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HapHAY C peAK03eMenbHblMH aneMeHT8MH UHpKOHHfi H ra¢HHfi OTHOCHTCH 

K 'IHCny H8H5onee TPYAHO pa3AenHeMblX aneMeHTOB BBHAY HCKmO'IHTenbHOrO 

CXOACTBa HX XHMH'IeCKHX CBOfiCTB. Haao OTMeTHTb, 'ITO AO CpaBHHTenbHO He

A8BHero BpeMeHH npo5neMa p83AeneHHH UHpKOHHH H ra¢HHH C npaKTH'IeCKOfi 

TO'IKH 3peHHH He npeacTaanHna 5onbmoro HHTepeca. DpHcyTCTBHe cneaoB ra¢

HHH B COeAHHeHHHX UHpKOHHH , HMeJOJUHXCH B npOAaJKe, COBepllieHHO He CK83bJ

B8nOCb H8 llOBeAeHHH nocneAHero, H C8MOCTOHTenbHOe HCnOnb30B8HHe ra¢HHH 

He o5emano HOBbiX, HeOJKHA8HHbJX a¢¢eKTOB. TonbKO nHllib B nocneaHee BpeMH 

C pa3BHTHeM HAepHOfi ¢H3HKH H p8AHOXHMHH B03HHKna llOTpe5HOCTb B a¢¢eK

THBHblX MeTOAHK8X An5J. HX pa3AeneHHH. DpHrOTOBneHHe 5onblliHX KOnH'IeCTB 

ra¢HHH 1 B CBOJO O'lepeAb
1

nocnyJKHnO TOn'IKOM AnH 5onee TO'IHOro H3y'leHH5J. 

npHpOAbi aToro aneMeHTa H HaMeTHno HOBbie o6naCTH ero npHMeHeHH5J.. 

0po5neMa XHMH'IeCKoro pa3aeneHHH UHpKOHHH H ra¢HHH AOCT8TO'IHO non

HO OCBeJUeHa B c5opHHK8X /} ,2/ H oco5eHHO B 0530pHbiX pa50T8X 13 •41 • 0AHOH 

H3 H3BeCTHblX MeTOAHK HBnHeTCH p83AeneHHe, OCHOB8HHOe Ha pa3nH'IHHX B 

8ACOp5UHH H8 CHnHKarene TeTpaxnopHAOB 9THX aneMeHTOB ' H3 opraHH'IeCKHX 

pacTBopoB. SbJno ycTaHoaneHo 151 , 'ITO ra¢HHH H35HpaTenbHO aacop5HpyeTCH 

H8 KOnOHKe, 38nOnHeHHOfi 8KTHBHpOB8HHhlM CHnHKareneM, H3 paCTBOpOB CMe-

B MeTHnOBOM CllHpTe. llononHHTenbHOe KOHUeHTpHpOBa-

HHe ra¢HHH MOJKeT npoHCXOAHTb npH AH¢¢epeHUH8nbHOfi aecop5UHH paCTBOp8MH 

KHCnOT /6,7/. Ha OCHOB8HHH 9TOrO 6hina CKOHCTpyHpOB8H8 nony38BOACK8H 

yCT8HOBK8 AnH O'IHCTKH KHnorpaMMOBblX KOnH'IeCTB UHpKOHHH OT ra¢HHH /8/ 

B 5onee no3AHeH pa5oTe /9/ 5bino ycTaHoBneHo, 'ITO aMecTo 5e3BOAHhiX TeT-

paxnopHAOB MOJKHO HCllOnb30B8Tb T8K)I{e MeTanonbHbJfi paCTBOp OKCHXnOpHAOBo 

Heo5XOAHMO llOA'IepKHYTb, 'ITO B Bb!llie OTMe'leHHblX pa50T8X He 5bJno 

AOCTHrHyTO nonHoro pa3AeneHHH aneMeHTOB. KpoMe TOrO, MeTOAHKa, HCllOnb-

30B8HH8H B 9THX pa50T8X, HMena CyiUeCTBeHHOe Heyao5CTBO Heo5XOAHMOCTb 

HCnOnb30B8HHH 6e3BOAHblX 'leTbipeXXnOpHCTblX COeAHHeHHH H BpeAHOrO AnH 
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opraHH3Ma MeTanona. OnpeneneHHbie aaTpynneHHSI , npH llOBTOpHOM HCnonb-

30B8HHH KOnOHOK 6binH CBSI38Hbl C npHMeHeHHeM paCTBOpOB p83HOrO COCT8B8 

AnSI Bb!Mb!BSHHSI racpHHSI, 

npH H3yqeHHH 8ACOp6UHH cneAOBb!X KOnHqeCTB UHpKOHHSI H racpHHSI HB 

CHnHKarene H3 paCTBOpOB COnSIHO~ KHCnOTbl HSMH 6bin8 ycTSHOBneHa ·cymecT

BeHHSSI p83HHU8 B llOBeAeHHH STHX aneMeHTOB 1 qTo nocny:>KHnO OCHOBO~ AnSI 

HX KonHqecTBeHHoro xpoMaTorpacpHqecKoro paaneneHHSI, HH:>Ke npHBOAHTCSI 

OllHCBHHe MeTOAHKH1 a TBK:>Ke o6cy:>KAeHHe B03MO:>KHOro MeXBHH3M8 8ACOp6UHH, 

3KC11epHMeHT8llbH8H 'l8CTb 

B pa6oTe HcnonhaoaanHCh peaKTHBbi KBanu<f>HKBUHH q.a.a. 6ea aonon-

HHTenbHO~ oqHCTKH. Cop6eHTOM cny:>KHnH pa3Hbie copTa cHnHxare-

ne~. HMeiO!llHXCSI B npoaa:>Ke, KOTOpbie c uenbiO ynaneHHSI cneaoa :>Keneaa npen

aapHTenhHO npOMhlBSnHCb KOHUeHTpHpOBSHHO~ COnSIHO~ KHCnOTO~ H 38TeM Bo

AO~ . C llOMO!llb!O CeAHMeHTSUHH B BOAe 6binH OT06p8Hbl I cppaKUHH CO cpeAHHM 

AHSMeTpOM 3epeH 75 H 25 MK AnSI Ollb!TOB B CTSTHqeCKHX H AHHSMHqeCKHX 

ycnOBHSIX COOTBeTCTBeHHO, nepen HCllOnh30B8HHeM CHnHKarenb cywHnCSI B 

TeqeHHe 24 qacoa npH 80°C H xpaHHnCSI a aaKpbiTbiX cocynax • .UaHHbie, xa

paKTepH3YIO!llHe OTAenbHble MSpKH CHnHKarene~, npHBeAeHbl B Ta6n. }, 
911 B KaqecTBe p8AH08KTHBHbiX HHAHKSTOpOB npHMeHSinHCb H30TOllbl Zr, 

1TII, 181 11111 91l 1111 
Hf H Eu • nepea HCllOnh30B8HHeM Zr OTAenSinCSI OT Nb 

aKCTpaKuH e~ TT A c nocnenyiOme~ ero peaKCTpaKUHe~ 11 MHCl , 06nyqeHHbi~ 

He~TpOHBMH racpHH~ B BHAe ABYOKHCH paCTBOpSinCSI B CMeCH HF H H2 S0 4 

H H3 paC T B OPB OC8:>KA8 n 8 Cb rHAPOOKHCb, KOTOPBSI nocne TlliSTenbHO~ llPOMbiB

KH c n epeoca:>KaeHH e M paC TBOpSinacb B 11 MHCl. 

