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MeTOA aH~OHoo6MeHHO~ xpoMaTorpa$~~ np~ ~cnonb308aH~~ 8 Ka-
4eCT8e 3n~eHTa 80AHO-MeTaHOnbH~X paCT80p08 He~TpanbH~X H~
TpaT08 no380n.AeT .pa3Aen~Tb cyMMY nerK~x peAK03eMenbH~X 3ne
MeHT08 /p , 3.3.// 1,2/ ~n~ np080A~Tb pa3AeneH~e MaKpO- ~ M~KpO

KOJ1~4eCT8 naHTaH~A08 131 • nocneAHee 6~no ~cnonb308aHo An.A 8~;
AeneH~.A paA~OHyK11~A08 ~3 o6ny4eHH~x npoToHaM~ 8~COKO~ 3Hep
r~~ /660 M3B/ raAOn~H~e8biX ~ HeOA~M08biX M~WeHe~ / 4/ ~ KOH
~eHTp~p08aH~.A np~Mece~ p.3.3. np~ aHan~3e 3neMeHT08 ~ep~e8o~ 
noArpynn~ 151 . 

HeKOTOP~M HeAOCTaTKOM 3T~X MeTOA~K .A8n.AeTC.A OTHOC~TenbHO 
8biCOKa.A TOKC~4HOCT b MeTaHOna, KOTOp~~ 6~n0 6~ >KenaTenbHO 3a
MeH~Tb Ha MeHee .AA08~T~n opraH~4eCK~~ paCT80p~Tenb, Hanp~

Mep, 3TaHon. HccneA08aH~~ aH~OH006MeHHoro no8eAeH~.A raAon~
H~.A, e8pon~.A ~ caMap~.A ~ 803MO>KHOCTe~ 8~AeneH~.A paA~OHyKn~

A08 nerK~X p.3.3. ~3 raAOn~H~e80~ M~WeH~ C nOMO~b~ 80AH0-
3TaHOnbH~X paCT80P08 H~TpaTa aMMOH~.A nOC8.A~eHa HaCTO.A~a.A pa-
6oTa. 

3KCnEPHMEHTAnbHA~ 4ACTb 

MeTOA~Ka 3Kcnep~MeHT08 aHanor~4Ha on~caHHO~ 8 pa6oTe121. 
Pa3n~4~e 3aKJ1~4anocb 8 TOM, 4TO ~cnonb308an~ aH~OH~T Aay3Kc -
1x8 /200-400 MeW , H~TpaTHa.A ¢QpMa/, a cop6~~~ 3neMeHT08 
np~ 3arpy3Ke CMeC~ 8 KOnOHKY np0~380A~n~ ~3 paCT80pa COCTa-
8a: 70% /o6"beMH~x/ 3TaHona- 3,5M LiN0 3 -0,01 M HN03 . 

PE3YnbTAT~ H HX 06CY~AEHHE 

An.A 8~6opa onT~Man bHbiX pa6o4~X ycno8~~ aH~oHoo6MeHHoro 
pa3AeneH~.A 3neMeHT08 6~no ~ccneA08aHo 8n~.AH~e Ha 3$$eKT~8-
HOCTb npo~ecca KOH~eHTpa~~~ cn~pTa ~ H~TpaTa aMMOH~.A 8 3n~eH
Te, CKOpOCT~ nOTOKa 3n~eHTa ~ TeMnepaTyp~. nony4eHH~e pe-
3ynbTaT~ npeAcTa8neH~ 8 Ta6n. 1 H 2 ~ Ha p~c. 1+3. 

H3 Ta6n. 1 8~AHO, 4TO C y8en~4eH~eM COAep>KaH~.A cn~pTa 
8 3n~eHTe /np~ nOCTO.AHHO~ KOH~eHTpa~~~ H~TpaTa/ $aKTOp~ pa3-
AeneH~.A ~neMeHT08 A080nbHO C~nbHO 803pacTa~T, n04T~ AOCT~

ra.A 8en~4~H, xapaKTepH~X An.R MeTaHOnbH~X C~CTeM /6 / , 0AHaKO 
3TO nono>K~TenbHOe Ka4eCT80 8 3Ha4~TenbHO~ Mepe CH~>KaeTC.A 



