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3a.aa'lel H8CTOSIW81 pa6oTbl SIBHIIOCit BO.I:lpo6JI08 HCCil8LlOB8HK8 803MO:lKHOCTH paa'

.1:181l8BHII CTpoBIIBfl R 6&pllfl MeTO.I:lOM 811,8KTpocPOp838 B8 6yware 8 Cpe.ae BHTpHllOTpH

YJtCyCHOI a sTanes.aasaMHHTeTpayJtcycsol sacnoT. M~o~ upe.anonarana1 'ITO p83.aenH&He 

6y.aeT xopowaw aa c'leT 6on~tmol p~aBOCTH K.oHCTUT s:ownneJtcoo6p83088HKSI. Kpowe 

TOro~ yCilOBKfl 06p83088HHSI JtOMDil8JtC08 6apHSI H CTpoHIIBS C HBTpBilOTpHyJtyCyCBOI R 9TH-
/(/ 

ll8HLlH4MBHTeTpayJtcyCHOI KRCilOTaM)I 6biiiH _ p&Hee II¢Cil8.1:1088Hbl 1 D09TOMY Ll&HHas 

CI_ICTeMil 6i.usa no.cGtO.EiRweA .an• np68epJtH oTaoweaaa- welKLlY xownnexcoo6paao8a

BHew H 81l8JtTpocPOpeTH'I8CJtOI IIO.I:lBBlKBOCTbiO• 

Pas.aeneaaew weno'IB03eMenbKbiX sneweaToa ylKe paa~tme a&HBwancR ps.a a&To-
/:.l,3,4/ - , -

poa 1 Jto'l'op~o~e accne.aoaan& ycnoaas p83.aeneHBsr 9THX aneweaTo8 B pa3HbiX 

c~.aax. 

PaccwoTpaw peamuuo o6wero u.aa: 

II n+ B v•• 
• +a b • :=: lle~·•·ab)· +abB+, 

' ab 
I('. [lie X} {BJ 

(lle][B.,X]~ 
( [ J "BWpamaiOT axTBa• .ansr ltOTopoA XOKCTARTa·paaaoaeca• 

/5/ 
BOCTit maoa). Ku cne.ayeT II$ paGoT KOJICA4M18 • .ap. 1 .an• aewecTBa, ltoTopoe 

npacyTCTByaT 8 pacT80pe .ana snexTpocpopeaa 8 .aayx aa.aax c paaablwH paaps.aaM&1 

MO:lKBO B8JJBC8Tb ypa&H8HB8' LlllR CyMM8pHOI DO.I:lBR:lKHOCTR/ 8 BHLle~ 

r.ae u - cyMMapaas no.aaamHOCTb, u 
Me 

- DOLlBH:lKHOCTb lllen+ u 
Me X 

· (n·m. ab)· 
HOCT.. lleX • no.aCT88llSISI aaa'leaue K 1 s ypasaeliue( 1 ) '· noily'IHM 

npocTbiM npeo6paaosasueM H norapaq,M&posas~~:eM aaxo.anw: 

tg u - _!Ma..___ == Ill'' +.altc + a b pH 
~ex- a . 

C KOHUeHTp811HSI lJX= 8KTHB~OCTH. 

3To - ypasaeaue KpasoA, cepe.auaa KOTopoA-nelKHT B o6nacTH 

( 1) 

(2) 

( 3) 
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HOI 

pH= 
(c) 

4 

1 """Qb lA K' 1 It c• b b .f•O. ( 4) 

no.llBH)KHOCTH XHMH'l&CKH fiOXO)KHX HOHOB npH6llH3HTellbHO paBHbl Me)K.lly C06ol 

u :: u u = 
Me Me MeX 

1 2 I 

0TCIO.lla cne.llyeT,. 'ITO aauny11wee pas.lleneaue 6y.lleT 

.llBYMSI pH, paCC'IBT8HHbiMH no cpopMyne (4) .llllSI Jle
1 

u 
Me X 

2 

B o6naCTH pH1 orpaHH'l&H-

•;. 
'" 

Pac'l&T o6nacTu pas.lleneaus .llliH HHTpBnOTpHYKcycaol KHCliOTbl 

npe.llnOll0)KHM1 'ITO npH 9ll9KTpocpopese npOTBK89T TOllbKO O.llK8 p98KilHH 
2+ 2. 1-

Me + HX =- MeX + H • Hs aToro cne.llyeT1 'ITO a •lt b •1. 

Jlng p8C'IBT8 pa&BOBBCHbiX &_,OBCT8HT Mbl HCnOn¥yeM .ll8HHbl9 no KOHCT8HT8M YCTOI'l&-
- /1 6/ 

~OCTH H KOHCT88T$M .llHCCOilH81lHH KHCllOTbl ' 

lA K(8 •> =- 4,91 

lg K(Sr) = - 4,75 • 

. ..,3a KOHil&HTp&llHIO C B ypaa&eHHH (4) Mbl_ np&.llB8pHTellbHO npBM8M 8H8liHTH

'leCKyiO KoaneHTpa_nHIO. Tor .ll& 

Pl{sr) =4,7 + 1,3 = 6,0 

pll(Ba) = 4,9 + 1,3 = 6,2. 

