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8 HSCTOsmee epeMH QnH pemeHHH pgna HSY~Ho-TeXHH~eCKHX 38QS~ TpGoymTCB OCOOo 

~HCTblil HTTpHll H 8I"O C08QHH8HHH C COQ8plKSHH8M DpHM8Cell peQK03eMenbHbiX sneM8HTOB 

(p,3,s,) a, B nepey10 o~epen&, 6onee nerxax, ~eM ron&MHll (MeHbme 10-4'*J.. AHanH3 HTTPHH 

Ha 3TH DpHM8CH - 0/lHS H3 SKTyanbHbiX 3SQS~ SHSnHTH~eCKOil XHMHH p,3,9, 8 Ta6DHI.\~ 1 

DpHB81l8Hbl HMeiOmHeCB nHTepaTypHbl8 QSHHble 0 openellbBOll ~BCTBHT8/IbBOCTB npBMOI"O cm

penenGBBB .119KOTOpb1X DpBMecell p,3,S. B BTTpHH, 

Ta6naua 

'"iyBCTBHT9DbHOCTb DPHMOI"O 0Dp9Jl909HHH H9KOTOpbiX DpHMeCell p,3,S, B HTTpHH 

MeTOil 

8HSDH38 

OnTHKo

cneKTpan&Hblll 

niOMHH9CU9HT

Hbiil0 Ha TB9pllbiX 

KpHCTanno

¢Joc4lopax 

HeliTpoao

axTaeauaoHH&Ill, 

y -cnexTpanb

HbiA BSpHSHT 

Tb 

5·10-3% 

- 10-4% 

(3 -EI-10-5% 

Dy Gd Ho Eu 
naTepa

Typa 

r 1 -21-1o-3% u-2l'to-~ C1-21-1o-\ /1/ 

.. 10-4% .. 10-4% /2/ 

2·10-4% (2-4).10-ll, /8/ 

L!ns DOBblmeHHH ~BCTBHT9DbHOCTH 8HSDH38 HTTpHH HSMH HCCD91l0BSH8 B03MOlKHOCTb 

npellBSpHTeDbHOI"O BbiQeneBHB 0Dp81l9DH8Mb1X pellK039M8DbHbiX DpHMeCell M8TOJlOM SKCTpSK

UHOHHOi! XpOMSTOI"pa¢JHHo 3TOT MeTOQ 6bln ycnemHO HCDOOb30BSH QDH OTQ909HHH PSilHOSK

THBBbiX H30TODOB llHCDp03HH H 6onee Oef'KHX p,3,3, OT 2 I' sp6HH0 06ny~eHHOI"O DpOTOHS-
/4/ ' 

MH C SHeprHell 660 MsB , H llDH npeQBSPHT9DbHOI"O KOHU9HTpHpOBSHHH STHX 309M9HTOB 

/5/ 
DpH 8HSDH38 SpOHR BbiCOKOll ~HCTOTbl , npeHMYm9CTBOM M9T':>Jl8 3KCTp8KUHOHHOil XpOMS-

TOI"parjiHH 110 Cp8BH9HHIO C npHM9HHBmHMCH paaee HOH006MeHHbiM M9TOilOM KOHU9HTpHpOBSHHH 

8 



peAK03eMeJibHhiX npnMecea
161 

SIB/lSieTCSI XopowaSI BOCnpOH3BOAHMOCTbo He60/lbWaSI A/lHTe/lb-

HOCTb KOHUeHTpHpOBaHHSI H Bb!COKHJ! ojlaKTOp o6oraweHHSI npHMecel!. 

CywHOCTb MeToAa 3KCTpaKUHOHHol! xpoMaTorpa,Pnn coCTOHT B pacnpeAeneHHH paaAe

nSieMbiX 3/leMeHTOB M9>KAY HenOABH>KHOi! opraHH'IeCKOi! ojlaaoi!, ojlHKCHpOBaHHOil Ha HHepTHOM 

HOCHTene, H nOABH>KHOil BOAHOil ojlaaoil. HOCHTe/leM opraHH'I9CKOil !jla3bl MO>KeT C/lY>KHTb mo6oi! 

rHApoojlo.6Hblll MaTepnan c paasnTol! nosepxHOCTbiD. B Hamel! pa60Te ncnonbaosancSI rnApo-

ojlo6H3HpOBaHHblil AHMeTH/lAHX/lOpCH/laHOM ({CH 3 ):zSiCf 2J CH/lHKareJib Map OK K.CK N9 2 H N2 :.!,5. 

