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PaaJleneHHJO MaKpO-MHKpoKonH'IeCTB .PellK03eMenbHhiX aneMeHTOB 

(P33) MeTOilOM aKCTp8KUHOHHOA XpOM8TOrpa~HH C llH-(2-aTHnreKCHn)-op

TO~OC~OpHOA KHcnoToR ( HDEHP ) B Ka'!eCTBe cTauHoHapHoR ~a3bi ohm 

/1-10/ 
nocBHmeH pHil paooT, onyonHKOBaHlihiX aa nocnellHee speMH • B HeKo-

TophiX cny'laHx aToT MeTOil HMeeT onpelleneHHbie npeHMymecTBa nepell 

rnHpOKO HcnonhayeMbiMH xpoMaTorpa~H'!eCKHMH MeTOilBMH paalleneHHH P33 

Ha KaTHoHoooMeHHhiX CMonax. B 'IBCTHOCTH, Ha aKcTpaKUHOHHo-xpoMaTorpa-

~H'IeCKHX Koiloaa c HDEHP naHT8HHilbl Bb!Mb!B810TCSI CO CpellHHM tPBKTO-

pOM p83JleneHHH f3 ~ 2,2 He KOMnneKCOOOp830B8TenHMH 0 a OTHOCHTenbHO 

paaoasneHHblMH paCTBopaMH MHHepanbHbiX KHCnOT B nopHilKe, COOTBeTCTBy

IOIUeM HapacTaHHIO HX aTOMHbiX HOMepoB. TaKOA nopHLlOK BbiMbiBaHHSI O'leHb 

yllo6ea, HanpHMep, npH HeooxollHMOCTH obiCTpo OTilenHTb cnellhi nerKHX 

P33 oT 6onee TH:H<enoro aneMeHTa-MaTpHUhi • • 
HacTOHIUaH paooTa nocBHIUeHa nollpo6HoMy paccMoTpeHHJO ooiUHX aaKo-

HOMepHOCTeR pa3JleneHHSI MaKpO-MHKpOKOnH'IeCTB naHT8HHilOB Ha aKCTpaK-

UHOHHO-XpOM8TOrpa~H'IeCKHX KOnOHH8X C 

B npellblllYIUHX nyonHK8UHHXo 

3 

HDEHP , 'ITO He ohmo CllenaHo 



3KcnepHMeHTanbH8H ~aCTb 

XHMH~ecKHe peaKTHBbi 5binH KBanHcpHKauHi1 "XY" H "YllA". B Ka~ecTBe 

HOCHTenej;j 9KCTpareHT8 HCnOnb30B8nHCb KpynHOnOpHCTble CHnHKarenH MapKH 

"llnH XpOM8TOrpaqlHH" npOH3BOI:tCTB8 VEB Feinchemie Eisenach(fllP) 

H KCK No2, KCK - 2,5 ( CCCP). 

KoMMep~ecKyiD HDEHP o~HmanH OT 3arp>I3HeHHH MOHO- H TpH-

anKHn$oc~aTaMH no MeToay nennapaa Hap. 1111. 

0KHCnbl P33 5binH onbiTHOro npoH3BOI:tCTBa rHPEllMETa, HMenH 

xapaKTepHCTHKy "CneKTpanbHO ~HCTbie., H, B cny~ae He05XOI:tHMOCTH, O~HlU8-

" P3"' -4 I II nHc& oT MHKponpHMeceH apyrHx 0, ao coaep~aHHH nocneaHHx~to % • 

PAI:tHOaKTHBHbie npenapaTbl P33 B COCTOHHHH 0 CB050I:tHOM OT HOCHTe

nej;j, npHroTaBnHBanHcb H3 TaHTana o5ny~euHeM ero npoToHaMH c aueprHei1 

1121 
660 MaB • 

HanonHHTenb KonoHH nonyqanH, nponHThlBaH uepa35aBne~uoi1 HDEHP 
1131 

rHapo~o5H3HpOB8HHblH llHMeTHnllHXnOpCHnaHOM CHnHKarenb 

npH cop5uHH MaKpoKonH~ecTB P33 ua 3arpy~eHHOM B KonoHHY uanon

-li!fTene B 3oHe uaueceHHH H rpaHH~ameM c uei1 o5'heMe KonoHHbi, 3a c~eT 

peaKUHH o5MeHa, yBenH~HBaeTCH coaep~aHHe KHCnOTbl (eM. (3) H (6.) ).Bbl

COKBH KOHUeHTpaUHH P33 B HCXOilHblX paCTBopax MO~eT noaHHTb KHCnOT-

HOCTb H8CTOnbK0 0 ~TO 9T0 0 B CBOID O~epel:tb 0 npHBel:teT K BblMblB8HHID ~aCTH 

cop5HpyeMoro aneMeHTa cpa3y ~e 3a CB050I:tHbiM o5'heMoM. TaKoi1 npocKOK 

Kpai1He He~enaTeneH npH p831:teneHHH M8KpO-MHKpOKOnH~eCTB naHT8HH~OB. 

noaTOMY l:tnH HaHeceHHH Hcnonb30BanH pa35aBneHHble cna5oKHCnbie paCTBO

pbl P33. HanpHMep, ap5Hi1 cop5HpoBancg H3 0, 2M pacTBopoB O,lM no 

HCl , a raaonHHHi1 H3 O,l7M H 0,0 14M cooTBeTcTBeHHO. 

KonoHHY aanee npOMbiBBnH 0, 1 M HCl H npoBOI:tHnH aniDHpoBaHHe 

naHTBHHllOB paCTBOpOM C 381l8HHOH KOHUeHTpauHeH COnHHOH KHCnOTbl. Ha-

4 [
~i~, 
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. 
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ueceuHe H BbiMbiBBHHe P33 BbiiTOnHHnHcb npH TeMnepaType 

p831:teneHHH KOnOHHY OT cneaoB MaKpOKOnH~eCTB naHTBHHllOI 

6M HCl H aanee npoMbiBanH O,lM HCl • 05'beM npoMbiBHI 

BO Bcex cny~BSIX 6bln 9KBHBaneHTeH 4-5 CB050I:tHblM o6~eM13 

OnbiTbl CT8BHnHCb C HCnOnb30B8HHeM KOnOHH pa3nH~Hl 

oT ~ 25MM x 400MM ao ~ 2MM x lOOMM. CKopocTb npo1 

poB qepe3 uanonHHTen& perynHposanac& aaBneuHeM B031lYXI 

rOnOBHOA ~aCTH KOnOHH H ITHTBIDWHX COCyaax. npH onTHM8~ 

pa50Tbl HB KOnOHHBX yK838HHblX pa3MepOB 9TO aaBneHHe 5~ 

llnS! 6onbmHX KOnOHH g¢~niDeHT C06HpanH ~p8KUHSIMH no Jrn 

( ~ 3Mn), ans1 ManbiX - no oauoa. Coaep~aHHe MaKpoKonH~• 

aenbHbiX ~p8KUHSIX onpeaenSinOCb nH6o cneKTpO~OTOMeTpH~e 

nH60 KOMnneKCHOMeTpH~eCKHM THTpOB8HHeM ,llH9THn9HTp~ 

Ill 114-
uon KHCnOTOA C apceHB30 B Ka~eCTBe HHilHKBTOpa 

MHKpOKOnH~eCTB LleTeKTHpOBBnOCb no X- 0 y -H3ny~eHHSIM 

Koa¢ci>HuHeHTbi pacnpeaeneHHSI D onpeaenSinHcb B a1 

ycnOBHSIX H paCC~HTbiBBnHCb ITO ~OpMyne ( 1): 

D (v - v J/ v •a• 0 s ' 

rae V • ax- 06'beM a¢cl>niDeHT8 0 COOTBeTCTByiDWHA M8KCHM~ 

aniDHpOB8HHS1 0 V0 - CB050.IlHbiA 06'beM KOnOHHbl 1 v s - 0 

Ta B uanon~HTene. Yucno TeopeTH~ecKHX TapenoK anSI .nan• 

c~HTbiBanH no $opMyne ( 2): 

N 
v 

8 ln 2 ( h.ax / 

rae h - mHpHH8 KpHBOA aniDHpOBBHHSI HB nonOBHHe Bb!COT 
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aeceaHe H BbiMbiBaHHe P33 BbmonasmHch npH TeMnepaType 40°C. nocne 

paaaeneHHH KOnOHHY OT cneaoB M8KpOKOnHqeCTB naHT8HHaOB OTMbiB8nH 

BM HCl H aanee npoMbiBanH 0, 1M HCl • 01'5beM npoMbiBHbiX pacTeopoe 

BO BC9X cnyqaHX 6bin 3KBHBaneHT9H 4-5 CB060.QHbiM o6~eMaM KOnOHHbi. 

