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-BBe11.eiiHe 

. [ 06umM CBOHCTBOM, 061,enHHll!OII{HM IIOB0P.0HH8 Zr, Hf ,Nb · H Ta 

B BOP.HbIX p8CTBOP8X, l!BnlleTCll HX Bb!COK8ll CIIOC06HOCTb K rHµ

ponHay. B OTCyTCTBHe 1J.OC1'8TO'IHO CH.iU,HbIX KOMIIneKC006pa30B8Te

neii 3TH aneMeHTbl llp8KTH'l0CKH BcerP.8 11pHCyTCTBY;10T B p8CTBOpax 

B BHP.e rronHOKCHOHOB, 'ITO B0CbM8 3aTpyP.Hll0T ,H3y'l0HH0 HX XHMH

'10CKHX CBOHCTB.J Oco6eHHO rH11.ponHa. HHof>~ll II T8HT8n8. l!Bnllercsi 

rrpH'IHHOii Toro, 'ITO OHII B H8CT0llll{00 Bp0Mll IIpHH8l:tnei1mT K '!HC'

ny ii~HMeaee H3Y'l0HHbIX aneMeHTOB. 

( C· r1111.pon~TH'18CKHMH pe8KUHllMH H83B8HHblX aneMeHTOB T0CHO 

CBll38H8 II 'ux Bb!COK8ll cop611pyeMOCTb~ 

Cop6uHll, K8K M0TOP. Hay11eHI1ll COCTOllHHll cneP.OBbIX Kon1111eCTB 

aneMeHTOB B BOP.Hb!X P8CTB0p8X, HCIIOnb30B8n8Cb_ uenbIM PllP.OM 

aBTopoB yJKe B H8'18ne p83BHTI!ll panuoxHMHH; oco6eaao cne11.yeT 

OTMeTHTb pa6oTbl CT8pHK8 II ero COTPYP.HHKOB. B K8'10CTBe cop-

6eHTOB llpHM0HllnHCb C8Mbl0 p83nll'!Hble MaTepHanbl. (c ·uenbio Hay-

'10Hllll H0KOT0pb!X XHMil_'leCKHX CBOiiCTB Zr, Hf, Nb H Ta B K8'10CT-

. Be cop6eHT8 ·B H8cro11meii p860Te 6hm 11a6p8H cHnHK8renb (r1111.pa

THpOB8HHh1ii H CHnHKOHHpOB8HHhlll) 113-3~ ~ro BbICOKOPB.3BHTOli IIOBepx

HOCTH, B03MOJKHOCTH CHHT038: p83HbIX copTOB, 06na11.a10mHX 11.0CTBTO'I

-HO TO'IHO 011pe11.en11eMbIMH CBOiiCTB8MH, 8 T8KlK0 BBHP.y ero M0X8-
. . 

HH'l0CKHX CBOli~ II XHMH'l0CKOli irnepTHOCTH 13 CHnbHO KHCllbIX 

cpeP.8Xj He Meaee BB.lKHbIM KpHTepneM !1Bn!ln8Cb H B03~0lKHOCTb 

HCII011b30B8HH!I CHIIHK8ren!I 11.1111 peweHH!I PllP.a 11p8KTH'10CKHX 381].8'1 

B 8HSIIHTH'10CKOli H 1111.epuoli XHMHH • 

. OcaoBHhie 3811.81111, xo-:rophie CT8Ban11c1, 11epe11.. aacT011meli 

p86oToli, MOlKHO cqiopMynHpOB8Tb cne11.y10m11M-. o6paaoM •. 
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ITpoBeCTII CIICTeMaT!l'leCKOe 113Y_'leH!le cop61m11 Zr, Hf ,Nb, Ta 

Ha c11n11Karene 113 paCTBOpOB M!IHepanbHbIX KIICnoT. H3y'lgTb Bnll-

5!H!le a<jJ<jieKTa _. '11cTop1111' pacTBopoB 11_ KnHeT11Ky cop6u1111. Ha oc

HoBaH1111 rrony'leHHbIX pe3ynbTaTOB IIOIIbITaTbC5I 06'b5ICHl!Tb · KaK Me

~aHll3M cop_6u1111 Ha cnnnKarene (KoTopbIH rroKa Mano 113yqeH), c'· 

TaK.11 COCT05IH!le cop611pyeMb!X aneMeHTOB B paCTBOpe. ITpoBeCTH 

orrpe.ueneH11e . Bem1'l!IH cop6u11n Zr, H_f, Nb 11 Ta Ha c11n11Karene 

113, BO.UHO-~opraH!l'leCKIIX paCTBOp~Bx/_ II 113Y'l11Tb OCHOBHbl~ <jiaKTOpbl, 

Bn11SI10m11e na cop6umo,, B 3Tnx_ ycnoB!ISIX. 

BMe·cTe c aT!IM Ha.uo 6bmo rrpoBecT11 113yqen11e _ cop6u1111 .uaH

HbIX aneMeHTOB B rrp11cyTCTB!III .HeKOTOpb!X ·MacKnpy10m11x peareHTOB 

11 orrpe.uenl!Tb. KOHCTaHTbl YCTOH'IIIBOCTII 06pa3y10m11xc51 rrp11 3TOM 

KOMIIneKCOB II .up. 

BaJKHoe 3Ha'leHne !IMeeT rrpoBepKa Han6onee rro.uxo.uHmnx 

ycnOBIIH .unSI B_3a!IMHOl'O pa3.ueneH!l5I 113yqaeMbIX aneMeHTOB C rro

MombIO cop6un11 Ha c11n11Karene II !IX O'l!ICTKII OT' HeK0TOpb!X .UPY,

I'IIX aneMeHTOB, rrpe.ucTaBnSIIOm11x IIHTepec C TO'IKII 3peH!l5I aHann

T!l'leCKOll 11 51.UepHoll XHM11n, a TaKJKe orrpe.ueneH11e Ha116onee rro.uxo-. 

.uSimnx ycnoBllll-.UnSI .uecop6u1111 KaJK.uoro 113 a,nx aneMeHTOB. 

