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OT PEAKOJNETUU

MHCTHTYT FCOXHMHM H aHalAuTHuecKOR Xumuu mv B U Bepuax-
cxoro AH CCCP ocywiectsaser Bananue cepud MOHOrpadHil No anami-
THUECKOH XMMMH OTIEAbHBIX JIEMEHTOB JTa cepus — «AHaIHTHUe-
CKasl XHMHS DJ€MEHTOBY — COCTABHT OKOJIO NATHRecst# ToMos [lo-
Tpe6HOCTb B NOJOGHOrG POAA M3JaHiH AaBHO Haspera Bmecrec TeM
Y HAC HAKOMW/CH OTPOMHBIl ONBIT MHOFOUHCJEHHBIX JaGopaTophil H
Tenephb CTAO BOMOXHBIM H HEOSXORHMBIM €70 MOAMTOMMTL Takum
06pa3oM, BO3HHKIC HacTOsmiee M3janke — cepus <AHaRHTHUYECKan
XUMHS 3ICMEHTOBY, — KOTOPO® OCYIIECTBJSETCA BRCpBbIE AHANHTH-
yecKas XHMHS JHOGOTO SMEMECHTA M €ro PasNHuHbIX COeldHeHHi B Ha-
CTOslllee BPEMS NPEICTABIRETCS UPe3BbIYaliHO DAHOOOPasHON Kax
BCAEACTBHE CAOMKHOCTH CC X OGBEKTOB i uk-
POTHI [¥anasoHa Kouuempauuu KOTOphle GbiBaeT HEOOXORHMO Ompe-
JHC/UTh, TAK ¥ BCAEACTBHE Pa3HOOGPA3Hs HCIOABbIYIONMXCH METONOB

B cBasu ¢ sruM a8 MoHorpaguit Gnul paspaGorad obui  maak
KaK B CMLICIE COAEPMAHHMS, TAK M MOCHEIOBATENBUHOCTH H3JCKERHS
Marephana

B monorpadumsx conepxarcs 06HMe CBELEHUHS O CBOKCTBAX 3M1eMEH-
TOB M MX COeRHHEHUfi 3aTeM PacCMaTPHBAIOTCH XHMHMUECKHE DEaKiuH,
ABASAIOMHECST OCHOBAHHCM AVl AHANHTHYECKHX Meronios  Meronu
Kaxg &pusuqecx{ue, TaK 4 q)HSKKO XHMHYECKHe H XHMHYeCKHe H3Jaraiwor-
Csl NIPUMEHHTENBHO AN KOJMHUYECTBEHHOTO ONDENOTEHHS AAHHOTO XH-
MUUECKOFO BMIEMEHTa, HAYMNAR C aHAZM3OB CHIPbS, Aafiee — THIHYHEIY
HOAYNPONAYKTOB NPOM3BOACTBA ¥, HAKOHEN, KOHEUHOH NPOAYKUHH —
METaJIZIOB MMM CIL1ABOB, OKHcell, coefl H APYTHX COeRuHEHHH U MaTe-
pragos Kak 1npaBwio, NPHBOAATCA NPHHUHMHBL ONPeieleHds H, FAe
3T0 AAeTCH TOUHOE ( BCETC NIPOLECCa OnpeneIeHu s
Heolxoanmoe BHHManiue ygensercst GuiCTpbiM MeTofaM anammaa Ca-
MOCTOATENbHOS MECTO 3aiHMaeT H3J0KeHHe METOI0B onpeleneHns
TaK Ha SAEMEHTOB # B 4MCTLIX MaTepHaiax

Oﬁpauxac’rcsl BHHMABHC Ha TOUHOCTh M UyBCTBHTEJBHOCTb METOROS
B CBA3H ¢ Ofllell TenieniueR NOBbleHHs YyBCTBATEbHOCTH METOAOB
onpeRefenus CAeA0B eMeHTOB-npuMecedt Mouorpadun conepxar
oBwpHrylo GuGIHOrpadHo, AOBEAGHHYIO HO TOCHERHHX JIET, OHH pac-
CYMTAHB Ha IUHPOKWH KPYr XHMHKOB, B NEPBYIO OYepeIb XHMUKOB-
AHANHTHKOB HCCNEACBATENbCKHX HHCTHTYTOB H 3aBOACKHX JlHGOpaTOV
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puil PasddYHbIX OTPaCaeil A03AACTBA, @ TaKKe HA XHMUKOB Npernona-
BaTentelt M CTYAEHTOB XMMMUECKHX BHICIIHX yueSHBIX 3aBeferii.
K cocraBiienuio MOHOrpaHU NpPHBICUeHH HAUIH KpynHefilude cnenyua-
JHCTHI, HMEIOILKE OMBIT paloTsl B 0GHACTH AHATHTHUECKOH XHMHI TOO
MM HHOTO XHMHYECKOTO 3.EMeHTa

Otnenbabie TOMa CePHU AHAMHTHYECKOH XMMHM 3JEMEHTOB OYAYT
BHIXOLHTH CaMOCTOSITENbHO, [0 Mepe MX NHOArOTOBKHM Bhiumi B cBer
MOHOrpaguy, NMOCBSUICHINE TOPHIO, TaMIHIO, YPAHY, DYTEHWIO, MO-
HGIeHy, Kanmio, GOPY, UHPKOHMIO W radHuio, KOGaIbTy, GepHiauio,
HUKE/MO; TOTOBATCA K IleYaT# MOHOTDadHHM NO AHATMTHUECKOR XHMMHH
PeRKO3eMeNbHBIX 3MEMEHTOB M HTTDHA, TEXHEUMS, IPOMETHS, acTami-
Ha U Qpaulas, HHOOMA H TaHTana; NPOTAKTHHHSA, IaARus

Mui ofpamaencs ¢ npockGoil KO BCeM YHTATENAM MPHCLITATH CBOM
3aMeuaHHs M OT3LIBLI O MOHOTPadHAX

OPEAVCHACBHE

AHANUTHUECKOR XHMHH HHKEIN NOCBFIEHH MHOTOYHCAEHHbIC pa-
GOTHI, BO MHOTMX M3 HHX PacCMATPHBAIOTCS BOMPOCH! B3aHMOZeHCTBHA
HKKEJTH C O-JHC B IPAKTHKY aHaIHTH-
yeckolt xumui JI A Uyraesemy IlostoMy B MOHOrpadmu LIKPOKG OC-
BEIlEHE! METOAH C KCNONB3OBAHHEM o-AHOKCHMOB KaK PEareHTOB Ha Hif-
Kelb

Kunra Hanncana no oiiemy riany cepui MOHorpaduit «Anamuru-
4ecKas XHMHH SJIeMEHTOBY V3 3a oOmiusi MaTepHaia aBIOPHI He CuH-
Taj¥ [e7ecoo6pasHEiM NPHBOAHTS HCUEPHLIBAIONLY0 GHOIMOTPadHIO IO
MeTOaM Olpefe/ieHns HHKeAs B nepsyio ouepels laulik OTPAKCHHE
ofofiaolize ¥ HTOroBsle PaGoTe!

ABTOpbI BHPaNaiOT GIATGAAPHOCTb CTAPUIEMY HAYUHOMY COTPYAHH-
Ky LleHTPaNLHOTO HAYUHO HCCNELOBATSNBCKOTO HHCTHTYTA HEPHBIX Me-
tamos A A denoposy 3a npefocTasienkie HoBwx npoextos I'OCTa
110 ONpeAesIeHHI0 HHKSIA B CTaNAX, Pa3paGOTanHbiX B 5TOM HHCTHTYTe
10Z PYKOBORCTBOM NOKTOpa XmMideckux Hayk I1 SI $xosaesa

B Hewxvea, B. Cagocmuna



Trasa 1

XUMHKO-AHAJIMTHYECKASI XAPAKTEPHCTUKA
HHKENS

B 1751 r Hurenb bl OTKPHIT WIBEACKHM XuMuxom Kpommrenom
B wicrom supe HHKedb nomysed B 1804 r Puxrep, Ipycr, Tenap n
JpyTHE XAMHKH IOKa3a/H HHIUBHAYaNbHOCTH Hukeas [95]

HuKenb NpUHAAIEKAT K SAEMEHTaM BOCHMOH TDYINIbI NEpHOTKYe-
cko#l cucremst I M Mengeneesa

HopsinkoBel#t nOMED HUKeAs papedl 28 ATOMHBLI Bec HHKeJIS 1O yr-
JeponHoR mKaie pased 58,71 TIpHpOAHbie ¥ HCKYCCTBEHHO NONydeH-

Hble H30TOMLI HHKeAs YyKasast B Taba 1 Msotomuew cocrasom
Tabanua
Hsoronet wuxena [1199]
Atouuit Tun TlepHoR I Tponcxomaense Copepxanne
nee nazYuRINA Tioaypacnana H #30TOnA B 0 RHOM
nikede, %
56 1 6,4 nun Hickyceraeniioe -
57 a+ 36 gac » -
58 — Crabuncs EcrecTensoe 67,76
59 | K, net B |5 10 aer | Hexycersentioe —
60 — Crabunes EcrecTaenuoe 26,16
61 — » » 1,25
62 . » i » 3,66
63 B~ 125 ser Hiexyecraentoe —
64 B~ Boasiz 3 101 et | Ecrecraentoe 1,16
65 8,7 |2,6vaca Hexycersennoe -
[ 54,8 uaca | » -
| |

ofbscneTcs MeHbLIKE aTOMHLI Bec npHpoanoro Hukeas [38, 711 no
cpaBuennio ¢ KoGaaston 19, 58, 332], Hnelomum nOpARKOBEl HoMep 27
ATOM HHKenst MMeCT CNEIYIOMYIO 3TCKTPOHHYIO CTPYKTYPY
K L M N

2 224 2,243,535 2



Pazmyc noma Niz* pasen 0,78 A, wnomnmii  noremmwat  Z/R
pasen 2,6

BneMeHTH NEPBOTO 11EPEXOANOTO NEPHOla No BO3PACTAHHIO TPeThe
ro no'remma'!d HONH3AUAHK pacmnaraloru{ B cteiyiomuit psy (2331
Sc, Ti Fe, Co, Mn, Ni, Cu, Zn, C

'I‘pyAuucﬂ) oxuescuns wonos Cu* i Ni*' 06BACHAETC BUICOKINMI
3NaUeNHANH  TPETLEro NOTeHIHAAa HOHH3ARKY

B Goabuncrse COCHMHCHHA IIHKeM) MONOKHTEILHO ABYXBaTenTeil,
HO H3BCCTHDI I'TABHLIM 06DA30M KOMITIOKCIME COE LIRS, TAe 1HKe Tb
HMEET BATCHINOCTS -3 1 -4

Tlo pacupocTpaneinocTit b MPHP: A€ HHKCIL  TIPCBOCKOIAT  NCTs
i HeCKO1eRO yerynaer munky  Kuapk i muxets 0.018%
mec) B aemsoi kope cogepurest 2 107%%  (Bec ) mHukeas, s
luroc(])epc 8 1073%, mercoprrax KaMennnrx  0,14% 1 KeTesix

6% 12991

Tlpeanotaraercst, uto 11po Semi ua 6—8% cocront 13 nuxe 1
Huxean colepskutes B Mercoputax Cpeanee coiepianie HMkeTs B
aCTERIIAX cocTangsger 1070 %

ﬂp(ml,mnoun()(‘ BHAYCIHHE 1MEeOT C)"Ib(hll,'l!]ble, CHIHKATILIE [11H
OKHCICHINC PY/Ibl HHKEIA

Huxean — seraan cepelpucro 6e0ro nuera ¢ €184 3aMeTHIM KO
PHUHEBATLM OTTEHKOM, O¥CHb TATYUHI, KOBKITH, 1CrKO NOLIACTCA HPO
KaTKe, (I)Lppo\ldlI!HT(‘H, UG B Mellblueit CTEleny, ueM Keleso [Tror
woeTh nixkean 8 85--8,9 ofem® Huxean puicokoii uncrotst (99,94%)
sveer 11 1435°C

B 3 1eKTPOXUMITUECKOM PSILAY NANPSIKENNS IIMKCTh HAXOAHTCH 11PA
s¢e KoBahTa Hopuatensil norentnat —0,250 ¢

I\‘LTB'I'IH'-KLKIH[ HUKETh IpN KOMIATHOR TeMOCpaTy pe B OTCYTCTBIC
BT4TH ¥ TOHUND K l(.l‘l(.TBHlO KHCTMORO1a H Ial0oxaos, IDPH HATpeBaHill
10 500 C eqerka okicaseTcs na BO34Y X€ H Pa3rdaraer Bo1y, BLLC 185
sonopoa  IMopowkooSpasntifi nHKeAb, NOAyYCHRLU JHCTH IAAWitel i3
aMaIbrayM MTH 5TeKTPO1M30M, c1abo uupopopen Hukets —wato
AKTHBEBIH MCT47T, TIPH KOMNATION TeviiepaType Boa 11a Hero ue aeil
etpyer I3 pasGamuctntix  Murepadbunx  Kuctorax (11CH H,SOy)
PACTBOPSACTCA MELTEHNO, TCrue PACTBOPMA 1 asoTiolt knetore. Kot
UCHTPHPORAHHAS A30THAS KHCI0TA HACCHBHDYCT METAAT, KAK H HKETC30
Uleaoun, coga, noTary B BOAHBIX pacTBOpaX U B paciitasax ne lefter
BYIOT 1A NUKEIb

Hukean Rxozur B cocras pa3ioo0pasnublx CILIGBOB ¢ KCTC3oM, a
TAKXKEe MCIALI0, ATIOMITHHCM 1f MHOUHNH IDYTHMH 7 1eMeHTaMy

MeTanTnueckhil HHKe1h B MEAKOPA31POGACHNGM  COCTOSHWH (1pY
AOBBIICIIKH TEMICAT) Pbl 1O T0ML38T BOIOPOL, NPINEHSEICH Kak Ka
Td'THSZITO[) TIPH TUAPHPOBANWH oprammechn\ Coe] lI(H(.IHIH ;'I'Ul HHUARE
A YCTAUOBJEHO cyumcmonanm raapuaa Nifl [2961 Mssectunt Takixe
riapian Nild,, NiB

Huxkean (‘IIULO([’H B3ANMOJEUCTBOBATE C OKHCBIO YT TePoila, 00pasy a
KapOonn bt
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H.’!f( TRKe 1A, KaK # 4095 JAPYraX ABYX3apaiubix HOHOB, KOOpI1HHa-
HHBOHHOE YHCTO THAPaTatuy pasno uecti (210, 8231 [lepsas xoncrau
Ta PHAPOTHSA HAPATHPOBAIHOTO i0HE HIKE 1% B COOTBCTCTBHM C YpaB-
HEHUEM

Ni (11 O - HO 2 Ni(H 0308 -~ HO"

naftaennas Metoiom pH turpopanus nurpata mukets s 107 M pac
TBOpE XJOpara WIH cyanpara katus (apu 25 (), paswa pK =
= 10,92 [4001* B apyrofi padote aaetcs 3navenne pK’' — 10,64 [701]

CreKTpopOoTOMETPHUCCKHNM  METOIOM  YCTAllOBI2Ho, YTO FHAPATH-
POBalibIit HOH HUKCIA COAEPHKNT MCCTH MOTEKY T BOAL, ofliaf Kou

CcTanTa (IpHCOEHHNEHHS !g("“ - 0,08 (813]
g

Ogucenm ¥ rHAPOOKHCH HHKEIH

VisBecTHO HeckoAbKO OKnC10B nukcis 1496) Oxmuce umxeas (I1),
NiO — fOpOUIOK CBETIONG 3eI€HOBATO METOTO LBETA, PACTBOPHMbLIK
B a30THOW KHCTOTe NpH 1Aarpesaliuk ¥ B PacTBope aMuuaka [locie
NPOKaAMBAHUA NIPH BLCOKOH Tenuepar pe okuck NiO e pactsopser
€l B neaouax (al\\MHBKC) 11 MHHEPATIbILIX KICTOTaX Oxuees niKe 14
NiO yaosacrsopsier tpeGoBannsy x pecoswiy dopvav  [loayuacres,
FAUPHMEP, NPl HPOKAIBANME AHMCTHIT THOKCHMATE HHKER

Ogkucb nuxets (11} 1 3akuch oxucs muxets (11w 111), Ni,G, —
ROPOWIKOOGPALIE BOIHECTRA TEMNO CCPOTO 1 HCPIO KOPHIHEROTO 1iBe
Ta {COOTBCTCTBCHHO), PACTBOPAIOTCH B CCPHON H a30THON KHCIOTax €
Bhile1eliHeM KHC10pota H B COASNON KHCTOTE C BbiACICHUEM xJ1opa

Deyoxucs uiikeasd NiO. — ayopioe BeiliecTBO 4Yepiloro UBeTa
3ro nammetiee TPOUNHOC KHCTOPONOE COCIHICHHUE HHKCTH C TPY.IOM
PACTBOPAETCA B MIMEPATHHLIX KIC 10TAX, DHINAs% KHGIOPOL BIH X1op

Hou nukens o0pasyeT ¢ FIPOKCHT HOHOM B 3aBHCHMOCTH OT YCAO
s 14961 pan coemnenn i pas1uylioro cocTasa, IpoSBAss CKIONIOCTh
< 0BPA30BAHMIO OCHOBHLIX cotell [52a, 501§

Tiapookuch unweas (11), Ni(OH), — nopounok csetnio se1enors
1Beta, npy Temmeparype 230° C oua pasnaraercs #a NiO n H,O Pa
creopuma B kueaotax v NH,OH  [laa npousneiesyst pactBopuMocTd
Ni{OH), umetorcsi npoTHBOpeunBbie Zanibie {taba 2)

Fuapoorucs nuxeas (1) b npucyTerBuu cHabiblx oxueanteaed
(Cl,, Br,) B miedouiofl ¢peie nepexoint B ruipookucs nuxeas (I11),
Ni(OH),

Yasecrunr riuapooxnen wukera (111} wnoro cocrasa, nanpuvep,
Ni, O, (OH), 1496} Tupookuch ukens (111) no1yyena B AByx MOAUDH-
Kauax 1) B rojuidrkanusa e HvieeT SBOO KPHCTA LIMYCCKOH CTPYK-

B aanuueliuen GyayT yN0TPAGIATCA €ICA 0L OGOIRATRIURA
B, — Ofiman koHCTANTA YOTOlMABOCTA 119 peakinw NiFt 4 A~ Lt
Ky, — cTynenuatan koHcTanTa \Crofunsoctie NiAZT U
S — pacToOpII0CT coemIeNi




TYpHI, OPU CPOANHH Ha BO3AyXe nepexoaut B coepuuenne NigO,(OH),,
2) y-MOAHOEKAUUS HMEET KPHCTAJRHUECKYIC CTPYKTYPY (IIECTHYTOAb
HEKH WM NaacTuHKH) O6a coepuuennst pacrsopumsl B HySO; ¢ Bize-
JleHHeM KHCAODOAR, NPH Harpebanuu 1o 138—140° C paanaraworcs

Coenunenne auxeas (11, [11), NizO, (OH), sbigessieTcss B Bune vea-
KMX UEDHBIX KDHCTAJIJIOB TeKCArOHATbHOH CHCTeMbl, HDH HATPEBAHHH
a0 140° C ono nepexozaut B NiO, sbizeass BOAy ¥ KHCHOPOX

Ta6asya 2
Mpoussenenwe pactsopumocts Ni{OH)»

T i T
T"‘“‘E&“"” Py [ Awreparspt ;“ 1“""5&"T>“”i oL, Autepanipa
i
| | i
;18,08 | 300 W 25 ‘ 18,06 {219a}
%87 B4 s 17,19 [700]
"o 25 15,5 11119]
15,80 § (98] . 2830 16,0 {795]
14,5 1oy | 5 16,2 %3
| 15,21 ’ 993] |

THApOOKHCK HHKeAS NOTyyaioTes KocseHhblM myTem Ni(OH), —
ZelicTBHEM Da3GaBeHHbIX PACTBOPOB HICAOHEH HA COMM HHUKeAR (0baa-
JlaeT OCHOBHBIMH CBOMCTBaMH), runpookuch mukeas (IH) u (I1, 111}
ofpasyioTes npH JelicTBHE OKuciAHTenAeH B menoyHok cpefe Ni(OH)g
MoxeT GbiTh BhIENIeHa TaKXe AeficTBHeM MePeKHCH BOAOPOAa B c1alo
YKCYCHOKHCROR cpefe na coau mukens Ilocaexunit cnoco yacto nps-
MEHACTCH B KAYeCTBEHHOM aHaNK3e A OCHADYNKEHHA M OTAE 1eHHs
HUKETA

UYyraer 1 Xaomun [362] coobuiaioT 0 norydeiuy THAPCOKHCH HiIKe
as (I) NiGH

JLna KOMIMEKCHBIX COSAMHEHMI HUKCNSA, B KOTOPLIX JIHPAHEON $IB
nsiercss OH-, onpegedeti raasnbiv ofpasom suasenus Ky (ra6r  3)
Psn asropos (549, 701, 873] pacCuKTATH KOHCTAHTBE PAaBHOBECHS Thi-
POH3a HOHA HHKENS

Tabnuna 3
. . ukens [NiOH]*
C THAPOKCHA HOHOM
p |

Tcwnk;léav)P'l ‘ g Ky H g Tntepatypa

a0 [ R B 18063

25 , — L1298 1590}

o [P {11181

T — C8T)



Cyaprdunm HEHReTS

Meton oTneNeHnst HEKels B BHie CyJbDHIA MHPOKO HCMOJB3YET-
CA B XHMHUCCKOM ananuse MspectHel TpH Mopubuxauun cyJfbfikia
nuxens NiS (@, P v v) [223], uMelouue pasnnunyo pacTBOPHMOCTS B
BOAMBIX PACTBOPAX K XucaotaX [604] Cynbdua HHKERS NO BHeIIHEMY
BYAly, GYAyUM BHIIEJEHHBIM H BBICYILEUHBIM, HE3aBHCHMO OT MOLXH(H-
KalUHy NPeACTaBARET YepHLH NopomoK NiS; BO BA&KHOM COCTOSHAH
Ha Bosayxe nepexoaur 8 NiOHS B tabn 4 npuseient sHavennst pL,
H CBeJieHHsl O DACTBOPHMOCTH B KHCJIOTAX

Tabauua 4
ChoficToa Cyabhwnon Hokens

G o | vl | IR | seteepssren rovana | stateparpa
NiS, [ — | 20,5 | (1183] [1—2 N1ICI na xomozy (0]
Ioos 20,5 | [21%]
1825 | 20,5 | [1085]
25 18,5 {46}
Nis,, — | 26,0 | [1183] |6 NHCI4HO, 161
1825 | 26,0 | 1085]
% | 24,0 [46]
Nis, — | a7 | s3] {2 NHC 4 HO, 1461
18 | 23,85 | [1085] |2 N HCI+ KCIO
18 | 24,6 | [46] |CHCOROII -k H,0; {474, 139}
18-25 | 27,7 | [512] |HNOs xowx npu marpe-| [6, 46]
Baukis
20 | 20,96 | (53] [Cuecs HNOg u HCI
25 | 20,7 | [1091]
19841

Cyavpun NiS, nerko ofpasyeT KOJVIOWAHHE pPacTBOPbl (3071u),
B (bOpMe KOTOPHIX NPOXOIHT ¥epea (PpRILTP, STO COCAHLENHE TPYAHO Koa-
ryaupyer

Huxens B BuZe CyJbdHIa 4aCTO OTALISIOT (06LIUHO COBMECTHO € KO-
6anbTOM) OT IPYTHX 3JEMEHTOB, MOSTOMY B&MHO COOMIOAATh YCAOBRS
Ansi 06pa30BaNHA JeTKOOTUILTPOBLIBAEMOTO OcaiKa NiS

Ilns nonyuenns Taxoro ocaxxa [46] k nogorperosy wefitpantomy pactsopy, co
JepRalilewy RUKEAL 1 APYTHE KATHORM TPBEIX TPEX AHAHTKUECKWR TPYRN 1064
Asior 10 Obbewa 25% Horo pactsopa NHeOH 1 macwmaor ceposoroponoy Tlocre
Xpanenita Oxono 20—25 MuN OCALOK OTGHISTPOBWBAIOT, NPOMBBAIOT €10 ropsuei
BOAOHI, K XOTOpOI AcGannena cyeck (NHg)eS u NHaCl i satem 2N HCQ



Ocakpenney CBEXCOPHIOTOBICHHEIM DacTBOPOM CyJbDHa aMMo-
HEA (1e cofep:xauuM KapboHaTa avMMONKS) TaKKe MNOJIYYaloT CyAbOUR
HHKEJA XOpOWero Xauecrsa

Cysnduapl sukens # KoOaibTa B KPHCTAAMHYECKOM COCTOSHUH FO-
AYHalOTCA DM IeHCTBHH CEPOBOXOPOAA B NPUCYTCTBMHM MHPUAHHE
[234]

Mosep u Beep [984] meTozoM peHTreHoBCKOro aHanu3a ne ofia-
pymuai ¢ , By GOpM, 0CAROK CyAbDHAA HUKE/S DK CTapeHny pe
spauiaetcs 8 Niy_ S ¢ pacTyliuM uuciom x

Floayseno cocamncnuc NiS, B Qopme KPHCTALAHYECKOTO NOPOLIKA
CEePOBATO YePHOTC UBETa, U3BECTEH HPMPO,'XHM!:I nOﬂHCyﬂb{le{ HUKeJH,
NiyS; senenosato yepHOro uBeTa

Cyasduas KoGaibTa anaioruuxbl cydvguzaM ukkeas pL,CoS,
pasno 22,5, pL,CoSs pasuc 26,7

KouMnaexcusie coay nHuKensa
C HCOPTAaHHMHYECKHMH AHTaHAaMH

Huxeas B HOABLHHCTBE coe,’muexmﬁ JABYXBaJAeHTeH MmetoTcs KOM-
NACKCHbIE COPRMHEHHS, B KOTOPHIX OH OXHOBANEHTEH, 4 TAKIKE MPOSiB-
JAET BAEHTHOCTH Boiue jsyX Cocausciue ¢ GOPMAIbHO HYNEBOK Ba-
aenrnoctsic K INHCN),| obpasyerca npu geficTBun MeTANAHYECKOrO
nuxens ua pacteop K,INi(CN),} B xuzkon ammuare Tloayuedc coe-
Aurense oaxoBagentnoro nukeian KoINi(CN),] [453, 1024] Yyraes
u Xaonun [362] onucanu xpucranindeckoe coeunerue Hukeas (1)
(HONCTOBOTO UBETA NpeinosaraemMoli GopMysi

SOsNi

H—N 2t
N
SO

Tlpu noGaBienui K HeMy HieOuH noquaeTcﬂ THRPOOKHKCE NiOH
cunero  nsera  Mssecthp Takike  coeausenust  wwkens (1)
Ka [NiNO), {8,0,).), K, INI(CN),NOI, N\(NO)Cl Ni(NO)Br, Ni(NO}J

CyabdaT wukeas ofpasyeT Dp#g  Kpucrailoruiparoe  NiSO,
7H.0, NiSO, 6H,0, NiSO, 4H,0 [138] B Tabn 5 npusesenst

Tabanua 5

cToil b HHKEA € CYAbL:
- T ]
TeNReR T P2 | teron ompeacricia lg Ky ) Aweeparypt
)
0 Kptiockona 208 1497y
E 5 2,% [832]
25 KOH s KTOMeTpHS 2,40 [879]



3HAUeHUs KOHCTAHT YCTORYMBOCTH VA COSRHHEHHS HKKEs ¢ cyJibdar
HOHaMH

Tlpoitusie comn MejSO, NiSO, 6H,0, rre Me = NH;", UCIIONB3Y
WTCA B Ta’lbBaHUYECKHX BaHHGX IJisl HHKeAXpOBaHH

HUTPAT HHKeNs B 3aBHCHMOCTH OT TeMIEPaTyps 06pasyeT HECKOAb
KO TUrPOCKONuUuNbIX KpucTamnoruapatos NiNOy), 9H,O, Ni{NOs),
8H.0, Ni(NOy)y 3H,O

Tajorennin KuKeast. Hukelb o6pasyer coMu co BCeMH rajoreHamu
NiF, 3H,0, NiCl, 6H,0, NiCl, 2H,0, NiBr, 6H,0, NiJ, 6H,0

TaGanua 6

YCTORMKBOCTR TANOFEHKAOB HHKeasn
Harara | TR | deron onpeacasiua | 18 K | Ig K jle® | e e

Y | :
F- ‘ 90 |Torenmuowerpua | 0,66 | — — 1402)
C- | 25 |Moasporpabus 0.5 | 0,90 | — [845]
B | 18| Cnextpoporoverpus| — — l 3,27 | 8,41 | (799]

i ¥
11381  Masectust apoiinsic comn KF NiF, H,O » xoMmiexcnbie coe-

aunennst K INilUF,l, K,INi'VF4i [847, 1080] B tabn 6 npusemenst
JaHHLIE N0 yCTONUHBOCTH TAJOTEHHNOB UHKENT

docaT H nHpoochaTel Hukeas Docdar noubi 06PA3YIOT C €O
JASIMH HHKeAS aMOPGHBIE 0CaaoK s60YHO 3eEHOTO UBETA NepeMen-
HOTO COCTaBa, OCafiOK PACTBODHM B MHHEPAaZbHBIX KHCIOTAX, a Takme
B YKCYCHON KHCAOTE H Vissecrnnr oprodocgar mukens
Nig(PO,), 8H,0, ammouuit-uukeanpocdar NHNIPO, 2H,0, warpuni-
TpunuKeabdocdar NagNiPOry 12H,0, aumonnil nukeabaumeradiocpar

TaGanuna 7
Yerokunsocts Gocdaron Hikens
H T ! 1 Konetanta !

Teaun B T S
TpuncragocdaT 25 \ DACKTPORPOBOARCCTS 3,22 [811]
Terpamcrapedar 95 | Komayktomerpus Va0 81t}

» 30 } MoTeninoMeTpust 2,63% [392]
Terpaveragocdats i
NP0y I | » 2,63 [716]
Ni (P40r.)5” ! = » ,20 ‘ (716]
Is 8.
B=iis

4



(NH,)Ni(P:Og), 4H,0 [Manubie 00 ycTo#iuHBOCTH HEKOTOPHIX COGLH-
HeHuil HUKeJs NpuBcHeHe! B TaGn

Huxenb ¢ nupodocdaT HOHOM 06pasyeT CPEAHIO COAb NPH B3au-
MOJIEHCTBUN CTEXHOMETPHUECKHX KONMYECTB HUTPATA HUKEAS ¥ AHPO-
gocara watpusi Ocanok, seicyniensnili npu 110° C, umeer cocras
Ni,P,0, 6 Y/, HO [390] {pL, = 12,77 mpu { = 25° C) PacTsopu-
MOCTh THpOdochara HUKeNS 3HAYUTEALHO YBEMUUHBAGTCA B NPHCYT-
cTBHN ndpodiochaTa HATPHA, YTO CBA3AHO C OOPa3OBAHHEM KOMINIEKC-
HbIX coepuneHudl (rabn 8)

Tabavna 8
Yerodt b Hukeas
(dlsrana PO
e | e | e [ e |
PacTBopiNOCTS - 5,8240 15 | 7,1940,30 | {390, 391
Kanopuverpus | 1 60 - = (3011
PacTRopHMOCTE 1,48 — . — 1621
» —_ | 6,96 — [151]
|

Huannp sukensi ofpasyercs B Bie avopQHOrO ocagka HOAOUHO
3CICHOFO lBera npu JOGARJIEHUH HMAHKAR Kalusi K Pactsopy CoJd
nnkens B usbbitke yuanuia KamHsl OCamok pacTBOpsercs ¢ 06paso-
Bannen xomiekcroro coenurenus [Ni(CN),1*, OKpailicHHOTO B JKeATbIl
user [lpu naaeneiiniem noGasnenun KCN user pacrsopa cranosutest
cHayala OpaHXeBbIM, 4 3aTeM KpacHbIM, 4TQ CBf3a2HO C OGPESOEBHHEM
coeguuenus INi(CN)gl%*, ycroituuBoro Jiniilh nps GOABLIOM H3OHITKE
CN- H3BeeTHO ABYXBAZEPHOC KOMIJIEKCHOE COGJHHEHHE, B KOTOPOM
HUKeAb HMeeT GopMalbHo BaienTnocTs ~-1 [1080]

CN
AN
Kq (CN)zNi'/ Ni (GN):
2
CN R
Popannp nukens [1080] merxko pactBopum B Bole ¢ ofpa3oBanu-
€M DpacTBOPOB  3eMIEHOTO iBeTa  M3BecTHbi  KPHCTAMMOTHADATSH!
Na,INi(SCN),] 8H,0 (csero sencuoro usera) # K, [Ni(SCN),] 4H,0

(rony6oBaroro upera) B raGa O nprBegelibl Aanibie 06 yCTORUHBOCTH
LHEHHIHLIX H PORZHUIHBIX KOMIJIEKCOB HUKeAs



TaGauna 9

! H L ELLGE
Pt 4;5}'\"53 “ L Kx Ig Ks lg B, | furepa
Hanz | ! Mero onpepesemen | PL, | 1g g ql g B | e
| | | |
o % - 8,77 1773]
20 | Pacnpeaenense 23,2 b | s
. 25 | Totewiwoverpis — 13,75 (936}
b » — ‘ ‘ 11,7 ] (937]
! 12,0
i\ _ |Moamporpagus | — | — | 15,46] [1169]
25 (Mpupoct swmatemin | — | — 22,0 | (888]
SCN- | 20 |Cnexrpogoroncrpus | 1,8 | 0,56 | 0,47 | 1,81 [691)
_MeToR ummorol
ofena

Mpumesanue. MeToFoM CRCKTPOPOTONETPIH [73()] onpeteTeHbi 15 KOMA-
aekcos Hikeas ¢ SCN™ 1g B == 3,27 1 ig {Kg Kq) = 4,8

KomMnonaekcnuie COeAHHEHHT C aMMHAKOM
HTUAPA3ZHHOM

Hm\e“u: C aMMHAKOM 00pa3yeT Pl KOMIJCKCHBIX COefuHeHHil ¢
ALHLIM KOO M uhcioM 6 Bogsble pacTBOpSIATHX
cOeAUHEHHR OKpaiuenbl B rofyGoli iuBet, 3HaueHHe & * pasHo 4,88, npu
Mgace = D70 i, ANA aMMHAKaTa HUKeis B PacTBOPe HuTpPaTa aM-
Mouust € pases 4,79 npu Toji Ke Anuue soasl Ha puc 1 npupeneust

Ta6anna 10
YeTolUHBOCTD AMMHAKATOB HUKENs
Tevne Jiute
pr"‘ﬂg'c Cpeaa onpenenenus | 18 B | 1g B | 18 Bs | 1z Be| 1g 3] 12 Bef parypa
N L |
23 ¢ 2N Morenuno — 15324 — |9.42| — } — |[1472]
| NHNO; MeTpHA
25 01 N Pactsopu- | 2,80 | 4,86 | 6,52 | 7,82 [ 9,40| — [(593]
NHNO, woers | §
25 | He xonrpo- — — == =] — [|e3]|B0
mtpoBanacs
30 To xe —_ — | =~ | = | — |881]|i526]
30 |2 N NHGNOs| Motemmvo 12,80 | 5,04 | 6,77 | 7,96 | 8,71 18,74 [472]
METPHS [

* & — uoanpHuA kashuwient norauenin
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Puc | Cieronoriouichne awwie Hokop Hikeas B 2N
pacTeope mNTpaTa awvowus mpn 23° C

LIudpH COOTRETCTBYIOT 9acy MOSEKY T aMMHAKa B KOMRARK: 2X

CHEKTPE! TOTJOLIEHHS B KOOPAHHATAX & — A PACTBOPOB KOMIWIEKCHBIX CO-
exiHeRUH pasauuHoro coctaBa B Tabn 10 nphBOAATCA RanHble, Xapak-
TepU3YIOUKHe YETOHYHBOCTD AMMHAKATOB MK

B npaxrike XHMHYECKOFO aHANH3a $ACTO HCAOB3YIOT 0O6pasoBaHKe
amMHakaroB HuKeas (56)

TaGauna 1

b i Hugeas < F
1392, 1128]
(= 2°C, p=0,5, meroa onpejenenns — pli THTposaune}
i |
THIRT ‘ b | des | sk | e
2,76 5,20 J 7,35 I 9,20 10,75 11,99




Mssecren psi KOMILIEKCHBIX COEHHEHHH HWKENs ¢ PHAPA3HHOM
XapakTepucTka MX ycrohuuBocTH npupeiena B taba 11 Maxcn-
MajibHOE Koopnnﬁauﬂounoe YHCJAO HHKeJAd B 3THUX COSAHHECHHHAX, KaK
H B crydae aMMHAKaTOB, PaBHO

KoMuJlekcHbB e COEIHHCHHE € OKCHMaMH

Coeppnenns ¢ e-puokcimamy, HauGoaee pacnpocTpainensbiMu pea-
TeHTaMH JAsi OONapYXKeHHs H ORNPeleNiCHHS HHKEs SBJSMIOTCS o -IHOK

CHMBI, BIIEp cunTesupoBankbie B Matiepon B 1882 ¢ [952]
B nacrosiiee BPEMS [IPUMEHAIOTCS CASAYIOUIUE O AHOKCHMBI
VAN N
CHy—C—C—CH, | jc—c—f 3}
ol . o N/
[ION NOH HON NOH
H
|/ \‘:3
N
N_/T0o
4

Juiokenn 1 2 URKAOTEKCaHIHORD Tnoweux 1.2 uMKaore. TaHgHEONa
(noKcr) (reutokcin)

HON NOH

@ ©ypunguokcm

Haqa.ﬂ() TIPAKTHYECKOMY IPHMEHEHHI0 O AHOKCHMOB B XHMHUECKOM
ananuse noioxna J A Hyraes {354, 357—359, 365, ycranosusumii
CIOCOGHOCTL o-AUOKCHMOB B3aHMOACHCTBOBATH ¢ HotaMi Ni®* u ne-
KOTOPHIX APYTHX 3JIEMEHTOB C OOPa30BAaHHEM YCTOHUMBLIX BHYTPHUKOM-
FUIEKCHBIX COeMMHenul Yyraes BhICKa3aa PSIL BaXKHbIX TEOPETHUECKMX
nonoxennit Ou roopht «He TOALKO BOSHHKHOBEHUE LHKAZ NPH 06
Pa30BaHUM KOMIJIEKCHbIX COSMMHEHUI OKa3biBaeT 3aMETHOE BJIMmHHE
Ha NPOYHOCTb 3THX NCGCACRHUX, HO H cambifi XapakTep HHKJIA ABNACTCH
CYIHECTBEHHBIM YC/IOBHEM 00DA30BaHHsA KOMIJEKCHOR YaCTHilhh

VCTaHOBAGHO BAHSAHHE NPHPOLL PaiHKala HA TaKhe BaXubie CBOM-
¢TBa AHOKCHMATOB HHKEJs, KaK X pacTBOPHMOCTb B BOAE H HEBCAHBIX
Opraduveckyux pacTBOpPHTENAX, YTO UMeeT 6Goabilioe 3HaYeHUe AAR rpa-
BHMETPHUYECKHX H (OTOMETPHUECKHX METONOB ONPEJETCHHS HHKEAS
B NPHCYTCTBUH JIPYFHX SACMEHTOB

o JIMOKCHMBI CYLIECTBYIOT B TPeX H30MEPHbIX opyax

R—C—C—R R—C——C—R R—C——C—R
i i i il Il
HO—N N—OH HON HON NOH  HON
{AuTH) {Amdn) (Cuay



BuyTPUKOMIAEKCHLI COBAHIIGHUS C HUKeIeM M APYTHMH MeTaldaa-
su (Pd, Co, Fe, Cu) oSpasyer antu popma 1352, 359, 530, 550, 948,
949, 1033, 1034, 1045, 1050, 1051, 1124]

Uyraes [356, 3591 Brickasan npeanonoxenye, 4T OKCHMHEBIE TPYRNL
MOTYT HaXOINTBHCA B TayTOMEPHbIX QOpMax

C.

—c— —c—
] I
N—OH 0 NH
Oxensman popya Amsnookcmsian gopya

Heoxnoxpatiio obcykzanach BO3MOKHOCTH oBpasopanus cssisd NH
B MOJEKY/Ie OkchMa B macrosumee Bpems cumraercs, 4o npH 06paso-
BanUH KOMNACKCHOTO COBRMHEHUS HHKENb # APYTHE META/Ibl 3aMEIHaioT
artoM Boaoposa B rpynne NH

Tloxasana  sosvoxmocrs 1492, 4931 cymecrBosanus  Tay-
TOMEpHbIX (opM OKcHmoB B Gonee noszmeit paGore Bpenm u
Muspe 14941 na npumepe oGpasoBamus COENMIeHMS HEKENS C
0-MOHOMETHJIOBHM 3(HPOM o-BeH3NALHOKCHMA, aHAAOTHTHOTO T10 CTPYK-
TYPe C COOTBETCTBYIOUIUM O RUOKCHMATOM BHKeIS, NOATBEPKAAIOT, UTO
B 00pasyIoLieMcsl KOMIEKCHOM CORRMHEHHH HUKEs 3aMEHIaeT aToM
BONOPOAa AMHHOOKCHMION opMbl JI0Xa33HO, YTO HHOKCHMATHE HHKEAS
HMEIOT AATHWIeHIbe WuKis (1033, 1034] (em ctp 17)

Crpocaue IHOKCHMATOB HUKEAS MOATBepKAeHO Tuno u Ppuapaxom
[1224] Uyraes (358] u nosnwee Toeiidxpep 11034, 1035] nokasaiu, 4o
ORHA OKCHMHAA TPYTNa MOKeT ObiTh 3aMeIleHa Ha HMUHO- H METHIHMH-
HO-TPYNIY B G-RHOKCHMATAX, H CTPOEHHE NOJYYaiOHHXCH COeRMHeHUH
HHKE/Isl OCTATCS AHAAOTHYHBIM 0~ RHOKCHMATaM

B pane paGor Qaiirnn [645], KyasGepra [179, 1801, Bosuecen-
ckoro 1641, Kopenmana [156—158) rpynnuposka atoMoB moXyunaa
HauMeHOoBaBHe QYHKUHOHANDHO-AHAHTHYECKOH! HIH XaPaKTePHOH 115
HUKe 5

G
I
HON NOH
Ty6ekuit [607—609] nokasan cnocoSHOCTE HAKeAs AABATH BHYTPHKOM-
AEKCHBIC CORRHHEHHS aHANOTHUYHOTO CTPOGHHE C PeareHTaMH, MMeio-
UiUMH TPYRRHPOBKY
—C—C—
('l
R—N NOI{

Vizpectsst HHUKeNA ¢ 1,2 unKIOTeKCaH-

ImoHa, AHOKCHMa Gens3odeHona H o-GeH3HIAHOKCHMA

AN=non ANawon AN (\i
e (e 000

HON NOH
(]

i @
Jinokciw Gensogenona (2) Aaet coneofpasuble COSIMHEHHS, B CAyyae
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WiAHOKeHMa (3), MMEIOWEro OKCHMHbE TPYNNbI Y aTOMOB yiie
HE BXOASIIHX B aPOMaTHUECKOE AAPO, BOCCTAHABIHBACTCH PeaK-
31 CTOCOOHOCTS K OGPA3CBAHHIO BHYTPHKOMILIEKCHBIX COEIH-
TaKHX Xe KaK ¢ oM 1,2 HEKIOT muona (1) 1644].
yTpuKoMnieKcasle  cocpitnenust Ni(HD), xopowo sxcpark-
i OPranuMuecKHMH pacTsopuTensMu’ KOoopiMHAUHOHHOE UHCTO
1 B 3THX CO€AMHEHHAX PaBHO
OKCHMAThl HHKEJIS BbiIGAIOTCH (B 3aBHCUMOCTH OT NPHPOABE
© o IHOKCHMA) B CAaGOKKCa0H, HEeRTPANbHON HIH cIabouieact-
YeRax
HOKCHMBI, ARJISACH ABYXOCHOBHBIMH KHCIOTaMH, PEarHpyoT ¢
1 HHKENA M IPYTHX METALNOB KaK OJHOOCHOBHbIE KHCAOTHI, XO
KOHCTAHTh! AHCCOHRHAUHMH o AHOKCHMA OdeBb Ou3kn CoeauHe
AKOAR C o AMOKCHMAMH, HMEIOWHMH Pasiinuilbie PajUKaibi, CO
0T OAHO H TO Xe CTPOeHHe
R—C—C-R
ool
N N«©O
NS
N

o—
|

H
SN
O-N N—O
o
R—C—C—R
M BOROPOAa BTOPON MHAPOKCHIBHOM TPYNNk, KaK nokasas bps-
4], urpaeT oueHb GOALUIYIC PONE B OBPasOBAIKMH KOMILIEKCHOFO
ieHNS, RaBas BHYTPHMO/MEKY/AAPHYIO BOZOPOAHYIO CBH3b
UBEAEHHAS CTPYKTYpHAs (OpMYJa B HaCTORiiee BPEMS CHUTaeT-
uenpunntoir 180, 314, 12031 Bropast rYipoKCHALHas rpynna
IKIHORHOCTIOCOGHA B KOMIIEKCHBIX COERMHCHMAX AHOKCHMATOB
% FEue UyraeB HeolsHOKpaTHO NOAYEPKHBAI, UTO COERMHEHHE
% C JUMCTWIAHOKCHMOM 1i€ pearupyer ¢ (GeHHAH3OLUAHATOM,
ITOM Ha OKCUMHYIO TDYNNY, HE aHETHAUPYCTCH HPU AeCTBHY
sjoro aurnapuaa (80, 446) TlpounocTs AHOKCHMATOB HHKeAA 3a
TaKiM 00Pa30M, OT HAHUNA UETHIPEX HHUKJOB B MOMNEKYAC AU
aroB HMKeJs, 06pasyioulero, no Tepem‘beay i Pyxapse [3141,
Tuueckuit yseq Ha npumepe coeaumesuii AMITHALHOKCHMA H
uma 1247) BHAHO BAMALNE LHMKJ( YECKOH FPYQDAPOBKH H CTPC-
aMOCTO pearcHTa Ha YCAOBHA Bbiedelus coeaunenyi HIKe s 0O6a
1Ba O4eHb GNH3KH 10 MONCKY/AS PHOMY BECY H CTPOGHHIO MOJEKYJibl

CHy—CH,—C—C—ClL.—Cll, H c/\‘c =Nol1
I
Jc=NoH
HON  NOH \c 4

Mo e B 0s

Au3THARNOKENM

Moa n. 144,06

H PH 31— chapuo e 10anasn
cpeaa

{1.D — woackyaa aucKehMa

RTHNECKAS XUMAA HAKE 5 1



JTsoKcHMATH HHKES 0KA3aAHCh JHaMarukTHeN [80, 292, 473, 7001,
Bee cocuuenis HUKeas Co IMOKCHMAMH OTAUYIOTCH Maroli pacTso
PHUMOCTBIO B BOAE, HECKOJbKO Da3AHUHOH B 3aBUCHMOCTH OT CTPOeHIst
MoaeKybl okcama Japre n Yurduaby [1110] ofvacusor Madyo pa-
CTBOPUMOCTh AHMETHAIHOKCHMATA HHKeTH OCODEHHOCTHIO KPUCTaLuil-
4eckoil CTPYKT) Pid 37070 coetitenus OeyilecTRIANCTCH CBA3b MCTATT —
serana [643] Koke [578] rakxe roBOpIT O IIaHaPHOM CTPOGUHH He-
THIPEX KOBAAGHTHBIX COEJHHQHHH HUKETA Ha"ll‘{l/le csi3n Ni — Ni
NOATBCPKIEHO DPENTTeHorpaduuecKunMi Hecaelopauuavy 438, 447,
10971 [pyryio Touky 3peuis Bbickasbisaer Cetlen u Kaseat {5391,
PaceMaTpUBAA MIOCKOCTHYIO KOHPUTYDPAUHIO {HAMAPHHTHLIX KOMILIEK-
¢OB HHKendsi ABTOpbI NpPEANonaraloT CTPYKTYPHYR QopMyay amve
THAAHOKCHMATA HUKEIS 063 HATHUHS BOIOPORibLIX CBS3ef, O 37a TOY-
Ka 3peHHs HC Hallila HOITBCPMACHNS B Coaee 103xuHx paboTax

Tosauee Bauke # Anaepcon 1439} npeanotowuan, 4o pacesopi
MOCTb Pa3IUUHBIX AHOKCHMATOB HHKEIH CBSA3aHa ¢ PACCTOSTHUEM MEXIY
artomamy Ni — Ni Tlpy repexofe OT AMVETHIIHOK HMaTa K ITHIuC
THAAKOKCHMATY paccrosune Ni — Ni yvseduunpaercss u nsmensercs
PACTBOPHMOCTb MPOH3BOALIOTO Hukean (680, 6811 270 noarsepxiaer
sl TAKXKe HA RPUMeDE CORAWHEHHS HUKETS C AHOKCHMOM HIIKAOTEKCAH-
AHO1A, AAs KOTOPOTO 9T0 paccrosinye pasuo 3,20 A (Bumecro 3,24 A y an-
METHAAHOKCHMATE HHKCJ!;{) 4 KOTOPOEe MeHee PacTBOPHMO, deM COell
LIEHHE C AAMETHIIHOKCHMOM

CHCTeMATHICCKOE H3YYEHHE HANHHR BOAOPOIHOH CBA3H B AHOK-
cuMaTax HHKCAs Bbino:Aneno Botepom c cotp [12461

Ha ocnosatini MK cnextpos Gs110 110K232HO OTCYTCTBHE (ONIOLIE
nust ceoGoiHoil OH 1pynne B KOMILIEKCHBIX COGAUHEHHAX HHKeIs N
AOBOABHO HHTEHCHBIbIE NOMOCH TOFMOWEHHR STHX TPYIN Y COOTBCT
CTBYIOUIHX CBOBOURIX o AHOKCHMOB JIA% HOTVYCHHSA 0Ojee HeTKHX
CReKTpoB asTopi Aeiirepiposanyu rpynny OH —»OD Hweercs psa pa
Got 1474, 1006, 1096, 1097], nocBsimennbix i3yuesnio MK crnektpos
AMOKCHMATOB HHKENS, B KOTOPHX MOATBEDIKIAETCH HAMHYHC BOZOPOI-
HOM CBSI3H 1 OTMEHAETCH HEKOTOPOR CMELeHIe IooCk norviowers OH
IpYNOel B 32BACHMOCTH OT NPHPOAbI pajuKaia o AHOKCUMa Bausune
DPHPOAL MTaNAa Ha ROjock! noraoimenns OH rpynnsi A7s RHOKCH
MatoB HHUKeS NOATBCPMACHO B psige nocaedyiomux pador 1709, 910]

Byprep u Py [518] ramxe TOATBEPAIIL PAMSHAE BOAOPOANLIX
cBA3EH 12 [PCYHOCTD KOMIIEKCHBIX COeﬂVlHeHHH AHOKCHMATOB IIHKEAA
Pounan u Baniee [1064] ne obnapysxuau csazi Ni —- Ni 8 coeauneniu
C HCCHMMETPHURBIM METHASTHIIHOKCHMOM H OGBRCHSHOT 3TO BAHSHIEM
CTepHYCCKOTO (aKTopa

B xauecTse pearciToB Ha HUKEIL, 1PEICTaB TAOMHKX GOTbMON npan
THUECKHH KHTEpeC, C1elyeT Ha3BaTh AUMETITIHOKCHM, o Gerzu TAHOK
cuM, anoxeum 1,2 unkaorekcasiuona, auoxciy 1,2 wuxJaorentanano
Ha B & (byplriJLlHOKCHM ﬂHMeTHﬂ}lHOKCH‘\A - ﬂepBH}"‘{ H3 o AUOKCHMOB,
HaUlCUUHX  TPaKTHYECKO®  NPHMEHEHWE, HIHPOKO MPUMEHSETCA B
nacTosliiee BpEMS A1H  OUDEAeACHHS HHKEs FPABHMETDHYECKINM,

18



Tab6auna 12

KonCTanTe: KHCIOTHOR RUCCOMMALMK U KUOKCHMOB

Tene

o fuokens ‘ Cpesa | 2| teron onpenesenea | PRy | Mrepe
: . | 1 »
Jwsterna | 50% neide Anokcan 25 | pH TuTpoBaie 12,19 [682)
AHOKEY |Tc Ke ‘ To ike 12,84 [5;?]
» [ 12,83 [51]
» | » o 12,45( [546]
moo wwrit Lnokean | » o 13,53 [439]
I To me ; » 15,5 | [1240]
= Pacteopivocrs 1 10,601 [441]
Be=0 » 10,52 [441]
0,1 M Na(Oll, Cl0y); » 10,45 [622)
0,1 M Na(OH CIOy), plI nitrposaniie 10,48{ [439]
10,2 M NH, i Pactsopiocts 10,53 [304]*
0,05 M NHy 25 » 10,59| [558]
0--0,8 M NHy 18 » 10,74 [18])*
0,01 A1 KCIOs 25 | pH rurposasne  © 10,60( {730)
18 | Pactsopiniocts 10,66| [258]
Metnianox | 509 Heft [lnokcan 25 | pH Tutpoaune 12,14 (51§
cun
Metwasth1 : To xe 25 [To e 12 86| (51)
AMOKCHNM | 7504 wuiiy uokeak 25 [ o» 13,55| [439)
0,4 M Na(OH, €109 | 25 | » » 10,41 [439)
Huokens | 0,01 M KCIOg 25 | pH Turposanne 1 10,68 [730)
) 25 | Pacteopmyoct, | 10,60 [441)
pH Turposanic |
w="0 To e | 16,51] (441}
1% Boik Juoxcan > o 1 12,0 1249]
75% unihi [Inokcan » o 13,11 [439%
0,4 M Na (OI1, CI9y) » o» 110,55 1439)
4 Memman 0,1 M Na (Oll, ClOg) » 10,61| [439)
OKCI 1750 nmlh Tnokcar » » 13,23 1439]
4 Meraany 0,1 M Na(Oll, ClOy) »o» 10,54 [439]
OKCIN 7500 wiii Jinokcak » oy 13,07| (439]

Awsruaguor 0 1 M Na (O, ClOg: 23 P 10,67 1439

G 7506 i woxcan 25 4 e 13,93| (439}
Temtokciny -0 25 §PactBopinocts 10,7 | 441]
—0 40 » 10,47| (441)

] 10,71| [439]

o 1 M Na(OH, €10,)| 25 |pH Turposantie
25 13,33[ {439

T39% wuk Jnokean To xe

* PaccuitTano nn Ranumy meTHpyeMEX pagor
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Tabanua 12 (oxonvanue)

Tewne |

@ Fnowcme Cpea ;C} Meron onpeencns | Py, | 1TeRa

o Anuzin | 50% neil woxcan 25 |plITs(TpoBaHue M,S‘ 1249}
oKeu

o Qypuagy | To e {2 » 11,6 | [249)

a-Benannan | » » 25 » 12,0 | {249
oxci

TUTPHMETPHYECKHM M (BOTOMETPHUCCKMM METONAMH, o (yDPHIAAOKCHM
TIPUMCHACTCR A% BKCTPAKIMOHHO POTOMCTPHYECKOTO ONPEREICHHS
HuKens, AHOKCHMbL 1,2 nURJOrekcaniuoHa ¥ 1,2 quKJIOreNnTani#oHA
AOKa He TMoAyYHAd Goibilore pacnpocrpaHedus 3 sa cmocobmoct
00pa3oBhiBaTh CORAHHEHHS C HHKEIEM B KHCIOM cpeae 06a 5TH RHOK-
CHMa MMEIOT NPCUMYLIECTBA NEPel AHMCTHATIHOKCHMOM NPY Ompenene
HUH HHKeAA B NPHCYTCTBHH APYTHX SJIEMEHTOB o BEHEXVI.’L&VIOKCKM
NpUMEHSETCH VI (DOTOMETPHYECKOTO  OHPCACIEHHA  YJIbTPaMadbiX
KOIHYECTB HUKCHS

B tabn 12 npuBejenbl KOHCTAHTH! KHCAOTHOH AHCCOLMAUMY Psifa
- AHOKCHMOB

B 7abn 13 npuseicusb! 3HaucHus ABYX KOHCTaHT AHCCOLMANHH He-
KOTOphIX o AUOKCUMOB, OnpejeneHible raaBHbIM 06p330.\! CﬂeKTquJO
ToMeTpuueckum merogom {1190, 12241, a 216 AByx nuoKckMOB (o By
PHJINMOKCHMA H TeNTOKCHMA) TakxKe MeTONOM pacnpeetends [290)

Ta6anna 13
Koscrantst 0 pux o
| cuesrpodoromerpnecntt |steroa pacape
rew © e hdhn
Pearent 0 | (Crpaguecknt | pacvernun ' uze
f)(p:an | kP
[ |esoe 1<D| g KD‘l e K| & Bo| 8 Ky
! | 1
Ivernnanoxeuy | 20 ‘ o1l 10,55 120 | 1058 1241, — | — |[290)
o106 ! 11,9 , [442)
i

o Oypu wokeins

, — — —
‘(\_1! 9,80} 11 23| 9,90| 1 50| 9,75 | 14,25| {290]

Tenroxcms 200 110,65 12,100 10 64| 12,30(10,40 | 12,20[ (200]
23 in ’10,7 23] — — — — 452
Huokeuy ! 0,11 10,75 12,16] 10 63| 12,16 - — | 1200)
P00 10,600 12 40 — — — — a2t

@ Bensnansokcus |

JCETRURENTRA RURE RIK TSN R )
' | | i !

20



TaGauua 14

PacTBOPMOCTS RHMETHARHOKCHMA B BORE K APYFHX CPERAX

oo [Tt ] o e | cuene 7o) s [ A
Boza 0 |2,56| (25§ 0,8 M 18 | 1,80 (18]
18 | 2,46 | [3, 18] 1,0 » 25 | 1,74| (304
20 lo2o7| 125 2,0 » 25 11,84 [304
25 12,3213, 7,304 3,0 » 25 | 1,52 {304]
® |19 [3] 3,0 » 25 | 1,46 | 1304]
40 | 2,00 [25] 4,0 » 25 | 1,46 | [304]
50 (4,7 3] 5,0 » 25 | 1,37 [304]
60 | 1,74] [25] 6,0 » 25 11,30 [304)
70 | 1.40] (3] 9.0 » 25 |12 {304]
80 [1,28( 131 10,0 » 25 | 1,06 | [304]
5 3
oz {3{ NzOH 46| 131
: 00008 M1 18 | 2,28 [3]
100 | 1,10( [3]
500 |13t (25 0,008 »| 18 |49 i3]
’ 0,04 » 18 (4,440 3
NH,OH 1,0 »{ 18 [330]| 3]
0,01 M 25 | 2,241 (304
’ NaCl
0,0 5 304
oy o ;g ?*gi {SOH 005 M | 2 |22 (M
02 » 5 |20 s 0,5 9 25 2,35 {7
04 » 18 | 192] (8] 5.0 » 25 (32| (7
Ta6auna 15
PacTBOPHMOCTE PAa O-AHOKCHMOB B BOAS
- | Tement | S| ureparypay
Mertnagennatioxens  (Gensona | 18 2,36 1258}
AHOKCHM)
Tentoxcny 18,5 1.5 [1248)
Finokenm 21,5 1,26 | [1068, 1248]
3 Meranuoxcns 25 1,39 {767)
4 MeTuauokeny 25 1,66 {443)
3-3miaAnHOKCEN 25 1,83 [443}
7,6-lHMCTUIHHOKCHM 25 1,33 [443]
4 Vizonponuanuoxcmt 25 2,39 [443]




JIns XapaKTepUCTHKM ¢ AUOKCHMOB KaK aHAAMTHYECKHX PEareHToB
GoAblloe 3HAYEHKE UMEET HX PACTBODHMOCTb B BOAe M APYTHX Cpexax
B 7abn 14 u 15 npumeieHsl JaHHBIE [O PAcTBOPUMOCTH Aume
THREHOKCHMA M APYTHX 0~-ZHOKCHMOB B IPHCYTCTBHH ammuaka, NaOH u
NaCl, B Tabn 16 — 1o pacTBOPUMOCTH B XJAOPOPOPME, TaK KaK 3TOT pa-
CTBOPHTE/b HaunbO/iee HaCTO PUMEHSETCH B SKCTPaKHHOHHO-LOTOMET-
PHUECKHX METONAX ORpEAETeHMs HHKCNS ¢ YKA3aHHHMH DeareHtamu

Tadauua 16
= # Gensone

Pearent T““i’@’”’"' Pactaopute 16 pS Tutcpatypa
Tlumernaznokcin l CliCl, 3,35 15581
i CHCls 3,40 [20]
| CeHs 349 |20
! CHCls 3,41 16211
Hinokein CHClz 2,08 1290]
Tentokcin CHClg 1,72 {2901
a-DypHAHOKCHM CHCl, 2,32 1290]

Coenubenns MKeIs C PasIuuHbIME RHOKCHMAMH ONIHYAIOTCH HO
cBoefi pacTRopumoctd Ta, HanpuMep, COGIMHENHe NHKEIA C HeCHM
MeTPHUHBIM GeH30HIMETHARHOKCHMOM GOfee DacTBOPHMO, deM ¢ TH-
METH/IHOKCHMOM (Tabn

Tadanua 17

Pacteopumocts (S, H0.45/.2) AHOKCHMATOB HuKeas B Boje

Pearent T“"%‘g‘""“' ‘ S Tuteparypa
Tismeraamuokeum 25 6,00 (0,0M)  [20)
25 5,68 [446]

2% 598 {689, 670]

30 586 1669, 670]

35 5,74 1669, 670)

40 5 1669, 670}

45 5,51 1669, 670]
Huoxcun 25 5,80 [441)
Tentoxcin 25 6,05 [441]
3 Mernamsokeint — 5,51 [767]
4-Mernassokcin — 6,02 1767}
3-DruanHoKCHM — 475 1767}
4 MisonponuamuokcH - 6,81 (767}
- Dy prARHOKCHM 25 6,20 {481]
a Benauafaokcum 25 6,15 {4411



B raba 17 np AaHHble N0 PaCTBOPHMOCTH psita -
TOB HMKesis B Boje, a B Taba 18 sHauenus pL, AnA sTHX coenuilenui
TaGauua 18

Bnauenus pLY, Auoxcumaros mukens {u = 0)

Pearenr premeprers | g durepanype

TLiMeTHARHOKE i 25 23,66 {441}

i — 22,70 120]

! 40 23 23 [441]

— 23,37 1546]

— 23,27 [258]

DTHAMETHARIOKCHM 25 23,27 1439]

Fhiokeun | 25 28,39 1441]

40 26,96 {4413

4 MeTraHnOKCHM 25 27,62 [441)

40 26,68 [441]

4 Memimuokeins . 25 28,25 144

[ 27,20 [441)

JROTHARHOKCHN | 40 24,2 1439}

TenToKeHM . 25 26,64 1441}

| 40 25,74 [441]

4 Mernagennamioxent | 25 27,84 1439}

BeHIOHAMETHARNOKCHN | — 21,53 [258]
]

Yenexu onpefiefiedis MalbiXx KOAUUECTB HHKERAR B 3HAYUTENDHON
Mepe 3aBUCHT OT MOANCTH 06Pa30BANKSA OKCHMATOB HHKENS M HX CHO-
COGHOCTH 3KCTPar#poBaThecs OPraHHUeCKUM pactBopuTeteM B rabn 19
npuBeAeHsl KO(pOuUNCHTL pacnpejenenuss Als DPAfa  PearcatoB
B tada 20 npuBejeilb A3HHbIE MO PACTBOPUMOCTH AUOKCHMATOB HHKeAA
B OPrasHWueCKUX DaACTBOPUTENTX

YeTollunBOCTL AHOKCHMATOB HHKIS H3Y4aNach METONOM 3KCTPaK-
win {pacnpegencuns) Jror Merod Guln paspaGoran Priopbeprom, Hup-
cenoM, Cuaaenom [625, 1098, 11511 u B nocnegmee BpeMs w-
POKO DPUMEHSIETCA A% M3YUeHHS KOMIVIEKCOOODasoRauus psia sie-
MEHTOB, B TOM  UHCAE AHMETWIAMOKCHMATA  HHUKOJs i290)
Hupeen {6211 nawmes Meto10M pacnpeieneHus 00Uy KOHCTAHTY yC~
TOMUHBOCTH ANMETHALNOKCHMATA HUKeNd, paBuyw Ig B, =

Kpove metona sxcTpaxuus, AAs ONpefesieiys KOHNCTAaHT YCTOHYM-
BOCTH JAMMETHJIRHOKCHMATA HUKEMA HCNOb30Bal METOJ DACTBOPHMOCTH
B 3aBHeumoctd or pH pacrsopa [546]

Hapas3 u Ppeiizep [546), Pepuenuye ¢ corp [1240], Tewmkosa u
Eouxosa {248, 249), Byprep [5181 nenoabsosanu ans oueHku ycroil-
HABOCTH KOMIIEKCHBIX COE‘;\H[IQHH% AHOKCHMATOB lIHKeNA ROTeHIHOMET
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puueckuiji merox pH turpoBanua no Beeppymy Bsuay Manodt pactso
PHMOCTH JHOKCHMATOB HAKe/Isi B BOJEe THTPOBAHHE NPOBOAWIOCH B BOJ
HO AMOKCAHOBHIX DACcTBOPax

TaGanua 19

K B pAra
MEMRY BOAOH H Xaopodopmom {289]
Pearesr Rostpmuneny,
Jlumernannoxcum 6,12:40,02
& Dy PHAKHOKCHA 9,354-0,02
Hiuoxcim 0,410,604
TenTokcun 0,204-0,01

B rabn 21 npuBefienbl ZaHHHE O YCTORUMBOCTH AHOKCHMATOB HM
Kenst, NoNAyuenHbie METOIOM pacripeneaenis [290], a B Ta6a 22 — me
ToaoM pactopumoctd [131

TIupecen w Cuanen [624] MeTOIOM PacCTBOPHMOCTH NOAYUHMTH 3Ha
HyeHue 06”—‘81‘:{ KCOHCTAHTHI )’CTOﬁqMBOCTh ATH AHMETUARKOKCHMATa HHKE
an lgB, = 17,23

B Ta6s 23 npusenensi AaHHbIC HO YCTOHYHBOCTH JHOKCHMATOB HRt-
Kedisi, monyuenHsie MetooM pH TuTpoBanms, raaBHeM 06pazoM B BOI-
HO MOKCANOBLIX PACTBOPAX

Bauke u Jlannante (443] onmpegenusu KOHCTAHTLI YCTOHHWBOCTH
coeIHHeHN} Hukeas ¢ 4-XapGoKc-1,2-UMKAOTEeKCAHAMOKCHMOM 1717
mesoynoll cperpt mpu 23°C

1gK; aas NiD~ pasex 28,74+ 0,60,
1gK, ans NiDi pasen 0 76 + 0,15,
1gKs aan NiDj pasen 3 67 +0,73
JIHOKCHMATH HEKess OGpasyloTest IIPH PasiuuHOM KHCHOTHOCTH

pactBopa Huxe npupojates Brlunc/eHHbie 3Hauenus pHy, xmoxcn
MaToOB HuKess

Niz* 4+ 2H,D 2 Ni (HD), 4 2H*,
_ INH(HDp [HY
pase = TIHLDRNPY]

=1 1 B gDy [H)

DK =1 @ pHa)

K, K} B..