I130TOll 
11111

E u HCllOnb3 0BSnCSI B 6e3HOCHTenbHOM COCTOSIHHH, 3anaCHbie 

paC TBOpb! COn _elf UHp K OHHSI H r a cpHHSI n onyqa nHCb p a CTBOpeHH eM COOTBeTCTByiO

IliH X Te T pax nopHAOB B C On SIHOli KHCnOTe, p 8 C TBOpb l 1 COAe p:>KSiliHe opraHHqec

KHe paC T BOpHTe n H , r OTOB H nH Cb H e llOC p e A C TBeHHO n e p e A Ollb!TOM (HX K H C n OT

HOC T b npHBOAH T C SI B nepecq e T e H a B eCb o6~e>• EOAHD-Opr a HH'<ieCKOrO paCT BD-

pa ) , 
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MeTOAHKa. B 

B C TpS!XHBanHCb C 2 M 11 

HHe 3-x c yTOK, (KaK 6 

11eHHSI p8BHOBeCHS!), 3 a 1 

anHKBOTH8SI "'BCTb H H~ 

raMMa-neTeKTope . 

B AHH a MH "'eCK H X c 

p OK011H"' eC T B8 aneMeHTa 

M e 0,05 M11 COOTB e T CT 

A H 8Me T pOM 3 MM 1 38!: 

p aC TBOpOB "'epe3 KOnOf 

CSI O T AenbHbiMH Ka n nSI!I. 

p OB C K OM C '<i e T "'H Ke , 

PaaHOXHMH'<~ecKaSI 

C UHHTHnn SIUHOHHOro ra : 

COllpSI:>Ke HHOrO CO CTOK 

H a pHc .l npencTa 

T OB OT K OHU e HTp8UH H C 

1 1 H306pa:>K810Ill8S! 8ACO] 

rH"'HYIO 38BHCHMOCTb n. 

C aoeo6pa3Hbiii MH 

HCl , K o r na non SI anco 

C COOTBe T C T BYIO!lleli Bel 

U H S!X KHC 11 0Tb! KOnH'<ieC T 

H8"1H H8SI C 9-10 MHCl 

o 6 n aC TH M8K C HM 8 11bHOf 

5-SM HCl H 11 M HCI 

H a OCHOB8 HHH om 

6 hl n a c n ena Ha n onhlT Ka 

noHKax. O n HoapeMeHHO , 



lpH nOBTOpHOM HCnOnb

BOpOB pa3HOI'O COCT8B8 

UHpKOHHSI H ra~HHSI H8 

a ycTaHoaneHa ·cymecT

>cny)KHno OCHOBOA J]nSI 

IHSI. HH*e npHBOJlHTCSI 

MeX8HH3M8 a.ncop6UHH. 

.UHH 'l • .n.a. 6ea .nonon-

copTa CHnHxare-

ISI cneaoa *eneaa npea

KHcnoToA H 38TeM Bo

bll ~p8KUHH CO CpeJlHHM 

~CKHX H JlHH8MH'IeCKHX 

~HnHKarenb cymHnCSI B 

COCYJlBX, DaHHbie, Xa

Be,lleHbl B Ta6n. 1. 

H30TOllbl II& Zr, 

110 Nb 

i!: 11 MHCI , 06ny'leHHbii!: 

~MeCH HF H H2 so 4 

:e TlllaTenbHOi!: ITOOMbiB-

il COCTOSIHHH, 3anaCHbJe 

JpeHHeM COOTBeTCTByJO

OJlep)K8lUHe opraHH'Iec

·Jl OITbiTOM ( HX KHCnOT-

·Opl'8HH'IeCKOI'O paCTBO-

MeTOJlHKa. B CTBTH'IeCKHX OnbiT8X H8BeCKH B 0,1 r CHnHKarenSI 

BCTpSIXHBanHCb c 2 Mn pacTsopa, coaep*amero HccneayeMbiA aneMeHT, B Te'le

HHe 3-x CyTOK, (KaK 6binO yCT8HOBneHO, 8TO BpeMSI JlOCT8TO'IHO J]nSI yCT8HOB

neHHSI paBHOBeCHSI), 3aTeM H3 paCTBOpa llOCne UeHTpH~yrHpOB8HHSI OT6HpanaCb 

anHKBOTH8SI 'l8CTb H H3MepSJ:n8Cb ee p8JlH08KTHBHOCTb H8 CUHHTHnnSIUHOHHOM 

raMMa-aeTeKTope. 

B JlHH8MH'!eCKHX OllblT8X (38 HCKnJO'!eHHeM OllblTOB no p83J]eneHHIO M8K

pOKOnH'!eCTB8 aneMeHTOB) CMeCb p8LlH08KTHBHblX aneMeHTOB BHOCHnaCb B o6t.e

Me 0,05 Mn COOTBeTCTBYJOlllero aniOeHT8 Ha XpOM8TOrpa~H'leCKyJO ~OnOHKY 

JlHaMeTpOM 3 MM, aanonHeHHYJO 0,15 r CHnHKarenSJ:. CKopocTb nponycKaHHSI 

paCTBOpOB 'lepe3 KOnOHKY COCTBBnSina 0,3-0,4 MnfcM2MHH, 3nJOaT C06Hpan

CSI OTJlenbHblMH KannSIMH, p8JlH08KTHBHOCTb KOTOpblX H3MepS1n8Cb H8 reAre

pOBCKOM C'leT'IHKe, 

PaaHOXHMH'IeCKaSI 'IHCTOTa oTaenbHbiX ~paKnHi!: npoaepSJ:nacb s noMOlllbJO 

CUHHTHnnSJ:UHOHHOI'O !'8MM8-J]eTeKTOpa C KpHCTannOM p83MepOM 40 X 40MM, 

conpSJ:)KeHHoro co CTOKaHanbHbiM aHanHaaTopoM HMnynbCOB THna AYI-100. 

