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A H H o T a u H g 

OT neneHHe MHKpoKona'lecTB acTaTRHa oT npo.qyKTOB .ll e.TieHHSI H_ pacruenneHHSI 

TSimenbiX MeTannOB npOTOHaMH BbiCOKOii 9H9pi"'HH OCHOB8HO: 

11. Ha SKc'tpaKURH 

aqmpoM; 

acTaTHHa H3 8 M conSIHOfi KHcnoTbi JJ.RHaonponHnOBhiM 

2 I Ha coocamneHHR HeKoTopbiX panKoaKTRBHhiX aai"'pSI3HeHHH c I"'H:.OpoKHCb!O 

naHTaHa a aneMeHTapHhiM TennypoM aa 0,1, M' pacTBopa, cTaHHHTa aaTpH_SI B 2 M 

pacTBope weno'IH; 

3 I Ha coocamneHRH acTaTHHa c aneMeHTapHbiM TennypoM, soccTaaosneHHhiM 

SnC12 B 3-6 M pacTsope conSIHOfi KHcnoTbi R 

41 aa neperoHKe acTaTHHa H·a cepHOKRCnbiX pacTsopos. 

Y:acToTa nony'leHHhiX npenapaToB acTaTR!!a oueHRBanacb no <X- H 0 - cneKT· 
!~ 

paM H nepROJJ.aM nonypacnana OTJJ.9nbHbiX· H30TOTIOB aCTaTHHao 

M e_TOJJ.RKa noasonSieT BhiJJ.enHTb 160.± 101% acTaTHHa H3 o6ny'li9HHb!X MHIU9Hefi. 

YI ay'l!eHo noseneHHe acTaTHHa Ha OTJJ.e.TibHhiX 9Tanax O'IRCTKR. PaccMOTpeHbi npH

'lRHhi noTepb acTaTRHa. Xoporuag socnpoaasonaMocTb BhiXonos nenaeT soaMomHhiM 

HCUOnb30B8HH9 M9TO.llHKH JJ.nSI OnpeJJ.eneHm a6con!OTHhlX C9'l9HHfi o6pa30B8HHSI acTa~ 

_THHa UpR pa3nH'l!HhlX SIJJ.9pHhlX peaKUHS!Xo 



' BBeneH:ue 

np:u o6nyqeu:uu CBHHua, BHCMyTa 11 TOp!HI rrpoTOH8MH BbiCOKOH sueprRH B 3aMeT~ 

Hb!X KOIIHqecTBaX o6paay!OTCH H30TOIIbi acTaTHHa; B nepBbiX LlBYX cnyqaSJX ITO BTOp:uq-

HbiM peaKUHHM 32Pb(Li,xn).ssAt H 83Bi(o<., xn)asAt. /1,2/ 
-31 2 -29 2 

c ceqeHHHMH 10 eM :u 10 eM , B rrocnenueM no peaKu:u:u rny601~:oro pacmenne-
. . -26 2 . 

. HHH c ceqeuneM 10 eM /1 ,3,9/. 

UenbiO HacTOHI!leil: pa6oTbi 6bmo coanaH:ue Kon:uqecTBeHHoro MeTona Bhinene

liHH pa!lHOXHMH<iecKH qncTOf'O aCTaTHHa H3 o6nyqeHHbiX 6biCTpbiMH rrpOTOH8MH CBHH

ua, BHCMyTa H TOpliS! C XOpoweil: BOCIIpOH3BOLlHMOCTbiO peaynbT8TOB, 

EonbWHHCTBo paHee BhmonHennhiX n orry6nHKOBaHHhiX pa6oT no nonyqeHHIO ac

TaTHHa OTHOCHTCH K BbiLleneHHIO 9J19M9HTa H3 BHCMyTa /4,5/ t o6nyqeHHOf'O o(. -

qacT:uuaMH c 9Heprneii "'-'30 Mas. np:u 9THX YCliOBHHX acTaTHH" SIBJISieTdi OCHOBHbiM 

-24 2 . 
nponyKTOM peaKu:u:u I 6---' 10 ~ /,.If nonyqeHn:e pan:uoxRMHqecKn qn:cToro npe-. . ·~ 

napaTa CBOLlHTCSI K OT!l9J19HHIO acTaTHHa OT MaTep:uana MHll19HH 1 IIOJ10HIISI, panuoaK

THBHb!X H30TOIIOB CBHHUa H T8J1J1HSI /5/. PanuoaKTHBHble .li30TOIIbl npyrHX .aneMeHTOB 

.HM910T ceqeHHSI o6pa30B8HHSI Ha ;aBa.:..TpH IIOpSI!lKa M9Hbll19 <ieM 8CT8TIIH H npaKTH

qecKH Ha pa!lHOXHMHqecKyiO qHCTOTy acTaTHHa He BJ1HSIIOT, 

npn o6pa30B8HHH acTaTHHa .li3 CBHHU8 1 BHCMyTa If TOp1ISI 1 o6nyqeHHb!X npoTo

H8MII BbiCOKOt!: 9H9pf'liH, IIOJlyqaiOTCSI Llpyrue COOTHOill9HRH BbiXOLlOB llpOLlYKTOB peaK

U.Iit!:: cyMM apHoe ceqeHne o6paaosaHHSI nponyKTOB ·n.eneHMSI if: rny6oKoro pacmenneH:uH 

-24 2 2 1 · At "'-' 10 eM /6,7,8/, T,e. B 10 -10 · paa 6onbwe ceqeHHH o6paaoBaH.IiH • B 

Ll8HHOM cnyqae H906XOLl.liMa 'aci:Jci:JeKTHBHaSI Oq.liCTKa OT pan:uoaKT.IiBUbiX .li30TOIIOB 

6onbW.IiHCTBa aneMeHTOB nepnon:uqecKoii Ta6nMUhi, B TOM q.!icile :u OT MaoTonoB t!:ona 

XHM.IiqecKOf'O aHanora acTaTHHa. Yfa ony6n.liKOBaHHb!X pa6oT, OTHOCSIIllHXCSI K OT.Uene

HHIO acTaTn:ua oT nponyKToB neneHMH .li rny6oKoro pacmenneHHH TH)KenbiX Hnep, 

HaM .li3B9CTHbl J1Hll1b LlBe pa60Tbi /1,9/. np:uMeHSIBWBSICSI rrpH 9TOM M9TOLlliK8 Bhiae

neu.liSI acTaTMHa noaoonSina nonyqaTb TOnhKO CX -pan:uoaKTHBHO q:ucTbiH npenapaT. 

