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(57) M szo0perenue oTHOCHTCS K CHOCOOY THOCYIb(ATHOTO BbILIENAYMBAHAS MaTepHana, COACPIKALIETo
JParoleHHbId MeTall, W W3BJCYEHHs JParolleHHOro Merayuia u3 00OralieHHOro pacTBopa
BBIILENIAYUBAHUSA C HCIIONB30BAaHHEM CMOJIBI B KadecTBE OSKCTPArupyloILero areHTa. JparoueHHbIH
METaUl MIOUPYIOT W3 3arpy)KeHHOW CMOJBI C  OIMOHAJIBGHBIM HCIOJIb30BAaHHEM OJIOCHTA,
COZIEpKAIlero TPUTHUOHAT. Pa3muuHble YCOBEpIIEHCTBOBAHMS CIIOCO0a BKIIOYAIOT TOJICPIKAHUE
THOCYJIB(}aTCOAEPIKALIETO BIIIEIAYNBAOIIETO PACTBOPA, I10 CYIIECTBY, CBOOOIHBIM OT THOJIOB H aMHHOB,
ToAi/Iep kaHue KOHICHTPAIMHK CylTb(uaa B THOCYIb()AaTHOM BBINIEIaYNBAIONIEM pacTBOpe He Oolee ueM
oxoso 100 My, HanpaBnenue 06e3MeTaIeHHOl CMOJIBI Ha TIOBTOPHOE MCTIONb30BaHUE 6e3 eé KOHTaKTa
¢ cynbhuaom, OucynsGuAOM M HONMUCYTb(OUIOM, W/HIN HOAAepKAHWE KOHICHTPAIlMK TETPAaTHOHATOB,
TPUTHOHATOB, aHUOHOB CEPa-KHCIOPOA W/WIM HX codeTaHWH B mpenenax okono 50% oOT ypoBHS
KOHICHTpAIHUKU OAHOI'0 UJINW HCCKOJIbKUX U3 TETPATUOHATOB, TPUTHUOHATOB, CEPA-KUCIOPOJHBIX aHUOHOB,
HX COYETAaHHH B COIEprKallleM APAroLeHHBIH MeTal pacTBOpe 0 KOHTAKTa C MIOBTOPHO HCIOIb3yeMOit
00e3MeTaUIEeHHOW CMOJIOH.
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CIIOCOBb U3BJIEYEHHUSA APATOINEHHBIX METAJIJIOB U3 PACTBOPOB
THOCYJIb®ATHOT' O BBIIINEJJAYNBAHUA

OBJIACTDb TEXHHUKH
Hacrosiee nso0peTeHne B 1IeI0M OTHOCUTCS K U3BJIEYEHUIO METAJUIOB MTOCPEACTBOM
TUIPOMETAJUTY PTUYECKOrO MPOLIECCa, W, B YACTHOCTH, K U3BJIEYEHUIO METAJIJIOB IIOCPEACTBOM

IPOLIECCOB, COAEPIKAINNX CTAIUN HOHOOOMEHHOH afcCOpOLIMHU U 3JIFOUPOBAHHUSIL.

YPOBEHDb TEXHUKH

OOBIUHO 30JI0TO U3BJIEKAIOT U3 Py C HCIIOJIB30BAaHUEM H3BECTHOT'O MPOLIECcCa
BbIIIl€JIAUMBAaHUs LUAaHUPOBaHUEM. B 53TOM mporecce 3010To pearupyer ¢ HMaHuAOM U
KHUCJIOPOJIOM MO CIEAYIOIIEH PEaKLUN:

4Aut+02+8CN +2H20—4Au(CN)2 +40H (1)

3areM, Kak MPaBUIIO, 30JI0TO U3BJIEKAIOT U3 PACTBOPA C UCIIOIb30BAHUEM
aKTMBHUPOBAHHOTO YIJIs B KauecTse ancopOenTa. [{ins ancopOuum HaHNCTOrO KOMILIEKCA
30JI0Ta MOXKET TaK)Ke UCIIOIb30BAThCS HOHOOOMEHHAs CMOJIA, TIOCIIE YerO OCYIEeCTBIISIOT
AIIOMPOBAHUE KUCIIBIM PACTBOPOM THOMOYEBHHBI. THOCYIb(ATHOE BBIIIETAYUBAHHE SIBJISIETCS
BO3MO>KHOM 3KOJIOTMUECKH NMPUEMIIEMON aJIbTEPHATUBOMN LIMAHUPOBAHUIO, U B 3TOM IIPOLIECCE
30JI0TO BBILIENAYMBAETCS B BUIE THOCYJIb(HATHOrO KOMILIeKca 3010Ta. OIHAKO, STOT
KOMILJIEKC TIOXO aICOPONPYETCsl aKTUBUPOBAHHBIM YIJIEM, H TIO3TOMY MPEANOYTUTEIbHBIMU
MOTyT ObITh AaHHOHOOOMEHHBIE CMOJIBI. JIpyrue MeTaIbl, TAKUE KaK MeIlb U PTYTh, TAKXKE
ancoOpOMPYIOTCS HA CMOJTBI OJHOBPEMEHHO C 30JIOTOM.

BbU10 MOKa3aHO, YTO MPOLECC THOCYJIL(PATHOTO BBILIETAUNBAHUS SBIISIETCS TEXHUIECKU
OCYIIECTBUMBIM JUTA psizia Pyl pasnuuHbIx BUnoB. Hanpumep, Berezowsky et al., mareHT
CIIIA Ne 4,070,182, packpbIBaeT MpoLiecC BbILEIauNBaHUA 30J10Ta U3 MeIbCOAEPIKALLEro
CyJBb(QUIHOrO MaTepHuala ¢ UCTIONIb30BaHUEM THOCYIb(haTa ammonus. Kerley Jr., mareHThI
CIITA NeNe 4,269,622 u 4,369,001, packpbiBaeT UCIOIb30BAHNE PACTBOPOB JJIs
BBILIEIAYUBAHUS THOCYJIb()ATOM aMMOHHUS, COEPIKAIINX MEb, JJIS BBILIEIAUNBAHUS 30J10Ta U
cepeOpa u3 pyn, conepkamux mapranenl. Perez et al., marent CIIIA Ne 4,654,078 packpbIBarOT
BBILIEIAYMBAHUE 30J10Ta U cepedpa C MOMOIIBIO BIIIENAYNBATENS, COAEPKALETO MEb U
THOCYJIb(AT AMMOHHMS, AJIs1 TIOJTyYEHHsI MPOAYKTUBHOTO PACTBOPA BBIIIETAUYNBAHMS, U3
KOTOPOTO 30JI0TO U cepedpo U3BIEKAIOTCS My TEM OCKISHHUS MEIH U3 pacTBopa. B aTux
nporieccax THOCYJIb(paT AMMOHUS SIBJISIETCS PENNIOYTHTEIBHBIM BBIIIETAYHBATEIIEM, YTO

MMPUBOAUT K O6pa30BaHI/II-O XBOCTOB, COACPKaIINUX aMMHAK/MOHBI AMMOHUSI. DTO BBI3BIBAET



032004€HHOCTb € KOJIOTHYECKON TOUYKH 3peHusi. [103TOMy MpennouTUTENbHBIM SIBJISETCS
NPOIIECC BBILIENAYUBAHUS C UCTIOIB30BAHUEM HECOEPIKAIUX AMMOHHS HCTOUHHKOB
THOCYJIb(aTa, BKIIFOYAst THOCYJIb(GAT HATPUS U THOCYJIb(AT KaibLUs.

ITocne BBIIIETAYNBAHUS 30JI0TO MOXKET OBITh 3arpy’K€HO Ha CMOJY 3 ITyJIbITBI WIIH
pacTBOpa, a 3aTeM 30JI0TO U3BJIEKAETCS U3 CMOJIBI IOCPEICTBOM 3ITFOMPOBAHUS HITH
necopOnuu. 30510TO MOKET OBbITh AJIFOMPOBAHO U3 CMOJ C IOMOIIBIO SJIFOEHTOB, TAKUX KaK
THUOLIMAHAT, IOJIMTUOHAT WJIU 3JIFOEHTHI HA OCHOBE HUTPaToB. OHAKO AJIs IpoLiecca
3MIOMPOBaHNUS TPEOYIOTCSI OTHOCUTEIBHO KOHILIEHTPUPOBAaHHbIE pacTBOphl. Hanpumep, B
IpoIecce HUTPATHOTO AJIIOUPOBAHUS MIPENNOYTHTEIBHBIM sIBIsieTCs 2 M HUTpAaT aMMOHHUS,
kak packpeiTo B 3asgBke PCT Ne WO 01/23626. 9TO OTHOCUTENBHO BbICOKAsI KOHLIEHTPALHSI
HHUTpATA, YTO MPUBOIAUT K OYEBUAHBIM (PMHAHCOBBIM MOCIEICTBUSAM JUIS CTAINU SJFOMPOBAHUS
Y BO3ACHCTBHIO HAa OKPYIKAIOLIYIO CPeNy MpPHU YTHIN3aLUU OTPa0OTaHHBIX PACTBOPOB HUTPATA
aAMMOHHUS.

H3BecTHO, 4TO pacTBOpPAMH THOLIMAHATA 30JI0TO ObICTPO M3BJIekaeTcst (OO LHAHUAHBIE,
160 THOCYIb(aTHBIE KOMIUIEKCHI) N3 cMOoJbl. OTHAKO, CMOJTy HEOOXOIMMO pereHepHpOBaTh,
npexxae 4eM 100aByATh 0OpaTHO B LIMKJI CMOJIA-B-ITyJIbIIe, HHAYE THOLMAHAT OyeT
HAKATUTUBAThCS B OTPAOOTAHHOW BOJE, YTO B KOHEYHOM MTOTE MPUBOAUT K SKOJOTHUECKUM
npobJeMaM U yMEHbLIESHHIO 3arpy3Ku 30510Ta. Kpome Toro, moTepsi THOILIMaHATA MOKET OBbITh
SKOHOMUYECKH HenpueMmiieMol. Perenepanysi B THOLIMAHATHON CUCTEME TAK)KE YCIIOKHEHA,
TaK KaK THOLIMAHAT yAAJIAETCs C MOMOLIBIO CyJib(ara skene3a ¢ NoCIeAyoIel pereneparyei
THOLIMAHATA OCPEACTBOM 100aBIeHHs THAPOKCHIA HaTpHsl. beicTpoe m3menenue pH Ha
CTaUsIX SJIIOUPOBAHUS U PEreHepaIiy BbI3bIBAET OCMOTHYECKHI LIIOK B CMOJIE, & 3TO BEIET K
1oTepe CMOJIBI B pe3yJibTaTe NOBpekAeHUs. Takke HeOOXOIMMO MHOKECTBO XHMHYECKHX
peareHToB Ha TeppUTOpUH (HadpUKH, KOTOpPasi MOXKET pacrojaratbes yaaneHHo. [Tlosromy
JKEJATEeJIbHO, TIPH Y CIIOBUH COOM0IeHUsT 3 (HeKTUBHOCTH paboThl padpHUKH, COKPATHTh COCTAB
PA3INYHBIX XMMUYECKHX BELIECTB, UCIIONb3Y eMbIX MpH padore dadpuku. Llenbio sBnsercs
UCTIOJIB30BAHUE MEHBIIIE PA3JINUHBIX PEAreHTOB B MEHBIIEM KOJHYECTBE.

B cucreme ¢ mONIMTHOHATHBIM 3JIFOEHTOM HUCTIONB3YETCsl CMECh TPUTHOHATA U
TeTpaTHoHaTa. [I0CKONBKY 3TH COeIMHEHHs! CHIIBHO afcOPOUPYIOTCS] HA CMOJIE, OHU MOTYT
UCTIONB30BATHCS I 3(PPEKTUBHOTO SIFOUPOBAHMS 30JI0Ta. BBICOKOE CPOICTBO MOJUTHOHATOB
K CMOJIe JieNlaeT HeoOXOAUMOM CTauI0 perenepaunu. Perenepauns ocymecTBIseTCs
NIOCPENCTBOM 00pabOTKH CMOIIBI CYJIbGUA-, OUCYIBPUI- HITH MTONUCY Tb()UI-HOHAMHE IJIs
NPEBPALIEHHs TOJUTHOHATOB B THOCYJIb(aT. [IpobieMoli MOIUTHOHATHOTO 3JIFOUPOBAHUS

SIBJISIETCS CTAOMIIBHOCTh TETPATHOHATHOTO PacTBOpa. B mpucyTcTBUM THOCYIB(haTa



TETPATHOHAT MMOIBEPTaeTCs PEAKIIUU PA3JIOKEHUsT C 00pa30BaHUEM TPUTHOHATA U
3JIEMEHTApHON Cepbl, @ B MPUCYTCTBUU cepedpa WM MU Pas3JiaraeTcs ¢ OCaKICHUEM
cyedunoB Menu win cepedpa. TputuoHar pasziaraercsi ¢ oOpa3oBaHuEM cyibdara,
0CcO0EHHO, KOT/1a MPUCYTCTBYET B BBICOKHX KOHLIEHTpAIMsIX. Takas peakuus pa3ioKeHUs
MPUBOIUT K TIOTEPSIM, KOTOPbHIE MOBBILIAIOT CTOMMOCTD MPOLIECCa.

B marenTHoii 3asiBke CIIIA 2011/0011216 mokasano, uto nodasieHue Cyb()UT-HOHOB K
Pa3IUYHBIM 3JIFOEHTaM MO3BOJISIET MPOBOAUTH SJFOUPOBAHUE C HU3KMMH KOHIIEHTPALIHUSIMH
pearenToB. Kak nmoka3zaHo, CMeILIIaHHbIE TPUTHOHAT/CYJIb(QUTHBIE CUCTEMBI OCOOEHHO
3¢ (PEeKTUBHBI MIPH TIOUPOBAHUH 30JI0TA U3 CMOJIBL.

CYHIHOCTDb U3OBPETEHUSA

B HacTosieM n300peTeHNH MpeaIoKeHbl Pa3InYHbIe CIIOCOOBI U3BJICUEHUS] METAJIJIOB U3
MOHOOOMEHHOW CMOJIBL.

B onHOM U3 BapHaHTOB MU300pETEeHHUs CIIOCOO CONEPIKUT CTAANHU:

(a) BbILENTAYMBAHNE COAEPIKALIETO APATOLICHHBIN METaJUT MaTepraa
THOCYJIb(aTCOAEPIKAIIUM BbILIETAYNBAIOLINM PACTBOPOM C 00pa30BaHUEM PacTBOPA,
COZEePIKALIETO APArOLEHHBIN METaILT,

(b) 3arpy3ky aparoneHHOro MeTajia, PACTBOPEHHOTO B COJIEPIKAIIEM JAParoLeHHbIN
MeTaJlJ1 pacTBOpE, Ha HECOAEPIKALIY IO IPArOLeHHbIN METAJT CMOJTy ¢ 00pa3oBaHUEM
Harpy>KeHHOM JAPAaroLeHHbIM METAJIJIOM CMOJIbI U 00€3METaIIEHHOTO PacTBOPA,;

(C) KOHTaKTHPOBaHUE HATPY KEHHOMN IPAaroleHHbIM METAJIIOM CMOJIBI C JIFOEHTOM
AParoLeHHOro MeTajuia ¢ 00pa3oBaHHeM OOOTalleHHOTO APAroLeHHbIM METAJIIOM 3JIF0EHTa U
o0e3MeTaIIEeHHOMH CMOJTBI;, U

(d) u3BJIEUEHUE NPATrOLEHHOTO METaJIa U3 3JIFOEHTA IPArOLEHHOrO METaJla.

B onHOM 13 BapUaHTOB CIOCOO COMEPIKUT CTAUU:

(2) KOHTaKTHPOBAHHE CONEPIKALIETO APArOLEHHBIN METaJT THOCY Ib(aTHOTO
BBIIEJIAYMBAIOIIErO PACTBOPA C HECOMEPIKAIIeH qPAaroleHHbIH MeTaJll MIOHOOOMEHHOM
CMOJIOi ¢ 00pa3oBaHUEM HArpy> KEHHOI JparoleHHbIM METAJJIOM CMOJIbI M 00e3MeTalJIeHOrO
THOCY JIb()ATHOTO BBIIIENAYUBAIOIIETO PACTBOPA, MPH ATOM KOHILIEHTPAIHs CYJIbhuIa B
COoZiepIKalleM JparoLeHHbIi MeTaJlT THOCYJIb(DaTHOM BBILIENIAYUBAIOIIEM PACTBOPE
COCTaBJIAeT He OoJee ueM okoo 100 miH |

(b) KOHTaKTHpPOBAHHE HATPYKEHHOH IPArOLEHHBIM METAJJIOM CMOJIbI ¢ HECOMIEPKALIUM
AparoLieHHbIH METaJLI SJIF0EHTOM ¢ 00pa3oBaHeM O00OralleHHOro AParoLeHHbIM METAIIOM

3JIF0EHTA U 00e3METAIJICHHON CMOJIBL, U



(c) W3BJIEUEHHE IPArOLEHHOrO MeTalia U3 OOOTAIIEHHOTO IPArOLEeHHBIM METAJJIOM
3NII0EHTa C 00pa30BaHUEM HECOAEPIKAIIEeTo APAroLeHHbIH METaJLI JIFOEHTa ISl €r0
MOBTOPHOTO UCMOJIb30BaHUs Ha ctanuu (b).