Ha pHc.1 npeacTaeneHbi aasHCHMOC TH .noneii aacop6HpoaaHHbiX aneMeH-

TOB OT KOHUeHTp8UHH COnSIHOi!: KHCnOTbl B CTBTH'IeCKHX ycnoBHHX. KpHBaSI 

1, H306p8)K810lll8SI 8JlCOp6UHIO UHpKOHHSI, no CBOei!: ~OpMe H8ITOMHH8eT 8Hano

l'H'IHYJO 38BHCHMOCTb J]nSI 830THOKHCnbJX paCTBOpOB /10/, 

Csoeo6pa3HblH MHHHMyM Ha6nJOJ]aeTCSI ITpH 8JlCOp6UHH ra~HHSI H3 7-8M 

HCI , Koraa aonSI aacop6HposaemerocSJ: ra~HHSI J Hf MeHbllle no cpasHeHHJO 

C COOTBeTCTBYJOllleH senH'!HHOi!: J]nSI UHpKOHHSI, DpH 6onee BblCOKHX KOHUeHTpa

UHSIX KHCnOTbl KOnH'IeCTBO 8,llCOp6HpOB8HHOI'O ra~HHSI yeenH'IHB8eTC51, T8K 'ITO, 

H8'1HH8SI c 9-10 M HCI , J Hf > JZr . B peaynbTaTe aToro cymecTs_yJOT ase 

o6naCTH M8KCHM8nbHOI'O pa3nH'IHSI B 8JlCOp6HpyeMOCTH UHpKOHHSI H ra~HHSI: 

5-SM HCI H 11M HCI. 

Ha OCHOB8HHH OITblTOB no 8,llCOp6UHH B CT8TH'IeCKHX ycnOBHSIX H8MH 

6bina caenaHa nonbiTKa nposeCTH paaaeneHHe aTHX asyx aneMeHTOB Ha Ko

noHKax. OaHospeMeHHo, Hcnonh3YSI pa3Hbie copTa cHnHKarenei!:, Mbl H3y<~anH 
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snHSIHHe aHaMeTpa nop cHnHKarenSI Ha cTeneHb pa3aeneHHSI. Pe3ynbTaTbi, no

ny'leHHbie np11 IICnonb30BaHIIII B Ka'leCTBe amo11pyl01IIIIX pacTsopoB 11M HCI , 

npHseaeHbi Ha pHc .2 BllaHo, 'ITO c ysenll'leHIIeM a11aMeTpa nop CllnHKarenH 

Ka'leCTBO pa3aeneHIISI UllpKOHHSI H ra¢HHSI B 3THX ycnOBIISIX ynyqwaeTCSI. Ha11-

6onee nonHOe paaaeneHHe HaMil 6binO aoCTIII"'HYTO Ha KpynHOTIOpiiCTOM CllnH

Karene MapKII KCK-2. faMMa-cneKTpbi nHKOBbiX Kanenb, nony'leHHbiX npH pa3-

aeneHIIII Ha cHniiKarene KCK-2, np11seaeHbi Ha pllc.3. 06nacTblO onTHManb

HOA KOHUeHTpaUIIII COnSIHOH KIICnOThl anSI nonHOI"'O paaaeneHHSI MO~HO C'liiTaTb 

10,5- 11 MOnb/n. npH aanbHeAweM ysenll'leHIIII KOHUeHTp8UIIII ~nOpiiCTOI"'O 

soaopoaa B anroHpyromeM pacTsope Ka'leCTBO pa3aeneHHSI naaaeT B pe3ynbTa

Te yMeHbWeHIISI aacop6UHII ra¢HHSI (eM. pHC.4a), 

J1cnonb3YH anSI anlOHpOBaHIISI paCTBOpbl COnSIHOH KHCnOTbl C KOHUeHTpa

UHeA 5-8 MOnb/n, MO~HO 6binO O~HaaTb, 'ITO Bb!MbiBaHHe UllpKOHIISI II ra¢HHSI 

6yaeT npOIICXOaHTb B 06paTHOM llOpS!llKe, TaK K8K H8 OCHOB8HIIII Ollb!TOB B 

CT8TII'leC KIIX ycnOBIISIX UllpKOHIIH aacop611pyeTCSI B 3TIIX ycnOBIISIX nyqwe 

ra¢HHH. Ha pHc.46 np11seaeHa xpoMaTorpaMMa paaaeneHIIH MIIKpoKonll'leCTB 

UIIPKOHHH H ra¢HHH Ha cHnHKarene KCK-2, nony'leHHaSI npH anrol!pOBBHHH pacT-

BOpOM 7M HCI . B aTOM cnyqae He npo11cxoa11T nonHoro paaaeneHHH, xoTH 

llOpS!llOK BhlXOl18 aneMeHTOB COOTBeTCTBye T peayn bTBTaM CT8TI!'leCKIIX Ollbl-

TOB: nepBbie ¢paKUHII coaep~aT / npaKTH'leCKII 'lHCTbiH ra¢HIIH, aanbllle 3nlOH

pyeTCSI ero CMeCb c UllpKOHIIeM. AHanol"'ll'lHbie peaynbT8Tbi 6bmll nony'leHbi 

H npH apyi"'HX KOHUeHTpaUHSIX COnSIHOH KHCnOTbl B paMKaX BbiWeyK838HHOI"'O 

IIHTepsana. npH'lHHY HeaOCT8TO'lHOI"'O p83)leneHHSI 3TOH napbl aneMeHTOB 0 no 

BCeA BHaiiMOCTH, He06XOJlHMO HCKaTb B OTHOCIITenbHO ManoA CKOpOCTH ycTa

HOBneHHSI aacop6UHOHHoro p aBHOBeCHSI . UHpKOHHSI B 3THX ycnoBHHX. YsenH'leHIIe 

enoS! a acop 6 eHTa (KonoHKa 3arpy~anacb 0 , 4 r cHnHKarenH) npiiBOaHT K ynyq

weHII lO paa aeneHIIH. 06 3TOM MO~HO cyaiiTb Ha OCHOBaHHH Jl8HHbiX pHC. 4B • 

.ilanbHeH W ei"'O yny'lllleHHSI CTeneHH p a3aeneHHSI, TI O-BHaHMOMy , MO~HO 6binO 6bi 

O~Ha8Tb B ycnOBIIHX, C TIOC 0 6CT BYlOillHX ysenH'leHHlO C KOpOC TII 06MeHa. 

H aMH 6bma caenaHa nonb iTKa n pose CTH pa3aene HIIe TaK~e secoBbiX Ko

nH'leC T B U llpKOHHSI H 1"'8¢HIISI • .ilnSI 3 TOI"'O C M eCb MHnnlll"'p8MMOBbiX KOnll'leCTB 

UllpKOHH SI 11 r a¢HIIH ( Me'leHbi X paJJIIOaKTIIBHbi MII 1130Tona MII) B 7 11 11M HCI 

HBHOCHnacb Ha Kon oHK Y c CHnHKareneM KCK-2 ( pa3Mepbi K ono HKII 1 x 45 e M ) 

H npOBOa HnOCb 3 nl011p OB8 HHe B ycnOBIIHX , 8HanOI"'H'lH biX B bi W e O TIIIC8H HblM. 
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CocTaB oTaenbHbiX ¢pa1 

npHBeaeH B Ta6n.2 H 3. 

