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AMAJIbTAMHO-NOJIIPOTPA®UYECKOE NOBEJAEHUE TAJJIHA

0. C. CTEITAHOBA, M. C. 3AXAPOB

(Ilpeacrasseda Hay4yHO-METOAHYECKHM CEMHHAPOM XHMHKO-TEXHONOTHYeckoro daxynapreraf

B npomomxkeHne pa6or mo amaabramuoil noasporpaduu {l—4] Hamu
M3yuaJ/ochb aMaJbraMHoO-NoJsgporpaduueckoe NoBejeHte raJjus B PasiHuHbIX
ssiektpoautax. HMcecnenosanusa npoBoansauch Ha nossiporpade tuna 7-77-4b
B 3JeKkTposH3e, onucaHHoMm B [5]. CranaapTHbHle pacTBOPH Tad/uss TOTOBH-
JHCb PACTBODEHHEM HABECKH METaJJIHYeCKOro ra/jisd B MHHHEMaJbHbBIX KOJIH-
yecTBax (MOCTATOYHBIX A5 pacTBOpeHust) 4—5 N CONAHOH KUCJOTBI [pH
remneparype 18°C. Ilocne pacTBOpeHusl HABECKH COAEPKMMOe KONGOUKH L0-

BOJUTCA 10 METKH TpH)K:lbl neperHauuoi Bonoi. Pacreopu 1.10° 107 M
I'OTOBHJIMCh HYTEM [OCTEJOBATEJNbHOT0 pas3GaBiAeHHd M NOAKHCAAIKCH
2 ma 1 w HCI,

HspecTso [2], uTo aHOAHBI 3y6el ranius moaydaercs na ¢one 0,1 N
NaSal - 0,1 N KCI. B kadecTBe oHOB HaMi GbliM ONPOSOBAHBI CAEAYIOLLNE
pactBopsnl: 0,IN KCI; 0,IN KNO;; aueratunit 6ygep (pH 4,6); 0,IN NacCl;
01N KCNS (pH 4,6). Ha nepeuncienunix GoHax BNepBblie NOJydYeHbl aHOA-
Hble 3yOubl raaaua (rabda. l).

Ta6anua 1

Amaabramuo-nonsiporpaguueckoe noBeAeHHe FaAiUs Ha HEKOTOPHIX GoHax

Pomn ‘ C Ina ¢. B aHoI. nH-| ¢, B Kartojl.
2-UOH[# ’ Ka (Hac. k. 3.) | nuxa (rac.x.3.}

0,1 N KNO, pH5 1.1073 13,8-1077 | —0,80 —1,15
0,1 N KCl 1.1074 59,2.1007 | —0,85+-—0,9| 1,1
0,1 N NaCl 11077 62.10% | —0,9+-+0,95 —
Anerathslii Oydep 1.107% 21,6.1077 | —0,7+-—0,75 —
0,1 N KCNS 1-1074 43.1077 | —0,8:-—0,85 -
0,1 N KCI+ .

+0,1 N NaSai 1.107% | 22,5.1077 -0,8 —1,2

Haxonsienne ranjusi npoBo/1uJioCh NpPU NoTeHuuaste-— 1,4 8 (Hac.K.3.) .
Ilpu sTtoft BenuuHHe NOTEHUHaNa IS FalI¥sa JOCTHraercss AHGQY3IHOHHbIH
TOK (pHC. 1,2).
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Ins yerasoB/ieHHst 06paTHMOCTH NPollecca aHOAHOrO OKHCJAeHHs TaJlIus
Ha H3y4YeHHBIX GOHAX HAMH OblLIO HCHO/b30OBAHO BhipayKeHue, HMellliee I

I”Ka 1 Mnu

L6 ﬂ e

J LT |
. 1/\/ N o3 \J L// :

sl

-0.8 -3 -18 -23 -2.8 -33 -38 -8 -3 . -8 =23 -28 -33 -38
P (wac.x2) © B(nac.x.2)
Puc. 1. Bananne noreHiuana sanexTpo- Puc. 2. BausHue noteHnuana snexkTpo-
AM3a HA TAYIHHY aHOAHOro 3y ua AM3a Ha ray6uHY  AHORHOTO. 3youa
raajqiua sa oHe ancrtatdoro Oyde- ranaga  Ha ¢ore 0,1 N KNO; pH.
pa pH 46.

o6paTHMOTO aHOAHOrO npolecca B cayuae JiHHefHON nojybeckoHeuHod Aug-
dy3uu creayrowmuit Buz [11]:
. _ooRT

¢l — $npe = Q’Q_Z—F .

