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XaH XeH Mo "' AP· 12 - 12349 
YcKopeHHoe xpoMaTorpa$H~ecKoe pa3aeneHHe cyMM~ 
cnanoreHH~X naHTaHOHAOB 

Ha KOnOHKax, 3anonHeHH~x KaTHOHHTOM AMHHeKc A-5 /13~ 2 MKM/, 
HCCneaoeaHa 3aBH01MOCTb BbiCOTbl CnOJl CMOn~, 3KBHBaneHTHOro TeopeTH
~eCKO~ TapenKe, H KPHTepHJl pa3aeneHHJl n~TeUHJl H HTTep6HJl OT CKO
pOCTH 3n~HpoeaHHJl "' TeMnepaTYPbl. Ha ocHoeaHHH nony~eHH~x aaHH~x 
noao6paHbl onTHManbHble ycnoBHH xpoMaTorpa$H~ecKoro pa3aeneHHH a Te
~eHHe 30-35 MHHYT CyMM~ naHTaHOHAOB, o6pa3y~~HXCH B HAePH~X peaK-
4HHX pac~enneHHH TaHTana npoToHaMH c 3HeprHe~ 660 M3B: cTeKnHHHaH 
KOnOHKa AHaMeTpOM 3 MM CO cnoeM KaTHOHHTa 70 MM; 3n~eHT - 6y$epH~~ 
paCTBOp a -OKCHH30MaCnHHO~ KHCnOTbl C pH = 4,5 H MOHOTOHHO Hapa
CTa~~e~ KOHUeHTpauHe~ OT 0,085 MAO 0,475 M; TeMnepaTypa KOnOHKH 
40'(; nHHe~HaH CKOpOCTb 3n~eHTa - 3 CM/MHH. npH 3THX ycnOBHHX MHHH
MaDbH~~ KPHTepH~ pa3aeneHHJl coceaHHx naHTaHOHAOB - 1, 29 I anH napbl 
n~TeUH~-HTTep6M~/, MaKCHManbH~~ - 2,54 /anH nap~ Tep6H~-raaonHHH~/. 

Pa6oTa BblnOnHeHa B na6opaTOPHH HAePH~X npo6neM 011!111. 

npenpHHT 06beAifHeHHOrO HHCTHTyTa !IABpHbiX HCCneaOB8HHH. fly6Ha !979 

Khaa Khen Mo et al. 

Rapid Chromatographic Separation of the Sum 
of Spa I lagenic Lanthanides 

12 - 12349 

Using the columns filled with the Aminex A-5 (13±2 mkm) ca
tionite, the pitch layer height equivalent to a theoretical plate 
and the resolution of lutetium and ytterbium were investigated 
as a function of elution velocity and temperature. On the basis 
of data obtained , the optimum conditions of chromatographic sepa
ration within 30-35 min were selected· for the sum of lanthanides 
produced by a spallation reaction on tantalum using the 660 MeV 
protons: the glass column of 3 mm diameter with cationite layer 
of 70 mm; for eluent buffer solution of a -hydroxyisobuteric acid 
with pH =4.5 and monotonously increasing concentration from 
0.085 M to 0.475 M; the column temperature -40 C; the 1 inear eluent 
velocity- 3 em/min. Under these circumstances, the minimum reso
lution of neighbouring lanthanides is 1.29 (for the pair of 
lutetium-ytterbium), the maximum one is 2.54 (for the pair of 
terbium-gada] inium). 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute lor Nuclear Research. Dubno 1979 

