CTEIEHb JUCCOIMAIIMM aMMOHUS THJIPOKCH]Ia HE3HAUMUTENbHA, TO PAaBHOBECHAS
KOHIIEHTpAIUsi HOHOB aMMOHUS OyJEeT CTPEMHUTHCS K 001N KOHIICHTPAIlUU aM-
MOHUSI XJIOpUJa, & PAaBHOBECHAs KOHIICHTpAIlMs aMMOHUS TUIPOKCHAA, U3-3a
HU3KOM CTETIeHH TUCCOIMAIINN, CTPEMHUTCS K OOIIeH KOHIIEHTPAINH:

C(NH3 : Hzo) ~ [NH3 . Hzo] = 0,1 M
C(NH,CD) =[NH,1=0,1 M
3anuineM KOHCTaHTY PEeaKIUu:
_[NH,"J[OH™] _ [OH"JC(NH,CI)
[NH5-H50] C(NH53-H50)

W3 mosty4yeHHOTO ypaBHEHUS BBIPA3UM PABHOBECHYIO KOHIIEHTPAIIUIO THI-

POKCH]I-MOHOB:

[OH ]=K,

w:1,75.10—5.%:1,75.10—5

[NH,'] 01
pH =14 —pOH = 14 - Ig[OH] =14 - 4,76 = 9,24,
Omeem: pH = 9,24,

6. Pacuem pH pacmeopos amghonumoes.

AMdonuTaMyu Ha3bIBAIOTCA COCIUWHEHHUS, KOTOPbIE B PAcTBOpE 0Opa3yroT
YaCTHIIbl, KOTOPbIE CIHOCOOHBI KaK OT/JAaBaTh, TaK U MPUCOCAUHSITH MPOTOHBI.
[Mpumepamu amdoautToB MoryT ciayxuTh kucibsie coiau (NaHCO;, NaH,PO,);
coyi, 00pa3zoBaHHbIe cl1aboii kucioror u ciadbiM ocHoBaHueM (CH3;COONH,,
NH4CN), a Takxe opraHudecKrue COeAMHEHUS, KOTOPBIEC B CBOEM COCTaBE UMEIOT
W KUCJIOTHBIC, U OCHOBHBIC HIEHTPHI. [IpumepoM oprannueckux aMm(ouTOB sIB-
JISIFOTCS AMUHOKHUCIIOTHI, OSJIKU U JIp.

AMbOIUTEI MOTYT CYIIIECTBOBATh B pacTBOpE B BUE LIBUTTEP-HOHA. [[BUT-
TE€P-MOHOM HA3bIBAETCSA YACTHIA, KOTOpasi B CBOEH CTPYKType MMEET OJIMHAKO-
BO€ KOJMYECTBO OTPHUIATEIBHO 3apsSKEHHBIX U TOJIOKUTEIBHO 3apsSKEHHBIX
IIEHTPOB.

31



Ipumep 3.14. Paccuuraiite pH 0,05 M pactBopa NH4CN.
Pewenue: B pactBope monekyna NH,CN mucconuupyer ¢ o6pazoBanrem
KaTHOHA U aHUOHA!
NH,CN — NH," + CN~
[NHsT=[CN]
B pacTtBOpe ycTaHaBIMBAIOTCS CIIEAYIONINE PABHOBECHS:

NH," + HOH ] NH;- H,0 + H* (I
CN +H"[ HCN ()
HOH [l H*+OH (1)

B pesynbrate paBHoBecus (1) u paBHoBecus (Il1) mpoToHsl 00pa3zyroTcs,
a B paBHoBecuu (Il) pacxomyroTcsi.
3anuineM ypaBHeHHe MaTepHanbHoro 6ananca ans [H']:
[H] = [NH; - H,0] + [OH] - [HCN] (3.9.1)
BrIpazuM KOHCTaHTHI BCEX paBHOBECHIA:

_ [NH3-H,0][H"]

K, = 3.9.2
al INH,"] (3.9.2)
_[CNT][H"]
22="THCN] (3.9.3)
K, =[H"][OH"] (3.9.4)

N3 ypauenwmii (3.9.2), (3.9.3) u (3.9.4) BbIpasuM paBHOBECHBIC KOHIICH-
tparmu [NH; - H,O], [OH], [HCN]:

+
[NH3 . Hzo] — Kal[NH4 ]

[H°]
oy - [ENIH']
a2
K
[OH ]= W
[H]

[ToncTaBuM MOTyYEeHHBIC BHIPAKCHHS B YPAaBHCHHE MAaTEpUATBHOTO OallaH-
ca (3.9.1):

Kag INHZ'T Ky, _[CNT[H']
[H'] [H'] Kaz
YMHOKKM TIoydenHoe ypaBHeHue Ha [H]K !
[H'TKap = KaKaaNH, T+ KooKy, ~ [ONTJ[H'T?
IlepeneceM B NIeBYI0 yacThb cnaraemele ¢ [H'], ocTaBmuecs — B npasyio:
[H'1Kag +[CNTTIH'T = KggKaa[NH, 1+ KKy,

[H']=

32



U3 nosty4eHHOro ypaBHeHus Bepazum [H]:
2 —
[H'1°(Kaz +[CN71) = KgKaaNH, "1+ KgoKy,

[H*]= KarKa2lNH4 1+ KooKy _ [Kaa(Kaa[NH4 T+ Ky,) (3.9.5)
Kaz +[CN_] Ka2 +[CN_]
[ToryueHHOE BBIpAQXKCHUE MOYKHO YIIPOCTHUTD:
a) ecin Ky << [CN], TOo 3HaMeHaTe b MPUMET BH/I:

Kao +[CN7]=[CN]

6) ecm K,1[NH;"] >> K, To aBTOIPOTOIH30M BOJIBI MOKHO IPeHEOPEUb:
Kaa[NH4 1+ Ky, = Kgq[NH, ']

C yueroM Bcex npeHeOpexeHuit ypasuenue (3.9.5) npumer BU/I:

[H+]:JKa2(Ka1[NH4+]+ Kw) :\/KaZKal[NH4+] - [KaKay

Kap +[CN] [CN]
a2
=14
Ky = w10 -=5,71.10"%
Kp 1,75-10"
Kqp =6,2-1071°

Haitnem pH unccnenyemoro pactopa:

1
pH = —Ig[H"] = -lg \KayKaz == (PKay + PKq2) =9,23
Omeem: pH =9,23.

3amavu 1J1A penieHust:

1. Paccuuraiite pH 0,2 M pactBopa HNO..

2. Paccuuraiite pH 10 M pacTBOpa aMMHaKa.

3. Paccunraiite pH 10 ® M pactsopa HCI.

4. Paccuuraiite pH 0,05 M BogHOTr0 pactBopa rujpa3vHa.

5. Paccunraiite crenens auccounanuu 0,03 M pacTBopa KHCIOTBI YKCYCHOM.

6. Paccunraiite crenens aquccounanuu 0,05 M pacTBopa KUCIOTBI YKCYCHOM.

7. Paccumnraiite ctenens auccounanuu 0,5 M pacTBopa KUCIOTHI a30TUCTOM.

8. PaccuuTaiite pH 0,2 M pactBopa HCI ¢ yuerom u 6€3 yueTa HOHHOM CHU-
JIbl PacTBOPA.

9. Paccuuraiite pH 0,1 M pactBopa NaHSO,.

10. Paccuuraiite pH 0,1 M pactBopa HOOCCOOH.

11. Paccuwmraiite pH 0,1 M pactBopa H,SO;. ucconmarnumeit mo BTOpoOit
CTYTICHH MPEHEOPEUb.

12. Paccuuraiite pH 0,1 M pactBopa H,SO,.

13. Paccuuraiite pH 0,2 M pactBopa NH,4CI.

14. Paccuuraiire pH 0,001 M pactBopa KCN.
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15. Paccuuraiite pH 100 mu pactBopa, coaepxaiiero 0,05 moars HCOOH
u 0,0003 moap HCI.

16. Paccuuraiite pH 100 mn pactBopa, coaepsxaiiero 0,03 Mob KUCIIOTHI
ykcycHo# 1 0,03 MOJIb KUCJIOTBI a30THOM.

17. KakoBo Oyxaet 3Hauenue pH 250 mu pactBopa, coaepxkamero 0,25 M
NH;Cl u 0,5 M NH3?

18. Paccunraiite pH pacTBOopa, momydeHHOTO TyTeMm cimBaHus 20 M
0,1 M xucnotsl azotuctoit 1 80 mut 0,05 M KUCITOTBI YKCYCHOM.

19. Paccuwnraiite pH 100 M pactBopa, coaepsxkaiiero 0,05 MoJib YKCyCHOM,
0,02 monp nponanoBoit ¥ 0,01 MO MypaBbHHON KHUCIIOT.

20. OmpenenuTe Maccy CyXoro HaTpus TUAPOKCUAA, KOTOPBI HEOOXOAUMO
no6asuth k 100 mi1 6ydepHoit cucremsl, uTo0bl pH cructems! nuzmenuics Ha 0,8.
bydepnas cucrema conepxur 0,21 M CH3;COOH u 0,18 M CH3COONa. U3me-
HEHHEM 00beMa MPU PACTBOPEHUH IIEI0YU IPeHEeOpeUb.

21. Paccuuraiite OydepHyr0 €eMKOCTh aMMHA4YHOro Oy(depHOro pacTBopa
¢ pH = 9, xoHueHTpalusi aMMOHUsI XJiopuaa B Kotopom coctasisger 0,05 M.
Yemy Oyaert paseH pH Takoit cucremsl, eciu k 100 M1 TaHHOTO pacTBOpa ja00a-
BUTH 0,56 T Kanusa ruipokcuaa’?

22. Kax m3menutcs OydepHas eMKOCTh cucTeMbl, coctosimed u3 0,1 M
KHUCIJIOTHI yKcycHOM 1 0,1 M Hatpus anerata npu ee pa30aBiieHUU B 5 pas?

23. CpaBHute OypepHYyI0 €eMKOCTh ABYX PACTBOPOB a U 0:

a) 0,1 M NH,Cl u 0,05 M NHg;

6) 0,05 M KH2PO4 u 0,1 M NazHPO4.

24. K 100 mm 0,05 M pactBopa kucnotel dochoproii nodasunu 0,3 T
HaTpus Tunapokcuaa. Onpenenure pH momydeHHOro pacTBopa.

25. pH ammmaunoro OydepHoro pactBopa paBeH 9,5. Ompenenure cooT-
HOIIICHHE KOMIIOHEHTOB Oy(EepHON CUCTEMBI.

26. pH amneratnoro 6ydepnoro pactsopa paseH 3,8. OnpeneauTe COOTHO-
IIIEHUE KOMIIOHEHTOB Oy(EepHOi CHUCTEMBI.

27. Kakoii 06bem 0,1 M pacTtBopa KHUCIOTHI YKCYCHOM HEOOXOAUMO J100a-
BuTh K 200 M 0,05 M pactBopa Kajausi TUAPOKCHA, YTOOBI MOJYy4HTh Oydep-
HbI pacTtBOp ¢ pH = 4,5.

28. PaccuuTaiiTe, B KaKOM COOTHOIICHMH HeoOxogumo cmemars 0,1 M
pacTBop HaTpus kapoonatra u 0,1 M pacTBop HaTpus ruapokapOOHaTa, YTOOBI
MOJIYYUTh pacTBOp ¢ OydepHoit emkocThio 0,0276 Mob/11.

29. Paccunraiite pH pactBopa, mosydeHHOro mpu cmemmBaHuu 40 mi
0,1 M NaHCO;3; u 60 mi 0,01 M pactBopa NaOH.

30. Haiinure maccy cyxoro NaOH, koTopbrii Heooxoaumo 106aButh K 100 M
0,1 M pactBOpa KUCTOTHI YKCYCHOM, YTOOBI MOTYYUTh PacTBOp ¢ pH paBHBIM 4.

31. Paccuuraiite pH pactBopa, momyuennoro npu cauBaauu 100 ma 0,1 M
NaOH u 30 mi 0,2 M CH3COOH. Kakum 6yner pH pactBopa, eciiv Kk HeMy J0-
moJHUTEIbHO 100aBuTh eme 40 mi1 1 M CH;COOH?
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32. Paccunraiite pH 0,2 M pactBopa NH,SCN.

33. Paccuwuraiite pH 0,3 M pactBopa NaHCOs3.

34. PaccunTaiiTe MOJIbHYIO JOJIIO0 OKCallaT-aHUOHOB 1pu pH = 2.

35. Paccunraiite MonbpHYO 10110 THApOodochaT-annonoB mpu pH = 3.

36. Paccuuraiite monpuyto goio DATA (HsY) npu pH = 4.

37. Ilpu kaxom 3HayeHun pH pacTBopa paBHOBeCHas KOHIEHTpALUs Kap-
6onat-uoHoB B 0,2 M pactBope Hatpus kapoonara paua 0,05 M?

38. PaccumTaiiTe 0OIIyI0 KOHIIEHTPAIMIO aMMOHHS CyJIb(puma, eciu mpu
pH = 4 paBHOBeCHas1 KOHIIEHTpaIUsI TUAPOCYIbGua-noHOB paBHa 0,0005 M.

39. PaccumnTaiiTe paBHOBECHYIO KOHIIEHTpAlMIO TUAPOdoCchaT-HOHOB TpU
pH =78 0,05 M pactBope HaTpus docdara.

40. Paccuuraiite pH pactBopa, mosnydernHoro npu ciuBanuu 0,25 1 0,2 M
pactBopa HCOOH u 0,5 1 0,1 M pactBopa NaOH.

41. PaccumTaiiTe Maccy HaTpus areTara, cojepkairyrocs B 100 mu pac-
TBOpA, eciii pH atoro pactBopa pasen 8§,50.

42. PaccunTaiiTe, KaKyl0 Maccy aMMOHHUS XJIOpHUJa HEOOXOJMMO pacTBO-
puth B 20 M1 BOABI, YTOOBI NOJyuuTh pacTBop ¢ pH = 5. U3menenuem o0bema
IIPU PaCTBOPEHHUH COJIU MTPEHEOPEUb.

43. PaccunTaiiTe KOHIIGHTpAIIMIO HATpUs HUTPHUTA, eciu pH maHHOTO pac-
TBOpa paBeH 7,2.

44. K 100 mu 0,01 M pactBopa kucinotsl ykcycHoi npubasuiu 1,5 r KOH.
Onpenenute pH moaydeHHOro pacTBopa.

45. PaccuuTaiiTe KOHCTaHTy aptomnporonu3a Boabl npu 60 °C, ecnu
KOHIIGHTPALHS TIPOTOHOB B AMCTHIMPOBAHHONW Boxe paBHa 3,16 - 107 M.
KakoBa mpoTs>KeHHOCTD IIKaIbl KUCJIOTHOCTH B JAHHBIX YCJIOBHSIX, YEMY PaBEeH
pH HeliTpanbHOl cpeabl?



PA3JIEJ 4
PABHOBECHSI KOMILIEKCOOBPA30OBAHMS

KoMmmiekc — cnokHasi yacTuia, oOpa3oBaHHas B pe3yJbTaTe JOHOPHO-
aKLENTOPHOTO B3aUMOJICHCTBUS IIEHTPAIBHOIO aToMa (MOHA) U 3apsKEHHbIX
WJIM HEUTPaJbHBIX YaCTHL], HA3bIBAEMBIX JTUTAHIAMH.

OOBIYHO KOMIUJIEKCHBIE COEIMHEHHUS HMMEIOT BHYTPEHHIOIO W BHEUIHIOIO
chepy. BHyTpeHHsas cdepa mnpeacTaBiseT €000 KOMIUIEKCHYIO YacTHILY,
a BHEIIHAA chepa — MOH WJIM MOHBI MPOTUBOMOJIOKHOTO 3HaKa. CBSI3b MEXIY
BHYTpPEHHEH U BHEIIHEW cepoil MOoANEpKUBACTCA 3a CUET ICKTPOCTATHUECKO-
ro B3aUMOJECHCTBHS. B pacTBOpax KOMIIEKCHBIX COCIMHEHUMN MPOUCXOINT JIUC-
COLIMaLIMS:

K4[Fe(CN)s] — 4K" + [Fe(CN)g]*

Hucconuanus BHEIHEN cdepbl HeoOpaTuMa, B CBOIO OY€peab AMCCOLHUa-

1Sl BHYTPEHHEHN cephl MPOUCXOIUT C 00pa30BaHUEM PaBHOBECHSI:
[Fe(CN)s]* I Fe** + 6CN-

OOpaTHbIll MpoliecC OUCCOLMALMU KOMIUIEKCHOW 4YacTHIbl — oOpa3oBa-
Hue. KoHcTanTa nucconuanuy KOMIUIEKCHOW YacTUIBI U KOHCTaHTa oOpa3oBa-
HUSA KOMIUJIEKCHOM YaCTHULbl SIBJISIOTCS B3aMMHO OOpaTHbIMU BEJTUYMHAMMU.
B coBpeMeHHOI1 aHATMTUYECKON XMMHHU KOHCTAHThl 00pa30BaHUsl UCIOJIb3YIOT-
Csl TOpa3/I0 Yalle, YeM KOHCTAHThI IUCCOLUMALUA KOMIUIEKCHBIX YaCTHII.

O6pasoBanne kommmiekca [Fe(CN)g]* MoxHO mpencraBuTh uepes HecKOIb-
KO CTauil TOCIENOBATENbHOIO MPUCOEAUHEHUs] JHUranjaoB. Kaxnas cragus
NPUCOEANHEHUS JIUTaHJa K KOMIUIEKCY OyJeT ONMUCHIBATbCS CTYNEHYaTOW KOH-
CTaHTOM 00pa30BaHUS:

_ a(FeCN")

' a(Fe*)-a(CN)
___a(Fe(CN),)

> a(FeCN*)-a(CN")
__a(Fe(CN);)

* a(Fe(CN),)-a(CN")
B a(Fe(CN),”)

* a(Fe(CN),)-a(CN")

a(Fe(CN),*)

>~ a(Fe(CN),>)-a(CN")
_ a(Fe(CN)M)
Fe(CN)s* +CN" 1 Fe(CN)s" ¢~ 3(Fe(CN).>)-a(CN")

Fe’* + CN [] FeCN*

FeCN"+CN [ Fe(CN),

Fe(CN), + CN (] Fe(CN);”

Fe(CN); + CN™ I Fe(CN),/*

Fe(CN),Z + CN [l Fe(CN)s>
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Ecnun O6’bC,I[I/IHI/ITI) BCC CTaIuHr IIOCJICOOBATCIBHOI'O IMPUCOCAWHCHUA JIN-
raHaoB B OJHO YpaBHCHHC, TO IIOJIYYHUM CYMMAPHOC YpPpaBHCHHC, KOTOPOC OIIU-
CBIBACTCA O6H16ﬁ KOHCTAHTOU 06p&30BaHI/I$II

R RON [ [F(ON)* fm i)

OO6mast koHCTaHTa 00pa30BaHMUS KOMIUIEKCHOW YacTUIIBI 0003HAYAETCS KaK
B u mpeacTaBisieT co00 MPOU3BEICHNE CTYIICHYATHIX KOHCTAHT 00pa30BaHUS:

a(Fe(CN),")
a(Fe*")-a(CN")®
B obmem Buge MoxxHo 3amucats 1ak: B, = K K,..K|

B6 = K1K2K3K4K5K6 =

IIpumep 4.1. Paccunraiite MOJIBHYIO J0JI0 cCEpedpa B pacTBOpe, €CIIU PaB-
HOBECHAs KOHIIEHTpalusi amMmuaka B pactBope paBHa 0,05 M. Paccuuraiite
CpellHEe JIMTaHJAHOE YUCJIO M CTYNEHYaTyr0 KOHCTaHTy oOpaszoBanus K, ammu-
a4yHOTO KOMILIEKca cepedpa.

Pewenue: B npucyTcTBUM aMMHUaKa KaTHOHBI cepedpa 00pa3yroT amMmmMHuay-
HbI€ KOMIUIEKCBI, CJIE0BATEIbHO, YCTAHABINBAKTCS CIEAYIOIINE PABHOBECUS:

Ag"+NH; [ [Ag(NHg)]" B,° = 10°*
Ag"+2NH; [ [Ag(NHg),]" B, = 10"

3anuiieM oOuMe KOHCTaHThl 00pa30BaHMS KOMIUJIEKCOB KaK MPOU3BEICHHE

CTYIEHYAThIX KOHCTaHT 00pa30BaAHMSL:

BT =K,
B2=K1K>
0 7,24
E—gz—K&KZ =K, = 103 = = 8317
1 1 0™

Monsiprast monst cepedpa B pacTBOpPE PACCUUTHIBACTCS KaK OTHOIICHHE
PaBHOBECHOH KoHLEHTpauuu Ag' k obuieil KoHleHTpaiuu cepebpa (T. e. co-
JepKaHuIo Bcex (opM cepedpa B pacTBOPE):

:
aagt) =29 1 (4.1.1)
C Ag’
Honbl cepebpa B pacTBOpE CYIIECTBYET B BHJIC KATHOHOB cepedpa M JBYX
aMMHUAYHBIX KOMIUIEKCOB, TTOATOMY 00IIasi KOHIIEHTpaIus cepedpa OyaeT pac-
CUMTHIBATHCS KAK CyMMa PaBHOBECHBIX KOHIIGHTpaIui Bcex Ghopm cepedpa:

Cpagr =[Ag"1+[Ag(NH3) 1+ [Ag(NH3),"] (4.1.2)

PaBHOBECHBIC KOHIIEHTpAIIMH KOMIUIEKCOB MOXXHO BBIPa3UTh U3 PaBHOBE-
CUI KOMIUIEKCOOOpa30BaHUs yepe3 0011e KOHCTaHThI 00pa30BaHU:
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o_[Ag(NH3)"]

P [Ag TINH]
[Ag(NH3)"1=B[Ag" |[NH,] (4.1.3)

o_[Ag(NH3),"]

[Ag*1INH,]?
[Ag(NH3), " 1=PB3[Ag " IINH;]? (4.1.4)

[ToncraBum Beipaxenus (4.1.3) u (4.1.4) B bopMyiy 1j1st pacuera MOJIbHOM
nomu (4.1.1):
+_[AgT] _ [Ag"] _
WAg")= N + + +1
Cagt [AG"1+[Ag(NH3)"1+[Ag(NH3),"]

~ [Ag™] ~
_ e
[Ag¥]+B[Ag" INH;]+B5[Ag” I[NH;]
3 1
- 2
1+ BL[NH3]+B[NH3]
Cpez[Hee JIMTAHAHOC YHCJIO — OTHOILICHUC KOHHCHTpaHI/II/I JJUuraiaa, BXoO-
JSIIEr0 B COCTaB KOMIUIEKCOB, K OOIIEH KOHIIEHTpaluu HOHOB MeTauia. Ousu-

YECKUI CMBICI: CKOJIBKO B CPEIHEM JIUTaHOB MPUXOIUTCS HA OJMH MOH METaJ-
Jla IPU TaHHBIX yCIOBUSX.
n= CL—[L] (4.1.5)
Cm
AMMUak B pacTBOpE CYyILECTBYET B BHUJIE TpeX (popM: B BHJIE aMMHaKa, HE
CBSI3aHHOT'O B KOMIUIEKCHI, U B BUJI€ aMMHaKa, CB3aHHOTO B KOMIUIEKCHI C Ce-
peopom. Ilepen kommuexcom [Ag(NHs),'] nossusercs ko>dduiment 2, mo-
CKOJIbKY Ha OJIMH KOMILIEKC MPUXOAUTCS JiBa Juranjaa. Takum oOpa3om, o01as
KOHLIGHTpalusi aMMHaKka OyJ1eT paBHa:

Cnp, =[NHg] +[Ag(NH3) "]+ 2[Ag(NH3),"]

[ToncraBuM MONTyd4eHHOE BBIpakeHHE B (HOpMYIy sl pacueTra CpeaHEero
aurasgHoro yucia (4.1.5):

Cp —[L]_ [NHz]+[Ag(NH3)"1+ 2[Ag(NH3)," 1 -[NH3] _
Cm [Ag*]+[Ag(NH3) "1+ [Ag(NH3), "]

_ [Ag(NH3) T+ 2[Ag(NH3),"]
[Ag™1+[Ag(NH3)"]+[Ag(NH3), "]

~=115.107°

n=
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B monyueHHOM ypaBHEHWH 3aMEHHM DPAaBHOBECHBIC KOHIIEHTPAIUHA KOM-
IeKcoB Ha ypaBHenus (4.1.3) u (4.1.4):

[Ag(NH3) "1+ 2[Ag(NHz)," ] _
[Ag™]+[Ag(NH3) "] +[Ag(NH3),"]
_ BYIAg"]INHg]+2B3[Ag J[NHa*
[Ag*]+BP[Ag" J[NH,] +B3[Ag IINH;]®
 BOINH3]+2BS[NH3]*  10%%2.0,05+2.107°4.0,05

1+ BO[NHa]+BINH;2  1+10%%2.0,05+10"%* 0,052

Omeem: cpeHEE JIMTAHAHOE YUCIO paBHO 1,998; cTyneHuaTas KOHCTaHTa

oOpazoBanust — 8317; MoJbHAs 10JI1 METaJlla, HE CBA3AHHOI'O B KOMILIEKC —
-6
1,15-10,

S

=1,998

IIpumep 4.2. Paccunraiite KOHIICHTPAIMOHHYIO KOHCTaHTY O0Opa3oBaHUs

xommiekca [Fe(CN)g]® mpu nommoit cuie 0,01, ecin Be = 7,94 10%.

Pewenue: 110ckoiIbKy B TaHHOW 3a7ja4€ 3aJIaHO ONPENEICHHOE 3HAYCHUE
MOHHOW CHJIbI, TO B PEIICHUH HEOOXOAUMO HMCIOJIb30BaTh KOHUEHTPALMOHHYIO
KOHCTaHTy KOMILIEKCOOOpa3oBaHus. jisi paBHOBECHOW peakuuy B OOLIEM BUE
KOHIIEHTPAIIMOHHAs! KOHCTAHTa BBIPAXKAETCS CIETYIONIMM 00pa3oM (cM. pazzaen 2):

aA+bB[] cC+dD

a b
K = KO . yA ) yB
c d
Yc - Yp
AHaJIOTUYHBIM 00pa30M MOYKHO 3alHCaTh KOHIICHTPAIIMOHHYIO KOHCTAHTY
U JIJI TIpoIiecca KOMIUIEKCOOOpa30BaHus:
Fe** +6CN [ [Fe(CN)¢]*
6
yFe3+ : y —
SAME i (4.2.1)
Tre(CN)T ]
Pemenue 3agaum 3aKirovaeTcsl B HaXOXJIECHUU KOA(P(GUIIMEHTOB aKTUBHO-
CTH W TTOJCTAHOBKHU HAMJICHHBIX 3HAYCHUH B POPMYITy JJIs KOHIICHTPAITMOHHON
KOHCTaHTBI.
[Ipu wonnoit cune | < 0,01 ucmons3yem mnpeaenbHbIM 3akoH JleOas—
Xrokkens (2.11):

lgy =-Az?\1
gy =-0,511-3%,/0,01 = -0,4599
gy =—0,511-(-1)?,/0,01 =-0,0511

Be =Ps -
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19 Yiee(cny, - =~0:511-3%/0,01=-0,4599
Ve =107049%9 = 0,3468
Yo =1070%11 =0,8890
Vire(cny, - = 03468
i 6 _7,9-10%°-0,3468-(0,8890)°

TR ToNT g2y . =3,92-10%
6 y|: 3+ y - 5
y[Fe(CN)Z’] ¢ CN 0,3468

y|:e3+ Yy

Be =Pg -

Omeem: Bg=3,90-10%.

Ipumep 4.3. Paccuuraiite ycioBHYIO KOHCTaHTY 00pa30BaHUs KOMILIEKCA
[Fe(CN)s]* nipu pH = 5, ecm B2 =7,9-10°°.

Pewenue: Ecnu pH =5, to [H'] = 10>,

ITockoNbKY B IJAHHOM 3a1aue UMEET MeCTO IIPOTEKaHUe TI0OOOUYHBIX IIPoIieC-
COB, TO HEOOXOMMO MCIIOIL30BATh YCIOBHYIO KOHCTAHTY KOMILIEKCOOOpa30Ba-
Hus. [l paBHOBECHOH peakluy B OOIIEM BHUJIE YCIOBHAsS KOHCTAHTA BHIPAKa-

eTCs CIEIyIoUUM 00pa3oM (CM. paznen 2):
aA+bB ] cC+dD

«_ C&-Ch
ca.ch
K _ kA8 _oYA'VE ak-ap
aé-ap  Ye-yb ag-ap

Bxriag voHHOW cuiibl B KOHIICHTPAIIMOHHYIO KOHCTAaHTY MHUHHMMAJICH (CM.
penieHue mpouioro mpumepa). Takum oOpa3om, Korja B CHUCTEMY BBOJIUTCS
ycioBue onpeaenennoro 3uadenus pH (pH = 5), To MoxHO cunTath, 4TO B JIaH-
HOM CJIy4ae TepPMOJIMHaMUYECKasi U KOHIIEHTPAIMOHHAs] KOHCTAHThI PaBHBI, T. €.
P MCTIOJB30BAHKUH YCIIOBHBIX KOHCTAHT MOHHOW CHUJIOW MOYKHO MTPEHEOpeYb.

Fe®* + 6CN [ [Fe(CN)g]"

CFe(CN)e’ K O pe2r '(O‘(:N-)6

!

“ C|:e2+ ) (CCN—)6 0tFe(CN) B

6
Jlnst peiieHus 3aaud HEOOXOJIMMO PACCUUTATh MOJIBHBIE JOJIM HOHOB,
a 3aTeM MOJy4YeHHbIC 3HAYCHHS TMOJACTaBUTh B YpaBHEHHUE JJII yCIOBHOW KOH-

CTaHTBHI.

B peansHOoM pactBope moa BiusiHEeM pH IMaHUI-HOHBI MOTYT HaXOJAUTHCS
B pacTBOpe B BHzE ABYX (hopm: B hopme aHnoHa U B ¢hopme KUCIOThI. Katnon
&KeJe3a MOXKET 00pa30BhIBATh THAPOKCO-KOMILIEKCHI, OJJHAKO, MPU JIAHHOM 3Ha-
gennn pH uMu MOXHO mpeHe6peus (B = 10°°, B,= 10, B; = 10", B, = 10",
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TakKUM 00pazoM, MOJIBHBIC JOJU M KOMIUIEKCA, U KaTHOHA JKeJie3a MOXKHO CYUH-
TaTh paBHBIMH 1. [103TOMYy ycTaHaBIMBAETCS TOJIBKO OJHO JOTOJHUTEIHHOE
paBHOBECHE:
CN +H"0 HCN
3anunieM KOHCTAHTY JaHHOTO MPOTOJUTHYCCKOTO PABHOBECHUS U BHIPA3UM
paBHOBecHYI0 KoHIeHTparuo HCN:

_[H'I[CN"]
& [HCN]
[HCN] = [H'][CN]

a
[TogcraBUM MOJIyYEHHOE 3HAYEHUE B YPABHEHUE ISl HAXOXKJICHUS MOJIb-
HOU JOJIU:

a(CN_):[CN_] _[eNT [CN7] _
CCN7 [CN_]+[HCN] [CN—]_I_ [H+][CN_]
- 61910
1+M
K

MosbHas 105151 0 3aMKUCHIBACTCS TONBKO I TOOOYHOTO IpoLecca.
Hcnonp3ys mosydeHHOE 3HAUY€HHUE MOJIBHOM J10JIM, HAXOAUM KOHLIEHTpa-
LMOHHYIO KOHCTaHTy 00pa30BaHUS:

C O (0 _)6 _
B=p-re—CN " =B (0 )’ =7,9-10%(6,19-107°)° =4,5-10"
Yre(CcN)®
Omeem: KOHIICHTPAIIHOHHAA KOHCTaHTa 06p2130BaHI/15[ KOMIIJICKCA
[Fe(CN)e]* cocrasuser 4,5-10™.

3ajaum 1J19 penieHus:

1. PaccuuraiiTe BeIMYMHY OOIIEH KOHIIEHTPAIIMOHHOW KOHCTaHThI 00pa30-
Barus [AlFg]® npm monnoit crme 2:107

2. PaccumnTaiiTe BeMunHy OOIIEl KOHIICHTPAITMOHHON KOHCTAHTHI 00pa3o-
Banns [HgCl,] npu vonHoit cume 5-10°",

3. PaccumTaiiTe BenmnunHy oOIIel KOHIICHTPAITMOHHON KOHCTAHThI 00pa3o-
pauns [Ag(SCN),] npu nonHoit cune 4,25-107",

4, PaccunTaiiTe 3Ha4€HHE YCJIOBHOW KOHCTAHThI 0Opa30BaHUSl KOMILIEKCA
[FeF]® mpu pH = 3.

5. PaccuuraiiTe =~ yClIOBHYI0  KOHCTaHTy  0Opa3oBaHUsI  KOMILJIEKCa
[FE(C204)33_] IIpu pH =4.
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6. PaccunTaiiTe paBHOBECHYIO KOHICHTpALHi0 HoHOB Mean Cu’’ B pacTBo-
pe C oOmiel KOHIICHTpaluen Meau 102 M u PAaBHOBECHOM KOHIICHTpaLMEN
KHCJIOTHI canuiuiaoBoii 10° M. PaccunTaiiTe 3HAYCHHE CPEIHErO JIHTaHIHOTO
quca.

7. Paccuuraiite paBHOBecHyl0 KoHieHTpauuto [Fe(SCN)z] mpu obmieit
xoruenTpamii Fe** 0,1 M u paBHoBecHoi#t konuenTpaunun [SCN ] 0,05 M. Pac-
CUMTANTE CPEAHEE JINTAHIHOE YUCIIO.

8. PaccunTaiiTe paBHOBECHYIO KOHIICHTPAIIUIO MOHOB ITMHKA B 2:10° M
pactBope ZnCl, mpu pH = 11.

9. Kakoit momxHa ObITh paBHOBecHast KoHIeHTparusi NHjz, uTo6B1 MOTSIp-
Has nons [AgNH;'] B pactBope Obima B 3 pasa GoJblle MOJAPHOH IOIM
[Ag(NH3),']?

10. Tlpu kako¥ paBHOBECHOUW KOHIEHTPAIIMM aMMHUaKa B PACTBOpPE MOJISIp-
Has 101151 MoHOoB Ag’ Gynet pasua 0,005

11. Tlpu xaxoM 3HaueHnn pH momspuas momst monoB Ce'" Gymer pasHa
0,002?

12. Onpenenute paBHOBECHYIO KOHIIGHTpAIMIO MUPUANHA B PacTBOPE,
eclM 3HAueHHE CPEJHEro JIMTaHIHOTO YHcla i KOMIUIEKcoB Ag' ¢ NmupHau-
HOM paBHoO 1,9.

13. Paccuuraiite MoibHYI0 100 koMiekca [Ag(NHs),]" npu pasHOBec-
HOM KOHILIeHTpauu ammuaka 0,2 M.

14. Onpenenute CTyNneHYaThle KOHCTAHTHI 00pa30BaHUsI KOMIIJIEKCOB Bi®*
c CI'.

15. Onpegenute cryneH4YaTble KOHCTAaHThI 00pa30BaHUs KOMILJIEKCOB Zn**
¢ NHs.

16. Paccuuraiite, Kakyr0 Maccy HaTpusi THAPOKCHIA HEOOXOauMo 100a-
Buth k 200 mu 0,05 M pactBopa Marausi XJiopujaa, 4To0bl KOHIIEHTpAIUS KaTHh-
OHOB MarHms B pactBope moHm3miach 10 0,001 M 3a cuer oOpa3oBaHUsS KOM-
miexkca MgOH'. U3meHenneM obbeMa pacTBOpa NMPM PACTBOPEHUM IIEIOYU
npeHeopeyb.

17. PaBHOBecHasi KoHmeHTpamust komiuzekca [HG(SCN),]* pasra 0,5 M.
PaccunTaiiTe paBHOBECHYI0 KOHIIEHTpALUI0 KaTHOHOB KoOajlbTa M POJAHU]-
HMOHOB B pacTBOpE, 00pa30BaHUEM JPYTUX KOMIUIEKCOB B PaCTBOpE MpeHeOpeyb.

18. PaccuunTaiite paBHOBECHYIO KOHIIEHTpaIuio noHoB cBuHIa B 0,01 M
pactBope [PbCI,]*", comeprxamenm | M Hatpus xJIopuza.

19. K pactBopy ¢ paBHoBecHOM KoHueHtpauueir 0,001 M murtpatHOro
KOMILIeKca Meau npubasisitoT pactBop I/ TA. PaccuuTaiite, npu kakoi paBHO-
BecHOU KoHUeHTpauun DJITA B pacTBOpe MPOU30MIET KOJUUYECTBEHHBIN Hepe-
XOJ IUTPATHOTO KOMIUJIEKCA MEAU B 3TUIECHIAMAMUHTETpaaueTatHeiil. Kpurepnii
KOJINYECTBEHHOTO MEepPexXoJa — COCTOSIHUE, ITPU KOTOPOM OCTAaTOYHAsi KOHIIEH-
Tpauus B pacTBope coctasisier C < 10 ° M.
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PA3JIEJ 5
PABHOBECHS B CUCTEME «OCAJIOK — PACTBOP»

BBenem moHsTHE pacTBOPUMOCTH MAJIOPACTBOPHUMOIO 3JeKTpoauTa. Pac-
TBOPUMOCTBIO Ha3bIBAIOT OOIIYI0 KOHIIEHTPALMIO BELIECTBA B €r0 HACHIILICHHOM
pacTBope.

PaccmoTpum caMblii IPOCTOW City4yal, KOTJa 3JIEKTPOJIAT HMPUCYTCTBYET B
BOJHOM DPACTBOPE TOJIBKO M3 MOHOB, KOTOPbIE O0pa3yrOTCsl B PE3YJIbTATE €r0
qucconuanuu. B pactBope yCTaHABIMBAETCS PAaBHOBECUE:

AnB, L mMA+nB
PaBHOBecHe OyIeT ONMUCHIBATLCS KOHCTaHTOM pacTBopumocTH Ks':

0 m n
Ks"=an" -apg
[Tycts S Monb anekTponnuta ApnBy iepenuio B pacTBOp, TOT/Ia YUCIIO HOHOB
A 6ynetr mS, a uucno nonos B nS.
KSO _ aAm _aBn _ (ms)m _(ns)n —mM.sM.y".gN ™. N . gMm+n
M3 Moay4eHHOTO BBIPAKEHUSI HAMJIEM PACTBOPUMOCTbD:
Ks°

m n

S=m+n (5.1)
m -n
[TonydyeHHOE ypaBHEHUE IS pacueTa paCTBOPUMOCTH XapaKTEpU3yeT HOH-
HYI0 PacCTBOPUMOCTB, HO JAJIEKO HE BCE MAJIOPACTBOPUMBIE JJIEKTPOJIATHI SBJIS-
FOTCS CWJIBHBIMHM 3JIEKTPOJIMTAMHA M IIOJHOCTBIO JUCCOLUHMPYIOT B PACTBOPE.
YacTte MamopacTBOPUMOTO JJIEKTPOIUTA MOKET NEPEXOAUTH B PACTBOP B HEU3-
MEHHOM BHje (B MOJIeKyJsipHOU (hopme). BBeem nmouaTre MoseKkysipHOM pac-
TBOPUMOCTH. MOJIEKYJISIDHOM PACTBOPUMOCTBIO HA3bIBAKOT KOHLIEHTPALUIO
MOJIEKYJI BEIIECTBA B €r0 HACBIIIEHHOM pacTBope. CiieoBaTesnbHO, 0011l pac-
TBOPUMOCTBIO HA3bIBAETCS CYMMa HOHHOM U MOJICKYJISIPHOM PACTBOPUMOCTH:
S=S,+5S,
Hwu3kas crenenp Auccouuanuym MajaopacTBOPUMOTO JIEKTPOIUTA B PACTBO-
pe MOXeT OBbITh CBsI3aHa JTMOO C PAaBHOBECHSIMU KOMILIEKCOOOpa3oBaHus, 100
C MPOTOJIMTUYECKUMU PAaBHOBECHUSIMU
a) pasHosecust KOMNJIEKCo0Opa308aHus
PaccmoTpum ManopacTBOpuMoOe coeAMHEHUsI coctaBa AB, KoTopoe Takxke
o0Opa3yeT KOMIUJIEKC aHaJIOTUYHOTO cocTaBa. B pe3ynbrare B pacTtBope OyayT
YCTaHaBIIMBATHCS CICAYIOIINE PABHOBECHS:
AB(TB.) - A+B (I)
A+BL AB (1)
PactBopumMoCTh coenHeHust coctaBa AB OyeT pacCUMThIBaThCA KaK CyM-

Ma paBHOBECHBIX KOHILIEHTpaluil Bcex ¢popM BemiectBa AB B pacTBope:
S=[A] + [AB]
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PaBnoBecue (l) ommchiBaeTCS KOHCTAHTONW PACTBOPUMOCTH, a PaBHOBECHE
(I1) KOHCTaHTOW KOMILJICKCOOOpPA30BaHUs, BBIPA3MM M3 KOHCTAHT PaBHOBECHS
s mpoueccos (1) u (1) paBHoBecHbie KoHIIeHTpanuu [A] u [AB]:

Ks = [A][B] [A] = [B] =K
_ [AB] _[AB] ABT = 8K
ST AB] =P

[ToacTaBuM MMOMYYCHHBIC BBIPAKCHHS B ypaBHCHHE Ui pacdyera PacTBO-
pumoctu: S = [A] + [AB] = \/Kg + BKs

0) npomonumuyeckue pagHo8ecus
Paccmotpum ManopactBopuMoe coenuHenune coctaBa HA (crmabast kucnio-
Ta), KOTOPO€ B BOJIHOM PAacTBOpPE BCTYIAET B MPOTOJMTUYECKHE PaBHOBECHS.
B pe3ynbTaTe B pacTBOpe yCTaHABIMBAIOTCA CIACAYIONINE PABHOBECHUS:
HA@my U H + A (1)
HA[ H +A (1)
PactBopuMocTs coeauHeHusi coctaBa HA Oymer paccuumThIBaThbCAd Kak
CyMMa paBHOBECHBIX KOHIIEHTpaIMii BceX (JOpPM BEIIECTBA B PACTBOPE:
S=[A]+[HA]
PanoBecue () onmuckiBaeTCsi KOHCTAaHTOW PACTBOPUMOCTH, a PaBHOBECHE
(I1) xoHcTaHTOM Auccoumaru ciaboit kucnoTel HA. BbIpasuM W3 KOHCTaHT
paBHoBecus 11 niporieccoB (1) u (1) paBHoBecHbIe KoHLIeHTpauu [A ] u [HA]:

Ks=[AT][H'] [A]=[H']=Kg
_[HIAT]_ K Ks
*" [HA]  [HA] .

[ToncTraBuM NONyYEHHBIE BBIPAXKEHHS B YPaBHEHHE JUIA pacuera pacTBO-
PUMOCTH:

S=[AT]+[HA]= /Kg +

[HA]=

Ks

a

Ipumep 5.1. Paccuuraiite pactBopumocTth Oapus ¢ochara B Boje.
Ks = 6,010,

Pewenue:

B Bose MOXeT pacTBOPHUTHCS TOIHKO OTPAaHUUYEHHOE KOJUYECTBO OCAJIKA.
Yem MeHbIIIE KOHCTaHTa PACTBOPUMOCTH, TEM MEHBIIIEEC KOJMYECTBO BEIICCTBA
nepener B pactBop. B pesynbrare B pactBope Oapus docdara ycTaHABIMBACT-
cst paBHOBecue: Bag(PO,), I 3Ba®* + 2P0O,>

Nonnas cuiia pactBopa OyneT oueHb MaJia, TaK KaKk OHa B pacTBOPE CO37a-
€TCsl TOJIBKO 3a CUET JUCCOIMAIMK COJIM, Tiepernieaneii B pactBop. [IockoibKy
KOJIMYECTBO COJIM B pacTBOPE OYEHb Majlo, TO HOHHOW CHJIOW pacTBOpa MOYKHO
npenedpeun: Ks® = Kg
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Ks®=[Ba*"’[PO,* I
bapwuii He o6pasyeT pochaTHBIX KOMILJIEKCOB, CleIoBaTeNbHO, hocdart Oa-

pHsl CYIIECTBYET B PacTBOpPE TOJBKO B BUJE MOHOB. PacTBopumocTh Qocdara
Oapuist MOJKHO paccuuTath, HCIob3ys Gopmyy (5.1):

-39
:3+§/_6’Oi'1_02 _8.8.10°°
3.2

Omeem: pacTBopuMOCTh Oapust pocdarta 8,8 .10 mosib/.

Ipumep 5.2. Bremager mu ocamok mpu cnuBannu 60 M 0,05 M BaCl,
1 40 M1 0,005 M K,MNnO,4? Ks°= 2,510,

Pewienue: Tlpu cnMBaHun pacTBOPOB MPOTEKACT XMMHUYCCKAS PCAKIIHSL:

BaCl, + K,MnO, I BaMnO,] + 2KCI

B pesynbTare peakipm 00pasyeTrcs TPYAHOPACTBOPUMOE COCIAUHCHHE

U YCTaHaBJIMBAETCS PAaBHOBECHE:
BaMnO, [ Ba®" + MnO,*
Ks® =[Ba**][Mn0O,*"]

Oca0K U3 pacTBOpa HAYMHAET BHIMAAaTh B TOT MOMEHT, KOT'/Ia IIPOM3BE/IE-
HHE KOHIICHTpAIlMii MOHOB Oapus M MaHraHAaT-HOHOB Oy[eT MPEBBIIIATh 3HAYC-
uue koHcTauThl Ks’. Takum obpazom:

1) ecim [Ba?*][Mn0,*] < Ks’, T 0Ca[I0K He BBINAIAET;

2) ecim [Ba*"][Mn0,*] > K¢°, To 0caiox BeImanaer;

3) eciu [Ba®*][Mn0O,*] = K¢, To crcrema mpencTaBisier co60il HACHIIICH-
HBIU PacTBOP.

Perrenue 3aaun 3aKr04aeTCcs B TOM, YTO HEOOXOAUMO C/eaTh Mepecyer
KOHIICHTPAIIMH MOHOB MOCJIE CIIMBAHUSA JIBYX PACTBOPOB, a 3aT€M CPaBHUTD IPO-
M3BEICHIE PABHOBECHBIX KOHIeHTpammii nonos [Ba®*]-[MnO,* ] ¢ koncraHToif
pactBopumoctu Ks.

[Ba?'] = \J/rlv .Co(BaCl,)=0,03M
1

2
[MnO,2 )= 2
Vi+Va
[Ba2"][Mn0O,%"]=0,03-0,002 =6-10" > K’ — 0caioK BhIIagaer
Omeem: nipu ciuBanuu pactBopoB BaCl, u K,MnO, ocaiok Beinamaer.

:Co(K,Mn0Oy,) =0,002 M

Ipumep 5.3. Paccuuraiite pacrBopumocts AglO; B 0,05 M pactBope
AgNO;. Ks=3,0-10"°,
Pewenue: 3anuieM paBHOBECHE, KOTOPOE YCTAHABIMBAETCS B CHCTEME
AglO; — Bona:
AglO; I Ag"+105
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Ks® =[Ag"][I05] (5.2)
[TycTh pacTBOPUTCS X MOJIb COJIM, TOTJA ypaBHEHHUE I KOHCTAHTHI (5.2)
MpUMET BUJI;
Kg =(x+0,05)-x
KonudecTBo noHOB cepebpa, KoTopoe oOpa3yeTcsi Mpu pacTBOPEHUU OCAI-
Ka HAMHOTO MEHBIIE, YeM KOJIMYECTBO MOHOB cepedpa 3aJaHHOE MPU ITOMOIIN
0,05 M AgNQO;. Takum 006pazoM, MOXKHO cUHTaTh, uto (x + 0,05) = 0,05.
CrnenoBaTebHO, PACTBOPUMOCTh COJIM OYIET OMPEAeIAThCS PaBHOBECHOM
KOHIICHTpAIlMel aHMOHA, MOCKOJIbKY KOHIICHTpAIlMsS KaTHOHA 3a/laHa M30BITOY-
HBIM KOJIMYECTBOM MOHA-OCAUTEIS:
Kg =0,05x
S :[log]:&za-lo—7
0,05
Omeem: pactBopumoctb AglO; B 0,05 M Harpus Hutrpate
S=6-10 " Mmomb/m.

IIpumep 5.4. Paccunraiite pactBopumocts AglO; B 0,005 M pactBope
natpus mutpara. K = 3,0-10°°,

Pewenue: B mpucyTcTBUM HaTpusi HATpaTa HHUKAKUX JTOTIOTHHTEIBHBIX
paBHOBECHII HE yCTaHaBIMBaeTcs. HaTpus HUTpAT OKa3bIBaeT BIMSHHUE HA pac-
TBOPUMOCThH TOJIBKO 3@ CYET YBEJIMYCHHs] 3HAYEHUS MOHHOW CHJIBI PacTBOpA.
HonHast cuna B pacTBOpE CO3JAaeTCs BCEMH HOHAMM, KOTOpBIE NMPUCYTCTBYIOT
B pacTBOpE, HO MpHU pacueTe 3HAYEHHUS] MOHHOM CHIIbI HEOOXOAMMO yUUTHIBAThH
TOJIBKO T€, KOHIIEHTpaIUsl KOTOPBIX siBIsieTcsl HanOousbeil. Mlonamu, koTopsie
o0pa3yroTcs 3a CYET PaCTBOPUMOCTH MajOpacTBOPUMOIO 3JIEKTPOIUTA, MOKHO
npeHedpeyb, Tak Kak UX BKJIAJ B MOHHYIO CHJIy pacTBopa MuHUMasieH. Creno-
BaTeNbHO, JJI PEIICHUs 33Ja4d HEOOXOAWMO HCIOJIh30BaTh KOHIIEHTPAIIMOH-
HyI0 KOHCTaHTy pactBopumoctu: AglO; [1 Ag” + 105

0
Kg=— K8 (5.3)
Yag® Vio;

S = /Ks (5.4)

Jlns peureHust 3aa4d HEOOXOJIUMO pPacCUMTaTh WHAWBUIyaTbHBIE KO-
(UIMEeHThI aKTUBHOCTH MOHOB. [[)1s Hayasa paccuuTaem 3HA4€HUE NOHHOM CHUTBI:

| =%ZCiZi2 = 0,005

| <0,01 = wucnons3yem mpeaenbHblii 3akoH J{ebas—Xrokkens (2.11).
lgy =-Az?\I
19 Y pg = -0,511-1%,/0,005 = 0,036
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lgy)o; =—0,511-(- 1)2,/0,005 =-0,036

_ 100,036 _
Ypg =1070%% =0,92

-0,036 _
Yio; =100 =0,92

HOI[CTaBHM IMOJIYYCHHOC 3HAYCHHUC KOB(b(i)I/IIII/IeHTOB AKTUBHOCTHU B ypaB-
HeHue (5.3) u 3aTeM, pacCUMTaB 3HAYCHUE KOHCTAHTHI, HalJIeM PacTBOPUMOCTD
o popmysie (5.4):

Kg® 31078 _
Kg=—5 = =35.107°
Vag Vio:  0:92:0,92

Ks =+/3,5-108 =1,9.107*

Omeem: pactBopumocth AQIO; B 0,005 M pactBope NaNO; pasna
1,910 monb/m.

IIpumep 5.5. Paccuutaiite pactBopumocts AglO; B 0,05 M pacTBOpe am-
muaxa, eciu K’ = 3,010,

Pewenue: B npucyrcTBUM aMMuaka HOH cepebpa oOpa3yeT aMMHUadYHbIE
KOMIUIEKCHI ¥ TIOMHMO PaBHOBECHI PACTBOPEHMS, B PACTBOPE YCTAHABIUBAIOTCS
paBHOBECHS KOMHJ’IeKCOO6pa3OBaHI/IHI

AgI03 0 Ag"+105

Ag’ + NH; > [Ag(NHZ)]" By’ =10

Ag" + 2NH;z < [Ag(NH;),]" Bz =10"*

K S '= C Ag+ : C

10,

o_[Ag(NH3)"] (5.5.1)
[Ag¥][NH3]

o_[Ag(NH3),"] (5.5.2)
[Ag*1INH;]?

CnenoBarenbHo, pactBopuMocTh AQlIO; moBeImaeTcs 3a c4eT TOTo, YTO
MOHBI cepedpa MOTYT HaXOJUThCS B PACTBOPE B HECKOIbKHUX (popmax. B qanHOM
ciiy4ae He0OX0IMMO MCIOJIb30BaTh YCIOBHYIO KOHCTAHTY PACTBOPUMOCTH:

1 KS
Kg=—"">—
(XAg+ ¢ (XIO;
MousbHast 10715 05 = 1, 1. k. monsl 103 He BCTynaroT B JOMOJIHUTEIbHBIC
3

paBHOBECHBIE TIpollecchl. IIpu mpoleccax KOMILUIEKCOOOpPAa30BaHUS BKIIAIOM
MOHHOM CHJIbI B KOHLIEHTPALMOHHYIO KOHCTAHTY PACTBOPUMOCTH MOKHO MpEHe-
opeus, T. e. K® = K.
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Paccuntaem MOJIBHYIO OI0JIFO HOHOB Cepe6pa, HC CBA3aHHBIX B KOMIIJICKCHI:
aghy =T [Ag']
wAg")= C o + + +
Agt  [A9 1+[Ag(NH3) ]+[Ag(NH3), ]
PaBHoOBecHBIE KOHIOCHTPAIUKW KOMIIJICKCOB BBIPpA3UM H3 paBHOBeCHﬁ KOM-

mwiekcoooOpaszoBanus (5.5.1), (5.5.2) m moacTaBUM MOJyYEHHBbIC 3HAYCHHMS
B (hopMyJTy U1 MONIbHOM momu Ag':

[Ag(NH3)"1=B7[Ag" ][NH;]
[Ag(NH3), " 1=B3[Ag" I[NH;]*

. [Ag” Ag®
a(Ag):[g]: — +[g]0 i -
Cagr [Ag71+Br[Ag" J[NH3] +Bo[Ag" IINH;]
=—— 1 - ~=2310"
1+B{[NH;3] +B2[NH;3]
Kg = Ks _13.10
Upg

BrrunciuB yCIOBHYHO KOHCTAHTY PaCTBOPUMOCTH, MOKHO PAaCCUNATATh pac-
TBOPUMOCTb COJIM:

s =\/Ks =13-104 =0,0114
Omeem: S = 00,0114 monw/m.

IIpumep 5.6. Paccuumraiite pactBopumocth AQ;PO, mpu pH = 3.
K’ =1,3:107, Ka1 = 7,6'10°, Kgp = 6,2:10°°, Koz = 4,2-107,

Pewenue: ®ochar-noHbl COOTBETCTBYIOT ciaboi kucinore HsPO, 1 B ipu-
CYTCTBUM NIPOTOHOB B PACTBOPE, IOMUMO PABHOBECHUS OCaJ0K-pacTBOp, yCTa-
HABJIMBAIOTCS KUCIIOTHO-OCHOBHBIE PABHOBECHSI:

Ag:PO, | 3Ag"+PO,*
H"+PO,> I HPO,/
H®+HPO,~ 1 H,PO,
H"+H,PO, U  H3PO,

Iox neiicteuem H™ npoucxoaut cessbiBanue (GocaT-HOHOB, UTO IPUBO-
JUT K CMEILIEHUIO PAaBHOBECHUSI B CTOPOHY pacTBOpeHust ocajika. CienoBarenabHo,
HEO0OXOAMMO KCII0Ib30BATh YCIOBHYIO KOHCTAHTY PACTBOPUMOCTH:

' 3
Ks

3
Uagt Opo

Kg = (5.6.1)
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MosibHas J0JIA (X.Ag+ = 1, T. K. HOHBI Ag+ HC BCTYIIAKOT B AOIMOJHHUTCIILHBIC

PaBHOBECHBIE IMPOIECCHL. 3a CYET MPHUCYTCTBUS YETHIPEX PABHOBECHBIX (HOpM
dbocdar-nona B pactBope, pactBopuMocTh AQsPO, 3HAYNTETEHO YBETUYUTCS 110
CPaBHEHHIO C BKJIAJIOM MOHHOW CHJIBI pacTBOpa B pacTBOPUMOCTh. OHHOH CH-
JIOHM pacTBOpa MOXKHO npeHedpeusn: Ks® = Ks.

Paccuntaem MosbHYI0 10750 (hochaT-HOHOB B pacTBOPE:

[POG ] _ [PO; ]

_ 2_ A
Ceoy  [POg 1+[HPOZ ] +[H,PO,]+[HsPO,]
3anuiieM KOHCTaHThI KUCITOTHOCTH Ky, Kyp, Kaz; B U3 TTOTYyYeHHBIX ypaB-

HEHUM BBIPA3UM PaBHOBECHBIC KOHIICHTpAIIMHU BceX (PopM KUCIOTHI hochopHOit
yepe3 paBHOBECHBIE KOHIICHTpaluu (ocdaT-noHa U KOHIEHTPALIUIO TPOTOHOB.