B nawmewm cayuae, rae uabawojaercs c@epuueckas AudPy3us H3 KOHeY-
HOTO o0beMa MNpH MeNJeHHO U3MEHAIOUEeMCA NoTeHuvaJje, NPUMEHeHHe
3TOr0 yPABHEHUS, NO-BHAHMOMY, HE BHECET 3aMETHOH OUIMOKH B pe3yJib-
tTaThl pacuerta. Ec/iu Obl raaaufl OKMCJaAJACH OOpPaTHMO, TO 9% — ¢4 ,=
=0,0177 6. M3 ommITHEIX JaHHBHX Ha BceX Qonax ¢f— ¢f,3>0,0177.
CnenosatesbHO, HA BCceXx (OHAX
raJaJuil OKUCASETCA HeoOpaTHMO,

[Tpy cHATHH AaHOAHOH MOJS- -
porpaguy B HHTepBaJse KOHLEHT-
pauui 1-10 ¢ r-won/n—3-10 —* >
r-MOH/1 Ha Bcex QoHAax TMpH \Y
pH 3 + 5 noayuaercs asoiHOH "\
- ayGerni ranaus (puc. 3). Onpnu
3y0el noJjiyuaercsi NPH HOTEH-
uvane—1 8, a gpyrod—npu no-
tennnate — 0,8 2. PesyabTathl \/
UCCAefOBAaHHI MOKAa3biBaloOT, UTO -ksp —> 9
3yGel npu Oojiee OTPULATENBHOM . _ l ,
noteHuuase oOGYCJOBJEH = aHOA-
HbIM pacTBOPeHHEM raJjJus ¢ 00- ‘

|
06 mua

o Puc. 3. IIsofnoit 3y6Gew ranava Ha
pa3oBaHHEeM TPYLHOPACTBOPHMOIL pote 01" NKCI-0,1 N Nasal Cy, —
IVIEHKH  THADOOKHCH  raJljIHg 1.10-% 2o 001 car @
Ga (OH); Ha noBepxXHOCTH PTYT- = '3]0 2'_”0_”3‘& r}a‘_g e
HO# KafJjH, KoTopasi o6pasyercst =300 eex; 1,=0- af MM,

H . CyllecTByeT B HHTepBaJe gon =14 8 (Hac. x. 3); =800 usnun
pH=3 +9 [6], npensarcrays \
LajbHellIeMy OKHCAeHHIo ranaus. [1pn 60abHIok aHOAHON MOJSPH3ALKH, 10-
BHIUMOMY, NIPOHCXOANUT NPOHHKHOBEHHE aTOMOB raJJinsd CKBO3b IJIEHKY, KOTO-

. _ 39



Im

0

0.

10

o A o e

pble OKHCASTIOTCAY U B pesyabTaTe 3TOFO HOJyYaeTcs BTOPOH aHOMHbI sybeu
npu Gosiee MOJNOKHUTENLHOM moTenuuade. 3yGel npu Gosize OTPHUATENBHOM
foTeHnKase, OOYCJAOBJAEHHEH o0GpasoBaHHEeM TPYAHOPACTBOPHMOH MJIeHKH
Ga (OH)s, octaeTca npakTHUeCKH MOCTOSIHHBIM B HHTEpPBAJe KOHLUEHTpALHi
1-10-6—1-10"* r-woH/n raagus B pacTsope 3a BpeMs 3JIEKTPOJH32
10 mun. na pasubix QoHax (puc- 4,5).

