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Kupuu (panacada nokropu (PhD) nuccepranusicu aHHOTAIUSICH)

Juccepranus MaB3yCHHUHT J10J13ap0JNIu Ba 3apypaTtu. byryHru KyHjaa
OyTyH nyHéna aTpod-MyXUTHUHT Typjd Tas3jap, CyIOK Ba KaTTUK MoJjaiap,
CaHOAT YMKUHIWIAPU OmiIaH U(BIOCIAHUIITN WK TUMONN-UKTUCOANM aXxaMHsITIa 3ra
OYJNTaH KUIIUH YKOJIOTHK MyaMMoJjiapra om0 Kemaau, Xxamaa 0y MyaMMOJIapHAHT
KeInO YMKUIIMHY OJIMHM OJIMII acochil BasudamapiaH OHpH XHCOGTaHAmW. |
Canoatna gpuM YTKazruwiap, HIYHUHTJEK yTa To3a MOJaliap OJIMIIJA acOCUi
Marepuaap cudaruaa KaaMuid, cypbMa Ba MHAWWra OYiraH TajaOHUHT, yIIOy
MaTepUaJUIapHU AHAJIUTUK HA30paT KWIMIL, CE3TUp YCYJUIAPUHU SpaTHIl XaM
Ha3apui, XaM aMalluii HyKTau HazapJaH A07a3ap0 XucooOiaHau.

PecnyOnukamusna «V3KUMECAHOAT» AXK KOpXOHAJIapuaa
ANEKTPOKUMEBUN yCyJulapJia 3aMOHABUI TEXHOJOTUsIIapuaaH QoiianaHaauran
X0Ji1a OMp KaTop METa/NIapHU aXpaTuO OJIMILTA Ba yJIapHU aHAIU3 KWINILTA KaTTa
axamusaT Oepuiamoxga. KymmnagaH, KaaMui, cyppMa, MHAMI Ba OOLIKa OFHp,
KaHIIEPOI'eH, 3aXapJii METAJUIAPHU JIEKTPOKUMEBUH yCyJIap/ia aHUKJIAI1a UITYd
ANeKTpo cudaTuaa dIESKTPOKUMEBUIN ceHcopaapaad (oiiiaaHulll KaTTa axaMusT
KkacO 9Tamu. MamiakaTUMU3HU >KaJajl PUBOXKJIAHTUpHUIN OViinua Xapakatiap
CTpaTETUsICUa PECYPCIAPHU TEKANAUTAH 3aMOHABUN TEXHOJOTHUSJIAPDHU KOPUHU
ATUIITA KapaTWIraH 4opa-TagOupiiap aoupacuja 3aMOHABUM AIEKTPOKUMEBUIMA
ycyutap EpramMuja  Mnoad 4YuKapuwia€TraH MaxCyJlOTJIapHUHT TaHHApXWHU
KUCKapTUPHUII XaMJla pakoOaTOapJONUIMTUHU OIIMPHINTa ajloxXuaa 3IbTUOOP
KapaTUIMOK/A.

byryuru kyHma payHéna oOfup, 3axapid METaJUIAPHUHT  YIATHPAMHUKPO
MUKJIOPUHHM aHUKJIAIl MMKOHWUHU OepaauraH Kyruiad ¢u3ukaBuid Ba QUMK
KUMEBUHN TAAKUKOT yCYJUIapU MaBXKyJl, OMPOK yiap XaM pyxcaT ATHWITaH MHUKIOP
Ba YHJIaH KaM Japa)kaja Kepakiu CE3THpJIUKHU TabMUHIA0 Oepa oiaMaiu.
HyHnéna w™ukécuaa OFUp, KaHUEPOreH MeTaulap arpod MYXUTHU acoCUil
udocnantupyBuniaap O0Yiauo, yIapHUHT MOHUTOPUHTUHM OJUO OOpHIIl F03aCH]IaH
MaKCaJJTi TaJIKUKOTJIApHU aMaJira OlMpHUIl MyxuM O0Ynuo, Oy 6opana, sxyMmiajaaH,
KyHuJard macajajgapra ajioxyjaa dbTHOOp KapaTHWJIMOKAA: KUMMMaT0axo, 3axapiiu
cUMOO WITYM SJCKTPOJAWHHM YPHUHHM OOcCa OJaJWraH SHTU CEHCOPJIApHH SPATHII,
AKOJIOTHMK TO3a, MaxaJUIMHd Xomall€napAaH Tal€pilaHraH CEHCOpJIapHU HILUIa0
YUKUII; MOAU(UKAIUSIAHTaH DJIEKTPOKUMEBUN  CEHCOpJIAp OpPKaIM  OFUP
KaHIIEPOTEH Ba 3aXapiy METaJUIapHU aHUKJIAIIL.

V36ekucron Pecnyonmukacu Ilpesuwpertununr 2008 #wun 15 wurommaru
I1K-916-con «MHHOBAIIMOH JOWHMXaJap Ba TEXHOJIOTHSJIAPHU MILIA0 YHUKApHINITa
KYJUIalIHKA parOaTIaHTUPHUIT OYinYa KYyIIMMYa 4opa-Tag0oupiiap TYFPUCHUIANTH
Kapopu, 2017 iiun 7 ¢espanmaru [IdP-4947-con «V36eknucton Pecrny6nnkacuuu
sHa/la PUBOXKJIAHTUpHIN OYViWYa XapakaTiap CTPATETHsICH TYFPUCHIIA»NTH
®apmonn, Y36ekucton Pecny6nmkacu Baszupnap Maxkamacuauar 1992 jimn 9
nekabpnarn  «TabwatHu Myxodaza kuaum TyFpucugantu, 2016 #un 23

1 2.1.10.1920-4. PykoBo/CTBO 1O OLIEHKE pUCKA AJIsl 30POBbSI HACEJIEHHUS IPU BO3IEHCTBUM XUMUYECKUX
BEIIECTB,3ar PA3HSIONINX OKPYKaoIIyto cpeny. M. : @enepanbrblii neHTp ['occamdnuananzopa Munsapasa Poccun,
2004. 143 c.
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apryctaaru «2016-2020 imnapna Y36ekucton Pecry6imkacuaa atpod Tabumii
MYXUT MOHUTOPHUHIY AACTypUHM» TAacOMKJIAW Tyrpucuparu Kapopu mxpocuHu
TabMUHJIANIA XaMmJla Ma3Kyp (aonustra TETUIUIM OOLIKa MEbEPUN-XYKYKUN
XyXoKaTiapja Oelruwianrad BasudaiapHu aMalra OUIUMpHILIA YOy JuccepTaius
TaJKUKOTU MyalsH Japa)kaJa Xu3maT KAJIaIu.

TagKuKOTHHHT pecny0jnKa (aH Ba TEXHOJOTMSJIADH PHUBOKJIAHM-
IIAHUHT  YCTYBOP MyHAJAMNIUIAPUIra OOFIMKJIMIH. Ma3Kyp TaJKUKOT
pecnyOnuka ¢aH Ba TexHodormsuiap  puBokJIaHMMMHUHT VI «Kumé
TEXHOJIOTHSUIADM Ba HAHOTEXHOJIOTHSIApW» YCTYBOp WyHamWIra MyBO(UK
OaskapuIras.

MyaMMOHM YpraHWwIraHjiuk aapaskacd. Kanvuii, uHAMN Ba CypbMaHU
3JIEKTPOKUMEBUM yCysuiap €pJaMuaa AHUKJIAIIHUHT TYpPJIA CEHCOpJap Ba YHILIap
apatuil Oyilnya WIMHN-TAIKUKOT MIUIApU Kajajdl PUBOXKIAHMOKIA. by coxana
WIMHN TaakukoTiaap oaud 6opran Pradeep Sh. R., Bais M. T., Muhammad O. F.,
Ageel Ahmad T., Saad Al-Shahrani, Dumitru B., Sami U. R. OlgaDominguez-
Renedo, M. JesusG. G., M. JuliaArcos-Martinez, G. VanDyck, F.Verbeek kaobu
OJIMMJIAPHUHT WIMHM WIUIApU SHT KYI HMXTUOOCIMK Japaxkacura sra. MJIX
JABIATIADUHUHT OUp KAaTop OJIMMJIApU XaM KajJMui, cypbMmMa Ba WHIUNHU
AHUKJIAaHUIIHUHT W1y coxacura V3 xuccanapunu kymumrad: [llepmer A.A.,
EpmakoB C.C., MockBud JI.H.. YiapHUHT TaakuKOTIapW KaJIMHHUHUHT OOIIIKa
MeTaJjlap OujaH HWHTEpMETal OUpUKMaiap XOCWJ KWIUIIUTra TabCUPUHU
Vpanunira kaparuwirad. MoaudukanusuiaHrad sSTHTH 3JEKTPOJIap SIpaTHUIll YCTHUIA
Maxkcumuyk N.0O., Tumkuna FO.H., bonkoBa A.K., Coxonosckuii A.E., Pagnon
E.B., bpainuna X.3., T.II., HWBanmoBa E.E., Ilnuryn JLK., JlyHuna
B.K.nnunarannap. Hapkosuesa I'. A., Ilapesa C. A., Kpacnosa B.II., I'ps3noBa
M.B — ynapHUHT TaIKUKOTJIAPUHUHT MaKcaaud YCUMIMKIAH OJIMHAJAUTAH O3UK-
OBKAT MaxCyJIOTJIapujia OFUp MeTajulap MHUKIOpPWHUAHUKJIAI OynraH. bopoBkoB
I''A., lemun B.A., Kamene A.U., A6osckas H.B., sanos I1.C., Kazax. M.,
Csunnosa JI.JI., YepnsimoBa H.H., Kamene A.U., demun B.A., Burep N.IL,
Mumykoa E.B., bepezosckas T.H., 3BepeB A.B., Ps6uyk I'.H., I'pamoTtuna FO.A.,
BbpaiikoBa A.M. Martseiiko H.I1. — mopdromep-kocMeTuk MaxcynoTiapaa KaJaMui
BAa CYpbMaHM aHUKJAIITra HyHaJraH d/I1.

V36exncronna ymoéy iyHaIHMIIHMHT PUBOXIAHHUIIM OGeBocuTa TOIMIOB
II.T., Xaneee A.B., TI'eBoprsu A.M., AOGaypaxmanoB 3., HacumoBA.M.,
Qaitzymnaes O., Typo6os H.T. Homnapu 6uiian G0FIuK.

Juccepranus MaB3yCMHH JUCCEPTALMS UIIH 0AKAPWITAH OJIMHA TABJIUM
MyacCacaCHHMHI WIMHMH-TAAKMKOT HIILJIAPU OMJIaH OOFJIMKIMIY. /(nuccepranus
TAIKUKOTH Y30eKkucToH Mumii VYHuBepcuteTn (pyHIaMeHTan Ba amaldi
JTONUXaTapUHUHT WIMUNU-TAIKUKOT UILTapu pekacuHUHT D-7-22 «PernocenexTun
OpraHuk peareHtinap cuHtesnw» (2012-2016 i#.4.) Ba A.12-53 «Ilomumep
TallyBUYMJIapra UMMOOHWJUIAHTaH peareHTiap OuiaH aTpod MyXUT OOBEKTIapHIaH
DKOTOKCUKAHTIApHU  (POTOMETPUK Ba  COpONMOH-(DOTOMETPUK  AHUKJIAII
ycymnapuan unuiad yukum» (2015-2017 #.4i.) maB3ycumaru (yHIaMeHTan Ba
amasui Jjonuxanap govpacuaa Oaxapuiras.
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TaagKMKOTHUHT MakKcaam OHJIeKTpokuMEBul ceHcopiapan (DC) wumnurad
YUKHUII Ba yJIApHU KaJIMUN, MHIUN Ba CypbMaHU aHUKJIAIIA KYJJlanaad uoopar.

Makcajra 3pyiuin yuyH Kyinjaara Basudanap Oenruianiu:

Oydep apanammanapu Ba (OH DJIEKTPOIUTIAPHUHT ONTHUMAaN TapKUOWMHU Ba
WHIPENUEHTIAPHUHT KOHUEHTPAUWsJIAPUHNA aHUKJIALT;

TaJKUK KUJIMHTaH METaulapHU YJApHUHI WHIWMBHUAyall SpUTMaiapuaa, peai
TaOuuil OOBEKTIAPHM Ba CaHOAT MAaTEpUAUIAPUHU HMUTAIUS KUJIYBUYM MOJEI
OwHap, yuYTajqd Ba YHIAH Mypakka0 apanammManapja aHUKJIAITHUHT SHTH
MHBEPCUOH BOJIbTAMIIEPOMETPUK YCYJUIAPUHHU SIPATHIIL,

Cd, In Ba Sb woHmapwHMHr MHKpPO- Ba W3 MUKIOpJIAPUHU HHBEPCHOH
BOJIbTAMIIEPOMETPUK aHUKJIAIl Oyiindya unuiad YMKWIraH YyCyJUIapUHU pyaaiap,
KaBlapjap, MpOTe3 THUILIAP Ba KOHIEHTpATIAp aHaNW3UAA, SXIIHJIAHTaH
METPOJIOTUK TaBcudaapra sra (aHUKIWK, WOUIA0 YUKApUII MYyMKHH OViras,
CEJICKTUB, aHWKJIAHYBYM KOHLICHTpalUsjapy Mara30HU KeHT OyiraH) tabuaTaH
TypJau Mypakkad oOBEeKTIap Ba Marepuaulap aHaJU3UHUHT  PalloHal
€YMMJIAPUHU M3JIAIIJA KYJIJIall MyMKHH.

Tagkukor o0bexkTH. Typiu Xua KOTUIIMajap, KaBliapiap, CYpPKOB
Moillapu, pynanap, MUHEpaiap, TypJd XuJl TaOuaTiu CyBjiap Ba CTaHIAPT
HaMyHaJlap KyJUIaHWITaH.

Taagkukor mpeameru. WHauii, cyppMa Ba KaJMUK HOHJIAPH, TYPIUA XHUII
OpraHuK peareHTiap OWwIaH MOAM(PUKALUIAHTaH 3JEKTPOKMMEBHI CEHcopJap
xamza aTpod MyXUTHU U(DIOCIAHTUPYBYH MyTareH OupuKmanap.

TaakukoT ycyJu1apu. Juccepranus 150000501 €2} VHBEPCUOH
BOJIbTAMIIEPOMETpHUsI, ToJisiporpadus, TMNOTCHIIMOMETPUS, aMIepOMETpUs Ba
KOHIYKTOMETpHUS KaOW 3aMOHAaBUW DJIEKTPOKUMEBUN TaJKUKOT YyCyJUIapu
KYJUTAaHWIIH.

TaaKuKOTHUHT MJIMUIA SHTMJIMIM KyWaarumiapaan noopar:

Wik O00p TypiaW OpraHuUK peareHTiaap OwiaH Moau]UKaIUsIaHTaH
ANEeKTpoKuMEBMIA ceHcopiaap Epmamuna In, Sb Ba Cd wonmapu HHBEPCHOH
BOJIbTAMIIEPOMETPUK aHUKJIAII YCYIIU UIILIA0 YUKUIITaH;

Oydep apanammanap Ba (QOH DJIEKTPOIHUTIAPHUHT ONTUMAJ TapKuOU Ba
KOMITIOHEHTJIADHUHT ~ HHCOAaTH,  TOTEHIMAIHUHT  TabCUPH,  CEHCOpJapja
NEMONSPU3ATOPHUHT  TYIUJIAHUII BAKTH, aHUKJIaHAETraH SPUTMAHUHT
TEeMIlepaTypacu Ba TOK Juana3oHWHU (GONJaIM aHAJUTHUK CUTHAJ KaTTaJUrura
TabCUPU KYpCATHUIITaH;

TaJKUK KWIMHTaH MeTaJUlapHU pean TaOuuii oObeKTIapaa Ba caHoaT
Marepuaijiapuia  CEJIEKTUB  HHBEPCHOH  BOJBTAMIEPOMETPUK  aHUKJIAII
HaTWKajapura  OeroHa  KAaTHOHJIADHUHT,  KOMIUIEKC  XOCWJI  KWJIyBYH
OMpPUKMaIAPHUHT Ba aHUOHJIAPHUHT TAbCUPU AHUKJIAHTaH;

aHWKJaHAETraH  MeETaJUIApHM  TUOPUA  DKCTPAKIMOH  WHBEPCHUOH
BOJIbTAMIIEPOMETPUK YCYyJIIapH UIIa0 YNKUITaH.

TaagKMKOTHUHT amMaJIuii HATUKAJAPH Kyiuaaruiapaan nuoopar:

OFMp METAJUIAPHUHT KYyWH MUKAOPJIApUHU WHBEPCUOH-BOJIHTAMIIEPOMETPUK
AHUKJIAII YCYJIA Ba SJIEKTPOKUMEBUI CEHCOP TaKIu( KUJIMHTaH.



ANIEKTPOJHUHT AHAJUTUK Ba OSKCIUTyaTalldOH TaBCH(IApU OIIUPAJIUTAH
Moau(pUKaALIUsIIAII WYIUTapy KYpCcaTHIIraH;

OFMp METaJUIapHU AHUKJIAIIHUHI CTalMOHAp Ba JWHAMUK BapHaHTJIApHIA
MOJU(PUKALUSIIAHTAH ~ CEHCOpPJapHM  HWIUIATHIIHUHT  TEXHUK  CUUMIIApH
KEeNTUPWITaH, yiap acocuja Oup KaH4ya aHbaHABUN AIEKTPOKUMEBUN YyCyIIapHU
KaiiTa KYpuO YUKUJITaH.

TagKUKOT HATHKAJTAPUHUHT WINOHYWIMJIMIM OJMHTaH HATHKalap yMyMHI
KpUTEpHUsIap acoCuJa MaTeMaTWK CTaTUCTHK YCyJWJa TaxJIWid KWIWHraH. by
KpUTEpUINIap KylIUMUalap YCYIH, «KUPUTWIAU-TONMWIIW» Ba OOIIKa ycCysuiap
Oounan pean oObeKTIapAa, TAOUUN CYBIApHUHT Ba CTAaHAAPT HaMyHaJlapH acoCHJIa
COJIMIUTUPraH X0Ja TACAUKIAHTaH.

TaagKuKoT HATHKATAPUHUHT WIMHH Ba aMaJIuii aXaMUSATH.

TanKuKOT HATMOKAJApUHUHT WIMHA aXaMUATH IIyHIaH uooparku, In, Sb Ba
Cd voHnapuHM yJapHUHT UHIUBUAyaJ 3pUTMaliapuia, MOjel OuHap, ydJIaM4u Ba
pean Tabumii OOBEKTIAp Ba CaHOAT MaTepUALUIAPUHU UMHUTHUPJIOBUM Mypakkad
cucteMaiap/ia aHUKJIAIIHUHT WHBEPCHUOH BOJIBTAMIIEPOMETPHUS yCYyJUIapu UIILIA0
YUKW, YOy ycysl MeTajuiap, KOTHIIMalap, CYpKOBYM Mojjiaiap, pyjajiap,
MUHEpaiap, TypJid TaOuaTid CyBiap Ba OOIIKa Mypakkad MaTepuaLlapHH
aHaJM3Ura KYyJUTaHWIIH.

TaaKUKOT HATHKATAPUHUHT aMaIui aXxaMUATH UIIa0 YUKUITaH HHBEPCUOH
BOJIbTaMIEPOMETpUK ycyiuiap Ba D/ TA, 8-OKCHXWHOJIMH Ba OPraHUK KOMILIEKC
XOCHJI KWJyBUM Oomka wmojaudukatopiap OwnaH wmoaupuuupiaad OJMHraH
anekTpokuMéBuit ceHcopnap In, Sb Ba Cd mapam arpod Myxut oOBeKTIapuaa
MUKPOKOHIIEHTpAlUsl ~ Jlapakacujard KyWd KOHIIEHTpalusiiapja aHUKJIAIl
MyMKHH, Oy 53ca Oy SKOTOKCHKaHTJIAPHU TYpJH TaOUUui OO0BEeKTIapaa Ba
MatepuaiiapAard aHMK MUKJIOPUHU TOTHUIII UMKOHUHH Oepajiu.

