L0y SdOd &zO0 OSOHj & W d&OEC us
wzhls dlskzls Stds’ Hds' 2 & ° kO 5 &

so0dz W' COy' 2 dz0
feOywy &0 0o O-

oy Rt1 O [ o201 fues Hf ¢

U $504.4.062.2:[504.4.054+544.723]

[RE[t UdAuwC

P{JwavysAwl ¢ofeisf &R [ suRrRJI L w
gfts Awslrw [oorfitawdfwrRzr 11 Cc Jtfor wwr s [ wy
vd wizrRm 1t MmUY wrR seRrRs 1 vwl

21.060% j S sdzse ' ydz® BjLf§ jCO
) edtetsH dzd W' dzOEC d

1 sSHO' Is! MW dzO LHBBEIIY d&ZOESBotsets Miskzy J o

rdqmj elsOy’ w &3’ MisdlIs! tcj L Zdz' s ©Otstf d mds @EAGatZ
tojLEzd IsOIs' & sjSMmMis" 9 " dghdr Ooalststc’ 8 dB3C
_____________ | 1 2L dtedzO

1 OkStsod?2 Ctdhmkzd sOds: 1hddtts | Odddo
MlsOth 2 dOkCsoad2 MYy otetse ' Isdd§

s d T 8020



by JuvdAwc

l L dtodz® tsfz’ fz cdz€ y' sdzOdz dz o S tsfyj dzj €
suydh j dzdgv 9 tSH 9" H ttOH ' sdzzC dz" H" o Is O1
so0dz' W' COyYy' 2dz20 dzOkzC s O fteOYw dzO ftcOo On

r dfmj elsOy" w ZzO LHBBLEIsIWY ZOkzC tso sG
m J y' sk d2 17 pBsdde ' ydzowdzfls flIgEIO. C sdzts’™ H dz
otsHd. ¢. 1. 1 E28B0dM Csets 1 d1 LvVEO ded, s

rdmdtelsOy" 5 ftedmo o Pydidsf e BB hj Ldeditsa’
flso ttej dedz* 2O tGhdese’ GesojHjddn MOMOY
y' dzj My tew sso Odzse s sls to d B3O dadzw jCedse y
fsd WkdSy tdoOd ddi &Oljt' Od o d&O sfd
(z3141), 'o ®OcCd lsdzdr Ss®RfsLdl' s kO &EOC«C
o MBS MjdjSlsdo dad dsd v o deufigld djodisthyls v @3 ts sy h
MjejHsoadh o' H i WO, TP v' 80 ' dhdo

jCelssSMyCoMasl p, Co(1 1), Cd(I1), Ni{l]l
W sMWeAls sdz 9, Nt HBLO sddls! W st dsbi & QIS B 1
hoJHC G t©j OGkoOdgdz" bk odfOHCSE o dded S dzj

dbrue SO &0 " dd- ' Hfted' &Moo OF WH ] tcdzs’
jStmdmisjd O o' Hdso dzj degdg® 7 WG tsfls' .

1 sCOL Odetsg dzO M tz'OHiAsGc S 56 j dadets 'dzts Glg Qlzdztdij Is
LBjtc' ¢O' s MY BENSEERs do dsjicds O 5 & yd
MjtejHwedhh tojc' sd2' o, fMkd yxddi L odru
fjtejtessdd s ' " dz& R 3 ydeddsd f Hi ted’ d3fml
bre.) Oo j HJ dats sdzs o dz o Yl dzdzelz® € (§ ! bz
fsd WhdSy tdOd ddn odmsCjdjSisdo ddn
MlstekzClskted d© Ghdss' 2z14 kO ¢jSMOyYy' Odzt
CsBysLdls' & Hdw oddzkyj ddzy h desS et MY j ¢



3

f tod tc i ;' tsdzlz O(t), H'C®Sr, O * dzh dr dgj stcc Odz'
iCu(l 1), Co(l1), Ccd(I1), Ni( IWc)Hionsds lol.

1 OC s s 5B tolzdzlstso Odats dztso d 2 f" " HRa ' H
odMmMsSCtsjWjSCIsdodedr wsdd Wipgetz]i€ bBdz®dzd Bzd ~f 1z 1
Csdikf sL dIs' o sO BOGCdz Isdetsegts COdz' 2 yd dz€ tso
(Hstsydh jddzv) otHddR Mmjtejusadh o' H
JSlstsCMdS Odzls " o, sf JteOs yd m! dz0O sMhdats o
skL d yse®, HBsL o 5dzv LOBJ LY jyko Olsd o dMmts
BOIsjtc' Odz' o . 1 8COL Odets, hts otcOrRtso zy yd
JCBltsSCMdCOdzlsz 2 osHdsdZzze MjtejHtsadh ™, w(
tsls tc d d30 dzdz' OBts 99 jHJjddr Okl taldz d
Odz0dz' sdydedr Ekcetkzf tso Odz (A" Isdf IO tefs
YyoOmlsddze BOItedy’ L Gniftdé @rok dakiE®s, | tiday dptc BHdAz fijs
h Ot 9, W@y 2O kM "  hdzs tjeckdz® 9 Olsd  tsdz' W I
dZptcc Odzg' ydedrn JSBLsEMdSCOdzls’ o, ©O LO ®O0O~
Mizlsls' o ts f " Hodh ko Olsd Isj rdesdztse " ydz fls
o sHSsYdh j dadzw .

t Jdzlsc j degsctc OW * ydes  ° H s o Zrighl-yls@QizdsAl-z 10t
" dals j € Odz' ts9 Odz dzj BuczdOlgld \EaiE d3g dzGsagy| |, s tdse@D d;
COdz yddeso OdzZnAF 6 @lge D | Au O IsOCtsy BOEdz Isc
GjSCMOyY" Qadasy j cPBCOCIsjtedL 28 Is! mw MlsOB ' dz
MstczC sztetss .

¢ Misj BOIsdydzaj Hisfdz' HY J dzdzv  ° fryissty Bis\H” Rdr(d
dzj stec Odz” ydzd &3d s O IndlOkEMMgidz] 3y, Oda s 6z0 dgd -
SO d&OGcdz Isdzd@ KiFBEEE Isdzse s S Odz' 2 yd de€ g
f5C OL Odzts, hts ftdtesHO IsO tetsL o' M j dadgw
skL dz ysw.0 Mtsteb dd &zded -, P &zlotis'Halzd » M fotelg 5SS O
Zzdz' sotse s L Ogsiek j(dadflso jStasddr j dzlstcOy® ° € Ols
Wisted3 tCOH ' tsdzCdz" H' o Is O Cdgh d A dzj steG O
BOCtosC s tsdzj dzls* @ o tsH, sGstcy d B0 I ErtsicS G d



4
odte’ h Odz! degdds yddetsds o dzd o Ot Is! dzO fntste
fsdz" WkedzC y' sdzOdzr dzgd = d3OIsj o’ Odz' o .

Il MisOdets é dgj dds2 B * dz! h° L dzOyJ dzdizd L B ISP § te
te' HC dn tcOH ' t5OC Is df of did) -, odz jHL~o sy €@ d 2 dz0
BOS et s sogjtsdals ™ (L Oc Odz' dzO B Paj tc O dAI(MHO Yy
M smlsjte’ ¢ O IsZMAkZ )} | 2O ' dzsj t6C Oz’ tso Oded A
Codif dzj S MsdzO B, Ol9. MiIsOdeso dzv Is! 9 3

I dL dzOyJ dets, hts ydh Jj dadzw Hisfpdz' HY z9 Oc
ftedtetsH dzd » 8 SUHVWY @alstj {tetif 90QIzzd d3d dzj Stec Ods’ Y dzd
Odz' s@BRE BIgAl-z) | ' "7 BOGd Isdzd &3 W ts5tc GO
to' L ded n d39 § @bzyy @adizB ) deg o sHezse 5 Mjtcj HBBO h C
W tstc d3d " dezLOldEzyY ] dzesc s . 1@ Qo' s delfSSds terdln Is © d
‘dzls j o€ Odz! ts9 Odzd-nls OC Ocejs S A" cdsts ¥ jiz© axlf | fJto
B - Odz" L d3s 3 o d dzlz yJ dzdzw “UNVuB s o tate j daldevy 1 G
CtsBf dzj CMtslse  tedzd Rtbo dz BB ezH OB j dzB 5 L fl
o sH dzs 3lz . to 8 L girzdg'j dzdzv € Q8 ) dzdie] AH Sttty ezis 2
MdzOB CsC dMmdz' 2 B dZOMIs® to1, L H' 2Mdes * BOLMW
dzOZn** 2 M ¢ dzOH MtstecB j dzls' ec tc B P OB O zB Hf S o
' HiessSCMddz! degdms h Ot 8 z 1 JUNVwh stzB dzj ? Is @ @& 'd2s @
sB d&zOMmilsw A o ® HBERZOO' Is+ Mmw LO t©OnbkdtsC
B yh Owsos®kRlz fsmisste' kO ' sdzzse s 5B A3 O

1 5C OL Oditsts tc dfizte O dzdzy G ddg € ' g h Ot s dstOA3|
LobOWLEZoOdzdz" L 6" HietsC Md dz' dzaf d3di tcds € lintf @zelzdz
IsOC sy Bt dzts 6 BUOKO ds' deigiiltl’ © M C dzOH IS O fy detizg
SB B dz Odz tdy)n (¢ Wisjiells MistekzClskztedzts’  f Oc
fits tc B2 iz j o d dzE(M i )edvdz' y d dgt MaFezef) | ] Mis Odats o dzj d
LB dz2 b j dadgw ) tf Mgglld)/[ Fe(It)ts] fij lEzadA» CClGed * \ d dzM @ Fe dzd
z1 ) ftcdLotsHdIs! HtS L dedy J dzdzv MisteB Y RHAES
Odz' sdedzd » VUEFBYE iz Mz ez! s Qs sa e A’ tcg € OL O
wWCO dz®B lH® O dzj € GAOAY digday (s



)
10 §' HMlsOs ' H] oG @ dzls Odgd L dzd dzaf' H {f tc C

o dw o dzj datg,tc o5 B dzts * fsB s 56 Gz AzlS @ dz8 O § dd:Beq dz)

nOtcOC Isj tc AP sifw o LdEGNE)EEz MistckzCIlskzte!
MsteBy' 2 dzsets oadozzyj dedzy L otsHdzdm MJjted HESO
Il dL dzOyJ dzts, h s ¢ J @' H@dgtsd jdzs e AlzZ gz B H ts
o d dzlz yij'Ca@%) s B z dits 0 dzésucdpizfsls so © o dz® fis IsCafigs cfisfriijdsO dz*
Tt OldLA@ )tel o BH dzis G b ) k& G dzig ofFRIE dits[, dz Ofdzs dz L dzO
9COL Odztse s toHOm fi) WsdlZrC lsi2' gz Znd®z 1 yte Ow € E@F Y d Of
CjCMOY" Odets'Wig detSiIg(**'C§ wwhls Odets o @B IsbF Afld® ¢ P |
GjSMOY" Odets¥ j o OIKK'ECY &' 7,968 ,( Wi d ) 9 ts |
tc10=5, 00 9 «+=®B,8q 7513 ) , ZO 9 ' HdE dzgk o9 " H C OB
Ka(PCy dzj MEuclgdnddb@) . | 6w itso ©HAS cglzlshj tis € 1OEHA @
GjSCMOyY" OdatsW(judeps-sizy BL OB jL i jykz® o % &L jLdz
ftso jtorndzj o t5° otsHd (ftod od3Csidz 21000 K die
Hisfqw ¢ O Is! W datste BOIs d o dz' d ,§f sC V'L dAfI® @ dztsi)etizir o3y
l MisOdets o dzj dzts, h ts MtsteB y* iz tc ¢ O dz'H
HdJIsddzj dzlsted O’ deto] dzls@ @ dnjOsu@ugdudets ¥ §iz6 asl | 0]
COd yd dAOa§gFezl | " sHis € Ols Cltdzd(f), CHB1s d3
Ni(), PR, zn(l) B@1) §itcj o Oy dz®yae o digw  fls’
Csif dzj SMded s MY tsdzz¢ " sdz' 89 dBBjlsOdz # L s
BROIs j o' @ABxizMIs Odzls Oz Eklso tstej dzda"c ' mifitp@sHe fias ¢ Ot
BjilsOdWej.Clsdo dzj  alaf et Odialzny dzd & jk€ s & & figef G
MdzOB € ¢ d Mde 2 otHdAsiglys tosL yddzz o C OL k2  dzgO
CesfBf dzj SME L &3 yh Otesoddz dzl stce Odz' ydzd dz O
¢ fslsiLd OdOdzsc ' 2 skLdz yseo O JzJw. IslOdfi
SBEZzdiso dzj dzO ' v fiple 8 tsd3L elz@Pn|j dzdzy 61 © 5B dZOMls!
tojLzdz sOIs* toj OC Yy 2 ¢ Htethdz'( 1kef)uRQQkps)c s 0zC
ftso jwR @ Odzd~ MtsteB § dzls' o [zJ ls & Hoy Hi UCYIStEGSHN S C
Is ©¢ ts ) L 3" dets® L OB Otco dzj dzd@vy ' tsdz® tikH tzd » W B
Mo " IsdztsL j dzj dzgd 2 € tsdz' tc, o dzO filsugfus)d,? 14c' " HHldoots|S