I. TeopeT11qecKaSI qacTb 

HecMoTpn Ha 11Inp0Koe 11crronb30BaH11e c11n11Karen51 .unSI cop6-

u1111 uenoro p5I.Ua aneMeHTOB, .uo CIIX rrop HeT O.UH03Ha'IHOI'O MHeHIIH 

oTHOCl!TenbHO MexaH11_3Ma rrpo11cxo.unm11x rrpoueccoB. Orr11caHHbre B 

xi CocTaBHOll qacTbIO HacTonmell pa_60Tbl srn11nOCb TaKJKe 113Y
'leHl!e cop6u1111 Ha Cllnl!Karene 113 He CMeI1111Ba10m11xc51 C BO.UOH 
opraHH'leCKIIX paCTBOpOB ( 3KCTpaKTOB) •. BBII.UY HeKOTOpb!X oco6eHHO
cTell rronyqeHHbre pe3ynhT8TbI He BKnroqeHbI B .u11ccepTau1110. H3y-
qanacb cop6u11n u11pKOH11SI H3 pacTBopoB TE<P, THOA, TTA, 
n23f<PK. EbinO ycTaHOBneHo, 'ITO 3aXBaT UllpK0Hll5I TBep.uoll· ¢a3oll 
IIpOIICXO.UIIT, B OCHOBHOM, B COOTBeTCTBIIII C .UBYM5I rrpoueccaM11: 
pe3KCTp8KUll5I B B0.UHYIO ¢a3y, 3aKnIO'leHHYIO B rropax c11n11Karenn, 
II cop6U!l5I opraHH'leCKIIX KOMIIneKCOB Ha IIOBepxHOCTII c11n11KarenSI. 
ITony'leHHbie pe3ynbTaTbl orry6nllKOBaHbl B pa6oTax/ 10-11/. 
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nnTepaType pe3ynbTaTb! o6_'bHCH5IIOTC5I C TO'IKII apeH!l5I_ MexaH!l3MOB 

IIOHHOI'O o6MeHa TaK'. Ha3b1BaeMoll 'r11.upon!IT!l'lecKoll cop6u1111', 

a TaKJKe C-MoneKynnpHoll (<jJ11a11qecKoll) cop6u1111. EcTeCTBeHHo, 

_!'ITO BOIIpoc ¥exaH!l3Ma cop6u1111 !IMeeT. He TonbKO TeopeT!l'leCKOe 

3Ha'leHlle. HMeHHO Ha ero OCHOBaH!III MOJKHO rrpoBO.UIITb ll3y'leH11e 

COCTOHHIIH aneMeHTa B paCTBOpe. KpoMe Toro, 3H8H!le ero II03B0-

nSieT npe.ucKa3aTb Ha116onee rro.uxo.unm11e ycn0B11SI rrp11 11crronba0Ba-
. . . 

HIii! c11n11Karenn .unn pe11IeH11n pn.ua aHan11T11qecK11x aa.uaq. 

Ecn11 aneMeHT c <jJOHOBbIM aneKTpon!ITOM HA 06pa3yeT cep!IIO 

KOMIIneKCOB BA n (aapSI.UbI .unSI y.uo6CTBa onymeHbI), _To .unn Koa<ji-
I 

<jJ11u11eHTa pacrrpe.ueneH!ISI g HA 11MeeM_: 

gHA a 
__ Y_:a:r: 

1-y 

N 

go + I p f3 an 
1 n n , 

l + I/3 0 a
0 

I 

( I) 

r.ue pn II . /3 n - KOHCTaHTbl pacnpe.uenemrn II YCTOH'IIIBOCTII KOMII

neKca BAD, a - paBHOBeCHan KOHUeHTpau11R n11raH.ua B BO.UHOH 

<jia3e, y - .uonR cop611pyeMoro aneMeHTa, g0 - Koa<jJ<jJ11u11eHT pac-

rrpe.ueneHirn He3aKOMrrneKTOB8HHOI'O KaT!IOHa B , N 

Ben11'111Ha n 

MC.KC!IManbH85I 

Y'IIITbIBaH r11.upon11a 113yqaeMbIX. aneMeHTOB, BbipalKeHne ( I) 

rrpaBnnbHee aarrncaTb B B11.ue 

gHA a 

M N 
g + I

1 
Q_ x a-m+ IP {3 a 0 

0 m m 1 n n 

M . N 
1+2.x a-m+ I{J a

0 

1 m 1 n 

(2) 

r.ue Qm II x m- KOHCTaHTbI pacrrpe.ueneH!IH II r11.upon11·3a KoMrrneK-

::a B (OH l m. YpaBHeHl!e ( 2) .uell_CTB!ITenbHO .Un5I pacTBOpOB rronHOCTbIO 

.u11ccou1111pyeMb!X KIICnoT, B KOTOpb!X [H+] =[ A -1 . ITp11 3TOM 

rrpe.urronaraeTC5I OTCyTCTBl!e CMeIIIaHHblX KOMrrneKCOB T!IIIa B(OH )m An·-, 

5 



' 

a TaKJKe OTCyTCTBl!e nonmu1epHblX KOMrrneKCOB H 'Konn0HJ:I0B. Oqe

BilJ:IHO, . 'ITO cop6um1 aapHlKeHHbIX KOMrinei<C0B .nonJKHa corrpoB0JK-· 

naTbCH necop6uneil _3KBHBaneHTHoro K0nH'leCTBa rrpoTilBOil0H0B. 3ToT 

rrpouecc Y'lilTbJBaeTCH C00TBeTCTByromnMn K0HCTaHTaMil pacrrpene- .c'· 

neHnH. 

3HaH KOHCTaHTbl 1 m Il /Jn • Ha OCH0BaHHil 3KC11epnMeHTanh

HbIX naHHhlx·c II0MOmhro ypaBHeHHH (2) M0JKH0 pacc'lHTaTb K0H

CTaHTbl pacnpeneneHHH oTnenbHblX .. K0MnneKC0B H, TaKHM_ o6paaoM, 

OTBeTHTb Ha Borrpoc 0 MexaHHaMe cop6unn. XoTH XIlMilil B0llHbIX 

pacTB0poB Zr,Hf. Nb n Ta B rrocnenHee BpeMH ynenHeTcH 6onb-

woe BHIIMaHne, nocToBepHble naHHb1e, xapaKTepnayromne IlX K0MII-

neKcoo6paaoBaHIIe B pacTBopax MnHepanhHhlX Kncnor, noKa oTCyT-

CTByJOT. 

Ha ypaBHeHIIH (2)_T8KJKe cnenyeT, 'ITO, 3HaH MexaHH3M cop6-

unn Ha 0CH0BaHIIIl 3KCrrepnMeHTanbHbIX naHHhlX, M0lKH0 orrpenenHTb 

neK0T0pble CBOHCTBa ero KOMrrneKC0B. 

