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BBEJAEHHNE
AKTya/TbHOCTb TEMBbI
B Hacrosiee BpeMs JOKA3aHO 3HAUYCHUE KoOanbTa, HUKENA U KaAMUS JUIA XKU3-
HenesaTeabHocTH oprau3Ma. Co v Ni B HEOONbLIMX KOIHYECTBAX HEOOXOAUMbI 1
HOPMAJIbHOTO MPOTEKaHUA OMOXMMHYECKUX MPOLECCOB. OnHako B H30BITOYHBIX KOH-

LIEHTpaMAX HOHBI BCEX TPEX 3JIEMEHTOB MOryT NPOABJIATH ce0s KaK BbICOKOTOKCHY-

HBIE A/BI.

JUA MccrieJoBaHus CTENeHH 3arpA3HEHHs OKPYJKAIOLICH Cpe/lbl, OLEHKA COCTOS-
HUS IMTAHKSA, KITHHHYECKOH JMArHOCTHKH 3a00/€BaHuil pas/IM4HOM STHOJIOHH ONpee-
JleHHe HU3KMX COAEp)KaHumil Tskebix MetaiwioB u cpeau Hux Co, Ni, Cd B abuornue-
CKHX ¥ GHOJIOrMYECKHX OOBEKTaX B HACTOAIIECE BPeMs OYeHb aKkTyaibHO. CloXHBIH cO-
CTaB 0GBEKTOB, HATHUME MEILAIOWIEN MATPHLBI H Ha MX (JOHE HE3HAUUTENILHBIX KOHIIEH-
Tpauuii caMuX ONpeJEeNIEMBIX MUKDOKOMIIOHEHTOB 3aTPY/IHACT, @ MHOTA JCNacT He-
BO3MOXHbBIM TOYdeHHE HAAEXKHBIX pe3ynbTaroB aHamsa. OfMH M3 NEPCEKTHBHBIX
MyTeil pemeHus 3Toi MpoGieMbl — pa3paboTka KOMOMHHPOBAHHBIX METO/IOB aHav3a,
BIUTIOUAIOLMX CTAHIO TIPEABAPUTENLHOTO COPOLIMOHHOTO KOHUEHTPUPOBAHUs. JTO MO~
3BOJIIET YMEHBLIKTE 00BbeM NMPOOK, YTO, B YACTHOCTH, NPHHLHMITHAILHO BAXKHO NPH aHa-
JIM3€ OPraHOB M TKaHEH >XMBBIX OPraHU3MOB, CHU3UTH npejens 0OHapyXeHHs, yCTpa-
HWTH MOJHOCTBHIO WM 3HAUUTEIBHO CHU3HTH BIMsAHHE (POHOBHIX MAKPOKOMIOHEHTOB H
TIOBBICHTb TP 3TOM BOCTPOM3BOAMMOCTL M YYBCTBHUTEIBHOCTh aHAIM3a, COKPATHTH
BpeMs NpOOOTNOArOTOBKH.

1151 MOBBILIEHUS TyBCTBHTEILHOCTH ONpPEEACHHA CIIEOBBIX KOJIHIECTB 3/ICMCH-
TOB, H3GHPATENBHOTO KOHUEHTPHPOBaHHA, pas/ieNenns ¥ 3pQEeKTHBHOCTH HX M3BJIe-
ueHHs IIHPOKOE MPUMEHEHHE HAlUIM OPraHu4EeCKHe TOJIMMEPHBIE COPOSHTSI, CoaepxKa-
1Me B CBOeil MaTpHie Xenaroobpasyiomue PyHKUMOHATbHO-aHATHTHIECKHE TPYTTHI
(OAD).

B cB3H ¢ NPEBATMPOBAHHEM SMIIMPHYECKOrO MOAXOAA B 0o0/NacTé CHMHTE3a H
NPHUMEHEHHSA B aHATH3E MOIMMEPHBIX X€1aT006pasyiouux COpOCHTOB (IIXC) onnum u3
AKTyaTbHBIX TEOPETHUECKUX HANPABJICHUi B HCCIICAOBAHNH HX CBOHCTB AB/IAETCA yCTa-
HOBJIEHHE KOJIMYECTBEHHBIX KOPPE/AIIHi MEXTy CTPYKTYPHBIMH NapaMeTpamH, ¢usu-
Ko-xuMuueckumu coiicreamu ITXC u aHAIHTHYECKUMH NlapamerpaMu copOumu. Takue

KOppeIslMM COCTaBJLIIOT OCHOBY KOJIMYECTBEHHOI'0 IMPOrHO3a HEKOTOPBIX Ba)KHEHIIIMX
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AHATATHYECKAX ¥ (PUBUKO-XMMMUYECKHAX XapaKTEPHCTHK COPOEHTOB, TO3BOJLAIOT OCYIIE-
CTBJIATH LENCHANPARIEHHbIM TMOMCK, CHHTE3 H NMPUMEHEHWe COPOSHTOB B HEOpraHu4e-
ckoM aHaym3e. JlaHHOMY BOTIpOCy B paboTe yaeneHo 0coboe BHUMaHHE.

Hacrosimas paboTa BHINONHEHA B IPONOIDKEHHE Hecnenosatuii no IlpoekTy No95-
03-09126a Poccuiickoro ®onna QyHaaMeHTAIbHBIX HccnenoBaHui Poccuiickoi akaae- |
MHM Hayk: «TeopeTHYecKHe B SKCIIEPMMEHTAJIbHBIC HCCTIEA0BAHHA B oOnactu xoppens-
it Mexay PH3MKO-XHMHYECKUMH CBOHCTBAMH OPTaHUYECKHUX MOJIMMEPHBIX copOeHTOB
¥ AHATMTHYECKMMH NapaMeTPaMH TpoLlecca COpOLMH MHMKpO3JieMEHTOB. Paspabotka

3¢ peKTHBHBIX METOLOB KOHLIEHTPUPOBAHHUA H ONPEACIICHHA MUKPOJJIEMEHTOBY.

Iesan paboTsl

1. Cucremarnyeckoe H3yueHHE (PUBHKO-XHMHYECKHX H aHAJIMTHYECKHX CBOKCTB
ITXC, comepxamux B CBOEl CTPYKTYpe 2,2’ ~MoKCHa30-PpyHKIIMOHAJIBHO-
anammrueckyio rpynmy (@A) u pasiuunbie 3amecTurens B 3°- H 5'-
HOJIOXKEHHAX.

2. Pa3pa€or1<a HOBBIX CIOCOGOB KOHIEHTPHPOBAHUA M aTOMHO-abCOPOLHMOHHOTO
onpenenenus mukpoxonuuects kobanbra(ll), nukemn(Il) u xaagmus(Il) B aHanmuse
abuoTHueckux (BOAa) M GHONOrH4ECKHX 00BEKTOB (BOJIOCHI, KPOBb) Ha OCHOBE
NPOBEXCHHbIX HCCIIEIOBAHHH.

JIna peanuzauuy MOCTABICHHBIX IIEJIEH HaMH MPEIYCMOTPEHA MOCTAaHOBKA U pe-

LIEHHE CIICAYFOLIMX SKCIIEPHMEHTANIBHBIX U TEOPETHUYECKHX 3a/1a4:

- u3yYeHHe QPU3HKO-XUMHUUYECKHX H aHAJIHTHYECKHX XapaKTEPUCTUK CHHTE3HPO-
panubix Hosbix ITXC; mponeccos copbumn u aecopbuun Co(I), Ni(Il) u
Cd(m);

- YCTQHOBJCHHE KOJHYECTBEHHBIX B3AMMOCBA3EH MEXIY OCOOCHHOCTAMH
CTpPOeHMs Xenaroo0pasyrommux cOpOSHTOB U MX CBOHCTBaMH, MPUPOJOH e~
MEHTOB H aHATHTHYECKUMH NTapamMeTpamMu copOLUH,

- YCTaHOBJIEHHE BEPOATHOH CXEMbl KOMILIEKCOOOPA30BaHHA H3yIaEMbIX ICMCH-
TOB ¢ cOpOCHTaMHU,;

- BbIGOP ONTHMANTLHBIX COPOLMOHHBIX CHCTEM, MPUMEHEHHE HauboIee nepeneK-
THBHBIX COpOCHTOB U4 TPYNNOBOro KoHueHTprpopanus u sbiaeneHua Co(Il),”
Ni(II), Cd(IT) u3 peaybHBIX OOBEKTOB;
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- pa3pa6ortka COpOLHOHHO-ATOMHO-a0COPOLIMOHHON METOMMKH HX OMPEACICHHA

B GHOJIOTHYECKHX M a0HOTHYECKUX OOBEKTaX.

Hayunasi HOBU3HA

Hamu cucTemarndecku ucciaemopasa copOuus mukpokonuuects Co(Il), Cd(Il),
Ni(I) HeBATHIO HOBBIMH HOJMMEPHBIMH X€/Iaro00pasyroLMH copOcHTaMH, colepKa-
UMK B CBOEH CTPYKType 2-oxcu-a30-2’-okcd DAL, onpeneneHbl ONTUMAbHBE yCiI0-
BHA COPOLMHM JUIS KXKIOM CHCTEMBI (3NIEMEHT-COPOCHTY H AaHATHTHYECKUE XapaKTepH-
ctuxn npouecca: uurepsai pH (PHonm), B KOTOPOM JOCTHTaeTCs MakCHMallbHasd CTe-
neus copbunnu (R); snauenne pH 50%-Hoi copOumu (pHsg); ONTHMABLHEIE BpEMS
(Tonm) ¥ TeMOEpaTypa copbuun (£°C); COPOLMOHHDBIE EMKOCTH copOEHTOB 1O OTHOLLIE-
Huto K n3ydaeMbiM semMeHTaM (CECyy); KOHCTaHTBI 00pa3oBatust KOMIUIEKCOB (1gp);
k03P dHLUMEHTBI pacnpenenenus ([)) 3leMEeHTOB B CHCTEME «pactBop-copbent». s
MATH IM3aMEILEeHHBIX cOPOEHTOB omnpeneneHbl 3HaYeHusa pK MoHu3aLmu (PKuon) KH-
CJIOTHO-OCHOBHBIX Tpynmn. Briepsbie Ha NpUMEpPE M3YYEHHBIX CHCTEM «3JIEMEHT-
cop6eHT» GbUTH YCTAHOBJIEHHI M ONMMCAHBI MaTeMaTHYeCKUMH YPaBHEHUAMH KOppe-
NAUMH: MexXIy KOHCTaHTamu I'ammera ans 3amectutesicdl (0) H pK HOHH3aLMH 2’-
okcurpynnsl (pK 'on) (pK'oH - 0); KOHCTaHTaMu ['aMMeTa [yiA 3aMECTHTE/ICH U 3Ha-
yenueM pH 50%-Hoii copbumnn (pHsp -0); pK HOHM3ALMH 2’ -OKCHTPYNIIBI M 3HAYEHH-
em pH 50%-Hoii copbumu (4pK'on - ApHsp); pK nonusaunn 2°-OKCHrpynnbl ¥ KOH-
cranTaMu 00pasoBanusa kxomiuiekcos (pK'on - lgff). B pabore oxapakTepu30BaHO
BAHSHHE THMIPONMTHYECKHX CBOHCTB HOHOB META/UIOB M KHCJIOTHO-OCHOBHBIX
caoitets ITXC Ha 3uauenne pH MaKCHMATLHOrO KOMIUIEKCO0OPa30BaHUs (PHmax) COP-
OCHTOB C JJIEMEHTaMH. BriepBble aist AaHHOM Ipynmnbl COPOEHTOB U HX KOMILJIEKCOB
nonyueHs! aadHsie MK-CEKTPOCKONHYECKOTO MCCIIE/IOBAHHA, C YIETOM KOTOPBIX Ha
OCHOBE KOMILIEKCA NAHHBIX 00OCHOBaHA BEPOSTHAA CXeMa KOMILIEKCOOOpa3oBaHMA. -
Onpezienensl oNTUMaNbHbe yenoBHs (pH, 7, IOC) IPYINOBOr0 KOHLEHTPHPOBAHHUA H
soigenenns Co(Il), Ni(II) u Cd(I) u3 npo6 Boabl, BOIOC ¥ KPOBH HEIOBEKA; H3YUCHO
BJIMSHAE CONYTCTBYIOUIMX HOHOB H MacKMpYIOIHX BEILECTB Ha COPOLMIO HCCieaye-

MBIX 2neMenToB. Ha OCHOBE 3KCNEpUMEHTAJIBHBIX PE3Y/bTaToOB NOKa3aHa NEPCIeK-
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THBHOCTD MCIIONB30BaHHS COPGEHTA NMONMCTHPON-2-OKCH-a30-2’~0KCH, 5’-HHTPO, 3’-
Gen3omcynbPOKHCIOTa A FPYNNOBOTO KOHUEHTPHPOBAHHS Co(I1), Ni(II) u Cd(II) u3

aGHOTHYECKHUX B OHOJOrHYECKHX OOBEKTOB CO CIIOKHBIM XHMHUYECKHUM COCTABOM.

IMpaxTuueckasi 3HAYUMOCTb PabOTHI

B pesynbTaTe MpOBEJEHHBIX HAMH HMCCIIENOBAaHUE paspabOTaHbi HOBbIE addex-
TUBHbIE METOIMKH KOHLEHTPHpOBaHHa M Buiaenenns mukpokommuects Co(Il), Cd(Il) u
Ni(1) ¢ nocnexyrouM AA-onpeaeneHueM YKa3aHHBIX 3JIEMCHTOB IPH aHAIM3C NUTh-
eBoii Bombl IlenTpanbHoro okpyra r. Kypcka, mpupoaHbIX BOA B Y€PTE H OKPECTHOCTAX
r. Kypcka;, Bonoc moaei, NPOXUBAIOIIKWX HA TEPPUTOPUH € MHHHUMAJIGHOH CTENEHbIO
3arpS3HEHHOCTH M HE HMEIOILHMX MPO(ECCHOHANBHBIX BPEAHOCTEH, H pabounx - mMans-
poB; 06pa3LoB KpoBH. MeToauki anpoOHpOBaHbI U BHeJpEHHI B B 1aGOpaTopuH OTIEA
CHIELMANIbHBIX IKCTIEPTH3 M MCCIEA0BaHUi IKCIIEPTHO-KPUMHHAMCTHYECKOTO YNpaB-
nenus YBJ1 Kypckoit 06nacti u naGopatopun X03aHCTBEHHBIX M MUTHEBBIX BoA My-
HHLMMAIPHOTO YHHUTAPHOTO MpeanpusATus «IIpon3BOACTBEHHOE YNPAaBJICHHE BOJO-

NPOBOAHO-KaHAIM3AUHOHHOTO Xo3sicTea» . Kypcka.

Ha 3a1nuTty BEIHOCATCA

1. Pesynsrarbl HCCEAOBaHUS (H3UKO-XHMHYECKHX M AHAIMTUYECKHX CBOWCTB MOH-
MEDHBIX  XEJNaTHBIX  COpPOEHTOB ¢ 2-OKCH-a30-2'-OKCH-(YHKLIMOHAIBHO-
AHATMTHYECKOH TPYmIoi 1 ycnoruii ux B3aumoneiictsns ¢ Co(ID), Ni(I) n Cd(1I).

2. YeTaHOBJICHHBIE 3aBUCMMOCTH MEKIY KHCIOTHO-OCHOBHbIMH cBojicTBamMu DAL cop-
GenroB, pK, MOHOB METAIUIOB M AHAIHTUYECKMMH TTapaMeTpaMH copoLHHy (pHsp cop0-
LUH, PHynax COPOLIMH), KOHCTAHTAMH 00pasoBanms xenaros (/gf).

3. BeposTHbIE CXeMbl peaKiii KOMILIeKCO0Opa3oBaHHs B MPOLIECCE copoummn.

4. HoBbie METOIMKH INPEABAPUTENLHOIO KOHLIEHTPUPOBAHMA MHKPOKOJIMYCCTB Co(ID),
Ni(II) 1 Cd(II) u nocnenyiowmero uX OnpeaeneHns B abHOTHUECKHX (nuTHEBBIE M MPH-
pomHele  BOAbI) M OHONOrMYeCKHMX OOBEKTaxX (KpoBb, BOJIOCBI)  aTOMHO-

a0CcopOLIIOHHBIM METOIOM.
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Anpodauus padoTnl

Pesysrarsl pabotsl JonoxeHsl Ha Beepoccuiickux 1 MexayHapomHeIX KoHe-
peHIMsX ¥ cee3gax: 1-oit Poccuiickoi Hay4HO-MPAKTHUECKOH KOH(DEPEHUHH «AKTYasTb-
Hble IPOGIEMbI MEANLMHCKOM dkontorumy (Open, 14-18 anpesn 1998 r.), Ha MockoBCKOM
cemuHape 1o aHajuTHueckoit xumun (Hayunwiii coser PAH no AHAJIMTUYECKOH XUMHK)
(Mockasa, 21 nexabpa 1999 r.), IV Beepoccuiickoil KOHGEPEHIHH M0 aHATH3Y 00BEeKTOB
okpyxatomiei cpest «JxoananiTrka-2000» ¢ MeXIyHapOIHBIM y4acTHEM (Kpacnoznap,
17-23 centabps 2000 r), MexmynapoaHoii HayuHol kondepenuun «OOpasoBanue B
pelenHn 3koorndeckux npodaem» (Kypek, 18-21 cenribps 2001 r.), MexxpynapoaHoi
Hay4HO# xoHdeperimu (ActpaxaHsb, 26-29 Hos0Opa 2001 r.), HayuHOH koHpepentmn «l11
Yepkecosckue grenus» (Caparos, 1-2 mapra 2002 r.), Beepoccniickoi KOH(pepeHLIUH
«AKTyasbHble TIpo6nemMbl aHasuTHueckol xumum» (Mocksa, 11-15 mapra 2002 r), a
TaKKe OTYETHBIX HayYHbIX KOH(pepeHIHAX Kypckoro rocyiapcTBEHHOTO NeAaroru4ecko-

IO YHUBEPCHTETA.

Iyommkxauuu

To MaTepuanaM auccepTaiyy omyGaukosaHo 7 crateil ¥ 4 Tesnca NOKIA/IOB.

CrpykTypa 1 00bem pabornbl

JliccepTalmsa COCTOMT M3 BBEACHHA, JIMTEPATYPHOrO 0030pa, YETHIPEX I71aB JKC-
TIEPUMEHTANLHOM YaCTH, BBIBOJIOB, CITMCKA MCIIONB30BAHHOH JIMTEpATyphi ¥ MPHIIOKE-
Huit. Pabora m3okena Ha 170 CTpaHMLAX MAUWIMHOTHCHOTO TEKCTa, CONEPXKHUT 57 pu-

CyHKOB, 49 Tabnuuibl, 266 TUTEPATYPHBIX CCHUTOK.
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I'nasa 1. JUTEPATYPHBIH OB30P
1.1. Hounoe cocrosinue Co(II), Ni(II), Cd(II) B abnoTHyeckux u
fGuoIorHYecKuX 00LEeKTaxX OKpyXamolleH cpeabl M MX BJIHSIHHE
) Ha OPraHM13M 4eJji0BeKa
OCHOBOIi BCEX KOMIUIEKCOB, H B TOM YUC/IE «COPOEHT-METAJLI», ABIACTCA HOH
. MeTaJUTa-KOMIUIEKCo00pa3oBaTeld, H, ClIe0BaTeNbHO, 60/IbLIOE 3HAUCHHE HMEET €ro

BAJICHTHOE COCTOSIHHE H 3JEKTPOHHOE cTpoeHue [1].

1.1.1. KobasbT
HoHHoe cocTosiHMe K00aabTa B BOAHBIX PACTBOpax
3ne1crp0HHoe'c1‘p0eﬂne aTroma koOayibTa (3d74sz) crnoco0CTBYET CTabWIM3aLMU
creneHn okucienus +2. MoHHble paauychl, OTEHUHAIBI HOHU3ALMHA U CTaHIapPTHBIC
okucauTensubie norenuuansl wia Co, Ni u Cd mpeacrasnensl B Ta6m. 1.

o Tabnuua 1

CTaHAapTHbIil OKMCAUTENBHO-
BOCCTaHOBHTEJIbHbIH
noreduuai, B [5]

DHepru1 HOHH3a-
Honnbiii | Wk, KIbk/Moms [3]
panuyc . +
MY IS S| S
w2 | T|F| 7T
= |5 | s

DHTpOonHUA
OHTanbnus Ry

ruapara-
ruapaTauuu, Ap

Tox/ LMy,
[ 4?0'% Jx/Mons K

(4]

't One-

MEHT 0.2+, 0 3
E’'M*'/m E°M /M

Co 82

758

1646

3232

2891

-432,1

-0,28

+1,84

Ni 78

737

1753

3393

2967

-443.8

-0,23

+2,10

Cd 103

868

1631

3616

4915,3

-635,1

-0,40

BbicOKO€ 3HAaU€HHE TPEThEro MOTEHLHa]a HOHMU3AlLMH YKa3biBaeT Ha TPYA-
HOCTb JOCTHIKEHHA COCTOSTHUSA OKMCIICHHS BhIIIE ABYX.
B pacTtBopax coseil B NPUCYTCTBUH OKHUC/IUTENEH U JIMTaHA0B BO3MOXHO IpO-
¥ TeKaHHe NMpEeBpaLLEHUs Co™ —» Co™. Housl Co>* HecTaGUIIbHBI B BOAHBIX CPEaax, HO
3¢ dexT cTabunu3aLnK HEYCTOHUMBOH CTENEHH OKHUCIICHHS JOCTUIaeTCA NpU BBeaC-
HHH B CHCTEMY a30T- H KMCIOPOA-AOHOPHEIX Juranaos [5]. OnmucaHsl ciydad dac-
& THYHOTO OKucaeHus HoHoB Co>* B dhase nonuamMuHHbIX aHHOHHTOB [1].
Jiis Co® xapakTepHBI KOOpAMHALMOHHbIE uncna 4 u 6. HauGonee crabunb-
npie kommiekcsl Co®* oGpasyeT B cilyuae KOOpAMHALMH 6 JOHODHBIX aTOMOB asota

(OIMMETHIEHNONMAMUHBL). BbICOKas yCTOMUMBOCTh AoCTHraeTcs Takke ¢ N-, S-
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nuraigamMu (DUTH30H, ausTwiauTHOKapOamar) U N-, O-nuranaamu (Iuokcumsi, 8-
okcuxuHonuH, I1AP, TIAH u ap.). KoMmnekchl ¢ peareHTaMH, Y KOTOPbIX B Ka4eCTBe
JOHOPHBIX BHICTYNAIOT aTOMBI KUCIIOPOAA, HECKONBKO MEHEe YCTOHUMBHI (AMKapOo-
HOBbIE, OKCHKApOOHOBBIE KUCTIOTHI).

Jlis rupaTMpOBaHHBIX HOHOB Co”" XapaKkTepHO BBICOKOCTIMHOBOE COCTOSIHHE
B OKTaszipuueckoM none. IIpu mocreneHHoM 00€3BOXXKHBAaHHM [POUCXOAUT MEPEXOA
OKPACKH OT KPaCHO-MaJIFHOBOH K CHHe-roy6o#, XapakTepHO# 11 koGanbTa B TeT-
pa3IpUYECKOM OKDPYKEHHH. TepMonnHaanecxdx 1eJ1eco0pa3sHOCTh OKTadAPHYECKO-
ro 4 TeTpa3’ApU4EcKOro nojis Jii HoHa Co*" B c;rabom mosne mouTH oauHaKosa [5].

JlaHHbI€ O TMIPOJM3e MOHOB Co** orpannuensl W pasHopeunssl [6, 7]. Kak
yKa3aHo B 'pa60Te [7], pasHOOGpa3ne BaJIeHTHBIX COCTOSAHHA, CKIIOHHOCTh K 06paso-
BAHMIO CMEIUAHHOIMIAHAHBIX H auMAOTHAPOKCOKOMIUIEKCOB, YYacCTHE Pa3IM4YHBIX
KOMIUIEKOB B KHCJIOTHO-OCHOBHBIX PAaBHOBECHAX 3aTPYAHAIOT PacCMOTpPEHHE MNpo-
LIeCCOB THApONH3a. PacxoxaeHus Mexay KpaiHUMH 3HaY€HUAMM KOHCTaHT IMApo-
nu3a gocturaior nopaaxa 4,6. Nannbie paot [8-11] 6onee ognoponner: pKyy 9,7-9,8
(1=0,3-3,0; t=25-28°C). C yMeHbIICHHEM MOHHOH CHJIbl PAaCTBOpPA MAPOIH3 YCHJIH-
Baetcsa. OCHOBBIBAACH HA 3HAYEHHAX CTAHAAPTHBIX XUMHYECKHX MOTeHuHanoB [12],
pK ruaponusa mMoxHo npuHaTh paBHeIMH pKir 9,6, pKar 9,2, pKsr 12,7. Kpussie pac-
npenenenns Co® M €ro THAPOKCOKOMILIEKCOB B 3aBucuMocTd oT pH pacTeopa ¢

y4ETOM NOCHEAHNX AaHHbIX [12] nokasansl Ha puc. 1.

Ko6aabT B 6HOJIOrHYECKHX H a0MOTHYECKHX 00beKTax

Ko6aisT HEOOXOMHM IS HOPMAILHOH KH3HEAEATENbHOCTH opranusma. OH
ABJIAETCA KOMIIOHEHTOM BHTaMMHA B, MeTnManoHnn-GA-MyTassl, a Takxe Hecme-
unduUecKuM aKTHBAaTOPOM HekoTophix depmenTos [13, 14].

KoGaJIbT OTHOCHTCS K YMEPEHHOOMACHHIM XHUMHYECKHM 3rieMenTaM [15]. Ero
M30BITOK BBI3LIBAET OTPABJICHUA C MOPAXEHHEM OPraHOB AbIXaHHUS, KPOBETBOPECHH,
CEPAECYHO-COCYAUCTOM CHCTEMBI H HEPBHOM CHCTEMBI, COMPOBOXKAAIOIINECS AJLIEPrH-

YeCKUM JEPMaTHTOM, Ha OPraHU3M GepeMEHHOH W Pa3BUBAIOLIErOC IL10Ja OKa3biBa- '
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eT Tokchueckoe aeiictBre [16]. Otmeueno [17], 9To B HEKOTOPHIX CiIyYasx KOGaIbT

o6nagaeT kaHIeporeHHsIM g dexTom.
Co** Co(OH), Co(OH)y"

08

0o 2 4 6 § 10 12 PH

Puc. 1. Kpusnlie pacnpenencHus Co®> 1 ero ruAPOKCOKOMILIEKCOB B 3aBUCMMOCTH OT

pH pacrsopa (pK;; 9.6; pKra 9,2; pKr3 12,7)

B opranusm uenoBeka KoGanbT NOCTyNaeT yepe3 OpraHbl IbIXaHHs, KETya04-
HO-KMIIEUHbIH TPAKT, a Takxke yepe3 Koxy. KoHLeHTpailus B NUIIE BapbHPYeT OT
0,25 o 0,69 Mr/kr, exeIHEBHO B OPraHU3M 4€10BEKa MOCTYNaeT 0,005-1,77 mr Co*".
CyecTByeT npsiMasi CBA3b MEXIY J030i KOOaIbTa ¥ COAEPKAHHEM ETO B MOYE [2].

KoGanbT KOHUEHTPUPYETCA B TEY€HH, B MEHbLICH CTENEHH — B LUMTOBUAHOMH
JKeje3e, HAAMOUSUHHKAX, oUKax, NMMGaTHIECKHX Y3/IaX M NOLKETy A0YHOM Kenese.
Copaepxanue Co® B KpOBH 3/0pPOBOTO YeOBEKa 7107-0,017 mxr/ma [18], B BOJIO-
cax — 0,07 - 0,13 mxr/r [19]. B xone pa3sutus psaza 3aboneBanuii (TyOepkynes,
CKJIEPOMa, ILMTeNIes, PEBMaTOUIHbIN apTPUT, renarTuT, IMK30pPeHus U Ap.) U Tocie
MX 3aTyXaHWs B OpraHM3Me MOTyT HaONFONaThCA H3MEHEHHs, CBA3aHHBIC C HapyIle-
HueM banaHca OTAeIbHBIX MHKPO3JIEMEHTOB, B TOM 4YHCie H kobansTa. B uteparype
OMMCaHbl XAPAKTEPUCTHYECKUE H3MEHEHHSA MHMKPO3JIEMEHTHOTO COCTaBa  KPOBH,
CJTEOHBI, CIMHHO-MO3TOBOH XKHAKOCTH, MOYH, TI0Ta, BOJIOC, HOTTEH NpH 3a00NIEBaHHAX
pasHoii stHonoruu [20]. B xpoBH M OmMyx0seBOi TKaHH OHKOJIOTHYECKHUX OOBHBIX

comepxanue kobaibra nosbimeHo B 1,5-2,5 paza [21].

+
B npupoaHsix Bogax KOOalIbT CYILECTBYET B BHAC HOHOB Co®*, npakTHyecku
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He NOABEprasch ruaponusy. Bkiaa rupokCOKOMILIEKCOB CTAHOBHUTCA OLYTHMBIM
npu pH>9; nomunupyromeil ruapoxcodpopMoi ABseTCSA [Co(OH),]°. Honsa ceo6on-
nbix noHoB Co>’ npu srom He npessimaer 10% [22].

PactBopenHble (OpMbI MPEACTABIECHBl OPraHMYECKMMH M HEOPraHH4YECKHMH
coeannenumu uonos Co®*. Ha nomsuknocts Co®* 10CTaTO4MHO CHIIBHO BIMSIOT Op-
raHHYECKHe JIMTaH/BL, COACPXKALIHE KUCIOPOA, a30T M Cepy, KOTOphie 00pasyioT ¢
HUM BBICOKO M YMEPEHHO yCTOHuMBBle KOMIUIeKCH. Cpeau opraHM4eckux Gornee
TIPOYHBIMH ABJIAOTCA X QY/IbBATHBIC M TyMaTHbIC KOMIUIEKCHL. EC/u coOTHOIICHHE
bynpBOKMCIOTH K MeTauty mpeBbimaeT 2:1, To 00pasyloTcs pacTBOPHMBIC COEH-
HEHHs KoGabTa, IPH MEHBILEM COaepKaHUH GyapBoxucnoTel ¥ pH 8-9 - HepacTBoO-
pumble coenuHenus [23]. Heopranudeckue COCAMHEHHS NPEICTaBICHBI FaJIOTCHNA-
My, cyabdaramu, gocharamu, kapbonaramu. IIpu HE3HAYUTEILHOM COACPIKAHHH Op-
FaHWMYECKUX JIMTAaHJ0B B MOBEPXHOCTHBIX MPECHBIX BOJAX MOJABJIAIOIAs YacTh HO-
HOB 3JIEMEHTA CBA3bIBAETCA B KOMILIEKCHI C KApOOHAT-HOHAMH.

B 03¢pHBIX H PEYHBIX BOAAX CTEIEHb 3aKOMIUIEKCOBAHHOCTH KoOasibra Co-
crasnsger 40-50% [24]. Ilomaensiowas 4acTe KoOanbTa MEPEHOCHTCA BOAAMHM BO
B3BeIIEHHOM cocTosiuM (40-95%) [25].

ConeprkaHie paCTBOPEHHOro KoOaJibTa B HE3arpA3HEHHBIX BOJAX CYILUH 00bI4-
HO kxonebnercsa B npeaenax 0,5-3 mkr/n [26]. Konuenrtpauus 3roro sneMeHra B cia-
603arpA3HEHHBIX NOBEPXHOCTHLIX BOAAX COCTaBjdeT a0 8 mkr/i [27], B moa3eMHbIX
Bomax nocturaer 85 Mkr/im [28]. CpeaHee coaepxaHue koOanbTa B aTMOCGEPHBIX
ocagxax GoHOBBIX paiioHoB Mupa cocrasmaet 0,002-3 mxr/m [29].

CylecTBYIOT MHKPOOPraHH3MbI, CIIOCOOHBIE 3((eKTHBHO KOHLEHTPUPOBATDH
K00anbT, UMEIOILHUIACS BOJE (Kxo,m=1,6'104) [13].

ColepskaHHe 3TOTO JEMEHTA B JOHHBIX OTJIOKEHHAX PEAKO mpesbiluaet 50-
100 mx/kr [30].

Ko6aneT coaepKUTCA B CTOYHBIX BOAAX METAUTyprH4ecKuX, MaIIHWHOCTPOH-
TeIbHBIX, TAKOKPACOUHBIX, CTEKOJIbHBIX NPou3BoACTB. ITo nannbiM paGotst [31] kxoH-

LEHTpaLHUs Co>" B Hux Moxer cocrasnats oT 0,066 mo 45 mr/n.
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B nouBax KoGaIbT CYIIECTBYET B BUAE BOJAOPACTBOPHMBIX, HOHOOOMEHHBIX H
HEMPOYHO aAcopOupoBaHHEIX PopM. CyluecTBEeHHbIE HX KOIHYECTBA CBA3aHBI C Op-
raHHYECKUM BeliecTBoM nousbl. C yBeNMYEHHEM KHCIIOTHOCTH MOYBEHHOTO PacTBO-
pa MoABHXHOCTB KoOajibTa BO3pacTaeT.

YcpelHeHHOe BaJIOBOE COZEpXkaHMEe K0OajibTa B NMOYBAX COCTaBIACT 7,2-22
mr/kr [32], Hanpumep, B nousax Llentpansroro UepHosembss 5-6 Mr/kr (cepas nec-
Hast CyrTMHHCTas nousa) U 11-12 Mr/kr (4€pHO3€M THUIMUYHBIH TAKEJIOCYTTTMHUCTBIH)

[33].

1.1.2. Hukean
HouHoe cocTosiHUE HUKEJS B PaCTBOpax
8,42
Jlist 3eKTpoHHOro cTpoenns Hukend (3d°4s”) xapakrepHa GIM30CTh K 3aBEp-
-+3
menmo 3d-moaypoBHs, uTo Aenaet coctosHue Ni - Mano BeposTHbM (Tabi.1).
24

Hou Ni** aBiasercs xopomuM KomiuiekcoobpasosaresneM. IIpouHbie KOMILIEK-
csl NiZ* o6pasyer ¢ N- u O-noHopHbIMH JHranfamu. OKpalueHHbIE B 3€IEHbIH U CH-
HUii 1BeTa KoMmuiekebl NiZ¥, Kak MpaBHIIO, HMEIOT OKTA3APUYECKYIO KOH(PHUTYpaLHIo,
ABJISACH B MOAABIAIOLIEM OOJIBIIMHCTBE BHICOKOCIIMHOBBIMH MapaMarHUTHbIMH KOM-
[UTeKCaMH JIMraHaos cnaboro mons. JIMranasl «cpeaHero» mons CKJIOHHbI K 00paso-
BaHHIO ¢ HOHOM NiZ* KOMILIEKCOB, HMEIOIHMX TETPAdAPUUECKH HCKAXKEHHYIO OKTas-
PHUYECKYIO CUMMETPHIO, @ JIMTaH/Ibl CHIILHOTO MOJIs — KBAJIPaTHYI0 CHMMETPHIO [5].

ABTOpHI [6, 7] MPUBOAAT CWIBHO pasfHyalouIKecs 3HaueHus PKr 1A HOHOB
Ni?*, nanpumep, pKir9,0-9,5 [7] u 10,92 [6]. IlepBoe 3Ha4eHHE COOTBETCTBYET Npa-
By Upsuxra-BunssiMca o Gonblueil yCTOWYMBOCTH KOMILIEKCOB HUKENA 1O CpaB-
HEHMIO ¢ KOMIUIEKCaMH KobanbTa. [IprMeHssa 3Ty 3aKOHOMEPHOCTD K NPOLIECCY THA-
POJIN3a, MOXHO CJIENaTh BBIBOJ, YTO CO/H HHKEJIA AOJDKHBI ObITh B GOMbIIEH CTENEHH
CUAPOJIM30BaHBl, YEM COJIH Co**. O6Go6was nauHeie pabot [34-37], Bropoe 3Haue-
HHe, BEPOATHO, MOXKHO OTHECTH K NPOLECCY TMAPONM3a B CHIBHO Pa30daBlIEHHBIX
pactBopax (u—0). C yueToM CTaHAAPTHHIX XHMHYECKHX MOTEHLHAIOB [12] pK run-
ponusa NiZ* pasnbl cootBeTcTBeHHO PKir 10,97, pKor 6,87, pKir 11,25. Kpussbie pac-

npeaeneHus cBoOOAHBIX HOHOB Ni** u rugpokcodopm B 3aBucumoctH ot pH pactso-
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pa ¢ yueTom AaHHbIX [12] npuBecHs Ha pUC.2.

Ni** Ni(OH), Ni(OH)y"
)
08 |
06
04 |
02+
0 L L i L J
0 2 4 6 8 10 12 pH

2+
Puc. 2. Kpusbie pacnpencneHus Ni?* u ero ruapokcodopm B 3aBucuMoctd oT pH

pactsopa (pKr 10,97; pK;2 6,87; pKi3 11,25)

Huke/ib B 0HOJIOTHYECKHX M a0HOTHYECKHX 00beKTax

YKu3HeHHad HeOOXOAUMOCTb HHKENA Ul HEKOTOPBIX OpraHu3mMoB Obljia ycTa-
HomJieHa nocje 1970 r. Hukens BXOAUMT B COCTaB ypeas3bl HEKOTOPBIX PaCTEHUH, B CO-
CTaB rMAPOTE€HAa3 METaHOOGPa3yoLKX OaKTEpHii U APYrHX MHKPOOPTaHH3MOB, Hace-
NAOWWAs KeITy A04HO-KHMIIEUHbIH TPaKT MHKPoGIopa CONepHT uenblii paa gepmen-
TOB, B COCTAaBE€ KOTOPHIX OOHapy>XeH HUKeNb. Bricka3aHO MPEANOI0XKEHHE O TOM, 4TO
HHKEb Y4acTBYET B TOPMOHATILHON peryiuuu opranusma [21].

Jlisa yeJIoBeKa COEIMHEHH HUKENA BBICOKOTOKCHYHBIL. Ni** o6namaeT BbICOKOM
MYTAr¢HHOCTBIO H KaHLEPOreHHOCThIO. B KaHueporeHe3e HWHHIMATIBHLIM MOMCHTOM
ABJIAETCA HAJIMUHMe B TKAHAX JENO C ONpe/elIeHHbIM KPUTHYECKHMM YPOBHEM COACP-
*aHUS HHUKEJA 3K30T€HHOro NMpOHCX0oXAeHUs. J[eHCTBHE MOBBIIICHHBIX KOHLEHTPA-
LM 3TOrO JIEMEHTA Ha >KHBOM OpraHu3M OOBACHAETCA €ro BIMAHUEM Ha CTPYKTYp-
Hyio opranuzaumio ¥ gyskunonnposanue JIHK, PHK u O6enkoB; yTHETEHHEM aKTUB-
HOCTH MHOTMX (pepMenTOB. Hukenp HapymaeT noABHXXHOCTh CIEPMATO30MIOB, BbI-
3bIBAET YBEJIMUEHHE LIMTOBMOHOM skene3bl. MIHTOKCHKALMA COMPOBOXIAACTCA Hapy-
LIEHHAMH (YHKIHOHHPOBAHUA KPOBEHOCHOM, bIXaTeNbHOH, MUILLEBAPUTENBHOMN CHUC-

TeM [21].
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ExendeBHO ¢ numeii B opranu3m uenoseka mocrynaer 0,3-0,5 Mr Huken.
Konuenrpauus Ni?* B xposu pocturaer 0,01-0,05 mr/n [2], B BoMocax - 0,19-4,21
Mkr/t [38].

TloBeeHMe HUKEIA B TPUPOAHBIX BOAAX aHAIOTHYHO MOBEAEHHIO KOOanbTa:
HHKEJb CYLIECTBYET NMPEHMYLIECTBEHHO B BUAE HOHOB Ni**; BKIag rHAPOKCOKOM-
IUIEKCOB HHKeJIi CTAHOBUTCS OUIyTHMbIM nipd pH>6, TOMHHHMpYIOHIEH THAPOKCO-
dopmoii asnsercs Ni(OH), [22]. Pactsopennsie ¢opmbl MPEACTaBIECHBI OpPraHue-
CKHMH H HEOPTaHMUECKUMH COCHHECHUAMH HOHOB Ni**. B 03epHBIX H PEYHBbIX BOJAX
CTENeHb 3aKOMILIEKCOBAaHHOCTH HUKeNs cocrasiser 40-50% [24].

KOHLEHTpPALKA PACTBOPEHHOTO HUKE/A B HE3arPA3HEHHBIX BOJAX CYLIM 00bIu-
HO Kone6nercs B npeaenax 0,5-3 Mkr/m; B c1abo3arpA3HEHHBIX MOBEPXHOCTHBIX BO-
nax - 0,8-10 mxr/n. [27]. Ilox BnusHHEM Pa3/MYHBIX NPOMBILIVIEHHBIX HCTOYHUKOB
3arpA3HEHMS €r0 COAEPKAHHE MOXKET YBENHUMBAThCA A0 5-10 MKr/J1, B IOHHBIX OT-
noxeHnax peaxo npessiuaetr 50-100 mkr/kr [30]. YacTs HUKENA MOMJIOIACTCS THA-
poGHOHTAMM, BCIEACTBHE Y€r0 €ro KOHUEHTpalus B BoAe CHmxaercd. M3 MOPCKO#H
BOJIbI 3HAUMTENIbHASA JOJIA HUKEJISA YAAIAETCS B pe3yJ/ibTaTe CBA3bIBAHMA C OKCHIAMH
W THAPOKCHAAMH xesie3a U Mapranua. CoaepxkaHue HHUKEJ B MOJA3EMHBIX BOAAX HE
npesbimaet 0,127 mxr/n [28].

Cpennss KOHUEHTpaUXs HUKeIsA B aTMocdepHbix ocaakax (OHOBBIX palOHOB
mupa cocrasiser 0,09-5,1 mxr/m [29].

Hukesnb NPUCYTCTBYET B CTOYHBIX BOJAX FOPHOPYIHBIX, METALTYPrHYECKHX,
MaLIMHOCTPOMTENbHBIX, META/I000pabaTEIBAIOIMX, PUOOPOCTPOUTENBHBIX, XUMHU-
4eCKHX MPOU3BOACTB, KOHLEHTPALMA 5/IEMEHTA B HUX MOXeT cocTapnars 0,01-274

mr/n [31].

B nouBax HHKeNb CYIIECTBYIOT B BUAE BOAOPACTBOPUMBIX, HOHOOOMEHHBIX H
agcop6upoBanHbix GopMm. Hukenp npoyHo copOupyeTcs OpraHH4eCKHM BEILECTBOM

MIOYBEHHOTO TyMyca, o0pa3ys TpYAHOPacTBOPHMbIE COCAMHEHHA H HAKarUIMBajiCh'
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npu 31oM B nouse [39]. C yBenuueHHeM KMCIOTHOCTH MOYBEHHOIO pacTBopa MoOI-
BHYKHOCTh HHKEJIS YBEITHYMBAETCA.

BLICOKYIO €MKOCTh MO OTHOLICHMIO K HHKEMO MPOABIAIOT ITIMHA, WUIMCTad
[IMHA, CPEIHIO EMKOCTD - MeCYaHbli CYTITMHOK, HM3KYIO - WIHCTBIH CYIJIMHOK, TIE-
COK, IIECUaHblii CYrIMHOK, cyniech [40].

VcpeaHeHHOe BAOBOE COAEPKaHHEe B MOUBaX cocTaBiser 16-61 mr/kr [32].
ITouss IlenTpansHoro YepHo3eMbs vconepmaT 20-22 mr/kr (cepas JecHas CyrJIMHH-

cTas nousa) 27-43 Mr/Kr (4epHO3eM THIIHYHBIA TAKEIOCYTTIMHUCTEIN) KoGalbTa [41].

1.1.3. Kaamuii

HoHHOE COCTOSTHHME KaAMHsI B pacTBopax

Panuyc uona Cd®* snauntensHo Gonblue O CPaBHEHHIO € PaAHyCaMH HOHOB
Ni2* u Co**. Ero cnoco6HOCTs K KOMIUIEKCOOOpa3oBaHuIO MeHee BhipakeHa. Koop-
quuatponHoe uncno Cd®” uame 6.

JIns KaIMHs XapakTEPHO YCHIICHHE KOBAICHTHOTO B3aMMOACHCTBHA C JIEMEH-
TaMU—TIaPTHEPAMH B TETEPOAaTOMHbIX COSAMHEHHAX B Pe3ynbTaTe PocTa AeopMH-
PYEMOCTH 3JEKTPOHHOH OGONIOUKH, OCOOEHHO €ciii aTOM-NapTHep MO XMMHYECKOH
CBSA3H ABIAETCA «MATKUMY. Y KaJMHA POCT MOJSPU3ALMOHHBIX B3aMMOACHCTBHIA
nposBiierca B cnenuduke 3¢dexros xommnexcoobpasosanus. Ecian aurana cnoco-
GeH CHIILHO TONAPH30BaThCA, TO YCTOHYMBOCTh TAKUX KOMIUIEKCOB HAMHOTO BBIILE,
yeM B TOM CJTydae, KOrja JMrasi monspusyercs mioxo. Haubonee npouHbie KOM-
TJIEKCH KaqMHil 06pa3yer ¢ COeIMHEHUAMH, COAEPIKALMMH CEPY, aMHHOTPYIITBI HIH
reTepoLHKIHIeckue aTOMbI a30Ta. CoeIMHEHHS TONBKO € O-IHMraHaMH HE THITHYHbI
[42].

Heo6Xx0aMM0 OTMETHTD, YTO AJIA KaJMHA XapaKTEPHO ABJICHUE ayTOKOMIUICK-
c006pa3oBaHua — NEPEPACTPENCICHUE LEHTPATbHLIX HOHOB MEXIy BHEIIHEH H
BHYTpeHHeH cepaMH, IIpH KOTOPOM LIEHTPAIBHBIA HOH BBHIMOIHACT U KATHOHHYIO H
aHuoHHyI0 Gynkimu [S]. 10T 3 deKT NposBIAETCA B TOM CIy4a€, KOria Bo3pacra-
HME YHCJIA JIUTAHA0B, OKPYKAIOIIKX LIEHTPAJIbHBIA HOH, IPUBOAUT K H3MCHEHHIO KO-

OpAMHALMOHHOI'0 YHCJIa HIIM THIIA XUMHYECKOH cBa3u. Mcnonb30BaHHE CHIIBHO pas-
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GaBJIEHHBIX PACTBOPOB OOBIYHO HCKIOYaeT 06pasoBaHHE MONUMEPHBIX (opm [43-
45]. TlpuHATO CYMTaTh MOPOTrOM IOJMMEPHU3ALMU KOHLCHTPALUMIO HOHA MeETajlia,
pasnyio 10~ mons/n .

