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I. B B E A E H H E 

B HSCTOH~ee BpeMH B CBH3H C H3y qeHH6M KOpOTKOEHBJmHX H30TOITOB H C pa3BHTH6M 6~CTp~ 

M6TO~OB pa~HOaKTHB8nHOHHOrO aH8~H38 p~HOXHUHKB aaqHHS~T y~e~HTh 60~hmoe BHHM8HH6 "3KCrrpec

CH~Y M6TOAaY B~e~eHHH ~H08KTHBH~ S~eueHTOB. B 3apy6eEHO~ RHTepaTJpe H8PnAY C 60~hWHM 

K0~6CTBOM OpHrHH~hH~ pa60T ITOHBH~Ch H 0630p~e C006~6HHH, CJUMHPY~mHe HCC~e~OB8BHH, 

B~ITO~HeH~e, B OCHOBHOU, ~0 I96I ro~a(I). 
B HacToH~eu o63ope paccuaTpHB~TCH ycKopeHH~e o6~q~e aaa~HTHqecKHe ueTo~ (aarrpzuep, 

OC~6HHe, SKCTp8KnHH) H M6TO~~ , CIT6nHaRhHO pa3p860T8HH~e ~~ 6~CTpO~ p~HOXRYHH (06YeH H8 

aua~raue, ITO~Hporpa~HqeCKOe BOCCT8HOB~6HH e Ha pTyTHOY K8TO~e, H30TOIT~~ 06UeH Ha KpHCTan

~HqeCKHX oc~Kax H ~p.), IT03BOnHD~e ~eHTH~HnHPOBaTn PaAHOaKTHB~e H30Torr~ c T1; 2 ~ IO 

MHHyT. 

2. IIPE@APHTFJLhHbiE OIIEPA!ll!H 

Ocy~eCTB~eHHe 3Kcrrpeccaoro B~e~eHHH PaAHOaKTHBH~ s n eueH TOB Tpe6yeT He TOnnKO rrpa

BH~Horo BH6opa cauoro ueTo~a, HO H B~6opa HaH6o~ee y~o6a~, c ToqKH 3peHHH rroc~e~y~~e~ 

06pa60TKH; 

a) o6~yqaeu~ BemecTB H coe~HHeHH~ ; 

6) KOHCTPYKUHH MHmeHH H crreuz~»H~ ycTpo~cTB ~~H 6~cTpo~ ~oc TaBKH rrperra paToB H3 30-

HH 06~yqeHHH B ~a6opaTOpH~; 

B) rrpH60pOB 9 B KOTOp~ OCJm6CTB~H~TCH XHMHqecKHe rrpo~eCCH, a TaKm e PHA8 CIT6nH8~D~ 

ycTpoUCTB ~~ H3MepHT6~hHOU arrrrapaTyp~, He06XO~HU~ ~~ rrpOBe~eHHH 6~CTp~ K3UepeHH~ 8K

THBHOCTH. 

a) nO~hMHHCTBO pa.ztHOXHMHqeCKHX Y6TO~OB - 11 UOKp~e11 M6TO~~, r~e BCe OrrepanHK c6poca 

MaTepH~a MHWeHH H PaAH08KTHBH~ 3arpH3H6HHU ocymecTBnH~TCH B paCTB Opax. qT06~ COKp8THTh 

BpeuH paCTBOpeHHH, o6nyqa~T x opomo pacTBOpHMHe coe~HHeHHH. HarrpHMep, rrpw H3yqeHKK Pt 201 

( T112 = 2,3 MHH)( 2) o6~yq~Hcn xopomo pacTBopzu~e coe~HHeHHH · H9(.NoJ),_-~0 111 H9 o ; ~nH 
rronyqeHHH .Ya 75 (T112 = I,5 MHH)(3) o6~yqa~cH roTOB~U pacTBop Yece '~ 6 ccelf; npz 1113yqe

HHH xopoTKOEHBYmHx rrpo~KTOB ~eneHHH - paCTBop~ co~e~ ypaHa(4 , 5 ). B paAe c~yqaeB uaTepHa

~OM MHmeHH c~yxaT cxo~eHcHpoBSBH~e raabl , Harrpzuep, o6~yqancs K 'l- 86 ~~ rronytleHHH B ~ 86 

( TI / 2 = 54 ceK)(6 ). 

EcnK o6nyqa~TCH ueTan~bl, TO ~~ 6HCTporo pacTBopeHHH Heo6xo~HMO 6paTn rropomKH H ~~h

r H C 60~nmO~ ITOB6pXHOCThD Ha e~HHHny Beca. 

n~fl 06~yqeHJIIfl 6epeTCfl pa3~Hquoe KO~HqecTBO BemeCTBa, OT H6CKO~hKHX MH~~HrpaMUOB ~0 

rpauuoB, HO 6CT6CTB6HH0 9 qeu U6Hnme Be~eCTBa, T6U ~erqe npOB6CTH odpa60TKY MJIIM6HH. 
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6) CxopocT~ ,Z~OCTaBKM MHmeaz K uecTy o6pa6oTKB, B03YOXHOCTD oT6opa o6paay~xca PaAHO

aKTHBHUX npo,Z~yKTOB B MOM6HT 06~yqeHRH B 6on»mo~ CTeneHB onpe,Z~enHCTCfl KOHCTpyK~e~ MRmeHH. 

Haz6o~ee TPYAHO~ H~HeTca aana~a coa,Z~aaza MHmeHH AnR o6~y~eHRH BHyTpeHHHM ~xou qacTHU yc

xopzTe~a HHH B aKTHBHO~ 30H6 peaKTOpa. 

B xaqecTBe npzuepa pemeHHH TaKHx aaAaq uo~Ho npHBeCTH ABe pa6oTu(?,S). YcTpoRCTBo,onz

caHHOe B nepBoR pa6oTe, npzueHHnoc~ ,Z~na za~eHHH K37 c T112 = 1,2 cex, o6paay~eroca B pe~ 
UHH Ca.40( f, .l )K37(9). IlpRHURII ycTpO~CTBa COCTOHT B C06,ZIHH6HHR BaKyyYHW TpaKTOY Kauepu 

czHxpouz~oTpOHa z cneKTpoueTpa. BpeuH ~OCTaBKH MHmeHH OT uecTa o6~yqeHHH AO uecTa zauepe

HHH paBHff~OCD 0,2 CeK. Cxeua ycTpORCTBa npeACTaB~eHa Ha pHc.1. ECT6CTB6HH0 9 qTO ~nH H30TOna 

K37 ocymecTBHT~ XHMH~ecKze onepa~H B~e~eHHH z oqzcTKH HeBOauoxHo. BTopaa pa6oTa 6~a no

cBameHa zayqeHHIO c10(T112=20 ceiC) z ol4(T112=72 ceK). raaoo6pa::!Hue rrpo~yKTU peaKUHR 

B10( p , n )C10 H ..#14( f, n )ol4 OT6HpMHCD B MOM6HT HX o6pa.30BaHHH C IIOIIOIIll>D Hacoca It no~a
Banzc~ B cne~aXDHYIO H3UepHT6HDHYIO KaYepy, B KOTOpoR HU6nRCD nornOTHT6XH A~H ceneKTHBHOrO 

norno~eHHH yr~epo~a H~H BHcnopo,Z~a, a aenornoTHBmHeCH raaoo6paaHHe npo~yKTU (aaoT, Heoa) oT

KaqzBanzc~. Ha pzc.2 npHBe~eHO CXeMaTzqeCKOe ycTpORCTBO MHW6HH 9 CUOHTHpOBaHH06 B np06HHK6 

UHKJIOTpOHa. 

C~e~eT Ta~e ynOMHHYTb pa60Ty X.MopHHara(10), B KOTOpO~ HOBU~ M6TO,ZI o6nyqeHHH B 6eTa

TpOHe Ha BHyTpeHHeR MHWeHz(11 ) II03BOnR~ zayqHTb HeKOTOpue KOpOTKOXHB~e H30TOIIU 9 B TOll qac• 

Jie R J/s 81 C T112= 30 CeK, o6paay!l~~CH B peaK~H ( O, f) Ha rrpHpO,ZIHOU CeJieHe. 

Ilpz pa6oTe Ha BUBe,Z~eHHHX nyqKax sxcnepHMeHTaTopu nonyqamT ropaa.z~o 6oXDme BoauoxHOCTB~ 

H STOT nyTb C~e.z~yeT cqzTaTD HaH60~ee nepcneKTHBHUU npH IIOCTaHOBKe H pemeHHH 3a,Z~aq, Tpe6yD

~HX SKCnpeCCHUX pa,ZIHOXHUH~eCKHX BU,Z~eJieHHR. B 3TOU C~~ae UOXHO WHpOKO Bap~HpOBaT~ KOHCTpyK

UB6R MHmeHH, arperaTHHU COCTOHHH611 Be~eCTBa H T~~., IIO,ZiqzHHH BCe 3TH ~eTanz O,ZIHOR U6XH-

6UCTpouy BH,ZieJieHHIO KOpOTKOEHBy~X npO~KTOB H,ZiepHHX peaK~~. HanpHMep, illHHe~ H CTaRH6epr(G) 

npz zayqeHHH Br 86 (T112=54 CeK) o6nyqaJIH He~TpOHaKH TBep.z~uR KpHIITOH npH TeunepaType KIII6HHH 

aaoTa H IIOCJie OTrOHKR KpHIITOHa OHH YOrnH 6UCTp0 npOB6CTK XHUHqecKOe B~eneHHe 6poua. YCTpOR• 

CTBO yCTaHOBKH ,ZIJIH npOBe,ZieHHH 3TOrO OIIHTa IIOKaSaHO Ha pzc.3. 

06nyqeHHe IIHmeHe~ BYB~eHHHM nyqKOII 06JierqaeT KOHCTpyHpOBaHHe TpaHCIIOpTHpy~X ycTpoi

CTB, KOTOpHe npaKTHqecKH BCe, CJ,nH no JIHTepaType, HBJIHIOTCH IIH6BIIaTzqeCKHUH(12•l3, l 4). E~a
ro.z~apH O~HOUY H3 TaKHX YCTpO~CTB 9 ~OCTaBJIH!l~euy KHW6HD qepea 0,25 C6K ll OC~e KOHUa 06~e

HHH(14), OKa3anOC~ B03MOltHHII H3YllHTD KOpOTKOXHBY!IIIII6 H30Uepu Al03m (T112:5,7cex) , Jn II6 mz 

(T112=2 ,3ceK) H .S 6 II 8 mz (T112=0, 87 C6K(1S) 6ea cneuHan:DHOrO PBJtiiOXHIIHUCKOro BH,Ziene!DIH. 

B) ArrnapaTypa ~JIH npoBe,Z~eHHH XHYIIfqecKHx onepauz~ 111 rrpwcnoco6JieHHH ~JIH HauepKTenbHHX 

np11160p0B orrpe~eJIHDTCH BU6paHHHII XHMHqeCKHII M6TO,ZIOII H KeHHIOTCH B 3aBHCHIIOCTH OT IIOCTaB~eH

H~X 3B.,l{a~. 8~ec~ Tpy~HO C~eHaTD KaKHe-JIH60 0606lii6HHH HnH BH6paT:D THnHqaue npHIIepu. 
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HSH6onee y~oOH~M npH6opou ~HH HsuepeHHR KopoTKOXHBY~HX npo~yKTOB ~epa~ peaK~~. 

pacrra~ KO!Op~ COITpOBO~aeTCH HCITyCKaHHeM ¥ -KBaHTOB, HBnH~TCH a -crreKTpOMeTp~ C MHOrO

RaHaHDHHUH aHaHH3aTOpaMH. ITpH HCITOHD30BaHHH B KaqecTBe ~eTeKTOpa H3~yqeHHH C~HTH~HHpyDme

ro KpHCTa~Ha C ~TOYUHOKHTe~eY OTn~aeT HeOOXO~KMOCTD B cne~~DHOU npHrOTOB~eHHH npenapa

Ta B ~opue, y~o6HO~ ~~R H3MepeHHH, MOXHO H3MepHTD OTHO~HTeHDHO OOnbmHe 06~8MH ~H~KOCTe~, 

raSH H XH~KOCTH Ha npOTOKe. ll~H H3MepeHHH xe ~CT~ ~ H jB -H3~yqaTeHe~ He06XO~HMO rrpHrO

TOB~8HHe cne~an»H~ MHmeHe~, qTo B p~e c~yqaeB OC~O~HHeT 3~aqy H3yqeHHH TI0~06HHX KOpOT

KOXHBJmHX HSOTOITOB. 