%



TaGauna 20

HHKEAR B

L

Pearent Pactsopive T Te“‘"%‘}f”‘” pS Autepaty pa
umeThARHOKCHM CHCly Kowuaias | 3,07 1106
CHCl, » 3,22 {1101
CHCl, 25 3,32 [20}
CHCly sacom HO 25 3,32 [621]
CHCly 25 3,26 [4411

CHCly 10,4 3,52 | [669, 670]

CHCly 15,0 347 | 1669, 670)

CHCly 20 3,41 | [669, 670]

CHCl; 2% 3,33 | [669, 670]

CqHsg 20 4,22 | 669, 670]

CHe 25 4,12 | [668, 670]

CoHs 30 4,05 | [669, 6707

CeHg 35 3,95 | 1669, 670f

u Tentan 30 6,43 | [669, 670]

To e 3% 6,24 | [669, 670]

» 40 6,08 | [669, 670]

» 45 5,95 | (669, 670]

» 50 5,84 | {669, 670}
€l 25 5,22 (4381
CCly 33,3 4,90 [438]
ux 0pstan 16,5 3,0t (471
» 2% 3,70 (441
DTHAMCTHIAROKCHM u Tenran 25 5,91 1438)
To we 33,3 5,79 1438]
CCly 5 3,08 1438]
CCly 33,3 3,01 (438]
Tenroxcuu CIICt, 2% 2,25 4411
CHCly Kownatsas | 2,09 [706]
Hiokcum CHCly 2% 4,17 [441}
1,2 CgH,Cl, 25 4,49 441}
3 MeTuasnokcHy CHCly — 5.5 1767
4 MersannokcM CHCly — 6,02 1767
3 SraasuoKcHM CHCly — 4,75 1767§
3 6 lumetuansnoxcum CHCly — 3,77 1767}
4-H30nponsARHOKC AN CHCly — 6,81 7673
4 tper  Ammmrokesm CHCly 7,18 {767]
@ PypaszMOKCHM CHCly 2% 2,80 41
CHCly — 2,% [441]
4 (1,3 Terpamernaby CHCly — 7,18 (767}

“THA)HHOKCIM




TaGauga 21

Y HiKens, MeTOROM 290}
(=BE01C, =0y
1 Meron
| Koucraura 7
Pearent Iyerofiwmsxan ueppyun | Appeea— Tegena
i ;
i
JLvCTHARHOKCHA ig Ky 8,98 8,71 9,18
| gk \ 8,92 8,63 8,64
g | 17,90 17,40 17,82
2 PypuatHOKCINM gk, | 8,20 8,22 —
1g K. ‘ 6,65 6,68 —
Iogs | 1483 14,90 —
1 2 L{HKACTEKCAHAHOU - | lgKie | 10,93 | 10,82 11,13
o | ex | 10'57 10,68 10,65
| s loaw \ 21,50 21,78
1,2 Uusorcnranonan- | g Ko [ a0t 10,97 11,47
OKCHM | kK | s | 10,83 10,68
'ogp | 21,90 ‘ 21,80 22,15
i i
TaGauua 22
e b wkens, MeTogoM
pacTeopumocthk [13]
(t=2%1C, 1)
[ Meron
Konctanta
Peareus rerotuns, Breppyua | nheens
TUMCTHAHOKCIHA Ig Ki 8 96 8.73
lg K- 845 8,60
123 17,41 17,42
o Y PHITHOKEHM g Ky 7,80 7,72
ig K. 6,75 6,72
g i 14,5 14,44
Fenroxeins g ¢ 10,73 10,62
2K, 1 10,65 10,58
lgd 2,30 ! 21,20
a Bensk T0KC I\ 1g K 13,70 —
lgK 11,50 —
g3 P25 20
; i
1

26
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TaGauna 24
Buaucnns pHs RHOKCHMAToR HHKeTs

T
Pearent g B PKp PHz

svieTi 13n0KeHM 17,70* 10,54 4,69
17,40 10,54 4,84

& Dy puOKCHM 14,87* 9,64 5,20
14,50 9,64 5,30

Fentoxeny 21,05* 10,64 2,67
Huokeny 21,50* 10,70 2,90
o Beuanagnokcu 25,26 10,12 | 0,46

i

v OnpeReseHc METOROM pacTpefleneNHn
“* OnpeesieHo METOROM DACTBOPHMOCTI
Ecau npunsts cpenow konuenrpaumo {H.DI nns awoxcumos
pasrofi 0,001 M, To

[0 = VS B, 107
Suavenun pHyo 279 pajia NMOKCHMATOB HpHBeeHsi B Taba 24

IpaxTuueckH oo Genau T HUKeSS BB, s mpu pH ~
~ 4,41, eciH NPHHATh KOHIEHTPALHKIO PearenTa, PaBHYIO €ro peanbHoi
pacTBOPUMOCTH {~ 1078 moas/a)

JI1s HUKEAS NOAYYEHO GOABIIOE UHCIO COBRUHRNNU C HECHMMETPHY-
HBIMH H C BOAHOPACTBOP o~ JAHC KOTOphIE NIOKA He HaLuJIH
NIPaKTHYECKOrO Pan PHUHBIX 0T
NPEHMYIIECTBO Nepell HanboAee PacTpOCTpaHEHHEM nwem:muoxcw
MOM Gaarogaps GOnsieli PacTBOPHMOCTH HX COSRMHEHHH C HUKeTeM
8 uprannqecxux pacmopn'renﬁx Boinenenbl Huc- W MPAHC H30Mepsl
« 1 Onn Gpuie HCNoAb30~
Babi 115 nOﬂTBEp)KAe!mﬂ TIIaHAPHOH KOHOHUTY Palili AHOKCHMATOB HH-
kens (621

B a6 25 yKasaHE! CBOMCTBA PEAreHTOB H COSAUHERIH HUKEAS C He-
KOTODHIMH OKCHMaMH

Maner n Tuno [1023), Tuno u Tehabbapn [1226] noayuunu xpu-
crantuyeckne coeanHeHuss Ni ¢ PAAOM & JHOKCHMOB

[(HeD) NilCls, [HaDNi H,0] Cla,
[HD Ni HO CICl, [H,D NilCl,

Bcee s7H coeannenus okpauieHbl B 1BETa OT CiHE 3e/IGHOTO L0 H3yM-
PYAHO 3ENEHOr0

B paccMoTpenubix BhILIE Ma, iX € € HOKCH-
MaM¥ HHKeb ABYXBANCHTHbIN, HO HIBECTHH TAKHE KOMIIEKCH HHKEAS
C THMu DeareHTaMH, B KOTOPbIX OH HPORBAsieT 60/ee BLICOKYIO
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BaJICHTHOCT ITH COCAHHEHUS TIONYYAT OOKYHO B NPHCYTCTBHH OKHC-
aurenell B WEAOYHOH cpee

Tlepsas nomsitka OUBHCHEHUA CTPOCHHS [OAYUAIOUCTOCA B APUCYT-
CTBIH OKUCANTENS COeIHHEHIS BHKCTA ¢ AHMETHARHOKCHMOM Gbli1a cae-
aana Qadiraem B 1924 r, KOTOPEIE NOKA3AT, TO HA OAUH ATOM HHKEIR
pacxoryercs 1 MOJEKY/a HOa, HCNOJb30BAHHOIC B KauecTse OKUCAH-
tewsi OH BHCAH/ TEMHO KPaCHLI HOPOILOK, KOTOPOMY HA OCHOBAHHK
IEMEHTAPHOrO aHantiza upuukcas gopmyay Ni{DH), OH J 3Bror
HIOPOLIGK B3PLIBANCA NPH larpesaniil ¥ pacTsopatcs 6e3 paspywenus
TOTBKO B nienouax Palirib NPHFHCAT HUKETIO B 5TOM KOMIICKCHOM
COERHHCHMH BaeHTHOCTb +4 PacTBOpeHHG COCAMHEHHS B LeJoYax
ofbsicHAeTCH AanbHelillel Iuccolyalyedl BTOPHIX OKCHMHBIX TPy Ai-
seraaaHokcuma (6421

MuorHe HcceoBaTe T MMTAANCH BLIZEAHTh COSAMHEHHUS HHKETIH
¢ IMMETHILHOKCHMOM B YCJAOGBHAX, YKa3anlbixX q’a!’ﬂ'ﬂe“, HO GQS)VCHELU
no [15, 244, 393] Oanaxo 8 1951 v Kypacy n Pyuucke [881] yraioce
BBUACUTH KPACHLI OCAJOK 1iDH KCNIOTHAOBAHKH GPOMA B KauecTae OKd-
cautedis B 1948 r Babko l15] nee1e10Bat 970 coeantienue 8 BOAUBIX
pacTBOpax, MCNOAB3YS B KauecTBe ORMCANTENs Ho1 Pesyasratul no
merony JKoa no3soanau aBToOpy NPEINOAOKHTH 06Pa30BaHie ABYX €O~

i OAHOTC C €OOT M HHKENTb  AHMETHIAAHOKCHM  OKUCIH-
Tedb, paBubi 1 2 2, u gpyroro c cooriowenne I 3 3 Babko cun-
TAET, YTO OKMCAAETCS fie HOl IHKeTs, a AMMETHIAHOKCHM 3TUX Ke
BIIVISACB NpHAepXHBaercs Jlununnckuit v Kyses [183al Topeman
[768) 8 1949 T M3yuaa cOCTAB KOVIITEKCHOTO COSAMHEHHS HEKE 15 C N~
MCTHARHOKCUMOM, HOIYYAeMOT0 B NPHCYTETBHA OKucaATened [as Toro
4706LY IPEAOTBPATHTL OKHCAEHHE pearenta GPOMHOH ROJOI, OH BBOZHA
PHAPOKCHIAMKH H B NPHCYTCTBHH HUIMKATOPa Kpaxmada RoGasiass
OKHC/IHTeb A0 NOABIeHAs OMEIHO XKeTOH OKPackd, NOAIEPKHBAS,
TakuaM 00pa3oM, peAoKcnoTeHiHat cucreMs okono 0,96 & 3aren on
BBOAMA COMb HUKEAS W PACTBOP NOLeTauuBas B STHX yciosusx, no
MHEHHIO 2BTOPa, AMMETHAIHOKCHM 1€ OKHCISETCH M, CAEAOBATEIbHO,
OKHCAAETCA TOMLKO LMKedb

Heckonbko nosxe Aunpees 1 cotp [10] nokazamn, yro npu paspy
LieHHH KOMIVIEKCA BLIICTARTCA MCXOHBIA AUMETHIHOKCHM, HE MO
sepriiics oxucaenmo [lemkosa u MeasuakoBa (2601 ycranosuan,
4TO B YCAOBHAX, APH KOTOPBIX HCKIIOYEHA BO3MONHOCTH OKHCIEHHS
AHMETHJHOKCHMA, Peakilisi 00Pa3oRaHNs OKPAILICHHOFO PACTBOPHMOTO
CORHHRNNSA ¢ HHKeJIEM Bee e Habaiofaetcss ABTOPH! HOCHGAHNX ABYX
paboT NPUXOAST K BHIBOAY O TOM, 4TO B KOMILIEKCOOGPA30BAHHN TIPHIEH-
MaeT yHacTHe TPEXBAICHTHEIN HHKEIb DTOTO e MHEHMS NPHAEPKUBA-
AWCH B APYTHe cereaosaresu [220)

TipsiMoe onpeeaenue BAJEHTHOTO COCTOSHHA HHKEAS B STHX COGTH
Henusix nposenn Mycradun u ®@pyvuna {215] Ouy usyyaau pacrso
pedHe TUADPATOR BHICHIHX OKHC/IOB HUKENS B UICJOUHBIX ¥ aMuuay-
HBIX DAcTBOPaX AMMETHAAHOKCHMa 1 OGHAPYMHIH, UTO TaKKe THApPa-
T (ABARIONIHECH CMECHIO 3aKUCHOTO W OKMCHOTO HHKEJNs) OGPasyioT
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Hapsly ¢ OCLIYHLIM OCNKOM NUMETHAIHOKCHMATA HHKE/A ¥ PAcTBOPH-
Moe ¢ Tipuuem 4ETHIPEXBANCHTHOTO HHKeAR B
HCXOJHOM THIPATe COBMANO C COREpHAHHEM €ro B pacTBOpe mocae o6-
paGoTKH TBEPAOrO FHAPATA INENOUHLIM PACTBEOPOM AMMETHJZHOKCHMA
Takum 06pa3oM, aBTOPbl AOKA3HIBAKOT HAJWYHE YETHPEXBAIEHTHOTO
HUKEJS B €70 PacTBOPHMOM CORRHHEHHH C AHMETHAZHOKCUMOM

B 6Goaee nospuux uccnepoBanusx CeabGusa u IOmkura [1135],
¢ HIYYCHHIO NPHP COBAMHEHHA HUKEAS ¢ NHMETHIRHOK-
CHMOM, ROMYYAMOIMErocs B LIEAOYHHIX PAcTBOPAX NPH OKHCICHUH, NO-
Ka3aHO, YTO HUKEJb B OTOM cOejuiHeHHH Hmeer Baientnocts +3 Ta-
KHe Bb/BOE CHefaHbi HA OCHOBAHMI H3YUCHWS MariHTHBIX CBOMCTB H
SNEMEHTAPHOTO AHA/H3A BBIAGICHHOTO CORTMHEHMHS, KOTOPOMY aBTODHI
npunicasu gopmyny Ni(DH)OH Tloiochl MaKeHMaJbHOrO CBETORO-
TAOHYCHHS PacTBOPOB COERMHEHHS HaxoasTes npw A = 320, 390 u
442 mmx

B pacreopax, coraacio Fopemany B 3aBhcumoct# o pH ofpasy
107Cst 182 CORRMHEHHSA C COOTHOLICHUSIMH HHUKeNb DEAreHT, PaBHBIMH
1 2 m 1 4 {768} Ilepsuifi KOMIJEKC HCMOAL3YETCS OGBIUHO ANs (O-
TOMETPHYECKOIC ONPEASCHHS HHKEAS, HO OH HEYCTOHuMB U NEPeXORHT
nerko BO BTopoit Bropoe coeamuenue cywecrsyer npu pH > 11
Hekoropsie uccaenoBarend 06palaiy panee BHHMaHHe Ha GOJbUIYIO
cTa6HABHOCTE OKpackd B Gosee menounoil cpete [917]

Paa anouckux uccaenoatenedi (1292, 1293 yxassisaior TakKe Ha
CYIHIECTBOBAHEE NBYX COCAMHEHMIl C COOTHOMIGHHEM HMKEAb DPeareHt,
paBubiM | 2u 1 3, npuuem BTOPOE CORMINEHHE, HO MHEHHIO aBTOPOB,
0621a320T BHICOKOH YCTOHUMBOCTHIO M noayuaetes mpu pH > 11

Cocras CDe}.\HHeHHﬁ HHUKENAS € JAMMEeTHIAHOKCHMOM B LIC/IGUHBIX
cpeaax usyvand Okau u Ildumex [1010—1014] Oun ycramosuuu,
4TO B WIENOYHON Cpele AUMETH/IMOKCHM DEArHPYeT C HHKENeM Kak
ABYXOCHOBHAs KHCJIOTA, 00pasys COSAuienHe

CHz—C=N N

CHy~C-=N on

AHBJOTHUHBIE CORRHICHUS BHIACACHB C Ka/IMeM ¥ JUTHEM, HpUueM
B MOCTAEAHEM CAYYae NOAYYAeTCsi MOHOsIEPHOe coepunenne 10 coe-
AHHEHHE XENTOTO UBETA H YCTOUHBO TOIBKO B OTCYTCTBUE OKHCIHTENS
B DPHCYTCTBUM Ke OKHCHMTEN s OHO NePeXOHT B YCTOHuMBOE CORmU-
HeHUe KPacHoTo iseta, koTopomy Oxay 1 livex npunuceisalor GopMy-
ay INiDal** 210 kpacuoe coepunenne OGBIMHC NONYYAETCA B NPHEYT-
CTBRH 1l MeHCE YeM HATHANHATHKPATHOrO H3BLITKA AMUMETHIAHOKCHMA
¥ ApH HANMUMM TAKHX OKHCIHTENReH, KaK 6POM, noa Wi deppulnanna
B IIeJOYHO nx aMmuauHoh cpese OT Npupoas B3ATOFO OKHUCAUTENS
38BHCHT TOABKO CKOPOCTE 06PasoBaliusi OKPAEHHOTO coeniunents (Han
PHMED. NPH AefiCTBHY KUCAOPOAA BO3RYXa OKPACKa PA3RIBAETCS ABOE Cy-
T0x) OHO HE BOCCTAHABIUBALTCH CY Tb(UTOM, aPCEHATOM, BOROPOAOM, 2
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BOCCTAHABAMBACTCA TOMLKO TAaKUM CHABHBIM BOCCTAHOBHTEAEM, KaK
SnCly TloTeHHHOMETPHYECKAM METOKOM aBTOPbl ONPEENHNH, 4TO Ha
KaWbil MOH HUKEAS NPH STOM 3aTPAUMBACTCH ABA S/ICKTPOHA, T € HH-
Kesib B 3TOM COGRHHEHHH WYeTbiPEXBaAeHTHbIH

Ho B 3aB#CHMOCTY OT IPHPOMNE! BOCCTAHOBHTENel 00pasyioTcs pas-
JIKYHEIE O COCTABY coefdHenus Hanpumep, B COeAMHeHMH, MONYUeH-
HOM fPH BOCCTAHOBACHHH THAPASHHOM, OTHOLIEHHE METaiaa K peareH-
Ty pasuo | 2, a B cAy4ae BOCCTRHOBJIGHHS BYXJIOPHCTHIM OIGBOM OHO
paseo 1 3

VYeroituasoets coepunenis [NiD,I** xpacHoro usera aixe, ueM
KOMIVIEKCOHATa M lHaHuAa, #GO PacTBOP NEPBOrO JErKO OfecHBeud-
BAETCA COMAMHM UHAHMCTOBOXOPORHOH # STHJICHAHAMUHTETPAYKCYCHOH
xucaoT Vi3 ABYX RONYYarOUMXCs APU BOCCTAHOBAEHHH GopM naubonce
yerofiunsas menras gopma [NiDgl!™ npu norTopHOM OKHCAeHHH nepe-
XOAUT B TPOYHOE KPaCHOE COSHHEHHE, KOTOPOe He OfeciBeunBaeTCs
STHACHAHAMEHTETPAALTATOM

Oxay u IlluMex mpexnaraioT chefyiowuli Mexanusm o6pa3oBaHns
OKPAIEHHOTC BOMIOPACTBOPHMOrO COENHHEHHS"

Ni(DH)7+ 20H™ 2 NiDY™ - 2H,0,
NIDE™ - D 2 Nibi™,

NiDE 2 [NiDgJP~ & %

C c H HUTP dronavin  Monooxcu-
Met Beibuep NOAPasiensieT Ha weckonbxo rpymn (1267 Ornensuie
NPEACTaBHTENH STOTO KAACCA PEAreHTOB 0GPA3yIOT NOCTATOMHO YCTOH-
YHBHIE KOMI c c

Stu pearentsl GOaee XapakTepus! A1 xobambta Csofictea coepu-
HEHHil HUKeNA C MOHOOKCHMAaMA [PHBENeHE! B Tabl

Hurposonadroast

NOH
Ny on /0
()/\/ oA

C Q0

2 T N\Ar

1 Hutposo 2 wadTo1 (x nitposo & Hadton)

(‘)H (3
AN\ NN
YN0 =

) NOH
A WA
2 Hntpose 1 #adTo (© 1nTRO30 % HadToN)

oTkpuThie Mabunckam [123—125], 00pasyior KOMMUIEKCHbIE CORTH-
HeHHs ¢ MeTannamu B ¢opMe MOHOOKCHMOB [353]

CoeanHenus nuxelds C HHTPO3OHA(TONAMH DKCTPATHPYOTCH Opra-
HUYECK MU PACTBOPUTENSMY

3 Awasaruseckan xmuun nuxean 2
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CoelMHEHUS HHKes ¢ HHTPO30IadTONaMy MeHee YCTOWIHBHI, YeM
coennnenHs KOGaNnbTa, 4T0 NO3BOJAET YCTPAHATH MEIAIOUlee BIMSAHNE
HHKeTfl TPU SKCTPAKUHOHHO-POTOMETPUUCCKOM ONPELeJICHHH KOGasib-
Ta OpoMEIBaHHeM 3kcTpakra 2N HCH ]

Koun1ekcoobpasonanie HHKeds ¢ | HUTPO30 2 HAPTOAOM B BOAHO
JKHOKCAHOBLIX PacTBOPAxX M3YUyeHO PAOM Hccaelosareach 149, 56R,
1240), np# Bulcokkx 3naueniiax pH BomHoro pacTBopa ofpasyerca
KomiiekcHoe coefunenue NiA; ¢ KOODIMHAUMOHHBIM HCAOM HUKEIS,
pasubiv 6 Uceaepopauue vCTORYMBOCTH M COCTABA KOMWIEKCHOTO CO
eMUHRHHA HIKedH ¢ | HHTPO30 2 Hadr0I0M NPOBEIe Hy TAKKE B BOTHOM
PacTBOpe MeTopoM pacmpeaesenns 1251) Dror meron mossomma yera-
HOBHTb H 3apAN KOMIIEKCHOTO COCIMHEHHS B KauecTBE HKCTPArenTa
HCHOAb30BATH  XAOPOHOPM

Jias OTOMETPHUCCKOrO Onpele1eHnss HUKeN:d NPHMEHRETCA TakKe
HHTPO30-R coab

NO

|
NS

1
SNANAN,
HGS S0,

OH

Jannbie 10 yCTORYHBOCTH KOMIAGKCHOTO COBMMHEH A HAKEIA C HUT
posoHadTOIaMU npiBenciel B Taba 27

TaBauna

Yeroit A unxeas ¢ mur

Pearens

g 2% . 4
) L8R ;2
! : |s.
1 Hutposo ’Ha\b | S0 75% wwitt pH Tar 11 50[80,10 (,ru 28,21
10 {(pKy = 7,3} | mioxcan | posanie | i
2-Hirpozo 1 Hath L0 Tome | To ke 10 w0 s lm 8 (132
ro1(pKp = 7,81, i : 11097,1933]
1 Hutposo-2 wag- | 25, p — 0,1 Pacipere i . H 4]
TOI | o leHue 1 i
2Hurposo 4 wagp ' 25 p =0,1) To we ! i : (14}
Toa 1 i ! i

1
o -
8-Oxcuxiro - ILlupoKoe NPHMCHEHHE B auanuse 8 OKCHXHHO
nuH, churesnposadHuidl Beaepow (12801, nawes Gaaroaaps paGotam
Bepra [453—4611, Xanma {7271 u ap
8 OkcHXHHOANE — GeCUBETHOE KPHCTANIMYECKOR BeWecTso (T 14
75° C), obaanaer avdotepubivu caoiictayn pK5™ ' — 9,70 pKp™ =
73 MWsoanekrpuyeckas Tourka upu 18° C  maxomutes npu
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pH 7,2 Pactsopuvocts B Boge pasna 3,6 10-% moas/a 1855), npn na
rpesannu 10 90° C pacTBOPUMOCTL YBeAHUHBAaeTCs NPHMEPHO B 7 pas
1311

Vosbt HHKe/IA 1a10T BHYTpHKOMIKIekcHOe coeantientie Ni{CHgON),
ZHZO, IO pearcHT Mano CCeACKTHBCH, 6OMBIIOE HHCAO  MCTAJAIOB
(4 B TOM uHCde K06anb?) 06Pa3yioT aHAOIHYHBIE COEHHEHHs
Me (CgHgON),  [lpewtomen MeTO1 OTAETEHHS HHKENS OT Mapranua
(4611

Huxear u 506anbT 06pasyioT OKCHXUHOIHHATE B OJHHBKOBBIX C
AOBUSX, YTO WCK/HOYAET BO3MOKHOCTL BX pasgenehss 8 OkcHAlRO
AMH MOMET ObiTb UCIOAB30OBAH IS BBLAGACHUS W KONUEHTPUPOBAriis
nukens B pa6otax 1668, 712, 986) paccmarpupaercsi BANSHHUE KHCIOT-
HOCTH CPeAbl Ha BBIAC/CHUE U COOCAKALLHE HHKCAA 8 OKCHXUHOMHHOM

Huxenp noanoctsio ocaxpaercs npu pH 4,3—14,6, a kobaabt —
npu pH or 4,3 10 14,5 Ecte nckoropoe mporusopeuiie 8 paGorax
Paska 1668} 1 bBepra {4611 [lo jannpin @7I3Ka, HCHOAB3OBAHHBIE
Cenenom [293)  OKCHXHIOAWNATHL HHKeTs W x06aabTa BLIACNSIOTCH
KONKUECTBEHHO B OJMHAKOBOM MuTepBajie aHauennil pil

Bepr OTMEUAET, 4TO OKCHXHHOAHHAT KOGaNbTA BLIEAHETCH 13 Cia
60yl{CyCHDFO BN HIeNOYHOTO PacTsopa, a COOTBCTCTBYHOWEE COefHHE
Hile HHKes — W3 CHABHOYKCYCHOKICAOTO, COJepIKauiero auerar
uatpus |3]1] B npOTHBONGAOXKUOCTL KOGAALTY HHKCTL KOMHYECTBEHHO
OCaMFAETCH U3 CHABHOYKCYCHOKHCTOTO PACTBOPA B BUAS OKCHXHUOMH-
nata NiA, Ho BBrmy TpyAHOCTH NOTyuenis NOCTOsHHON Beconoii Gop
mit Bepr {461 npeasaracT THTPUMCTPUUCCKOC OKOnuaiie Buiienes
HBIH OCaZOK OKCHXIHOAIHATA HHKEAS TPOMBIBAIOT TeTIOH BOROH, pac-
Topsitor B 15% moit HCI u Tnipyor Gpomaromerpmucekn Dyces
54] yTOUHKA yCAOBUS THTPHMETPHUECKOTO MeTOZa

Taa0HANPOU3BOAKKE & OKCHXUHOAIHA HE HAULTH HDHMEHeHUs WIS
I'paBHMeTpH’-leCKOFO OfIPEACACHTIA THKeAs YeTofyUBOCTD OKCHXHHO-
JIHHATA HUKEAS OXaPaKTePUIORaHa AAHHBIMI, NPHBEACHHHMH B Ta6a 28

Tabiuna 28

YCTolunBOCTS OKCHXHROIMHATA HUKED
Meron plI THTPOBAINIA CO CTCK THRABIN 2ICKTPOAN

Y rmun oapene @i flg i, g K | lg3 - lgKs: Ameparpa
o0 I =00t 00 % 8T — 390 w3
20 =00l B4y e A7 2004 — 17sn
25 WG et THOKCaR FlLA L 9021 8 — 304
25 ¢ F0% nmil uokcan 11,65 10 9% 22 0 1927
b 739 nait toncan (] 72 L2



Cepycoaepxauiue OPrauhyYeckhe PEareHTy

PyGeanosopopoptan KuciaoTa {1iaMHA AUTHOLABENEBOH KHCAOTHL)
CYLIECTBYET B HECKOAbKHX TayTOMEPHHX GOpMax

S=C—¥II ls—C=
| = i 2 .
S—C—NI S_C—NH. HS—C=NH
Ocnopras bopua Knemian gopua Kncaotnas dopxa
{rHoavnay (0AHOO HOBHLAR) 1ABY XOCHODN AR,
W30 HaIA)

210 coenuHenue GEIO OTKPHITO enle B 30 X FORAX MPOMIIOrO CT0dA€
Tus [901, 12831 Ero npHMeHEHHIO B analWTHYECKOH XHMHH TMpee-
crBoBast Psif padoT mo cunTesy [674) u u3yueniio cBONCTB PyGeaHoBO-
I0pofHO# kuchoter Pedt [1071, 1072] noxasas, uTo 3707 pearest
0Bpa3yer OKpauieHHbie MANOPACTBOPHMBIE BHYTDHKOMIIEKCHbIE COBRM
HeHHs cocTaBa MeA; ¢ HyKe/leM, KOBANLTOM, MEABK i APYIUMU KBYX-
SapANHBIMH HOHAMH DTHM COCMUHEHHAM, HA3BAHHLIM COOTBETCTBEHHO
pyGeanatavu, astopsi [64, 646, 796, 1072, 1282] npunuchiBaioT cae-
AYIOULYIO opMy Ty

Bosnecenckuii 164, 651 onpeseans pacTROPHMOCTD py6eanOBOROPOA-
HO# KHCAOTHE (B Moav/2) B Boje, 0,05 N u 0,1 N ammuare npu 18° C,
KOTOpas OKasarach pasuoi 0,0022, 0,0058 1 0,0122 coorsercTsenHo Ans
Kax10r0 #3 pactopurenedl Komncranta nuccoumanmu pyGeasoBoio-
ponuoli KucioTst pKp = 9,

Ycerauosaer cocraB OcafiKa HHKeds ¢ PyGeaHOBOAOPOANON KHCJIO-
Tolt [65] B xkpucrannnueckoM Ocaiike pybeanara HuKeAsl CHPEHEBOTO
iBeTa, BLIEACHHOTO B ClafoaMMuayHOHK cpese, Haitzeno 34,98% S
(reoper 36,20%), 32,80% I\'1 {reoper 33,30%

Mamiora 1196) mp # pacTBOPUMOCTH
JAisL COERMHEHNH Meau (pL,, = 15,12), HuRens {pL, = 14,96), xobaae
7a (pL, = 14,95) Tlo aHanOrkk C HEKOTODHIMH MEDKANTHNAMH HHKE-

nist Mencen [796] cunTaer BO3MOMHBIM CYLIECTBOBAHUE TIOIUMEPOB
S—C=NH §-C—
N

Crpoenye DyGeadoBOXOPOAHON KHC/IOTH YCTAHORACHO PEHTIEHO-
rpaguuecku [507)

s NH
N 7
c .
7 .
NH S



HO TIOKa elle HeT KAHHBIX O PEHTTeHOPadHUECKHX HCCHEROBAHHSX PY-

6eannaToB NBYXBAJEHTHBIX META/IOB
JineHuaARKT

6951 ANTH3OHOM,

Dumepom 655, 656,

NT—N{-CeHy
e
.

~
N NGyl

HPeICTABIACT TOHKYE HAACTHHKH (UONETOBO-YEPHOrC HBETA C MeTas-
JAHYECKHM GJECKOM, B TOHKOM CJIO@ OHE MMEIOT (PHOAETOBO KPACHYH
oxpacky 11211 PearesT mMajo pacTBOPHM B KOHUEHTPHPOBAHHBIX MH-
HepaTbHLIX KUCAOTAX ¢ OGPA30BAHMEM MajiOYCTOAUUBBIX PacTBOPOB
$HOAETOBO KPACIIOro 1BeTa B iensHolt yKCycHON KHCHOTE aeT pac-
TBOPHI CHHETO UBETa

B Tabn 29 yxasanl pacTBOPHMOCTb AMTH30HA B OPTAHUYECKUX pac-
TBOPHTEARX H B BOAHOM DAcTBOPE LIGIOYH, @ TAKKE 3HAUCHUR MOAND-
HOFO KOS(DHIMEHTA TOTAWIEHNHS IS JBYX MAKCHMAJbHBIX IOJOC HHO-
FHOHIEHHS B PacTBOPAX pearenta 1A BULHMOK 0GMNacTH crexTpa

TaGanua 29
PacTsopiMocTh AWTHIOHA W ONTHHGCKHE CBOFCTER €70 PacTBOpoB

| swascwnn & 10 2%
Pactsopu-, Turepa-
Pacreuputens wocts, T Okpacka :
24" |t s noaocelzn ne:mu;

Boxmsii pactsop 20 | 22,000 Opaneso mearan | {124]

HICAOYH
Xaopotopy 17,8 | 40,0/603) 16,0/435| Cuse-seaenas o, 56)
Beuso 1,64 | 38,8/620 20,8/450{ Tenso sexenan 1121)
Henspess wpueru] 0, | 32,8/620) 20,0/450) Hoywpymio sencuas|  [573]

1r1epod !

B snavenstene YKasana dyaxe (b HHK)

JluTH30H NPHMeHsieTcs 1A (POTOMETPHYECKODO ONPOReNEHHs HIKe-
a5 u AAst Rouuentpuposanus Ni, Co, Cu

Ausruanutnokapbamunar narpus (C,H),NC(S)SNa xak pearent
uspecten AasHo (5241 O6pasoBanne OKPAWICHHOrO KOMINIEKCHOTO CO
eAHHEHHs HHKes ¢ AMITHARuTHOKapGaminaTonm (LA TK) Gbinio ormeueno
8 1939 r Tosnanpnom u Putke [764), HO sToT pearent ucnioab3oBay s
HOTOMETPHUECKOTO ONpeAeneHis HuKeis Jmulb B 1946 1 [404) Tien
i 11sa6 {708] ykazamnu, uro pacrsope JJATK npu pH 5 u nike Gsictpe
pasaarawres JIpyrue uecaegosareau {546} Takke nogueprupadiH, yro
HOHE HHKENf CJCAYET IKCTPArHpoBATh U3 MENOYHBIX DPacTBOPOB
AustuaguTnokapOaMunar uarTpHs NDHMEHSETcs NPH (GOTOMeTpHue-
ckux {cM crp 113), THTpuMeTPHUCCKAX MeTonax (cM cTp 99) 1 Meto-
Bax oTnefeHus HUKeAs
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AMuHONONHKAapGOHOBEE KHCAOTH
(RKOMHBIEKCOHB)

1ilupokoe pPacupoCTPaHEHHE B AHANMTHUECKOH XUMUM NOAYYHIH

kovnaexkconsi {2801 HauGosee uayuenst st TeTpaykKeyc-
naa kucnota H,Y (9TA) u ee narpuesas cons
[00C—CH, CIL—CODIH

N—CH —CIlL.—N
HOOU—I1, CIL—CONI

3nauennsi CryneHyaThiX KOHCTAaHT Huccomuaumu IDATA pasubt
pKh = +2,21, pKi= +2,76 [146, 280}, pKh= +6,16, pKh=
= 410,26 (5631 Munnwym pactsopumocts JATA (35 1074 soawla)
na6aionaerca npu pH 1,6 [280) Kownaekcon I A0BOABHO Xopolo
pacteopuM B Bofe npii 21° C B 100 1 HaCLIMEIHOFO BOHOTO PacTBO-
pa coepxkurea 11,1 2 coaun 111211 Pactsopsr komnaexcona 111 naeror
caaorucayio peaximio (0,1 M pacteop iveer pH 5)

B tabn 30 npuseaenul KOHCTaNTHI \ CTORYMBOCTH KOMIIEKCHBIX COR
AUnIeHNH HUKeNs © KOMILIEKCOHANI

lifaBeneBas KUCJOTA ¥ OKCHKHCAOTH! [IpH Ompejenenul HHKeNs
C T[pUMEHEHHEM psiaa OPragHYyeCcKHx PEAreHTOB MelaIoliHe 3JEMEHTH
MACKHPYIOT Obiuilo OPralHW4ecKIMil KICJOTaMll 1iaBeNieBOH, BHHHOH,
auMonHOf  JlanHbie O yCTOHUMBOCTH COCTMMCIHH HMKENst C STHUMH
JHPaHLaMi npuoasites B Taba 31

TaBanxa 31

Ve

A4AROSTE KOMIIKEHEX CORRHHEHIN HUKEAR C OPraRKACCKMA KHCIOTaMH

j1e i
0 e corannea 1 P Cpear Mewox onpeacrernn | DKy . 1g 31 ipamrea
| ! !
: \ 5 , ;
Ni qoxe ) 13 w v Dicarpoaposoy 55 - (975]
1OCThH ’
{Ni ione ) " 33 p>0 1 Tepuommaae — 17,64 1392}
cxih
INi (oke ]2 20 p =1 Pacupencicaie | — 7,88 |11187)
INIOH) @unp )~ — — otenoverpis Y- 33
{Ni )1 — Kucnan cpe To ke — 208
Aa
INE qunTp )2 | — Cratowmetow » v ! — 1208
aa cpexa .
Coeanmerie ¢ ca 30 To% wwit pH turposamwe co 5,2 — (1240
WHOBOR ki JHokcal  CTeKasHEBN
oo 5aeKTpOIO
Cocusmenne ¢ s 20 p —0,0  Pacopeie lewie 342 —  (187]

HOML KNC 10T0H
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AMunn

HuKelb 1erk0 06pasyeT KOMIJICKCHBIC COBAMHEHHS ¢ UHDHAMNIOM
5 APYTHMH OPradudecKHv# aMHHaMu 3TH COeAHHEHHA DEIKO HCNOIbe
3VIOTCA 3715 HPAMOTO OlIPEALCHNS HUKEs, HO NPLACTABARIOT IIHTepec
L1191 MACKHPOBKH HUKEIs NPU ONpeleTenHH IPYTUX s1emenT0B B Tada
32 npuneieHbl KOHCTaHTH! YCTOHUHBOCTH KOMILIEKCHLIX COEIHHEHHH ¢
HEKOTOPLIMY AMHHAMH

ihipuaun, sBassco c1abepiv ocnosanueM (Kp = 1 107), obpasy
eT ¢ HHKCIEeM P KoM TeKCHBIX COE,]HHCHMH, HE OTIHYAIOUXCA 60 Th
woli yeToiunBocThio 10 YCTOHUKBOCTHE K HHM 67TH3KH COCIHHCHEA ¢
STH TCHAHaMAHOM

Heckoapko Goee YCTORYHBE COGRMHCHMS C 2,2 HAMHIIRNDOIH
CHAHAMHHOM, TPUITH TeHTETPAMHHOM, ITHIAMHHOM ¥ (QEHAHTPOIHHOM

CatuuitanbaMuiibl, SBTAIOMHECT NPOAYKTAMHM KOHIEHCALHH ca
JUILH TOBOTO adbJerHIa, avMMHaKa WAH Pa31HuHBIX aMMIOB {apoMaTi-
HECKOTO } KHPHOTO PSIIOB), 06Pa3yIOT BHY TPFKOMILTEKCHBIC COCANHENMs
¢ IHKe Tev

TN o7
N e N
Ni |
. JON '
2 CH

H i

CaanuiliaanMUnaT HEKSTH XOPOWO PacTROPHCTCS B nUpHAlHE, obpa
3ysi_pacTBOPbI EATOTO 1RETA, PACTBOPHMOCTL €70 B BOJE COCTABINET
2,86 1075 wmowia2 (3131

AMHHB, cOgepxamue a30 rpynny I[lupuianosse
230COCIHHEHHS, COJEPHKAILIHE OKCH TPYTIY B OPTO HOJOMENHN K JH-
a30rpyane, KaK PEarcHThl ObLTH H3YUCHb CPABHUTCIHHO Ma 10 DTH CO
cuiielns, snepssie cHuTesuposanise Ynunbatunsn 8 1915 1 (345,
346) 101roe BpeMs He IPUMCHSINCH B XWMHUECKOM aHaanse Haunnas
¢ 1955 r, OHH CTATH NPHMEHATBCH KAK KOMILIEKCOIOMETPHUYCCKHE HH-
JHKATOPHE, HEKOTOpbie Grian PeKOMEHOBAHB 3718 (POTOMQTPH‘{ECKOFO
onpeletenuy wiKet® Dodbliee pacipoctpasenne uotyunia 1 (2-
nupiiintazo) 2 nagpror (PAN) u 1 (2 nupuauiasojpesopuns  (PAR)

)
DX 0
J—N =N — —N
N e N\
N N ]
oH Ol
12 Napnagaasy, 2 wapro1 12 Mupugi1az0)peaap it
(PAN) (PAR)

1 {2 Tupuauaaso) 2 yaproa (PAN}, no zaunby flue u Butsavca
110301, voxer waxoauThes B Tpex gopMax npk pH < 2 notyuares
PACTBOPbI  COCAMHEHHSl Ke'TTO 3e1enoro usera ¢ Kp = 1,26 1072

3



TaGanna 32

R4 i i HuKeds C aMuHaMuH
1 | e
perwenr | PTG gk gk e igpe | pare
‘ IERR
! s Mgl
Tupwyac 23 | 0,50 | pH rumposanne | 78 1,05 10,3 2,82 | (6341
ST eiN oo crenan i i
DUTINOy T e sekpo ;
; a0 .
Buaenan | 25| pe= 1,0 | pll Tirposanne 4 40:13,05=] |16+ (1257
avin 0,1 "' 0,1 1 01
22 Iuna - 20| 04M | pHawrposanme | 10,7 18,25 1 ' 15,95 (163
HOAISTI! 1 KC €0 crexn !
| nou !
To me |To xe ! 5 {808]
R ! 7, 1808)
=05 | pll T aponanue ; f903a]
Denaupo 20w = 0. 1M | To me © 8,81 8,30 57,7I)I 24,80 (100]
A oy | ; |
S = Crexrpogoro I B I
“erpus

i
i
| \

(kucaan gopua), npu pH > 2 — HCPacTBOPHMOE B BOgE COGAHHellMe
Ke1T0ro upera, npu pH_»11- - coeannenne KpacHoro usera ¢ Kp=
— 6 107 3pauenus Kp naiicnm gas pactsopos 8 20% nom
Anoxcane npr p = 0,08 [ipu pH 1—2 pacreopsl HMEOT TpU MaK
CHJAJILHDLIE NOIOCH Norsomenns npu 275, 323 u 425 mmx

Pearent ¢ HuKesem ofpa3yeT pacTBOPUMOE COGAHHEHHE KPacHOro
uBera, KOTOPOE BKCTPArdPYeTCsi HOASPHLIMI PACTBOPUTENSMA — CIHD
TaMu (# GYTHIOBbIM, H3OGYTHIOBEIM, H30aMHAOBLIM), @ TAKXKE UETH
PCXXMOPHCTRIM yrieponoM [553] Mayuenti yenosisi SKCTPakiui co
enudenus uukess (11411 Kosnaexcnoe coeaunenue nuxeas ¢ PAN
Menee verofiuiso, ucm coeandense ¢ DATA [4621 Ono ofpasyercs
npia cootionrenus Ni PAN =1 2, pacteophl erc HMCIOT MakcH
MaTbHBIC NOTOCH NOFOmMEHMS 1pu 2 == 530 1 570 MMK, €5 wue =
= 50 000 (13031 [ipyrue antopsi [5751 mawwnu ycrofiyupocts o6pa-
3yionierocs xommekea lg 3, = 25,3, 1g3,=23,0 [465]

Tuumukora u Commep (7621, uaydas CcneKTPOPOTOMETPHUECKHM
MCTOAOM MOREJelle BOAHOFO pacTBOpa | (2 MMPHANNA30) pesopuuHa
{PAR), YCTaHOBMAT CYHIECTBOBAHNE WIECTH (JOPM, WMEIOUIHX MaKCU
MAJbHO® HOIVIOWCTHE B PASIHYHLIX YHaCTKaX CHEKTPa
HsR™ B 90% noit 11,80, (e = 433 wux), H,R? 8 50% noit H,SO,
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(}h,w = 390 muk), HR* npu pH(Z(?mKL; 395 mmx), Hy,R npu pH

1—4,2 (Myace = 385 mmx, Kp = 1 10%1), HR™ npu pH 4,2—7,0
(}m,—,«c = 413 mmx, KD = 10 =), R2 npy pH 10,5—13,2 {yae =
= 490 s, Kp =

B aneratsHoM GyQJepHoM pacrsope (pH 2,5--6) PAR o6pasyer coe-
aunuenye ¢ Ni {7621 Ero ycrofiuusocts onpegenena Ppaiizepon ¢ corp
1575}, 1g3,--26,9

VcCle0BaHb TAKKE KOMIEKCHbIC COSNHHENNS ¢ PearcHTaM 6aus-
KOTO CTPOEHMS, € CAMHWITHMHEOM 2 amunomHpHAKHOM, 2 (0 OKclde-
HUTIVIMHOMETHA)IUPUIHEOM 1§ Gen3oiasopesopuunom  1207)



I i1asa 11
OBHAPY)XEHHUE HUKEJIA

ITps anaanse NPUPONHEIX COCAMHEHHH, CRLTABOB H YHCTHIX METAI0B
PEKOMEHIYETCH Psii METOIOB 1I€p 06BEKTa B PACTBOPHMOE CO
crosune [10uTH BCE PYAbl, COREPKAMIHE BUKETb, DACTBOPUMBI B CMECH
HCI 1 HNOy, B OTHCABHBIX CAYHasnX A1 PYA, COREPHAWMK MHILbAK,
CYPBMY H CEDY, B KAUCCTBE DACTBOPHTEIS HCTOAb3YeTcsi KOHIEHTPH-
posanuas cepmas KucaoTa HMuoraa npu ofpaboTKe KHCT0TaMH He
JOCTHTaeTCA NOMHOTO DACTBOPEHUs, TOTAA OCTATOK CIMABASIOT C Kap-
GonatoM narpis CHIHKATHBIC NOPOJb! TAaKKe DEKOMEHAYETCH Crjiap
JSTh € KapGOlIaTOM Batpia

J1AS KaueCTBEHHOTO OOGHADYIKEHHA HHKETs NPHMEHSIOT XHMIeCKye
METOILI, TOAsPOrpaduuecKuit METOA, METO1 N1aveHHOl QoToveTpHH
¥ PaiHOaKTHBAUHONHEIC METOXB!

i XHMWYECKHUE METOAbl OBHAPYXEHHS HUKEJSA

Ko6a 16T 06BIYHO CONVICTBYET HIKEMO, IOITOMY B PACCMATPIBAEMBIX
Merojax Beerda RPeAYCMAaTPUBAGTCA BO3VOKHOCTL OGHAPYKCHIS L
Kelst B NPHCYTCTBHU K0BainTa B OTACNBHBIX CTyyasx UPH aHaduse
CAOKHBIX OGDBEKTOR (MHHEPANOB, PYN) HEOOXOIHMO NDEABAPUTENBHOE
OTAeJIeHHE OOONX AEMEHTOB 3/EKTPOMHIOM H3 aMMHAYHOTO PACTBODA
[34, 332a) unu ocaxnenueM B Biile Cyabpuios {736)

OGHapysmenne AuKeds HEOPIaHHYECKMVH peareHTaMu

PasGasaenisili BORHbHI PACTBOP aMMKAKA BHIAENACT U3 KOHHESHTPH
POBaHHBIX DACTBOPOB COMEH HHKeJ OCajOK OCHOBHOW COMH CBET
710 3eIEHOTO 1BETA, PACTBOPHMEIA B U30LITKE aMMHAKa ¢ 00pasosanuen
woMmexcHbiX coenunenuil [Ni(NH,) 1% n INi(NHg))", oxpamenubix
B cunufl user [excaammnaxar nuxenrs ¢ KBr o6pasyer manopacrso-
pusoe coefnrenue [Ni{NHg)e]Br,, 0cajiok Okpawes B aMeTHCIOBO
HORETOBHIH UBET, REPXJACDAT aMMOHHS BbIIEJTRET OCAfOoK ronyforo
meera INI(NHg)el(CIO,), [46] KoBaabT maet anafornunoe coefune
une {Co(NH,)6}(CIO,), xearo kpacioro usera
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Tuokapbouar xams K,CS; ¢ ammuakarami Hukens ofpasyer pa-
CTBOPHI, OKPaICHHLIE B KPacHO-GYPLIf UBET, NPH MaJBIX KOHLEHTPA-
HUSX HHKEJs MOMy4YaloTes pacTsopsi pososoro upera KoGanst (I1)
onpeaenentio He Mewaer Mapranen # HuHK Memator [42]

Liyannn xaans 06pasyeT OCAfOK LWAHHAA HHKENS IKENTO 3eHeHOTO
HBeTa, PacTBOPHMbill B H30hITKE peakThsa C O6PasoBaHueM HOHOB

& -
i3
® g
Puc 2 Kpicraanst KePbNi{NOgle (enteie) & 8
Yseanaeuse » {50—200 pas % E g

ém"

INi{(CN),1* xeatoro useta B omanune or kofaisTa, KOTOPHI faet
6onmee YCTOHUMBOE HMAHWAHOC COEIMHeHWe, NPH AeficTBMH Br, Ha
{Ni(CN), > Beipensietcss ocagox uepworo upera Ni{OH);, koGansr
onpesienenyio we Mewaer [42, 1711

Deppounanup Kamus K, [Fe(CN}),] ocampaer HoHb HUKeNs, OCAJ0K
$epPOUHAHHAA HUKeNs HEPACTBODHM B KHCHOTAX, HO PACTBOPUM B H3-
6eITKE KOHUeHnTpHp Jré pacTeopa [pH BCTPAXUBAHHU
STOTO PAcTRODA BHAGASIOTCH KPHCTAT 1bl clipesesoro useta [NI(NHg)elo

IFe(CN)e} (461

Tugpoxapbenar (HCO;) ofpasyer ocaiox cBETO 3eJCHOYO 1BeTa,
HepaCTBOpHMblﬁ B H3GLITKE peanTUBa, B OTIHYUE OT JGLERTS np" ule}
Ganienny OPOMHOA RO H HATDERAHHH BLLIASCTCH OCANOK CHHE uep
noro usera Iipeacavnoe pasGasienne I 500 000 [684]

Hutpir vikens, csuuna u xamns K,NiPb{NO,)s o6pasyerca B vk
€y CHOKHC/ION CDEfie B BHAE KPHCTAJIOR, MMEIOUNIX GODMY KyGOB H OK
Tas1poB {(PHC 2), OKpalCHHBIX B XeaThii miay Gyposatsifi noer [lpe
Jeavhoe pasGasacune 1 125000, syoxno obnapyxuts 0,008 ke
Ni {159]

Jias ofHapyXeuus HHKCAA B LPUCYTCTBHY kobaabTa {139} ocazox
CyAbDHAOB YTHX 3JEMCHTOB PACTBOPRIOT B HeCKOALEHX Kanasx HCI
¢ aoGapnennem H,O,, pacTBOp BRINapHBAIOT JOCYXa, PAacTEOPSIOT OC
TaT0K B 1—2 Kaniax BO/b, BBOAAT KPHCTAMIMK HHTDHT2 HATPHA L 113
ObiTox  yKeycHol  kucaotst  Ofpasyercst ocagok  KoNalCo(NO,)sl
B ¢uantpate ot ocaska OGHApYMHBAIOT HHKCIb AHMETHIHOKCHMOM
K xanze ucnbiTyemoro pacTBopa 106aBisIOT HOBITOK HACHIIEHHOTO
pacTBopa MO4u61aTa aMMOHHS M FOIOF peBaloT npumepro a0 70° C
B 34BHCIHMOCTH OT KOAHYECTBA HIHKEIA Cpa3y HJIH uYepe3 HeKOTOpOe
BPEMS BBIACASETCH MOJHOZAT HHKEAS B BHIE HEOOILUIMX NIACTHHOK
AHasOrMuNEe KDHCT4AABL OODasyeT UMHK B npHcyTcTuuM KoGaabta
{)}a;;rop OKpalliBaeTcsi B PO30BBI 1BET, HO Ocaika He ofpasyerca

O
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Mepast c 6ypoil u dochatow natpus Tlept Gypil B OKHC TITE 1bHOM
1T1aVCHH OKPAIMRAETCA § KPACHOBATO KODIYHCBLI 1(RCT COTAMH IIH-
Ke1a scTeicTrue obpasopaina Na,Ni(BO,), OGuapysusaeviiii Mu-
ninv 5 ke Ni

ilep docara natpHa HPH CNTABTEHHH C COTAMH HHKETA B OKHC-
THTSTHHOM IL1aVeHi B OPAUCY COCTOAHMI OKpAliCH B KPacHOBATO-
KOPHYHCBLIH 1BET, HA XOJ0IY MePl HMEeT IBET OT XKeiTore J0 XKearo-
kpacHoro OBfnapyiunaes fff wuaiuyv 45 wez Ni

OSnapymenne HAKEIS OPraHMYeCKUMU DeareHTaviu

HauGoaee yacto 141 OfHapyKeHUs HHKES (PUMEHAIOTCA IHOKCH-
MBI, TI@BHbIV 00pa3oy tivernignokcuy' Kpayr [868] eute B 1906 r
OPHVEHHT €r0 1/1a OGHAPYKeHHs HHKeIS B 3078 yrief

Crienyer OTVMETHTb, 4TO BCO OKCHMbE Pearipyior ¢ maliafieM, of-
Pasys OCAIKH JKEJATOTO (BCTa, HO B 3HAUNTENBHO GoMice KHCTON cpete
{2—5 ¥ HCl) Bo Bcex cayyasx 0caioK naiiasus, BeuieeHHud B Go-
nee KHCTOH CPeie, MOKET GhiTh OTICTEH H 3aTeV B HCMLITYEMOM PacTBO-
pe npd HelTPaTU3AUME aMMHAKOM OGHAPYXKCH HUKCIH

Tipu UCTIONB30BANIT HOKCHMOB AT OBHADYIKEIHS 1HHKETs MeuaoT
weaeso (I1), koSamer (1), koSaaet (1IT), meae (I1), obpasyoimue
CP4BHUTEBHO XOPOIIO PacTBOPHMbIC COCIHHEHHS IKCIFO KOpHUHEBa-
voro (Co), seenoro {Cu) u poszosoro {Fe (11}) useros Has obuapyxe-
HUST HHKeNs B TIPUCYTCTBHH YKasaHilkiX sdAementos (kpove Pd) pexo
MEHRYCTCA OCAiOK MMOKCHMATA HHKCTA OT(PUABTPORATH HTH OTIEAHTH
enTpipyruposannev COBMECTHOE NPHCYTCTBUE Xeie3a H Kobadsra
OCTORHACT OCHAPYIKEHHE HIKEs, B 5TOM CIYHae PEKOMEH1yCTCR K pa-
creopy 1oGashtn HyO,, narpers pacTBop, pa3pyurdts u3GLITOK OKHC-
eI, NPUGABHTH BUHIYIG KUCAOTY H NPOBECTH OBNApyiKeHHe HHKe-
a5 quokcuMaviu (M ctp 43 —30)

Ruveruaguokcuv 1% Hetii 5Tauo 1oL PacTBOP B RPHCYTCTRHY
ayviHaKa MTH aieTatHOro Gy(epHopro pactopa B c1aGOIGEIOYHOH
cpene .Maer OCaiOK KPacHOTO 118eTa, PacTBOPHMUIA i XJIopopopye H1TH
Gensoge ¢ 06pa3cBaHuEM PACTBOPOB XKeITOro useTa B mpucyTeTBuM
aMHI0BOTO CHUPTA OCAZOK (IOTHDYETCA Ha rpanuie pasiena ¢as,
5TO  yBendUHRAET UYBCTBUTEIBHOCTh OGHapyxedust OGHapyxusae-
MbHl ZUMETHIAMOKCHMOM MuHmMyM (8 wce Ni) 0,2 12021, 0,16 [3201,
0,1 {1471, 0,002 [159], npemeabnoe pasbasmerue 1 500 GO0,
1 1000000 [1591, 1 400 000 [139] Tlo namsery Uyraesa, yyBCTBH-
TeTbHOCTh paBHa 2,5 107 o/wma [3491, Bpyux [506] noirsepaua Ta
KYIO 4yBCTBHTETBHOCTS

Hns ofuHapymeHHs HHKEAR B NPHCYTCTBHH GObIHX KOZHYECTB
wegela ua NIaCTHHKY [OOMEiAioT [IOC/AEA0BaTeNbIIO 110 OJHOﬁ Kanme
MCTILITYEMOTO PACTBOPA, HACHIHIGHHOTO PactBopa TapTpara HATHA H
ABE_XaM 14 STAHOTLHOTO PacTBOpa AWMETHTAMOKCHMa Ocazok AMMeTHA-

T paCTBOP AHMETHIAMOKCHWA B INETOUN TN AWwiaKe
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JHOKCHMATa HOAHUMAeTCH HA 1IOBCPXHOCTL, 06pa3sys KO1blo O6napy
wupacMbift MuaumyM 0,5 ke, npesetnbHoe pasbapaeanse 1 100 000
13201 UyBCTBHTRIBHOCTL MOXKHO TOBLICHTH, €CAH OBHapyXeiHe 1po
50;HTH 1A OyMare, NPeIBaPUTe TbHO NPOTNMTAHHON PACTBOPON AHMETH T
AHOKCHMA Vi BLICYUIeHHOH B 3THX yeaoBusix MOMHO OGHapyKHTHL
0015 axe Ni, npeieisnoe pasbasaentie 1 3 300 000

CoTit K00a16Ta B GO THWHX KOTHYCCTBAX OCTOKHSIIOT 0GHapyxeHie
snke1s B OTOM CAyYae K PacTBOPY COTH HHKE T # KOGA LT (IDILTHBAIOT
ronuenTpipoBanubifl pacteop KCN u 3% umit pactsop H,0, a0 pac-
t8openns ocaika K pactsopy wiamnios [Ni(CN), I~ u ICo(CN)) N
obassoT pacteopul 40°% noro gopwatsiernga u 1% moro mumerH1
JAHOKCHMA B HPHCYTCTBHH HHKEAH BLIITAETCH OCa0K AHOKCHMATA
wike 1 OGHApYKHBATb NUKETb B NPHCYTCTBHH KOGAIbTa MOXIO Tak
/e, mepeBoIA NocAeIHuli B aMMHayHoli Cpele Npu A0CTaTOYHOR KOHUEH
TpakHH XAOPHIA dMMOHHﬁ [ TUMCTILINIHOKCHMA B KOMIARKEIOE €O
eaunenne [Co2NHy(HD},]

Ocofielno OCAOKHCHO 0GHAPYKCHME HHKCTS NIPH COBMECTHOM HpH
C)TCTBHH €70 ¢ KOGAILTOM H IKEAe30M, KOTODbi€ HAiOT COeTIMHEHHE
FeCoCy HiOsNs [1262)

Huxens B 3TOM cayyae o6HapyXHBAIOT B CIEAYIOHLHX )CIOBHAX
B VAJCHBKYIO KOMMYECKYIO HPOSHPKY BBOIAT 1—2 Kamal HCnbITyemo
O pacTBOpa, CONEPIKALLELTO HHKETh, IPH HArPEBAHHH A0BABISIOT KOH
wentpuposannniit pacteop KCN 10 noayycHHs Rpo3pasHoro pactso
pa 3aTeM BBOAAT ha KOHHHKE WIareas TBepﬂbH’l RUMETHAIUOKCHM H
HECKOTBKO Kaneab 40 noro gopmaiblertia, nepeMeliiBaoT H UCHT
pudyrupyror Ha aue npoGlipki obpasyeTcs 0CaIOK IUMETH TAMOKCH
Mata unkeas [645

flpumenenne Gymars, NpPeIBapHTEIbHO (PONUTAHNON AUMCTHT-
AHORCHMOM 1 BblelHe[{(lOl:i, NoO3BO.IAET oﬁuapymnsaTb HEGO 1bILHE KO
HYeCTRA HIIKEIA B IPHCYTCTBHY kKoGadsTa # Mexu Ha Gymary nauocat
Kanmio HCHLITYCMOTO PacTBOpa U NPOMBEIBAIOT GyMary pa3CaBReHHbIM
pacTopoM O < K06aabTa W MexH pac
TBOPAKTCA, a PO3OBOE NATHO COGAMHCHMS Hukead ocraercs Obua
pysusaemsiii  MpmuvyM 0,8 smxe Ni  (npegespHoe pasfasienne
162500 & npucyrersuu 1250 kpaTHOTO KOMMuecTBA KOGaTbTa 1 1,70K2
Cu) u nperenvioe pasbasaense I 29 400 B npucytcrsuy 590 KpaTHOrO
Ko THyecTBa Melr 1320)

lns oBHapyXenus HUKeNH B CMIABAX H HHKEIHPOBAHHLIX Npeame-
TaX Ha NOBEPXHOCTH OGBEKTA, NP PHTEIBHO Of yio 3H-
POM, 1[2HOCAT OIHY KAMMIO HACHUIEHHOTO 3TAHOJBHOIO pdc‘rsopa w-
METH 11d0KCHME K 3TOMY MECTY HOBEPXHOCTH OCTOPONKHO RPUKAIbi-
82107 QUILTPOBAALEYIO GyMary, Ha KOTOPOHl B NPHCYTCTBHM HUKCAR
OTYETTHBO BLICTYMAeT PO30BOE MATHO AHOKCHMaTa muieas [320)

OpurinanbHelii METOL OCHAPYIKEHHS HHKEN AAMETHILHOKCHMOM
TeggilcyTCTB!m 6pOMHOf BOIB H 3epeH AHHOHHTA NpPelioxua PyUMoTo

# Skaaumiacekan usna ke

49



Jlas ofiuapyeHHsl HOHa HHKEIS MOIYT GLITH HCHOJL30BAHLI MUKPO~
KpHCTaLrOCKOnHYecKHe peaxuuit Flpu 1o6asienin K Kalie pacTsopa
HHKeJAsT DeCcKOJIbKHX KPHCTa110B THMETHAIMOKCHMA H1H Kaivii €ero
aMMHauIIore pacTROPa Bblle THIOTCH TOHKIE WITe, 4acTo OGPE!}'}OLLU/IC

YO

/ Pc 3 KpreTan s AMOKCHMATA HHKeAS (Kpaciie)

. 3 menrerne & 10—15 pas
N\ \—

AyYKH KpUCTalTukos (puc 3 B oBbuiioy csete omii ueioT poso
BY#0 OKpacky Kpucratint 061414107 PE3KO BHIDAKEUNON ZHXPOULHO-
cruio OBGHapyknBaevinilt mMiniyy 0,002 wuwe Ni, npeacisnoe pas6a-
Bremnte 1 1000000 (cn pne 3} Couetas ykasauubii METO1 ¢ HIIYHH-
POBAHHBLIM OCAXKIEUneM B BILIE CMCIIaHHLX KpycTalaon Zn [Hg(SCNy, i
i Ni[Hg(SCN), ], M0mHO NOBLICIITE Uy BCTBIITC THHOCTDL 10 0,0005 usaiae,
npese1bnoe pasGasiesme 10 1 2 000 000000 [139) 5000 kpatunie
KOTIHECTBA KOGANbTA HC MEWAOT OupefeTertio

¢ BCH3UNRMOKCHM BLHLAEASET OCAIOK HHKEIA KPACHO OPAHKEBOTO
orTenka B Kucto# cpege (pH 4—5) Peakuus 601ce uyBCTBHTENBHA,
HeM ¢ AHMETHNAHOKCHMOM, npeiedbuoe pasfabienue | 10 000 000
Qupeaeaciune MemaT T¢ JKe 3IeMEHTW, YTO H NPH OGHapyKCimuK
aHMeTHIHOKeHMoM [420, 544 6421 B oruete MemayHapoaHoi KOMUC
CHH TIO HOBBIM AHATHTHUECKHAL peakTumay 3a 1948 r (283} ormeua-
€TCs1, YTO HOUB! XPOME H KOGATbTa HPH UPEICTHHOM OTHOMIEHHH HX K
nuKeaio kaKk 10 1 CHWXAIOT HYBCTBHTCALHOCTS {IpeieibHoe Pasbasic
une 1 500000), 1o ue veimalor ofHapykewwio nukeas Howsl memn
HPH TOM JKC COOTHOIIGHNM HE MCIMAIOT, HO YMEHbWAIOT MpeieliLHOe
pasbasienne 10 I 10000 A mowunuil, %1030, HHIK, vapranei e
MENAlT [pH  cooTHomenwu jo 100 1

JIHOKCHM UMKIOTEKCAHAMOHA (WHOKCHM) 1103BOISCT OGHapyKHBATH
HUKCAb B PacTBOPax ¢ GOThHM WHTEPBAZOM kueaotnoery (pH 3—
11), o6pasyercs 0cator po30BO Kpackoro imsera Ilpemetbhoe pasbas
aenne 1 2500000 KobaisT ne veniaet oGHapyKenio Hiike 1s B ¢i1a6o
amanaunonM pacrsope [12531 B npreyTerBit xenesa 4yBCTBUTEbHOCTD
OBHAaPYKeHNst HHKeAs HC H3MCHSETCR Aa)Ke NPH OTHOMICHHI STHX Sie
MenToB 2000 1 Molb K66aabTa, BHIGLIBAIOUINE KEATOE OKPANBAHNE
pacTBopa, e MemaT OfHAPYXKeHHIO K0DGatbia, MElh I0DKea OhiTh
yrajiena

a-DYPHIRMOKCHM B C1a60aMMHA4HBIX PacTBOPAX H B 4UETATHOM
6ydeproM pacTBOpe O6pasyer ¢ HUKESeM OCATOK KHPTHYIO KPaciioro
ngera [lpenesshoe pasfasienne 1 500 000 {1173]

JHOKCHM LUKAOTCATAHAHOHA {FeNTOKCHYM) B3aHMOAEHCTBYET C HO-
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naMi HUKeAs B KHCAOH cpene (pH 2,7), 8 Helitpanukol # menouHof
cpete, ApuueM B Goslee LR/IOUHOK, uem Bee Apyrie auoxcumer (pH 12)
DT0T peareHT NO3BOJAET OOHAPYIKUBATL HHKEb B IPHCYTCTBHM OYEHDb
GOBLUIOTe HHCIA SNEMEHTOB

MoHOOKCHM RHAUETHAL B aMMHAYHOM DAcTBOPE 06PA3YerT ¢ HuKeneM
0cal10K Kpacnoro iigeta ilpegeabnoe pasbasienne 1 300000 Otmapy-
Jenlie TPOBOLSAT HA KINENbHOR IACTHHKE UMM B MAZIEHBKOH KOHMYe-
crofi upoSupke TIpeasaputenbno OTQUALTPORKIBAIOT OCAMAEHHBIC aM-
\IIAKOM FUAPOOKHCH il JOGABTAOT K (QHIBTPATY KAMMO ITHOABHOTO
PAcTBOPA peareHTd B mpHCYTCTBHH HAKCIA UePe3 HECKOABKO MHHYT
BHIIEANCTCH OCANOK KPacHOTo useta KoGa/ibT ONpeleNientio e Mewaer,
NieIb IOMKHA OHTH yiadena

OKcaraviARMOKCHY (HHKORIGKC) U3 2MMHUAYHOFO PAcTROpPa BblAeAseT
0CATOK COCRUHEHNS HHKeTs KPacHO OpaHKesoro usera KoGaabt, Map-
TAUeH, UHHK, aTIOMHHHH PCAKUHH HE MCIIAIOT, B GOALIIHX KOAUYCCTBAX
ventaoT Keaeso (1), xpov u amomunuii [lpezenvnoe pasbasnenvie
1 130 000 1879, 1138}

OKecangnypaMUARROKCHY B aMMUAyHOM DacTBOpe ofpasyer OCaiox
€ INHKEREM OPAIKEBO KeATOro ipeTa KoBaibT He MeliaeT onpene 1eHHIo
ilpeneasnoe pasGasienne 1 150 000 (684}

Auupanguavunvncyabat 06pasyeT ¢ HUKEICM B IHCJAOYHBIX pas
CTBOPAX OCANOK MeAToro useta KoBajibT naet pacTBOpIMOE COefiHeH e
xpacio UOACTOBOr0 uBeta DonbiiMe KOJMNYeCTBa coTell  aMMOonus
NPeMATCTBYIOT BINETEHMIO Ocanka Hukeas (6841

1,2 AuamunoTeTpaauTPAXHHOH-3-cyAbGOKNCAOTA AT C HIKeJdeM
0CaOK FOTY6OTO 1BeTa, KOTOphi#l B H30HTKe aMMuaka KpacHeet Hys-
CTBUTENDHOCTL 5 Mielna [684)

JlAH3OHUTPO30RUETOH 1AM M3OHHTPO30AUCTON TAIKE HCNOIbIYIOT
15 ofHapyxkenus nikeas [870]

PyGeanoBogopopnas KHCAOTA JAeT OCANIOK CHHETO UBETa ¢ (HOIeTO-
BblM OTTEHKOM, MaﬂOpaCTBOpHMHﬁ B MHHEDasbHbIX KHCIO0TAX H aMMHa-
xe Tlpepeabnoe pasbasaenne | 100000  Bi, Cd, As, Sb, Sn, Auy,
Pt, Se, Fe, Mo, W, V, Al, Cr, Tl, Zn ne BAXAIOT Ha 4YBCTBHTRABHOCTD
TIPH NpPeAeabHOM OTHOMWEHUK HX XK mukemo 100 1 Foaw Co®", okpa-
HINBasi PAcTBOP B GYPOBATO KPACHHIH BBET, HE MEAloT ONpPeleTentio,
nonst Cu?', Au' u Hg®' memaor Fe®™ MackupywT $TopUCTOBOIOPOL-
10{1 KHCACTOH, UYBCTBHTE/BHOCTb MPH STOM nanaer COenMHEHHE KO-
6aTbTa, B OTAHYHE OF HHKE/s, IeTye PACTBOPRETCS B aMMHaKe n pa3Gas-
TeHHBIX MHHCDanbuniX Kucnorax (283}

Coasokucawit merunamun {CH; NHICI Tipn posorpesanmu B
dappopoBom Tursie Ge3BOAHOK COMH HUKEAS ¢ PaBHBIM OGBEMOM peax:
THBA HOABJISETCS TEMHO CHiee OKpaulupanye Kobaabt aaet auatoray-
HOE OKpaILMBaHKE, HO OHO MCUe3aeT NPH OXAaxienus Takum nyTem
MOXHO Obnapymuts 100 sz nnkens i

Popmansiokcuv CH, = NOH B menounoii cpese B RPHCYTCTRHH
MONOB HHKENs OKPAMmHBaeT PACTBOPHl B 3€/CHOBATO XEATHIN UBET,
YYBCTBHTEABNOCTE OBHapyxenus 0,05 mxz/mn (282, 1268]

4% i}



2 OBHAPY)KEHHE HUKEJISA
B MPUCYTCTBHU APYTHX INEMEHTOB

JL19 00napy MeHns HUKe1s B NPHCYTCTBUN APYTHX 31EVEHTOB HCCTEM evnii va-
Tepuan nePeBOAAT R PacTEop eiicTenem kacaot (HCI, HNOg) i craasaeniex [32]
HI364T0K KAC10Ts! RLINGpHBAIOT, 10028 1A10T 6 HICI 10 NOTHOTE 0CAXAEHH A XAOPHIOB
KaTHOHOB IIATONi AUAIWTHYECKOR IPYTING  OCAZOK OTAETAOT KEWTPHGYHpODaiIHE
K npospasiony pactsopy 10GaBIMOT pacTiOp awuKaKa 10 HeiTpasiioi peatilin
O akwycy ¥ pabreiit o0ven O 6N HCI, Mo01peBaioT #a Kunsuweit 5oaanoit Gane u
nponyckaior HyS Lewrpudyrat ot ocanxa oraeasior, Hefipannsyior 68 NHsOH 10
Hauaia MOABAGHIS WyTH, n0Gasinior 2 kanmr 4Y NHaCl 1 noxorpesaor pacteop s
wuAAwell BoIanoH Gave [T106as 150T 2 KaIMTIi KOHUEHTPHPOBAHHOTO PACTBOPA aMiina-
Ka 1t nponycKaioT 11,S 10 nomioro ocaxenis Oraenewiit uepes 20—30 vun  oca-
oK cyasdit1on 1 112X HCI
Wil OCAJIOR CyabPHAOB KOGAAbTA I HHKEAS KO HCUEIHOBEN T 3anaXa CEPOBOAOPO,
OTACIRIOT OCa0K UCHTPHOY TPOBALHEN, NPONIHRZIOT €10 TODIINN PasCABICHIEN_ pa-
cTBopom NHCI i pactsopsior & I1ecKoabKHX Kanasx 6N HCl ¢ aofasieimen 2. -3
Kanedb 6% noi Hyf

oce Mpexpalienkst BetleNenns ny]mpbx(oa KHC0pOAa 0BHAPY KUBAIOT HHKEAl
oanoll 113 peakwili, VKAa3AKHEX DaHee, AY4We BCEFO  JUMETHARHOKCHWOM




Trasa 111

METOAbl OTAEJEEHKSI HUKEJA OT CONYTCTBYIOUIMX
3JEEMEHTOB

1. OTAEJIEHUE HUKEJI OCAXAEHHEM

JlyswinM 4 Haub07ee HAJIEKHBIM MCTOAOM OTICICHHS NHKeTs OF
GOADBIIHICTBA SIEMENTOR, 6e3YCAOBHO, ARINETCS OcaNIelHe AUMETHI-
AMOKCHMOM H ADYIHMH ¢ THOKCHMaMH MCKAIOYEHHE COCTaBASIOT 3Ja¢-
MeHTH, 0GDPa3yIoilie IHOKCHMATE faliaiuil, Meib, xofanst [162)
Ho npy cofiogen s ONPeIeientbX YCTOBRHE HEKeNb MOXET OHTh 10
CTATOYHO 1I0'THO OTIEACH OT AM060TC H3 3THX 3aementos Jpyrue a-
ANOKCHUMBL ((L 6&!3HHKHOKCHM, AHOKCHMBI BHKROTEKCAH- H UHKAOTEeNTaH
AHOHOR, (¢ GYDPHAIHOKCHM) NPHMEHAIOTCA 3HAUHTEABHG PEXe Jis OT-
ACTCHHS HUKC1A, XOTH Takue JUOKCHMbI, KaK HHOKCHM H reﬂTOK;H.\\
{eM crp 20}, MMCIOT BEKOTOPHIC MPEHMYINECTBA TEPeX NPYTHMH THOK-
CHMaMM HMEHHO NPH OTIeNeHUH HHKeAs

TloApoBHO ycIOBHS OTHACACHWS IHKCAS OCHMICHHEM KAMBIM 13
HA3BaHHLIX NUORCHMOB PacCMOTPeHsl B riaaBe, ﬂOCBﬁUIeHHOﬁ TpaBHMET-
PHUYECKHM MeTOIaM Olipefenenn

Huxesis MOXKCT 6biTh OTACIEH NPH NOMOLLH AHOKCHMOB OT NANAARUS
I_Ia1.1a;uu}'i pearupyer ¢ € JHOKCHMAMH QHAJTOTHYHO HHKeA, HO RUHOK-
cHMaTh RaTianHs o6pasylTcs B 60.1€e KHCIHIX PACTBOPAX, HEM COOT-
RETCTBYICUIHE THOKCHMATH! HIKEns (taG1 33) Tlostomy namsiagui ferxo
OTACIAETCS OT HUKENA OCAKICHHEM JOOHIM 13 THOKCHMOB H3 MHHE
PaTLHOKUCARX DACTBOPOB

Tafitnma 33
VeiioBist Bolfeaeiius RHOKCUMATOS  BHKeNsT
¥ IEAIAAUN

KT AnTHOCTh PACTROD-E MPN

CLURCICIHI AHOKC Y 1TOR
Pearent — =
ke REEUE]
FlinveTh ToRcH ! pH 6,4 2NV TCL
THoxeuy Popli 3,3 L NI
2 By piTAMOKCIN Popliso ! pHOS

0
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B nacToRuleM pasjene PacCMOTPElibl TOIBKO METOAb OTACACHUS HU-
Kefisi OCaIeHHEM B OCHOBHOM HEODraHHUYeCKHMH peareutamu ILpyrue
MeTozbl OTAENeHHS HHKENS, KaK NPaBHIO, APEACTABAAINT rPymAoOBbie
METORbI, HHKEb OCaXAeTCs BMECTe C roBanbTom

TIpu O6I9HOM CEPOBOZOPORIIOM METOZE HHKEMb OCTAeTCS B DUIBT-
pare HOCTe OCAXKAEHHA CYABOHIOB W3 COMAHOKHCAHX pactsopo Us
s1oro ¢mieTpara Ni®* Bwecre ¢ Al®", Fe?', Fe?', Cr®%, Co?, Zn?" u
Mn?" ocaxpaior no Poze [1092] cyasduaoM aMMOnus B aMMHAYHOM
pacTBope KpoMe HA3BaHHBIX BbIHIE 9JEMEHTOB MOTYT BHINACTh B 0CA-
JIOK eilie u woHbl Be?, Ga®', In?", Ti*", Zr'*, HIY", Tht*, P333%*, Sc3-,
Y3, Nb, TatV), VOV, WVD 5 UYD Yepes vekoTOpoe BpeMsl OCALOK
cynbdHIOB M ruApooKucell orieasior, npoMusaior ool u 2 N HCL
Tipn 3TOM HHKedb M KOGAIBT OCTAOTCH B BUAE CYALDHACB

Jns ocampenyis KATHOHOB TPETbCH AHANKTHYECKOH IPYIIL! HCMOb
syerca u cyabdun narpus [11721

Pasaenenue cynbgUAOB HUKeNs, KOGaibTa, Maprasua i uuika 17281
TIPOBOJAT MOCAEOBATENbHEIM PacTBOPeNHeM OCailka BHavate B 1 N
yReycHOfl kucaoTe, 3atem B 2 N HCl

CepOBOROPORHEI METONl WACTO PEKOMEHAYeTCs H M/l OTACACHHA
HUKeJS OT OTAENBHBIX KATHOHOB IPynnsl cyabduga ammonust Ha-
TIpuMep, AAR OTAENEHYUA OT HHHKA CACNYeT BECTH OCAMACHHE CepPOBO-
JOPONOM B aueraTHOM Gydepuom pactsope (pH <7 4) [434, 871
Huxkenn # K06aAbT MOKHO OTASMUTL OT MAPTaHIA OCAMACHHEM CEPOBO
AOpofoM B anetaTHOM GydepnoM pactsope (pH 4,0—4,8) 8191, or
xpoma — npu pH 5,0 18201

Ilpy OTAeEeHHY HMKes CYAbQHION aMMOHHS® BO3UKKAIOT 3aTPYA
HEHHUA BCAEACTBUE 06pa3oBaHMA KO 10HMIbIX pactsopos NiS Ocrpo-
ymon [235) NpeanOKHT NMOSTOMY OCaMiaTh HUKeAb H3 pacTsopa,
COfIePIKANIero XJMOPHCTHIH nHpufun  [Ipi STOM MOJy4aeTcs XOpOWo
oThUABTPOBBIBAGMBIN KpucTannuuecknit ocanox NiS

Kax samesuTeqb CEPOBOKODORA M PACTBOPHMEIX CY.Ib(DHAOB HC-
[O/Bb3YIOT THOAETaMUN (386, 6641, npi (elicTBIM KOTOPOTO HA COMH HH-
Keds B aMvHauHOM GydepHOM DacTBOpe HiKeb OCAMKEAETCs B Bilge
cyappuaa DBpija H3yueHA CKOPOCTh OCAMICHHS HHWKENIS STHM peareH-
TOM M KDHCTAAAHYECKAs CTPYKTYPa N0 Tydaomerocs cyinguaa 112551
Kpun 18691 npuvenus 570T peareHT 31d Pasfeedus MeAW, HHKEIs U
uwuEKa Mesb 0caXAaeTcs THOARETAMMIOM B KHCAOH CPefe, a B GH1bTPA
Te B MPUCYTCTBHU KOMIACKCONATA KaTbUHS M AMMHAKA OCAKIAETCHA
HUHK, HHKeMb OCTaeTCi B PacTRope

Jnsi OTReNEHUA HUKETA B BH1e C\ Tbif1a TPHMEHRIOT TaKXKe TiO
xapGonat wanus [806)

Yacto fis OTACTEHHA HUKEAS H APYTHX 3JEMCHTOB CEPOBOIOPOI
HbIM METOZOM MCHONB3YIOT MacKupywuiie seigectsa CBudT 1 Bapron
{1209, 1211] pexomenAyioT 15 pasietenis Ko6aabTa, HHKENS, UHHKA,
Kene3a, XpoMma, amoMHHI H MaPraHia BECTH 0CAKICHHE B IPHCYTCTBHA
Okcanara i GukapGonata natpus [Ipil TOM TPIl NOCHEAHHE 2TCMCHTA
OCTATCA B pacTBOpe
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B NPUCYTCTBHH DELKHX 31EMEHTOB PA3nesieHye OCYHIeCTBASETCA
MeTOAaMH, TPEAIOKEHHLIMH DPsiioM aBTopoB (73, 229, 430, 433!

