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PaspaboTaH cnocob 3KCrnpeccHOro BONbTaMnepoMeTpUYeckoro ONpeaeneHna TAXenbix MeTannos
B NPUMPOOHLIX BOOAX C MCNONB30BaAHWEM HETOKCWUYHONO TONCTONNEHOYHOro MO.EI.H¢JHLI,MDDBHHHOFO rpa-
cutcopepxatlero anekTpoga u NporpaMmHoro obecneyeHusi, OCHOBAHHOIO HA METOAONOTMKM «Pac-
nosHasaHusa obpasos». Bpems opHoBpemeHHoro onpeaenexus Cu (1), Pb (1), Cd (1) u Zn () co-
crasnaeT 3 MUHYThI. MPaBunbLHOCTL PE3yNLTATOB aHanuaa NPUPOoAHbLIX BoA pa3paboTaHHbIM Cnoco-
6om noaTBEepXAEHa COrnacoBaHNem ¢ aTOMHO-abCcopPBUMOHHON CNEeKTPOMETPUEH.

Knovessie cnosa: MHBEPCUOHHAA BONLTAMNEPOMETPUSA, THXENLIE MeTannkl, COBMECTHOe onpepene-
HWe, MOAMPULMPOBaHHLIE 3NEKTPOAR!, pacno3aHasaHue 0bpa3os.

Mapwaxos Cranncnas UBaHoBNY — KaHgupar
TeXHUYeCKMX HayK, noyeHT xkajdeaps: OMAG roy
BINO «Ypanscknii rocyaapcTBeHHbIA TEXHUYEeC-
xkmid yumsepcuret — YIW», HayyHbli pyxosoau-
Tens naboparopun BLIYUCTATENIEHOW TEXHUKM
YITy-YIiin.

O6nacres Hay4HbiX MHTEPECOB: aBTOMAaTH3a-
LMS SKCMTEPUMEHTAaNIbHbLIX HCCNEe[O0BaHNH,
npubopHan asBToMaruka, pa3paborxka v aBTo-
MaTU33aUNT TEXHUYECKUX N TEeXHONIOrHYecKnx
cucrem o6paboTku MeTannos 4aBneHueMm.

Asrop cebiwe 100 nybnukaywii no nepeyunc-
NEeHHBLIM HanpasBieHusaM.

Anewunna Jliogmuna BukropoBHa — Hay4YHbIi
COTPYAHUK kKagenpsl xumMuu YpanscKkoro rocy-
[apCTBEHHOro 3KOHOMWYeCKOro yHUBepcure-
Ta.

O6nacTe Hay4HbIX MHTEPECOB: 3/1eKTpoaHa-
nuTUYEecKan XuMua, Merogmieckoe obecneve-
HUe BOJIbTaMINepoMeTPHUYEeCKOro aHanun3aa.

Ony6sukoearo 20 pa6or.

Croxxo Haranss lOpsesHa — kangu[ar
XMMMWYECKUX HayK, AOUEHT kadenpsl XumMumu
Ypansckoro rocyaapcreseHHOro 3KoOHOMMUYec-

KOro yHuBepcurTera.
O6nacTe Hay4yHbIX MHTEPECOB: UHBEDCHOHHAaN
BO/IbTAMINEPOMETPHUA, MOGUPULMPOBaHHbIE
3NeKTpoAbl, CEHCOPbLI, [aTYUKH, SNEKTPOXHUMMN-
YECKHUA MUKPOAaHaIN3.
Ony6nunxoBano cebiwe 120 pabor.

bpasinnna Xvena 3anmaHoBHAa — [OKTOP
XUMUYEeCKNX HayK, npogeccop xagdenper Xummum
Ypansckoro rocyaapcrBeHHOro 3KOHOMHWYecC-
KOro yHMsepcurera.

O6nacTe HayYHbIX UHTEPECOB: TEOPUS METO-
0a WHBePCUOHHOM BOSILTaAMNIEPOMETPUH,
mMoanuUMpoBarHbie 3NeKTpoabl, 6U0 U nMMy-
HOCEHCOPbI, [ATYUKN, INEKTPOXNMUYECKUIA
MUKpOaHanusa.

Ony6nukosano ceeiie 350 pabor.

Junynosa Nanuna HukonaesHa — goKTOP
XUMHYECKHX HayK, npogdeccop kaenps: opraHmn-
qyeckoi xumum FOY BI1O «Ypansckwii rocygap-
CTBEHHbIA TexHuw4Yeckni ynnsepcurer — YITH».

O6nacTp Hay4YHbIX UHTEPECOB: CUHTE3 U
uccnefgosaHne CBOMCTE reTepoynKInYecKnx
coegnHeHni, popmMazaHoB.

Ony6nukoBaHo csbilue 250 pabor.