B omHOM M3 BapUaHTOB CMOCOO CONEPIKUT CTAIUU:

(a) BBIIIENAYMBAHUE COAEPIKAIIETO APATOLIEHHBI METaJUT MaTepraa
THOCYJIb(paTComepIKAIUM BbILIEIAYHBAIOLIMM PACTBOPOM C 00pa30BaAHUEM COIEPIKALIETO
JIparoLeHHbIA METaJl PacTBOpPa,

(b) 3arpy3ky IparoneHHOro MeTajuia, PACTBOPEHHOIO B COIePIKAIIEM JAParoLeHHbIN
MeTaJlJI pacTBOPE, Ha HECOAEPIKALIYIO IPArOLIEHHBII METaJl CMOJIy ¢ 00pa3oBaHUEM
Harpy kKeHHOH AParoLeHHbIM METAJIJIOM CMOJIbI U 00€3METaJIIEHHOTO PacTBOPA, IMPUUEM
COEp KLUl APArOLIEHHBIH METAJI PACTBOP AOMOJHUTENIBHO CONEPKUT MEAb, KOTOPYIO
3arpy’karoT BMECTE C APAroLeHHbIM METAJIJIOM Ha Harpy kKaeMylo JIparoLeHHbIM METaJIIOM
CMOIy;

(C) KOHTaKTHPOBAHHE HATPY KEHHOH IPAaroLeHHbIM METAJJIOM CMOJIBI C JIFOEHTOM
AParoLeHHOro MeTajuia ¢ 00pa3oBaHNEeM OOOTaIEHHOTO APArOLEeHHbIM METAJJIOM 3JIFOCHTA U
00e3MeTaJIJIEHHOW CMOJIbI, MPUYEM HEMOCPEICTBEHHO Mepe]] CTaArel KOHTAKTUPOBAHHUS I10
MeHblIel Mepe okoso 5 Mon.% metamos 11 rpynnel (IUPAC), 3arpyskeHHBIX Ha
HArpy>KeHHYIO JParoleHHbIM METAJJIOM CMOJTY, COCTaBIIIET Melb, U OoJiee YeM O0KoJio S0
MO0J1.% MeTayuioB 11 rpynmbl, 3arpy KeHHBIX Ha CMOJTY, COCTABJISIET 30JI0TO; U

(d) u3BJIEUEHUE NPATrOLEHHOTO METAJIa U3 3JIFOEHTA IPArOLEHHOrO METaJla.

B omHOM 13 BapUaHTOB CIOCOO COMEPIKUT CTAUM:

(a) BhIIIENAYMBAHUE COAEPIKAIIETO APATOLEHHBIM METAJT MaTepraa
THOCYJIb(PATCOAEPIKAIIUM BbILIEIAYHBAIOLIMM PACTBOPOM C 00Opa30BAHUEM COJEPIKALIETO
JPAaroLeHHbIN MeTaJUT PaCTBOPA, MPUYEM THOCY Tb()ATCOAEPKAIUN BBIIIETAYNBAO U
PacTBOp MO CYIIECTBY HE COAEPIKUT THOJIOB U AMUHOB,

(b) 3arpy3ky IparoneHHOro MeTajia, PACTBOPEHHOTO B COJIEPIKAIIEM JAPAroleHHbIN
MeTaJlJl pacTBOpE, Ha HECOAEPIKALIYIO IPArOLeHHbIN METaJ1 CMOJy ¢ 00pa3oBaHUEM
Harpy>KeHHOM APAaroLeHHbIM METAJIJIOM CMOJIbI U 00€3METAJTHOTO PaCcTBOPA;

(¢) KOHTaKTHPOBAaHUE HATPY KEHHOMN IPAaroleHHbIM METAJIIOM CMOJIbI C JIFOEHTOM
AParoLeHHOro MeTajuia ¢ 00pa3oBaHHeM OOOralleHHOTO APAroLeHHbIM METAJIJIOM 3JIFOSHTA U
obe3MeTalIeHHON CMOJTBI; U

(d) w3BJIEUEHUE NPArOLIEHHOTO METaJIa U3 3JIFOEHTA IPArOLeHHOr0 MeTalla, MPUIeM
o0e3MeTalJIeHHYO CMOJTY HANpaBJisIFOT /1Jisl IOBTOPHOT'O UCTIOIb30BAHUS Ha CTAMIO 3arpy3KH,

d KOHLUCHTpALUUIO OAHOIO UJIN HECKOJIBKHUX U3 TETPATUOHATOB, TPUTHUOHATOB W/ WK aHUOHOB



Cepa-KHUCIOPOJ B COJIEPIKALIEM IParoLieHHbIN MeTajul BbIIeJaulBatoIleM pacTBOpE MOCIe
KOHTAKTa C MIOBTOPHO HCIOIb3YEMOI 00€3MeTaNIEHHOW CMOJION MOAIEPKUBAIOT B ITpeenax
ok0J10 50% OT ypOBHsI KOHLIEHTPALIMK OTHOTO WJIM HECKOJIBKUX U3 TETPATUOHATOB,
TPUTHOHATOB W/WJIM AHUOHOB CEPA-KUCIOPOJI B COAEPIKALIEM APArOLEeHHbIH METAILT PaCTBOPE
710 KOHTAKTa C MMOBTOPHO HUCIOJb3YEMOH 00e3MeTalNIeHHON CMOJION.

Copep:xainuii AparoLeHHbIH METa 3arpy>kKaeMblil MaTepHall MOKET COAEPKaTh 110
MeHbIei Mepe okosto 0,5 Bec.% yriiepogHOro MaTepuasa ¢ MPUPOAHON COPOLIMOHHON
AKTUBHOCTBIO U HE OoJiee ueM okoJio 0,35 yHIuii 30510Ta/T.

Heconep:xaimuii AparoLeHHbII METAJLI 3JIFOEHT MOXKET COAEPKATb TPUTHOHAT.

DnroupoBaHUE 30J10TA U3 CMOJIBI MOJKET OCYLIECTBIATHCSA O€3 MPeBapUTEIbHOTO
3JIFOUPOBAHUS MEAU C MOBEPXHOCTU CMOJIBL

Heconepskaiuii AparoLeHHbIH METaT JIF0EHT MOXKET CONEPIKATD CYIb(PUT-HOHBI,
KOTOpBI€ MOTYT NIPUCYTCTBOBATh B KOHLIEHTPALMU IO MeHbLuel Mmepe okoio 0,01 M. pH
HECOJEPIKALIEero IParoLeHHbI MEeTAJT JII0€HTa MOXKET MOANEPKUBATLCS B IPEAEIax OT
oxoyio pH 4,5 no oxono pH 14. Konnenrpauusi TPUTHOHATA B HECOAEPIKAIIEM APArOLIEHHBIN
METaJL AJIFOEHTE MOKET OBITh MO MeHbLIeH Mepe okoso 0,01 M.

Conepsxaiuii IparoleHHbIH METaJT THOCY Ib(AT MOXKET HE CONEpPIKaTh WJIH MO CYLIECTBY
HE COZepPIKaTh JKUJKYIO WK TBEPAYIO a3y, BO3BPALIAEMYIO JIJIsl IOBTOPHOTO MCIIOIb30BAHMUS
13 XBOCTOB, MOJYYSHHBIX HA CTaauH ().

Criocob MOKET OCYIIECTBIISIThCS 0€3 OCaKIEHUsI TUIICA U3 XBOCTOB.

Obe3mMeTanieHHas: CMOJIa MOKET OBITh BO3BpAIll€HA HA CTAUIO 3arPy3KH Oe3 KOHTaKTa ¢
cynsdunom, 6ucy abGuaoM u noaucyabGuaoM (Wiu cyIbPUI-aHHOHOM) U MOKET CONEPIKATh
TETPATHOHAT B KOJIMYECTBE MO MeHbLIeH Mepe okojo 0,1 Mob/m.

Konuenrpauus Tnocyibpuna B copepskalieM AParoleHHbIH METalT THOCY IbpaTHOM
BBILIENAYMBAIOIIEM PACTBOPE MOXKET OBITh He Bosiee ueM okono 10000 man~!. Conepsxamuii
JPArOLEHHBIH METaJIJT THOCYJIb(MATHBIIN BBIIIETAYNBAOIINN PACTBOP MOXKET I10 CYINECTBY HE
conepskaTh J0OABICHHON Meu.

Jnist BBIOpaHHOTO 00BbeMa 00e3METAJUIEHHON CMOJIBI KOJIMUECTBO LIUKJIOB 3arpy3KH-
3JIFOUPOBAHUS B TIpeesax 24-4acoBOro Meproa MOKET ObITh OT OKOJIO 1 10 OKOoJIO 5.

XoTs coco0 OMUCAH B CBSI3U C BBIIIETAYNBAHIEM, OH MOYKET TaK)Ke€ HCIIONIb30BATHCS IJIs
HMOHHOTO OOMEHa C IeJIbI0 M3BJICUSHHST METAJUIA TIOCIE APYTUX THAPOMETAIITY PrUYeCKHX
MIPOLIECCOB.

Hacrosimee nzo0perenne MokeT 00eCreunTh psifl MPEUMYIIECTB B 3aBUCUMOCTH OT

KOHKpPETHOH KoH(purypanuu. B yacTHOCTH, CTOCOO MOKET HCIOIB30BATHCS AJIS SIFOUPOBAHHMS



30J10Ta (M IPYyTHUX JparolueHHbIX MeTauIoB). OH MOXKET MPUMEHSATHCS B KAUECTBE JOMOTHEHHS
K JFOOOMY TPOLIECCY BBILIENAYUBAHUS HIH K JPYTUM THAPOMETAIITY pPrU4eCKUM Iporeccam
IUT U3BJICUEHHSI TAKUX METAJUIOB M BKJIFOYATh MPOLIECCHI CMOJIA-B-ITyJIbIE UJIH APYTHE
OTepaLii C UCTIOIB30BAHNEM YCTAHOBOK HOHHOTO OOMEHa W/WJIH JPyTHeE BbIIIEIaunBaTElH,
OTJIMYHBIE OT THOCYJIb(aTa MM B JOTIONHEHHE K HeMy. Crioco0 MOkeT 0COOEHHO YCIEeIHO
NPUMEHSTBCS AJIS1 U3BJIEUEHHS BBILIEJIOUEHHOTO METaJlIa TOCIe IPOLecca THOCY Ib(aTHOTO
BbILenaunBanus. [Iporecc n3BneueHns: MeTauIOB MOCPEICTBOM HOHHOTO OOMEHA MOXKET
o0ecrneunTh BBICOKYIO 3()()EKTUBHOCTD 3JIFOMPOBAHMS, HO IIPU 3TOM HE 00pa3yroTCs
0TpabOTaHHBIE PACTBOPHI MJI CMOJIBI, COAEPIKALINE HEXKEIaTeIbHbIE COSTMHEHNS, KOTOPbIE
7100 BBI3BIBAIOT NPOOJIEMBI C UX YTUIM3aLMeH, THO0 BO3BPAIIAIOTCsl 0OPaTHO B MPOLECC.

OTH U Ipyrue npeumyiuecTsa OyayT O4eBUIHbI U3 OMUCAHUS ACTIEKTOB, BAPUAHTOB U
KOH(UTy paruii HACTOSIIIErO U300PETEHUSI.

Boipakenus "no menbLiel Mepe oquH", "OMH WM HECKOJIBKO" M "W/Win" SBISIOTCS
HEOrPaHUYEHHBIMH BBIPAXKEHUSMH, KOTOPbIE MPU UCIIOJIB30BAHUH SIBIIAIOTCS KaK
KOHBIOHKTUBHBIMH, TaK U AU3BIOHKTUBHBIMU. Hampumep, kaxaoe u3 BbIpakeHui "1o
MeHblIel mepe oauH U3 A, B u C", "o menblueit mepe ogus u3 A, B uimu C", "oaun unmu
Heckoapko U3 A, B u C", "onus nimu Heckoabko u3 A, B unu C" u"A, B w/unu C" o3Ha4aroT
Tosibko A, Tonbko B, Tonpko C, A u B Bmecre, A u C Bmecte, B u C Bmecte, umu A, Bu C
BMecte. Ecim kaxnblii u3 A, B u C B BbIlIIeyKa3aHHBIX BBIPAKEHHUSIX OTHOCUTCS K HJIEMEHTY,
TakoMy Kak X, Y U Z, WU KJIaCCy 3JIEMEHTOB, TAKOMY KaK X1-Xn, Y1-Ym U Z1-Zo, BBIpOKECHUE
OyaeT OTHOCUTBCS K SAUHUYHOMY 3JIEMEHTY, BbiOpaHHOMY U3 X, Y u Z, KOMOUHAIIUH
3JIEMEHTOB, BBIOPAHHBIX U3 OJTHOTO Kiiacca (Hampumep, X1 U X2), a TaKke K KOMOWHAIIH
3JIEMEHTOB, BBIOPAHHBIX U3 IBYX WJIH OoJiee kiaccoB (Hanmpumep, Y1 u Zo).

Anrnuiickue apTukian”a" wim "an" nepex 0OBEKTOM OTHOCSTCS K OTHOMY U HECKOJIbKUM
TakuM oO0bekTaM. B cBsi3u ¢ 3TuM, apTukium "a" (vwim "an") u TepMUHBI "OUH UM HECKOJIBKO"
U "o MeHblel Mepe OJUH" MOTYyT B HACTOSIIEM OMMCAHUN UCTIIOJIb30BAThHCS
B3alMO3aMeHsieMO. Takke Hy>KHO OTMETHUTb, YTO TEpMUHBI "cofepskamuii”, "Brirovaromuil” u
"“MeroLuil" MOTyT UCIIONIb30BAaTHCS B3aMMO3aMEHSIEMO.

"Ancopbuus” npencrasisieT coboil aAre3u0 aTOMOB, HOHOB, OMOMOJIEKY JT FJTH MOJIEKY JI
rasa, JKUJKOCTHU HJIN PACTBOPEHHBIX TBEP/bIX BEIECTB K MOBEPXHOCTH. To4Has mpupoaa
CBSI3M 3aBUCHUT OT OCOOEHHOCTEH YUaCTBYOIIUX COSAMHEHUH, OTHAKO MPOLECC aacopOmu
00bI4HO Kiaccupuuupyercs Kak pusudeckast copOums (xapakTepHas 1ist ¢1adbIx BaH-Aep-
BAAJIbCOBBIX CHIT) FJTH XeMOCOpOLus (XapakTepHas JIsl KOBAaJEHTHOM cBsi3n). OHa Takke

MOKET IPOUCXOAUTDH B PE3YJIBTATE SJICKTPOCTATUUCCKOTO MPUTAKCHUS.



"MonooOMeHHast cMoJia" 03Ha4aeT CMOJTY, KOTOpasi CIIOCOOHA MPU BEIOPAHHBIX padounx
YCIIOBHUSIX OOMEHHUBATH HOHBI MEXKAY ABYMS SJIEKTPOIUTAMHU HIIH MEKAY PACTBOPOM
3JIEKTPOJIUTA U KOMILJIEKCOM.

"Ilepokcun" o3HauaeT COENMHEHHE, COAEPIKALIEe KUCIOPOA-KUCIOPOAHYIO OJUHOUYHY IO
CBSI3b UM NepokcHaHbIi anuoH [O-0]%". I'pynmy O-O Ha3bIBaOT NEPOKCUIHOI TPYTTION M
MEPOKCOrPy IO,

"CopOupoBaTh" 03HAUAET MOTJIOMATE )KUAKOCTh HIIU a3 MOCPEICTBOM COPOIIIH.

"lecopOuus" nMeeT 3HaYEHHUE, MPOTUBOMOJIOKHOE aACOPOIIHH.

Tepmun "cpeacTBo", UCMONB3YEMBII B HACTOSIIEM OMUCAHUU, JOJIKEH UMETh
MaKCUMAaJIbHO LINPOKOE TOJIKOBAHUE B COOTBETCTBUU ¢ pazaenoM 35 Konekca CILA, paznen
112(f) w/nnu pa3nen 112, maparpad 6. COOTBETCTBEHHO, My HKT (OPMYJIbI H300pETEeHUs,
BKJIFOYAIOLINI TEPMUH "CPENCTBO", OXBATBIBAET BCE CTPYKTYPbI, MaTepPHAJIbl WIIA AEHCTBUS,
U3JI0KEHHBIE B HACTOSIIIEM OIMCAHUH, U BCE UX SKBUBAJIEHThL. KpoMme Toro, CTpyKTyphl,
MaTepHuaibl WK AEHCTBHUS U UX SKBUBAJIEHTHI BKJIIOUAIOT BCE T€, KOTOPBIE OMUCAHBI B pa3jiene
CYLTHOCTh U300pETeHus, epeuHe YepTekel, moapoOHOM OMUCAHUU H300peTeHus, pedepare u
bopmye usobpeTeHusl.

Ecnu He yka3zaHO WHOE, BCe YPOBHU KOMIIOHEHTOB MJIH COCTABOB OTHOCSITCS K AKTUBHOM
YaCTH 5TOTO KOMIIOHEHTA WJIM COCTaBa U HE BKIIOYAIOT MPUMECH, HATIPUMED, OCTATOUHBIE
PacTBOPUTEINN MU MTOOOYHBIE IPOAYKThI, KOTOPBIE MOTYT MPUCYTCTBOBATh B KOMMEPYECKH
JOCTYITHBIX UCTOYHUKAX TAKIMX KOMIIOHEHTOB HJIH COCTaBOB.

Bce nmponeHTHBIE COepIkaHusl M COOTHOLICHHUS] pACCUUTAaHbI Ha OOIIMI BEC COCTaBa, €CIIH
HE YKa3aHO WHOE.