TaagKUKOT HATHKAJIAPUHUHI KOPUMHM KUJIMHUIIM. WHAWNA, KaamMuil Ba
CypbMa HOHJIAPUHHU MUKPO MUKAOpJap/a peasl 00beKTIap TApKUOUIaH aHUKIAIlIIa
OpraHuk peareHTNIap &paamuaa  MoAUUKANUAIAHTAH  JICKTPOKUMEBUIN
CEHCOpJapJIapHu UILIA0 YMKHUII Ba aMATHETTa KOPUN ATHUIIT aCOCUIA:

Nugui, kaaMuid Ba CypbMa MOHJAPUHHM AHUKJIAIIHUHT HWHBEPCUOH
BOJILTAMIIEPOMETPUK  ycyiutapu «Jlexkonobon kammit  3aBoam» KKAX na
amanuérra TaToOMK KwinHTaH («JlexxoHoOon kamuii 3aBoa» HuHT 2017 #mm 11
ceHTs0pp 782/09-3 coH MabiaymMoTHOMAacH). MnMmuii HaTWXamapHU amanuérra
KOPUM KUJIMII HATHWIXKACHUIa OPraHUK peareHTiap €paamuaa MoauduKanysiiaHral
ANEKTPOKUMEBUI CEHcopiap OwWiaH VFUTIap TapKuOWIa OFUp MeTajlapHU
camapalid aHuKanaa GoianaHuiras;

WHIWNA, KaJIMHH Ba CYpbMaHU WOHJIAPMHU aHMKJIAITHUHT HWHBEPCHUOH
BOJIbTAMIIEPOMETPUS YCYJIJIapy CAaHUTAp SIUIMMHUOJIOTHMK Ha30paTH MapKaszjiapu
TOMOHHMJAH aManuérra TatOuk otwiaran (PecryOnuka pnaBmaT caHATapus -
SMUAEMHUONIOTHST ~ HazopaTd  MapkazuHuar 2017  #mnm 15 ceHT0ph
16-8/6790-con MabaymoTHOMacH). MiMuii HaTWkamapHd amanuérra >KOpui
KWINII HATWKACUJa W10 YWKWITaH MOIU(HUKAIUAIAHTaH AJICKTPOKUMEBUN
CeHcopyiap €paamMuja WHAUW, KaJMHA Ba CypbMa HWOHJApPUHU AaHUKJIAIIA



UIUTATWITaH YCYJUIAPHUHT UMKOHUSTIAPY Xam/Ia CE3TUPIUTHHH ONITUPHIITa EpJiaM
Oepras.

TaakukoT HaTHKAJAPUHMHI  anpoldamusicu. Maskyp  TaJKUKOT
HaTWXKaJlapu, *KymiaJaH 2 Ta Xajakapo Ba 4 Ta pecnyOiauka WIMH-amMalui
aHKyMaHJIapuja MyXoKaMaJiaH YTKa3uIraH.

TaakuKOT HATHIKAJAPUMHMHI bJOH KWIMHMIIM. [{uccepranusi MaB3ycu
6yitmua sxkamu 16 Ta MMM MWD YOI OTHIrAH, WIyIapAaH Y30eKHCTOH
PecniyOnukacu Onuii aTTecTanuss KOMUCCHUSICUHUHT JTOKTOPJIMK JUCCEPTALMSIIAPU
(PhD) acocwmii wnamuii HaTWKaJapWHU YOI OTUII TAaBCHUS OTWITAaH WJIMHM
Hampiapaa 9 Ta makona pecryOnuka Ba | Ta Makoia XOPWXKHUHM KypHaiapiaa
HAIIp TUITaH

JuccepTauMSIHUHT TY3WJIMIIM Ba XaxmMu. Jluccepramnus TapkuOu KUpHIII,
o6emra 000, Xxynoca, ¢oimananwiran agabuérnap pyWxaru Ba WiIOBajapiaH
uoopat. JluccepranussHUHT XakMu 120 OETHH TalIKWII STaAH.

JTACCEPTAIIMSIHUMHI ACOCUI MA3MYHHU

Kupnm kucmuaa yTkazuwiarad TaJAKUKOTIAPHUHT J0JI3apOJIMTH Ba 3apypaTu
acocjaHraH, TaJKUKOTHHUHI MakcaJu Ba Basudanapu, oOBEKT Ba IpeaMeTIapH
TaBcu(IaHrad, pecrnyoauka GaH Ba TEXHOJIOTUIIAPU PUBOKIIAHUIIIMHUHT YCTYBOP
NYyHAIMIIApUTra MOCJIMIM KYpCaTWITaH, TAaAKUKOTHWHI WJIMHUN SHIUJIUTH Ba
amaiuil HaTuxkanapyu 0a€H KWJIMHTAH, OJJMHIaH HATHKAJIAPHUHT MJIMUANA Ba aMaliuid
axamMHusATH o4ynud OepwiiraH, TaJAKUKOT HaTWXKAJapUHU aMalu€Tra >KOpUN KHIIMIL,
Hallp OSTWITAaH HWLOUIAp Ba JUCCEPTALMS TY3WIMIIM Oyin4Ya MabIyMOTJIAp
KEJITUPUIITaH.

HucceprauustHuar ~ Oupunun  «Kagmuil, HMHAMA Ba  CypbMaHH
3JIEKTPOKUMEBHIT aHUKIAID» 000M1a OFUp METaNIapHU, XyCycaH KaJMUM, HHAUMA
Ba CypbMaHM TYpJIM MOJU(UKALMAIAHTaH CeHcopyap €paaMuia 3JIEeKTPOKUMEBUN
aHUKJIall coXacuaa AyHE OJUMIIApM TOMOHHMJAAH OJUO OOpHIraH TaJKUKOTIapHU
TaxJIUJUra OarvIlIaHTaH anaduériap mapxu KeaTupud YTuinrad. DIeKTPOKUMEBHIMA
Ba Oomka ycymiap XamJa oSkapa€HJIapHU YpraHuiiga KyJJIaHWIaIuraH
MHCTPYMEHTAJl Ba MaTeMaTWK ycyiuap KymaHwirad. Ofup MeTaulapHU
aHUKJIAIJgard Typiad ycyiulap TaKKOCJIaHWO, YJIapHUHT TaHKUAWM IIapXu
KEeATUpWITraH. Ajoxuaa TabKuad YTHII >KOW3KH, KOTHIIMajap, Kapliapjap Ba
OolIKa caHoAT MaTepualiapuaa  MOAM(PUKALUSIAHTAH  BJIEKTPOIJAPHUHT
KYJUIAHWIMIOM ~Teruiuiiya OaxojaHMaraH, YyJapHM aHaJIMTUK Makcaajiapiaa
TOKCUKAHTJIADHU aBBaJJaH KOHIIEHTpJAIl y4yH CeHCop cudaTuia HILIATHIHILN
yMyMaH KypuO yukuiaMaraH. AnaOuérnap MaHOaNapuHUHT TaxXJIWIU XYJOCAaCHAaH
KenuO YuKUO, TaIKUKOTHUHT MaB3yCH Ba IACTypH Ty3UO YMKUJITAH.

HMucceprauustHuHr  «TagKUKOT  yTKasumjaa HMOUIATWITaH  ac0o00-
yCKYHAJIap Ba MaTepuaJiap» 1e0 HOMJIAaHTaH UKKUHYM 000WIa TagKUKOT OO
Oopurl ydyH Kepakiau Marepuamiap, ac6o0 yckyHamap, (oigaraHuIaurad
spUTMaapra Kynuiaaaurad tajnadiap, HaMyHa OJIMII Ba YHU Tax IWJra Taiépiarn.

HucceprammstHuar  yunHdn 000 «Typuam opraHuk peareHtjiap OuJjiaH
MOAU(PUUMPJIAHTAH JJIEKTPOKUMEBHI ceHcop uMuLIad uyumkumy.by 06001a
kartuk OC Taii€pnamga ONTHMAJl IIAPOUT, KYMHp MAcTacH apalaliMACHHHHT
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KOMITOHEHTJIapH Ba YJIApHUHT HUCOATIapu KypuO yuKwiraH. MabiyMKH, KATTHK
moaudukanusuianran  9C xoccanapu OupuHYM HaBOaTAa KYMUp NacTacu
TapKuOuJaru KOMIIOHEHTJIApPHUHT HUCOAaTUra OOFJIUK, IIYHUHT YYyH aBBaJl TYpJH
IPOMOPLIKsIIA OJTMHTaH rpadUT KyKyHH, MyM Ba MoAudUKaTopaad (Macca Oyiinya)
TalIKWJI TOMNTaH apajammanap Tai€piaHrad. Apajammanard rpaduT MHUKIOPU
OpTraHu Capy YHUHT 3JIEKTp YTKAa3yBUAHIIUTU OPTTaHJIUTH aHUKJIAHAM, IIYHUHT
y4yH KYMUp NacTacl KOMIIOHEHTJIApUHH ONTHMaJl HUCOATUra SPUILHUII 3apyp M.
Kymup macracura xuputwiaguraH MOAU(UKATOPHUHT ONTHUMal MHUKJIOPH
VTKa3WIran Taxpuda MabIyMOTJIApU acocHja TaHiaaHau. ONTHMalIalTHPUITaH
mapoutiapaa 0,1-0,8 r momuduxatop TyryBum OC Tanépmanmu. OnumHTaH
MabJIyMOTIapra Kypa, nmacragaru MOAuQpuKaTopHUHT ontuman mukaopu 0,2-0,4 r,
YYHKH KYMHp TacTacd Ba MyM apajialliMacuja YHUHT MHUKIOPU OPTHINUA OujaH
TETUIIUIM paBUla OyTyH CHUCTEMAaHUHT (CEHCOPHHHT) JJICKTPYTKa3yBUAHIIUTH,
IIYHUHTACK YHUHT CE3TUPJIMIU  KaMmasau, Oy MOAM(PUKATOPHUHT XYCYCHM
ANEKTPYTKA3yBUAHIMTUA WYKIUTH Ty(aiiu maino Oyiaau, JeMak YHHMHT IacTta
TapKuOura KUPUTWIMIIKA OYTyH CHCTEMaHU DJJIEKTPYTKA3yBUAHIMUK OWJIaH
TaMuHnanan. 1-xkanaBanga momuduiupiaanrad  OC HUHT TypJid HamMyHallapu
épnamuna onuurad In, Sb Ba Cd wuWOHJapUHUHT BOJBTAMIIEp STPUIIAPH
KEJITUPUJITaH.
1-xaaBan
OC Traiiépnaiia MOAU(PUKATOPHUHT TabuaTura 6orauk pasumaa In, Sb, sa Cd
MOHJIAPUHU TAaKKOCUM aHUKJIaHUII HaTwxKaimapu (x TAX; P = 0,95)

Kupurtniaran merain, Tonunran
h, | Momudukarop
MKT MeTau, | N S S
MM TabuaTn
(aHaIM3 MIAPOUTIIAPH) MKT
In(IIT) 5,0 mxr/mi 65 DJTA 49+025| 5 | 0,14 | 0,028
(¢on 0,1 M HNOs; 30 | 8-okcuxunommH | 45+0,31 | 5 | 0,25 | 0,055
n.T. = 1,0 MKA; 25 Apcenazol | 54+0,23| 5 | 0,19 | 0,035
E,=-0,55B; 15 Mopun 48+0,26 | 5| 0,21 | 0,043
t,=60 ¢ ) 10 Hutnzon 39+0,18 | 5 | 0,15 | 0,038
CA(IT) 16,0 MKr/m 50 OJTA 159+0,25| 5 | 0,20 | 0,012
(bon 0,3 M H,S0,; | 55| STTOCHIAMHHO-| 0y 4 534 5 | 028 | 0,018
XUHOJIUH
n.T. = 0,5 MKA;

E. =-0.60 B: - TuomoueBuHa - - - -
Ht =6(,) ) ’ 20 | Cynbetapcasen |16,4+0,35( 4 | 0,22 | 0,013
U e 25| KamouC |153+040| 4 | 025 | 0016
Sb(III) 3,0 Mkr/mi 45 DJTA 27+0,13 | 5 | 0,11 | 0,040
(¢on 6,0 M HCI; 65 | 8-okcuxmuonuu | 2,9+0,09 | 4 | 0,06 | 0,020
1.1. = 0,5 MKA; 38| Ilmporammon | 33+0,14 | 4 | 0,09 | 0,027
E,=-0,16 B; 23 | ®enundamyopon| 22+0,15| 5 | 0,12 | 0,054
t,=60 c) 18 | TuomoueBnmHa | 26+0,17 | 5 | 0,14 | 0,053
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XKanpanman xypunu6d typudmuku, In Ba Cd yayn DJITA; Sb - yuyH 3ca 8-
OKCUXMHOJIMH €paamuia MoauduKausiianrad, Xxamaa taiépnanran OC épaamua
OHT SXIIIHA HATWKaap OJIMHTaH.

Typrunun «HaTtmkanap Ba yJapHMHT TAaXJuiam» 000M Takiu( KWIMHTaH
¢doH seKkTpouTH Ba Oydep apananiMacHHUHT TaOuaTH OWJIaH KOHIEHTPAIUSICUHU
In, Sb Ba Cd noHnapuHM MHBEPCHOH-BOJIBTAMIICPOMETPUK aHUKJIAITa TAhCUPUHU
Ypraaumra Oarunuianrad. MabiayMKw, ypraHwirad meTtautapHuHr AC XOCHI
OynuIIMra TabCUp KUIYBUM acOCH oMui OYnu0 GoH snexTponutaapHunr (0ydep
apayammMaiapu) TaduaTd Ba KOHIIGHTpAIUsIapu XU3MaT KWIaad, YyHKHA WITHAHT
ontuMai pexuMuHM Tamnam y4dyH In, Cd Ba Sb monmapuHMHT Typiau Kuciora-
acoCIIi MyXHTIIap/aa dJCKTPOKUMEBHIA TaOMATH YPraHWITaH.

®oH snexTponauTH Ba Oydep apajallMaCHHUHT €Tapiu Japaxana IOKOpH

OynmMaraH KOHIICHTpAIMsACHIA YPraHWIAETraH 3PUTMAHUHT OM KapIIWIATH JKyAa

karTta OYmmuO keraam, Oy 3ca YpraHwiaéTraH cUCTeMaJa KyWIAHWITHUHT KaTTa

xapaxkatura ca6abd Oymanu, In, Sb Ba Cd nonnapunu B anuknanummra canouit
TabCUP KypcaTaju.

2 ’KaJaBall

Typsu Tabuatiau Ba KoHIEHTpauusuk GoH atekrpoiautiapuaa In, Sb sBa Cd napuu

MHBEPCUOH-BOJIbTAMIIEPOMETPUK aHUKJal HaTxkanapu (P=0,95; x £AX)

MeTam ®oH 371eKTPOIUTHHUHT TaOMaTH Ba Tomuirai
TaGHATH KOHIICHTPALIASICH h, MM Me, MKT n S S,
0,10 M HCI 40 | 0,56+0,08 | 50,06 | 0,082
0,1 M HCI +0,1 M H,SO, 45 | 054+0,07 | 4004|0080
In 0,20 HNO3 48 | 048+0,02 | 5002 (0,040
0.1 M KOH 47 | 047+0,03 | 50,03 (0,060
0,1 M HBr 48 | 051+0,01 |5]001 (0,020
0,2 M HNOs 42 | 0,48 =0,09 |5 | 0,07 | 0,145
0,20 M HCI 52 | 0,53 +0,06 |5 | 0,050,094
Cd 0,20 M H,SO4 57 0,51+0,04 [5 | 0,03 ] 0,059
0,3 MKI 46 | 0,55*=0,14 (4 | 0,09 | 0,164
0,3 M H3PO4 40 0,46+0,04 |4 | 0,06 ] 0,131
0,1 M H3PO, 8 | 491+0,13 | 40,08 |0,016
0,2 M NH,F 10 | 5,04 =0,11 | 5 | 0,09 | 0,018
Sh 0,2 M HCI 20| 498 0,06 | 5|0,05]0,010
0,2 M H,C,04 13| 509 =019 | 4 (0,12 | 0,024
An.b.P. 11| 511 0,17 | 4 | 0,11 | 0,022

boiika ToMoHAaH, yJIapHUHT XaJJaH OPTUK FOKOPU KOHIEHTPALUACH Xam
AXIIA SMac, cababu ypraHWIaéTraH YpUTMAHUHT KaTTa MOH Ky4H TabcUpuaa (poH
ANEKTPOIUTIAPHUHT Ba Oydep apanammMamapHUHT AUCCOIMAINS KOHCTaHTAIapU
ce3uJIapiu KaMasay Ba HaTXaja BoJibaMIlepo-TpaMmMaiap Iakjiu EMOHIIAIIaAn Ba
terunuim paBumga In, Cd Ba Sb jpapamar MB aHWKIAHWIMIMHWHT aHUKJIATH
kamasiau. [llynnait kunmb, anukIaHaETraH METAJUTHHHT BOJIbTaMIIEporpaMMaiapu
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(uykkuIapu) xap KaHgail HucOaTiapia SHT SXIIM HaTiwka Oepulin yuyH (oH
ANEKTpONUTHUHT (Oydep apaaliMaJlapHUHT) ONTHUMAd Ba MYMKHUH OYyirax
KOHIIEHTpAIUsUIapy TaHJIaHUIINA KEpaK.

OnTuMan Ba MyMKHH OYJITaH HT KaTTa KOHIIEHTPAUUJIAPUHU TOMUII YU4yH
TaIKUK KUJIUHAETraH METaUIapHU TypJid TaOWaTiu Ba KOHIEHTpauusiau (HoH
ANEKTPOIUTIapuaa Ba Oydep spurMaliapuaa KOHICHTpAlUsJIapyu OpTHO Oopuilu
ownan VB anukiaHumm amanra ommupwirad. byHna siaekTpokuMEBUN Hazopar
yuyH OYTyH OJEKTpONM3 JaBOMHJA, aHUK OuUp uyerapamapaa MYXUTHHHT
MIPOTOHOOHOP (AOJUTUTH CaKJIaHUO KOJHWIHM Tajnad KWiInHaau, OyHIIa acocHil Ba
aHUKJIOBYHM POJHU (HOH 37eKTpoauT (Oydep apanammacu) yiHau.

In, Sb Ba Cd napHHMHT BOJIbTAMIIEPOMETPHK TAaOWATUHU YpPTaHUII, yJIapHU
anukiam OJ[TA, 8-OKCHMXWHOMWH, AUTH30H, KymndepoH Ba OOIIKa TaHJIOBYH
OpraHUK KOMIUIEKC XOCHWJI KWJIyBYM pearceHTIap OwiaH Typiau Tabuatiu ¢oH
ANEKTPOIUTIapUa Ba Oydep apanammanapuaa moauduimpnanrad 9C ga amanra
omupmwirad. TagkuK KUIWHAETraH METAUIAapHU TYpJiIM KUCIOTAa-acoc Xoccalld
myxuTiaapaa WB anuknanumm OViinua 0abk3u  MabIymMoTIap 2 KajaBajja
KEJNTUPUIITaH.

XKanpan mabirymomnapuaan kypuauo typuoauku, Cd vu (0,20 M H,SOy), In
— (0,10 M HBr), Sb —(0,2 M HCI) ¢onmnna aHukiamiia SHr SXIIM HaTHKalap
Ky3aTWJraH Ba IIyHUHT Y4YyH KoJraH Oapya TaaKukoTiap ymoly ¢oH
ANEKTpONUTIIapuia Ba Oydep apanammManapuga, VpHATWITaH  ONTUMA
KOHIEHTpalMsIapura TeruIlIf paBUIIia, aMmalira OMIHPUIITaH.

MyxuTHUHT KuciioTa Ba acocamymruHuHr Qoiaamu AC In, Sb Ba Cd napra
TabCUPH OYiNYa KYIPOK MabJIyMOT OJIMII YUYH TYpJId KHCIOTa-aCoC XOCCaIH (POH
aNeKTponuTiIapAa Ba Oydep apanammManapuia aHUKIaHAETTaH MeETAIAPHUHT
YYKKWJIApU Ak, Xamaa OallaH/IMrura MyXUTHUHT pH Tabcupum xapakrtepw
ypranwirad. Tankuk KwimHaétran MeTtaiapuuar WMB - anukmanumm  Oyiinua
YpHATWITaH drpujiapAad Oab3uiiapy pacMaa KeITUPUIITaH.

Pacmnan kypunu6 Typubauku, bputron - Poouncon (pH 4,5) 6ydepuna Cd
HuHT SHr sxmu AC onunras, yausepcan oydepaa (pH 2,70) Sb, In aca — amnerat
oydepna (pH 4,0).

Mabsnymkn, B na snexkrpomna 3yekTpodaosn MOIJaHUHT (aHUKIaHAETraH
METasl) TYIUIAHWII BAaKTH XaM aHOJ Ba KaToJ YYKKWJIAPUHUHT OajaHJIUrura
ce3wIapiivi TabCUp KypcaTaaural OMusUIapiad Oupuaup.