JlaHHBIe 0 KOHCTAHTaX TMAPOJN3a HOHOB KaJMHS HEMHOTOYUC/IEHHBI. [TpUHH-
Mas BO BHUMaHHKE TO, YTO FMAPOKCHJ KaJMHs HauMHaeTcs ocaxiarbes npu pH~8, a
PacTBOPAETCA TOJbKO B JOCTATOYHO KOHIEHTPHPOBAHHBIX PaCTBOPaXx IlenoueH, Hau-
GoJiee BEPOATHBI CiieAyrole KOHCTaHThI [6, 46-48]: pKyr 7.9, pKar 10,6, pKj, 14,3.
Pacuer pK TrMaponu3a ¢ y4eTOM CTaHAAPTHBIX XUMHUYECKHX noTeHuuanos [12] naer
cxoxue pesyiabTarhi (7,63; 10,91; 13,79; 14,44).

Kpusbie pacnpeaeneHHS HOHOB Cd*" u ero ruapokcodopm ¢ yuerom pK; [12] B

3aBHCHMOCTH OT pH pacTBOpa mpeacTaBieHbl Ha PUC.3.

o

Ccd* Cd(OH)5"
08
06 I
04 +
Cd(OH)" Cd(OH),

02 _/
0 1 L

0 2 4 6 8 10 12 pH

Puc.3. KpuBsie pacnpeaesieHus Cd** u ero ruapokcodopm B 3aBucumocTd ot pH
pactsopa (pKir 7,63; pKar 10,91; pKs3:13,79; pKyr 14,44)
Tnarpamma Ilyp65 u1s cucteMbl kKaaMuii-sosa npu 25°C NpHBOAUTCS B MOHO-

rpadumn [42].

KaaMuii B 6M0JIOrHUYECKHX H Aa0HOTHYECKHX 00beKTax

Kaamuii sBnsgercd TOKCHYHBIM H TEPAaTOr€HHBIM 3JIEMEHTOM AK€ B CJICIOBBIX
KOJIMUECTBAX AJIA MIHPOKOTO Kpyra OpraHu3MOB, BIIUSS HA POCT U Pa3MHOKEHHE [40].
OH 0Ka3bIBaeT BIMAHHE Ha OOMEH HYKIEHHOBBIX KHCIIOT H OENIKOB, CHHXKACT CHHTE3

PHK, nomasnsier ummynurer [21]. Tlpu xpoHuyeckoM Ae#icTuM Hapymaetcs ¢oc-
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¢bopHO-KaNbLMEBbIA OGMEH, BO3HHKAIOT aHEMHA, MOTEPSA OOOHAHMS, Pa3BHUBACTCA 60-
ne3Hp uran-utad. OKOHUYATEeNbHOrO 3aKII0YECHHSA O KaHLEPOreHHOCTH KaaMHA Ui
YeJIoBeKa HE CYIECTBYET.

C muuieil B3pocisiii yenosek motpeGnsier B cpeaneM ot 4 no 84 mxr Cd B
neHb. Tokcuueckas no3a cocrasiser 3-330 mr [2]. B kposu coacpxutcs B CpEIAHEM
5,2 mxr/n kagmus. CoeprkaHue KaMUS B KDOBU M MOUY€ B KOHLICHTPALMAX 6onee 20
MKT/JT CITY>KHMT JI0Ka3aTeJIbCTBOM €ro MOCTYIUIEHHs B OPraHU3M B TOKCHYECKHX A03aX.
B BOJIOCAaX €CTeCTBEHHAs KOHLEHTpauus kaamus cocrasiset 0,2-0,4 Mxr/r, y pabo-
YKX NPOM3BOCTBA KPACOK COepxanue Kaamus aocturaet 58,9 mxr/r [49].

Bhiie/ieHHe MeTa/la W3 OPraHu3Ma NPOMCXOIMT, BEPOATHO, IJaBHBIM OOpa-

30M uepe3 MoukH (nepuoa noyssieneHns ot 10 no 38 ner) [21].

KaaMmuii DIMpOKO MCMOJIB3YETCAd B COBPEMEHHOH MPOMBILUICHHOCTH: B IMPOH3-
BOZACTBE META/UIOKEPAMHKH, MTOJTAMEPOB, MOMHHO(OPOB, UBETHBIX TEIEBH3HOHHBIX H
PEHTTEHOBCKHX KPAHOB, MCKYCCTBEHHOM KOXXH, TMIMEHTOB JiA cTekia, dhapdopa,
rajbBaHM4ecKuX mokpuitHii [50]. T aBHBIE HCTOUHMKH BBIAENECHHSA KaAMHUA B aTMO-
chepy - CKMraHue OTXOZ0B (HHKe/b-KaAMHeBble OaTapeH, IUTaCTMACCHl, COAEpxka-
LMe KaJIMMEBbIE MUTMEHTHl H CTa0MIM3aTOpPhl), MPOU3BOACTBO CTANIH; B BOAHYIO Cpe-
Iy — PYAHHMKM M BHIILIaBKa IBETHbIX MeTaioB [40].

Cpennee conepxanune Kaamus B Mopckoii Boae meHee 0,1 MKr/i, B peuHoOii - oT
1 0o 13,5 ur/™’. Konuémpaumx KaaMHs B aTMOC(EpHBIX OCaAKaX MOXET JOCTHraTh
0,05-17,7 mxr/n [51].

Haub6onee xapakTepHoii ruapokcoGopMoil kaaMus Ui MOBEPXHOCTHBIX BOA
apnsercs CAOH' [52]. Cpenu HeopraHuyeckux COEIMHEHHMI Kaamus npeodrajaior
kapGoHatHbie, cymbdaTHble U XxjuopuaHbie (Haubosee yCTOHYMBBIE) KOMILICKCHI.
Cpeau OPraHHYECKMX COEIMHEHHH NOMMHHPYIOT LMTPATHbIC, (yibBaTHbIE COCTaB-
nsrot Menee 10% [53].

Conepxaliuecs B BOAE OPraHHYECKHE BELIECTBA CHHXKAIOT JOCTYNHOCTH Ka-
MU UL OpFaHH3MOB. O/IHAKO HEKOTOPHIE XeNaTUPYIOIME BELIECTBA, 00pasylomue

ruapo¢oOHbIe KOMIUIEKCH € TAXEIbIMH METa/UIaMH, NMOBbILIAIOT OHOIOCTYITHOCTD
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3NeMenTa UIA BOAHBIX OPraHM3MOB (HanpuMep, KCaHTaTs U auTHokapGamarer) [40].
TToBBIILIEHHE TEMIIEPATYPHl YBEIMYHBACT IOTJIOIICHME H TOKCHYHOCTh KajJMui, a
yBENMYEHHE COJICHOCTH HJIM JKECTKOCTH BOJBI CHHXKAET HX.
Kaamuii 1erko akKkyMynaMpyeTcss MHOTHMH BOJIOPOCIISIMU, MUKPOOPraHW3MaMH
H MOJUTIOCKAMH, BEIMUYMHBI KO3(PHLUHEHTOB OHOKOHUCHTPHUPOBAHUA COCTABJIAIOT

~10%-10° [40, 54].

[To OTHOLIECHHIO K KaJMHIO BHICOKYIO €MKOCTBb NPOABJIAIOT IJIMHA M HWIHCTasd
[JIMHA, CPEHIO EMKOCTH - IIECUaHbIH CYTJTMHOK; HU3KYIO - WIHCTBIH CYIJIMHOK, Ie-
COK, TIecHaHbIi CyrMHOK, cynech [40].

B He3arpsA3HeHHbIX 30HaX CPeIHsAA KOHUCHTPALMA KaJMHUA B IOYBE COCTAB/IACT
0,2-0,4 MKI/Kr, OTHAKO HHOTAa OOHAPYXHBAKOTCA 00/€e BHICOKHE 3HAUYCHHA - BILIOTh
10 160 mr/kr. IToyseHHBIE GeCTIO3BOHOYHBIE 3aMETHO KOHLIEHTPHUPYIOT KaaMHHM;
cpennue ko3 uuuentsl koHueHTpupoBanus <100.

MCTOYHMKAMH KaaMHS B IIOUBE ABJIAETCA 307a, 00pasyromancsa Npu COKUraHu|
MCKOIMaeMOro TOILUIMBA, OTXO/Abl LEMEHTHOTO NMPOU3BOJCTBA, ydaJieHHE TOPOACKOro
Mycopa H ocaika cTounbix Box [40]. Tlpumenenue pocdaTHbix ynoOpeHHi B ceb-
CKOM XO03iiCTBE npejacTaBaseT coboil HEMmoCPEACTBEHHOE BBEICHHUE KaAMHA B Ma-
XOTHBIE 3eMJIH. PacueTHas BeJMUYHHA €XKErOJHOr0 MOCTYIUIEHUA KaaMusa u3 docdar-
HbIX ynobpennii mis ctpan EQC cocrapmser 5 r/ra [55]. B sarpsAsHeHHbIX nousax
comepskaHue MoseT cocTasisaTs ot 57 mr/xr mo 160 mr/kr [40]. Kaamuii npakTuye-

CKM He CBA3bIBACTCA F'YMYCOBBIMH BeecTsamu [56].

1.2. Cop6umoHHbIE METOAbI KOHLEHTPHPOBAHMS MHKPOJ/IEMEHTOB
NpH MX onpeaejeHHH B OHOJOrHYECKHX H a0MOTHYECKHX

00beKTaX OKPpYxaKLueil cpeabl
CopOunoHHOE H3BJICYEHHE KaTHOHOB METAUIOB M3 pacTBOPOB xenaToobpa-
3yIOIMMHA COPOEHTaMH SABIAETCA OJHHM M3 BaXHEHLIMX METOJO0B KOHLEHTPHPOBA-
Hus [57-68]. ITouBa, NOBEPXHOCTHEIE BOJABI H JOHHBIE OTIOXCHHA, TOPHBIC TTOPOAbI U

pyAabl ABJAKOTCA THITHYHBIMH obbeKTamu aHajim3a, A1d KOTOpbIX NPHMCECHCHHC XCJla-
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TooOpasylommx copbeHtoB mocratouHo 3ddexruBHOo. O6nacte HCMONML30OBAHHSA
COpPOLMOHHBIX METONOB BHIAEICHHUS IS OTPEAENCHHs COACPKAHHUA CIEN0BBIX KOJIH-
4eCTB TAXKENIbIX METAUIOB B GHOMOrHYeckux npobax ocBeuieHa HEAOCTAaTOYHO, XOTA
B 9TOM HMeeTcs 060cHOBaHHas HeobxoanMocTk. Huskue konuentpauun Co, Ni, Cd,
coseBoii OH, BIHMAHAE MAKPOKOMIIOHEHTOB 3aTPYIHAIOT HEMOCPEACTBEHHOE WX OII-
penenenue. [TpuMenenye xenarooGpasyroumux copoeHToB Np NpodbonoaroToBKe mo-
3BOJIAET HE MPOCTO BBIAETUTH MHKPO3JIEMEHTHI, OTAE/IMB UX OT MAKPOKOMIIOHEHTOB,
HO M YMEHBILUTh 00beM NPOObI, 3HAYUTEIBHO COKPATHTh  YMCJIO MOATOTOBUTENb-
HBIX CTAAMii aHaJIM3a M 3aTPaThl BPEMEHH HAa WX BBHIMOJIHCHHE, B HEKOTOPBIX CITydasx
BO3MOKHO KOHLICHTPHPOBAHHE MUKPO3JIEMEHTOB HENOCPEACTBEHHO M3 POOBI.

[lol TEPMHHOM «Xearoobpa3ylolue COpOEHTBI» (XENaTHbI, XEIOHOBBIMH,
XEJIAHTHBIMH HITH KOMIUIEKCOOGpa3yIoLme CMOJIBI, XeaaToo0pa3yiomue HOHHUTHI, Xe-
JIUTBI) Yalle BCEro TOHHMAIOT MONHMMEPHBIE COENMHEHHS, coiepxalme (yHKUHO-
HaJIbHBIE TPYMNb, CrocoOHbie 00pa3oBbIBATH C HOHAMM 3JIEMEHTOB BHYTPHUKOM-
IyIekcHble (XenatHbie) coeauHenus [66]. OGbiuHO xemaTooOpasyrouue COopOeHTb
HapsAdy ¢ Xeaaroo0pa3yloLIHMH IPYMIaMHu COAEPXKAT TAKKE noHoo6mennrie. Cop6-
LM JJIEMEHTOB TaKMMH COpOEHTamMH SBISETCA Pe3yJhTaTOM OJHOBPEMEHHO Kak
KOMILTEKCO0Opa30BaHHusl, TAK H HOHHOTO oOMeHa [69].

Heo6X0AMMO OTMETHTD TOT (aKT, YTO K HACTOSAILEMY MOMEHTY €IMHON Kiac-
cuduKalmu, KoTopas Gbl OXBaThIBAA BCIO COBOKYIHOCTh COPOCHTOB, HE CYLIECTBY-
eT, uTo OOBACHAETCA CIOXHOCTBIO HX COCTaBa, Ype3BHYaiHbIM MHOroobpasueM
CTPYKTYp H CBOJCTB, IOCEAHHE, K TOMY XK€, CHIIBHO 3aBUCAT OT BHEIIHUX YCJIOBHH.

MOoXHO, OHAKO, BBIAETHT HEKOTOPbIE OCHOBHBIE KIacCCH(UKALMOHHBIE NPH-
3HAKH: CTPOEHME TOJIMMEPHON OCHOBBI, IPUPOAA H CNOCO0 MMMOOHIH3ALHM dyHk-
LHOHANbHO-aHAMTHYeckuX rpynn (PAID) [70]. ITonumepHas MaTpuLia MOXET OBITh
HEOpraHM4ECKOH WM opraHuyeckoii npupoasl. Cpean HEOPraHMYECKHX MAaTpHIL
Haubosiee U3BECTHHI AKTHBHBIE YIJIM, KPEMHE3EMbl, OKCHIBI U THIPOKCHIBI pPa3ind-
HBIX META/UIOB. B KayecTBe OpraHHYeCKUX MOJIMMEPHBIX MAaTpHLl JJis CHHTE3a COp-
GEHTOB UCMOJB3YIOT NOJMMMEPDI JIMHEHHOTO MJIM NMPOCTPAHCTBEHHOrO CTPOCHHA, MO~

JTyYeHHbIE TIOJIMKOHACHCALMEH HIIH MONMMepU3aLHed, MPUPOJHDIE MONMMEDPDI, CHH-
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TeTHYeCKHE BOJIOKHA M JIPYTHE COeAMHEHHUA (TMOJUCTHPO H CONMOJIMMEPHI Ha €ro oc-
HOBE, NOIMBHHHINMPUAAHOBBIE, MNOIMMCTAKPUIATHBIE, MOJHAKPHWIOHUTPUIIBHEIE,
TOSTMATHICHUMUHHBIE M Ip. TIOJHMEPHI; LEJUT0N03a, HemwiodaH, cedasekcs u T.0.)
[66, 71].
®OAIT BBOAATCS B CKEJIET IOJMMEPA MM Ha NOCICAYIOLUMX CTaaUiAX CHHTE3a
IyTeM 3aMELECHUs WIH HEMOCPEACTBEHHO B MPOLECCEe COMOIMMEPU3aLMH TIOCPECT-
BoMm moxbopa cootsercTByrowero mMonomepa [71]. Ilo cmocoGy MMMOOHIM3ALKMH
®AT astopsl [70] npemnaraioT K1accHpHIMPOBAaTh COPOEHTHL HA CIIEAYIOIIHE IPyM-
TbI; COPOEHTEI ¢ IPUBUTHIMH KOMILIEKCOOOPA3yIOIMMHU IPYTINaMH; NOJIMMEPHLIC Te-
TepoLenHbie COpOeHTbI; COPGEHTHL, HMNPErHUPOBAHHbIE, WM MOAHNGUIMPOBAHHbIE
KOMILIEKCOOOPa3yIOIMMH peareHTaMH. Xenaroo6pasyrolue cOpOCHTHI B 3aBUCUMO-
CTH OT crnoco0a CHHTe3a U NOJMMEPHOM MaTPHULBI MOTYT MPEACTaBIATh COOOH Men-
KOKPHCTA/UTHYECKHE NOPOLUKH, TPAHyTHPOBAHHEIE, BOJIOKHHCTBIE, MEMOPaHHBIE MITH
ApyrHe MaTepHuaisl [66].

B HacTosiiee BpeMs CHHTE3MPOBAHO MHOXECTBO COPOEHTOB € Pa3/IMYHBIMH ME-
XaHHYECKMMH ¥ XUMHUYECKHMH CBOMCTBaMH, O0JIafatolKX IUHPOKHM CIIEKTPOM NMpUME-
HeHus. B HacTosAmeM 0630pe CHUCTEMATH3HPOBAHbI JIMTEPATYPHBIC JAHHBIE IO MPHUME-
HEHMIO COPOLIMOHHBIX METOJI0B KOHLEeHTpupoBaHus 3nementoB Co, Ni, Cd npu ux on-
pezie/ieHH B GHOOrHYECKMX M abHOTHYECKMX 00beKTax. YuuThIBat 00JbLIOC BIHAHHE
TIOJIMMEPHBIX MaTpHI[ Ha CBOMCTBA COPOEHTOB, @ TAKKe OTPOMHOE MX PasHOOOpasHe,
INIABHOE BHUMAHHUE Y/IEJIeHO HOHOOOMEHHHKAM, XENaToo0pasyiounM copoeHTaM Ha oc-
HOBE MOJHUCTHPOJIA B CONOIMMEPOB CTHPOJIA M JMBUHMIIOCH30/14, @ TAKOKS MOJIMCTHPOII-
JMBHHIIGEH30bHBIM HOHHTAM, MMITPETHUPOBAHHBIM OPraHHYECKHMH peareHTaMH [58,
67]. B ta61. 2 ykasaHbl 0603HaueHHs HEKOTOpbIX XapakTepucTuk ITXC i HOHOOOMEH-
HUKOB (COMOJIMMEPOB CTHPOJIA M JMBMHUJIOEH30/1, BITYCKACMBIX MPOMBIULICHHBIM
cnoco6oM), KOTOphIE YIIOMMHAIOTCS B HacToswiel pabore. CnexyeT OTMETHTD, 9TO U1
osiee TIONHOTO OMMCAHHA (HPMBI-IPOU3BOAMTENH MOTYT YKa3biBaTh B Ha3BaHUH (IO-
MHMO NPUBEAEHHBIX MAPKUPOBOK) NOTIOHUTENbHBIE CUMBOJIbI M COKPALLICHHsA, KOTOPHIE
OTPaxaroT YUCTOTY MCXOJHOTO CBIPBA, MeTOMbl 06paboTky, pasMep U Gopmy MomydeH-

HBIX YacTuLl, 06/IacTh MPHMEHEHHA MK APYTHE CBOiCTBa MaTepHaiios [72].
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1.3. HoHooOMeHHOe KOHUEHTpHpPOBaHHE

HonooGMEHHBIE CMOJIBI TIPEACTABNAIOT COO0H BBICOKOMOJIEKYJIIPHBIE OpraHu-
yecKue BeIeCTBa, coaepsxkatnue B kauectse OAI rpymimbl KMUCIOTHOIO WIIA OCHOBHO-
ro xapakrepa. Heo0XoMMO OTMETHTD, YTO JAXKE THIIMYHBIM HOHOOOMCHHHKAM (co-
pepxawum rpynnst —SOsH, -COOH, -PO(OH),) kxpoMe HOHOOOMEHHbIX TIPHUCYLUH H
KOMILIEKcOOOpasylolue coiicTa [72].

BonbIuyio Tpynny HOHMTOB NMPEACTaBIAOT cMObl, GAI" KOTOPBIX coaepxkar
docdop unu cepy. HanGosnee uacTo HCrosb3yeTcsa COPOCHTBI € OAI" — npoU3BOAHDI-
mi docdopucroii kucmoTel. OTHOCHTENBHOE CPOACTBO K JBY3apAAHBLIM KaTHOHAM
COPGEHTOB TOTO THNA XAPAKTEPU3YETCS CHEAYIOIMM PAIOM: Be>> Pb**> Cu*™>
7n2*> Cd*> Mn**> Co?*> Ni¥*> Ca®*= Mg?*> Sr**> Ba®* (pH 8,5). Cunre3 1 npume-
HEHHUE ITHX cOopOeHTOB onucaHsl B pabore [73].

Astopsi [74] Ha npumepe onpenenenus Cu®*, Zn**, Cd**, Pb*" nokasanu oco-
GeHHOCTH NPEABAPUTENLHOTO HOHOOGMEHHOTO KOHLEHTPHPOBAHHS MHKPONpHMECEH
3THX 3JIEMEHTOB M3 O4EHb pa30aBJIeHHBIX BOJHBIX PACTBOPOB B CTAaTUYECKOM PEKHME
Ha Pa3MYHBIX THNAX KaTHOHHTOB, COJAEPXKAaWMX B OCH30IBHOM A/pE CJIEAYIOLMC
samecturenn: -SOsH (karuonutni KPC), -COOH (KPK); mse rpynmbsi -COOH
(KP}_IK), -PO;H, 0<P(D), -CH,PO;H; (KPM(D), a TAaKXKC I'pyIIlbl -PO:H; un -NO,
(KP® — N). HccnenopaHHbie KaTHOHHTHI XapaKTepH3yIOTCs HanGonbeit adpdpexTus-
HOCTBIO NpH copbuuu Mukpokouuects Cu™*, Zn*, Cd®*. Onu oxazanucs Menee 3¢-
(EKTUBHBIMM 110 OTHOILEHHIO K CBHMHLY. B Ka4yecTse 3/IIOMPYIOLIETO pacTBOpa HC-
TOB30BANA COJIAHYIO KHCIOTy. YcTaHosneHo, uto Ha cmonax KPC-2n u KP®-2n
KaMHii J1eTKo moupyercs 3%-HOi CONAHOM KMCIIOTOH, 2 Me/lb, IMHK M CBHHEL NPH
3TOM OCTAIOTCA B KOJIOHKE. DTH 3IEMEHTHI JeCOpOMPYIOTCA, €CJIM B KAY€CTBE 3JTIOCH-
Ta HUcnonb3yeTcs 6%-Had contHad kuciaora. CoaepxaHue 3JICMEHTOB B JJIOATE OIl-
penensuin AAC-meronom. HauGonee 3ddekTuBHBIMH COpOCHTaMH OKa3aluCh Ka-
THOHHUTSHI, COmepxkalme cynspo- u dpocdoHossie rpynnsl. [IpumeHeHne HOHOOOMEH-
HOr0 KOHIIGHTPMPOBAHHSA TO3BOJIWIO MOBBICHTH YYBCTBHTEIbHOCTH ONpPCAC/ICHHA
cu*, Zn™, Cd* n Pb?* B pacreopax Ha 2,0-2,5 nopsaxa. CiemyeT 3aMeTHTb, UTO

Cy/1b(OKATHOHHTH MOTYT NPUMEHATHCA B IIMPOKOM HHTepBaie pH (T. k. pK, <1+2),
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OJIHAKO 3TO CHHXKAET CENEKTHBHOCTh HOHOOOMeHHO# copbumu. Copbuus Ha cpeaxe-
KMCJTOTHBIX KaTHOHHTAX ¢ rpynnamu ¢ocdopHoit kucnoTs (pK, ~3+5) Gonpuie 3aBu-
CHT OT KHCJIOTHOCTH Cpelbl, UX mpumensioT npu pH pactBopa Bbiuie 3. Makcumane-
Hast cOpOLMS XapaKTePHA U TIOJIHOCTbIO HOHU3HPOBAHHON (POPMBI HOHHMTA. Otme-
TMM, 4YTO npucoeauHeHue cyabpo- ©  PocPopHOKHCABIX TpymHm K  BbI-
COKOMOJIEKYJIAPHON OPraHUYECKOH MATPHLIE CHHXAET CHITy MX KHCIOTHBIX CBOIICTB
(PKyox) Ha 4-5 1 1-3 mopsaka no CPaBHEHHIO C COOTBETCTBYIOIMMH UM MHMHEpAIb-
HbIMH KHCJIOTAMH, UYTO OOBACHAECTCA ACNONAPH3YIOLIUM BJIIMAHUEM MATPHIBI BbICO-
KOMOJIEKYJIIPHOTO OPraHH4ECKOro coeauneHus Ha caass O-H [75].

HoHooGMeHHOe KOHUEHTpHpOoBaHHe Mukponpumeceir K', Na', As™, Cu™,
Mn?*, Ni** u3 pacrsopa xnopuza ammoHus [76] mposoaunu Ha Cynab(OKaTHOHHUTE
KV-2. JIOCTOHHCTBOM 3TOr0 KaTHOHMTA, MOMHMO TMOCTOSIHCTB3 EMKOCTH B LIMPOKOM
untepsaie pH, ABIAeTCA AOCTYNMHOCTh AyiA oOMeHa cynbdorpynm u Gonmbiias Cko-
pocTh 06MeHA, K HElOCTATKaM MOXKHO OTHECTH MAJIyl0 H30HPaTeIbHOCTD copbumm.

Paspa6oTaHa MeToanKa NMPOTOYHO-HHXKEKIMOHHOTO OMNPEJCICHHA MaJbIX KO-
JIMUECTB KaAMHSA B BOAHLIX PacTBOpPax ¢ HCMOIb30BAHHMEM B KaueCTBE ACTEKTOpA
MOHCEJICKTUBHBIX 3JIEKTPOAOB, YYBCTBUTEJIbHBIX K HOAMAHBIM H XJIOPHIHBIM KOM-
niekcaMm. IIpHMeHeHHe NpeaBapUTeIbHOr0 KOHUEHTPUPOBAHHS MO3BOJIMIIO CHU3UTD
npenen o6Hapy)eHud deMeHTa. B KauecTBe COPOCHTOB HCHOJIB30BANIH KaTHOHHTHI
KVY-2 u KPC-10T ¢ 3epuenuem 0,25-0,5 mm. Ilpu aHanuse npupoaHbiX, MUTEEBBIX U
OUYHILEHHBIX CTOYHBIX BOJ HCMOJIBb30BaM KOJIOHKY ¢ 400 Mr moHuTa, CKOPOCTH NpO-
IIyCKAHHS MCCIIEAYEMOrO PacTBOpa 4epe3 KOJIOHKY He Gonee 20 MJ/muH. I1pu smou-
pPOBaHUU PaCTBOPOM xnopnﬁa xamusa (1 Mons/n) win pactBopoM Hoauaa kanus (0,06
MOJIB/IT) CO CKOPOCTBIO 0 3 MI/MHH C KOJIOHKH H3Biekaercs oT 95 1o 97% uoHoB
kaamus [77].

Asropbl [78] NpoBENM CHCTEMATHYECKOE CPaBHEHME PasHOOOPasHBIX Xapak-
TepucTuk copbentos Macronet MN-600 (Ha oCHOBE CYNepCLIMTOrO MOJMCTHPOI-
AMBUHWIOEH30MA) H aKTHBf/ijBaHI‘-lOI‘O yras A1100: mo cHUMKaM TOBEPXHOCTH C
MOMOILBI0 CKAaHHPYIOLIETO Mnxpocx\ona orpeneNieHbl pa3Mephbl MOp; YCTAHOBJICHHI

OAl  (kapGonuabHBIE, KapOOKCHNIbHBIC, (EHONBHbIE) MO  JAaHHBIM HK-
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.

CHEKTPOCKONMH M €MKOCTh COpOEHTa IO pe3yJbraTaM TUTPOBaHHA, HCCIIE0BaHA
copOumA Cu?*, Zn¥, Ni** B auHaMuyeckoM pexuMe H BOSMOXHOCTB HX 1eCOpOLHUH.
A1100 6onee MONHO M3BJIEKAeT MepeuncieHnbie dneMenTsl npu pH 4,7, yem Mac-
ronet MN-600, oanako nocie amouposanus ¢ dexrnBrocts perenepannn MN-600
nocturaer 100%, a A1100 — Bcero 90%. Ilocne 5-kpaTHOro LMKIa copoOuuu-

necopbunn MN-600 He yTpaTHiI COPOLMOHHBIX CBOHCTB.

1.4. KoHUeHTpHpOBaHHE HA HOHOOOMEHHHKAX, MOAH(HLUHPOBAHHBIX

OpraHu4ecKHMH peareHTamu

CopGeHTHI ¢ a1COPOLHOHHBIME CBA3IMH MEXTy MOAU(HKATOPOM H HOCHTE/IEM
M3BECTHBI CPABHUTENBHO AABHO MO MCHOJb30BAHUIO NPH M3BJICYCHHH HOHOB MeTal-
JIOB W3 PaCTBOPOB WM B SKCTPaKUHOHHO# xpomarorpadmuu [79, 80].

VOHMTHI U1 TIOBBIMICHUS CEJIEKTHBHOCTH COpOLMH MOIH(PHUUMPYIOT OpraHu-
YECKMMH pEareHTaMmH, KOTOpble MOTyT 00pa3oBbiBaTh C HOHAMH METAJLJIOB KOM-
IJIEKCHbIE COeaMHeHus. 3aKperuieHne Moaudukaropa ConpoBoXaaeTcd MHOraa vac-
THUHBIM 0GPa30BaHHEM XMMHHYECKOH CBS3H, OHAKO B TMOAABISIOLIEM OONILIIHHCTBE
C/ly4aeB MOJIEKYIIBI OPTaHHUECKHX PEarcHTOB CBA3aHbI C MOBEPXHOCTHIO (u3nyecKH-
MH CHJIaMH, TOYHas NPHPO/Ia KOTOPBIX Malon3BecTHa [81].

ITpuBeneM psa NPUMEPOB, MOKA3BIBAIOIMX BO3MOXHOCTH KOHLEHTPHPOBAHHA
Co®, Ni?*, Cd** Ha nonoo6MeHHUKaX, MOANGHIHMPOBAHHBIX OPFAaHHYECKHMH pearcH-

TaMH.

Jlna rpynnoeoro KonueHTpuposanus Pb>*, Cd**, Cu**, Zn* u Co>* MOXHO Mc-
nomnb30BaTh anuonoo6Menuuku (Lewatit MP-5080, Amberlite IRA-410, Amberlite
CG-400, Serdolit AS-6, Duolite A-162, Dowex 2), Moau¢HUHPOBaHHbIE peareHTaMH
ann3apuHCynbQOHOBOH  KHCIOTOH, XnopdocdoHaso, SPHOXPOMKPACHbIM, 8-
I'MAPOKCHXHHOJHH-5-CY1b()OHOBOH KUCIIOTOH, MMPPONMAMHAHTHOKApOaMaTOM, KCH-
JICHOJNIOBBIM OpaHxeBbIM W JuTH30HOM [82-85]. OmpenenseMele METaibl MOTYT

6BITH BHLLETEHBI U3 PacTBOpa Npobbl (cTenens copbumu >95%) B Teuenne 10 MuH. H
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3atem aecopGuposanst pactsopoM HC1 (2 Mons/n) B TedeHue oaHOH MuHyThI. On-
pefieneHue STIEMEHTOB B MOTYYEHHOM KOHIIEHTPaTe OCYIIECTBIIIOT IIPH MOMOLIM Me-

tono AAC, ADMC ¢ UICII u POJIA [82].
PaszpaGoTaHa METOAMKA KOHLIEHTPHPOBAHHUS CYMMbl KATHOHOB Fe**, Cd*, Co™,

cu, cr*, A, Ni¥*, Pb?*, Mn** u3 coneii Ha MOAMGDHUMPOBAHHOM C MOMOLLBIO
[IAP mukponopHcToM kKatuoHoobMeHHuke KV-23 u poromerpuueckoro onpenesne-
HUA THX emeHToB [86]. M3yueHo BiMAHHME rajoreHu-, cyibdar-, oprodocdar-,
KapOOHAaT-, HUTPAT-HOHOB B BUJIC COJICH KaJiMA M HaTpHA, I1aBeJICBOH M BUHHOM KH-
cnot, DJITA na cop6umio sneMenToB. Paspaborana MeTOMKa ONPEACIICHUS YKa3aH-
HBIX 3JIEMEHTOB B BOZOMPOBOAHOM Bozie, S, = 0,01-0,2 (n=3). Ipenen oGHapyxeHHs
cocrasin 510°% (macc.).

OnTHMHU3HPOBAHBI YCIOBHA KOHLEHTPHPOBAHUA CBHHIA M KaJIMUS H3 BOAHBIX
pacTBOpoB myTeM copOumn Ha cmone Amberlite A-26, 00paGoOTaHHHOH IH-
pokaTexuHoBbiM duonetossiM [87]. Amberlite CG- 400 ¢ HMMOOHIH30BaHHbIM KCH-
JIEHOJIOBBIM OPAH>KEBBIM, MCIOJIb30BAH AA NPEABApUTEIIBHONO KOHUEHTPHPOBAHUA
Pb*, Cd**, Cu**, Co™, Ni** u Zn**, Uonoo6mennuk copbupyer (Kyom=100-1500) B
TeueHHe HECKOIbKMX MUHYT 10 100% Pb*, Cd**, Cu®*, Zn®* u Co™*, ~ 60% Ni**, He
copbupyet Mn’*, Cr** [88].

Asroper  [89, 90] nmoxasamn  3d¢exTHBHOCTE  NMPUMEHEHHA 8-
THAPOKCHXMHOJIMHA B Ka4eCTBe KOMIUIEKCooOpa3oBaTens Ui COPOLHH KOMILIEKCOB
AP, Al Cd*, Co™, Cr**, Cu™, Fe**, Mn™, Ni**, Pb*, Sn*, Ti (IV) Ha nouute
Amberlite XAD-2. OnupezencHue 31eMEHTOB NPOBOAWTH B dmoaTe MeTonomM ADOMC-
HCIL

HoHooOMeHHHK Amberlite XAD-2, MoaupULMPOBAHHBIA 8,8-
(3THIEHIMUMHUHO)-IHXHHOIUHOM; 5-XJI0pOECH3TPHA30/IOM H tetpadennnéopom [91,
92] 103BOJIACT KOHLEHTPUPOBATh HOHbI TAXENBIX METAIIIOB C k03¢ PHIHEHTOM KOH-
nenTpuposanus ~20. IIpo6y mpornyckaioT Yyepe3 KOJOHKY AMaMeTPOM 1 cM u anuHOM
10 cM, 3aMOJTHEHHYIO CMOJIOM, CO CKOPOCTBIO 3 MJI/MHH. DNIOMPYIOT 3JIEMEHTHI aM-
muayHbiM 6ydepHsiM pactBopoM (pH 9) B 60%-HoM MeTaHoITE.

Tor xe MoHOOOMeHHHK, MomuduuuposaHHbii TAM, npuMeHsnu B pabore
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[93] s KOHLEHTPUPOBAHHUSA B IMHAMHUYECKOM PEKHME H NMOCICAYIOLICTO AAC- on-
pe/leieHns CenoBbiX KonuuecTs kaamusa. Honst Fe™, Zn**, Ni¥*, Mn**, A**, Cu®,
Pb*", Co®*, Cr(VI) B kxonuentpaumu 10 200 MK/ He MEWAIOT onpeaeneHmo. B ka-
YeCTBE MOEHTA HCTIOJIB30BATIH PacTBOp cosaHol kuciote! (0,5 moste/m). Ilpenen 00-
HapyeHHus coctasui 1,2 Mxr/i.

Asropamu [94] nokazaHa BO3MOXXHOCTh NMPEABAPHUTENILHOrO KOHIIEHTPHPOBA-
HUs GOJIBIIOTO YKMC/Ia HOHOB 3eMeHTOB Ha MoHuTe Amberlite XAD-4 u3 pa3baBiieH-
HBIX PaCTBOPOB, CONEPXKALLMX PA3IHYHBIE KOMILIEKCOOOpa3oBaTe/Ii: aHTPaHHIOBYIO
xuciory, 1,10-gesanTponuH, 8-ruApPOKCHXHHONHH, KynidepoH, AndeHnKapoasu 1
ap. Cop6upoBanHbie HOHbI MoupyIoT pactBopoM HNO; B anerone (1 Mons/n) u on-
penensior B 3moare MerogoM AAC.

CopOuusi KOMILIEKCOB Cd*, Co?*, Ni** u mpyrux MHKpOd1eMeHTOB ¢ Guc-(2-
I'HAPOKCHI3THII)-IMTHOKapGaMaToM HATpus Ha KOJIOHKE, 3amlONHEeHHOH Amberlite
XAD-4, u amonpoBaHue ux cnupToBbiM pactBopoM HNO; (1 MoJib/ir) MpUMEHEHE!
JUISL KOHLIEHTPHPOBAHHS M BBLAEJICHHS NIEPEYHCIICHHBIX JJIEMEHTOB U3 MOPCKOH BOJIbI
¢ nocaeayromum onpeaeneHuem Merogom AAC [95].

CopGeHT, nomydeHHbId MyTeM HaHecenus 1-(2-nupuaunaso)-2-sHadrona Ha
Amberlite XAD-4, npumeHeH A TPyNNOBOro kouuentpuposanus Cu’’, Zn™*, Fe*,
Ni**, Cd**, Pb®* npu pH 8 B nIMHaMHYECKHX YCIOBHAX M3 PEUHOH BOABI H MOCITEAYIO-
LEro ompeaesienus 3THX MerauioB MetosoM AAC nocne 3moUpOBaHUS PacTBOPOM
HNO; (4 mons/n) [96].

W3yuens! copOLMOHHbIE CBoficTBa copGenTa Amberlite XAD-4, uMnperaupo-
BAHHOTO 7-10eUHI-8-THAPOKCHXHHOJIHHOM. Ag', Al¥, Ccd¥, Cu?*, Co™*, Mn*, Pb**
KoNMuecTBEHHO copbupyloTes npu pH 8 B Teuenue 30 mun, a Fe™*, Ni**, Ti (IV) B
Teuenne 2 gacos [97]. Copbumonnas emxocts no Cd**, Cu®, Mn™*, Ni** pasna 0,5
MMOIB/T. TIpH CKOpOCTH MOTOKA 3 MJ/MHH Al*, Bi*, Cd**, Cu*, Fe™*, Ni¥*, Ti (IV)
BLAEIOTCA Ha 95%; Ag', Co®*, Mn®* — 73%, 63%, 91% coorsercTeenHo. Copbu-
poBaHHbIe 371eMenTHI AmoupytoT pactBopom HCI (2 mons/n). Kos¢punment xonuen-

TpupoBauus paser 500, npenen o6Hapyxenus — 0,06-300 HI/J1.
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OnucaHa METOAHMKA IPEABAPHTEIBHOr0 KOHUEHTPHPOBAHUS MHKPOKOIHYECTB
HOHOB METAJLJIOB (Pb2+, Mn?*, Cu®, Ni¥*, Cd**, Fe*, C02+), coaepxauuxcsa B mpobax
PEYHOMN BOJBI, METOIOM aJICOPOLIMM XEJIaTOB METANNIOB, oOpa3yomuxcs Mnpyu B3auMo-
ACHCTBUM C NUPPOIMAMHANTAOKapOamMuHaToM. Hcenonb3opajack KONOHKa, 3amos-
HenHad cmosioii Amberlite XAD-4. DmoupylOT MeTaulbl paCTBOPOM a30THO# KHMCII0-
o1 B auerone (1 monb/m). Kosdduument konuenTpuposanus pasex 400 [98].

Astopamu [99] omicaHo ucnons3osanne copbentos Amberlite XAD-4 n Am-
berlite XAD-7, uMNperHMPOBAHHBIX JIMTIOPUILHBIMH T€TPAa30MAKPOLHKIHUECKUMH
NPOM3BOAHBIMY, IS TPEABAPUTEIBHOrO KOHLUECHTPHPOBAHHUA CIIEOBBIX KOJIHIECTB
Cd®*, Cu®*, Mn?*, Ni¥*, Pb**, Zn"* u3 npo6 MOpCKO#i BOMIBI M OTPEENCHUS METOLOM
anextporepmudeckoil AAC. [lnd mecopOuuH 3/IEMEHTOB MCIMONIb30BAIM  PacTBOp

HNOj; (2 mons/n). IlonHoTa BhIAEICHHS Cd*, Mn2+, Pb2+, Zn** cocraensier 98%.

1.5. KoHUEeHTpHpOBaHHe HA MOJHMEPHBIX COPOEHTAX C MPHBHTLIMH

KOMILIEKCO00pa3yOIIMMH IpynnaMu

Kak 0TMEuasoch BbILLE, YETKYIO FPAHHULy MEXAY HOHOOOMEHHHKAMH M Xesia-
T00GpasyIoIUMH COpOGEHTaMH TIPOBECTH TPYJAHO, OJIHAKO, aBTOPHI [72] mpennarator
ClledylolMe OTIMYHTEbHbIE IPH3HAKH XeNaToo0pasyromux copGeHTOB OT HOHOO0-
MEHHBIX CMOJ; 1) CPOJCTBO HOHOB MeTawIoB K cooTBeTcTBYIomMM DAL rpynnam
3aBHCHT [JIABHBIM 00Pa30M OT NPUPOBI XenarooOpasyioulei rpynmsl; 2) NpoYHOCTH
cemeii noHoB MeTtawioB ¢ DAL noHoo6MeHHuKOB (8-12 kJ[X/MOJIb) MEHDBIIE NMPOY-
HOCTH CBA3eil B Xenaroo6pasyromux copbenrax (60-100 x/Ix/mons); 3) copbuus Ha
XenaToo6pasyIomux copGeHTax MPOTEKAIOT MEJIEHHEe, YeM B OOBIYHBIX HOHO00-
MEHHHKaX.

OCHOBHBIMH CBOIICTBAMH X€1aT0000pa3yiolux COpOEHTOB, ONpeaeAIOLHMH
HX aHATMTHYECKOE MPUMEHEHHE, ABIIOTCA COPOLMOHHAA €MKOCTh, CEJIEKTHBHOCTD,
KHCJIOTHO-OCHOBHBIE M KHHETHYECKHE CBOiicTBa. CylIECTBEHHOE 3HaYCHHE HMEIOT
Tabxe HabyXaeMOCTb, MEXaHHYeCKast H XHMHYECKasA YCTONYMBOCTb COPOEHTOB, BO3-

MO>KHOCTB MX perenepauud u np. [100].
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KoHUEHTPHPOBaHHE MUKDO3NeMenToB ¢ nomompio IIXC ommuuaercs sddek-
TUBHOCTBIO M3BJIEYEHHA — KO3PPHIMEHTDI pacnpeaeIeHHs: MOTYT JOCTHIaTh 10°-10°
[101, 102]. CenextuBHbIe CBOHCTBA XenaTo0Gpa3ylox COPOCHTOB ONPENENAIOTCS B
OCHOBHOM NMPUPOA0H QyHKUHOHAIBHBIX rpynm. Ha CeleKTHBHOCTb COPOLHH STEMEH-
TOB BJMAIOT TAKKE CBOMCTBAa IOJUMEPHOH MAaTpHLBI, B3aMMHOE pPACMOJIOKEHHE
byHKUMOHATBHBIX TPYNII K B HEKOTOPBIX CITyYadX HX YAAJICHHOCTh OT MaTpHLbI [69,
103]. ITXC cnocoGHBI COXPaHATh CEEKTUBHBIE CBOMCTBA NPH BHICOKHX KOHLICHTpa-
LUAX COJIeH IEJIOYHBIX H IIeNoYHo3eMenbHbIX MeTaiuios [101]. Emxocts copbenToB
3aBUCHT OT YIEJbHOTO COACPXkaHUA (PYHKUMOHAIbHO-aHATHTHUECKUX TPyl B MaT-
puie copbenra. CxopocTs mpolecca cOpOLMH HMOHOB JJIEMEHTOB, OnpenenieMas
ckopocThio auddy3un, peakuueil KoMmIeKCoo0pa3oBaHUA H COOTHOLIEHMEM MEXTY
HHMH, 3aBHCHT OT CBOMCTB MaTpPHIIbl, IPHPO/bI HOHA M XenaTooOpasyrowieii rpymnmsl,
HaGyxaemocTH copenta u apyrux daxropos [104]. Micnonp3opanue runpopuimbHbIX
M BBLICOKOMOPHMCTHIX MOJMMEPHBIX Matpull And cunre3a IIXC mossonser ObICTPO
TIPOBOAMTh KOHLUEHTPUPOBaHHE U3 OOMbILKMX 00BEMOB PacTBOPOB [10, 102]. Perene-
DALMOHHbIE M HEKOTOPbIE APYTHE CBONCTBA ONPEENAIOTCA [IIaBHLIM 00pa3oM CBO-

cTBaMM nojauMepHoi matpuusl [66, 105, 106].
1.5.1. CopGeHTbl Ha 0CHOBE JIMHEHHOr0 MOJIHCTHPOJIA

B pa6orax [58, 67, 107, 108] usyueHa copOLKs TAKENBIX METAILIOB COPOCHTA-
MM Ha OCHOBE JIHHEHHOTO MOJIMCTHPOJIa C MOJIEKYJIAPHOH Maccoi 103-10%, umeromm-
mu pasnuunsie OAL, KoTopbie BKIOYAIOT asorpynmy. JIoCTOMHCTBA NPEACTABIEH-
HOH rpynmel COPGEHTOB COCTOAT B CJEAYIONUIEM: OHM HE PAaCTBOPHMBI B KHCIbIX H
HeHTpaNbHBIX PacTBOpPax, 00NaJalOT AOCTATOMHON U30HPATENLHOCTHIO, YTO MO3BOMIA-
€T NPUMEHATH UX UL KOHLECHTPUPOBAHUSA MUKPO3JICMEHTOB U3 PacTBOPOB. Opgnaxo
nuHelHat CTPYKTYpa TOJMCTHPOJa MCKIIIOYAET BO3MOXHOCTB HOOMTRCS BBICOKOH
CKOPOCTH MPOBeAeHUs mporuecca. ITH COpOEHThl MOTYT HCMOIB30BaThCA B BH/E 11O~

POLUKOB WJIA TOHKUX IUICHOK, HAaHECEHHLIX Ha PIHCpTHin"l HOCHTCJIb. HOHHCTHPOJI-
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a30-apceHa3o M nonucTuposi-a3o-I1AP npumeHsnu npu OnpeaeNcHUN piaaa SNEMCH-

ToB B KapbonaTHbIX opojax [107].
1.5.2. CopOeHTbl Ha OCHOBE COTOJMMeEPA CTHPO.IA ¥ IMBHHII0EH301a

ComnosTMMephbi CTHPOJIA ¢ AWBHHUIIGEH30/IOM TPOCTPAHCTBEHHOrO CTPOCHHSA 5B~
JIIOTCA Haubosee IMUPOKO MCIONIb3yeMOH MATpULIEH NPH CHHTE3€ XENaTHbhIX COp-
GenToB. [IpOLIEHTHOE CojepkaHHe AMBHHWIOEH30/Ia ONPEICIACT CTENEHb CLIMBKH,
KOTOpasd, B CBOIO 0Yepe/b, BIHAET Ha MHOrHE (GU3UKO-XHUMUUYECKHE U aHATUTHYECKHE
xapamepncmxn copbenta. Uame Bcero MPHMEHSIOT CHIIBHO CLUMTBIE COPOCHTHI
(10% u Gonee muBMHWNIGEH30MA), MPEACTABILAOLME COOOH MeTKue (100-400 memr)
sepHa [71]. Heo6xouMo OTMETHTH PAX MPEMMYILECTB COPOCHTOB HA OCHOBE COMO-
JIMMEPOB CTMPOJIa ¢ AMBHHIWIOEH30JIOM: 3TH COPOEHTHI TaKKe XapaKTEPU3YIOTCs BbICO-
KOii CTOMKOCTBIO K arpecCHBHBIM CPEIaM; UX MOXKHO HCIIONb30BaTh UL COPOLHH B CTa-
THYECKHX M AMHAMHUYECKHX YCJIOBHSX, B OONBLIMHCTBE CTy4acB pEreHepHpOBaTh H HC-
TIONb30BaTh MHOTOKPATHO, JIYYLIMMH KHHETHYECKMMH XapaKTEPUCTHKaMH 007ajaoT

XeJlaTHbie COPOEHTH Ha OCHOBE MOIMMEPOB MAKPOTIOPHCTOMH CTPYKTYPSI [109, 110].
Cop0enTnl, cogexxame HMHHOAHaUeTaTHBIe PAD

IIMpOKO H3BECTHBI XeNaTooOpasylolme COPOSHTH Ha OCHOBE CONOJHMMEDPOB
CTHpONa C AMBHHWIGEH30I0M, MMeOLUMe MMHHOAUAueTaTHEie DAL Chelex-100,
Dowex A-1, Wofatit MC-50, Diaion CR-10, KT-2 (AHKB-50) u ap. [72, 11 1].