Crenyer mOHUMATD, YTO KaXKI0€ MAKCUMAJIbHOE KOJIMYECTBEHHOE OrpaHIYEHHE,
YKa3aHHOE B HACTOSIIIEM M300PETEHNH, CYMTAETCS BKIIFOYAIOIINM Ka)K[I0€ MEHbIIEEe
KOJINYECTBEHHOE OrpaHIUYEHHE B KAYeCTBE AJIbTEPHATHBBI, KaK €CJIH Obl TAKHE MEHBIINE
KOJINYECTBEHHbBIE OrPaHIMYEHHsI OBLIH SIBHO YKa3aHbI B HacTosIeM n3obperenun. [lonaraercs,
YTO KaKJ0€ MHHUMAJIbHOE KOJIMYECTBEHHOE OTPaHIUEHHE, YKa3aHHOE B HACTOSIIIIEM
n300peTeHNH, BKIFOYAET Kak0e OoJbliee KOMNYeCTBEHHOE OTPAaHIUYEHHE B KAYECTBE
aNbTEPHATHBBI, KaK €CIIM Obl TakHe OOJbINNE KOJHMYECTBEHHbIC OTPAHUYEHUS ObLTH SIBHO
yKa3aHbl B HACTOSAIIEM H300peTeHuu. [loyaraercs, 4To KaskIblii YUCIOBOM TUATIA30H,
yKa3aHHBIN B HACTOALIEM N300PETEHUH, BKIIFOYAET KaKIbIH Ooee y3KUi YICIOBOM qUamas3oH,
KOTOPBII HAXOANUTCS B MpeNesiax TAKOro 0oJiee MIPOKOro YUCIOBOTO AHANa30Ha, Kak eciu Obl
Takye Ooee y3KHe YHCIIOBbIE AHANa30Hbl ObUTH BCE SIBHO YKa3aHbI B HACTOSLIEM

uzobperennn. B kadectse mpumepa, ppasa "ot okoJio 2 10 0koIo 4" BKIFOYAET LEJI0e YHCIIO



W/ AMana30HbI [EJbIX YHUCET OT OKOJIO 2 IO OKOJIO 3, OT OKOJIO 3 10 OKOJIO 4, U KasKIbIi
BO3MOXKHBIH TUaNa30H, OCHOBAHHBIN HA AEWCTBUTEIbHBIX (HAPUMED, UPPALMOHAIBHBIX
W/WTN paliMOHANIBHBIX ) YHCIIax, HAPUMED, OT 0koJIo 2,1 1o okoo 4,9, ot okono 2,1 10 okono
3,4 u Tak ganee.

BerlmensnoxxeHHOe MpencTaBisieT coO0H YIPOLIEHHOE U3JIOKEHHE CYLITHOCTH H300pEeTeHuUs
11 o0ecriedeHns BO3MOYKHOCTH MTOHUMAaHHsI HEKOTOPBIX aCIeKTOB n300peTeHus. JlanHoe
U3JI0KEHNE CYIIIHOCTU U300PETEHHsI He SIBJISIETCS] HU BCECTOPOHHUM, HU UCUEPIIBIBAIOIIUM
0030poM M300peTEeHNs U €r0 Pa3IMYHBIX ACMIEKTOB, BAPUAHTOB U KoHurypauuii. OHO
NpeaHa3HavYeHO He AJIs ONPEeNICHUs] KIIFOUEeBBIX MIM KPUTUYECKHUX 3JIEMEHTOB H300pETeHUs U
He JUIs OTpeneieHns: 00beMa N300peTeH s, a JJIsl TPEACTABICHHS OTAENIbHBIX KOHLEIINH
n300peTeHus B yIIpOIIEHHOH (hopMe B KauecTBe BBEIEHUs K Oosiee MOAPOOHOMY OMHCAHHIO,
npeacTaBieHHOMy Hipke. ClielyeT UMeTh B BUAY, UTO BO3MOXKHBI IPYT'He aCIeKThI, BAPUAHTHI
U KOH(Urypauu n300peTeHust ¢ UCTIOIb30BAHNEM, OTJENIbHO MM B COYETAHUH, OJJHOTO UJIH
HECKOJIbKUX NPU3HAKOB, M3JIOXKEHHBIX BBILIE WM MTOIPOOHO ONMUCAHHBIX HIKE.

NEPEYEHD YEPTEXKEN

ITpunosxeHHbIe YepTeKU BKIIOYEHBI B OITUCAHUE U SBIISTFOTCS €0 YaCThIO, YTOOBI
NPOMLTIOCTPUPOBATH HEKOTOPBIE IPUMEPBI HACTOSIIETO H300pEeTEHHs. ITH YEPTEKH BMECTE C
ONMUCaHUEeM OOBSICHSIOT PUHIHITBI H300peTeHus. YepTerku TOIbKO WILTIOCTPUPYIOT
NPEANOYTUTENIbHBIE U aJIbTEPHATUBHBIE TIPUMEPBI TOTO, KaK U300pETEHHE MOXKET OBbITh
pea30BaHO U UCTIONBb30BAHO, M HE IOJIKHBI HCTOJKOBBIBATHCS KAK OIPAaHIMYUBAIOIINE
n300peTeHne TOJbKO MPOUJLTFOCTPUPOBAHHBIMH U ONTMCAHHBIMH MTPUMEPAMU.
JlonoSTHUTENBbHBIE TPU3HAKH U TIPEUMY LIIECTBA CTAHYT OYEBUIHBIMU U3 CIIeNyoIIero domnee
nopoOHOrO OMMUCAHUS PA3IMYHBIX ACTIEKTOB, BAPHAHTOB M KOHPUTYpalmii n300peTeHus, KaKk
MOKA3aHO Ha YePTE’KaxX, YKA3aHHBIX HIXKE.

@ur. 1 — cxema THOCYJIB(GATHOTO MPOLIECCa CMOJIa-B-ITyJIbIIE.

@ur. 2 — rpaduk 3aBHCUMOCTH COAEPIKAHUS 30J10Ta B TBEPOH (ase (YHIHIA/T)
(BepTHKaIbHAs OCh) OT AaThl (TOPU3OHTAIBHAS OCh) JJISl SKCIIEPUMEHTA C UCTIONb30BAHUEM
IIeTIOYHOH TBepaoit ¢assl 1B.

@ur. 3 — rpaduk 3aBHCUMOCTH COAEPIKAHUS 30J10Ta B TBEPOH (ase (YHIHIA/T)
(BepTHKaIbHAs OCh) OT AaThl (TOPU3OHTAIBHAS OCh) JJISl SKCIIEPUMEHTA C UCTIONb30BAHUEM
KUCJION TBepoi ¢a3bl 1B.

@ur. 4 — rpaduk 3aBICUMOCTH COAEPIKAHUS 30J10Ta B TBEPOH (ase (YHIHIA/T)
(BepTHKaIbHAs OCB) OT AaThl (TOPU3OHTAIBHAS OCh) AJISl SKCIIEPUMEHTA C UCTIONb30BAHUEM

KUCIIOH TBepaoi (asnl OA.



@ur. 5 — quarpaMma, Ha KOTOPO# IMOKA3aHO COAEPKAHUE 30JI0Ta B XBOCTaX (yHIIHI/T)
(BepTHKaNbHAs OCh) IUIsl CPABHEHHSI SKCIIEPUMEHTAIBHBIX, (PaOpHUHBIX U TaOOPATOPHBIX
XBOCTOB (TOPU30HTAJIbHASI OCh).

@ur. 6 — 3aBUCUMOCTb CONIEPKAHUS TPH/TETPATHOHATOB Ha cMmolie (%) (BepTUKaIbHASI OCh)
OT aThl (TOPU30HTAJIbHASL OCb) JUIsl SKCIIEPUMEHTA C MCIIOJIb30BaHHEM CMOJIbI 1B.

@ur. 7 — 3aBUCUMOCTb CONIEPKaHUS TPH/TETPATHOHATOB Ha cMmolie (%) (BepTUKaJIbHASL OCh)
OT aThl (TOPU30HTAJIbHASL OCb) JJIsl SKCIIEPUMEHTA C MCIIOJIb30BaHHEM CMOJIBI OA.

@ur. 8 — 3aBUCUMOCTD CONEPKaHUS TPHU/TETPATHOHATOB Ha cMmolie (%) (BepTUKaJIbHASL OCh)
OT aThl (TOPU30HTAJIbHASL OCb) ISl SKCIIEPUMEHTA C HCIIOJIb30BaHHEM CMOJIbI OA.

@ur. 9 — kpuBas NpeABAPUTENBHOTO 3JIIOUPOBAHMS MEAN U3 AaHHOHOOOMEHHOH CMOJIBI
nocpenctsoM 0,5 M trocynbdara HaTpus ¢ nodaBieHrneM Wi 0e3 1o0aBIeHUs TepOKCHaA
BOZIOPOJA.

@ur. 10 — kpuBast SIFOMPOBAHUS 30JI0TA U3 AaHHOHOOOMEHHOI cMoJibl mocpenctsom 0,2 M
TputHoHata B cMecu ¢ 0,2 M cynbdura HaTpust MOCIIe NPeIBAPUTETLHOTO IIIOUPOBAHUS MEAH
nocpenctsoM 0,5 M Tnocynbdara HaTpus ¢ nodaBieHneM wiu 6e3 1oOaBIeHNs TepOKCHIa
BOZIOPOAA.

MNOJAPOBHOE OIIMCAHUE U30BPETEHUA

Hacrosimuee nzo0pereHre OTHOCHTCS K THOCY JTb(DaTHOMY BBIIIETAYUBAHHIO MATEPUAIIOB,
COZEp KAIIUX APArOLIEHHBIA MEeTaJUl. DTH MaTepUAJIbl MOTYT OBbITh JTFOOBIMU Y IOPHBIMHU T
JBaKIbl YIIOPHBIMU MaTE€pHAJIaMHU, COAEPIKALIMMHU IPArOLeHHBIA METaJUI, C TPUPOTHON
COpOLIMOHHOM aKTUBHOCTBEO. MaTepualibl, CoAep Kaliie AParoleHHbIH METJUI, BKIFOYAIOT
PYAY, KOHLEHTPATHI, XBOCTHI, epepabOTaHHbIE IPOMBIILIEHHBIE MATEPUAIIBL, TPYHT, OTXOJ(bI
u ux cmecu. Criocod mo HacTosimeMy H300peTeHU0 0COOeHHO (G EKTHBEH TSI U3BJICUEHUS
APArOLEHHBIX METAJUIOB, B YACTHOCTH 30JI0Ta, U3 YIIOPHBIX YIIIMUCTBIX MAaTEPHAJIOB. Y IIOPHBIHA
WJIM JBAXKIbI Y ITOPHBIN IETOYHOMN WM KUCIBIN (HampuMep, CyJIbGUIHBIN) MaTepual,
COIIepIKAIIUI IPparoeHHbIN MeTaluT (HanmpuMep, 30J10TO W/ HIH cepedpo), OObIMHO
NIOJIBEPTraeTCsl OKMCICHUIO MO IaBJICHUEM, HAIIPUMED B aBTOKJIaBe, C OOpa30BaHHEM Ha
BBIXO/I€ OKHUCJIEHHOW MyJIbIIbl, KOTOPasi COAEPKUT OCTATOK, COAEPKAIIUN AParoLeHHbII
MeTaul. Bpiio Taxke mokasaHo, 4to Thocyab(art 3pPekTHBEH AN U3BICUEHHS APATOLICHHBIX
METAJUIOB M3 TAKUX MPEIBAPHUTENBHO 00paOOTaHHBIX YIOPHBIX YIVIUCTBIX PYA C IPUPOIHOM
COpOLIMOHHOM aKTUBHOCTBIO U CYJIbGUAHBIX pya. B HacTosmem n3obperennn "marepuai ¢
NPUPOAHON COPOIIMOHHON aKTUBHOCTBIO" SIBIISIETCS JIFOOBIM MaTEPUAIIOM, KOTOPBII
B3aUMOJIEHCTBY T (HapuMep, afcopOUpPyeT WK CBSI3bIBAET) C APATOLEHHBIMH METAJUIAMHU

MOCJIC paCTBOPEHMS C MOMOIIBIO BBILCTIAYNUBATEIIA, BIIMAA TAKUM o6pa30M Ha M3BJICYCHHEC
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MeTajuia, a "yrIUCThIN MaTepuan” sBIISIETCS JTIOOBIM MaTePHAJIOM, KOTOPBII CONEPKUT OTHO
WJIA HECKOJIBKO YTIIEPOACOAEPIKALINX BEIIECTB, TAKUX KaK T'YMUHOBAs KUCIIOTa, rpadur,
OouTyMmsl 1 acanbTOBbIE BELIeCTBA. J[paroleHHble METaIIBl MOTYT COUETAThCS C
HEparoLeHHbIMU MeTajlJIaMH, TAKUMU KaK L[BETHbIE METAJIJIbl, HAIPUMED, M€/Ib, HUKENb U
KOOaJbT.

B onHOM 13 BapuaHTOB UCXOIHBINA MaTepuas COAEPKUT IO MeHbLIEH Mepe okoJo 0,5
BeC.%, yalle no MeHblel Mepe okoJio 1 Bec.%, ele yaiie no MeHbluel Mepe okoo 1,5
BeC.%, HO OOBIYHO He OoJiee yeM okoJio 7,5 Bec.% u vaie He OoJiee 4eM OKoJio 5 Bec.% BCero
yIJIEPOAHOrO MaTepuaa.

B onHOM 13 BapUaHTOB COAEPIKAHUE 30J10Ta B UICXOAHOM MaTe€pUajie COCTABIISAET 110
MeHblIel Mepe okouso 0,01 yHumi/T, 1 yaie no MeHblueii Mepe okouo 0,05 yHuuit/T.

B npennouTuTensHOM BapraHTe H300pETEHUS 30JI0TO U APYTHE PArOLeHHbIE METAJUIbI B
UCXOZHOM MaTepuae U3BJIEKAIOTCS B pACTBOP HA OOOPYIOBAHUM IJISI M3BJICUSHHST METAIJIOB C
MIOMOIIBIO TIPOLIecCa THOCY Ib(haTHOTO BhiIenaunBanus 100 ¢ mocaeny oM HOHHBIM
O0OMEHOM JUJ1s U3BJIEYEHHUS 30JI0TO-THOCYJIb()aTHOrO KOMILIEKCa, IPUCY TCTBYIOIIETO B
00OraIeHHOM pacTBOPE BbILIETAUYNBAHUS WM B COIEPIKAIIEM AParoLeHHbIH MEeTaLI
pacTBOpe CO CTAJHH BbILIEIAYHBAHMUS, IIOCPEACTBOM MPOLECCOB cMoJIa-B-myJibie (RIP) wiu
cmona-B-BoimenadnBanuu (RIL), kak cxemaTndyecku nmokasaHo Ha ¢ur. 1. BelmenaunBanvie
100 0OBIMHO OCYIECTBIIAETCS CIOCOOAMHU KYYHOTO BBILIEIAYUBAHUS HITH BbIIIETAYNBAHHS B
yaHax. XBOCThI 112 otnpasisitoTcst B pesepByap 116 11t XBOCTOB, 3aTeM IPU HEOOXOTUMOCTH
B crycturenib 120 XBOCTOB, a 3aTeM B XBOCTOXpaHuIuLe 124.

B onHO# KOHUTYpalmy CXeMbl BbIIIETAYMBAHNS 30JI0TOCOAESPIKALIII PACTBOP HA CTaIUU
BbienaunBanus 100 cogep KUt THOCYIb(AT B KAYECTBE BBILIECIAUYHNBAKOLIETO areHTA.
Konuenrpauus THocyibdara B pacTBOpe 0OBIMHO HAXOAUTCS B MHTEpPBaje oT okojio 0,005 no
ok0y10 5 M, gaine ot okoio 0,01 mo okoio 2,5 M, eme game ot okoyo 0,02 go okono 2 M. B
HEKOTOPBIX BapHUAHTAX OBLIO OOHAPYIKEHO, UYTO B BBILIEIAUYHUBATENE MOTYT HCITOJB30BATHCS
OTHOCHTEJIbHO HU3KHE YPOBHU KOHLIEHTPALIMH THOCYJIbdarTa Oe3 yiuepOa Jisi U3BJICUESHHUS
3onota. KoHneHnTpauus Tnocyabdara B BelleIadynBaTesie OOBIYHO COCTABISIET He OoJiee yeM

! yame He 6onee yem okono 8500 miH ., emne yaiie He Gosee YeM OKOJIO

okoJyio 10000 maH™
7500 mutH !, eme uame MeHee yeM okoio 5000 MitH |, eme yame He 6onee ueM okoio 3500
MIIH |, U fake emne Jaie He 6omee geM okomo 2500 miH .

