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KPATKHE COOlillJ,EHHH 

no~rOTOBKA BO~bl ~~n nAPOrEHEPATOP OB 
c nOMOLUhlO HOHOOIiMEHHHKOB 

© I1.B.BOJlbll>, A.B.POMaHOB, M.A.CHHSlKOB3 

C a IIKT-Ikr c1'6y p rcI< IIii r o c ynap cr n enasni TCXHOJIOnrtICCKIIH yurruepctrr er pacr nrcm.usrx 
O AO « H l1l1 A TMOCl!lCP CI » , Cmrrcr -Ilc repti yp r 

Carner-Il erepoyprcxmi rocynap cruerun.ni ynnncpcirr er 

Il ocrynano B Pex(aKL\HKl 9 JJ;cKa6pH 2009 r . 

Paspatiomau u emoo oouoapeuennozo otiecconueauun 1/ otiecuucnopo.ncueauus numamemsnoii 11 

(JO Obl on» npscuomovutux napozeuepomop oe C ucnomeoeanueu 1I0fl1li1106blX rjJU/lbmpOe CJ1·re UIG Hf IOZO oeii cmeus 
II qnou.mp« C »cenesoeuoposasucuusi snexmp onouonootiueunux ou , l10360JlfllOU/1l11 lIC/(JllO'IUmb cmaouio mep­
uuuectcoii oeaspauuu. 

)J.JUI rnyooxoro ofieccormnanns m ITaTCJIbIl!>I X BO.n IIIH ­

p OKO npHMCU5IlOT <!mJII, Tp hl CMeIUa HHoro .nCHCT13 HlI 

(et> C ,[() , BKmO'HlIOIllHC CMeCh CHJlL II OI<IICnOTlloro KClTHO­

HUT a B H -I!lOpMC II CUJIh llOOCHOBHo r o armomrra B O H ­

lllOp Me . D P II 3TOM rirytinna 06CCCOJIl lBaIIHlf BOJ.I,hI np n 
1<0 UT1' On e ec 3 . exrponpo nomnrocru 06ecnClIHIHlCTClI 

)10 )1)0I3lUI 'rp efionannii, npcm.s nns esu.rx K 6 HJUICTHJI­

rraponauuort none - 01' 2 J.l:0 2,5 MKC M·CM- 1• 

Ilpn 06eCI<IICJlOp OiKHBCl III Ill nOJU,1 Wili 1<0TJIOn cnepxxp n ­
TIIIIC CKIIX napaxerp on n a p a Tpaj1,llQH o HHO ncnoru.ay­
CTC51 TCP ~H!IICClmH l~CaJpaQHH [1]. O nH ClKO 3TOT MCTO.n 

IIMCCT p Hn He)\OCTa TKOB: yCTa HOBI<H 3 11Cp r OCMl<H, rp o­
M03.w<H H .nOp OI'lI, a n npoQCCCC HX 3KCnJIy a T aQHlI 06­

jJWj )'lOT C5I 1Il111) e'Th IC, TaI< Ha 3h IBa CMhIC «ycnomro-s nc ­
'n .te» 6 0 J1,h l , c6poc KOT 0 1' b lX B pCKH H oaepa npnnomrr 
1< napymeiu no CJIOiKHB!IICl 'OC5I 6HOJI0 1'HlICcKoro pas­
IlOBeCWI. 

B CCpCJJ,HIlC X X nexa 13 CCC P 6 hlJ III paipafi o -rau u II aa­
na reirroaausr cnocofisr InrOT OBJICm UI )J(CJICJ Or llllp OJ a ­

xncm.rx 3JIeKTp OHo HOH0 06MCHHllI<OD (3 11) [2, 3] - Ma ­

Tep IIaJlO B na OCHOBC CHJThHOKHCJIOTlihIX lI:a TlIOHllTOn 

C D l3e.nCHlIbl~1II B HHX HOCHTCJl lIMH BOCCT lIHOIlIITCJIb HhlX 

CBOHCTB. T a KHe 3JIel<Tp OllOHOHH Oo 6MC JUUU<H cn ocofinsr 
X11MHlICCl<H CB5IJ blll a Tb pa cr aopenm.ui B 1l0.nC KHCJlOp OJ~ 

6 CJ l<llKHX-JlIl 60 nonom nrrem.rts tx J a T1' a T 3 IIeprmI. 8 
70-I,1C rOl U)1 npOUlJIOr O IlCKa )UUl 3T Oii uerm ucnom.ro­
aannc s aIIaJIOr HlIHhie Me;I,bCo .nep)J(aJIUi C 3JICI<TPOliOHO­

noofisreruuncn , nox a a aaume BblCOI<YlO 3 11Jl!ICKT HBHOCTh . 