ﬂnﬂ PEIEeHUA 3a/]a4 3KOJIOTHYEeCKOro U mpo-
MBILIEHHOTO MOHHTOPHUHTA BECbMa aKTyaJbHBIM
SIBJIAETCA CO3/laHHE SKCIICPTHHIX aHATUTHYECKHX
CHUCTEM, CIIOCOGHBIX B PEHHUME PEASILHOI'O BpEMEHH
[PEIOCTABIATD MOJHYI0 HHPOPMALHIO O COCTaBe
CJIOKHBIX, MHOIOKOMITOHEHTHBIX OOLEKTOB HCCJIEI0-
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BaHHWA. MeTo{ MYHBEPCUOHHOM BOJIbTaMIIEPOMETPHH
(MB). kak Han6osiee YYBCTBUTENbHBIN, POCTOM U
9KCITPECCHBIN METO/T 3JIEKTPOXUMHYECKOro aHATH-
3a, MOET OBITh C YCIIEXOM NPUMEHEH [IJIf CO3IaHUA
BIEKTPOAHAIM THYECKHUX CHCTEM OTNIEPATHBHOTO pe-
arupoBaHMUsA HA UBMEHEHHE KOHLIEHTPALMH TOKCHY-
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HBIX BelleCTB B OKpYyuKaroliei cpene. OCHOBOH Ta-
KHX cUcTeM, 6e3yC/IOBHO, I0MHBI CTATh HAEIKHbIE,
HETOKCHYHBIE, MUHHATIOPHBIE U JIELIEBbIE JaTYH-
KW HH(OPpMaIIHH (9JIEKTPO/IbI, CEHCOPEI), obecIiedn-
BalOILIE BHICOKYIO YyBCTBHTEIBHOCTD M CEJIEKTHB-
HOCTb K MAKCHMaJIbHOMY YHCITY KOMIIOHEHTOB aHa-
nusupyemol cucreMsl. Hanbosee 1ojHo nepevuc-
JIeHHbIM TpeboBaHUAM YOBJIETBOPSAIOT, TAK Ha3bl-
BaeMbl€, TOJCTONJIEHOYHEIE rpadHTCoAepKAILHE
aJieKTpoasl [1-3].

Panee Hamu 6611 pazpaboTaH HETOKCHYHBIN TOJI-
CTOIIEHOUHBIH MogudHIIMpoBaHHbIH rpaduTco-
nepmxauii anexrpo/ (TMI'3) s KOHLIEHTPHpOBa-
HUA U onipefenennd nonos Cu (II), Pb (II), Cd (II) u
Zn’ (II) MeTogOM aHOHOM HHBEPCUOHHOI BOJIETAM-
rnepoMeTpHH. B kayecTBe Mo dHUIIMpYIOLIETO pea-
reHTa 6bUJIO BIGpaHO coeiMHEHHE Kilacca popMa-
3aHoB: 1-(0-xnopdennn)-3-dbenun-5-(6-meTui-4-
okco-TMpuMUIMHUII-2) dopmasaH (P 3) [4]. HuxxHaA
rpaHMIa orpeJelaeMbIX COIEPKaHHH ¢ IIOMOILbIO
TMI'3 coctraBnsger 5 Mir/ oM V1A ITMHKA, 0.2 Mir/av®
jnda kagmusa, 0.5 mxr/am® 1isa cBHHIIA U MEOH TIPH
MPOAOIKUTENIBHOCTH KOHLIEHTPUPOBaHUA 2 MUH.

1111 yTIpoILIeHH A AJIFOPUTMOB 3J/IEKTpOaHaIu3a ¥
GBICTPOro NOMY4YEHHUA aJileKBaTHOH MH(OpMalHH 0
CcOCTaBe MHOTOKOMITOHEHTHBIX PaCTBOPOB LieJ1IEC006-
pa3HO IPHMEHEHHE XEMOMETPHYECKHX ITOJXOA0B Ha
OCHOBE MaTeMaTHU4YECKUX MeTOJI0B 06paboTKU aHa-
JIMTHYECKOrO CUIHAJIa ¥ I10C/E/[yI0Lero aHajiuaa
BOJIbTaMIIEPHBIX KpUBBIX. OAWH U3 TAKHX ITOJIXO/I0B
6blJ1 peajlM30BaH B CEHCOPHBIX CHMCTeMax THUMa
«3/IEKTPOHHBIHN A3bIK», 06121210 MX HEBBLICOKOM ce-
JIEKTUBHOCTBIO, HO BBICOKOH ITIEpEKPECTHOH YyBCTBH-
TeJIbHOCTBIO K KOMITOHEHTaM pacTBopa [5-7]. MaTe-
MaTHyeckas obpaboTka CUIHAJIOB TaKOM MYJIbTH-
CEHCOPHOH CHCTEMBI CBOJIMTCA K PELIEHHIO CHCTE-
MbI YpaBHEHHH, CBA3LIBAIOLIHMX BEJIMYUHY TOKa
Ka/IOro ceHcopa ¢ KOHLEHTpalysaAMU olpefjese-
MBIX 3JIEMEHTOB B BU/IE CJIOKHOM MHOroMepHOH Ka-
JTUOPOBKH.