2. 3KcrrepnMeHT8IlbBaH 'l8CTb 

Hayqenne cop6unn rrpoB0llilil0Cb.B CTaTH'leCKilX ycnoBHHX 
I V 

11epeMew1rnanneM 0,05 - 0, 1 r cnnnKarem1 c 2 Mn pacTBopa. KaK 

6blno ycTaBoBneno·, Han6onee nonxom1mnMn HBnnroTcn KpynHorropnc

Thle copTa crrnnKarenn c yn~nbHOH II0BepXH0CTblO .. 300 M2/r 6ea 

rrpenBapnTenbHoil aKTHBaunn. CnnHKOHnpoJallHHe cnnnKarenn npoBo

nIJnoch o6pa6oTKOii: nHMeT1mnnxnopcIJnaHoM. Cop6unH nayqanacb c 

IlOM0mbro pannoaKTllBHblX lla0T0II0B. HcxonHaH K0HueHTpaUIJH ane

MeHTOB, KaK 11paB11no, Re npeBbIWana 10-BM. 

Cop6unn Ha B0ilHhlX pacTB000B 

IlaRHble 110 cop6UIJH Zr • Hf • Nb Il Ta Ha rnnpaTHpoBaHH0M 

II cnnllK0Rilp0B8RR0M CllnHKarene B aaBHCHM0CTil OT K0RUeRTpaunn 

KHCil0T Il0KaaaRbl Ra pnc. 1 Il 2. Ha peayllbTaTOB cne11yeT, 'ITO 

6 

1 
'_Ji q1 
L 

j 
•,1 
,,:: 

1.0 

y 
as 

B Q6 

.4 HCl 
Q4 

2 a2 

HzS011 
0 2 4 6 8 10 12 00 2 4 6 8 10 c:J.2 CHA 

)a~~ l :01 ' ' . ' ~ l 
s ,.,I~ 'wJ ~· I .6 · · · _ ___.er- Q9 • 

.4C \ - '--~ ~ lO ! . I 
ao H2SO,. 

2f- ~Cl 1 1.0f . .. HCIO.. ·r 
Ha $0" 

1 
~ 

Q9 • I • 

D 2 4 6 8 10 12 o 2 4 6 B 10 ~2 
CHA 

PHc. 1. Cop611HH UHpKOHH~, HH06HH. ra~HHH H TaHTana Ha cnnnKa-

-✓ 

rene na paCTBOpOB MHHepam:,HbIX KHCnoT. y - llOllSI 

a.ncop6Hp0B8HHOl'O sneMeHTa, CHA - KOmteHTpaIIHH COOT

aeTCTBYIOmeli KllCnOTbl (r,3KB/n). BpeMg ancop6unn -
75 qacoa, ynenhna" noaepxHoCTb cnnnKareng ..; 330 u2/r, 
KonnqecTBO cunnKarensr - 0 1 J r, 061,eM paCTBopa - 2 Mn. 
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Pnc. 2. Cop5um1 UHPKOHHH, HH06MB. ra¢HMH H TaHTana Ha cHnMKO-

HHpoBaHHOM cHnHKarene. 05o3HaqeHHR H ycnosttR, KaK Ha 
pttc. 1. (CttnHKOHHposaaHe cnnuKareng nposoannocb nrr-MeTttn-
11n-xnopcnnaHoM). 

C 

8 

·' 

l 
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'1-~ 
I • • 

'.·'. 

\ 

MaKc11ManbHaiI cop6u11.11 _Bo Bcex cny,m.11x Ha6monaeTc.11 B 06nacT11 

cymecTBOBamrn l'HAPOKC0KOMI_meK_CoB, IIpll'IeM C yBenll'!eHl!eM "r_nn

pon11aa cop6u11SI BoapacTae-r~·· BTopoii MaKCIIMYM cop6umr rroSIBnSieTcSI 

B 06nacT11, i(_orna' B paCTBope rrpeo6nanarom11M11 SIBnSIIDTClI HeiiTpanh..; 

Hble KOMrrneKCbI, B KOTOpb!X n11raHnaMJ1' lIBnlIIOTClI aHl!OHbl. Ml!Hepanb

HOH KIICnOTbI, O6pa3oBaHl!e aHl!OHHbIX KOMrrneKCOB IIPIIB0AIIT K yMeHb-

meHIIIO cop6u1111, 0Tcyi<hB11e cop6u1111' Zr II Hf 11a ·pacT-., . ' 

B0POB cepHOii Kl!CnOTbl TaKJKe! nonlKHO l!BnlITbClI cnencTBlleM o6pa-

30BaHl!lI IIpO'IHh!X aHl!OHHhlX .cynhcpaTOB, 

Ha116onee ynoat:1eTBOp11TenbH0e 06blICHeH11e 8KCIIep11MeHTanb

HblM naHHblM 6hrnO rrony'leHO Ha OCHOfl8.HIIII MexaHll3Ma MoneKynSip

HOH (cp11311qecKoii) cop6u11n Ha 66011x copTax c11n11Kareng, 3To corna

cyeTCSI C Benl!'!l!HaMI! KOHCTaHT nnccou11au1111 KpeMHl!eBofi Kl!Cll0Thl 

( p K 1 = 9, 6 p K2 = 16,3), KOTOpble COOTBeTCTBylOT K0HCTaHTaM 

n11ccounau11n Bonopona rroBepxHoCTHbIX r11npoKc11nhHbrx. rpyrrrr c111111-

Kareng,. HeTpynHo noKa3aTb, '!TO B CllllbHO Kl!Cllb!X paCTBopax 

n11ccou11au11SI BOAOpOAHb!X IIOH0B rrpaKTll'l~CKII rronH0CTblO rronaBneHa, 

n OHi{ He M0l'YT 06MeH11BaThClI HI! C 0/IHIIM H3 1!3BeCTHb!X KaTII0-

H0B, TaKl!M o6paaoM, B ycnoBl!lIX HacToiimefi pa60TbI rnnpaT11po

BaHHhiii CllnJIKarenb MOlKHO C'!l!TaTb H'emjHoreHHblM cop6eHTOM, 
✓ . • 

TaK )Ke KaK II ' Clllll!KOHl!pOBaHHblll Clllll!Karenb, BcnencTBl!e 8T0l'O 

Belll!'ll!Hhl 6onbme HYlllI HMelOT TOllbKO KOHC_TaHTbl pacrrpeneneHl!lI 

HefiTpanhHb!X KOMrrneKCOB, 3To rrpl!BOAIIT K cymecTBeHH0MY yrrpo

meHIIIO ypaBHemrn ( 2). BB11):(y OTC.'TCTBl!lI nocToBepHblX naHHbIX 

OTHOCl!TenbHO KOHCTaHT YCTOH'IIIBOCTII COOTBeTCTByrom11x KOMrrneKC0B. 