6
it o0Oy0Or yddz o3 -~ OQ(ll) d3t6 d3 o dscfi aidel § J dpdpMc J H 5o
SMOHYJ dzdaBO dzts to ts L Y @zl w19 Ok Bs(@HE)S,
 sfdz’ HY J dzsOBflsdd'o0 fiPiste Y ‘o sde@d By Jed
~losd3BE® W =Gt Cdsdz' o ¢ O dzZnpd-dzMpAb dis{@g,Fez 1 | .
[ bted &30dets * L 5ls j tc ogfdz’ fiuiic Boy= 6 1o O SEN-@dzlc 5 g0 &
t10=5, 0 L BsH jdz2 dzgd r  tetsL Yy droal- ds MigBez T © dz'(y
My o9  HdAdMy(MEEAIGG] [ 2: 1, )3: 10 H@®C4x1 H dzv
odnm" Hdzd m ¢ gdFesldzOIsdlzaddROYJ dets, "8 Hdzvw § Odz
9 ' HZ dzgz o' H C OB tdOIsdzedr, { tods Odzd ez
M siis } thhwvwe Of tsOC Isd ydzets f tso dzj oA i 56 dzd dzO«
Ctsdzyd dzlstc Oy "' ° OCIsd o dzd Mtstey' 2 dgd = yd dzl
fsdz WEdzC y' sdzeOdzr dgdr BOjte' Odz' # Htod BY:
L d3J dgh jdzdzw o f dzdo 2 CtsdeS Etelzt ydr SO "tsde pdzk
dzj stce Odz" Yydedr J SCSlstsCMdCOdzls’ o
l Mis Odets 0 dzj dzts, h 5 - B)® to BV GO OdSdEe 3O H B
tejL zdz IsOIs"’ tej G  HeOlOY" ’ COdzt yddztse Odzd n
McCBEEIS sk MistckzClsktodzs™ § ORBOWIs' €Oy dddc
Odz' sdz' @8 L L Bodz hdzg 88 ftsLdlsdodis HicOGH G
h Ot © L OLdOyjdzedr Mtstee-Pdes Salz 9 v s J4 On ik
Lisods hdg shi¥-Okz¢n HEEtE®Isdzdn Stk dzj ' o |
ftso jtemndz 9 ¢ OLoQdzdfrts fifts teilsjodgldcy j Gzts otz s fs
[lstcd 3BOdets toj L zdz' sOIsd HBMdz HY j deda" fts
COdz' 2yqddz€ so G 5 CuUUWMBY' Odisflgdaddilslz W j ted
G4 EMOY" OdzsW j tcOls dz ctelzf d, L HOIs dz' HES 9oL
fzsy jdzgdz? G fslsjLd OROdkse' 2, L Oftesf sdats
sydh jdzgdgv oessHdedr MjtjHtsadh o' H COI' tdzd
tdgh dR dzd stec Odz' ydzdes J S B MdCOdzst 9 L 9t
[ sfdz’ vy § des Uvdudzle B i dizdpt M j tej Hse dM 2z R
1=(2,8683) BOG dzg' Isdzgd d&3 € Odz' 2 yd dz§ ts¢ dudg)nls P Cizfg O alp
hts MYy W HOMBEEBEZOO ' BUiz? dzl OZtcO- Z dzs €



7

BsddsO B ' Hj dZISOBUR 5 SPUXOH] ), 0O ‘S'OX jstu dzdfis o
(UOy)3(OH)s] ) € s di3fOdzjIc@f oy, € t5 3l g *cChplz’ ots daO &3 F e (!
hts 9COLOdzd?2 dOGcdz Isdzd?2 MmMtstes jdzls *° o dMmtsE
(te1 O 7,0), ftod Kyulr 6 SHiIdslleh fw B Iz
Flso Stoj tedas BB @ IStcdH j dzZsOlsdedn EZteOdz dz§ Otes s
fso jten dg B0 s jSB-UM@E] , IsSPRLED.COF, SPWO(COs).)?,
[ 8012-(UO2)COs( [ ¥]) SP12-UOK(COs)s*]*. I dL dzOyj dets, % s
Miskzf * do ey § tz®? s goHzdHhO dzgclts L OH ' Uzl € oz

it sLedzv dzzlsts sydh j dzdzv o tsH dgfF3,5- 18,9 d46'j'#Cs o d
(CS) s BSr(SP) BOCc dz' sdzd 5 € Odz' 2 yd dz€ s Giug) ¢ j € @)'Ofy
BOGdz Isdzd?2 S Odz 2 yddz€ Baudu) & € @B Eugs WY
fj dzj € Is d® tzh ECEACS) (Ke(*¥Cs) (0,5 2, 59A8 6) 1 tste °°Br dzv
(SP) (Ka(*Sn 0,8- 2, PMBEOc) . [ Estgdidsqudz” dzls f*"Cis ts LHistipy '
L d&Z2Oyjds ,9"  Hf S8 a1 @@= IsiIs @ shedfte j dzd = mMe " Istseo d
OO e toB. ' 2 20 L HOd fMis! H Odzs ¢ BCsREY dz'
5B Iz &3ts df dr jiedp® Oty diists B o' daded d3 d3j » B®@' udﬁstglsﬂﬁdsd@t
oLO  dssH" " ¥ COL' Bdzkz dajCciAdsE e dsE EgEa .
Codif 5L dlsdz &BOd dz's lf et RO dztse s BOIj 6 O
jWiClkdodz fls! 2 g @dztf g R dzS s dzd O3 f sz’ W bz olz§
B' dz2 W Mkl ot L OdnadsdISiy Oatz' i o dg'dfnis b oz u j «

[sted BBOdzts ' L tslsQuitckizg o (ftslte)s,y* Ni (1 1) IO
‘s Oz % edio Hded R € tsdzy jidzls @S jdz! (dE]CE
(o= 4, 0) dzO BOcdz Isdzd Bz € Odz Q) dz$ £y § Byitzl
mMtstes y' 2 dzO LHOIsdz" mis! HOdzts G 5 3O Is j
Cu(ll) >Cd() >Ni(ll) >a 0 (I 1), h 5 , tsB2Azdigtssm 'dig diss, f
ftesyj MOB] CtifdjSmMekke stej dzdz? dzj Stec Odz' 1
'R LBodz hde 87 jdzjClstotsdades’ BBdizsdzSd SO
fstes jlddsTOL Odzts, M sCulsud@z(uljldidzy Ni (1 1) IsC
MgjHiso dh  RBOGdz lsdzddf SOz’ 2 ydaabun o d e HaB jiLe
GjLEzd O CtifdjShtkzlsse st dawo de Asdeoidzd" t

L £
ISR B3



8

MstezCIskte™ SO o GPISEkodzdE' VWi dBEElcc Odz
Hiytftotslstsdztse O dgdedsfidzdf s 'jHotE®E M dzt ded i3 SO W
sSOC Y LO ttOrnkzdtst Ws@dRBzd Pdedzl M sk CW dgi &
1 0WMmse Odets, M tsydWjdeds oala] ips? Sds' dzj e Oz’ L tS¢
' H HBMd HykeoOdzdr dzj sStec Odz' Y digfd2d d3 CfitststdssC,
B' dzi h dzd L+ Cts8 dz" i tcd o d¢ sted Mmis Odzdz'
dzj stec Odz' ydzd &YAlI-zizZd g OdzH O d3d

10 e sdzso Odets  J W j SIsdo dz B ssHdSC d |
¢ ts dzls te ts dz¥ od3 Misk E d&SHPyYdEGE B diEszOR @ L
C O’ tsdzdzd m ‘ Odz ftsdzdzd m Wisted3 dzj stee Odz' Y
MsteBy' 2dzdd3 CBdzyj delstczo Odzdev &3 20 ftsdz' W Lz
COdz' 2 yddzS so d2 & j oz O § ' s@zgy Weuedrls @dsdi’ W kz dz€
B3Ol § 6" Odzd, WwC'  d3isfhis tugsdizch SOz Ottt
Is GMg,Fez 1 | T H dzw ~-GEE30 v =@t Odstizis § O L O dzts h 5
MlstczCIskted HOddr §tod WEdSy' tdOd ddr &GOl
HiSL & tSdzv LOMistsmMkzeo Odedzr € d Mdztsls detxlits dat st
ftcd tctsH dad m o 5H dzd n mMitejHtsa dh L O tcOn Iz
J Sl MdC Odzls Iz.

s dztg ytso' fHozteb Ok dz€ ' sdzOdz' dz' VIt tc gjiddels d
Mistets@@Q, 2 90y ¢° B3J-Gd2'das{dzd , ~QalsE@EiEPls | € Bl
sydh jdzdgv otsHdzedr MjtojHBOdN.

SUMMARY

Puzyrna L.M. Polyfunctional highly selective sorption materials for water
purification from radionuclides and other inorganic ecotoxicank$anuscript.

Thesis for a Doctor of SciencBegree in ChemistrySpeciality 21.06.01
ecological safetyi Dumansky Institute of Colloid Chemistry and Water Chemistry of

the National Academy of Sciences of Ukraine, Kiev, 2020.
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The dissertation is devoted to the solution of an important ecological préblem

creation on the basis of the carried out systamadsearches of scientific bases of
purposeful reception of ecologically safe highly effective polyfunctional materials o
the basis of layered double hydroxides (L&Hheir magnetic composites and magnetic
potassiurzinc hexacyanoferate with highly selive properties for purification
(additional purification) of aqueous media from radionuclidés(V1), 3¥'Cs, °°Sr, and
other inorganic ecotoxicanis Cu(ll), Co(ll), Cd(ll), Ni(ll), Pb(ll), Zn(ll) and Mn(ll),
chromate and phosphate anions, which wiltrfa reserve stock of sorbeifiteneans of
rapid response in case of occurrence emergencies at nuclear power plants and
nuclear power plants, to prevent pollution of ecosystems and restore their quality.

It is shown that as a result of anthropogemd &chnogenic activity the high
level of radioactive and chemical pollution of water environments for the regior
adjacent to NPPs and HPPs, uranium mining and processing and other chemr
factories, the Chernobyl Exclusion Zone. The main factors amngivfluencing the
production of multifunctional highly selective sorbents of layered and channel structt
based on LDH and hexacyanoferates of transition metals, as well as their composite:
removal of a wide range of ecotoxicants of cationic andnamioature: radionuclides
U(VI), B'Cs, °°Sr inorganic ecotoxicantis Cu(ll), Co(ll), Cd(ll), Ni(ll), Pb(ll), Zn(ll)
and Mn(Il), chromate and phosphate anions.

A new approach for the targeted synthesis of highly efficient and selecti
polyfunctional LDH their magnetic composites and magnetic potasgia
hexacyanoferate for purification (additional purification) of aqueous media fror
radionuclides and other inorganic ecotoxicants has been scientifically substantia
based on the basic provisions béthypothesis of analogies by Kuznetsov V.., which
can offer a high sorption capacity of these materials. It is shown that taking into acco
the influence of nature and forms of existence of ecotoxicant in the aqua
environment, which requires remoyaind formed upon receipt or introduced into the
structure of sorption material functiorahalytical groups (their type and location on the
surface or inside the matrix due), nature and the ratio of cations of Hikeitayers, it

Is possible to succshilly regulate the multifunctional properties of the sorbent in
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relation to inorganic ecotoxicants, and due to the presence of a magnetic component

significantly increase the manufacturability of its application in water treatment.

Radiographically onfirmed that the synthesized Zn,Aland MgAI-LDHs
intercalated with inorganic and organic anions, and tmaignetic forms, calcined at
400A C Z-n ,amdl Mg,FeLDHs, as well as magnetic potasskaimc
hexacyanofete(ll) are characterized by a stablempmwsition and homogeneous
structure.

A systematic study of the sorption properties of Zn,Ahd Mg,AFLDHS
intercalated by inorganic and organic anions, their calcined and magnetic forms, as \
as magnetic potassiuminc hexacyanoferaigl), showed thathe nature and location of
selected sorption active centepdd of aqueous media arg) of point of zero charge
surface of sorbents (61,2, concentrations of cationic and anionic forms of
radionuclides and other inorganic ecotoxicants, as well as nmwpmnents of water,
the duration of removal and consumption of these sorbents according to the hypoth
of the analogies by Kuznetsov V.l. decisively affect the sorption capacity of the studi
materials.