Pa3,11;CllCHHe BbiCOKOaKTHBHOR CMCCH cnanoreHHbiX pa,II;HonaHTa

HOH,II;OB, o6pa3YIOIIlHXCJI IIpH o6ny'leHHH TaHTana Ha CHHXPOU:HKllOTpo

HC OlUIH. npoToHaMH c :meprHeii 660 · M3B, npoHJBO,II;HTCR Ha 

KaTHOH006MeHHOH XpOMaTorpaclJH'-ICCKOH KOllOHKe !,:! • ,II;BaMeTpOM 

2 MM B BbiCOTOH OKOllO 100 MM /CMOna ,l(ay3KC 50x8 B BB,II;e 'laC

TBU: HerrpaBHllbHOH clJopMbl CO Cpe,II;HHM pa3MepoM 25 MKM/ rrpH 

KOMHaTHOH TCMIIepaType B CKOpOCTH IIOTOKa 3lliOeHTa 'C.l CM/MUH. 

llpou:ecc JaHHMaeT 2-2,5 <~aca. BbicoTa cnoR cMonbi, 3KBHBaneHT

Horo TeopeTH'ICCKoii TapenKe /B3TT I, rrpH 3TOM cocTaBnReT 

200-250 MKM, a KpHTepHH paJ,II;eneHHJI (R) 60llbWe C,II;HHHU:hl ,ll;llR 

n106oii rrapbi coce,II;HHX JneMeHTOB. 

EcnH KOllOHKa JaiiOllHeHa KaTHOHHTOM THIIa AMHHeKC A-5 

C ,II;HaMeTpOM 3epeH 13±2 MKM, TO rrpH TaKOH )I(C CKOpOCTH IIOTOKa 

3lliOCHTa B3TT COCTaBnReT OKOno 100 MKM. KaK IIOKa3biBaiOT 

OU:CIIKH, C,ll;enaHHble IIO XOpOWO H3BeCTHOH clJopMyne r lliOKayclJa , :3. 

C HCIIOllb30BaHHeM 3Ha'leHHH K03¢<PHU:HCHTOB ,II;H¢<PY3HH, IIOllY'ICHHbiX 

B pa6oTe 
4 

.ysenH'IeHHe llHHeHHOH CKOpOCTH 3lliOeHTa ,11;0 3-4 CM/MUH 

rrpHBO,II;HT K noBbiWeHHIO B3TT ,11;0 160-200 MKM. Cne,~~;oaaTenbHo, 

,ll;llJI KOllOHKH BbiCOTOH 10 CM IIpH TaKHX CKOpOCTJIX 3ll10HpOBaHHR 

KpHTepiiH paJ,II;eneHHR COCe,II;HHX naHTaHOH,II;OB ,II;Oll)l(eH 6biTh 60llbWC 

e,II;HHHU:bl, II Ha HCH MO)I(HO YCIICWHO pa3,1l;CllRTb CYMMY BCCX pe,II;KO

JeMenhHhiX 3neMeHTOB Ja 30-40 MUH. O,~~;HaKo ,~~;nR ,~~;ocTH)I(CHHR 

CKOPOCTH IIOTOKa 3-4 CM/MUH HC06XO,II;HMO IIO,II;HJITb ,IJ;aBneHHC 

3lliOCHTa Ha BXO,II;C B KOllOHKy ,11;0 8-10 6ap. XOTR HOH006MeHHbiC 

KOllOHKII, pa6oTaiOIIliiC IIpH BbiCOKHX ,ll;aBneHHJIX, BIIllOTb ,11;0 COTCH 

6ap, B HaCTORIU:ee BPCMR WHpOKO HCII0llb3YIOTCJI ,ll;llJI pa3,11;eneHHR 

H O'IHCTKH aKTHHOH,II;OB H naHTaHOH,II;OB 
;)-~ 7. 

