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KaK 6hmO rroKaaaao B HalliHX pa6oTax 11 ,2 I, B03MO)I{Ho· ocyllleC TBHTb ra

aoxpoMaTorpa$H'IeCKoe pa3Jl9Jl9HH9 XnOpHJlOB Jl8HT8HHJlHbiX H aKTHHHJJ.HbiX sne

M9HTOB IIpH H9BbiCOKOH TeMIIepaType ( < 250° ) , ecnH HCIIOJlb30B8Tb B Ka'leCT

Be raaa-HOCHT9Jl51 CM9Cb HHepTHOr'O rasa C rrapaMH XnOpHCTOr'O amOMHHHSI. 

MeTOJl ocaoBaH aa TOM, 'ITO Al
2
Cl

6 
pearHpyeT c xnopHil8MH peJlK03eMenb-

HhiX :3Jl9M9HTOB C o6p830B8HH9M raaoo6pa3Hb!X KOMIIJl9KCOB 
13•41 , TpaHCIIOp

THpyeMb!X raaoM-HOCHTeneM. Ha6hiTOK Al 2 Cl 6 rrpeiiHTCTByeT JlHCCOUHaUHH 

HeCTOHKHX KOMIIJleKCHbiX MOneKyn, a TaK)K9 JlHHaMH'I9CKH MOJlH$HUHpyeT IIO

BepXHOCTb KOJlOHKH /5/. 

HaCTOSIIli8SI pa6oTa IIOCBHilleHa H3y'I9HHID B03MO)KHOCTH IIpHM9H9HHH aHano

r'H'IHOH M9TOJlHKH JlJlSI XpoMaTorpat!JHpOBaHHH sneMeHTOB HSKOTOpbiX JlpyrHX 

rpyrrrr rrepHOJlH'ISCKOil" CHCT9Mbl 1 o6pa3y!OmHX TOJlbKO HeneTy'IH9 XJlOPHilbl 

( TeMrrepaTypa KHII9HHSI HJlH B03r'OHKH > 500°C ). 3KCrrepHM9HTanbHaSI 'laCTb 

IIOJlp06HO OIIHCaHa B pa6oTe /1 /. OrrbiThl IIpOBOJlHJlHCb Ha CT9KJlHHHOA KaiiHn

JlS!pHOH KOJlOHKe, HMe!Omeii JlJlHHY 2,5 M HJlH 10 M H BHyTpeHHHA JlHaMeTp 

1 MM, HJlH Ha KOJlOHKe JlJlHHOA 30 CM, BHyTp9HHHM JlHaMeTpOM 4 MM H C Ha

C8JlKOH H3 CT9KJlSIHHhiX IllapHKOB. 8 Ka'leCTBe HHepTHOr'O raaa-HOCHT9JlH IlpH

M9HSIJlCSI renHA C paCXOJlOM 7 MnfMHH JlJlH KarrHnnHpHOA KOJlOHKH H 22 MnfMHH 

JlJlH aacaJlO'IHOH. YnpyrocTb napa Al 2 Cl 6. cocTaBnHna ~ 150 MM pT.cT. 

8BeJJ.9HHe rrpo6hi (H CHHT93 KOMIIJl9KCOB) JlOCTHranOCb 6biCTpbiM aarpeBOM 

noJlO'IKH c rrperrapaTOM xnopHJlOB JlO 500°. XpoMaTorpaMMa CHHManacb rryTeM 

OT6opa KOHJl9HC8Ta XJlOpHCTOr'O 8JliDMHHHSI IIOpUHSIMH Ha Bb!XOJJ.9 H3 KOJlOHKH 

C H3MepeHH9M HX paJlHOaKTHBHOCTH HJlH KOnOpHM9TpH'19CKHM aaanH30M. BbJnH 

rrpoBeJJ.eHbi orrbiThi c 19 sneMeHTaMH. Hcrronb30BaHHhie paJlHOH30TOrrhi H HX 

CBOiiCTBa rrpHB9Jl9Hbl B T86JlHUe. Ha K8TIHJl1l51pHOii KOJlOHKe pa60T8JlH, KaK 

Ilp8BHJl00 C MHKporpaMMOBbiMH HJlH M9HblliHMH KOJlH'IeCTBaMH paJJ.H0:3Jl9M9HTOB. 
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KonoHKa c HacaaKofi 3a C'!eT 6onbrnofi MOlliHOCTH no cpaBHeHH~ c KanHnnMpHofi 