It was found that the highest values of the stagk purification of lowlevel
liquid radioactive waste (LRW), despite the high content of macrocomponents of wa
(total mineralization B gdm?), from U(VI) are observed on Zn,AIDHs intercalated
with carboxyl complexes, and 898 6 95 %.

It is detemined that the purification of the studied aquatic environments, il
particular natural waters and LRW, from U(VI) intercalated inorganic and organ
anions Zn,Al and Mg,ALDHs and their magnetic forms due to a combination of
different removal mechanisngepending on the pH of the aquatic environment and
accordingly, the forms of existence of the specified radionuclide. When using LD}
intercalated with carboxylate and hexacyanoferate(ll) anions, the predomine
mechanism of removal is the formation of ngwounds U(VI) with interlayer
complexing ligands, which fully correlates with the stability of their complexes ir
agueous solution. The removal of cationic forms of U(VI), which dominate in the acid

and weakly acidic pH range, is carried out as a resulsomorphic substitution of
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UO.?* for Zr?* in sorbents and interaction with Ggroups on the surface of LBH

metathydroxyl layers. Sorption of anionic forms of U(VI) in the neutral and alkaline
pH regions occurs due to complexation with the ligand enititerlayer space and ion
exchange.

It is shown that the formation of U(VI) complexes in the interlayer space an
binding to hydroxyl groups on the surface of mdigdiroxyl layers, as well as
isomorphic substitution dfiO,**-ion by Mg(ll) in sorbents antn exchange of anionic
forms of U(VI) (gstructural memory effee} provide sorption removal of U(VI) by
calcined Mg,FeLDHs. It is established that the increase in the ratio [Mg(ID)]/[Fe(lll)] in
the structure of calcined Mg,HéDHs leads to a decrease the sorption capacity of
these materials relative to anionic complexes of U(VI) as a result of changes in surf
tc 1pzc Of these sorbents, which becames more negative value.

Based on the desorption of various reagents from spent sludge, it was found 1
heatt r eat ed at 600 a n-DH8@&eechafatterirea by highrsteedgth )
of fixation of U(VI) in the structure after its sorption removal from aqueous media.

It is determined that the efficiency of hexacyanoferetaining Zn,AILDHs in
theremoval of®’Cs (C9) is determined by the ioniieve properties (size of the crystal
lattice) and the pH of the aqueous solution. It was found that the maximum values
sorption of this radionuclide are achieved on samples of Ad with interlayer
hexacyanoferate(ll) -ion (K¢(**’Cs) are (3,965, 5FcAflgpD and copper
hexacyanoferate(IKy(**'Cs)i (7,968 , 5% cilgDin the regionof pi= 5, 0 ¢
(pH = 6,8 6 7,3), on in cont r Ki3%Cs)donott F
exceed 52 cifg). It was found that a dose ofdn? intercalated with hexacyanoferate
copper(ll) Zn,AtLDHs provides removal of up to 99,8%'Cs from surface water (at
the initial activity of water at3'Cs in 1000 Bg/drhnormative indicators for drinkg
wate are achieved, which afe Bg/dn¥).

It was found that the sorption capacitf intercalated diethylenetriamine
pentagetate and hexacyanoferafd)-anions, as well as calcined Zn;Adnd Mg,Fe
LDHSs relative to the cationic forms of Cu(ll), Co¢l Cd(ll), Ni(ll), Pb(ll), Zn(ll) and

Mn(Il) are mainly determined by the different stability of complex compounds of met:
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lons with the interlayer ligand of polyfunctional material, and the constants of formatic

of precipitates of hydroxides and hydomarbonates of metals. Effective removal of
inorganic ecotoxicants in the acidic and weakly acidic regions of the pH of the aquec
solution indicates the formation of a stronger complex with an interlayer inorganic
organic ligand in accordance with thgpothesis of analogies by Kuznetsov V.l. The
high sorption capacity of LD#lis also due to the shift of the initial pH value to the
region favorable for the formation as a result of hydrolysis reactions of sparing
soluble compoundgf ([ 1)2, [ &03(OH),) on the surface of these sorbents as a
separate phase. The method of IR spectroscopy, as well as the change of color o
solid phase of polyfunctional materials to the light green color inherent in copper(
hydroxocarbonate, confirmed that the predwant mechanism of removal &u(ll)
from aqueous media is characterized by precipitation of its insoluble compounds
Cu(OH), and CyCO3(OH)s.

The influence of sorption parameters on the purification of aqueous media frc
chromate and phosphate anions jcined Zn,Al, Mg,Al- and Mg,FeLDHs was
studied. The sorption isotherms of phosphate anions @at@0 and chromate anions
at pH = 5,0 were obtained from model solutions on calcined Zn,Al and MgJrés
(with the ratio [Mg(ID)]/[Fe(lll)] 2:1, 3:1 and4:1), as well as for comparison on the
original carbonate Mg,FEDHs. It was determined that for calcined samples, in
contrast to carbonate samples, at low concentrations of phosphate and chromate ar
their almost complete absorption is observed. Its waund that increasing the
concentration of active sorption centers by increasing the dose of polyfunctior
materials in the purification of aqueous media reduces the impact of competing ani
and increases the efficiency of removal of inorganic ecoams.

It was found that the sorption of chromate and phosphate anions occurs as a re
of rehydration of calcined forms of LDHand restoration of their primary structure
(cstructural memory effe€j, electrostatic interaction of these anions with tlieio
positively charged surface of metatdroxyl layers of these sorbents. In the case of

phosphate anions, the formation of extraspherical mand bidentate complexes with
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hydroxyl groups on the surface of these sorbents is obvious, which is conbiyniRe

spectroscopy.

The results of the study of the sorption properties of magnetic potagsiam
hexacyanoferate(ll) containing ferinol and hexacyanoferate groups capable
interacting with most metal ions according to the hypothesis of analogiessptbpg
Kuznetsov V.I. for sorption purification of agueous media and cations other inorgar
ecotoxicants from aquatic environments of different chemical composition.

Theremovalof Y VI ) from agqueous media in a
magnetic ptassiumzinc hexacyanoferate(ll) was studied. It is established that th
sorption of this radionuclide occurs due to the formation of surface naowibidentate
([ (RO8a), fuosa] ) as well as -(UD9s(OK)g)u c
complexes, as well as complexes with [Fe(gNpanions. It was found that this
magnetic sorbent is highly effective against anionic forms of UR© 7, 0) ,
achievingKq(U(V1)) O 6 ,3 @nt¥/d, Bue to the formation of mondi- and tridentate
uranyl carbonate complexes U(VI-UOM], t I
[ ( [ SOLO0?, [ [ HCOL, [ [2-8J02).COs(f 1)3]° [12S O
UO,(COs):*]*. It was determined #t at a dose of §/dm?® the degree of purification of
low-activity LRW from this radionuclide is 8%.

Purification of aqueous media in the region obptB,5- 9,0 from*¥'Cs (C8) Is O
905y (SrPY) by magnetic potassimminc hexacyanoferai@l) is consideed. It was found
that magnetic potassiumnc hexacyanoferai@l) is much more efficient and selective
for ¥3'Cs (CS) (Kq(**Cs) (0,5 2, 59 odg) compared to®°Sr (Sr*) (Kqy(*°Sr)
(0,8- 2,9A £ @ &4). The obtained distribution coefficients &t'Cs reach values
corresponding to the level and above of the most widespread world industrial analogt
The sorption capacity of this magnetic sorbent relativ€t@s (Cs) is mainly due to
the ion exchange mechanism of removal and electrostatic ahteraof the cation of
this radionuclide with negatively charged areas on the composite surface of
magnetic multifunctional material. It was found that the efficiency éf @moval by
this magnetic polyfunctional sorbent depends more significantlhercontent of K

Na' andd &, than in the removal of Cs
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Sorption isotherms of Cu(ll), Co(ll), Ni(ll) and Cd(ll) in a wide range of their

I ni tial concent r atweeerpstainedsrom riodeb WI0Otipns Epho

4,0) on magnetic potassiuninc hexacyanoferate(ll). It is established that the sorptior
capacity of this material increases in a number: Cu(Il)>Cd(I1)>Ni(ll)>Co(ll), which is
probably due to specific processes of complexation of inorganic ecotoxicants depenc
on the structure of #ir outer electronic shell and nature functional groups on thi
surface of the sorbent. It is shown that the removal of Cu(ll), Co(ll), Ni(ll) and Cd(ll
from aqueous media by magnetic potassaint hexacyanoferate(ll) occurs as a result
of complexation ofthese metal ions with [Fe(CN¥-anions in its structure and as a

result of interaction of cationic forms of inorganic ecotoxicants with deprotonate
surface hydroxyl and ferinol groups, as well as due to the formation of isomorphica
substituted compods of metals such as ferrites. It was found that the efficiency c
purification of highly mineralized aqueous media from the studied inorgani
ecotoxicants by this magnetic sorbent is lower than when using intercalated organic
inorganic ligands Zn,ALDHSs.

Effective methods of analytical and radiometric control of the content in th
waters of different physicochemical composition of radionuclides and cationic ar
anionic forms of inorganic ecotoxicants with their preliminary sorption concentration c
the polyfunction are proposed: magnetic potasszima hexacyanoferraté for the
concentration of*'Cs, multifunctional materialthat form hexacyanoferra#)-ions,
for Cu(ll), calcined Zn,Al and Mg,FeLDHs for chromateand phosphatenons It
Is shown that the sensitivity of the structure of these multifunctional materials to the |
value of aqueous solutions allow the use of acid degradation, which provokes
process of monitoring natural aquatic environments by choosing the stages
desorpion of the ecotoxicant.

Keywords: polyfunctional sorbens, uranium (VI), cesiurl37, strontium90,

heavy metalsshromateandphosphataons ecotoxicantswater purification
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ofdzdeo dz0 Bt Odz L d3 dzt Hddzad, Ytz {-45{ Mo w1

l " Hftseo Hd2 HBHIEMdAE t"'od hdqesltsets
HjlsOdz dets dzO@o jHjdets E o ddisecOf 1 MmjMme ' Isd
(sOB.dl) d BO& dzts HBGEddseddBOMn I#  dzj 1§ ts 90 dzd:
1 C /3O P Isd oidd's f§ls3H d3



OB &Y sfkmlsdd’ ' odd ©OH' BdkzCd H°
sy zmisd r s zmisd
t OH' sdg tc' 9 j dz t OH ' ts5dz tc' 9 j dg
1 C/3H a3 1 Sd3H
°H 10000 137Cs 10
14C 100 203pp 1 000
33p 1000 210pp 0,1
32p 100 2Ra 1
SICr 10000 22Ra 1
52Mn 100 22Ra 1
53Mn 10000 22Ra 1
54Mn 100 228Ra 0.1
%Co 100 221Th 10
5Co 1000 228Th 1
%8Co 100 229Th 0,1
%Co 100 230Th 1
SN 1000 231Th 1000
53N 1000 232Th 1
%5Zn 100 234Th 100
85Sr 100 230y 1
89Sy 100 23y 1000
90sy 10 23 1
10%Cd 100 23 1
1xCd 100 234 1
12Cs 1000 23 1
131Cs 1000 23y 1
1%2Cs 100 231y 100
134Cs 10 238 10
13Cs 100 241 Am 1
13¢Cs 100 243Am 1
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1 tod Y tsdglz i) lskd d3d 2 o d3" Mmls ( G teOdzd ydats
tcOH' 5" P lstftzdIlsds 2 o tsH' o dL dzO RO clss M * d
IstsC md ydz Milss (Hdzv ddtss) , hs ' s thlsDOEz
O30BC ¢ a6 ] , dm@&Odzj §dls’' Myt - dzQigy ds@XdS  dzts
tow H3a].

l dd3" .o 9 Odzdz? " dzndo ' HEOdz! dzgd - € tsdzyj dzls tc
SO 'An HiBOM dO ‘HjdsdW®  COy' v ftetsotsHdIs
o' o) BO -@blsdo detsfis j 2 .0 ON iz © djeSts Bz 9 OR Iz9 O
COdz' s8HE, o sEWEOCdkRJOdz Mis! BEdAise dzj d&zO, St
hj ° ftodtetsH &3 1 -ONdssffdimdis ls® o ' H'Af B,d3" s tOB |
E ftodtosHde 2 MmEzdy " 4% L )€ s4DH &% .C Oz Lol @O
MOz 9 ¢ OL Odzdi2s tdaifler ' ' LAS-@ Gl 9 0dzt%) ISE b [dBih to ) -

[y &bk jStdse yds BjLfjSd oftHdddR
tcOH sdzCdz" H' &8 SO " dg" dr dejoStsdO di2’ Y tpdzE & Ig
f' HiflsOo ' H' s yda dats to [@gblsld] o, dzd E ¢ ' HHORI 3P Elzlf
His zZMisg@Eos dB dz' s ¢ E otHOR daj 1§ o dzeED
OCIsdo ilzZlnNB/3HBO YOMSC OUT OfasisSedzmidiists 9 H{
11 € /P égOB dz. 1.12)2. sWOCIsQB dzO9 j H j dzts f tstc’ o dg
Ctsdzyj dzlstc Oy 'tSkAc G OB’ cfurdzdcdB G s A3t sdzj dzls' o -B0ksH dz

l Otclsts L OL dz2Oydis(d, hts 920y¢C" BBj sOdzd L
totsL f sSH'® dzv s Is' fpw  dzO Is tafl, HE, &N dqz0 (izy oz ® I foaOefniz
Co Ni, Cui HEs 2 MdzGMmikzh s 3 [(Claz@ihEz) sdzd it
L OBtolzH dz¥ 8 Odz dzgd d3d t6J ytsoe d dzOd3( , w g f' HC
otsHdzdr SO ' dz MmMitcjHtsadh On .