Kak BuaHO u3 puc. 4,5, nonyueHHble KPHBLE AHANOTHYHB, TOJBKO NPH

pH 4,6 anonubiii syGeu npu Gosee OTPHIATENBHOM MOTeHILHANe HEMHOTG

MEHbIIE MO BeJMUHHe, YeM TOT e 3yGew npu pH 3,2. Dto Bnosxe monsaTHo,
raK Kak npyu pH 4,6 ruapookucu raniust Beinagaer Godbiue, uem npu pH 3,2,
TaK Kak npu 3ToM sHayennn pHona Tonbko Haunnaer o6pasoBriBaThes. [lo-

KC I“Kq .

21 -

pH 4.6 100 2
2y pH 3.2 Vel

e
i /

- :

T A

0.10
- 0* 0™ io~® =2 10°%
Cr z-uon/n Cs z-uon/n
Puc. 4. Viameuenue BLICOTH HBNHHOTO Puc. 5. VisveHenue BLHICOTH NBOFHOrO
3y6ua raanus OT KOHIEHT: auHd HOC- 3yfua raaaus OT KOHUEHTPAUUu mnoc-
AenHero B pacTeope Ha (poHe aueTart- AenHero B pacrsope  Ha (bOHe
Horo 6ydepa. 0,l NKNO;+4-n 1 N HCI (pH 3,2).

CTOSIHCTBO IO BeJMYHHE aHOLHOro 3ybua mpu GoJsiee OTpHIlATENbHOM MOTEH-
uuajie, obycaosieHuoro mieukoit Ga (OHj), MoxAC OOBACHHTL TeM, YTO
KHHETHKa TIpoUecca onpeaessieTcsl CKOPOCThio AH(HY3NH aHHOHOB K MOBEPX-
HOCTH 3JeKTpoja.

B pa6ote 3. A. 3axaposoit [12] Geliu uccae10BaHbl JABOHHBIE 3YOUbI
MeIH B HEKOTOPbIX (hoHaX, o6ycaoBJeHHble 06pa3oBaHHeM TPYAHOPACTBOPH-
MBIX COEAMHEHHI MelAu Ha fOBEPXHOCTH PTYTHOH KallIH, H NPELJOKEHbl HO-
Bble METOAbI U MPHEMbl U3YULHHUS UX MPUPOLL.

Bosbluo#l uHTEpeC NpeacTaB/seT HCHOAb30BAHHE B aMaJblraMHOH noJs-
porpaduu pacuernoro Mmerosa [7]. Hamu 6binin paccuurtanbl noasporpaduye-
CKH€ XapaKTePHCTHKH ¥ HEKOTOopble Ko3(pHulIHeHTb AJs TalJusl Ha nepe-
YUCJEHHBbIX (DOHAX.

Uccnenopanus npoBouinchk B o6beMe oOHA 5 M4, CKOPOCTb H3MEHEHHUSA
notTeHnuasa 666 Mp/muH. BaKHBIM yCJIOBHEM JJf MOJYUCHHS NPaBHAbHBIX

pe3yabTaToOB ABJAAETCA NMOMHOE yAaJdeHue U3 pacTBopa KUCIOpOoAa OYHLICH-

HBIM BOLOPOJOM HJIH 330TOM.

Ins Toka aHomHoro 3y6ua (/. @), ANS TOKA [PeLBapPUTENbHOIO 3JeK-
TPOJiM3a NpPH NepeMelHBaHUH pacTBopa (/;, a) #H AJA TOKd KaTOJHOTO NHKA
I3, ) umeem cootHowenus (7], rae C; u Co—KOHUEHTPAUHUA HOHOB MeTaJjna
B pactBope (r-woH/i) H atoMon MerasJa B amajbrame (r-at/a); Ki, Ko.
K3 — KOHCTaHTHl 3JeKTpPoaH3a, aHOAHOro 3ydlla H KaToAHOro NMHKa (a. cM.
MoJb ~!'); S— nOBEpXHOCTH PTYTHOTO MUKPO3JEKTPOAa, cM2 Mexny TOKaMH
s, I, I3 mosyueHs! TPH COOTHOIIEGHUSI:
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I, _K, C,