Ta6m11.~a 1 

Ko34>4>1-141-1eHTbl pacnpeAe!leHI-1R (Kd) Gd , Eu , Sm "' ~t>aKTOpbl 1-1x 
pa3Ae!leHI-1R (a) 8 CI-1CTeMe ·G.!Hd)H-H20-0,01MHN03 

-0,3M NH 4N03 - Aay3.Kc 1x8 np~-1 60°C 

[C2H oOH],% Kd(Gd) Kd(Eu) Kd(Sm) a(Eu/ Gd) a(Sm/ Eu) 

70 2,5 2,7 3,0 1 '08 1 '11 
75 4,3 6,0 8,5 1 '39 1 ,42 
80 10,0 15,2 24,0 1 ,52 1 ,58 

Ta6I11-14a 2 

Ko34>4>1-141-1eHTbl pacnpeAe!leHI-1R (Kd)Gd , Eu , Sm "' ~t>aKTOPbl 
pa3Ae!leHI-1R (a) 8 cl-1cTeMe C2 H5 0H-H2 0- 0,01MHN0 3 -NH4N03-
- Aay3Kc 1x8 

[NH 4NO 3] 75% C
2
H

5
0H , 70°C 80% CzH 50H . Gooc 

M Kd(Gd) Kd(Eu) a(Eu/ Gd) Kd(Gd) Kd(Eu) Kd(Sm) a(Eu/ Gd) a(Sm/ Eu) 

0,02 - - - 3,0 4,5 - 1 '50 
0,05 - - - 4,3 6,5 - 1,51 
0' 10 - - - 5,8 8,7 13' 3 1 ,48 1,56 
0,20 3,9 5,5 1 '41 8,5 12,6 20' 1 1 '48 1,59 
0,30 4,7 6,6 1 ,40 10,0 15,2 24,0 1,52 1,58 
0,45 6,4 9,1 1 ,42 
0,60 7,8 11 '1 1 '43 
1 ,00 9,8 13,9 1 ,42 

l-13-3a C!lHWKOM 8biCOKHX K034>4!1-14HeHT08 pacnpeAe!leHHR 3!1eMeHT08 
H COOT8eTCT8y~ero y8e!11-14eHHR npOAOfl~HTe!lbHOCTH np04ecca 
pa3Ae!leHHR. 

C y8e!1H4eHHeM KOH4eHTpa41-11-1 HHTpaTa aMMOHHR Kd 3!1eMeHT08 
803pacTa~T, a 4>aKTOpbl pa3AefleHHR npaKTI-14eCKH He H3MeHR~TCR 
/Ta6!1. 2/. AHa!10rH4HaR KapTHHa Ha6!1~AaeTcR np~-1 y8e!1H4eHHI-1 
TeMnepaTypbl /p1-1c. 1/, c TOH !11-1Wb pa3HH4eH, 4TO Kd I-13MeHR~TCR 
8 HeWHpOKHX npeAe!laX. 

H3 pHC. 2 81-'!AHO, 4TO C n08b1WeHHeM TeMnepaTypbl 8WCOTa 
3KBI-18a!leHTHOH TeopeTH4eCKOH Tape!lKH /B3TT/ CH!lbHO yMeHbWa
eTCR /oco6eHHO 8 AHana3oHe OT 20 AO 40°C/, "'np~-1 60+70°C 
AOCTHraeT MI-1HHMa!lbHOH 8e!1H4HHbl. B3TT yMeHbWaeTCR TaK~e 

C y8e!1H4eH!-1eM KOH4eHTpa41-11-1 HHTpaTa aMMOHHR H C yMeHbWeHI-'!eM 

2 

• 

P1-1c. 1. TeMnepaTypHaR 3a-
81-1CI-1MOCTb K034>4>1-141-1eHT08 
pacnpeAe!leHI-1R raA0!11-1HI-1R 
"' e8poni-1R Ha aH!-10HI-1Te 
Aay3KC - 1x8 1-13 80AHo-
3TaHO!lbHoro paCT80pa HI-1T
paTa aMMOHI-1R. 