B ciyyae Mcrnosib30BaHHA OJHOIo ceHeopa, Ipo-
SIBJISIIOILIET0 YYBCTBHTE/ILHOCTD K 60IbIIIOMY YHCITY
KOMITIOHEHTOB CMECH, 4aCTO BO3HHUKAIOT TPYAHOCTH
ro pacurugpoBKe BoJIbTaMIleporpamMm, o6y c/IoBJIEH-
Hbl€ B3aUMHBIM BJIMAHUEM 3JIEMEHTOB, UCKAKEHH -
€M aHAJIM THYECKMX CHTHAJIOB 3/IEMEHTOB, [IepeKphl-
BaHHEM ITHKOB U T.[. /1 U3BJIeYEHHMA ITOJIE3HOH H
KOpPPEKTHOMN HH(pOpMAaIIUU ITPUBJIEKAIOT COBPEMEH-
Hble METOABL! 06paGOTKH MHOTOMEPHBIX JJaHHBIX (Me-
TOJ I'IABHBIX KOMITIOHEHT, K1aCTePHBIH, (pakTOPHBIH
aHaJIM3, HeHpoHHbBIE ceTH) 8-10].

B kadecTBe ceHcopa B 3THX paborax o6s14HO He-
[10Jb3yeTcA PTYTHBIN a/1ekTpoa. OJHaKO HOBHIH 3a-
KOH EBporiefickoro colosa 1o xMuMH4eckoi 6esomnac-

HOCTH 3arnpellaeT NpoOU3BOJCTBO U NpHMEHEHHE
XMMHYECKHX BeleCTB ITOBbINIEHHOH OIIaCHOCTH,
CIIOCOBHLIX K HAKOIUIEHHI0. YUpesBrIYaiHasA TOKCHY-
HOCTb PTYTH - 3JIEMEHTA [1€PBOr'o KJiacca OIacHOCTH
- AeaeT Heo6XOAMMBIM M aKTyalbHBIM NPHMEHE-
HHE HOBBIX HETOKCHYHBIX 9JIEKTPOJHBIX MaTepHa-
710B JU/1 TIOJTHOTO U3'bATHUA U3 aHA/IM3a PTYTbCOAEP-
JHallMX 3JIEKTPOJIOB.

[ens vacToAme#R paboThk! cocToAana B paapabor-
K€ dKCIpeccHoro criocoba aHaln3a [IpUPOAHbIX BOJ,
Ha co/iep7KaHHe THAXKEIbIX METAJIJIOB C HCIIO/L30Ba-
HHEM HETOKCHYHOI'O 3JIEKTPOJa U IpOorpaMMHOro
obecrie4eHH, CTIEIHANBHO pa3paboTaHHOTO K BOJb-
TaMIepoMeTpPHYecKoMy aHanu3aTopy «MBA-5».
[lericTBHE MpOrpaMMbl OCHOBaHO Ha MOAH(DHIIMPO-
BaHHOMW /11 HHBEPCUOHHOM BOJILTAMIIEPOMETPHH
METO/I0JIOTHH «pacriodHaBaHUA o6pa3oBy.

IKCHepHEMEHTAJLHAN 9YaCTh

B pa6ore Hcno/b3oBay peakTHBLI KBaJIM(pHKA-
LIMH 0.C.Y. HJIH X. 4. JUIsl IPUTOTOBJIEHUSA pacTBOPOB
HCIIO/Ib30BaIH GU A CTUIIIHPOBaHHYIO BOAY, AOMON-
HHUTEJIbHO IIEPErHaHHYIO B IIPHCYTCTBHH CEPHOH
KHCJIOTBI M KaJlMs MapraHieBokdcaoro. [Tpumens-
nu pactBopkl 'CO No 7255-96 Cu (II), Ne 7252-96
Pb (II), Ne 7472-98 Cd (II), Ne 7256-96 Zn (II), co-
Jepxarue 1 Mr/cM® HOHOB MeTasIoB. PacTBOpHI
cosied, copepsxaiux uonsl Cu (II), Pb (II), Cd (II).
Zn (II) B MEHBLINX KOHIIEHTPALIMAX, TOTOBHJIH I10C-
JIeJOBaTe/IbHbIM pa36baBIeHHEM HCXOIHBIX PacTBO-
pos Cu (II), Pb (II), Cd (II) pacTBOopoM 0.1 moms/am®
HCI, Zn (II)-aucTHMpoBaHHOR BOJIOH.

