XuMums

YK 543.3:543.25

3NEKTPOXUMUYECKUIA KOHTPOJIb KAYECTBA BOJ (OB30P)
6. Cnenyerko, H.M. Mukyna, H.M. ly6osa, T.W. LLykuHa, O.C. Xapkosa

TOMCKWMIA NOAUTEXHUYECKIY YHUBEPCUTET
E-mail: microlab@tpu.ru

TNpviBeseH 0630p onybnvkoBaHHbIx ¢ 2003 o 2007 rr. paboT Mo UCMOb30BaHMIO SIEKTPOXUMUYECKX METOLOB B aHasv3€e MPUPOAHBIX,
MUHEPabHbIX, TEXHONOTMHYECKMX, CTOYHBIX BOL Ha COAEPXaHUEe HEOPraHUYECKMX 3/1EMEHTOB 1 OpraHn4eckux Belyects. CBeneHus no
BO3MOXHOCTAM U YCIIOBUAM ONPEaEeNeHns MUKPOKONIMYECTB 3/IEMEHTOB U BELLECTB B Pa3InyHbIX Bodax 0bobLyeHs! B Tabaumuax. OTme-
YeHbl aTTeCTOBaHHbIE Y CTaHAAPTU30BaHHbIE METOAUKM BbIMOTHEHNSA N3MEPEHNV COAEPXaHUs 27IEMEHTOB 1 BELUECTB B BOAAX 31eKTpO-

XUMUYeCKMn metogamu.

KnrodeBble cnoBa:

AHanu3 Bog, INEKTPOXMMMYECKME METOAbI aHasM3a, ONpeneeHne SNEMEHTOB; OfpeneseHye OpraHnYeckmx BeLLecTs.

BBepeHue

ClOXHOCTb COBPEMEHHBIX 33/1au 3KOJOT0-aHaAM-
TUYECKOTO MOHUTOPUHIA TOKCMKAHTOB U OXPaHbI 310~
POBbSI HACEJICHMUSI 3aCTABIISIIOT MCCeq0BaTeNel MpuB-
JieKaTh JJISl MX PellleHHs BCE COBPEMEHHBIE BBICOKO-
JyBCTBUTEIBHBIC METOIBI aHATM3a. KOHTPOIb cOCTOS-
HUSI 00BEKTOB OKPYKAIOIIEH Cpefibl, B TOM YUC/IE aHa-
JIU3 Pa3MyYHbIX BOJ Ha cofiep:kaHue HeOpraHMIECKUX
U OpraHUYecKMX BEILECTB, MPOBOAUTCS Pa3IMYHBIMU
(DUBUKO-XMMUUYECKUMM METONaMU, CPeIu KOTOPBIX
3NIEKTPOXUMHUYECKUE METOABI 3aHMMAIOT OHO M3 Be-
TYIIUX MECT M3-3a TIPOCTOTHI, AEIIeBU3HbI, aBTOMATH-
3anuu onepauuii. CieayeT oTMETUTD OOJIBILIOE YUCIIO
nyoauMKalui Mo GU3NKO-XMMUYECKUM METOaM aHa-
J13a, OJHAKO O030PHBIX CTaTeil MO MPUMEHEHUIO
ANEKTPOXUMHUUYECKHX METOIOB B aHAJIM3€ BOJAHBIX CPeJl
HEBEJIUKO.

Heapio 1aHHOM paObOTHI SIBIsETCA 0000IIEHNE, CH-
cTeMaTu3allMs ¥ IpeacTaBieHue MyoauKalui 3a 5 aeT
(B mepuon ¢ 2003 o 2007 rr.), BbIsSIBAEHUE TEHACHLMI
¥ COBPEMEHHBIX BO3MOXHOCTEN 2IEKTPOXUMUYECKUX
METOIOB (BOJIBTAMIIEPOMETPUHU, MOTEHLIUOMETPHH,
AMIIEPOMETPUHM M JIP.) B KOHTPOJIE PA3IMUHbIX BOI Ha
colepxXaHue IMMPOKOTO CIEKTpa HEOPTraHWYSCKHX
3JIEMEHTOB M OPTaHMYECKUX BELIECTB.

ABTOpaMu HacTosIel myoaMKaluK BblaeaeHo 00-
nee 150 pabor, MOCBAIIEHHBIX aHATU3Y JEKTPOXUMMU-
YECKMMU METOIAMHU TTPO0 BOI Pa3TMIHBIX THUITOB: TIPH-
POIHBIX, MOPCKMX, TEXHOJOTUYECKUX, CTOYHBIX, TTH-
TheBbIX, MMHEPAIbHBIX U Ap. [TokazaHo, yTo cpeau IT-
UX MyOJIMKaLUil MCTIOIb30BaHUMIO METOIOB BOJIbTaMITe-
pomeTpuu (M e€ BapMaHTOB) MOCBALIEHO oKojo 100
padoT, MOTEHIIMOMETPUH — 25, aMIIEPOMETPUU 1 KOH-
JOYKTOMETpUH — 10 12, KyToOHOMeTpuur — 2 pabOoThI.

OrMeuaeTcsl HaTMUMe HECKOJIBbKUX 0030PHBIX CTa-
Tel, TMOCBALIEHHBIX AaHHOH Temartuke. Tak, aBTOpBI
[1-3] oboOumaM MyoAMKaLMU MO 3AEKTPOXUMMYE-
CKUM U IPYTMM METOIaM ONpeNeJeHUs 3JIEMEHTOB U
aHMOHOB B O00BEKTAaX OKPYXXAIOILEH cpelbl, BKI0YAs
MpUpOIHbIe Boabl. B 3TX paboTax ocoboe BHMMaHME
yaeJeHO UCMOIb30BaHUIO MOPTATUBHBIX TIPUOOPOB, UX
MUHMATIOpU3allMKM U aBTOMAaTU3alMU JUISl HEeTIPEphIB-
HOTO ONpefeNeHus CIeIOBbIX KOJUYECTB METalIOB B

Bozax. O630pHas ctaTbs [4] (oxBaTbIBaroIasl MyoIu-
Kalliy 3a 5 JIeT) IOCBsIIEHA IPUMEHEHUIO OMOCEHCO-
POB IIpu orpeaeneHuu ¢GpochaToB, HUTPATOB U CYIIb-
(baToB B 00BEKTaX OKpYXKalOILEH Cpe/bl.

B 1a671. 1 1 2 HaMK 0000IIEHHI CBEAEHUS TI0 OIpe-
JeJIEHUI0 HEeOPraHMYEeCKUX 3JIEMEHTOB M OpraHmde-
CKHMX BELIECTB BOJILTAMIIEPOMETPUUECKMMH H MOTEHIHO-
MeTpHYeCKHMH (KaK Hau0oJIee YacTo MCIOJIb3YeMbIMM )
METOJIaMU aHaJIn3a.