Mbl He MOrnH IIOBbiCHTb 

,~~;asnenHe 01 Tpe6yeMoro H, TaKHM o6pa3oM, ycKopHTh paJ,~~;eneHHe, 

TaK KaK HCIIOnh3YCMaJI HaMH CHCTCMa )l.HCTaHU:HOHHOH 3arpy3KH 

B KOnOHK} a,~~;cop6HpOBaHHOH Ha CMOlle BbiCOKOaKTHBHOH CMCCH 
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nauraHOH~OB H no~aqu Jnweura no3sonHeT pa6orarb npu ~asne

HHJIX He 6onee 3 6ap , 2·-IloJTOMy Mbl pewHnH IIOBbiCHTb CKOpOCTb 

JniDHpOBaHHH 3a C'ICT· YMCHbWCHHH rH~pO~HHaMH'ICCKOro conpo

THBnCHHH KOnOHKH, CHH3HB ee BbiCOTY, ysenH'IHB ~HaMeTp H pa6o

'IYID TCMIIepaTypy. HaCTOHIQaH pa6oTa IIOCBHIQCHa Bbi6opy OIITH" 

ManbHhlX ycnosuB: ycKopeuuoro pa3~eneHHH cyMMhl cnanoreHHbiX 

naHTaHOH~OB Ha OTHOCHTenbHO KOpOTKHX KOnOHKax C OTHOWCHHCM 

BhlCOTbl K ~BaMeTpy OKOnO 20, H TCMIIepaTypax BbiWe 25 'C C HC

IIOnb30BaHHCM B Ka'leCTBe JniDCHTa paCTBOpOB u- OKCHH30MaCnHHOH 

KHcnoTbi / a-OHMK/. 06H3arenbHbiMH rpe6osaHHHMH K JTHM pa3-

~eneHHHM 6binH ManbiH 06'beM paCTBopa, B KOTOpOM BbiMbiBaiDTCH 

OT~enbHbiC JneMCHTbl /150-200 MK/1( H He60nbWHe 3arpH3HCHHH 

coce~HHMH naurauou~aMH /He 6onee 1 o/o/. 

3KCIIEPHMEHTAJibHA.H IfACT b 

Pa3~eneHHe naHTaHoH~OB nposo~HnH Ha creKnHHHbiX KonoHKax 

~HaMeTpOM 3,0±0, 1 MM, 3aiiOnHeHHbiX Ha BbiCOTY 50 70 MM 

cynbcPOKaTHOHHTOM AMHHeKc A -5 s NH 4 -<PopMe c ~HaMerpoM 

3epeH 13±2 MKM /eMKOCTb - 5 M2- :JK6 Ha rpaMM CYXOH CMOnbl/. 

TeMneparypa KonoHKH 3a~asanacb s HHTepsane or 25 ~o so· C 

c TO'IHOCTbiD ±0 ,2 'C. Cso6o~HMH o61>eM KonoHKH ( V0 ) onpe~enHnH 
C IIOMOIQbiD HO~H~a, MC'ICHHOrO pa~HOHO~OM. 

IlpH HCCne~OBaHHH BnHHHHH CKOpOCTH JniDHpOBaHHH H TeMne

paTypbi Ha pa6oTy KOnOHKH H3MepHnH 06'bCMbl JniDaTa, COOTBeT

CTBYIDIQHC MaKCHMyMaM XPOMa TOrpacPH'ICCKHX IIHKOB ( V Ill,,~· H WH

pHHY 3TH X IIHKOB (be) Ha 1. e HX BhlCOTbl. 3TH Ben~'IHHbl HCIIOnb30-

sanu ~nH pacqera no o6menpHHHTbiM <l>opMynaM 1 5,8-·11 KoJ<P<l>H

UHCHTOB pacnpe~eneHHH (Kd) . BenH'IHH 83TT /H/ H KpHTCpHH 

pa3~eneHHH /pa3peweHHH/ (R): 

Kd = Vmax.: V0 -. 1 

2 . v2 
H = Lb e I 8 max· 

1 Kd2 1/2 
R = -~ ( _q~~) ( T + Kd2--) N 

HnH 

vmax.2- v max.l 
---------R= 

fu 1 + 2n2 

4 

/1/ 

/2/ 

/3/ 

;a'; 