B Ka'!eCTBe 3KCTpareHTa 6hma Bbi6paHa An-(:.!-aTnnreKcnn) opToojlocojlopHaSI KHC/lOTa 
171 

(J.L23fci>K), A/lSI KOTOpoil cpeAHHil !jlaKTOp pa3AeneHHSI p.3o3o paBeH :.!,5 • Koa.p(jlHUH9HTbl 

pacnpeAe/leHHSI (K ) A/lSI 9TOrO 3KCTpareHTa paCTYT C yse/lH'IeHH9M aTOMHOrO HOMepa 3/19-
p 

MeHTa. HTTpHH aaHHMA8'1' MecTo Me>KAY Ho H Er • Kp HTTpHSI B 6M Hd < 1, 'ITO noaso-

nSieT npn HCnOnb30BaHHH HeoOnbWHX0 HO 06/laAaiD!IlHX BblCOKOil 9MKOCTbiD KOnOHOK CO 100% 

n:.!3r<~>K nocne Bb!MbiBaHHSI /lerKHX peAK03eMe/lbHblX npHMeCei! paa6asneHHOI! KHCnOTOH 

6b!CTpO yAa/lSITb H3 KOnOHKH HTTpHilo 

3KCUepnMeHTaJibHaSI 'laCTb 

nn-\2-3TH/l-reKCH/l) OpToojlocojlOpHyiD KHCIIOTY BbiAenSI/lH H3 CMeCH H300KTHnojloc~aTOB 
181 

H O'IH!Ila/IH no MeTOAHKe, npHBeAeHIIOH B pa60Te • 3KBHBaneHTHblll BeC nonyqeHHOrO 3KCTpa-

reHTa. - 324 XOpOWO COBnaAaeT C ero TeopeTH'IeCKHM 3Ha'leHH9M - 322. 

CnnnKarenb MapoK KCK Nc :.! H KCK N' :.!,5 ( 1 : 1) c pa3MepoM qacTHU 0,06-0,07 MM 

rHAp~06H3HpOBanH paCTBOpOM AHM9THnAHxnopCRnaHa B 'leTb!pexxnopHCTOM yrnepOA9 ( 1 : 4) • 

CycneHanro B Te'leHne 3-5 qacos KHnSITH/lH B Kon6e c o6paTHbiM xonoAH/lbHHKOM. Ha 100 r 

cnnnKarenSI 6pann 40 r AHMeTnnAnxnopcnnaHa. K BbiCyweHHOMY cnnnKarenro npn T!llaTenb

HOM nepeMeWHBAHHH A06aBnSinH n23fci>K H3 pac'!eTa 0, 75 Mn Ha I r HOCHTenSI. nocne npo-

nHTKH cop6eHT OCTaBanCSI CYXHM, nopOWK006pa3HbiM. nnSI CMa'IHBaHHSI Cop6eHTa BO!lHblM 

pacTsopoM KncnoTbi nponnTaHHblll 3KCTpareHTOM cnnnKarenb aannsann 0,1 N HCf , npn 

nepeM9WHBaHHH HarpeBanH AO 70-80°C H OT!l9nSinH OT COBepweHHO H9CMa'IHBa9MblX 'ISCTHU 

~8HTpHojlyrnpoBaHReM. 0CSAOK B BHA9 cycneH3HH noMewanH B KOn6y H B T9'19HH9 CyTOK 

BbiAep>Knsann npn noHn>KeHHOM AasneHHII ( 10-15 MM pTyTHoro cTon6a) c uenbro yAaneHHSI 

B03Ayxa us nop cop6eHTa. nocne aarpyaKn cop6eHTa s KO/lOHKy, onncaHne KOTopoil AaHo 

HH>Ke, ero npoMbiBann 10 n 6 M H Cf H I n 0,1 M HCf 

ConSIHYID KncnOTy MapKH "x.q. •, KoTopyro ncnonb3osann AnSI npoMbiBKH cop6eHTa 

n B Ka'leCTBe anroeHTa, AononHHTenbHO oqnwann neperoHKoil. MeTOAHKY OTpa6aThiBann ua 

cnexTpanbHo- 'IHCTbiX o6paauax HTTpHSI. Coaep>KaHne HTTPHH s amoaTe onpeAenHnH cneKTpo

~oToMeTpH'IeCKII c peaKTHBOM apceHaao- III 
/9/ 

4 

B Ka'leCTBe pa!lHOaKTHBHhiX HHAHKaTopoB p.a.s. ncnonbaosann aei!Tpoaoae.PnunTHbJe 

H30TOnbl rOJibMHSI, AHCnpo3HSI H Tep6HSI. CoAep>KaHHe paAH03neMeHTOB onp9A9/lHnH no HHTeH-

CHBHOCTH y -H3/IY'I9HHSI. 

