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OBLEE YPABHEHUE A4 ONMUCAHUA PABHOBECUHA
KMWCNOTHO-OCHOBHbLIX CUCTEM

B.A. Nonoearos, C.M. Ky3Heuoe

IIpensiokeHo ypaBHeHHUe, MO3BOJIsSIIONIEe C €IMHBIX NMO3ULMII OMUCHIBATH He
TOJbKO KpHBBbIe THTPOBAHHUS, HO Tak:ke OydepHble U IpPyrue CBOMCTBa cMecei
MPOTOJUTOB NMPOU3BOJLHOIO0 COCTABA. YHUBEPCAILHOCTH YPABHEHHsI 00YCJIOB-
JICHa TeM, 4TO NPH ero BbIBO/e MCIO0/JIb30BATH yCJIO0BHE MPOTOHHOIO 0ajlaHCca B
COYETAHMHM C YCJIOBHEM I'HAPOKCHJIBHOrO 0anaHca, a Tak:ke pyHKkuuw breppyma.
CdopMy1npoBaHO NpocToe MPABUJIO 3aNHMCH O0IIEro YPaBHEHHS U €ro CJeAcT-
BHi. O0IIHOCTH ypaBHEHMS NMOKA3aHA HA psiie IPUMEPOB.

Kniouesvie cnoea: xucnomuo-ocnognule peakyuu, 0ygepHvle pacmeopul, nomeH-
yuomempuieckoe mumposanue, meopus KpUgblx mumpoSaHus.

B pabote [1] npeminoxkeHo oOiee ypaBHEHHE IS OMUCAHUS KHUCIOTHO-OCHOBHOTO THTPOBAHMUS
cMecell Mpou3BOIBHOrO coctaBa. O003HaueHHas e JIuBbe mpobneMa MOCTPOCHUSI MOJEIU PaBHOBECUI
KHCJIOTHO-OCHOBHBIX CHCTEM B BHJI€ €JUHCTBEHHOTO YPaBHEHHS, KOTOPOE JIETKO HCCIIEeNOBAaTh a0CT-
PaKTHO-MaTeMaTHIECKUMH METO/IaMH, SBIISETCS aKTyallbHOW 3a/1adeil Kak C TOYKH 3pEHHsS] TEOPHH KPH-
BBIX TUTPOBAHHSA, TaK U C TOYKU 3PEHUS IPAKTUIECKOTO MCIIOIB30BaHUS OOIEro ypaBHEHUs mpu 00oc-
HOBAaHUU U pa3pabOTKe aJITOPUTMOB aHAJIM3a MHOTOKOMIIOHEHTHBIX CUCTEM.

[Ipu mocTpoeHNH OOIET0 YpaBHEHHUS KPUBBIX TUTPOBAHUSA B [1] IPUMEHSIOT CITOCOO pacCyKIACHUH,
pU KOTOPOM pe3yIbTaThl (HU3NKO-XUMHUYECKOTO ONMCAHMS YACTHOW CUCTEMBI THTPOBAHUS CMECH COJISI-
HOH, YKCYCHOH U (poCcOpHOI KUCTOT MIENOYbI0 NCHONB3YIOT Ui 3amucu olmiero ypaBHenus. [Ipu Ta-
KOM TIOIX0/i¢ OOIIHOCTh YPaBHEHUS MOXET OBITh HETIOTHON. B 4aCTHOCTH BUIUM, YTO B UCCIIEOBAHHON
00pasIoBoi CMECH OTCYTCTBYIOT aM(pOJIUTHI.

[Ipobneme OOMHOCTH KOMMYECTBEHHOTO ONMHMCAaHKsI KPUBBIX THTPOBAHMUS ITOCBSIEHA HEABHISI 00-
30pHas cTaThsi Acy3po u MuxaitnoBckoro [2]. B ornuuaune ot [1] aBTOpBI 0030pa CTPOSIT BBIBOA OOIIETO
ypaBHEHHUS HA OCHOBE a0CTPaKTHOM IMPOTOIUTHICCKON CHCTEMBI, BKIIFOUAromIe amdonuTsl. [Ipn sToMm B
Ka4eCTBE KOMIIOHEHTOB MPOTOJUTHYECKONW CHCTEMBI OHH BBIHY)KJCHBI PacCMaTpPUBATh TAKHE YaCTHIIBI,
KaK KaTHOHBI MICJTOYHBIX METAJUIOB M aHUOHBI CUJIBHBIX KHCIOT, TIOCKOJIBKY BBIBOJI YPAaBHEHHS CTPOST
WCXOMSI U3 YCIIOBHSI AJIEKTPOHEUTPATLHOCTH CUCTEMBI. Takue Collu, KaK XJIOPH] aMMOHUS TPU BBIBOJIE
ypaBHEHHUSI HE paccMaTpuUBarOTCS. ABTOPHI paboT [1] u [2] orpaHWYMBaOTCS PACCMOTPEHUEM TOJIBKO
norapu()MUYECKIX KPUBBIX TUTPOBaHM. MeTOMIbI THTPUMETPHH C JINHEapU3aluell KPUBBIX TUTPOBAHUS
[3, 4] oka3pIBarOTCA BHE MOJIS 3PEHUS TEOPUU.