PTG
I, K, C»
T, K, G

KpoMe TOro JIONOMHUTEIbHO MOXKHO HANHKCATh TPH COOTHOUIEHHST MEXKILY KOH-
CTAHTAMHM ¥ KOHUEHTPAIUAMHU:
_ K, K, G,

; T 3 T
(? Kg ° Kl TK Cl

TA€ Y, {35 Tw> Td» Yo Tx — KO2(PPULHEHTH nepeMelmIuBanus, 3JA€KTPOJHU3A,
uyB TBUTEALHOCTH, PopMbl, ocaabienus U KoHuedtpyposauus. Jlas yno6-
CTBA CPABHEHUS aMaJbFaMHO-NOJAPOrpadHUecKUX CBOHCTB Trajius C Ta-
KOBBIMH JAPYTHX 3JEMEHTOB NOJYUeHHble NOJAAporpaduueckue XapakTepH-
CTUKH U1eJec000pa3HO NPHUBECTH K BbHIOPAHHBIM CTAHAAPTHHIM YCJAOBHSIM.
3a craHgapTHbe YCJAOBHsS BbIOpaHbl TakKHe:

¢ =500 a.cm. moap1;
79 = 100;
__ w® = 102 g/cex,
#° = 25°C, rge ® — CKOpPOCTh H3MEeHeHus noreHuuansa. Torjga
K¢ 500Z K3 S o K8
= L=y =1 10 == 7 =—2-100; 7§=—2-100.
= ge T Ky TeT e ToTEn7t BT R0z e

OnbiTHHE M pacyeTHHE JaHHble NpeACTaBleHbH B Taba. 2—4.

a
]

Il

Ilo monyyeHHBIM AAHHBIM MOMKHO CAeJaTh BBLIBOJ, UTO MPH OXHHAKOBOM
'nepeMemHBaHnH H OJHHAKOBOM KOHH@HTPHPOBHHHH ‘-IYBCTBHTEJII)HOCTI) OHPE-
nenenus rannxs Ha ¢oue 0,IN KCl Soabuie takosBoit Ha ¢done 0,IN KNOs.

Jlag rannaus B OOHOM UM TCM K€ pPacTBOPE 3JEKTPOJIHTa LIMPHHA MOJY-
3y6na. (0), Kak MokasaJju HallK WCCJIeJOBaHUs, He 3ABHCHT OT KOHUEHTpalHH
raJdius B pactBope H amaJjbrame (taba. 2). DTH pe3yapTaThl COBNALAIOT
C pe3yJbTaTaMH, NOJYYEHHBIMH B {7] AJas APYTHX 3J1€MeHTOB.

[Ipuuem uem GoJablie THHPKHA MOJy3ydLa, TeM MeHblle raybuHa 3y0Oma
W MeHblue 3HayeHusi KoHcTaHTH Ky”. Takum oOGpaszoM, UMEIOTCS OCHOBaHHA
CYUTATh, YTO KOHCTAHTa aHOJAHMOro 3ybua Oyrer o6paTHO NpONOpPLHOHAJNbHA
IHHpHHe noaysyoblLa.

Hami BhuHCHCHH SHauemna 2 2 , rae Ky, m 81, Kj, u 8, —

Ky ® | ' |

KOHCTAHTa 4HOJHOIO 3y0ua W IHPHHA [0Jy3ybla B IEPBOM H BTOPOM
anexkrpoautax (tada. 4).

M3 Tabs. 4 BUAHO, UTO COOTHOIUEHHUS MEXJIY KOHCTAHTAMH IPHMEPHO
COBMAJAIOT ¢ COOTHOWIEHUSMH LIHPHHE MOJY3yOUOB. ITOT (HDAKT yKA3H-
BaeT Ha TO, YTO pa3iuuMe Mex1y KOHCTaBTaMH K, o0ycioBJeHO pas-
JUYHOH CTeneHbl0 HeOGpPATHMOCTH 3JeKTPOAHOro mnpouecca (pasanyHO#
WHpHHOH [oaysyobua). _ '