U03BOnsma XpOM8TOrpa¢JHpOB8Tb MHnnHrpaMMOBbl9 KOnH'I9CTB8 B9lli9CTB. 3TO 

ObinO HCUOnb30B8HO anSI paoOTbl CO C.Ta6HnhHbiMH coeaHH9HH51MH B KOnH'I9CT

B8X JJ,O 5 Mr. 

PesynhT8Tbi 

22 Na ( T.KHn. NaCI 1465°). TipH paoOTe CO CTeKnSIHHOH noaO'IKOfi 

npOHCXOaHT HeoopaTHMOe B38HMOaefiCTBH9 HaTpHSI CO CTeKnOM. Tio9TOMy npH

MeHM8Cb noao'!Ka H3 nnaTHHbl, C KOTOpOH HaTpHH npH 500° B03rOHMC51. 0a

H8KO Tp8HCllOpTHpOB8Tb coeaHHeHHe He yaanoch: HaTpHH CHOB8 HeoopaTHMO 

pearHposan c nosepxHOCTb~ cTeKnSIHHOA Tpy6xu s6nH3H noao'IKH. Tpy6xy He 

yaasanOCb JJ,e38KTHBHpOB8Tb JJ,a~e B cnyqae npHMeHeHHSI KOHUeHTpHpOBBH

Hoif nnaBHKOBOR KHCnOTbl. 
86 Rb ( T. KHn. RbCI 1381°). Py6HJJ.HA sosroHMCSI c nnaTuHosoA no-

JJ,O'IKH, HO BblC8~HB8nC51 Ha CTbiKe 30Hbl 500° C TepMOCT8TOM XpOM8TOrpa¢JH

qecKOH KOnOHKH (2300). B OTnH'!He OT HaTpHSI pyoHJJ.HH nerKO CMbiB8nCSI C 

Tpy6KH 6 N H Cl. 
134 Cs ( T. xun. CsCI 1300°). C nnaTHHOBOH noao'IKH Ue3HH B03rOH51n-

CH, oaH81:p Bh!C8~HBanCH H8 CTeHK8X TpyoKH nocne 30Hbl 5000 8H8nOrHqHo 

py6HaH~. YsenuqeHHe TeMnepaTypbi Ha KonoHxe ao 300° He nosnuHno Ha pac

npeaeneHHe paJJ.HOBKTHBHOCTH. 

Cu ( T. KHn. CuCI2 665°). 5 Mr Cu xpoMaTorpa¢lHposanocb Ha Hacaaoq

HOH KOJ'IOHKe CO BpeMeHeM ynep~HB8HHSI 6 MHHyT. TipenapaT rOTOBHnCH Bbl

napHBSHHeM 0,5 Mn pacTsopa Cu(N08 )2 , conep~amero 10 Mr Cu IMn, B 

CT9KJ'ISIHHOH noaoqxe C llOBTOpHblM ynapHB8HHeM OCT8TK8 C KOHUeHTpHpOB8HHOH 

conRHoA KHcnoToA. Tiopuuu KOHJJ.eHcaTa pacTsopMHCh, ao6asnRnCH KJ , H no 

OKpacKe BbiaenR~merocH Rona HSMepMach xpoMaTorpawMa Meau. 
110 

Ag ( T. xHn. AgCI 1564°). Ha6moaanocb He6onbmoe yMeHhmeHHe 

P8JJ.H08KTHBHOCTH Ha J'IOJJ,OqKe, oaHaKO OHa OOHapy~HBanacb cpasy 38 nOJJ,O'IKOil: 

