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KaK rrbKa3biBaeT see ysenH'!HBaiOmeecn '!Hcno pa6oT, BbixonnmHx H3 rreqaTH, 

HtiTepec K H3y'!aHHIO KOpOTKOlKHBYlliHX H30TOIIOB HeyK/IOHHO B 03pacTaeT. 3ToMy aK-

THBHO CIIOC06CTByeT C03.llaHHe HOBOR H3MepHTenbHOA Te XHHKH, B qaCTHOCTH, IIOSIB-

neHHe HOBbiX IlO/lyiipOBO.llHHKOBb!X )leTeKTOpOB. 

nepBb!e 0 630pllble pa60Tbl 0 6biCTpb!X pa,llHOXHMH'!eCKHX MeTO)laX, pa3pa6oTaH

HblX .ll/ISI Ce/leKTHBHOrO H3BneqeHHSI 3 /leMe HTOB H3 6onee H/IH MeHee C/IO li<HblX CMeceR 

/ 1-3 / 
rrponyKTOB nnepHbiX peaKuHA, rronBHnHcb B Ha'!ane 60-x ronoB • HacToHmRA 

0630p BK/IIO'!aeT HH¢opMaUHIO 0 pa6oTaX, llOSIBHBlliHXCR B 3TOA o6naCTH 3a IlOC/le.ll

HHe qeTbipe rona ( c 1964 r. no RIOHh 1967 r.). 

MolKHO cKa3aTb, '!To rrpHHUHIIbi 6biCTpbiX MeTonoB oCTanHCb rrpe lKHH MH, a HMeu-

uo, ocymecTsneaHe aKcrrpeccaoro BbmeneHRR panRoaKTHBHblX aneMeHTOB BKniOqaeT 

B ce6n pemeaHe cnenyiOmHx BonpocoB: 

1) Bbi6op o6nyqaeMoro coenHaeHRR; 

2) KOHCTpyKllHS! MHllieHH H cneuHa/lhHbiX yCTpOACTB .ll/IR 6biCTpOA .llOCTaBKH 

rrperrapaTa H3 3 0Hbi o6nyqeaRH B na6opaTopHIO; 

3) Bhi 6op XHMHqecKoro MeTona, ceneKTHBHoro nnH naHaoro aneMeHTa ~ 

4) co3naaHe xHMH'!eCKoA arrnapaTyphi nnn 6biCTporo rrposeneuun rrpouecca pa3-

neneHHH; 

5) C03)lai-!He H3MepHTe/lhHOI! arrrrapaTypbl )l/ISI 6biCTpb!X H3MepeHHll aKTHBHOCTH 

rrperrapaToB. 

B rrocnenuee speMH B CBH3 H c ocymecTBneaHeM rrpoeKTa ycTaHOBKH Mace-ee-

l . " / 4/ 
rrapaTopa, pa6oTaiOmero B CHCTe M e oo - toe , nnn HccnenosaHHH nnep, pac-

IIO/IOlKeHHblX B.lla/IH OT /IHHHH CTa6H/lbHOCTH, a 3TO, KaK rrpaBHIIO, oqeHb KOpOTKOlKHBY

rn He nnpa c T
1 1 2 

rropnnKa nonel! ceKyH.llbi H/IH HeCKO/lhKO ceKyHn, rronyqaiOT pa3BH

THe HeKOTOpble tPH3HKO-XHMH'!eCKlie MeTO.llbl, Il03BO/ISIIOllil!e O'!eHb 6biCTpO II IIpe i!MY-
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mecTaeaao B OllHY cTallHIO H3BI!eKaTb aeo6xollHMbie aneMeHTbi. HaH6onee 6narorrpH-

51THbiMH lli!R aTo>l uenH 6yllyT MeTollbi pa3JleneHHR, npoTeKa!OrnHe a ra3 oao>l <!>a3e 

H OCHOBBHHbie HB p831IH'IHH <jJH3H'IeCKHX H XHMH'IeCKHX CBOt!CTB rrapOB aneMeHTOB 

H HX COellHHeHHt\. 

0 rrpo6neMax 6biCTpot! XHMHH a rrpoeKTe Macc-cerrapaTopa, pa6oTaiOmerc 

"on -line " c rry'IKOM CHHxpouHKnOTpoaa, 6bmo cllenaao coo6meaHe a a coaewaHHH, 

ITOCBHllleHHOM o6cy~lleHHIO rrepcrreKTHB YCTBHOBKH M8CC-cerrapBTOp8 H8 ITY'!Ke CHH

/5/ 
xpouHKIIOTpoaa Jla6opaTopHH HllepHbiX npo6neM • B aacToawei1 ~e pa6oTe paccMaT-

pHBBIOTCR MeTO.Qbi, pa3pa60T8HHbie .QII51 H3y'IeHH51 KOpOTKO~HBYWHX H30TOITOB 6ea 

rrpellBBpHTellbHOrO p83.QeneHH51 ITO M8CCBM. 

KaK yKa3biBanocb BbimP-, ycnex Jlena 38BHCBT oT Toro, KBK c aecTH llO MHHHMyMa 

BpeMR, 38Tp8'IHB8eMoe HB Te orrepaUHH, KOTOpb!e rrpeJllUeCTBYIOT <\JH3H'IeCKHM 113Mepe

HH51M, 8TO BpeMH CKIIBilbiB8eTC51 H3 1 )· BpeMeHH .QOCTBBKH o6ny'IeHHOrO rrperrapBT8 

K MeCTy XHMH'IeCKOrO H3Blle'!eHBH ero; 2) BpeMeHH, 38Tp8'IHB8eMOrO H8 XIIMH'IeCKOe 

Bbi.oeneaae; 3) apeMeHB llOCTaBKB roToaoro npenapaTa K H3MepHTenhHoll annapaType. 

KoaKpeTaoe peuieaae a KB~IlOM oTJlenbHOM cnyqae 3BBHCHT oT nocTaaneaaoll 3BilB'IB. 

QqeHb BB~HO, 'IT06bi aecb rrpouecc OT .QOCT8BKH o6ny'IeHHOl\ MHUieHH llO H3MepeHHH 

roToaoro rrpenapaTa rrpoBOiliii!CH aenpepbiBHO H aaToMaTn'IeCKH. YcToot!cTao. oTae-

/6/ 
'IB!Ornee aTHM Tpe6oaaHHRM, on11caao a pa6oTe • CneuHal!hHBR aqet!Ka ana o6nyqeaHH 

( pHC, 1), COilep~8lU851 pBCTBOp HIIH TBep.QyiO COllb, ITOCI!e KOpOTKOrO, KBK rrpaBHIIO, 

BpeMeHH 06ny'IeHHB ll0CTBBI!519TC51 ITHeBMOCIICTeMol\ 113 30HW o6nyqeHHH B na6opaTO

p1110 rro crreuHBIIbHOMy Tpy6onpoBollY· H'!et!Ka .QOCTIIraeT onpe.Qeneaaoro MecTa, B 