TaakuK KWIMHTaH MeTaIapHUHT VB aHWKTaHWIIN CE3rUpIMTHHU ONTHPHII
yayH Oup KaHYa ycylap MaBXyA: TOK JAWANa30HUHU KaMaWTHpUIL,
KYJUTaHWJIa€TraH acOOOHUHT Y3U-E3yBUMCH MACILITAOMHU Y3rapTUPHILL, SJIEKTPOIIa
AHUKJIAHYBYM METaJUT TYTUIAHAIUTaH BaKTHH OIIMPHWIN, aHAIW3 KHJIMHAETTaH
SPUTMAHUHT XapOpaTHHU OUIMPHUIL EKM KaMaUTHPHUIL Ba OOLIKA OMUJIAD OpPKAJIH.
bommmpgarn  WKKM ~ XapakTepUCTUKAHW  WIUIATHINHUHT  caMapacd  MIIja
KYJUTaHWJIagurad ac06o0  Tyswiumura Oornmuk  Oynca, AC  kuiimarura
JENONIIPU3ATOPHUHT  TYTUIAHWIN BAaKTUHUHT TabCUPU 3Ca aHUKJIAHAETTaH
METaJUTHUHT TaOMaTH Ba KOHIIEHTPAIMSICUTA OOFIIUK OYIau.

12



LR
a0

Pacwm. In, Cd Ba Sb napaunar AC

T KaTTAIUTUHUHT MyXuT pH ra

an OOFIUKJIUTH
a0 |k (a) In - arterat Oydepna (a);
2 L B Cd - bpurron- PoOuncon Oydepuaa
_ @  (©)
10 r (6) Sb - yausepcans 6ydepaa (s).
a 1 2 3 4 5 6 1 g 9 pH

DNeKTpoj/ia aHUKJIaHA€TraH MeTayul MUKIopu Ownan MB nmaru snektponu3
BaKTH OpaCUJIATH TYFPH MPOMOPIHUOHAIUIUK (YH3UKIIN) Ky/la MyXUM XHCOOTaHAIH.
I'panyupoBka rpaduru (I'T) Ba cranmapt kymmmuanap (CK) ycynupma wuirau
AIEKTPOJIIA ACTIOIAPU3ATOPHHUHT TYTUIAHUII BAKTH Ba 3JEKTP(})a0T MOIIaHN YHUHT
I03aCHIaH aHaJli3 DPHUTMACHTa JPUINM, IIYHWHTIEK, Oapua Vyidamiapaa Ba
mapouTiapjaa Oup Xuia OYIMIIM Kepak OYIraH 3JIEKTPOJU3 PEKUMHU MyXUM
XHcoOJaHaIH.

3-KazBaiaa TaAKUK KWIHHAETTAaH METAJUIAPHUHT YYKKHJIApH OajaHIJIUTHHU
OTA Ba 8-okcuxuHONMMH OwiaH mMoauduiupnanrad OCaa TYIUIaHUIN BaKTUTa
OOFJIMKJIUTY KEJITUPUIITAH.

3-KaaBai
Monmudunupnanran (In Ba Cd yuyn monudukarop IJITA, Sb — yuyH sca
8-okcuxuHonuH) kymup nactanu ICnapaa In, Cd Ba Sb nonnapunap uykkuiapu
OaJIaHITUTMHUHT yJIap TYTJIAHUIT BAKTUTa OOFIIMKIUTA

651?1;;: In(I11) cd(l) sh(Il)
[ ¢on — 0,1 M HBr; ¢don — 0,3 M HySOy; ¢on — 0,2 M HCI;
. a.T. = 1,0 MKA; n.T. = 0,5 MKA; I.T. = 1,5 MKA;
TyTiTan E, = -0,56 B; E, = -0,63 B; E, = -0,18 B;
1 Cin = 0,5 MKr/mn Ccq = 1,0 Mxr/ma Csp = 1,0 MKI/MI M
BaKTH
h,mm |5]10 15|32(51|53| 3| 6| 31|42|62| 76 |7|13|25/45|55|67|73|75
t, ¢ |10/20 3040 | 60| 90/2030( 50| 70{90| 110(5(10|20/40 |60{70/80|90

Kanpangan kypunu6 Typuoauku, In(Ill) ontuman Tymmanum Baktu 60 c.,
Cd(I1)-90 c., Sb(IIT) aca -80 c., YyHKH BJIEKTPOJIM3 BAKTH SHA OIIMPHIICA YYKKUIAP
OaJlaH[IUTH, YJIApPHUHT TYTUIAHUIM (YHKOUSICH OYIMaid KoJlaau Ba JOUMHM
KaTTaJMKKa alilaHaayd, IIYHUHT Y4yH YHM sHaJa OLUMPHUIIHMHT MabHOCH HYK.
Taxaun HaMyHaJIapuaaru KOMIIOHEHTJIApHU aHUKIAIHUHT KB ycymnapunu
apatumga ¢ovganu AC OwnaH TOK auana3oHu (T.1.) YpTacujgarud OOFIMKIIUK
acocuit mapoutiapaan oupuaup. In(Ill) yayn sur onrtumain coxa 0,75 - 2,5 MKA,
Cd(I1)- 0,25 — 1,0 mxA, Sb(III) yuyn aca — 1,0 - 5,0 MKA SKaHJIUTH aHUKJTAHIH.

Cd, In Ba Sb wonnapuu wmyBaddakustin MB aHukmam ydyH aHaIW3
KWJIMHAETraH SPUTMAHUHT TEMIEPAaTypacUHU TAJAKUK KUJIMHAETraH MeTaiap
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ACura TabcupuH# ypranum kepak. TaxxpuOanap nIyHu KYpcaTauKu, XapoOpaTHUHT
25-35 °C opanuruga BOJBTAMIIEPOMETPMK OSIPUIIAPHUHT (YYKKUIAPHUHT) OHT
AXIIM HaTWKaJlapu Ky3aTuirad, ca0aOu yHMHT KUYMK KUUMAaTiapuaa TaJIKUK
KWJIMHAETTaH S3pUTMAHUHT TOK YTKa3zyBuannuru In, Cd Ba Sb noHnapuHu aHUKIAII
yUyH eTapiii OynMaiau, rokopuiapuaa sca — IC ce3uiiapcus dpUIlid Ky3aTHUiaau
Ba TETUIUIM paBULIAa YHUHT WIIYM I03acH EMOHJIAIIAIA XaMmJla STPUIAPHUHT
(4YKKWJIApHUHT) TIAKIW Y3rapajau, IyHuHr ek VB anukianuin xaM éMOHIIaIau.

Taxxpuba MabIyMOTIApu acocuja NIyHJIal XyJocara KEJIHWIl MYMKHHKH,
OATA O6unan momudunupnanran IC épmamuaa In, Sb Ba Cd uommapu UB
AQHUKJIAITHUHT TYFPU Ba KaiiTa TaKpopJIaHYBUAHJIMKKA dTa HATWIKaJapy OJIMHTaH,
OyHna HucOmit cranmapt yernanum 0,33 maH omMaras.

In, Sb Ba Cd mapuu Tabuarna Oupra yupaiaurad OeroHa KaTHOHIAp OwiaH
Oupra aHWKJIANl HATHOKAIApUIaH KYPUHUO TYpUOIUKU, MyMKHH OYJITaH 3HT KaTTa
KOHIIEHTpalMslapyuraya yjaap aHUKJamra xajgakut oepmaiaun. OnuHran taxpuoa
MabJIyMOTJIapU IIyHU KypcaTauku, In, Sb Ba Cd vonnapunu Typnu Tabuariv Ba
KOHIIEHTpaIMsUI OeroHa KaTHOHJIAp OWIaH aHMKJIAll WMKOHHM MaBXKY[, yJap
aHUKJIAIITa XaJaKuT OepMaiiii Ba ylap KynuH4a TaOuuii oObeKTiapaa Ba caHOoaT
MaTepraiapuaa Oupra yuapanu.

Mopens apanammanap sipatuiira acoc 6ynu6 In(Ill), Cd Ba Sb(Ill)mapuu
aHUKJanAa OeroHa KaTHOHJIAPHUHT TahCUPH OYiiMua HaTWOKajlap Xu3MaT KWIIU.
Mopens OuHap, yY4auK Ba YHAAHAA MypakKaOpOK apajaniMaJlapHUHT aHau3
HaTWXanapy 4 skaaBajija KeATUPHUITaH.

4 xanBan

Monens apanmammanapaa In, Cd Ba Sb nonnapuau aHuKIaI HaTHXKAJIAPH

(P=0,95; x + AX)

Me HabmyHangaru koMnoHeHTIap KOHIeHTpausicu Ba | Tomunran nl s S,
TabnaTu apaJiaimMa TapKuOu, MKT Me, MKT
In(0,35)+Cd(95,0); 0,36 +0,11 |5]| 0,09 (0,025
In(0,70)+Sn(1,96)+Pb(2,35); 0,68+0,04 |5| 0,03 (0,044
In(1,40)+Bi(0,52)+Sn(2,20)+Cd(3,25); 1,43+0,10 |5( 0,08 |0,056
In In(2,80)+Bi(0,19)+Pb(2,30)+Sn(2,0)+Cd(2,55); 2,76 £0,33 |4 0,21 |0,077
In(5,60)+Sn(0,31)+Zn(5,19)+Ag(1,21)+Se(1,41)+ 5,67+0,84 |4]| 0,53 (0,093
+Mn(2,37);
Cd(0,38)+Ph(41,40); 0,37+0,02 |5| 0,02 {0,054
Cd(0,50)+Ti(15,00) + Zr(15,00); 0,49 +0,05 |4]| 0,03 [0,061
Sh Cd(0,75)+Hg(3,00) + Ph(41,40) + Zn(100); 0,76 + 0,08 |5| 0,07 (0,083
Cd(1,50)+Ba(200)+Cd(10,00)+Pb(4,14)+Ti(15,00); | 1,54 +0,23 |4 0,15 (0,097
Cd(2,50)+Hg(3,00)+Zn(50,00)+Cd(10,00)+ 2,51 +£0,31 |5( 0,26 |0,103
+Pb(41,14) + Zr(11,00).
Sb(1,34)+Cu(1,0); 1,39+0,20 (6] 0,08 |0,057
cd Sb(3,00)+Sn(2,37)+TI(1,21); 3,09+0,31 |4] 0,20 |0,064
Sh(6,00) +Bi(1,48)+Se(2,39) +Cd(2,39); 5,91+0,74 |41 0,47 (0,079
Sb(7,83)+Bi(5,94)+Ni(78,9)+Cr(0,54)+Cu(0,24). 7,92+0,97 |5]| 0,79 (0,099
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OnuHran HaTwXajnapiaH KYpuHUO TypuOIuKH, pean Tabuat oObEeKTIapH Ba
caHOaT MaTepUaUIApUHU TaKJIM]l KIIYyBYM Mypakkad MoAenb apajiaimmaiapiaa In,
Cd Ba Sb wonmapunn MB ycynuna KMHMHYMIMKCH3 aHUKJIAIl MYMKHH, aifHUKCa
Oapua xosaminapaa HucOuit cranmapt derianum (S;) In(Ill) yuyn 0,083 nan,
Cd(I)-yuyn aca 0,162 Ba Sb(III) yuyn sca — 0,129 nan ommaiiaun, OyHaan KYpuHuO
TypUOUKU, UIIUTA0 YUKUJITAH yCyJulap FOKOPU aHUKJIMKKA 3ra .

Mopens OuHap, yWIMK Ba YHJIaH MypakkaOpoK apaiammMaiapja, HUIuiad
yukuiarad moauduiupianran OC épmamuma, In, Cd Ba Sb wmonmapunu B
aHUKJIam OyWuya HaTWXalapAaH IIyHIal Xyjnoca Kenud YHWKaIWKH, WA
YUKWITaH ycyiuiap épaamMuaa Typiau TaOMaTiv Ba KOHIEHTPAIMSUIH peall TaOuuit
00BbEKTIap/Ia Ba caHOAT MaTepuaiapuaa (KOJIUKIap, KOHLEHTpaTiap, pyaanap,
MUHEpaJlap Ba ©.) TaAKUK KWIMHTAaH METAUIAPHUHT MUKIOPUHH IOKOPHU
METPOJIOTMK  XapaKTepUCTHUKAJIap Ba  aHAJIUTUK  MapaMmeTpiiap  OuiaH
KUMUHYUIMKCH3 TaXJIMJI KUJIUII MyMKHH.

Huccepranmsi TagKUKOTHHUHT OemmuHuun 006u «Unamii, cypbma Ba
KAAMUIHA WHBEPCHOH-BOJbTAMIIEPOMETPUK AHMKJIAII Oyin4ya wuILIad
YUKHJITAH YCYJUIAPHUHT AHAJIUTUK KYJIJIAHWJIMIINATAY OaruIllJIaHTaH.

Peany Tabumii oOBekTIapAa Ba caHoaT MaTepuaiapuaa (Kamdail Ba
ATIOMUHMI MeTajulapuja, Xamjaa KOTHIIMa, KaBIlap CypkKoB MoW) mHauiiHu VB
aHUKJIAII YYyH SHT aBBaJi0 aHAJM3 KWIMHAJAWTAaH HaMyHaHW, HAMyHa Ba OOBEKT
TabuaTtura MOC KeJaJuraH TErululd KUCIoTanap, acociapia hapyajiail Kepak,
KEeHuH 3ca TyHE anabuértua MaBxya OyiaraH ycysuiap OwiaH HaMyHa aHaJU3UHU
YTKa3HUIlI KEPAK.

5 xanBan
Kanai1 Ba anmroMuHui MeTaJUIapuJaH, XxaMaa KOTAIIIMA, KaBIIap Ba CYpKOB MOWH
TapKUOWIaH UHANWHUHT WHBEPCHUOH-BOJIbTAMIIEPOMETPUK aHUKJIAI HATHUXKaJapu
AHanu3 KWiIMHa€Tral MaTepuaiiap Tapkuou Ba Tom/mraH_In, % n S S

yJlapilard KOMIIOHEHTJIap MUKAOPH, %o (P=0,95, x +Ax) '
Kanaii:
In(0,0094)+Cu(0,0009)+Pb(0,0029)+
+Zn(0,0008)+Fe(0,006)+As(0,0001)+
+Sb(0,015)+Sn(98,07)+Cd(1,8949). 0,0093 = 0,0011 6 (0,16 | 0,078

AJIIOMUHUM:
In(1,50)+Cd(11,0)+Pb(44,0)+Cu(54,0)+
+Bi(2,59)+Ni(6,98)+Co(7,58). 1,48 +£ 0,09 60,08 |0,051
OCoOH CYyIOKJIaHAINTaH KOTHIIIMA:
In(1,50)+Ga(1,20)+Sn(1,10)+Bi(0,60)+
+Cd(5,98)+Ni(27,5)+Co(67,12); 1,59 + 0,06 5 0,06 |0,039
Kasumap:
In(1,21)+Sn(1,7)+Ag(0,01)+Cu(2,62)+
+Bi(37,5)+Pb(24,6)+Cd(32,36); 1,13+ 0,14 4 10,08 0,071
Cypxos moiin:
In(0,50)+Ag(2,1)+Se(1,54)+Bi(2,34)+
+Te(17,54)+Cd(5,94)+TI(37,59)+Sn(32,45). 0,57 + 0,09 4 10,05 |0,091

TapkuOumga MHAMH MOHU CAKJIOBYM TaXJIMJI KMJIWHAETTaH dPUTMAIaH aIMKBOT
(Kucm) onmHaaM, TabMaTUra MOC paBUIIIA KEPakiau (OH AIEKTPOIUTH EKU Oydep
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apajamMa KUPUTHIAIW, MYXUTHUHT Kepaki pH ra Ba Oomka MyXuMm
ANEKTPOKUMEBUIN MapamMeTpiapra (Ce3rupiivK, TOK AUana3zoHH, 3JIEKTPOIU3 BaKTH
Ba 0.) eTka3uIaau Ba nHIAUMHN VB anukmanumm yTkazunaiu.

Mopens OuwHap, yWIMK Ba YHIaH MypakkaOpok apanammaiapaa Cd wvu
aHuKJam Oyinya Kyira KUpPUTWITaH HaTWXKajlap IIYHU KypcaTaauku, YHU peall
TabuaT oObBEeKTJIapuJa Ba  caHoaT MaTepuayiapuaa, pyJalapia  Ba
KOHLIeHTpatiapaa HMB aHukiam wuMKOHUATH MaBxyn. HamyHanu onummn Ba
HaMyHaHU Tai€piam ayHé amabuérnapuma MaBxKyn Oynarad ycyuiap Epramuia
amanra ommpuirad. Kagmocenut, morTenmonut Ba kcantoxpout Cd(Il)ra anukmarm
Oyiinuya OW3 TOMOHIAH KyJra KUPUTWITaH 0ab3u MabIyMOTIap 6 jKaaBaiga
KEJITUPUJITaH.

6-xaaBan
KaamocenuT, MOHTENOHUT Ba KCAHTOXPOUTIA KaAMUWHU UHBEPCUOH-
BOJIbTAMIIEPOMETPUK aHUKJIAHUIIN HATHXKaJapu

AHanu3 KWINHAETraH 0ObEeKT HOMH Ba YHJAaru Tomunran Cd, % N S S
KOMIIOHEHTIIAp MUKIOPH, %o (P=0,95, x +Ax) '
Kagmoceaurt —
Cd(47,00)+Se(34,00)+Cu(2,5)+ Zn(16,50); 46,30+1,49 511,124 0,028
MonTenonut — Cd (87,5)+ Al(9,28)+ Si(9,28); 87,10 + 0,63 5 1 0,548 |0,006
Kcantoxpour: Cd(77,2)+S(16,20)+Zn(6,60). 76,90 +0,85 5 | 0,742 |0,010

Kansangan xynoca xkuimumn MyMkuHkH, Cd(lIl) MukporpaMm MHKIOpIapUHUA
NB anugmam  Oyitmya wnwial YUKWIraH  ycyjulap IOKOpU — aHMKJIHMK
XapakTepucThkagapu, Hucouit crangapt xatommru 0,028; 0,006 Ba 0,010 nman
OIIIMAMINTaH, AaHAJIM3HU amMaJira OIIMPHUIITHUHT SKCTIPECCIUTH OninaH dapKiIaHaIu.

Mucna, Qeppomapranenja Ba HCCHUKKA YHJAAMIA HUKEN KOTHIIMaja
CypbMaHUHT MUKPO MHKJIOPHHH aHUKJAIl acOCHA MaTpuIagaH Sb Hu aBBammaH
aXpaTuilra, MeTakKaJallu Kucjaora Ba amMmuakian Mmyxuraa (pH 9) temup
TUApOKCcH OunaH uykummra, keiina yau 0,5-2,5 M HCI ¢onuna 8-oxcuxunonux
ounan moaudukanusiad, 6uz sparran OC épnamuaa B anukiaiira acocaaHras.
Sb Ounan Oup BakTHHHT y3una Bi xam axpanuimu MyMkuH. By xonatna numoH
kuciotranu 0,2 M koHueHtpanusirada kymrad xonaa 1 M HC1 gonuaa anukiamn
amaJra OIMpUIaIn.

7-)KamBai
Mucna, peppomapranenia Ba MCCUKra YMJaMIId HUKEJIb KOTUIIMACH/Ia CypbMaHH
aHuKTamHUHT HaTmwkanapu (P=0,95, % £Ax)

AHanu3 KWJIMHaETraH 0ObEeKT TApKUOHM Ba KOMIIOHEHTIIAP Tonunran N S S
KOHIEHTPALUSICU, MKT Sb, Mxr '

Muc:

Sb(2,34)+Ag(3,71)+Bi(0,78)+Ca(2,85)+Cd(1,0)+
+Cr(2,5)+Fe(1,5)+Mg(1,2)+Mo(3,5)+Ni(5,5)+
+Pb(2,3)+Zn(2,0)+Al(1,7); 2,30+0,30 | 6| 0,12 0,051
deppomaprasen:
Sb(1,34)+In(3,71)+Pt(0,78)+Bi(2,85)+Cu(1,0)+
+Fe(39,53)+Cd(2,67)+Co(11,34)+Ni(5,21); 1,39+0,18 | 60,18 | 0,129
Hcecenkra yuaamiim HUKeJIb KOTHILMACH:
Sb(7,83)+Bi(5,94)+Ni(78,9)+Cr(0,54)+
+Cu(0,24)+Pb(27,54)+Sn(2,37)+Cd(1,92). 7,92+0,29 |5| 0,27 | 0,035
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Hamyna anHanmu3u: spUTMazaH alUKBOT KUCM osMHaaud (2-5 wmu) Ba
anekTponusepra conunaau, Gon snexrponutu (0,2 M HCI) Ba cumo06 (II) Hunr
0,003 M sputmacugan 3-4 ToMud KylIWwiagud Xamjaa yMyMui xaxm 20 mi rada
€TKa3WIa/Id Ba TYXTOBCU3 apajalliTUpUO TypHIJIaid, KEMHUH ONTUMAaJUIAIITUPUITaH
IapouT/IapJia Ba CEHCOpJap XamJla YCKyHaJapHUHI YpHATWITaH HII PEXKUMHUIA
(tTox mumamazonu 0,75-1,25 MKA, moTeHIMAN Y3rapUIIMHUHT aMIUIUTYy1a COXaCHU-
1,0 = +1,0 B, snekrponna Sb HuHT Tyrmutanum Bakth 100 c¢., YHMHT aHaau3
KWIMHAETTaH HaMyHaJarn MUKJIOpUra OOfimK pasuiiga), -0,16 B morenmmaniap
nuanaszonuaa Sb(IIl) HUHT YYKKHUCH Kala KUITWHAIH.

deppomaprasell, UCCUKKA YMJaMIId HUKEJI KOTUIIIMAacu Ba MUCHU aHalU3Uaa
cyppManu VB anukiam O0yiinya aiipum MablymMoTaap 7 *aaBaiia KeJITHPUITaH.