OnTHMaJibHbie ycnoBHSI paaaeneHHSI Bhi6npann na ocaosaHHH nMerownxcs aaHHbiX o paa

AeneHHH ap6HSI H MHKpOKonn'leCTB p.a.a. u npeasapnTeJibHhiX onhiTOB c HTTpneM. Bhlno ycTa

uosneHo, 'ITO anSI Bbi!leneHHSI KOHUeHTpaTa npnMeceil, coAep>Kamero 6onee 50% roJibMHSI 8 

CBbiWe 90% 6onee nerKHX p.a.a., aarpy3Ka KonoHKH HTTpHeM He aon>KHa npeBbiWaTb 10%. 

YcnoBHH Bh!aeneHHH peaKo3eMenbHbiX npnMeceA H3 I r HTTPHSI 6binH Bhi6paHbl cneAyro-

WHMH: 

AHaMeTp KOnOHKH - 50 MM0 Bb!COTa CnOSI cop6eHTa - 450 MM0 

KOnH'I9CTBO CHnHKarenSI - 325 r, 

KOnH'IQCTBO n23fci>K - 256 Mn, 

pa6o'!aSI TeMnepaTypa - 40°C, 

anroeHT AnSI npuMecel! p.a.a. - :.!,5 N Hd, 
2 

CKOpOCTb aniDHpOBAHHSI - 0,8 Mn/CM MHH. 

Cop6eHT aaHnMaeT B KOnOHKe o6'heM 880 Mn. Cso6oAHbiA o6'beM KonoHKH - 400 Mn. EMKOCTb 

cop6eHTa - 0,9 Mr-3KB/ Mn. 

CxeMa ycTaHOBKH AnSI OTAeneHHSI npnMecel! p.a.a. OT HTTpHSI npeacTasneHa Ha puc. 1. 

0CHOBHOil '!aCTbiD ycTaHOBKH SIBnSI9TCSI CTeKnSIHHaSI KOnOHKa ( 1) AHSMeTpOM 50 B BbiCOTOB 

800 MM
0 

BCTasneHHSSI npH nOMOWH pe3HHOBblX ynnOTH9HHil B CTeKnBHHYID HarpeBaTanbayiD 

py6aWKY • 8 HII>KHIDID 'ISCTb KOnOHKH BnaSIH KpynHOjlOpHCTbiJ! CT9KnBHHblil ojlHnbTp ( 7) 0 

xopowo yAep>Knsarownil cnnnKareJib n He coaaaromnil aaMeTHoro conpOTnsneHHSI nOToKy >KHA

KOCTH. Csepxy cnnnKarenb aaKphiT nep!jlopnposaHHbiM nonnsnHuxnopnAHhiM !lHCKOM (9) c AHa-
r 

M&TpoM OTBepcTnil - I MM. 3To npeAOTBpawaeT B3MY'IHBaHne cop6eHTa npn noaaqe paCTs 

pos. KonoHKa aaKpbiBaeTCSI npnTepToH npo6Koil c 3 BBOAaMn. PacTsop, coaeplKlllllBA p.a.a., 

noAaeTCSI B KOnOHKY us cocyaa (5) npn noMOWH paapeJKeHHII, coaaasaeMoro BOAOCTpyi!HbiM 

HSCOCOM. 3nroeHT nocTynaeT H3 COCYAa (4) nO!l AAB/leHHQM 0,2-0,3 aTM, C03!lSBa9MbiM 

aaOTOM us 6annoHa. nepeA nonaaaHneM B KonoHKY anroeHT npoxoaHT qepea Tennoo6MeHHHK 

(3). 8hlXO!lBUlHil 83 KO/IOHKH paCTBOp qepe3 C'I9T'IHK Kanenb (tJ) nOCTynaeT B KBapU9BbiB 

ucnapnTenb (8). KonoHKa (1) H Tennoo6MeHHHK (3) HarpesaroTCSI AO 40°C TepMOCTaTnpo

saHHOi! soaoi!. YnpasneHne ycTaHOBKOil ocywecTB/lSieTCSI cncTeMoil KpaHOB I- VII 

Koll1leHTpHposaaBe npnMeceA n~osoannn cneAyiDlllHM o6paaoM: 1,3 r OKHCH HTTpHSI 

paCTBOpSinH B 5-6 Mn KOHUeHTpHpOBaHHOH CO/lSIHOil KHCnOTbl. PaCTBOp ynapBBanH DO'ITB 

Harpesanu AO 60-70°C n nponycxanB qepea Aocyxa, paa6asnSinH 30 Mn 0,1 N HCf 

npeABApHTe/lbHO HarpeTyiD AO 40° C KO/IOHKY 
2 

CO CKOpOCTbiD 0,8 Mn/CM MHHo 3oHa aacop6UHH 

COOTBeTCTByeT 5% 3arpy3 Ke KOnOHKH, 'ITO YJt83b!BlleT Ha o6pa30BAHHe B BepXHei! 'ISCTH 