Hccaenosano sausiue pH cpexbsl Ha aHOXHBIE M KATOXHBIH TOKH
raJjds Ha YKa3aHHHX (OHax. YCTaHOB/JIEHO, 4YTO B KHCJIOH cpene
{pHI1 + 2,8) BocCTaHOBJEHHE Ta/J/iHA 9KPAHUPYETCs Pa3PsAAOM HOHOB I'HA-
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pokconua (H;O7t), B HelTpanbuoli cpele pacTBOPHl TaJlHf [HJAPOJIH3Y-
JOTCS, B LEJOYHOH — CYIIeCTBYIOLINEe HOHBl TaJJHs B H3yUeHHOM HHTEep-
BaJe MNOTeHUuaJoB (10 — 2 BOJbLT) HE BOCCTAHABJAHUBAIOTCH B PTYTHOHR
kamae [loasporpadupoBarue ran/iusg HeoOXOAUMO HNPOBOAHTL B Gydep-
HOM pacTBope ¢ pH3 -+ 6.
) Ta6auma 3

o

CrangaprHble 3HAYEHHS1 KOHCTAHT M noasporpadyyeckux XapakTepHCTHK
aHoaHLX 3y6uoB

0 it 0 0 0
Pon elacw | K) [ K3 [ K | a0 | G| 8]

0,1 N NCI 11.1073| 1500 |243,4| 52,5 | 0,16 | 4,6 | 100 | 28,4 16 | 463
0,1 N KNO, 11.10-%| 1500 |238 |90 |o0,16 |2,8 [100 |18,3] 16 | 283

Ka/m6poBounrle rpaguku AJdsg TajjHs B IIHPOKOM HHTEpBaJe KOH-
wenrpauui 1.107°= 1.10-%r-non/sn na ¢owe aueratuoro 6ydepa ¢ pH4,6
HMEIOT NPAMOJIMHEHHBIA Xapak-
Tep, 4Yero He HaOJM0AaeTC B
He3abydepHbx pactBopax. Br-
SICHEHA MHHMMAJbLHAS KOHUEHT-

Tabanna 4

3Hayenne COOTHOLIEHMA AJSl TadJaug
Ha pa3inyHbIX doHax

s 1 R pauusi ranjMs, olpejesseMas
- don — —= mertonom AITH B yc/l10BHSIX npo-
Koa % BEeAE€HUA OIBITA:
r=20,04cm;
NaCl 0,1 N :
KNO; 0,1 N 0,76 0,7 Vg =5 M
KNO, 0,1l N @ = — 1,4 B (HAC. K. 3.);
Auerar. Gygep _ 0,87 1 == 800 cex; Ki =9-10%
NaCl 0.1 N i,=3-10"%a/ux.
Auerar. 6ydep 0,71 0,69
B aTtux ycaoBusix OT KOHLEHT-
KNO, 0,1 N , s
1,31 1,4 pauuu 1.107° r-voH/n raaaus
NaCl 0,1 N MOJNy4aeTcss AHOLHBIHE  3y6el
Auerar. Gydep : B 7 mMMm. UyBCTBHTENLHOCTE TIO
KNO, 0,1 N R 1 raJi/iiio MOXHO TIOBBICUTb IIDH
Auerar. Gydep TLATELHOR OYHCTKE a30Ta OT
NaCl 0.1 N 1.5 1,4  CU€MNOB KHCIODOJA, €CAH yBe-
, , JUYHTL BPEMS BJEKTPOJH3a (10

t = 3600 cex), yMeHbUIKTb O0B-
eM (QOHOBOTO pacTBOpa M paGoOTaTh HAa MAaKCUMaJbHOH YYBCTBHUTEJbHOCTH
npu6opa. YUHTHIBAS CIOCOOHOCTb TaJlius J2BaTh MHTEpMeTA/IHYeCKHe CO-
eauHenus ¢ Pt, Au, pryTHyo Kamio He06X04HMO MOABEIINBATH HA cepel-
paHoft mpososouke. [TOBLICHTL UYYBCTBHTEJNBHOCTb MO TAMJIHIO MOXKHO C
NOMOLIBIO TJIEHOYHOTO 3JekTpora [9], ecam nOOHTBCS MHHHMAJBLHOTO
3HAYEHHSI OCTATOUHOro Toka [10], - :
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