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BbiJJeneHHe penKoseMenbHbiX aneMeHTOB { p.s. a.) 6es HOCHTemi H3 pen-

K03eMellbHbiX MHWeHeif, o6ny'leHHbiX UpOTOH8MH BbiCOKOif aHeprHH, SIBllSieTCSI 

onHoi!: Hs H8H6onee TPYJlHbiX xpoM8Torp8tfmqecKHX MeToJJHK. T8K KaK o6bi'IHbii!: 

K8THOHHhlA o6MeH H 9KCTp8KUHOHH8SI XpOM8TOrp8~HSI He IT03BOllSIIDT peWHTb 

ITOCT8Bl.leHHyro 38Jla'l{y, TO 6i:.m paspa60T8H MeTOJl, OCHOBaHHbli!: H8 8HHOH006MeH

HOH 8JlCOp6UHH p.s.a. H3 BOJlHO-MeTaHOllbHbiX P8CTBOpOB HHTp8TOB/ 1-5/ • OTOT 

_MeTOJl ycneWHO HCITOllb30B8llCSI TBK*e JlllSI O'IHCTKH H 8H8llH38 aneMeH

TOB uepHeBOH nonrpyniTbl { o6p83UOB H MHWeHeif)/6, 7 I. P8aJleneHHe CYMMbl 

p.s.a., BbiJ]eneHHbiX H3 MHWeHH, - 38)]8'18 HeCllO*H8SI H MO*eT 6biTb BbiiTOll

HeHa 06bi'IHbiMH MeTOL18MH K8THOHHOro 06MeH8/8,9/ • 

OKCnepHMeHT8llbH8SI '18CTb 

M8TepH8llbi 

B 9KCITepHMeHT8X HCITOllb30BallH XHMH'IeCKH 'IHCTbie pe8KTHBble 0KHCH 

peJJK03eMellbHbiX aneMeHTOB O'IHW8llH T8K 1 K8K OITHC8HO B p860Te/ 6/ • nnSI 

OTJJeneHHSI MHKpoKOllH'IeCTB PeJlK03eMellbHbiX UpOJlYKTOB SIJ]epHbiX pe8KUHH 

OT M8TepH8ll8 MHllieHH HCITOllb30B8llH KOllOHKy, CXeM8THqecKH H306pa*eHHyro 

H8 pHC. 1, 38ITOllHeHHYID 8HHOHHTOM n8Y9KC 1 X 8 { 1,5 CM2 X 25 CM1 400 Mew, 

NO a - cbooM8. cso6oLIHbiif o6'beM - 15 Mn). 

Bhl6op onTHManbHhiX ycnosHi!: JlllSI 8HHOHoo6MeHHbiX p83JleneHHH H KanH6-

poBKY KOllOHKH ocymecTBllSillH K8K B p86oTe/ 6/. K8nH6poBO'IHbie KpHBbie, 

ITOK838HHbie H8 pHCo 2, 6blllH ITpHMeHeHbl JlllSI onpeJJeneHHSI KOllH'IeCTBa 9lliD

eHT8, He06XOJlHMOrO JlllSI ITOllHOro BbiMhlB8HHSI M8TepH8ll8 MHllieHH H JlllSI OIT

peneneHHSI BbiXOJl8 OTJ]ellSieMbiX npOJlYKTOB. 
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PHc, 1. XpoMaTorpacjmqecKasr KonoHKa. 1 - aneKTpoMarHHTHbill KpaH; 2 -
, CMOIIbi; 3 - o6orpeBH8SI py68111K8; 4 - IIOIIH9THIIeHOBbiJl IIIIIBHI'; 5 

HOMeTp; 6 - IIOIIIIBBOK; 7 - peaepayap, 
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PHc. 2. 

8 '16 
l.fUC/10 

KanH6poaoqaaB KpHBaB anB aHHOHoo6MeHHoll KonoHKH. C· 
14 MM X 250 MM JlayaKC 1 X 8 ( 200 - 400 MeW, Hl!Tpa 
noToK amoeaTa: 2,5 MnlcM2 MHH. TeMrrepaTypa: 50°C. 

a - 300 Mr Gda 0 8 MHKpOIIpHM8CII Eu, Sm Pm H amoeHT: 

- 0,01M HN0 8 - 0,3M NH 4 N0 8 
B - 300 Mr Nda 0 8 MHKpOIIpi!M8CII Pr H Ce • 8moeHT: 70 

- O,OIM HN0 8 - 0,4M NH4 N0 8 • 
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poMaTorpa¢11'IecKa>I KonoHKa. I - aneKTpOMarHHTHbill KpaH; 2 - cTon6 
Monh!; 3 - o6orpeBHBSI py6a!l1Ka; 4 - nonH9THneHOBbil! 111naHr; 5 - Ma

MeTp; 6 - nonnaBoK; 7 - pe3epByap. 
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l.fUC/10 <PPOKI.(UU 

PHC. 2, KanH6pOBO'IH8SI KpHBB_SI AilS! 8HHOH006MeHHOll KOIIOHKH, CTon6 CMOIIbi: 

14 MM X 250 MM llay9KC 1 X 8 ( 200 - 400 Melli, HHTp8TH8SI tjlopMa) • 

DoTOK amoeaTa: 2,5 MnlcM2 MHH. TeMrrepaTypa: 50°C. 
a - 300 Mr Gd2 0 8 MHKporrpHM6CH Eu, Sm Pm H 9III06HT: 80%CH8 OH -
- 0,0 1M HNO 8 - 0,3M NH 4 NO 8 
B - 300 Mr Nd 2 0 8 MHKporrpHMeCH Pr H Ce . 3nJOeHT: 70% CH! OH -
- O,OlM HN0

8 
- 0,4M NH4 N0 8 • 
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npHrOTOBneHHe H o6nyqeH~e MHWeHH 

QquweHHhle OKHCH rrpeccoaanu non nasneaueM Io4 Kr/cM2 a aune rrnacTH

HOK paaMepoM 7,5 x 12,5 MM2. nonyqeHHhie rrnacTHHKH aecoM 300 Mr HMenu 

TOnwHHY OKOnO 0,5 MM H 6binH pOBHhlMH 0 6neCTSIWHMH H nocTaToqHo MeX8HHqeCKH 

rrpoqHbiMH. 