II !IX aaBIICIIMOCTH OT HOHHOH Cllllbl paCTBOpa, ·HaMII 6bmll rrpoBe

neHbl rrpn6nl!31!TenbHble _pac'!eTbl AlllI cop6u1rn' UllpKOHlllI II racpmrn. 

TTpn 8TOM 6binII rronyqeHbl KpHBble, K0TOpble no CBOeii cpopMe Beeb

Ma 6n1!3Kll K Kpl!BbIM, l!306palKeHHh!M Ha pllc, 1 ll 2. 

TTpu cop6u11u aa r11npaTllpoBaHHOM cnn11Karene BalKHhIM cpaKTO-

pOM -lIBnl!eTClI ll Hanl!'!l!e cop6u110HHOfI BOAhl B cpaae c11nuKarem1, 

Ona lIBnl!eTClI IIPll'lllHOfI Toro, '!TO KoHueaTpau11SI sneKTpon11Ta B pacT

Bope, aaKlllO'leHHOM B rropax CllllllKarenSI, HlllKe, '!eM B OKpy)KalO

meM cB06onnoM pacTBope, KaK 6hlno ycTaHoBneno, 'cpenn.11g Kon-
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u_eHTpaUIISI. ncnonbayeMbIX MHHepanbHbIX KHCnOT B JKll)lKOCTH, He 

OTnensieMoli OT c_nnIIKarensi, npn ueHTpmpyrnpoBaHIIH B 0,6 - 0,8 paa 

-HH·JKe, •reM B OKpyJKa10meM paCTBope B HHTepaane KOHUeHTpaunli 

1 - 10 MOnbln. TonbKO rrocne JlOCTIIJKeHIISI rrpenenbHOli KOHUErn- " 

TpauIIII Kl!CilOT IIMeeT MeCT0 BbipaBH!!B8HUe KHCnOTH0CTeli. 3aHH-

JKeHH8SI KOHUeHTp&UIISI ¢oaoaoro aneKTpOnHTa B HHTepMHUennSipHOM 

paCTBOpe npIIBO)lIIT. K Jl0II0ilHIITenbHOli Jl.HCC0Ull8llllll ( IWll rnnponnay) 

KoMrrneKca, rrocne ero JlII~¢yaun a ¢aay cnnuKarensi. 

Mojirno aaKn10qIITb, qTo cop6uusi Ha rIInpaTupoaaHHOM cunuKa

rene ocymeCTBmieTCSI He a. Cl!CTeMe cop6eHT-paCTBOp, a a Tpex

¢aaHoli Cl!CTe_Me cop6eHT -lIHTepMIIUennsipHilSI lKHJlKO_CTb - CB0-

60JlHbili' paCTB0p C JlBYMSI IIOBepxH0CTSIMlI paanena ¢as. O6muli, 

naMepsieMbili Ha ·orrb1Te, KoS<ji¢nuneHT pacrrpeneneansi aneMenTa 

MeJKAy cnnIIKa~eneM (c BKn10qennh1M B aero pacTaopoM) u cao6on

HbIM pacTaopoM ae rroaaonsieT paannqnTb aT11 nsa rrpouecca, T.e. 

cop6UIIIO II • 3KCTp8KUIIIO', MeJKAy JlBYMSI BOJlHbIMH paCTBOpaMH C 

OTnIIqHoli KOHUeHTpauIIeli aneKTponIITa~ CnenoaaTenbHO, II K0HCT8HTbI 

pacnpeneneHHSI P n II Om BKn10qa10T B ce6si TBKJKe. • a¢¢eKT • aKcTpaK

UIIII' CO0TBeTCTByromIIx KOMnneKC0B. TaKIIM <>6pa3oM, II rrpennonoJKe

Jme O TOM, qTO BCe KOHCT8HT~ B ypaBHeHIIII ( 2) SIBilSIIOTCSI T8KOBbIMII1 

38 IICKilIO'leHIIeM,Pn ll om tnnsi Zr n·Hr ), He coaceM onpaanaao. Yqu-

TbIBaSI, 0)lll8KO K0HKpeTHbie BennqIIHbI OTHOIIIeHHSI 061,eMoaXtn KOH
! 

ueHTpauIIli naTepMnuennsipnoro II cao6onaoro pacTaopoa, • aKcTpaKunsi' 

BHOCIIT TOilbKO norronHIITenbHbili S<ji¢eKT K co6CTBeHHOli cop6um1. Oaa 

cymecTBeHHbIM o6pa30M He II3MemmT 38BHCIIMOCTH gHA- £(CHA }, 

a TOilbKO • crnaJKHBaeT· COOTBeTCTBy10mue KpHBbie. 

l1cxom1 H3 Jl8HHbIX no cop6uIIH UHpKOHHSI II raipmrn, MOlKHO 3aMe-

THTb, 'ITO B o6naCTII 38XB8T8 KOMIIneKCOB Zr(Hf }A 4 nonsi cop6u-

pyeMoro aneMeHTa BoapacTaeT B rrocnenoBaTenbHOCTII HCI<.HBr< 

< HN03<HCI04 fla6n10naeMbili pSIJl M0JKHO COIIOCT8BHTb_ C aueprIIeli 

xi K_aK 6bmo ycTauoaneao, 061.eM· pacTaopa, ue oTnensieMoro 

OT. cIInn:Karensi npn uenTpmpyrIIponannII, aasncnT OT ero. rropIICTOCTn, 
lI nnsi IIcrronb3yeMbIX cnnnKareneii HaxonII'l'CSI B rrpeneia~ -2- ·M-;,_lr. 
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Ta6nIIua 1 
3¢¢eKTHBHOCTb 8HHOH0B MHHepanbHbIX KHCnoT K o6paaoBaHIIIO 

KOMrrneKCOB BA, H 38BHCHMOCTb Koa¢¢mmeuTa pacnpeneriemrn 
Kd. OT aaeprnn rnnpaTaunn aHuoHa ~z • 

Pannyc ~z Mo_nSipHaSI KOHUeHTpauuSI KoS<ji¢uuneHT 

8HHOH8 
(Kon/ r 

HA, IIpII KOTOpoli rrpeoona- pacrrpepene-
HA -A naeT ancop6unsi K0MrrneK- HHSI ,K_d_ 

cX > r.uoa) 
COB BA, 

(Mn/r), 

Zr Hf Zr Hf 

HCI04 2,36 50 ~ 8-10 ",10 150 ~30 

HN03 1,89 69 .. 6 ~-7-9 70 21 

:.fl Br 1,96 72 2: 7 - •33 

HCI 1,81 79 5-6 -11 25 •8 

rnnpaTaunn CO0TBeTCTBy10mnx aHII0H0B, K8K 3T0 II0K838HO B Ta6n. 1. 