Jlns OTAeHenUs HUKEAs OT TPeX I YETHPeXBAJCHTHBIX KaTHOHOB
TPYHOB CYAB(HIA AMMOHHH MOMHO PEKOMEHOBATL METOIs!, Obuide
AN OTIeACHHS ARYX U TPEXBAJEHTHLIX KATHONOB 3T0# Fpyans B Gosib-
BIMHCTBE CYHaeB TaKHE METORbI OCHOBAHB HA OCAXCICHHH 9THX HOCHEL-
HUX KATHOHOB B BHAC THAPOOKHCEH Il OCHOBHEIX COTEH npu Ompese-
eHHOW KOULEHTPALMH MHOHOB BOJOPOJA B PACTBOPE, CO3AABAEMBIX AM-
MuakoM |73, 12104, nupngunow [234], aueratom Hatpus 1737, 857,
12451, Genzoarod ammonus |894], cyxuunatou natpus 112451, kap6o-
natom Gapus (73}, kapGonarom ammonus (8721, rrapasuukapGodaron
{798], yporponunom {865, 1073], Hg(NH,)Cl, {1170] Henasuo nas
970f e OcTpoymoB # BOMKOB HPEANIOKETH KOPUYHYIO KHUCHOTY
1236, 2371

Jas pasieienis HUKETa U 2 TOMIHUA MOKHO PEKOMEHEOBATD OCAK-~
JepHe NCCNCAHEro B RuAe (TOPHA U3 PAcTBOPA, COAEPNALILTO KOM-
naexcon {I11) 126}

Hiikenb Hapsiy ¢ APYrWMH KATHOHAMM BHIZSASETCH MHOFHMH Opra-
HHYECKHMH OCaJUTEASMI Ho Bee 314 OCANUTENH ]IeHSéﬂpaTﬁ‘]bHH
Hanpusep, 0801bHO 4aCTO HHKENb BMECTE € HMHKOM, MEAbIO, KOGa/lb-
TOM M APYTHMH OTACHSIOT OT Kede3a, a/HOMUHHS, MAPTaHUa Ocamie-
Hiem pyGeatoBogoponHoli kucioroit {207}

Orpesenue HuKeas oF Kobaibra

O630p MeTOI0B OTALHEHHS HHEKETH OF KOGAAbTA OCAKICHHEM NPHBE-
nen Cuuraeronom [11631

KoBanbT MOXHO OcainTb, no Bpysky [505) — ®uwepy [615),
B BHAE TEKCAHHTPOKOGANLTHATA Kadid DTOT 0CAIOK He GYReT HUCTLIM,
ecan murpat kaams sarpssuen KOH u K,CO; Tosromy pactsop nui-
pHTA Kallis PEKOMEHIYIOT Mepel ynorpefienuem HeHTpaiusosaTh
yrCYycHOW KHCIOTOR B cayyae 3xauuTeABHO NDecCAARAIOWEro COAep-
Kanus K0GanbTa ero CICyeT nepeocanuts [36] Jror meron ucmeas-
3yeTcs AAs pasieneHus DaNuMOH3OTONOB HHKedsi W Kofasbra [955)

Jifst OTZENCHHS MAJILIX KOTHIECTB HUKEIA OT KOGAdbTa NPHMEHSIOT
uHAHHIHBH MeTo JIubuxa (900], moxmmuiposanubil Meto] Beaepa
[1281) u merox, npellosenduiii Caarsikonoil [288]

Pasanunoe OTHOWHHE K BO3AGHCTBINO OKHCAHTeded JIEKHT B OC
HOBE METOla, NIPCATIOKEHHOTO PALOM ABTOPOB elie BO BTOPOH HO10BIHE
npouwtoro sexa (596, 758, 1082, 1105, 12211 s pacrsopa coaeil uu
Keas H RoSanbra npa ﬂeﬁCTBHH fiepMaHranata Kaaug Ball rHROXAOpHTa
B INeA0uHOH cpexe BhielsieTcs OCAZOK THApooKucH kobaabra (111}
Otpasosanne Ni(OH); B 370M ciyuae HIET Tak MELICHO, 4TO yAa-
©TCH KONMHYECTBEHHO Pas3leinTh 3TH ABA 3dAeMeHTta

Hiycrep [1117) mus pasieseuns HUReNs ¥ KofaJbTa HCROALIOBAT
NiepeKHch BOAOPOHA B ule1ounod cpee, I'taceton  Cimikvan 1707) —
sepGopar natpust Llycrep 11116) nperiomin1 TaKe oTiensTh HUKEIb

55



oT Kk06a1bTa OKHCIEHHEM nepexucbio natpus Ocrawmylocs Ges Hame-
HeHHs rHApooxkHch mUKend Ni(OH), pacTBopsioT B aMMuausOM pact
BOpC x10pHAa ammouna KoBanbtr ocraetes B ocaixe 8 suge Co{OH),

Flpn xunsuennn comelt nukeas u kobanbTa B DPUCYTCTBHU TPH-
OKCU3THAAMHAA H GONBIIOTO H3GHITKA iIENIOYH HHKCIb BBINANAET B
siie Ni{OH),, a xo6anbT 06pasyer NPOUHOE KOMIMIEKCHOE COefiHe-
nHe ¥ ocractes B pactsope (10741

Pogauuausii METON pasjeienus HWKeNd W KoBaibTa OCHOBAH HA
10V, YTO TETPAPOARHOKOORADTHAT AMMOHKS PACTBOPHETCSA B CMECH AHITH-
10BOTO 3(HPa W aMWIOBOTO CI¥PTA, @ COGTBETCTBYIOLICE COSNHHEHNE
niketd He pacreopsercs [534, 10901

Moxno paspensith mEKENb 1 KOGATLT ¢ ROMOUIBIO GOcPaT-MOHOB
112851 B pactBop, cofepaimsit oMy 97X ABYX MeTamioB, A0GaBASIOT
cnees pactsopos KH,PO, u Na,HPO, (pH 5,5} KoBanbT ocaxaaercs,
HHKeIb OCTAETCS B PACTBOPE

B amunaunom docdaTHOM pacTBOpe HUKEb M KOGATBT 0CAKIAOTEA
B Rige MeNH,PO, B orcyrersne okucantels B H3OHITKC amwuaka
pacTBOpAeTCs: CORAHHEHHE HHKLIS, 2 B NPHCYTCTBHI OKHCIuTels (nep-
cyabdar amMonHs) Kk0BanbT 00pasyeT NPOUHBIE aMMHAKAT aMe Opi
HeGOTLIHOM N3GHITKE aMMHaKa, B TO BPEMSA KAK HHKEIb HE MONKET 6HITh
pactroper B y1uX ycaosusx [11151 Hukeas u ko6aibT MOKHO pa3ie-
JRTL, UCHO Th3Ys Xopotryo pacteopumocts CoCl, H,O B auetoue npr
35 C Coeannennte NiCl,  H,O nouru nepactsopunmo B anetone [1225]

Hitxe 1 MOMKET ObITh OTACIEH OT KOGadAbTa TAKKE NYTeM H3BJICHCHHS
HHKE T aMMHAYDbIM PACTBOPOM \ TOPHIA ANMOHWA H3 Ocaixa Kapfona
To {11171

Muuuanoanavuiscyabpar [720] ucnonbsyercs Takxe zas pasae-
aedis nHKeas u xoGasbta OH OCAXAAET HUKeAb M3 PacTBOpa, €O
aepxaiierc 10% Hutli pactsop caxapa

Co(OH); MOMHO OCanTh B NPUCYTCTBIM AUCTATHOTG GyQepHOro
pacTBOpa, conepKaniero cMech colell HuKenst W koSalibTa, AeHcrBiteM
XT0pHO# 1t 6poMHON BOAM 1877]

Kpome toro, kobatbr MOKeT GbiTh otacacit or kukeas (1251 ¢ nc
nob308anueM 1 HuTpO30-2 HadroAA

2 §OTJEJIEHWE HUKEJA INEKTPOJH3IOM

MeTol 31eKTPOIH3A AR OTACICHHS HHKEs UCIOMB3YETCs PEIKO H,
KaK NPaBHIO, ANS OTASIEHHs €r0 OT OTAGABHBIX 3/emMentos Ecau ne
cobA0aTE CHpeeneHHbIX yC.'LOBHI‘;‘, TO NIPH 3AeKTPOCCAXKIEHUH HIKE I
HA KaTOAC BHIICISOTCR TAKKE MEILb, CBHHCW, WHHK, KallMHil, Cepeépo
MewaT TaKKe B TC 31CMEHTH, KOTOPBIC B YCTOBHAX 2/AEKTPO 133
1MKes o0pa3yioT MaIOopacTBOPHMBIC OCAAKH

l‘la;LL‘)KHOI‘O SJEKTPOTHTHUSCKOTO MeTGla OT1eTeHHsI HHKC1H OT
KOGaIbTa HET XOTH ONHCaHLl HPUMEPH Takore pasienenus 12261
Or XpoMa il 2 HOMHHASA HEKCTh MOXHO OTACIHTL 3JEKTPOAH3OM HIZBC
JEBOKHC X pacTBopoB Ho B OTCYTCTBHMC OKcafaTta B aMMHAuHOM pa
CTBOPC TAKMKC NOIYYAIOTCH HCNTOXHE PC3Y/ibTaThl, NOCKOABKY XT0IhA
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THAPOOKHCER STHX 3EMEHTOB HE MEIBAIOT HACKTPONIY, OAHAKO ATs HAU
6oee HaAEKHOTO OTAeRSHUN PEKOMEHAYETCHA HHKeTb NepescajaTb
1970) Or He6OABILOIO KORRUECTBA MAPTaHila HHKEIb JErKO OTAEMACTCS
SHEKTPONHIOM AMMHAYHOTO PACcTBODA, HIPH BHICOKOM COfEpKani Map
rapila B PacTBOP CACAYET A06ABAATH CEPHOKACABIH PHAPA3HE AJIS TPEOT-
Bpalllenysl OKHCTEHUA Maprasua Ha amoge 120, 122)

YroBhi OTACAUTL HUKEb OT HHMHKA, HEOGXOAMMO BECTH AEKTPONHI
2aMMHAUIIOT0 PacTBOpPa ¢ A06aBiennem Gucynndura Harpus npu 90° C
[763( #an B NPUCYTCTBUH CEPHOKHCIOrO ruipasuxa (12311

BoabmiiucTBO APYTHX OMCMEHTOB OTAGISIOT ICKTPOJHTHURCKUM
OCaXIEHHEM B YCAOBHSX, NPH KOTODBIX HHKENb OCTAeTCS B PACTROpE
Mezb OTACNAETES H3 CCPHOKHCAOIO PACTBOPA WO nPOlKCH KosbTroga i
Cenzena [150], 43 cepHOKHCAOrO PacTBOpa OCAKIAIOTCS TAKKE KajMHil
12791 u wonubnen 1279) Pryts [38] u sucmyt 1148, 604} orgeasor
SMIEKTPOIM30M a30THOKHCAOrO DPACTBOPA, OJIOBO — W3 INaBE/NEBOKHC
#oro [1421 Huxenb MOXKeT ObiTh OTHEAEH ¥ Ha PTYTHOM Katoze 19711

TonpoBuo ycnoBHs BbIIEACHHA HUKEAs OmMcaHbl Ha ¢Tp 81

3 OTHEJIEHUE HUKEJIA 3KCTPAKHMER

DKCTPaKUHOHHbIE METOIb 15l OTHEJeHNS HUKe s Hanbonee yA06ubL,
NIOCKOIBKY OHI HENPOOJKUTEIbHb, OJHHAKOBO APUTORHBI KAK AJS
GOAbWINX, TaK H A7 CIEACBHIX KOAHYECTB HUKCIS W, HAKOHEIl, B 6onb
LIHHCTBE CYdaeB TO3BO/RIOT NPOUIBOIMTL NOC/AERyIOLlee ORNpefencHie
HHKCAS HENOCPECTBENHBIM M3MCPENHeM ONTHYECKON MNOTHOCTH 3K-
cTpakra

Cpeay SKCTPAKUHOHHBIX METOJOB HaHOOAbeE 3HAHEHUE HMECT 2K
CTparnpoBanye HYKeIs B BHIE HOKCHMATOB [IPHMEHSIOTCH TaKKe Me-
TO1bI 3KCTPATHPOBANNS TPYNNOBLIMK peareHTamH (IHMTHIOH, AMITHA
AHTHOKApGAMHHAT), A TAKMKC METONL, OCHOBAHHME HA OSKCTPAKIUHH
OpraluYecKHMH PacTBOPUTEN AMH KOMIJICKCHBIX CORHIIeHU# APYTHX Me
Tana0B, HPHYCM HHKeAb OCTaeTcs B BOUIOH daze [locaeanne meroast
paccMaTpPHBAIOTCH B MOHOFpauAX, MOCBSUICHHBIX APYFHM AeMCITaM

JKCTpaKUMA C NPUMEHEHHEM d-HOKCHMOB

DKCTPaKuUs RHOKCHMATOB HMKEJAS BO3MOXHA 01aroiaps pastuy
1Ol pacTBOPHMOCTH X B BOAHOM dase u B xaopodopme Tak, pacTsopu
MOCTh AMMETHNIMOKCHMATA HUKEAs B BOJE Ouenb Mana M paBHa 9,3

1077 mo wia 15581 Paaitmep u Gpaiizep (670) nawnn ce pasuos 1,05
1079, a Bsukc u Bapuym [441]1 — 2,1 107° moas/n Pactsopumocts
KOMMNIEKCHOTO coejutiennss B xnopodopme papna npumepuo 5 107%
[21, 441, 558, 670, 964, 999, 1206], B aunanne — 1,74 1073 [964],
B nupuanse — 1,65 107% moav/a [964]

PacteopumocTs 1,2 HKIOTENTARIMOHIHOKEHMATA UKL B XIOPO
dopme pasua 5,6 1077 {441, 706, B Gemsome — 1,3 167 moav/:
14411, 177 BOZH 5TH BeAHUHHDLI CPABHHMbI C PACTBOPHMOCTHIO HHMETHA
aHOKCHMaTa Hukedas [441, 522)

57



Kak BHAHO H3 NPUBEECHHBIX AaHHBIX, PACTBOPHMOCTD RHOKCHMATOB
HUKEAs B OPraHHueCKHX PacTBOPUTEIAX XOTA U HeBe;iuKa, HO BCE e
OHa HaMHOTO GOMibIe, yeM B Bode [10STOMY METOA SKCTPAKiMH JUOKCH-
MAaTOB HHKEASl W HCACAB3YCTCH Ansi OTAENCHMS €ro OT JAPYyrux 3sjie-
meHToB [IpHHLEU OTAenReHus OOUME AAsS BCEX « JMOKCHMOB

JIsMeTH TRHOKCHM TIEPBBIM U3 THOKCHMOB BPHMEHANCS [ SKCTPAK-
WHOHHOTO OTAeAenus nukeas (1108, 1201] Sror AKOKCHM waCTo He-
TOAL3YETCA B AHANMTHNECKOH RPaKTHKe LA OTASALHUS H KOHIEHTPH-
POBalHs MablX KOJUYECTB HUKE/is NPH aHAMH3e METa/lIOB, CMLABOB K
conell amiominns ¥ amomockinkatos (9311, xeaesa 11004, 1049),
KobanbTa 1 ero coseil [10021, ypana u ero cnnasos {334, 1206}, uucroro
3JIeKTPONHTHUECKOTO XPpoMa [324), cnnasos Ha ocrose nupkouus 110611,
kaavus [206) 1 MHOPEX ApYPuX Metannos # cunasos (563, 8421 3x-
CTPaKUUs THMETHARMOKCHMATA HUKENA NPHMEHSETCS TAaKXKe NPH aHa-
AU3E HEPXJAOPATHHIX PACTBOPOB NerupoBaHHMX cTafel 1846], conepxa
BHX XPOM, MO;MO/eH, BaHanuit, HHUKeNb, PAacTBOPOB 3MCKTPOMHTHHE
ckux Baun [678al, WHHKOBHIX D€KTDOUTOB JIAS ROAYHEHUS IHHKA
(8641 u zpyrux ofbekton [16, 5591 Omnucansl METOIH KCTPAKLUOH
HOTO BHIZCACHHS HHUKEAS fPH [OMOULM IMMETHALHOKCHMA 3 PYA (429,
8151, menuerx coneit [10011, ranoresnnos menounsix Meraanos 1451
1 H3 PasiMuHBIX GHOMOrHUEcKHX MaTepuaios (404, 6771

3nauenue pH BOZHOrO PacTBOPa, NPH KOTOPOM NPOHCXORHT AONHOE
Bbifigsielide 1 SKCTPAKUHA AHOKCHMATOB IUKEIA, CYHICCTBEHHO 3aBHCHT
OF npUPOIsl AHOKCHMA [lanHbie A5 TPEX HauGOIee PACNPOCTPAHEHHBIX
IHOKCHMOB TpuBeienst 8 taGa 34

Tad1uua 5%

Hnrepean swauennik pH SKCTPakGiK  MUATHEPAMMOBHX
KOAHHCCTB [HONCHMATOR HHKEIs

Twrepars
pa

Pearenr o tou ke

Hurepoas pll |
TRak@m |

T
£ LK 10TeNTaHANDK UTOKCING :
i

5—11,7 1 {7081
7 |
5 i

7
7

[LeTHairokein Ji—10,3 | [363]
2 DvpHTLIOKCIY -8,3 (097}
1 BTaba 34 pH oTuocsTes K MAATHTPAMMO

BbIM KOJAUYECTBAM HUKE 5t O:Lha KO TIpH SKCTParupoBaHnu MHKpOrpaMMO-
BBIX KoauuecTs Hutepsai pH casuracres B Gojiee WeIOUHYIO 06acTh
(raba 35)

lpu anaiise PasAMuEbIX MATEPHA’IOB MPUXOIMTCH YUHTHIBATE MC-
HIZIONlee BANRHEC Pa3inyubiX iemertoB Ofay 13 HEX 006DPA3yioT KOM
NEKCHbIE COCAMHEHHUS C AHOKCHMAMA H YaCTHYHO HAH NOJHOCTHIO SK-
CTPArHpYIOTCH OPraHHYCCKHM pactBOputeseM [Ipyrue, OGHIHO Tpex-
W ueTeipexsatenTHbie WOHL (Al3", Fe3*, In3*, Ga® , Ti', Zr'" u ap ),
00PasyIoT FHIPOOKICH B | CTOBHAX OTIE ICHHS HUKETH U TPensaTcTBY
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TaGnuua 35

Hutepsan snasenwd pH supor
uxenn
Furepsan pil noanod |
Pearcut sxcTpaxuuw ~ 1 axe Ni | Jlureparypa
HweTs nmoKCN 6,0—11,0 I Tcony mosannan pa
Gota asTopon
1, 2-L{HKAIOTCRTAN AHOAIOKCHN 5,4—12,7 | £259]

0T er0 KCTPaKuuy I103ToMy AN MACKHPOBKM TaKHX KaTHOHOB
OOLIYHO MPUMEHTIOTCA BHHHAH M JIMMOHHAS KHCAOTH, pexe — ApyrHe
pearenthi ITif MACKUPYOIHE areuThi 00Pa3ydT TaKKe KOMIIEKCHbIC
COEAMHEHHA H C HHKEIeM, NOSTOMY MHTepBaist 3mayennit pH moanoi
SKCTP2KUKH 0OCHEAHer0 HECKOJbKO COBHTAKTCA B 6Gonee HIEVIOUHY O
06macTh, Fle KOHUEHTpallhsi JHOKCHMAT MOHOB Bbhile FHanpumep,
IMKRAbAUMETHIHOKCUNAT SKCTPArHpyeTC B TapTpatioli  cpese B
uutepsane pH 4,8—12,0, B uutpatsol — 7,2—12,0 {562] B npucyt-
cTBHY KoMiviekcona 11 juoxcHMathi HEKedst He SKCTPAarupyioTes

ABTOpaMH uac'rosmxef{ KHUTY Ha OCHOBAHUH KOHCTAHT yCTOﬁqHBO'
CTH NHOKCHMATOR, TAPTPATOB U LHTPATOB HUKEAs W KOHCTAHT pacnpe
ZeACHUA AMORCHMATOB MEXAY BOAOH M XJ0podopMOM Ohlia pacCuuta-
Ha 0719 RPOSKCTPArHPOBaHHOrO Hukeas a (pH 9)

[NKHD)l 4

2= s

INIZO T et XOIN' (HDYo0p ¢

rae L, — OCTAaTOK OKCiKHEIOTE, m — ee ocnoBuocts, Ni(HD); —
KOMIINEKCHl HHKEAN € JHOKCHMOM

PesynpTatet npeacrasiens B Tabn 36

Tasiv obpasov, u3 0,1 M IUTPaTHOrG PACTBOPa HHKEAb MOMET
GhiTh M3BJEYEH TOJABKO NDH NOMOWM € GensHaiuOKcuMa, a us 0,1 Al
TapTPaTHOTO PAcTBOPa — 0PH TOMONIM BCEX NEPCUHCHEHHLIX AHOKCH
M0B Kpome T0ro, 43 HHTPATHOTG PACTBOPA HHKCIL MOXeET GBiTh 3KCTPa
rupoBan & Bife 1,2 uuk7torexcan u 1,2 UUK/IOTENTAaHMOHAKOKCHME-
TOB, HO Npu Go/ee IU3KOH KOHUEHTPAIHH UNTPAT HOHA

Mpuseseniias suitie TabiaMla COCTABICHA € YYETOM OGBIYHO HCNIOAb-
3yeMuiX KouueHTpauuii guokemmoB (1072 M) 3ro 06cTOATEALCTBO
CUOPaBEIHBO TOBKO 118 TPEX NEPBHIX, XOPOIC PACTBOPHMEIX B BOAE
AHOKCHMOB PaCTBOpHMOCTb He a 6€‘|3HJ,1HOKCVI|\13 B BOAE HACTOJAbKO
Mana, 470 A0S NPOIKCTPArHPOBAHHOIO C er0 NOMOMLIO HUKEIA GAN3KA
K TakoBoOli AdA amvernarauoxcimma OTcioaa caenyer, wTo Hanfonee
HeHHBIM A5 OTACALHHS HIKETH AHOKCHMAMK ABINIOTCH T, KOTOpbIE HE
TOIbKO OBPa3yOT ¢ HHKCAEM BHICOKOYCTOMYHBLIE KOMMMEKCH, LG H
CavH_ XOpomwo PacTBOpHMsI B BOZE

JKeneso, Melb, KOGAILT TAKKE SKCTPATHPYIOTEs B BHie AHOKCHMA-
T0B X10pogopmon Ho TpexsaigeHTHO Ke1€30 HKCTPArdpyeTcs IHIUb
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TaGiwua 3%

ons PO KCTPATHPOBINHOTO HMKEAD B NPHCYTCTRAM
oxchKuCIOT

P reur 8% | 1€
|

2 DypHaoxciy -3 b 13

JLUNCTH A20OKC w3t [—t 2 54

1.2 Wi rorexeananonauoker | =1 38 1 592

12 L orenrananonnokeie | —0,84 | 6,50

2 BeHan LUoKCH : 362 - 10,90

B xucnofi cpeae [14a) OBBIYHO CTO MACKUPYIOT OKCHKHCAOTAMH, OTie-
ISI0T B BHAe (ocdara B cayqae GOABLINX KOAWUECTB AW IKCTPATHPYIOT
HaonponuaosuimM apupom u3 6—8 N HCl [678a) [las skcrpakiwuun
wencsa (1) neobxogumo nprcyTcTBHe mupnnEa 1250)

I“E,Ib MOMHO OTAETUTE OT HHKEAH, IKCTPATHPYSA AHOKCHMATHI H3 aM-
MUAUHBIX PacTBOPoB [842] nau npoMbIBas 3KCTPAKT Pa3GaBACHHBIM Pac-
TBOPOM amMHaKa |842], ruapoKcHaaMuna IR unTpara amvonns [1206]
Tipn GO/bIOM KOTHUCCTBC MCRH €8 MACKHPYIOT THoCybdator [1001 1

[p# RpOMEIBAIHY SKCTPAKTA AMMHAKOM MOMCT PaspyuwidThes H AH-
OKCHMAT HHKEAH, €CNH HOC.‘ICAHHﬁ He OueHb yCTOﬁqMB, Kak, Hanpumep,
¢ QYPHIAHOKCHMAT B 3TOM C/iyuae NPHMEHRIOT OueHb pasGapiennbie
PacTBOpsl aMmuaka [LCHi HOKCUMATHl OYCHb YCTOMUMBEI, KAK, Ha
IIPHMED, TCMTOKCHMAT, TO KOMAMICKCHl MEIH MOMHO paspyiuarb a2axe
uerousio (178, 2391

Orzencnye Hukeas 0T KOBAT6Ta NPCACTABNAAET GORbILHE TPYAHOCTH
Moxuo 1267] npeneSperaTh HeGOABIIMMH KONHYECTBAMH K0BaibTa
{~ no 500 KpaTHBIX KOJHYECTB) NPH SKCTPAKHMH HHKEAs, NOCKOALKY
JAHOKCHMAT KOBalbTa MveeT HeGOAbUIOH KOIMUHMENHT pacnperencnus
MeXAy BOInOH u opraxnueckoh ¢azamu Onnako npw GOJBIHUX COOT-
HOWIEHHAX KOBATbTa H HUKeAR, 0COORHIIO NPH OTISACHUH MAbIX KOMU-
HECTB NOCAGAHETO, HYXHO YIUTHIBATL COBMECTHYIO IKCTPAKHMIO KO-
Gaapta [74] Huasw [1002], nanpasep, HPEATORAA IPH ONpeAeneHun
HHUKEJS B CONAX woGaneta [74) OTZEAATH MOCHeRHHH HUATHMIBIM Me
Toaom Tloure [1049] pekomenjoBan yHansTh KOGAABT IO SKCTPAKIUHH
B Biiie FCKCAHHTPOKOGANTHATA Kaaus, 2 Xanab # HOur 1732] ucnonsso
BATH 2KCTPAKIHO SKbHDOM WY H30AMUJOBBIM CAHWPTOM POAZHUINOTO
KomMOIeKca KoaabTa

BoTbuime KOAHYCCTBA MAPralia NPEHSTCTBYIOT HOAHOM SKCTPAKHHH
HUKCIA, TAK K3K B B{EJOUHBIX PACTBOPAX MapraHei OKHMCANeTCs cam M
oxHcasneT nitkeab [1017] Pexomenayercst OTOMY B IPHCYTCTBUIL MAD
TaR{lA NePel SKCTPAKUMEH HuKeds BBOANTb B PACTBOP COJMHOKHCIBIH
THAPA3KH 1M IHIPOKCHAAMHH
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llanaaauil TakKe o0pasyer OKPalICHHLIC SKCTParHpyeMble AHOKCH
MaThl, HO OHH, B OTAHYHE OT COBRUHEHMH HUKeA, OOPasyioTes H IKCTPA-
THPYIOTC B KuCTHX cpefaX HanpuMep, ¢ QyPHIAMOKCHMAT HEKENs
sKkcTparnpyercst noaHoctsio npd pH 8,0 wau 9,0 B saBucumocTH OT
KOTHHECTB HHKEIA, 4 ¢ QYPHIAMOKCHMAT Naatamus — npu pH 2—3

IKCTPAKUMA € NPHMEHEHNEM INTHIOHA

HHTM30H JA2eT KCTparnpyevpie KOMIVIEKCH! IOYTH CO BCEMM KaTHo
HamH, OOpa3yIOHMMY MalOpacTBOpHMbe Cyabduisi Ho, peryanpys
siayenpe pH BOZHOrO PACTROPA, STOT PEArEHT MOMHO MCNOJIB30BATH
A5 SKCTPAKUMOHHOTO OTAeNEHUs! HHKens 1266, 268}

Houst, pearupyioiine ¢ AMTH3OHOM, HO CHOCOGHOCTH 3KCTPAr¥po
BaThCs B BHAE KMTU30HATOB PACHOJATAIOTCH B CAEAYIOHMH PAI

P4 > Ag > Hg(ll) > Cu(il) > Bi > P > TIHI) > Fe(il) >
> Sa(il) > Co > Ni> 720 > Pb > Mn > Cd

DiieMeHTE OT DNAa'WIafks 1O BHCMYTA SKCTPATHPYIOTCH M3 KHCABIX
pacteopos (0,1 — 0,5 N), BicMyT H3BJIEKaeTes M3 Ouellb CAAGOKUCAON
cpeanl  Hukeab, no launnein Quuwepa 1657, 658], sxcTparupyercs
TOABLKO H3 eabouleniouhol cpeabi PacTsBoOp AMTH3OHATA HUKCAS B YETH
PEXXIOPHCTOM Yriaepoae YCTOHUHB K Kucaotam Kpuseie 3KCTPAKIMK K
peskcTpPaKuuH e copnasaot (puc 4) Msanues [121] pexomeniyer 310

5% ] Otpasofance NinDs),
=
3
i
9§
3
S 8w -
Se Pasasxcenue NiADL), 001,
, ) s L )y
o Z 4 8 8 w12 pr
Puc 4 O n pactaopa

unwean 5 CCla b sasucnmocts oF pH pactsopa

— — — — spevws acTpaXaRaiA 3) cex
xusaruss 30 wnn

Bpemn BeTps

0BCTOATENbCTBO HCHOAB30BATH st OTAGJICHUS AMTH3OHATA HUKEAs OT
AWTHIOHATOB METAIJIOB, MAROYCTOHUHBMX B NPHCYTCTBHH KUCIOT

Cepe6po, pTyTh, MaAAaNuil, 300TO, MEfb, BHCMYT B CTOKPATHBIX
KOJIH4eCTBAX MOXHO OTACRHTb OT HOHOB HHKeJs SKCTPaKuHel pacTso
pou aurusona B CCly npu pH < 4 HapsieueHue 3THX HOHOB mpex
IUECTBYET SKCTPAKUMH  HHKEMR Mame JRecATHKpaTHEE KOMHYECTBa
In'* He u3BMeKaTCH ¢ HEKeMeM npu pH 8
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1uuk, Kaamull, CBHHEU H TAAAHN DKCTPATHPYIOTCH AHNTH3OHOM BME-
€Te ¢ HUKENEM, HO TIPH BCTDAXMBAHHY OGLENUHEHHBIX IKCTPAKTOR € BOA-
HbIM PacTBOpOM aueratHoro Gydepa, umerowunm pH < 4, B dase uersr
PeXXJIOPUCTOrO yr/icpoaa OCTacTes OfHH HEKenb JHTH3OH pearnpyer
¢ KoGanbTOM COBEPUIEHHO TaK e, KaK U C HHKeJeM, IO3TOMY OTACANTH
HUKe1: OT KOGaAbTa NHTH3OHOM HEBO3MOXHO

TIpH otaesiennM HUKEAS IUTH3OHOM OT APYTHX SMEMEHTOB TpHME
HSCTCA TaKKe CeACKTHBHAA IKCTPAKUHs H3 PacTBOPOB, COZCPKAINMX
MacKupyiouise arcutsl THOCYAb(AT 1ATPHS, HANPHMED, MACKUpyeT
cepe6po, PTyTh, Meab, BRCMYT, iaatuny, Taanuil (I11), ceunen 16681
Or o10Ba # 1HuKA HHKEIb MOXCT BHTh OTAGACH SKCTpakuued RHTH30
HOM H3 PACTBOPOB, COAEPIKALLMX HHANUIN HHKEAL OCTACTCA B BOZHOM
dase Kowkpernsie Janniie 110 Pa3eTeHUI0 METa1I0B, B TOM yHCAE M
HHKeds, colepkalcs B 0630pe Minucseroro (9621

IKCTPaKIKS ¢ NIPHMEHEHHEV
RustunuTHoKapbavmuata (AATK)

DT0T peareHt IMeeT HEKOTOpPBIE MPCHMYIIECTBA fePeil ANTHIOHOM
AAH SKCTPAKLMOHHOTO OTHGMIEHHUsST HIUKeNs

CHcreMaTHyecKoe HayyeHue 3KCTPAKUUKH MOHOB METAAIOB TIPH TG-
womn JATK, a TaxKe BAMSHUS Ha 3TOT NPOUECC MACKHDYIOUHMX BE
weers Boinoaseno Boae [482] n Munuesckum ¢ corp (9581 OATK,
KaK H OWTH30H, SKCTPAarupyer GOABIOE UMCJIC HOHOB METAaAjOB, HO
HPH PA3NMYHON KHCHOTHOCTH BORHOre pactsopa Opuu aBTopHl yKa
3plBAIOT, 41O coenuuncnue nukeas ¢ JATK skerparupyercs npu pH
4,6 {1286, apyrne — npu pH O [340) B wucasix pacteopax (4—3 N
no .80, u 2N no HCI) sxcrpakuud e saGmogaercs 1908, 11961

Onyicanne NOINOTO PA3NCACHHA CMECH 3/IEMEHTOB METOJAMH SKCT-
paxiliy, B TOM glicAe OTAeAeHHeM HUKena sKeTpakuyed ¢ JULTK, npuso-
st Tosar 112281 u apyrue asroper {7591 [lus paspencnus HHKENA, KO-
6anuTa, CBHHIA, KBAMHS, WAHKA, Mapradla ¥ ypaua HUCHOAb3YeTCs
skeTpakuus ¢ npuvenennes AJATK npr pH 5 Ypau pesxcrparupyercs
1—2 N yxeycnoli kucaoroit 1lusK, Maprawen ¥ xaaMmui pesxcTpary-
pytores 2 N HCl 1, naroHell, HHKENDb OTAENSCTCH OT CBHHIA PEIKCTPAK-
upeit 3% nem pacrsopom KCN  KofaasT 1 HUKENb JETKO pasfens
10TCH, eC/iH SKCTPAKIs BEACTCS K3 AMMMAUHOTO PACTBOPE, T1¢ KOGANLT
(1) oxucasiercs B kofaast (111} nepexuchio Boropona 19761

Tiisi ovAenenus UAKEAs B ONpeleAeHHbiX YCAOBHAX MOFYT GbiTh HC
HO/Tb30BAHBI H TAKHE PEArenThl, KAK 8 OKCHXHHOMHUH, HHTPO3OHADTON H
MHOTHE IPYTHE, paccMaTpuBaembic B MoHorpaduu Moppucona i ®pait-
3epa

Criefyer eme ynoMsnyTh MeTORb! Pasjfienenis KoGanbTa Il HUKeds ¢
HCROAB30BAHHEM SKCTPAKiHH HX PORGHMANMPHAMHOBLIX [678). poaa-
sigaMmuauneix (7211, pomaumakapGosonus 2(2-renTageiits 2 UMHA-
a3onuH) sThaamuarbix [312) komnaekcos
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4 XPOMATOTPA®UUECKAE METONB! OTAEJIEHUA HUKENSD

Wonoobmennas xpomatorpadun

B pacTBOpax C BLICOKOH KOHHEHTPAUMEH CORFHON KUCIOTH MHOTHE
KaTHOHB OGPA3yiOT aITHOHHBIE KOMIIEKCH, KOTODbIe aACOPOHPYIOTCA
AHUOHUTOM, B 7O BDeM# KaK HHKEIb B YKa3aHHLIX YCIOBHAX HOYTH i€
JaeT AHAOHHBIX KOMILICKCOB H OKasBIBACTCH B QIALTpaTe

TIpu xpomavorpaguposa
HHH XJODOKOMAAEKCH Dasie- vt A -
AfEMbIX MCTANAOB COPOUPY AR e o
07CSi QHHOHUTOM # 3aTeM HO
CHIEAOBATENLHO BLIMBIBAKOTCS
pazfanaernoi coasnok Kuc-
aotok  HauBonee nerxo sbl-
MEIBAETCSl HHKeAb (npakti
yeck e copoup yeres) Kpu
Bbie Pa3ReJIeHHs NePeXOAHBIX
METAMJI0B Ha CmoAe Jayske 1 {
npHuBesenn Ha pue 5 | \

Tipa xpowmarorpaduuec- \

o

El
T

HORUERNMPAKUR HEMEANE

KOM OTAEJelHH HUKeAs 1H
POKO  HCROALIYETCH  PAA r 7 I3
MaCKHPYIOIHX ~ PEareHTos Thsen wL
{vavuepuy, THoCyAbdaT, aM

MHaK, IHAHUL, POAAHHN, €34  pyc 5 Paiteiense NepexodiuiX METal 108

JUUAJIORAS KHCA0TA, THOMO~ wa cmone dayske |
uesHHa, xominekcon 1M1 u
ap)

[Ipengoxen MeTOL OTAEAEUMS NHUKe1s OT APYTHX KATHOHOB Ha Ka-
Tuounte KY 2 npn temneparype 170° C [lal B stux ycrosusx, xak
YTBEPKAAGT 2BTOPb, (PONT alcopbuMM BLIPasKken pesue, deM HPH
KGMHATHOH Temneparype

MHOrAa HUKeJAb OTHETSIOT METOAOM PacipeieNMTeNbHON XpoMaTo
rpagpun [lpu pasfenesnH HHKeAs ¥ Maprauua Lia alMOHINITE B Kaue
CTBE HEBORHBIX PacTBOpHTedell NPUMEHAIOT 2UETOH U W3OTPONKAOBHIH
cnupr {1277

]“ETOH OTHEACHNUS HHKCAA ¢ IIOMOULBIO HOHOOOMENTION Xpomarol pa~
¢uu cucrematnsupoban B T1aba 37

Ocagounast ¥ aacopOUKOHHAsS XpomaTorpadun

Jas xpomatorpaduyecKOrO OTACNEHHS HHKENs HCAOAB3YIOT KO
JIOHKH, HanGnHeHlble CeAeKTUBHbIMH COPGEHTBMH € KOTOPBIMH HHKEb
# Ipyrue KaTHOmbl OGPA3YIOT MANOPACTBOPHMBIE KOMNNEKCHLE COeRH
HEHUs DA3NUUHON NDOUHOCTH WA OCANKH DA3AUYHOM PACTBOPUMOCTH
Kak npasu/io, KpoMe peareHTa OCAJHTENs, B KOJNOHKY NOMEINAIOT JHG0
HHEPTHLIH HOCHTeaAb, JAMGO BEUIECTBO, COPEUPYIOHiee MNOJYYalCUIHecs
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Tabanna 37

OTReqeHUe HuKels MUTOROM HOHOOGMEHtioH XpoMaTorpadui

I B vl IR 3
TlepuyTHT Ni, Co 1M Co {NOg)z, H:0 681
1M Ni(NOg)e
Jaysxe 2 \i Co Pacvsop asopr | 9N [ICT 1473)
i Acs 8 9N HCH
Anicp it Ni Co Pacraop xzopy | SN HCL 1968]
IRA WG #os 8 9N HCL
To we Ni, Co Pactnop xiopi-| 1,5M HCl [1202]
A0B MeTa1ion| -l 759 nidt ane
101
AG S0W X8 Ni Fe (1iI), P 3 3 |Pacteop wurpa { 1,5N HNOs, 05 N|[1197,
TOB  MeTa 108 HCH 1198]
CBC, B2 [N\: Cu Pactrop xaops | Il{eaounedi pactsop| [173]
aon metanaos|  raumepuna
Bogarur Ni, Fe (111) - Iiuanugusii, posa | (7]
s H popue RugHBI HW 03
annHIaTAb
pactsop
AvGep T Ni, Ag Pacteop HiTpa | 29 mei NaNO, | [468]
iR-120 T0B MCTALIOB
To xe Ni, U vh To we Pacteop BATA (836]
s Ni Co, Cu Pacteop xaopu | 0,054 NaS.0y + | j821]
108 metazmos| - CHiCOOfL
KY 2 Ni Se(Te) Pactsop awmit | Awwaussiit pac | [302]
axatos Meras-|  TeOp
08
Jlayske 1+ Ni, Co, Fe (111}  |Pactsop posamut | 0.04M KSCN (1235}
8%  numung OB MCTAlifoB
Gensoaa
Tayske 1 CO Fe (11), |Pacteop xaopw-| HCI pasimumok | (866,
, Mn BOB METaN0B |  KoumesTpammd | 979]
(M puc 5)
Jaysxe 30 Co, Fe(lll), |Pactsop xaop | HCl--uesa 1535]
z . Mn, Bi, Cd| aos wmeraiios| s npomperon
(en puc 6)
Jayske 50W + Mn, Fe(1I—I11),iTo xe 0,1—-12N HCl [929)
F 2169 nn , Cd, 7n,
susuabensona | He(ll)
Raysie 1X 8 | Ni, Ma, Fe(IiwllI}| » » 0,1—12¥ HCL [270§
Cu, Cd, Zn
KY 2 wan Aw- |Ni, Co, Mn, Zn, {» » 0,1—12¥ HCl [276]
Gepaur AB 17]  Fe (111)




TaGanna 37 foxonvanue)

| b
o Basme e 3eve ‘ Spoerpagnps- S A
i |
Javske 50W \8‘ Ni, Al PacTrop x70pu 1 3M HCl \[9523]
OB MeTanios |
,ﬂa\akc S0W X8!Ni, Thexsaenmiic | Pactaop mutpa- | 1,58 HNOs 1639]
gopye | xamho | 708 wetaaon
ﬂaxakc S0W X8| To e 1 To e - [687)
opye i | i
aennawo i
usis ! H ;
Ky 1 Ni, Cu. Zn. Co, | Pactsop cyw | Pacteop Tuomoue | {57}
Fe (111} Cd | garos werat B
‘ ‘ "o8
Kd F 300 I8i, 1 { @ocars i 3,5M 1INO, 17331
|

ocankid B KauecTse TAKHX COPOGEHTOB MPHMEHRIOT ZHMETHAZHOKCHM,
8 oxcuxunoOAHY PRA €erc roMOJICIroB

B xauectse 3Ti0aHTOB MOTYT GbITL HCHOAB3OBAHBL OCAMTENH (pac
TBOPb  RUSTUARMTHC Ta, Py6eaHOBOAOP B KHCIOTHI)

MeTomnl OTHeReHUS HMKEAR CHIOCOGOM OCAAOHHOR anCcOPOLUOHHOH
xpomarorpaduy mpeicTasnenst B Taba

KoROlKH, Hano/HeHHbEe CHARKAreTeM, NPHMEHRIOT Al OTAeHelHs
Hukenn ot ypana [27], menesa u weau [28], xkenesa u amomunns [8531

Ueanionosa, 06paboTanuas TPH H OKTAIAMUNOM, NPEATOKEHA
nas pasfesenus cmecy xexesa (I1I), kofaiwta u nuxesns [542), a
OKHMCAEHHAR WeANoJ03a — ATA pasfenienda uuwens M xetesa (III)
{118 DatoeHTOM €AyXUT COAHAT KHCHOTA

OpirysHaabBslil METO XPOMATOTPapUl PACTNABIEHHBIX COMCH MHRE
PanbHEIX KUCJIOT HUKeNs, Mexu (I}, xpoma (I11), xoBansra u Mapranua
Ha KOJOHKC, HanOMIeHHON CTeK TAHHbIM HACGPOWKOM, peKOMeHﬂyeT Be-
napoe [454]

Otpenenne nykean xpomatorpaduen na Gymare

Qaya [671, 672 ncno1b3osan A4s pasieseHusl KaTHOHOB NEPEXO]
HbIX MCTAJ0B (BKNIOUAs HHKeb) KAPTOH, UPONHTAHHBIE UECNHUTON,
OKHCHI) 2'MOMHHUSA BN aTIOMANATOM HaTpus EMY YAaa0Ch pasieniTb
< 1 mke HUKeAsT, Me1H M KaaMusf KaK npaBUaIO, DIPH paszjedeHun
cvecelt ePeXOAHIIX METa KIOB B KAUeCTBe PAcTBOPHTEASH NDPHMEHAANCH
CMECH KeTOHOB (UM CRMPTOB), BOALI H KOHUEHTPHPOBAHHOR COASHON
KHCAOTH! Ilﬂﬂ paszienenus HHKead, KOGaﬂbTa, Mapraiug, LHHKa #
N(O'[Hé,leﬂa TPUTOTHE THilib CMECH HH3KOMOACK YA PHBIX KETCHOB € COMA-
HOl KHCIO0TOH © BOROH (puc 6, [414

Ocofoe BuMManHe YICTACTCA METOAy XpoMatorpaduu Ha Gymare,
[PONHTAHHON OPranluecKHMUd DeareHTaMH — ocajuTtedsmu  DBywmara,

5 Awawmonieckan XsMnst miKe T 65
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TaGanua 39

Oracackne Hukens METOROM XpoMatorpadki ha Gymare

PatieasieNsie SICNEHTS 19K

n

Inre-
parypa

Ni, U {V1) (sirparar)

Ni, Ma, Co, Cu
(x70pUALY
To e

Fe (Ii1)

Cd,
n

Al G
n, Co,

Fe (1D,

N, Fe (1) Zn, Co, Cu.
Mo

Ni, Fe(iil), Co, Mn,
Ni, Cu, Co, Ma, U (VD)
VV)

Ni, Fe (D), Ti, AL U {V),
Co, Cur (xa0pazei)

Ni, Co

Ni, Co, Fe (11T} {x0pu:n)

Ni, Co, Fe(ll,

i 1,
Hg (11)

Cd,

Ni, Co, As(111),Cu, Fe(ili),
Mn, Mg, Hg({(ll), Pb

100 ws_ sTwaosoro sdu
pa -3 ma HNOg

(YR B 1,42)

Mern s mpomn Teron —
aipron -+ HC (kony )
Aueron - kony 1IC] —
METHTH  npOMKTKETOH
(30 8 42)

Hayxvepran xpovatorpa
$un, nepsoe manpaste
HUE .
KOHI,
BTOpOE nadpaBiente
mapnH - HhO (60 4

0

PyGeanoBoiopoauas
KHCHOTA
To me

TMuprann

> pomatorpa

§us lepeoe Hanpasie
HUe KOJIAOHHN —

04N HNOg(1 1), 810
poe HaupaBlcHHe aue

TO0H -1- 129 nast HCl
(88 12)

lnoxcan 4 antsmapun
(O]

Te’rparu;{p(v:pypau
kony HCL (30 15)

1) Byranoa_(wan_aviao
Bl entpt) *- Ben
MYPaBLHEAA KHCTOTA -
HC1

2) flwoKkcan - 37210
(veranoa)

Aueton <= Ho0) - gonyg
HCI (coxepxanie nepe
MewHOe)

Aneron - H.0 4
HCI(87 5 &)

Jleyxvepnas xpowarorpa-
i, nepsoe mampasie
Hue Gyranoa - 1N HCI,
BTOPOE  HATPAB leHile
aupton + Hy0 - kouI
HCL (87 5 8)

Byrasion -- H,0 - 1IC)
(57 27,3 153) nam

MeTi 1agetor + HCL

92 8)

{

KOHL

KicAoTa

AuTnnapun

Busera 1100ke um

Na,S uan (NHo)S
Na,S

Jinstnasurrokap-
Gavar

{521

1414}
[896]

{100}

1128

{4046)
(742)
1883]

(882]

{101
(101}

{4031}
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TaG1una 39 (oxonuanue)

0
PasgensesHe MENenTH |
anw pactaopuens |

Tipospwre 1t

Jiute-
patypa

Ni, Co, Cu MeThauCTOR + KOHI
HCI-- HiO (15 3 2)

Ni, Cu, Co, Fe(I1l), U (IV); Haonponaoa -+ 209 wan
FRG

Ni, Co, Fe(Iil) Vocaegopateastio or 12N
HCL 1 use 10 10,
NLU (IV) 3w -+ Terparnapodypa

Ni, Fe (111), Cu (x0pi3s)] X10pcdopy 4 aueton
N i, g, Mo, 04405 en HF
Cu, Zn (Gropiam)
Cu, Nl, Te, Co (oxcata | 30% wuh sranoa
i)

PyGeanososopoanan
KHCIOTa

PaanoakTusnbic
u30TOAE!

HpveTaaIHoKCM

Ni, Cu, Te (usrparsi)  ; To xe To e
Ni, Mn, Fe(ill), Cu, Co | Tpnymmagocdar - HCL -
| (9=10m)
Ni, Fe(ili), Cu, Mn, Co { Ben ~+ Gyrasoa | T'
! H.iS0;
Ni, Co, Cu (auersrauero | Inkaorcxcati 1 AHOK IlamernignoKeh
waTer) Can + vetanoa W pyGearoBozo-|
@ 10 6) pogHan KicoTa
Ni, Fe(ili), Cu, Ma Bensoa ¢ veranon TLieT TAHOKCHN

(2 Teson rpndropanero | CHyCOOH ((8 S 2)
Rate)

Ni, Fe(il1), Cu, Co, Mni ITerponeitusiii spup +

(614]
11018]
{3951
{1284]
1467)
1893}
e

[1461)
14264,
12657
£1047]

(457)
1455

1456

(% tenonanep@ropody veranoa
THpHAMETaaTH U 2
PoRMTICPHTOPISYTIPI 1
veranaTh)

Ni, Mn, Co {amvuakater) | NH;Cl + NIL,OI

Ni, Zn, ¥n, Co. Cd, Cu | Tapiauss naw  stsaenau-
asin ¢ 1 M NHsNOs
Ni, Zn, Co, Ma (itrparer), 04N KCN {pil~ 6)c 5%
| o oGrexy Gpomoi
' somm
Ni, Cu, Co (poanuas} | [ISCN
Ni, Co, Cu (popanmas) | Byranos -i- nuprawn +
| NILOH 80 %0 10}
Ni, Co {x0piu) | -tz HC1

KHeaoTa

B npucyTcisig s¥a
nosa Ni ¢ Co ze
5ETCA peste

8 Oxcuxnuoann

11066]
(826]

1919)

18341
112431

1995}




TIPOTIHTAHHAS KOEBOH KHUCIOTON, UCIIONB3YETCS ATA OTAEIEHHS HUKes
or mexs  xenmesa (IIT) [1299), nponuranuan x70pauulioBoil KHCAO
TOH — AJS paajeNienus BuKens, xeiesa (111}, kofanbra, Menw, HUHKa,
cepebpa, kanmis, pryt# (I1) u cenuua [449] Ha 6ymare, nponuransoi
py0eaHOBOROPORHOH KHCAOTON, PAa3AeIsioTcs Melis, HHKENb, KOGAbT
1959, 988, 990), NPONKUTAHHOK AUTHIOHOM — HHKENb, KANMHH, CBHHEN,
BHCMYT, JKeJIe30, cepeGpo, PTYTh, GIOBO K uACTHUHO KobalisT (960, 961
Tpumenenue Gymars, NPONHTARNOK 8 OKCHXHHOAWHOM, AAA OTAE/e-
HHUsi HuKeNs omucano Puscom [1078) u Jlackoscxknm [887] [las stofi
JKe HEenH CAYXHT OyMmara, NpOIHTAHHAS AMMETHIAHOKCHMOM 1413}
B otcyTcTBHe OKUCTUTONS HUKEAD TIOUTH HE MUFDHPYET B OTIHUHE OF
APYTHX 37EMEHTOB, B NPHCYTCTBHH e OKHCAMTENS (Hanpumep, GpoM-
HOH BOJBI), HANPOTHB, HUKENb NPOABUFACTCS GLICTPEE OCTANBHEIX KATHO-
HOB

Aeman 2% 108 WUy Kemon +I15% 8K |Aemons | K
I il 1347, M: [CTe}

td I
In Kuca gpowr |

/ 1
i 1
i le /L“ !
, ,
b4 0w %7
Jbsew amgzuma, mp

I
i
|
i
I/

=

Hosyenmpnyus
wemanna

Pic 6 KpuBue snoHPORZHMA XIOPHAOB PAAA METARAOB
Kamaoro weransa 0,5 xe cKopouTh smoNposaniin @ 16 4 Mt

TIpennorKensl METONE OTHENEHHS HHKENs SMEKTPOXpOmarorpaduedt
Ha Gymare [1139] B npucyTersuu oxcurucnor [412, 4351, 2,2 Gunapu-
muna, 1,10 denantponuna [471), pyGeanososoponnolt kucnote [9881,
Tpudocdaros 11145]

Tlpennomxen 11222] MetoR pasienexiis niKens, Kobaabra K Kenesa
(I1Y) na Gymare, IPONUTAHHON TPU H OKTHIAMHHOM, KOTOPHIfl BRINOJ-
HSeT PONb AHHOHHTA

Haxarasa 19911 omaenna nukenb ot xenesa (III), xobansta
HHKa SKCTPAKIkeH PacTBODOM B KEPOCHHE AOACHHUHMI{TPHATKHIME-
THA) aMuna {(amMGepsuT A 1) B3 BORHOrO CONAHOKWCIONO PacTsoOpa STHX
coneit Hurens ocraercsi B BOAHOH dase, a KOGaNbT, XeJe30 H GHHK
AEPEXOANT B OPIaHHYCEKYIO

VeAOBHS OTAEReHUS HUKEAs XPOMATOrpadueil Ha Gymare NpeACTas-
JieHsl B Tagn



I iagsa 1V

TPABUMETPHYECKHE METOAbI
ONPEAEJNEHNA HUKEJISA

1 OPFAHWHECKHE PEATEHTHI
A5l TPABUMETPHUECKOTO ONPEREREHHA HHUKENA

a-JlHOKCHMBL

BOABUHHCTBO rPABUMETPHUECKHX METOAOB ONDENE/CHHS HUKENA OC-
HOBAHO Ha €ro CIOCOGHOCTH O6Pa30BBIBATS COSNMHENHS ¢ G-THOKCHMAaMU
Kax yie oTMeuanoch {em cTp ]5) UyraeBbiM UCC/EAOBAH DAL COGRH~
HeHni o- B © HX COCTaB # NOKA3aHO, YTO B
(lmpene.nexnux YCOBUSAX 3TH COENUHEHNS BEICATTIOTCS KOMHUECTBEHHG
3541

Jlo MocnenHero BpeMeHy NAs BbLACACHHS HHKENs NPHMEHANH FA2B-
HBIM 06Pa30M AHMETHILIHOKCHM H B MCHbilief CTemtenH o GeH3HITUOKCHM
Uyraep 0TMEYaeT MEHBILYIO PACTBOPHMOCTb COSAHHERHS HUKEIsA ¢ THOK-
cHMaM# 10 cpaBuennio ¢ auokcumaramn Cu, Co, Fe, a Ttakke
TEMOepaTyPHYIO YCTOHUHBOCTD JHMETHARMOKCHMATA HHKEIH.

Pearuust 06PascBaniisi AHOKCHMATOR OGpaTHMa

Me™ - 2HD 2 Me (HD), - 2H*

UyraeB PeXOMEHJOBAN METOA KOJHYECTBEHHOTO ONpENieNieHHs Hi-
KeAf B OPHCYTCTBHH GONBLIBX KOAMYecTB KoGanbta Kobamer (II)
AEPEBOART GOMBIINM U3GHITKOM aMMiaKa OPH AOCTYne KUCJIOPOkA BO3-
JAyXa B aMMHUayHOe KOMIVIEKCHOE coefnHenue Kofamvra (II1I), ko
TOPOE HE MeHIaeT BHIAC/CHHIO HNHOKCHMATA HMKENsl STAHOIbHbLIM pPact-
BOPOM nuMeTHAANOKCHMA OCafoK PEKOMEHYeTCs: POMbIBATL BOJOH H
cywute npy 110—120° C

Pesynbratst padorsl Uyraesa no u3yyeHHI0 KOMAJEKCHBIX COCRBHE-
HE# 0 RHOKCHMATOB {363, B KOTOPHIX OH NOKA3aJl Pa3iuyue B CBOKCTBAX
muoxcumatos Ni, Co, Fe, Cu, Pd, B faibHeilueM HCNOAb30BaHL PA-
JIOM 2BTOPOB AflA Pasp KH METOAOB O HHKENiA B NPUCYT-
crBUE oTUX snementoB Omuako BpyHk {507, 508 ovmeuaer sanukenne
Pe3yAbTATOB /IS HUKEAS, €CAH B PACTBODE CONEPHHMTCA KOGalNbT B
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GOABIIMX KONMYECTBAX, H NPEAIAraeT B TAKUX Chydawx ONPeAeisiTh
HHKeNMb MPH YCJOBHH, €CIH KOHUEHTPAiks Kobanbta He OYAeT NpeBbl-
wiatk 0,1 & na 100 ma pacTsopa

BpyHK, CONOCTaBNAs METOAS PasieNeHus HUKeA U KoGanbTa, CuH-
Taer, 470 G0Nee TOulIble Pe3yABTATHL IO YUAOTCS HPH OTACTICHHH HUKEs
OT KOBR/IbTa AUMETHARHOICHMOM 110 CPABHEHHMIO C HUTPHTHBIM CIOCOBOM
KoBanbT ¢ ABUMETUIIIMOKCHMOM 06Pa3yeT OCaioK 3e/IeHOr0 LBeTa TOJbKO
fIPH ANHTEALHOM CTOSHHH [IpH OCaXAeHHY HUKES B NPUCYTCTBHE KO
Ganbra Gonbitiofi M3GHITOK aMMiaka B PACTBOPE JHLib HE3LAUHTENbHO
TIOBKILIAET PACTBOPHMOCTh JHMETHJIHOKCHMATA Hukens [509, 5111
J{ns noOBululeHHS TOWHOCTH De3yJbTaToB NePeR OTACNEHHEM OCalKa
PeKOMEHIYeTCs OCTaBUTb CTOATH PACTBOP € OCAAKOM 1 uac

B chydae onpellelenis MajiblX KOAUYECTB HHKEJIS B COAsX KOGaNbTa
PE3YNILTATH NONYYAI0TCS 3aHHKEHHbIC, ¥ IOITOMY PEKOMEHAYETCS Mute
PAnBHYIO KHCAOTY BHBOAWTD H3 PACTBOPa ZEHCTBHEM ALETATA HATPUS
Vi3 3a PacTBOPSIOMIETO nelicTBHSA 3TaHON2 OFbeM PacTBOpa pearenta He
Jomxed ObiTh GOMbie TOIOBHHA O6LIEr0 o6beMa pacTsopa, H3 KOTOPOTo
BBUIEASIOT HuKeds [508,

H66otcon 17771 cuniraer wenoeTarkoM MetoAa BpyHKa CnocoSHOCTh
AHMETHJLIHOKCHMATA HUKEIA NEPEXOAHTh B KOMAOBAHOE COCTOSIHUE NPH
nPOMbiBaHUH ropauel BoaoH [Is NPeJOTBPAUIEHHS ITOrC ABJEHHA OH
PEKOMEHAYET K TPOMbIBHON KHEKOCTH ROGABAATL HHTPAT AMMOHHS,
OCagOK RUMETHJ. MATA HHKEIH, Hep i Ha 6y 1
GUABTD, OKUraTh M B3BEWINBATH B (JOPME OKHUCH HUKeNs

Boii1e [489] pexomeniyer B3BellMBATL 0CAZOK NMMETHIAHOKCHMATA
HIlKeAs

Jliek 15991 apeanaraer apoMsizath OTQUALTPOBAHHOE YePe3 THISHD
Tyua coenmueHue AMMETHAIHOKCUMATA HHKeAs 95%-HBIM STAHOJOM,
S(HPOM, BLICYLIHBATH B BAKyyMe H B3BEHBATHL AHOKCHMAT [1pH ompe
ResesnH GOMBHIMX KOJTHYECTS HUKEAS OCAJOK OTAGNSIOT Ha GYMaMHOM
QUIBTPE, 32BEDTHIBAIOT BO BAAXHLIM QUALTP H IIPOKANHBAIOT, BecOBOH
$opmoi asisercs oxicy Hitkets NiO {58, 95, 1821 Boromotos 4851
OTMeYaeT NOJydeHue 3aBbHUCHHBIX DE3YABTATOB TPH O30JCHHH RHME:
THIZMOKCHMATA HHKeIs # npoxatusanuu ao NiO Barenman [12601
TPe/araeT PACTBOPSTH AUOKCHMAT HHKENIS B Pa3GaBIeHHON KHCIOTE U
ONpeiennTh HHKEMb 3AEKTPOAu30oM no Puuiepy 13261 Bouio oTmeueno,
4TO OCJI0K AHMETHIRHOKCHMATA HHKE/IA 3aMETHO DAacTBOPHM B ropayelt
Boze [1005], nNOSTOMY NMPOMBIBATL €rO CIEAYET XONOALOH BOZOH M BhI-
cywwBate npy 110—-120°C

HauGoiee 4acTo HHKEIb B3BEUIMBAIOT B JOPME AUMETH/IMOKCHMATA
1452al

[pu Onpejereruy HEKeNs B NPUCYTCTBHH Kene3a DPYHK pexomex
JyeT nocaejHee MacKypOBath BHHIO{ MAH AHMOHHOR KHCAOTaMM HIH
BOCCTAHAB/IMBATE CEPHHCTOH KHCIOTOM, THOCY/AB(ATOM, THAPASHHOM,
THAPOKCHAAMUNOM, OucyabdutoM Hatpusi [1262] B nepsoM caydae
{1055, 10941 ocagok AHMETHIZHC MaTa HHKeSl 3arp a9 Ke-
JEe30M
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[Mpr OnpPeReMCHHH MATbiX KOAHYCCTE UK AHMETHIAHOKCHMOM Me
Tozom UyraeBa — BpyHKa De3yabTaTHl 704} uaioTes HeTOuHbiME 18581,
Tak KaK OCafOK AMMETH/IHOKCHMATa HHKE ISl COIEPHUT KoGathT B stom
crydae caenyer (8581 nepeBects# coTH hOOaTHTA H HUMKENH B UMAHNI
HbiE€ KOMIJIEKCHBIE COETUHEHMS MW 33TeM BbIILTHTb HHKEAb, L{eﬁCTBy'ﬂ
6pomMioit BOAOH HA 1WEIOYHOHA PACTBOP LHANMIOB STHX HIEMEHTOB, B B e
rugpookrcu Ni (OH),, npy s1ov KobaabT ocractes B pactBope Briae
JIeHHYIO THAPOOKHCH Hukear {IIT) pacTBOPAIOT B MHHEPaABHOH KACIOTE
NpH HArPeBalyH, OCAKAZIOT HUKENb AMMETHIIHOKCHMOM H B3BEUIHBAIOT
Ni(HD),

Merton Muanbtona v Muaaepa [954], xak 1 npeasiaymiui, ocHoBau
Ha pa3nuyHOH yCTOHUMBOCTH IMaHNACB K0GaabTa U Hukeas K pactsopy
UHAHHAOR KOBanRbTa H HHKeas ;[OﬁaBﬂﬂ]OT OCTOPOXNO, NO KanasaMm,
1% wunift pactBop mutpara cepefpa AA% Pa3PYWeHHA UHAHHIHOTO
KOMIJIEKCHOTO COCAHHCHHA HHUKEAA, NOCTe 3TOr0 HUKeTb BbLIGAAKT
AUMETHAAHCKCHVIOM

Tpexaraerct 06paboTaTh LHaHKIM KOGATbTa M HUKeAS PacTeO-

oM HUTpaTa cepelpa, ocaxias Ko0aabT B BiJe MaiOPacTBOPHMOTG
Ag; [Co (CN),) [110%a) M3 duabTpata BbIIeASUOT HEKEAh JUMETHI-
AHOKCHMOM

CoBMeCTHOE MPHCYTCTBHE ¥Keae3a H hoOadbTa 3aTPYAHSCT Onpele
seune nukens [4511 B stom caydae ofpasyercs coeqdiense, COAPKa
tee Kene30, KobalbT, IUMETHIAHOKCHM, OHO OCAXjaeres BMecTe C
RHMETHJIHOKCHMATOM HEKenst Bufbaenfypr [1262] npusozur ¢op-
myay FeCoCipHiN,Op Tlosaiee 6m110 noaTsepiaeHo oGpasoBaHie
coeunesHs 6auskoro cocrasa (2431, coeaunenue jgerxo pasnaraercs,
BBIASASA MPOAYKTH THAPOIH3A, YTC TOBOPHT O €ro Majofl APOYHOCTH

Tpenniones MeTOX OHPCACIEHHS HHKEIS B NPHCYTCTBUH KODAAbTa
H xeMle3a Ge3 uenosb3oBanus wianuia hatns [243] das npeporspawuc
HUS BbIleNSH s 0CA KA AWVMETHIIHOKCHMATE XKeae3a ¥ Ko(anbTa Keae3o
TIPEABApHTeILHO HAH BRACAAIOT THADOIH3O0M B BHIEe OKCHALCTATA, Wil
ROCCTaHABAHBAIOT A0 Xeie3a (11), a B nadbHeiilien 0CaXRAIOT HUKCAD B
APHCYTCTBAN KOGBJIET&, ﬂpﬁsaBﬂﬂﬁ H36bITOR €) XOTO JHMEeTH/AAHORCHMa
M aMMHaK KO UieJIOuION peaKiluk Ha JdakMyc KoGafbT iipH 3TOM nepe-
XOAUT B CPaBHHTEIbHO XOPOWO pacTBOpHMOe cocanuenie 1Co (NH,)

(HD},ICI, pacrsopumocts ero 1,25, 1,69 u 2,49% npu 10, 20 1 30°C
COOTBETCTBEHHO, Ola YBEJUUHRACTCA B HedTpaabHOH HAM crabouienoy
HOM Cpeme, T € B YCJOBHAX RLIAEICHIIA HMETHAZHOKCHMATA HHKeAS
Tlpu pH 7 n 20° C 6b110 nafizeno B pactsope 4,62% komnaexcHoro
coefignenys KkoGadabta [losToMY Npn ONpeACIeHHH HEKeAS B APHCYT
CTBHH KOBanbTa HeoHX0AHMO pashas 1T PACTBOP TaKuM 06pa3om, YTOGH
K0BaabT lie BbiZeAF1CP B OCAJ0K BMECTE ¢ HUKeTeM OCaL{OK AUMETH-
AHOKCHMATa HHKen (BMCCTE ¢ M3GLITKOM AHMETH.LIMOKCHMa) O¥dH 16T
POBHIBAIOT, HPOMBIBAIOT BOZOH, O6pabathiBator ropsiweit HCl{ya B 1,12)n
H3 d)nnb'rpa'ra BbIACAAOT HUKEAbIHMETHIIHOKCHMAT  OCTOPOXHBIM
ﬂOéaBﬂeHHeM paSGEBﬂeHHOFO auMMHaka Haxn paCTBOp& AueTaTa HaTpus
Ocajox OTpuAsTPOBEBAIOT Yepes | yac npu ONpefe/eHK# CPABHUTENBIIO
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COMBLIMX KORHYECTB HHKeIA WM Yepe3 3 yaca NpH OnpPeieneiiHy COTBIX
Aomefl NpouenTa

Kupuuk [841] npu onpeaeicHily HHKCAS B CHEHHAIBHBIX KOBaIbTO-
BLIX CTANfX yKa3uiBaeT, 410 KoGadwr (I1I) me ofpazyer coemunenus
Fe —Co—DH, Jlan npeioTBpallicHHsi BGLIACHCHMH COSAHHEHUS
Fe — Co — DH, pekomeniyercs nepen ocamjeHneM HUKeNsS A00aBAsiTH
N',N puokcustnaranuns 5231

Koporyn [163] 1pu onpejetenny 1iukeds 8 IPUCYTCTBUH KO00a 1bTa
OKHCASeT €F0, a OCaZOK AUOKCHMATa HHKEIS Nepeocamuaer

an OnpeAeAeHHN HHKETA B IPHCYTCTBUH KOGaAbTA U XKEeNe3a HCNOAb-
3YIOT PAa3/HYHYI0 YCTOHYHBOCTb IIHAHHCTHX KOMIIEKCHMX COCRMHEHHH
xoBaibta ¥ uHkeds [645] K pactsopy, copepwaiiieMy KoGaisT, xe
1€30, HHKeAb, HPUNHBAIOT [IC KANigM PpacTBOP HUAHKHIA KajgHa A0
pacTBOpenus 06Pa3yioMerocs 0Caika, NPUOABASIOT NP HATpeBaHiH
NePeKHCh BONOPONA ATs OKHCaewusn KobGansta {II) B koGaaer (1Il)
TIpH 370M NOMYYAETCHi PacTBOP MeZOBO KeaToro usera J[las yianernius
H30bITKA LuaHufa [OGaBAMOT NpU HarpesawmH no 50—60° C uo
Kanasm pacTsOp (opMaibierdla 10 HOsBAeHHs eFO 3anaxa H CYyXoH
ZHMETHAZHOKCHM OCaﬂOK JAUMETHITHOKCHMATA HHKENA U H36BITOK iting
MeTHanuoKcama yepes 0,5 — [ sac (B 3aBHCHMOCTH OT KOMMMECTB HIH
Keds) OTHUALTPOBBIBAIOT, NPOMLIBAIOT BOXOMH, OOGpabaThiBaloT pa3bas-
sennolt HCl ¥ BbiZensior B3 3TOr0 pacTsopa CHOBA AMMETHIAHOKCHMAT
Huke/ls BODABNCHHEM aMMHaKa HTH aueTata HaTpus MeTOR mpHTOfeH
A Onpesienelus KaK C1€40B, Tak U GOMbLIMX KONHYECTB HHKeaA B
IPHCYTCTBUH KobatbTa # KeTesa

Paznuunas ycroliuusocts unatiiion nukeasn (II) n xobasbra (111)
HCHOAL3YeTes H B ApyruxX meroaax Tak, Henaakesuu u Canteikosa
ONpeASISTH HUKEAL TPABUMETPHYeCKH B duaptpate or Agy [Co (CN)e!
w Hg, [Co (CN)gl 12271

Huxeah B APUCYTCTBHH OHOTO jKefie3a ONpeseasercs Ges ocnox
nenui  Ilpesnaractes OTIEJATL KeTe30 B BHAE OCHOBHOTO aiueraTa
110931 mau ayuuie MackuposaTe BubinOd xucrotol (96, 182, 192] man
umonnol Kucnotoil (731 Ecau nOTHYECTBO Kede3a HEBEIHKO, TO €70
OCAKAAIOT AMMHAKOM B BHIE THIPOOKHCH, IPOMBIBAIOT OCAKOK PAacTBOPOM
XJI0pHAa aMMOHHA W H3 q}ﬂ.]praTa OCAXAANT HEKEAbJAUMETHATHOKCH
MaT ./F[yl{LUHe Pe3y.abTaThl NMOAYUYWTCA, €CA OCAXAATh KeAC30 B3MY
YenHOH CycrcH3He!l THAPOOKHMCH HMHKA HIM aleTatdmv metoaom 73]

IIpn onpefejeHHH HUKEIS IMMCTHAAMOKCHMOM B NDHCYTCTBHH He
GOMBHINX KOAHYECTB KOOATbTA, MapraHiua 4 WHHKA NOAYYai0Tes XOpo
e pesyasTatsl (73], ecan k HCCAEAYEMOMY PAcTBOpY, COACPHAUIEMY
AOCTATOUHOE KOHUECTBO auMONRIHLIX COTeH H CITKA NOIKHCACHHOMY,
narpetomy Ao 60—80° C, aofamaate 1% Hbiii 5TaHOaBLBI PacTsOp
RUMETHIAHOKCHMA H NI KAIWIM, OCTOPONKHO, PasbaBienHbilf PacTBop
ammuaxa B HeGonbuioM H3bbiTKe Yepes | gac mocae CTOAHMA Ba napo-
BOi Gane 0CagOK OMPHABLTPOBLIBAKT Uepe3 (HALTPYIOUHE TUTEb,
NPOMBIBAIOT XOOAHOA BOROH, cymat npu 120° C u sBasemmsaior O6be
MUCTEHE OCAJIOK AHMETW/IAHOKCHMATA HHKEAs OTAGAMOT Ha GyMamuoM
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$uabTpe, 0YeHb OCTOPOKHO CKHIAIOT, NOCTENEHHO HOBLILAK TeMiepa-
Typy, # B3Beuiupaior NiO

B npucyTersau 60abiliuX KOAKYECTB Mapranila, KOGaAbTa M LuHKa
PEKOMEHAYETCA OCAaMAATH HUKESdb 3TAHOMBHAIM DacTBOPOM AHMETHA
ZHOKCHMA M3 DacTBOPA, COAEPNAUIETC YKCYCHYIO KHCJIOTY H auerat
uatpus Jlas onpeieneHus HHKeAs B NPHCYTCTBUH XKete3a 1 Menu (8311,
wvellatolue aevenTb yxaasior guthzonoy & CCl, u B BoguoM pactsope
ONPeAeIHOT HHKEdb ZHMETHITUOKCHMOM

Tpu onpefeteHin MadbiX KOJHYCCTS HUKEAS NOAYYAIOTCS 3aimNe
HbIE PE3YABTATEL B NPHCYTCTBUM amMMHaka, nutpatos [641] n xpoma
ToB [818] Boabiioe 3HaueHHe A% ONPEICTEHHS CPABHATEALHO MaAbiX
komuuecTs Huxeas (0,5 — 10 se) HMCeT RHCAOTHOCTH pacTBOpa, He
33BACHMO OT TOTO, NPHMEHSETCS PacTBOP aMMUAKa WK aleTaTa HaTPHs
(a6 40)

Ta6asna 40

Aumer ks B i or "
pacteopa [243)

[T ' Koausectso mtwetn e
oouun | 4TI ‘l TS pil | e | sz
p p ;
100 03 (M) " — ! | as 8,3, 6,4
100 10 > | — 9,8 9,2, 96
100 6 — i ‘ 9.8 9,7, 9,8
100 3,8 (10M) - 98 9,9, 9,8
100 7,6 » | _ } |98 9,8, 99,98
50 2gan _ | 0.8 0,96, 1,97
100 E — 098 0,98, 0,93
100 2y i — . ‘ 0,98 0,96, 6,99
0o 2 e | — H 0,496 0,3, 0,49
100 PR R | 0,87 0,23 28
w0y - 1 ! 98 i, 9,8
109 - 2 : 9,8 9.8,9,7
100 — 1 a2s 98 9,8, 9,6
100 - 50 ’ 2,8 9,7.98
100 — ! 12,5 [TK:5 \'\‘onl-ll 98 8,6, 8,0
100 -, =0 I \'H,OHI 9,8 7,3, 6.9
1 .