KOTOpOM pacrron0~9Hbl TOpM0351W9e yCTpOt!CTBO ( pHC. 2) H yCTpot\CTBO JlllSI H3Bne

'IeHH51 o6nyqeaaoro aewecTaa. Ecn11 o6nyqaeTC51 pacTaop, TO aTo rrpHcrroco6nea11e 

COCTOIIT 113 ABYX riiiTOilepMH'I9CKHX Hrn (pH C. 3), KOTOpbie IlpOHHK810T BHyTpb SI'I9tl

KH qepea ee TOHKHe .QHa<jlparMbi, '-Jepea O.QHy 113 Hrn ITO.Q8eTC51 ClK8Tbit\ B03AYX 

( HllH N ~ ) AnSI BbiABBnHBBHHSI o6ny'IeHaoro pacTaopa 11, ecna HY~Ho, 3aTeM rrolla-

eTCSI rrpOMbiBHOl\ paCTBOp, H qepea BTOpyiO 11rny 061Iy'IeHHbit! paCTBOp ITOCTyrraeT B 

peaKUHOHHbil\ COCYil ( pHC, 4), 

EcnH o6nyqaeTcSI TBep.QaR conh, To lli!R 113Bne'IeHHSI ee H3 SI'!et!KH npnMeHSieT

CSI CITeUH8llbHbltl Tpy6'!8Tbltl HO~, 8 C8M8 TBepll8S! COI!b rOTOBHTCSI B BHile C<\JOpMH

/7/ 
pOB8HHOl\ K8ITCYIIW, KOTOp851 qepe3 8TOT HOlK ITOCTyrraeT B peaKUHOHHbltl COCYil 

TaKoe ycTpot!cTBo U!HpoKo Hcrronhaoaanocb rrpH nayqeann KopoTKOlKHBymnx 

rrpollyKTOB JleneHHSI ( Sn , Sb , In , I , As , Ge , Ag , Mo ) • CncTeMa rrepeHoca 
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1103BOITHIT8 38 ~ } ceK AOCT8BHTb gqeflKy OT peFK TOpa HITH YCKOpH TeiTH, H 38 2 CeK 

nepeuecTH o6nyqeHHbi H pacTBop nnn conb H 3 Tpa ucnopTn pyromero KOHTefl u epa B peaK-

UHOHHblfi COCyA, H, TaKHM o6pa30M, 

3 ceKyHAbl nocne KOHUa o6nyqeHHH • 

uaqaTb XHMHqocKoe pa3AenenHe 

.[lpyroi\ BB>I<Hblll BKIT8A B COKpameuHe BpeMeHH, 38Tp8'1HBaeMOI'O B Oil biTe, ABeT 

pa3p860TK8 COOTBeTC T Byromel\ XHMJiqecKOil annapaTypb! , B KOTOpOH ocymeCTBHHeT CH 

caM XHMH'!eC KH R n pouecc BhlAeneHH H H O'IHCTKH aneMe HTO B . B nnTepaType acTpeqaeT -

CH OIIHC8HHe HeKOTOpblX ycTpOftCTD AITH BTOfi UenH. 

Xopomo H3Be CTHO, 'ITO m npoKo pacn pocTpaHeHHbiM x HMHqecKHM MeTonoM 113BJie 

qeHHH H O'IHCTKII pa~H08KTHBHblX ane ~teHTOB HBITSieT CH MeTOA BKC T p8KUHH . npu l!CIIOITb-

3 0B8HHH BTOI'O MeTOAB AHH BbiAeneHHH KOpOTKO>KHBYUIHX 1!30TOIIOB O'!eHb PB>I<HO llpO

BeCTH npouecc 6biCTpo. BpeMH, Heo6xoAHMoe AnH npoaeAeHHH BKCTpaKUIIH , cKnaAb!Ba

eTcH H3 HHTepBBITOB BpeMeHH, 38Tp8'1HBaeMOI'O 88 CMeUI HB8HHe ¢a3 AD yC T BHOBneHHH 

paBHOBeCHH, p83Aeneune ¢a3 H nepe BOA ¢a3 B C n e AyiDUIHH peaKUHOHH bii\ COCYA HHH 

H'!eiiKy AilS! H3MepeHHH. 

/ 8 / 
B pa6oTe OIIHCbiBBe TCH HeCKOllbKO THIIOB annapaTOB All51 BKCTp8KU HO HHOI'O 

pa3AeneHHH 3a 10-20 ceKyHA, nocne qero OAHa ¢a3a co aepweuno ne C OAep>KHT Ap y roii. 

npHHUHIT yCTpOI\CTBB BTHX MOAeneft BKCTpaKTOpOB OCHOB8H H8 p83ITH'IHOM neii

CTBHH rpaBHTBUHOHHOI\ CHIIbl Ha pa3 Hble ITO ITIIOTHOCTH >KHAKHe Q1B3 bt. KoHCTpyKUHII 

BKCTpaKTOpOB llpenyCM8TpHB8e T, 'IT06b! BTO n ei\CTBHe llpOHCXOAHIIO KBK B UeHTPH¢yre . 

0AHHM H3 B8>KHblX Y3110B B BKCTpBKTOpe SIBIIHeTCI! BeHTHIIb, qepe3 KOTOpb!ll nepe HO

CHTCH ¢a3bl H3 COcyna CMeUJHB8HHH B ApyrHe COCYAbl, llpH BTOM OHII IIOIII!OCTbiD pa3-

nenHIOTCH. 

illHpOtW HCIIOITb.'3yeMbiM MeTOAOM 6btCTpOrO H3 BneqeHHH H O'IHCTKll p llAU08KTHB-

Hb!X aneMeHTOB IIBITHeTCH H MeTOA OCB>KAeHHI!. 8 BTOM cnyqae TllK>Ke BB>t<HO l! MeTb 

ycTpoil c Tao, noaaonHroUJee 6bicT po o T nenHTb ocaAoK oT pacT aopa. TaKoe yc Tpo Hc T ao 

/91 
6b!IIO OllliC8HO B pa6oTe , IIOCBHUieHHOil OCB>KAeHHID So H Apyrnx BIIO~tei!TOB C IIHp-

TOBbiM p8CTBOpOM IIHpHAHHB, B TO BpeMH K8K In O C T aeTCSI B paC TBOpe. 

YcTpOI!CTBO ( pHC. 5), B KOTOpOM npOIICXOAHIT npouecc OC8)1(Ue HUH H pa3AenO l!HH 

OC8AK8 H paCTBOpa , COCTOHITO H 3 peaKUHOHHOA KaM e phl, COeAHHe HHOI C OAHOft CTOpo-

H bl C C HCT e MOH 6btCTpO H AOCT8BKH gqeftK H C o 6 nyqeHHbiM p aCTBOpOM II 6btCTpOr:tD n epe 

HOC8 paCTBOpa B peaKUHOHH blM COCyA ; C Apyroil C TOpOHbi
1 

BTO T COCYA 6blll coeAI!I!el! C 

K8Mepoil ¢HITbTp8UHH. J1 B T OH, H B Apyroi'! K a Mepe HMenHCb C OOTBeT C T BYtOU!He IIOA

BOAbl itn n BaKyyMa, o ca >Knarornero peare nTa, C>:<aToro ra3a . TaKall K OIICTPYKUHII no3BO -
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nRna npHMepHO 3a 10 ceKyHn ocymecTBnRTh pa3neneHHe ocanKa H pacTaopa H cooT-

BeTCTBeHHO nony'IaTh 'IHCThii\ In B paCTBOpe, aKTHBHOCTb KOTOpOrO Morna cpa3y 

H3MepRTbCR. 