MoXHO AyMaTh, UTO YpaBHEHUS, MMONy4YeHHBIC B [1] 1 [2], SIBISIFOTCS 9acTHBIM ciiydaeM OoJjee 00-
HIETO YPaBHEHHUSI, U3 KOTOPOTO B Ka4EeCTBE CIEACTBUI BBIBOAATCS HE TOJIBKO YPaBHEHHSI CUTMOBUIHBIX
KPHUBBIX TUTPOBAHMs, HO TaKXKe JPyTrUe 3aKOHOMEPHOCTH BHE 3aBHCUMOCTH OT cItoco0a CMELICHUS! KOM-
MMOHEHTOB, HAIpUMep CBOHCTBa Oy(hepHBIX pacTBOPOB. Llemsio paboTH! sBiIsieTcsi 000CHOBaHNE JaHHOTO
TIOJIOKEHHUSI.

BbiBoa 0o01ero ypaBHeHust

B obmem cityuae, kak 3To ciegyeT U3 NpoToIUTHYeCKor Teopun bpencrena — Jloypu, nporoauru-
YyecKas CUCTeMa COIEPXKHUT TPU TUIIA MPOTOJIUTOB: KHCIOTHI, OCHOBaHUS U aM(OIUTHL. Bece mpoTonuThl
B3aUMOJCHUCTBYIOT MEXAY c000il, 0OMEHHMBAsCh MPOTOHOM, U IO3TOMY OOpa3yloT €AWHYIO CHUCTEMY.
CucTeMHBIN MOIXOJ MTO3BOJISIET CAETIATh BBIBOJ O TOM, YTO JUIS 3aKPBITOH CUCTEMBI JIOJDKHA CYLIECTBO-
BaTh enuHcTBeHHas: Qynkims F(pH, ¢) = 0, cBa3piBatoas pH 1 BEKTOp HCXOAHBIX KOHIIEHTPALUH TPO-
TOJIUTOB C.
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Kwucnoter u ambonutel OyieM paccMaTpHBaTh B KaueCTBE IPOTOHHBIX KoMIUIekcoB H;B ocHoBaHwMiA
Bpencrena [5], koTopble ¢ GpopManbHONW TOYKH 3pEHUS SBISIOTCS HEHTPAMU KOOPIUHAIUHM TPOTOHOB.
KoopanranmonHoe 4ncio OCHOBaHUS B paBHO ero MakcMMallbHOMY SKBHBAJIIEHTHOMY YHCIY Zg. 31€Ch
OTPaHUYMMCSI PACCMOTPEHHEM TPOTOIIMTHIECKUX CHCTEM, COCTOSIINX TOJBKO M3 MPOTOIUTOB C OJHON
HEHTpaNbHON Tpymnmoil. B pa30aBneHHBIX BOJHBIX PAacTBOpax OOJIBIIMHCTBO M3BECTHBIX MPOTOJIHTOB
MOJKHO CUHUTaTh HEACCOLMUPOBaHHBIMU. VMIOH THApPOKCHIIA SIBIAETCS LIEHTPOM KOOPAMHALMHU MPOTOHA.
AHWOHBI CHIIBHBIX KHCIIOT UMEIOT zg = () ¥ I03TOMY TIPOTOHBI CHITBHBIX KHCJIOT TOJTHOCTBIO TIEPEXOST B
WOH THIPOKCOHHSL.

[lycts, B 001IEM caydae, B TOMOT€HHOM BOJTHOM PacTBOpPE MPOTEKAET  HE3aBUCUMBIX PEaKIIUi:

H+OH=——=H,0,

(1)

iH +B;==HB,,

rae i=1,z,,a j=1,m. W3 3anucu (1) NOHATHO, YTO MHIEKC j 0603HAYAET MOPSAKOBBIA HOMEP OCHOBA-

HUs. 3HAKM 3aps0B YacTUI] B YPaBHEHMSAX PEaKUHid OMyIIEHBI U1 TOTO, YTOOBI NPUAATh UM OOJBIIYIO
obmHocTh. OTcrona peakuun (1) Takke paclpoCTPaHSIOTCS Ha CIydail He3apsDKCHHBIX OCHOBAaHWIM, Ta-
KX Kak aMuHBL. KoopauHanmmoHHOE 9YHCIIO j-TO OCHOBAHHS — 3TO OJHOBPEMEHHO €r0 MaKCHMAalbHOE
SKBUBAJIEHTHOE YHCIIO, KOTOPOE 0003HAYEHO CUMBOJIOM z;. KucnoTsl 1 aM(onuTl, T. €. IpeaenbHble U
MPOMEXYTOYHbIE TPOTOHHBIE KOMILJIEKCHI Oy IeM ISl KpaTKOCTH HA3bIBATh MPOCTO KUCIOTaMH.