KOnOHKH HOpManbHOil conn HTTpHSI Y (n23fci>K)
3

• 
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Q6'beM anJ08T8 H3MepSUIH npH nOMOIUH C'leT'IHK8 K&nenb ( V K8nTIH = 0,05 Mn)., npa-

:.! 
MeCH p,a.a. amoaposana, K8K yK83biB8TIOCb Bbiwe, :.!,5 M Hct co CKOpOCTbiO 0,8 MnlcM MHH. 

nepBbie 400 MTI 3TII08T8 (cao6oAHblll 06'beM) OTI5p8CbiB81lH, nocneAyiDWHe 2100 MTI nocTynanH 

B acnapaTeTib, B KOTOpOM CKOpOCTb ynapHB8HHH yCT8H8BTIHB8TIH p8BHOll CKOpOCTH 3TIIOHpOB8-

HHllo .[lanee 31li08T C06Hpana qJp8KUHHMH no 10 MTI, B KOTOpbiX K8'1eCTB9HHO no pe8KUHH 

c apceaaao- III o6aapyiHHBana aa'lano BbiXOJla HTTpHH. He COJleplKamae HT'l'paA <jlpaKUHH 

llOfiBBilllllH K KOHUeHTpaTy pe)lK03eMeTibHbiX npauecell H BCe ynapHB8TIH JlO 20 un, 0cT8B

WHiiCll B KOTIOHKe HTTpHA H npaMeCH TSilKeTibiX p,a,a, BbiMbiB8TIH 6N HCf (3-4 CB060JlHbiX 

o6'beMa), nocne qero KOTIOHKY npOMbiB8TIH 0,1N HCf (1-2 CB060JlHbiX 06'beMa), 

BbiAeneaae KoaueaTpaTa peJlK03eMenbHbiX npaueceA aa I r HTTpHH aaaauaeT <1 'laca. 

U6wee speMll, He06XOilHMOe llTIH KOHUeHTpHpOB8HH>I npHMeCel! H nOJlrOTOBKH KOilOHKH K cne

llYIOWeMy OnbiTY, COCTaBTIHeT 6 '18COB, CyiUeCTBeHHbiH BKTI8Jl B COKpameHHe BpeMeHH 

9KCnepHMeHT8 BHOCHT C5biCTpOJlellCTB)'IOIUHA HCnapHTeTib, n03B01lHIOIUHll K KOHUy 9TIIOHpOB8HHH 

HMeTb KOHUeHTpaT B M8TIOM 06'beMe paCTBOpa ( :.!0 MTI), 0JlHOBpeMeHHO pereaepHpyeTCH 

COTiliH8ll KHCilOTa, paCXOil KOTOpoA JlOCTHraeT 5 n (6 N.Hcf ) Ha OJlHO paa)leneHHe, 

0pH onTHKD-CneKTp8nbHOM OKOH'IBHHH 8H8TIH38 B ynapeHHblll 3nl04T0 COJleplKBIUHll 

pellK03eM911bHble npHMeCH, BHOCHTIH B K8'1eCTBe COOC81lHTeTIH 20 Mr OKHCH HTTpHH. 06bi'IHO 

HCnOilb30B81lH 8H81lH3HpyeMyiO OKHCb, PaCTBOp ynapHB8TIH nO'ITH JlOCyXa H paCTBOpHTIH B Bo

lle. PeAK03eMeTibHbie npHMeCH COOC8lKJl8TIH C HTTpHeM B BHJle OKC8TI8TOB0 KOTOpbl9 npOK8-

IlHB8TIH llO o6pa30B8HHH OKHCH, 0KHCb HTTpHH CMeWHBATIH CO CneKTp8nbHD-'IHCTbiM yronb

Hb!M nopowKOM ( 1 : I} H 15 Mr cMeca aarpylKanH B KpaTep aHoAa. <I>OTorpa<jlaposaaae cneKT

pos npOBOilHTIH aa cneKTporpa!pe .ll<I>C-13 c peweTKOfl 1200 wTp/uM. Bpeua aKcno3HUHH - JlO 

nona oro acnapeHHH MaTepaana ( !50 ceK). Ha OllHY <jloTonnacTBHKY !pOTorpaqJHposana no 

ABa cneKTpa K&lKJlOil npo6bi H no JlBa cneKTpa K8lKJlOro aTanoaa, Bcero acnonbaosana 

IIHTb 9T81lOHOB OKHCH HTTpHH C COAeplKBHHeM onpeJlenHeMblX aneMeHTOB OT 5•10-
4 

% JlO 

-2 
I •10 %. B nony'leHHbiX cneKTporpauuax <jloTOMeTpHpoBana aaanHTH'IeCKHe nHHHH onpenenae-