Pervcrpaliyda BoJIbTaMII€EpOrpaMM B IIOCTOAHHO-
TOKOBOM PEHME OCYILIECTBIIAIN Ha BOJILTAMIIEPO-
MeTpHJyeckoM aHanmu3atope «MBA-5» o TY 4215-
001-05828695-95 (HI1BI1«MBA», r. ExaTepuHOypr).
BosibTamIiepoMeTpHYeCKHE H3MEPEHHA ITPOBOIUIM
B TPEX3JIEKTPOAHOM A4elike, rae paboyHM a/1IEKTPO-
ooMm cry:xuan TMI'D [11], BcnomoraTe/IbHbBIM 3JIEKT-
POJZIOM — CTEKJIOYTJIE POJIHBIN CTEPHEHD; 3JIEKTPO/IOM
CpaBHeHHSA — XJIOpH/Jcepe6pAHBIN HaChIIEHHBIM
Tuna 3BJI-1M3.

Pa6ouwuii anekTpoi MoauHIIHposan# 1-(0-x1op-
thenunn)-3-penun-5-(6-meTUN-4-0KCO-MTUPUMHIH -
HUI-2) popMa3aHOM, KOTOPEIH CHHTE3HPOBAIIH I10
MmeToauke [12, 13].

OpHoBpeMeHHOe KoHIleHTpHpoBaHue Cu (I1),
Pb (II), Cd (II)u Zn (II) Ha NOBEpPXHOCTH 9/7EKTPOJA
npoBoAWJIK B TeueHue 30 cripyu noteHuHane-1.4 Bs
¢donoBoM pacTBope, cofiepkauieM 0,1 MCH ,COONa
+ 0,35 M NaCl + 10 M HCIl. AHATUTHYECKUM CHT-
HasioM (AC) ciTymuia aMILTATYAa aHOAHOM BOJIbTaM-
reporpamMMbl B MHTEpBaJIe IOTEHIMATI0B OKHMCIIEHHA
OIpeAeNAeMOro aieMeHTa. AHAIHTHIECKHI CUTHAI
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kaqMua AC_, perMcTpHUpOBaH MPH IOTeHIHAIe -
0.6+0,05B,AC, ipu-0.9+0,1 B, AC,, ipu -0,35 +
+0.05B,AC_ npu-0,15+0,05B.

Pe3yabTaThl B HX 0GCyxIcHAE

B peayabTaTe aHaIU3a MOMYYEHHBIX 3KCIIEPH-
MEHTAaIbHBIX JaHHBIX OJJHOBPEMEHHOI'O ONpeAese-
HudA Cu (II), Pb (II) Cd (II) u Zn (II) B MOAENBHBIX
pacTBopax, 6610 OTMEYEHO CXO/ICTBO BOJIbTaMIIep-
HBIX KPHBBIX C OIMHAKOBBIM COOTHOLIIEHHEM KOH-
UEHTpalMi ONpeelAeMbIX 3EMEHTOB, MOIy4YeH-
HBIX B O[ITHMAJILHBIX N0J06paHHbBIX YCJIOBHAX C MC-
[MoJb30BaHHEM (PHUKCHpPOBAaHHOM MeTOAMKH. [[na
KJIacCH(UKaIMH BOJIbTAMIIEPOIPaMM M [TOCIEAYI0-
LLETO OIIpEAEIEHHA KOJIMYECTBEHHOr 0 COCTaBa aHa-
nuaupyemMmoro obbekTa 6BUT MPUMEHEH aJlTOPHTM,
HUCNONb3YIOIKH MoAU(DUIIMPOBAHHYIO METO/IOJIO-
rMi0 pacliodHaBaHMs o6pas3oB, 3aKIIOYaroLIyIOCH,
YTIPOLLEHHO, B COMTOCTAB/IEHHH BOJIETaMIIEpOrpaMMbl
aHanMsupyemMoro obpaaiia c o6pasaMH BoJIbTaMIIep-
HbIX KPUBBIX C U3BECTHBIM COJEPIKaHHEM OITpee-
JIAEMBIX 3JIEMEHTOB, XpaHAIMXCA B 3apaHee cgop-
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MHpPOBaHHOM 6ase TaHHBIX. I{oHueHTpalmn aJIEMEH-
TOB B aHAJIM3HPYEMOM OO'BEKTE OLIEHHBAIH MHTEPIIO-
nALMed NaHHbBIX, B3ATHIX U3 6a3bl, 18 06pa3oB, Hau-
Bonee 6/MM3KHX K 06pa3y aHaIM3UPYyeMOH KPHBOI.
Paspa6oTaHk! mpaBuiia GOopMaIi3allie CBOMCTB
peabHOH BOJIbTAMIIEPHON KPHUBOM, TAKUX KaK pac-
[OJIOKEHUE, KOJIMYECTBO, IUIOIAAb MTMKOB H T.I1., OC-
HOBaHHbIE HA 3aMEHE BOJILTaMIIEPHON KPMBOMH Xa-
pakTepucTHdeckoH [14]. KoHeTpyHpoBaHue Xapak-
TEPUCTHYECKOH KPHBOH OCYILIECTBIIAH CNEAYIOLIAM
o6pasoM. 3aBUCHMOCTE TOKA OT ITOTeHIHMana (BoJib-
TaMIlepHad KpUBaf) pacCMaTpUBaeTCH KaK CToXac-
THYECKH HENpPEPbIBHBIA Ha MHTEPBaJjle pa3BePTKH
YHCJIOBOM clTy4YadHBIN NpoLece, CoAepHaIINi oco-
6eHHOCTH B 061acTH aHAMMTHYECKoro curHana. [pu
PETHCTPALMU OCYILECTBJIANNA KBaHTOBaHHE 3TOH
3aBHCHMOCTH 10 BpEMEHH M rnpeobpasoBaHue pe-
ayJbTaTa MaMepeHuA B Il posyio dopmy. [Tonyuen-
Haf BeIGOpoYHaa QYHKLMA WM pealu3alus (pyc.
1. a) npeacrasnaeT cobol 3alIyMIEHHEIH IToMeXa-
MM BPEMEHHOI1 pAJl, COAEpKAILMI TPeH/, orpeje-
NsieMbIi [TapaMeTpaMHi pa3BepPTKH [IOTEHIHANA.