3. XMMHqECRHE METOll~ . ~CITO]n3YEMNE ll]fl E~CTPOrO B~nE]EH~H 

KOPOTKO!MBY@[X ITPOllYKTOB ff4EP~X PEAKijM~ M PAll~OAKT~BHOrO PACITABA 

MM8DmHeCR B ~HTepaType ~aHH~e no B~eneHHD KOpOTKOXHBymHX npo~yKTOB ~epH~ peaK~~ 

IT03BO~HDT C~eHaTD 3aKnDqeHHe, qTQ B TOM cnyqae, KOr~a HeOOXO~HMO rrpHMeHeHHe p~HOXHMHqec

KHX YeTO~OB ~RR B~eneHHH KOpOTKOXHBymHX H30TOpOB H3 o6nyqeHHO~ MHlli8HH, peanDHO MOXHO pac

cqHT~BaTD Ha H~eHTH~HKa~D H30TOllOB C nepHO~OU nonypacnaAa OOR»llie O~HOH MHHJTH, 3Ha~TeR»

HO Herqe ~eHTH~H~pOBaTD KOpOTKOXHBy~e npO~KTH p~HOaKTHBHOro pacn~a-~oqepHHe H30TOnH, 

ecnB nepHo~ rronypacn~a uaTepHHCKoro a~pa ~ I qaca. B 3TOM cnyqae HHor~a y~aeTCR B~enHT» 

~oqepHHe H30TOnH C nepHO~OM nopH~Ka HeCKORDKHX C8KYH~. 

llRR OHCTp~ pas~eneHH~ HCITORD3yeTCH q~e BCero KOMOHHa~HH HeCKOR»KHX ceneKTHBH~ no 

OTHOllieHHD K Hsyqaeuouy 3HeMeHTY UeTO~OB. HaH6onee ~06H~UH ~RH 3KCnpecc~ B~eneHH~ HB

HHDTCH MeTO~ 3KCTpaK~H H O~HH H3 BapHaHTOB 3KCTpaKnHH - MeTO~ pacnpe~eHHTeRDHO~ XpOUaTo

rpa~HH, ~MeHHO IT03TOUY KaEeTCH ~enecoo6pa3H~M HaqaTD 0630p C UeTO~a 3KCTpaKnHH. 

a) 8 K C T p a K ~ H H 

06 o6meu npHMeHeHHH 3KCTpaK~OHHoro ueTo~a B p~HOXKMHH coo6manocb ~pa~sepou H MoppH

coaou<I6,I7) . B KaqeCTBe XOpOme~ HRRDCTpa~H B03MOEHOCTe~ 3TOrO MeTo~a ~RR 3KCnpeCCHO~ pa

~HOXHUHH MoxHo npHBecTH B~eneHHe HsoTorroB Pd II3(TI;z= I,4 MHH), Pd II 4 (TI;z= 2,4 MHH), 

Pd IIS(TI/Z= 45 CeK) H3 ypaHa, o6nyqeHHOrO ~e~TPOHaMH c E = I4 M3B(IS). B~eneHHe OCHOBa

HO Ha ceneKTHBHOn 3KCTpaK~H Pd B BH~e KOUnneKCa C ~HMeTHRrRHOKCHUOM, 

npyrHM npHMepOM MO~eT CRYXKTD B~eneHHe H30TOITOB J~ 98(TI/z=I MHH) Hl~ 99 (TI/z=35ceK) 
H3 npo~yKTOB ~eHeHHH ypaHa npH ITOMO~ paCTBOpa TeHOH~TpH~TOpa~eTOHa B KCHROne(I 9). 

MaoroqHcneHH~e npHMep~ 3Kcnpeccuoro 3KCTpaK~HOHHoro B~eneHHH PaAHOaKTHBH~ H30TonoB 

npHBe~eHH B Ta6nH~e I, rrouemeHHO~ B xoa~e o6sopa. 

0co6o CRe~yeT 06paTHTD BHHYaHHe Ha oqeHD nepcneKTHBH~~ M8TO~ 3KCTpaK~HH, nonyqHBmH~ 

Ha3BaHHe pacnpe~eRHT8RDHOn XpOMaTorpa~HH. B 3TOM M8TO~e HCnORD3yeTCH KOROHKa, 3aiTO~HeHHaH 

ITOpHCT~M HHepTHHM BemecTBOM (~eRRDH03a, CHRHKare~D, ~HaTOMOBaH 3eU~H), npOITHTaHH~M 3KCTpa

reHTOM, ITpH ~HRDTpa~H cuecH p~HoaKTHBHhlX s~eMeHTOB npoHcxo~HT ceneKTHBHoe pa3~eneaHe. 
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8ToT MeTo~ 6~n PicnonDaOBaH XaHceHou PI ~p. ~r.H onpe~eneHZH nepHo~a nonypacn~a M3 nepexo~a 

(T1; 2=2,5 ceK) B zaorone Pr 144 , o6paayvmeuca npH pacn~e ce144<20). ~na 6~cTporo xHuHqec

Koro paa~eneHPIH ST~X H30TOnOB HCIT0RD30Banacn ~KOKTPIH$0C¢0pHaH KHCROTa, cop6KpOBaHHaH Ha 

TOHKO H3MenbqeHHO~ ~PiaTOMOBO~ aeMne. Pr an~HpoBanca pacTBopou 6M no H~03 H 0,2 M no KBr03, 

B STPIX ycnOBKHX Ce nonHOCTDlO OCTaBaHCH B KOROHKe, T.K. OTHOIDeHMe KOS~H~HeHTOB pacnpe~ene

HHH Ce1Y K P38lli ue~y ~HOKTKJIWOCWOPHO~ KKCROTO~ K BO~HO~ ¢aao~ >>106(2I) . 

6) 0 c a x ~ e H K e 

MeTO~ OCHOB8H Ha cneUH¢HqHQCTH HRH ceneKTKBHOCTH peareHTa ITO OTHOWeHHD K Kayqaeuouy 

aneMeHzy. Cne~H¢JdqHocn odpaaoBaHHH ~HtleTKnrnKOKCKYaTa Pd <22 ), xnop~a A9 (18 •23,24), KO· 

6annoHKTpwra Cs <25 ), nepxJiopaTa Cs ( 26 ), ¢TopK~a :ia- <27) K T.~. zcnonnaoBanHcn npH 

HayqeHKK KOpOTKOX!dBJmKX K30TOITOB STHX SJI6Y6HTOB (CY.Ta6JIH~ 2). 

O~HaKO M6TO~ OCB.ll,Zl6HHH aa cqeT ~cop6UHK K OKKJI103HH YetnaJOmPIX SJieUeHTOB Ha OC~Ke He 

MOEeT 6~Th CTOJlb CeJieKTHBHYU npPI paa~eJieHHH CJIOXHYX cuece~, KaK SKCTpaKUHH. ITOSTOyY qame 

BCero OCa~~eHHe P!CIT0Jln3Y6TCH B KOY6HHaUHPI C ~pyrKYld Y6TO~auld B HaqaJie HJIK KOH~e onepaUHK. 

~JIH ITOKCKOB HOBYX KOpOTKO~KB~KX K30TOITOB lliyrepYaH npe~JIO~KJI K HCnORb30Ban M6TO~ Bpe

M6HHOrO oc~eHKH( 28 ). OH aaKJIDqaeTCH B cepPI~HOM oc~eHHH aneueHTa qepea onpe~eneHHYe HH

TepBan~ BpeueHPI PI B onp~eneHHH nepKo~a nonypacn~a po~HTenhcKoro K30Tona no ~oqepHeuy ~

py. ITpKM6HPIMOCTh STOrO Y6TO~a 3aBKCKT OT npKpO~Y peaKUHK OC~6HPIH: ORa ~OJIXHa 6YTD 6~CT

po~ no cpaBH6HK~ C KHT6pB8nauK M6X~ CJI6~YlDmKYK ~pyr aa ~pyroM OCa~eHKHYK, OC~OK He ~On

X6H 38XBaT~BaTh HKKaKO~ ~pyro~ aKTKBHOCTH. 

C nouomniO STOrO U6TO~a 6yn PI~6HTKWHUHPOBaH no ~oqepHKlol K30TOllaY S,. K y p~ HOBYX 

KopoTKOlltKBYlllKX KaoTonoB py6H~Ka: Rc 92 (T112 = 5,3 ceK), /?f, 93 (T1; 2=5,6ceK)( 29), 

Rg 94 (T112 = 2,9 ceK) K RC 95 (T112 = 2,5 ceK)(30) - za cuecH npo~yKTOB ~eneHPIH. 

B) MeTo~~ 6YcTporo K3BJieqeHKH raaoodpaaHYx PI 
JieTyqKX p#AKOaKTPIBHYX SJI6M6HTOB 

06mK6 npKH~PillY M6TOAa ra30BO~ XPOMaTorpa¢MPio PICITORD3J6MOrO ~JIH K~6HTPI¢JdRaUKK pa~HOaK

THBH~ raaoB neneHHH, rnaBHYM o6paaoM Kr K JCe, onHcaHY Koxou K rpaH~PI(31 ). MeTOA ocHoBaH 

Ha KonPJqecTBeHHOM maneH~-PI raaoo6paaHbiX rrpo~yKTOB ~eneHKH c raaoM-HOCHTeneu, rrornomeHKH !4X 

COOTB6TCTBJ!OII(ldM COpdeHTOM, pa3~6JI6HHH Ha ¢paKUKK ~ecop6QPI6~ K liOCJie~y~ll(61.4 H3Y6p6HPIPI Ha j'

C!I6KTpOMeTpe. B Kallt~OM OT~eJinHOM CJiyqae li0~6PipalOTCH OITTKYaRDHYe ycnOBKH (CKOpOCTn liOTOKa 

raaa-HoCKTena, TeunepaTypa rrornomeHHH H ~ecop6UKK, TOnlllKHa cnoa cop6eHTa K T.~.). 8TOT 

npHH~Krr 6Yn PicrronnaOBaH ~na 6YCTporo K3BJieqeHPIH H paa~eneHHH KOpOTKOlltHB~PIX H30TOIIOB Kr K 

JCe <32 •33 •34). CxeuaTPiqecKoe zao6~eHKe o~Ho~ K3 arrrrapaTyp rrpencTaBJieHo Ha pHc.4. 

MeTo,ZJ; diPaKgHOHHoro rrornomeHHfl Kr K Xe Ha aKTHBHpoBaHHOM yrne rrpH cooTBeTCTBYIO!llei1 

TeMrreparype ( Xe npH -20°C, Kr npH -78°C) 6Yn TaKXe zcnonnaoBaH ~JIH zayqeHHH KopOTKOlKHBY-
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-~X HSOTOITOB 3THX p~HOaKTHBH~X HA8p, o6pasy~~HXCH npH A8H8HHH ypaaa<35). 

~HTepeCH~U RBnH8TCH U8TOA KOCB8HHOrO onpeAeneHHH nepHOAa nonypaCnaAa KOpOTKO~HBJmHX 

rasoo6pasHHX PaAHOaKTHBH~X H30TonoB. Ou saKn~qaeTcH B TOM, qTo rasoo6pas~~ HSOTOn c ra

sou-HOCHTeneu nporrycKaeTCH qepe3 UeTannHqecKyD Tpy6Ky, B KOTOpyD BUOHTHpOBaHa OTPHUaTenb

HO sapHEeHHaH ceTKa. CxopoCTb rroToKa rasa B~6mpaeTCH TaKHu o6pasou, qTo6~ HsoTon pacrr~an

ca sa Bpeua rrpoxoSAeHHR rasa no AHHHe Tpy6KH. BosHHKaD~e npH pacnaAe cpaBHHTenbHO AOnro

~HBymBe AO~epHHe HSOTOIT~ B ¢opue ITOHOEHTeHbHO sap~eHH~ HOHOB OCaEAaDTCR Ha CeTKe, KOTO

paa HSUepaeTCH nocne COOTB8TCTBYD~e~ 3KCIT03H~H. TaKHM M8TOAOM 6~nH onpeAene~ nepHOA~ no

nypaCnaAa 6naropoAH~ rasoB(36,37,38,39). 

~HH 6YCTpOrO BYA8H6HHR H H3UepeHHH aKTHBHOCTH 6naropOAH~ rasOB, nonyqaeu~ npH 06ny

~6HHH ~ npOTOHaMH C 3HeprHel 340 M3B H CBHHUa H BHCYyTa HOHaUH yrnepOAa (C12), HCnOHb

SOBanCH U8TOA OC8XA6HHH HOHOB 6naropOAH~ rasOB Ha sapH~eHHOM 3H8KTPOA8 npH HanpKE8HHH He

CKOHbKO COT BOHbT(40,4l). ITepeHOC 3UaHaUHH C rasOU-HOCHTeneu (asoT) B Tpy6xy C 3H8KTPOAaUH 

OCy~eCTBnHHCH ITOA AaBneHHeU. ITpH HanozeHHH B~COKOrO HanpazeHHR BOSHHKaH HCKpOBOl paspaA, 

BYSYBa~l HOHH3aUHD rasoo6pasH~ aTOMOB H sapaxeHH~e HOH~ C06HpaHHCb Ha OTpHUaTeHbHOU 

3H6KTPOA8. Taxo« UeTOA IT03BOHH8T rOTOBHTb oqeHb, TOHKHe HCTOqHHKH, H806XOAHY~e AHH ~ H J9 -

CIT8KTpOCKOnHH. 0H 6~ HCITOHbSOBaH AnH nonyqeHHH Jre122 H npOAYKTa ero paCnaAa ~ 122(40). 