MeTannuqeCKHe MHWeHH rOTOBHnH H3 rrnaCTHHOK TOnll{HHOH 0,3 -0,5 MM
1 

rronyqeHHbiX rryTeM rrpOK8TKH H8 B8nK8Xo Bee MHWeHH COCTaBnHn • 260 Mr. 

06paauhi yKpennSinH na nepJKaTene MHweau c noMom&IO TaHTalloaoA unu Men

BoA lf>on&ru H o6nyqallH npoTOHaMH c aneprueA 680 Mas aa aHyTpenneM 

rryqKe CHHXPOUHKnoTpOHa C HHTeHCHBHOCTb~ TOK8 OKOnO 2 MKa. BceMSI o6nv

qeHHSI aap&Hpoaanoc& oT 10 MHH no 10 qacoa B aaaHCHMocTR oT nepuona 

nonypacrrana nonyqaeMbiX H30TOllOB. B OCHOBHOM OHO COCT8BlUinO 30 MHH H 

2 qaca. 

06pa60TK8 raQOilHHHeBOH MRW9HR 

06nyqeHHyiO MHW9Hb IIOM91I{81lH B 38mRTHyiO K8Mepyc KOIIBpyiOII{HMH M8HH

rrynSITOp8MH1 CHHM8nH C nepJKaTenSI H paCTBOpSinH B 1,5 Mil ropgqeii SM HN0
8 

• 

K rronyqeaHoMy pacTaopy no6asnSinH 8 Mn 4 M pacTaopa Li NO a a MeTaHone. 

CM9Cb qepea CHif>oHRpyiOmyiO Tpy6Ky BBOQHnH B 8HHOH006MeHHyiO KOnOHKy,npen-
• 0 

B8pHTenbHO HarpeTyiO no 55 C H rrpOMbiTYIO aniOeJlTOM ( 3-4 CB060QHbiX 06'he-

M8 KOilOHKH), H nponycKanR CO CKOpOCTbiO 0,5 MlliCM2 MRBo 3aTeM CT8K8B 

Ha-rron p8CTBOp8 MHW9HR, CHif>oHRpyiOmyiO Tpy6Ky H qacTb KOilOHKH Han CMO

IlOH rrpOMbiB81lH 1 Mil 4M paCTBOpa Li N03 B MeTSBOile 1 KOTOpbi:ll T8KJKe 

nporrycKanu qepea KOilOHKy. 3THM nocTurallCSI 6ollee nonsb!A nepeaoc aemecT-

'· B8 B KOnOHKy o 

nocne Cop6UHH 06'beM KOilOHKH H8Q CMOnoii 1IpoMbiB8nR aiiiOeBTOM, KO

TOpbiii qepea culf>oaupyiOmyiO Tpy6Ky ynansmc.R. llllR BhiMb!BaBRR ranollHBH.R 

HCITOilb30BanH 150 Mn pacTaopa COCTaaa: 80%Cifa08-0,01MHN0r 0,3M N8
4
N0

8
• 

CxopocTb alliOHpoBaHHR ycTaHaanuaanu 2,5 MnlcM2 MRB. PenKoaeMen&Bhle 

91l9M9HTbl1 OCTBBWHeCSI H8 KOnOHKe liOCne YQBileHR.R raQOilHBRR1 aniOHpOBallB 

pacTaopoM 0,02M HNO 
3 

• 

6 

~ 

3.plf>lliOeHT1 conep:lK8WHii OCHOBHYIO qaCTb p8llH08KTHBHbiX I 

!IpOllyKTOB1 rrepeHOCHilR B U9HTpRif>YJKHyiO rrpo6RpKy IIOllXOllSIW 

no6asnSinH K He My 25-30 MKn CMOnbl llayaKC 50 X 8 ( 400 MeW, 

B3SITOA H3 K8TBOH006M9HHOii KOilOHKR (llH8M9Tp 2 MM)o Cop6u 

BOllBilB B TeqeaBe 2-3 MHH rrpR llOCTOSIBHOM nepeMeWRBBBBRo 

paCTBopa H8 CMOne Cop6BpOB8nOCb OKOilO 95% BKTRBBOCTB. 

rrpOMbiBBilR 0, JM N84 Cl , eBOIIOii (no 5 Mn) R rrepeBOCBilR B 

PaaneneaRe penKRx aeMellb npoRaaonunu c noMom&IO a -oKcR6 

HHSI. KoaueHTparrHR alliOeHTa aoapacTalla axcnoHeBUB81lhHO. M 
• CM9CHT91lbB8R CRCTeMa, COCTOSIII{8SI H3 llBYX CM9CHT91lbBbiX Kf 

JKeHHhiX onaa Han npyroA, H peaepayapa. 

3.plf>lliOeHT co6BpallH no K8IIIlRM sa Telf>lloHOBble c yrnyl 

nuaMeTpoM 20 MMo 0THOCHT91lhHYIO paQROBKTBBBOCTb Karren! 

CUHHTHilllRUBOBBOM raMMB-lleTeKTOpe. 