" 

r~e L - ~nHHa KonoHKH; N ---~Reno reopeTH'IeCkHX rapenok konoHKH; 

2a- WHpHHa IIHKOB Ha 1 \ e ( 0.607) HX BbiCOTI>I; HH~CKC 2 OTHO

CHTCH KO BTOpOMy JneMeHTY pa3~CnHCMOH napbl C 6onee BbiCOKHM 

Kd; 

vmax.2 - v 0 Kd 2 L 
'· /4/ N· a 

Vmax.1 -Vo Kd 1 H 

CKOpOCTb IIOTOKa JniDCHTa 3a~asanH B npe~enax OT 0,3 ~0 

3 CM/MWI /0,021 MA/MUH 0,21 MA/MUH/ ~aBnCHBCM Ha 3niOCHT, 

KOTOpoe C03~aBaJlOCb C)l(aTbiM a30TOM. BbiTCKaiDIQHH H3 KOJlOHKH 

paCTBOp C06HpaJ1H OT ~CJlbHbiMH KaiiJlJIMH, aKTHBHOCTb KOTOpbiX H3-

Mepl!JlH CUHHTHJlJlJIUHOHHbiM C'ICT'IHKOM. lfH~HKa TOpaMH CJlY)I(HJlH 

OTHOCHTCJlbHO ~OJlrO)I(HBYIQHC H30TOIIbl, Bbi~CJlCHHbJC H3 06Jly'ICHHO

ro nporoHaMH c JHeprHeH 660 M:JB raHrana 18 B qacTHOCTH, 

B 'JKCnepHMCHTaX no pa3~CJ1CHHIO JliOTCUHJI H HTTep6HH HCnOJlb30-

BaJ1H pa~HOHYKJIH~hi 17:1Lu I T 1 8 = 475 em./ H lflDyh I T 
1 2 

= 
= 30 em./. 

3rriOHPYIDlUHe pacrsopbi o- OHMK roroBHJlH pa36asneHHeM 2,5 M 

paCTBOpa, KOTOphJH 6biJ1 IlpHrOTOBJlCH no TO'IHOH HaBeCKe peaKTHBa, 

noJiy'ICHHOro ~BOHHOH nepeKpHCTaJ1JlH3aUHCH H3 6eH30JlbHOrO pacr

BOpa B npHCYTCTBHH aKTHBHposaHHoro yrnH. Pacrsopbi u -OHMK 

HCHTpaJ1H30BaJ1H ~0 pH = 4,5 KOHUCHTpHpoBaHHbiM aMMHaKOM, CB0-

60JlHbiM OT Kap6oHaT-HOHa. 

4HCTOTY npenapa TOB OT ~CJlbHbiX 311CMCHTOB, IIOJlY'ICHHbiX II pH 

pa3.[1CJ1CHHH CYMMhl pa.[IHOJlaHTaHOH~OB, OITpe.[ICJlHJlH IIO raMMa

CnCKJpaM, H3MepeHHbJM c IIOMO!UhiD Ge(Li) -~ereKTopa. CneKTphi 

6biJ1H o6pa6oTaHbl 110 nporpaMMe "3Il0C-1" '131 Ha 38M "MHHCK-2". 

PE3YJibTATbl H HX OECYX(,4EHHE 

3aBHCHMOCTb KPHTepHH paJp;eneHHH Lu H Yb, a TaK)I(e senH'IH-

Hbi H · OIIpC.L\CJlCHHOH IIO IIHKY Lu OT CKOpOCTH ITOTOKa 3JliDCHTa 

IIOKa3aHa Ha puc. J. fipH IIOBbiWCHHH CKOpOCTH IIOTOKa B 10 pa3 

H ysenH'IHBaeTcH or 55-60 MKM ~o 130-140 MKM. Cne~oBaTeJlbHO, 
~JlH pa3~CJ1CHHH Lu H Yb IT pH KOMHa THOR TCMIIepa Type ( a 1.35) 

H CKOpOCTH IIOTOKa 3JliDCHTa 3 CM/MUH C pa3peweHHCM R..:: 1 KO" 

JlOHKa ~OJl)I(Ha HMCTh BbiCOTy L ::_ 6 CM. 
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ckopocmb (CM/MJ11H.) 