IMTocTpoenne o0miero ypaBHEHHS Ul KOJMYECTBEHHOTO OITMCAHMs CUCTEMbI peakunii (1) HauHeM ¢
3alMCH YpaBHEHHS MIPOTOHHOTO OaylaHca:

m Zj m Zj
c(H)+ > > ic(H,B;) =[H]+ > > i[H;B,]+ Ac(H,0). )
j=li=l j=li=1
B neBoif yacTu ypaBHEHHUS MPOCYMMHPOBAHBI MICXOIHBIE KOHIIEHTPAIIMH KUCIIOT, a CIIpaBa 3alCaHbl HX
KOHIIGHTpAallUM  [IOCJi€  YCTAaHOBJEHHWS  paBHOBECHA.  YpPaBHEHHE  COAEPXKHUT  cCjaraemMoe
Ac(H,0) =[H,0]-c(H,0) . [lonoiHUTENEHOE KOTUYECTBO BOABI B CHCTEME MOXKET BOSHHKHYTB TOIBKO
3a CYeT PAcXOJOBAHHUE IEIO0YH, TOITOMY
Ac(H,0) =-Ac(OH) = ¢(OH) -[OH]. 3)
DTO ypaBHEHHE SBISETCS ypaBHEHHEM THIAPOKCHIIBHOTO OanmaHca cuctembl. [loncTaBnsas ypaBHeHHe
TUIPOKCHIILHOTO OajiaHca B ypaBHEHHUE MPOTOHHOTO OallaHca, MoJydyaeM YpaBHEHHE, KOTOPOE B JIUTEpa-
Type Ha3BIBAIOT IIPOTOHHBIM yCIIOBHEM [5]:

m Zj m_ Zj
¢(H)—c(OH) + "> ic(H;B,;)=[H]-[OH]+ Y > i[HB,]. 4)
j=li=1 j=li=l
Ilepefinem k manpHEWIIEMY UCKITIOUEHUIO HEM3BECTHBIX W3 ypaBHEHUS (4). [l 3TOro BOCIOIB3Y-
emcs onpenenenneM H. beeppyma [6] s cpennero muranaHoro yucna 7, . Mcxons u3 onpeneneHus
¢ynkuun beeppyma, 3anuiiem
Zj Zj Zj
DUHB,1=n,> c(H;B,)=n;c(B;)+n,; Y c(H;B;). 5)
i=1 i=0 i=1
[Tocne moacranoBok (5) B (4) momy4aem

m Zj m
[H]-[OH]=c(H)+ > > (i-n;)c(HB;)=c(OH) =Y n;¢(B;) . (6)
j=li=1 Jj=I
Pasuocts [H] — [OH] 0603Hauum Tak xe, kak B [1], cumBonom A. Ilepemennbie A v 7, B ypaBHe-

HUH (6) SABISIIOTCSA XOPOILIO U3BECTHRIMU QyHKIMsMU OoT pH pactBopa:

K -
A= —— :IO—pH_lopH pKW, 7

[H] H] ()
n; = i, [H]' 1+§‘ B, [H]' |. (®)

i
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Koncrantsl o6pazoBanus [, T. €. KOHCTaHTH paBHOBeCcHH (1), 0OBIYHO BBEIYHCIIAIOT C MCIOIB30BAHHEM

TaOJUI] YaCTHBIX CTYIIEHYATHIX KOHCTAHT KHCIOTHOCTH MJIM OCHOBHOCTH IO (pOpMyiIaM, KOTOPBIE MPH-
BEJICHBI HIDKE:

i i
lgf; = ZpKa,(z—lH) i Ig; = Z(IPKW - pr,(z—l+1)) )
=1 =1

rae i=1,z u /=1,z,a K, — noHHOe Npon3BeneHNe BOAbL. [yt IPOCTOTHI OyzeM MoIaraTh, YTo KOH-

CTaHTHI paBHOBeCHA B ypaBHEHUAX (7) 1 (8) ABIAIOTCS KOHIICHTPAITMOHHBIMH KOHCTaHTaMu. OOITHOCTH
ypaBHEHUS (6) TakKe HE HApYyIIAeTCs, €CIU CUMTATh KOHCTaHTHI paBHOBecHi B (7) U (8) yCIOBHBIMHU
KOHCTaHTaMH.

VYpasuenus (6)—(8) ABIAIOTCS 3alMCHI0 OOIIETO YpaBHEHUS KHCIOTHO-OCHOBHBIX PaBHOBECHH B
BOJHOM pacTBOpe B mapaMmerpudeckoit Gpopme. Takum oOpa3om, 3amada Mo BOCCTAHOBICHUIO (DYHKITHH
F(pH, ¢) = 0 nHamu penieHa, nmpuyeM ¢ HEOONBUIMM YHCIOM MaTeMaTHYECKHUX MPOLENYP.

PaccmoTpum npyrue BapmaHTHI MpeNcTaBlieHns ypaBHeHUs (6). BHauane oOpaTiM BHUMaHHWE Ha TO,
YTO € TOYKHU 3PEHHUS TEOPUH JKBHBAJIECHTOB KO(QMUIMEHTHI [ = Zz; UMEET CMBICI YKBHBAJIICHTHBIX YHCEI
COOTBETCTBYIOLIUX KUCJIIOT H,'Bj. OTMETHM TaKXke YTO, OKBUBAJICHTHBIC YHCJIa CUIBHOM KHMCIIOTBI U IejI0-
4K paBHbI euHALE. DOPMATBHO, U CUIIBHBIX KUCIOT 71, =0, a Ul THAPOKCUIA 71, =1 HE3aBUCUMO OT

pH pactBopa. Ob11ee 4nciio KUCIOT B cucteMe 0003Ha4MM Kak 7, a odliee 4ucio ocHoBaHuii — /. Packpo-
€M [BOIHYI0 CyMMY M IIepeHyMepyeM ciaraemble B ypaBHeHMu (6). KucioTel nmpumHHMamoT HOMeEpa

a =1,n . A ocHoBaHuAM Ha3HauuM HoMepa b = 1,/ . Teneps ypapHenue (6) IpUHsI0 60J1€e IPOCTOM BUL:

A:ZFaca —ZFbcb , €)]

rae F, =z; - ﬁj u k= ﬁj. [epemennsie F, u F, B [1] Ha3BaHbl PyHKIUSAMH TPOTOHHOM TUCCOLUAIIH

1 GYHKIHUSAMA TPOTOHHOM aCCOIUAIINH, COOTBETCTBEHHO.

3ameTum, uto BepaxkeHue A =[H']—[OH ]| BXOAUT BO BCE YPAaBHEHHS, ONMCHIBAIOLINE YACTHBIE
MIPOTOJIMTHYECKHUE CHCTEMBI (ITOCKOJIBKY OHO MPHUCYTCTBYET B 00IeM ypaBHeHHH). OTHAKO B JTUTEpaTy-
pe A He UMeeT CIeNUaTbHOTO HA3BaHHUs, YTO CO3AAET ONpe/elIeHHbIe TEPMHHOIOTUIECKHE HeYJ0OCTBA.
Bynem HaszpiBaTh A mokasareneM (XapaKTEPUCTUKOM) MPOTOH-THIPOKCHIBHOTO OanaHca. DTOT TePMUH
COOTBETCTBYET (PU3UKO-XUMHUECKOM cymHocTH A. Tak B HEHTpalbHOM PacTBOPE MOKAa3aTelb MPOTOH-
THUAPOKCHIIbHOTO OanaHca paBeH Hymro. [[puunHON HERTPaNbHOCTH Cpebl SBISETCS B3aUMHAsi KOMIICH-

cauus BO3JEHCTBUN KMCIOT U OCHOBaHUI Ha Cpefy, IOCKOJIBKY IIPU 3TOM ZFHCa = ZFbcb .

[To cBoelt maremaTudeckoit npupoae pyukuus (9) sBisercs ounnHeHOW Gopmoit. DT cBoiicTBa
00IIIero ypaBHEHHS UCIIOJIB3YIOT B METOAAX MOTEHIIMOMETPUIESCKOTO aHAIIN3a C JIMHeapu3ayel KpUBbIX
TUTpoBaHus [7].

VYpasuenue (9) nepenuiieM B ApyToi, Oonee yaoOHOH A MCCIIEOBaHUS U BBIYUCIICHUI (opMme.
Kasknoe caraemoe B ypaBHEHHH YMHOXKHM H Pa3ZieNIIM Ha COOTBETCTBYIOIIEE SKBUBATIEHTHOE YHCIIO Zj;.
OTO paBHOCHIBHO TOMY, YTO KOHICHTPALUIO MPOTOJUTOB MBI BBIPAXKaEM B MOJISIX UX SKBHBAJCHTOB.
[Tpu sTOoM mepemenHsble F, U F), 3aMEHSIOTCS HOPMHPOBAHHBIMH BEJIMYUHAMH k, U Ky, KOTOPBIE MOTYT
NPUHAMATH 3HAYEHHS TOJIBKO B nHTEpBane oT 0 1o 1. Pesymnbrar mpeoOpazoBaHus 3amuIIeM Kak

A=Y kN,~>kN,, (10)
e k,=1-n,/z; u k, =n,;/z,. DT IEPEMCHHbIC HMCIOT TPOCTOC (PMBUKO-XUMUYECKOE COJIepKaHHeE.

[lepemenHas k, xapakTepu3yeT CTEeNeHb ACIPOTOHUPOBAHUS KUCIIOTHL, a k), — CTENIeHb IPOTOHUPOBAHUS
OCHOBaHMS.

®opma ypaBHenus (10) jerko 3amoMHHAETCS, YTO MO3BOJISIET IPOCTO OMHUCATH €r0 Ha BepOaIbHOM
ypoBHe. [103ToMy Ipu peleHun YacTHBIX 3aJad HET HEOOXOIUMOCTH HAYMHAThH [IOCTPOEHUE MOJIEINH C
3anucy OaNaHCOBBIX YpaBHEHWH U ypaBHEHWH 3akoHa jAedcTByromux macc (3/IM). MoxkHO BOCIIONB30-
BaThCs MPABUIIOM 3amucu oOiero ypasHeHus: «Ilokazamens npomoH-zudpoKcunbHoz0 dananca pac-
meopa pagen cymme NAPHHIX NPOU3EEOCHUTl HOPMATLHBIX KOHUEHmPAyuil Kucaom (u amgponumos)
Ha cmeneHu ux 0enpoOmOHUPOCAHUA 3 GbIYEHIOM CYMMbL HAPDHBIX NPOU3BEOEHUT] HOPMATILHBIX KOH-
UeHmpayuili OCHOBAHUIl HA CMENeHu ux npomounupoganus». CTENEHb AECIPOTOHUPOBAHUS CUIIBHOU
KHUCIOTH He 3aBucHuT oT pH u Bcerma k(HB) = 1, mockonbky peaknus HB + H,O — B~ +H;0" uner no
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xonma. CreneHp npoToHupoBanus menoun A(NaOH)=1, tak kak peakmms Na,O + H,0 — 2Na' +
20H mpaktudecku HeoOpaTHUMa.