CoanaHne MeTona nonyqeHHH panMoxHM.IiqecK.Ii qMcToro acTaTHHa qpe3BbJqafiHo 

ocnO)KHSieTcH HenocTaTKOM cseneH:uii o XHMMqecKMX ·cBoficTBax aneMeHTa, Ha:u6onee 

neT8JlbHO XHM.IiSI 8CT8TIIHa uayqeHa B pa6oTaX /4,10/, peaynbT8Tb! KOTOpbiX nocny-



-4-

:>!OWII OCHOBOii JllHI HMeiOIUIIXCSI B llHTepaType o63opOB /11,12,13(. YlHTepeCHbH~ JlaH

Hbie 06 SKCTpaKUIIII 8CT8Tl!Ha li ITp!IpOJl9 SKCTpariipyeM biX. C09JliiH9HUil: rrpHB9Jl9Hbi B pa-

6oTaX /5, 10, 14/, no Jl8HHbiM pa60Tbi 1141 80% 8CT8Tl!Ha II3Bll9K89TCSI Jll!U30ITpOITllllOBb!M 

scpupoM II3 6-9 M consrHoKucnoro pacTBopa, OKHcneHHOro xnopoM. BepoHTH·asr cpopMa 

SKCTparHpyeMOI"O C09JlliH9HHSI - Atc1; HllH Atct; • 3K~Tpar~p0B8HH9 

JlllH30ITpOrrHllOBbiM ScpHp~M IT03BOllH9T OTJl9llH.Tb 8CT8T:HH OT MHOI"UX Sll9M9HTOB 1 B. 

'i8CTHOCTH 1 OT 6onbiUUX KOTIH'I9CTB CBHHU8 1 BHCMyTa H TOpUSI 1 npH'i9M 1 118 pe3yllb1'a

T8X SKCTpaKUIIH H9 CKa3.biBa9TCSI npHCYTCTBHe 830THOii KIICTJOTbi ./ JlO 0,8 M I, nocne.a

Hee oco6eHHO. Ba){{H0 1 TaK Kl:IK 06Tiy'ieHHbi9 M9T8Jillbi paCTBOpSIIOTCH B 830TliOH KHCno-

Te. 

YJ3Bll9'i9HI19 8CT8Tllll8 H3 COllSlliOKHCllbiX · paCTBOpOB peiUeHO 6binO HCnOllb30Bffi'b 

B Ka'iecTBe nepBOI"O OCHOBHOI"O STana OTJl9"!9liHH 8CT8THH8 OT p8JlH08KTHBH.biX 38I"pH3-

H9HHH H MaTepn:ana MUW9HH. npe}ln0ll81"8ll0Cb, 'iTO Jl8llbli9HWaH O'iHCTKa nyTeM 

COOC8){{Jl9HHH 8CT8THH8 C Sll9M9HTapHbiM TennypOM H3 COllHHOKHCllOI"O pacTBOpa 14,} I 

H neperOliKH aCTaTHHa H3 cepHOKHCllbiX paCTBOpOB 110/ 1 a TaKme nyTeM COOCa)!{LI, e

HHH H9KOTOpbiX paJlH08KTHBHbiX 38I"pH3H9HHil: C s·neMeHTapHbiM TennypoM B lU9llO'l'i'!OM 
\ 

pacTBOpe 11/, IT03BOllHT ITOllY'iHTb p8JlUOXHMH'i9CKII 'iHCThlH npenapaT acTaTHHa. 3TH 

npeJ:J.nonomeHHH 6brnn: npoBepeHbi ua npn:Mepe BHCMyTa, o6ny'ieHHoro npoToHaMri c 

~-
sHepruefi 660 MsB. 

Yn:cToTa nony'iaeMhlX npenapa~oB KOHTponn:poBanac& no sHeprn:SIM penTrenoBcKo-

t - KB8HTOB H o<. -qacTuu, a TaKme no nepiiOJlaM .nonypac-ro n:siry'ieHHSI, 

ITBJla r- H o<. -aKTitBHbiX n:soTono~. Bhr6pauuasr cxeMa O'iHCTKH aeil:cT!3l!Tenb-

HO IT03BOllSI9T rronyqn:Tb paJ:J.HOXHMll'i9CKH 'iHCTWH acTaT~H ll3 BHCMyTa H npaKTH'i9CKH· 

ITOllHOCTb!O c6pOC'IJTb npOJlYKTbi, Jl9ll9HIISI H pacruenneHHH, p8Jlli08KTIIBHOCTb KOTOpbiX B 

4 5 . 
10 - 10 pas rrpeBbrwaeT paJ:J.HOaKTHBHOcTh acTaTHHa. 0J:J.HaKo, nony'ieHne paa~o-

xnMP.'lJPC:KH 'iHcToro npenaneTa conpoBomJ:J.anocb 6om-,wHMH noTepHMH acTaTHHIJ., li 

BbiXOJl 91"0 OT BbiJlE:lrt9HHSI K BbiJl eneHHIO rrpu rtpO'iHX paBHbiX ycJiOBHHX ,~<.r.,.HSillCSI B 

wn:pOKHX npeJl en ax • 

.[lnsr C03Jl8HHSI KOlllf'i9CTB9HHOI"O M9TOJl8 BbiJl9ll9HHSI aCTaTHHa C xopoweil: 

BOCITpOI13BOJlHMOCTb!O pe3yllbTaTOB He06XOJll!MO 6brnO TIU8T9J;tbH09 H3y'ieHII9 ITOB9Jle

HHSI sneMeHTa Ha Ka){{J:J.OM ·STane O'iHC'I'KH. 0HO 6btn0 BbiiTOllH9HO C p8JlHOXIIMH'i9CKH 

'iHCTbiM 8CT8THHOM 1 BbiJl9ll9HHbiM H3 TOpliS! B Ka'ieCTBe ·HH:llHKaTOpa, noBeaeHHe. 
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acTaTnHa KOHTponnpoBanocb no r -n3ny'leHUIO, KOTOpoe pe!"'UCTpllpOBanOCb 

· c<JeT'IllKOM' MC-11. ~- · n 

npnBe.cieHbi Ha pnc. 3, 5. 