Tl KOHLIEHTPUPOBAHHs 3IEMEHTOB H3 ‘Mopcxoﬁ BOJIbI, IPEACTABJIAIOUIEH CO-
GO THNWYHBIA NPUMEDP CUIbHOCOJNEHOH BOABI, COACPXKALICH pa3zHooOpa3HbIC 3jie-
MEHTH B CJIECI0BBIX KOJIMYECTBaX, 4acTo HCcnonb3yloT cMonbl Chelex -100 u Dowex
A-1.

B orcyTcTBHM KOMIUIEKCOOOpa3ylOMIMX BEILCCTB Ul [ABYX3apAAHBIX HOHOB

METAUI0B Habmoaercs caeaytommii paa cpoactsa k copbenty Chelex-100: Hg*" >
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Cu?* > Pb?* > Ni&* > Cd®* > Zn?* > Co™ > Fe?* > Mn** > Be** > Ca** > Mg** > Ba™
> S [112].

TMoapo6HO HccMe0BaHAa BO3MOXHOCTB MPHUMEHEHUA CMOJI Chelex-100 wu
Permutit S1005 /it KOHLEHTPHUPOBAHHA W OTAEICHHS TAKEIBIX METALIOB OT O0sb-
MIMX KOJMUYECTB LUEJIOYHBIX M ILEJOYHO3EMENbHBIX JIEMCHTOB MPH ONpPEACICHHH B
Mopckoil Boae. Bo3M0O)kHO KOTHYECTBEHHOE BBIICJIEHUE U3 PACTBOPOB NPpH pH 6 Ag’,
Bi**, Cd**, Cu?*, In™, Pb®*, Ni**, Sc¢**, Zn®", P33 [113].

Chelex-100 HCIONB30BaH B AMHAMHYECKOM PEXUME 1A COPOUMOHHO-AA-
onpeneneHus Cd2+, Co™, Cu?*, cr, Fe*, Mn?, NiZ*, Pb**, Zn®* B Mopckoii Boze
(onrrumansHoe 3Hauenue pH 5,2; samoent pactsop HNO;s (5 mons/m) [114] u Ag’,
AP, Bi¥*, Cd¥, Co™, Cu™, Fe**, Mn*, Ni**, Pb™, Ti (IV), V(V), Zn*" (3moent -
pacteop HNOs (2 mons/m)) [114, 115].

B pa6ote [116] nokazaxa npuMenuMoCTh GyepHBIX cHCTEM HCV/ maneuHoBas
KHCJI0Ta/ aMMHaK 1 CO3JaHUSA KUCJIOTHOCTH B MPoOax MOPCKO#M BOABI B INANa3oHe
pH 2-9 npu aToMHO-abCOPOLMOHHOM ONPEAEICHUH CJICA0B cd*, Co¥, Cu?*, Mn**,
Ni**, Pb*, Zn*, Fe* B MOPCKO# BOJ€ C NpeABapPHTENbHBIM KOHLIEHTPHPOBAHHEM HA
cmone Chelex -100 npu pH 6,5. ITpusenen cocras GydepHrix pacTsopos ¢ pH 2- 9,
NOrpelHOCTh B 3HaueHUH pH npo6 MOpckoi BOABI B MPUCYTCTBUH 5%-noro 6ydep-
Horo pactsopa < 0,03. Crenens Bhienenus Cd>’, Co*", Cu*, Mn*, Ni**, Pb**, Zn®**
> 95%, Fe'' - 85%.

HM3y4eHO npeasapHTENbHOE KOHUEHTPHPOBAHME MHKPOKOIMYECTB METAIUIOB
Zn**, Cd*, Cu®, Pb?, Co*", Mn**, Ni**, V (IV) H3 pas/uuHbIX NPUPOIHBIX BOA C
ucnons3zoBauneM cMonsl Chelex-100 [117-119]. Hanbonee nonHoe U3BICUEHHE Me-
Taios Habmoxaerca B oGnacti pH npuponbix Bog, T.e. npu pH 6 — 8. Koadpduum-
CHTHI pacmpe/ieleHUs U3y4aeMbIX 3JIEMEHTOB UMEIOT BEJIMYMHY MOpAika 10° [72].

OnycaHa METOAMKA ONpe/eieHus CeA0B KaAMHus, CBUHLIA, MEAM H LIMHKA B
NPHPOJHBIX BOAAX C MPHMEHEHHEM KOHUEHTPUPOBAHHA Ha KOJIOHKAX, 3aMOHEHHBIX
cmoroii Chelex-100. TTpoGy Boabl GHABTPYIOT Uepe3 LEUTIONO3HbIH M MOanKapOa-
munatHbii GrsTpsr, noaxucasior HNO; (zo pH 1), ycranasmusaiot 3HadeHune pH 5.

TlonyueHHbIH PacTBOp NPOMYCKAKIOT 4epe3 KOJIOHKY €O CKOPOCThio 2,5 MI/MHH,
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3IOMPYIOT 371eMeHTH 65 Mt 1%-Horo pactopa HNOs; smroaT ynapusaloT W pas-
Gasnsior 10 25 ma 1%-ubeiM pactBopoM HNO; s onpenenenus AAC-meronoM
[120].

OroT ke copOeHT aBTopsl [121] HCnoip30BaIM A1 KOHIEHTPUPOBAHHA U KO-
JIMYECTBEHHOTO BbIACICHUS CJIEJOBbIX KOJHYECTB Y-PaAHOAKTUBHBIX H30TOMNOB 13Ba,
80Co, ¢y, B7¢Cs, 152Eu, Fe, M, 8gr, By, %57n M3 HACBIILEHHBIX PACCOJIOB, CO-
nepxammx NaCl, KCl, MgCl,, MgS0O,, CaCl,, K,SO; c¢ nocnenyrommm y-
CLIEKTPOMETPHYECKUM OTpeJeIeHeM. 3aMeUY€HO, YTO BbiCOKas HOHHaA CuJla PacTBO-
pa 3aMETHO BJIMAET TONBKO HAa KOHIIEHTPUPOBAHKE MapraHua. ~

B page paboT OmMMCaHbl METOAMKH COPOLHOHHO-PEHTTEHO(IyOPECHEHTHOTO
OTpe/iE/IeHUA 3IIEMEHTOB B Boae ¢ ucnonbzoBanueM Chelex-100 [122]. O6mnem ana-
nu3upyemoit npobel coctasnsn 200 ma, pH 7-8, nasnenue 200-300 xIla, Bpems koH-
HeHTpHpoBaHus 20 MUH.

TTokasana BO3MOKHOCT KoHuentpuposarus Co®*, Ni¥¥, Bi’* u3 pya u ropHeix
nopox [123] u Pb**, Cd**, Hg?* u3 npoayktos nutanus [124] na copGenre Chelex -100
C TOCJIeyIOILMM ONpEeSIeHHEM PEHTIEHO(ITyOPECLIEHTHBIM METOAOM.

Astopni [125] nposenu cpasheHue copbunonnbix cpoiicts Chelex-100 1 No-
varosa™ (Taioke coaepxallero uMuHomuaueratieie ®AIT, HO UMelOIIero araposy B
kauecTBe MOMMEPHOH MATPHLE) MO OTHOMIEHMIO K HoHam Cu’*, Cd™*, Ni**. Hccne-
JOBaHHE NMPOBOJAWIM B CTATHYECKOM M JAHHAMHYECKOM pEXHMax. Bbulo BHIACHEHO,
yTo copOumsa mepeuncieHHbx nemMenToB Ha Chelex-100 ocyiecTBiserca novTd B
50 pa3 MeaneHHee, 4eM Ha Navarosa™.

OnycaHa MeToquKa ompenenenus noapuxusx dopm Cu®’, Pb**, Zn**, Cd*™,
Co®*, Mg**, AI**, u Fe** B oTcTOAX CTOUHBIX BOJ FOPOJACKOH TPA3H M JIP., OCHOBAaHHas
Ha M3BJICYEHHH IEMEHTOB HA HOHOOOMEHHMKAX Pa3IMUHOro THNA, PEIKCTPAKLIMH H3
copbentos ¢ nomombio DIATA u onpenencHun merogoM AAC. I1onuMEpHEIE CMOJIBI
Amberlite- IRC 50, Zerolit -236, Chelex -100 umu Duolite C- 46 (8 Na'-popme) ce-
JIEKTHBHO M3BJEKAIOT MeTaLThI B uHTepBane pH 2- 10 [126].

Ormvcana MeTOANKa KOHIIEHTPUPOBaHNA Mukpoaementos Cd™*, Co**, Cu’™*, Pb™,

Ni**, Zn®* u3 npupomsbix Box Ha Dowex A-1 [127]. K mpo6Ge Boabi o6vemom 0,5-1,0 mi
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(pH 741) noGasnsim 2 Mr copOeHTa, pacTBOp MEPEMEIIMBANIH, 3aTCM ACKaHTUPOBAIH,
META/LTHL JIIOMPOBAIA M3 CMOJTBI PACTBOPOM a30THOH KHCJIOTBI (2 MOJIB/IT) M aHATM3H-
popanu amoat AA-meronom. [Ipenen oGHapyxeHHs cocTaBu 102-107 mr/n.

Asropsl [128] npemtoxkuiu kcnone3osath Dowex A-1 Ui NpeBApUTEILHOrO
KOHLIEHTPUPOBaHHA Cd**, Cu*, Pb® ¢ uenblo MOHUTOPHHTA OKpY>KalolieH cpeabl U
KOHTPOJIA 3@ PacnpeAeSICHHEM CIIEI0B JJIEMEHTOB B MPHPOAHBIX BOAAX (ocobeHHo B
HaHOrpaMMOBBIX KOHIEHTpauusax) [72].

Jlnsg poTOMETPHUYECKOTO ONpEesIeHUA NiZ* ¢ IIAP B pa6ote [42] npeanoxeHo
HCIIONb30BaTh TPEABAPMTEILHOE KOHIEHTpHpoBanue Ha Dowex A-1 B NH,"-¢dopme.
Ipenen oOHapyKEHUA ITHM METOJOM COCTaBILACT 10%%.

Cnexyet otmeTHTs, 9To copbeHT Dowex A-1 xapakTepusyeTcs HEMOCTOAHHOM
eMKOCTBIO, 3aBUCALLEH OT KMCIOTHOCTH, COCTaBa pacTBopa M Tuna uona. Ero n3ou-
paTeNbHOCTb K Pa3NHYHbIM HOHAM B aleTaTHOM OydepHOM pacTBope (pH 5) ymeHs-
maercs B pagy Pd*> Cu?*>> Fe¥*> Ni?*> Pb*> Mn*">> Ca’'» Mg**>> Na’. B nut-

paTHOH H xnopmmou cpene Ha6mozlae'rc;1 npu6nu3menbﬂo cleayrouuii pag u3ou-

~ / m————

paTeNIbHOCTH U1 )lByx3ap$IL[Hbe KaTHUOHOB: Cu *>> Pb2*> Nit*s Zn*'> Co*™> cd*>
Fe**> Mn?*> Ba**> Ca?*. Dimonposanue u perenepalusi COp6EeHTa NPOBOAUTCS C 110~
motupio pacrsopos HC1 u H,SO4 (1mone/n) [72].

UnrepecHa paboTa [129], rae CHCTEMAaTHUECKH HCCIENO0BATMCH COPOLIMOHHbIC
cBoiictBa copGenta Lewatit TP-207 no oTHOLIEHHIO K HOHAM Ni?*, Cd** npu pas-
nraHOM Temmepatype. Jia onucaHHs nporuecca cop6uuu Oblia yCnelHo NpUMeHeHa
Mmozenb 'n66ca-JloHHaHa.

Pa3paboTaHa METOAMKA ONPEAENCHHA KOHLUEHTPALHMH THKEIBIX METAUIOB
(Mn®, Fe**, Ni¥*, Cu®*, Zn™, As™, Rb?, Ca*, Sr**, Pb**, Bi’") B BoaHBIX pacTBOpax
(= 1 Mr/n) npyu MOMOLUKM PEHTTEHO(IYOPECLEHTHOr0 aHaNK3a NOCIIE MPEABAPUTE/b-
HOTO KOHLEHTPHPOBAaHMA Ha KoJlOHKax ¢ karnonutoM Wofatit MC-50 B H'-popme
(pH 6; o6veM npobsl 0,1 11, BpeMA KOHLEHTPUPOBAHUS 60 muH.). MeTtonuka peko-

MEH0BaHa [Ulsl aHaiu3a 6bIToBbIX CTouHbIX BoA [130].
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TToxasaHa BOMOXHOCTb KoHuentpuposanua Cd2', Pb**, Co**, Cu’* na copben-
te Muromac A-1 ¢ ganpHeiimum ADMC-HUCII-onpenenennem npu aHanu3e NUThHE-
Boii Bomel. Cop6uuio ocywectasin u3 oovema 0,5 1 npu pH 3-6; B kayecTse 3mo-

enTa ucrnonb3osany pactsop HNO; (2 mons/a) [131].
CopbenTni ¢ amuHokapookcuabHbiMu ®AT

JITATA-cop6eHTH Ha MONUCTHPONIBHOM OCHOBE CofEPKaT KOH(POPMALHOHHO
I10JBHKHBIC AMHHOKaPOOKCHIIBHBIC TPYTINHPOBKH H OTJIMYAIOTCA BHICOKOH JMHAMH-
YeCKO# €MKOCTBIO, NPAKTHYECKH HE M3BJICKAIOT MATPUYHBIC DJIEMEHTHI H YCIICIIHO
NPHMEHSIOTCSA JUIS KOHLIEHTPUPOBAHMUSA Psla METAILIOB (KKO,MSIO") B JTHHAMHYECKOM
pexume ¢ nocnenyioimm AA- win ADC-HCII aHanusoM amoara Win peHTreHod-
JIyOPECLICHTHBIM aHau30M copbunonnoro ¢unstpara [132, 133].

Tins onpenenenus Ag', Bi®*, In**, Cd*, Pb”, TI"" B npuponusix Bomax Ha
YpOBHE ynb"rpaﬂmxnx U CPEIHUX KOHIICHTpauPlPI npeJ10XKeH cop6un0HHo aTOMHO-
a6cop6uu0HHbm Merop; c l'lpC}lBa;I/lTCJIbeIM OJHOBPEMEHHBIM KOHueHTpnposaHueM '
metauios Ha JIOTATA-copbeHTe H NMpAMBIM 3neKrp0TepMquCKuM AA anannzom
MOPOIIKOOGPa3HOr0 KOHUEHTPAaTa ¢ NMPMMEHEHMEM CIELHATM3MPOBAHHOrO JBYXKa-
MEpHOro aTomusatopa "Turenp-sueiika”. ITpexen ob6Hapyxenusa Cd cocrasnser 2-5
ur/n [134]. Te xe asropst [135] mpennaraioT BHICOKOMYBCTBHTEIbHBIH aTOMHO-
a6Ccop6LIORHO/aTOMHO-(ITyOPECLIEHTHBIH METO ONpesieNeHns Ag”, Bi*, Cd*, Pb**
u T B npupoaHEIX BOAAX, BKIIOYAIOMIMI JWHAMHYECKOE KOHLUECHTPHPOBAHHE Me-
TAJUIOB HEMOCPEACTBEHHO B Turne-mukpokononke Ha JIOTATA-copGenre. llpenen
oOHapyKeHHus Cd* 0,3-1,0 ur/n.

Hccnenosana 3¢ deKTHBHOCTL HOBOTO THIA copoumonHoro ¢punstpa JIOTATA
JUIS TIPEABAPHTEIBHOrO KOHLIEHTPUPOBAHHUS META/LIOB M3 MPMPOAHBIX BOA. Kosmie-
cTBenHoe Boiaenenue Zn2", Cu?*, Cd¥, NiZ*, Mn**, Co™, Pb** mocturaercs npH uc-
TNOJIB30BaHMH JMHAMHYECKOH copbuuu (ckopocTs nmoroka> 4 mi/muH), pH 3-8, BbI-
COKO# KOHLIEHTPALIMH CoNeii U B IPUCYTCTBUM NPUPOIHBIX KoMILTekcanTos [136]. Tlo

pe3yabTaTam HCCIICAOBAHUA pa3paboTaH [137] COpOLHOHHO-
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o + + 2+ +
PEHTTeHO(ITyOPECLICHTHBIA METO/ ONpPEAE/ICHUA Mn?*, Fe?*, Co?*, Ni**, Cu?*, Zn*™,

Pb?*, Cd** B MOpCKHX H PEYHBIX BOAAX C HCTIOTE30BAHHEM JNOTATA-copbeHTa.
Cop6eHTbl, cogepKale METH/IeH- WIH a30rpymnibl

Xenaroobpasyiolse copOeHTbI, CoAepXalliie a30rpymnIbl H ABJIAIOIUHMEC N0-
JIMMEPHBIMH AHAIOraMH MOHO- M OHCAa30peareHToB, CBOHCTBA KOTOPBIX XOPOLIO H3-
BECTHbI W3 NPAKTHKH AHATMTHYECKOH XUMHH, TPEACTABIAIOT O0COOBIH HHTEPEC, TaK
KaK, TOX0OHO COOTBETCTBYIOIMM HHU3KOMOJIEKY/ISPHBIM a30COEAMHEHHUSM, obpasyior
NpoYHbIE KOMILIEKCHBIE COEMHEHHA C MeMEHTaMu M 00/1aJaloT BHICOKOH u3bupa-
tensHOCTHIO [71, 138, 139], a nONMCTHPOLAMBHHHIOEH30/IbHAA MaTPHULIA PUAACT UM
YCTOHUMBOCTD B IUMPOKOM JHANa3oHe 3HauyeHnd pH.

[Toka3aHa BO3MO>KHOCTh IPUMEHEHHS cOpOeHTa HA OCHOBE COMOJIMMEPA IOJIH-
CTHpO/IA ¢ AMBHHIIOEH30/I0M, COAEPXKAILEro NMPUIHI-a30-Pe30PLUHHOBLIC OAT, s
koHuerTpuposanns A, Co™, Cu?*, Fe™, NiZ*, U(VI), V(IV), Zn™* [140].

HoBslii xenatooGpasyoiui cop6eHT Ha OCHOBE XJIOPMETHIIMPOBAHHOrO cono;
JIMMEpa CTHPONa U IMBHHHI0EH301a C o-HUTp030-P-HadTonbHEIMU DAT™ ObLT CHHTE-
3MPOBaH AJ1 MCCIIEJOBAHUSA €r0 COPOLMOHHBIX CBOWCTB MO OTHOIIEHHIO K Mn?*, Fe*,
Co®*, Ni¥*, Cu®*, Zn®* B nmanasoue pH 1,0-7,0 [141]. MaxcumanbHas copOLus Ni** u
Co®* nocturaerca npu pH 5.6. ITpeanoxen Bapnant pasaenenus Fe’'-Co™ n Cu®*-
Fe** B gunamuueckom pexume. KOHLEHTpaUMIO 3JIEMEHTOB B IOATE OMPEIEIIAIHA
cnexTpodoTOMETPHUECKH.

JIns KOHUEHTPUPOBAHUSA Zn**, Cd**, Pb*, Ni** u3 noepxHoCTHBIX BOA B paGo-
e [142] npennaraercs ucmonb3osate Amberlite XAD-2 ¢ HMMOGH.III/ISOB&HHBIM nu-
POKATEXUHOBBIM (PHONIETOBBIM. Cd** u NiZ* xonuuectBeHHO copbupytorcs npu pH
5,5-7,4; eMKOCTb COPOEHTA MO JAHHBIM 3JIEMEHTaM COCTABJIACT 1270 mr/r 1 620 Mr/r
COOTBETCTBEHHO. DIOMPOBaHHE MPOBOAAT PACTBOPAMH CONAHON WM a30THOH KH-
ca0T (4 MOJIB/1T); METAILIBL ONpeAensioT B moate AAC-METONIOM ¢ TIaMEHHOH aTo-

musaueit. Tipenen obHapyxenns coctaun 20 Mr/n s Cd™* m 55 mkr/n ps NiZ.
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B paborax [143, 144] nsyyena copOums Cu**, Co*, Ni** ¢ momompto ITXC —
3aMEIUEHHBIX TOJIMCTHPOJ-a30-CATHIMIOBOH KHCJIOTBI, HCCIEN0BAaHBl KHCIOTHO-
OCHOBHbIE M KOMIUIekcooOpasytomue cBoiicta ITXC, obcyxaeH XHMU3M PEaKLUHH
KOMIL1eKCO0Bpa3oBaHis COPOEHTOB € H3YYEHHBIMH 3JIEMEHTAMH, YCTaHOBJIEHBI KOP-
penduMd JUIi JAHHOTO Kilacca COpOeHTOB! pHso(Co™) = (pKcoon — 3,60)/0,5;
pHso(Ni) = (pKcoon — 3,50)/0,65; pKueyer(Co™) = (pKcoon + 5,12)/1,43;
pKHeyc,,(Ni2+)=(pKCOOH + 7,22)/1,56. Pa3paborana ¥ onmHCaHa METOAMKA KOHLIEHTPH-
POBaHUS MHKPOKOJIHYECTB Cu?*, Co®, Ni*¥ U3 npupOAHBIX U MPOMBILUICHHbIX CTOY-
HBIX BOJ C TOMOuIbIO copGenTa momuctupon-(a3o-1)-2-okcu-3-kap6okcubenson-3-
Cy/1b(OKHCIIOTHI.

Astopi [145] nccnenosanu copbmao Co™*, Ni**, Cu®* na IIXC — 3ameluen-
HBIX MOJIMCTHPOJI-2-aMHHO-a30-2’-0kcuGensona. HanGonee nepcrnekruBHblii COpOESHT
TOJIMCTHPOI-2-aMHHO-230-2-0KCH, 5~ HUTPO, 3’-6eH30/1CyIb(POKUCIOTa HCTIOB30-
BaH I KOHLEHTPUPOBAHUS U KONUYECTBEHHOTO OMpEAENCHUS Co®, Ni**, Cu™* B
NoYBax, NMPHPOIHBIX H CTOYHBIX BOJAX.

B paGote [146] onucaHo ucronb30BaHHe COPOGEHTOB MONHUCTHPON-a30-OeH3O0N-
3,4-1MOKCH-5-METWICHUMHHOAUYKCYCHast ~ KHCJIOTa, HOJAMCTHPONI-a30-0€H301-3,5-
JMOKCH-4-METHIEH-UMHHOIMYKCYCHAas ~ KMCIIOTA, TOMHCTHPOI-a30-0eH301-4-okcu-3-
METHWICHUM MHOANYKCYCHaA KHUCJIOTA, NOMHCTUPOJI-a30-6eH301-4-0KcH-3,5-
JMMCTHICHUMHHOIMYKCYCHasA KHCJIOTa, NOMCTUPOSI-a30-6eH3071-4-0KCH-3-
MMHHOMYKCYCHAS KUCIIOTA U1 KOHLEHTPUPOBAHUA Zn2+, Cu*, Co™, cd*, Ni**, Pb2+;
0GOCHOBAHO MPEANONOKEHHE O BEPOSTHOM XMMM3ME MPOLECCa COPOLIHH. BbiOpanb! on-
TMMAJIBHBIE YCJIOBHA KOHUEHTPUpoBaHuA. Omycana MeTomuka AA- onpeJeneHus Zn*,
Cu*, Cd®*, Ni¥*, Co™, Pb™ B nuTheBBIX, MPUPOHBIX M CTOYHBIX BOJIAX, OCHOBAHH2A Ha
X NpEIBAPUTEHHOM TPYMIIOBOM KOHLIEHTPHPOBAHUH C MCIO/IB30BaHMEM MOJIHCTHPOI-
a30-6eH30J1-3, 5-TMOKCH-4-METHWICH-HMHHOIMYKCYCHOR  KucnoTel [147]. Dkcnepumen-
TAIBHO YCTAHOB/EHB KOPPE/ALMOHHBIC 3aBHCHMOCTH YIS CHCTEM COPOEHT-3/IEMEHT
(PHso(Co®™) = (PKuon + 3,60)/2,47; pHso(Cd™) =  (pKuow + 3,10)/2,64;
pHso(NiZ*) = (pKuox + 3,35)/2,42).
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IIpeasioxeHO HCMOJb30BaHHE XenaTooOpasylolMx COpOEHTOB MOJIHCTHPOI-
a30-3-cynbdodeHona-4 ¥ NOIMCTHPOI-a30-4-0KCH-3-apCOHOOEH30Ma U1 M3BJIEYe-
nus v Kouentpuposanus Fe*, Mn?', Cd**, Ni**, Zn™, Co®", Pb** B nuThEBBIX, ApE-
HaKHBIX, CTOUHBIX M MOA3EMHBIX BOJAX € MOCIEAYIOUIMM OMPEICICHHEM TAKEbIX
metauioB metoaoM AAC. CopOeHTHI € JIEMEHTOM O30JIAI0T TpH 550-600°C, 3ony
PacTBOPAIOT B COJNAHOM KHCIOTE M ONMPENE/AIOT TAXKENIbIE METAUTHL B TONY4CHHOM
pactBope. OnpeaeneHuio He MELIAoT 10% - 10%-kpaTHbIe MacCOBbIE KOIUYECTBA K*,
Na*, Mg®, Ba>*, S**, A®, Li**, Ti (IV), B*, SO/%, PO,*, F, H,O,. Hntepsan onpe-
nenedus xoHuentpaumii or 0,5-1,0 no 5-17 mxr/mn. S.=0,01-0,06. IlokazaHo, 4TO
u3yuenHsie copbenTsl npeBocxoaat ussectHeie panee [IOJIMOPI'C VII-M u nonu-
CTUPONMETHIEHUMHHO-4-HUTPO-6-cynbdodenon-1 [61].

Jlisi TPYTNOBOTO KOHLEHTpHpOBaHHs i u3biedenns Fe'', Cu™, Co**, Ni¥',
Mn?*, Zn** u3 pactBOpoB mNpemiokeH COpPOEHT NOJIMCTHPOJI-METHIIEH-UMHHO-4-
HUTPO-6-cynbdodenon [57]. Cratuueckas €MKOCTb COPOEHTa COCTaBIACT 12,4 mr
s cymmbt Fe**, Cu*, Co®*, Ni?*, Mn®*, Zn®* npu pH 5-10. KonnuectseHHoe 1 13-
GuparesbHOE M3BJIEYEHHE YKa3aHHBIX JJIEMEHTOB NMPOMCXOJMT B MPUCYTCTBHH 10°-
kpatHbix BecoBbix konuuects Ti (IV), Mo(VI), W(VI); 10*-kparHbix KomuuecTs Na',
K*, Ca®*, Mg?*, Ba®, SO,%, PO.¥, F, H,0,; 10°-KpaTHbIX KONM4ECTB AI**. Paspa6o-
TaHa METOMKA IPYNIOBOT0 KOHLEHTPUPOBaHHs i u3Bievenns Fe’*, Co™, Cu®*, Ni¥*,
Mn?*, Zn** B BOnbHPaMOBOM M MOJTMGAEHOBOM MOPOLIKAX.

B pa6ote [148] BriepBbie YCTaHOBJIEHO BJIMsHHE Mapa3saMELICHHbIX aHMJIHHOB
Ha capur pHsy copOumu B cucreme NiZ¥ - noNMCTHPON-METHIEH-HMHHO-4-
xsopdenosn. BeeaeHue TpETbEro KOMIIOHEHTa MPHBOIHUT K CMEILCHHIO pH copbuuu B
KHCJIY1O CTOPOHY.

XenarooGpasyommii cOpOEeHT MOJHAPCEHAa30 MPEUIOKEH 1A KOHLEHTPHUPO-
panus mukponpumeceil As>, Pb™, Mn®*, Cr'™*, Ni**, Ti (IV), V(IV), Co?*, Cu**, Bi*

B camMOpOoaHOM 3oiote [149].
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CopGentsl, cogepxaume apyrue @A’

IMokasana Bo3MOKHOCTH KoHnentpuposarus Fe**, Cr**, Ni**, Cu**, Zn**, Co™,
Cd**, Pb**, Mn®" u3 mopckoii Boasl ¢ nomolbio copbenta 1-8-HOQ. Kosdduunenrt
KOHLEeHTpupoBanus gocruraer 90 [150].

H3ydeHsl yC0BAs W3BICYCHHA TKENBIX METAUIOB M3 THAPOMETajlyprade-
CKHX CTOKOB ¢ momolpto xenarHoii cmonbl XFS 4195 (Dow Chemical) ¢ rpynnamu
N-(2-ruapokcustinnukononamMuaa. CopOumio TshkelblX METaUIOB TPOBOJWIH B
MHAMHYECKHX yCa0BHAX. PaGounii pacteop coxepaan (Mr/m) Cu’*, Co™ (150), Ni**
(50), Zn** (800), Cd** (12), Mn*" (500). Jlst 5;OMPOBAHHUS TSOKENBIX METALIOB MC-
nomns3oBamu pactopsl H,SO,4 (10-50 r/m) 1 ammuaka (2 MOJIb/1T); CKOPOCTBIO TIPO-
nyckanusa 10 m/muH, CHI)XEHHE KHCJIOTHOCTH yJy4IUaeT COpOLuMIO, NMOBBILIEHHE
TeMnepaTypbl Majio BIMseT Ha copbumio metawios. IIpu ncrnons3osanuu  pacTsopa
aMMHaKa OJHOBPEMEHHO C MIOMPOBAHMEM MPOMCXOJHMT PereHepauus HOHOOOMEH-
HO#i cMoJIbl. TToBbIlIEHHE KOHLEHTpaLMH cepHoi kucaotsl o 30-50 r/n cnocoberBo-
BaJ10 MMOMPOBAHUIO METAILIOB H 0coGeHHO kobanbTa [151].

Onucana [152] MeToauka CHHTe3a copOeHTa MyTeM MpPUBMBKM rpynm N-
(peHIITHAPOKCAMOBOI KHCIIOTEL K COMOJIMMEPY CTHPO/A M MaleHHOBOH KHCJIOTHI C
IUBHHIIOEH3010M. M3yueHbl copOLMOHHBIE XapaKTCPUCTUKHU AJiA Cu*, Fe**, Ni**,
Co?*, Zn™*, Pb*, Mo(VI), U(VI), Mn?*, Cr’. Jina 3THX METa/IoB ONpe/ieNieHb! 3aBHU-
CHMOCTH €MKOCTH CMOJIBI OT KMCJIOTHOCTH pacTtBopa B uHrepsane pH 1-6, a Takxke
KMHETHUYECKME XapakTephucTHk# copbuuu. OlieHeHa NPHUIOAHOCTh COpOeHTa A
KOHLEHTPHPOBAHHA M Pa3ZiC/ICHAA MUKPOKOJIHYECTB METALIOB. IIpHBENCHEI NpUME-
pb! pasfeneHus cMeced Cu®" - Fe3+, Ni** - Fe**, Ni?* - Cu2+, Mn** - Cu®, Fe*" - Ni** -
Cu®* ¢ ucnonp3opanneM B KauecTse peryasropos pH 0,001-0,1 M pacreopos HCI
wH nuTpatHoro 6ydepuoro pacrsopa ¢ pH 4.

[TokazaHa BO3MOKHOCTb KOHLIEHTPHPOBaHHs pAAa METALIOB (B TOM YHCIe
Co®, Ni¥*, Cd*") copbenramu, cofepxalliaMy STHIEH- H TIPONAJICHIHaMUHTETpaalle-
tathsie [153, 154], Tuornukonsatheie [155], THasonbhbie [156], THOrHAaHTOMHOBEIE

[157), xeTommuHokapGoxcunbHbie [158], Mbiubakosuctsie [159] u mp. dynxumo-
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HaJTbHO-aHaTMTHYeckue rpynnupoku. CopbenTsi ¢ acnaparunaThbiMu [160], HuTpO-
3opesopuuHOBbIME [161] @ADT npuMeHeHs! A1 KOHUCHTPHPOBAHUA H Pa3/ICICHUA

Co?", Ni** a Takxe Apyrux MeTaJUIOB.
Komno3uTHbie COPOCHTDI

Hapsaay ¢ o6buHBIMH COPOEHTaMH NMPUMEHSIOT Taloke HamOJHEHHbLIC (xomno-
3UTHBIE) COPOEHTHI, MONMYUEHHbIE (JOPMOBAHUEM BOJIOKHA M3 CMECH BOJIOKHOOOpa-
3yIOLIEro MOJIMMepa U COpOEHTa ¢ KOMILIEKCOOOPasyIoLMMH IPyNamMH. CeoiicTBa
TaKkuX COPOEHTOB ONMPEAENSIOTCA HANOJHMTENIEM, B Ka4eCTBE KOTOPHIX MOXHO HC-
MONb30BATh IPaHyNbHBIE M MOPOIIKOOOpasHbie copOenTst [162]. H3yueHs copbuu-
OHHBIE CBOICTBA KOMIIO3UTHOTO HOHOOOMEHHHMKA, COAEPXKALIETO THAPATHPOBAHHBIH
Sb,0s B NOMUCTHPONAHBHHIIOECH30ILHON MAaTPHLE, MO OTHOIIEHHIO K pAny MeTal-

JIOB, B TOM YMCJIE K HUKemO U kobansTy [163].

1.6. OO6wasi XapaKTepMCTHKA XHMHYECKOro COCTaBa alGHOTHUECKHX

(BO/bI) H GHOJIOTHYECKHX 061bEKTOB (BOJIOCHI, KPOBb)

Jlist pelueHys OHOM M3 OCHOBHBIX 3a1a4 HacToAwIEe#H paboThl - pa3paboTku cno-
co6a rPyMNIOBOr0 KOHLEHTPHPOBAHHA M JajIbHEHIIEro aroMHO-a0COPOLMOHHOTrO Orpe-
nenenns Co(IT), Ni(I) u Cd(IT) B abuoTHyeckuX H GHONIOrH4ECKUX 0OBEKTaxX - HEOOXO-
IOHUMO MMETh TIPEACTaBIEHHe 00 HX XMMMUECKOM COCTaBe M COACPXKAHWHM MAKPOKOMITO-

HEHTOB.

ITpupo/Hbie BOABI ABISIOTCA PacTBOPaMH CIIOXKHOrO COCTaBa ¢ OYeHb LIMPO-
KMM AMana3oHOM coJiepkaHus pa3HooOpa3HeIX NpuMeceid. BelmecTsa, conepxalime-
cs B MPUPOAHBIX BOJAX, MOXKHO PasleuTh Ha CIACAYIOMIME IPyIIIbL: 1) pacTBOpeH-
HbIE BELIECTBA; 2) BEILECTBA, MPUCYTCTBYIOIINE B BUIE KOJIOH/OB, 3) TBepabie Be-
HIecTBa, HAXOIALIMECS BO B3BEILCHHOM COCTOSHUH.

OcHOBHas Macca COJIEBOTO COCTaBa OOBIYHBIX MPUPOAHBIX BOJ CKJIAIbIBACTCA
u3 7 noHoB Makpokommonentos: CI', SO42', HCO5, K*, Na', Ca2+, Mg2+. Hx conep-

xkanue coctasiaser 1-10 Mr/nm B 3aBUCHMOCTH OT THNAa BOJ. MUKPOKOMMOHEHTHI, K
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kotopeiM otHOcsT HS', NO, HSiOs, T, Br, COs™, HoPOy, NH,', Fe™', Fe™, Al™,
Mn?* ¥ KoJTOMBL, IPHCYTCTBYIOT B MeHbIIMX KoHueHTpauusax (10-100 mkr/m). Hs-
pe/ika BCTPEYAIOTCH B 3aMETHBIX KOJUYECTBA Li*, S, Ba®*, F, S,05%, BO;>. Oc-
Ta/bHbI€ HOHBI BCTPEYAIOTCA PEAKO U OOBIYHO B HUUYTOXKHBIX KOJIMYECTBAX.

CTOuHbIE BOABI MOTYT MMETh Camblii pa3HOOOpa3HbIi KaueCTBEHHbIH U KOH-

4eCTBEeHHbIH COCTaB B 3aBHCHMOCTH OT BUJA TEXHOTCHHOIO 3arpA3HECHUA.

MHKpO3JIEMERTHBIN cocTaB GrocyOcTpaToB (KpOBb, MOYa, BOJIOCHI, HOITH, 3y-
6bl, HEKPOTHUECKHIA MaTepHall) XapakTepu3yeT ofliiee COCTOAHHE 3I0POBBA YEJIOBE-
Ka, a TAlKe OTPaXaeT CYMMapHOE MOCTYIJIEHUHE 3arpA3HAIONIMX BEIECTB U3 BO3/yXa
IPOM3BOACTBEHHBIX H JKUIBIX MOMEIICHUH, aTMOCHEPHOTO BO3YXa, BOJBI M MPOAYK-
toB nutanus [164-166]. HUndopmauus o coaepxkaHni MHKPO3JIEMEHTOB B Pa3/IMIHbIX
OpraHax W TKaHSX OPraHH3Ma SIBJIAETCA HEOOXOAUMOH Uil XapaKTEPUCTUKU YPOBHA
3arps3sHeHus OKPYXKAIOUIEH CPEMIbl, COCTOAHNA nuTanus [165], winHuveckol anarxo-
CTUKM TIPH OILIEHKE TKECTH TedeHus OonesHed W 3(QECKTHBHOCTH HX JI€HEHHSA
[20,167]. lnst Takoro poaa HCCEA0BaHUA BOJIOCH ABAIOTCA yIOOHBIM OOBEKTOM M0
CIIEYIOIHM PUYUHAM
1) oTtpaxatoT MeTaGoIM3M KIIETOK BCErO OPraHu3Ma,

2) XapaKTepHU3yiOT yPOBEHb COJACPIKAHHA THKENbIX METALIOB B MapEHXMMATO3HBIX
opranax (HarmpuMep, B MOYKaXx);

3) obnapator ompeneneHHo# muHamuko# pocra (0,2-0,5 Mm B JIeHb) M COAEp)KaT
«3aIHCh» HE TOJBKO TOTO, YTO MPOMCXOAWIO ¢ OOMEHOM BellecTB B OnuikaiiiieM
TIPOLLIOM, HO H MHGOPMALIHMIO O €r0 COCTOSHHM B OoJiee OTAAIEHHBIS NIEPUONIBI (Ta-
KOTO POJIa AHAIM3 CTAHOBUTCA OCOOEHHO B@XKHBIM, KOrJa YE€JIOBEK MOABEPracTCs
KPATKOBPEMEHHOMY JCHCTBHIO BbICOKMX KOHLEHTPALMH TOKCHYECKAX METAILIOB; O-
HAKO CJIEAyET 3aMETHTh, YTO KOHLCHTPALMH 3JIEMEHTOB, HaliICHHEIE B BOJIOCAX, HE
OTP@XAIOT COCTOAHHE OPraHU3Ma TOUYHO BO BPEMS B3STHs MPOOHI, HO COOTBETCTBYIOT
cTaTycy B KaKoii-TO peAIIECTBYIOILMI NEPHUOT BPEMEHN),

4) npo6a MoxeT GbITh Mosy4yeHa 6€3 TpaBMUPOBaHHA GOJIBHOTO;

5) BO3MOXHO JUTHTE/BHOE XpaHeHHe NPoGkl Ge3 CrieuHaIbHOro 000pYH0BaHHA.
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OcHOBHas Cy0CTaHUHMA BOJIOC — KEPATHH, KPOME HErO BOJIOCHI CONEPXKAT JH-
nuapt (4-8%) ¥ MUKpO3TeMEHThl. MHKPO3/IEMEHTHBbIA COCTaB BOJIOC 310POBbLIX JIIO-
neil CWIIBHO 3aBHCHT OT BO3pacra, Mona, MeCTa JKUTENbCTBA W HALMOHAJIBHOCTH
[165,168, 169]. Cpeanee coaepkaHHe MHKPO3IEMEHTOB M0 JaHHBIM [168] Takoso:
menb — 9,1-55,6 Mkr/r, uuak 80-228 Mr/r, Hukenb — 0,19-4,21 Mkr/r, Maraui — 26,6-
85,7 mkr/r, mapranen — 1,40-2,93 mxr/r, pryts 3,71-29,6 MKr/T, ceuHerl — 6,0-26,7
MKT/T, KaaMuii — 0,94-2,76 MKr/T, xene3o — 15,3-40 Mkr/T.

B u3yueHMM MHKPOSJIEMEHTHOIO CTaTyca OpraHu3Ma BEAyIyIO pOJib MrpaeT
YCTaHOBJIEHHE KOMHYECTBEHHBIX YPOBHEN 3JIEMEHTOB B KPOBH. ConepxaHue OCHOB-

HBIX KOMIIOHEHTOB IUTa3MBbI KPOBH TpejicTaieHo B Tabu. 3 [170].

Tabnuua 3
Conepxcamde OCHOBHBIX KOMIIOHEHTOB ILU1a3MEI KDOBH
Komnounenr Conepxanue KomnouxeHT Conepxanue
Na® 136-145 mkmonb/min K032 3,6-6,1 mkmosb/Ma
K" 3,5-5,0 MKMOJIb/MJT naKTar 0,4-1,8 MKMOJIB/MII
Ca™" 2,1-2,6 MKMOJI/MII nupysart 0,07-0,11 mkMob/Ma
Mg** 0,6-1,0 MxmoJB/MA MOuEBHHA 3,5-9,0 MkMoab/MA
COs* 1,2 MxMonb/MJ moueBas kuciaora | 0,18-0,54 mxmonb/ma
HCO;5’ 24-28 MKMOJIb/MJ KpeaTHH 0,06-0,13 mMxmosb/mi
cr 100-110 MxkmoAb/MA aMHHOKHCJIOTHI 2,3-4,0 MxMOJIb/MIT
HPO,~ 1,1-1,5 mxMosb/Ma ST 5,5-6,0 mr/mn
S04~ 0,3-0,6 MKMOJIB/MAA | TPHALMATTHUEPHH 1,0-1,3 mr/mn
aMMHaK 0,02-0,06 MkMOJB/MIT XOJeCTepHH 1,7-2,1 mr/mn

o panneim [18] konuentpauua Co B mwiasme 7-10°-0,017 mkr/mia, Ni - 0,018-
0,03 mkr/mi, Zn - 1,12 mxr/a, Pb - 0,03 mxr/mi, Cu - 0,74 mkr/mi. KonuenTpauus
KaJIMHSl, ACCOLMMPYEMast C TKENIOM MHTOKCHKalHeH, pasHa 20 Mxr Ha i1 me/pHOH
kposu [171].

Takum 06pa3oM, MATPHUHbINA COCTaB PACCMOTPEHHBIX BhIIIE OOBEKTOB 10CTa-
TouHO ciioxeH, a konueHTpanus Co, Ni u Cd oueHp He3HauuTenbHa. HecMoTps Ha To,
9TO B JINTEPATYPE OMMCAHBI Pa3IMYHbIE METO/bI ONPEICIEHUA CONCPkKAaHUA MHKPO-

3JIEMEHTOB, GOMNBUIMHCTBO M3 HHX TPYJAOEMKH, aHanu3 TpeOyeT HCHOJb30BaHUA
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Gonbioro o6beMa npobsl, Tpeaesl 00HAPYKEHUA 3a4acTyI0 HHXKE YYBCTBUTE/ILHO-
CTH aHAJMTHUYECKOTO METOJAa WJIH XK€ METOJMKA IMpeayCMaTPHBAET HUCHOJIb30BAHHE
JOporocTosAIMX Mpubopos u o6opynosanus [165, 172-176].

YuuThIBas Bbillie U3J10kKEHHbIE PAKTbI, MPUMEHEHHE MPEABAPUTEIIBHOIO KOH-
LIEHTPUPOBAHHK S IEMEHTOB ABJIAETCA NEPCIIEKTMBHBIM IPH HCCIEN0BAHHH MUKDO-
3JIEMEHTHOTO COCTaBa OOBEKTOB XHBOI M HEXXUBOH MPUPOIDIL.

Taxum 00pa3oM, HaAEeKHOE, SPPEKTUBHOE, FKCIPECCHOE OMPEACIICHHE MHKPO-
xonuuects Co, Ni u Cd B 6uocybeTparax 00yClOBIHBAaeT HEOOXOAUMOCTb TIOMCKA CO-
YeTaHHsA Pa3IMIHbIX (PH3UKO-XUMHYECKHX METO/OB C MPEABAPUTEIbHBIM KOHUCHTPH-
posanueM d BbigeneHueM ¢ nomoupio ITXC. JIoCTOMHCTBA M HEAOCTATKH YKa3aHHbIX
METOIOB ¥ BHJIOB COPOLIMOHHBIX areHTOB, OIMMEPHBIX XenaToobpasyrolmx copoeH-

TOB, B TOM YHcIIE, ofpo6Hee paccMoTpens! B 1. 1.2 - 1.5.