6)
0,695
A /\
-0,305

-0,73 -0,64 -0,55 -0,46 -0,37 -0,28
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Puc.1. Akanuaupyeman kpueas (a) u xapakTepucTuyeckan kpusas (b)

BiusiHue TpeH1a MOXHO YMEHBIIIHATE IIPH Ilepe-
xofie k M depeHIMaIbHOMH hopMe NpeACTaABIEHU S
BpeMEHHOT0 psA/ia, OJHAKO, B 3TOM CJIy4ae pe3Ko BO3-
pacTaeT olIMOKa OT C/IyYarHBIX [IOMEeX, YTO 3aTPY/I-
HAET [IOUCK U OLIEHKY I0JIE3HOT0 CHrHau1a. A yiy4-
LIEHHA paclio3HaBaHUA c1abkIX CHTHAJIOB pSf 10/~
BEpPrajii OYHCTKE OT BHIGPOCOB M MOCHeAYIOeH
uALTPaLMK ¢ HCITOMB30BAHUEM CHHY COMIAILHOr0
OKHa XaHHa. /1719 OYUILEeHHON BEIGOpOYHON (PYHK-
UHH CTPOUTCH HYJIb-LIEHTPUPOBaHHAaA XapaKTepH-
CTHYecKasa 3aBUCHUMOCTE (pHc. 1, b), cogepaxanian
APKO BhIpaskeHHbIE TOYKH MHHHMMYMOB, ITI0JIOMKEHHUE
KOTOPBIX COOTBETCTBYET rpaHHLIaM MUKOB. Koop/au-
HaThl MAKCUMYMOB Ha XapaKTEePUCTHYECKOH KpH-
BOM COBNA/IAIOT C KOOPAMHATAMH BEPLIWH TUKOB Ha
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HMCXO[THOM BOJIbTaMIIEPHOH KPHUBOH, a Be/TMYMHA ILIO-
1A/ [THKa HaJl Hy/1IeBOH JIMHHEH (PYHKIIHOHAIBHO
CBfA3aHa C KOHIIEHTpalMel COOTBETCTBYIOLLET O dJle-
MeHTa. ITH 0cO6EHHOCTH XapaKkTepHUCTHYeCKOH 3a-
BHCHMOCTH MO3BOJFIOT paccCMaTpUBaTh €€ B Kaye-
CTBE BaKHEHIIIETo KiacCU(pHKAIMOHHOTO IIPH3Ha-
kKa obpaaa.