B npHHUHITe 3TOT UeTOA UOXeT 6~Tb HCITOHb30BaH AnH nonyqeHHH 6onee KOpOTKOXHBY~HX HSOTOnOB. 

~HCTHHHHqHOHH~e U8TOA~ B~eneHHH, OCHOBaHH~e Ha neTyqeCTH 3H8M8HTa HHH ero C08AHH8HH« 

B onpeAeneHH~ ycnOBHRX C ITOCH8AYD~M ynaBHHBaHHeM B nOAXOAH~eM C60pHHKe (B COC~e C paCT

BOpou, Ha nnaCTHHKe-KonneKTOpe H T.A.), mHpOKO HCITOHbSYDTCH AHH BYAeneHHH KOpOTKO~HBymHX 

HSOTOnOB, 0 qeu CBHAeTeHbCTBYDT AaH~e Ta6nHU~ 2. Ha pHC.5 noKasaHO ycTpo«cTBo, KOTOpoe 6~

HO HCnOHbSOBaHO AnH B~eneHHH HSOTOITOB acTaTHHa C T112 ~2 MHH HS SOHOTa, o6nyqeHHoro HOHa

UH yrnepona(42). 3onOTaH WOHbra nocne o6nyqeHHH nepeHOCHHaCb B THrenb, COCAHHeHHYl CO CTanB

HYK nanbueu c Pt -xonneKTOpou, oxnaxAaeu~u no -80°C. 3onoTo 6~cTpo pacnnaBnanocb Ha AHe TH~ 

rna c rrouo~m a~eTHneHo-KHcnoponHoro rrnaueaH, H BosorHaHH~« acTaTHH KOHAeHcmpoBanca Ha Pt~ 

Konnexrope, KOTop~« msuepanca qepes 30 cex. ~HOrAa npoBOAHnacb AOnonHHTenbHaa oqzcTKa acTa~ 

THHa or Po. IeTy~eCTb aneueHTa 6~na ycrremHo HcnonbSOBaHa ITepnoB~u H CTeHHeeu rrpH HsyqeHHH 

KOpOTKOKKBymHX H30TOITOB 6poua B~ BB(Tl/2 = !5,5 CeK) H Br 90 (T112 = !,6 CeK), KOTOp~e B~
A8HHnHCb Ks npOAYKTOB AeneHHR ypaHa B BHAe rasoo6pasHoro 6poua, norno~aeuoro B cce4<5•43 ). 

Ha pHc.6 noxasaHY ocHOBH~e ysny ycTpo«crBa, npHueuaeuoro nna 6YCTporo B~eneHHH 6poua. 06-

pasym~zlca rrpH AeneHHH ypaHa PaAHOaKTHBHY~ 6pou HsBnexanca TOKOM BOsAyxa, coAepxa~ero nap~ 

6poua-HocHTenH. ~na o6nyqeHHH HcnonbsoBanca pacTBop, GOAepx~H~ 2 r U 235 B IM H~ H 0,5 

M KBr03. EpouaT-HOH 6~n Heo6xonHY AnH nepeBOAa Br-B B~H AHH oKHcneHHH HOAa, o6pasyD~eroca 

B HHSmHX BaneHTH~X COCTOHHHRX ( J-, ~) AO HeneTyqero JO;. B CHCTeUe npeAJCUOTpeHa oqzcT

Ka OT HO~a, KOTOpu« UO~eT 6~Tb BCe-TaKH saxBaqeH TOKOM BOSAyXa npH H3BneqeHHH 6poua. ~nH 
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aToro TOK raao:a rrporrycxanca He.~ rro:aepxHocT:&JO xpHcTaJIJIHtrecxoro zo~a H qepea .liOBymKH A H B. 

P~HoaKTHBH~~ 6pou nornomanca :a no:aywxe c cce4 , a :aoa~ OTKatrH:BaJica Hacocou. ~auepeaza 

pa~HOaKTHBHOrO 6pOMa IIpO:BO~H~C:& H6IIOCpenCTB6HHO B paCTBOpe. 

ITpHBe~eHH~e IIpKMep~ OTHOCHTCH K raJIOH~aM, O~HaKO MeTO~ ~HCTHJIJIH~H C ycrreXOU HCIIOJI:&-

50BaJICH ~JIH MHOrHX 3JieueHTOB: H~ (44 ,45 ), Po(46 •47 •48), 5fc (49), Os (50,51 ) H HeROTOpHX 

~pyru. 

OtreH:& HHTepeCH~ ~JIH 6~CTp~X :B~~eJieHH~ MOX6T OKa3aT:&Cfl U6TO~~ OCHO:BaHH~A Ha ~paK~OH

HO~ B03rOHKe 3Jl6M6HTO:B IIpH IIOHH~6HHOM ~aBJI6HHH 1 coo6meHH~A ~HHCTOHOM H YHCK6JIOU(52). 8TOT 

MeTO~ II03BOJIHeT :B O~HO~ CT~HH B~6JIHT:& H Cpaay IIOJIYtlHT:& Otl6H:& TOHKHA HCTQqHHK 6ea HOCHTe

JIH. AnrrapaTypa ~Jlfl :BHaOJIHeHHH TaKoro paa~eneHHH rro~po6xo orrHcaHa ITapxepoM< 53 ) H noxaaaHa 

Ha pHc.7. 06nytreHHaa MHmeH:& rrouemanac:& :a x:aap~e:ayJO Tpy6xy jf H Harpe:aanac:& nnaueHeM MHKpo

ropeJIKH. BoarOHHJOmHeCH p~HOaKTHBH~e H30TO~ KO~eHCHpOBaJIHC:& Ha K0]1]16KTOpe, aaxpenneHHOU 

Ha Me,ZIHOM CTe~HeH OXJI~,llaeMOM CMeC:&IO CIIHpTa H TBep~OA yrJieKHCJIOT~. BoarOHKa BHaOJIHHJiaC:& 

npH paapexeHHH 0,1 MM Hj • 

ITOJI:&ayac:& TaKHM ycTpOACTBOM, ITapxep H rpy~HT~ npO:BO~MJIH B TeqeHHe OAHOA YHHYTH BH

,lleJieHHe HSOTOIIOB Hg H3 .1/u, .!Is Ha Ye , :7 HS Ye , :Zn HS Cu , -1f HS Rh H Pd, A'uHa 

Pt(54). 

r) 11 0 H H ~ A 0 6 M e H 

110H006MeHHNe CHCTeM~ (HeopraHHtl6CKHe H opraHHqecKHe 06MeHHHKH) lliHpOKO HCIIOJI:&SYDTCH 

~JIH paa~eJieHHfl p~HOaKTH:BH~ 3Jl6M6HTO:B H HX OtlHCTKH 1 0 qey CBH,lleTeJI:&CTByeT MHOrOt{HCJI6HHafl 

JIHTepaTypa< 55 ). 0,Z~HaKo npwueHeHHe aToro ueTo~a AJIH 6~cTporo B~eneHHH npo~yKTOB ~ep~x 
peaK~A ,ZIOBOJI:&HO orpaHHqeHo( 56 ) H trame BCero 3TOT M6TO~ HCIIOJI:&SyeTCH C ~eJ!DJO B~6JI6HHH· KO

pOTKO~HBY~ AOqepHHX H30TOIIOB( 57
t
58 •59 ). B KatleCTBe llpHuepa HCIIOJ1:&30BaHHH 6~CTporo xpoua

TOrpa~HqeCKOrO B~eJieHHH KOpOTKOXHBymero llpO,liYKTa ~epHOA peaKnHH CJIY~HT B~eJieHHe M? 27 

c T1; 2= 9 MHH, o6paay10meroca npw o6nyqeHHH aJIJOMHHHH 6~cTp~uH HeATpoHaMH< 56 ). 0T,Z~eneHHe u9 
OT fie OCHOBaHO Ha paSJIHtlHO~ CTa6HJI:&HOCTH KOMIIJieKCOB M9 H Ae C 3THJI6~HaMHHTeTpayKcyc

HO~ KHCJIOTOA. ITpH fH= 7,5- 8 o6a XeJiaTa OCTaJOTCH Ha CMOJI6 1 HO T.K. KOMIIJieKC .fie 6onee 

CTa6HJieH B niHpOKOtt 06JiaCTH fH = 3-!0, a KOMIIJieKC M9 ue:Iee CTa6HJieH IIpH HH3KHX 3HalieHHHX 

fH 1 TO llOCJie,liHHA 33IIOHpyeTCfl CO CMOJI~ B 3THX YCJIOBHHX. 06nyqeHHaH .fie ~JI:&ra paCTBOpanaC:& 

B I MJI 6JrHCe npH Harpe:aaHHH. ITocne paCTBOpeHHH ,ZI06a:BJIHJIOC:& B paCT:BOp CTeXHOM3TpHqecKOe 

KOJIHqeCTBO ABYHaTpHeBOV. COJII4 8,llTA. pH paCTBOpa ,liOBO)lHJIOC:& ,ZIO -7,5 H paCTBOP 6~CTpO IIpO

rrycKaJICH qepea KOJIOHKY c ,llayaKc-2x8 HarronoBHHJ B OH:~pue, HarronoBHHY :a CH3coo-~pue. 
M ~ 3JIIOHpOBaJICH 1.N CH3COOH • 

.llJIH 6~CTporo HOH006M6HHOrO MeTO,lla rrepcrreKTHBH~M MO~eT OKaSaT:&CH HCllOJI:&30BaHHe H He

opraHHqecKHX HOH006UeHH~ CHCTeM: BOJI:&~paMaTa ~pKOHHH 1 ~C~aTa ~pKOHHH H pH~a ~pyrHX. 

0JtHaKo paccqHT~BaT:& Ha 6~cTpoe :a~eJieHHe TaKHM ueTOAOM HSOTorroB c TI/~ ~ 5 MI4H Ha cno~HNx 

IO 



cuece~ npo~yKTOB, o6pasyD~XCH B pesynDTaTe H~epHNX peaK~~, HenDsfi. 

MOH006MeHHH~ M6TO~ 6onee WHPOKO RCTIOnDSyeTCH ~nfl B~e~eHRH KOpOTKO~RBJmRX ~oqepHRX 

npo~yKTOB. Tax ~nH pas~eneHHH ~oqepHero R30Tona .PS 207m (TI/2 = 0,8 ceK) z MaTepzHcKoro 

H30TOrra BL 207 (TI/2 = 28 neT) MCITOnD30BanOCD HenpepHBHOe MOH006MeHHOe pas~eneHHe Ha cnoe 

cuonY nayaKc-I c uanyu paauepou qacTH~(GO,GI). Bi 207 norno~ancH cnoeu aHHOHRTa B I cM3 

nayaKc-I H3 0,5.J{HCe, a ~oqepH:I!~ N 207 mB anDHPYDIIJ,eM pacTBope (0,5.JINCt) 6HCTpO ITOCTY

rran Ha zsuepeHHe K cqeTqHxy. Ha pHc.8 cxeuaTzqecKH noKaaaHa arrnapaTypa, B KOTopoH ocymecT

BnanacD HerrpepHBHaH ~pxynH~H paCTBopa. 

~) ~ 3 0 T 0 IT H H ~ 0 6 M e H 

UeTO~, OCHOBaHH~ Ha H30TOITHOM 06MeHe Me!~ MHKPO- M MaKpOKQnHqecTB8MH O~HOrO H TO

ro ze aneUeHTa,oqeHD rrepcrreKTHB6H ~nfl 6HCTporo H ceneKTHBHOrO B~eneHHH KOpOTKO~HBY~ H30· 

TOTIOB H3 cnOXHO~ CU6CH rrpo~yKTOB ~epHHX peaKnH~. 

ilo~p06HOe OITHCaHHe 3TOrO UeTO~a rrpHBO~HTCH B pa60Tax 8y~epuaHa H Ma~HKe(62 ) H rpoc

CUaHa H repuaHHa<63 ). B rrocne~Heli pa6oTe ~eTMDHO HsyqanHCD czcTeMH Jlj + H :;-I .Af; - rano-

H~, 13az'jBaSO", Yi 1
' z Ye

3
' j !it:J , !li.LCrO.r , :fe{OH)3 • EHno noxasaHo, qTo npz 

6HCTpO~ $HnDTpa~H (- 5 CeK) p~H08KTRBHOrO paCTBOpa qepes TOHKH£i CnO~ CB~errpHrOTOBneHHO

ro OC~Ka rrpOMCXO~HT KOnHqeCTB6HHH£i R30TOITHH~ 06MeH (> 95%). B03MOXHOCTD aarpH3H6HHH OC~

Ka TIOCTOpOHHHYH HOHaUH cymecTByeT, HO OHa CHnbHO 38BHCHT OT TOrO, KaKHe 3TO HOHH H KaKOe 

xonHqecTBo HX. HarrpHMep, rrpH 6HcTpou o6MeHe Ls B pacTBope ypaHHnHHTpaTa c oc~KoY cpoc~Po

pouoJIH6.ztaTa neaza YemaJO~Y MOlleT oKasaTDCH RC , o~HaKO .zto6aBneHHe HOCHTeJIR R C rro~aBnHeT 

ero o6ueH c oc~xou (Ta6n. I). 