_[H'][POS ]

a(PO3 ) =

(5.6.2)

Ka3
[HPOZ]
+ 3-
(P03 F1PO4 ] (5.6.3)
a3
,, - [ IHPOE ]
[H2PO4]

[H,PO;] = [HJIHPOg ] (5.6.4)

a2

Bmecto [HPO,”] B ypasrenuu (5.6.4) moacraBum Beipaxerue (5.6.3),
B UTOTE MOJIYYUM CIICAYIONUC YPABHCHUS:

+12 -
[HzPOZ]=[H ] [EO“ | (5.6.5)
a2™a3
- [A'IHzPO4]
[H3PO4]
[HapO,1 = (112704 (5.6.6)
al

Bmecto [H,PO4 ] B ypaBHenuu (5.6.6) momactaBum Beipaxkenue (5.6.5),
B MTOTE MOJYYHM CIICAYIOIEe YPaBHCHHUE:

1= H'TIPOF ]

[H3PO
KalKaZ Ka3
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HOHyI‘IeHHBIe 3HAUYCHHUA I1IOACTaBUM B ypaBHeHHe JJI51 MOHBHOﬁ J0JIN:
3- 3
[PO7 ] [PO7 1]

a(PO3 ) = = - - =
po  [POg ]+[HPOZ ]+[H,PO4]+[H3PO,]
_ [PO7 ]
poi 1+ [HIPOIT | [H'FIPOZ]  [H'TPO; ]
Ka3 Ka2Ka3 KalKaZKaB

. 3
CoxpatumM B noiydeHHoi apoou [PO4” ]| 1 yMHOKHMM YHCIUTEIb U 3HAME-
Hatenb Ha Ky KpKas:

_ K 1K5oK

0L(PO?‘r )= = a2+ s +92 +13
Ka1Ka2Kas + KgKao[H T+ Ky [HT]" +[H ]
HalizneMm yca0BHYIO KOHCTAHTY PACTBOPMMOCTH, a 3aT€M U PACTBOPUMOCTD

(5.6.1):

-2.3-107

Ks 1310%
Opgs-  2,3:107H

S = «4/ % —1.6-102 moms/i .

Omeem: pactBopumocts AgsPO, pu pH = 3 pasra 1,6:10 7 Mous/1.

~5,6-10""

Ks =

Ipumep 5.7. Paccumraiite pactBopumocts Ni(OH), mpu pH = 11.
Ks®=6,310" p, = 10**, B, = 10°, p; = 10,
Pewenue: B pactBope 3a1aHo 3HaueHue pH = 11, ciegoBarenbHO, MOXKHO
paccunTaTh 3HAaYCHHE PAaBHOBECHOM KoHIeHTparmu [OH]:
pH + pOH = pK,,
pOH=pK,-pH=14-11=3
[OH]=10°=0,001 M
HNoHoM ocaguTensi SIBIAIOTCA TUAPOKCUI-UOHBI, HO PaCTBOPUMOCTH B U3-
OBbITKE MOHA-OCAAUTEN B JAHHOM Ciydae OyJeT HEe YMEHBIIAThCS, a YBEIUYH-
BaThCsl, 32 CUET MPOTEKAHUE MPOIECCOB KOMILJIEKCCOOPa30BaHUS:
Ni(OH), I  Ni** + 20H"
Ni** + OH [ NiOH'
Ni** +20H 0 Ni(OH),
Ni**+30H [ Ni(OH);
PactBopumocTts Ni(OH), paccunThiBaeTcsi Kak CyMMa PaBHOBECHBIX KOH-

LEHTpalui Bcex (OpM HUKEISI B pacTBOPE:
S = [Ni*"] + [NiOH™] + [Ni(OH),] + [Ni(OH); ]
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BrIpazum paBHOBECHbIE KOHLIEHTpAIMu Bcex (GOpM HHUKENS B PacTBOpE U3
COOTBETCTBYIOIIUX PAaBHOBECUMN U MOJCTABUM MOJIyYCHHbIE BbIpakeHUs B (op-
MYyJy JJI pacyeTa paCTBOPUMOCTH:

KS=[NPJOHT  [Ni%]= [oES]
Bl=[,\fi'§'i§’[g;]_] [NIOH*] = B,[Ni?* JOH ] = %
B, - [N[:\'zi(]‘[’g&%]]z [Ni(OH),] = B,[Ni® JOH P =B,Ks
Bs = [L?jfigﬁ:]]s [Ni(OH); ] = By[Ni2* JOH" J° = ;K [OH |
:[OI:IS_] [[éllfs]+[32Ks+[33KS[OH]—
s([OH - [O‘EI_]+BZ+53[OH—D:

=6,3-10 %(1-10° + 1,38-10" + 10° + 10°) = 1,3-10® mous/x.
HauOonpimmii Bkiag B pactBopuMocth BHOCAT dactuilbl [Ni(OH),]
u [Ni(OH);] . be3 ydera mporieccoB KOMIUIEKCOOOpa30BaHMs ¥ MOJICKYJISIPHOM
pactBopumoctH pacteopumocts Ni(OH), cocrasiser 6,3-10 2,
Omeem: pactopumocts Ni(OH), npu pH = 3 pasHa 1,3-10° moms/m.

3axauu 1J191 peleHus

1. B kakoM MUHUMaJILHOM 00beMe AUCTHUUIMPOBAHHOM BOJBI MOXKHO pac-
TBOPUTH 2 T Mena? (MOJIEKYJIIPHOW PACTBOPUMOCTBIO ITPEHEOPEYbD).

2. Kaxoit n3 ocankoB 0ojiee pacTBOpUM B BOJIe: cepedpa Homum, KaabIus
dbocdar, BucMyTa rUAPOKCU?

3. Paccunraiite maccy kameius cynbdarta, comepkantyrocs B 200 M ero
HACBIIIIEHHOT'O PacTBOpa.

4. Kakyio MakCUMabHYIO Maccy IUPKOHUS ¢ocdaTa MOXKHO PACTBOPHUTH
B Bojiax THX0ro okeaHa, eciim ero oobem paeH 710,4 muaH KM>? Cuurathb, 9TO
BOJIbI TUXOT'O OKE€aHa MPEeCTaBISIOT COO0N JUCTHILUTUPOBAHHYIO BOY.

5. [Ipu xakoii MUHUMAaJILHON KOHIIEHTpAINK CYIb(UI-HOHA HAYHET BhITIa-
nath ocanok FeS u3 0,005 M pactopa Fe(NOs),?

6. Kakas macca Co(OH), comepxutcss B 1 M° HachIlIEHHOrO pacTBopa?
Ke=2:10™

7. Kaxas macca (r) BucMyTa cyiabduaa comepskurcs B 10° TOHH HACHIIICH-
HOTO pactBopa?

8. Kakas macca BUCMyTa THAPOKCHAA COACPKUTCS B 250 MJT €ro HaChIIIEH-
HOTO pactBopa?
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9. B xakoM MUHHUMaJIbHOM OOBEME BOJABI MOXHO pactBoputh 0,001 T
prytu (II) cynbduna?

10. byner nu Bemmaaath ocangok npu cmemmBanuu 10 r 0,4 % pactBopa
6apus xsopuna u 190 r 0,6 % pactBopa Hatpus cyibdara? [1noTHOCTH pacTBo-
POB CUHTaTh paBHBIME | r/cM’,

11. Tlpu kakoil paBHOBECHOW KOHLEHTPALMU XPOMAaT-MOHOB HAYHET BhIIa-
JaTh ocajok cepedpa xpomara u3 0,05 M pactBopa cepeOpa Hutpara?

12. Ilpu xakoi paBHOBECHOU KOHIEHTpanuu (GpochaT-nOHOB W3 HACHIIICH-
HOTO pacTBopa cepedpa oKcaiara BbIIAJAET 0CaT0K?

13. Bemanet nu ocanok, ecnu k 100 mur 0,005 M pactBopa HaTpHs CyJib-
buna npunute 20 M 0,02 M kagmus Hutpara?

14. K 1 5 nHacelllleHHOTO pacTBopa cepebpa xpomarta npuiawin 250 mi
0,05 M pactBopa cepebpa Hutpata. Beimager mu ocamok?

15. Paccuuraiite pH momHoro ocaxaenuss Cu(OH),.

16. Paccuuntaiite pH nauana ocaxnenus Cd(OH), u3z 0,01 M pactBopa
Cd(NOs),.

17. Paccuuraiite pactBopumocth PbCl, B: a) AMCTHWILTUPOBAHHOW BOJE;
0) 0,9 % pactBope NaCl, mporeccamu KoMIIeKCo0Opa3zoBaHus MPeHEOPEYb.

18. Paccunraiite pactBopumocts CaF, B: a) 0,01 M NaNOs; 6) B 0,9 %
pactBope NaF.

19. Kakyro MakcHuMaabHO BO3MOXKHYIO MAaccy Kajusi OpoMuaa MOXKHO JO-
6aButh k 1 1 0,05 M pactBopa cBunia (IlI) HuTpaTa, 4T00BI HE BBINMAT OCAIOK
Opomma cBUHIA (TIpolIeccaMu KOMILIEKCOOOpa30BaHus peHeOpeyb)?

20. Bemaaet mu ocanok npu cimBaaud 50 M 0,0005 M pactBopa MarHus
xsopuaa u 50 mi pactBopa Kanus ruapokcuaa ¢ pH = 127

21. Paccumraiite pactBopuMocth Ag,SO, B: a) IUCTUIUTMPOBAHHON BOJIE;
6) 0,01 M NHs.

22. Paccuwnraiite pactBopumocts LiF pu pH = 4.

23. Paccunraiite pactBopuMocTh Oapusi cyibpara B 0,15 M pactBope
HATpHs DTUIEHIMAMUHTETpaanerara, eciu Kg® = 10", a koncraura YCTOHWYHBO-
CTH KOMILIeKca Gapust paBHa 6-107?

24. B xakoM muHuMaiibHoM oobeme 0,1 M pacTBopa HaTpus d7eTaTa MOX-
HO pacTBOPUTH | r Gapus cynbbara?

25. Paccuuraiite pactBopuMocTh cepedpa Opomuaa B 0,01 M pactBope
HaTpus THOCyJb(aTa. Bo CKONBKO pa3 pacTBOPUMOCThH B PACTBOPE HATPUS THO-
cynb(dara BbIllIe, 4eM PaCTBOPUMOCTh B TUCTWIIIMPOBAHHON BOAE?

26. Paccunraiite pactBopumocTth CaCO3 nipu pH = 4.

27. Paccuuraiite pactBopumocts LisPO, ipu pH = 2.

28. Paccuwnraiite pactBopumocts pryTH (II) cynsdun B mpucyrcrsun 0,3 M
HATpHs ITHJICHIMAMUHTETpaaIeTara.

29. Kakoii makcumanbhblii pH gomxen umers 1 M pacTBop aMMoOHUs Kap-
OoHaTa, 4TOOBI M3 HEro HEe OcCa)XJayicsl KalbLiMs KapOOHAT MPHU COAEPKaHUU
MOHOB Kanbiust 107 r-HoH/1?
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30. Kako#t 06bemM 1 M KHCIIOTHI cepHOM MOHAAOOUTCS Il TOJIHOTO pac-
tBOpeHus 0,1 r kaamus cynbpuaa? Cuurarh, 4TO KUCIOTa CEPHAS] JUCCOLIMUPY-
€T TOJIBKO 10 NMEPBOM CTYIECHH.

31. PaccuuTaiite MossipHyto KoHueHTpanuio Na,C,04 B pacTBope, HEOOXO-
JIMMYIO TS TOTO, 9To0BI pacTBopiMocTs Be(OH), B HeM cocrapsiia 1072 MOIB/IL.

32. B xakoM U3 pacTBOPOB PaCTBOPUMOCTh Hoauma cepedpa Boie: a) 1 M
pactBope ammuaka; 6) 0,01 M pactBope HaTpus THOCYIbGaTa?

33. Bo cKoJIbKO pa3 pacTBOPUMOCTH cepedpa Opommuia O0IbIIIe B pacTBOPE
1 M amMmuaka, 4em B JUCTUIIUPOBAHHOM BOjie?

34. Bo ckonbko pa3 pactBopuMmocts CoCO3 6ombmie npu pH = 3, yem npu
pH=4?

35. PactBoputcst u 1 1 kaamus cynbduna B 100 M ero HachIIIEHHOTO
pacTBopa, eciu K 3ToMy pactBopy ao6aButh 0,1 mu 36 % pacTBOpa KHUCIOTHI
XJIOpUCTOBOI0poAHOM (p = 1,18 r/mm)?

36. Kakum komuvectBoMm: a) Bozsl; 0) 0,1 M H,SO, MOXHO HpOMBITH
0,1000 T Gapus cynbdara, yToObI TTOTEPU HE MPEBBICHIIA TOYHOCTH BECOBOIO
merona ananusza (0,0001 r)?

37. Kakyro maccy KHCIOTHI cepHOil Heo0xoaumMo npubaButh kK 500 M Bo-
Ibl, 4T0OBI ITpu TpoMbiBanuH e 0,1000 r Oapust cynbdaTa He OblIa MPEBBIICHA
TOYHOCTh BECOBOTO aHayn3a? V3MeHeHneM 00beMa MpU PaCTBOPEHUH KUCIIOTHI
npeHedpeus. Tounocts BecoBoro ananuza 0,0001 r.

38. IIpu kakoil paBHOBECHOW KOHIEHTpAIIMU KapOOHAT-MOHOB B PacTBOPE
HayHeTcs nepexo 6apus cyiabdara B kapOoHaT?

39. PaccuuTaiiTe, BBITIAJAET JIM OCAJ0K BHUCMYTa THAPOKCHIIA U3 PacTBOpa
HaTpus ruapokcuaa ¢ pH = 12, comeprkamem B pactsope [Bilg]® ¢ xonuenTpa-
mueit 0,001 M.

40. PaccumnTaiiTe OOIIyI0O pacTBOPUMOCTH Kalblius KapOoHaTa (MOHHYIO
Y MOJIEKYJISIPHYIO).

41. Paccumraiite mMaccy (eHoma, KoTopbid comepxutcs B 100 mi: a) ero
HACBIIIIEHHOTO BOJHOTO PAacTBOpa; 0) €ro HACHIIIIEHHOTO BOJHOTO PACTBOpPA TIPH
pH = 2; B) ero HacelllleHHOTO BOJIHOTO pactBopa npu pH = 10. PactBopumocTs
MoJIeKysipHO# opmbl cocTarisieT 0,69 M.

42. Beimaaet au ocagok xpomata csuHia u3 0,01 M pactBopa xpomara ka-
JIMSI TIPY PaBHOBECHOM KOHIICHTPAIIUN [PbC14]2* 0,0002 M?

43. PaccuuTaiiTe o011yr0 pacTBOpUMOCTh BUcMyTa Hoauaa B 0,05 M pac-
TBOPE KaJns NOauIa.

44, PaccuuTaiiTe OOIIYH0 pacTBOPUMOCTh cBUHIIA xjopuaa B 0,1 M pac-
TBOPE KaJus XJIOpHU/Ia.

45. Paccunraiite O0IIyI0 pacCTBOPUMOCTD Kaamus Tuapokcuaa mpu pH = 10.

46. PaccumnTaiitTe 00IIyI0 paCTBOPUMOCTH ITMHKA ruApokcuaa mpu pH = 11.

47. Bo ckonbko pa3 pactBopuMmoctb CuCN Oorbliie B JUCTUIUTMPOBAHHON
BoJjie, ueM B 0,05 M pactBope NaCN?
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PA3JIEJ 6
PABHOBECHS B CUCTEMAX C MPOTEKAIOIUMH
OKHUCJUTEJBLHO-BOCCTAHOBUTEJIBHBIMU PEAKIIASIMH

CpCI[I/I peaKHI/Iﬁ, MNPUMCHACMBIX KaK B KaYCCTBCHHOM, TdK H B KOJIHNYC-
CTBCHHOM aHAJIM3C, BBIACIAIOT TI'PYHIIY OKHCIWMTCIbHO-BOCCTAHOBUTCIIbHLBIX,
B KOTOPBIX OAHO HMJIM HCCKOJIBKO BCIICCTB B ITPOLICCCEC HpOTeKaHI/Iﬁ XUMHYECKOM
pC€aKiun UBMCHAIOT CTCIICHU OKUCIICHUS.

IIpumep 6.1. Paccunraiite KOHCTAaHTY paBHOBECHSI:
ClO; + 6H" + 6Fe** [] CI” + 3H,0 + 6Fe**,

ccnnEy o =145B, B} . =0771B.

Pewenue: Jly11 naHHOW 3a7a4¥ NMPUMEM AaKTUBHOCTM KOMIIOHEHTOB, PaB-
HBIMHU MX PAaBHOBECHON KOHUEHTPALIUH.
BbIpazuM KOHCTAHTY pEeaKLUu:

[CI ][Fe**1°
[CIO5 [H" °[Fe™'T°
3anuuieM MoaypeaKuun:
ClO; +6H"+6e (I CI +3H,0
Fe* +1e I Fe*
CocraBuM ypaBHenre HepHcTa 11t ABYX MOJTypeaKuid:

K = (6.1)

o 0,059, [CIOZ][H*T°
ECIO;/CI'_ECIO;/CI'-I_ 6 '9 [CI]
0 0,059, [Fe3']

E =
F63+/Fez+ Fe3+/Fez+ 1 g [Fe2+]
B MoMeHT paBHOBecHs HaOJII0Ja€TCsl PaBEHCTBO MOTEHIIMAIOB JBYX TMOJY-

peaKLnil:
ECIOg/CI‘ - EFe3+/Fe2+
- +16 3+
4 0,059I [CIOz][H™] SEC L+ 0,059 Ig [Fe™"]
clo; /ci 6 [CI] Fe**/Fe 1 T[Fe®]

CrpynnupyemM TepMOJIMHAMHYECKUE MOTEHITMAIBl B JIEBOM 4YacTH, a Jiora-
pudMHUIECKIe YaCTH B TIPaBOil:

g o 0,059, [Fe**1 0,059, [CIOZ][H*]°
B> , —E°,., , = g — g =
CIOS/CI Fe™*/Fe 1 [|:62+] 6 [CIT]
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B IMOJIYYCHHOM YPAaBHCHHU 3aMCHHUM PA3HOCTH CTAHIAPTHBIX 3JICKTPOXH-
MHWUYCCKHX ITOTCHIHMAJIOB Ha AEO, a TaKiKC IIPUBCIACM IIPABYIO YaCThb YPABHCHUA
K 06H1€My 3HaMCHATCIIIO:

0,059-6, [Fe™] 0,059 [CIOZ][H'T’

AE° =
1-6 g[Fe2+] 6 [CI]
3+16 - +16
ag0 = 0.059) [Fe2+]6 _ 0,059/ [CIO5][H ]
6 [Fe*'] 6 [CI"]

[IpeoOpazyem mpaByro 4acTh YpaBHEHUS:
0,059 [Fe**1°[CI]
6 [Fe*'T°[CIO;][H"T®
B pesynprate mon jorapudmMom MOIy4YHSIACh JIPOOb, COOTBETCTBYIOIIAS
ypaBHeHHIO (6.1). 3aMeHUM BbIpaXKEHHE TIO]T JIorapu(PMOM Ha KOHCTAHTY PEaAKIIUU:

0,059 [Fe*T’[CI'] 0,059 |
6 “[Fe”'I’[CIOZ][H'® 6

W3 nonxyyeHHOro ypaBHeHHs Beipazum K:

6-AE°

0,059

6-AE°

K =100059 —1069

Omeem: xoHCTaHTa peakuun K = 10%°.

AE° =

AE® =

=IgK

B oOmem Buae KOHCTaHTa peaKIUU I OKHCIUTEIHLHO-BOCCTAHOBH-
TEJILHBIX PABHOBECHH 3aITUCHIBACTCS CIASTYIONTAM 00pa3oM:
n-AE®
_ 0,059
K =10 ,
re N — 4YuCJIO DJIEKTPOHOB, YYACTBYIOIIHUX B PEAKLIUH.

IIpumep 6.2. PaccunraiiTe moTEHIIMAT MTOTYPEAKIIHH:
Cr,0;° +6e +14H" I  2Cr’" + 7H,0,
€CIIU W3BECTHO, 4To akTuBHOCTHh MOHOB xpoma (llI) pasma 0,05 M; xpomar-

uonoB — 0,2 M; pH =2. E_ 02/C3+—1,3BB.

3anuinem ypaBHeHue HepHcra s nanHoin nonypeaKuHH
0, 059 " a(Cr,0,% )a(H )14

CrO > fer T Cr 07 fert T a(Crét)?
14
~1,33+ 29291922008 441
6 ° (0,05)

Omeem: noteHman noaypeakiuu coctasiser 0,81 B.
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Ipumep 6.3. Onpenenure E° €CJIM U3BECTHO, 4TO E° =764 B.
(NH3)42+/Zn 2+/ Zn

CuwnTarts, 910 B pactBope npeobiagaet popma [Zn(NHs)a]>, B = 1,2-10°.
Pewenue: 3anuiiem HOJIypeaKHI/II/I:
Zn*+2e [l Zn
[Zn(NH3)J*" +2e I Zn + 4NH;
s IMOJIYUYCHHBIX HOHypeaKHI/Iﬁ COCTaBUM XHUMHNYCCKYIO PCAKIHUIO, KOTOpAA
6y,Z[€T ONHNCHIBATHCSI KOHCTAHTOU KOMHHGKCOO6p33OB&HI/I5{§
Zn* +2e —[Zn(NH3)** —2e 1  Zn—Zn—4NH,
Zn* +4NH; [  [Zn(NH,).]*
o a(Zn(NHz),*")
a(zn?*)a(NHy)*

Jns momypeakuuii 3anuiieM ypaBHeHus HepHera:
E 0, 059 24

0
Zn®/zn ~ =E zn?/zn t

o 0,059 a(Zn(NH,),*")
EZn(NH3)42+/Zn - EZn(NH3)42+/Zn + 2
a(NHS)
B MOMEHT yCcTaHOBJIEHHS PABHOBECHS TIOTEHITMAIIBI IS IBYX IOJTypPEaKIIHii
OyIyT paBHBI:

Zn(NH,),**
0% fzn © Zn(NH,),2* /zn 2 a(NH,)*
Crpynnupyem TepMOAMHAMHUYECKHE MOTEHIMANIbl B JIEBOM 4acTH, a Jiora-
pudMHUECKIE YaCTH B MTPaBOil:
co £o 0,059, . a(Zn(NH;),™) 0,059
Z0% [z Cza(NH)2 /zn 2 a(NH,)? 2
B momyueHHOM BBIp@KEHUHM 3aMEHHM Pa3HOCTH JIOTapu(MOB JorapumMom
yacTHOro. B pe3ynbrare moj jorapumMoM MOJYyYUTHCS BBIPAXKEHUE, KOTOPOE
MOKHO 3aMEHUTH Ha 34 :

lga(zZn?")

0,059 a(Zn(NH,) ")

EO 2+/Z E; NH,),2* /Z - 2+ 4
n n(NH3),"" /Zn 2 a(Zn )a(NH3)
N 0, 059
EZnZJ'/Zn EZn(NH3)42+ /Zn | B4 2

0]
N3 ypaBuenus (6.2) Beipazum EZ (NH,) 2 /Zn :

0 _ o0 B 0,059 o
EZn(NH3)42+/Zn - EZn2+/Zn —I B4 = 1 03B

Omeem: ES -1,03B.

Zn(NH,), > /zn =
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Ilpumep 6.4. Paccuuraiite koHcTanTy pactsopumoctu Ks® (Hg,Cl,) u3 mo-

TEHIHMAJIOB MOJIYPECAKIHN: E|04922+/Hg =0,792 B; E&gZCIZ/Hg =0,268 B.

Pewenue: 3anminiem IMOJTYypCaKIIM:
Hg,”* +2e ] 2Hg
H92C|2 +2e [ 2Hg + 2CI~
% k! IMOJTYYCHHBIX Honypeaxunﬁ COCTaBUM XHUMHYCCKYIO pE€aKIUIO, KOTOpasd
6YI[CT OIUCHIBATHCS KOHCTAHTON PaCcTBOPUMOCTH:
Hg.Cl, + 2" — Hg,** —2e [1 2Hg + 2Cl" — 2Hg
Hg.Cl, [  Hg,* + 2CI°
Ks® =a(Hg,”")-a*(Cl")
3anumeM ypaBHeHre HepHcTa 11 mosypeakimii:

0,059
E =E° +——"Iga(Hg,*"
Ho,” Mg~ Hg,?* Hg 2 ga(Hg,™)

. 0,059, 1
EH92C|2/HQ - EHQZC|2/H9 + 2 9 a(CI—)Z

B MOMEHT yCTaHOBJICHUS! paBHOBECHS IOTCHIIUAIBI IS ABYX TOTypeaKinuii
OyIyT paBHBI:
o 0,059 0,059 1
o f F g 5
Hg,® /Hg 2 2 a(Cl)

Crpynmnupyem TepMOJIMHAMHYECKHE MOTEHIMAbl B IPABOM YacTH, a Jiora-
pudMHUYECKHE — B JICBOM:

lga(Hg,*") = ERy ¢, jrg +

0,059 o+y 0,059 1 0 0
0,059, a(Hg,2*) - 2959 ~E -E

g ( J2 ) 2 g a(CI_)Z Hg,Cl, /Hg HgZZ+/Hg
0,059 2+ -\2 _ o 0]
Tlga(ng )a(Cl)” = Engclz/Hg - EHg22+/Hg
0,059

0 _ o0 0
Tlg Ks™= EngClz/Hg - EH922+/Hg (6.3)

U3 Bripaskenus (6.3) Boipasum K
o 0 0
l9Ks™ =2(Eqg,ci, /Hg — Engz+/Hg) /0,059

2(E] -E° /0,059
KO =10 ol gt )

Ks®=10"1"76-173.10718
Omeem: xoncranta pactBopumocti Ks® (Hg,Cl,) pasua 1,73 - 102,

3ajaum AJ19 penieHus:
1. PaccunTaiiTe TEpMOAMHAMHUYECKYIO KOHCTAHTY PaBHOBECHSI IIpoliecca:
2Ce™ + Sn** = 2Ce>" + Sn*",
E°(Ce™/Ce*) = 1,77 B; E°(Sn**/Sn*") = 0,15 B.
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2. Paccuuraiite TepMOJIMHAMUYECKYIO KOHCTAHTY PaBHOBECHS ITpoliecca:
5Fe”* + MnO, + 8H" = Mn*" + 5Fe*" + 4H,0.
E°(Fe**/Fe*") = 0,771 B; E°(MnO, /Mn*") = 1,51 B.

3. PaccunraiiTe TepMOIMHAMUYECKYIO KOHCTAHTY PABHOBECHSL:
51 + MnO, + 8H" = Mn** + 2,51, + 4H,0.

4. YeMy paBeH OKHCIHUTEIbHO-BOCCTAHOBUTEIbHBIA TMOTEHIIMAT MaphI
Mn**/Mn npu KoHIEHTpammn HoHOB Mn”" 0,0056 MoTB/1?

5.UeMy paBeH OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIN MMOTEHIMAT Mapbl
Fe®*/Fe npu koHrertpamun nouos Fe” 0,056 r/n?

6. MoXxHO 11 JeCTBHEM Kallusl AUXpoMaTa B KHCIIOW CpeJie OCYIIECTBUTh
ClIeIyIoIue npeBpalieHus (OTBET NOATBEPAUTh PACUETAMH):

A) Fe** — Fe*; B) S04 — S,08;

B) Mn?* — MnOy ; I H,0, — H,0?

7. [louemy BOJIHBIE PACTBOPHI KaJlKsl TUXpOMaTa OECKOHEUHO J0JTO YCTOM-
aussl, ectu E°(Cr,0;7/Cr¥") = 1,33 B, a E°(O,, 4H'/H,0) = 1,23 B?

8. B 100 miu Boabl pactBopmiu 0,238 r xanus guxpomara u 1,2 r xpoma
(I11) xymopuma. PaccumrtaiiTe OKHCINTEIILHO-BOCCTAHOBUTEIBHBIN MOTEHIHAI
MOJIYYE€HHOTO pacTBopa, eciii ero pH = 5.

9. OKHCITHTENBHO-BOCCTAHOBUTEIbHEIH — moTeHiman  Fe®'/Fe** paBeH
0,700 B. KakoBo cootromenne Fe** u Fe®* B pactBope?

10. OKHCINTEIBHO-BOCCTAHOBHTENBHBI moTeHmuan Ce''/Ce** paseH 1,6 B.
KaxoBo cootromrerne Ce*" u Ce** B pactBope?

11. Paccuuraiite koHcTaHTy pacTBopuMocTd AgCl U3 cTaHAapTHBIX OKHC-
JIUTETLHO-BOCCTAHOBHUTENbHBIN noTeHnuanos AgCl/Ag u Ag'/Ag.

12. PaccunTaiiTe OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIA IOTEHIIMAN TIOJTY-
peakimu u3 3agaun Ne 11 npu akTUBHOCTH MOHOB XJiopa paBHoit 0,05 M.

13. PaccunraiiTe KOHCTAaHTYy pacTBOPUMOCTH [JIsi cepebpa Opommia,
UCIIONB3YsS CTAaHAAPTHBIE OKHUCIHUTEIbHO-BOCCTAHOBUTEIbHBIE IMOTEHIIUAJIBI
AgBr/Ag u Ag'/Ag.

14. PaccunTaiite (popMasibHBIN OKHCIUTEIBHO-BOCCTAHOBUTENIBHBIN TOTEH-
1yan s mojypeaxiuu npu pH = 2:

H,O, + 2H" + 2e- — 2H,0, E, = 1,77 B.

15. Paccuutaiite (QopMaibHBIi OKUCIUTEILHO-BOCCTAHOBUTENBHBIN TO-
TeHmman st maps E(MnO, /Mn®*) mpu pH = 3.

16. Paccuutaiite QopmMaibHBIii OKUCIUTEILHO-BOCCTAHOBUTENBHBIN TO-
TeHmuan nonypeakuuu npu pH = 6: MnO, + 8H* + 5¢ = Mn** + 4H,0.

17. Paccuntaiite (QopMaibHBI OKHUCIUTEILHO-BOCCTAHOBUTENIBHBIN TO-
TEHUHAJI TOJYPEAKLINU: Fe** +e — Fe?* B 1 M KSCN. CuuTath, 4TO B pacTBO-
pe npeobmanaer komrieke Fe(SCN)s.

18. Paccunraiite (opmanbHBI OKUCIUTEIHHO-BOCCTAHOBUTEIBHBIN I1O-
TEHUHAJ TTOTYpPEaKIIUU: Zn** +2¢ »>Zns 1M NHj;. Cuurartsb, 4TO B pacTBOpe
npeo6agaer komrureke [Zn(NHz)g]™.

58



PA3JIEJ 7
PABHOBECHS B DKCTPAKIIMOHHBLIX CUCTEMAX,
IKCTPAKIIMOHHBIE METO/bI PA3IEJIEHUS
1 KOHIIEHTPMPOBAHUS BEIIIECTB

OKcTpakiuel Ha3bpIBalOT (PU3MKO-XMMUYECKUI TpOIecC pacmpeaeieHus
BEIIeCTBa MEXIYy ABYyMs (ha3zaMi, 4allle BCero MEXAY ABYMs HECMEIIMBAIOIIU-
MUCS KHJIKOCTSIMH. DKCTPaKUMEN TAKXKE Ha3bIBAlOT METOJ BBIACICHMS, pa3fe-
JIEHUSI ¥ KOHUEHTPUPOBaHUs BemiecTB. Ha mpakTuke yaile BCEro mpuMEHHMa
KUJIKOCTHAsI JKCTPAKLMsl, IPEICTaBIAIONIAas COOOM MpoLecC paclpenciieHus
BEIIECTBA MEXKAY ABYMS KUAKUMU (pazaMu.

PaccMmoTpum pacripenesieHne BemecTsa 4 MexAy ABYMsI HECMEIIMBAOIIN-
MUCS )KUJIKUMHU (pa3amMu MPHU MOCTOSIHHOM TeMIiepaType:

A <A

o HEnoJax

OKCTpaKUMOHHOE paclpeieieHUe SBIISIETCSl paBHOBECHBIM IIPOLIECCOM, CO-
OTBETCTBEHHO, MOXET OBITh OMUCAHO C MOMOIIbIO KOHCTAaHT paBHOBecus. [l
OIKCaHUs SKCTPAKIIMOHHBIX MPOIIECCOB UCHOJB3YIOTCS KOHCTAHTa pacipenese-
uus (P°, P) u koaddurment pacnpenencuus (D) Bemectsa.

Tepmoounamuueckas koncmanma pacnpeoenenus (P°) BemectBa A MexIy
(dazaMu SKCTPAKLMOHHON CHUCTEMBI MPEACTABISET COOOM OTHOLIEHUE aKTUBHO-
cTell BeniecTBa A B HEMOJISIPHOM M MOJSAPHON (Pa3ax 3KCTPAKIMOHHOU CUCTEMBI:

PO — a’(A)HCHOJ'I

a(A)
TepMoanHaMuueckass KOHCTaHTa pachpeiesieHusi JaHHOTO BelIeCTBa

B JJAHHOM YKCTPAKIIMOHHOM CUCTEME — BEJIMYMHA MOCTOSHHAS U 3aBUCUT TOJIb-
KO OT TemnepaTypbl. Ha mpakTuke ornpejeneHue U UCIoib30BaHUE TEPMOIMHA-
MUYECKON KOHCTaHThI pacHpeesieHus] BelleCTBa HEYJ0OHO, MOATOMY OOBIYHO
NPUMCHSCTCS KOHUEHMPAYUOHHAsL KOHCmanma pacnpedenenus BemecTBa (P),
paBHasi OTHOIIEHUIO PABHOBECHOM KOHIEHTPALUM pacIpeesisieMoro BellecTBa

B HEMOJISIPHOM (ha3e K paBHOBECHOM KOHIICHTPAIIMU BEIIECTBA B MOJISIPHOU (a3e:

TI0J1

P =4 A HETIOJT (7 l)
—A :
o

KoncTtanTa pacnpeneneHus BElecTBa 3aBUCUT OT MOHHOM CUJIbI B KaXKIOU
daze u oT Temreparypsl. JlaHHas XapaKTEPUCTHUKA UCTIONB3YETCS JIJIsl ONMKUCAHUs
AKCTPAKI[MOHHBIX MPOLIECCOB MPHU YCIOBUHU, YTO PACIPEAEIAEMOE BEIIECTBO J0-
MOJTHUTEIBHO HE YYacTBYET B KaKUX-THOO MOOOUYHBIX Mpoleccax. Ecnu ke sKkc-
TpaKIUsl BEIIECTBA COMNpPSDKEHA C MPOTEKaHWEM MOOOYHBIX peakiuii B (azax
AKCTPAKIIMOHHON CUCTEMBI, TO JIJIsl ONMHUCAHUs Mpoliecca UCTOIB3YIOT K03ghghu-
yuenm pacnpeoeieHus, KOTOPBIA IpeacTaBIseT co00i oTHOIIeHHEe o0el (aHa-
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JUTHYECKON) KOHIIEHTPAIIMU paclpe/esieMoro BellecTBa B HEMOJSPHOU (a3e
K 00111eH (aHATMTUYECKOM ) KOHIIEHTpAIIMY BEIIeCTBa B MOJISIpHOH (aze:

- CA (7.2)
CA '
o
KoadduuuenT pacnpeneneHus BeecTBa SBISAETCS YCIOBHOW KOHCTaHTON
pacripesielIeHus] BeIeCTBa M 3aBUCUT HE TOJBKO OT TeMIepaTyphl U KOHIIEHTpa-
I[IMM BeleCcTBa B (pazaxX dKCTPAKIIMOHHON CHCTEMBI, HO U OT MPUPOIbI M KOHIICH-
Tpaluu JPYTUX pacTBOPEHHBIX BemiecTB, pH u apyrux ¢akropos. Kosdduiment
pacripesielieHusl BeIeCTBa UCIOJb3YeTCs JUIsl yueTa CyMMapHOI'o pacipezene-
HUS BEIIECTBA B 00eUx (azax SKCTPAKIMOHHON CUCTEMBI.
PaccMoTpuM cooTHOIIEHHE MEXAY KOHCTAaHTOW M KO3(PPHUIIMEHTOM pac-
npeneneHus. s B3anMOCBSA3HM 3TUX BEIMYHH UCIIONIb3yeM (hOopMyITy:

A
CA=—,
a

J1

A
rae C(A), [A] — oOmias u paBHOBeCHas: KOHIICHTPAIIUU BEIleCTBA A B TOH WIH
MHOU (aze, 0., — MoJsipHas A0Js pacnpeneisieMon (opMbl BemecTsa A, KOTo-

po€ ydacTByeT B MOOOYHBIX PEaKIMsIX. 3aMEHUM B BbIpakeHUH (7.2) oOlue KoH-
LIEHTpAIM1 BElIEeCTBAa A Yepe3 paBHOBECHBIC KOHIICHTPALIUU U UX MOJILHBIE JI0JIH:

D — A HeTou (X'Anon — P U“Anon (7 3)
o a’AHenon a’AHenon
Tak kak B mpeo0anatomieM OONBIIMHCTBE CIyYaeB IKCTpArupyeMoe Bele-
CTBO Yy4YaCTBYeT B IMOOOYHBIX pEAKIUAX TOJIBKO B MOJIApHOH (ase, To (7.3)
MOYET OBITh YIIPOIIEHO:

D=P-a (7.4)

KoHcranta u ko3 uIMeHT pacrpeiesieHusl BEIIecTBa OMPEesioT WH-
TEHCUBHOCTb 3KCTPAaKIIMOHHOTO Tpoliecca (4eM OoJiblle KOHCTaHTa MU KO3 (-
(GuIUEeHT pachpeesieHnss BEUIeCTBa, TEM IOJHEE SKCTparupyeMoe BeIeCTBO
MEPEXOIUT B HEMOJSAPHYIO (a3y) W MO3BOJSIOT PACCUMTATh TaKME Ba)KHBIE Xa-
PAKTEPUCTUKH KaK CTEMEeHb JKCTPAKIMH, MAKCUMAJIbHYI0 KPaTHOCTh KOHIICH-
TPUPOBAHUS BEIIECTBA U CTCIICHD Pa3/Ie/ICHNUs BEIIECTB.

Cmenenwv sxcmpakyuu, wima cmenets uzsnevenus (R), mpeacrasisier co0oit
OTHOIICHHE MAacChl (XUMUYECKOTO KOJIMYECTBA) BEIECTBA, YKCTPATUPOBAHHOTO
B HEMOJIApHYIO a3y, K oO1iei Mmacce BemiecTBa (001IeMy XUMUUECKOMY KOJIH-
YEeCTBY) BO Bcex (hazax:

R — mHenon (75)
m

CrerneHn OKCTPAKIIUHU MOXKET OBITH BbIpaK€CHA B O0JIAX oo B IMpOLICHTAX.

Anon

0
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[Ipeobpazyem BeipakeHue (7.5), 1715 3TOTO BhIpa3uM OOIIYIO MaccCy Bellle-
CTBa KaK CyMMY MacC BEIIIeCTBa B HEMOJSPHON M MOJSIpHOW (pa3ax IKCTpakIu-
OHHOM CHCTEMBI:

R — HETOJ — CHenon VHenonMA CHCI'IOJ'I VHCI‘IOJ‘I (7 ) 6)

m_+m. C. V. M +C.V. M, C.V._+C.V

HEIoJ HEIOJI HEIoJI T0J° MoJ HEIOJI HenoJl T10J1° 1OJ

YToOBl HaliTH CBA3b MEXKAY CTENEHBIO SKCTPAKIIMM U KOHCTAHTOM pacrpe-
JIeNIeHrsl, He0OX0IUMMO B3ATh OOpaTHbIC BEJIMYUHBI OT JIEBOW M MPaBOil dacTei
BeIpakeHus (7.6):

1 CHel'IOJ'I VHCI’[OH + Cvl'lOJ'l VI'IOJ'I CI'IOJ'I VTIOII VHOJ’I
— = = =14t (7.7)
R CHeHOJ‘I VHCHOH CHel'lOJ'I VHel‘lOJ‘I P ) VHCHOH
BBenem nmoHsTHe coomuowenusi 00vema ¢haz SKCTPAKIMOHHON crcTeMsbl ():
V
r=—to (7.8)

HEMNOJI

Ha mpaktuke, kak mpaBuiIo, MPUMEHSIOTCS JKCTPAKIIMOHHBIE CHUCTEMBbI
¢ cooTHoteHueM oobema ¢az r = 0,1 — 10.
C yuerom (7.8) BeipaxkeHnue (7.7) 3anuiieM B BUJE:

1 rP+r
— =1+ —=—
R P P
Jlanee BbIpa3uM CTENEHb SKCTPAKIUU U MOTYy4UM (popMyTy:
P
R= 7.9
P+r (7.9)
7100 B ciayyae yuera mpoTeKaHusi TOOOYHBIX MPOIECCOB:
Pa
R D aon P (7.10)

D+r Pa,, +r P+L
Amon
Ecnu crenenp 3KCTpakMy Mana, TOOUThCS Mepexona HeoOX0IUMOro KO-
JMYECTBA SKCTPArupyeMoro BEIIeCTBa B HEMOJSPHYIO (Da3sy MOKHO MPUMEHEHHU-
€M MHOTOKPATHOW SKCTPaKIMKU WIH yBeIWYeHHEM o0beMa HEMOJSApHOU (asbl.
KonmuecTBo BemiecTBa, OCTaBIIETOCS TOCTE IKCTPAKIMH B TOJSAPHOM (ase,
OyAeT onpenensaThCs BRIPAKEHUEM:
1-R-1_ P _ P+r—P: r
P+r P+r P+r
[Tocne N-kpaTHOM AKCTPAKIUU KOJIMUYECTBO OCTABILIErOCs BEIIECTBA B IO-
JSIPHOM (paze COCTABUT:

1-R "= (Ljﬂ (7.11)

P+r
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CrnemoBaTenbHO, CTENEHb AKCTPAKIIUU TOCIE MPOBENCHUS N SKCTPaKIHA
OyJzeT paBHa:

n
R =1- Lj (7.11.1)
: P+r
JII/I6O B CJIydac y4dcCTa IIPOTCKaHUA HO6OLIHI>IX IIpoLcCCOB:
n
R =1—|—" ] (7.11.2)
n D+r

[TpoananusupoBaB (opmyay (7.11), MOKHO ciAelaTh BBIBOM, YTO YeM
00JIbIlIEe YHCIIO IKCTPAKIIMM, TeM OOJIbIIE CTENCHb U3BJICUEHUS SKCTPATUPyEMO-
ro BemecTBa. K yBeTWUEHUIO CTEIICHH YKCTPAKIIMN TAKKE€ TMPHBOJIUT YBEIUYe-
HUE o0beMa FKcTpareHTa (00beMa HenoJiIpHOU (¢asbl). OUeBUAHO, YTO YBEIIU-
YEeHHUE YHUCIIA IKCTPAKIUH ABisieTcs 0osee 3(h(PEKTUBHBIM MPUEMOM YBEITUUECHHUS
CTETICHH SKCTPAKIMH BEIEeCTBA, HEXKEIH YBEJIHMUYEHHE O0BeMa SKCTpareHTa.
MHoTOKpaTHAasE SKCTPAKITUS ITO3BOJIICT COKOHOMUTD 3KCTPAreHT, K TOMY Ke TIPH
€€ MPOBEICHUM MPOUCXOJUT KOHLIEHTPUPOBAHUE DKCTPArupyeMoOro BEIIECTBA.
95 % wu3BieUeHUE BENIECTBA B OOJBIIMHCTBE CIIYYa€B CUMTACTCS yIOBIECTBOPU-
TEJIbHBIM, TTO3TOMY B JAJIbHEUINUX pacuerax OyleM HCIOJb30BaTh KpUTEPHUI
MIOJIHOTO BbIJIesieHus BemecTBa R > 95 %.

KonuyecTBeHHON XapaKTepUCTUKOW MPOIECCa KOHIEHTPUPOBAHUS Belle-
CTBa U3 MOJISIPHON (a3bl B HEMOJSPHYIO ABIISACTCS KPAMHOCHb KOHYESHMPUPOBa-
nus (S):

§ = Vo (7.12)

HEII0JI

KpatHOCTh KOHIIEHTPUPOBAHUS COBIAIAET C KOAGHOUIIMEHTOM I

Ucxons u3 xputepusi OJHOTO BhIeneHus BemiectBa (R > 95 %) moxHO
paccyuTaTh MaKCUMaJIbHO BO3MOYKHOE 3HaY€HHE KPATHOCTH KOHIIEHTPUPOBAHUS
AKCTPArupyeMOro BeIIeCTBA. 3aMuileM YpaBHEHUE CBA3BIBAIOIIEE CTENEHb DKC-
TPaKIMK, KOHCTAHTY PACIPEICICHHS U KPATHOCTb KOHIIEHTPUPOBAHMUS:

R= P
P+S
RP+S =P
RP+RS=P
P1-R
S=——
R
[ToxcraBmsast KpUTEPHU TTOJTHOTO BBIACIEHUS BELIECTBA, MTOJIYYaEM:
B P 1-0,95
0,95
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S< P 6o S < b (7.13)
19 19

OCHOBHOI XapaKTePUCTUKON 3()(HEKTUBHOCTH pa3JCICHHUS IBYX BEIICCTB
sBsieTcst pakmop pazoenenus (f):

f-5_D (7.14)
P, D

2

dakTop pasnencHHusl Bcerga Ooiblne 1, TMOATOMY TpU €r0 BBIUYMCICHUU
HEOOXOJMMO PaCCUHMTHIBATH OTHOIIICHUE OOJIbIIEH KOHCTAHTHI (KoddduImeHTa)
pacmpezeneHusi K MeHbIIe. KonmuecTBeHHBIM KpUTEpPHUEM YIOBICTBOPUTEINb-
HOTO pa3JIeJieHus ABYX BEIIECTB SIBJISIETCS Mepexoj]] B OAHYy u3 (a3 He MeHee
95 % BemectBa 1, u He 6osee 5 % BemiecTBa 2.

Hailinem kosinuecTBeHHOE 3HaueHHE (DaKTopa pasleieHus, Mpu KOTOPOM
BemiecTBa | u 2 OyayT MOTHOCTBIO pa3zeneHbl. i 3Toro BeIpa3uM KOHCTAHTY
pacnpenesneuus u3 (7.9):

2

n_ P
P+r
RP+r =P
RP+Rr=P
RP—P =—Rr
P R-1 =—Rr
—Rr Rr
"R-1 1-R

[ToncTaBuM moJiydeHHOE BbIpakeHUe B (popmyny st pacderta dakTopa
pazJielIeHs C Y4ETOM KPUTEPUEB MOJTHOTO Pa3/IeJICHUs BEIECTB:
Rr 0,95r

f z%zl‘Rl >1-095 .19 ;569 (7.15)
2

m Rr — 005r — 1~
1-R, 1-0,05 19

Ecnu ni1st 1aHHBIX BelllecTB HEPaBEHCTBO (7.15) He BBIMOJHAETCS, TO TMOJ-
HOE pa3JieJIeHre Maphbl BEIIECTB B BRIOPAHHON SKCTPAKIIMOHHON CHCTEME HEBO3-
MO>KHO.

VYcnosue (7.15) siBasieTcss HEOOXOIUMBIM, HO HE JOCTATOUHBIM ISl TIOJTHO-
ro pasaeneHus napsl BeuiectB. Eciu kpurepuit (7.15) BbIonHeH, HEOOXOIUMO
JOTIOJTHUTENIBHO YOSIUTHCS, UYTO pa3lesieMbIe BEIISCTBA HAXOATCS B Pa3HBIX
dazax skcTpakiMoHHOW cucteMbl. Hampumep, BemectBo 1 Ha 95 % u Gonee
B HEMOJISIpHOH (hase, a BemecTBo 2 Ha 95 % u 6osee B moJisipHOM dase:

p> Rl 5 09O g (7.16.1)
1-R 1-0,95
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R,r 0,05r _r

, < < <—

1-R, 1-0,05 19

Tonpko IpU OJHOBPEMEHHOM COOJIFOIEHUH BCEX YCIOBUN BO3MOYXHO IOJI-
HOCTBIO pa3sACIMTL 11apy BCIICCTB.

(7.16.2)

IIpumep 7.1. PaccuuTaiiTe KOHIIEHTpaLXIO O€H30Ja B CIIUPTE METUIOBOM,
€CJIM KOHCTAaHTa pacipeaesieHrns 0eH305a B SKCTPAKIIMOHHON CUCTEME H-OKTaH —
CIUPT METUJIOBBINA paBHa 1,2; a KOHIIEHTpalus OeH301a B ¢a3e H-OKTaHA paBHA
0,5 M. PaccuuraiiTe cTeneHb IKCTpaklUUU OEH301a MPU €ro pacHpeeICHUH
mexay 10 mi cnupra metunoBoro u 20 M1 H-okTaHa. Kakoe konn4ecTBo pas
HEOOXOJUMO MPOBECTH IKCTPAKIIMIO, YTOOBI CTENEHb M3BJICUYECHUs O€H301a J10-
cturia He menee 95 %.

Pewenue: Konuentpanuto 6eH3071a B CIUPTE METUIIOBOM MOKHO pacCcuu-
TaTh, UcXoas u3 popmysl (7.1):

A
P — HEMoJ
A noxn
A
A — HEMnoJ
Toa P
_0,5M

CH, =—2==0,417M
1,2

CreneHb 3KCTpakUUU OEH30Ja MOKHO PAacCUMUTaTh, UCMOJIB3YS (DOPMYJIbI

(7.8), (7.9):

R= P
P+r
V

r= T10J1

r:lO MJI 0,5
20 M

1,2
=————=0,7059 mmu 70,59%

1,2+0,5

KonnyectBo skerpakimii onpeneaum mo ¢popmyae (7.11.1):

r n
3 P+r

Jst HaXOXKAEHUST KOTMYECTBA dKCTpaKIuil (N) mpeodpa3yeM mpeabayyio
dbopmyny, a 3aTeM mpojorapupMUpyeM MpaBylO U JIEBYIO YAaCTH MOJYYEHHOIO
paBeHCTBa:
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r n
i
P+r n

n
r
I =lg 1-R
g(P+rj J n

r
nlgl —— |=1lg 1-R
g(P+rj g n

n:Ig 1-R
{5 )
P+r
lg 1-
e g 0,95 _24

Ig 0,5
1,2+0,5

st n3Bneuenus: He Menee 95 % OeH3ona HE0OX0AUMO MPOBECTH 3-Kpat-
Hy10 3KcTpakiuio. [Ipu pacuere HEOOXOIUMOIO KOJWYECTBA SKCTPAKIUN IS
JOCTUKEHHUS 3aJJaHHOW CTENEHU SKCTPaKLMM TMOJIYYEHHOE 3HAYeHHWE N Bceraa
OKPYTJISIETCS 10 IEJIOT0 YKCia B OOJBIILYIO CTOPOHY.

Omeem: xouueHTpauus 6en3ona pasHa 0,417 M; cTeneHb SKCTpaKIUU —
70,59 %; sKCTpakiu HE0OXO0MMO MTPOBOAUTH 3 pasa.

Ipumep 7.2. Paccumtaiite Kod((PUIMEHT M KOHCTAHTY pacHpeeICHUs
KHUCJIOTBI YKCYCHOW MEXIy CIIMPTOM aMHJIOBBIM M BoJoM nipu pH = 5, ecnu cre-
IIEHb DKCTPAKLMHU KUCIOTHI YKCYCHOM IpH €€ dKcTpakuuu 10 M ciupra aMuio-
Boro u3 20 mu Bonbl paBHa 14,13 %. Yemy Oyner paBHa CTENEHb M3BJICUCHUS
npu 3-KpaTHOW 3KCTpakuuu? Yemy paBHa KpaTHOCTb KOHLIEHTPUPOBAHMS KHUC-
JIOThl YKCYCHOW TpU JAaHHBIX ycioBusix? PaccuurtaiiTe MakCUMalbHO BO3MOK-
HYH0 KpPaTHOCTb KOHUEHTPUPOBAHUS KHUCIIOTHl YKCYCHOW B JIAaHHOW 3KCTPAKLHU-
OHHOM cucTeMe npu ee 95 % HU3BJICUCHUU.

Pewenue: PacripenenieHne yKCYCHOM KHCIOTBI MEXIy (azamMu MOMXKHO
ONUCATh CIEAYIOMIEN CXEMOW:

AMMIIOBBIN CIUPT CHg(i(l)OH
I
Bona CH3;COOH ==CH3COO +H"

Paccuntaem K03 GUIIMEHT paciipeeieHus] KUCAOThI YKCYCHOM, UCTIOJB3Ys
dopmyay (7.10):

R= D
D+r
R D+r =D
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RD+Rr=D
RD-D=-Rr
D R-1 =-Rr
D1-R =Rr
_ Rr
T1-R
r=20 MJ'I:2
10 mu
. 1,413-2
~ 1-0,1413

KoadduimenT pacrpeneieHuss 1 KOHCTaHTa PaclpeeICHUsI CBS3aHbI CO-
otHomieHueM (7.4):
D=P-a

a

=0,329

Anon
Anon = a’CHgCOOH

Tak kak KuCJIOTa YKCyCHas MEPEXOIUT B HEMOJAPHYIO (Da3y UCKITIOUUTEIb-
HO B BHJIC HGfITpEU'IBHLIX MOJICKYJI, HGO6XOI[I/IMO paccuuTatb UX MOJIIPHYIO

JI0JTEO B BOJIHOM (haze (cM. pazaen 1):

1 1
Ochacoon = K = 178-10° =0,36
1+ 1+=—7F—
[H] 10
P= D = 0,329 =0,914
o

CH3COOH >

CrenieHpb U3BICUEHUS HaxoAuM 1o popmyie (7.11.2):

ro\" 2 3
anl_( j =l—(—j =0,3667 nm 36,67 %

D+r 0,329 +2
KpaTHOCTh KOHIIGHTpHPOBaHHUs HaxoauM u3 (7.12):
\Y 20 mn
S = 19dF —S= = 2
VHCHOH 10 MH
MaxkcumarbHasi KpaTHOCTh KOHIIEHTpUpoBaHus paBHa (7.13):
5=2 2329 4017,
19 19

Omeem: xo>ddunment pacnpeneneHust paseH 0,329; koHCTaHTa pacmpe-
nenenus — 0,914; crenenp u3BneueHus — 36,67 %; KpaTHOCTb KOHIICHTPUPO-
BaHMS — 2; MaKCUMaJbHasi KpaTHOCTh KOHIIeHTpupoBanus — 0,017,
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IMpumep 7.3. Onpenenute, BO3MOXKHO JIM pa3jesieHHe OCH30J1a U MUpPEHa
B OKCTPAKIIMOHHBIX cucTemax ¢ I = 1:

a) H-OKTaH — 3TUJICHIJIMKOJIb, €CJIM U3BECTHO, YTO KOHCTAHThI pacrpesese-
HUs OeH301a U MUPEHA COOTBETCTBEHHO paBHbI 7 U 12;

0) H-OKTaH — BOJIa, €CJIM U3BECTHO, UTO KOHCTAHTHI pacipeiesicHus OeH30-
Ja ¥ aHTpaleHa coorBeTcTBeHHO paBHbl 200 u 87000.

Pewenue: JIns onpeneneHus BO3MOKHOCTU SKCTPAKIIUOHHOIO pa3AesICHUS
napbl BEIIECTB HE0OX0IUMMO paccunTaTh (GakTop pas3jaeiieHus BemecTs (7.14):

f :5=%=1,71<361

2
Tak kak ycinoBue (7.15), mpu KOTOpPOM MPOUCXOJUT IOJHOE Pa3JIeICHHE
JIBYX BEIIECTB HE BBIMIOJHEHO, CJIEOBATEIILHO, OCH30J M MHUPEH HE MOTYT OBITh
MOJTHOCTBIO PA3/ICJICHbI B SKCTPAKIIMOHHOW CUCTEME H-OKTAH — STUJICHTJIMKOJb.
PaccuutaeMm (dakTop paszzeneHus mapbl BEIIECTB JJisi SKCTPAKIIMOHHON CHU-
CTEMBI H-OKTaH — BOJIa:

g0 _87000_ ,oc a5
200

2
Heobxoaumoe ycinoBue MOTHOTO pa3/ieieHUs Maphbl BEIIECTB BBITIOJHEHO,
IpOBEPsIEM YCIIOBHE HaXOXKICHHUS BEIECTB B pa3HbIX (azax (7.16):

P>19:P <
19

87000 >19; 200 > 1 wi 200 >19; 87000 > i
19 19

O0a BO3MOXHBIX BapHaHTa IOJHOTO Pa3JelIeHUs] BEIIECTB HE yIOBJIETBO-
PSIOT KPUTEPUIO, CIIEOBATEIHHO, OEH301 M TUPEH HE MOTYT OBITh MOJHOCTHIO
paszielieHbl B OJKCTPAKIIMOHHOW CHCTEME H-OKTaH — BOJa C COOTHOIICHUEM
o0veMoB ¢a3 1, BBuay TOro, 4To U O0€H30J, U TUpeH OoJsiee yem Ha 95 % mepe-
X0t B (pa3zy H-OKTaHA.

3ajgaum 1J19 penieHus:

1. PaccumTaiiTe KOHCTAHTY pacrpeeneHus: (IyopeHa B dKCTPAKIIMOHHON
CHUCTEME H-OKTaH — alleTOHUTPWI, €CIM KOHIIEHTpaluu (piiyopeHa B H-OKTaHE
Y alleTOHUTpuUIie cooTBeTcTBEHHO paBHbI 0,0102 M 1 0,0200 M.

2. Paccuutaiite ko3 dunreHT pacupeneyieHus ¢GeHoa B SKCTPAKIIMOHHON
CUCTEME OKTaHOJI — BOJIa, €CJIM KOHIIEHTpalluu (peHos1a B OKTaHOJIE U BOJIE COOT-
BeTCTBEHHO paBHbI 0,355 M u 0,05 M.