QnbiTbl CT8BHnHCb C HCnonh30B8HHeM KOnOHH pa3nHqHbiX pa3MepoB: 

oT ' 25MM x 400MM no ' 2MM x 100MM. CKopocTb npoTeKaHHH pacTeo-

poe qepea aanonHHTenh perynHpoeanach naeneHHeM eoanyxa HnH aaoTa B 

ronoBHOti qaCTH KOnOHH H IIHT810IIlHX COCy.llBX, DpH OnTHM8nhHblX p9)1(HM8X 

pa60Tbl H8 KOnOHH8X yK838HHbiX pa3M9pOB 3TO .ll8BneHH9 6bin0 0,3 - 0,5aTH~ 

DnR 6onhwHx KonoHH s¢¢n10eHT co6apanH ¢paKUHHMH no 100 Kanenb 

( "' 3Mn), nnH Manblx - no oaaoti. C onep)l(aMHe MaKpOKOnHqecTB P33 B oT

aenbHbiX ¢paKuHHX onpenemmoch na6o cneKTpo¢oToMeTpHqecKH c apceaaao 1, 

nH60 KOMnneKCHOM9TpHqeCKHM THTpOB8HH9M .llH3THneHTpH8MHHII9HT8yKCyC

/14-18/ 
HOti KHCnOTOti C apC9H830 /ll B KaqecTBe HHaHK8TOpa • DoBe.QeHHe 

MHKpOKOnHqeCTB ,ll9T9KTHpOB8nOCh no x-, Y -H3nyqeHHHM, 

Kos¢¢HuHeHTbi pacnpeaeneHHH D onpenenRnHch B .llHHaMHqecKHX 

ycnoeHHx H paccqHTbiBanHCh no ¢opMyne ( 1): 

D ( v - v )/ v .,. 0 s ' 
(1) 

rae V • u- o6'beM s¢¢nJ09HT8 1 COOTBeTCTByJOJilHti M8KCHMyMy Ha KpHBOti 

SnJOHpOB8HHSI, V0 - CB060.llHbiti 06'beM KOnOHHbl 0 V 
1 

- o6'beM sKcTpareH-

Ta e aanonpHTene. qHcno TeopeTHqecKHX TapenoK nnR naaaoti KonoHHbi pac

cqHTbiBanH no ¢opMyne ( 2): 

N Bln 2 ( :max/ ( 2) 

r.Qe h - WHpHH8 KpHBOti Sn10HpOB8HHSI H8 nonOBHHe BbiCOTbi. 
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HeK:oTOPbie o6mHe Borrpocbi aKcToaKUHH P33 HDEHP 

B KOHueHTpHpoBaHHbiX pacTBopax HDEHP TaK. )Ke, KaK H npyrHe 

Ill 171 
AHBIIKHn<!Joc<flopHbie KHCIIOTbi, AHMepH30BaHa 

1 
, 0pH H36biTK9 3KCTp -

areaTa B3aHMoneil:cTBHe HDEIIP C IIBHTBHHAOM rrpoHCXOAHT B COOTBeTCT-

BHH C ypaBH9HH9M (3) 

3+ ,_ 
M + 3(HA) __. M(HA ) 

(Bon) 2(opr) 2 3(opr) 

+ 
+ 3/1 (BOA) • 

(3) 

- J+ 
"A" CHMBOIIH3HpyeT rpyrrrry (C8H170)2POO, M - HOH P33. npenno-' 

1181 
naraeTcR , 'ITO B opraHH'l:ecKofi <jlaae ~6paayeTCR xenaTHbiA KOMrrneKc 

cneAy!OmeA CTpyKTypbi: 

CH 0 O--H-0 OH C 

8 17 >p/ ""R< 17 8 ( 4 ) 

"" J+ / C H 0 0 - M /:J- ..() 0 H C 
8 17 17 8 

.~.1~ 

llorryCK8R 1 'IT0 1 KpOM9 3TOI'O, npyrHe 3KCTp8I'HpyeMbi9 KOMIIII9KCbl 
·~i 

He o6paay!OTCR 1 H rrpeae6pei'85I KDa4J<!lHUH9HT8MH 8KTHBHOCTH 1 AIIR D MO)K- '•. 

">A.O aanHcaTb cneAy!Dmee Bbipa)KenHe: 

3 
[M(HA 2) 3 ] loprJ [ ( H A ) 

2 
] ( opr 1 

D K + 3 . 
[ H l ' (BOil} 

(5) 3+ 
[ M j (BOA} 

rne K - 3KCTpaKUHOHH8R IIOCTOHHH8R 1 KOTOpaR llpH rrpO'IHX paBHbiX ycnoBHHX 

rrpRMO llpOIIOpUHOHBilbH8 BTOMHOMY HOMepy 3KCTp8I'HpyeMOI'O naHTBHHAa, Ha 

ypaBH9HHil: (3) H (5) cneAyeT, 'ITO llpH HapaCTBIOWeil: aarpyaKe KOIIOHHbl 

ll8HT8HHA8MH AOII)K9H ll8A8Tb Koa<jl<!JHUH9HT pacrrpeAeneHHH 1 TBK KBK yMeHb-

maeTCR paBHoBecHoe coAep)KaHHe cBo6oAHDA HDEHP B CHCTeMe, 

B aKcTpaKUHDHHhlX rrpoueccax rrpH BhlCOKHX KDHueHTpauHRX naHTaHH

ADB B paCTBOp8X 'IBCTO B03HHKaeT Tp9TbH 1 reneo6p83H8R <jlaaa. 3TO CBH38HO 

. 119,201 
C o6pa30B8HH9M IIOIIHMepa C TpeXM9pHOH CTpyKTypoft 

6 
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. -,~-1' , .. 

3+ +- + 
M(HA2)

3 
+ M --+ 2MA 3 J+ 3H 

PeaKuHR (6) rrpoHCXDAHT H B SKCTpaKUHOHHo-xpoMaTorp~ 
Ill 

KOIIOHH8X EMKOCTb KOIIOHHbl 1 paCC'IHT8HH8H 1 HCXDAH H3 IIJ 

o rronnofi ee aarpyaKe coeAHHeHHRMH THrra MA 3 , 6bina naaB 

MBilbHOH TeopeTH'I9CKOil: eMKOCTbiO, 

PeaynbTBTbi H o6cy)KA9HHe 

1. Cop6uHR MaKpoKonH'IeCTB P33 Ha sKcTpaKUHDHHo-xpoi 

KHX KOIIOHHBX C Hepaa6aBneHHOil: HDEHP 

Ha paa6aBneHHbiX" pacTBopoB HCl MaKpoKonHqecTBa na1 

6Hpy!OTCR aarronHHTeneM, o6paayg xopomo BHAHMbie, qeTKHe, o 

30Hbl, 3oHa sp6HH 1 H81IpHMep, p030B8R, a AHC1Ip03HSJ, HTTpHH 1 I 

6enaR. 06pa30BaHHe 30Hbl yBellH'IHBaeT I'HApOAHHBMH'IeCKOe CO 

KOIIOHHhl1 H AIIH IIOAA9p)K8HHR IIOCTOHHHOil: CKOpOCTH rrpoTeKaHH 

B rrpouecce 3arpy3KH H B H8'181l9 31I10HpOB8HHH llpHXOAHTCH liD, 

neHHe B03Ayxa HIIH 830T8 B KOIIOHHe H B CKIIHHKBX C 31l-109HTa: 

KaK BHAHO H3 pHC. 1, p83Mep 30Hbl BC9I'Aa H9CKOilbKO 61 

efi cneAOBBIIO 6biTb llpH HBCbiWeHHH HBIIOIIHHTenR TOilbKO C09A~ 

THIIB MA 3 • DpH rrpo'IHX paBHbiX ycnoBHRX aoHa HaaeceaHR TE 

'!:eM HH)K9 TeMrrepaTypa H Kpyrraee 39pHHCTOCTb HBIIOIIHHTenR. 