Ha mpaxTuke npumenstor takxe auddeperHnuansayo Gopmy ypaBHeHuit (6), (9) wiu (10). Oro,
HaIpuMep, 3aBUCUMOCTh OydepHOI eMKoCcTH pacTBopa oT pH wim ypasHeHue nuddepeHnnansHoi Kpu-
Boii TUTpoBaHus. [Ipumensis k ypaBHeHuo (10) Beipaxkenue ero noiaoro auddepeniuana, umeem

dA dk dk, dN dn,

— = —a N -y — L2 N, 4+ Lk -y —2 k. 11

dpH deH “ deH b deH “ deH b (1
U3 ypasuenus (11) nonydaem gopmyny ainst BeraucieHus 0ydepHoil eMKOCTH:

dN(H) dN(OH) dk dk, dA
__dN() _y ok godk A 12
dpH dpH Z dpH ° Z dpH " dpH (12)
s o : Hi
rae dk, __ dk, =2, Zl(l n)ﬁ[[.] z (13)
dpH  dpH 1+Z BlH]
2
dA _ 23 [H] +K, (14
dpH [H]

3ameTnM, uTo B BhIpaxkeHue (13) BXomuT kodddumeHT KpyTu3Hel QyHKIMU 00pa3oBanus, Gopmy-
J1a KOTOPOT'0 XOpOIO U3BECTHA [6].

Henunetinyro o pH dopmy ypaBaenus (12) ucrons3yroT 1jsl BEIYACICHUN OyhepHOi eMKOCTH, a
JHMHEWHYI0 aHaMop}o3y ypaBHEHHS NPUMEHSIOT IMPU HOTEHIMOMETPHYECKOM TUTPOBAHUM MHOTOKOM-
MMOHECHTHBIX CMecer KUcioT [8].

OO0cy:xaeHue pe3yJbTaTOB

[Tonyuennoe Hamu obriee ypaBHenue (10) MOXXHO HMCIIOJIB30BaTh KakK ISl OMMCAHUS MHOTOKOMITO-
HEHTHBIX Oy(QepHBIX pacTBOPOB, TaK U Ul OMHMCAHHUS KPUBBIX THTpoBaHMA. [lokaxkeM, 4TO MpeasioxKeH-
Hoe P. ne JluBnbe [1] ypaBHEHHE KUCIOTHO-OCHOBHOTO TUTPOBAHHUS SBIISETCS CIIEACTBHEM ypaBHEHHH (9)
u (10).

Onwupasicb Ha pe3yabTaT MOACIHUPOBAHUS TUTPOBAHUS CMECH COJISTHOM, YKCYCHOH 1 hocopHOi Ku-
CJIOT 11€J104bI0 e JINBbE MOCTYINpPYyET CYIIeCTBOBAaHUE OOIIEro YpaBHEHMS KPUBBIX THTPOBAHUS BHIA

v, DFc-A s

V, Y. Fe +A’
rae V, — mobaBiseMbIii 00beM CMECH OCHOBAaHWU K Ha4aJlbHOMY 00BeMy V, CMeCH THUTPYEMBIX KHCIIOT.
BerHI/Iﬁ HNHICKC «HOJIb» YKa3bIBACT HAa HAYAJIbHBIC KOHICHTpPAIWKU BEIICCTB B CMEIINBACMBIX pPaCTBO-
pax. YpaBaenue (15) omuceiBaeT clieHapuil, IpU KOTOPOM IIPOU3BOJILHYIO CMECh KUCIOT TUTPYIOT TPO-
W3BOJIBHOM CMECHI0 OCHOBAaHWH. YpaBHEHHE KPHBOW THTPOBAHUS CMECH OCHOBAHHU CMECBHIO KHUCIOT
3aMKCHIBACTCSA B 00PaTHOCUMMETPHYHOM 110 OTHOIICHHIO K ypaBHEeHHIO (15) dopme:

Vv ZFbcf +A
V, D> Fcl-A
B [1] nepemennsie F, u F), BBIYUCISIOT C UCIOIB30BAHUEM BBIPRKEHHI U1 MOJIBHBIX J0JIEH COOT-
BETCTBYOIIUX ITPOTOJUTOB:
F,=a(H, B)+20(H, ,B)+30(H,_sB)+...nou(B), (16)
F, =o(H,A) +20(H,A) + 30u(H;A) +...nau(H,,A) . (17)
®dopmyna ais Beraucienus F, amdoautoB aBTopom [1] He onpeneneHa. OTciona Teopus e JIuBbe ume-
eT orpanuueHus. B mpumepe [1], B3sTOM 15151 000011IEHNS, HET aM(OJTUTOB.
BwMmecTe ¢ TeM 3TOT HEIOCTAaTOK HECTIOXKHO UCTIPABHUTH, €CIIH BOCIOIb30BATHCS HALIMM YPaBHEHHUEM
(9). Buaum, uto ypasaenue (17) sBusercs ogHol m3 ¢opm 3amucu ¢yHKmu beeppyma [9]. Otcrona
F, = ﬁj. C npyroii CTOpOHBIL, IPH BBIBOJE ypaBHeHUs (9) HaMM MOKa3aHo, 4TO MO cBoer opme F, mis

KHCIIOT ¥ aM(QOJUTOB He paznudaroTcs. [loaromy ypaBHenue (16) ciaemyeT nepenucarh Kak
F, = (z; =)o =z, —n;. (18)
i=0