06pa6oTK8 HeOllHMOBO:ll MBWeBB 

06pa60TKy HeOllRMOBOA MBW9HH OCyll{eCTBilRilH llO SHane 

llRKe C TeM nRWb OTilHqHeM 0 qTo llllR 8HHOH006MeBBOro paanel 

aoaanR 175 Mn pacTaopa clleny~mero cocTaaa: 70% CH3 08 -

0,4M NH, NO 3 .llllR MBKpoxpoMaTorpalf>uqecKoro paanenesBH B 

MeTOQBKY CTyrreuqaTOrO B3M9H9HBR KOBUeBTp8UBBo 

Peayn&TaT&I B o6cy:lKlleBBe 

KaK BBllBO Ra pRe. 2, npB nponycKaHBB 150 "'n sniOeB' 

C rBll01lBBB9BO:ll MBW9Hbl0 B 175 Mil - B cnyqae C BeOQBMO~ 

OCT8eTCR OKOilO 10% eBpOIIBH, 85% C8M8pBH0 llOilBOCTbiO BCe 

u, cooTaeTcTBeBBo, 15% rrpaaeoaBMa, 95% uepu.R B 100% naJ 

pb!e nallee BhiMb!BaiOTCH 0,02 M HN0 3 • 

Heo6xonBMO oTMeTBTh, qTQ ecnR yMeHbWBTh BhiMbiBBIOWY 

rrpBMeBSI9MbiX aiiiOeBTOB0 BBllpBMep, yaenRqeHReM KOBUeBTpBUBB 

MOBBB, TO Bb!XOQ slleMeBTOB, cocenuux c MaTepuanoM MRWeJl 

MeTRO yBenRqBTh. Ho aTO TBKJKe yaenRquaaeT apeMR, seo6xon1 

nelleHBBo 

7 
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ITpHrOTOBneHHe H oonyqeuae MHllieHH 

oKHCH npeccoBana non nasneuaeM 1o4 Kr/cM2 B Bane nnacTH

,5 X 12,5 MM2. ITonyqeHHbie nnacTHHKH BeCOM 3QQ Mr HMenH 

,5 MM H ObinH pOBHbiMHo oneCTRWHMH H AOCT8TQqHo MeXaHHqeCKH 

CKHe MHllieHH rOTOBHnH Ha nnaCTHHOK TOnWHHOf!: 0,3 -0,5 MM, 

eM npOK8TKH H8 BanKaX. Bee MHllieHH COCTBBnRn • 260 Mr. 

RnH ua Aep:lKaTene MHmeua c TIOMOWbiO TaBTanoBol!: ana MeA-

npoToHaMH c suepraeA 680 M sB ua BHyTpeuueM 

noTpOHa C HHTeHCHBHOCTb~ TOKB OKOnO 2 MKa. BoeMg oonv-

10 MHH AO 10 qaCOB B aBBHCHMOCTH OT nepHOAB 

nyqaeMbiX HaOTOTIOB. B OCHOBHOM OHO COCTBBnRnO 30 MHH H 

OopaooTKa raAonauaeBoA MHmeaa 

MHllieHb TIOMemanH B aaWHTByiO K8Mepyc KOnHpyiOWHMH M8HH

M8nH C Aep:lKBTeng H paCTBOpRnH B 1,5 Mn ropgqef!: SM HNOa • 

paCTBOpy nooasnRnH 3 Mn 4 M paCTBOpa Li NO a B MeT SHone. 

«ffouapyrom"yro TpyoKy BBOAHnH B BBHOBOOOMeBBYIO KOnOBKy,npeA

eTyro AO 55°C H npoMbiTyro snroe.ll'TOM (3-4 cso6oABhlX oo'be

nponycKanH CO CKOpOCTbiO 0,5 Mn/ CM2 MHB. 3aTeM CTBK8H 

MHllieHH, CH$OHHpyromyro Tpy6Ky H qaCTb KOnOBKB DBA CMO

paCTBopa Li NOa B MeTaHone 0 KOTOpbiA TBK:lKe 

a KonoHKy. 3THM AOCTHrancg 6onee nonHhlA nepeuoc ~emecT-

OUHH OO'heM KOnOBKB HBA CMOnOA npoMhlBBnB SHI09BTOM
0 

KO

If!ouapyromyro TpyoKy yAanRnCRo nng BhlMhlBBBBR rBAOnBHBR 

0 Mn paCTBopa COCTaBB: 80% ClfaOH-0,01MHNOr 0,3M NHfNOa. 

posauag ycTauasnaBana 2,5 MnlcM2 MBB. P~AKoaeMenbBhle 

KonoBKe nocne yAaneBBR raAonBBBR, snroapoBBnB 

HN0 3 • 

6 

,a: 

3ifJ!fJnroeHT1 COAep:lKBWHA OCHOBHYIO qaCTb p8AH08KTHBHhlX pe.llKOaeMenbHhlX 

npoAYKTOB, nepeuocana B ueuTpaif!y:lKHyro npooHpKy nonxongmero paaMepa a 

.ctOOBBnRnH K H~My 25-30 MKn CMOnbi naysKC 50 X 8 ( 400 Melli, NH: - lf!opMa), 

BaRTOl!: Ita KaTaoaoooMeauo:R KonoHKB (AHaMeTp 2 MM). Copouaro p.a.s. npo

Bonana B Teqeaae 2-3 MBH TipB TIOCTORHHOM nepeMeillHBBHHH. J.ia 15-20 Mn 

paCTBopa HB CMOne COpoBpOBBnOCb OKOnO 96% BKTBBHOCTBo 3aTeM CMony 

npoMbiBana 0,1M NH• Cl , eBOAO:R (no 5 Mn) H nepeaocana B MHKpoKonoBKY. 