3. PaccunraiiTe KOHCTAaHTy pacmpeaeiieHus HadTaTuHa B YKCTPAKIIMOHHOM
CUCTEME H-OKTaH — IUMETUI(OpMaMHI, €CITU W3BECTHO, YTO KOHIICHTpAIUs
HadTanuHa B ¢aze H-OKTaHa 70 dKcTpakimu Obuia paBHa 0,45 M, a mocnie sKkc-
Tpakuuu B 310 xe Ppaze — 0,1 M.
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4. PaccunTaiiTe KOHIEHTPAIMIO alleTOHa B JuMeTuidTanaTe, eciau U3BecT-
HO, YTO KOHI[CHTPALWS alleTOHA B H-OKTaHE cocTapisieT 510 M, a KOHCTaHTa
pacripeneneHus aleToHa B IKCTPAKIIMOHHOM CUCTEM H-OKTaH — AUMETHI(Tanar
paBHa 0,19.

5. PaccunraiiTe KOHCTaHTY pacrpejiesieHHs OKTaHOJa B 3KCTPaKIIMOHHOMN
CHUCTEME TOJIYOJl — BOJA, €CJIH M3BECTHO, YTO MPHU MPOBEICHUH SKCTPAKLHUU U3
100 M BomHO# (ha3sl 10 Mt TOMyosa CTENEeHb SKCTPAKIIMKA OKTAHOJA COCTaBIIsA-
et 94,68 %.

6. PaccunTaiiTe Ko3hUIIMEHT pacnpeiesICHUsT KHCIOThI OKTAHOBOM B JKC-
TPAKIMOHHON CUCTEME TOIYOJ — BOJAA, €CIIU MPH SKCTPAKLUHU 25 MJT TOJIyosa U3
125 M BogHO#M (a3bl B Tomyoln nepexoauT 93,75 % kucioTsl okTaHoBo#. Pac-
cuntath pH BoaHOM (a3bl, €cau KOHCTaHTa paclpeIeIeHUs KUCIOThl OKTaHOBOM
B DKCTPAKIIMOHHOM cucTeMe TOIyoJl — BoJia paBHa 83, a pK, = .

7. PaccunraiiTe cTEeNeHb SKCTPAKLUU KUCIOTHl OEH30MHON B SKCTPaKIMOH-
HOI1 cucteme Toyon — Boga: A) npu pH = 2; B) npu pH = 10, eciiu koHCTaHTa
pacnpeziesieHusl KUCIOThl OEH30MHOM B JaHHOW cucTeme paBHa 1,5; 06beM op-
raHudeckoit ¢asel cocrapnger 10 mii, a 00bem BogHON (hazel — 100 mit.

8. Paccuuraiite , yeMy paBHa MOJSIpHas J10Jis1 O€H30aT-aHHOHA, €CIIM IpU
skctpakuuu u3 30 mu BogHoM (as3el B 10 mit Tomyona nepexoaut 28,57 % kuc-
noTel OeH3oMHOM. KoHcTaHTa pachpenesieHus] KUCIOThl OCH30MHON B JaHHOM
cucremMme pasHa 1,5.

9. Onpenenure 0o0beM OpraHMYecKOi (a3bl, HEOOXOAUMOUN AT U3BIIEYe-
Hust 95 % kuciotsl okTaHoBou u3 20 M1 BogHoro pactBopa npu pH = 1. Kon-
CTaHTa PACIpPECICHUSI KHUCIOThl OKTAHOBOW B JKCTPAKIIMOHHOM CHCTEME
H-OKTaH — BOJIa paBHa 83, I KUCIOTHI OKTaHOBOM pK, = 5.

10. Paccuuraiite nuanazon pH BogHO# (a3bl, B KOTOPOM CTENEHb JKC-
Tpakiuu (eHoma Oomabie 95 % B AKCTPAKIMOHHOW CHCTEME JTHUATUIIOBBIN
s¢up — Bona. Koncranra pacmpenenenus ¢enona paBHa 44, COOTHOILIEHUE
o0beMoB (pa3 mpuHATH paBHBIM 1. Kak momxen m3amenutscs pH BogHOM (asbl,
4TOOBI MIPU COOTHOIIIEHUU 00BeMOB (a3 0,1 creneHs dKCTpakiuu PpeHomaa ocra-
J1aCh MPEKHEN?

11. Paccuuraiite koappuumeHT pacnpeaeneHus Tpustuiaamuta npu pH = 6
B DKCTPAKIIMOHHOM CHCTEME TeTpaxJOpMETaH — BOJIA, €CIIU M3BECTHO, YTO KOH-
CTaHTa pachpeacNieHus] TPUITHIAMUHA B JAHHOW JKCTPAKIIMOHHOW CHCTEME
paBHa 14, a cooTHOIIeHHEe 00BeMOB (a3 paBHo 0,1.

12. Yemy paBen pH BoaHo# (a3bl, eciid Mpu SKCTPAKIMU TUPPOJIHINHA
B H-oKkTaH (100 mu) u3 10 mu BoxHOHM (a3bl CTENEHb M3BJICYEHUS COCTaBUIIA
5 %. KoHcranTa pacnpenenenust nuppoiauanHa pasaa 0,052?

13. Paccuwnraiite pH BomHoi#l ¢a3bl, HeoOxoaumyto 11t 99 % wu3BneueHus
8-OKCMXMHOJIMHA B 3KCTPAKIIMOHHON CUCTEME TeTpaxJopMeTaH — BOJa, €CIIU U3-
BECTHO, YTO KOHCTAHTA paCIpeesICHUs s 8-OKCUXUHOJIMHA paBHA 352, 00beM
UCIIOJIb3yeMOi opranndeckoi $hazsr — 20 mi1, a BOAHOW — 5 ML
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14. Yemy paBHa CTENEHb U3BJICUECHUSI [NIUIIMHA TPU TPOBEACHUH 4-KpaTHOM
sKcTpakuuu nopuusmMu o 10 mi stanona u3 50 mMul BOJHOTO pacTBopa IpH
pH = 6, ecniu koHcTaHTa pacnpenenenus pasHa 0,002? Jlnsa rmununa pK, = 2,34,
pKy = 9,77.

15. CkoibpKo pa3 HEOOXOAMMO MPOBECTU IKCTPAKIIUIO Mpu oMoty 100 mu
H-oKTaHa, 9To0sl 3 10 mur JIMCO uzBneus He MeHEE 99 % Xpu3eHa, KOHCTaHTa
pactipeneneHus kotoporo pasHa 0,117 PaccunTaiite cTeneHb 3KCTPAKIUKU XPU-
3eHa rmocJe npoBeaeHus 10-kpaTHOM IKCTPaKIIUH.

16. Ilpn kakoM MUHHMAaJIbHOM 3Ha4eHUU pPH BO3MOXKHO TOJTHOE pa3ieeHne
KHUCJIOThl OKTAHOBOW M CHMPTA OKTHJIOBOTO B 3KCTPAKIIMOHHON CUCTEME TOJIYOJI —
BOJIa, €CJIM KOHCTAHThI paclpe/IeJICHUsI KUCIOTh OKTAHOBOM U CIIUPTA OKTHIIOBO-
r'o COOTBETCTBEHHO paBHbI 83 1 178, a cooTHOIeHNe 00beMOB (a3 — 0,17

17. BO3MOXHO JIM TOJHOCTBIO pa3/ieNTh M30MEpPhI: MEPWIEH U o, o'-IH-
HaTUI B DKCTPAKIIMOHHON cucTeMe H-OokTaH — JIM®DA, ecnu KOHCTaHTHI pac-
npeelieHUs MepujieHa o, o'-TuHadTHIa cCOOTBEeTCTBEHHO paBHbI 0,05 1 0,17

18. Kakyio 3KCTpakIMOHHYIO CHCTEMY HEO0OX0IUMO MCTOIB30BaATh It 00-
Jee TMOJHOro paszjesieHuss HadTamuHa W aHTpaleHa: H-okTtaH (10 mu) — 9TH-
aeHrMKob (20 M) unu H-okTtaH (10 mur) — metanoan (50 MuT), eciau U3BECTHO,
yro B mepBoil cucrteme P(antpanen) = 15, P(madramun) = 9,5; a Bo BTOpOI
cucreme P(antpanen) = 2,1; P(napramun) = 1,2? Paccuunraiite cTeneHsb u3BIie-
YEHUs BEIIECTB B HEMOJSIPHYIO a3y B 00€MX 3KCTPAKIMOHHBIX cucTeMax. Bo3-
MOYHO JIM TIOJTHOCTBIO Pa3Ae/uTh JaHHYIO Mapy BEIIECTB B KaKOW-TU0O0 U3 MpU-
BEJICHHBIX IKCTPAKIIUOHHBIX CUCTEM?

19. Bo3MOXXHO JT1 CKOHIIEHTPHUPOBATH B 3 paza THOPOMBEPATPOII, €CIIH €ro
KOHCTAaHTa paclpeieieHus B 3KCTPAKIMOHHON CHUCTEME H-TeNTaH — alleTOHUT-
puin paBHa 0,167

20. PaccunTaiite KpaTHOCTh KOHIICHTPUPOBAHUS CIIUPTA TENTUIOBOTO TPH
ero skctpakiuuu 10 mu H-okTaHa U3 200 mu1 BOJbI, KOHCTaHTa paclpeieCHUs
CIIMPTa renTHIOBOro paBHa 42. OLUeHNTE MAKCUMAIbHO BO3MOXXHYIO KPATHOCTD
KOHIICHTPUPOBAHUS CIIUPTA TENTUIIOBOTO MPU €r0 KOJTMYECTBEHHOM H3BJICUEHHUH
B (ha3y H-OKTaHa.

21. Koncranra pacnpenenenust Hgl, B skcTpakiimonHoi cucreme O€H3011 — BO-
na paBHa 45,7. Paccuurats koaddurent pacnpenenenus Hgl, B maHHOM SKCTpak-
IMOHHOW cucTteMe. PaBHOBeCHast KoHLeHTpamms Woaua uonoB pasHa 0,1 M. Ilpu
AKCTPAKIMU B OPraHNYECKYIO (pa3y nepexoAuT TOJILKO HEUTPATbHBINA KOMILIEKC.

22. PaccunTaiiTe KOJIMYECTBO IKCTPAKIUI, HEOOXOAUMBIX JIJIsl TIOJTHOTO M3-
BJIeueHusi kaamusa B Bujae komiuiekca Cdl, B AudTHIOBBIN Adup, ecau paBHO-
BECHasl KOHIIEHTpAaIMs HOIUI-MOHOB B BoaHOU (pase paBHa 0,01 M, koHCTaHTa
pacnpenenenusi komriekca Cdl, B maHHOW SKCTPAaKIMOHHOW CHCTEME paBHA
500, a pH Bognoii ¢a3zer — 10. PacueT nmpoBecTH ¢ yaetoM u 6e3 yuera oopa3o-
BaHUS THUAPOKCOKOMITJIEKCOB Kaamusi B BogHOU (paze. CooTHOIIEHHE 00HEMOB
¢a3 npuHaTh paBHbIM (,5.

69



23. Ilpu uzyuenuu pacmnpenenenus kuciaotel HA mexay 10 mn H-renTaHa
u 50 mu BogHOro pactBopa npu pH = 5 koHCTaHTa pacmpeneneHus KUCIOThI
okazanack paBHa 500, a k03pdUIIMEHT pacnpeereH!s] B JaHHBIX YCIOBUAX —
120. PaccuuTaiite nokazareiab KOHCTAHThI KUCIOTHOCTH KUCIOTHI.

24. JIns ompeneneHusi KOHCTAHTBI paclpeeieHusl aHTpaleHa B AKCTpak-
IIMOHHOW CHUCTEME H-OKTaH — JUMETHICYIh(OKCH T Oblla N3MEpEeHa ONTHYECKas
IJIOTHOCTh OKTAHOBOW (pa3bl, coaepKallell aHTpaleH, A0 U MOCie MPOBEICHUS
DKCTPAKLWH MPU JJIMHE BOJHBI 375 HM M TOJIIMHE NOTJIOMIAOIIEro ¢jios 1 cm.
Onrtuueckas MIOTHOCTh pa3zbaBiieHHoro B 100 pa3 oKTaHOBOTO pacTBOpa aHTpa-
[eHa /10 IKCTpakiuu coctaBmia 0,563, a ontuyeckasi INIOTHOCTH Pa30aBICHHOTO
B 30 pa3 OKTaHOBOTO pacTBOpa aHTpareHa nocie skcrpaknun — 0,536. Paccun-
TalTe KOHCTAHTY Paclpe/IeiCHNs aHTPAllCHA B TAHHOM 3KCTPAKLIMOHHOM CHCTEME.

25. Jlns onpesienieHUs] KOHCTaHThI pacipeiesieHus AUITHIAMUHA B DKCTpakK-
IIMOHHOM CHUCTeME H-TenTaH — TteTpadropbopar 1-OyTwimupuanHust ObUIO MPOBE-
JIEHO OIpEAENICHNE KOHUEHTPAlUU IUATUIAMHUHA B H-OKTaHE A0 U MOCIIE SKCTPaK-
IMA C TIOMOIIBI0 KHCIOTHO-OCHOBHOTO TUTPOBaHUSA, ISl TUTpPOBaHHUS | M
pacTBopa AUATUIAMHUHA 10 SKcTpakiuu 3arparuiu 2,40 mut 0,1 M consiHOM KucTo-
ThI, @ HA TUTpOBaHKE | MJI pacTBOpa JUATHUIIAMUHA ITOCIE AKCTpakiuun — 1,54 mi
0,1 M cossiHOM KUCOTBL. PaccunTaTh KOHCTAHTY paCIPENEICHNs TUITUIAMUHA.

26. Kakum o6bpeMoM KepocrHa HaZo 00paboTats 1 TOHHY BOJBI U3 HEPTA-
HOM CKBaXXWHBI, coaepkamiei 10 Mr/n oga, 4ToObI Coiep’KaHUE €ro B CTOYHOM
BOJIE TMOCJE SKCTPAKIHUH COOTBETCTBOBaNO TpeboBanusm I[IJIK 0,01 wmr/n?
Koaddumment pacnpeaenenus ioga pasen 2500.

27. Kakoe MUHUMAaIbHOE 3HAYEHUE JOJPKHA UMETh KOHCTaHTa pacrpesese-
HUSI BeIeCTBa, obecnieunBaromias 95 % skcrpakmuio BemiecTa u3 20 M1 BOJIHO-
IO pacTBOpPa SKCTPAKLIHUEH:

A) oaHoil nopuueit H-rentada no 200 mu;

b) narero noprmsamu H-rentasa o 10 miu?

28. KoncranTa pacnpeaenenus 2,4-muMetusadeHona B CUCTEME TOIYON —
Bojia paBHa 30. Paccuurarh HeoOXoAuMbI 00beM Toyosna st 95 % usBieue-
Hus 2,4-mumerwidenona n3 100 mu BogHou dasel npu pH = 10. Hdnsa 2,4-nu-
Metundenona pKa = 10. Paccunraiite konuecTBO dKCTpakimit 11 95 % u3Biie-
YEHUS HKCTPArupyeMOTro BEIIECTBA 5 MJI TOJIyOJia TPU AaHAJIOTMYHBIX YCIOBHSX.

29. K 50 M pactBopa, coaepxkamiero 0,01 M Cu2+, no6aBunu 20 mi pac-
TBOpa KHUCIJIOThl KapOOHOBOI B OeH3oJie, u 1oBenu pH 10 4, npu KoTopoM K03 (-
¢dunment pacnpenenenus meau paBeH 500. Haiiaure creneHb SKCTpaKIUM
Y KOHIICHTpPAIIMIO MEIU B OpraHuuecKkoi (ase.

30. Paccumraiite koa(pduiineHT pasneneHus MEA U MarHusl MPU UX DKC-
TPaKIMKA B BUJE KOMILJIEKCOB C 8-OKCUXUHOJIMHOM B XJOPOGOPM, €CITU MCXOI-
Has KOHIICHTPAIUS MEIH B 5 pa3 OOJIbIlIe NCXOIHON KOHIIGHTPAIIMU MarHus, Co-
oTHomeHre o0beMoB ¢a3 paBHo 0,1; a cTenmeHU PKCTPAKIIMA MEIAW M MarHus
cootBeTcTBeHHO paBHBI 92,00 % 1 20,00 %.
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_ PA3JIEJIS
TPABUMETPUYECKHUI METO/Jl AHAJIN3A, TPOBOOTEOP,
MPOBONOJATOTOBKA

['paBUMeTpUYECKUI METOJ aHalIM3a SBJIAETCS KOJIMYECTBEHHBIM METOIOM
aHalIM3a, OCHOBAaHHBIM Ha MU3MEPEHUH MacChl HICKOMOIO BenlecTBa. B rpaBumer-
pPHUU BBIIEISIOT TPY METO/1a: OTTOHKH, OCAXKICHHSI U BbIICICHUS.

['paBUMeTpHUYECKHE METOJBI NPUMEHSIOT peako. OCHOBHOE MX JOCTOMH-
CTBO — HCKJIIOYACTCSI TMOCTPOCHHE KaIMOPOBOYHBIX TPaPUKOB (MOCTpPOCHHUE
rpaduka mpu aHaqIM3e MHOTOKOMIIOHEHTHBIX CMECEW 3aTPyAHUTEIBHO U3-3a He-
BO3MOYKHOCTH HPUTOTOBJICHHS] CTaHAAPTHOM CMECH, TOYHO MOJEIUPYIOIIEH
npoOy, He 3Has 3apaHee cocTaBa IpoObl). ['paBUMETpUYECKUE METOJIbI IpUMeE-
HSIOT B KayecTBE apOMTPa)KHBIX NPHU OIpPEIEICHUU MAarHusi, HaTpHs, KpeMHe-
KHCJIOTBI, CyJIb()aT-uOHOB U T. 1.

IMpumep 8.1. Kakoit MakcumanbHbIi 00bEM BOJIBI MOKHO HCIOJIb30BaTh
U IpoMbiBanmst cBexeocaxaerroro Ni(OH),. K =2-10",

Pewenue: TOYHOCTP I'PaBUMETPUUECKOIO0 aHAJIM3a COCTABIISET 1-110* r.
CrnenoBaTelbHO, TTPU MTPOMBIBAHUH 0CaJIKa BOJAOW PaCTBOPUTKLCS TOJDKHO HE 00-
nee gem 1-107* .

ITo popmyie (5.1) paccunraem pactBopumocts Ni(OH), B BosC:

-15
S =m+n KS =3 2-10
\' m™n"

11 . 22
BsusicanM, ckombko Moneit Ni(OH), mpuxomurest ma 1-107 r. Jlnst storo

BeIuuCIUM MosipHyto Maccy Ni(OH),:
M =59+17+17 =93 r/mMmonb

Ni(OH),

n=m _0.0001_, hoe 4o,
M 93

B 1 murpe pactBopsiercs 7,9-10°° momb Ni(OH),, a B x muTpax pacTBOpsieT-
cst 1,1-10° mos Ni(OH),.
[NomygaeM mponopiuio, U3 KOTOPOW HAXOAUM UCKOMYIO BEJIMYMHY 00beMa X'

=79 .10 % momm/n

1 7910°
x 1,075-10°

-6
x:%:&ﬂe .

Omeem: ocaiok MOXKHO MPOMBITE 0,136 11 BOJIBI.

IMpumep 8.2. K BogHOMY pacTBOpY KHUCIOTHI XJIOPUCTOBOJOPOTHON 00Bbe-
MoMm 10 M mpubaBmim cepedbpa HutpaT. Macca ocaaka coctasmia 0,0861 r.
Omnpenennure MacCoBYIO JOJIFO KUCIOTHI XJIOPUCTOBOJOPOIHOM U €€ KOHIIEHTpa-
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IIUI0O B MCXOJAHOM PAaCTBOpE, €CIU IUIOTHOCTh PacTBOpPA KUCIOTHI XJIOPUCTOBO-
nopoaHoi pasua 1,015 r/em’,
Pewienue. I"'paBUMeTpUYECKUI aHATT3 B JJAHHOM 3a/1a4€ OCHOBAH Ha PEaKIHH:
Cl +Ag" 0 AgCl|
CrnenoBatesibHO, CKOJIBKO MOJIEH ocajika 00pa30oBajgoCh, CTOJIBKO K€ MOJIeH
KHUCJIOTBI XJIOPUCTOBOJOPOJHOM IMPUCYTCTBOBAIO B pacTBope. Haiinem monsip-
HYIO Maccy cepedpa XJI0opuaa U BEIYUCIUM €ro XUMUIECKOE KOJIMIECTBO:

M(AQCI) =35,5 + 108 = 143,5 r/moib

m 00,0861 B
N=—-=—"">"=6-10"Mo0b.
M 143,5
KoHIIEHTpaIys KMCIIOTHI XJIOPUCTOBOJOPOIHON — 3TO OTHOIIEHUE XUMH-
YeCKOTo KOJMYECTBA COJISAHOM KHUCIIOTHI K €€ 00BEMY:

c Hel =N _ 0,0006
V 0,01

I[J'Ifl TOT'O YTOOBI HAMTH MacCCy KHCJIOTHI, HGO6XOI[HMO pacCunuTaTh MOJEIPHYIO

Maccy KHCJIOThI U YMHOMKHTb IIOJTy4€HHOE 3HaUE€HNE Ha XMMHYIECKOE KOJIMUECTBO:
M, =1+35,5=36,5 r/moins

m,, =M, N, =0,0006-36,5=0,0219 r

HpI/I HN3BCCTHBIX INNIOTHOCTH pPACTBOpAa M Cro 00BbeEMEe MOKHO pacCuUnuTaTb
Maccy pacTtBopa, a U3 HEC U MAaCCOBYIO JIOJIIO.

= 0,06 mop/m.

M pa =Pppa *Vppa =10,15T
m

O = = 00219 _ 6,00216 mma 0,216 %
m 10,15

p-pa

Omeem: KOHIICHTPALIUS KUCIOTHI XJIOPUCTOBOAOPOAHOM paBHa 0,06 MOb/JI;
maccoas o 0,00216 wmu 0,216 %.

MaccoBas 71071 B 0011I€M ClTydyae pacCUUTHIBATHCS CICTYIONIUM 00pa3oM:

_ mpaCTB. B-Ba (8 1)

acCTB. B-Ba
’ My-pa

3agaum 1719 penieHus:

1. K 1 r marnus cynbdata kpuctamtoruaparta npudasuiu 2 mu 1 M HCI,
pPacTBOpP HArpesH 10 KUIEHUS U K TOpPSYEMY PacTBOPY MPHU MOCTOSHHOM Iepe-
MemmBanuu npudasmwin no kamwism 20 vt 0,25 M BaCl,. ITonmydeHHBI pacTBOp
C OCaJKOM CHOBa HarpeBaju 10 kuneHus. [locie oTaeneHust U BhICYLIMBAHUS
ocazka ero macca (BaSQO,) cocraBmia 0,7 r. YuuTbhiBas, 4To 00pasei COACPKUT
Tobko nBa kpuctammoruapara (MgSO, 7H,O u MgSO,-12H,0), paccuuTaiite
COOTHOIIICHHE (POPM KPUCTAJUIOTHApPATa B TIpooe.

2. Ilpu npokanuBanuu 1 r cepedpocoaepk aliero KOUIOUIHOTO pacTBOpa
JIEKapCTBEHHOT'O Cpe/ICTBa (IIPOTaproJi, KOJIaproJi, CTabuiIn3aTop — OpraHuye-
CKHE€ BEIIeCTBA) C MOCJEMyIoNel 00pabOTKOM M30BITKOM KHCIOTHI a30THOM

Q)
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U ocaxxneHueMm cepedpa nmyrem oopabotku NaCl Obu10 momyueno 0,6 T ocanka
(mocne COOTBETCTBYIOIIETO BhICYIIMBaHUA). PaccuuTaiite conepxkanue cepedpa
(B mepecueTe Ha METALTUYECKOE) B JICKAPCTBEHHOM CPEJICTBE.

3. PaccuunTaiiTe MaccoByIO JIOJIIO CEPbl B HABECKE aHAIM3UPYEMOTO JIeKap-
CTBEHHOTO cpejicTBa ¢ Maccoit 0,7245 r, ecnu B pe3ysbTaTe I'PaBUMETPUUECKOTO
aHanm3a Macca O6apus cynbdara cocraBmia 0,4545 r.

4. K BOgHOMY pacTBOPY KHCIIOTHI cepHOIl 00bemMoM 10 mMi1 gobaBuin XJio-
pua Oapus. Macca ocagka cocraswia 0,5913 r. Onpenenure MacCoByO J0JIO
KHUCTIOTHI CEpHOM M KOHILIEHTPALMIO KUCJIOTHI CEPHON B HAa4YaJIbHOM PacTBOPE,
€CJIY IUIOTHOCTh PacTBOpaA KUCIOTHI cepHord — 1,015 /em’.

5. Ckonpko MUITUIMTPOB 2 % pacTBOpa HUTpaTa cepedpa HEOOXOAMMO
B3STh IS KOJIMYECTBEHHOTO OCaXKJeHusl xjopuaa cepedpa uz 100 ma 0,05 M
pactBopa NaCl?

6. Cxosibko TpaMMOB Oapuisi OyZIeT MOTEPSHO 3a CYET PACTBOPUMOCTH TIPU
ocaxkaenuu u3 100 mu 0,05 M pactBopa Oapus xJiopuaa: a) 5KBUBAJIEHTHBIM KO-
JMYECTBOM KHUCJIOTHI CEpHOH; 0) TBYKPATHBIM U30BITKOM.

7. CKoJIbKO TpaMMOB cepebpa xJiopujia OyJeT MOTEPsIHO IPU MTPOMBIBAHUH
ocajgka 00pa30BaHHOIO B XOJI€ TI'PaBUMETPUUECKOIO OINpeiesieHus: cepedpa:
a) 200 mu1 Boasr; 6) 100 M 0,05 M pacTBopa aMMoHHMSI XJI0pHia?

8. Kakoit MmakcuMasibHBI 00beM BOJIBI MOKHO HCITOJIB30BATh IS TIPOMBI-
BaHus 0,1 T kanpuus kapOoHarta?

9. OmpenenuTe MaCCOBYIO JIOJIO MMPUMECH HATPUS XJIOPUIA B HATPHUSI HUTpa-
T€, €CJIU U3BECTHO, YTO U3 MPOOKI B 5 T Ob1T0 nosrydeno 0,056 T cepebpa xiaopua.

10. Onpenenute MaccoBYIO IOJIO Biard (BOJbI) B oOpasiie KaJbIUsS XJIO-
puaa, eCiu MpU TPaBUMETPUUECKOM aHaimu3e | r HaBeCKH macca 0O0pa3oBaBIlIe-
rocs cepedpa xjopuaa okazaiachk paBHoi 0,8 T.

11. JIns ompenenieHrs conep KaHusi allFOMUHUS B JIEKAPCTBEHHOM CPEJICTBE
B KaueCTBE OCAUTENs] MOHOB AIFOMUHUS M3 PACTBOPA MCIOJIB3YIOT 8-OKCUXU-
HoyivH. Ornpenenure colaepxkaHue anomMuHus B nepecuere Ha Al,O; B nekap-
CTBEHHOM CpeJICTBE, eciiv U3 1 T ero nomydeno 0,88 r ocaaka.

12. 0,74 T OpraHUYECKOTO COEIMHEHUS! COCTOSLIETO M3 KUCIOPOJa, BOAO-
poza u yriiepoja coxriv B kuciopone. [lonydeHHyro ra3oByo cMech cCHaudasa
MPOIYCTUJIM YEpe3 PacTBOP M3BECTKOBOM BOJbBI, a 3aTEM 4epe3 CUJIUKAreb.
Macca pactBopa Ca(OH), yBenuuunach Ha 1,76 T, a Macca cuiauKarejsi — Ha
0,90 r. PaccuuTaiite NpoIEHTHOE COJIEP>KAHUE DJIEMEHTOB B COCIMHEHUU, MPU-
BeuTe OpyTTO-POopMYyITy.

13. Kakyro HaBecky nuputa, coaepxariero 30 % cepbl, HCOOXOAMMO B3STh,
4yTOOBI Macca 6apus cynbdara cocrasmia 0,5 r?

14. Kakyro maccy kene3Hoil mopojsl ¢ coaepkanuem sxenesa 40 % HeoO-
XOJIUMO B3$Th, 4T00bI TONTy4nTh 0,2 T Fe,03?

15. Kakoii 00beM KHCIOTBI cepHoil (oTHOCTh 1,24 r/cm®) motpeGyercs
11t mepeBojia 0,5 T KaJblus OKCHAA B CybGat?
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PA3BJAEJTY9
QJIEMEHTBI MATEMATUYECKOU CTATUCTUKHA
(mnsa Bcex mpumepoB o = 0,05)

Cratuctuueckas o0padOTKa 3KCIEPUMEHTAIBHBIX JaHHBIX MPOU3BOAUTCS
C HUCIIOJb30BAHUEM ITPaBUJI MaTEMAaTHUYECKOW CTaTUCTUKU. Ha HavaibHOM 3Tamne
00pabOTKH JTaHHBIX HEOOXOJUMO MPOBECTH BBISBICHHUE UM UCKIIOYCHHUE TPyObIX
MOTPEUIHOCTEN B MOJYYEHHBIX 3KCIEPUMEHTAIBHBIX JAHHBIX. BhIsIBIECHUE NpO-
MaxoB B BEIOOpKaxX Majoro oobeMa MmpoBOAMUTCA ¢ TOMOIIbI0 Q-Kputepus (Tecta
Jukcona). B cnydae ecnum paccuMTaHHAs BEIUYHMHA 3KCIEPUMEHTAIBHOTO
Q-Kputepus MpeBbIIIaeT KpUTHIECKOE 3HaueHne Q-Kputepusi, TO OABEpraeMoe
IIPOBEPKE SKCIEPUMEHTAIBHOE 3HAUYECHHE SBILIETCS NPOMAaxoM, B IPOTUBHOM
CJIydaeM 3HaY€HUE SIBIISIETCA CTATUCTUYECKH JOCTOBEPHBIM.

IIpumep 9.1. B pesynbTaTe omnpeneieHus] KOHIEHTPAIUU JeHCTBYIOIIETO
BEIIECTBA B MHBEKIIMOHHOM JICKAPCTBEHHOM CPEJICTBE TUTPUMETPUUYECKUM MeE-
TOJOM OBUIH TOJTY4YeHBI caeayromnue 3Hauenus: 0,0122; 0,0124; 0,0110; 0,0123;
0,0126; 0,0154; 0,0125 (mMomaw/n). IIpoBenuTe CTaTUCTHYECKYIO O0OpabOTKY pe-
3yJbTaTOB U3MEPEHUIL: TP HEOOXOMMOCTH UCKIIIOUUTH IPOMAaXH, pacCunTaiiTe
TPaHUIbl JOBEPUTEIHHOTO MHTEpPBAJIA CPEIHETO, OTHOCUTEIIBHOE CTaHJIapTHOE
OTKJIOHEHHE PEe3yJIbTAaTOB aHAJIN3a, a TaKXKe CTaHJAPTHOE OTKIOHEHUE BHIOO-
POYHOTO CPEAHETO.

Pewenue: Paccuntaem sKCniepuMEHTAIbHOE 3HaueHue Q-kputepws ¢ Iie-
JBbI0 BBISIBIICHHS TTpoMaxoB. [locTpouM BapuallMOHHBIN psii U3 AKCIEPUMEH-
TQJIbHBIX 3HAUYCHUW KOHIICHTpAIlMi JICKAPCTBEHHOI'O BEIIECTBA, PACIOJI0XKHUB
naHHble B mopsiake Bozpactadus: 0,0110; 0,0122; 0,0123; 0,0124; 0,0125;
0,0126; 0,0154.

Benuuuny Q.. paccuntaem no popmyiam:

Q. =% 9.1)
X, — X

Q3KCH = Xn — Xn_l (9.2)
X, =X

®opmyna (9.1) ucnonp3yeTcss mpu MPOBEPKE HA MPOMaX MHUHUMAIbHOTO
3HaYeHHUs U3 BBIOOPKH, popmyia (9.2) — MaKCHMaIbHOTO.

B MOJy4YeHHBIX SKCIIEPUMEHTAJIBHBIX JaHHBIX MUHUMAJIbHOE W MAaKCH-
MaJbHOE 3HAYEHUS 3HAYMTEIBHO OTJIMYAIOTCA OT OCTaJIbHBIX BAPUAHT U MOTEH-
LUAJILHO SIBJSIOTCS MPOMaXaMH.

[IpoBepuM MuHHManbHOE 3HadeHUe. [l 4ero paccuurtaeM 3KCIIEPUMEH-
TajgbHOE 3HaUeHue Q-KpUTepus:
~0,0122-0,0110 _

Quen = 0,0154-0,0110
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CpaBHUM MOJYyYEHHOE 3HAYEHUE C KPUTUUYECKUM 3HaueHueM Q-Kpurepus.
Haxoaum manHoe 3HaueHue no tadmnwuie (cMm. npui. 8). [Ipu oObpaboTke pe3yb-
TaTOB XMUMHYECKOTO KCIEPUMEHTA, KaK MPaBUIIO, UCIOIb3YETCS JOBEPUTEIb-
Hasg BeposITHOCTH 0,95 munm yposens 3HaunmocTH 0,05. Kputnueckoe 3HaueHHe
Q-xputepus Juisl JaHHOTO ciydas (N = 7 — KOJIMYECTBO MPOBEJECHHBIX U3Mepe-
Hui) paBHo 0,51.

[Ipu cpaBHEHHH PKCHEPUMEHTATBHOTO U KPUTHUECKOTO Q-KpUTEpHEB TO-
Jy4aeM HEPaBEHCTBO:

Quen < Qe
CnenoBarenbHo, 3HadueHue 0,0110 He siBIgETCA MpOMaxom.

HpI/ICTYHaeM K ITPOBCPKC MAKCUMAJILHOI'O 3HAYCHUA U3 BI)I60pKI/II
©0,0154-0,0126 _

QaKcn - - 0’ 64
0,0154-0,0110

Qe =0,91

Q3I(CH > QKpP[T

CnenoBarenbHo, 3Hauenue 0,0154 sBiseTcs mpoMaxoM U €ro HeOOX0IUMO
UCKJIIOUUTD U3 ajibHENel o0paboTKH TaHHBIX.

Crpoum 3anoBO BapumanumoHssli psa: 0,0110; 0,0122; 0,0123; 0,0124;
0,0125; 0,0126. 3nauenue 0,0110 3HAYMTENHLHO OTIMYACTCS OT OCTAILHBIX,
MIOATOMY €Tr0 HEOOXOMMO ITPOBEPHUTH, TaK KaK MPHU U3MEHUBIIIEMCS 00bEME BhI-
OOpKHM OHO MOYKET OKa3aThCsl IIPOMAXOM.

- 0,0122-0,0110 0,75

Qs = 0,0126-0,0110 -
Kputnueckoe 3nauenue Q-xkpurepus npu o = 0,05 u n = 6 cocrasmser 0,56.

QSKCI‘[ > QKpm

[Tostromy »skcniepumeHTanbHas BennuuHa 0,0110 sBasercs npomaxom
U JIOJDKHA OBITh UCKJIFOUEHA U3 TAJIbHEHIIIErO0 pacCMOTPEHUS.

[IpoBepky Ha MpoMaxu MPOBOJAT JI0 TEX MOP, MOKa He OYJIeT YCTaHOBJICHO,
YTO MUHUMAJIbHOE U MAaKCHMAJIbHOE 3HAUYEHUS B BBIOOPKE MOCJE MCKIIOUCHHUS
OUYEPETHOTO MPOMaxa He COJCPKUT TPYObIX MOTPEITHOCTEH.

[Tocne uCKMIOYEHHS BCEX MPOMAXOB, BHIOOPKA BBHITIISIIUT CICTYIOITUM 00-
pazom: 0,0122; 0,0123; 0,0124; 0,0125; 0,0126; u ays Hee MOTYT OBITH pacCUh-
TaHbI CIEAYIONINE CTATUCTUYECKUE XapaKTEePUCTUKU:

e BLIOOPOYHOE Cpe/Hee:

¥n
0,0122+0,0123+0,0124 +0,0125+0,0126

5

x|
Il

=0,0124

x|
Il
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e BbIOOpOUYHAs nucniepcus (MCIpaBiIeHHAs TUCTIEPCHUs):

n — 2
DX -x
SZ — i=1
n-1
~0,0122-0,0124 4+ 0,0123-0,0124 *+ 0,0124-0,0124 >+ 0,0125-0,0124 ° ~
_ - -

SZ

-8
=2,510
e BEIOOPOYHOE CTAHIAPTHOE OTKIOHECHHUE:

s=4s?
S=1/2,5-10° =1,58-10"
¢ CTaHAAaPTHOC OTKIIOHCHHC BBI60pO‘—IHOFO CpeaHCro:

S
S =—
X \/ﬁ
g - 59810 =7,07-10°

Y -

® OTHOCHUTCJIBbHOC CTAHAAPTHOC OTKIIOHCHUC!

=S
X
-4
5, =228 1 57.10°
0,0124

BenuuuHa JOBEpUTENHHOIO HMHTEpPBAja CPEIHETO0 PACCUMTHIBAETCS MPHU
nomotnu t-kpurepus (kpurepusi CTbIOJIEHTA):

Ax=£

n

rae t — koaddunment pacnpenenenus CTeroeHTA.

JlaHHasi BeNMYMHA SBJSICTCS TAOJMYHOW M HaXOoAuTcs B mpwil. 6. s
HAXOXKJCHHUS BEJIUYMHBI [ HEOOXOMMMO 3HATh YHCIO CTerneHed cBoOOmbI f
(f =n—1). nsa uccnexyemoii Boibopku 3HaueHue koddduinenra t mpu o = 0,05
u f =4 cocraBnsger 2,78. COOTBETCTBEHHO BEJIUYHMHA JIOBEPUTEIHHOIO HHTEPBA-
Jla CpEeJTHEro paBHa:

Ax e 1,58-10"-2,78
5

Takum 06pa3om, rpaHUIlbl TOBEPUTEIHLHOTO HHTEPBAJIA CPETHETO 3HAUCHHUS

KOHIIEHTPAIMU JIEKAPCTBEHHOTO BEIIECTBA PABHBI:
C=xxAx= 0,0124+0,0002 monp/m.

Cnenyer oOpaTuTh BHUMaHUE Ha TO, YTO MPU OTOOPAKEHUHU TPAHULL JOBE-
PUTEIILHOTO HMHTEpPBAJa CPEIHET0 B KOHEUHOW 3alMCH JOJKHO COJEPKATHCS
CTOJIBKO € 3HaYalmx uudp, Kak 1 B UCXOJHBIX JaHHBIX.
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Omeem: OTHOCUTEIILHOE CTAaHJIAPTHOE OTKJIOHEHUE COCTABIISICT 1,27-1072;
CTaHJapTHOE OTKJIOHEHHUE BHIOOPOYHOTO CPETHETO — 7,07-10°>; I'PaHUIIBI JJOBE-
PUTEIIBHOTO HMHTEpBaja CPEIHETr0 3HAUYCHHUS KOHIICHTPAIMHM JIEKAPCTBEHHOTO
Bemecta (0,0124 + 0,0002) Momb/1.

IMpumep 9.2. CpaBHHUTE BOCTIPOU3BOIUMOCTh U CPEAHHUE 3HAYCHUS PE3YTh-
TaTOB OMPEICIICHHS] KOHIIEHTPAIlMU JCHCTBYIONIETO BEUIECTBA B UHBEKIIMOHHOM
JIEKQpCTBEHHOM CPEACTBE, €CJIM MPU TUTPUMETPUUYECKOM OMPEACICHUN ObLIN
noiayyeHsl ciuenyromue 3Hadenus: 0,0122; 0,0124; 0,0123; 0,0126;
0,0125 (momnw/m), a pu cnexkrpodoromerpuaeckom — 0,0120; 0,0119; 0,0119;
0,0118 (MoaB/M).

Pewenue: CpaBHEHHE BOCIPOU3BOJIUMOCTH PE3YJIbTATOB B JABYX CEPUIX
HU3MEPEHUN MPOBOJAT IIpHU oMol F-kputepus ®uinepa. DKCIepUMEHTAIHHOE
3HavYeHHue Kputepus duiiepa paccunuThiBaeTCs o Gpopmyie:

_S
oKCn 822
npudeM F > 1, u mi1g ero pacdera He0OXOJUMO BBIUUCIATH OTHOIICHHE OOJIb-
[IeH MO BEJIUYMHE AUCIIEPCUM K MEHBIIICH.

Hanee w3 TabnuIl HaXOJAT KPUTHYECKOE 3HaueHue Kputepus Duriepa
U TIPOBOJISIT CPABHEHUE JIAHHBIX BEJIUYMH.

IIpu F, _ <F__ 1#enaror BBIBOJ O TOM, YTO JUCIEPCHH CPEIHUX PE3yibTa-

SKCI KpH
TOB JBYX BBIOOPOK OTJIMYAIOTCSI HE3HAYUMO M PE3yJIbTaThl BOCHPOU3BOJAHUMBI,
npu F _>F — nucnepcuu cpeaHuX pe3yabTaToOB JIBYX BHIOOPOK OTIMYAIOT-

SKCI KpHT
Cs1 3HAYUMO U PE3YIbTAThl HEBOCIPOU3BOINMBI.
Paccuuraem kpurepuit Ouiepa a1l BEIIIECIPUBEICHHBIX TaHHbIX:

5?=25.10°
5?=6,7-10°
2,5.10°
o 57107 3,75

Haiinem B npui. 7 kputnueckoe 3HaueHue F-xkpurepus. [lo ropuszonrtanu
B TabmuIle HAXOAWM CTOJOEIl, COOTBETCTBYIOIIUN YHCIY CTEMEHEH CBOOOIBI
oonpmieit qucniepcun (f =5 — 1 = 4), a mo BepTUKaIM CTPOKY, COOTBETCTBYIO-
IIyI0 YHUCIy CTereHed cBoOomabpl masi MeHbined mucrnepcun (f = 4 — 1 = 3).
Ha nepeceueHny JaHHBIX CTPOKU M CTOJIOIA HAXOJIUTCS MCKOMOE KPUTHUECKOE
3HaueHue F-kpurepus.
F =912

KpHT

Tak kak F_<F CJIeIOBATEIbHO, JUCIIEPCUU CPEIHUX PE3YJIbTaTOB

9KCH Kput ?
ABYX BBI60pOK OTJIMYAKOTCA HC3HAUYUMMO W PC3YJIbTAThI, IOJIYUCHHLBIC 110 00ernm
MCTOJUKaM, BOCIIPOU3BOJUMEI.
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Jlji OLIEHKU MPaBUIBHOCTH METOJIUKH, HEOOXOJUMO MIPOBECTU CPABHEHME
CPEAHUX PE3YyJIbTATOB ABYX MAPAJIEIBHBIX CEPUA U3MEPECHUM.

Ecnu ycTtaHOBIIEHO, YTO pa3iuyus MEXAY TUCIEPCUAMU CTATUCTUYECKHU HE
3HA4YMMBbI, TO CPAaBHEHHUE CPEAHUX 3HAYCHUHN NPOU3BOAAT C IOMOILIBIO {-KpuTe-
pust CterozeHTa. [yt 3TOro pacCuMThIBAIOT SKCIEPUMEHTAIIBHOE 3HAUCHUE KPU-
TEpHsl U CPAaBHMBAIOT €ro ¢ KPUTUYECKUM 3HaueHueM. Ilpm t <t = nemaror

SKCIT
BBIBOJI O TOM, YTO CpPEJIHHME 3HAUYEHHUS JBYX BHIOOPOK HE MMEIOT 3HAYUMBbIX pa3-
muuui, mpu t >t~ — cpenHue 3HAYEHUS JBYX BBIOOPOK MMEIOT 3HAYMMBbIE

BKCIT KpUT

pa3jinydus.

_ ‘Xl —% nn,

e Jst o \n+n,

CpenneB3BenieHHas AUCTIEPCUs paCCUUTBIBaeTCs Mo hopmyde:
2 2
g’ n-1S°+ n,-18§,

t

n+n,—2
Ecnu yncno mapamienbHbIX U3MEPEHUN 0JJMHAKOBO (N; = N,), TO GopMyIIbI
HJI pacdCTa SKCIICPUMCHTAJIbHOI'O 3HAYCHU A t-KpI/ITCpI/IH 51 CpCI[HGB?;BGIHCHHOfI
JUCIIEPCUH CYIIECTBEHHO YIIPOIAIOTCH:

ke
SKCTT \/S__z 2
§2 _ 812 + Szz

2

PaccunTaem 3HaucHue t-KpI/ITCpI/ISI AJI1 IIPUBEACHHBIX 3KCIICPUMCHTAJIBHBIX
JaHHBIX:

x, =0,0124 $2=2,5-10"°

X, =0,0119 S2=6,7-10"

—» 5-12510°+ 4-16,7-10°

5’ = * ~1,71.10°
5+4-2

_|0,0124-0,0119| [5-4

t
1,71-10°° 5+4

Haxoaum kputudeckoe 3Hadenue t-kpurepus npu o = 0,05 u f=ny + n, —
—-2=5+4-2=1.
Lo =2,37

Tak kak t >t

=5,69

s TO CPETHUE PE3YJBTAThl U3MECPCHHUH, MOJIYYCHHbIC 110

JIBYM METOJIUKaM, CTATUCTUYECKH PA3JINYHBI.
B cnyuae ecnu qucnepcuu B IByX MapajuieIbHbIX CEPUSIX U3MEPEHUN CTa-
TUCTUYECKH PA3JIMYHBI U PE3yJbTaThl UMEIOT PA3IM4YHYI0 BOCIPOU3BOJIUMOCTD,
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3HaueHue t-kputepusi JUIsi CpaBHEHUS CPEIHMX 3HAUYCHUU PACCUUTHIBAIOT IO
cienytouie hopmyre:

%

Yucno creneHeld cBOOOJbI PACCUUTHIBACTCS MO (QOpMYINE C OKpYIJICHHEM
JI0 LIEJI0T0 3HAYEHUS:

S .S
_ n, n,
sz) (szY
n) \n
n-1 n,-1

Omeem: F __<F_ ., pe3ynabTarhbl, MOJXy4EHHBIE 10 OOEUM METOJUKAM,

IKCI Kp

BOCIpousBoaumsel; £ >t . CpeaHHe pe3yabTaThl M3MEPCHHH, ITOTYYCHHBIC 110

DKCIT

ABYM MCTOJHUKAM CTATUCTUYCCKHU PA3JIMYHEI.

IMpumep 9.3. [Ipu ananuze cranaapTHOrO OoOpasua, coaepxaiiero 99,0 %
OTIPEIEISIEMOTO BEIIECTBA, OB TOJYYCHBI CICIYIONIUE SKCIIEPUMEHTAIBHBIC
pesynbratel: 98,9 %; 99,0 %; 98,7 %; 98,8 %; 98,9 %. YcraHoBuTE, COOTBET-
CTBYET JId CPETHUN pe3ynbTaT aHaIW3a HWCTHUHHOMY COJICP)KAHHWIO BEIECTBA
B CTaHJApTHOM 00pa3ie?

Pewenue: 1lpu HEOOXOTUMOCTH TIPOBEPKH PA3THUUNA MEXITY pPE3ysbTara-
MU aHaJM3a U TOYHO U3BECTHOM BEIIMUYMHOMN MCTIONB3YIOT CICAYIONIYIO (OPMYITY
JUId pacyera t-kpurepus:

:‘;“_“wﬁ

JKCIT S
rac },lo — TGOpeTI/I‘{eCKOG 3HAUYCHUC BCINYUHEI.
X =98,86%
$2=0,013
S=0,114
98,86 —99,0|
= 5=275
0,114 V5

Haxogum kputuueckoe 3HaueHue t-kputepus. B pgaHHOM ciiydae 4ucio

crenenen ceodoael f=n—-1=4.
t =278

Kp
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B JaHHOM CJIy4dac t <thm, CJICO0BATCIIbHO, CPCAHCC 3HAUCHUC PC3YJIbTa-

sk
TOB aHAJIN3a COOTBETCTBYET UCTUHHOMY COJICP’KaHHIO BEIIECTBA B CTAHIAPTHOM
obpasiie.

Omeem: cpelHee 3HAUCHHE PE3yJIbTAaTOB aHAJIM3a COOTBETCTBYET HCTHH-
HOMY COJICPKaHHIO BEIIIECTBa B CTAaHapTHOM OOpasIie.

3agaum 17191 penieHus:

1. Ilpu npoBeleHUU TUTPUMETPUUYECKOTO OMPEEICHUS KOHIIEHTpAIuu
HaTpHs TUIPOKCUAA MOITYUYEHbI cienyromue pesyiasratsl: 0,1012 M; 0,1008 M;
0,1005 M; 0,1011 M; 0,1001 M. CopepaT 1M MOIYYEHHBIE PE3YJIbTATHI
npomaxu?

2. JInsi mpoBeeHUsS TPAaBUMETPUUICCKOTO HCCIICIOBAHUS IPEIOIaBaTENb
JUISl TISITH CTYJIEHTOB pas/iall OJIMHAKOBBbICE HABECKU HCCIEIYyeMOTO BEIllECTBA.
Crynentsl nonyuwin cienytomue pesynaprartel: 0,4688 1; 0,4588 1; 0,4453 13
0,4099 r; 0,4622 r. IlocTpoiiTe BapuauuOHHBIN psaa. PaccunTaiite BBIOOpOUYHOE
CpelHee.

3. [Ipu oromeTprueckoM OMNpPEACTICHUH COJEPKAHUS Keje3a MOTYYEHBI
caenytomue pesynbratel: 0,056 M; 0,054 M; 0,051 M; 0,053 M. Paccuuraiite
BBIOOPOYHOE Cpe/lHEe, MCIPABICHHYIO BHIOOPOUHYIO Aucnepcuto. OnpenenuTe
JIOBEPUTEIIbHBIN HHTEPBAJL.

4. HalimuTe mpoMaxu Il CIAEAYIOIIEro craTucTuieckoro psaa: 159, 160,
120, 155, 149, 156.

5. /IBa cTyneHTa onpeaensiiii KOHIEHTPALUIO OJHOTO M TOTO K€ pacTBOpa
HUTpata cepebpa: 1-ii cTyaeHT monyuuna ciaeayromue pesyiabtatel: 0,0501;
0,0510; 0,0506; 0,0509; 2-# cTyaeHT moyqrI ciaeayromme pe3yiabTaTsl: 0,0511;
0,0515; 0,0511; 0,0520. Bocripou3BoasATCS M pe3yabTaThl, MOJYICHHBIC TEp-
BBIM U BTOPBIM CTYAEHTOM?

6. [Ipu MOTEHITMOMETPUUECKOM OTIPEICIICHUH COACPKAHUS HUTPATOB B BO-
ne OblmM mosrydeHbl cienyromue nanaeie: 0,0025 M; 0,0021 M; 0,0022 M;
0,0029 M; 0,0024 M. PaccuuraiiTe AOBEpUTEIbHBIN HHTEpBai. Paccuuraiite
BBIOOPOYHYIO JUCTIEPCHIO.

7. [1pu aHAaMMUTHYECKOM KOHTPOJIE Ka4eCTBa MPOIYKIIUU Ha (papMalieBTHIE-
CKOM TMpeanpusiTiu B3Becuau 10 TabmeTok JEeKapCTBEHHOTO CPEICTBA U TMOJTY-
YUJIU CJIEAYIOIIUE JaHHBIE:

Ne 1 2 3 4 5 6 7 8 9 10

m,r | 0,100 | 0,098 | 0,110 | 0,095 | 0,089 | 0,094 | 0,096 | 0,097 | 0,093 | 0,094

HyxHo nu 3a0pakoBaTh NapTUIO WIH HET, €CJIM U3BECTHO, YTO JOMYCTUMOE
OTKJIOHEHHE MacCChl Ta0JIETKA B CEpUM HE JIOJHKHO MPEBBIIAaTh 7 % OT CpeHero
3HA4YEHUs cepun’?

8. Ilpu mpoBeaeHUM Tra3zoxXpomMaTorpauyecKoro aHajgu3a ajJKOroJIbHOM
MPOAYKIIMK ObUIM TIOJYYEHBI CIEAYIOIIUE JIaHHBIE MO COJIEPKAHUIO CIHUPTA:
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38,4 %; 41,2 %; 39,5 %; 40,5 %; 40,6 %; 41,1 %. Paccunraiite 1OBEpUTEIHHBIM
WHTEPBaJ M BEIOOPOYHOE CPETHEE.

9. Omnpeaenure cpenHee 3HAUCHUE W TPaHUIBI JOBEPUTEILHOTO MHTEpBaja
pe3yIbTaTOB OMPEICIICHUS CyMaTpUIITaHAa CYKIMHaTa B TaOnerkax (50 mr Ha
1 Tabnetky): 51,1; 49,9; 50,5; 48,2; 49,4.

10. /IBe He3aBUCUMBIX JabOOpaTOPUHU MPOBOAMIIA KOJTUIECTBEHHOE OIpe/Ie-
JICHUE COJICpKaHUs IPOTaBepUHA B TAOJIETKAX M TIOJYUUITH CIACAYIONMINE PE3yIb-
TaThI:

1 2 3 4 S 6 7 8 9 10
JlaGopaTopus | 40,0 | 39,0 | 39,5 | 40,2 | 40,1 | 39,9 | 39,6 | 39,8 | 39,8 | 40,0

Nelm, mr MI | MC | MC | MC | M | Mr | MT | MrC | Mr | Mr
JlaGopatopus | 40,2 | 39,3 | 39,6 | 40,6 | 40,3 | 39,9 | 39,8 | 39,9 | 39,8 | 40,4
Ne 2 m, mr MI | ML | ML | ML | ML | M | MT | MTC | MI | Mr

BocnpousBoasTcs 1M JlaHHbIE, TTOJTYyYEHHbIE TIEPBOM M BTOpPOM J1abopaTo-
puen?

11. CpaBHUTE BOCHPOU3BOAMMOCTh M CpPEIHUE 3HAYECHHS PE3yJbTAaTOB
OTIpEICICHHUS] KOJMYCCTBEHHOTO COJICPKaHMs AUKIOopeHaka B TaOJeTKax IO
100 mr nByMSst HEe3aBUCUMBIME J1abopatopusimu (A) u (b):

A) 99,9 mr; 99,4 mr; 98,9 mr; 99,6 mr; 99,7 mr;

b) 100,2 mr; 100,3 mr; 100,2 mr; 100,5 mr; 100,4 mr.

12. ITpu aHanu3e craHgapTHOrO 00pasma, cojaeprxkamiero 98,5 % onpenens-
€MOTO BEIIECTBA, ObUIM TMOJIYYEHBI CIEAYIOIINE SKCIIEPUMEHTAILHbBIC JTaHHbIC:
98,0 %; 98,2 %; 98,6 %; 98,5 %; 98,4 %. CoOTBETCTBYET JIU CPESIHUM PE3yJIbTAT
HUCTUHHOMY COJIEp>KaHUIO BEIIECTBA B CTaHAApTHOM oOpasiie?



PA3JIEJI 10
TUTPUMETPUYECKHE METO/IbI AHAJIA3A

TuTpuMeTpruUeCKUi METOJ aHaIu3a, SIBJISISICH OJHUM M3 METOJIOB KOJUYe-
CTBEHHOI'0 aHAJIM3a, HaIlEJl IUPOKOE MPUMEHEHUE /I KOJIUUYECTBEHHOTO OMpe-
JEJEHUs COJACpPKaHUS JICKAPCTBEHHBIX BEIIECTB B COCTAaBE JIEKAPCTBEHHBIX
CPEACTB.

TuTpoBaHrHeM Ha3bIBAIOT MpoliecC J0OABICHUSI TUTPAHTA (PACTBOP C TOYHO
M3BECTHOM KOHIIEHTpAIMEil) K pacTBOPY BEIECTBA C HEM3BECTHOM KOHIIEHTpA-
uueit. [Ipu sTom mpoTekaer xumuyeckas peakiusi. CocTosiHUE, MPU KOTOPOM
B HMCCJIEYEMOM PACTBOPE BCE BEIIECTBO BCTYMMJIO B PEAKIMIO C TUTPAHTOM,
Ha3bIBaeTCsl TOUKOM dSKkBUBajIeHTHOCTH (T2). Touka 3KBUBaJICHTHOCTH HE BCETa
coBnagaeT ¢ koHeuHoi Toukoi TutpoBanus (KTT), tak kak KTT onpenensiercs,
B MIEPBYIO OYEpellb, MPAaBUILHBIM BbIOOpOM uHAMKaTOpa. KTT MoxxHO ompene-
JUTH HE TOJBKO C MOMOIIBIO T0OABICHUS] UHIUKATOPOB, HO U C HCIIOJIb30BAHU-
eM (PU3UKO-XMMUYECKUX METOJ0B (10 HM3MEHEHUIO JJIEKTPOIPOBOIHOCTH,
MOTEHIIMATY WHIUKATOPHOTO 3JIEKTPOJa, CHETONPOMYyCKaHuio u T. 1.). Eciu
ONPENEIIIEMOE BEIIECTBO U TUTPAHT BCTYMAIOT B PEAKIHIO B COOTOHOILIECHHUH
1:1, To B TO cnpaBeyInBO COOTHOILLICHHUE:

CoVo = C,V,,
rae Vo u V, — o0beMbl pacTBOpa ¢ HEM3BECTHON KOHIICHTpAIlMed U TUTPAHTA,
C, 1 C; — COOTBETCTBYIOIIHNE KOHIICHTPAIINH.

Jlaneko He KaXIyr XUMHUYECKYIO PEaKIHI0 MOXKHO HMCIOJIb30BaTh B THUT-
pUMETPUUECKUX MeToJax aHanu3a. K peakuuu, npoTekaroiiei npu TUTPOBaHUH,
MPEABSBISIIOTCA CIEAyIoNMe TpeOOBaHUA: CTpOras CTEXHOMETpHs, JOJDKHA
MPOTEeKaTh OBICTPO, JOJKHA MPOTEKATh KOJIMYECTBEHHO, JIOJKEH CYIIECTBOBATH
croco6 (pUKCUPOBAHUS TOYKH SKBUBAICHTHOCTH.