OnHHM H3 HHTepecHbiX npHMepoa MeTonH'IecKoro perneHHR 6biCTporo H3Bne'IeHHH 
171 • 

nponyKTOB RnepHOI\ peaKUHH RBnReTC5l pa6oTa • 0Ha IIOCBRIUeHa 6hiCTpOMY panHO-

XHMH'IeCKOMY MeTony BhineneHHR panHOBKTHBHoro llona H3 nponyKTOB neneHHR C 

uenbJO H3y'IeHHR BbiXOnOB neneHHR H xapaKTepHCTHK H3ny'IeHHR KOpOTKOlKIIBYIUHX H30TO-

IIOB Rona. Heo5xonHMbiMH Tpe50BBHH5IMH JlnSI TBKOrO 5biCTpOrO MeTona 5binH: 

1) B03MOlKHOCTb TO'IHOrO H3MepeHHR BpeMeHH OT KOHU8 o6nyqeHI!R no MOMeHTa 

BhineneHHR Rona , 

2) 5biCTphiA c5op panHoaKTHBHoro Rona nocne ero oTneneHHR nnR nocneny

JOmero ynaanHBBHHR nponyKTOB pacnana KopoTKOlKHBywero llona; 

3) xopornas O'IHCTKa Rona oT npyrHx nponyKTOB neneHHR, oco6eHHO oT npen-

rnecTBYJOIUHX ( Sn , Sb H Te) H rrocnenyJOIUHX nponyKTOB neneHHR ( Xe, Cs H Ba) 

c coxpaueHHeM 5onhrnoro Bhlxona; 

4) 6biCTphlA H30TOIIHbi!l o6MeH panHoaKTHBHoro Aona c HOCHTeneM nepen pa3ne-

neHHeM. 

B npennaraeMOM MeTone Hcnonh3oaanach ueaonuag CHCTeMa. B onHoA 6biCTpoR 

CTanHH HOCHTenh Aona H panHoaKTHBHhiA Ron npeapamanHCh B ra3oo6pa3HhiA Aon, 

Ko.TopbiA nerKo oTnensmcR oT npyrHx aneMeHTOB, co6HpancR, H H3Mepgnach ero panHo

aKTHBHOCTh. 

MHmeHhJO cny>KHna nepeKHCh U, KOTopaR pacTBOpRnach B pacnnaae HI 0 
4 

( 1:14). HarpeTbii\ aa MacnRHoR 6aHe ( t e 135°C)cnnaa oxnaJKnancR, H3Menh'Ian

cR B cyXOM 50KCe. 600 Mr STOro IIOpOrnKa CMelllHBanHCb C 90 Mr aKTHBHpOBBHHOro 

yrnR H cMech noMewanacb B rpa~HTOBYJO Kancyny nnH o5ny'IeHHH, llnH TpaHcnopTH

poBKH H'IeAKH C rpa¢HTOBOA KaiicynoA HCIIOllh30BanaCh IIHeBMaTH'IeCKaR CHCTGMa, 

a nnR H3Bne'IeHHH o6ny'IeHHOrO M8TepHana - HOlK, II03BOnRJOIUHA pa3pylllHTb K8II-

cyny H IIOIIaCTb o5ny'IeHHOMy MaTepHany B peaKUHOHHblll COCyn, KOTOpb!!l Harpe-

saneR no 130°C. Aon npH TaKoA TeMnepaType ao3rOHRncH, npoxonR qepe3 cTeK

nHHHhlll ~HnbTp nnR O'IHCTKH OT 38XB8'IeHHhiX TBep,!lblX 'IBCTHU, H 38TeM IIOCTYII8n 

B KOnOHKY, 3aiiOnHeHHYJO CTeKnRHHbiMH wapHKaMH, CMO'IeHHbiMH CC 1
4

• illapHKH OpO

rnanHCb pacTBopoM CC 1
4

, ynaanHBaJOIUHM Ron. PacTaop cTeKan B nonroToaneHHhiR co

cyn, IIOCne 'Iero H3MepHnacb aKTHBHOCTb ll0Jl8 H onpenenHnCH XHMH'IeCKHI\ BbiXOn. 

llnR ewe 6onee 5biCTporo nepeHoca Aona K H3MepHTenhnon annapaType Hcnonh30Ba-
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nacb cHcTeMa HarpeToro Te¢noHoaoro Tpy5onpoaoaa, PO KOTopo~y ra3oo5pa3HbtA 

Aoa nocne O'IHCTKH Ha CT9KllHHHOM ¢HllbTpe llOCTynan B cocyn, rne OH KOHnencHpOBall 

CH C llOMOillh~ raMMa-neTeKTOpa, pBCllOllO*eHHOrO B HenocpenCTBeHHOH 5nH30CT H OT 

SToro cocyna. C npHM9H9HH9M TaKoro ycTpOACTBa Aon nepeHOCHllCfl OT peaKUHOHHOrO 

c ocyna no ItaMepbt, rne OH KoaneHCHpOBa/lCSI H H3MepHllCH, 3a 3 CeK ( paCCTOH HH9 

5bmo 5 MeTpoa). CaMa peaKuHH Bo3roHKH nona a peaKUHOHHOM cocyne 3aKa H'IHBa

nacb qepe3 4 ceK nocne KoHua o5ny'leHHH. TaKHM o5pa3oM, nnH nony'leHHH panHoaK

THBHoro npenapaTa Aona 3aTpa'IHBanocb Menee IO ceK. 

npyrHM HHTepeC!lb!M llpHM9pOM 5btCTporO BbtneneHHH nponyKTOB neneHHSI Cny-

*HT BbtneneHHe Sb , Sn , As , Ge B BHne neTy'IHX r nnpnnoa, KOTOp bte o5pa3y-

~TCH npH BOCCTaHOBll9HHH STHX S/l9M9HTOB BonoponoM B MOMenT ero o5pa30BaHHH. 

rnnpHnbt Bhlnyaa~TCH H3 paCTBOpa N 2 H/IH He, H pa3neneHHe no sneMeHTaM npoHc

xonHT B npouecce pa3pyrueHRn runpHnoa npH pa3/IH'IHbtX TeMnepaTypax: Sb H8 non

HOCTbiO pa3pymaeTCH npH 480°C, As H8 npH 950°, a rHnpHnbt Sn H Ge - B HH

TepBane 480° < t < 950°. B cooTBeTcTBy~mnx yqacTKax Tpy5KH o5pa 3yeTcn Me Tan-

nwiec~toe 3epKano, KOTopoe H/lH CMh!BaeTCH nonxoamneA KHC/lOTOH, H/lH B 3TOM 

MeCT9 paCllO/laraeTCH AeTeKTOp H3/lY'I9HHH. 4>aKTOp O'IHCTKH AOBO/lbHO BbiCOK. 