O JI}IaKO cn enyer o'rsrertrn, -rro npoue c c npOH3BOnCTlla 

MC10>COncp )J(a U\H X 3 11 51BJUlCTC51 Hc.nOCT a T OllH O aicono ­

rn-recxa lJIICThIM, TaK KaK MCAI, nxo znrr Il lI IICJIO T5I)J(C­

: 1l>IX ~ICTaJmOB , n o n y crna o c CO,lIepiKa HHC I<OT Op hIX D DO-

YllK 621.187.12 

nOJllIMCpOB 

ootiaeovuoi! 

,lIOeMaX )J(eCTKO nopstupyc rca, a OJUlHM H3 nponyrron 
pacn an a HCnO!lhJyCMhIX npn ITl r OT OllJICm lH 3 H pearen­
TO B lI11JISIl.'T Cli Ce p OBO,lIOpOl\ . 

Pearerrrsr, HCn OJII. l ycMhIC D n pomnoncrue iKCnCJOrrr n­

PO :HlKHCHhIX 3 11, DKm OIUl li COC.nHl ICHH5I )I(CJle311( 1I) , lID­

JUn OTOI 3Ha lJHT Ih B O MeB Cc Bp eJU lh lMH KlIK nJiH Jj(O­

post.s 1.J.C_IOBCKa , T a K H oxpyacaiomeii npnponnoti cPC,llhI. 

U CJlb na cr ostucii patiorst - I3Ll5lBJICHUC B03~IO )l(Hocrn 

H y CJIOBII ii peamu auan npouecca rrryooxoro COI3MemeH­

nero ofiecc orurnatrns H 06CCI<HCJIOP 0 )J(HBCl IIHll B0 }l11npn 
Hcn o m.30 n Cl HHH <1> C ,[( II iKeJIC30 r H.np03a1<HCHOr O :)JIeKT­

1' OHOHOH0 0 6 Mc HHoro IlmJIbTp a _ 
HOB I< a , 

,[(0 nOC JIC.1l.Hcro npcs rean B UCJllI X nonro -romcn m n a TCJII, ­ MClu a.1C 
lion BO,llh1 Jum na porencpa'ropon IICn OJIb l 0 BaJlH ITPOUec­

.Ll.JIlI ITlChi paamonroti !PH 3HKO-XI-ll IHlJ CCl<o f! I1p Hp OJU, I, rpeoyio­
HCn OJI1, IlIHC 1' a 31-101'O a rmap arypno ro O<!lO P MJlCHHlI. 8 HRCTO H­
JlO THblH IlI,CH pafiore n p HMCHSll.'TCS! yCTa Ho BKa , B I<OTOP OH HC­
H -I!lOpM nom )JYloTCSI npoueccs r H MaTepHaJIbI CXO.nUOH npuponn, 
Hblf! r ei peanmyensre Il OJUIO THm lb lX annapar ax, 
<pOp MC 

3KcnepllMCIlTUJIJ,llUJi sacrt,	 CHJThHO ~ 

Tbl rrepe 
C JIOiKHBlllCCCli npeJ(CT a BJIeHHe 0 HCn03MO)l(HOCTH HC­ COCT0 5ll1 

rr o m , 30 BlIHH 5I iKCJlC30n l,lIp 03C1KHCllbIX 3 11 )I)IlI COIl~tC­ II HCrrO) 

mennoro ofieccomraarrns H 06CCKHCJIOp OiKHBa IIHSI IlO)J:hI Orexecr 
ocnos ano IIa yxere crrocofi nocru HOCIITCJUI BOCCTaHO ­ JIe3 0rIIlf 

