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HaaeCTHOt ~TO B Ka~eCTBe paAHOBKTHBHOro HHAHKBTOpa KanbUHB HCnonb-

ayeTCH 
4 ~ Ca • Paapa6oTaHbi cnoco6bi ero nony~eaug u BbiAeneaug 6ea ao-

• ' /1,2/ 
CHTeng C npuMeHeHHeM MeTOAOB COOCBlK~eHHB H 3KCTpaKUHH • 0AHBKO 

BAepHbie CBOHCTBa 
45 

Ca (TUn uany~eHHB1 3Heprug {3 - ~aCTHU) npenHTCTBy-

lOT ero ucnonbaoaaauro B Ka~eCTBe. HHAHKBTOpa, B ~aCTHOCTH 1 6onbWHe 

TPYAHOCTH B03HHK8IOT npu H3MepeHHH ero paAHOBKTHBHOCTH Ha TOpUeBbiX 

·C~eT~HK8X1 TaK KaK He06XOAHMO BBOJ:fHTb CyWeCTBeHHble nonpaBKH Ha norno-

weaue u caMonornoweaue {3 - uany~eaug c aaepruefi 250 K3B, 

Ha Ha~ B3rnBA 1 6onee YA06Hb1M BBnBeTCB.Apyrofi H30TOn KanbUHB 

47 
Ca , HMerowufi y-uany~eaue u 6onee lKeCTKoe {3-uany~eaue [ Ey= 

/3/ 
=0,49; 0,815; 1,308 M:o~a; Ef3= 1,979 (16%); 1,48(2%); 0,67(82%)M:o~a J. 

7 /3/ . 
nepi!OA nonypacnaAa 

4 
Ca - 4,53 AlrB AaeT B03MOlKHOCTb ucnonb30BaTb 

3TOT H30TOn B Ka~eCTBe HHAHKBTOpa, 

HulKe npeAnaraeTCH OAHH H3 B03MOlKHbiX BapuaHTOB nony~eHHB H Xpo

MaTorpa¢u~eCKHH MeTOA 1!3Bne~eHHH H30Tona.B COCTOBHHH 1 CB060AHOM OT 

HOCHTeng, 

47 
Ca nony~ancg HaMH npu o6ny~eHHH BaHBAI!eBOH ¢onbr'H npOTOHBMH Bbi

COKOH 3Hepri!H no peaKUHII ~!V ( p , 4 p n ) ~~ Ca • 

B Ta6nuue yKa3aHbi ce~eaug :o~Toro npouecca npu paann~HbiX aaeprugx 

npOTOHOB. 

3KCnepUMeHT8nbH8H ~aCTb 

06ny~eane Muweaefi ocywecTangnocb aa BHyTpeHHeM ny~Ke cuaxponnK-

noTpoaa na6opaTopuu BAepHblX .npo6neM OH.HH, Ep = 660 M:o~a. 



Ta6nuua 1 

E Ce~eaue o6paaoaaHHH fluTeparypa p 

Mas 47 Ca 1 M6 

170 0,031 + 0,009 4 

185 0,11 5 
' 

240 0,14 + 0,05 6 

660 0,36 Haw a 
·OUeHKa 

BpeMH o6ny~eHHH B ~aweM cny~ae Kone6anocb oT 0,5 no 1,0 ~aca. 