P1-1c. 2. TeMnepaTypHaR 3a81-1CH
MOCTb B3TT aHHOH006MeHHOH Ko
!lOHKH npl-1 3!1~Hp08aHHH 80AH0-
3TaHO!lbHbiM paCT80pOM HHTpaTa 
aMMOHHR /B3TT pacC4HTaHbl no 
nHKaM Gd "' Eu /. 

Kd 

10 
Eu 

~ 
7.5 

_________. Gd 
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COAep~aHI-'!R CnHpTa 8 3!1~eHTe /pHC, 3/, npH4eM CTaH081-1TCR 
MeHee 3a8HCI-1MOH OT CKOpOCTH 3!1~Hp08aHHR /HaKnOH npRMbiX 
yMeHbWaeTCR/. 

Pa3peweHI-1e (R) AflR KO!lOHKH 3aAaHHOH BbiCOTbl np~-1 HCnO!lb30-
8aHHH :tfl~eHT08 pa3HOrO COCTa8a, 1-1 8peMR (t), He06XOAHMOe 
AflR 3!1~Hp08aHHR A8YX KOMnOHeHT08 /Gd H Eu //7 / Ha KO!lOHKaX 
pa3HOH 8biCOTbl np~-1 3aAaHHOM pa3peweHHH, paCC41-1Tbl8a!1HCb no 
4>0pMy!laM! 

R- ..!_ ( a - 1 ) ( Kd E u ) • y N 
4 a Kd + 1 Eu 

Eu 
/1/ 

3 



HMH 

2.0 

1.5 

1.0 

Q5 ~Jj 
o~~--~--~--~--

2 3 4 
V CM/MIItH. 

P~c. 3. 3as~c~MOCTb B3TT aH~oHo06MeHHO~ KonoHK~ oT cKopocT~ 
nOTOKa ~ COCTasa 3n~eHTa: 1/ 80%C2H50H-0 ,1M NH 4N0 3 -
-0,01M HNO a(60 °C); 2) 80 % C2 H50H -0 ,2M NH 4N03 -0,01 M HN03 (70 °C); 
3)75 %C2H50H-0,45M NH 4 N0 3 -0,01MHN03 (70 °C) ; 4) 75 %C2Y: 50H

-0,6MNH4N03 -0 ,01MHN0 3(70 °C). 3Ha4eH~R B3TT pacc 4 ~T a Hbl no 
n~KaM raAOn~H~R. 

HE 2 a 2 (Kd E +1f HE 
t ( MMH)= N Cl+ Kd )-!!. :16R (--) · __ u ___ · _ __£_ /2/ 
E u E u E u v a - 1 Kd v 

Eu2 

rAe: a- ¢aKTOP pa3AeneH~R espon~R ~ raAon~H~R; KdE u - K03¢
¢~4~eHT pacnpeAeneH~R espon~R; HEu ~ N Eu - s~coTa ~ 4~c

no TeopeT~4ecK~x TapenoK, pacc4~TaHH~x no n~Ky espon~R; v -
CKOpOCTb 3n~~pOBaH~R. 

H3 nony4eHH~x AaHH~x /Ta6n. 3/ cneAYeT, 4TO 6onbwee pa3-
peweH~e nony4aeTCR np~ ~cnonb30BaH~~ 3n~eHTOB C BbiCOKO~ KOH-
4eHTPa4~e~ H~TpaTa aMMOH~R. Ho TaK KaK K03¢¢~4~eHT~ pacnpe
AeneH~R np~ 3TOM TOme ysen~4~Ba~TCR, TO COOTBeTCTBeH~O B03-
pacTaeT ~ speMR 3n~~posaH~R. OnT~ManbH~M~ pa6o4~M~ ycno
B~RM~, np~ KOTOp~x Ha6n~AaeTCR AOCTaT04HO xopowee pa3peWeH~e 
~ OTHOC~TenbHO He60nbWaR npOAOnm~TenbHOCTb pa3AeneH~R, MOmHO 
c4~TaTb cneAY~~~e: 

4 

COAepmaH~e 3TaHona B 3n~eHTe - 75% /o6beMHbiX/; 
KOH4eHTpa4~R H~TpaTa aMMOH~R - 0,45 70,60 M; 