[Toxa3aHa BO3MOXHOCTb ONpeeeHUS KaXI0T0 U3
3JIEeMEHTOB (PacMoJIOXeHHbIX B Tab/. 1 no andasuty)
WIN TPYINIIBl aHMOHOB M OPraHWYECKUX BEIICCTB
(Tab. 2), a Takxe 0000ILEHbI CBEIECHMUS 110 IIPUMEHSIe-
MbIM BapMaHTaM METOIOB, 3JeKTPodaM, (OHOBBHIM
3JIEKTPOIUTAM, IMANa30HaM OMpeaeIsieMbIX coiepKa-
HUMl, nipeaenaM oOHapyKEeHUS JIEMEHTOB U BEIECTB.
CaefieHus MO OMNpe/eNeHUI0 OPraHMYECKUX BEIIECTB
(Tab. 2) pacrionoXeHbI B CAEAYIOLIEM MOPSAKE CIpyI-
MIMPOBAHHBIX KJIACCOB M TPYIIIL; BEILECTBA, UCIIOIb3ye-
Mble IS Ne3MHMEKIUY; TepOMLIMIbI, TECTULIMIbI U BE-
11IeCTBa, UCMOJIb3YyeMble ISl MX MPOM3BOJCTRA; JieKap-
CTBEHHbIE MTpenapaThbl ¥ MPOYUe OpraHMYecKue coenu-
HEHUS.

CrnenyeT OTMETUTb, YTO MMEIOTCS IyOJMKALIMM,
MOCBSIILICHHBIE BO3MOXHOCTH OTpee/IeHUs TpeX U 00-
Jiee SIEMEHTOB TP X OMHOBPEMEHHOM TIPHCYTCTBAU
B TIpo6ax Bol. Tak BOJBETAMIIEPOMETPIIECKOMY OTIpe-
JENEHNI0 TPEX SJIEMEHTOB ITOCBAIIEHBI CIIEIYIOLINE
nyonukanuuy: s onpeneneHus cogepxanusg Cd, Pb,
Zn — [30]; Pb, Cd, Cu — [21]; Ni, Co, Zn — [37]; Pt,
Ru, Pb — [61]. Onpenenenre BomsTaMIepoMeTprUe-
CKVIMH METOIaMH B BOZIAX YeTHIpEX 1 D0JIee SIeMEHTOB
TpeIyIaraeTcs IIPOBOANTD: TSI OTIpeieICHIS ColepsKa-
Hus Cu, Cd, Pb u Zn B paborax [24, 29]; Pt, Pd, Pb u
Ro — B [62]; As, Cu, Pb, Cd, Zn — B [25]; Mn, Cd, Cu,
Pb, Zn —B[28]; 1, Zn, Cd, Pb, Cu—8[20]; Cu, Sn, Sb,
T, Pb — B [47].

CrnemyeT OTMETUTD, YTO CPEAM TPMBEIECHHBIX My-
OJIMKALii TI0 OIpeeIeHUIO SIEMEHTOB UMEIOTCS pa-
0OTBI, MOCBSIICHHBIE U3YYEHUIO ¥ KOJIMYECTBEHHOMY
OTpeie/IEHUI0 Pa3IMYHBIX (OPM 3JIEMEHTOB B BOJAX.
OrnpeneneHuIo coaepkaHusi pa3IMIHbIX (PopM PTYTH B
BOJAX MOCBsAIIeHa padota [66], cenena — [72, 73, 118],
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TB6J1ML‘B 1 npl/lMeHEHME BOJIbTaMrepoOMeTPUHECKNX 1 MOTEHUNOMETPUHECKMX METOLOB py aHasin3e rnpupoaHbIX, MOBEPXHOCTHbIX,
MWHEPAJIbHbIX, NMUTbEBbIX, MOPCKUX, TEXHOJIOTNYECKUX U CTOYHbIX BOA Ha COAepXaHWe HeopraHn4ecknx 3/1eMeHToB