MbiX 9neMeHTOB ( Ho -3398,98 ~ , Dy - 3~93,58 ~ ; Tb -3324,40 ~ ; Gd - 3350,48 ~ ) 

H <jloa s6naaa 9THX TIHHHfl, Onpeneneawe aeaasecTHbiX KOHUeHTpauall npoaasonanH no rpaJlyH-

POBO'IHb!M rpa!pHK8M 0 Bblp8lK8101UHM 38BHCHMOCTb p83HOCTH nO'IepH9HHH TIHHHil H qJOH8 

(SA - S <jl) OT norapH!pM8 KOHUeHTp8UHH, 

B cnyqae aKTHBauaoaaoro OKOH'I&HHH aaanaaa o6ny'leHHblll TennOBbiMH aeATpoHaMH 

KOHUeHTpaT npHMeceA p.3,9, P83JlellHTIH H8 MHKpOXpOM8TOrpaqJH'I9CKOil KOTIOHKe, HCnOnb3YH 

110/ 
rpaAneHTHoe aniOHposaane a -OKCHHao6yTnpaToM aMMOHHH , Cxeua acnOnbayeuoll 

YCTBHOBKH nOK838H8 Ha puc. 2, KoTIOHK8 ( 1) JlH&MeTpOM 2 MM H Bli!COTOH 100-110 MM 

aanonaeaa cMonoil Dowex 50x8 B 
+ 

NH 4 - <jlOpMe C pa3MepoM aepeH 20-25 MHKpOH, 

Tpa nocneAoBaTenbHO coeJlaHeHHbiX cocyna V 
1 

, v
2 

, V 
3 

cnylKaT ATIH nony'leHHH aanaa

aoro H3MeHeHHH KOHUeHTp8UHH 9TIIOeHT8, llepeMeliiHB8HHe p8CTBOp8 B COCYJl8X V l H V 
2 

6 

~ 

ocymeCTBTIH9TCH aneKTpOMarHHTHOH HMDyTibCHOA M91U8TIKOA, COCTOKIUell H3 K8T)'IU9K (~) 

H aan&HHHbiX B nOTIHSTHTieH lK8TI93HblX CepJl9'1HHKOB (2), 'iT06bl CB9CTH K MHHHNyM)' 

"MepTBbiA o6'beu• KOTIOHKH, KOTOpblfl MOlK8T Bbl3B8Tb HapyweHH8 38A8HHOrO H3MeHeHHS! 

KOHueHTpauHH aniOeHTa, pacTsop nonaeTCS! no TOHKPMY mnaary; ropnblm:.:o KOAOHKH aanon-

HeHo TeqJAOHOBbiM B8TIHKOM (4), 3anonHeHHe COCYJl8 V2 paCTBOpOM npoH3BOJlHTCH 'lepea 

BBOJl (5),.CKOpOCTb Sll10HpOB8HHH perynHpyeTCH Jl8BileHHeM, Jlna npHrOTOBileHHll paCTBOpOB 

aniDeHTa acllom.30BAJUI 2 M pacTsop a -oKcaaao6yTHpaTa auuoHHH c pH •4,75. 

B peayllbTaTe uonenbHbiX paa)leneaall CMecefl MHKPOKOAH'IeCTB p,a,a, (OT Ho JlO La ), 

COJl9PlKBIIlHX p8JlH08KTHBHbl9 H30TOnbl0 6binH H8AJleHbl Cll9JlYIOIIlHe OnTHM8TibHble yCTIOBHH 

p83JleTI9HHH: V 1•5 un, V2 • 6 Mn, C 1= 0,13M, Cf'0,19M, C3•1,5M, CKOpOCTb 91liOH-

pOB8HHH 1 KannH (v =0,03 un) aa 40-50 ceK, 

npoWeAWHA qepea 9KCTp8KUHOHH)'IO KOTIOHK)' p8CTBOp COJlep.HT 1-2 ur/n KpeMHHe

BOfl KHCilOTbl, noaTOMY npH HeATpallH38UHH 8MMH8KOM 91li08T8 0 ynapeHHoro JlO 20 MTI, 

Bblfi8Jl89T OC8Jl0K Si0 2 • n H 20 , H8 KOTOpOM KOTIH'IeCTBeHHO 8ACOp6HpyiOTCH peJlK03eMellb• 

Hbl9 npHM9CH, nony'leHHblfl OC8Jl0K OTqJHTibTpOBbiB8TIH qepe3 CT9KTIHHHb!A rHJlpO<jl06H3HpOB8H

Hblfl AHM9THTIIlHXpOCHTI8HOM qJHTibTp N9 2, npOMblB8TIH BOilOA H p,3,3, Aecop6Hp0B8TIH 1 H HCf 