Kax Buanous 1aba 40, IHOKCHMAT HUKENIS [TONHOCTBIO BLIARASETCH
npu pH 6,0 — 10,2 B npucyrtcreud GOABGIMX KOAMYECTB aMMHaKa
NOAYYAOTCA 3aHKEHHBIE Pe3yapTatel ¥ (QUABTPAT HOCKe OTAETEHHS
0caJKa OKpalieH B PO30BbI L(BET BCIEICTBHE OOPa3oBaHMA PacTBOPH-
MOro coegydenust uokcumara Huxeas (I1I) KyasGepr [180), no aau-
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ubiM Tlemikosoir [245], nokasan IMOCTD  [OAHOTHI O
ocagKa AUMETHIAHOKCHMata umkenst ot pH pactsopa

Hs tabn 40 takxe BHIHO, UTO pa3GaBnieHue He BJMsAET Ha ROJHOTY
BBHIIEICHHA OCaiKa, HO NPH yBseauuenHy ofvema 10 200-250 s
0Caj0K 06pasyercs MeieHHee ¥ JODKEH ObiTh OTQUILTPORAH HE paHbiie
uem uepes 3 yaca M3 pacraopa ofbemom 100—150 a2 0CanOK MOXKHO
otennTs yepes | dac [Ipu HCMOMBL3OBAHHH MaKPOBECOB HENB3S ONpe-
Aeants Medbile 0,2 M2 HuReas

NPHCYTCTBHH 3HAUHTENBHBIX KOJMUECTB 3TaHOA, BBOIHMOTO

C PacTBOPOM IUMETIJIAHOKCHMA, B CAYHac ONPETeJeHHs ManbiX KOAH-
GeCTB HEKed® NONYYAOTCH 3aHMKenHble pesyapTatet [245] Pacteo-
PHMOCTb AUMCTHIZHOKCHMATA HHKend B 100 sz BOANO 3TaHOMBHBEIX
pacTBopoB, cozepkamux 60,3, 20 u 15% sTanona, OPHEHTHPOBOUHO
coctasasetT 4, 2 4 0,6 M2 COOTBETCTBEHHO

BuzeasTh MATHIe KOAKHECTRA HIKEAS U3 PACTROPOB €FO YHCTON COAH UAM APYTHX
OBLEKNTOB HEOBXOLIMO NpH COBTIONRHIH OTPERSAeNiion KHCAOTHOCTH B TIPHCYTCTRIN
METILIOBOTO Kpacioro ONTUMaToHLIMI YCIOBHSMM (St OUPEACIEHHS HUKeAR 8 pa
CTBOpE WHCTOR €r0 COMH ABASITICH Chelyioute K HarpeTowy A0 Hauata Kulenws
pactopy, conepwatiesy 0,2—25 #z Ni, pobanasmior 2—3 Kanin pacTEOPa MTHAOBS
YO KpACHOTO, A0GABTIOT AUETAT HATDHS WAN AMMHAK O U3MEHEHIA OKDACKN PACTBO
pa b exTLi WBeT 1% wmi PACTBOP AMETHT
IHOKCHM2 RO NOJHOTL OCAKICHHS NMMETHIAWOKCHMATA HWKENS BCE BPEMS Cieid,
470061 OKpaCKa PACTBOPA OCTABATACY KENTOH ECAH COTepMMICR HIKETR He Newbuie
14z b 100 #2, TO OCan0K OTQWABTPOBLBaIOT uepes i-—1.5 4aca, Mpn  Mewbuiex
Conepxaiu HHKEAR Mk GOTbIEN OODEME OCANOK OTAENmOT uepes 2,53 waca
Iins ovguieT . i Tareab No 3 waw 4, NpovbBaT
0CaAOK XONOAHOM BOXOH BBICYHIUBAIOT HPH 120° C u essenimaiot daxTop nepecuera
sa Ni pasen 0,2032

Tpu pH > 10,2 pesyasTarsi CTRHOBATCA 3aHHKCHHBIMY

Ias GwiCTPOrO OnpeleIeHH HUKENR NPEANAraeTcsi B KQuCCTBC pe-
axTHBa MCROB30BaTh BOZHR [313] mau uienousoll pacteop muMeTHA
Auokcuma (537

O6beMHCTLIE 0CaI0K JHMETH, T2 HUKESS Heyaol
crBa npyu onpefeneruu 6oiee 30 me Ni [lostomy npejcTabiser HHTC-
pec ocamjeHne AMMETHAIHOKCHMATA HHKES METOZOM BOSHMKAIOIHX
PEArCHTOB K3 HArPeTOr0 O AKACICHHOTO PACTBOPE, K KOTOPOMY noGan
Jiena MoucBiHa ¥ 1% Hbill pacTBOp AMMETHARHOKCHME B H PONHAOBOM
coupre [711] [lpu marpeBaHuu pacrsopa, COAEpIKALICrC MOUEBHHY,
KHCAOTHOCTh PAcTBOPE HOCTENEHHO NOHIMKACTCs H BbICARETCH KPYI-
HOKDUCTaNAKIecKHil OCai0K AMMETHMOKCHMATa Hukeas [470] 3ror
Metoq mpuroies Ans ocaienus o 100 me Huxeas

TOpaoH € COTP PEKOMEHAYIOT MOAYYaTo KPHCTAIHYCCKIH OCafoK
RMMETAJHOKCHMATA HUKENS HAFDEBAHHEM PACTBOPA, COACPMaIlero
1,2 GyTangaoH, amMMHax W rugpoxcuiamur [1102 — 1104}

Tpurraar, fe Bpue u Meanon [715] cnextporpaguuecky uccie
BOBARH UHCTOTY OCAAKA AUMETHJ, Ta HHKEAS H yC 1H, $TO
B HEKOTOpOJi CTeleHu npoucxoput coocaxpenue Al, Cr, Cu, Mn
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He coocaxgatoress K, Na, Sr, Ca, Ba, Mg, Zn, Cd, Sb, As

‘ CLBEHSHJI,]MOKCHM HacTO HCNONb3YyeTcn Jsisi TPaBUMETPHUIEChOIO
onpeseienns nukeas Jtax [422] coobuux o pesyasTarax xomuuect
senHoro onpejetenus 0,002 Me uuxedas B 5 ma pacrRopa € HCMOdb
zosanneM 0,2% HOTO pacTBOpa & GeH3HTIHOKCHMA B aileTOHe B cialo
ammuaunol cpefe TlpeaesHoe pasGaBnense 1 2000 000 3rax otve-
uaer, 470 CTOKpatibie Kotuuecrsa Co, Fe, Mg, Cr ¥ Mn ne Mewaior
ONPCACTEHHIO HHKEIA, HO GO/IBIIHE KOMHYECTBA HUTPATOB 3AHIKAIT Pe-
3yabTaThl Hmpa‘rbl HYXHO NPEABAPUTEILHO YAATATH BhifAPUBAHHEM
C CepHOH KHCIOTOR

Coexuuenne HHKeA € & GCIBHIZHOKCHMOM NPAKTHYECKH iepac
TBODHMO B BOJE ¥ NOYTH BO BEeX OPrasHueckHX pacTBOpHrensx (421,
423)

FpoceMar 1 Manxefim [717—719] B ocHOBHOM [1OATBEPXKAAIOT
yCI0BHA ONpefeneHHs HHKes, pekoMerjosannsie rakom [Ing onpe-
JIeIEHHSA HHKes B DPUCYTCTBHHM HHUHKA ¥ Marnus ;LOGaBJ!ﬂK)T XAopua
aMMOHHKS, 2 B NPUCYTCTBHH MAapraHia — JUMOHAYIO KHCJIOTY M COAb
THApA3HNA 175 MPEROTBPAllieHysl OKMCHCHWS MapraHia KHCIOPOIOM
Bo34yxa OupeiesieHne HHKEIS BOMOKHG B HDHCYTCTBHH TOABKO HC
GOABHINX KONHYECTS MEAM

Iite6unrep [1188] npumenun o-GeH3MIIHOKCHM B OPTAHHYECKOM
MHEKpOanaaH3e 4as onpenetenns uukeas O otmevaer (1189], uro stor
METO MMeeT NPeUMYHIECTBa 15 OHPEJC/CHHSA TOMBKO MAJBIX KOJIHYCCTB
unkenst Ilpu onpezerenua > 0,026 2 nEKedsi 0CafOK OKKAIOAMPYET
PeareHT, H NOSTOMY Pe3yAbTaTsl BCerfa 3asbitienbi OCagoK ChexyeT
npokatusath g0 NiQ

TepmyT {7041 onpesenna HEKeb ¢ GEHI3UAIHOKCHMOM B PHCYTCTBHH
XpoMa M Mexu, L‘OGaBﬂﬁﬁ GHTapTPaT Kanns ¥ XAOPHJ aMMOHUA OTME
sactest [705] upewMyiiecTno 1CTIOAB30BANKS @ GEN3HIAHOKCHMA NDH
onpejeTentl MaThIX OJU4eCTB HUKEJs K&K B PacTBOPC YHCTOM COJH,
TaK ¥ B NPUCYTCTBHU KOGANbTa

@ Ber3iia HoKCHM UCHOMB3YeTES A OUPEReNehks HHKeNs B paje
pabor 1246, 538, 544, 582, 8601 Gnaronaps ero cnOCOGHOCTH BHIAESTH
COeTHHENe HUKeTA B KHCIOH cpeie, yTo O6JerdaeT OTAeAEHHE €ro OT
pAla 31eMeHToB (aJHOMHHHﬂ, XpoMa H Ap ) PeareuT Mano PacTeOpHM B
3TaHOMC, HOYTOMY G0/ee PANOHATBLHO ero PacTBOPATh B anerone Ilpn
onpefesenun > 1 M2 HUKEAA CAGAYCT B MCIBITYeMEIi PACTBOP Hepeh
BBEJEHHeM pearenta 06aBAnTh aLeTOH

o Ben3nIRHOKCHMAT HMKeAs yeroiluws B Gosee KHCAOH cpere, B
Gonee umipoxoy mrTepsane pH (or 4,2 10 10,4), ueM cooTBeTCTBYIOUICE
coezutiene AuMeTHAIMOKcHMa [Ipu pH 4,2 nuxeab Bbigesstercs u3
PacTsopa nNOJAHOCTBIO OCB}IOK MOXHO RPOMbIBATH \"Opil'{eﬁ BOﬂOﬁ B
OTIHIUE OT AHNETHAIHOKCHMATA HUKeNsT 3TO COIUieHNe yCeTolunBee K
H3OHITKY aMMHaKa no CPaBHEHHIO C AHMETHIIHOKCHMATOM HHKeds
Moxno onpenensts 1o 0,05 se nukens [243

Jins onpenenenns nukens o GEH3MNZHOKCHMOM B PacTBOPE WHCTOH
COMH ONTHMAIbHLIMH YCAOBMSME SBISIOTCA CJERYIOUIHE
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Pacreop, copepauwit 0,2—5 sz Ni, nonorpesaior 0 Hauata Kimeus, npua
BASIOT PACTBOP AUETATa HATPUA HA AMMMAKA AO UWIENOUHON PEAKINI N0 METHIOBONY
Kpaciomy, pacTBop o B AUETOHE 0 HOAHOTH
ofpasosaiun ocaixa, A06aBAMOT 10—20 #a ANETORA (B 3ASHCHMOCTH OT KOAINYECTBA
HHKens), CAiens, YTOGK K KOHILY OCaXcieHHst duALTpaT Gsut OKpalien B KeaTetit ser
3atext 0CanOK OTGHILTPOBLIAAIOT, HPOMLBAIOT FOPSuEH BOXOI, CYIHAT 10 NIOCTOSHHOrO
Beca npit 120—130° € u Baemnsaor PakTop nepecueta Ha nuxenb pasen 0,1093

Bbl;!e)[eﬂ”e GOMBIIHX KOIHYECTB HUKe/s 3aTPYAHHTENBHO, TAK KaK
U3 3a, MAJIOfi PACTBOPHMOCTH PeareHTa HeOGXORMMO APHMEHSHTh GOMib-
e 00beMsl, UTO OCIOXHSAET PaBoTy B 5TOM cAydYae BHIZRASIOT HHKeTh
B CIERYIOIHX YCAOBHSX

K HCCReRyevOMy PacTEODY, HArpeTOMy NOUTH 0 KHMEHAS NPHGABAROT auMIaK
O WEAOUHON PEaKuMH 1O METIIOBOMY KDACHOMY M K3OBITOK CyXOTO G GeHIHALHOKCH
Ma, pacTBOp NOKOFpeBAIOT Ha BOASHON Gane Uepes 40—50 muH BHICTHBHMECS 0CA
JIOK OTQRALTPOBHIBAIOT, PACTBOPHOT B ropauelt HC) {yx B 1,12) W nepeocasaaior 8
VCAORNSX, YKa3aHHLIX AN BHICTCHHA HAKEAS H3 PACTBOPA €FO MHCTOH COMI

Onpegenenne Mabix KOAHYECTS HHKCAA B NPHCYTCTBUH KODaIbTa C
XOPOUIHMH Pe3yNbTATaMH BO3MOXKHO B TOM C/Iydae, €C/TH KONNEHTPaLUs
KoGaabTa He npesbutaeT 20—30 me ¢ BeusuIHOKCHMAT HIKEAS MOXKHO
He nmepeccaXlaTs B BPHCYTCTBHK GOABUINX KOXHYECTB KODaiAbTa HC
OGXOAHMO yBenuuelide OObeMa pacTsopa

@ Ben3HIOKCHM MOMET ObiTh NPHMEHEH AAS OTpeleAeHHA HHKeAsT
B pacTBOPaX, COepiamux xeae3o [IpH KoaHUecTBe ixejle3a Mesee
0,3 2 MOXHO pexoMenjoBaTh cAefywmMe ycaosus [245]

K 150—200 1 {B 33BHCHMOCTH OT KOAWYECTBA JKeA€3a) HCMBIT)EMOFO PACTBOPA
206aBas10T 30 #4 10% HOTO PaCTEOPA BANIOI KHCAOT UAH €€ CGIM, PACTBOP HAFpe
BAIOT 40 HAYAAA KNREHUS, NPUANBAIOT 20 M4 AHETONA, AMMAAK L0 LEAOUHOR PEAKLIK
Ha MAKMYC K PACTBOP ¢ GEH3MIMOKCHMA B AUETOHE A0 MOMNHOTH OCAAeHts Beie
UBWIMACS OCANOK OTOHALTPOBHBAIOT H CYWIAT B YCHOBUAX, PEKONEHIOBAHHLIX BHL
111€ /N5 ONIpefesie i HHKeAS & PacTBOpe ero cou ECiy 8 PacTROpe COIEPIHTCR oro
Kenesa, TO HHKENb OCAMAAIOT CYXHM u 3atevt
YCAOBHAX, YKa3AHALIX BLE

Jlns onpegeseHus HUKeIA B NPUCYTCTBHH MENH HEAB3SE DeKOMelH
10BaTh G-GEHIWIAMOKCHM, TAaK KaK PearelT MajiopacTBODHM I 3arpaa
HAET 0CafOK CeH3MAIWOKCHMATa HHKeNs

a q)ypHJUJHOKCHM NPHMEHEH NI KOJIKYECTBEHHOrO ONpeAeNeHns HU-
rens [1173] Kak Gofiee YYBCTBUTENBHDIHA, PEATEHT, €M JUMETHIAHOKCHA
Yyraes {354] ycranosua cocras o QyPAIAHOKCHMATA  HHKeRs, Halind
8 Hem 11,85% Ni o ®ypuagnokchy NPUMEHARTCH A1 OTAEACHUS HHKE
% OT APYruX aementos [1076, 1077( llpu onpegeaenun manbix Kot
gecTB u¥Kens {2551 noauoe Beiie tenue npoucxout npu pH 6,4 — 10,5

Tlas ocaxnenus oxono O 5 sz HiKeas H3 pacTBOpa obbemom 25—50 sa 106asan
JoT nipk Harpesany 0,2%-Heslt BOKHHIL PACTEOD G DY PHALHOKCHNA 1 AWMHAK JI0 13
MeHeni ORDACKI NHUKaTOpa (GeHONGTANONRA AW HEHTDARLUOTO Kpackoro) Ipi
CTORHRMHT H TIOMeLINBaHME PacTBOpa depe3 10— 15 Ml XAOMBEBHAHLE OCAIOK TEMHO
KPACHOTO AIN KWMPUAHO KPACHOTO WBETA KOAryAHpYeT OCazon OTi1bTROBBAIOT
uepes % @y pra-
AMOKCHMATA HIKEAR H 1—2 pasa BOAOK 2 3ates cywar npw 120~130° C

B cayuse onpepeelns HHKean B PACTBOPE, COEPIKALIEM Keneso i
anoMuHud 0pu cooTnowennk nx 1 100, ocaxaenue npousBoOIAT BnpH
CYTCTBHH TAapTpPaTa HaTpus — Kanus
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o OYPUIAHOKCHM He MMEET NPEHMYIECTR NO CPaBHEHMID ¢ AHME-
THAZHOKCHMOM JiJisl TPaBHMETPHUECKOTO ONpeaeienHs HHKeds, HO yo
JIOBHSA KOJTHYCCTBEHHOTO BbIIEJEHHA O q’ypﬂJI;{HOKCHMaTa ITHAKEJs MOTYT
GbITh HCTIO. NP 3KCT} ) GOTOMETPHYECKOM ONpetesie
HHH HHKeAR

Nnsi rpaBEMETPHUCCKOTO ONPEHENEHHs 1 IJIaBHEIM OGPa3OM KOHue
CTBEHHOTO BbIIE TeHHA HHKEIS 3aCAY KUBAIOT GONBIIOTO BHHMaH HA BOTHO
PacTBOpHMBIE THOKCHMBI 1,2 LHK/JIOTEKCAHAHONA (HHOKCHM), 1,2 HMAJIO
TeRTaHAUOHA (TENTOKCHM) BCEACTBHE HX CHOOCOSGHOCTH OGPasOBbIBaTh
COEJHHEHHA C HHKedeM B Goaee KHUCAOH €peae, yeM AHMETHNJHORCHM

Huoxcum 6o noayuen Baaaaxom [1253], nenoassosapinmM ero kax
pearent Ha HuKeab Jlxoncon u Cumonc [805] nokasasn BO3MOMHOCTD
OIPEREACHUA HUKEIA 5THM PEareHTOM, Ha3BaHHbBIM UMH «HHOKCHMOMY, B
NPUCYTCTBHH PAJA 3AeMenTOB TIpH ONpefenerii IHKes B NPHCYTCTBUH
k06a77bTa NOCTEIHHH HEPEBOAAT B AMMHATHOE KOMMIEKCHOE COeAMHER e i
n06aBasior GONbHION H3CHITOK peareHTa

MewrkoBo# ¢ cOTp ! 6K Pa3paboTaibi YCIOBHSA KOTHUECTBEHNONO
onpeneteHHs HMKeAs JAHOKcaMom 1,2 uukiorexcanauona 12531
Hakeas ykaszadbie pearedTo Bhinensercst npu pH 3,3—10 v B 6oaee
mesounofl  cpese  Tak, HampuMep, 2,4 M1 HUKeds KOJHYECTBEHHO
ocamjacres npy gobasiennd 20 me 10% soro pactBopa aMmHaxka B
ofutem o6weMe 50-—7Q M2 aHANHSHDYEMOTO PacTBOPa BO3MOXHOCTH
ROMHIOTO BBIICACHHS MadbiX KOJHYECTB HHKE15 KaK B KH(L’IOI:} T2K UB
CHABHO ofi cpefse na Th FpaBUMETPHUECKHil
metox ompegenenns 1,5—3 me Ni B cynb(pare UHHKa

K 10 #2 sopnoro pacTBOpa, cojepxatlero 0,5 2 cyandata uiHka RobapismoT 22
XAOpFA aMMORKSL 1§ 25% Hilh PACTBOD aMMHAKa AO NOT) YEHHS HPO3PAUNOTO PACTRO
pa # 5 #a 0,5% HOTO BONKOFO PACTROPD HHOKCHMA Bolleubuinics GCazoR OTbiibt-
posnan depes HABTPYIOUHH MHKPOTHF®INb, DOMEBAIOT BONOH 1f BLICYWHBAIOT TP
110—12

Ilasi onpenesieHHs HHKeq B NPACYTCTBHH K06a 1bTa G5l 12 HCNONB30Ba~
Ha pasHuHas PacTBOPHMOCTH JUOKCHMATOB 5THX aementos npy pH 3,3
Ocaxpenne BpoBOIMIACCH M3 aueraTHoro Gydeproro pacrsopa [lpn
COOTHOUICHHH HHKeAA ¥ KoGaabta 1 200 noayusuaics XOpolike PeayJib-
Tatsl [lpu G6abluem coornouienus saemento (I 400) neo6xogpmmo
TepeocaX AeHUe, TaK KaK OCAAOK HHKEAR 3arpssueH kotaistom Onpe-
JeHTh HHKENb B NPHCYTCTBHE JKENC3a YA410Ch IPH COOTHOWEHH HIKe-
a8 ¥ Renesa 1 200, Kete30 CBA3LIBANH BUHHON KHCJIOTOH, HHOKCHMAT
HUK/IS! BLGEAANICS KOJIHUECTBEHHO NPy foGaB.ieHuy pacTsOpa aMMHaKa
A0 menounoil peaxiiun KpoMe TOT0, eN1eccO6pasio OTAEAN T HHKeIb OT
Jedesa B BHe ABOHHON cOaH JKenesa ¢ GTopuioM Hatpha 1308, 3111

BO3MOXHO OnpeleieHHe HUKeN® HHOKCUMOM B npucyrtcrBhE Sb,
Al, Be, Cd, UO}', menounbix U wenounoseme sHux Metamion (12471

! [ismaowksiepaborss H 1 Toutaeso (19451 ) n M U Bencpnnxosof (19467 );
MIY, xaerpa anannTHaSCKOR XrimiH
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Payr, Cuur # Banke [1069] onucsiBaeT METOAMKY CHHTE3a HHOK
cuva Besrep u pax aApyrux asropos)[646a, 650, 1269, 1271) orveuaior
LeHHbie KAuecTBA HWOKCMMA KaK pearcHta HA HHKeTb M HPHBOZAT
METOX ONpeledeHHs HUKeAs B Ka'lbluH

B mocaeanee BpeMs MOABHIHCH PaGOTHl NO NPUMEHEHIIO 4 METHI-
# 4 H3ONPONMAHHOKCHMA A TPABUMETPHUECKOTO ONpEe TeHUs HHKeNs
1443] Yxasaunbie pearentbi Ocaxpaior Hukedb npu pH 3—7, sheasns
ocaaKy BeICOKOI ucToTs! Onpeaetenkio He MCILAIOT yKCyCHAas, tlaBete
Basi, AUMOHHAA, Cyabdoca THIUIOBaA KHCAOTH KoBansT ¥ Mesb HYHKHO
MacKHpOBATh WHMAHMEAMH M POJaHHIaMHM, a amiomuunii, cypemy {111},
suemyT (I1), xene30 — BHHHOH KHCI0TOH

BaHKe ¢ cOTp CHH /1 PCATeHT U HC i aHARHTHYCChHE
cBolicTBa AnOKCHMa 1,2 unmoremannuona (remrokcuma) [649, 651, 726]
lenHbiM Ka4eCTBOM STOTO PeareiTa SBASETCH BOIMOKHOCTL BLiNCHHS
nukeas B Kuciaoit cpese (pH 3,4), uro ofnersaer onpegesenne ero B
HPUCYTCTBHH PSAA SNEMEHTOB Mejb CBSI3bIBAIOT B PACTBOPHMOE COSAM*
HeHue poganuaoy ammonns npu pH 3,5 [706] Hadizenst yenosus 12591
onpegenenus 0,5 — 5 mke HUKeNS M YCTAHOBJEHO, UTO TENTOKCHM KOMH-
YeCTBEHHO OCaMAaeT HuKedb npu pH 2,7—12,4

Iuokcumbl 1, 2-HKIONEHTaHAUOHA [444] M HHKnogeKanzpnona (5691
KOJIHYECTBEHHO BHIAGASIOT HHKeJb, HO HE NPUMEHSIOTCS B APaKTHKe
TIpennoxens MeTOAbt rpaBHMe‘rpwlecKoro oOnpefencuus HHKeAs C
HCTIOAB30BAHHEM PUTHEIX 3B, METHILHOKCHMA,
MeTHJISTHAKHOKCHME (2561, cpeHmu(uchﬁMa [281, 965], Gensounmerun-
Ruoxcama [258], HO 5TH MeTOAB! He HaliliH OKa NPAKTHYECKOTO IpUMe-
wenus Jins TPABHMETDPHUECKOTO ORPEAENCHHS NPHMEHACTCS OKCARaMIL 1.
OKCUM, Ha3BAHHBLH CHUKOAIOKOY {878, 879] Coepunenye HUKeNs ¢ yKa-
3aunpiM pearentom [1270] wadunaer ocamnatses npx pH 3,78 -
KOJIYCCTBEHHOR BHAGIEHHE HUKCAS HVEET MECTO B y3KoM uHTepsasie pH
7—8, pacTBOPHMOCTb COefMHeHHs B BOge pasua 4,82 = 0,2 mela
npu pH 7 u 20°C Jias rpaBUMETPHYECKOrO ONPENEEHHR NHKENs Me-
[OAb30BACA 0 THAPOKCHaLeTodenoHokcm [1041), koTopuifi Brizedser
KosnuyectseHHo Huxenb opu pH 4,8 — 8,5 Menp ocampaercid npy
pH 2—3, a nuxeas — naumnas ¢ pH 5—5,5 Ocagox cymiar mpr 105° C

Has rpasumeTpuueckoro onpexenenas 7—30 a2 HHKens TNpeR-
naraetest peanponkonOKcuM [583] PearenT noka He npuMensercs Ha
APaKTHKE HJlﬁ KOJHYECTBEHHOTO BbLICNCHUS HHKENA APUMEHEMD! Cand
uunasamunsl  CanununanaMud ¥ ZHCANHIHIAAT DONUACHANAMUE MO~
TYT GBITb HCNIOAB3OBAHK A5 TPABHMETPHUCCKOTO ONPOReIEHHS HHKEAs
[315, 316}

IpeneTaBAsioT MHTEPEC MOHOOKCHUMBI GHC GHAlETHIMOBOOKCHMSTH-
aenpuavud (9401

Clig ClI>—CH, Clig
AN / AN 7

s AN 7
CH, OH OH \CHa
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¥ Guc 6HAETHIMOHOOKCHM 0 denuaeniuavud  [640]

TN
Nee——/
CHa / AN /CHs
\c ,N/ ~ ¢
L }

s N / N
CHy OH OH CHsy
Vionbi HHKeNs KOAHYECTBEHHO BELIESHOTCA OOOHMH peareHTaMu B Ciia-
GoaMMUauHO CPeAe, PearesTsi MOTYT ObiTh HpHMEHElb! A5 ONDeReICHHS
HUKE/IS B NPUCYTCTBHH KOOanbTa (HCHOAB3YeTCs PasiHuHas yCTOHuH
BOCTH MX LHAHHKOB), XKele3a (HpH 106GaBIeHHH TAPTPATOB), MelH (B ApH
CyTCTBHH aueTaTa) Pesuponkod 1M 1103BOASET FpaBRMETPHYE
cKH onpepensts 7—30 Mz nuxeas [583)

Taknm 06p83OM, AJIS TPaBHMETPHYECKOTO OnpefieneliHa H KOIuYe
CTBEHHOTO BULIAEJCHHUA HHKEIS ¢ JHOKCHMAMH HanGojee LEHHbMH Clie
AyeT CYUTATb HHOKCHM H er0 MPOH3BOAHBIE 4 METHA , 4 H30RPONUAHKOK
CHM M TeNTOKCHM

Apyrae opranMuecKue PeareHThi

W3 opraunueckuX PearcHTOB A%s TPABHMETPHYECKOTO ONpEASeHHs
HHKRAA CICAYET OTMETUTH canunmianavun|6i7] u apyrue umddoseie oc
HOBatuA, 0Gpasyolite YCTONUMBEIC KOMILICKCHLIE COBRHEHHS ¢ HUKeeM
13131

8-OKCHXHBOMHH KOAUYECTBEHHO BLAGIACT HUKEb U3 aUeTaTHOrO
Sy¢epuoro pactsopa 1460, 11581 8 Oxcuxuuoauuar HEKeIs OPOKAMH
BaioT o Ni

Hukeab KOJHYECTBEHHO BbIAEIAETCH 8 MEPKANTOXUHONMHOM RDH
pH 6-65 [177]

AHTPaHWI0BAS KHCIOTA HHOMAA NPHMEHAETCH 1S KOJAHYECTBELHOTO
onpeieAenHs HAH BHASTEUHA MAAMX KOMHYECTB HHKeAs B HEHTPANLHON
[694] maum caaGokucaol cpene [11571,

3-Tuppoxcu-1,3-1udeHUNTPHAINE KOTHUSCTBEHHO OCAMIAET HUKCAD
npu pH 4,4—7,0, ayuiike pesyabTathl NOJIYUAlOTCS B aUeTaTHOM Oy
epiioM pacTBope PeareuT He ¢CTeKTUBCH, OCAKARIOTES Meb, IAAAa R
n ap 111691

3-0

ACAAMUMIOBAS KHCIOTA TCS AAS OHpe
aeacuns upkeas # Mean [1070)

B-Okcunadroiinbiii aMbAETHA NPUMEHHM S ONPCAEMCHHS HUKE TR
12421 npw pH 7,275 Tlaxtaauit Takke ofpasyeT coemunernse C
YKasaninM pearentom npx pH 2,5 — 3, mo3T0My 0KeH GhiTh npeiBa-
PHTCTLHO BhieteH B onee KHCAOH cpeae

HMsBecren METOJ KOMUYECTBCHHOTO ONPERENCHHS HHKER NHPHIUH-
PoaaHkAHbM peakTiBom [1178] [InpTs 3aMeHHT NHPUAHH Ha O QeHaHT
poaus [1038) 1 o, qunupuua 1267a)
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U3 neopranmseckux pearenTos cieayer ynomsnyts K,Hel,, npu no-
Gasenun 10% woro pactsopa K Hgl, {1219] no kanasm us Gioperku
npu noMemusaudd K pacrsopy [Ni(NH,),J*" swizensercs pucraniu-
uechuit ocagox [Ni (NH,),IHgl, senenosaroro useta Ocazok npoms
BalOT HachliteHHMM pactsopom [Ni (NH,),1HgJ,, notom srtawosom u
sbrpom UYepes 10 MuH CyiaT ero B BAKYYM SKCHKATOpe

2 3NEKTPOBECOBOE ONPEJEJIEHWE HUKEJIA

Huxenn (Kax # Apyrue MeTal/ibl} BLIIRIAOT SIEKTPOAHIOM Ha DAa-
THHOBOM KATOAE U B3BCILHBAIOT BBULY GAH30CTH SAEKTPORHBIX NOTEH
LHamoB HuKean ¥ kobaabra (— 0,228 ¢ u —0,29 ¢ cooTBeTCTBEHHO
[191al) npu 33eKTpOH3E OHY BBIEEARIOTCA COBMECTHO

MeToz 3/1eKTPONN3A NPUMEHSIETCA B TEXHHYECKOM AHAAN3E CHELHAb-
HHIX CTa’dell M CMA280B Kak AR ORPENeNeHHs, TAK H AT OTAeNeHHS
HEKCTI  Jlydille BCCTO HHKeAb BLIAMACTCA 3MEKTPONUTHYECKU H3
aMMUAYHOTO PACTBOPA, KOrAA BECh Of HAXOAHTCH B (OPME aMMHAUHOTO
KOMICKCHOTO  coeuiteriys  JIIf  NOBBIIEHHS 5ACKTPORPOBORHOCTH
pacTBOpa 0OLIUHO 106aBAsIOT Cy1bdaT ammonts Konmentpauus amMua-
Ka A0MKHE BbiTh ﬂOCTaTOqHOﬁ AN APEOTBPALIEHU S BbileNieHH FTHEPO
okncd nukens CsoGoxueie muHepadbHbie Kucaorst (HCI naw HNO,),
npuvensieMble A8 pacTBOpenun O0pasua, yRaAfiOT BeINAPHBAHHEM C
11,50, B naatunoBoi nan KBAapHEBOH YaliKe, K OCTATKY NPHOaBISIOT
BO1Y, PacTBOp HeflTpPaTH3YIOT aMMHakoM # aoGasasior 3—5 & cyse
hara ammouisi B pacTBOpe JOAKHB! OTCYTCTBOBATh, Kpome KobanibTa,
HOHLI MefW, IHHKA, cepelpa, Takke o0pasyioliihe aMMHaxaTbl, OHH
BBUIEASIOTCH BMECTE ¢ HHUKeJeM

Ocanok HHKeNs B NPHCYTCTBHH GO/bIIHX KOAHMECTB JKele3a cO-
JePKHT OKKMIORUPOBAHHYIO THMAPOOKUCH Kelieda B mpHcyrtersuy xe
ne3a HEOOXORMMO MOBTOPHOE IJIEKTPONHTHYECKOE BBIEJEHHE HUKENs
[970] BosmoxHo o HHKeJST B olf cTanu, He coaep
sKaieli xpoma [970) Me'ra}!"mqec}mu HHKEAb MOXKHO TAKKE BbIACAATH
U3 PacTBOpA, COAEPIKAUIEro CyAb(aThl HUKEIA W aMMOHHMA H GOPHYIO
KHCAOTY 1IpH nOAHOM BbyIe/ICHHE CPABHHTEABHO HEGOABILHX KOIHYECTS
HHKE/IA 0CfOK HOMY4aeTCh HEXOCTATOUHO nnoTHem [22], nostomy me-
TOJ HE MOXKeT 6biTh PEKOMEHJOBaH Jii KONHYeCTBEHIOTO Onpee/ e s
Bo. TBO aBTOPOB PEKC €T [IPOBOMUTh SAEKTPONH3 HHKEJs H3

0 cyabhat

¢peaeﬂuyc u Bepmauﬂ (683] pexomenzosany ycioBHsi, Gnuskhe
YHKa3aHHbIM, AJi% KOJAKUECTBEHHOTO OllpefesieHdn HUKeNsd METOAOM 3JEK-
Tpoansa IJTOT MeTOA BOIIeN Kax KJIACCHUECKHit B Psif pyKoBoacts [22,
96, 142, 172, 326, 561] Ou nonyuus fanbHeiliee DasBHTHE HOC/IE BBE
JleHHs BPAUlAOIHXCA 1eKTPOJOB HAH CHENHANbHOH MeWanku Aist
HepeMEIINBaRHA PacTsOpa BO BPEMsi DEKTPO.iH3A

Konbrrop u Cenaen [150) npoBoguiu snextpoans tokom ~ 0,5 a
{6e3 mepememmpanus) u 0,5—1 @ (c nep npu -

R YT —————— 81



nup 3—4 ¢ Haupsisesne H Cnaa TOKA 1€CKOTHKO 3aBICAT OF (GOpubl
anextpoxa [142]

Pexovengyerca [96] npoBOgNTS 5/1€KTPOIH3 € HEMOABHMABINK SCK
Tpojavi TokoM |—2 @, npu nepemeitinBaniy — TokoM 3—5Ha das
2AEKTPOTH3A NOUTH BCEFAA MCMOML3YIOT NAATHHOBYIO CETKy (Katol) n
cuupadb ¥3 NIATHHOBOH NPOBOROKH (31eKTPOAM Buuxsiepa), pexe
NPHMERSIOT HJIeKTpodsl PHiepa (4Be maaTHROBbIC ceTkd) B 000HX
CYuasiX REPeMEUIHBAIOT CTEKASHHON Mewraakol

Mpy MUKPOSICKTPOIHTHUCCKOM ONDPEAGTEHHH HHKET1d U KobaibTa
nepeMeitBanie npou3BoiaT Toxkom CO, (10101 B MuxposnexTpo1iTH
ueckoM metoge nprvensor [8] saexrpozst Ipsras Tlpu saextpoiuse
MaauX o6bemoB (b —6 A2} pacTBOPH AOCTATOUHO XODOILIO TiepeMelliBa
I0TCH  BLIGARIOULHMACS Ha aHOae ny3mipbiavn O,

Marepaanom 35 9ASKTDPOOR CAYKHUT OGbINHO MIATHHA, HO HMeeTes
ykasanne [33], uto aoGasnenne k naatune 10% upmaus nombiluaoT
MEXaHHYECKYIO NPOUOCTh W XHMUHCCKYIO YCTOHUMBOCTS S5.EKTPOIOB
HHOrja IIaTHHOBYIO CRpaibh 3aMEIAIOT CRHPANbiO M3 CBEMCNAcCHBI
poBamioro xejesa [22], xopouine pesyabTaThl NOAYYAOTCH C KaTOIOM
u3 tautata [510] uru ¢ xatogom u3 cmaara Byna [1027]

Kak yxe 0TMe4a10Ch, O0HUHO 3ACKTPOTH3 HPOBOAAT H3 AMMHAYHOTO
pacTBopa ¢ Ro6aBieHHeM cy.abhata amMormst HO Bo3MoXeH 3/1eKTPOIN3
1008113 aMMHAYHEIX PACTROPOB XIOPHAA HHKE 151 € J00AB TEHHEM XA0piAa
ammonus OgnaKkonPHIEKTPOIN3E XMOPH 108 00paayerces xopamut {221
ITC MOMET NPUBOANTE K YACTHYHOMY OKHCICHHIO BbHLIEIEHHOTO HHMhed,
4 TaKIKe PACTROPEHHIO NAATHHOBOTO aHOiA  XODOIHE pU3).1bTaTht
0PH WIEKTPORHTHUECKOM ONPEJeNeHHH IHKE1S U3 €0 KOMHTeKCHOTO
coeaunenns NI (NH,);1  (SCN), noayuawoTes B upHCyTCTBUH €Y 1b
data ammouns 1142, 5801

Pexomenayerca [1230] onpegeasite HuKeds SIEKTPOAH3OM, NMpeiBa
PHUTERLHO BHIAGASS €10 B BHAS NHMETHINHOKCHMATZ JTOT MeToX 607ee
HAeXeH B TOYEH ¥ NPHMCHHM HPH ORPEALTCHHH HHKEAA B NDUCYTCTRIH
EPYTHX METALI0B  IIDOMbITEIi OCAfOK JUVETHIIHOKCHMATA HHACTA
pasnarart H,S0, ¢ H,0,, yAassioT nepeknch BOIOPOJa KHmsueHyueM
PacTBOpa M K3 HETO BLITQNSIOT HUKEIb HIEKTPOAU3OM TakuM 05pason
ONPEREASIOT HHKEAb B NPUCYTCTRHH KOGaibTa

HeGoapuine xoauyectsa HuKeIs (M APYTHX METAATOB) BELIETTOT
BHyTpenHHM saekTpoausom {1, 293a, 766, 1144, 12271 B cosiasaevom
raJbBaHUYeCKOM 3JTeMeHTe KaTOAOM fBJINETCst M1aTula, AHOA0M —
AeTati, vieHee 61aropoHell deM HUKeds (Haupinvep nudk) Ofa 31ek
TPOTA COETMHCHLI METa 1 THICCKHM 1IPOBOIHHKOM

Hmerotes oTaeabibie paGoThl, HOCBSLIENHbE ONPEILTRIHID HUKENs
MCTOTIOM BHYTpenHero »textpotnsa [la, 293a, 766, 1114, 1227]




Fraea V

TUTPUMETPUUECKHE METOAb!
ONPEAEJEHUA HUKENA

Han6osee pacRpoOCTPaHEHHBIC THTPHMETPHUCIKHE METORbE OMpejie
fleHHS HMKEAs OCHOBAlb 1id PEaKUUAX OCXIEHHS H KOMIMIEKCOOGpa-
30BaHHS 3HAUHTENLHO PeKe N JTCA  OKHCAH CTa-
HOBHTeJIbHLIE KOCBEHHBle MeTogsl KpoMe TOTO, MHOTAAZ ONPEASIOT
HHKeAb B PacTROPAX €70 YHCTHIX COMelt THTPOBAHIEM PACTBOPAMH WL
yell MAMEIOTCH KOCBEHHBIC METOAbI, OCHOBAHHbIC HA PeaKUMH HedTPa lit
3auun (OTTHTPOBbIBaHYHE H3GHITKA PEAreHTOB, OCAKIAIUX HHKEIb)

1 METOAbI, OCHOBAHHBIE HA PEAKUHSAX
KOMILAEKCOOBPA30BAHU S

Peakunn nonos Ni** ¢ okcanar , Taprpar , WHTPAT- (1 APYTHMH) RO~
1aMH He MOryT ObITh HCNOAB30BAHE! AJisi Pa3paGOTKH THTPHMCTPHUECKHX
ME1010B [V1aBHbIM 06P230M ROTOMY,4TO OHH APOTeKaloT cTynenuaro[389],
Tax, nanpumep, Ni?* ofpasyer clIeayioLise KOMNIEKCE C IUTPAT HOHOM
[183] NiCit®, NiCit~, NilCi{*-

Tips npsMOM THTPOBAHHH HE YAAeTCH YCTAHOBHTH TPAHHUY MEXAY
oT, cTyr ] KON C a

¥ omMnaekCOHOMETPHUECKOE Ofipenenenie HHKEAR

KoMm/eKCoibl, OCOGEHID  STHASHAUAMHHTETPAYKCYCHAR  KHEA0TA
(TA, H,Y) u ee natpuenast L0Ab, YACTO NPHMEHSIOTCH AT THTPUMET-
pHyeckoro onpeacichus hukeas OGpasyercs CoealiHeiine ¢ OTHOWR
HHeM MeTaaia K aurasay | 1 Peakuus npOTeKAOT NpPaKTHYECKH
MTHOBEHHD

Jlns yeTanoRMents TOUKH SKBHBAJEHTHOCTH TIPH APSMOM THTPOBA
HUl COAH IIWKeTs PacTBOpoM Komiiexcona 11! norwsyrores BryTpenui
MM HHEHKATOpaMH {apHOXpoM uepubilt T, Mypexchi, apcenaso u np )

I Komiercon H1 — AHHATPHEBaR COT 5TH TeRTHAIHTETPAYHES CHOH KHEAOTE —
5 RadbieiIeN HA3HBACTCH KOMIIEKCOHON
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O630p BaxHefiunix METOA0B KOMIJIEKCOHOMETPHUECKOTO onpejese-
1% nEKeNs uveetcs B Monorpadusx lisapucnbaxa [153] u Tpumtuaa
1280]

Tlpu taTpOBaumu codel Hukeas Kompaexcowom Il HeoGxogumo
yuuThiBaTs Ppa OcoGenHocTedl  BH3YalbHOMY THTDOBAHMIO MeillaeT
3€,1€HOBATO FOAyBas OKPacka KOMNCKCOHATA HHKeAfl, NOITOMY BCerAa
THTPYIOT pasGaBienHbie pacTBOpyl Kpome TOFO, HOHBI HUKEAn B3AHMO
ReHCTBYHOT ¢ KoMuiekcorom 11l npu oGbMHOM TeMMepaType MegaeHHO,
TIO3TOMY B 6ONBIIMHCTBE CAYYAEB TUTPYIOT NpH HarpeBanuy Ao ~ 80° C

puoxpos uvepubiid T

ol [STRPAN
| I
7N i /
70557\;/ N -N—,
L/

“
NG

05pa3yeT ¢ HOHAMH HHKeTA CAMLKOM YCTOHYHBOE COCAHHCRHE, HTO Tpe
MATCTBYET NPAMOMY THTPOBAIHIO pacTBopoM xommiekcona 111 Tlpu
O6paTHOM THTPORanud u30biTRa Kommnekcona I1f pactaopom coau
MafHHs B iesoutod cpeae [280] wmu conu wnika 1740 ygaevcs uoty
YHTH XOpOWIHE De3yabTathi

K ) pacTsopy nagurxe 0,08 M pa
creop KQMn.ﬂeKCOHa i Ecan noayyenHbit pac‘rsop WMRET KHCYK) PEAKUMio, TO €10
HeliTpaninayior pactaopoy NaOH i npnGarnsior lia kaxasie 100 Mz pactsopa 2 #2
Sydeprore peciopa ¢ pH 10 (35 ¢ NHoCl |- 350 a4 25% noro NHOH pasasasmor
#01.0) Wabur i1l 6ricTpo o7 cyaspara mar-
i (R uuﬂxa) s npn(:)Tc‘rsm! SpuoxpomuepHoro T 10 NEPeXORa OKPACKY PacTRopa
#3 ronyGo# B Kpackyio

BMecto 3pHOXpOMYEPHOrO T MOMHO [pPHMEHNITb 3PHOXPOM roay-
6oii SE [395] unu meroomeraxpom roayGoit BBL (3971, a rakxe ome-
raxpoM wepneli PPV {396

K anuKDBOTHO YaCTit AHAAH3HP) €MOTO PacTBOpa 106aBNAIT HA Kaxawe 100 Mz
pacTsopa 2 wa aumuaykoro Gydeproro pacteopa ¢ pH 10, HECKOIBKO MRATHFDANMOB
3pHOXPOM T0AY60r0 SE 1 KpACKTENS (KHCHE 3ENEHBII» KAK BHYTPEHHETD CBETOBHALT
pa 3atem pactaop Harpesawt 10 80° C K THrpyloT 0,01 M PAacTROPOM KOMMIeKCoHa
111 70 mepexoRa OKpacKif i3 KpacHOH B OTYETAHBO TOTYGYIO

Bee Tpu Ha3Baulibie Bblilie HHIMKATOPA HMEIOT NpekMyILecTsa Mepes
spuoXpomuepHniM T, Tak Kak f103BOARIOT NPOBOANTH HPIMOE ONPEAE
nenMe UOHOB HiKeds [0 CPaBHeHRIO C MYPeKCHAOM OHH fal0T Gonee
pe3KHil Nepexos OKPACKH B TOUKE IKBUBAJEHTHOCTH

Ilas npAMOTO OfpefeNeHHs HUKEAS NDUMEHSETCH  MHAHKATOP
T 1HUHOHA)TOIPHOTETOBLIH, KOTODbIK 00pasyeT B LIEAOYHbIX PacTBOPAX
([pH»]v 10,5) ¢ uonamH HUKeIs COCAHHEHHE KDPaCHO (HONETOBOrO BETa
515
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on

I
(>/ N-CH,— NH—CH,—CO0"
0
N =N—: —NOs
N
1 nnioH adTonpHOAETOBI
Kpcale TOTO, NpH THTPOBAHHH HOHOB HHKeEJS NPHMEHAETCH HHAHKATOP

cosoxpomuepubifi T [835] B knenoli u caabowenounolt cpese Xopo-
mHe Pe3yALTaThl nonyqenbx c Haitasokentom S [688]

0

OH

Conoxpormephsis T

a Taxxe conoxpomnpoustim Navy 2R [398]

1inpokarexunoBeii proneroBbiil [922] Kaer BO3MOKHOCTL THTPOBATH
HOHBI HHKeAs B Ue/IOUHOH CPefie MPAMBIM METOROM, & B KHC/IOH cpese —
meTofOM OOpathoro ThHrpoBanus [666

8
POl

Tinpoxatexunonuis duoterony it

ﬂpenmymecfso AQCAEIHETO METOAa 3aKA0YaeTCA B TOM, YTO HHKeNb B
oTANYUHe OT GOJBUIHHCTBA SAEMEHTOB 00PA3yeT ¢ KOMMIEKCOHOM YCTOH-
u¥BOe B KHCAol cpede (pH 2) cocpuuenne 310 103BORET ORPEAENATH
HHKeJIb B TPUCYTCTBHM Maprauia, Kofaibta H UIeJOUHO3EMENbIibIX
a1esentos Ilpi oGpartHom Tutposanuy (pH 2) u3bbiTox kKoMmnekcona
117 orrurpossiBator conamu sucmyta Ho BucMyT ofpasyer ¢ KoMmaex
conom 11 Goaee ycroilunBoe coeamienye, YeM HHKenb, NOTOMY A1H
3aMeneHHs DEaKilyil BHITECHEHHS HOHOB HUKETH BHCMYTOM TUTPOBaNHE
seayr npu 0°C B 3roM caydae HuKedb BLITECHAICTCS H3 KOMAJeKca ¢
oucHb Maioll ckopoctoio Onpegeaennio nukeas wmeitaor Fe, In, Ga,
Bi, Th u Sb

K caaboxicaovy pacteopy AcSapasior 0,5 2 cyxoro NHaNOs # ¢ noxompio av
MHaKa J0BORAT 3HaveHue PH PacTBOPA 0 2 NO YIMBEPCATLHON MNIHKATODHOM Gy via
Te 3aTew nNpuGABIMIOT CTONLKO KOMNJEKCOHa 111, wrobht ceszats BCe npacy‘l‘c'ra\'no«
e KaTHOKBE (KpoMe i Mn®) Tlocne
pactsopa 20 2 BHOCHT B PACTEOP KYCOK MA@ 1l OXTAKAANT 10 0° C TlpnGasus i
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Kanau’0,1% HOro BOIHOFO PACTBOPA MIIPOKATEXHKOBOTO PHOAETOBOFO, stpyer pa-
CTROp TpM XOpOIIEM 005 M Bi (NOg)s A

KDACHO HOETOBOM HIII CHHEH OKDACKH I 3ATEM JOTHTDOBHIBAOT paCTEOpcvx KoMmieK-
cowa 111 B0 MOABNEHNS SHCTO KENTOFO UBeTa Ilepexol OXPacKH MHAMKATOPA npH
THTpOBaHKK KOMTACKCOHA 111 COTAMI BUCMYTa He TAK DEIOK, KaK TIPH THTPOBARHIL
coneii sucyyTa Komniekconow {923)

B npsmovi Bapuante 571010 Mertona A0 30 a2/100 a1 sukeTs ompe-
eS0T B Iile 104neIX GydepHbX pacTROpax B Kuciol e cpeje oxpacka
HHIYKATOPA H €TO HIKeeBOIO KOMAJIEKCa eX0oaHa (KPacko QroaeTOBas)

[iporat10a0ssiit kpacusift [1204] u Gpomnuporannonosbili KpacHbil
[1205] B orauuMe OT GHPONATEXHHOBOTO (HOJETOBOTO

1 o
4 )/
e

| OH
Y WS NN

SOsH

Fiporansoaos:ii xpagunii

00pazyioT Gofee YCToffuMBbie B IENOUHON CPCAE KOMIIGKCH!, M HHKEIb
MOMeT CBITb APAMO OTTHTPOBAH PacTsopom Kommviexcoma I11

K uefiTpaibnoMy aHa y pacrsopy 0T 15 Kaneis
0,05% noro pacrsopa wuaukatopa B 50% HoM stanone, 10 sz ayMvu-
aunoro Gygpepsoro pacrsopa (I N NH,CI -+ 1N NHOH B coorsoute
uun 1 1) u tuepyior 0,01 M pactsopom kownaekcona 11 mo mepe
Xxoga rosiy60ii OKpackd B BHHHO KPacHYIO

CoBeprileHHO aHAOTHYHbIM OOpasoM 00a nOCKelHHE HHAMKATOPa
MOTYT GBITH HCTIO. Ans HHUKeAd B CHaGOKuCIof
cpejte (pH 5) ¢ orTurposbiBagueM w3bhitka Kommnexcona 111 PacTsopoM
uuTpata csuHua [924

Huxenb MOXHO THTPOBath TaKXKe B Kucaoi (pH 4—5) cpeae B fipu-
CYTCTBHH KCHJIHOJOBOFO OPaiKeBOro Kak nuaukatopa [8391

CH, CH,
N

noocH;  OM— /‘ﬁ—d‘o” CH,COOH

N / N

NH,C CILN

, 0 N
HOOCH:C ¥ CH,CO0H

[e)

h.cateno 0Lk opanmesul

Tlpy npsMoM THTPOBAUHM OKPacKa pAacTBOpa HEAOCTATOYHO PE3KO
H3IMEHSIETCS OT KPacHOM 10 Kearol [losTomy OGBIHO KOGABASIOT H30b!
TOK koMmiekcona IIL u Tutpywor ero pactopom TICl, Th (NOj),,
Zn (CHCOO0), nau Bi (NO,);
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K KiIc1oMy pacTBOpy COTH miKean A06aBAMOT HIGHTOK Kovdexcona 111 satex
PH pacTeopa 10BOIAT 10 4—5 ¢ NOVOMBIO @MMHAKA HTit AHETATA A\NOHITA it TUTPYIOT
13BHTOR KONnAercona L1 pacTnopow HuTpaTa TS

Moxuo nporoauts THTpoBanke pacrsoponm TICL, upu pH 4-—5 i ua
rpesanin EC14 IPUCYTCTBYET MeAb, TO €& MACKHPYIOT THOCYAL(ATOM H
H30bITOK  KoMmAekcOHa I11 oTTHTPOBEIBAIOT pacTBOpOM COAH TOPHS,
#e1e30 (111) MacKupyIOT GHPTOPHAOM aMMOHHSI a H3GLITOK KOMIAEK
cotta 1T 7uTpyioT pacTBOPOM COAM Tadius Jlns Onpefeenus HHKeds
B pacTsOpe, cofepxaiienm Melb ¥ PTyTh [464], pexomenpyerca THTpo
Bath B APHCYTCTBHE LHCTeHHA

/191 NPAMOTO TUTPOBAHHS IIUKENS TAKKKE MOKET OLITh HCMOAB3OBAH
xpomasypon S [925]

CHa CHs
by
HO—: —C={ >S=
ST °©
o AR ’ Cl CoONa
/
N
SO,H

Xpoxazypon §

Hiens pearupyer ¢ svuM wniukaropom mpu pH 7,5 K 100 ma
pactropa, copepaliero 3—24 sz Ni, noGasasior 6—8 kaneas 0,1% noro
BOAHOTO pacTBOpa HiiHKaTOpa W pasbasiexusit pactsop NH,OH no
NOHBICHHA (HOMETOBON OKPACKH OT KOMILTEKCa HHKEJNis, 3aTeM THT
PpyioT pacTsopom koMmiiiexcora 111 yio nepexoga okpacKH B seieHOBATO-
HETTYI0

Tips  KOMIAAEKCOHOMETDHUCCKOM HENpPAMOM ONpejeteHii HUKeds
HCMOTb3yercs aausapun S 1724}

0 OH

, /l\/OH
906¢

SO

Q

Amusapan $

H36bitok xomiiekcoda 111 TaTpyior pacTBOpoM HHTpaTa TOpHR B
kucoi cpege {pH 2,7—2,9) Tlpucyrcrsue B pacrsope g0 10 me
KOGahTa He MemlaeT ONpefenenmio  FIOH® TODHA TeOPeTHdecKH
MOTY T BLITECHATh HOHLI HHKEAS M3 €T0 KOMIIEKCOHATa, HO IIPM ofpe-
JLeTeHnH HUKesl HEMPAMbIM METOZOM CKOPOCTs BbiTECHEHUS NpH OO~
HOil TeMnepaType TaK He3HAUHTENbHA, YTO MOMHO Ge3 OWIMGKH npo-
BORITH ONpefie/eHte HuKeTs

MeTox THTPOBaHHA HHKEIS B aMMHAuHON CPefe ¢ HCNIOb30BaHUeM
Mypekcuia (aMMOHHUHAS COAbL IYPRYPOBOH KHCMOTH) NPHMEHSETCA
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HanGodee YacTo

Mypexcnn
K 100 32 o we 6oaee 15 e Ni, npuban-

JSIOT HHAAKATOP W DRORAT 10 o NHOH %6 oxpauaannn pactaopa & HuTen-
CHBHO WenTiit UBeT 3aTey THTPYIOT T &

wanesicHns OKpackH [locne 97070 10 42 NiT:0H
¥ 32KAHYHBAIOT THTPOBAHUE NPH OUEHb PE3KOM NEPEXOE OKPACKH H3 KEATOH B CiHe
Guonerosyro

B cayuae MeHbillero COfepIKanks aMMHaKa OKPAcKa H3MeHseTcs u3
JKeNTOl uepe3 OpaHKeBo Kpaciyio B duoaerosyo (2801 Bonee uerkmii
nepexof OKPacKH HaGMOJAeTCs NPH HCNONb3OBAHHH B KAUECTBE BIYT-
PeHHero cBeroduibTPpa MeTHAEHOBOro ronyGoro {490}

TOUKY 3KBHBANEHTHOCTH MOXKHO HAXORHTH (GOTOMETPHUECKHM METO-
AoM [597], tuTpys H3bbITOK KoMmJeKeoHa 111 pacTBOPOM cosu Luheas
npH 620 MMk, WK THTPYS M3GLITOK JOGABIEHNON COH HUKENS PAcTBO-
pom wovnaexcoda 111 npu 465 mmx

B amvuayHoit cpese meip, KODaibT, Kaibiiiii OGpa3yioT RpOYHLE
KOMILI@KCH € MYDEKCHEOM H, CJA€I0BATeNLHO, MEIlaioT ONpefeneHiio
HUKESH

HKeaeso (I11) mackupyior aupodocaton [1100)

TurpoBanueM ¢ MYPCKCHAOM HEBO3MOKHO ONDELEAHTH MHKPOKOAM-~
YeCTBO HHKENA BCAEACTBME HEUETKOH TOUKH SkBHBadesTHocTd Jlas
STOH LeTH C yCTIeXOM MOXeT ObiTo NPHMEHEH HHINKATOP NHPHIUAAE30-

ragproa (PAN) [667]

Tupnanaasonadroa

Ipavoe THTpORatiMe pacTsOpoM Kommaexcoua 111 ¢ stum nuauxa

Topow uceoamomﬁu HOCKOMBKY Ol 06pa3yeT O4cHb CTACHABHb KOMIL 'IeKC
C KOMIVIEKCOHOM T MEVIEHHO,

CMOTpH Ha noahlmem{e Temneparyprt Tlostomy pexoMenayercs nposo-
AWTh 00paTHOe THTpOBanhe H30uTka xomiaekcona 111 pacrsopamu
coaefi meas Ho B 5T0M cilyyae CACAYET BBOAHTL HESOJBLIYIO NONPABKY
na wmuaukarop (0,06 a2 0,001 M pacrBopa comu mexu Ha 50—100 wz
THTPYeMOTO PacTBOpa)
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MoKuO He yunTbiBaTh 3TOM NONPaBKH, NPOBOAR ONpPERENeHHe Cie
AYIOUHM  CnOCOGoM
50—100 a1 NpHGAHIKTCIRHO HEHTPATLHOTO AHAINSHPYEMOFO PacTsOpa fipi-
6aBamI0T 2—3 KANAK YKCYCHON KWHCIOTHL ¥ KOMDAGKCOR 111 B HEGOBIONM H3GHTKE
Pactsop narpesaior 10 70—80° C, npuGarasioT i—2 xaunn naukatopa PAN i TH-
pywoT 001 M pacteopom CuSOs fG nosmienus groneTosoit oKpacku 3atem oGpat
HO OTTHTPOBLBalOT nabuTok coan menw 0,024 pacrsopod xomnexcoa 111 0
epexona HHONETOROH OKPACKIL B CBETIO 3ARHYIO HAK YHCTO KEATYIO (B 32BHCHMOCTSI
of conepxanns vean [665])

Jins THTpOBAHMS HMKeNsi PCKOMEHIYeTCA NHPHAMIA30Pe30PIHH

(PAR) [1263)
HO OH
NN
Oy
X [
GH

Tlkpuanasopesopir
KOTOPAIH O3BOASET BECTH NIPAMOE THTPOBAH HE HHK /I KOMITeKCOROM 111
npu pH 5—6 1 90° G [lepexox Ok packn OT OpaHKeBOH K XKeATO 3e/1eH0i
HaCTOMbKO OTYETIIHB, YTO OMIMOKA THTPOBAHWA He NpeBblilaer OBbeMa
030 Kanau Kpome T0r0, 3TOT UHAMKATOP Ayuille PACTBOPHM B BOZe,
uem PAN

Ouenb y100HEM HHAURKATOPOM TS KOVILIEK COHOMETPHICCKOFO Onipe-
AETENHA HUKeS SBAAETCH a30kcuH (1 Hadronaso 8 XHHOANHOI § CY 1b-
doxncnora) 16861

N

AL o
00

OH
owcun
C 5THM ¥HIHKATOPOM BO3MOXKHO NPSANMOE THTPOBanUe nukens npu pH
5,5—86,5, olpelefienuio He MeWaT KaTblni, MarHuli B Touke IKsil-
BaJeHTHOCTH Ha0MI04aeTCA Pe3kuit nepexoa okpacki BoaMOkuO he
RO/Ab30BaAlHE JIHMOHHON KHC/IOTH Aasi macxkuposanusi U, Th, Zr, Tio
mouesnnl gns Cu
[ipH KOMNIEKCOHOMETPHYECKHX THTPOBAHMAX HHUKENS NPHMEHSETCH
autuson {541, 738} Turtposanne Bezerca npsmbm meroiom  Coab
HUKENS HaXOJUTCA B BOJHOH Q)ase HHAHK&TOP HaXOAUTCA B Opratiiue
ckoll paze (CCl,) 3707 MeTo Maio ya00eH U3 3a HATUYUA ABYX $a3, oT
HHTEHCHBHOCTH NEPEMeIIHBANNSA KOTOPHIX 3aBHCHT TOUHOCTH ONpEIe
JIeHHA
an KOMILTEhCOHOMCTPHUYCCKOM OnpeieiednH HMKes BpUMensercs
8 okcuxunoans 1528, 1182]
[IpH HEUDAMOM KOMIIEKCOHOMETDHYECKOM ONPENefeHHd HHKe 1A
MOMHO KOHCUHYIO TOUKY 11aX01Th NIOTEHHHOMETPHICCKHM MeTozoM [280),
11334
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OrrutposbiBaloT H30biToK KoMndexcona 11T pactsopovt cot Tpex
BaTenTHOTO }Kedesa {271, 1056]

Tutpyior HuKeas pactsopom Pb (NOy), ¢ Pt — W {531 anekrpozom
ApAMLIM M HenPAMbIM  METOAOM

Xopotlize pesyabTatsi (ONyYeHbl HPH NPAMOM KOMIIEKCOHOMETPI
4eckoM  (oToMerpudeckom THTposaunk {1208] npu aamue BoOAUB
1000 smr, npu KOTOPOH KOMILIEKCOHAT HUKeS HMecT MaKCHMAbHOE
norotienye  UToOH H30eKaTh BIHAHHA LIENOUHOIEMEbHbIX META/IOB,
THTPOBaKKe NMPOBOAHNOCH B KUCIOH obnacty, npu pH 4,0 Tlo Tounocts
METO]| HE YCTymaer THTPOBAHMIO RUMETHAIIHOKCHMOM ViMeercs amie
DOMGTPUUECKKH  BapuadT KOMI/EKCOHOMETPHYECKOTO  THTPOBAM:
1531, 851, 10571

Kpome iByHATPHEBOH COIM STH/ICHIHAMHHTETPAYKCYCHOH KHCAOTH,
A7 THTPOBAHHS HOHOB HHKENS MOTYT IPHMEHATHCH APYTHe KOMILIEK
COMlbi, HAaNpHMED HHTPHROTPHYKCYCHAs KHCIOTa JIByHatpuesas cofib
3708 Kucnoter (Na,HX), 6yayqu cama relitpanshoi (pH 6,8 npu kouttent-
paitui 107° M), BbIGE/IReT NPH B3aWMOASHCTBHN C HeHTPanbuON COABIO
HIKCAA SKBHBAJNCHTHOE KOMHYECTBO HOHOB BOROPOJA

HEXE™ - NETNIX ™ - HY,

KOGTOpBIE OTTHTPOBBIBAIOT PACTBOPOM UIENOHH C KHCIOTHO-OCHOBHBIMU
HHIUKATOPaM#, JAyUlile BCer0 METHAOBLIM KpachbiM [1120].

Jlpyroli BapHaHT STOrO MeTOAA 3aK/II044eTCs B THTPOBAHHH PacTBOpa
COTH HuKens, Hefitpanu3sosaunoro go pH 5, TpexsameinienHoit coasio
HHTPHIOTPUYKCYCHOH KuCOTH, HAGMORAGTCS CKAUOK HA KPHUBOH TH-
Tposanns npu pH 5,5—7.8, yiofes uuankatop HeidTpampHbiil Kpac-
HbH

Ha 7oM Ke mpuHUinie OCHOBAHO THTPOBRHME HHKENS yPaMHAZHYK-
C)CHOH  KHCJIOTOH

Crauox Ha KPHBOS THTD NpH OTTHUT HIETOUBIO Bbl
DeTHBLEIXCA KHOHOB BOZOPOja HaXomHTCA B mhTepsage pH 4,6—8,0,
a B ciydyae mpsamoro turposauus npu pH or 6,0 o 8,5

BuisIo npeasionenHo onpefeiaTe HUKEIb C NOMOUIbIO FHIPOKCHITHT
STHICHAHAMHHTPAYKCYCHOR Kuenorol {861, 1276] B srom cayuae
K pacTBOPY COAK HuKens ROGaBAsiOT H3OLITOK peareHta, KOTOPbIH
OTTUTPOBHIBAIOT PACTBOPOM CONTH MEH ¢ (UIYODECHEHTHLIMH HHAHKATO
paMil MCTHAKANBUEHHOM ¥ METHAKATbHEHHCHHIM

BO3MOXKHO HCROAB30BaUUE HETPONOTPUYKCYCHOM KueoTs (10061

uanupusii MeToR

HauGonee crapuuHblii ¥ BMECTE C TeM caMbil PaCAPOCTPAHEHHBIH
MeTO/l THTDHMETDHYRCKOTO Onipeje/ieHus HHKes Obll npesnoxen Mopon
1978] u Ksunbeanom u ugpwo [530] Turpyior ammuaunsii pacTBOp
comu Huxkeas pactsopoM KCN

AKON § [NE(NHGH] ™=K NGV 2K"



Ji7a yeraHOBAeHHUS MOMEHTA OKOHUAHYS THTPOBAHHS BBOASIT B KauecTse
LHAUKaTOpa pactsop KJ u nasecTHwill 06beM TUTPOBAHHOTO pacTBOpa
AgNQ, Tlpu stoM oGpasyercst cycnensus Agl, nepacTeopumas B aMyna
ke, HO pacTBophMas 8 n36aThe KON Tlocae toro kak mpopearupyer Bech
anxenb ¢ KCN, wauner pacvsopstoes Agl  Mcuesnonenne mytu Agd
CTYKUT BPHU3HAKOM OKOHYAHHA THUTPOBAHHUS l"paMM 3KBHBAJEHT HHKE
15 paBeH NONOBHHE ero afoMmuoro seca [1025]

[Tpu THTpoBaHHH HEGOABLIMX KOMHYECTB HUKeAR {~ 0,02 m2) ofbiuto
Ha0TIOIAN0Ch NepeTHTpOBbIBaHKHE 13 3a Koaryisuun Agl u mennen
HOro B3auMogedcTBus ocaika ¢ pacrsopom KCN [lpepnoxeno [161]
BBOINTh B DACTBOP KpaXMasl B KauecTBe 3ailHTHOTO KOAJOHAA

Buuti uayuenbl unTepBaNbl KOHUEHTPAMH HUKENT, MAKCUMANbHbIH
#30LITOK aMMHaKa W BJAHAHHE TeMNepaTyphi Ha BOCIPOM3BOLUMOCTH
pesyanTaToB TaTpoBauus [856] OcofenHo MHOrO BHEMAHHA GBUIO Yie
JI€HO ONPefleleHHIO HUKeNst B IPUCYTCTBHH APYIHX SAEMEHTOB, 06pasyio
nix ¢ KCN 0CafikH, KOMIJIEKCHEIC COSRUHEHHS HAH MaiOPacTBOPHMble
rHIpooKncH Meronom JIu6KXa HUKENb JIErKO OTAEAAETCA OT KoGakbTa
1660, 900! Tlpu goGasienuu uMauufa Kalus K CMECH CONell xofanbTa
H HiKeas o6a SNeMmenta IepeXoifdr B Kommaexcel INi(CN), )%~ u
{Co (CN)¢I*~ Ecau ua Takoh pacTsop mOReficTBOBaTH GpOMION BOAOH,
TO KOGadlbT nepedifer B coeaunenne [Co (CN)gl%", a Huxens Bhinanaer
B Brge Ni(OH),, 0cagok OTACHAIOT OT pacTBOpa, PacTBOPAIOT B laBeje
B8O/ KHC/IOTE, NMOABIETayMBAIOT PACTBOP aMMHAKOM U BHOBb THTDYIOT
pacrsopom KCN Dsasc [635] npenoxui OZHOBDEMEHHO ONPEAEAsiTh
HHUKedb ¥ KOGAMLT 3TAM METOROM M3 OfHOH npoGet B mauane no Mopy
THTPYIOT CyMMY METAaq0B, 3ateM joSasnstior uabbirox KCN, koanst
repexoaut B ogenp apounsii kommieke [Co (CN)g|3~ 3atem nabuitox
CN~ HOHOB YAaAfllOT KHUIIAYEHHEM C MEPEKUCHIO BOAOPOAA M OTTHTPO
BbiBAOT HUKeMh Honit Fed*, A1%, Cr3* MacKupYIOT BHHHON KHCAOTOH
O70T MeTOA HIMPOKO [PHMeHSETCA fPH aHaiuse cratedl (rias-
HbiM_ OBPasoM BBICOKOAETHPOBAHHBIX)

Jasi onpefesienHs HHUKENS 1O KJAAcCHYECKOMY BapHaHTY MeToia
Mopa nocrynalor caexyiotum obpasom 73]

K pacteopy = conepiaiieMy H4Kenb # OOLNHO KMeiolleMy KuQAYI Deaxuuio,
npiGasismor 25% uuiit pacteop NH4OH, Geps ero n3buitox 1—5 sa, pasGasisior
pacThUp 70 obvema 250 2, npuausaior 10 #2 pactsopa KJ (8 2/4) & 10 #2 pactaopa
AgNOs (0,5 2/4) ToaroTosiensit Takuy COCOGOM DACTBOP THTPYIOT DACTBOPOA
KCN (4 6 2/4) BHauate GHCTPO, OKA MyTh YCHAUBAETCS, a 3aTeM 6ONEe MEIUIEHHO 10
ce cueanopers Pactsop KCN CTaHAapTHANDYIOT THTPOBAHHEM HIBECTHEX KORHHECTS
BHKETA, NpHYEM B H3PACXOROBAHHBIK Ha THTpoBanme ofvem pacteopa KCN ssoast
TOAPABKY Ha €0 XOMHUECTBO OTPetnsiemoe HORRAOM Cepebpa [ins ysemnyenns Ge
CTPOTH B TONHOCTH npegnaraetcs vio TouKy (oto
weTpHueckuy metonom [152)

Bol10 npeAsokeHc MHOTO ADYTMX HHEHKATODOB AAS UHAHHAHOIO
metoxa  JIMMETHArAHOKCHM M o GeH3HAZHOKCHM NDHMEHSTIOTCH hak
BHewlnue HBAMKaTopsl 1547, 825, 1033, 12511 B xauecTtse mupMKatopa
MOXKET IPHMEHATHCE TaKkxke Audennixapbason 10861
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K 0.05—0.01 M pactaopy KCN 106263107 3—4 KaiTil 972HONBHOTO pacTbopa
AndheniIxapGatona 1 THIPYIOT ero pacTBOpOM coam Huke1s Kak TO16KO KOHLENTPA
wta nonos NiZ*cTaner GOIbILE SKEABAIEHTHOTO KOAYECTRA 06PA2YeTCs COBRMNERIE
© AHGEHHIKAPOAIONOM HIITEHCHBRO POIOBOFG HBeTa

3ta METOAMKA Maji0 NPHIOIHA H3 32 O6pA3CBanUA B TOUKE SKBII-
BaiGHTHOCTH  CYCMEH3WH  HUKeAbAudenuikapGazonata, mnosTOMYy
3sanc (636, 637] pexomenayer 406aBasits GeH30n, B KOTOPOM Jerko
PacTBOPAETCS KOMIIEKC HUKeds ¢ AUDeHHAKAPOAIOHOM, OKPaliuBas pa-
C’\‘BOp B KpacHbiii HBET
ORHY KOAOY NOMEIHAIOT HEHTPARbHEIN DACTBOP COTH IIHKeds He CORepMauni
Cu(!) Cu(m Zn; Cd, Fe (i), g (), He (11), V, Ca a & apyryio — gicranaupo-
BanHylo BORY, 3aTeM B 06 KonGH AobaBAsmoT M0 20 42 20% woro NHsNOy (Brcaiu-
naioutsil pearent), 15 s 1/5 N NapCOs (nas nonsepwanis pH pactsopa) it paséa-
sasmorT o ofwema 100—130 ss  3avem npuGasasmior 20 M2 Gensoma u 03 wa
1,5% HOro pacTeOpa wHAWKaTOpa 8 STakone THTPYIOT pacTsopor KCN 10 noAsTeni s
Kpacholi OKpacKi 6eHIOTBHOTO CAOK

Tipr Tutposannu <10 ° 2 HuKemsT CAEAYCT yBEAHUUBATL KOTHue-
€TBO KapboHaTa HaTpusi

Kpome audennixapGasona, B KadecTBe HHIMKATOpPa MOXeT Cay-
HTH Pe3aueTOPEHOHOKCHM, 00pa3syiOmUil C HHKeTeM JKETOBATO 3ene-
Hblit KOMILIEKC, HepacTBOpHMEL B Boe [466]

Hikeas onpeiesisioT HeNPAMLIM METOIOM

K pacTeopy conepmauieny coib unkedd, aoGamiaor n3ntox KCN, 10 2 ane
TaTa HaTPHA HA Kamasie 75 #i pactsopa n 510 Kanes 2% HOTO pacTsopa pesa
uerodencuoxcima 5 0% HOM STAHOTE # THTPYIOT CTANAAPTHISY PACTBODOM HiIKe1R
AC NOMYTHEHNH DacTBOPA, NPHOGPETAIOWErO 3EIEHORATO KEITHH UBeT

B 1HauugioM Meroje RPUMEHSIOTCS M TAKHC KOMINIEKCOHOMETPH
decKie UHINKATOph!, Kak Mypexcng Uuanuinmil Kommaexe uukeas
6osee yCTOHUNB, YeM MyPeKCHIHbI, # TUTPOBAHHC JH1ET 6e3 3aTPyauelitis
16031

PekosMenayerest [1177) nposoguts THTpOBande B GPHCYTCTBHHM nii
puauta B Touke 3KBHBaAEHTHOCTH BO3HUKAET q)}l().,'[eTOBOE MajnocpacTel
pivoe coequnenne [NiPyHLOI(CN),

Lifupoko pacnpoctpancHsi METOAl MOTCHUUOMETPHUCCKOTO THTPO
Baiins HHKeAd UHanuioM kaaus Xecko [746] nperaoxus ncuc1s3o
BaTh B KayeCTBe HHAWKATOPHOIO EKTPOAA CCpeSpsubil  DToT Ke
3JEKTPOA PEKOMEHAYIOT HCTOAb30BATh H Npu  auatuse cramed [107]
XOPOLUHE pe3yapTaThl NOAYYaAGTCA TMIPH THTPORAIIHH C HAAATHHOBHIM
H cepelpsiHbLIM 5JekTpoani [342] B ycaoBHAX DEKOMEHAYEMOro Me
TOia THTPYCTCA TOABKO HHKGAL, KOOAdLT, WUHHK, MapraHel, Meis e
MEAIOT OnPeleIeHI0