Aeno aAeCb B ToM, 'ITO renb MA 
3 

aaMypDBhiBaeT ycTbR rrop c 

B KDTOpbiX conep)KHTCR HDEHP , H TBKHM o6paaoM Memae· 

A9HCTBHIO H9KOTOpOfi 'IBCTH 3KCTp8I'9HTa C HOHBMH ll8HT8HHA8, 

BblX KHCIIOTHOCTHX HCXOAHbiX paCTBOpOB OTHOCHT91IbH8H AIIHHB 

ceHHR 6onee TR)Kenoro naHTBHHAa Kopoqe, qeM y 6onee nerKoi 

KO BHAHO Ha llpHMepe Er H Nd ( pHC, 1) • 3T01 IIO-BHAHMOII 

7 



3+ +- + 
M(HA

2
)

3 
+ M -. 2MA 3 J+ 3H ( 6) 

PeaKUHH (6) rrponcxoaHT H B 9KCTpaKUHOHHo-xpoMaTorpa$HqecKHX 
Ill • 

KOnOHHBX , EMKOCTb KOnOHHhi, paccqHT8HH8H 0 HCXOaH H3 npeacTaBneHHH 

o rronHoA ee aarpyaKe coeaHHeHHHMH THna MA 3 , 6hlna Ha3BaHa MaKCH

ManbHOI TeopeTHqeCKOI eMKOCTbiD, 

PeaynbTBThi H o6cy>KaeHHe 

1. Cop6uHH MaKpOKOnHqecTB P33 Ha a~TpaKUHOHHo-xpoMaTorpa$nqec-

KHX KOnOHH8X C Hepaa6aBn9HHOI HDEHP 

Ha paa6aBneHHhiX pacTBopoB HCl MaKpoKonHqecTBa naHTaHHaoB cop-

6npyiDTCH HarronHHTeneM, o6paayH xopowo BHaHMbie, qeTKHe, oKpaweHHhie 

30Hbl, 3oHa ap6HH, HanpHMep, p030B8H, 8 aHCDp03HH, HTTpHH, raJlOnHHHH -

6enaH. 06paaoBaHHe 30Hhi yBennqnBaeT rnapoaHHaMnqecKoe corrpoTHBneHHe 

KOnOHHhl 0 H anH noaaep>K8HHH ITOCTOHHHOI CKOpOCTH rrpOT9K8HHH paCTBOpOB 

B rrpouecce aarpyaKH H B Haqane aniDHpoBaHHH rrpHxoaHTCH rroaHHMaTb aaB-

neHHe B03ayxa HnH 830T8 B KOnOHH9 H B CKnHHK8X C 9niD9HT8MH. 

KaK BHaHo H3 pnc, 1, paaMep 30Hhi Bceraa HecKonbKO 6onbwe, qeM 

efi cneaoBano 6bJTb DpH H8Cbllli9HHH HBITOnHHTenH TOnbKO COeaHH9HHHMH 

THITB MA3 • npn rrpoqHx paBHhlX ycnoBHHX 30H8 HaHeCeHHH TeM anHHee, 

qeM HH>K9 TeMrrepaTypa H KpyrrHee 39pHHCTOCTb HBITOnHHTenH, Bo3MO>KHO, 

aeno aaecb B ToM, qTo renb MA 3 aaMypoBbiBaeT ycTbH rrop cnnHKarenH, 

B KoTopbiX coaep>KHTCH HDEHP , H TaKHM o6paaoM MeruaeT B38HMO

aelcTBHID H9KOTOpOI qaCTH 9KCTpareHT8 C HOH8MH naHTBHHaa, npH oaHH8KO-

BhlX KHCnOTHOCTHX HCXOJlHhlX paCTBOpOB OTHOCHTenbHBH anHHB 30Hhl HaHe

C9HHH 6onee TH>Kenoro naHTBHHaa Kopoqe, qeM y 6onee nerKoro, qTo qeT-

KO BHJlHO Ha rrpnMepe Er " Nd ( pnc. 1), 3To, rro-BHaHMOMy, yKa3hiBaeT 

7 
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Pnc. 1. 0THOCHTenbHbie anHHbJ cop6unoHHhiX 30H MaKpoKonnqecTa naHTaHH

aoa B 9KCTp8KUHOHHO-XpOM8TOrpa~H'I9CKO~ KOnOHHe C Hepa36aaneHHO~ 
-.... HDEHP , n aaancnMocTH OT aarpyaKH KOnOHHbi, npn pacqeTe aarpya-

KH 6binO IIpHHHTO, 'ITO J3 30He H8H9C9HHH naHT8Hil:Jl H8XOJlHTCH B ~OpMe 
MA 3 • CocTaa HCXOJlHhiX pacTaopoa: [ M3+] = 0,2 M, [ HCl] = O,l,,M 

Ha paanH'IHyro aepoHTHOCTb o6paaoaaHHH MA 3 coeanHeHH~ rro peaKuHH (6): 

H3 o6IIlHX C006paMeHH~ OHa JlOnMHa 6b!Tb TeM 6onbme, '19M HHMe KHCnOT

HOCTb If BbiWe 8TOMHbl~ HOMep P33, llnH OJlHOro H TOrO Me aneMeHTa, 

HaiipHMep, JlnH raaonHHHH 1 IIpH ero IIOCTOHHHOH KOHU9HTp8UHH B IIHT8IDIIJ9M 

paCTBOpe (40 Mr/Mn), M8KCHM8nbHOe KOnH'I9CTBO aneMeHTa, KOTOpbJ~ MO-

MeT COp6HpOB8TbCH B KOnOHHe, 0'19Hb 38BHCHT OT KOHU9HTp8UHH KHCnOTbJ, 

Ha pnc. 2 aenH'IHHa yaepMaHHH Gd 
B KOnOHHe, IIpH paanH'IHbl~ COJl9pMa-

HHHX HCl B HCXOJlHOM pacTaope, aaHa a rrpoueHTax oT MaKCHManbHoii 
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PH c. 3. KpHBbie BhiMhiBaHHH ~ lj 
raJlOnHHHH 1 B 38BHCHMOCTH ~~ 
oT aarpy3KH KonoHHbi ane-

MeHToM: 1; Gd 149. 146 6ea 

HOCHTenH i 2, 0,8% ( 0, 1 Mr) i «f 

3. 2,0% ( 0,25 Mr) ; 4. 4,1% J 
(0,6 Mr); 5, 8,2% (1,0 Mr); V. ( ~)(b (AI ( ( 

4 6, 12,3% ( 1,5 Mr) i 7, 20,5% I 
I 

( 2, 5 Mr) ; KonoHHa ¢ 2, 2 MM x • 

x 68 MM, anroeHT 0,87M HCl , f 
2 .. 

1,3 Mn/cM MHH, IO O IO 20 jO <4o0 

g 
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PHc. 2. 3<jl<jleKTHBHSSI eM

KOCTb KOnOHHbl JJ.nSI I'8/lO

nHHHSI1 IIpH IIOCTOSIHHOM CO

JJ.ep>K8HHH Gd 3+ =40 MriMn 

H paanHqHhlX KOHUeHTp8UH-

SIX H Cl B HCXO/lHblX 

pacTsopax. 

~ E 40 
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::t ~ 
~ d 

~ ~ 20 

!I 
CT) ~ 0 

0 0,2 0,4 0,6 

J.ICB M~/111 

.. 
~ . 
~ID ... 
! 

:---c. 

-

0,8 1,0 1,2 

10
1 

1 
I i 

~ 
:;! ' 
alii 

'" 
PH c. 3. KpHBbie BbiMbiBaHHSI ~ If 
I'8/lOnHHHSI1 B 38BHCHMOCTH "~~ 
OT aarpy3KH KOnOHHbl ane-

~j 

MeHTOM' 1 'Gd 
1
49. 146 5ea I I I Ill II I I ·1 ~ jiD'j 

HOCHTe;SI i 
0 

2. 0,8% ( 0, 1 MI') i 10' ' ~ ..... 
3, 2,0% ( 0,25 MI') i 4. 4, 1% 
(0,6 MI') i 5. 8,2% ( 1,0 MI') t 
6. 12,3% ( 1,5 Mr); 7. 20,5% 

v. 

( 2,5 MI'); KonoHHa p 2, 2 MM x 

X 68 MM, a~IIOeHT 0,87M HCl' .. j I I I II II I II r I }\\\ I nfl 
1,3 Mn/CM MHHo IO O IO 20 3D <410 SD 110 70 

HOI'IIII HQMU 
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I 

TeopeTH"'!ecKoi:t eMKOCTH KonoHHbi. O"'!eBHilHO, "'TO nonHoe HaCbiUieHHe 

KOJIOHHbl rallOJIHJIHeM B03MO)KH0 TOJibKO npH pH > 2. 