T a 6 n H u a I 

Paa~eneHHe ( s - R C 6HcTpw reTeporeHHbiM o6ueHou 

Oc~oK 
c p e .zt a %% o6ueHa 

KHcJioTa u~ (Jio~>z R€ C.s"' R,. 
Cs- P- .lllo 6.AI H .JV' 0 3 - - 99,5 99,5 

I r - 93 25 

I r 25 ur IOO 8 

3 r 25 ur 88 4 

C-:5-.Si.-W G.!VHce - - 99 99 

RC- Si- ur 6./V HCe - - 99 80 
Te- .Si..- ur G.N' HK03 - - 90 42 

C.s~ 8,~ J, aof.C~COOH - - 3-30 6-20 
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~eTO~ 6~CTporo H30TOnHoro 06MeHa 6~ HCnOHD30BaH ~pHTqeu H AP• AHR 6NCTpOrO B~ene

HHH Ba143 c Tr;z = 13 ceK ns npo~yKTOB ~eneHHH ypaHaC 64 ). 06ny~eHH~~ pacTBOp ypaHa ~o6aB
JIHJICH K CBeJKerrpHrOTOBJICHHOti cycneH3HH Ba ce2 B 15 LUI KOHUeHTpHpOBaHHOH Hce ' co~ePJKa

~e~CH B BOpOHKe C Meu6paHOti. ITocne 3TOrO HeMe~neHHO ocymecTBnRJiaCD qMHbTpaUHff nOA Ba

KYYMOM, OCaAOK Ba. ce2 IlpOMNBancH 5 MH KOHUeHTpHpOBaHHOti flee H H3MepHHCfl ~epes 10-12 ce

KYHA nocne KOHua o6ny~eHHH. 

B nocneAHee Bpeua AHH 6~cTporo R ceneKTRBHOro B~eneHRH PaAROaKTRBH~ aneMeHTOB Ha

~an npRMCHHTbCfl ueTOA RSOTOnHoro 06MeHa Ha aMaJibraMe. ITpRHURIT MeTOAa 3aKnD~aeTCff B TOM, 

~TO pas~eJieHHe HSOTOITOB rrpORCXOAHT B cuny 6NCTporo 06MeHa M~AY 3JieMeHTOM B ~OpMe pa3-

6aBJieHHOH aMaJibraM~ H ero HOHaUH B paCTBOpe, T.e. eCJIH HMeeTCfl ropa3AO 60J!bWee KOJIH~CCT

BO HeaKTHBH~ aTOMOB aneueHTa B aMaJIDraMe no cpaBHeHHD c coAepJKaHHeM ere PaAHOaKTHBH~ 

HSOTOITOB B paCTBOpe, TO Sa cqeT 06MeHa 60JihWaR qaCTb aKTHBHOCTH 6y~eT C06HpaTbCH B aMaJib-

raue: 
.3 ( Hg) + 3" ., 3,. ( H~) + 3 

E~o Ha~eHo, qTo HHARBH~YaJibHNe auanhrauN, coAep~a~e MHJIJIHrpaMMoB~e KOJIRqecTBa Cd, J'e, 
B; , Sr , Zn , Jn li!HH P8 , yAaJIRX>T MHKporpauMOBble li!Jilil ueHhWHe KOJ!lilqecTBa cooTBeTcT

BYX>~x PaAliiORSOTorroB HS no~XOAR~ero KHCnoro H coneBoro paCTBopa c B~xo~ou He MeHee 50 % 
sa H6CKOHDK0 MHHYT(6S). ITpOBepRJiaCb B03MO~HOCTb HCll0Jih30BaTb 3TOT MeTO~ ~JIH 6~CTporo Bbl- · 

~eJieHHR paAROaKTRBH~ H30TOnOB KaAMHH(66 ), HHAHR(6?), UHHKa( 6B). 8TOT MeTO~ KaK ITO CTerre

HH oqnCTKH, TaK H no 6biCTpOTe ero npoBe~eHlilfl HMeeT npenuymecTBO nepe~ ~pyrHMH YeTOAaMlil. 

0AHaKO B HaCTOR~ee BpeUH H6T 3aKOHq6HHhlX pa60T no B~eJieHHD KOpOTKO~HB~HX H30TOITOB 3THU 

M6TOAOM. 

e) 8JieKTpOXKYlilqecKHe MeTOAhl 

Cp~lil aneKTPOXHMHqecKHx MeT0AOB B~eneHHH H pasAeneHHR MHKpoKonnqecTB PaAHOaKTHB

HhlX 3H6M6HTOB, B Il6pByXl oqepeAh, CJieAyeT Ha3BaTb oqeHb HHTepecH~ti C TOqKH speHHfl 6~CTp~ 

BbiA6JieHRti MeTO.zt IlOJIRporpa(fm~eCKOrO BOCCTaHOBJieHHH Ha pTyTHOM KaTO,?.te. MeTOA ITOJIRporpa riJnqec

KOrO aHaJilil3a paAHOaKTHB~ H30TOITOB OITHCaH B pa6oTax ]OBe(69 ,?0). 0H OCHOBaR Ha ceJi eKTHB

HOM BOCCTaHOBJI6HHH 3JI6M6HTa Ha KarreJIDHOM PTYTHOM 3JI6KTpO~e AO 3JI6MeHTapHoro COCTOHHHR, 

pacTBOpHMoro B pTyTH: 
3 n• + ne + Hg = .3 (fig) 

KpRTJilqecKliiMM ycJIOBRRMM B 3TOM MeTOAe ffBJIRXlTCH cne.ztyX>mne waKTOpw: B03MOJKHOCTb nonaporpa@H

qecKoro BOCCTaHOBJieHHH 3H6M6HTa AO COCTOffHHR, paCTBOp~oro B pTy TH; ITOTCHUHaJI BOCCTaHOB

JI6HHR,npH KOTOpOM npOHCXOAHT OT.zteJieHHe; COCTa~ ~ neKTpOJIHTa, CKOpOCTb ITaAeHHH KanJIH. KOHT

pOJID auanhraM~, COAepJKameti pa.nnoaKTHBHbl~ a~eM e:r T, rrocne ee oT.zteneHHH ocymecTBJIHeTcR ! -
cneKTpOMeTpOM. 
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8TOT KeTO~ 6~n HCll0Hb30BaH ~XR 6~CTpOrO onpe~eneHHH TeXH8~HH H pyTeHHH B npO~KTaX 

~eneHHH(?I). B pa6oTe HCll0Hb30BanaCb llOHHporpa~HqeCKaH fiqe~Ka, ycTpO~CTBO KOTOpOM llOKaaa

HO ua pzc.9. AuanHazpyeu~~ pacTBop nepeuocHncH B cocy~ A npz OTKp~TOM KpaHe I H aaKp~Tou 

KpaHe 2. Cocy~ B aanonHeH TaKHU KOnzqecTBOY cceq ' 'qT06~ nocne BBe~eHHfl p~HOaKTHBHOrO 

paCTBOpa rpaHH~a paa~ena c ce,t-BO~Hbl~ paCTBOp uaxo~Hnacb Ha I 2 CM B~me Kpaua I. B p8..ZIHOaK

THBHbl~ paCTBOp BBO~HHCH KanenbHbl~ PTYTHbl~ aneKTpO~ H HaCH~eHHbl~ KaHOU6HbHbl~ aneKTpO~ H no

~aBaHCH onpe~eneHHii~ noreuUKan, Hqe~Ka TepuocTaTzpoBanacb. BpeuH n~eHHH pTyTHO~ Kannz 

~onxuo 6b1Tb nocTOHHHbiU H ~HHTCH uecKonbKO ceKy~. PTJTb, co~ep~amaH p~HoaKTHBHble HaoTonfi 

H co6pauuaH nocne n~eHHH aa onpe~eneuuoe BpeuH, y~anHHaCb npz aaKpbiTOY Kpaae I H OTKPH

TOY KpaHe 2. AUanbraua rrpOUbiBanaCb BO~O~, paCTBOpHnaCb B MHHHYanbHOM o6~eue aaOTHO~ KHCno

Tbl H paCTBOp H3MepHnCH Ha j -cneKTpoueTpe. KaK ITOKaaanH OITbiTbl, Ha CTerreHb oqHCTKH oqeHb 

BHHH6T COCTaB aneKTpOnHTa. 

no~o6HbiY lite o6paaou 6Hn OT~eneu H Hayqeu Rh 
106 

(TI/2 = 30 ceK) H3 CHCTeMbl Ru 106 -

Rh I06 (69). ~XR H3J'q6HHH KOpOTKOlltHBY~X rrpo~yKTOB ~epHbiX peaKUK~ STOT U6TO~ eme He 

HCITOnD30BanCH. 

MeTO~Ii aneKTpouzrpaunz, B qacTHOCTH, ueTo~ WOKYCHPY~~ero zouuoro o6ueua, no~po6uo 

OITHCaHHbl~ B pa60Tax illyuaxepa H lliTpa~~(?2 ,?3 ), IT03BOnHDT 6UCTpO, B Teqeuze H6CKOnbKHX YH

HJT, a Huor~a H eeRY~, npoBO~HTb paa~eneuHe napH aneueuTOB H ~axe 6onee cno~HbiX cuece~, 
~3• ..A/i-z+ 2,z• .Jie~ uoz• Co 2

.. CrJ• B z• (72) uanpzuep: e , , , , .z , , n • Qqeuh npocTaH annapa-

Typa ~nH ~KyczpyD~ero zouuoro o6ueua noKaaaua ua pHc.IO. nonocKa ~nbTpoBanbHO~ 6yuarz 

~nxuo~ IQ-15 cu H mHpHHO~ 2 cu, nporrHTaauaH pacTBopou KounneKcoo6paaoBaTenH, c uaueceHHbiU 

Ha Hee rrperrapaTOM, KOTOpbl~ He06XO~HMO paa~enHTb, rrorpy.EaeTCH B aanOHHeHHbl~ (Ceq CT6KnHH

H!II~ cocy~. Cce" CJIYllHT oxnax.Ziail~Hu areuTou, T.K. ~JlH paa~eneHHH Tpe6yeTCH TOK B 60 uA 

rrpR uanpK~eHHH 1600 B. MeTo~ IDyuaxepa Y.Z~06eu .ZinH B~eneHHH KOPOTKOXHB~HX .Z(oqepuRX aneueu

TOB, HO ~nH 6!11CTpOrO B~eneHHH H30TOITOB H3 CHOEHO~ CUeCH rrpo~KTOB fl,l(epHbiX peaKUH~, BPH.ZI 

nH rrpHMeHHM. 

lK) M e T o .l1 

npz pa6oTe ua nyqKax ycKopeHHbiX qacTH~ B p~e cnyqaeB HHTepecHble peaynDTaTbl uoxuo no

nyQHTb, C06HpaH npO~KTbl ft.ZI6pHO~ peaKUHH, BblneTail~He H3 MHW6HH B peaynbTaTe OT,l(aqz nocne 

B3aHMO~e~CTBHH 6biCTpO~ qacTHUii C fl.ZIPOY MHW6HH. Hanpzuep, npH o6nyqeHHH TOHKHX ueTannzqec

KHX cnoeB Jg H :In MHoroaapH.Z~HI:iiMH zourum 6l:ilnH co6paHbl ua Pd -KonneKTope H rrocne uecnoJEHO~ 

XHMHqecKo~ o6pa6oTKH B~eneHH B Pa.Z~HOXHURqecKH qHcTou BRAe zaoTorrbl nauTaua ~a 126 c T1; 2= 
= I MHH H ;i.01 128 c TI/2 = 6,5 UHH( 2?) • 

~pyrHM HHTepeCHbiU rrpzuepou HBnH6TCH B~eneHHe 3THU UeTO,l(OY KOpOTKOlltHB~HX HSOTOITOB 

MoiOS (TI/2 = 40 ceK) H Mo104 (TI/2 = I,I UHH)(?4). EiiCTpoe B~eneHHe Mo HS IIPO.ZIYKTOB 
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~eneHHH ocymecTBnanocL rrpH o6ny~eHHH cuecH coe~HHeHH~ ypaHa H Cr(Co~. reKcaKap6oHzn xpo

ua cnyzzn ynaBnHBaD~Y C06AHH6HH6Y, B KOTOpO~ ~pa OTAa~ Mo, B03HHKaiD~He rrpH ~eneHHH ypa

Ha, aaue~anz ~pa Cr H aaTeu OTrOHHnHcL H3 o6ny~eHHO~ cuecz BuecTe c napauH Cr(Co~. Pa

AHOXHUH~ecKaH ~HCTOTa 3TOrO M6TOAa OCHOBaHa Ha TOY, ~TO MO HBnfi6TCH e~HHCTB6RH~Y 3HeMeH

TOM H3 rrpo~yKTOB AeH6HHH, KOTOp~~ o6paayeT C06~HH6HHH C reKCaKap60HHnOM XpOMa. 