MuweHb (aaHanueaaH ¢onbra Tonwi!Hoii 100 MK, aecoM 0,2-0,3 · r) nocne o6-

ny~eHHH "oCTbiBana" B Te~eHHe 5-6. AHeii, 3TO Heo6XOAIIM01 C OAHOii CTopo

Hhl1 nnH TOI'O, ~T06hi CHH311Tb paAH8UHOHHyJO Harpyaxy H1 C npyroii CTOpo

Hhi,-~T06hi H368BHTbCH OT Cp8BHIITenbHO KOpOTKO:IKHBYWei'O 26 Mg • 

B H8WHX 3KCnepHMeHT8X peaKTHBbl HMenH KBanH4JHKaUHIO "x.~. ", BCe 

paCTBOpbl I'OTOBHnHCb Ha AB8111Abl AHCTHnnupOB8HHOii BOAe, 

MeTOAI!Ka BhJA~.neHHH 

0CHOBY MeTOAHKH OTAeneHHH K8nhUHSI OT M8Tepuana MJIWeHH COCTaB

nHeT paHee Ha6nronaaweecR RaneHI!e nornomeHHH KanbUHH KSTHOHHTOM ua 

pacTaopoB ni!MOHHOii KHCnOThi 111• Hawu aKcnepuMeHTbl noKaaanu, ~To aa

Hanllii B 3TOM cny~ae llpH pH = 3-4 He COp6upyeTCSI H~ KaTHOHHTe, no-BJI

AIIMOMy, OH o6paayeT aHHOHHbiH UHTpaTHblii KOMnneKC, 

BaHaAIIeBaH 4Jonbra paCTBOpHeTCH -'a 1,5-2 Mn KOHUeHTpHpOBaHHOH .a30T

Hoii KHCnOTbl, npu 3TOM 6onbWaH ~aCTb BaHaAIIH Bblll!IAaeT B OCaAOK1 no

BHAHMOMy, B 4JopMe I'IIApaTI!pOBaHHblX OKilCnOB, K o6pa30BaBWeMyCH OCaAKY 

A06aBnSieTCH 35 Mn 0,3 M nHMOHHOH KHCnOTbl H CMeCb HarpeaaeTCH AO non

HOI'O paCTBOpeHHSI OCaAKa H npl!o6peTeHIIH paCTBOpOM CI!Heii OKpaCKH,·PaCT

BOp oxna111naeTCH no KOMHaTHoii TeMnepaTyphi, C noMowhro KOH ycTaHaa-

nuaaeTCH pH= 3-4 H paCTBOp nponyCKaeTCSI ~epea KOnOHKy ( d = 1CM 

h = 5 eM), HanonHeHayro KaTHOHHTOM llayaKc 50x4 50/100 Mew B Na -¢op-
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Me, CO CKOpOCTbiO npHMepHO 3,0 ..!:!!!_ , KonOHKa npOMb!BaeTCH BOA 
MHH 