Ha CTeHKaX TpyoKHo 
45 

Ca ( T. xun. CaCI2 1600°). Bo3rOHHncH c nonoqxH, HO s KOHJJ.eH-

CaTaX Ha Bb!XOJJ,e H3 KOnOHKH npH TeMnepaType 244° nocne 35 MHHYT Ollb!Ta 
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He Hafimoaancg • .llesaKTHB8UHSI annapaTyphi no yqacTKaM noxasana, 'ITO 

paJJ.HOaKTHBHOCTb o6Hapy~asaeTc51 nepeJJ. xpoMaTorpa¢laqecxoA xonoaxoA 

H, B03MOlKHO, B Haqane ee. 
90 ( 0) Sr T. xun. SrCI 2 1250 • On&IThi nposonunHCh npH TeMnepaType 

xonoHKH 300°. TioseaeHHe 
90 

Sr nono6Ho noseneHH~ xanhUHSI. 
140 ( 0) Ba T. KHll. BaC12 1830 • nerxo B03rOH51eTC51 H XPOM8Torpa¢!B-

o 
pyeTCSI. TipH 190 H8 K8llHnnSipHOH KOnOHKe JJ,nHHOH 2,5 M BpeMSI YJJ.eplKH-

BSHHSI paBHO 3 MHHyTaM. 
65 

Zn (T. xun. ZnCI 2 732°). BooroHxa c noao'IKH HaquHaeTCSI y~e 
0 . 0 

npa TeMnepaType 250 • X~oMaTorpa¢lu51 nposonHnacb npa 166 Ha 10-MeTpo-

so:l!: xanannSipHOA xonoHKe. BpeMSI ynep~HBBHHSI 2 MHHYTbi. 
107 0 0 

Cd (T. KHn. CdCI 2 967 ). XpoMaTorpa¢luposancg npa 235 Ha 

K8UHnJ'I.!!:pHOil: KOnOHKe, speMSI YJJ.ep~HB8HH51 3HaqHTenbHO npeBbiW8eT BpeMSI 
0 

ynep~HB8HHSI UHHK8 B 6onee MSirKHX ycnOBHSIX (166 ). 
114m. 0 

In ( T. sosr. ~nCI 3 · 498 ) • XpoMaTorpa¢luposancg Ha 10-MeTPo-

so:l!: K8ITHnJ1SipHOil: KOnOHKe npH 197° CO BpeMeHeM ynep~HBSHHSI < 2 MH

HyT. 
199

TI (T. KHn. TICI 
0 

806 ) • XpoMaTorpa¢laposancg (eM. HHlKe: 

pasneneHHe nponyxToB SLUepHhiX peaxuu:l!: ) • 
0 

Cr (T. Kun. CrCI 2 1308 ). B ycnoBHHX OllbiTOB Ha HacaaoqHOA 

( 
0 0 

KOJ'IOHKe TeMnepaTypa H8 J'IOJJ,O'IKe 500 , Ha KOJ'IOHKe 230 1 HCXOJJ,Hb!H 
·. +a r 

pacTBop coaep~an Cr ) neTy'IeCTb He o6HapylKeHa. 

Mn ( T. xun. Mnl:l 2 1190°). AsoTHOKHCJ'IbJtl: pacTsop MapraHua 

· (5 Mr Mn) nocne ynapusaHHSI Ha nonoqxe o6pa6aTbiB8J'IC51 KOHUeHTpHposaH

HoA 

npu 

COJ'ISIHOii: KHCJ'IOTO:i!:. Tiocne 35 MHHYT Ollb!Ta Ha H8C8JJ,O'IHOtl: KOJ'IOHKe 
0 

230 Mapraaeu 
6 ° Co (T. KHn 

B KOHaeHC8Te XJ'IOpHCTOro aniOMHHHSI He Ob!J'I H8HJJ,eH. 
0 

CoCI 2 1049 ). Ha xan&nnHpHOH xonoaxe JJ.J'IHHOA 
0 

2,5 M npu TeMnepaType 230 xo6anbT xpoMaTorpa¢!HpyeTCSI co speMeHeM 

yaep~HBBHHSI 4 MHHYTbl. 

Ni ( T. xun. NiCI 2 

Ollb!Tbl C 2 Mr HHKeJ'ISI B BHJJ,e 

993°). Ha HacaJJ.O'IHOii: xonoHKe npoBOJJ.HJ'IHCb 
0 

NiCI 2 • Tiocne 23 MHHYT onhiTa npH 230 

HHKeJ'Ib B KOHJJ,eHC8Te He Ob!J'I 06HapylKeH. 