PaaAeneBHe peAKBX aeMenb npoHaBOAHnH C TIOMOWbiO C1 -QKCBOYTHpaTa BMMO

HHRo KoaueuTpauag snroeaTa BOapacTana sKcnoueauaanbHo. :HcnonbaoBBnacb 

• CMeCHTenbH8R CBCTeMa, COCTORWBR Ha AByX CMeCBTenbBbiX KBMep, pacnono-

:lKeHHbiX onua HaA .apyro:R, a peaepByapa. 

3ifJ!fJnroeaT co6apana no KannaM ua Teif!nouoBhle c yrny6neHBeM .llBCKH 

.llBBMeTpoM 20 MMo 0THOCBTenhHYIO PBABOBKTHBHOCTh KBnenh HaMepana HB 

CUBHTBnnBUBOBBOM raMMB-.lleTeKTOpe. 

06pa6oTKa ueo.aaMoBOA Mameua 

06pa6oTKy aeo.aaMoBol!: MBmeaa ocymecTBnRna no auanoraqaoA MeTO

ABKe C TeM nBllib OTnBqaeM, qTQ AnR 8BBOH006MeBHOro paa.aeneBBR HCnOnb

aoBBnB 175 Mn pacTBOpa cneAy~mero cocTaBB: 70% CHa OB - 0,01M HNOa-

0,4M NH • NO a .nng MBKpoxpoMaTorpaif!aqecKoro paaQeneaaa acnonhaoBana 

MeTO.IIBKY CTyneaqaTOrO B3MeHeHBR KOBUeHTpBUBB. 

PeaynhTBTbi a o6cy:lKQeaae 

KaK BB.llBO aa pac. 2, npa nponycKaBB~ 150 .Mn anroeaTa B cnyqae 

c ranonauaeBOA MameBbro a 175 Mn - B cnyqae c ueoQaMoBOA aa KononKe 

ocTaeTCR OKono 10% eBpoDHH 0 85% caMapag, nonBOCThiO Bee 6onee nerKae 

B 0 COOTBeTCTBeHH0 0 16% npa3eO.llBM80 95% uepBSI B 100% naHT8H8 0 KOTO

phle .11anee BhlMhlBBIOTCR 0,02 M Hlf03 • 

Heo6xo.naMo oTMeTBTb, qTQ ecna yMeBbWBTb BhlMhlBaromyiO cnoco6uocTb 

TipBMeBHeMhlX SHIOeBTOB0 BBDpBMep, yBenHqeBBeM KOHUeBTpBDBB BBTpaTa BM

MOHBR, TO BhlXOlt aneMeHTOB, COCe.QHBX C MBTepaanOM MHilleHB, Mo':lKHO 38-

MeTHO ysenaqBTbo Ho STO TBK:lKe yBenaqHBBeT BpeM.110 BeOOXO.llBMOe ltn.ll paa-

AeneBBH. 

• 
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4UCRO c8oJo~H~X oJbeHo& KOROHKW 

PHC. 3. KpHBSSI sniDHpOBSHHSI oonyqeHHOA ranonHHHeBOH MHWeHH (260 Mr 
MeTannHqeCKoro ranonHHHSI). 8niDeHT: 80% CH a OH - 0 ,0 1M HNO 8 -

- 0,3MNH4 NOa. CKopOCTb 2,6 Mn/cM2 MHH. TeMnepaTypa 50°C. 

8 

I --

AHHoHoo6MeHHsH KpHBaH aniDHpoBaHHH nns ranonHHHeBoA 

3sHa Ha pap. 3. BanHo, 'ITO panaoaKTHBHbie nponyKTbi ·snepHb 

HBJIHIDTCH cpa3y nocne nepeoro ceo6onHoro o6~eMa ~~JIIDef 

IDTCH C yMeHbWeHHeM yneJibHOA sKTHBHOCTHo 

ITocne 6-oA ~paKuaa, Korna Ha'IHHaiDT aniDHposaTbCH T 

JIHHHA1 aKTHBHOCTb nocnenyiDIUHX ~paKUHA B03pacTaeT CHOBa. 

60JibWOA MSKCHMYM Me)KJJ.y 9-oA H 18-oA ~paKUHHMH onpene 

Hb!M o6pa30M1 paAHOSKTHBHOCTbiD H30TOIIOB raAOJIHHHH H eBI 

WaH 'ISCTb eBpOIIHH H OCHOBHSH 'ISCTb CaMapHH H 6onee ner 

conep:mHTCH B 830THOKHCJIOM paCTBOpe (~p8KUHH 16-18). 

XpoMaTorpaMMbi KaTHOHoo6MeHHoro pa3neneHHH penK03 

AYKTOB nOK838Hbl Ha pHCo 4 H 5. 1.faCTH'IHOe nepeKpbiTHe IIH 

aneMeHTOB o6ycnoeneHO o6pa30B8HHeM KOpOTKO~BYwHX AO'Ie 

XpoMaTorpaMMbl He IIOK83biB8IDT IIpHCYTCTBHH HH cneL 

MHWeHH1 HH He)l(eJiaTeJibHbiX npHMeceA IIpOAYKTOB HAepHbiX pe~ 

IDWHXCH npH o6ny'leHHH npoTOHSMH BbiCOKOA 9HeprHHo 3TO rOBC 

~~eKTHBHOCTH H ceneKTHBHOCTH MeTOAS 8HHOH006MeHHOrO pa3 

113 H3BeCTHbiX ~yHKUHA pacnpeneneHHH . nonepe'IHbiX Ce'IE 

HHH H30TOIIOB MO)I(HO cnenaTb BbiBOA1 'ITO He HHTepecyiDwHe HBC 

50KOrO pacwerrneHHH HSXOAHTCH B HHTepBane 8TOMHbiX HOME 

56. 