Onpepens- [vana3soH onpepene-
eMbll KOMMO- Mertop VIHOMKaTOPHBIV 3NeKTpoz, DOHOBbIN 3NEKTPONNT Hus (npemen obHapy- | Jiutepatypa
HEHT XeHa)
BaHagun [ToTeHumoMeTpuA VloHCenekTMBHbIN BoaHble anekTponuThl 1107...0,1M (11107 M) 6
PTyTHO-NNEHOYHbIN, MOAN-
/IHBEpCMOHHas BonbTamme- _
Bucmyt OMeTOUS (ULMPOBaHHbIV CTeknoy-  [ConaHas 1 a3oTHas KUCNOTbI 0,001..1,0 mr/n 7,8
P P rNEepPOAHbIA
nddepeHLmanbHas M- . ConsHas KMCnoTa; AUMETUN-
Andepenu ) CreknoyrnepoaHsli; yronb- ) A
NyAbCHas aHofHas; ancopo- |~ _ |rnyokcym; komnekcoobpa- 4
HbIV MOAVULMPOBAHHbIN, 107...107° mkr/n 9-14
LMOHHas MHBEPCVOHHaA 30BaTeNM ~ HUTPO30-P-conb
Xeneso 13 aManbramsl cepebpa
BO/bTaMnepoMeTpus 1 NMpoKaTexon
COPOUMOHHAs MHBEPCUOH- .
Ancopbu P PTyTHBIN BofiHble 3nekTponuTbl (1,5 HM) 15
Has! XpOHOMOTeHLIOMETPUSA
3onoto lMoTeHUmoMeTpyS BakTepuanbHbIn OroceHcop |BOAHbIN aneKTpoanT (0,05 mr/am?) 16
CreknoyrnepoaHbIv, MOau- -
. AHO[LHas VHBEPCVIOHHas _ 2" |9nekTponuT, copepxaLumnm P
NHaun (ULVPOBAHHbIN NNEHKOW 107°..10° M 17
BONbTaMMepPOMETpYA MOHbI pTyTH (2+)
pTYTH
Linknnyeckas; kaTogHas WH- [CTeknoyrnepoaHsbIv, Nokpbl- 0,1..20,0 mr/av
Wop BEPCMOHHasH BOMbTAMMEPO- |Thil MONMMEPHON MneHkow; |MypaBbWHas K1cnoTa ' (1 1(’3_9 M) 18-20
MeTpus PTYTHO-MNEHOYHBIN
CreknoyrnepogHbiv; cTe-
KnoyrnepoaHbIv € noavmep-
. HbIM MOKPbITVEM; PTYTHO-
/IHBEpCMOHHa$; KBapaTHO- -
i MNEHOYHbIN; HaHOKpUCTan- .
BONIHOBaA; AnddepeH- - - Hatpus HUTPaT; aMMoHWS 2,0...1000 mkr/n
JINYECKNM anMa3HbIN TOHKO- 8,20-35
umManbHas UMMynbCcHas - _ |xnopua, MypaBbWHas KMCOTa (2 mkr/n)
MAEHOYHbIN, LONMUPOBAHHBIV
BONIbTaMMepoOMeTpyA ) .
60pOM; AMCKOBBIN 13 30710~
Kagmuit Ta; BYCMYTOBBIV NeHoY-
HbI, MOKPBbITBI NOAMMEPOM
YrnepogHbiv no TpadapeT-
HOW Ne4aT C aMMHOKMNCO-
XpoHonoTeHUoMeTpua: TOW; YyronbHO-UHAMKaTop- | ConsiHO-KNCbIN OyepHbIn 0,4...800 mkr/n 16,34 35
npsAMas NOTEHLUMOMETPUS  [HbIW, MO NEYaTHOW TEXHOMO- (PacTBOp, Kanus Xnopua (0,4 mkr/n) .
K C BUCMYTOBOW MNEHKOW;
GakTepuanbHbIn GroceHcop
- - . AueTaTHbI Oydep; consHas y
Kanbuum [oTeHumomMeTpus KanbLum-cenekTMBHbIV H ycbep (10 M) 36
Kucnota
113 amanbramsl cepebpa; JvmeTnaramokenm — xenatu-
InddepeHumanbHas UM- _ - )
i TONCTOMNEHOYHbIV YINEPOA- |PYIOLLW areHT; B cpefe CMe- 4
nyNbCHas; afcopOUMOHHas - 107...107° mkr/n 9,10, 13,
copepxalumn; rpaurco-  [cv 3taHon — Boaa. Komnnek- ,Q
KoBanbT MHBEPCWOHHas BOIbTaMne- . (710 M) 37-39
oMeTOM LepXalni, MoaAULMPO- |coobpa3oBaTeny — HUTPO30-
P P BaHHbIN P-conb v nupokatexon
lMoTeHUmoMeTpYS BakTepuanbHbIn OroceHcop |BoAHbIN aneKTponnT (0,05...0,2 mr/am?) 16
. IHBEpCMOHHas BonbTamne- - . .
TNntun P CTeKnoyrneposHbIv HesogHble cpefibl 1107%..2:10° M 40
pomeTpus
KsagpaTHo-BONHOBaA aj- . - C TVONEeHTOHOM HaTpwA B Ka- . .
- Ap A PTYTHBIZ NNEHOYHBIN; yrne- P 6-107°...9-10° M
Marnui CopbLMOHHAs MHBEPCUOH- - _ 4ecTBe 3NeKTPOAKTUBHOMO - 41
POZHbIN NACTOBbIN (0,4 mr/n)
Has BofbTaMnepoMeTpus raHza
VIHBepCUOHHas; kaTogHaa  [ToncTonneHo4HbIN rpaduT-
UNv aHofHas; Anddepen-  [copepXXaLLmmn, Moanduum-
A Avdbep AepxaL e LL_ Xnopwabl M HATPATbI HaTpus, 0,1...30 mxr/n 8,28,42,
UManbHas MMNyNbCHas POBaHHbIN (GOpPMa3aHoM;
MapraHelt _ Kanus, aMMOHMs (0,04 mkr/n) 43
p aHofHaf BoNbTamnepoMe-  [AVCKOBbIN MVKPOINEKTPOA,
TpUs 30n0TON
[oTeHumoMeTpuA BakTepuanbHbIn OroceHcop |BoaHbIN aneKTponmT (0,05..0,2 mr/om?) 16
PTyTHO-NNEHOYHbIN; PTYTHaA
BMCAYaA Kanns; NnaTMHoO-
KatogHas, aHofHas nHBep- - .
. BbIV1; BUCMYTOBBIV MNEHOY-
CMIOHRAR. MIHBEPCUOHHAR, |\ 14 hokpbiTbit nonmme MypaBbUHas Kcnota; Hat
nnddepeHumnansHas, aug- ! P _(Myp i ' 6...300 mkr/n 8,20-29,
POM; HaHOKPVCTaNANYECKUI |pUSA HUTPAT; aMMOHWS XJ10-
Menb hepeHLnanbHO-MMNYNbC- - . (0,07 mkr/r) 39, 44-47
aNIMa3HbIN TOHKOMIEHOY-  [pWA; HaTPWA XNopua
Haf, KBaApaTHO-BOHOBAas . V
HbI, [ONMPOBaHHbIV 6o-
BO/bTaMnepoMeTpus ' _
POM; ANCKOBBIA MUKPO3NEK-
TPOZ 13 3011073
MoTeHUmoMeTpYS BakTepuanbHbIn OroceHcop |BOAHbIN IneKTponmT (0,05...0,2 mr/am?) 16
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Onpepens- [lnanasoH onpepene-
eMbli KOMMO- Metog VIHOMKaTOPHBIV 3NeKTPOA, DOHOBbIN 3NeKTPONNT Hus (npemen obHapy- | JiuTepatypa
HeHT XeHus)
KatanuTvieckas afcopbLyoH- |Bucayas pTyTHas kanns; cta- -
z _ [TnpokaTexuH (roneToBbIN; I
Has; onddepeHUManbHas M- |LMOHAPHBIA PTYTHBIN; PTyT- - - 1,0-107...10° Hr/mn
_ aueTaTHbIN OydhepHbIN pa- 48-51
MonunbaeH NyNbCHas KAaTOLHasA MHBEPCU- |HO-MAEHOYHBIN; CTeknoyrne- 180 (0,2nr/mn.)
OHHas BONbTaMrepoMeTpUs  [POAHBIN P
MoTeHumomeTpus VloHcenekTVBHbIV ceHcop  [HeBOMHbIM PacTBOP MOAMAA Kanus 107...10° M 52
IHBepcnoHHas, LnddepeH- |3onoTon; 3010T0-rpadumTo-
LManbHO-MMNYNbCHas; BbIN; PTYTHO-KanenbHbIN; Hatpus cynbdut, consHas 4,5...180 mkr/n 5 53-58
MbiLLbsK aHO[Has ¥ KaToAHas BOMb-  |yrNepoamncTbi, MOAMMULM- [KUCNOTa; TPUNOH b (0,5 mkr/n) !
TamnepomeTpums POBaHHbIN 30110TOM
/IHBEPCMOHHaA XpOHOMO-
P P 3onotas nneHka ConsHasa kucnota (0,02 mr/n) 59
TeHLUMOMETPUSA
nepeHLUManbHo-MM- .
Rvddeperiu . Yrnecutannosbin, MOAUOU-
NyNbCHas aHoAHas; aacopo- - ‘ [IMMeTUNrAMoKCMM B cmecu
H LIMOHHas KaTodHas MHBepCn- HMIPOBAHHEIV PTYTL10; M3 3TaHoON - BOAA; Kanus Xnopwg, (0,03 mkr/wn) 9,37,39
nkens P amarbrambl cepebpa ! P
OHHas BONbTaMMepoMeTpus
[ToTeHUmoMeTpuA /oHcenekTVBHbIN CeHcop BoaHble cpenpl ¢ pH 4,5..9,0 1107..210" M 60
PTyTHaq Buca4as kanns;
IHBepCOHHaA; KBaLpaTHO- ~ -
NNaTUHOBbIV; CTEKNOyrne- | INeKTPONUT, CoaepXaLLmnm
Onoso BOMHOBAs BOMbTamMnepome- , (0,07 mkr/n) 17, 47
v POMHBIN, MOADULUMPOBAH- [pTyTb (2+)
P HbI nonudeHonamm
Mannagun,  |KBagpaTHO-BONHOBaA af- .
. BomHbIv 3nekTponuT ¢ Aume-
nnatvHa, po- [CopOLMOHHas MHBEPCUOH-  |YrnepoacoaepXKallmii 10..100 mr/n 61,62
g TUAMNOKCUMOM
onn Has BOJbTaMnepoMeTpus
MHBepCHOHHas aHoLHaA, YrnepogHbin, MoanduLmpo-
MKNWYeckas; KBaApaTHO-  |BaHHbI 30M10TOM; 30/10TOM, .
PTyTb :onHOBaﬂ 1 BbicT, DépCKaHI/I MOANPULMPOBAHHBIN; U3 A30THa# KNCOTa, CONAHaR 110°..5 MkM /.44,
y P mnp 7= |kucnota; Kanus HUTpaT (10™ M) 63-66
pyioLLas BofibTamMnepome-  |3010TOM MUKPOMPOBONOKY;
TPUA yronbHbIN MUKPO3NEKTPOA,
CreknoyrnepoaHbIv; cre-
KNoyrnepoaHbIf C monvmep-
HbIM MOKpPbITYEM MOANDM-  [ALeTaTHbIN BydepHbI pa-
Katoaras, aHoAHas, vHeep- un OBaHEbM HﬂeHKéqu c;;o ; HaT mewﬁ aT'E a
CMOHHasd, anddepeHLmanb- .p p y P P ] par, Myp 8,17,
. TW; PTYTHO-MNEHOYHBIN; BbVHaA KMCOTa; HaTpus XNo-
Has; AvddepeHLmanLHO- ; . p 4...200 mkr/n 20-30, 35,
PTYTHaA BMCA4as Kanns; nna-|pua,; pacteop, CoaepXaLumni
MMMNYNbCHas; KBaAPaTHO- o - ; (0,07 mkr/r) 47,48, 61,
TVHOBbIY; BUCMYTOBbIN Mne- |pTyTb (2+); AUMETUArINOK-
BOJIHOBaA BOJIbTammnepome- . . 62,67, 68
Tous HOYHBII, MOKPbITHIA MOAMME- [CUM KakK KOMMNeKCoobpasyto-
CBUHeL, P POM, HaHOKPUCTaNNINHECKWIA |LLWA areHT
aNnMa3HbI TOHKOMMEHOY-
HbII, LONMPOBaHHBI Gopom
/loHOCeneKTUBHBIN, CTeKso-
Mpamas noteHUMOMeTpus; N ~
rpacUTOBbIN, MOKPLITHIN Ha-
NOTEHLIMOMETPUYECKOE TU- .
. (DMOHOM U PTYTBIO; YrOMbHbIV [BOLHBIE 3NeKTPOAWTBI C KOM- 0,5...2000 mkr/n
TPOBaHWe; MPOTO4HANA UH- - - 35,69,70
VHAVKATOPHbIN NO NeYaTHON |nnekcoobpasoBaTensimu (0,07 mkr/n)
BEPCMOHHAA XPOHOMOTEH-
TEXHOMOTVIW; 3NeKTPOfbI C
LmomeTpus v :
BVICMYTOBOW M/IEHKOM
/IHBEpCMOHHaS, KBafIpaTHO-
BONIHOBaA, AnddepeH- - XnopHas K1cnota; ackopbu-
Avdgep 3onoTorpauTOoBbIN; 3010- P P
CeneH UanbHas MMNYNbCHas ka- |- HOBas KMCI0Ta B NPUCYTCTBUM (600 Hr/n) 71-73
TOAHas; KaTofHas MHBEpCH- 6pomara
OHHa$ BONbTaMNepoMeTpyA
AHO[LHas BoMbTaMnepome Hawokpucranmeckwit an- HaTtpusa HUTpaT; a30THas Ku
Cepebpo Tous P Ma3HblA TOHKOMNEHOYHBIW, cnoE; par, 0,50...50 mkr/n 8,74
P LONMpOBaHHbIN BopoMm
IHBEpCMOHHaS, KBafipaTHO- |PTyTHas BUCAYas Kanns; - -
P Ap y - ®occhaTHbIN OyepHbI pa-
BONTHOBAf; aHOAHas MHBEP- |MNATUHOBLIN; CTeKNoyre- ) . . 10...250 mkr/n
Cypbma - CTBOP; aLleTaTHbIN OythepHbIN 8,47
CMOHHa#; LMKnYeckas POAHbIV, MOAUDULMPOBaH- 3CTB0 (6 mkr/n)
BOJIbTaMMNEPOMETPYA HbI nonncdeHonamMu P P
A30THas KMCNoTa; XNOpUAHO-
aMMUayHbIN BydepHbI pa-
VIHBEpCHOHHaA; AnddepeH- - - . yobep P
CrallMOHapHbIV PTYTHBIV Ka- [CTBOP; aLetaT aMMoHWA-3/1-
. LManbHO-MMNyNbCHas; - } . o 5
Tannun NefibHbIN; PTYTHO-MNeHoY-  |TA; TMOPOKCUE, HaTpuA; Tap- (1107 mr/om?) 47,75-79