Kanpanman KypuHUO TypuUOAWKHU, CypbMa HWOHUHU aHUKIAIIA €Tapiau
JIapakaga TYFpY Ba TaKpOp aMmalira ONMIMPHUIIT MyMKHWH OViraH, HUCOWW XaTOJIUTH
(Sr) 0,051; 0,129 Ba 0,035 napman opTMaliIMraH HaTUXKajaap oJMHAIU, Oy Aca siHa
Oup OOp yHU caHOAT MaTepuaiapu Ba Tabuuii oObekTinapuaa MB anukmam
UMKOHU MaBXKYUIMTUHU KypcaTHO Oepaau.

8->xamBail.
Monudukanusianran 3Cnan orinanannd UB ycynu Ounan
TaOUUI CyBIIapHU aHAJIM3U HATWOKaJlapu
(n=5; X £Ax; P=0,95)

Merannap AHann3 00bEKTH KHpUTHIraH Tomunran Me, MKr S S,
TabuaTtu Me, MKT
o 0 0,52 + 0,05 004 | 0,076
KBaAKUHANaH €YD 0,36 0,89 + 0,09 0,08 | 0,089
VHauii Canapnas cyB 0 0,09+0,01 0,01 0,111
0,20 0,28 + 0,07 006 | 0114
N 0 0,07 + 0,01 001 | 0,042
YIOKIAR €yB 0,03 0,10 + 0,02 0,02 | 0,120
Crromand cvan 0 0,52 + 0,06 0,05 | 0,096
paape cys 0,47 0,98+ 012 0,10 | 0,102
y 0 0,44 + 0,06 0,05 | 0,070
K . i) ] ] ]
vIMIHH Amyniapé cysu 0,52 0,96 + 0,11 0,09 | 0,093
K 0 0,44 + 0,04 0,03 | 0,068
opacy cysH 0,46 0,99+ 011 0,09 | 0,090
q 0 0,68 + 0,07 0,06 | 0,088
MpHHK CYBH 0,27 0,96 + 0,11 0,09 | 0,093
0 0,37 + 0,03 0,03 | 0,081
C o ] ] L] ]
ypua Kympaxnan cys 0,32 0,69 + 0,08 007 | 0101
3 0 0,54 + 0,02 0,02 | 0,037
apaQmIoH cyEn 0,39 0,92 £ 0,09 0,08 | 0,086

Typiu MUKPOIEMEHTIIADHUHI CYBIM MYXWTJIApAAaru MUKIOPUHU Ba
ruapocdepara  yJIapHUHI  TyIIyBYM  MaHOaajapuHM  HA30paT  KWJIMIL,
MUKPORJIEMEHTIIAPDHUHT  allpuM  (QU3UK-KUMEBUNM  IIAKIUIADUHU  MUTPAIUSCH
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AMHAMMKACUHHM TPOTHO3JAIITUPUII yCyimiapu artpod-myxutr Mmyxodaszacu Ba
AKOJIOTHUS COXACHJIa MyXUM aXaMUSATUTH dTa.

Tabuar cyBiapy HaMyHaJapUHUHT aHAJIM3WHU amajra OIIUPHUII aJrOPUTMU
MeTa/lapHu paruiapaa (Ty3nu sputMmanapnaa) B anuknanumm Owian Oup XWilL
®dapky IIyHAAKW, palUlapHU aHAIW3WAA HaMyHaaard (OH AIIEKTPOIUTIAPUHUHT
MUKJIOPH UJIOKH OOpHYa MUHHUMYMIa €TKa3WIa/ld, YyHKH parulapHUHT TapKuOuaa
uHanGdepeHT GoH AMEKTPONUT-Ty37Iap MaBxkyA. TaOuuii Ba OKaBa CyBJIAPHUHT
(mapé, xyn Ba 0.) aHaNM3M[Aa METAJUVIAPHUHT AHUKJIAHUIIM OYHWYA JHT SIXIIH
HaTI>KaJlapra SPUILWITaH, YyHKH (akaT (GOH AIEKTPOTUTHHUHT 03 MUKIOPAArucu
KUPUTUIIMIIN Taja0 3THIIAIU.

bynpmait oObekTnapaa TaaKUK KWIMHTAH METaulap MUKIOPUHUHT KyiH
AHMKJIAHWUII Yerapacu 10°-107° % na omu. Tabumii cyBnap ananmusugaa B ycyn
OusaH Typau METaJUIApHUHT MUKJIOPHHM aHUKJIAHWIIW Oyilnua aiipuM HaTHXKayiap
8->kajBasnia KeITUPUITaH.

Taxpubanap wmyHH KypcaTaauKkd, Takiaud KWIMHTAH DSJIEKTPOKUMEBUIN
yCcyJulapHU HadakaT TaOWMUi CyBIAQpHHUHI peajl HaMyHallapu aHalIu3uja KYyyuiaml
MYMKHH, 0alKy UIIUTa0 YUKAPUIITHUHT TYPJIM TEXHOJOTHUK CYIOKJIUKIAPH Ba CAHOAT
YUKUHIWIApUIaH OFUP 3aXapii MeTaJUIapHU aHUKJIaluiapAa KyJUlall MYMKHH.
VTkasunran Taxpubamap Typiad TapkuOmu Tabumii cyenapun WB  aHuKIam
MYMKUHJIUTUHH TaCIUKJIA]IH.

Tankuk kumuHAETraH peasl o0bekTinap Tapkuouman In, Cd Ba Sh nonmapuau
skcrpakiusuiad MIB  anumknamma ¢on anekrpormmtiap cudaruga HCI, HCIO,,
CH3;COOH, KCI, KBr, Kl, stuienaunamun Ba typaun pH myxurtra sra Oynrax
yHUBepcan Oydep s3put™manapad GoriganaHuiIIn.

Wuauit nonu sputMmanan nudtuia 3¢up €pnamuna HBr ra ynunr Opommuau
makiauaa OJKCTpakUusJaHaaud, OyHIa onThuMan KoHIeHTpauus 4,5 MoJb/I.
In(111)HUHT MUKIOPHIA aHATU3K YIYH UKKH Kappa SKCTPaKIKs Taiad KUIHHAIH.

CypbMaHUHT 3pUTMAJard aupuM MIaKUIapu ypTacugard MyBO3aHAT Kyja
CCKMHJIMK OWJIaH ypHATWIaau, 1y cababmaH sKCTpakius yuyH, aiiHukca Sb(V),
Hadakar HC1 Ba Meraymn XJIOpUAJAPUHUHT KOHIEHTPAIMSICH MYXHUM Ba 3apyp,
OaJIKM SpUTMAHUHT TaW€pianuin Imapoutiapu xam kepakaup. HC1 Epmammna
Sb(Il) Ba Sb(V) napuu sKCTpakIs KWIKII Y9yH KYNTHHA CYBCH3 3pUTMajiap Ba
yIIApHUHT apajainiMaliapy KylaHuIaau.

Bomopoaxmopua ospurmanapumadH  Sb  HE  9KCTpakmus KWW yYyH
CHUpTIapJaH acoCaH M30aMHJI CIIUPT Ky uiaHwiaau. SH(V) HUHT Typid MIaKuiapu
opacuja THAPOJUTUK MYBO3aHAaT KAapop TONTaH >3pUTMajaplaH >SKCTPAKIUs
kwmmaa HC1 > 9 M koHmeHTpanuscuaarnaa 3KCTPAKIIMOH MYyBO3aHAT Kapop
TOMNAJM; YHUHT KOHIICHTPALUSICH KaM OYJraH s3puTMaiap/a 3cay Oup Heua coaT Ba
KyHJIap JaBOMUA Kapop TOMA/IH.

LiCl Huur kouuenrpianran sputMmanapumad, xarro HC1 HHHr Kyiwu
KOHIIeHTpauusiapuaa xam, Sb(V) umzoamun coumpt €épaaMuia, SKCPTaKIUAIaH
aBBaJI SpUTMAIap KaH4ya BaKT JaBOMUAA ylnuiad Typwmmuaan Karbu Hazap, 100%
AKCTPaKIHITAHAIH.

NB ycynuna WHAWT, POKE3UT, CKYpPAHHUT, HUCTEMAHUT Ba TJIAYKOTHPUT
tapkuOuaaru In Ba SO wommapuHuM aHukiamga GoH snekrponutiapura (0ydep
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apanammMara) o3rmHa wMukimopna Hg(ll) HuTpar Ty3wmaH KYIIMII —OpKaH,
saparwirad DTA Ounan moauduiupnanrad DCHUHT Ba 11y OwiiaH Oup Kartopaa
UNUiad YUKWITaH YCYJJIAPUMU3HHUHT CE3THPJNTHHU OpTHINMTa cabad Oymaw.
TankuK KWIMHTaH METAJUTApHUHT THOPHI-PKCTPAKIMIA0 aHWKJIAHUIIMN OYirmua
aiipuM MabTymMoTiap 9 jkaaBania KeaTHPUITaH.

9->xagBai
Pynamapna In Ba Sb Hu sxcTpaknusnad B anukiant HaTHKamapu

Tormmnran
AHann3 KWIMHAETraH OObEKT HOMU Ba YHIAru Me, MKT
B ni S S,
KOMOIIHEHTJIAP MUKIOPH, MKT P=0,95,
% £AX
HNuaur:
In(1,5)+Fe(34,06)+ Pb(1,026) +S(25,68); 1,51 +0,05| 70,06 0,117
Poke3ur:
In(2,7)+Pb(0,12)+Cu(45,14)+S(15,18); 2,69+0,04| 6| 0,05 (0,102
Cakypanur:

In(3,5)+Fe(13,08)+Zn(12,9)+Cu(25,78)+Sn(0,12); |3,52 +0,03| 6 | 0,03 | 0,057
HUcTremanur:
Sb(1,224)+Mn(25,60)+Al(30,74)+Fe(12,36)+

+Si(10,45)+Ni(19,62); 1,18 +0,015/4 | 0,01 | 0,008
I'naykonupwur:

Sb (1,67)+Co(3,232)+As(49,73)+

+As(2,33)+Sn(19,34)+S(26,67). 1,64 +0,14| 4 | 0,09 | 0,055

XKansangan KYpuHUO TypHOIMKH, HKCTPAKUMSHUHI Oapua XoJjariapuaa
TYFPU Ba TaKpoOp amajira OIIMPUII MyMKHUH OYiraH, HUICOUWA CTaHAApPT XaTOJMIU
0,117 nan roxopu OyaMaraH HaTWXaiap OMWHIW. TaaKUK KUJIMHTAH METaJTIAPHUHT
TOMWJITaH MUKIOPH UILIOHWIM MHTEPBAJ YerapacujaH 4MKMaiau, Oy sca siHa Oup
OOp OJIMHTaH HATW)KaJApHUHT WINOHYIMJIMIUA Ba aHUK MaHOaara acoOCIaHTaHWHU
KypcaTaJy.

XVJIOCA

1. Kartuk mMoauduIupiaHrad CEHCOpiap spaTUIlja UMIOPT YpHUHH OOCYBYH,
KHMMaT OyJIMaraH OpraHuK peareHTap acocHj]ia TaHJIaHTaH. XOCWJ KUJIUHTaH
ceHcopnap EpaamMuaa TAAKAK KWJIMHTAaH METaUIapHU Typiaw TaOuatiu Ba
KOHIICHTpanusin (HOoH dJIeKTpoiuTiIapaa, Oydep apanmammanapia WHBEPCHUOH-
BOJIbTAMIIEPOMETPUK aHUKJAN ycyiapu unutad umkuiaran Ba Cd, In Ba Sb
MOHJIAPUHUHT JICKTPOJIM3 IIAPOUTIIAPU ONITUMAIIIAIITHPUIITAH.

2.In, Cd Ba Sb uOHIApPUHMHT aHAJUTUK CUTHAJUIAPH, YJIApPHUHT KaToJja
KalTapujIvIl TMOTCHIMAJUIApH, TOK JHUAMa30HHM, CEHCOpAa ACTIONSIPU3ATOPHUHT
TYIUTAHHUII BakTH, (OH AJICKTPOJUTIAPUHUHT TaOWaTH Ba KOHIICHTpAIUsJIAPH
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xamaa Oydep apanammanapuHuHr pH mapu opacumaru y3apo OOFIMKIUK
KYpCaTWJITaH.

. Typnu Tabuatinu Ba KOHUEHTPALMUIM O€roHa KaTUOHJIAPHUHT, aHUOHJIAPHUHT
Ba KOMIUIEKC XOCWJI KWJIYBUM OUPUKMAJIADHUHT BOJIbTaMIIEpOrpaMmIiap
(u¥kKuIap) IIAKIWra Ba aHUKJIAHAETraH MeTaulap HaTWXajlapura TabCUPH
YpraHuiras. Tankuk KWJIMHAETTaH MeTaJUTApPHUHT KOppeIsus
Kod(ppUIIMEHTIIApU TOTUJITaH.

. In, Cd Ba Sb noHnapuHUHT UHIWBUIYaJ 3pUTMANIap/aa, MUKPO- Ba KOJIIUK (U3)
MUKJIOpJapy Japaxkacuaa aHUKJIaiaWran KyWdd derapajiu peajd TaOuaT
O00BEKTIapH, CAaHOAT MaTepUaiapura TaKIu] KUJIMHTaH MOJieidb OWHAp, YUIUK
Ba VYHJaH MYpaKKaOpOK apajammaiapia HWHBEPCHOH-BOIBTAMIIEPOMETPHUK
aHUKJIAHWUII  yCyJUlapyd HIIad YUKWiIAW, OYHUHT HaTI)Kacuiaa MeTasuiap,
KOTHIIIMaJiap, KaBIIapiap, CYpKOB MOIUIapu, pyAajiap, MHUHEpaiap, TypiH
TabuaTid CcyBJIap Ba OomKa peal TabuaT OOBEKTIApPH XaMmJa CaHoaT
MaTepHAIIAPUHU aHAJIW3 KUJIUIIT UMKOHUSTH SIPATHIIIH.

.In, Cd Ba Sb uoHnapuHM aHUKIAIMIHUHT THOPHUJ SKCTPAKIUSIN WHBEPCUOH-
BOJIbTAMIIEPOMETPUK YCyJJIapy MIUIA0 YUKWIAU. TOIIKEHT MIaxpu Xamja
V36exncton PecnyGIMKACHHMHI GONIKA IIAXapiapuaard TypiIH CaHOAT
TAIKWJIOTIAPUHUHT WIUIA0 YMKApHIl MaTepHaJlapy aHaiu3u Oyinuya SHTH
nynnapu Ba cxeMaiapy TakiIuQ KATUHIH.
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HAYYHBINA COBET IO ITPUCYKJAEHUIO
YUEHBIX CTEINEHEM DSc.14.07.2016.K.01.03 ITPAU
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKUCTAHA
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PA3BPABOTKA SJIEKTPOXUMHNYECKHNX CEHCOPOB U UX
INPUMEHEHME I1PU AHAJIM3E KA/IMUSA, UHINA 1 CYPBMBbI

02.00.02 — AgaauTnyeckass XMMUSA

ABTOPE®EPAT IUCCEPTAIIUN JTOKTOPA ®UJITOCODPUHU (PhD)
IO XUMMNYECKUM HAYKAM

Tamkent - 2017
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3aperucTpupoBaHa B Bpicuieil arrecranuoHHoil komuccuud npu KaOunere MuHuCTpoOB
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Huccepranus BeinojsHeHa B HaonansHOM yHUBEpCcHUTETE Y30€KHUCTaHA.

ABTOpedepar muccepTaluy Ha Tpex s3bIkax (y30€KCKUH, pyCCKUN, aHTIIMACKUH (pe3tomMe))
pasmelieH Ha BeO-cTpanuiie mo azapecy ik-kKimyo.nuu.uz. u uaGopmannoHHO-00pa3oBaTEIHLHOM
nopraie «ZI'YONET» no agpecy www.ziyonet.uz

Hayunblii pykoBoauTe/b CmanoBa 3ynaiixo AcaHa/ineBHA,
JIOKTOP XMMUYECKHUX HAyK

OdunuanbHbie ONMOHEHTHI: HacumoB A0ay/uia MypanoBuu
JIOKTOp TEXHUYECKHUX HayK, Ipodeccop
CyaronoB Mapat Mup3aeBu4
KaHIUAAT XUMHUYECKUX HAaYK, JOLEHT

Benymas opranusanus TamkeHTCKUi GapMaIreBTUICCKUN HHCTUTYT

3ammTa AMCCepTallUd COCTOUTCS « » 2017 r. B yacoB Ha
3acemannu Hayunoro cosera DSc.27.06.2017.K.01.03. nmpu HamumonansHOM yHHBEpCHUTETE
V36ekucrana. (Anpec: 100174, Tamkent, yia. Yuuepcurerckas, 4, HYVY3, xumuueckuit
dakympTer. Tem: (99871)246-07-88, (99871)277-12-24; dakc: (99871) 246-53-21.
E-mail: chem0102@mail.ru)

JHucceprarmus 3aperucTpUpOBaHa B HNudopmaninoHHO-pecypcHOM LEHTPE
HanmonansHoro ynuBepcurera ¥Y30ekucrtana 3a No , C KOTOPOH MOXXHO O3HAKOMUTHCSI B
WNPI (100174, Tamxkent, BY3ropomokx, ®yHnamentanpHas Oubnmoreka HYVY3. Tem:
(99871)246-67-71).

ABTopedepaT AuccepTaluy pa3ociaaH « » 2017 r.
(mpoToxoi pacchbulkH Ne oT 2017 r.)

X.T.Illapunos
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0 MPUCYkKICHHUIO YUCHBIX CTEIEHEH,
I.X.H., Ipodeccop

J.A.I'agpypoBa
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MIPUCYKJECHUIO YUEHBIX CTENEHEH, 1.X.H.
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BBEJAEHMUME (anHoTamusi Auccepranuu gJokropa ¢pusocodpun (PhD)

AKTYaJIbHOCTb M  BOCTPe0OOBAHHOCTHL TeMbl Jauccepramum. Ha
CETOJNHSIIHUN J€Hb BO BCEM MHUpPE 3arpsi3HEHUE NPUPOJHOM  Cpeabl
ra3o00pa3HbIMU, KUJKUMU U TBEPIbIMU BEIIECTBAMU U OTXOJAMH MPOU3BOJACTBA,
MPUBOJAUT K OCTPOM DKOJOTHYECKOW TMpoOjeMe, HUMEIOMEH MPUOPUTETHOE
COIIMAJIbHO-D)KOHOMUYECKOE 3HAYEHUE, a YCTPAaHECHHE MPUYUH BO3HUKHOBEHUS
STHX IPOGIIEM SBISETCS OXHOM U3 OCHOBHBIX 3a1a4 . Bo3pacTaiomas oTpeGHOCTD
MPOMBIILJICHHOCTH B KaIMUHM, CYpbM€ U MUHAWMU, KaK OCHOBHBIX MaTEpPHUaJIOB IpHU
U3TOTOBJICHUU TMOJYIPOBOJHUKOB M OCOOO YHUCTBHIX BEIIECTB, HECMOTPS Ha UX
TOKCUYHOCTb, ~OJIHOBPEMEHHO TpeOyeT pa3pabOTKU METOJO0B AHATUTUYECKOTO
KOHTPOJISL 3TUX MAaTepUajoB, TPEOYIOUIUX pa3pabOTKH YYBCTBUTEIBbHBIX METOOB
SABJISIFOTCS] AKTYaJIbHOM KaK C MPAKTUYECKOW, TAK U TEOPETUUECKON TOUKHU 3PEHUS.