[TonsTHO, YTO BRMUCIITE F, U ), depe3 PyHKIHIO 00pa3oBaHus ropasao mnpoime. Kpome Toro, dhopmy-
JIBI CTAHOBSITCSl KOMITAKTHBIMY U yTOOHBIMH JIJTsI aHAITN3A.
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Jlerko yOenuThes, uTo ypaBHeHHUe (9) mepexoAuT B ypaBHEHHs A€ JIUBbE ¢ y4eTOM TOTO, YTO NPHU
TUPOBAHUHUH

c, =—C‘?V“ u ¢, =—cl(’)Vb .
V,+V, V,+V,
VYpasuenus Buaa (15) moae3Hs! IPHU BHIYUCICHUAX THUTPOBAJIBHON JOJIH p WIN HMOTPEIIHOCTH THT-
poBanus O, = p — 1. YpaBHeHMe U BHIUUCICHHS p Haiimem u3 ypaBuerus (10). ITycts cMech KHCIIOT
TUTPYIOT CMECHIO OCHOBAHUIA, T00OABIsS TIEPEMEHHbBIN 00beM V), ¢ CyMMapHOW KOHIIEHTpaIuel ZN K

00beMy TUTpyeMOro pactBopa V,, o0mias KOHLEHTpalus KOTOpOro ZNf . Pemenue ypasuenus (10)

OTHOCUTCIBHO THTpOBaJ’IBHOfI J0JIX UMECT BU
p= VbZNl? - Zkaqa _A/ZNL(I)
V.S NS S kg +A/D N

IZie g, ¥ ¢, — MOJIBHBIE JI0JIN COOTBETCTBYIOIIMX MPOTOJIMTOB B MCXOOHBIX pacTBopax. Ecim pasBeneHu-
€M THTPYEeMOTO pacTBopa NMpeHeOperarT, TO BTOPOH YJIeH B 3HAMEHATeIe MPaBoi YacTH ypaBHEHUS HC-
ye3zaeT. [lepectaBnsiss mectamu B ypaBHeHHH (19) umcnuTens W 3HAMEHATellb MOJIy4YaeM ypaBHEHHE,
OIMCBHIBAIOIIEE TUTPOBAHNE OCHOBAaHUN CMECBIO KHCIIOT.

KoMmoHeHTB! IPOTOIMTHYECKON CUCTEMBI IIPY TUTPOBAHUU MOXHO I'PYIIIIMPOBATh 10 IPU3HAKY UX
BXOJXKJIEHUSI B UCXOJHBIIM TUTPYEMBIA pacTBOp V; MM B pacTBOp TUTPaHTa V, BHE 3aBUCHUMOCTU OT KH-
CIIOTHO-OCHOBHBIX CBOMCTB KOMMOHEHTOB. Ha 3T0 06cTosTeNnscTBO yKasbiBaoT B [1]. Hanpumep, B ka-
YecTBEe IpUMecel KHCIOTHl MOTYT NPHUCYTCTBOBAaTh B OCHOBaHMAX M HaoOopot. Mcxons w3 TOro, 4to
3arpsA3HEHHE KUCJIOTHI €€ COJBI0 PaBHOCHIBHO 3arpA3HEHUIO KHUCIOTHI AKBHBAJEHTHBIM KOJIMYECTBOM
IIEeJI0YH, a IPUCYTCTBHUE COJIEH OCHOBaHMH B pacTBOpPE OCHOBAHUI paBHO3HAYHO 3arpsi3HEHUIO pacTBOpa
CWJIBHOM KHCIIOTOH, ypaBHeHue (15) mpumer Buj

Vi >k Ny, —N{(OH)-A

Voo XhkNp —N(H)+A
IIpu oO6paTHOM THTpOBaHWU APOOH B MpaBoii yactu ypaBHeHus (20) oOparmaror.

YpaBHeHUs KpUBBIX TUTpoBaHUA B 3amucsx (15), (19) u (20) mone3Hsl TPy BOCCTAHOBJICHUH 3aBH-
cumoctu V; ot pH. Takyio kpuByr Ha3biBaioT [1] BeIxoHOU KpuBoii (the progress curve). Yare pac-
CUUTBIBAIOT 3aBUCHUMOCTh PH oT 00bema TuTpanTa. BEIXOIHYIO KPUBYIO MONyYaloT B BUAE ainrebpande-
ckoro pewenus. Toraa kak 3aBucuMocts pH ot V,, 1. €. norapudMuueckyro KpuByr0 TUTPOBAHUS, MOXK-
HO paccuuTaTh TOJIBKO YuCiIeHHO. C MaTeMaTH4eCKON TOYKU 3pEHHs YpaBHEHHE BBHIXOJAHON KPUBOW SB-
nsieTcst oOpaTHO GYHKUMEH 1711 ypaBHEHHS KPUBOM TUTPOBAHUSL.