BenH"''HHa aarpyaKH onpeaenHeT Ha"'!ano BbiMhrBaHHSI naHTaHHila H3 

KOJIOHHbl H {j>opMy KpHBOft smoHpOB8HHSI (pHC. 3). lJeM Bbiliie 3arpy3K8 1 TeM 

paHbliie H8"'1HHaeTCSI BbiMbiB8HHe, TeM pe3"'!e nepellHHft {j>poHT KpHBOft Sn!OHpO

BaHHSI H 6onee 38TSIHyTa HHCXOilS1lll8SI "'18CTb. TaKyiO {j>opMy KpHBbiX MO)KHO 

o6~SICHHTb TeM, "'TO no Mepe yeenH"'!eHHSI aarpyaKH yMeHbrnaeTcSI coaep*a

HHe CB060ilHOrO 8KCTpareHT8 B OpraHH"'!eCKOft {j>aae (o "'!eM y)Ke ynOMHHa-

' 
JIOCb Bbiliie). H noaTOMY (aD I a c)< 0 • CneaoBaTenbHO, "'!eM Bb!liie aarpya-' 

K8 1 TeM 6biCTpee J18HT8HHil JlBif)l{eTCSI BllOJlb~KOJIOHHhlo npH CT8THCTH"'!eCKOM 

pa3MhiTHH nepeaHero (jlpoHTa snJOUHOHHoft nonocbr yxoll Bnepell He6onbrnHx 

KOJIH"'!eCTB sneMeHTa npHBOilHT K ·TOMy, "'TO 9TH KOJIH"'!eCTBa nonall810T B 

o6naCTb 6onee BbiCOKHX D 1 H HX 6b!CTpO llOrOHSieT OCHOBH8SI "'18CTb naH-

T8HHil8o TaKHM o6pa30M 1 nOCTOSIHHO OCyiiieCTBJISieTCSI CaMoperynHpOB8HHe 

pe3KOCTH O"'!epTaHHft nepeaHero {j>pOHTa nOJIOCblo AHanorH"'!HO MO)KHO o6~SIC-

HHTb H 38TSIHYTblft "'XBOCT" npH Bb!Mb!B8HHH MaKpOKOJIH"'!eCTB H3 8KCTpaK

!W40HHO-XpOM8TOrpa{j>H"'!eCKOft KOJIOHHhi. 0CHOBH8SI Macca sneMeHTa HHK8K 

He BJIHSieT Ha OCT8BliiHeCSI HOHblo I'! 'leM MeHbliie CT8HOBHTCSI KOHUeHTpaUHSI 

P33 B eaHHHue o6~eMa HanonHHTenH, TeM Bbirne D ( B npeaene OHH llOCTH

raJOT BeJIH"''HH Koa(jl{j>HUHeHTOB pacnpeaeneHHSI p81lH08KTHBHblX H30TOTIOB B 

COCTOSIHHSIX1 CB060ilHbiX. OT HOCHTeneft) 1 TeM OTHOCHTenbHO MeaneHHee HlleT 

npouecc snJOHpoBaHHH. 

C TO"''KH apeHHH npoeeaeHHH npenapaTHBHhlX paaaeneHHA P33 Ba*HO 

3H8Tb o6~eM, npH KOTOpOM KOHUeHTp8UHSI naHT8HHila B a(jl{j>nJOeHTe llOCTHra

-6 
eT HeKoTopoft aaMeTHoft BenH"''HHhi, KoTopyJO Mbl npHHHnH paBHoft 10 M. 

3TOT o6~eM 6biJI H83B8H H8"'18JIOM BbiMbiB8HHSI MaKpOKOJIH"'!eCTB H3 KOJIOHHbl 

(VA) • lJT06bi VA He 38BHCeno OT pa3Mepa KOJIOHHbl 1 OHO 6brnO npoHOp

MHpOB8HO no o6~eMy sKCTpareHTa, coaep*amerocH B HanonHHTene ( V
5

) ( 7): 

10 

{{· 
\~:: 

-~ 

' I 

{ 
! 

A (V - V )IV 
A 0 a 

Ha pHc. 4. noKaaaHa aaBHCHMOCTb eenH"'!HHhi HOpMHpoE 

BbJMb!BaHHSI A oT aarpyaKH KonoHHhr sp6HeM, raaonHHHeM ll 

liiO BHilH01 "'TO B nonynorapH{j>MH"'!eCKHX KOOpllHH8T8X "'!epea 

HbJe TO"''KH, nony"'!eHHhre anH ecex sneMeHTOB B llHanaaoHe .:~ 

llO 25% npH p83JIH"''HbiX KOHUeHTpaUHSIX KHCJIOTbl B SJIJOeHTaX 

TH n,apan~enbHhre npHMhre. 

EcnH npHHSITb, "'TO anH ecex naHTaHHilOB HeaaBHCHMo , 

UHH KHCJIOTbl B SJIIOeHTe, Bo-nepBbiX1 6yllyT Ha6nJOil8TbCSI 38 

A oT aarpyaKH ( 8) , aHanorH"''Hhre npHBeaeHHhiM Ha pHc. 

pbiX, "'TO oTHorneHHe D I A0 = const = 1,4 , rae D - Kos«fxx 

peaeneHHSI MHKpoKonH"''eCTB aaHHoro P33 H A 0 - nony"'!eHHI 

aKcTpanonHuHeft 3Ha"'!eHHe A npH 8 = 0 , To MO*HO BhiBe 

"'!ecKoe ypaBHeHHe ( 8), noaBonHJOlilee pacc"'!HThiBaTb A anH 

JIJ06oro J18HT8HHil8 npH 381l8HHOft 3arpy3Ke KOJIOHHbl H H3BeC 

UHH KHCJIOTbl B SJIIOeHTe: 

log A = log D - 0, 15 - 0,036 8 . 

HanpHMep, no ypaBHeHHJO (8) 6hrno pacC"'!HTaHo, "'TO np 

Ke KOJIOHHbl llHCnp03HeM H nocneayJOlileM ero Bb!Mb!B8HHH 1, 

A = 1, 70. 3KcnepHMeHTanbHhre onpeJleneHHSI aanH 3Ha"'!eHHl 

H3 ypaBHeHHSI (8) O"'!eBHJlH0 1 "'TO npH nOCTOSIHHOft aarp 

P33 A = D x const • CneJlOBaTenbHo, HOpMHpoBaHHaSI BenH"''Hl 

x/ 
.llnH MaKpoKOJIH"'!eCTB JlHCnpoaHH B 1, 7M HCl D = 13 

11 



A (VA- V )IV 
0 • 

( 7) 

Ha pHc. 4. rroKaaaaa 3aBHCHMOCTb senH'IHHbi HOpMHposaaaoro Ha'lana 

BhJMhiBaHHSI A oT aarpy3KH KonoHHhi ap6HeM, ranonHHHeM H HTTpHeM. Xopo

rno BHllHO, 'ITO B riOJIYhorapH$MH'I9CKHX KOOpllHH8T8X 'lepea 9KCri9pHM9HT8Jlb

Hbi9 TO'IKH 1 rrony'leHHbi9 llJl.ll BC9X 9J19M9HTOB B llH8ri830H9 aarpy30K OT 3 

llO 25% rrpH p83JlH'IHbiX KOHU9HTp8UH.IIX KHCJIOTbl B 9n109HT8X1 MO>KHO rrpoBec-

TH rrapannenbHbie rrp.IIMbie. 
' . 

EcnH rrpHH.IITb 1 'ITO llJl.ll BC9X J18HT8HHllOB H938BHCHMO OT KOHU9HTpa

UHH KHCJIOTbl B 9n109HT91 Bo-rrepBblX1 6ynyT- Ha6moll8TbCS! 38BHCHMOCTH 

A oT aarpyaKH (B) , aaanorH'IHbie rrpHBeneHHhiM Ha pHc. 4, H, Bo-BTo

pbiX, 'ITO OTHOllieHHe D I A 0 = const = 1,4 , rne D - KO~HuHeHT pacrr

peneneHHSI MHKpOKOJIH'IeCTB naaaoro P33 H Ao - rronyqeaaoe nHHenaon 

aKcTparronSIUHeft aaaqeHHe A rrpH B = 0 , To MO>KHo BbiBecTH aMrrHpH

qecKoe ypaBHeHHe ( 8), rroasonmornee pacc'IHThiBaTb A nn.11 MaKpoKoJIH'IeCTB 

n~6oro J18HT8HHll8 ripH 38ll8HHOft 3arpy3K9 KOJIOHHbl H H3B9CTHOH KOHU9HTpa-

UHH KHCJIOTbl B 9Jl~9HTe: 

log A = log D - 0, 15 - 0,036 B . (8) 

HarrpHMep, no ypaBHeHH~ (8) 6bino pacc'IHTaHo, 'ITO rrpH 20,5% aarpya

x/ 
Ke KOJIOHHhi llHCripoaHeM H rrocneny~rneM ero BbiMbiBaHHH 1, 7 M HCl , 

A = 1, 70. 3KcrrepHMeHTanbHhie orrpeneneHH.II nanH aaa'leHHSI A = 1, 73. 