B C00TBeTCTBllll C aTHM nonJKH8 TaKJKe pacrronaraTbCSI II runpaTa

UHSI oTnenbHbIX K0MIIneKCOB nnn pacTBopnMoCTb aeliTpanbHhIX conell. 

Heo6XOJlllMO, 0JlH8KO, 0TMeTIITb, 'ITO IIpH OIIpenenemm pacT1;1opu

M0CTII -MaKpOKOill!qeCTB C0e)ll!HeHHfi T8Kl!X aneMeHT0B, K8K UI!p

KOHHii nnn ra<liauli, B 38MeTHOli CTerreau MoryT CK83hIB8TbCSI' HeK0T0-

pbie no6oqHbie rrpoueccbI (aarrpuMep, rronnMepuaauusi). 

Ha BbIIIIecKaaanaoro cnenyeT, qTo rnnpaTa111rn cop6upy~,Moro 

KOMITneKca, .rro_:-Bll)ll!M_0MY, SIBnSieTCSI OCHOBHbIM ¢aKTopoM, orrpene

nsi10m11M nem1qnny ero . K0HcTaHTbI pacnpenenennsi. T aKoli BbIB0Jl 

H8X0JllIT caoe lIO)lTBepJKAeHHe II JlnSI .cnyqasi npyrnx rrpIIB0JlIIMbIX 

B nIITepaType )lByx¢a3HbIX K0HCT8HT pacrrpeneneHIISI, 0TH0CSimllXCSI 

K HeliTpanbHbIM KOMrrneKCaM. 

MoneKynsipHbIH MexaHil3M cop6UIIII II •aKCTp8KUIISI' B IIHTep

t.muennsipHyIO_ lKHJlK0CTb HaIIIm1 cnoe rronTaepJKAeHHe TaKJKe rrpn :nay

qeHIIH KIIHeTIIKII cop611IIII, necop6um1 II II30TOlIH0ro o6MeHa. EI,Ir.O 
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yCTBHOBneHo, qTo CKOpOCTb 38XBaTa aneMeHTB cnnnKareneM 38-

BIICl!T OT CTpyKTypbl CIInllKarem1, COCTaBa If 'ncTopnn' -pacTBopa. 

CaMaSI Bb!COKBSI CKOpOCTb 'nepexo.Qa IrnyqaeMoro aneMeHTa B cpaay 

cnnnKarensi Ha6mo.ttaeTcsi Tor.tta, Kor.Qa ·ancMeHT B pacTBope npen-
• -~1-

MyllleCTBeHHO 'npncyTCTByeT B BIIJ:le HeHTpanbHbIX KOMnneKCOB, AHa- •• 

nornqHoe noBe.QeHne Ha6mo.ttanocb TBKJKe npu .Qecop6unn II II30Ton

noM o6MeHe, IlplI 3TOM ycTalioaneHo Hannq1Ie "naMSITH' CIInIIKa-

rem1, Ilonyqe1111bie B pa6oTe 3KCIIepnMeHTanbHbie /l8HHbie IIOK83bIB8-

IOT1 qTo caUbIMH Me.QneHHbIMH npoueccaMn npu 3axaaTe aneMeH-

Ta cnnnKareneM siansieTcsi mrcpcpy3m1 BHYTPI\ 3epeH cunnKarensi ·u cKo

pocTb ycTaHoBneHIISI XHMIIqecKoro paBHOBeCHSI, 

Ha. OCHOBBHHII nonyqeHHbIX pe3ynbTaToB' MOlKHO c.QenaTb cne.Qy

!Ollllle 38KnroqeHHSI OTHOCHTenb_H_O .. COCTOSIIIII_SI OT.QenbllbIX aneMe!!To'B 

B pacTBopax ncnonb3Y0Mb!X KHCnOT, 

1 ). fn.Qponn~o~ Zr 11 Hf. MOlKHO npeHe6peqb a paCTBopax 

c·KoHueHTpaunew H+ -noHoB > 2-4 r 3KBI n ( 38 llCKnroqeHJreM 

pacTBOpOB H .]50 4 ) , ManoBepoSITHO o6pa30B8HII0 CMernaHHbIX KOMII-

neKCOB Zr{Hf)(OH)mAn (rile A mCIO, ,N03 ,er, Br), 

2): no cnoco6HOCTII K o6pa30B8Hll!O KOMIIneKCOB_ Zr A 4 OT.Qenb

Hbie aHHOHbl MOlKHO pacnonOlKIITb B cne.Qyromew nocne.QOBaTenbHOCTII: 

cw;-s, Br-< NO 3 < Cl - • AHanornqHbiw pSI/l .Qnsi racpHIISI nMeeT nocne

llOBaTenbHOCTb CI04 < Cl -<No; . 06pa30B8HII0 a!IIIOHHblX KOMIIneK

COB UIIpKOHIIll ( KpoMe cynbcpaTHbIX) MOlKHO npe.QIIOnOlKl!Tb B pacTBO- • 

pax C KOHU6HTpaunew, 6onbrne 8NHNO a ll 6NHCI. facpHIIll 06pa-

3yeT 8Hll0Hbl TOnbKO B common Kl!CnO'I'.0 C npe.QenbHOll KOHUeRTpa

unew, a TBKlKe B cepHOll KIICnoTe, 

3). KoMnneKC006pa30B8Hlle HII06HSI II TBHTBna B 830THOll ll 

xnopHow KIICnoTax Bb1paJKeHo aecbMa ·cna6o. H1Io6nll 06pa3yeT npoq7 
Hbie 8Hl!OHHbie KOMIIneKCbl IlplI KOHU0!1TpaunlI ~ 8N HCI II > l N H2S04 , 

Ilp11MepHO B TOH lKe o6naCTII KOHU0HTp8Ullll B03Hl!K8IOT BHl!OHHble 

nonHKOMIIneKCbl TBHTana. 