PacueTs! KpUBBIX TUTPOBAHMSI OOBIYHO BBIMOJIHSIOT C HCIOJIb30BaHHEM MeToaa HetoToHa. [ns aTo-
ro obmee ypaBaerwue (10) mpu TUTPOBAHUH KHUCIIOT OCHOBAHHUSIMHY 3aITUCHIBAIOT B BUJIE:

F(PHLN®)=v, > k,NJ =v,> k,Ny -A =0, 1)

rne v, =V, /(V,+V,) n v,=V,/(V,+V,)— 0O0beMHbIE TOIN THTPYEMOIO PacTBOpa U PacTBOpa THUT-

(19)

(20)

panTa B WX cMecH. Ecim THTPYIOT OCHOBaHHWS KHCIIOTaMH, TO ypaBHeHme (21) 3aMeHAIOT Ha
F(H,N®)=v,> k,NJ =v,> k,Nj -A=0.
JuddepeHnpanbHy0 KpUBYIO TUTPOBAHUSI PACTBOPA KHCIIOT MIET0YbI0 BEIYUCIUM 10 (hopMyIie
dpH _ Vicou
Wor (7, + V)

Amnanoruunas (opMyia CIpaBeINBa B CIydae, €CIM THTPAHT — 3TO CHIIbHAs KUCIO0TA. M3 cpaBHEHUS
ypaBHeHu# (22) u (12) BUOMM, YTO MOJYYEHHYIO SKCIEPUMEHTAIBLHO TUPQPEpeHINATBHYIO KPUBYIO

(22)

o 0
TUTPOBAHUA MOKHO JIMHCAPU30BATh, ICPECUNUTAB €€ B IMHCUHYIO 110 N MNEPEMCHHY1O:

o (dpHY' da
e il Vo )—
COH(dV) (VS+ OH)pH_dea NO

T Vo+Vy v C&gpH T

N
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B kadecTBe 4YHCIEHHOTO NMpHUMepa pacCMOTPHM BEIYHCIEHHE COCTaBa M Oy(epHOH eMKOCTH yHH-
BepcanbHOl OydepHol cMecu B 3aBucuMoctd oT pH OydepupoBanus. CMech rOTOBAT U3 MATH (1 = 5)
OJTHOOCHOBHBIX KHCJIOT M mienoud. OOLIy0 KOHIICHTpauio KUCIO0T npuMeM paBHoi 0,1 H. [Ipudem Bce
KHCIIOTHI TIPUCYTCTBYIOT B 3KBUMOJISIPHBIX KOJIMUecTBax. [1oka3aTenn KOHCTAHT KHCIOTHOCTH 00pa3yloT
apupmerndeckyto nporpeccuto: pK; =3 +2(i— 1). O6mme ypauenus (10) u (12) B manHoil 3amade
OPUMYT BUJ:

c(OH) 4

ORI Yo .
_ , da

n=n IZCaXZka—dea : (24)

PacueTsl BBITIOHAM B DJIEKTPOHHBIX Ta0IUIIAX.

PesynbTarThl KOJIMYECTBEHHOTO OINMCaHUsI Oy(depHOW cMecH NMpPUBEACHHI Ha PHCYyHKe. B naHHOM
NpUMepe Hac, MPEXKAe BCEro, HHTEPECOBAIM BBIYMCIUTEIBHBIC aCMEeKThl MPUMEHEHUS OOIEro ypaBHe-
HUs1. OTMETHTH, YTO MCIOJIB30BaHUE B KauecTBE apryMeHToB ypaBHenui (10) u (11) dyukumii odpaszo-
BaHU Ja€T HE TOJBKO TeOpeTH'—IeCKOG, HO ¥ BBIYUCIUTECIBHBIC IPECUMYIIIECTBA.

Y T, M
12 - 0,01
Lo r 0,008
0.8

0,006
0.6 F

0,004
0.4 F
0 L 0,002
0,0 ' 0

BbixogHas kpuBas (1) n kpuBas 6ycdepHon emkocTH (2)
yHuBepcanbHoro 6ydepHoro pactBopa (NOSCHEHUA B TEKCTE)

PacyeThl B aIeKTPOHHBIX TaOnHIax 1Mo ypaBHeHUsM (23) u (24) CymecTBeHHO OOJEr4aroTcsl ¢ UCTIONb-
30BaHHEM INPOLEAYpP-PYHKINH, TEKCT KOTOPBIX IPUBOANM HIDKE:

Public Function FormFunc(lgk As Range, Public Function SlopFormFunc(IgK As Range,
pX As Variant) As Variant pX As Variant) As Variant
'Beranciienne pyaknun beeppyma mpu 'Beraucnenne kpyTusHsl GyHKIHU beeppyma.
'MPOU3BOIEHOM YHCIIE CTYIICHYATHIX KOHCTAHT. N = IgK.Count
Dim i As Integer A=0:B=1
Dim N As Integer Fori=1ToN
N =1gK.Count A=A+1*10"(Igk@d) -1 * pX)
A=0:B=1 B=B+ 10" (IgK@() -1 * pX)
Fori=1ToN Next i
A=A+1*10"(IgK(@)-1* pX) FF=A/B
B=B+ 10" (1gk(i) - i * pX) Num=0:D=1
Next i Fori=1ToN
FormFunc=A/B Num =Num +1i * (i - FF) * 10 ~ (IgK(i) - i * pX)
End Function D=D+ 10" (IgK(@) -1 * pX)
Next i

SlopFormFunc = Num /D * 2
End Function
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Oouiee ypaBHEHHE PaBHOBECHH B KUCIOTHO-OCHOBHBIX CHCTEMaX MOYKHO MCIIONB30BaTh B CIEAYIO-
MIHUX MPUIOKEHUSX:

1) nns pacdera norapugMuieckux U aupepeHIHaTbHBIX KPUBBIX TUTPOBAHMUS,

2) nns pacuera pH u OydepHoit eMKkocTu OyQepHBIX pPacCTBOPOB MPOU3BOJILHOTO COCTABA;

3) 1npu BBIBOAE YPaBHEHHM AJISl MPUONMKECHHBIX PAaCUETOB PAaBHOBECHI;

4) [ TeHepUPOBAHUS M MCCIEIOBAaHUS AITOPUTMOB IOTCHIIMOMETPHUECKIX METOJIOB aHAIN3A C
JMHeapu3anyeld KpUBbIX TUTPOBAHUSI.
[TyskThl 3 1 4 TPOWILTIOCTPUPYEM IPHUMEPAMH.