[ dzw ftotse detsL z 9 O dadaw fsojH  dzf tcOH "' 5
JSBltsCMdCOdzls @ E osHdedrn B O € ls Ok DR]aic

z Htse ¢ ' dzdz' sO W sttdd " Mdziz 0 Odzdzy . -89] L
flosOdzOdz' L s9 Odzts B ctOy' 2 dzlz fso jH' df Iz
ZOo S sdzdh dzt sdBz MitcjHBO N SO L OL d&oOy4 d

§todteH ded d3q (¢ dz' d30 lscfjusiztf 636 dzfs G Gujdi(ddislG, &
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Is § ~idésts dpstadzd wislfd di3d .M y"
% OSIssteOdBd .

Gda’ B yYded i3 ) Is ©
‘G EMs Od L OY' )

Cdzy] dzlstc Oy’ tcOH ' 5d
@8 d49H%d ~ MmJ tej

v OB dzd2y Yy s¥.zfls d o3
L OBtelzHdzt ¥ ydr Ctsd3f sdzj dals® o

[ s zZMmilsd B8O ¢ tsdzyj dals i
suayg BT HEEDNE g1 s,
1 SdzOfm|4 ¢ dzOf B5e /9| dse /o
o tSH o tSH
3H <3 A% 0 <3 A% 0 i i
22Ra <1* <1* i O1*
22Ra <1* <1* i O1*
0Sr < 2% < 10* i 02
1871Cs < 2% < 100* i 02
234,235,233 <40 1% <40 (1% T O 1*
Cr(VI) <40 > 50 i i
Cr(lll < 100 > 500 i o3
Cr. o i i <0,05 00,05
Cu <10 > 50 <1,0 O ,01
Co <10 > 50 <0,1 O O
Cd <0,1 >5,0 <0,001 | O O,
Ni <20 > 100 <0,02 O 0
Zn <10 > 1000 <1,0 01,0
Pb <50 > 100 <0,01 O 0,
Mn <10 > 1000 <0,05 O o0,
i <15 > 200 i i
t L i i i 03,5
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Il L 20y Odz! ded-&BY di3' ytz" L gHsB dzdo sfmls® oL O

dzj stce Odz ydzd oz, IsO¢ ‘ L stec Odz' ydzd d3q ,
Mol so ddisd G tedtotsH dzd n o SH sO ~“tkds' o [
~nOtcOCIsj tedzd d3 tcsL f SH" dz tcOH' tsdzgzC dz'" H' 9
[15].

1 dlsOdzdzy tsydh jdzdgv osHdzdr Mjtej HESOdHN
BjLjSd HBoC' dzdzw . o 7O kzfig jOty jfrtiise d M QL bte GOHIS Hs
B ctecOdz ydzd 5 j S slssS Md S OdzlE Odg' aydzd i ¥ dsds'dzq &
off dzdo O dzO ° H ] dals d ydi d3j BiOshs muddz’ |, = =Y iy g’

B' szt ' ydz [ 47] . dCIlsdo dzO totsL fipjsts JCHOS o df [
tcOH ' BdzzC dz' H' 9o f syodzoOmw hj L 50 totsC ¢
mMdMmilsj &30 Is d ydats Htsfpdz' HY z9e Odzd M L dze@Bdets 8 I

LOfMsmse 28 st Mw ' L dg steOHd Y -2 ¢S ) lskejok
HdMisddzvy' v (o dY§ GB)OsQdedrdy", " dgdapdefzj dedz" ,
sO B' dz' "- dfylalap@cdipddzdzd ttsL H ' dzj degdzv , j dzd S Istet
o d dzlz y j dzdzv , O IsO¢C sy o' L dzO0 CtsdsB' dzOy" W
s dzdosMmisj?2 1O B & N4 d ( fasisHejj dzdd’ oH i H
tcj Oc 4 dzls' o, EM¢ d&zOH dzj dz2O EIsddz L Oy v 9" H~A
o dlstcOlsd) .

CS fsSCOLOs OdOd' L odhj dz@o jHjdedr H
ftecdo jtolsO’ Hts MiBd Mttty 2dzd?2 d3gd IstsH, v
o dhojS OL Oded Bd, IsO L OMstsmtsoalz' Is* Mw § jtoj 8O

MsOH' > chdetsittet Bydh jdedzgw / HisSYdh j dzdew
i yj odmsSO jWjiCldedz fls’ , Fdz 9 j effOdz d
Cfisf sdzj dzls* o, 3'-HF diQidg tadgCs L OjlsfieOdsigts Mils+ ,  Is

oS stedMmisOdedz £ ftetsyj MOr oHESBYJN j dadzw ,
hts fwlstejBlkyls! hodHSEEE toj OCko Odedz H
LOGtetsL, O OCtY dsyddse ' Mis! Mls Oty dadzts Iz
CjBR' & ydedS BOWLO 8o, WC o ddsdoe dzd R
tjMkch' o.
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1 Okzo Oy d Ai3ts, hts ftcd L OMlssimizoe Odzds ¢ s s
shsedzdeots ftod L dzOy G} @sdz’ Mistcs 9 2dded~2
LOMiss@tsg ! oxyj d&O fjthdrs MISOH  wa ydh
tcOH' B85O0CIsdo dzsfls” Is O, ' HYf o ' H dafs, i s dz
fjtemMsdzOdz fted fBHOMdz W' 2 BB Y' 9 C0OL Od
MtsteB j dzls Iz, hs L Oo Odgls Oxdi'', Is ! L@ dzjlz d¥" dziols tel
odL dZOYoO' Is' Mw L O HGYGBsSetss s jtcjHd G
9C0OLOddr otHdzdr MjtiHBOdM [ 66].

v sd3lz dZOHL 8 dy0O? dzts OCszOdzt dzgdd3 L O9aHO
odMmMsSCsjWjSIsdodedr IsO o dfMmtss sMmderz] ¢ lisdds dzd @
sedzvHE d&ZO odlkttOlsd dO0 ttsLtesB Sk, Mddasj L,
(zded € dzj dgdz? o lststed dzgdesets L OBtolkzH dzj dzdzv ) Mts
tcOH sdzCdz" H' &8 1O " dghdr dzj St Odz’ ydedrm §
Md sjof P ' L desets °n" 3 Yydese s MEC zOHE, L €16,

1.2. 10kStse' Ghdssad ¢ §ulsjLd OdOds:d
st jdas' @ L s WkdS y' tsdzOdz dzd &5 o dzOfls o

Il Hsd3s [ 79] , hts dzj stec Odz' ydeddz 4 S tsilsts
MjtcjHtsadh O LoddzOMBEEY j de8° € d Mmdzaj dadav , Wts
MitcijHtsadh OR SO LHOLA MIs: HB 6" Htesd L Iz,
L BtteOdz ydzddidd SO dzj stec Odz' ydzd &3d MY sdzkz €
L HOIsdz fMls ) G' Htcts] CsMdMmis jjddEy. LOkMclzy
CoRBf sdz] dzls' 9 90Oy dzdots otcOrRtsolzoOIsd ©C0OLC
BOIsjtc" Odz' o .

AL RC s ydz fticddydfd ©OyYy' tdzOdz! dzsc ts
osHdedr MjtejHBodh 9" H WOH' tdkzCdz H' o
tc j dzdzo O dzdzv R Mty 2 dats’ L HOIlsdzsls Iz
MstczC Iskzted mMstes y' 2 dzd BOIjtc’ Odz' o Is ©
mMsteBy' 2dzdrn 1T T J dghs tg'des OCIsd o dzd Ctolz{ .
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odMmMsSCsjWjSIsdodedr MtsteB jdzls' o, | Mpldas & 5 q © Gz
M j ydW " " ydad H S CtdzS toj Isdats @ s L OB tclz H dzg¥
L OMistsmkzo Odzdg? OdzOdz' s ydese s ' HaBHE, Mt
of jteh j L Off tostnts detsoC @RS 'mm s ws L 80 Ytso d d3

[ OdzO ' IflsjLO seREagdzy s, d&3' o dzd me c
BOIsted Yydzs G 5 BOIs j o' Odzlz ( 20 tcd € dzOH , dzd t
LsCtcj B3O R OtOCIsjtc EZsotstcjdzdrmn o sy
MtsteB j dzls Iz n 3 ydztsi WOIE dzgY g ‘dad &0 dze& Wz § Olstsd
(M jyd¥d = Ecoctekzf se Odz ) , L OaBOyYydzdots MY to:
of dzdo z MmMbikf " " dz tej OCy' 2dets’ L HOIdsMmIs®
f' HdzZw e O' oddzzyj dzdzs L oBSHdSEeB MjtejHSOdHN
Stec Odz' ydaed d3d OB 5 OdZjj SiusO@Y yadzd B¢ L wed dz' |, f
WizdeC y' sdzOdz! dz' Olstsdzde’ BkZctelkzf so Odzedz?y MmMtstes §

Il Bimdktselkz ¢' ftslsjLd OdzOzse' 2 f ¢ dzOH j dz

1) o zOMisd o sfls"’ SteeOdz’ ydzd -~ t©J OG 4 dzls’
Ostsdiidzed » ket s Odz (Wizdicizy tsazOQdzdatz) , Ok
MmM¢ d&zOH z;

2) nOtcOCIsjtc H" d dzj d3j dzls Otcdzd =~ Ols ts d3dz
o' L dzd ~ L O3 Mdzed € ° o, ftcd yY!' sk Ctej &3
o ff dzd 9 5 d3;

3) BtsH j dz! oLO" &3sH "’ sdz 9 d3d s Odhlsyy Is

WEZdS Yy sdeOdz' dzF Obtsdzds bkceétkzfse Odzdz t6° L o
OdzOdzse' © ' 0 ftetsimisdn dzj stecOdz ydzd o MY sdz
Flso tstcj dadzg? BOdzstetsL Yyddeded s MHOH" o) . 1 Of t
OR' dedzkz, ‘ez tetsfgdzy ¢ Hteddz dzg ctebkf d, to
RjOodk o, wW¢' bklottssls! OR OCOkd kO dC
BOdzstetsL yddzdzg' 6" HtesSCMdHd, Mkzd ¥ Hd) .
fudodHdes, hts kdg ojMOd d2 Mis! H
fsd ¥ E2dS y' tsdzOdz dfftstedgO i} lszelts dgOIls j & Odz' o ,



48

mMsteB y' 2 dz OC I8 dw lealzC y Y js del® iz dz' Fctokzf tso O0
zO2B ' dz h s €' dzr €' Mlss dzj st Odz' ydedrma J € Sk

sdfd tmdtseodzedr Mt jyd¥Ww ' ydedrer WEkdzC y' t5dz0
9 IsOBdz. loBidgd&w itstzfiso Odzr ~ OtcOCIsj todatst
‘L LOd3" h j dzdzw d3 o SH dz¥ |, hts oa-atHdIs! HItBL O -
tcOnzdzts¢ CBteHddZOY' 2dzdms LOOWLE &8 LO 0O~
BOE s+ dzgj f BH " dzj dz' Jjdzd SIstetsdzdz’ f Otc(d .