B pecnybmuke AO «Y3KMMECAHOAT» yaenser 6Gonblioe BHUMAaHHE
pa3CICHUI0 W OMNPEACICHUI0O HEKOTOPHIX METAUIOB C  HUCIOJIb30BaHUEM
COBPEMEHHBIX TEXHOJIOTUH AJIEKTPOXUMHUYECKUX METO/0B. B wacTHOCTH, 0co0o0e
3HAYCHUE UMEET ONpeAciCHUE WHAUS, KaJMHs, CYpbMbl, TOKCUUHBIX M JPYTUX
KaHIEPOTCHHBIX, TSKEJbIX METAUIOB JJICKTPOXUMHUYECKUMHU METOJaMu, TAe B
Ka4yecTBE paboyvero 3JIEKTpoja MPUMEHSIOTCS AIEKTPOXUMUYECKHE CEHCOPHI. JlJis
CTPEMUTENILHOTO pa3BUTUsi PecnyOnuku cTpaTeruu JEHCTBUSL B paMKax
MEPOTIPUATUNA 1O BHEAPEHUIO HOBBIX TEXHOJIOTHH YJENseTcs 0co00e BHUMaHUE
COBPEMEHHBIM JJIEKTPOXMMHYECKAM METOAAM, MOBBIIIAIOMIUM KOHKYPEHTHO
CHOCOOHOCTh M COKPAIAIOIINX CE0ECTOMMOCTb TPOU3BOAUMON MPOAYKIIUH.

Ha cerognsimiHuii J€Hb TMPOBEJACHUE LEJNEBBIX MCCIEAOBAHUNA IO
MOBBIIICHUIO OMNPEJEICHUS] YIbTPOMUKPOKOJIMYECTB TOKCUYHBIX METAUIOB B
0o0BeKTax OKpy:karomieil cpenbl U 3PGHEeKTUBHOMY HMX MCIOJIb30BAHUIO SIBIIACTCS
BOXHBIM B MHpE, TJIe 0cO00€ BHHMAaHHE YACISIETCS CICAYIONIMM 3ajadyaM: B
YaCTHOCTH, pa3pabOTKe HOBBIX CEHCOPOB, JKOJOTMYECKU YHUCTHIX, 3aMEHSIOIINX
JOPOTOCTOSIIIIMM, TOKCUYHBIA PTYTHBIA PAaOOUYMM 3JEKTPOJ; H3TOTOBIEHHBIX U3
MECTHOTO CBIPbS; OINPEACICHUIO TSKENbIX, KAHIIEPOT€HHBIX W TOKCHYHBIX
METAJLJIOB MTOCPEACBOM MOJIUDUITUPOBAHHBIX DJICKTPOXUMUUECKUX JATYMKOB.

JlaHHOE TUCCePTAIIMOHHOE UCCIIEIOBAHUE B OMPEACIICHHON CTETICHU CITYKUT
BBITIOJTHEHUIO 3a/1a4, TPEAYCMOTPEHHBIX B MOCTAHOBJICHUAX U yKa3ax [Ipe3unenra
Pecniybnmuku Y36ekucran I1I1-1071 ot 11 mapta 2009 roga «O nporpamme mMep 1o
YCKOPEHHUIO CTPOUTENBCTBA U OCBOEHUIO MTPOU3BOJICTBA HOBBIX BUJIOB XUMUYECKON
nponykiuny, YII-4947 ot 7 despans 2017 roga «O crpareruu HEUCTBHI 1O
najapHelmeMy pa3utuio PecnyOnuku Y30ekuctan», IlocranoBnenmem Nel42
Kabunera munuctpoB Pecnybnuku VY3o0ekucran ot 27 wmas 2013 roma «O
[Iporpamme neiicTBUI IO OXpaHE OKpykaromieh cpeapl PecnyOnuku Y30ekucran
Ha 2013-2017 roaw», ot 21 suBaps 2014 roma «O mopsinke pa3pabOTKA U
COTJIACOBAHMUSI TPOEKTOB HKOJIOTMYECKUX HOPMATHBOBY», a TaKke B JIPYrux
HOPMAaTUBHO-TIPABOBBIX JOKYMEHTAaX, MPUHATHIX B JaHHOU cdepe.

1p2.1.10.1920-4. PykoBO/ICTBO 110 OIIEHKE PUCKA JIJIsl 3I0POBBs HACCICHHS IIPH BO3ICHCTBHH XUMUYIECKUX
BEIIECTB,3arpsI3HAIOINX OKPYXKAIOIIYIO cpeay. M. : @enepanbhbiii ientp [occandnuanaazopa Munsapasa Poccun,
2004. 143 c.
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CooTBeTcTBHE WHCCJIEIOBAHUA C TPUHOPUTETHBIMU HANPABJICHUSIMHA
pa3sBuTUA HaykKu W TexHoJoruii PecnyOumku. JlaHHOe wuccienoBaHue
BBIIIOJTHEHO B COOTBETCTBUU C MPHUOPUTETHBIMA HANPABJICHUSAMHU Pa3BUTUS HAYKHU
u TexHonoruit pecnyonuku VIl « Xumuueckue TeXHOIOTMU M HAHOTEXHOJIOTUM.

Crenenb u3yuyeHHOCTH NpodJeMbl. B HacTosimiee BpeMs Hambosiee OypHO
Pa3BUBAIOTCS HAy4YHO-UCCIIEAOBATEIbCKUE pabOThl, MPOBOJMMBIE B 00JIacTU
ANEKTPO-XUMUYECKUX METOJIOB ONPEACIICHUS KaJAMUS, UHIUSA U CYPbMBI.

MOXHO yCTaHOBHTH HambOoOJee 4YacTO IHUTUPYEMBIX aBTOPOB paboT
PradeepSh. R., BaisM. T., Muhammad O. F., Ageel Ahmad T., Saad Al-Shahrani,
DumitruB., Sami U. R., Olga Dominguez-Renedo, M. JesusG. G., M. Julia Arcos-
Martinez, G. Van Dyck, F.Verbeek u muorue npyrue.

Pan yuyensix ctpan CHI' Takke BHECIH BECOMBIN BKJIaJ B MHBEPCHOHHYIO
BOJIbAMIIEPOMETPHUIO MPHU OTNPEICTCHUS HOHOB KaJMusi, UHIUS U cypbMbl: [llepmer
A.A., EpmakoB C.C., MockBuHn JI.LH. uccrnenoBaHusi KOTOpPBIX HaIlpaBJICHbl Ha
U3y4YCHUE BIUSHUA OOpa30BaHWsA HMHTEPMETAJUIMUECKUX COCIUHEHUW  KaJaMHs
pazmnuHbiMu MeTauiamu; Makcumuyk M.O., Tumkuna FO.H., BonkoBa A.K.,
Coxonosckuii A.E., Panuon E.B., bpaitnuna X.3., MBanoBa E.E., [lInuryn JI.K.,
Jlynuna B.K. paGoTanu HaJl co3jaHUEM HOBBIX MOJAU(PUIIMOPOBAHHBIX YJIEKTPOJIOB.
Hapkosuesa I'. A., IlapeBa C. A., Kpacnosa B.II., I'psa3HoBa M.B. nccnenoaiu
COIECpP)KAHUE TSKEIbIX METAUVIOB B IHUIIEBBIX MPOAYKTaX PACTUTEIBHOTO
npoucxoxaenus; Marseriko H. I1., bpaiikoBa A. M.,Canosckuii B. B., ['ne13una
T.C., 3axapoBa O. A., KommakoBa H.A.l'opuakoB 3.B. onpenemsim
HcclieIoBaHHbIe MeTa/lulbl B TouBax; boposkos I'.A., Jlemun B.A., Kamener A.I.,
Ab6osckas H.B., UBanoB II.C., Kazak TA., Csunnona JI.Jl., Yepnsimona H.H.,
Kamener A.U., emun B.A., Burep WN.II., MumykoBa E.B., bepe3osckas T.H.,
3BepeB A.B., Pa6uyk I'.H., I'pamotuna }O.A. BpaiikoBa A.M., Martseitko H.II.
UCCJICIOBAJIM  HWOHBI KaJAMHUS W CYpbMbl B Map()roMepHO-KOCMETHYECKOU
IPOYKIINH.

Pa3BuTre naHHOTO HampaBieHUs B Y30€KHCTaHE HEMOCPEICTBEHHO CBS3aHO
c umeHamu Tomumnosa II1.T., Xaneera A.B., I'eBoprsna A.M., A6xypaxmaHosa 3.,
Hacumora A .M., @aiizyminaeBa O.®., Typodosa H.T.

CBsi3b TeMbI IMCCEPTALNM ¢ HAYYHO-HCCJIEN0BATEJILCKMMHU PadoTamMmn
BbICIIET0 00PAa30BATEJbHOI0 Y4YPEKICHHUS, Ie¢ BbINOJHEHA IUCCEPTALMS.
JluccepTallMOHHOE HCCIEJOBAaHUE BBIMOJIHEHO B paMKax IUJlaHAa HAay4YHO-
HCCIIEIOBATENIbCKUX  pabOT  (GyHIAMEHTAIBHBIX MW MPUKIATHBIX POEKTOB
HanmonansHoro yHuBepcutera Y30eknucTaHa U oTpakeHa B DyHIaMEHTAIBHOM
rpante KomuTeTa 1o KOOpJIMHALUU Pa3BUTUSL HAYKH U TexHoJoruil mpu Kabunere
muHucTpoB PecnyOnuku VY30ekuctan @. 22-7 «CuHTE3 permoceseKTUBHBIX
OpraHu4ecKkux peareHToB» u A.12-53 «Pa3paboTka MeToIuK (POTOMETPUUYECKOTO U
COpOITMOHHO-(DOTOMETPUUECKOTO OMPEIEICHUSI OSKOTOKCUKAaHTOB B OOBEKTax
OKpYXalomel cpeapl WMMOOWIM30BAaHHBIMH HA  TOJMMEPHBIE  HOCHUTEIH
OpraHUYeCKUMH pPEareHTaMm.

Heabio uccsieqoBaHus SIBISETCS pa3padOTKa IIEKTPOXUMHUIECKUX CEHCOPOB
Y UX IPUMEHEHHE NPU aHAIN3€ KaJMUs, UHJIUSI U CYPbMBI.
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JIJis OCTHKEHUs MOCTABJICHHOM 1eu chOpMYITHUPOBAHBI CIAEAYIONIUE 3a0aun
MCCIICJIOBAHHUS

1oI00p ONTUMAIBHOTO COCTaBa M KOHIIGHTPAIIMH WHTPEANCHTOB OydhepHBIX
cMecei 1 (POHOBBIX IEKTPOJIUTOB,;

pa3paboTka HOBBIX MHBEPCHOHHO-BOJbTaMIiepoMerprueckux (MB) metomank
OTIpe/IeTICHUs] HMCCIICIOBAaHHBIX METaUIOB B WX WHAWBHIYaJTbHBIX PAacTBOpPAX,
MOJICTIPHBIX OWHAPHBIX, TPOHHBIX M 00Jiee CIOXKHBIX CMECSX, UMHUTHPYIOIIUX
peanbHBIC IPUPOTHBIE OOHEKTHI U MPOMBIIIIICHHBIC MATCPUAIIBL;

NpPUMEHEHHE  pa3pa0OTaHHBIX  MHBEPCHOHHO-BOJBTAMIIEPOMETPHUECKUX
metoauk onpeaenenus CA(I1) u In(l11), Sb(lll) Ha ypoBHE HX MUKpO- U CIICTOBBIX
KOJMYECTB TPUMEHEHBl K aHajdu3y pyJd, XBOCTOB, MPHUIIOEB, 3yOOMPOTE3HBIX
W3ICTTU U KOHIICHTPATOB C JIYYIIMMH METPOJOTUYECKHMH XapaKTEPUCTHUKAMU
(MpaBUIBHOCTH, BOCHPOU3BOAMMOCTD, CEIEKTHBHOCTH, IIMPOKUN JHAMA30H HX
OTIpEeICNSAEMBbIX KOHIICHTPAIIMH M Jp.) W SKCIUTyaTallMOHHBIMU TapaMeTpamu, C
IEJIbI0 M3bICKAaHUS U HAXOXKJACHHS PAllMOHAIBHOIO MyTH aHajlu3a Pa3jINuYHbIX I10
IPUPOJIE CIIOKHBIX OOBEKTOB U MaTEPUAIOB.

O0bekThI Hcce0BaHus. Pa3inuHbie MeTasuibl, CIUIABhI, IPUIIOHN, CMA3KH,
PYIIbl, MUHEPAJIBI, BOJIbI PA3JIMYHON MPUPOJIBI U CTAHAAPTHBIE 0OPA3IIHI.

Mpeaver  uccaemoBanmsa. Honsr  In(lll),  Sb(lll), Cd(ll) u
AIIEKTPOXUMUYECKUE CEHCOPHI, MOAUGDUITUIPOBAHHBIC pPa3IUYHBIMU
OpPraHMYECKMMHU pEareHTaMu, a TaKKe COCIMHEHUS, SBIAIOIINECS MyTareHaMH U
3arpA3HUTEISIMU OKPYKAOIIEH CPEIBI.

Metoabl ucciieqoBanus. B KkauecTBE METOJOB HCCIEAOBAHUSA OBLIH
BBIOpAaHBl MHBEPCHUOHHAS BOJLTAMIIEPOMETPHS, MOIApOrpadusi, TOTCHIIMOMETPHS,
aMIIePOMETPHS, KOHTYKTOMETPHUS METOBI AIEKTPOAHATTUTHICCKON XUMHUH.

Hay4Hasi HOBU3HA MCCJICIOBAHUS:

pa3paboTaHa  METOJWMKAa HMHBEPCHOHHOTO  BOJHTAMIIEPOMETPUUYECKOTO
ompenenenus In(l1), Sb(I1l) u Cd(ll) ¢ moMoIIBIO MEKTPOXUMHYECKOTO CEHCOPa
MOJIUQPHUITUPOBAHHOTO PA3IMYHBIMU OPTAHUYECKUMU peareHTaMu;

YCTAaHOBJICH ONTUMAJbHBIM COCTaB M COOTHOIIEHHWE KOMIIOHEHTOB
OydepHbix cMmeceil U (OHOBBIX AJIEKTPOIUTOB; M3YYEHO BIIMSHHE MOTEHIIMANA,
BPEMEHU  HAKOIUIEHUS  JEenoyispu3atopa Ha  JJIEKTpoAax, TeMIlepaTyphl
UCCJIEyEMOTO pacTBOpa W JMama3oHa TOKAa Ha BEJIWYUHY TOJIE3HOTO
aHAIUTUYECKOTO CUTHAJIA;

OTpEAENeH0  BIUSHUE  TMOCTOPOHHUX  COMYTCTBYIOIIMX  KAaTHOHOB,
KOMIUIEKCOOOpa3yIoIUX COSTMHEHUI W MEIIAarouux aHuoHOB. Paspaborana VB
METOJIMKA ONPEICIICHUS HWCCIEIOBAaHHBIX METAUIOB B PEATbHBIX MPHUPOIHBIX
00BEKTaxX U MPOMBIIJICHHBIX MaTeprajax.

pa3paboTaHa rudpuiHas, AKCTPAKIIMOHHAS WHBEPCUOHHO-
BOJIbTAMIIEPOMETPUIECKASE METOIMKA OTPEIEICHUS UCCIIETyeMbIX METaJJIOB.

IIpakTHyeckue pe3y/abTaThl HCCAETOBAHUSA 3aAKITIOUAIOTCS B CICIYIONIEM:

MPEIJIOKEH CIOCO0 U DIEKTPOXUMHUYECKHM CEHCOp [JIsi MHBEPCHOHHO-
BOJIbTAMIIEPOMETPUIECKOTO OMpPENCNCHNUs HU3KUX COJEPKAHUM HMOHOB TSKEIBIX
METaJlIOB;
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MOKa3aHbl MyTH  MOAU(GUKALMKA  3JEKTPOAA,  MOBBIIIAIONINE  €ro
AHAJIIUTUYECKUE U IKCILITyaTallMOHHbBIE XapaKTEPUCTUKH;

pECTaBICHbI TEXHUYECKHE pelieHus UCIIOJIb30BaHUs
MOJU(ULIUPOBAHHOTO CEHCOpPAa B CTAI[MOHAPHOM M AMHAMMYECKOM BapUaHTaX IpU
ONPENENECHUN TSKEJIBIX METAJJIOB, KOTOPbIE CIIOCOOHBI NEPECMOTPETh Pl
TPAaJIULUOHHBIX MEKTPOXUMUYECKUX METOIUK.

JloCTOBEpPHOCTh MOJYYeHHBIX Pe3yJbTaToB. [loiyueHHbIE pe3ysbTaThl O
OOCHOBBIBAIOTCSI TEM, YTO MpPOBEJCHA MaTeMaThyeckas o0paboTkKa MOTyYeHHBIX
pE3yNbTaTOB Ha OCHOBE OOLICTPUHATHIX KPUTEPUEB, MOATBEPKICHHBIX METOAAMU
n00aBOK, «BBEACHO-HAMIEHO» U [Jp. Ha pealbHbIX o00pa3ax O0ObEKTOB
OKpY>Kalollle cpeAbl U CPaBHEHHEM CO CTaHAAPTHBIMU OOpa3llaMH MPUPOTHBIX
Boa u Opon3 corinacHo 'OCTam. O6paboTka MOTYYEHHBIX PE3yIbTATOB MPOBEACHA
C HCTIOIb30BAaHMUEM METO/I0B MAaTEMAaTHUECKON CTAaTUCTUKHU.

HayuHasi 1 npaKkTH4YecKasi 3HAYUMOCTD Pe3yJIbTAaTOB MCCIeI0BAHUS.

WB meronuku onpeaeneHus In(111), Sb(l11) u Cd(I1) B ux uHAMBHIYATBHBIX
pacTBOpax, MOJEIBHBIX OHHAPHBIX, TPOMHBIX M OO0JIee CIOXKHBIX CHUCTEMaX,
UMUTHPYIOIIUX pealibHble MPUPOJHBbIE OOBEKTHl U MPOMBIIIJICHHBIE MaTepUalbl.
Pa3paboTraHHble METOJIMKHM MPUMEHEHbl aHaJW3 METaJUIOB, CILJIABOB, IPHUIIOEB,
CMa30K, pyA, MHUHEPAJIOB, BOJ pPa3jIMYHON NPUPOABl U APYTUX CIOXKHBIX IO
IPUPOJIE MaTEPUATIOB.

Pa3paboTanbl HMHBEPCHOHHHE BOJHTAMIIEPOMETPUYECKHE METOIUKUA U
CO3JaHHBIE DJIEKTPOXMMHYECKUE CceHCopbl, MoauduuupoBanusie IJTA, 8-
OKCHUXHWHOJIIMHOM ¥ JPYTUMU MoOAU(UKATOpaMH Ha OCHOBE OPraHMYECKUX
KOMIUIEKCOOOpAa3yIONIMX PpPEareHToB, TMO3BOJIAT MPAKTUYECKH PEealn30BaTh
onpenenenue IN(I1), Sb(I1) u Cd(Il) B 00bekTax OKpyKarOIICH CpeIbl ¢ HUKHEH
TpaHUIEH WX HM3MEPSIEMbBIX KOHIIEHTPAllMid Ha YpOBHE MPEICIBbHO JIOMYCTUMBIX
KOJIMYECTB U 3HAUUTEIBHO HIXKE, YTO B MOJHOW Mepe OOECEeUuT yCTaHOBJICHHE
TOYHOTO COZAEPM AHUS 3TUX IKOTOKCUKAHTOB B PA3IMUHBIX IO MPUPOAE 0OBEKTAX U
MmaTepuaiax.

BHeapeHue pe3yJbTaTOB HCCJIEJOBAHNS.