0( - cneKTpbi llH,l:lllK8TOpHOT'O npenapaTa acTaTnHa J 

3KCTpaKUllH acTaTnHa ll3 COnHHOKllCnhlX paCTBOpOB .Llllll30nponnnOBhlM 

a¢npoM 

3KCTpaKunH acTaTnHa .nnn3onponnnoBbiM a.¢npoM U3 pacTBopoB Her 
HOH KOHUeHTpaunn, o6pa6oTaHH.biX xnopoM, no.npo6Ho n3y<Janacb B pa6oTe /14/, Ha

llin pe3yJlbT8Tbl OTJlll'I8IOTCH OT noiiy'IeHHb!X B STQH pa6oTe, B OCHOBHOM, JlY'IlllllM 

ll3Bne<JeHneM acTaTUHa ll3 pa368B1IeHHhlX COJlHH6KllC1IhlX pacTBOpOB /pnc, 1/, 

VJ3 BJle'leHUe acTaTUHa ll3 cori"JHOKllCJl b!X paCTBOpOB 3Ha'lnTe1IbHO nOBbilllaeTCH 

~ .npncyTcTBnu a30THofi' KncrioTbr, HanpnMep, H3 pacTBopoB 7M no HCI " 
n 0,8- 1,5 M no HNOl aKcTpai"'npyeTcH --' 95% acTaTnHa I K l-1lSI\. = 18/, He-

6onblllHe KonntiecTBa HF /5:...10 MT'/, KOTOpbre .no6aBnHIOTCH npn pacTBopeHllll To-

pHH B 830THOfi KllCnoTe,·~a SKCTpa!"'npyeMOCTb acTaTnHa COBepllleHHO He BnllHIOT, 

xl 

PeaKcTpaKUHH acTaTnHa H3 op!"'aHn<JecKOT'O cnoH 

Ta6nnua 1. 
PeaKcTpaKUHH acTaTnHa n3 op!"'aHn'lecKo!"'o cnoH 

PeaKcTpa!"'npyiOlllHfi areHT 

2M No.OH 
-II-

-··-_,,_ 
-II-

O,H·1 pp Naz.Sn 0 2 
-II 

B 2M NaOI-l 
--\1 

% peaKCTp8KUHH 

98 

99 

79 

80 

74x/ 

7·6x/ 

100 

99 

npn nO,l:lf'OTOBKe .LlHH30nponnnOBOI'O a¢npa K SKCTpaKUHH 'lepe3 CBe~enepe!"'HaH-
HbiH paCTBOpHTenb B Te'leHHe HeCKOJlbKHX MHHyT nponycKancH X!Jop, nocne <Jef'O 
acpnp npoMbiBancH 8 M HCI • B .naHHOM cny<Jae, o6pa6oTKa aKcTpa!"'eHTa xnopoM 
He npon3Bo.nnnacb, KaK BR.riHo H3 nony<JeHHbiX pe3y1IhTaToB, peaKcTpaKUHH Bo.nofi 
npOXO,l:lHT MeHee nOJlHO, a OCTaBlllHRCH B Op!"'aHH'IeCKOM CIIOe acTaTHH He y.naeTCH· 
H3BJle'lb npu nOBTOPHOH npOMbiRKe BOO.OR, 

I 
,I 
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KaK cne.oyeT H3 .oaHHhiX, npHBe.o~HHhiX B Ta6nHue N:? 1, 0,1 M pacTaop cTaHH

Ta HaTpHSI B 2 M meno'm - HaH6onee y.oo6Hblft peaKcTpa:rHpyiDI.llHil: a:reHT npH Ha

BneqeHHH acTaTHHa H3 op:raHHqecK0:£'0 CJIOSI I'IOCJ!e SKCTpaKUHOHHOI'O OT.oeneHHSI sne

MeHTa OT MaTepHana MHWeHH H OCHOBHOft MaCChi pa.oHOaKTHBHbiX npHMeceft. npH

cyTCTBHe B peSKCTpa:reHTe CHJibHOI'O BOCCTaHOBHTe~SI ll03BOJISieT He TOJibKO npaKTHqe 

CKU ilOJIHOC Tb!O Bhi.lleJIHTb acTaTHH H3 op:raHHqecK01l: cpa3bl, HO R OJlHOBpeMeHHO · npo

BeCTH QqHCTKY OT cne.oOB I'IOJIOHHSI 1 30JIOTa 1 pTyTH H psr.oa .opy:rHX SJieMeHTOB, KOTO

pbie B wenoqHOM paCTBOpe. o6pa3y!OT TPY.llHOpaCTBOpHMh!e I'HJlpOOKHCH HJIH BOCCTa

HaBJIHBa!OTCSI CT~HHHTOM JlO MeTaJIJIOBo D,nsr STOI'O K BO.llHO-scpHpH01l: SMYJibCHH 1 Ko-

TOpaH o6paayeTcH B sKcTpaKTope c MexaHHqecKo1l: MewanKo1l:, .oo6aansreTcH He-

CKOJibKO MHnJIHTpOB pacTBOpa, CO.Oep:tKalJ.lei'O 15-20 MI' TennypHTa HaTpH~, 2-3 MI' 

aypaTa HaTpHH H 5-6 M:r xnopHcTo:ro naHTaHa. Bbiii8BWHii oca.ooK aaxaaTbiBaeT 

He 6onee 5% acTaTHHa ITa6nHua 2/. 