BrbiensoT yeTblpe OCHOBHBIX METO/Ia TUTPOBAHUS, KaXIblil METOJ OCHO-
BaH Ha COOTBETCTBYIOIIEU XUMUYECKON PEAKLINU:

1) KMCIOTHO-OCHOBHOE;

2) KOMITJIEGKCOHOMETPUYECKOE;

3) ocaguTeNnbHOE;

4) OKUCIUTEIbHO-BOCCTAHOBUTEIBHOE.

[Ipy TUTpOBAaHUU BO3MOXKHBI CIy4alHbIE U CHCTEMATHYECKUE MOTPEITHO-
ctu. CiyyaliHble MOTPEITHOCTH CBSI3aHbI C MPOLIECCaMU MMPUTOTOBJICHUSI PACTBO-
POB, U3MepeHust o0beMa IPOObI WU TUTPaHTa U T. 1. CiydaiiHble TOTPEITHOCTH
00pabaThIBAIOTCA C HCMOJb30BAHUEM 3aKOHOB MaTEMAaTHYECKON CTATHCTHKH.
CucreMaTuyecKue MNOTPENIHOCTH CBSI3aHbI C HECOBIIAJICHMEM TOYKH SKBHUBa-
JEHTHOCTA C KOHIIOM TUTpoBaHUsA. CHUCTEeMaTHYECKHE MOTPEUIHOCTA MOTYT
OBITH TOJIOKUTETHHBIMU (B Cllydae TEPETUTPOBAHHBIX PACTBOPOB) U OTpPHIIA-
TEJbHBIMHU (B CJIy4ae HEJJOTUTPOBAHHBIX PACTBOPOB).
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JI1sl OLIEHKH CUCTEMATHYECKUX TMOTPEIIHOCTEH TUTPOBAHMS CYILECTBYET
JBa crioco0a: rpa@u4ecKuil, pacueTHBIM.

B epaghuueckom cnocobe pacuera omyckaroT JBa MEepHEHANKYIISIPa Ha OCh
abciucce: nepBbli NEPIEHIUKYJIISP U3 TOUYKH SKBUBAJICHTHOCTH, BTOPOU TEpIICH-
JTUKYJSIp U3 TOYKH, COOTBETCTBYIOIIEH TOYKE KOHIA TUTpoBaHHsA. OTpe3ok
MEXKy ABYMSI TOYKAMU Ha OCHU aOCIHCC, MOJYYEHHBIMU MPU MOMOILU MEePIICH-

TUKYJISIPOB — CHCTEMaTHdecKkass WHIUKATOpHAs MOrperrHocTh. ['paduueckuit
METOJ| pacyeTa CUCTEMATUYECKUX MOTPEITHOCTEN TUTPOBAHUS SIBJISIETCS OPUEH-
TUPOBOYHBIM.

Touka KOHIIAa TUTPOBAHUS ONPEIECISAETCS UHANKATOPOM (B CIly4ae KUCIOT-
HO-OCHOBHBIX MHAUKATOpOB — PT). Kaxkaplil KUCIOTHO-OCHOBHBIN WHIUKATOP
XapaKTepu3yeTcsl OMNpeeieHHbIM 3HadeHueM pT (moka3areiab TUTPOBAHHUS).
[Tox pT nonumaercst auanazon pH (pT £ 1) nmpu KOTOpOM MPOUCXOAUT U3MEHE-
HUE OKpacku uHAuKaropa. Bemnunna pT HaxoauTcs IpUMEpPHO B CEPEIMHE UH-
TepBaja Iepexoa OKpaCKU UHANKATOPA.

Pacuemnwiii cnocob oyenxu cucmemamuyeckux nocpewHocmeti. PaccMoT-
PHUM IpUMEP KUCIOTHO-OCHOBHOI'O TUTPOBAHUSL C UCIIOJIb30BAHUEM MHIUKATOPA
C omnpeacieHHbIM 3HadYeHueM pT. MHAuMKAaTOpHBIE NMOIPEIIHOCTH B KUCIOTHO-
OCHOBHOM THTPOBAaHHHM MOKHO pa3JCIUTh HA YETHIPE TPYNIBI: BOAOPOIHAS,
TUAPOKCUIHASA, KUCIIOTHAsI U OCHOBHAI.

1. BogopoaHas MHAMKATOPHAs HOTPEMIHOCTh BOSHUKAET B TOT MOMEHT, KO-
I71a B pacTBOPE B KOHEYHOM TOYKE TUTPOBAHHUS MPUCYTCTBYET U30BITOK MOHOB
H" mo cpaBHeHMIO C TOYKOH SKBMBAIEHTHOCTH. J[aHHAs MOTrPEHIHOCTH MMEET
MECTO B ClIy4yae KOTJla B pACTBOPE OCTAIACh HEAOTUTPOBAHHAS CHJIBHASL KUCJIOTA
(oTpuLIaTenabHasi MOTPEIHOCT), TUOO B Cllydyae MEPEeTUTPOBAHHBIX PACTBOPOB,
KOTJ]a CUJIbHASI KUCJIOTA SIBISETCS TUTPAHTOM (IOJIOKHUTENbHAS MOTPEIIHOCTB).
B oOmemM Bujae BEeTUMYHHY BOIOPOIHOW WHIAMKATOPHOW MOTPEIIHOCTH MOMKHO
paccuMTaTh CICAYIONIUM 00pa3oM:

n(H")
Apy =2 ——=
n(H"),
XHUMHUYECKHE KOJIMUECTBA NOHOB BOJOBOAA MOJKHO 3aIlMCaTbh KaK IIPOU3BC-
JIeHMe KOHLEHTPALUK Ha 00BEM PacTBOpA:

+ + +
n ( H ’ ) 0 COVO COVO
KoHiienTpaiiuss MOHOB BOJIOpPOJia B KOHEYHOM TOYKE TUTPOBaHHS OyJIeT
omnpenensatbesa pT naauKaropa:

[H]=10""
+ + -pT
Ay, e MHD L HV 107V +V.)
n ( H ! ) 0 CO\/O COVO
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Ecnu TuTpaHT M ompenenseMoe BEIECTBO BCTYNAOT B PEAKIUI0 JIPYT
C IpYyroM B COOTHOLIEHUH | K 1, a KOHIIEHTpaluu pacTBOPOB PaBHBI, TO (hopmy-
J1a I pacdyeTa BOJOPOAHOW MHIMKATOPHOU MOTPEIIHOCTH IIPUMET BUJ:

V.=V,

10T (V, +V,) +2.10“pT

COVO CO

2. 'uapokcuHas WHANKATOPHAS MOTPEIIHOCTh BO3ZHUKAET B TOT MOMEHT,
KOT'JIa B paCTBOpPE B KOHEUHOM TOUKE TUTPOBAHUS MPUCYTCTBYET U30BITOK HOHOB
OH 1o cpaBHEHUIO C TOYKOH 3KBUBAJEHTHOCTH. /[aHHasg MOTPEIIHOCTh UMEET
MECTO B ClIy4ae, KOrja B paCTBOPE OCTAIOCHh HETOTUTPOBAHHOE CHUIIBHOE OCHO-
BaHUe (OTpHUIATENbHAs MOTPEIIHOCTD), JIMOO B Cllydae MEPETUTPOBAHHBIX pac-
TBOPOB, KOI'/Ia CUJIIbHOE OCHOBAHME SIBIISIETCS TUTPAHTOM (ITOJOXKUTEIbHAS I10-
rpemHocTh). IIpouecc pacuera TMAPOKCUAHONM HHAMKATOPHOM MOTIPEUIHOCTH
UJCHTUYEH pacyeTy BOAOPOAHON UHAUKATOPHOMN IIOTPEIIHOCTH:

n(OH"
L .NOH)
n(OH"),
XI/IMI/I‘IGCKI/IG KOJIM4YECCTBA FI/I,ZIpOKCHI[-I/IOHOB MOXXHO 3aIIMCaThb KakK HpOI/IS-
BCIACHUC KOHU;GHTpaHI/II/I Ha 06’b€M paCTBOpaZ

L NOH) _ [OH NV __ [OH ]V, +V,)
n (OH_ )0 COVO COVO
KoHuenTpanusi ruJpoKCUI-UOHOB B KOHEYHOW TOYKE THUTPOBAHUS OYIET
onpenenarscs pT nHAMKaTOpa:

[H*]=10"""
[OH ]=10PTPKw

Ao, =+ NOHD) _ [OH

Ay =%

AOH- =

Aon- =

T-pK
h :ilop PRw(V, +V,)

n (OH_ ) 0 COVO COVO

Ecmu TutpanT M ompemensieMoe BEIIECTBO BCTYHAIOT B PEAKIHMIO JIPYT

C ApPYroM B COOTHOIICHUH | K 1, a KOHIEHTpAIMK pacTBOPOB PaBHbI, TO PopMy-
J1a U1 pacuera TMAPOKCUTHOW UHAMKATOPHOM ITOTPELIHOCTA IPUMET BULL:
V: =V,
pT-pKw _10PT-PKw
10 Vv, +V,) :+2 10
COVO CO

3. Kucnotnass uHAMKATOpHAs MOTPEIIHOCTh BO3HUKAET B TOM Cllydae, KO-
r1a B KOHEYHOM TOYKE THUTPOBAHMS B PACTBOpPE OCTajgach HEIOTUTPOBAHHAs
cmabas kuciora. BenudwHa KHUCIOTHOW TOTPENIHOCTU MPEACTABISIET COOOM
MOJIBHYIO JTOJIK0 HEOTTUTPOBAHHOU KUCIIOTBI:

Aoy =+

84



_[HA]

Ay, =—a(HA) =
H+ OL( ) C(HA)
o mAl 11
TToCcHA) 4, Kao 1410%e T
[H']

4. OcHOBHAsl MHAMKATOPHAS MOTPEUIHOCTh BO3HUKAET B TOM CIy4ae, Korjaa
B KOHEYHOM TOYKE TUTPOBAHHUS OCTAJIOCh HEJOTUTPOBAHHOE CJIA00€ OCHOBAHHE.
BennunHa OCHOBHOI NOTPEIIHOCTH MPEACTABIIET cO00I MOJIBHYIO OO HEOT-
TUTPOBAHHOTO CJIA0OT0 OCHOBAHMSL:

Ag=—-a(B)= 1Bl

C(B)
o8B 1 1
B C(B) 4, Ky, 1+ 10PKw—PKp=pT
[OHT]

KucmoTHeie 1 OCHOBHBIE HHAWKATOPHBIC MOTPCIIHOCTH OBIBAlOT TOJBKO
OTPULATCIIBHBIMU, T. K. cj1a0bIe KUCIOTHI B OCHOBAHUS HE HCITIOJIB3YIOTCA B Ka-
YCCTBC TUTPAHTOB.

IMpumep 10.1. Paccuuraiite, CKOJIBKO IPaMMOB XJIOPUJIa AMMOHHUS PaCcTBO-
puiu B 1 auTpe pacTBOpa, €CIM U3BECTHO, YTO MPU TUTpoBaHUU 10 MI Takoro
pactBopa nob6asmiu n3obIToKk 10 M 0,1 M pacTBopa HaTpusi THAPOKCUIA, pac-
TBOp YMapwWJIA JOCYXa, CyXOHW OCTAaTOK pAaCTBOPHIIM B BOJIE, @ 3aT€EM OTTUTPOBA-
mu 4,2 mi1 0,1 M KUCIOTBI XJIOPUCTOBOIOPOTHOM.

Pewienue: 3anvieM ypaBHEHHS IPOTEKAIOIINX PEAKIUNI:

NH,Cl + NaOH [J NaCl + NH3H,O
NaOH + HCI [J NaCl + H,0

NaOH pacxomyeTcst B IByX peakIusix: Ha PEaKIMI0 C aMMOHHMSI XJIOPUIOM
Y Ha PEeaKIMIoO C KUCIOTOM XJIOopucTOBOAOpOoaHOM. Haiinem obiiee xumuieckoe
KOJIMYECTBO HATPHUS THAPOKCUIA!

Nosw (NAOH) = C(NaOH) - V(NaOH) = 0,01 - 0,1 = 0,001 moub.

Paccunraem, CKOJIBKO MOJIEH KHMCJIOTHI XJIOPUCTOBOAOPOAHOM YYacCTBYET
B PEAKLIMU HEUTPAIU3ALUU:

n(HCI) = C(HCI) - V(HCI) = 0,0042 - 0,1 =4,2 - 10™* mo5.

3Has 3aTPayeHHOE KOJMYECTBO KHUCIIOTBHI, MOYKHO ONPEAEIUTh, CKOJIBKO
MOJIb HATPUSl TUAPOKCUIA BCTYIIAIIO B PEAKIIUIO C AMMOHUS XJIOPUIOM:

n1(NaOH) = nyg.(NaOH) — n(HCI) = 5,8 - 10 mous.

Hatpus ruapokcua 1 aMMOHHS XJIOPU]T PEarupyroT MeXy coO0i B COOT-
HouleHuu 1:1, ciemoBaTenbHO:

n;(NaOH) = n(NH,CI) = 5,8 - 10 mous.
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[ostomy 10 My pacTBopa aMMOHHS Xiopuga coxepskar 5,8 « 107 mous,
a 1000 mu1 pacTBOpa aMMOHUS XJIOPUIA COJEPIKAT X MOJIb.

3anuieM MpONOpIHI0, TAC X — KOJIMYECTBO MOJIb aMMOHHMS XJIOPHIA B
1 muTpe pacTBopa:
10 5,8-10* 5,8-10*-1000 ,3
= , CJIEIOBATEIILHO X = =5,8-10" MoOJIb.
1000 X 10

OnpenenuM Maccy aMMOHUS XJIOPUJIA B UCXOJHOM PAacTBOPE:
m(NH,CI) = n(NH,CI) - M(NH,Cl) =5,8-10°-535=3,1 .
Omeem: MacCa aMMOHUS XJIopuaa B HCXOOAHOM pacCTBOPC paBHA 3,1 T.

IMpumep 10.2. Onpenenute kouieHtpanuto xeneza (I1) xmopuna B pac-
TBOpE, €ciii Ha TuTpoBanue 20 Mi1 Takoro pactBopa 3arpatwiu 6,8 mu 0,01 M
KaJlis repMaHranaTa. TuTpoBaHUE POBOJIMIOCH B KUCIION Cpelie.

Pewenue: 3anuiiiem ypaBHEHUE IPOTEKAIOICH peaKIINu:

5Fe”* + MnO, + 8H" = 5Fe** + Mn*" + 4H,0.

OnpenenuM, CKOJIBKO MOJIEH Kalldsl IepMaHTaHaTa 3aTpaTUIM Ha TUTPOBa-

HUE:
n(KMnO,) = C(KMnOy4)-V(KMnO,) = 0,0068 - 0,01 = 6,8 - 10> mo115.

I1o ypaBHEHHIO PEaKINH, KOIMYECTBO HOHOB Fe** B 1siTh pa3s Goube, 4eM

Koinu4yecTBo HoHOB MO,
n(Fe’)=5-n(MnO,)=6,8-10°-5=3,4- 10" mous.
KoHuenTpanueii Ha3pIBaeTCsl OTHOMIEHNE XUMUYECKOTO KOJUYECTBA K 00b-

€My pacTBopa:

C(Fe*) =3 _9 oog:(a; MOT> _1,7-107 Mo/
,02 11

Omeem: xounentpauus pacteopa FeCl, pasra 1,7-10 > Mob/11.

Ipumep 10.3. Iloctpoiite kpuByto tutrpoBanus 10 ma 0,1 M pacrBopa
KHCJIOTBI XJIOPUCTOBOXOPOAHOM npu nomown 0,1 M pacTBopa HaTpusi TUAPOK-
cuja.

Pewenue: KpuBasi THTpOBaHMS TPENICTaBIAET o000 3aBUcUMOCTh pH pac-
TBOpa OT 00beMa J0OABJICHHOTO TUTPAHTA.

Ecnu B pe3yapTaTe TUTPOBAHMS HMCHOJB3YIOTCS PacTBOPBI C OJMHAKOBOU
KOHLIGHTpalue U CTEeXHMOMETPHUSl PeaklMh COOTBETCTBYET COOTHOIIEeHHIO 1:1,
TO TOYKA 3KBUBAJIEHTHOCTH OyJeT AocTUrHyTta npu Vo, = V.. Touku Ha KpUBOH
cieayeT BBIOMpATh TaKUM OOpa3oM, YTOOBI MPU MPUOTUKEHUU K 3HAUYCHUIO
Vo = V; U cpa3y no JOCTHKEHHHM €ro MCIOJIb30BaTh MUHUMAJbHBIA IIar. JTo
TpeboBaHNEe HEOOXOAUMO AJig O0Jee TOYHOrO MOCTPOEHUSI KPUBOIM TUTPOBAHMUS.
Touku BEIOUPAIOT CIIETYIOIUM 00Pa30M:

V,mr| O | 50019001990 |999 10,00|10,01|10,10 11,00 (15,00
pH
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CrnenoBaTenbHO, ISl MIOCTPOEHUS! KPUBOW TUTPOBAaHUS HEOOXOAMMO pac-
CUMTATh 3Ha4eHUE pH B IMOIyYEHHBIX TOYKAX.

1) Pacuem pH 0o mouku sxeusarenmruocmu. B pacTBope 10 TOUYKH IKBH-
BAJEHTHOCTH OyleT HaXOAUTHhCS M30BITOK KHUCIOTHI XJIOPUCTOBOJOPOIHOMH,
u pH Oyner onpenensiTbcss TOJBKO KOJIUYECTBOM OCTABIIEHCS KHUCIOTHI XJIOPH-
CTOBOAOPOIHOM.

[lepBas Touka Ha KpUBOl — TOuKa, koraa gobdasiaeHo 0 mir turpanTa. [lo-
stomy pH ompenensiercs ucxomnoit moprmeir 0,1 M pactBopa HCI, xotopsrii
paccumMThIBaeTCs 1Mo hopmyIie:

pH =—lg| H* |=-1gC, =-1g0,1=1,00

BTtopas Touka — TOuYKa MOJIYyOTTUTPOBAHHOCTH, KOT/1a OTTUTPOBAIM POBHO
MOJIOBUHY KUCTOTHI, T. €. V; = 5,00 M.

Haxoxpaenue 3nauenust pH Toyexk MOXKHO MPEACTaBUTh KAk 3aJa4d Ha pac-
yeT pH pacTBOpa, MOJYYEHHOTO MyTEM CMELIMBAHUS JBYX PAacTBOPOB, OJUH U3
KoTopbiXx — 370 10 M1 0,1 M pacTBOpa KMCIOTHI XJIOPUCTOBOJAOPOAHOM, a ApY-
ro pacTBOpP — 3TO (PUKCHPOBAHHOE KOJUYECTBO JTOOABIICHHOTO TUTpaHTa. JlJis
toukw, rae V, = 5,00 mu monyuaem 3amauy: NaOH + HCI = NaCl + H,0.

HaitgeM XUMHMYECKOE€ KOJMYECTBO  KHUCJIOTHI  XJIOPHCTOBOJOPOIHOM
U ISJIOUH:

n(HCI) = C,V,=10,1-0,01 =0,001 mob;
n(NaOH) = C,V,=0,1 - 0,005 = 0,0005 moib;
V=V,+V,=0,01+0,005=0,015 5.

KonueHTpaius octaBmencs mociae peakiuuu KUCIOThl COCTaBUT:

¢ (Hol = Mo (HCD _CN, -CV,.
Vv V, +V,
COVO — CTVT .

pH:—|g|:H ]:—IgCOCT:_IgW’ (101)

pH=1,48

Jlnst BceX ToYeK, HAXOSAIIUXCS 0 TOYKH 3KBUBAJICHTHOCTH, pH paccun-
TeiBaeTcs 1o gopmyite (10.1):

npu V; = 9,00 mx pH = 2,28;

mpu V, = 9,90 mx pH = 3,30;

mpu V,; = 9,99 mn pH = 4,30.

2) Pacuem pH ¢ mouke skeusanenmuocmu. 110 JOCTIKEHUH TOYKH DKBH-
BaJICHTHOCTH B pactBope Oymer Haxomutbhes NaCl. [lannas conab oOpa3oBaHa
CHJIbHBIM OCHOBAaHHMEM W CHUJILHOM KHCIIOTOM, CIIeJIOBATEIbHO, OHA HE TOJIBEpra-
ercs rugpoamsy u pH takoro pactsopa paseH 7.

3) Pacuem pH nocne mouxu sxeusarenmuocmu. [lpu 1006aBieHUH odepe-
HOM TIOPIIMY TUTPaHTa B PACTBOPE MOSBUTCS U30BITOK IIEJIOUH, To3ToMy pH Oy-
JIET ONPENEIATHCS KOJMYSCTBOM IIEJIOUH, KOTOPOE TOSIBUIIOCH TOCIIE PEaKIIHH
Henrpanuzanuu: pH = 14 — pOH.
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[TocTpoeHnue KpuBOM TUTPOBAHHUS IOCJIE TOYKH IKBUBAJICHTHOCTH MOKHO
IpeICTaBUTh B BUJIE 3a7]auM Ha pacyeT pH pactBopa, moy4eHHOro MyTeM cMe-
muBanusa 10 mum 0,1 M KHCIOTBI XJIOPUCTOBOJOPOJHOW M (DUKCHPOBAHHOIO
KOJIMYECTBa TUTPAHTA!

ITpu V, = 10,01

NaOH + HCI = NaCl + H,0
Haitpem xuMu4eckoe  KOJMMYECTBO  KHCIOTHl  XJIOPUCTOBOAOPOHOU
Y IICJIOYH:
n(HCI) = C,V,=0,1-0,01 = 0,001 moub;
n(NaOH) = C,V,=0,1-0,0101 =0,00101 moms;
V=V,+V,=0,01+0,0101 =0,0201 7.
N3 nonyueHnHbIX BeipaxkeHuit cienyet, uyto NaOH HaxoauTcst B u30bITKE.
KoHuieHTpanus ocTaBIieiics meIo4u mocjae peaKiuu:

C. (NaOH) = N, (NaOH) _ CV,-CV, .

v V, +V,

CV -CV
H=pK. +]I TVT 0o - 10.2
PH = PK +1g =2 (102)
pH =9,69

JIns octanbHBIX Touek 3HadeHus pH paccunteiBaem mo popmyie (10.2):

ITpu V, = 10,10 ma pH = 10,69;

npu V; = 11,00 mn pH = 11,68;

npu V,; = 15,00 M pH = 12,30.

B Tabn. 1 mpuBeneHbI MOJNyYeHHBIC PE3YNbTAThl U PacUYCTHBIC (DOPMYIIBI
JUTSI TIOCTPOCHUSI KPUBOW TUTPOBAHUS B IBYX BapHUaHTAX:

1) B 3aBUCUMOCTH OT 00beMa THUTPAHTA,

2) B 3aBUCHUMOCTH OT ¢akTtopa ortuTpoBaHHOCTH f. dDakTOpOM OTTHTpO-
BaHHOCTH f Ha3bIBaeTCs OTHOIIEHUE J00aBICHHOrO0 00beMa TUTPAHTA K 00beMy
TUTPAHTa B TOYKE SKBUBAJICHTHOCTH:

f= Vi
V

T.O.
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Tabnuya 1

v Komnonenr, ®opmy.a 1 pacuera pH
f " | ompenesito- B 3aBHCHMOCTH OT: pH | ® | MO
MJI .
mmii pH V., MJT | f
CubHas Kuc-
H=-1gC,
0 0 mora HCI p £%o 1,00
0,500 |5,00 |Ocrarox HCI pH=-1gC | .. 1,48
0,900 [(9,00 |[Ocrarox HCI pH = pH = 2,28
0,990 (9,90 |[Ocrarox HCI _ o 3,30
:—IgCOVO C.V, g CO1 f
0,999 (9,99 |Ocrartox HCI V,+V, 1+ f 4,30
1,000 |10,00 | Comb NaCl pH=%pKW 7,00
N36mITOK _
1,001 |10,01 |\ A PH=pKy +12C .o 16 9,69
N36mITOK
1,010 |10,10 10,69
NaOH pH =pK,, + PH =pKy, +
1,100 |11,00 |130bITOK CV,—CV. f-1) |11,68
' ™~ |NaOH +Hg A2 | +lg G ’
V,+V f+1
1,500 |15,00 |130bITOK o 12,30
' ' NaOH ’
Kpusas turpoBanus 0,1 M pacrsopa HCI 0,1 M NaOH
PH -
0 T T T
0 5 10 15 20
V, mn

3aBUCUMOCTH pH pacTBOpa 0T 00BEMa JOOABIEHHOTO TUTPAHTA.

IMpumep 10.4. Tloctpoiite xkpuByto tutpoBanus 10 ma 0,1 M pactBopa
KUCIOTHI yKkcycHOM 0,1 M pacTBopoM HaTpus rUIpPOKCUIA.
Pewenue: KpuBasi KUCIIOTHO-OCHOBHOTO TUTPOBAHUS MPEICTABIISET COOOM
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Kaxnyto uccneayeMyro TOUKy MOXKHO pacCMaTpuBaTh Kak 3a/ladyy Ha pac-
yeT pH pacTBOpa, MoJIydeHHOro MyTEM CMELIMBAHUS JIBYX pacTBOpoB: 10 mu
pacTBOpa KHUCJIOTHI YKCycHOM u (puxcupoBanHoe koiudectBo 0,1 M pactBopa
HATpPUs TUJIPOKCHUA.

J1J1st MOCTPOEHMSI KPUBOM TUTPOBAHUS BHIOMPAEM OMOPHBIC TOUKH:

V., MII 0 50 9,0 9,9 10,0 10,1 11,0 15,0
pH

1) Pacuem pH 0o mouku sxeusarenmuocmu. B HCXOTHBI MOMEHT BpeMe-
HU B PacTBOpPE COJEPKHUTCS TOJIBKO ciabas kuciora, nmodtomy pH pacTtBopa
Oynet onpenensaThest Kak pH pacTBopa ciaboii KUCIOTHI.
a) Touka, korma V, = 0 M.
B pacTBOpe coaepKUTCs TONBKO KUCIOTA YKCYCHAS.
CH;COOH [J CH;COO + H*
_[H'J[CHCO00]  x*
®  [CH,COOH] C,

[H]=x=K,C,
1

1
5 1
pH =-Ig[H*]=~-1lgK,C, =-1g(K,C,)2 = EKaCO:—E(IgKaHgCO):

=§(pKa —-19C,)=2,88

6) Touka momyorTuTpoBanHoctu: V; = 5,0 M.

Ecnm x pacTtBOpy ci1aboii KUCAOTHI IPHUOABISITH PACTBOP CHIILHOTO OCHOBA-
HUS, TO B pe3yibTaTe JO TOYKH SKBUBAJICHTHOCTH OyAeT 0Opa30BBIBATHCS OY-
depubiii pactBop. pH OydepHBIX pacTBOPOB PAaCCUUTHIBACTCS IO YPaBHEHUIO
I'ennepcona—XecenbbOaxa.

ITpu mo6aBnenuu 5,0 ma 0,1M YacTh KUCIOTBHI YKCYCHOM MpOpearupyer
U IIEPEUIET B COJIb.

CH3;COONa — CH3;COO + Na*
CH;COOH [J CH;COO +H"
_[HT][CH,COO0]
?  [CH,COOH]
[H]= [CHSCOOH]
[CH ;CO07]
PaccunTaeM XMMHUYECKHE KOJIMYECTBA KUCIOTHI M 00Pa30BaBIICHCS COJH:
n(CH;COOH) = C,V,=0,1-0,01 =0,001 mob
n(CH3COONa) = C,V,=0,1 - 0,005 = 0,0005 moib
Noer(CH3COOH) = C,V, — C,V, = 0,001 — 0,0005 = 0,0005 Mo
Haitnem oOmuii 066eM pacTBopa, mociie 100aBaeHUs TUTPAHTA!
V=V,+V,=0,01+0,005=0,015n
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BLIpa3I/IM KOHIOCHTPAIUHU COJIU U OCTaBLICHCS KHUCIOTHI:

[CH,COOH] = Maer(CH:COOH)
[CH,CO0™]= n(CH,;COO")
V
Ny (CH;COOH)
H]=K, [CH,COOH] _ K V _K, Ny.; (CH;COOH)
[CH,COO] n(CH,CO0") n(CH,CO0")
3 3 3
Vv
CV,-CV
H+ — K 0"0 T°T
1=K, =2
CcV,-CV CV
H=—-Ig[H']=-lgK, =20 =1 —pK_+lg—1 =476
p g[ ] g a CTVT p a g COVO _ CTVT
CV
pH=pK, +lg—t (10.3)
: COVO _CTVT

J1o TOYKHM 3KBUBAJIEHTHOCTH pH ocTajabHBIX TOUEK paCCUUTHIBAEM MO (op-
myse (10.3):
npu V.= 9,0 mx pH =5,71;
npu V., = 9,9 mu pH = 6,76.
2) B Touke SKBHBaJCHTHOCTH BCE MOJICKYJIbI KUCIIOTHI YKCYCHOW MEepeHIyT
B HaTpus aneraTr. Hatpus auerat siBiIsieTcs COJbio, 00Opa30BaHHOM ci1aboil Kuc-
JIOTOM W CUJIbHBIM OCHOBAHUEM, CIIEAOBATENIBHO, COJIb MOXKET TMIPOIN30BaATHCS
no aHuoHy, u pH takoro pactBopa Oyaer paccuuThiBaThcsi kKak pH runpponusa
10 AaHHOHY.
PaccunteiBaem pH runponmza CH;COONa:
V. =10,0 mu
CH;COONa — CH3COO™ + Na*
CH3;COO + HOH [J CH3COOH + OH™
pH = pK,,— pOH =14 — pOH

C. K
OH 1= / K.C — comu | W
[ ] b™~comu K .

n(CH;COONa)=C,V,=0,1-0,01 =0,001 mob
V=V,+V,=0,01+0,01=0,02 n
BrIpa3uMm KOHLEHTPALIUIO COJIM:

[CH,c00 1= = GoVo
VOV, +V,
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[ToacTaBuM MOTy4EHHOE BBIPAXKEHUE B YpaBHEHHE 171 pacyera pH:
pH = pK,,— pOH = pK,, + Ig[OH] =

:pKW+|g M_ +|g COVOKW —
K, Vv, +V,)K,
C, VK, 1 1 1, CV
—K+—I —00 W _ +—IK——IK+—I R[IO_ —
P 29(\/0 V)K pK,, gRy gK, 29\/ V
=pK ——pK += IgK +—Ig CV —(pK +pK, +Ig o)
" N 2V, +V, 0+VT

——(pK +pK, +Ig Co¥o ) 8,73
0 T
3) IToce TOUKHM PKBUBAJICHTHOCTH B PAacCTBOPE OYIET COAEPIKATHCSA HATPHUS
areTar U U30BITOYHOE KOJIMYECTBO HATpHs rujpokcua. Ilockoapky B pacTBope
MPUCYTCTBYET CHJIbHOE OCHOBAHME, TO TWAPOJU3 ToAaBisieTcs, U pH momaydeH-
HOT'O pacTBOpa paccuMuThIBaeTCsa Kak pH pacTBopa, comepkaiiero ToJIbKO CUIb-
HO€ OCHOBaHHUE.
pH pactBopa mocie TOYKM 3KBUBAJICHTHOCTH OINpPEAENAETCS H30BITKOM
TUTPAHTA:
a) mpu V; = 10,1
Nus(NaOH) = C.V, - C,V,=0,0101 - 0,1 — 0,01 - 0,1 =0,00001 monb
V=V,+V,=0,0101 +0,01 =0,0201 i
KoHnenTpanus octaBuiencs menodu mocjie peakinm:
(NaOH) = N.s(NaOH) CV, -CV,

Com Vv TV 4V,

pH=pK, —pOH =14+Ig[OH ] =14 +1 % 10,69
CV.-CV

H=pK, +lg—/—t——>2° 10.4

pH=pK,, +Ig V1V, (10.4)

Jlnst octanbHBIX TOUek pH paccunthiBaeMm 1o mosyueHHoH Gpopmyie (10.4):

6) mpu V, = 11,0 mn pH = 11,68;

B) ipu V; = 15,0 ma pH = 12,30.

B tabn. 2 mpuBeneHbl MOJyYEHHbIE PE3YNbTAThl U pacdyeTHbIE (DOPMYJIbI
JUTSI IOCTPOEHUSI KPUBOUM TUTPOBAHUS B IBYX BapUAHTAX:

1) B 3aBUCHMOCTH OT 00bEMa TUTPAHTA;

2) B 3aBUCHMOCTH OT ()aKTOpa OTTUTPOBAHHOCTH f.
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Tabnuya 2

V Komnonent, | ®@opmy.a ais pacyera pH B 3aBUCHMOCTH OT:
f "' | ompenmessiro- pH | @
MUJI N Vi, M f
i pH
Cabas kucio- 1 ]
0 0 ta CHsCOOH pH -E(pKa—|9Co) 2,88
0,50 |5,0 H = pK [CH4CO0 ] 476
= +lg—2
YUY | Bydepnas Pr=Pra [CH,COOH] !
CMCCh —
0.90[9.0 A% Jom + pH = pKg + N 5,71
- C.V H =pK lg——
09999 |CHCOO flg Tt PH =PRa T 6,76
COVO _CTVT ]
1 _
pH = j(pKW +pKg + IgC(CH3COO )
Cnaooe 1 1
1,00 10,0 |ocHoBanue PH =5 (PKw + PH=5(PKw +PKa +  Ig 73
CH3;COO~ cV
+pKg +1g 0o +|g%)
Vo tVy 1+ f
1,01 (10,1 pH = pKu + 19CNaoH s 10,70
1,10 |11,0 |CwubHoE pH = pKyy + 11,68
OCHOBaHHE f-1
CV.-CV H = pK la(C ——
1,50 (15,0 |OH" dgorYr %o | PHERPKw ARG, 70 ) 4
Vo +VT
KpuBas TurpoBanus 10 ma 0,1 M CH;COOH 0,1 M NaOH
g M
12 -
10 -
8 N
6 N
4 N
4
2 N
0 T T T 1

15

V, mn

IMpumep 10.5. Tloctpoiite kpuByto tutpoBanus 10 ma 0,1 M pactBopa
kaibluss xsopuaa 0,1 M pacTBopoM HaTpusi STHICHAMAMUHTETpaalerara

(OJITA) mpu pH = 9. p = 10"
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Pewenue: TpI/IJIOHOMeTpI/I‘IeCKOG TUTPOBAHUC OCHOBAHO HA PCaKIIMH 06pa-
30BaHUA KOMILUICKCOB HATPUSA STHUICHIAWUAMUHTCTpaalcTaTa ¢ MCTAaJZIaMHU. B pe-
3yJbTaTC PCaKIUHU 06pa3y}0T051 KOMIIJICKCBI C COOTHOIICHHCM MCTAJllIa-KOM-
HJICKCOO6p330BaTeJIH " JIUra”Hzaa I x1.

cod®

H,C cod
N—CH,
CH,
H,C

| H2C_ N

Co CH,
| o
Coo

Ca®+Y* ] CaY?,
Y/
rae Y — aauoH DJITAoGo3HaueHue >1eTaT-noHA.
Heobxoammo paccunTaTh YCIOBHYIO KOHCTAHTY OOpa3OBaHHS TPHIIOHAT-

HOT'0 KOMITJICKCA KaJIbIUS IMPH 3aJaHHOM 3HaYeHun pH.
B =P a(Ca™) a(Y") =B a(Y")

4—
a(Y")= 4 3 2" N —] m 2
[YTI+HY 1+ [H, YT T+ [H Y 1+ [H, YT +[Hs Y] +[Hg Y]

B Monekyne HaTpus 34eTaTa MIECTh KUCIOTHO-OCHOBHBIX IICHTPOB U KaK-
JbIA M3 HUX MOXKET IMPOTOHHPOBATHCS, CICAOBATECIIBHO, MOKHO IMPEIAIOI0KHTh
CYILIECTBOBAHME IIECTH PABHOBCCHIA:

Y+ H O HY* pKg = 10,26
HY* +H 0 H,Y* pKs = 6,16
HoYZ +H 0 HyY™ pK, = 2,67
HaY +H' 0 HgY pK; = 2,00
H4Y + H+ [ H5Y+ ng = 1,60
HsY*+H 0 HgY* pK, = 0,80

Bripazum paBHOBECHBIC KOHIICHTpPAIIMK BceX (OpM HATpHs dJeTaTa depe3
[HTu Y]

_IYTIHY] 31 [YTIH']
ANV Y=
K, = Y] Y IHT H,yz = Y IHT
[HY* T Kg[H,Y?] KsKg
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<, = [HHY]_ YTIH'P Hoy-1= Y JHT
[HSY ] KSKG[HSY ] K4K5K6
_[HHY ] YT H,y] = Y IH T
3 - 4
[H4Y] K4K5K6[H4Y] K3K4K5K6
<, = [FHHNY_ [YTIH'P Hoy = LY IHT
[H5Y+] K3K4K5K6[H5Y+] KoK3K4K:Kg
_HIHsYT_ IYTIHT 26 [YTIH'T
K= = o [HeY™']
[HGY ] K2K3K4K5K6[H6Y ] K1K2K3K4K5K6

[TonyueHnHble ypaBHEHUS MIOJACTaBUM B YPABHEHUE JJIsI MOJIBHOW JTOJIU [Ydﬁ]:
a(Y*) = [v*] _
[Y*T+HY? T+[H, Y214 [Hy Yo+ [H, YT+ [Hs YU+ [H Y*]
[Y*]
0 L 0 A Y A o O A L B S A Lo
K KsKsg K KsKg KK KsKg KKK KKy KK KoK KK,
B monydeHHOM ypaBHEHMM COKPAaTHM PABHOBECHYIO KOHILIEHTPALIHIO [Y‘k]

Y JOMHOXUM U YUCJIUTENb U 3HaMeHaTenb apoou Ha K KoK3KKsKe:
a(Y5)= ! =
LHT HY, HF o oHm . W= HT
Ky KoKg KoKoKg KoK KeKs KKK KK K KKK, KoK,
— KiKoK5K4KsKg
KK KK KK + K KoK gK K [H 1+ Ky KKK [H 12 + K KoKg[H P+ K K [HY 14 + Ky [H TP +[H 1P
a(Y*) =5,2:107
B' = p-a(Y*) =1,93-10°
KomrmekconomeTpuueckass KpuBas TUTPOBAHHUS CTPOHUTCS KaK 3aBUCH-
MocTb pMe oT V..

[Y* 1+

V., M 0 5,00 | 900 | 9,90 | 9,99 | 10,00 | 10,01 | 10,10 | 11,00 | 15,00

pCa2+

pMe = —Ig[Me""]
pCa®" = —Ig[Ca*']
1) [lo mouxu sxeusanrenmuocmu.
pca2+ = _Ig[Ca2+ = _IgCOCT
a) mpu V, =0 mi Cy, = C,
pCa®* = —Ig[Ca®*] = -IgC, = —Ig0,1 = 1,00
0) V. = 5,00 mx
HafmeM XUMHUYECCKOC KOJITNYCCTBO KAJIBIINA xnopmla n HanI/ISI 3J€Tara.
n(Ca’*) = CoV,=0,1 - 0,01 = 0,001 mous
n(Y*) = C,V,=0,1 - 0,005 = 0,0005 mMo1b
V=V, +V,=0,01+0,005=0,015x
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KOHHCHTpaHHH Ca2+ 10 TOYKH 3KBUBAJICHTHOCTU:
C = Nocr _ COVO B CTVT
VAR VARY)

pCa®* =—Ig[Ca*"]=-IgC,,, = —IgM =148
V, +V,

2+
]_IJ'ISI BCEX TOYCK, 1O TOYKH OKBHBAJICHTHOCTH, pCa paCC‘{I/ITBIBaCTCSI 10
BBIBCI[CHHOﬁ q)OpMy.IIGZ

2+ 2+7 _ _ Covo - CTVT
pCa lg[Ca™"]=~1gC,, =~Ig V.V,

B) mpu V, = 9,00 pCa®* = 2,28;

r) mpu V; = 9,90 pCa® = 3,29;

) mpu V; = 9,99 pCa®* = 4,30.

2) Touxa sxeusareHmHocmu:

V= V..

B pesynbrare peakiuu o0pasyercs AOCTATOYHO YCTOMUMBBIA KOMIUICKC,
KOTOpBIM MpakTudyecku He auccoruupyer (B' = 1,93 - 109), CJIEOBATEIIBHO,
MOYHO CUUTaTh, YTO PABHOBECHAsI KOHIIEHTPALIUS KOMITJIEKCA paBHA!

cav? 1= = G
V. V,+V;

ca®*+Y* [ cCay?®
C(Ca*") = [Ca*'] = C(Y")
[Cay®] [CaY*]

TRV R

(ca?]= x = [[CAY"]

B!

[CaY? ]

Bl
1. 1. CcN 1 CV
_Ligp—Lig 0¥ _Lep_1g oV
R A VRV 1L L YRRy

(6] T

pCa®" =—Ig[Ca*"']=—Ig

)=5,28

2 " :
pCa”™ 11 T.3. pacCUUTBIBAaETCS MO BHIBEICHHOM (opMmyIe:
1 C.\V
pCa™ = (Igh' ~lg—"=2-)
2 V, +V,
2+
3) pCa”" nocine mouxu sxkeusaieHmrHocmiu B paCTBOpE MOSIBISCTCS U30BITOK

TUTPAHTA:
a) V. =10,01 mx
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3anuiieM PaBHOBCCHC KOMHHCKCOO6p&30BaHI/I5{ N BbIPpa3UM KOHCTAHTY
KOMHHCKCOO6p&30BaHI/ISI:

Ca®*+Y* [l CaY®
,_ [cay*]
b= [Ca?*IC(Y*)
N3 koHCTAHTEI KOMHJIGKCOO6p8.30BaHI/I51 BbBIpAa3uM PABHOBCCHYIO KOHIICH-
TpaluiO HOHOB KaJIbIIW:

2
[Ca2+] — [CaY ]
pC(Y™)
Hanee BbIpa3suM PABHOBCCHYIO KOHIICHTPAIIUIO KOMIITIEKCAa U JIUraHaa, a 3a-

TEM IMOJYYCHHBIC BBIPAXKCHUA ITOACTABHMM B YPABHCHUC, IJIA paBHOBCCHOﬁ KOH-
HCHTPpAalINH NOHOB KaJIbITUA:

cay® =N _ CoVo.
vV V,+V,
C(Y4—) — Niiso — CTVT — CoVo
Vv V, +V,
C:OVO
(Ca?']= [Cay* ] Vo+V, _ CV,
ﬂ‘ [Y4_] B’M B,(CTVT - COVO)
V, +V,
Paccunraem pCa”":
pCa®" = -Ig[Ca*"]=—Ig CoVo =Igp - lgL =6,29
B ,(CTVT - CoVo) CTVT - Covo
Pacuer pCa®* mocIie TOUKH SKBHBAICHTHOCTH PACCUUTHIBACTCS O (hOpMyIIe:
C.\V.
Ca®* =Igp' -lg——°°
P 9P’ -1g CV.—CV.

6) mpu V, = 10,10 Mt pCa®* = 7,29;
B) ipu V, = 11,00 Mt pCa®* = 8,29:;
r) mpu V, = 15,00 mx pCa®* = 9,00.

B 1abn. 3 mpuBemeHbI MOJyYCHHBIE PE3YJIBTAThl U PacdeTHBIE (HOPMYJIBI
JUJIsl TIOCTPOCHUS! KpUBOUW TUTPOBAHUS B JIBYX BapUaHTax:

1) B 3aBUCHMOCTH OT 00beMa TUTPAHTA;

2) B 3aBHCHMOCTH OT (paKTOpa OTTUTPOBAaHHOCTH f.
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Tabnuya 3

: Vi, ®opmy.a s pacyera pCa B 3aBUCHMOCTH OT: pCa | Ind
MJI Vi, MI | f
0 0 pCa = -IgC, 1,00
0,50 |5,00 pCa = —IgC(CaCl,)oc; 1,48
0,90 (9,00 2,28
' ' CJV,-CJV. — ’
0,99 9,90 pCa=—lg— pCa=-lg(C,i= 1) [329
V,+V. 1+ f
0,999 19,99 4,30
=Lggp - 19 G0V ~Llagp - 19.C0
100 |1000 | pCa=5(gf" ~ lggiy-) | PCa=3(196" ~ l9=F) |5.29
1,01 |10,01 6,29
1,05 |10,10 —laR’ G —laR’ G 7,29
’ : Ca=lgp' -lg~—9°0o Ca=laB =1 0 ;
110 Tiroo| PeAT-leeyZay | Peaslob-lec gy 1559
1,50 |[15,00 9,00
Kpusas tutpoBanus 10 ma 0,1 M CaCl, 0,1 M pacrBopom HaTpusi
dTUJIeHAUaAMUHTeTpaanerara npu pH =9
pCa

10

9 -

8 -

7 -

6 -

5 -

4 -

3 -

2 -

1 -

0 T T T 1

0 5 10 15 20
V, mn

Ipumep 10.6. IlocTpoiiTe kpuByro TUTpoBaHus 10 My pacTBopa HaTpus
xiopuga 0,1 M cepe6pa rutparom. Ks = 1,78 - 1072,
Pewenue: Kpuas TuTpoBanus cTpouTcs kak 3aBucuMoctb PCl™ oT o0bema
100aBJIEHHOTO TUTPAHTA.
pCl = -Ig[CI]
B cucreme npoTekaet cieayronias peakiusi:
Ag"+CI"[J AgClI
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Bri6upaem Touku, HEOOXOAUMBIE JUIsl TOCTPOCHUS KPUBOIA:

V,ma| 0 | 500 | 900 | 990 | 9,99 | 10,00 | 10,01 | 10,10 | 11,00 | 15,00
pCl

1) /lo mouxu skeusarenmuocmu pCl~ paccunThIBaeTCs Kak:

pCI* = _Ig[Cli] = _IgCOCT

a) V., =0 mn
COCT = CO
pClI =-lgC, =-Ig0,1 = 1,00
0) V. = 5,00 M
n
Cl"=-IgC,_. =-lg—=L
p g OoCT g V

Tak xak B peakiuu cootHomenne Ag” u Cl™ 1 : 1, To:
nOCT = no —Ny = Covo - CTVT
V=V,+V,

n CV,-CV
OCT:_Igﬂ:_Ig 0Vo TVT
Y V, +V,

Jlnst Bcex TO4YEK, 0 TOYKH SKBHBAIEHTHOCTH paccuuthbiBaeM pCl mo BbI-

BEJICHHOM BbIIIIE (opmyIie:
oCl = —Ig CV,-CV,
V, +V,

B) nipu V, = 9,00 pCI™ = 2,28;

r) npu V, = 9,90 pCI™ = 3,29;

n) mpu V. = 9,99 pCI” = 4,30.

2) B mouke 3K8UBaIeHMHOCMU PABHOBECHBIC KOHIICHTPAIIUH HOHOB cepel-
pa M XJIOpa paBHbBI, B pe3yJIbTaTe B CUCTEME yCTAHABIMBAETCS PABHOBECHE Pac-
TBOPCHUS:

AgCl 0 Ag'+CI
Ks = [Ag][CIT =X’
x=[Cl= JKs

pCl =—Ig. /K =4,87

3) llocne mouku sx6usarenmuocmuy B pacTBOpe OyAeT HaAXOAUTHCS 0CATOK
XJI0pHIa cepedpa ¥ n30bITOYHOE KondecTBo Ag™:
AgCl [ Ag'+CI
Bripazum KOHCTaHTY JaHHOW peakLUu:
Ks = [Ag'][CI]
W13 ypaBHEeHHS 1J1s1 KOHCTAHTBI HaliieM paBHOBECHYI0 KoHIeHTpanuto [Cl]:

K
Cl']=—8
e [Ag”]

pCl~ =-IgC =1,48
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K
Cl- = —Ig[CI"] = —lg—2
p g[CI'] 9rng]

I[JIH TOTO YTOOBI IMOCTPOUTH KPUBYIKO TUTPOBAHUS IIOCJIC TOYKH SKBHBA-

JICHTHOCTH, HEOOXOIMMO PAaCCUUTATh KOHIICHTPAIINIO N30bITKa HOHOB cepedpa:

n
AgT]= 6
[Ag”] v
nI/I36:nT_nO:CTVT_COVO
V=V,+V,
pCl_:—|g[C|_]:_|gL:_|g&:_|gVKS :_Ig (Vo +VT)KS —
[Ag +] Nuss Nys6 CTVT - C0Vo
V
CV.-CV
= pK. + |g=1tr — ~o'o
PRs + 1 V. +V,
_ CV.-CV
Cl" =pKg +lg—*+——>2=°
P PRs TV TV

a) mpu V; = 10,01 ma pCI™ = 5,45;
0) pu V; = 10,10 mu pCI™ = 6,45;
B) mpu V; = 11,00 mn pCI™ = 7,43;
r) npu V, = 15,00 mx pCI™ = 8,05.

B tabn. 4 npuBeneHbl NMOJyYEHHbIE PE3YNbTAThl U PacUyETHbIE (HOPMYIIbI

JUTSI TIOCTPOCHUSI KPUBOYM TUTPOBAHUS B IBYX BapHUaHTAX:

1) B 3aBUCHMOCTH OT 00beMa TUTPAHTA;
2) B 3aBUCUMOCTH OT (hakTOpa OTTUTPOBAHHOCTH f.

Tabnuya 4
vV ®dopmyJa aas pacuera pCl B 3aBUCMMOCTH OT: pCl
f T v . (0,1 M| Ind
MJI Ty MJI NaCl)
0 0 pCl =-IgC, 1,00
050 |5.00 PCI = —1gChact oer 148
0,90 |9.00 CV —CV Lt 228
0,90 |9,90 pCl= - IQW pCl=~19(Cy ) 2,59
0,99 |9.99 o™ Vr + 3,30
1
100 [10,00 pCl = > PKs 4,87
1,001 |10,01 pCl = pKs+ IgC(AGNO3) s 544
101 [10.10 CV —CV f 4 |6.56
1,10 [11,00 | pCl=pKg+ |g% pCl = pKg +19(C;. f—l) 7,43
150 |15.00 otVr + 8.05
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Kpusasi TurpoBanus 10 mox 0,1 M NaCl 0,1 M AgNO;

0 5 10 15 20
V, mn

Ipumep 10.7. Tloctpoiite kpuByro tutpoBanus 10 mu 0,1 M FeCl, pac-
tBopoMm 0,01667 M K,Cr,0; mpu pH = 2.

Pewenue: KpuBasi OKUCIUTETHHO-BOCCTAHOBUTEIBHOTO TUTPOBAHUS TIPE/I-
CTaBJsieT OO0 3aBUCUMOCTD MOTEHIMANA OT 00BbEMa TUTPAHTA.

Bri6upaem Touku, He0OOXOAMMBbIE JUIsl TOCTPOCHUS KPUBOIA:

V,mn | 1,00 | 500 | 9,00 | 990 | 9,99 | 10,00 | 10,01 | 10,10 | 11,00 | 15,00

E,B

/Lo mouku sxkeusanenmuocmu MOTEHIMA CUCTEMBI 3a1a€TCs ITOJYPEaKIUEH:
Fe** +1e = Fe** E°=0,771B 0
Ilocne mouku skeusarenmrocmu TOTEHIMAI CUCTEMBI 3a4aeTCs CIELYIO-
LIEH MOJIypPEaKLUe:
Cr,0;” + 14H" + 6e =2Cr*" + TH,0 E°=1,33 B (1)
[ToTeHman AaHHOW MOJYpEaKIUU 3aBUCUT OT KOHIIEHTPAalUHUU (AKTUBHO-
cti) IpoToHoB. HeoOxoaumo mepecunTath 3HadeHre B npu 3a1aHHOM 3Hadve-
Huu pH. 3anumem ypaBHenne HepHcTa U1l mojtypeakiyu:

2- +114
£ g0, 0059, OX oo 0059, [CrO, 3][I2—I ]
n ~ Red 6 [Cr]
0,059 0,059

E”E° +Tlg[H+]l4 =133 B+T14Ig 0,01=1,05B

[Ipu TUTPOBaHMM B CUCTEME MPOTEKAET CIAEAYIOLIAS PEAKIUS:
6Fe*" + Cr,0,” + 14H" = 6Fe** + 2Cr** + 7H,0
CrexuomeTpust peakiuu Ny k Ny wim 6 : 1.
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KpuBas OKHCIUTEIBHO-BOCCTAHOBUTEIBLHOTO THUTPOBAHUS HE CTPOHUTCS
¢ Toukn V; = 0, T. K. HCBO3MO>XHO PacCUHUTATh COACPIKAHNC Fe¥.

1) /lo mouku sxeusaienmuocmu B TATPYEMOM PacTBOpe OYIyT HaXOIUThCS
vonsl Fe** u Fe?* u norennman cucremsl OyIeT ONpeAcNIAThCS TOJIBKO HOType-
akuueit (1).

CrnenoBaTeNlbHO, TIOTCHIIMAJI CUCTEMBI 10 TOYKH SKBUBAJICHTHOCTH OyaeT
paccYUTHIBaThCS MO ypaBHeHUIO HepHcTa:

3+
0,059, Ox _go 0,059 [Fe2 ]
n ~ Red n " [Fe ']

3+
Honos Fe™" o6pasyercs B N, pa3 Gouiblie, 4eM BCTYIIUIO B PEAKIHMIO HOHOB
2
Cr,0O;:

E=E°+

n,
7CT T
[Fe3+] = n(Fe3+) _ M
V V. +V,
n(Fe*") = ny (Fe*") — Nypopear (FE°H) =CLV, — %CTVT
1
N,
2+ Covo - 7CTVT
[Fe2+] — n(Fe ) — nl
V V, +V.

IToncraBuM BeIpaKEHHBIE 3HAYEHUSI KOHLUEHTPALAN [Fe**] u [Fe*'] B ypas-
Henue HepHcra:

Mecv
nl T T
3+ IVERVE
E—p°. 0,059I [Fe2+] _Eo . 0,059 Ig V, +V, _
n[Fe] n cv -Mcy
0O 0 nl T T
V, +V,
0,059 &CTVT
=E°+——Ig | -
M CcVv --2CV,
N
HOTeHHI/IaH CUCTEMBI 10 TOYKHN 3KBUBAJICHTHOCTHU.
0,059 &CTVT
E=E°+2 Ig M =
nl C:oVo - 72CTVT
"
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a) npu V, = 1,00 mn £ =0,714B;
0) mpu V, = 5,00 mn £ =0,771B;
B) ipu V, = 9,00 mx1 £ = 0,827B,;
r) npu V; = 9,90 ma £ = 0,889B;
1) npu V, = 9,99 ma £ = 0,954B.

2) Touka sxeusarenmuocmu:
B touke sxBUBaneHTHOCTH noTeHnabl noaypeakiuu (1) u (1) paBusr:

2—
nz [Cr]?
£=po, 0059, [Fe**]
n, [Fe2+]

B pe3ynbTaTe mnoaydaeM CUCTEMY HU3 JBYX YPABHEHHU. Y MHOXHUM IMEPBOE
ypaBHEHHE Ha Ny, @ BTOPOE ypaBHEHUE HA N; U HaliieM CyMMY JBYX ypaBHEHUI:

2
n,E=n,E® +0,0591g %
[Cr™]
<
3+
nE=nE° +0,0591g [Fe |

2— 3+
nE+n,E=nE° +n,E” +0,059lg [Cr,0,° 1IFe”]

[Cr3+]2[|:e2+]
£ ME°+nE” 0,059 [Cr,0,% ][Fe*']
n+n, m+n, = [Crr]°[Fe*]

PaccmoTpum ypaBHEHUE peaKIuu:
6Fe’* + Cr,0," + 14H" = 6Fe>" + 2Cr*" + 7TH,0
PaBHOBecHe MaHHOM peakiMyM CUWJIBHO CMENICHO BMOPaBO, B PE3YyJIbTATE
B TOYKE SKBUBAJICHTHOCTH:

[Fe®*] = 3[Cr*]
[Fe**] = 6[Cr,0;"]

nE°+nE” 0,059 [Cr,0, " 1[Fe*] _

E= 3+q2 2+
n+n; m+n, — [Crr][Fe "]
_ME°+n,E” 0,059 [Cr,0,% 13[Cr¥]
n,+n, n, + n2 [Cr**]%6[Cr,0,%]
0 o o~
E— nME” +n,E N 0,059 Iy 13 _ mE®+n,E° 0,059 lg2[Cr*']
n+n, n+n, ~2[Cr'] n+n, n+n,
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B ToukKe SKBMBaJICHTHOCTH H&6JII-OI[8.€TC$I Ciacayroniec paBCHCTBO:

n(Fe®") = % n(Cr,0,%")
1
[Fe*] = 6[Cr,0,°] = 3[Cr**]

2—] — [Feg+] — COVO
3 3V, +V,)
0 o/

E_ nE”+n,E” 0,059 g2 CV,

n+n, n+n, = 3V, +V,)
4) Ilocne mouku sK6usaieHMHOCMU TIOTEHIIHAT CUCTEMBbI OyJeT OIHCHI-
BathCcsl mosypeakmuedt (l1). 3amumem ypaBHeHue HepHcra s mosaypeax-

muu (I):

[Cr**]=2[Cr,0,

=1,016B

0,059 9 [Cr,0,%]

E=E%+
n2 [Cr3+]2
2— CTVT - ﬁcoVO
[Cr 0 2—] _ nI/I36 (Cr207 ) _ n,
e Vv V, +V,
[Cr3+] = —COVO
3V, +Vi)
CTVT - &COVO
N, 9(C.V, — LC V)V, +V,)
o 0,059 V, +V, o 0,059 n,
E=E" + lg CV =E" + lg 5
n, (%)2 n, (CoVo)
3V, +V,)

a) npu V, = 10,01 mn E = 1,027B;
6) mpu V, = 10,10 ma £ = 1,035B;
B) ipu V, = 11,00 M £ = 1,051B;
r) npu V, = 15,00 ma £ = 1,055B.