\ 

CKOpOCTb nOTOKa 3n~eHTa (v) - 2,573 CM/M~H; 
TeMnepaTypa - 70°C. 
np~ 3T~X ycnOB~RX 6blna ~ccneAOBaHa 3¢¢eKT~BHOCTb pa3Aene

H~R MaKpOKOn~4eCTB raAOn~H~R ~ M~KpOKOn~4eCTB espon~R /caMa
p~R/ B 3as~c~MOCT~ OT 3arpy3K~ KonoHK~ raAon~H~eM. AAcop6-
4~0HHy~ eMKOCTb KOnOHK~ onpeAenRn~ B A~HaM~4eCK~X ycnOB~RX. 
Ha 160 Mr CMOnbl B H~TpaTHO~ ¢QpMe /B03AYWHO cyxo~/ B KOnOH
Ke aAcop6~posanocb 35,7 Mr /0,226 MMonR/ raAon~H~R. B nepe
c4eTe Ha 1 r CMOnbl B xnop~AHO~ ¢QpMe 3TO COOTBeTCTByeT 

Ta6n~4a 3 

3¢¢eKT~BHOCTb pa3AeneH~R Gd ~ Eu Ha aH~OH~THO~ KonoHKe 
/2x100 MM Aay3Kc 1x8/ np~ 3n~~posaH~~ BOAH0-3TaHonbH~M 
paCTBOPOM H~TpaTa aMMOH~R ~ BpeMR, He06XOA~MOe AnR ~X 

B~M~BaH~R ~3 KOnOHK~ np~ 3aAaHHOM pa3peweH~~ /TeMnepaTypa -
7~C~ 

CKopocTl> R tECAM141t. tfu MlltH. , 3JmeH'1' SJ!JlliPOBa- 'd.eujGd 
. ~~c,; .MHH 

(KOJIOHKa R =I,o • R =I,5 2xiOOMN) 

75% C~JH5 0H I 1,42 1,06 35,3 79,2 I 

-0,3M NH.dl03 2 " 0,90 24,4 55,0 
-O,or M HN03 3 " 0,81 20,2 45,3 

4 " 0 75 !7,6 39,6 
75% C2H OH I .. I,I5 39,7 89,! 
-0,45lvl ;{H,N03 2 " I,OI 25,9 57,8 
-0,01 M HN03 3 " 0,90 20,6 48,5 

4 " 0,83 I9,I 42,6 

'15% C2 H5 0H I " !,26 39,7 89,5 
- 0 ,60M Ntf;N03 2 " !,08 27,0 60,9 
- O,OlM HN03 3 " 0,98 2!,9 49,! 

4 " 0,89 I9,9 45,0 

75% C2 1-lsOH I " !,32 44,4 roo 
- l ,OM NH'IN03 2 " I,I? 28,3 63,8 
-O, OI M HN0.3 3 " I ,05 23,4 52,5 

4 " 0,96 2I,I 47,5 

80% C2 HsOH l !, 50 !,19 50,! II3 
-0,2M HH~tN~ 2 " 0,98 36,9 83,2 
-o,on~ HAI03 3 " 0,86 32,! 72,! 

4 " ~- 0, 77 30,1 67,6 
-·---- ----- ---
85% C2 H5 0H 1,3 I, 59 0 ,87 - -
- O,OI M HN03 

------ --

* 3aAaHHOe pa3peweH~e AOCT~raeTCR COOTBeTCTBY~~~M yse
n~4eH~eM ~n~ yMeHbWeH~eM B~COT~ KOnOHK~. 
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1,55 MMon~. TaK KaK nacnopTHa~ een~4~Ha eMKOCT~ CMon~ co
cTaen~na 3,2+0,2 Mr-3KB/r, TO MO>KHO CAenaTb BbiBOA, 4TO raAO
n~H~C\ 1~ APYr~e naHTaH~Abl/ ~3 BOAH0-3TaHonbH~x pacTeopoe 
H~TpaTa aMMOH~R aACOp6~pyeTC~ B B~Ae ABYX3ap~AHbiX KOMnneKCOB 
T~na [ Ln(N0

3
) 5]2-, aHanor~4H~x no cocTaey KOMnneKcaM e a~e

TOHOB~x paCTBOpax H~TpaTOB / 8 / 

H3 noKa3aHH~x Ha p~c. 4 Kp~ewx 3n~~poeaH~~ B~AHO, 4TO c 
yeen~4eH~eM 3arpy3K~ KonoHK~ raAon~H~eM nepeAH~CI $POHT nonoc 

BPEMSl MI-1H. 
16 24 32 40 48 56 64 72 80 88 96 104 

10
3 ~5E3 HOCV1TE/lfl ~ 3 

-8MrGd 3AfPY3KA 23"1. 
10 

. 'I 
.D 

L/')10 102ti 
N ~ 
d co :s: 
L. 