Pa3zpaboranHbie MHBEPCHUOHHO-BOJIbAMIIEPOMETPUUECKHE METOJUKU
OTIpe/IeNIEHUs] MCCIICIOBAHHBIX META/JIOB PEKOMEHIOBAHbI JJIsl HUCHBITAaHUS U
HOCIIEAYIOUIET0 BHEAPEHUS B IPAKTUKY aHAJIN3A:

WHBEPCHUOHHO-BOJIHTAMIIEPOMETPHUECKHE METOIUKU OTIpeeTeHUS
MUKPOKOJIMYECTB WHIMS, KaJMHS U CYpPbMBbl BHEAPEHBI B TPAKTHKY XHUMHKO-
aHanuTHYeCcKuX Jaboparopuil «Jlexkonooon kanmii 3aBoa» XIIAO (cmpaBka oT
11 centsa6ps 2017 roga Ne782/09-3 «Jlexxonobon kanuii 3aBojay»). B pesynbrare
BHEAPEHUS B MPAKTUKY MOAU(DUIIMPOBAHHBIX OPraHUYECKUMH peareHTaMu
AIIEKTPOXUMHUYECKUX CEHCOPOB TOJIYYCHBI TOJOKUTENBHBIE PE3yIbTaThl IO
OTIPEICNICHUIO TSHKEIBIX METAJIJIOB B COCTAaBE YA00PEHUN;

MHBEPCUOHHOW BOJIbTAMIIEPOMETPUH TPH OMNPEICICHUH HOHOB WHIUA,
KaJIMUsi U CYpbMbl B IIEHTPE CAHUTAPHO-3MUAEMHOJIOTHYECKOr0 KOHTPOJIA
Pecnyonuku Y36ekucran (cmpaBka or 15 centsiops 2017 roma Nel6-8/6790
PecnyOnukanckoro ['ocynapcTBEHHOTO IEHTpa CAaHUTAPHO-3MUIUMEOIOTUYECKOTO
KOHTpOJIsi). B pesynbTare BHEApPEHHsS B MPAKTUKY pPa3pabOTaHHBIX METOUK
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ompeneneHUs] MHAMS, KaIMUs U CypbMbI pa3paboTaHHBIMU MOIU(DUIIMPOBAHHBIMU
ANEKTPOXUMUYECKUMH CEHCOPAMU TOBBICUIIM YYBCTBUTEIBHOCTh W YIIYUILWIU
BO3MOYXHOCTH METOUKH.

AnpoGauust  pe3yabTaToB  HccJeqoBaHMsA. Pe3ynbTaThl  JTaHHOTO
UCCIeIOBaHUs OBLIIM OOCYXKJICHBI Ha 2 MEXKIyHApOJHBIX U 4 pecrmyOIMKaHCKUX
HAYYHO-TIPAKTUYECKUX KOHPEPECHITUSX.

Ony0nKOBAHHOCTH Pe3yJbTaTOB HcciaenoBanms. [lo teme nuccepranuu
omyOnuKkoBaHO 16 HaydyHBIX pabOT, pEKOMEHAOBAaHHBIX BEICIIEH aTTecTalMoOHHON
komuccueil PecnyOnuku VY30ekuctaH uis MyONMKAIMM OCHOBHBIX HAyYHBIX
pe3yNbTaToB JOKTOpCcKuX muccepranuii (PhD), B ToM uuciie 9 B pecnyOiMKaHCKUX
u 1 B 3apy0exHOM KypHalax.

Ctpykrypa n o0beM auccepranmu. CTpykTypa IHUCCEPTAIIMU COCTOUT U3
BBEJICHUS, IISATU TJIaB, 3aKJIOUYCHMS, CIUCKA HCIOJIb30BaHHON JIUTEPATYPHI,
npuioxenus. O0wbeM auccepranuu coctapisieT 120 cTpaHuil.

OCHOBHOE COAEPKAHUME JUCCEPTALIUU

Bo BBegeHum 0OOCHOBBIBAETCS aKTyaJlbHOCTb U BOCTPEOOBAaHHOCTh
IPOBEJACHHOIO MCCIENOBAaHUs, LENb U 3aJaud HUCCIEIOBAaHUS, XapaKTEPU3YIOTCS
OOBEKT M TMpEeAMET, IOKa3aHO COOTBETCTBUE UCCIIEJOBAHUS MPHUOPUTETHHIM
HaIpaBJIECHUSAM Pa3BUTHS HAYKH U TEXHOJOTUH pecnyOlMKH, U3JIaraloTcst HayuHas
HOBHU3HA M MPAKTHUUECKUE PE3YIbTAaThl WCCIECIOBAHUS, PACKPHIBAIOTCA HAaydHas U
MpaKTHYeCKasi 3HAYMMOCTh TOJTYYCHHBIX pPEe3yJbTaTOB, BHEIPEHHE B TMPAKTUKY
pE3yNbTAaTOB UCCIEAOBAHNUS, CBEACHUS 10 OMyOJIMKOBAaHHBIM Pab0OTaM U CTPYKTYpe
JVCCEepPTAIIIH.

B nepBoii rmaBe auccepranun «JJeKTPOXUMHYECKOe onpeaesieHne KaaMust

HHIUS W CYPbMbD» MPEACTABICH JUTEPATYPHBIA 0030p MO aHAIM3y MHUPOBBIX
UCCJICIOBaHUI B 00JIACTH DJIEKTPOXMMUUYECKOTO oOmpeseneHuss MoHoB TM, B
YAaCTHOCTM HWOHOB KaJMWS, WMHIHMS U CYpPbMbl C HCHOJIb30BAHUEM Pa3JIMYHbBIX
MOJU(PUITUPOBAHHBIX ~ PEareHTOB. OnpeneneHbl  UHCTPYMEHTAIbHBIE U
MAaTEMATUYECKUE METObI, MPUMEHSEMBbIE B H3YUYCHUU DIJICKTPOXUMHUYECKUX U
OPYTMX METOJOB M mpoueccoB. IIpoBeneHa cpaBHUTENbHAs XapaKTEPUCTUKA
Pa3TUYHBIX METOJIOB TpH omnpeaeneHnn TM 1 ux kputudeckuit 0630p. OTmeuaercs,
YTO TIpUMeHeHrne MOAUPUIIUPOBaHHBIX JC B CTOYHBIX U MOBEPXHOCTHBIX BOJAX, a
TaKX€ B JPYTHX MPOMBIIUIEHHBIX MAaTEpUalaX HEIOOLECHEHBI, & UX NPUMECHEHUE B
Ka4eCTBE CEHCOpa I NPEAKOHLEHTPUPOBAHMUS TOKCUKAHTOB B aHAJIUTUYECKHUX
LEAX HE paccMaTPUBAIOCH BOBCE. DTO 3aKIIOYEHUE MO AHAIM3Y JIMTEPATYPHBIX
WCTOYHUKOB TIO3BOJIWJIO MPEAONPEAEIUTh TEMY MW COCTABUTh IPOrPaAMMY
MIPOBEICHUS UCCIECAOBAHUM.

Bo Bropoii rmaBe gucceprauuu @ «Martepuaabl M npUOOPBHI,
HCIO0JIb30BAHHbIE TPH MMPOBEACHUH IKCIEPUMEHTOB)» OIMCAHBl MaTEpHUalbl,
o0opyZoBaHME ¥ METOABl TMPOBEJACHUS  HCCIENOBaHUSA: TPOOOOTOOp W
MPOOONOITOTOBKA aHATM3UPYEMBIX 00Pa3IOB.
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Tperbst rnaBa auccepraunu «Co3xaHue 3JIEKTPOXMMHUYECKHX CEHCOPOB,
MOAM(PUIUPOBAHHBIX PA3JIHYHBIMH OPraHUYECKUMH peareHTaMmu» MOCBSIIEHA
1noaA00py ONTUMANbHBIX YCIOBHI, KOMIIOHEHTOB CMECH YIOJBHOM NAcThl M HX
COOTHOIIIEHUI IIPHU U3roToBIIeHNU TBepAbIX DC. M3BECTHO, UTO CBOMCTBA TBEPIBIX
moaupuuupoBanHbix OC, B TMEpPBYIO OYepelb, 3aBUCAT OT COOTHOLICHMS
KOMIIOHEHTOB BXOJAIIUX B COCTaB YrOJIbHOM MAacThl, MO3TOMY CHaudaja ObLIH
MPUTOTOBJICHBl CMECH, COCTOAIIUE W3 PA3IUYHBIX MPOMOPUUN TpadHUTOBOTO
IOpOIIKA, BOCKa U MOoAU(HUKaTopa (110 Macce). Y CTaHOBJIEHO, YTO C YBEIMYEHUEM
coJiepkaHusl TpaduTa B CMECH IOBBIIIAETCA ANMEKTPONPOBOAHOCTh DC, MOAITOMY
HEOO0XOAMMO OBLIO TOCTHYb ONTHUMAJIbHBIX COOTHOIIEHUN KOMIIOHEHTOB YIOJbHOU
TaCTBHI.

OnTuMmalbHOE KOJUYECTBO BBOAMMOIO B YTOJIbHYIO MacTy Monaudukaropa
ObUIO IMOJOOPAaHO HA OCHOBE MOJYYEHHBIX SKCHEPUMEHTAJIbHBIX AAaHHBIX. [lpu
ONTHUMHU3UPOBAHHBIX YCIOBUSAX H3TOTOBJIIEHBI 3JIEKTpoAbl, conxepxkamue 0,1-0,8 r
Moaudukaropa. M3 NOMydEeHHBIX JaHHBIX YCTAHOBJEHO, YTO ONTHUMAJbHOE
KOJIMYECTBO MOAM(UKATOpa B MMacTte HaxoauTcs Ha ypoBHe 0,2-0,4 T, Tak Kak npu
YBEIIMYEHUHU €r0 COJEPKAHHSI B CMECH YIOJIBHOM NAcCThl MU BOCKAa YMEHBIIAETCS
COOTBETCTBEHHO U 3JIEKTPOIPOBOAHOCTh BCEH CHCTEMBI (IJIEKTPO/A), a TAKKe U
€ro  UYyBCTBUTEJIBHOCTb, 4YTO CBSI3aHO C  OTCYTCTBUEM  COOCTBEHHOH
JIEKTPONPOBOHOCTH MOAMU(DHUKATOPA, a CIEAOBATEIBHO, BBEIACHHUE €r0 B COCTaB
1acThl 00YCIIABIMBAET JIEKTPOIIPOBOAHOCTD BCEM CUCTEMBI.

Tabmuma 1
Pesynbratel cpaBautenbaoro onpeaencHus In(l11), Sb(ll) u Cd(I1) B 3aBucumoctn
OT npuposl MoupukaTopoB npu usrotoBieHnun IC +AX; P =0,95)

Bgeneno merania, MKT | [Tpupona Haitneno metamna, N S S
CIIOBHS aHaJIM3a md.| - vomubukaTopa MKT '
(v ) p
65 9ATA 4,940,25 51 014 0,028
In(1ID) 5.0
((11)1 CEH 3 I’MM}I;IF\;(I\;Z. 30 | 8-OKCHMXMHOIUH 45+0,31 51 0,25 | 0,055
a.1. = 1,0 MKA; 35 Apcenaso I 5,4+0,23 51| 019 | 0,035
EHt::'605305)B; 25 Mopun 484026 | 5| 021 | 0043
) 10 TuTison 3,040,18 5| 015 | 0,038
Cd(II) 16,0 Mxr/mn 50 IATA 15,940,25 5| 020 | 0,012
(pou 0,2 M H,S0y4; 55 8-Tocunamuno- 15,140,324 5| 028 | 0018
n.1. = 0,5 MKA; XUHOJIMH
E, =-0,63 B; 20 | Cynsdapcazen 16,41+0,35 4 | 0,22 0,013
t,=60 c) 25 Kazuon C 15,3+0,40 |4 | 025 | 0,016
45 DIITA 2.7+0.13 51 011 | 0,040
Sb(II) 3,0 Mkr/mMa
(dow 6,0 M HCI; 65 | 8-oxcuxuHOIMH 2,91+0,09 4 | 0,06 0,020
n.1. = 0,5 MKA; 38 IMuporaion 3,31+0,14 4 | 0,09 0,027
b N :606605) B 23 | Pennngyopon 224015 |5 012 | 0054
18 TuomoueBuHa 2,61+0,17 51 014 0,053
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B Tabn. 1 mpuBeseHbI BOJbTAMIIEPHBIE JaHHBIE TIO OMPEICICHUI0 HOHOB IN,
Sb u Cd paznmuuyapiMu TrITamu MoaudumupoBarHbx DC.

N3 Tabmuiibl BUIHO, 9TO HAWTYUIINE PE3YJIbTATHI MTOJIYYCHBI ¢ TOMOIIBI0 DC,
MOJIU(DHUIIMPOBAHHBIX M U3roTOBICHHBIX ¢ momonisio DJTA ms In(ll) u Cd(l) u
8-oxcuxuHomHOM 1t Sh(Il1).

YerBeprast r1naBa aguccepranuu «Pe3yjJbTarhl W HMX 00CY:KIEeHHE»
MOCBAIIEHA WM3YYCHHUIO BIMSHUS TPHUPOABI M  KOHICHTpaud (HOHOBOTO
anekTposinta u 0ydeproi cmecu Ha B onpenenerwms In(111), Sb(l11) u Cd(I1). Kak
W3BECTHO, OCHOBHBIMH (akTopamu, BiustommMu Ha GopmupoBanne AC
MCCIICIOBAaHHBIX METAJUIOB, SBJISIOTCA MPHUPOAA M KOHIEHTpamus (POHOBBIX
ANEKTpOUTOB (OydepHbIX CcMecei) W MO3ITOMYy [JIsi BBIOOpa ONTHUMAJILHOTO
pekrMa paboThl ObUTO u3ydeHo atekrpoxumudeckoe moseacHue IN(I), Cd(1l) u
Sb(11l) Ha pa3aTUYHBIX MO KUCIIOTHO-OCHOBHBIM CBOMCTBaM Cpejax.

MosxHO OBUIO 0XKHIaTh, YTO MPHU HEAOCTATOYHO BBICOKON KOHIICHTpAITUH
dboHOBOrO HyeKTposMTa U OypepHOl CMECH OMHYECKOE COMNPOTHUBIICHUE
HCCJIETYEMOTO pacTBOpPa CTAHOBUTCS CJIHUIIIKOM BEJUKO, YTO BBI3BIBACT OOJIBITYIO
MOTEPI0 HAMPSDKEHUS B WCCICAYEMON CHCTEME M OTPUIIATEIILHO CKa3bIBaeTCS Ha
B omnpenenenue In(l11), Sb(lll) u Cd(ll). C npyroii CTOpPOHBI, YPE3IMEPHO
BBICOKAss WX KOHIIEHTpAIMS TaKXKe HEXKelaTeabHa, TMOCKOJBKY IOJ BIHSHHUEM
BBICOKOM HOHHOM CHJIBI MCCIEIYEMOTO PAacTBOpa KOHCTAHTA JUCCOLMALIAU
(OHOBBIX AIEKTPOJIUTOB U OY(EPHBIX CMECE MOMKET CYIIECTBEHHO YMEHbIIIATHCS,
YTO TOBJIEUET 3a co0O0Ml yxyxauieHue (GopMbl BojJbTammeporpamm (IMKOB) U
COOTBETCTBEHHO cHIXeHue TouHoctd MB ompenenenus In(l1), Cd(11) u Sb(lll).
Takum o00pazom, HEOOXOAMMO TOAOOpPAaTh ONTHUMAJbHBIE U  MPENETHHO
JIOIYCTUMBIE KOHIIEHTpalu (oHOBOro 3JekTponuta (OydepHoil cMmecu), mnpu
KOTOPBIX BOJIbTaMIIEpOTpaMMa OMPeeIieMOro MeTajiia OyJeT UMETh HauTyUIIyIo
BO BCEX OTHOIICHUSAX (HOPMY.

Jns HaxoXaeHrWs TakoW ONTUMAIBHOM M MPENEIbHO JIOIyCTUMOU
KOHIIGHTparuu Obuth  TipoBeneHbl KB  ompeneneHust wucciaeayeMbIX HOHOB
METaJUIOB B TMPHUCYTCTBUHU PA3IUYHBIX 1O TPHUPOAC (HOHOBBIX DJICKTPOJIUTOB W
OydepHBIX cMeceil Mpu HMX BoO3pacTarouleld KOHILEHTpauuu. B To xe Bpems
KOHTPOJTb 32 JJICKTPOXUMHYECKON peakiuel TpeOyeT, 4ToObl MPOTOHOAOHOPHAS
aKTUBHOCTH CPEIIbI COXPaHSJIACh B CTPOTO OMPENCIEHHBIX MpEAciax B TCUCHHE
BCEro OJJIEKTPOJIM3a, T/€ TJIABCHCTBYIONIYI0 M OINPEACISIONIYI0 PpOJIb WIrpaeT
(b oHOBBIN A1EKTPOTUT (OydepHas cMech).

N3zyuenune BompTamnepometpudeckoro moseaenus IN(I1), Sb(lll) u Cd(Il) a
MOCJICAYIONIee HMX ONpeACICHHE NPOBOAWIM Ha co3maHHbix DC, Moauduim-
poBanHbix OJITA, 8-OKCUXWHOJWHOM, JAUTU30HOM, MOPHUHOM U APYTUMHU
n30UpaTeIbHBIMA OPTAaHUYECKUMH KOMILJIEKCOOOpa3yIOMUMH peareHTaMu Ha
Pa3IUYHBIX TI0 IPUPOIE (POHOBBIX AIEKTPOIUTAX U OyPepHbIX cMmecsx. HekoTtopsie
U3 TIOJYYCHHBIX JaHHBIX VB omnpeneneHus WCCIENOBaHHBIX METAUIOB Ha
Pa3IMYHBIX TI0 KUCIIOTHO-OCHOBHBIM CBOMCTBaM Cpeax MPUBEACHBI B Ta0M. 2.

Kak BUJIHO W3 TaHHBIX TAOJIMIIBI, HAWIYUIITUE PE3yIbTaThl HAOIIOMAOTCS MIPU
NB onpenenennn Cd Ha done (0,20 M H,SOy), In — (0,1 M HBr), Sb —(0,2 M
HCI) u moatoMy Bce mocrneayroliyie HCCIeAoBaHUsS ObLIM TMPOBEACHBI HAa ITHUX
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(hOHOBBIX 3IEKTPOIUTAX U Oy(PEepHBIX CMECSIX B COOTBETCTBUU C YCTAHOBICHHBIMHU MX
ONTUMATbHBIMHA KOHIICHTPALIASIMHU.
Tabmuma 2
Pe3ynbTraThl HHBEpCHOHHO—BOJIbTaMIiepoMeTpudeckoro ompeneiacaus In(l1),
Sb(ll)
u Cd(Il) Ha pa3IUYHBIX 110 IPUPOJIE U KOHIIEHTPAHMH (DOHOBBIX JCKTPOIUTAX
(P=0,95; ¥ £ AX)

[Ipupona [Ipupona u KoHLIEHTpauus | Haiineno Me, n S S
MeTasuia (hOHOBOTO IIEKTPOJIUTA . MKT '
0,10 M HCI 40 0,56 + 0,08 5| 0,06 | 0,082
0,20 HNO3 45 0,54 + 0,07 4 | 0,04 | 0,080
In 0,1 M HCI +0,1 M H,SO4 48 0,48 + 0,02 5| 0,02 | 0,040
0.1 M KOH 47 0,47 + 0,03 5| 0,03 | 0,060
0,1 M HBr 48 0,51+0,01 5 0,01 | 0,020
0,2 M HNO3 42 0,48 = 0,09 5 | 0,07 | 0,145
0,20 M HCI 52 0,53 = 0,06 5 | 0,05 | 0,094
Cd 0,20 M H,SO4 57 0,51 +0,04 5 | 003 | 0,059
0,3 MKI 46 055+014 (4 | 0,09 | 0,164
0,3 M H3POq4 40 0,46 + 0,04 4 1006 | 0,131
0,1 M H3PO,4 8 491 = 0,13 410,08 | 0,016
sh 0,2 M NH4F 10 5,04 = 0,11 51 0,09 [ 0,018
0,2 M HCI 20 4,98 = 0,06 5| 0,05 | 0,010
0,2 M H,C,04 13 5,09 = 0,19 41 0,12 | 0,024

Jlns momydenuss Oonee mogHOM WHGOPMAIMM O BIMSHUM KHUCJIOTHOCTH M
ocHOBHOCTH cpeapl Ha monesHslii AC wmonoB In, Sb m CdObuIM MpOBEACHBI
WCCIICJIOBAHMS TI0 BBISICHEHHUIO XapaKTepa U cTereHu BiusiHus pH cpens Ha popmy u
BBICOTY IIMKa OMNpEACIIIEMbIX METAIOB HA Pa3IUYHBIX 110 KHCIOTHO-OCHOBHBIM
CBOMCTBaM (POHOBBIX MEKTPOTIUTAX U OY(HEPHBIX CMECSIX.

HekoTopble U3 OMyYeHHBIX HAMH KPUBBIX, YCTAaHOBJICHHBIX Tipu VB onpeneneHmsx
HCCIIEAYEMBIX METAJJIOB, TIPUBECHBI HA PUCYHKE.