Mo:~~<so ,~R.llaT&, 'ITO aauny'lwue pas.lleneu11 nony'l&TCH a o6nacTu pH =s,t. 

PacqeT o6nacTu pas.llenesus .llnsr aTune&.llH&MHHTeTpay~:cycaol KHCliOTbl 

np&.llfiOllO)KHM, .'ITO npoTeK&eT p98KilHR 

Me:!+ + H
2

f 2 " =Me r 2 + 211 

KoHCTaHTbl paaaoaecul 

K<.> •·- 7,1!1 

. K(~a) •- 8,66. . 

Mo)KHO pacc'liiT&Tb o6nacTH pH 

I 

a•l 
b-:2 

I
':;;,::·' 
~' . \ 

! 
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i
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8 cpeJlEf 9THileHJlHSMHHTeTp8yKCyCHOll: KHCIIOTbl MO~HO O:lKHJlSTb paa.aeneuue 

8 061ISCTH pH ~4,8 •. KaK BbiTeKaeT H.3 KOHCTSHT· JlHCCOUHSUHH I{HTPHllOTpHyKCyCHOII: 

H. 9THlleHJlHSMHHTeTpayKCyCHOll:. KHCIIOT, B paCC'IH"fSHHbiX o6naCTSIX Pl-:f fipH npH61IH3H

TellbHOll: oueHKe MO:lKHO npeue6pe'lb .apyi'HMH <iJopMSMH 9TH.X KHCIIOT• 

3KCnepuMeHTS1lbHSSI 'ISCTb 

B OnbiTSX npuMeHSIIIHCb 0,05 M pSCTBOpbl HHTpHIIOTpHyKCyCHOll: H 91'HileHJlHSMHH

TeTpayKCyCHOll: KHCIIOT 0,1 M no yKCYCHOii'.'KHCiloTe. pH pacTaopa yCTSHaBIIHBS110Cb 

npu6aBileuueM 1 M pacTaopa NaOH H H3Mepsrnoc& c noMO.UlbiO pH-MeTpa co CTeltnHKH&IM 
' 0 

sneKTpoJloM. To'luocT& H3Mepeuusr npu6nuaHTen&IIO ;t.0,05 pH. Hyneaaa no.aau~uocT.& 

onpe.aemmac& c noMOUlbiO rniOKo·a&I (pacTaop 50 MI'IMn), .KoTopasr nocne. o'biTa 6blna· 

npOSIBIIQHS tPTS1leBOSHHIIHHOBbiM HHJlHKSTOpOM npH 110°. npu61IH3HTelll>HO J j.I.II 0_05M 

pSCTBopa 6apHH H CTpOBUHfl K8BOCHIIHCb H~ 6yMary H UOCile OU&ITS npOSIBIISIIlHCb pacTao

pOM po.auaouaTa uaTpHH. OnbiTbi npoao.aunuc& a ycTauoaxe .anH snexTpo¢opeaa Me*JlY 
I 

CTeKilfiHHbiMH fillSCTHHKSMRo PaaMep fiOllOCKH 6yMSI'H BSTMSH Jll9 4 6blp B3HT · 4 X 34 ~ CMo 

SyMara 'lepea uenno¢aa 6&Ina coe.auueua c aau;uo'IKSMH .ani! ~mexTpo.aoa. npuMeuse-
' . 

MOe HSUpH:lKeHHe COCTS81Uin0 600 B H BpeMSI 91leKTpo¢ope3a-30 MHHo DOJl8H:lKHOCTb 
1'11 

uouoa ua 6yMare pacc'IHT&I&anac& no ¢opMynaM Kyuxensr H Tuccens • 

P e. a [II b TaT b1 

Hall:.aeuuag aaaHCHMOCTb no.a&H:lKHOCTH uouoa Ba .H · Sr oT. aellH'IHHbi pH 

pacTBopa a cpe.ae . HRTPHIIOTpHyKcycuoA KHCIIOT-hl uao6pa:lKe.ua ua puc;.. 1. Buiiuo, 'ITO 

nepexo.auas o6nacT& ne:lKHT Me:lK.ay aHa'leHBSIMH pH oT 6,'0 :Oo 8,0. Cepe.auua - 7,0 

(paCC'IHTSHO 6,1)~ 

Ha pucyuKa cne.ayeT, 'ITO a. 9THX. ycnoaHHX He111>3SI .ai>cTuruyT& a¢¢eKTHBHoro 

paa.aeneuJs. 
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Ha puc. 2 xpHBhle a, b ROX83hlB8IOT BIJHSIHHe pH H8. RO.llBH:lKHOCTb HOHOB CTpo&-

UHSI H 6apHSI B cpe.ae 8TBIJ9H.llH8MHHTeTp8.yKCyCH04 K8Cil0Thlo 0~eBH.llH01 ~TO RO.llBH:lK~ 

HOCTb HOHOB RpH aeCSonbWHX pH Mana B Cpa&B9HBH C -RO.llBH:lKHOCTbiO B Cpe.ae HBTpuno~ 

TpayxcyCHOI KHCIJOTI>Io C HOMOil.lblO XpOM8.TOrpa4JHH H8. 6yMare y.aanOCb .llOX8.38.Tb1 ~TO . 