aHO[Hasa NHBePCMOHHanA
BONbTaMNepoMeTpna

HbIN

Tpart Hatpua-Kanua-3TA; ac-
KopbWHOBas KUCNoTa C 10~
6aBneHveM pTyTn
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Onpepens- [vanasoH onpepene-
eMbll KOMMO- Merop, VIHOMKaTOPHBIV 3NeKTPOz, DOHOBbIN 3NeKTPONNT Hust (npegen obHapy- | lutepatypa
HeHT XeHua)
KBagpaTHo-BONHOBaA: .
PTyTHas BrcaYan kanng; -
Tennyp aHOLHaA MHBEPCMOHHAR ~ BoaHbIv anekTponut (0,07 mkr/r) 44, 47
NNaTVHOBBIN
BO/bTaMnepoMeTpus
JlaHTaH-pTOpUaHBIN Cenek- - ;
®rop MoTeHunomeTpKs v bropva BoaHbIN 3nekTponmT (10° M) 80
TUBHbIN
KBagpaTHo-BONHOBaS;
. PTyTHas BucaYan kanns; .
aHO[Has UHBEPCUOHHAA; ~ Kanws xnopua,; anstvneH-
MNaTVHOBBIN; YrNeCcUTanno- 0,1...80 MkM
KaTanuTMyeckas aacopoum- - TPUAMUH-NEHTaYKCyCHas Ku- 51,67, 81
BbI, MOAMMULIMPOBAHHOM (0,07 mkr/r)
Xpom OHHas MHBEPCMOHHAs BONb- BTYThi0 cnota
TaMnepoMeTpus
. . 3:10°...0,02 M
MoTteHumomeTpus MeMOpaHHBIN ceHcop BoaHbIN 3nekTponut (1510 M) 82
PTYTHO-NNEHOYHbIN; HAaHO-
KpYCTanin4eckni anmas-
KatopHas; aHofHas; And-  [HbIM TOHKOMNEHOYHbIN; CTe-
epeHLUManbHas; audde-  [KNoyrnepoaHsIv, [oNMpo-
(epenl pnpd y N PoA ponmp AMMOHWS XNOpUL; AVMETUN- 8, 20,
PEHLMaNbHO-UMNYNbCHAs;  [BaHHbIA DOPOM; U3 amanb- 5...100 mkr/n
_  |rmokcuM B Cmecu 3TaHon - 24-33, 37,
LnHk KBa[LpaTHO-BOIHOBAs UH-  [rambl cepebpa; AUCKOBbIN (2 mkr/n)
. BOAA; KaNnus XNopua v HATpaT 39, 47
BEPCMOHHas BONbTaMMePO- [MUKPO3NEKTPOL, 30M10TON;
MeTpus CTEeKNOYrNepoAHbIN; BUCMY-
TOBbIN MNIEHOYHbIV, NOKPbI-
bl NOSIMMEPOM
MoTeHumomeTpus bakTepuanbHbI GMOCeHCOp [BopHbIN 3nekTponuT (0,05 mr/om?) 16