Ha ypaBHeHH.II (8) O'leBHllHO, 'ITO rrpH rrocTOSIHHOH aarpyaKe KonoHHhl 

P33 A = D x const • CnenosaTenhHo, HopMHpoBaHHa.ll senH'IHHa aaqana 

x/ /16/ 
.lln.11 MaKpoKonH'IeCTB nHcnpoaHSI B 1,7M HCl D = 13,2 
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PHc. 4. 3aBHCHMOCTb HOpMHpoBaH

Holt BenH'IHHbl Ha 'lana Bb!Mb!B8HHSI 

MaKpoKonH'IeCTB naHTaHHAOB ( A ) 
OT 3arpy3KH KOnOHHbl ::meMeHTOM, 

To'IKaMH B CK06Kax Ha ocH opAH

HaT noKa38Hbl BenH'IHHbl KOs4><J!HUH-

9HTOB pacnpeAeneHHSI MHKpOKOnH

'IeCTB paCCMaTpHBaeMbiX naHTaHH

AOB npH COOTBeTCTBYIDillHX KOHUeH

TpaUHSIX HCl B aniDeHTax. 

PHC, 5. J13MeHeHHe HOpMHpOB8HHOlt BenH'IHHbl Ha'lana Bb!Mb!B8HHSI raAOnHHHSI 1 

..... 

B aaBHCHMOCTH oT KOHueHTpauHH H Cl B sniDeHTe, 3arpyaKa KonoHHhi 

12,4%,. 
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~5 0,6 0, 7 0,8 0,9 1,0 
J.ICS M~nl> 

' ~ ~ 
l~ 

1,2 1,1, 1,6 

Bb!MbiBaHHSI 1 T8K >Ke KaK H K03lP$HUHeHT pacnpeAeneHHSI 1 o6: 

UHOHanbHa Ky6y KOHUeHTp8UHH BOAOpOAHbiX HOHOB, lleltCTBH, 

Tax c ranonHHHeM aaBHCHMOCTb log A OT log[ H+ 1 HMel 

Hbllt xapaKTep C HaKnOHOM - 3 ( pHC, 5), 

2. 0TAeneHHe MHKpoKonH'IeCTB P33 6onee nerKHx, qe 

OCHOBa, 

npH OTAeneHHH OT MaKpOKOnH'IeCTB naHTaHHAOB cneAO 

P33 BenH'IHH8 aarpy3KH KOnOHHbl He BnHSina Ha KOs$$HUHeH 

HHS! BbiAenHeMhlX MHKposneMeHTOB ( D MHKpO) H Ra BbiCC 

TeopeTH'IeCKolt TapenKH ( H ) ( ypaBReHHe (2)) AD Tex nop, 

nano nepeKpbiBaHHe sniDUHOHHhiX nonoc MaKpo- H MHKpoKon: 

qecKH aTo oaaaqano,· 'ITO npH 1 ::: D MHKpo ::: 2 xopollleE 

no eme B03MO>KHO, eCnH OTHOill9HHe 

A MaKpo I D MHKpo ;;; 1,5 

B Ka'leCTBe npHMepa MO>KHO npHBeCTH peaynbTaTbi1 no 

BbiAeneHHH Tb H3 Er (pHc. 6). 

t{ eM 6onblll9 6binO OTHOill9HH9 ( 9) ('19M HH>Ke aarpy3Kl 

'19TKO npOHCXOAHnO paaneneRHe H M9Hblll9 6hin "XBOCT" y n 

MeHTa, C nOBbllll9HH9M 3arpy3KH "XBOCT" yBenH'IHBanCSI 1 H8 

MeTHoe nepeKpbiTHe aniDuHoHHhiX nonoc H B npenenbROM en: 

MeRTa Bb!MbiBanHCb COBMeCTHO, npoHCXOAHnO nHillb H9KOT0p 

MHKpoaneMeHTOM nepeAHero «PpoHTa nHKa MaKpoaneMeHTa, 

0CHOBHOfi npH'IHHOlt B03HHKHOB9HHSI " XBOCTa" SIBnSieTC 

MHeHHID1 BKniD'I9HHe MHKposneMeHTa B CTpyKTypy renSI THnt 

o6paayeTcSI npH cop6uHH MaKpoaneMeaTa H3 cna6oKHCnhiX 

BopoB. B BOAHYID $aay MHKpoaneMeHT nepexoAHT B npouecc 

TOnbKO no Mepe paapyllleHHSI TpHAH8ITKHn¢oc$aTa,. 
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Bb!Mb!B8HHSI1 T8K >Ke K8K H Koa<jlljJHUHeHT pacnpe)le.lleHHSI 1 o6paTHo-nponop

UHOH8.1IbH8 Ky6y KOHUeHTpauHH BOJlOpOJlHbiX HOHOB. llei!:CTBHTe.llbH0 1 B onhi-

Tax c raJlO.IIHHHeM 38BHCHMOCTb log A OT log[ H+] HMena npHMO.IIHHeil:-

Hblil: xapaKTep C H8K.IIOHOM - 3 ( pHC. 5) • 

2. 0TAeneHHe MHKpOKO.IIH'IeCTB P33 6onee nerKHx, 'leM aneMeHT -

OCHOBa. 

npH OTJle.lleHHH OT M8KpOKO.IIH'IeCTB .II8HT8HHJlOB C.lleJlOB 6onee nerKHX 

P33 Be.IIH'IHH8 3arpy3KH KO.IIOHHbl He B.IIHSI.II8 Ha KOaljlljJHUHeHTbl pacnpe)lene

HHSI BbiJle.IIHeMhiX MHKpOa.lleMeHTOB ( D MHKpO) H Ha BbiCOTy s<jJljleKTHBHOft 

TeopeTH'IecKoft TapenKH ( H )(ypaBH~HHe (2))ilo Tex nop, noKa He HacTy-

nano nepeKpbiB8HHe 9.1IIOUHOHHbiX nO.IIOC MaKpO- H MHKpOKO.IIH'IeCTB. npaKTH

'IeCKH aTo 03Ha'lano, 'ITO npH 1 ._::: D MHKpo _::: 2 xopomee pa3JleneHHe 6bi-

.110 eme B03MO>KH0 1 eC.IIH OTHOllleHHe 

A MaKpo I D MHKpo f 1,5 ( 9) 

B xa'leCTBe npHMepa MO>KHO npHBeCTH pe3y.llbT8Tbi1 nony'leHHbie npH 

Bbi)le.lleHHH Tb H3 Er (pnc. 6). 

'4eM 60.Ilbllle 6bi.IIO OTHOllleHHe ( 9) ( 'leM HH>Ke 3arpy3KH) 1 TeM 6onee 

'leTKO npOHCXOJlH.IIO p83)leneHHe H MeHbllle 6b!.II "XBOCT" y nHKa MHKpOa.lle

MeHTa. C nOBbillleHHeM 3arpy3KH 'XBOCT" yBe.IIH'IHB8.1ICSI 1 H86.1IIOJl8.1IOCb 38-

MeTHOe nepeKpbiTHe anJOUHOHHhiX nonoc H B npeaenhHOM cny'lae o6a ane

MeHTa BbiMbiB8.1IHCb COBMeCTHO. npoHCXOllH.IIO .IIHlllb HeKOTOpoe o6orameHHe 

MHKpoaneMeHTOM nepeJlHero ,PpoHTa nHKa MaKpoaneMeHTa. 