113 HHX KSTHOHbi Rb , Cs , Ca , Ba , Sc , Y , Ti , V , 

Cu. Ag. Zn, Cd, Ga H 1n rrpu sHHOH005MeHHOM paaneneHHH Bbi.MbiBa 

aa MaTepaana MHWeHH. IToeeneHue npyrux aneMeHTOB ewe 1 

po5Ho uccnenoeaHo, HO KaK cnenyeT ua 6onbworo 'IHCna aK 

OHH He 3srpH3HHIDT OCHOBHbie IIpOAYKTbi H He H8K8IIJIHB8IDTCH 

HJIH KSTHOHHTHblX KOJIOHKBX. 

BpeMH, Heo5xoaHMoe ans BhiiiOJIHeHHH oTnenbHhiX orrepaUJ 

pacrrpeaenHeTcH cneayiDwHM o5pa3oM: 

OrrepauHH 

PacTBopeaHe MHilleHH 

Cop6UHSI H rrpoMbiBKa 
3nroHpOB8HHe MHWeHH 

3nroHpOB8HHe IIpOJlYKTOB 

9 

fanonHHHeBsSI 
MHilleHb 

5 MHH 
4 MHH 

40 MHH 

6 MHH 

HeoAHMo 
MHillE 

5 MHf 

4 MHf 

47 MHH 

6 MHE 



4 
4ucno 

B 12 
c8odo'iJHbiK 

·•· 
CJJ2H 1-11'103 

16 
oJ-,eHoo 

20 24 
KOROHKW 

, Kpnsag anronposaHHSI o6nyqeaaoA rauonnaneaoA MHWeHH (260 Mr 

28 

MeTannnqecKoro rauonHHHSI). 3nroeaT: 80% CH a OH - 0 ,0 1M HNO a-
- 0,3M NH4 NO a. CKopocTb 2,6 Mn/cM2 MHH, TeMnepaTypa 50°C, 

8 

.,.: 

AHHOH006MeHH8R KpHB8R anroHpOB8HHR nng ranonHHHeBOfl: MHilleHH fiOK8-

3aaa aa pn~::. 3. Bnnao, 'ITO pannoaKTHBHbie nponyKTbi ·gnepHhlx peaKUHfl: no

RBnRIDTCR cpaay nocne nepaoro cao6onaoro o6'beMa a4J«PnroeaTa H Bb!Mb!Ba

IDTCR C yMeHbilleHHeM ynenbHOfl: 8KTHBHOCTH, 

nocne 6-oa «ffpaKuHH, Korna aaquaaroT anroupoaaTbcR Tep6ua u rano

nuaua, 8KTHBHOCTb nocnenyroruHX tPP8KUHfl: B03p8CTaeT CHOBa, 0THOCHTenbHO 

6onbruofl: MaKCHMyM MeJKJJ.y 9-ofl: H 13-ofl: !flpaKUHRMH onpenenReTcR, rnaa

HhiM o6paaoM, panuoaKTHBHOCTbro HaoTonoa ranonHHHR H eaponug, He6o,1b

mag '18CTb eBpOllHR H OCHOBH8R '18CTb C8M8pHR H 6onee nerKHX aneMeHTOB 

conepl!KHTCR B 830THOKHCnOM paCTBOpe (!flpaKUHH 16-18), 

XpoMaTorpaMMbi KaTHoaoo6Meaaoro paaneneaHR penKoaeMenbHhiX npo

nyKTOB DOK838Hbl Ha pHC, 4 H 5, lJaCTH'IHOe nepeKpbiTHe DHKOB OTnenbHbiX 

aneMeHTOB o6ycnoaneao o6pa30B8HHeM KOpOTKO~BYillHX A0'19pHHX H30TODOB, 

XpoMaTorpaMMbi ae noKaabiBaroT npucyTCTBH.R HH cnenoa MaTepuana 

MHmeau, HH ae*enaTenbHbiX npHMecefl: nponyKTOB RnepahiX peaKuHA
1 

o6paay

romuxcR DpH o6ny'leHHH fipDTOH8MH Bb!COKOfl: 3HeprHH, 3To rOBOpHT 0 Bb!COKOA: 

atfJ!fleKTHBHOCTH H ceneKTHBHOCTH MeTona 8HHOHOOOMeHHOrO paaneneHHR, 

Ha uaaecTHhiX tPYHKUHA: pacnpeneneHHR nonepe'!HbiX ceqeHHA o6paaoaa

HHR H30TOfiOB MO)I(HO cnenaTb BbiBOn, 'ITO He HHTepecyroruHe HaC nponyKTbi rny

OOKOrO pacmenneHHR HaxonRTCR B HHTepaane 8TOMHbiX HOMepoB OT 20 no 

56. 

l1a HHX KSTHOHbi Rb , Cs , Ca , Ba , Sc , Y , Ti , V, Cr , Mn ,Fe,Co, 

Cu, Ag, Zn, Cd, Ga H In npu aanoaoo6MeHHOM paaneneHHH Bbi.MhiBaroTcR no BbiXO

na MaTepuana MHmeHH, noaeneaue npyrux anfMeHToB eme He ObinO non

po6Ho uccnenoaaao, Ho KaK cnenyeT Ha 6onbruoro qucna aKcnepHMeaToa, 

OHH He 3arpR3HRIDT OCHOBHbie nponyKTbl H He HaKannHB8IDTCR Ha 8HHOHHTHbiX 

HnH K8THOHHTHbiX KOnOHKBX, 

BpeMR, Heo6xonnMoe nnR BhmonHeHnR oTnenhHhiX onepaunii, a MeTOLIHKax 

pacrrpenemieTcR cnenyJOruHM o6paaoM: 