v O] Tlf.fRlese d2 WhkdSy' tdOd dZ bkctkzftse

Hisdzj Iso st stsdi3f dzy ¢ Mts|
=C=NiC [
O
I =C=NH
T4 OH
[ CNH>»
[ CiSH
[ CNO
[ CiOH
[ CTNO,
[ Ci AsOsH-»
[ CPGH =0
2
=C=S
[ CSeH
[ CNO,
=C=NOH
[ CN=NiCI

l Olss L OkZo Oy disd, daStsy’ iusHizOZ! diz' " EHascHs 21 I
Mots’ 2 fMbtekSCkkzt' ' L dg H 15 dzts to dz' Ols s B .
FPetozf so Odzdz? &8 ftodls OO dzdz® o zOMisd o sfyls’'
todgh CdMmdztsls dz Gtelzf d) . 1 Ow o dz' fls: SH dzts-
etz s9 Odz 9 BtcOd Yydesdsz toj Oc¢ j dals” il
RjsOod o, stsBlsts dzOH " dzw ¢ et fsd ¥ikd
ZOHL o dyoO2dzs 90Oy dzdodd3 Hddw y' dzj M tew dzgso
MteB Yy 2dedr dBOIj tc' Odz' ayj daletizj ds®ts fdc'dHo s B gis
] Otelsts LOEo Oy dlsd, hts tjOcjdsd, w¢' ROS
£jOCyY' " L 'Ok ®KijlsOdk © LHOId HEt W
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MY sdEg sOdsydS d o (idfavsl @iz M j fifdsd Rd, siztzdz
L HOls dz' Hts Eklottej dgdz" =~ j dzOIsdzed= yd< dz' o,
' 6Cd [81]. uvbdkz GHEESYOMEZO d&Ow e dz fMls:
betckbf o Odzdz & b MmlstekClskte' Mtes jdids' o MY
BjOd o LIOo ®OF dzdigs SR pdzOk " o .
wls' 2¢C  fMls! bklottejddn SCHBfdjSM & L
wWC o' H odkOMmkdotMmisj?2 WhkdSy' tdOd ddi Ol
hts LoOWLEsIk! qw (kOBd 1.4, 1.5) [82])
' ®BOB] &jlsOd o dsykls! klotts o Oldm! wC f
9 O CtetsL yd dzdz' ZO ¢ ' Htetsdz' L wCdnm of dzde
Ctdzyj desteOy' v ' Sdzg 0 3jlsOdkzkz k o HMGEEE
HOdzd R, CG' HichakT L ' 5t f = iER Q&S © diEVie , Gu@)is S
w gt Flso tstgs 8 Is 9 Oy ¢ stetsL yd dzdz’ OBts § tsd3tf «
Odz ftsdzts o3, LOdzj 1 dlIs! 9 "' H o J dzd yd dzd HisB Iz
Csif dzj Sk SO HsBELCE L ydddshls' ¢ HEt
1t bklkottejdde Ct&fdjCmddr Mfsdkkzs o
sCdMmdzj degdzgv, BEZHBS9 O jdzj Clstetsdadets’ 5B tsdztsdzS ¢

' Bdz0, cdgzyS  Mls', o jddyuddO LOEYWHE, {§tdHt
oL O BBHEY & ¢OddO dfj EDk' o we Odzj y dzets o' H §
fsH' dvsis! v &0 kted cwkfd [82]. 6 ]!

"sded BjlsOdz 9 L jdzj Sltesdadatsr MistekzC skZztcts!
CoRfdzj SM' @ "L LoOWLSOR] fazyds tsts ndsOisdta
OCIkddes’ Hd SO dzOdzlsOdats’™ H J. l Oy dzdeo 2 totsdz
Bj sOdz' o ' H' GtcO8 [s! L OteW H Is© ° tsdzdzd 2

oL O d3dsH" 8 Is! L Odz sdzgO3d dzj o dzd S BGets teBBL
wedn ‘' Oitsdidr € dHtekzets’ ctokzfd dzOdzj 4GB 5
dB-j dzj Clstotsdzdats® CtsdgW ' cztcOy'® * 8, Maddz dz@ H
fteslsdoaOclkz fjteh ' 2 ctekzf' "' td o hjlOd o,
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s OB dzd ") dAO.u4 dzdzv  § ts dzf) Is OaigsS fided @ S fistts dziz Q

‘sdz o B O] 8C dBd dzj Bc Od Ydzd BA8As O B ts G
( S sl lg b
¢ Odzls OH H 132' H5dtpa H3Cit
SIL9.7
S{ ww|  SLO08 i SHL1s1 | SML184
(U[ 2oL 10,3 | U[,L 156,57
UV ] U[ HL 245
(V1) (UJ 2)2(L)2 22,0 | UJ,L,20,7 {2
cuL 6.0 CuL 205 CuL 18.0
Cu( wuw Cul, 171 - CuHL 24,5 CuHL 22,3
btz L1, Cwl 260 | CuHsL 28.3
co wu  COL 41 CC(:)ZLL%OS CoHL 20.8
Col, 9.2 ol 22 | COML253
CdL 4.3
! L1
cq wy ST _ CC;?_IL 292’09 CdHL 20,0
Cdls 10,3 Lo | CariL244
Cdl, 12,0
NiL 20.0 NiL 14.3
Ni( ww|  NiL 4,6 i NiHL 25.6 | NiHL 21,1
Ni.L 254 | NiH,L 25,3
zirl]_L 3’393 ZnlL 18.0 ZnL 11.4
Zn( wuw ani‘ o 5 - ZnHL 23,6 | znHL 20,8
2 y
Sl 268 Znl 22.4 | ZnHoL 25.0
PbL 6.2
Pbl; 10,3 PbL 18.9
oy W PPL133 ool ona | PPHL190
PhL 7.6 o204 | PDHL278
Phls 36,1 ’
Phils 69,3
MnL 155
Mn( ww  MnL 3,4 i MnHL 20,0 I\'/\I/'nnHHt 1;72
Mn,L 17.6 2me e

) 6d &' LS © @K o dzj

f 5L dzO Qf dzdza¥, Hhdtpe GHdzLit.o
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ltctso " Hdzgddz W OCIststesdz fadzd € Od3flez@y g tpsiz |
BBj lsOdz' o d d&zj Clstesdz 6 OIsdo dz' MiIs+ : ydd3 dzd
&' eOdzgHlz, Isdds &3 ydz "' LebdbwLCd, klotstcs o C
[ dzv  dedr ~ OOSC Is] tcdzd dzd Mls® 2¢ "  lits d3ff

As(lll), Plwww) ) ,

LooOowLGC' 9.

we' dp B@sEs ' b @&0ds 0 ©OR Lk
[ zj Chttsdzdz® ckflsddz® d3j lsOdzkz 1 1

dz' G OdzH Iz, dslchBtsS IS'Odir' * By sOdzz L Off 59 dzj dz' .
fdteyn Hddr 39 500209 sa-ugpEhEBE@E" 3. 1 0 M’
"tsdz' 9 B IsOdz' 9 HOds ez d MmMbklsls® o ts
L EdBtso dzj dz©  to tsd-t$tg BY ' dig] QizdgV2d3 v fitehbk yjte
oL O i3sH ' ¥lds®@ G d iMfgjolsdz” Mded di3d dz' ¢ OdzH O d&3d .
v Ogadgw 11 ) 820y dzdzv CdzmisOdzls Mls® 2 C sMmis*
s 5 ¢ M d uded lgsd3§8B8Tdz" o
[ S Slsts lgs s
C Odzls OH CO* [Fe(CNX]*
U(VvI) UO2 [ v 23,7 (UO2)[Fe(CN)] 13,15
Si(ll) Smt f3 9,03
CuCQ; 9,63
Cu(ll) Cu(OH) 18,2 Cw(OH)CO; 42,96 Cw[Fe(CN)] 17,0
Cug(OH)(COs)2 54,69
Co(ll) Co(OH) 154 Csu 12,84 Co[Fe(CN)] 14,74
Cd(11) Cd [ pdM,61 Cdu [311,28 Cd,[Fe(CN)] 16,46
Ni(Il) Ni( [ vD4,5 Nig [3 6,87 Nio[Fe(CN)] 14,89
Zn(ll) Zn( [ v 25,0 Znd [3 10,78 Zny[Fe(CN)] 16,8
PH(II) Ph( [ ©31,0 Pha [313,14 Phy[Fe(CN)] 15,5
Mn(Il) Mn( [ v 22,9 Mng [39,3 Mn,[Fe(CN)] 12,1

) 6 B IgsS=0.1/ [ { HEEEZIEBC

tesL yd dzdetsmls
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166" HdzE G ' tslsjLd OdzOdzseg ' 2 Msdzj Zlso st
M dzOHk wCdrn ornBéE MJgzdtstz ethd * € dzd B[RS |
HRItStceOdz ydzd?2 LOdzdhsC. Aj o Hftse HOI t

Il ftcd 6" Htetsdz' L "Bdz 9 dJIsOdz' 911 P, 6 ®
Yy ed yd dzv ’ Plseo tstcj dzdzgv G ° H tc Oldg todz' Isaf yrad t8 ¢ i
[ 80, 847 . ltcdtesHO " sdz' 9 BJlsSOdz' 9 HckY O
tcjOcjdals' 9. vOC, fH ' Bd Mls: & ¥ EkERse Od;
H dzw odMmMBE L Ot H dzd n " tsdz 9, H dzw wedn

G' Htdy¢dgfidsd ' sdz2Od3d IsO W Zlso tstcs & [s f

tcj Ocj dzZlsOBd, Hts MCeE@zH qvCdr ontHdI! [

l" " Hftse ' Hdets HB (tsH' dzz ' tsdz' oCq dgy [SHistdwe
zOdzj 3 Ols HSE GO’ sdz' @ jteh s’ SO Htokce
oLMBEH" B Is! L Stte Odz' ydzd d3d Od3" dzOd3d , Odzj
tcJ OG J dzls ©Od3q , Hs M2k S dBOo Jtegw lo/d mfs)
G' Htesdz' L z¥ Is+ . 1 Okzo Oy d d3ts, hs H&Y Od3 Of
~nOOCIsjtedzedds ' (odegRydtz@bsdz’ L k2 o tSH dzd -

s O¢" dzi stce Odz' ydz Colf), NI, ZA(),dMh@)dzls ¢ OlIs
Istej Is! 8° OdzgOdz' Isdydets’ cwkzfd [ 86] . I tsded ¢
L tod ytse d dzOdid , Hts MC-d&@EEJWCEHER dzoGdsH WIS d
dzzy desdzsz M e fabtsod H'd3' dzz o ' H Is tc CHI®) drp(i)3, dzd
w g ISj Y ©ontSHWIs! HiS HOdss’ ctelzy d, sO© o
MdzOB CsC dMdzsdzz M Jj toj H €o(16),"Ni(ll), Zg(It * dSr@b)s G lisQ € |
o zOMIsde ' Mis® 2¢" OWHBY dzisC i3] Mus wis i O @ pytzlstzdzd -

[ © B8O Odzj dzls dz' COl" sdzd yYdlso jtelsts’ O dzO dz
J EIstsC Md ¢ Qutk)s Cd(lly P, Hg(ll) IsO¢ 5 OCIsdo dz
dzj 2IstcOdz! degsigz OB 5 dZEy degs Bz MjtejH O M * L
ontls! cliqkzy d, sO Eklsetstee s lIls! Mmls' 2¢° Cdi3f

sdf kO Mls'2¢" Mis! oL O BSH' '’ dzj SteG OO0
etk so Odzdev d3, weg 9 ntsHdIs! Hts MSE d&zOH k2
tcj G lzdzt 9 Odzdz Zdzse L OMistsmiz o O dafias s Hif dAistg te B
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BOIsj t6" Odzz, dzOwW o dz' MiIs! " dzh dr OSCIsdodzdr M1
sOCtsy off dzdo Ot Is! dO jWJjSlkdedz fMls! IOCTE’
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L ftse jton dzgj o ddfd 1" st @dsdO d3° 3 " O tc B-®daizds dzO «
Il dL dzOyj dzts @6 te O dzd ydzU(Vuw)j dztfQy d wlzg dzds tefg st B § dzl
MsteeYy' ' 24 CBH 5O 3HstOL 'to iFtSts 0 dEsRs®8dz00lS 2
L tcOMEFBAlZ } 1167, 61 (] =5, 0) kO NGFERA-B9|i &¢
51,6 (ty =5, 0) sSO. 61 O1&HEZMGEEZ-8 ,0d)ststBE ba
‘'d3dz’ Mlst 9 COLOdzgdr BOIjte” Odz' @8 Mkbkls' ats L
HsMdz dgqf zo @ dzOy 4 dedev = to , OH Y | Jj dzj € Istctsfy
Odz' tsdadzed U(VWi)ste d3 -Gd3jHIdc@E )  dz' dzd d3do O @ae@ dfcfls W
ftesyjmlz Mtstesy’ ’

wdzh © QOoelststed [ 165] toj S UH\dgy)dzHfiiztstdse' j dalsdz" dz

Al-z 1 | L Cdzls § 6§ Odz! s das{digAd3d , M) Iz da ISV tOdsA3 O
My ' 9 tsMOH Y j dadav L LOMlstsmize Odaedz¥ d3 [k dz! Istc C
BOSC Md dzO dz! dz' oJdzdyddzd MmMBteBYy" °’ H O dzt56,8