0CHOBHOil: npH'IHHOH B03HHKHOBeHHH ' XBOCTa" SIB.IIHeTCSI 1 no HallleMy 

MHeHHIO, BK.IIJO'IeHHe MHKpoaneMeHTa B CTpyKTypy renH THna MA 3 , KOTOpbiH 

o6pa3yeTCSI npH cop6UHH M8Kp09.1IeMeHT8 H3 C.II860KHC.Ilb!X HCXOJlHblX pacT

BOpOBo B BOJlHYIO ljla3y MHKpOa.lleMeHT nepeXOllHT B npouecce 9.1110HpOB8HHSI 

TO.IlbKO no Mepe pa3pymeHHSI TpHllHB.IIKHn<jJocljlaTa •. 
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PHc. 6. 3aBHCHMOCTb Ko9(jlcjlHuHeHTa pacnpeaeneHHSI H BbiCOTbi 9(jlcjleKTHBHOA 

TeopeTH~eCKOM TapenKH llnSI MHKpOKOnH~eCTB TepOHS1 1 OT aarpy3KH KOnOHHbl 

apoHeM, 

Opouecc oopaaoBaHHSI coeaHHeHHM THna MA 3 B onpeaeneHHoA cTeneHH 

MO*HO ITOli8BHTb 1 ecnH H8HeCeHHe paaaenSieMOM CMeCH H8 KOnOHHy npOB0-

/8/ 
ll{i.fb npH ITOBbiUJeHHbiX KOHUeHTp8UHSIX BOliOpOliHbiX HOHOB , 0liH8KO 3/leCb 

cyrnecTByeT onaCHOCTb npOCKOK8 M8KpOKOMITOHeHT8, 

ci>HKcauHSI MHKpoaneMeHTOB reneM MA 3 npHBOliHT K ToMy, ~To Bbmon

HeHHe ycnOBHM, 38li8BaeMbiX OTHOUJeHHeM ( 9) 1 SIBnSieTCSI HeOOXOliHMbiM, HO 

He liOCT8TO~HbiM cjlaKTOpOM llnSI npoBelleHHSI Ka~eCTBeHHbiX paaaeneHHA, na

*e B TeX cny~8SIX 1 KOrlla llnSI paCCM8TpHB8eMbiX aneMeHTOB 
A M8Kp0 
--» 15 

D MHKpO •• 

HanpHMep, npH BbilleneHHH Nd H oonee nerKHX P33 Ha T m , TonbKO 

npH aarpy3K8X KOnOHHbl ~ 50% liOCTHraeTCSI Bb!COKHM cjlaKTOp ooorameHHSI 

cyMM8pHOrO npenapaTa MHKp09neMeHTOB1 T8K K8K llnSI HX Bb!Mb!B8HHSI Heoo-

XOJlHM nepeXOJl TpHliH8nKHncjloccjlaTOB naHT8HHliOB B M[H(A}
2

]
3 • Ho anSI 

napbl 6nHane*aiUHX aneMeHTOB OTHOUJeHHe ( 9) IT03BOnSieT OUeHHTb M8KCHM8nb-

14 

HYIO aarpy3Ky KOnOHHbi, npH KOTOpoA MO*HO npoBeCTH YllOBn 

paaaeneHHe. B ~aCTHOCTH, anSI BbilleneHHSI 'Tb H3 Er B 

TaKaSI aarpyaKa noasonSina nony~aTb npenapaTbi, coaep*aBrn 

OHSI, oopaaoBaBrnerocSI B SlllepHbiX peaKUHSIX HnH npHcyTCTBOE 

rpS13HeHHe. Coaep*aHH~ apoHSI B npenapaTe ObinO He oonee 2, 

aarpy*eHHoro B KonoHHy. 

HeB03MO*HOCTb HcnonbaoBaTb Becb o6'beM KonoHHbi am 

nerKHX P33 Ha oonee TSI*enoro naHTaHHlla-ocHoBbi oo'beKTHI 

HeliOCT8TKOM MeTOll8 1 OliH8KO 9TOT HeliOCT8TOK KOMITeHCHpye• 

npH ManbiX Koa<P<!>HuHeHT8X pacnpeaeneHHSI H Bb!COKHX CKOpOC 

HHSI, ~TO o~eHb COKpamaeT BpeMS1 1 HeOOXOliHMoe llnSI npoBeliE 

/3,20/ 
B nHTepaType HMeeTcSI onHcaHHe MeTOliHKH, no~ 

no yTBep*lleHHJO aBTopoB, npoBOliHTb ~eTKoe paaaeneHHe Te~ 

npH 90% aarpyaxe KonoHHbi, 

M bl ITOBTOpHnH 9TO paaaeneHHe, HCnOnb3YSI CBOOOJlHbiti 

npenapaT p8liH08KTHBHb!J:C H30TOITOB TepOHSI H M8KpOKOnH~eCTI 

paaHoaKTHBHoA MeTKH, H paaHoMeTpH~ecKH, H THTpoBaHHeM : 

liH9THneHTpH8MHHITeHT88UeT8TOM H8TpHS1 C apceH830 1// 1 001 

liB8 ITHK8 H8 KpHBOti 9n10HpOB8HHSI ( pHC, 7) • OepBblft H3 HHX1 

npeliCT8BneHHSIM 1 B03HHKaeT 38 C~eT npoCKOK8 aneMeHTOB B 

I'py3KH: npu KHcnoTHoCTH l,lM HNO 3 B HcxoaHoM pacTBope, 

Ob!Tb aarpy*eHa apoHeM TOnbKO Ha 75% ee M8KCHManbHOM T 

eMKOCTH. nocneayJOIUaSI npoMbiBKa KonoHHbi l,lM HNO 3 npaK 

npHBOliHna K a<P<!>eKTHBHOMY BbiMbiB8HHIO TepOHSI 1 H3-38 MelinE 

MHKpoaneMeHTa, BKnJO~eHHoro B renb Er(DEHP) 
3

, Me*liY Hen 

ITOliBH*HOti cf>aaaMH, 009TOMY HB KpHBOM an10HpOB8HHSI HBOniO~ 

BTopoA nHK nony~ancSI npH BbiMbiBaHHH P33 H3 KonoHHbi pac 

COKOti KOHUeHTpauHeii BOliOPOliHbiX HOHOB, KoHe~HO, HH 0 KBKI 

MaKpQ-MHKpoKonH~ecTB naHTBHHilOB aaecb He Morno ObiTb H 
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HYIO aarpy3KY KOJlOHHhi, IIpH KOTOpOH MO)I{HO rrpoBeCTH YJ:IOBJleTBOpHTeJlhHOe 

paaneneHHe. B qacTHOCTH, nnSI BbiJ:IeneHHSI 'Tb H3 Er B max = 21%. 

TaKaS! aarpyaKa II03BOJ1SIJ1a, rronyqaTh rrperrapaTbi, conep)l{aBIIIHe no 80% Tep

OHSI, o6paaoBaBIIIerocSI B SinepHbiX peaKUHSIX HnH rrpHcyTCTBoBaBIIIero KaK aa

-4 
rpSI3HeHHe. C onep*aHH~ spoHSI B rrperrapaTe ObiJlo He 6onee 2,10 % oT 

aarpy)l{eHHOI'O B KOJlOHHy, 

HeB03MO)I{HOCTh HCIIOJlh30BaTh secb oo'beM KOJlOHHhi nnSI BhiJ:IeneHHSI 

nerKHX P33 H3 6onee TSI*enoro naHTaaHna-ocHOBbi oo'heKTHBHO SIBJlHeTCH 

He}:IOCTaTKOM MeToaa, O}:IHaKO 9TOT He}:IOCTaTOK KOMIIeHCHpyeTCH paoOTOH 

IIpH MaJlhiX K09!jJ¢HuHeHTaX pacrrpeneneHHSI H Bb!COKHX CKOpOCTSIX 9J110HpoBa

HHSI1 qTo oqeHh coKpaiiiaeT BpeMSI, Heo6xonHMoe anSI rrpoBeaeHHH rrpouecca. 

/3,20/ 
B JlHTepaType HMeeTCSI OIIHCaHHe MeTOJ:IHKH1 II03BOJ1SIJOIIIeil:, 

IIO yTBep)KJ:IeHHIO aBTOpOB1 IIpOBOJ:IHTh qeTKOe paaaeneHHe TepoHH H 9pOHH 

IIpH 90% aarpy3Ke KOJlOHHb!, 

M bl IIOBTOpHJlH 9TO paaaeneHHe, HCIIOJ1h3YSI CBOOOJ:IHbiH OT HOCHTeJlSI 

IIperrapaT paJ:IHOaKTHBHbl~ H30TOIIOB TepoHH H MaKpOKOJlHqecTBa 9p0HSI oea 

paaHoaKTHBHOH MeTKH. l1 paJ:IHOMeTpHqecKH, H THTpOBaHHeM sljl!jlnJOeHTa 

aHsTHJleHTpHaMHHIIeHTaaueTaToM HaTpHSI c apceHaao Ill , o6Hapy*HBaJ1HCh 

J:IBa IIHKa Ha KpHBOH 9J110HpOBaHHH ( pHC, 7) • nepBb!H H3 HHX1 IIO HaiiiHM 

IIpe}:ICTaBJleHHSIM 1 B03HHKaeT 3a cqeT IIpOCKOKa 9JleMeHTOB B IIpouecce aa,-

I'pySKH: rrpH KHCnoTHOCTH 1,1M HNO 3 B HCXOJ:IHOM pacTBope, Konoaaa Morna 

Ob!Th aarpy)l{eHa spoHeM TOJlhKO Ha 75% ee MaKCHMaJlhHOH TeopeTHqecKOH 

eMKOCTH. nocneayJOIUaSI rrpoMhiBKa KOJlOHHbi 1,1M HNO 3 rrpaKTHqecKH He 

IIpHBOJ:IHJla K s!jxjleKTHBHOMy Bb!MbiBaHHIO TepOHSI, H3-3a MeaneHHOI'O OOMeHa 

MHKp09JleMeHTa1 BKJlJOqeHHOI'O B renh Er(DEHP) J, Me*J:IY HeiiOJ:IBH)I{HOH H 

IIOJ:IBH)I{HOH !jla3aMH, nosTOMy Ha KpHBOH 3J110HpOBaHHH HaOJliO}:IaJlCSI MHHHMyM. 