B Ta6nHU6 2 ITpHB6A6H PHA ApyrHX npHuepOB HCITOnL30BaHHH M6TO~a OT~a~H AHH B~eneHHH 

KOpOTKOZHBY~X H30TOITOB. 

4. 3 A K ] ID q E H ~ E 

O~HO~ HS 38Aa~ HaCTOH~ero 063opa 6~0 C03AaHH6 ITO B03MO~HOCTH nonHO~ KapTHHH TOrO, 

KaKHMH cpe~cTBaYH pacnonaraeT PaAHOXHYHH npH pa6oTe c KopoTKOXHBYmHMH H30TorraMH. ~cxo~H 

H3 BCero H3ROE6HHOro, MO~HO C~enaTL B~BOA, ~TO H6CMOTpH Ha 60nLWH6 Tpy~HOCTH, B OCHOBHOM 

KOHCTpyKTHBHOrO xapaKTepa, ITpHM6H6HH6 6HCTpHX PaAHOXHMH~6CKHX M6TOAOB Anfi B~eneHHH KO

pOTKOEHBymHX H30TOITOB H3 TaKHX CROEHHX cuece«, KaK ITPOAYKT~ pacmenneHHH HAep rrpOTOHaMH B~

COKHX 3HeprH«, nony~HT CBOe AaRLH6HWee pa3BHTHe. ilpHM06 HCITORL30BaHHe OITHCaHH~X M6TO~OB 

HnH HX MOAH~HKaUH«, AanLHe«WH6 ITOHCKH H COS~aHHe HOBHX 3KCrrpeCCH~X M6TOAOB IT03BORHT 3KC

nepHY6HT8TOpay OTKp~TL HOB~e KOpOTKO~HBy~e H30TOIT~ H H3Y~HTL HX ~epHHe CBO~CTBa. 

B aaKnnqeHHe BHpa~aD 6naro~apHOCTL qneHy-KoppecnOHAeHTY AH CCCP E.c.nxenenoBy sa 

HHTepec, npOHBneHHH« K COCTaBneHHD HaCTOH~ero o6aopa. 
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VISOTOn TI/2 

I 2 

ciO 19,1 
ceK 

0r4 72 
ceK 

..Ne24 3,38 
MHH 

.Na24m 0,02 
ceK 

JUg 27 9,4 
UHH 

I 

5. CBO~HaH Ta6nH~a npaKTHqecKHx npHMepoB zcnon»sOBaHHH 6NCTpNx 
PaAHOXHMHqeCKHX MeTO~OB ~nH B~eneHHH KOpOTKO~HBy~HX HSOTOUOB 

Peax~H MeTo~ KpaTxoe onHcaHHe ueTo~a BpeMH 
nonyqeHHH MzmeH» B~eHeHHH B~eJieHHH B~e-

JieHMH 
3 4 5 6 7 

BIO(f,n) H3Bo3 JlHCTHJIJIH- a) 06pasyiOIIIH8CH rasoo6pasHNe I cex 
CaF-2· BP.3 

~H 
npO~KTH OTKaqHBaJIHCb BO BpeMH 

BueT o6JiyqeHHH HJIH aeue~neHHo nocne 
OKOH~aHHH o6nyqeHHH B COCJ~ CO 
cJioeu acxapHTa. Yrnepo~ norJio~aJI-
CH, HenorJIOTHBWH~CH aSOT H H80H 
OTKaqHBaJIHC». V\suepHJiaC» ~HO-
aKTHBHOCTb CHOH norJIOTHTenH; 

6) raaoo6paa~H~ co2 rtorno~aJI-
CH paCTBOpOU Bo(OH) 2, HSMepanac» 

20cex 

PaAHOaKTHBHOCT» OCaAKa Baco3 • 

.Ji!4(r,n) t< SC.N JlHCTHJinH- 06pasyDIIIHCCH raaoo6paaaHe npo~yK-
UHH TH OTKa~Banzc» H KHcnopo~ norno-

~ancH B BH~e BO~HHHX napoB cnoeu 
C:Ocez , MemaD~He rasoo6paaaNe 
npo~yKTbl (C, J1l H ~p. )OTKa~HBaJIHCb 

.!Ve22(t tf) 
Hacocou • 

.N'e raa JlHCTHJI-
06Jiy~eHHbl~ ras nponycxanca qepes 

JIH~H 

JIOBYWKY c AY (a~THBHPOBaHH~ 
yroJI») npH t cyxoro JI»~a H Hsue-
panac» aKTHBHOCT» JIOBJWKH.3arpH3-
HeHHH uoryT 6aT» OT He H Ar • 

Jlo~epa. OcaJK,ZteHHe raaoo6paaabl" .He nponycxaJicH ~epes ~0 
_Ne24cs-) Ha aapa- CHCTeuy, B KOTOpO" Ha OTpH~aTeJI»- ~CeK 

~eHHOU 
aJieKTpo~e HO aapHXeHHOJl 3JieKTpO~e (~ = 6 

BOJILT) OCaJK,ZtanCH ~O~epHH« A&. Afe 
y~anHJICH OTKaqHBaHHeu, ~eTeKTOp 

~JIH H3UepeHHH aKTHBHOCTH yCTaHaB-
nHBaJICH B6JIH3H 3H8KTpO~a. 

Jlf7 (n,r) .lie /ICT. VIOHHI>I« ~OJILra 6!>1CTpO paCTBOpHnaC» npH Ha-
06MeH rpeBaHHH B I YJI -6ArHCt, nocJie ~ero 

B paCTBOp ~06aBJIHJIOCb CTeXHOY8TpH-
~ecxoe KOJIHqecTBO ~ByHaTpHeBo« co-
JIH 3,llTA, K OXJI~eHHOYy paCTBOpy 
~o6aBJIHJICH ~H40H ~0 pH=7,5.PacT-
BOp nponyCKaJICH ~epes KOJIOHKY C 
JlayaKC 2x8 • .JUg. 3JIIOHPOBaJICH 
IN CH3COOH. 

IS 

CCNJI-
xa 

8 

75, 8 

8 

76 

76 

56 



I 2 3 4 5 6 7 8 
p34 ~1 ) 

12 ,5 ce ( n,.t- PacTBop 0c8JK,ll; eHHe K o6~yqeHHOMY pacTBopy A06aBna- 30 77 
ceK KCe nac:& c~~:ec:& .Ak3 P0.>1 H.J'/o~ ~ p34 CeK 

.JI(a ce 
OCa~aRCH B BHAe ~OC~OpOMORH6-
Aa'l'a. 

s 37 5 MHH ce.J1(n,tJ KCe 0CaJII:AeHHe 06~yqeHHaH c o~:& pacTBopanac:&,AO 40 77 
.!'/aCe 6aBmmca HOc:lol:Ten:& SO,; H OC8JK,ll;M· CeK 

ca BaSOlf 

Cu 68 
68 

PacTBop OcaJ[AeHHe K o6nyqeHHOMY pacTBopy A06aBnan 78 32 ln (n, f) 
cex Z.nSOI( ca nopowoK Zn , nocne qero pacT 

BOp ~Hn:&TpoBanca. PanHoaKTHBHaa 
MeA:& aaAepJKHBanac:& Ha ln -no-
powKe. 

l n 
60 2,1 .Jt[i "'- . 2 n) .f'l'i - OcaJKAeHHe I) 06nyqeHHaH W0n:&ra pacTBopa 

MHH Wo~:&ra HJIH nac:& B H.J/03 , aarpaaHeHHH Cu 
SKCTpaK~HH 

c6pacsBanHc:& Ha Zn -nopowKe B 
ln 61 I,5 .JV'; (ci , n) cna6oK~~~:cno~ cpeAe HnH oca~eHH-

MHH eu Cu SC.IY. B ~Hn:&TpaTe H3Mepan· 
CH Zn. 

2) Zn OTAeRHJICH OT Lu , .fi0· , 79 
Co H Te SKCTpaKI.Ufett Cf/Ce3 B BHAe 

KOMnReKCa J.n C AH- j3 - Ha~THRTHO· 
Kap6a30HOM, 

ga 64 
6/( 

MHmen pacTBopHJtac:& B Hce, 9a.. 2,6 Zn (f ,n) ln1gmra 8KCTpaiC- 80 MHH ln ''f(d,2n} ln 4o ~H 3KCTparHpOBaRCH H3 6AfHCe STHRO 
Cu 63{.<. ,3n) Cu - q>omra BNM S~HpOM . 8~111:pHaH q}aaa ITOCJI6 

npOMHBKH ynapHBanac:& Ha ITOAROJK-
Ke. 

Ya_ 75 I ,5 Ye (n , f) PacTBop 8KCTpaK- 06~yqeHHH~ paCTBOp ITpOMHBMCH 2 MHH 3 MHH !le eel( ua. ~HH 9MHGe ,coAeplKal!le~ HOCHT~:& Ya- • 
L1a COJIHHOKHC~oro paCTBOpa ~a.. 

3KCTparHpOBaRCH H30ITpOITHROBNM 
srimpoM. 

!!le 73 m 0,5 .zroqepad .lrHCTHJI- qepea pacTBOp ~s 73 (B 5-BaneH'l'- 8I cex 11573 (.ft+) RH~H HOM COCTOHHHH) B KOH~eHTpHpOBaH-

Ho~ Hce np~~~: I00°C nponycxanca 
TOK ~ , KOTOpbitl. 3axBaru:Ban 9'eC{. 
L13MepRJiaC:& paAHOaKTHBHOCT:& raao-
BOrO ITOTOKa • 

.Jis68 7 MHH ~/o(f , 3,) !feOz Oc aJ11:A eHH e MHmeH:& paCTBOpHJiaC:& B 27.!'/H;-
' 82 

pa.CTBO p ITOA!lleJiatmBaJICH, rrporryc-
KaJICH TOK liz .) • 0CaAOK cyJI:&~HAa 
MHW5HKa BTOpHqao nepeOCaJII:AMCH 
H H3MepRJiaC:& ero aKTHBHOCT:&. 
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I 2 3 4 5 6 7 8 

lh 86 54 Kr 86 CiWH.l\eH- Ocal!C)(e- 3auopOJKeHHblti Kr 06Jiyi.I8JICH B KOH- I,2 6 
ceK ( n 'f) CH~OBaH- HHe 1.\e KBapueBO~ Tpy6KH, C06.l\HHeHHO~ MHH 

Hbl Kr CO CIT6U118JlbHO~ CI1CTeMoa. Kr rroc-
Jie 06JIJI.I6HI1H 11 HarpeBaHI1H OTKal.ll1 
BaJICfl, a KBapneBaH Tpy6Ka, Ha 
CT6HKax KOTOpO~ OCTaBaJICfl pa.l\HO-
aKTHBHbl~ 6pOM, ITpOMb!BaJiaCb ropfl-
I.IHM pacTBopoM 4M fu¥03 11 0,25 M 
rro.NH20H. H2 So4 , CO).leplKa!llHM HO 
CHTeJib Br- H o6paTHbl~ HOCI1TeJib 
$e. !tis paCTBOpa OCa.Jit).laJICfl J/9 Br • 

8r 87 56,I 11. 235 PacTBop 8KCTpaK- K o6nyqeHHouy pacTBopy .l\06aBJIH- 83 
ceK ( n ' I ) ypaHHJI- U11H nacb 8JYHAfo3 , HacblmeHHafl Kceo3 HHTpaTa 

).lJifl OKHCJieHHfl pa).l110aKTHBHblX 6p0-
Ma 11 HO.l\a, KOTOpb!e SaTeM 3KCTpa-
rHpOBaJII1Cb cce4. EpoM OT).l6JlflJICfl 
OT 110,Z\a SKCTpaKL\Hetf HS OpraHHI.I6C-
KOrO CJIOfl CJia6o ITO.l\KHCJI6HHb!M paC1 
BOpOM KJ/02• 

Pr 88 IS,S u 235 PacTBop JlHCTHJI- llepes 06Jiyl.leHHbl~ paCTBOp rrpo,Z\y- Ce- 5 
ceK ( n 'f ) ypaHHJI- JIHUHH BaJICH B03.l\yx , Hac~eHHbl~ rrapaMH KYH-

HI1TpaTa .l\bl 
6poMa B Kat.~ecTBe HOCHTeJIH. ToK 
rasoo6pasHblX rrpO.l\ YKTOB rrporrycKaJI 
CH ,Z\Jlfl OI.IHC TKH 1.1epes JIOBymKH 
(.l\JIH y,Z\aJieHHR HO.l\a) 11 6poM norno-
mancfl B noBymKe c cct4 , B KOTopo~ 
Herrocpe.l\C TBeHHO 11SM6pRJICR. 