Puc. 1. 3aeucuMOC111b B3TT /HI u KPU111epuJI pa36eAeiiUJI (R) O/IJI 
napbl Lu-Yb 0111 cKopoc111u no111oKa :J/110e11111a (U) . KoAoiiKa -
AMulleKc A-5, L = 70 MM, ct = 3 MM; 0,075 M,-OHMK, pH= 4,5; 
t

0 = 25' C. 

C pOCTOM pa6oqeif TeMnepaTypbJ, IIpH IIOCTOliHHOH CKOpOCTH no

TOKa 3JIIOCHTa H KO!fUCHTpaUHH 11 -OHMK, pa3peweime KOJIOHKH 

ynyqwaeTcJI I puc. 2/. O.nHaKo npH 3TOM, Bcne.ncTBHe YMCHhWeHHH 

CTCIICHH .IlHCCOUHaUHH " -OHMK 
14

ll: COOTBCTCTBYIOIUCI'O CHH)!(CHHll 

KOHUCHTpaUHH KOIIJICKC006pa3yiOJUHX aHHOHOB B paCTBOpe, paCTYT 

K03<iKbHUHCHThl pacnpe.neJieHHll H, CJIC.IlOBa TCJihHO, BpeMeHa y .nep)!(H

BaHHJI 3JICMCHTOB. TIOIIhiTKa KOMIICHCHpOBaTb TCMIIepaTypHhiH poeT 

Kd IIOBhiWCHHCM KOHUCHTpaUHH a -011MK IIPHBO.IlHT K na.neHHIO 

pa3pCWCHHJI KOJIOHKH H3-3a YBCJIH'-ICHHJI 83TT H YMCHhWCHHll <f>aK

TOpa pa3.neneHHJI I puc. 3/. Tio3TOMY Lu H Yh npH 80 C pa3-

.neJIJIIOTCJI 3Ha'IHTCJihHO xy)!(e, t.teM, HanpHMep, npH 30 C /puc. 4/. 

TipH IIOBhiWCHHH TCMIIepaTypbi KOJIOHKH .IlO 40-50 C Kat.teCTBO 

pa3.IlCJlCHHJI H3MCHJICTCJI MaJIO, HO rH.IlPO.IlHHaMH'-ICCKOC COIIpOTHB

JICHHC CHH)!(aCTCJI B 2-2,5 paJa H .IlJlJI IIO.Il.IlCp)!(aHHll CKOpOCTH no

TOKa 3 CM/ MUll Ha KOJIOHKC BhiCOTOH 7 CM .IlOCTa TO'IHO .naBJICHHC 

3JIIOCHTa OI<OJIO 2,5 6ap, 'ITO BIIOJIHe IIpHCMJICMO .IlJIJI HCIIOJib3YCMOH 

HaMB CBCTCMhl .IlBCTaHUHOHHOrO 06CJiy)!(HBaHBJI KOJIOHI<H. 

' 

l 

! 

f 

2 

100 

8 
6 

4 

2 

101 

8 
6 

Kct 110
1 

R 

10° 

20 25 30 35 40 45 50 

meMnepamypa (°C) 
Puc. 2. 3aeucUMOC111b B3TT /H/, KO:J(/j¢UrJUell111a pacnpeoeAeiiUJI 
Lu (Kd) u Kpu111epuJ1 pa36eAeiiUJI (R) napbl Lu-Yh 0111 111eMne
pa111ypbl. KoAOIIKa - AMUIIeKc A-5; L = 70 MM, d = 3 MM; 0,075 M 
a-OHMK,pH =4,5; U =3cM/MUII. 