100 ( 0) ( Rh T. KHn. RhCI 4 800 • XpoMaTorpa¢!Hposancg eM. HHlKe: 

Ollb!Tbl no pasaeneHHIO npOJJ.YKTOB SLUepHb!X peaKUHtl:) • 
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10 1 
Pd (T. Kun. PdCI2 "' 1200°). XpoMaTorpaciJupoBancSI (eM. HU>Ke: 

onbiTbl no pa3aeneHUIO npoayKTOB S1ll9pHbiX peaKllUH). 

Ha ocuoBaHuu aaHHhlX SKcnepuMeHTOB c oTaenbHhlMB sneMeHTa

MU npoBoaunucb onhiTbi no pa3aeneHHIO cMeceA sneMeHToB. Pa3nH'IHe B 

noBeaeuuu weno'IHo3eMenbHbiX u peaKo3eMenbHbiX sneMeHTOB 6bmo ycnew-
oo y 90 

uo ucnonb3oBaHo anSI BhiaeneHHSI ao'lepuero B3 npenapaTa Sr 

oTrOHKOA KOMnneKca UTTpUSI napaMB AI 2CI
6 

• B cny'lae napbi 140Ba-
o 140 La 6apsA npu 190 6biCTpo BbiXOaUT H3 KOnOHKH, B TO BpeMSI 

KaK naHTaH B cuny 60nbiiiOI'O BpeMeHB yaep>KBBaHBSI B STHX ycnOBBSIX 

OCTaeTCSI Ha BXOae B KonOHKy. 

Ha puc.1 noKa3aHO pa3aeneHHe CM9CB llBHKa H UHJlHSI, H8 

puc. 2 - pa3neneuue cMecs UHllUSI c Tep6ueM. XpoMaTorpaMMa cMecH 

TpeX coceaHUX sneMeHTOB - UHaUKaTOpHbiX KOnH'IeCTB llUHKa H K06anbTa 

C MUnnurpaMMOBbiM KOnU'I9CTBOM Meau - noKa3aHa Ha pUC. 3, 

BhmonueHhi onbiTbi c HeKOTOpbiMU peanbHbiMH CMeCsrMu pa1lHo

H30TonoB, CUHTe3UpOBaHHbiX B onhiTaX Ha yCKOpUTene. Ha puc. 4 noKa3aHO 

pa3aeneuue paaHOH30TonoB rannuSI u TannuSI, nony'leHHhlX nps o6ny'leHHH 

Muweuu U3 3onoTa Ha Ji..J:eauoA noano>KKe anbciJa-'laCTHllaMH. 11HTepecuo, 

'ITO nopS1llOK BbiMbiBaHUSI He COOTBeTCTByeT TeMnepaTypaM B03I'OHKU TpU

xnopuaOB STHX 9neMeHTOB ( GaCI 3 - 201°, TICI
3 

- '55°). Do-Buau

MOMY, B ycnoBUSIX on biT a TepMH'IeCKU uecTOAKUA TICI 3 nepexonuT B 
-. 0 

TICI , HMeiOIIIUH TeMnepaTypy B03I'OHKU 806 , H neTy'leCTb TannuSI 

o6ycnoBneua B3auMoaeACTBUeM TICI c AI 2 Cl 6 • Ga CI 3 , KaK 

6onee yCTOH"''UBbiH0 0'19BUaHo, ~pOMaTorpaciJupyeTCSI B BHae TpuxnopHJla, 

'ITO u o6ycnoenuBaeT ero Mance BpeMSI yaep>KueaHHSI aa>Ke npu cTOnb 
0 

HU3KOH TeMnepaType Ha KOnOHKe, KaK 160 • 

Ha puc.5 noKa3aHo pa3aeneuue CMecu 9neMeHToB, o6pa3y~

IIIUXCSI npu o6ny"''eHHH HH06UeBOH cPOnbl"'H HOHaMH HeoHa-22. DpoayKTbl 

S1ll9pHbiX peaKUHH OTaenSinUCb OT BemeCTBa MHIIIeHH 3a C'leT OT.Ila'IH H 

nocneayiOIIIel"'O TOpM0)1{9HUSI UX U aacopoUUH B I'830BOM OO'b9Me 3a MHW9Hbl0, 

A3oTuoA KHcnoToA o6MhlBanucb MeTannu'leCKHe cTeHKH 9Toro o6'beMa,u 

nocne ynapusaHUSI u o6pa6oTKU KoHneuTpupoBaHuoA HCI 

soBancSI anSI xpoMaTorpaciJuposaHuSI. 