Cne):[yeT HUMETH B BUY, YTO B OCHOBAHHBIX Ha TI/IOCY.]'II:;(I)aTe CUCTEMax BbILICIAYNBaAHUA

30J10Ta, KaK CUHUTACTCA, ME€Ab KaTAJUTHYICCKHU OKUCIIACT 30JI0TO. Bo MHOTTIX BapHuaHTax

30JI0TOCOAEP KALIMI paCTBOP Ha CTaAuU BhlenadynBanusa 100 noanepkuBaeTcs npu
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KOHLIEHTPaLMU MEAU B PACTBOPE BbILIEa4MBaHus B UHTEpBaJie OT okoo 0,1 mo okoso 100
MJIH |, yale B MHTepBaie oT 0koj10 0,1 10 okos10 50 MAH ', elle yalle B HHTepBaJie OT OKOJIO
0,1 10 ok0JI0 25 MIIH ™\, elne uaie B UHTepBae oT okojo 0,1 10 okoso 15 MaH™!, u emme yae
B uHTEpBaje oT okono 0,1 10 0kono 5 MAH 1. B HEKOTOPHIX BAPHAHTaX ObLIO OOHAPYKEHO,
YTO HET HEOOXOAUMOCTH 100ABJISATh MEAb HAa CTaAMH BhileaaurBanus 100, u,
COOTBETCTBEHHO, YTO Ha CTaAuH BbimenaynBanusi 100 nobaBieHHAst MEIb MOXKET I10
CYIIECTBY WJIM MOJIHOCTBIO OTCYTCTBOBAaTh. Menb, MPEACTaBIEHHAs! B UCXOIHOM MaTepuale,
OOBIYHO MPUCYTCTBYET HA JOCTATOYHO BBICOKOM YPOBHE, YTOOBI 00€CIIEYUTh BBICOKOE
U3BJICYCHHE 30JI0Ta IIPU COXPAHEHUU MTPUEMJIEMOTO YPOBHSI KOHBEPCHH THOCYJIb(aTa B
MOJIUTUOHATHL

Bo mHOrux BapuaHtax 30J0TOCOAEPIKALINI pacTBOP WM BBILIEIAYUBATENb HA CTAIUU
BblenaunBanus 100 noaaep;kuBaeTCst NpU KOHLIEHTPALIMU MEJIU B PACTBOPE BbILLETAUNBAHUS
00ObIYHO He Gotee ueM okos1o 100 mutH ™!, yarne He Gosee yem OkoIo 75 MITH ™, elue yalne He
Gonee ueM okoio 50 MiIH "L, 1 erme yamie He 6oJee ueM OKoJIo 25 MITH ', 1 OOBIMHO MO
MeHbIIel Mepe okono 0,1 MH™ 1 yale Mo MeHbIIel Mepe OKOJIO 5 MIH !, 1 uMeeT
KOHLIEHTPALIUIO 30J10Ta 00BIMHO He Oosee ueM okouo 0,010 yHuuit/TonHa (yHUUI/T), Yalne He
Oonee yem okojio 0,0075 yHuuii/T, eme damie He Oosee yem okojio 0,0050 yHIuii/T, emne yarie
He Oonee yem okosio 0,0025 yHImiA/T, U elne Jaine He 6osee yeM okojio 0,001 yHImiA/T.

Ha craguu nonHoro ooMeHa (KOTOPBIH, KaK MPABUIIO, OCYIIECTBIISIETCS HA CTAIUU
BbilenaunBanus 100) HCMONMB3yeTCsl CHIIbHOOCHOBHAsI HOHOOOMeHHast cmoda 104 s
ancopOLMK 30JI0TO-THOCY JIb(ATHOTO KOMILIEKCA U3 30JI0TOCOAEPIKALIETO PAacTBOPA C
oOpa3oBaHHEM Harpy)KeHHOMH 30J10ToM cMoibl 108. iMeeTcst MHOKECTBO KOMMEPYECKH
JOOCTYTTHBIX CUJIbHOOCHOBHBIX HOHOOOMEHHBIX CMOJI, KOTOPbIE UMEIOT CPOJICTBO K 30JI0TY U
KOTOpbIE MOTYT HUCTIOJIB30BATHCS IS ITPOLIEcCa HOHHOTO 0OMeHa. PyHKIIMOHAIBHOW TPy MIOH
GOJIbIIMHCTBA CUITbHOOCHOBHBIX CMOJT SIBJISIETCS YETBEPTHUYHBIN amMMouuil RaN™. Takoii
CMOJIOH B BUJIe CyJib(haTa WK XJIopuaa siBiisieTcs: cmona Purolite ASO0™, koTtopasi
nocrasisiercs: komnanuei The Purolite Company of Bala Cynwyd, Pennsylvania, u
UCTIOJIB3Y €TCSI B MPEANOYTHTEIFHOM BapraHTe u3o0pereHusi. OTHAKO MOKET UCIIOIb30BAThCS
nrobast npyras aHnoHOOOMeHHasi cMosa. OOBIYHAsT eMKOCTh CHIIBHOOCHOBHBIX CMOJT
COCTABJIIET OT OKOJIO 1 110 OKoJIo 1,3 5KB/JI, M € LIENTBIO IEMOHCTPALIMN HEKOTOPBIX aCTIIEKTOB
criocoba HIKe 00CYKIAr0TCSI Pe3yIbTaThI, OJYUYEeHHBIE MTPH HCIIOb30BAHUHA CMOJTBI,
UMEFOIIel eMKOCTb OKOJIO 1,2 3kB/11. OObIMHAS KOHIIEHTPALMST CMOJIbI HAXOIUTCS B UHTEPBAJIe
OT OKOJIO 5 10 0Kk0J10 250 M/, yare ot okosio 10 1o okoso 150 mi/n, ere daine ot okojo 15

1o okoyo 100 mu/n, u naxe Gosee gacTo ot okoJo 15 1o okono 75 mu/n. Cnenyer umersb B
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BUJy, YTO TAKHE CMOJIbI MOTYT 3arpy»aTh U3 OOOTAIEHHOTO PAaCTBOPA BhILIENIAYNBAHUS HE
TOJIBKO 30JI0TO, HO Takke Meab. OOBIMHO MO MEeHbIIEH Mepe OKoJIo 2,5 Mo %, Halie 1mo
MeHblIeH Mepe 0koso 5 Mou.%, ellle Yalle o MeHbliel Mepe okono 10 mon.%, u gaxe ere
gaie oT okoJo 15 1o okono 45 mon.% metannos rpymnsl IB (CAS) (v rpynmsr 11
(IUPAC)) ITepronnveckoii TaONULBI 3IEMEHTOB, 3arPy>KEHHBIX HA HATPY>KEHHYIO CMOJTY,
COCTaBJIIET MEJIb, & OCTAJIbHAS YaCTh B OCHOBHOM IPEACTABIIAET COOOH 30JI0TO, XOTS
HeOOJIBIIOE KOJIMIECTBO MOXKET ObITH cepedpoMm.

ITocne 3arpy3ku win aacopOUnu THOCY Ib(ATHOTO KoMILIekca Ha cmody 104 301010
U3BJIEKAIOT U3 HArpy KeHHOH cMoJibl 108 mocpencTBoM 3IF0UPOBAHUS, TO €CTh JECOPOIIHHL.
VYnpoueHHas cxema npolecca 3II0MPOBaHus NokazaHa Ha ¢ur. 1. B a1y cxemy 1i1st mpocToThI
He BKJIFOUEHbI KaKHe-TMOO0 CTauH MPOMBIBKH HJIU OCYIIEHUs, TTOCKOJIbKY OHH CYLIIECTBEHHO
HE U3MEHSIOT CYLIHOCTb CUCTEMBI 3JIIOMPOBAHMUSL.

HeoOs13aTenbHast mepasi cranusi NpeacTaBisieT COOOH MpeaBapUTEIbHOE HIIFOMPOBAHUE
menu (craaus 128 Ha ¢ur.1), KoTopast OCYLIECTBIIETCS C UCIONb30BaHNEM pacTBopa 133
AIIOEHTA MEIH, COAEPIKAIIETO THOCYIb(AT U ONMIIHMOHAIBHO TPUTHOHAT VIS IPEABAPUTENIbHOM
noarotoBku cMoubl 140 (¢dur. 1) nist amronposanust aparoueHHOro Merajuia. OCHOBHOMH LGB0
STOM CTAAUNH ABJAETCS YAAJeHUEe MEIU U3 CMOJIbI IIepe] SJIIOUPOBAHUEM, U, CIIEOBATENBHO,
yMEHBIIEHNE KOJIUYECTBA MeIH, KOTOpasi IMOCTYyNaeT B 30JI0TON MPOAYKT. Y AUBUTEIBHO U
HEOXKHIAHHO TO, YTO BO MHOTHX CJIy4asiX MPEIBAPUTENIbHOE JJIFOUPOBAHUE MEAH ObLIO
HeoOsI3aTeNIbHBIM 1 He TPeOOBaIOCH AJISl TIOJTy YeHHUS] IPUEMJIEMbBIX YPOBHEH U3BJICUEHHSI
3o0j0Ta. B apyrux koHpUrypanusx mpouecca 3T0 MOKET ObITh OCY LIIECTBIIEHO, YTOOBI
n30€eKaTh OCJIOKHEHHUH, BBI3BAHHBIX MPUCYTCTBHEM MENIU B M3BJIEYCHHOM 30JI0TOM MPOIYKTE.

ITpu ocymeCTBICHNH 3IIOUPOBAHUS MEIHU THOCYJIb(AT B paCTBOPE IIFOCHTA METH MOXKET
NPOUCXOIUTH U3 JTFOOOT0 NCTOYHHUKA THOCYJIb(ATA, TAKOTO KaK THOCYJIb(AT LIETIOYHOTO
MeTajuia (HarmpuMep, THOCYJIb(aT HATPHUS HITH KIS ), THOCYJIb(AT MEeTOYHO3EMETBHOTO
MeTaiia (Harmpumep, THOCY IbGAT KaJbIHsl) UM THOCYJIbGaT ammonus. [locnenHuii BapuaHTt
He SIBJISIETCS MPEANOUTUTENBHBIM, KPOME CIIydaeB, KOIJla B IPOLIECCE BhIIeNauBaHUs TAKKE
UCTIONB3Y €TCs THOCYIbdaT aMMoHMs. KOHLIEHTpaImst THOCYIb(aTa B 3JIFOEHTE IS
NPEABAPUTENLHOTO SJIIOUPOBAHKS MEH U IPOAYKTE 15 OOBIYHO HAXOOUTCS B MHTEPBAJIE OT
okoJ10 30 10 okoso 200 1/11, a KOHIEHTpaLUs 1eCOpOUPOBAaHHON MEU B HACBILIEHHOM MEJbIO
5II0EHTE HAXOMUTCS B MHTepBae oT okono 100 1o okono 1500 man'.

KoHueHTpauys TpUTHOHATA, €CJIM OH MPUCYTCTBYET, B pacTBope 133 anmoeHTta menu
00bIMHO HaxonuTcsl B HHTEepBaje oT okojo 0,01 go okono 0,1 M. TputHoHaT MOXKET

00pa30BbIBATHCS NIPU KOHTAKTE OKUCIUTEINS, OOBIYHO MEPOKCHAA, € pacTBopoM 133 smroeHTa



13

MeIH, TIPU STOM THOCYJIb(aT mpeodpa3yercst B TPUTHOHAT B COOTBETCTBUU C YPaBHEHHEM (2)
Hke. [Ipogykr 136 npensapuTenpbHOrO 3JIFOMPOBAHKS MEAU MOKET UCIIOJIb30BATHCS B
Ka4eCTBE MCXOJHOTO TIOTOKA THOCYIb(aTa 1isl BEILIENAYUBAHUS H, CIEOBATEIEHO, MOXKET
UCTIOJIb30BATHCS OBTOPHO. B 011HOM U3 KoH(Urypamuii mporecca o0e3MeTaIeHHbIH pacTBOP
300 co cTaguu 3A€KTPOXUMHYECKOTO BbIACIECHUSI KOHTAKTUPYET ¢O cMoJion 140 s
3IOMPOBAHUS THOCYJIb(]aTa, KOTOPBIN 3aTEM MOKET OBITh IIOBTOPHO MCIIOJIb30BAH HA CTAIUH
BbImenaunBanus 100.

Kak ormMeueHo, B HEKOTOPBIX KOH(PUTypaHsx MpoLecca MpeaBapUTEIbHOE IIOUPOBAHUE
MeNU He OcyluecTBisieTcsl. bbuio oOHapyKeHO, YTO MeJlb, HAKOIUIEHHAsI HA TIOBEPXHOCTH
HACBILIEHHON 30JI0TOM CMOJIbI, HE HY KHO yJaJisATh HAa cTaauu 128 31r0upoBaHus MeAu 10
3JIOMPOBAHUA 30510Ta. [Ipyrumu cioBaMu, Meb MOXKET IPUCYTCTBOBATh HAa IOBEPXHOCTHU
HaCBILIEHHON 30JI0TOM CMOJIbI HAa YPOBHSX, NPEBBILIAIOLINX YPOBHU NOCe cTaauu 128
AMIOMPOBaHUsS Menu. B Takux BapuaHTax 0ObIMHO MO MEHbIIEH Mepe OKoJIOo 2,5 Mo %, 4aiie
10 MeHbLIIel Mepe OkoJio 5 Mo %, erie yaie o MeHblei mepe okojio 10 mon. %, u naxe
ele yate ot okoJio 15 1o okono 45 mon.% meramnos rpynns! IB (CAS) (unm rpynmsr 11
(IUPAC)) ITepuonuveckoii TaONULBI 3IEMEHTOB, 3arpy> KEHHBIX HA HATPY>KEHHYO CMOJIY,
COCTABJISIET MeJlb, @ OCTaJIbHASL YacTh (0ObIMHO OoJiee yem okoio 50 Moi1.% U Yaie 1o
MeHbIIeH Mepe 0koJio 60 M01.%) COCTABIISIET 30JI0TO, XOTSI HEOOJIBIIOE KOJTHMYECTBO
(HarpumMep, OOBIYHO MEHBIIE YeM OKOJIO 25 M0J1.%) MOXKeT ObITh cepedpoMm.

3aTeM POBOJAT 3JTFOUPOBAHHUE IPATOLIEHHOTO MeTaJljia U3 CMOJTbI 144 ¢ HCTIONb30BaHUEM
CMECH M3 TPUTHOHATA U CyJIb(PUT-UOHA B KauecTBe 3moeHTa 148, OObIYHO KOHLIEHTPALIUS
TPUTHOHATA B 3JIKO€HTE 148 AparoLeHHOro MeTajia COCTaBJSIET MO MeHbLIel mepe okoso 0,01
M, yaie no mensbliel Mepe okoJio 0,05 M, emie yaiie HaXOAUTCS B UHTepBasie ot okouio 0,1
110 OKO0JIO SM, U faxe elle yalie HaXOAUTCs B UHTepBaje oT okoo 0,2 no okosno 2 M.
Konuenrpauus cyappur-uoHa B 31r0eHTe 148 nparoneHHOro Metauia OObIYHO COCTABIISIET T10
Menbliel Mepe okoJio 0,01 M, vame no menpLueil Mepe okosio 0,1 M, u nake eie yvaine
HaxoAuTCs B uHTEpBaie OoT 0kojo 0,1 1o okoso 2 M. KoHueHTpaus paCTBOPEHHOTO 30J10Ta B
HACBILIEHHOM 30JI0TOM 3JTt0eHTe 152 00BIMHO HAXOMUTCs B MHTEpBasie OT okoyio 100 1o okoso
500 mant. pH amoenTa 148 nparoleHHOro MeTana 06bIMHO MOAIEP/KUBAETCS B HHTEPBAE
ot okono pH 4,5 no oxono pH 14.

VYka3zaHHasi CMECh JUTsI SJIFOMPOBAHUS 00pa3yeTcsi MOCPEACTBOM CMELIHBAHUS IEPOKCHIA B
TPUTHOHATHOM PEAKTOPE C TUOCYJIL(ATOM HATPHSI IO PEAKLIUN 2:

2Na2S203+4H202— Na2S306+ Na2SO4+4H20 2)
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B 3701 peakuuy TakKe BBIAEISETCS TEIIO, IO3TOMY B MPEANIOYTUTENILHOM BapUAHTE
TEXHOJIOTUYECKON CXEMBbI [Tl OTBOAA TEIljIa UCIIONIB3YIOT OXJIAKIAEMBIH PEaKkTop.
Temmneparypa peakiiy MpeaNOYTHTENBHO HAXOAUTCS B HHTEpBaJie oT okosio 10°C no okoso
60°C. Ilpu Gonee BBICOKHX TEMITEpaTypax peaklUU CTAHOBHUTCS 3aMETHOM HEKOTOpask MoTepst
TpuTHOHATA. )1l peakLuu ¢ THOCYJIb(PATOM, CONEPKAIUMCS B OTPaOOTaHHOM
perenepupyemMoM pactope 156 (peakuus 2), mepokcua 10OABISIOT B KOJTHYECTBE MEXKIY
okoJo 75% u okogio 110% OT cTeXMOMEeTPUYECKOrO KOJUYECTBA.

OnHuM 13 crocobOM MoTydeHus! JOTIOJHUTENIBHOIO TPUTHOHATA SIBJISIETCS 10OABIeHNE
JOTMOJTHUTENIBHOTO THOCY JIb(haTa Ha CTauu CUHTe3a TpuTHoHata. Ilpu pabore cucremsl
BBIIEJIAUYMBAHUS HA OCHOBE THOCYJIb()aTa aMMOHUS JOOABJICHHE THOCY Ib(aTa aMMOHHUS JIJIs
CHHTe3a TPUTHOHATA SBJSIETCS] UAEaIbHBIM BapuaHnToM. OnHAKO, eciii 00pa3oBaHue CyJibdara
aMMOHUS B IPOLIECCE SIBISIETCS] HEXKENATeNIbHbIM, TpeOyeTcst Apyroi moaxon. Mosxer
UCIIOJIB30BATHCS THOCYJIb(GAT HATPHSL, HO OH SIBJISIETCS] JOPOTUM peareHToM. B kauecTse
aJIbTePHATUBBI, THOCY JIb(aT HATPHUsI MOKET ObITH MONyUeH 13 OoJiee AeMeBOro HCXOIHOTO
marepuana, CoIep kKallero THOCyb(arta KaabLus, MOCPEACTBOM OCKIACHUS KaJIbIIUS.
OcaxaeHne KanbLUsl MOXKET OCYIIECTBIISITHCS ¢ UCTIONb30BAHUEM HCTOYHHKA CyJib(aTa
HATpUs U/uiaK KapOOoHATa HATPHSI.