Ta6nuua 2. ”leMeHé’HME BOJIbTAMIEPOMETPUHECKNX U [TOTEHUNOMETPUHECKNX METOLOB Tpn aHan3e rnpupoaHbIX, MNOBEPXHOCTHbIX,
MUHEPAJIbHbIX, MNTbEBLIX, MOPCKNX, TEXHOJIOTNHECKMX M CTOYHbIX BOL Ha COL4epxaHne aHMoHOB, HeopraHmn4eckmnx 1 opra-
HUYeCKnx BeLyects

. [lnana3oH onpe-
Onpepensemblin KOMMO- _ _
Hent Mertop, MHamKaTopHbIN 3nekTpog, | DOHOBLIN 3neKTponKT | AeneHus (npeaen |Niutepatypa
0BHapyxeHs)
AHWOHbI N HeOpraHnyeckue BeLLecTBa
lpadumToBbIZ KOMNO3UT-  |Cynbdat HaTpus C ac-
LIMKAMeCkas, KOCBEHHaR MM HbIIA; CTEKNOYrNEPOAHbIN, |KOPOUHOBOM KO-
AHMOHbI: HUTPUTBI, HA- catontas HECOCHOHHAR BOMTS MOLVDULMPOBAHHBIN Ha- [TOV 1 COMbIO Meay, 0,2..1,0 mr/n 83-87
Tparbl, LaHnbI, Xnopu- TaMHeDOMeT ms HOYaCTVLAMM 30110Ta; Ce- [cepHas K1cnoTa, by- (5110 M)
Abl, qJTOp"éﬂb" poccarsl, POMETP PeBPAHbIN AUCKOBBIIA; (hepHbIit pacTBOp
TMAPOKapOOHaThl, apce- PTYTHO-MNEHOYHbII BpUTTOH-POBMHCOHa
HaTbl
CepebpsHbIn MeMbpaH- .
[oTeHumoMeTpua Fi_ P par BoaHb anektpour | 0,4..5,0 mr/om’ | 88-95
HbIN; MOHCENeKTUBHbIN
AMMMaK BonbTtamnepometpus Inatih1poBaHKbIA; nna- BopHbin anekTponut 3107...510° M 5
P P TMHOBbIN P (510 M)
KocseHHas BonbTamnepome- . bydepHbIn pacTBo 5:10*..8:10" M
LnaHucras knucnota P [pacnToBbIN yoep P P o 86
WS BpuTTOHa-PObKHCOHa (110t M)
OpraHu4eckue BeLecTBa, NCosb3yemble ANS Be3nHpeKumm
Tsépabi MoaMULMPO-
Bonbtamnepometpus BaHHbIW; MNEHOYHbIV M3 [BofHbIN 3nekTponuT (80 HM) 96, 97
Detonl HaHO4aCTVL, 3010Ta
MoTeHumnomeTpus TBepooTenbHbI BoaHbIn anekTponut 98
[nddepeHumanbHas UMNyNbC- 1107 1210
HuTpobeH3on Hasi UM MHBEPCUOHHas BoMb-  |CTEKNOYrNepoaHbIN BopHbIv anekTponut M/ (5 MKr /) 99
TaMnepomeTpus
TBepaoTenbHbIv; PTYTHO- . - B
BonbTamnepometpus paoTent PTy BopHbIv snekTponut 107..10° mr/n 100
CnVpThI, anbernabl, Ke- MNEHO4HbIN
TOHbI CTeKNSIHHbIN BOJOPOA- - I
MoTeHumoMeTpys - AOpOA, BopHbIv anekTponut 107...10 mr/n 101
HbIN; NNATVHOBBIV
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- [lnanasoH onpe-
Onpenensembiit KOMMO- - -
HenT Metog MHOwWKaTOpHbIN 3nekTpog | POHOBBIN 3nekTponuT | feneHus (npegen |liutepatypa
0BHapyxeHns)
TepbuLmabl, NeCTMUMAb M KOMIOHEHTbI ANIS UX MPOM3BOACTBA
['yMWHOBbIE BelLecTBa AﬂCOp6uMOHHaﬂMHBepCMOHHaH(EEKnowﬂepOAHuM BopHbiIv anekTponut (2,4 mxr/n) 50
BOJIbTaMMepoMeTprA
CoeavHerva SOTA BonbTamnepometpus CTeKnoyrmepoaHbiv ¢ - BoaHbI anekTponut 10...200 mkr/n 102
TO3aHOBbIM MOKPbITUEM
A'qC.Op6U'MOHHaﬂ VIHBEPCIOH- PTYTHBIV MNEHOYHBIV; bydepHbin pactBop | 0,05...200 mkr/n
ATpasuH Has; KBaApaTHO-BONHOBAsA . y 103, 104
PTYTHbIN KanaloLni BputToHa-PobUHCOHa (0,02 mkr/n)
BO/bTaMNepoMeTpus
Linknnyeckas v auddepeH-
. 20...500 mkr/n
JIamMBA-LMxanoTpuH LanbHO-UMNyNbCHaA BOMb- PTyTHas BMCALLaA Kanns BoaHbIn anexktponut (2,5 wikr/n) 105
TamnepomeTpums .
MeTnnapatvion KBappaTHo-BOnHOBas afcopbum- TBepaoTeNbHbI BydepHbIn pacTBOp 0,01...0,50 mr/n 106
OHHas KaToAHas VHBEPCVIOHHaSA BputToHa-PobUHCOHa (2 mKr/mn)
JlekapcTBeHHble npenapatbl v X KOMMOHEHTbI
Buoumaa nuputroHa, .
LAHK-2-TMpayHTvON-N- KatofHas nHBepCroHHas Bonb I pathTOBbIA AMMOHMGBbw46y¢ep (1,5 1M) 107
TamnepomeTpuma HbI PacTBOP
OKCUA,
OdnokcaumH, knohndpu-
HOBas KvCNoTa, Avknode- CreknoyrneposHbIn, Mo-
HaK, nponpaHonon, Te-  |Llnknudeckas; uMnynbcHas INGUUMPOBaHHBIA Mynb- |DocdaTHbIN Bydep- (0,09 MKM) 108109
TPALMKIIVH, OKCUTETPALIL- [BONbTaMMNepoOMeTpUs TUCTEHOYHBIMU YINEepPOA-  [HbI pacTBOP ! !
KIWH, XJI0PTETPaLNKINH, HbIMV HaHOTPYOKamm
LOKCULMKIINH
[lomnepuaoH ﬂ:?j)eﬁi;i%:&?;E(I)An’\t:?rj/lb—c [Nafku yrofbHbIN bydeprieiit pactsop >10°%..210 *M 10
PuA 4 pany BpuTToHa-PobUHCOHa (6:107 M)
nepomeTpus
poune opraHndeckme BeLecTsa
- 107 1107
9-HUTpOaHTpaLeH Aucdeperunansiias umnynoe PTYTHBIV Kanaowmm BopHbIv 3nekTponut 110°.110 m
Has BOJbTaMMnepoMeTpus MO /1
oBepXHOCTHO-aKTUBHbIE |/IHBEPCUOHHAA BONbTaMNepo- PTYTHO-NEHOHHbI BOMHbIA SMEKTpOAT (10° M) 1
BellecTBa MeTpua
Mesanam, nurHui, Tpur-  |KATOAHaA MHBEPCHOHHaR BOrb- TBepabIn rpaduTOBbIN BoaHbI anekTponut (0,1 mkr) 1n3-15
TO(aH, TMPO3nH TamnepomeTpus
Jutus cynbdart ¢ rn-
AnaHuH [ToTeHumomeTpYA MnatvHoBbIN LPOMUIbHBIM PacTBO- 10°..10" M 116
puTenem
MpoKaTex1H, pe3opLyH,
VIBPOXAHOH, 4-HHTpO-, TBepaoTenbHbIN rpaduTo- |CUCTEMbI Ha OCHOBE
2,4-BNHNTPO-, 4-HKTpO-  |lToTeHUMOMETPUS -PAY P 107..10° M 17
BbIN alleToHa
30- 1 2,4-AnHUTpO30pe-
30pLMHb