BOpHTenbHOe pa3AeneHHE 

B pa6oTe Ill 1 6 bi 

pHaOB UHpKOHHSI llnH ra 

ysenH'leHHlO K03¢¢HUH 

no, B 6onbweA C TeneHH 

ny'leHHblX pe3ynbTa TOB 

30BaHHeM C M e WaHHhlX p 

B 3 THX Ollb! T 8X 

c nHpToM x ) , npe asapHT• 

noaxoaHIIIIIM noa6op oM 

aOCTHI"'HY T b 6onee K8'lE 

C M ewa HHbie soaH • 

oco6eHH O B T ex cny'l a s 

He o6x o ai!MO npoBeCTII II 

n p HMep, m eno'lHbi X , 

~e AI Fe (III) , Tb 

113 paCTB OpOB C OnHHOH 

C Bni! ¢8 TH 'leCKIIMH CilHp 

B K 8 'le CTB e n p HMe p a IT 

nony'leHHa H npH anroH p< 

Ka~abi H 113 1130T OTIOB B : 

C HS!Thle 1"'8MM 8 - CneK T pb 

npHBOaHMbie B n11 

KOMnneKC OB UllpKOHIISI 

paCTBOpa H l18 lOT nHW b 

a n e MeHTOB B K OHUeHTpH 

x ) 
AHan orH 'IHbie p e3y n b r a 

JlHH Oil K H CJIO T bl C 3 THI10 B b!M 



eHHH. Pe3ynbTBThi, no

:!X pacTeopoe 11M HCl , 

MeTpa nop CHnHKarenH 

3HHX ynyqwaeTcH. HaH-

KpynaonopHCTOM CHnH

. , nony'leHHbiX npH pa3-

05nacTb~ onTHManb-

UeHTpaUHH XnOpHCTOI'O 

HH na.uaeT B pe3ynbTa-

KHCnOTbl C KOHUeHTpa

iHe UHpKOHHH H ra¢lHHH 

I OCHOBaHHH OIIb!TOB B 

3THX ycnoBHHX ny'lwe 

leHHH MHKpOKOnH'leCTB 

npH an~HpOBaHHH paCT

HOI'O pa3.ueneHHH, XOTH 

CTBTH'leCKHX Ollbl-

ra¢lHHA, .uanbwe an~H

bTaThi 5binH nony'leHbi 

.tKaX Bb!WeyKa38HHOI'O 

t napbi aneMeHTOB, no 

ManoA CKOpOCTH ycTa-

ycnoBHHX. YeenH'leHHe 

enH) npHBO.!lHT K ynyq

.aHHH .UaHHb!X pHC. 4B. 

MOMY , MO~HO 5binO 5bl 

•pOC TH 05MeHa, 

ie TaK~e BeCOBblX KQ-

rpaMMOBblX KOnH'leCT8 

JIIaMH) B 7 H 11M HCl 

p b l K OnOHKH 1 X 45 CM) 

,JX B b iWe OIIHC aHHblM. 

CocTaB oT.uenbHbiX ¢lpaKUHA, onpe.ueneHHbiA c noMOWb~ raMMa-cneKTpOMeTpa, 

npHBe.UeH B Ta5n.2 H 3. BH.UHO, 'lTO B 3TOM cnyqae TBK~e npOHCXO.!lHT Y.!lOBneT

BOpHTenbHOe p83.UeneHHe CMeCH aneMeHTOB, 

B pa5oTe 111 I 5binO noKa3aHo, 'lTO 3aMeHa 'laCTH BO.!lbi B pacTeope xno

PH.!lOB UHpKOHHH HnH ra¢lHHH Ha HeKOTOpbie opraHH'IeCKHe paCTBOpbl npHBO.!lHT 

yeenH'leHH~ K03¢!¢lHUHeHT8 pacnpe.ueneHHH, npH'leM 3TOT a¢l¢leKT, KaK npaBH

no, a 5onbweA cTeneHH CK83biBaeTCH Ha a.ucop5UHH ra¢!HHH. HeKOTOpbie H3 no

ny'leHHhiX pe3ynbTaTOB pa3.UeneHHH UHpKOHHH H ra¢lHHH Ha KOnOHKaX C HCnonb-

30BaHHeM CMeWaHHb!X paCTBOpOB npHBe.UeHbl H8 pHc.4 r-e. 

B 3THX onbiTax npHMeHHnHCb C MeCH conHHOA KHCnoTbi c MeTHnoBbiM 

cnHpTOM x), npe.ueapHTenbHO aacbiWeHHbie xnopHCTbiM eo.uopo.uoM. BH.uao, 'lTO 

IIO.!lXO.!lHWHM IIO.!l50p0M KOHUeHTpaUHH CnHpTa H XnOpHCTOI'O BO.UOpO.!la MO~HO 

.UOCTHI'HYTb 5onee Ka'leCTBeHHOI'O pa3.UeneHHH CMeCH aneMeHTOB. 

CMewaHHbie eo.uHo-opraHH'leCKHe paCTBOpbi MoryT aaii:TH npHMeHeHHe 

OC05eHHO B TeX cny'laHX, KOI'.!la HapH.!lY C p83.UeneHHeM UHpKOHHH H ra¢lHHH 

He05XO.!lHMO npOBeCTH H HX OT.UeneHHe OT HeKOTOpb!X .UpyrHX a neMeHTOB, Ha

npHMep, weno'lHbiX, wenO'lH03eMenbHhiX H pe.UK03eMenbHbiX, a TaK-

~e AI Fe ( lll) , Th V (VI) , TaK KaK B pa5oTe I 11 I noKa3aHo, "'ITO 

H3 paCTBOpOB COnHHOH KHCnOTbl C KOHUeHTpaUHeH ~ 1 MOnb In HnH ee CMeCH 

C anH¢laTH'leCKHMH CllHpTaMH OHH He a.ucop5Hpy~TCH Ha CHnHKarene. Ha pHC,5 

B Ka'le CTBe npHMepa npHse .ueHa XpOM8TOI'paMMa p83.UeneHHH CMeCH Eu-Zr-Hf, 

nony'leHHaH npH an~HposaHHH pacTsopoM CMeCH HCl+CH 8 0H • BH.UHO, 'lTO 

K8~.!lblii: H3 H30TOIIOB Bb!MbiBaeTCH OT.UenbHblM IIHKOM, npH'leM, K8K llOK83anH 

CHHTble I'aMMa-cneKTpbl, 5e3 3aMeTHb!X IIpHMeceA. 