OnepaunH 

PacTaopeaue MHmeHH 

Cop6uHSI H npoMbiBKa 

3moHpOB8HHe MHlli8HH 

3nroHpOB8HHe npo.QyKTOB 

~ 

9 

ra.oonHHHeBaSI 

MHlli8Hb 

5 MHH 

4 MHH 

4Q MHH 

6 MHH 

Heo.QHMoBaSI 

Mlilli8Hb 

5 MHH 

4 MHH 

47 MHH 

6 MHH 



QQ. MJIH 62 MJIH 

Cop6UHH Ha KBTHOHHTe H 

aarpyaKa 15 MHH 15 MHH 

KaTHOH006MeHHoe anroHpo-

BBHHe BO__MHH 35 MHH 

95 MHH 50 MHH 

Bon&we scero speMeHH HaeT sa K8TBOHoo6Messoe paaaenesue npoayKTOB 

H3 raaonHHHesoli: MHWeHHo 0aH8KO 80 MHH Tpe6yeTCg ang aniDHpOBSHHg naH

T8H80 KOTOpbiA BbiMbiBaeTcg H3 KOnOHKH nocneaHHMo 3neMeHTbl C UopgaKO

BbiM HoMepoM, 6nH3KHM K raaonHHHID, anroHpyroTcg ropaaao 6&ICTpee. 

CneayeT OTMeTHT&, 'ITO ecnH BpeMg, Heo6xoaHMoe ang aHHOHoo6MeH

aoro paaaeneHHg0 Hen&ag 3H8'1HTenbHO COKpaTHTb 6ea yMeHbWeHHSI XHMH'IeCKO

ro BbiXOaa OTaengeMbiX npoayKTOB0 TO npoaonJKHTenbHOCTb K8THOH006MeH

HOrO paaaeneHHg MOJKHO 38MeTHO yMeHbWHTb HCUOnb30B8HHeM anroeST8 C 

6on&weA SS'Ian&HOA KOSUeHTpauHeA H C 6onee 6biCTpbiM ee H8p8CT8HHeM I 

'leM aTo yKaaaHo BbiWe (pHc. 4). HanpHMep, npu HS'Ian&HbiX KoHueHTpa-

UHgX Cl -OKCHH3o6yTHp8T8 8MMOHHg B CMeCHTen&HbiX K.:lMepax H peaep-

syape 0,25M - 1,30M - 1,75M COOTBeTCTBeHHO, BbiMbiB8HHe aneMeHTOB OT 

Eu ao La npoHCXOaHT B o6~eMe 75-80 Kanenb 38 50-55 MHHo npH aTOM 

WHpHH8 nHHHA aneMeSTOB TOlKe yMeHbWaeTcg, T8K 'ITO KS'IeCTBO paaaeneHHg 

CHHlKaeTcg He3H8'1HTenbHOo 3KOSOMHg 30 MHHYT UOnOlKHTenbHO CK83biB8eTcg 

sa HHTeHCHBHOCTH npenapaTOB KOpOTKOlKHByniHX H30TOUOBo 

YsenH'IeHHe paaHoaKTHBsocTH npenapaTOB MOJKeT 6biTh aocTHrHyTO 

38 C'leT 6onee ~KTHBHOrO HCUOnb30B8HHg dpoTOHHOrO ny'IKB nyTeM yBe

nH'IeHHg seca MHweHH. Ho aro npuseno 6bi K nponopuHoHanhHoMy yBenH

'IE!HHIO 8HHOH006MeHHOA KOnOHKH0 o6~eMa paCTBOpa, B KOTOpOM BbiMbiBBIOTCSI 

HCKOMble npoayKTbl0 H Heo6xoaHMOCTH HX KOHUeHTpHpOBSHHg Uepea cop6-

uHeil: sa K8THOHHTe. _qT06bi Ha6eJK8Tb 38Tp8T H8 3TOT npouecc, 6binH UpO

BeaeHbl onbiTbi c noBbiweuuoA: yaen&aoA aarpyaKoA KonoHKH. Ebmo ycTasoB-

neao, 'ITO npH ysenH'IeHHH KOnH'IeCTB8 HaHeCeHHOrO H8 KOnOHKY raaonHHHg B 

2,5 paaa ang ero BbiMbiBaHHSI pacxoayeTcg anroesTa sa 10-15% 6on&we. 

Bhlxoa Eu npu aTOM cocTaBngeT oKono 5%, Sm - 75%. OcTan&Hble ane

MeHTbl OTaengiOTCg UOnHOCTbiO H HX paaHOSKTHBHOCTb B03p8CT8eT npH6nH• 

3HTen&HO nponopUHOHan&SO ysenH'IeHHID Beca MHWeBHo 

10 

B ycnoBHgx noBhlwessoA aarpyaKH aa Konoaxe 2,5 cM2 x 

6oAHbiA o6~eM OKOnO 25 Mn) MOlKHO o6pa68TbiB8Tb MHWeH& Be 

:3TOM p8AH08KTHBHbie npoayKTbl BbiMbJB8IOTCg B 30-35 Mn 0,021\1 

nee 'leM Ha 90% MoryT 6b!Tb aacop6HpOB8Hbl Ha K8THOHHTe
0 

npH o6ny'leHHH 1 r raaonHsHg B Te'leaHe 2-4 'lacos paa~ 

BhiaeneHHbiX npoayKTOB cocTaBngeT oxono 0,5 r-axB paaHSI. 

~THOH006MeHaoro paaaeneHHg 6blna Hcnon&aoaaHa ycTaHoBKa 

HHSI BbiCOKOSKTHBHbiX UpenapaTOB, OllHC8HHag B pa60Te/ 10/ • 

ABTOpbi 6naronapSIT Kasn.XHM.Hayx B.A.XanxHsa aa HHTepe 

rroneaHbie o6cyJKaeBHs. 