B
T Puc. 3aBucuMocCTb BEnmUUUHEI |4 IN,
T Cd u Sb ot pH cpenpr:
40 In - Ha aneratHOM Oydepe (a);
a0 . Cd - Ha aneratHOM Oydepe (0);
(a)
2 | Sb - na ynuBepcansHOM Oydepe ().
| _ (0)
N
a 1 2 3 4 5 6 1 g 9 pH

W13 pucynka Buano, uro Haunyuime AC mis Cd(11) u In(l11) monaywarores Ha
arieratHoM Oydepe, a s SH(I11) - Ha yHEBepcanibHOM Oydepe.

Kak w®3BecTHO, BpeMs  HAKOIUIGHHS  DJIEKTPOAKTUBHOIO  BEIIECTBa
(onpenensemMoro Merajmia) Ha sektpoae B VB Takke SBIAETCS OTHUM U3

30



OCHOBHBIX TMapaMETPOB, OKAa3bIBAIOIIUX CYIIECTBEHHOE BIMSHHE Ha BBICOTY
aHOJIHOTO U KaTOJHOTO MHKOB.

Jns noBbilieHust 4yBcTBUTENbHOCTU WB  ompenenenus uccienoBaHHBIX
AJIEMEHTOB CYIIECTBYET HECKOJbKO IPUEMOB: YMEHBIIICHHE Uara3oHa TOKa,
U3MEHEHHEe MaciiTada Ha CaMOIUCIE HCIOJIb3yeMOoro mnpudopa, yBeTUUYCHHE
BPEMEHU HAKOIUICHUS OINpENeIsieMOro MeTajljla Ha DJIEKTPOJAE, IOBBIIICHHE
TEMIIepaTypbl aHAJTU3UPYEMOr0 pacTBOpa W JApyrue mnapameTpbl. OddexT ot
WCIIOJI30BAaHUS TIEPBBIX JIBYX XapaKTEPUCTHUK 3aBHCHT OT KOHCTPYKITUU
NpPUMEHSIEMOro B paboTe mpubopa, BIUSHUE IKE BPEMEHH HAKOIUICHUS
aenoispuzaropa Ha BennyuHy AC 3aBUCHUT OT MNPUPOABI U KOHIEHTpAIUU
ompenensieMoro sjeMeHrta. lIpsMonponopuuoHanbHas (JIUHEHHAs!) 3aBUCUMOCTD
MEXAYy  KOJMYECTBOM  ONPENEIIEeMOro  BElIeCTBA  Ha  JJEKTpoOAE U
MIPOJIOJDKATEITLHOCTRIO dJIekTponm3a B VB wrpaer BaxkHyto u ocoOyro poib. B
Meronax rpaayupoBouHoro rpaduka (I'T) wu crammaptHeix pgo6aBok (CJ)
HEOOXOMUMBIMU ~ KPUTEPHUSIMHU  SIBIISIIOTCA  MPOJOJKUTEIBHOCTh  HAKOILICHUS
Jenoyisipu3aropa Ha pabodeM OJJIEKTPOJie€ M PACTBOPEHHE DIIEKTPOAKTHUBHOTO
BEIIECTBA C €ro TMOBEPXHOCTH B AHAIU3UPYEMbBI PACTBOP, a TAKKE PEKUMBI
IIPOBENICHUS AJIEKTPOJIN3a, KOTOPHIE IOJKHBI OBITh IPU MPOUYUX PABHBIX YCIOBHSIX
OJINHAKOBBIMH BO BCEX U3MEPEHUSIX.

B Tabin. 3 nmpuBeaeHbl 3aBUCUMOCTH BBICOT MHUKOB UCCIIEAYEMbIX METAJUIOB OT
BpeMeHH uX HakomieHus Ha OC, wmoaupuuupoBanubix OIJTA u 8-
OKCHUXHUHOJIMHOM.

Tabnuua 3
3apucumocty BeicoT mukoB IN(111), Cd(I1) u Sb(lll) oT Bpemenu ux
HaKOIJICHUS Ha MOJIU(PHUITUPOBAHHBIX YTOJBbHO-TIACTOBBIX AJICKTPOIaX
(s In u Cd momuduratop DATA; mis Sb - 8-0kCHXUHOIUH)

BricoTa In(111) 5,0 Mxr/min Cd(I) 16,0 mxr/mn Sb(11) 3,0 mxr/mn
MHKa, (¢on 0,1 M HBIr; (¢on 0,2 M H,SOy; (¢on 0,2 M HCI;
BpeMs o.T. = 1,0 MKA; o.T. = 0,5 MKA; o.1. = 0,5 MKA;

HaKOII- E;=-0,35B.) E;=-0,63 B.) E;=+0,65 B.)

JICHUS
lLwe. |2 |10 15] 32| 51|57 | 3| 6|31 |42 [62 | 71 | 7]|13| 25| 45| 55| 67| 72| 75
te, ¢ |10]20[ 30| 40| 60{100{2030 (50 |70 |90 | 110 [ 5(10( 20| 40| 60| 70| 80| 90

Kak BuaHO U3 TaOIUIBl ONTUMAIbHOE BpeMs HakorwieHus In pasuo 60 c., Cd—
90 ¢, a Sb —80 c., TOCKOJNBKY MpH JaJbHCHIIIEM MOBBIIICHUH BPEMEHU
AJICKTPOJIN3a BBICOTHI IMHMKOB IEPECTalOT OBbITh (YHKIUSAMH WX HAKOIUICHUS W
CTAHOBSITCSL TIOCTOSIHHBIMHU BEJIMYMHAMH, I[IO3TOMY HE HWMEET CMBICIa €ro
nanpHeiee nopeimenne. He MmeHee BaxkHbIM ycioBueM paszpadbotku B metoauk
OTPE/ICJICHUS] KOMIIOHCHTOB aHAJIM3UPYEMON MpOOBI SIBISETCS 3aBUCUMOCTh
nonesHoro AC ot auana3oHa Toka. bwulo ycTaHOBIIEHO, uTO Haubosee
onTUMaiabHOM obnacteio s In, seigercsa 0,75 - 2,5 mxA, Cd- 0,25 — 1,0 MKA, a
Sb —1,0-5,0 MKA.
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Jis yenemHoro mnposenenus VB ompenenenms Cd(I1), In(lI) u Sb(lll)
HEOO0XOAMMO OBLIIO U3YYHUTh BIHUSHHUE TEMIIEpaTyphl aHATTU3UPYEMOTO pacTBOpa Ha
ux AC.

OKCIepUMEHTHl TOKa3alii, YTO Hawilydimue mo (opme BOJIbTaMIICPHBIC
KpuBbI€ (ITMKK) HAOJIOAOTCS MPpH TemIieparype B auanasone 25-30 °C mockoIbKy
IpU HU3KUX €€ 3HAaYCHHSIX OJJIEKTPOIPOBOIHOCTh HCCIEAYEeMOTOo pacTBOpa
CTAaHOBHTCA HemocTaroyHoi ajs Tounoro ompenenacaus In(11), Cd(1) u Sb(lll), a
MPU BBICOKUX— HAOIIOJA€TCSl HE3HAYUTEIHLHOE PACTBOPEHHE CMECH YTOJIbHOU
MacThl AJIEKTPOJa M COOTBETCTBEHHO YXYJIICHHE €ro paboyeil MOBEpPXHOCTH,
MPUBOJSIIECE K UCKAXEHUIO (OPMbI KpUBBIX (ITMKOB), @ TAKXKE M PE3YJITATOB HX
NB onpenenenus.

Ha ocHOBe MOJYYEeHHBIX IKCHEPUMEHTAIBHBIX TAaHHBIX MOXKHO 3aKIIOYHTH,
yto ¢ nomotisio IC, moauduupoannoro DJITA, OblTH MOTYUYEHBI TPaBUIbHBIE
1 BocrpousBoauMmbie pesynbtatel B onpenenenns In(l1), Sb(lI) u Cd(ll) ¢
OTHOCHTEIILHBIM CTaHAAPTHBIM OTKJIOHEHHUEM (Sr), He mpeBbimaronum 0,33.

M3 mojydeHHBIX pe3ynbTaToB ompenenenus uoHoB In, Sb u Cd B
IPUCYTCTBUH TTOCTOPOHHHUX COMYTCTBYIOIINX MM B MPUPOJIC KATHOHOB BUJIHO, YTO
10 UX TPEAETHHO JOMYyCTUMBIX KOHIICHTPALUK WX OMpPEeICHUI0 OHU HEe MEIIAlOT.
[TomydeHHBIE AKCIIEPUMEHTAIbHBIC JIaHHBIC TIOCTYXXWJIM OCHOBOH IPOBEPKH
Bo3moxkHoctH onpezeneHust IN(11), Sb(l1l) u Cd(1l) B mprcyTcTBUM pa3IuYHBIX IO
NPUPOJIC U KOHIEHTPAIIMH MOCTOPOHHUX KAaTHOHOB, KOTOPHIE B OTICIEHOCTH HE
MEMIAIOT WX OMPEICICHUIO W JIOBOJBHO YacTO COMYTCTBYIOT UM B MPHUPOJIHBIX
00BEKTaX M MPOMBIIICHHBIX MaTepUaiax.

B ocHOBY cocTaBieHUs MOJEIBHBIX CMECEH ObUIM IMOJIOXKEHBI PE3YJIbTaThl
BJIMSTHUS TIOCTOPOHHHMX MelIamux kaTtruoHoB Ha onpenencaue IN(l), Cd(Il) u
Sb(ll). Pe3ynpraThl aHanm3a MOJIEIBHBIX OWHAPHBIX, TPOHHBIX U 0O0JIEE CIIOKHBIX
cMecel puBeeHBI B Ta0. 4.

Kak BuaHO u3 monydeHHbix pe3yibratoB VB ompenenenue In(l11), Cd(ll) u
Sb(Ill) B COXHBIX MOJEIBHBIX CMECAX, UMHTHUPYIOIIMX peaibHbIC MPHUPOIHBIC
OOBEKTHI ¥ TIPOMBINIJICHHBIE MaTEPHAJIbI, BIIOJHE BO3MOXKHO, IPHUEM S; BO BCexX
ciydasx He mpesbimaer 0,093 mos In, 0,099-Cd u 0,103 mms Sb uyro
CBHUJICTEJILCTBYET O TOYHOCTH Pa3padOTaHHBIX METOIHK.

Pesynbratel, nonyuenusie npu UB onpenenenun In(111), Cd(11) u Sb(lll) B
MOJICIBHBIX OWHApHBIX, TPOWHBIX M 0O0JIee CIIOKHBIX CMECAX CO3JaHHBIMU
MoaudunrpoBanHbIMU DC TIO3BOJIMIIH 3aKITIOYUTH, UTO Pa3pabOTaHHbIE METOIUKU
BIIOJIHE TPHUTOMHBI JUIS  aHAIW3a Pa3IMYHBIX [0 TPUPOJAC U KOHIICHTPALUU
pealbHBIX TPUPOAHBIX OOBEKTOB W IMPOMBIIUICHHBIX MaTepUAIOB (XBOCTOB,
KOHIICHTPATOB, PyJ, MUHEPAJIOB U JIp.) HA COJCp)KAaHWE B HUX HCCIECIOBAHHBIX
MOHOB METAJJIOB C BBICOKMMH METPOJOTHUYECKUMH  XapaKTEPUCTHKAMH U
AHATUTHICCKUMU ITapaMeTPaMHU.

Tabmuma 4
Pesynbratel onpeaenenus In(111), Cd(I1) u Sb(I11) B MogenbHBIX cMecsIX
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[Ipu- Haiineno
poria CocraB cMecH ¥ KOHIIEHTPALIHs Me, MKr al s S,
Me KOMITOHEHTOB B Ipo0e, MKT P—0.95: ; +AX
In(0,35)+Cd(95,0); 0,36 +£0,11 5( 0,09 {0,025
In(0,70)+Sn(1,96)+Pb(2,35); 0,68 + 0,04 5] 0,03 {0,044
In(1,40)+Bi(0,52)+Sn(2,20)+Cd(3,25); 1,43 +£0,10 5] 0,08 [0,056
In In(2,80)+Bi(0,19)+Pb(2,30)+Sn(2,0)+Cd(2,55); 2,76 £ 0,33 4( 0,21 (0,077
In(5,60)+Sn(0,31)+Zn(5,19)+Ag(1,21)+Se(1,41)+ 5,67 +0,84 4| 0,53 (0,093
+Mn(2,37);
Cd(0,38)+Pb(41,40); 0,37+ 0,02 5] 0,02 {0,054
Cd(0,50)+Ti(15,00) + Zr(15,00); 0,49 + 0,05 4( 0,03 (0,061
sh Cd(0,75)+Hg(3,00) + Pb(41,40) + Zn(100); 0,76 + 0,08 5[ 0,07 | 0,083
Cd(1,50)+Ba(200)+Cd(10,00)+Pb(4,14)+Ti(15,00);| 1,54 +0,23 41 0,15 [ 0,097
Cd(2,50)+Hg(3,00)+Zn(50,00)+Cd(10,00)+ 2,51+ 0,31 5| 0,26 (0,103
+Pb(41,14) + Zr(11,00).
Sb(1,34)+Cu(1,0); 1,39+0,20 6 0,08 |0,057
cd Sb(3,00)+Sn(2,37)+TI(1,21); 3,09 +0,31 4 0,20 | 0,064
Sh(6,00) +Bi(1,48)+Se(2,39) +Cd(2,39); 5,91 +0,74 4( 0,47 (0,079
Sb(7,83)+Bi(5,94)+Ni(78,9)+Cr(0,54)+Cu(0,24). 7,92 +£0,97 5[ 0,79 0,099

[Iaras rnaBa quccepTanuy «AHAJIUTHYECKOE TPUMEHeHHe pa3padoTaHHbIX
HHBEPCHOHHO-BOJIbTAMIIEPOMETPUYECKHX METOAUK ONpeaeieHus] WHAMS,
cypbMbl M Kaamus» nocBsmeHa VB ompenenenuro In(l1), Cd(I) u Sb(lll) B
MOJICIIBHBIX CMECSX B pEaTbHBIX TPHUPOJHBIX OOBEKTaX M IMPOMBIIIJICHHBIX
Matepuanax (Sn, Al, cmias, npumodi w cmaska). s 3TOro mpexiae BCEro,
HEOOXOAMMO aHATM3UPYEMYIO TIPOOY MOABEPrHYTH PA3IOKCHHIO B ITOAXOISIINX
KHUCIIOTaX U IeJIoYax B COOTBETCTBUU C MPUPOION aHAIM3UPYEMOT0 MaTepraia u
00BeKTa C TOCIEAYIOIIMM JJIEKTPOXUMHUYECKUM BOCCTAHOBJIICHHEM, COTJIACHO
KaTOAHOMY BOCCTAHOBJICHUIO TIOTEHIIMATIOB, a 3aTeM HEOOXOAMMO MPOBOAUTH
aHainu3 MpoObl B COOTBETCTBHHM C CYIIECTBYIOIIMMH B MHPOBOM JHUTEpAType
MeTonukamMu. HaOupaioT alMKBOTYy aHAIM3UPYEMOT0 pPAcTBOpa, COACPIKAIIETO
In(l1l), BBOAAT B HEro COOTBETCTBYIOIIEIO MO MPHUPOJE (OHOBOIO 3JIEKTPOJIHMTA
unu OydepHoit cmecu, cozgaroT HeoOxonumyro pH cpeny u apyrue BakHbBIC
AIEKTPOXUMUYECKHUE TapaMeTphl (TyBCTBUTEIBHOCTD, AMANa30H TOKa, Pa3HOCTh
MOTEHITMANA, BpeMs JJIEKTpoJin3a W Jp.) W mnpoBoasT VB ompenencHue xaaMmus.
HekoTtopsle 13 Moy4eHHBIX HAMU PE3YJIBTATOB aHAIN3a MPUBEICHBI B TA0JL.5.

W3 maHHBIX TaOIUITEI BUAHO, YTO BO BCEX CIydYasX MPHU aHATU3C PA3TUIHBIX
10 MPUPOJIC MATEPHAJIOB; CIUIaBa, MPHUIIOS W CMa3KHd OBLIW TIOJYyYCHBI JTOBOJIBHO
HaJIe)KHBIC U JocToBepHBIE pedynbraThl B onpenenenus IN(l11), oTmuuaronmecs
BBICOKUMHU  TIPAaBUJIBHOCTHIO W BOCIHPOU3BOAMMOCTBIO C  OTHOCHUTEIHHBIMH
CTaHJAPTHBIMHU OTKJIO-HEHMsIMU, He npeBbimatommumu 0,078; 0,051; 0,039; 0,071 u
0,091 cooTBeCTBEHHO.
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Tabmuna 5
Pe3ynbTaThl HHBEPCHOHHO-BOJIBTAMIIEPOMETPHUIECKOTO

OIIPCACICHUA NHAWS ITPHU aHAJIN3C Sn, AI, CILTIaBa, IIPHUIIOSA U CMA3KHU
CocTtaB aHaM3UPYEMbIX MaTEPUAIOB U Haiineno In, % N S S
KOHIIEHTpalusi KOMIOHEHTOB B HUX, %0 (P=0,95, x +Ax) '
Ou0B0:
In(0,0094)+Cu(0,0009)+Pb(0,0029)+Zn(0,0008)+
+Fe(0,006)+As(0,0001)+Sb(0,015)+Sn(98,07)+
+Cd(1,8949). 0,0093 +0,0011 61016 | 0,078
AJIIOMUHMI:
In(1,50)+Cd(11,0)+Pb(44,0)+Cu(54,0)+Bi(2,59)+
+Ni(6,98)+Co(7,58). 1,48 + 0,09 60,08 | 0,051
Jlerkormiapkui ciJiaB:
In(1,50)+Ga(1,20)+Sn(1,10)+Bi(0,60)+Cd(5,98)+
+Ni(27,5)+Co(67,12); 1,59 + 0,06 5 10,06 |0,039
Ipunoii:
In(1,21)+Sn(1,7)+Ag(0,01)+Cu(2,62)+Bi(37,5)+
+Pb(24,6)+Cd(32,36); 1,13+0,14 4 10,08 |0,071
Cmaska:
In(0,50)+Ag(2,1)+Se(1,54)+Bi(2,34)+Te(17,54)+
+Cd(5,94)+TI1(37,59)+Sn(32,45). 0,57 + 0,09 4 10,05 |0,091
Tabmauia 6
PGBYJ'IBTaTI)I HHBCPCHUOHHO-BOJIBTAMIICPOMCETPHUICCKOI'O

OIIPCACIICHNA KaAMUs B KAAMOCCIINT, MOHTCIIOHUTC U KCAHTOXPOUTC

HaunmenoBanue ananmsupyemoro oobekra u | Haiigeno Cd(I1), % 0 s s
co/iepaHue B HEM KOMIIOHEHTOB, % (P=0,95, x +AXx) '
Kaamoceaur —
Cd(47,00)+Se(34,00)+Cu(2,5)+ Zn(16,50); 46,30+1,49 51,124 |0,028
Monrtenonut — Cd (87,5)+ Al(9,28)+ Si(9,28); 87,10+ 0,63 5 | 0,548 |0,006
Kcanroxpour: Cd(77,2)+S(16,20)+Zn(6,60). 76,90 +0,85 5 | 0,742 10,010

Pesynbrarhl, qocTurHyThie mpu onpeaencHnn Cd B MOJENBHBIX OMHAPHBIX,
TPOUHBIX U 00JIee CIOXKHBIX CMECSX IMO3BOJUINA MPEANOJIONKUTh O BO3ZMOKHOCTHU
ero VB onpeneneHuss B peaqbHbIX MNPUPOIHBIX OOBEKTaX U MPOMBIIUICHHBIX
Marepualiax, pyAax M KoHUeHTparax. [Ipo0ooTOop u mpoOOMmoAroToBKa OBLIN
MPOBEJICHbl  COMJIACHO METOAMKAaM, W3BECTHBIM B MHUPOBOM JUTEpaType.
HexoTopbie U3 MOTyYEeHHBIX JAHHBIX MO aHAIU3Y KaJIMOCEJIWTa, MOHTEIOHUTA U
KCaHTOXpowuTa Ha onpenaeicHue nona Cd mpuBeaeHs! B Ta0IMI. 6.

N3 Tabmumbl MOXKHO 3aKJIIOUUTh, 4YTO paspadboranneie WB Meromuku
oTpeIeTICHUs] MUKPOTPAMMOBBIX cojepKaHuid MOHOB Cd OTIMYArOTCS BBHICOKUMU
TOYHOCTHBIMH XapPaKTEPUCTUKAMH W JKCIPECCHOCTHIO BBHITIOJHEHUS aHaIN3a C
OTHOCHUTCIIBHBIMU CTAaHJAAPTHBIMM OTKIIOHEHUSIMH, He mnpeBbimaromumu 0,028;
0,006 u 0,010.