,_ 
~ "" 
:r: 

<( 

'0 1 
:i 

C) 10 101b 

1o"l t ./ . J. I A I ,VI I \ I I \. 110° 
2 4 6 8 10 12 14 16 18 20 22 24 -

3/lf{)ATA V/Vo 

P~c. 4. Pa3AeneH~e p.3.3. Ha aH~oHoo6MeHHOCI M~KpoKonoHKe 
np~ pa3n~4HOC\ 3arpy3Ke ee raAon~H~eM. 3n~eHT - 75% C2H5 0H-
-0,6M NH4N03 -O,OlMHNOs KonoHKa: 2 MMx100 MM Aay3KC 
1x8, NOs -$0pMa, 25-30 MKM. TeMnepaTypa - 70°C. 

B~MWBaH~~ 3neMeHTOB CMe~aeTC~ B CTOPOHy Ha4ana 3n~~poBaH~~, 
4TO BeAeT K 6onbWeMy nepeKp~T~~ n~KOB ~ ,KaK cneACTB~e,- K 
CH~>KeH~~ X~M~4eCKOro BbiXOAa paA~03neMeHTOB. J:\n~ raAOn~H~~ 

3TO enonHe noH~THO ~ o6ycnoeneHo YAn~HeH~eM HaCbl~eHHoel 30Hbl 
aACOp6~~~ ~ COOTBeTCTBY~~~M yMeHbWeH~eM KOn~4eCTBa CMOn~ 
C He3anonHeHHOH eMKOCTb~. An~ APYr~X p.3.3., KOTOp~e aACOp-
6~py~TCR ny4we, 4eM raAon~H~H, cMe~eH~e nepeAHero $pOHTa 
nHKOB MO>KHO 06D~CH~Tb B~TeCHR~~~M AeHCTB~eM raAOn~H~~. 3TO 
Bn~~H~e 04eHb Cy~eCTBeHHO AnR eepon~~, KOTOp~H B~M~BaeTC~ 

HenocpeACTBeHHO 3a raAOn~H~eM, HO pe3KO yMeHbWaeTC~ An~ 
6onee nerK~x 3neMeHTOB. • 

3aAH~C\ $pOHT nonoc B~M~BaH~~ p.3.3. npaKT~4eCK~ He CMe~a

eTC~ eo seeM A~ana3oHe ~ccneAoBaHHbiX 3arpy3oK KonoHK~. Cne-

6 

AOBaTenbHO , nocne B~M~BaH~~· OCHOBHOrO KOn~4eCTBa raAOn~H~R 
OCTaTOK e r o B KOnOHKe ~, COOTBeTCTBeHHO, B 3n~aTe 6onee· 
nerK~X p . 3. 3. Mano 3aB~C~T OT 3arpy3K~. 3TO 06CTO~TenbCTBO 
e co4eTaH~~ c xopoweC\ eocnpo~3BOA~MOCTb~ Kp~e~x 3n~~poeaH~~ 
no3eon~eT no pe3ynbTaTaM MOAenbH~x on~Toe nony4aTb npenapaT 
paA~03neMeHTOB C 3aAaHH~M o6ora~eH~eM np~ 3Ha4~TenbH~X OT
KnOHeH~~X eeca M~WeH~ OT CTaHAaPTHOrO, 