B ananutrueckoil npakTuke Hauutd npumeHeHue [TXC, obnapatouine caMbiMH
Pa3HOOGPA3HBIMM AHAJMTHYECKMMH CBONCTBAMM, OTJIMHYAIOLIMECH H30MPaTENbHO-
CTBIO, YC/IOBHAMH H mapameTpamu copOuuu. CymecTBeHHOE pasnuuue PU3NIeCKuX
CBOJCTB XeJIaTHBIX CMOJI OT OPraHMYECKHX PeareHToB TPeOyeT COBMECTHOrO MpHMe-
HEHUs NIPUHLMMHATBHO MHBIX SKCIIEPUMEHTALHBIX METOIMK UCCIIEA0BaHHA (PH3HKO-
XUMHUYECKMX M aHATUTHYECKUX CBOHCTB COPOEHTOB U ONPECIIEHHON TEOPETUUECKON
Ga3bl Ui OOBACHEHHS UX aHaIMTHUECKOro AeiicTeua. OnHaKo uucio paboT, B KOTO-
phIX OBl KOMIUIEKCHO PACCMATPUBAIMCh 3TH BONPOCHI, HE3HAYHMTE/IBHO. O0630p nuTe-
paTyphl 10 TIPUMEHEHHIO COPOEHTOB JUIs NMPEIBAPHTEILHOrO KOHUEHTPUPOBAHHA H
OTIpe/IE/IEHHs. MHKPOIJIEMEHTOB B 00BEKTaX OKPYKAIOLUEH CPe/bl MOKa3a/l MepeneK-
THBHOCTBH TIOUCKA HOBBIX COPOIIMOHHBIX CHCTEM H Pa3paOOTKH OTACIbHBIX BOMPOCOB
TeopHH fAeicTBHA copGeHTOB. PaccMoTpeHHbie B 0030pe NMpPUMEpHI BBIACICHHS M
KOHLICHTPUPOBAHHA MHKPOJJIEMEHTOB He AB/AIOTCA yHHBEpCANbHBIMU. B pane ciy-
yaeB HENOCTATOYHAd M30MPaTeNbHOCTh COPOLMM NMPHUBOAMT K HEOOXOMMMOCTH YC-
NOXKHEHHS aHAJIM3a 33 CUeT AOMOIHHUTENbHBIX onepaunii Mackuposanus. K Hegocrar-
KaM B HEKOTOPhIX C/y4asdX CTOMT OTHECTH UIMTEJbHOCTh M HEMOJHOTY mpolecca

copbuun u mecopbuuu. Korma copGeHTbI MPUXOMMTCA MOABEPraTh O30JICHHUIO, ITO
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TIIPHBOIMT K IOTEPe MHOTHX JIETYUHX 3JIEMEHTOB M MCKJIFOYACT MHOTOKPATHOE MPHME-
HEHME COPOECHTOB, YTO YBEJIMYHBAECT CTOWMOCTD aHayiM3a. I1pu HU3KHX ko3¢ punmnenTax
pacnipenenenus HeoOXOAMMO MPOBOIUTE TOBTOPHBIE COPOIMOHHBIC OTEPALHY, YTO, B
CBOIO OYEPE/Ib, YBEIHUUBAET UIMTEILHOCTD aHATIU3A.

Takum 0Gpa3oM, oueBMAHA HEOOXOAMMOCTH MOMCKA U Pa3pabOTKH HOBBIX BbI-
COKOUYBCTBHTEJIBHbIX, KCTIPECCHBIX, HAJIEXHBIX METOJ0B C IPEJBAaPUTENILHBIM KOH-
LIEHTPHPOBAHMEM 31eMEHTOB ¢ nmoMolbio [IXC NpUMEHHTENBHO K aHaIU3y NpUpOA-
HBIX OOBEKTOB CO CIOXHBIM COCTAaBOM. BaKHBIM HampaBleHHEM B 00NacTU TEOPHH
medictua B npakTuku npumenenuss IIXC ABngeTcs ueneHanpaBleH bl CHHTE3 COp-
GEHTOB ¢ 3apaHee 3aJaHHBIMH CBOMCTBAMM HAa OCHOBE YCTAHOBJICHHA KOJTMIECTBEHHbIX
KOppENALHiA MeXTy PH3NKO-XMMHIECKUMH NapaMeTpamMH ®AT copOeHTOB M aHAIMTH-

YECKUMHU XapPaKTCPHUCTUKAMHU UX X€JIaTOB C 3NICMECHTaAMHU.
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Iaasa 2. METOJJUKA SKCIIEPUMEHTAJIBHBIX UCCJIEJOBAHUIN

HccnegoBanue cOpOLUMH DNEMEHTOB Ha MOMMMEPHBIX Xearoo0pa3yromHx cop-
6entax (ITXC) npexycMarpuBacT M3y4CHHE KHCIOTHO-OCHOBHBIX CBOHCTB (YyHK-
LHoHabHO-aranuTHueckux rpynn (OAIY) copGeHTOB, YCIOBHiA  KOMILIEKCO0Opaso-
BaHMs COPOEHTOB C EMEHTAaMH M TIPUPOJIb 00PasyloIHNXCA B PE3y/bTare copbuuu
COEIMHEHHUI B MOJETBHBIX PACTBOPAX, BHIOOP ONTHMAIbHOH COPOLIMOHHOH CHCTEMBI,
ONTHUMH3ALMIO YCIOBHA COPOLMH M €€ NPUMEHECHHE U1 KOMTMYECTBEHHOrO OMNpeac-
JIEHHUS CONEPIKAHHSA EMEHTOB NIPH AHAJIM3€ PEAJIbHBIX 0OBEKTOB.

IpumeHenye [IXC B aHaIMTHYECKUX LEMAX ABIACTCA Pa3BUBAIOIUMMCA Ha-
TIpaBJIeHHEM, TIO3TOMY TEOPETHUECKHE OCHOBBI MX JICHCTBHA U METOJOJIOTHsA HCCIIC-
NOBaHHii COPOEHTOB HEOCTATOYHO Pa3pabOoTaHbI.

CylecTBeHHbIE OT/IHYHA CBOHCTB - XeaToo0pasylomux COpOeHTOB, omnpene-
JISEMBIX HAJIHYMEM TONIMMEPHON MaTpHIIbl, OT COOTBETCTBYIOIMX UM CBOWCTB pac-
TBOPHMBIX OPraHA4YECKHX PeareHToB TpeOyeT NPUMMEHEHU HHBIX METOLMK HUCCIIEN0-
BaHHUS UX QU3UKO-XUMHUECKHX M AHAUTMTHYECKHX XapakTepuctuk. CTan1apTHbiE Me-
TOABL MCCEAOBaHUM, MPUMEHAEMBIE JJI1 PACTBOPHMBIX oprannﬁecxux peareHToB U
WX KOMIUIEKCHBIX COEIHHEHHMH, MOTYT ObITh MCIOJIb30BaHbl TOJIBKO B MOaM(uuupo-

BaHHOM BHe. ONBIT M0 uccaeaoBaHuio cTpoenus U ceoiicts ITXC 0606wen B paGo-

tax [1, 57, 58, 66, 68, 69].

2.1. Ucnoan3yembie cop0eHTDb], peakTHBLI M aMNapaTypa

DKkcrepUMeHTalbHAd YacTh JAHHOH pa0oThl OCHOBaHAa HAa HCMOJIb30BaHWUM
rpynmst IIXC ¢ 2-0kCH-a30-2'-0KCH-(YHKLMOHA/IbHO-aHATUTHYECKOH rpynmno#, co-
nepmam@\p&nuquue 3aMECTHUTEJIH.

CopGeHTH Ha OCHOBE COMOIMMEPA CTHPOJIa C AMBAHUIOEH30IOM MaKpONopHc-
To#t cTpykTyphl Mapku 15/100 (taGn. 4) Gpuin CHHTE3HPOBAHHI B IlenTpanbHOH XH-
muueckoit naboparopuu UTEM PAH [57, 58]. lna mccneoBaHus HaMH B pabote
GBUIH HCIIOJB30BaHE ounieHHble copGentsl B H -dopme [72, 177, 178].

CopGeHTsl TIpeACTaBIsAIOT CoGoi rpanymsl pasmepom 0,25-1 MM TemHo-

KOPHYHEBOT'O 11B€TAa, HEPACTBOPHMBIC B BOAC, KHCJIOTaX, Iej104Yax H OpraHu4YCCKHX
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pacteoputenax. Coxepxanne OAIT KOHTPOIMPOBATH 3JICMCHTHBIM aHAIM30M Ha

wmouessie atombl [57, 58]. Crenens Bxoxaenus OAI (y) cocrasnsina 0,2-0,4.

Tabnuua 4
Hccenenyembie copOeHTH
OH HO X
D Gt}
Y
o

Ne Haspanue v 3amecrurenu

n/n copbeHTa -X -y
1 NOJMCTHPO-2-0KCH-a30-2’ -OKCHOEH301 - - -
2 MOJIMCTHPO-2-OKCH-230-2"-OKCH, 5'- - - -Cl

XJIOpOeH30.1
3 MOJMCTHPOJI-2-0KCH-a30-2"-OKCH, 5~ 0,24 - -SO;H
6enszoncynnhokucnora
4 NOJMCTHPOI-2-0KCH-a30-2’-OKCH, 57- - - -NO;
HUTPOOEH30J1
5 NOJMCTHPON-2-0KCH-a30-2"-OKCH, 5~ 0,25 -SO;H -Cl
xJiop, 3’-6eH30cynbhOKHCAOTA '
6 MOMUCTUPOJI-2-0KCH-330-2’-0KCH, 3, 5= 0,16 -SOsH -SO;H
Oen3oaaucynbbokrcaoTa
7 NOJMCTUPON-2-0KCH-a30-2"-OKeH, 5= 0,30 -SO;H -NO,
HUTPO,3’-6eH30CcyabdokucioTa
8 NOJNCTHPOJI-2-OKCH-a30-2’-0KeH, 3,5 - - -NO; -NO;
AUHUTPOOEH30N
9 NOJAMCTHPON-2-0KCH-a30-2’-0KCH, 3'- 0,30 . -COOH -SOsH
kap6okcu,5’-6eH3oncynbpokucnora '

= 3/IeMEHTHBIi AHAJM3 HE MPHMCHHM 1A ONPee/ICHUA CTENCHH BXOXKICHHA QAT

Vcxoansie pacteope Co™*, Ni*¥, Cd*" ¢ xonuenTpauueii 1 r/n rotoBuim pac-
TBOpEHHEM MeTawioB (0C.4.) B KHCIOTaX IO NPONMMCAM, TPUBEACHHBIM B pabote
[179]. PaGouue pacTBOpHI TOTOBHJIM H3 MCXOAHBIX NyTEM HX MNOCJIEAOBATENHLHOrO
pas6aBreHus NUCTUUTMPOBAHHOM BOJIOH, MOJKHCIEHHOH a30THOH KHCJIOTOH, B JIEHb
HCIOJIb30BaHHUA.

PacTBOpHI, COAEPKALMX HOHBI K*, Na*, NH4", Ca2+, Mg2+, Mn2+, Pb2+, Cu2+,
Zn®, Fe¥', Fe*, AI*, Cr**, CI, F, NOs, SO.%, CO5*, H,POy, HPO.”, PO,™ ¢ Kou-
uenTpauueii 1-10 MI/MIJI FOTOBHIIM M3 COOTBETCTBYIONIUX COJEM (X.4.) O MPOMHCAM,
npuBefcHHBIM B pabote [180], ¥ MOAKHMCIAIM C YYETOM IHAPOJUTHICCKHX CBOHCTB
1oHoB [6, 7]. PaGoune pacTBOpHI TOTOBHIM M3 HCXOAHBIX MYTEM MOC/IEA0BATENLHOrO

pa3baBneHus.
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PacTBOPHI MaCKMPYIOILMX BELIECTB, HCMOIb3YEMBIX MPH H3Y4YEHHH MPOLECCOB
KOHLICHTPHPOBAHHA KoOa/bTa HUKeNIA U KaJMHSA, TaKUX KaK ¢Topui HaTpus, JIUTH-
podocdar HaTpus, MIULIEPHH, aCKOPOMHOBAsE KUCII0TA, THOMO4YEBHHA, TOTOBIIIH pac-
TBOPEHHEM B BOJIE TOYHBIX HABECOK MPO/AXKHBIX NPEMApaToB € YUETOM COEPIKAHUS
OCHOBHOTO BELLECTBA.

B kauecTBe (OTOMETPHYECKOrO pearcHra Uid ONpEACHCHUA 3JIEMEHTOB HC-
TIOJIb30BA/IM BOAHBIH pacTBop 4-(2-nupuaunaso)-pesopunna (ITAP) (1) [181].

Heob6xonumoe 3Hauenue pH (nmpu HMcnojib30BaHMH PAacTBOPOB, COAEPKaLIMX
wonsr Co”* u Ni*") yeranasnusanocs no6asnenuem pacrsopos HCl unu NaOH (0,01
mos/n). Jina cosaaHus onpeneneHHOro 3HaueHus pH B pacTBopax, COAEpKalMX
Cd**, smecro pacrsopa HCI ucnonssosanu pactsop HNOs.

Macchl HaBeCOK OTpeNesAny Ha aHanutHieckux Becax BJIA-200r-M. 3nauve-
Hua pH McceyeMpIX pacCTBOPOB KOHTPOJIMPOBAIH NPH nomomu noHomepa U-130 ¢
toynocthio + 0,05 ¢ HCNONB30BaHMEM CTCKIAHHBIX HWHAHKATOPHBIX 3JICKTPOJOB
ACJI-43-11 u DCJI-15-11 u xyopcepeOpsAHOro 3MeKTpoaa cpaBHEHHs. PacTBophl ne-
peMeLIMBaM Ha MarHMUTHBIX Mellankax Tuna MM-6.

KOHLIEHTPALMIO 3IEMEHTOB B aHAIM3UPYEMBIX pacTeopax onpenensnu ¢oro-
METPHYECKHM MeToaoM Ha cnekrpodotomerpe CD-46, meronoM aTtoMHOH abcop6-
uuu Ha mpubopax «AAS-1N» u «KBaur-Z.9TA» (C miaMeHHO#! U MEKTPOTEPMHUE-
CKO# aToMH3aLueil COOTBETCTBEHHO) IO MPEABAPHUTEIBHO NOCTPOCHHBIM TpaxyHpO-
BOYHBIM rpadukaM. YCIOBHS aTOMHO-aOGCOPOUMOHHOTO ONPEJENCHHS 3JIEMEHTOB

yka3aHbl B Tabi1. 3, 6.

Tabnuna 5
OnTuMaibHbBIE YCIOBHA H3MEPECHHSA AHAJITUTUUYECKOro CUuruajia
Ha crektpoMetpax «AAS-1N» u «KBant-Z.OTA»
DaeMeHT J:Ufl,a HBSH' nlgﬁm;; TOKKTTZ{::M? :(Kmm Ko;()b;:)e:;m a3 MoauukaTop
Co 240,7 0,4 5 D, aleTHIEH-BO3AYX -
Co 242.5 0,20 30 Zeeman aproH Mg(NOs),
Ni 232,0 1,0 7.5 - ALCTHIICH-BO3OYX -
Ni 352,5 1,00 30 Zeeman aproH -
Cd 228.8 0,1 50 - AUETHICH-BO3TYX -
Cd 228.8 2,00 5 Zeeman apro’ Pd(NOs);
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Ta6nuua 6

ITapaMeTpsl MporpaMM Harpesa ey Ui CIEKTpOMETpa «KBaHT-Z.OTA»

Hcnapenme Tuposn 1 Iupoms 2 TTuponus 3 ATomuzaius OuncTka

© L < L L L

[5) I Q - [3) I3 [3) I [3) Q 3 Q 2 -

o Q * | 8- g o a o 3] 8- 4 = Fm‘- o = g_

o : g |2 o o . [ o
HHERHHERHETRHU R R
= |8 = & &

u | & g g g < = a, & 8|2 |8
Elg|d|8|a|5|d|d|a|E|d|E|p|5|d|E8|2|2|2|6|2|E|2 8|
Col 9550+ 95|60+ |99 900[+|0]1][90]-]|0 [80]2200[ - 0 [2000]2650]+
Nilo 9 50+ 9|5 60|+ |99 [1000[+] 0] [1000]-]0 [700[2400] - | 0 |2000|2650] +
Calo[o 50|+ |9 |5|60|+]|9]9|600[+|0]1][600]-|0 [600[1900] - 0 [2000]2600]+

IloaroToBKa COPOEHTOB K HCC/ICJOBAHMIO

OuucTKy copGeHTOB NMPOBOIWIH N0 METOMMKE, NPHBEACHHOH B padote [72].
Ilnst 3Toro CopbeHT MOMeI@ny B CTaKaH, 3aMojIHEHHBIH NPHOIH3HTENREHO HA 173
06LeMa AMCTHILINPOBAHHOM BosoM. Boay MpHGABIAIH B TaKOM KOJHYECTBE, YTOObI
ee ypoBeHb OBLI MO Kpaiineii mepe Ha 10 cM Bble yposHA copGenra. [Tommep oc-
TABJAUTH JUIA HabyxaHHs B TeYeHHE HECKOJNIbKUX YacOB, MEPEMELIMBAIIH H TIOCIIE ClIH-
BaIM BOAy AEKaHTaluel. DTy omepauyio MOBTOPANM N0 NOJy4eHUs NpO3payuHoi H
GecLBeTHOH MPOMBIBHOM Boawl. 3arem K copbeHTy MpuOaBnsiIM pacTBOp COJAHOH
kucnoThl (3 Monb/n) (061as KOHUEHTPAaUUsA HOHOB H' npesbimana nonHyio o6meH-
HYIO €MKOCTb CMOJBI pUban3nTensHO Ha 25%). CycneHsuio copObeHTa OCTaB/IANY B
KHCJIOM pacTBOpe Ha 1-2 yaca npu nepuoanyeckom nomewnsannu. Kucnoty nexas-
THPOBAJIH, 2 TIONMMED TIPOMBIBATH JHCTHLTHPOBAHHON BOJOH 10 HeWTpanbHOMN peak-
LMK TIPOMBIBHBIX BoA. OuHiIEeHHBIH COPOEHT NEPEBOJUITH B Na'-dopmy obpaboTkoii
pactBopoM ruapokcuaa Hatpus (1-2 Mons/n) B Teuenue 1-2 u. 3aTeM cOpOEHT Tia-
TEJILHO MPOMBIBATM BOAOH M NEPEBOJUIH B H'-opMy ONMHCAHHBIM BBIIIE METOJOM.
Bechb LMK OYHCTKH OBTOPSUTH 2-3 pasa.

Jlns 6omnee BBICOKOM CTENEHH OYUCTKH COPOEHTA MOC/e MOJHOro LHMKIA €ro
NpoMbiBaIM ropsyei Bogod (t = 90-95°C) B Teuenue 30 MHH., a 3aTeM HEOOIBIIUM
KOJIMYECTBOM XOJIOAHOM AMCTHUIMPOBAHHOM BOABI M 3TAHOJIOM JI0 NOJYYEHHUA INPO-
3payHoii 1 GECLBETHOH MPOMBIBHOM XHIKOCTH.

Cop6enr nepesonunu 8 H -opmy: cHauana npomsiBaiu ero 5 o6remamu (01-
HOCHTENIBHO copGéHTa) 7%-HOro pacTBOpa COJIAHOH KHCJIOTBHI, 3aTE€M AUCTHLIHPO-

BAHHOM BOAOM 0 HCUE3HOBEHMS KHMCJIOH peakuu (0 METHIOBOMY KPaCHOMY) Npo-
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MBbIBHOH BOJBI, OTGHILTPOBHIBAIM Ha BOPOHKE BroxHepa, BHICYHIHBAIH B CYUIHJIb-

HoM mKady M0 MocTosHHO#M Maccsl npu Temneparype 25°C [72, 177].

2.2. MeToauKa HCCJIeA0BAHHS KHCJIOTHO-OCHOBHBIX CBOMCTB IMMOJIHMEP-
HbIX X€JIATHBIX COPOEHTOB

KucnorHo-ocHoBHble cBoiicTBa ITXC ABIAIOTCA MX Ba)KHOH XapaKTEPHCTUKOH
¥ B 3HaUMTEsIbHOM Mepe ompenensmor 3Hayenne pH 50%-Hoil copOumu 3meMeHTOB
(pHsy), uutepBan pH, B KOTOPOM JOCTMraeTcs MakCHMaibHas CTENCHb U3BJICYCHHUA,
(PH onm) 1 M30MpPATEAbHOCTH COPOEHTOB B IPOLIECCE X€IaT000pasoBaHus [1, 58, 67,
182, 183]. OGuienpu3HaHHBIM M OCHOBHBIM METOIOM ONPENCNIEHHA YCIOBHBIX
KOHCTAHT HWOHHM3aUMH HOHOOOMEHHBIX TOJHMEPHBIX COCAMHEHMH  ABIACTCA
MOTEHLHOMETPUYECKOe TUTPOBaHHe [72, 144, 184].

KoncranTsl nouu3aui ITXC pacCuuThiBaIM M3 JAHHBIX MOTCHLIHOMETPHYCCKOTrO
TiTpoBaHuA 10 MomuduuMpoBaHHOMY ypasHenmio Ienpepcona-T’ accenibbaxa, pexo-
MeHIOBaHHOMY U1 IIOJIMMEPHBIX xenaToobpasyiouux copbentos [1, 177, 184], xo-
TOPOE NO3BOJIAET ONPEAEIHTD YCIOBHbIE KOHCTAHTbI KUCIOTHO-OCHOBHOH HOHH3ALMH
AT [57].

3naueHus pKyo, CHIBHO 3aBUCAT OT HOHHOl CHJIBI BHelHero pactopa. Ilpu ee
NOBBILICHAH BeJIMYMHA KOHCTAHT HOHHM3ALlMK yBennuuBaeTca. IloaToMy onpeaencHue
KOHCTAHT AMCCOLMALMH MPOBOJAT MPH MOCTOSHHONW HMOHHOM cuyie pacTBopa. UToObI
CBECTH K MMHMMYMY TOTPELIHOCTH 32 CYET CYCTEH3MOHHOro 3¢dekra, HCMONp30BaAIH
rpaHyMpoBaHHbie copbenTsi [177].

Pacuer xonctaHT wuoHm3aiud IIXC mnpeaycmarpuBall NpEABapUTEIBHOE

BBIYHC/ICHHE CTATHYECKOH eMKocTH copbentos 1o uony Hatpus (CECwa+) [1, 177].

2.2.1. OnpenesieHne CTATHYECKOH €eMKOCTH COPOEHTOB M0 HOHY HATPHsI
O6MeHHas eMKOCTh 3aBUCHT OT yaenbHoro conepkanus GAIT B copbenre u
pH pacteopa [69]. Pacuer craTHueckod €MKOCTH COPOCHTOB IO HOHY HaTpui
(CECy,") namu nposezieH 1o pa6ote [185].
Jlns BBIYMCIIEHUSA CECy,' B OIOKC BMECTHMOCTBIO 35 M1 MNOMEINAIH Ha-
Becky copOenra 0,100 r B H'-dopwme, noGasnsima Tyna ke 20 mu pactsopa NaOH

(0,1 Monb/;T) H TepeMelIMBaTH CMeECh TOKOM a3ora. [lna kaxaoro copbeHTa roro-



50

BHJTH 110 TPY Napa/Uie/IbHbIX POGEI. 3aTeM OHOKCHI 3aKpbIBATH KPBILIKAMH H TIOMeE-
A B 3KCHKATOP, 3AMOJIHEHHBIH 230TOM, OuMILEHHBIM OT CO,, BBIAEPKUBATH
npoObl B TeueHHe CyTOK. 3areM orOupanu 10 M1 MaTOYHOrO pacTBOpa Hax copbeH-
toM u tutposanu pacrsopom HCI (0,1 Mone/n) B MpUCYTCTBHU HECKONBKMX KaTlelb
CMELIaHHOTO MHAMKATOpa, CocTosALero u3 cMecu 160 Mr METHIIOBOrO KPacHOro H 80
MTI METHJIEHOBOTO CHHero, pacTBopeHHbix B 100 Mt 50%-noro sranona. CEC Na pac-
CUMTHIBAIH 110 popMyJie:

20K —%-a-K,)-o,ow-moo

20K - 20K,

CEC,,. =(
Na 40g l0g

2.1),

rae a- o6bem pacrsopa HCI (0,1 Mons/m), H3pacX0AOBaHHBIA HA THTPOBAHHE, MIL,
K- nonpaska k HopmansHocTH pactsopa NaOH,
K- nonpaska x HopmansHocTH pactsopa HCI,
0,004 — tutp pactopa NaOH;
40 — monexynapHas macca NaOH;
g - HaBecka copOeHTa, T.
[onydenHsle JaHHbIE OBUIA HCTIONB3OBAHBI HAMHU TIPH ONPEEICHHH KOHCTAHT

nonuzauuu OAT .

2.2.2. IoTeHUHOMETPHYECKOE TUTPOBaHHE COPOEHTOB

Hane>XHOCTb 3TOr0 METOJa 3aBMCHUT B OCHOBHOM OT TILATEJILHOCTH OYHCTKH
copGeHTa, TOUHOCTH OmpenesieHHs OOMEHHOH €MKOCTH, COOMOJACHHA PaBHOBECHA
MEXIy TBepIOil M UAKMMH (asamMu mpH u3MepeHusx pH, NMpaBUILHOCTH IOCTHPO-
BaHMA Mapbl JIEKTPOJOB.

[TOTEHIIMOMETPUUYECKOE TUTPOBAHHE COPOESHTOB MPOBOAWIIH METOJOM OTAEITb-
HbIX HABECOK. YUWTBIBAA, YTO NPH HU3KHX 3HAYCHHAX MOHHOH CHJIBI M3-32 B3auUM-
HOTO BJIMAHMSA aKTHBHBIX IPYII COpOEHTa, CKAYKH HAa KPUBOH THUTPOBAHHA MPOSBILA-
JOTCS HEUEeTKO WJIH BOOOLIE MOTYT OTCYTCTBOBATh, AAHHBIE GbUIH NMOTYYEHbI Ha doHe
pactsopa uHauddepentroro anexrponura NaCl npu nonHoi cune u =1.

Cepwuio Hasecok 110 0,100 r cop6eHTa momemant B GIOKCHl EMKOCTBIO 35 M H
npunusanu o 15 mn pacrsopa NaCl (1 Monb/i1) Juist CO30aHHS HOHHOH CHITBI 4L = lu

OCTAB/ISUIA HA OAMH Yac. 3atem B Grokchl mo6asnsanmu no 10 mi pacteopa (1 mMosns/n),
/
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conepxawero NaCl u pasnuunbie konuyectsa pactsopa NaOH (0,02 morne/;m) Takum
06pa3oM, YTOOH 3HAauUEHHE CTENEHH INOJNHOH HEATPATM3AaLMH (YHKUHOHATBHBIX
rpynn copbenta (Q) usmensiocs ot 0 10 BenuaUHBL CEC g+ (3HaueHusa () HaXOAHIIH
KaK OTHOLIEHHE YMcIa MMOJIb J0OABIEHHOM 1wenoun K obmeMy yucny Mmonb QAL
BO B3TOM KOJHuecTBe copOeHTa). PacTBopsl nepemelnBali TOKOM a30Ta H BbIAEP-
KMBATH B SKCHKATOpE, 3alI0NHEHHOM a30TOM, npu Temmeparype 20 2°C B Teuenue
24 yacoB IS AOCTHXEHHUS B HUX HOHHOTO paBHOBecus. Uepes cyTku msmepsanu pH
pacTBopa.

[Io moONy4YeHHHIM [AaHHBIM CTPOMJIA KDHBYIO MNOTEHUHOMETPUYECKOTO
THTPOBAaHHA B KoopauHaTax () (KOJIMYECTBO THTPAHTA, MMOJL/T), pH. Jins TOUHOro
OTpefieNIeHHsT TOYEK OSKBUBAICHTHOCTH IO HHTETPAIbHOH KPHBOH THTPOBaHHA
cTpow auddepeHLIMaTbHYI0 KPHBYIO B koopauHarax Q, ApH/AQ .

KpHBble THTPOBAHHS, BHIPAXKAIOLME 3aBHCHMOCTH BENW4HHBI pH pacTBopa OT
KOJIMUECTBa MOOABIEHHON LUEI0YH, TMO3BOJLIIOT ONPEACIIHTh MaKCHMAIbHYIO €MKOCTh

cop6eHTa A cAeNarh TOJbKO KAYECTBEHHBIE 3AKIIOYECHHUS O 3HAYCHUAX pK AKTHBHBIX

rpymm.

2.2.3. MeToanka pac4eTa KOHCTAHT KHCJIOTHO-0CHOBHOI HOHM3ALIHH

Haub6oJiee TOUHbIE CBEACHUS O JUCCOLMALUY KHCIOTHBIX TPYMI JAtOT TepMO-

JIMHAMHYECKHME KOHCTAHTHI, OJJHAKO PACYeT MX CONPSKEH C OOMBIIMMH TPYAHOCTAMH

M He Bceraa onpasaH. i NpakTHYECKHX LieNeH, 0-BHAMMOMY, MOXKHO MCMOJNB30-
BaTb YCJOBHbIE KOHCTaHThbI AHccoLMauuu [69].

KOMT4eCTBEHHOE OMpE/IENEeHHE 3HAUYEHHH KOHCTAHT MOHM3alMH (DKo ¢yHK-

IMOHATbHO-AHATIMTHYECKHMX TPYTII MOMyYaId U3 JaHHBIX MOTCHUHOMETPHYECKOrO THT-

POBaHKA, UCIOJB3YA MOTU(DULIMPOBAHHOE YPaBHEHHE Tennepcona-I'accensbaxa [177]:
pK,, = pH-mlg—2— 2.2),
-a

rae « - cTeneHp HEWTpanM3alM{ KMCIOTHBIX IPYIN NOJHMEpPA, paCCUNTaHHaA
0 pe3yJibTaTaM MOTEHLHOMETPHYECKOTO THTPOBAHHA,
m — HekoTOPbiii K03GGHLIHEHT.
PacueT ¢ NMPOBOJMIIM I KKION CTYNEHH, HCXOA M3 CTaTHYCCKOH €MKOCTH

kaxaoi rpynmst B haze [TXC, kak OTHOIIEHHME KOTHUECTBA BELECTBA J00aBICHHOr0
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NaOH (MMob) K 06lIEMy YHCIy KOJIHYECTBA BEIIECTBA (MMOIb) KaX/A0i aKTHBHOH

rpynnst B 0,100 r cop6enTa no gpopmyse:

g NV __ 002V 2.3),
g-CEC,. 0100-CEC,.

rae N - nopmanbHocTh pactBopa NaOH;
V - 06bem gobapnennoro pactopa NaOH (0,02 monw/n), mi,
g - Macca copOeHTa, T;
CECyga+- CTaTHYECKAs EMKOCTB Ka)KIO0M rpynmnsl B ¢aze nojMMepa.

Wcnonb3ys HaiiicHHBIE 3HAUEHHUSA & M COOTBETCTBYIOLIME UM pH CTpOWIH
a
rpaduku 3aBUCHMOCTH pH = f| (lg 1—)
-a
CornacHo Moau(HUIMPOBAHHOMY YPaBHEHHIO Fennepcona-raccenb(iaxa) pH v

v ) v a
BHELIHETO PacTBOpa ABJACTCA NUHEHHOH (yHKuMeEH f (lg 1——), a TAaHreHC yrjia Ha-
-

KJIOHA NpsiMoii (napameTtp m) mosbkeH ObiTh paBed 1. OnHako B ACHCTBUTENBHOCTH
HaOJIONA0TCA OTKIOHEHHS OT 3TOro 3HaueHHsA. BennynHa TaHreHCa yrja HakJioHa
npsAMOii Gblla UCMONB30BAHA /i1 pacyeTa YCIOBHbIX pKioy aKTHUBHBIX IPyNI COP-

OEHTOB.

2.3. MeToanka onpeaesieHusl ONTHMAILHBIX YCJI0BHI COpOUUH
2.3.1. Onpegeyienye BAMSIHMSL KHMCJIOTHOCTH Cpelbl Ha copOuuio
3JIEeMEHTOB
KOHLEHTpauusi BOAOPOAHbIX HOHOB B PACTBOPE ABJIACTCA OJHHM M3 Hanboee
Ba)KHBIX (AKTOPOB, ONpPEJE/AIOIINX PABHOBECUE PEAKLMM 00pa30BaHUs KOMILIEKCA.
Oto 00yCHOBIEHO TeM, YTO OONBIIMHCTBO OPraHMYECKHX pEarceHToB M Xe-
naTtooGpasyomux copGeHToB (B TOM YHCIIE M3yYEHHBIX B AAHHOH pabore), npume-
HSAEMBIX JUISI KOHLIEHTPHPOBAHHUA, pasneneﬂﬁﬂ ¥ ONpPEACICHUA JNEMEHTOB, OTHOCATCA
K cabuiM kuciortam [1, 58, 67-69, 186].
OrntumaneHylo BenuunHy pH copOumu  37€MEHTOB  OMPEAC/AUIA  3KC-
NIEPMMEHTAJIBHBIM TYTEM 10 rpadMkaM 3aBUCHMOCTH CTETICHH copObuuM OT KOHLICH-

Tpauuu OHOB Bogopoa B uxtepsane pH 1,00- 12,00.
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st 3TOro B CEpHIO GIOKCOB  eMKOCTBIO 35 M1 momewanyu 20 Mr copOeHTa, 2
MJI PacTBOpA 3JIEMEHTA ¢ KOHIEeHTpauuei 10 Mxr/mi, 106aBasIH HEe0OX0UMBIit 00b-
em pactBopos NaOH, HCl wiu HNO;, nosoasa obumii o6beM pacTsopa 10 20 M,
3aKPbIBANM KPBIIIKOHA M NEPEeMEIIMBAIA  MAarHATHOW MEIIANKOH B TCUEHHE 90 muH
.
Npu TeMIepaType 20+2°C. Cop6eHThl OT(GHILTPOBbIBAIN qe[;e’:’s $unbTp «CHHAA JIeH-
Ta». B ¢unsTpare cofepKaHHE 3JIEMEHTOB ONPEACIAIH (bo/Tomerpuqecxu Ha npubo-
pe C®-46 c ucnonp3oBanueM peareHTa ITAP 1o npeaBapHTENIbHO NOCTPOCHHLIM

rpaayHpOBOYHBIM rpadHKaM.
CoaepiaHue 31eMeHTa B (UIBTPATE BBHIACHAIM O MCCNIENOBAaHMA Inpouecca

necopbuuu (1. 2.5.), 103TOMY KOIHMIECTBO COPOMPOBAHHOTO 3JIEMEHTA HAXOAHIIH KaK
PasHHUITY MEXJIy KOITHYECTBOM BBEJEHHOrO B MpoOy 371€MEHTa M KOJIMYECTBOM He-
cop6upoBaHHOro 3neMeHTa B GUIABTPATE: g = gn - dp. CTeneHsb COpOLMH 3TIEMEHTOB

TpH YCTAHOBJIEHHBIX 3Ha4YeHUX pH Beruucasnu no gopmyie:

R=2"9¢ - 1p0% 2.4),
UM

A€ g, gn ¥ g - KOMTHYECTBA MUKPOIIEMEHTa B KOHLCHTpATe (copbenTe), npo-
Oe u punbTpaTe COOTBETCTBEHHO,
R - crenenb copOumu, %.

ITo nony4YeHHbIM JAHHBIM CTPOMIIH KPHBBIE 3aBUCUMOCTH CTEMIEHH U3BJICUCHHA
aneMeHToB (R) oT pH pacTBOpa, M3 KOTOPHIX ONPEAEIUIA MHTCpBA 3HaueHuii pH
(PHonm) © MAKCHMAJIHOH CTemeHbio copbuuu u Benuuty 50%-How copbumu 3me-

MeHTOB (pH ).

2.3.2. OnpenesieHue BIAHAHUA BpEMEHM KOHTAKTAa H TeMNepaTypbl

pPacTBOpa Ha COPOLMIO IJIEMEHTOB
Jiist u3yueHus BIHAHME BDEMEHH KOHTAKTa PacTBOpA 3JIEMEHTa C COPOCHTOM H
TeMIiepaTyphl Ha CTeNleHb W3BJICUEHHA TOTOBUIH HECKOJILKO CEPHH pacTBOpOB, CO-
pepxamux no 20 Mxr anementa M 20 Mr copGenTa. YCTaHaBIMBAJIH 3HAYEHUE pH ¢
Y4ETOM OMNpEJIENIEHHOM paHee ONTHMANBHOM KUCIOTHOCTH CPelibl. PacTBOPBI MEPBbIX
cepuii mepeMeInBak NPH TeMIeparype 20+2°C B Teuenue 5,10, 20, 30, 45, 60 u 90

MHH, a PacCTBOpHI IPYTHX CepHii Harpesanu 10 4012 u 60+2°C 1 nepeMeLIMBaIH NIPH
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3THX ycloBHAX B TedeHue 5, 10, 15, 30, 45 u 60 muH. CreneHb U3BICICHHS JIEMEHTA
OLICHMBAJIM, KaK OMHCaHO Bbilue. 110 MONYYEHHBIM JaHHBIM CTPOHIH KPHBBIE 3aBH-
cumocTH crerienn copbuuu (R,%) OT BpeMEHH nepeMeluMBaHus (7, MuH) MPH yKa-
3aHHBIX 3HAYCHUAX TEMIEPATYPhl PACTBOPA, 110 KOTOPLIM ONPEAEITSiA ONTUMaJIbHOE
BpEMs M TEMNEPaTypy COpOLMH, HEOOXOMUMBIE 1A NOCTHKEHHS TOIHOH copOuMH

3JICMCHTOB.

2.3.3. Onpenenenue kK03dpuurueHTOB pacnpeaeeHls 3IEMEHTOB
B CHCTEME «PacTBOP-cOpOeHT»

Kosdduument pacnpenenenus D spnsercsa ynoOHOH XapakTepuCTHKOH mpo-
uecca copOUMH, MO3BOJLAIOLIEH CPaBHUBATh MEXKIY coboii pasnuyHbIe cop6eHm.
IIpu Gonpmx 3HaueHusX koddduuueHTa pacnpeneneHna AOCTHTAeTCA NMPaKTHYCCKH
TIOJIHOE M3BJICUYEHHE IEMEHTa 3a oaHy onepauuio [187] 3HaueHue BenuuuHsl D He-
06X0MMO YUHUTHIBATh B PacyeTe CTENEHH U3BJIEYEHHUs 3IEMEHTOB NPH BapbHPOBaHHMH
06bemMa pacTBOPa U Macchl COpOEHTA.

3uyauenus BenMYMHBI D A Kaaoi M3 COpOLMOHHBIX CHMCTEM HAXOIWIIH M3
H30TepM COpOLIMH, NPEACTABIAIOLIHMX CO60H 3aBUCHMOCTB COAEPIKAHHUA COpOMpyeMo-
rO MOHa 31eMeHTa B (ase copbeHTa NPH MOCTOAHHON TeMIepaType OT PaBHOBECHOH
KOHLIEHTPALIMH JAHHOIO HOHA B pacTBOPE.

JUIS MCCIIEA0BaHMA H30TEPM B XMMHYECKHE CTaKaHbl €MKOCTbIO 50 MJI moMe-
wanu no 20 Mr copGeHTa, BBOMWIM ATHKBOTHI paboyYero pacTBopa 3/1€MEHTa ¢ BO3-
pacratomuM coaepxkanueM iemenTa (o1 0,02 mr o 1,00 Mr) xosoaunu pH no on-
TMMaJIbHOrO 3HaueHHA npu obmweM oGbeme pacTsopa 20 MA M MepeMEllHBATIA Ha
MarHMTHON MELIAIKE IPH ONTHMaIbHOM BpeMeHH (30 MUH) U Temreparype 20+2°C.
3aTeM OnpeaensiM Maccy COpGMPOBAHHOrO 31EMEHTa B 3/10aTe MOC/e AeCOpOLHH H
HecopOMPOBAaHHOTO 3NieMeHTa (B QuibTpaTe) B KaXAOM OMNBITE M IO MOJYYCHHBIM
JaHHBIM CTPOMJIA rpadUYecKyto 3aBHCHMOCTb B KOODAMHATAX C, 4 , TAE C- PaBHOBEC-
Has KOHLIEHTPALMA BBEJCHHOTO 3/IEMEHTA B PacTBOPE, MI/II; @ - COACPXKAHHE INIEMEHTA

B (pase copbGeHTa, MI/T.
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M30TepMbl cOpOLIMH MOTYT ObITh pa3HOM (OPMBI: NPAMONHHEHHOH, BHIMYK-
JIOi, BOTHYTO#M, HMETh HecKoNbko mepern6os M T. m.  [174]. [ mccnenoBaHHbIX
COPOUHOHHBIX CHCTEM XapaKTePHBI H30TEPMbI JISHTMIOPOBCKOTO THMA.

JUIs TIOATBEPKIEHHS COOTBETCTBUS IONYYEHHBIX M30TEPM COpOLMH ypasHe-
uuto JIsurmiopa (2.5) # pacyera k03 QUUHEHTOB pacpPEAEICHNUA HAaX0AM/IH 3aBHUCH-
Moctu l/a ot l/c B muamna3oHe KOHLEHTpALMH 31€MEHTOB, COOTBETCTBYIOLIMX JIH-
HEHHOMY Y4aCTKy H30TEPM:

I 1 2.5),

a,K c

1 1
a a,

m

TZe a — yenbHas aGcopOLus MOHA SIEMEHTa, MKI/T;

C — paBHOBECHAs KOHIEHTPALMs HOHA 3JIEMEHTa B PaCTBOPE, MKI'/MJT;

K - xoHcTanTa JI3HrmMiopa;

Q,, — COPOLMOHHAS eMKOCTh, MKT/T.

Ilpu 3TOM NpPOM3BENEHHE d,K TpencTasnseT co6oi KoadduiMeHT pacnpee-
nenus D B o6nactu ['eHpH, KOTOPBIH ABIAETCA NOCTOAHHON BETMYHHON B COOTBETCT-
BYIOLIEM JMana3oHe KOHLEHTPaLUM. |

Ecnu k03 uLHEHT pacnpeeseHns He H3MEHAETCA, TO, HCXOAs U3 (OpMYIbI
2.6, cTeneHb H3BJIEUEHHS €CTh BETMYMHA MOCTOAHHAA M OT KOHUCHTPAaUHMH BELICCTBA
HE 3aBUCHT.

v, RV,
qV, 100-R m,

p e

D(un/z) = (2.6),

rie g. M ¢, COAEPXaHHue MeTalia B ase copOeHTa H B pacTBOPE B PaBHO-
BECHBIX YCJIOBHSX, T;
V- 00beM pacTBopa, MII;
m.- Macca copOeHTa, T;
R- crenens copbuuu, %.
TToMuMO pacueToB KO3(dHIUMEHTOB pacnpeeeHHs o H30TepMaM CopOLu
BHIUMCIISUTH COPGLMOHHYIO €MKOCTh 1O HOHAaM 3NIeMEHTOB (cM. m. 2.3.4.); aHanu3
dOpMbI H30TEPMBI IO3BOJIMI CAENATh NPEANONOKECHHE O MEXaHH3Me npoLecca cop6-

uuu, uto 6yaer o6cyxaeHo Hibke B 1. 3.5.1.

-
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2.3.4. Onpeaenenue COpOLUMOHHON €MKOCTH COPOEHTOB MO OTAEJIbHBIM
3JIEMEHTaM
Cop6unonnas emkocts copberra (CEC) xapakTepusyeT MakCUMalIbHOE KOJIH-
YyeCTBO HOHOB MeETA/l1a, H3BJICKACMOro HaBeCKOM JAHHOTO cop6eHTa U3 OTIpEACICH-
HOro 06beMa MOJIEJILHOrO pacTBOpa B ONTUMAJIbHBIX YCIOBHAX.

CEC onpenensiif SKCIepHMEHTANBHO 1A KaKAOH CHCTEMBI «3JIEMEHT - COp-
GeHT. JIns 3TOro NpoBOAWIH COPOLMIO B MPUTOTOB/ICHHOW CEPUH PaCTBOPOB C OIH-
HAKOBBIM cojepxanueM copOeHTa (20 Mr) u pasiM4YHbBIM BO3PAcTalOLIMM COACPKa-
nvem snementa (0,02-1,00 mr). Onpeensuin KOJIMUECTBO COPOMPOBAHHOTO 3/IEMEHTa

B K2)KJIOM OITBITE, Jeias nepecder Ha 1 r copbeHra no ¢opmyne

m R
= me ,
CECyy 002 1007 Mme/2e 2.7,

TJIe M — Macca JEMEHTA B AJIMKBOTE HCXOJHOI0 pacTBOpa, MKT,
R — ctenenp copOuuu 3eMeHTa, %.
ITo nonyueHHBIM JAHHBIM CTPOMIIM IPadMueCcKyi0 3aBHCHMOCTb B KOOPAHHA-
Tax Macca >jeMeHTa, norioueHHas 1 r copOeHra, - Macca BBeAEHHOro aieMenTa. Ilo
TOYKE BHIXOAA KPHUBOM Ha IUIATO HAXOJAWJIH MacCy JJIEMEHTa /M, KOTopas AB/Anach

npeaenbHoit no emxoctd Wik 1 r gannoro cop6enra, T.6. CEChre.

2.3.5. Usyuenne u30upaTebHOCTH AHAJHTHYECKOr0 AeHCTBHS
copOeHTOB
M361paTenbHOCTh M3BJICUEHHs] MOHOB M3 PACTBOPOB 3JIEMEHTOB Xenaroobpa-
3YIOIMMH COpPOEHTaMH SABJIAETCA OJHOH M3 BaXXHEHLIHX XapaKTCPHUCTHUK MOCIEAHHX
¥ 00yC/OBIEHA B 3HAYUTENBHON CTENEHH HAJIMUMEM M MPUPOJOH (yHKIHOHAIBHO-
AHAIMTHYECKHUX IPYMIL.

ITXC crnocoOHbl B3aMMOJEHCTBOBATh C PAIOM 3JIEMEHTOB, OJJHAKO B OMNpene-
JEHHBIX YCIIOBHMSAX OHU TMPOSABILAIOT CENEKTHBHOCTD K OT/C/IBHBIM HOHAM MCTAILIOB.

Jlna OLEHKM M30MpaTeIbBHOCTH XenaToo0pasyrommx CopOeHTOoB 00BIYHO HC-
C/eIyI0T 3aBHCHMOCTb CTENEHH H3BJIEYeHHA dnemMenTa ot pH pacTBopa B IPHCYTCT-

BHH HOHOB JIPYTHUX 3JICMEHTOB. B xauectBe KpUTEPHU NOJTHOTbI COp6U.I/lPl HCIOJIb3Yy-
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JOT CTETICHbB copGumH, K03 PHULUMEHTH pacnpeIeICHUS JIEMEHTOB MEXY COPOCHTOM
H PacTBOPOM H €MKOCTb COPOEHTOB IO OTHOLICHHIO K OTAE/IbHBIM MOHAaM [188]. Us-
ouparensHocTh ITXC MoXeT GbITh OXapaKTEPU30BaHA C TIOMOLIBIO KOHCTAHT oOmeHa,
K03 (HHIIMEHTOB CENEKTHBHOCTH, AKTOPOB pa3/Ie/IeHHs, a TAKKS B BU/IC PANOB W3-
ouparenbHoctu [189].