6 
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KaK BUaHO H3 pucyuKa, nannaauA, UHJlHH U panuA npOXOJlSIT 

'1epe3 KOnOHKY C He6onbWUM BpeweHeM yaep>KHBaHHSI. BMeCTe C HUMB 

ObiCTpO BbiMbiBaiOTCSI HU06Hil: H Monu6aeH, KOT0pbi9 caMU no ce6e o6pa3y

IOT aoCT8TO'IHO neTy'IUe xnopUabi H OKCUXnopHabi ( NbCI 5 - TeKHn. 254°, 

NbOCia 

Tc 

T. B03I'. 330°, MoCI 
5 

0 
- T. Kun. 268 ) • 3neMeHTbi Ru 

Ag ocTanucb Ha noao"''Ke. 

XoTSI Ka)KabiH KOHKpeTHbiH Cny'laA Tpe6yeT aeTanbHOI'O H3y'leHHSI, 

B o6IIIeM, no-suaHMOMY, MO>KHO yTB9p)Ka8Tb 0 'ITO Cny'laU, Koraa HeneTy'IUH 

xnopsa xpoMaTorpaciJupyeTCSI, o6ycnoBneHhi o6pa3oBaHHeM KOMnneKCOB c 

AI2Cie • nony'leHHble B H8CTOSIIII9H paooTe aaHHbie nOK83biBa~T 6onb

WHe nepcneKTUBbi rasoxpoMaTorpaciJH'IecKoro MeToaa pasaeneausr 9neMeH~os 

C HCnOnb30B8HU9M napOB XnOpUCTOI'O an~MUHHSI B Ka'leCTBe KOMnOH9HTa 

raaa-uocuTenSI. KaK noKa3biBa~T npuBeJleHHhie naHHbie, 9Ta MeTOJlHKa 

noosonsreT xpoMaTorpaciJuposaTb 6onbwyiO qacTb Tex nepexoaHhiX sneMeHTOB, 

KOT0pbi9 o6pa3y~T TOnbKO HeneTy'lue XnOpHJlbi. B nepBy~ O'lepeJlb STO 

OTHOCHTCSI K JlHXnopuJlaM ( Zn , Cd , Pd , Cu , Co ). He 

HCKniO'IeHO, 'ITO B 6yay~eM Yll8CTCSI nOJl06paTb ycnOBHSI XpOMaTorpaciJupo

BaHHSI U HeKOTOpb!X llPYI'HX 9neMeHTOB 0 KOTOpbi9 noKa He YJlanOCb XpOMa

TOrpaciJHpOBaTb,. TaK KaK 6onbWUHCTBO nepeXOJlHbiX aneMeHTOB, a TaK>Ke 

aenepexoaHhit~ 9neMeHTbi III u 6onee BbiCOKUX rpynn o6pa3yiOT neTy'IHe 

xnopHahi, KOTOpbie xpoMaTorpaciJupyiOTCSI B npucyTCTBUU AI CI 
~ 6 

0 MO>KHO 

B npUHUUne HaaeSITbCSI Ha pa3JleneHHe aeCSITKOB 9neMeHTOB B OaHOM OnhlTe 

C noMomb~ TaKOH TeXHHKH, KaK nporpaMMBpoBaHUe TeMnepaTypbi, BliJI 

rpaJlH9HHOI'O 9n~HpOBaHBSI, 

ABTOpbl 6nal"'OJlapSIT aKaJleMHKa f,H.~nepoBa 3a HHTepeC K 

pa6oTe. 
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Y!aoTOli nepHO.ll 
rronypacrra.na 

22 Na 2,6 r. 

so Rb 19 .ll. 

t34Cs 2,2 r. 

tto Ag 253 n. 