CneAyeT 3aMeT~Tb, 4TO Ka4eCTBO pa3AeneH~~ ~ B~XOA paAH0-
3neMeHTOB npH pa6oTe Ha "6onbw~x" KonoHKax IA~aMeTpOM 
6-20 MM/ HeCKOnbKO H~>Ke, 4eM Ha M~KPOKOnOHKe, 3TO o6ycnoe
neHO, rnaeH~M o6pa3oM, 6onee KpynH~M pa3MepoM 3epeH cMon~ 
/50-80 MKM/, a TaK>Ke MeHbW~M OTHOWeH~eM B~COT~ KOnOHK~ 
K ee A~aMeTpy. 0AHaKo, HeCMOTp~ Ha 3TO, KaK B~AHO ~3 np~ee

AeHH~X e Ta6n. 4 AaHHwx, np~ ~cnonb3oeaH~~ 3TaHonbH~X pacT
eopoe 3n~eHTa AOCT~ra~Tc~ no4T~ TaK~e >Ke pe3ynbTaT~ pa3Ae
neH~~. KaK c noMO~b~ MeTaHonbHoro pacTeopa / 4/ ~. cneAoea
TenbHO, 3TaHon MO>KHO C4~TaTb BnOnHe YAOBneTBOp~TenbH~M 3a
MeH~TeneM MeTaHona. 

Ta6n~~a 4 

Pa3AeneH~e raAon~H~~ ~ M~KpoKon~4eCTB eepon~~ /caMap~R/. 
KonoHKa - 6 MMx230 MM Aay3KC 1x8 60-80 MKM, NOs - $QpMa 

Ycnoe~~ 

3n~~poeaH~~ 

3arpy3Ka KOnOHK~ 

Mr Gd % 

75%~H50H-0,6M 6 

NH.tN0 3-0,01MHN03 15 

V=2,5 CM/M~H 60 

120 

75% C2H oOH -l,OM 

NH4NOa-0,01MHN03 60 

V=5 CM/M~H 

1' 15 

2,90 

11 '5 
23,0 

11 '5 

BpeM~ X~M~4eCK~H e~-

e~~eaH~~ XOA* , % 
Gd ,M~H 

43 

35 

Eu Sm 

20 

15 

6 

4 

10 

85 

80 

72 

60 

75 

*COAep>KaH~e raAOn~H~~ B $paK~~~ M~KpOKOMnOHeHTOB He npe
B~WaeT 2 MKr. 
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BbiBO.Qbl 

1. Hay4eHo aH~OHoo6MeHHoe noeeAeH~e raAon~H~B, eepon~R 
~ CaMap~R B C~CTeMe: BOAH0-3TaHOnbH~~ paCTBOp H~TpaTa aM
MOH~R - .Qay3KC 1x8. YcTaHoeneHo, 4TO c noe~weH~eM KOH~eH
Tpa~~~ 3TaHona $aKTOPbl pa3AeneH~R 3neMeHTOB B03pacTaiOT 
~ no4T~ AOCT~raiOT een~4~H, xapaKTepH~x AnR MeTaHonbH~X c~c
TeM. Ho np~ 3TOM K03$$~~~eHT~ pacnpeAeneH~R e 2,5+3 paaa 
e~we, 4eM e MeTaHOnb~~x pacTeopax. 

2. Ha ocHoeaH~~ aae~c~MOCTe~ een~4~H Kd , a ~ B3TT OT 
pa6o4~X napaMeTpoe Ha~AeH~ onT~ManbH~e ycnoe~R aH~OH006MeH
Horo pa3AeneH~R MaKpOKOn~4eCTB raAOn~H~R ~ M~KpOKOn~4eCTB 

6onee nerK~x p.3.3.: coAep~aH~e 3TaHona e 3niOeHTe - 75% 
/06beMH~x/; KOH~eHTpa~~R H~TpaTa aMMOH~R - 0,45-0,60 M; CKO
pOCTb nOTOKa 3niOeHTa - 2,5-3 CM/M~H; TeMnepaTypa 3niOeHTa -
2,5-3 CM/M~H; TeMnepaTypa - 70°C. 

3. 3$$eKT~BHOCTb pa3AeneH~R n04T~ TaKaR ~e, KaK np~ ~c
nonb30BaH~~ MeTaHOnbH~X paCTBOPOB, ~ n03TOMy 3TaHOn MO~HO 
C4~TaTb enonHe YAOBneTeop~TenbHbiM aaMeH~teneM MeTaHona. 
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