Ta6nHua 2 

3axBaT aCTaTHHa OCa.OK8MH 1 Bhina.[la!OI.llHMH H3 menoqHbiX pacTBOpOB, 

co.oep:tKamHx No.2 Sn0 2 . HJIH NQCIC 

Oca.ooK 
KonHqecTBO 

PacT Bop 
% cooca:tK.o. 

oca.oKa- M:r acTaTHHa 

LnlOH h 8 011 M . Na2 SftDz B 2M NoOH 5 

Th (OH )4 
-11- -··-6,5 9 

f:e (OH )3 10 
_,,_ -u-

13 

Te 5 -u- -~~- 5 

&i 8 
_ ,,_ _,, _ 

10 

Th(OH) 4 6,5 -0,1M No.CIO B 2~ NnOH 85 

B;(OH h a· -u- -11-
87 

Fe. ( OHh 10 .·-11- -11-

95 

KaK BH.llHO H3 npHBe.oeHHbiX B aTo1l: Ta6nHue .oaHHhiX, peaKcTpaKUHsr acTaTHHa 

me·noqHbiM pacTaopoM BoccTaHOBHTensr noaaonSieT HCKJI!OqHTb noTepH aneMeH Ta aa 

cqeT a.ocop6uHH e:ro Ha cne.oax Tpy.oHopacTBOpHMhrx· :rH.opoOKHceii MeTannoa, Ha-

npHMep Fe (OH )3 , Th (OH )~ , Bi (QH )3 , KoTopbre ace:r.oa Mo:ryT npHcyTcTao-

BaTb B pacT Bope. 

J 
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Coocdmneane acTaTnaa c aneMeHTapHhlM TennypoM na conHHo-

Kncnoro·pacTBopa 

Han5onee yno5Hblll MeTon BbineneHHH acTaTHHa H3 meno'IHOI'O pacTBOpa 

CT8HHHT8 H8TpHH ITOCliB pe3KCTp8KUHH - COOC8MDBHHe '8liBMBHT8 C MBT8llllH'IBCKlfM 

· TennypoM_ H3 IIODKHCllBHHOf'O COllHHOH · KHCllOTOH paCTBOpa CT8HHHT8, YcnoBHH COOcam

DBH!iH rronpo5HO OIIHC8Hbl B pa5oTe 11 I, Heo5xoniiMO TOllbKO OTMBTHTb, 'ITO KOllH-

'IBCTBO 8CT8TI1Ha, COOCamnaiOmerocH C TennypoM, M8ll0 3aB!lCHT OT KOliH'IBCTBa 

OC8MDBHfiOrO Tennypa 12-10 Mrl H OT KOHUBHTpauiiH COliHHOH KHC.TIOTb!, L{ame H3 

25-30 Mll KOHUBHTpnpoBannoro 111,5 IV\. I pacTBopa HCI 80-90% acTaTHHa co-

c 3 Mr Tennypa. Ac~THH rrpaKTH'IBCKH rronHOCTbiO coocamnaeTcH c 

TennypOM, BCliH BOCCTaHOBHTBllb no5aBllHTb K COllHHOKHCliOMY pacT-

Bopy acTaTnna, conepmameMy Tennyp. 

Coocamnenne acTaTnna II3 con_HHOKHCllbiX pacT BopoB c TennypoM rro3BonHeT 

He TOllbKO CKOHUBHTp!Ip0B8Tb aCT8THH- H H35aBHTbCH. OT 50JibWHX KOllH'IBCTB conefi, 

rrpn:cyTCTByiomnx :6 pacTsope, ao n rrpoBec'i'n a¢¢eKTHBHyiO O'IHCTKy oi' · Sb 
Os xl Tl 

' J , 3TH 8liBMBHTbl HBnHIOTCH OCHOBHbiMH pann:oaKTHBHbiMH 38_-

rpH3HBHHHMH At conepmamero paCTBOpa rrodne IlpOBBDBHHH 8KCTp8KUHH H 

rrocnenyiOmer'o meno'Inoro c5poca. B qacTHOcTn:, TaKHM MeTonoM ynaeTCH oTne

nuTb 8CTaTHH OT MHKpOKOJIH'I9CTB panuoaKTHBHOfo fiona, ancop5UHH KOTOpOrO H8 

ocanKe Tennypa ne rrpeBbiwaeT 3%. 

.[lHCTHllllHUHH 8CT8THH8 H3 cepHOKHCllbiX pacTBOpOB 

Ycnosn:H rreperOHKH acTaTuna 5hlnn: rrono5panhl , n:cxons H3 naHHhlX pa5oThl 

1101, COf'llaCHO KOTOphlM aCT8THH K01IH'I9CTBBHHO 0Tf'OHH9TCH H3 p aCTBOpa 0,5 IV\. 

II 0,05 IV\. Fe 5 olt • KaK -rroKaaanii nawH OllbiThi, rrpn:cyTcTBHe B 

cepHOKHCJIOM paCTBOpe He50JibWHX KOliH'I9CTB Tennypa 15-10 Mr/ pe3KO yxynwaeT 

YCliOBHH DHCTHllliHUHH aCT8THH8, noaTOMy rrepen. DHCTHli.TIHUHeit Heo5xonHMO 5blll0 

OTDBliHTb. aCTaTHH OT TBJIJiypa 8KCTpaKunefi DHH3011pOIIH110BhlM 8~HpOM C IlOCllBDYIO

xl 
0CMHH 1 COPJiaCH9 HMB!OUlHMCH liHTepaTypHbiM ';uaHHbiM 1151, 1!_9 8KCTparnpyeTCH 

n3 consnoKncnhiX pacTBopoB, OnnaKo TmaTenbHO BbmonaennaH rrpoBepKa. rroKa-

aana, 'ITO Mn:KpoKonrrqecTBa Os naBneKaiOTcH nnrraorrporrrrnoBbiM a.<tJn:poM 

n:3 8 IV\. rro HCI pacTsopa, OKHcnennoro xnopoM na 70-75%~ 
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lUIIM II3Bne"l:eHII9M acTaTIIHa II3 Op1"8HII"l:9CKOI"O cnOH BOLIOi!:, 0!lf18KO nony"l:eHHbii!: 

BOLIHhrtl: pacTBOp acTaTHHa co.aep:>Kan cne.ahr xnopa II LIHII3onponiinosoro aq).l{pa, KOTo

pbre To:>Ke oTpiiuaTenhHO sniistroT Ha .aiicTHnnstuHro acTaT?Ha. H o aTo BniiSIHIIe nern:o 

ycTpaHste~CSI yBenH"l:9HHeM KOHU9HTp8UIIII cynhcpaTa :>Kene3a II cepHO~ KIICnOThi, Bbi!fO 

Hat!:.aeHo, "'TO H3 0,5 M paCTBopa Fe S04 B 1 M pacTBope H2 504 OTI"OHSieT-. 

est t5onhme . 90% acTaTHHa npii neperOHKe 85% /no ot5'beMy/ IIcxo.aHoro p1CTBop~:~. 