2 THTPUMETPHUECKWE METORb! ONPEJEJEHUSA HHUKEAS
€ HCTIONb30BAHUEM AUMETHITHOKCHMA

Npsivoe oRpejienenne ocampaeHnem
RUMETHIIHOKCHMATA HUKENS

[1pn THTPOBaHUK PACTBOPA COMH HMKeAN DaCTBOPOM AMMETHJIHOK
cHMa KOHEUHAs TOYKA TUTPOBAHHA YCTAHABAHBAETCH MPH NOMOULH
NOAXOARLIKX HHZAMKATOPOB WM (PH3MKO XMMUYECKAMHU METOLaMH

B ocHoBe MeTOa IeXKHT peakiihisi 00pa3onauls MaiopacTBOPUMOr
AUMETHAZHOKCHMATA  HHKC 15

Ni®* - 2HDi==Ni(HD), - 2H*

Pexomennopanli pasiuysbie CnocoObl  YCTAHOBREIHS TOUKH IKBH
BafeHTHOCTH B paGorax anonckux yuenbix [782] B KauecTRe THTpaHTa
HCNIOAB3OBAH 3ITAHOIbLLIE HAH 2UETOHOBbIK PACTBOP JHMETHIRHOK-
€iiMa, 2 BHELHHUM HHIMKATOPOM CNYXHT €0.b [IBYXB&JEHTHOTO ¥XKe1ne3a
7t awmuak  Takoffi uHAMKATOp AaeT APKO PO30BOE OKpaluuBauue OF
H30biTKa pearenTa, NOCKOAbKY ABYXBAJICHTHOE XKel1e30 06pasyer B aM
MHauHOM CPefie KOMILICKCHOe coeiMBerne po3osoro ugera Fe(HD), 2NH,
1250, 261

Topasno TouHce B yi00HEC O ROCTHIKEHUH TOYKH SKBHBAASHTHOCTH
Cy1MTb € MOMOLIBIO BHEUIHETO HHAHKATOPA — QUIBTPOBAABHON Oy-
MarH, CMOYEHHON PACTROPOM JHMETRAHOKCHMA 370 TEOPETHUCCKH ObI0
JOKA32HO COROCTABAEHHCM YCTOHYMBOCTH AMMETH/1AOKCHMATA HHKeMs
M KOMIJIEKCA HeAc3a ¢ TiM peareHtom [47] Hukeas onpeaensiu
THTpOBaHVIeM U36bITKE AHMETHAAHOKCHMA THTPOBAHHBIM PacTBOPOM
CORH HAKENS C HCIOIB3OBAMKEM CMOUEHHON JHMETH/LHOKCHMOM Oy-
maxkn ToT e npueM Gula BJS_0PAMOTO THTP coneir
Hifhedst PacTBOPOM nwemwuoxcnma 1475, 476} THTpOBallHﬂ npo
BOAUANCH B aMMHauBON cpege

Taxoc onp: TOYKH IKBHBAJNEHTHOCTH HEYNOGHO, MOCKOMbKY
BO BpeMs THTPOBAHHA B PaCTBOPe HaXORHMTCH B3BeiieHHbIH PO30BLIE oca
JOK RMMETHJRHOKCHMATA HHKENIs, KOTODbIN, RORas Ha GYMamKy, MO
JKCT HCKA3HTh BLIBOZb

37X HeROCTAaTKOB Nuiien MeTox [17], B KOTOPOM DpUMEHSIOTCH
B KauecTBe HHJWKaTODa fBe GYMamcKH BEPXHAS CIYKHT QUABTPOM
AJISL 3a1ePXKaHHsT B3BELICHHOTO B PactBOpe AHOKCHMATA HHKENIA, HWXK-
HAR — CMOYEH2 PacTBOPOM RHMETHJIAMOKCHMAZ ORTHMAAbHEIH HHTep
Bat snavenwnit pH 5,9—10,2

JanbHeilillee passiTie 5TOT METOA AOAYYHa B psge pador (2, 310,
10871, B KOTOPHIX B GCHOBHOM BLIACHANOCH BIHSHHE ADYTHX SieMeH
708 Ha onpeleienne HHKens B nactosiilee BpeMs 3T0T METOL Yacto
HPHMEHSETCsi TIPH QHAIH3C PasTuyHbIX O0BEKTOB, COAEPKAHMX HUKETH

* H,D — MOReRvAa ANMETHAAHOKCHMA



Has HitKeas K DyeNoNy pacTBOpY amsiaK A0
nonBAeniA CaaGore 3anaxa u THTPYiOT 0,1—0,01 Af PacTEOPOM AMMETHAZHOKCHUS
{11,6—4,6 2 nuMeTaadoKCHMA pacTBopsioT B 100 x 2 2 ¥V NaOH # pasbasasior 1o 1 4
Bo70i1) NOKa B3ATAR CTEKTANHON MAJOUKOH KamAs DACTEOPA He NEPECTANET 0Opass-
BLiBaTh KPACHOE MSTHO HA MHAKATOPHON ANMETWAANOKCAVOBON Gymare 18 upit
TOTOBTeHHS HOCTENHOH MOTOCKY (HABTPOBAALHON OYMATH NPOMNTHBAIOT HACHEIEH-
LN BTRHOABLHBIM PACTBOPOM AMMETH THHOKCHMA H BBICYINIBAKOT HA Bodayxe Kammo
QUATNINPYEMOrO PACTBOPA HAHOCAT HE HENOCPEACTBEHO Ha WRAHKATODHYIO Byvary,
2 112 NOTOAEHHYIO 10BEpX Hee MONOCKY WICTOf PH.1bTPOBa ThHoll GyMaTH A7 3aAepAa
HHSL YACTMH YoKe 06pascBaBlierocs B PacTBOPe OCafKa HMeTHAZNOKCHMATA RHKe1X

JinveTHARMOKCHM BoccTaHasamBaercs (23, 217, 254) wa pryTrOM
Kaneabtom kKaroge (Ey, = —1,4 6) Hauboiee yio6r0 THTpOBATh 0pH
notennnane —1,85 6, Tak KaK TPH ITOM K HHK&Tb, H AUMETHIAHOKCHM
JaioT Auddy3uONHEIE TOKH, H ROITOMY noayuaercs V o6pasuas Kpusag

TPHYECKOTO THTP Has turp MOXHO RPUMEHATS
HATPHEBYI0 COJb RHMETHIAHOKcHMa [2541 Otnocurenphas omwmbKa
meTona Mentee 1% Haunywinmii don — 0,1N anerar satpus, npH Ko-
TOPOM HHKeNb ONPCACIAIOT B NMPUCYTCIBHH TPEXKPATHHIX KOMHUECTE
xenesa (111}, xpoma (III), amomunuss Ecau cosepxanite 314X 31e-
MenToB OOZee BLICOKOC, HX JAYHiie OTAeAATb

Hioke npuBojuM MeTORMKY OMpeAeneHin HUKENs B CTadd MCTO2O0M
aMTIePOMETPHYECKOTO THTPOBAHKS PacTBOPOM jiMeTnamoxciva (23]

0,5 2 craan 8 HCI (I i) ynap pactBop a0 ofseva 1—2 w2
3ater pasbasasiior ero 10 wa Bogsl ¥ 0GpabaTeizaior ropauiM 5% HEM PacTBOPoN
NaF, depes 8—10 win npuGABASIOT aWMHAK 110 OTUETTIBOFO 3aMaNa H THIPA IOT ADH
norennane — 1 85 6 He CTREAAR OCAROK
Orugcnteabuas cmnbka ue Goaee 2% Xpou 1e Vemaer opEIeseHuio InKe 14
Ha' i obpasen it meaw, Cretyer 8 HS0¢ (I 4
1 106aBARTS 3aTen N0 Kan1 4% neri: pactsop KMnOj Ecau BeRataer ABYOKHCH nap-
rania RpHGABASIOT Ko Kauasy 0,5% nwit pacTBop coi Mopa &0 NpoCBeTiGHHS Pa-
CTROpa 3aTeM §PHAWBAIOT FOPAYIO BOAY, ONYCKAIOT B PACTEOD HECKOTBKO KYCOUKO3
METALTHUECKOTO aMOMHHHSA HA Henesa ¥ HATpeBaioT 10 nmH Tfocae 3700 HRIAT
PYIOT pacTBop, OCaACK MPOMEIBAIOT § pa3 ropsyel 8010 1 PacTBOp TUTPYIOT MpH No
Tenu#ane — 1,85 4 MOXHO THTPOBaTb HHKeAb B NpUCYTCTBHM AHMETHARHOKCHYMA
sonovt [11591

M3 ipyrnx RUOKCHMOB ANl aMIIEPOMETPHUCCKOTO ORPERENIeHHS Hil-
Kejis MPHMENAeTCs AHWOKCHM LIMKiIOrekcaunuoxa (254, 527, 7811 Cam
PeareHT BOCCTALaBAHBAETCHA 11a PTYTHOM KaleJblioM S7eKTPoje Ha ¢o-
ne O,IN auerata marpusi (E = —1,40 ) (7811 Sinouckue yueniie
uenoabsyor ¢os 0,25 M NH,Cl + 0,2 M NH,OH npu noresnnate
1.8 ¢ (pH 8,8) 7811 Tlpenmyiuectso 5TOr0 pearexta NEpel ARMETHI-
RHOKCHMOM 32aK/HOYAETCH B TOM, YTO UM MOXHO THTDOBAth B aviMitay
HOJ Cpejie (€/1e30BATENbHO, He MEIIAET UWHK), B TAPTPATHON H LHTPATHON
CPeAe, YTO RO3BOASIET ONPEAIATh RUKEIb B NMPHCYTCTBHH 60— 70-
KPatHbiX KOJHYECTB XKe1e3a U ATIoMUIug

OKcaMBARMOKCHY A@€T Ha PTYTUOM KaleabHou 31eKTPOAE B upiCy™
cTBuY Hureas gse soaun (8801 Huxems THrpyior 0,05 M pactsopos
pearenta np# notenuuaie —1,14—1,20 ¢ 8 aumnaunofi cpene
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o Dypua TanXe BOC A Ha PTYTHOM Kaledb-
now anextpoge (Ey, =— 1,10 6}, HO npuMeHeHUE erO A5 TUTPOBaHUA
HUKEIS 3ATPYRHEHO H3 34 HOMYUEHHS B NPOUCCCE THTPOBANAS NTONO
Koarynnpyemoro ocagka 1254, 7841

HenpﬂMoe TquHMeTpmlecKoe onpepesenye HuKeas
BUMETH,

Meron OcHOBAaH Ha HCMOAB3OBAHM OKHCAMTEABHO BOCCTAHOBHTE The
BBIX HJIH, YTO 3HAUHTEIHUO Pexe, KHCAOTHC OCHOBHBIX CBOHCTB npo-
JAYKTOB THAPOJIH3A JUMETHIHOKCHMATA HUKeAA

Ocagox AMMETHIANOKCHMATA HUKEAA N0CAe OTAEAEHHsS OT PacTBopa,
COJEPKAUIETO APYTHE KAaTHONBI ¥ M30BITOK CaMOro JHMETHJJIHOACH-
Ma, 06pabaTLiBalOT HPH HAPPeBaHHH KHCIOTAMH

Ni(tiD})e Ni#* 4+ 248,D,

201+

H.$0,
Ci1,C{NOH)—C (NOI) CHj - 2Hp0 —— - CHyCOCOCH; - 2NH0H

Tloayyatonulics Npu THAPOIH3E THAPOKCHIAMHH OTTHTPORBIBAOT
Pa3THYHBIMH OKHCAUTeASMH  MOXHO OKHCNATL BhACTURHIHACA [T
pOKCHAaMHH OHXPOMATOM Kaaus B xucholi cpeae (7851, k uslbitky
GuxpomaTa A06aBAIOT CTaHAAPTHHI} PacTBOp cyanpdaTa xeaesa (1),
2 H30LITOK MOCTeAHEero OTTHTPOBHIBAIOT 1I€PMAHTAHATOM

Jpyroii BapKanT METORa 33K.THOYAeTCR B OTTHTPOBBIBAHHM H3ObIT
Ka Guxpomara coinio Mopa, TOUKY 9KBHBaNENTHOCTH HAXORAT (OTEH-
nuomerprdecky [786]

Moayunsinniicas B pCSyAbTaTe FHAPOAW3A THADOKCHIAMHH MOXKET
GLITh OKHCACH DACYBOpaMM COMell TPEXBaneHTHOTO enmesa [1229]
10 YPaBHEHHIO

2NH Ol — 4Fe™ =

O — 4Fe * 4 110 + 3H*

OOCpasopapilicecsi ABYXBANEHTHOE IKeIE30 GOTTUTPOBHIBAIOT ficp-
sanrasatoM Opnako xkeneso {111} He KOBHUECTBEHHO OKHCJAET Tid-
POKCHIAMHEH, YTO NPHBOIAT K NOBOIBHO GONbILOH ouIHGKE

Buiio npegaoxeHo [ 1065, 1067] npaMoe THTPOBaHKe FHAPOKCUIAMH-
na K0 as0THOH KHCAOTH nepmanranatoM (B 0,2—0,4 N HCI) npu 60° C
C npHMeHeHHeM ABYXJIODHCTOH MeNH XakK KaTaiusaropa

Otamnenksill 1 TPONMITHI| DOROR ANVETHIANOKCHNAT HAKeas, COACRGaMUIit
0,5~-2.0 stz wixess pacteopsion a GranTpe 5 15—90 x4 ropisel LN HC i npows
2107 (iLIBTD BOROH PULTPAT # MPOVHBHEE BOIs COGHPAIT B KOWHUECKYIO KO 15y
evkocTeio 500 1s _pasGasaior a0 90—100 s w wmsrar 15—90 muu_3atew pastas-
10T pactBop 10 250 44 BOIOk, NOAOrPeBAIOT ero 10 55—60° C, BHOCT 2—3 414 pacy
Bopa CuCle 1 THTpYIOT 0,1 pacreopo KMnOs 20 nosenemis c1ago posoBoit okpa-
can

TipsiMoe OKHCAGHHE OCAAKA JUMETHAAMOKCHMATA UUKETS MOMer
GhiTh IPOBCAEHO HEPMAHTAHATOM KaJiHs B CHITbIONieI04HOH cpege [730],
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npuueM NePMAHTAHAT BOCCTAHABTHBAETCA 10 MaHTAHATA M NOCTELHWH
ocamiaeTcsl HOHAMH Gapus, M3GLITOK HenpopearvpoBaBUIEr0 fepMaH
TanaTa OTTHTPOBBIBAIOT (0Ce Pa3baBAeHus PAacTBOPOM apeeHuta HaT
prst DTOT METOA RO CJOKHOCTH BLIONHEHHH H NO TOYHOCTH He BbAEP
KHBACT CPABHEHHA ¢ OpefblAyLiluM

Onucanubie Bhile NePMAHTaHAaTOMETPUUECKHE BapHAHTL ORpele
Jelus HHKeRs JIHMETHAAHOKCHMOM HC OCOGEHHO TOUHBI K3 33 MaToil
Be TM4MHbl 3KBHBaA€TZ HUkhess Dosblilero sHHMaHHA 3a¢yKuUBaCT
METOA THTPOBAHWA FHADOKCHIAMHIA GPOMATOM Kaaus, BREPBLIC BBE
peunpii Pypmaror u Paarom [696] (Fpaum IxBuBateHT HEKEAS pa
Ben 1/24 ero aromiioro Beca) TWAPOKCHAAMUH OKHCARIOT O a30THOH
KUCJOTH U36LITKOM OpoMaTa, KOTOPEIR 3aTeM BOCCTAaHAB/MBAIOT ap
cenuTOM, a M3CHITOK APCeHHTA OFTHTPOBBIBAIOT GPOMATOM B NPUCYT
CTRIH METHJIOBOFQ OpaHiKesOTO Kak HHAUKATOpa
Bonec Toudme pesymbTaTl JaeT NpHMeHelile XIOPHCTOrO Gpoma
7

[51
NHOII ; BrCl - 2H5:0= 1INOg - $HBr - 3ICI

Bo3MOKHO OmpeensTe MHKPOFPAaMMOBLIC KOIMYECTBA HHKE 15

K pactoopy, conepxameny T5—250 sxz wuke1n s 25z AoGanasior 0,2 s
1% noro, pacTsopa AMeTHUMOK WA 1 | a2 2N NHiOH Pacteop xunatar 5 utn
4 ot OXAAMACHHR DUABTPYIOT 4epea CTeKasmintb GrasTp No3, 1DOUbIBAS rOPAUHM
1IaCHILIEHHEN PACTBOPOM AMMETWAFMOKCIMATA HNKeas i 5 x4 BOAH OCRlOK Pactso
psior B 6 111 ropauedi 20% uoit HCI n npoMsBaioT GHALTP ele Aryns nopunsyu HCI
N0 6 x4 PuasTpat COBHPaIT B KOAGy Dprienneliepa B KHNSTAT eF0 | MuH , NOCTE OX-
akAeHuS PacIBOp MOMEWAIOT B cReunatnubii Cocyd Lilyaeka 1as GpomHposan#a W
pasbarnmior a0l &0 100—150 sa UroBet waGexaTs BIRAHHE KUCAOPOZA BOIRYXA,
& cocye pacraopaior 0 5 ¢ KHCO; K pactropy AoSanasioT xaopwcraiii 6pox (BrOj -
— 9Br -~ 3Ci~ - 6H' - 3HsO + 3BrCl), pacTBOp BCTPSXHRAIOT M OXNAXIAIOT
B 1evenne 15 man 3atew 10 12 0 5% Horo pactoopa
HoWHA2 Kains K BEATHBIUMICA HOL OTTHTPOBLIBAIOT THOCYAbGATOM

PaspaGotan [306] BanafaTOMeTPUUECKHH METOX ONpEAE/IEHHS HU
K15 [pH NOMOI# AUMETH/ITIHOKCHMA

Ocagok WiokcHMaTa Hekeas pacTaopsior 5 TN HaSOq n okucasior 0,02 pactso-
pou VaOs (SO4)s, BBOAR €10 8 W3BHTKE, KOTOPbI OTTHTPOBWBAIOT PACTBOPOM COMH
RBYXBATEHTHOTO renieda [ panw SKanBalcHT HWKens B STOM MeTole CocTasiner 1/8
ero aToworo Beca

PesynbTatt, NOyueHiibie STUM METOLOM, BCETJa 3aBLIUEHH, BHPO
4eM 3TOTO MOXHO H30eXaTh, €CAH PACTBOP CTAHIaPTHIMPOBATH B yC
GOBHAX MPOBEEHHS ONBITA

TIpeaioketi PSA MeTO{OB KOCBEHHOIG ONPEAGACHHS HHKEIN IUME
THIHOKCHMOM Ouu ocioBanbl Ha pacTBOpennd 1HOKCHMATa HHKETA
B Kuciaotax, nanpumep s HCl

NiDm. - 2HC1=NiCl, - 211Dm
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K ocaaky aoGasnsior usbuitok 0,058 HC) npu narpesannu [1025]
H O7THTPOBRBaIOT K36HiToK HCI fi0 MerioBoMy OpatikeBomMy CuHpHOB
{2971, npoBepus 5TOT METON, YCTAHOBHJ, YTO NEPEXOX OKPACKH pac-
TBOpa B €n1ab0 MeAThI UBET B KOHCUHOH TOUKe HEACEH H NPEABONKHI
CuMTATL KOHIOM THTPOBAHHS MOMEHT NOABJIEHKS PO3OBATOM CyCHeH-
3HH

Yyraes [358] cuyntaer, 4To Ha pas;iomenHe ] MOASL JHOKCHMAra
HHKENs JIOMKHO  PacXOjOBATHCA 2 FpaMM SKBHBAJIEHTA KHCJIOTH
CuipHos  [297]  sKcrepHMeHTa/IBHO YCTAHOBHJ, 4TO DacXOAyercs
4 rpamm skBuBantenta Kucaothi On OOBLACHHA 5TO MPOTEKAHHEM peax-
1K

Ni(HD), - 2H §0,=2[1Dm 11,50 + NiSOs

Ogauaxo, 10 zannbid Jikoncoua i Dpaiisepa 18031, ocuosrocTs OKCHM-
HOTO a30Ta CAHIUKOM Maja, 4TOGhl MOIMTH GODa30BBIBATHCS COJIH

[ MaccOoBLIX OnpepeieHyil Hikeas B pynax paspabotan [174]
alinEMETPHYECKHIT METOJ, C HCTIOIB30BAHNMEM B KAYECTBe MHAMKATOPa
MeTHA0BOTO OpamxeBoro Ha | rpaMm 3KBHBaJENT HHKeNS TaKkXe 3a-
TPaunBasiOCh 4 rPaMMA-IKBUBANCHTA KHCHOTH

MMpotekaioT ciepyoune peakunn 119]

Ni(HDb + 4HCU 2H O="NiCl; 4 2NH,OH HCl 4 2CH3eC (NOI)+CO-Cllge

ITepedsichennbie METOAM HE [PHMENAIOTCA MIMPOKO, TNOCKOMbKY
HMEIOT JOBOAIBHO CYIleCTBeHHbIE HCROCTATKH BO-ePsHX, oulibKa B pe
3ynbTaTaX Oyelib BEJHKA BCACACTBHE TOTO, YTO APH B3AHMOAEHCTBHH
¢ HCI ofipasyercst MOHOOKCHM M COMSHOKHCHIEI THAPOKCHMAMHH HeE
BCEFA@ KOJHYECTBEHHO DO BTOPBIX, METON NPHUMEHHM JUis Y3KOTO WH
TepBana KOJUYECTB HHKEAA, NOCKOAbKY ROABACHHE CYCHEH3WH NHOK
CHMaTa HpH HeHTPaAM3AllNK HACTYNaeT TeM paubiie, uemM Gosbiie 06
Uias KOHUEHTpPanus COJAH HUKEIH

Hukenb MOXHO ONpeaensTh ¢ NMOMOMBIO APYrHX okcumos Mupo
1o [965) npeataraeT OKCHIMMETPHYECKHH BapHaHT OKOHYAHUSA OMpe
AeneHHA HUKeNs QGEHH/ZHOKCHMOM, AMGEHAMIMOKCHMOM ¥ APYTHMH OK-
CHMaMH.

3 JPYTUE TUTPUMETPHYECKUE METOABI

HemHOTOuHC TeHHbie NPAMbiE METOMb! THTPOBAHHSA HHKeJs, OCHOBAH
HLIE HA PeaKildd HeldTPanH3alkK, KaK BPaBRIO, NPHMEHAOTCS AiA Onpe-
JeRCHUA JOBOALHO BHICOKMX €70 KOHUEHTPAlHil B UHCTHIX PacTBOPaX,
TP 3TOM NONYHalOTCH CPaBHHTEIBHO MAJKO TOUHBIE PE3YJABTATHI

PacTBOpb! COell HHKeNsl, CONEPIAUIMX aHUOH CHABHOH KHCHOTH,
MOTYT GblTb OTTHTPOBaHH PacTBOPAMH HIEAOUEH B NPHCYTCTBUH KPe3on
dratenna {5921 nan denondranenna [341) Bonee T04HO TOUKY IKBU
BAJAEHTHOCTH MOXHO YCTaHOBHTb NOTeHLmoMerphuecky [4871. B rex
CiyuanX, KOTAa HHKENb NPHCYTCTBYeT 8 BHAE cofefi ciabbiX KMCAOT
HNil KHCMOT Cpeneis CHAbl, NPUMEHSETC METOR OCPAaTHOrO TUTPOBaHHS

7 AmaauTinecxa’m xuMuH HuKens o7



1132] OcameHHyiO FHIPOOKHCH HUKERsS PacTBOPAIOT B H3OHITKE THT-
pOBaHHOﬁ KHCAOTHI, H3GLITOK  KHCIOTHL OTTHTPOBBIBRIOT 110 MCTHA-
opaHKy

FEute 0iMH BapHaHT allHAHMETPHYECKOTO KOCBEHHOTO OMpefeneis
nukeas npeanarator JyGekuit n Xayep [608] Huxeas u3 pactsopa
ero coaet OCaMAA0T AHUHAHOAHAMHANHOM OCaﬂOK AoCAEe ApOMbiBa-
HUA HA QPWIbTPE OTTHTPOBHIBAIOT CONAHOM KHCAOTOW NO METHTOBOMY
kpacsoMy ['paMm 5KBUBAREHT HHKeNf pasBen '/, er0 aTOMHOFO Beca

M3 KOCBeHHBIX METOAOB, OCHOBALHBIX HZ PEAKUHAX OKHCACHHA —
BOCCTAHOBNIGHUSI, C/ieRyeT OTMETHTb crieayiouine Huxeas, kax n Miio
rue APYTHE KATHOHBI, MOKCT ObiTh OCAXACH B BHJIE OKCAJATa H3 PACTBO
pa, COACPHKAIIETO 3TaHOA WK MYPaBbuHYIO KHCAOTY (30% mo ofbemy)
Ocajok pacTBOPsOT B CEPUOH KHCAOTE H IPH HATPEBAHHH OTTHTPOBHL
BAIOT PacTBOPOM Nepmanranarta [586, 824] Meroa jomoasnio Toden, o
jie CeeKTHBeH

Hukenb MOXHO OCazdTh aHTpaunaatoM Hatpus [1157] uan 8 oxcu-
xunosauHom [1158] Tloayuenubie OCajku pacTBOPSIOT B KHCAOTAX,
6POMUPYIOT CMECHIO XJa0paMHHa B U GpoMuia Kaamus, BLIEeAMBUIMICS
6pom ompereasior Mogomerpuvecku Ocajox anTpanmiarta ¥ 8 OKCHXH
LI0AHHATA HUKEMA NOCAE PaCTBODEHHS B KHCAOTAX MOXHO OTTHTPOBATh
6pOMATOM HOTEHLHOMETpHYECKHM MeTofoM (844

B amvuaynoM pacTsope HOHbI HEKeNs OGpasyiOT ¢ reKCaBaHalatToM
ammorust ocagok Ni(NH,),VeOng ian Ni{NH,)gVeOr [325] Tlocne pa-
CTBOPEHHN 0CafiKa B CepHOi KHCJIOTE JOOaBMNIOT GHHUAAHTDAHKAOBYIO
KHCNOTY M THIDYIOT Banajar comsio Mopa OWmmGKn He APEBHIIAIOT
0,1 sz Ananoruuno nousl Hukess ocaxaaloT B Buae Nig(NH,)(AsOp)s
¥ 10C/ie DAcTBODEHHS B KHCIOTE MbiibAK (V) OTTHTPOBGIBAIOT HOAO-
Merpuuecks 1372] Merox He yCrymaer no TOYHOCTH NHMETHARMOK-
CHMATHOMY

THTPUMETPUYECKHE METORBI, OCHOBAHHEIE Ha DPeakKmuH OCAMACHHI
(KOMR.IEKCOODPA30BAKKSA) HHKEAS, KaK NPABUAO, SRIFOTC RPSMbIMH
Vionst nukenst OcaX7alT PacTBOPOM (GeppoluaHuia Kalus H3 pacTsO-
POB, He cogepKallMX MHHepaabhbix Kuchor Oxonuauite THTPOBRHHA
YCTAHABMKBAIOT € HCNOAb30BaHHeM saexTpogos [425] Pt — Ni wau
Pt —SiC Wioust Mens B GAaropofhbiX METaAA0B BOCCTAHABAMBAIOT
CBAIOBOH amanbramoil B cepHokHCnOfl cpepe 14241 (Pb®* yaansercs
oaHoBpeMenno B Buje PbSO,), xeneso (I1) u xeneso (I11) mackupyior
Gropunavi  Ocajiky HpUNHCHIBAIOT CaAeAyiiull coctan [424]

3K,Ni [Fe (CN)ale Ni; [Fe (CN)ol.

Tanauaes u Jlesnna [309] noppo6HG HeCAeROBaAK TUTPOBAlue HH-
Kesi PacTBOpoM eppolMAHKAA KalHf M YCTAHOBWAM, YTO CJle-
Zyer TPHMEHSTL 3MIUpHIeCKH# THTP (eppounanufa, HaHleHnbif
aBTOPaM¥  COCTaB OCagka  OTIMYAeTCA  OT  TEOPETHYCCKOTO -—
K.NiafFe(CN}ol,
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Deppuinannl 06PasyeT C HUKETEM BCEIdd  OC4I0K DOCTOSHHOIO
cocraBa Nig[Fe(CN)gla, uto no3sosiic pazpadorats amnepomeTpuue-
CKHil weToa TnTpoBanks uukean [194, 347, 348 Pacteop coau nu-
KeAsl B MPUCYTCTBHM alieTata MOMHO OTTUTPOBATH ABY3EMCILICHHBIM
ocatom  amvonns  Cocras ocagka NHNiPO, |- Nig(PO,), Ilpu
Gapasor HIGHITOK ochata, KOTOPL OTTHTPOBLIBAIOT COABIO MHHKA 110
Terunomerprueckr [867] nnu amuepomerpuuecky [850] Moxer 6uiTh ric-
nOb30BaR0 06pasoBaline ManopacTBopuMoro coeinkeris Ni(Py),(SCN),
1602, 814] K pacrsopy, cosepxaiicmy niKenb W HIPWIHE, K0Gasis-
10T 1#30BITOK PoJaniaa aMMOHHS, K()T()pbllui GTTHTPOBBLIBAIOT 3aTeM N0
metogy Dogbrapia HAH MEPKYPOMETPHHCCKIF B HPHCYTCTBHI FHGCHI -
KapGasona [1179] DBornap [484] pexoMeHAYCT A% ONPEIeNeHnA Hi-
Kesisi paCTBOPSTh €ro NUpHIHpolanigroe coefitnenne 8 1N H SO, o
OTTHTPOBKIBATL BbLICIMBLIIICH PogaHyA HuTpatom prytH (II) B npu-
CYTCTBHY KeH.enoJosoro roayforo VS Onpeaeneniio Metuaer KoGadabT
N BCE 3TCMEHTHI. o6p33_v!ou.[vxe OCaAKH WJIM KOMAJAehCHbIE COEAUMelH
¢ poaauuzom THTPOBaIHE PACTBOPOM AHSTHARUTHOKAPOAMHHATA HATPHA
BO3MOXHO JHIIb 1OC/AE OTHENERHS HHKCAS AMMETHITIHOKCHMOM OT Me
waouiHx snementos [1132) TIpesiokeno asa BaphanTa NOTEHHHOMETPH-
HECKOTG TUTPOBANHS — € Ag 37eKTPOIOM U BH3YaTbHOE, B MOPHCYT
CTBHI pHPA, (DAOTHPYIOUIETO KOMIITEKCHOE Coepnnenne nukels (772)
Hapecten amncpomerprueckuii sapuanT Tutposanus 1218]

Nutuzon vakme HCNOAb3YeTCS KAk THTPHMETPHYECKHt pearent
Ha nukeab OnpefedeHrue BEIYT B NDHCYTCTBHM aueTara, MOCAEI0BA
TEALHO BCTPSXHBAS PACTBOP COAH HHKeAs ¢ MOPLHAMH JUTH30HE
B XJOpohOPME A0 NOAYUCHUA HHUCTO 3¢ ICHOrO dkc:nanta {1301 uau seasn
TuTpoBanue B npucytctehn Co®® B xauectse mmgukaropa [618] Pyde
AHOBOAOPORiAs KHC/OTA, a4 TAKKC &HTDAHKIAT HATPHS HUCHOAL3Y-
WOTCA AT aMIIeDOMETPHUYECKOTo THTpPOBaunsi wuxens [103] Turposa-
HHE HEKCIS ¢ HCMONb3OBAHHEM B KAUECTBE OCAAMTENs CEJEHHTA DEKO
MEHJyeTCs1 NPOBOIMTE KOHAyKTOMeTphueckn (5951 Mevon cnektpo
POTOMETDHUECKOIO  THTPOBAHHA  PacTBOPoM 1 HuTpo3o-2 uadro-
aa B NN’ gumeruaopMavmie JaeT  BO3MONKHOCTh ONPEACAHTDL
HHKETb H Meib NPH MX COBMECTIIOM RPHCYTCTBHH TuTpOBaHHE MCIH
nposoasT npu 600, a uuxetn npu 525 ammx |1214]  Coocot
HOCTE HOHOB HEKeAs OOpa3oBbIBATH  CTAOHIbHBIA KOMAAEKC C
@,¢’ AMREpHARAOM Obila  HCHOAB30BAHA A4S  THTPUMETPUYECKOTO
KOCBENHOTO MeTOfa Ompefesenust Hukens K Dactsopy comu Huxesds
noGaBanoT W3CHTOK &, IMUHPHAMAA, KOTOpHLil THTpylT 0,1N pa-
crropom AgNO, B npucyrersuu 2% noro pacrsopa K,$,0p Kpacho-
KODHUHEBBI# OCAJOK KOMILIEKCa cepepa ¢ AMUHPHANIOM PAacTEOPSIOT
B XHCAOTe H HOHB cepebpa OTTUTPOBHIBaOT o MeToay Ponbrapaa 15401

Jias ycTanOBASHHUS KOHEUHOH TOYKH HPH THTPHMETPHUECKOM Onpe-
JISIEHHH HUKETS 4acTO HCHOJB3YIOT KOHAYKTOMeTpHueckuii (723, 734,
10201, typGugumetpuueckuis [661], rercpomerpuueckuii [480), ofb-
emHO HenTpudyraTabi (12381 metoast

Hukenb onpezeasior KyJoHOMETpHYecKuM setogoM [904]
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laasa VI

POTOMETPHUYECKUE METO/1bl ONIPEAEJIEHWSA HUKEJIS

Huke s, 06aa4as He3auo THEHHOR d 060.104K0H, OOPa3YET HHTEHCHB-
WO OKpallieHHbie COSAMHEHHA C GECU.BGTHMMM H UBETHIAMHE pearenTaMd
T'nipaTpoBansbie HOUbI HHheds TaKXKe HMCOT 3elcHuil user [lo
JTOMY HrveeTcsl GOJBLIOC HHCHO NPAMBIX MCTOAOB (DOTOMETPHYECKOTO
onpeietenin nukeas Hixe paccmotpeiiti 121160108 pacnpocTpateH
HLI€e HH NepenekTyBibie MCTO b 1

i OTNPEAEAEHUE HUKLJIE € UCHAIOJIB3UBAHUEM OKCUMOB

s dOTOMCTPHYCCKOrO OnpejfedeHus HuKeas nauboiee 4acto
NPHMEHAIOTCA AHOKCHMBI H TOPA3TO PeXe MOHOOKCHMH Huxeas ofpa-
3yeT C JMOKCUMAMY [8a THIA COSAMHEnUil 1) BHYTPAKOMIAEKCHBIE COe-
AuHEHHR JBYXBATEHTHOro Hikeds (MA,), 110X0 pacTBOpHMbIE B BoJe,
HO Jyduie PacTEOPHMbie (CAC10BATENBHO, SKCTPATHPYIOHIHECS) B Opra-
HUdeChHX PacTBOPHTEARX, 2) COSHHEHHS, PACTROPHMLIE B BOJE, 00-
PasyioWHECT B WEIOUHOM DACTBOPE B NPHCYTCTBHE OKHCAWTC 15, HIl-
Helb (POABTIAET BAICHTHOCTL - 3 ( -4)

Onpepenenne nuxens () okcumavu

OAuMeTudaAHORCHM

BH) TPHKOMII TEKCHO®  COSIMHEHHC HHKCAS ( AHMETHIAMOKCHMOM
SIPKO OKpallieHO, M0 PaCTBOPHMO B BOie MeTox onpejetenns Hukess
OCHOBAH HAa W3MEPeHHH ONTHYECKOH MJICTHOCTH CYCNeH3HN BHMETHA
nHOKeHMaTa HHkeds B opupe [1007] CrenTp cycneusun juMeTHITHOK
CHMaTa WHKeds, CHATHIA Ha cnektpodorometpe Simacaku [12951, npen-
crapten Ha puc 7 Cycnensus cTaGuTH3upyercs oGasterneM K s¢wm-
py 5TaHola H KOMMoAUs METOR peKoMenyercst AAsl aHaiusa MEJHO-
WHKEAeBLIX CHAaBOB

3 UynerauTensiocTs MeTo10n 1aka no kpirepio Ceunena (6411, Baanxa 1431, a
(18 570 BOIWOKHO RPHBEACHS PACCIUTAHHHIE MOAFPHHE KOSOBHUNEHTS NOTaUCHNS
~OOTBETCTB IOUIMX OKPAHIEHHHX CORRMHEHH it
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Ciaas pactsopsior 8 HNOs, VRanSIOT OKHCIb 23074 DACTBOP Heil (paIH3yioT
aMMHaKOM L0 IePEX0AA HUKE1R H MeAH B AMMNGUHHE KOMILIeKCH 3aTey pactBOR
ROKOrpealor, 406a8 10T 15 42 1% 1100 STaHOALIION® PacTBOpa ANe1H LUHOKCING K
NepeNeaT B ACTUTE 16HYI0 BOPOHKY PACTBOP OX7TaMAJIOT 10X KpaHOM 3 bCTpS XHBAIT
¢ 15 s supa Bech ocanox Hikean B C1of sHpa
Boasbiii caoil orGpackizaior HpupHsi caod
ABAKAL RPOMLBAIOT BOAOH H MEDHOCAT B [
KIOBETY IR H3MCPEWNA ONTHUECKOI 1 10T 17
HOCTH, KyAa 100aBamOT 5 st otamona M
5 wa Konaoans [locie pas6adienun adi
POM 0 OUPEIETEHHOrO O6BEMA  H3VepSIOT 4
ONTIMECKYIO MAOTHOCTS TLOA VYEHROI! CYCTIeH-
sun : ) 46|
Henocratkom 57010 MeTOfa fB gy
NSETCR  11e0GXOIAMOCTS  paloTaTth
C NETKOAETYYHM 3DUPOM U He ouelb 42
ycToliuHBoi cycnensucit Oua
u Jlaureiin [816] uccaegosanu na 400 450 509 550 A omme
$oToMeTpe  CHEKTPANbHYH)  Xapak
TEPHCTHKY CYCNEH3HU, TOJYYEHHOH
B BOJZHOM pacTsope, ONpeleTHIH
MaKCHMYM CBCTORONIOHIeHHA (A =
553 mmK), N3YYHAH BANSHHE IKe
;AaTdubl Kak CTaGlausatopa, Baus
Hile ee COGCTBEHHOTO 1OTOUICHHT,
4 TAaKKE BAHALME Hd YCTOHYMBOCTD CYCHEH3HH Pa3THUHbBIX 31eKTPOIH-
ToB Bocnpouseopumocts pesyantatos passa —0,1%, mas cycnen-
3uK coGmopaeTes 3axon DBepa B wnTeppane Kowuentpaimit ot 0,5 me
Ni/50 ma no 0,025 me Ni/50 ma (e = 1600) KoGaant obpasyer cnabo
OKpAllieHNioE PACTBOPHMOR COCIUHEHKE, HPHYEM HHTCHCHBHOCTL OKpa-
CKH CrO 3aBHCUT OT Bpemenk OObiuHO HeGOALIIHE KOTHYECTB KOOAIbT
e NPHHHMAIOT BO BHUMalHE QX e coicpanue xobanhTa coMsMe-
PHMO C COfEPIKaliieM HHKEIH, TO CCAYET ero coBeTBeHHOe NOT.I0Let e
BBIYHTATH U3 NOMIOMEHHA HCCTCAYeMBIX paCTBOpOB, a B ¢1yuae Gotee
ueM 7 KPaTHBIX KOAHUECTR OTAeAATh APeBapHIETBHO IKCTPakiHeR
B Biae (NH,),[Co(SCN),l cmechio amusiooro enupra i sgupa [{unk
HC MeiLiaeT ONpefe’eHHio, epMauranat HOH CeAyeT BOCCTAHOBHTH
cyaspurom YKeaeso (I11) i xpom (I1I) orgensiior ateraTHbIM METOIOM.

Piic 7 Caeromornomenne cycremsiit
AHOKCHMATOB HIHKETA
1 — o by PRARHORCAMAT, 2 — AHMCTILIANOK
cuvar, 3 — o-GeKai TAuGKCHMAT

jlast onpedeTeults mikenn mocTynaorT ciefyiollhm o0pasov K netpaiboy
pactBopy, cotepmameny 0,5—0,095 sz HuKeas B KoaGe eMKOCTRIO 50 ia, 1062BAROT
pactBopsl 25 uz 1% Horo NHOH, 10 st 10% noro NHaNOs, 2.5 stz 1% woro sta-
HOTLHOFO PACTEODA AMMETHAAUOKCHYA, { a2 1% HOrO pacTBOpa MKeAaTHHb | BCE fepe
mempaior [lotae 3T0ro pacTBop pasbaBnfioT BOACH AC METKH W H3MEPRIOI onTive-
CKYIO TIOTHOCTS HA (IOTOMETPE C 3eTRHbIN CBETO(N 15TPON

JIMMETHIAHOKCHMAT HHKETS CKAOHeH (AOTHPOBATLCS Ha NoBEpX-
HOCTH pa3fiena BOAuOil W oprammueckoli Gas {29, 160, 1193, 12011
DT0 MCMONL30BATOCH AMA YBEAHUEHUS UYBCTBHTEALHOCTH OOHApyMe-
HUT HAKEJA
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MeTo1b!, OCHOBAHHLIC HA H3MCPCHHH OINTHYECKON [11OTHOCTH CTa
O M34POBANHBIY CYCARH3INA, HE NOJYYNAU TAKOFO IWHPOKOTG Pacnpo
CTpalcHHs, Kak sKCTPaKiionuble MeTGIbl ¢ TpHMEReldeM Ienoiasap
HHIX OPFAHHYECKIX PacTROpHTeicH

‘Iyraes [358] orMeTu1, 4TO JHMCTHIAHOKCHMAT HHKeIH DPacTBO-
punt B sTanode, 3jmpe, Jeusone, Xxaopodopme, YKCYCHOH Kucnote,
nupuie W Ap PacTBOPS B 3THX PACTBOPHTEINX OKPAllIeHbi B OpaHKe-
BUi 1IBET, KOTOPLIH OTIMYACTCH OT L(BETA KPHCTAMTIOB JMMETHJIZHOK
cumata M BlepBLIEe Gbi T CHATHE CliekTPbl NOFAOUICHHA Pijla ZHOK-
enMatoB HHKeAA B Metanouc 1355] TMosauee [4401 Goita mana Gomee
1104pOGHasi CAEKTPAThHas XaPaKTePHCTHKA XJI0POPOPMUOIO PacTBOpa
JMMETHATNOKCHMATa HHKeTd (Ta()'l

Tab 1nua 41
Mcanpubie KOXBHUUKENTH HOFAINENAS LHOKCHMATOB
Hukeas (50, 440]

: -
T hyaxe cocan
e ¢ wike |

Pesen "
| mew wwr

e Lok g l 265
' 327 '

378

12 I 1000 kel monane ke

12 1l 101 CNTAnIHOKINOoK Y

2 hengiaino senu

x By i TaoKCHY

Buipsuie SKCTPAKUMS AHVETHIIMOKCHMATA HHKEAN HCHO/53082
nach He 1t POTOMETPUUSCKOrO OLPEIRICHHS, a A% OTAGAEHHS HU-
KeTs OT ApYrdx 37¢MeHTOB, B YacTHOCTH, OpH ONPeleqeHHd NHKeNd
B rpannte [1106) Ixcrpakinounsiii MeToy Gbit NpUMeHCH A5 POTO
METPHUECKOTO OHDeAeTeliHs HHWKETH B UPHCYTCTBMM nofannta [732]
DKCTPAKILIA HPOH3BOANTACH XAOPOPOPMOM H3 AHMOLLOKHCARX pa-
CTRODOB

Dabkn 1 Muxeincon [21] nopodHo HCCIEI0BATH YCJAOBHA 3K~
CTPAKILYL, OIPOAC AN PACTBOPHMOCTH AHOKCHMATA HUKCAS B psge
oprannyeckix pactsoputedcit Kpowe Toro, sTh asTophi ycrawosuau,
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9TO COOTHOIIEHHE BOAUOK H Opranuueckoli ¢as He BAMseT Ha yoiex
IKCTPAKIHH

C moMollbio pagHoakTHBHOTO K3oTona Nis? Geino noxasano, uto,
HaukHas ¢ KOHueHTpalluk 2 mrz B 300 sa BOZHOTO pacTBopa, HMKeNh
3KCTPArHpYeTCss XAOPOHOPMOM KO ) (5631 Ko HeHT
pacnpe}xenenm MHMETHANMOKCHMATA HuKeas B cucteme CHCl, — H,O
pases 230 [263]

CyinecTBeHHbIM HEIOCTATKOM CAGLYET CUHTATL MANYI0 PACTBOPH
MOCTH CaMOro JHMETHIHOKCHME B Boge bowio npeanoxeno [1002)
HCOOM630BaTh HICTOUHOH PacTBOpP
Ruvetuaguokcuma  Mabupartean-
HOCTh OTOMETPHUECKOTC ONpeae
JiCHUS HUKEAS TAKAR Ke, KaK H
rpasuMerphuccioromerola Opnna-
KO TaKHe 3IEMEHTHI, KaK KO-
Baxp? ¥ Melb, Obpasywolulue A0
BOIbHO XOPOWO DPacTBOPHMbE B
BOJE COelMHeNHd, Majio npensaT
CTBYIOILHE BLIIEICHHIO OCAKOB AU~
METHIIMOKCHMATa, BCE e 9KCT-
pardpyioTcst B BHAE AHOKCUMATOB
Ho ARHOKCHMATH 3TUX 3 TEMEHTOB
AEThO  PEIKCTPATHPYIOTC JIENO
Yavu, avMMUAKOM H THOCY.b(a
TOM_ HaTpus Puc 8 Cheronorsiomenie Xaopogiopy

Hecmm‘pﬁ H& BBICOKYHO 1368 HX COGAMHEHHI HUKedsd
PATEABHOCTD, SKCTPAKUHOHHO (0~ & — ¢ QUATAKOKCHNOM, & —C a-fezn 1AnoK
TOMETPUUECKHIl MCTOA He MOAYUaq #uoM, & —ex bypuagwunnm 4

IMAROKCHNOM 5 — ¢ AEMCTHIANOKCIM 03
pacupoctpanerus 0 pabor Huss-
wa {999, 1000, 1001, 10041, xo-
TOPLit OOpATHI BUHMAHME HZ BBICOKYIO YYBCTBHTCABRHOCTD METOAA
ADH H3MEPeHUH ONTHYECKOH NAOTHOCTH B GAHKHEH YbTpaduoneroBoi
obaactu crektpa (puc 8) B OOMacTH ATHH BonH 330—380 mmx 1o
FIO3BO/IKIO YMERBIIATD KOJIHYECTBA ONPERENsieMOro huKeas ¢ 250 mxz
{Bacrunre) g0 5 mxe (Hunowr) Hynesol xsaopodopmubii DacTBOP
JOIKeH COAePKaAT> RHMETWIAMOKCHM, TaK Kak, no jasumiM Kpucro-
epcona » Cengena [579al, peareHt 3ameTHO PacTBOpHM B XJIOPO-
dopme (0,052 e/2) u ero pacTROpHl HOTJIOUAIOT AYUHCTYIO SHEPTHIO
B OGAaCTH NONMOIeHUs coeputerns (350—380 sumk)

490 A, mo

A i pactsop, it 50—130 sz wukeast, NOMEWA0T B Ae-
InTenuyio BOpOHKY RoGamasior 20 a 25% HOro pACTBOpA TAPTD2TA  HATPHA
(5 Cayuae, s awannsHpyenait 1azephan colepiit xeieso) § 2 #a NFIOH (ya

91)” 3atew goGamamior 10 14 5% HOTO PacTEOPA AMMETRAMIOKCHMATA HATPHR 1
ectpsxugaior | nmi ¢ 30 s CHCls Dkcrpaxt cymar aobanaerwen 2 2 NasSOs 5 Koa
Ge Spacrvefiepa ewxocTsI0 DO A1t H HIMEPSIOT CBETONORMOMERHE 1A (oTomeTpe C PRO-
ZeTOBBIV CBETOPHABTPOM
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B gaapHeiiiieM SKCTPaKHHOHNO-DOTOMETPHUECKHH MeTOR ompe
JeeHHA HHKENS AUMETH/IFMHOKCHMOM PA3BHBA/ICA B HaNpanfeHyH yse
JIHYCHHS €10 yBCTBUTENBHOCTH HYTeM HCIIONb30BaHHsA 6oaee Taaeoil
yabrpacuoneToBol ofiacTy Cnekypa

B nauteél 1a6opaTOpH¥ H3yYanach BOSMOXHOCTb ORPEACNCHHS } 1b-
TPaMadblX KOAHYECTB HHKEAS AHMETHAIHOKCHMOM C HCNOJb30BaHHeM
CaMoro  KOPOTKOBOAHOBOTO ~MAKCHMYMA NOTNIOWleHus —[RHOKCHMATa
(A = 265 mmx, & = 24500) M36mbTOK pearenta, NOLJOUIAICUETO B 9TOM
00aCTH 1 SKCTPATHPYIOWIErocs XJAOPODOPMOM, yAAIsICT PESKCTPaK-
uueit 0,IN pactsopom menoun [lpepnoxennas MeTOAHKa N03BOIARET
onpegeauts 0,05 mxe/5 sa nuxens

¢-PYPUIAHOKCHM H @-0eH3UHATHOKCHM

UyBCTBHTRTLHOCT: METOAA ODPEeNIeHHs HHKEAs B BHIE AUMETHJ-
AMOKCHMATA € KCTPaKuuel XOPOPOPMOM npH H3MePEHHH ONTHUECKOH
NAOTHOCTH B BHAMMOH O61acTy cuektpa (& = 3430 npy A = 374 sux)
YCTY1laeT UYBCTBHTRALHOCTH METOZA € HCHIOAb3OBAHUEM APYTHX AHOK-
cunoB {cv Tabn 41)

o @YPHAHOKCUM # & GeH3UTRHOKCHM OOPa3yloT ¢ IOHaMHM HHKE1s
KOMIVIEKCHbIE COSTHHEHHS, XapaKTepUSyiOUiHecs BLICOKHMH KO3gxpit
IHeHTAMH MOASIPHOTO noFalicHus B BHANMON (a dypHAHOKCHM) It
YIbTpadHOAETOBOH 00MacTaX chexTpa (oM puc

Coeauuens ¢ o GyPUIIHOKCHMOM B BHIMMOM OGracTh cnextpa
XapaKTEPH3YIOTCH JOCTATOYHO BBHICOKHM KOMDODUIHEHTOM MOJSPHOIO
norawettust (& = 19000, A = 435 suux) 30 faeT BOIMOKHOCTD Olpede-
ASTH Majlbie KOJHYECTBA HUKeMs Bomplice Pasinyue B PaCTBOPHMOCTH
cocauHenil HUKeAs C 3THMH AHOKCHMaMu B BOZe H X/opodopme mo3-
BOASET Pa3paboraTh BHICOKOUYBCTBHTE/BHBIE 3KCTPAKHAOHHHE METO-
Abi OupeAeneHns nukens B yaaTpabhOseToBOli 061aCTH cheKTpa Of-
PefelIeHHIO MeiliaeT MOTVIOEHHe CaMHX peaTentoB [10370MY H3GhITOK
@ GeH3OHIIMOKCHMA DEeIKCTPArHpYIOT PacTsopom iuenoun IIpn rakofi
onepanui {252] o GYPHIIHOKCHMAT HUKENs DaspyuiaeTcsi

Peakuia 06pPa30BAHHS  KOMIWICKCHOYO COGNMHCHHS HHKEIS C
@ QypPHIIHOKCHMOM TOAPOOHO uayyena I'azepom, Mutyeqom u Men to-
Hom [697] Oudl ycTanoBuis, YTO NOAHAS SKCTPAKUKA FHOKCHMATa X0
pogopmoM HabmofaeTes B y3Kkom hutepsadte pH pacrsopa or 7,5 a0
8,3 B xauectse oKCTpareHtoB Oblnd  MCCAEAOBAnbl  XA0POQOPM,
1,2 ruxn0pGeli30., AUITHAOBLIE SOUP, STHIALETAT, HeTHDEXXAOPHCTHIl
yraepox IloaspHble PacTBOPHTEAH, KAK H AMWIOBHHE CHHDT, H30aMHAO-
BbIfi CHUPT K HEKOTOPbiC APYTHe, He SKCTPArHPYIOT o (ypPUAAHOKTH-
Mar Hukeas MMHHMaAbHO oOnpefeaseMoe aGCOMOTHOE KOJAHYECTBO
1HKeds cocraBas1o 10 mke [Jatoueiiliee usydenue G5O BHIROJHEHO
Tewkosoi ¢ corp 12651, Teitnopom (12201, Crastonom u Kynom
(11851 Simacaki [1294] noapo6HO M3y4A caM DEArcHT H OTHOMWIHHE
€ro U30MEPOB K pas/uuHbM HOHaM Mevamios Tetnop [1220] neenexo-
Baji BHAHHE PA3HUHLIX HOHOB Ha KMHETHKY PeaKHuH JlWKels C a-
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YDHAIHOKCHMOM H YCTAHOBWJ, YTO NPH KOHUEHTPaLHUH IHEIOUHBIX
MeTan08 > 0,1M 1aA KOAHIECTBEHHOTO SKCTParHpOBAHHS HEOGXO-
RHMO Th NPOJOMKHUTENBHOCTh BCTPAXuBaHuA. [leinkoBa
coTp. {252] NOKa3anH, 4TO B NPUCYTCTBHM, Hanpumep, 1IN suuHON
KHCAOTH SKCTPAKIHIO MHKPOTDAMMOBLIX KOJHYECTB HHKeNs Cleayer
[pOBOAHTL He Mewee ueM 15 mun (252
Bruo yeranosacso {252}, uto npu kosuenTpaumy 3raHOAa, PaBHON
20% no ofbemy, YYBCTBHTEILHOCTR PeareHTa BO3pacTaeT,bes sTaOAA
= 19000, v npucytcrenu stanosa & = 22000 Sro MOmHO 06b-
ACHUTb W3MEHeHHeM AMDJIeKTPHueCKOH NOCTOAHHOH cpexsl [264]
in% onpefieienun RHKEAR C TONOUIBIO o ) MOXHO
YCACBHS B BODOHKA it pacrsop,
conepmauif 0,03— 5,00 uxe nukeass AoBoasT pH pacteopa %0 9,0—9,52 no yumpep-
canbioil nuARKaTopRolt GyMare aoGabaenved 0,15/ pacTsopa AByxaaMellesHOro
PocdaTa HATPHA OCTABARIOT CTOATH Ha 15 MMH i SKCTPATMDYIOT AHOKCHMAT, B SaBHe
CHMOCTH OT KOAHUECTE HuKeas, 2,5 Waw 5 #4 xnopodopma, RCTpsxuas 15 M na
“BeT P usMeprioT npy 435—438
S HO X, © pacteopa, © BCe CTAmHH 0GPaGoT-
Kif, HO He COfepMainero HuKeas

Hukenb MOMHO ONPEAGNsTh, H3MEPRs ONTHUECKYIO FJIOTHOCTD
cycnensuu o GYPUIIHOKCHMATA HHKeNs, (TabuansoBaunoi 1% meim
paciBopom enatimbi, npu 480 mmx [1295]

¢ BeHSunfHOKCHM KaK pearentT Ais SKCTPaKUHMOHHO (OTOMETpH-
HECKOFO ONpejefieHHs HHKeAS H3YYaNcd ANOHCKHMH HCCAEAOBATeNsi-
Mt [1239,1294] Ontumansnoe 3na
uente pH s noanoli skerpaKitay
COERUHEHHS HUKEASR HaXOAWTCHA B 40|
obaacty (8,8—11,4) [1239] Uabst
TOK DearenTa B 5KCTPakKTe yaaas-
10T PAcTBOPOM Me10yn Munumas-
Has onpefeniseMas KOHUEHTPAIHA
HHKens paBua | mke/ma

Kpusas CBETONOTIOILE! s
IKCTPAKTa COSAHHEHUS HHKeAs ¢
o QYPHAIHOKCHMOM  [OKasbiBaeT
[251], uto onTuueckyw nroTHOCTD
MOXHO H3MEPATh HPH JJIHHAX BOAH 4 @ a4
275, 388 u 406 mamx Jas paGotst Codepocanie omancna 3,
Bbi6pana fepBas NOAOCA NOTAO
LIeHUs, H3OLITOK O GeH3HARHOKCH
Ma YRansSiOT DAcTBOPOM HIEHOUH
Jlo6aBka sTaroAa yayulHAa K-
CTpaKiliio @ CeHsMOKCHMaTa Hukeas (puc 9) MuuuMaibHas onpefe-
JISEMast OTHM METONIOM KOHUENTpauus HuKeas pasha 1 107° mxe/ma

54

Nooyenm Incmparyuu

Pic § Banssne stanona na SKCTPRKUHIO
o GeH3MNANOKCHMATA Hit KA

* Mpu nossimeriu pH pactsopa o 10
COERHHCHYS, KOTOPO@ BHOBL OGpasyercst NpH ROGABMeHHY yxcycnon KHCROTE
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Ecad nukeas Onpeaensior o Gei3uITHOKCHMOM B NPHCYTCTBHU KO
faTbTa H MeRH, KOTOPbIe 00pasyiorT OkpailieHHble SKCTPAIHPYCMEIE KOM-
NIEKCH, TO IKCTPaKT 06paGaThlBalOT PacTBOPOM eEKOH Ieqoud  coe
IZuHende MEXH YIaifiercsl MOANOCTHIO, Kofanbia — uactduno Ho us-
332 HU3KOIC MOJSIDHOFO KOI(OMIIUNEHTA NOTraliieHMst COENHIEHHE KO-
GatbTa lie Melaer OnpejeIeHnio, €caH NPHCYTCTBYET He Gonee ueM
n 10 kpathoM Kosiuectse JIT% ORpPEICACHHA HHKeAS MOCTYRAIOT
¢reayiollnM obpasom

B pemiteanHule BOPOHKIE eMKOCTHO 50 44 NOMEWIAOT allaruanpyeMblii pactsop,
cotepwantiit 0,005—5 wkz nuKens foSawuwor 2 sa 10% HOTO pacTBOpa Taprpaia
natpus — Kamus, 2 sz 0,02% 110ro pacTBOPa % GensHAAMOKCHA ‘Coepantero 0,002%
©RKOFO HaTpa, 4 STAHOA B TAKOM KOAHIECTBE, 4TOOH COTEPIKaKIlE €M0 B BOTHOM PACTEO
pe Guuio ne mence 20% CoZepKHMOE BOPORKH NepEVEIHBAIOT 1l BCTPAXHBAIOT € 5 44
X70podopsa 2 M Ha BHUGPALRONHOM annapate

Floczie pasieneniin ¢a3 (vepea |—2 A ) OCTOPORHO OTAZIMOT BORHEI Cacl M
NeTkofl # KOHTPOAKPYIOT NOTHOTY SKCTpaKIHK 1O Bedwunne pH roanoro pacTeopa fo0
C7e SKCTPaKIHI, KOTOPAs JOMKHA HAXORUTHCA B milTeprate 8—11 XaopodopwHbii
BKCTDAKT NPOMLIBAIOT ABY MR NOPIHANH 10 5 #2 1N NaOH 2 s OnTHyecKyio naot-
HOCTE X7OPOPOPVHOTG SKCTPAKTA H3MEPSIOT NPy 275 #MK OTHOCKTEABHO XT0podOpMa,
©6p4GOTAHHOTO B YCAOBHAX YKA3aHHBIX BLIUE H COAEPIKAIEro TaKie We KOTHUECTRA
BINTHIX peareHTOR (Ho Oes HiKens)

Opyreée AHOKCHMb

[an sKCTPaKUHOHHO GOTOMETPHYECKOTO OHPEASTEHHS HHKeId mpH-
MeNAatoTCs BOIHOPACTBOPpHMbIC OKCHMbI JHOKCHM HHKJAOCEKCaijHoHa #
€ro NPOM3BOJ{ULE 4 MeTH/-, 4 H3ONPONILA, AHOKCHM LHK/IOTEl TaH RHOHA
W nKaolcHTanona (cM eTp  15,27) D1u pearenThl MeHee UYBCTBHTENb-
Hbl, HCM G Geu3HNAHOKCHM OTHOCHTEdbHO GOnbIHAst DacTBOPUMOCTH
peareHTOB B BOJe ¥ UIMPOKHil uanason sHavenuit pH noauod skcrpak-
LHH COGUHEHHS HHKeAf CNOCOOCTBYET HX YCIMeUiHOMY NPHMEHEHHIO
B aHaTH3e

1,2 IIHKAOTeKCAaHAKOHAHOKCHM KaK DEareHT JUis (OTOMETPHYECKOro
onpeieqeHHs HHKE1A He NPUMEHSETCA J0CTATOMHO WHPOKO H3 33 HH3-
KOH paCTBOPHMOCTH er0 KoMILieKca B xJaopodopme [Dxoucon u Heio
sen (800, 8011 nbitannch UCROIb30BaTH PeareHt ANs OTAEACHUS HUKEI,
nphMendB Ged3on Kak 3KCTparent Jlmoxcumar coGupaetcs Ha rpa
nuue AByx $a3s Onpegesenue 3aKasHYHBAIOT BH3YaMblio M10CTE PeIK-
CTPAKHMH HHMKENd B BOZHYIO a3y, CPaBHMBAA NONY4EHHYIO CYCHEH-
3HI0 € cepuel'?x 3TanQHOB Takoe OKOHY2lHe ONpefeneHus CBA3AHO C Ma-
A0# PacCTOPHMOCTBIO COEAHHEHHS LOYTH BO BCeX OPFaHHueckHX pa-
CTBODHTRIAX, 33 MCKINOYEHMeM XHHOMMHE, a Takke desona [977]

B omnuuie or HenoTAPHBIX OPraHMYECKHMX pacTBOpUTencli, onTH
HecKas IVIOTHOCTb XHIIOAMHOBHIX DAaCTBOPOB HHKONIbAHOKCHMATA He-
AOCTOAHHA AC A == 425 MMK, TOSTOMY DEKOMEHAYETCS H3MEDSiTh Off-
THYECKYIO TAIOTHOCTL B 0O6AACTH JaHH BOJH A = 436 muk, rae & =
= 1400, x0T nipu H3MepenHH B yAbTPAPHOALTOBOMH 06.12CTH METOR Bonee
uyyBcTBHTRdeH (puc 10)
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Bananne KoBaabTa MOMHO YCTPEHHTb MACKMPOBKOH UHHAHHLOM
1801) man skerTpariMell KOMOTEKCHOTO POJaliiia 3T#IAUETATOM HWAK
€\MeChl0 aMH10BOTO CniupTa H 3dupa

4
43

72

370 450 a5 500 A nun

Pic 10 Ceetonoromente pacraopa
WHOKCRNETa RIKENs B XWAOTIiHe

U3 cunTesuposaniinix 4 Metaa , 4 M30APONMA , 4 TETPAAMHUIO ,
3 9TUA ¥ APYTHX NPOW3BOAHLIX 1,2 UMKAOTCKCAHAMOKCHMa wauGoaee
TCPCNEKTHBHLIMI OKA3a/iuch 1Ba NEPBbIX BBUAY APOCTOTHI HX CHHTE-
3a M JOBOTHHO BLICOKOM DacTBOPHMOCTH B Bojge (a7 4 METMINpOu3
BOJHOLO OHa paBHa 3,4 e/2, AN 4 H3ONPOMMINPOU3BOIHOTO —
0,75 2/2) 1 BHICOKOH pacTBOPHUMOCTH HX COefMHEHHH ¢ HHKeAeM
B HENONAPHBIX OPraHHYECKHX 3KCTPAreHTax

Baenan 1 CuMncor [4781 uceienoBady 4 MeTHAUKKJIOTEKCAIAHOH
Auokeum {(puc 11} n paspaGoTany (oTOMETDHUECKHIt METOA onpeae
NeHHT HUKEIS, GCHOBAHHBIA HA IKCTPAKINH TOIYOAOM COSRMHCHUSA HH
xeasn (e = 3300 npu A ~ 365 mmx) IKCTPAKIUA [POBORHAACH NPH
pH sognoro pacrsopa 5,0—5,5, coefuuenne Hukedas obpasyeTca npu
pH 3—7 B npucyTcTBHM BaHaausd, MelH, TOPHd, XeNe3a, xpoma Mertoq
no3sonsier onpefenuts 5 mie Ni/25 ma ¢ omnbroit 4 1,2%.