ITocne smoupoBanus cmosia 104 mouTH NONHOCTBIO HArpy ke€Ha TPUTHOHATOM. M3 ypoBHs
TEXHUKH OTBITHOMY CIELUAIUCTY MOHSATHO, YTO TPUTHOHAT CHI)KAET PABHOBECHYIO 3arpy3Ky
30JI0Ta B LUKJIE aACOPOLIMH, TO3TOMY MOBTOPHOE UCTIOIB30BAHUE CMOJIBI Oe3 perenepanuu (1,
CJIEI0BATENLHO, TIOJHOCTBIO 3arpy KEHHOW TPUTHOHATOM) OyIeT MmpoOeMaTUIHbIM.
HeoxxunanHo ObU10 0OHAPYIKEHO, YTO PEreHEPALIUI0 CMOJTBI MOXKHO MPOIY CTHTD Oe3 yiepoa
IUTSL U3BJICUEHHSI 30JI0Ta, TAK YTO CMOJIA, HATPY KEHHAs! TPUTHOHATOM, MOKET OBITh
BO3BpallleHa Ha cTaauio BoienadynBanus 100. XuMuueckoe paBHOBECHE HA CTAIHSIX
BbIII[€JIAUMBAHUS U 3JIIOUPOBAHMSI TO3BOJISIET 3arpy>kKaTh Ha CMOJTY 30JI0TO, @ HE TPUTHUOHAT Ha
craguu BbienaunBanys 100 u (BBITPY’KaTh 30JI0TO M) 3arpy’KaTh TPUTHOHAT, & HE 30JI0TO Ha
CTaJU¥ 3JIIOMPOBAHUS 30JI0TA. XOTS CTAAUHU BBILIEIAUNBAHIS U 3JIFOUPOBAHUS 30J10Ta OOBIYHO
UMEIOT OJIMHAKOBBIE YPOBHHU PH, MOHATHO, UTO paBHOBECHE 3aBUCUT OT KOHLICHTPALIUN
TputnoHata. [Ipu Gojee BBICOKHMX YPOBHSAX TPUTHOHATA (HATIPUMED, TIO MEHBLIEH Mepe OKOJIO
25000 M 1 yame oxosno 50000 MaH ! TPUTHOHATA) HA CTAAUM 3IFOUPOBAHHS 300Ta HA
CMOJIy TIPEATIOYTUTENBbHO 3arpy>KaeTcs TPUTHOHAT, a HE PAaCTBOPEHHOE 30JI0TO, a Mpu Ooee
HU3KHX yPOBHSX TPUTHOHATA (He Gosiee yeM okono 5000 MaH ™, yaie He Golee YeM OKOJIO

2500 muH", emme game He 6onee yem okoso 1000 MH™!, 1 emme yamie He Gonee ueM okoo 500
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MJIH ' TPUTHOHATA) Ha CTa[MK BblllenaurBanus 100 Ha CMOJTy MPEANOYTUTENBLHO 3arPy KaeTcs
pPacTBOPEHHOE 30JI0TO, & HE TPUTUOHAT.

KonnuectBo TpuTHOHATA, 3arpyKEHHOTO HA 00€3METAUIEHHYI0 CMOJTY, MOYKET MEHSTBHCS B
3aBUCUMOCTH OT BapHuaHTa. J{Jis1 eMKoCcTH cMOutbl 1,2 5KB/J1 MaKCUMaJIbHAsI 3arpy3Ka
TPUTHUOHATA, KOTOPBIN UMeeT 3apsia 2°, coctasisieT 0,6 Moss/n cmonbl. [Tocne smonpoBanus
CMOJIa, KaK MPaBUJIO, OJIM3Ka K HACBHILEHUIO TPUTHOHATOM, UTO SIBJISIETCS YCIIOBUEM, KOTOPOE
00bI4HO TpedyeTcs A o0ecrnedeHns: ONTUMAIBHOTO SJIFOUPOBAHMS 30JI0TA, TO €CTh B TAKUX
BapuaHTrax Tpedyercs 3arpy3ka 0,6 MOJIb TPUTHOHATA HA JIUTP CMOJIBL. B OonbInHCTBE
BAapPUAHTOB 00€3METAIIEHHAs] CMOJIA TIOCJIE 3JIFOUPOBAHMS CONEPKUT OOBIMHO MO MEHbINEH
mepe okoo 0,1 MOJB/J TpUTHOHATA, Yalle Mo MeHblIei Mepe okoJio 0,25 MOJb/ 11 TPUTHOHATA,
U ke eine vaie ot okojio 0,3 10 okojio 0,6 MOJIB/JT TPUTHOHATA.

BHe cBsi3u ¢ KaKoW-1ubO TeOpUel CYNTAETCS, YTO H3BJICYSHUE 30J10TA HA CTaIUN
BhIeaaynBanust 100 yMeHbIIaeTcs u3-3a CyJIb(GHUI-HOHOB, NEPEHOCUMBIX LIAPUKAMU CMOJIBI
104, xoTopas Obl1a BO3BpalleHa Ha cTaauio BbimenaunBanus 100. Perupky nupy emble
CyIb(UA-UOHBI MOTYT ObITh IPHUYUHON OCAXKIEHNS PACTBOPEHHOTO 30JI0Ta B BUAE CyJIbhuna
30J10Ta BO BpeMsi CTaauu BbiienadrBanus 100, mpensiTCTBY s TAKUM 00pa3oM ero 3arpy3ke Ha
MOBEPXHOCTh CMOJIbL. Bo n30exkaHne 3THX HeKeJaTeIbHbIX OCIEICTBHI TOBTOPHO
ucnojb3dyemasi cmojia 104 u Trocyib(aTHBIN BbIIIEIaYUBATE b HA CTAJUH BbIIIEIaYHBAHHSI
100 0ObIuHO conepKat Cyab(pHUI-HOHBI B KOJIMUECTBe He Oonee ueM okono 100 muH. 1., yame
He 0oJiee 4eM OKOJIO 75 MIIH. 1., ellle Yaine He Oosiee ueM OKoJio SO MJIH. 1., €Ille Yalle He
Goree ueM OKOJIO 25 MIIH. 1., elle Jalne He Oosee deM okojo 10 MiH"!, eme gamme He 6osee
ueM OKOJIO 5 MIH ', elne yaie He Gonee ueM okojo 1 MiIH™!, eme yaiie He Gojee 4eM OKOJIO
25 mMnpx L, eme yaie He 6osee yeM okono 10 Mupx !, emme yaie He 60J1ee YeM OKONIO 5 MIPH
! emme yame He Gosee uem okono 1 Mupa™!, u naxe elne yaie He CONEPKAT CYIbMUI-HOHDI.

Kpowme Toro, Op110 00Hapy KEHO, YTO KOJIMYECTBO BBIOJHEHHBIX LIUKJIOB 3JIFOMPOBAHUS U
pereHeparyu 4actTo 0OpaTHO MPONOPIIMOHAIBHO U3BJICUEHHIO 30JI0Ta, U YTO U3BJICUECHHE
30J10Ta 0OPATHO MPOMOPLIMOHAIBHO COAEPKAHUIO 30JI0Ta B UCXOIHOM Matepuaie. bes cBszu ¢
KaKoW-1n00 Teopueli 3tu 3G eKThl MPUBOASIT K HEOOXOIMMOCTH HACKOJIBKO BO3MOXKHO
CHU3UTb YaCTOTY BO3BpAllleHUs IIAPUKOB CMOJIbI HA CTaANIO0 BbllienadnBanus 100 co craauu
3JIFOUPOBAHUsA 30510Ta. [leno B TOM, UTO CUUTAETCs, YTO NOAAepKaHHe ONTHMAJIbHOTO
U3BJICUEHHS 30J10Ta TpeOyeT MoAnepKaHust MOCTOSTHHOTO TEPMOINHAMHYECKOTO COCTOSTHUS
cpenbl Ha ctaauu Belenaunsanus 100. Bo3ppalneHne mapukoB CMOJIBI HA CTAIHIO
BblllleNaunBaHus 100 MOXeT HapylIaTh WM U3MEHATh TEPMOJANHAMUYECKOE COCTOSHUE,

YMEHbIIAsA TAKUM o6pa30M H3BJICUCHUEC 30J10TA U3-3a MPUCYTCTBUA HA CTAAWUU
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BBILIEIAYNBAHUS a0COPOUPYEMBIX CUIIBHOOCHOBHBIMH CMOJIAMH HEYKEJTATEIbHBIX XUMHUIECKUX
COEAMHEHUH, (TaKNX KaK TETPATUOHAT, TPUTUOHAT, AHUOHBI CEPa-KUCIOPOA U THOCY Ib(aTHbIE
KOMILJIEKChI METAJUIOB, HAIIPUMED, CBHHLIA, MEU U IIMHKA), OOPa3yIOIINUXCs HA CTAANN
3IOMPOBAHUS 30JI0TA WIIK MHBIM 00Pa30M PELMPKYJIHPYEMBIX C 3TOH CTaAHH. DTH
COEAMHEHUsS] MOTYT KOHKYPHPOBATh C 30JI0TOM 3a LIEHTPbI abcopOiin Ha cMoue. KonmuecTBo
LIUKJIOB JIFOMPOBAHMS B Te€UEHHE 24-4aCOBOT0 MEPHOA OOBIMHO HAXOJUTCS B HHTEPBAJIE
npubINU3NUTENBHO OT | 10 5, IpU 5TOM MPEANOYTUTENBHO MEHbINEE KOJMYECTBO LIUKJIOB
3JIFOUPOBAHUA. JTO MOXKET MOAAEPKATh KOHLIEHTPALMIO HEXKEIATeIbHBIX XUMUYECKUX
COEAMHEHUI Ha IOCTATOYHO HU3KUX YPOBHSIX, YTOOBI OHU HE CHJIBHO KOHKYPHPOBAJIH C
30JI0TOM 32 LIEHTpbI a0copOLuu Ha cMoste. MHbIME c10BaMu, YPOBHU KOHLIEHTPALIUH KasKAOTO
U3 HEXXEeJIaTeIbHBIX XUMUYECKUX COCMHEHHH Ha CTaauHy BhienaynBaHust 100 oObdHO
NOJIEP>KUBAIOTCS B Ipefiesiax okoso 50%, yae B npeaenax okoio 25%, elne yJaiie B
npenenax okoJyio 20%, ere yaie B rpenenax okojio 15%, eme yame B nmpenenax okoyo 10% u
Jlaxe elle yalle B Ipesesax okosio 5% OT ypOBHS KOHLEHTPALMH, UMEIOLIErocst 10 KOHTAKTa
MOBTOPHO UCIOJB3y €MON CMOJIBI C PACTBOPOM AJIA BbllllenaunBanus. [lognepxanue no
CYILLECTBY MOCTOSIHHOIO TEPMOJNHAMUYECKOIO COCTOSIHUS HA CTAAUU BBILIEIAYNBAHUS MOXKET
MO3BOJIMTh CHU3UTb BPeMsi MPeOBbIBAHUS HCXOAHOTO MaTepHaja Ha CTAINH BbILIEIAYHBAHUS
0e3 yuiep0Oa aist u3BnedeHus 30510ta. OObIMHO BpeMst MpeObIBaHUS HCXOIHOTO MaTepuaa Ha
CTaJU¥ BBIIIEIAYUBAHMS COCTABJISIET He OoJiee yeM okoJio 15 yacoB, u yaine He Oonee ueM
okouso 10 gacos.

30J10TO MOXKET ObITh M3BJIEYEHO U3 MOJYYEHHOTO TPUTUOHATHOTO pacTBopa 152
HECKOJBKUMH CIIOco0aMu, BKITFOYAsl, TOMUMO MPOYETo, SJEKTPOXUMHYECKOE BblneneHue 168,
LIEMEHTAIIMIO METAJIJIAMHU, TAKIMHU KaK MeJIb WU IIFHK, U OCAKICHHUE CYIb(PHICOaePKAITUMHU
pactBopamu. Kaxxaplit U3 3THX cocoOOB MPOIEMOHCTPUPOBAI YCIIEITHOE U3BJIEYEHUE 30J10Ta
70 OYeHb HU3KHUX KOHLEHTpaui (u3BiedeHue 30mo0ta >99%). B npeanodrurensHOM
BAPHUAHTE UCIOJIB30BATNCH OOBIYHBIE SJIEKTPOJIUTHUECKUE BAHHBI, & O0ObEAMHEHHAs CXeMa
MPOIIECCOB AIIOMPOBAHUS/IIEKTPOXUMUYECKOTO BhIACIEHH MTOKa3aHa Ha ¢ur. 1.
Obe3meramnennsiii pactBop 300 co CTaauu 3IEKTPOXUMUIECKOTO BBIIEJIEHUS] MOXKET ObITh
BO3BpalleH oOpaTHO Ha ctaquio 164 cuHTe3a TpUTHOHATA /Wi TOOABIIEH TIOCTIe
HeoOs13aTeNTbHON CTaANH MPEABAPUTENLHOTO 3IFoupoBanust Mean. [lpu nobasnernn
obe3merayuieHHOro pactBopa 300 co cTaanu 3JIEKTPOXUMHUYECKOTO BBIICTICHHUS K CHHTE3Y
TPUTHOHATA BO3BPAINAETCS YaCTh JOMOJHUTEIBHOTO THOCYIb(ATa, KOTOPBIH yAAISIETCS 13
CMOJIBI BO BPEMsI SJIFOUPOBAHUS 30J10Ta. AJBTEPHATUBHO, NP 100aBICHUH 00€3METaJNIEHHOTO

pactBopa 300 co cTanuu 3JIEKTPOXUMHUYECKOTO BBIAEIEHUS Ha CTAAUIO MOCIIE
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NPEABAPUTENBHOTO SIIFOUPOBAHMS, CYJIb(UT, MPUCYTCTBYIOLIHHA B 3TOM ITIOTOKE, PEarupyer ¢
KaKUM-JIN0O a7icopOMPOBAHHBIM Ha CMOJIE TETPATHOHATOM, UYTO sBJIsieTcs 3 dexTuBHOIM
cragueit 00padoTku aJist obecriedeHnst ONTUMAIBbHON 3(PPEKTHBHOCTH 3IIFOUPOBAHUS 30JI0TA.
Taxoti sxe apext qocTuraeTcs mpu BO3BPALIEHUN 00€3METAJUIEHHOTO PACTBOPA CO CTaUU
3NEKTPOXUMHYECKOTO BbIIEIECHUS TMO0 Ha CTAIUIO Mepe]] MPEABAPUTEIbHBIM SJIOMPOBAHUEM
Menu, Tud0 NMpH CMEMINBAHUHN 00€3METANIEHHOTO PAaCTBOPA CO CTAIUH 3JIEKTPOXHUMHIECKOTO
BBIJIEJICHHS C 3JII0ATOM IPEIBAPUTENBHOIO 3JIFOUPOBaHus Meau. Bo Bcex aTux BapuaHTax
TPUTHOHAT BO3BPALLAETCS HA3a] B CUCTEMY 3JIIOMPOBAHUSA, a [JIs MOAEP KaHUsl BOAHOIO
OanaHca UMeeTCs IOTIOIHUTENbHBIN 00bEM 3JIH0aTa MPEBAPUTENBHOTO IFOUPOBAHUS MEIH,
KOTOPBII B OCHOBHOM COZAEPKUT MeJlb, CyJIb(paT U THOCYJIb(AT, TaK KaK 3TOT MPOAYKT
oOpasyercst 10 NIPOHUKHOBEHUs TPUTHOHATA U 30JI0Ta, KaK OMUCAHO HIIKE.

CxonHbIil IPUHLUI IPUMEHSETCS JIJIsl U3BJICUEHHS 30JI0Ta C UCTIONb30BAHUEM LIEMEHTALIUN
Y OCXKIIEHHMS, IPH 3TOM 00€3MeTaJJICHHBIH pacTBOP BO3BPALIAETCS HAa3a] B CUCTEMY
3JFOUPOBAHUSA AJIA U3BJICYEHHs] TPUTHOHATA.

Kak MoxHO BUAeTh U3 Qur. 1, cynepHaTaHT XBOCTOXpaHWINIIA 124 He BO3BpaIIaeTcs B
pesepByap 182 nust pereHepanuy, Tak Kak HEOXKHIAHHO U C YAUBJIEHHEM ObLIO OOHAPY KEHO,
410 00padoTKa CynepHaTaHTa, HATIPUMED, C TIOMOIIBIO 0OpaTHOTO ocMoca 172 w/wnu
MIOBTOPHOE UCTIONIb30BAHUE MOJIyUEHHOTO TIepMeaTa MK SKUAKON ¢a3bl U3 pesepByapa 182
IUTS pereHeparii MOJKeT HEraTUBHO MOBIIUAThH HAa U3BJIEUEHHUE 30J10Ta. J[pyrUMuU CIOBaMU,
pe3epByap AJisl pereHepaLiy Mo CyIEeCTBy He COAEPKHUT (Harnpumep, OObIMHO CONEPKHUT He
6osee uem okono 10 00.% u yame comep:kut He Ooee ueM okoo 5 00.%) cynepHaTaHTa U3
XBOCTOXpaHunuma 124.