Kr89 3,2 /). { n, f) PacTBop <t>paKUHOH PacTBOP o6nyt.~eHHoro ypaHa rrpO.l\Y- 4 35 
MHH ypaHa Hoe nor- BaJICR ra30M (JVe - He). ra3006pas- MHH 

nomeHI1e 
Hble rrpO.l\YKTbl rrporrycKaJII1Cb 1.1epes 
cHcTeMy JIOByweK c AY. Xe rrorno-
mancR rrp11 t = - 20°c 11 Kr !!pH 
t = -78°C. )lecop6UHH ra30B rrpo-

BO.l\11JiaCb !!pH HarpeBaHHH JIOBYWKH 
Ha BO.l\RHOti 6aHe, ras y,Z\aJIRJICfl B 
113MepHTeJIEHY~ KaMepy. 

nor nome- Xe, Kr ynaBJIHBaJII1Cb rasoM-HOCHTe- 33,32 
HHe Ha neu (He), rrornomaJIHCE Ha KOJIOHKe AY 

c AY rrpH t = 75° 7 (4I°C) H .I~e-
COp6HpOBaJIHCE !!pH pa3JIHI.IHO~ TeM-
rrepaType H CKOpOCTH !IOTOKa ras a-
HOCHTeJifl. 

ConE ypa ra30BaR EnaropO.l\Hble pa).lHOaKTI1BHhle raso- IS 84 
HHJIHHTpa xpouaTo- o6pa3Hble liPO.l\YKTb! .l\6JieHHR (Kr,Xe) ceK 

Ta rpaqiPifl 
OT.l\eJifl~!lll16CR OT 60JlbiDPIHCTBa rrpo-
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I 2 3 4 5 6 7 8 

. 

. 

:r, 

Kr90 35 ITJieHKa raaoBaH · CeKyH 34 
ceK cTeapaTa xpouaTo- ,nbl 

K,.91 10 
ypaHa rpaqJlifl 

cex 

. 

'tl 

.3 

. 

COJil> U 84 
RC82 1,25 JloqepHHlt OcaJ~tAeHHe 85 

IIHH .h82 . 

I 

. 

R'92 5,3 
cex 

U ( n, {) OcaJK,neHHe bl 29 

N~93 5,6 
. 

cex 
Rr.94 2,9 

cex 30 
/?1,95 2,5 

cex 
.)t93 7,5 U (n,fJ Pac'!'Bop OcaJE,ZteHMe 86 

IIHH ypaHHJI-
HR'fpa'l'a 

I)I 
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I 2 3 4 5 6 7 8 

y89m 14 Jlo1!e~HHtl 8KCTpa·K- ':1 89m pe3KCTparHpOBanCH pacT- 87 
ceK lr 9 J.Ui.fl BOpOM 2M HCe04 H3 opraHH'lleCKO l1 

tf}aahl, co~ep~ame~ Zr-TTA H H3Me-
pHRCH B paCTBOpe. 

.il'89m 89 
Yz03 OcaJ~tAeHHe MHmeHh pacTBOpHnach B HND3 H H3 88 4,5 !:1 (f,n) 

MHH pacTBopa oca~aJICH zr(JO.J)" • Oca 
~OK H3M8pHHCH ITOCJie qJHJihTpai..\HH H 
npOWBKH. 

lr98 IuHH U (n,fJ YpaHHJI- 8KCTpaK- I) MHweHh paCTBOpHnach B He-
lr99 35 

HHTpaT 1..\HH,OC~- CKOJihKHX MJI HV03. Zr 6ea HOC HTe-
~eHHe 

cex JI.fl SKCTparHpoBancH pacTBOpOM TTA 
B KCHJIOJie H pe3KCTparHpOBaJICH I O 19 
0,2NHKO -0,2NHP, co~ep~amHM HO-
CHTeJih tr. Ma pacTBopa B~eJIHRCH 

MHH 

La , a aaTeM OC8.ll~ancH Balr 7;, • 

2) MHmeHh paCTBOPHJiach B HCt 
' ir 6ea HOCHTeJIH coocax~ancH c 

rH~pooKHChD ypaHa. Oca~oK pacTBO 
pHJICH B HCe H ~r SKCTparzpoBaJi cH 
TTA. MauepHnach aKTHBHOCTh opra-
HH'lleCKOrO paCTBOpa. 

m90m 24 Jlo~~~5Hit M10HHbltl PaCTBOp 6 .HHCt ,co~ep~amHtl Mo90 , 89 
ceK 06MeH nponycKaJICH 'llepea KOJIOHKY C ~ay-

3KC-I, npe~BapHTeJihHO npOUbiTY~ 
I2.N'HCt • R an~HpoBancH SKHce • 

.11/9 2,4 U (n.f) YpaHHn- 8KCTpaK- YpaHHRHHTpaT paCTBOPHJICH B He- 12 19 
MHH HHTpaT 1..\HH,OCalK- CKOJIDKHX MH H20, ~06aBJIHJIHCh HO- MHH 

,.,wiOO 3WH ,ll6HHe 
Cl4TeJIH .H8 , .Mo , Ye , :lr • OcaJK-

miOI !UHH .ztaJiaCh .Jf6z0s ·.x!lz0, OC~OK paCTBO 
pHncH B ropH'llen KOHl.\. HCe , ~ 
3KCTparHpOBaJICH ~HH30ITpOITHJIKeTO-
HOM (Jl~ITK ) H pea~CTparHpOBanCH 
6....VHCe • ~a aToro paCTBopa ocaJK-
.ztanach rH~pOOKVlCh .J1!6 . 

Moi04 I,I U {n,j) Cuech co€ C6op ~ep H.ztpa OT~a'llH Mo , o6paay~mHecH npH 74 
MHH ,llHH8HH£t OT,ZtaiiH, 

~eJieHHH ypaHa, yJiaBJIHBaJIHCh B Moros 40 epaHa H cy6JIHua-
C6K r(C0)6 1..\HH Cr (C0)6 , r.zte OHH aaue~aJIH ~pa 

• Cr • 8aTeM Mo OTrOHHJICH H3 06Jiy-
'lleHHO~ CMeCH BMeCTe c napaMH 
Cr (C0)6 . 

• 
.% 92 4,3 Mo92 JlHCTHJI- JUo~HCTHJIJIHpOBaJI CH H3 ooJiy'll eHHOtl 

MHH ( d ,2n ) Jl.fii..\H.fl MHmeHH H COOCalKAaJICH C PtS 49 
Ru93 50 Mo+.L Mo-MeTaJI- JlHCTHJI- Mo paCTBopHJICH B cMeCH HN03 H 

ceK JIH'll6CKH!a Jlffi..\H.fl HP. Ru .ztHCTHJIJIHpoBaJICH Ha pacT- 90 

19 
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Bopa nocne ,JtoClaBJieHHfl H2So4 H 
KMn 04 ,ltJIR OKHCJieHHfl Ru ~0 Ru 0, • 

Ru 107 4,2 U+-d U -!l>OJI:&- .l{HCTHJI- Ru ,JtHCTHJIJIHpoBancfl KaK Ru Oq HS 5-8 91 
MHH ra JlflWifl paCTBO pa' CO,Jteplltalllero HC e 04. J.IHH 

Ru 108 4,5 
MHH 

Rh 98 8,7 .llou.e~HH~ Oc8.llt;lJ;e- 0qHIIleHHH~ Pd B BH,Jte oca,JtKa ,JtHMe- 2MHH 22 
MHH Pd 8 HHe THJirJIHOKCHMaTa paCTBOpliJICH,,JtOClaB-

nancfl HOCH Ten:& R h H Pd y,JtaJIHJICfl 
c KynwepoHou. Rh ocaJit,JtancH KaK 
K3 [ Rh (JVoz.)6 ) • 

1iOHHH~ 0qHIIleHHY~ Pd -.llMr paCTBOpHncH B 22 
OClAieH HeCKOJI:&KHX KaiiJIRX 3»HCe ,paCTBOp 

nponycKaJicfl qepea KOJIOHKY c .llay-
SKC·:I, Pd norJIOIIlaJICH cMono~, Rh 
SJID!.ipOBaJICH 6JrHCe • 

Pdii3 1,4 u ~JI:&- 8KCTpaK- MHWeH:& paCTBOpHJiac:& B ~apCKO~ BO,lt 3 18 
MHH u ~<d ra Wifl Ke, co,Jte Jlll:allle~ 2 Mr HOCHTeJIH Pd • MHH 

Pdii4 2,4 IlOCJie OCaJit,Z{eHHH HS paCTBOpa Jlfl ce MHH 
PallS 45 Pd aKcTparHpoBaJicfl CHce3 KaK 

CeK KOMIIJieKC c .llMr. OpraHJ.iqecKafl wa-
sa npoYYBaJiac:& paaClaBneHHO~ HN03 , 
PdpeaKcTparHpoBancH KOH~.JVH40H. 
JlJIH OT,JteJI6HHH sarp!iSHeHH~ OCa~,Jta-

nac:& Ye(OH)3 , nocne qero PdBoccTa 
~aBJIHBaJICH Zn-nopowKou, qMJI:&Tpo-
BaJICH 9 rrpOMYBaJICH H HSMepflJICfl. 

Jl IIO 24,2 JloqepHH~ C6op H,Jtep B paCTBOp, CO,lteplltali\Hi1 .J7gll0m, 92 9 ceK 
.11/IOm 

OT,JtaqH norpYJI(aJIHC:& Cu -aneKTPO.ltbl Ha pac-
CTOflHHH 3 MM H HaKJia,JtbiBaJICfl IIOTefr 
~HaJI B 600 B. 4epes 3 MHH O,ltHH HS 
SJieKTPO.ltOB BbiHHMaJICfl, rrpOMbiBaJICH 
H HSMepHJICfl. 

JlfJII3m 1,2 JloqepHHe 0CB.J~tAeHHe Pa,JtHOaKTHBHYM Pd , Bbi,JteJieHHbiM H3 5 18 
M'PIH OClJiyqeHHOM tJ. ~JI:&rH B tj}opMe Me- MHH 

ll/i4 SeeK 
Pd TaJIJia, paCTBOp!iJICfl B ~apCKO~ BOA-

./lfJIISm 20ceK Ke, nocne pasClaBneHHfl paCTBopa 
aKcTparHP9BancH CHce3 Pd-(.llMI'). 
OpraHHqecKafl wasa npHBOAHJiaC:& B 
KOHTaKT C BO,ltHOM !Paso~, CO,Jte p~a-

llleH .J/9 • Ilocne pas,JteJieHHfl !Pas BOA 
Hbl~ pacTBOp npoMbiBancfl H oca~an-
eli .II~ ce . 

l1SOTOIIHbl~ PaAHOaKTHBHbl~ ueTaJIJIHqecKHi1 Pd CeKyH- 18 
06MeH paCTBOpflJICfl B ~apcKO~ BO,JtKe,paCT- ,ltbl 
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I 2 3 4 5 6 7 8 
BOp paa6aBnHRCH H J9g Bbl,lleRHROCl 
CihiCTphiM H30TOTIHWI 06MeHOJI C J/gCe 
Ha fig -¢onhre. ~onhra rrpOMhiBa-
RaCh BO~O~ H H3YepHRaCh • 

.flgii6 2,5 U -¢onhra OcaJ!t~eHHe, U -¢on»ra pacTBopHnac» B ~ape- 3 I8 
MHH l),+d H30TOTIHhl£1 

KO~ BO~Ke, paCTBOp pa36aBRHRCH MHH 
.1/
9 

I I7 I,I o6ueH 
XROpH0£:1 B0~0£:1, OCaJ\naRCH fl!J ce MHH 
HRH Jig'*" 06UeHHBMOCh C J/9 Ce Ha 
Jig -¢on»re. Jl~(f, paCTBOpHRCH B 
YH40H, ocBJK,Ztanac» Ie (OH)3, ce 
pe6po BOCCTaHaBnHBaROCh .ln-rro-
pomKoM, pacTBopHnoc» B HY03 .Pac~ 
Bop rrpouhiBancH CHce3, co~epEa-
lllHY }l/lfi', H OCaQaRCH Jl9 ct. 

(d U(n,fJ YpaHHn- fii30TOTIHhl~ MHmeH» pacTBOpHnac» B I un H2o, 
HHTpaT o6MeH Ha paCTBOp rrepeHOCHRCH B cneUHanh-auan»raMe 

Hhl~ COCY~, ~06aBnHRCH (,. SO" .ZI JIH 
u 6+ u If• BOCCTaHOBJieHHH. ~0 • 3a-

Teu BBO~HJiach auanhraua Cd(2% 
Cd no Becy). nocne cHn»Horo rre-
peuemHBaHHH B Te~eHHe 5 UHHyT 
BO~HaH ¢aaa y~anHnac». Auan»ra-
Ma rrpOMhiBanac» H Cd SKCTparHpo-
BaJICH aneTaTOU TaRRHH. ~auepH-
nac» BO~HaH ¢aaa. 