B Tabn. 5 mpuBemeHbI TONy4eHHBIE PE3YNbTAThl U PACUECTHBIC (DOPMYIIBI
JUIs1 TOCTPOEHHUSI KpUBOWM TUTPOBAHUS B IBYX BapUaHTaX:

1) B 3aBUCHMOCTH OT 00beMa TUTPAHTA;

2) B 3aBUCHMOCTH OT (paKTopa OTTUTPOBAHHOCTH f.
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Tabnuya 5

Vy, M Dopmyaa s pacyera E: E,B | 1PA
1,00 E 3 EO N O, 059 | [Oxl] 0,715
5,00 Ox;/Red; — ~Ox,/Red; n, [Red,] 0,771
9,00 1 0,827
9,90 0,889

&CTVT
E =E2 +0’059 Ig " +X
Ox,/Red, = ~Ox,/Red
9,99 1 1 1 1 n, CoVy _&CTVT 0,954
r‘l
n E2 +n,E2
10,00 _ 1-0x,/Red,; 2—0x,/Red, + 1,016
nl + n2
10,01 . _ g0 , 0,059, [0x,] 1,031
10,10 Ox,/Red, =~ “Ox,/Red, "~ ¥ [Req, ] 1,039
11,00 n, 1,048
CTVT _7C0Vo
E = E2 £ 0.099, N, +1
15,00 Ox,/Red, =~ ~Ox,/Red, n, J n 1,054
—CoVo
n2

Cnaraemoe x, Y, Z TIOSBISCTCSA I TIOMUSICPHBIX YACTHI[ W BBIBOJIHUTCS
ormenbHO s Kaxkmoro ciydas (cm. KyCr,O;), xpuBble B JaHHOM cllydae
HE CUMMETPHUYHEI.

Kpusas tutpoBanus 10 ma 0,1 M FeCl; 0,01667 M K,Cr,0O; npu pH = 2

E, B
1,2

1

0,8

?

0,6

?

04

?

0,2

>

0
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3agaum 1J191 penieHus:

1. K 10 M pacTBopa aMMOHHUSI XJIOpUJIa HEU3BECTHON KOHIIEHTpAIUU J10-
0aBUIIM U30BITOK HATPUS TUAPOKCcHIA B pazmepe 10 mit ¢ koHnenTpanuei 0,1 M.
3aTeM pacTBOp BBINAPWIHM JOCYXa, a MOJYYEHHBIH CyXOM OCTaTOK PacTBOPWUIIN
B 10 mu1 Boasl. Ha TUTpOBaHME MoOydeHHOTO pacTBopa 3aTpatuiau 8 miu 0,1 M
HCI. Onpenenute konuenTpamuio NH," B HauansHOM pacTBope.

2. PaccunTaiiTe KOHIIGHTPAITMIO KUCIOTHI XJIOPUCTOBOAOPOIHOM B 200 Mt
pacTBopa, eciu Ha TuTpoBaHue 10 M1 JaHHOrO pacTBOpa MOTpeOoBaAIOCH 8,4 M
0,05 M pacTtBOpa HaTpusi TUAPOKCHUA.

3. Paccunraiite Maccy kaius ruApOKCHa, KOTOPBIN NOTpeOyeTCst A mpH-
rotoByieHust 150 M pacTBopa, €ciii Ha TUTPOBAHUE 5 MJI 3TOTO pacTBOpa HEOO-
xoaumo 3atpatuth 8,8 mi1 0,01 M pacTBopa KMCIOTHI XJIOPUCTOBOJOPOTHOM.

4. Paccuuraiite, kakoi cymmapHbeii oobem 0,05 M pacTtBOopa KHCIOTHI
XJIOPUCTOBOJOPOAHON moTpedyetcst ana tutpoanus 20 mu 0,02 M pactBopa
HaTpus kapOoHarta. Paccuuraiite pH TOUKM SKBUBaJICHTHOCTH.

5. Paccumraiite, kakoit obobem 0,01 M HaTpus ruapokcujia J0O0aBHIH
K 10 M 0,05 M pacTtBOpa KMCIOTHI YKCYCHOM, eciu pH moixyyeHHOro pactsopa
paBeH 4.

6. PaccunTaiiTe koHIeHTpanuio Kaims ruapokcunaa B 100 pactBopa, eciu
Ha tuTpoBaHue 10 mi takoro pactBopa 3arpatwiu 18,6 mu 0,05 M pactBopa
KHUCJIOTBI XJIOPUCTOBOAOPOIHOM.

7.1 r runpokcuaa HaTpus pacTBopuiu B 1 y1. M3 momydeHHOro pactBopa
oroopanu 10 Mt u orTuTpoBanu npu momoru 22,5 ma 0,01 M HCI. Paccuwnraii-
T€ MaccoBYI0 A0Jt0 nHAN(PepenTHBIX mpruMeceit B mpode NaOH.

8. Hasecky 0,1 1, comepkalyro XJIOpHUI aMMOHHUS U XJIOPHUJ HATpuUs, pac-
tBopwiM B 100 mut Bogel. K 10 M momydeHHoro pactBopa ao6aBuiu 10 mi
0,01 M rugpokcuna Hatpus. [lodydeHHBIN pacTBOp YMapwWiv A0CyXa, pacTBO-
pwiu B 20 M Boabl U OTTUTpOBaiK mipu nomoiru 8,2 ma 0,01 M HCI. Paccuu-
TaiiTe Maccy XJIOpuaa HaTpHs B HABECKE.

9. Paccumraiite nuaukaropusie omrOku TutpoBanus 0,1 M HCI pactso-
poMm 0,1 M NaOH, eciu B kaueCTBE HHIUKATOPOB UCIIOIb30BAJIUCH:!

A) metunopanxk pT = 4; b) denondranenn pT = 9.

10. PaccuuTaiite muaukaropusie ommoOku TuTpoBanus 0,01 M HCI pac-
tBopoM 0,01 M KOH, ecnu B kauecTBE MHANKATOPOB UCIOJIb30BAIIUCH:

A) metunopanx pT = 4; b) denondranenn pT = 9.

11. IIpoGy maccoit 0,2 r obpasna PbO pactBopunu B HNO3 koHIIEHTpUpO-
BanHoM. K pactBopy gobasunu 50,00 mu 0,0500 M narpus snerara, 10 miu am-
MuagyHoro OydepHOro pactBopa W HHAUKATOp. Jlis TUTpoBaHMs H30BITKA
HaTpusi OSTuieHauamuHTeTpaarnerata (NaH,Y) wuspacxomoBano 32,2 Mi
0,0500 M ZnSQ,. PaccuuTaiite maccoByro noito PbO B obpasiie.
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12. 0,3 r nuaka xjopuaa pactBopuiid B 50 M Boasl. Paccumraiite, kakoi
ooveM 0,05 M HaTpus 3TUNIEHAMAMUHTETpaalerara noTpedyeTcss Ha TUTPOBa-
Hue 20 MJI TaHHOTO pacTBOpa.

13. Onpenenurte, CKOJIbKO IPaMMOB HaTpHsl Cylib(aTa COIEPKHUTCS B pac-
TBOPE, €CJIM U3BECTHO, 4TO eciau K 10 Mi Takoro pactBopa npudaButh 1 r Gapus
XJIOpUAA, TO HA TUTPOBAHHWE MOJYYEHHOI'O PacTBOpa HEOOXOIWMO 3aTpaTHUTh
11,6 mn 0,01 M pactBOpa HaTpus 3TUIIEHAMAMUHTETpaanerara. M3sMeHeHnem
o0BbeMa MpHU pacTBOPEHUHU Oapust XJIopuaa npeHeOpeyb.

14. HaBecky maruus cynbdata renraruapara maccoit 0,1888 r pactsopunu
B JIUCTWITMPOBAHHOU Bojie U monyunid S00 mu pactBopa. 3atem 50 mut momy-
YEHHOI'0 PacTBOpa OTTUTPOBAIM MpHU NoOMoIM 22,4 M pacTBOpa HATpUs ITHU-
JeHauaMuHTeTpaanerara. Onpenennre KOHIEHTPAUIO HATPHs d/1eTaTa.

15. HaBecky 0,1 r kpucramioruyapara KajdblUs XJIOpHIa PaCTBOPHIH
B 100 mn Boapl. 10 My MOJIy4EHHOTO pacTBOpa OTTUTPOBAIM HPU MOMOIIH
5,2 mn 0,01 M Hatpusi >THiIEHAMAMUHTETpaaleraTa. Paccunrailte MaccoByIO
JIOJIEO XJIOPUA KAJIBLIUS B KPUCTAJNIOTUAPATE.

16. Kakoit o6bem 0,01 M pacTBopa HaTpuisl STUICHIUAMHUHTETpaalerara
HE0OXOIMMO 3aTpaTUTh Ha TUTpoBaHue 10 M pacTBOpa, MOIYYEHHOIO MyTEM
pactBopenus 0,5 T IMHKA XJI0pUIa B 1 TUTpe BOMBL.

17. Onpenenure Maccy HaTpHs XJopuaa B 1 1uTpe pactBopa, €ciau Ha TUT-
poBanue 10 mi Takoro pactsopa O0bu10 U3pacxogoBano 12,6 ma 0,01 M pactBo-
pa cepebpa HUTpaTa.

18. Onpenenute, kakoit oosem 0,1 M pactBopa cepedpa HUTpaTa HE0OXO-
JVMMO 3aTpaTUTh Ha TUTpoBaHMe 20 MJI pacTBOpa Kajus MOIWIA, IMOJTyYEHHOTO
nyteMm pactBopenus 2 T KI B 20 mut Boabl. U3meHeHneM o6bema mpu pacTBope-
HUU TIpeHeOpeyb.

19. Onpenenute KOHIEHTPAIMIO KaJIUS XJIOPHUIA B PAaCTBOpE, €CJIM HA THUT-
poBanue 10 mi Takoro pactBopa ObuI0 U3pacxoaoBano 5,6 mi 0,02 M pactBopa
prytu (I) HUTpaTa.

20. Onpenenure, kakoit 0obem 0,05 % pactBopa pryTtu (I) HUTpaTa HE0O-
xoaumo 3arpatuTh Ha tutpoBanue 10 mu 0,09 % pactBopa HaTpusa XJjopuja.
[110THOCTH PaCTBOPOB CUUTATH paBHOM | r/em’.

21. Onpenenure, CKOJIBKO IPaMMOB KaJldsi OpoMuIa pacTBOPWIM B 1 uTpe
pacTtBopa, eciu Ha TuTpoBanue 10 mi Takoro pactBopa uspacxogoBayin 6,4 M
0,05 M pacTtBopa cepebpa HUTpaTa.

22. HaBecky cepeOpa HutpaTta Maccoi 0,068 r pacTtBopuiu B 15 mi1 BojabI
Y OTTUTPOBAJIX Ipu nomomu 11 mn kanus xnopuaa. Onpenenure KOHUEHTpa-
LU0 TUTPAHTA.

23. K 10 mu kucmoro pacTBopa Kajusi JUXpomara MprOaBUI M30BITOK Ka-
must voauaa (10 mu KI ¢ konnentpanueii 0,2 M). Onpegenure, CKOJIBKO rpaMMOB
KaJlig AUXpoMaTa COACPKUTCA B HAYAJIbLHOM PacTBOPE, €CJIM Ha TUTPOBAHUE BbI-
nenusiierocs wona 3arparunu 12 mi 0,05 M pactBopa HaTpus THOCybdara.
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24. IIpody oobemom 100 M pacTBOpa, copepskallero HaTpus THOCYIb(pat
U HaTpus THAPOKapOoHaT, pa3daBuian Bojou 10 250 mi. st TuTpoBanus 25 mi
HOJy4EeHHOro pacTBopa morpedosanocs 12 mi 0,1 M pactBopa 1/2 |,. Paccuu-
TaliTe MacCOBYIO KOHIICHTpalLUIO (I/71) HaTpusi THOCYIb(haTa B aHAIU3UPYEMOM
pacTBope.

25. IIpoby maccoit 0,5650 T oOpa3a meau cynbdaTta MeHTaruapaTa pac-
TBOpWIU B 25 Mu Boabl. K mosmydueHHOMY pacTBOpY IpHOaBUIM HEOOXOAMMBIE
KOJIMYECTBA KUCJIOTHI CEpHOU U Kanus Woauaa. [{ins TUTpoBaHMsI BbIIEIUBILIETO-
cs oga norpedosanock 21 mu 0,1 M Hatpust Tuocynbdara. Onpenenure mac-
coByro no:iro (%) CuSO,4 5H,0.

26. IIpoOy obpasma kuciaotel ackopouHoBoit (1/2 M = 88,05) ¢ nHepTHBIM
pazbaBureneM pactBopmin B 50 mu Boabl. K pactBopy npubasmmm nzositok Kl,
KpaxMaJl ¥ MOJKHUCIWIN KHUCIOTOW XJIOPUCTOBOJAOpOoAHOM. [Ipu TuTpoBanumn
anukBOTHI 10 MIT moTy4eHHOTO pacTBOpa u3pacxonoBano 14 mi 0,1 M 1/6 KIOs.
PaccuuTaiiTe Maccy KUCI0ThI aCKOpOMHOBOM B TIpoOeE.

27.10 M pactBopa rujapasuHa pazdasuiau g0 50 mu. 3arem 20 M mony-
YeHHOTo pacTBopa oTTUTpoBanu mpu nomonu 13 mi 0,02 M KIO;. Onpenenure
MAaCCOBYIO KOHIICHTPAIIUIO TWIpa3rHa B HA4YaJIbHOM PacTBOPE.

28. Boausrii pactBop FeSO, o6vemom 10 mi pazdasmmu 1o 100 mi. 25 ma
ITOJIYYEHHOTO pacTBopa oTTuTpoBaiv npu nomon 12 mir 0,01 M kucnoro pac-
TBOpaA KaJIus nepManranara. Paccunraiite maccy FeSO4 B HCXOAHOM pacTBOpE.

29. 10 mut BogHOTO pacTBOpa raurepuHa pazoasuiau 10 100 mm. 10 mur mo-
Jy4EHHOTO pacTBOpa OTTUTpoBaM mpu nomomm 12 mu 0,5 M menoyHoro
KMnQO,. Haiinute Mmaccy cnupTa B HICXOAHOM PacTBOPE.

30. Ompenenure Maccy Kajiausi epMaHraHaTa, KOTOPYIO HEOOXOJIMMO pac-
TBOpUTH B 100 MIT mI€7109HOTO pacTBOpa, uToOsl HAa TUTpoBanue 10 mu 0,01 M
pacTBopa TiMilepuHa moTpedoBasiock 12 mu Ttutpanta. M3meHeHnem oObema
pacTBOpa MpU paCTBOPEHUU COJIU MTPEHEOPEYb.

31. HaBecky HoBOokamHa 3 r (M = 272,78) pacTBOpuUIi B BOJAE U MOTYUHIH
200 mi1 pactBopa. 3atem 40 MJI TOJIy4€HHOTO PacTBOpa OTTUTPOBAIM TIPH TO-
Mou 21mn 0,1 M pactBopa HaTpusi HUTpUTa. ONpeneauTe MacCOBYIO JOJIIO
HOBOKaWHAa B HABECKE.

32. HaBecky 2 1 ananuna pactopuwin B 100 ma Boasl. PaccuunTaiite, kakoit
00beM a3oTa BhIIENUTCS Mpu TUTpoBanuu 10 mi manHoro pactBopa 0,1 M pac-
TBOPOM HATpHs HUTPUTA.

33. Ha tutpoBanue 10 mi1 pacTBOpa nepokcuia BOJOPOa U3PACX0I0BAIH
11,4 M 0,02 M pactBopa 1iepust (IV) cynbdara. CkosIbKO TpaMMOB MEPOKCHUIA
BojiopoAaa coaepxkutcs B S00 M Takoro pactBopa?

34. Ob6pazer; MeTauITMYeCcKoro xene3a Maccor 1,05 r pacTBOpuiIM B KUCIIO-
Te cepHOil U mosyumiu 250 M pactBopa. 10 Ml MOJIy4eHHOTO pacTBOpa OTTUT-
poBanmu mipu nomorm 1/6M 0,075 M K,Cr,0; oosemom 9,3 mir. Onpenenure
MacCOBYIO JIOJIIO JKeJe3a B UCCIeAyeMOM 00pasle.
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35. Kakot o6vem 0,01 M pacTtBOpa Kanus IepMaHTaHaTa HEOOXOJIUMO
3aTpaTuTh Ha TUTpoBaHue 10 MII pacTBOpa, MOJYYEHHOTO MyTEM PacTBOPEHUS
1 r cimaBa >kene3a B 100 M1 kucnoTsl a30THOM? MaccoBas J10J1s Jkeles3a B CIijia-
Be 20 %.

36. HaBecky cmiaBa 1 r pactBopuiid B 50 MJT KUCIOTHI a30THOM. AJIMKBOTY
B 5 M1 pa3baBmin Bojoi 10 20 M1 ¥ OTTUTpOBaNU npu nomoudt 8,6 mia 0,02 M
pacTBopa Kayus quxpomMara. Onpenennre MacCoBYIO JOJIIO JKeJe3a B CILJIaBe.

37. Iloctpoiite kpuByto tutpoBanus 10 mu 0,05 M pacTBOpa KHCIOTHI
xjopuctoBogopoanoit 0,05 M pacTBOpoM HaTpusi TUAPOKCHUA.

38. Iloctpoiite kpuByro tutpoBanus 10 mi 0,02 M pactBopa amMMOHHS
ruapokcuaa 0,02 M pacTBOpoM KHCIOTHI XJIOPHUCTOBOAOPOTHOM.

39. Iloctpoitte kpuByto tutpoBanus 10 mu 0,01 M pactBopa ruapasuHa
0,01 M pacTBOpPOM KHCIOTBI XJIOPUCTOBOIOPOTHOM.

40. [Toctpomite kpuByto TutpoBanus 10 mun 0,2 M pactBopa CH3;COOH
0,2 M pactBopom NaOH.

41. Toctpoitte kpuByto TutpoBanus 10 mi 0,01 M pactBopa Na,CO; npu
nomon 0,01 M pacTBopa KUCIOTHI XJOPUCTOBOIOPOIHOM.

42. Iloctporite kpuByto TutpoBanus 10 mi 0,01 M pacTBOpa KaibIus XJIO-
puna 0,01 M pactBopom Hatpus saetata npu pH = 10.

43. Tloctpoiite kpuByto TuTpoBanus 10 mu 0,02 M pactBopa 6apus XJiI0pH-
na 0,01 M pactBopoMm HaTpus 3aerata npu pH = 11,

44. Tloctpoiite kpuByro tupoBanus 10 mu 0,05 M pacteopa CaCl, 0,05 M
pacTBOPOM HATpHs HJIETATA.

45. Tloctpotite kpuyto tuTpoBanus 10 mi 0,01 M kanus 6pomuaa 0,02 M
pacTBOpoM cepebpa HUTpara.

46. Tloctpoiite kpuByto TutpoBanus 0,001 M pactBopa Kl mpu momoru
0,001 M pactBopa cepebpa HUTparTa.

47. Tloctpoiite kpuByto tutpoBanus 10 mu 0,02 M pactBopa CaCl, npu
nomouu 0,02 M pactBopa AgNO3.

48. Toctpoiite kpuByro TutpoBanus 10 ma 0,05 M pactBopa >xenesa XJjo-
puna 0,01 M pacTtBopom Kanus nepmanranara npu pH = 1,5.

49. Tloctpoiite kpuByto tutpoBanus 20 mu 0,05 M pactBopa xene3a (II)
xnopuna ripu omoru 0,025 M pactopa uepus (IV) cynbdara.

50. IToctpoiite kpuByto tutpoBanus 10 mu 0,6 M pactBopa xeneza (II)
xnopuga 0,1 M pactBopom kanus nuxpomara ripu pH = 1.

51. Iloctpoiire kpuByto TutpoBanusi 0,01 M pactBopa |, mpu momomu
0,02 M pactBopa Na,S,03.
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PA3JIEJ 11
ONTUYECKHAE METO/IbI AHAJIN3A

OnTuyeckrue METOJIbl aHAJIM3a OTHOCAT K (PU3UKO-XMMHUYECKHUM METOJIaM
aHajn3a, OCHOBAHHBIM Ha HW3MEPEHUHU PA3JIUYHBIX ONTHYECKUX CBOWCTB Be-
IIECTB, TAKUX KaK MOIJIOUIEHUE, pacCesiHUE, OTpaXKEHUE, MPEIOMIICHHE, UCITyC-
KaHue, NOJIIpU3alus CBETa, KOTOPhIC MPOSBIISIIOTCS MPHU JIEUCTBUU JIEKTpOMar-
HUTHBIM u3ayyeHueM (OMMU) Ha BemecTBo.

OMMU umeer psia XapaKTEpUCTHUK:

1. DHeprus KBaHTa CBETA:

E = hv,
rae h =6,63 - 1073 JIx-c — nocrosgHHas [manka; v — 4acTtora u3Jiy4eHus.
YacTto sHepruo KBaHTa CBETa BbhIpa)KaroT B 3B:
15B=1,6-10" Ix.
2. JInuHa BOJIHBI:
A=<,
1%
rme c=3 - 10° m/c — CKOPOCTbH CBETA B BAKYYME

3. BosmHoBoe uucio v.
Onrtuueckas IOTHOCTh PacTBOpa OMUCHIBacTCsl 3akoHOM byrepa—Jlambep-
ta—bepa:

A=¢-C-lI, (11.1)
r7ie € — MOJIIPHBIN KoddduimeHT norameHus; C — xoHneHTpamus; | — mmna
KIOBETHI.

Takke oNnTUYECKYIO TJIOTHOCTHh MOKHO 3aIMCaTh 4epe3 yACNbHbIH KO-
(OUITMEHT TTOTAIICHMUS.

A=E2L-W-I, (11.2)

0 o
rae EL% yAeNbHBIN K03 durreHT noramenus; W — KOHIICHTpaIis Bellle-

1cm
CTBa, BeIpakeHHas kak rpamm/100 mi pactBopa; | — aimmHa KFOBETHI.
VY nenbHbId KO3(POUUIMEHT CBETONOTAIICHUS] U MOJISIPHBIA CBSI3aHBI MEXKY

o 0,
cOOOM, TSI TOTO YTOOBI BEIBECTH BBIPAKCHHS JIJIS B3aUMOCBSI3H € U EL%

1cmr 1IPH-

paBusieMm ypaBuerus (11.1) u (11.2):
e-C-l=E) wW-I

cM

g-C=E[L-W
w-M
10
1%
S'C:C-M-Ech
10
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1% € 10
1cm M

Ecau B pacTBOpPC NMPUCYTCTBYIOT Cpa3y HCCKOJIBKO BCIICCTB, KOTOPBLIC MO-
T'YT IOTJIOIIATDL JJICKTPOMArHUTHOC U3JIYUCHHC, TO JJIA PCIICHUA 3a/1a4 Heo0Xxo-
JIMMO BOCIHOJIb30BaThCS 3aKOHOM aJJUTUBHOCTU OIITHYCCKOM MIOTHOCTH:

A=Y A= gCl

OnTuyeckas MIOTHOCTh MHOTOKOMIIOHEHTHOTO PacTBOpa COCTaBISIET CyM-
My OINTHUYECKUX TUIOTHOCTEM KaXKJI0ro KOMIIOHEHTa pacTBOpa, e€ciu Obl Belle-
CTBO HaXOJWJIOCh B PACTBOPE WHIUBUIYAIIBHO.

MeToabl KOJIMYECTBEHHOI0 AHAJIN3a B MHCTPYMEHTAJBHBIX MeETOJAax
aHaJu3a.

BbIIenstoT Tpu OCHOBHBIX METOJa pacyeTa KOHIIGHTPAllMK BEIECTBA B 3a-
BUCHMOCTU OT BEJIMYMHBI MOJTYYEHHOTO AHAJIIMTUYECKOIO CUTHAJA: METOJ rpa-
JYHUPOBOYHOIO rpauka, METO/ CTAHIaPTHBIX PACTBOPOB U METOJT JOOABOK.

Memoo zpadyupoeounozo zpagpuka. B 1anHOM METOJE CTPOST rpaduk 3a-
BUCHMOCTH aHAJIMTUYECKOTO CUTHAJIA OT KOHIIEHTpauuu. ['paduk npeacTaBisieT
cO00i MPSIMYIO U OIHMCHIBAETCS YPAaBHEHUEM:

y=ax+Db,
rae a — yriaoBo ko3 UIIMEHT, XapaKTepU3yeT yroji HaKJIOHAa TpagyrupoBOY-
Horo rpaduka, a = tga, IJie 0. — YroJ HakjoHa HpsMoi oTHocuteabHo OX; b
XapaKTepU3yeT BEIMYMHY AHAJIIMTUYECKOTO CUTHala MPU HYJIEBOM KOHILIEHTpa-
UM, €CJIU TpaduK 3aBUCUMOCTH BbixoauT u3 Touku (0,0), To cnaraemoe b = 0.

[Tony4yeHHble TOUKH 00padATHIBAIOTCS METOJIOM HAMMEHBIIMX KBaJPaTOB.
KoadduimenTs! @ 1 b paccuuThIBaroTes 10 cieayromumM Gopmyiam:

D) xy—nxy

_sz—ni2

b:Zy—aZX
n

X F X + oo+ X,

E (11.3)

a (11.4)

(11.5)

X =
n

g Yty tet Y
n

B oTnuune oT ocTambHBIX METOJIOB TPalyUHPOBOUYHBINA TpauK MOKET ObITh
HEJIMHEWTHBIM.

IIpumep 11.1. Haiinure ypaBHEHUE TMHEIHHON 3aBUCUMOCTHU U OTIPENIETUTE
KOHIIEHTPALMIO PACTBOPEHHOI'O BEIIECTBA MIPU onTHYecKoi uoTHoctH 0,3, ec-
JM B X0J1€ AKCIIEPUMEHTa ObUIH MOJIYYEHBI CIEAYIOLIUE TaHHbIE:

C, MKI/mMn1

0,5

1,0

2,0

3,0

5,0

A

0,131

0,244

0,462

0,75

1,225
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Pemienue: YpaBHeHue JIMHENHOW 3aBUCUMOCTH UMEET BUJ:
y=ax +b.
ITo popmynam (11.4) u (11.5) paccunraem ko3 uireHTs! a 1 b B ypaBHe-
HUU JINHEWHOW 3aBUCUMOCTHU:
a=0,2454
b =0,0020
IToncraBum noy4eHHBIE 3HAYEHUS B YPABHEHUE JIMHENHON 3aBUCHMOCTH:
y = 0,2454x — 0,0020
A =0,2454C - 0,0020
[Ipu ontrueckor mioTHOCTH A = 0,3 KOHLIEHTpaXs PACTBOPEHHOIO BEllle-
cTBa OyJET paBHa:
0,3 =0,2454C - 0,0020
C— 0,3+ 0,0020

0,2454

I'paduik 3aBUCUMOCTH ONITHYCCKOM TUIOTHOCTH OT KOHIICHTPAIIUU BBITJISIAT
CJIETYIOIIUM 00pa3oMm:

=1 2MKr/Mn

1,4
¥y=0,2454x- 0,0020 P

1,2 R*=0,9986

1
o8 /
N /
0,4 /
0,2 o

0 T T T T T 1

0 1 2 3 4 5 6

Kooddumment R® Bearunny T0CTOBEPHOCTH ammpoKcHManii. Yem Gimske
sHavyenue R% k 1, TeM 3aBHCHUMOCTH OJIMKE K JIMHEHHOIA.

Omeem: ypaBHEHUE JTUHEWHOU 3aBUCUMOCTH uMeeT Bua A = 0,2454C —
0,0020; konieHTpalusi paCTBOPEHHOTO BEIIECTBA MPU ONTUYECKOU TMJIOTHOCTH
A = 0,300 cocrasisteTr C = 1,2 MKI/MmII.

Memoo cmanoapmuulx pacmeopog. Beiaensa0oT METOI OJTHOTO CTaHIapTa
¥ METOJ IBYX CTaHIapTOB:

Memoo oonozco cmanoapma. B naHHOM MeTOJie IPOBOJST U3MEPEHUE aHa-
JUTHYECKOTO CHTHAJa CHaJyaJla B CTAaHJapTHOM PAacTBOPE C M3BECTHOUN KOHIICH-
Tpamuel paCTBOPEHHOTO BEIIIECTBA, & 3aTEM B PACTBOPE C HEU3BECTHOM KOHIICH-
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Tpamueii. B uTore cocTaBISIFOT MPOMOPIIMIO U HAXOIAT HEH3BECTHYIO KOHIICH-
TpaIuIo;

C., coorBeTcTBYET A,{

C, COOTBETCTBYET A,

Cor _ A

Cx Ax

Cx = CCT i
A

CT
B nanHoM MeTojie cTapaloTcs MOJyYUTh 3HAYEHUS! aHAJTUTUHYECKOTO CUTHA-
Jla CTAaHJAPTHOTO pacTBOpa TaKUM 00pa3oM, YTOOBI OH OBLIT MAaKCHMAIBHO OJTH3-
KAM TI0 OTHOIICHHWIO K 3HAYCHHUIO aHAJIMTHYECKOTO CHUTHAJIA PAacTBOpPA C HEH3-
BECTHOM KOHIIEHTPALEH.

Ipumep 11.2. Onpenenute KOHIIEHTPAIMIO PACTBOPEHHOTO BEIIECTBA
B aHAIM3HUPYEMOM pPACTBOPE, €CIM BEIMYMHA aHATUTHYCCKOTO CHTHAja COCTa-
Bujia 46 €., a MpU UCCIICIOBAHUH CTaHIAPTHOTO PACTBOPA ITOTO )K€ BEIISCTBA
C KOHIEHTparued 4 MKI/MJI BEJIMYMHA AaHATUTUYECKOTO CUTHAlIa COCTaBHIIA
40 en.
Pewenue: CocrapiisieM MPOMOPIUIO:
4 mxr/mi cootBeTcTBYeT 40 €.
X MKI/MIJI COOTBETCTBYET 46 €.

4_40

x 46

Cx:44—6:4,6
40

Omeem: KOHIICHTpAIIUS aHATM3UPYEMOT0 pacTBOpa 4,6 MKI/MIL.

Takoll cioco® pacuera IpUMEHUM JJisl CIIy4aeB, KOrJa B YpaBHEHUU JIU-
HelHoW 3aBucHMOCTH ciaaraemoe b = 0. Eciu ciaraemoe b # 0, To mpeamnoyTH-
TeJIbHEE MCIO0JIb30BaTh METOJ JABYX CTAaHAAPTOB, WJIM METOJl OIPAaHUYMBAIOIINX
pPacTBOPOB.

Memoo 08yx cmanoapmog (MeTOJ OTpaHUYMBAIOIIUX PAcTBOPOB). B naH-
HOM METOJIe HAaXOJSAT aHAJTUTHYCCKUH CUTHAII B JIBYX CTaHJIAPTHBIX PacTBOpax,
MpUYEM TIEPBBIA CTaHIAPTHBIA PACTBOP COJCPKUT MEHBIIIEE KOJUYECTBO OIpe-
JIEJISIEMOTO BEIIECTBA MO CPABHEHHIO C UCCIIEIYEMBIM PacTBOPOM, a BTOPOH —
OombIniee, T. €. KOHIIEHTPAIIUU HCCIIEyeMOT0 pacTBOpa HAXOAUTCSI MEXKIY Tep-
BBIM U BTOPBIM CTaHAAPTHBIMU PACTBOPAMHU.

3anuieM ypaBHEHUE JIMHENHOW 3aBUCUMOCTH:

A=aC+hb

A — aHaAIMTUYCSCKHUI CUTHAI,;

C — KOHIIEHTpalus;

a u b — ko3 punreHTsI.
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CocraBuM ypaBHEHUS JUHEHHOMN 3aBUCUMOCTH ISl TPEX PACTBOPOB:

A,=aC, + b (1)
A =aC, +b 2)
A;=aC; + b (3)

[Tomywyaem cuctemy U3 Tpex ypaBHeHUU. Borutem u3 ypaBHenus (1) ypas-
HeHue (2), a u3 ypaBHeHus (2) ypaBHeHue (3), B UTOre MOJIYyYUM CHUCTEMY W3
JBYX YPaBHEHHUN:

{AZ _Ax = a(CZ - Cx) (4)
Ax _Al = a(Cx - Cl) (5)
Paznenum ypaBuenue (4) Ha ypaBHeHue (5):
A2 — Ax _ C2 — Cx
A4-4 C. -G

[IpeoOpazyem mosiydeHHOE ypaBHEHUE:

A,C.—AC,— A,C1 + A,C1 = A,C, — A1C, — A, C + A1C,

Ilepenecem B JIeBYIO YacTh ciaraemsie, coaepxkaiue C,, IpuBeaeM mo100-
HbIE caraemsbie U BeipazuM C,:

A>C — A1C = A,C — A,Cy + A,Co — A1 G
Ci(Az — A1) = Ci(A42 — 4,) + Co(Ax — 4y)
C = G4y —A4,)+Co(4, - 4)
’ A — 4

(11.6)

IIpumep 11.3. Omnpenenure KOHIIEHTPALMIO HEU3BECTHOIO BEIIECTBA
B pacTBOpE, €CIU €ro ontudeckas mioTHocTh paBHa 0,350. IIpu ananuze cran-
JTapTHBIX PACTBOPOB ATOTO K& BemiecTBa ¢ KoHmeHtparusmu 10,00 mxr/mi
n 15,00 MKr/mMa momydmsud 3HAYCHMsI ONTHYeckod ImoTHoctd A; = 0,340
u A, = 0,380.

Pewenue: Heobxonumo Bocnonb3oBatbes hopmysnon (11.6):
C - G4, —A4,)+Cy(A4, — 4) 9 10(0,380-10,350) +15(0,350 - 0,340)

¥ A, -4 0,380-0,340

Omeem: KOHLEHTPALIMS HEM3BECTHOIO BEIIECTBA B PACTBOPE COCTABIISET

C, = 11,25 MKr/mi.

=11,25

Memoo 0obasok. B TaHHOM METOJIe U3MEPSIOT 3HAUCHUE aHATUTHYECKOTO
CUTHAJIa B HEU3BECTHOM PAcCTBOPE, 3aTEM K HCM3BECTHOMY PACTBOPY JH00aBIISIOT
HEKOTOPO€ KOJMYECTBO CTaHIAPTHOTO pacTBOpa (CTaHIapTa), COJEPIKAIIero
TOYHOE KOJIMYECTBO OMPEACISIEMOT0 BEIIECTBA, U CHOBA M3MEPSIOT 3HAUCHUE
AHAJTMTHYECKOTO CHUTHaJa. Hen3BeCTHY0 KOHIIGHTpAIMIO pacTBOpa HaXOASAT
IBYMs crioco0aMu: 6€3 yuera 0o ¢ yueToM pa3daBiieHus pacTBopa:

a) bes ydera paz06aBrienus (eciau B KauecTBe J0OABKU UCIOJIb3YETCS] YUCTOE
BEIIIECTBO, JTMO0 HEOOJIbIIINEe 00BEMBI CTAHIAPTHOTO PACTBOPA, T/I€ U3MEHEHUEM
o0BbeMa poOkI MOYKHO MPEHEOPEYD ).
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IlycTh A, — aHATUTUYECKUI CHUTHAJ pacTBOpa C HEM3BECTHOM KOHIICHTpa-
el ompenenseMmoro BemectBa, C, — €ro KOHIEHTpauus, 4, — BeIMYUHA
aHAJIMTUYECKOTO cUTHaa nocie nobasku, (C, + C;) — cymmapHasi KOHIICHTpa-
U] OIPEEIIIEMOr0 BEIIEeCTBA B aHAJIM3UPYEMOM PacTBOpE Mocje J00aBICHUS
100aBOK.

C, COOTBETCTBYET Ay
(C, + C,) cooTBeTcTBYET A,

C, _ A
C.+C, A4,

W3 nonyuyenHoil nponopuuu BeipazuM 3HaueHue Ci:
CA,=CA, + CA,
Cd,=CA,— CA,
Cid,=CA,— A,)

C. = Cﬂ% (11.7)

x A

Ipumep 11.4. J{ns onpeneneHus coAepKaHms CBUHILIA B MOYE C TOMOIIBIO
aToMHO-a0copOImoHHoro crekTpockonuu (AAC) ObUT UCTIOIB30BaH METOJ J10-
6aBok. [To 50 My MOYM TEpeHeCId B KKIYIO U3 ABYX JIETUTEIbHBIX BOPOHOK
emkocThio 100 M. B oany Boponky po6aBuiu 300 MKJI CTaHIAPTHOTO PacTBO-
pa, conepxamero 50 mr/n cBunia. 3arem pH kaxmoit cmecu nosenu a0 2,8,
pUOABIISIS 110 KAIUTSIM PAacTBOP KHCIIOTHI XJIOPUCTOBOAOPOIHON. B kaxmyro Bo-
poHKy BBenu 10 500 MKJT CBEXEMPUTOTOBIEHHOTO 4 % pacTBOpa aMMOHHUS MTHUP-
pOIMIUHANTHOKapOaMaTa B METHII-H-aMUJIKETOHE; BOJHBIE M OpraHnYecKkue (ha-
3bl TIIATENBHO BCTPSIXMBANM JJIA OJKCTparupoBaHusi cBuHUA. ConepikaHue
CBUHLIA B Opranuueckoil gase onpenenuian metogoM AAC, mpuyeM HCMONb30-
BAJIM JIAMITY C TIOJIBIM KaTOJIOM C 3MUCCHOHHOM nuHuen 283,3 um. YUemy paBHa
KOHLIEHTpalusi CBUHLA B (MI/J1) B MCXOJHOM IpoOe MOYM, €Clid MOTJIOIICHHUE
AKCTpPAKTa HEU3BECTHOM MpoObl Mouu Obuto 0,325, a ’KCTpakTa HEU3BECTHOU
poOBI BMECTE C M3BECTHBIM KosmaecTBoM cBuHIla — 0,6707

Pewenue: llepecuntaem KoHIEHTpaluio 100aBku Cy!

m

CZ[ - v

M =50 mr/a - 300 - 10°=0,015 mr

= m_ M =0,0003 mr/mia = 0,300 mr/n
Vv 50 M
JIis1 pelieHus 3a1a4u Bocnob3yeMcs popmysion (11.7):
C,=C,—h _0300— 232 _0 283/
A, — A, 0,670-0,325

Omeem: KOHIOCHTpalHMsd CBHUHIA B HEU3BECTHOM Hpo6e COCTaBJISICT

0,283 mr/m.
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0) C yuetom pa3baBieHUS.

[TycTh pacTBOp C HEM3BECTHOM KOHICHTparuei C, JaeT BeTUYUHY aHAIH-
TUYECKOTO CUTHaja A, ucciemyemMoro pactsopa ooremom V. Ilocie mobasie-
HUS K pacTBOpY J100aBKku 00beMoM V, ¢ KoHIeHTpaluei C, BeInurnHa aHATUTH-
YECKOTO CUTHAJa COCTaBUT A,. II0CKOIBKY yUHUTHIBACTCS CTETIICHDh Pa30aBIICHNS,
TO HEOOXOAMMO TepecunuTaTh, Kak W3MEHSIOTCS koHMeHTpanuu C, u C, mocie
T00aBKH:

: \% :
L =C,— C, =C, Vy
Vy +V, V, +V,
3anuiem ypaBHeHus1 byrrepa—Jlambepra—bepa a1 1ByX pacTBOpPOB:
A, = ¢lC,

Ay = el(Cl' + Cy)
[Tommyyaem nponopiuto:
A &
A cl+C)
A Cx
\Y
A ooy Vo
V, +V, V, +V,
N3 nonyyeHHoro ypaBHeHHs BbIpa3zum C,:
i — C’X (VX + VIL)
A CV, +CJ,y
A(CaVn + 4GV = Aacx i+ I/[[)
A(CLLI/D, = A;lcx Vi + V;l) —ACY,
ACY, =C (Vi +V,)A, — AV,)
crV
C, = Al (11.8)
(\/X +V[[)A}:1 y AXVX

Ipumep 11.5. McxonHbIil pacTBOp ¢ HEM3BECTHOW KOHLIEHTpALUEN Bellle-
ctBa umen ontuyeckyro miotHocTh 0,300. Ilocne toro, kak k 10 mi storo
pacTBopa A00aBMIM 5 MJI pacTBOpa C KOHIIEHTpAIMeWd JTOro e BEIIeCTBa
4 MKr/mMI1, onTHYecKasi TUIOTHOCTH ctania paBHa 0,600. OnpenennTe KOHIIEHTpa-
IIMIO BEIIECTBA B UICXOJTHOM PaCTBOPE.

Peuwenue: Bocnonn3yemcs dpopmysioii (11.8):

B ACTV, B 0,6-4-5
(A +V)A -AV, (5+10)0,6-10-0,3

Omeem: KOHIIGHTpAIMsl BEIIECTBA B MCXOJHOM pPACTBOPE COCTABIISET

C, = 2 MKI/MII.

= 2 MKI/MJI
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IIpumep 11.6. Paccuuraiite onTUyYecKylo MIOTHOCTh PAacTBOpa, €CIU €ro
nponyckanue pasHo 0,444,
Pewenue: Ontudeckas TUIOTHOCTh CBsi3aHA C MpomyckaHueM 1 pacTBopa
CJIETYIOUTUM COOTHOIICHUEM:
A=-1gT
=-1g 0,444 = 0,352
Omeem: onTuyeckas MIOTHOCTh pacTBopa pasHa 0,352.

Mpumep 11.7. Monsipaslit koauument noramenus paseH 30000, a more-
KymsipHas Macca paBHa 300. UeMy paBeH ynenbHBINA KOG OUITUEHT MOTaICHUS ?
[MoncraBum ganubie B popmymy (11.3):

g1 3000010 00

c™M

o 0
Omeem: ynienbHbIA KO3PHUIIMEHT OTAIICHUS El1 Cﬁ pasen 1000.

3axayu AU peleHus:

1. Mossipablii ko3 PuieHT noramieHus Bemectsa paseH 28000, monsip-
Hast Macca — 400 r/monb. PaccunraiiTe BeTWYNHY yAETHHOTO TMOKA3aTeNs MO-
raiieHusi JaHHOTO BEIIECTBA.

2. Y nenbHbd K03 duimeHt noramenus pased 6000, MmospHas macca —
300 r/monb. PaccunTaiite BenuunHy MOJISIPHOTO KOAG(UIIMEHTA MOTaIICHHUS.

3. PaccunraiiTe qMHY BOJIHBI, YaCTOTY M DHEPTHUIO JJIS BOJHOBOTO YHCIA
10000 cm .

4. PaccuuraiiTe IJIMHY BOJIHBI, YaCTOTY M DHEPTHUIO JJIS BOJHOBOTO YHCIA
100 cm ™.

5. IHTEHCHBHOCTh CBETOBOIO MOTOKA, MPOUIEAIIET0 Yepe3 KIOBETY C pac-
TBOPOM HCCIIEyEMOIO BeIleCcTBa, OKa3anach B 10 pa3 MeHbIIE HHTEHCUBHOCTH
TaKOro K€ CBETOBOrO MOTOKA, MPOIIEIIIEr0 4Yepe3 KIOBETYy CpaBHEHHs. Uemy
paBHa ONTHYECKAs MIIOTHOCTh pacTBopa’?

6. PaccunTaiiTe ypaBHeHHE JTHHCHHONW 3aBUCUMOCTH A OT KOHIICHTpAIUH.
HaiimuTe KOHIIEHTpanuio AecTBYoIIero BemiecTsa nmpu 4 = 0,5.

C, MKI/mMn1

0,5

1,0

2,0

3,0

5,0

A

0,105

0,195

0,370

0,600

0,980

7. PacTBOp COMEPKUT HEU3BECTHHIE KOHIICHTPAIIMN aMUAONUPUHA U Kode-
nHa. Ha cmekrpodoromeTrpe onpeaenuim ONTUYECKYIO IIOTHOCTh A u3Mepsie-
MOI0 pacTBOpa B KIOBETE C TOJIIMHON morjoriaromiero cios | = 1 cm mpu aByx
JUIMHAX BOJH Ay = 255 HM M A, = 272 HM ¥ Hanum, 4to A,z = 0,646
u A7, = 0,430. PaccumTaiiTe MaccoBbIe KOHIICHTPAIIMM aMHIOIUPHUHA U KO(Deu-
Ha B pacTBope (I/1), eciu yneabHble KOd()QHUIIMEHTHI MOoTaleH!s] aMUI0TUPHHA
1 Kod)erHa B pacTBOPE PaBHBI COOTBETCTBEHHO: MPH JJIMHE BOJHBI 255 HM —
390 u 245; npu anune BoiaHbI 272 HM — 205 u 490.
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8. Haecky ynoOpenust maccoit B 2,0000 r 06paboTany HaCBIIIEHHBIM pac-
TBOPOM aMMOHHUS OKcajaTa, MOJYYeHHBIM pacTBOpP MPOKHUMSATHIM, pa30aBUIU
B MepHOU ko16e 10 500 M u npodunsrpoBanu. 10 M dunbrpara pazdoaBuiIn
10 250 mn. [onydeHHsli pacTBOp (POTOMETPUPOBAIU B IJIAMEHHU W MOJIYYUIIU
| = 15. [Ipu doTtoMeTpupoBaHUM CTaHIAPTHOTO PAcCTBOpa C KOHIEHTpAIUei
noHOB Kayms B 10 Mr/n BenmuumHa curHana |, = 12. Onpenenute MacCoByIO J10-
JII0 KaJIAS B HCCIIEyEMOM 00pasIie.

9. Onpenenure MaccoBYIO JIOJII0 BaHAIMs B CIUIaBE, €CIU MPHU OMpeese-
HUM BaHAJus MO METOAY N00aBOK HaBecKy cranu maccoid 0,6032 r mepeBenu
B pacTBOp U ero oobem aosenu 10 100 mu. B nBe mepHble k01061 HAa 50 M1 0TO-
Opanu aaMKBOTHI pacTBopa 1Mo 10 M1, B OAHY U3 3THX KOJIO J0OABHIN CTaHIAPT-
HBIH pacTBOp, coaepkamuii 0,002 T BaHamus, 3aTeM B 00€ KOJOBI JOOaBHIIH
MEPEKUCh BOAOPO/Ia U PACTBOPHI TOBEIH 70 METKU. [lojlydeHHbIE pacTBOPHI HC-
cienoBanu (OTOMETPUUYECKH M TIONYUUIIM CIEAYIOIIUE 3HAYCHUS OMTHYECKOM
mwiotHoctu: A =0,2; A, = 0,38.

10. Tlpu poTomeTpupoBaHUU PacTBOPa CYJIb(HOCATUIIMIATHOTO KOMILJIEKCA
&Kese3a MOYYWIH BEeIUYUHY OTHOCUTEIIBHOM ONTHUYECKOM IJIOTHOCTH, PABHYIO
0,29. PactBop cpaBHenus coaepxain 0,0576 mr Fe B 50,0 My, TonmuHa KroBe-
Tel — 5 cM. OmnpenenuTe KOHILEHTPAILMIO jKejie3a B PacTBOPE, €CIU U3BECTHO,
YTO MOJIAPHBIN KOA(DPHUITMEHT MoTameHnss KOMIUIEKCa B 3THX YCIOBHUSIX COCTaB-
st 3000.

11. MonsipHblid KO3(Q(PUIMEHT MOTalleHusT KOMIUIEKCa UHIUSA C MUpOKaTe-
XUHOBBIM (puosieToBeiM paBeH 35900 mpu 630 aMm. Omnpeaenute coaepkaHue
UHIUsL B pacTBope (I/J1), €CM OTHOCHUTENbHAsI ONTUYECKas MCCIEyeMOro pac-
TBOpA, M3MEpEHHast B KioBeTe ¢ | = 1 ¢cM 10 OTHOIIIEHHUIO K paCTBOPY CpaBHEHHUS,
comepskaremy 6-107° r /1 In, oka3anacs pasHoit 0,45.

12. Onpenenute MOJSIpHBIN KOd(DPUITUEHT MOTalIeHus Kajlus Xxpomara, ec-
JIM OTHOCHUTEJbHAS ONTHUYECKAas MJIOTHOCTH 2,65°10_3 M K,CrO,4, uzmepeHnHas
npu A = 372,5 HM B KioBeTe ¢ | = 5 MM 1O OTHOIIIEHHUIO K PACTBOPY CpaBHEHMS,
comepskamemy 2-10~> M mois/1 K,CrO,, oxasanacs pasHoii 0,64.

13. Onpenenute coaep:kaHre MEIU B CTOYHBIX Bojiax (I/11), €CIId U3BECTHO,
YTO aHAJIN3 MPOUCXOINII CIASAYIOITUM 00pa3oM: B IB€ MepHbIe K0a0bl Ha 100 mi
no6asuau 10 M1 CTOYHOM BOJBI, COAEpIKAIIeH KaTHOHBI Meau. BBenu HeoOXo-
JTUMBIC KOJIMYECTBAa aMMHAaKa U PacTBOpa pyOeaHOBOUM KUCIOTHL. B oHY U3 KOO
no6asuau 10 M1 0,5 % pactBopa meau cyibdara (IJIOTHOCTh PacTBOpPA CUUTATH
paBHoit 1 r/cm®). PacTBOpBI B K016aX MOBENH 10 METKH. Ilocite QHIbTpOBaHIS
pacTBOpbl (POTOMETPUPOBAIM W TIOJYYHIIA CJICAYIONINE 3HAUCHUS ONTHYCCKON
motHoctu: A = 0,134; 4, = 0,221.

14. Ontrueckasi IIIOTHOCTh pacTBOpa okazaiack paBHa 0,444. Onpenenure
BEIIMYMHY MPOMYCKaHUS PacTBOpA.

15. Tlponnyckanue pactBopa coctaBwio 33 %. Ompenenure ONTUYECKYIO
MJIOTHOCTh PAcTBOPA.
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16. HaBecky maccoii 0,02 r pactepThiX TaOJETOK, COAEPKAIIMX METHIITE-
CTOCTEPOH, MEepPEBEU B CIUPTOBOM pacTBop. OOBEM pacTBOpa cocTaBuia 250 mil.
W3mepuiin ONTUYECKYIO MIIOTHOCTh MOJIYYEHHOTO PAcTBOpa IMPHU JJIMHE BOJIHBI
240 uM, | = 1 cm. OnpenenuTe, CKOJIBKO IPaMMOB METHUJITECTOCTEPOHA COIEp-
xutcs B 1 Tabnerke maccoii 0,05 r, eciii U3BECTHO, YTO YJEIbHBIN KOIPPUIu-
€HT MOTallleHHsI CIIMPTOBOrO pactBopa £ = 535, a onrudeckas IIIOTHOCTb HC-
cieayeMoro pactBopa cocrasuia 0,214.

17. Onpenenute Maccy THaMUHa XJIOpUa B OAHON TabneTke. Macca ogHOM
tabnetku 0,05 r. [Ana npoBenenust ananusza pactepnu 10 TaGneToxk u B3suU
HaBecky 0,1 r. HaBecky pacTtBopwim B BOjAE, TOJYYCHHBIA PacTBOP MPOPUITh-
TpoBaym U noayunau 100 ma gunbrparta. M3 dunsTpara otoOpamm 1 M u pas-
6aBuu 1o 100 mi. M3 momydeHHoro pactBopa cHoBa oToOpanu 1 mi. 1 wmi
AKCTpPArupoBagd OyTaHOJIOM M TMOJYYHIM SKCTPAKT C MHTEHCHUBHOCTHIO (IIyo-
pecuennuu |, = 60 en. CranaaptHbiii pacTBOp ¢ KoHueHrtparued 0,001 mr/mmn
THAMUHA XJIOpHJIa B TaKUX K€ YCIOBUAX MMEET MHTEHCUBHOCTH (PIIyopeclieH-
uu 63 en.

18. Ilpu ompezneneHnn KOPTH30HA alleTrara MOMYyYUSIM 3HAYCHHE OMNTHYE-
ckoit totHoctu A, = 0,440 mpu jpymne BosHbl 238 HM. [Ipu uccienoBanuu
CTaHJAPTHOTO pacTBopa ¢ koHueHntpauuen 0,05 M ontuyeckas mIoTHOCTB A CO-
crasuia 0,650. Onpenenure KOHUSHTPALMIO KOPTU30HA alleTaTa B aHAJIU3UPYe-
MOM pPacTBOpE.

19. [Ipn uccnenoBaHWUU CTaHAAPTHBIX PAcCTBOPOB JIEKAPCTBEHHOTO CPE-
CTBa MOJIy4YEHBI CIEAYIOIINE JaHHBIE:

C]_ = 0,2 F/J'I, Al = 0,256

C,=04r/n,4,=0,499

Onpenenure KOHUEHTPALUIO B MCCIELyEMOM pacTBOPE, €CIIA €ro ONTHYe-
CKasl INIOTHOCTh OKa3zajach paBHoi 0,450.

20. ITpu onpeneneHNM coAepKaHnsa KOOAIbTa B DJIEKTPOJIUTE HUKEITUPOBa-
HUS B3sUM TpoOy oObeMoM | mi1 1 pazdaBuiu B MmepHoit konbde 1o 100 mi. Ilo-
JYYWJIA 3HAYEHUE ONTHUYECKOW mioTHocTu pactBopa: A4 = 0,354. Onpenenute
KOHIIEHTPAIMIO KOOAIbhTa B AJIEKTPOJIUTE, €CIIU MPHU MOCTPOCHUU TPATyHPOBOY-
HOTO TpaduKa NOJyYEHbI CIEAYIOLINE JaHHbIE:

C,M 1-107 2:107° 3107 5107
A 0,16 0,25 0,36 0,54
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PA3JIEJT 12
XPOMATOTPA®UUYECKHAE METO/IbI AHAJIM3A

XpomaTorpaguiyeckue METOJIbl aHajlu3a OCHOBAHbI Ha W3YYEHUU MPOILIEC-
COB TMEpeMEIECHUs 30HbI BEIIECTBA BOJb HEMOABMXKHOWU (Da3pl (yalie Bcero
clIosi copOeHTa) B IMMOTOKE MOJIBIYKHOM (ha3bl B pe3ysIbTaTe MHOTOKPATHO MOBTO-
PAIOIMIUXCST aKTOB copOumm-necopouuu. [lomBmkHas (daza MOXKET OBITh Kak
KUJKOU, TaK U Ta3000pa3HOiA.

Ipumep 12.1. PaccuurtaiiTe BBHICOTY, SKBUBAJECHTHYIO TEOPETHUYECKOMN Ta-
penke (BOTT), eciiu U3BECTHBI CIICIYIOIINE JTAHHBIC: JITTHHA KOJIOHKH COCTaBJISI-
et | metp, Bpems ynepxkuBanus — 44 ¢, miupuHa MMKa y OCHOBaHUsL — 6 c.

Pewenue: BOTT (h) paccunThIBacTCs Kak OTHOIICHHE IIHHBI KOOHKH (L)
K YMCITy TEOPETHYECKHUX Tapesiok (N):

h==
n

Ywucio TCOPCTHUUCCKHUX TAPCIIOK HAXOIAT I10 (I)OpMYHGZ

)2
n:16(—Rj =860,

W
rae tr — Bpems yaepKUBaHusl; W — IIMPHUHA TUKA Y OCHOBAHMS.
he2M_535.10% y
860

Omeem: BOTT =2,32:10° m.

Ipumep 12.2. Onpexnenure paspemnierue ais Bemects (1) u (2), ecnm us-
BECTHO, 4TO Jis BeniecTBa (1) mmpuna nuka 3 ¢, a Bpems yAepKUBaHUS 2 MUH,
a 11 BellecTna (2) mupuHa nuka 4 ¢, a BpeMs yAepKUBaHus 2,2 MUH.

Pewenue: Paszpenienne Rs — mapaMerp, XapakTepU3yIOIMUM pa3eieHue
MMKOB JIBYX BEIIECTB; OH PACCUUTHIBAECTCS KAK OTHOILLIEHUE PACCTOSHHIA MEXITY
MaKCMMyMaM# BBIOPAHHBIX COCEIHUX IMUKOB K MOJIYCYMME UX LIUPHUH y OCHO-
BaHMUSI.

2(ts, —t
Rs = M (12.1)
W, + W,
[IpuBenem Bce eAMHULIBI U3MEPEHUS K OTHOMY BUTTY:
2 munHyThl = 120 C
2,2 MunyTBI = 132 ¢
[ToacTaBum mosydeHHbIC 3HaUeHHS B hopmyay (12.1):
2(132-12
3+4
Omeem: pazpemienne Rs nis Bemects (1) u (2) coctasmsier 3,4.
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Ipumep 12.3. Onpenenute MPOICHTHOE COJIEp)KaHe KOMIIOHEHTOB B CMECH,
€CJIM CMEeCh COCTOMT M3 dTaHa, npomnaHa u OyraHa. [lmomaan MUKOB OKa3aHCh
COOTBETCTBEHHO paBHBI 120 Mm%, 60 Mm% 1 120 Mm% [TonmpaBounbie kK0AhPUITH-
SHTHI VIS 3TaHa, IIpolaHa u OyTaHa cooTBeTcTBeHHO paBHbI 0,59, 0,68, 0,69.

Peuwienue: B o61iem Bujie MaccoBas J0J1s1 KOMIIOHEHTA MPSIMO TTPOTIOPIIHO-
HaJbHA TUIOIIA/IN ITHKA, COOTBETCTBYIONIETO KOMIIOHEHTY CMECH.