( 1-2 MTI), 5% 9TOrO p8CTBOp8 ynapHB81lH B :I:MpueBOM 6IOKCe, YJI4KOBbiB8nH B IIOIIIISTBneHOBYJO 

13 2 ' 
nneHKY H o6nyqanH B Te'leHHe 20 '18COB B nOTOKe TennOBblX HeiiTpOHOB 1'10 H / CM CeK, 

nocne o6nyqeaaa coJleplKHMoe 6IOKca pacTsopsma s 3-4 un 0,1 M Hcf a p.a.a, cop6Hposa-

na 15-20 ur cynbqJOK8THOHHTa, Cuony npOMbiB&nH 5 un 0,15 M NH 4 Cf , EOIXOA H nepeao

canH B KOTIOHKy, 3aTeM npOBOilHTIH rpaAHeHTHOe an10Bp0B8HH9 p,3,9, <l -OKCHH306yTHp8TOM 

&MMOHHH, AKTHBHOCTb Kanenb H3MepSUIH aa Topuosou C'leT'IHKe, 11AeHTH!pHKauHID p,a,a, npo

BOilHTIH no MeCTy Bb!Mb!B8HHH H8 OCHOB8HHH K8TIH6pOBO'IHoH KpHBOA H llOllOTIHHTeTibHO nOJl

TB9plKil8TIH no nepHOJl8M nonypacnaAa H30TOnOB H nornomeHHIO {J -HanyqeHHHi B 8TIIOMHHH9-

Bb!X qJHTibTp8X, 

KonH'IeCTBeHHOe coAeplKaHHe aneueHTOB onpeAenSIJIH cpasaeaaeu c aKTHBHOCTbiO 

H30Tonoa, BbiAeneHHbiX H3 aTanoaaoA cuecH, KOTopyiD o6nyqanH H paaJlenanH B HJleHTH'IHbiX 

ycnOBHHX, 

PeaynbT8Tbi H o6cylKAeHHe 

Jlna onpeneneHHH KpHBblX Bb!Mb!B8HHH HTTpHH H peAK03eMeTibHblX npHMeCell, 8 TBKlKe 

BOCnpOH3BOilHMOCTH Onb!TOB H8 3KCTp8KUHOHHO-XpOM8TOrpaqJH'I9CKOH KOTIOHK9 6binH npOB91le

Hbl MOil9TibHbie pa3AeneHHH CneKTp8TibHO-'IHCTOrO HTTpHH B MHKpOKOTIH'IeCTB p,3,9, Me'leHblX 

paAH08KTHBHblMH H30TonaMH Tb , Dy H Ho 

H H8 PHC, 3. 

.• 

, PeaynbTaTbi npencTasneHbl s Ta6naue 2 
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Ta6nHua 2 

BocnpOH3BOf!HMOCTb MeeTs BhJMbiBSHHSI H3 KOJJOHKH. npHMecell p,a,a, H HTTpHSI 

06'beM 9nJ08T8 B MJI JlO BblXOJl8 

n!!K~ j!:!j8MeHTQB 

Tb Dy Ho 

942 1713 2300 

894 1760 2240 

1800 

2690 

2750 

2662 

2688 

06'beM 9JJI08T8 B MJI JlO Haqana 

BbiMbiBSHHSI HTTPHSI 

2720 

2690 

2690 

2560 

2690 

2699 

Yfa KpHBblX 9nJOHpOB8HHSI BHJlH01 qTO Tep6Hll H JlHCnp03HII npSKTHqeCKH nOJJHOCTbiO 

( > 90%) BbiMbiBSIOTCSI H3 KOJIOHKH JlO nogsneHHSI HTTpHS11 8 rOnhMHil TOJibKO H8 55±.5%, 

CouepJKBHHe HTTpHSI B KOHUeHTpaTe npBMeceil, onpeueneHHoe aKTHBSUHOHHhiM MeTOJlOM, He 

5 
npeBbliii8JJO 10 MKr, 3TO COOTB8TCTByeT 06oraweHBIO np8Meceil B IQ p83, 

0 0 cneKTP!inbHo-XpOMSTOrpa!pBqecKOA M8TOJlBKe 6htnB npoaH8JIB3HpOB8Hhl Jl8B51Th 

o6pa3UOB OKHCB HTTpHSI H8 COJlepJKaHHe raUMHHHSI1 Tep6HSI1 JlHCnp03HSI H rMbMHH ( T86JJH

U8 3), KpoMe Toro 6btnH npoaeAeHhl aaanHahl qeTbrpex o6paauoa HTTPHSI c uo6aBKBMH, 

Llo6aBKH BBOJlHJIH B paCTBOp HTTpBH1 KOTOpbiii nepeu aTHN 6bJJJ JlBB)I{JlbJ oqHWeH OT ronh