IlHTCJIblihIX cnoiicru - F c (O Hh paCTll OplITl,CSI B H-Ka­ pa 6 0TICI 

T HoIlHpona m lOf'r DO;\C. l1nc SI , n OJlO)l(CHHa 51 B OCHOBy ua­ NaOH 
CTOlIlIlCH pa60TI>I , 3 aKmOll a CTCSI n TOM , lIT 0 6 h1 ofiecnc­ K a MH )lJ1 

lIHTb KOHT a l<T )J(CJl e 30rll npOJ a KIICHo r o 3 1:1 C o6eCCO,leH­ crrezryron 
BOH BO.nOH, pH x oro p o ti 6 m n OK K netrrpam.noay. C 
:>TOH UCJIbIO 6LIJUI CMOIIT Hp oBa l w na fi o pa'ropnaa ycra ­

3HRlrne 
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5 B r 
nPl1Hl.\liDH3JIbHaH cxev a 3KCnepl1MCIIT aJlbHOlr YCT3HOBKl1 . 

1 - COCYll C l1CXOllHOH HOLloH (co cyzr M ap110 TT 3), 2 - etJC):( NQ l , 3 - cPl1JIbTp C 

A, E, B. F - T OT.J KIT orfio pa npo 6 Ha 3 HamI1 . 

HOBl<(\ , 0 KOTOpOH )l(CJIC30r u .upOJ aI<HCHhI H <pIVIh TP p8J ­

MCm llJICH MC)l(l~Y .unyMH <DC )]. (CM. pHc yH OK) . 

AmI rrpOBC)lCIIIIS1 :)KCn Cp UMCHT IlJIJ, Hh IX I1CCJle)lOn8HUii 

HCn OJILJ OIHlJIJI CJICU)'lOILJ;HC HOHlIT b l [4, 5]: cnnsuoxn c­
ror tu.ni r enensm MOHOlhHKIUIOHa JIbllblH Ka T UOlU rr B 

H-qlo p Me Lewa tit Mon o P lus S 2 0 0 KR, BbICOlWOC HOB­

HhlH r enensui MOII 0<pYIfl<UHOHaJIhHbIH IlHHOIIllT B O H ­

~O PMC L ewa t it MonoPlus M 800 KR , OTC'IeCTn e HHbIH 

CHJIhHOKHCJIOTHbIH KaTlIOHHT KY-2x8. Heaeiucne I10 HlI­

[hi nepeuonnnn }];IICTHJUUllwuaHHOH nonoii B ua fiyxuree 
eocr osnne, CMelIIHo a m I B 06I,CMHOM COOTHOLIle lUIH I: 1 

II lI Cn OJIh 30UIlJllI n qnnn.rpax CMCUHIIIHOI'O Jle HCT BWI. 

OTCtICCTBCHHb ll i Ka THOHHT K Y - 2 x 8 npenp auiann B )l(C­

rre30n m p o38 KlICHblfI 3 11 nyresr nOCJIc)lOB a 1'CJIh HOH 06­

pa6 01'KlI OJlHO HOp Ma JIh ll blMII pacrnopaun F e S O <1 H 

Na O H C rtposrexyro-moit 1I OlWH'IIl1'eJIhIlOH n p o MblB­

t:aMU )lJ ICTHJIJIIIPOUaIfHOH BO)lO~i. Ilponecc orrncsmaercs 
CJ1C)lYlOlIUIMlI ypaaaennaun: 

R-(S03H h + F c S 0 4 ~ R -(S03h F e + H 2S 0 4 (I) 

R.-(S 0 3h F e + 2Na O H ~ [R - (S 0 3N a ) 2] ·F c (O H h (2) 

me anax « .» oroopaxaer ll~cop6t~IIOHHy10 C B ~ J h p a c ­

np e~CJlCHH O r O B ~H1TP lIlW 

4 

3 H , 4 - etJCn NQ 2. 

IGlTlIOIIIITa runpoxcnna )J(e­

JIc3 a(II) C nouorenm.nrn rpyrmaxm KIlTH OI1HTa. 