'4 ). H110611fl II TB HT an B o6n'acTII 4 N II 8 N ~ so 4 COOTBeTCTBeHHO 

_IIplICyTCTByroT B paCTBOpe B Bl!.Qe HewTpanbHbIX 611cy11b<p8TH~IX KOMII

neKCOB HBH6onee aepOSITHOPO COCTaBa Nb (Ta) 0 '( OH )2 H 2 so 4 • 

12 

5). Ha COCTOS!Hl!e HH06l!SI 11, oco6e11Ho, TBHTana BeCbMa cy

uecTBeHHOe annsiHHe oKa3bIBBIOT ·peaKuirn nonnMep1I3aunn. MolK

Ho npennonolKHTb, qTO B BII/l0 npoCTbIX l!OHOB BCTpe<raeTCSI TOnb~ 

KO HH06llfl B >'8NHCI (11, IIO-BllllllMOMY, TBK~e B H2so-, )'. TaH-

Tan He o6paaye,; B. MHHepanbHbIX KHCnOTBX_ MOHOMepOB, __ C IlOnll-

Mep1I38Ull0ll HH06l!SI II TBHTana CBSl38HO ll 6onblII00 Bnl!SIHlle '11<;:TO

p1m"' 11 "'ao3pacTa" pacTaopoB Ha aKcnep1IMeHTanbHbie llBHHbie, 3To, 

B CBOIO oqepellb, 38TPYllHSieT BOCIIp0113B0/ll!MOCTb peaynbTa-

TOB, 

6). •11c'Top11SI' l!CXO/lHblX pacTBOpOB UllpKOHl!SI II ra<pHHSI CK83bI

BaeTCSI npelKlle acero Ha Kl!HeT11Ke npoueccoa. Ha paBHoBecHoe 

COCTOSIHHe OHB BnlISieT Mano. 

Cop6u11si 113 BOAHO-opraH11qecKl!X paCTBOpOB 

HapSI/lY C II3yqeHl!eM cop6un11 Zr, Hf, Nb II Ta 113 B0/lHbIX 

paCTBOpOB npoBOllllnlICb Ollb!Tbl co CM0lII8HHb!Mll paCTBopaMII, He-

. nonb3OBBnlICb CM0CII comrnofl Kl!CnOTbl C MeTl!nOBbIM, 3TllnOBbIM, 

ll30IIp0111InOBblM CilllpTaMll, a TBKlKe aueTOHOM II llllOKCBHOM, Hcnonb-

- 3yeMb1e _pacTBop11Ten1I .npellCTaBnsiroT co6ofl aemecTBa pa3n11qHofl 

XIIMl!qecKOll np1Ip0/lbl C pa3nl!qHofl llnIIHOfl yrnepO/lHOll uen11 II 

CTpyKTYPbl II 06na.Qarom11e pa3mrqHbIMII <pl!31IKO-Xl!MIIqecKIIMII !IOCTO

SIHHbIMII ( 11on.sipHOCTb, llliclneKTp!lqecKaSI npOHHUBeMOCTb), PacTBOpbl 

conSIHOfl KllCnOTbl BbI6npanncb B CBS13ll C TeM, <iTo OHB o6na.QaeT 

llOCTaToqHO CllnbHO Bb!palKeHHb!Mll KOMnneKcoo6pa3yIOIIlllMll CBOHCT

B8Mll, BalKHblM SIBnSieTCSI TBKlKe OTCYTCTB!le oKncnnTenbHO-BOCCTa

HOBHTenbHbIX CBOllCTB, 

• BnnSIHne. opraHnqeCKll,X paCTBOpnTenefl B o6meM CBO/lllTCSI K! 

. l) ll3MeHeHHIO ( yMeHblIIeHHIO) /lllCCOUll8Ullll <pOHOBOPO aneKTpon11-

Ta, 

2) ll3MeHeHHIO /lllCCOUIIBUllll o6pa3yIOIIlllXCSI MeTannnqeCKHX 

KOMnneKCOB ( o6pa3yIOTCSI 6onee BblCOKIIe KOMnneKCbl), 

3) .Qern.QpaTBUllll n · conbBBTBUIIII · KOMnneKCOB, 

4) o6oramennro ( 06enHeH1110) 

opraHnqeCKOll KOMIIOHeHTOfl. 

13 
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J13-3a OTCYTCTBIHI ToqHblX !pll31IKO-XHMl!qecKIIX llaHHbIX0 

xapaKTepn3yromnx HeKoTopbie npnBeneHHbie BbIIIIe npoueccbI, Kom1-. 

qecTBeHHall xapaKTepncTnKa nonyqeHHbIX pe3ynhTaToB 6onee 3a

TPYllHl!TenbHa, qeM llllll cnyqall qncTO BOllHbIX paCTBOpoB. HecMoT

pll Ha 3TO, nonyqeHHbie, naHHbie no cop6u1111 1!3 CMeIIIaHHbIX paCTBO

poB He npoTl!BopeqaT npennomeHHOMy Bb1II1e MexaHl!3MY 3axBaTa 

aneMeHTOB Clll!l!KareneM, a B HeKOTOpbtX cnyqa11x IlOllTBepJKllaIOT 

ero. 
\ . 

B uenoM MomHo cKa3aTb, qTo B o6nacTH cop6unn rnnpo-

KCOKOMnneKcoB ,opraH11qecK11e pacTBop11Ten11 cnoco6cTByroT c11nbHO

MY BbICamrnaHl!IO. C_op6u1111 113 paCTBOpOB C 6onee BbICOKOii KIIC

IIOTHOCTblO o6ycnoBneHa 38MBTHbIM 113MeHeHl!eM )ll!Cc·ounamm KOMil

neKCOB, IlOBbIIIIemieM ycToiiqHBOCTI! aHl!OHHbIX KOMnneKCOB, a TaK

me o6pa30BaHHeM Hecop611p_yeMbIX COl!bBaToB. BbICannBaromnii II COl!b

BaTair110HHbIH aqiqieKTbI cnnpTOB yMeHbIIIaIOTC:51 C yBennqenneM nnn- _ 

Hbl yrneponHoii uenn. Oco6eHHO 6onbIIIIIMII COl!bBaTau110HHbIMI! CBoiic~ 

BaMI! o6nanaroT aueTOH II lll!OKCaH. 