XopowHe peJynhTaThi paJ.neneHHll Lu H Yb Ha "KopoTKoif" 

KOJIOHKC { L d · 23 ) IlpH JIHHCHHOH CKOpOCTH IIOTOKa 3JIIOCHTa 

3 CM/MUII H 40' C yKa3biBaJIH Ha B03MO)!(HOCTh pa3.IlCJICHHll IlpH 3THX 

ycnoBHliX Bcex cnanoreHHhiX naHTaHOH.IlOB 6y¢epHhiM pacTBopoM 

a -011MK C IIOJIO)!(HTCJihHhiM rpa.IlHCHTOM KOHUCHTpaUHH, KOTOphiH 

C03.IlaBaJICll C IIOMOJUhiO .IlBYX IIOCJIC.IlOBaTCJibHO COC.IlHHCHHhiX CMe

CHTCJICH H pe3epByapa C KOHUCHTpHpoBaHHhiM paCTBOpOM a-011MK. 

Pe3yJihTaThJ pa3.IlCJICHHJI HCKYCCTBCHHOH CMCCH CB060.IlHhiX OT Ho

CHTCJICH JiaHTaHOH.IlOB H H3MCHCHHe KOHUCHTpaUHH a -011MK IIOKa-

3aHhl Ha puc. 5. TipH 06beMe CMCCHTCJICH IIO 6,3 M/1 H Hat.taJibHOH 

KOHUCHTpaUHH " - OHMK B 3anoJIHJIIOJUCM Hx pacTBope 0,085 M 

H 0,25 M H 2,5 M B pe3epsyape, KOHUCHTpaUHll KOMIIJICKC006pa3o

BaTeJill Ha BXO.Ile B KOJIOHKy H3MCHJICTCJI OT 0,085 M /npH 3JIIOH

poBaHHH Lu ·H Yb I .no 0,475 /rrpH 3JIIOHpoBaHHH La /. Tipo

.IlOJI)!(HTeJihHocTh Ilpouecca pa3.IlCJICHHJI COCTaBJIJICT 35 MUll. KpB

TepBH pa3.IlCJICHHll COCC.IlHBX JiaHTaHOH.IlOB, paCC'IBTaHHhlC 110 .IlaH

HhiM puc. 5 H ypaBHCHHIO /3/, IlpHBC.IlCHhl B 111U6/I. 1. 
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Ta6.11u11a 1 
Kp&TepHH paJ~eneHHM naHTaHOH~OB Ha KaTHOH006MeHHOH KOllOHKe 

rrpa rpa~HeHTHOM JnroaposaHHH u -OHMK. YcnoBHJI pa3.ueneHHJI 

IIpHBe.UeH.b.l B ITO.UIIHCH K puc. 5 

Pa3.QenF!eMaFI Pa3.QenF!eMaFI 
napa R napa R 
3118M8HTOB 3JleMeHTOB 

Lu-Yb 1 ,29 Gd-Eu 1 '38 
Yb-Tm 1 '93 Eu-Sm 1 , L! 3 

Tm-Er 1 '56 Sm-Pm 2,02 

Er-Ho 1 '42 Plll-Nd 1 ,I) I 

Ho-Dy 1 '82 Nd-Pr 1 , 35 
Dy-Tb 2 '41 Pr-Cte I ,r, 7 

Tb-Gd 2,54 Ce-La 2 ' 1 () 

'.LJ;aHHhie rrony'leHbl HJ He rrpe.ucrasneHHhiX J.Uecb xpoMarorpaMM. 