Awaansnpyexsiil PacTBOP, COREPRAWLIA 3,1 HAZ HHKeAR IIOMEUAIOT B AeANTeTh-
HVIO BOPORKY EMKOCTSI0 50 414  A0GAB 10T HEBOARILOE KOTHYESTBO 20% Horo PacTso
P4 BHHAOH KACIOTH AA% NIPEROTEPANEHS rHApOmISa 10HoB (Feo*, AlS, Cri), satem
RoGanasior | #a 10% woro pacTsopa aeraTa naTpmsi # pasGasATOT R0 OGbeVa 30 34
AMCTHAAMPOBAHHOH BOXOK DKCTPArNpYIOT COSNUeHue WKeaw 25 42 Tonyona (odH-
WeHHOTG 0T THOGERa) NDH BCTPAXHBAWNA B Teuewie 2 wHA  Tlocie pacciaNBaHHA
PHIBTPYIOT TOTYOIBHEH PACTBOP Yeped CyMaXHLH GILIBIP H HINEPRIOT GTo ORTHUCE-
K\10 NAGTHOCTS TpH 365 Ak

IKCTpaKiiA KOMICKCHOTO CORAMHEHHSA HilKeas ¢ 4 usonponun-1,2
LHKIOTeKCARAHOHAHOKCHMOM H3ydanack psaoM uccaexosaveneidl (479,
767, 916] Moxno oCaxaaTb CHaYana HHKEAb STHM DeareHTOM H3
BOHOTO pacTBopa 17671, a 3ateM u3BAEKaTb OCAfOK XAOPOPOPMOM,
Toayoaom [479], keunonom (916] TlpeumyuiectBo KCHAOZA — €70 Ma
Aan pacTBOPHMOCTL B BOJE, BLICOKAS CKOPOCTb IKCTPAKHHH OKCHMATA,
«eTkoe 1 GbicTpoe pasdgeiedue pa3, Gobiuad seuuMHa KoxpdunuenTa
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pacTipesencHus KOMIJEKCHOrO coedmnenns {q = 1000), B 5 pas npe-
BRALAIOUa? KOQXDHIMEHT pacupelieienus B CAyYae HCAONb30BAlMA
xnopopopma (q = 210) OnTumansmeiit yntepsan pH mpu sxcrpakims

7—8, MaKcHMaabHOE CBETONOrIo

7 uenye  Hab11042€TCA
98/ 335 mmc (& =5
mux (e = 4000)
28 B AEAHTEITRRYIO BOPOIKY NOMEILaK]
Py acTBOP, it
10—150 axz Ni u cosawor pH ~ 7 o
a4 Gasnesnes 10 52 1M pacTBopa aierara
avwvoHHS, 3aTe\ 100AZAAIOT 2 A4 HACHL
72 weHHOro pacTropa uokcHva OOBe pa-

<TBOpa N0BOAAT A0 100 st (ech1 obven

pactBopa 6yaeT 3> 100 12 10 Ha Kampse

RonomuTessE 100 it pacTsopa Aoban

G0 W0 W0 490 A mms AWOT MO 2 s PACTBOPA JOKCHMA) Ye-

pes 30 xun  goGagamior 10 a4 KenAoma,

BCTPAXHBAIOT COIEPIKANOE BOPORKH 2 Hifil

(ecan obLew pactsopa npessiusaer 500 4 1,
70 BCIPAXNBAIOT G01ee 2 AWTH )

DKCTPAKT OTACTNIOT 1 HINEDHIOT 200
ONTHYECKYIO B10THOCTb Npi 383 sustic
Pearent npy pH 7 HONTH Bech HaXORWICH B BOMION (ase Il HIVEPERIG He  Mewid
er {ero KoSpduiEEHT pacpesenenin pasen 0,46) ONTHUECKYIO NAOTHOCTS H3we-
PSAIOT  OTHOCHTETBHO PACTBOPA, AGAYYEHHOFO ANANOFHYHO HO lie COACPKAWEro It
xeis  OnpefiefenMio MEaiOT Xene3o, KoGaibT H Mellb B COOTHOMIEHHAX K HUKE
Mo 20 1,2 1 81 CooTBeTcTBEHHS

Pue 11 Ceetonornouiesne 4-MeTHAHHO
KClvara HuKeds B TORyote

1,2 Lluxi0renTaHAROHAHOKCHM  {FENTOKCHM) — aHAAOr  UMKJOfeh
CaHIHOH AROKCHMA, oﬁpasyeT ¢ HCHAMHY HIHKEIA KOMMJIEKCHOE COedh-
HeuHe, XODOINO 3KCTPAariPyeMOe ODTaHHYeCKHMH DaCTROPHTEARMH
TenToxcuMaT HHKEAA pacTBOPUM B Xnopojopme npumepHo s 10
pa3 Coablle, YeM AUMETHATAMOKCHMAT nukeas (3,6 107° momwmiz
17061)

Tpenaoxken [706] sKCTPaKuHOHUO OTOMETPHYECKHE METOX Oflpe-
LeNieHHs] HHKEIR STHM PearenToM C fpUMCHeHHeM Xiopodopma, Meish
MacKHpyloT THOCY/bGaToM (CTasnHble SeMeiThl He MeliaioT PeakiliH
Wurepsani snauennit ptl skcrpaxuuy 3,8—11,7 Tlosanee 660 ycraHos-
neno [269), yro a70T HHTepBan paben 5,4—12,75 npu onpeseneHny Ma
JBIX KOJHYECTB HHKes Ilpennomen MeTon onpegenenis aukens 1,2 nu-
KAOTENTAHRHOHNMOKCHMOM B NPHCYTCTBHH OOJbUIHX KOJHYECTB MeA
(cooTnowe e HUKENA K Mexn papHo 1 1000) MunnvanbHO onpenens-
emast KOHUeHTpauus Huxens 0,04 sne/ma

KofaabT, x0T u 06pasyer OKpall€HHOE SKCTPArHpyeMoe COedi-
HeHue, He MeIUZET ¥3-3a HH3KOTO KO(KpHIKEHTA MOIAPHONO mOratle-
HHsl, €Cll NPHCYTCTBYET B COH3MEDUMBIX KonmuecTsax (puc 12)

* Beanuuiicl & SHUHCACHH 2BTOPAMH
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4

—5 sz Ni, HePEBOAIT B ACANTEALUYID
HODCAKY @UKOCToI0 50 td, §063BARIOT 1—5 #4 0,02% HOro BORHOTO pacIuopa peare-
7a pasbamnaior Bonoit Ko ofveva 15 a4 1 H 54—12 75 p

alleTara RATPHA HAW awwmaKa IT10CAZ NEpEMEIABARHS PaCTBOPI octavanior croats
1uac , saTew SKCTPAFHPYIOT TPER NOPUHAVH XA0POPOPYA MO D 42 KaKAAn 5 Mith Ha
BuGpatnonnoy annapare  X.0podopuibie
pACTHOpH CANBAIOT B WepHwe KOTGOUKH
B BoBoTT 00bev Ao 50 kA OnTHuECKYm L
NAOTPOCTS HIVepIOr Npy 377 Mmk orsocu- U8
Tenx0 xa0popopua

YaInTPAMaibic KOJHYECTBA HHKE
a9 {0,001 mxe/ma) oupeneRswoT U3
MEPEHHCM  ONTHYeCKOR  MJIOTHOCTH
npu A= 263 amx (e = 2,49 10%

1,2 IlgR10feKaHalIOKCHY 06pasy 441
¢T ¢ HOHaMH HHKEIs COEJHHEHHE,
JKCTPArHPyeMOe H30AMHAOBLIM CTIHP-
tov {5691 Ero pacvsopsi B cMecH gol
5TaHONA M M302MMJIOBOTO CIHPTOB
HME-OT MAKCHMYM CBETOTIONJIOHEHHS k
npy 385 11 330 mmx (e = 4240 1 4830
coorsercTeenno} Ho s1ov pearent ne 50 400 450
UMEeT MPEHMYIIECTB NePeR AHMETHN-
AHOKCHMOM

iI3 apyrux meunec pacmpocTpa
HeUHBIX AHOKCHMOB H3YdeHbi (eHi
MOKCHM ¥ anH3uIAMOKCHM[261] (oM crp 22,108) Coeaunenue HUKeNs
¢ (PeHUAZHOKCHMOM XOPOWO H3BJCKACTCH OPraHMYECKHMH PAacTBODH-
Teaamu (Gensonom, Xiopoopmom, guxaopsrasom) npu pH or 5,2 o
9,0 Monsiphill KO3(OhUIMEIT ROTAllenUs HDPH HIMEPEHHH C CHHUM
cgeTopuabTpor {cM  puc  8) {(Aappexruwn = 428 mmk) pasen 4500
JoGasienye TUPHAAEA HEMHOTO NOBLINAET YYBCTBATEABHOCTD PEAKLUA
{e = 5700) Han sxcTpakToB cofmopaercss 3akon Bepa B HuTepBasde
wopentpanni 1—100 uxe/10 s xnopodopma

AHUIWIAHOKCHMAT HUKeas dxcrparnpyercs npu pH 6—11 Ilogoca
MaKCHMaTblOro Moriomledus JaexHT upd 350 mux (e -= 8000) (cm
puc 8) Hauayuuun sxerparentou sBasiercs xaopogopy 3ako Bepa
cobmiojaeres B HHTepBade Xomuenrpauuii 2—100 mxe Nifi0 ma

Tiupe u Ilpaaym [1029] ans GOTOMETPUUECKOTO OUpPEfeAeHus HiU-
Keds NPHMEHSAH OKCHMHAOKCHM OOpasylolleeca COSRHHEHHE HHKEAR
pacTBOpsieTcs B KHC/OTaX, lilesiouax # dopmamuie Ero mpupoga He Bbi-
ACHeHa

Kpome 7010, 345 (OTOMETPHYECKOTO ONpERENeHHs HHKeas Gbli
NpEANOMEeH UHKIOTeKCaHTpHOK M (685

HON NOH
Xy

|
NOH

061

o
Puc 12 Csetonorsioutenue rento-
KCHMOB MeT2/iioB B X/A0podopMe




Ofpasyiomasncs npu  100aBienud  pearesta K PacTBOpy — HHKelIs
cycnensust npr pH 3—6 craGuanaupyercs xejatmnokh  Max
cHMyM TIOTIOLICHHA HAXOAUTCT npyu A = 560 smmx UyBCTBHTEALHOCTL
peakunn 6 mxe/sa Ni Mewawor Co®*, Cu?", Fe?*

Onpepenenne HUKeNs AUOKCHMAMK
B RPUCYTCTBUHH OKHcinTenedl

JuMeTH TAHOKCHM
B uwle10unoli cpeie B NPUCYTCTBHU OKHMCAHTCAS HHKETb o6pasyer
¢ INMETHARMOKCHMOM HHTCHCHBIIO OKPAIIEHHOE B KPACHBI UBET COEH-
nenwe [641] Kpusas cseronorsiomenns noxazawa wa pre 13 (coemn-
Henne moayueno B mprcyreTsui NH,OH u NaOH) {260, 7681 Bepo-
ATHO, COCTAB KOMIWIEKCOB, OGPA3YIONUIXCS YCPE3 PA3HbIC HPOMEXYTKH
HEC O,JHO C COACPKHUT ABA MOJA 2HMe-
THALHOKCHMA Ha OHH 2TOM IRKeAs, APYroe — deThIpe MOAS AUMCTHIA
AMOKCHMA HA OHWH aTOM HUKeAs JIWMETHIIMOKCHM B NPHCYTCTBHH
OKUCAKTEAS Obii HCNG1b30BaH Ans q)OTOMe’fPquCKOFO OnipeACACHHSA
unkeas (10891 B xauecTBe okHcaTeNs HMcROab30BaTHch Gpox 381,
571, 920, 942, 966, 989, 11301, nox I713, * 29, 755}, nepey.andar ammo
wis 197, 774, 9431 u ap
Bblia UsyueHa YCTOHYMBOCTL BO3HHKAIOWCH OKPACKH B BOMHOM H
3TAHOJLHOM PACTROPAX H BJMAHYE HEKOTOPHX TNOCTOPOHHHY HOHOB Ha
CBCTORIOTIOUIEHHE  KOMILIEKCHOTO COeAnHenkn Hikeas (9661, uccaeno-
BAHO BAMSHUE KOAHUECTB JIMETHIZHOKCHMA Ha cReTonoraowetue (7141
Huxkenp MOXIO OnpeiednTb B RPHCYTCTBUM MapraHua, xeiesa,
Mean, xo0aabTa, NPH HCNOJb30BAHHH TAPTPATa HATPUSH LAS MaCKH-
posku {725] Dosee noipoSno W3Y4EHO BAHANUE MEAH H K0GansTa
[2601 Tlpu BriCGKHX KOHUeHTpa-
UHAX Mefib K KOGATbT MEIAIOT Of
peleiennio Hukeas 4 no <BoEMy
BUUAHHO HA BETUUNHY CBETONOT
AaoulenHa pactsopa muxeas 200
yacrelt MEAn COOTBETCTBYIOT ARYM
sactaM HiKens, 300 uacteit kobasb
Ta — AATH 4aCcTHM UHReAs Pexo-
MEHRYeTCA OTARATh HHKkeap (11}
B BHje AUMETHARHOKCHMATA C fIO-
CACTYIOWINM ONPEENCHHEM €0 Mifi-
METHJIJHOKCHMOM B HAPHCYTCTBHH
OKHCAWTENS

Ew’

Puc 13 Ceeromoriouenue  BOAKOLO
pacTaopa auMeTHRRHOKCHMA (1), AnoKCi
MaTa BUKENA B NDHCYTCTBHI OKHCMITEN
B aMuHauHoil Cpene (2), HMKEABAUMETH T+

308 00 500 600 Auma IHOKCHMETA B MPHCYTCTSWH OKMCAWTENS
B wenounois cpee (3)
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Onpefenechne Hwkesn npu OKMCaAenmH HoRoM [257]
K 20 st uenmTyevoro pactsopa, colepKatuero 0,005—0,1 ue Ni B wepxoli Konbe
emKocTbIO 50 M, RoGaBasior 0 3 s 0,05 M pacTRopa #oxa, 0,5 #4 0,05 M 3ranoib-
HOTG DaCTBOPR MIMETHIAHOKCHNA, 25 #4 | N PacTBOpa Werows M 06beM JOBOAAT 5O
no0it 70 50 ma Tlocae HaMepRIOT ONT: 10 TLIOTHOCTS pacTROp2
na dorokonopiverpe 3K M, ®3K H 52, 54, 57 an doroverpe Iralonnie pacTso
pbi FOTOBST apaiorAulio, obf3aTeTbuo IPH TAKOM e HCXOZHOM ofbeMe pacrsopa,
CORePIKainero H¥Kenb, i CO6aI0Raf yKasanusl NOPANOK APHGAB/IEHHS PeaKTHBOB
e} eAeneHHe HUKeaAs ApPU OKHUCNEeHHH OpomMuOH
Box0k(1106] K pactsopy, conepianeny 5 sxz Ni, AoSasasior 10 Kaneab Gpam-
HOH  BOJibi, TaKOR KONHUCTBO KOREHTPHpOBaIHOre pactsopa NHOH, Kotopoe 1€0f
XOAHMO A LIOTIOTD HCHE3HOBEHAR OKPACKH OpoMa, H eiile H3BHTOK ero | 4 3atex
K a0 ii TeMNepaTyphl pacTBopy 1 ma RiMeTHAINO
KCHua u paz6aBANIOT BOJOH A0 06beria 25 s, Uepes 5 Muu  H3MEPSIOT OFTHIECKYIO
AHOTHOCTS PACTEOPOB
Cenlel PEKOMEH0BAA B KAK0M CTy4ae NORGHPATL AIHIY BOMIL YUHTHIBAR 410
HaNBAICWAs UYBCTBATEABHOCTH AOCTHTATER npY 430 stAtk, HO IipH 360 JAK PACTBOPHI
Aonbiule COXPAHSIOT BO BPEMEHH HEHSMEHHYIO ONTHUeCKYIo IioTHoCTs ONTHYECKYIO
TLROTHOCTS HIMEPSIOT C SETEHBIN CBETOBUIBTPOM
JIR ORpefefienNis HWKEIR MO APYrOMY BaPHAHTY NePEHOCAT CJEFKA NORKHL TeH
wbiit pactsop comepmaiiit 10—150 wice NI, B Ko6y exkocti 100 #a, SoBasagior | 4
GpoMuO# BORE, 4 A4 KoHIEHTpHpOBAHHOTO pacTaopa NHOH, 35 sz 95% noro sta
1072 1t 20 44 1% HOFO STAHOILHOTO PACTROPa AMETHIHOKEH A PacTBop pastap 10T
BOLOHK A0 METKH H H3MEPAIOT ONTHYECKVIO NIOTHOCTS Ha GOTOMETPE ¢ 3€'1eHbIM CBETO
DuabTpON
Onpenenente niKeds IPHOKHCAERHHA Nepcyabha
ToM aMMonus [97] B wepuyio koaby emxoctsio 100 44 novewaior Heeae-
Ayeseii pacTsop, COepXKaLLI ke MeHee 5 sz HiKeds PacTBOD HEATPAAHIYIOY § st
5% woro pactsopa KOH naGaatuizaior, npuausaior 10 s 3% noro pactsopa nep
CyabaTa ANNOUS I BHOBS Tlocse o100 npk
sauni 10 2 WEAGUHOTO PACTBOPA ANNETHIANOKCHYE {I%-Hblil pacToop pearenta B
5% uom pacteope KOH) Uepes 2—3 wiH cONepaiNOe KOAGH PasBas IO AHCTILE
AHPOBaHAON BOKOH KO METKH Il H3MEDSIOT ONTHYECKYIO MJOTHOCTD

Jlpyrue nHOKCHME

JIpyrne o RHOKCHMbI TAKKe MOTYT GbiTb MCAONb3OBAHLI AAR Olpe-
AefeHNs HHKEAs B DPUCYTCTBUH Okuciutened HanGoaee nsyuen anok-
CHM LUK/IOTEKCananoHa OKUCAHTENsMU MOTYT OuiTb HOA, GpoMHas BO-
Aa, nepeyaspar amvonus 12651 Moz # nepeysibdat aMMOHS RaIOT Hak
fo/iee MHTEHCHBHO® M YCTOHUMBOE OKDAMIMBAHHE PACTBOPOB

Ounpenenerye HHKeNs AHOKCHMOM IHMKJOTENT2LAMOHA BO3MOMHO
B APHCYTCTBUH OKHCAMTeNs B wienosnoli cpepe (pH ~ 11,3), cozaa
Baemoil ammuaxoM [649) Ontrueckast XapaxTepucTika COBAMHEHHS
HaNOMHHAET XAPAKTEPHCTHKY AASi COENMHEHHS € AUMETHARHOKCHMOM
¥ IMOKCHMOM Huwiorekcanfnoxa (6951 Hauanbupih cnexrp npunal-
JEKHT METAacTaGHIbHOMY KOMIVIEKCY C HOJOCAMM MAKCHMAABHOTO
nornomenns npu 445 ¥ 530 mmx Okpacka cTamosutes crafunbhee,
ecid IS fOfmenaunBauKsa pactBopa a0 PH 12,1 Bmecto ammuaka He-
nosbzosars NaOH TIpu 5TOM cpasy NOYYAETCi KOMIACKE ¢ ROROCOH

NBHOTO CBETOHOT npu 467—600 mmx Tlo uyscTeu-
TeNLHOCTH TENTOKCHM U HUOKCHM  HPEBOCXORAT AHMETHTAMOKCHM
(ra6n 42)
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TaGnuna 42

noraweus
HuKens
Asoxens Bogoxe €
TNisvernaguokcam 443 14 000
536 6160
Tentoxenm 443 15300
531 6400
JIIRoKCHY HUKIOTeKCAH HOHA 443 15080
537 5700

2,6 Tuauetdanupuanaziokcum (/) u Qerus 2 nHPHARIKETOKCHM
{I7) {741} naioT B cnaGoUWIENOYHBIX PACTBOPAX, CORCPIKAUUX HHKEMD,
IKEITO OPARKEBYI0 OKPacKy

1L CH.,
OF 00
i : \N e
HON NOH NOH
! i

B apucyrcTaiii OKuCAuTeNe# Nepuoaata Kanus, wopa, Gpoma, ABY-
'OKHCH CBUHIA 00Da3yioTCs CORMIMHEHNS TONYOOro 11BETa (KIS RHOKCH
Ma) # cepo FoAvVBOro (ANA MOHOOKcHMa) MoJspHbic KodfrimilieHTs
ToraiieHns AAsS Repsoro coemiHenusi pasubi 20600 (npu 403 amx) u
14200 (npu 585 muk), a gns mroporo — 9000 (npu 587 mms) Ortno-
meHHe HHKeAs K OKCHMY B OGOWX coefiHeHusx coctapaser | 3

nOTeHuHOMeTpM‘{eCKHM THTPOBAHHKEM YCTaHOBAEHO, YTO peaxilus
BPOTEKAET NO YPABHEHHIO

3NiT 4 2MnO] |- 4H* - ANiY - 2M0, 1 2H.0
Oxkucsierre HUKeAs NEPHORATOM OBIIO H3YYEHO METOAOM H30MOJISIp-
HbIX cepuil
Niet L JO] + 2H* — Nit - JOj - 11,0.
[as puoKcHMa, MPENCTABARIOMEr0 COGOH CMeCh CTEPEOH30MEDOB,
He YHANOCh YCTAHOBMTb COOTHOIUCHHE HUKC/AS K PeareHTy, HO JUIS Mo-

HOOKCHMa OHO OKa3aNoch pasibiv } 3 B BbiesieHHOM B HHCTOM BHJe
T€ RUKENA COOT HUKeMs K pearedty pasno 1 2
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Hukenb (11} OKHCASIOTCH B NPUCYTCTBHH STHX OKCHMOB JETKO TIOYTH
Beemy oxucaurenamu npu pH 7—9,5, a Bucmyratom natpus — Aaxe
B YKCYCHOKHCION cpene

MoXHO ONpeleNuTb HHKeJIb C HHKOTHHAMHAOOKcHMOM [12321

CHy

- C_KY

B wenounoi cpese (pH 10,5—11,5) B npncyrcmuu Ho;xa HORYyuaeT-
cA OKpaiulesHoe B ronyGoi uper AR
ero pacTBOpOB cobmiofaetcs 3akon Bepa B HH'repBa.v(e KOHUEHTDAUH
0,3—10 mxe/ma

B npucyTcTBuH OKHCNATeNeH, OGLIMHO KHCAOPOAA BO3AYXA, HHKENb
onpefensoT npu nomouyu opmanbrokerma (CH, = NOH), xoropsift
Guut pekovennopan Jlenimue [591) Jlas oxpauwennsix pacTaopos KOM-
IJIEKCHOTO COefuHenMst cobmofaercst 3akod Bepa [659] B uuTepsante
0,06—20 mxe Ni.

OKpalieHHOMY COSNWHEHHMIO NPHUHCHBAIOT (opMyty NilVA2
11015), rae A — CH,NO~ Beposts0, XKOMIVEKCHOE® COSRUHEHNHE HE-
Keast o6pasyercs ¢ NOJAHMEPH30BaHHON (opMoil pearenta (204]

3CH,=NOI 2 Cliy (NHOH) —C (=NOH} — CH,NHOH

TIpHroTOBACHHOMY peaxmdsy DeKOMeHAyeTesl CTONTh 24 yaca Aas
it PacTBOpH OKP 0 KOM-
NIEKCHOMO  COEXWHEHUS MMEIOT [OA0CY MAKCHMATLHOFO TIOTVIOIEH M
apu 470 wux (e = 19000) Coemmmenue crabuapno npn pH > 12,
B ODHCYTCTBUU TapTpaTa Wiu Kommiexcosa 11 nukens He pearupyer
¢ dopManbioxcHmom M3 oxucTuTenedt waubonee NOJXORIUM ABJIAT-
Cfi KMCTOPOR RO3AYXa, MOCKOJbKY APYIHE OKHCAMTENH Da3iaraior no-
auvep KoMsexcroe coefuHenue ycrofiuuo 2 €aca

2. ONPEJAEJEHUE HUKEJA
CEPYCOAEPXKALUMMH OPTAHHYECKUMH PEACEHTAMH

AnaTuapuTHOKAPOAMHNAT HATPHSA

Ansrungurnoxapbamunar natpas (IITK) He nMeeT npeumyinects
[0 CPaBHEHWIO ¢ APYTHMH ODraHMYeCKHUMH pearentavi JAs oOmpe-
Jie/leHus: HUKe/ IS ¥3-32 MaJIOf CeeKTHBHOCTH KioHbi Mejiu # KoGansTa
ofpasyior okpauerubie coemuerns ¢ JATK ¥ Memaor OnpeneneHuio
nukens Sxcrpakwis JATK pasauyusiMy pacTBOputensmy Guila u3y-
uena Boge 14811, on onpenenHN NEpHOX MOAypacnaja peareHTta B 3a-
sucuMocty ot pH pactaopa (vabr 43).

B Awammn eckan xuMuA mike1n 13



Yerohunsocte AKTK

' ]
pH | 2,0 l 20 i wo ] s

I'[epno;.xno-‘ o | E I - ) 1,5 o
ybacnais | cex | ces | ce s wn |

Bone nayuun takxe pacnperenenne IO TK mexpy sonusiM pactso-
POM ¥ YeTHIPEXXAOPHCTHIM YrJieposom (prc 14)

C unxenem JNATK o0pasyeT KOMIJIEKCHOE COENMHEHHE MXEATO-
seenoro msera NiA,, NETKO 3KCTParupyeMOe HEBOAHBIMH DacTBODH-
Tenami CNeKTp coefuHenns npeicraBies Ha puc 15 15651

en?’
W0
3 00,
K
$ &
g
3 69
g
§ 44
3
S 20]
37 60 70 &0 ok
Prc 4. Kpusas Puc. 15 Ci
JATK B cucrene (i:l; — H:O METaNIoB B

Bbin u3yyen psg skerparenvos — OpomGenson, CHCl,, CCly, wuzo-
aMUIOBHI# CIUPT, U3 KOTOPHIX 1IOCACAHKH OKA3ajiCsid HAHAYYLIMM,
TIOCKOMbKY a3kl OHCTPO paccraBaioTcs  KpoMe  H3oaMHioBOro
ChHpTa, ANiS SKCTPAKUHH AMSTHUALMTHOKapOOMaTa HWKENs RPHMEHser-
cs xnopopopm  KOMMIEKCHO® CORRUMHEHHE HUKeNs SKCTpardpyercs
npu pH seine 8 YyscrBurensHocTs peakuun Bhicoka (& = 35 200)

ERUHCTBEHHEIM, HO CYILECTBEHHLIM HEHOCTATKOM pearenta sBser-
Cl ero Mafas CeleKTUBHOCTh, NOITOMY OH HPHMEHRETCs AoCAe OTie-
JieHWsl HiKelisi OT COTYTCTBYIOHAMX SAEMEHTOB OCAXKACHUEM MAH K-
cTpaKuHell 8 BHie NHMETWIIIHOKCHMATa, XPOMaTOrpadueckuM MeTo-
nom u xp CoBMecTHOE (DOTOMETPHUECKOE ONpefeienHe HUKens, KO-
GanbTa ¥ MeIH STHM PEareHTOM BOSMOXKHO NPH HCIONB30BAHHH CNEKT-

pooromerpa (855, 994, 1107)
114



TaGawua 43
8 3askcumocti o1 pH

30 ! 60 ’ 70 | 30 .5 9.0
|
16,5 i 51 8,3 I 3,5 11 35
MHH MHH uaca RHS pUE] Anek

CrexTpaZibHas XapakTePHCTHKAZ JMSTHAAWTHOKADPGAMHHATOB ne-
MeTaJIoB Ha puc 15 TTomocH MakcHMasb-
Horo TIOTVIOLICHHST IS Mema Kofanbta H HUKeas Aaiotes upu 436,
367 u 328 mmk coorsercrRenHo B Tabn 44 npuselentl MOMApHHIE
KOXDOULIMEHTH! NOTAILEHHS MJIA STHX AMUH BOAH
TaGanna 44
Monaphbie KoIpGUNMENTH HOralmena
RHSTHARATHOKAPGAMHHATOB MEH,
XOBaITa M HMKENs

Nk
DnemeRT
ws | st 328
T
Mens 12850 1260 ! 2230
Kofaast 2260 114340 © 20520
Haxess 1720 10 | 35210

B xauecTBe KCTpAreHTa HCHOMB3YIOT Xa0podopm Onpemenenio
MENIAOT KaiMHil, PTYTh, WHHK, ONIOBO, TaK KaK 00Pa3yiolluecs OCaAKH ¢
JATK nerxo gnotepylotess M3 anHOHOB MEIIZIOT T€, KOTOpbie 06pa-
3yIOT KOMIIEKCHBIE COEAN)iCHUA C ONpEeAelineMbIMM KaTHOHAMH Onpe-
AeReHUIO MENIaeT TAKXKEe BUCMYT PAA MEiaiomyuX ONPEAEneHHtio KaTio-
HOB MacKHpYIOT HUTPaTOM H mupodocdarom

COgepxanUe METANIOB PACCUHTHIBAIOT CAeLyIonMM obpason [1107]

Ecne mpucyTeTBYIOT 1B SueMeHTa
185 Digs—0,38 Dy,

6 Dap—0, 50 Daas,

Ecan npucyTcTsyioT TPH 3JEMEHTA
{Cuf 105 = 7 93 Dga—1,03 Dag—0,27 D s,
(Co] 105 = 8,48 Dys;—0,91 Dyoa -0 87 Dyer
(N1} 105 = 3,42 Dyog—5,19 Diez~~U) 08 Dge
METOZiNKE HECKOJIBKO BHMAOH3MEHAETCS NPHMEHUTEAbHO K Ofipe-
JefeHHWIO HHKENs B WPUCYTCTBMH ypanui-uona (436, 5561
Ecnn #e06XORMMO OOPEReATh TOABKO BHKedb [11071, 1o ero or
NS0T OT MELIIOmIX 3/EMEHTOB K 3aTEM NGCTYNAoT CeAYIOHM 06~
pazoM

8+ 15



K XNCIGM\ PACTBOpY COIepIKAIievy HKeTs, 06aBamior B A WHTpaTHOMO Gy
depiorc pacTeopa (20% it 18y 3aMelLeR AL LWHTPAT Avvonirs ¢ fo6aeneniiew NH,OH
70 pH 90—9 5, 5707 pacTBOp OHILAIOT SKCTPAKLHeR XIOPOPOPMOM B NPHCYTCTBAH
XD cnerka

{#36uTox 10 xaneas) u npnnBaior 5 a2 0,20% 10ro BONHOMG PACTBOPA AMSTAIANTHO
KapGawiata natpisi JKCTPArApYIOT ¢ NONOILHIO 10 A2 HI0AMILIOBOrO CTINPTa 2 MUK
ViaMepRIoT ONTIueCKyIo N10THOCTb NpH 383 4tk

JinsT GOTOMETPHYECKOTO ONPECICHHS HHACAS yCHeHHO HCNOMbe
syloress  Guc (2 okeustua) aurnokapSamar (13001,  Guc (oxcusrna)-
autnorapbasar [436, 10371 u nexotopuie Apyrue

P y6eaHOBOROPORHAs KHCAOTA KHTHOOKCAMHME
# ee NPOHSBORHbIE

Pacrsopur ™ pyéeaﬂosonopoﬂou KHCOTH GeCUBeTHB! WM CHErKa
OKpANIIeHE! B JKENTHH 8ET, OHH MOTAOMAIOT NYTUCTYIO SHEPFHIO B BIHIK-
nell YO ofnacts no 400 mmx (puc 16) Kommnexcuoe coenunenue

\
(] L Il i //
d_l_.l_l_l_x_l_
w0 500 600 Asn ) AR B R
Puc 16 Ceeronorouteutie Pic 17 BasichuocTs 06pasoBanks
pybeanaton meranaos pyGeanaro weransios ot srasers pH

BOAHOTO pacTsopa

HUKes CKPAUIEHO 8 roAyGo#l BT, PACTBOPUMO B MAPULHHE, TPUITHA-
aMuHe, MIOKCaHe, aueroHe

HauGo tburuit uurepec Ans GOTOMETPHYECKOro ONPENeNeHHS HAKENs
NPEICTABTACT PACTBOP KOMINEKCA B NHPHIHHE PO3OBOTO Lsera Mak
CHMYM TIOIVIOmen s HaXogutea npi 350 mmk [639], npu stou pearent
i€ TIORIONLAeT CBET, AN PACTBOPOB COB/MORARTCs 3aKOH Bepa npu Kow-
HEHTPAHAX HHKeARA > | mre/mn Oxpanlensoe coeiuHenue HHKeAs
Ayuaule seero ofpasyeres npu pH or 9,0 xo 10,0 (puc 17) B nexoro-
pulx padorax pexomemiyercs uurepsan pH 9,5—10,5 {1287, 12991

H 1Xeab MOXHO 0TpeiensiTh B BOXHOM CPefie B BuLe COCNHHEHHS ro-
Ay6Oro 1BeTa, MPU STOM NOIYYAIOTCS [HE HCTHHHbIE, 2 KO/IOHAHBE
pacteRopsl (Tpebyercs craGuausanun) Taxue pacrsopuTent, Kak Geu-
301, TOTYOMA, X/I0POPOPM, HE IKCTPArHPYIOT OKPAUICHHOE COSRHHEHHE
{lo npeanosomenuo Encena (7781, 370 coefvHenue sIBASETCH ROMH-
HepOM, B NHPHIHHOBOM DAcTBOPE PO3OBOTO IBETA UMEETCH MOHOMED
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Meron oupeienenns nukeas py6eanoBOIOPOAHGH KUCAOTONH Ouenh
4yBCTBHTEEH KAK B HPHCYTCTBUN NUDHAMHA, TAK ¥ B BOAHOH cpese,
HO HeOGXOAMMO OTAGNEHHE HUKeNA OT KOGaMbTa, JKesiesa, Mexu

PyGeanonogopoanas xucaota 06pasyeT ¢ KOGANbTOM, KEJNEIOM
¥ MHOrMMH 3JeMeHTaMit CePOROJOPORHON TPYDMILI ¥ IPYANBI CYIbpHAA
aMMOHHSI OKpallieHHRE KOMAJEKCHBIE cOeaHnenus (eM pue 15) 3mo
HCHO}IBS)"GTCR AAs COBMECTHOIO ONPeCICHUHSA HHKEA, ®OBa1LTa H Me-
JH THM DEareHToM B BOAHOM pactBope {788] [losochki maxcumanbiolo
norsowends (puc 16) HaXORATCH AAs MeAM NPH 385 MMk, Ads Kobaab-
Ta npn 370 mux wnu 440 mmk, aas nukeas npi 640 mmk (taba 45)

talbrnua 45

Moanpunie koabdrumenTE Horamena py6ea
HATOZ MENK, KOGAALTA K HuKean

b won
DaeMeHT e
F O Y
. T :
Hukeas 43,0 | 300 | 8930
KoSanbr 12050 | 1200 |68
Meao 15800 | coso | 4010

Ourumanbhbiv snauenneM pH pacraopa Aist onpeaencuus Bcex 1pex
sjemenToB nsisercs 9,0 -+ 0,3 3awmprasiM Kogaomaon cayxur 1%-
HEifi PACTBOP TyMMHAKALMH.

K pactBopy, Colepialieny HOHEL Mel, HHKeIR B KOGAILTA, B KOAGAX EMKUCBIO
95 14 ROGABARIOT 4 A SAWNTHOr® KOMA0NAS, 3 2ia 1,5 10-5 M BOAHOFO pacTsopa pea
rexra, nosomst pH 20 9,040,300 pasbasAioT pACTBODE 40 METKU (hIlie: Kyi
QROTHOCTS H3MepAIOT Npii 385 440 1 640 waik

Conepxakue METaioB BHIYMEARIOT 0O CICAYIOUUM GOPMY TdM
Ecad APHCYTCTBYET TONBKO HHKEIb

NI} 108 =11 2.D4 4
Ecau NPHCYTCTBYIOT ABa 3JeMeHTa
£ [Cule 1 = 7,23 Dygy—

Dy,

1iNi| 105 <= 12 8 Dego- 3,24 Das,y
{[cc]‘ms 8,17 D4so—3,58 Deuo,
[Ni) #5° = 11 & Desg—0,57 Dago

Ecii OpUCYTCTBYIOT TDH S€MeHTa
1Co] 105 = 12,1 Digo—3,76 Dooy—3 46 Digo
(Ni] 10° = 11,6 Dego—~4,08 Dasg—4 50 D.g,
[Cu] 105 == 10,8 Dygs—11,0 Daso—0,30 Dasg

* Lins yerauoptenus pH nomsayiorcn Gopatusism GyQepusinu pacTuopass
"



UyscTBHTETHHOCTL MeTORa cocrasaster 0,5 mke/sma Ni

Ananorsuso  s3aumogeiictayer ¢ mukesem NN’ Guc-(3 mumerun-
amunonponn tanTHoOKcamun) 17891, (HyC), — N(CH,p)s — NH — CS—
— CS — NH — (CH,); - N — {CH,|

PearenT NO3BOANET ONPEeANTh HHKEAb, KOOAAT H MeAb ONHO-
Bpemenno  [789]  VYcnosHs  onpegeaenun STHX  3EMEHTOB TOYHO

7

“ 5 7 o 72 pn

Puc 18 OGpawosanne N N pyGeanaton NeTamios k 3amucinocti
OT anasteiis pH boaKoro pacTsopa

TaKHe K€, Kak 1 B ¢iydae pybeanaros Hutepsan suasenuit pH o6paso
BaHHA 1i CHUEKTPHI COOTBCTCTBYIOHYIY COIMHERHI nMeloTes na piic 18
19

T
470 500 73 A, s

Pitc 19 Caetonornomenne N N’ pyGeanaros
MeTanion

Moaspusie  KosdxbiiluenTsl NOTAWCHHA KOMIEKCOB FPHBERGHB!
B Tabn

G 3/1€MEHTOB OT 10 ¢OPMyJIaM Ha OCHOBAHUH
H3MepeHus] ONTHYECKOH MAOTHOCTH PacTBopoB npu 500, 430 u 365 max
Ecau npucyTersyer oand unkenb

N 10 14,0 Do
118



TaGauua 46

Moaspriie koapbHRHERTH NOFamICHHT
t

NN
Ay stux
Snement
s | e |
|
KoSaavr 14000 | 14500 6450
Huxens 3140 (4700) | 4070 (2640) 7150
Mesp 15000 4580 1670

Ecny npucyTCTBYIOT ABa dAEMEHTa
{Col 10° == 8,03 Dgs—2,63 oo,
{ [Ni] 10° = 16,7 Dso—7,25 Do,
[Ni] 105 =+ 14,8 Dsoy—1,95 Dass
[Cu] 10° = 7,8 Daes—3,10 Dioo.
Ecan NPHCYTCTBYIOT TPH 3JieMenra*
{Co] 405 = 10,6 Disy—2,99 Daos—1,95 oo,
{Ni] 40° = 16,6 Dsoo—7,50 Dyso -+ 0,11 Dgs,
[Cul 105 = 9,03 Dasg—7,46 Deso—3 37 Diea

Bein ucenenoBan psia N,N: pyGeanc X K¥e
C/IOT KaK PEareHToB st q)omMe'rpmecxoro OnpeneNennn HHKEMS.
Juennnpyteanopas kucaora [1287, 12901

Col,—N1—CS—CS—NH—Cglis
©ofpasyeT ¢ HUKEJEM B HIENOYHOR cpEAe OCAZOK TEMHO (HOMETOBOTO

useTa, pact il B PAacTBOPOB PO30-
BOrO LiBeTa Om'w-lecx(ylo n.nomoc‘rb H3MepsIoT nipi 510 mux Oxpa-
cKa pacTsBopa ycroffuilBa BO T rora-

wends 22000t Peaxuun MELUakOT Te Xe DJIEeMeHTHi, ¥TO # B CAyyae
Py6eanoBOLOPORHOH KHCAOTHL
Justun (7), mumernn (/1) u gnGensounpyGeanoponoponurie {(f11)
wucroTsl {1289, 1291}
Col Ly NH—CS—CS - NTi—Ca g
1

CH3—NH—CS—CS—NH--ClT3
1
CgHy—CO—NH—~CS—CS—NH-—CO--CgHp
ur

HECKONbKO Gonee SQMEKTHBHBI NAs OMpelellesys HHKeNd, yeM Rude-
mepyﬁeaﬂosoﬂoponﬂaﬁ KUcaora paCTBOpMMOCTb B BOAE COOTBET-

1 KosprinenT BHMHC/H aBTOPamMM NG DE3y/bTaTaM, NOAYVEHHHM B padore
11287]
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CTBYHWOILHX HHKENEBHX COBXWHEHHH HMXKe, UeM COCIMHEHHE ¢ mudennn-
# ¢ pyGeanoBOAOPORHOH KHCAOTON UyBCTBHTENBROCTL BCEX TPeX pe-
areyTOB B IPHCYTCTBHH NHPHAKHA OKWHAKOBA M HE TpeBbiliaeT yys-
CTBHTE/BHOCTS AMQEHUINPOU3BOAHOrG TIOROCH MAKCHMANBHOTO CBe-
TOMOIVIOWIEHHS VIS AHMETHI-, JUSTHA- ¥ AuGEH3HINPOH3BONHOIO Ha-
XogsTeA npH 480, 490 1 510 mmx cOOTBETCTBEHHO
N,N’-quusoamunpy6Geanosopopogsas [1288] xuexora
{CHg)s"—CHeNH—CS—CS—NH—CH,—C (CHg)s

o6pasyer OKp HOE He ¢ it KoaduuH-
€HT DOramieHis OGpPas3yloInerocsl COSNMHeHHS NDH 510 saic pasen
80001

MepKanToKkapGoHOBbIC KHCAOTH

MepkanroyxcycHasi  kucaora HS — HC, — COOH  obpasver
¢ HHKe/eM KOMIICKCHEIE COBUHEHHR 3eEHOr0 {BeTa (B KIC/IOH cpexe)
H (uoneroporo usera (8 menounoi cpege) [557) Bropoe komnaexcnoe
COREUHEHYE, WMEIOUiee II0/IOCY MAKCHMAABHOIO NOT/ICHiCHWA BOAN3U
510 Mmx, UCHONB3YETCS VIS ONPEACHCHNS HUKEAS Y CTOAIHBOCTD KOM-
nnexca Hurens {652] meswicoka {Ig B, = 9,50)

Onperieflendio  HUKeAs MeDKARTOYKCYCHOW KHCHOTOR HpeRue-
CTBYET BhiJIEIEHHE Er0 U3 CMECH MCIIAIOLMX HOHOR (OBLIMHO B BHAE Ad-
MeTH/IIHOKCHMATA), cTauipHas oxpacka mosiyuaercs mpu pH or 8
o 14

0 x4 pactsopa Roasazior 10 #a 5% Horo pacTsopa LuTpaTa HaTpHS 1 25 Ma
Cmecit Kc1 # F;BO, (14,9 2 KCl u 12,4 2 HyBO; 8 1 2), 10 41 20% toro pactsopa pea-

renta, pacteop NaOH o pH 11,5 # nocse pasbasaeins 0 100 44 HIWEPRIOT CBETO-
HOrVoIeRTe Ha CIEKTPOOTOMETPE

AHanoroM MepKaNTOYKCYCHOW KHC/JOTH SIBASETCS MEePKanTonpo-
nuonosasi xucaora HS — CH, — CH, — COOH, npeanoxennas ais
onpenenenus nukens (522] Cnextp coefumenss ¢ uuKeneM uMeer
JBE TOJOCH MaKCHMAaJibHOTO nomomeﬂuﬁ npu 330 » mpu 410 mmk
(puc 20) Tlepawrit M onp s 0,5—10 mxelna
HUKeJIs, BTOpoii—5—40 mce/mn Menb, CBHHEN, MAPTaHEw HE MEWIAOT
ONpeNeNeHHI0 HEKeNs, eCiM MX cojepxaHue ue mpesbiuaer 100, §0
# 50 siz COOTBETCTBEHHO, TPeXBaJeHTHOE Kenedo memaer Oxpacka
PacTBOPOB Da3BHBAETCs MTHOBEHHO M yeTOffuMBAa B TeweHue 5 uac
WceienoBaHo BAMsiHME KHCHOTHOCTM —PAcTBOPAa HA  YCTOMYUBOCTD
OKpacKy coequnenus Hukensn (1236] (puc 21) TipupH 8,7—9.8 noay-
HaeTCH COGNMHEHHE, HMEIOllee YCTOHUHBYIO OKPAacKy

K pacteopy, comepaileny He Sonce O, 5 M€/50 2 HEKeAs, Robapnnior 10 sz
1% noro pacrsopa HCAOTLE, 20 90 ma u ye-

TanapmuBaior pH 9,1 + 0,5 3arem pactsop 20 100 &

ero i W3MepSIOT CBeTonorncienke Npu 330 Haw 410 muk mccmemo Boast 18911

t Koaunent ssmucacs ns Ranmbix paborsr [1288)
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H#kenb MOXHO ONPeieaath ¢ TOMOLIBIO B-H3OTHOYPEHAOIPONHO
noBoft kucaoThl [1236]  PeareHt ruaponnsyercs, a BPORYKT THAPO
K33 — B-MEPKANTOTIPONKOHOBAA KHCOTA — DEarupyer ¢ HHKeleM
Meron 6LicTpeili ¥ npocTofi Peaxust MoXeT GbiTh NpOBEfeHa B NPH

CYTCTBHH AZOMUHHA, LHHKA H AR~

70| THKPATHOTO KOMMuecTBa Meau JKe-
Jieso (111) u koGanbT MenlaioT pea-
KUWH JIaXKe B MAMbiX KOFHUECTBAX
e 80
W S
] ;100
S S a0
R %
S u g
S s
§ A
S H
S S
4
= '
201
400 600 800 A mux 7 8 9 1 1 ok
Prc 20 G : Pic 21 O
NHOHAT2 HUKeAs THONATA HUKEAS B 3ABHCHMOCTH OF

aauennsi pH BORHOTO pactsopa

Monsipubie Kos@duuuenTs Toramenus ! pasusi 8300 m 2000 npu
330 u 410 #MK COOTBETCTBEHHO YCROBUS ONPERENICHUS HHKEAS CXOXHEI
€ YKa3aHHLIMH JUIN NPENBIAYLIErO Pearenta

Avtnsce {pudenuaruoKkapbason)

Vonp HAMKeAsi B HENTPasbHBIX cpeiax OOPasyloT ¢ RHTHIOHOM
coennnense MA, [1140], pacTBOpuMOE B OPraHHUYECKHX PACTBOPHTERSX
¢ QHORETOBO KOPHUHEBOM OKpackoit Tlpu u3GbiTKe MOHOB HHKeNs Op-
rasiueckkii cofl MOXeT OKpPAMBAThCA B Cephill, a BOAHBIA — B 3e-
sennii user 16571 Tlpu pH 6—8 piTw3cH pearupyer ¢ HUKedeM ¢ 60ib-
WOH CKOPOCTHI0 JIHTH30H MMEeT COGCTBEHHOE NONIOWEHHE B OBNacTH
MAKCHMAJAbHOPO NIOMOWEHHA AWTH3OHaTa Hukeas (puc 22), nosTomy
USOBITOK ero AOMXeH OuiTh OTMHIT pasGaBieHubiM pacrsopom NH,OH
{npu pH 10), pacTBOp AMTHAOHATA HUKEAS AOCTATOYHO ycToifuus u-
TH3OHAT HUKEJS YCTOHUMB W K HEHCTBUIO KHCHAOT, UTO JAET BO3MOX-
HOCTb ONPENeATh HUKelib B GPHCYTCTBHHM Psilla FIOCTOPOHHUX HOHOB,
B3aHMOAEHCTBYOIIHX B MeHee KHCIOH cpene

Dnementsl, obpasyiolize (0iee YCTONUNBLIE KOMIMEKCHBE COSMH-
HEHHsA, MOXHO OTAEJUTH TP PHTENLHOH SKCTP i RMTH30HOM

1 KodxpHImenTs: BRUNCAEHH aBTOPaMHM i3 aHNNIX paGorst [1236]
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aipu pH 4 [1301) K Taknm saemenTay OTHOCATCA cepeGpo, PTyTh, Max
nanul, 301070, Mexb, sucuyT Honst In (111) 8 10-kpataom KoaHuecTse

g

%

3

§ 1)

N Feazenn

N o~

§ o

2 ¥

2

s

¥ v
300 @00 Bl o TR Mm

Pac 22 C AUTHIOHG 11

HUKEAS B X10POPOPYS

HE MeWaoT onpeAedenur uukens Homm Zn®t, Cd**, Pb*, TI* sk-
CTPardpyioTcs BMECTE ¢ HHKEAEM, HO HX JHTH30HATH Da3pywlaiorcs
npu feiicTBHE KucnoT Mospt Co* BCerAa MeHMIAOT ONPEIENeHHIO Hi-
xeas, Memaior 3> u CN- [ip AR MACKHp pana
MeTa/N0B BHHHAM KHCJHOTA HE MEINAeT SKCTPAKUMH AMTH3OHATA HHKe-
ns |638)

Hile NPHBOARTCS ABE METOXHMKH CIEKTPOPOTOMETPHUECKOrO Ofi-
g{eﬁeisemm HUKeIA C yladeHneM WaGhiTKa QuTu3OHa M Ge3 yRajeHua
121

1. Pactsop, colepalii Hitkenb, NepeROCAT » REHTEbHYIO BOPOKY K HeilTpa-
awser NHiOH ' a satev aoGasasmor Taxoe xoantectao NHGOH, wrobu ero Ko
ueirpanuy Guaa 03 N [lG6asANOT Npn BCTPAXMBAUMA DACTBOP AWTHIONA B
CC)(B+ 10410 Tex Top,noKa BoRub 10K e CTateT GeCuBeTrnm OObeARHenHbE 0P
: 20 oGbema it 1Ipo
MbBator nopismn 0,5 N pactaopa NHAOH 110 3 #4 (ToCielHAR TOPHHR AOAKHa GaiTs
?ecumi'moﬁ) OnTHYECKyIO IGTHOCTH SKCTPAKTa HIMEPSIOT NPH ATHNE BORHS 665 #atk
1140},

3 10 10 3. Py pactaopa s
BopoiiKy # A0BORAT pH 0 8 TpHGabasioT HaBHTONHOE KommecTao 6 10-3 M pactaopa

TaGanua 47

nmwean
 SYBCTBHTEABHOCTh PEAKUHR
N
w | ow | e
€ ‘ 27000 103% 8200
UyseTeuTenbHocTs, B WRGCH® | 2 [3 7

Mpuveuanue 3HaueHHEE H YYSCTBHTEADHOCTL BLIYHTACHH
3 Jawsex paGotsl {1140}



airtnaona B CCly 1 CORGPIINOE BOPORKH BCTPAXHBAIOT 30 Cex YABawBaioT 0bbem op-
FaRHYECKOrO PaCTBOPHTEAR RoGasnestien pactoopa CCli, yeranasansaior pH 6 n eule
pas aerpsixaRaloT 30 cex ORTHICCKYN fIOTHOCTD SKCTPAKTE HIMEPRIOT TipH 620 MK,
{lorpeunioctt onpereneras £5% [862],

Monspusie KO3b@HIMEHTH ROTAMEHAS ¥ UYBCTBHTEABHOCTL MO
Cengeay ykasawmsl B 7aln 47
JMTHOOKCANAT Kanus

JiuTHoOKCaRaT Kalus

TipuMenseTes Kak pearedT Ha Huxedb (8121 ¢ 1909 r 3o coenunenue
6LIAO HCTIONBLIOBAHO AMH ONPEAENCHHS MAbIX KOJNKYECTs HUKeNs B Gio-
noruyeckuX Matepuanax [647]1 PeareHt ROCTAaTOMHO yCTORYHB B pa-
CTBOpaX, ¢ MHKenem ofpasyer coefunenue NiA, rony6oro usera, npu
HU3KHX KOHUGHTPAHMSX HUKeNs Pactsopumoe B BOge Jiis Oxpainex-
HbIX PACTBOPOB COGMIORAETCH 3aKOH Depa B MHTEPBajNe KOHIEHTPalui
0,1—1 mre/ma {1296}

Pearest uysciBuTeNCH, HO e naénpaTeneﬂ OnpeneneHyio MewaoT
Sbiti, Bijuf, "Cd?*, Co®" Fe?', Fe*”, Ma®*", Hg*, Hg', Ag,
Sn'L, 'SV, Pd”, Pte*, Zn? Ce"’ At TR, Tinie, UGz a VO

Maxcumym CBETONOF PacTBOPOB KOMAJEKca
HHKens HaXoauTea nmpa 500 muk 1946) OkpaitenHoe coeguteniie o6-
pasyercs B WHPoKoM uHTepBate xucnornocry of pH 7 no 0,1 ¥ HCI
Mpesenivhoe pasbapaenme 1 230 600 600

JHTHOOKCANAT HCHOMBIYETCA TAKXKE AIA ONPefeseHus HUKeas
B BYJe KOMIAEKCHON CONU THOOKCANATa HHUKENA ¥ TPHOEHANMETHI-
apconusn (PhyMeAs),Ni(S,C,0,), Dra komiieKcHas COJb 3IKCTparH-
pvercs npn pH sogHoro pactsopa 4,0—5,0 cMechio METHAdEHRAKETOHA
# xaopodopya (55 45) DKCTPAKT OKpailieH B KPACHBIH 1BeT (Awaxc
= 505 mmx) Onpepenennio me memair Sbilf, Bifff, Cd*, Mn®,
Hg', Ag, Pd*, PUV, Zn¥, Ce'Y, Au, T, Ti'V u VO* [529]

S-3ameittentbie THOVIOYEBHHD
HuKens MOMHO OGHapYXHWTb LCHCTBHEM Ha €ro COMH CyabhaToMm
S vieriaMoueBnNbl  (MetHiMepkanThA) [1150]
NH-
CHy-5—C
\
NH
Tipu B3auMOLENCTBHH NOMYYaeTCS OKPAlICHHOE B OpaikeBblil dBeT
{pyc 23) ManopacTsop B BOJE Cf KOTOpOe AaeT B BOAE
OueHL YCTOHYMBYIO cycmeHsuio [lns OKPaiieHHbiX PacTBOPOB COGNIO-
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Zaercs saxon DBepa s wnnwrepsane komuentpaumit 1,0—7,0 mxe/ma.
O6nacts pH 06pasoBanis cOeNHHEHWS 3aBHCHT OT H3GHITKA pearenTa.

I
949 7
7; 7
235 ¢ ¢
930 25
azs) 75 5
220
915 g 7
WO 06 G660 A s 50550 600 550 A e

Puc 23 Coeronornomentie S vemin  Phc 21 CAciomORiGIERne XHHOKCaMAHAI-
MepRAnTERATa HIKEAR Tiona (I} 1t ero KowmACkcon ¢ mirkenew (2
u xobansrom (3)

Tlpu 180 xpaThoM u36biTKe 5Ta 0faacTb cocrasaser 8,75—9,70, a apn
40 xkparom 9,14-9,51 (1148, 1149]  YyBCTBHTEABHOCTH METOAa
0,45 mrelmn Pearent e U3GHPATCICH, OCOGRUHO CHILHO MEMLBeT KO-
Ganbt

XHHOKCaM"HnMT“Oﬂ
N
’/\/\\ -st1
T

\/\\J/‘——Sll

STOT pearesT CHHTE3WPOBaH CPaBHHTENLHO HelasHo [983] [lepsas
paGora no OnpeeNeHuio HMKeas nosBwiacs 8 1958 r (1129] Xuuo-
KCAMMHAHTHON OKa3aJCsi OYeHb HYBCTBUTENbHBIM DEATEHTOM Ha HH
Ke/ib, HO KaK BCe Cepy PeareHTe — Ma, TeCH
Onpeze/iennio HUKeNs MeiiaeT KoGanbT BO3MOXKHO COBMECTHOE Ka-
gecrsensoe [560] n xonnuectsennoe (5191 crmextpodoTomerpuneckoe
OnpesieNeHue ITHX IBYX deMeHToB KofanbT 06pasyer ¢ pearentoM
KOMIUIGKCHOE COeAHHEHHe KPacHOro useTa (Awawe = 510 #mx), a nu-
Keib — CUHEr0 (Ayae = 656 muk) (puc .

Peakiusl BHIIONHSETCA B BOAHO sTanoabHoli cpege (80—98%-
HOH), TNOCKOAbKY OGpA3YIOIHECT KOMIMIEKCHBIE COGIUHEHHS MAno
pacTBOpuMEl B BOje M JIbHOE CBETOMNOF pacTBOpOB
naGmonaeres npu pH 3,0 40,5

Iias oxpamennmix pacTROpos cofmonaercs 3akon Bepa B usntep-
Bane xouuenrtpamuit 0,2—1,4 mxe/ma Co u 0,5—3,0 smrz/ma Ni Co-
c7aB ofpasyionuxes coeguuennii orseqaet gopmysam NiA, r CoAs.
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Monspubie KOSDPUIHMENHTH NOTAWERHS H UYBCTBUTRNLHOCT O
Cenneny ykasambf p 1261
Tadanua 13

MounpHue KOIPPHUHENTH TOTAMIERKA # IYBCTBHTEILHOCTE
PeaKUUH © XHHOKCAMHHANTHOTOM HA HHXEAD H KOSAIST

Do MHK
§10 | 356
Exobaanta 36400 1240
€ uugenn 5520 17500
Uyscteutenshocts as Co* (8 mke/os?) 1,7 —

Yynctoureassocte Aan Nis* (a seci?) — | 3,4

Jins CoBMECTHOrO ONpefesieHHst RHKeTH ¥ KoBatbra Gepyr PacTBOp € HX CyMuap-
bty CoflepKatnev 5—14 mx2 (8 pacuere Ha Koneunnl ofseM 25 #4) JKele3o yRaasior
€ro B Bulle aterd, poPop ApH pH 1,5 (5 #a aneran
auerosa 4 5 w4 CHCl) Kucaas cpena Yi0 BOpOK-
K 4 512 0,5 N HCl Dxerpakr oTieastior, 3atev A00aBAROT K som-mwy pactBopy 5 sz
0,5 N NaOH {pH ~ 2,5) 1 HoBofi Hopseli CeCH aleTHRaUETORa 1 XHOPODOPNE YAa-
BROT Mefib 1t 0CTABUleeC KeAeso, pH BORHOrO pacTeopa A0BOAAT A0 3,0 + 0,5 110 2,4
nunnTpodenony, saTew AOGABNAION PacTBOP pearcita & paaGaanmT 10 oGbeva 25 ua
OnTHYECKYIO TUIOTAOCTL HIMEPSIOT Tiph 510 1 65¢

CoxepaHus HUKENA M KOGaAbTa BEIMMCAHIOT MO GOPMysaM.

617 [Col 4- 94 [Nif = Djio,
21{Co] +- 298 [Ni] = Duzes

2,2-TuoGucatanrnon [1134]
ClE,—CH —SI1
/

~N
CH.—C1 —SH

Xn0pogopMisili pacTBOp STOFO PeareKTa IKCTPATHPYET KOMILAEKe-
Hoe coegdnende Hukers NiA, W3 amuiaunoit cpesst npu pH 10—,
IKCTPAKT OKpauled B KpacHeiit mser ONTHYECKYIO WIOTHOCTh IKCTPAK-
Ta u3MepaIoT npu 520 MMk, COSNUHEHKE B XJA0POdOpME YCTOHUHBO 2—
3 uemen¥ Mexb, KOGanbT, NaNIaAMd MELIAIOT OTPEAENCHHIO

Pacraop, Conepxauiiii HWKeib 11OMEUWIAIOT B IeAHTENbHYIO BOPOHKY eMKOCTBIO
50—100 #2, noSasasior NH.OH g0 pH 10—11 u sarem npuGasasior 5—10 u2 0,2 M
pacrsopa pearenta n CHCl; BCTPAXHBAOT COREPIIVOR BOPOHKH HECKOIHKG MEHYT
# OTARMAIOT IKCTPAKT DKCTParupoBaiie NOBTOPHIOT TPHIAR B YKAZAHHLIX YCAOBHAX
i 3aveV MPOBOAAT elile OJHY SKCTPAKUMIO Y#CTHIM XAopopopmor (5—10 w2} Obneu-
HAIOT BCe SKCTPAKTH i XOBOIAT 0GULiL 0Fbev A0 50 x4 Xnopodopyov Caetonoraote
Hie H3MEPAIOT K 520 MK OTHACHTEABHO YHCTOTO XAOPOOPMA
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Monspusifi xosdbuunent noramenus pasen 12001 UyBcrsurenb-
uoets 0,8 mrzlem?

3 ORPEAEJIEHME HUKENS B BUJE NUPHAHWHPORAHURA

Peagiusi HOHOB RBYXBAGHTHHIX METANOB ¢ DOJANUA HOHAMH H
nupraunoM (Py) Gbia oTkpeita B 19221 Craxio [1176] Monst nuxers
06pa3yoT B BPHCYTCTBHH STHX ABYX DEAreHTOB ManioOpacTsopHMEH B
Boxe 0canok, NiPy,(SCN),, HCAONb3yeMbil A €ro TPaBHMETPHUECKOID
onpenenenns 11178] 3vor ocanox pactopum B xaopodopme Crextp
npeAcTaBNeH Ha phe 25

4
1aF

2
300 400 500 500 A, v
Puc 26 C serannon 8

310 CBONCTBO MHPUAMHTHOUMAHATOB GLLIO HCHOAB3OBANO MR  Of-
penenendsi metannos [794]

K 100 47 noaoro pacteopa, cogepsautero . 60 wo Ni a06as 15607 pacrsop
pearcHTa, cojepkamuit 8 s LMPHANEA 8 34 10, noro pacteopa KSCN I wroant
H 30 57 2064BI2HHON CAKOTO HATPS 32TON KCTPATHPIOT COSMMHEHWC HHKC
TPCMA NOPUNAWH XT10p0dOPYA o 10 M1 KOXAAN NPEROAAT SKCTPAKTH B MEPIVIS
K0y eVKOCTHIO 50 #a i PASGAB AT 10 06heNA 4D i 7 xA0pOGOpMON

Ecw SKCTPAKT e nPOspausH, TO WL ero NPCCRRTACHNS Jo0asamior | wa
1eTOHA H JOBORAT N0 METKH WHCTHM X:A0POgpyOM ORTHIECKYIO T1I01HOCTh Have
patoT npi 360 MK OTHOCHTETBRO WHCTOTO X lupoiopyia

Jins SKCTPaKTOB NUPHAMHTHOMHAHATA HUKEAA B XJAopodopme cof-
mojaeTcs: 3ak0H Depa Moaspubie Koa(xpuUHEnTH noraweHus® pas-
Hbl 24,5 1 11,1 npu 360 u 580 MMk COOTBETCTBEHHO YYBCTBHTE/NBLHOCTE:
no Cengeny pasna 0,24 n 0,54 melma npu STUX Ke ANUHAX BOAH

1 Monapmi KXGGHUKENT NOTAWERHA BRYICICH 13 AGHAHX paboret Cerania
f1134]
2 KosiiumenTis BEIUCIEHD! M3 MAUILX NpUBENCHHBIX B pabote [794]
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Pexomennyercs 6path pacTBopsi, cofepmanine 50—170 se Hukens
Kpome Toro, Boamoxuo 4311 cosMecthoe cneKTpodoTOMETpHUECKOR
onpenenenue Cu, Ni, Co, Fe, Mn OnTHueCKYIO MIIOTHOCTE SKCTPaKTOB
H3MEPSIOT B 3TOM cayuae npu 450, 360, 335, 375, 300 mux

Jlns onpeenenus HUKeNs UCHONB3YIOT 2 GEH3OTHAIONMIATHAPASO-
Hbl 2 6eH30THA30AKAPOOKCATbACTHIA H 2 HAPTOTHAZ0M-2-KapGOKCaTb-
neruna 112371 C ofoumu pearenTaMy HOHBI HKKeAs NalOT OPAHIKERHIE
KOMIEKCHbi€ COBIUHEHHS B BOIHO-IHOKCAHOBEIX CPEAAX Ayaxe = 468 H
474 mMK COOTBETCTBEHHO

Tlpueonatcs up H#HO BHICOKHE MOJIAPHBIX K03t
€HTOB MOTAICHKS ITHX cOoelniuenudl s nepeoro £=60240, ann BTO-
poro — £=63950

ONPEREAEHHE HUKEJA
€ HCMOJIb30BAHHEM A30COEAMHEHHA ¥ APYFUX PEATEHTOB

OpranuueckHe peaTenThi, CofiepXaue azorpynay

B ¢Bs3H ¢ Pa3BHTHEM METONOB KOMIICKCOHOMETPHUECKOTO THTPO-
BaHUR HHKeNisi U3yueH DsiA 230COCAMHEHHA KaK MHAWKaTOPOB M KaK
PearenToB st €70 CREKTPOGOTOMRTPHUECKOTO OfpeAeseHs

K s10il rpynne ciefyer OTHecTH mupuawaasosagron (PAN) Pea~
FEHT OueHbh YyBCTBHTEJICH Ha MOHBI HUKENS W MPHIOFEH AJis ONpejeie-
HUST €70 MalIbiX KOHuecTB (&= 50 000,
Awaxe=570 mux (1605, 1142] Coenu-
HeHye HAKeAsn JETKO IKCTParupyer-
€A XAOPOGOPMOM, UETHIPEXXJIOPHC 4
THM YIIepOIoM, Gensonom 1pu pH
4—10, xXnopodOpMHBIE 3KCTPAKTHI
HMEKT NOMOCH MaKCHMANBHOIO TIO- N Pan
raomenus npr 530 u 570 mmx (puc

26) O6pasyioweecs coepunenne NiA, &
HoBosbHO yerofiunse B craGokwuc-
ok cpente npu pH 4 TOABKO HOHBI
MEAH , Xene3a H KOGaNsTa Memiaior
OnpeReNeHHI0 HHKeA#A Ho MeAb Jier-
500 550 500 A, mios

KO MacKupyercsi THOCYAbHATOM, Ke-
€30 — mispoocparom Gl NPH- puc 96 Caeronornomenve nupwaan-
CYTCTBYET KOGaNbT, TO €ro KOJH- PAN) # ero

YECTBO MOMKeT ObiTh YYTEHO, TaK Kak C HMKeneM B Xa0podopme
MAKCHMYM CBETOROJIOMIENHS COe

AuHenHs Kobanbra HaXOAUTCsH NPH 630 mmx JlNs onpeelleHHs HHKeRs
B APUCYFCTBMM KOGANbTAa CHAYANA H3MEPAIOT ONTHUECKYIO INIOTHOCTH
npu 630 mmx, a satem npu 570 mmx (cymma Ni 4- Co), nocie sbiuuta-
HESl ORTHYECKOH MJOTHOCTH, OTBEualolleli COXePIKAHHIO KOGalbTa, BH-
HHCASIOT KONHUECTBO HUKens VOHLI KajMusi, fusKa, MapraHia # Xpo-
Ma 00pasyior TOABKO B C % cpere (pH 3)
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Jlns OnpeRENEHHs HUMKEAS HCAOAB3YETCH TaKKe JAOBOJABHO UYBCT-
BUTe/IbHBI  230KpPacHTesb cofoxpoM kpacHsiit ERS [791) (250 qux =
= 13 200) Huxenb o6pasyer coepnuere B CIAGOKHCAON CPERE, MELIAOT
ONPERENeHHIO TOJIBKO XPOM # JKeAe30 B He3HAYHTENbHOK CTeneHH
Meiiraer komnercon 11T

Muuatpuesas coib 3Tua Guc (5-1eTPasOaUNa30)yKCYCHAs KHCIOTA
1807] ofpasyer ¢ HOHAMH HHKENS KOMINIEKCHOE COGHHEHHE

Na Na

1 |
NN it N—N
" v
1 Hg")
|| | s
N—N COCAI, N—N

¢ VaKcHMyMaMH CBeTOmornioulexHueM apH 410 u 505 mmx Pearent Boi-
coxouyserBHTeReH (& —= 27 000) Peaxuuu MelwiaioT Me/ib, HUHK 1 KAZMHH,
He TIOPAOUIAIOT HKeNe30 i KOGaibT B OG/MACTH MAKCHMAIbHOTO NOTHOE-
Hil# KOMiliexca HUKens Pexomesiyercs unvepsan suauenuit pH or
6 109

Nnsn  cnexrpodoToMeTpugecKoro HUKeIs APHMEHR-
10TCs MazOH3GpaTenbubie nuputds (2221 n 2,2 nustunedavun 112731
(H,NCH,—CH,),NH [lociesuiét oGpasyer ¢ HOHaMW HHKeJs KOMI-
JieKe (HHONETOBOrO LBETZ C MAKCHMYMOM CBETONOTROUIeHUA npu 540 n
880 max, BAS OKP pacTsopos ¢ob. 3akon Bepa B HH-
Tepaaie Koﬂu.eﬂ-rpauuu 0,01—0,06 e uon/a Menb, Maprauen, XpoM Me-
WAI0T ONPERCRCHHIO, Tak KaK 06Pa3yioT OKpaleHHsie B ronyGoi, myp-
NypHBIE M KeaThidl HBeTa coejiMHEeHUHs Peaxiudio nPOBORAT NP PH
6—14 Keneso (III) u ososo (IV) ruaponusyiorcs fpu Tak¥X 3hHaue-
uusX pH, ¥ 4X HEOOXOAMMO OTAeNHTbH

Hukenas moxer GbiTh ONpesieien STUM PeareHToM Hapsaly ¢ KoGalb-
TOM B ONHOM DacTBOpe Buauale HIMEDSIOT ONTHYECKYIO MIOTHOCTH
coeuHeHHs HUKeAs npR 850 MMK, TAC HE MOMNOMAET KOMILIEKC KOGalb:
Ta, 3aTeM ey fior. HUKeAs U KOGanbTa
npH 460 mmc TIoCHE BUMTAHHS MOTMOUICHES A% HHKENA HAXORAT
cozepKanie KobatbTa

N,N 6uc {0 aMHHOGEH3WIHANH)STHICHANAMAH  00pasyeT ¢ HOHaMu
HUKeJI OCaZOK KPACHOTO WBETA, PKCTparupyemuiit B Gewsome [938]
[lonoca MakcHMANBLHOrO CBETONOTVIOUICHHS HAXONUTCA Npu 486 mmk
Onpegedenito He Mewator Al*", Cr3 , Cd® , Mn*", Zn?', Sh'' Bosb-
HINE KOTHIECTBA KKe/ie3a MaCKuPYiOT BUnHON KucioTohi Mewaor Co*
1 Cu®* UypeTsuTebHOCT pearenta 0,2 mxa/ma

TIpoude opranuueckue pearewtsi

Jlnst onpeleessns HuEKefds Tpurofes mypexcha [370] Ou ssaumo
IeficTByeT ¢ UOHAMH HUKPNA B aMMHAuHOH cpefie, oGpasyercs opaiike
BO Ke/TOE COCHUHEHUe
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TutpyioT 10 Ma BMMHAUHOIO HCTHT)CMOIO PacTBOpa 0, O_’,n HbiIN PACTBOPOY MY
pekcuia 1o KeaToro oKpacky ¢
CCpne CTanRaDTOR. HOTODE. TOTOMT LGy K 0Gpa3cH 5 10 APGOADOX & MAGCKAM
MO # IPHTEDTEMH CTEKI AHAbIH NPOSKAMA BHOCAT o 10 44 CTAKAGPTHOFO PacTBopa
oMl nuKeAn ¢ colepiaiem b | w2 cooteeicrBento 0,5, 1,0, 15 5 uke Ni 3aten
B KaA1YK0 NPOGHPKY TpHGaBTIOT No | 42 0,5% Horo pactaopa NH.OH 1t nepesens
52107 Coflepinvoe NpoGupkn [Tpubasasior B Kahyio npoSupky ot 1 4o 10 a 0 2°
HOTG BOMUOrO PACTBOPA MYDEKCHIA il CHOBA NEPEVINBAIOT

Obnapyxusaemsiii Manusym 0,2 smxe/ms Onpelienenio MEIAIOT xe-
aeso (II u III), koBaabT, cBHHEY H MapraHel, ecAu NPHCYTCTBYOT B
601bmuX KOnHuecTBaX COMH WHHKA M MACdus MEUI2ioT Naxe ApH ma-
ThiX KOHHEHTPAUHAX

Hukens MOXeT GuTh onpenened opmatsroxcumom 12811, xoto-
phifi ofpasyerca B pacTBOPe NpPH B3aUMOJEHCTBHU (OpManbRernia
TH1POKCHNAMUHA

K 10 a4 0_pactsopa, 0 0,1—4 a2 Ni, Zobanasmor oauy
Raiuo pearenta (cmech 3,75 ma 40% noro Lpop\mmua 3,5 ma THADOKCHIAMIHA H
375 14 BoAM, HATpEBAKT Ko Kunewun) B upucyrcTBin 0,4—1 0 N NaOH H3vepaior
OIITHYECKY IO NACTHOCTB 3e71eH0 KETTHX PacTBOpos

st OTOMETPHYECKOTO ONPEICieHus HHKEAs HCTOAb3YeTCs  TaKiKe
HUTPO3OCanHuuAOBas Kucaorta 1594]
00l

i
/N -ol
.
J—N0

Huneas o6pasyer ¢ 3TuM PearenToM OKpailieRHOe B Kpacubléf user pa-
CTBOPHMOE B BOJE COGAHHEHME C MAKCHMYMOM CBETONOINOWIEHWS TPH
500 mamx (OOBIMHO ORTHYECKYIO TWIOTHOCTD 3TOTO COCAMHEHHS H3MEPAIOT
nipu 520 MMxK, TAK Kax APH 5TOM He MeilaeT H3buTOK pearenta) Oxpac-
Ka pacTBopoB ctabunbha npu pH or 5,0 J0 5,8 B Teuerne HepeMu

MHOTHE KaTHOHbI MEMIAIOT ONpejeTeiio HHKeNs, TaKke o6pasys
OKkpalieHHbie KOMIIeKcel KoGansT Meiiaer, eci# ef0 KOMHYecTsa
npesuualor | se, MeRb chelyeT YAansTh WM, HIMEPHB TOMJOWeHHE
pacTBopa, MOMYAIONIETOCH B KHCACH cpene (pH 4), 3areM BLIYHTATH IO
#3 CyMMapHOH ONTHYeCKOl MAOTHOCTH DACTBOPA MERH H HHKENis NpH
pH 5,058 2

Onpenenesmio ne memaoT Ag™, Ca’, MnO; K7, Na', Cr,07,
s, Cd¥, Cl-, NHY, SOF, NO,, Hg' . Mg, CGO™ u PO]” Jlaa
PacTBOPOB KOMIVIEKCA HMKERs c06T01aeTcs 3akon Bepa B uitepsane
xouuentpanuii 2—0,13 m2/100 m1

Hoss muxens o6pasyioT ¢ okcasizom [905) NH;COCONH, s uge-
slounofi cpene OKPauIEHHOE B K TThifl NBCT coefuHenkue HnTencuBrocTs
OKPacKd yBeAHYMBaeTcs ¢ npuGasaenuem srasona uian spupa Peax
[UfH MeWAloT KATHOHBI, Ofpasywoiye B LIEIOYHOH CPeAe OKpailieHHbe
THAPOOKHCH BO3MOMHO (OTOMETpUUECKOE OfpefeacHie HHKeIs B
BHIE COBRMHEHHS C OKCaMuioM Fimeercs paGota mo oTomMeTpHpoOBA
HHIO KOMIIeKcOHaTa nugess [1003}
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Onpepenenie HHKENR HEOPTAHHYECKHMHM peareHTamy

Huxenb B PacTBODaX €ro uwucrbiX cofiedl OUDPEACARIOT CeKTPodo-
TOMETPUUECKH (N0 3eaeHOR OKpacke) [Ipu BHICOKOH KOHHEHTPAUMH
HUKEIS PeKOMenjlyercss pafoTaTh C DaCTBOPOM NepXiOpara HHKeNs
1450}, onpenensisi ero MeroaoM AH(MpepeHUMAnbHON CNEKTPOPOTOMET-
puu [761, 863) B auanusupyemOM MaTepHate MOMET COREPIKATHCS
98—100% nukeas (CnekTPOrpaduuecKuil H UEKTPONUTHUECKHH Ril-
renp) Touwocts pesyavraros — 0,05%

TlepxnopaT HuKens uMeeT 1B OTUETAHBLIX MAKCHMYMA ROTJIOLe-
Husg npu 395 u 720 mmx (puc 27) B ofaact KOPOTKOBOJHOBOTG
MAKCHMYMa ONPEeNenHIO MeIiaeT HOH
XpOMaTa, HO He MelaiT Meb H KO-
Ganst

Kpome nepxiopara MOXeT OhiTo
TAKOKE HCNOMb30BAH CYAbDAT HUKe-
Afl,  XapaKTCPUIYIOMUHCA — TAKHMH
We TOAOCAMH  MAKCHMAAbHOTO HOT-
ACIIEHHA

Meton ananHsa cMecedl HHKENS ¥
KOS21bT2 OCHOBAH HA TOM, UTO MAKCH-
MaabHOe norAouenne cy1bdara Ko-
6aabTa JeXHT npu 510 mmx, a Hu-
reasg-— 395 1 720 smmc [1175]

Hukeab MOXKHO OnpefeasTs H B
suze xaopuia (11431, cnexktp pacr-
sopa koroporo (3831 ananoruuen
CReRTpanM ¢y.TbhaTa Hith nepxaopara
nukeas 1lpy KOHHEHTPaiuiH XJOPH-
a2 >3 M criekTp pacTBOpa MeHReTCs
Onpegeiennio HUKeAs B BHIC CYJb-

Puc 27 Creronoracueine (aTa @ XNOPULA Me[aiOT X7ODHZ
nepxaopatos mmkens ¥ xobatera | AMMOHHS, 6OPHAS KHCAOTA, CyabdaT

Hatpus 111921

JIOBONBHO WIKPOKO MPUMEHAETCH MeTOR (OTOMETPHYECKOTO Onpeje-
JICHHS HUKeAS HDH TNOMOMIM aMMHAKa 1432, 702, 945]

Okpawennapii  xommrexc Ni (NHj);' b1 npeanowmen ATs onpe
JeneHUst HUKEAd B CTAMSIX ¥ pyrax [432] OntuManbHbie KOHLEHTPa-
wns nuxenst 200—2000 ae/mi OAHAKO ¢ UIMEHCHICM KOHHEHTDaUUH
aMMuaKa H3MEHSIOTCS MHTCHCHBHOCTH M X2PAKTEP OKPacKH pacTsopos,
CpaBHuTeNbHO TIOCTOSHHA ONTHYECKas FMAOTHOCTH DacTBOPOB MpH
2,5N NH,OH (¢uoneronuiii nser) u 1,5 N NH,OH (roayGoit user)
Vonri, ofpasywolise OKpaileHHbie aMMHAKAThI, MELIAIOT OTIPEACEHHIO
Vismepennsi 1a CNeKTPO(OTOMETPC NPOBOIAT NPH JJIHHE  BOJHEL
582 mmx [944] DrOT METOR NPHMEHACTCA ANS OTPEACNCHARN HUKENR
B cranu [432)
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Oxpacka pacTBOPOB amMMHaKaTa KHKeNs yciofiumsa 20 4 nelens
19451

Conepxkanne NiO B cTekie ONPENENTIOT HEMOCPEACTBEHHO MO BOF-
JOLIEHNIO CBeTa 3THM cTexaom (5701

5 OTPEJEJEHUE HUKEJS
METO0M UHOPAKPACHOA CEKTPO®OTOMETPUH

Has onp HHKENA [P >t ABYHATPHEBYIO COMb BTH-
neHAHaMHHTETPAyKCycHOH  Kucnotel  OnNTuueckyi TAQTHOCTh  pac-
TBOPOB HHKeAs H3Mepsior npu A = 1000 smmk [495)  Coenpunenus
GOABUIMHCTBA MeTanioB ¢ kommiekconoM IIl we normomasor ay-
uHCTOH SHEpryy B 5T0il obaacth  Takum 00pasoM, HHKeib MOXHO
OnpeAeAsTh B NPHCYTCTBHH aRIOMUHNS, GEPUAMNS, KAAbHWS, KaIMus,
xpoma, mesesa (I1I), pryTu, Maprausa, CBUHIA, CTPOHWMS, TODHS H
nupkouns Toabko xo6adbT, Melb # xeneso (II) memaior onpepene-
HIIO (HX OTREAsAIOT xpomatorpaduuecku Ha amGepanre IRA 400)

Ecnu 43 npuMeceil TPHCYTCTBYeT ORMH TOABKO KOGambT, TO €ro
MOXHO MacKHpoBath HuTPO30 R compio  Kpowme Toro, onpexenennio
MEHIalT Lepui, BHCMYT, cepeGpo, Gapuil ¥ Banamui

TIpu OTCYTCTBHH MEIIAIOUIUX METasioB OmuGKA METOfa COCTaBAs-
er +0,06 e MuuuManbno onpefenseMoe KOMHUECTBO HUWKENs PaBHO
2 M2

HHUKens 10 OMY CHEKTDY €0 COeRHMHEeHHs
c aHTpanunoeon KHCAOTOH npoﬂaso}lm npu 9,35 mx 19961 Dror mevon
YROGeH i aHanK3a OMHAPHBIX CMECed HHKEAs C MeIbiO, LHHKOM, KO-
6anbTOM, KaZiMHeM, JKere30M, MapraHueM u/iH PTYTbiO, TaK KaK aHTpa-
HUJIATY KAXKJIOrC 3JEMeHTa NpPHCYilia CBOA NOAOCA NOTAOUICHHS B HH-
dbpakpacHo#t 06aacTH CnexkTpa
VIOHBI HHKE/ifi # ORHOTO M3 HA3BAHHBIX SAEMENTOB OCaXAAIOT aHT-
PAHWAATOM HATPHS, OTQUALTPOBAHHHIE OCANKH BRICYWIABAIOT U H3Me-
PRIOT ROTVIOINEHHE B siuelike W3 6pomuaa Kanus OuMGKa onpeienenks
ne npesbiwaer 2—5%



Tarasa VII
MONAPOTPAG®UYECKOE ONPEAEJEHHE HUKENSA

HoHs! HUKess BOCCTAHABAUBAIOTCY B BOJHbIX PACTBOPAX Ha Kanenb-
HOM PTYTHOM 9IEKTPOJie Ha dOHE COMeH IENOUHBIX METAIIOB, a TAKKE
B PAacTBOPAX €ro KOVIICKCHbIX COGMHEHHA — aMVHAKATOB, pOfanu-
1108, TIHPHAHHATOB H Ip

TloreHupan mOAYBOJMHG sl HOHOB TeKcar#apara nuxens E, =
= —1,1 g (sacsiiy, KCl) I'lpu 370M Ha6/M0Aa€TCS XOPOLLO BLPAMKEHHBI
npdxby3HOHHEIA TOK, BeHYHHA KOTOPOTO NPONIOPLHORABHA KOHIUEHT-
PaiidH HUKeNs B HPHCYTCTBHH JKENATHHbI, METWIOBOFO KPacHOTO Wil
APYTHX NOBEPXHOCTHO aKTHBHHIX BEIlECTB, AOGABAAEMLIX AAs MOAaB-
JieHHSA MaKCHMyMa Ha TOJfAPOTPaMMax

TuapaTHPOBAHHEIE HMOHBI HUKEJIS BOCCTAHABUBAIOTCH HEOGPATHMO
Xors nonsporpadHYecKOMy NOBEICHHIO HHKEAs NOCBAUIEHO 60IbLIOE
uycno paGor [175, 1184}, ogmaxo 3TH METOAB! PENKO HCNOAB3YIOTCA
AMISE KAYECTBEHHOrO OGHAPYIKEHHs HUKEAs, HO WMEIOT GOMbioe 3Haye-
HUE I/ er0 KOJUYECTBEHHOTO ONpPeReseHHs