(G tcOdzd YdzO o j oA s @ de®o dils'teB 13, 64 &6/ ¢, Ists
fsadds L &) 5 0dUNEO G s fssed ide?) bdk® duszy
fsojtendy z1 | 1O sy diduw)d i\ * 1 @t ddefh)dzartsts
ontHdl! HEB - EZBBEMdggs@EE " O’ 0. [ HdAOC
o jdzdydded ty > 6 UW0UYrs fiPls bafdsiaizsy jLdeggvdz" 2 Is i)
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sddzZsjL hOwkzo Odn dzOdsC s tsL (s’ 454, dzO

obedzjyjodn dOdslkicks s, 15510040 &6 &S dda sl

okzedzj yr [196], BECMdHEZ ctOW jdzsz [ i@ [R001L 9
sOh gz BOItdy: [ 159,201, 202] sB z d3ts o dzt °
mMsteeYy' 2dzd s YVizlste' © h sH

c S Mlseo jtoH Y 28 Is! Qo lststed [ 154] , ftcd
Mg, Al z1 1 L d3 yh coels ssdidzdy lsstei@ls U( VI) &
BOG dz' Isdedzld {Mg, Al 3 " NBOs-Belz B8dzOdsd * L dzOydets

By zdotsets LoOWL ko OdedzV HeOF Ptz tds dA@ @Rl * tdsddlz Gk
nd ZOlsdzdr CtBUEEEHso UMV H) Otctse sdizgz  f te s
o1 > 6,0 Mty 'UVdap RDOOG MGAdHplsy suts d3' " Ot

Yydls®eds sdzOdsd, wW¢ ° Hdzw dOo jHjdzedR odh j
L tetsfls Odzdz? d3 £LCOY", UBIHBO;(OH) QUO(OH): Is©  * dzh d - O
Wsteds  otHMBsHBEZ tsLydd ,» @ s Okt M

Higdz HY ko Odesec s MtsteB J dzlskz £ tjLEzdz sSOIs*
HOdzsG 5 (BOIsj to' Odzlz .

V twtBBlsOR [ 155, 193] Hsmdz" Hy J dzs  [ste!
BOcdzj Isdlskz, z1 )| IO 9o IzEe@j@dCENI ARz 1dz0 dztstisltctizds o
BOGOItsMmIskzy ' dyOfRzd dgd &3¢ ' By Bd (¢ch Ote
Ho 5m ¢ B3 Cdigdgflssiedd2ls dz0 sMmdetse © 71 |  iIs@Ale Iz«
zl |1 @l v, Mddzls j L s Odad 2 B i ] ® csdgOHQ j di
G' HioBlsj tcd3Odz' dzdof MdgikIO et 2@ (VUnBsEHYE ®' Is! fw
Codf sL d s R=64 0 5O fls O dzm alxf KOMEENI-Al;z1 | BO/
382,890 (B€aAEzZ I w@k{ v L O t©OSkdsse Wstdkzs
Cosdi3f dzd $M" 9 L CdMmdzaj o 3" Mded dizd W 2 dz¢ y' tsdzOdz
dzOw o dz' fls ' HtsMdz HYy ko Odedr teL ydzs@d/ W
sdf sodr SR tsdzi dzls’ 9 f tofd@QZI Mg>* & adt, 1048
® ' HdQ' ddz BreClOn Is @Oz, Na' Is &*, Mkl ets Ldzdyk* M
CaAl-z1l J @l v. A] ftsoadvwL Odets € tsdzC Iz tdVigtds @f* s
L UO?"Is@ Lklsotstej dzdzV 3 @Rl dzdgdor domstzdg IswW d3 L
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dzj G OIsdo dzse s L dzOyj dafdavls @O>-@ dz'd Fdzlsazs Mb s ¢ f
jdzj SsteslsOlsdydetsets o  HN Istsornlzo Odadzy 3" 3 ¢
SO 3¢ s@uzsS Mddz' dzgd d3d h Ot O d3( .

1 COL Odzd tytf tc ODEI [Is1OF s fteseo jHjdets f 5N
L OfMissmiz o Odzd28Al-IIs @ j dzls | dzv o YAnrfuts dizdzas = 3,
8,0 IO ¢ OL Odzts, hs Mbskzf ' dz@ tydh j dzdzv
MlsOdztso d Is - 13 %, 84 %, 92 %,L O RBYAOLE H
COotBcCMddz deddsd, tSEMdHdddid SO ¢ HtetsC Md
MCzOHE 9COLOdsets Z1 4.

l MO0 Mty 2dz0 L HOIsdz Mis! dz0O dzts € 5 d3!
NiAl-z 1 | HEW M sMisjtc’ ¢ O s Mw z ekzL:t C' 2

Istcd o Odztsm s’ mMtsteB y' ’ 120 ~r9oUMw) 98] . tec@Hj Lt
LOBtozHdz] dzse s ' B lsOlkz distem! S5’ BoHs@disc
tcOH ' sdzz ¢ dz' H Iz, fsCOL Odzd, h ts dzOw o dz' Mis

ftedLotHdls! HB jCtcOdzkze © datipts tc if jsazl§ o m 20 0 ¢
sMS  dz §d BjROd L3 o j tornWRi?oLEs ¢ liskz dgStsulytf iz
Ctozf OI®H, iOH, iCOOH * fjtejoOy0sydd §ted
h OQtelzo Ostse s ZOBSS B 5L dlskz.

st®f sL dlsded 2 MmisWipAlzddls) 00 siysizapidzictz o @deat
o d dzlzyj dzdzv dzd L ¢ SU(VE( SHBRW,] SO ykitc it C 50 o
otsHddR MjtjHtadh [198]. IMksOdase dzj dzts,
L HOId fls 9COL OdzBWs) RO dg' O'diz! M s  ste
(stcd o Odz' @60 fifisate,B YH 5L O fiffstcB f tzglsz s j 6 § H datt
LtetsisOdzadzy d3 C tsdayj delstc Oy " Odz' sdzdzd m W BSto«
sy dz@ oddzzyj dedz" HOdetsEts t©WOH' sdgzC dz' H 2
[HA&ZOC fHted yY! Bz Istcdo Odz' MEsH. MsicOEd Oy
Hisfdz' HY 2o Odzd 2 MsteB Yy 2dzd2 BOjtc' Oz lsts
BOGOLtsMisky ' dzyOfmbstset MmddsjL Lz, wed2 8¢
sBBI Yo Odzr dzgddz W OCIststetsdyz Hdzw o dtetsB dzd Yylso C
sydh j dedz?v g 'datfCajrotisH, L sCtoj BO dhstem! ¢ dn.
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CS odHdts 7L ds@sBydH j d&'. z1 ), daiL Odzj ¥ dets
BilssHk MddlsjiLlk, §jtjoOydsts odwans ds' oz
ftcd L dzOyj dzdzv = o1 o sHidGRe tadwLdy@ffifiis ‘o  td dalxiac
COH' BdkC 2 HE k& o d¢ dv HY O SO KS' j tocizted FH v s tafds
B' dz hsfls' ttl), ket LOMsshmkze Odzdz? H 51
o d dzkz y 4 dzdzv O dd (VB dzdffdic-O Chlstaglets ©° dzy HBY' dzd dz

[ dzv o dBYJSBdzvL o t5H dzd n )] sideseeOfiss 120 )
C Ol ' tsdzdzts CLEBAI-fTLAFOZNAI-, Mg,Al-) SO L &' % h Otstse g
dz' ¢ OdaH Olsizfidzj dzH d O3 dzls jlsiaaa(Q) Asyjdk) QtEs | |s 6 O®w3] ¢l
Yyd s Oi0 tzOls |s Ods' teOds0 i32{0 5[] 20 3ste' 8 ke ts,
HisMEdzd C R 0[8J 08 0 jtelsOs s dz0 C i L dlsdCs i1
5GP, LBStkj kO dO shdse' okcdjyjsedn dOdt
8sCMdHE ctOY j dbk MgAlZ Uste.Ols dzs’ W tste a3

v fMEdsezy §od Mkl daflsd s HSdedE Ot ts istgPdBd o
Mddzals j L 5o @dgtlz L tleglg'IstsH tsd3 Iz f 5° H dzO dzdz' L
CEBY sLdlsded?2 &OIsj e’ Od¥gAlLE | § B Higlely' " NBEs-ts &
Odz sdzOBd 8O ¢ sd &jte, SiOts yijsHDd Hstrzts W ¢
I j dzd yd dzd CisteiE®4 js14 &c/ ¢ ftod 2scts od
BE/PH B, =8, 0 O HBLY §0hb kiR Odedz ¢ / HAKLE
BOIsjtc" Oz L OB jLH jyk' ' tdtstse i3 dadzaj o d dzlza

1 jtcjoOcetsd CRBYBLdIlsdztsets o z#IdAl-] g s¢g RO

L' & h jdzO0 S & €' Ml Whkdy' sdzOdz dzd -
Cdzls j defpd W COY' ' SHcsmMPRROS s st 8E tzd dzO dzdzw
sBLdso dzj dzd?2 26t o€ O HBRB&I ' O dzts ¢l &0 OdAsdz
LOL d2Oydilsd, hts eodézzy detisiztO1 B jB)HE " Hoadh jC
Codif sL dlsdetse s MisteB jdalskz HEs HBMd HY ko Odts
et M o MMy@)HiaOj dide jLUc R dz2  BOMgIG{OBEE E o
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z0dz &ozdzEns s BWE @B H B dzdasc 5 s O

s Ols' tsdzdzd 2 [ BL O Mty
s to 'dz,ld3'lsc®‘d2HtelserI!)ihoth [ ilktsH fd - to (m/V) i o
o B H , ¢
d d ] Odz d B/ d 1 4
h Otc’ o G/ H
1 2 3 4 5 6 7 8
[ Oc dz' Is g 9atsMOH
Mg,Al-z 1 J- Mg, Al CsHsO7> Zdz2 stcOL 180,0 6,0 0,1 [154]
YydlsteOls Odz tsdzdzd &
g4ff " o sMOH
Fe,Alz 1 J Fe(ll), Al SO2 113,64 6,0 1,0 [165]
dz IstcOL
Mg,Al-z 1 J-Cys Mg, Al L-ydmilsji| " oatsmOH| 21158 5,0 0,1 [178
]  HtBls] teg
CaMgAl-z 1 [s00 Ca Mg, Al - 486,8 5,0 0,1 [179
COdz yd dzl
CaMgAl-z 1 | Ca Mg, Al NOs ] " Htetslsj te¢ 1325 5,0 0,1 [179
sddzlsjL o
Odz' ¢k
Sz 1 | Mg, Al [S4]% 330,0 5,0 0,1 [180
BOGOLMmIsk
Odz tsdzdzd 2
MgsAlL 7 Mg, Al - s Odz! yd da 70 50 0,2 [190)
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]l totsHts9 ) j dadaw
1 2 3 4 5 6 7 8
Mg,Al-z 1 | Mg, Al e Xa vl o tMOH| 2439 6,0 0,01 [191]
Mg,AlFe-z 1 ) Mg, Al, Fe(lll) # 05 g4l o9tsmMOH| 263,16 6,0 0,01 [191]]
Mg,FeAl-z 1 Mg, Fe( wAl) X ‘Htetsls j to 167611 50 0,2 [192]
,FEeAl- , w , ] ) H ( ,
g z1 | g 3 | d 16139 | 8.0
Ni,FeAlz 1 Ni, Fe{ wAl) o ‘Htetsls j to >10 >0 0,2 [192]
I,FeAl- l, w , ] ) H C ,
At ; ! ’ 61,16 | 8,0
] " Hietsls j te(
Fe;0,@C@Ni,Al-z 1 | Ni, Al NO5 BOGOItMmIsk 1741 6,0 0,05 [155]
fmddals § L
' oasMOH
CaAl-z 1 1@l v 4 OAI NO5 _ 382,89 | 6,0 1,0 [193]
G' Htotsls j to(
] " Hietsls j te(
. Fdz IsteOL
L Jz 1 g Ni, Al NO5 2778 4,0 0,05 [199
B OG Ols ts fifjdstn
mddals j L
_ _ ] OGOk
Ni,Al-Zz 1 y / PP) Ni, Al NO5 373,1 6,0 0,05 [199

md dels J L

s OB
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]l Mls Odzts o dzj dzts, hts o j dzd ud 88 dz@ tc © dzaizYf dzts @
GO jte' O L dz@Oydets odh' (38,9 &c/ ¢, ht
0, 2 3¢,/ Hifste' s dzv dzs L o &' Mgidsr 1 gz & & OB Bz e
Bhsd / ¢) ftod HESL ' Mok jdsk 1 ¢/ H&