TeM 50 Mn 0,006 M pacTaopa Tpunoaa B c npe:~KHeii CKopocTbro All 

HHSI B03MO:IKHhiX npHMeceii Fe , V • 

nocne llp0Mb!B8HHH KOnOHKH BOAOH npHMeCH paAHOH30TOllOB 
46 

/8/ 
ynanHJOTCH 12 Mn CMeCH 0,3M (N H4)2 504 + 0,0125M H 2 S0 4 • B J 

cny~ae CKOpOCTb npOX'O:IKAeHHSI CMeCH ~epea KOnOHKY KpHTH~Ha (B f 

Cny~ae OHa COCTaBnHna 0,4 .Mn/MHH) •. npu yaenn'JeHHH CKOpO.CTH np 

HHSI anroeHTa aoaMo:IKHhi cymecTaeHHbie noTepu 47Ca • llanee KaTJ 

TenbHO HpOMbiBaeTCSI BOAOii, 3neMeHTbl nepaoii rpynnhi ynanHJOTCSI l 
/9/ 

KH 75 Mn 0,2M HCI 

noTepb 
47 

Ca npH 3TOM He Ha6nronaeTCSI, 47 Ca Bb!MhiBaeTCH Il 

KH 12 Mn 3 N H NO 3 , npo1!3BOAHTCH ynapHB8HHe AO fiY:IKHOI'O 06'be~ 

THM, ~TO A81Ke llpH ynapi!B8HIIH AOCyXa BHAHMOI'O OC8AK8 He Ha6n101 

Mbi llbiTanHCb 06Hapy1KHTb CTa61!nbHblii KanhUHii TIITpOBaHHeM I 

pacTaopoM Tpunoaa B npu pH= 10 ( pH ycTaHaanuaaeTcH c noMOW 

B llpHCyTCTBHH CBe:~KellpHI'~TOBneHHOI'O HHAHK8TOpa - MeTI!nTHMOnOBC 

1'0, B 3TOM cny~ae AnSI H3MeHeHHSI OKpaCKH HHAHK8TOpa Tpe6oaanac 

onHa xannSI (0,03 Mn) KOMnneKCOHa, <t>oH HMen TaKyro 111e aenH'IHHy, 

ll03BOn!IeT yTBep:IKA8Tb1 ~TO B BblAeneHHOii 4JpaKUHH llpi!CyTCTByeT l'v 

12 MKI' KanhUIIH_X), 

XHMI!'IeCKHll Bhixon, 113MepeHHhlii c noMOIIlbJO 47 Ca , ucnonb~ 

B Ka'JeCTBe HHAHKaTopa, OKaaanCH paBHblM - 90%, BpeMSI BbiAeneHH! 

no 3 qacoa. 

HaMepeHHe panHoaKTIIBHOCTH np0113BOAHnocb Ha CUHHTHnnSIUHOH 

CHeKTpOMeTpe C KpHCTannoM NaJ ( TJ) paaMepOM 70 X 70 MM2 II 

I'OKaHanbHblM aHanH3aTOpOM AMA-3C, B BhiAeneHHOii ¢paKUHH K< 

ycTaHoaneHo Hani!'JHe Y -ni!HHH C SHepi'HSIMH 510, 810 H 1310 K31 

Hhlii 

BbiWe 

y -cneKTP npencTaaneH Ha pHcyHKe 1. HHTeHCIIBHOCTb yKaa< 

y - nHHHii cnanana c nepuonoM nonypacnana 4,46 :!: 0,18 AH£ 

CoananeHI!e eenH~HH nepuona nonypacnana H aHepruu y -nHH 
. ~/ . 

C Ta6nH'IHblMH 3H8'JeHHHMH , a T8K:IKe OTCyTCTBHe" APYI'HX y - ni 

CBHAeTenbCTByeT 0 paAHO~HMH'JeCKOH ~HCTOTe nony~eHHOI'O npenapa 

X} 0,03 Mn 0,01 M paCTBOpa TpHnoHa 6 COOTBeTCTBYJOT 12 MHKporp 

KanbUJIH, 

5 



nnTepaTypa 

4 

5 

6 

Haw a 
oueHKa 

1> oT 0,5 no 1,0 'laca. 

:oM 0,2-0,3 · r) nocne oo-

5xonnMo, c onHoll: cTopo-

3KY 11, c npyroll: cropo

Bywero 28 Mg • 

nl!lj>HKSUHIO 'x,'l,', BCe 

t Bone. 

lpl!ana MI!W9HII COCTSB-

tnbUIISI KaTI!OHHTOM 113 

3HThl ITOKaaanH, 'ITO Ba

:SI Ha KSTHOHHTe, no-BH-

ltC, 

KOHUeHTpHpOBSHHOll.aaor-

.m!lnaeT B ocanoK, no

>opa3oBaBWeMycSI ocanKy 

!Cb HarpeBaeTCSI ao non-

>M CHHell OKpaCKH, 'PacT

~MOWblO KOH ycraHaB-

1 KOnOHKy ( d = 1CM 

4 50/100 Mew B Na -lj>op-

Me, CO CKOpOCTblO Up!!MepHO 3,0 2:!L , KonOHKa UpOMb!BaeTCSI Bonoll 1 38-
MI!H 

TeM 50 Mn 0,006 M paCTBopa TpHnoHa E c npeJKHeii cKopocTbro nnSI ynane- • 

HilS! B03MOJKHbiX rrpi!Meceil: Fe , V 

nocne UpOMbiBSHIISI KOnOHKII Bon oil: Up!!MeCI! pani!OI!30TOUOB 
46

-
45 

Sc 

ynanSiroTCSI 12 Mn cMecn 0,3M (N H4l2 S0 4 + 0,0125M H 2 S0 4 
181• B naHHOM 

Cny'lae CKOpOCTb Upox·oJKneHI!SI CMeCI! 'lepe3 KOnOHKy Kpi!TII'IHa (B HaWeM 

cny'lae. OHS COCTSBnSina 0,4 .Mn/M!!H),, np11 yBen!J'IeHI!II CKOpOCTI! rrpOXoJKne-