MHSI H 6onee nerKHX p.a.a, HB 9KCTp8KUHOHHo-XpOMBTOrpa~HqecKOII KOJIOHKe (Ta6JJHU8 4), 

B qeTblpex o6paauax COJ1epJKaHHe naHTSHa, uepHR, npaaeouHMB, caMapHR, esponHH, 

rSJlMHHHSI H Tep6HH onpeueJJHnH no 8KTBB8QHOHHo-XpOM8TOrpa!pHqeCKOH MeTOJlHKe (Ta6nH

UB ~.Cl!e.QyeT 38MeTHTb 1 qTo KMHqeCTBeHHOO onpeueneHHe C0)1epJKaHHSI aneMeHTOB B KOH

neHTpBTBX npOB0)1HJIH napanneJJbHO OnTHKQ-CneKTpBJJbHbiM H B811'l'p011Ho-8JtTBBBilBOHHbiM 

MeTOJlOM1 npHqeM np06bJ nepeJlSBBJIH B 38Dlii4JpOB8HHOM BB)le, 

'iyBCTBHT8JibHOCTb cneKTpBJJbHOrO onpeJl8JJ8HHSI 9JieM8HTOB1 BbiJl8JJ8HHbiX H3 J r 

HTTpHH7H HeiiTpOHIIQ-8KTHB8UHOHHOrO npH HCnOnb30B8HBH l/20 qaCTH KOHUeHTp8T8 npHB8Jle

H8 B Ta6naue 5, 

ToqaocTb onpeueneHHSI aneMeHTOB OT La uoDy no cneKTpanbHo-xpoMaTorpaq~HqecKoA 

MeTOJlHKe paaaa ToqaoCTH np>~Moro cneKTpBJJbHoro aaanHaa, OpeuaapHTefibHoe aKCTpaKUH

oaao-xpoMaTorpa~HqecKoe KOHUeHTpHpOBBHHe npHMeCeH p,a,a, JlOnOJJHHTefibHbiX OWH60K He 

BHOCHT. 

Koa!p!pHUHeHT sapHSUHH, BbJqHcneHHbJB no peaynbTSTSM aaanHaa WH~poaaHHhJX npo6 

C Jl068BK8MH1 paBeH 19%, 

8 

Ta6nHua 3 

PeaynbTBTbJ cneKTpaJJbHO-xpoMaTorpa~HqecKoro H aKTHBBUHOHHo-xpoMaTorpa~HqecKoro 

8H8JIH38 npo6 OKHCH HTTpHH 

N!N' 
CouepJKBHHe npHMeceA I0-4% 

npo6 La
2

o
3 

Ceo
2 

Pr
6 

0
11 

sm 
2 

o
3 

Eu
2

o
3 

Gd 2o 
3 

Tb4 o7 Dy20 3 Ho 
2

o
3 

? 
A A A A A A c A c c c 

5 15 0,2 I 0,2 30 34 8 3,5 6 50 

2 0,24 0,7 0,12 0,35 0,15 2 1,3 0,2 <I 0,5 < 0':4 

3 1,1 0,7 o,::s 6,5 1,1 10 10 0,7 < 1 0,4 < 0,4 

4 0,5 0,5 0,14 0,3 0,13 2 2,2 ~ 0,3 < 2 0,9 <) 

5 < 0,2 < 1 <0,2 <0,4 

6 < 0,2 <I < 0,2 <0,4 

7 < 0,2 <I < 0,2 <0,4 

8 < 0,2 <1 <0,2 <0,4 

9 0,25 <) 1,2 <0,5 

flpHMeqaHHe: A - BKTHBBUHOHHO- XpOMBTOrpa~HqecKHII 8HBJJH3 1 C - cneKTp8JJbHo-XpOM8TOrpa• 

~HqeCKHH aaanHa. 3HaK < oaaaqaeT, qTo npHMeCb He o6aapyJKeHa. PaaHbJe 

3HaqeHHH qyBCTBHTeJJbHOCTH o6'bSICHSIJOTCSI p83JJHqHbiMH HCXOJlHbiMH H8BeCK8MH: 

H3-38 HeJlOCT8TK8 npo6 qHCTOrO HTTPHSI Mbl B HeKOTOpb!X cnyqagx npOBOJlHJIH 

Onb!Tbl C H8BeCK8MH MeHee I r, 

Ta6nHua 4 
t' 