BbiBOllbl 

OnHcaH Meron BbineneHug penxoaeMenhHbiX aneMeHTOB 6ea 

penK03eMenhHbJX MHWeHeil:, o6ny'leHHbiX UpOTOH8MH BbiCOKOA: aH' 

B8HHbili: Ha 8HHOH006MeHHOil: ancop6UHH p.a.a. H3 BOllHOMeTSHOlll> 

pOB HHTp8TOBo 

MeTon noasongeT BhiaenHTb npoayxTbl sraepHbiX peaxuHA 

B BHlle CYMMbl 38 OTHOCHTenhHO KOpOTKOe BpeMg H C XOpoWR! 

PaanenesHe aneMeHTOB MolKeT 6biT& Bhlnonseso no Hase, 

OH006MeHHOil: MeTOaHKe. 

naTepaTypa 

1. J.Korkisch., F.Te(d• Ana.l.Chern. ;1;1, (:196:1) :1265. 

2. J.P.Faris, J.W.Warton. Anal. Chern.~ (:1962) :1077. 

3. R.A.Edge. Anal.· Chern. Acta, ~ (:1963) 32:1. 

4. <P.Monnap, A.XopaaT, B.A.BonKoB. PaaHOXHMHR, fl, ( 1986) 1 

npHHT OHHH E-1921, J1y6na 1984. 

5. <P.Monnap, A.XopaaT, B.A.XanKHH. llpenpHHT OHHH, 2889, JJ. 

J.Chromatogr, 26 ( :1967) 2:15. 

B. <I>.Monnap, A.XopaaT, B.A.XanKHH. flpenpHHT OHHH, 2870, JJ. 

J.Chromatogr, 26 ( :1967) 225. 
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H 

15 MHH 15 MHH 

aniOHpo-

95 MHH 50 MHH 

MeHH HAeT HB K8THOH006MeHHOe paaaeneHHe npoAyKTOB 

0AH8KO 80 MHH Tpe6yeTCR AnR aniDHpOB8HHR naH

H3 KOnOHKH nocneAHHM. 3neMeHTbl C nopRAKO

raaonHHHID0 anronpyroTCR ropaaao 6biCTpee. 

• .,.,.,,.'>THTb, 'ITO eCnH BpeMR0 He06XOAHMOe AnR 8HHOH006MeH

Henb3R 3H8'1HTenbHO COKp8THTb 6e3 yMeHbWeHHR XHMH'IeCKO

MbiX npoAyKTOB0 TO npoAOnlKHTenbHOCTb K8THOH006MeH

MOlKHO 38M9THO yMeHbliiHTb HCfiOnb30B8HH9M anroeHTB C 

H C 6onee 6biCTpbiM ee HapaCT8HH9M I 

HanpHMep, npH H8'18nbHbiX KOHU9HTpa

T8 8MMOHHR B CM9CHT9nbHbiX K.:lMepaX H peaep-

1, 75M COOTB9TCTB9HH00 BbiMbiB8HHe aneMeHTOB OT 

B o6~eMe 75-80 Kanenb 38 50-55 MHH. npn aTOM 

TOlKe YM9HbW89TCR1 T8K 'ITO K8-'19CTBO paaaeneHHR 

3KOHOMHR 30 MHHyT nonOlKHTenbHO CK83biB8eTCR 

npenapaTOB KOpOTKOlKHBYIIIHX H30TOfiOB. 

p8AH08KTHBHOCTH npenapaTOB MOlK9T 6hlTb AOCTHrHyTO 
I 

npoTOHHoro ny'IKB nyTeM yse-

6w K nponopuHOH8nbHOMy yaenH

.,MeHHOH KOnOHKH, o6~eMa paCTBOpa, B KOTOpOM BbiMbiB8IDTCR 

H He06XOAHMOCTH HX KOHU9HTpHpOB8HHR nepeA COp6-

38Tp8T aa aTOT npouecc, 6bmH npo

noBhiWeaaoA yaenbHOA aarpyaKoA KonoHKH. Bbmo ycTaHoB

KonnqecTBa HaHeCeHHOrO HB KOnOHKY raaonHHHR B 

- 75%. OcTanbHhle ane

soapacTaeT npu6nu-

yBenH'I9HHID B9C8 MHllleBH. 

10 .... 

B ycnoBHRX flOBhlWeHHOA: aarpyaKH Ha KOnOHKe 2,5 CM2 X 25 CM ( CB0-

6oAHblH o6~eM OKOnO 25 Mn) MOlKHO o6pa6aTblB8Tb MHllleHb BeCOM 1r. npH 

aTOM p8AH08KTHB~ble npoAyKTbl BbiMbiB8IDTCR B 30-35 Mn 0,02M HNO a H 6o

nee qeM HB; 90% MOryT 6biTb 8ACOp6HpOB8Hbl Ha K8THOHHTe. 

npH o6ny'leHHH 1 r raaonHHHR B T9'19HHe 2-4 '18COB paAH08KTHBHOCTb 

Bb!AeneHHbiX npOAYKTOB COCTaBnReT OKOno 0,5 r-aKB p8AHB. lloaTOMy AnSI 

~Tnoaoo6MeHHoro paaaeneHHR 6bma ncnonbaosaaa ycTaHoBKa 

HHR BbiCOK08KTHBHbiX npenapaTOB1 OflHC8HH8R B pa6oTe/ 10/. 

anR paaaene-

AsTOpbi 6naroaapRT Kaaa.xnM.HayK B.A.XanKHHa aa HHTepec K pa6oTe H 

noneaHbie o6cy:~KAeHHH. 