Kpowme Toro, Hu nepmMear, HI KOHLEHTPAT 00paTHOro ocMoca 172 He BO3BpAINAIOT JJIst
MOBTOPHOTO UCIIOJIb30BAHUS TIPH MOJyY€HUU THOCYIb(aTHOTO BhIIeaunBaTes 176. bouio
O0OHapy KEHO, YTO PELUPKYJISILHS OHOTO WM OOOUX STHUX MOTOKOB MOKET CHU3UTh
U3BJICUEHHE 30JI0Ta Ha cTaanu Boimenaynsanus 100. bes cBsi3u ¢ kakoi-mubo Teopueit
CUUTAETCSI, YTO THOJBI H/UJITH AMUHBI B PELIMPKYJINPOBAHHOM(BIX) IOTOKE(axX) NEHCTBYIOT KaK
XENATHPYIOLIHE areHThI 30J10Ta WIH HHBIM 00Pa30M CBSA3BIBAIOT PACTBOPEHHOE 30JI0TO, YTO
NPEMSATCTBYET YJIABIMBAHUIO PACTBOPEHHOI'O 30JI0Ta IIAPUKAMHU CMOJIBI (OCOOEHHO KOoraa
IIAPUKH CMOJIBI COAEPIKAT YETBEPTUYHBIN aMMOHUH). [0 3TOl npuunHe conepkamuit
THOCYJIb(MaT MOTOK 180 0OBIMHO MO CYIIECTBY HE COAEPIKUT (HAPUMEP, OOBIMHO CONEPIKHUT He
6onee uem okono 10 00.%, u yamie ve Oonee yeM okoo 5 00.%) MM COBCEM HE COAEPIKUT

JKUZIKYIO W/WJTH PaCTBOPEHHYIO TBEPAYIO a3y u3 pesepByapa 182 mist perenepaium.
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Jlns noctrkeHus 0ojiee BBICOKOTO U3BJICUEHHS 30J10Ta THOCYJIb()ATHBIN BBIIIEIAYHBATEIb
176 Ha ctaguu BeienaunBanns 100 0OBIYHO CONEPIKUT aMUHOB He OoJiee ueM okojio 100
MIH ", yame He Gonee ueM okos0 180 mapa !, ewme yamie He Gonee yem okoso 100 mapa !,
emle Jaie He Goee 4eM OKoyo 75 MiIpa L, eme vaie He 6onee yem okono 50 mupa !, eme
yame He 6oee ueM OkoyIo 25 MapA !, eme yaie He Gonee ueM okos10 10 mapa !, eme yaie He
boree 4eM OKOJIO 5 MIIpA ', elle yalle He Oonee 4eM okojo 1 MIpa ), u naxe elle yalie He
COIEP>KUT aMUHOB (HATPUMeEp, COeNMHEHUs WK (PyHKLIMOHAIBHOM IPYIIIBI, KOTOpasi
COIEP>KUT OCHOBHBINM aTOM a30Ta C HEMOAEJIEHHON Mapoi; aMUHBI OOBIUHO SIBJISTFOTCS
MIPOU3BOAHBIMU AMMHAKa, B KOTOPBIX OJIUH MJIM HECKOJIBKO aTOMOB BOJIOPOAA 3aMEHEHbI
3aMeCTHUTENIEM, TAKUM KaK aJIKWJIbHASI WM apUIbHAS TPYIINa) WU THOJIOB (HarpuMep,
OpPraHUYeCKOro COeNNHEeHUs, coaepskalnero rpynmny —SH, T.e. cepocoaep:kaliero aHajaora
crupTa).

ITockonbKy HUKAKOM KUAKUN WIN TBEPIbI KOMIIOHEHT KOHLIEHTPATA U OMLUOHAIBHO
nepMeara He BO3BPAILAETCS ISl MOy YeHUST THOCY JIb(DaTHOTO BbIIIENAYNBATENS WA HE
NPUCYTCTBYET Ha CTaauu BhieaaunBanus 100, ToO HET HEOOXOAUMOCTH OCAKIATh THIIC, U
OCaKJIeHUEe THIICa He OCyIecTBisieTcs. [pyrumu ciioBaMu, THOCY b aTHBIN
BbILIEJIAYNBATENb, UCTIOJIb3y €Mbli Ha CTaauu BbilenadynBanus 100, He COOEPIKUT KUIKUX U
TBEPABIX KOMIIOHEHTOB KOHLIEHTpaTa 174.

SKCHEPUMEHTAJIBHASI YACTb

Crnenyromue npuMepbl PEICTABIICHbI IS WUTFOCTPALIMH HEKOTOPBIX aCMEeKTOB,
BAPUAHTOB U KOH(UTY paluii n300peTEHNs 1 He JOKHBI TOJKOBATHCS KAK OTPAHUYEHUS
U300peTeH s, U3JI0KEHHOTO B IPUJIOXKEHHOU (hopMyie uzodbperenus. Bee nomu u
MPOLICHTHBIE COOTHOLIEHUS YKa3aHbI 10 BECY, €CJIN HE YKA3aHO WHOE.

Ilpumep 1

Mesxny (haOpu4HbIM U TaOOPATOPHBIM U3BJICYEHHEM, OCHOBAHHBIM Ha MPOLIECCE IO
narenty CIIA 9,051,625 nabmonanock pacxoxaerue 10-20%. YUToObl MOHATE MPUUUHY
pacxoskaeHusi, ObUTM IPOBEISHBI TECTHI HA BHIIIEIAYMBAHUE PA3JTUYHBIX 00Pa3LOB C
UCTIOJIB30BAHUEM CMOJTBI-B-BBIIIEIAYNBAHIH COTIIACHO criocoly mo natenty CIIIA 9,051,625,
ITapameTpbl TeCTOB MpEACTABJIEHBI B TaONULe HIDKE. Bo Bcex TecTax no0aBIsiach Melb,

KOHIIEHTpALUsl KOTOpoii cocTapsina 20 Mun . JIo6aBisiaoch NpubIU3UTeIbHO 30 M° CMOMBL.

Ne tecra | Jlata Yan | Pyna Pazbasnenne | Cmona

1 29.11-09.12 | 1B [lenounas | [Tepmear O0e3MeTanieHHast/ CBEXKasT

2 15.12-28.12 | 1B Kucnasa TS-cnus OGe3MeTaiuieHHast
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3 16.12-29.12 | OA | Kucnas ITepmear Obe3MeTaieHHAsT

CyTounblii mpoduib TBepAOH (a3el U pacTBOpa AJIS BBIIETAUYNBAHUS I KaXKIOTO TECTA
NOKa3aH Ha yepTexax. Bo Bcex Tpex TecTax KMHETHKA BBIIIEIauYnBaHIs OblIa 3aMeNIEHHOH, U
notpedoBasock Ooublie HefelH, Ipex e ueM npoduis TBepaoi ¢a3bl BeipoBHsuICA. HykHO
OTMETHTD, YTO TEMIIEPATYPbl YAHOB CHIKAJIUCH CO CKOPOCThIO S°F/neHs B pe3yibraTe
oxJyaxaeHust yaHoB. Kpome Toro, oOpasubl pacTBOpa MOKa3bIBAIOT OTCY TCTBHE MEAU B
pacTBOpe, HeCMOTpsI Ha 100ABJIEHNE MEIU B KOJIMYECTBE, 1OCTATOYHOM /IS TOCTHXKeHus 20
maH . B menounom Tecte 1B 65110 106aBieHo eme 80 MIH ! MeaM, OHAKO Mefib B PaCTBOPE
Ho-npekHeMy He ObLia OOHapy KeHa.

PesybraThl TECTOB Moka3aHbl Ha ¢ur. 2-4. Kak noka3aHo Ha (ur. 2, paCTBOPUMOE 30JI0TO
B 1eJI04HOM oOpasie 1B ocraBanochk Hu3kuM (<0,002 yHLUH/T), 4TO MOKHO OOBSICHUTH
UCIIOJIB30BAHUEM CMECH U3 TIOJIOBHHBI 00€3MeTaJICHHON U MOJIOBUHBI CBeskeit cMoitbl. Kak
NIOKa3aHO Ha ¢ur. 3-4, B ApyTrUX ABYX TECTaX CONEPIKAHUE 30JI0TA B PACTBOPE OCTABAJIOCH
HIB3KHM B Ha4ajie TeCTa, HO BO3PacTao, Korja Teepaast haza HaunHaia CyIeCTBEHHO
BBILIEIAYUBATHCS. 30JI0TO B PACTBOPE OCTaBajioch Ha ypoBHe ~0,0008 yHIMIT/T 10 KOHLIA
TecTa, uTo coryacyercs ¢ nanubiMu HARIL ¢ ucnonb3oBaHueM 00e3MeTaJIEHHONW CMOJIBL.

Kak nokazaHo Ha ur. 5, u3BnedeHust NPy BhIIETAYHBAHUNA 00PA3LIOB CPABHUBAIUCH C
COOTBETCTBYIOIIUMH (HaOpUIHBIME U JJAOOPATOPHBIMHU M3BJIICYCHHUSMH, KaK MIOKA3aHO HUKE.
Bo Bcex TecTax BbilenayrBaHie 0Opa3loB 3HAYUTENILHO MPEBOCXOMUT (hadpUIHOE, OTHAKO
BCE ellle CYIIECTByeT pacxoxaeHue 5-10% u3BjieueHus o CpaBHEHHUIO ¢ JJAOOPATOPHBIM.
HeoOxoanMo oTMeTHTB, YTO B IJaOOPATOPHOM TECTE HCIIOIB30BANIACh CBEKasi cMoia. OqHAKO
JaHHbIE 00PA3IIOB JIMKBHIUPYIOT OOJBINYIO YacTh pa3pbiBa MeXAy HaOpUUHBIMU U
1a00pPaTOPHBIMU TAHHBIMH.

HeoxnnanHO momuTHOHAT (HAIPUMEp, TPUTHOHATHI H TETPATHOHATHI) OCTABAJICS
OTHOCHTEJIbHO CTAaOMIIBHBIM BO BpEMsI T€CTa, KaK Moka3aHo Ha ¢ur. 6-8. KoHueHTpanuu
NOJIUTUOHATA HA CMOJIE U B PACTBOPE B OCHOBHOM OCTAaBAJIUCh O€3 U3MEHEHUH, YTO
KOHTPACTUPYET C AAHHBIMHU MPOLUIBIX JIET, KOrTa 00pa3oBaHUe MOJUTHOHATA ObLIO
HEKOHTPOJIUPY €MBIM Cpa3y MOcJje NepeBoa YaHa Ha aBTOHOMHBIN pexkuM. OJTHaKO HET
YBEPEHHOCTH B TOM, YTO CTAOMIBHOCTH MOJUTHOHATOB CITOCOOCTBOBAJIO OTCY TCTBHE
comoounm3npoBanHoi Mean. Ilpeanonaraercs, YTO HU3KHUE KOHLEHTPALNUHU TIOJUTHOHATOB

CrocoOCTBOBAIM HU3KHM TIOTEPSIM 30JI0Ta B PaCTBOpE.
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Bo Bpems TecTupoBanust 00pa3noB ObUIN CIETaHbI AOTIOJHUTEIbHbIE HHTEPECHDIE
HaOmoneHus. Bo-miepBrIX, pa3sHHLA B U3BJICUEHUN MEKAY TECTAMH HA KUCIIOE
Boimenaunsanue OA u 1B cocraBuna ~7%, npu 3TOM €IUHCTBEHHBIM Pa3INureM B pabounx
napameTrpax ObLIO TO, 4TO s pasdasneHust 0A UCHONB30BAJICS MIepMearT, a At pa3daBiieHus
1B ucrionp3oBascs CIUB THOCY Ib(aTa 1 pereHepupoBaHHbII THOCY IbdAT. ITO
CBUJIETEJILCTBYET O TOM, YTO CJIUB THOCYJIb(aTa U/Miiu pereHepupoBaHHbIN THOCY TbdaT
MOTYT OKa3bIBaTh HETATUBHOE BJIUSHUE HA U3BJICUCHUE.

Bo-BTOpBIX, TECT Ha BhIIIENAYUBAHUE KUCITOTO 06pasia OA nposomuncs npu 400 muH !
Trocynbparta. Hebonploe KOIMUecTBO CIMBA THOCY Ib(aTa 1/HiK pereHepupoOBaHHOTO
THocyJb(paTa Opl10 HenpenHamepeHHO BBeneHO B 0A. Tuocynbdar kanpius He Obl1 100aBIEeH
B OA B pe3yJsibTare nepekpsITHs TpyOonpoBoaos. JlocTuraytoe nsiedenue 67,4% yka3blBaeT
Ha TO, YTO HU3KME KOHLEHTPALMH THOCYJIb(aTa Bce ee 00eCeYnBaOT JOCTATOUHOE
BbIllleTIaunBaHue. KpoMe Toro, npu Takoi HU3KOH KOHLIEHTPALMK Y CTOMYUBOCTDb MOJIMTHOHATA
0CTajach MO CyLECTBY HEU3MEHHOM.

IIpumep 2

ANbTepHATUBHBIHN CIIOCOO MOJTy4YEHHsI JOMOJIHUTEIBHOTO TPUTHOHATA 3aKJIFOUAETCS B
UCTIOJIB30BAHUH HEKOTOPOT'O KOJIMUYECTBA THOCYJIb(aTa B UCXOJHOM MaTepHaie JJIst
HeoOsI3aTeNTbHON CTAANH MPEIBAPUTENILHOTO 3JIIOUpOBaHUs Meau. Jlo0aBisisi MepOKCHUI B STOT
MOTOK, MOKHO MOy YUTh OOJIbIIHI 00beM (Hampumep, S 00beMOB CJios) TPUTHOHATA Oolee
HU3KON KOHLIEHTPALMU. JTO SIBJSETCS IPEUMYLIECTBOM, TaK KakK TEIJIO PEaKI[UH MOTJIOMAeTCs
OonbLUIM 00BEMOM PaCTBOPA, U, CIEOBATENBHO, HE TPEOYIOTCS JOMOJHUTEIbHbBIC CUCTEMA
OXJIAKIEHHS UJIN POU3BOAUTEIbHOCTD OXJIAKICHHUSI.

Ha ¢ur. 9 nokazana kpuBas peaBapUTEbHOTO 3roupoBanus meau st 0,5 M pactBopa
THOCYJIb()aTa HATPUS B CPABHEHHH C PACTBOPOM, B KOTOPOM CMELIaHbI THOCYJIb(AT HATPHUS U
nepokcuz ¢ obpasoBaHueM cocrasa, copepkamiero 0,5 M Trocynbdat Hatpus + 0,05 M
TPUTUOHAT HATPHUs1, B COOTBETCTBUHU C peakuuei 2. [IpucyrcTeue Tputnonara B
THOCYJIb(ATHOM 3JIFOEHTE JJIsl IPEABAPUTEIBLHOTO SJIFOUPOBAHUS IIPUBOAUT K TOMY, UTO
OoJIblIee KOMMIECTBO MEIH JECOPOUPYETCsI CO CMOJIBI BO BPEMsI ITPEABAPUTEILHOTO
3JIFOUPOBAHUS MeAU. JTO MOJE3HO ISl IPOLIECCa 3JIIOUPOBAHUS 30J10Ta, ITOCKOIbKY
yBeJIUYCHHE 1ecOPOLIMN MU BO BPEMs NPEABAPUTEILHOTO SJIFOUPOBAHHS HMEET
Pe3yJIbTaTOM MEHblIIee KOJUUECTBO MEIU B KOHEUHOM 30JI0TOM Npoaykre. Jpyrum
3HAYUTEIIbHBIM MPENMYIECTBOM H00aBICHHS MEPOKCHIA B TIOTOK ISl PEABAPUTEIHLHOTO
3IOMPOBAHUS MEIU SIBJIIETCS yyUlneHne ) (GpeKTHBHOCTH 3JIFOUPOBAHMS 30JI0Ta UCXOS U3

TpeOyemoro odvema npockoka. Ha ¢ur. 10 moka3ana kpuBast 31FOMPOBAHUS 30J10TA,
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nostyueHHas st cmecu 0,2 M tputuonat + 0,2 M cynbdur. Cmora, koTopasi moaseprajiach
IIPEBAPUTENBHOMY AJIFOMPOBAHUIO B IPUCY TCTBUM TPUTHOHATA, AJIOUPY ETCSI paHbllle, YeM
pyroi o0paser cMOJIbl, IPU 3TOM ITHK 3JIFOMPOBAHHUS 30J10Ta HaXoauTcs mocie 1,3 odrema
CJIOSI pacTBOpPA MO CPABHEHHIO € 2,6 0ObeMaMH CJI0s1 pacTBOpPa, COOTBETCTBEHHO. Kpome Toro,
MakCHMajbHasi KOHLIEHTPAaL¥s 30J10Ta BbILIE AJI1 CMOJIbL, KOTOpasi OJBEprajach
MPEIBAPUTENLHOMY 3JIFOMPOBAHUIO B PUCY TCTBUM TPUTHOHATA. DTO TaKXKe SBJIAETCS
IPEUMYLIECTBOM, TaK KaK MOXET OBITh IOJIyueH OoJie€ KOHIIEHTPHUPOBAHHBIN MPOIYKT
3NEKTPOXUMHYECKOTO BbIIENEHNUs 3070Ta. B mporeccax, nokasanubix Ha ¢ur. 9 u 10,
3arpy3ka Ha CMOJIy BCEX BELIECTB, BKJIFOUasi Mellb U 30JI0TO, Oblila OAMHAKOBOM.