5
W=
2.5
C yueToM momnpaBoOYHBIX KOA(D(PHUIINEHTOB:
W= Si _ kS
s kS
S' = k; - Sj — ucmpaiieHHas TUIOIAIb THKOB
HaitneM ncnpaBiieHHbIE 3HAUEHUS TUIOIIA/ICH TTUKOB.
S'(C,Hg) = 0,59 - 120 = 70,8 mm*
S$'(CsHsg) = 0,68 - 120 = 40,8 Mm®
S'(C4H10) = 0,69 - 120 = 82,8 mm*
MaccoBasi 10Ji1 KOMIIOHEHTa PAacCUMTHIBACTCS KaK OTHOIICHHUE TUIONIAJH

IIMKAa KOMIIOHEHTA CMECH K CYMME€ BCEX IIJIOLIaJEH TMKOB HA XpOMaTOTrpaMMe.
S'(C,Hg) 70,8

w(C,H;) = = ~ 0,364 =36,4 %
(C2He) YS 1944 ’

w(C3Hg) = S (C3I_!8) = 40,8 ~0,210=21,0 %

>'S 1944
wW(C,Hyp) = S (C4H‘10) = 82,8 ~0,426=42,6 %
DS 1944
CymMmMma Bcex MacCOBBIX J0JIEH paBHA 1:
Zwi =1=100 %

Omeem: IIPOLOCHTHOC COACPIKAHUEC KOMIIOHCHTOB B CMCCH COCTAaBHJIO:
W(C2H6) - 36,4 %, W(CgHg) = 21,0 %, W(C4H10) - 42,6 %.

Ipumep 12.4. Onpenenute Ry, Rs, R(1/2) u o 17151 1ByX BeIIecTB, €CIIM 13-
BECTHO, YTO TMPHU pPa3JeIeHUH HCCIEAYEeMOTr0 pacTBOpa METOJOM OYyMa)KHOM
xpoMarorpadum ObUTH MMOTYYEHBI CICAYIONMINE JaHHBIC: PACCTOSHUE OT JIMHUH
crapta a0 Juaun GpoHTa pacTBoputenss — 10 cm, auameTpsl nsTeH 1 u 2 — 5
U 7 MM COOTBETCTBEHHO, PACCTOSIHUE OT JIMHUM CTapTa M0 LEHTpa msiTHa 1 —
33 MM, a 10 2 — 48 mM. B kauecTBe cTaHapTa UCIOIL30BAJIOCh COCAMHEHHE 3,
pPacCTOSIHUE OT JIMHHUH CTapTa J0 MATHA 3 — 42 MM.
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Pewenue: Ry — x03PduliueHT MOABMKHOCTH, PACCUUTHIBAETCS KaK OTHO-
[IEHUE PACCTOSIHUS OT JIMHUM CTapTa J0 LEHTpa MATHA K PACCTOSHHIO, KOTOPOE
IPOWIEHO PaCTBOPUTEIIEM.

f zl_l:%ﬂ:o,gg
1L 100 mm
_|_2_ 48 mm _0.48
f2 L 100 Mmm
| 42 mm

—e - T2 VV 042
e ™ L 7 100 MM

Rfory — OTHOCHUTEIBHBIN KOA(POUIIMEHT MOJBUKHOCTH, OOBIYHO BBOJUTCS
JUIS. HUBEJIMPOBAHUS BIUSHMS YCIOBUM MPOBENCHUS aHaim3a. PaccumTeiBaeTcs
KaK OTHOIIICHUE PACCTOSHUS OT JIMHUM CTapTa JIO IIEHTPa MATHA MCCIIETYyeMOro
BEIIIECTBA K PACCTOSHUIO OT JIMHUM CTapTa JI0 LICHTpa MsATHA CTaHAapTa WU Kak
OTHOIIIEHHE KO3(P(UIIMEHTOB IMOJIBHYKHOCTH HCCIIEyeMOIo BellecTBa K CTaH-
TapTy.

R
f :I—l:—fl :—0’33N0,79
oml ] Ry 0,42
CT
R
Co= , _Ryp 048 ~114
otH2 ] Rfcr 0,42
Rs — crenenp pasnenieHus], pacCUUThIBACTCS 110 hopMyJie:
Al 2Al
Rs

L+r, d+d,
rne Al — paccrosiHre MeX Ty IICHTpaMu TIsATeH 1 U 2; Iy U I, — pajnycChl MSTCH;
d; u dy — muameTphl MsTEH.
AL 2A1 2(48 MM —33 Mm)
nL+r, d;+d, SMM+7 MM
Yewm Gompiiie 3HaueHue R(1/2), rem mydine pa3aenstoTcs BEIIECTBA.
0. — KO3(PULHMEHT pa3/ieleHts], PACCUUTHIBAETCS KaK OTHOILIEHUE PACcCTO-
SHUM OT JINHUM CTapTa J0 LUEHTPOB IISITEH:
a:l—2:—48 o z1,46
l, 33mMm
Ecmu o = 1, To BemecTBa He pazaenstorcs. Uem Oosibiiie o OTIUYHO OT 1,
TEM JIy4llIe NPOUCXOIUT PA3ACIICHHUE.
Omeem: Ry = 0,33, R, = 048, Rg = 2,50, o = 1,46, Riym1 = 0,79,
Romz = 1,14.

=2,50

S
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3ajgaum 1J19 penieHus:

1. PaccunTaiiTe BBICOTY, SKBUBAJICHTHYIO TEOPETHUUECKOW Tapeske, eciu
B XOJ/I€ DKCIIEpUMEHTa ObUIM MOJYYEHBI CIEAYIOIIUE JIaHHbIE: JIMHA XpOMaTo-
rpaduueckoil KOJOHKA — 2 M, IIMPUHA MHUKA Y OCHOBAaHUSA — 2 C, a BpeMs
yAEpKUBAHUS AaHATIM3UPYEMOTO BemiecTBa — 12 c.

2. Onpenenure JUIMHY XpoMaTorpadudeckoi KOJIOHKH, €CIIH U3BECTHO, YTO
mupuHa nuka y ocHoBanus — 0,5 ¢, a Bpems ynepxkuBanus — 19 c¢. Bricora,
YKBHBAJICHTHAS TEOPETHUCCKON Tapenke, paBHa 8,66-107° M.

3. Onpenenute paspenieHue (Kputepuil pasaencHus) s BemiecTBa (1)
u (2), ecnu u3BeCTHO, 4TO A BemiectBa (1) mmpuna nmuka — 0,6 ¢, a Bpems
yIep KUBaHUsT — 2 MUH, a Juis BemiectBa (2) mupuna nuka — 0,8 ¢, a Bpems
yAEpKUBAHUS — 2,5 MUH.

4. Onpenenute paspernieHue JBYX MHUKOB BEHIECTB, UMEIOIIUX 3HAYCHUS
BpEMEH YAECp>KUBAHUS B 2 MUHYTHI U 2,25 MUHYTHI. DPPEKTUBHOCTh KOJIOHKH
coctaBisieT 5000 TeopeTHYECKNX TapeTIoK.

5. [Ipu KoIMYECTBEHHOM aHAJIM3€ CMECHU METaHa, dTaHa, MporaHa u OyTaHa
OBLIM TTOTYYEHBI cleayromnme muku: 220 MM2, 180 MM2, 80 MMZ, 130 mMm?. Pac-
CUMTANTE MaCcCOBbIE J0JIM KOMIIOHEHTOB B aHAIIM3UPYEMOI CMECH, €CIIH MAcCO-
BbI€ MOIMPaBOYHbIE KOA(D(DUIIMEHTHI 11 METaHa, 3TaHa, IporaHa u OyTaHa pas-
HbI cooTBeTcTBeHHO 0,45; 0,59; 0,68; 0,69.

6. Onpenenure ypaBHeHWe JmHEHHOU 3aBucumoctu S(C), ecimm B xone
XpoMaTorpaduueckoro aHajausa JIEKapCTBEHHOTO COCIMHEHHUS ObUIM MOITYYEHBI
CJIEIyIOUIUE TAHHbIE:

S, MM” 4,16 8,23 12,30 20,44 40,79
C, mr/mn 10 20 30 50 100

PaccuuTaiiTe KOHIIEHTpAIMIO aHAJIM3UPYEMOTO BEIIECTBA IMPHU ILJIOMIATN
nyKa paBHO# 33,2 MM,

7. ConeprkaHue 4eThIpeX MOCTOPOHHUX MPUMECe! B JICKAPCTBEHHOM CpE/I-
CTBE JIAMUBYAHHA CyOCTaHIMs (IIPOTUBOBUPYCHBIM TperapaTr) Ompeaessuim
MetogomM BOXKX. Tlocne 006paboTku XpomMaTorpaMM IUIOMIAIA OCHOBHOTO Be-
niecTBa (JJaMUBYAMHA) U MPUMECEH HalCHBI PaBHBIMH (B OTHOCHUTCIIBHBIX €JIH-
Humax): naMuByanuH — 49; 2R-kapookcukuciaora — 0,50; kucimoTa camuiuiio-
Bag — 0,25; murosun — 0,15; Heunentudumposannas npumecr — 0,10.
Paccuuraiite mpoiieHTHOE COJIepKaHUe OCHOBHOTO BEIIECTBA M BCEX MPUMECEH.

8. Ilpu omnpenenenun Hatpusi B aHaiu3upyemom obpasie conu NaCl npu-
MEHUJIM CWIBHOKHCIIBIN KatnoHUT B H-dopme. HaBecky oOpasma maccoi
1,0063 T pacTBOpMIM B BOJE B MEPHOU K0J0e BMecTUMOCTBhIO 100 MiI, 00BeM
pacTBOpa JOBEIM BOJOW /10 METKM W TOJYYWIIU aHAIU3UPYEMBIH pPacTBOP.
ANUKBOTHYIO JIOJIO aHAJM3UPYEMOTO pacTBopa oObemMoM 10 M IpOIyCTHIN
yepe3 XpoMaTorpaduyeckyro KOJIOHKY ¢ KaTHOHUTOM. [lociie mpombIBaHMS KO-
JIOHKU BOJIOM COOpaHHBINA 3r0aT OTTUTpoBanu pactBopomM KOH ¢ momsipHOit
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koHueHTparnueit 0,1002 monw/mn, 3arpatuB pu 3ToM 17,08 M1 pacTBOpa TUTpaH-
Ta. PaccunTaiiTe MacCoBYIO JI0JII0 HATPHS B aHATU3UPYEMOM 00pasIle.

9. PaccunTaiiTe 4MCIIO TEOPETUUECKUX TApEIOK, HeoOXoauMoe ISl pasze-
JIEHUs IBYX BeIECTB ¢ (hakTopoM pazzeneHust Rs = 3, 3HaueHHue BpeMeHH yIep-
*)uBaHus 111 KoTopbix paBHo 100 ¢ u 110 c. Jnuna xpoMarorpaduyeckoi Ko-
JIOHKH COCTAaBJISIET 2 M.

10. Paccunraiite, kakoii MakcuMalbHbIH 00BeM (,9%-HOTO pacTBopa
HaTpus XJIOPUZA MOXKHO MPOIMYCTUTh Y€pe3 KOJOHKY C CHIIBHOKHUCIBIM KaTHO-
HOOOMEHHHUKOM, €CJIM M3BECTHO, YTO B KOJIOHKE COJAEPKUTCS 8 T KaTHOHOOO-
MEHHHKA, a €ro JUHaMudeckas eMKocTh coctaBiser 0,00456 Moib/T.

11. Paccuuraiite, Kakyr0 MakCUMaJbHYI0 MAacCy HaTpHsl XJIOpUJa MOXKHO
pactBoputh B 100 M1 BojbI, 4TOOBI TOCIE MPOXOKAeHUsT 10 M MOJIYy4eHHOTO
pacTBOpa 4epe3 KOJOHKY ¢ aHMOHOOOMEHHUKOM Ha TUTPOBAaHUE pacTBOpa U3-
pacxojoBanoch He 6osee 15 mi 0,01 M pactBopa HCI.

12. 13 20 r o6pa3ua 6eH30s1 u3BICKIU 3 Ml XJiopodopma. IKCTPaKT Mpo-
aHaTH3MpoBaIM xpoMmatorpabudecku. Ilmomans muka Oemsoma — 0,3 oM,
a pactBoputenss — 120 cm®. OnpesennTe MaccoBYIO JOMTIO GeH30Ia B 06pasIie.
I[lnoTHOCTH GeH3oma W xmopodopma COOTBETCTBEHHO paBHbI 0,879 /e
u 1,4832 r/em’.

13. U3 10 r o6pasua HadTammHa U3BICKIN 2 MJI OKTaHA. DKCTPAKT MPOAHA-
JTU3UpOBaiIM xpoMarorpaduuecku. Ilnomans nuka HapTanvMHa COCTaBISET
0,2 cM?, a pactBoputens — 180 cM’. OrnpenenuTte MacCoBYIO 100 HadTalMHA
B oGpastie. [TnoTHOCTH OKTaHa paBHa 0,7026 r/cm’.

14. Onpenenute Rs 11t ABYX BELIECTB MO MOJTYYEHHBIM IaHHBIM U3 XpOMa-
torpammel: At,=1c,w; =0,4 ¢, w, =0,5cC.

15. Onpenenute BOTT, ecnu ayis oKTaHA MCHPABICHHOE BPEMS YICPKH-
BaHMsI COCTABJISIET 25 MpHU JJIMHE KOJIOHKU paBHOU | M, a mIMpUHA MTUKa y OCHO-
BaHMS — 2,5 CM, CKOPOCTh JIBMKCHUS THarpaMMHoi JieHThl — 500 cm/gac.

16. Onpenenure BOTT, ecnu it rekcana ucnpaBiIeHHOE BpeMsl yIEpKu-
BaHMSI COCTABIIACT 5 C MIPH JJIMHE KOJIOHKU 1 M, a MIMpUHA NMUKA Y OCHOBAHUS —
2,5 CM, CKOPOCTb JIBIKCHUS JUAarpaMMHOM JIEHTB — 1 cM /c.

17. Onpenenure BOTT, ecnu 115 rentaHa UCTIPABICHHOE BpeMs YIEPHKH-
BaHUS COCTABISAET 15 MpH JUIMHE KOJIOHKH 2 M, a IIMPUHA MTUKA Y OCHOBAHUS —
0,2 cM, CKOpOCTb ABUKEHUS AUArPAMMHOM JIEHTHl — 2 M / 4ac.

18. IIpu ananu3ze pacTBOpa, coaepkaiiero 0€H301 U TOJIYOJ B SKBUMOJISAP-
HOW KOHIIEHTPAIINH, MOJYYWIIN TIOMAAN MTUKOB 3 cM’ 1 2 cM° COOTBETCTBEHHO.
[Ipu aHanmm3e HEM3BECTHOM CMECH, COAEpKalle OCH30J U TOIYOJ, MOJYyUHINA
TJIOIIAIA TTIMKOB PaBHBIMU COOTBETCTBEHHO 1,3 cM’ u 8 o’ Onpenenure cooT-
HOIIEHNE KOMIIOHEHTOB B HEM3BECTHOM CMECH.

19. Paccuuraiite pasperieHue MTUKOB JIBYX BEIIECTB, €CJIM BPEMsl YIEPIKH-
BaHUSI NIEPBOTO U3 Pa3/IENIIEMbIX KOMIIOHEHTOB paBHO 136 ¢, BTOPOro KOMIIO-
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HeHTa — 151 ¢, npu ux xpomaTtorpapuyeckom pas3aesieHuH B KOJIOHKE ¢ 3P dek-
TUBHOCTHIO 10000 TeOpeTUYECKUX TapEoK.

20. TIpu ananmse cMecH, cofepxaeii katnoust Cu”* u Co”*, Metogom Oy-
Ma)KHOUM XxpomaTtorpaduu ObUTH MOJIYYEHBI CIEAYIONINE JaHHBIC: PACCTOSHUE OT
JUHUU cTapTa 10 AuHuM ppoHTa pactBoputenss — 10 cM. PaccrosiHue, mpoii-
JIEHHOE KaTHOHAMU MEIHU M KOOaibTa, paBHBI 7 MM U 36 MM COOTBETCTBEHHO.
Omnpenenure K03(PGUIMEHTH MTOABMKHOCTH MOHOB U MX CEJIEKTUBHOCTH ((hax-
TOP pa3AeyicHus).

21. Ilpu aHamm3e cMecH, couepiKamie KaTHOHBI Mn2+, Fe?* u C02+, METO-
oM OyMaKHOHM XxpoMaTtorpadun ObLIN TOTYYECHBI CIEAYIOIINE JaHHBIC: PAcCTO-
SHUE€ OT JIUHUM cTapTa 10 JuHuu ¢ponTa pactBoputens — 10 cm. Paccrosnue,
MPOMICHHOE KaTHOHAMHU MapraHiia, *eje3a U kobasbra, paBHbl 32 MM, 88 MM
1 51 MM COOTBETCTBEHHO. B KadecTBe CTAHAAPTa HCIOTB30BATH KaTHOHBI Cu’’
¢ kod(purmentom noasmxHoctu 0,71. Onpenenure KOIPPUIUEHTHI TTOABH K-
Hoctu kaTroHOB Mapraniia (I1), sxene3a (1) u xob6anpra (1) 1 UX OTHOCHTEB-
HbIe KO3 DUIIMEHTHI TOJBUKHOCTH.

22. OnpenenuTe KpUTEpUil paseieHus A ABYX BEIIECTB, €CIIU U3BECTHO,
YTO pacCTOSHUE OT JIMHUU cTapTa J0 JMHUM (poHTa pactBopuTens — 10 cm.
PaccrossHue oT nTUHWUM cTapTa 0 IIEHTpa MSATHA MEPBOTO BemecTBa — 44 MM,
a 10 BToporo — 56 mm. /[nameTtp mepBoro miTHa — 3 MM, a BTOPOTO — 4 MM.

23. PaccuuTaiite konm4ecTBO TeopeTnueckux tapenok u BOTT, ecnu npu
nposenennd TCX QpoHT MOABUKHOM a3kl mpoiien paccTtosHue 12 cM, a Kuc-
JI0Ta CaJULMIOBas MEPEMECTIIIACH HA paccTosHue 355 mMm. [{uamerp nsiTHa co-
CTaBUJI 2,5 MM.

24. PaccunTaiite Bpems yepKUBAHUS HECOPOUPYEMOTO KOMITIOHEHTA, €CIIH
W3BECTHO, YTO JIJISl OTPEEISIEMOTO BEIIECTBA BpeMs YACP>KUBAHUS COCTABIISIET
5,6 MuH, a BpeMsi HaXO0XJSHHS 3TOTO YK€ BEIIECTBA B HETIOIBMKHOM (pa3ze paBHO
285 c. Beruncnure, CKOJIBKO BPEMEHH B MPOIICHTHOM COOTHOIICHUU MPOBOIUT
OTIpeJIeNsIeMOe BEIIECTBO B MOJBW)XHOW U HEMOABWXKHOM ¢azax. Ompenenurte
UCITPaBJICHHOE BpEeMsl YICP>KUBAHUSI.

25. Paccuntaiite mupuHy XpoMaTorpadhuyeckoro muka y OCHOBaHUS B CM,
eciu Xxpomarorpaduyeckas KOJIOHKa JIMHOW 3 M coaepxut 2500 TeopeTude-
CKHUX TapeJioK. YIepKHMBAaeMbIii 00BEM ISl OIMPEJCISIEMOTO BEIECTBA PaBEH
256 mi1, 00beMHasi CKOPOCTh MPOTEKaHUs MOJIBHKHOM (ha3bl yepe3 KOJIOHKY —
5 Jj1/4ac, CKOPOCTh JBIKEHUS JUATPAMMHOM JIEHThI — 4 CM/MHUH.

26. Bpems ynepxuBaHus 1iuaHokoOanamMuHa coctasisiet 3,6 MuH. Paccuu-
TalTe 3HAYCHUS YIACPKUBAECMOTO O0OBbEMa W HMCIPABJICHHOTO YACPKUBAECMOTO
o0BeMa, eciu BeTuYrHa «MEepTBOro o0beMay paBHa 1 mit. CKOpOCTh MPOXOXKIe-
HUS TTOABMKHOMN (Da3wl uepes KOJOHKY paBHA 20 MII/MHH.
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PA3JIEJ 13
YJTEKTPOXUMHWYECKHUE METOIBI AHAJIM3A

DNEKTPOXUMHUYECKHE METO/Ibl aHAJIM3a OCHOBAHBI HA YCTAaHOBJICHUHU B3au-
MOCBSI3U BEJIMYUH HM3MEPSEMBIX NapaMeTpPOB 3IEKTPOXUMUYECKUX IPOLIECCOB
(pa3HOCTh MOTEHLHATIOB, TOK, KOJIMYECTBO 3JEKTPUYECTBA) OT COAEPIKAHUS
OIIPENEIIIEMOr0 BEIECTBA B AHAJIU3UPYEMOM pacTBOpPE, KOTOPBIA y4acTBYET
B JIEKTPOXUMUYECKOM IIPOLIECCE.

Ipumep 13.1. Onpenenure NOTEHIMAN XJIOPUJ-CEIEKTUBHOTO 3JEKTPOIa
B HaceimieHHoM pactBope CUCl B mpucyrcteum 0,001 M pactBopa ammuaxa.
HakJ1oH 371eKTpoqHON QYHKIMH CYATATh TeopeTuueckum, £° = 100 mB.

Ks=1,2-10"° B, =8,5-10° B, =7,2 - 10"
Pewenue: HOTGHI_[I/IaJI QJICKTpOAa OIIKUCBhIBACTCS YPAaBHCHHUCM HepHCTai
_ o RT
E=E —Elg a_- (13.1)

be3 ydyera MOHHOW CHIIBI M C Y4eTOM YyCloBHs 3aaaun ypaBHeHue (13.1)
IIPUMET BUJL:
E =0,100 — 0,0591g[CI]
KoHueHTpanust XJIOpUI-HOHOB 3aBUCUT OT pactBopuMoctd Meau (l) xio-
puna B 0,1 M pactBope ammuaka.

S = KS'

oo Ks K

Yo% Yot
B npucyrctBun ammuaka katuonsl Meau (1) o0pa3yroT KOMILIEKCHI:
Cu"+NH; [ [Cu(NH3)]
Cu™ + 2NH; [J  [Cu(NHs),]"
o + = 1 5 =1,4- 0_5
CU 14+ By[L]+Bo[L]
Paccunrtaem pactBopumocts CUCl 8 0,001 M pacTBope ammuaka:
L2107
1,410

S= KS' = 2,9-10_l MOJIB/JI
[CI']=2,910" moas/n
OnpenenuM MOTEHITUAT CUCTEMBL:
E =0,100-0,059 190,29 = 0,132 B
Omeem: TIOTEHITMAN XJIOPU-CEJICKTUBHOTO JJICKTPOJa B HACHIIIICHHOM
pactBope CuCl B mpucyrcteum 0,001 M pactBopa ammuaka coctasisier 0,132 B.

~8,5.1072
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Ipumep 13.2. Onpenenaute TOJIIMHY 30JI0TOTO MOKPBHITUS HA W3JETUSAX
o0Omreit momanso B 100 cMm? MIpY TIJIOTHOCTU TOKA B 5 A/M° B Teuenue 20 MUH,
ecnu BbIX0J 1o TOKy coctasiaeT 0,7. [ImoTtHocTh 30710Ta — 19,3 r/em’. B pac-
TBOpE 30JI0TO TIPUCYTCTBYET B hopme AU’

Pewenue: B pesynbTaTe 2JI€KTpOIIM3a IPOTEKAET CIACAYIONIAs PeaKIus:

Au'+1e = Au
Macca nokpsITHs paccuuTbIBaeTcs u3 3akoHa dapazes:
m=M (13.2)
nk

rae M — MomnspHas Macca; N — Yucio 3JIeKTpoHOB; F — uncio @apanes; Q —
KOJIMYECTBO 3aTPAYCHHOTO AJIEKTPUUYECTBA.

Q=1-t,
rae | — cuna Toka; t — Bpemsi.

[I1OTHOCTBIO TOKAa HA3bIBAETCS OTHOLIEHWE CUJIBI TOKA K MHPHIOKEHHOU
noBepxHocTH. CHila TOKa B 5 A NPHXOIUTCS Ha IUomags 1 M°, paccunmraeMm
3HAYEHHE CHIIBI TOKA, KOTOpOe IpuXoxuTest Ha 100 cm?:

100 cM®*=10cm - 10 cm = 0,1m-0,1 Mm=0,01 M.
5 A cootBercTByeT 1 M°
x A cootBerctByet 0,01 M2

>_ 1
x 0,01
x=50107%A

[TockonbKy HM3BECTHO, YTO BBIXOJ MO TOKY cocTaBiigeT 0,7, TO UCTUHHOE
3HAYEHHE CUJIbI TOKA PABHO:
1=0,05A-0,7=35107°A.
N3 dhopmymet (13.2) paccuntaeM Maccy MOKPBITHS:

— QM _ 0,035-1200-197 861021
nF 1-96500
Onpenenum 00bEM MOKPBITHS:
_m
Y
-2
v=T_ mm 107 o
£ 19,6 r/cm
OOBEeM MOKPBITHS PACCUMTHIBACTCS KaK ILIOIIAIb MOKPHITUS Ha TOJIIIUHY:
V=S-h
hoY 00044 4,4-10°cMm=4,4-10""m
S 100

Omeem: TONINIMHA 30J0TOTO TIOKPHITUS HAa M3ACHUAX COCTABIISIET
-7
44-10" m.
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3agaum 1J191 penieHus:

1. pH-cenekTUBHBIN AIEKTPOJ] MOTPYKEH B PACTBOP KUCIOTHI XJIOPHUCTOBO-
nopoaHoi ¢ koHueHTpamueir 0,1 M. O0wsicaute, moyemy 3HadeHue pH, oto0-
paxkaemoe Ha Mpuodope, He paBHO | ¥ BHIYUCIIUTE €TO 3HAUCHHE.

2. PaccuuTaiiTe, mpy Kakoil BEIMYMHE MOCTOSHHOTO TOKa CIEAYyeT MPOBO-
IUTHh KyJIOHOMETPHUUECKOE TUTPOBAHUE 8 MI' HATpHsI THOCYJIb(aTa 3IeKTPOreHe-
PUPOBAaHHBIM MOJOM B MPUCYTCTBUU Kpaxmala (MHIMKATOP), YTOOBI AJIs MOSB-
JIEHHUs CUHEW OKPACKU pacTBOpa MOTpeOOBAIOCh MPOITYCTUTh TOK B TeueHue 110 c.

3. [IpoBenn KyJOHOMETPUUYECKOSe THUTPOBAHHE apceHHUT-HOHAa AsOsz®
B CJa0OIIEIOYHOM AHAIM3UPYEMOM DPACTBOPE AIIEKTPOrE€HEPUPYEMBIM HOIOM
pu octostHHOM Toke | = 0,005 A B mpucyTcTBHM MHAMKATOpa Kpaxmana. [lpu
TUTPOBAHUM MPOTEKAET PEAKIUSA:

AsO;> + I, + H,0 = AsO,> + 21 + 2H"

PacTtBOp okpacuics B cuHuii uBeT 4yepe3 3 MuH 18 c. Paccuuraiite maccy
Mmelbsika (I11) B ananuzupyemom pacTBope.

4. AHanu3upyeMblid pacTBOp COJEPKUT HUTpAT-HOHBL. s uX ompenene-
HUS COCTaBWIN FaJbBaHUUYECKYIO LEMb, COCTOSIIYIO U3 MHINKATOPHOTO HUTpAT-
CEJIEKTHBHOI'O 3JIEKTPOJa U XJIOP-CEPEOPSIHOTO 3JIeKTpoJa cpaBHeHUs. 3mepu-
1 OJIC mATH 3TATIOHHBIX PaCTBOPOB U MOJYYHWIIN CICAYIOINE 3HAUCHUS:

C, Monb/n 0,00001 0,0001 0,001 0,01 0,1
E, MB 330 280 230 180 130

Onpenenure TUTP HUTPAT-UOHOB npu £ = 250 MB.

5. s monsiporpaduueckoro onpenesieHrs KaTUOHOB IIMHKA B aHAIU3UPY-
€MOM pacTBOpE IIMHKA cyibdaTa o0beMoM 50 mi1, copeprkaiieM 100aBKH Kea-
THHA (U1 TIOJABJICHUSI TOJAPOTrpadUUEcKUX MAKCUMYMOB) M KaJMs XJIOpHJIA
(oHOBBIN MEKTPONUT), 0TOOpasK 20 M pacTBOpa U MOJBEPIIIU HoJsiporpadu-
YECKOMY aHAJIU3Yy, MOJYYUB BBICOTY BOJIHBI, paBHYyto 12 ex. [IpuroroBunu 10 mn
CTaHJApTHOTO pacTBopa, coxaepxarmiero 0,5 mr/mi kaTHOHOB IMHKAa. B cran-
JTApTHBINA pacTBOP M00ABUIIM KEJIATHH U KaJHs XJIOPHUJ, 3aTeM 00BhEM pacTBopa
noBenu 10 50 mir. 20 MJT CTaHAAPTHOTO PacTBOPA TAKXKE MOABEPIIIM MOJISIPOTpa-
(ryeckoMy aHalIM3y U MOJIyYHJIM BBICOTY BOJIHBI B 10 ex. Paccuuraiite maccy
KaTHOHOB IIMHKA B UICXOJHOM PacTBOPE.

6. [Ipy nomoiu Kaaui-CeIEKTUBHOTO BaJMHOMUIIMHOBOTO AJIEKTPOJa
onpeaeNsuii KOHUEHTPAIMI0 HOHOB Kausi B pacTBope. [Ipu uccnenoBanuu pac-
TBOpa nosryunsid curdan B 220 mB. Paccuuraiite, CKOJIbKO TpaMMOB MOHOB Ka-
nus copepxutcs B 100 M Takoro pactBopa, €CiIM ATaJOHHBIM pacTBOpP C KOH-
neHTparnueit nonos kayms pasaou 0,0025 monb/n qaet curnan B 210 mB.

7. OmpeziesieHUe KUCIOTHI aCKOPOMHOBOW TMPOBOJUIN MYTEM KYJIOHOMET-
PUYECKOTO TUTPOBAHUS AJIEKTPOTCHEPUPYEMBIM HOJOM MPHU MOCTOSHHOM TOKE
B 0,05 A B nIpUCYTCTBMU MHIMKATOpPA KpaxMalia J0 MOSIBJICHUS CUHEH OKPACKH.
Omnpenenure Maccy KUCIOThI aCKOPOMHOBOM, €CIIM pacTBOP OKPACUJICS B CHHHIA
uBeT uepe3 1 muH 46 c.
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8. Onpenenurte, CKOIBKO rPaMMOB MEJIHOTO Kyrnopoca pacTBopmwin B 100 mi
BOJIbl, €CJIM M3BECTHO, YTO MNpH mossiporpaduueckom ananuze 10 mi Takoro
pacTBOpa BEIMYMHA aHAIMTUYECKOIO CUTHaa cocTaBwia 24 en., a Mpu Uccie-
noBanuu 10 MJI cTaHJApTHOTO pacTBOpa C KOHILIEHTpalMed HOHOB MeEAu
B 0,005 M BenuuuHa aHATUTUYECKOrO CUTHAJA paBHa 15 en. M3meHenuem 00b-
eMa IMpU PaCTBOPEHUHU KPUCTAIOTUApPATA PEHEOPEYb.

9. Ompenenure, B KaKOM U3 PACTBOPOB COIEPKUTCS OOJIBIIIE TPAMMOB XKe-
Je3a, €CIM M3BECTHO, 4TO 00beM nepBoro pactBopa 1000 mu, u eciu ¢ 10 mn
ATOTO PacTBOpa MPOBECTU MOJSIporpadUIecKuil aHAIM3, TO BETUYMHA CUTHAIA
Oyznet paBHa 8 ef.; 00beM BTOpOTO pacTBopa 50 M1,  €ciu 5 M1 BTOpPOTo pac-
TBOpa pa30aBUTh B 2 pa3a U MPOBECTH MOJSIPOrpaPUIECKUil aHaIU3, TO BEINYH-
Ha aHAJIUTUYECKOro curHana coctaBuT 48 en.? 10 Mi cranmapTHOro pactBopa
¢ KoHIeHTpanuen noHoB xenesa (II) B 0,05 M naet curnan B 16 en.

10. Onpenenute MIOTHOCTh TOKA, HEOOXOAMMOTO IS MOJy4YEHUsl cepeod-
pAHOrO NMOKpbITUA TonmuHOoW 20 Mkm 3a 30 muH. Beixoa o toky — 0,7, miot-
HOCTB cepebpa — 10,5 r/em”.

11. Onpenenute TOMIMHY MEIHOTO MOKPBITUSA, MOTYUYEHHOTO MPHU TUIOTHO-
cTH Toka 5,5 A/nm® 3a 30 MUHYT M3 pacTBOpa Meau cyiabdara. BbIXox mo To-
Ky — 0,98. IlnotHoCTH MM — 8,96 r/em’.

12. Onpenenute Bpems, HECOOXOIUMOE JJIS TTOTYUEHHUS 30JI0TOTO MTOKPHITHS
ToamuHorn 10 MKM Ha U3IENHsIX CyMMapHOU 1uiomaaso 1,3 J:[M2 IIPU CUJIE TOKA
3A. Beixon nio Toky — 0,8. [InotHocTs 30510Ta — 19,3 r/em’,

13. KakoBa koHIeHTparus Hen3BecTHOTO pactBopa kaamus (II) xmopuna,
eciu npu BHeceHuu B 1 11 Takoro pactBopa 0,92 r kagmus (II) xiopuna Beicota
noJisiporpaduyueckor BOJIHBI yBEIMUMIIACH B 4 pa3a?

14. 10 r cruraBa pactBopwin B 50 mur 2 % pacTtBopa KHCIOTBI a30THOM
¥ U3MEPUJIU BBICOTY TOJIIporpaduueckoi BoIHbI InHKa. OHA OKa3aaach paBHOM
6,5 cM. 3atem k 20 MJ1 3TOTO pacTBOpa J0OABWIM 5 MJT pacTBOpa IIMHKA HUTpaTa
0,01 M. BeicoTta monsiporpadguieckoil BoJHbI cocTtaBuia 7,5 cMm. Onpenenute
MPOIIEHTHOE COJICPKAHNE IIUHKA B CILJIABE.

15. ]I KyJIOHOMETPUYECKOTO ompenesieHus Menu B jatynu 0,6 T cruiaBa
pacTBOPWIIM B 5 MJI pacTBOpa KUCJIOTHI a30THOU 20 % 1 HelTpanu3oBaiu Moiy-
YeHHBIH pacTBOp aMMuakoM. [lomHoe BbIJieJIeHHe MEIW HACTYMUJIO MPU CHIIE
toka 0,6 A 3a 16 munyT. OnipesieiuTe MPOIEHTHOE COAEPKaHUE MEJH B JIATYHH.

16. JIo ckauka moTeHIIMANIa TPU OMPEACIICHUH cepedpa METOJ0M KYJIOHO-
METPUU TPHU MOCTOSHHOM TOKE Yepe3 pacTBOP MPOMycKalu Tok cuiohd 50 MA
B TeueHMUE 22 MUHYT U 35 cekyHa. OnpeaenuTe NpoueHTHOE COAepKaHnue cepe-
Opa B cmaBe, ecnu nisi mpurotoBierus 100 mu pactBopa 610 B3sTo 0,3 T
cIuiaBa.

17. Onpenenure NOTEHIMAT HOAUI-CEIEKTUBHOTO AJIEKTPO/Ia B HACBHIIIICHHOM
pacTBope Homuna cepebpa B pactBope ammuaka 2 M. E° = 100 mB, S = 59 MB.
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18. Onpenenute noreHMan OpOMHUI-CEIEKTUBHOTO JIEKTPOJA B PaCTBOpPE
cepeOpa OpomuIa HACBHIIIEHHOM B pacTBOpPE aMMHaka ¢ KoHIeHTpanuend 1 M.
E°=100 mB, S = 59 MB.

19. OnpenenuTe KOHIICHTPAIIMIO OpPOMUI-MOHOB, €CJIM TOTEHIMAI Opo-
mugHoro MC3O B pactBope paBeH 220 MB. YpaBHeHue IMHEHOWM YacTH 3aBUCH-
moctu noternuana ot 1gC umeer Bux: £ = 290 — 53IgC.

20. OnpenenuTe MPOIEHTHOE COACP)KAaHUE MEIH B CILJIaBE, €CITU TIPH TOJIS-
porpadupoBanuu 0,001 M pactBopa Cu® MOJTy4Y€HAa BOJIHA BBICOTOM 2 CM, a IpU
noysiporpaupoBaHuy pacTBOpa, ModydeHHOTro pactBopeHueM 0,05 T crutaBa
B 100 mMi1 KMcIOTHI a30THOU, — 14 cM.

21. TIpu no6asnenmu Kk 50 ma Cd®* HemssecTHO# KoHmeHTpamuu 10 M
pactBopa kaamus Hutpata 0,01 M BbIcOTa BOJHBI CHU3WJIACH C / ¢M 110 6,5 cM.
Ornpenenure NPOUEHTHOE COJIEPKAHNUE KaIMHUsI B CIUIaBE, UCTIOJIb30BAHHOIO JJIS
MIPUTOTOBJICHUS pacTBOpa, €ClIM HaBecka Obuia 2,2 T.

22. CKOJIBKO TPaMMOB KHCJIOTHI  XJIOPHUCTOBOJOPOJTHON  COJAEPIKUTCS
B 100 M1 aHAMM3UPYyEMOTO pacTBOpa, €CIIM MPU KOHAYKTOMETPUYECKOM THTPO-
Banuu 10 mu1 Takoro pactBopa pacTBopoM Hatpus ruapokcuna 0,05 M mpoBo-
JUMOCTh pacTBOpa yMeHbInanach 10 V, = 14,2 mi, a npu 106aBiIeHUN OOJIBIIIETO
KOJINYECTBa TUTPAHTa MIPOBOIUMOCTh PACTBOPA YK€ HaUMHAJIA YBEIUUUBATHCS ?



OCHOBHBIE MATEMATHUYECKHUE ITPUEMBbI,
HUCITOJIB3YEMBIE IIPU PEHLIEHUHN 3ATAY

Peimenune kBaapaTHbIX YPABHCHUM:
ax’ +bx+c=0

D =Db?—4ac
N _-b+JD
V2 =T

Onepanum co cTeneHsIMHu:
(@a-b)"=a"-b"

1 1

“(a-b)” a"-b"

(a-b)™

am/n _D a_m

a‘n.am — a(n+m)

Omnepauuu c jorapupmammu:

1.1ga" = n-lga
2.lga+Igb=Igab
3Jga—@b:m%
4. lga =x

a=10"
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1. Cnoco0bl BbIpakeHHs COCTABA PacTBOPA

OTBETbI

Ne OTtBer Ne OtBer
1 C=4r/m;, C=0,047 moinn/1; 14 | C=0,0154 momnp/1
o =0,4 %; X=0,085 %;
m = 0,047 monw/xr; T = 0,004 /™M
2 C=9r/m; C=0,154 moinn/x; 15 | B pactBope NaCl.
X=0,28%; m=0,155 MOIB/KT; m (Na"); =0,0184 r.;
T= 0,009 r/mi m(Na*),=0,157r
3 m (C12H22011) =20r 16 [m=25r
4 C=428,4r/m;, C=11,73 mons/m; 17 | C=0,053 monn/a
X=21,72 %; m= 15,41 Moab/KT;
T=0,4284 r/mn
5 | X(CH3;COONH,) =0,46 %; 18 {m=8,1053r
X (NaNO3) = 0,62 %
6 | B pacTBOpE caxapos3sbl. 19 | V=8wmn
n (C1oH»,044) = 0,029 Moub;
n (N H4H2PO4) = 0,022 MOJIb
7 C=2r1/n; C=0,0058 Momb/m; 20 {V,=50mMmi; r =2;
X =0,011 %; m=0,0058 Moab/Kr; V, =1 wmx; r, =100;
T=0,002 r/mn V3=0,8 mi; r; =125
8 m=3,50r 21 |V =305,4 mn
9 m=12,925r 22 |V=1387n
10 [ m=22,776r 23 | V;:V,=0,2375
11 | C=0,065 moin/x; 24 |m=1325r
m = 0,062 MOJIb/KT
12 |V=1,98 mn 25 |0o=221%
13 | ®=0,23 %;
C =0,0385 monbp/n

2. Nonnasi cuia pactBopa. AKTUBHOCTh. Ko PpuumeHT akTUBHOCTH

Ne OTtBer Ne OT1Ber
1 |1=012 11 [a(KH)=7,61-10" M;
a(Cr)=1_85-10°M;
a (S0, )=726-10°M
2 |y (K" =0,996; 12 [a(Cl)=5,59-10°M
y (S0,%) = 0,862
3 |y (AFF)=0,044; 13 |y (H") =0,869
y (S0,%) = 0,251
4 |y,=0,879 14 [1=0,014a(Na*) =0,0124 M
5 [V=025n 15 | 1=0,0275;
a=0,0234 M
6 |C=0,05M 16 |a(Cl)=0,169 M
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Ne OTtBer Ne OTBer

7 |1,=0,24; 17 |a)K;=2,50 - 10";
1,=0,1 6) Ka=3,47-107

8 |1,=0,0268; 18 |K,=2,94-10"
l,=0,75

9 |1=0,01375 19 [K,=1,19-10"

10 | 1=0,965;a(Cl")=0,451 M 20 |K,=9,70-10%

3. [IporoiuTnueckue papuoBecusi. Pacuer pH

Ne OtBer Ne OtBer
1 |pH=1,98 24 | pH=17,21

2 |pH=9,53 25 | n(ocH.) : n (k-Tb1) = 1,82
3 | pH=6,00 26 | n(ocH.) : n (x-t61) = 0,11
4 |pH=10,33 27 |V =280 mn

5 |a=2,38-10" 28 |Vi:V,=14:86wm V,:V,=86:14
6 |a=1,.85-10" 29 | pH=9,57

7 |a=3,14-10"° 30 | m=0,0595 r

8 |pH=0,84;pH=0,7 31 | pH; = 12,49; pH, = 4,20
9 |pH=1,54 32 | pH=4,12

10 | pH=1,28 33 | pH = 8,34

11 | pH=1,51 34 |0=4,56-10"

12 | pH =0,96 35 | a=543-10"

13 | pH=4,97 36 |a=4,64-10"

14 | pH=10,12 37 | pH=19,84

15 | pH = 1,95 38 | € =0,5005 M

16 | pH=0,52 39 | [HPO,“]1=191-10°M
17 | pH=9,55 40 | pH=8,28

18 | pH=2.,48 41 | m=0,14268 r

19 | pH=227 42 |m=0,1883

20 [m=0,59r 43|C=77-10"M

21 [pH=12,70; p=4,17-10° | 44 | pH= 13,41

22 | Ymensimmres B 5 pas 45 | K, =9,986 - 10 pK,, = 13,0; pHyeiirp = 6,50
23 [ B, =P, =7,67-10"°

4. PaBHOBeCcHsI KOMILIEKCO00pa30BaHUA

Ne OTtBer Ne OTtBer

1 |[Bs=7,00-10" 11 | pH =150

2 | B,=181" 1oi2 12 | [Py]=9,59 - 10°M

3 [p,=8,13 10 13 | a=0,9994

4 [Be'=41-10" 14 | K, = 269; K, = 186; K3 = 2,00;
K, =3,98; Ks = 3,16; Kg = 2,09

5 |Bs=244-10" 15 | Ky = 151; K, = 178; K = 316;
K, = 141; Ks = 2,40; K¢ = 1950
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n=156

Ne OTtBer Ne OTBer
6 |[Cu*1=1,995-10""M;n=2,0 16 |m=0432r
7 | [Fe(SCN)3]=4,70 - 10° M; 17 | [Hg™1=1,65 10" M;

[SCN]=6,61 - 10> M

8 |[[zn"1=1,19-10"M 18 | [Pb*"1=10° M

9 |[NH5]=4,10-10"M 19 [[Y*"]=126-10"M

10 | [NH3]1=3,36-10"° M

5. PaBHoBecHs 0Ca0K — pacTBOpP

Ne OTtBer Ne OtBer

1 |V=3244n 25 [S'=4,01-10°M;
$'/8°=5,51-10"

2 | Cag(POy), 26 |S=1,33M

3 [m=0,136r 27 |$'=31,02M

4 | m=18,23kr 28 [S'=550-10"°M

5 |[[S"]=10"M 29 | pHpmax = 6,01

6 |[m=0.343r 30 |V=8,781

7 |m=8,02-10"r 31 [C=9,98-10°M

8 [m=381-10"r 32 [$,=375-10" M;
$,=502-10"M

9 |[V=339-10"n 33 [S/S°=4,12-10°

10 | Bemmagaer 34 | S(pH =23)/S' (pH =4) =9,96

11 |[CrOs1=4,40-10""M 35 | He pactBopsiercst

12 | [PO,]1=1,86-10"° M 36 | V(H,SO,) =390,2 ;
V(H,0) = 40,9 mn

13 | Bemmagaer 37 |m=6,28 - 10°r

14 | Beimagaer 38 |[CO;]1=3,81-10"M

15 | pH=7,46 39 | Bemmagaer

16 |pH=8.,17 40 | Sugu = 6,76 - 10~ MosB/1

17 | $°=0,0159 M; $'=6,76 - 10* M 41 | a)0,69; 6) 0,69; B) 1,38

18 [S$1=2,73- 10" M; 42 | Beimamaer

$,=8,71-10"M

19 [m=22-10"r 43 | 1,44 - 107> monn/n

20 | Bemmagaer 44 |7 - 10~ mons/n

21 [S°=0,0159M;S =228 M 45 [ 1,510 monb/n

22 |S'=444-10°M 46 | 2,34 - 10°° monn/n

23 [$'=3,15-10°M 47 | S /S°=5.56

24 [V=1751wmn

6. OKHCINTEIBbHO-BOCCTAHOBUTEIbLHBIE PaBHOBECUSA

Ne OTBeT Ne OTBeT
1 |K=10>*° 10 |Ce**:ce*=759:1
2 | K=10%"% 11 [Ks=1,810"
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Ne OTBer Ne OTBer
3 |K=10%" 12 |E=0301B

4 =-1,256 B 13 | K =4,5810"

5 |E=-0,5285B 14 | E”=1,652B

6 | A) lla; b) Her; B) Hert; I') Her 15 | E”=1,2268B

7 |E”=036B<<123B 16 | E”=0,9436 B

8 |E=0,643B 17 | E°=0,498 B

9 |Fe:Fe*=16:1 18 | E°=-1,140B

7. IKCTPAKIMOHHBbIE METObI Pa3/ie/ieHUs] U KOHIEHTPUPOBAHUSI BelleCTB

Ne OTtBer Ne OtBer

1 P=0,51 16 | pH>7,22

2 D=7.1 17 | f =2, pa3nenuth HEBO3MOYKHO
3 P=0,29 18 | f, =1,58:;f, = 1,75;

Ri(anT.) = 88,24 %;
Ri(madt.) = 82,61 %
Ry(ant.) = 29,58 %
Ro(madT.) = 19,35 %

4 |C=0,263M 19 | Spax=8,42-10°
5 |P=178 20 | S =20, Spax = 2,21
6 |D=75 pH=403 21 |[D=422-10"

7 |R=1297% 22 [n=1

8 |a=0,20 23 | pK,=4,50

9 [V=458wmn 24 [P =0,40

10 |pH; <10,12; pH, < 11,35 25 |P=179

11 |D=1,37-10" 26 |[V=04wm

12 | pH=10,32 27 | P =164

13 | pH = 3,89 28 |V=30m1,Nn=6
14 |R=35-10"% 29 |R=99,50 %, [Cu]=9,98 - 10 ° M
15 |n=7;R=99,94 % 30 |f=46

8. 'paBuMeTpuYeCKHUii MeTO/I aHAIHU3a, MPOOONOAT0OTOBKA, MPO000TOOP

No OtBer Ne OtBer
1 97 % :3% 9 o =0,4563 %

2 ®=45% 10 |o=69%

3 o =18,61 % 11 |o=88%

4 C(H,S0,4) = 0,254 moms/n 12 | o(C)=64,8%

o(0)=21,6%
o(H) =13,6 %
C:H:0=4:10:1

5 |[V=425mx 13 [m=0,229r
6 |a)2.877-10"1;6)2,6-10 "t 14 |m=0,329r
7 |a)3,81-10"r;6)5,108-10°r 15 |V =0,705 mn
8 |[V=16,2wMn
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9. DJ1eMeHThI MATEMATHYECKOH CTATHCTHKH

C = (0,0024 = 0,0004) M

Ne OtBer Ne Otser

1 | IlpomaxoB HeT 7 | 3abpakoBatb

2 | m(cp.)=0,4490 r 8 |w=(40,22+1,13) %

3 | C(cp.)=0,054M,S°=433-10° |9 |[m=(49,8+14)mr

C =(0,054 +£0,003) M

4 | 120 — mpomax 10 | Pe3ynbpTaThl BOCIPON3BOAMMEI

5 | Pe3ynbTaTsl BOCIPOU3BOIUMBI 11 | Pe3ynbTaThl HEBOCTIPOU3BOIUMBI
Cpennue pe3ysbTaThl CTAaTUCTHYE-
CKH pa3JIMyHBbI

6 §°=9,7-10° 12 | CootBeTcTBYET

10. TuTpuMeTpHYECKHE METOIbI AHAJIN3A

Ne OTtBer Ne OTBeT
1 C=0,02M 19 | C=0,0224 monbp/n
2 C=0,042M 20 |V =80,9 ma
3 [|m=0,1478r 21 |m=3,808r
4 |V=16 M 22 | C=0,036 M
pH; = 8,335; pH, = 4,15
5 |V=74wmn 23 |m=0,0294r
6 C = 0,093 monbp/n 24 | C=18,96 r/n
7 |w=10% 25 |w=92,92 %
8 |m=0,09r 26 |m=0,616Tr
9 |a)0,002;6)0,0002 27 | C=2,081/n
10 | a)0,02;6) 0,002 28 |m=0,3648 r
11 | w=99,235 % 29 |m=0,3976r
12 |V =17,6 mxa 30 [m=1,84r
13 |m=59.214r 31 |w=9547%
14 | C=0,00363 M 32 |V=0,051
15 |w=57,7% 33 [m=0,1938r
16 |V =23,68 mn 34 |lw=97%
17 {m=0,7371r 35 |V=71wMn
18 | V=120 ma 36 |w=57,79%
11. OnTnuecKne MeToabl AaHAJIHN3A
Ne OTBer Ne OtBer
1 |E=700(100m1-cm -1 7) 11 | C=15010"r/n
2 g= 180000 71 cM * - MOJIB 12 |£=4246 1 cm - MoB
3 [A=10°m;v=3-10" T 13 | C=3,08 r/n
E=1,99- 107" JIx
4 |[2=10"m;v=3-10"Tu; 14 | T=3597%
E=1,99- 10 Jix
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Ne OTBer Ne OTBer
5 [4=1 15 |A=0,481
6 C = 2,55 Mkr/mn 16 {m=25-10"r
7 | Cx)=2,50107 r/m; 17 | m=4,76 mr
C(a)=1,50 - 10 r/n
8 |w=781% 18 | C=3,38-10"M
9 w = 3,68 % 19 | C=0,361/1
10 [C=3,99:10°M 20 [ C=3,03-10°M
12. XpomaTtorpadguueckue MeTOAbl aHATIHU3A
Ne OTBer Ne OTtBer
1 |h=347-10"m 14 |R,=2,22
2 |L=2wm 15 |h=3,24cm
3 |Ry=42,86 16 |h=1,56cm
4 |Rg=2,08 17 |h=7,2mm
5 | w; =28,34 %:; w, = 30,40 %; 18 | C,=9,23C;
w3 = 15,57 %; w, = 25,68 %
6 C=281,35 mr/mn 19 |Ry=2,61
7 w;=98%;w,=1%;w;=05%; |20 |aa=5,14
w; =0,3%; ws=0,2%
8 | w;=99,49 %: w,=39,12 % 21 | R(Mn**) = 0,32; R¢ore(MN) = 0,45;
Ri(Fe®") = 0,88 Ryom(Fe®") = 1,24;
R{C0%") 0,51; Rt or(C0%*) = 0,72
9 | Npin = 15876 22 |Ry=3,43
10 |V =237,12 mn 23 | N=2322624
11 | m=0,08775 24 [h=3,72-10"m
12 | w=0,0556 % 25 | w=0,983 cm
13 |w=0,0156 % 26 [Vr=72wmm;VR'=71 M

13. DekTpOXUMHUYECKHE METOIbl AHAIN3A

Ne OTtBer Ne OTtBeT

1 |pH=1,13 12 | t=409,68 c

2 1=0,044 A 13 | C=0,3067 r/n

3 m= 0,38 mr 14 |w=0,4225%

4 T7=0,0000246 r/mMn 15 |w=3183%

5 m=6 mr 16 [w=25,27%

6 m= 7,33 Mr 17 | E=343 MB

7 m=4,3 mr 18 | E=231MB

8 |m=02r 19 [[Br]=26-10"

9 | B pactBope (1) conepxxurcs 6ompme | 20 | C=0,0175
rpaMM jkelesa, uem B (2)

10 | 153 A/M° 21 ([w=24%

11 | h=0,00036 m 22 |{m=0,26T
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CIHHPABOYHBIE TIAHHBIE
Ipunoowcenue 1

3HaveHnst KOAPPUUNEHTA a B pACIIUPEHHOM YpaBHeHuM Jlebas—X0KKeast
Honbl a, A

AlP* Fe** Ccr*f, ce®* HY
Mg, Be*
Ca®*, Cu?, Zn?*, Fe?*, Li*, Mn**, Ni**, Co?*, Sn**

Sr**, Ba”, Cd**, Hg**, S°

Pb**, CO5°", M0O,”, SO5~

Hg,”*, Na*, PO,>, CH;COO ", SO,~, 105, CrO,~, CrO,*, S4O¢", S,05°,
HCOs, H,PO, ", HPO,*, HSO;

A(A|OT|OO|(00O|©O

K*,F,CI,Br,I,0H,NO;s;, CN, NO,, HS, OCN", SCN", HCOO",
ClOs, CIO4, BrOs, 10,7, MnO,~

NH4+’ Ag+

2,5

Ipunoocenue 2

KOHCTAHTBI HOHU3AIIAY BAXKHEHIIINX KUCJIOT U OCHOBAHUM

Kucaorsl
Kuciora ®opmy.ia BelmecTBa K, I_)II;”K;
AJIMTIHHOBAS HOOC(CH,),COOH K, [3,9-107 441
K, [3,910° |[541
A3HI0BOIOPO/IHAS HN; 2,010 (4,70
AsoTucras HNO, 5110 (3,29
A3oTHOBaTHCTAs H>N,0O, K, [6,2:10° 7,21
K, [2,910™ [11,54
AKpHIIOBast CH,=CHCOOH 5510° (4,26
2-AMuHOOEH30HAs H,NCgH,COOH (1,2) 1,1-10° |4,74
(AnTpanunonas)
3- AMHHOGEH30iHAs H,NCsH,COOH (1,3) 1,8:10™ (4,74
4- AMuHOOEH30MHAas H,NCgH,COOH (1,4) 1,410 |4,85
0-AMHHOIIPOITHOHOBAS CH3CH(NH,)COOH 1,3-10 7 [9,89
(0-AnaHuH)
B-AMHHOTIPONTMOHOBAS NH,(CH,),COOH 2,6:10 " 10,58
(B-Ananun)
AMHHOYKCYCHasI NH,CH,COOH 1,710 19,77
(I'nmuumn)
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Kucaora dopmy.ia BenecTBa K, “1gK,
AckopOuHOBas OH K; 9,1-10> [4,04
K, [4,6:10% [11,34
o)
o)
HO —
HO OH
Bensoiinas CsHsCOOH 6,310~ [4,20
bophas (opto-) H3BO;3 K, [7,1:10" [9,15
K, (1,810 [12,74
Ky [1,6:10 [13,80
Bbopnas (Terpa-) H,B,0O, K, |1,810* (3,74
K, [2,010° [7,70
BbpomHuoBaras HBrO; 2,0-10" (0,70
bpomHoBatucTas HBrO 22:10° 8,66
Banepuanosast (HopM.) CH3(CH;);COOH 1,410 [4,86
Banepuanosas (130-) (CH3),CHCH,COOH 1,7:10° [4,76
Bananuesas (opto-) HsVO, K, [1,810" [3,74
K, [3,2:10 [9,50
K; |4,0107 [144
BuHHast HOOC(CH(OH)),COOH K, [9,1-10" |[3,04
K, 4,310 4,37
Bonb(pamosast H,WO, K, [6,310° (2,20
K, [2,0010" [3,70
anoBas CgH,(OH);COOH 3,9-10° 4,41
I'epManueBast H,GeO, K, [7,9107 [9,10
K, (2,010 [12,7
I'mapocepuucTas H»S,0, K, [5,0.10" 0,30
(muTHOHUCTAN) K, 3,2'10_3 2,50
[ HAPOXHHOH CsH4(OH), (1,4) 1,110 9,96
I HKosIeBas CH,(OH)COOH 1,510 (3,83
I'muriepunoBast CH,(OH)CH(OH)COOH 3,010° [3,52
I'TyTaMuHOBas HOOC(CH,),CH(NH,)COOH |K; [4,7-10> [4,33
K, |8,7:10™" [10,06
[inyraposast HOOC(CH,);COOH K, |4,610° [4,34
K, |54-10° |5,27
[ TFOKOHOBAsI CH,OH(CHOH),COOH 1,410" [3,86
JlumonubaeHoBast H,Mo0,0; 9,55-10° [5,02
JINXpOMOBast H,Cr,0; K, [2,3107° |[1,64
JIUTHOHOBAS H,S,05 K, 6,310 (0,2
K, |4,010° [34