CueyrolMu 1o Ba)XHOCTH IIpH3HaKaMH GhLIIH
BbIOpaHbl BEJIHYHHA TPEHAA U KOJIM4YeCTBEHHEIE
OLIEHKH, XapaKTepU3YIOLIIHE OTKJIOHEHUE 3aperuc-
TPMPOBaHHOM KPHMBOH OT 3TaJIOHHOH. 3TajloHHas
KpHBa# - «ujiea/» Bbi6paHa Iy TeM yCpeJHEHHA Mac-
CHBa KPHBBIX, MOJIYYEHHBIX C HCIIOMb30BAaHHEM MO-
OebHBIX pACTBOPOB C H3BECTHBIMHU KOHI[EHTPAI[H-
AMHM aHAJM3HPYEMEIX 3JIEMEHTOB.
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Bo MHO:#tecTBO KJlaccH(pUKallMOHHBIX [IPU3HA-
KOB GBIJIM TaKKe BKJIIOYEHBI TPaHHUIIbI [TIOTEHIIHAJIb-
HbIX 30H AC 3/IEMEHTOB, OlIpe/AE/IEHHEIE 10 [T0JI0MKE-
HHUIO MMHMMYMOB XapaKTepPHCTHYECKOH KPHUBOH.
J/1A KOMIIAKTHOrO IIpeJIcTaBleHud 6a3bl H yCcKope-
HHA NoKcKka 06pa3oB-aHaIoroB UCXOAHBIE BOJIBTAM-
TieporpaMmsl, XapakKTepUCTHYECKHE KPUBbBIE U 9Ta-
JIOHHBbIE KpUBBIE COXpPaHANY B BUje Pypbe-06pasos.
PaaMepHble KOTUYECTBEHHbIE KIacCH(PHKAILIMOH-
Hble MPU3HAKM Nepe/l BHeceHHeM B 6a3y NpuBOIU-
1M k 6e3pasMepHoii popme.

ANropUTM pacrio3HaBaHHA peajlM30BaH B BHJIE
rporpaMmel, paGoTalollled B IBYX pexuMax - obyde-
HHA U aHaJK3a. [lepen Hauanom o6yueHus GopMu-
POBaJIH 3TAJIOHHbIE KPHBbIE C M3BECTHBIMH KOHLIEH-
. TpanMAMH 3J7IeMEHTOB. [l/If COKpallleHUsa Yucaa
OIbITOB IpH PopMUpPOBAaHUH 06pa30B 3TAJIOHHBIX
KPHBBIX HCITOJIb30BAJIM METO/IbI INIAHUPOBaHWUA 9K-
criepamMeHTa [15]. PuKcupoBaHUe BeIGpaHHOro 06-
pasa «BAcanbHOMH» 3TATOHHONH KPHUBOM ITOCIYKHJIO
Ha4dajioM popMHpoBaHHA 6a3bl faHHBIX. MaMene-
HHe 3Toro ob6pa3a B AajIbHEHIIIEM HE JOITyCKaIOCh,
MOCKOJIbKY OH ABJIAJICA OITOPHBIM JJIA KOJIMYECTBEH-
HOTro onpejie/ieH!s KiaccHu(HKalMOHHBIX IPH3Ha-
KOB BCEX OCTa/IbHbIX 06pa30B, XpaHAlLMXcA B 6ase.

Tabnuua 1
Cocras «obydarowmx» MoaenbHbIX pacTBOpPOB, MKr/am?

Ne pacteopal Zn(ll) Cd (I Pb (Il Cu (Il
1 100 20 50 50
2 200 40 100 100
3 10 2 2 4
4 20 4 8
5 100 2 2 4
6 200 4 8
7 10 20 2 4
8 20 40 4 8
9 10 2 50 4
10 20 4 100 8
1 10 2 2 50
12 20 4 4 100

Jaiee ocyliecTBIIAIY HAKOIJIEHHE Da3bl OpUIH-
HaJloB, cofiep:kalleii o6pasbl KPHUBBIX, CHATBIX IIDH
HM3BECTHBIX KOHLIEHTPAIIUAX aHAJTU3HPYEMBIX 3J1e-
MeHTOB (pHc. 2). [Ina popMupoBaHusa 6a3bi 6bLIO HC-
[OJIL30BaHO 12 MOJENBHEIX paCTBOPOB, COAEPHAIITHX
Cu (II), Pb (II), Cd (1), Zn (II) ¢ pasHeiM Ha6opoM
KOHIIEHTpalui. B KayecTBe MUHUMAaJIBHBIX KOHIIEH-
TpaluHi HOHOB MeTaJlJIOB ObIJIM B3AAThl 3HAYEHUA
[MAK ana sBog pei6oXxo3sHCTBEHHOr0 HasHa4YeH!d, a
B KayecTBe MaKCUMaJTbHOM — 200 MKT / aM? [T LTHH-
ka, 100 Mrr/am?® Juid cBHHLA M MeH, a Takke 40

MKr/am?® s kaamuda (Tabi. 1).

I[Mocnenyromiee nomnoHeHUe 6a3bl (pUC. 2) ocyllle-
CTBJIAJIH C HCI0JIb30BaHHEM MO/IE/IbHBIX PACTBOPOB
C U3BeCTHBIMM HabopaMM KOHLIEHTpalMi.