BbiBOAbl 

0nHC8H MeTOA BbiAeneHHR peAK03eMenbHbiX aneMeHTOB 6ea HOCHTensr H3 

peAK03eMenbHbiX MHllleHeA:, 06ny'leHHbiX npOTOH8MH BbiCOKOA: aHeprHH0 OCHO

B8HHbiA: HB 8HHOH006MeHHOA: 8ACOp6UHH p.a.a. H3 BOAHOM9T8HOnbHbiX paCTBO

pOB HHTp8TOB. 

MeTOA noasonReT BbiAenHTb npoayKTbl RAepHbiX peaKunA: na MHllleHeA: 

B BHAe cyMMbl 38 OTHOCHTenbHO KOpOTKOe BpeMB H C XOpOIIIHM BhlXOllOM. 

Paaaeneane aneMeHTOB MOlKeT 6b1Tb Bblnonaeao no nasecTaoA: KaTH

oaoo6MeHHoA: M9TOAHKe. 

RHTepaTypa 

1. J.Korkisch., F.Tera • .Anal.Chern. ;l;l, (W6~) ~265. 

2. J.P.Faris, J.W.Warton. Anal. Chern. ~ (~962) ~077. 

3. R.A.Edge. Anal. · Chern. Acta. .!!2, ( ~963) 32~. 

4. ti>.MonHap, A.XopaaT, B.A.Bonxoa. PaaHOXHMHR, !1, ( 1966) 183; Ilpe

npHHT OHHH E-1921, Jl.y6Ha 1964. 

5. ti>.MonHap, A.XopaaT, B.A.XanKHH. IlpenpHHT OHHH, 2669, /1y6Ha 1966 ; 

J.Chromatogr, 26 ( ~967) 2~5. 

6. ti>.MonHap, A.XopaaT, B.A.XanKHH. IlpenpHHT OHHH, 2670, Jl.y6Ha 1966. 

J.Chromatogr, 26 ( ~967) 225. 

.. 11 

• 



I 

7. <I>.Monnap, A.XopBaT, B.A.XanKHH. ABTopcKoe CBHt:leTenbCTBO na H30-

6peTeHHe M 181505 ( 1867) CCCP. 

B. G.R.Choppin, B.G.Harvey, S •. G. Thompson. J.Inorg. Nucl.Chem. 
( 1.956), 66 ~ 

8. M. Vobecky, A.!v1a.stalka. Coll.Czech.Chem.Commun. ~ ( 1.963) 709. 

10. H.A.ne6eaeB, H. C. ToncToil. npenpHHT 011HJ1, 6-8696, .fly6na 1968. 

.. 

PyKonnc& nocTy~nna a HGnaTen&cKna oTnen 

28 HK>HH 1968 rona. 
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PHc. 4. 

"' 

I I I I _l_ 

so 100 

4HCI10 Kane nb 

KaTHoaooeMeHHa>I xpoMaTorpaMMa pe.nKoGeMenbHbiX nponyKTO 

HOCHTen>I. CMona: 2 MM X 110 MM DayaKC 50 X 8 ( 400 Me!U 

MOHHAHBH cjlopMa). 3moeHT: a -OKCHH306yTHp8T aMMOHIIH, p 

rpanHeHTHOe an!OHpOBSHI!e ( HB'!BnbHb!e KOHUeHTpBUHH B HHJKH! 

BepxHeii. CMeCHTenbHblX KaMepax H pe3epsyape COOTBeTCTBeHI 

0,18M, 0,40M, 1, 75M). 06'beM HHJKHeii. H BepxHeii. CMeCHTenbc 

KaMep COOTBeTCTBeHHO 6,9 Mn H 7,4 Mn. TeMnepaTypa - 20 
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A.XopBaT, B.A.XanKHH. ABTopcKoe CBHaerenbCTBO na H3o-

191505 ( 1967) CCCP. 

B.G.Ha.rvey, S.G.Thompson. J.Inorg. Nucl.Chem. ~ 

A.ll!la.stalka.. Coll.Czech.Chem.Commun. ~ ( 1963} 709. 

H. C. Toncroif. npenpHHT OHHH, 6-3696, /1y6na 1988. 

PyKonncb nocTyquna B H3naTenbCKHA OTnen 

28 uroug 1968 rona. 
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PHc. 4. KaTHOHooliMeHHaH xpoMaTorpaMMa penKo3eMenbHbiX nponyKToB 6e3 

HOCHTenH. CMona: 2 MM X 110 MM nay3KC 50 X 8 ( 400 Mem, aM-

MOHHAHBSI cjlopMa) • 3nroeHT: a -OKCHH306yTHpaT BMMOHHH, pH = 4, 75, 
rpanHeHTHOe 3niOHpOB8HIIe ( H8'!8flbHbie KOHUeHTp8UHII B HII)!{He if II 

Bepxueii CMeCHTenbHblX KaMepaX H pe3epayape COOTBeTCTBeHHO 

0,18M, 0,4,M, 1, 75M). 06'beM HH)!{Heii H Bepxuei! CMecnTenb~LIX 
KaMep COOTBeTCTBeHHO 6,9 MR H 7,4 Mn. TeMnepaTypa - 20 C. 
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Pl!c. 5. KaTHOHoo6MeHHSll xpoMaTorpaMMa 6eaHOCHTen&HbiX penKoaeMen&- • 

HbiX UpOAYKTOBo CMona: 2 MM X 110 MM JlaysKC 50 X 8 ( 400 MeW, 

SMMOHHJiHSll !IJopMS, 3moeHT: a -QKCHH3o6yTHp8T SMMOHHllbpH = 4, 75, 
CTyneH'ISTOe H3MeHeHHe KOHUeHTpSUHH, TeMnepaTypa - 20 C. j 
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