139




Kucaora dopmy.ia BenecTBa K, “1gK,
JluxnopykcycHas CHCI,COOH 5010° [1,30
Kenesucrocunepoauctast | HzFe(CN)g Ky [5,6-10° [2,25

K, [6,010° [4,22

Uonnas HIO,, HslOg K, |2,4510° [1,61
K, [4310° (8,33

K; [1,0110 ™ [15,0

UopHoBaras HIO; 1,7-10" (0,77
HNoxHoBatucras HIO 2,310 10,64
KarpuoBas CH,;(CH,)sCOOH 1,3-10™ (4,80
KanponoBas CH5(CH,),COOH 1,3-10° 4,83
KopuuHast (TpaHc-) C¢HsCH=CHCOOH 3,7:10° [4,43
Kopuunas (1iic-) CsHsCH=CHCOOH 1,3-10° |3,88
m-Kpezon CH3CgH4OH (1,3) 8,1-10 " (10,09
o-Kpeson CH,CgH4OH (1,2) 6,3-10 ™ 10,20
n-Kpeson CH3CgH,OH (1,4) 5510 (10,26
Kpemuesas (opto-) H.SiO, K; (1,310 [9,9
K, [1,6107° [11,8

Ky [2,010™ [13,7

KpoToHoBast CH;CH=CHCOOH 2,0:10° 4,69

(B-meTmmakpuoBast)

JlaypuHoBast CH,;(CH,),,COOH 1,1-10 4,95
JIumoHHas COOH K; 7,410 (3,13
K, [2,210° |4,66

HO K; (4,010 6,40

COOH K4 1,0'10716 16,0

COOH

MaltenHoBas HOOCCH=CHCOOH K, [1,210° [1,92
K, |6,0107 [6,22

MaitoHoBas HOOCCH,COOH K, 4,210 1,38
K, [2,110° |5,68

MapranuoBucras H,MnO, K; 10 1
K, |7,1-10™ [10,15

Macnsinast (HOpM.) CH3;CH,CH,COOH 1,5-10° |4,82
Macnsuas (130-) (CH3),CHCOOH 1,410 4,86
MungansHas CsHsCH(OH)COOH 4,3-10_4 3,37
MonuonenoBast H,Mo0O, K; 2,9-10° 2,54
K, [1410" [3,86

MonouHas CH;CH(OH)COOH 1,5-10° |3,83
MypaBbuHast HCOOH 1,8:10* [3,75
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Kucaora dopmy.ia BenecTBa K, “1gK,
MEIbsiKoBas H3AsO, K, |5,6:10° 2,25
K, |1,77107" 16,77
K; |3,0:10  [11,53
MBIIBIKOBUCTAS H3AsO3 59-10 ° (9,23
o-Hutpoben3zoitnast O,NCsH,COOH (1,2) 6,8:10° [2,17
m-Hutpobensoiinas O,NCsH,COOH (1,3) 3,210 [3,49
n-Hurpobensoiitas O,NC¢H,COOH (1,4) 3,710 [3,43
8-OKCUXUHOINH CyH;ON 1,3:10° (9,90
Ilepekucey Bogopoaa H,0, 2,0-10“ [11,70
[TukpuHoBas HOCgH,(NO,)3 42:10" 10,38
[IuMenrHOBas HOOC(CH,)sCOOH K, |3,1-10° 451
K, [4,910° |5,31
T[Iuporasmion CsH3(OH);3 (1,2,3) K, |8,9-10 [9,05
K, 6,510 [11,19
K; [1,010™ |14
[TupokaTexux CeH4(OH), (1,2) K, |3,6:10™ [9,45
K, [1,6:10™ [12,80
ITponuonoBas CH;CH,COOH 1,310 (4,87
PesopiuH CsH4(OH), (1,3) K, [5,0:10° [9,30
K, |8,7:10° [11,06
PonanncroBogopoiHas HSCN 10 -1
CauIniIoBast CeH,(OH)COOH K, [1,1:10° [2,97
K, |2,6:10™* [13,59
CebaunHoBast HOOC(CH,)sCOOH K, |4,0:10° [4,40
K, 6,0:10° |5,22
Cenenucras H,SeO, K, [1,8107° [2,75
K, [3,2:10° [8,50
CeneHucToBOIOpOIHAS H,Se K; 1,3-10* (3,89
K, [1,0.10™ [11,0
CerneHoBast H,SeO, K, [1,2:10° (1,92
CepHas H,SO, K, [1,15107 [1,94
CeprucTas H,S0; K: [1,410° [1,85
K, |6,210° (7,20
CepoBogopoaHas H,S K; 1,0-10_7 6,99
K, [2,5:10™ [12,60
CuHnibHas HCN 5,0-10_10 9,30
CynbhamMuHOBas H,NSO;H 1,0.10 " 0,99
Cynbbannnosas H,NCgH,SO;H 6,3:10° (3,20
CynbdocanumunoBas CsH3(OH)(COOH)SO3zH K, [3,110° [251
K; [2:10%  [11,70
Cymiepokcui BOAopoja H,O, 6,3-10_3 2,2
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Kucaora dopmy.ia BenecTBa K, “1gK,
CypbMsiHas H[Sb(OH)g] 4,010 4,40
Temnypucras H,TeO3 K, [2,7110° [2,57

K, [1,810° [7,74
TemnypoBogopoHas H,Te Ky [2,310° 2,64
K, 6,910 [12,16
TemnmypoBas HgTeOg K, |2,45:10° |7,61
K, [|1,1-10™ [10,95
Ky 1110 |15
TuocepHas H,S,054 K; [2,510° [0,60
K, |1,910° [1,72
TpuxnopykcycHas CCI;COOH 2,010 [0,70
YronbHast CO, (aq) + H,O K, |4510" |6,35
K, [4810™" (10,32
VKCycHast CH,COOH 1,74-10 |4,76
denon CgHsOH 1,0-10 ™ [10,0
dochopucrtas H3POs K; [3,110° [151
K, |1,6:10" |6,79
docdopnas (opro-) H3PO, K, [7,110° [2,15
K, 6,210° [7,21
K; |5,0:10" [12,30
dochopuas (mpo-) H,P,0; K, 1,210 0,91
K, |7,9.10° [2,10
K; (2,010 |6,70
K, 4,810 (9,32
dochopHOoBaTas H,P,0¢ K 6,3-10° [2,20
K, |1,6:10° [2,81
K; |54-10° 7,27
K, 9,3:10™ (10,03
dochopHOBaTHCTAS H3PO, 5,9-10_2 1,23
o-DrareBas CeH4(COOH), (1,2) Ky [1,2:10° (2,93
K, |3,9-10° [541
m-Dranepas CeH4(COOH), (1,3) Ky (2,010 [3,70
K, 2,510 4,60
n-Mdranesas CsH4(COOH), (1,4) K, |2,910* [354
K, |3,510™ 4,46
DTOPUCTOBOJOPOIHAS HF 6,2-10_4 3,21
dropodocdopHast H,[PO3F] K, [2,810" [0,55
K, |1,6:10° 4,80
dymaposast HOOCHC=CHCOOH K, [9,310° (3,03
K, |4,2:10™ 4,38
Xnopucrast HCIO, 1,1-10° 1,97
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Kucaora dopmy.ia BenecTBa K, “1gK,
XJIOpHOBATHCTAs HCIO 2,95-10° [7,53
XIopyKcycHas CH,CICOOH 1,410° [2,86
XpomoBast H,CrO4 K, [1,6:10" 0,80

K, [3,2:10" [6,50
XpoMoTpoIoBas C1oHg(OH)»(SO3H), K, |4,4-10° |536
K, [25107° [15,6
I{uanoBas HOCN 2,710 [3,57
[IlaBeneBast H,C,0, K, |56:10° [1,25
K, |5410° [4,27
DHaHTOBas CH3(CH,)sCOOH 1,310 [4,89
Opuoxpom depHbIid T OH OH Ky 5,0-10712 6,3
NaO3S N= N K, |28107 [1155
W,
O,N
OTUICHINAMHUHTETpPA- HOOC HOOC K; |[1,58 19; 0,8
ykcycHas (OITA) \\ ) K, (2,510 , 1,6
N K; [1,010° [2,00
< RN K, |2,1410° 2,67
\\ Ks [6,92:10" 6,16
COOH COOH |Ks |5510 ™ |10,26
S6nounas HOOCCH(OH)CH,COOH K, [3,510° 3,46
K, 8,9-10° [5,05
SAnTapHas HOOCCH,CH,COOH K, [1,6:107 4,21
K, [2,310° [5,63
OcHoBaHusi
pKy, =
OcHoBanue dopmyJa BellecTBa K, “1gKs
AMMHUAKa PacTBOP NH; + H,0 1,75:10 |4,755
AHUTHH CgHsNH, + H,0 4,310 19,37
bapust runpoxcun Ba(OH), K, [2,310" [0,64
BCH3I/II[I/IH H2NC6H4C6H4NH2 + Hzo Kl 9,3‘10710 9,03
H,NC¢H,Ce¢H,NH;" + H,O K, 5,610 ™ [10,25
BeH3HIaMuH CgHsCH,NH, + H,0 2,1-10™ 4,67
ByTHIaMUH CH,(CH,),CH,NH, + H,0 6,010 [3,22
I'excameTHIIeHAHAMKUH H,N(CH,)¢NH, + H,0O K; [1,3:107° (2,9
K, [1,0:10° [4,0
I'unpaszun N,H, + H,O 9,3-10_7 6,03
I'uapokcuamua NH,OH + H,O 8,9-10° (8,05
I'yanauH (H,N),CNH + H,0 3,55-10 " [0,55
Jluu3onponuiaMuH (CsH7),NH + H,0O 1,35:10° |2,85
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OcHoBaHue ®opmy.ia BelecTBa Ky O gK;
JIuMeTHIIaMUAH (CH3),NH + H,0 54-10° (3,27
Jlndenunamun (CgHs),NH + H,0 6,2:10 * [13,21
JudTHIaMuH (C,Hs),NH + H,0O 1,2:10° (2,91
HN3oxuHoInH AN 2,4-10° (8,62

+H,0
N
Kanbius ruapokcun Ca(OH), K5 4,0-10° (1,40
Jlutus ruAPOKCUI LiOH 6,8-10_1 0,17
MeTunamMuH CH3NH, + H,0 4,6:10° (3,34
Mopdomus 0 2,1-10° [5,67
N
H
MoueBuHa (kapbamu) (NH,),CO + H,0 1,5-10 * [13,82
a-Hadrrmamun CioH7NH, + H,O 8,4-10 ™ [10,08
B-Hadrunamun CioH:NH, + H,0 1,310 [9,89
8-OKCHUXHOJINH AN 1,0:107° [8,99
+H,0
=
N
OH
[Tunepaszun H K; 6,8-10° (4,17
K, [3,6:10° [4,44
(") o
N
H
[Tunepuauu 1,3-10° [2,88
+H,0
N
H
Iupasun N 4510 [13,35
[ j g0
=
N
TupumuH D 1,510° (8,82
| +H,0
[Mupumuana 4510 13,35

>
N
SN

| ) +H,0
=
N
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OcHoBanue ®opmyJia BemecTsa Ky “1gKs
[Mupponuaua O 1,9-10° (2,73
+ H,0
N
H
Iypun H 2,5:10 * 11,61
N/\/EN
+H,0
=

CBuHIIA THAPOKCHT Pb(OH), K; 9,55-10_4 3,02

K, [3,010° 7,52
Cemukap6as3uz H,NCONHNH, + H,0 2,7:10 " 10,57
Cepebpa ruIpoKCHu AgOH 5,0-10° [2,30
THOMOYECBHHA CS(NH,), + H,0 1,1-10 %% |11,97
o-Tonyumus CH5CgH4NH, (1,2) + H,0 2,810 " [9,55
M-TONyHIHH CH;3CsHsNH, (1,3) + H,0 5,410 9,27
n-Tonyuaux CH3CgH4NH, (1,4) + H,0O 1,2:10° (8,92
Tpumernnamun (CH3)3N + H,0 6,5:10° (4,19
TpudTnnamux (C,Hs)sN + H,0O 1,0.10° [2,99
Ypotponus (rekcametu- | (CH;)gN,4 1,4-10° (8,87
JICHTETPAMUH)

DeHmrnapasuH CsHsNHNH, + H,0O 1,6:10° |8,80
XUHOJINH AN 7,410 [9,13
Z

N
[ukiorexkcuinaMua CsH11NH, + H,O 4,6-10* [3,34
DraHonaMuH H,NCH,CH,0H + H,0 1,8:10° [4,75
DrunamMuH CH3CH,NH, + H,0 6,510 [3,19
OTUJIEHIHaMUH H,NCH,CH,NH, + H,O Ky [1,2:10°* (3,92
K, [9,8:10° 7,01
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KOHCTAHTHI YCTOMYUBOCTH KOMILJIEKCHBIX COEIUHEHUN

Ipunooicenue 3

KoMmiekcsl ¢ HCOPraHMm4Ie€CKMMHU JJUTaHAAMH

HNonnas
Hown 1gPB1 1g> 1gBs 1gP4 1gPs 1gPs cnd
Kommiekcnl ¢ ammuakom (NHs)
Ag* 3,32 7,23 — — — N 0
Au’ ? 27 — — — — 0
AU ? ? ? 30 — — ?
cd* 2,51 4,47 5,77 6,56 6,26 4,56 0
Co”* 1,99 3,50 4,43 5,07 5,13 4,39 0
Co™* 7.3 14,0 20,1 25,7 30,8 35,21 2
cu? 5,93 10,86 — — — — 2
cu®* 3,99 7,33 10,06 | 12,03 | 11,43 8,9 0
Fe* 1,4 2,2 ? 3,7 h — 0
Hg* 8,8 17,5 18,5 19,3 - — 2
Mg”* 0,23 008 | -034 | -1,04 | -1,99 | -3,29 2
Mn** 0,8 1,3 ? ? ? 9(?) 2
Ni** 2,67 4,79 6,40 7,47 8,10 8,01 0
TIF -0,9 — — — — — 2
TI(OH)," 4,6 9,3 11,6 13,0 — — 10
zZn* 2,18 4,43 6,93 9,08 9,46 12,75 0
Bpomuanbie kommiekcol (Br)

Ag* 4,38 7,34 8,00 8,73 8,44 — 0
Au’ ? 12,46 — — — — ?
AU ? ? ? 31,5 37 — 0
Bi*" 2,26 4,45 6,33 7,84 9,42 9,52 2
Cd** 2,23 3,00 2,83 2,93 — — 0
Ce™* 0,38 — — — — — 0
Co** 0,13 | -0,42 — — — — 1
Cs" 0,03 _A — — — — 0
Cu’ ? 5,02 — — — — 0
Cu” -0,03 ? — — — — 0
Fe’* 0,55 0,82 — — — — 0
Hg** 9,05 17,33 | 19,74 | 21,00 — — 0,5
In®* 1,30 1,89 0,67 ~1,25 — — 0
Ni“* 0,12 | -3,24 ? -8,12 — — 2
Pb** 2,23 3,00 2,83 2,93 — — 0
pd* ? ? ? 13,10 — — 0
pt** ? ? ? 20,5 — — 0
Sn** 0,90 1,73 2,13 1,66 1,98 — 4




Honnas

Hown 1gP1 1gP2 1gPs 1gP4 1gs 1gPs A
SnOH?* 0,70 — — — — — 3
TIF 0,95 1,01 0,6 0,2 — — 0
T 9,7 16,6 21,2 23,9 25,5 26,2 0
Uo,** 0,20 ? — — — - 0
Zn* -0,8 2,2 -2,9 -2,5 — — 0
Boparubie kommiaekcnl (BO,)
Co** ? ? ? 10,09 — \ 0
Fe’* 8,58 15,54 — — v — 0
Ni** ? ? 8,44 — & » 0
Pb** 5,23 ? 11,17 — — — 0
Kommiaekcnl ¢ ruapaznaom (NoH,)
Cd** 2,25 2,40 2,78 3,89 — — 1
Co”™* 1,78 3,34 — — " — 1
Cu” 6,67 — — 2 — — 1
Mn?* 4,76 — — 3 — — 1
Ni“* 2,76 5,20 7,35 9,20 10,75 | 11,99 0,5
zZn** 3,40 3,70 3,78 3,88 — — 1
Kommuiekcsl ¢ ruapokcuaamunom (NH,OH
Ag* 1,9 4.9 & ) — — 0,5
Co”™* 0,9 — ATl — — — 0,5
cu* 2,4 41 — — — — 0,5
Mn** 0,5 — b — — — 0,5
Ni“* 1,5 9,72 ? 12,53 ? 18,55 0,5
Pb** 0,78 2,18 — — — — 1
Zn** 0,40 1,01 — — — — 1
I'napokcoxomiuiexcnl (OHY)
Ag* 2,30 4,0 5,2 — — — 0
Al 9,03 18,7 27 33 — — 0
AsO* 14,33 | 18,73 | 20,60 21,2 — — ?
Ba® 0,53 1,17 — — — — 0
Be”™* 8,60 14,35 | 18,74 | 18,57 — — 0
Bi** 12,91 24 33,14 34,2 — — 0
Ca* 1,15 2,55 — — — — 0
Cd** 3,92 7,65 8,7 8,65 — — 0
Ce™ 4,6 — — — 0
Ce™ 12,9 27,7 — — — — 3
Co*™* 4,35 9,2 10,5 — — — 0
crt 10 18,3 24 28,6 — — 0
Ccu* 6,0 10,7 14,2 16,4 — — 0
Fe™* 5,5 7.4 11,0 10,0 — — 0
Fe¥* 11,8 22,33 30 34,4 — — 0




Honnas

Hon Igp, Igp: Igfs 1gPB4 IgPs IgPs A
Ga>’ 11,4 22,1 31,7 39,4 - - 0
Hf* 1412 | 27,89 | 41,47 | 54,95 — — 10
Hg,™ 9,0 — — — — — 0
Hg** 10,60 | 21,83 | 20,9 — — — 0
In>* 10,0 20,18 29,6 33,93 — — 1
La** 3,9 — — — — — 3
Li* 0,36 — — — — = 0
Mg~ 2,56 — — — — — 0
Mn~* 3,41 538 7.2 7.7 — — 0
Ni% 4,14 9 12 - — - —
Phb** 7,52 10,54 | 13,95 — & . 0
Pd** 13,0 25,8 — — h ) 0
Sb** 6,07 24.3 36,7 40,1 - — 0
sc*t 9,7 18,3 25,9 30 — — 0
Snt 11,60 | 20,94 | 25,39 - ~ - 0
Sn** ? ? ? ? ? 63,0 0
Sre* 0,71 — — — 9 — 0
Th* 10,8 21,07 30,3 40,1 - - 0
TI* 0,82 — — - — — 0
TP 13,38 | 26,43 38,7 41,0 - - 0
u* 13,35 25,4 36,2 45,7 — — 0
uo,** 9,2 17,2 25,5 32,40 - — 0,1
Vv 11,74 | 21,75 > N - — — 0
VO 9,23 25 - — — — 0
VvO** ? 25,2 ? 46,2 58,5 — ?
Zn* 6,04 11,1 13,6 14,8 — — 0
zr+ 1458 | 29,38 | 43,72 | 57,85 - — 0
I'unodochurHbie kommiaekcesl (H,PO,)
ce™ 1,2 — — — — — 0,5
Fe>* 3,62 6,40 8,5 - — — 0,1
Zn* 0,4 0,1 — — — — 0
Honarubie kommiaekcnl (103)
Ag* 0,63 1,90 — — — — 0
Ba” 1,1 — — — — — 0
Ca** 0,89 — — — — — 0
Cu 0,82 — — — — — 0
Mg~ 0,72 — — — — — 0
Sret 0,98 — — — — — 0
Th* 2.88 4,81 7,18 - - 11,02 0,5
TI* 0,50 — — — — — 0
uo,** ? 2,73 3,67 — — — 0,2




Honnas

Hown 1gP1 1gP2 1gPs 1gP4 1gs 1gPs A
Homnanbie kommiaekcsl (1)
Ag’ 6,58 11,74 | 13,68 | 13,10 — — 0
Bi* 2,89 ? ? 14,95 | 16,80 19,1 0
Cd** 2,17 3,67 4,34 5,35 5,15 — 0
Cs* 0,03 — — — — — 0
cu’ ? 8,85 — — — Ny 0
Fe’* 1,88 ? ? — — \ 0
Hg** 12,87 | 2382 | 27,60 | 29,83 w — 0,5
In* 1,64 2,56 2,48 — & » 0,7
Pb** 1,26 2,80 3,42 3,92 — — 1
Rb* 0,04 — — — P — 0
TI 1,41 1,82 2,0 1,6 — — 1
T 11,41 | 20,88 | 27,60 | 31,82 > — 0
zZn** 0,47 | -1,53 1,26 —0,51 — — 4
KapGonaTubie Kommiexchl (CO;")
Ca* 3,2 — — N — — 0
Cu®* 6,77 10,01 — - — — 0
Mg~ 3,40 — — A — — 0
Na* 1,27 — & ) — — 0
Pb** ? 9,09 ATl — — — 1
Uo,** ? 14,6 18,3 — — — 0
Kap6onatubie (ruapo-) kommiexkcbl (HCO3)
Ca** 1,26 — _J — — — 0
Mg™* 1,16 2 — — — — 0
Mn?* 1,8 - — — — — 0
Na* -0,25 L — — — — 0
Pb** — 4,77 5,19 — — — 0
Hurparabie kommiekcbl (NO3)
Ag* -0,29 y — — — — 0
Ba® 0,92 — — — — — 0
Bi** 1,26 — — — — — 0,1
Ca** 0,28 — — — — — 0
Cd** 0,40 — — — — — 0
Ce™* 1,04 1,51 — — — — 2
Feo* 1,0 — — — — 0
Hf** 0,92 1,51 1,89 2,08 2,08 1,81 4
Hg,™ 0,08 | —0,24 0,5
Hg** 0,35 ~ — — — — ?
La** -0,24 — — — — — 1
Pb** 1,18 — — — — — 0
Pu** 1,80 — — — — — 0
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Hon

IgP1

IgP2

IgPs

1gPB4

Honnas

cuJjia
Sret 0,54 — — — — — 0
Th* 0,78 1,11 1,00 0,74 — — 2
TIF 0,33 — — — — — 0
T 0,90 0,12 1,10 — — — 3
u* 0,36 0,47 0,42 0,18 — — 4
uo,** ~1,4 ~1,4 -0,5 — — — 1
zr* 0,34 0,11 —0,26 | -0,82 -15 ~1,7 4
Hutputhbie kommiekchl (NO, )
Ag’ 1,88 2,83 — — — — 0
Cd** 1,80 3,01 3,81 3,10 — - 3
Cs* 0,36 — — — & — 0
Cu®* 1,30 1,65 1,16 — h ) 1
Hg™* ? ? ? 13,54 — — ?
K* -0,1 — — — — — 0
Li* 0,04 — — — N — 0
Na" -0,42 — — — - — 0
Rb* 0,52 — — — 0 — 0
IlepxnoparHbie kommiekebl (ClO,)
Ce™* 1,91 — — - — — 0
Fe’* 1,15 — — Y — — 0
Hg,”" 0,05 — — v — — ?
TI 0,2 — i 4 — — — 0
Mupodocdarubie kommiexcsl (P,0;")

Ba® 4,64 — - — — — ?
Ca” 5,60 — — — — — 0
Cd* 8,7 - — — — — 0
Ce™* 17,15 — — — — — 0

Co** 6,1 —3 — — — — 0,1

Cu’ — 26,72 — — — — 0,1
Cu** 7,6 12,45 — — — — 1
Fe¥* ? 5,55 — — — — 1
K* 2,3 — — — — — 0
La** 16,72 | 18,57 — — — — 0
Li* 3,1 — — — — — 0
Mg~ 7,2 — — — — — 0
Na* 2,22 — — — — — 0

Ni** 5,82 7,19 — — — — 0,1
Pb** 6,4 9,40 — — — — 1
Sn* ? 16,4 — — — — 1
Sr* 5,4 — — — — — 0
TIF 1,69 1,9 — — — — 2
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Honnas

Hown 1gP1 1gP2 1gPs 1gP4 1gs 1gPs A
Zn** 8,7 11,0 — — — — 0
InpodochaTnbie (ruaAPo-) KOMIIEKCHI (HP,O;%)
Ca””’ 3,6 — — — — — 0
Co** 4,05 — — — — — 0,1
cu®* 6,4 10,0 — — — — ?
Hg,™ 5,93 — — — — Ny 1
La>* 0,85 — — — — \ 0,1
Li* 1,03 — — — v — 1
Mg~ 3,06 — — — & » 1
Na* 1,52 — — — — — 0
zZn* 3,83 — — — P — ?
Iupodocharubie (IMTrUaAPO-) KOMIIEKCHI (H,P,0;")
Fe’* 6,62 12,07 — — " — 0
Sn** 4,48 6,08 — 2 — — 2
SnOH* 5,48 7,30 — 3 — — 2
Popanuanbie komiiekebl (SCNY)
Ag’ 4,75 8,23 9,45 9,67 — — 0
Al 0,42 — — — — — 0
Au’ ? 25 & - — — ?
Au* ? ? ? 42,00 | 42,00 | 42,04 0
Bi** 1,15 2,26 — 3,41 — 4,23 0,4
cd* 1,74 2,40 2,30 2,01 — — 0
Co”™* 1,72 1,6 1,8 -0,3 — — 0
crt 3,1 4,8 5,8 6,1 5,4 3,8 0
cu’ ? ? 9,90 10,05 9,59 9,27 ?
Cu®* 2,30 3,65 5,19 6,52 — — 0
Fe™* 1,31 0,43 — — — — 0
Fe’* 3,03 4,33 4,63 4,53 4,23 3,23 0
Hg** — 17,60 | 20,40 | 21,20 — — ?
In** 2,58 3,60 4,63 — — — 2
Ni** 1,18 1,64 1,81 — — — 1
Pb** 1,09 2,52 1,90 0,85 — — ?
Th** 1,08 ? 1,78 — — — 1
TiOH* 1,7 — — — — — 1
TI* 0,80 0,65 0,2 — — — 0
u* 1,49 1,95 2,18 — — — 1
uo,* 1,5 1,9 — — — 0
VO 2,32 3,68 — — — — 0
Zn** 1,57 1,56 1,51 3,02 — — 0
ZnOH* 2,01 ? 2,66 — — — 1,7
zr** 2,0 34 4,7 5,8 6,9 7,9 0,1
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HNonnan
Hon 1gB, 1gB> 1gBs 1gB4 1gBs 1gBe A
CesteHaTHbIe KoMILIeKchI (Se0,°)
Cd** 2,27 — — — — — 0
Sc™ 1,78 2,64 — — — — 0,5
Zn”* 2,19 — — — — — 0
CesteHuTHBIE KOMILTEKCHI (Se05°)
Cd* ? 5,15 — — — — 1
Co”* ? 3,25 — — — = 0,3
Hg™* ? 12,48 — — — — 1
CyabgaTubie Komiaexesl (S0,7)
Ag’ 0,31 0,50 0,90 — — - 2
Al** 3,2 5,1 — — V 4 — 0
Ba”* 2,36 — — — . y 0
Be** ? 1,78 2,08 — — — 1
Ca™” 2,31 — — — — — 0
Cd”* 2,11 — — — N — 0
Ce™ 3,72 — — — | — 0
ce™ 3,3 — — — 9 — 2
Co”* 2,47 — — N — — 0
Co”* 1,34 — — - — — 2,7
cr 1,6 — — — — — 0,1
Cu”* 2,36 — — v — — 0
Fe*! 2,30 — £ — — — 0
Fe** 4,04 5,38 > N — — — 0
Hf* 3,11 5,58 - — — — 2
Hg,™ 1,30 2,40 — — — — 0,5
Hg** 1,34 2,44 — — — — 0,5
In** 1,85 2,60 3,00 — — — 1
K 0,85 —3 — — — — 0
La®* 3,70 — — — — — 0
Li* 0,64 . — — — — 0
Mg™* 2,36 y i — — — — 0
Mn”* 2,27 — — — — — 0
Na* 0,72 — — — — — 0
Ni** 2,32 — — — — — 0
Pb”* 2,62 3,47 — — — — 0
Pu’* 1,0 1,62 — — — — 2
Pu** 3,66 — — — — 1
Th* 3,32 5,70 — — — — 2
TiO,* 2,40 — — — — ?
TI* 1,37 — — — — — 0
T 1,95 3,74 — — — — 3
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Honnas

Hown 1gP1 1gP2 1gPs 1gP4 1gs 1gPs A
u* 3,24 5,42 — — — — 2
Uo,** 2,72 4,20 — — — — 0
VO 2,48 — — — — — 0
Zn** 2,34 — — — — — 0
zr* 3,79 6,64 7,77 — — — 0
Cyabdurnsie kommiekes (SO5° )
Ag’ 5,60 8,68 9,00 — — \ 0
cd** ? 4,19 — — v — 1
Ce™ 8,04 — — — 4 b 0
cu’ 7,85 8,70 9,36 — — — 1
Hg** ? 24,07 | 24,96 — o — 0
T ? ? ? 34 — — ?
Tuocyabdatabie KoMmiutekcs (S,05°)
Ag’ 8,82 13,46 | 14,15 2 — — 0
Ba® 2,33 — — 3 — — 0
Ca* 1,91 3,98 — N — — 0
Cd** 3,94 6,48 8,2 - — — 0
Co** 2,05 — — — — — 0
cu’ 10,35 | 12,27 | 13,71 ) — — 0,8
cu”* ? 12,29 ATl — — — ?
Fe”™* 2,0 — — — — — 0
Fe’* 2,10 — b — — — 0,5
Hg** ? 29,86 | 32,26 | 33,61 — — 0
K* 1,00 1,00 — — — — 0
La>* 2,99 - — — — — 0
Mg”* 1,79 L™ — — — — 0
Mn** 1,95 ) — — — — 0
Na* 1,08 — — — — — 0
Ni** 2,06 y — — — — 0
Pb** 2,7 5,13 6,35 7,2 — — ?
Sr* 2,04 — — — — — 0
TI 1,91 — — — — — 0
TI ? ? ? 41 — — ?
uo,” 2,04 — — — — — 0
Zn** 2,29 4,59 — — — — 0
Terpameradocharubie Kommaercnl (P,01,")
Ba“ 4,99 — — — — — 0
Ca* 5,42 — — — — — 0
La** 6,66 — — — — — 0
Mg~ 5,17 — — — — — 0
Mn?* 5,74 — — — — — 0
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Honnas

Hown 1gP1 1g> 1gBs 1gP4 1gPs 1gPs A
Na* 2,05 — — — — — 0
Ni** 4,95 — — — — — 0
Sret 5,15 — — — — — 0
Tpumeradocharubie KOMILIEKCHI (P30q° )
Ba® 3,35 — — — — — 0
Ca®" 3,45 — — — — — 0
Fe”* 1,15 — — — — = 1
La* 5,70 — — — — — 0
Mg~ 3,31 — — — — — 0
Mn=* 3,57 — — — — - 0
Na* 1,17 — — — & — 0
Ni“* 3,22 — — — h y 0
Sret 3,35 — — — — — 0
DochaTHbIe KOMILIEKCHI (PO437)

Ca** 6,3 — — — N — 0
Ce™* 18,53 — — — — — 0
®ocdarnbie (ruapo-) kommiexest (HPO, )

Ca** 2,77 — — N — — 0
crt 9,45 — — - — — 0
cu”* 3,2 — — Y — — 0,1
Fe* 7,2 — — v — — 0
Fe’* 9,75 — i 4 — — — 0
Mg~ 2,91 — > N — — — 0
Ni* 2,08 — - — — — 0
Pu** 12,9 23,7 33,4 43,2 52,0 — 2
Uo,** 8,43 18,57 — — — — 0
Zn** 2,4 — — — — — 0,1
dochaTHbie (IUTHAPO-) Kommiekcsl (H,PO,)

Al 3 5,3 7,6 — — — 0,1
Ca** 1,41 & — — — — 0
Cu® ? 1,49 — — — — 0
Fe’* 3,5 ? ? 9,15 — — 0
Uo,** 3,00 5,43 7,33 — — — 0
®ochartusble (Tpuruapo-) kommiekcol (H;PO,)

Pu** 2,3 — — — — — 2
Th* 1,89 — — — — — 2
Uo,** 1,8 3,9 5,3 — — — 0
dTopuaHbie KoMIIeKkceol (F)

Ag’ 0,36 — — — — — 0
Al 7,10 11,98 | 15,83 | 18,53 | 20,20 | 20,67 0
Ba™* 0,45 — — — — — 0
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Honnas

Hown 1gP1 1gP2 1gPs 1gP4 1gs 1gPs A
Be™* 4,71 8,32 11,12 | 13,39 — — 0,5
Bi** 4,7 8,3 — — — — 2
Ca*" 1,04 — — — — — 0
Cd** 0,3 0,53 1,2 — — — 1
Ce™* 3,99 6,90 — — — — 0
cr 5,20 8,54 11,02 — — Ny 0
Cu® 1,23 — — — — \ 0
Fe¥* 6,04 10,74 | 13,74 | 1574 | 16,10 | 16,10 0
Ga™' 45 8,3 11,0 12,5 12,8 b 0
Hg** 1,56 — — — — — 0
Ir 4,63 7,41 10,23 — - — 0
La>* 3,56 — — — — — 0
Mg~ 1,82 — — — N — 0
Mn?* 0,79 — — - — — 1
Mn** 5,76 — — 3 — — 2
Pb** 1,48 — — — — — 1
Pu” 7,94 — — - — — 0
Sct 7,08 12,88 | 17,33 | 20,81 — — 0
Sn** 4,85 ? 10 - — — 0
Sn** ? ? ? ? ? ~ 25 ?
Th** 7,65 13,46 | 17,97 — — — 0,5
TI 0,10 — h — — — 0
Tio* 6,65 11,74 | 16,32 | 20,38 — — 0,2
u* 7,15 12,41 | 16,44 | 20,91 | 22,50 | 24,80 0,12
uo,** 4.4 7,7 10,3 11,7 — — 0
VO 3,3 5,5 7,2 7,5 — — 1
Y 4,81 8,54 12,14 — — — 0
Zn** 1,26 — — — — — 0
zr** 9,80 17,37 | 23,45 — — — 0
Xgopatabie komiiekcsl (ClO3)
Ag* 0,22 — — — — — 0
Ba® 0,7 — — — — — 0
Th** 0,26 — — — — — 0,5
TI 0,47 — — — — — 0
Xaopuansie komiiekcs! (ClY)
Ag’ 3,04 5,04 5,04 5,30 — — 0
Au’ ? 9,42 — — 0
AU ? ? 16,96 | 21,30 — — 0
Bi** 2,43 4,7 5,0 5,6 6,1 6,42 1
cd** 2,05 2,60 2,4 1,7 — — 0
Ce™* 0,48 — — — — — 0
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Honnas

Hown 1gP1 1g> 1gBs 1gP4 1gPs 1gPs A
cr 0,60 0,11 — — — — 0
Cu’ ? 5,35 5,63 — — — 0
Cu”* 0,07 -0,57 2,1 — — — 0
Fe”* 0,36 0,40 — — — — 2
Fe¥* 1,45 2,10 1,10 | -0,85 — — 0
Ga™* -0,6 -2,3 45 6,8 — — 0
Hf** 0,07 | -048 | 0440 — — = 2
Hg** 6,74 13,22 | 14,17 | 15,22 — — 0,5
In®* 1,0 1,5 1,55 1,35 — — 0
I ? ? ? ? ? 14,00 0
La** 0,15 — — — & . 1
Mn** 0,95 — — — h y 2
MoO** -0,3 -0,8 ~2,69 — — — 0
Pb** 1,62 2,44 2,04 1,0 — — 0
Pd-* 6,1 10,5 12,9 15,5 13,4 11,3 0
Pt ? 11,48 | 14,48 | 16,00 L — 0
Pu** 1,17 — — — 9 — 0
Pu** -0,30 0,8 — N — — 4
Puo,”* 0,10 | -0,35 — - — — 2
Sc*t 1,95 3,52 — Y — — 0
Sn** 1,51 2,24 2,03 1,48 — — 0
SnOH* 1,04 — i 4 — — — 3
Th** 1,38 0,38 0,23 0,51 — — 0
Tio* 0,55 0,15 | -0,88 | -1,98 — — 3
TIF 0,52 0,09 0,8 — — — 0
T 7,72 13,48 | 16,48 | 18,29 — — 0
u* 0,85 — — — — — 0
Uo,** 01 | -0,92 | -2,62 — — — 0
uo* 0,04 — — — — — 0
Zn** -0,19 0,18 ~1,4 ~1,52 — — 0
zr** 0,9 1,3 1,5 1,2 — — 6,5
IuanaTabie komiuiekcbl (CNOY)
Ag* ? 5,00 — — — — 0
Co* 1,80 3,06 4,10 5,00 — — ?
cu** 2,70 4,71 6,14 7,45 — — ?
Fe¥* 2,15 2,56 — — — — 0,7
Ni** 1,97 3,53 4,90 6,20 — — ?
Hnannanbie kommiaekcbl (CN)
Ag* ? 19,85 | 20,55 | 19,42 — — 0
Au’ ? 38,3 — — — — 0
AU ? ? ? 56 — — 0
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Honnas

Hown 1gB, 1g> 1gBs 1gP4 1gs 1gPs A
Cd* 5,18 9,60 13,92 | 17,11 — — ?
Co** ? ? ? ? ? 19,09 5
Co™* ? ? ? ? ? 64 ?
cu® ? 24,0 28,6 30,3 — - 0
Fe* ? ? ? ? 18,6 36,9 0
Fe’* ? ? ? ? ? 43,9 0
Hg** 17,0 32,75 | 36,31 | 38,97 | 39,83 | 40,62 0
Ni** ? ? 22,2 31,0 30,3 — 0
Pd** ? ? ? 42,4 45,3 » 0
T ? ? ? 35 — — ?
Zn** ? 11,07 | 16,05 | 19,62 - — 0
KOMH.]ICKCBI C OpFaHI/I‘leCKI/IMH JUTaHIaMu
HNonnas
Hon 1gB1 1gB2 1gB3 1gB4 1gBs 1gBs cHIa
Aneratable kommaekcesl (CH3;COQO)
Ag’ 0,73 0,64 — R — — 0
Ba® 1,15 — — — — — 0
Ca” 0,98 — & ) — — 0
Cd** 1,93 3,15 & — — — 0
Ce™* 1,68 2,65 3,23 — — — 1
Co*" 1,46 — . — — — 0
Ccu* 2,23 3,63 ~ — — — 0
Fe™* 3,2 6,1 8,3 — — — 0,1
Fe* 3,38 6,1 8,7 — — — 0,1
Hg"* 5,55 9,30 | 13,28 | 17,01 — — 1
In®* 3,50 5,95 7,90 9,08 — — 2
La>* 2,55 4,02 — — — — 0
Li* 0,26 — — — — — 0
Mg 1,25 — — — — — 0
Mn** 1,40 — — — — — 0
Ni** 1,43 2,12 — — — — 0
Pd** 2,68 4,08 6,48 8,58 — — 0
Sret 1,19 — — — — — 0
TIF 0,11 — — — — — 0
TI 6,17 11,28 | 15,10 18,3 — — 3
uo,* 2,61 4,9 6,30 — — — 0,1
Zn** 1,57 2,38 — — — 0
OxkcaaartHbie Komiiekcol (CO0),”
Ag’ <2 — — — — — 0,1
NG 7.3 13 16,3 — — — 0
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Hon

IgP1

1gP>

Honnas

CHJIa
Ba®* 2,3 — — — — — 0
Be” 4,08 5,91 — — — — 0,1
Ca* 1,66 2,69 — — — — 1
Cd** 4,00 5,77 — — — — 0
Ce* 6,52 10,48 | 11,30 — — . 0
Co”* 4,7 6,8 9,7 — — — 0
cr* 5,34 10,51 | 15,44 — — ~ 0
Ccu* 6,7 10,3 — — — N 0,3
Fe* 3,05 4,52 5,22 — — — 0,5
Fe’* 9,4 16,2 20,2 — —4 - 0
In** 5,30 10,52 14,7 — r A b 1
La** 4,30 7.9 10,3 — N ) 1
Mg 2,55 4,38 — — — — 0
Mn?* 3,82 5,25 — — — — 0
Mn** 9,98 16,57 | 19,42 — R — 2
Nd** 7,21 1151 | >135 — — — 0
Ni* >5,3 6,51 ~ 14 — . — 0
Pd** 4.9 6,54 — R — — 0
Srt 1,25 1,90 — -— — — 0
Th* 10,6 20,2 26,4 29,6 — — 0
Uo,* 444 | 10,44 — v — — 0
Zn“* 4,85 7,55 8,34 h — — 0
Kommiekcnl ¢ 8-okcnxuuoauaoM (CgHgNO™
Ag’ 5,20 9,56 — — — — 0,1
Ba®* 2,07 — — — — — 0
Ca™ 3,27 e — — — — 0
cd** 7,2 13,4 — — — — 0,01
Co** 9,1 17,2 — — — — 0,01
cu* 12,2 23,4 — — — — 0,01
Fe™* 8,0 15,0 — — — — 0,01
Fe’* 12,3 23,6 33,9 — — — 0,01
Mg~ 4,74 — — — — 0
Mn** 6,8 12,6 — — — — 0,01
Ni* 9,9 18,7 — — — — 0,01
Pd** 9,02 — — — — — 0
Sret 2,56 — — — — — 0
Th* 10,45 | 20,40 | 29,85 | 38,80 — — 0
Uo,* 11,25 | 20,89 — — — — 0,3
Zn** 8,50 16,72 — — — — 0
Kommiekcol ¢ mupuanaom (CsHsN)
Ag’ | 205 | 410 | — | — — | — 0
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Honnas

Hon Igp, IgP. Igfs 1gPB4 IgPs 1gPs A
cd* 1,27 2,14 2,3 2,50 - - 0,1
Co* 1,14 1,54 - — — — 0,5
Ccu* 3,9 6,6 7.9 8,7 - - 0,3
cu® 2,50 4,30 5,16 6,04 — — 0
Fe?* 0,71 ? ? 6,7 — - 0,5
Hg"* 5,1 10,0 10,4 — — L 0,5
Ni°* 1,78 2,82 3,13 — — S 0,5
zZn** 1,41 1,11 1,61 1,93 & — 0,1
Camunuiaatablie komiuiekcol [CgH,(COO)O]™
Al 14,11 - - - — - 0
Be* 12,7 22,02 - - == - 0,1
Ca”" 0,36 — — — — — 0,16
Co-* 6,72 11,42 - - s - 0,1
cu® 12,02 | 20,70 — - — — 0,1
Fe* 6,55 11,25 - X — - 0,1
Fe>* 15,35 | 27,20 | 36,27 ~ — — 0,05
La* 2,64 — — — — — 0,1
Mn=* 5,90 9,8 - N — - 0,1
Ni°* 6,95 11,75 - - — — 0,1
Th* 4,25 7,60 10,05 | 11,60 - - 0,1
U0, 12,08 | 20,83 B — — — 0,1
zZn** 6,85 - h, - - - 0,1
Cy.abdocamnmmiatabie Kommiekcnl [CsH;O(COO0)(SO,)]™
AP 13,20 | 22,83 | 28,89 — — — 0,1
Be* 11,71 | 20,81 - - — - 0,1
Ce*” 6,83 12,40 — — — — 0,1
Co* 6,47 10,77 - - - - 0,1
crt 9,56 — — — — — 0,1
cu® 9,52 16,45 — — — — 0,1
Fe" 5,90 9,90 - - — - 0,1
Fe>* 14,05 | 24,33 | 33,10 — — — 0,05
Mn>* 5,24 8,24 — — — — 0,1
Ni“* 6,61 10,81 — — — — 0,1
T 12,41 — — — — — 0,1
uo,** 11,14 | 19,20 — — - - 0,1
zZn** 6,05 10,65 — — — — 0,1
TapTpaTnsie kommiekcobl [(CHOH),(COO)],"

Ba®’ 254 — — — — — 0
Be* 2.89 - - - - - 0,1
Bi** ? 11,3 - - - - 0,1
Ca’" 2,98 9,01 — — — — 0
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nu
Hon lgh | B | lgBs | lgBs | lgBs | lgpe | o
Ce** 55 8,4 — — — — 0,1
Co* 3,08 4,2 — — — — 0,1
cu® 3,00 5,11 5,76 6,20 - - 1
Fe>* 7.49 11,86 — — — — 0,1
In>* 4,48 — — — — — 0,1
La’** 3,68 6,37 — — — — 0,1
Mg~ 1,91 — — — — = 0,2
Mn=* 1,44 — — — — h 0,1
Na* 1,98 — — — — — 0
NiZ* ? 5,42 - — 4 — 0,1
Pb* 2,92 — - — r 4 b 0,1
Sn* 5,2 9,9 — — R | 0,1
Sre* 1,8 - - — — - 0,1
T 1157 | 12,81 | 13,34 — — - 1
uo,** ? 9,73 - — R - 0,1
zZn** 3,31 5,16 — — — — 0
Kommnuiekcsl ¢ ¢penanTpoaunaom (CoHgN,)
Ag’ 5,02 12,07 - u - - 0,1
Ca”’ 0,7 — — . — — 0,1
cd* 5,17 10,00 | 14,26 A | - - 0,1
Co™ 7,02 13,72 | 20,00 v — — 0,1
cu 8,82 15,39 | 20,41 N - - 0,1
Fe* 5,86 11,11 | 21,14 — — - 0,1
Fe* 6,5 11,4 23,5 — — — 0,1
Mg~ 1,2 — — — — — 0,1
Mn?* 4,50 8,65 12,70 — — — 0,1
Ni<* 8,0 16,0 23,90 - - - 0,1
Ph** 4,65 i ) — — — — 0,1
TP 11,08 | 18,48 243 — — — 1
zZn** 6,30 11,95 | 17,05 — — - 0,1
Iutpatbie Kommiekcsl [(CH,),C(OH)(CO0);]*
Ba“* 2.89 - - - - - 0,1
Be?* 3,6 — — — — — 0,1
Ca”" 4,68 — — — — — 0
cd* 5,36 — — — — — 0
Ce** 7,38 10,79 — — — — 0,1
Ce** 11,84 | 22,32 - - - - 0,1
Co™ 5,00 — — — — — 0,1
Cs 0,32 - - - - - 0,1
cu 5,90 - - - - - 0,1
Fe®* 4.4 — — — — — 0,1
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Hon

IgP1

Honnas

CHJIAa
Fe>* 11,40 — — — — — 0,1
Hg"* 10,9 — — — — — 0,1
In>* 6,18 — — — — — 0,5
K* 0,59 — — — — — 0,1
La** 8,37 11,05 — — — - 0
Li 0,83 - — - - " 0,1
Mg~ 3,96 — — — — - 0
Mn=* 3,72 — — — Wy - 0,15
Na* 0,70 — — — - 2 0,1
Ni®* 5,40 - - - — - 0,1
Ph** 4,34 6,08 6,97 — = — 3
Pu** 15,2 30,1 — — — — 0,15
Ra“" 2.36 - - - s - 0,16
Rb* 0,49 — — - — — 0,1
Sc** 7,00 - - X — - 0,01
Sret 2,90 — — ~ — — 0,15
Th* 13,0 20,97 — — — — 0,5
TI* 1,04 - - N - - 0,1
u* 11,53 | 19,46 - - — — 0,5
uo,** 7.40 11 ' - — - 0,1
Zn** 4,98 — — — — — 0,1
Iutpatubie (ruapo-) kommiekcs [(CH,),C(OH)(COOH)(CO0),]*
Ba* 1,75 — _J - — - 0,1
Be?* 2,56 & — — — — 0,1
Ca** 3,05 - - - — - 0
cd* 2,20 A — — — — 0,1
Co* 3,02 .Y - - - - 0,1
cu* 3,42 — — — — — 0,1
Fe?" 212 | — — — — 0
Fe>* 6,3 - - - — - 1
Mg™* 1,84 — — — — — 0,1
Mn=* 2,08 - - - - - 0,15
Ni“* 3,30 — — — — — 0,1
Pb* 5,72 — — — — — 0,16
Zn~ 2.98 - - - - - 0,1
Zr* 10,78 — — — — — 1
IuTpaTHbie (murnapo-) kommiekces! [(CH,),C(OH)(COOH),COO0]
Ba® 0,79 — — — — — 0,1
Ca** 1,15 - - - - - 0
cd* 0,97 - - - - - 0,1
Ce*” 3,2 — — — — — 0,14
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Hon lghs | gPo | lgbs | lgBa | lgPs | g | e
Co™" 1,25 — — — — — 0,1
cu® 2,26 — — — — — 0,1
Mg 0,84 — — — — — 0,1
Ni** 1,75 — — — — — 0,1
Zn"* 1,25 — — — — — 0,1
STHIeHIHAMHHTETPAaNeTATHBIE KoMiLIeKcesl (Y )
([(OOCCH,);N(CH,),N(CH,CO0),]")
Ag’ 731 | 1131 — — — b 0,1
Al’* 16,5 — — — — — 0,1
Ba®* 7,78 — — — —4 — 0
Be”* 8,4 — — — & h 0,1
Bi** 27,4 — — — LY = 0,1
Ca”™' 10,59 — — — — — 0,1
Cd** 16,46 — — — — — 0,1
ce® 15,81 — — — - — 0,01
Co™ 16,31 — — — — — 0,1
Co”>* 40,6 — — —X = — 0,2
cr 23,40 — — - — — 0,1
Cs* 0,15 — — — — — 0,32
cu® 18,80 — — A — — 0,1
Fe®* 14,20 — — v — — 0,1
Fe®* 24,23 — I 4 A — — 0
Ga™’ 20,5 — A — — — 0,1
Hg”" 21,8 — - — — — 0,1
In>* 25,3 — — — — — 0,1
K* 0,96 — — — — — 0,32
La’* 15,5 — — — — — 0,1
Li* 2,85 3,68 — — — — 0,32
Mg™* 9,12 — — — — — 0
Mn“* 14,04 - — — — — 0,1
Mn>* 24.9 ' B — — — — 0,2
Na' 1,79 2,47 — — — — 0,32
Ni** 18,62 — — — — — 0,1
Pb”* 18,04 — — — — — 0,1
Pd** 18,5 — — — — — 0,2
Pu”* 25,75 — — — — — 0,1
Pu®* 26,1 — — — — — ?
Rb* 0,59 — — — — — 0,32
Sc* 23,0 — — — — — 0,1
Sn* 18,3 — — — — — 1
Sre 8,80 — — — — — 0
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Hon lghy | dgho | gBs | lghe | lghs | lgho | ornad
Th** 25,3 — — — — — 0,1
Tio,*" 17,5 — — — — — 0,1
TI* 6,53 — — — — — 0,1
T 37,8 — — — — . 1
u* 25,83 — — — — — 0,1
Uo,** 10,4 — — — — ™ 0,1
Vv 25,9 — — — — - 0,1
VvO** 18,0 — — — & — 0,1
VO, 15,55 — — — - - 0,1
zZn?* 16,26 — — — . — 0,1
zr* 29,5 — — — = — 0,1
ITHJIEeHAMAMUHTETPAAlleTATHbIE KOMILIEKChI (HY37)
([(OOCCH,),N(CH,),N(CH,COOH)(CH,COO)]*)
Ag’ 3,46 — — e — — 0,01
AP 34 — — X — — 0,1
Be* 2,1 — — N — — 0,1
Ca** 3,51 — — — — — 0,1
Ccd** 9,1 — — h — — 0,1
Co** 9,15 — - ) — — 0,1
Cu®* 11,54 — L — — — 0,1
Fe* 6,86 — A — — — 0.1
Fe’* 14,59 — - — — — 0,1
Hg"* 14,6 — _J — — — 0,1
In®* 15,0 v — — — — 1
K* 0,31 - — — — — 0,32
Li* 0,86 A — — — — 0,32
Mg™* 2,28 Y — — — — 0,1
Mn** 6,9 B — — — — 0,1
Na* 0,49 l — — — — 0,32
Ni* 11,56 — — — — — 0,1
Pb** 10,61 — — — — — 0,1
Rb* -0,57 — — — — — 0,32
Sret 2,30 — — — — — 0,1
TIF 2,06 — — — — — 0,1
Uo,** 7,32 — — — — — 0,1
VO 11,4 — — — — — 0,1
VO, 9,60 — — — — — 0,1
Zn** 9,0 — — — — — 0,1
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Ipunoocenue 4

KoHcTaHTBI pacTBOPUMOCTH BasKHEHIIIUX MAJIOPACTBOPUMBIX COeIUHEHU

®dopmyJia BelecTBa Ks pK; = —IgK;
Ac,(C,0,); 210 23,7
Ac(OH); (cBexkeocak IeHHBIN) 2,110 18,68
Ac(OH); (mmocnie crapenus) 1,310 20,89
AgsAsO; 1-10 17
AgsAsO, 10 % 22
AgBO, 410 2,4
AgBr 5,310 12,28
AgBro; 5,510 4,26
AgC,H;0, 410 2,4
AgCN 1,410 15,84
Ag,CO; 1,2:10 11,09
Ag,C,0, 3,510 10,46
AgCl 1,78:10 " 9,75
AgCIlO, 210" 3,7
AgCIO; 5,0-10°° 1,3
Ag,CrO, 1,110 11,95
Ag,Cr,0- 1-10° 10
Ags;Co(CN)s 3,910 25,41
AgsFe(CN), 1-10 22
AgaFe(CN)s 8,510 % 44,07
Ag,HVO, 2Ag", HVO,*) 2:10 13,7
Agl 8,310 " 16,08
AglO; 3,0:10° 7,52
AgMnO, 1,610 2,79
Ag,Mo0O, 2,810 11,55
AgN; 2,9-10° 8,54
AgNO, 6,0-10" 3,22
Ag,0 (Ag’, OH) 1,95-10°° 7,71
AgOCN 2,310 6,64
Ag,POsF (2Ag*, POsF™) 8,9-10 3,05
AgsPO, 1,310 19,89
AgReO, 7,95-10 4,10
Ag,S 6,3-10™° 49,20
AgSCN 1,110 " 11,97
Ag,SO; 1,50-10 13,82
AgSO;NH, (Ag*, SOsNH, ) 1-10" 1
Ag,SO, 1,610 4,80
AgSeCN 4,010 15,40
Ag,Se0; 9,810 15,01
Ag,Se0, 5,6:10° 7,25
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®dopmyia BelecTa Ks pK;s = —1gK;
AgVOs, 510" 6,3
Ag,WO, 5,5-10 11,26
AlAsO, 1,6:10°° 15,80
Al(OH); (AI*, 30H) 3,210 33,5
Al(OH); (AIOH**, 20H") 3,2:10° 24,5
Al(OH); (H*, AlO,) 1,6:10 12,80
AIPO, 5,75-10 " 18,24
Am(OH); 5,0-10 23,3
Am(OH), 1-10° 56
AuBr 5,0:10 16,3
AuBr; 4,0-10° 35,4
AuCl 2,010 12,7
AuCl, 3,210 % 24,5
AuOH 7,910% 19,1
Au(OH); 3,210 42,5
Aul 1,6:10 % 22,8
Auls 110 46
Bas(AsO,), 7,810 50,11
Ba(BrOs), 5,5-10° 5,26
BaCO; 4,010 9,40
BaC,0, 1,110 6,96
BaCrO, 1,2:107%° 9,93
BaF, 1,1-10° 5,98
Ba,Fe(CN)g 310° 75
Ba(10s), 1,50-10° 8,82
BaMnO, 2,510 9,60
BaMoO, 4-10°° 7,40
Ba(NO,), 4510° 2,35
Ba(OH), 5,0-10° 2,3
BaPOsF (Ba”*, PO;F*) 410 6,4
Bas(PO,), 610> 38,22
Ba,P,0, 310 10,5
BaPt(CN), 410~ 2,4
Ba(ReO,), 5,25-10 1,28
BaSOs; 8,010 6,1
BaSO, 1,110 9,97
BaS,0; 1,6:10° 4,79
BaSeO, 5:10° 7,30
BeCO; 1-10° 3
BeMoO, 3,2:10°° 1,50
Be(OH), (Be”*, 20H") 4,910 * 21,31
Be(OH), (BeOH", OH") 1,95:10 12,71
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®dopmyia BelecTa Ks pK; = —1gK;
BiAsO, 2,810 9,36
Bi,(C,0.,)s 4,010 35,4
Bil; 8,110 18,09
BiOCI (BiO*, CI) 710 8,85
BiOCI (BiOCI + H,0 = Bi** + 20H + CI) 1,810 30,75
BiOOH (BiO*, OH") 41077 9,4
Bi(OH); 3,2:10 31,5
BiPO, 1,310 22,90
Bi,S, 1-10 97
Cag(AsOy), 6,8:10 " 18,17
CaC4H,Og 7,710 6,11
CaCOs 3,8:10° 8,42
CaC,0, 2,310 8,64
CaCrO, 7,110 3,15
CaF, 4,010 10,40
CaHPO, (Ca**, HPO,”) 2,710 6,57
Ca(H,P0,), (Ca”, 2H,PO, ) 1-10°° 3
Ca(NH,),Fe(CN)s 4-10° 7.4
Ca(103), 7,010 6,15
Ca(OH), (Ca**, 20H") 6,5-10° 5,19
Ca(OH), (CaOH*, OH") 9,110 4,04
Cas(PO,), 2,010 28,70
CaPO4F (Ca™, POsF™) 410 2,4
Cas(PO,);0OH 1,6:10™° 57,8
CaSO, 3,2:10” 6,5
CaSO, 2,5:10 4.6
CaSeO; 4,710 5,53
CaSiFg 8,1-10* 3,09
CaWo, 9,0-10° 8,06
Cd3(AsOy), 2,210 32,66
Cd(BO,), 2,310 8,64
Cd(CN), 1,0-10°° 8,0
CdCO, 1,0-10 12,0
CdC,0, 1,5:10° 7.8
Cd,Fe(CN)s 4,210 17,38
Cd(NH5)s(BF.), 2:10° 5,7
Cd(OH), (cBesxeocakICHHBIH) 2,2:10 13,66
Cd(OH), (nmocne crapenus) 5,910 14,23
Cd(OH), (H", HCdO, ) 2,010 18,7
CdS 1,6:10%° 27,80
CdSeO; 5,0-10° 8,3
CdWO, 2:10° 5,7
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®dopmyia BelecTa Ks pK;s = —1gK;
Ce,(C,0,); 2,5:10%° 28,60
Ce(103), 3,210 "7 9,50
Ce(103)4 510 16,3
Ce(OH); 1,5:10 % 19,82
CeO, (CeO™, 20H") 1-10% 20,0
CeO, (Ce™, 40H") 1,6:10% 47,8
Ce,(S0.); 2:10°° 1,7
Cey(Se03), 3,710 % 24,43
Co5(As0,), 7,6:10 % 28,12
Co(BO,), 3,2:10° 8,5
CoCOs; 1,05:10 9,98
CoC,0, 6,310 ° 7,2
Co,Fe(CN)s 4810 37,32
CoHg(SCN), (Co™*, Hg(SCN),*) 1,50-10°° 5,82
Co(105), 1,0-10" 4,0
Co(NH3)s(BF,), 410° 5,4
Co(NH5)s(ReO,)s 1,710 11,77
Co(OH), (romy6oii) 6,310 14,20
Co(OH); (po30BbIii, CBEKEOCAKICHHBII) 1,6:10 14,80
Co(OH), (po30BbIii, MOCIIE CTAPEHUS) 2,0-10™° 15,70
Co(OH), 410" 44,4
CoS o 4,010 20,40
CoS B 2,010 24,70
C0Se0; 1,6:10°" 6,8
CrAsO, 7,810 20,11
Cr(NH3)(BF4)s 6,2:10° 421
Cr(NH3)s(MnO.)s 4,010° 7,40
Cr(NH3)6(SO5F); 4310 3,9
Cr(NH3)s(ReO,)s 7,710 11,11
Cr(OH), 1,0-10" 17,0
Cr(OH); (Cr**, 30H) 6,310 30,20
Cr(OH); (CrOH™, 20H") 7,910 20,10
Cr(OH); (H*, H,CrO3) 4,010 14,4
CrPO, ((puoneToBbIif) 1,0-10 17,00
CrPO, (3eneHbrii) 2,410 22,62
CsAuCl, (Cs*, AuCl,) 1-10°° 3
CsBF, (Cs', BF,) 2:107° 47
CsBH, (Cs*, BHy) 2,5:10°' 6,6
CsBrO; 2:10°° 1,7
CsClO; 41077 1,4
CsCIO, 410 2,4
Cs3Co(NO,)s (3Cs*, Co(NO,)s™) 5810 15,24
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®dopmyia BelecTa Ks pK; = —1gK;
CsHgCl; (Cs*, HgCly) 2107 2,7
CslO; 1,04-10 ° 2,0
CslO, 44107 2,36
CsMnO, 9,1-10° 4,08
Cs,PtClg 310° 75
Cs,PtFg 2,4-10° 5,62
CsReO, 4,010 3,40
Cs,SiFg 1,310 4,89
Cs,SnClg (2Cs*, SnCls") 3,6:10° 7,44
Cus(AsO,), 7,6:10™° 35,12
CuBr 5,25-10°° 8,28
CuCN 3,210 19,49
CuCO; 2,510 9,6
CuC,0, 310° 75
CuCl 1,2:10° 5,92
CuCrO, 3,6:10° 5,44
Cu,Fe(CN)s 1,310 15,89
Cul 1,1-10 11,96
Cu(105), 7,4-10° 713
CuNj, 5,0-10° 8,3
Cu,0 (2Cu*, OH) 1-10 14,0
Cu(OH), (Cu**, 20H") 8,310 19,08
Cu(OH), (CuOH*, OH") 8,310 11,08
Cu(OH), (H*, HCuO,) 1,0-10 19,0
Cu,(OH),CO; (Manaxut) 1,710 33,76
Cus(OH),(CO5), (a3ypur) 1,110 45,96
Cu,P,0; 8,3:10"° 15,08
CuS 6,3-10° 35,20
Cu,S 2,5:10% 47,60
CuSCN 4810 14,32
CuSe 110" 49
CuSeO; 1,7:10° 7,78
CuwWO, 1-107° 5
FeAsO, 5,8:10 20,24
FeCO; 3,47-10 10,46
FeC,0, 210" 6,7
Fes[Fe(CN)gls 3,010 40,52
Fe(OH), (Fe”*, 20H") 7,110 15,15
Fe(OH), (FeOH"*, OH") 2,2:10 10,65
Fe(OH), (H*, HFeO,) 8,010 19,1
Fe(OH); (Fe**, 30H") (cBeskeocak neHHBIH) 6,310 ° 37,20
Fe(OH); (Fe**, 30H") (mocne craperns) 3,210 39,5
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®dopmyia BelecTa Ks pK;s = —1gK;