B nacrosmeil pabore oueHKy H3OHpaTeIbHOCTH MPOBOAWIH MO JIOMYCTHMBIM
KPaTHbHIM MACCOBBIM KOJIMYECTBAM COMYTCTBYIOLUMX 3JIEMEHTOB, HE MEIIAIOUIMX KO-
JIMYECTBEHHOMY H3BJICUCHUIO H3y4aeMOro 3JIEMEHTa, TOJIbKO UId COPOEHTOB, OKa-
3aBIINXCA HauOonee NEPCNEKTHBHBIMU N0 AHATHTHIECKHM XapaKTepHCTHKaM.

IMpu u3yuenuu usbuparensHocTH jeiicTeus [1XC oLeHUBANH, B NEPBYIO OYe-
peib, BAHAHUE 3JIEMEHTOB, XapAKTEPHBIX Il CTOYHBIX, IPUPOIHBIX H MUTHEBBIX BOL,
KPOBH M BOJIOC Y€/IOBEKA, M PAacCNpPOCTPAHCHHBIX MACKHPYIOUIMX BELIECTB, NMPUME-
HsEMbIX B aHAJH3E.

DieMeHTbI BBOAWIM B BHAE AIMKBOT PacTBOPOB WJIM COOTBETCTBYIOLIMX HABE-
coK comneif. JIA 3TOro roTOBMIM CEPHIO PacTBOPOB € MOCTOAHHOH KOHUCHTpaLHeH
onpeaensemoro snementa (10 Mxr B 20 My pacTBOpa) U Maccoil copbeHTa (50 mr), n
C TMEPEMEHHBIM KPaTHBIM MaCCOBBIM M30BITKOM COMYTCTBYIOIUHX 3/IEMEHTOB (1:0,1,
1:1, 1:10, 1:50, 1:100, 1:500, 1:1000, 1:5000, 1:10000) 1 (un1) HEKOTOPBIX MaCKH-
pyoumx semects. Mccnenopanus NpoBOAMIM B BHIOPaHHBIX paHee ONTUMAJIbHBIX
YCJIOBHAX 110 OMHMCAHHOH BbIlE METOJHUKE, CTporo koHTponupys pH pacteopa. Ilocne
KOHLIEHTPUPOBAHUS 'cOpOEHT OTQILTPOBBIBAIIM, NPOBOMHIM JAECOPOLIMIO JIEMEHTOB H
ONpee/UId MX COIEP)KaHME METOJOM aroMHO-a0COPOLMOHHOH CNEKTPOCKOMHH, Ha
OCHOBAHHMH MOJNYYEHHBIX JaHHBIX, 334aBasACh NPAKTHUECKON BENMYHHON CTENECHH U3-
BreueHus R=95%, HAXOAMIIN JONYCTUMbIE OTHOILEHHS KOHLIEHTPAUU HCCIEYEMBIX

¥ MELIAIIMX HOHOB B PacTBOPE.

2.4. OnpeaeneHne KOHCTAHT 00pa30BaHUs KOMILIEKCOB METAJLIOB
C NOJIMMEPHBIMH XeJ1aT00Gpa3yoiHMK copbeHTamMu
KOHCTaHTBI YCTOHYMBOCTH KOMILIEKCOB 31eMeHTOB ¢ MAI" moanMepHLIX Xe-

NaTHHIX COPOEHTOB ABIAIOTCA OAHOHM M3 BXHEHIIMX KOJMYECTBCHHBIX Xa-
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PAKTEPUCTHK MPOLIECCa KOMILIEKCOOOPAa30BaHUA U ONPEAEIIAIOT BO3MOXHOCTD IpyI-
TMIOBOIi WIH HHAMBHAYAIbHOM copbuuu [190].

Bennunny /gl onpenensyii MOTEHUHMOMETPHUECKHM METONOM IO KOHCTaHTE
pasrosecus [1]. Jina storo 10 Haeecok copGenra no 0,100 r nomemanu B OrOKChI
BMECTUMOCTBIO 35 M1 1 mpunusany 20 ma pactsopa NaNOs (1 Mosns/i), coaepxatiie-
ro pasnuunbie komuuectsa NaOH. ITpu sTom cootHowenne NaOH/copOeHT MeHAmM
B untepsane 0 mons NaOH/0,100 r copbenra o Benmuunbt CEC. 3arem nobGasnsuiu
BO BCE PAcCTBOPHI COJIb HCCIIEXYEMOro aneMeHTa. Ilocne ycTaHOB/IEHHA PaBHOBECHA
usmepsn pH pactsopa. KoHUeHTpauuio HOHA MeTajla B PacTBOpe Mocie copoumuu

onpeeNnsid ATOMHO-a06COPOLIMOHHBIM METOIOM.

2.5. BuiGop Ji0eHTa 115 AecopOoumm CyMMbI 3/IEMEHTOB

C nenbto NoBbieHUA 3PPEKTHBHOCTH HKCMONB30BAHHA COPOEHTOB HM3yuYcHa
3aBMCHMOCTD CTENECHH ACCOPOLHH OT KHCIIOTHOCTH Cpebl.

JecopO1iuio cyMMBbl KOOanbTa, HUKENA U KaAAMUA NOCI€ KOHIIEHTPHPOBAHHUA HA
copGeHTe MOTUCTHPOI-2-OKCH-a30-2-0KCH,3’-HHTPO,5’-6eH30/ICyIb(OKHCIOTa Npo-
BOAWIM TyTEM TMPOMBIBKM COPOEHTa C MCCIEAyEMbIMU JIEMEHTAMH Pa3/IM4YHbIMH
o6bemamu (5-20 mMi1) BOAHBIX PACTBOPOB COJIAHOM, a30THOH M CEPHOH KHCJIOT pasHbIX
koHuentpauuit (0,5-4,0 mons/n). ConmepxaHue 31€MEHTOB B J/II0aTe ONpPEACIIN

aTOMHO-a6COPOLMOHHBIM METO/IOM C TUTAMEHHOH aToMU3alHeH.

2.6. UK-cneKTpocKonuueckoe uccjieoBaHine COpOeHTOB H HX KOMILIEKCOB ¢

3J1IeMEHTaMH

HauGonee yHUBEPCATBHBIM CIOCOOOM NpPHrOTOBAECHHMA O0pa3sloB MOMMMEPOB
g VK-ananusa cuMTaercs npeccoBaHue ¢ GPOMHIOM KaMsi, KOTOpbIH Onaroaaps
BHICOKOMY 3HaueHHI0 ko>dduuuenta npenomnenus (np=1,56) asnsercsa Jydinei
WMMEPCHOHHOM cpenoil.

CreKTpaJIbHO YHCTHI OpOMHI Kajus MpEABAPUTESIbHO NPOKAIMBAIM NP [ =
350°C B Teuenue 5 yacos. Hccnemyembie COpOSHTBI H MX KOMILIEKCHI C J/IEMEHTAMH BbI-
CYILIHMBAJY MIPH [ = 70°C B Teuenue 24 yacoB, 3aTeM M3MENIBYAM B araToBOH ammyne ¢
TOMOIBI0 BMGPALMOHHON METBHULBI M cMeLMBaIH ¢ Opomunom kanua [191]. Iomy-

YEHHYIO CMECh, COZIEp)KaHue COpPOEHTa HITH ero KOMILIEKCA € JMEMEHTOM B KOTOPOH Co-
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craBswio 1%, mpeccoBanu B AMCKHM ToymuuHOi 0,8-1 MM B BakyyMUpOBaHHOH mpecc-
¢opme mox nasneruem 200 kITa/cM® B Teuenne 5 mun. Crektpsl cHumamu Ha MK-

cnextpomertpe Perkin Elmer 1760 B nuanasone 4000 cm 1 _400 cm ! ¢ marom 2 cm 7
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Taasa 3. ICCJIENOBAHHUE XUMUKO-AHAJIMTHYECKHX
CBOMCTB COPBEHTOB
3.1. Kucs10THO-0CHOBHBIE CBOMCTBA IMOJIHMEPHBIX
Xe/1aT000pa3yonX copoeHToB

KOHCTAHTB MOHU3ALMH OKA3bIBAIOT 3HAYHTEIbHOE BIAHAHHE HA PEaKLIHOHHYIO
cnoco6uocts TTXC, cOCTaB H YCTOMUYHBOCTH 0Opa3yeMbIX KOMILIEKCOB, H30HpaTElb-
HOCTh COPOLIMOHHOTO MpOoLECCa:

TepMoaMHaMMYECKHE KOHCTaHTBl HaubO0/Iee TOYHO XapaKTEPHU3YIOT MPOECC HOHH-
3allMKM HOHOTEHHBIX TPYIH COPOEHTOB, OJHAKO HX PacueT COMpSDKEH ¢ GOMBLIMMH TPYA-
HOCTSIMH: HEBO3MOXHO ONPeAENUTh KO3DPULIHEHTHI AKTUBHOCTH HOHOB, HAXOIAIIMXCA B
TIOJM3IEKTPOJIMTE, H KO3(D(MHIIMEHT aKTHBHOCTH caMoro noymanextponuta [192]. B cea-
34 C 5TUM B TOJAB/LIOLIEM OOJBIIMHCTBE CIIy4aeB HCIOJNL3YIOT 3HAUeHUs YCJIOBHBIX
KOHCTAHT HOHM3aLI|K, PACCUMTAHHBIX NPH ONpEIEEHHBIX 3HAYEHNSIX HOHHON CHIIBI, TK.
B AHAJIUTHYECKOH NMPAKTHKE Yallle BO3HUKAET HEOOXOAMMOCTD BbIYHCIICHH HE aKTHBHO-

CTH TOTO W/ HHOTO HOHA, 3 €r0 PaBHOBECHO# KOHIeHTpauuu [193].

3.1.1. CraTtn4eckasi eMKOCTb COPOEHTOB MO HOHY HATPHA
OmnpeneneHye YCIOBHBIX KOHCTAHT uonmsaumu  IIXC npeaycMaTpHuBailo
NPEBApUTENBHOE BHIYMCICHHE CTATHYECKOH €MKOCTH COPOEHTOB IO MOHY HaTpus
(CECnas). Pesynerarst ompenenenus CECya+ HCCIEIyeMOH TIpDYMIIbI copOeHTOB

npuBeAcHH B TabM. 7.

Ta6muna 7
Crarudeckas eMKOCTbh COpOEHTOB 10 HOHY HaTpuUs

Ne Cop6eHT CECyer,

MMOJTB/T
1 | nommcTupon-2-okcu-a3zo-2’-okcHbeH3on 1,90
2 | nommcTrpon-2-okcu-a3o-2’-okcH, 5’-xnopbenson 1,30
3 | nonucTupon-2-okcu-a30-2’-0KCH, 5’-6€H30CyAbPOKHUCIOTE 1,76
4 | nonmcTHpon-2-0KCH-a30-2"-0KCH, 5’ -HHTPoOeH30I1 1,43
5 | nonmucTupon-2-okcu-aso-2’-oke, 5’-xaop, 3’-6ensoncyabpokucnora 1,80
6 | nomucrupon-2-oxcu-azo-2’-okcH, 3°, 5’-6eHsonaucynsGokncora 1,81
7 | noanctupon-2-oxcu-azo-2’-okcu, 5’-Hurpo,3’~6ensoncynbpokuciora 1,69
8 | nonmcTHpos-2-0kcH-a30-2’-0KCH, 37,5’ -nuHUTPOOEH30 1,90
9 | nommcTupon-2-okcu-a30-2’-okcH, 3’-kapbokcH,S’-6eHsoncynbpokucnora 1,93
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3.1.2. Boiunciaenue u uarepnperauus pK nonnmsauuun @A
NOJHMEPHBIX XeJ1aT000pa3yomux cop6eHToB

Heo6X0aMMO OTMETUTD, UYTO CBOMCTBA COPOEHTOB CYLIECTBEHHO M3MEHAKOTCH B
pe3y/bTaTe MOBBILIEHAS CYMMAapHOro 3apsjia GUKCHPOBAHHBIX HOHOB U U3MEHCHHA Ha-
6yxaemoctH. I1o 310l MpUUMHE KOHCTAHTA MOHHM3ALHA 3aBUCHT OT MHOIHX ¢dakTopos,
BAKHEHIIMMH U3 KOTOPBIX SBISIOTCA ClEYIOLe: COCTaB U CTpoeHHe (yHKUHOHAL-
HOI TPYIMbI, MPUPOAA TOMMMEPHOH MATPHLbI M KOJHYECTBO KPOCCArcHTa, COCTaB
BHEIIHETro pacTBOpa, Temmeparypa [177]. Ypenuuenue TeMnepaTypbl, COACpXaHHA
KPOCCAreHTa, CTeNeHH HEHTPaIN3alMi HOHOTSHHBIX IPYTIN, YMEHbLICHHE HMOHHOM CHWTHI
PACTBOpA ¥ €r0 IM3IEKTPHUECKOH MPOHUIIAEMOCTH BBI3BIBAIOT MOBBILICHHE pK nonu-
sarwu. Kak npaBiio, HCTHHHOE 3Havenue pK MeHblle Kaxyluerocs 3nadeHu [1 86].

Hurerpanshbie #  gudpdepeHnnanbHbie  KpHBbIE IMOTCHIHOMETPUYECKOTO
THTpOBaHHA COpOEHTOB 5-9 mokasaHel Ha puc. 4-8. KpuBbie TWUTPOBaHHA HMEIOT
cTynenuaryio ¢opmy, YTO TOBOPHT O CONEPKAHUH HECKONLKMX MOHOMCHHbIX IpyMIl B

COCTaBE W3YUYEHHbIX HAMH COPOEHTOB.

pH ApH/AQ
11 ¢ 1 10
10 /1 49
9 18
8 17
7

16
6

15
5

14
4
3 13
2 2 12
1 L 11
0 i 1 1 ! 1 1 1 1 1 o

0 0,2 04 06 0,8 1,0 1,2 1,4 1,6 1,8 Q
Puc. 4. Uurerpanbhas (1) u auddepeHunansuas (2) KpuBbie TUTPOBAHMA COP-
6eHTa MOIMCTHPOII-2-0KCH-a30-2"-0KCH, 5°-x110p, 3’-6ensoncynbhokucioTa



62

pH ApH/AQ
11 ¢ 118
10

16

1 1

9_

1 14
8_
7 L 4 12
6 1 10
5 {18
41 16
3-

4 4
2
1+ ) 12
0 1 | 1 1 1 | 1 1 i 0

0 02 04 06 08 10 12 14 16 18 Q

Puc. 5. Unterpanshas (1) u nuddepenumansaas (2) KpuBble TUTPOBAHUA COP-
GEeHTa MOMMCTHPOII-2-0KCH-a30-2"-0KCH, 37, 5°-6enzonaucynibdokucioTa

pH ApH/AQ
1 ¢ 1 18
10 | 1 {16
g -
41 14
8 +
-l {12
6 4 10
5 418
4 4 6
3
14
2
1 T 2
0 1 ! 1 1 1 1 1 i i 0

0 02 04 06 08 1,0 1,2 1,4 1,6 1,8 Q

Puc. 6. Unrerpanshas (1) u nuddepenumanbias (2) KpuBsie THTPOBAHUS COP-
GeHTA NONNCTHPOI-2-0KCH-a30-2~0KCH, 5°-HUTPO,3°~6eH30/1CY IbOKUCTIOTa
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pH ApH/AQ
11 ¢ . 718
10

9

8

7

6

5

4

3

2

1

0 - : ' . ' : ' - -2

0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 Q

Puc. 7 . Unrerpanshas (1) u auddepenunanshas (2) KpuBbie THTPOBaHHUA COP-
GeHTA IOJUCTHPOJI-2-0KCH-a30-2"-0KCeH, 37,5’ -AMHUTPOoOEH30T

pH ApH/AQ
1" 1 114
10 +
4112
9 -
8 n 4 10
7 -
6 | r 18
St le
4
o I
20 2
.l 2
O 1 ! 1 1 1 1 1 1 1 0
0 02 04 06 08 10 12 14 16 1,8 Q

Puc. 8. Mnrrerpamsras (1) u mubdeperimanbhas (2) KpUBBIE THTPOBAHHS COPOEHTA
TOJIMCTHPON-2-0KCH-a30-2’-OKCH, 3°-KkapOokcn,5’-6en3oncybdokuciora
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JlanHsle 1A pacdeTa nmapameTpa m u3 ypasHenus I'ennepcona-T'accenbbaxa u

PKyou IS TOUKH TONYHEHTpanu3auuu @ = 0,5 NpUBEIEHH B tabn. 8-12. I'paduxu

a Lv] -~
3aBUCHUMOCTH lg7— oT pH Kaxa0# HOHOT€HHOH rpynibl COPOEHTOB NMPeACTaBIICHDI
-a

Ha puc. 9-13.
Tabnuua 8

PacueT pK,o, COpOEHTa 5 IOMMCTHPON-2-0KCH-a30-2’-0KCH, 57-XJI0P, 3’-6enzoncypdokucnora

Cryneis Coz::gxa— " a pK (pacuer.)
woHwsa- | pH a -« m _ _
. TP.,
Lo MMOJTB/T X X St x+8

1 2 3 4 5 6 7 8 9 10
410 | 12,5 | -0,845 5,39
443 | 250 | -0,477 5,16
484 | 375 -0,222 5,18

1 0,95 530 | 500 0 1,53 5,3 5,30 0,12 5,30+ 0,08
580 | 62,5 0,222 5,46
6,10 | 75,0 0,477 5,37
6,50 | 875 0,845 5,20
7,33 10,0 | -0,954 7,90
761 | 30,0 | -0,368 7,83
779 | 40,0 | -0,176 7,89

2 0,45 7,90 | 50,0 0 0,60 7,90 7,90 0,06 7,90+ 0,04
808 | 60,0 0,176 7,97
8,19 | 70,0 0,368 7,97
840 | 90,0 0,954 7,83
8,65 10,0 | -0,954 9,33
891 { 25,0 | -0477 9,25
9,10 | 40,0 | -0,176 9,22

3 0,40 9,30 | 50,0 0 0,71 9,30 9,30 0,08 9,30+ 0,06
9,50 | 60,0 0,176 9,37
9,76 | 75,0 0,477 942
990 | 90,0 0,954 9,22
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TaGnmuua 9

Pacuet pK,ox COpOEHTa 6 TIONHCTHPOI-2-0KCH-230-2"-0KCH, 37, 5’-6enzonaucynbPpokucIoTa

Crynesss Conepxa- a pK (pacuer.)
MOHI3a- HHe pH a g 1-a m
aKT. 1p., - -
Lou MMOJTB/T x X r xt+0

1 2 3 4 5 6 7 8 10
351 | 273 | -0,426 4.26
3.69 | 31,8 | -0,331 427
410 | 45,5 -0,079 4,24
427 1 50,0 0 427

1 0,97 450 | 54,5 0,079 1,76 4,36 4,28 0,04 | 4,28+0,03
4,71 63,6 0,243 428
518 | 77,3 0,531 424
3,51 27,3 -0,426 426
360 | 31.8 | -0331 427
720 | 12,5 | -0,845 7.83
752 | 37,5 | -0,222 7,69
7,70 | 475 -0,043 7,73

2 033 [7.79] 50,0 0 074 [ 779 | 7,79 | 0,07 |7,79:0,05
7.88 | 55,0 0,087 7,82
8051 625 0,222 7,88
840 | 875 0,845 7,77
8,70 | 12,5 | -0,845 9,14
880 | 375 -0,222 8,92
8951 425 -0,131 9,02

3 0,50 9,10 | 50,0 0 0,52 9,10 9,08 0,09 | 9,08+0,07
920 57,5 0,131 9,13
930 | 62,5 | 0222 9.18
950 | 87,5 | 0,845 9.06
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Tabnuua 10

PacueT pK,o cOpOeHTa 7 MOMHCTHPON-2-0KCH-230-2"-OKCH, 5’-HuTpo,3’-6eH30CcY TbGOKHCIOTA

Cryneis Coz:z::xa— " a pK (pacucr.)
HOHM33- pH a l-a m
aKT. Ip., - -
Lo MMOTB/T X x S xt8

1 2 3 4 5 6 7 8 9 10
3,60 6,9 -1,131 4,23
370 | 172 | -0,681 4,08
390 | 345 -0,279 4,06

1 0,55 4,15 | 50,0 0 0,56 415 4,17 0,11 4,17+ 0,08
440 | 62,1 0,214 428
4,60 | 75,9 0,497 4,32
4,70 | 93,1 1,130 407
492 | 154 | -0,741 5,43
508 [ 31,8 | -0,332 5,31
5,35 | 46,1 -0,067 5,39

2 0,35 540 | 50,0 0 0,69 5,40 5,40 0,05 5,40+ 0,04
5,58 | 61,5 0,204 5,44
580 | 76,9 0,523 5,44
6,10 | 9273 1,079 5,36
6,83 16,7 | -0,699 7,51
713 | 33,3 -0,301 7,43
732 | 458 | -0,073 7,39

3 0,40 747 | 50,0 0 0,98 7,47 7.47 0,06 7,47+ 0,05
752 | 54,2 0,073 7,45
780 | 62,5 0,222 7,58
802 | 792 0,580 7.45
8,50 | 10,0 | -0,954 9,33
8,73 | 25,0 | -0,477 9,15
9,10 | 40,0 | -0,176 9,25

4 0,40 929 { 50,0 0 0,87 9,29 9.29 0,11 9,29+ 0,08
9,59 | 60,0 0,176 9,44
983 | 75,0 0,477 941
10,0 | 90,0 0,954 9,17
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Tabmuua 11

PacueT pKyox COpOEHTA 8 NOTHCTHPONI-2-0KCH-230-2"-0KCH, 37,5’ - AMHUTPOOEH30IT

Cryness Co;::ima- Lo pK (pacver.)
HOHM3a- akT pH o 2 l-a m B _
.TP.,
o MMOAB/T X x S xtd

1 2 3 4 5 6 7 8 9 10
3,55 | 20,0 -0,602 4,69
3,86 | 33,3 | -0,302 4,43
4221 433 -0,117 4. 44

1 063 |450] 500 0 1,89 450 | 457 | o015 |457x0,10
494 | 56,7 0,116 4,72
533 | 66,7 0,301 4,76
560 | 80,0 0,602 4. 46
6,46 | 294 -0,380 7,41
6,62 | 353 | -0,263 7,29
710 | 441 | -0,103 7.36

2 0,60 | 734 50,0 0 250 | 734 | 736 | 007 | 736005
750 | 529 0,051 7,37
8,13 | 64,7 0,263 7,47
830 | 71,8 | 0,407 7,28
8,71 21,7 -0,556 9,07
892 | 348 -0,273 910 _
918 | 522 0,038 915

3 067 533 T 605 T 0192 0,63 521 13 0,07 | 9,13+ 0,06
9,57 | 783 0,556 921
991 | 95,7 | 1,342 9.05
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Tabnuua 12

Pacuer pK,,,, cOpOeHTa 9 MONHCTHPOI-2-0KCH-a30-2"-0KCH, 3 -KapOOKCH, 5’ -OeH30J1CY JIb(POKHCIOTA

[ ]
. Crynerss | COREPR Y PK (pacver.)
MOHM3a- alcl:"e pH a g 1-a m _
. TP., -
LM MMOJIB/T X X S, x+d
1 2 3 4 5 6 7 8 9 10
340 | 16,7 | -0,699 436
382 | 333 | -0,301 423
424 | 46,7 | -0,058 432
1 0,50 435 | 500 0 1,38 435 | 435 0,09 | 4,35+0,07
470 | 60,0 | 0,176 4,46
487 | 66,7 | 0,301 4.45
R 520 | 833 0,699 424
550 | 6,7 | -1,146 5,98
560 | 20,0 | -0,602 5.85
. 5,80 | 500 0 5,80
2 0,24 595 | 533 | 0.057 0,41 5.03 591 0,08 | 591+0,07
v 6,15 | 66,7 | 0,301 6,02
6,25 | 86,7 | 0813 5,91
6,55 | 10,0 | -0,954 7,09
* 6,65 | 250 | -0477 6,92
6,80 | 40,0 | -0,176 6,90
3 0,22 6,98 | 50,0 0 0,57 6,98 | 7,00 0,09 | 7,00+0,06
715 | 60,0 | 0,176 7,05
740 | 750 | 0477 7,13
750 | 90,0 | 0954 6,96
764 | 10,0 | -0,954 8,33
780 | 30,0 | -0,368 8,07
800 | 433 | -0,117 8,08
. 4 0,30 821 | 50,0 0 0,72 8.21 8,20 0,10 | 8,20+0,07
838 | 60,0 | 0,176 8,25
. 865 | 76,7 | 0517 8,28
890 | 90,0 | 0,954 8,21
920 | 5.9 -1,204 9. 60
. 931 | 353 | -0,263 9.40
940 | 44,1 | -0,102 943
5 0,67 554 T 50, 5 0,33 554 9,54 0,10 | 9,54+0,07
" 970 | 64,7 | 0,263 9,61
978 | 67,6 | 0,320 9,67




69

L 1

2
o

. -1 05 0 05 1
Ig o/(1-a)
. Puc. 9. Tpaduueckoe onpeeneHie KOHCTaHT HOHU3aLMH (PKyon) COpGeHTa 5

NOJTHCTHPOI-2-0OKCH-a30-2 -0KCH, 5°-x110p, 3’°-6en3oncynbdokuciora

PH
10 +

Ig o/(1-0)
Puc. 10. I'paduueckoe onpeneneHre KOHCTaHT HoHU3alMH (PKyox) cOpOeHTa 6
TOJIMCTHPOII-2-0KCH-a30-2"-0KcH, 3°, 5°-6ensonaucybgokucnora
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w

-1,5 -1 0,5 0 05 1 1.5

Ig o/(1-a)
Puc. 11. Tpaduueckoe onpeaeneHne KOHCTAHT HoHU3aMHK (PKyon) cOpbenTa 7
TIONIUCTHPOI-2-0KCH-a30-2"-0KCH, 5°-HUTPO, 3’-6eH301CcynbpokucIoTa

pPH
10 -

L 1 I 1 ]

w

-1,5 -1 -0,5 0 0,5 1 LS

Ig o/(1-a)
Puc. 12. I'paduueckoe onpeseneHne KOHCTaHT HOHU3ALMH (PKyon) COPOEHTa 8
NOJIMCTUPON-2-0KCH-230-2"-0KCH, 37,5’ - IMHUTPOOCH30T



L 1 L

-5 -1 -05 0 0,5 1 1,5

Ig o/(1-a)
Puc. 13 . [paduueckoe onpeaeneHue KOHCTAHT HoHu3alkH (PKyon) copbenTa 9
OMCTHPON-2-0KCH-a30-2"-0KCH, 3’-kap6okcH, 5’-6eH3oncynbpokuciaora

W

3nauennsa pK monusauun cop6eHTOB 5-9, paCCUMTAHHBIX C YUETOM TapameTpa
m, UX HHTEpIpeTalyus, a TAlke NUTepaTypHbie AanHbie [194] ansa copGenros 1-4
npeacTaBieHbl B Tabn. 13.

IIposenennbie panee uccnenosanus [104] mokasanu, 4o U3MEHEHHUA KUCIIOT-
HO-OCHOBHBIX CBOMCTB XeJIATHBIX COPOEHTOB NpH Nepexojie OT OAHOH PyHKUMOHAIb-
HO#i TPYMIBI K JPYTOil MOMYMHAIOTCA TEM XKE 3aKOHOMEPHOCTAM, KOTOPBIC ACHCTBY-
IOT B PAAY PaCTBOPMMBIX PEAreHTOB — aHAIOr0OB COPOEHTOB, 2 KOHCTAHTHl MOHU3ALMH
®AT, pxomammx B cocras [TXC, HaxoAATCA B XOpOILEM COOTBETCTBHH € KOHCTaHTa-
MM MOHU3ALMHU peareHToB. I103TOMY MHTEPNpETALMIO KOHCTAaHT HOHM3AlMK MpOBO-
IMAJIH, HCXOA M3 HMEIOILMXCSA JIMTEPATYPHBIX JaHHbIX O KOHCTAHTaX HOHH3AllMH a30-
NPOU3BOAHEIX HabTHOHOBOH KHCNOTEI, kuciaoTel HeBwii-Bunrepa u IIXC, conep-
JKalux 2-aMuHo-a30-2’-okcu OAT [195-197].

3HaueHua pK; BceX MCCIEAOBAHHBIX HaAMM COPOCHTOB HaXOMATCA B Npeacnax
4,17-5,30. PaccMOTpUM BO3MOXKHOCTh AMCCOLMALMH Haubosiee KHCIBIX Ipynm

~

(cynbo-, KapGOKCH H a30TPyTNbl), BXOAALIMX COCTaB IXC.
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Tabnuua 13

pK nonunsauuu kucnotHo-ocHoBHbIX rpynn ITXC

3amecTUTENH

pK

Ne X K pKn m pacuerH, Turpyemsble rpynnbi
pK, 4,5440,05 -N=NH'-

1 -H -H pK: - 8,2940,04 -OH 1)
pKs 9,83+0,04 -OH (3
pK; 5,5740,04 -N=NH'-

2"| -H Cl pK: - | 8,0410,05 -OH ¢
pKs 9,5240,05 -OH ¢

pK1,pK; 5,3410,05 -N=NH'-, -SO;H "~
3| -H |-SOH pK3 - | 7,6940,05 -OH ()

PK4 9,89+0,04 -OH )

pKy 5,7710,04 -N=NH'-

4 -H -NO; pK: - | 7,39+0,04 -OH (1
PKs 8,9410,05 -OH ;)

pKi,pKz 1,53 | 5,30+0,08 -N=NH'-,-SO;H "

5 -SO3H -Cl ng 0,60 7,901’0,04 -OH a)

PK4 0,71 | 9,30+0,06 -OH ()
pK1pKa, pKs | 1,76 | 4,2840,03 | -N=NH'-, - SOsH 1y, -SOsH @
pK4 0,74 | 7,79+0,05 -OH ()

6 | -SOsH | -SO:H pKs 0,52 | 9,08+0,07 -OH ()
pKi 0,56 | 4,17+0,08 _N=NH"-
pK; 0,69 | 5,40+0,04 - SO:H

7 | -SOH | -NO: pKs 0,98 | 7.47+0,05 _OH
pK4 0,87 | 9,2940,08 -OH (3
pKi 1,89 | 4,57+0,10 -N=NH'-

8 -NO, -NO; pKz 2,50 7,36i0,05 -OH m
PKs 0,63 | 9,1340,06 -OH (3
pKi 1,38 | 4,3510,07 _N=NH"-
pK; 0,41 | 5,9110,07 -SO;H

9 | -COOH | -SO;H pK; 0,57 | 7,0040,06 -COOH
pK4 0,72 | 8,20+0,07 -OH ;)
pKs 0,33 | 9,54+0,07 -OH 3

* - JIutepaTypHble aanHbie [194]

*% 5%

, - ITepBblii CkauOK Ha KPUBOH TUTPOBaHHs O0YCIOBIIEH AETPOTOHU3ALMEN a30rpynnbl U

onHoi ( ‘) uu ABYyX ( ”) cynborpynn, umerowmux 6anskue 3HaueHnst PKuon.

pK HOHM3aLMK MPOTOHU3MPOBAHHOM a30rPyNITbl B MOJIEKYJIe a300eH30/1a -2,5--3,0

[198). Hamuue B Monekynax ITXC pasmuHBIX 3aMECTHTENCH M3MEHSACT KUCIOTHO-

OCHOBHBIE CBOMCTBAa aTOMa a30Ta a30rpyNbl: BJIUAHHE ONPEACTACTCA MOJIOKCHHEM

3aMeCTUTENei 0 OTHOLIEHHIO K a30rpymne U UX AOHOPHO-aKUEITOPHBIMH XapakTe-

PUCTUKAMH. 3HauuTEIBLHOE BIUAHUE HA KHCIIOTHO-OCHOBHBIC CBOMCTBA OKa3bIBalOT

BHYTPHMOJIEKYJIIPHBIE BOAOPOIHBIC CBA3H, 00pasyoLuecs MEXAy aTOMOM BOAOpO-
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Ja B Ipynne, HaXOAAWEHCA B OPTO-MOJIOKEHHH K a30TPYIIE, H aTOMOM a30Ta a3o-
rpynnsi [199]. BBeaeHHe 3NMEKTPOHOAOHOPHBIX IPYMI PE3KO YBEJIMYMBAECT OCHOB-
HOCTB aToMa a30Ta asorpynmnsi [198].

Kak 6bu10 otMeueHo Bbiiie (. 1.3.), auccomanms cysibgorpyni, 3aKperyIeHHbIX
Ha TIONMMEPHOM MaTpuue (Cymb(hOKAaTHOHHTBI), 3aTPyAHEHa, 03TOMY PK MOHU3ALMK
Takux rpynn Ha 2-3 enuHuusl pH Boille, 9eM y CynbOKHCIOT, PKuoy KOTOPBIX MEHb-
we 1. pK,, cymbhorpyrn ITXC xonebnercs B mpeaenax 2,9 [200] - 4,35 [66,196].

IlepeuncieHHbie BbILIE AaHHBIE, @ TAKXKE TOT daxr, uro s copbenrtos 1, 2, 4
u 8, He coziepralux CyJibGorpynrsl, 3HaueHue pK HaXOAUTCS B Mpeaenax 4,54-5.8,
M03BOJIAIOT NPEANONIOKHTH, YTO pK; COOTBETCTBYET ACNPOTOHH3AUMH a30TPYNIbl
(-N=NH"-). JluteparypHble JaHHbIE, OTHOCAUIMEC K PaCTBOPUMBIM pearcHTaM, He
NPOTHBOPEYAT CeNaHHOMY npemnosoxenuio [201].

Jlnst copbentoB 5 u 6 (ananornuno copbenty 3) OGnu3kue 3HAYCHHS KOHCTaHT
KMCJIOTHOCTH Cyab(O- ¥ NPOTOHH3UPOBAHHBIX a30TPYMN JAENIAalOT HEBO3MOXHBIM HX
muddepeHuNalKIo NO NEPBOMY CKauKy Ha KPUBOW TUTPOBAHM:A, KOTOPHIH, CKopee
BCETO, ABJAETCA CYMMapHbIM.

Bropoii ckayok TUTpoBaHMs cOpOeHTa 7 MOXHO OTHECTH K NMPOLIECCY MOHU3ALMU
cynbdorpynmel. pK; copOeHTa 9, yuMThIBas HAIH4HE CHIILHOH BHYTPHUMOJIEKYJIIPHON
BOJIOPOJIHOM CBSI3U MEXKIy TMAPOKCHIBHOH M KapOOKCHIBHOH IPYNNaMH, BEPOATHO, Tak-
’e COOTBETCTBYET HOHHM3aLMH CyTbdorpyrsl, a pKj — kapboKCuIbHOM rpynmbi. 3Hade-
uus pKuox 6,35 1 nommetupon-(azo-1)-4-okcu-3-kapGoxcubensona u 5,75 ana nonu-
cTrpon-(a30-1)-4-okcu-3-kap6oKkcHOeH30/1-5-CyIb(POKNCIIOTHI, OTHECEHHBIE K AMCCOLMa-
1M KapGoKCuITbHOM rpyTimbl [143], 1o HaleMy NPEATIONIOKEHHIO CKOPEe BCEro SABIIIOT-
¢l CyMMapHBIMH 1 CYJTb(ho- M KapOOKCHIPYTIII, KOTOPbIE THTPYIOTCA COBMECTHO.

JIBa MOCNIEIHMX CKAYKa Ha KPUBBIX TUTPOBAHUA OTHECCHBI HAMM K MOHHM3aLMH
ruppokcorpynm. B pa6orax [202, 203] nokasano, uto 3Hadenus pK auccounariu
3ameleHHbIX Qenonos (PKoy), colepxalluX aHaJIOTHYHbIe 3aMECTHTENM B - M O-
TOJIOXKEHHSIX, JIEXaT B Gonee Kucnoi obnacty, yeM 3HaueHue pKoy HesameleHHoro ¢e-
Hosa. [TosroMy 3Hauenus pK 7,36-8,20 MBI OTHECTH K JIMCCOLMALIMM 2’ -TH/(POKCOrPYTIIbI
(PK 'on); 3nauenus 9,08-9,54 — x muccomaimy 2-ruApOKCOrPyTbl OAL(pKon).
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[Ipx CpaBHEHHH KHCJIOTHbIX CBOMCTB MOHO- M JH3aMELICHHBIX COPOCHTOB
[194] 6bu10 3aMeUeHO, YTO C BBEICHHEM cynsdorpyniisl B 0-TMOJI0XEHHE K THIAPOKCO-
rpynne pK oy IM3aMeleHHBIX COPOEHTOB MO CPABHEHHIO € COOTBETCTBYIOLUUMH MO-
HO3aMeLIEHHbIMH aHAJIOTaMHM MOHMKAETCA, KaK U CJIEI0BaIO Obl OXHUIATh, HCXOMAA M3
3MIIMPHYECKOrO MPaBUJIa A[UIMTUBHOCTH BIHAHHA 3aMECTHTENICH.

Jlna copbenta 9, copepxaiero KapOOKCWIbHYIO IPyNny B N-MOJOXCHHH K
deHonbHOMy — THAPOKCWITY, Habmomaerca — oOpaTHBbIM sbdexr. IlomoOHbie
0COBEHHOCTH CBONCTB OTMEueHbl B paborax [57, 58, 204]: HexkoTOpbie COPOCHTBHI K
PAacTBOPUMBIE PEareHTH, COACPXKAIIME OJHOBPEMEHHO C I- C€LIEC H O-3aMECTHTEIIH,
uMeloT GoJiee BHICOKHE 3HaUeHHs pKpy IO CPABHEHHIO ¢ PEareHTamMu, COACPKalluMHI
TONBKO M-3aMECTHTENH, JAXKE €C/IM 3HAYSHHE CYMMBbI KOHCTAHT I"'aMMeTa 0IMHAKOBO.
Tlo-BMAMMOMY, AaHHBIH (DaKT MOXHO OOBACHUTH TeM, 4TO0 y copbeHra 9 arom
KUCIOpoza 3’-KapOOKCHIIBHOM IPYIIIE y4acTByeT B 06pa3oBaHHM BOJOPOJHOH CBA3HN

¢ aTOMOM BOJOPOJa 2’ -THAPOKCOTPYIINbI:

/H()\\ /O—H

o-H

)

Takoe 3aKTIOYEHHE MOXHO CJEaTh MO aHAJIOTUH CO CBOWCTBAMH CaJIMLIWIOBOM
kuciorsl [204]. B copbeHTax ¢ 0-KapOOKCHIIBHOM rPpyNnoi BOAOPOAHAA CBA3b BKIIIO-
yeHa B KPYroBYIO Lellb CONpsyKEHMsA, Onaromaps 4emy MOBbILIEHA NOHOPHas CIO-
cOGHOCTh KHCJIOPOZA M aKLUENTOpHasA crnocoOHocTh Boaopoaa [205]. Ito mpuBoaMT K
Gonpuieit crabunuzauuu rugpokcorpynmnsl PAIT copbenra, H, CIEAOBATENBHO, K OC-
N1a0IEHHIO ee AUCCOLMALIMH.

TaK KaK McclieAyeMble HAMH COPOEHTHI [0 CBOHCTBAM SBJIAIOTCA C1a0bIMH KHCIIO-
TAMH, TO K HUM NPUMEHHMBI B OOLUEM BHE PacueThl PABHOBECHBIX KOHLIEHTPALIMH pas-
JIMUHBIX (OPM KHCJIOT, 00pa3yIOILHXCs 110 Pa3HbIM CTYNECHAM HOHM3ALMH B 3aBUCHMOCTH
ot pH, koTopblie mposozATes B coorercTuy ¢ [206, 207]. Henonb3osanue roToBsx npo-
rpamm [208] u ux MogMdHKaLHii 103BOJIAET ONMPEACATD (dopMBI CyLLIECTBOBaHMA COP-
GenToB (B 06LIEM BHIE), @ TAKKE PAacIPEACICHHE X MOJBHBIX JI0JICH B pacTBOpE MpH

3aaHHOM pH, UTO # 6GbLTO C/IENAHO B JAHHOM MccnenoBanuH (puc.14-21).
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Puc. 14. Kpusble pacnipesieieHust paBHOBECHBIX (popM copOeHTa 1
B 3aucuMoctu ot pH cpenst (u=1)
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Puc. 15. Kpusbie pacnipesenenus paBHoBecHbX Gopm copOenra 2
B 3asucumocty ot pH cpenst (u=1)
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Puc. 16. Kpusbie pacnpeneneHus paBHOBECHBIX ¢popm copOeHTa 3
B 3aBucumoctu ot pH cpenst (u=1)
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Puc. 17. Kpusble pacnpesienenus paBHOBeCHbIX dopm copbenra 4
B 3aBucuMocTH OT pH cpeast (u=1)
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Puc. 18. KpuBble pacnpeeneHus paBHOBECHbIX opM copOeHTa 5
B 3aBucumocTu ot pH cpenst (p=1)
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Puc. 19. Kpusbie pacrpesienenus paBHOBeCHbIX Gopm copbenta 6
B 3aBucumocTu ot pH cpeast (n=1)



[0}

08

06

04

02

0

77

0 2 4 6 8 10 12 14 pH

Puc. 20. Kpusbie pacnipeneneHus paBHOBECHbIX Gopm copbenra 7

¢

0.8

06

04

0.2

0
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Puc. 21. Kpusbie pacnpenenieHus paBHOBECHBIX ¢popm copbenra 8

B 3aBucuMoctH ot pH cpeast (u=1)
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3.2. BuiGop onTHMAJIbHBIX YCJI0BHH COpPOLIHH
3.2.1. OnrumansHeiii auanazon pH cop6uun Co(IT), Ni(II), Cd(II)

MOJHMEPHBIMH X€J1aT000PA3yIIHMH COpOeHTaMHu

Hccnenopannbie ITXC apnaioTcsa cnaObIMH KUCIOTaMH, ITO3TOMY ONpEAETICH-
Hoe 3HaueHne pH pacTBOpa SBJISETCSA OJHHUM M3 HauOOnee BaXHBIX YCIIOBHH IpaK-
THIECKH HOJIHOTO CBA3bIBAHMA 37IeMeHTa B komiuiekc [1, 58, 66-68, 186].

OnrumanbHyto Bemmunny pH cop6uuu xobansra(ll), Huxena(Il) u xaamus(Il)
BHIGHPATH SKCTIEPUMEHTAIILHBIM ITyTeM B uHTepBane pH 1- 12.

PesynbTaThl McceaoBaHus BausiHua pH pacTBOpOB Ha CTeneHb CopOLMHU dite-
meHTOB (R) npencrasieHsl Ha puc.23-28. MHTepsaist PHopm, Rmax, PHsp copbLMu Ko-
6anbra(ll), nukena(ll) u xagmus(Il) momuMepHbIME XenaToOGpasyroMMU COpOeH-
TaMH npuBeAcHHI B Tabn. 17.

HccnenoBaHue 3aBUCMMOCTH BeauuMHbI copbuun ot pH pacTBopa mokasaio,
yro yBenuueHne pH pacTBOpa mocje ONpeneneHHOro ONTUMANbHOTO €r0 3HAYCHHUS
NPHBOJMT K HEKOTOPOMY YMEHBIUEHHIO COPOLIMH 3IEMEHTOB, UTO MOXKET OBITh 005~
SCHEHO MOSBJIEHHEM B pacTBope ruupomusosannbix dopm Co(OH)', Ni(OH)" wim
Cd(OH),’, mocko/bKy HaMu MPEINON0KEHO, YTO MOTJIOMAIOTCA NPEMMYILECTBEHHO
wonnt Co?t, Ni** wm Cd(OH)" (cm. 0. 3.5.4.). Hachiuenue cBoGOaHOM KOOPAUHALIN-
OHHOM eMKOCTH HOHA METAJUIa MPOMCXOOWT 3a CYET MOJIEKYJ BOIbI WM aHHUOHOB,
HAXOIAIIMXCA B PaCTBOPE.

U3 moJIydeHHbIX JAaHHBIX BHAHO, 9TO B pady copGentos 1-4 u 5-8 BenuuuHa
pHSsy copbunu kobanbsTa, HUKENA H KaAMM CMEILAETCA B OoJiee KUCIYIO 00J1aCTh.

Copbenrsi 1, 4, 7 u 8 criocoGHbI U3BIEKATh KOOAIBT, HUKCID U KaJIMHii B CO-
OTBETCTBYIOILMX ONTHMAIbHBIX AWana3oHax pH co crenensio copOumu 2 95%. Opn-
HAKoO U1 IPYIIIOBOIl COPOIIMH BCEX TPEX JEMEHTOB NPHIOHBI COpOeHTHl 4, 7 1 8,
KOTOpBIE XAPAKTEPU3YIOTCA MNEPEKPHIBAIOLIMMHUCA ONTHMAIBHBIMH HHTEpBANaMH

3naueHuit pH.
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Tabnuua 17

Xapaxrepuctrka npotiecca xemocop6uun Co(IT), Ni(Il) u Cd(II)

IONMMEPHBIMH XeNaToo6pasytolumMu copbentamu (t=2012 °C)

i -3
Ngeiig MeI/rI:J:l}la PHonm PHso c?p%ernﬂn, Dmﬁ(;r , Igf (ﬁg/": e | R %
Me MHUH.