06cy)f(.aenne 

DpHBO.!lHMb!e B nHTepaType KOHU9HTpaUHOHHb!e KOHCTaHTbl yCTOH'lHBOCTH 

KOMIIneKCOB UHpKOHHH H ra¢lHHH 112/ Onpe.ueneHbl npH ManoA HOHHOH CHne 

paCTBOpa H .!18~T nHWb npH5nH3HTenbHblH OTBeT Ha BOnpOC 0 COCTOHHHH 3THX 

a neMeHTOB B KOHUeHTpHpOBaHHblX paCTBOpaX COnHHOH KHCnOTbl, TeM He MeHee 

x ) 
AnanorHlfHbie p eaynbT8Tbl 6binH nony"leHbl npn Jtcnonb3 0BBHHH CMeCH c o

n HHOit KHCJlOTb l C 3 THJl0 B biM H H3o-nponHJIOBbl M CIIHpTB MH. 
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OHH He npoTHsope~aT npeAnono*eHH~, qTo UHpKOHHA s o6naeTH B~HCI 8A

eop6HpyeTe51 S SHAe MOneKyn ZrC ·1, • npH 6onee SbieOKHX KOHUeHTp8UH51X 

eonSIHOA KHenOTbl B paeTsope ll051Sn51~Te51 Heeop6Hpy~IIlHee51 8HH0Hbl ZrCI; H 

-ll 
ZrCI 8 • npH KOHUeHTp8UH51X ~2MHCI AOn*H8 npoHeXOLlHTb aneop6UH51 

I"HLlPOKeOKOMnneKcos Zr( OH) •-n ( n = 0-4). YIMeHHO T8KOe o6'b51eHeHHe SbiTe-
n 

K8eT H3 Sb!We OTMeqeHHOA 8H8nOI"HH C aneop6UHeA UHpKOHH51 H8 eHnHKBI"ene 

H3 paeTsopos a30THOA kHenoTbi, B pe3ynbTaTe He3HaqHTenbHOA, Ho see *e 

0 c 
38MeTHOA p83HHUbl S HOHHbiX p8L1Hyeax UHpKOHH51 H I"8<f>HH51 (0,74A H 0,75A 

eOOTSeTeTseHHO) npoqHoeTb KOMnneKeHb!X eOeLlHHeHHA ra<f>HH51 HeeKOnhKO HH

>Ke, B TaKOM enyqae eeTeeTseHHO O*HL18Th 1 qTo HeATpanbHhie xnopoKoMnneK

Cbi ra4JHH51 npHCyTCTsy~T S paeTsopax e 6onee Sb!COKOA KOHUeHTp8UHeA COn51-

HOA KHCnOTbi, T,e, B o6naeTH B03p8CT8HH51 J Hf x), AHHOHHbie KOMnneKebi ra4J

HHII ( KOTOpbie He non>KHhi npeTepnesaTb ancop6UH~ Ha eHnHKarene), KBK 9TO 

SbiTeKaeT H3 pHe,4a, o6pa3y~Tell TOnbKO nHWb S npenenbHO H8ebiiileHHblX Xno

pHCTbiM SOL10POL10M paeTSOpax eonSIHOH KHenOTbl, B Ha6n~A8SWeMe51 MHHHMyMe 

8LlCOp6UHH ra4JHHH LlOn>KeH aneop6Hp0S8Tbe51 S SHLle K8THOHHblX XnOpOKOMnneKCOS 1 

no see A SHLlHMO_e TH, HfCl~ • 0Te~Aa BhiTeKaeT, qTo KHrc14 >KHfCl ~ ( rne K HfCl,. pas

HO KOHCT8HTe paenpeneneHHII COOTSeTeTSY~IIlHX KOMnneKeOB Me>KLlY eop6eHTOM H 

paeTSOpOM). 

YIHTepeCHO epasHeHHe Sb!We OllHe8HHOI"O llOSeLleHH51 UHpKOHH51 H I"8<f>HH51 

npH aneop6uHH e paeTsopHMOeTb~ HX coneA. PaeTBOpHMOCTh OKT8I"HLlpaTa xno

PHL18 uHpKOHH51 ZrO CI:~ • 8 H 2 0 c nosbiWeHHeM KOHUeHTpauHH xnopHCToro so

nopona llOHH*8eTC511 npHqeM MHHHM8nhH851 paeTSOpHMOeTb Ha6n~Ll8eTe51 Lln51 

paeTsopa 8,5 M H CI H coeTasnSieT 0,05 MOnb Zr0Cl2 ·8B 2 0/,n . (eM. 0630p 

0 paeTSOpHMOeTH eoneA UHpKOHH51 H ra4JHH51 S eon51HOA KHenoTe, llOMellleHHbiA 

s pa6oTe /141). BenHqHHa MOnSipHOA paeTsopHMoeTH aHanorHqHoro eoeLIHHe

HHSI ra4JHH51 He OTnHqaeTe51 OT paeTBOpHMOeTH XnOpHL18 UHpKOHH51 B 8,5~ HnH 

MeHee KOHUeHTpHpOB8HHOA HC! • npH 6onee BblCOKHX KOHUeHTp8UH51X KHCno-

Tbl eoeLIHHeHHe ra4JHH51 paeTBOpHMO 3HaqHTenbHO MeHee, qeM eOOTBeTCTBy~wee 

COeLIHHeHHe UHpKOHH51. 3Ta p83HHU8 B noseneHHH xnOpHLlOS, KOTOp851 p8Hbllie 

HCnOrrb30B8rr8Cb Arrll qaCTHqHQI"O p83AeneHH51 UHpKOHHII H ra¢HH51 C llOMOIIlb~ 

x) CnenyeT yrroMHHYTb , ~ro ananornqHne yaennqeHHe c renenn 3BXBBTB UHPKo-

HHH n ra</>HHH HB KBTHOHHTe Dowex -50 H3 pacraopoa BM HCI na6nroaa-
nocb a pa6ore / 13 /, B aroM cnyq ae aa ropbi o6bHCHHIOT aror HeO)KHJlBHHbiil 

acf,peKT TBK)Ke aacop6uHeil aneKrponeil rpanbHbiX KOMnneKcoa. 
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I 
J, 

4JpaKUHOHHpOS8HHOA KpHC 

neKCHbiX coeLIHHeHHA H 2 I 
pHU8~IIlHX UHpKOHHnhHYIO 

T8KOe 06'b51CHeHHe, 0LlH8: 

HaM Ka*eTC51 1 qTc 

paeTsOpHMOCTH HX OKCI 

B paHee ony6nHKOE 

UHII HeHTpanbHC>IX MOneK: 

UH51) OTnHqaeTC51 OTHOCI 

poCTh~ ancop6uHH 38p! 