xpoma — [81], MbIbsika — [58, 59]. YcaoBusim ompee-
JIEHMs] pa3IMuHBIX (OpM IoAcoaepXalluX COeANHE-
HUI B BOJAxX BOJBTaMIIEPOMETPUYECKUMU METONAMU
rmocBsIeHa padora [19].

Bcerpevarorcss paboThl IO MCIOJIb30BAHUIO BOJIb-
TaMIIEPOMETPUYECKUX METONOB B aHaiu3e Boj 0Oe3
NpeaBapUTEIbHON MTPOOOIIOATOTOBKY M KOHLIEHTPUPO-
BaHus [7, 119]. B cnyyae mpuMeHeHus TipeBapyuTeb-
HOIi MOATOTOBKM MPO0 K aHaIn3y, KpOMe TpaauLIMOH-
HBIX METOIOB MUHEPAIM3allMi U YIBTPa(roneToBoro
00JTydeHus, TIpeyIaraeTcs MCIob30BaTh TAKXKeE JIeK-
TPOMArHUTHYI0O U 3JEKTPOXMMUYECKYI0 00pabOTKY
[27, 63, 112], mpuMeHeHNe MOHOOOMEHHBIX CMOJI
[54, 118], MmeMOpaHHEIX TIporieccoB [46, 120] u mpenBa-
puTenbpHOEe KOHIIeHTpHpoBaHue [76—78]. Kpome Toro,
IUTS TIepeBOJIa B MIEKTPOAKTHBHYIO (POPMY HMCCIIen0Ba-
TN PeKOMEHIYIOT WMCIONb30BaTh pPa3IMYHBIE KOM-

IUIEKCO00pa30BaTen: AUMETHIIINOKCUM [61], mpo-
KaTeXMHOBBIN (hroneToBbI [48], anuzapuH KpacHBI
[49], HuTpo3o-P-comb u iupokatexon [10, 13] u mop.

1 pacuiMpeHns 9ucia OpenessseMbIX KOMITO-
HEHTOB B BOJITAMITEPOMETPMYECKUX U TTOTEHIIIOME-
TPUYECKUX METOMAX MCIMOJb3YIOT BJIEKTPOIbl Pasiny-
HBIX TUIIOB, KaK PTYTHbIE, TaK U TBep/ble, B TOM UUCJIE
U3 COBPEMEHHBIX MaTepUasioB, HAITPUMED, YIJIEPOIHbIE
HAHOTPYOKM, TMOKPHITbIE HAHOYACTUIIAMU 30J10Ta
[85, 97]. Habmonaercsi TeHAEHLIMS BBITECHEHUST PTYT-
HBIX JIEKTPOIOB IPYTUMU, U3TOTOBIEHHBIMU U3 HETOK-
CHYHBIX MaTepuaoB, B OCHOBHOM YIJIEpPOACOIEpXKa-
mux. Yarie Bcero BcTpeyaroTcsi paboThl 10 MPUMEHe-
HMUIO 3JIEKTPOZIOB HA OCHOBE CTEKJIOYIJIEPOIA WU yTJie-
poJcoiepXaliuX KOMIO3UTHBIX WM UMIPETHUPOBAH-
HBIX IpaUTOBBIX 31eKTpomoB. Cyms 1o yuciy myosm-
Kaluii, HaubobllIee YUCI0 pabOT OTHOCUTCS K 3JIeK-

63



/13BecTa ToMCKOro nonmtexHndeckoro yHnsepcuteta. 2009. T. 314. N2 3

TPOZAM Ha OCHOBE CTEKJIOYIJIEPO/a, OAHAKO B MOC/IE-
HME TOIbl MHTEPEC BHI3BIBAIOT ILIaHAPHBIE TOHKOILIE-
HOYHBIE ¥ TOJICTOTUICHOUHBIE TpadpuTcomepKaIine
3NIEKTPOIBI, TIOTYYeHHBIE MeTomaMuy TpadapeTHoii [34,
67] u CTpyIHOI MevaTH, a TAKXE C Pa3IUYHbIM MOJIHU-
¢dumpoBanueM. B kagecTBe MOIu(pUKaTOPOB CTEKIIOY-
IJIEPOIHBIX 3JIEKTPONOB CIYKaT METAUIl — 30JI0TO,
KaIMUI, Meb, BUCMYT [35, 64, 85 u ip.], opraHmyeckiie
BemiecTBa [43, 65, 121 u 1p.]|, 6MOTOTMYeCKH aKTHBHEIE
COeIMHEHUsI, TIoIMMepbl, HaHOTPyOKHM [109].