OmnpeneneHne MHUKPOCOJAEpKaHUM CypbMbl B MeAM B (eppoMaprasie u
KApPOMPOYHOM HHUKEJIEBOM CIUIaBE OCHOBAHO Ha MPEABAPUTEIHLHOM OTIEICHUU
Sb(lIl) oT ocHOBHO# MaTpHUIlbI OCaXJACHHEM METAOJIOBSIHHON KHCIOTOM W
TUAPOKCUIOM kejle3a B ammuauHou cpene (pH 9) c¢ mocnenyromum ee UB
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ompeaeneHueM co3gaHHbiM DC, MOAUGUIIMPOBAHHOTO §-OKCHUXWHOJIMHOM, Ha
done 0,5-2,5 M HC1. OnnoBpemenno Bmecte ¢ Sh(I11) Takike MOXKET OTACIATHCS
u Bi. B atom ciyuae onpenenenue npooast Ha ¢one 1 M HC1 ¢ mobGaBieHuem
JMMOHHOM KUCJIOTHI 10 KoHIeHTparmu 0,2 M.

AHanmu3 TpoOBl: OTOMpalOT aJIMKBOTHYIO YacTh pactBopa (2-5 M) u
HIEPEHOCAT B AJIEKTPOJIK3ep, 100aBisioT GpoHobii dnektponut (0,5 M HCI) u 3-4
karum 0,003 M pactBopa prytu(ll) moBoast obmmit odbem nmo 20 Ma u
HEMPEPBIBHO MEPEMEIINBAIOT, 3aTeM TMPU ONTUMHU3UPOBAHHBIX YCIOBUSAX U
YCTaHOBJICHHBIX PEXUMax padOThI 3JIEKTPOAOB U Ipubdopa (quanazone Toka 0,75-
1,25 MKA, amriuTyAe pa3BepTku noteHnuana B obnactu -1,000 +1,0 B, Bpemenu
Hakorutenus Sb(l11) Ha amexkrpone — 60-100 c., B 3aBUCHMOCTH OT €€ COJIep)KaHUs B
aHATM3UPYEMO Tpo0Oe), PerucTpupyroT muk Sb B nuamazone morenmwmana 0,3-
0,5B.

Hekotopeie 3 mosydeHHBIX TaHHBIX M0 VB ompenenenuto monoB Sh mpu
aHanu3e ¢peppoMaprasiia, KapornpoyHOTO HUKEJIEBOTO CIIaBa U MEAH MPUBECHBI
B TaOJI. 7.

Tabnuua 7
PesynbraThl onpeeneHus CypbMbl B MEJIU,
dbeppomMaprasiie u xaporpouHoM HukesneBoM criase (P=0,95, % £Ax)

CocraB 1 KOHIICHTPALUsI KOMIIOHEHTOB Haitineno
n S Sr
AHAJIM3UPYEMOT0 00HEKTa, MK Sb(Ill), mxr
Menu:
Sb(2,34)+Ag(3,71)+Bi(0,78)+Ca(2,85)+Cd(1,0)+
+Cr(2,5)+Fe(1,5)+Mg(1,2)+Mo(3,5)+Ni(5,5)+
+Pb(2,3)+Zn(2,0)+Al(1,7); 2,30+0,30 | 6| 0,12 |0,051
®eppomaprasen:
Sb(1,34)+In(3,71)+Pt(0,78)+Bi(2,85)+Cu(1,0)+
+Fe(39,53)+Cd(2,67)+Co(11,34)+Ni(5,21); 1,39+0,18 |6(0,18 | 0,129
7Kaponpo4Hblii HUKeJIEeBbIH CIIAB:
Sb(7,83)+Bi(5,94)+Ni(78,9)+Cr(0,54)+
+Cu(0,24)+Pb(27,54)+Sn(2,37)+Cd(1,92). 7,92+0,29 |5| 0,27 | 0,035

Kak BuaHO W3 TaOnMIBI TpU ONpeieicHHH SO moaydaroTcs JT0CTaTOYHO
paBUWIbHBIE U BOCIIPOU3BOIMMBIE PE3YJIbTAThl C OTHOCUTEIIbHBIMU CTAHAAPTHBIMU
OTKJIOHEHUsAMHU, He mpeBbimatromumu  0,051; 0,129 u 0,035, yro eme pas
NOATBEPKAAET BO3MOXKHOCTh IMPOBEACHUSI aHaln3a MPOMBIIUICHHBIX MaTepUaloB
U IpUpOIHBIX 00hekTOB B mpu ee onpenenenum.

MeTtoabl KOHTPOJISI COJEpPKAHUSI PA3TUYHBIX MHUKPOIJIEMEHTOB B BOJHBIX
cpeaax M UCTOYHUKAX MX TMOCTYIUIEHUsT B ruapocdepy, MNpPOrHO3UPOBAHUS
JTUHAMUKA  MUTPAlldd B  HUX  OTIEIBHBIX  (PUBUKO-XUMHUUYECKUX  (opM
MHUKPO3JIEMEHTOB HMMEIOT Ba)XHOE HAPOJHOXO3SIMCTBEHHOE 3HA4Y€HUE B 00JACTH
OXpaHbl OKPY’KAIOIIEH CpeJIbl U IKOJIOTHHU.

AJNTOPUTM TIPOBEJICHUS aHajiM3a 00pa3I0B MPUPOIHBIX BOJ ObUT UACHTUYCH
Metoauke npoeaeHus VB omnpenenenuss MetaioB B pamnax (paccoisax). Paznuna
3aKII0YaNach JUIIL B TOM, YTO MPU aHAIW3€ paroB KOIMYECTBO (DOHOBBIX
AIIEKTPOIUTOB B MPOOE MO BO3ZMOXKHOCTH CBOJWIOCH JO MHUHHUMYMA, MOCKOJBKY
caMd pambl B CBOEM COCTaBe cojepxanu uHauddepeHTHbie coau—GhOHOBBIC
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ANEKTpONUThl.  Hawnydmne  pe3ynbTaThl  ONPEACICHUS  METAUIOB  ObLIU
JOCTUTHYTBHl TIPU aHaJIM3€ NPUPOAHBIX M CTOYHBIX BOA (peK, o3ep u 1p.),
MIOCKOJIBKY TpeOOBajOCh JIOMOJHUTEILHOE BBEICHHUE JIUIb TOJBKO HEOOJBIIOrO
KOJIM4YeCcTBa (POHOBOTO AJIEKTPOJIUTA.

HwxHss rpaHdnia onpeaensieMbIX COAEpKaHUN HCCIEA0BAHHBIX METAIJIOB B
TaKUX 00BEKTAaX HAXOJIUJIACh Ha YPOBHE 107°-107 %. Hexoropeie U3 nojry4yeHHBIX
pE3yJbTAaTOB OINPEIEICHUS] KOJIUYECTBEHHOTO COJEPKAHHS HOHOB Pa3IMYHBIX
MeTtauioB B MeTomom nipu aHanm3e mpupoIHBIX BOJ IPUBEACHBI B Ta0. 8.

Tabmuua 8
PesynbraTel ananu3za npupoassix Bog MIB metonom
¢ uicniofib3oBanreM MoaudumupoBanubix DC (N=5; x £AX; P=0,95)

Hpupoza OO0BexT aHaIM3a Beeneno Me, Harineno Me, MKr S S,
METAJIJIOB MKT
Bonxa us 0 0,52 + 0,05 0,04 0,076
CKBAKUHBI 0,36 0,89 + 0,09 0,08 0,089
Wnauit Bona u3 0 0,09+0,01 0,01 0,111
Canapa 0,20 0,28 + 0,07 0,06 0,114
Bona u3 0 0,07+ 0,01 0,01 0,042
pOJTHUKA 0,03 0,10+ 0,02 0,02 0,120
Boga u3 0 0,52+ 0,06 0,05 0,096
Cripnapsu 0,47 0,98+0,12 0,10 0,102
. Bonga u3 0 0,44 + 0,06 0,05 0,070
Kzt AMyziapbu 0,52 0,96 + 0,11 0,09 | 0,093
Boga u3 0 0,44 + 0,04 0,03 0,068
Kapacy 0,46 0,99+0,11 0,09 0,090
Bona us 0 0,68 + 0,07 0,06 0,088
Yupurka 0,27 0,96 +0,11 0,09 0,093
Boga u3 0 0,37 +£0,03 0,03 0,081
Cypma KpaHa 0,32 0,69 + 0,08 0,07 | 0,101
Boma us 0 0,54 + 0,02 0,02 0,037
3apacdiana 0,39 0,92 + 0,09 0,08 0,086

OKCHEepUMEHThl  TOKa3alu, YTO MPEMJIOKEHHbIE  DJIEKTPOXHUMHUYECKUE
METOJAMKM BIIOJIHE MOKHO HCIOJIb30BaTh [JIs aHaJIM3a HE TOJIBKO pealbHBIX
00pa3iioB MPUPOIHBIX BOJ, HO TAKXKE U TEXHOJOTMUYECKHUX KUIKOCTEH pa3IMUHbIX
IIPOM3BOJACTB M IMPOMBILUICHHBIX OTXO0M0B Ha omnpenenenue TTM. IlposeneHHbie
UCCIIEOBAaHUS TOATBEPAWIM TPEANOJIOKEHUS M OXHUAAHUS O BO3MOMKHOCTH
npuMeHeHus: UB MeToauk rpu aHanvse IpUpOIHBIX BOJ Pa3JIMYHBIX COCTaBOB.

B kauectBe (POHOBBIX DJIEKTPONMTOB MpHU dKCTpakimonHow B ompenenenun
nouoB In, Cd u Sb B peampHbIX 00BeKTax ObuM ucmoas3oBanbl: HCI, HCIO,,
CH3;COOH, KCI, KBr, Kl, stunennnamMus 1 yHUBEpcaibHbIC Oy(pEepHbIC paCTBOPHI
C pa3MYHbIMU 3HaueHussMu pH cpen.

In skctparupyercs auATHIOBBEIM 3¢upoMm u3 pactBopa HBr B ¢opme ero
OpoMHIa C ONTUMAIBHOW KOHIEHTpallUueu, cocrapistome 4,5 moab/n. s
KOJIMYECTBEHHOTO OTAeNeHHs IN HeoOxoauMa ero IByKpaTHas SKCTPAKIIHS.
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PaBHOBecue Mexay oTaensHbIMU (popMamu Sb B pacTBopax ycTaHaBIMBaeTCs
OYeHb MEJIEHHO TO3TOMY JUIss JKcTpakuuu, ocobenHo Sb(V) Baxna u
HeoOxoauma He Toiibko KoHleHTpanus HC1 u XJIopuaoB MeTamuioB, HO Takke U
YCIIOBHUSI IIPUTOTOBJICHHS camoro pactBopa. s skcrpakiuu Sb(ll) u Sh(V) ¢
nomompto HC1 wcmonp3yercs MOCTAaTOYHO MHOTO —Pa3IUYHBIX  HEBOJTHBIX
PACTBOPUTEIIEH U UX CMECEM.

W3 cnupToB s OKCTpakuuu SO W3 XJIOPUCTOBOJIOPOJIHBIX PAaCTBOPOB
HanOoJiee YacTO TOJB3YIOTCS H30-aMIJIOBEIM crmupToM. [Ipu skcTpaknuu w3
pPacTBOPOB, B KOTOPBHIX HACTYNWIO THAPOJIMTHYECCKOEC PABHOBECHE PA3IMYHBIX
dopm Sb(V), 3KCTpaKIMOHHOE PAaBHOBECHE YCTAHABIMBACTCS OBICTPO JIMIIL IPU
kounenrparuu HC1 > 9 M; B pacTBopax ke ¢ MEHbIIEH ee KOHLEHTpaluenl OHO
YCTaHABIMBACTCS B TCUEHNE HECKOJIBKHUX YacOB U JIAXKe CYTOK.

N3 koHnenTpupoBaHHbIX pacTBopoB LICl gake mpu HU3KUX KOHIIEHTPALUSX
HC1 Sb(V) skctparupyercst u3o-ammwioBsiM criuproMm Ha 100 %, HE3aBUCHMO OT
TOTO, CKOJIbKO BPEMEHH BBIJICPKUBAIUCH PACTBOPHI MEPE IKCTPAKITUEH.

YcTaHoBJIEHO, YTO BBEJCHUEM B (POHOBBIN AMEKTPOJUT (OydepHyr0 cMech)
He3HauuTenpHoro konuuectsa HY(NO3), npu onpeaeneauu nonos In, Cd u Sh B
aHanmu3e Metaimueckux SN u Al, uHanMTa, poke3nuTa, CKypaHHTa, NCTEMAaHUTA U
riaykonuputa B MeTogoM CyIIeCTBEHHO YBEIWYUBAETCS YYBCTBUTEIBHOCTH
coznanHoro DC, moauduinupoanHoro IJITA, u cOOTBETCTBEHHO pa3pabOTaHHBIX
MeToauK. HekoTopble M3 MOMydeHHBIX MAaHHBIX MO THOPHUIHO-IKCTPAKITMOHHOMY
OTIpE/ICTICHUIO UCCIICIOBAHHBIX METAJJIOB MPUBEEHBI B TA0JL.9.

Ta6nuna 9
Pesynbrathl 3kcTpakimonHoro VB onpenenenus wonos In, Cd u Sb B pygax
HaumenoBanue ananu3upyemoro o0ObeKTa u Hafineno
Me, MKT n S S
COACPIKAaHUEC B HCM KOMIIOHCHTOB, MKT' P:0,95, ; 1AX

HNupur:
In(1,5)+Fe(34,06)+ Pb(1,026) +5(25,68); 1,51+0,05 | 7| 0,06 | 0,117
Pokesur:
In(2,7)+Pb(0,12)+Cu(45,14)+S(15,18); 2,69+0,04 | 6] 0,05 |0,102
Caxypanmur:
In(3,5)+Fe(13,08)+Zn(12,9)+Cu(25,78)+Sn(0,12); 3,52 +0,03 6| 0,03 | 0,057
Hcremanur:
Sh(1,224)+Mn(25,60)+Al(30,74)+Fe(12,36)+
+Si(10,45)+Ni(19,62); 1,18+0,015 |4 | 0,01 | 0,008
I'naykonupur:
Sh (1,67)+Co(3,232)+As(49,73)+
+As(2,33)+Sn(19,34)+S(26,67). 1,64+0,14 4| 0,09 | 0,055

N3 tabnuipl BUAHO, YTO BO BCEX CIydasX SKCTPArMpOBaHUS MOJYYarOTCs
MIPaBUJIBLHBIE U BOCTIPOU3BOIMMBIE PE3YJITATHI C OTHOCUTEIbHBIMU CTAHAAPTHBIMU
OTKJIOHEHUsIMU, He npeBblmaromumu  0,117. Halinennsle  konuuecTBa
WCCIICIOBAHHBIX METAJIJIOB HE BBIXOMSAT 3a MPEAEIbl JOBEPUTEIBLHOIO MHTEPBAJIA,
YTO €II€ pa3 TMOATBEPKIAECT HAAEKHOCTh U JIOCTOBEPHOCTh TMOJYYECHHBIX
pEe3yJIbTATOB.
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3AKJIIOYEHUE

1. ObocHOBaH BBIOOpP HWMIIOPT3AMEMIAIONINX, JOCTYIMHBIX H  HEJOPOTHX
OpPTraHMYECKUX pEareHTOB I CO3/aHus TBEPABIX MOAU(DHUIIMPOBAHHBIX
AJIEKTPOIOB W TIOJOOpaHBl PeXUMBI WX paboT. Ha ocHOBEe cO3MaHHBIX
AJIEKTPOJIOB pa3paboTaHbl MHBEPCHOHHO-BOJIBTAMIIEPOMETPHUECKAE METOIUKU
OTIpe/ICTICHUS] HWCCIICIOBAaHHBIX JJIEMEHTOB Ha PAa3MYHBIX TI0 TPHUPOAC H
KOHIICHTpAIul  (OHOBBIX  JJIGKTPONHTAX,  OyPEepHBIX  CMecAX W
ontuMu3upoBaHbl yeioBus anexrpoausa Cd(I1), In(11) u Sb(ll).

2. [lokazana nuHEHHas 3aBUCHMOCTh MEXIY aHAIUTHYECKUMH CUTHAJIAMH WOHOB
In, Cd, Sb 1 moTeHIMaTaMu UX BOCCTAHOBJIEHHS Ha KAaTOJE, THAIa30HOM TOKa,
BpEMEHEM HAKOIUICHUS JCMOJSIpU3aTopa Ha JJIEKTpoAe, MPHUPOION H
KOHIIEHTpaImei (hOHOBBIX AJIEKTPOJIMTOB, a Takke pH OydepHbIX cMeceH.

3. I3yueHo BimsiHME Pa3IUYHBIX 1O TPHUPOAEC W KOHIEHTPAIIMH IMTOCTOPOHHUX
CONYTCTBYIOIIUX KATHOHOB, MEIIAOIINX AaHWOHOB U  KOMIUICKCYIOIIUX
COeMHEHW Ha (opMy BOJIbTAMIIEPOTPAaMM M PE3yJIbTaThl OMNpPEIEsIeMbIX
MeTauioB. HaliieHsl K03 PpuIueHTh KOPPENSIIIMU UCCIIETyEeMbIX METaJIOB.

4. PazpaboTaHbl ”THBEPCUOHHO-BOJIbTAMIIEPOMETPUUECKUE METOIUKU OIPEICIICHUS
noHoB In, Cd u Sb B MX MHIUBUAYaATBHBIX PACTBOpaxX, OMHAPHBIX, TPOMHBIX U
0oJiee CJIOKHBIX MOJICTBHBIX CMECSIX, UMHUTHPYIOUIUX pEaJbHbIE MPUPOIHBIC
OOBEKTHl ¥  TPOMBIIUICHHBIE MaTepuaibl, C HIWKHAMU TpaHULlAMU
OTIpENIEISIEMBbIX KOHIICHTPAIlMA Ha YPOBHE MHUKPOTPAMMOBBIX M CJIEIOBBIX
KOJIMYECTB, MO3BOJIMBIIUE TMPOBOAWTH aHAJIN3 METAUIOB, CIUIABOB, MPHIIOEB,
CMa3oK, pyJ, MHUHEPAJIOB, BOJ Pa3IUYHON NPHPOABI M JPYTHUX peaJbHBIX
00BEKTOB M MPOMBIIIUICHHBIX MaTEPHUAJIOB.

5. PazpaboTansl rUOpUIHBIE DKCTPAKLIMOHHBIE WHBEPCUOHHO-
BoJIbTaMIiepoMeTprueckue Meroauku omnpenenacHus In(l), Cd(Il), Sb(lll) u
PEKOMEHIOBAaHbI HOBBIE CXEMbI U IyTH aHalK3a MPOMBIIUICHHBIX MaTepHUaJIoB,
IPUPOAHBIX OOBEKTOB PA3IMYHBIX MPOU3ZBOJACTB, YUpEKJIeHUMW T. TamkeHtra u
npyrux ropoaoB Pecyonuku ¥Y30ekucTaH.
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INTRODUCTION (abstract of PhD thesis)

The aim of research work is elaboration of electrochemical sensors and their
application at analysis of cadmium, indium and antimony.

The object of the research work. Various metals, alloys, solders, lubricants,
ores, minerals, waters of different nature and standard samples.

Scientific novelty of the research work is as follows:

for the first time the optimal compositions and ratio of components of buffer
mixtures and phone electrolytes have been determined;

influens of potential, time of depolyarizator accumulation on electrodes,
temperature of investigated solution and diapason of current on the value of useful
analytical signal was investigated;

influence of strange accompaning cations, complex-forming compounds and
advisable anions on the results of selective inversion voltamperometrical
determination of investigated metals in real natural objects and industrial materials
has been investigated;

investigation of Hg(ll) on the analytical signal of determined metals was
shown and also their hybrid extraction inversion voltamperometrical determination
was carried out;

Implementation of the research results.

Elaborated inversion voltamperometrical determination of investigation
metals were recommended for testing and following introduction of analysis;

inversion voltamerometrical methods of determination of microquantities of
jons of Cd, In and Sb were introduced in practices of chemical-analytical
laboratories «Dehkanabad potash planty (certificate from 11 september 2017 year
Ne782/09-3) «Dehkanabad potash plant». Positive results by determination of
heavy metals with using of electrochemical sensors modified by some organical
reagents were obtained;

On introduction of inversion voltamperometry at determination ions of In, Cd
and Sb there are certificate from center of controle of sanitarial-epidemiological
service of Republic of Uzbekistan (from 15 September 2017 year Ne16-8/6790).

The structure and volume of the thesis. The thesis consisted from
introduction, five chapters, conclusion, list of used literature and, supplement.
Volume of dissertation is 120 pages.
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