Cpp6un:sr B IlPJI~YTCTBUH CU:Ubtfb!X KOMrr1IeKC0o6paaoBaTeneit_ 

Bb1IIIenp1rneneHHOe ypaBHeH11e ( 2) IlpHMeHl!MO TaKme llllll 

orrncamrn cop6n1111 B npncyTcTBHH c11nbHbIX KOMrrneKcoo6pa3oBa

Teneii. · 

HaMII 113yqanacb cop6UH51 UllpKOHl!ll B rrpncyTCTBIIII IllaBeneaoii 

KIICIIOTbI, 3llTY 11' apceHa3o 1, a TaKme cop6nnll HH06H51 II TaH

Tana B npncyTCTBl!H maaeneaoii, TpHOKCl!rnyMapoBoii, nIIMOHHOii, 

BIIHHoii KncnoT, 3llTY II HJ02. J13 rronyqeHHbIX naHHbIX rrpencTaB

n11noch B03MO)KffbIM paccqnTaTb ,KOHCTaHTbI, npnaeneHHble B Ta6m1ne 

2. AHanornqHbie pacqeTbI nn11 ·ocTanbHbIX cnyqaea HeBo3MomHo 

IIOKa npoBeCTII, TaK KaK·He ynanOCb ycTaHOBHTb COCTaB B03Hl!Ka

IOillllX KOMrrneKCOB. EbmO 3aMeqeHo, qTo UllpKOHl!ii C apceHaao I 

o6paayeT, no KpaiiHeii Mepe., naa KOMnneKca, .JlpnqeM ·KoMrrneKc., 
,) 

06paayrom11iic11 B 5NHN03J aaMeTHo npoqHee, qeM BIN HNOa 

TaKme COCTaB KOMilneKCOB H11061111,11 TaHTana C a-r11np0Kc11Kap-

6oHOBbIMII KIICilOTaM11 B 1-3NIIN03 ll HC I o6paayeT KOMIIneKCbI no-

· Ta6nnua 2 

YcToiiql!BOCTb KOMITneKCOB, orrpeneneHHall C IIOMOillblO 

·cop6u1111 Ha c11nnKarene 

CocTaB f.ogf3 j 
KoMnneKca 

Cpena 
HaIIIII naHHbie nnTepaTypHbie naHHbIE! 

B(OH)mx I 

Zr(c2 o,) 2+ 
IN HN,O~ 

SN HN03 

Zr(C 2 0,) 2 IN HN03 

Zr 3llTY IN HN03 

5N HNOa 
2-

. Nb (OH) 83llTYIN HNO 3 . 
. :2-. 

Ta(OH) aSllTYIN HON3 

Nb (OH) ,~o 2 IN IINOa 

Ta(OII)
4

11 1p 2 IN IIN08 

lX',0,7±.O,2 

11,28±.0,2 

20,28 

28,46 

30,63 
' 
42,9 

!.34 

6,1 

1,5 

[ B (OII)m x1 ] 
f3 = ----

.j [B(OH) ][x] 1 
. m 

. 10-12 

18,5 - 23 

28 - 31 

40 - 41 

34 

. 11cnonb30BaH11e Clllll!Kare= n= paaneneHl!ll II oq11cTKII 

Zr , Hf , Nb II Ta • 

KaK BbITeKaeT 11a pni::. 1, np11MeHeHne rnnpaTnpoBaHHoro cnn11-

Karen11 MomeT 6b!Tb noneaHbIM n 1m11 peIIIeHnll nenoro p11na aHa

n11TnqecK11x aanaq ( paanenenne Ha cnm1KoHnpoBaHHOM cnm1Karene 

HaMI! He 1:2 'ianocb). Ebmo llOCTHrHyTo YllOBneTBOp!ITenbHOe pa3-

neneHl!f' L, 11 Nb ( B 2 11 10.N HNO 3 ), Nb n Ta ( B 1 IN HCI ) , 

mIMepnoro xapaKTepa. ·I 15 
14 : · 
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Zr H Hf ( B 7N H 11 N HCI ) • Oco6eHHO HHTepeCHbJe peaynb-

·TaTbl 6bmH IIOnY,ISHbl B IIOCnSAHSM Cl!Y,188, TaK K.aK C H3MSHSHHSM 

KOHIIS_HTpauHH. comrnoi! KHCnOTbl H::iMeH·lleTCll IIOPllllOK BblMb!BaHHll 

paanenllSMbIX . aneMSHTOB na xpoMaTorpa¢H'ISCKOi! KOnOHKH. Paa-

neneHHe 1IpOHCXOAHT B _MHKpO-. H BSCOBbJX KOnH'ISCTBaX, ll06aBKa 

opraHH'ISCKHX paCTBOpHTenei! (crrHpToB) yBenH'IHBaeT KOa¢¢HUH8HT 
~ 

paaneneHHll. CnnHKarenb ncrronbaOBancll TaKJKe nnll O'l~CTKH Zr H 

Hf OT ·menO'IHbJX, menoqHo-aeMenbHbJX, penKo3eMenbHblX sineMeH-

TOB, Al • Fe (III}. Th. u (VI} B BOllHbIX H BOAHO-opraHH'ISCKHX 

pacTBopax. HccnenoBanHcb Han6onee a¢¢eKTHBHbJe crroco6b1 necop6-

UHH. 

B bl B O A bl: 

1. ITpOBSASHO CHCTeMaTH'ISCKOe H3Y,tSHHe cop6unn Zr • Hf. Nb 

H Ta Ha rHnpaTHpoBaHHOM H cnnnKOHnpoBaHHOM CHnHKarene H3 pacT

BOpOB xnopHOi!, aa0THoi!, ·conl!HOi! H cepHoi! KHCllOT. Ha OCHOBaHHH 

3KcrrepnMeHTanbHbJX naHHblX o6cylKnaeTCll HaH6onee BepOllTHOe coc

TOllHHS aneMSHTOB B paCTBOpax H 0TH0CHTSllbHall YCTOM'IHB0CTb 

06paay10IUHXCll · KOMII~SKCOB._ 

2. lf3yqena KHHSTHKa COp6UHH H ll8COp6UHH B aaBHCHMOCTH 

OT "HCTOpHH' HCXOllHblX paCTBOpoB, . MHKpO- H MaKpOCTpYKTypb! 

CHnHKarenll, KOHUSHTpaunH: aneKTp0nHTOB n HeaneKTponHTOB H IJpH

cyTCTBHll MaCKHpylOIUHX peareHTOB. YcTaHOBllSHO, 'ITO OCHOBHbJMH 

¢aKTOpsl,MH, B11Hl!IOIUHMH Ha KHHSTHKy· cop6UHH, l!BlllllOTCll: 1) BHYT

peHHll.ll AH¢¢yaHll B aepaax CHnHKar~nll H 2) CKOpOCTb ycTaHoBnSHHll 

XHMH'ISCKOr0 paBHOBSCHll. 