Cdii9 
238 

9,5 u +d U -¢on»ra 8KCTpaKUHH U -¢on»ra pacTBopHnac» B cuecH 2 93,94 
Cdli9m 

MHH UZ38 HCe H HK03 , paCTBOp HelTpaRHao- UHH 
2,7 +n 
MHH BaJICH KOH, paa6aBJIHJICH 2M KOH, 

co~epEaliUfU .NH20H.HCl H K...VoC4H4 0~ 
2H20 • .llo6aBRHJIHCh HOCHTeXH Cd , 
Jn t .Jif) , Pd H KOMTIReKC Cdc ~H-
¢eHHJI~HTHOKap6a30HOU (~th ) 
aKCTparHpOBMCH CHce3 • Cd peaK-

JnliB 
cTparHpoBancH 0,5 M Hce. 

S,I 
ceK 

Jn II Bm 4,5 .llotiepHHe 3KCTpaKUHH Jn 6ea HOCHTeJIH H Cd , co.nepEa- 93,94 
MJ.iH cd II8 lllJ.ieCH B paCTBOpe CHCe r H'ZJth 

HaBneKaRHCh HBz. fila paCTBOpa 
BM rro HBr :Jn aKCTparHpOBMCH 
.zuunop.nHaTHJIOBhiM s¢Kpou, a Cd 
OCTaBaRCH B BO~HO~ ¢aae. Jn peaK-
CTparHpOBaJICH H3 opraHHl!eCKO~ 
¢aahl paa6aBJieHHo~ Hce H oc~an-
CH B BH~e Jn (0H)3• 
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'{ 
2 , 2 /10.! (N0)

1
: ~} h~C TJJ3 R- M~lw eH:& pacTRopRJiac:& B 0 , 5fl'HCe He- 95 l!BC u + f .5 ~- CKOJ[b I~ ,6 Wl. H nocne i06aBneHH R HOCHTeJie l n 

MHH . 6 11._0 
s'g 3

' 11 ./1 3+ KO 
U ,. n :f oca'IC,l(aJIIiC :& cyJI:&<jiH- MHHJT 

{ lt!ac 
i( bl , Oca.n.oK pacTBopmrcn B ropR'Ie' 8 , 8 

MV! H F.AfHCe ,paCTBop paa6aBJIRJICR 7M 
"VH4 !:,'C.N III Sn SKCTparHpoBanoc:& 
3Tli1JIOBUM StlJiipOM, 

c ,o i1Hpl1,ZJ;HJI- 8KCTpaK- MHweH:& pacTBOpRJiacb B IO% pacT- 45 96 Ml1 H 
U("',j ) reKcaXJio- Ul1R BopeJVH4CH~COO, .n;o6aBJIRJII'!Cb HO- CeK 

3,4 poypaHaT 
MHH (Phflz~ uce6 

ClllTeJI:& .5n '11 K,Jia -TapTpaT. pH 
{. 2,2 paCTBOpa ,ZJ;OBO,ZJ;I1J10Cb ,ZJ;O 8 ,5 C s 2+ MHH .N"H4 OH 111 n SKCTparHponanaci:. 

,, 

,s"n • 

B Te"tieHHe I0-15 ceK 10 MJI O , OI ~b 

'i!J th n cce4• 
PacTnop Bo3rOHKa 06Jiy 'leHHbiH paCTBOp rrponyCKBJICR 5 3 

uz3s 
B Jlfci. -6oprlil,ZJ;pl1.l( H!~ t.l paCTB Op .l\0 ceK 

o6paaonam'lH Ji eTyt~ ero Sn!l", Ko-
TOpb!H nporrycKaJICH "ttepea JIOBJWKJ 
C ~50* 11 JlOBJillKY C BCKapHTOM 
JV!H O'ili!C TKH OT .)8 • 3aTeM OJIO BO 
BOC CTBHBBJHlBaJi OCI:. 71.0 Sn ~tem . 

'( .'71 9 , 9 5e ll~n, p) 8IteTpaK- M111weHI:. pacTnopHJiac:& B HCe 11 .n;o- ,- 95 ::> MHH Ul1R 6aBJ!HJIC H HOCH TeJII:. .)g s: Ye OCaJK- MHH 30m 7,1 ge_ J30(n,p) 
.,)' 2.• ,ZJ;BJICR 11 3 XOJIO.l(HOrO paCTBOpa n • MliH 31' I S-1 

Sg OKI1CJIHJIBCI:. 10 S'C 6pOMOM B I !5eHoOJ1e ~! 3KCTparHpOBBJIBCI:. 1130-

'' ··6 

.r;gl 

nporrlllJTOBbiM 31Ill1 poM ( 6eHaon cnyJKHJI 
' s ,ZJ;JIH Jiyl!w cro pa~ieJieH HH ~aa ) • .58 

BOCCTaHBBJllllBBJIBCb s ll n • 
I 2,1 Pac TBop BoaroHKa 06Jiyl!eHHb! M paCTBOp rrpOITJC!{BJICH IO 4 MHH 

11 (fl,j) ypaHa -qepea :l.n - MeTaJIJIHl!eCKVII nopoll!OK CeK )3 
4 ,4 

rrp11 100°C. 06paayJOU(HUcH St~ rrpo-Ml1H 

'.(, 

(g 

rrycKaJicf! -qepea Tpy6 Ky c CQ.S'~,n;JIH 
y.n;aneHlllH B03MOJKHoro S8Y3 , 11 qe-
pea KBapqeBy~ Tpy6Ky, r.n;e S8113 

paapymancR H oce.n;an Ha xono~HOH 

U (n,j) 
llaCTH Tpy6KH. 

PacTBop OcWK.Zte- ~3 paCTBOpa 06Hy1leHHOrO ypaHa 10 4 ypaHa HHe 
npOBO~HROCb cynb~H,n;HOe OC~.n;eHHe CeK 

.1'1 nepeOCallt,ZJ;eHHe f!le B ITOJIJBBTOMa-
1!5 Ill' ) Tli'leCKOM XHMH'IeCKOM BHaRii3BTOpe. 

:J (f,2f:x:n ..NHyJ BoarOHKa MHmeHb paCTDOpRRBCb B HeCKOJII:.KiiX 30 97 
'( 

KanJIHx ropf!qeU H2o, co~ep~ame~ CeK 

JfHz.N'Hz · Hc_e • PacTnop ynapHBan-j 
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I 2 3 4 5 6 r) c 
I '-' 

ca Ha Pt -rroBepxHOCTH .z~ocyxa , Pt. 
rrpoKaJmBanac :o - I ceK .z~ o RpacHoro 
KaJieHHR Ha IlJiaMeHH ropenKM. Pa.z~H ~ 

aKTHBH~e J , $C H .s'n yJieTHtiHBaJIH C:& , 
OCTaBJiffR Ha Pi tJHC'Thl i:t ffe_ 6e3 HOCTII 
T6JIR. 

geli5 Sn 112{11l. , n) 
liZ 

6 Sn -1Jom;- OcaJK.z~ e- 06nyt~enHaa .5'n -1Jon:ora paCTB OpRJiac:& I - 2 98 
MliiH ra HHe B I MJI KOH~ . HCe , c o.z~ep JKa~e~ HOCH MliiH 

TeJib..% 11 HeCKOJibKO Karren:& B-z'- ,liJIR 

6oJiee 6biCTporo 11 rroJIHoro pacT:Bop e-
Hl/I H. !!€. - MeTaJimFI. ocallt,ZI;aJICR Sn c~, 
6b!CTpO 1pi1JII>Tp0Ba.JICR lii QKTTIIBHOCT I> 
OCa)(!ta lll 3M6p1JJiaC:b IT pRMO Ha C TCJ<-
JIH HU OM rplll .TlbTpe. 

Jl22 3,5 ,Z(oqefHKi:t Bo3rOHKa P8.Z( HOaKTTII BHbli:t Xe, rrpe)J,BapHTeJII>HO 99 
MKH :I.e 22 rr o rJiol.lleHHbl~ yrn eM , y.z~anHJICfl rrp11 

HarpenaHHH, a 110.z1 OCTaBUJICR Ha ITO 
cepe6peHHOM yrne. 

:X.e-137 3,8 U (n,j) PacTnop ¢p8K [T,lt!OH-
CM . !(,. Yl1H ypaHa HO e HCJI'JIO- 35 

ll(eHH ;c> 

;Jor.rJO n,ea~~te CM. J< r 32 , 
Ha AY 33 

_:ul39 43ceK U (n,j) ilneHKa raa OBaH 
CM. x,. 140 I5ceK cTeapaTa xpm.mTo- 34 , :re IJpaaa VI rpaqma 84 

COJI:& U. 

c_l23 6 MHH :/
121

{ci. 1 Sn) OcaiK,lle- M11wea:o pac TBopRnacb n H2o, Hac bl- l ()~) , 

ca. :lz HHe 111aJiac:n raaoo6 pa3 HhlM Hce rrp11 ox- 101 

Jl8llt,ZI;6HHTII lii 11 3 paCTBOpa OCaJK,li8J!CH 
Cs KpeMHeBoJI:b®pBMono~ KHcnoTo~ . 
Oca.ztoK pacTnopanca B no.z~e, rrepe-
OCBE,llaJICH, OllHT:& paCTBOpHJICH B 
H2o 11 pacTnop rrporrycKanca t~epe a 

KOJIOHKY C .l{ay::lKC-50 ,liJ!ff OT,Z\eJieHHH 
KpeuHeBoJI:ocppa.MaT->WHa. Cs aJIJOHpo 
BaJICH 6 .#HC t . 

ci26 1,6 ,Z(Oll6pHHM Oca~eHHe ~3 pacTnopa, co.z~e~al.llero pa.z~Ho-
UHH Ba 12.6 

aKTHBH~~ Ba, ocaE,llaJicH Cs/Co(.llo)6] .(3 Ml1t 25 

cl28 3,8 ,llollepHHit Oca:&.ZteHHe ~3 .~aCTBopa HCto4, co.z~ep~BI.llero .(I Ml1ti 26 
UHH Ba'za Ba1 8, ocax.z~aJica csceo4 rrpH .z~o-

6aBJI6HH11 OXJia~eHHOrO a6COJIDTHO-
ro crrHpTa. 
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1 c 5 4 5 6 7 cr 
c.s141 24ceK U (n,j) PacTBop MeTo~ Bpe· ~3 paCTBOpa OCBJK~aHCH CSCl04.ilOC 
Cs142 

ypaHHH- M9HHOrO ne pacTBopeHHH oc~Ka B 3M Hce H< 2,3 HHTpaTa ocax~eHHH 102 CeK paCTBOpa B~9HHHHC:b ~oqepHHe 1130 
c~143 2CeK TOithl: Ba, k, Ce, o6pa3YKl111Heca 

no uerroqKe pacrr~a 
C$- Ba-.Za -Ce 

Ba123 
IIJ,JIS ,, 

:ln-<Pon:o-2MHH Jn (O ,r:rn) Ocallt~eHHe MwweH:o pacTBopanac:o B HCe H H3 103 
:Jn (.tf'~ .xn) ra paCTBOpa OC~aHCH Ba0V03)2, HHH 

BaS04 , rrpH STOM ~o6aBHHHHC:O o6pa~ 
Hble HOCHT9HH B03MOXHNX 3arpH3H6-
HH~. 