05pa30BaHHe rHnpHAOB B03MO*HO npH HCllO/lb30D8HHH CHCT9Mbl Zn - H 
2
50 

4 

H/lH 3a cq!\T aoaopona, B03HHKa~mero npR 3neKTponnTH'IeCKOM pa3no*eHHH HC I. 
I IOI 

B npenaapHTe/lbHOM uccneaoaaHHH 6bmo noKa3aao, 'ITO cKopocTb 3/l9KTpo-

nHTH'!eCKoro o5p830BBHHH CTH5HHa SJ H 3 npHMo nponopuHOH8/lbH8 ToKy H He 38 -

BHCHT OT TeMnepaTypbl, nnomaaH 3/leKTpoaa , cKopoCTH nepeMeWHBaHHH. Cne-

noBBT9/lbHO, MO*HO nony'IHTb· O'leHb Bb!COKHA BbiXOn rH.QpH.Q8 38 KOpOT-

Koe BpeMH npH BbtCOKOM ToKe. H8 pHc. 6 noK838H peaKUJ10HHbtA cocyn, 

KOTOpb!H onHOBp9M9HHO CllY*Hll H H'leAKOA .Q/IH o5nyqeaHSI/ II/. 05a OTneneHHH nqeli

KH, p83neneHHbte nopHcToA nH81jlp8rMoA, coaep*allH HC I, H B K8TO.QHOM oTaeneHHH 

CO.Qep*a/ICH T8K*e HOCHTe/lb HCCnenyeMoro 3/leMeHTB. no 3/l9KTp01IH38 H'!eAKa npo

nyBB/IBCb 'IHCTbiM He ann ynaneHHH c n enoB Boanyxa, a Bo BpeMH 3neKTponHaa -

.QllH y.Qa/leHHH rH.QpH.QOB • npH 3/leKTpOllH3e CKOpOCTb He ~ 250 M/l/ MHH. 

BbtnyBaeMbie rHAPHAbl 3BT9M paapymanHCb, npoxonH qepea neqb, H MeTann KOH

neacHpoBancH HB XOllOnHblX 'IBCTHX KpeMHHeBOA Tpy6KH. 3TOT M9TO!I UBI:IOll 45%-btH 

Bh!xon B Te'!eHHe IO ceK, OH 5wn Hcnonh30BBH npH HayqeHHH raMMB-H3nyqeHHH 
186 86-87 /12 / 

Sb (T 
112

=2 ceK) H As (T 
112

-2 ceK ) . Ha pHc. 7 npencTanneHa cxeMa 

sToro onbtTa. 
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KaK ynoMuaanocb Bblwe, llJISI nonyqeauSI ruApHAOB Sb , As , Ge npHMOHSincSI 

/ 13 14/ 
T8KlKO H Apyrol! cnoco6 nony'iOHHSI BOAOpOA8, a HMOHHO CHCTOMa Zn - H .j)O 4 ' , 

nnSI yaenH'IOHHSI BbiXOA8 runpuna cocyn c rpauynupOB8H8biM Zn 

H AnSI 70-80%-ro Bb!XOA8 rHAPHllOB Tp060B8ll0Cb OKOllO 10 COlt, 

uarpeaancs no 100°r, 

Ha puc. 8 npellcTaaneaa cxeMa onbiTa no H3 yqeeuJO npe.[lwecTBeHHHKOB 3ana3-

/15/ 8T 
llblB8101ltHX ae!ITpOHOB As , Sb H Ge • EbinH H3Y'IGBbl H30TOnbi .As( T 

112 

< 1,5 ceK) H 

wee llO 1 celt, 

88 
As (T

112
- 2,15 ceit). HaTepaan apeMeeu BbllleneuuSI 6bln yMeHb-

HHTOpGCHbiM OK838ll0Cb npHMOBOHHO MOTO.[l8 3KCTp8UHH llASI 6biCTpOrO BblllOUOBHSI 

KopoTitOlKHBymux H30Tonoa Xe H3 npollyKTOB llOneau!l ypaaa. B nocnenaee BpeMH pa3-

BHTHe XHMHH 6narOpOllHbiX ra30B nOit83biB80T, 'ITO It BHM YlKO aenpRMOBHMO llOHSITH9 

'uaepTable'. Eb!no ycTaaoaneeo, 'iTO TSilKOllbiO 6naropollH bi9 ra3bi HMOIOT oTuocuTenhHO 

BbiCOitYIO paCTBOpHMOCTb B opraHH'IOCitHX p8CTBOpHTei1SIX. no TOOpHH H03nOKTpOnH-

TOB p8CTBOpHMOCTb ra38 B paCTBOpO HMGGT TGHAGHUHIO K M8KCHMyMy, KOrAa ero 

napaMeTp paCTBOpHMOCTH 8 AOCTHraeT 8 paCTBOpHTGAH, no 9TO!I TeOpHH OlKH-

llanacb AOBOAbHO aaa'!HTenbHaSI pacTBopHMOCTb ' 6naropoAaoro raaa B CC1 4, T.K. 

paCC'IHT8RBbiG 3H8'19BHSI 8 Xe npH ero TO'IK9 KHnOHHSI H 8 I paBRbl COOTBGT
CC 4 

CTB9HHO 8,4 H 8,6. 8TOT MGTOll 8KCTp8KUHORROrO H3BAG'IGHHH H30TOUOB taa, IU Xe H 

188 •xe a CC14 H3 BOllBbiX pacTaopoa, COlleplKamax ponuTenbcKue H30TOfibi 188 1 u 

IU I 1501 
6bln HCnOni>30D88 AnSI H3Y'IGHRSI cxeM pacna.[la KOpOTKOlKHBYinRX H30-

TOUOB 
UT ) 188 ( ) /17/ Xe (T 

112
• 3,9 MRB H Xe T 

112
- 17 MHH , 8 OAHy XHMR'IGC-

KYJO cTallRJO npoacxoAano OTlleneaae Xe oT npollyKTOB lleneaaR a ero O'iRCTKa. H3ane

'!aaae Xe npa OAHOKpaTaoA 9KCTpaituaa cocTaanHno • 20% a aa BCJO onepauu10 

aaTpa'!aaanocb 3 MHS. H3MepRnaCb aKTRBROCTb opraBa'!aCKoll ljlaabl, aa noaepx-

aocTb KOTopoR AnH npallOTBpameaaR noTepb Xe B nponecce H3MepeRHR 6blna aanaTa 

80.[18. 