1 6,9-93 | 5,65 15 1120 6,22 9 100
2 6,8-89 | 5,60 30 1110 6,11 11 100
3 7590 | 544 30 21 5,91 18 95
4 6,794 | 5,35 5 109 5,79 11 99
5 Co** | 7,090 | 548 30 17 5,92 10 94
6 6,59,1 | 5,40 45 52 5,75 12 83
7 6,6-8,7 | 5,17 5 106 5,31 16 99
8 6,493 | 4,89 5 1120 512 9 100
9 6,8-8,0 | 5,65 30 8,6 5,24 14 89
1 4995 | 3,45 45 1150 6,89 7 99
2 4991 | 3,22 45 22 6,73 9 95
3 4,092 | 2,93 60 11 6,48 18 91
4 4890 | 2,77 15 27 6,25 10 9%
5 Ni* 45-86 | 283 30 15 6,64 10 93
6 42-84 | 2,75 45 17 6,49 11 94
7 39-85 | 2,58 15 105 6,11 15 99
8 3,9-8,5 | 2,51 10 1160 5,95 7 100
9 3,8-77 | 2,80 60 15 6,08 10 93
1 10,1-11,0 | 7,88 60 21 5,21 6 96
2 95-10,9 | 17,36 90 16 5,03 7 90
3 8,6-11,7 | 6,52 60 28 4,79 19 100
4 od 73-10,2 | 6,07 45 9.4 4,46 9 100
5 9,4-10,8 [ 7,5 60 1090 4,87 12 92
6 86-11,4 | 17,12 30 13 4,83 11 100
7 6,6-9,9 | 5,95 30 1100 4,72 11 100
8 6,9-9,4 | 5,50 15 1200 4,65 6 100
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Puc. 24. 3aBucumocTs creneHu copbumu (R,%) Co(Il) copbenramu 5-9 ot

pH cpeast
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Puc. 25. 3aBucumMocts crenenu copbuuu (R,%) Ni(I) copbenramu 1-4

ot pH cpensl
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Puc. 26. 3asucumocts crenenu copouuu (R,%) Ni(Il) copbentamu 5-9
ot pH cpensr
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3.2.2. OnTumajbHoe Bpemsi KOHTaKTa ¢a3 ¥ TeMnepaTypbl pacTBopa

OnauM u3 cneundmnueckux coiicts IIXC aBnfeTCa CpaBHUTEIIBHO Masias CKO-
POCTb COpOLHH HOHOB JIEMEHTOB, ONpeaenseMas CKopoCTsio It dy3un U peakimed
KOMILIEKCOOOPa30BaHNs; COOTHOLIECHHE MEXy HHMH 3aBUCMT OT CBOHCTB MaTpH-
uel, npuponsl uoHa u QAT, HaOyxaeMOCTH CMOJILI M APYTHX (axTopoB [69, 104].
Heo6X0qMMO TaKkkKe OTMETHTD, YTO CKOPOCTh H3BJICUCHHUA JIEMCHTOB METOJAaMH, OC-
HOBaHHBIMH Ha PacTpe/Ie/iCHHH BeLecTBa MEXAy ¢azamu, OueHb CHIbHO 3aBUCUT OT
TOTO, KaKuM CIoco6oM 3TH ¢azsl MPUBOIATCA B KOHTAKT, HACKOJILKO AUCIIEPrUPOBA-
HbI BEIIECTBA, HAXOAAIMeECs B pa3HbIX dazax [187].

B KauecTBE NOMMMEPHON MATPUILIBI H3YYEHHBIX COPOSHTOB HUCIIONB30BANICS CO-
MIOJIMMEP CTHPOJIA ¥ AMBHHIIOEH3071a MaKpOMOPUCTOH CTPYKTYPhl Mapku 15/100,
T.K. M3BECTHO, UYTO IYYLINMH KHHETHYECKAMH XapaKTepHCTHKaMu o0nanatoT copOeH-
Thl Ha OCHOBE ITOJIHMEPOB MAKPOMOPUCTO# cTpyKTYphI [209].

TonyueHHEIE HAMH AAHHBIE [IOKA3BIBAIOT, UTO VISl JOCTHXXEHUs MAaKCHMAJIBHOH
crenenu cop6uuu xobansta(ll), Hukens(ll) u kaamua(Il) (95 - 100%) Bpemst copOuHH
(mpu onrumansaoM pH) coctaBnser 5-90 MUH. IPH  TEMIEPaType 20°C (taba. 17).
JIydIIMMH KHHETHYECKMMH XapaKTEpPUCTHKaMHU NPH 20°C o6nanaror copbents 7 u 8.

B xauecTse npuMepa rpaduueckoe n3obpaxeHue 3aBUCUIMOCTH BPEMEHM KOH-
takra a3 (7, Mun.) 4 Temneparypsl (’C) pacTBopa Ha CTeneHb COpOLHH nukensa(Il)
u xagmua(ll) (R,%) copbentom 7 MONMCTHPOIN-2-OKCH-a30-2’-OKCH,5 -HUTPO,3 -
GeH30/CyIb(pOKHUCIIOTa MPEACTaBneHo Ha puc. 29, 30 (HeoOXOAMMOCTh H3yUCHHA 3a-
BHCMMOCTH CTEeNeHH cOpOLMH kobanbTa OT TeMIlepaTyphl OTCYyTCTBOBana, T. K 7 =3
MHH NpU t=20+2°C). TToBbienue TeMMEpaTypsl 10 60°C crioco6CTBYeT COKpaLIEHHIO
BPEMEHH, HEOOXOMMOro Ul KOJIHYECTBEHHOHW COPOLMM, NMPUONM3NTENBHO B /B2
pasa.

B nanpHEHIIHX MCCIAEIOBAHHAX TPYINOBYIO COPOLMIO JJIEMEHTOB 3THM COp-
6entoM mposoaunu mpu Temmneparype 20+2°C B TeueHHe YCTaHOBIEHHOrO ONTH-

MaJsibHOro BpemeHu copoumu (30 Mun.).
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0 20 40 60 80 7, MUH

Puc.29. 3aBUcHMOCTh COPOLIMU HUKEIIA OT BPEMEHH H TEMIIEPATYPbI
cop6entom 7 (1- ipu 20°C, 2 - npu 40 °C, 3 - npu 60 °C)
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100 r % L — Te———

80
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50 1 1 1 | 1
0 20 40 60 80 7, MUH

Puc. 30. 3aBucumocTh COPOLIMM KaAMHSA OT BPEMEHH M TEMIIEPATYPhI
cop6errom 7 (1- mpu 20°C, 2 - npu 40 °C, 3 - nipu 60°C)
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3.2.3. CopOunoHHasi eMKOCTb COPOEHTOB 110 0T/AEJIbHBIM 3JIEeMEHTaAM

CopbumonHas eMKOCTh cOpOeHTa 00yCIOBIMBAETCS KOHLEHTPAlMEH €ro
$yHKIHORANbHO-aRaMTHYecKHX rpynm (PAT) B envHuLE MACCHI TTOTMMEPHOH MaT-
PULBL - CTENEHbIO BXOkACHHS (W) M BETHMYMHOH yCTOH4MBOCTH 0Opasylollerocs
kommiekca. CopOLHMOHHAA €MKOCTh COPOEHTOB NMPONOPLMOHANbHA Y B (hase IOJH-
Mepa, 0JIHAaKO NPSMOJIMHEHHAs 3aBUCHMOCTb He BCerja cobiofaercs, Tak Kak B pe-
anbHbIX YCJIOBHAX HE BCE (DYHKUMOHAIBHBIE IPYNIBI COPOEHTa AOCTYNHBI I KOOP-
JAMHALMA C KaTHOHOM aiemeHTa. Ha copbumonnsie cpoiicta ITXC 3nauuTensHoe
BuAHKe okas3biBaeT pH cpeapl. DTOT mapaMeTp AOMKEH OBITh ONTHMAIBHBIM 1S pe-
akinpoHHoI cnocoOHocTH Kak MAI” copOenTa, Tak H JUld KaTHOHA 3JIEMEHTA.

B pacTBOpax CO CIIOXHbIM XAMHYECKHM COCTaBOM COpOUMOHHAs €MKOCTb K
OMPENEIAEMbIM IEMEHTaM 3aBHCHT OT NPUCYTCTBHsS IOCTOPOHHHX 3JIEMCHTOB INpPH
panHoM pH. IlpH KOHUEHTPHPOBAHUM BIMSHME NOCIEAHUX HA NMPAKTHKE HUBEJIMDY-
10T YBEJIHYEHHEM MACCHI COPOEHTa, MACKMPOBAaHMEM MTOCTOPOHHHX JIEMEHTOB COOT-
BETCTBYIOLMMH PeareHTaMH, CO3[aHHEM ONpeE/e/IeHHOro 3HaueHus pH, mcnone3o-
BaHHUEeM OoJiee H30MpaTeIbHBIX COPOCHTOB C JIyYIIMMH aHAJIMTHYECKUMH XapaKTepu-
CTHKAMHU.

JlaHHBIE N0 aHAJIM3Y KPMBBIX HACBHIIIEHUA JAOT OCHOBAaHUE yTBEPKIaTh, 4TO B
TOUKE HACHIILICHHA HX MPOEKLHH Ha oChb opAHHAT (puc. 31-33) ykasbiBaeT Ha Be-
YHHY COpOLMOHHOH €MKOCTH COpOeHTa IO OTHOLICHHIO K M3y4acMOMY 3JIEMEHTY
CECpz (Mr/T) B pesynbTare xemocop6uuu (tabn. 17). Copbents 3 u 7 XapakTepu3yroT-

cs1 HanGonpiuMu 3HaueHUAMH CECyy, TI0 BCEM TPEM IEMEHTAM.
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a, mr/r
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Puc. 31. KpuBble HachILIEHHs 1A pacyeTa COPOLIMOHHONR eMKOCTH COPOSHTOB NMpH
cop6umu kobansTa (II), t = 20°C (urdph! y KPUBBIX COOTBETCTBYIOT HOMEPaM
copGeHTOB)

a, Mr/t
20
18
16
14
12 5
10 6

8
6
4 |
2
0
0 2 4 6 8 10 12 14 16 18 ¢ m2/n

Puc. 32. KpuBbie HachILIEHH UL pacyeTa COpOLIMOHHON EMKOCTH cOpOEHTOB IpH
cop6un kanmusa (I1), t = 20°C (uudps! y KpHBbIX COOTBETCTBYIOT HOMEPaM
copOeHTOB)
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a, mr/r
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Puc. 33. KpuBbie HachILIEHHs il pacyeTa COPOLMOHHOH EMKOCTH COPOCHTOB MpH
cop6umu Hukens (1), t =20°C (umdpel y KPUBBIX COOTBETCTBYIOT HOMEpaM
copOeHTOB)

3.2.4. Ouenka uzbupateabnoctu npouecca copduun Co(II), Ni(II),

Cd(I1) noMMepHBIMH XeJ1aT000pa3yloIHMH COpOeHTaMu

W3BecTHBI OCHOBHBIE TPeOOBaHUsA K COPOEHTaM, MCMOJIb3YEMbIM JULE KOHLEH-
TPUPOBaHKsA: M3OMPATENILHOCTh B MPUCYTCTBHM MAKPOKOIHYECTB IIENOYHBIX M IIe-
JOYHO3EMENBbHBIX JEMEHTOB H JAPYTHX MAaKpOKOMIIOHEHTOB MarpHLbl, BBICOKHE KO-
3¢ PHLHEHTHI pacnpee/ieHHs H XOPOLIHe KHHETHYSCKHE XapaKTEPUCTHKH.

M361paTensHOCTh XeaaToo6pasyrouXx COpOeHTOB K omenmbm HOHaM Me-
TasuIoB 06yCJIOBNEHa CBOMCTBaMH (PYHKIMOHAIbHO-aHATUTHIECKUX IPYN U NPOsAB-
nsieTcs B ONpEETeHHBIX YCIOBUAX. BBeieHHeM B pacTBOP MacKHPYIOIHMX PEarcHTOB
MOYHO CYLIIECTBEHHO TOBBICHTh H36HpaTeNIbHOCTh COPOCHTOB, YEM YacTO MOJIb3YHOTCA
Ha ITPaKTHUKE MPH Pa3IeIEHUH JIEMEHTOB.

IlonyueHHble HAMH PE3YJILTATHI 110 HCCIIEA0BAHHIO H30MPATEIbHOCTH ACHCTBUA
Haubosee TEpCIEKTUBHOTO COpOeHTa 7  MOMMCTHPOIN-2-OKCH-a30-2’-OKCH,5 -

HUTPO,3’-6en3oncynsdokucnora no orHomenno Co(1l), Ni(Il) u Cd(II) B mpucytcr-
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BHH pa3/MYHBIX MAKPOKOMIIOHEHTOB TOKa3alo, YT0 KOJIMYECTBEHHOM copbuuu He
MeMIaeT MPUCYTCTBHE KPATHBIX MACCOBBIX KOJMYECTB COMYTCTBYIOIIMX 3ICMEHTOB (8
OT/ENbHBIX CITyYasX B IPUCYTCTBUH MaCKHPYIOILMX BEILECTB): K',Na",NO;” -n- 10°;
NIL' - n - 10% Mg, Ca?*, Ba?, Cu™, POy, SO, CT - n - 10%; Zn™, Pb™", Fe™", Fe™,
AP*, Cr, F, COs*, HPO,Z, - n - 10% Mn®" - n 10 (tata. 18).
Tabnuna 18

Uz6upaTensHOCTh KOHIEHTPUPOBAHUA M MOCNIEYIOLETO aHATUTHYECKOTO
onpejieNIeHUs JIEMEHTOB COpOeHTOM 7
(pH 6,8, R295%, m (Me)=10 mkr, m (copbenTa)=50 mr, V=20 ma, =20°C,
7= 30 mun, aecopbuus — 5 mu HNO3(4 Mons/m))

Conyrorayromii #oH (X) MaccoBble COOTHOLIEHHS
[X]:[Co™] [X]:[Ni*'] [X]:[Cd™]
Na' 1'10° 110’ 110°
K 110° 110° 1'10°
NH,' 110 110* 510*
Ca* 510° 510° 110°
Mg** 510° 510 110°
Ba®* 110° 110° 110°
Cu®* 0,1 0,1 0,1
aCu? 510° 510° 510°
Zn* 5 5 1
6Zn? 5102 1'10? 5102
PbZ 5107 2102 5102
cd* 50 50 -
Co? - 50 50
Ni¥* 50 - 50
Mn?* 50 10 10
Fe** 50 1'10% 1110?
Fe* 5 5 2
Fe’t 210° 2102 1102
AP 50 50 10
TAPY 1'10? 1'10? 1'10?
crt 10 10 10
rcr*t 1102 11102 2'10°
Cl- 510* 110* 110°
F 100 50 100
NO+ 110° 110° 110°
CO:* 110? 50 50
SO.> 110° 510° 510°
HPO.> 5107 11107 110
H,PO4 110 510° 110°
AckopOuHOBas KHCJIOTa 210° 510° 510°
TuomouesuHa 110° 1103 1103
I nuuepuH 110 210? 110°

[Mpumeuanue. IIpyucyTcTBHE MaCKHPYIOLIMX BELIECTB. %10 Mr THOMOYEBHMHBL, - | Mr FuuepuHa;
®_ 10 mr ackop6uHoBoii kucnotsl; ' - SMrF-,
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3.3. KoncTanThl 06pa3oBaHHsi KOMILIEKCOB 3JIEMEHT-COPOEHT

CrneyeT OTMETHTb, YTO B HACTOALICE BPEMA HE CYLIECTBYET €AMHOIO MOAXOA
K pacdeTy KOHCTaHT 00pa30BaHMA KOMILIEKCOB HOHOB METAJJIOB C MOMMMEPHBIMH
JIACaHAaMH OPraHHYeCKOH WM HeopraHHueckod npuposl. Tak, ¢noco0, OCHOBAHHBIN
Ha pacyeTe KOHCTaHT 00pa3oBaHHs KOMIUIEKCOB C MCIMOJIB30BaHMEM 3aKOHOMEPHOCTEHN
FOMOTEHHBIX PEaKLHii, B TETEPOTEHHBIX CHCTEMAX UMEET Ps AOMyLICHHH [1]. Onnaxo,
fi2>ke TPY BBEIHHH COOTBETCTBYIOLIMX TOMPABOK, MOJTY4aeMbIe NPU pacueTe BEH-
4MHbI KOHCTAHT 00pa3soBaHHUA ABJIAIOTCA NPUOIMIKCHHBIMH, TaK KaK HEBO3MOXHO
yuecTh Bce (haKTopbl, OKa3pIBAIOIIME BIMSHHE HA MPOLIECC KOMILTEKCO0Opa3oBaHus B
rereporenHoii cpexe. OnpenensemMbie HAMH 3KCMEPUMEHTABHO KOHCTAHTBI obpaso-
BaHHA ABJIAIOTCA KOHLEHTPAUMOHHBIMH., OJHAKO 3TH BEJIMYHHBI XapaKTCPU3YIOT aHa-
JIMTHYECKHE CBOMCTBA COpOEHTA.

Iponecc 06pa3oBaHus KOMILIEKCa HOHOB MeTauia Me ¢ (yHKIIHOHATEHBIMH
rpynnamu copGenta L B 0611eM BUIE MOXET ObITh nbe,ucmsneﬂ CXeMOi:

Me + nL = Mel,

KOHCTaHTa PaBHOBECHS PEAKLUMH COOTBETCTBYET KOHCTaHTe 00pa3oBaHMA

KOMILIEKCA M MOXET ObITh 3aMmucaHa clieayouum o6pa3oM

A
g 210 oD

unu, B norapudmuueckoii popme Ig B = Ig/MeL, ] - lg/Me]-nig/fL]  (3.2).
HepactBopumocts cop6eHTa M COOTBETCTBEHHO €ro XejaTa No3BojiseT onpe-
IEJTMTh KOHLEHTpaLuio Komiuiekca /Mel,/ ¥ KOHUEHTpalMIO HE3aKOMIUIEKCOBAH-
HBIX MOHOB MeTauia /Me] B cucTeMe NMpU paBHOBECHH.
KOHUEHTpalUd HE3aKOMIUIEKCOBaHHbIX (yHKuHOHaNbHBIX rpynm [L J, Haxo-
AAIMXCA B KOOPAHHALIMOHHO-aKTUBHON (hopMe, MOKET ObITb ONpeneneHa U3 ypas-

HEHHA KOHCTAHTHI JUCCOLIUAlIMH!

H - pK
1g[L]=1g[LH]+!L-mLﬂ, (3.3),

rae [LH] = [Loou] - [NaOH] - [H'}
[NaOH] - koHIIeHTpalusA 100aBJIEHHOr0 PacTBOpa ILEJIOYH, MMOJIb/MJT;

[H' ] - paBHOBECHAs KOHLIEHTpALMs HOHOB BOZOPO/A B CHCTEME, MMOJIb/MJI.
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HOJI)"ICHHBIC HaMH JaHHBIC 1A pacucTa KOHCTAHT o6pa303amm X<J1aTOB H3Y-

uennsix aneMenToB ¢ ITXC npusenens: B Tabm. 19.

Tabnuua 19

Pe3ynbTaThl ONIPEACICHAS KOHCTAHT 00pa30oBaHUA XeIaToB kobansTa(ll),

uukena(lD) u kaamus(ll) ¢ IIXC

CopGenT 3:; Me]10°, | [MeL,]I0’, Ig/L] Ig[LH] Igp
MOJIb/ NI MOJIb/T

1 1,44 0,513 4,67 2,11 6,22
2 1,02 1,358 -3,98 -1,64 6,11
3 1,19 1,017 -3,98 -1,93 591
4 1,10 1,197 -3,75 -1,94 5,79
5 Co 1,05 1,2890 -3,83 -1,55 5,92
6 1,03 1,336 -3,64 -1,36 5,75
7 1,13 1,139 -3,31 -1,12 531
8 1,14 1,104 3,14 -0,916 5,12
9 1,03 1,327 -3,13 -0,751 5,24
1 1,50 0,405 -5,46 -1,48 6,89
2 1,47 0,466 -5,23 -2,04 6,73
'3 1,51 0,373 -5,09 -0,859 6,48
4 1,52 0,366 -4,87 -1,35 6,25
5 Ni 1,50 0,397 -5,22 -1,34 6,64
6 1,48 0,439 -5,02 -1,04 6,49
7 1,52 0,366 -4,73 -0,999 6,11
8 1,53 0,351 -4,59 -0,919 5,95
9 1,49 0,422 -4.63 0,421 6,08
1 0,177 1,43 - -2,30 -0,884 5,21
2 0,353 1,07 -2,55 -1,36 5,03
3 0,536 0,708 2,67 -1,709 4,79
4 0,780 0,220 -3,01 2,26 4,46
5 Cd 0,356 1,07 -2,39 -1,18 4,87
6 0,404 0,971 -2,45 -1,18 4,83
7 0,815 0,149 -3,46 -2,48 4,72
8 0,838 0,103 -3,56 -2,49 4,65
9 0,804 0,172 -4 47 -2,70 5,8

U3 nony4eHHsIX Pe3yIbTaToOB BUAHO, YTO YCTOWYHBOCTD X€JIaTOB YBEIH1UBA-

erca B pady kaamuii < koOambT < HUKE/b M B LEJOM MOMYMHACTCA 3aKOHOMEPHO-

CTSIM, XapaKTEPHLIM I MOHOMEPHBIX OPraHH4eCkuX peareHtos [58] ¢ ToH pasHu-

ueil, 9T0 KOMILIEKCO06pa30BaHHE KaTHOHOB 3IEMEHTOB C GYHKLMOHANLHBIMU IpyTI-

NaMH, 3aKPEIUICHHBIME HA MOJMMEPHOM MATPHIIE, CBA3aHO CO 3HAYMTENILHO OONBLIM-

MH 3HCPreTU4YECKHUMH 3aTpaTaMH. HOBTOMY X€EJATHhIEC KOMIUICKCHI ¢ MOJIHMCPHBIMHU

copbentamu MeHee npounsl [1].
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3.4. Bui0op ycioBHii AecopOLMH 3JIEMEHTOB

Jinst MccaenoBaHusas o6paTUMOCTH COpPOLMM HOHOB C LENbIO MOBBILICHAS (-
(beKTHBHOCTPI HCITOJIB30BaHHU S COp6eHTOB H3y4Y€Ha 3aBUCUMOCTDb CTCIICHHU lICCOp6[IHI/l
OT KHCJIOTHOCTH CpeAbl U NPUPO/bI 3TOEHTA.

Kak nokasanu pe3ynsTarsl (1abin. 20), Konu4ecTBEHHAsA rpynnosas necopOuus
ko6ansra(ll), Hukena(Il) u xkaamusa(Il) MPOUCXOAUT NPH MIOMPOBAHHH HX C copOeHTa
10 mux pacrBopa HNO; (2 Mons/n) w5 Mt pacteopa HNO; (4 Monb/i), mitn 20 mn
pacrsopa HCI (2 mons/m), wiu 5 ma pactsopa HCI (4 mons/n), mim 10 M pacTeopa
H,SO4 (2 Mons/m), wid 5 mu pactsopa H,SO4 (4 mons/i). Crenenb JaecopOuuy B
aTHX ciydasx cocTasnaeT 98-100%. CopOenT He TepseT cBoelt 3 PeKkTHBHOCTH 110-
CJ1e MIATHKPATHOTO NPOBEEHUS LIMKIOB COPOLMH-AECOPOLIMH, YTO a€T BO3MOKHOCTD
€ro MOBTOPHOTO NMPUMEHEHHA. '

B03MO>HOCTh KOJIMYECTBEHHOH AECOPOLIHM HOHOB MO3BOJIAET OLICTPO H3BJIC-
KaTb COpOMPOBAHHbIE HOHBI bacmopamu MHHEPAIbHbIX KHCJIOT H MHOTOKPaTHO MC-

10J1b30BaTh COPOEHTHI MOCJIC pEreHepaLuy.
3.5. YcTaHoB/ICHHE BEPOSITHOr0 COCTABA KOMILIEKCA 3J1eMEHT-COPOeHT

Kak oTMeuanoch paHee, B HacTOsAIIee BpeMs /I H3yUeHUs NOJIMMEPHBIX Xena-
TOOOPA3yIOIUX COPOEHTOB M3BECTHO OMPAaHUYCHHOE KOJIHYECTBO METOAOB U3-32 re-
TEpOTEHHOI TPHPOMIBI HCCIIEAYEMBIX CHCTEM, TIOIMMEPHOTO CTPOECHHA COPOCHTOB M
1.11. TIo NpHYMHE OTCYTCTBHA HAJEXKHBIX NPAMBIX METOAOB, BHIBOJBI O BEPOATHOH
CTPYKTYypE TIOJIUXEaTOB, KaK NpaBujo, 0asUpyIoTCs Ha KOMILIEKCE IAHHBIX.

IIpu uccrenoBaHUM CTPOEHHS KOMIUIEKCHBIX COEAMHEHHH HOHOB METAJLIOB C
COpOEHTaMH ONPEAENAIOT COCTaB KOMILUIEKCA, YUCJI0 HOHOB BOJIOPO/A, BEITCCHCHHBIX
HOHOM METaJUIa, a TAKXKE XapaKTep COOTBETCTBYIOWUX cBsseit [104, 210].

B nanHoi#t pabote 0 XMMH3Me npoliecca COpOLMH MOXXHO CYIUTh HA OCHOBAaHHUH.

e BH/a H30TEPMbI COPOLIMH;
e uYHCIa MOHOB BOJOPOAA, BHITECHAEMbIX MOHamu Metamna w3 QAL copbGenra B

npouecce copoLum;
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Tabnuua 20
Tlecop6ums Co™*, Ni** u Cd®* MHHEpaTbHBIMH KHCTIOTAMH
oc/ie KOHLIEHTPUPOBAHMS 3JIEMEHTOB Ha copOenTe 7
Konuenparms Crenenp aecopbunu
Kucnora KMCOTBI, O6bem, ma

MOJIb/ 11 Co Ni Cd

S 56 61 54

0,5 10 68 74 70

20 84 90 91

5 88 94 96

1 10 95 95 99

20 99 95 99

HNOs 2 5 98 100 100
10 99 100 100

5 100 100 98
4 10 100 100 100
20 100 100 100

5 61 54 80

0,5 10 83 68 90

20 89 77 92

5 87 65 99

1 10 91 72 99
HCI 20 95 89 100
5 97 93 100
2 10 100 95 100
20 100 98 100
5 100 98 100
4 10 100 100 100
20 100 100 100

5 67 64 80

0,5 10 74 69 90

20 80 81 95
5 75 79 100

1 10 84 87 99
H,S04 20 98 95 100
5 100 95 100
2 10 100 98 100
20 100 98 100
5 + 100 99 100
4 10 100 100 100
20 100 100 100
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e pH navana copbuuu;
e aHAIH3a JAHHBIX 10 HOHHOMY COCTOSHHIO MOHOB META/IOB U COPOEHTOB B YCIIO-
BUAX COpOLIMH;
o ycraHoBneHus 3aucumoctell Mexay pKyw ®AI copbenta u BenuunHod pHs
copOLUH IIEMEHTA,;
e aHAIOTMHM JEHCTBHA PACTBOPUMBIX MOHOMEDHBIX OPraHH4YECKHUX PEarcHTOB H IOJH-
MepHbIX COPOEHTOB, COACPXKALIHMX TAKHeE Xke (YHKLMOHATLHO-aHATIMTUECKHE TPYTITIbL,
e UK-CeKTPOCKONMUYECKOTO HCCNIEJ0BaHUsl COPOCHTOB M HX KOMIUIEKCOB C dje-

MCHTAMH.

Takue cBeacHUA B KOMILIEKCE AAalOT BO3MOXHOCTH CyAWTh O MPHPOAC pearu-

PYIOLIMX YACTHLI TIPH 331aHHBIX YCJIOBHAX COPOLMHA M PACKPHITH XMMHU3M MpoLecca.

3.5.1. UccnenosaHue u3orepm copounu

M30TepMBl cOpOLIMH TTO3BOJIAIOT ONPEACTHTh HECKONBKO BAKHCHIIMX KOJIHE-
CTBEHHBIX XapaKTEPUCTHK copGeHTa M mpouecca copOuuu: COPOLMOHHYIO €MKOCTh
II0 HOHaM 3J1eMeHTa, KO3(h(ULKEHTB! pacTpeieTICH!S ¥ XHMUM COPOLIMH.

Ilpu conpukocHOBeHMH (a3 KOHLEHTPALMs 3EMEHTOB B (ase copbenTa (q.)
YBEJIMYMBAETCSA, a B pacTBope (qp) YMEHbIIAETCA A0 TEX MOP, NOKa MPH HEKOTOPOM
COOTHOIIEHHH (/qp HE HACTYMaeT PaBHOBECHE. 3aBMCHMOCTh COACPXaHUS copbu-
pyeMoro HoHa 3niemeHTa B (hase copOeHTa Npu MOCTOSHHOH TEMIEPATYPE OT paBHO-
BECHOM KOHLICHTPALKH JAHHOTO HOHA B pacTBOpe rpaduuecky NPEACTABAIOT B BUAS
u30TepM copOLmu. DTa 3aBMCHMOCTh PAaBHOBECHOH KOHLEHTPALMH (c OT BEJMYHHBI
PaBHOBECHOH KOHLEHTPALMH (p MOXET GbITH IPU MOCTOAHHOH TEMMEPATYPE NMPAMO-
MUHeHOM WK 6onee coxHOM (GOpMBI: BBIMYKIOH, BOTHYTOH, HMETh HECKOJIBKO II€-
peru6os u T. . [187]. Hanbonee GnaronpusTHBIMA CUHTAKOTCA CHCTEMbI, HMCIOLIHE
M30TepMbl cOpOLMH BeInyk10ii opmbl [70].

MO’KHO NPETIONOKHTb, YTO NMPH HEKOTOPOH KOHLEHTPALMH 3JIEMEHTA B pacTBOpE
qp* TPOMCXOAMT HachlllieHue MM  (asbl COPOEHTA. CopepxaHue 3TOro 3JIEMEHTA B IO-
clie/Hel 0CTAeTCA TOCTOSHHOM TPH MOObIX 3HAYEHWsX (p, NPEBBILIAOIMX qp*. Hcxona

U3 BBIILE CKA3aHHOr0, MOXKHO 3aKIMIOYUTh, YTO B CHCTCMC npeo6nanaer nmpoLecc XxEMo-
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cop6uyn. ITocne Hachienus GAIN aneMeHTOM MpoLiece COpOLIMH 3aKaHUHBACTCA.
JIns M3YydYEHHBIX CHCTEM «AIEMEHT-COPOEHT) XapaKTePHbI H30TEPMBI JIPHIMIO-
posckoro Tumna (puc.34-36), HMEIOIME HAYAIbHBIA Y4aCTOK, OIH3KUH K IMHEHHOMY.
Ha nuHeifHOM yuacTke HU30TepMbl KOI(D(HULIHEHT pacnpeesieHis ABIAETC NOCTOAH-

HO# BEIMUMHOM, HE 3aBUCALLEH OT paBHOBECHOM KOHLCHTPALMU 3JIEMEHTa B pacTBO-

pe.
a, MK2/2
14000
12000 | , o—1
10000 -—2
—a-3
8000 . ——4
—%—5
6000 o6
4000 —7
—.—8
2000 § ——9
0 1 i 1 1 —
0 0,5 1,0 15 2,0 Cpasny MK/ ML
Puc.34. Usorepmsl copbumu nonos kobansta(Il) na copbenrax 1-9
(m(cop6enta)=20 mr, V(pactBopa)=20 mi, t=20°C, pH 6.,8)
a, MK2/2
14000
12000
——1
10000 a2
—a—3
8000 ——4
—%—5
6000 —o—6
00 !
40 8
2000 ——9
0 g 1 1 ) 1 )
0 0,5 1,0 1,5 2,0 Cpaeny MKS/M

Puc.35. Uzotepmsl copbumu HoHos Hukens(Il) na copbenrax 1-9
(m(cop6enta)=20 mr, V(pacTBopa)=20 m, t=20°C, pH 6,8)
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a, Mx2/2
12000
10000 | o1
i' ' a2
——4
6000 " ! A : —%—5
i P ® —a -eo—6
4000 —7
—— P — 8
2000 ——9
W/
0 ‘ 1 1 I 1 1
0 0,5 1,0 1,5 2,0 ' Cpaens MK2/MIL

Puc.36. H3otepmbl copOuuu noHoB kaamus(1l) na cop6eHTax 1-9
(m(cop6enta)=20 mr, V(pacteopa)=20 M, =20°C, pH 6,8)

3uayeHus k03ppuuKeHTOB pacnpeneneHusa D, HaiIeHHbIC H3 YPaBHCHUA JIsn-
IMIOpa VISl JIHHEMHBIX YUacTKOB M30TEpM, MPH COPOLUH xo6anbTa(ll), HukenA(Il) u
xaamus(ll) npusenenst B Tabn. 17. KoadduuueHTsl pacnpeneeHus BCEX Tpex e~
MEHTOB MOpsAJAKa N ° 10° — n " 10° mu/r xapaxrepnbl mis copGenros 7 u 8. Heobxoau-
MO OTMETHTb, YTO KOHLICHTPALMH 3JIEMEHTOB, HCTIOJIb30BAHHEIE B axchepnmem"e JUISt
YCTaHOBJIEHHA ONTHMATIbHBIX YCIOBHHMH copOLHMH, COOTBETCTBYIOT JIMHEHHOMY y4a-
CTKy M30TepM, M k09 GHULHEHTH pactpeae/eHus, a, CIE0BaTENbHO, CTCTICHH H3BJIC-
YeHHs HE 3aBHCENH OT PaBHOBECHBIX KOHLEHTPALMA HOHOB 3THX METAJLJIOB B PacTBO-
pe. B otux ycnosusx koddduuuent pacnpeneneHus 3aBUCUT TOILKO OT COOTHOIIE-
HHUA Macca copOeHTa : 00bEM pacTBOpA.

IIpH MPaKTHYECKOM HCIO/b30BaHuH copOeHTa 7 U1 JOCTHXKEHHA D mopsaka
n - 10 = n - 10° ma/r Heo6xomumo cobmonars cooTHomeHHe m(copbeHTa) u

V(ananusupyemoro pacteopa) - 1 : 1000 (t.e. 1 mr/mu).
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3.5.2. OnpeageneHue 4YMCJIa HOHOB BOXOPOIA, BbITECHSIEMbIX IpH
cop6umu u3 GyHKIHOHAIbHO-AHAJIUTHYECKHX Fpynn

Onpenenenne YncIa HOHOB BOAOPOJA (1), BRITECHSAEMBIX NPH COPOLIMH HOHOM
metanna u3 ®AL copbeHTa, NO3BONAET YCTaHOBHTH (JAKT ydacTHs MOCICIHEH B
KOMILTekcooGpasoBanuy. KonMuecTBO HOHOB BOAOPOJA, BITECHAEMbIX MPH COPO-
UMM, TOMYYaJIH, HCXOA U3 Pe3yIbTaTOB HCCIIEN0BAHHS CTENEHH N3BJICYEHHUS NEMCHTA
oT 3HaueHus pH pacTBOpa M Jajiee MO BeJIMUMHE TAHTEHCA YI/ia HAaK/IOHa NPAMOH, no-
cTpoenHoil B koopauHatax /g (R/(100-R)), pH. Pe3ynbTaThl IPUBEACHH! B Tabm 21 u

Ha puc. 37-45.
Bo BceX H3Yy4EHHBIX IPOLECCAX KOMILIEKCOOOPa3OBaHHA kobansTa(ll), HUKE-
(1) u xagmusa(ll) ¢ TIXC BeITeCHAETCA OAUH NMPOTOH. Pe3ynbTaThl OnpenesncHus

Y1CJIa BBITCCHEHHBIX MPOTOHOB YYHTBHIBAJIA IIPH COCTABJICHHH CXCM KOMHJICKCOOGpa—

sopanna Q@AI ¢ sneMeHTaMH.

Ig (R/(100-R)

Puc. 37. OnpeneneHue Ynucna BLITECHEHHBIX
MOHOB Boaopona u3 copdenra 1
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3.5.3. Janunie UK-cneKTpockonu4ecKoro HCcjie10BaHHs

HecMOTps Ha HAIMUME MHOTOUHCAECHHBIX mybnukauui no MK-cnekTpockoniu
TOJIMMEPHBIX MaTepuaioB, MHGOpMaLUs 06 HHTEPNpPETaUUH CTIEKTPOB COPOEHTOB H
X KOMIUIEKCOB C METa/lTaMH OrpaHWueHa M 3a4acTyl0 NPOTHBOPEYMBA, IMOITOMY
NOJIHAs MHTEPNpPETAlMsA CHEKTPOB CTOJIb CJIOXHBIX CHCTEM, KOTOPbIMH ABJLAIOTCH
ITXC ¥ uX KOMILIEKCH C METAIaMHM, BPAI JI1 BO3MOXHA. IIpu aHanu3e CeKTpoB Mbl
HCIIONB30BAIM JaHHsle padot [204, 211-223], pe3ynbTaThl CONOCTAaBICHUSA CNIEKTPOB
ITXC mexay coboii, a TakKe CO CIEKTPaMH KOMIUIEKCOB COPOCHT-2JIEMEHT.

CrexTpbI COPOCHTOB H MX KOMIUIEKCOB C 3JIEMEHTAMH NPECTABIEHB! Ha pyc. 46-54.

B o6nactu 3500-3000 cM”' uMeroTCa [BE MEpPEKPHIBAOIUKECS MOIOCHI NOTJIO-
menus. IIpeanonoxeHo, 4Tto ofHa u3 Hux (3394+3432 cm™) cooTBETCTBYET BaseHT-
HBIM KojiebanuaM 2-ruapokcorpynn ®AIT cop6eHTOB (Voy) H CBHIAETENBCTBYET O Ha-
JMYMH 5-4IeHHOTO LMKIa, 00pa3OBaHHOTO B Pe3yNbTaTe accolMauuu n-obaka aso-
IPYNMHLL M aTOMa BogopoAa 2-ruapokcorpynnsl [204, 215]. Ilonoca noriomeHUs sa-
NeHTHBIX Konebannii 2°-ruapokcorpynmnsl 3250+3200 cm’! npeACTaBNeHa KakK MUK Ha
wieue nonockl 3394:3432 cm’. BepoATHO, B 3TOM Clydae aToM Bojoposaa 2’-
THIPOKCOTPYIIIBI H aTOM N! aszorpynnel yuacTByioT B 0Gpa3sOBaHMM BOJOPOJHOM
cesizu N...H u, cnenosarensHo, 6-wiennoro muiia [204, 215].

B crieKTpax NONMXENAaToB M0 CPABHEHHIO CO CTEKTpaMu copGeHToB Habmoaa-
ercs runcoxpomuoe (Co, Ni) u 6atoxpomuoe (Cd) cmeleHre nosoCk MOrJOICHHA
3394+3432 cM™!, uTO CBHIETENBCTBYET O PA3IMUHOM M3MEHEHUM MOJAPHOCTH CBA3M

O-H:

VOH,CM'l
Ne copbenra cop6erT KOMTILIEKC COPOEHT-DJIEMEHT

P Co() Ni(TD) Cd(1D)
1 3411 3395 3387 3434
2 3394 3385 3382 3434
3 3432 3405 3391 3434
4 3417 3402 3392 3436
5 3398 3392 3388 3446
6 3422 3408 3397 3439
7 3416 3405 3400 3436
8 3401 3392 3388 3436
9 3409 3394 3392 3436
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BenuuuHa CMeEILEHUsA HE HAXOJUTCA B SBHOM 3aBUCHMOCTH OT KHCJIOTHO-
OCHOBHBIX CBOHMCTB COpOEHTOB, OIHAKO HabMmOJaeTCs CUMOATHOCTb CIBUTOB.

IIpu kommiekcoo6pa3oBaHUH PE3KO YMEHBLIAETCS HWHTEHCHBHOCTB TONOCHI
nornomenns B obnactu 3250+3200 cm™'; ckopee Bcero BenencTBHE 00pa3oBaHMS Ba-

neHTHOH cBA3r Me—O. Haubombllye H3MEHEHHs 3aTparuBatoT 00/1acTh CNEKTPa HU-
e 1500 cM™, oaHAKO JaHHBIH yUacTOK CIEKTPa HEBO3MOXKHO KOPPEKTHO MHTepIpe-
tuposars [211, 214, 218]. Tem He MeHee, H3IMEHEHUA B 3TOM JHANa30HE ABJAIOTCA

JOKa3aTc¢JibCTBAMH Komrmexcoo6pa3013auuﬂ.

3.5.4. Teopernueckue pacyernl pH MakcuManabHOroO
KOMILIEKCc000pa3oBaHus COPOEHTOB € 3JIeMEHTAMH
Co(II), Ni(I1I), Cd(II)

ITockonbKy NpH TOCTENEHHOM yBenuueHHH pH pacTBopa KOHUEHTpalus Ka-
THOHA MeTAJUIa yMeHbIIAeTCA M3-3a2 00Gpa30BaHUA IMAPOM30BaHHbBIX (GOPM, a KOH-
LIEHTpals aHWOHAa (WM NMPOANCCOLUMHUPOBAHHBIX KHUCJIOTHO-OCHOBHBIX TPYNIT JUIA
NOJIMAaHHOHOB) MOXET BO3PACTaTh BCIAEACTBME MOHHU3ALUMH, TO, COOTBETCTBEHHO, BO
MHOTHX CJTydasx JOMKEH CylECTBOBAaTh HEKOTOPbI onTumMyM pH, npu KOTOPOM BbI-
XOA TMpOAYKTa B3aMMOAEHCTBHA (T.€. KOMIUIEKCA) OKa3bBacTCi MaKCHMAaJbHbBIM
[224].

I[Tpouecchl KOMIUTIEKCOOOpa3oBaHNA HOHOB METAUIOB MOHOMEPHBLIMH OpraHu-
yeckumu juraigamu B IIXC B npuHUMIE MOAYHHAIOTCA OOIIMM NpaBUJIaM U 3aKO-
HOMEPHOCTSIM, OJIHAKO NMpPH NPOBEJCHHM AHATIOTHiA CIIEAYET OMHHTE O HEHAEATLHO-
CTH M CIOKHOCTH cuCTeM «copbeHT-dneMentT». M3BecteH pag paboT, B KOTOPHIX
NPEANPUHATA TONBITKA YCTAHOBIEHHA 3aBUCMMOCTH PH MaKCHMAabHOrO KOMIUIEK-
coo6pa30BaHHs OT KOHCTAHT HOHHM3ALMH HEKOTOPBIX IPYII OPraHH4YeCKUX peareH-
TOB M KOHCTAHT THIPOJN3a HOHOB Metawtos [225, 226]. B camom ofweM ciyvae
CXeMy KOMIUIEKCOOGPa3OBaHMs MOXKHO NPEICTABUTh B CEAYIOWEM BHAE (3A€Ch H
fanee 3apsabl HOHOB HE YKa3aHbl B Lensx ynpouienus 3anucu; HiR — ®AT" copben-
Ta):

HM(OH ), +aH R & {M(OH ), o },(H,_,R), +(na-pq)H + pqH ;0.
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Yacto mpouece KOMIUIEKCOOOPa30BaHHsl OCIOXKHEH NMOOOYHBIMH pPeaKUMAMH
(TMIpONTH30M MOHA META/UIAa H POTOHMPOBAHNEM aHMOHA PEareHTa), KOTOPhIe MOX-
HO 0XapaKTEPH30BaTh COOTBETCTBYIOMIMMH OOIIMMH KOHCTAHTaMH NPOTOHH3ALMHU U
ruapojau3sa:

R+ H < HR, g

R+ iH @HiR, Oy
M + H;O < M(OH) + H, ny

M+ kH,0O C?M(Of{)k + kH, Mk
B Takoii cucTeMe MakcUMabHOE 00pa3oBaHHE KOMIUIEKCA Habmoaaercs npH

KOHIIEHTpaLuK HoHOB Bogopoxa (h) B pactBope, onpenesnsieMoit H3 3aBUCHMOCTH:
m t m t m 4
(ia—kp+pg—an)y o' Y nh™* —ad ioh Y nh™* +py ok Y knh* =0 (3.4)
i=0 k=0 i=0 k=0 i=0 k=0

PaccMOTpHM NOC/IEA0BATEILHO CUCTEMBI, COOTBETCTBYIOLUHE U3YYaEMbIM 3Iie-
MEHTaM U COpOEHTaM.

AHanu3 nutepaTypHeiX naHHeiXx [1, 68] ceumerenscTByeT 06 oOpasoBaHHH
komitekcoB moHoB MetawioB ¢ MAIT ITXC cocrasa 1:1, 4ro HeckoJibKO ynpouiaer
pacuer. Clie/lyeT OTMETHTb, 4TO NPH PelieHHH ypaBHeHus (3.4) He yuuThIBaNIU 3Ha-
yeHus pK, KMCIIOTHO-OCHOBHBIX IPYIIII, HE YJaCTBYIOUIMX B KOMILIEKCOOOPa3OBaHHH.

C wcnosnb3oBaHHeM B pacuerax Benuuud pK ruaponusa xobaneta (II) pKir
9,60, pKar 9,21, pK3: 12,70 [12], ycTaHOB/IEHO, YTO B SKCIEPMMEHTAIbHO HaHACHHBIX
yCII0BHAX XenaTtoobpasoBanus koGansT (II) Haxoautes B popme HOHOB Co®*. 3nech u
Jajiee YUHTHLIBIHCH OTIPEJETICHHOE PaHee YMC/IO BHITECHEHHBIX HOHOB BOAOPOA
(n=1) ¥ npeanonaraeMele CXeMbl KOMILIEKCOOOpPa30BaHHsA, KOTOPHIE B CHCTEMax
«xobansT-copbeHT» umeroT BuA HoL+ Co** =CoHL"+H".

VuursiBas 31auenns pK ruapomusa vukens (II) (pKir 10,97; pKar 6,87; pKi,
11,25), npotonusauuio obeux ruapokcorpynn ®AI" copbeHTOB, KOMHYECTBO BHITEC-
HEHHBIX HOHOB Bojopona (n=1) u TOT ¢akT, uto pearupymomeii GopMoit 31eMeHTa
sBysiercs Mol Metaia NiZ', cxeMbl KOMIUIEKCOOOPa30BaHUA B CHCTEMAaX «HHKENb-

copben» umerot sug HoL+ Ni¥*=NiHL'+ H".
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IIpuHMMas BO BHUMaHHE MPOTOHM3ALHIO OJHOH WIM 00EHX THAPOKCOTpyI,
3nayenus pK rugponusa Cd**( pKir 7,36; pKar 10,91; pKs; 13,79), yuacTre 4acTHLEI
CJdOH" B KOMIIEKCOOGPA30BAHHH M YMCIIO BHITECHEHHBIX NMPOTOHOB (1=1), /s cuc-
TEMBI «KaJAMHI-COPOEHT» BO3MOXKHBI JIBE BEPOATHbIE CXEMBI KOMIUIEKCOOOpa3oBa-
HUS

HL + CdOH* = Cd(OH)L + H" (ansa copGenros 1-3, 5, 6);

H,L + CdOH' = Cd(OH)HL + H" (mna copGenros 4,7,8).

Pemenne ypasHenus (3.4) U1 ONMMCAHHBIX BHILIE CHCTEM € NIOMOLIBIO KOMITb-

IOTEPHOM NPOrpaMMbl IPUBOJMT K CJIEAYIOIIMM 3HAUYEHUAM PHiax!