M3Bectayro dpopmyiy ms pacdeta pH OydepHOro pacTBopa, cocTaBiIeHHOro U3 KUCIOTH HB 1 ee
couy, mosryuuM u3 ypaBHeHus (10), mepenucas ero ¢ y4eTOM IpaHHYHBIX YCIOBUM 3a/1a4u B BUIE

-1
A= ;IC(HB) - K“—[IH]c(B) (25)
1+ K, [H] 1+ K, [H]
ITonaras A = 0, umeeM ypaBaenue [ enpepcona
c(B)
H=pK_ +lg———. 26
PH=PR*8 1B) (26)

W3 ypaBuenus (10), HakianeiBas Ha HEr0 OYEBHUIHbBIE M3 YCIOBHUS 3aJauyd OIpAaHMUYCHHUS, Hailem
ypaBHeHHUe rpaduka ['paHa Ui onpenesieHus COepKaHusi CYMMBl OCHOBAaHHMN TIPU TUTPOBAHUHU CHJIb-
HOHW KHCIOTOH. bynem momnarate, 9YTO Ha KPUBOM TUTPOBaHHA CyIIECTBYyeT oOnactb pH, B KOTOpoii cTe-
IIEHU IIPOTOHUPOBAHUSA kj, BCEX OCHOBAaHMH paBHBI euHULBL. OTCI0Aa CIEAYET, 4TO B KUCION 00s1acTh

— 0 0 0 0
(V + V10 = V" M) =V, 3 Ny =V, (H) =V, oy (H). 27
Touka nepeceuenust npsmoit (27) ¢ ocblo 00bEMa TUTPAHTa COOTBETCTBYET €T0 3KBHUBAJICHTHOMY

o6bemy V, .. . OTCIO/Ia HAXOAAT CYMMAapHYIO KOHIICHTPAITHIO OCHOBAHM ZN i

teq -

B 3akmroueHue oTMeTHM, YTO BIEpPBBIE 00Iee YpaBHEHHUE KPHUBBIX KHCIOTHO-OCHOBHOTO THUTPOBA-
HUS OBIIO OITyOJMKOBAaHO B pykoBojicTBe [9]. Ilpu BRIBOJIE YpaBHEHUS YIMTHIBAIH, TakKe Kak aBTop [1],
OayiaHc O TPOTOHY W YCIIOBHE JIeKTpoHeHTpansHocTH. OnHako ypaBHeHue [11], Tak ke Kak ypaBHe-
Hue [1], He ommchIBaeT cinydail TuTpoBaHUs am(ponuTOB. Pa3BeneHneM THTPyeMOro pacTBOpa THTPaH-
TOM B [9] mpeHeOperaroT.

B pa6ote [10] moka3aHo, 4TO OOIIKE YPaBHEHUS KPUBBIX HE TOJBKO KHUCIOTHO-OCHOBHOI'O, HO TaK-
e KOMIUIEKCOMETPUYECKOTO, OCAJUTEIILHOTO U OKUCIHUTEIBHO-BOCCTAHOBUTEILHOTO THTPOBAHUM
MOJKHO TTOJIYYHTH Ha OCHOBE 3aKoHa nocTosHHBIX oTHOMIeHuH (3110) [11]. IIpu BeiBoge Ha ocHoBe 3110
WCKJTFOYAIOTCA TPYIHOCTH, CBSI3aHHBIE C 3AIHCHIO YCIOBHS AJIEKTPOHEUTPATLHOCTH JJISi CUCTEMBI TIPO-
TOJIMTOB MPOU3BOJBHOTO COCTaBa. B gaHHOU paboTe 3TH TPYAHOCTU MPEOJOJICBAIOTCS 32 CUET KOMOU-
HUPOBAHUS ypaBHEHUS MPOTOHHOTO OallaHCa C ypaBHEHHEM THIPOKCHIBHOTO OanaHca. Mcnons3oBanue
3TOTO COYETaHWs AENaeT BBIBOJ OOIEro ypaBHEHHs Oosiee HarlsIgHBIM U, KPOME TOTO, MTOAYEPKHBACT
POJIb BOJIBI KaK MPOTOJINTA B 0ATAHCOBBIX COOTHONICHHSIX.
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GENERAL EQUATION FOR DESCRIPTION OF EQUILIBRIUM
IN ACID-BASE SYSTEMS

The equation has binge offered, which allows a unified description not only of the titration curves, but also of
buffers and other properties of arbitrary acid-base mixtures. The universality of the equation is due to the fact that
in the derivation of the equation the condition of proton balance has bring used in conjunction with the condition of
the hydroxyl balance, as well as Bjerrum’s function. A simple rule writing has binge formulated for the general
equation and its consequences. The generality of the equation is shown in several examples.

Keywords: acid-base reactions, buffer solutions, potentiometric titration, titration curves theory.
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