BTopol!' IIHK rronyqancSI rrpH BhiMhiBaHHH P33 Ha KOJlOHHhi pacTBopoM c Bhi

coKol!' KOHUeHTpauHefi BOJ:IOpOJ:IHbiX HOHOB. KoHeqao, HH 0 KaKOM paaaeneHHH 

MaKpQ-MHKpOKOJlHqecTB naaTaHHJ:IOB anecb He Morno obiTh H peqH, 
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PHc. 7o BbiMblBaHHe MaKpOKOnH'ieCTB Er H MHKpoKonH'ieCTB Tb H3 KonoHHbl 

p 2,2 MM X 74 MM C HanonHHTeneM H8 OCHOBe KH3enhrypa " H y flo 
Supercel" (152 Mr) H HDEHP (59,7 Mr)o 06mee Kon~-qecTBo ap6HH 

B HCXOaHOM paCTBope 9KBHBaneHTHO 84% M8KCHM8nbHOfi TeopeTH'ieCKOft 

eMKOCTH KonoHHbt, 0,18M Er B l,IM HNO 3 • 8moeHT 7M HNO 3 o KoM-

HaTHaH TeMnepaTypao 

1101 
PeaynbTaTht, aHanorH'iHbte HalliHM, npHBeaeHbi B pa6oTe : npH 

._50 -~poueHTHOfi aarpyaKe KOnOHHbl HTTpHeM, noBeaeHHe KOTOporo B aaHHblX 

ycnoBHHX 6nH3KO K ap6~IO,oTaeneHHH MHKponpHMeCH Tb oT Y He npoHcxo-

aHT, 

/13/ B pa6oTe noBeaeHHe o6oHx aneMeHTOB npH aKCTpaKUHOHHo-xpo-

MaTorpa!jJH-qecKHX pasaeneHHHX aeTeKTHpoBanocb TonbKO no o6meA paaHoaK

THBHOCTH a!jl!jlniOeHTOB, H aTO CTano npH'iHHOfi HenpaBHnbHblX 9KCnepHMeH-

TanbHbiX Bb!BOaOBo 

16 

3o 0TneneHHe MHKpoKonu-qecTB P38 6onee TH:>Kenbtx, 'i4 

OCHOB8, 

0TaeneHHe OT aneMeHT8-0CHOBbl MHKpOKOnH'ieCTB 6onee 

aToMHOMY Becy P38 c noMOlllbiO aKcTpaKUHOHHofi xpoMaTor~ 

BHTb 5hlnO ner-qe, qeM 5onee nerKHx. Ha HX noBeaeuue npH 

npHCyTCTBHe M8KpOKOMnOHeHT8 CK83biB8nOCb OTHOCHTenbHO C 

KOnH'ieCTBa TSI:>KenhlX P33 Cop5HpOB8nHCb B BepxHHX CnOSIX E 

T8K K8K HMenH 5onee BbiCOKHe Koa!jlqlHuHeHTbi pacnpeaeneH 

HHe reng MA 
3 

cyllleCTBeHHO ue BnHHno Ha KHHeTHKY ycTaHoB; 

cHH Me:>Kny !jla3aMH nnH aTHX aneMeHTOBo B peaynhTaTe aa:>Kt 

38rpy3K8X KOnOHHbl npouecc Bb!Mb!B8HHSI MHKpOKOnH'ieCTB np< 

npeTepneBan H3MeHeHuft. HanpHMep, npH paaaeneHHH N d H 

UHeHTbl pacnpeneneHHSI H 'iHCnO a!jl<jleKTHBHbiX TeopeTH'ieCKHX 

KOnOHHbl nnH MHKpOKOMnoHeHT8 H8'i8nH yMeHblli8TbCSI TOnbKO 

CBbillle 40%o npH MeHblliHX 3arpy3K8X - MaKCHMyM H8 KpHBOI 

H !jlopMa nHK8 5binH T8KHe :>Ke, K8K H npH Bb!Mb!B8HHH TOnbKI 

'ieCTB, 

Ha pH c. 8 noKa3aHo BbtaeneHHe N d H3 fa , Koraa Ko 

nenHero 5hlno no'iTH B nonTopa pa3a Bhlllle MaKCHManbHOA n 

eMKOCTH KOnOHHblo B TeqeHHe 30 MHHYT OTnenHnOCb OKOnO 9 1 

aneMeHT8-0CHOBblo npHMepHO 60% naHT8Ha npOCK8KHBano -qep 

y:>Ke npH nponycKaHHH 0, 1M no H Cl HcxoaHoro pacTBopao 

KOnH'ieCTBo naHTaHa BbiMbiBanocb 0,45M H Cl o Bo !jlpaKUIIII 

-2 
Banocb He 6onee 3o 10 % naHTaHa. 

3aKnroqeHHe 

npH paaneneHHH H8 9KCTp8KUHOHHO-XpOM8TOrpa$H'ieCKIIJ 

c Hepa358BfieHHOfi HDEHP B Ka'ieCTBe CT8Ul!OH8pHOH <jJa3 
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3, OTaeneHIW MHKpoKonH'IeCTB P33 6onee TSDKenbiX, qeM aneMeHT-

OCHOB8, 

0TaeneuHe OT aneMeHTa-OCHOBbl MHKpOKOnH'IeCTB 6onee TSDKenbiX no 

aToMHOMY Becy P33 c noMOllibiD aKCTpaKuHOHHofi xpoMaTorpa~HH ocymecT

BHTb 6bmo nerqe, qeM 6onee nerKHx, Ha HX noBeaeHHe npH aniDHpoBaHHH 

npHcyTCTBHe M8KpOKOMnoHeHT8 CK83hlB8nOCb OTHOCHTenbHO cna6o, MHKpO

KOnH'IeCTBa TH~enbiX P33 cop6HpOBanHCb B BepxHHX CnOHX HanonHHTenH, 

T8K K8K HMenH 6onee BhlCOKHe KOa~~HuHeHThl pacnpeaeneHHH, 06paaoBa-

uHe renH MA
3

cymecTBeHHO He BnHHno Ha KHHeTHKY ycTaHoBneHHH paBHoBe

CHH Me~ay ~aaaMH anH aTHX aneMeHTOB, B peaynbTaTe aa~e npH BbiCOKHx 

38rpy3K8X KOnOHHhl npouecc BhlMhlB8HHH MHKpOKOnH'IeCTB npaKTH'IeCKH He 

npeTepneBan H3MeHeHHfi. HanpHMep, npH paaaeneHHH N d H E u Koa~~H

uHeHTbi pacnpeaeneHHH H 'IHCnO 9~~eKTHBHblX TeopeTH'IeCKHX TapenOK 

KOnOHHbl anH MHKpOKOMnOHeHT8 H8'18nH yMeHbii18TbCH TOnbKO npH aarpy3Ke 

CBbiiiie 40%. OpH MeHbiiiHX aarpyaKax - MaKCHMyM Ha KpHBofi aniDHpoBaHIIH 

H ~OpMa nHK8 6binH T8KHe ~e, K8K H npH BbiMbiB8HHH TOnbKO MHKpOKOnU-

'leCTB, 
-. 

Ha pHc, 8 noKaaaHo BbiJleneHHe N d H3 fa , Korna KOnH'IeCTBo noc

neaHero 6hinO no'ITH B nonTopa paaa Bbiiiie MaKCHManbHOfi TeopeTnqecKol1 

eMKOCTH KOnOHHbl, B Te'leHHe 30 MHHYT OT):lenHnOCb OKOnO 90% :\i d OT 

aneMeHTa-ocHOBbi, OpHMepHo 60% naHTaHa npocKaKHBano qepea Konouuy 

y~e npH nponycKaHHH 0, 1M no H Cl HcxoaHoro pacTBopa. OcTnnbuoe 

KOnHqecTBO naHTaHa BbiMbiBanocb 0,45M H Cl , Bo ~paKUIIII .,. d ocTa

-2 
Banocb He 6onee 3,10 % naHTaHa. 