HIISI 3niOeHT8 B03MOlKHbl CyWeCTBeHHble UQTepl! 47Ca . , .llanee KSTIIOHI!T TWa-

TenbHO UpOMbiBSeTCSI BOnoll:, 3neMeHTbl UepBOil: I'pyrrUbl ynanSIIOTCSI 113 KOnoH-
/9/ 

Kll 75 Mn 0,2M HCI 

noTepb 
47 

Ca Up!! 3TOM He HaonronaeTCSI, 47 Ca Bb!MbiBSeTCSI 113 KOnOH

KII 12 Mn 3 N H NO 3 • npo1!3BOni!TCSI ynapi!BSHI!e no HylKHOI'O OO'beMa, 3aMe

TIIM, 'ITO naJKe npn ynapnBaHnn nocyxa BnnnMoro ocanKa He Haonronanocb, 

Mbl Ub!Tani!Cb OOHapylKI!Tb CTSOI!nbHblll KanbUI!ii T!!TpOBSHI!eM 0,01 M 

pacTBopoM TpnnoHa E npn pH= 10 ( pH ycTaHaBnnBaeTcSI c UOMOWbiO KOII) 

B rrpi!CYTCTBIIII CBeJKeUp!!I'~TOBneHHOI'O IIHAHKSTOpa - MeTI!nTI!MOnOBOI'O CHHe

I'O, 8 3TOM Cny'lae nnSI 1!3M9H9HIISI 0Kp8CKII IIHAHKSTOpa TpeooBanaCb ni!Wb 

onHa KarrnSI (0,03 Mn) KOMrrneKcoHa, <lloH !!Men TaKyro JKe Benn'II!Hy, 3To 

U03BOnSieT YTBeplKAaTb 0 'ITO B BbineneHHOII: lj>paKUHII UpHCYTCTByeT MeHee 
.x) 

12 MKI' KanbUHSI , 

XIIMH'IeCKHii Bb!XOA, 1!3MepeHHhlii C UOMOWbiO 

B Ka'leCTBe I!HllHKSTOpa, OK838nCSI paBHbiM- 90%, BpeMSI BbiAeneHI!SI - OKO

no 3 '18COB, 

H3MepeHne paaHoaKTHBHocrn nponaBoannocb Ha CUHHTnnnSIUIIOHHOM y 

ClleKTpOMerpe C KpiiCTannoM NaJ ( Tl) pa3MepoM 70 X 70 MM2 II MHo-

roKaHanbHbiM aHannaaTopoM AMA-3C, B BbineneHHoil: lj>paKUIIH KanbUIISI 

ycraHoBneHo Hann'IHe 

Hblil: y -cneKTp npeacraBneH Ha pHCYHKe 1, HHTeHCHBHOCTb yKaaaHHbiX 

BbiWe y - nHHHii cnaaana c nepHOllOM nonypacnaaa 4,46 : 0,18 llHSI, 

CoBnaaeHHe llenn'IHH nepHoaa nonypacnaaa 11 sHeprnll y - nHHHII: 47 
Ca 

. /3/ 
C Ta6nH'IHbiMH 3H8'1eHHSIMH , a T8KJKe OTCYTCTBHe' llPYI'HX y - nHHHii, 

CBHlleTenbCTByeT 0 p8llHO~IIMH'I9CKOil: 'IHCTOTe rrony'leHHOI'O npenapara, 

x) 0,03 Mn 0,01 M paCTBopa TpHnoHa E coorBeTCTBYIOT 12 MIIKporpaMMaM 
KanbUHSI, 

5 
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Hoil CMeCH IIpOIJ.yKTOB rny60KOro pacmenneHifg BaHall.HH npOTOHaMH BbiCOKOil 

3HeprHH. 
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Ca, H3MepeHHblll Ha 128"'-KaHallbHOM CIIHHTHnnnuaoH-
HOM Y -cneKrpoMeTpe, Kpacrann NaJ (TIl paaMepoM 70_x70 MM2, 
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