CneAyeT OTMaTHTb, 'ITO npu accnelloaaaua KOpOTKOlKHBymux H30Tonoa, H3y'ieaaa 

ax raMMa-cneKTpOB 6onbwoe 3aaqeaae aMaJOT npenapaTbl, ae conep>Kamue llO'!ep

aax npOAYKTOB. noaTOMy, no B03MOlKHOCTH, Bb!6paHBblll XHMH'IGCKH!I MGTOA llOn:>!WH 

npa.[lyCM8TpRB8Tb OllROBpeMeRHO O'IHCTKY H3Y'i89MOrO 9ll9MOBT8 OT AO'iepRHX 9110MeR

TOB, OC06eRHO B TGX CAY'i8SIX, KOrAa AO'iapHHe H30TOllbl TSKJKe HM9JOT KOPOTKH!I ne-

/20/ 
puoA nonypacnana. B pa6oTe 6bma npenycMoTpeaa TaKaa aenpepbiBHaH O'iHCTKa 

148 ) 148 
B npouecce H3M0p9HHH raMM8-H3ny'ieHH51 H3 0TOnOB Ce(T

1 1 2
., 3,1 MHH, Ce 

147 
( T 't 'r2 • 13,9 MHH) H Ce ( T 

11 2 
= 65 ceK) OT uaKa nnuaato m uxc a llO'iepaux npo-
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nyKTOB - KopoTK O>KHBymax H3 0To no a Pr . Vl c rron h30Ban ach 3KCTp8KUII OH HaH x p oMaTo-

rpa¢ nH. Vl 3 oTODhl Ce Bhlnen n nn c h na o6nyq e nnoro U pacTaop KO Topor o II M rro 

H c one p >Kamll fi Na Br 0 3 , 3 an11 aancH B KonoHKy , 3 a no nn e HHY JO no n11 T p11¢To pxnop-

3TIIOe HOM C H8HeC CHHOfi HB nero llli ( 2·- 3TIInreK CIIn)- Op To¢ o ctflopHOI1 KIICDOTOH 

( HJ1EHP), n nponycKancst c 6 onbwoll CKo poCThJO, rroc n e qero Ko noHKa OTMbiBanach 

n e npe p biBHO HnH n e pHOllH'le CKH, B 3 8BIICII MOC TII OT Tpe6oBa HIIH , 6M HN03 · B aTHx 

ycnoBnstx Ce c op6HpOB8DCSl H8 KODOI!K e. Jln st 6 bJCTpOTbl ¢ 11nbTp8 UJ.IH p a CTBopa Ce 

qepe3 KODOHKY I!pHMeHSlDCR OTCOC, HO na >Ke np11 O'IGHb 6 onb WOH CKOpOCTJ.I tPHDbTpa

UHH pac TBo p a Ce npo'IHo ynep )"<HBa ncst Ha Kono nKe B Te qenHe MHorax qacoa. VI 3 Me

pstnac b aKTHBHO CTb Ce, cop611poaa nnoro na KonoaKe. BpeMst npHroToaneHHH TaKoro 

HCTO'IHHK8 5,5 MHH. 

JlpyroA npnMep H3y'leHHR I!penapaTa 6e3 noqepHHX H3 0TODOB - p a6oTa, DOCB51-

meHH851 nayqe HRJO pacrrana 89 Kr ( T 
112 

3, 2 MHH /
271

• B KaqecTae Mn ut eHII nc rronb-
233 

3oaancst U (0,5 r), naneceHHbiA na Zr(OHl 4 B peMH o6n y '!e HRH 6 bino 4 c eK n 
91 

ape~: Bbl!lep>KKH MIIWeHII - 4 MHH, 3TO !103 BODIIDO OCB06 0!lHTbCH OT Kr ( T 
1 12

=9ceK) 

11 Kr ( T 
112 

= 33 ceK) . Ocsoasoe 3 arpst 3 HeHIIe O>KRnan o c b OT noqepnero 
89 

Rb 

(T 
112 

= 15 MIIH). Kr O'IHmancH npH n porry cKAHHH raaoaoro noToKa qepea U-o6pa3-

HYJO Tpy6Ky c aKTHaHpOBBHHbiM yrneM, H rrocne 3Toro raa rrorranan a Hqef!Ky nnst 

aaMepeHHH (pHc. 9). OnnoapeMeano a H'leilKy rronaaanacb aona qepea Tpy6Ky c Ma

DbiM nHaMeTpoM. Bona o6paaoabJaana TOHKYIO nneHKY na anyTpenneA rroaepxnocTH 

KaMepbi I! HerrpepbiBHO Bb!Mb!BBDB !IpH 3TOM Rb B MOMeHT ero o6pa30B8HHH H3 Kr • 

3qxpeKTRBHOCTb ynaneHHSl Rb 3 8BIICena OT BeDH'lHHbl flOBepxHOCTH K8Mepbi, !IOKpbi-

TOA aonoA. B aTHx orrbiTax Rb YJlBDllflCll KODH'IeCTBeHHO ( ., 99%), TBK 'ITO !IpH 

H3y'leHIIK raMMa-cneKTpOB II 
89 

y-y- COBIIaneHHtl C NaJ - KPHCTBDDOM BKTHBHOCTb 

Rb ne neTeKTHpoaanacb. B Tex cny'laHx, Korna Kcrronbaoaanc n Ge neTeKTop, 

Kr cop6Hpoaancst na AY B U - o6paanoA Tpy6Ke H aoqepHHil Rb ne ynanstncll, 

DOCKOnbKY Ge - neTeKTOp HMen BblCOKOe pa3peweHHe, H XOpOWO H3y'leHHbJe HH-

TeHCHBHble raMMB-niiHHH OT 
89 

Rb CDY>KHDH p e rrepaMII. 

Jlng 113 y'leHII~ 6eTa-pacnana II {3-y - COB!IBlleHIIl1 pallJIOBKTII BHblfi Kr nepe-

HOCHnCH K3 U - o6pa3HOH Tpy6Kn B UHDIIHllpH'IeCKYJO KaMe py C M8lin8pOBbiM OKHOM 

( 0,9 Mr / cM 
2
), H JlO'lepHHH Rb Herrpepb!DHO ynanHDCll H3 KaMepbi, ocenaH fiB 38p51-

>KeHnoA npoaonoKe, KOTopall rrepeMemanacb BJlODb ocH KaMepbi. 

B Ta6n11ue I rrpHaeneHbl H3BeCTHbie rrpHMep bi rrpuMe neHIIH paa noo 6 pa3 HbiX XIIMn-

'!eCKHX MeTOllOB, IIC!IODb3YeMblX llnH BbilleDeHHH KOpOTKOli<II Dy mHX II3 0TOI!O D 113 CMecei! 

9 
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/ 16-20 / / 21-23,9 I 

UHH , OC8M.QBHHB , MBTO.Qhl, OCHOB8HHhlB Ha neTyqecTH :3nB MBHTOB 
17, 11 ,13-1 5, 19,24 -28 / / 29-37/ 

Hnll IIX COB.QlfHBHH11 , HOHHbl i! H H3 0TOHHbli! 06MBH , HB-

/ 38/ / 39-41 / 
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l13oTon T l/2 

ao 
p .. 