PeaynbTSTbJ cneKTpanbHo-xpoMaTorpa~HqecKoro aaanHaa no onhrTaM c uo6aaKaMH 

------------------------------~---------------------10-4% 

N'N' 
npo6 

2 

3 

4 

Gd 203 

Llo6aan, Hallueao 

1,0 0,95 

0,7 0,90 

1,0 1,4 

2,0 2,1 

OpHMeCH 

Tb407 

Llo6aan, HaRueao 

1,0 1,1 

0,7 0,9 

1,0 0,95 

- -

9 

Dy2 03 Ho2 0 3 

Llo6aan, Hallueao Llo6aan. Hailaeao 

1,0 0,87 1,0 0,8 

0,7 0,9 0,7 U,8 

1,0 1,1 1,0 1,1 

2,0 1,8 2,0 1,8 



Ta6naua 5 

'iyBCTBHT91lb~OCTh onpeAeneHHSI peAK03eMe1lbHblX aneMeHTOB B 1 r HTTpHSI C npet~Ba-
pHTenhHhlM KOHU9HTpHpOB8HH9M npHM9CeA (BeCOBbl9 %) 

--
p.3.s. 

1 La Ce Pr Nd 
AHartaa 

0DTHK0CD9KTpa1lb- 2 ( 1-2) '10-5 ( 1-2) .10-
4 {1-2)•10-4 5·10-5 

Hoe OKOH'IaHHe --
HeATpOHo-axTHBaUHoH-

( 1-2)110-7 8.10-6 ( 1-2)~10-7 HOe OKOH'IaHHe 8 

Srn Eu Gd Tb Dy Ho 

2 5·10-5 8·10-5 ( 1-2)·10-5 8·10-5 ( 1-2)·10-5 4•10-5 

8 (1-2) ·to-7 1·10-8 (1-2) ·10-6 (1-2Ho-e 

BWBOAhl 

1. Paapa60TaHa annapaTYpa H MeTOAHKH KOM6HHHpOB8HHOro aHanaaa oco6o'IHCThlX 

o6pa3UOB HTTPHSI Ha COAeplKaHHe DpHMeceA p.3,9, OT naHTaHa AO ronhMHSI, 

2. npeABapHT91lbHOe BblAen~HHe CyMMbl onpet~enHeMbiX npHMeceA AnSI nocneAyiOJUero 

cnexTpanhHoro aaansaa o6ecne'IHBaeT noewmeuae 'IYBCTBHTenhHOCTH B 50-100 paa. 
~ 

.8. HeATpoaHaH axTHBanHH KOHU6HTp8T8 peAK03eMenhHhlX npHMeceA c nocneAYIOJUHM 

HX p83):1eneHH6M Ha HOH006MeHHOA KOnOHKe D03BonSieT DOBhlCHTh 'IYBCTBHTenbHOCTh onpeAe-
2 4 

neHHH 60nhlUHHCTBa aneMeHTOB B 10 -10 p83, 

4, no paapa60T8HBhlM MeTOAHKaM npoeeAeH aHanH3 9 npo6 'IHCTOA OKHCH HTTPHSI, 

B KOTophlX npHMbiM CDeKTpllnhHbiM aHanH30M DpHM9CH He 6WnH 06HapylKeBw, nonyqeHO 

YAOBneTBopHT61lbHOe COBDa~eHae CD6KTp&nbHo-XpOMaTorpa~H'I6CKOrO H aKTHB8UHOHHo-xpOM8-

TOrpa~H'I6CKOro auansaa. 

aocToeepHOCTh peaynhTaTOB CD9KTp8nhHo-xpOM8TOrpa~H'I6CKOrO aHanH38 DOATBeplKAe

Ha onpeAeneHHeM p,3.9o B ODbiTaX C A06aBKaMH. 
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PHc. I. CxeMa 3KCTpaKUHOHHo-xpoMaTorpa$HqecKoA KonoHKH anH pa3aeneHHH 

1 r HTTpHH H MHKpOKOnHqecTB rOilhMHH H 6onee nerKHX p.3.3o 

(nOHCH9HHH B T9KCTe). 

12 

PHc. 2. CxeMa MHKpoxpoMaTorpa$HqecKoA KonoHKH anH pa3aeneHHH 

p.3.3o 1 BbiAeneHHblX H3 HTTpHH (nOHCH9HHH B TeKCTe). 
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Pac. 3. Kpaable BbiMbiBSHHll 1 r Y H MHKPOKO.JlH'IeCTB p.a.a., coAepJKamux paAHoaKTHBHbre uaOTonhr 
Ho , Dy H Tb aa 3KCTpaKUHOHHo-xpoM8Torpa<jlH'IecKoli KO.JJOHKe. KonOHKo!i 50 MM x 450 MM. 

N9KCTpareHT - AH-(2 3TH.JJ-reKCH.Il) OpTO<jlOC<jJOpH8ll KHC.JJOTa; HOCHTe.Jlb 3KCTpareHT8 - rHApo

<jlo6H3HpOB8HHblH canuKarenb; anroeHT - 2,5 II Hd ; t"- 40" c . 
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