B STHX yCIIOBHSIX B XHCIJ04 06118.CTH DpOHCXO.llHT 60ilbW8.SI COp6UBSio 

BepOSITH00 STO CBII:38.HO C ManOft paCTBOpBMOCTblO STHIJ9H.llH8.MHHT9Tp8.YXCYCBOI 

KHCIJOThl H peayllbT8.Thl1 ROily~eHHhle B 0,01 M pac:r&Ope1 COOTB9TCTBYIOT IIO.llBH:lKHOCTB 

CB060.llHhiX HOHOB H3 pHCYHK8. lo 

Kpuaag C aa puc. 2 nocTpoeaa c y~eToM nonpaaxu aa · a.acop6nu10 Be &a CSyMa-

re. Ha KpHBOI 'C' BH.llH01 ~TO Il~peXO.llB8.SI o6n8.CTb ne:lKHT B BBTepaane pH •510 H 

pH •61 cepeLtHH8. pH •515 (paCC'lHT8.HO H8.MH •·418) ·u ~TO 8 STHX yCIIOBHHX MO:lKHO 

p8.3.ll911HTb Gapul B CTpoHUBio Pe3yllbT8.Thl SKCI19pHM9BT8. Mhl HCROIJb30B&nB .llllJI pac~e

T8. B911H~HHhl • B b H3 yp8.BH9HBSI (5). 

rpa<tJHK 3 "ROK8.3hiB8.8T 38BHCHMOCTb norapu<tJMa KOJIJl8BTp8.UBB OT 

11 U - uu. 
UMx- U 

Ha rpa<Paxa BH.llBO, ~TO T8.Hreac DpSIMOI npuCSnH3BT91JWIO paaeH 1. rpa<Pux 4 

HOK8.3hlB8.9T 38.BHCHMOCTb pH. OT 

ll u- u... 
'L.r" 

-·lie 

B STOM cny~ae CS.buta c.aenaaa nonpa.sxa ua p8.3Hhle q,opww uoaoa sTunea.aaaMa&-

TeTpayxcycuol xucnoThle Taureuc paaea np~CSlDiaaTen~o~~o 2, ~To noxaah!aaeT ua 2 ao.ao

ilO.llBbrlr,::~IIJOHa, BhiT8CH8HIIhiX IlpH STOI p98.KllHHo 

3axniO~eaue 

( 0 no:xaaaaa B03MO:lKHOCTb IlpH61JH3HT911WIOro pac~eTa o6nacTH pH1 npurO.llHOI 

• .anSI paa.aeneBHH CSapas u cTpouuuz snexTpo<PopeaoM aa 6yMare a uuTpanoTpayxcycuol 

H STHIJ9H.llB8.MBHT9Tpayxcycaol KHCIJOT8.Xo 

2. noKaaa~a B03MO:lKBOCTb paa.aenesaa CSapua H CTpOJIJlBH B oCSnacTH pH •513 

npH KOHU9HTp8.UHH STHIJ9H.llH8.MHHT9Tpayxcycaol KHCIJOThl 0105 M B 6y4JepkOM p8.CTBOp8 

yKCyCHOA KHCIJOThl 38. apeMH SQ MHHYTo 

: s. noKaaaaa B03MO:lKHOCTb ucnonb3o&aHBa snexTpo<tJopeaa ua CSyMare .anz npoaep

KH npa611H.:3HT91JbHhlX COOTHOW9HHI DpH o6p&30B8.HHH KOMDIIQKCA. 
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B 3axmo'!eaae C'IHTaeM caoaM .aonroM Bhlpa3RTb 6 naro.aapaoCTb A. H. KnaMoa

cxoA 3a noMOUlb a axcnepaMeHTanbHol pa6oTe H n.K. Tapacoay 3a noMOUlb npa no.a

roToaxe pa6oThl a ne'!aT~>o 
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Puc. 1. 3asHCHMOCTb nO.llBHlKHOCTB tSapaa H CTpoBIIHH OT pH B cpe.ae HBTpBnOTpB
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B . " . Q. c· 110n p~tiCO+t 

I 

f~H 
PHC, 2, 3aBHCHMOCTb OOLlBH)I(HOCTH 6apHSI H CTpoHUH.II OT pH B cpe.ae STHlxeHLlH8MHH

TeTpayxcyCHOlt KHCnOTbJ, nonp8BK8 C.llenaHa 00 <j>opMyne U = U , _1_, 
. ' ' :u H Rf 

( Rf ycTaaosneao c noMOWbiO xpoMaTorpa¢'W aa 6yMare B pacTsope EDTA 
B onpe.aeneHHOM pH ) , 

n 
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a;) 
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38BH.CHMOCTIY-· 11 U - IO.te -14 C OT 

tt._ - u 
UOUp8BK8 H8 R3M&H&H~~~OHU&HTp8UHR 

pH. B STOM cny'lae 6blna caenaHa 

(Hll J'1 UpR H3MeH&HHJ! pH. 