2 20 

0.5 

02 

0.1 

__g_ 
-:::g: 

~ --o- --a- - -~ - ---

Kd 

H (MMJ _ -o-- -o-- --o- -----o--

10 

5 

2 

005 05 
4 0 0 50 80 

c 
Puc. 3. 3aeUCUMOCMb B3TT /H/, 1/)aKmopa pa30eAeHUJI (a ) u 
Kpumepu.JI pa36eAeHUJI (R) OAJI napbl Lu-Yb om meMnepamypbl 
u KOHijeHmpaijuu a - OHMK npu nocmo.JIHHOM Ko:Jr/HPUIIUeHme pac
npeoe,1eHUJI Lu. KoAoHKa- AMuHeKc A-5, L = 70MM; U = 3 cM/MuH. 

8 

fJ5 

5 

~2 

lfJ' 
~ 
111:5 

t 
!If 

5 

2 

fJ2 
20 30 40 

"i'tC/10 KAfE/Ib 
so 

Puc. 4. XpoMamozpaMMbl pa36eAeHUJI Lu u Yb npu 30°C u 80 °C. 
KoAOHKa - AMuHeKc A-5, L = 70 MM; a-OHMK,pH= 4,5; O,OBM-
30"C; 0,115 M- BO"C; U= 3 CM/MUH. 

TaK KaK Ha Bbi.UeneHHe cyMMhl crranoreHHhlX naHTaHoH~OB H3 

TaHTana H IIO~rOTOBKY HX K XPOMaTorpa4JH'IeCKOMy pa3,neneHHJO 3a

Tpa'IHBaeTCJI 25-30 MUH, TO IIpH HCITOllb30BaHHB Haii:,neHHbiX ycno

BHB pa3,neneHHJI qepe3 'laC IIOCne KOHII;a o6ny'leHHJI MHWeHH MO)I(HO 

IIOny'IHTb rrperrapaTbl rrpaKTH'IeCKH BCeX naHTaHOB.LlOB OT lliOTell;HJI 

.LlO u;epHll /npenapaT naHTaHa 06bi'IHO CO,nep)I(HT OKOllO 1 MZ HOCH

TenJI H .Llllll CTieKTpOMeTpH'IeCKHX HCClle.UOBaHHB He llpHMeHJieTCJI/. 

CoKpaweHBe npo.non)I(BTenbHOCTH xpoMaTorpa4JuqecKoro pa3,nene

HHJI TI03BOllJieT 3Ha'IHTenhHO yMeHbWHTb 06wee BpeMJI B.b.I.LleneHHJI 

npenapaTOB OT,nellbHhlX JlleMeHTOB, OC06eHHO B 06naCTH Cpe~HHX 

H nerKHX naHTaHOH~OB H, COOTBeTCTBeHHO, yBellB'IHTb aKTHBHOCTb 

KopoTKO)I(HBYillBX pa,nuoHyKnu.nos I T 1 • 2 = 15±5 M uH/ B no.nro-
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TOBneHHbiX K H3MepeHBJIM o6pa3uax, 'ITO B uenOM pR,lle cnyqaeB 

Be,lleT K rrony'leHHIO Ba)I(HOH $B3B'IeCKOH BH$OpMaUBB. 

B 3aKniO'IeHHe Mhl XOTenB 6bl OTMeTBTh, 'ITO IIpH Bb16paHHhiX 

HaMH OIITHManhHbiX ycnOBHJIX YCKOpeHHOrO XpOMaTorpa$H'IeCKOrO 

pa3,lleneHBJI CyMMhl naHTaHOH.llOB Ha "KOpOTKOH" CTeKnJIHHOH KOnoH

Ke ( L. 'd 20 ) rronyqaJOTCR rrpaKTH'IeCKB TaKBe )l(e peJynhTa Thi 

/3aTpaThl BpeMeHB, 'IHCTOTa rrperrapaTa/, KaK B C IIOMOIUhiO 6onee 

CnO)I(HOH IIO arrrrapa TypHOMy o!~JopMneHHIO CKOpOCTHOH XpOMa TOrpa

$HH IIO.ll BhiCOKHM ,llaBneHHeM 5-7 
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