O MHOTOJIETHEM OITBITE MCIIONB30BAHMS BOJNBTAM-
MePOMETPUUYECKUX aHANU3aTOPOB ISl OTNpeneeHus
cofepXaHus TSLKEIbIX MeTaJuloB B Bojax Tuxoro, MH-
JTICKOTO M ATITAaHTUYECKOTO OKEAHOB OBLIO COOOIIIE-
Ho B [122]. ABTopsl [120] pa3paboTanu HOBBIH MopTa-
TUBHBIA MHBEPCUOHHO-BOJLTAMIIEPOMETPUYECKUIA
TIpUOOP ¢ aKKyMYJIITOPHBIM MTUTAHUEM, a TAKXE aBTO-
MaTHYECKUE aHATM3aTOPHI VTSI KOHTPOJIS COepKaHUs
MOHOB TOKCHUYHBIX METAJJIOB B MPUPOIHBIX BOAAX U
MPOMBIILIJIEHHBIX CTOKaX. B 3TUX ycTpoiicTBax peanu-
30BaH MPOLECC TEKTPOXMMUUECKOI MPOOOMOArOTOB-
KU ¥ aHajiM3a B OJJHOKAMEPHOM 3JIEKTPOJIM3epe C ve-
TBHIPBMS 3MIeKTpomaMu. [T ompemeneHus TSKEIBIX
METAJUIOB B TEXHOJIOTMYECKUX PACTBOPAX, MEKTPOJIH-
Tax, MyJabIax, CTOYHBIX ¥ MTPUPOAHBIX BOAAX pa3pado-
TaHbl aHAJIM3ATOPHI, PEATU3YIOLINE PA3TUYHBIC PEXU-
MbI BoJibTammnepometpuu [12, 123].

JI1s1 TIpOTOYHO-MHXEKTOPHOTO aHaIN3a C TpejiBa-
pUTEIbHON 00paboTKOM Mpo6 BOI JJIs OIpeaeaeHus
CIIEIOB METAJIOB MCIOJb30BaHA JO3MPOBOYHO-UH-
KEeKIMOHHAsg WHBEPCHOHHO-BOJIBTAMIIEPOMETPHYE-
ckast cucteMa [32]. TIpemnoxkeHbl Takke CIIOCOOBI 1
MPOTOYHBIE BOJBTAMIIEPOMETPUUECKIE CUCTEMBI IS
orpefieNieHHs] CBOOOJHOTO XJIopa B MUTLEBOM BOJE
[124], oOmux 1 1abMIBHBIX GOPM PACTBOPEHHBIX Clie-
JIOB MeI¥, CBUHIIA M IMHKA B MOPCKOii Bofe [46].

JisT MOTeHIIMOMETPUYECKOTO TIPOTOYHO-MHXKEK-
LIMOHHOTO KOHTPOIISI PA3TUYHBIX BOJ IIPUMEHSIOT CH-
CTeMBI JJIS1 OTIPEie/IeHHUSI CIIeJOBBIX COePKaHUI LIUH-
Ka, KobaJibTa, HUKeJIs, Xele3a [9], a Takxke XJI0puI0B U
HuTparos [88].

KpOMC BOJIBTaMIICPOMETPUN U ITIOTCHIIMOMETPUUA B
AHAJIM3EC Pa3IMYHbIX BOJA HaXOOAT IPUMECHCHUE U IPY-
M€ 3JICKTPOXUMUNYCCKUE METOIbI KOHTPOJIA.

MeToapl aMnepoMeTPUH OCHOBAHbI Ha MCITOb30Ba-
HUU Pa3IMYHBIX METAJLTMYeCKUX, MOAUGDUIIMPOBAH-
HBIX 3JIEKTPOJIOB, a TAKXe CTELaTbHO U3TOTOBIEHHbIX
CEHCOpOB 1 6roceHcopoB. Hampuwmep, woaua- u nmma-
HUI-MOHBI OTPENENISIIOT ¢ UCIIONb30BaHUEM CepeOps-
HBIX 3JIEKTPONIOB; TIPY 3TOM TIpesiesl 0OHAPYXEHUS UO-
JMA-MOHA B MOBEPXHOCTHBIX Bojax paBeH 0,02 Mkr/n
[119], npenenbHO-onpeaensieMas: KOHUEHTpALUS 11a-
HUII-MOHOB B MUTheBbIX Bojax paBHa 10 mxr/x [125].
CeHCOpHI Ha OCHOBE YIJIEPOIHBIX MACTOBBIX, CTEKIIOY-
IJIEPOIHBIX M CTEKIIOYTIEPOIHBIX MOTU(PUIIMPOBAHHBIX
BJIEKTPOZIOB MCIIONB3YIOT MPU OMNpeNeNeHU B Ipec-
HBIX, COJICHBIX M TPOMBILIEHHBIX BOJAX Pa3IMYHbIX
aHnoHOB (pocdaros, opTodochaToB, HUTPATOB, CYJIb-
(baToB, XpOMaToOB) B AMANa3oHe KOHLEHTpauuii oT (),2
Jo 1000 mxr/m [126—130]. Kucnopon u Bogopoza me-
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POKCHUJI B BOAHBIX pacTBOpax M Bogax OacceifHa ¢ 000-
POTHOM CHCTEMOI BOIOCHAOXEHUST U MPU BhIpalllBa-
HUY aKBaKYJIBTYp ONpPeeNsIoT, UCTIOb3YS 3IeKTPOI Ha
OCHOBE HaHO3JIEKTPOJAHOIO 30JI0TOr0 aHcamOis u
s4yeiiku Ha OoCHOBe ceHcopa Buaa Kiapka ¢ pTyTHO-
LIMHKOBBIM 3nekTpomom [131—133].

OpraHuyeckue BellecTBa Takxke HaXOAsIT MeToja-
MU aMIIEpOMETPUM: COEPXKaHKME XJIOPaMUHA OTpeje-
JISTIOT B BOTHBIX PAacTBOPAaX C MCIMONB30BAHIEM CEHCO-
pa amriepomeTprueckoro tuma [134], amurpona, ypa-
30j1a — B MUHEPAITbHBIX BOIAaX — C MCIOIb30BaHIEM
yrjaeponHoro auckoBoro aaekTposa [135]. Comepxa-
HUE TIIOKO3bl B XUIKHMX Cpelax OMpeneisioT ¢ Hc-
TIOJTb30BaHNEM CIIEIMATM3HPOBAHHOTO XUMUYECKOTO
CEeHCopa MM OMOCeHCOopa 3IEKTPOXMMUYECKOTO TUTA
[136], ramodeHOIOB B BOTHBIX 0Opa3iiax — ¢ MCIONb-
30BaHMEM BOJIOKHA TSI MUKPOIKCTPAKIMU C METa-
JIMYECKOM TOMJIOXKOM, IMOKPBITOW HEOPraHWYECKUM
MartepuanoM, ¢ mpeaeaoM oOHapyxeHus 0,3 Hr/mi
[137]. Ompenenenue xnopraasikona (4-xymop-2-MeTOK-
cudeHoI) B Mpodax BOAOIIPOBOAHON U PEUHOI BOIBI
TIPOBOIAT C WCIONB30BAHNEM MOIM(UIIMPOBAHHOTO
MOJIMMEpPHOro 3aekTpona B auamaszone ot 0,05 mo
5,0 MxM ¢ npenenom obHapyxenus 27 HM [138].