40 Ca 163 .ll. 

90 Sr 28 n. 

1<0 
Ba 13 .llo 

101 Cd 6,7 '1. 

67 Ga 78 'lo 

114m In 50 .llo 

19 BmTI 1,9 '1. 

t99TI 7,4 '1. 

5 I 
Cr 28 .ll. 

oo Co 5 n. 
too Rh 20,8 '1. 

to 'Rd 8,5 '1. 

XapaKTepHCTHKa H3ny'!eHHH 
H 9HeprHH B ~98 

y1,277 

y 1,081; 0,527 

y 1 ,377; 0,800; 0, 795; 0,604 

y 1,382; 0,945; 0,883 

0,759; 0,656 

y H9T 

f3 0,254 

y HeT 

f3 0,541 

y 0,537; 0,436; 0,304:, 

Ta6nHua 

Y!CTO'IHHK 
rrony'!eHHH 

KOMM9p'leCKHii 

KOMM9p'!eCKHii 

KOMMep'19CKHii 

KOMMep'!eCKHii 

KOMMep'!eCKHii 

KOMMep'!eCKHii 

Y.nenbHaH 
BKTHBHOCTb 

6e3 HOCHT. 

225 MK/r 

6e3 HOCHTo 

6e3 HOCHTo 

13 MK/r 

6e3 HOCHTo 

0,162; 0,132; 0,030 KOMMep'19CKHii 6e3 HOCHTo 

y 0,846; 0,094 Nb+ 22 Ne -> Cd 6ea HOCHTo 

y 0,388; 0,296; 0,184;0,092 66 Cu(a, 2n) 
67 

Ga 6ea HOCHT. 

y 0,722; 0,566 KOMM9p'I9CKHii 

y 0,635; 0,586; 0,442 127 Au(a, 3n) 198 Tl 

y 0,490; 0,454; 0,332:, 0,245; 
127

Au(a,2n)
199

TJ 

0,206; 0,157; 0,103 

kx -ny'IH 0,320 KOMMep'!eCKHii 

y 1,3316; 1,1715 KOMM9p'leCKHii 

2,3791:, 1,934; 1,557; 1,358; Nb/
2 

Ne .. Rh 

0,822; 0,742; 0,533 

y 1 ,28; 1 .19; 0,72; 0,59; 0,288 Nb+
22 

Ne ... Pd 

8 

609 MK/r 

6e3 HOCHTo 

6e3 HOCHT. 

6e3 HOCHT, 

6e3 HOCHT. 

6ea HOCHTo 

6e3 HOCHT. 
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Ql 
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Zn 

Jn 

2 I( 6 8 10 12 fJ, 16 BpeMR ( MuH) 
PHC. 1, Paa.neneHHe CMeCH HH.liHii-UHHK Ha 10-MeTpOBOii KBJIHnnHpHOii KQnOH
Ke rrpH TeMnepaType 170°, pacxon renHH 7 MniMHH. 
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0 
:r 
-CI 
0:::: 
~ 

E 
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(.J 

0 
:r 

~ 

]n. 

2 4 6 8 fO f2 8Pefll/>l {MUJ.I) 
PHc. 2. Paa.neneHHe CMeCH HH.l1Hii-Tep6Hii Ha 10-MeTpoaoi! K~JIHnngpHOii KD
noHKe npu 200°, pacxo.n renHH 7 MniMHH. 
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8peMfl (HUH} 

PHc. 3. Paa.QeneHHe CMeCH UHHK-K06anbT-Me.Qb Ha HaCa.QoqHoit KOnOHKe 
npH 200°, pacxo.r:~ renHH 22 MniMHH •. 
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8prtMfl {NUH) 

PHC. 4. Paa.r:~eneHHe rannHll H TannHll Ha 10-MeTpOBOA KanHnnS!pHOit KOnoH

Ke npH 160°, paCXO.Q renHll 7 Mn/MHHo 
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Puc. 5. PaaAeneuue CMeCH sneMeHTOB nocne o6nyqeuug uno6ueBoA ~onbrH 
HOHBMH ueoua-22 • Kanunngpuag KOnOHKB AnHHOA 10 M, TeMnepaTypa 160°, 
paCXOA renug 7 Mn/MHH. 
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