PeKoMeH.o.yeMaSI M eTOAHKa 

Ha QCHOBaHIIH .o.aHHbiX o nose.o. eHIIII acTaTIIHa Ha Ka:>K.aoM aTane O"l:IICTKII obtna 

OKOH"l:aTenhHO C03.0.8Ha HH:>Kecne.o.yromast M9TO!IHKa KOnii"l:9CTB9HHOI"O Bbi.aeneHHSI pa

AHOXIIMII"l:SCKII "l:II·CTOI"O acTaTHHa .1{3 BHCMyTa, OonyqeHHOI"O npOTOH8MII BbiCOKIIX SHep-

riit!:. 

O.o.IIH rpaMM MeTannii"l:ecKoro BIICMyTa, ot5ny"l:eHHoro npoToHaMH c aHepriiet!: 

660 Mas Ha BHyTpeHHeM ny"l:Ke CIIHxpouiiKno'tpoHa 0t5'be.aiiHeHHoro IIHCTIITyTa st.n.ep

HhiX IICcne.o.C)BaHHft, paCTBOpSinCH B 5 Mn KOHil9HTpiip.OB8HHOi!: 83.0THOi!: KHCnOTbi, npH 

HarpesaHHH B Kont5e c ot5paTHbiM xono.o.IInhHHKOM, K a3oTHOKHcnoMy pacTBopy .o.o-

t5asnstnoch 40 Mn 8 M HCI , HachrmeHHot!: xnop~J:-i· 8KCTpaKUHSI nposo.o.Hnach 

60 Mn AHH3onpommosoro acpHpa B aKcTpaKTope c MexaHH"l:ecKot!: ~ewanKoii. Opra-

HH"l:eCKHii cnot!: .o.Ba:>K_qhr npOMhrBancst 15 Mn 8 M consHot!: KHCnOTbi. AcTaTIIH II3 

acpHpa peaKcTparHp?sancst 40 Mn 0,1 M pacTBopa cTaHHHTa HaTpHSI B 2M NaOI-\ 

K meno"l:HOMY pacTBopy .o.o6asnstnoch 10-15 Mr TennypHTa HaTpnst, 2-3 Ml" naHTaHa 

(Lu (13) · H 1-2 Mr. xnopoaypaTa HaTpHs, PacTsop oT oca.o.Ka oT.o.enstncs cpHnhTpo

BaHHeM qepe3 CTeKnSIHHbiA cpHnhTp. N;~ 4. 0ca:>K.0.9HH9 Tennypa CTSHHHTOM HaTpHSI 

noBTOpSinOCb eme pa3o llienO"l:HOft cpHnbTpaT nO.O.KHCnHnCH 20 Mn KOHtieHTpHpOBSHHOii 

corl~IHoft KHcnOThr, c·o.a.ep:>Kameit ,_ 0,2 Mr Te IMn, Oca:>K.aeHHe Tennypa 

H3 KHCnOI"O paCTBOpa npOBO.O.HnOCh npH SH9pl"H"l:HOM nepeM9lilHB8HlUf, nocne KOa

rynSIUHH oca.o.Ka .o.sa:>K.Ahi .o.o6asnsitoch no 5 Mr Tenn ypa. Oca.aoK Tennypa, .co.o.ep

:>KalUHit acTaTim, oT.o.enstncst OT pacTBopa ueaTpacpyrapoBaHHeM, npoMbiBancst 6 M 

consaoit KHcnoToit H pacTBopsncst B HecKOnhKHx· Kannsx a3oTHoit KHcnoTbi. K nony-

"l:eHHOMY pacTBopy .o.o6asnsnoch 20 Mn 6 M HCI . H Tennyp oca:>K.o.ancsr .o.sy. • 

xnopHCTbiM onosoM. nocne. KoarynstuHH oca.o.Ka eme pa3 nosTopstnoch oca:>K.o.eHHe 

I 
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Tennypa 15 Mr I. Bbrrraawnfi oca.u OK ueHTpncpyrnpoaancH , npoM biBancH KoHueHTpn-

poBaHHofi conHHOfi KncnoTofi n pacTBOpHncH': B 5 Mn 8 M HCI npn nponycKaHIIII 

raaoo6paaHoro xnopa. OT Tennypa acTaTIIH · oT.uenSinn aKCTpaKunefi ero B .unuan

nponnnoBbifi acpnp. 3¢npHbifi cnofi 16 Mn I naa>K.Ubi npoM biBancH 1,5-2. Mn 8 M HCI 
II acTaTIIH . peaKc,Tp~rnpoBancH BOLlOfi I LlBB paaa no 5 Mn I. n ocne 9KCTpaKUIIII 

nony'IancH pacTBop pa.unoxnMn'IecKn 'IIICToro acTaTnHa - 0,01 iV\ no HCI , co.uep

>Karunfi cne.ubi pacTJ:?OpHTenH. 