[ Mdzts o dzd o3 Bj n Odz' LSS0 Mtz@de Yy =~ dzlsj to
CEif dzj SMsOB], *° §j kOktsklo stej dzdz? bk &'
o Ml Gmptstas, hts odf' HdZ dz lsteOlsdz W Erghdszf) p s
L & yh Otetso-@ddts de@dzdp, 1 tcOC Is dSrt'dets adsjH dad f dzkzen
zO o' HdAdkAEZ) p, H' dalsj tcC Odz' tsodd deaxidEfi, o § @ @ dg
WCsEts GSBRdto dzj ZOME®O® WL BaDdzdgj g Oelz o §
frd BB :

SP* + [LiT CigHoN4O1]* 2 [ S18HoeN4O1]% + Li*.

dtsteB Yy’ 2dz0 L HAARZ, ;! | O] €€ 0 dz'-Oxa’ CidEas
9 dteOy j dzO L dzOydets fmdzOB M j, h s M @ udQizjtateen
dzd ¥ BBscL dzOyJ dzdzv B ydesmls' C tsdpfdzj C ) 'tsakly dzj
f5H' BdzsE s H s Litzkds ods tof hoGDelidsocttstilz f totsfis tste .
oJ &zdyddzO0 cteOdzed ydzes®™ OHMsteBY' =~ 9o L de@y judg
THdz @ O HBL' 3 @sodsls ks, | &/dy ds

[ dzw o dw e dzj dzdaw fsdz' WhkdC y' tsdzOdz' dgd =
st jdzs' ® L &5 3h Oese d i3 ©ic DA Jy dzf tgif dz’0
s OC 5y A Mty 2dzz L HOId MBECuUu (P wwH)s &
1 sCOL Odgts, Oftles W bagsds fiMhAlez8MOH X 'j dadz)y tc € |

Ydlsic OlszOldzO Is Is O@eds tetOdz0O dzd ‘ B 'dzxh jWJjCIkd
odazzyy dzdzv Cu ( ww) , f st odgvdzs L Cd( wuw)
mMsteB y' ’ H Odzd " sdz’ 9 34 lsd2@z' § to op tiEsHOQIZTS e b

Csdif dzj S Mded s M sdzz ¢ MEkls' ats oaff dzd o ©O° dzO
l MlsOdets o dzj dzts, h 5 Niptf4sitclO s eéz@ v & dgts'dsO B * dz!
L HOIsdz" Mis! Hts Cu( ww) , dz' tsls tc d &30 dz' i
" dzls j 6 Odz 59 Odzgd i3 BisckOE md2ddid [DO11¢Qts
W stedBzo Odzdz” 8 ydlsteOls(asw)s L BiF Iz Sk o H'
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Ni, AI(OH)[Ni(CéHs05)] + Ci?* 2 Ni,Al(OH),[Cu(CsHsO7)] + Ni?*.

dtsteBYy' 2dz0 L HOIsdz fMmls! tcsL cdzv dzzlsd m 3OS
Flso tstct 0o Odgse s o dB'tey ' Gig pCrdsolgiizts G tiste b dzj € fi
oddzzyo* 21w [ 209

I steWwH L dOo jHjddBd odhj MmMtsteB  dzls Odid
o dzO M Is dvig, A m&n,Al-, CaAl-, CoMo-, Fe,MgAl-, Mn,Mg,Fe, Mg,Zn,Fez 1 |
L dZOMlszf dzd i3 &3 3 h Oteso d e3d98,211, 2271 dkH O diaf Is t
[98,213] n dzts tg168,215217), j Isd dzj dzH d O B' dzls [RISLAO
HJlsddzj dalstcd O e ddztsidezls OO B Pl [ 222, 223] ,
Hls' sB lztc® ¢ dEr2B| zZ 3OIsd [ 224], W jdg dzOdzOdz
OtcG ' dgtztlzL dsd® [ 226] , d&2@&%] dz gbdzisOEIR@lS [ 2
[08,213,229] O IOCtY EDO&TYd&B)OdFO CtdiftsL dlsd
Nt lstsL Odglz [ 231], &Ocdzilsdlkk [232,233],
CtsBf sdPIFS ' toH 5 YIS Wdstod3 dzj St Odz' ydzd 5
cu(ll), Cd(Il), Co(ll), Ni(l), PR(I), Zn(I1), Ag(l), Hg(ll).

t Odz' hj {[180) R QP dz as' yfigfl$ '] dzdzv o tsH dzd UM to
Mg,Al-z 1 | , Cdels j e S Odz! 59 Oded 3 f sdz° ) 4213] s 'O B o
ftesedgtsH jMdMisj BBOIsSdyday HBMAZ' HY J dede? L Ofists
"tdeh dr 9 OCdR dBjlOdz 9. I MlsOdetse dzj dzts toW H
BjlsOdz' @ L " deHdo ' HEZOdz dadr o tsHded m totsEly@ o
Istcd 8 Odztsfls* M ts teBoY ' URUZ)B (W H ;< OOu((wuww)) ,,< P b (
Ag(w). 1029dh " LdOyjdedgv CtsjW' y' ‘ dzls' o t
L dBkzd S i tsdzj dzlsded rn  tetsL yd dz' o 3 HsGh) W HE tOL 'k
Hdzw  Hig3(,uBbiL 01fA&CE, OH&EOSHKY( w)i 4ls AT 0 81HAuU)
3, 8AA05R&EE , 9' Hf 59 ' H dats. ste' &3 Ists@ s, L
M smMisjtc' ¢O' Is! Mw KylsitdZCHN)ji oL tats ias8OzdeMnsl c6 ,
[ jrOd L d&3 o ddzkzyj dada” " tMigAlez, 1 19,0 € diHs 1 i) @5
fsdz’ Mzdzr W' HO®R], fJtcj o0y dets TSsizlzd3ls oy @ise(ts
ftosmMiststc® ©COL Odzgse s di3OIs j to O, Chistdc tstffif CHEIY ©
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it sLoade O yd eodhj dz0 9 j H j dz[229]H tChifdis tSH M detz
9 C dzs yJ dedzgv ©O'daS dsefaSy B H®bE sd3 Odz' tsdzetstsB 3 dzdzts
dz stcOls dzMgAh-sstesd " s Mftedyud dzv© tesLh diej dzdz
h Otclzo Olsdr dBOIsj e’ Odz' o0 (Agj" HY "OH,98dFP EH 5 Mistc
tslsted d3O dzd = 9GS 0OLOdd 3 yYyddesdz Mmstes jzdkls " o .
B " OtofoBds sdzOdkd osdwedv' odmtsSk fmjdj
otsHdzdr L yddz ©# Hts 99,7 % offtcsHBo Y 3
o dL dzOyd dzts teW H Md dzj Clsdo dzsfls” o d dzlz y J
Bzdz' Isd ¢ B sdzj dzls dzd = o t\Hi dgdurw) t6 5 LZ2nd(dRIuB) b ( <@
<Cu( ww) , Hog( ww) , Ag( w) .

l otsB dzj 3 sydh jdedgv otHded-s MjtcjHBOdH
J Sl MfSOazp teb Odzsd dzOf tafifipatvo j das) | tolz dzls ts ¢
Oolsgl’' 603, 235] . v HOddr~ GG AL dgds ¢ igEOs =
BilsOdz' 8 dO z1 4| ° ¢ ' BtdHddr dOds®EOIsj tc*
BOGdzi sdlstsRB) ¥ BDIs H20q | o tf dztho 2 ( to , Is Js @ dpdeCE
Mddzp)O. ' HMisO9 ftesOdzOdz' L 59 Odzgdrn Oo lssstc
) dzts 0 dzdfizlgk O dz' L figedapdy * ‘ SMOHY J dedef 5§ tcE
OHfMsteB Y W IO Codfdzj CMlzlse stcj dzdaw nd dzOls

z1 ) ,90p 08 yfe iz ¢ Odzr dz' Odz sdztstsB dz' dzdz’
hdtesSCd LOMstsMmizeo Odzdz?y o MtsteBy' 2 desBz tsyd
Wsteds j S st (PR ISOIEE23,824,236]. U tots B §1O@T9,121
123,152,166,23284] L OC Odz' dzj dets Htsfydz' H Y j-cist®  Wotffgh
Odz' sdz' ®@ L eoeBHddr MmMjtejHtsoadh Zz1 ] kO ¢t
' Ldsets § Ol' HMyadzEmAs Nidk @@k, ki Al ZnCnls © s dz! «
My o9  Hdzsh jdzdzw [ (ww) /[ ( www) , tsls tc d d30 dzd
' Hiotls j e 3O dz’ dzd o3, FtcOlsded d3 Is O-¢ gzgzk O dgy m ‘dai3
ISOC 5y § 3B ' dzlz 9 O ddday WP LyQ[dzts , M {f "std) b Sdse' y 22 dgO
Odz' sdz' @ Mmklkls' ats L Odzj 3 dIs! o' H d@sdz' dzsc
COIs" sdz'-®" HARIELAPH dz' dzgd - h Ot @ IO " dzlsj 6 Oc
slstcd 30 dzdzv MmtsteB § dzls ' o .
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I dz P IS [L19,024 19287247 H Sidz' HY ko Odzd  fig tistdEs
COd yddetso Odzed s W G s dzhls o Ow'y (o' Hdzso
Bsy dzd 0O dglsts dzdzts e 5 B ' dalz sMdzse dzd dsd ¢
o ddzz U] dzgdz" Odz mdedzdn Y steds jClsSMdS Odzls' o
o d dzkz y j dzdza® dzn suEkededis otetsL yddz' 9 € OteB sdzOls dzd
M 9o sMOHY j dedzv , SO ¢ QaVMgptizidtsie .0 dzt figld O ditsa) oz,
LoaOwWL Ckz L d3' ydzts s Jdazj ClstctssiB@IstH dgdas b - L ¢
¢ HiesCMdd ded &5 " Otc O dd,AlL O ts B ©dzd lis dzdzd 2 ¥ tizef &
Odz sdz' o @@ EREERISE y" OtsssdBz §shssts
sBEdisso dzs * 5j dgh & MtsteBy' 2 dzz L H Ols ez-Ofids 'ts daB
fstc' adgvdets L COdz yd daetse Odzd ds: 30 ¢Andf' dFOdE e
HisL Mste PO ostc2 o @zefigls’ -BsdzZgPlzlsic fgtsEE
12836/ ¢ KR@/ E6, 3' HY o' Hdzts.

CC Od sjtedzOldol IstcOHdy' 2ded 8 Mt j dak
oo IststcOdRd [ 26 4] MglFexfltgts {f its dztezd @ tz@ 1Oz dsdiaP
slsted 3Odz’ iBJ IsxsHded' MYlEG sMOHE Odzr yd dztse Odzg'
Wstedgd. 1028 dz b jW S s dzdas dz'o af dzig L fdaday te W
g1 =3, 087,5. 1td f tsH OB, "Otsdfirts tassy ' d#' hHj Qlzdy -
Ld3jdgh 2° Is' mw, hts fso0WwL OdsshlaOsCussize addeyid
‘sdz 9, BMS  d Cd oddzkzyj ddzr 9COL OdedR O
sBdE dgz, L sCOIBBdO B dsEdh i3 Istse s, 2 d@so ' |
Odz tdz' ® bk tjLbd kO’ o jthidsjotscts §ise
L @ls sz o Odzdz HdzZw tsydh jdzadgv otsHdzdr MJjtej HI
MgFez1l | HtMWEO' Is iMw L d3j dzgh j dady tsQUAS dzy i ezisltd
0, 1 ‘teclf/ taitip tso y 2 IsO 3 GEtsH, ©' Hf B9 ' Hdets.

ltoso jHjdets HBfyd6)y jidadaes y' - C Ols' tsdzdzd
dzj stec Odz' ydzd 2 jCBlssSMdS Odzs' o CaAlgQlyj ' 1O
My " o9 ' H dzt€h judzddgjudzuu]) ] ' H 2:1 HEI-Gdz'lts dEOq
Mddzls j L sco Odetsets dBjIssHtsdz M " 9 sMOH Y j dzdgv .
L H Olsdz' flEu(ll), Nigly, En(ll) , @Y sOG®O cfi¥ddle L
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etsL yqddz' o CaAzOMisda O MY " o oCa aabl( Juddda) @5, [ te°
l Mis Odets o dzj dzts, hts ftod® H&dR ' Hydg'ted j Uz tlzy jl dzls
Bj sOdz' 9 2IOD oteBG /0wAdE 1cD) HEMW O’ ki fpdy M=y
tesL yddzz o' w0, CEZMOMWw)w) ©® BO®%. NTWwWIsdoe dz' Mmis.
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dzj stec Odz' Yydzd m  j § tslas@ fijitIEiiasdzs » Etocis d3@ ldzd
dzv otOR ko Odzdzy 9o ¥ & watlg ) datsdzO R 51O ) b &zdzv

dzj stec Odz' yded = | § skls® fi &GkBesdz', 0 Fite sely®OHsdzd -
o' Ldzeddz L dzOyj dzdev a3 te LH" 2Mdzs 9 Odzd tots L
Hisfpdz' HY ko Odzedr L dgOyj dz@ Ctsdzyj dzestcOy' 2