Puc.2. 3anonxexne Basbl gaHHbIx

OG6pa3ssl, cofiep:xalue cBoilre 50 knaccupHUKa-
LIMOHHBIX IIPU3HAKOB, XapaKTePHU3YIOILIMX KPHBYIO
C COOTBETCTBYIOIIEH UM H3BECTHON KOHLIEHTpAIlH-
el 3IeMeHTOB, BMECTE C 3TaJJOHHON KpHUBO cop-
MHpoBalH 6a3y opHUruHanoB. C HCIIOIb30BaHHEM
roay4yeHHOH 6a3bl B pesKHMeE aHalU3a IMPOBOJNIIH
oIpeze/IeHHE KOMMYeCTBEHHOrO cocTaBa 06 beKTOB
C HEU3BECTHON KOHIIEHTpAlMeN 3/IEeMEHTOB.

C ucriosib3oBaHHeM (PHUKCUPOBAaHHONW METOIWKH
(Tott ke, 4TO U NMpH co3faHnU 6a3) oCyUIeCTBIAIN
PEruCcTpalHIoO BOJIbTAMIIEPOrpaMMbl U [MOJYyYEHHUE
XapaKTepHCcTHYeCcKoH RpuBoi. HoBy10 KpHUBYIO ITpO-
rpaMMHO IToBEPrasy kiaccuGUKalliy ¢ pacrio3Ha-
BaHUEM ee obpa3a Ha ocHOBe HMelolleHcA 6asbl
OpUTHHAJIOB (pHc. 3).

Puc.3. Asanua sonstamneporpammel. MogeneHbiit pacteop Ne 6

B chopmupoBaHHo#i npu obyyeHuu 6ase 1po-
rpaMma OCyIlIeCTB/IAET TOMCK OPUTUHAJIOB, Hau6o-
Jnee 6IU3KHX K HccnexyeMomy obpaany. [lna onpe-
neneHus 6JIU30CTH BBeIeHA METPHUKA - KOMILIEKC-
Hafd XapaKTepUCTHKA «pacCTOAHUA Mexay obpas-
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IIOM 1 OpHT'HHa/IOM R[Z

R :XC.{X. =¥ )

I/ie X, - TEKyLIas XapaKkTepUCTHEA 06pa3a HCXOHOM
KPHBOW: X, - AHAJIOTHYHAA XapaKTEPUCTHKA j-KPH-
Boii B 6aaze; ¢ - BecoBoH KOa(PHIMEHT, YIHTEIBAIO-
M arpHOpHBIE MPEICTABICHUA O BAXHOCTH H
BJIMATENBLHOCTH KiIacCH(PUKAIIHOHHBIX XapaKTepH-
CTHK KPUBOW; 11 - YMCJI0 3anucei B 6aae;

R, = nr‘_LHlRI

Mo nByM Hanbonee 6/1M3KUX K 06pa3ally OpUruHa-
JIaM OCYILIECTBIAETCA MHTEPIIOAALMA (MK SKCTpa-
[OJIALMA) KOHIEHTPaL|H a71eMeHToB. Eciu «pacero-

sTHUe» 10 O/THskad X o6 pa30B OKa3kIBAETCH CJIMLI-
KoM GoJIBIIUM WJIM HaWleHHana HoﬁueHTpaImﬂ He
COOTBETCTBYET AllPUOPHEIM NPEACTABICHUAM, TO,
rocJie KOHTPOJIBHOIO aHa/IM3a APYTUMU METOIaMH,
o6pa3 ¥ CKOPPEKTHPOBAHHLIH pe3y/bTAT HYKHO
3aHecTH B 6aay. Takum o6pasoM, 6a3a OTKpBITA A1
IOCJIEAYIOILETO ITOIOJIHEHUA U KOPPEKLIHH.

[lna mpoBepKH MpaBUIBLHOCTH pabGoThl «OGy4eH-
HOW» MporpaMMBel 6b171 ITPOBEIeH aHAJIH3 TECTOBBIX
PacTBOPOB 10 METOAY «BBEJEHO-HaljeHo». Peayib-
TaTbl 3TOr0 3KCIIEPUMEHTA NpeACTaBJIEHE] B Ta6II.
2. Xopoitiee coBnaiecHHE BBEJEHHBIX U HAMAEHHBIX
KOHLIEHTPAaLMi 5JIEMEHTOB ITOATBEPHIAET IPABHIIb-
HOCTB MOJIY4YEHHEBIX pe3yJ/IbTaToB.