Manag nonywHpHH8 llHKOB 

Cop6HpOS8SWei"OC51 8HHO. 

qecTseHHoe pa3neneHHe 

TOI"O, qTQ S 9TOM cny• 

Tp8nbH851 MOneKyna UHpl 

KpoMe Toro, HBMH Ha6n 

ne aaMeTHO MenneHHee, 

XoTSI B nocnenHee 

Cop6UHH H3 CMeW8HHblX 

Ll51IIlHX npoueccos H3yq 

4JaKTOpOS 1 K8K H3MeHeHH 

HHe OKCOHHeSblX coneA, 

C51 1 qTQ S ycnOSH51X H8U 

sa~IIlHA a<P4JeKT" no6asn 

opraHHqeCKHA paCTSOpHT 

HOI"O 8TOM8 H K ysenHqe 

SHe Opi"8HHqeCKOH KOMll• 

LieHCTSHeM aneKTpOnHTC 

fY\oneKynSipH811 8L1CC 

pa3aeneHHH TeTpaxnopHA• 

npeT8UHII S 9TO~ cnyqae 

sa pa3nenSieMoro pacTs< 

paXnOpHL18 UHpKOHH51 S M 

cyTCTsyeT S SHLle MeTOK 



B o6naCTH 6MHC1 aJJ.-

biCOKHX KOHUeHTpaUHHX 

IHeCSI aHHOHbl ZrCl; H 

ICXOJJ.HTb 8JJ.COp6UHH 

8KOe 06b51CHeHHe BbiTe

lpKOHHSI Ha CHl!HKarene 

lqHTellbHO~, HO BCe )Ke 

0 0 

acpHHH. (0,74A H 0,75A 

racpHHH HeCKOllbKO HH-

lallbHble Xl!OpOKOMIIl!eK-

1~ KOHUeHTpauHe~ COl!H

f!OHHble KOMIIlleKCbl racp

l CHllHKai'el!e) 1 KaK 9TO 

!llbHO H8CbllUeHHblX Xl!O-

ll!OJJ.8BIUeMCH MHHHMyMe 

>HHbiX Xl!OpOKOMIIlleKCOB, 

>KHfCl+ (rae KHfC1 paB-
3 z 

: OB Me)KAY Cop6eHTOM H 

I HH UHpKOHHH H racpHHH 

~OCTb OKTai'HJJ.paTa Xl!Q

!Tp8UHH Xl!OpHCTOI'O BQ

IOCTb Ha6llJOJJ.aeTC51 Jl.l!SI 

:111 .Q H 11 0/, n. ( CM. o63op 

i KHCl!OTe, IIOMeiUeHHbl~ 

aHanorHqHoro coeJJ.HHe

a UHpKOHHH B 8,5M Hl!H 

KOHUeHTpBUHHX KHCl!Q-

'• qeM COOTBeTCTBYJOIUee 

P HJJ.OB, KOTOpag p8Hb1Ue 

H ra !j>HHSI C IIOMOIUb!O 

ffH 3 8XBBT8 UHPKO-

HCJ Ha6nJO,aa-

>T HeOJKHJ!BHHbiJI 

I 

1 
J 

cppaKUHOHHpOB8HHO~ KpHCT8lll!H3aUHH 13 I, CB513b1Banacb C o6pa30BaHHeM K OMII

neKCHblX coeJJ.HHeHH~ H 11 [Me (IV) 0 CI, ] • B CBeTe rrocneJJ.HHX HccneJJ.OBaHH~, oT

pHuaJOIUHX UHpKOHHllbHYIO rpyiiiiHpOBKY y TaK H83biBaeMOI'O "uHpKOHHl!XnopMJJ.a"', 

T8KOe 06bHCHeHHe, OJJ.HaKO . He06XOJJ.HMO CqHTaTb ycTapeBIUHM l121• 

HaM Ka)KeTCR, qTo IIpHqHHa pa3l!HqH~ Me)KJJ.Y UHpKOHHeM H racpHHeM B 

paCTBOpHMOCTH HX OKCHxnOpHJJ.OB H 8JJ.COp6UHH H8 CHllHKarene - OJJ.H8. 

B paHee orry6nHKOBaHHO~ HaMH pa6oTe 1101 6hinO rroKa3aHo, qTo aJJ.cop6-

LlHH He~Tpal!bHi>IX MOlleKyn UHpKOHHH ( T8K H83biBaeMa51 MOlleKynRpH8H aJJ.COp6-

UHH) OTnHqaeTCH OTHOCHTellbHO BbiCOKO~ CKOpOCTb!O IIO Cp8BHeHHIO CO CKO

pOCTb!O aJJ.COp6UHH 38p51)KeHHblX KOMIIlleKCOB. 3TOMy cpaKTY COOTBeTCTByeT 

Manag IIOnyiUHpHHa IIHKOB IIpH pa3JJ.eneHHH He~TpanbHO~ MOlleKyllbl racpHHH H He-

cop6HpoBaBmerocH aHHOHHoro KOMrrneKca UHpKOHHR B 11M HCI • MeHee Ka-

qecTBeHHoe pa3JJ.elleHHe B 7 M HCI 1 IIO-BHJJ.H MOMY 1 IIpOHCXOJJ.HT BClleJJ.<;:TBHe 

Toro, qTo B aToM cnyqae B rrpouecce pa3JJ.eneHHR rrpHHHMaeT yqaCTHe He~

TpanbHSH MOlleKyna UHpKOHHH H IIOl!O)KHTellbHO 3apR)KeHHbl~ KOMIIlleKC racpHHH. 

KpoMe TOI'O, H8MH Ha6l!JOJJ.al!OCb, qTo UHpKOHH~ aJJ.COp6HpyeTCH Ha CHllHKare

ne 3aMeTHO MeJJ.neaHee, qeM ralj>HH~ B Tex )Ke ycnoBHHX. 

XOTH B IIOClleJJ.Hee BpeMSI BCe 60llb1Ue pa60T IIOCBHIUSeTCH H3yqeHHIO 8Jl.

Cop6UHH H3 CMelUSHHblX BOJJ.HD-Opi'aHHqeCKHX paCTBOpOB, MeXaHH3M IIpOHCXo-

Jl.HIUHX IIpOUeCCOB H3yqeH IIOKa He IIOl!HO. HeCMOTpH H8 Bl!HSIHHe TaKHX 

cpaKTOpOB, KaK H3MeHeHHe JJ.H9lleKTpHqecKOH IIOCTOSIHHO~ paCTBOpa, o6pa30Ba

HHe OKCOHHeBblX cone~, o6pa30BaHHe KOMIIlleKCOB H T.n., HaM npeJJ.CTaBl!HeT

CH, qTQ B yCl!OBHHX HalUHX OilbiTOB OCHOBHblM cpaKTOpOM HBl!HeTCH "BbiC8l!H

Ba!OIUHil: acp¢eKT" JJ.06aBlleHHbiX K paCTBOpy CIIHpTOB. 3aMeHa qaCTH BO.Il.bl H8 

opraHHqeCKH~ paCTBOpHTellb npHBOJJ.HT K yMeHblUeHHIO I'HJJ.p8T8UHH UeHTpallb

HOI'O 8TOM8 H K yBel!HqeHHIO ero 8JJ.COp6HpyeMOCTH. \ 8 T8KOM c nyqae JJ.e~CT

BHe Opi'8HHqecKOil: KOMIIOHeHTbl MO)KHO 6bll!O 6bl CpaBHHTb C BbiC8l!HB8101UHM 

JJ.e~CTBHeM 9l!eKTpOl!HTOB. 