Merto/bl KOHIYKTOMETPHH MCTIONB3YIOT TIPY aHaJIU -
3¢ BOJ NPUPOAHBIX, TIMThEBBIX, LIEHTPATU30BAHHOTO
BOMOCHAOXEHNST ¥ MMHEPATbHBIX MCTOYHUKOB IIPH
OTIpeIeNIeHNH ColepKaHusI KapOOHATOB ¢ MUHUMAJb-
HO ompegenasieMoil KoHueHTpauuein 5-10° M
[139, 140], yrepona [141], uuHKa, cBMHLA, PTYTH,
Kaamusl, KobasibTa, Menu, Hukens, xene3a [142]. Kon-
JTYKTOMETpPUSI TIPUMEHSIETCS Ul OTpeaeeHusl opra-
HUYECKMX BelllecTB: BainHa [143], TpudTropykcycHoi
KUCIIOTH [ 144], a TaKXe OuypoHa 1 aTpa3uHa U cMeceil
3TUX BELIECTB C HEOPraHMYECKUMU djieMeHTamu [145].
Kpome Toro, MeTon KOHIYKTOMETPUU HUCTIOIb3YETCS B
KayecTBe JeTeKTUPOBAHUS B MOHHOM XxpoMaTorpaduu
JUISL onpeieieHUs] KaTUOHOB LIEJOYHBIX U IEI0YHO-
3eMeJIbHBIX 3JIEMEHTOB, aHMOHOB, PSIa OPTaHUYECKUX
KHCJIOT, a TaKXe pa3InJHBIX (GOpM Homa B BoOmax,
BKJIIOYAsl TIMTBEBBIE, MPUPOXHBIE, TEXHOIOTUYECKHUE,
UCIIONb3YeMBIE Ha 3JIEKTPOCTAHIMSAX, U BOIbI MECTO-
poxneHuii HedtH |146—150].

Kynonomerpuyeckue MeToabl IpepjiararoTcst s
MPaKTUIECKOTO WMCIIOJb30BAHUSA TIPH OIpeneTeHUN
cozepxaHus (eHoI0B B IpUpoaHbIX Boax [151, 152].

Kpome Toro, aist ompeaeneHus CBUHIA, MU U
KaJMUsl B BOAHBIX PACTBOpaX M TEXHOJOTMUYECKUX pa-
CTBOpAX, CTOYHHIX BOJAX TaJIbBAHNYECKUX U THAPOME-
TAJUTYPTIIECKUX TIPOM3BOACTB MPEIIaraeTcss HOBBIMA
KOMOMHUPOBAHHBIM 0€33TaJOHHBI METOJ MHBEPCH-
OHHOH BOJIBTAMIIEPOMETPUHU U MOTEHIIMOCTATMIECKOM
KyJoHoMmeTpuu [21, 68].

Artectamus M craHzapru3amus Meromuk. O000mIas
TIPEICTABICHHBI MaTepual MO BO3MOXHOCTSIM WC-
TI0JTb30BAHUS DIIEKTPOXUMUYECKUX METOIOB B KOHTPO-
Jle KayecTBa Pa3IMYHbIX BOJ, CleAyeT OTMETUTh Helo-
CTaTOYHOCTb CBEICHM 110 BATUIALIUY, aTTECTALUU UIN
CTaHJapTU3alMK pa3pabOTaHHBIX METONUK aHau3a.
Tak, B [70] mpoBemeHa paboTa 110 aTTecTaluy METOINKHI
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OIpeIeNIeHNs] CBUHIIA XPOHO-TIOTEHIIMOMETPUYECKUMU
MeToIaMU. ATTeCTOBaHbl MHBEPCUOHHO-BOJIBTAMITEPO-
METpUYECKIE METOAMKHU OIpPeENCHUSI MaCCOBBIX KOH-
ueHrpauuii utys [40] 1 cepebpa [74], a TaKKe BOJIb-
TaMIIEPOMETPUUECKOTO OTIPENEIeHUS ColepKaHus Kajl-
MU, CBUHIIA M MEIU B pa3IMYHBIX Bomax [22].

Pabora mo arrectauuu ¥ cTaHAAPTU3AIMU METO-
JMK aHamu3a mpo6 Boxa B TOMCKOM MOJMTEXHUUECKOM
yHusepcutete (TITY) npoBoauTcsi akKKpeaUTOBAaHHOIM
MeTpoJjiornyeckoit ciayxooit TITY, byHKIMOHUPYIO-
el Ha 0aze MpoOJIeMHON 1a00paTOpUN MUKPOIIPHU-
Meceil. Pe3ynsraToM pa0OThI 3TOM CIIyXKObI SIBJISIETCS
arrectauus 6onee 10 Mmetoauk (Tabm. 3) aHanM3a Mpod
BOJI Pa3IMYHBIX TUIIOB METOJIOM BOJILTAMIIEPOMETPUH.

Tabnuuya 3. Pa3paboTaHHsble v aTrecToBaHHble B TI1Y BosibTamne-
POMETPUYECKE METOAVKM aHan13a pPas/inyHbIX BOA

O6bekT aHa- | Komno- _
HopMaTuBHbIA LOKYMEHT
nv3a HEeHT
Zn, Cd, [OCT P 52180, MHAO ® 14.1:2:4.236-07
Pb, Cu ®P.1.31.2004.01219
Bonwinpu- | Mn. BT, Sb|TOCT P'52180, ®P.1312005.07632
pofHble, Nn- Hg rOCT P 52180, ®P.1.31.2005.01450
TheBble, O4n- As FOCT P 52180, ®P.1.31.2005.01553
LjeHHble Ni ®P.1.31.2005.01811
CTO4HbIe Deron ®P.1.31.2005.01919,
MHO © 14.1:2:4.18-95 (M3panwme 2007 T.)
AHUNNH ®P.1.31.2004.01077
Boab! nuTbe- Se [OCT 52315, ®P.1.31.2001.00235
Bble, MVHe-
panbHble Ag ®P.1.31.2004.01323
NpUpoaHble NO; ®P.1.31.2005.01634
Bonbl nuTbe- Nop, ®P.1.31.2001.00214, M3m. 1, 2004 T.
BblE U MUHe-
parbHble Fe, As ®P.1.31.2001.00236

Bce pa3zpaboTaHHBIC M aTTECTOBAHHBIE METOAUKU
BHECEHBI B equHbIii DeaepanbHBIil peecTp METOIUK
BBIITOJTHEHMSI M3MEPEHUI, MPUMEHSEMBIX B cdepax
PacTIpOCTpaHeHHsI TOCYIAPCTBEHHOTO METPONIOTHYE-
CKOT0 KOHTPOJISI M HAZ30pa.
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