Ne kobanbT HHUKENb KaaAMMii
copbenta | pHmax | unTepsan pHonr | pHmax | uHTEpBad pHonr | PHmax | MHTEpBa pHomr

1 8,70 6,9-9,3 8,50 4,9-9,5 10,35 10,1-11,0

2 8,55 6,8-8,9 8,45 4,9-9,1 10,20 9,5-10,9

3 8,50 7,5-9,0 8,35 4,0-9,2 10,40 8,6-11,7

4 8,20 6,7-9,4 8,15 4,8-9.0 8,80 7,3-10,2

5 8,45 7,0-9,0 8,35 4,5-8,6 10,10 9,4-10,8

6 8,30 6,5-9,1 8,25 4,2-8.4 10,00 8,6-11,4

7 8,25 6,6-8,7 8,20 3,9-8,5 8,55 6,6-9,9

8 8,15 6,4-9,3 8,10 3,9-8,5 8,45 6,9-9,4

Jlns Bcex cucTeMax «3J1eMEHT-COPOEHT» 3HaYeHUe pHyuax HAXOMUTCA B MHTED-
Baste pHony. T1pH yKa3aHHBIX 3HauUeHUAX pH oxujaeTcs MAKCHMATBbHBIA BbIXOJ XeNa-
Ta. Bennuuna uatepsana pH,,, ¥ cTeneHs copOLMH IEMEHTa B KOMILTEKC (Ruax) 32-
BUCSAT OT BEJTMUYHHBI KOHCTAHTHI YCTOMYHBOCTH o0pasyromerocs nonuxenara. Ipu-
BeZIeHHbIE pacdeThl He OTPHULAIOT, HO B TO € BPEMs, H HE YUUThIBAIOT BO3MOXHOCTH
OCyIIECTBJIEHHs HOHOOOMEHHOH COpOLMH ¢ 00pa3OBaHHEM KOMIUIEKCOB HHOTO CO-

CTaBa, B TOM 4ucie 0 6e3 yyacTus 2-okcu-a30-2’-okcu-DAr .

Ha OCHOBaHUH NPHBEACHHBIX PE3yIbTATOB IPUXOAHM K BBIBOY, 4TO Hanbosee
NepCrneKTHBHBIM COPOEHTOM ABJIAETCA MOUCTHPOJI-2-0KCH-a30-2'-0KCH, 5 -HHTPO,3'-
6en3oncynbOKUCIOTa, 00JaNaloMi ONTHMAIBHBIM COYETAHHEM AHATHTHYCCKUX

XapakTepucTHK. KobansT u3BiekaeTcsas 3TUM COpOEHTOM 3a 5 MHH. NPH pH 6,6-8,7
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(Rma=99%), CECco™* = 16 mr/r, D = 1,0610°. Komuecrsennas copbumst (Rp.~99%)
Hukens gocruraerca npu pH 3,9-8,5 B teuenne 15 muu., CECN# = 15 mr/r, D =
1,05‘105; xaamusa - npu pH 6,6-99 B teuenue 30 mun., CECc# = 11 mr/r, D =
* 1,1'10°. I3 MHAMBUAYaTbHBIX ONTHMAILHBIX YCJIOBHH COPOLHMM KaXIOro 3jieMeHTa
6bUTH BbIOpaHBI ONTHMAIbHBIE YCJIOBHS TPYNNOBOH COPOLMM 3THX 3JIEMEHTOB: BCE
. TpH 3NMEMEHTA AaHHbIA cOpOeHT n3BnekaeT 3a 30 MUH. P TEMIIEpaType 20°C B nma-

nazone pH 6,8-7,8 (R=95-99%).
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Inasa 4. MCCJIEJOBAHHUE BJIMSAHHA 3AMECTUTEJIEM HA
HEKOTOPBIE AHAJIMTUYECKHUE XAPAKTEPUCTHUKH
TMPOLIECCA COPBLIUA IJTEMEHTOB INMOJIUMEPHBIMH
XEJATOOBPA3YIOIIMMU COPBEHTAMHA

Teoperuueckue ocHoBbl aeiicTBusd IIXC B HacTOsILEe BpEMS €l1l€ HELOCTATOY-
HO pa3paboTaHbl, OITOMY MPEACTABIIAIOTCA LENECO00Pa3HHIMU M MEPCNEKTHBHBIMH
HcCle0BaHHS, HaNpaB/ieHHbIE Ha YCTAHOBJIIEHHE 3aBHCHMOCTEM MEXIY CTPYKTYp-
HbiMH mapamMeTpamu ITXC H MX CBOHCTBaMH M COCTABIIEHHE HA HX OCHOBE KOJMYECT-
BEHHOTO MPOTHO338 HEKOTOPBIX BaXHEHILHX aHATHTHYECKHX H (PH3HKO-XHMHYCCKHX
XapakTepucTuk [57-59, 143, 144, 146, 184, 227-233]. Ha ocHOBE MONMy4YCHHBIX KOP-
penAumii BO3SMOXXHO KOJIMYECTBEHHOE NMPOrHO3WPOBAHHUE CBOWCTB H OCYLIECTBIICHHE
LieIEHANPaBACHHOr0 CHHTE3a U MPHMEHEHHA COPOEHTOB B HEOPraHMYECKOM aHaTH3e.

B cBs3u ¢ omeqeﬂnbml/zamu ClejiaHa MOMBITKA YCTAHOBJIEHUS H H3yYeHHs ',/
HECKOJIbKHX BHAOB KOppeNALHii MeKAY:

1) KMCJIOTHO-OCHOBHBIMU CBOHCTBaMH COpOEHTOB, coaepKalmux 2-OKCH-a30-

2'-okcu- PAI(pK 'oy) ¥ xoHcTaHTamMu ['aMmera o uld MOHO- M [Uld AU3ame-

meHHbIX copbenro (pK oy - 0);

2) KucIOTHO-0cHOBHBIME cBoiictBamu DAL copbentoB (pK'om) u  pHso

copbuuu Co(II), Ni(II) u Cd(II), T. e. (4pKon - ApHsso),

3) pHso copOumu 51EMEHTOB M KOHCTaHTamu ['ammeTta (pHsp - 0);

4) pK HoHM3aUuK 2’-OKCHIPYNIBI B KOHCTaHTaMH 00pa3soBaHHMA KOMILIEKCOB

(pK’on - Igp).

I1pu u3yuennu HekoTopbix kinaccoB IIXC u pacTBOPUMBIX (MOHOMEPHBIX) pea-

FEHTOB ONBIT MOJOOHBIX MCCIICAOBaHMI mpuBeaeH B paborax [58, 59, 196, 143, 146,

234-236]. -
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4.1. Koppeasiunsi MeKXy KHCJIOTHO-OCHOBHBIMH CBOICTBAMH NMOJIMMEPHbIX

xes1aT006pasyrouu copoeHToB M KOHCTaHTaMH 'amMmera

U3secTHO, uTO BBEACHHE 3aMecTUTENEH BO parMEeHT pearcHTa UM copOeHTa,
conepxamuii OAI, U3MEHSET €ro KHCJIOTHO-OCHOBHbIE CBOMCTBA M, CIIEAOBATE/ILHO,
aHAJTUTHYECKHE XapakTepUCTHKH. OObEKTUBHBIMH MapaMeTPaMH, C MOMOLLUbIO KOTO-
PBIX MOXHO KOJIHYECTBEHHO OLIEHHTDH BJIMAHHE 3aMECTHTESIEH, AB/LHOTCA KOHCTAHTHI
wonnzauuu [104].

B cBsI3U ¢ OTMEUYEHHBIM, HAMH CJI€JIaHa MOIbITKAa YCTAHOBJICHUA M HU3Y4CHHA
KOPPEISLHH MeXJIy KHCJIOTHO-OCHOBHBIMH CBOCTBaMH COPOEHTOB, COAEPXKALIAX 2-
okcu-a30-2'-okcu-OAIT ¥ koHCcTanTaMu I'amMeTra ¢ AJIS MOHO- H  JHM3aMEILICHHBIX
copbenTtos. Panee [58, 59, 197] npu Hccnenosanuu Koppessiumii I'ammera Ha npumepax
opranudeckux pearentos H [TXC GbUIO YCTAaHOBIIEHO, YTO Haubosee KuCaast MCCOLMH-
pytouras rpynna B cocrase DAL oGycnasnusaer pH Hauana komruiekcooGpasosanus. B
cBsi3u ¢ 5TUM (akToM pK moHuzaumu 2’-rugpokcorpymnn copbentos (pK ‘o) 3acnyxu-
BaOT 0CO00OTrO BHUMAaHHA.

Hamu caeasa MOMBITKA YCTAHOBJICHHA W M3ydeHHMs Koppenauui mexay pK
MOHHM3aMK 2°-THApOKcorpynnsl  copGentoB (pK 'oy) M xoHctantamu I'ammera (o)
KaK U1 MOHO-, TaK H uia auzamertueHHbix ITXC (pK oy - 0) B COOTBETCTBHH C METO-
JMKaMH, IpUBEAeHHHIMHU B paborax [57, 195-197].

B cyuae MOHO3aMEILEHHBIX COPOEHTOB 3HAUEHUS O JULA 3aMECTHTEJICH B3ATHI
u3 pabortsl [237].

IIpu ycTaHOBIEHHM KOPPEIUMHA U IH3aMELIEHHBIX COPOEHTOB, NpPH HalH-

uuu B copOEHTE ABYX 3amecTHTeNei, kak ycraHosiaeHo [57, 58, 197], nonycTumo uc-
XOMHUTb W3 SMIMPHUYECKOrO NPaBUJIa AAAUTHBHOCTH UX BIIUAHHUA, KOTOPOE XapaKTepH-
3yeTcs apu(PMETHYECKO CYMMOM 3/EKTPOHHBIX KOHCTAaHT I'ammera mis o- U n-
zamecTurencit (0,+n), HO HEOOXOAUMO OTMETHTb, YTO TOYHBIA PAcHET BEIHYHHBI O,
(SO;H) 3atpyanutenen. OnHako, kak nokasanu asTopsl [238, 239], nmpouecc mucco-
uuanuu HEHONOB CPABHUTENLHO MaOUyBCTBHTENEH K crepudeckuM dddexram. B

pa6ote [195] 3KkcnepuMEHTANIBHO OLEHIIH CYMMApHYIO UL BCEX 3aMECTHTENICH KOH-
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cTaiTy S0+, (T.€. 0-SO3H + n-Cl; 0-SO3H + n-NO,; 0-SOsH + n-SO;H) B psny co-
eMHEHH 0,0’ -nrokcHasonadranunos. Haiinennsie B 310l pabote 3HaueHus 2o uC-
M0J1b30BaHbl HAMH U1 PACYETOB KOPPEALHA B Py TH3AMEIIEHHBIX COPOEHTOB.

CiieyeT OTMETHTB, 4YTO YCTAHOBJICHHBIE PaHEe KOPPENALMH IS Ipynm Apy-
rux copbenros [202, 240] HUKaK HEe XapaKTEPU3YIOT BlIMAHHE NOJIMMEPHOH MaTpHLIbL.
Kpome Toro, a/is CONpsDKEHHBIX COEAMHEHHH NMpPaBUiIO aJIMTHBHOCTH BIIMAHUSA 32-
MECTHTE/ICH HE BCEria BBHINONHAETCA, TO3TOMY B pacueTaX HaMM HCIOJIb30BaHBI T€
KOHCTAHTBI O, KOTOphie HauboJiee COOTBETCTBOBAIM YCTAHOBICHHIO KOMHYECTBCHHEBIX

xoppensauuit (Tabn. 22).

Tabmuua 22
3uauenns koHcTaHT ['aMMmera (o) Mcnob30BaHHBIE B paboTe
3aMecTHTENb o 3aMecTUTeH So
n-Cl 0,229 | n-Cl+0-SOsH | 0,550

n-SO5° 0,590 [ n-SO3+ 0-SOsH | 0,840
n-NO, 0,778 | n-NO,+ 0-SO;H | 1,690
BeneacTBHE TOrO, YTO JH3aMEIICHHBIM (eHOoMaM He MOTyYT ObITh MPHCBOCHBI

TaKhe KOHCTaHTH [ aMMeTa, KOTOpble COCTaB/IAIH Obl €MHYIO LKAy C COOTBETCT-
BYIOIIMMH KOHCTaHTaMH JUIA N-3aMecTuTenei [241], npu u3y4eHHH MOHOMEPHBIX Op-
raHWYECKUX PEArcHTOB H TOJIMMEPHBIX COPOCHTOB COMOCTaBICHHE KHCIIOTHBIX CBOHCTB
pK'oy ¢ o (wm pHsy copbLinm) HaMH NPOBECHO € Pa3AC/ICHUEM HX Ha [IBE IPYMIIBL:
MOHO3aMeLLEHHBIE (3AMECTHTENM B M- TMOJIOKCHHH) H IH3aMEILECHHBIE (3AMECTHTENH B
O- H M- IOJIOYKEHUAX).

Hamu 6bUIM YCTaHOBJIEHBI He3aBUCHMble Koppenauuu pK'oy - o, A
mMoHo3ameleHHbX " pK'oy - Z0,+n MUIA JU3aMELICHHBIX COPOEHTOB, KOTOpHIE B
0011EeM BH/IE OMMCHIBAIOTCA YPAaBHEHHEM MPAMOM: |

PK'on = pK'on™ + poi ),
rae pK 'oy* - 3uauenue pK oy s COpOSHTOB, HE3aMEIIEHHBIX B M- MOJIOXEHAM K
THIPOKCOrpyTIIE,
- PEaKUMOHHAsk KOHCTAHTa, XapakTepHas /i JanHoro psaa I1XC,
o; - KOHcTaHTa I'aMMeTa U1 3aMeCTUTENA I

¥ - K03 PULHEHT KOPPEIALMH.
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VpasHenus koppensuuit Mexay pK oy AM3aMEILEHHBIX XENaTHHIX COPOEHTOB
# KoHcTaHTamH I'ammera (o) 1a 3aMecTHTENEH ObLIM PACCUMTaHbI, KaK U WA Apy-
ruX KOppeNsLHii, 10 METOy HaUMEHbIIHX KBapaToB (Tabn. 23, 24) [242].

Koppensiimu pK wonwmsaimu 2-ruapokcorpynist pKoy - on v pKow - 20,4 HE
YCTAHOBJIEHBI.

YcraHoBIeHHe Koppeasiumii B psiaxy MoHosameweHHbix IIXC. Ypasuenue
KOppPENAIMH T pAaa MOHO3AMEILEHHBIX COPOEHTOB MMEET BH/

pK'ony = 8,30-0,94 - o, (Jr] = 0,999).

YcraHoBienne koppeasiumii B paay ausamewiennbix  TIXC. Ilpu
YCTaHOB/IEHWH KOPpeJIALMH B psigy ausameineHHbIX IIXC u BbiBO/Ie MaTeMaTH4ECKOMH
3aBUCUMOCTH PK 'off = Op+n WA cOpOEHTA € CYIbGOrPYMMO B O-MIONIOXKEHHH K Ipynmne
-OH (nOTHCTHPO-2-0KCH-a30-2"-0KCH, 3 ~6€H30/ICY1bPOKUCIOTA), PACCUHTAHHOE O
MHK 3nauenue pK'oy paBHo 8,11; B COOTBETCTBYIOLIEM KOPPENALMOHHOM
ypaBHEHUH BhICTynaer B kauectse pK'op™.

Kak BuaHo u3 Taba. 24, ypaBHEHHE KOppeNAlHH s psiaa AW3aMEILUCHHBIX
copbentos pK oy = 8,11 - 0,38 - Gpsp, (Ir] = 1,00).

Cnemyer OTMETHTH, YTO H3YYEHHBIE PAALI COCAWHEHHH HENOCTATOYHO NpeEl-
CTABUTENBHBI U1 CTPOrHMX KOMMYECTBEHHBIX 3AKIIOYEHHH, OJJHAKO CACTTAaHHBIE KOJIH-
YyeCTBEHHBIE BHIBO/IbI BITOJIHE KOPPEKTHBI BBUAY OYEBHIHOCTH 3P EKTOB.

I'padpuueckoe u306paxkeHue KoppemsLuii Mexay pK oy 1 koHcTanTamu I'aMmera

moHo- (I) u nusamewmennbix (II) xenaTHpix COPOEHTOB MPEACTABICHO HA PUC. 55.

Ilpumep xoam4vectBenHoro mnporuosa pK’om copGenroB. Ha ocHose
YCTaHOBJIEHHBIX KOPpEJAUMii BbIBEACHHBIX UL HUX YDaBHEHHWH NPEACTaBAETCA
BO3MOXHBIM OCYILECTBIATh KOJMYECTBEHHBII MPOTHO3 BENMUMH pK 'op 3aMELLICHHBIX
copGeHToB ¢ 2-0Kcu-a30-2’-okcu-DAIL’, MPOBOJAMTE LENEHANPABIEHHbIA BHIGOP H
cunres [IXC.

IIpenmnosnoxum, 9To Ham Tpedyercs OLEHUTh pK oy MONENBHOTO COPOEHTa C
MeTUIbHOM rpynmoii B 5’°-nonoxeHuH. HcCrmonp3ys BbIBEAEHHOE HaMH YPaBHEHHE
xoppenaunu pK'oy = 8,30 - 0,94 ° 0, 1 TabnnyHple 3Ha4€HUA KOHCTAHT I'ammera mia
meTwibHOM rpymnsl o = -0,17 [237], nomydyaeM, 4TO ANIA MOAENBHOrO copOeHTa

(monMCTHPOII-2-0KCH-a30-2"-0KCH, 5’ -MeTUNOeH3011) PK'on = 8,30-0,94° 0,13 = 8,46.
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Puc. 55. Koppensuun Mexxy KHCIOTHO-OCHOBHBIMH CBOHCTBaMH moHo-(I) u nu3a-

memiennsx (II) xenaroo6pasyromux cop6enTos (pK ‘o) ¥ KOHCTaHTaMH
I'ammMmera o
M3yyeHHe  KHUCIOTHO-OCHOBHHIX  CBOiCTB DAIT HW  CONOCTaBJICHHE
BLIUMC/ICHHBIX HAMH KOHCTaHT HMOHM3auuu pK'oy € TaOIMYHBIMM 3HA4YCHUAMH
KOHCTaHT ['aMMeTa MO3BOJIWIO YCTAHOBUTh KOJHUYECTBEHHYIO KOPPENALMIO MEXAY
JAHHBIMM BEJIMUMHAMM, OIMCaTh ee rpapUuecKM H MaTeMaTH4YeCKH YPaBHEHHAMH
KOppeJIsLHii, MO3BONSIONIMX IPOBOMUTH KOJIMYECTBEHHBIH NPOrHO3 pK oy copbenToB
usyuennoii rpynnsl IIXC.
Koppensiunu 3HaueHud pK'oy M KOHCTaHT I'ammera B cepud n- ¥ I-,0-
3aMELLCHHBIX COPOEHTOB SBJIAIOTCA KOCBEHHBIMHM JI0KA3aTe/IbCTBAMHU B MOJIB3Y TOTO,

YTO JlaHHBIE COEIMHEHH CYLIECTBYIOT B Buje a3odopmsi [238, 239].

4.2. Koppensupn mexay pHsy copOimu iemenToB u Koncrantamu I'ammera

KonuuectBeHHoe BiusAHUE 3aMecTHTENEH -X U -Y, BBEICHHBIX B O- H II- MOJIO-
xenus kK OH- rpynne ® AT, Ha Benuuuny pHsp copOumu kobanbTa, HUKES ¥ KaaMus
ONOCPEeJOBAHHO MOXHO OXapaKTepH30BaTh C MOMOLIBIO HX KOHCTaHT I'aMmera juid
3amecrtutesneii. IIpu Hanuuuu Koppewiuuu tina pK oy - o (1. 4.1.), MoxHO npeano-
JIOXHTh, YTO AHATHTHYECKHE TIapamMeTpsl copOumu (pHsp) Takke 3aBUCAT OT XapaKre-
pa M KOJMYECTBA 3aMECTHTENEH, CeN0BaTebHO, BO3MOXHO CYIIECTBOBAaHHE OO~

CpeaoBaHHO Koppensauuu pHsg - o.
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Hamu Gbud YCTAHOBJICHBI IBE HE3aBUCHMBIC KOPPEJILIUU THIIA pHso - o nnd
MOHO- H pHsp - X0p+n IIA NU3aMEILEHHBIX COPOEHTOB (Tabm. 25-30).
VpaBuenue koppenauun Mexay pHso copbumu koGansra (II) m KoHCTaHTaMu
Tammera:  ansa monosameureHHbix [TXC pHsy= 5,67-0,39 - o, (Ir1=0,992);
g qusamerneHsbix [IXC pHso = 5,63-0,27 - 20 5+ 5 (Ir|=0,999).
VpasHenue xoppensuuu Mexay pHso copbuuu nukens(Il) u KoHCTaHTaMu
Tammera: s moHo3zamereHHbIX [IXC pHso= 3,44-0,86 - o, (r|=0,999);
i guzamernennsix [ITXC pHso=2,94-0,21 - 30 o4 » (¥|=0,997).
Vpasuenue koppemsiuun Mexay pHsp copbumm kammus(Il) u KOHCTaHTaMK
IamMmera:  1u1a MoHO3aMereHHbIX I1XC pHsp=7,88-232 -0, (r|=0999),
quia ausamernteHHerx [IXC PHso=827-1,37 - 20 o+ n ((r|=0,999).

B rpaduueckoM BHjie KOPPENALMH MPEACTABIEHBI Ha PHC. 56.

4.3. Koppeasuuu mexay pHso copounu un pK’ oy @A

HauGosbiuuii HHTEPEC, KaK NMPAKTUUECKUH, TaK M TEOPETHUYECKUI NPEACTaBIIA-
€T pacyeT ¥ U3yueHHe KOppesiuui Mex Iy KHCIIOTHBIMHM CBOHCTBAMH OAI" copben-
108 (PK '01) M pHsp cOpOLMH 37IEMEHTOB, TMO3BONAIOIIMX H3YYHTh BiusAHHE (U3NKO-
xumuueckux cBoiicte @PA copOeHTOB Ha aHAIMTHYECKHE NMapaMeTpsl COpOUMM.
ITpu cocTaBieHHH KOppemnsiuuii JaHHOrO THUNA JUIA MPAaKTHUECKOro HCMOJb30BaHMsA
yno6Hee NpeICTaBsTh BelIMUMHBI He B Bue a0COMOTHbIX BeNMuuH pK'oy U pHsp, a
B BHAe pasHocTell ApK oy ¥ ApHsy, T1e ApK oy - pasHocTs Mexay pK'on Hesame-
wenHoro copbenta (pK 'op*) u pK'oy €ro 3aMeIeHHOro aHasnora, 4pHsg - pa3HOCTb
MesXIy BETHIMHON pHso cOpOLMH He3aMelleHHbIM copGertom (pHso*) u pHso cop6-
UM COOTBETCTBYIOIMM 3aMELIEHHBIM aHAJIOTOM.

PK'on™ copbenta ¢ cynbdorpynmnoii B 0- nonoxenud u pHsp* copOuuu sie-
MCHTOB ONPEJC/IAIM Ha OCHOBE BBIBEJCHHBIX HAMH KOPPEJIALMOHHBIX YPaBHEHUH
(nm. 4.1., 4.2.): pKoy* = 8,11, pHse*(Co) = 5,63; pHsp*(Ni) = 2,94; pHso*(Cd) =
8,27. JlanHsle I8 pacueTra KOPpeJLLMOHHBIX 3aBUCHMOCTEH ApK oy — ApHsp ipuBe-

neHsl B TaG1. 31-36, HA OCHOBAaHMH KOTODHIX HaMH OBUIH TOCTPOEHbI rpaduku B

xoopauHarax ApHse, ApK 'on (puc. 57).



Qg PNHLQR ],

LTS 0691 ‘ON-_|H'OS -
"0 . £7°0-9'C =%Hd 6660 £9°¢ LT0 0F'S 0¥8°0 H'OS- | H*OS -
8%'s 0550 D~ |H'OS-
A- X"
uunsraddoyd suHoHgRd £ 4| Hd d osyd “+00 HLOLULIIWEE
MWelH59doo HWIIHHIMAWeEHY (]) eldregox uungdod 0syd
H (“+°.0) BLOWWE ] HWELHBLOHON AW HUIKILroddox KUHAIraOHRLIA K1 SI9HHE]!
'S 8LLD “ON- -
"0 - 6£0-L9°C = *Hd 2660 L9'S | 6£0- | tb'S 065°0 H'OS- | -
09°¢ LTT0 10- -
£9°S 0 - -
A- X-
nunguraddox snHoHaRd 4] «SHd d ospyd “o HIFOLHLOOWEE

MWRLHOQd0 HWISHIRIOX HWITHHOIMIOWREOHON (I]) B1a1regod uungdoo 0¢pyd
 (¥.0) BLOWWE | HWBLHELOHON AW MUNELddoN KHHILEOHRLIA KUY S1THHE]]

G enMIge ]




86°C 0691 ‘ON-_|{H'OS -
"0 - 17°046'C="Hd L66°0 ¥6'T | 170~ | SLT 0¥8°0 H'OS- | H'OS -
€8°C 0550 1D- |H'OS-
A- X-
nungroddoy suHaHaRd £ 4] Lgd d osd “+°o UIOLULIOWEE
HWRLHAQd0O HWIIHIRLAX HWNIGHHOIMOWREHY (]]) KIrOMHH :
unngdoo 0Sg7d u (¥ +°.0) BLOWWE | HNBLHBLOHON AIKOW HUNEIdddoM EMHOL'AOHRLIA I SI9HHEY]
g eluIrge],
LL'T 8LLO ‘ON- -
£6'C 0650 H*OS- -
“0 . 98'0-p¥'s = Hd 6660 1423 98°0- 44 LTT0 10" -
SP'E 0 - -
A- X"
uunyraddox snHoHgRd £ || «fHd d ospyd Yo HILOLULOOWEE
HWeLHOQd0D HWITHIBLOX HWIGHHIIMIWREOHON (]]) KIrOMMH
nungdos 05yd W (“.0) BLOWNE | HWBLHBLOHON AIXOW HHIEIOddod KHHIIrdOHBLIA KUY SI9HHE]]
L7 elurge ],




(€ eIHUIQR |

$6°S 069'1 ‘ON- |H'OS -
“o . /6147’8 =%Hd 6660 0C'8 ST1- 'L 0¥8°0 HfOS- |H'OS -
IS°L 0SS°0 10- HOS -
AT X-
unnsraddox ouHoHaRd 4] «Hd d ospyd u+0 0 HUILDLULIONEE
MWelHo9d0d HWIIHHOMOWBEUT KUWIed uuIgdos 0syd
¥ (¥ +°.0) BLOWWE_| HWELHBLOHON AMKOW MMITKIrdddoN KMHIIAOHRLIA KL SI9HHE]!
L09 8LLO ‘ON- -
“o.767-88'% =%Hd 6660 88°L ANa 59 0650 H*OS- -
9¢‘L LTT0 10" -
88°L 0 - -
A- X-
uunkraddod suHoaHaed £ |4 «0Hd d ospyd Yo HIOLHULIOWEE

UWeLHOQd09 HWITHIRIOX HNIIHHOMOWBEOHOW KHIWIeX Hungdoos 0spd

H (*.0) BLOWNE | HWBLHBLOHON AIKOW HHNELOddo) KHHIIrOHBLIA KLY JI9HHE]!

67 BIHMIIQR |

]




1eHurdo 01990 5 nowsdu worHOUNKIdddoN KHHORO0daU BXhOL -HO, ydy,

¥9°0 90 ‘ON- |HfOS -
P100°0 ~ Hdy -6€'] =HO,H1dy 00°l ¥100°0 6€°1 €0 €70 H*OS- |H'OS -
12°0 S1°0 10 H*OS -
A- X-
uungraddoy sunoHged || HO dy, d Ho, ) dyy osgdy HIfOLULOINEE
HX1] HWaHESmSWesHY ([1)o)) uurgdos 0pydyy - HO, ydiy awa1oud a uunk1raddod KUHIUEOHLIA KLT S19HHE]!
7€ enuIge],
€L0 €0 ‘ON- -
920°'0+ %Hdv -07'T = H0, )dy 00°1 920°0 0TT £5°0 €70 H*OS- -
81°0 L00 [0 -
A- X-
unnraddoy suHoHged £ 4| HO ydy d HO ydy 0spdy MILOLULOSWEE

X 1] MWISHHIMIIWREOHOW (1])0)) uurgdod 0SEidyy - HO, ydi7 awaLouo & nunKLaddod BMHIIEOHBLOA KLY S19HHE]]

[ € enmrge |,

e
IS




Lenurrdo 01990 9 yowrdu HoHHOUNKIrdddoN KMHORIadL BXKhOL ~HO, M dy,,

¥9°0 9€°0 “ON- |H'OS -
09000 + %HAy - ¢/'[ = HO,)dy L66°0 | 09000 SL1 €0 61°0 H*OS- |H'OS -
17°0 11°0 1D- [H'OS-
A- X-
nungraddox sunHonged £ | | HO Ay d HO ydy osydy HIDLULIOWRE
X WWIgHHIMOWesnY ([) IN uungdoo 05yydy - HO, ydy swarond 4 uunsLraddox kuHaodroon K1 S19HHEY!
¢ enurge],
€L°0 L9°0 ‘ON- -
060'0 — %HAy -zz'l =HO, )ydy 00T | 060°0- | 0TT1 £5°0 15°0 HEOS- -
81°0 70 10" -
A- X-
nungraddox sunonged £ 4| HO »1dy, Jd HO »dy ospdy MIFOLULIOWEE

X1 MNIGHHAMAOWREOHON (1) IN Uungdod 0Szydyy - HO, yidiy awarons g uunkIraddoX BMHI0d1o0M KUY S19HHE]]

€€ BIUIrQe |



LeHurdo 01900 9 Howrdu HoHHOUNEKIIddoN EHHOKS9ddaI eXhOL -HO, ydy,,

¥9°0 ST ‘ON- |H*OS-
[20°0 + %SHAy - 6,20 = HO, )dy 00°1 1200 SLT0 €0 80°1 HOS- | H*OS -
120 69°0 [D- [H'OS-
A" X-
unisiraddox ounonged§ | | HOydy, d Ho, ydy 0spydy HIIOLHLOIWEE
X1 [ UWIIHHAMaweeuY (]) p) uungdos 0Spdyy ~ HO, ydy aWaloud 4 uungraddoy kunsodLroou KUY S19HHE]]
Q¢ eNMIQR]
€L0 18°1 ‘ON- -
§+0'0 - “HAV - §z¥'0=HO, )dy 6660 | €p00- | STH0 £5°0 9¢°1 HEOS- -
81°0 s°o 10- -
A- X-
uungraddox sunoHged § 4| HO, yidy,, d HO, Mdy ospdy MIOLULOSWRE

X[ HWIIHHIMOWeEOHON ([]) pO uungdod 05pydyy - HO, ydiy swaLouo g uunsraddod KMH0dLOOU KT S19HHE]]

GE enuIge]

My




131

45 |
1
3s \ 2
25 . . . i A . . —e
0 0,2 04 0,6 0,8 g
¢ Puc. 56. Koppensumu mMexay koHctaHTamu I'ammerta o u pHso copbumu mis
MOHO- ¥ IM3aMeILEHHBIX XeNnaToo0pasyronmx copoeHToB U pHsy copOLmu
e aukens (1, 2), kobansra (3, 4) u xanmus (5,6) COOTBETCTBEHHO

ApK'on
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1
42 /3 5
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04 |
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*
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0 0,5 1 1,5 2 25 ApHso

Puc. 57. Koppensauuu Mexay KHCIOTHO-OCHOBHBIMH CBOHCTBAMU MOHO- H
JIM3aMeILIEHHBIX XeaaToo0pa3yolux copoeHTOoB U pHsy copbuuu
kobaneta (1, 2), Hukens (3, 4) 1 kaamu (5,6) COOTBETCTBEHHO
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Kak BHIHO M3 DHC. 57, yBelHUYEHHE KHCIOTHBIX CBOHCTB (4pK 'on) cOpOEHTOB
npuBoauT kK casury pH copOuuu 3neMeHTOB B 0osee KHCITYIO 00acTp (3HaYCHHE
ApH sp yBETUUHBACTCS).

Takum 06pa3oM, YCTaHOBNEHHasi 3aBUCHMOCTb ApK'on - ApHsp TOKa3bIBaET,
YTO 1A M3yYEHHBIX XEIaTHBIX COPOEHTOB MX aHAIMTHYECKHE CBOHCTBA (pHsp copO-
UMK) B YCJIOBUAX 3KCNEPUMEHTA HAXOIATCA B onpejeNeHHOH KOJIMYECTBCHHOHN 3aBHU-
CUMOCTH 0T KuCoTHO-ocHOBHbIX (PK 'op) cBoiicts ITXC. JlaHHas 3aBUCHMOCTB TIO-
3BOJISET MOATBEPAHTH NPEATIONONEHHE 06 yuacTun 2’-ruapokcorpynimsl ®AI" MoHO-

U AU3aMCIICHHBIX CO})GCHTOB B o6pa303amm XeNnaTHOro NUKia.

4.4. Koppeasiuun mexay pK’on @A cop6eHTOB H KOHCTAHTaAMH

oGpa3oBaHus [} MOJIMMEPHBIX XeIAaTHbIX KOMILICKCOB

3HaHMe KHCJIOTHO-OCHOBHBIX cBOiCTB MAIT copOEeHTOB HEOOXOAUMO Ui KO-
JIMYECTBEHHOTO ONMUCAHUA TPOYHOCTH KOMILUIEKCOB C KaTHOHAMH 3JIEMEHTOB, 00pa-
3YIOLLMXCA C BHITECHEHNEM NPOTOHOB M3 D AT MOsIeKyIbl MOMMMEPHOTO JIMraHaa
[243, 244]. TIpu 3TOM HEOO6XOAMMO Y4eCTb, YTO CPaBHMBATh MEXIY co00i1 MOXHO
copGentsl ¢ oanHakoBbiM MAIT ¥ 0AMHAKOBBIMH XEJIaTHHIMH 1IMKIIAMH, o0pasblio-
IAMHUCA TTPH KoMIutekcooOpa3oBaHud. 1103TOMy, Kak ¥ NPH YCTAHOBJICHMH BBILLIC-
OTHMCAHHBIX KOppensauuii, COpOEHTHI ClleAyeT CrPYyNnupoBaTh Ha OCHOBE NMPEACTaBIIE-
HHIl 0 BEPOATHOM CXEME XEJIaTHOTO IIMKIA H 32aKOHOMEPHOCTAX M3MEHCHHUA KHCIIOT-
HO-OCHOBHBIX CBOICTB, YTO COOTBETCTBYET PAJAaM MOHO- H JIM3AMELIEHHBIX COpOeH-
TOB.

Hccneayembie copbeHTsl 00pasyloT ¢ H3y4aCMbIMH 3JICMEHTaMH HEPaCTBOPH-
Mble TOJIMXENaThl. B KauecTBe KpUTepHs NPOYHOCTH KOMILUIEKCOB 3emMeHTOB ¢ TIXC
BbIGpaHbI Torapudmbl KOHCTaHT o6pasosanus (Igf).

Conocrasnenue /g8 ¢ pK'oy DA’ copbeHTOB MO3BONIWIO HaM YCTaHOBHMTh
KOpPEALMOHHbIE 3aBUCUMOCTH MEX1y STHMH BeJMuuHamu (Tabu. 37-42).

YpaBHenus koppensuuu Mexay /gf u pK'on :
B cHCTeMe «K06aisT - MoHO3amerteHHble ITXCrlgfB = 0,49 - pK'oy +2,16 (r=0,998),

«x006asT - nu3zaMewteneie [IXC»  IgB = 1,41 - pK'og— 5,22 (r=0,999);

B CHCTEME «HHKeJb - MoHo3aMemeHHble IIXCrlgB = 0,71 - pK'ogy + 0,99 (r=0,999),
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KHHUKEb - qu3aMenieHisie ITXCy» IgB =122 pK'oy— 3,02 (r=0,999),
B CHCTEME «KaaMHuii - mono3amerentbie [IXC» Igf = 0,82 - pK'on - 1,54 (r=0,998);
«xanmuii - auzamewennsie ITXCy»  lgB= 0,35 pK'oy — 2,12 (r=0,999);

I"'padmriecky 3TH KOPpeNSLMHU NIPEACTaBIeHbl Ha puc. 58-59.

Koppensuuu tuna Igfi — pK’oy NoKaspiBaloT, YTO CBOHCTBA M3Yy4YEHHbIX KOM-
IIEKCHBIX COEMHEHUI HAXOAATCA B KOJIMUECTBEHHOH 3aBUCMMOCTH OT NPHUPOAHI HO-
HOB META/VIOB M KMCIOTHO-OCHOBHBIX CBOMCTB 2’-ruapokcorpynn ®AIT copbeHTos,
06yCIIOBIEHHBIX BIMAHHEM 3aMecTHTenel B 3°- u 5’-nonoxenusx. HalinenHsie Hamvu
3aKOHOMEPHOCTH COITIACYIOTCA C JIMTEPATYPHBIMH JIAaHHBIMH, CBU/IETEIbCTBYIOIIMMH
0 TOM, YTO C YBEIHYEHHEM KHCIOTHBIX CBOHCTB (IIOHIKEHHEM OCHOBHOCTH) pearcH-
TOB MPOYHOCTb OGPa3yeMbIX HMH KOMILIEKCHBIX coefuHeHuii ¢ kobamsToM (II) v Hu-
xeaem (IT) u xaamuem (II) ymenbinaercs. ITox BnuAHMEM 3N€KTPOGHIBHBIX 3aMecC~
tureneii: -Cl, -SO;H, -NO, cHuxaercs 371eKTPOHHAas ILIOTHOCTh Ha JOHOPHOM aTome
a30Ta, TEM CaMBbIM 0Cnabnss ero NOHOpHyIo cnocoOHocTh [ ].11pu comocraBineHun
BesuunH /g ¢ pK MOHM3AalMK APYTHX aKTHBHBIX IPyNN cOpOEHTOB MOAOOHbBIE KOp-
pensaLuUn He 0OHAPYXKEHBI.

VCTaHOBJICHHBIC KOJMHYECTBEHHbIE KOPPEJSALHH MEXIYy MEPBOH KOHCTAHTOM
nonmsaumu (pK 'oy) OAL copbenta u /g KoHCTaHTBI 00pa3oBaHuA TMOJIMXeNaTa CO-
CTaBJIAIOT OCHOBY /1A TMPOTHO3HPOBAHHs TaKOr0 BaXXHOTO aHAINTHYECKOro mnapa-
MeTpa Kak KOHCTaHTa o6pasoBanus u BhiGopa, cunTe3a u npuMenenns IIXC B ana-

JINTUYECKOM XHMHH.
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Puc. 58. Koppensuus mexay /g koMruiekcos kobasbTa, HUKeN U KaaMu4
u pK oy MOHO3aMELIEHHBIX COPOEHTOB
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Puc. 59. Koppenauus Mexay Igf KOMIIEKCOB KOOATbTa, HUKENS
u kaamMus 1 pK oy IU3aMelIEHHBIX COPOEHTOB
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[nasa 5. PASPABOTKA HOBO#1 KOMIUIEKCHOI1 METOAUKH

I'PYINIOBOIO KOHIIEHTPUPOBAHMSA U ATOMHO-
ABCOPBLIMOHHOT'O ONPEJEJEHUA Co(II), Ni(II) 1 Cd(II)
B OBbEKTAX OKPY)XXAIOIIEN CPEJbBI

MertoamMka TPYNIOBOTO MNPEABAPHUTENBHOTO KOHUEHTPUPOBAaHHA 3JICMEHTOB
Co(II), Ni(Il) u Cd(Il) ¢ mocnemyioMM OMNPEAENCHHEM HX B JJTOATE ATOMHO-
a6CcopOLMOHHBIM METOOM, BKJTIOHAET B €0 CIIAYIOIINE STallbl:

1) or6op 1mpo6 H NepeBeJEHNE ONPEACAEMBIX IEMEHTOB B JAOWIbHBIEC KATHOH-
Hble GOPMBI;

2) rpynnoBoe KOHLEHTPUPOBAHHE M BBHIAEICHHE JJIEMEHTOB M3 Npob B BHAC yC-
ToilumBEIX KoMmiuiekcoB ¢ OAIT copbeHTa B ONTHMAIBHBIX JUIA TPYNNoBoi copo-
unm ycnoeuax (pH, BpeMs copGuum, TeMnepaTypa pacTBopa, Macca copOeHTa M
o6beM pacTBopa A COpPOLMH, HaJM4yHMe€ BEIIECTB, MAaCKUPYOLIMX MEILAOIIHUEC
37IEMEHTBHI ),

3) necopGuMIO 3MEMEHTOB IyTeM NPOMBIBKH COPOeHTa Ha (uIbTPE pacTBOpaMH
MHUHEPAJILHBIX KHCIIOT;

4) atomHo-abcopbumonHoe onpenenenue Co>, Ni?* u Cd** B amoarax.

5.1. IlpeaBapuTeabHasi MOArOTOBKa NMpo0 00beKTOB K aHaju3y (BOAbI,

B0J10C, KPOBH)

BbiGpaHHbIe ANA HccnenoBanus aGuotudeckue (Boapl) U 6uonoruueckue (Bo-
JIOCHI, KPOBb) OOBEKTHI MPEACTABIIAIOT COOO0M CIOXHBIE MO COCTABY CHCTEMBI, CONEP-
*alue NOMMMO MHHEPAIbHBIX MaKPOKOMITIOHEHTOB Pa3jIM4HbI€ OPraHHYECKHE CO-
enuHeHHus. J{nd KOIMYECTBEHHOrO M3BJEYCHU K0oOabTa, HUKENA U KaAMHUA NEPE uX
KOHLIEHTPHPOBAHHEM HEOOXOAUMO mepeBecTH B (OPMbI, KOTOPbiE MOTYT COpOHpO-
BaThCs B BbIGpaHHBIX ycnoBuax. Ha ocHoBe m3BecTHbIX mpuemos [245-267] u ¢ uc-
NOJIb30BAHHEM TIOMyYEHHBIX HAMH SKCTIEDUMEHTAIBHBIX JaHHBIX Pa3paboTaHel cOG-

CTBE€HHbIC PCKOMECHAAIIUH.
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Boza [245-249]. 250 M BoABI OMeILATH B KOHHYECKYIO Konby, noGassui 1

M1 pacTBopa KoHnentpupoBaHHoif HNO; M KHNATHIN aHAIM3HPYeMYIO mpoOy B Te-
uenure 10 mun. [Tpu aHANIH3€e CTOYHBIX BOA MOCHIE OXJIAXACHHUSA MPOOY JOTOHUTEb-
HO (PWIBTPOBAIH OT MEXAHHYECKHX NPUMECeii (€CITH B 3TOM 6bl1a HEOOX0MMOCTD).

Bonocsl. Ot60op npo6 NpoBOAMIIM COTIACHO METOJAMKE, ONHCAHHOH B paboTe
[250]. PexomeHaauu no npoGOMOATOTOBKE BONIOC NpHBEaEHH B [250-255].

TTpo6bI HEOKpAIIEHHBIX YeoBeuecKux Bojoc (Macca 0,3-0,5 r) orGupanu ¢ 3a-
TBHUIOYHOM YaCTH TONOBBI, GIM3KO K KOpHAM. Bostocsl npoMsiBaiu 3¢upom 4-5 4acos,
TPHKABI MEHsiA 3(Hp, 3aTeM BHICYIIHBAIM 0 NOCTOAHHONW MacChl IIPH TEMIEpaType
60-70°C u u3Mmenpyamu. Hasecku Bosoc B BeicymenHoM coctosaud (1o 0,2 r) o6ne-
IHHATH B 00Lyr0 Tpoly, TmarenbHo nepememmsany. K3 obmei npoGel  HaBecky
0,3-0,5r mnomemand B papdhopoByio yauiKy, A00aBJLUIM 5 M1 pacTBOpa KOHIEHTPH-
posanHoii HNOs u octasisui Ha 10-12 gacos. ITocne 3T0ro Harpesaid Ha nec4aHon
6ane (t=100°C) okono 3 4acoB 0 MOJNyYECHHs BIAXHBIX CONIEH. 3aTeM B aHaIM3UpYe-
myto npoby nobasnsiu 2,5 Mt 60%-Horo pacteopa H,O,, 1 M 58%-toro pacteopa
HCIO, u pasznaranu 20 MUH. IpH TeMMneparype 150°C, 3aTeM ynapupaiu HpaKTHue-
cku aocyxa. OcTaTtok pacTBOpsUTH B BOJE, K0BosA 06beM 10 10 ML

Kpose. MeToauku pa3iokeHUs] KPOBH pa3HOOOPa3HbI; OONBIIHHCTBO M3 HHX
npeanoaaraeT NMpUMEHEHHe aHTUKOAryNnsaHToB [256-261], mpl e HCHOJIB30BANIU
ABYX3TaNHbIH C0co6 pa3noxeHus mpobsl 6€3 aHTUKOAryJISHTOB, PEKOMEHI0BAaHHbBIH
[262].

Jlna aToro 1 Mt LEBHOM KPOBH NMEPEHOCHIIM B EHTPH(}YKHYIO NPOOHPKY, 3a-
MOPa>XHBAJIH TIPH t = -20°C, 3aTeM mpoBOAMIM OTTaMBAHHE TIPH t = 20°C. Onepaumio
3aMOpaXMBaHHE-O0TTaUBAHKE TOBTOPATH TPUKAbl. OOpa30BaBIIMACA FOMOIeHaT AO-
BOAMIH BoJO# 10 oobema 10 ma u uenrpudyruposand. Ocagok OTACHAIH OT pac-
TBOpa AckanTauueii. K pacrBopy mo6asnsimu 1 mir 0,2%-Horo pactsopa ackopOuHO-
Boii kucnotel. K ocaaxy npunusanu 0,5 M KOHLEHTPHPOBAHHOM a30THOH KMCJIOTH M
Harpesanu Ha BoisHoH GaHe B TeyeHHe 1 waca. Cmech oxnaxaanu, poGasnsuiu 0,25
mi 0,2%-Horo pacteopa ackOpOHHOBOH KMCJIOTH M CMELIHBAJIM C TIEPBBIM PaCTBOPOM
[262].
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Tlocne mpoGOMOAroOTOBKM MAaCKMpOBAIM Memiaroliue snemeHTsl (m.3.2.4.) u

NPHCTYTIATH HENOCPEACTBEHHO K KOHUEHTPHPOBAHHIO MMKPO3JIEMEHTOB.
5.2. Konuenrpuposanue u ymouposanue Co (IT), Ni (II) n Cd (II)

I{enecoobpasHocTk, HamexHocTs M 3ddekrusHocts npumenenus IIXC ad
NpeABaPHTEILHOTO KOHLEHTPHPOBAHHS H BBIACICHHS TOKCHYHBIX JIEMEHTOB M3 00D~
eKTOB OKpY’KaloweH cpe/ibl MOATBEPXKAeHH B pane pabor [100-163].