Hioubl HEKeAst NAIOT XOPOWO BuIPAXKEHHYIO BOANY B NPHCYTCTBHH
aMMyaka B Kauecrse NOBEPXHOCTHO AKTUBHHIX REWECTB NpPHUMEns-
10T arap arap, CTORApHbIA Kieli, wenatuny ¥ Ap [Ipu sTo notenuuan
NIONYBOJIHBl CJIETKa 3aBHCHMT OT KOHUEHTPANMH avMuaKa (Tabn 49)

Tab1uia 49

3uaserne £, ® awmmasnux picroopax [1184]

Kongentpanun newecTs

Ammuak 1Y

Xnopaa awvonua 1V —1,135
(Na.$0; - eaatuua)

Asiax 6,10

Knopna awvorsn 0,28 —0,90

(0,005 M CaCls 0,019 mmit :
arap arap, Na;504)



AmmMHaunbil Gon YIOGEH S COBMECTHOTO OTPENENCHHN HHKeAs H
wunka 12391 B otcyrcrsue ammmaka Eff = 10026, E)'=10 ¢
Oui1ak0 TaKOE OlPEJefeHHe BO3MOMHO B HPHCYTCTBHH aMMHaKa, eciin
COIEPXAHHC OBOHX DAEMEHTOB APHOAHIWTEbHO ORHHaxoBo {175]

Ha ¢one amMmuaka TaKxe PasiersioOTCA ROARPOrpaduYecKHe BOMHL!
HEKENA ¥ KODAAbTA, HOSTOMY HHKEdb MOXHO ONDENeNisiTo B MPHCYTCT-
BHH RocqeHero |164]

Bbisio H3yueHO BAMSHME PASAUUHBIX AOGABOK HA BHICOTY BOJHBI HH-
keas B aMMuauxoil cpese (193] Ha done 0,1 N amerata ammonusi, K
KOTOpOMY foGaBienst amwuak (pH 8,5—9,5) 1 MeTunoBbil duONeTO-
BBif, MOXHO NOJYYaTh XOPOIIfie Pasfe’bHbie BOJHEI HHKes W HUHKA

Bonsa nukens B KOHIEHTPUPOBAHHBIX PACTBOPAX XROPULOB CABH-
raercs K Goaee HONOMKH OB FONYBORH,
4TO yKasbiBaer na O6pasoBaHie KOMAJNexcHoro Xxnopuza 110261

Ecn pacTBOp CONEPMUT MUPHAKH ¥ XAODHA NHPHAMHAS, 10 HHKEb
MOXHO OTPENEsTb B NPHCYTCTBHH GONBIINX KONHIECTS KobanibTa, Tak
KaK NOTeHUMAl! TI0TYBOAH STHX SEMEHTOB pasuatorcs Ha 0,3 6 (ED
—086, E"= —1,11 £) MOXHO onpene1aTe HHKEAb B NPORYKTAX
KOBanuTOBOTO NpoussoncTsa [268) Tlupuinu, COmepaillhii pacTsop
HUTpaTa GapHs, NDHMEHATCA KakK GOH A OUDEReNeHHS HHUKEAs B
uyryne u crany [848] Ha gone nupranua, XnOpuia ¥ PORaHHZa Kanius
HOHBI HMKeAsl Q0T XOPOWO BhIPAXEHHYIO BOqHY [277]

B 1 N pacteope KCN notenuuan noiysoausl hukeas pased —1,44 6
C yeenuuvennem gouuentpami KCN noTesunan nonyBofubi cHBH-
raeTess K Bosee nonokuTenbHnIM 3uasenusy (78, 7731 uanuaneii
$oH YAOGHO WCNOAB30BATh NPH ONDEAEACHUN HMKEAS B NPUCYTCTBHH
MeAH W HHHKE, TAaK KaK TIOCACAHHE He JAIOT BOJHDLI BOCCTAHOBJICHHS

Onpesenenie MabiX KOAHYECTB HUKENIA B PACTBOPAX, COACPMAIMX
GOIbUIOE KOAMUCCTBO MENM, PEKOMEHAYeTCst NPOM3BOAKWTL Ha ?OHE 1N
KCl + 1 N NaOH, npu po6apierun N2,S0; u menaruss [956)

Ha ¢one posaniiia Kalus HONSPOFPAMMA JVIsl HHKENS HMEET CHOK-
Helf xapaktep [1218) TIpH UM3KHX KOHUSHTPAHMAX DPOAAHHA-HOMOB
{0,02—0,01 M) Ha nonsporpamme NOsABAAETCS BTOPas BOJHA 3Haue-
uue Ei, AN nepsoil BomHb HauGosee nosoxurteabho B 0,2 M pactso-
pa KSCN u cranoButcsi 60ce OTPHIUATEIbHBIM C YBEIHUCHUEM H €
yvensuiennes xonuentpauun KSCN Ha ¢ore KSCN -+ KNO; ¢ o6-
Hieit kouuenTpaumedt sackTpoantos 2M nph 1o6asnennu 0,005% -noro
PacTBOPA KeNaTHHb NOTYYAKOTCH TAKHE Ke PeayabTathl, KaK ¥ Ha §o-
re KSCN - KC

Xopouo Bhipaxenuas BOAHA AAs HHKeIS nofyyaercs na ¢oue pa-
crsopa 0,1 N auerara amvonus + 0,025 N KSCN, na atom  done
MOXHO ORPeledsTb HUKeb B MPHCYTCTBHH NPHMEPHO PABHBIX KOJNH-
UecTB UWHKA H KoGanbta ITOT (OH HCHONLIOBAACS JJisi OnpENefeHns
HHKens B pacTHiesbHoM Marepuane (11951

Pojaunanbiii  KOMILUIEXKC HHKENS BOCCTAHARJHBAETCA HEOGPATAMO
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Mpu couerarun pogamuguorc (0,1 M KSCN) u Taprpatsoro
{0,04 M) doHa HuKenb MOXET GbiThb ONpefeNeH B NPUCYTCTBUM Xele-
3a [830], Hanpumep B geppHTax

B 1 N pacreope okcanata u 8 | N pac'rsope TapIpara B OTCyTCTBHe
POAAHKAZ MOHBI HHKeNs HE 51, HO NPH OZHOBP
HOM NIPUCYTCTBHY aMMHAKa nonsmercsl HeTKast BOAHA, KOTOPYIO MOKHO
ucnoab3osath [837] aast onpeiesicHUs HUKENS B PAcTBOPAX, COAEPIKa-
umx Maprasen,

Ha Qone cyasthocalvuuaoBoii KHCAOTH ¢ R06aBKOfi  amMmuaxa
(NH,OH+1 M NH,CI) unus nupuauna (0,5 M Py u | M NH,CI) nerko
onpesensieTcst HHKenh B mPHCYTCTBHM esesa [1036] [lorenumans
NOAYBOAH npHBeReHs B Tabn S0

TaGanua 50
TloteHusatst foaysoas (8) ans Hakens

Cpeza Keneso ’ Hixean
AvvitauEas —0,6 [ 1,0
inpaans —0,2 | —0,8

o 0,05 mxe/ma nuxenss B mpucytersui 100 kpavHbIX KOJM4ECTB
Mezu ¥ 400-KpaTHLIX KOMUUECTB KOBANbTa MOKHO ONPEACHHTH METOAOM
Ragpepeniuanbroli noasporpaguk 721 Baln BPERIOKeH OCHHILIO-
rpaguueckail Bapuant sroro meroga [137

Karanuruyeckue BOHbLI NP BOCCTAHOBNCHHH HA PTYTHOM Kanesib-
HOM 3/IKTPOJIC HEKOTOPHIX OPTaHMUECKWX BEIECTB B MPHUCYTCTBHH HO-
HOB Hugens [490—500] miu KoGanbTa UCTIOAB30BAHK AN HOJAPOTPa-
UUECKOTO ONPefe/IeHHs MallbiX KOiMuecTs mukens [317

Muxpokosuestpanuu nukeas (g0 10-7 M) onpemensior ¢ uaxou-
Jenuem Ha prythoi kamie CyuHOCT> MeTOa Onucasa B 0630pax
CrpomGepra 13051, Ky6auka (874}, Heda 19971, Cuusxoso#t [204]

Brepssie Kemyan [829) nonyuun asoaHsie 3yGusl HUKeNs #a doxe
0,01 N KCl meronom amajibraMuoif noasporpagii ¢ HAKOMACHHEM Ha
pryTHO# Kanpe BrnocneacTsuu Takue 3yGupt Goimu moAyueHs! Ha ¢oHe
0,1 M KSCN [110]

B nocremuue rofs ony6aKKOBanbl paboThl HO HOMSPOTPAPHIECKOMY
OfpefeNeHHI0 HHKSIS B PAAE GHONOTHYECKHMX OGBEKTOR B PAcTeHHAX
(1213}, maprapune {3371, kopmax [520, 1165]

Onpe)le.neuue HuKels 8 Craasx HHKenb B CTAfsX U CilfaBax on-
penensiior [1062) B pacTBope, CORCPKAIKEM XAOPUR MHPHAHHMA H X0+
PHI ammonus TlOTeHuwasi NOJYBOAHbI Ansi HuKeas paped — 0,5 ¢

0,1 2 Cranu NOMENAKT B KORHMECKYIO KONOY eMKoctbio 100 a2 1 KHRATAT CHavana
<5 HNOs (I 1) u satem c 5 ma HCL (1 1) Tlocae pacTopeHws cTanm pacTsop
Bunapusaior Aocyxa OcTatok pactsopsor B 5 a4 HCl (ya 8 1,19) upubasasior



095 2 ceprokicioro rrapasnra n Crosa sunapusaor K ocrarsy npianeair 3 sz
HCJ (1 1), 50 42 BOMLI, PACTBOP HATPEBAIOT ¥, e OXTAKaN, NEPETHAAIOT B MEPHYIO
K06y ewKoCTBIO 100 44 K pacTROpY AOGABARIOT 5 44 MUPUANKE, 3 2 XAOPHAA 2MMO
ung, 5 11 1% uoro pacTBOpa MeTaTHHLI, JOBOIAT OGbe 10 MeTKt BOTo 1 TUIATEAL
HO NepewelliKBaIoT; 5aCTs PACTBOPA OPMALTPOBLIRIOT, MOVENIAOT B SAEKTPORNILP
it noamporpagpYior

Conepxanne HHKeAS HAXOQAT METOIOM ROGABOK HAH CPaBHeHHEM
C HOPMAJAMH CTajd MM CNaBa [IPOROMIKHTELHOCTE ORPeRe/eHUs
43—50 mun

VisBecTHb! MCTOAR! Onpefeneiins HuKeas B gepputax (8301, B TBep-
EbIX MarHUTHRX cniasaX 5891, B xaponpoussix cransx [1146]

OnpegeneHne HHKeA B MeTamiMueckoli megu {295, 12131 Mens
PACTBOPSIIOT B a30THOH KUCAOTE H GOBHIYIO YACTh MEAH BHIZENAIOT
3/EKTPONH30M B pacTBope mocie 3nekTPOnH3a ONPEALAIOT HHKENbH

Pactgop nocae Medi B CTaKak Ao

napos HySOs i CyXofi 0CTaTOK Caerka npokaausaior K octatky Npuanaior 4—S5 st
HCI (I 3) # HarpesaioT ero 1o pacTsopeins coneft Tlocae 9TON0 K PacTBOpY npHAH
Baor 25 A BOJSI, MEDENOLST €r0 B MEPHYIO KOAGY eMKOCTbIO 50 31, HEHTPATHSYIOT
KOHUEHT NHOH 1o , npuasBair eme 5 s2 NH{OH u ao
BomAT OBBEM A0 verki Boaok IloAyWeHHbH PACTBOP TINATETHHO NCPEMENTABAIOT
Ot6ipaior 20 sz pacTsopa, npuGasinior 05—0 7 z ¢y bura natpusi, 5 Karieds
1% Horo xes, Nepe\ewHBAOT i MOAPOFPAGHP: 0T

Hmetores padoTit 1o onp 0 HHKENA B uep i meau (7871
¥ ee cunasax [95)

Onpegesiersie HUKEAsi B METAMIM4ECKOV K0G2AbTE W €ro COAAX
1903} Amanusupyemulil MaTepHaN PaCTBOPRIOT B a30THO# KHCIOTE,
€OAHM MEPeBOANT B XNOPUAb H NOAAPOrpadgupyior na ¢oHe XAOPHLa
AUPHAUKHA, HE OTHeAsA KOGanpT I1penMMyHIecTBOM MeTOfa fBMAETCA
ero Geictpora [2681

K ocTatky Xa0paaos npuansaior 30—50 i1 BOIH, NEPEHOCHT B MEpHYIO KOOy
euroCTHIO 200 4, OBONAT OBBEM 1O METKH BOTOH H XOPOIO nepevenisaior OToH-
paioT nneTKol 25 x4 PACTBOPa B MEPHYIO KoABY eWKOCTBIO 50 412, NpHOABAROT 2 Ma
Touno pasGasaenso {1 1) HCI, 2,5 % woro pacTBopa Mena
THHBI, JOBOTAT O6beM A0 METKH BOROH DepevelBaior 20 32 PaCTBOpa OTOHILIPO-
BHBAIOT wepes Cy Xoit PANLTP, 5 3t nocae np o Te-
gente 15—20 wau  Bolopofa HOasporpagipyOT

Ony6mikoBan pag pafoT 00 NOAAPOrpagiuecKOMy — Onpefene-
HEHlO HUKens B ypaue [783, 1099), sosore [10431, kpemmuu {10421,
unpkornn {427, 12151 u ero cnaasax [385, 427), a Takie B serkux
cn1aBax Ha ocuose amomumusa [640], B markmu [219), B anextponu-
Trueck#X Bannax [5791, crouumix Bogax 110521 u 1pyrHx npoMbmiIeH-
HbiX OTXOAaX

OnpejiesicHHe HHKeds B FODHBIX [IOPOAAX, WOMBAX, KUBOTHBIX H
pacTu opr Meroz onp HHKeJ/I B YKAa3aHHBIX
ofbekTax, paspaboraunbit Mamoroit [198, 199), ocnosan na ero or-
KENCHUN OT Kesie3a, TUTAaHA, aOMHHUS, MAPraHud 4 APYTHX METAIA0B
PyGeanoBOSOPOTHON KHCIOTON B NPHCYTCTBUM NUMOHHOMR KUCHOTH €
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FIOCAERYIOIHM Honsiporpaduposauiey na doue 0,02 N NH,CL, 0,1
NH,OH u 0,005 N CaCl, O6biqHO ONHOBDPEMEHHO UTPEACSIOT Melb,
KaMuil, 1uHK, KoGansT KobansT meliaer ONpeaesienuio iHHKa, HO3TO
My BBOAAT eili¢ ONepaiio OTACEHUs KobanbTa | HUTPO30 2 HadTO-
ZOM

Tlopony wau nousy cnuasusor ¢ Na,COj, NPOAYKTE OprasHu€CcKo-
FO NPOUCXOXICHHS (DACTEHHS, KHBOTHHIC TKaH#) 0304s0T B Mydere
npi Temneparype ue suiwe 900°C, soay pacteopsior B HNO; 1n
HCl 12951

ConsHOKACAHI PACTBOP TOCiE OTICTCHHS! KDEMHEKHCAOTH TEDEHOCAT B CTAKaI
guoctiio 300 w2, npubasamior 5 si (0% 1OFO PACTBOPA NHMORHOH KHCAOTH il

HLOH 10 cagomenoinolt peakuitis darew npumisaior 5 sa 0,5% Horo pacrsopa

KHCAOTE! H CcTosTH A0 ocaaxa

x'mm:emmm,m ocaflox pyGeanaToB eTan10B (MeMd, KaqMusl, HuKead, KoGaieTa)
OTYHABTPOBKRAIOT Nepes MAOTIIkT 1 1LTp 1 npowLBaioT 1% Hewt pacTsopon NHCI

BUABTP NEPIOCHT BMECTE C OCARKON B MATRHLKYIO KRAPUEBYIO BauiKy, Cierka
ROICYIMBAIOT 1 CANFAIOT 1A ManTKe K CyXOMY OXAZKAGHUONY OCAAKY MPHANBAIOY
2 54 HNOn {ya B 1,40), 2 12 HoSOq (1 1) 1 narpesator o smifienenns napos H.SOy
FloC e 5T0ro NAHIKY € CYXHM OCTATKOV HIOMEUAIOT B My(heh i IPOKAaHBaIT HpH 430 ¢

Mo oxaaAReHin octatok pacrsopsior B 2 e HCI (1 1) # pacTsop ssmapitnaio
RoC\xa B uaimiky NpHIBAIOT 2—3 34 BOAL, NEPEHOCST PACTBOP B CTAKAH €MKOL b0
50 11 0Bar1sior b a4 80% HOro pactBopa yKCycrofl KiCTOTE, O § sz 30% Horo
pactsopa | uiTp030 2 HadTona 1t PasbaBIfOT pacibop A0 10 a2 3atew Crakau nok
PHIBA0T UACOEHIN CTEKAOM 3 PACTROp HarpemaioT | uac #a poamnof Gane npn 80 C

Tlo oxiakmenn npransaior 1 w7 12% tioft HCl 19 pacTsopeuts coelumenais il
Kedst (i APYTHX NETAL10B), KOTOPHIE MOFTH BBUIACTS B ocajoX OCalok otduIBING
RUIRAIOT Yepe3 Geazolbibiii GAALTP, KoTopul: 3aTeN HpouBBaIOT 2 pasa pacTBopoy HC!
YKasanuoil KowitewTpaiwni i 3—4 pasa ropseil pofoli PALTPAT YNAPIBAIOT O lie
GoTuuioro oGseva. ipuansaiot 2,5 a1 HoSOy (y3 5 1,84) ynapusaior fio nosisienns
Hapos HoSO: 11 pasnaraioT CTABHNIECS ODFAUMIECKHE COCTHHENWS  HECKOTbAHNI
ran1amp HNO,

Ocaziok BvecTe ¢ (PHILTPON MOVEWAIOT B THIeTh, TOIC) WHBAIOT Ba MIKTKE N 32
Te NPORATNBAIOT B MyGeabHOI el THreth OX 1AKABIOT, PACTBOPRIOT COIPMINIOE
5 2,5 a2 HCl  pacteop Rwnapnnaior aocyxa

CYXOMY OCTATKY MOCTe OX@KIEHHA MPIIHBAT 5 -7 47 BORH 1 KHIATHI AG

pacTBopenRA coteil Pactsop nepetioua 5 vephyto KoaGy eMKoeTbio 25 2, HeilTpa
amsvior koyentpuposansit NH:OH (no Xonro Kpacuowy) n NpHGagimor 23 w1

{0H PactBop OXTAKAAIOT, AGBOAAT GBEW 0 METKN BOIoi TUIATETBHO Mepeve
LRaioT 1 N0 por padupyIor




Traea VII

CNEKTPAJIbHBIE METOABI
ONPEAEJIEHHS HUKEJSA

i CHEKTPAJIbHBIE H XHUMHKO-CIIEKTPAJIbHBIE METO/bI

DMHCCHOHHBIA CREKTP HYMKENsH COCTOWT H3 GOABLIOTO UHCAa JIHHMEK
B yabTpaduonerosok u BHAuMOR obmactsx [8341 Hukens — ryro-
[AABKHA METAJNN, NOSTOMY JJIA HONHOFO €T0 HChapexnst W3 o6werTa
TPeQyercsl HeCKObKO MHHYT

KauectBentoe 0GHapyXeriie HUKeis POH3BOANT NO JANHEsM 3414,7,
3101,5, 30508 A, KOTOpHe NOABAAIOTCS B AYTOBOM CIEKTPE HpH CO
Repxanui okono 107% Ni 3a anuwio uuxeas 3414,7A  moryt Geime
APHHSATHL GMHIKHE JHHRH NPYTHX 9/EMEHTOB IPH NOBbUUEHHOM HX CO-
Zepxanuu 3415,5, 3413,1 A (keneso), 3414,7 A (xoBanw1), 3414,6 A
{~ 1% unupxonus) R

O6napysxenmo nugens no auus 3050,8 A mewawor, ~ 0,1% sa-
Hagus (3050,89 u 3050,5 A), ~ 10% iepus (3050,58 A), ~ 1% xo
Ganbra (3050,93 A), ~ 10% TanTaaa (3050,10 A), ~ 10% amomumus
3050,08 A), ~ 10% Topust (3050,99 A)

KonuuecTsensoe onpefeNenye HUKens NPOM3BONHTCH A0 TeM Xe
JIAHHAM, UTO W KauecTBenuoe DB uwHTepBane KOHiueHTpauui 1073 —
10% npu onpenenenun Hukeis no aumud 3114,6 A nabmonaerca
npaMoaHned OCTh MEMY JOFapud KOHIEHTPALHH W
BEAUUHHON OTHOCHTEABLHOTO HOYePHenus [JOBBILICHHEIE KOHUEHTPALHH
aukean (0,5—2,0%) B HEKOTOPHX OGCKTAX PEKOMEHNYeTcs onpeie
anath 1138a) no anuuu 2992,5 A Tlopanok nosBAcuds AHUBHA HAKeAs
onucan B paGore [186]

Tlpu onpeneneHuH HUKENAs B OXHOTHIHLIX XEACIHBIX PYAAX HCROAb-
3YIOT ananuThyeckue napot Ni 3414,66 — Fe 3417 unu 3415 A

O630p KOHUECTBEHHBIX METOKOB OfpeleieHus Hukeas o 1956 r
B reo’0rHyeckuX O6seKTaX npuseeH B Monorpapun Karuenxosa [138]
H pabote Husikcona [127] Tlosxe 6bin0 onyGAHKOBAHO TaKXKe GOMiblLOE
uHEAO pafoT O OnpeneneHuio HkKeAs B pyiax [116, 117, 1164],
Hepasax ¥ cuaukatax {228, 941, 1244]
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Psax paGoT NOCBsAULEH ONPeJeTeiio HUKENA B CICAYIOUIX 0fbexTax

Odvext Hureparynt
Cranp K uyTyie 112, 52, 99
272, 628,
1108,
AeTannnuecKue nAeHKH 1164)
YucTit  MeTaaTHueCKNH
MarHiit 190§
Marnmeane cnaass 141, 178)
BricokouncTaii Gepraianit  (898]
Oxucy Geprians 19821
Okitce  amommuns fo21)
SKeneanas rybxa 171}
Metasanueckull kobansT  [200 3922]
Crnasy koGanbTa 192, ti01]
Meranudeckan weab 112791
Cnniaset Ha OCHOBE \MeAR 1285, 751,
9501
Oxiicy e 1)
LisnkoBre 3:1€KTpOZ6! fi1i]
Cyasduz umixa 11401
Kaawnii u ero cosannenus  [379]
Merarameckiit THTAH {55]
Leyokicy THana 1119]
Metamiiweckile  unpxoHni
# radanit f108]
Tisyoxics Topis 19921
Meraanuuceruii sananuii {5361
MeTansnueckuii xpos 17471
Meraannueckuit monuGaen (i1, 382
Mon6aar  ammonist [318]
Meratimeckisit Bossgpax [211 ]382
875
Tpexokucs soasdpava 189]
Mertammisecknit iaauit [525 616,
766 716)

ovsent
Apcenna ranans
Merananucckuit
Tepwannit #
repanis
Meraannueckifi
Meraannueckoe

Tanauit
Reyoxuca

cBitHel
04080

Merannnueckan
Merananyeckuit
MeTaaanaeckuit
Henryuué
Cepebpo
3os0t0
Tlaaruna w naanazuf
Wpuanit # pomuil
Kpesunit

cypbua
BHCHMYT
ceqen

Coeprimenust KpevHita

Karomsuit  rpagt
Boaa

BHOMOFHYECKHe MaTepiaTs!

Tonnwuzo

Floanvepn

3ona

Iepextics BoROpoRa

HuTpaTet # X/I0puast e
AOUHHIX METANIOB BHICO
Kol  UHCTOTHE

sHureparypa

11016
1378)

1611
1133}
1374, 375,
1156)
[368]
(166, 6751
[751
1274
19021

{60, 114,
15, 212,
1241]
160, 204
[286]
1939]
[1259)
{30, 104,
143, 145]

1126 374,
885,

1197]
|206a)
1223]
{1141
1275}

1587]

2 PEHTTEHOCWIEKTPAJMILHBIA ®JIYOPECUEHTHBIA METOR

Srum MeTOIOM ONPENeaniOT K4K BLICOKUE Konuentpauun (xo 14%),
TaK W CAefoBbie KoanyecTsa (1o 107°%) Hukeas Merox onucan B paGo
7ax Mokcueca [987), Kopaosu 1574), Jlocesa ¢ cotp [187), Momoku

1972] u Bepeprons {1261]

3T0T MeTON AaeT §0.1ee BEICOKYIO BOCIPON3BOANMOCT O €PABHEHHIO
€O COEKTPAAbHbLIM METOAOM H yﬂO6EH TeM, 47O aHaﬂM\?HPyEMHﬁ Marte
puan coxpansiercsi OuuGxM B ciyuae GOABHIAX KONHIECTB HUKeJs
MOTYT JIOCTHTaTh HCCKONBKAX mpouentos Ho B GoabutMHCTBE CAydaeB
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on# He npeBbimaoT 1% Bo3MOKeH aHARHS KAK TBEPABIX, TAK M KHUAKAX
©6pa3itos [1pocToTa PEHTTEHOBCKMX CIIEKTPOB M CaMOe IVIaBlioe ObICT-
POTA BHINO/LEHHS 110380ARI0T HIMPOKO NPHMEHSTD STOT METOL AJsi SKC-
npece aHanU308

StuM METOROM YCMEHIHO OMPENSJISIOT HUKeAb B cransx (844, 933,
953, 973, 1144, 1152], B reoxumuueckix obpextax [1261), B cnrasax
1503, 693, 760, 1216], 8 xene30 nukenenbix naenkax {12421, B uncrom
MetanzuueckoM Sepuniuy {532, 11371, B Bannax AIa TaibBABMYECKAX
nokpeit#it {463], 8 HedTH ¥ NpoRyKrax ee Kpekunra [620, 731, 1095,
1147} u apyrax ofvektax [1131, 1234]

3 ODPEAEJNEHMUE HUKEJAS
ATOMHO-ABCOPBLHOHHONA CIEKTPOCKONHEN

Brov meron onyGankosas 8 1955 r [1254] Jlna mukens nanGonee
uyBCTBHTE/IbHOI siBAfeTcs nojoca norrouieds 2320,0 A, oua Gbina
pekomenzoBana Ans awanisa [408]

YyBCTBHTETLHOCTD METOAA C HCIIOMBI0BAHHEM B KAUECTBE HCTOUHHKA
H3/yYeHHsi JaMNbl, HANOMHEHHON renmueM, cocraeisier 0,2 mxz/e Ni
1699] B npyroit paGore yxasama yyBcTBHTENnbHOCTb 0,13 mre/e [407]
UyBCTBHTENIBHOCTD METORA C JAMIMOH, HANOMHEHHOH aproHOM, paBHA
0,40 smxels 18401 Merog ¢ ycnexom npumenssics npy onpenenennu Ni
B BHOAOTHUECKHX 06beKTax [1279), ceibeKOX03siCTBEHHBIX NPOAYK-
Tax {406}, mene3e u cramu [840]



Iaaga IX
APYTHE METOABI ONPEAEJEHNW 1 HUKEJS

i OMPEAEJEHWE HUKEJS
PAAVOAKTUBALMOHHBIM METOOM

PajioakTHBauHOHHBIA METOR GbiT peacker B 1936 ¢ (7521 Cym-
HOCTb MeTOlla ONKcaHa B psifie 0630pos (112, 388, 488, 947, 1040, 1166]

D1THM METONOM HMKeNb MOKET OhiTh Onpejefed B BHAE Psiia H30TO
nos O6ryuenne, KaK npasusio, HPOU3BOAST TEHNOBLIMY HEHTPOHAMH,
Koneman [567) npeanaracT HCIOAb30BaTh HEHTPOHB € 3HEPTHEI
14 Mse [lpu s10M BO3MOKHM peakuuu Ni°l (a, p) - Co™ (T, — 99
mun }, Ni®® {1, 2n) - > Ni#* (T, = 36 wac ) Ilpn HCTIOAB30BaHHH nEep
BOli PeaKHUH UYBCTBUTENBHOCTH MeTOfa coctasisier 10 mkz, BTOPOH —
0,3 mxe Ni Jipyrve aneMeHTHl HC MEIAIT OUPENENCHHIO HHKEIT

Tlpu ompenenexny HHKENs HCONb3YETCs  SJEPHAs  Deakuus
Ni® {n,71)— Ni®® (T} —= 2,56 waca) TeopeTHuecK: MOXHO ORPELENSTH
6 1077 2Ni npu o6ayuennn notokom 0,5 1012 nedmp/cm®/cex 1 npogoTKn-
TenbHOCTH 3 waca [224] Ho u3 33 noteps BO BpeMSt BhiZENCHHS Paiyo
XHMHYECKH YHCTOTO HHKENf M 3a CYeT pacfiafa 3T0ro KOPOTKOXHBY
Iero H30TONa YYBCTBHTENBHOCTH NpaKThuccki pasha 5 107° 2 [lpn
ONPENEACHHH HHKIA B COCHMHEHHAX Auts (1 &) 4yBCTBHTENBHOCTL
coctapnsier 7,0 107° % [225)

Onucan MeTol ONPEAEREHNS CCA0B HUKEIS B METAMNHYECKOM Ce-
aeue {1278] Uyscrsurensuocts cocrasasier 5 108 % B Bricokoutc
TOM KPeMHWM HHKEMbh ONPEAeNsoT ¢ wyscTBHTeNHHOCTBIO 1 10°% %
110191, B noaynposognukoBo# cypsme — 1 1078 % (1781 Moxuo on
penesiaTe u GOMbUIHE KOMMUECTBA HMKEAs, HAMPUMED B BRICOKOMETHDPO-
BAHHKIX CTAIsX, cogepkauux 0—2% unkeas [722], nau B Mopckux
OcafouHLIX mopogax, mereoputax (11671, B koTopeix cosepxanue un
KGIS COCTaBAST HECKOAbKO MHKDOTpaMmoB Ha | 2

Onpenesenye nuKeas ¢ HCHOAB30BaHueM peakunn Ni%® (n, p)-->
—> Co™® UMeCT 3nauHTENbHEIC PEHMYIECTBA, NOCKOAbKY Co™ — 101ro
xusymuil nsoron (Ty = 72 gua) HyBeTHTE THHOCTH ONPEAENCHHS HH-
Keas  gocruraer 6,5 10°® 2 [928]

PaspaboTai METOL 6e3 BbifeMeHHs DAIHOXHMHUECKH YHCTOFO Hil-
Ke/ifi NpH ONPEENCHHH €r0 B GEPHANHN BHICOKOA wncrothl (890]

140



CyMyapHas aKTHBHOCTE [IOAY4YHMBIMXCH HOC/E OGYYeHHS H30TOROB He-
TOCPEICTBEHHO H3MEPHETCH HA FamMMa CleKTporpage UysCTBUTENn-
HOCTL onpegenenus Hukeas mo Co®® (0,8 Mas) cocrasaser 5 107 2

2 KATARWTHYECKUE METOAb] OMPEREJIEHHA HHKEASR

Huzuma u Xacumoro [797] npeanoxhan Onpeaeisitb HHUKeAb IO
KaTalHTHYCCKOH PEEKHMH OKHC/ACHHS 7 QeHeTHAHHa (epPHUHAHUAOM
waauna YyperButenbHocTs coctaBaser 6 10 2 mxe/ma Onpenesensio
MCIIAKT Meflb, KOBaabT, Kee30 H AP

s onpelefenus HUKeJs HCRONB3YIOT Peakuuio Takpon — Ril-
Qennikap6ason — mepexdce B0ROpoAa (94} Tipu usyuewuu 5TOR
peakuHy Kak KaTafWTHUecKOd Ha K00adwT Ghn0 OGHapymeso, uTto
HHKE Th MemaeT yxe B xoauuecrse 1 10 * mxe/ma 14831 Tlostomy oka-
32:10Ch BO3MOKHBIM OTIPEAEIATE HHKENb N0 BeIMUHHE HWHTHOHTOPHOIO
AefCTBHA HA DEaKuuio Tafipon — RudeHnnikap6asoH — NEPeKHch BO-
A0pGla B APHCYTCTBHH H3BECTHOTO KOJAHYECTBA xofanbta  Memaior
KOBaAbT ¥ APyre Nepexoaubie MeTa ML I103TOMY HEOGXORUMO HHKEMb
OTEE15TE ANMETHAAKOKCHMOM



laaea X

ONPEAEJIERHWE HUKEJIA
B APHPOAHDBIX U MIPOMBIIAEHHBIX OBBEKTAX

i ONPENEJIEHHE HUKEJISE B CTAJAX, CUJIABAX
HA OCHOBE )XEJIE3A ¥ B ®EPPUTAX

Mpu awanuse cranell HUKeAb OUPEREASIOT [PaBHMETPHYECKIMH,
THTDHMETPH4ECKHMH W (OTOMETPHIECKUMH MeTofamu TIpH apGutpa-
HbIX aHaH3aX Yaule BCErO NPHMEHSIOT TPABHMETPHYECKMH AHMETHA
RUOKCHMaNHbIH MeTon CTamu M Syryhst OOHIMHO PACTBOPSIOT B cMe-
o coARHON K as30THOM Kucaor [386]

Onpegenenne Hukens B Granax (uyrydax)
FPARHVETPHYECKHY METOROV

B 3aBMeHMOCTH OT MapKU CTajlMl ¥ HAZMUUA WM OTCYTCTBHSA KoGa-
nbTa PEKOMEHAYETCS TOT WM HHO# METOR DacTsOpenis ofpasia H noj-
TOTOBKH PACTBOPA K OCANIEHWIO HHUKens [IpUBOAUM NPORHEH Ads On-
peenenns HEKeas, Kotopas umeercesi B npoexre I'OCTa (s3amen TOCTa
2604 —44)! MeTOR OCHOBaH Ha OCAWACHHH HUKAS ANMETHIAROKCHMOM
H3 ¢1a60aMMHAYHOTO PacTBOPa B NPHCYTCTBUH BHHHOH KHCAOTH M
NOCAAYIOmEM ¥ ANMETHAS Ta HUKEAs

Onpeaenenne HHKedAa B CTalu He coZepmawel
ko6aabTa M MeAu

Hanecky crasi 0 1 2 {npu conepann > 30%) 2z {npu Congpmanin or 0.1
0 2%) nowemaror B craxai ewkorrso 400500 w4, fipansatr 20—50 sa HCI
{ya B 1,19), CTaKait HaKPHIBAIOT HACOBEIN CTEKAGM H YMEPEHHO HAT PEBAIOT A0 Honoro
PACTBOpENNA HABECKH 3aTeM, CAerka CABHHYB ACOROE CTEKAG OCTGPOIKHO NG KATARM
npuansaior HNO, (y2 B 1,40) A0 NpeXpalileHHs BCTeHNBAHNS PACTBOPA U HICHTOK
ee 5—7 st PacTBOp MPOROTKAOT HarpesaTs i BemapupaioT socyxa K cyxomy oo
TaTky npuGaranior 10 a2 HCL(ya B 1,19} u croBa semapueaior locyxa 1y one
paituio nosTOpMIOT uie 2 pasa 3atew npiansaior 10—20 ez HCI (v3 8 1,19)  cogep
ilMOE CTaKama HarpeBAlOT A0 pacTBopers codefl K pacropy mpumhsaior 150—

200w ropavelt BORH, Harpenaior 10 80—90° C, G6MLIBAIOT 4acOROR CTEK 10 oo, ot

u {t KHCAOTHE 1p )

depes ana GRIBTPA «GeAan TEUTA» N MPOMBAIOT 5—b pa3 ropaueir HCI 0" 1oy
u iTpar Bt pactaop)

1 Mpoexr 8 I HayuH KON HHCTHTYT
4EPHBIX METAMIOB NOJ PYKOBOACTBOM AOKTOPA XHM Hayx Il 51 Sxosnesa

142



Ecan B ocalke npucyTeIsyer 073, pacTBopsior
wa GrauTpe 50 s ropsvero 5% roro pactsopa NaOH, niistp Rpomsisain 5y pas
ropsueli BOROI # PACTROP OTOPACHBAIOT, 3 PHALTP C OCTATKOM 0OpaGaTeiBair 5.7 pas
ropuse HCI (1 1) w orGpacuaior_Tipowsieton pacraop cofnparar a craxay anio
croio 250—300 a4 w aocyxa C craxaria o
HCl (ya B 1,19) n cHosa mmnapunaior aocyXa Coamt pacteopsior B 5—8 sa “HA
{48 & 19, ¥ pacruopy npunamor 80106 ua ropsasi so, sarpesator o 80—
KHCAOTE OTOABTPORGINGIOT Ha
¢mmp «63.|3u oo ¢ QHALTPOOY WAXKHOII MACCOH, 0CAAOK Ha (DHAKTPE NPONBIBAIOT
56 pa3 ropsweii HCI (I 100) i guasTp ¢ ocankow ordpacwsaior  [Nosyucawu
qmwb'rpm # NPOMbIBHbIC ROAK NDHCOGAHUSIOT K QCHOBIOMY PacTBOPY
pactRopY 20—25 st © pactsopa NH.Cl,
2040 14 50% roro pacopa mof Kncaarts i pactsop ehtpaisyion 25% iy
pactaopoy NHyOH no pH 8—9 110 yumsepcaasuony Haaukatopy K pacrsopy npa-
Gagasior o xanamy [Cl (ya & 1,19) 1o pH 2—3 mo yRHBOPCanbROMY WHAIKa
Topy Pactaon pestananor ropric notoi 20 350400 w4, HarpeorIOn 20 30107 €,
1% pacaop w3 paciera 10 ma
Ha Kamgsie o,m z N., nocae ero npumaam 25% neili pactsop NH4OH 20 pH
89 10 yHHBEPCATLHOMY HRIKATOPY  PacTeOp ¢ OCAZKOM OCTABARIOT CTOATH TPH
50—70° C we wenee 4 uac 3aTem OCAiOK OTGWABTPOBMBAIOT KA GUILTP «eaan
newTar, npoMupaoT 3—5 pas pacteopom NHeOH (1 100) u 5—6 pas sopoit Ilpn
copepanin < 0,5% HUKCTR B CTAIH PaCTBOp C GCARKOM OCTABARMOT CTOSTS 12 4ac
CanoK 113 arbTPE PacTaopsior 50 s ropsueh HCI (1 1), npoveisaior 3—7
Topsiueh BOROH, COGIPAA GUABLTDAT i APUMEBIILIE BOAM B CTAKAH, B KOTOPOM 11POH3BO-
RAIOCH GCaxaenne K pacTnopy RpHAMBA0T 5 4 50% woro pactaopa mHINOH Kire
7o 25% muiit paceop NILOH ;0 pH 89 no yursepcatsrovy niuikatopy, HCI
(ya B 1,19) o pli 2—3 mo ynupepcaubnowy HHRHKATOpY # pa3bapimior ropaueit
Bonoil 1o 350400 x1 Pactaop uarpesaor 20 50—70° C 1 HHKeAb BHOBS 0CAMIAIOT
AMETHIIHOKCHHON, KaK OTHCaHO biil
Tloayuennsii OCAJOK JHVETHAAHOKCHVATA HIKENA KOWHECTBEHHO NEPEHOCHT B
cTexaAsuLl QHABTPYIOWHI THTeAL No 3, NPEIBAPHTEABHO Beicyuicswil npn 100° C
20 nocTosmEoro seca Ocalok B THEE NPOMBEAIT 3—5 pas NHLOH (1 1000, 5—6
Pa3 BoRoit # 3--4 paza stanoaos (1 3) Twreab ¢ OCAZKOM BHICY LIHRAIT 40 TOCTONH
Horo seca npu 110° C. Oxiong npo
SOAST XOROCTON DHLT C FPHMEH HBHHMMACS PEAKTHBAMH

0-

Onpenenentic HHKENS B CTANAX, COAepHamuy
K06anbT M MeAb

Flasecxy CTaT PACTLOPOT, KK PEXONENIOEHO1PH ONPRAEAELNS WHKCAS  C7a
am, Ae comepame KoGaaLTa B ME

opy 25
criopa NHACL, 20—40 a4 0% om0 parTnona BARHOR icaot “reiirpa aayior 25%-

weis NHaOH g0 pH 9—10 m 5 M H36MT
K KHLOH Sbra npmanoaio 20 sts 20% noro pactoopa epey Audara ssonin, pa
cToop KMRaTAT 0—12 M 5 pasGanamior 50RO 40 350400 #ia Pactaop rarpeians
0 50—70°C, 1% nuit pacTBOp guMeTH
ocagxa SuKeas i nocre sToro npummzim'
eute 30—40 2 PACTBOPE AMNETH. ann cozm an
okcuvara KobanbTa
Pactuop ¢ ocanxo nienn croaty
it B0 70! C He meee 1 une. Saten OCATOR NEDEHOCTT WA GndloTh <6eaan AcTan

npowspaor =8 pas sosoh [1pn conepmani < 0,5% wakern s anaakoupyexoi
CTann PacTROP C OCARKOM CCTABRAIOT CTONTH 12 ya

Ocajok pacTsopsioT Ha Guastpe B 50 4.1 ropmeit HCL(L 1), duastp npowsinaor
5—6 pas ropmich BOTOH, COOMpPan GRABTPAT ¥ RPOMBBHME BORM B CTaKaH, B KOTO
PO NpousBORHAGCH OcaxAeHMe TTpuaupaioT 25 #a RacklieHoro pactaopa NHCI,
5 342 50% 1070 pactopa swniofi KHCAOTY, pactaop nelTpanusyior 25% mum NH.OH
20 pH 910 N0 YHHBEPCANbHONY HHAMKATOPY, Pa30aBAioT Hosol 1o 350—400 sa,
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warpesaiot 7o 50—70° C 1 TopmHo nuens 1% usn cTR0-
DOM AHMETHAHOKCHMS, KaX yKA3AHO Bilie, C NOCICAYIONHM Npnbantenuen s
25% noro NHaOH

OCanOK KOTHUECTBEHHO NEPeHCCAT A THFENS ¢ GHIBTPYIOULHM AitoM Ne 3, Tpeasa-
pUTENBHO BLCYWEN L 0 NOCTOSRHOFO ueca npi 110° C, Npoubinaior 7—8 pas BOAOi
it 31 pasa sTatonoy {1 ) Trreas C GCAAKOM BHCYWHBAOT RO HOCTORHHORG Beca
npu 110°C, 5 i P }POBOIST XO-
TOCTON OHBIT

PekoMenAyeT TakkKe rpaBHMETPHYECKHE METOL ONpEeAefcHHs bH
Kedlsl B BHAC MMMETHIAHOKcUMATa [96] Ans onpesenenHs ero 8 cramnX
M 9yryHax, CBSI3bIBaf XKeAe30 B KOMILIEKCHOE COefUHEHHE OKCHKHCAO
Tamu  JIUMETHAZMOKCUMAT HMKeAs B3BEUIHBAIOT MM MNEPEBOAAT €ro
8 NiO Jins 37070 0canoK OTpHALTPOBLIBAIOT Yepes Gymaubil GUIbTP,
OCTOPOXHO 3aBEPTHIBAIOT OCATOK ¢ PHIBTPOM B APYTroli GyMaxubli ya
HaKHEHHBIH QHABLTP, BLICYUIMBAIOT er0 ¥ OBYIVIMBaOT Ha acGecToBOl
cetke Tlocae 5T0r0, HE A0NMYCKas BOCIIAMEHEHHSA, NPOKAAWBAIOT Oca
nok 20—30 muu 10 moctosnEOrc Beca B Mydene npu 800—825°C u
sasemiisait Oknuck NiO Kak BecoBast OpMa HaCTO HEMONB30BARACH B
Gotee pamnux paborax [1258)

Qcaxas HAKEdb B AHAJKOTHUHBIX YCAOBMAX, B KayecTBe BECOBOH
(OPMbI PEKOMCHIYIOT TaKMme AHMETHAAMOKCHMAT nukens [300

Jast apOuTpaxcHHiX if MADKHPOBOUHSIX 3HAAUIOB CTaAel C BBICOKHM
COIEPKAHHEM HUKENS HCTIOAL3YIOT B KAUECTSE BECOBOH GOPMbI ANMETHA
auoxkenMat Hukens [323) TIpu BuimoAHeHMH MaDKHDOBOYHBIX AHARH-
308 CTajeil PEKOMEHAYIOT OUPEILTATh HUKENb METONOM IMEeKTPOfH3a

Tipyt onpelenienii HHUKEIs B YCPHBIX METANAAX B IPHCYTCTBUH 604b
HIMX KOJUYECTB KOGATbTa OCAKOK IAHMETHARMOKCHMATA HHKeds ne
peocaxsator 11821

Moxto Boccranasaupath xedeso (I11) cynoputom no xenesa (I1)
1 meab (IT) go mexu (I) u ocaxiars HUKEAb AUMETHJIMOKCHMOM U3
PACTBOPA, COACPIKALETO TAPTPAT U AMMHAK, B OTCYTCTBHE MEIH HAH H3
aueTathoro 6ydepHOTo pacTBOpa — B ee npucyrersuu {4371 B cransx,
He o KOBaRsT, OT HHUKEJb AAMETHIKHOKCHMOM,
CBA3HBAs KeMe3o sHHOH KHCAOTOH (600] Ocaziok OTGUALTPOBLIBAIOT
yepes 30 MM , B NPHCYTCTBHY MEAH PEKOMEHAYeTCA OTACNATH 0CamoK
4epe3s HeckO/ibKO Yacos [Ipu asanuse crasiefi, CONEPXaulHX K06aibT,
HCNIOAB3YIOT PA3INYHYI0 YCTORYMBOCTL WHAIHAOB HUKENA ¥ KoGanbTa,
HUKEAb OCAMHACTCH AHMETHILHOKCHMOM

Canup [291) nns onpenesenis HHUKens B CTaAsX APEAKArad 3aMe
HATh STAHONbHBI PAcTBOP RUMETH/IAMOKCHMA BOZAHBIM DAcTBOPOM
Kupunix [841] ripn onpefienienuy HUKedsl IMMCTHARHOKCHMOM B CTATAX,
cojepxanux Kofaist, sxcrparuposan xeneso(I1l) us coammorucno-
FO pacTBopa U30APONHJIOBLIM CIIMPTOM, a 3ateM HCROJIL30Bat pPasiny-
HYIO YCTORUMBOCTE UHAHKAOB KOOaibTa ¥ HUKeNs

Onycanbi aHANOTHYHBIC METONH FPABHMETPHYCCKONO OTpeiefeHHs
HuKenis AUMETHIHOKCHMow [167, 648)
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TuTpumeTpuyecKue METORBI
onpefenenus HUKedsl B Craasx (dyryHax)

Onpenenenue 10,5—45,0% Hukels: BPOH3BOAST PasiUYHBIMYM THT-
PHUMETDHUECKHMU METOLaMH

LinanuaAnsl$i METOA (CM I TUTPHMETDUUECKME METOMH)

TiocAe PacTBOPeINs RABECKH, KAK 5TO OTMCAHO NpW  IPABHMETDHHECKOM OnpeLe-

SO WHKERS, 8 OTIEe OT SIOz, WOs, rpaguta (96, 387) Guabrpar nepesoar

onby w2 ropaveil sonw, 70—50 &,
10% noro pacnmpa Faprpana Ha’rpnﬁ —xanus noy sarnol (aumonnol) rcnom
{ans wasecka 1—0,3

B naabhefiusen nomyuam 710 ORHOYY 112 KDY CIEAVIOLLIX DIPHAITOD € TpeTsar
pHTeIBHNM HUKENS JHMeTs

Tio nepBoMy BapHanTy OCAliok Al HuKenx =5 HNO,
{1 2), BumapuBaioT pacTeop A0 obveva 10—15 ma, oxnaxpaior AobapasioT 80—
100 12 BOAL ¥ 2—3 Kanin KonueHTprpoBan#oi HCl Vs Glopetkn nobasasior 2—3 s
paceopa  AgNO; (c W3RECTHEM THTpOM) ¥ HOCTEREHHO NO  KalumM Pacteop
NHiOH {1 1) 10 noanoro pacTeopenns ccaaxa x1opuaa cepebpa Ilpwinpaior 7 A2
2% woro pacteopa KJ #t pacTROpMOT OCAHOK HORMA2 CepeOpa ROGaBAEHHEM THTDO-
Bannoro pactsopa KCN AC NORyyelnz MpO3padHOTO pACTSOPE; BHOBb 10620ASIOT
1 w2 AgNOG, 1 TUTDYIOT PaCTBOPOM wHawAa KAAKS AO TIONYYEHHA HPO3PAUHOTO PaC
Taopa [387]

BTOpoii BapHanT NpHMEHHY JUIS ONPEAEAeHHS HAKENS B CTRAAX, COIEPMAILHX
ue Goace 0,06% xobansra u Melx

Hasecky CTamil PacTBOPAIOT # [OTOBAT PACTBOP, KAK 0pH NEpEOM DapHanTe
Tiocae Bewecta 6ea p pactaop
selitpannaytor 25% umy NHeOH o nossaenus craoro sanaxa, OXNAmAZ0T €ro i
TUTDYIOT, KaK Ip# NepEOM eapnanTe EcAu min macxkupoBxd xenesa(11l) noGasasa
Al TApTPaT Kaau# — HATPHS, TO THTPYIOT NPH 60—70° C C RpEABAPHTENbHEM pas-
Gasnennen pactsopa ao 100 ma [387)

HeGoavinte punonsvenenns (B KOHUEHTpaUWR HCTOAb3yeMbIX DACTBODOB) pe-
KOMEHAYIOTCS psANOM 2BTopos [96, 394]. Taxoii metox onyGaixoBan B psac  pabor
66 67,71, 323, 380, 909, 1022, 1174] Kpoue oGNquro  BESYATLHOTD THTpINETpIIC:-
KOrO MeTona,

Fo HAAKATOPHOTO snekTpoxa [335, 356, 486, 757 \266]

Onperesenue unkeas Auversaiuokenyoy [17]
Pactsop cranw (ayryna) AAS OMpEACICHHA KIKENR TOTORAT KOK YKA3aWo na

crp 146 Tlomydeneli pacTeop THTPYIOT 0,5% Hew PAcTEOPON AHMETHATHOKCHME
(e erp 97)

KoMnieKCOHOMETpPHUYUGCKOR ONPeREAEHME KILKE TH
1739]

2 ¢ cram {npn Ruxenn ~1%) 830 2 HCL (1 1), oxuc
amor xeneso (11) HNO; 1 ero s xucaotoll Ms pa-
crsopa, npw criagow ke A00anae:

o 40 24 19 naro pactabpa arpACao: Conn AmeeTHINOKCHME OCator OTiabT-
posLiBa0T wepes Oymanciinih GHALTD, MPOMLBAIOT €O ropavel BOTON H pacTEOPsIOT
na GrabTpe n 30 %1 9N HCI, GiasTp npowsisaior ropsich sopodi GHALTpaT ynapi-

1 Moxuo nprGanaaTs 150—200 a1 7%-roro pactaopa mmpofocdara cooreer
crsenno ain nasecxu 0,5—1 e

10 Awaamtaueckan xuMun mAKeax 145



BaOT 10 0Gvema 2—3 Az H PastasasmOT BOON 10 50 4 Tlonyuensuf pactsop nomie
AQUHBAAOT AMMHAKOM 0 NOABAEHHS CHIeIl OKPACKH aMMHAKATA HUKEMS, NPHOALITIOT
0,2 2 nypeKcnia ¢ XTODHEOM HATDHS K THTPS 10T PACTBOPON KOMIACKCOHa 111

®nawka [663] pexomenayeT nocsie PacTBOPEHHs OCAKa AUMETHA-
auoxcnmata nukeast B HCl npu6asute #3GBITOK PacTBOpPa KOMIIEKCO-
na III # nocne NOALIEI2YNBAHHA AMMHAKOM OTTHTPOBLIBAIOT 3TOT H3-
GLITOK PACTBOPOM CYJib(haTa MarHus B NDHCYTCTBUAM 3PHOXPOMUEPHO
roT 271oT MeTOA NPHIOACH ANIs Onpejesenus Hikeas B cnaase Cr—Ni—
Fe 11059] Tlpu onpefeneHny HuKeds B PeppHTaX NOCAe PacTBOPEHWS
obsexta B cmect HCl u HNO; sxerparipywor xeaeso (I11) sdnpowm,
a K anuKkBOTHOH uacTu AofasasnioT u3buitox kommickcona IHI, noso
asit pH pacrsopa Jo 5—6, EOGABAIOT CMECh rekCaveTuAeHTeTpaMHuHa
1 METHTHMOJIOBOTO CHHETO W OTTHTPOBHIBAIOT H3OLITOK KOMILAe cona [11
0,05 M pacteopom murpata cBunna [(1058] B ¢ yuae onpeaetennus
nuxeds B cnnaBaX Fe—Co—Cu keie30 MacK#PYIOT TPHITAHOTaMu-
HOM, Meflb — THOIIHKOAEBOH KucaoTod (1060] B ool nopumu pa-
CTBOPA MOMHO OTTHTDPOBATH BMeCTe KOGAIT U mukeds B apyroit nop-
uitH kobaabt npu aobasaenun H,0, n KCN nepesopat B ycrofiunsoe
KOMIIEKCHO® COCAMHEHHE W THTDYIOT OMH HHUKelb

HHKGJ‘b MOXeT ObiTh BbIARACH JIMCTHIAUOKCHMOM I NOC1e Dasio-
SKCHHA OTTHTPOBAH DacTBOpoM Komiiekcona 111 [543, 8971

Tip aHaiuse QEpPHTOB HEKEAb NDEIBAPHTEABHO BLLIETAIOT AUNETHAINOKCH
won [843] Ocaiok npoMbiBaIOT # pacTeopsoT & ropsiueit HNOg (1 1), u3bw7ox Kiics
ot wefimpanisyot NI4OH {1 1) g0 pH 4, 106an1ai0T auerar natpny pasGasisi-
o7 20 06BeMA 150 A2, HOGARNAIOT HIGLITOK KOMAACKCOHA 111 4 OTTUTPOBHBAIOT €FO
PaCTHOPOM COTH WHIIKa B NpuicyTeTBits PAN

PaKpaéo’ramﬂ MeTOABl TPAMOrO KOMIJEKCOMETPHYECKOTO THTPO
Banns wuxeas npt pH 9—10 ¢ npuvenenuem mypekcuza (48, 1081)

¢0TOWQTPH"]€CKMC MeTOAbl OHpejeIeHHsi HHKeRs
B cTanax (4yrysax)

HuKenb ONPEACASIOT (POTOMETPAUECKHM METONOM B CTatnX (4yry
HaX) B BUAe OKpaurenHoro coenusenus nuxeas (I11) ¢ aumernanuoxcu
MOM B HEOUHOW CPEAC B HPHCYTCTBHH OxkucauTenedt JKeneso macki-
pyiorT BHEHOR Kucaotoli KoGaaer (10 1,5%), Turas u Bauamuil (a0
12%), xpou (10 20%) 1386) ne mewaroT onpeneiennio Meab ZOMKHA
HAR OTCYTCTBOBATH, WM COCAUHEHNHE AUMETHLIHOKCHMATA HUKENS cae-
AyeT WPeABapHTENBHO OTAEASTh IKCTpakuueh xaopogopmonm [393]
Bausinye MEIH MOMKHO YCTDPaKHTb TaKwe Ueventauwefi [las 31010 B
ananusupyemstit pactop, cogepramuit HCl (1 2), onyckaior #a 10—
15 MHH CBHHUOBYIO NAACTHHKY B BuIe criupaid [locac 3T0T0 naacThi
Ky ¢ BhATHBIIEiCH MEbI0 OCTOPOXHO BEIHMMAKOT H HPOMbIBAIOT BO-
aoit 17571 Tlo npoextry T'OCTa (ssamen TOCTa 2604') onpemene
HU€ MDOBOAAT B CACAYIOMMX YCROBHSAX

T Tipoent pa3pabotan B LIEHTpATbHOM HAYUHO HCCACMORATENBCKOM WHCTHTYTE
SEPULIX NETANIOB TIOK PYKOBOICTEOM AOKTOpa Xiw nayk I1 51 Sirosacsa
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0,1 2 cTami nowestaloT 8 cTakan enkoctbio 100 Ma, npuansaot 15 sa HO (ya
B 1,19), CTaKaH HAXPSIBAIOT YaCOBHIM CTEKIOM H yMEPEHHO HATDERAIOT IO PACTEOPE
nus Hasecki 3ates OCTOpONHO Mphawsaot HNOs (ya B 1,40), cilerxa  caswsys
43COBOE CTEKIO A0 NPEKDAWEHNS BCMEHUBANNA DACTROPA M BBOLST €@ naGhiTox
5 44 PaCtoop IPOROARAIOT HATPERATS SaTEW RHNAPHRAIOT €F0 40 0Gbema 5—10 2z,
OXTAXNAOT, UPHANIBANT 50—60 M1 BOXH 1 NEPEHEAIOT b MEPHYID KONGY EMKOCTHIO
200 A4, A0ANBAIOT ROAOT A0 METKH It NepexelkaaioT Pacteop GHALTPYIOT uepes oy
XOfi QUIBTP B CyXYIo KOAGY, OTOPACHEAR UepBLIE NOPIwH GHALTPATA

I[pe AIMKBOTHHE HACTH PACTEOPA N0 10 511 IOVEILAIOT B MEPIILIE KOAGK EMKOCTHIO
00 10D st n npHaNGaIOT b KaxEyo Ka6y no 10 na 20% Horo pactsopa TapTpara
xanust — watpus, 10 a2 5% noro pactsopa NaOH, 10 s2 10% noro pactsopa nep
Sy ngaTa avmoms B oany 13 KOG npuansaior 5 2 1% HOTO WIEAONHOTO paCTEOpE
SIMETHALNOKCH YA, PACTBOP B APYrOf KO16e C1\KNT PACTBOPOV cpastienus [locze
TIPUGABIERNA KAKIOrO PEAKTHBA COAEPAINIOE MEPHHX KONG NepeNemmBaior

€pe3 3—5 il 1I0CTC UPHOABICHHS AUNETHILMOKCHME PACTROPH B X0ABAX 20

1MBAIOT BOLON 10 METOK, NEPCMEWNBAIOT H IIVEPRIOT ONTHIECKYI NAOTHOCTS MOJY
“EHIEI PACTROPOD 13 HOTUSERTPOROTOPHANETPE C SCIGHEIM COETOBIALTON (06AaCTS,
nponycanns 520—-530 #xk) B KIOBETe C TOMUUIHOR pabouero cios 50 42 {npit o
aepiamin itkens 5 06pastie 01 0,1 20 1,5%) Wil & kionete ¢ Toautinoll padouero
€101 20 sa {nph coaepxaunt yukens & obpase of 1,5 10

Coaepiauie nnkeds B G6pasue BaxoaaT no Ka'mﬁposuqno\ly Fpaduy

TocTpo-nue xa. o rpaguxa anm 01 0,110 1,5 9, hu
xean B 9 craxanos evxocTbio 100 2 novemaioT no 0 | 2 yriepomeTon cram e co
aepxamel IIKEAN WAN CNEKTPATEHO INCTOTO (31EKTPOANTHIECKOTO) esieaa Tlpu-
“neaoT nocacoBatenbuo 1, 2, 4, 6, 8 10, 12, 14 i 16 11 CranapTHOrG pactRopa
HNTPITE WAKe colepmatierd § 1 weika N a0 coomacretuyer G.1, 0.2, 0.4, D6,
08, 1.0,1,2, 14,186, 1,8% unkens b cOpazuc 12108 aHATH3 NPOBORAT, KAX OMICA-
W0 Brwe

Toctpoenne K 1padrra aan 01 1,5 Ro 5% Hukeas
B 9 cTaKanos cwk0CTHo 100 44 NOMLAIOT 10 0 | 2 YEAEPOANCTr ii CTaTH He Cotepma
el WiKeAn_ ik CIEKTPTbllo WHCTOrO (BIEXTDOTITINECKOND) Kedesa 1t PR Twkaion
riocieaoBaTeabio 18 20° 25 35, 40, 45 1 60 i CTANRAPTHOTO pactiopa KUTPATA Hits
ke1s, cotepwautero 0 | azisa Ni uto cooteercreyet 18,2,0,2,5, 30, 35, 4,0, 4,5
W 5% mukean b o6pasue lance MOCTYRAIOT Tak HC Kak RPN NGCTPOCHAN Kadnbpo-
BouNOro rpaguKa B cayuae onpeenewits o1 0 1 go 1 5% muxets

OnTHaecKyI0 RAOTHOCTH PACTAOPOB KINEPAIOT B KIOBETE C TOMIHIION €108 20 At
To wa \ITHIECKOH MAGTHOCTH
rpaguK

Tlpiumenenue nepcysbata aMMOHYS B KaUecTBe OKHCAMTENS DEKO
MCHAOBAHO PsiA0M aBTOPOM125, 96, 300) Kak ORMCANTNb TAKME HIHPOKS
HCROJb3yeTcss AN ONpejesieHns HuKeas B craasx Gpom [293, 300,
601, 920, 1181), nox 1197, 257, 5711, runoxaopur (8091

Tipeactasnsier wunrepec  AndepepeHuHANbHBI  (POTOMETPHURCKHH
MeToz onpefenenns GOMABIINX KOMNYECTR HuKeas B craisx [24]

CpaBhUTENbHO PEAKO NPOH3BOANTCH NPEABaPHTENBHOE OTAEMeHHE
xkenesa Tlocae ocaxpenns Fe (OH), B punbTpaTe ONPEeNensioT HHKENb
@TOME’TPH‘{ECKY/I RUMETUAAHOKCHMOM, WCHOAB3YSA 6POM KaK OKHCAH-
Tear [203)

Crefyer ynoMmsaHyTe 6eccTpPYKKOBbIEE METOA aHanu3a BLICOKOJE-
THPOBaHHBIX CTaflel, TR HHKEb TAKKE OHPeReNisiercss (OTOMETpHuE-
cku [188]



2 ONPEJENEHHE HUKENA
B JIETKHMX W WUBETHBIX METAJUUIAX H CIJIABAX

Onpepeneriie HHKEIN B MEAW W CRAABAX
HA OCHOBE MEAH H AROMMHUA

Tipn onpefeicHuy HHKeNsn B GPOH3AX H CIIABAX HA OCHOBE MeAH
OOBO OTAGJISIOT B BHAE OJOBSIHHOH KHMCHOTH!, MENb B CBHHEI — SJEK-
TPOAH30M B KHCIOH Cpefie, HUKeMb WIH OCaXIAIOT siexTponusoM [35,
691a, 1217), uad ONPEREAsIOT TPABHMETPHYECCKH RHMETHJALUOKCHMOM
1154, 216, 333, 802, 810, 814, 820, 8541, ncnoab3ywTCs Takke THTPH
MeTpuyeckue Metoast [1o Meromy Mopa HEKedb NPENBADHTENLHO BLI-
LensioT RUMETHIIMOKCHMOM H B nafbieinfeM ROCTYRNaiOT, KaK CKasa-
Ho Ha crp 90 [216), wak THTDYIOT pacTBOpoM Komiuiexcona I11 [129,
130] B npUCYTCTBMM MYpeKCHMAA, Melb CBA3LIBAIOT THOCYAbDATOM
JIOBONBHO WHPOKO pacipocTpaxensl poToMeTpuuecKie Metons! 8611

HeKOTopbie aBTopsl SKCTPArHPYIOT MUMETHAXHOKCHMAT HUKEAS XJO
podopmoM (545, 1201, 1276] wid YeTHIPEXXJIODHCTBIM  yrAEPOZOM
{165 1 n2vMepPSIOT ONTHYCCKYIO MROTHOCTH IKCTPAKTE, MEb H3 3KCT
pakTa YAaAmioT DAcTBOPOM ammuaka B psiie paoT Melb OTAGASIOT
APYCHM  €nocOBOM H ORPEICTRIOT HHKEAL  JIAMETHIAHOKCHMOM B
BPUCYTCTBHM OKHCANTenedl Meab ovfensior saekrposusom [12001,
Ha xpoMarorpapuueckoi Kosouxe {703, 822], CBA3LIBAIOT KOMIAGKCO
wom IIT (1311,

s Onpenencss HUKENA B CBHHUE M OPOH3AX, COAEPIKAMUX CBH
wew u onoo 1969), u Tunorpagekux cuaasax (1411 pexomennyercs
SKCTPArHpOBATh NUMETHIRHOKCHMAT HUKEAN H H3MEPRTh ONTHUECKYIO
IJOTHOCTE SKCTPaKTa [Ips onpexesenun nukenas B koGanbre [339]
NOCHeAUHI OTACAAIOT IKCTPAKUHMES BHICOKOMOMCKYIADPHIIMY AMMHHAMM
¥ B BOLHON (pase OHPELLARIOT CrO (OTOMETPHUCCKH C HCRONb30BaHHeM
PAN Jns onpeiesesnst HUKeAs B NPUCYTCTBUM KOGambTa M iKedesa
nOC/eAHee OTARANIOT SKCTPaKuuell H3onPONUIoBLIM 3bupoM 13 6 ~8 N
HCl, ko6aasT cBsizuiBAOT B KOMIAKcHOC coenunenue ¢ KCN, nuxeas
9KCTParupyior xaopogopmom [1049] 13 xnopodopmHoro sKCTpax
Ta nukenb ussaexawor 0,5 N HCI u 8 Bomnom pactsope onpegeassor
(GOTOMETPHUECKHM METOZOM JHMETUAAUOKCHMOM B MIPUCYTCTRHH GpoMa
B BIEAOUHON cpesie

Hnz onpefeseHus HAKeIs B CIIABaX A OCHOBE MATHUA H A0
MHHHS HCHOIB3YIOT T/AaBHBIM OGPas’oM  (OTOMETPHYCCKHE METOab!
MuOrHe aBTOPbE NPHMEHSIOT AWMETHAAAOKCHM B NDHCYTCTBHH OKHCAHN
Tenelt B meaounoh cpeae [491, 572, 1130], @ GypHAXHOKCHM, SKCTpa-
F!lpysl’erc COEAMHEHUE C HHKCAEM H 3aTeM H3Mepas ONTHYECKY0
niotOCTh 1697, 6981 MHoraa skcTparupyior coehunenue nuxeas 5%
HBIM DACTBOPOM NHPPOAMIAHIIHTHOKAPOAMHHATA B XAOPODOPME H M3-
MEPSIOT ONTHYECKVIO MIOTHOCTh KcTpakTa {7101 B xaabuun onpege
JSTOT HHKEMb B BHAS CYCTIEH3HH ¢ HUOKcHMOM (6501 Hukens sbizensior
BUMETU/IIHOKCHMOM, HCHIOMb3Ys Asl KOMILIEKCOOGPA30BaHUs KaAblUs
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¥ Xesiesa LOkoHO-O-naxTon {690} Tipu onpegesesun nukean B Ge-
puauy 12521 sKCTparkpyioT XnOPoGOpMOM COCAMHEHNE HUKENS C IH
METH/IAMOKCHMOM, CBS3bIBas GEPWIINK B KOMAJNEKC JHMOHHOM KHCI0
TOM, PEIKCTPArHPYIOT COSMMNICHHE HUKEaS COMAHON KHUCJOTOR H B BOA-
HOM PacTBOPE ONPENENAIOT HUKEAb AHMETHAAHOKCHMOM B HPHCYTCTRUM
HOJa B HieAOUHON cpese B ciyuae OnpejeneHns HhRens B ypane no-
JNyYalotT OKpalleHHHIE PACTBOPB! NP NEHCTBHH AMMCTHAZHOKCHMA B
OPHCYTCTBHY OXHcauTededl B mledounoil cpene [426, 745, 981, 1088)
HIH 3KCTPArMpyloT AMMETHAZHOKCHMAT HHKCHS XJOPOQOPMOM H H3
MEpSIOT ONTHYECKYIO HJOTHOCTH SKCTpakta (985, 1206]

{3 ODPEAEJIEBME HUKEAS B PYJAAX MW MHHEPAJIAX

Merozer onpepenerns HUKeds B 3THX OOBEKTaX OMUCAHE! B psie
MOHOTpadil N0 aHANU3Y MHHEPANLHOTO CLIPbs, PYA H NPORYKTOB Me
TaNNYPTUYECKOro npoussoactsa [8, 39, 273, 327, 328, 3911 Huwen
COJIEPXKHTCS B OPHLIX NOPOAAX B HEGO/bIIHX KOJAHUYECTBAX, €r0 Onpe
BeNsiIOT BCETAa H3 OTﬂe!“:HOﬁ HABECKH, NOCAe Pa3oKeHus nopoAs
cepHO# B QTOPHCTOBOROPOAHOH KuciaoTamy [8) Tlpu ocampennn moay
TOPHBIX OKMC/IOB aMMUAKOM HHKeAb nepexoaut B ¢dmabtpar Ecau
COZiepIKaHUe HHKeNs B NOpofie (K OCOGEHHO B PyAe) BE/HKO, NONYTOD-
HBIE OKHCJIb OCAMAAOT NHPUAHHOM und GeH30aTOM avvonus [273)

CuspKatHse TOPOKis! BCKPHIBAKOT CCPHOH U PTOPUCTOBOAOPORHOI KiC-
0TaMB {OOHIYHO CHJTHKATH, COREPIKAILHE HHKEAD, AETKO PACTBOPUMBL B
3THX KhoioTaX) HepacTBOPUBHIHiCS B KMCHOTAX OCTATOK CILIBISIOT
¢ ¥apGoHaTOM HATPHs WM nupocyibpatoM Kanus [lpu BexpeiTun
CYAbQUAHBIX U APCEHUAHMX MWHEPANOB M DYA Afist YAAACHHs GOblieH
9acTH MbililbfiKa H CePbl CHaYaNa ROABEpralor ¥X ofxury [loaroros-
JEHHYIO TaKHM 06pasom pyay pactsopsior npu Harpesamun 8 HNO,
wan cvecd HNO, u HCl Xpomuths aywine enaasasts ¢ Na,O,, NaOH
wan NaNOQO, Ananoruuno BCKpPHIBAIOT LUKCAEBble MiTeiiwbi, Tuneil
3, HUKENEeBBIe UINAKH H HUKeTeBBIH CKpan

Jins oTnesenus METAAN0B TPYNIIbl CEPOBOKOPOAA ROCAEHHHE OCAX-
JAOT B BHAE CyabhUNoB B Kucaok cpene Huxenpb yame Bcero Baifens-
10T AUMETHIHOKCHMOM, HO eC/i¥ COZCPIKAHHE eF0 OueHb BRNHKO, TO
APUMEHSIOT 3JIeKTPOANTHIeCKOe ocawciciue nukens Ot ypana, Ba-
Halus, Pocdopa, XpoMa ¥ LHHKA Jydile BCETO OTAeAsTh HHKeAb 0CaK-
JenyeM B Buje ruapookHcd achicruem Na,O, u Na,CO, nan NaOH u
H,0, Ecau B pyae uiu munepalie MHOTO Jefie3a, TO NOcAelnee yia-
nsietesi SKcTpakunel sprpom 1391 Il oTaenenus M ORIIOBPEMEHHOTO
KOHIEHTPHDOBAHUS MaiblX KOJHYECTB HUKeAsl NPUMEHSIOT 3KCTPaK-
o muMeTHARKOKeuMoM (4771, murnsoxom [1186), caanumnaMinom
{71, ocamzenne pyGeanosoxopoancii kucaoroir [185], coocamnenne ¢
ALO; nH,0 17431, xpomarorpaduyeckue (287, 839] u apyrue meTo-
zbi TIpu BLICOKOM COREPIAHUM HHUKENA B MHHEDAAAX H DYAAX HCTOAB-
3YIOT IpapUMETPHYECKHe H THTPUMETDHUECKHE METOXb! ORpefeNenis,
METOR 3AEKTPOJUTHYECKOTO OCAMIEHKs (Hanpumep NPH aHaiu3e npo-
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AyxToB oforamienkst pyx) [ DaBHMETPHUECKHE METOL — OCAMECHHE
JAHMETHANUOKCUMOM — nanboace yJOGCH, DOCKOIBKY ABJIAETCA CEACK
THBHLIM  DTOT METOZ C YCNIeXOM NPHMEHAeTCs W AAd Muxkpoonpeaene-
nHs HUKedAn (8] Vi3 THTPHMETPHYECKHX METOIOB PacHpOCTPaHeHs!
KOMIJIEKCONOMETPHUECKHH, UHAHWAHBIE METORSI M METOX C TNpuMeHe
HAeM JUMETH/AAWCKCHMA B €rC aminepoOMETPHMYECKOM WIu OBBIYHOM Ba
puante (298] Madvle KOJHYECTBA HUKENs MOTYT ObiTh ONpeneens:
noasiporpaguuecku {175, 198, 199, 957), doTomerpuuecky AMMETHT
nuoxcumom  [185, 197, 778, o dypuaauokcumom (486, 7431 n cnek-
TPAdbHBIM MCTOROM

TpasuvieTprieckoe ofipefesiele Hukens
RHMETHARMOKCHMOM B MeJiesHbIX pyAax [273]

1 2 pyses MOVeNAOT B CTaKAl eVKOCTsi0 100 4, HpuANBaIOT 1520 #2 KoMeUT-
puponantoR 11CI 1 | MEPEUHO HArPEBAIOT Hia SAEKTPHUECKOH MAKTKE HAK NecHanok 6a
He 3aTeM MPUANBAIOT HECKOMbKO Kanesb HqOp it HATPEBAIOT €IIE HEKOTOPOE BPEMS
KOria pacTBopenNe 3aKOHUHTCH DPACTBOp BLINAPHBAIOT KOCYXa CyXOit OCTATOK CMas
uksaOT 23 M1 Kouuentprposannoii HCI u choa sunapusait nocyxa X posuTs
pastaraiorcs HCE, B 970M caydae mpwiWeaior HecKombko smaaminTpos HzSOs i
Bemapusaior o nosedewss napos HaSO;

tlocsie oxnamzenn cyxoil 0CTaTOK cvawusaor 3—5 sa HCl, warpesaor aas
pacTsopenin ConeH 1 GRABTPYIOT Yepes QAALTD C xpacnoﬁ sientoit lepacTaopuyisi
ocTaToK ropsiielt Bogok 1,