Tabnuua 2
AHanua TeCToBbIX pacTBOPOB MO MeToAy «BBeAeHO-HanaeHo» (P = 0,95; n = 10), mkr/am®
Ne Zn (Il Cdn Pb (1) Cu (I
pacteopa| BsegeHo | HaipeHo | BsepeHo | Hailnewo | BsepeHo | Haitgewo | BeegeHo | HaitgeHo
1 10,0 9407 2,0 1,9+01 6,0 56+04 100 93+6
2 20,0 19,8+0,9 4,0 39+08 12,0 11,9+08 200 198 + 14
3 50 51+08 1,0 092+02 1,0 1,2+0,2 2 22+04
4 10,0 10,9+0,9 2,0 21+02 2,0 22+0,2 4 43+0,3
5 200 211+19 20 21+02 8,0 84+07 20 2112

[Nporpamma 1o «pacriosHaBaHHI0 06pa3os» (Tabi.
3) 6bLi1a anpobMpoBaHa B aHAIM3€E IPHPOAHBIX BOJI C
vcnonbs3doBaHueM TMI'D. [TomyyeHHEBIE pe3yIbTaThl

copbLIHOHHOI criekTpoMeTpru (AAC). Habmopaer-
cA JIy4ias BOCIIPOM3BOAHUMOCTh Pe3Y/IbTATOB B Me-
Toje B o cpaBHeHHIo ¢ AAC.

XOpoLIOo cori1acyroTcd ¢ pedyjbTaTaMH aToMHOo-ab6-

Tabnuua 3
PeaynbtaTel onpefeneHus TsXKenbiX MeTannos 8 NPUPOAHLIX BOAAX METOAOM
aromMHoi abcopbUWOHHOR CNeKTPOCKONUN U MHBEPCUOHHOW BONLTaMNEepOMET-
PUX C NOMOLLBIO TONCTONNEHOYHOTO rpachuTCoAepXaLLero anekTpoaa, Moaudu-
LUMPOBaHHOIO NUpMMUAUHUN3amelLeHHbIM cdopmasarom (P = 0,95, n = 3)

ObbekT MeToa, HaihgeHo, mkr/ana®
anekTpoa Zn () Cd (Il Pb (I1) Cu(ll)
Peka, AAC* 46+ 12 <0,3 05+0,2 8§+32
(cT. AaTb) nB 49+4 |0,20x006| 0,4+0,1 75+19
Konogeu, AAC* 95+24 08+04 4+1 10+4
(cT. AsTe) 1B-1 100+ 9 07+02 | 30+0,1 102

* Onpeaenenus BhINONHEHbI HA aTOMHO-aBcopbUWOHHOM cnekTpodoToMeTpe «Spectr
AA-20 Plus» C 3neKTpoTepMUYECKOI aToMu3aunei B UChbITaTensHoi naGopaTopum
xumuueckoil cnyx6el AOA «Ceepanosanepro». MBU no MOCT P 51309-99.

3axknoueHHe

Paspa6oTaH crioco6 sKCIpecCHOro BOJIbTaMIIEPO-
METPHYECKOr0 OIPe/Ie/IEHUA TAMKENBIX METAILIIOB B
[PUPOIHAIX BOJJaX C UCITONIL30BAHUEM HETOKCHYHO-
IO TOJICTOIIJIEHOYHOr0 MOIM(PUIIMPOBAHHOTO rpaduT-
COAEPKAILEro 3JIEKTPO/ia M IporpaMMHOro obecrie-
YeHHHA, OCHOBAHHOI'o Ha METO/IOJIOTHH pacriosHaBa-
HUsA 06pa3oB. AITOpUTM OGYHEHUS [IPOrPAMMBI, T10-
3BOJISAIOLLMIA NOCTOAHHO [ONOIHATH 623y 3TaJIOHOB,
CIOCOGCTBYET MOBBIIIEHUIO TOYHOCTH KOJTHYECTBEH -
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HOro aHaJIi3a ¥ PaCHIMPEHHIO I'PaHHI] ONpe/ielife-
MBIX KOHLIEHTpalluii. [To Mepe yBenuueHus obrbema
6a3bl ¥ YHC/Ia COXpAHAEMbIX [1apaMeTPOB 111a6/I0HOB
LiesiecoobpaaeH rnepexof K 6oJiee CIOKHOMY alro-
PUTMY HIEHTH(HUEKAIK 06Pa30B - TEXHOJIOrHH Heli-
POHHBIX CETEH.

Bpems aHannsa npupoAHOH BoAbl HA COAEpKa-
Hue Cu (II), Pb (II), Cd (II) u Zn (II) cocTraBager 3
MHHYTHI.
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T

VOLTAMETRIC DETERMINATION OF HEAVY METALS WITH “PATTERN RECOGNITION"

METHODOLOGY

S.l.Parshakov,L.V.Aleshina,N.Yu.Stozhko,A.Z.Braynina,G.N.Lipunova

Express voltammetric determination of heavy metals in natural waters using nontoxic thick-film modified
electrode and methodology “pattern recognition” was proposed. Cu (ll), Pb (i), Cd (ll) and Zn (ll) are
determined simultaneously during 3 min. The results of water analysis obtained by proposed method

are in a good agreement with AAS.

Keywords: stripping voltammetry, heavy metals, simultaneous determination, modified electrodes,

pattern recognition.
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