MoneKyngpHaH 8JJ.COp6UHH, IIO BCe~ BHJJ.HMOCTH, HMeeT MeCTO T8K)Ke npH 

p83JJ.elleHHH TeTpaXl!OpHJJ.OB UHpKOHHH H racpHHH B M e THllOBOM CIIHpTe. HHTep-

npeTBUHH B 8 T OM cnyqae, OJJ.HBKO, 38TpyJJ.HHTellbH8 H 3 -3a Cl!O)KHOCTH COCTa

B8 pa3JJ.el!HeMOI'O paCTBOpa. no JJ.BHHbiM 8BTOpOB 1 6 I ' B 1M paCTBOpe TeT

paxnopHJJ.B UHpKOHHH B MeTHl!OBOM CIIHpTe IlpH6l!l:fi:I' IITe llbHO 30% MeT B lll!B npH

CYTCTByeT B BHJJ.e MeTOKCHTpHXl!OpHJJ.8. CllO)KHOCTb C OCTBBB paCTBOpa MO)KeT 
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HBnHTbCH OAHOA H3 npHqHH HenonHoro paaaeneHHH UHpKOHHH H ra~HHH. 

B aaKmoqeHHe aBTopbi Bhipa*aiOT CBOIO 6naroaapaocTb K.A.raBpHnoBy 

H B.A.XanKHHY 38 noneaHyiO AHCKyCCHIO H ITOMOmb npH O~OpMneHHH paoOTbi, 

BbiBO,abi 

1. ilOK838H8 B03MO)KH0CTb nonHoro paaaeneHHH MHKpo- H MSKpOKOnH

qeCTB UHpKOHHH H ra$HHH aACOpOUHeA HS CHnHKarene H3 BOAHb!X H BOAHO-Op

raHHqecKHX paCTBOpOB, 

2. 06cy)I{AaeTCH B03MQ)I{Hblti MeXaHH3M aacopoUHH UHpKOHHH H ra~HHH 

H8 CHnHKarene H3 COnHHOKHCnhlX paCTBOpOB. 

3. f1 o CpaBHeHHIO C HeKOTOpbiMH ApyrHMH XpOMaTorpa$HqeCKHMH MeTo

AaMH paaaeneHHH rrpeHMymecTBO rrpeanaraeMoro MeToaa rrpe*Ae Bcero aaK

nJOqaeTCH B cneayJOIIIeM: 

a) UHpKOHHti H ra$HHA 3n10Hpy!OTCH Y3KHMH llHKaMH HeaaneKO 3a CBO

OOAHhlM o6"beMoM KonoHKH, qTo crroco6CTByeT · HX obiCTpoMy paaaeneHHJO; 

6) npHMeHeHHe COnHHOA KHCnOTbl HnH ee CMeCH C OpraHHqeCKHMH paCT

BOpHTenHMH B HeKoTopbiX cnyqaHX 6onee yao6Ho, qeM 3n10Hpy!OmHx pacTBO

poB, COAep)K8lllHX rrnaBHKOBYIO KHCnOTy HnH ApyrHe KOMITneKC006pa30B8TenH; 

B) HapHAY C paaneneHHeM UHpKOHHH H ra$HHH MQ)KHO rrpOBOAHTb TaK)Ke 

H ax oqHcTKY oT uenoro psma npyrHx gneMeHToB; 

r) H3MeHeHHe nOpHAKa Bb!MbiB8HHH UHpKOHHH H ra$HHH ITpOHCXOAHT C ITO

MOlllblO H3MeHeHHH KOHUeHTpaUHH COnHHOA KHCnOTbl; 

A) AnH ancopoUHH H 3n10HpOBaHHH OOOHX 3neMeHTOB HCITOnb3YIOTCH paCT-

BOpbl OAHHaKOBOrO COCTaBa. 

flHTepaTypa 

1.TaqJHHif. C6. nepesoaoB noa pea. n.H.KoMHeeapoaoif, un, M, 1955. 

2. TacjJHHif. C6opHHK erareif noa pea. n.H.KoMHeeapoaoh, un, M, 1962. 

3. n.H.KoMHeeapoBa, E.B.nmomeB. Yen. XHMHH, 25, 1197 (1956). 

4. H.B.BnHapoB. Yen. XHMHH, 36, 1244 (1967), 

5 . R.S.Hansen, K.Gunar. J. Amer. Chern. S oc., .zb 41.58 1.(1.949). 
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6. R.S.Hansen, K.Guna 

~5043(1.950). 

7. G.H.Beyer, A.Jacc 

B. R.H.Giffen. Iowa E 

9. V.YaUrajam, J.Gupl 

10.R.Caletka, M.Kyrs 

11. P.llaneTKB, T.ll..3a 

12. R.Caietka. Chern.. 

13. J.T.Benedict, W.C 

2§2036(1.954). 

14. Y.E.EmoMeHTBnb. 



UHpKOHHH H ra~HHH. 

lBpHOCTb K.A.faBpHnosy 

!pH O~OpMneHHH pa60Tblo 

H MHKpo- H M8KpOKOnH

H3 BOLlHblX H BOLIHO-Op-

UHH UHpKOHHH H ra~HHH 

) Lla npe~Lie Bcero GaK-

K8MH HeLianeKO 38 CBO

;hlCTpOMY pa3LieneHHIDi 

c opraHuqecKHMH pacT

M sniDHpyiDIUHX paCTBO

.OMnneKC006pa30BaTenH; 

·a~HHH npOHCXOLIHT C ITO-

roB HCITOnb3YIOTCH paCT-

M, 1955. 

1fl, M, 1962. 

(1956). 
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6. R.S.Hansen, K.Gunar,A.Jacobs, C.R. Simmons,J.Amer. Chern. Soc., 

?_?.5043(1.950). 

7. G.H.Beyer, A.Jacobs, R.D.Masteller. J.Amer.Chem.Soc.,li.-~2(1.952). 

B. R.H.Giffen. Iowa State Coli. J.Sci., E• 422(1.957). 

9. V.Yatirajam, J.Gupta. J.Scient & Industr. Res., BJ:2. 270 (1.960t 

10.R.Caletka, M.Kyrs. Coll. Czechoslov. Chern. Commun.~,1.1.50(1.964}. 