Fe(OH); (FeOH*", 20H") 210 27,7
Fe(OH); (Fe(OH),*, OH") 6,8:10 ° 17,17
FePO, 1,310 % 21,89
FeS 510 17,3
FeS, (Fe**,S,") 6,310 " 30,2
FeSe 1-10°° 26
Fe,(Se0s)s 210 30,7
Gas[Fe(CN)gls 1,5:10 33,82
Ga(OH), (Ga’*, 30H) 1,6:10 36,8
Ga(OH); (H, H,GaO5 ) 2,5:10" 10,6
GeO, (Ge™*, 40H") 1-10°' 57,0
GeS 310 34,5
HfO(OH), (HfO*, 20H") 4-10°° 25,4
Hg,Br, (Hg,”", 2Br) 5,8:10 22,24
Hg,CO3 (Hg,”", CO5%) 8,9-10 " 16,05
Hg,C,0, (Hg,”", C,0,%) 1-10% 13
Hg,Cl, (Hg,**, 2CI") 1,310 17,88
Hg,CrO, (Hg,™", CrO,") 5,0-10° 8,70
Hag,l, (Hg, ", 21) 4510~ 28,35
Hg,(103), (Hg,™", 2105) 2,45-10 13,71
Hg,HPO, (Hg,"*, HPO,*) 4,010 " 12,40
HgO (Hg*, 20H") 3,010 25,52
Hg,O (Hg,”*, 20H") 1,610 22,8
HgS (4epHbii) 1,6:10 >* 51,8
HgS (kpacHblif) 4,0-10° 52,40
Hg,S (Hg,"", S*) 110 47,0
Hg,(SCN), (Hg,"*, 2SCN") 3,010 19,52
Hg,SO3 (Hg,"", SO5°) 1-10“ 27,0
Hg,SO,4 (Hg,"", SO, 6,8:10 ' 6,17
HgSe 1-10° 59,0
Hg,Se0; (Hg,™", Se0;7) 6,310 14,2
Hg,WO, (Hg,"*, WO,*) 1,110 16,96
Iny[Fe(CN)gls 1,9-10* 43,72
In(10;)5 3107 2,5
In(OH); (In**, 30H") 1,2:10°% 36,92
In(OH); (In(OH)**, 20H") 1,2:10% 26,92
In(OH); (H', H,In05) 1,010 ™° 16
In,S; 5,75-10 " 73,24
IrO, (Ir”*, 40H") 1,610 " 71,8
Ir,05 (2Ir**, 30H") 2:10%® 47,7
IrS, 1-10 7 75
KsAIFs (3K, AlFg™) 1,610 8,80
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®dopmyia BelecTa Ks pK; = —1gK;

KBF, (K*, BF,) 2:107° 2,7
KBH, (K*, BH,) 1,310 2,9
K(CgHs)4B (K, (CsHs)4B) 2,2510° 7,65
KClO, 1,110 ° 1,97
K3Co(NO,)s (3K*, Co(NO,)s") 4310 9,37
K,Cu,Fe(CN)g 2,210 26,66
K,GeFs (2K*, GeFs) 3,010 4,52
K,HfFe (2K*, HfFs") 2:10°° 2,7
K,IrClg (2K*, IrCls™) 6,8:10° 4,17
KIO, 8,310"* 3,08
K,NaCo(NO,)s (2K*, Na*, Co(NO,)s) 2,210 10,66
K,PdCl, (2K*, PdCI,") 1,6:107 4,9
K,PdClg (2K*, PdCl¢™) 6,0-10° 5,2
K,PtCl, (2K*, PtCl,") 810 2,1
K,PtClg (2K*, PtCls™) 1,110 4,96
K,PtFg (2K*, PtFg") 2,910 4,54
KReO, 1,9-10°° 2,72
K,SiFg 8,7:10' 6,06
K,TiFg (2K*, TiFs") 510" 3,3
K,ZrFgs (2K, ZrFs") 510" 3,3
La(BrOs); 310 2,5
La,(CO3)s 410 33,4
La,(C,04)s 1-10 % 25,0
La(103), 6,2:10 11,21
La,(M0O,)s 2,2:10% 20,66
La(OH)3 (cBexeocaxx1eHHBIN) 6,5:10 % 19,19
La(OH); (mocne craperus) 2,0:10 % 21,7
La,S; 2,0:10 12,70
La,(SO.)s 3107 45
Li,CO;4 4,010 2,40
LiF 1,710 2,77
LiOH 410 1,4
LisPO, 3,2:10 8,5
Mg3(AsO,), 2,110 19,68
MgCO; 2,110 4,67
MgC,0, 8,6:10° 41
MgF, 6,510 ° 8,19
Mg(105), 3107 2,5
MgK,Fe(CN)g 510° 8,3
Mg(NH.),Fe(CN)s 410° 7,4
MgNH,PO, 2,510 12,6
Mg(OH), (cBeskeocak ICHHBIH ) 6,010 9,22
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®dopmyia BelecTa Ks pK;s = —1gK;
Mg(OH), (Mg**, 20H") 7,110 11,15
Mg(OH), (MgOH", OH") (mocne crapenws) 2,6:10° 8,59
Mg3(PO,), 1107 13,0
MgSO; 310 2,5
MgSeO, 4,4-10° 5,36
Mn3(AsO,), 1,9-10 % 28,72
MnCO; 1,810 10,74
MnC,0, 510 ° 53
Mn,Fe(CN)s 7,9-10 % 12,10
MnNH,PO, 1-10 12
Mn(OH), (Mn**, 20H") 1,910 12,72
Mn(OH), (MnOH*, OH") 4,910 " 9,31
Mn(OH), (H*, HMnO,) 1-10" 19,0
Mn(OH); 1-10° 36
Mn(OH), 1-10° 56
MnS (tenecHsrii) 2,510 9,60
MnS (3ereHbrit) 2,5:10 12,60
MnSeO, 5,4-10° 7,27
Mo(OH), 1-10° 56,0
(NH,)sAIFg (3NH,", AlFg") 1,6:10° 2,80
(NH,)3Co(NO,)s (3NH,", Co(NO,)s”) 7,6:10° 5,12
(NH,),IrClg 310 45
(NH,),PtClg 9-10° 5,05
NagAlFg 4110 9,39
Na,BeF, 7-10° 2,15
NalO, 310° 2,5
NaSh(OH)s (Na*, Sb(OH)g) 4-10° 7,4
Na,SiFs 2,810 3,56
Nis(AsO.), 3,110 25,51
Ni(BO,), 2:107° 8,7
Ni(C4H;0,N,), (mumeTnarinokcumMar) 2,310% 24,64
Ni(CN), 310 22,5
NiCO, 1,310 6,87
NiC,0, 4107 9,4
Ni(ClOs), 1-107* 4
Ni,Fe(CN)g 1,310 14,89
Ni(103), 1,40-10° 7,85
Ni(NH;)6(BF,), 1-10° 6
Ni(NH3)s(ReO,), 5110 3,29
Ni(OH), (cBesxeocaskeHHbIiT) 2,010 14,69
Ni(OH),(nocne crapenus) 6,310 17,20
Ni,P,0 1,7:10° % 12,77
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®dopmyia BelecTa Ks pK; = —1gK;

NiS a 3,210 18,50
NiS B 1-10 24,0
NiS y 2,010 *° 25,70
NiSeO; 1,0-10 5,0
NpO,(OH), (NpO,~*, 20H") 510 % 22,3
Pb3(AsO,), 41-10° 35,39
Pb(BO,), 1,7:10 10,78
PbBr, 9,1:10° 5,04
Pb(BrO;), 8,010° 5,10
PbCO; 7,510 13,13
PbC,0, 4810 9,32
PbCl, 1,6:107 4,79
PbCIF 2,810 8,55
PbCrO, 1,8:10 ™ 13,75
PbF, 2,7:10° 7,57
Pb,Fe(CN)g 9,55-10 18,02
Pbl, 1,110 8,98
Pb(105), 2,6:10° 12,58
PbMoO, 4,010° 5,4
Pb(N3), 2,6:107° 8,59
Pb(OH), (Pb**, 20H") (xenTsiii) 7,910 15,1
Pb(OH), (Pb**, 20H") (kpacHsrit) 510 15,28
Pb(OH), (PbOH"*, OH") 1,0-10°° 9,0
Pb(OH), (H*, HPbO,) 3,210 15,5
PbOHBr 2107 14,7
Pb,(OH),(CO5), 3,510 45,46
PbOHCI 2:10 13,7
PbO, (Pb*, 40H") 3,010 65,5
Pb;0, (2Pb™*, PbO,") 5,3:10 " 50,28
Pb3(PO.), 7,910 42,10
Pbs(PO,);Cl 7,510 79,12
PbPO,F 1-10°7 7,0
PbS 2,5:10 ' 26,60
Pb(SCN), 2,010 4,70
PbSO, 1,6:10° 7,80
PbS,0, 4,010 6,40
PbSe 1-10°® 38
PbSeO, 310" 11,5
PbSeO, 1,45-10°" 6,84
PbWO, 4510 6,35
Pd(OH), 110 31
Pd(OH), 6,5:10 " 70,2

172




®dopmyia BelecTa Ks pK;s = —1gK;

Po(OH), 6,3-10>° 51,20
PoS 510 < 28,3
Po(SO,), 2,6:10°" 6,58
PtBr, 310" 40,5
PtCl, 8,0-10 28,1
Pt(OH), 110 35
PtO, (Pt"*, 40H") 1,6:10 " 71,8
PtS 810" 72,1
Pu(105), 510 12,3
PuO,CO,4 1,710 12,77
Pu(OH); 2:10%° 19,7
Pu(OH), 3,210 49,5
PuO,0H (PuO,*, OH") 510 ° 9,3
PuO,(OH), (PuO,**, 20H") 2,310% 19,64
Ra(10s), 8,810 9,06
Ra(NO3), 6,2:10° 2,21
RaSO, 4310 " 10,37
RbBF, 1-10° 3,0
RbBH, 2,5:10" 3,6
RbBrO, 2:10°° 1,7
RbCIO, 2,5:10° 2,60
Rb3;Co(NO,)s (3Rb*, Co(NO,)s") 1,48-10 14,83
RbIO, 5,510 3,26
RbMnO, 2,9-10° 2,54
Rb,PtCl, (2Rb*, PtCls*) 9-10°° 7,2
Rb,PtFs (2Rb*, PtFs") 7,6:10° 6,12
RbReO, 9,6:10 3,02
Rb,SiFs 510 6,3
Rb,TiFs 5,5-10 4,26
Rh,0; (Rh**, 30H") 3,210 39,5
Ru,05 (Ru”*, 30H") 1-10° 38
Ru(OH), 1-10°* 49
Sh,0; (Sb**, 30H) 1,7:10° 37,76
Sh,0; (SbO*, OH) 2,510 18,61
Sh,05 (H', H,Sb05 ) 1,310 11,9
Sh,S; 1,6:10 92,8
Sc(OH), 5,0-10 36,3
Snl, 8,310° 5,08
Sn(OH), (Sn**, 20H") 6,310 26,20
Sn(OH), (SnOH*, OH") 2,510 15,61
Sn(OH), (H*, HSnO, ) 1,310 14,9
Sn(OH), 1-10°' 57
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®dopmyia BelecTa Ks pK; = —1gK;

SnS 2,5:10% 26,6
Sr3(AsO,), 1,310 ° 17,89
SrCO, 1,1-10%° 9,96
SrC,0, 1,6:10°" 6,80
SrCrO, 3,610 4,44
SrF, 2,5:107° 8,61
Sr(103), 3,310 6,48
SrMnO, 2:10° 6,7
Sr(OH), 3,2:10° 3,50
Sr3(PO,), 110 31
SrPOSF 310° 2,5
SrS0; 4-10° 7.4
Srso, 3,2:10°° 6,49
SrSe0s; 4,4-10° 5,36
SrSiFg 1,5:10° 1,82
Srwo, 2,210 9,77
Te(OH), 2,0-10™° 57,7
Th(C,0.), 1,1-10% 24,96
Th(105), 2,510 14,6
Th(OH), 2:10™° 49,7
Thy(PO.), 2,57-10 " 78,59
Th(SO.), 410 2,4
TiO(OH), (TiO**, 20H") 1-10% 29
Ti(OH), (Ti**, 40H) 6,3-10 > 51,2
TIBr 3,9:10° 5,41
TIBrO; 1,7-10°* 3,78
T1,CO;4 4-10°° 2.4
T1,C,0, 2:10™* 3,7
TICI 1,7-10° 3,76
TICIO, 4-10°° 1,4
TI;Co(NO,)s (3TIY, Co(NO,)s™) 1,0-10 ™ 16,00
TI,CrO, 9,810 12,01
TI,Fe(CN)g 5107 9,3
TH 5,75-10° 7,24
THO, 3,1:110° 5,51
TIN, 2,2:10°" 3,66
TI(OH); 1,3-10% 45,9
TI,PO, 6,7-10° 7,18
TI,PtClg 4-10° 11,4
TIReO, 1,2:107° 4,92
TI,S 5,0-10 20,30
TISCN 1,7-10°* 3,77
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®dopmyia BelecTa Ks pK;s = —1gK;

T1,S0; 6,310 3,2
T1,S0, 410~ 2,4
T1,S,05 2,0:10°7 6,70
TIVO, 5,5-10° 8,26
TI,V,0; 2,6:10 18,59
UO,CO; 1,9-10 11,73
U0,C,0, 210" 3,7
(UO,),Fe(CN)g 7,110 13,15
UO,HAsO, (UO,”", HAsO,) 3,210 10,50
UO,HPO, (UO,”*, HPO,*) 2,14-10 10,67
UO,(10s), 310° 75
UO,KAsO, 2,5:10 % 22,60
UO,KPO, 7,810 23,11
UO,NH,AsO, 1,7:10% 23,77
UO,NH,PO, 4,410 26,36
UO,NaAsO, 1,310 % 21,87
U(OH); 1-10 19,0
U(OH), 6,3-10>° 54,2
UO,(OH), (UO,”, 20H") 4,010 22,4
VO(OH), 1,9-10* 23,72
V,05 (VO,", OH) 1,6:10 14,8
(VO)5(PO,), 810 24,1
W(OH), 1-10° 50,0
Y (OH), 6,3-10 % 24,2
Zn3(AsO,), 1,310 27,89
Zn(CN), 2,6:10 12,59
ZnCO;4 1,45-10 10,84
ZnC,0, 2,7510° 7,56
Zn,Fe(CN)g 2,110 15,68
ZnHg(SCN), (Zn”*, Hg(SCN),*) 2,2:107" 6,66
Zn(105), 2,0:10° 7.7
Zn(OH), (Zn™*, 20H) 1,410 16,86
Zn(OH), (ZnOH*, OH") 1,410 10,86
Zn3(PO,), 9,1-10> 32,04
ZnS o (canepur) 1,6:10* 23,80
ZnS B (BypuuT) 2,510 21,60
ZnSe 1-10°% 31
ZnSe0, 1,9-10° 7,72
ZrO(OH), 2:10 23,7
Zr(OH), (Zr**, 40H") 7,910 54,1
Zr(OH), (Zr(OH),**, 20H") 2107 24,7
Zr3(PO4)4 10 2 132
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Ilpunoocenue 5

CraHaapTHbIe OKHCJIUTEIbHbIE MOTeHIHAbI (E°) 10 0OTHOLIEHHI0
K MOTEHUHAJIY CTAHJIAPTHOI0 BOJOPOJIHOIO dJiekTpoaa npu 25 °C

Bobicmiasi cTeneHb

Husmias crenenp

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJICHUSA
Ag” +e | Ag' +2,00
Ag’ +e | Agl +0,7994
AgBr| +e | Agl+Br +0,071
AgBrO;| +e | Agl + BrOs” +0,55
AgC2H302l +e Agl + C2H302_ +0,64
AgCN| +e | Agl + CN” —0,04
Ag(CN), +e | Agl +2CN” —0,29
Ag(CN);* +e | Ag|+3CN -0,51
AgCNO| +e | Agl + CNO +0,41
Ag,CO;3) +2e | 2Ag| + CO5° +0,46
Ag,C,0,| +2e | 2Ag| + C,0," +0,465
AgCl| +e | Agl +Cl” +0,222
Ag,CrO,4] +2e | 2Ag| + CrO,~ +0,447
Ag.Fe(CN)g| +4e | 4Ag] + Fe(CN)s" +0,148
Agl] +e | Agl+ 1 —0,152
Ag | AglOs) +e | Agl+ 105 +0,35
Ag,Mo0,| +2e | 2Ag| + MoO,~ +0,49
Ag(NH,)," +e | Agl + 2NH, +0,373
AgNO,| +e | Agl + NO,” +0,59
AgN3| +e | Agl + N3~ +0,293
2Ag0| + H,0 +2e | Ag,0] + 20H" +0,57
AgO" + 2H" +e | Ag” +H,0 +2,1
Ag,0| + H,0 +2e | 2Ag| + 20H" +0,342
Ag,0;] + H,0 +2e | 2Ag0O| + 20H" +0,74
Ag,S| +2e | 2Ag| +S* 0,71
Ag,S| +H' +2e | 2Agl+ HS 0,272
AgSCN] +e | Agl + SCN™ +0,09
Ag(S03),> +e | Agl + 2505~ +0,43
Ag(S,05),> +e | Agl + 25,05~ +0,01
Ag,SO,| +2e | 2Ag| + SO~ +0,653
Ag,WO, | +2e | 2Ag| + WO,~ +0,53
Al +3e [Al| ~1,66
Al A0z +2H,0 +3e | Al| + 40H" -2,35
Al(OH); +3e | Al| +30H" —2,29
AlFg +3e | Al| + 6F -2,07
As | AsLt 3H" +3e | AsHj? —0,60
As| + 3H,0 +3e | AsHs1T + 30H™ -1,43

176




Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKHUCJ/ICHUSA OKHUCJICHUA

HAsO, + 3H" +3e | As| +2H,0 +0,234
H;AsO, + 2H" +2e | HAsO, + H,0O +0,56

AsO, + 2H,0 +3e | As| +40H -0,68
AsO,” + 2H,0 +2e | AsO, +40H" 0,71

Au’* +2e | Au’ +1,41

Au’t +3e | Au| +1,50

Au’ +e | Au] +1,68
AuBr, +e | Aul +2Br +0,96
AuBr, +2e | AuBr, + 2Br +0,80
AuBr, +3e | Au| +4Br +0,85

Ay LAUCN), +e | Au| +2CN —0,61
AuCl,” +e | Aul| +2CI +1,15
AuCl, +2e | AuCl, +2CI +0,92
AuCl, +3e | Aul +4CI +1,00

H,AuO; + H,O +3e | Au| +40H +0,7
AU(SCN), +e | Aul +2SCN” +0,66
AU(SCN)4 +2e | AuU(SCN), + 2SCN" +0,62
AU(SCN),~ +3e | Au] +4SCN" +0,64

H;BO; + 3H" +3e | B| +3H,0 -0,87

B H,BO5; + H,O +3e |B| +40H -1,79
BF, +3e | B| +4F ~1,04

Ba Ba* +2e | Ba| 291
Be Be** +2e | Be| ~1,97
Be,05° + 3H,0 +4e | 2Be| + 60H" —2,62

BiO" + 2H" +3e | Bi| + H,O +0,32

Bi| + 3H" +3e | BiHs31 <08
NaBiO;| + 4H" +2e | BiO"+ Na" + 2H,0 >+1,8

B BiCl, +3e | Bi| +4Cl +0,16
Bi,0,] + 4H" +2e | 2BiO* + 2H,0 +1,59

Bi204l + H,0 +2e Blegl +20H" +0,56

Bi,O3 + 3H,0 +6e | 2Bi| + 60H" 0,46
BiOCl1] + 2H" +3e | Bi| + H,O + CI’ +0,16
Br, +2e | 2Br +1,087

Brsy +2e | 3Br- +1,05

2HBrO + 2H" +2e | Br, + 2H,0 +1,6

Br 2BrO™ + 2H,0 +2e | Br, + 40H +0,45
HBrO + H* +2e | Br +H,0 +1,34

BrO™ + H,O +2e | Br + 20H +0,76

BrO; +5H" +4e | HBrO + 2H,0 +1,45

BrO; + 2H,0 +4e | BrO +40H" +0,54
2BrO; + 12H" +10e | Br, + 6H,0 +1,52
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJ/ICHUSA
2BrO; + 6H,0 +10e | Br, + 120H" +0,50
BrO; +6H" +6e | Br + 3H,0 +1,45
BrO; + 3H,0 +6e | Br + 60H" +0,61
CH30H + 2H* +2e CH4T + H,0 +0,59
C,HsOH + 2H" +2e | C,Hg? + H,0 +0,46
CeH40, + 2H" +2e | CgH4(OH), +0,6994
CsHeOs + 2H* +2e | Ce¢HgOp -0,326
(CN),1 + 2H" +2e | 2HCN +0,37
2HCNO + 2H* +2e | 2H,0 + (CN),? +0,33
HCNO + 2H* +2e | HCN + H,0 +0,35
CNO™ + H,0 +2e |CN +20H -0,76
C HCHO + 2H* +2e | CH;OH +0,19
CH3CHO + 2H" +2e | C,HsOH +0,19
HCOOH + 2H* +2e | HCHO -0,01
CH3COOH + 2H" +2e | CH;CHO 0,12
HCOO + 2H,0 +2e | HCHO + 30H" ~1,07
CO,1 + 2H" +2e | COT +H,0 0,12
CO,7 + N, + 6H* +6e | CO(NH,), + H,0 +0,1
CO,1 + 2H" +2e | HCOOH 0,20
2CO,1 + 2H" +2e | H,C,0, —0,49
ca Ca’’ +2e | Cal —2,79
Ca(OH),| +2e | Cal+20H -3,03
Cd”* +2e | Cd| —0,403
CdCO;| +2e | Cd| + CO;~ 0,74
Cd Cd(CN),~ +2e | Cd| +4CN” ~1,09
Cd(NH3),** +2e | Cd| + 4NH, -0,61
Cd(OH),| +2e | Cd] +20H" —0,81
CdS| +2e | Cd] +S” -1,17
ce* +e | Ce* +1,77
Ce™* +3e | Ce| —2,48
CeClg” +e | Ce® +6CI +1,28
Ce | Ce(ClOy)s™ +e | Ce™ +6ClO, +1,70
Ce(NO3)s™ +e | Ce” +6NO; +1,61
Ce(OH)** + H* +e | Ce® +H,0 +1,70
Ce(S04)s~ +e | Ce™ +350,” +1,44
Cly1 +2e | 2CI” +1,359
c| 2Hocl+ 2H" +2e | Cl,1 + H,0 +1,63
2CIO™ + 2H,0 +2e | Cl,} + 40H +0,40
HCIO + H* +2e | CI"+H,0 +1,50
ClO +H,0 +2e | ClI+20H" +0,88
HCIO, + 2H" +2e | HCIO + H,0 +1,64
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Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKHUCJ/ICHUSA OKHUCJ/ICHUSA
2HCIO, + 6H* +6e | Cl,1 + 4H,0 +1,63
HCIO, + 3H* +4e | CI” + 2H,0 +1,56
ClO, +H,0 +2e | ClIO + 20H" +0,66
ClO, + 2H,0 +4e | ClI" +40H +0,77
ClO; +3H" +2e | HCIO, + H,0 +1,21
ClO; +H,0 +2e | ClO, +20H" +0,33
CIO;{ + 3H" +e CIOzT + H,0 +1,15
ClO,1 + H' +e | HCIO, +1,27
ClO; +6H" +6e | Cl +3H,0 +1,45
2Cl0; + 12H* +10e | Cl,1 + 6H,0 +1,47
ClO; + 3H,0 +6e | CI” + 60H" +0,63
ClO,1 + 4H" +5e | CI" + 2H,0 +1,50
ClO,1 + 2H,0 +5e | CI” + 40H" +0,85
ClO, +2H" +2e | ClO; + H,0 +1,19
ClO, +H,0 +2e | ClO; +20H +0,36
2C|O47 + 16H" +14e ClzT + 8H,0 +1,39
ClO, +8H" +8e | Cl +4H,0 +1,38
ClO, + 4H,0 +8e [ Cl +80H" +0,56
Co* +e | Co” +1,95
Co’* +3e | Co| +0,46
Co”* +2e | Co| —0,29
CoCOs) +2e | Co| + CO;~ —0,58
Co Co(NH3)e™" +e | Co(NH3)s™" +0,1
Co(NH5)e™" +2e | Col + 6NH; —0,42
Co(OH),| +2e | Col +20H" -0,71
Co(OH)3| +e | Co(OH),| + OH” +0,17
CoS a] +2e | Col + S -0,89
CoS B/ +2e | Co| +S™ ~1,02
cr* +e | Cr -0,41
cr +3e | Cr| —0,74
cr +2e | Cr| -0,91
Cr(CN)s™ +e | Cr(CN)s~ ~1,28
Cr Cr(OH)3| +3e | Cr| +30H" -1,3
Cr(OH),| +2e | Cr|+20H —1,4
CrO, +2H,0 +3e | Cr| +40H ~1,2
Cr,0;” + 14H" +6e | 2Cr’* + 7H,0 +1,33
CrO,~ + 4H,0 +3e | Cr(OH)3| + 50H" 0,13
Cs Cs’ +e | Cs| —2,923
Cu |Cu* +2e | Cul +0,345
Cu” +e | Cul +0,531
cu” +e |Cu’ +0,159
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJ/ICHUSA

Cu®' +Br +e | CuBr| +0,64

Cu“* +CI- +e | CuCl +0,54

Cu* +1 +e | Cul] +0,86
CuBr| +e | Cul] +Br +0,033
Cu(CN), +e | Cul +2CN° 0,43
CuCl| +e | Cul +Cl +0,137
Cul] +e |Cul +1 —-0,185
Cu(NH3)," +e | Cu(NH3)," + 2NH; -0,01
CU(NH3)2+ +e Cu] + 2NH3 -0,12
Cu(NH,),"™" +2e | Cu| +4NH; -0,07
2Cu(OH),| +2e | Cu,0] +20H +H,0 —0,08

Cu,0| + H,0 +2e |2Cu| +20H 0,36
Cu(OH),| +2e | Cul +20H 0,22

CuS| +2e | Cul +S© -0,70

Cu,S| +2e |2Cul +S° 0,88
CuSCN| +e | Cul + SCN —0,27

F F,1 +2e | 2F +2,77
Fe’* +e | Fe” +0,771
Fe* +3e | Fe| —0,058
Fe** +2e | Fe| —0,473
Fe(CN)g~ +e | Fe(CN)s~ +0,364
FeCO;) +2e | Fe| + CO5~ —0,756

Fe Fe(Ci2HgN,)s™" +e | Fe(CiHgNp)s™" +1,06
Fe(OH)5 +e | Fe(OH),| + OH —0,56
Fe(OH),| +2e | Fe| +20H 0,877

FeO,” +8H" +3e | Fe’* + 4H,0 +1,9
Fes0,4) + 8H" +2e | 3Fe”" + 4H,0 +1,21
FesO,) + 8H” +8e | 3Fe| + 4H,0 —0,085

FeS| +2e | Fe| +S* —0,95

Ga Ga>* +3e | Gal —0,56
H,GaO; + H,0 +3e | Ga| + 4OH -1,33

Ge| + 4H" +4e | GeH,1 0,3

Ge”* +2e | Ge| 0,0

GeO| +2H" +2e | Ge| + H,O -0,29

Ge GeO,| + 4H" +4e | Ge| +2H,0 -0,15
H,GeO; + 4H* +4e | Ge| + 3H,0 0,13

GeO,| +2H" +2e | Ge|(xopuuHessrii) + H,0O -0,12

HGeO,; + 2H,0 +4e | Ge| + 50H -1,0
H 2H" +2e | H,1 0,0000
2H (10 'M) +2e | Hyt —0,414

H,1 +2e | 2H —2,25
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Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKHUCJ/ICHUSA OKHUCJ/ICHUSA
2H,0 +2e | H,1 +20H 0,828
H,0, + 2H" +2e | 2H,0 +1,77
HO, + H,0 +2e | 30H +0,88
HfO™ + 2H* +4e | Hf| + H,0 -1,70
Hf HfO,| + 4H" +4e | Hf| + 2H,0 —1,57
HfO(OH),| + H,0 +4e | Hf| + 40H —2,50
2Hg" +2e | Hg," +0,907
Hg"* +2e | Hg| +0,850
Hg,™ +2e | Hg| +0,792
Hg,Br,| +2e |2Hg| +2Br +0,1392
Hg(CN),* +2e | Hg| +4CN -0,37
Hg,(CH;C00),| +2e | 2Hg| + 2CH;CO0" +0,510
Hg Hg,C,0.] +2e | 2Hg| + C,04° +0,415
H92C|2l +2e 2Hgl +2CI +0,2682
Hg,lo| +2e |2Hg| +21 —0,040
ng(|03)2l +2e 2Hgl + 21037 +0,394
HgO| (xpacusrit) + H,O +2e | Hg| +20H" +0,098
HS | (uepnbiii) +2e |Hgl+S* 0,67
HS| (kpacHblif) +2e |Hg| +S* -0,70
Hg,SO4| +2e | Hg| +SO4* +0,615
l,] +2e |21 +0,536
l, +2e |21 +0,621
Iy +2e |31 +0,545
21Br +2e |1,| +2Br +1,02
2I1Bry- +2e |2l +4Br +0,87
ICN? +2e | I+ CN” +0,30
2ICN?T +2H" +2e | 1,| + 2HCN +0,63
2ICI% +2e | l,| +2CI° +1,19
2ICl,” +2e | I,] +4Cl +1,06
| 21Cl51 +6e | I, + 6CI° +1,28
2H10 + 2H" +2e | I,| +2H,0 +1,45
210" + H,0 +2e | l,| +40H +0,45
HIO + H” +2e | I+ H,0 +0,99
10+ H,0 +2e | I +20H" +0,49
105 +5H" +4e | HIO + 2H,0 +1,14
10; + 2H,0 +4e |10+ 40H" +0,14
2105 + 12H" +10e | I,| + 6H,0 +1,19
2105 + 6H,0 +10e | I,| + 120H" +0,21
105 +6H" +6e | I~ +3H,0 +1,08
10; + 3H,0 +6e |1 +60H" +0,26
HSIOG +H" +2e |O3_ + 3H20 ~+1,6
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJ/ICHUSA
H3lOg" +2e | 105 +30H ~+0,7
Hs106 + 7H" +8e | I+ 6H,0 ~+1,24
H310g" + 3H,0 +8e |I"+90H" ~+0,37
In** +3e |In| -0,34
n In** +2e | In* —0,45
In* +e |In] 0,12
INn(OH)3| +3e¢ |In| +30H" -1,0
Ir’* +3e |Ir] ~+1,15
IrClg> +3e |Ir] + 6Cl° +0,77
IrClg" +e | IrClg> +1,017
Ir IrClg" +4e |Ir] + 6Cl° +0,83
IrO,| + 4H" +4e | Ir] +2H,0 +0,93
IrO,| + 2H,0 +4e |Ir| +40H +0,1
Ir,03 + 3H,0 +6e | 2Ir| + 60H +0,1
K K* +e | K| —2,923
La La®" +3e |La| —2,52
La(OH)s| +3e |La| +30H —2,90
Li Li* +e | Lij -3,04
Mg MO +2¢ | Mg| 2,37
Mg(OH),| +2e | Mgl +20H —2,69
Mn** +e | Mn*" +1,51
Mn“* +2e | Mn] ~1,17
Mn(CN)g> +e | Mn(CN)g" —0,244
MnCO3| +2e | Mn| + CO5~ ~1,48
Mn(OH), | +2¢ | Mn| +20H ~1,55
Mn(OH)3| +e | Mn(OH),| + OH" +0,1
Mn(OH),| + 3H" +e | Mn“* + 3H,0 +1,84
Mn | Mn;O,] + 8H" +2e | 3Mn** + 4H,0 +1,75
MnO,| + 4H" +2e | Mn* + 2H,0 +1,23
MnO,~ + 4H" +2e | MnO,| + 2H,0 +2,26
MnO,* + 2H,0 +2e | MnO,| + 40H +0,58
MnO, +e | MnO,~ +0,558
MnO, + 4H* +3e | MnO, + 2H,0 +1,69
MnO, + 2H,0 +3e | MnO,| + 40H +0,60
MnO, + 8H" +5e | Mn®* + 4H,0 +1,51
Mo>* +3e | Mo| 0,2
Mo Mo(CN)g> +e | Mo(CN)g" +0,725
MoO," + 4H* +2e | Mo® + 2H,0 0,0
MoO," +e | MoO," +0,48
H2MOO4 + 6H+ +6e MOl + 4H20 0,0
MoO,” + 4H,0 +6e | Mo| + 80OH" ~1,05
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Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKUCJICHUA OKHUCJICHUA

HN; + 11H" +8e | 3NH," +0,69
N5 + 7H,0 +6e | No,H;, + NH; + 70H -0,62
3N,1T + 2H" +2e | 2HN;3; -3,1
3N,1 +2e | 2N5 3.4
N,1 + 2H,0 + 4H" +2e | 2NH,OH'-H" -1,87
N,1 + 4H,0 +2e | 2NH,OH + 20H" -3,04
N2T + 5H+ +4e N2H4'H+ —0,23
N,1 + 4H,0 +4e | No,H, + 40H -1,16
N,1 + 8H" +6e | 2NH," +0,26
N,1 + 8H,0 +6e | 2NH,OH + 60H" -0,74
N,H, H + 3H" +2e | 2NH," +1,27
N2H4 + 4H20 +2e 2NH4OH + 20H +0,1
NH,OH-H' + 2H" +2e | NH," + H,0 +1,35
NH,OH + 2H,0 +2e | NH,OH + 20H" +0,42
H,N,O, + 2H" +2e NZT +2H,0 +2,65
H2N202 + 6H+ +4e 2NH20HH+ +0,50
2HNO, + 4H" +4e | H,N,0O, + 2H,0 +0,83
HNO, + H* +e [NO?T+H,0 +0,98
NO, + H,0 +e | NOT+20H 0,46
2HNO, + 4H" +4e | N,O1 + 3H,0 +1,29
N 2HNO, + 6H° +6e | N,7 + 4H,0 +1,44
2NO, + 4H,0 +6e | N1+ 8OH™ +0,41
HNO, + 7H" +6e | NH," + H,0 +0,86
NO, + 6H,0 +6e | NH,OH + 70H" -0,15
N,O1 + 2H" +2e | N,1 +H,0 +1,77
N,O?1 + H,O +2e | N,7 +20H" +0,94
2NO1T +4H" +4e | N1+ 2H,0 +1,68
2NO1T + 2H,0 +4e | Nt +40H" +0,85
N,O,1 + 2H" +2e | 2HNO, +1,07
N,O41 +2e | 2NO,~ +0,88
N,O,1 + 8H" +8e | N,7 +4H,0 +1,35
N,O,1 + 4H,0 +8e | N7 + 8OH +0,53
NO; + 3H" +2e | HNO, + H,0O +0,94
NO; + H,0 +2e | NO, +20H +0,01
NO; + 2H" +e | NO,1 + H,0 +0,80
NO; + H,0 +e | NO,1 + 20H" —0,86
NO; + 4H" +3e | NO?t +2H,0 +0,96
NO; + 2H,0 +3e | NOT +40H -0,14
2NO; + 12H" +10e | N,7 + 6H,0 +1,24
NO; + 8H" +6e | NH,OH-H" + 2H,0 +0,73
2NO; + 17H" +14e | N,H, H" + 6H,0 +0,84
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJ/ICHUSA
NO; + 10H* +8e | NH," + 3H,0 +0,87
NO; + 7H,0 +8e | NH,OH + 90H" -0,12
Na |Na' +e | Na| 2,713
Nb** +3e | Nb| -1,1
Nb,Os] + 10H" +10e | Nb| + SH,0O —0,65
Nb | NbO™ +2H" +2e | Nb** + H,0 0,34
NbO(SO,), + 2H* +2e | Nb* + H,0 + 250,~ 0,1
NbO(SO,), +2H* +5e | Nb| + H,0 + 2S0,~ 0,63
Ni** +2e | Ni| -0,228
Ni(CN),~ +e | Ni(CN);" + CN” 0,4
NiCOs| +2e | Ni| + CO3~ —0,45
Ni(OH),| +2e | Ni| +20H 0,72
Ni Ni(NH3)g™ +2e | Ni| + 6NH; —0,49
NiO,| + 4H" +2e | Ni*" + 2H,0 +1,68
NiO,| + 2H,0 +2e | Ni(OH),| + 20H" +0,49
NiO,” + 8H" +4e | Ni** + 4H,0 +1,8
NiS o +2e | Ni+S* —0,86
NiS y| +2e | Ni| +S° ~1,07
0,1 +4H" +4e | 2H,0 +1,229
0,1 + 4H' (10 " M) +4e | 2H,0 +0,815
0,1 + 2H,0 +4e | 40H" +0,401
OzT +2H" +2e | H,0, +0,682
o) 0,1 + H,0 +2e |HO, + OH" —0,076
H,0, + 2H* +2e | 2H,0 +1,77
HO, +H,0 +2e | 30H" +0,88
051 +2H" +2e | 0,1 + H,0 +2,07
OgT + H,0 +2e OZT +20H +1,24
Os”* +2e | Os| +0,85
OsClg™ +e | OsClg> +0,85
OsClg> +3e | Os| + 6CI° +0,71
Os | OsClg™ +e | Os™ +6CI° +0,4
0s0,] + 6CI + 8H" +4e | OsClg" + 4H,0 +1,0
0sO,] + 8H" +8e | Os] + 4H,0 +0,85
HOsOs + 4H,0 +8e | Os| + 9OH" +0,02
P|+3H" +3e | PH31 +0,06
P| + 3H,0 +3e | PH3t + 30H -0,89
P HsPO, + H' +e |P|+2H,0 0,51
H3PO, +e |P|+20H —2,05
HsPO; + 3H* +3e | P| +3H,0 0,50
HsPO5 + 2H" +2e | H3PO, + H,0 -0,50
HsPO5~ + 2H,0 +2e | H,PO, + 30H" ~1,57
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Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKHUCJ/ICHUSA OKHUCJ/ICHUSA

H,P,0¢ + 2H" +2e | 2H3PO, +0,38

HsPO, + 5H* +5e | P| +4H,0 -0,41

HsPO, + 4H* +4e | H3PO, + 2H,0 —0,39
3H;PO, + 2H* +2e | H4P,0¢ + 2H,0 —0,94
HsPO, + 2H* +2e | 3H3PO; + H,0 0,276

PO,” + 2H,0 +2e | HPO;~ + 30H" -1,12
Pb** +2e | Pb| -0,126

Pb™ +2e |Pb* +1,66

Pb* +4e | Pb| +0,77
PbBr,| +2e | Pb| +2Br 0,274
PbCO,| +2e | Pb| + CO5~ —0,506
PbCl,| +2e | Pb| +2CI° —0,266
PbF,| +2e | Pb| +2F —0,350
Pbl,] +2e |Pb| +2I" —0,364

Pb PbO| +2H" +2e | Pb| +H,0 +0,25
PbO| + H,O +2e | Pb| + 20H —0,58
HPbO, + H,0 +2e | Pb| +30H —0,54

PbO,| + H,0 +2e |PbO| +20H +0,28
PbO,| + 4H" +2e | Pb™ + 2H,0 +1,455

PbO,| + 4H'+S0,~ +2e | PbSO,| +2H,0 +1,69

PbO;” + H,0 +2e | PbO,” + 20H" +0,2
Pb;O,| + H,0 +2e | 3PbO| + 20H +0,25

PbS| +2e | Pb| +S* 0,91
PbSO,| +2e | Pb| + SO,~ —0,355
Pd** +2e |Pd| +0,915
PdCl,~ +2e | Pd| +4CI +0,623

P PdClg~ +2e | PdCl,” + 2CI° +1,29
PdClg" +4e | Pd| + 6CI° +0,96
Pd(OH),| +2e |Pd| +20H" +0,07
Pd(OH),/| +2e | Pd(OH),| + 20H" +0,73

Pt +2e | Pt| +1,2

PtCl,~ +2e | Pt] +4CI +0,73
Pt PtClg™ +2e | PtCl,” + 2CI” +0,720
Pt(OH),| +2e |Pt] +20H +0,15
Pt(OH),| +2H" +2e | Pt] +2H,0 +0,98

Pu’* +3e | Pu| —2,03
B Pu* +e | Pu™ +0,970
PuO,”* +e | PuO,’ +0,916

PuO,”* + 4H" +2e | Pu™ +2H,0 +1,04
Pu(OH)3| +3e |Pul +30H —2,42
Pu(OH),/| +e | Pu(OH)s| + OH" —0,95
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJ/ICHUA OKHUCJICHUA
Ra |Ra™ +2e |Ra| -2,92
Rb |Rb* +e |Rb] —2,924
Re| +e | Re” —0,136
Re* +2e | Re” -0,23
Re** +3e | Re| 0,18
Re>* +e | Re” -0,23
Re* +e¢ |Re' +0,02
Re’ +e | Rel —0,324
ReO,| + 4H" +4e | Re| +2H,0 +0,26
Re ReO;| +2H" +2e | ReO,] + H,0 +0,4
ReO, + 8H" +7¢ | Re| + 4H,0 +0,37
ReO, +4H* +3e | ReO,| + 2H,0 +0,51
ReO, +2H* +e | ReO3] + 2H,0 +0,77
ReO, + 4H,0 +7e | Re| + 8SOH™ -0,584
ReO, + 2H,0 +3e | ReO,| + 40H —0,595
ReO, +8H" +6CI +3e | ReClg” + 4H,0 +0,19
ReCls* +4e |Re| +6CI +0,50
Rh** +3e | Rh| ~ +0,8
RhClg> +3e | Rh| +6Cl° +0,44
Rh Rh,03] + 6H" +6e | 2Rh| + 3H,0 +0,87
RhO, + 4H* + 6CI” +e | RhClg> + 2H,0 > +1,4
RhO*" + 2H* +e | Rh**+H,0 +1,40
RhO,” + 6H" +2e | RhO** + 3H,0 +1,46
Ru* +e | Ru” +0,249
Ru“ +2e | Ru| +0,45
Ru’* +3e |Ru] +0,38
RuCl, +3e | Ru| +3CI° +0,68
Ru RuCls +2e | Ru“* +5CI +0,3
RuClsOH* + H* +e | RuCls® + H,0 +1,3
Ru(NH3)s™" +e | Ru(NH3)s™" +0,214
RuO, +e | RuO,” +0,595
RuO,| +e | RuO, +0,99
S| +2e |S*& —0,476
S| +2H" +2e | H,S? +0,171
58] +2e | S5~ 0,34
S (SCN),1 +2e | 2SCN- +0,77
S,06° +2e | 2S,05° +0,09
S,05" + 6H" +4e | 2S| +3H,0 +0,5
H,SO; + 4H* +4e | S| +3H,0 +0,45
SO;” + 3H,0 +4e | S| +60H —0,66
2H,S0; + 2H* +4e | S,05° + 3H,0 +0,40
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Bricniasi creneHn

Hu3ias crenenn

DJIeMEHT +ne E°, B
OKUCJICHUA OKHUCJICHUA

2505 + 3H,0 +4e | S,05° + 60H" -0,58
2H,S0; + H* +2e | HS,0, + 2H,0 —0,08

250;° + 2H,0 +2e |S,0,° +40H" -1,12

SO,* +4H* +2e | H,S0;3 + H,0 +0,17

S0O,* + H,0 +2e | SO5° + 20H -0,93

250, + 10H* +8e | S,05° +5H,0 +0,29

250,” + 5H,0 +8e | S,05° + 100H" -0,76

SO,” +8H" +6e | S| +4H,0 +0,36

SO,” + 4H,0 +6e | S| +8OH" -0,75

SO,° + 10H" +8e | H,S?1 + 4H,0 +0,31

S0O,* +4H,0 +8e | S* +80H" —0,68

S,08° +2e | 250, +2,01

Sh°* +3e | Sb| +0,20

Sb| +3H" +3e | SbH51 -0,51
ShO* + 2H" +3e | Sb| +H,0 +0,212
Sb,05| + 6H" +6e | 2Sb| + 3H,0 +0,152
Sh Sb027 + 2H20 +3e Sbl +40H -0,675
Sh,0,] +4H" +2e | 2SbO* + 2H,0 +0,68
Sh,0s| + 4H" +4e | Sh,03] +2H,0 +0,69
Sh,0s| + 6H" +4e | 2SbO* + 3H,0 +0,58

ShO; + H,0 +2e | ShO, +20H" -0,43

Sc |Sc”* +3e |Sc| —2,08
Se| +2H" +2¢e | H,Set -0,40
H,SeO; + 4H* +4e | Se| + 3H,0 +0,744
Se |SeO;” +3H,0 +4e | Se| + 60H" —0,366
Se0,” + 4H* +2e | H,SeO; + H,0 +1,15

Se0,” + H,0 +2e | Se05° + 20H" +0,05

Si| +4H" +4e | SiH,1 +0,10

Si| +4H,0 +4e | SiH, +40H -0,73

i SiFs" +4e | Si| + 6F —1,2
SiO,] +4H" +4e | Si| +2H,0 -0,86
H,SiOs(Boxn.) + 4H" +4e | Si] + 3H,0 0,79

Si0;~ + 3H,0 +4e | Si| + 60H -1,7
Sn* +2e | Sn| -0,140

Sn** +2e | Sn** +0,15

. Sn™* +4e | Sn| +0,01
SnCl,* +2e |Sn| +4CI° -0,19
HSnO, + H,0 +2e | Sn| +30H" -0,91
Sn(OH)s™ +2e | HSnO, +30H + H,0 -0,93

Sr Sre +2e | Sr| —2,89
Ta Ta,0s5) + 10H" +10e | 2Ta| + 5H,0 -0,81
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Bricniasi creneHn

Hu3ias creneHn

DJIeMEHT +ne E°, B
OKHUCJICHUSA OKHUCJ/ICHUSA

Te| +2H" +2¢ | H,Tet -0,51

Te| +2e | Te™ -0,95
TeClg™ +4e | Te| + 6CI° +0,65

Te TeO,| +4H" +4e | Te| + 2H,0 +0,53
TeO,H" + 3H* +4e | Te| + 2H,0 +0,56
TeO,;” + 3H,0 +4e | Te| + 60H —0,57
HeTeOg| + 2H" +2e | TeO,| + 4H,0 +1,02

TeO,” + H,0 +2e | TeO;" +20H +0,4

Th* +e | Th™ 2.4

T Th* +4e | Th| ~1,90
Th** +3e | Th| -1,73
Th(OH)./| +4e | Th| +40H —2,48
Ti* +e | Ti* +0,092

Ti** +e | Ti* -0,37

Ti* +2e | Ti| ~1,63

Ti Ti* +4e | Ti| -0,88
TiO,| +4H" +4e | Ti| +2H,0 -0,86

TiO™ + 2H* +4e | Ti| + H,0 -0,88

TiO™ + 2H" +e | Ti°" +H,0 +0,1

TiFs™ +4e | Ti| + 6F -1,19

TI* +2e |TI* +1,25
TIY +e | Tl —0,357
TI** +3e | Tl +0,734
I TIBr| +e | Tl + Br —0,658
TICI] +e | Tl +CI” —0,546
TII| +e | TI|+T —0,766
TIOH +e | TI| +OH 0,344

TI,05| + 3H,0 +4e | 2TI" + 60H" +0,02

u* +3e | U} -1,80

u* +e |U™ -0,61

u* +4e | U} ~1,50
U(OH)s| +3e | U] +30H 2,17

U UO,| +2H,0 +4e | U| +40H —2,39
UO," +4H" +e | U™ +2H,0 +0,60
U0, +e | UO," +0,052

uo,” +2e | UO,| +0,45

U0, + 4H" +2e | U™ + 2H,0 +0,33

Ve +2e | V] -1,18
v Vv +e | V7 0,255
Vo +3e (V] —0,87
VO* + 2H* +e | V" +H,0 +0,337
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JIeMEHT Brbiciiasi crenennb +ne Hu3masa creneHn E°, B
OKHUCJ/ICHUSA OKHUCJ/ICHUSA
vO** +e | VO’ —0,044
VO," + 2H" +e | VO* +H,0 +1,000
VO,  + 4H" +2e | V" +2H,0 +0,668
VO, + 4H" +3e | V" +2H,0 +0,360
VO, +4H" +5e | V| +2H,0 —0,25
VO,” +6H" +2e | VO’ + 3H,0 +1,26
H,VO, +4H" +e | VO* +3H,0 +1,31
WO,| +4H" +4e | W| +2H,0 -0,12
W(CN)g™ +e | W(CN)g" +0,457
W(CN)g> +e | W(CN)g™ +0,50
W W05 + 2}£+ +2e | 2W0,| + H,0 0,04
WO,| + 6H +6e | W| + 3H,0 —0,09
2WO0;| + 2H" +2e | W,05|+H,0 -0,03
WO,” +8H* +6e | W] + 4H,0 +0,05
WO,” + 4H,0 +6e | W| +8OH ~1,05
Y %5 +3e | Y] —2,37
Zn"* +2e | Zn| —0,764
Zn(CN),~ +2e | Zn| +4CN ~1,26
n Zn(NH,),~ +2e | Zn| + 4NH, ~1,04
Zn(OH),| +2e | Zn| +20H —1,245
Zn0," + 2H,0 +2e | Zn| + 40H ~1,216
ZnS| (Bypuur) +2e | Zn| +S° —1,40
Zro** +4e | Zr| +H,0 ~1,57
Zr | ZrO,| +4H" +4e | Zr| +2H,0 ~1,43
szr03l + H,0 +4e Zri +40H" -2,36
Ilpumeuanue: | — HaCBILICHHBI PAacTBOP TBEPAOrO WM KUIAKOTO BEHIESCTBA

B IIPUCYTCTBUU 3TOr0 BEWIECTBA; T — PAacTBOP, HACBIIICHHBIM ra30M IPU JABJICHUH
101 325 Ia.



Ipunooiwcernue 6

Kpurunueckue Touku pacnpenenenusi CTb0AeHTA

f(f=n—_1) t f(f=n—1) t
1 12,7 16 2,12
2 4,3 17 2,11
3 3,18 18 2,10
4 2,78 19 2,09
5 2,57 20 2,09
6 2,45 21 2,08
7 2,36 22 2,07
8 2,31 23 2,07
9 2,26 24 2,06
10 2,23 25 2,06
11 2,20 26 2,06
12 2,18 27 2,05
13 2,16 28 2,05
14 2,14 29 2,05
15 2,13 30 2,04

Ipunooiwcenue 7

Kpurnueckue Touku pacnpeaesienusi Kpurepusa @uimepa—CHenexepa

fy

f, 1 2 3 4 5 6 7 8 9 10
1 161 | 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242
2 18,51 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,36 | 19,37 | 19,38 | 19,39
3 10,13 ] 955 | 9,28 | 9,12 | 9,01 | 894 | 8,88 | 8,84 | 8,81 | 8,78
4 7,71 | 694 | 659 | 6,39 | 6,26 | 6,16 | 6,09 | 6,04 | 6,00 | 596
5 6,61 | 579 | 541 | 519 | 505 | 495 | 488 | 482 | 478 | 474
6 599 | 5,14 | 4,76 | 453 | 439 | 428 | 421 | 4,15 | 4,10 | 4,06
7 559 | 474 | 435 | 412 | 397 | 387 | 3,79 | 3,73 | 3,68 | 3,63
8 532 | 446 | 407 | 3,84 | 3,69 | 358 | 3,50 | 3,44 | 3,39 | 3,34
9 512 | 4,26 | 3,86 | 3,63 | 3,48 | 3,37 | 3,29 | 3,23 | 3,18 | 3,13
10 | 496 | 410 | 3,71 | 3,48 | 3,33 | 3,22 | 3,14 | 3,07 | 3,02 | 2,97
11 | 484 | 398 | 359 | 3,36 | 3,20 | 3,09 | 301 | 295 | 2,90 | 2,86
12 | 4,75 | 388 | 349 | 3,26 | 3,11 | 3,00 | 292 | 2,85 | 2,80 | 2,76
13 | 467 | 3,80 | 341 | 3,18 | 3,02 | 292 | 2,84 | 2,77 | 2,72 | 2,6/
14 |1 460 | 3,74 | 3,34 | 3,11 | 296 | 2,85 | 2,77 | 2,70 | 2,65 | 2,60
15 | 454 | 368 | 3,29 | 3,06 | 290 | 2,79 | 2,70 | 2,64 | 2,59 | 2,55
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IIpunooicenue 8

Kputnueckue 3nauenusi Q-kpurepust

N YucaoBble 3HaYeHus 1 Q Npu cTeneHu pUcKa o
0,10 0,05 0,01

3 0,87 0,94 0,99

4 0,68 0,77 0,89

5 0,56 0,64 0,76

6 0,48 0,56 0,70

7 0,43 0,51 0,64
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