OnncaHHbifi BbiWe MeTo.u Bbi.ueneHIISI acTaTnHa na o6ny'IeHHoro ancMyTa no

aaonHeT nony'IaT& pa.unoxnMII'IeCKII 'IIICThlfi acTaTIIH n na o6ny'IeHHoro TopnH, B 

Ll8HHOM CJty'Iae 6naro.uapSI TOMy, 'ITO Ce'IeHne 00pa30B8HHH aCTaTIIHa II3 TOpliS! Ha 

Tpn nopH.uKa 6on&we, '!eM na BliCMyTa, y>Ke nocne B-roporo 

HHH Tennypa riony'IaeTcH pacTBop,.,~paKTII'IecKII He co.uep>Karunfi .upyrnx pa.unoaK

TIIBHbiX Dp0LlYKTOB1 KpOMe II30TODOB acTaTIIHa, 

.Uan&Hefiwne onepaunn - cooca>K.ueHHe acTaTHHa c TennypoM n aKcTpaKUIIH 

Lliiii30DpODIIJtOBbiM acpiipOM HY>KHbi 1 B OCHOBHOM 1 LlJlH c6poca conefi II Tennypa.' 

npn BbiLleJteHHH acTaTIIHa, OOpaayroruerOCSl II3 CBHHUB 1 M eTOLliiKa HeCKOJtbKO 

yCJtO>KHHeTCH, Bo-nepBbiX, HeOOXOLlHMO B Ha'Iane Bbi.UeneHIISl y.uaniiTb xnopHLl CBIIH

ua, KOTOpbifi BbiiiBLl aeT npn .uo6aBJteHIIH K 830THOKIICJIOMY paCTBOpy COJtSlHOfi KIICJtO

Tbi1 II, ·ao-BTOpbiX, B KOHUe BBeCTII LlODOJIHIITenbHyiO O'IIICTKy 8CT8TIIHa LliiCTIIJtJtSlUII

efi II3 cepHOKIICJtOI"O paCTBOpa, 

06ny'IeHHbifi cBnHeu I "':"" I rpl pacTBopstncst B 5 Mn 6 M HN03 , n K nony-
l 

'I.eHHOMy ropst'IeMy 830THOKIICJIOMY pacTBopy .uo6aBJtSIJt0Cb 20 MJt 4 M HCI • nocne 

oxna>K.ueHHSl pacT Bop oT .uenstncst oT BbiDaBwnx KpncTannoB Pb Cl2 cpnn&TpoBaHn

eM 'Iepea cTeKnstHHbifi cpnn&Tp M> 2 :1-i no.uKncnHnCSl 20 Mn KoHueHTpnpoBaHHofi H Cl 
HaCbiiU eHHOfi xnopoM. Bee nocne.uyrorune onepaunn aHanorii'IHbi aTarraM O'IIICTKII npn 

- BbiLleJteHIIII 8CT8TIIH8 Il3 BUCMyTa, 

,UonoJtHIITeJtbH8SI O'IIICTK8 '.unCTIIJtJtHUIIefi Tpe6yeTCSl II3-38 O'IeHb MMOI"O ce'!e

-31 2 
HIISl OOp830B8HIISl 8CT8TIIH8 110 CM I, ,UJtSl 9TOI"O K 10 MJt BOLlHOI"O paCT BOp a 

8CT8TIIH8 1 IIOJty'IeHHOI"O DOCJte 9KCT?8KUIIOHHOI"O yLlBJteHIISl Tennypa, Ll068BJtsteTCSl 

paBHbifi o6'beM 1 M pacTBopa Fe.S04 
UIISI DpOII3B0LliiJl8Cb LlO H8'18Jt8 IIOSIBJteHIISl KpiiCT8JtJlOB B neperOHHOfi KOJtOe, 0Tro

HSliOIUIIfiCSI acTaTIIH nornoruancH. B 0,5 M pacTBope Na OH 
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PeaynhT8Tbi naMepemrfi Bhi.lleneHHhiX npenapaToB acTaTIIHa 

Ha pnc. 2-4 npnBe.lleHbi. r -cneKTpbl acTaTMII,a, Bbi.lleneHHOI'O II3 BIICMyTa, 

Top~H II cBIIaua, CHHThle qepea 5-6 qacoB nocne o6nyqeanH.MeTann?B npoioaaMII c 

saepr-nefi 660 ~sB. 

~ ..., cneKTpbi At nayqaniiCh aa cuiiHTIInnHUIIOHHOM cneKTpoMeTpe IKpiicTann 

Na.J (TI) 3,8 x 2,5 cM cpoToyMHO:>KIITenh ¢8Y..:c I co 128-:-KaaanhHh;M aM

nmrTy.llHhiM aHannaaTopoM, JlnaefiaocTh np1I6opa no saepr-nn 6bma ae xyme 1%. Paa-

c 137 . 
pewaiomaH cnoco6itocTb aa niiHIIII S 1662 KsBI cocTaBnnna 9,5%, 

. "' 
8H epi'llii ll nepiiO.ll hi Ha6niO.ll8BWIIXCH t -nMHIIH npiiBe.lleHbi B Ta6n, 3, 

Ta6nnua 3. 

PeaynhT8Toi n§MepeHHH 3Hepr-1Ifi r -,nanyqeanH ll nepllO.llOB nonypacna.lla ll30TO

noB acTaTnaa, Bhi.lleneHHhiX rda Bi . , Th II Pb , o6ny"leHHhiX npoToHaMII· c sHepr-nefi 

660 ~3B, 

npenapaT At"' s 

1 
npenapaT At npenapaT At JlHT,.ll8HHb!9 06 

Bbi.ll eneHH hifi ns ' • 3Hepi'llHX , r . .:., 
Bbl.ll eneHH b!H li3 Bbl.ll eneHHbiH li3 

~ Hanyq, li nepHo-

Bi ' 
.. ! Th Pb .llax nonypacna.lla i 

1 ' 
li30TOllOB 8CTa-

' TliHa 1161 

Ex- ,K~B T,~-z., Lto.c. · Er, '<3& Ty2 'YU<;. E.r, K3S T.h. ''iO.C E.r, K~B . Vf30TOll 

7 8.±.2 ,_,6,5 78 ' 8 80±.1 _,6 79,S1 I -
~ , 

. 61,321 
-50 --50 5lt_2 8 -~,. 

243.±.5 8,5 242 8,5±.0,2 245.±.2 8 245 &sAt 2.10 

1186.±.8 10 u 80.:!:,10 8,4±_0,3, 1179±.5 8,8 1183 

T,11 ::' 813 "· 
1458-:_14 10,5 1460±.15 8,15.±,0,3 1465.±10 8,8 . 1438 

.. 1484 

193.±.4 5 192 5,5. 194 ,...,4 195 
c!s At 2.09 

546±.6 6,5 542.±. 6 5,5 543±. 4 6 546 

7 88.±.8 6 780!...8 ) 6,0 786±. 5 5,5, 7.82 )ih =5,5l!. 