(0 
Cl 

17 

•• K .. 
-
•• v 
•• 

2 

2,5 MHH 

},4 MHH 

115 "ceK 

3,8 MHH 

Ta6nnua npnMepoa acrronb30BSHBH pannoxnMnttecxnx Mero.aoa 

PeaKUHH rrony~eHHH 

3 

•• p ( y •• >'0 p 

40 
Ar ( o , p ) 

4° Cl 

.. •• Ca ( d, a) K 

v ( •. y ) 

.......,..__, 

UnH B~AeneHHH IOpOTKO*HBymnx H30TOIIOB 

MnmeHb 

4 

CycneaanR 
xpacaoro 
¢oc<jlopa 

Ar - raa 

CaC03 

AK.THBSUHOH-

MeTo.a Bbl.lleneHHH 

5 

C6op Rnep oTnaqa 

nornomeane raao-
o6paaablx npoJJ.yK-
TOB peSKUHH . 

Oca>K.Qesne 

BblR asanaa TKa-
He A 3KCTp8KUBH 

KpaTKoe onHcaHHe MeToaa BpeMR Bbi
JJ.eneHHR 

6 

Cycnea3HH ~pacaoro ¢oc¢o-
pa a TeTpanuae o6nyttanacb 

88 6e78TpOB9. r~CTBOp ~Hnb
TpOBSnCH, 20% p OTll8nRnOCb 
npn aToM. B~xon naorona aa
ancen OT 9H8DrHH ~OTOHOB. 
06nyttesabiR" Ar nepexattnaan
cst a noaywxy, a KOTopoft 
raaoo6paaabJft Cl nornoman-
CR BllB>KBbiMR Ta6neTKBMB KOH. 
Ar ae nornomancH n nocTy

nan B npyroA cocyn. 

~HW8Hb pSCTBOpHnSCb B USpC
KOft aonxe, coJJ.ep>KameA: aocu
Tena K . Sc . Ha pacTaopa oca>t<
nancH K2 P1 Cle 

06paaeu cnnaanHncH , nnaa 
p8CTBOpHnCH H V SKCTp8rHpO
B8nCH Kyn<l'epoHOM e CHC13 • 

7 

3 MBH 

5 MHH 

Ccbtnz:a 

8 

51 

52 

21 

53 



c;; 

" •• As 

2 

2, 1 cex 

81 
As :S 1,5 cek. 

88 
Br .. 

3T s, 

•• s, 

•• s, 

88 
Kr •• 

00 

"' 

54 celt 

56 ceK 

16 celt 

.ol,3 cex 

3,2 MHH 

33 ceK 

3 

... U(f) 

U(f) 

u (f) 

----
4 

PacTaop 
C01IH U 

Con& 

uo
2

(NO ,>
2 

PacTBOp 

U02 (N08 ) 2 

238 
U ( f ) ... U , B8Be

C9HHblf1: H8 

ZdOH )
4 

u (f) CTeepaT 
u 

5 

Boarouxa 
rH.O.pHD.OB 

Yn.aneaae ra
aoo6paaaoro 
8r

2 
TOJCOM 

BOallyxa 

faaOMH xpo
MaTorpa¢1tH 

f83088SI XpO
M8TOrpa<jJHH 

- ·-
6 

CepaoxucnblA: pacTaop U 1 coJlep-
*BDlRA ROCHT81IB Sb B As I DOC1te 

o6ny"'eBHH nocTynan a cocy.n c Zn. 
Sb HAs o6pa30BblBB.1IH rR.O.pHLlbt 

IIpB BOCCT8HOBneHHB BO.O.OpO.O.OM B 

MOM9HT era o6p830B8HHSI. fn.a.pH.O.bi 

npo.a.yaanacb Be qepea noaygura a 
paapyma6'Hc&: Sb H 3 npH 480 C, As H3 
npH 950 C. HaMepesHe axTRBROCTB 
npOBO.O.H110Cb B MecTe KOB.0.9RC8URB 

MeTannaqecxoro aepxana. 

Mawexb pacTaopsrnacb a ropRqeA 
6NB2504 , conep>KBIIleA HOCBT91IB 

9,- H BMJ;. faaoo6p83Bbl l! 6pOM 
' OTrOBH1tCSI TOXOM B03D.YX8 B nor-

110In8.JODJ.Bft pacTaoP cons Mapa, 
B BOCCT8BOBHBIDRftCSI 6pOM OC8>K.0.81ICH 

Ka:r. Ag Br . Paapa6oTaaa annapaTy
pa ll1ISI aenpepbiBHOI'O XHMH'19CKOI"'O 

Bhl.a.eneaaSI • 

qepea pacTeop cona ypaaa, co.a.ep
li<BmHAIMH N03 11 0,5 M ICB•O 3 , npo

.a.ysancg: soanyx .a.nR ynaneaHH raao
o6paaaoro 6poMa. Pa.a.aoaKTHBBbiA 
6poM nocTynan no Tpyt5onposony B 
perHCTpHpyiOmyiO ycTaao'!\Ky. 

lr Bbt.OyBBncH Be Ha o6nyqeaaon 
MHmesu, c op6HpoaancSI aa AY, a ans:r 
eaMepeaBst nepeaocancst c He s c nenaanb

HYJO g:qeAx.y anst HaMepeHHsr,ycTpo A-
cTso x.oTo~~A noasonHno ynanstTb 
,a,oqepaeii Rb . 
Kr ( H Xe ) Bbl.UYBBnBCh B3 MHmeHR 

TOKOM He, nponycxanecb qepea xo
noaxy. Xe ~ nornomBJJ9!f_.B Kr no
na.nan B cq~THYID xaMepy. 

7 8 

I C91t 15 

3,5-4 Ml!ll 26 

5-7 celt 26 

27 

28 



"' 

oo Rb 
31 

93 Sr .. 

•• y .. 

118 
4& Pd 

108 
Ag ., 

••• Ag 

••• Cd .. 

... 
•• ID 

121 Ill 
lo 

::: 

2 3 4 

2,9 MHH U( f) 

8,3 MHH 
98 93 

Zr( D ,a} Sr 

2,3 MHH 

40,5 eeK 

2 

2,3 MHR 

H9CKOnbKHX 

cexyan 

II eeJ< 

3, I MHH 

30 eel< 

U(f) 

3 

napomoz: 
z, 

PaeTsop 

z,o(NO > • • 

PaeTaop 
conn U 

4 

AKTBB8UHORBbiA 

aaanxa 
o6paauoa 

u (f) PaeTsop 
2U U B 

HNO • 

u (f) PaeTsop 
conK 

u (f) 

PacTeop 

u 

5 6 7 

Rb Bbt.aysancsr ua pacroopa ra-Cop6UH!J aa 
rxaueeoA 
noeepxaocra 

aoM-HOCHTeneM, BMecre c Cs ou 
oca~aancSJ aa cneuHalibH.OM TKB

HeBoM .PHlibTp e , KOTOpbiA H3Me

pSJnCR. 