Ba125 6,5 Sn(o;'ol .xn) Sn -<Pon:o- OcBJK~eHHe TO lite MHH ra 
80..127 10 $n (C~ .xn) 

MHH 

13}43 I3 {1 ( n,j) PacTBop ~30TOIIHbltl 06nyqeHHbl~ paCTBOp 6biCTpO npo- 10-15 64 
ceK ypaHHH- 06MeH rrycKaHCH qepe3 CBellterrpHrOTOBHeH- ceK 

HHTpaTa 
Hbl.ll OC~OK BaCt2 , HaxO~HII(HtlCH Ha 
<lJHXbTpe. AKTHBHOCT:b OC~Ka H3Me-
pHnac:o rrocne rrpOMhiBKH <IJMn:oTpa 

), 1/31 1/S 16 y KOHU. HCe . 
:za124 7MHH n (0 1 .xn .Jn -<IJon:o- Oc~eHHe MHWeH:O paCTBOpHnac:o B ropaqeA uce II3 
.Za 125 

ra CO.zteplltall\e~ HOCHTeHH .Za., C.1, Ba • 1MHH 
Ba y.ztaHHHCH oc~eHHeM BaS04 ,rroc-
ne qero H3 pacTBopa oca~ancH 
:la ~ • 

:La126 1MHH :Jn + o'' j,-<PoJI:ora C6op H.zte~ H,11pa OT.ztaqlll ;;ta_ ,o6pa3yeMble rrpH 1,7 27 
.za_I28 sg , HaH e- OT.ztaq!of B3al1MO,Zte.llCTBHH MHWeHH C MHOroaa- MHH 

6 ,5 ceHHaH 
MHH .5'6 f CIZ TOH KHM pH)IHhiMM HOHaMH, co6wpaHHc:o Ha Pd-

lA-130 9MHH CJIOeM <Pon:ore. ~oJI:ora pacTBopanac:o B 
Hce + ruvo3 H Ha pacTBopa ocax.ztaH-
CH ;;la. ~ • 

.la-134 6,5 .noqefHH.Il Ocax.zteHHe ~3 eaCTBOpa, CO)Ieplltalllero oqHllleH~ 104 
MHH Ce 34 ~e13 B 4-X BaHeHTHOM COCTOHHHH, 

OC8.Jit.ZlaHCH .Za.~. 
ce145 3MHH Urn,fJ 10M rro 

HK03 
8KCTpaKUHH B o6nyqeHHOM pacTBope Ce OKHCJIHH-

CH ..Afa8r~ ,llO Ce4+ H 3KCTparHpOBaH-
9MHH 105 

paCTBOp ca ueTHHH3o6yTIIIHKeToHoM, aaTeu Ce ypaHHJI-
HHTpaTa peaKCTparHpOBaHCH B BO,llffYKl <lJa3Y 

ItOCJie BOCCTaHOBH6HHR H202• 

Ce U (n,{J 8KC'tpaKUHR MHwea:o pacTBopHJiac:o B 10M HK03 ,Ce 10 MHH 2I 
OKHCHHHCH ,llO Ce4+ H 3KCTparHpOBaJI 
CH paCTBOpOM ,lliiiOKTHJI<POC<lJOpHO" KHC 
JIOThl B rerrTaHe. Bpeua SKCTpaKUHH 
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30 CeK, K3Mep&naCb pa~HOaKTHB-

0$180 
HOCTb OpraHHqeCKOrO paCTBOpa. 

2 YHH Re +f Rel'f~ 171 .llHCTHJI- MHweab pacTBopRJiacb B HND3 ,co- 51 
JIH~H ~epllta~qet! HOCHT8Jlb 0.5 , KOTOphl~ 

~HCTHJIJIHpOBaJICH KaK Os04 H rrorJio 
111aJICH B 6M ..N'a. OH. Os ocaJ~t,Ztanc.a B 
BH,lle cym\IJH~a. 

O.s'I95 6,5 Pt +n ,llHCTHJI- ~3 paCTBOpa 06JiyqeHHO~ Pt ~HCTHJI 50 MHH JIH~HH JIHPOBaJICH Oso4 • 

pt20I 2,3 Hgzoll(n, cl..) HjO 0Callt,Zt 8HH e I) H90 pacTBOpHJiacb B 6M HCt H 3,5 2 YHH Hg(.No3~" OCallt,ZtaJICH K2 PtCt6 HJIH(.!YH,)2 ftCe, YHH 

2) H9 vvo3)2.H20 paCTBOpHJICH B 4,2 
3M HN'03 , OT~eJIHJIHCb .flu- ~ H ITJia- YHH 

THHa oc~aJiacb KaK K2Pt ce6• 
183-181 

Jlu +f .flu !'fem .1/u. 4,3 8KCTpaK- MHmeaH pacTBOPHJIHCb B HCt-HN03 , 44 MHH Pt +f Pf.. tte.m ~H pacTBop ~eJiaJic.a 6Kno HCe H XJio-
pH~ .flu SKCTparHpOBaJICH STHJiaqe-
TaTOM. OpraHHqecKH~ pacTBop noc-
Jie npOMhiBKH yrrapHBaJICH Ha pt -
ITJiaCTHHKe. 

fiui88 4,5 fk+ci2 %,em 8KCTpaK- MHmeHb pacTBop.aJiacb B 27JVHF H 106 YHH ~H I6.JI HN'03 , ~o6aBJIHJIHCb aocneJIH 
H9 , Au , Pt , !k 111 rrpoBO~HJIOCb 
BOCCTaHOBJieHHe Sn ceo! • ~aMep.a- , 
JiaCb aKTHBHOCTb OC~Ka; HJIH oca-
,liOK paCTBOpHJICH B qapCKOU BO~Ke 
H .flu SKCTparHpOBaJIOCb aMHJiaqeTa-
TOM H H3MepHJiaCb aKTHBHOCTb opra 
aHqecKoro paCTBopa. 

-'195 0,7 .llu +d ./I U Hem .llHCTHJI- MHmeHb HarpeBaJiacb B crre~aJibHOt! -5 44 Hff MHH JIH~H Kauepe Ill naphl H9 KOH,lleHCIIlpOBaJIHC MHH 

aa Pt -rrJiaCTHHKe,oxna~aeMol H2o 
pg207117 0,8 ,lloqepHIIIR ~OHHhlt! p6207rn 

SJIDHpOBaJICH 0,5JVHCe c 60, 6 ceK Bi zo1 o6Mea 
,ll~aKc-1, Ha KOTopot! 6h1Jl rrorJio~eJ 

Biq:98 
Bi 07 , aJIDaT cpaay zauep.aJic.a. 

1,7 PC+ d pgMeT BHyTpeHHHi MHW8Hb paCTBOpHJiaCb B 6M HN03 , 10 107 MHH SJieKTpOJIHl paCTBOp HelTpaJIH30BaJICH ~OH H UHH 

I 

Bi OCallt,ZtaJICH Ha ..Jfi -<f>OJibre rrpH 
ITOrpyxeHHH ee Ha H8CKOJibKO MHHYT 

Bi 2II 
B TenJ!hl~ pacTBop. 

2,16 P6 + c1.. P&C03 Oc~eHHe MHweab pacTBop.aJiacb B rop.aqe« 4 II2 MHH 
HN~; ITOCJie ,li06aBJieHHH HOCHTeJIH MHH 

Bi pacTBop ynapHBaJICH ~o oc<U,lleHHf 
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I 

p0I95 

p0I96 

2 

0,5 
UHH 
I,8 
MHH 

Po 212m! 45 ,I 
ceK 

~203 1 I, 7 
At. UHH 

.J1t 2021 3UHH 

3 

7J( + .J{e 

209 
Bi +.t. 

f(, .,. 8 11 

Bi + .t. 

.Ru+C 

4 5 6 
PC(JV03)2• PaCTBOp OT,Z!6JIHJICH OT 
oca.ztKa, He~TpaRH30BancH H Bi 
OCWK,ZlaRCH I%-HU paCTBOpOM THOHa
JIH,Zla ()3 - Ha~TaJIH,Zl THOrJIHKOJie
BO~ KHCJIOTH). OpraHHqecKH~ OCa,Z!O! 
Bi rrpouHBaRCH, pacTBopHJICH B aue 
TOHe, KOTOpbl~ HaHOCHJICH Ha ,Z!HCK 
H yrrapHBaRCH. 

~ -~ORb-~ nHCTHR-
ra JIHIJ;HH 

~onbra HarpeBanacb rro.zt Jiaurro~ H 
O,Z!HOBpeueHHO ITOBepXHOCTD Uf rrpo
TpaBJIHBaJiaCD paCTBOpOM 9JVHP -
2JVHK03• PacTBOp yrrapHBaJicH H aa 
TeU rrpH CHJIDHOU HarpeBaHHH B03-
rOHHJICH Po, KOTOpbl~ OC~aJI Ha OX 
JIWK.ztaeuo~ pt -rrJiaCTHHKe. 

OIWCb 

B i Hem 

.flu H~T 

8JieKTpo
ocWK.zte

HHe 

nHCTHJIJIH
IJ;Hfi ,IIIOHHill~ 

06MeH 

MHmeHb pacTBOpHJiacb B H~ -!U'03 , 
,Z!06aBJIHJiaCb I%-aH BHHHaH IWCJIOTa 
H paCTBOp pa36aBJIHJICH ,Z!O OITTH
MaRDHO~ KOHIJ;6HTpaD;HH: 0,2-D,SJf 
rro HP; 0,4-0,7Krro HK~; O,I% 
ITO BHHHO~ KHCJIOTe;[W} = 50mM/n. 
~3 TaKoro pacTBopa Po OCWK.ztancH 
Ha Pt -aHo.zte (rrpoBonoqKe) rrpH 
ITJIOTHOCTH TOKa 50 MA/cu2 • 
MHweHb HarpeBanacb TaKHu o6paaou 
qTo6bl Po H Jlt .ztHCTHJIJIHpoBanHCD 
6ea aaueTHoro HcrrapeHHH Bi H PC. 
Po H Jlt OCWK,Z!aJIHCD Ha Pt -nJiaC~ 
Ke, C KOTOpO~ ceneKTHBHO y.ztaRHJI
CH fit , OCTaBJIHH 45 CeK aKTHB
HOCTb c Po. DcTaBmaHCH aKTHBHOCTl 
CMHBaJiacb c pt -rrJiacTHHKH HCt H 
paCTBOp HaHOCHJICH Ha MaJieHbKY~ 
KOJIOHKY C nayaKc-I, KOTOpaH rrpo
MHBaRaCb I2NHCt , rrpH STOM BHMH
BaRHCb P6 , Bi, Yz • Po BhiMbiBaRCH 
KOHIJ;. HCl 04. 

8KCTpaKIJ;H~ Bi paCTBOpHJICH B KOHIJ;.HCf , B 
paCTBOp ,Z!06aBJIHJICH nSOt.ztRH BOC
C TaHOBJI6HHH .Jit ,Z!O .Jit 

0
, KO TO pH~ 

SKCTparHpOBaJICH ,Z!HHSOITpOITHJIOBHU 
a~Hpou. OpraHHqecKH~ cJio~ rrpoubi
BaRCH H yrrapHBaRCH Ha CTaRDHOM 
,Z!HCKe • 

~CTHJIJIH
!J;HH 

I) MHmeHb HarpeBanacb .zto Kpac
Horo KaneHHH B KBapueBou cocy.zte 
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Jl-c203 7,4 .UHCTMJI- H BoaorHaHHH~ At KOH~eHCHpOBaJI- I08 
MIIIH JilU~HH CH Ha J/e -cpOJI:Lre, OXJia.Jl,ZtaeMol.t H20 

Jlt204 9,3 Pt+..N Ptr<em TaK KaK rrpM 3TOM BM8CTe cfii~zc-
MHH 

TMJIJIHpoBaJiaCD aexoTopaa ~oJIH Po, 
TO rrpOBO~HJiaCD BTOpaa ~HCTHJIJIH-
~MH. Jle -4JoJIDra HarpeBaJiaCD BO 
BTOpOM COC~e H At COOHpaJICH Ha 
Pt -~HcKe, oxnax~aeMoM H2o. 

42 2) .flu -cpoJIDra ITOM811\aJiaCD B 30 
TMreJID, C08~MH8HH~~ CO CTaJIDHUU cex 

ITaJID~eM, B KOTOpOM ITOM811\aJICH Pi-
KOJIJieKTop. ITane~ oxJI~aJica ~o 

-80°C. Jlu ObicTpo pacmraBJIHJIOCD 
B THrJie Ha a~eTHJieHO-KHCJIOpO~HOM 

ITJiaM8HH. AKTHBHOCTD At H3Mepa-
JiaCD Ha Pt-KOJIJI8KTOpe HJIH CM~a-
JiaCD H8CKOJIDKHMH KaiTJIHMH KOH~. 

HC e , co~eplltall\e~ g:eSOI{ ~JIH BOC 
CTaHOBJI8HHH J/t ~0 J/t 0 

, KOTOpbil.t 
3KCTparHpOBaJICH .U~IT8 • 

., 223 22 .Uot~epHHi1 EyYaJKHbil.t PacTBop fie ,co~eplltali\HI.t auMOHHI.t- 30 J'l MMH Jfcu~ {.L) 3JI8KTpO-
HY~ COJID OpraHHt18CKOI.t KHCJIOTbl CeK. 

cpopea 
(11\aBeJieBof.t, JIHMOHHOf.t H ~p.), ITO- hiHH I09 

!1811\aJICH B Htlef.txy ~JIH 3JI8KTpO~O-

peaa. K KOH~aM ITOJIOCRH OyMarM 
HaKJI~biBaJICH rroTea~aJI 80 rjcM. 
Paa~eJieHHe OCHOBaHO Ha paaJIHt!HOI.t 
ITO~BHlltHOCTH HOHOB B~OJID ITOJIOCbi 

Pa226 gj, za2 
6yMarH. 

I,8 h +d.. 87, Hem 8KCTpaK- .§hf'(er paCTBOpHJICH B KOH~. HJ{03 9, I MHH :Jh {.IV OJ) If ~H c aecKOJIDKHMH KarrnauH 0,2 M 
IO 

CNH4 ) Si ~ ~JIH ycxopeaza pacT-
2 gj., . 

BOpeHHH. h f!'..;:J; 4 paCTBOpHJICH B 
4M HJ{03 • PacTBOp paaOaBJIHJICH H 
Pa axcTparHpoBaJicH TTA B oeaao-
ne. OpraHMtlecKHI.t cJiol.t yrrapHBaJICH 
aa Pt -rrJiaCTHHKe. 
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