3. ITony'leHHblS peaynbTSTbl o6'bl!CHlllOTCll aa OCHOBaHHH rrpen

CTaBnSHHll O TOMI 'ITO pacrrpeneneHae aneMeHTOB MSlKAY BOllHbIM 

pacTBopoM n rnnpaTnpoaaHHbIM cnnnKareneM rrponcxonnT a cooT

BeTCTBHH c ABYMll rrpoueccaMn: a) pacrrpeneneane MSlKAY cao6on

HbIM B0llHblM paCTBOpOM 'n HHTepMnuennllpHoi! lKHAKOCTblO, aaKnlO

'ISHHOil B rropax cannKarenll, 6) cop6unll MoneKynllpHbIX KOMrrneK-

coa aneMeHTa H3 HHT8pMnuennllpHoi! lKIIAKOCTH Ha IIOBSpXHOCTH CHnHKare

nll. 
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4. YcTaaoaneao, 'ITO KOHUSHTpa11I1ll ¢0H0Boro aneKTponnTa 

( MHH_epanbH0i! KHCllOTbJ) .B HHTepMnuennllpHoi! lKHAKOCTH Bcerna HH

JKe, 'ISM B 0KpylKa10meM pacTaope. · BcnencTBHe 3Toro rrepexon pac

rrpenemieMbIX KOMIJneKC0B CBllaa11 C. qaCTH'IHOil llHCCOJIHaunei! . ( rnnpo

nnaoM). 

5. B co6CTBSHHOM rrpouecce cop6unH M0ryT yqacTBOB8Tb KaK 

npoCTbJe KOMnneKCbl THIJ8 B(OH}z H BAz , TaK H CMSIIISHHble, THIJa 

B(0H),,,Az-m,H nonm1nepHbJe. qacTHUbl THII8 Bg(OH}m Azg-m (B- ueH"".' 

TpanbllbJll _aToM MeTanna, z - ero aapllll , A - aHnoH MHHepani.aoil 

KHCnOTb1). Oc110BHbJM KpUTepaeM, onpe;enl!IOIUHM aenH'IHHy ;KOHCTaH:-· 

Tbl pacrrpeneneHHSI KOMIJnSKCB., l!BnllSTCll CTSIJSHb ero COnbBaTaUHH 

.. ,c:,?JrnnpaTauaa). 

6. Ancop611Hll Ila cnnHKOHHp0B8HIIOM cnimKarene np0HCXOAUT: 

no MexaanaMy Moneil:ymipHqil cop6una. KoHcTallTbI pacnpeneneHHll 

oTnenbHbJX KOMIJneKCOB orrpenenlllOTCll, B OCIIO.BHOM, TSMH lKS ¢aKTopa

MII, 'ITO H 11a rilnpaTapoBaHHOM cnnaKarene, T.e. ax conbBaTanaeii: •. 

·1. ITpoaeneao aayqeHHe cop6nnn Zr,Hf,Nb H Ta na BOAHO-

opraHH'ISCKHX paCTBOpoB ( CMeCH COllllHOii: KHCnOTbl II MeTnnoaoro, 

aTanoaoro, aaorrporrnnoaoro·crrnpToa, aueT011a n nnoKcaHa). IToKa

aaHo, 'ITO 0CHOBHblMH ¢aKTOP8¥H, BnHlllOIUHMH Ha cop611HIO Il3 BOA

Ho-opraHH'leCKHX paCTBOpOB,. llBmli0TCll: BbICanHBalOIUHlt a#eKT op

raHil'ISCKOii: K0MIIOHSHTbl, conbBaTaUHll MeTanna H IJOHHlKeHae. AHC

couHaUHH ¢oHoBoro aneKTponaTa H pacrrpenenl!eMoro K0MrrneKca B 

peaynbTaTe H3MSH8HHll AHsneKTPH'ISCKOii: rrpoHHuaeMOCTII pacTBOpa. 

8. Hayqanocb MaCKI1py10mee BnHllHHe pllna KoMnneKcoo6paaoBa

Teneii: Ha ." .~op6UHIO UHPKOHHll, HH06m1 H TaHTana H ycnoBHll IIX 

HCIJOllb30BaHHll rrpH necop6uaa. PaCC'IHT8Hbl KOHCTaHTbi YCTOH'IHBOCTH 

HSKOTOpblX 06paay10IUHXCll KOMnneKCOB •. IToKaaaHo,· 'ITO HH06Hii: H 

TaHTan C a -rIIApOKCHKap6oHOBbIMH KHCllOT8MH 06paay10T B ·oc

HOBH0M K0MIIneKCbl rronaMepaoro xapaKTepa. 

9. Paapa6oTaHbl cnoco6b! T0'IHOro a 6bICTporo. K0HTponll ~a-

AHOXHMH'ISCKOii 'IHCT0TbI 
95 Zr II 95 Nb , OCll0BaHHbJS Ha rrpIIMe~ 

HSHHH nonynpoB0AHHK0Boro y -CIISKTpOMeTpa H xpoMaTorpa¢HH 

Ha 6yMare,_ nporrHTaHHoii: xenaT006paay10IUHMH peareHTaMa. YTo'I-
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HeHbI HeKoTopbie ljiH3H'IecKHe KOHCTa~T~I panHoaKTHBHoro pacdana 
95 

Zr. IloKa3aHo, 'ITO ·OilHCaHHblil B nHTepaType cnoc:06 O'IHCTKH 1 I • 
95 

Zr," OT 
95 

Nb c IlOMOmbIO , ·,cop6IIHH Ha CTeKmlHHOil BaTe He 

npHroneH nm1 npaKTH'IeCKHX neneil •. 

IO~ HayqeHbl, ycnoBHll /'' 1.cop6HpOBaHHoro paaneneHHH B BOll- .,'. 

HbIX H CMemaHHblX· BOllHO-opraHH'I8CKIIX pac:TBOpax Zr H Nb, Zr · 11 

Hf ( MHKpo- H aecoBbie · KOnH'I8CTBa) Nb H Ta, a TaKlKe paapa6o

TaHbl _MeTOllbl HX O'IHCTKH OT meno_'IHbIX, m~nO'IH0-_3eMeilbHbIX, pen

K038MenbHblX aneMeHTOB, ypaHa, TOpHli, anIOMHHHH H' JKeneaa. 
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