BtoOwdy ko Ocd Ctdyj dzlsteOY' 2z kdised (S sl
®jlsOdz 9 yd dzj BjlsOd 9) &OMEY dz fetsy,
f sdz' d3j todzd W tsted3) Csif dzj S Mtskzlso tstoj dadz™
Bsdetsdzj todets’ Wistedsd j S tstzst i)d & O tis 2 y dttggsoplss
tcj OCyYy wn (ftoslstsdzlzo Odadav ) |, SMOHY J dadzy (L
Zlse tstej dzdzv dzj totsL Y d dzdzd ~ fnf sdzlz ¢ ) . [ dzw

LOBj LY MEQUSAZF 30] SO o ' Hfte ' Hdz2 ¢ sdzffls O
jBlssCMd S Odals” o, s 2CtsMmis” C i3y dzj € fdzed A
o' Hftso ' Hdzgd2 oz GOdgH' ©, dOo jHjdzd- OolststeC

223. [ jltsHd Hthd HY jdkihstegy] ' o« Mt
eSsteB Y’ 2dz Héslds Y)Y J dailzv ' sde@sl)) Ese(Si(ll)),
U(VvI1), Cu(ll), Cao(ll), CA(Il), Ni(ll), Pu(I1), Mn(l1), Zn(ll), 7 tets @O I G’ Odsdz
L oBHdR MjtejHBoadh ftsoasHddd k& MmMsOldy
rdzv y! sets k Ctd ydz § dzsme sH sdzdd'f 5Bk 20«
fddzis j L 5o Odzd 2 fiPBR3E0 j &zB 0 B3O Htsds O0°a tsH G @ tzd to !
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LY dlstsd®E4s d o dFCas®Sr5A0°) C /20l L Csdpyj dals s Oy
'L skasts'G®, O 9@I§, 8ufll), Ca(ll), Cd(ll), Ni(ll), PR(I1), Mn(Il), Zn(Il)
i 1Li@sd3 HB o df OH Sxiz'SHtcs dfids W st @IS  dic / +
[sted B8Oz kM jdL ' 5 Gitejd hbkoOdd eB® e C
( BOC Mg BOd O YOMmisslsO i ASdd otORzdzve / fdzdls Wet
dzj sBr ' HdzgtsGts HdzW o fisOdetso dzj dadz? MtsteB ig1z2 «
) v MsteBY' 0 LH' 2Mdz 0 Oz KOS Md BOdz dats
9 SH dats * 9 wC'2 odLdOyOdkd SCtdzyj dzstcOY’
OdzOdz' Isd ydetse ts € tsdzls totsdzs zOo j HJjdzgd d3d o
M smMtselz 9 " HBS tojLdifizj bl @+ das” H VOB | tot
sdfk fMtteejdsk kO 2t¢t HIMY jtehdshs' . I
LOMlstsMso o Odzd § jtoj o Oy des yj dzsted ¥ b dstinaO d
Mt Yy 2dese 5§ Sdzy§ delsits oo Quiizve W jstnfistdj§tindsdjdz
COdz' 2yddzeS so BE s EU@NEys@izBWDfiz®lsk O H Y ¢
flste',yCdO@BC dz' s dzdi RO s s falzls Mg § Ot Oy " & .
[ dzw totsL teOn Iz dzC Iz 9 J dzd yd dzd mMtsteB y"' ’
jCslstS Mds OdaBE eksdt! / ¢ OBt i3d bziz ) Jj REE ()¢
CsjW' y' * dols Ko Wysh)f siOME&isicss 2o Odzd dzOfls 2 4 «

AY,
as = (CO - Cp) O_ y (22)
m
R:Ei;gﬁdoq (2.3)
0
_ac,-C oy
Ke=% ¢ - (2.5)
G b=
_ah- A QY
Kd—&L———BQ;, (2.6)
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HiCo Is@, 1T Ctsdzgyj dzlstcOy' v dzj 51660 dadz y dedsdn dzls |
totsL Yyd dzOr Hts Is Oty dz'fyes &g mdgdes yds ™ , d3¢€
bols @i OCIsdo dz' Mis! tWWOH' tsdzzC dz' H '3pViHs®B 615 €
Hisfpdz' HY z9o Odats E(st tieds L ayd iasd )itz
mi dzOe O3 C O Mt j dzskz, ¢G.
gsteB Y’ 2dz HBG@BH Y szdzdg tizfighls s tzdzi g tc s y
- tc s ez Gsleln’ doo Y B dzd d dzO d3tc Jpafdigre O inSGslic B jO&9E1,000 6
W tcOCQO YBEBY tsd3' M eOgEddzadaits B30 Is ts ¢ WO drts dplidlz dzlz Is tc
H' Od3j Bgtgezded v & 5 'dzO R s H ff Czikt) ¢ ts Hztiz® @zisds@ dzolze dzts
MtstcB Jdziflztso | M tEdazdfrc sy pfgsa Y dz'ts f i Lhso b
mMsteB J dzld 2 dzO§Asddzfy | dzls O tg &3&slslz’'zep.d H ¢ " Wijlsdz! Istclz o
f ' Hlstcd d3iz 5 B O MuztOsdzsldandsibodsy A B dz' H X tizte LOWEH &'
[ W4 Silsdoe dzyfflsizdz o € deldizz®sd dzOd3" ydzd » EZ d3so C
Cd W ybiydes Kslgde”
KanZ o2 (2.7)

%,

Hols @l Ctsdzy) deb teOalglselz’ actsL ydgdz' o de- "' Hdzsd
dsaH/d3

wL sls j tctgd y '[fipey o dL dzOyJ dadzv BOC Md 3O dz!
Mddzls j L s Odzd ~ MtsteB § dzls' o SO 9 fmlsOo dzj dada
jSMijteddsj desOcdz! dets tslstedBzo Odzd ' L slsj wdsd |
E Ctsdg ydz' f esfC sH sdzdz’ € sdzBYY t N Obzdz' Uiy
SH&OS 5o dr -z e Rls @Oy 5C iy d dzls j Is Py OB @
HSH Qo Odzd 3HfistsH pr dgsiy s o tsHdese s totsL yddalz o
odfOHSE ©OH' EdkREOB" & ddn 'Ll o) I
7 to s e @Sz 500 5 656 /3H d3W sl @0 6 WO3H &5’ dzh B dzj 5
Ists¢ fd Cio(das, @F @Bl dz'3/) HIBO flsdBOdz dzedd3 L dzOy
mMzmt j daL " & fjtoj &3 N zeo Odzd o f totSH 59 Yyofm
fsteB y' 2 dats’ tc' o detso O d Ct5deS toj IS dats @ tB1s HsiAiz €



144
o' HEsC toj d3dzs o Odzq mMf smtsB O], st dnOdzd d3d
Codzlstotsdzse o MisOdetso dzt 9 Odzd L Odzdh Cs9d?2 o3 f
[ Olsj ©3OIsd ydzz BBESBSEZ 'L BIsjttd MsteBy'
f sh dqted dzd ~ sO ftesMmisdn tc' o daW d@ dzH dgfs m EBjiz] [2
' HYf BS9o ' Hdzfs:

ko,
1+K, @, (2.:8)
a, =K, @", (2.9)

Hjas T to' adetseo Oy dzgO® o j dzd yd dz@ ftsteeeyDdz’ y b
JSBlstsCMdCOdzls 8 (BEBsSdZ / 6 OBt BG/ G) ;

ap I BOCMHdBOdz! dzO o j &Zd yqddz©0 fMsteB yY' ° tc
JSBlstsSCMdCOdzls" &8 (BEBsdZ! / 6 OB BG/ G) ;

C,i Ctsdzyj dzlste Oy’ W  dzj stec Odz' ydzedn S sltsSf
' mdzv Mesezy’OBE &%/ H |

KLi S sdeMisOdzls © " L tslsjtedzd [ J dzc d3® 16 O,

Kels @ni € tsdgmilsOdzlsd ' L slsjted3dd Atcj 2dzH dz' = O.

s dzj sdyds BsHEd HEgE@BNY J dd ¢ diIsd
ftetso jHjdedzaw MtsteBY' 2dese s o ddzlzyj dgdzgv tcOH " t
L otHddr MjtejHBodM toL i ohdettcd @ds” o WHOL d
yomkz kO 0Ok LkzoOdzd "~ o d& Mmls. vted o Odz'
fcodetse s dzgOMd yJ dedev MmisteB jdzlskz o HY ts9 " H dad «
mMtsteB Yy 2 des’ o' 9 dztso Oc d) .

[ d&zv o dL dzOy4d dedzy C " dzj IsifseR{ G ~ Ouc@fgig tsfip
' odg" dz BSHjd&zj?2 §MmMjoHsyjthsets kO .
Qo Is s 3D, BHf

%‘= (@, - a). (2.10)

d
-£=&wfaf. (2.11)
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[ dzw tsls tc d d3O dzdz™ d&z' dz' 2 dzd - Wistedz L OL
‘dzls j ctelzo Odedzw :

log(@, -a) =loga, - ——t, (2.12)

(2.13)

HiTlstede Odz' fMis! § tg el lp distHOBI YO o § dzd yd-
Bhsd / ¢ (BE/ ) ;

al o dzd yd dz0 fMtstes y* *, " tsdptaslig v/ 66O * (Isdscfiy Ve )L

kiCtsdlsOdsO "asdHE sMls' tw©j OCyYy"

kiCdhsOdds O "o dHL & i M sl O)dge |

ste' B ke, f 6o s teesii\) H CezaA Zh &l v 1 ¢
L OfflssMtse ko Odzg LOCOd datstf toq 2 dzv Is 2 f ' H
TOOCIlsjtedfls X7 [ toBdyS BH VB8P ,L dzOMmls 1§ dzd -

"
n 9
"
"

9

O)odnhn' HdO ¢ tdHuyl) dels MO etz 3/ misge * o dz¢ )
Ctsdeyj deste Oy " OC IsH § delif B, vy pmzldds '/ $i W30 QAadzd 2
s iz zEmige § dad 05 tc' o dg¥ dzdz™ o3

%= k, M, 5 =k, @7 (2.14)

HRTSBdzyj dalstcOYy' v MtsteB so OHetse s ZteOdaz  (
ti yom, n9
kiStdnNsOds0 hodHY tilsd BEFOJ Y °~, HB

SiSsdzyj dzlstceOy' v OCIsdededm yj dzstc’ § Mmtstes
Bsdz'?¥ H

MTCtsdgyd dzstcOy' W ' tsdg' & ki@l Vil , H
CifmfsteB y' 2 dz0 ' d3dz’ Mg, , BEdHvE.zEsO L 0 y
1" dzw " dzlsjctelzo Odedg?y 3O d3fs:
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(L1
kz_(C C)/Dt, (2.15)

t 0
Hiolodm' Hd2ZO MtsteB y' 2 dz20 * 3z’ Mmils* , Bsdz' /
B) 9dma’ " HAO QYMYzyb@st@yuy' Hdz0 ¢ tsdzyd dzlste
MtsteB jedzls @z' Odzj '~ dysOYdz@ d3gd oo OB dzls dif. te
dZzOMmilskzy dzd &3 tc' o dzv dzdzv 3:

%=k2®/lt$ =k, (M, - X)(S, - X). (2.16)

1] fider C delsj ctokzo Odeder BO' B

= ——t _jn {2 0Mo.
DS - My)  (Mg- XS

[ SHj d&z¢ o Odzdz o wE(MY) @O o sfiplEs Yy’ L OC & dzls &'
©jOSY 2 bk tLyddOs LH' 2Mnded0ddds dstny
U(W@] UgMw)H dzv  Hisfdz' vy jdzr € " dzailsdSd Mmisten
OCIsdodeds vyj dalste] )o @psts g lakd o8 ('RV dzd L ' §
Jted to' odgsfls’ odR' HzED OB zy) dSBOsL B
2O shdss ' f tstg'Cajdzvigisti yS$ © dzjL o ' Hisdi3d Bd L
LodyoO2dedr tjOCy" 2 E L yddzOr [ 36, 37]

(2.17)

e OCyYy' ' HEkzetsets ¢' dzaJ sdyudese s f stew HC Iz:
| y w
L - kquvner 2.18)
) ' (86 s o d DY jdgiste o v ABR
1 1.
UV g <% (2.19)

Hy [ it ydz©@ C tsdzyj delstc@y™ v U(VI) Bk
[ U(Yiw)d " Hd2O S BBdeyd delste®y' w U(VI) E tt
tistedo Odz' Mis'p MsteB Y

ki € ts dzf IsiQaiidss@ fis.tcw H C