660. ,...,2 660 2 660 
A(-

0
' 1,1 '{, 180 

32.±2 .-:a 
162 -2,7 
860 - 5 

- -- ---I -

npliMe"laHHe: 1 I PeHTI'9HOBCKOe li3Jtyqealie, 

21 nliK "BhlJteTa" 6T peHTI'eHOBCKOrO li3Jty"leHHH, 

it 

·~ 
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· ·Dmr npenapaToB acTaT11Ha, BhilleneHHbiX 113. BHCMyTa 11 TopHsr1 aHepr111i acex ooHapy

)KeHHbiX H8M11 O -nHH11ii xopowo cooTBeTcTByiOT nliTepaTypHbiM llBHHbiM 116 I o 

. At2.08 At'Z.09 ' AL 2.10 . . 'r -113ny'leHH11 . • 11 { • Ha cneKTporpaMMax He BlillHO nHHiili 

180 Kaa 

At 2os. 

At_z.o& 
1 'TaK KaK cneK':I'poMeTp He OTllensreT ee oT nHH1111 190 Kaa 

npli li3MepeHiili npenapaTOB At 1 BbilleneHHbiX li3 CB11HU8 1 KpOMe 113BeCTHbiX 

r - iJHHHii, HaiilleHbi 3 n11H1111 1660 KaB c T.h. -- 5 'lac, 165 KsB 11 32 Ksal, 

KOTOpbie Ha OCHOB8H111i 11MeiOUl11XCH nHTepaTypHbiX ll8HHbiX Henb3H IIpliiiHC8Tb 1i30TO

Il8M acTaT11Ha. CyMM'apHasr 11HTeHCHBHOCTb aT11X nHH11ii cocTaBnsreT - 10% OT 11HTeH

C11BHOCTH Bcero npenapaTa. 

OnpeaeneHHe nep110llOB nonY-pacnalla OTll enbHhrx· 1130TonoB acTaT11Ha BbmonHeHo ., 
llOCTaTO'IHO.H8lle)KHO TOnbKO llnH· npenapaTOB 1 Bbi!le·neHHbiX 113 TOp11H. Yf3-3a ,3H8'111-

TenbHO MeHblll at. pall110aKTHBHOCTH npenapaTOB acTaTHHa, BhilleneHHbiX li3 BliCMyTa li 

CB11Hua, npHBelleHHbre 3HatteHHH ne p110llOB nonypacna!la cne!lyeT paccMaTpliBaTb Tonb

Ko KaK oueHotiHbre. 

li( -cneKTpbi 8CT8THH8 li3yttanliCb Ha <X. -ciieKTpOMeTpe IHOHii38U11~HH8H KaMepa C 

32-KaHanbHbiM 8MIInliTYllHbiM aHanli38TOpOMI.MiillleHii llnH CHHTHH ~-cneKTpOB rOTO

B11nliCb 'HaHeceHHeM 830THOKHCnoro pacTBOpa 8CT8THH8 H8 IIOnlipOB8HHhifi IIn8TiiHOBblfi 

llliCK. 

Ha plic. 5 AaH 0( -cneKTp npenapaTa acTaTHHa, Bhi!leneHHoro Ii3 Toplisr, 

CHH_Tblfi qepe3 5-6 'l8COB IIOCne KOHU8 oonytteHHH. LfeTKO BlillHbi llBe nliHiili C SHep-:

rlieii 5880 Kaa H. 7430 Kaa. YfHTeHCHBHocTb ooeHx nHHHii 'yobiBaeT c nepliOllOM no

nypacna!la 7,3 ttaca lpHc. 61. nonytteHHbre pe3ynbT8Tbi xopowo cornacyroTcsr 

C nHTepaTypHb!Mii ll8HHbiMii 00 SHeprlili H3nytteHHH At 211 
li ero llOttepHero 

Po'Z.11 
li30TOIIa H o nepHOlle nonypacna!la At 2._i1 I 161. M eHee 38MeTHa 

nHHHH c aHeprHeii 5630 KaB li nepHOllOM non.ypaciialla 5,7 ±.. 0 16 lpHc.61, KoTopasr 

OTH9C9H8 K li30TOIIy 

1i30TOIIy At207 
At 209. 

• Cnaoasr ntfHHH 5750 Kaa, otteBHAHO, npHHallne)KHT 

Aoc:omoTHoe Ce'leHHe o9pa30B8H11H 
At 2.1t li3 TOpliH 1 oony'leHHOrO ripOTOH8Mii 

c.aHeprHeii 660 MaB, 

oopaaosaHHH At 2.og. 

no HawuM onpe!leneHHHM cocraansreT fO .± 1 Mo. CetteHue )Ke 

Ha OCHOB8Hiili ll8HHhlX o< -cneKTporpaMMbi c ytteTOM 

ero cxeMbt paciialla 15%. 0( ./ li nepHOlla nonypaciialla HecKOnbKO Bhiwe ~ 15 Mo. 

0( -ciieKTpbl npeiiapaTOB 8CT8TiiH8 1 BbilleneHHbiX li3 oonytteHHbiX CBHHU8 1i .BHC-

\ 
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C sHeprHeH 7,430 .K9B H At 2.11 

Xopoume COBna.[{eHHSI H3MepeHHbiX HaMH 9Hepi'HH • r. - KBaHTO~' H 0(' -

'IaCTHU H nepHO.[{OB nonypacna.[{a r H 0( -aKTHBHbiX H30TOnOB At c nHTepa""' 

TypH biMH .[{ aHH biMH, n03BOnSIIOT C.[{ enaTh 3aKniO'IeHHe 0 TOM, 'I TO acTa TIJH, Bbl.[{ eneH- . 