3-4 MHH 

J.iaoTOfiHbiA: 

06M9H 

OcaJKneaue 

Zr - nopowox nocne o6nyqeaHSJ 
pacreopsmcst e H F c n.o6aexoA NH

4
F 

H BOCBT91JSI y · Pacreop BCTpRXH

B81JCSI C TOHKOH3M91Jb'I9RRbiM 

nopOWKOM SrS04 KOTOpbiA 

aar eM nearpa¢yrRpoeancsr, npo
Mhlsancsr, B uaMepsrnacb era 
AXIJJBHOCTb, 

Pacreop o6nyqeaaoro Zr nepeaocan-
CH BBTOMBTHqecKB B U9BTpH¢Y~HY~ 
npo6apxy e cneunanbROM annapare. 
npo6HpK8 con.ep)f{8118 ROCBT91JH Sr 

H Y • npa C RlihROM nepeMeWHBBHHH 

ao6aensmcsr pacreop NH4 F a ocaJK
.nancH Y F3 . Ocan.ox or.nenHliCH nea
TpH~yrHposaaReM . PaaQeneaHe ~aa 

I MBR 

Cop6uH!J Ha 
noeepxaocTH 
MeTanna aa 
CttAT BOCCT8-

BOBneHBR 

5 

3KCTp8XUHSl 

Cop6UH!J na 
noaepXHOCTH 

MeTanna aa 

H3MepHn8C b 

06nyqesab1A pacTaop, conep>Kamuft 
HOCBTenH Ru, Rh , Ag , Rd , KOIJil. 

HBr- Br2_, nepeaocsncst a npo6npKy, 
conep)t(8IIIYIO ropst'lJyJO KOHU. BBr, 
B pacTaop ~HnbTpoaancH qepea 2r 

Cu - nopomKa a c neunanbROM 
annapaTe. Pd s aTnx ycnosasrx 
OTllenHnCst cene~THBHO . 

6 

06paaeu paeTBOpHne" s paa6as-
neuaoA: HN08 ( I : I ). eoQepJKame R 
HOCHTSnb Ag . 3arpHaaeaRH oTne-
nstnHCb 88 rH.llpOOKBCH, ¢BnbTp8T 

nenancst 0,5 N no H0SO 4. no6a B-
nsmcs:r NH2 0H·H2S04 H Ag aKCTpara-

83bt • 

06ny"'eHH btA pacTaop nepefocun cSI 
a npo6HpKy, co.nep>KantyJO M HN08 , 
H paCTBOp nponycxancst qepea 

C~~T BOCCT8HOB - Cu - nopOWOJt, H8 noeepXHOCTH 
neHHSI KOToporo cop6Hpoeanocb cepe6po. 

0Tneneaoe Cd 06nyqeaawA pacTsop annean-
OCBOB8BO B8 CSI B paCTBOp ( NB 4 )2 C2 0 4 
p8CTBOpHMOCTH OC8JlOK oT¢HnbTpOBbiBBnCB 
BMMHaqsoro qepe3 TOHKBA cnoA rnHH~. 
xoMnnexca Cd H ¢1unbTpaT conep>t<an Cd , 

Bep8CTBOpHMOCTB BbiXOQ 40-45%. 
rH.D.pOOKHCeA B 

ID s • 
Of?nyqeHHhiA pacTeop nepeeo-
CHnCSI B peaKUBOHB~ft COCYllr 

Cyt5nHM8JliHI 
B x.oTopoM coD.ep>Kanucb Sn 1 

STHnOBbiA: crrupT, aueTunane-
Toa. OcanoK aueTHnaueTOH8Ta 
In ¢onbTpo:eancs n cy6nHMHpo-

' 0 saneg npK 425 C. Bblxon o1<ono 
25%. 

7 

8,5 MHO 

3-60 eel< 

3-45 eeJ< 

30 eel< 

8 

54 

29 

28 

47 

8 

56 

48 

39 

25 



"' 

._, 

127 Sn 
80 

lOT 

138 

13T 

" 
Xe 

"' 
" 

c. 

139 Cs 

140 c. 
Ul Cs 

UTmBa 

•• 

68 Ce ... 
Ce 

tn Ce 

148 Ce 

2 3 

86 ceK !I( f) 

24 ceK 

6,3 C9K 

3,9 MHH u {f) 

2 s 
58 MHR Ita Ia (UN ,6a)IOS Ba 

' 121 fJ+ 121 
Ba ~ Ca 

9,5 MHB 

65 cei U(l) 

24 celt 

2,57 MKH 
l&fa Ca ~liT a Ba 

3,1 MBB 

13,9 MRS u (I) 

65 cex 

43 ceK 

4 5 

Te 3XCTp8XUH'H 

6 

MHWOHb pacTBOpHnacb a 3 N HCI, 

COll9P>KBllielt ROCHT9nh So 11 Br 

B X8q&CTB9 OXHCllHT&nH. • 
nocne OX118>Kll9HB9 p8CTBOp8 

llb.O.OM ll06aenstnCR NH 
4 

CNS R 

So SICCTparHpOB81JOCb LlH3TH1JO

BhiM S<jJHpoM. OpraHH'leci<a!l <!>a

a a npOMbiB81JB.Cb H H3MepSI1IOCb ee 

8KTH BROCTb. 

7 

5 MHH 

Conb Y.o.aneHHe ra- U0
0 

(N0
8 

) 
0 

p8CTBOp!lnC!I B 

ropSP18M paCTBOpe, C01l6p>K8-

IIl9M Fe3+, Fe2 +, B
2

SO , KBr . 

UO' (NO ) aoo6paaHoro I 
2 a 2 2 

PacT sop 

uo so • • 

4 

Ia - <l>onhra 

2
faaCTBOp 

U B HN0 8 

PacToop Co 
IN no HCI 

U0 2 (N0
1

l
0 

TOKOM 803.ClYX8 3,5-4 MHH 

B pacTeop sao.o;H.nHcb K.IO 
8 

H X.I, 
Bbill.91JHBWHACH A'Oll OTrOHRllCSI CTpyeA 

eoa.a.yxa a nornomalODIHA pacToop, 
COA9pJK8InKA Na SO H H SO 

C fiOMOinblO Ag~Oa 3 oc/YKD.B~C.Sl 
Agl. 
Ha o6nyqeHaoro pacTeopa Ron 

_,,_ H 6naropOJJ.Hbl9 I"83bi OTrOBSilJHCb 

CTpyeA aoanyxa c napaMH Aona
aocHTenSI B perHcTpHpylOIII.ee 
ycTpoAcTBO qepea cocyn , co
nep>KBIIlHA KpHCT81J1JR~ec&Hft fton 

5-7 celt 

3KCTp8KUHR 

5 

B HBrpeTOM COCTORHHH, 

0!5ny'l:leHHbiR pacTaop ypaua nepe- \ 
HOCHnCR B nenHTenbHYJO BOpOHity, 
c on. ep>t<amy10 CCt

4
, ROCHTenb Rona, 

NaBr03 • 3xcTpaxunst npoaon.Bnac & I MBH, 
H opraHH~8CK8R ¢838 nep&HOCHnBCb 
B n.pyry10 aopoHKy, rne npOMbiBanacb 
H 0 0 , coaepJKamen I M NaHSO,.Ha

MepRnacb 8KTHBHOCTb OprBBH~eCKOft 
cj>&3bl. 