bes cBsi3u ¢ kakoil-mubo Teoprel OUeBUIHO, YTO LEJbI0 JOOABJICHUS IEPOKCHIA Ha
CTaJUH MPEIBAPUTENBHOIO 3JIFOUPOBAHUS ABJISETCS MOy Y€HHs] TPUTHOHATA HU3KOH
KOHLEHTPALUHU, KOTOPBII HE YAAJsIeT 30J10TO BO BPEMs CTaAUU IIPEBAPUTEIBHOTO
SIIOUPOBAHUS MEAH, & KOHAHNIUOHUPYET CMOJTY IOCPEICTBOM aCOPOIIMU TPUTHOHATA JI0
CTaMH 3JIOMPOBAHMS 30J10Ta. Pe3yIbTaToM SBIISIETCS] 3HAYUTENBHO OoJbInast 3 eKTUBHOCTD
BO BpeMs cTaauu smonposanus. [IpeanouturensHo, 1o0aBKa MEPOKCHAA HAa CTAIUH
NPEABAPUTENLHOTO SJIIOUPOBAHKS MEIH NOJUKHA ObITh Meskay okoJjio 0,1 u 0,2 moneit
NEPOKCHUIA BOJOPOAA HA JINTP CMOJIbI, MOBEPTAOIIEHCS SJTFOUPOBAHUIO, YTOOBI MOy YUTh
KOHLIEHTPALIUIO TPUTHOHATA B MTPOLIECCE MPEABAPUTETHHOTO IFOMPOBAHUS, HAXOIALIYIOCS B
uHTepBaje ot okojio 0,025 no okoyo 0,5 Mosb/a cMoJbl. Takke ObLTH MPOBENEHBI TECTHI C
UCTIOJIB30BAHUEM S5 00BEMOB CJIOS SJIFOSHTA JJISl PEIBAPUTEIBHOTO SIIOMPOBAHUS MEJIH,
cogepxatero 0,025 M tputuoHarta (To ecth 0,5 MOJIb IEPOKCHIA HA JIUTP CMOJIBI), U TAKKE
TIOJIy Y€HBI XOPOLIHE Pe3ybTaThl. JJOJDKHO OBITh SICHO, YTO KOTAA 3arpy KeHHAasi CMOJia
COIEPKHUT MOJUTUOHATHI B BBICOKOW KOHIIEHTPALIUH, MPEATIOYTUTEIbHOH MOKET OBITh
MeHbIIIasl CTeNeHb KOHAULUOHUPOoBaHus, T.€. 0,1 Mosb nepokcuaa Ha Jutp cMoJibl. OgHaKo
€CJIM KOHLIEHTPALMsl IOJUTHOHATOB B Harpy >KeHHON CMOJIE OUeHb HU3Kas, MOXKET
notpedoBaThes OOJbIIAsT CTENeHb KOHAUIMOHUPOBaHUs. TakuM 00pa3oM, 3TO HaeKHbIN
IPOIIECC, C MOMOIIBI KOTOPOTO MOKHO 00padaThIBaTh IIUPOKHUI TUAMTA30H HCIIONB3YEMBbIX
CMOJL.

Jlis mpeBapuTENbHOTO BBILIEIaYMBAHUS MOYKHO UCIIONIb30BATh PAa3IMYHbIe HCTOYHUKU
THOCYJIb(aTa, & TTOCKOJIbKY MPOAYKT NepepadaThIiBaeTCs Al IOBTOPHOTO MCIIOJIb30BAHMS B
BBILIEIAYMBAHUH, COJIb THOCYJIb(aTa T0JKHA OBITH COBMECTUMA C CUCTEMOMH
BbIlenaunBanus. [Ipu BeIOOpE BhILIENIAUMBAHUS THOCY Tb(PATOM aMMOHUS
NPEANOYTUTENbHBIM PEAreHTOM /IS SJF0NUPOBaHus Oy aeT THocyibdar ammonus. OgHAKO IS

CUCTEM BbILCTIaYNBAHNA, HC UCITOJIB3YOINUX aMMOHHﬁ, MOKHO HCIIOJIB30BATH
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aNbTEePHATHBHBIE PEAreHThl, TaKHe Kak THOCY Ib(dat kanpuusa. OgHako, Kak 00Cy K1ajJoch
BBILIE, MOXKET MOTPeOOBATHCS CTAAUS yAANEHNs Kaiblys. HanpuMep, B JaHHOM Clydae TaKxKe
MOJKET UCTIOJIb30BATHCS CUCTEMA, OTMCaHHAsl B IpUMepe 2, B KOTOPOH KOHLIEHTPAT 0OpaTHOTO
0CcMOca OOBEIUHSIETCS C THOCY Ib(ATOM KaJbLMs, TIOCIIE YEro Y JANISETCs] THIIC.
[IpennoyTurenbHO, MEPOKCUA AOOABISIOT 10 yAAJIEHUS THIICA, TAK KAK B PE3yJIbTaTe PEaKIuU
2 obpasyercs cynbgar.

MoskeT HCnoIb30BaThCsl MHOXKECTBO BAPHAHTOB U MoAU(HUKanni n3o0pereHust. MoxHO
OCYILECTBJIATh HEKOTOPBIE MPU3HAKU U300pETeHNs, HE OCY IIECTBIISAS APYTHE.

Hacrosiiee nzoOpereHne B pa3InYHbIX acleKTaxX, BAPUAHTAX U KOHPUTYPALHSIX BKIIOYAET
KOMITOHEHTBI, CIIOCOOBI, IIPOLIECCHI, CUCTEMBI H/UITH Y CTPONUCTBA, B OCHOBHOM H300pa’keHHbIE
Y OIIMCAaHHBIE B HACTOSALIEM ONHCAHUH, BKIIFOYAsl PA3JINYHbIE ACTIEKThI, BAPHAHTHI,
KOH(Uryparmu, cyOKOMOMHAIIMK 1 MOATPYIIIbI HacTosAero n3odperenus. [locne
O3HAKOMJIEHHSI C HACTOSAIINM M300pEeTEeHHEM CIIEMAIUCTBI B JAHHOH 00JIaCTH MOUMYT, KaK
OCYILIECTBUTDb U UCTIOJIb30BATh PA3JIMYHbIE aCTIEKThI, BAPUAHThI U KoHpurypauuu. Hacrosiee
n300peTeHne B Pa3IMYHbIX ACMEKTaX, BApUAHTaX U KOH(PUIYpaLsIxX BKIIOYaeT oOecredeHne
YCTPOICTB M MPOLIECCOB, B KOTOPBIX OTCYTCTBYIOT JIEMEHTHI, HE N300pa’keHHbIE W/ HITH He
OMUCAHHbIE B HACTOSIIIIEM U300PETEHHH WM B €r0 Pa3JINYHbIX aCTIEKTaX, BAPHAHTAX U
KOH(HTy parysix, BKJIOYasi OTCY TCTBHE TAKUX 3JIEMEHTOB, KOTOPBIE MOTJIH OBITh
UCTIOJIB30BAHBI B IPEABIAY IUX YCTPONUCTBAX WM MPOLIECCaX, HAMPUMED, IJIS YTy YIIEHHSI
MPOU3BOIUTEILHOCTH, JOCTIKEHHSI MPOCTOTHI M\IJIA CHIKEHHSI CTOUMOCTH PEaJTU3aLIH.

BeriensnoxeHnoe o0Cy kaeHne N300peTeH sl MPEACTABICHO C LETbI0 MIUTFOCTPALIUH U
ONMuUCaHusA. BhIen3n0keHHOe He OTPAaHUYHBAET U300PETEHHE PACKPBITHIM B HACTOSIIIEM
OMUCAHNU BAPHAHTOM HJIM BApUAHTAMU. B BBIIEHU3JIOKEHHOM MOIPOOHOM ONHMCAHUH,
HATpUMep, pa3InIHble MPU3HAKH U300PETeHUs CrPpy MIIMPOBAHBI BMECTE B OTHOM HIIH
HECKOJIbKUX aCIeKTaX, BAPHAHTAX U KOH(PUTYPALIUSIX, YTOOBI YIIPOCTUTb PACKPBITHE
u3o0perenus. [Ipu3Haku acieKTOB, BAPHAHTOB M KOH(PUryparwii n300peTeHus1 MOTYT OBITh
CKOMOWHHMPOBAHBI B AJIbTEPHATUBHBIE ACTIEKThI, BAPUAHTHI M KOHPUTYPALIH, OTIMYAOIIHECS
OT PaCCMOTPEHHBIX BbIIIe. JlaHHBIN crTOCOO PaCKPBITHS HE CIIEYET paCCMaTPHUBATh KaK
OTpa’ke€HHE UACH O TOM, UTO 3asBJICHHOE H300peTeHne Tpedyer Ooblie MPHU3HAKOB, YeM
IPSIMO YKa3aHO B KaXKIOM IyHKTE (opmyJipl. Ckopee, Kak OTPakeHO B HIDKECIIEAYOLIeH
bopmyie n300peTeHus, N300peTaTeIbCKUE ACTIEKThI BKJIFOYAIOT MEHbBIIIEE KOJTHYECTBO
NPU3HAKOB, Y€M BCE MPU3HAKN OJJHOTO M3 PACKPBITHIX BBILIE ACTIEKTOB, BAPHAHTOB U

koH(ury paruii. COOTBETCTBEHHO, HIXKEU3JIOKEHHAast popMyJia H300peTeHUsT BKITIOUEHA B
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HacTosilIee MoapoOHOe OMUCAHUE, TIPH 3TOM KaXKIbIH My HKT (POPMYJIbl H300PETEHUS SIBIISIETCS
CaMOCTOSTENIbHBIM MPEATIOYTHTEIbHBIM BAPHAHTOM U300pETEHHUSI.

Kpowme Toro, XoTs B onucanne n300peTeHNs BKIFOUSHO ONMCAHKUE OJXHOTO MiN OoJtee
aCTeKTOB, BAPHAHTOB WM KOHYUIYpALMii 1 HEKOTOPBIX BapUalMid U MOAU(DUKALHIA, IPyTHE
BapHaLK, KOMOWHAIIMY U MOAU(DUKALIMN HAXOAATCS B Ipeiesiax o0beMa H300peTeHus,
HanpHuMep, Kak MOKET ObITh TIOHSITHO CIELUATUCTAM MOCJIe O3HAKOMJICHHUS C HACTOSIIINM
u3oOperenuem. [Ipennonaraercs noJIy4uTh MPaBa, KOTOPbIE BKIIOYAIOT AJIbTEPHATHBHbIC
ACTIEKThI, BAPHAHTBI U KOH(PUTYpaLUH, B pa3peLIeHHOM o0beMe, BKIIIOYas albTePHATHBHBIE,
B3aUMO3aMEHsIEMbIE 1/WITN SKBUBAJICHTHBIE 3asIBICHHBIM CTPYKTYPbI, QYHKLUH, THATIA30HbI
WM CTaJuH, HE3aBUCUMO OT TOTO, PACKPBITHI JI TAKHE aJIbTEPHATUBHbIC, B3AUMO3aMEHSIeMbIe
W/VJTH SKBUBAJICHTHBIE CTPYKTYPbI, (pyHKIMHU, THANA30HbI WM CTAIUH B HACTOSLIEM
OIMCaHuM, 1 O3 HaMepeHus MyOJIMYHO PACKPBITh KAKOH-INO0 MAaTEeHTOCTIOCOOHBINH OOBEKT

n300peTeHus.



POPMYVYJIA U3OBPETEHUA

1. Crioco0, conep rarmii;

BBILLEJIAUMBAHUE COJEPIKALIEr0 JPAaroleHHbII MeTaul MaTepuaia
THOCYJIb(aTCOAEPIKALIIM BBIIIEIAYHBAIOIINIM PACTBOPOM ¢ 00pPa30BaHUEM PAcTBOPA,
COJZIepIKALIEero IparoleHHbIN MeTal,

3arpy3Ky JparoleHHOro MeTaJljia, pACTBOPEHHOIO B COJEPIKALEM IparoLeHHbIN MeTaLI
pacTBOpe, Ha HECOZEPIKAIIY IO AParoLieHHBIN METaJl CMOJIy ¢ 00Opa30BaHUEM Harpy KEHHOM
JParoLeHHbIM METAJIJIOM CMOJIbI U 00€3METaJUIEHHOTO PacTBOPA;

KOHTAKTUPOBAHUE HArPyKEHHON APArOL€HHBIM METAJIOM CMOJIbI C 3JFO€HTOM
AParoleHHOro MeTaja ¢ 00pa3oBaHHEM OOOTaIl€HHOIO IPAroLleHHBIM METAJUIOM HJIFOEHTA U
00e3MeTaIIeHHON CMOJIBI, 1

U3BJIEYEHHUE APArOLEHHOTO MeTajlia U3 0OOTalleHHOTO JPAroleHHBIM METaJIOM 3JIFOSHTA.

2. Cnocob o 1. 1, OTINYArOIUICS TeM, UTO JIFOSHT JPAroleHHOr0 METAJlIa COAEPIKHUT
TPUTHOHAT U CYJIb(PUT-UOH, IPUYEM CIIOCOO AOMOIHUTEIBHO CONEPIKUT:

KOHTaKTHPOBaHHUE THOCYJIb(aTa ¢ OKUCIUTENEM AJIs TPeoOpa3oBaHus 110 MEHbIIEH Mepe
YaCTH THOCYJb(aTa B TPUTUOHAT, TIPY STOM KOHIIEHTPAIMs CYJIb(UT-NOHA B HJIFOSHTE
JParoLEeHHOr0 MeTajula COCTaBiseT o MeHblueil mepe okono 0,01 M, pH amroenTa
JIParolieHHOr0 MeTaJjula MOAAEPKUBAIOT B UHTEpBajie oT okosio pH 4,5 no okono pH 14, a
KOHLIEHTpALUs] TPUTHOHATA B AJIFOEHTE APAroLIEHHOTO MeTalula COCTABIISET 10 MEHbIIEH Mepe
okoJio 0,01 M.

3. Cnoco® no 1. 1, OTIMYAOIIHICS TeM, YTO THOCYJIb(PATCOAEPIKAIINN BhILIETauUBAO LTI
PAaCTBOp COZEPKUT He Oosee yeM okomo 180 MIpa | aMHHOB U THONIOB B COBOKY ITHOCTH, 4
THOCYJIb()ATCOAEP KA BBIIENIAYHBAIOLINI PACTBOP MO CYLIECTBY HE COACPIKUT SKUIKOU
U/WTN paCTBOPEHHOM TBEPIOH (ha3bl U3 pe3epByapa Uil pereHepaliy, B KOTOPBIH MOCTYaeT
110 MEHBIIEH Mepe YacTh THOCYIb(ATCOAEPIKAIIEr0 PACTBOPA MOCIE CTAIUU BbIIIEIAUNBAHHSL.

4. Crioco0 1o 1. 1, OTIIMYAKOLTHIACS TeM, YTO THOCY Tb(ATCONEP KA BbIEIAYHBAO U
PacTBOP MO CYLIECTBY HE COAEPKUT JKUIKOH W/WITH PaCTBOPEHHON TBepAOH (ha3bl U3
XBOCTOXpPAaHWINILA, B KOTOPOM XPAaHUTCA MPEABAPUTCIIBHO BbIIlIG.IIO"IGHHbeI MaTcpual,
coaep Kalui AparoLeHHbI MeTal.

5. Cnoco0 o m. 1, oTanyaroImuiicst TeM, 4To 00e3MeTaJUIeHHAst CMOJIa TI0 CYINECTBY He
COIEPKUT CYJIb(PHUI-NOHA U BO3BPALIAETCS JIs1 IOBTOPHOT'O MCIIOIB30BAHUS HA CTA/IHIO
3arpy3KH, Ha KOTOPOH MOBTOPHO HCIIONIb3yeMast 00e3MeTaNICHHAsI CMOJIa COEPIKHUT

TETPATHOHAT B KOJINYECTBE MO MeHbLIeH Mepe okojo 0,1 mMonb/m.



6. Crioco0 1o 1. 1, OTAMYAOIUICs TeM, YTO PaCTBOP, CONEPKALIUI TParOIeHHBIH METaILI,
JOTIONIHUTEJIBHO COJIEPIKUT MeZlb, KOTOPYIO 3arpy>kKar0T BMECTE C IParolieHHbIM METAJIOM Ha
Harpy>kaeMylo JparoleHHbIM METAIJIOM CMOJTY, [0 MEHbIIENH Mepe OKOJIO 5 MOJ.% MeTaJioB
11 rpynmer (IUPAC), 3arpy»keHHBIX Ha CMOJy, COCTaBJISIET MeNlb, U OoJiee 4eM 0KoJio 50
Moi1.% MeTtaiioB 11 rpynmel, 3arpy KeHHBIX HA CMOJTy, COCTaBJISIET 30JI0TO.

7. Crioco® no 1. 1, OTIMHAIOIIMIACS TeM, YTO 00€3MEeTATIEHHYIO0 CMOJTY BO3BPAIIAIOT IS
MOBTOPHOTO UCIOJIb30BAHUS HAa CTAJUIO 3arPy3KH, & KOHLEHTPALMIO OJTHOTO MJIN HECKOJBKUX
U3 TCTPATUOHATOB, TDUTUOHATOB, AHUOHOB CEPA-KUCITIOPOA U UX COYeTaHUU noaaCP>KUBArOT B
npenenax okoyio 50% OT ypOBHSI KOHLIEHTPALMU OTHOTO UJIM HECKOJIbKUX U3 TETPATUOHATOB,
TPUTUOHATOB, AHUOHOB CEPa-KUCIOPOA U UX COUETAHUN B COAEP KaIEeM AParoLeHHbII MeTall
pacTBOpe mepen KOHTAKTOM C MIOBTOPHO HCIOJIBb3YEeMOI 00e3MeTalIeHHON CMOJION.