11. P.llaneTKB, T.11.3aJlueBI'l. npenpHHT 011HJ1, 6-3500, 1ly6fll'l, 1967. 

12. R.Caletka. Chem.listy, 58, 349 (1.964). 

13. J.T.Benedict, W.C.Schumb, D.C.Coryell.J.Amer. Chem.Soc., 
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Ta6Jil1Ua I 

XapaKT epHCT HKM McnoJih30BaBw.HXcR B pa6oTe o6pa3UOB c~<rJJRKareneRx) 

L: apKa HacHnHoA YAC JihHaR 06'beM Cp e.l\Hlltl TIOpV!CTOCTh, 
c WT HKar e JIR Bec ,

2 
DJIO ll(li,!J;h , nop , paAl1YC % 

r /cJJ J//r CM/r nop, 
0 ,A 

tCCM - 6I1xx) 0 ,90 467 0 , 276 II , 8 35 , 11 

!{Ci.l-5 0,69 647 0 , 476 I4 ,7 52 ,0 

KCC-4 0 , 60 652 O, GBO 19 ' 3 57 , 8 

!{CC- 3 0,58 519 o, 795 30 , 6 64 , 1 

i{C l{- 2 ' 5 0 , 46 364 o ,9 85 54 69 , o 

KCl{-2 0 , 40 345 I ,I90 68 , 8 72 , 7 

6e3 
xxx) 

33() 

o6o3Hatiemm 

x) ITo nacnopTy Ha na:lop c~t111tKareJie£\ TpecTa "CoKJ3peaKTVIB ". 

(3a l1CKJ!Il48HlleM ~~ 7) . 

XX) npoKaJieHHHR. 

xxx) CJ.!Jll1K~reJi h !~3 ~pyr o ro l1C T04IBU<a. xapO.KT Bpl1CTI"Kl! OD!)C)ICJIRJ! l1Ch 

Ha xF~M v.t~ ecKoM ¢aey.dJhTeTe MrY . 
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Taduqa 2, 

Pa3A8~8HHi B8COBKX XO~~eCTI UlpKOHKR H r~BIH 

sa xo~oaxe c CKIMXare~eK KCK·2 1 cpeAe II I ac•. 

Pa3MepY KO!OHKH lx45 CK, CBOdO~HYI Od~eK KO~ORKK 39 MA, 100~ Zr •10 Kr, l~ Ht•i,2 Kr 

n oo~ew , Co,!;ep1t8.HHe (l') JJ Od~eK, Coupa.aae (~) 
cppaKUiiJI )fJI UIPKOHIII ra41HIIlt cpp8.Killlll ll.if UKpKORKit r~HHlt 

1+2 IO He OdHa.pyzeH He OdHa.pyseH II 5 0,40 26,39 

c;; 3 5 0,94 -h- 12 5 0,32 21,91 

4 5 7,47 -II- I3 5 0,27 D,I4 

5 5 29,86 -li- 14 5 0,25 7,36 

6 5 36,52 _,.- 15 5 0,22 3,44 

7 5 16,33 ~ O,I 16 5 0,18 1,75 

8 5 4,52 "-'0,2 rz 5 0,15 1,05 

9 5 1,04 3,84 18-20 15 0,29 I,OJ 

ro 5 0,53 17,60 Ha lCOJIOHKe 0,51 2,II 

llpMWeqaHMe: c6op oT~en&HYX cppa.xual npoBOAHnCH nocne nponyclt8HHB cso6o~Horo o6~e~~a.. 
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0 2 4 6 8 10 
CHCl 

12 

PHc.1. 3aBHCHMOCTb noneli ancop6H~OB8HHOro UHpKOHHH H ra~HHH OT KOHUeH-

Tp8UHH COnHHOli KHCnOTbi. Y - UOnH 8UCOp6HpOB8HHOro MeTanna; 

C - KOHUeHTp8UHH consmoli KHCnOTbl B MOnb / n; 1 - UHpKOHHli, 2 -

ra~HHli; [Me] a 5·10-6; CHnHKBrenb No7. 
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KCM-6 
I {\ 
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0 2 4 

PHc.2. XpoMaTorpaMMbi 

Tax cHnHKareneA 

V - o6'beM 9n 

• 5·I0-6 M. 



10 
CHCl 

12 

~H H ra~HH H OT K OHUeH

!pOB 8HH Or o MeTanna ; 
I n ; 1 - UHpKOHH i! , 2 -

4 
A 

3 

2 

1 

0 

4 

3 

2 

1 

0 6 1 2 5 1 2 3 4 

~ 

PHc,2, XpoMaTorpaMMb! paaAeneHHH CMeCH uHpKOHHH H ra~HHH a a pa3 HbiX c op

Tax CHRHKarenei! B 11M HCI , A- OTHOCHTenbH8H paAH08KTHBHOC T b ; 

V - o6'beM 9RJ08Ta; LV a - cso60AHbii! o6'be M KonoHKH; [Me 1 = 
a 5·IQ-6M, 
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A I II s, 

2 1 14 n ~ 

0 20 40 

PHc,3. faMMa-cneKTpbl D& Zr If 
175•181ar 

ne MapKH KCK-2 B cpeAe 11M HCI 
aKTHBHOCTb; N - HOMep KaHana ; 
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~ 

l ~ I 

1 \ 1 

60 80 100 
N 

nocne paa)leneHHH Ha cHnHKare
A - OTHOCHTenbHaH paJlHQ-

• - UHpKOHHll , o - raqJHHi!., 

'+ Zr Hf 
n 

A - 3 

2 

1 

0 

J Zr Hf 

3 

2 

1 

d 

PHc .4. XpoM aTorpaMMbi 
ne KCK-2. 0 6oa J
Ta: a - 11,8M 
aanonHHnacb 0,4 
A - 9,6M HCI 
e - 9,2M HCI 



N 
100 

ocne paa)leneHHSI 11a cunuKare
A - OTHOCHTenbH851 p8JlHQ-

• - UHpKOHHil, o - ra<flHHJ!. 

4 

A3 

2 

1 

0 

Puc.4. 

6 

Zr H( Hf J.lf ~z, Hf Zr 

9 e 

Zr 

1 1 5 

XpoMaTorpaMMbi paaJleneHHSI cMecH uHpKOHHSI H ra<flHHSI Ha cunuKare
ne KCK-2. 06oaHa'!eHHSI CM. puc .2; [Me] a 5·10-6M; cocTaa amoeH-
Ta: a - 11,8M HCI , 6 ·- 7M HCI , a- 7M HCI (KonOHKa 
aanoni!Sinacb 0,4 r cunHKarenSI), r- 10,5M HCI + 10% CH 8 0H 
Jl - 9,6M HCI + 30% C!Js OH (ra<fli!Hll amoupoaanCSI 7M HCI ), 
e - 9,2M HCI + 30% CH8 OH • 
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6 
A r B.i" M HCI + 3096 CH,PH , .. 7M HCl 

5 -
15~u 9szr 

I II 
4 

3 

2 

1' 

1 ~I )I \ .J l " • I 

I ~I ,., ,I ·3, , .. . 
j a 1 2 3 4 5 6 7 

\f'v. 

PHc. 5 . X poMaTorp aMMa pa3aeneHHH CMecH eaponHH, UHpKOHHH H rarjlHHH Ha 
CHn HKar en e K C K - 2. 06o3HB'ieHHH CM . pH c .2 [ Zr , Hf] .. 5·10- 6 M; 
IOO Eu B 6e3HOCHTenbHOM COCTOHHHH . 

18 