Ilpomucnemre pacrnopnaocru Fe(O H h 1.6.10- 15 MOill, X 

XJI- 1 [6]. 0 6 p ( 3)'lO IllIICC5I II IIC3I1a'IIITCJILIIhIX xonnxecr­
2s ax npn ero pacrnopcnnn HOllbl F e + 6 YJIYT IlI<TIIBn O 

3aMCIIlllTb 1I0 llhl Na + na II 0 HOI'CUIIhIX rpynnax, noar o­
My BblIIOC HOIIO B )l(CJIC3a H3 311- lDHm,rpa Ma JIOBCp Oll­

Te ll; HO )llllKC CCJlI I 0 11 np Ol13oiiJICT, HOII I>I )J(CJIC31l 6 YJ1YT 

3allcp )l(a IIb l n o U1'Op OM no XO)IY DOJ~h ! <DC)]. . 

B3aHMO)lCHCTBHe pacm openuor o B norte J(I!CJlOpO )l1l C 

)l(CJIeJ OrIi;1p O:WKHCHhIM 3 11 n p OHCXO)lJ IT n o p CaI<IUIH 

2[ R - ( S 0 3N a h}Fe (O H }z + 1/2 0 2 + Hp ~ 

~ 2 [R-- (S 0 3N a }z] ·F e ( O H h (3) 

Il orn.mca nonys trrs lKcnC:lOrlIllP038KHCHbIH 3 H HIl oc­

HOtlC KIlTHOUIITa Lcwatit M onoPlus S 20 0 KR 01<1l3a ­
2JIa Cb 6eJycneIlllloH. C Op6UWI KIIT II OII OB F c + np oxonn­

na 1I0PMIlJU,II0 , II peaxnns ( 2) npa KTH'IC CKH lie rrpore­
KaJIa. M O)l(H O n p czmono sorn. , 'I TO 3T OMy npe n nrcrn o ­

n arra xap axr epnan )um HOII HT OB Lewatit m.rcoxa s ere­

nein, CIIIII BKH . Cnenyer OTMCT HTh , 'ITO B TCXHH'ICCKOH 

m H!JOp MaIUI II , n p C)lOCT IlIl JICI-IHo J1 (!lHp MOI1 «Baiiep A f » 
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[4], cre n HI.. nonep 'IHOH CB5I3aHHOCTH HC YIW 3bm a eTC5I, 

HO CC MO)f\lI O OI-lCHHT b , HlI 6 molla51 n onezteune HOIII ITOB 

npn a afiyxannn. 

B npouecce OCHOBHOI'O 3Kcn e p HMCIIT a -repea ycranonx y 
nportycxa nn MO)leJI1>I ILIti paCTB Op , conep acaumti NaC l 

II xonuerrrp aunn 2 0 0 :-.I f ·Je ' II 0 2 B I<OHuc HrpaUHH 

8. 2 . II' ·JC ' . CKOp OCTb <PlI JIhll)aI (IIH nonnep aaruairacs 
B HHTepB a Hc l O- 15 I>1"C' . Bmya JIhH O 3l1MCTlI hIC ny­
3bIphI<H BOJ llYXlI or cyr crn oaann. Konuerrrpaumo pac ­

'rnopeuaoro xncnopona KlIK B HCXOJIHOM pacraope, T lIK 

H B <pHJlbTp llTa X onpenens rrn IIOJIOMCTp WfCCKlIM MCT O­

)(OM (7], 06111CC COJICCO)ICP ){{ lIHlI C - KOHJlYKT OMCTP H'ICC­

KH, C n OMOll (hIO KOH1l)'KT oM erpa «3 Kcn e p T -0 0 2 » . Florry­
4acMbIH B p CJ YJlLT lITC p ll6 0 T I,1 YCTa lI o BKH <!lHJlb ll>lIT 

1l0 rr ){{CH OhIJl y.uOIl JICTBOP 5lTb C ICJIYIOlIlHM TpC6 0 Ba mI5lM: 
1CO)ICp){{a HIIC 0 2 - HC 5 0 JI 0 .0 4 Mf·rr- , ') rrcKl 1JonpoBo ­

1,lUIMOCTh - ne Gonc e 2 .5 MKC M·CM- • PC3 YJIhT aTbi ana ­
JIlrJ OB, n onY'IcHHbIC B nepno pa fio-rst y CTalloBKII no 
«np ocxorca » B <plInhTpaT com I 1I Pll CT BOP CHHOf O KHC­

no pona , rtpencr annens r B Ta5JUl UC. 