AHanuTHueckas LeHHocTs Hccnenosanubix IIXC ompeaensanace no cnemyro-
LIMM NOKA3aTesAM: ONITUMaJIbHBIH Auana3oH 3HadeHuit pH copbunn (pHonm), CTENEHB
cop6umu (R), copbumronnas emkoctb copbertos (CEC)y), koddduumeHtsl pacmpe-
penenus (D) 1o OTHOIEHHIO K H3y4acMBbIM 3JIEMEHTaM; YIUTBIBAJIaCh TAaKKe AOCTYTI-
HOCTh MCXOOHBIX NPOAYKTOB CHHTE3a. Ha 0CHOBaHHMH COMOCTaB/ICHHA yKa3aHHBIX Xa-
paKTepUCTHK Hamu Gbl1 BEIGpaH HauGosee nepeneKTHBHbIA COPOEHT 7 - MOAHCTHPOI-
2-0KCH-a30-2 -OKCH,5 -HUTPO,3 -OeH30/ICYIb(POKHCIIOTA, TaK KaK OH IO3BOJIAET KOIHYE-
CTBEHHO W3BJIeKaTh Bce TpH 3nemeHTa npu pH 6,8-7,8 B TeueHue AOCTAarouHO He-
Gonbiioro uHTepBana Bpement (5-30 mun.) npu Temneparype 20+2°C. CopGent mno-
JUCTHPOI-2-OKCH-a30-2'-0KCH,3',5 - IMHUTPOOEH301  KOMHYECTBEHHO (R=98-100%)
copGupyer aeMeHTE 32 60s1ee KOPOTKMiA IPOMEIXYTOK BpeMeHH (5-15 MuH.), 01HaKo
OH 06azaeT HeGONBLIONH COPOLMOHHON EMKOCTBIO, 2 €ro CHHTE3 0ojee A0POT U TPy-
noemok. Octanbhbie COpOEHTH WM He 00eCNeUHBAIOT MOMHOTH COPOUMH, HIH 00-
JTaJal0T HEXOCTATOYHOM U1 MPAaKTHYECKOro MCIOIb30BaHUsl COPOIIMOHHON EMKOCTBIO
M HU3KMMH KMHETHYECKUMHU XapaKTEPUCTHKAMH.

TaxuM 06pasoM, MCCIENOBAHHE CEPUM XeNaTooOpasyrolux COPOEHTOB - MPO-
M3BOIHBIX MOJIMCTHPOJI-2-OKCH-a30-2"-OKCHOEH30/1a — II0Ka3ajlo, YTO Ha NPaKTHKE
NEPCNEKTHBHO HCTOIb30BaHHe COPOEHTA MOMMCTHPOI-2-0KCH-a30-2 ~OKCH,S -HUTPO,3 -
GeH30NCYbOKHMCIIOTAa C LENbI0 H30HPATEIbHOrO M3BJICUCHHS CJICJOBBIX KOJIHUYECTB
cymmbl Co (II), Ni(IT) u Cd(Il). AHanuTHYeckHe XapaKTEPUCTHKH ITOro copbeHTa

npuBeaeHsl B Tab. 17.
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5.3. HoBble cnocobl rpynnoBoro KOHUeHTpHpoBaHus kobdabTa (II),
Huxens(IT) m kaamus(1l) copGeHTOM NOTHCTHPONI-2-0KCH-230-2'-0KCH,S -
HUTPO,3'-6eH3071CY IH(OKHNCI0TA ¢ MOC/IEAYOIINM HX aTOMHO-

a0copOLHOHHBIM OfpeJe/ieHHEM

MeToanka copGIIHOHHO-aTOMHO-a6cOpOLMOHHOrO onpeaesieHus kobanbTa,

HUKEJII M KaAMHUA B KDOBH

1 M1 He/IbHOM KPOBH NEPEHOCAT B LEHTPU(YKHYIO NPOOHUPKY, 3aMOPaKHUBAIOT
npu t = -20°C, 3aTeM NPOBOAAT OTTaMBaHHE TIPH t = 20°C. Onepaumio 3aMOpaxHBa-
HHMEe-OTTauBaHUE NOBTOPAIOT Tprkasl. O6pa3oBaBiluiics rOMOreHaT AOBOAAT BOMOH
10 o6bemMa 10 M ¥ neHTpudyrupyroT. OcaJok OTAENAIOT OT paCTBOPa ACKaHTALUEH.
K pacreopy mo6asnsior 1 mn 0,2% pactBopa ackopOuHOBOH kucioTsl. K ocaaky
npuauBaioT 0,5 MJI KOHUEHTPHPOBAHHOH a30THOM KHCIIOTHI M HArPEBAIOT HAa BOASHOM
6ane B Teuenme 1 vaca. CMecp oxnaxaarot, gobasnstor 0,25 mu 0,2%-Horo pactsopa
aCKOpPOMHOBOM KHCJIOTBI M CMEILMBAIOT C MEPBBIM pacTBOPOM. B 00beHeHHbIH pac-
tBOp A0GaBmmor 1 mMa 1%-Horo pacrBopa ruuepuHa u 7 min 1%-Horo pactsopa
THOMOYEBUHBI U J0BOAAT Boaoi a0 25 miu. K mpobe nobasnsor 100 Mr copbexTa
TOJIMCTHPOII-2-0KCH-a30-2 -OKCH, 5 -HUTPO,3’-6eHsoncynsdokucnora B H-dopwme,
YCTaHABIMBAIOT ONTUMAJIBHYIO Ui copOuun Bennuudy pH B untepsane 6,8-7,8 no-
GaBneHueM pactsopa ruapokcuaa Harpusi (0,01 Monb/i) H NEPEMEILNBAIOT B TEYEHHE
30 muH. 3aTteM copbeHT OTQUIBTPOBBIBAIOT HA QHIBTPE «CHHSAA JIEHT», NPOMbIBAIOT
2-3 pasa gUCTWUIMPOBaHHOH BOJO#H. JleCOPOHPYIOT 3JIEMEHTHI, np'ommséx copOeHT
na ¢unstpe pacrsopom HNO; (4 Mons/n). IlapannensHo nmpoBOAAT X0IOCTOH OMBIT.
OnpejeieHUe KOHLEHTPALMH 3EMEHTOB MPOBOAAT METOAOM aTOMHOH abcopOunu

(tabmn. 5).
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MeTtonuka copOIHOHHO-aTOMHO-20COPOLIMOHHOrO onpee/ieHNs KoOanbTa,

HHUKEId U KAAMHSA B NIPUPOIHEIX U MPOMBINLISHHBIX CTOYHLIX BOAAX

Tna onpenenenust o6mmx kouuentpauuii Co(Il), Ni(Il), Cd(II) 250 M BozsI
NOMEIAIOT B KOHMYECKYIO KOOy, A00aBAAIOT 1 M1 KOHLIEHTPHPOBAHHOIO pacTBopa
HNO; 4 KunsataT aHaiusupyemyro npoOy B teyenue 10 muH. B ciyyac aHanusa
CTOYHBIX BOJ IOCJIE OXJIAKACHHA NPoOy JOMOIHUTENBHO UILTPYIOT OT MEXaHHYe-
CKHMX npuMeced (ecnd B 3TOM eCTh Heo6xoammocTs). Jlid MackupoBaHMs H30bITKA
uonos Ca?* u Mg?* no6asnsmor 0,05 r auruapodocdara matpus; usbeirka Fe™*, Al'Y,
Cr* — 5 mn 0,1%-Horo pactBopa ¢ropuaa Hatpus. K npo6e nobasisor 400 mMr cop-
GeHTa MOMUCTHPON-2-OKCH-a30-2’-0KCH,5 -HUTPO,3’-6ensoncynpdokuciora B H-
dopMe, YCTaHABIHBAIOT ONTUMAIBHYIO T copOuuu Bemmauny pH B nnrepsaie 6,8-
7.8 nobaenennem pactsopa ruapokcuaa Hatpus (0,01 monb/m) B mepeMeLIHBAIOT B
teuenne 30 MuH. 3aTeM cOpOeHT OTGUILTPOBBIBAIOT HA (PUILTPE «CHHAS JICHTaY,
npoMpIBaloT 2-3 pasa AUCTHLIMPOBAHHOH BOJOH. JlecCOpPOHPYIOT 3/IEMEHTHI, MPOMBI-
Bast copbedT Ha ¢unbTpe pacrsopom HNO; (4 Mosns/n). IlapamnensHo mpoBOAAT XO-
noctoii onbIT. OnpeneneHre KOHIEHTPALMA HIEMEHTOB NPOBOJAT METOOM aTOMHOM

abcop6Luy ¢ IaMeHHO# atoMu3sauuei (Tabin.s).

MeToauka copOIMOHHO-aTOMHO-a6cOopOLIMOHHOTO onpeaeneHus kobanbTa,

HUKEIA U KaAMHA B BOJIOCAX

Or6upator 30-50 nmpo6 no 0,3-0,5 r HeOKpallleHHBIX Y€JI0BEYECKUX BOJIOC C 3a-
THUIOYHOM YaCTH TOJIOBBI, GIM3K0 K KOpHAM. Bonocsl npoMeisatoT a¢upom 4-5 ua-
COB, TPHKIBI MEHsA 3QUP, 3aTEM BBICYLIMBAIOT A0 NOCTOAHHON MacChl IIPH TEMIEPa-
Type 60-70°C u u3menbuaior. Hasecku Bosnoc B BEICYIIEHHOM cocTosHuH (110 0,2 1)
06BEAMHAIOT B 061Iyto npoby M TWaTeNbHO nepeMelunpaioT. M3 o6wei npobsr Ha-
Becky 0,3-0,5 r momewator B ¢apdopoByio Hauiky, Kyaa A00aBisioT 5 M HNO;
(xoHu1.), u octapnsmoT Ha 10-12 wacos. Ilocsie 3TOro CMeCh HarpeBaloT Ha NECUaHOH
6ane (t=100°C) okos10 3 9acoB 10 MOMYYEHHS BIAXKHBIX COJEi. 3aTeM B anan‘nsupye-
Myio npoby mo6asnsor 2,5 M 60%-Horo pactopa HyO,, 1 Mt 58%-Horo pactsopa
HCIO, u pa3naraior 20 MMH. IpH TEMIIEPATYype 150°C, 3aTeM ynapuBaioT mpakTHe-

¢k gocyxa. OcTaTok pacTBOPAIOT B BOAE, A0BoAA 06bem a0 10 ma. s mackupoBa-
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nus w3bptka AP, Cr'* mo6asmsuor 0,25 mut 0,1%-Horo pactsopa NaF, Fe** — 0,5 ma

0,2%-HOro pacrsopa aCKOpOHHOBOH KHMCIIOTHI, Cu®* - 0,5 mn 0,1%-Horo pactsopa
TomoueuHbl. K npobe poGasnstor 50 Mr copGeHTa MOMMCTHPON-2-OKCH-a30-2’-
OKCH, S’ -HUTPO, 3’ -Oer3oncynbdokucnora B H-popme, ycTaHaBIMBarOT ONTUMAIBHYIO
st copbuuu Beanuudy pH 6,8-7,8 noGasneHuem pacrsopa ruapokcuia Hatpus (0,01
MOJIB/JT) ¥ TiepeMeLMBAIOT B TeueHne 30 MuH. 3aTeM COpOEHT OTGUILTPOBBIBAIOT HA
GHIbTPE «CHHAS JIEHTa», MPOMBIBAIOT 2-3 pa3a AMCTHLITHpOBaHHOH BonoH. Jlecopbu-
PYIOT 3JIEMEHTEI, IpoMbiBas copOeHT Ha ¢uabtpe pacteopoM HNO; (4 mons/i). 1la-
paLIeNbHO MPOBOAT XONOCTOH OMBIT. Onpee/ieHHe KOHIEHTPALMK 3/IEMEHTOB NPO-
BOAAT METO/IOM aTOMHOI1 abcopOLMH ¢ TU1aMeHHO# aToMu3atueii (1aba.5).

JIJ11 MOCTPOEHHA TPaAyHPOBOYHBIX rPadMKOB ATMKBOTHI CTAHAAPTHBIX PACTBO-
POB 3JIEMEHTOB NPOMYCKAIH Yepe3 BeCh XOA aHanu3a, BKmouas copbumo na [IXC.
I[IpaBUABHOCTB TIOMYYEHHBIX PE3YyJIbTAaTOB MPOBEPEHA METOJOM  «BBEACHO-HANICHON»
C NPUMEHEHHEM CTaHIAapPTHBIX PAaCTBOPOB M HMCIMOJIb30BAHHEM BCEX BbILICOMMCAHHBIX
IpoLEayP, a TAKXKe CPABHEHHEM C pe3ynbTaTaMd AA-ONpe/ieNeHUs ¢ AEeKTpPoTepMu-
yeckoii aromu3anueii (QTAAC) 6e3 npeasapuTeIbHOr0 KOHLICHTPUPOBAHHS JJIEMEH-

ToB [263, 264].

5.4. Anpo6auusi HOBbIX MeTOAMK onpeaeeHus kobanbTa (II), nuxens(1l) u

xaamus(Il) B Boae, kpoBH H BOJIOCAX

Paspa6oraHHas Metoauka COpPOLHOHHO-aTOMHO-aGCOPOLMOHHOTO oOmpenesne-
HMs KOOAThTA, HUKEAA M KaJMHA ObIa HCIIOJIB30BAaHA NPH aHAIM3€ Kak abuoruye-
CKHX (BOZbI), TaK M GHOJIOTHYECKUX OGBEKTOB (BOJIOCHI H KPOBb).

Hamu 6b111 HccneqoBaHbl NHTheBasd Boja LlenrpansHoro okpyra r. Kypcka u
npupoansie Boabl pekd CeliM Ha ydacTkax BblIIE M HHXKE MO TeueHuio I. Kypcka.
Ot60p npo6 nposoawics B Mae 2001 r. Pe3ynbTaThl aHanu3a NpuBeeHsl B 1ab1. 43.

OrmeueHo npesbimienus ypous IJIK mo Hukemo uid nuTheBOH BOIBL. B oc-

TanbHbIX 00pasIax coAepxaHusa BCeX HCCIIeAyeMbIX METa/LI0B Hibke yposHeid [IJIK.
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Tao0nuua 43

Cop6unonHo-aToMHo-a6copbumontoe onpeaenenue kobansra(ll), Hukens(ll) u
xaamus(I]) B MUTbEBBIX, MPUPOAHBIX M CTOUHBIX BOJAX C HCTIOIB30BAHHEM COpOeHTa

MOJIMCTHPO-2-OKCH-230-2-0KCH, S ~-HUTPO,3’-6eH30McyTbOKHCITOTa

R (V=250 ma; n=10; P=0,95)
OnpepeiiAeMyA Beeneno, MKr/n HaiigeHo, MKr/mn S:
3JIEMEHT
[TutbeBas Boaa llenpasbHoro okpyra r. Kypcka

0 24,7+0,8 0,04

KOOaJIbT 12,0 36,110,5 0,02

25,0 49,8405 0,01

—— 0 111,8+1,1 0,01

50,0 161,9+1.1 0,01

0 2,8+0,1 0,05

KaaAMH 1,5 4,310,1 0,04

3,0 5,840,1 0,03

p. Ceiim, o Teyenuto Boiue r. Kypcka (moc. Jle6sxbe)

0 19,6+0,3 0,02

KobanbT 10,0 29,6+0,3 0,01

20,0 39,640,2 0,01

0 11,3+0,2 0,03

HHUKEITb 5,0 16,310,2 0,02

10,0 21,3402 0,01

0 3,8+0,1 0,04

KaIMH i 2,0 5,7+0,2 0,04

4,0 7,7£0,2 0,03

p. Ceiim, no TeyeHuio Huke r. Kypcka (moc. AHaxuHo)

0 35,8+0,5 0,02

KoOanbT 17,0 52,610,5 0,01

35,0 70,6104 0,01

0 20,4+0,2 0,02

HHUKEJIb 10,0 30,4+0,2 0,01

20,0 40,3+0,2 0,01

0 7,602 0,03

KaJMHid 4,0 11,610,1 0,02

8,0 15,6+0,1 0,01
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PesynbTars! necneaoBaHus GHONIOrHYECKIX 0OBbEKTOB NpHBEAEHDI B Ta0N. 44, 45,

Tabnuua 44

Cop6unonno-aroMHo-a6copOunonnoe onpeaenenne kobansra(ll), nukensa(Il) u

kaamus(1l) B Bomocax ¢ ucrnonb3oBaHueM copbeHTa

I0JINCTHPON-2-0KCH-a30-2"-0KCH, 5’ -HHTPO,3 -0eH30I1Cy b POKMCIOTE
(m=0,5r;n=10;,P=0,95)

Onpenensembiii
3JIEMEHT

Beeneno, Mkr/t

Haiineno, mMxr/r

S

Bosochl B3pOCabIX MOAeH, He HMEIOLHX NPOdeCCHOHANBHBIX BPEAHOCTEN N NPOXUBAIOLINX B
paiioHax C MMHUMAJIbHBIM YPOBHEM 3arpsA3HEHHOCTH aTMochepHOro Bo3ayxa

0 0,12£0,01 0,09

KoOa1bT 0,06 0,19+0,01 0,05
0,13 0,25+0,01 0,05

0 1,15+£0,03 0,03

HUKEJTb 0,60 1,75+0,02 0,02
1,20 2,25+0,02 0,01

0 0,58+0,01 0,02

Ka MMt 0,30 0,88+0,01 0,02
0,50 1,08+0,01 0,01

Bonocsl aereii, MpoXkHBalOLKMX B paHOHaX €

MHUHHUMAJIbHBIM YPOBHEM 3arpsA3HCHHOCTH aTMO-
cdepHoro Bo3ayxa

0 0,008+0,001 0,1

K0OanbT 0,005 0,014+0,001 0,1

0,010 0,018+0,001 0,1
0 0,86+0,02 0,03
HHUKeJTb 0,40 1,25+0,01 0,02
0,80 1,66+0,02 0,02
0 0,1940,01 0,08
KagMH A 0,10 0,29+0,01 0,04
0,20 0,39+0,01 0,04

Bosnocel paGouux-ManspoB co craxeM paborel 10-15 ser

0 2,61+0,03 0,02

KoOanbT 1,30 3,92+0,02 0,01
2,60 5.21+0,02 0,01

0 2,92+0,02 0,01

HHUKEJTb 1,50 4,42+0,02 0,01
3,00 5,9320,02 0,01

0 7,24+0,03 0,01

KaaAMHI 3,60 10,92+0,04 0,01
7,20 14,45+0,04 0,04
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Tabnauua 45

Cop6unonHo-aroMHO-a6copburonHoe onpeaenenue kobansra(ll), Huxens(Il) u
xagmuA(Il) B KpoBH ¢ ucnonp3oBaHHeM copbeHTa
TOIMCTHPON-2-0KCH-a30-2-0KCH, 5’ -HHTPO,3’-6ensoncynbdokuciora
(V=1mm;n=35;P=0,95)

Onpeneniempli Bsenexo, Mkr/n HaiigeHo, MKr/n Se
JJIEMCHT
O6pasen 1

0 18,414 0,06

KOOaIbT 10,0 28,0+2.0 0,06

20,0 38,2+2 4 0,05

0 27.4+1.9 0,06

HUKEIb 15,0 42,812 4 0,04

30,0 57,6+2,9 0,04

0 1,24+0,14 0,09

KaaMuit 0,60 1,88+0,16 0,07

1,20 2,3240,28 0,10

O6pasen 2

0 16,414 0,07

KOOaNbT 10,0 26,1+1,9 0,06

20,0 36,612 4 0,05

0 29.4+1.8 0,05

HUKEJDb 15,0 44 8+2.3 0,04

30,0 59,6+2.8 0,04

0 1,53£0,15 0,07

KagMuii 0,70 2,29+0,15 0,06

1,50 3,00+0,23 0,06

Ananu3 Pe3yabTaTOB HMCCIIEA0BAHHA BOJIOC ITOKa3all, YTO COACPXKAHUE B HHX

Co(Il), Ni(II) u Cd(I) y paGounx-MansapoB NOBBILIEHO MO CPABHEHHIO € KOHTPOJIb-

HO¥ rpyTHOMH.

B Tabn. 46 npeacTaBieHO CpaBHEHHE JIMTEPATYPHBIX AaHHBIX H PE3yNbTaTOB

uccnenosanus coaepxanus Co(Il), Ni(Il) u Cd(II) B uesibHO# KPOBH.

Tabnuua 46

Conepxanue ko0aabTa, HUKENSA H KaIMHs B LIENbHOH KPOBU Y€IOBEKa

HaiigeHo B pe3yJjbTaTe 3KCnepu-

DnaeMeHT MEHTa, MKT/MJ JluTepaTypHble NaHHbIE, MKr/M
COBATET (1,64+0,14)°10° 8,30'107[262]
(1,8440,14) 107 0,007- 1,7:10 [259]
- (1,53+0,15)10” 2,0107°[262]
(1,2410,14)°10° 1-2:10 [266, 267]
_ (2,74£0,19)°10° 2,32:107[262]

(2,9440,18) 10

1,80'10[259]
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IIpasunerocts onpeaenenus Co(II), Ni(I) u Cd(I) ¢ npeasapuTenbHBIM KOH-

LEHTPUPOBAHHEM HAa  copbeHTe  MOMHCTHPONI-2-OKCH-a30-2’-OKCH,5 -HUTPO,3’-
GeH30NCYIb(POKHCIIOTa NPOBEPSIIH METOJIOM «BBEIEHO-HANHACHO)»; OTHOCHTENIBHOE
CTaHmapTHOE OTKIOHeHHe coctasmio S, = 0,01-0,1 ana conepxanuii kobanbTa 0,008-
5,21 mkr/r; nukens 0,86-5,93 mkr/r, kaamusa 0,19-14,45 mkr/r B Bonocax; Sy = 0,01-
0,05 wis comepskanuii kobanbta 19-71 mkr/m; Hukens 11-162 mxr/n, xaamus 2,8-15,6
Mkr/n B Boge u S; = 0,04-0,1 mna comepxanuii kobansTa 16-38 mxr/im; Hukens 27-60
MKr/11, kaaMus 1,2-3,0 MKr/n B KpOBH.

CpasHeHHe npu omouu kputepus F-pacnpesenenus AMCIepCcuii pe3yabTaToB
aHanu3a npo6, TMOMYdEHHBIX ABYMS METOAAMH, CBHETENLCTBYET 00 OJMHAKOBOH
socripoussoaumoctd DTAAC u copbunonHo-AAC-mMeTona ¢ MIaMeHHOH aToMu3a-
nueii (ta6m.47-49). IlpumeHenue t-pacupeneneHus Ais CpaBHEHUA ABYX CPEAHHUX 1O-
Ka3blBaeT NPUHANIEKHOCTh 06eHX BBHIOOPOK ONHOH TIeHepanbHOH COBOKYITHOCTH
(pacxoxaeHHE MEXLYy CPeIHUMH HE3HAUMMO, (tuen < tracn)), MOITOMY PE3YJBTAThI
DTAAC u cop6uuonno-AAC-onpeacaeHnii 3JIEMEHTOB MOXHO PacCMaTpHBaTh Kak
pe3ynbTaTsl OJHOH BbIOOPKH.

Tab6nauua 47

CpasHeHHe Pe3y/BTaTOB HEILUIaMEHHOTO M IIAaMEHHOrO AA-onpesiesieHus KobanbTa,
HHKe/ISA M KaaMHs B Mpo6ax BOJIbI M0C/Ie KOHLEHTPHPOBaHHU Ha COpOCHTE
NOJTUCTHPON-2-0KCH-a30-2"-0KCH, 5’ -HUTPO,3’-BeH30ICy TbPOKUCIIOTA
(n; =10; np = 10; Fraen = 3,2 (p=0,95) trasn = 2,88 (p=0,99))

AAC ¢ nnameHHO# AAC ¢ 371eKTpOTepMHUECKOM
3 IeMEHT aToMuzaumedt aToMH3aLmed F ¢
Haiineo, Haiigeno, sxen wen
S, S
MKT/T MKT/T

247+0,8 0,04 24,810,6 0,03 2,0 0,78
Co 19,640,3 0,02 19,5+0,2 0,01 1,5 0,44
35,8405 0,02 35,640,3 0,01 23 0,86
111,8+1,1 0,01 111,710,8 0,01 1,9 0,87
Ni 11,340,2 0,03 11,340,1 0,01 3,0 0,93
20,4402 0,02 20,3+0,2 0,01 1,0 0,90
2,840,1 0,05 2,8010,1 0,04 2,2 0,53
Cd 3,840,1 0,04 3,840,1 0,02 3,0 0,91
7,610,2 0,03 7,610,1 0,02 2,1 0,59

*

- r1ocJjie npeaABapUTEIbHOrO KOHUEHTPHPOBAHHA
L1

-npsAMO€ ONpEeacseHUe
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Ta6muua 48

CpaBHeHHE PE3Y/IbTATOB HEIUIAMEHHOTO H IIaMeHHOro AA-onpeseneHus KobabTa,
HHKEJIA ¥ KaMHA B Mpobax BOJIOC MOCJIe KOHUEHTPUPOBAHHA Ha copOeHTe

NOJTMCTHPOII-2-OKCH-a30-2"-0KCH, 5’ -HUTPO,3’-6eH30cymbdokuciora

(0 = 10; 0y = 10; Fragr = 3,2 (p=0,95) trasy = 2,88 (p=0,99))

AAC ¢ nnameHHOM AAC c 31eKTpOoTEepMHUECKOH

S eMeHT “a'romusauueﬁ' aTomuzaumeii Fucen to

Haiineno, HaiigeHo,

S, S,
MKI/T MKT/T

0,1210,01 0,09 0,1240,01 0,09 2,9 0,43
Co 0,008+0,001 0,1 0,008+0,001 0,1 1,9 0,51
2,61+0,03 0,02 2,60+0,02 0,01 1,3 0,86
1,1540,03 0,03 1,1440,03 0,03 1,1 0,54
Ni 0,86+0,02 0,03 0,8610,01 0,03 1,1 0,59
2,9240,02 0,01 2,9240,01 0,01 3,0 0,66
0,58+0,01 0,02 0,5740,01 0,01 29 0,85
Cd 0,1940,01 0,08 0,19+0,01 0,09 1,1 0,76
7,24+0,03 0,01 7,24+0,02 0,01 1,1 0,58

- nocJie NPeABAPUTENBHOTO KOHLEHTPHPOBAHUS
¥
-NpsiMO€ OTpeENICHHE

Tabnuua 49
CpaBHEHHE PE3y/IbTATOB HEMUIAMEHHOTO M NIaMeHHOro AA-onpeneneHus KobasbTa,
HUKEJSA M KaAMHUs B Ipo6ax KPOBH 10CJIE€ KOHLIEHTPHPOBAHHA Ha COPOEHTE
IOJTUCTHPOI-2-0KCH-a30-2"-0KCH, 5 -HUTPO, 3’ -6e H30ncynbdokucaora

(n; =5; 0= 5; Fragn = 6,4 (p=0,95) trasn = 3,36 (p=0,99))

AAC ¢ nnamMeHHoi AAC ¢ 3nekTpoTepMHiecKoi
aTomusauneii. aTommauueii”
3J'ICMCHT "~ - stcn toxen
HaiineHo, Haiineno,
Sr Sl'
MKTI/1 MKI/n

Co 18,4+1,4 0,06 18,2+1,0 0,05 1,9 0,07
16,4+1,4 0,07 15,8+1,0 0,05 1,9 0,37
Ni 27,4+19 0,06 27,540,8 0,02 5,1 0,79
29,4+1 8 0,05 29.4+1.1 0,03 2,9 1,00
cd 1,2410,14 0,09 1,161+0,07 0,05 43 0,29
1,5340,15 0,07 1,5140,08 0,05 2,6 0,59

*
- IOCJIE MpeaBapHUTENbHOrO KOHLEHTPHPOBAHHUA
L]

-npAMOE OMpEAEneHHe
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Takum o06pa3oM, pa3paboTaHbl HOBbIE KOMILIEKCHBIE METOIMKU ONpPEaEICHHUS
KoOaNibTa, HUKENA B KaJIMUA B 00BEKTaX OKPYIKAIOIIEH Cpeabl, COYETAOMIME NPEIBa-
puTeabHoe KoHueHTprposaHue Ha ITXC ¢ KoHeuHbIM aTOMHO-abCOPOLMOHHBIM Onpe/ie-
JIEHHEM.,

Paspa6otannsie MeToauku anpoGuposanbt npy onpeaeaenuu Co(Il), Ni(ll) u
Cd(Il) B abnoTryeckux 1 6MOIOrHIEeCKHX 00BEKTaX OKPYKAIOWICH CPEbL.

HoBble  METOAMKHM MNpPEABApUTEIBHOTO  KOHLEHTpUpoBaHHMaA ¢  AA-
ONpe/ie/ICHHEM MPOBEPEHBI HA PeabHBIX 00BEKTaX METOIOM «BBEACHO-HAHACHO» H
HO3BOJIAIOT ONpEAENATh MUKPOKOJIHYECTBA H3YYAaEMBIX 3JIEMEHTOB B BOJE, KDOBH H
BOJIOCaX Ha YPOBHE h 107%- n 107 %, o6ecrieunBas NpaBUIbLHBIE PE3YJIBTATEL. MeTo-
JIMKH JA0CTATOYHO MPOCTHI B BHIMOJIHEHHH, XapaKTEPU3YIOTC BOCIPOU3BOAUMOCTHIO,
CPaBHMMO# C BOCIPOM3BOAMMOCTHIO MeToaa AAC ¢ 3/IEKTPOTEPMHYECKOH aTOMHU3a-
wueit (S;=0,01-0,1).
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BoiBoasl

1. OGOGUICHBI IMTEPAaTYpHbIE CBEICHHSA MO NMPHMEHEHHIO HOHOOOMEHHHUKOB M Xea-
TOOGpa3youInX cop6eHTOB HA OCHOBE COMOJIMMEPOB CTHPONA M AMBHHUIOEH30/1a
U KOHLICHTPHPOBAHHsA KOOANbTa, HUKEId M KaJMHsA MPH aHaiu3e 0OBEKTOB OK-
pyxatoweii cpepl. [TokasaHbl IPEUMYILECTBA HCTIOIB30BAHUA X€aTO00Pa3yIOILHX
COpGEHTOB, COAEPKALIMX TPUBMTbIE KOMILIekcooGpasyromue rpynnbl (DAT).
O6GocHoBaHa HeobxoauMocTh noucka HoBeiX ITXC and KOHLEHTPUPOBAHHS H BbLAC-
nennst Co, Ni u Cd npu aHanmmse 0O6BbEKTOB OKPY>KarOLIEH CPEIBl CO CIOKHBIM XHMH-
YECKUM COCTABOM.

2. CHCTEeMATHYECKH M3yUeHbl (PH3MKO-XMMHYCCKHE H aHATMTHYECKHE CBOHCTBA HOBOH
IPYIITE COPOCHTOB, MPOM3BOAHBIX ITOIMCTHPOI-2-OKCH-a30-2"-OKCHa300eH30M1a. On-
penenensl ontuMaibHbie yenosus copOuuu Co(Il), Ni(ll), Cd(II) va neatu nosiu-
MepHBIX XenartooGpasytouux copbenrax. Kobams1(Il) konm4ecTBeHHO M3BIIEKAETCA
MU copOeHTamH 3a 5-45 MuH nipu pH 6,4-9,3; CECco™ = 9-18 mr/r. KomiuectseHHast
copOLmst Hukens aocturaetcs mpu pH 3,8-9.2 B teuenne 15-60 mun, CECNe* =17-1 8 mr/T;
kaamus - npu pH 6,6-11,7 B Teuenue 15-90 mun, CECca* = 7-19 mr/r. KoadduumneHTsr
pacrpeeneHns B ONTHMAIIBHBIX YCAOBUAX COPOLMM IOCTHIalOT 3HaYeHui 1/ o -
w 10°. Vayuena u3buparenbHOCTh fieiicTus copGenToB no otHowenmo k Co (ID), Ni
(I u Cd(I) ¢ mocnemyromMUM aTOMHO-a0COPOLIMOHHBIM ONPEICIICHHEM Ha ¢doHe 3Ha-
YHTETHHBIX KOMUYECTB COIYTCTBYIOIIMX MOHOB WITH (M) MacKupyrommx sewects. Ilo-
CTPOEHBI H30TEPMbI COPOIMH.

3. I'paduuecku 4 pacueTHHIM CIOCOGOM OMNMpefeseHb! KOHCTAHThl HOHM3ALMH KHUCIIOTHO-
OCHOBHBIX Ipyrn copOeHToB. MHTEpnpeTals pe3y/bTaToB MOTCHIMOMETPHIECKOTO
TUTPOBAHHA TPOBEAECHA MO ABAIOTHH C COOTBETCTBYIOLIMMH MOHOMEPHBIMU pEarcH-
tamu u ITXC, comepalMMi 2-aMHHO-a30-2’-OKCH- U 2-OkcH, 3-kapOokcu-@AI.
3nauennsa pKyon copbeHTOB B HHTEpBate 7,36 — 8,29 COOTBETCTBYIOT CCOLMALIMH 2’-
THAPOKCOrpymsl. Bniepssie onpeaeneHsl GOpMbl CYLIECTBOBaHHA H3YUEHHBIX COD-
GeHTOB, a TaKXe pacrpeae/ieHHE HX MOJBHBIX JIOJIEH B pacTBOpe MPH 33JaHHOM

pH.
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4. OnpefeneHo 4McI0 MOHOB BOXOPOAA, BHTeCHEHHBIX 3 DAL copOeHTOB MmpH Xe-

naroobpazopanui. OGOCHOBAHO NMPETNONOKEHHE O BEPOATHON CXeME KOMILIEKCO-
06pasoBaHus NPH XeMOCOPOLHH B H3Y4SHHBIX CHCTEMAX «JJIEMEHT-COPOEHTY.

6. Brepsbie monyuensl aanHbie MK-CneKTPOCKONMHM M JUTA MCCIEYeMOH TIpYTIEbI
COpOEHTOB M MX KOMILIEKCOB C HCCIICAYEMBIMH dieMeHTaMH. [IOATBEPKIACHO y4a-
cTue 2-okcu-azo-2’-okcu-OAI B koMIuiekcoo6pasoBaHHH.

7. TeopeTndeckd paccyuTaHbl 3Ha4eHHUA PHpa 0OpasoBaHHsA XCNaTHBIX KOMILUIEKCOB
ITXC ¢ uccrenyeMpIMH 3JIEMEHTAMH M ITPOBEACHO HX COMOCTABJICHHE € SKCNEPHMCH-
TaJbHO HaiifeHHBIMH BeMHUHHaMH pHyyr. Teopernieckn o60cHOBaHAa H IKCIIEPUMEH-
TAJBHO MOATBEPKACHA BO3MOXHOCTb MPOrHO3UPOBaHKsA 3HaueHUs pHiax Xe€naroobpa-
30BaHUsA, UCXOIA M3 BEJTMUMH CTYTIEHYAThIX KOHCTAHT TH/PO/IM3a M KOHCTAaHT AHCCO-
wmaimu OAI cop6eHTOB Ha OCHOBE CBEJICHHUI O CXEME KOMILIEKCOO0pa3oBaHus.

8. BrepBbie A5 U3yYeHHbIX CHCTEM YCTAHOBJICHBI M OIUCAHBI CIEAYIOLNE KOPPEIis-
umu (Jr|=0,99 -1,00):

1) MexTy KHCIOTHO-OCHOBHBIMH CBOFCTBaMH (PK 'o7) M KOHCTaHTamu I"ammera ( ):
PK oy = 8,30 - 0,94 - 6, (11 MOHO3AMELIEHHBIX COPOEHTOB),
PK'on =811 -0,38 - 0,4+, (1019 IM3AMEIEHHDIX cOpOeHTOB).
2) MexIy KHCIOTHO-OCHOBHbIMH cBoiicTBamu DAL (pK 'on) copbentos (cooTeT-
CTBEHHO MOHO-H JH3aMelleHHBIX) u pHsy copOuuu:
ko6Gansta ApK 'on=2,20-ApHsp+0,026; ApK 'on =1,39-ApHse+ 0,0014,
Hukens ApK'on=1,22-ApHsy—0,090; ApK'on =1,75-ApHse+0,0060
kaamus ApK'on=0,425-ApHso- 0,043 ; ApK'on =0,275-ApHso+0,021.
3) mexay koncrantamu [ammera u pHsp copOuuy (A4 MOHO- M 1U3aMEILCHHbIC
ITXC cOOTBETCTBEHHO):
xobansra pHsp = 5,67-0,39 - 0y PHso= 5,63-0,27 - 20 5+ n;
Hukent pHso= 3,44-0,86 - 0 n; pHsg= 2,94-0,21 - 20 5+ n;
xanmus pHsp = 7,88 - 2,32 - 0,5 pHso=8,27-1,37 - 20 o+ n.
4) mexny pK'oy ®AL (MoHo- ¥ ansameleHHbIX ITXC COOTBETCTBEHHO)H KOH-
craHTaMu 00pa3oBaHUA KOMILIEKCOB f3.
xobansta Igf = 0,49 - pK'oy +2,16; Igf = 1,41 - pK'oy— 5,22,
uukena lgB =122  pK'oy—-3,02; IgB=0,71pK'og+ 0,99,
kaamus lgf=0,82 - pK'oy- 1,54, Igf=035 - pK'oy—2,12.
Koppensiuyy TO3BOJISIOT NPOBOAMTL  KOJHYECTBEHHBIH MPOTHO3  (HH3UKO-

XHMHYECKHMX M aHATMTMYECKMX XapakTepucTHK copOentoB (pK'on , pHse, Igf). Ha

HX OCHOBE MOXHO OCYLUECTBJIATh HanpaB/iCHHBIH BbIOOp HauboJsice MEPCHECKTHB-

i
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ubix IIXC u cuHTE3 COpOEHTOB ¢ 3apaHee 3aJaHHBIMH CBOWCTBAaMH JUIA HCTIONB30-

BaHHA B aHATUTHYECKOM IIPAKTHKC.

. Ha ocHOBaHHMHM COTMOCTAaBJIEHHS ONTHMAJBHbIX YCIOBHH COPOLMH, CTENEHH U3BJIE-

yeHHs EMEHTOB, KO>XpPULMEHTOB pacnpelesieHna, COPOLUHOHHOH eMKOCTH COop-
GEHTOB, AAHHBIX N0 U30MPATEIBHOCTH AHATMTHYECKOrO JACHCTBUA MO OTHOIICHHIO
k Co(II), Ni(IT) u Cd(II) B mpuCyTCTBHM COMYTCTBYIOLIMX JICMEHTOB, BO3MOXHO-
CTH KOJIMYECTBEHHOM AeCOpOLMH MalbiMH OObEMaMH MHHEPAJIbHBIX KHCIIOT H
JOCTYTNHOCTH HCXOAHBIX MPOJAYKTOB CHHTE3a MOKa3aHa MEPCNEeKTHBHOCTh MNPaKTH-
YECKOTO TIPMMEHEHHS COPOEHTa MONMCTUPOI-2-OKCH-a30-2"~OKCH, 5’-HUTPO, 3’-
6enzoncynbdokuciaora. Bee TpH NeMeHTa JaHHbIH COPOSHT M3BJIEKAET 3a 30 Mu~.

nipu Temmeparype 20°C B nnanasone pH 6,8-7,8 (R=95-99%).

10.Paspa6otan HOBbIH 3(dEKTHBHBIA KOMILIEKCHbIH COpPOLMOHHO-aTOMHO-abCcopo-

IMOHHBI METO[ OnpeaeieHnss MHKPOKOIMYECTB KOOA/bTa, HUKENIA U KaJMHi B
MIUTHEBOH M MPUPOAHBIX BOAAX, 06pa3LoB KPOBH, BOJIOC JIIOAEH C HCIIOIb30BAHHEM
copbeHTa MONMCTHPON-2-0KCH-a30-2"-0KCH, 5’-HUTPO, 3’-GeH30J1CY b(}HO-KHCIOTA.
HoBelii METOA MO3BOJIAET ONPEAENATh YKa3aHHbIE 3JIEMEHTE B NUTbEBOW M MNpH-
pOJHOI BOJE, KPOBH H BOJOCAaX YeNOBEKa Ha ypoBHe n-/ 0° - n10° %, cumxas
npeaen oOHapyXeHUs JEMEHTOB M YCTPaHsAs BJMSHHE COMYTCTBYIOLIMX MaKpo-
KOMMOHEHTOB. MeTo| MpoCT B BHIMOJHEHHH, XapAKTEPH3YETCA XOPOLLei BOCMpPO-
n3BogumocTsio (S; = 0,02-0,1), obecneunsaer NpaBuibHbIE PE3YAbTATHI, YTO NOA-
TBEPHK/ACHO METONOM «BBEJEHO-HAMHACHO» NPH AHAIM3E pPEANbHBIX OOBEKTOB M
cpaBHeHHEM ¢ AaHHBIMH, nomydeHHbiMH MetoaoM JTAAC. Hosble MeToauku
aHaJM3a BOJ, KPOBH BOJIOC anpoOMpOBaHbl HA PEAIbHBIX OOBEKTaX M BHEIPEHbI
(aKxTh1 BHEIpeHHsA) B 1aGOPATOPUH OTAENA CIEUHATBHBIX IKCIIEPTH3 H UCCIIEN0Ba-
HHUii SKCTIEPTHO-KpUMHHAIMCTHYecKoro ynpasnenus YB/I Kypckoit o6nacTu H Ja-
GOpaToOpUH XO3sHCTBCHHBIX H MHTHEBbIX BOA MyHHUMNIAILHOTO YHUTAPHOTO Npea-
npusaThs «[IpOM3BOACTBEHHOE YNPABJICHHE BOAONPOBOXHO-KaHATH3aLUHOHHOrO X0-

3saiicTBa» r. Kypcka.
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0 BHEAPEHHH B NPAKTHKY METOAHKH
onpeae/ieHHs HUKeJIs, K00a1bTa ¥ KaaAMHsl
B KPOBH H B0J10CAX YeJI0BEKa

ABTOpGI pa3paboTKH METOANKH: .
- 3aB. LlenTpanbHoii xumu4eckoii nadboparopuen I/IHcmryTa reoJIOrMH
PYIHBIX MECTOPOXKIAEHHH, neTporpadui, MUHEPATOrHH H FE€OXUMUH
(MT'EM PAH) 3acnyxeHHsIii Jeatens Hayku PO, nmpodeccop, nox'rop
xumuyeckux Hayk Bacaprun H. H.;

- npodeccop kadeapst xumud Kypckoro rocynapCTBEHHOrO
MefarorM4ecKkoro yHMBEPCHUTETa, KaHAMJAT XHMHUYECKHX HAYK
Canuxos B. 1.; '

« ~acnupant Kadempet - xumuu  Kypckoro rocCylapcTECHHOTC
negaroruyeckoro yuusepcutera Koposesa E. A.

. ~Hacrosumii akT .coOCTaBneH B TOM, 4YTO B OTAEJE - CMEUHAIbHBIX.:. ...
3KCMEPTU3 M. UCCIENOBAHUA IKCNEPTHO-KPHMHHATUCTUYECKOTQ YUPaBACHHA
(3KY) YBI Kypckoii o6nacty BHeApPeHa METOAMKA ONPEACICHUA HUKENA, :
koGansTa M KAAMHA B KPOBH H BOJIOCAX 4eJIOBEKA, anpoGupoBaHHbIA Ha
KPOBHM M BOJIOCaX JitofeH, NMPOXKHMBAIOWNX M PabOTAOWHNX B IKOJOTHUECKH
61aronpHATHBIX YCAOBUAX M NIOACH, YCTIOBHA JKN3HU M NPOdECCHOHATBHOM
JEATEIbHOCTH KOTOPBIX COMPSKEHBbI C BO3AECHCTBUEM TAXKEBIX METANIOB
TE€XHOr€HHOTO MPOHCXOXKAEHHA.

Pa3pa6oTaHHas METOAMKA, BK/IIOYAIOIIAA Ha CTaauH NpoGonoaAroToBKH
npenBapuTebHOE KOHUEHTPHPOBAHHE HOHOB METAIOB Ha MOIHMEPHBIM
xenaTHOM copfente B codyeraHnH ¢ AA-METOIOM, XapaKTepH3yeTcs
BbICOKOH  M30MpAaTENbHOCTBIO COPOLMH, IKCMPECCHOCTHIO,  XOpOLei
BOCTIPOM3BOAHMOCTBIO PE3Y/IbTaTOB, 3KOHOMHYHOCTBIO B HCIOJB30BAHHH
pearcHTOB. MeToanka MO3BOJIACT aHANH3UPOBATh GHONOrHYECKHEe OOBEKTHI
(KpPOBb M BOJIOCHI) CO CJIOKHBIM MHHEPAIbHO-OPraHHYECKHM COCTABOM.

KaHJ. HCT. HAYK Aranos C. B.

Hauanonink oraea cneusa
IKCNEPTH3 H HCCAEA0BAHHM
DKY YB/ Kypckoii 06aacTu

NoAMOJAKOBHHK MHJIHUIH Knsurosexuii B. /.
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Hacrosumii akr cocrasieH 0 TOM, YTO B QHAIMTHYECKYIO MPaKTHKY Jabopa-
TOPMM  TUTHEBOA  BOABI  MYHULMNATGHOIO  YHUTAPHOIO  TNPENNpUSTHS
«IIpoH3BOACTBECHHOS YNPARICHNE BONOMPOBOAHO-KAHUM3ALMOHHONO  XO3SMCTBAY
(MVII ITIY BKX) BHempeHa meroauka COpOLMOHHO-aTOMHO-aGCOPOLIMOH-HOMO
ONpeeNicH!s CyMMbI MIKPO KOJIMYECTB KOOQILTa, HUKENA U KaZAMMS B TIHTLEBBIX H
NPHPOIHbIX BOIAX.

ABTOpBI pa3paboTku METOAA:

- 3aB. LlenTpaibHo# xuMu4eckoit jaboparopueit MHcTHTYTA reosiornn pyaHbx
MECTOPOXACHUIA, nieTporpaduu, MUHEPAIOTHH U reoxﬁmuu (UT'EM PAH)
npodeccop, NOKTOp XHMHUeckuX Hayk bacaprut HH,;

- npodeccop kageapbl xumuK Kypckoro rocy1apcTBeHHOIO MEAArorH4eckoro
YHHBEPCHUTETA KaHIUAAT XuMHUecKkuX Hayk (CamxoB B.J1;

- acnMpaHT Kadeapo! XuMuu Kypckoro rocyjapcTBeHHOrO NeAarorHueckoro
yuusepenrera Koponésa E. A.

Meroauka npenBapUTEILHONO KOHLCHTPUPOBAHMSA KOOANbTa, HUKENS M
KaJIMUA Ha copbeHre nomu[3-okcu-4<(1-a30-2-oxcu-3-Cynmbdo-5-
HUTPOOCH30M)CTHPON] € MOCICAYIOMM AA-aHAIM30M xapaxdepmyercx BBICOKO#
aheKTUBHOCTBLIO, YROOCTBOM M MPOCTOTON MpUOOpHOro ohopMiEHHs, NO3BOJISET
TIOBBICHTE YYBCTBHTEJIbHOCTh OINPEACICHHA YKa3aHHBIX JJIEMEHTOB NpPUH MX ONpe-

I'naBHblii nKeHep A
MVII I Ipou3BoACTBEHHQEYHD:

r. Kypcka > 5
Yengy-oW? o0
Ty e o .,v«“

Havanbauk naboparopun
nutheBoil Boapl MYTIITY BKX