ECI# HepacTBOpHMEi OCTATOK CONEPIHT nepasnarac\me ConsHOl RUCAOTOR it
THEATH, HIKETs HATH KoTopule TaKKe §OryT COREpIGTE
HEGOIbIIME KOAINYECTBA HEXEASA, TO €0 B AJATHHOBOM
THT1e WK uawke cvecsio HeFs -+ H-SOs mo nomﬂemm obuabupix napos SO
Hi36biToK ceproil mmoru YAAAHOT OCTOPOIKHO HA Ta30BOK TOpeAKe H OCTATOK Ciljias-
amoT ¢ yaubata Kanus [lnas pactBOpsioT B 1%-
0¥ ch npi Harpesamm W PACTBOD NPUCOEIMHITIOT K pasiee MOAYUEHHONY GUIBTPE-
Ty Tipw ocTaTke HABECKH PY.1b MOKHO O
W3BOUITH HEMOCPEICTHCHHO CIIARTENKEN C MMPOCY.AHYTTON Kanns

PACTBODY NpHOABISOT HENMHOTG 6y VAKHOR MACCH, fleDENEWHEAOT H Guaut-
PYIOT, OCTATOK Ha dunbTe NpoNMBaT ropsdel 1% Hoil HCI # ot6pacesaiot

FOAYHEHHONY TeN Tk WHEI UYTEM COTIHOKHCIONY It CEPHOKHCAOMY PacT-
BOp\ 66Ben0 150—200 .2 NPHGABIAIOT 5—7 2 THMOHNON I BHHIOH KHCIOTb 1t HEW-
Tpaanayior NHLOI 1o crabomenousioll peakusti 1o naxmycy PacTsop mps 3703 A0A
e 0CTaThCA NpO3paUHEN B Cayuae moTBIMR Ik STSAER CCIKS n0YTOD

HBIX OKHCAOD PACTEOP HO2 Koanuectra Ha 1052
¥ PACTBOP BIIOBS KEATPANIYIOT 3aTe\. mozwcamor 12 s KL warpesaion 0 70—
80° C npu6asasmor 10—25 me 1% ro pactsopa u

ieiiTpatiay 1 NHLOH 70 £7146070 3anaxa 1pi AATeon NEpeVABAHIA PACTIOPS
Uepea 3—4 uaca 0Caz0K OTPRALTPOBLIBAIOT ) PacTBOPSIOT cro Ha gastpe n HCL (1 1)

T3 nOMyueHIIOTO PacTBOpa HHKEIb BHOBL OCAXANOT B MpcyTcTRUN 0,5-—0,3 2
OKCnKNeaOT (C210K 0TOUIBTPOBMDAIOT epes B3semeniiti Crek: ULl THCIL Vo 3
W - smcywpaot opi 110—120° C o B3gewmBaior

3Jle|(rponecosoe OnpejesieHHe HUKena
B daiiHwTelinax [321]
Mezib 1 K06aAbT 0C2KJAIOT ASKTPONHIOM Ha KATOAC ITH MOTadasl
OnpefesioT B OTAE/bHbX IABECKAX M BRIYMTAIOT UX BEC U3 Beca Bbije
JeHHbIX METAAN0B HA Katone
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Hukeas 1 2 o
py narpeuauuu B 40 52 KosNeH i HCI Tocne K cuponool
asiomy octatky npuausaior 10 m2 HeSOs u marpesaiot po sbieaenus SO
ga'\'em PacTBOp OXAAWAAOT, HPHIHBAIT K Bewy 70 4z BOAS, HarpeBa)oT BHOBb ;5
PacTBOpERH S COACH 1 qmm,TpvsoT B CTAKaH eMKOCToio 300 4
K nor y pacteopy 0 NH3OH 1 swneasior
HilKeah {BYECTe ¢ MEAHO i xoazumou) Ha BIDELICHKOM TIATHHOBOM CeTYaTOM SAEKTRO
Ke Toxou 3—3 5 @ & TeuenHe | uaca BO BPeMs SACKTPOAN3A PACTBOP HEpeNEWRBAIOT
031y xon Mo 1 yaca o Ha nonHoTy BHKeAR, Aan
4eT0 Hia GyMAKKY, NPORHTANHYIO AHVETHARHOKCHMOM, HAROCAT 2—3 KA pactoopa
Ecm na Gymare uepes 2—3 il (OBASETCS KPACHOS MATHO, TO INEKTPOAK3 NPOLOA
xaloT ewte 16 MuR
Otle OKOHUAHNS 3AEKTPOAN3A YOUPAIOT 3 NOA BICKTPOAA CTAKAH H OBMUBAIOT
:1€KTPOZ BOLOM, STAHOAOM H CyWaT B €y WHLHOM WiKady npi 100—105° C B revenie
15 \iiH , 3aTeM OXNZMAAOT 1 BIBEWHBAIOT

TuTprmeTpuUECKOe ORPefesieHHe HHUKENA B pypax

MeTox HPHMEHACTCS 451 AHAJIN3A NPOAYKTOB HUKEIEBOTO HPOM3
BOJCTBa, cOfepXamux He menee 1% nuxenn {935]

0 5¢ pyan pacTsopaior p HNOg, NpuGaR1aIoT 5.2 x10paTa KaiHsi, BUNAPURZOT 10
eyxa Ty e onepawwio nosTopsoT ¢ HCl OctatoK uasiexaior HC) n 8OROH, duast
pyioT, ABascs ocannaior NHeOH # Gpovikofi BOXOH, 003 PRABTPATA OOBEAHARIOT 1
ropkuCasotr HCI Tocae aroro npu6agasior eme 10 42 11C1 # 0CaXAa0T CepoBOOPO
RON ¢y T6dHAN

SUBTIT KumsTAT, A008BTROT OporYI0 BORY 1 YxanmOT wSGTOR GpoNa K

senve 15 14 10% noit NHJOH, npn
Gae'mlcr waGuTok e 10 ma K 0w pac’raopy npmmm THTpOBARKLA PACTROP
KCN rony6oro aten ewe 5—10 s Jobasamor

necxmsxo kaness KJ # THTPYIOT pacTBOpoM AgNOs 10 NOABRERHS KENTOFO OKpalIk
Bans

¢ oToMeTPHUCCKOE ORPefeseHie HEKeNs
B FOPHBIX BOPOjaxX, GeRHbIX Hukedem |1186]

it 8 crynke, 20 114 40% sok HaFy
w3 meo % ot HL]O.; PacTROP BbIIAPHBAIOT Ha BOXRHOH WK NECHaHOH GaHe, 0CTATOK
cnerka npokaTHBaoT aan yaasenns HCIOy # ofpabatemaror 3 e HCI (1 1) u 10 ma
BOE COAEPIUAIOE THIIR IEPEBOLAT B CTAKAHYUK U3 GOPOCUTHKATHOFO CTEKAA, KOTO-
Duik MOVEUAIOT HA BOAAKYIO GaHio 477 DAaCTBOPEHNA BoeX comeit

Tlocae 0XAaXASHNS K pacTBOpy 106aeai0T 20-—25 s2 HUTPaTHOFO Gycpepnoro pa-
CTBOpa TIPHIOTORAGHHOTO Caeayioniin 06pasoy 200 2 TPEXIAMBUIEHHOTO HHTPATa HaT
PHSI 11 102 CONAHOKHCAOTO THAPOKCHAWIHA PaCTBOPSIOT B 800 M4 BOAS! M HEATPARHIYIOT
NHOH 10 THMOIOROMY CHHeMY, 3aTeM NpWMECH METALIOB OKCTPATHPYIOT DAcT
Bopunt auTusona 8 CCla 10 TEX 10P, NOKA OKPACKA ANTH3OHA He GYAET OCTAaBATECH He-
wameniioft 3uavenne pH 108037 NH:OH 10 10—11,5 n pastanasior pactsop 20 1 4

Tloy el WUTPATHBE PACTROP NOPOJL NIEPEHOCAT B ACNTETBHYID BOPURKY
€MKOCTLIO 150 4 7 1l IKCTPArHPYIOT €120t WeTa 1108 O 015% Reny pacTBOpoM NTHIONZ
B CCly I8amAsl KOHTPORHPYs Nepen BTOPOR sxcTpaupel suadeniie pt) Ecam oHo
wuke 8,9, To pacTBop caeayer noautetounts NHy

1 Koneunas TouKa THTPOBAWIA NOKET GHITh YCTAHOBNEHA 1 TOTCHIHONETPIIECKH
[32] HOCTE BELASTCHINA MCAW THOCYTLATON ITH AYWIIC OGNS BHACKERH HIKGAR M-
METILIMOKCHMON B 1I0CTEAREN C 1Y 12€ FOP23I0 YAOBHEE OfIPEARTITH HIKETb KOMIIEK-
coMOVeTpHeCKH
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O6BennHennLE SKCTPAKTE TIEPENOCHT B CTaKaH eMKOCTBi0 100 414, BHTApHBAIOT pa-
CTBOP NOCY Xa, N06ABASIOT 2 4.4 KORHEHTPADOBANTIOH HoSOs # | ;a 60% nod HCIO, prt
PaspYHIeHHR AWTHIOHATOB, 3aTen HATPEBAIOT HA NECYAHOH GaHe KO MONHONO OGECHBE-
Sunanss I BHAApHBAIOT 10cyXa CyXoft octarox npu momoui 3 #a 0,6 N HCl mepeso-
CHT B MepHyio KOGy eMKOCTsH0 10 #4 # pasGaBAAOT BOROH 10 METKH

Jins OnpefiedeRun nAKErs 62pYT 2 44 STOFO PAcTEOpa, TOMEWAIOT B NPOSHPKY 43

crekna, Kyna aa 0 BydepHoro pacTsopa u

144 0,3% 100 pacTBOPa o GYPUALIOKCHNA B Check Staiiona u Genzona (I 9) Tpo-
Grpiy SaKpLIBAIOT NPRTePTOfi NIPOGKOR I BCTPAXAAZIOT 2 M

Denzoaburilt cioli nuneTKo# NepeHOCAT B APYIVIO NPOGup! 5 ma
wHTpatHOro Gydeproro pacTsopa IKCTPATHPYT | MMH M Cpashu\za!ol‘ OKpaCKY
SKCTPAKTaC MPHTOTORMEHHEL CTARKAPTH PAON coaeoxamuy O, 0,95, 0 50, 1,00
5,0 mxz nukens

ONTHIECKYI0 NIOTHOCTS GEH3OMBHAIX SKCTPAKTOB MOXHO HMEDATh Ha POTOMETPE
TIpH 435 ANk B KIORETE C TOMIUHON COA | it

Onucano onpeenerne HUKSIN B NOPOAAX C NPCABAPHTCABHEIM KOH-
UEHTPHPOBaHHeM ero saekTposiusom [6111

4 ONPEAEJIEHHE HUKES
B TAJbBAHHWYECKHX BAHHAX

Me’ro;m OfipeJiesicHAR HHKEAA B JIeKTPOJHUTHBIX BalHaX U3BeCTHH!
Goee cta jieT HuKeab onpefessiu THTpOBanueM 1O Metony Mopa
[892] 3Bror Meton He npuMensieTcst celiyac

Oﬂpe}le.ﬂel{ﬂe UK B SNeKTPOAXTAX AJIst HEKeAHPOBAHNA METOACM
ocaxaenns AuMeranuoxcumom [40] omsucano uapsagy ¢ Apyrumu Gosee
3JKCTIpeccHbIMH MeTORaMH B moxoTpadhy [106] Bonee GLICTPHI MeToR
SJEKTPONBTHYECKOTO OCAMACHHA npumenserca peako [319] Yaure
BCErC HCHOML3YIOTCH METOL TATDOBaHHS Jumernagmoxcuyom [319]
nny Kommiekconom 111 {4, 384, 554, 662, 838, 926] IlepsuiM MetozoM
ONpENEASIOT HUKeIb B APHCYTCTBHM APYTHX MetannoB Bropo# merog
MOXKeT GLiTh HCTIOAB30BaH HHOTAA 6e3 NPeNBAapHTENBHOTC BbIEAEHHS
uukens [384, 926], wo vamie, HanpuMEp, KaK 5TO PEKOMEHAYETCH ADH
aHa/IH3e BaHH /IS IOKPLITHA IUHKO HUKeJNEBHIM CIL1ABOM, HUKENb BHa-
Yajie OTAGASIOT B BUJE AMMETHARMOKCHMATA ¥ 3aTeM YXKe OnPEeAeNISIoT
KOMIIJIeKCOHOMETPHYRCKH

BricTphM  SIBAfETCH  METOX  (OTOMETPHYECKOID  OfpejeieHis
HHKe/Isi, OCHOBAHHLIA HA H3MEDEHWH NOIVIOHIEHHSH €10 CepHOKHCIOro
pacrsopa {106, 859] Kpome TOro, HUKeNb ONPEAENSIOT NOASPOrpadH-
YecKH ia ioHe XACPHIa aMMOHKs {ecu COfePKaAHNHe HUKEns HeBenH-
KO0) ¥ METOROM aMIICPOMETPHUECKOTO THTPOBaNHA GepPONHAHAOM Ka
AHs BAH AMSTEARMTHOKapGamuHatom [106]

B Baunax a5 3/MeKTPONUTHUECKOTO BbieNieHUs IPYFHX MeTalAoB
copepxaiue HHKeAs OObIgHO HeBenHKO [TosTOMY OonpenenaTs €ro pe-
KOMEHAYeTCs  (DOTOMETPHHECKH, Uaile BCEFO C  HMCHOAb30BaHHEM
JMMETHAAMOKCHMA B npUCyTcTBHE Gpoma [149, 864] nan usmepenviem
ORTHYECKOH HIOTHOCTH XAOPOPOPMHOTO 3KCTPAKTa AHMETHIZHOKCH-
Mara [744]
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TpaBumeTphuecKkoe ONpefencHne HHKEIN AUMETRIIHOKCHMOM
B 9NEKTPOIMTAX AN HHKEJHDOBAHWSH, MERHEHUs,
DOKPLITHSA CHAABOM HHKeJb—O0A0BO K Ap [106]

2, RHTETROR K & B KOAGY eMKOCTHIO 400—
500 2, PaCARRSIOT RONOR 20 0GsEwa 200300 Ax LIpHOZEASIOT 0,5 0.3 & BRHOA
xienoTh i NHOH 210 WesiouHol peakunn mo Gywmare KOHTO, a saTem 23 xanan

ero usburka  50—60 a2 1% wHoro 0 pacTeopa Pacrsop
nogorpeBaior 10-—15 Mni [0 KoaryJauuM OCAAKA, OMPHALTPOBLIBAIOT OCAJIOK HEPEl
unrTp, ero ropﬁ%n BOJOH, TIOMEMaIOT BMECTe
c B it Turens, ¥
Ao NiQ
TutpumeTprteckoe HUKENR KOMA. [
B HMKe.'lb WHHKOBBIX BaHuax [5]
20— pacTBopa B CTaKaH, 200 #a
BOAbI H 30 M/l 40% wuoro pactsopa ¢x HEA (R P B}

Uepes 15 muii npinusaior 15—20 4 HCI (1 1) Ro navana uaseHeHus upera Gyma-
I KOHTO, 3aTeM M06aBAMOT emme 150 M4 BOXM, HArpesaioT pacTsop zo 70—80° C
npi pH 5 ocamnaior mixens 1% Han
Cxoar GcafoK oTd ‘HEKerb W3 pasta-
sReBoro Fopisero pacrsopa, npuatass NEAOH 10 pesioro sanaka

OruasT oCanoK MeHBIEM KO-
Anvectse 10% ot HC, coﬁupaﬁ PACTBOD B KOHHUECKYIO msy eMKOCTBIO 250 M4,
¥ BENapuBAIOT o 2—3 M2 Tloche OXMaXAEHNS PacTROP pasbasamioT Bopoll no 100—
125 4, ipHAUBAIOT K Hemy 15 14 0 05 N pacteopa xommiexcora 111, nefitpaniayior
10% sz pacreopom NaOH no 6ymare KOHTO H euie N06ABAROT HECKONBRO KATEMb
at0ro pactsopa TT 2 eproro pacteopa (pH 10—10,5)
o TuTpyior 0,056 N pacrsopos ZnSOa O nepexona cm{eu OKPacKH B KPacHO (HoAeTo-
8YI0 (HHIHKATOp — Xpoworendepubii ET 00) PashocTs Mesay obvemanmu 06asieH-
Horo 0,05 N pacteopa ZnSOs coorsercrayer xommdectsy mukens (1 #a 0,03 N
pactsopa Kommaercora 111 coorsercrayer 7,0217 sz NiSOs 7H:0).

doToMeTpHUECKOS ONPEACREHHE HUKEAs
B BAHHAX JJIS NIEKTPONHTHHECKOTO [OJYYCHHS HUHKA

K 10 42 snextpomnta, conepxamero 5—0,5 ue/#a BHKENs, TOMEWENHOrD B Kie-
AMTENRHYI BODOHKY, mpubasisior 10 a4 PacTEOpA UWTPATA NATDHS, IPHIOTOBMEH-
HOTO pacTBOpeHHen 14 2 numonnok KucoTs 8 100 4 2N pactsopa NaOH, 16 aa
pactsopa NHiOH (ya s 0,934), 4 sz 1% HOFO STAHOTBHOFO PACTBOPA IHMETHILHOK-
Cima » 2 Kanan 1% noro PACTS0pa CONAHOKHCAOTO FARpOSCIAGNIa epes 10 mun
CORePN WO BOPOHKH 1 MuE

To @aa caoit oTaeAmoT 1 srcTparmpoBanie
BRKeAR Cilie 2 paza DKCTpaKTH QOBEARHFIOT H PEIKCTPATNpYIOT Aureas 10 42 0,5 N
HCI, 2 3ates eme asamiy 5 24 0,5 N HCI K pesuctpaxtay npuGapasior 5 st Ha

eximennol 6pomiol Bofu, 2 2 pacteopa NHeOH (va & 0 934), 2 sa 1% noro 5ta
HONHOTO PACTBOPA AHMETHANHOKCHMA, pa3baBAsmior BOROH 10 5O A4  wepes 10 M
y a © 3eneHbIY CBOTOPHABTPOM
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5 OMPEHEJIEHHE HHKEJS
B BE HECTBAX OPTAHHYECKOIO APOUCXOXIEHNS, HOUBAX H BOJE

OnpepexeHHe HUKENS B MOYBAX
# OHOJIOTHYECKOM MaTephase

Huxestb B NOYBaX i B PaCTHTEIbHLIX 06beKTax Gbit 06HapyKeH fas-
Ho [673], 10 B CBA3H € TeM, UTO 3HaueHHe €r0 B KUIHEICATELHOCTH
pacTenyil H MUBOTHHIX BbLIACHAETCS JHLL B HOC-
4 1eJHee Bpemsi, paloT N0 anadM3y 3THX OGLEKTOB
ifeMHOro

AnaIH3MpYeMblll MAaTCPHAT NEPEBOAAT B pact-
BOP, HHKEIb HapARYy ¢ APYTUMH NIeMEHTAMH KOH
UEHTPUPYIOT H 3aTeM OMPEREsiOT Cro CoAepKaHHe

B KOHHEHTpaTe
[oysbl 06paGaTHiBAOT CMEChIC (PTOPUCTOBOAG-
poauoit # xJ0puoit kucaor (612, 11911, azoruoi u
corano#t KucioTamu (448, 533, 6121 wan canasas-
ot ¢ kapGouatom Harpus [200, 5331, pasaaras
noAY yetiHbif N1aB conanoil Kucaoroi HMuoraa pac-
TBOPHMBIE B hHCIOTAX COCARHENUR HAKEAR ¥ APy
IHX MUKDOSJEMEHTOB HIBACKAIOT PACTBOPAMH €O
J asuolt kueaotst (5, 1112]  Pactireashnic mate
pHaTul IPCIBaPHTCARHO CxiraioT npi 350—500°C
{416] )KisOTHME MaTepuansl OKHCAAIOT CMECHIO
cephoit ¥ a30THOR kucaor {918] wan npumensior
obbtuitce  030.1eHHe |343]1 3ateM Hukeln KoHmeH-
TPHPYIOT OCaXeHueM B BUae cyasduaa (769, 1112],
pyGeanaTos BMecTe ¢ pagom Metannos [200, 3431,

pe moman wygra; £~ ShCTpaKUMeH B Buie auTu3oHata 111941, amstua-
apuiupke 5 — <op  IUTHOKHPOAMMHATA U B BHAC AUMETH.IAHOKCHMATZ
Gere (980, 1075} Penomenylor Takxe \poMatorpadu-

ueckoe KoULieHTpuposanue nikeas [4, 155, 1079)

Onpejetenue Yaiie BCEro 3aKaHuHBAIOT GOTOMETPHUCCKHM MCTOAOM

€ HCHOAB3OBAHHCM THMETHAIHOKCHWA B HDHCYTCTBHH OKMCTHTEAS

1293, 980, 11681, noasporpaduueckiy merogom 12001, cnextpatbHeiM
METOIOM ¥ MeTOloM XpoMaTorpauu na Gymare 15761

OnpeneseHye HIAKeJds B PACTHTEJBHBIX MATEPHARAX
¢ xpomaTorpadH4ecKuM KOHUEHTpUpoBauHev |5]

5 2 BLC) UIEHHOFO PACTHTENHHOTO \aTepata UArPeEaior B CTakane ¢ 50 4 1V
HCI 30 Mun ra necyanofi Gane IreTpant o'r;\eumoT \EKal\TanMCH # OCTATOK MpOMbi~
BaloT 5 pas oo Tlps BOAH a0 1 a
¥ TIePEHOCAT B KONEHTPATOp, MPEACTARA TOULH Codo TPYOKY uKAeToI0 | 4 (pHE 28},
BEpRUA KONEI KOTOpON SSRpOBACTCR PEWIONOR MPOGKOH 2 K. narpyCuy iksers
OTTAHYTOTO KOWIA B WaYate KOHILE npH nosoti sybTe 3
npcoe1uHOT NpoBpKy f ¢ copGeH'm\l KY 2(5) Tocae npucoesneninn x Tpy6ke
POGHPKH € KATHOWITOM NPHGOP AOBEPXY 3aMOTHAIOT AHARHIHpYEMLIN PACTHOPON #
3akpiBaOT NPOGKONi He 0CTaRARA N03 Heil NY3MPLKOB BO3AYXa 3aTes npHOOp nNepe-
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BOpaUMBAIOT MPOGKOi BiN3 [locae OLeaHNA COPGEHTA BHOBS NEPEBODAYHBAIOT KOH-
nentpatop Korna Becs COPOEHT COGEPETCs B MPOGMPKY, €@ OTCOSINRIOT
IOHHT NepeHOCHT 13 NPOGUPRH B CTaKaHYNK ewkOCTaio 50 2 i 0Bpaateisaior
4 pasa no 15 42 4 A HCl ui | pas nposusaior sozoft
O KHAKOCTH ynapusaoT 10 2—3 ma
¢ aoGanienney 23 xane 1o 20% roii HaOp JKHAKNA KOHUGHTPAT TIEPEROCAT B AGTH
TeILHYIO BOPOHKY, B KOTOpYIo 106aBAsior 10—15 s 10% HOTo pacthopa waTpata
natpis, neilTpatHsyior KouuenTpuposatsi NHiOH go c1a6um anaxa i 3ates
L\oGaB'liuoT eme 1—2 xanau ero Tocae sroro 3 x4 1% noro
0 PACTBODA MMETH LANOKCINMA ¥ SKCTPATHPYIOT AUMETHAHOKCHUAT HIlKCTS ABYMst
nopulm\m x70pogopya o 3 M2 & Tewenie 1 ki AR OTAGASIAA \em! XA0pOGOPi-
Herit pacTBOp npovsBaioT 5 s NILOH (1 50) 3atew nnxeas peskcTparpyior | i
110,35 N HCl Coassosicasii pacTBop TEPENOCHT B MepHYIO 1POGUPK) EMKOCTHIO
25 v u nUKeTH GX P MeTo0M XaK yKa3ano na csp 411

Onpejerenne HHKeNst B8 GHOTOFMHECKOM MaTepnase
{ KoHUeHT RUVeTHS, ) [293, 677)
Auanmiupyenoe OpraHHYECKOE Bewmectso! 0GpACATHBAOT a30THON H X710pHON
xucToTaws TloAyuenntili pacTBop pasGasismor 0 NOzXonsumero oftewa O16HpawT
MKBOTHYO UaCTh PACTRODA  TOUELAZIOT €2 B AETHTENSYI0 BOpONKY, A0BaBA 0T
2 a1 10% HOTO PacTEOPa COTTHOKHCIIOND THAPOKCHAANMARE 5 A1 20% HOTO pacTROpa
WHTpaTa HATPHA, 3 KaMH BeHoAQTAIENHA # TAKOR KOAWIECTBO KOHHENTPHPOBAHHOTO
NHyOH, 410611 pacTsop €Taa KpaCHEN H 3aTex #3GHTOK amvmaka 4 kanmn Ipaan
BawoT 2 sz 10% woro o pacTnopa anmer A0ROAST 0GBEN pa
reops np 2060420 TeABHO C TpENA 005 M2
podopua, anaeh pas B Teuense 0. 5 iHH  IKCTPaKTH OGLEIRHAT I Medb H3 HHX
\nawm‘ serpaxupamier ¢ 5 a2 NHsOH (i 50) B Teuenne | wuw Huxeds pesxcr
Dariipylor mpw sCTpsxweauis skctpakta 1 wun c 10, a sanem ¢ 5 x4 033 N HCI
PeshCIpakThi COGHpaIOT B wepHOil k0160 ewkacThio 50 x2 [loBasasmior 2 s 20%
HOTO pactsopa TapTpata Hatpus, 10 42 4% Horo pacTsopa nepcysibgara kaans 0,6 s
1% woro pacTeopa asverknokciya 6 0,25 N NaOH # 2 5 42 5A' NaOH OcrasAsior
#a 30 MHH . A 39TEM HOMepSIOT CBETONONTOMCHNE npy 463 Msx [lapa1eabHo Apo-
50197 X0ROCTON ONBIT

OnpeneJleHHe HHKedsi B NHBE H MHBHLIX APOXKaAxX
{xonuenTpUpOBanHe FHTH3IoHOM) [831]

B kpapuesoli wauxe senapisaioT 100 A7 nusa nocyxa (uat GepyT 10 ¢ nusILX
ApowKc) 3aTew BLMapeHNELt WAY TREpALI 06PA3EN GIONAOT B wydeae npH 500—
550 C 0 Tex nop, noka 301a He cTaner Genoll OCTATOK B waLIKe CMAUIBAOT 2 M2
HCI (1 1) w2 a2 8026 smnapusaior 1oty xa upit 100° C 1 0B aGpabareiBaioT oc
7atox | a2 HCL (1 9) u 2 12 11,0

3aTey COIEPRNMOE 4ALIKI PACARTAOT 10 B A2 BOIOH M SKCTpATUPYIOT 4 MA
0,05 "o HOFO pacTeopa AnTizona r CCls A0 TEX NOP, 1OKa OXpacKa AITH3ONA He Oy-
AET OCTABATHCA HEAVeNHot 115 ONPEACAEINIS 111KETn OTOHPAIOT ATMKROTHY 0 4ACTE
PacTROpa KOMUENTpaTa Tie H0C1E DAPYINHHR AMTHIOMATA HMKETh OMpElensioT
GOTOVETPHYECKIN METOAON C MCTIOAL30BAHMEN ANVETHIIAOKCHMA H GPOVHOI BOAS!
v crp 111

Onpegesentie HUKENs B AOuBAX
(KoHuenTt P # kucnoTeit) |200]

2--3 2 TORKOUSNEALURHHOI N HOAKMCIHIOH CepHOR KHCIOTON MO ApOKaAU-
faI0T B KBAPUEROH wauike NPH 4507 C B vy bene it 3aTeM ATHTEIBHOR BPEVA O6paGaTE-

1A ReecTRO 1EOGXOMNO GpaTh B TAKON , IT0GH B Hen
conepHanoey Ke Meree 5 Ake HKEn
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saioT emecsio HC) 4 HNO; 0 nosisoro 06ecuseuysasys IMHHICTO DECYAHOFO 0CTaTKa
(ecy OCTATOK Gy;(er oxpameu 0 ero Cne;(ye’r CnNaBHTh ¢ XapGOHATOM BAaTPHA H NO-

cae NETAmIOR P
KHCROTON)
Tonysenisi pactaop nocne omeaeia SOy 1 1—22

RicaoTH HIBHTKOM KOHUEHT NH:OH & & pactsopy 10
Gasasior 2—3 #a 0,5% wHoro pactsopa p i KHCAOTI
Hepes 4aC0B 0CATOK P 5 Topaveii 20% roé HNO;
KoBansT omien mot | mutposo 2 Radroaon, a #iCS paCTROP NORSPOrpAPHPYIT,
KaK yxasawo ®a c1p 136

Onncal MeTOR ONpefetenus HHKeAs B GHOJAOTHYECKHX OGBEKTAX
# NOYBAX C MCTIONB30BAHHEM METONA OCaNOYHON XpoMaTorpaduu Ha 6y-
mare 14]

Onpepenenne nukeas B HepTH
W UPONYKTax ee mepepaboTKH

Hegrt, 03085107 7 NpOKaTHBAOT 0CTATOK iph 450—500° C Wil oxHCAOT Chie-
cavi copioit 1 saotuoi (193] nan asernof 1 xnopwot saucror (6761 Tipn npoxanu:
BaRii OGHMRO TEPRETCH HaCTh HHKeMsl, MOSTOMY AYUIIE NPOKANHBATH Hedrb B MPH-
CYTCTBIN SeNeRTApHON Cepet {40] METOL BHARACHRS HHKEAR H3 30MH CXOLALI C METO-
JMaMH, A%R O

ORpencamior WHKeMb (POTOMCTPHUECKIINM METOROM C HCTOAL30HANWEM AHMETHI-
RHOKCHMA B RDHCYTCTBHE (4011, o gy
wpacusms ERS [792], ain 3@, Kax # b RO4BAX, H0AAPOFpaguiecKin (626] raw cnexT-
panbimm eronon (791

Onpejeaenne HhkKe1a B HedhTH
conoxpomkpacuem ERS
{xpomaTorpaguueckoe oricieunne) [792]

B —12 cx 1—5 2 nedr ¢ mATAKpAT-
HbM KonitecTaom HySOy, MOKPHBAOT 4aCOBNN CTeRIOM M HAFpeBaiot ha acCecTomol
ceTke A0 Kunesus 3arem 2 MA KOWHEHT HNOs

u3 FHUCTKA 1 HArpeBaioT JO Bhjedenna napos SO; 3Ty onepaiHo NOBTOPSIOT
okono 10 pas, MoKa B KBapHEROK uaiiKe PacTBop He CTAHET npo3pauntm (Ha | 2
ne@T pacxopyercs 4060 sa HNOy) 3aTew OCTaToX NpOKAIMBAIOT MOCYXa Ha OT-
Kphitoy orse 1o K OCTATKY 10 #2 Koues HC
BHNZPUBAIOT Ha BOIFHON Gawe 10cyxa, BHORK noGaeamor 10 416 N HCI i 90 s
MeTaHoNa 3JTOT PacTBOP MPOTIYCKAWOT €O CKOPOCTHio 0,5 sa/mur uepes CHEUMANBHO
eMOTY  ZaySKC, mp 10 1 N HCl R0 yaatenus xenesa # cuechio
526 N HCI it 45 #4 merarona Q)H.'(b‘rpa‘r, conepaiyiii Hukens (ot 2 a0 30 sz
Ni), cobupaior 5 KoRGy emxocToio 100
JLAs Onpenenesnts HHKens K amaqToR vacTH pacToopa 8 KomGe eMKOCTEG 10 #4
npususaior 0,5 1 2,5 M pacrsopa auerara narpus, 1 i 0,035% woro pactsopa co-
S0xposkpacHoro ERS # ofbem 108OANT 10 MeTKH (AHOBPEMEHHO FOTOBAT CTAHAAPT-
HHC PACTBOPH MI3MEPAIOT ORTHYECKYIO WIOTHOCTS npH BI0 Ak

[u HHKeNs B BORAX

B npupoassix Bogax cofepxurca (3a HCKNIOUEHHEM MIAXTHBLIX BOX
B BUKeIEBLIX PYIHAKAX) MHLTHOHHbIE ROIY NPOleHTa HUKeds [lepsbl-
MH Ha NPUCYTCTBHE HHKeNs B BOfaX OGpatunu BHEManhe Manaryru
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1921) u Popxammep [673] Bnepabie 7 HHKeNh B
Bogax Mamora {197}

Onpenenenye HuKena B BOJax BO3MOXHO II0CJHKE €0 KOHKEHTPHPO-
Banusi Hanbosiee CTapblil METOX — BblapuBaHue GOABIINX OGHEMOB
Bomel [201, 366, 1155] Tlocie ynapupauus AajbHelulee KOHUEHTPH-
poBanke M OTAcACHHE HUKES HPOU3BOAAT ¢ HOMOUIBIO PyGeaHOBORO
pOio#l KuCHOTH, coocaxpenns ¢ Mg(OH), [366], FeS [3661, 8 oxcu-
XHHOAMUOM, THOHanuzoM [1155), skcTpakuuel AuMETHAZMOKCHMOM
[366], nusTHApuTHOKapGamaHatom u 8 okcuxmuomumom [102, 148,
183) unu xpomarorpagiuecku [ 4]

Onpegenense BEKeIs 3aKaHIKRBAIOT CrekTpaibHbiM [1155), noxsipo-
rpauueckay 1201] uau cnextpodoroverpuyeckum [366) merozom

CneKTpO(bOTOMeTpH‘{eCKOe OnpeﬂCJTEHHe HHKEe s
B BOjiE
( ) [366)

23 4 ROgH, COIRPIKAUEH HE MeHee | A2 518 MATHHR, HATPEBAIOT KO KHHEHIA H A0=
6asnsor 20 a 10% woro pacreopa NaOH ua xawawit antp Tlocse otctanpanits oca-
ROX ReXawTaunel OTAGHAIOT OT PacTeopa i pacteopmior 8 HC! npn aoGasacwui nec
KoabxAx KpucTanios KBrO; HsGuok 6pova yAadsioT A0GABACHHEM CEPROKHCTOTO
Fiapokcinawiiia BroBb nepeacamaaict Mg(OH): i 0ca10x pactaopsior & HCI K pac-
780Dy A06ABANOT N0 ~2 A4 PACTBOPA CORN Wefesa (I11) na kexcuwe 50 #4 1 APH
Kumsuenny BEOAST 0 KanAny (NH)2S A0 NPeKpAEntis BoNIAALHIR TEPHOTO OCaAKE!

psTposauh ocaios pactsopaior v HCI ¢ zabasneien Gpouro so,
FHA

H36LTOK 6posa yRaRsmOT o pactoopa
pasuna K oxaaxienHowy pactBopy 106asifiOT TapTpaT HaTpus — KaMs MM HAT
ar warpuz 05 2, NHJOH o sanaxa u 3—4

Xanak (% HOro 3TAHOALHOTO PACTBOPA AMMET!ARHOKCHMA [IHOKCHMAT MUK 3K
CTparHpYIOT Tpewst NOPHsVH XA0POGOPNMa N0 1 4z Kaxaas OBbeAINCHHbE SKCTPAK
T npoMbiBaioT pacTeopoy NiisOHi (1 50)
. pasp Kanusmu KOH-
# HCI i w3bmrok  NHeOH,
0 8-—1,0 sz GPOMHGH BOBL 11 npuﬁaa'{mm‘ 23 KafAM PACTBOPA KHMETHIAHOKCHMA
OKpacky pactsopa CpaBMIBAIOT €O CTAHAGPTAM

Onpepeaenue inuKean B Bojge
C HCTONb30BAHHCM KOHUCHTPHPOBAHUA METOAOM
xpomartorpaguu {4]

Cupuwareny_paavoroTs 50 sactis pasepow 0,060 1 it n or\mnm ot e
aesa 1004 ot HCl e 00, 380—390° C
Sarew ofoabatsinait Ho wenee 10 pas 19 st pactaopos NOH § Mposbeaor so-
JOH fo TeX 0D, MOKA BestluMa pH QRALTPATA He CTAHCT ABHOM ~8

KOHIeHTpHPOBANIIE C7610B HHKENR M APYTHX HOHOS NDOM3SORHTCE B KOMUENT-
parope, onucanon Bue {ct CTp 154) TIORNON(EHHbE SAEMEHTE USBIEKAOT H3 COP=
Gerta ik vopman pacroopox 1), hi 3% pecriopos NH:Cl Tpews ue-
THPbMS no 10 sa BHTSKKY y RO ofbeMa 5
10 42 1 TaKuM OGpazoM nonyqam KOHIEHTPAT, B KOTOPOM HHKENb ONpeIen AIOT CHEKT-

podoTOveTpHYCCKn, Kak omncano Ha c1p 11

OnHicabl METOZb ONpefedcius Hiukens B xupax [120, 833, 1249],
1 8 30e [415] u jpyrux obvexrax 1332]

1 Crenyer u3ferats uaGbiTKa OC2HTeN, TAK KaK 9aCTh OC2AKA MOXKET NEpeiiT
B KOJ'TOHAKOE COCTOSIHNE



6 ONPEJEJNEHHE HUKEJIA B BEMECTBAX OCOBOW YMCTOTH
¥ NONYNMPOBOAHUKOBDIX MATEPHAAAX

Haufotee pacnpocTpanenHbiMH METOJaMM ONpejeleHHs HUKeds
B TAKHX BEUIECTBAX SBUJJUCH lpli?}l/ﬂ\'c XHMHYECKHE METOAbl, CPefH KO-
TOPLIX HA NICPROM MECTC CTOAT CREKTPOXHMHYECKHIT, 3aTCM CNeKTpoho-
TOMETPUUECKHIi M AKTHBAUKOHHHI METOIB

Anaaus BeLLeCTs BBLICOKON CTeNeHH YHCTOTHE npeInpaBIsaet ocobbie
TpeGOBAHHS K NpUeMaM aHaIH3a H RpUMenseMbM peaktusaM [889]
Dy ofuine BONPOCH paccMoTpensl B psiae pabor (241, 1039], nostomy
HaM# 6)’[1}"1“ OTMEUAThCs JAMllb OCOBEIHOCTH Onpeieienys HuKedn B
KOHKPETHHIX OGbEeKTaX

Brank ¢ corp [44] npentomma MeTol onpeleteHds CIEAOB HH
Kedst B 9uCTbiX raiorenuiax CYHIHOCTD METOA 32KIIOM2eTCH B KOH-
ueHTPHPDBHHHH HHKETS BKCTpaKuﬂeﬁ ero IuMeTH1IHOKCAMATa XT0pC-
hOPMOM W OTPCIC/ICHHU TOCAS DEIKCTPAKLHA HMETHIAHOKCHMON #
GpomoM B BOHOH cpeie B MpHCYTCTBUN awMiiaka  Onpexedsieblit
Munnuym 1 107%% wukeas (3 mke 13 naBeckn coai 5 2)

Onpegenenne HUKES B 0COGOUHCTHIX CONAX HIENOUHBIX METAJNIOR

25 LIl NFLF CaF\ novemaior B ni1aTnuoBtit THIETh ¢ KpHiiIKOl, NpuGaBasioT
15 w2 HCIOs (v 2 & 1,5) i narpesamt THICTL Ha 37€KTPONTITKE OUHOCTIO 800—
1000 m saKpuiTon acGectow COAEPKNNOE TUT1R NEPHOLINECK! NEDEVEUIBAIOT, 06
XBaTHIRAZ €T0 ¢ BHEWHC CTOPOHS THTEABIENMY munHai Harpesaior 30--40 wwi
noCte HAuaTa BHIACTENNA NAPOR XAOPHOIl KNCTOTIL

CoaepiInioe OCTEIBLIErO THT™S PACTBODAIT B BO1E, NEPLACHT B ALANTEIbIYID
ROPOHKY, HPHGABTAOT KaNTIO GEHOIOROTO KPACHOTO, 5 W1 UTPATHOTO GYQepIOro
pactnopa (20% Wi BOIKMi PACTBOP TPeX3avemlenHOTo wiTpata natpust). | 1
NELOFL (I 5) 1 %7 1% HOPO 5TAN0716HOr0 pactaopa ANNETHIHOKCHNA 1t SKCTPE
THPVIOT ANKeTh ABY A NOPUKTWH XA0podopia no 5 a1 kamaan Obbeankenntii 55
cTpaxT npowpBaior 5 11 NHOH (1 10) Sunitaunesi pacTAOD BCTpRARBGT C 2 41
XA0pOGOPNA  KOTOPLIii APHCORIMHAOT 3KCTPAKTY
3KCTpaKT BeTpaxusanT ¢ HCI (2 noput‘ll 10 5 #.1) K NOIyUeHHOMY COnROKNCIONY
PaCTBODY, FOMEHIEHHOMY B Mepyw k0a6y emkocTsio 23 st: npnbasasior 02 ma
Gpowmioti soast 1 w: NHsOH (va & 091) n 05 sz 1% HOro 5Tanoabrord pacteopa
AMMETHAIHOKCHMA Pa36ABARIOT BOON AC METKH K nepes 13 Mun WavepHioT ORTHHEC
Rylo nroTHocTs Ha ®IK H ¢ CHHEIM CBETOGNABTPOM 8 KIOBETE ¢ TOAUMHOR €10 5 At

Ananoraunbiil CNOCOS NPUMENSETCs A5 ONPEIeALHUS HUKENS B Ka
yeruueckoli coge [184] Ilogroropaennuift aia anaausza NaOH nefitpa-
ansytor HCl u Janee noctynaioT, kKak B npeasiayilem meroge Hys
cTBUTEAbHOCTS onpefeieHns | 1078% unkeas (0,1 mxe u3 Hasecku 10e)

Caezpl HUKEAs ONPEAEAAOT B BHICOKOYHCTOM METALIHUECKOM ce
peBpe CrieKTpaihlbiM METOROM, Ge3 KouienTphposaius 19021 Auna
ausupyemsiii o6pasen pactsopsior 8 HNO, (1 1), pactsop muinapu
BAKOT focyxa, naasst AgNO; 4 pasmenbuennbiii ROPOWOK HUTpaTa ce-
peSpa NOMEWAIOT B XpaTep YrOABHOTO 3JeKTPOAa

B 4hCTOM MeTafMUeCKOM 3010T¢ HHKe/lb ONPEfeiOT CeKTPalbHO
(88, 13021 unu nonsporpaduyeckn [1043] CrexTpasbHo nnxeds on
peneasieTcss 6c3 OBOTAUEHHS C UYBCTBHTeAbHOCTRIO 5 1071%  Hys
CTBHTE/ILHOCT,  NOAAPOTPadHyeckoro  OnpejeNewhst  COCTaBaseT
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> 107° % Takas 4yBCTBHTEABHOCTb AOCTHUFAETCH GAArOKAps KOHUEHT-
prposaiiio OCHOBHYIO MacCy 30;07a N0CHe PacTBOPENHs €ro B CMecH
HNO; u HCl u yaanennss HNO; omseaswor u3 3N HBr sxcrpakunei
u3onponmioseM sPupomM Hukenb nousporpagupyiotT Ha aMMHauHOM
¢orc Mcxoguas saBecka 3omota pasHa 0,5 2

Muoro pa6oT MOCBALIEHO ONPEASTEHHIO HUKENS B METANTHYECKOM
Gepu/uy ¢ ero okucie Hukess ONpeseasior B Gepianiy CiekTPanbHO
Gea xoumentpupopanua (136, 898, 9821 UyBCTBHTENbHOCTL TAKOrO
onpegencuus 107 % Donee BLICOKAS 4YBCTBUTEABHOCTL HONYYAETCs
TPH KCHUEHTPHPOBAHUHU CAEIOBbIX 31€MEHTOB ﬂ"lﬁ 3TOFO OCHOBHOH aule
TaT GepUANHs SKCTPATHPYIOT XAOPOPOPMOM, a OCTABHIMECH PHMECH HA
HeG0sbioM Konkyectse BeQ nepenocsTes Ha yroanHbii snextpoa [136]

¢0TOMe'rpmqecxme METG/ibl ONPEeIe/eHHUst HHKEAS B BBICOKOUMCTOM
GepHAAHY OCHOBAHLI Ha PeakuMsx ¢ okcumami OxuH u3 Meronos {7561
3aKA04YACTCst B KOHUCHTPHPOBAHHK HUKeAR 0yTeM COOCaKACHHA C
Cd Bensorpuazo o, abHefIleM XpoMaTOrpaduueckoM OTACACHHE OT
TIPOHHX SAEMEHTOB H OKOHHATENbHOM ONPEAGIEHHH AHMETHNIAHOKCH
MOY o oKkucauTeaem {AepcyinpaTom aMMOHus) UyBCTBUTRNLHOCTD MC
TCGia COCTaBJAsIET 3 mKz nuxens

Bosee nepcnektuseH METO ¢ & ¢y pusguokcnmox {10481

Onpenesente HUKenRsl B GEPHATHH &-PYPHARHOKCHMOM

1 2 weranaa pactoopaor o HO) gk HSOs (7 s HeSOs naw 21 a 11CT) Pecrs
s0p '0 OBBEMD, NEPOHOCHT & NEPHYIO KOAGY eMKOCTHIO
100 2a s anwnaravio vacrs (2 PICTEOp NONCILAIOT & IETHTCTBNYIO BOPOHKY
evkocTsio 125 12, a06asasior 10 w2 30% HOTO DACTBOpA HHTPATa HATPHS TATH KA
nea eiondraTetiia i aecnts rancaw NHOH atew acoasior 20% i pactsop
NaOH 10 nossaenus pososoi okpackn Ilocie 570r0 106aBTsiof 3 M2 1% Horo
Roauaro paceopa 3 dypuainokciia i SKctparupyior 10 - xaopodopse | Jun
3 ete pas O SKCTPaKTH 016y
EUKOCTBIO 25 A4, ACBOART 10 METKi STAHOAOM 1f HIMEDSIOT ONTHIECKYIO RaTHOCTe W
CiexTpodoTONeTpe nipit 435 AMK B KIOBeTe C TOAMIHOA €108 5 it UyBCTBHTENbHCCTD
Metoxa 1 1074 %

Huxenr onpeseasior B Gepuainn TakKe METOIOM HERTPOHION 2K~
Tusauuy Metog Herunoit n 3amatunoit [224] ocuosan na HCHoab30
Banul si1epHOi peaxuuu Ni® (n, y) Ni%> M3 obweli Maccst H30TOROB, 1O
AyuennsiX nOCHe 06ayuenss OCDasia H 3TAIOHE, HHKEAb BBUIEJAAOT
cHauasa SKCTPaKLKe# AHSTHAAMTHOKAPOAMHHATA XJOPOPOPMOM, 34
TEM — AUMETWLIMOKCHUMATAa H OHPefe sioT ero KOANYECTBO N0 aKkTud
HOCTH oca;\ha }IHOKCHMBTB H2 TOPUOGBOM CUeTYHKE quCTBHTG’]bHOCTb
meroga 5 107% Teoperuueckas uyscrBhTeasHOCTH 6 1077% ue Jo-
CTHTAETCS BCAGACTBHE GOABUIHX LOTCPh B ONCPAUUAX BLACNCHHA DPa-
JAMOXHMUNECKH 4HCTOO HHKEAS DTOT MeTOX TpeGyeT KOHTPOJAs PajHO-
XHMHYECKOH THCTOTH H30TONa

Tpyroi merog [888] gaer uyscruTebHOCT 5 107%% Hukeas npu
auanuse 1 2 o6pasua Ou GuicTp, TaK Kax nocae 0bayyeHus obpasen Ge

PHAAUS aHANTM3MPYETCA Ha Y cnexTporpade Hukeas onpefeasior o
Cos®
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B Maruu# BHCOKON UHCTOTHl HHUKEIb ORPEAEINIOT CNEKTPANBHO
190] (6e3 KOHUEHTPUPOBAHKA) C 30/10TOM B KAUECTBE BHYTPEHHErO CTaH-
JapTa UyBCTBHTENBHOCTS METORa cocraBaser 1073%

B consx Maraua ¥ Kaabliis, B YACTHOCTH B XJIODHAAX, HHKENb On-
peaeasior GoroMerpuyecky KOHUEHTPHPOBAHHE U OTAE/NEHHE NPOBOAST
SKCTpaKIHe# RUMETU/IRHOKCHMATA XAOPOGOPMOM, H TOCIE PLIKCTPAK-
HHE B BONHOH ¢ase ONPEIENAIT HHKEAb FUMETH/FJAHOKCHMOM B
IPHCYTCTBHH HOKa Kak oxucautens Hyscreutenshocts 1-1075% [371]

B uutKe BHICOKON UYHCTOTH HUKE/b ONPEACASIOT CHEKTPANbHEIM Me-
TONOM C APeABAPHTENbHOH OTTOHKON uuHka npu 500° C Ipumecu uu-
Kellsl ¥ PAfia HeJeTY4HX 3/MeMEHTOB OCTAIOTCS H CHEKTPOrpadupyloTcs
UysctaHTeabHOCTE MeTofla 1078 —1079% [373] Ilpumecs muxeas B
cy.ibhue HHHKa (FOMHAOGOP) Onpeneasior TakKe crekTpanbc {140]

Huxenb OnpeeasioT B BLICOKOYHCTOM KaAMHH H €10 COBLHEEHMSX
€nekTPOPOTOMETPHUECCKH ¢ HCR JHMETHIT Ma ¥ nep-
cyavara ammonua [206] KonuenTpupoBaime HHKeA HPOBOLAT 9K-
cTpakiuel AWMeTHNAHOKCHMAaTa XxmopodopMom Xaopodopmublii pa-
CTBOp 3aTeM YNapHBAIOT Ha BOASHOH Gane B NPOGHPKe NOX CIOEM COMiS-
1107 KHCAOTHI, OCTATOK HEHTDAMHIYIOT AMMHAKOM U IIPOBOIAT (JOTOMET-
PUHECKYIO peakiiiio KaMepernie BeAyT O MCTOAY €TAIAAPTHON IKA/Ib
UyreTBHTebHOCTE MeTONa 2 1075% (u3 nasecku 10 )

AHanOTHYHO OTPERSNSIOT HUKEAb B XJIOPHNAX KaiMH® K IMHKA
1371] ¢ 7ol pasuuuell, yTO B KauCCTBE OKMCAMTE/S NPHMEHSIOT HOX

Huxenn B cynoune U ceaenuie KamMusi ONPEXEARIOT IPH [OMOHLE
PAN {241] UYyncrsutenviocts Metoda 4 107°% (k3 naseckn 5 2)

Onpepenenne Hukens B CONAX KagmMug ¢ uCHOnb3osanuen PAN

52Cds B CTaKase 100 n2 825 42 HCL (1 1)
Tlocne moanoro pacTeop nox NaMRoH# RO~
C€YXa K CYXOR OCTaTOX PaCTROPSOT B 20—25 41 BORs, HOAKHCIKAOH 2—3 KamAMK
HCI OH0BpemeNO BeRyT aHANOTURHbE ONlepalms C XOROCTON npobodt TTonyuennik
DPACTROP MEPEHOCHT B ACAMTEAbHYI0 BOPOHKY, npu6asnsmiot 10 #a 2N pactsopa aite-
Teva watps, 2 wanay Gponspesonosoro cuero it NHIOH 5o ronytioi oxpacist pe-
craopa Broxst 1 4 1% 0 pacTEopa wsepes 15 wnk
SKCTParupyT uu e st ABYMA no 5 #2 Xaopo-
GopuHke pacﬂscpu CAMBAIOT B JAEJUTENBHYIO DOPOHKY ¥ ABAK[B PEIKCTPATHPYIOT
HuK&l’zb 5ma HCI

5—10 s ancvata watpns, 2 Kammi
Cponkperonomor caners, NEOH 20 ronyGoit oxpacin pacraoa w 3 st 0,005%
HOFO 5TaHOALHOTO pacTsopa PAN Uepes 10 Mt COCAMNGHI MKENs SKCTPAFHDYIOT
3 42 iopogopua DCTPaKT unb1pyior epes 6yvancuik st o ropery AIHFOT
Tewn 3K M

pow No 5 OTHOCHTONIHO patracpa KOTGRTOR MpIGH

Onpenenenue Hukeas B CACO; no peakuyuu C rentoxcmom®

Toote pactsopesus | 2 npoSit o 1,5 sia 23% wolk HCI pH pactsopa A0RoasT 10
VHHBEPCANLHOR WHRMKZTOPHOR GyMATe A0 4 H PACTBOP MCPEROCAT b ACRHTENBUYIO 0=

* Mero3 paspaGoran astopav
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ponky ewkoetsio 50 #2 kyaa £oGasituor 1 sz 0,03% Horo Bognoro pacracpa rent-
Oxcitva Cuets SKCTPATHPYIOT 5 .1 XA0pOGOPNa 15 Wikt XAOPOGOpNHEHI SKCTPAKT
RpotBaioT 5—6 sz | N NaOH & Teyenie 10 Mus , 3aTe¥ NONEWIEIOT B Te{MIOHOBYIO
wovery nanyoli 10 c#  ONIANECKYIO NAOTHOCT HIMGPRMOT Ha CHEKTPOGOTOMETDE
Cd 4 npn 375 anc

AHalOriYHO NPOBOAAT XOJM0CTOW oubiT 8 OTcyTeTBHe CdCO,
Ka1ubpopounsiii rpadmk CTPORT 1O UHCTOH CONH HUKEST B cpeac GocdaT-
oro Gyepuoro pactsopa (pH 5,9) 2411, nocrynas, kak onucano Baiile

Onucan CAeKTPaIbHbil METOX OPeAenel st HUKCIA B KAAMHH H €r0
coequnelinsnx [379), Ge3 KOHUEHTPUPOBANMA HUKCIA YRCTBHTEIb-
HocTs Meroda 1 1074%

B ranuk 4 ero COCAMHCHHUAX HHKETb ONPEREASIOT CIEKTPOrpadH
HeCKHM M criekTpooToMeTphueckuM  Metolamu  Tadauil ycuansaer
HHTEHCHBIOCTb JHHUI Npuveceli, H NOTOMY YyBCTBHTENBHOCTb METOAA
MOXeT cocTananTh 5 10 %% (2301 Konuentpupys npumecu 3Kctpax
wireit rasaus spuport n3 68 HCI, woxuo onpeicants creKTpaibio
2 10 %% nunxeasn (u3 nascckn 12) [1016] B apcenunne raaans

B uHCTOM WHIMM HHKEIbL ONPEIEIMOT CNEKTPAIbHO KAaK HCNOCpey
crBenno (syscrsuTenshocts 1077% npu anaamse | 2 obpasua) 17761,
TaK H 10cIe KOHUENTPHPOBAHHA UPHMECel nyTeM OTACNEHHS HHAUN
aKcTpaKumel 3pUpoM u3 OPOMHCTOBOAOPOIHOH Kucnorel UyscTsu
TeTbHOCTh ONpejereHis B sToM caydae 3 107°% 15251

B karoiiom rpaduTe HEKe/b MOKCT GHTb ONpeieles CHEKTPATbIO
¢ qyBCTBHTEALHOCTHIO § 1074% 11250]

B nosynporoiHHKOBOM KDeMHHH H DPSIe MPOMEXYTOUHBIX NPOAYK
70B erc noayyenns (Si0,, SiCl,) nukeab B GOABIHNCTRE CAYYAEH OTIpe-
QeTSIOT CNEKTPAdbHLIM METOZOM KaK §e3 KOHUCHTPHPOBaHHA (4yB-
creuteabocTb 3 1072%) 112411, Ttak u nocae ynatenus Kpemuus B
Bue JeTyuuX ¢ropucthix coeanuenuit (2091 UyncramTeabHocTs Me
Tola B sTHX caydaax 10 7% wumkean (114, 115), 107 —107% [212],
10 °—10 % 601

Paanoaxtusannonnslii Meto onpefetenus 10 *% nukeas B kpeM
HUIl #PEIYCMATPHBAET PAa3ICicHHE H30TOUOB HPUMECTH XPoMATOr pag-
et Ha Gymarce [1019] Huxeap B xpemiiud Onpefjeasior noasporpadu-
uecku [1042] ¢ uyBersureabnoctsio 1079% na gone ammuaka Boabiuyio
4acth KPEMHHS YAAIRIOT BpinapuBasier C TOPHCTOBOIOPOAHON KHC-
10T0R

Onpegenenve nukeas B Si0; u SiHCL, ¢ a-hypuagaoxcumonm®

5 2 Si0; 1 10 2 SIHCI, nowewmaioT b Ted1on0BbpIe wawkH i opabatmsaor HaFy
(20 25 #4) ¢ neckoaERING Kanaswm 1150s 3aTew pactBop BHNAPHBAIOT A0 0OEeNA
GaAOR KNIt 12 BO3RYkOH Gane npu 80° C, IOCTE HEFO OCTATOK pacTBOpPSIOT & 10 w2
99% 10jl BHUHON KUCAOTs! N pacTBOp HEliTPaaayIoT B wawke 4V NaOH zo pIl 95
no atopuoli Gyware Iloay i PACTROp KOARYECTRIIAC 8 xean
TesbHYI0 BOPONY eNKOCTLO 50 A4, ConacKRzs wawky 510 e boNs atews 20
Sasanion 5 14 0.2 HOTO PACTIOPa S-yDi1anoNCiA 1 OSTaS o eroxt 5 i
Tlocie 57076 FKCTparupy 1o NHKENT X

25 #a Tiepen s10p0i SKTpaNnel Ro0anamior ee 5 A2 0.2% worg pacropa

* Meroa paspaGoran astopavit
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obseqnnniorT 1 npowwsaor NHeOIT

@ gy
(i 10)

Tloayuenirie Takiny OGPA3ON PaCTROPL CAHBAIOT B WePHHIE IPAGHDH 1t 10BOIAT
06ben 46 5 #.2 X10POGOPMOM PaCcTBOp CDABHEHHA COIEPIKHT BCe PEATeHTL!

Kann6posounsift rpadHK CTPOT 110 SHCTON COAW RAKEAR 'y BOTBHTETBHOCTS vie-
Toga a0 #1077 % swkens

B MeTatIHYeCcKOM TepMaNuK ¥ ABYOKICH FePMaHHA HHKedh OFpele-
RSOT CNEKTPATHHO N0C/IE OTTOHKH YETHPEXXAOPUCTOro repmannsi [502]
Hpn HCTNGAB30OBAHUHM YTOAbHOIC MNOPOiihA haK OCHIOBBR YYBCTBHUTE Th-
nocth cocraaser 1 1074%, a 8 npucyrerenn jo6asku NaCl — 3 10759
161] Tlpu metoae npsamoro anaauza GeO B 1yre Ge3 KOHUEHTPHPORAHIS
YYBCTBHTOABHOCTL paBha 5 107°%, ¢ kommentpuposanueM 4 1079,
a npH MCHOJb30Banuu MCKps {aHaaus pacteopa (Ge) ona cocraBasiet
5 107%% [134]

Tipeniomeii MeTON OCHHAOTPadHUeckoll nOisporpadiin 4TS onpe-
Jedenns B repyanui n 107°% wukedas Hapsgy C ADYTEMI DCPEXOAHbI-
M veraraami {79]

1 2 veranna, nposwTOro ¢ nosepxuocth HNOp (1 | 5] pacTipaior s ararosoit
eryne u pacteopsior & 30 a1 cxech HNO, i HCL B xBapuenoii k016, CiadeHHoit 1e
GENATOPOM # XOMORMABHHKON 1 Kaneabkofl boponkofl i orrouin GeCls & Koa
6y BHocnT 20—30 a4 HCI Otronky NpoRIsORAT A0 o6sewa 1— 0,5 a2 OCTaToK nepe
HOCHT B KBapueByIo uawiKy eMKOCTbio 30 Az, Cno1ackuBas KoAGy sORON 3atew pa
cTBOp b uaixe wefiTpanusyoT 1o pHl 6—7 NHeOH upurotopaensens naceutiensen
TpiAKCTRAINTa 110CIe HEHTPAnRIAUAM DACTBOP BHN2PHBAIOT 4—5 pas ¢ soRoil A0
CyXa 12 RORANOH Gaiic i OCTATOR pasbaNAAOT 3 41 BOXE NEPCHOCAT RO BTOPYIO TPA
AYNPORAHIYIO Ha 0,5 44 4AUICIKY, YAPABAIOT BiORb A0 ~0,3 #a a0Gamasior 0,1 1z
01 N KSCN ¥ KQTHUeCTBENHO REpeIOCAT PacTBOp KRAPHEBOH MMICTKOI B KBApie-
suiit TouHo Tpazy #ua 05 H1, B KOTOPOM HAXORMTCR Ncpe
FizARan PTYTE CTCHKH HaWenkh CONACKABAOT i AOBORRT ofse A0 0,5 11

Tocite 57070 3---5 nHit 4epe3 PaCTEOD NPORYCKAIOT BOIOPOA H NOABEPTAIOT HEKT
POAN3Y, yBeluuMBas NOCTENERNO AMIINTYAHOE JnAueHMe MIOOGPAIHOTO HAUPAKE
wnz 10 ,8 ¢ T10106paB nymuyio HACTOTY FeHEparopa passepTxii, NPOHIROAAT GO
KyciponKy 97 o nyua ans nomy ueTiux ocunanorpad s01H
12 sxkpane KOHUEHTPaUMIO HHKEAR HAXOART METOIOM A0GaBOK

Criek TpOhOTOMETPHYCCKHI  METO] ORPERCIEHHs NPHMECH HHKeas
B TepMaHu# M ero retpaxiopuse Op1 paspaGotau astopami  Metoa
3aKmoyaeTcs B oTrokke repMauus B Buge GeCl,, pacTBopenmu mcex
OCTaBIIMXCH TNPHMCCell B BHUHHONH KHCJIOTE H IKCTPAKUHE XJ0podop
MOM (Zq)yphﬂ;l!d()l\'CHMaTa HUKEAS, KaK NpH dHali3e ABYOKHCH Kpem-
nua UyncTsutenvhocts metofa 2 1077% uukeas

HMCCH HHKEAST B OCOGOYHCTOM ©/10BE ONpele1fior CekTpaibHo

376, 377, 11561 Q.1080 OTFOHAKT B ToKe X10pa YYRCTBHTETBHOCTD
veroza 5 107¢% (3761

CrexTpadbHbii METOL ONpejeieHHs HHKeas i APYTHX IEMCHTOB
B CBHHUC OCOGON wieToTL! npepioxu1 KapaGaw ¢ cotp 11331 Tpu
RPAMOM CNIEKTPATHHOM ONpeReIeHAN HHKEAS 4yBCTBHTENLHOCTD METONa
pasua 1 1073%, ¢ wucnodbiosanmem KOHUeUTpupoBanis — 3 1073%
KO{‘!’ICHTPHPOBSHHE NPHUMECH JOCTHTaeTea OTHeJeHHEM CBHHUA B BUje
cyasara [lpsvec, KornenTPHPOBaHHLIC Ha OCTATKeE CYAb(aTa Chiiiua,
NI01BEPIAIOTCH CHOKTPAABHOMY HATHIY
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Apropamn nacrosmedf xuury Gbil paspaGoran cnekTpohoTOMeT-
PHUECK R METOT OUPERSTEHHS HUKER B CBUHHE [OCNE YIANCHHS GIb-
miefl ero uacTH B BRie cy:xb¢>a-ra Hagecka caunua 0,5 2, uyBcranTesn-
HocTh MeToaa 4 10739

Huxeas B THTaHE u €80 IBYOKUCH ONPEACTAIOT CHEKTDPARBHLIM Me
rogom TIpsinoit MeTOX uveer uyscrsuTensuocTs 10 %95 npn ananuse
asyoxucH Tutana [1191, 3 10™ — npu anaguse MeTala HOCHE TepeBe-
Jenusi ero B ARYOKHCH # ¢ 1oGaskoit AgCl [135) Konueutpnpys ceab:
57eMeNTOB (THTAH YAAJAIOT XJOPHPOBAHHEM), NOBBIAIOT 4YBCTBUTENb-
noets 40 2 107% [135]

CreKTPOPOTOMETPHUCCKHI MCTOZ ONpPeaeficHHs HHUKeld B THTaHe,
npe1lyCMaTPHBAIIKE SKCTPAKIMIG UHKETR B BHIE JMMETHIHOKCHMa
Ta ¥ N0CAEAYIONIee ONPEAICIIUE er0 THMETHIANOKCHMOM B IPHCYTCTBHH
6porHoi Boxul, NpeatoxuTH Hasapenxo u cotp 12211 UyscTeuTtens
nocte Metoga 2 107%% (u3 masecky 1 2)

Aptopsi paspaoTasy Gonee RPOCTON BaPHAHT CHEKTPOPOTOMETPH-
YECKOTO OnpeAC/Ienks HHKEAsS B THTAHE, OCHOBAHHbIA HA HENOCPEACTBEH-
HOM H3MEPCHHH ONTHUCCKON INIOTHOCTH X.JCPOJOPMHOFO SKCTPaKTa AH-
MeTHIIHOKCHMATa HEKeas npH 262 mux Tpu nasecke ofpasua B 0,5 2
4YBCTBUTEBHOCTb MeTOAa pasua | 10 %

B MeTansHuccKOM HHPKOHMH HUKCIb OUPCAEANIOT NPAMBIM CEKT-
panbhbiv Merogom (69, 108] UyscrsutenbhocTs Hesennka — 1072%
(59] Anasoruuno mukeds onpeeasioT ¥ B raguun [108, 109] ¢ gys-
creurenphocTbio 3 107%%  Ilpepaomen nossporpaduueckuii MeTox
ONpeAe’eHUs B UMPKOHHH HUKEIR HapARY C APYTHMK 3EMEHTAMH RO
Cfle KOHILEHTPHPOBAHMA HHITHIAMTHOKapOamunatoM [1215]

B pByokdcH TopHS HHKETb TAKMKE ONPEAEANIOT NPAMBIM CIEKTPalb
HbiM MeTono [992] B MeTaniuueckoM MulilibAKe HHKEb MONET ObTh
ONPEACNCH CUICKTPATbHLIM MeTOOM, nocne otronku AsCl, [939]

B Meraauueckoii cyppme HuKelb ONpefeisioT CREKTPAIbHO ¢ YyB-
creuTeabHOCTbi0 6 1071% [3681, merozom reilTponHOl  akTHBaHKH
[178] — ¢ uyscuTenbHocTsio  1078%

lpu onpeaenenuy nuxens 8 ShyO; no Meroay, paspaGoransomy aB-
TOPAMH, OTFOHSIIOT cypamy B Bize SLBI;, NofysaioT coegutenye HUKeAs
¢ o QypuaIHoKeHMOM (YYRCTBHTEAsHOCTs MeTofa 1074 %) nan sakan
SHBAIOT €FO ONpEieTeHHe KHHETHUCCKHM METOXOM (4yBCTBHTEABHOCTH
1107 %}

CﬂeKTpaﬂbHMM METOAOM ONPeatIstiOT HHKEAb B MeTAAIHYECKOM BHC
myre (168, 6761 Meton npsMOro, 6e3 KOHLUEHTPHPOBAHS, ONPERele-
HES UMEET uYBCTBHTEqbHOCTD 1 107%%  Tlocie KOHUEHTPUPOBAHHS
npHMeced OCAMACHHEM BHCMYTa B BHAC HOAHAA UYBCTBHTSIbHOCTS O
pesedenis yseanunsaercs 10 5 107°% 1166)

Tipeasoxell cnekTpa/bHblil METOT aHani3a YUCTOTO BAHARUA HA HH-
Kesb H Apyrue npumecd [536] B meradanueckux Ttantane ¥ HHOGHH
HHKeJIb ONpPeietsioT cnekTpodotoMerpiuecky [1032] Tlocac pacteope-
uud 0,5 ¢ obpasua H,F, n HNO,8 pacteope ycranapausaior pH 6,0
H HEKeb KCTPATHPYIOT B BHIE AUMETILIIHOKCHMAT2 XAOPOPGOPMOM H3
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amMMuauHO TapTpaTHO-GopHo# cpeast Huienb ompepeasior nenocpen-
CTBEHHBIM H3MEPEHHEM ONTHYECKOH NIOTHOCTH 3KCTPaKTa NipH 378 Mux
YypcTeHTeanHOCTS MeToga 5 1074%

B cepe 0COOOH WHCTOTH HHKETh ONPEJEIOT NPAMBIM CHEKTPallb-
HBIM METOZOM € 4YBCTBHTCAbHOCTHIO 107° % [286]

B aMeMeHTHOM CeseHe HHKenb Ompeensior cnektpaasuo [75],
CeKTPODOTOMETPHUECKH NIOCHE OTAC/IEHHS SKCTPAKUMeH AHOTH/IAHTHO
xapGamata wiu xpomatorpaduuecky [303] (uysersurennuocts 1073%),
nuG0 aKTHBallHOHHBIM Metogom [1278] (uyBcrBureasnocts 5 1078 %)

B BHICOKOYHCTOM XpOMe HUKCIL ONPEAEASIOT CHEKTPAALHO MOCTe
OTFOHKH X/IODOKHCH XpOMa (dyBCTBHTEALHOCTh METO3a pasua 5 107°%
[747)) nam e cnexTPOGOTOMETPUULCKH NOCIE SKCTPAKLUY H3 CAalO-

OTO PACTBOPa JAHMETHJLHOK! Ta THIKES TyTeM U3MEepeHHS
ORTHHECKOH IIOTHOCTH PAcTBODA COCHMHEHWS HHIKEAH € AWMOTHAMI-
OKCHMOM B DPHCYTCTBHM OkuCautesel [324] UyscTBHTENBHOCTD DOC
nefHero Meroga pasua 107%%

B L7 K ux X HHKeTb ONpeaeIsior
FNABHBIM 00Pa3oM CheKTpaibHbMEA Merozamu [11, 87, 211, 330, 382]
CrexTpaibHoe ONPejeieHHE HHKeJs B MOIMGAEle NPOBOJHTCA C YYB
cTBHTEAbHOCTEIO 5 1078 % [11], 8 MeTan tuueckoM Roabdpame 6e3 o6o
ramenys — 3 1077 %—3 107* % [87, 2i1) Boasbuiyio yacts BOasdpa
M2 YAaTAIT XJAOpHPOBARHKeM, TOTAAa YYBCTBHTEBHOCTH fICBLILIACTCA
B 4 pasa [211] Mcroasays cnenuansHsili METOL HCHAPEHNsi, MOKHO
HOCTHTHYTb dyscTBuTeabnocTH 5 107 % 1336)

CrexTpodOTOMETPUUECKHI METOA ONPCABJEHHN HHMKeTs B MOIHG
Jene H Boawppame [1031] ananornyen yKasauHoMy Bblille A5 TaHTATA
# HpoGHs YyscTRHTEALHOCTS ero 3 1074 % (u3 Hasecku 00bekTa 0,5 2)

Cacnpl HUKenst # HEKOTODBIX APYTHX 3/EMENTOB B ypawe onpele
ASIOT noasporpaduyeckH na Qole aMMHAUHO TapTpaTHOro Gydephoro
pactsopa [783] unu nupuauxa [1099] B nepsom cayuae caenst siemes-
TOB KOHLEHTPHPYIOT SKCTPAKUMel Ypana H3 a30THOKHCAONO pactsopa
Tpubyruadocparon (syscrBrtensnocts 0,1—0,01 mxeins) Bo BropoyM—
SKCTPATHPYIOT AMTH30HOM CAMH FIPHMECH, B TOM 4HCAE M HUKENb

TIpH CNexTPOHOTOMCTPHUECKOM OHPEASJEHHY HUKEIS B ypaHe nph
MCCH [IePEXORHLIX METAN0B OTAGASIOT DKCTPAKUHei BEICOKOMONEKY
ASAPHBIMHK (606} Tlog, Pa3NUUHYIO KHCTOTHOCT
PacTBopa, HHKENb MOXKHO OTASIHTL H3bupaTensto Onpejesenne 3aKad
4UBAIOT lcroab3oBanueM PAN

B PAAe NAATHHOBBIX METAAN0B HHKEIb O pEEsioT LNexTpanbllo
187, 1811 Uyscrsuteasnocts 1072 % [181]

TIpy onpefeaeHRy CACA0B HUKEIR B BHICOKOUHCTOMR BOJiE €O KOHUCHT
DHPYIOT SKCTpakiHcedl B Bae RHITUARMTHOKapGaMuHaTa ¥ ORDENEAIOT
CheKTpa1bHbM MeToAoM 130, 144] ¢ uyscTBUTEBIOCTRIO 2 1077 % [30]
Hast o P HHKEASA B XOpouiie pe3yAbTaThl
Aget npavoit meron 12751, AOCTHI‘aIOLLU/IH ‘{yBCTBhTE’IbHOCTH 1077 %

CnexTpaibusiii Meton ana 1132 BHCOKOUHCTBIX KHCAOT (FTOPHCTOBO0

PORHO#, COANHOMH, azomon) n0380751€T ONPEASAATH HUKEIh C YYBCTBH-
PelbHOCTRIO 107 % {60]




APHAOXEHHE

ONPEJEJIEHHE NPUMECEA B HUKEJAE
Y ETO COEAWHEHHAX

Ananusy BHKENS HA TIPHYECH MOCBAIIEHO GOTBIIGE KORWYECTSO PaGOT H 0630POB
[33] 377, 411, 793, 895, 998 1212]
eab B HEKene § €ro o roche npe -

HOTO BHAENEHHS B BH/lE CYALPHAA |4 18 779] [lns onpeniencHns HeONRLUIMX KOARIECTS
MEA RPHMEHSIOT BOTOMETPHYECKHE METOAM ¢ HCTIOAL3OBakMeM avMmpaxa [30t], cwe-
ci GpowHcToBoLopoRHolt 1 docdoproit xucnor [419], muTwsona (849, 1207], arsmaa-
RuTHOXapGaMHHATA B Dy TCTB KoMTAECORa 1il (566, 1044, 1133], xanmuions-
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28 2 cu pil~4 41 pH~2 46
50 6 cn KoBaeTa wisKeast
77 2t on ARMETHARHORCHMOM 2 BengitLIHORCHNON
78 2l ¢a 20 e 0 1
105 12 en ¢ a Gewsi wox
122 | Taba 47 950 550
122 19 cx nefiTpanayer nedtpannayior

AHATHTHYECKER XNWHA KHKE S
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