PC3 YHh T a Thi a m IJlIIT H'I CCKHX orrpenerrea nii 

Toxxa or fiopa 
np06 

Kouuenrpau us 
M['·n- I 

0 2' 3neKTponpO Il0JJ.Jl­

MOCTb, MKC M'CM--' 

A 

E 
8 
r 

0.024 

8.26 

2.32 

699 
2.15 

P lIC'I eT .IJ.O E <1> C .IJ. H CMKOCTH 311 n o 0 2 n 03B OffiIJl n o­

Jly'HIT h CJlC1lYJOU(llC peaym.r an.r: .IJ.0 E <1>C.IJ. 0.49 MI' -3 KBX 

X ~IJI- I HOHI ITa (1l.J1H 28 .7 MI' N a Clfr.,1JI HOHHT a ) , C:-'ll( OCTb 
1311 n o 0 2 n o rtp o cx o x a 2.62 M 'MJI- , n o mras CMKOCTh 

3 H n o 0 2 3 .87 Mr'M c t. 
D P II II ,ilCHHbIC B TlI 6JIHUC JT.8 HHh IC n OK8 3 hIB aIOT , 'I T O 

YCT lIIIOBKa 06ccnC 'I HBa CT JT.OCT a T O' lHO HH3KHC n OKlI3 l1­

' r c rm 3JIe K r p On p OBO;:UIMOCTh H OCTa T O'lHOH KOHUCIIT ­

p m UIH P llCTBopCIlI IOI' O I<HCnOpOJT.a . 

B pCaJIh HhIX ycn o n n a x a x c rurya r a u n n nap o r e n c p aro pon 

n p OHCXO;:UIT Pll36 l1BJICIIH n IIT lIT CJIhIIOH BOJT.h I Il03Bp a T -

BOJlb'" HB. /I lip. 

Hl , I~1 I( OIUICHCa T OM, B KOT OpOM CO.uep ){{ ll IUI C pacruopen­
Hhl X coneii II icncn opozra n o cp as uem uo C HCXO.lIHOll 80­

JlO H n OHH ){{CIl O; 'raxm-r 0 6 p 3 30 M, Cp OK Cny)f\6 bl yCTnIIOB­

KH MO){{eT 6 LIT h ;J:a ){{c fioru.me, q CM CJICnyCT m peayu ­
TaTOB 3Kc n c p HMe HT lI . 

P CI'CHe p a UH5I OTp a 6 0 T lIIIHh iX Il OHHT OB :VIO){{eT npomno­
mrr sca KaK IIl1 npennp narnn-sxcruryar ar ope y CTa llo 8KII, 

TaK B c m :UIl a JIL HLIX p e I'CIIc p a UIlOIH lhIX ucnrpax, 

DpCWIaI'aCMh lC pemenns n 0 3BOJUlJOT cymCCTBCHIIO 

ynpocr im, CyIUCCTll )'lOIUHC CXCMb l rronror onxn nnra­
Tcm , HOH BOLlhI rom KOTCJIL ll h lX YCT a llOBOK 3/1 cxer lie­
KmO'IC HH5I ID HHX nrmap aron TCp MII 'I CCKo i1 neaopamm; 
np n ) T OM CHIl ){{aCTC5I au ' p r onOTpC6nCHHC CHCTCMhl BO­

nononror onxn H HCKJl] O'I ll t-'TC5I 0 6 P 1l30 11 8 HHC YCJ108110­

'I HCTh lX CT O' IHb IX non, 

1. DpCWIO )KCHa CXCMlI n O;:U'OT OBI<H B O)l.}'! }.I,1UI napore­
IlCP llT OJJOB, BKm O'I ll IOllla 51 HOll0 0 6 MCHHhi C llllIJIhTph' 

CMCllIa I-IIlOrO .nCHCT ll Wl H ){{CJIC30 f unp03aKHcflhlfi 3.1CKf­

POHOIl OHoo6MCII Il b IH qlHJlbTp . 

2 . ITo Ka 3 l1HO, 'I T O n p CJT.JIO;KCHHa jI CXCMll n 0 3BOJliIl-'T ;(0­

6 l IT b C5I 3 <!J<pCKT HBHo ro o tieccormnan ns 1·1 0 6 CCKIIC!IOpO' 

){{Il BaJ lH 5I DO}lbI. 
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