8. Cnioco0 1o 1. 7, OTJMYArOIIUIACS TeM, YTO AJISl BBIOPAaHHOTO 00beMa 00e3MeTaslIeHHOMH
CMOJIbI KOJIMYECTBO LIMKJIOB 3arpy3KH U 3JIIOMPOBaHUs B npefenax 24-4acoBoro nepuoaa
COCTABJISIET OT OKOJIO 1 10 OKONO 5.

9. Crocod 1o 1. 6, OTITUYAOLIMIACS TeM, YTO MPH KOHTAKTUPOBAHUH HATPY KEHHOMN
JParoLlieHHbIM METAJIJIOM CMOJIbI C 3JIFOEHTOM JIParolieHHOrO MeTalljia SJF0UPOBAHNE MEIH U3
HarpynceHHof/'I Aparou€HHbIM METAJIJIOM CMOJIbl HE IPOUCXOUT.

10. Crioco6 mo 1. 1, OTIMYArOIIMICS TEM, YTO Ha CTAIUHU BbIIIEIaYiBaHMSI
TUOCYJIb(ATCOAEPIKAIIMI BbIIEIAYMBAIOIINIA PACTBOP HE CONEPIKUT NOOABJICHHON MEIH U
coziep kUt He Gosee yeM okono 10000 man ' THocy nbdaTa.

11. Criocob, comepsxarnuii:

(2) KOHTAKTUPOBAHHE COAEPIKAIIETO APATOLEHHbII METAJLT THOCY Ib(HATHOTO
BBIIEJIAYMBAIOIIErO PACTBOPA C HECOAEPIKALIEH qPAaroleHHbIH MeTalT HIOHOOOMEHHOM
CMOJIOH ¢ 00pa30BaHNEM HArPY KEHHOH IParoLi€HHBIM METAJJIOM CMOJIBI i 00€3MEeTAJIIICHHOTO
TI/IOCYJ'H::(I)aTHOFO BBIICJIAYHNBAOIIETO pacTBOpa, MPpUYIEM KOHICHTpPAUA OJHOTO UJTU
HECKOJIbKUX M3 aMUHA U THOJIA B COJIEPIKAIIEM IPATrOLEHHBIA METAJIT THOCY JIb(ATHOM
BBIIEaUHBAIOIIEM PaCTBOPE COCTABNSAET He Hosee uem okono 100 mua

(b) KOHTaKTHpPOBAHUE HATPYKEHHOH JAPAroleHHbIM METAJJIOM CMOJIBI ¢ HECOIEPKALIM
JPaAroLEHHBIH METAJIT JJIF0EHTOM ¢ 00pa3oBaHUEM OOOTAIEHHOTO IPAroLeHHBIM METAJIIOM
3MIOEHTA B 00€3METaJICHHOH CMOJIBL, U

(¢) u3BNIeYEHHE qPArONIEHHOTO MeTaJlia U3 00OTaIEHHOTO qPAroleHHBIM METaJLIOM
3MII0EHTa ¢ 00pPa30BaHNEM HECOIEPIKAIIErO IPAroLeHHbIH METaJII SJIFOSHTA /ISl €70

MOBTOPHOTO UCMOJIb30BaHUs Ha ctanuu (b).



12. Cioco6 mo . 11, oTIuyaromuiics TeM, 9TO KOHIIEHTPALUS OJHOTO MJIH HECKOJIBKHUX M3
aMHHa ¥ THOJIA B COZIEPIKaIleM IParoleHHbIH MEeTaJUl THOCYIb(ATHOM BBIIIEIAYHBAIOIIEM
pacTBOpe COCTaBsAET He Goee ueM okoj10 180 mapa !, Hecomep Kaliuii AparoLeHHbIH MeTaI
3JIFOEHT COAEPKUT TPUTHUOHAT, APArOLEHHBIN METAJI SIBJISIETCS 30J10TOM, HECOAEP KALIUT
JPArOLEHHBIM METAJT JIFOCHT JIOTIOJIHUTENBHO COAEPIKHUT CYIb(PHUT-UOH, KOHLIEHTPALIHS
CyJIb(PUT-HOHA B HECOMEPIKAILEM JIPArOLIEHHBIN METaJUI SJF0EHTE COCTABIISET 110 MEHbIIEH
Mepe okoJio 0,01 M, pH Hecoaep:kaiiero 1paroleHHOro Metajuia 3Ja0eHTa NOAACPKUBAOT B
nHrepsase ot okosio pH 4,5 no oxono pH 14, a kOHLEHTpaLMs TPUTUOHATA B HECOAEPIKALLEM
JParOLEHHBIM METAJLI 3JIFOEHTE COCTABIISAET 110 MeHbLIeH Mepe okoio 0,01 M.

13. Cnioco6 no . 11, oTnuyaromuiics TeM, 4TO KOHIIEHTPALIUS OJHOTO MJIM HECKOJIBKHUX U3
aMMHA U THOJIA B COZEPIKAINEM JPAroLeHHbII MeTajul THOCYJIb(aTHOM BBIIIEIAYHBAIOIIEM
pacTBOpe cocTapiseT He Gonee ueM okos1o 100 mapa , a comepsxammii JparoleH bl MeTan
THOCYJIb(AT HE CONEPIKUT KUAKYIO WIH TBEPAYIO (pasy, BO3BpaIiaeMyto JJisi HOBTOPHOTO
HCIIOJIb30BAHUS U3 XBOCTOB, IMOJYYEHHBIX HA CTaAuU ().

14. Cioco6 mo m. 13, OTIUYAOIIMIACS TeM, YTO CIIOCO0 HE CONEPIKUT OCAXKIACHUE TUTICA U3
XBOCTOB.

15. Cioco6 mo m. 11, OTIUYAOIIMIACS TeM, YTO KOHLIEHTPALUS OJHOTO HJIH HECKOJIbKHX M3
aMHHa ¥ THOJIA B COZIePIKalIleM JIParoLeHHbIA MeTaJUl THOCYJIb()aTHOM BBIIIETAYHBAIOIIEM
pacTBOpE COCTaBJIsAeT He Oolee ueM okoo S0 MIpA ', a 06e3MeTaIEHHY 0 CMOJTY
HATPABJISIIOT AJIs1 TOBTOPHOTO MCIIOJIb30BAHUSI HA CTAIHIO (), HE TMOABEPTasi €€ KOHTAKTY C
cybhuaoM, OUCy TbGUAOM U TIOJTUCY TP UIOM.

16. Cioco6 mo m. 11, OTIUYAOIIMIACS TeM, YTO KOHLIEHTPALUs THOCY Ib(arta B
CoZlep KaIIEeM PAroLeHHbIN METaJIT THOCYJIb(ATHOM BBIIIEIAUYHNBAIOIIIEM PACTBOPE
cocTapyseT He 6onee ueM okoo 10000 MJIH !, IparoLeHHbIH MEeTaNN SBISETCs 30JI0TOM,
COIEp AU APArOLEeHHbIH METaJUT THOCY Ib(ATHBIH BHIIEIAYHUBAIOIUN PACTBODP MOJYHYAOT
B p€3yJIbTaTe THOCYJIb(ATHOTO BBIIEIAUYNBAHIS COEPIKAINETO IPAroLeHHbIN METal
HCXOAHOI0 MaTepuasa, KOTOPbIi COepKUT Mo MeHbllel Mepe okoJio 0,5 Bec.% yrieponHbIx
MaTEepPUaJIOB C MPUPOTHON COPOIIMOHHON aKTUBHOCTBIO | MO MeHbInel Mepe okojio 0,01
YHIIMH 30J10Ta/T.

17. Criocob mo m. 11, OTIUYarOIUiCs TeM, YTO KOHIIEHTPALUS] OJJHOTO MJTH HECKOJIbKHX W3
aMHHa U THOJIAa B COZIEPIKAIeM IParoleHHbIH METaJUl THOCYIb(aTHOM BBIIIEIAYHBAIOIIEM
PacTBOpE COCTaBIsAET He Goee ueM okoj10 10 mapa ', a comep Kaniuil IparoLeH b MeTan
THOCYJIb(ATHBIN BBIIETAUYNBAOIINN PACTBOP IO CYIIECTBY HE CONEPKUT NOOABICHHONH MEIH.

18. Criocob, comeprxarnuii:



(2) KOHTAaKTUPOBAHHE COAEPIKAIIETO JPATOLEHHbII METAJLT THOCY Ib(HATHOTO
BBILIEIAYNBAOLIETO PACTBOPA C HECOAEpIKAIel IparoLeHHbIH MEeTalI HOHOOOMEHHOM
CMOJIOH ¢ 00pa30BaHNEM HArpy>KEHHOH IParoLieHHBIM METAJJIOM CMOJIBI M 00€3MEeTAIIIEHHOTO
TUOCYJIb()ATHOTO BBIIIEIAYHBAIOIIETO PACTBOPA, MPH STOM KOHLIEHTpaus Cyibduna B
COZIepIKAILIEM PArOLEeHHbII METaJT THOCYIb(ATHOM BBIIIEIAUYHNBAIOIIIEM PACTBOPE
cocTaBIsieT He Gonee 4yeMm okojo 100 MiH |

(b) KOHTaKTHPOBaHNE HATPYKEHHOH JAPAroLeHHbIM METAJJIOM CMOJIBI C HECOMEP KALUM
JParoLeHHbIM METAJIJI SJIF0EHTOM ¢ 00pa3oBaHUEM OOOTAIEHHOTO IPAroLeHHBIM METAJJIOM
3JI0€HTAa U 00€3MEeTaNJIEHHOW CMOJIBL, U

(c) u3BJIEUEHNE APArOLIEHHOrO METAJUIa U3 OOOTAIEHHOTO IParoLeHHbBIM METAJJIOM
3JI0EHTa C 00pPa30BaHUEM HECOJIEPIKAILEro IParoLleHHbIN MEeTaJlI 3JIFOEHTa AJIs €70
MOBTOPHOTO UCTOJIb30BaHus Ha cTaqu (b).

19. Cnoco6 mo 1. 18, oTnuuaromuiics TeM, 4yTo 00e3MeTaIeHHas! CMOJIa HANPABISIIOT AJIS
IIOBTOPHOTO UCTIOJIB30BAHUSI HA CTAUIO (), HE MOABEPras €€ KOHTAKTY C CyJIbpHUIOM,
OuCyIbUIOM 1 MOTUCY TbHUIOM.

20. Cnocob mo m. 18, OTIHUYAOLIMIACS TeM, YTO KOHLIEHTPALUs THOCY JIb(aTa B
CoZIep KALIEM PArOLEeHHbIN METaJIT THOCYJIb(ATHOM BBIIIEIAUHBAIOIIEM PACTBOPE
cocTaBseT He 6onee yeM okoso 10000 MaH !, comepskalnuiil JparoleHHbli MeTa
THOCYJIb(ATHBIN BBIIIETAUYNBAKOIIUN PACTBOP MO CYINECTBY HE CONEPKUT NOOABICHHON MeIH,
APArOLEHHBIH METAJLT SIBJISIETCS 30JI0TOM, COZEPIKAIUI IParoLeHHbIA MEeTaJLT
THOCYJIb(ATHBIN BBIIIETAUYNBAIO NN PACTBOP MOJYYAIOT B PE3YJIbTaTe THOCYJIb(PATHOTO
BbIIICJIAYUBAHUA COACPKALIECTO I[paFOLIeHHbIﬁ METaJIJI ICXOOHOI'0 MaTepuala, KOTOpI::IfI
CONIEPIKUT TIO0 MeHbIel Mepe okoo 0,5 Bec.% yriepoaHbIX MaTEPHANIOB C IPUPOIHOM
COpOLIMOHHOM aKTUBHOCTBIO M He Oosiee ueM okouto 0,35 yHuuit 3010Ta/T.

21. Cnocob mo m. 18, ornuuarommiicss Tem, 4to Ha craan (b) u3 Harpy keHHOH
Aparou€HHbIM METAJIJIOM CMOJIbI HE MPOUCXOOUT MPEABAPUTEIIBHOC SJIFOMPOBAHUEC MEIH,
HaKOIJIEHHOM Ha MOBEPXHOCTU CMOJIBL.

22. Cnocob mo m. 18, ornuyarommiicst TeM, uto Ha cranan (b) u3 Harpy keHHOH
Aparou€HHbIM METAJIJIOM CMOJIbI HE MPOUCXOOUT MPEABAPUTEIIBHOC SJIFOUPOBAHUIO MEIH,
HAKOIJIEHHOM Ha MOBEPXHOCTU CMOJIBL.

23. Cniocob, comeprkarmuii:

BBILIEJIAYMBAHUE COZIEPIKAIIETrO IParOLeHHbIH METaJl MaTepHala
THOCYJIb(aTCOAEPIKALIIM BBIIIEIAYHBAIOIINIM PACTBOPOM C 00OPa30BaHUEM COMEPIKAIIErO

JIparoleHHbIA METaJI PacTBOPa,



3arpy3Ky JparoleHHOro MeTaJljia, paACTBOPEHHOIO B COJIEPIKALEM IparoLeHHbIN MeTalll
pacTBOpe, Ha HECOEPIKAIIY IO IParoLieHHBIN METaJI CMOJIy ¢ 00Opa30BaHUEM Harpy KEHHOM
AParoLeHHBIM METAJIJIOM CMOJIbI U 00€3METAJUIEHHOT'O PAaCTBOPA, IPUYEM COIEP KA
JParoLieHHbII MeTaJul PACTBOP JOMOJIHUTEIBHO CONEPIKUT MEAlb, KOTOPYIO 3arpy Kar0T BMECTE
C IparoLe€HHbIM METAJIJIOM Ha Harpy>kaeMylo JparoleHHbIM METAJIJIOM CMOJY;

KOHTAKTUPOBAHHE HATPYKEHHOM Parol€HHbIM METAJIJIOM CMOJIBI C 3JIFOEHTOM
AParoLeHHOro MeTaia ¢ 00pa3oBaHHEM OOOTaIeHHOTO IPAroLeHHbIM METAJUIOM 3JIFOeHTA U
00e3MeTaJITIEeHHON CMOJIbI, IPUYEM HENOCPEICTBEHHO Nepe]] CTaArel KOHTAKTUPOBAHUSA I10
MeHbInei Mepe okoso 5 Mon.% metanos 11 rpynnet (IUPAC), 3arpy keHHBIX Ha
HArpy KeHHYIO JParoLeHHbIM METAJIJIOM CMOJY, COCTABIISIET Mellb, M OoJiee 4yeM 0KoJio 50
M0J1.% MeTanos 11 rpynmsl, 3arpy>kK€HHBIX HA CMOJIY, COCTaBJIsIeT 30JI0TO, U

U3BJICYEHHE APArOLIEHHOIO MeTajula U3 3JII0€HTa JParoLeHHOrO MEeTaJLIa.

24. Crioco0 1o 1. 23, OTINYAOIUICS TeM, YTO 00€3METAJUICHHYIO0 CMOJTy HAIPABIIIOT JJIs
IOBTOPHOTO UCIIOJIB30BAHUSI HA CTAJIUIO 3arpy3KH, He MOABepras €€ KOHTAKTy C CyJIbQUAOM,
OuCyIbUIOM 1 MOTUCY TbHUIOM.

25. Cnoco0, conepsrarimii:

BBIIIEJIaUMBaHNE COJEP KAIIero JPparoleHHbII MeTaul MaTepualia
THOCYJIb(ATCOAESPIKALIIM BBILIETAYHBAIOIINIM PACTBOPOM C 00Opa30BaHUEM COMEPIKAIIETO
JparolieHHbIA MeTaJll pacTBOpPa,

3arpy3Ky JIparoleHHOro MeTaJljia, PACTBOPEHHOIO B COJEPIKALEM IparoLeHHbINH MeTalll
pacTBOpe, Ha HECOEP KAy O IPArOLIEHHBINA METaJT CMOJIy ¢ 0Opa30BaHUEM HArpy KEHHOM
JParoLeHHbIM METAJIJIOM CMOJIbI U 00€3METaJUTHOTO PACTBOPA,

KOHTAKTUPOBAHHE HATPYKEHHOH JPAroLeHHbIM METAJIJIOM CMOJIBI C 3JIFOEHTOM
APAroLeHHOr0 MeTajuia ¢ 00pa3oBaHHEM OOOTaIeHHOTO IParOLeHHBIM METAJUIOM 3JIFOCHTA U
obe3MeTaIeHHON CMOJTBI; U

U3BJIeYeHNE APAaroLieHHOro0 MeTajula U3 3JIF0eHTa JParolieHHOro MeTajula, Ipu4iemM
00e3MeTaAJIEHHYO CMOJTY HAIPABJBIFOT AJIsl IOBTOPHOTO MCIIOJIb30BAHUS HA CTAIHIO 3arpy3KH,
d KOHUCHTpAUUIO OAHOIO UJIM HECKOJIBKHUX U3 TETPATUOHATOB, TPUTHUOHATOB, AHUOHOB CEpa-
KHUCJIOPOJ] ¥ UX COYETaHUH B COoZleprKallleM AparoLeHHbI MeTall pacTBOpE MOCe KOHTAKTa C
MOBTOPHO MCTIOJIB3Y €MOH 00€3MEeTaJUIEHHOW CMOJION MOANEP KUBAIOT B Mpeenax okojo 50%
OT KOHLHCHTPALUUXU OAHOT'O UJIM HECKOJIBKUX U3 TETPATUOHATOB, TPUTUOHATOB, aHUOHOB CE€pa-
KHUCJIOPOJ ¥ UX COUYETaHUI B coziep KallleM AParoLeHHbI MeTall pacTBOpe A0 KOHTAKTa C

MIOBTOPHO UCTIONB3Y EMOH 00€3METAJUIEHHONW CMOJIOH.
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