HbiH no BbiWeOnncaHHOH MeTO.[{IJKe H3 BHCMyTa II TOpHSI, o6ny'IeHHbiX npoTOHaMH ·C 

9Hepruett 660 M9B, SIBnSieTCSI paAnoxnMH'IeCKH 'IHCTbiM._ VI a cBHHua BbiAenrrTh _acTa

niH B pa.[{HOXHMH'IeCKH 'IHCTOM- BH.[{e He YAanOCh, HeCMOTpSI Ha TWaTenhHYIO O'IHCTKy 

I~ 108 
paal oT npoAyKTOB AeneHHSI n rny6oKoro pacwenneHHSI, 

BocnponaBOAHMOCTh peaynhTaToB 

LJ:nSI onpe.[{eneHHSI .){HMH'IeCKOI'O BbiXO.[{a a~TaTHHa Heo6ny'IeHHbie CBHHeU, 

BHCMYT H TOpHH. paCTBOpSinnc:h B a30THOH KRCnOTe, CO.[{ep:>Ka rueii: H3BeCTH'Je Konu

'IeCTBO acTaTnHa. nocne BbmonHeHnSI Bcex onepauuii, Heo6xOARMbiX AnSI nony'IeHnSI 

pa.[{HOXIJMU'IeCKH 'IUCTOI'O npenapaTa, paAUOaKTUBHOCTh OCTaBWei'OCSI acTaTHHa cpaB• 
• 

HHBanach c 9TanoHHbiM npenapaToM. PeaynhTaTbi npuseneHbi B Ta6nuue 4. 

T a 6 n u u a 4. · 
!~ 

XuMR'IecKrrii BbiXOA acTaTMHa, 

MaTepuan MnmeHn BbiXOA B % CpeAHee. B % I 

1 11 111 -I 
i 

Pb 50 57 60 56_1:4 
I 

Bi 67 62 64 64;t2 

Th 62 60 61 .±. 2 
' 

CpaBHMTenhHO 6onhwne rioTepn acTaTnHa lAo 50%/ cBSI3aHbi , B oCHOBl!OM, 

C HenonHbiM BbiAeneHMeM acTaTMHa Ha O_T.[{enhHbiX onepaUMSIX Ot{HCTKH, 

noTepH acTaTnHa npn pacTBopeHnn MeTannoB B aaoTHoii KncnoTe aa c'Ie~ neTy

'IeCTM gneMeaTa He ~peBbiruaiOT 2-3%. 

AAcop6unSI acTaTMHa cTeHKaMn cTeKnSIHHOit nocy.[{bi cywecTBea.aa, no HamnM 

-, 

l 

I 

I 
\ 
~ 
! 
i 
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aaomoD.eHRHM, TOnbKO D.nH conHHOKRCnhiX pacTsopos, coD.ep)Kamnx Svt Cl2 
,8 9TRX ycnoBRSIX Ha ITOBepXHOCTR. CTeKna MapKR "nHpeKc" nnomaD.biO 200 cM

2 
npR 

KOMHa'I.'HOA TeMnepaType B Te'ieHHe 5 MHHyT aD.COpOHpyeTCSI ~0-30 ~ npHCyTCTByiO""':' 

mero B pacTsope acTaTHHa. ALI.copoHposaHHbiH acTaTHH ae y D.aeTcB nonaocTbiO oT-. ~ . . 

MbiTb HH KHCnOTaMR 1 HH menO'iaMH. 0D.HaKO 9THX ITOTepb MO)KHO ne!"KO HSOe)K8Tb 1 

~cnH noD.KHcneaHe menoqaoro pacTBopa cTaHHHTa, coD.ep)Kamero acTaTHH, npoHsso

D.HTb COnBHOH KHCnOTOH, K KOTOpoii .IJ.OOaBneH.bi aeoonblUHe KOnH'IeCTBa Tennypa. 

npH aToM, BepOSITHO, sa C'leT KOHKYPHPYIOLUeii aD.COpOUHH acTaTHHa Ha Tennype, aD.

copOUHSI an~.MeHTa CTeHKaMH CTeKnSIHHOH n'ocyD.bi HCKniO'l:aeTcSI. 

XopowaH· socnpoHSBO.IJ.RMOCTb pesynbTaTOB nossonHeT HcnonbsoBaTb MeTOD.HKY 

BCIO.IJ.Yt I".IJ.e HeOOXO.IJ.HMO KOnH'ieCTB@!~HOe onpeD.eneHHe. acTaTHHa, HanpHMep, npH 

yHSITHH cpyHKURR sosoy)KJJ.eHHH pasnH'IHbiX HJJ.epHbiX peaxuHif. H eonpeD.eneHHOCTb 

BbiXO.IJ.S ±_ 5% B D.aHHO!'f cny'iae He OyJJ.eT HaKnaD.biBaTb cymeCTBeHHbiX HCKa)KeHHH 

aa o6my10 KapTHHY n:syqaeMbiX npoueccos. 

BbiBOD.bi 

1. CosD.alla MeTOD.lfKa BbiJJ.enean:H acTaTHHa a· paJJ.HOXHMR'l:ecKR 'IRCTOM BHD.e 

113 Bi . H Th 1 oony'leHHbiX npoToHaMR c aaeprReA 660 Mas. 

2. MeTO.IJ.HKa. n'ossonSieT BbiJJ.enHTb OKOOO 60% acTaTRHa R3 oony'leHHbiX MR

weaea C ,.HeonpeD.eneHHOCTbiO BbiXOD.a ±. 5%. 

3 •. J.1sy'l:eHO ITOBeD.eHRe acTaTRHa Ha OT.IJ. enbHbiX aTanax O'IRCTKH lf paCCMOTpeHbl 

npH'IRHbi ITOTepb npH BbiJJ.eneHHH • 

4. X?powag socnpoRSBO.IJ.RMOCTb BbiXOJJ.OB D.enaeT sosMO)KHbiM HcnonbsosaaHe 

MeToD.HKH D.nH onpeD.eneHRSI aoconiOTHbiX nonepe'IHbiX ceqeaH:a oopasosamtH acTaTH

aa npH paSliH'IHbiX SI.IJ.epHbiX peaK!!HS!Xo 

AsTopbi onaroD.apHT A.H. M yp11aa sa. nodTOSIHHbiA RHTepec K paooTe R · pH.z::l 

ueHHbiX COBeTOB. 

PyKonRCb nocTynRna B irsD.aTenbCKRA OTD.en 10 JJ.eKa~pS! 1959 roD.a. 
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