3aKniD'IeHHe 

OpH paaaeneHHH Ha aKCTpaKUHOHHo-xpoMaTorpa4JH'IeCIOIX KonouHax, 

c Hepaa6aBfieHHOll: HDEHP B K8'1eCTBe CT8UHOHapHOi'I cjla3bl 0 CMeCH P33, 
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Ng cppa.H4UU 

PH c. 8, BbmeneaHe MHKpOKOJIH'IeCTB N d H3 £a , KonHtiecTBO naaTaaa 
B ::. 1,5 paaa rrpeBbimaeT eMKOCTb KonoHHhi. KoaueaTpauHH H Cl B Hcxo.D.-

HOM pacTBope 0, JM B amoeaTe - 0,45M, 75°C, 

B KOTOpOft OJJ.HOrO H3 HHX Ha IIHTb-WeCTb IIOpHJJ.KOB 6onbme, '!eM JJ.pyrHX, 

M8Kp09JieMeHT p83JIH'IHO BJIHHeT H8 Bb!Mb!B8HHe 6onee nerKHX H 6onee TH-
-.., 

>KenhiX no aTOMHOMY eecy aneMeHTOB, B rrepeoM cnyqae, Hs-sa Bl<mo'leHHH 

MHKpOaneMeHT8 B renb ~pHJJ.H8JIKHJI~OC~aTa M8KponaHT8HHJJ.8, qeTKHe 

pa3JJ.eneHHH B03MO>KHbl J!Hllib II pH '18CTH'IHOft 3arpy3Ke KOJIOHHbi, 'tJ eM 6onbme 

pa3HHU8 B aTOMHblX HOMepax M8Kp0- H MHKpoaneMeHTOB, TeM Bbillie M8KCH

M8JibHO JJ.OIIYCTHM8H <!arpy3Ka, B rrpeaene JJ.OCTHraiOUI8H 50%, 0pH OIITHM8Jib

HblX ycnoBHHX pa3JJ.eneHHl!: ~aKTOpbl o6oraUieHHH rrperrapaTOB MHKpOKOJIH'IeCTB 

6 
nerKHX P33 6binH rropHJJ.Ka 10 , 

Bo BTOpOM cnyqae, IIpH BbiJJ.eneHHH TH>KeJihlX MHKpOaneMeHTOB H3 6onee 

nerKoro MaTepHana-OCHOBb! 0 OIITHM8JibHbie 3arpy3KH TO>Ke 38BHCHT OT IIpH-

poJJ.hi pasaenHeMhiX aneMeHTOB, ao aeT eepxaero rrpeaena JJ.nH MaKCHManbHO 

JJ.OIIyCTHMOft 3arpy3KH: qeTKHe p83JJ.eneHHH JJ.OCTHraiOTCH JJ.B>Ke IIpH Bb!COKHX. 

18 

BIIJIOTb JJ.O 100%, 3arpy3K8X KOJIOHH, 0JJ.H8KO ~8KTOpbl o6or 

Ha JJ.Ba-TpH IIDpHJlK8 HH>Ke, IIDCKDJ!bKy "XBOCT" IlDJIOCbi Bbll\ 

rrepBbiM MaKpOKOMIIOHeHTa 38rpH3HHeT KDHUeHTpaT MHKpDKC 

HHJlOB, 

flHTepaTypa 

1. 3. XeppMaHH, X. fpocce-PIOKeH, B. A. XanKHH, Open 
P-1455, lly6aa, 1963; PallHOXHMHH, §, 224 ( 1964), 

2. B.Kotlinska-Filipek~ S.Siekierski. Nuklec 
szawa) 1 !!.1 607 (1963) • 

3, R.J.Sochacka 1 S.Siekierski. J. Chromatogi 
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4, H.Grosse-Ruykenl J.Bosholm. Kernenenergie 
(1965). 
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'rOpHH, ~ 667 ( 1967), 
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9. M.T.Riccato 1 G.Herrmann. Radiochimica Act 
(1970) • 
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11. D.F.Peppard 1 I.R.Ferraro 1 G.W.Mason. J.In 
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12. M.Vobecky 1 A.Mastalka.-Collection Czechos 
Commun.l 28 (1963) 709. 

13. E.Herrmann. J. Chromatog. 38 (1968) 498. 
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BnnoTb ao 100%, aarpyaKax Konoaa. OaaaKo ¢aKTOphl o6orameHHR aaecb 

HB DBB-TpH DOpRJlKB HH)I{e, DOCKOnbKy 11 XBOCT" DOnOCbi BbiMbiBaJOmerOCR 

nepBbiM M8KpOKOMDOH9HTa aarpR3HR9T KOHUeHTpaT MHKpOKOnHqeCTB nBHTB-

HHDOBo 

flHTepaTypa 

1. 3. XeppMaaa, X. fpocce-PJOKea, B. A. XanKHH. ITpenpHHT 011.H.I1, 
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1, 124 (1963). 
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V.A.Khalkin. Abbreviated English translation of 
scientific papers presented in Russian of the XX-th 
International IUPAC-Congress, Moscow 1965, paper E 93. 

7. M.r. 3eMCKOBa, H.A. fle6eaeB, lll.r. MenaMea, o.<J>. CayHKHH, r.B.Cy
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11. D.F.Peppard, I.R.Ferraro, G.W.Mason. J.Inorg.Nucl. 
Chern. , 7 , ( 19 58 ) 2 31 , 4 , ( 19 57) 3 71 . 

12. M.Vobecky, A.Mastalka.-Collection Czechosl.Chem. 
Commun., 28 (1963) 709. 
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(1958) 1776. 
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p,-KDITI!Cb rrocTYITI!I1a B ll3UaTenbCKl!I"! oTaen 
, I \;apTa 1872 roan. 
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Y CJIOBHJI 06MeH8 

npenpHHTb! H coo6meHHSI OHHH paCCbina!OTCSI 6ecrrnaTHO, H 

HMHOI'O 06MeR8tYHHBepCHTeTaM 1 HHCTHTyTaM 1 na6opaTopHSIM1 

Hay'IHbiM rpynnaM H OTLleJibHbiM y'leHbiM 6onee 50 CTpaH, 

nony'laTensiM H3LlaHHi!: OHHH rrpeaocTaBJISieTCH B03MO)f{HOC1 

SIBHTb HHHUH8THBy B 6ecrrJiaTHOi!: IIOCblJIKe rry6JIHK8UHi!: B ily6t 

06Me&a fiPHHHM810TCSI Hay'IHbie KHHI'H 1 )f{ypaaJibi, nperrpHHTbl 

ny6nHK8UHH no TeMaTHKe O:vrfll1. 
EaHHCTBeHHbii!: aHa rry6JIHKauHl!:, KoTopbxl!: HaM npHCbiJiaTb 

STO perrpHHTbl l OTTHCKH CTaTeli: 1 y)f{e ony6JIHKOBaHHbiX B Hay'IH 

.l::i pgae cnytiaea Mbi caMH o6pamaeMCSI K Hay'IHbiM yqpe)f{l 

6onee KpyTIHbiM !IOJiy'laTeJISIM HalliHX H3LlaHHI!: - C !Ip0Cb60I!: 6E 

CJiaTb HaM KaKH9-JIH60 KHHI'H HJIH BblliHCaTb LlJlSI Halllei!: 6H6JIHC 

)f{ypHaJibi1 H3Jla!OIUH9CSI B HX CTpaHaX, 

0TAeJibHhle 38Dp0Chl 

J1aLlaTeJibCKHi!: OTUeJI 9)f{ei'OUHO BblliOJIHSieT OKOJIO 3000 OT!l 

COB aa BbiCbiJIKY H3JlaHH:i!: 0J1HJ1, B TaKHX aanpocax cneaye1 

yKa3biBaTb HHJleKC aarrpalliHBaeMOI'O H3JlaHHSI, 

AApeca 

nacbMa no seeM aonpocaM o6MeHa ny6nHKaUHSIMH 1 a TaKi 

oTaenbHbie H3JlaHHSI cneayeT aanpaBJISITb no anpecy: 

MocKBB, 

FnBBHbiil no'!TBMT1 niH 79, 
H3DBTenbCKHil OTDen 

06beDHHeHHOrO HHCTHTyTB 

HDepHbiX HCCIIeDOBBHHil. 

Aapec JlJISI !IOChlJIKH BCeX rry6JIHK8UHi!: B IIOpSIL!Ke o6MeHa 

6eCIIJiaTHOi!: IIO.lliiHCKH Ha Hay'IHble )f{ypH8Jlbi: 

MocKBa, 

Tna.BHbiil noYTBMT, niH 79. 
HayYHo-TexHH'!eCKBH 6H6nHoTeKB 

06beDHHeHHOrO HHCTHTYTB 

HDepHbiX HCCIIeDOBBHHil, 