6 

Oca•neaae In - ¢onbra nocne o6ny'l:leBBH pacTso
p!lnacb B HCI : HNO 8 ( 2: I), B paCTBOp 

3 MHH 

7 

ll06ABnHnCH ROCHTenb Ba H OC8JK.Il8nCSI 8 :5 MRB 

HaoTonHb!A 
o6M.ea 

Ba(N0 8 l0 AhiM!IIneA HN0 8 • 0C8A01t nea

TPB¢yrsposanca, pacTBopanca a B2 o. 
no6asnRnCR HOCHT&nb Cs B oca*
.aanca Ca 2 P tCle . 

B o6nyqeaHhiA pacTsop Ao6asnsncs ao-

CHT&nb Rb H 38T&M p8CTBOp nponycxan- <a 
CR 'l:l&pe3 oca.nox. Ca-P-Mo.Ocanox npo-
MhlBB.ncsr, pacTaopHncst a Jtosn. NaOB . 
PacTBOp pa36asnHncst, nenancst conR
HOJtBCnblM B B3 aero OC8JK.l18nCSI 
Ce 8 8! 0 10 . 

MHH 

Cop6n•" sa 
aeopraaa
~ecxoM cop-
6esTe 

PacT BOp 
137 

Cs npo.naanasancst 'l:lepe3 

Ionony, aanonaesay10 Ti Fe ( CN \· Ca 
cop6Rposancst ua Konoaxe s 117 m Ba 

senpepblBBo anDHposancst c xonoBKB R 
nocTynan sa B3Mepesae. 

I MHS 

li<BAitOCTHBH M•meHb pacTsopsnacb s 0,03 M HNO 8 11 

SKCTpaanBR 

3I<CTp8I<-

paCTBOp BCTp!IXHBancg c 0,5M HDF.HP B 

renTaae. Opras&1:fecxas ¢a3a npoMbiBB.
nacb c 0,03 M HNO 8 H 30% H 0 0 0 (1: I) . 

UHOBH&!I xpo- Jlo6aBn!lnCH SOCHTenb Ce!V H P33 

M&Torpacj>l!s &I<cTparHposanHCb ll.M HNO, CoAe!)JKB

meA SO% n,o,. • B BOAHYJO cj>aay ll,06asn!I-
11BCb Te1v a Te VI H paCT Bop npOMbiBan -

C!I 0,5MHJIEHP. BoAH&H cj>aaa cnHsa-

nacb s npyry~ nenHT&nbHY~ soposxy, co
AepJKamyJO 2M NaBrO 3 R I<Oim. HNO 8. flaMe
PB118Cb 8KTRBROCTb Ce 1v B oprasHqecxoA 
cj>aae. 

3,5-4 MHH 

8 

16 

26 

26 

17 

8 

22 

30 

34 

20 
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1. 
2 
3 

4 

5" 

16/ Pnc. 3. YcTpo~cTBO AnR yaaneHHR o6nyqeHaoro pacTsopa H3 gqe~KH 1 - sTynxa; 
2 - CTeKnRBHbt~ wapnK; 3 - MytjlTa; 4 - aaanTep; 5 - nonnaTHneaoBbtll wnaar; 
6 - K npOMbiBHOMY paCTBOpy; 7 - K XHMHqecKOMY BHBUH3BTOpy. 

20 



K PeaK'T'OP.Y 

-~ 

/6/ 
PHc. 4. PeaxuHOHHhiA cocya 1 - SI'IeAxa am1 o6nyqeHHSI; 2 - npoMbiBBon pacTsop; 

3 - HCfihiTY9MblA paCTBOp. 

21 



Puc. 5. 

/C r,xmof'j 
I 

~~Nl 

u 
/9/ YcTpoAcTBo nns 6McTporo BMneneaus panuoaxTuBaoroln MeTonoM oca~neRHs 

A- KBMepa OCBl!<JleHHH; B - KBMepa 4JHnhTp81lHB; C, D, E, F, G, H - KpBHblo 
- oca~naiOmHII pe.areHT; K - aaon o6nyqeuuoro paCTBopa. 

22 



Puc •. 6. Hqei!Ka .tlnR o6ny'leHHR H onaoapeMeaaoro nony'leHHR neTy'IHX runpunoa Sb 

H As npH MeKTponHTH'IeCKOM o6paaoaaaHH H ~ I 111. 1 - rpacjJHTOBbJI! KaTon; 
2 - Pt- 8HO.tl; 3 - .[lH8cpparMa; 4 - CT8K8.H; 5 - pe3HHOB8R BTynKa; 6 - 6pb!;.'l r'O
ynaBnHB8Tenb; 7 - ne'!h; 8 - Si -Tpy6Ka; 9 - cpHnhTp. 

23 
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: t----. 8HympeHHU 't.OCtnb peaKmOfXl 
L, ____ _j 

1.te~<mpMttr. ~~tuKQ 
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JCIW.UmO 

He 
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~ ~ '"'!"'J'""' Sb, Rs, Sn, &, 
'IC'\ ........._ C'ttrf.rlloe 'i'mnoucrnA 
l-~ \ Eel 911.11. n r o • 

~Pt.-3ou.:;uma 

PHc . 7. CxeMa Oflb!Ta no tY~?Y'I9HHIO KOpOTKOlKHBymBX H30TOflOB Sb, As , S" , Ge ( npo-
AYKTOB AeneHHR) , A,B,C - Kp8Hbl. 



D 

p 
HOCOC 

r-----------------, 

C«em'fww 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CaS'Ot I 
~+---------. 

Puc. 8. CxeMa onh!Ta no !fs(eauJO npeamecTBeHHHKoB 3ana3AbiBaiOUlHX aei!TpoaoB 
As, Sb n Ge • A - cocya, coaep>Kamni! o6nyqaeMbiil paCTBop, 

B .,. II'Iei!Ka an11 o6ny'Ie11H11; C - cocya ami nonyqeHBII rnapnaoB; E - 6pbi3ro-
ynaBm!BaTenh; F 1 • F~ - nequ; .ll,H - 6annoHbl c N~ ; G - 6y¢epHbii! cocya; 
R, V - Kp8Hbl. 
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HQCOC 
.neuKa 9"11 "1~"u.a alcTI.'IH()eTU 

2!3) 

A'j 

nAtHKG 1110 

bOA U20 

H-;D ZOJ 

u 
PBc. 9. CxeMa ycTpol!CTB8 .nnB iJony'~"SI IC.r (T 112 • 3,2 MBB) c o.naoBpeMeHHbi'M 

y.naneBBeM .noqepaero Rb • 
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